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The construction and results of the investigations 
of fastacting gaseous valve with the improved characte
tistics are described. Pulsed gaseous beams with the du
ration of up to 30 mks have been obtained. Acting valve 
frequency is up to 20 times per second. 

The investigation has been performed at the 
Department of New Acceleration Methods, JINR. 
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B pfl~e pa6oT /i-.1/, noCBfllQCHHhiX pa3BHTHIO KOJIJJeKTHB

uoro MCTO~a YCKOpCHHfl, paCCMaTpHBaiOTCfl pa3JIH'lHbiC 

MCTO~bl 3arpy3KH 3JICKTpOHHhiX KOJICIJ, HOHaMH Bbi6paHHOrO 

~Jifl ycKopeHHfl XHMHY:ecKoro 3JieMeHTa. TexHH'leCKH uau6o

nee llpOCTO C03~aTb B OKpy>KaiOUlCM KOJibli,O llpOCTpaHCTBC 

H36biTOK aTOMOB HJIH MOJICKYJI 3TOrO 3JICMCHTa. IlpH 3TOM 

npOHCXO~HT 'laCTH'lHbiH 3aXBaT HX 3a C'ICT HOHH3aiJ,HH npu 

coy~apeuuu c 3JieKTpoHaMH KOJihu,a B npou,ecce ero c>Ka

THfl/ 1( O~HaKo npe~no'lTHTCJihHee 6hiCTpafl 3arpy3Ka uoua

MH npe~BapuTeJihHO c>KaToro KOJibu,a, ocymecTBJifleMafl 3a 

BpCMfl B HCCKOJibKO ~CCflTKOB MHKpOCCKYH~, T .1<. npH 3TOM 

KOJIH'IC Cl BO 3aXBa'ICHHhiX KOJlbli,OM HOHOB JIC rKO pe ry JIHpy

CTCfl, B KOJlhli,C OTCYTCTBYIOT HOHbl C MaJibiMH 3apfl~HOCTflMH 

H ,nucnepCHfl HOHOB flO 3apfl,nHOCTH CBO,nHTCfl K MHHHMyMy/2/. 

B uacTOfllllCH pa6oTe onucau HMllYJihCHhiH 3JICKTpo.nuua

MH'ICCKHH KJianaH /3).J.K/ ra30,nHHaMH'ICCKOrO HCTO'IHHKa 

ueuTpaJihHhix aToMoB ;r .LJ.H./, npe.nua3uaqeuuoro ,nnfl 6LicT

pou 3arpy3KH uouaMH mo6oro ra3a /B T .'I. u Tfl>Kenoro, 

HallpHMep, KCCHOHa/ 31ICKTp~HHhlX KOJICIJ, KOJIJICKTHBHOro 

ycKopuTeJifl Tfl>KCJihiX HOHOB OHMY OH.JIH./4~ u npuBe,neuw 

,naHHhle, llOJiy'leHHbiC npu HCllbiTaHHflX 3).J.K Ha CTCH~e. 

3AeKmpoouHaMu~ee~cuu KAanaH /3,4K/ 

IlpHHIJ,Hll ,neHCTBHfl 3).J.K, ll0~06HbiH OllHChiBaeMOMY B 

~auuo:H pa6oTe, ~ocTaTO'IHO xopowo H3BecTeH /5-7/. O~HaKo 
nepe,n aBTOpaMH CTOBJia 3a,naqa MaKCHMaJibHO yBeJIH'IHTb 

6biCTpo~eilcTBHe KJianaua /npu 3a~auuo:H Y:aCTOTe cpa6aTw

BaHHB/ H, TaKHM o6pa30M, llOJIY'lHTh npe,neJibHO KOpOTKHC 

naKeThi aToMoB ra3a. Ilo3TOMY 6w11 npoBe~eH auaJIH3 pa6o-
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Puc. 1. YnpoflleHitaJI cxeMa KAanaua 0/IJI pac~ema ezo napa
Mempoe. Ha~a11o Koopouuam coomeemcmeyem no11oxeuwo ouc
Ka, nooxamozo npyxuuou. 

Tbl KnanaHa H ero Tpa.IJ,Hl.I,HOHHaH KOHCTpyKI.I,HH llO.IJ,Bepranacb 

H3MeHeHHHM. llpH aHanH3e nonaranOCh, 'ITO B MarHHTHYffi 

Ka TYlllKY KnanaHa llO)J,affiTCH HMllYllhCbl TOKa B -BH.IJ,e OT .IJ,ellh

HhlX nonyBOllH CHHYCOH)J,hl C aMllllHTY.IJ.OH Jm H Kpyrosoi 

'laCTOTOH w. 
llpH nponycKaHHH 'lepe3 KaTylllKY HMllYllbCa TOKa 

l(t) = lm sinwt B MeTannH'IeCKOM .IJ,HCKe, KOTOpblH )l(eCTKO 

COe.IJ,HHeH CO lllTOKOM, 3anupaffill.I,HM OTBepCTHe )J,llH HanycKa 

ra3a /eM. puc. 1/, B03HHKalOT HaBe.IJ,eHHhie TOKH c pacnpe

.IJ,eneHHeM j (r, z, t).B3aHMO.IJ,eHCTBHe 3THX TOKOB C pa.IJ,Hallb

HOi COCTaBllHIOll.l,eH MarHHTHOrO llOllH Ka TYlllKH H (r,z,t) llpH-
r 

BO)J,HT K B03HHKHOBeHHIO .IJ,eHCTBYffill.l,ei Ha )J,HCK pa.IJ,HyCa 

a llOH.IJ,epOMOTOpHOH CHllbl 

zkc + h 

F~(a,z ,t)=lf J j(r~z',t)·H (r',z~t)·2rrr'dr'dz', 
k C 0 Zk 

r.IJ,e ZJ. - paCCTOHHHe Me)I()J,y l.l,eHTpOM KaTylllKH H )J,HCKOM, 

h - TOllll.I,HHa )J,HCKa. 

Bhxpa)l(eHHe .IJ,nH cHnhi MO)I(HO ynpocTHTh, ecnH C'IHTaTh, 

'ITO HaBe.IJ,eHHhlH TOK COCpe.IJ,OTO'IeH B )J,HCKe Ha rny6HHe, 

paBHOH llOllOBHHe CKHH-CllOH O, H 'ITO BhlllOllHeHhl ycnOBHH 
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~z(r,~-·nz«H z(r,z!.,t), 

az 

t ) ( t) aH (r,z k' A << H r ,z k' r • oz r 

az 

I '\z - MaKCHManbHOe OTKnoHeHHe .IJ.HCKa OT Ha'lanhHoro 

0 
nono)l(eHHH/. Tor.IJ,a, BBe.IJ.H o6o3Ha'leHHH j*(r,tko·i<r,zk+2,t), 

H *(r,t) H (r,z I 
3
2,t),nony'IHM F (a,t)= J.rr li *(r',t)·H*(r',t)r'dr. 

r k 3 Co r 

,Ll;HCK CO lllTOKOM, 3anHpalOll.I,HM KnanaH, y.IJ,ep)I(HBaeTCH 

npy)I(HHOH C K03qxpHI.I,HeHTOM )l(eCTKOCTH k, KOTOpaH )1,0 

no.IJ,a'IH HMnynhca TOKa B KaTyrnKy KnanaHa no.IJ,)I(aTa Ha 

senH'IHHY z 0 . Ha .IJ.HCK co CTopoHw npy)I(HHW .IJ,eicTsyeT 

cuna F11 =k(z+z 0-h).Ecnu .IJ.HCK co lllTOKOM HMelOT cyMMapHyro 

Macey m, TO ypaBHeHHH HX .IJ,BH)I(eHHH /Macca npy)I(HHbl 

He Y'IHTbiBaeTCH/ MO)I(HO npe.IJ,CTaBHTb B cne.IJ,ylOtQeM BH.IJ,e: 

2 

~ =D npu t ::: T 0 ' 
dt 

2 

2 

<.!___:_ = _!_ (F3 -F n) 
dt 2 m 

npu t >/TO 

r.IJ,e r 0 - MOMeHT speMeHH, Kor.IJ,a F (r ) =kz , F'(r ) > 0. 
3 0 0 3 0 

Pacnpe.IJ,eneHHe nnoTHOCTH TOKa j *(r, t ), Heo6xo.IJ,HMoe .IJ.nH 

onpe.IJ,eneHHH 3neKTPO.IJ.HHaMH'IecKoi cHnhi F , MO)I(HO Haii

TH, paCCMaTpHBaH )J,HCK KaK n KOHI.I,eHTpH'IeCKHX BHTKOB 

C pa.IJ,HallbHOH TOllll.I,HHOH ~r H pernaH 'IHCneHHO CHCTeMy 

ypasHeHHH .IJ,nH 3neMeHTapHhiX TOKOB I i : 

n 

L . I . + }; M . . I . + R . I . ~ M . cv I cos ult , 
I I . I. lj 1 l I I m 

j Fl 
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r .ne L i u H i - un,nyKTHBHOCTb H OMH'ICCKoe corrpoTHBnenue 

i -Toro BUTKa, Mij" B3aHMHa.!l HH,nyKTHBHOCTb i -Toro 

H j - Toro BHTKOB, a M i - B3aHMHa.!l HH,nyKTHBHOCTb KaTyUI

KH H j- TOrO BHTKa. 3Ha.!l 3aBHCHMOCTb j 1'(r, t), nerKO 

onpe,nenHTb cuny F (t), a c neii H rrepeMemenue z (t). 
3 

Pac'leTbi no orrpe,neneHHIO senH'IHH j*(r,t), H* (r,t), 
F3 (t) u z (t) ,nn.11 ,nucKoB pa3nH'IHbiX pa,nuycos u c pa3fiuqnoii: 

npOBO,nHMOCTblO npOBO,nHllHCb Ha 3BM. llpH 3TOM IlpHHHMa

JlOC b BO BHHMaHHC, lfTO pa,nuyc ,nHCKa He ,nOfl)I(CH IlpCBbillla Tb 

BCJlHlfHHbl 2 CM, onpe,nen.!ICMOH ra6apuTaMH ycTaHOBKH. 

Ha puc. 2 rrpuse,neHbi THIIHlfHbie pa,nuaJlbHbie pacrrpe,n.e

JlCHH.!I H BpCMCHHhlC 3aBHCHMOCTH IlllOTHOCTH HaBe,neHHhlX 

TOKOB _nil.!! aJliOMHHHCBOrO ,nHCKa pa_nuyCOM a =2 CM H ,nByX

p.!i,nHOH 8-BHTKOBOH KaTylllKH CO cpe,nHHM pa_nuycoM r k = 
= 1,5 CM. Pa,nHaJlbHOC pacrrpe,neJlCHHC TOKa B ,nHCKC HMCCT 

"KOJ1C6aTCJll..HbiH" xapaKTCp, CB.!I3aHHbiH C TCM, lfTO pac

CTO.!IHHC OT ,nHCKa _no KaTylllKH cpaBHHMO C paCCTO.!IHHCM 

MC)I(_ny CC BHT KaMH. 

)J.Il.!l HCCKOJlbKHX aJliOMHHHCBbiX H MC,nHbiX ,nHCKOB 6billH 

onpe,ncJlCHhl BCilHlfHHhl CKOpOCTH, rrpuo6peTaCMOH 3a ClfCT 

j" I Q/194 

2' 
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~ 
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Puc. 2. PaouaAbHbJe pacnpeoeAeHUJl u epeMeHHbJe 3aeucu
Mocmu nAomHocmu HaeeoeHHbiX mo1<oe e ouc1<e KAanaHa. 
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Ta6nuu.a 1 

MaTepuan h, MM V H3M. ,M/C Vpacq.,M/c 

)l.IOpamOMHHHH 1,46 4,4 4,2 
2,9 2,8 2,1 

Me,nh 1,14 2,5 2,3 
2,28 1,3 1 '15 

3JlCKTpO,nHHaMHlfCCKOrO B3aHMO,nCHCTBH.!I C noneM KaTylllKH 

KJlarrana: 
rr/(t) 

vo m J Fs (tlciL 

3KCIICpHMCHTallbHO CKOpOCTH onpe,nen.!IIlHCb IIO BbiCOTC 

"no,nCKOKa" ,nHCKOB, IIOMCIUCHHbiX Ha Ka TYlllKY, KOTOpa.!l 

pacnoilaraJlach ropu30HTanbHO. 

B ma6A. I npuse,neHbi HeKoTopbie pe3ynhTaTbi paclfCTOB 

H H3MepeHHH CKOpOCTCH ,nn.!l ,niOpaniOMHHHCBhlX H MC,nHhlX 

,nucKoB pa,nuycoM a =2 CM. Bu.nno, lfTO pe3ynbTaTbi H3Me

penuli xopolllo corJlacyiOTC.!I c paclfeTaMH. 

CpaBHHTCilbHbiH ananu3 pe3yilbTaToB no3BonHI1 Bbi6paTb 

KOHtPHI·ypaU.HIO H lfHCJlO BHTKOB KaTylllKH, a TaK)I(C pa3MCpbl 

u Marepuail ,nucKa, o6ecnelfHBaiOmue nau6oilblllYIO cKopocTb 

IICpCMCIUCHH.!I IIO,nBH)I(HOrO 3llCMCHTa KnanaHa IIOA ACHCTBHCM 

3JlCKTPOAHHaMH<fCCKOH CHllbl IlpH 3a,naHHbiX BCllH'IHHaX TOKa 

I m ' lfaCTOTbl UJ H narrp.!!)I(CHH.!I na KaTyUIKe um.llapaMeTpbl 

npuse,neHbi .nanee B reKcTe. 

lloCKOllbKY 'IaCTb rrp.!!MOrO xo,na H BCCb o6paTHbiH 

XOA lllTOKa Knanana IIpOHCXOA.!IT IIOA ACHCTBHCM TOllbKO 

yrrpyroii CHJlhl npy)I(HHhl, TO IlpH tPHKCHpOBaHHOH BCllH'IHHC 

xo_na lllTOKa BpCM.!I OTKpbJTHjl o6paTHO IlpOIIOpU.HOHanbHO 

KOpHIO KBa,npaTHOMY H3 BCllH'IHHbl )I(CCTKOCTH rrpy)I(HHbl. 

lloJTOMY B H3BeCTHbiX 3)l.K yseJlH'ICHHe 6blcTpo,neii:cTBHH 

IlpH IlpO'IHX paBHbiX ycnOBHHX o6eCIIC'IHBanOCb ysenH'ICHHCM 

)I(CCTKOCTH rrpy)I(HHbl H ee Ha'lanbHOrO no_n)l(aTHH IlpH OAHO

BpCMCHHOM ysenuqenHH cunbi F 
3 
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Puc. 3. Ka~ecm6eHHble 3a6ucuMocmu 3./leKmpoouHaMu~eclcou 
CU.IIbl /a/ u cKopocmu o6UJKeHUJI wmoKa /6/ OAJI c.11a6ou 
/nyHKmUpHaJI .IIUHUJI/ U CU.IIbHOU /cn.IIOUIHaJI .IIUHUJI/ npyJKUHbl 
om 6peMeHU. F ~a u F ~H - CU.IIa Ha~a.llbH020 nooJKamuJI 
CU.IIbHoil u c.11a6ou npyJKUHbl coom6emcm6eHHo. 

B aacTOH~eil pa6oTe npe.LJ.naraeTCH JJ.pyroil cnoco6 

yBeJIHY:eHHH 6biCTpO)J.eHCTBHH KJianaHa, CyTb KOTOporo CTa

HOBHTCH HCHOH H3 paCCMOTpeHHH KaY:eCTBeHHbiX 3aBHCHMO

CTeH CKOpOCTH )J.BH*eHHH illTOKa OT BpeMeHH )J.JIH CJia6oif 

H CHJlbHOH IIPY*HH, IIOKa3aHHbiX Ha puc. 3 /nyHKTHpHOH 

H CIIJIOWHOH JIHHHHMH COOTBeTCTBeHHO/; TaM *e npe)J.CTaB

JieHa 3aBHCHMOCTb F8 (t). OY:eBHJJ.HO, Y:TO wTOK co cna6oil 

npy:II<HHOH npOH)J.eT 'qJHKCHpOBaHHOe paCCTOHHHe 6biCTpee, 

Y:eM illTOK C CHJlbHOH IIPY*HHOH. ECJIH Tenepb B KOHU.e 

¢HKCHpOBaHHOrO XO)J.a illTOKa YCTaHOBHTb MaCCHBHbiH ynpy

rHH OTpa*aTeJib, TO BpeMH o6paTHOrO XO)J.a illTOKa npH 

cna6oil IIPY*HHe 6y)J.eT MeHbwe, Y:eM npH *eCTKOH. 
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)l.aJibHeHIIIee COKpa~eHHe BpeMeHH, B TeY:eHHe KOTOporo 

3)J.K OTKpbiT, 6biJ10 C)J.eJiaHO 3a CY:eT MO)J.epHH3aU.HH ero 

3anHpaiO~ero 3JieMeHTa. Ha KOHeu. wToKa, 3anHpaiO~Hil 

COIIJIO, IlpHKpeiiJIHeTCH ynpyrHH HaKOHe'1HHK /HanpHMep, 

H3 MHrKoil pe3HHLI/. TaKoil 3anHpaiO~HH :JJieMeHT no3BOJIHeT 

)J.ep)f(aTb OTBepCTHe KJianaHa 3aKpbiTbiM BIIJIOTb )J.O MOMeHTa 

)J.OCTH*eHHH illTOKOM MaKCHMaJibHOH CKOpOCTH, T .K. B Ha<faJie 

pa60Tbl KJianaHa )J.BH*eHHe illTOKa H)J.eT Ha BOCCTaHOBJieHHe 

He.D.e¢opMHpOBaHHOrO COCTOHHHH pe3HHhl. TaKHM o6pa30M, 

BBe.D.eHHe oTpa)f(aTeJIH H3 )f(eCTKoro H ynpyroro MaTepHana 

/HanpHMep, THTaHa/ H ynpyroro :JJieMeHTa, 3anHpaiO~ero 

COIIJIO, II03BOJIHeT 3HaY:HTeJibHO yBeJIHY:HTb 6biCTpO)J.eHCTBHe 

KJiaiTaHa H H36e)f(aTb IlpH :JTOM IlpHMeHeHHH B ero :JJieKTpo

CXeMe CJIHWKOM MO~HbiX H )J.OpOrOCTOH~HX KOMMyTaTOpOB 

TOKa. 

CxeMaTH<~ecKoe H3o6pa)f(eHHe 3)J.K npHBe.D.eHo Ha puc. 4. 
KnanaH COCTOHT H3 KOpnyca J, CJiy)f(a~ero O)J.HOBpeMeHHO 

<iJopKaMepoif ra30)J.HHaMH'1eCKOrO HCTOY:HHKa, C COIIJIOM 2. 
B Koprryce noMe~aeTcH JJ.BYXPHJJ.HaH nnocKaH8-BHTKOBaH 

KaTyWKa 3 C npony~·eHHblM CKB03b Hee JJ.IOpaJIIOMHHHeBblM 

WTOKOM 4. Ha WTOKe 3aKpCIIJ1CHbl pe3HHOBOC YIIJIOTHeHHe 5, 

2 I g 

s ~ s 1 a 

Puc. 4. CxeMamu~ecKoe U3o6paJKeHue :J.IIeKmpoouHaMu~e
CKozo KAanaHa. 
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nepeKpbiBaJOll\ee. BXO.D: B COUJIO, ,n:JOpaJIJOMHHHeBbiH .IJ:HCK 6 
H THTaHOBbiH HaKOHe'{HHK 7. lllTOK npH:>KHMaeTCH K COHJIY 

CTaJibHOH npy>KHHOH 8. B KOpnyc BBHH'{eH OTpa>KaTeJib H3 

THTaHa 9. 
CucTeMa KOMMyTauuu no3BOJIHeT nponycKaTb qepe3 

Ka TYIIIKY 3 HMHYJibC TOKa B BH,n:e UOJIYBOJIH CHHYCOH.IJ:bl 

.D:JIHTeJibHOCTbJO 50-150 MKC /B npHMeHeHHOM BapuaHTe -

65 M Kc/ u aMnJIHTy,n:oil .n:o 4 KA. llpu :JTOM .n:ucK 6 npuxo,n:HT 

B )J.BH:>KCHHe BMeCTC CO IIITOKOM 4 H ynJIOTHeHHeM 5. COHJIO 

2 ra30.D:HHaMH'{eCJ<Oro HCTO'{HHKa OTKpbiBaeTCH, H npoHCXO

.IJ:HT HCTe'ICHHe CB060.IJ:HOH CTpyH pa6oqero raJa B BaKyyM

HYIO KaMepy. Bo3spaT IIITOKa B nepBoHa'laJibHOe nono>KeHue 

OCyll\eCTBJIJieTCJI llOCJie ynpyroro CTOJIKHOBeHHJI HaKoHe'{HH

Ka 7 c oTpa>KaTeneM 9. 
CKopOCTb H .IJ:JIHTeJibHOCTb OTKpWTHH KJianaHa MO:>KHO 

pcrynupoBaTb, H3MCHJIJI aMnJIHTY.D:Y ToKa, nponycKaeMoro 

qepC3 KaTylllKy, H llOJIO)KCHHC OTpa)KaTeJIH. 

llpy>KHHa 9, o6ecne'IHBaiOll\aJI JanupaHHe conna, HMeeT 

)I(CCTKOCTb 3 ·10 f, ouH/cM u nepsoHa'laJibHO no,n::>KaTa Ha 

1 MM. 
HaMOTKa KaTylllKH 3 BblllOJIHeHa MC.D:HOH Tpy6KOH ,n:ua

MCTpOM 3 MM, 'lepe 3 KOTopyJO nponycKaeTCJI OXJia)l(,n:aiOll\aJI 

KaTylllKY BO)J.a. lliTOK 4 HMCCT )J.HaMeTp 4 MM H )J.JIHHY 

140 MM; )J.HaMeTp )J.HCKa - 6-40 MM, TOJlll\HHa - } ,3 MM. 

)J.HaMeTp H .IJ:JIHHa yDJIOTHeHHJI 5 paBHbl 5 MM. )J.HaMeTp 

HaKOHe'lHHKa 7 - 6 MM, OTpa)l(aTeJIJI - 8 MM. 3a30p MC)I(.IJ.Y 

HaKOHC'IHHKOM H OTpa)l(aTeJieM COCTaBJIHCT 0,3 MM. 

)J.JIJI llHTaHHH KaTylllKH KJianaHa HCllOJib30BaHa CXCMa, 

npuse,n:eHHaH Ha puc. 5. 
ToK B KaTylllKC KOMMYTHpyeTCJI ABYMH THpHCTOpaMH 

T )1.- 500,no.D.KJIJO'{eHHWMH K eMKOCTH 64 M KcP.MaKCHMaJibHOe 

HallpJI)I(eHHe, llO)J.aBaeMOe Ha eMKOCTb, - 1300 B. 3apH)J.Ka 

eMKOCTH llpOH3BO.IJ:HTCH OT BWCOKOBOJibTHOrO HCTO'IHHKa 

/ ll max = 2,5 KB, I aap. = 1,2 A/. )J.JIH yMeHbllleHHJI speMeHH 

HaKODJieHHJI 3apH)J.a Ha eMKOCTH HCHOJib30BaHa CXeMa nepe-

3apH,n:KH. TupucTopbi u .n:uo,n:bi B uenu nepeJapH,n:Ku Jall.\H-

11\eHbi OT nepeHanpJI)I(eHHH naBHHHbiMH .n:uo,n:aMH BJI- 50. 

0DbiT 3KCDJiyaTaUHH TaKOH CXeMbl llHTaHHH llOKa3an Ha

,n:e)I(HOCTb ee pa60Tbl llpH 'laCTOTe cpa6aTb1BaHHH .D:O 20 F11. 
,D,nuTeJibHaH pa6oTa cxeMbi I CBbiille 10 

6 
cpa6aTbiBaHHH/ 

He npHBeJia K KaKHM-JIH60 yxy,n:llleHHHM ee xapaKTepHCTHK. 

10 

I 
~ 

;' I 

1e___: n ""' ,.,.,..""': .?o6" 

t-;'S/' 

~ 
t (J~b 

4 1 +4a -8/1-SO 

4otfp :.?SO "?~c'H 
~----------------------------n•----~;k~=c~~~h 

6$~ 

o.i;'n~ 

82-.320!12 

Puc. 5. flpuHijunua/lbHQJI cxeMa numaHUJI KamywKu K/lanaHa. 

Pe3y/lb111QIIlbl ucnbllllQHUU 3/{K 

C UeJibJO nposepKH npaBHJibHOCTH pac'leTOB onpe)J.eJieHHJI 

6biCTpO.D:eHCTBHH 3)J,K H ero Ha,n:e)I(HOCTH 6biJIH npoBe)J,eHbl 

CTCH.D:OBble HCllbiTaHHH KJianaHa. 

CxeMa ,n:JIH H3MepeHHH 6biCTPO.D.eHcTBHH KnanaHa /T .e. 

BpeMeHif, KOr)J.a KJianaH OTKpbiT/ KOHTaKTHbiM Cll0C060M 

llOKa3aHa Ha puc. 6. MHHHMaJibHOe BpeMJI, B Te'leHHC KOTO

poro KJianaH OCTaBaJICH OTJ;<pbiTbiM, T.e. KOHTaKTbl IIITOK

KOpnyc KJianaHa HaXO.IJ:HJIHCb B pa30MKHYTOM COCTOJIHHH, 

COCTaBHJIO ~ 2 MKC. Ha pUC. 7 npuse,n:eHbl OCUHJIJIOrpaMMbl 

CHrHaJIOB C COllpOTHBJieHHJI B uenH YKa3aHHbiX KOHTaKTOB 

H TOKa B KaTylllKe KJianaHa. BpeMH, B TeqeHHe KOTOporo 
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Puc. 6. CxeMa 6.1VI U3MepeHUJI 6peMeHu, 6 metJeHue Komopo
zo K..llanaH OCI/IQ6Q;1CJI 01/IKpbll/lbiM, U CKOpOCI/IU 08UJICeHUJI 
wmoKa. 

KnanaH OCTaBanCH OTKph!TbiM, perynHpOBanOCh H3MCHCHHCM 

nono)I(CHHH orpa)l(aTenH, a raK)I(e aMnnury)J,hi I 
111 

HMIIYJibca 

TOKa B KaTylllKC 3)..1.K. MaKCHManbHaH CKOpOCTb lllTOKa 

OIIpC)J,CllHnaCh IIO pe3ynhTaTaM H3MepeHHH MOMCHTOB Bpe

MCHH t i, KOr)J,a 3aMhiKanHCb KOHTaKThl lllTOK - OTpa:>Ka fCllb, 

IIpH pa3llHlJ:HhiX lPHKCHpOBaHHhiX IIOllO)I(CHHHX OTpa:>KaTenH. 

BenHlJ:HHa MaKCHManhHOH cKopocru )J,ocrurana , 3 M/c. 
)..l.nH IIOllylJ:CHHH H HCCllC)J,OBaHHH napaMeTpOB lldKCTOB 

HeHrpanbHoro raJa 3)..1.K npucoe)J,HHHncH K BaKyyMHOMY 

o6beMy, B KOTOphiH H IlpOHCXO)J,HllO HCTClJ:CHHe CB060)J,HOH 

crpyu raJa. ra3 ucreKan qepe3 uunHH)J,puqecKoe conno 

)J,HaMerpoM "" 0,17 MM. B BaKyyMHOM o6beMe, Ha nepeMe

IQaiOIQCHCH lllTaHre, HaXO)J,HllCH HOHH3aUHOHHbiH )J,aTlJ:HK 

Ml1-l0C, C IIOMOIUhlO KOTOporo H3MCpHnacb )J,llHTCllbHOCTh 

ra30BhiX naKeros. ITpe)J,BapurenhHO npoH3BO)J,Hnacb Ka

nu6posKa )J,aTlJ:HKa. )..l.aTlJ:HK IIOMCIUanCH B HMIIYllhCHhlH ra-

30BhlH llOTOK C H3BCCTHhiMH napaMeTpaMH, C03)J,aBaCMhiH 

MO)J,ynHTOpOM /BpaiQaiOIQHMCH )J,HCKOM CO IUCllHMH/, KOTOphiH 

pacnonarancH nepe)J, )J,aTlJ:HKOM B crauuoHapHoM MoneKynHp-

12 

Puc. 1. 0CIJU..Il..II02paMMa moKa B KamywKe K..llanaHa /6epxHuii 
.IIYlJ/ U CU2HQ/IQ 6 C..llylJae, K020a K..llanaH 01/I'KPbllll.f.!eHa Oe
..lleHUJI - 20 M'KC. 

Puc. 8. 0CIJU..Il..II02paMMa cuzHa..lla c oamlJUKa MH-10, coom-
6emcm6YIOUie2o za3o6oii cmpye, ucmeKa101J1eii U3 K..llanaHa. 
f.!eHa Oe..lleHUJI - 25 MKC. 
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HOM llY'IKC. BaKyyMHblH 06beM OTKa'IHBanCH ,!J,O ,!J,aBneHHH 

He xy)l(e 1. 10 _,, Top. 

3neKTPH'ICCKHH curHan c .D.aPmKa MH-lOC, cooTBeT

CTBYJOlliHH ra30BOMY naKeTy, Ha6niO,!J,anCH Ha OCI.J,Hnnorpa<i>e. 

llpH llpOBC,!J,CHHH HCflbiTaHHH B Ka'ICCTBC pa6oqero ra3a 

HCfiOnb30BancH B03.D.YX C TCMnepaTypoii TOpMO)I(CHHH, pas

HOH KOMHaTHoii I T 0 ~ 295" K/. HcTO'IHHK pa6oTan B pe)I(HMe 

O,!J,HHO'IHblX HMfiYJlbCOB. 

B Ka'ICCTBC BenH'IHH, xapaKTepH3YIOlliHX ra30BhiH HM

nynbc, npHHHManHCh aMnnuTy.D.a llm curHana, perucrpu

pycMoro OCI.J,Hnnorpa<i>oM, a TaK)I(C ,!J,nHTCnhHOCTb CHrHana 

/\t ua ypoBHC 0,1l~ 111 
)J.aBnCHHC B <i>opKaMepe KnanaHa PO MOrna H3MCHHTbCH. 

Ha puc. 8 noKa3aHa xapaKTepHaH ocuunnorpaMMa ra3oBoro 

cnntana. 

B cnC.D.YIOll.leii ccpuu ucnhiTaHHH H3y'lanach B03MO)I(

Hoclb pCI'YilHpOBaHHH ,!J,JlHTCnhHOCTH HMflynbca nyTeM ne

pCMCll.I,CHHH oTpa)l(aTcnH KnanaHa. 0.LJ.HOBpeMeHHO uccne.D.o

aanoch H3MCHCHHC lPOPMhl HMnynbCa llpH H3MCHCHHH Bpe

MCHH OTKphlTHH KnanaHa. B Ka'ICCTBC THfiH'IHOrO DpHMCpa 

nony'leHHhiX TaKHM o6pa3oM pc3ynhTaToB Ha puc. 9 npu

BC.LJ.CHa CCpHH OCI.J,HnnorpaMM, COOTBCTCTBYIOll.I,HX pa3JlH'I

HblM BpeMeHaM OTKpblTHH KJlaflaHa, KOTOpaH nony'leHa 

npu p 0 760 Top u paccTOHHHH ,!J,aT'IHKa oT conna x = 

= 30 MM. 3a30p MC)I(.LJ.Y HaKOHC'IHHKOM llJTOKa H OTpa)l(aTe

neM YMCHblllaCTCH OT pC)I(HMa pa60Thl a/ K pe)I(HMY pa6o

Thl e/ /eM. puc. 9/. l13 paCCMOTpCHHH :nux OCI.I,HJlnorpaMM 

MO)I(HO ycTaHOBHTb CJlC.D.YIOlliHH xapaKTCp H3MCHCHHH ¢opMhl 

HMnynhCa OT ero ,!J,nHTCnhHOCTH. 

llpu cpaBHHTCnhHO 60JlbllJHX ,!J,JlHTCnhHOCTHX CHrHaJI 

cocTOHT H3 Ha'lanhHoro nuKa u nonororo /uno nnaTo

o6pa3HOrO/ yqacTKa, COOTBCTCTBYIOll.l,ero KBa3HCTai.J,HO

HapHOMY HCTC'ICHHIO ra3a H3 canna. flo Mepe YMCHbllJCHHH 

.D.nHTenhHOCTH nonoruii yqacToK yMeHhlllaeTCH npu npaKTH

'ICCKH HCH3MCHHhlX BCnH'IHHC H WOPMC Ha'lanhHOrO fiHKa. 

flpH HCKOTOpOH BenH'IHHC ,!J,nHTCnhHOCTH HMnynbCa 

I- 50 M Kc/ KBa3HCTai.J,HOHapHhiii yqacToK ucqe 3aeT, u npu 

,!J,anhHCHllJCM COKpall.I,CHHH ,!J,JlHTCnbHOCTH Ha'IHHaCT YMCHb

llJaThCH aMnnnTy,!J,a llHKa. 

)l.nH nony'leHHH ,!J,aHHhiX o npocTpaHCTBCHHOH CTPYKType 

llOTOKa 6hlJlH onpe,!l,eneHhl 3Ha'ICHHH lJ m llpH pa3nH'IHhlX 
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Puc. 9. OcijUAAozpaMMbl za308biX 
uMnYAbcoe npupa3AU~HbiX noAo
JKeHU.RX ompaJKameA.R KAanaHa. 
l(eHa oeAeHu.R - 50 MKC. a) 
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paCCTOHHHHX .IJ;aT'IHKa OT OCH COlina. fionyqeHHbie 1IpH 3TOM 

peJynLTaTbl npHBe.IJ;eHLI Ha puc. 10. 
Ha puc. 11 rroKa3aHa 3aBHCHMOCTb rrnoTHOCTH ra3oaoro 

HMIIYilbCa OT .IJ;aBneHHH B ~OpKaMepe Ha pa3nH'IHbiX pac

CTOHHHHX OT COlina. 113 pHCYHKa BH.IJ;HO, 'ITO IIilOTHOCTb 

ra30BOrO HMIIynLCa npaKTH'IeCKH ilHHeHHO yaenH'IHBaeTCH 

c yaenH'IeHHeM .IJ;aaneHHH Po. TaKoro pe3ynLTaTa,anpolJeM, 

MO)I(HO 6blil0 O)I(H.IJ;a Tb 3apaHee. fi03TOMy ero MO)I(HO TpaK

TOBaTb, CKOpee, KaK CBH.IJ;eTenhCTBO IIOCTOHHCTBa K03~~H

~HeHTa IIPOIIOp~HOHanbHOCTH Me)I(.IJ;y BbiXO.IJ;HbiM CHrHanoM 

.IJ;eTeKTOpa H IIilOTHOCTblO ra30BOrO HMIIYilbCa IIpH H3MeHeHHH 

.IJ;aBneHHH B ~OpKaMepe B .IJ;OCTaTOlJHO lliHpOKOM .IJ;Harra30He 

/Po~ 30-:-760 Top/. 
3HalJHTeilbHO 6onee HHTepeCHbiM rrpe.IJ;CTaBn.HeTCH TOT 

~aKT, 'ITO B .IJ;OCTaTOlJHO lliHpOKOM .IJ;Haiia30He paCCTOHHHH 

OT corrna .IJ;nHTenLHOCTb HMrrynLca .'..t rrpaKTHlfeCKH He Ja

BHCHT OT .IJ;aBneHHH PO /CM. puc. 12/. 
B CBH3H C 3THM OTKpbiBaeTCH B03MO)I(HOCTb rronylJaTh 

He06XO.IJ;HMYIO IIilOTHOCTb ra30BOrO HMIIYilbCa, BapbHpyH 

.IJ;aaneHHe Po H He onacaHcL "pa3Ma3LIBaHHH" HMrrynLca . 

t.imG 
~ 

-.3 -z -f 0 f 2 Z, nn 
Puc. 10. Ce~eHue nomo~ea za3a Ita paccmoJIHuu 20 MM om 
conAa. 
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t..(., 6' • 

C?'l· 

50 

120 

0 zoo 'tOO 500 Po, mop, 

Puc. 11. 3a8ucuMocmb nAomHocmu za3o8ozo uMnyAbca om 
6a8Ae11UJI 8 ifjopKaMepe 11a pa3AU~11biX paccmoJIHUJIX om conAa. 

At I /"1~C't'~ 

X = 12tl /"11'1 

• • ® 

s. • 50 

13 .JO Ill 

• ~ 
• • • 

-4'0 I I a sbo A 0 200 4 'CJ 0 , mop. 

Puc. 12. 3a8ucuMocmb 6AumeAbHocmu za3o8ozo uMnyAbca 
om 6a8Ae11UJI 8 ifjopKaMepe Ha pa3AU~11biX paccmoJIHUJIX om 
conAa. 
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HaKOHCU., Ha OCHOBaHHH H3MepeHHH, BhlllOllHCHHhiX IIpH 

pa3J1H'iHhiX paCCTOHHHHX MC)K,D,y COIIllOM H ,D,CTCKTOpOM, 6wna 

onpe,D,eneua cKopocTh nepeMeiiJ.CHHH raJoBoro rraKeTa. 3Ta 

CKOpOCTh COCTaBHlla 7,8 ·10 4 
CM/C, 'ITO BCChMa XOpOliiO 

COBlla,D,aeT C TeopeTH'ICCKHM 3Ha'ICHHCM npe,D,CllhHOH CKO

pOCl H HCTC'ICHHH B03,D,yxa B BaKyyM. 

C U.CJlhlO BhiHCHCHHH Ha,D,C)KHOCTH pa60Thl 3)l,K 6hl110 

llpOBC,D,CHO Cf'O HCllhiTaHHC Ha pecypc. IlpH 3TOM HCTO'IHHK 

cpa6oTaJ1 10"' pa3 C 'iaCTOTOH cpa6aTbiBaHHH 2Ft~. IJpo

BC,D,CHHhiC llOCJlC 3TOf'O H3MCpCHHH OCHOBHhiX IIapaMeTpOB 

ra30BOI'O llaKCTa ,D,aJlH TaKHC )KC pe3y11hTaThl, 'ITO H nepe,D, 

HCllbiTaHHCM. BHCliiHHH OCMOTp ,D,CTaneu KllaiiaHa llOCJlC 

HCllhiTaHHH llOKa3a11 HX U.CJlOCTHOCTh. 

3aK/l10tteuue 

B pe3ynhTaTe npoBC,D,CHHhiX pac'ICTOB, HJMeHeHHH Tpa

.D.HU.HOHHOH KOHCTpyKli,HH H CTCH,D,OBblX HCllbiTaHHH H3f'OTOB

J1CH H npoBepeH 6biCTpO,D,CHCTBYlOIIJ.HH 311CKTpO,D,HHaMH'ICCKHH 

Knanau c yny'lrneHHbiMH xapaKTepHCTHKaMH. HanMeHhliiee 

BpCMH, B TC'ICHHC KOToporo KnanaH OCTaBaJlCH OTKph!ThlM, 

COCTaBHJ10 2 M KC. flpOBC,D,CHHbiC HCllbiTaHHH 3)l,K Ha pecypc 

noKaJanH BhiCOKYlO ua,D,C)KHOCTh ero pa6oThi. Pa3pa6oTau

HbiH KnanaH MO)KCT 6biTh llpHMCHCH B ycTaHOBKaX, B KOTO

phiX Tpe6yeTCH C03,D,aHHC HMllYJlhCHhiX CTpyu pa3J1H'IHhiX 

raJOB C MallOH ,D,JlHTCllhHOCThlO H perynupyeMOH llllOTHOCThlO, 

uanpHMep, B raJoswx HCTO'IHHKax, ra3opa3pH,D,HhiX nnaJ

MCHHhiX IIYliiKaX H T .,11,. 
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