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Hoeaxoe B.r., PyceT K., lllecTaxoe E •. A. P9·11162 

Onpe.Qeneaae reoMeTpaqecttoll ttoa.Parypauaa nnaaMeHHhiX noTOKOB 

OnachiBaeTCB MeTO.ilBKa a npaeo.ctBTCB peaynbTaThi aaMepeaall napaMeT
poe BMfiYJlbCHoro nnaaMeHaoro noTotta, reaepapyeMoro xoaxcaanbHOll nnaa
MeHROA nymxoA B pelKRMe raaoeoro paapll.lla. llnB aaMepeHBll napaMeTpoe 
.llBB>KymeiCll nna3Mhl BCnOJlb3YIOTCll O.llBH HnH .llB8 .llBOl!HhlX 30H.Ila, Ra aneKT
pO.Ilhl KOTOphiX no.QaeTCB naaeliHo-eoapacraiOmee HanplllKeHae. B aaeHCRMOCTH 
OT pelKBMa pa60Thl nymKR H TO'IKH H3MepeRHll 3H8'16HHe KOHileHTp81lBH n 
cocTaenBeT (5.JQ10.;.5.I014 )cM-3.TeMneparypa anexrpoaoe T8 paeHa lOaB. 
Cxopocl'b nnaaMeaaoro crycTKa v ~ 3.lo& eM/c. Pas6poc no aMnnaTy.ne 
B .llna'tenbHOCTB caraanoe c 30H.Ila e pa3HhiX nattnax cpa6aThiB8HHSI nymKH He 
npeehlmaeT 20%. llnB BhiBCHeHBSI xapaKTepa .llBHJKeHBB nnaaMhi npeanonaranocb, 
qTo nOTOK o6na.QaeT 8KCH8JlbHOli CRMMeTpHell, 8 npouecCOM peKOM6HH81lHR 
npeae6peranocb BBB.IlY ero ManocTa. nonyqenRhie nocne o6pa6oTKB aa 38M 
(c llpBMeHeRReM npe.llnOlKeHHOli M6TO.IlBKB) .ll8HHble (npa ycnOBRH COXp8H6HRSI 
no'tOKa) o reoMeTpaa nnaaMeaaoro noToKa xoporno cornacyiOTC~ c pesynbTa
TaMB 9KCnep&MeHT8 no pacnpocTp8H6HHIO KOnnHMRpOB8HHhiX ny'IKOB. 

Pa6oTa Bhmonaeaa e OT.ctene HOBhiX MeTO.IlOB ycKopeHHll OH.HH. 

Cooe..eoe OCh.e .... eooro OCT~& UepiiWX •ccDeJIOB&JDd. .Qy6Ba 1978 

NOMiJ«w,·V.G., Ruset K., Shestakov B.A .. ~' ' -( " . ;: { ,_ . 
P9·11162 

A method and resul ts of determining parameters of the 
pulsed plasma, generated by a plasma gun operated in the regime 
of gas discharge, are described. For measuring moving plasma 
parameters one or two double probes are used on vvhich electrodes 
a variable linear tension is applied. .According to the gun work 
regime and to the probe position, the concentration n of the plasma 
and the electron temperature were 5.1olll:. 5.101'\:m-3 and 10eV, res
pectively. The drift velocity of the plasma stream was 3.106 crn/s. 
From shot to shot, variation of the amplitude and duration of signals 
from the probe was approximately 20 percent. To analyze the plasma 
moving, an axial symmetry of plasma was supposed and recombina
tion process was neglected (recombination coefficient being very 
small). The data of the plasma stream geometry after processing 
by a computer (using the proposed method) are in a good accordanc 
with the experimental results on narrow plasma beams. 

The investigation has been performed at the Departmenr 
of New Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research. Oubna 1978 
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BBE,4EHHE 

Pa3JIB'IHOrO po,na BCTO'IHBKB BHTeHCBBHbiX nJia3MeHHbiX 

llOTOKOB HaWJIB npBMeHeHBe BO MHOrBX 06JiaCTJIX uayKB 

B TeXHHKB jpa60Tbl B 06JiaCTB TepMOJI,D;epuoro CBHTe3a, 

nony'leHBe 3JieKTPOHHbiX ny'IKOB B llOTOKOB HeHTpaJibHbiX 

qacTBU, uanblneuae nnenoK B T • .n./, no3TOMY aonpoc co

J,naHBJI npa6opoa B MeTOABKB ,nn.11 accne.noaaHBJI napaMeT

poB nna3Mbl JIBJI.JieTCJI aKTyanLHbiM. B cnyqae cao6o.nuo8 

nna3Mbl, pacnpocTpaHJIIOIUeHCJI B o6JiaCTB 6e3 3JieKTpO.D;OB, 

y,no6HbiM BHCTpyMeHTOM BCCJie.D;OBaHBJI JIBJIJIIOTCJI .D;BOHHble 

JOH.D;bl, uaxo,n.IIIUBeCJI no.n nnaaaJOIUBM noTenuaanoM. H3 

TeOpBB ,D;BOHHOrO 30H,D;a CJie,nyeT, 'ITO B CJiyqae, Kor,n~ HeT 

Bbi.D;eJieHHOrO HanpaBJieHBJI .D;BB~eHBJI qaCTBU, o6pa3y10IUBX 

nna3MY /"neno.naa~HaJI nnaJMa "I, BOHHbiH TOK HaCbiiUeHBJI 

I+ onpe.nen.lleTCJI TeMnepaTypoH 3JieKTPOHOB Te , Maccoi 

BOHOB m. B llJIOTHOCTbiO llJia3Mbl n" 
l 

% 
I=0.4en(2kT /m

1
.) A, 

+ e 
/1/ 

r,ne k • llOCTOJIHHa.JI JiOJibUMaHa, e - 3ap.II.D; 3JieKTpOHa, 

B3JITblH C o6paTHbiM 3HaKOM. 
B cnyqae, ecna nnaJMa KaK uenoe .na~eTCJI co cKo-

poCTbiO V, BMeeM/1!: 

I ,.envA, 
+ 

/2/ 

r.ne A - nnoma.nh pa6o'leH noaepxHocTB 3Jiei<Tpo.na JOH,na. 

YpaaHenae /2/ noJBOJI.JieT onpe.nenBTb nnoTHOCTb nnaJ

Mbl ll , eCJIB B3BeCTHbl BeJIB'IBHbl BOHHOrO TOKa HaCbiiUeHBJI 

I+ B cKopocTB nnaJMeHHOH CTPYB v . 
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TaK KaK cKopocTL v ,nBH:>KeHHJI nnaJMbl KaK uenoro 

npeue6pe:>KHMO Mana no cpasueuuro co cKopocTLlO Tennosoro 

,nBH:>KeHHJI 3neKTpouos BHYTPH nnaJMLI, TeMnepaTypa 3neKT-

pouos T e MO:>KeT 6biTL onpe,neneua 121 H3 BLipa:>KeHHJI 

r.ne 

kTe I+ 

e 2(dl!dV)
0 

( ~) O - npOH3BO,nHaJI 
dV 

/3/ 

B Ha'lane BOllLT-aMnepHOH 

xapaKTepHCTHKH 30H,na. 

11ccne.nosauue nna3Mbl c noMOlULIO neHrMIOposcKoro 

30H,na H ,nBOHHOrO 30H,na ODHCaHO H B ,npyrHX pa6oTaX 

/uanpuMep, 13 .4/ I. O,nuaKo, KaK npasuno, ux aBTOPLI 

orpaHH'IHBaiOTCJI onpe,neneHHeM TeMnepaTypbl 3lleKTpOHOB 

H KOHUeHTpaUHH 'laCTHU B 17 3 TO'IKaX Dlla3MeHHOrO DOTOKa. 

B HaCTOJllUeH pa6oTe ODHCLIBaiOTCJI pe3yJILTaTLI HC

CJie,noBaHHJI C DOMO~LIO ,nBOHHOrO 30H,na H ,npyrHX ycT

pOHCTB DJia3MeHHOrO DOTOKa, reHepupyeMoro KOaKCHaJIL

HOH nnaJMeuuoB: nywKoB:. 

B pa6oTe npe,nno:>Keua MeTo,nuKa 8 np8Be,neHLI pe3yJIL

Ta TLI ODpe,neJieHHJI OCHOBHLIX XapaKTep8CT8K Dlla3MeHHOrO 

DOTOKa: reoMeTp8'leCKOH KOHcP8rypaUH8, KOHUeHTpaUH8 qac

T8U, TeMnepaTypbl 3JieKTpOHOB, BeJI8'18HLI 8 HanpaBneHHJI 

CKOpOCTH 8 ,npyr8X napaMeTpOB. 

3KCIIEPHMEHTAJihHAJI YCT AHOBKA 

)l,JIJI 8CCJie,noBaHHJI 8MDYJILCHOrO DOTOKa Dlla3MLI H3 

KOaKC8aJILHOB DJia3MeHHOB DYWK8 BCDOJIL30BaJiaCJ. 83Me

pBTeJILHaJI KaMepa 7 83 Hep:>KaBelO~eH CTaJIH ,nJI8HOH 80 CM 

8 ,nuaMeTpoM 32 eM I puc. 1 a/. K OAHOMY 83 TOPUOBLIX 

«Pnauues np8CTLIKOBLIBanacL nnaJMeHHaJI nywKa, qepe3 ,npy

roB: BBO,n8JIBCL ,nBa ,nBOHHLIX 30H,na 8. KaMepa OTKa'I8Ba

JiaCL BaKyyMHLIM arperaToM BA-0,5-4 c aJOTHoi nosyw

Koi. Pa6o'I8H BaKyyM B KaMepe cocTaBJIJln 5.10-6 Top. 
KoHCTPYKUHJI DJia3MeHHOH DYWKB no,npo6HO OD8CaHa B pa-

6oTe 
151

. 3neKTpo,nhl nywKB - Me,nHLie, ,nuaMeTp suewuero 

3lleKTpo,na 2 - 12 CM, J.J;eHTpallLHOrO 3- 5,5 CM, H30JIJI

TOp 4 - oprcTeKno. UeHTpanLHLIH 3neKTpo.n cua6:>KeH ua-

4 

3..i 

--- a a/ 

--;t ~ 

6/ 

Puc. 1. a/ 06r~~uii euo ruaaaMeHHOii nyiiiKU, uaMepu•e,nHoii 
KaMepw u aoHooe; 6/ cxeMa pacnoAoxeHUJI aoHooe. 

KoHe'IHHKOM 6 B3 som.4lpawa lS 1 ,5 c:Ac c uenLro yueu~oweHBJI 
ero 3pp03BB B YOYeHT pa3pJI,na B COOTBeTCTBeHHO yMeHJ.

meHBJI npau:ecei u:aTepaana 3JieKTpo.na B nna3Ye. C no

YOUlJ.lO 3JieKTpO,IUIH&MB'IeCKOrO l(JI&DaHa 1/Siqepe3 OTBep

CTBJI 5 B u;eHTpaJILBOM 3lleKTpO,Ae .B 06'LeY DyDIJCB aanyc

KaJICJI pa60'IBB ra3 /B ,naBBWX BCClle,AOBaBBJIX - B03,nyx/. 

llocne aanycKa ra3a npa aanps:>KeBBB ua 3JieKTpo,Aax, no

.n&BBOY OT npe,nsapBTeJILBO 3&pJI:>KeBBOB eYKOCTB, DpOBC

XO,IUIT 3JieKTpB'IeCKBB pa3pJI,n. 06pa30BaBDIBBCJI Dlla3YeB

BWi cryCTOK yCKOpJieTCJI BAOJIJ. OCB DyDIJCB 3& ClfeT B3&BYO

,AeBCTBBJI pa,nBaJIJ.HOro pa3pJI,ABOro TOK& C BBAyxuBeia3B

MYTaJILBOrO u:arBBTBOrO DOJIJI B, B03BBKaiOJUero OT TOK&, 

DpOTeKaiOIJ.J;ero DO u;eBTpaJILBOYY 3lleKTpo,ny. fipB HCDOJIL-

30BaBBB eMKOCTB 32 MK., 3&pJI)I(eBHOB AO B&DpJI)I(eHBJI 
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Ta1< J<aJ< cKopocTL v ~BH:>KeHHJI nna3MLI J<aJ< uenoro 

npeHe6pe:>KHMO Mana no cpaBHeHHIO co cJ<opocTLIO Tennosoro 

.D.BH:>KeHHJI 3JieKTpOHOB BHYTPH nna3MLI, TeMnepaTypa 3JieJ<T-

poHoB T e MO:>KeT 6LITL onpe~eneHa 121 H3 BLipa:>KeHHJI 

kT 8 I+ 
e 2 (di!dV)0 

( ~) O - DpOH3BO,l1.HaJI B Ha'laJie BOJILT-aMnepHOH 
dV 

/3/ 

r.D.e 

xapaJ<TepHCTHJ<H 30H~a. 

11ccne~osasse nna3MLI c noMOIULIO neHrMIOposcJ<oro 

30H,l].a H ~BOHHOrO 30H,l].a ODHCaHO H B ,!1.pyrHX pa6oTaX 

/HanpsMep, 
13 .4/ I. O~HaJ<o, J<aJ< npassno, Hx aBTOPLI 

orpaHH'IHBaiOTCJI onpe,!].eJieHHeM TeMnepaTyphl 3JieJ<TpOHOB 

H J<OHUeHTpaUHH \faCTHU B 1+ 3 TO'IJ<aX nna3MeHHOrO llOTOJ<a. 

B HaCTOJIIUeH pa60Te ODHCLIBaiOTCJl pe3yJILTaTLI HC

cne,l].OBaHHJI C DOMOIULIO ,l].BOHHOrO 30H,l].a H ,!].pyrHX ycT

poHCTB nna3MeHHoro noToJ<a, reHepspyeMoro J<OaJ<csanL

HOH nnaJMeHHoii nywKoii. 

B pa6oTe npe~no:>KeHa MeTo~sJ<a u npsBe.D.eHLI pe3yn~o
Ta Thl ODpe,!].eneHHJI OCHOBHhiX xapaJ<TepHCTHJ< nna3MeHHOrO 

DOTOJ<a; reoMeTpH'IeCJ<OH J<OH~HrypaUHH, J<OHUeHTpaUHH\fac

THU, TeMnepaTypLI 3JieJ<TpOHOB, BeJIH'IHHhl H HanpasneHHJl 

CJ<OpOCTH H ~pyrHX napaMeTpOB. 

3KCIIEPHMEHTAJibHA.JI YCTAHOBKA 

,lJ.n.11 BCCJie,l].OBaHHJI HMDYJILCHOrO DOTOJ<a DJia3Mhl H3 

J<OaJ<CBaJILHOH DJia3MeHHOH DYWKB HCDOJih30BaJiaCL H3Me

pHTeJILHaJI J<aMepa 7 H3 Hep:>KaBeiOIUeH CTanH ~JIHHOB 80 CM 

H ~HaMeTpoM 32 eM I puc. la/. K o~HOMY H3 TOPUOBLIX 

~naHues npHCTLIJ<OBLIBanacL nna3MeHHaJI nywJ<a, qepe3 .D.py

roii BBO~HJIHCL .D.Ba .D.BOHHLix 30H.D.a 8. KaMepa oTJ<a'IHBa

nacL BaJ<yyMHLIM arperaToM BA-0,5-4 c a30THOH nosyw

KOH. Pa6oqsif saJ<yyM B KaMepe cocTaBnJin 5.10-6 Top. 
KoHCTPYKUHJl DJia3MeHHOH DYWJ<H D0,!1.p06HO ODHCaHa B pa-

6oTe 
151

. 3JieJ<TpO~hl DYWKH - Me,l].Hhle, ,l].HaMeTp BHeWHero 

3Jie1<TpO,!].a 2 - 12 CM, UeHTpanLHOrO 3- 5,5 CM, H30JIJI

TOp 4 - oprcTeJ<no. UeHTpaJILHLIH 3neKTPO.l1. cHa6:>KeH Ha-

4 

3..i 

--- a a/ 

--;t .tU.. 

6/ 

Puc. 1. a/ 06111uii eu~ ru~aaMeHHOii nywKu, uaMepu•eAbHOii 
KaMepw u aoH~oe; 6/ cxeMa pacnoAoxeHUJI aoH~oe. 

KoBe'IHBKOM 6 B3 son~o4lpawa 6 1 ,5 eM c uenLIO y:ues~oweBHJI 
ero 3pp03BB B MOMeBT pa3pJI~a B COOTBeTCTBeBBO yweBL

meBBJI npswecei waTepsana 3JieKTpo~a B nna3we. C no

MOIULIO 3JieKTpO~BaMB'IeCKOrO KJiaDaBa J 161
qepe3 OTBep

CTBJI 5 B ueBTpanLHOM 3JieKTpO~e .B 06'LeM DyniiC.B Banyc

KanCJI pa60'IBB ra3 /B ~aBBWX BCCJie~OBaBBJIX - B03~yx/. 
llocne sanycKa ra3a nps sanp•~eBBB sa 3JieKTpo~ax, no

~BHOM OT npe~BapBTeJILBO 3apJI~eBBOi e:YKOCTB, DpOBC

XO~T 3JieKTpB'IeCKBB pa3pJI~. 06pa30BaBWHBCJI nna3MeB

HWi cryCTOK yCKOpJieTCJI B~OJih OCR DyniiC.B 3a C'leT B3aBMO

AeBCTBBJI pa~BanLBOrO pa3pJI~BOrO TOKa C ~yxuBeia3B
:YyTanLBOrO warBBTBOrO DOJIJI B, B03BBK8.10JUero OT TOKa, 

npoTeK8.10JUero DO ueHTpanLBOMY 3JieKTpo~y. fipB BCDOJih-

30BaBBB e:YKOCTB 32 MK<IJ, 3ap~eBHOB ~0 Hanp~eBBJI 
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2.5 KB, TOK pa3pB)l.a )l.OCTHran 3Ha'leuux 16 KA c )l.nHTenL

HOCTbiO nonynepHO)l.a 15 MKC. 
3neKTpO)l.bl 30H)l.OB C )l.HaMeTpaMH 2,85 MM H3rOTOBne • 

Hbl H3 HHKenB, H30flllli;HJI Me:>K)l.y HHMH - H3 riJToponnacTa. 

JOH)l.bl 6e3 HapyweHHJI BaKyyMa B KaMepe MOrnH vepeMe· 

lll;aTbCll DO )l.nHHe, a TaK:>Ke pa)l.HaflbHO H a3HMyTaflbHO 

I puc. 16/. C noMOIULIO uecno:>KHOH cxeMbl I puc. 2a/ B Mo

MeHT H3Mepeuux ua JneKTpO)l.bl 30H)l.a no)l.aBanocL nuueii

HO- B03pacTaromee uanpR:>Keuue, npuMepuo /20-:-40/ B 3a 

/2-:-3/ MKC /puc. 26/. ToK 30H)l.a H3MepRncJI 3Kpauupo-

BaHHblM llOBCOM PoroBcKoro C 'IYBCTBHTenbHOCTbiO 

==. 1ju-
r-- --- -!jf-llllHX ---------- ~ Si'J 
I #21/0 f SDIC I.S" \ I iQ' 
I 1 '-
1 I ';:,. 
I I 

: T SOT : 
I 

I 0) I I t!JtJ I : 

L- --------A.u~ _____ _J 

C'~two/ 1¥ 

a/ 6/ 

Puc. 2. a/ Cxe..wa OA.R co3oaHU.R AUHeiiHo- eo3pacma10J~~ezo 
Hanp.RJIC€HU.R HQ 30HOe; 6/ (JopMa 3111020 Hanp.RJIC€HU.R 0/I.R 
pa3AU'IHbiX epeMeH 3aOepJICKU 32 . 

0,16 B/A. linoK·cxeMa H3MepuTenLHOH annapaTypbl noxa-

3aHa ua puc. 3. H3MeHBB 3a)l.ep)KKY BpeMeHH 3 
1 

Me)K)l.y 

Ha'lanoM pa3pJI)l.a B nywxe u 3anyci<oM reuepaTopa nuueii

Horo pOCTa Hallpli)KeHHJI Ha 3fleKTpO)l.aX 30H)l.a, MO)KHQ 

onpe)l.enHTb napaMeTpbl nna3MeHHoro crycTKa B )l.aHuoH: 

TO'IKe npocTpaHCTBa B n1060H H3 MOMeHTOB npOXO)K)l.eHHJI 

HM 3Toii TO'IKH. CxeMa no3BonJieT H3MeHJITb BenH'IHHy 

HanpJI)KeHHJI Me)K)l.y 3fleKTpO)l.aMH 30H)l,a nyTeM BapHali;HH 

6 

numaHue 
/1fiW"U 

flf/WifXZ 

Tz 

(to -so)l'fA'(! 

A" OCLj<.//1. 

'+' 

(f~J) /"11\c 
CU/"'Xf'. 

ocquA. 

Puc. 3. EAoK- cxe..wa ouazHocmuKu nAa3MeHH&IX czycmKoe 
C nOMOJIIbJO 060UHOZO 30HOa. 

75"6" 756' 

Puc. 4. EAoK- cxe..wa 
czyc•Koe. 

U3MepeHU.R CKOpoc•u nAQ3M€HHbiX 
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speMeHH 3a,nep)KKH 3 2 Me)K,ny BKJDO'IeHHeM reHepaTopa 

aanpJI)KCHHJI H e ro Bbll<JDO'IeHHeM I puc. 26/. 
BenH'IHHa TeMnepa TYPbl 3neKTpOHOB T e onpe.nenJJ:eTcJI 

flO Henocpe,nCTBeHHO Ha6mo,naeMOH Ha 3KpaHe OCD;HJIJIOrpa· 

ella BOJILT ·aMnepHOH XapaKTepHCTHKe. ~JIJI onpe,neneHHJI 

fiJIOTHOCTH fina3Mbl H3MepJIJICJI TOK HaCbiiD;eHHJI 30H,IJ;a, a C 

fiOMOID;LIO ,IJ;ByX 30H,IJ;OB, pacnOJIO)KeHHbiX Ha H3BeCTHOM 

paccTOJIHHH ,npyr oT ,npyra I puc. 4/, Haxo.nanacL CKo

pocTL nna3MeHHoro crycTKa. B 3TOM pe)KHMe HanpJI)KeHae 

Ha 3JieKTpo,nax 30H,IJ;OB 6biJIO TaKHM, 'IT06bl Ha 060HX 

30H,nax o6ecne'IHBancJI pe)KHM HaCbiiD;eHHJI /npHMepHo 35 B/. 
0,nHOBpeMeHHOe H3MepeHHe TOKOB HaCbiiD;eHHJI 30H,IJ;OB B ,IJ;BYX 

pa3HbiX TO'IKaX npOCTpaHCTBa fi03BOJIJieT, TaKHM o6pa30M, 

onpe,neJIHTL fiJIOTHOCTL nna3Mbl B 3TBX TO'IKaX B O,IJ;BH H 

TOT )Ke MOMeHT BpeMeHH. 

PE3YJihTATM 3KCIIEPHMEHTOB 

XapaKTepHaJI ~opMa carHaJia c 30H,na OT nna3MeHHoro 

crycTKa noKa3aHa Ha puc. 5. Ha paccTOJIHHJIX npHMepHo 

,IJ;O 30 CM OT nyWKH perBCTpHpOBaJIHCL CHrHaJibl OT } 7 3 

nna3MeHHbiX crycTKOB I puc. Sa/. Ha 6onLmHx paccTOJIHHJIX 

Ha6JIIO,IJ;aJICJI, KaK npaBHJIO, CBrHaJI OT O,IJ;HOrO cryCTKa 

/puc. 56/. ~nJI BeJIJt'IHHbl HanpJI)KeHHii aa eMKOCTH pa3pJI,na 

Up = 1-:-3 KB 6blno 3aMe'leHo, 'ITO ,nJIHTenLHOCTL carHana 

yMeHLmaeTCJI c yseJIH'IeHHeM UP I puc. 6/. CKopocTL nna3-

MeHHbiX cryCTKOB V fiO'ITH JIHHeHHO 3aBHCHT OT BeJIH'IHHLl 

Up /puc. 7/ H HMeeT 3Ha'leHHe /l74/.106 cM/C. 3aBHCH· 

MOCTL HJIOTHOCTH HOHHOrO TOKa HaCbiiD;eHHJI j+ OT Up H 

COOTBeTCTBYIOID;He 3Ha'leHHJI CKOpOCTH onpe,neJIJIIOT JIHHeii· 

HYIO 3aBHCHMOCTL nnoTHOCTH nna3Mbl n OT Up I puc. 7/. 
~JIJI BbiJICHeHHJI o()ID;eii KapTHHbl ,ZJ;BH)KeHHJI nna3Mbl ae

o6xo.naMo onpe,neJIHTL TaK)Ke H npeaMyiD;eCTBeHHoe Hanpas

neHHe ,IJ;BH)KeHHJI fiOTOKa B Ka)K,IJ;OH TO'IKe npocTpaHCTBa. 

~JIJI 3Toro npe,nnonaranocL, 'ITO see HOHbl, npome.nmae 

qepe3 onpe.neneuHoe nonepequoe ce'leHBe 11 Ri H3MepaTeJIL

HOB KaMepbl Ha paCCTOJIHHH z 1 OT nyWKH, fiFOXO,IJ;JIT Ha 

paccTOJIHHH z 2 11epe3 nonepequoe ceqeuae 11 R
2 

. .QeHTpbl 

ceqeuaii pacnono)KeHbl Ha oca z. B3JIB nocne.nosaTeJILHO 

uecKoJILKO 3Ha'leHHH pa,nayca Ru ua ueKoTopoM Ha'laJILHOM 
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Puc. 5. tPopMa cuzHaAa c 30HOa npu Up = 3 KB, 
= 32 MKtP, r = 0; a/ Z = 20 CMj 6/ Z = 35 CM. 

c = p 

100 

~ 
~ 

~80 
~ 

60 

40 

20 

· 2 J 4 U,C, {x~} 

• - Z = 47cH 
,. - Z =40cH 
a - Z :30cH 

Puc. 6. 3aeucuMocab oAuaeAbHocau r cuzHaAa nAa3MeH-
HOZO CZYCIIKQ 011 pa3p.ROHOZO Hanp.RJIC€HUJI Up . 
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Puc. h 3aeucuMocmu cKopocmu nAa3MeHHozo nomoKa v , 
KOH~eHmpa~UU n nAU3Mbl U nAOMHOCMU UOHHOZO MOKa HUCbi
U#eH~.R j+ om pa3p.ROH020 Hanp.RJICeHU.R Up I cp = 32 MK<l>, 
f = 0, Z = 30 CM/. 

z
1 

, MO)I(HO ,l\nB. Ka)l(,l\OrO H3 HHX HaHTH COOTBeTCTBYIOil(ee 

Juaqeuue pa,l\uycos R2 i , R3 i... ua paccTOB.HHB.X z 2 
z 3 ,... H onpe,l\enHTL TaKHM o6paJOM npeuMyll(ecTseuuoe 

uanpasneuue cKopocTeii qacTHU ,l\nB. pa3HhiX z H R . llpo

:QeCCOM peKOMfiHHa:UHH HOHOB 80 BpeMB. ,l\BH)I(eHHB. HOTOKa 

nna3Mbl H OTpa)l(eHHeM JapB.)I(eHHhiX 'laCTHU OT CTeHOK 

KaMepbl MO)I(HO npeue6pe'lb /Ko3«WJHUHeHT peKOMfiHHa:UHH 

ar "' 10'13 CM 3 /c, K03«WJHUHeHT OTpa)l(eHHB. HOHOB 6e3 HeiiT

panHJa:UHH COCTaBmleT(1Q·l ;. 10'2~ /7//. 

061l(ee 'IHcno qacTHU, npoxo,l\B.IUHX qepe3 ceqeuue rr If 
Ha paCCTOB.HHH z OT nyWKH, 6y,l\eT paBHO: 

R r 
N ( R 'z ) "" J r J ( r 'z ' t ) 2 TT r dr d t 

0 0 
/4/ 

Ecnu C'IHTaTL, 'ITO J(r,z ,t) MO)I(eT 6biTL npe,l\cTasneuo 

B BH,l\e 

J(r,z,t)== J(r,z)f(z,t), /5/ 

10 

~ 
~ 

I 

''· 
J 

r,ll,e J (r ,z) - nnoTHOCTL noToKa 'laCTHU, onpe,l\eneuuaB. ny

TeM H3MepeHHB. TOKa HaChiiUeHHJI I+, a f(z, t) /onpe,l\e

neHHaB. 3KCHepHMeHTanLHO/ OUHCbiBaeT H3MeHeHHe nnoT

HOCTH B UOTOKe nna3Mbl H HOpMHpOBaHa Ha e)LHHHUY UO MaK

CHMYMY nnoTHOCTH I puc. 56/, To ypaaueuue /4/ MO)I(HO 

nepenuca TL B BH.l\e 

r,l\e 

N ( R ,z) = ~ ( R , z). [' ( z) , 

R 

~(R ,Z)= ( J(r ,z)rdr, 
0 
r (z) 

1(z)-2rr Jf(z,t)dt 
0 

I r - ,l\nHTenLHOCTL HMnynLca TOKa I+ ua JOH.l\e/. 

/6/ 

/7/ 

/7a/ 

OnhiT noKaJbiBaeT, 'ITO I' (z) coxpauJJ:eTcB. ,l\nB. Ka)l(,l\Oro 

z c TO'IHOCTLIO ue xy)l(e IS!fo. 3aBHCHMOCTL J ( r) 6blna 

3KcnepHMeuTanLuo onpe,l\eneua ,l\nB. 10 paJnH'IHhiX JHa'leHHii 

z I z i = 5,10,15, • • , 50 cM/, puc. 8 ·KPHBhle co-

OTBeTCTBYIOT MaKCHManLHhiM BenH'IHHaM HnOTHOCTH HOTOKa 

B Ka)l(,l\OH TO'I:ke HeJaBHCHMO OT BpeMeHH npOXO)I(,l\eHHB. 

3TOH TO'IKH nnaJMOH. lJ.ucneHHble 3Ha'leHHB. ~ (R) fihlnH 

nonyqeubl nyTeM o6c'leTa ua 3BM 3KcnepuMeuTanLHhiX 

,l\aHHhiX puc. 8 ,l\nB. Ka)l(,l\Oro z i I puc. 9/. ,lJ.nJI 4JuKcupo

sauuoro JHa'leHHB. pa,l\Hyca R1 ua paccTOB.HHH z
1 

OT 

nyWKH MO)I(HO HaHTH pa,l\HYChl Rz , R 3 , . .. KOTOphle 

onpe,l\enB.JOT ce'leHHB. rr R~ , rr Rj ,... ua paccTOB.HHB.X 

Z 2 , Z 3 , . . . H 'lepe 3 KOTOphle npOXO,l\HT TO )l(e CaMOe 

'IHcno qacTHU, 'ITO H qepeJ ceqeuue rr R) . llonyqeuuble 

TaKHM o6paJoM nHHHH pacnpocTpaueuuB. nnaJMeuuoro no

ToKa HOKa3biBaiOT, 'ITO HOTOK HMCeT paCXO,l\JIIUYIOCB. reo

MeTpHIO /puc. 10/. 
B cnyqae [' (z i) ;f. f' (z j ) R j MO)I(HO uaiiTH HJ ypas-

ueuuB. 

~(R 1 ,zi )i(zi )=~(Rj,zj)r (zj), /8/ 

ucnonLJYB. ,l\aHuble puc. 9 H 3KcnepuMeuTanLHoe onpe,l\ene
uue senH'IHH f' ( zi ) H [' (z j ). 
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Puc. 8. 3a6UCUMOCIIIb TIAOIIHOCIIIU UOHHOZO IIOKQ HQCbUI#eHUJI 
j+ o• paouyca r OAJI paaAU'lHbiX pacc•oJIHUiJ z o• nywKu 
jyzoA paCXOOUMOCIIIU 6He111Hezo 3AeKIIIpOOQ a = 0°/. 
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r 
1600 [ 

1500 lot~ 
u.oo 
1300 

1200 

1100 

1000 

900 
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700 

600 
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200 

100 

o r 2 3 " s 6 7 a g v 11 12 11 '"R[c"} 

Puc. 9. 3aeucu.wocn !.(R) /yzoA a = 0°/. 

06~ee oneHO'IHOe 'IHCJIO 3apJDKeHHbiX 'laCTHn 0,1\HOrO 

3HaKa B cryCTKe DJia3Mbl OKa3b1BaeTCJI paBHbiM DpHMep
HO 1.1018 

)J;JIJI llpOBepKH KOppeKTHOCTH MeTO,l\a H npaBHJlbHOCTH 

nony'leHHbiX pe3yJibTaToB 6bln npoBe,l\eH cne,l\yiO~ii: 3K

cnepHMeHT. Ha paccTOJIHHH 15 CM oT nywKH 6blna noMe

~eaa TOHKaJI /0,13 MM/ ,1\HacllparMa H3 aep)f(aBeiO~eii: eTa

JIB C 7 OTBepCTHJIMH ,1\HaMeTpOM Ka)f(,l\Oe 10 MM, pac

DOJlO)f(eHHbiMH Ha paCCTOJIHHH 0,3,4,5,6,7 H 8 CM OT neHTpa 

/oT OCH Z /. fiJia3Ma, npOXO.I\JitnaJI 'lepe3 OTBepCTHJI, pac

DpOCTpaHJieTCJI ,1\aJiee B BH,l\e Y3KHX DY'IKOB, OCTaBJIJIIO~X 

CJle,l\bl Ha aJliOMHHHeBOH flK>nbre, DOMe~eHHOB Ha paCCTOJI

HHH 5 CM 3a ,1\HacllparMoii:. llocne npHMepuo 104 cpa6a

TbiBaHHii: nna3Meaaoii: nywxa aa cllonLre 6biJIH o6aapy)f(eHbl 

13 
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Puc. 10. reoMelllpu~ecl<aJI KOH{/)uzypaijUJI nlla3MeHHOZO no-
1110KO 6 U3Mepu111ellbHOU KaMepe jyzo/1 a = 0°/. 

VE'I 

·~ ]~ 
r==l ll --------------------~------------ t ~ . ~ ~ ~ ~ ~ ~ ~ u s 

-zp,j 

Puc. 11. reoMe•pu~ecrcaJI KOH{/)uzypaijUJI nAa3MeHHOZO no-
1/IOKQ 6 U3MepulllellbHOil rcaMepe jyzo11 a= -10°/. 

14 

1-£--J.s·l 
,~ 

0 ---;----· ,~0---. -:s---. ---;a-. -;s-· JO. -;s· -.a. ---lfS~-- 50 

f[l',.,; 

Puc. 12. reoMempu~ecrcaJI KOH{/)uzypaijUJI nlla3MeHHOZO no-
1110Ka 6 U3MepU111elll>HOU KaMepe jyzo11 a= -7,5°/. 

l.l=•7.Pl 

·o-·- -s-·r· --~--iO·-·;s·-·r--Jr·-·;;o·-·rs·-· 
-.r 

Puc. 13. reoMempu~ecrcaJI KOHfPUZypaijUJI nlla3MeHHOZO no-
1/IOKa 6 U3MepU111€11bHOU KOMepe /yzo/1 a= +7,S0 /. 

15 
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Puc. 14. reoMe•pu'leCKOJI KOH~uzypaliUJI nA03MeHHOZO no
•oKa 6 U3Mepu•eAbHOU KOMepe jyzoA a = +15 °/. 

HanwneHHble ll.IITHa, nonO)I(eHB.Il neHTpOB KOTOpbiX llO,D,TBep
,D,BnO npaBBnbHOCTb C,D,enaHHbiX paC'IeTOB C TOqsOCTbiO 
He xy)l(e 4~. 

)J;n.11 Bbi.IIBneBBJI BnBJIHB.Il c)opMW BHemHero :JneKTpO,D,a 
Ha KapTBHY pacnpOCTpaHeHB.Il nna3Mbl 3TOT MeTO,D, 6wn 

, .llPBMeHeH K nna3MeHHbiM nymxaM C pa3nB'IHWMB 3Ha\feHBJI
MB yrna pacxo,D,BMOCTB a BHeJDHero :JneKTpo,D,a I a • yron 
:we)I(,D,y ocbiO z B o6pa3}'101nei BHeJDHero :JneKTpo,D,a; 
yron nono)I(BTen~»Hwi, ecnB ,D,BaMeTp BHeJDHero :JnexTpo,D,a 
ysenB'IBBaeTCJI K ero KOHilY I. Ha puc. 11- 14 noxa3aHw 
nony'leHHwe pe3yn~tTaTw .D.n.ll nymex co 3Ha'leHBJIMB yrna 
a =-10°; ·7,5°; +7,5°; +15°1. 

CYuteCTBeHHoro BnBJIHBJI c)op:ww BHemHero :JneKTPO.D.a 
Ha pacnpocTpaHeHBe noToKa nna3MW npB 3TOM o6Hapf)l(eHo 
He 6wno. PaCXO,D,BMOCTb UOTOKa nna3Mbl 06'b.IICH.IleTC.Il, no· 
BB,D,BMOMY, aM6Bnon.llpBOi ,D,Bc)c)y3Bei 'laCTBn BO BpeMJI 
,D,BB)I(eHBJI nna3MW B.D.Onb ocB z. Pacnpe,D,eneHBJI nnoTHo· 
CTB nna3MW .D.n.ll pa3nB'IHWX r B z I puc. 15/ 6wnH nocT
poeHbl Ha OCHOBe B3MepeHHWX 3Ha\feBBi TOXOB Hac~o~~neHB.Il 
I puc. Bl .D.n.ll Tex )l(e TO'Iex. 
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Puc. 15. 3aaucuMocmb KOHlleHmpa..,uu nAa3MeHHozo czycmKa 
om paouyca OAJI pa3AU'lHbiX z 

B uecxonLKHX TO'IKax no ocH xaMepbl 6blna onpe.IJ.eneua 
TeMnepaTypa 3neKTpouon Te nna3Mbi /puc. 16/. 

3AKJIJO lJEHHE 

MeTo.IJ. .IJ.BOB:uoro 
pa6oTe, ll03BOJH!eT 

30H.IJ.a, 
H3MepHTb 

HCnonL3YIOU(HBCJI B ,ll,aHHOB 
KOHUeHTpaUHIO nna3Mbl B 
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Puc. 16. TeA.mepa111ypa 3AeKmpoHoe e pa3AU'iHbiX IIIO'iKax 
no ocu KaMepbl I cp= 32 MKCIJ; Up = 2,5 KB/. 

6onbwoM AHana3oHe /5.10 10- 5.l014/cJW·3.IIocKonLKyonpe

AeneHHe nnoTHOCTH nna3Mbl npoH3BO.D;HTCJI no H3MepeHHJIM 

HOHHOrO TOKa HaCblll\eHHJI, MeTO,IJ; MO>KHO HCnOnb30BaTb H 

,I\nJI nO,l\BH)I(HOB nna3Mbl B MarHHTHOM none ,IJ;O HeCKOnbKHX 

KHnoraycc /npH 3TOM He06XO,IJ;HMO, 1fT06bl pa,l\HYC 3neKTpo.n;a 

30HAa 6bln 6onLwe napMo'poBcKoro pa.n;Hyca MJI HOHOB/. 

OnHcaHHbiB MeTOA H3y1feHHJI reoMeTpHH nna3MeHHbiX noTo

KOB n03BOnJieT onpe.n;enHTb KOHcllHrypai{HIO 3THX nOTOKOB 

B peanbHbiX ycnoBHJIX /npoXO)I(,l\eHHe 11epe3 .n;HacllparMbl H 

KaHanbl, npHCYTCTBHe MarHHTHOrO nonJI H T • .n;./. B TO )l(e 

BpeMJI MeTO,IJ; n03BOnJieT Ol{eHHTb KOnHlfeCTBO lfaCTHI{, npo

XO,l\JIIl\HX qepe3 mo6oe celfeHHe o6'beMa ycTaHOBKH. YAo6cTBO 

HCnOnb30BaHHJI H OTHOCHTenbHaJI npOCTOTa 3KCnepHMeHTanb• 

HOB ycTaHOBKH TaK)I(e JIBnJIIOTCJI AOCTOHHCTBaMH 3Toro 

MeTO,D;a. 

JIHTEPATYPA 

1. Lee J.J. Rev.Sci.Jnstrum.,l975, 46, 11, p.1591. 
2. ,4uaZHOCIIIUKa nAa3Mbl, noo peo. P.XaOOIJeCI/IOHa u 

C.JieoHapoa. "Mup", M., 1967. 
3. rapKyUia B.H. u op. B KH.: Mamepuallbl I I BceCOI03HOU 

KOHrjepeH&IUU no nAa3MeHHbiM YCKOpUIIIeiJJfM. HHCIIIUIIIY111 
fPU3UKU AH ECCP, MUHCK, 1973, c. 28. 

18 

4. A,PuHozeHoe E.Il. u Op. B KH.: Ma•epuaAw I I Bcecoi03HOU 
KOH~epeHt~uu no nAa3MeHHWM yc~eopu•eiiJIM. HHc•u•y• 
rPU3UICU AH ECCP, MUHCK, 1973, c. 348. 

5. reopze B. u op. 01UIH, 9-9999, J(y6Ha, 1976. 
6. HoeUK06 B.r. u Op. AeiiiOPCKOe ceuoe•eAbc•eo CCCP 

JiR 504041, KA. 16K31/02, o• 21,11.74 z. E101111. 
OHIIOT3, 1976, JIR7, c.106. 

7. FoAaHI/I B.E. u op. 0CH06W fPU3UKU n1103MW. A•oMU30a•, 
M., 1977, c.70,75. 

PyKonucb noc•ynUAa e U30a1/leAbCKuil o•oe11 
14 oeKa6p.lf 1977 zooa. 

19 


