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npoCTp8HCTB9HHblA 38PSIA ny'IK8 HOHOB OK83biB8eT B9CbM8 cymeCTB9HH09 BIIH-

/1 2 3/ 
SIHHe Ha ycnOBHSI H8'18flbHOrO yCKOpeHHSI HOHOB B CHHXpOUHKflOTpoHe ' ' • npB 

HeKOTOpoA BenH'IHHe TOK8 nyqKa KOMIJOHeHTbl IJOflSI npocTpaHCTBeHHOrO 38pSIA8 Om0-

no HCTO'IHHKa MOryT CT8Tb 6onbme, '19M KOMIIOHeHTbl yCKOP.IIlOWero IIOflSI, HCTO'I-

HHK OKa~eTCSI 3KpaHHpOB8HHhlM OT Hanp~eHHSI Ha nyaHTe H 38XB8T HOHOB B yc-

KOpeHHe npeKp8THTCSio 

DnH TO'IHoro onpeneneHHSI npenenbHoA nnoTHOCTH npocTpaHCTBeHHoro aapsma 

aeo6xonHMO peWHTb TpexMepaoe ypaaaeaae Oyaccoaa nnH HecxonbKHX MOMeHToB 

BpeMeHH 38XBaTa, 'ITO· CBSI38HO CO 3H8'1HTen&HbiMH TPYAHOCTHMH. Ha pHc.1 IIOKaaa­

Ha ¢QpMa 3KBHIIOTeHUHaneA B aepTHKanbHOA nnoCKOCTH, nepeneHnHKyngpHoA KpOM-

x) 
Ke AY8HT8 H IIpOXOASIWeA q:epe3 HCTO'IHHK o BHnHo, 'ITO OT HCTO'IHHK8 no 3KBHIIOTeH-

UHanH 0,6 aneKTpH'19CKOe none Ha paCCTOHHHH Z • + 5 CM OT MenHaHHOA IIflOC-

KOCTH B9CbM8 6nH3KO K nByMepJi6My. no3TOMY npenenbHyiO nnoTHOCTb MO~HO oue­

HHTb, ecna npeae6pe'lb HCKpuaneHHeM 3KBHnoTeHuuanbHbiX noaepxaocTeA oxono ny-

/4·5/ 
8HT8 H ljloKyCHpyJOWHX aneKTponoB ' H C'IHT8Tb 1 'ITO B MellHSHHOA IIflOCKOCTjl... 

nayMepHOCTb IIOflSI Mano HCKa~aeTCSI H3-38 KQHe'IHOA BbiCOTbl IIY'IK8o B :raKOM cny­

'lae aana'la o aaxo~neHHH pacnpeneneHHH noTeHUHana npu aanH'IHH npocTpSHCTBeH­

Horo aapsma caonHTCH x peweaHJO nayMepaoro ypaaaeHHH nyaccoaa 

p (J:. y ) ____ ... ___ _ 
( 1) 

f 0 

C aanaHHblMH rpaHH'IHblMH ycnoBHSIMH H8 BepTHKanbHbiX IIOBepXHOCTSIX1 onpenenSI­

IOWHX H9KOT0pbllt nayMepHbllt YCKOp!IIOWHlt npoMe~yTOK (anecb p (J: ,y ) - IJflOTHOCTb 

" 
x) npennonaraeTCH1 'ITO nna3M8 HOHHOro HCTO'IHHKa OTKpblTOrO THIIa HSXOnHTCSI 

non ayneB&IM noTeauaanoM. 
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3 -12 
npocTpaHCTB9HHOI'O 3apHAa ny"!Ka [ Kyn/M ] 0 l O = 8.8ti4,10 tjl/M - AH3neKTpH-

"!9CKaH npOHHUaeMOCTb Cp9Ahl 0 U (X • Y ) - noTeHUHan ( B] ) • 

/6/ 
B pa6oTe nonpo6Ho o6ocaoaaH cnoco6 peweHHH nayMepaoro ypaaHeHHR 

nyacCoHa nyTeM 3KCnepHMeHTanbHOI'O onpeneneHHR noTeHUHana B HCCnenyeMOft 

MOAenH MeTOAOM HaBeAeHHOI'O TOKa npH nOMOWH 30HAa C nHHeAHWM pacnpenene­

HHeM nnoTHOCTH aapsna no nnHHe. (nHHeAnoe pacnpeneneHHe aapsna coanaeTCR 

6naronapR o6TeKaHHID noaepXHOCTH AnHHHOI'O TOHKOI'O CTep*HH (30HAa) nepeMeH­

HblM TOKOM 3ByKOBOA "!aCTOTbl). 8 pa6oTe noKa3aHO, "!TOt ecnH Ha nnOCKOCTH Z = 0 

npH noMOWH conpOTHBneHHft, COeAHHeHHblX C AOnonHHTenbHblMH aneKTpOAaMH, aa-

AaHO pacnpeneneHHe tjJHKTHBHbiX noTeHUHanOB 

Bble noaepXHOCTH MOAenH 3a3eMneHbl ( U: • 0 

U* (x,y)=p (x,y)/E , a 6oKo-
p .. 0 

), TO aMnnHTyAa TOKa1 HaBOAH-

Moro na nononHHTenbHblX aneKTponax TBKHM aonnoM, nponopuHoHanbHB peweHHID 

u (X ,y) AByMepnoro ypaBHeHHSI nyaccona c npaaoA "18CTbiD - p .. (x, y) I ( 0 H 

rpaHH"'HblMH ycnoBHHMH u • = 0 • Mo*Ho noKaaaTb, "'TO npH 38A8HHH HB 6oKo­

U• 
BOA noBepXHOCTH MOAenH ~HKTHBHOI'O noTeHUHana, paBHOI'O u• 

6oK L 2
/ 2 

( 3A9Cb L - AnHHa 30HA8), BenH"'HH8 HBBeAeHHOI'O TOKa B MOAenH nponopUHOHanb-

H8 peweHHID ypaBHeHHH nyaCCOH8 ( 1) C rpaHH"'HblMH ycnOBHHMH U ( S ) Ha KOH-

Type S , npHHUHnHBnbHaH norpeWHOCTb MeTOA8 - nopRAKB HeCKOnbKHX npOUeH-

TOB. 

MeTOA naaeneanoro TOKa o6nanaeT onpeneneHHhlMH npeHMymecTBaMH no cpaa­

HeHHIO, HanpHMep, C M9TOAOM aneKTponHTH"'9CKOi!: B8HHbl (OTCyTCTBH9 HCKyCCTB9HHOft 

MOAenHpyroWeA cpeAb1 1 npOCTOTa H KOMnaKTHOCTb yCTBHOBOK, yno6cTBO aanaHHH npa­

BOi!: "!aCTH ypaBH9HHH nyaCCOHa), 

nayMepHBH MOAenb yCKOpHIOWei'O npOMe*yTKa CHHXpOUHKnOTpOHa, Ha KOTQ­

poft Hayqanocb anHsHHe npocTpaHCTBeHnoro aap~a ny"!Ka Ha pacnpeneneHHe no­

TeHuHanbnoro nons, noKaaana Ha pHc.2. Ona npencTaanseT co6oA nnacTHHY H3 ~onb­

rHpoaannoro reTHHaKca, aa KoTopoi!: npopeaaHbl KOHUeHTpH"'eCKHe naabi, oTnens-

IOWHe APYI' OT Jlpyra A9CHTb KOneu, paapeaaHHblX KpOMe TOI'O no OCH X HB no-

nyKOnbua. 0T Ka*llOI'O nonyKOnbUB H OCT8BWeftcg noaepXHOCTH !lfonbrH BbiB9AeHbl 

KOHTaKTbl nns aanaHHH rpBHH"'HbiX ycnoBHft H pacnpeneneHHR lj>HKTHBHblX noTeH­

UHBnOB U *. (ll ,y) 
0 

nponopUHOHanbHOI'O pacnpeneneHHIO nnOTHOCTH npOCTpaHCTBeH-
p 

HOI'O aapsna, MeTannH"19CKH9 nnBCTHHbl cneBB H cnp8B8 ()T CTep*HR, HMHTHpyiD-

wero nna3MY HOHHOI'O HCTO"'HHK8 0 orpaHH"'HBaiOT YCKOpHIOIUHft npOM9*YTOK H sBn­

IOTCH ananoraMH AY8HT8 H lj>oKyCHpyiOIUHX aneKTpOJlOB (HnH npoTHBOilYBHTHOA paM-

KH) COOTB9TCTBeHHOo 

4 

• 

'· 

• 

f 
' .·., 

npH OAHOBpeMeHHOM 3aJlaHHH tPHKTHBHOI'O nOTeHUHana H8 nn~ 

H tjJHKTHBHOI'O noTeHUHana Ha AOnOnHHTenbHble aneKTPOAbl - ny"'OK 

3eMneHHH OCTanbHbiX aneKTpOAOB HCKOMOe pacnpeneneHHe noTeHUH8. 

CTBBnseT cynepnoaHUHID pewenHi!: ypaBHeHHR nannaca c rpaHH"'Hb 
L2 

U • U • U * • -- , Ha CT9P*He HOHHOI'O HCTO"'HHKa HB nyaHTe 
1 1 2 

ananore lj>OKyCHpyiOIUHX aneKTpOJlOB U • U 2 • U S • 0 H pewenH 

accona c npaaoft "'BCTbiD U ~ ( x , y ) npH U 
1 

• U 
2 

• U 
3 

• 0 • 

HaMepeHHR B AaHHOA pa6oTe npoBOJlHnHCb Ha YCTaHOBKe M 

B9AeHHOI'O TOKB), paapa6oTaHHOR B CapaTOBCKOM yHHBepCHTeTe 

noTeHuHan onpenensnCR B <jJHKCHpOBaHHbiX TO"!Kax Mone.nH I 

KOnbKHX OTHOIU9HHft tjJHKTHBHOI'O IIOTeHUHana u• 
p K u •• u 

I • 

6; 12 H 14 AnR ny"'KOB UH1IHHJlpH"!eCKOft H nonyuHnHHAPH"'9CKOft 

CxeMa ycTaHOBKH nns H3MepeHHR noTeHUHana npHaenena Ha 

noTeHUHanbl ycTaHaBnHaanHCb npH noMOUlH 6noKa rpaHH"'HbiX y• 

pstMHTeng BC-11 H MHKpOaMnepMeTpa (4). nHTaHHe 30HAa (2) c 11 

neneHHeM aapsna ocywecTansnocb oT reHepaTopa r~-33, a noTe 

ce.neKTHBHbiM ycHnHTeneM Y2-4. OnHoapeMeHHO npH noMOlUH ycH. 

penensnacb eMKOCTb aoHna na aneKTPOilbl Mon.e.nH. HcKOMbiA noTE 

KBK OTHoweHHe noKaaaHHi! Y2-4 K noKa3aHHRM Y2-6. Hcnonbaoa~ 

14 CM, 

Ha pHc.4 noKa3aHf>I aKBHnoTeHuHanbHhie nHHHH npH oTcyTCTBH 

HOI'O aapHAa AnR Hanps*eHHH Ha nyaHTHOA nnaCTHHe 20 KB. Ha 

noKa3aHhl 3KBHnOT9HUH8nH, nony"'eHHh19 H8 aneKTponHTH"!eCKOll BaH 

BhlX XapaKTepHayeT TO"'HOCTb H3MepeHHll nannaCOBCKOI'O pacnpell 

ana MeTOAOM HaBene~oro TOKa C nHHei!:HblM 30HAOM, Pacnpenen 

OT paBHOMepHOI'O npoCTpaHCTBeHHOI'O aapsna UHnHHAPH"!eCKOI'O ny· 

npH HyneBOM HanpH*eHHH Ha AyaHTHOll nnaCTHHe (peweHHe ypaB 

llpHBeAeHO Ha pHC,5 AnR BenH"'HHhl lj>HKTHBHOI'O noTeHUHana u"' p 

U * - 3H8"19HH9 noTeHUHana Ha AyaHTHOA nnBCTHH9 B npeAhlAY 
1 

nOBHe P .. • coaat BhlllOnHseTCH npH 3aAaHHH Ha aneKTpOAhl 

aoro cjJHKTHBHoro noTeHuHana. Y"'HThiBBR npHaeneHHble Bh!We co 

CHTenbHO BKnana noTeHuHanoa, 

HbiM aneKTpOJlaM, HM99M u• 
1 

npHnO*eHHbiX K 
u1 

nyaHTHO ll nnaCTHH• 

u• ·p /€ , < 
p .. 0 - L 2/2 H 

5 



3 -12 
3ap sma ny'IKB [ KY n/ M ] 1 l O = 8,8ti4.1 0 tjl/ M - JlHSneKTpH-

CTb cpeJlbl
1 

U (X 1 Y ) - noT8HllHBn ( B) ) • 

nonpo6uo o6ocuoaaH cnoco6 peweHHH JlByMepuoro ypaeHeHHH 

KCnepHM8HTanbHOrO onpeneneHHH nOTBHUHana B HCCnenyeMOH 

aeeneuuoro ToKa npH noMowH aouna c nHueARbiM pacnpenene­

pS!Jla no nnHue. (flHueAuoe pacnpeneneuHe aapHJla coanaeTCH 

ID noaepXHOCTH )lnHHHOrO TOHKOrO CTep*HH (30HJla) nepeMeH-

il qacTOTbi). B pa6oTe noKa3aHo, '!To, ecnH ua nnocKoCTH z = 0 

HBneHHI!:, COBJlHH8HHblX C JlOIIOnHHTenbHbiMH sneKTpOJlaMH, 3a-

e tjJHKTHBHbiX IIOTeHUHBnOB 

onenH aaaeMneHbi ( U: = 0 

U* (x,y)=p (x,y)l r , a 6oKo-
p • 0 

), TO aMnnHTy)la TOKa1 HaBOJlH-

nbHb!X sneKTpOJlaX TaKHM 30HJlOM 0 nporropUHOHanbHa peweHHID 

0 ypaaHeHHSI nyaccoua c npaeoA '!aCTbiD - p • (X. y ) I ( 0 H 

HMH u = 0 • 
• Mo*Ho rroKa3aTb 1 'ITO rrpH 3a)laHHH Ha 60KQ­

U• u• 
6oK 

~HKTHBHOrO noTeHUHana 1 paBHOrO 
L 2 1 2 

a aouna), aenH'IHHa aaeeneauoro TOKa B MonenH rrporropuuouanb-

8HHH nyaCCOHa ( 1) C rpaHH'!HblMH ycnOBHSIMH U ( S ) Ra KOH-

HIIHanbRaH norpeWROCTb M8TO)la - nopS!JlKa H8CKOnbKHX npOUeH-

euuoro TOKa o6nanaeT orrpeneneHHbiMH rrpenMymecTeaMH no cpae­

MeTOJlOM sneKTpOnHTH'I8CKOA BaHRbl (oTCYTCTBHe HCKyCCTB8HHOH 

bl 1 IlpOCTOTB H KOMIIaKTHOCTb yCTaHOBO.K 1 YJl06CTBO 3aJlBHHSI Ilpa­

HH nyaCCOHa) • 

onenb ycKOpHIDwero npOMe*yTKa CHHXpOUHKnOTpoua, ua KOTQ­

SIHHe rrpocTpaucTaeaaoro aapH)la rry'!Ka ua pacrrpeneneane_rro­

noKaaaaa ua puc,2. Oua npencTaenSieT co6ol!: nnacTHHY na ~onb­

luaKca, Ha KOTOpOH rrpopeaaubl KOHJl8HTpH'18CKH8 rra3bl 1 OT)lenH-

ra Jl8CS!Tb KOnen, pa3pe3aHHblX KpOMe TOrO IIO OCH X aa no-

)lOro nonyKOnbUa H OCTaBW8HC H IIOBepXHOCTH !lfonbrH BblB8Jl8Hbl 

aHHH rpaHH'!HbiX ycnOBHH H pacnpeneneHHH tjJHKTHBHb!X IIOTeH-

1 rrponopnHoHanbuoro pacrrpeneneHHID rrnoTHOCTH npocTpaucTaea-

annH'!eCKHe rrnaCTHHbl cneea H crrpaea C)T CT8P*HH1 HMHTHpyiD­

OPO HCTO'IHHKa, orpaHH'IHBaiDT yCKOpSIIDWHH rrpoMe*YTOK H SIBnSI­

yaHTa H tjloKyCHpyiDIUHX sneKTpOJlOB (HnH npOTHBOJlyaHTHOH paM-

o. 

4 

.. 

:.. 

npH OJlHOepeMeHHOM 3a)laHHH tjJHKTH8HOrO IIOT8HUHana ua IlnaCTHHy-JlyauT u• 
I 

H tjJHKTH8HOPO IIOTeHUHana Ha JlOIIOnHHTenbHbie sneKTpOJlbl - IIY'IOK U• H npH 3a­
p 

aeMneuHH ocTanbHbiX sneKTponoe HCKOMoe pacrrpeneneune noTeHuHanoe MonenH rrpen­

cTasnHeT cyrrepnoanuHID peweunA ypaeueHHSI nannaca c rpaHH'IHbiMH ycnoBHHMH: 
L2 

Ha JlyaHTe U • U • U • • -- 1 Ha CTep*He HOHHOrO HCTO'IHHKa H Ha rrnaCTHHe -
I I 2 

auanore tjJOKYCHpyiDWHX sneKTPOJlOB U • U I • U I • 0 H peweHHSI ypaBH8HHH ny-

accoua c rrpaeoil qacTbiD U • (x ,y ) rrpn U • U z U • 0. p I I I 

I13MepeuHH B naaaoA pa6oTe rrpoeonHnncb Ha ycTauoeKe MHT ( Monenb aa-
17/ 

ee)leuuoro TOKa), pa3pa6oTauuol!: B CapaTOBCKOM YHHBepCHTeTe 

noT8HUHan orrpenenHnCH B ¢IHKCHpOBBHHbiX TO'IKaX MO)lenH (pHC,2) )lnH uec­

KOnbKHX OTHOWe HHH tjJHKTHBHOPO noTe HUH ana u. K u • : u. I u • a 0; 1,5; 
p 1 p 1 

6; 12 H 14 )lnH IIY'IKOB UHnHHJlpH'l8CKOH H rronyuHnHRJlpH'leCKOH tjlopMbl, 

CxeMa ycTaHOBKH AnSI H3MepeRHH IIOT8HUHana I1pHB8Jl8Ha ua pHC,3. <I>HKTHBHbi8 

IIOT8HUHanbi ycTauaenHsanHCb IlpH IIOMOWH 6nOK8 rpaHH'IHblX ycnOBHH ( :;$) 1 Bblll-

pS!MHTeng BC-11 H MHKpOaMrrepMeTpa ( 4). nnTBHHe 30H)l8 (2) c nHHeilHblM pacrrpe-

neneuneM aapHna ocywecTengnocb oT reuepaTopa ra-33, a noTeuunan H3Mepgncg 

ceneKTHBHblM ycnnHTeneM Y2-4. OnaoepeMeuao rrpH rroMOWH ycnnHTenH Y2-6 orr­

penenHnacb eMKOCTb 30HJla ua sneKTpOJlbl MOJlenH. J1CKOMblH noTeHUHaif uaXO)lHnCSI 

KaK OTHOW8HHe IIOK83aHHH Y2-4 K noKa3aHHHM Y2-6. J1cnonb308ancH 30HJl )lnHHOH 

14 CM, 

• Ha pHc,4 noKa3aHt.l 3KBHIIOT8HUHanbHbl8 nHHHH IlpH OTCyTCTBHH npOCTpauCT88H-

'1 .• \ 

HOPO 3apH)la )lnH uanpH*8RHH HB nyaHTHOH rrnaCTHHe 20 KB, Ha TOM JKe pHCYHKe 

rroKaaaubl 3KBHIIoTeunnann, nonyqeaub!e aa sneKTponHTH'leCKol!: eaaae, OTnH'IHe KpH-

BhlX xapaKTepuayeT TO'IHOCTb H3MepeanA narrnacoecKoro pacrrpeneneuHH noTeHUH­

ana MeTOJlOM aaeeneaaoro TOKa c nuaeAHb!M 30RAPM• Pacnpeneneune noTeunnana 

OT p8BHOMepuoro npoCTpaRCTB8HHOPO 3apSI)la UHnHHJlpH'l8CKOrO ny'IKa ( p • = CODat) 

npn ayneeoM uanpH*eHHH ua nyaHTHoA rrnacTHHe (peweane ypaeHeHHH nyaccoua} 

npHBe)leHO Ha puc,5 )lnSI eenH'IHHbl ¢IHKTHBROrO IIOT8HUHana uP•- 6U:' , rne 

U • - aua'leune noTeuunana aa nyauTuoil nnacTnue e npeJlbiAymeM cnyqae. Yc-
1 

noene p • - conat BblllOnHH8TCH npH 38Jl8HHH Ha sneKTpOJlbi-IIY'IOK OJlHHaKo-

BOrO cjlHKTHBHOPO IIOT8HUHana, Y'IHTb!BaH IlpHB8Jl8HHble Bb!We C006pa*eHHSI OTHQ-

CHTenbHO BKnana IIOTBHUHBnOB 1 

HblM sneKTpO)laM, HM88M 

~ 

. -. 

u• 
1 

npnnoJKeuubiX K 
ul 

• H 

L 2 12 

5 

JlYBHTHOH nnaCTHHe H JlOnOnHHTenb­

U • = p I r , OTKyna 
p • 0 

I 
..I 
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I 

). 

TaKHM o6paaoM, nnH npiiBeJleHaoro aa pllc.5 cny'laH 

-o ::J 
npocTpaHCTBeHHoro aapSina pasHa 10,8.10 KyniM • Ha p11c.6 

o6~eMH8SI ITDOTHOCTb 

noKa3aHo pacnpenene-

Hlle 9KBIIITOT9HUII8DbHbiX niiHIIli JlDSI k • 6 B JlOnSIX H8ITpSI~eHHSI H8 JlYBHTHOli 

nnacTHHe U 
1 

•211 KB. HaTepecyiOmee Hac pacnpeneneHHe noTeHullana c TO'IKII ape­

HilS! yMeHbW9HIISI IIDII npeKp8W9HIISI 38XB8Ta '18CTIIU 113 IICTO'IHIIK8 MOlKHO ITODY'IIITb 

K8K cynepn0311UIIIO nannaCOBCKOPO pacnpe)leneHHSI ITOTeHUH8D8 JlDSI U I s -20KB 

(38XB8T npOTOHOB npOIICXO)liiT npll OTp11ll8TenbHOM HaiTpSI~eHIIH H8 JlYBHTe) II ny-

accoHOBCKoro pacnpeneneHIISI noTeHUIIana np11 

Ha p11c.1 npiiBeneHbi KpiiBbie U ( x, y ) 

U * e 0 II 
I 

nnH cnyqag 

U* • coast • k U* 
p -5 I 3 

p., ~ 10,8.10 Kyn/M 

U*--6U* ). J13 piiCYHKa BHJlHO, 'ITO aaXB8T qaCTIIU B CTOpOHy HyneBOli 
p 1 

nnaCTIIHbl ( ljJOKYCIIPYIOWIIX aneKTpOAOB) ylKe HeB03MOlKeH, a HanpS!lK9HHOCTb Ha rpa-

HIIUe nna3Mbl CO CTOpOHbi nyaHTHOH nnaCTIIHbl cymecTBeHHO yMeHbWIInacb. Ha p11c,8 

ITOKa3aHbl 9KBIIITOT9HUIIanll AITSI 9TOPO cny'laH. 

llnSI H8XOlK)l9HHSI BeiTII'IIIHbl ITIJOCTpaHCTBeHHOPO 38p S!Jla ( p np ) r npH KOTQ-

poM npeKpamaeTCSI 3aXB8T, MOlKHO BOCITOITb30BaTbCSI rpaljJIIKOM Ha piiC.9, ITOCTpOeH-

HOM Ha OCHOBaHII'k np~Be)leHHbiX 9KCnepiiMeHTOB, no OCII OpJliiHaT 3AeCb OTITO~e-

nn [ B 1 
Ha senH'IIIHa U , rne E nn Ml HanpSI~eHHOCTb aneKTpll'leC-

Koro nonS! aa rpaHIIUe nna3Mbi np11 x. • 0 , f [ M 1 - paccToHHHe MelKJlY nnac-

TIIHaMH, U ( B 1 - HanpS!lK9HIIe Ha nyaHTHOli nnacn!He; a no OCH a6CUHCC - BenH-

U * p (" U* E 2 
'IIIHbl -·k ----P- II --"-- = --f-• i O f ( f M ( M 1 - paCCTOS!HIIe Me~Jly 

u~ u u 1 L 1 ~ M 
nnacTIIHaMII 113y'laBmellcSI MOI:Jenll ) , H.;~ TeopeMbi noao6HSI cnenyeT, 

Enn t p 1• 
'ITO 

KOMnneKCbl --- II ., S!BITSIIOTCSI HHBapHaHTaMII npH nepeXO)le K reo-

U U /7/ 
MeTpll'{eCKII nOJl06HbiM CIICTeM8M • Cne)lOBaTenbHO, no rpaljJHKY piiC,9 MOlKHO 

HaliT!f npenenbHOe 3H8'19HII9 jlDOTHOCTII p ( ~yn3 I·] )liTH ni06biX u H t, 
p .,f2 np M 

onpeneniiB senH'IHHhi U , np11 KOTOpbiX cnnomHbie KpiiBbie nepeceKaiOT 

OCb a6CUIICC. ( BoapaCTaiOWaSI Kp11B8SI OTHOCIITCSI K TO'IKe Ha rpaHIIUe nna3Mbl, 06-

pameHHOll K )lyaHTy, a HIICXOJlS!WaSI KpHBaSI COOTBeTCTByeT TO'IKe, o6pameHHOll K 

ljloKyCIIpy!OWHM 9DeKTpOJlaM), 

TaK, nnH UIIITHHJlPH'IecKoro ny'IKa c R = 5 CM, u =-20 

aaxsaT npeKpamaeTCSI Ha nesoll rpaHIIUe ny'IKa np11 k =-7,8 II 

KB, f • 10cM 

-5 
p.,= 14,1.10 

3 
Kyn/M • EcnH C'IIITaT&, 'ITO s )lanbHellmee ycKopeHHe HneT ny'IOK BbiCoToli 2h = 
12 CM, TO npll qaCTOTe MOAYITSIUIIII F M= 120 ru npe)lenbHbill TOK ITy'IK8 paBeH 

= p ~ V F M = 15 MKa, rne V - o6~eM ny'IKa [ M
3 

1, 

6 

• 

' (• 

l 

\ 
' 

' . .,~ 

0JlH8KO ljJOpMa ITY'IKa MOlKeT OTITII'18TbCSI OT UIIDIIH)lpa, OCb 

. 6 /1/ "'-naeT c ocbiO MarHIITa, B pa oTe rpa'+"'aaanHTII'IeCKHM MeTOll 

B Ha'!ane aaxsaTa ny'IOK npencTaBnSieT co6oll aKcueHTpii'IHbill Ulll 

/2/ 
IOWIIACSI aaTeM B uyr. B pa6oTe npe)lnonaraeTCSI, 'ITO ny'IOK 

nyuHnHHJlpH'19CKYIO lj>opMy, ecnH nepHOJl MOJlYITHUHH JlOCTaTO'IHO 6 

'IT06bl He 3aXBa'leHHbie B ycKopeHHH HOHbi ycnenH pacceH'l 

OCTaTO'IHOro raaa, npH 9TOM1 KOr)la HanpSilKeHHe Ha JlyaHTe HMe 

oTpHuaTenbHOe 3Ha'leHHe, ny'IOK aaHHMaeT nonolKeHHe sneso OT oc 

llnSI T8KOA lj>opMbl ny'IK8 6binH npoBe)leHbl H3MepeHHSI 38BHCHMOCT 

norH'IHbl9 OfiHCaHHbiM BbiWe, )lnSI 3Ha'leHHll: k • 1,5; 6; 12 H ] 

K838H8 ~OpMa 9KBHnOTeHUH8neli npH nonyUHnHHJlpH'IeCKOM fiY'IKe 

=2,7• 10-
5 

Kyn/M3 (k = 1,5) nnSI nyaccoaoscKoro rronH, To ecTb 

THBHbiX ITOTeHUH8nOB TODbKO Ha neBbie nonyKOITbU8 H HyneBbiX 

ocTanbHbie aneKTPOJlhi, Cynepn03HUHSI nannacoscKoro pacnpeAe• 

( pHc,4) C OTpHUaTenbHbiM 3H8KOM H nyaCCOHOBCKOro ITODSI ( pHCo 

BYIOWHM K09<jJcllHUHeHTOM k T8K~e fi03BODSI9T onpe)leDHTb npeAE 

npocTpaHCTBeHHoro aapSina. Ha pHc.11 H 12 noKaaaaa lj>opMa 9Kf 

k • -12 H -14, COOTBeTCTBeHHO, BHJlHO, 'ITO HanpS!lK9HHOCTb 

ue nnaaMhi )lOCTHrae'l' HynSI npH 3Ha'leHHSIX lk , 38KDJO'IeHHbiX Ml 

Ennt p ta 
BenH'IHHhi -U-- B 38BHCHMOCTH OT --ij-- (HnH-k ) ADS! 

Koro ny'IKa HaHeCeHbl H8 pHc,9 nyHKTHpOMo 113 pHCo 9 CneL 

npeKpamaeTCH B HanpasneHHII K8K AY8HT8, TaK H ljJOKyCHpy!OWHX 9~ 

'leHHSIX k = -131 'ITO COOTBeTCTByeT npenenbHOMY 3H8'19HHIO p 
np 

H npenenbHOMY TOKY = 12,2 MK8o 
np 

npHBeneHHbl9 BbiWe peaynbTaTbl H3MepeHHll: H paC'I9T8 non) 

lKeHIIII paBHOMepHoro pacnpeAeneHHSI aapSI)la B ny'IKe, T6e. p ., • 

nolKeHHe cnpaBeAnHBO TOnbKO B nepBOM npH6nH~eHHH, ~O~HO ~ 

nnOTHOCTb o6'beMHOrO 38pS!)la yMeHbmaeTCSI C pa)lHyCOM, )lOCTHI 

qeHHSI H8 rpaHHUe ny'IK8o llnSI UHDHHJlpH'IeCKOro ny'IK8 6binH ITI 

HHH noTeHUIIanbHOrO nonS! npH niiHeliHOM 38KOHe H3MeHeHHSI o6• 

C paAHYCOM0 niiHeli:Hbill: 3aKOH H3MeHeHHSI p ., 3a)laBancSI ITYT1 

mero yMeHbW9HHS! ljJHKTHBHblX ITOTeHUHanoB OT U eHTpa K nepH¢ 

= .ru" ( S- r) , rne 
I 

r ( CM J - TeKyWHll paJlHYCo 

7 

• [ ______________________ __ 



p m ,. 
U I l 0 k 

L 
2
/2 

(rne k = 
uP 
U* 

I 

). 

aaoM,nng npHseneuuoro ua pHc,5 cnyqag 

-5" ::J 
o aapgna pasHa 10,8.10 KYniM • Ha pHc.6 

o6~eMHBH nnOTHOCTb 

noKaaaHo pacnpenene-

H8nbHhiX nHHHII nnH k- 6 B nongx HBTIPH*SHHH HB AY8HTHOA 

KB. HHTepecy~mee Hac pacnpeneneuHe noTeHuHana c TO'IKH ape­

HnH npeKpameHHH 38XB8Ta '18CTHU H3 HCTO'IHHKa MO*HO nony'IHTb 

~ nannaCOBCKOrO pacnpeneneHHH TIOTSHUHana AnH U I s -20KB 

npOHCXOUHT npH OTpHUaTenbHOM HBTIPH*SHHH Ha nyaHTe) H ny-

cnpeneneHHg noTeHuHana npH 

pHB9A9Hbl KpHBLie U (X, Y ) 

U * = 0 H 
I 

nng cny'laH 

U* - const • k U* 
p -5 I 3 

p,. ~ 10,8,10 Kyn/M 

). Ha pHcyHKa BHAHO, 'ITO 38XB8T '18CTHU B CTOpOHy HyneBOA 

Hpy~lliHX aneKTpOAOB) y>Ke H9B03MO>K9H, a HanpH>KSHHOCTb Ha rpa­

CTOpOHbl nyaHTHoil nnacTHHhJ cymecTseuuo yMeHbmHnacb. Ha pHc,8 

TeHUHanH nng aToro cnyqag, 

9Hifg senH'IHHbl TI~OCTpaHCTBSHHOI"'O aapHna ( p np ) , TipH KOTQ-

g aaxsaT, MO>KHO socnonbaosaTbcg rpa<jlHKOM ua pHc.9, nocTpoeH-

~ np1seneHHhiX 

nn 

9KCTiepHM9HTOB, no OCH OpAHHBT a.tiecb OTnO*e-

I U , rne E (-
8
-] 

nn Ml HBllPH*SHHOCTb aneKTpH'Iec-

aHHUe nna3MLI npH x, .., 0 f [ M ] - paccToguHe Me>Kny nnac-

- HBTipH>K9HH9 HB AYBHTHOII nnaCTHHe~ a no OCH a6CUHCC - BSnH-
p (" u• l 2 

H --"-- = -{-• 2 O f ( f M ( M)- paCCTOgHHe M9>KAY 
U U 1 L /2 M 

qasmelicg MonenH }, H.3 TeopeMbi nono6Hg cnenyeT, 
n t · p Y• · · 'ITO 

-- H " gsnH~TCH HHBapHaHTaMH llpH nepeXOAS K !'SO-
U U /7/ 
6Hb1M CHCTeMaM • CnenoBaTenbHO, no rpa<jlHKY pHC,9 MO>KHO 

e 3H8'19HHe ~lnOTHOCTH p ( ~yn3 1.] AnH mo6b!X U H f, 
p,. 2 np M 

HHLI U , npu KOTOpbiX cnnOWHbl9 KpHBhl9 nepeceKSIOT 

3paCTB~IIl8g Kpusag OTHOCHTCH K TO'IKe Ha rpaHHUe nna3Mbl
0 

06-

Ty, B HHCXOAHWag KpHB8H COOTBSTCTByeT TO'IK9
0 

06pameHHOII K 

neKTponaM}. 

unuunpu'lecKoro ny'!Ka c R = 5 CM, 

eTcH ua nesoll rpaHuue ny'!Ka npu 

u =-20 

k =-7,8 " 

KB, f = 10CM 

-5 
p,. = 14,1.10 

HTaTb, 'ITO B ABnbHelimee YCKOpSHHe HAST ny'IOK Bb!COTOI! 2h = 

BCTOTe MOUynHUHH F M~ 120 ru npenenbHb!l! TOK ny'IKB paseH 

15 MKa, rne V - o6~eM ny'!KB [ M 3 1. 

6 

• 

' 

0nHaKO <jlOpMa ny'IKa MO>KST OTnH'IBTbCH OT UHnHHApa, OCb KOTOpOI"'O COBna-

. B 6 Ill .._~ naeT C OCbiO Mai"'HHTa, pa OTS rpa'+"'aHanHTH'ISCKHM MSTOAOM TIOK838HO, 'ITO 

s uaqane aaxsaTa ny'IOK npencTaBnHeT co6oli 9KcueuTpH'IHhili uun~np, ne4lopMnpy-

' /2/ 
IOWHIICH 3aTSM B Uyr, 8 pa6oTe npennonaraeTCH, 'ITO ny•IOK HM99T llO'ITH no-

nyuHnHHApH'ISCKyiO <jlopMy, ecnH nepHOA MOnynHUHH AOCTaTO'IHO 6onbmol! nnH TOI"'O, 

'IT06bi He 3aXBa'ISHHbi9 B yCKOp9HHH HOHbl ycnenH paCC9HTbCH HB BTOMBX 

OCTBTO'IHOI"'O raaa, npH 9TOM,KOI"'A8 HanpH*SHHe HB nyaHTe HM99T MaKCHManbHOe 

OTp'HUaTenbHOe 3H8'19HHe, ny'IOK aaHHMaeT nonO>K9HH9 sneso OT OCH X ( CM, pHC,2), 

nnH TBKOII 4lopMbl ny'IKa 6binH npOB9A9Hbl H3MepeHHH 38BHCHMOCTell U (x,y ), aHa-

norH'IHble OllHCBHHbiM Bblllie, AnH 3Ha'I9HHII k • 1,5; 6; 12 H 14, Ha pHc.10 no-

Ka3aHa !pOpMa 9KBHllOT9HUHanel! npH nonyuHnHHAPH'I9CKOM ny'!Ke AnH p , • 

=2,7• 10-
5 

Kyn/M3 (k = 1,5) AnH nyaCCOHOBCKOI"'O llOnH, TO SCTb npH 3BAaHHH <jluK­

THBHblX noTeHuHanos TonbKO Ha nesbte nonyKonbua H uynesbiX noTenuHanos - Ha 

ocTanbHbie aneKTPOAbi, Cynepn03HUHH nannacoscKoro pacnpeAeneHHH noTeHUHana 

(pHc,4) C OTpHUaTenbHblM 3H8KOM H nyaCCOHOBCKOI"'O nonH (pHC, 10) C COOTBSTCT­

BYIOWHM K09cjlcj>HUH9HTOM k T8K>K9 ll03BOnHeT onpeAenHTb npeAenbHYIO nnOTHOCTb 

npocTpaucTseuuoro aapHAa. Ha pHc.11 H 12 noKaaaua <jlopMa aKBHnoTeHUHanell AnH 

k • -12 H -14, COOTB9TCTB9HHO, BHAHO, 'ITO HanpH*eHHOCTb Ha nesoA rpaHII-

Ue nna3Mbl AOCTHrae'!' HynH npH 3H8'19HHHX 11< , 3aKniO'I9HHblX MS>KAY -12 H -14, 
Ennl p l 2 

BenH'IHHbi ----~0~- B 38BHCHMOCTH OT ~ (HnH-k ) AnH nonyUHnHHApH'IeC-

Koro ny'IKa uaueceHbi ua pHc,9 nyHKTHPOM. Ha pHc, 9 cneJlyeTt 'ITO aaxsaT 

npeKpamaeTCH B HanpasneHHH KaK AyaHTa, TaK H <jlOKYCHpy~WHX aneKTPOAOB npH 3Ha-

-5 3 'ISHHHX k = -131 'ITO COOTBSTCTByeT npenenbHOMy 3Ha'leHH~ p np ~ 22,8·10 Kyn/M' 

H npeAenbHOMY TOKY = 12,2 MKa, np 

npuseneHHbl9 Bblllie peaynbTaTbl H3M9p9HHII H paC'IeTa nony'!eHbl B npeAnono-

>KeHHH pasHoMepuoro pacnpeneneHHH aapHna s ny'IKe, T•e. p .. • const • 3To npeA-

no>KeHHe cnpasennHBO TOnbKO s nepsoM npH6nH*eHHH, Mo*HO npeAnono>KHTb, 'ITO 

nnoTHOCTb 06~eMHOI"'O 3apHna YMSHbmaeTCH C p8JlHyCOM, AOCTHI"'8H uynesoro 3HB­

'19HHH Ha rpaHHU9 ny'IKa, nnH UHnHHAPH'ISCKOI"'O ny"'Ka 6btnH npOB9Jl9Hbl H3Mepe­

HHH TIOTSHUHanbHOI"'O nonH npH nHHeiiHOM 3aKOHe H3M9H9HHH o6~9MHOII nnOTHOCTH 

C panHYCOM, JlHHellHbiii 3aKOH H3M9H9HHH p, aanasanCH nyTeM COOTBSTCTByiO-

WSI"'O YM9HbW9HHH <jlHKTHBHbiX llOTSHUHanos OT U SHTpa K nepH<jlepHH, T,e, 

= .fU • ( 5- r} , rAe 
I 

,, 

r ( CM J - TeKyWHII panuyc, 

7 

u• 
p 



Ha pnc.13 npnaeneHbi aKannoTeHunann nng npocTpaHcTaeHHoro 3apgna ny'!Ka, 

H3MeHgromerocg no nnaeAHoMy 3aKoHy. Ha pnc.14 noKa3aHa ~opMa 9KannoTeHUH-
s 3 

aneA npn HanpSUKeHHH HB AYBHTe U I =-20 KB H p., •7,2.11f" (0,05 -I )Kyn/M • Cpaa-

HHB8Q ~opMy 9KBHnOT8HUH8J18H AJ1Q paBHOMepHO 3apg~eHHOrO ny'IK8 H ny'IK8 C JlHHeH­

HO M9HQrolli9HCQ nnOTHOCTbrof B nepBOM npH6J1HlK9HHH. MOlKHO noJ10lKHTb1 'ITO ny'IOK 

c nnHeAHo naMeagromeAcg no pannycy OT p 'I' mas: 
no 0 nnOTHOCTbiO 9KBHB8J19HT9H 

ny'IKY C paBHOMepHOH nnOTHOCTbro npOCTp8HCTB8HHOrO 38pQA8 p ~ 0,5 p • On-
aK Tmaz 

HSKO npH 9TOM cnenyeT yqHTbiB8Tb 1 'ITO npenenbHbiH 38pQA1 38KJ1ro'I8HHbiH B .TOM 

lKe o6'beMe, n, cnenoaaTenbHO, npenenbHbiH TOK 6ynyT a nonTopa paaa MeHbme, 

TaK, ecnn nng ny'!Ka c P • const .. 
cg no pannycy nnoTHOCTbiO p 

T 

pnpoaaHneM, T.e. 

Q•p.,V, TO 

-= P..,maz 

R max 

AJ1Q ny'IK8 C J1HH8HHO H3M8HQroll!eA-

R I ) Q HBXOAHTCQ HHTer-
max 

R 21T 

Q .= J J 
2h 

J 
P T maz 

2 p p p 9K 
(R -r) rdr dcf> dz "'rrR 2h ~= V .....DU!= V ---~ 

max 3 3 1,5 
R 

max 

OonyqeHHbie Bbiwe aHa'!eHHQ npenenbHbiX nnoTHOCTeA npocTpaHCTBeHHoro aapg­

na AJ1Q Hanpg~eHHQ HB nyaHTe U 1 =-20 KB 1 paCCTOQHHH M8lKAY nnaCTHHBMH 10 CM 

H AH8M8Tpe HCTO'IHHK8 1 CM MOlKHO HCll0Jlb30B8Tb AJ1H OU8HOK npeASJlbHblX nnoT­

HOCT8H npH paCCMOTpeHHH ycKopeHHQ B UeHTpanbHOH o6naCTH CHHXpOUHKJ10TpOH8 

nng npyrnx aaaqeanA HanpglKeHHQ aa nyaHTe H mnpHHbi ycKopgromero npoMelKyT­

Ka. KapTHH8 9KBHllOT8HUH8J1bHbiX J1HHHH B M8AH8HHOH nnOCKOCTH AfiQ CHHXpOUHKJ10-

TpOH8 0J1.S1J1 npnaeneHa H8 pnc.15, rne TOJlCTb!MH J1HHHQMH nOK838Hbl ~OpM8 AY8H­

T81 HOHHOrO HCTO'IHHK8 H cPOKyCHpy!OWHX 9J18KTpOAOB ( anepTypa AY8HT8 H cPOKycnpy!OWHX 

aneKTponoa 2h = 12 eM). HaMepeHHQ noTeaunanbHoro nong nyaHTB CHH-

npH llOMOiliH 9J18KTponHTH'18CKOH BaH-

I 
ct>opMa 9KBHnOT8HUH8J18H B6J1H3H HOHHOrO HCTO'I-

xpoUHKnoTpoHa OH.HH nponaaeneHbi 

/5/ 
Hbl aa Monenn a 1:2 HaTypbi 

HHKa, nao6pa~eHHbiX Ha pnc.15 n nonyqeHHbiX aa Monenn ycKopgrowero npoMe~yT-

KB npn 
p = 0 B ABHHOH pa6oTe (pnc.3)

1 
HMeeT OAHHSKOBbiH xapaKTep, 'ITO noa­

• 
BOJ1Q8T CA9J18Tb Bb!BOA 0 B03MO~HOCTH OU9HOK BJ1HQHHQ npOCTp8HCTB8HHOrO 3apQA8 

AJ1H peanbHOrO cnyqag HB OCHOB8 H3MepeHHH H paC'I8TOB, BblllOJ1H8HHbiX Bb!We AJ1Q 

JlByMepHol! Monenn. 

OueHHM npenenbHbie nnoTHOCTH npocTpaHcTaeHHoro aapQAa nnH cnaxpoUHK-

noTpoaa OH.HH, aocnonbaoaaawncb JlBHHbiMH, npnaeAeHHbiMH Ha pnc.9. PaccMoT­

pHM COOTB8TCTBH8 9KBHllOT8HllH8J18H MOA9J1H H HaTypbl B M8Cil!Ta6aX 1:1, 1 :2 H 

1:3. TaK KBK a peanbHbiX ycnoangx cymecTayeT npoancaane noTeaunanbHbiX no-

8 

I . 
'\· 

aepXHOCTeH BHyTpb llY8HT8 H cPOKyCHpyroll!HX 9J18KTPOJlOB 1 TO rpa 

rowero npOM8lKYTK8 6yJleM C'IHT8Tb 9KBHnOT8HUH8J1H B M8JlH8HHOH I 

aeTCTayrowne a Bbi6paHHbiX MaCWTa6ax nnaCTHHaM MOJlenn, Hanp~ 

Te 6yJleM C'IHT8Tb paBHbiM 20 KB, 06b!'IHO 38XB8T '18CTHU nponc 

llYBHT8
1 

n09TOMY npenenbHbie flJlOTHOCTH OU 8HH~J HCXOilH H3 
IIC 

paaeHc 

>K9HHOCTH HR rpRllllUO 11Jlll3Mhl B TO'!Ke Y =--
2
-, X = 0 ' r 

8M8Tp HCTO'IHHK8, J13 pHCyHKa 8 H'XOUHM 1 'ITO /lJlH UHJ1HHilpH'19CKC 
P., 2 -11 

npeKpamaeTCH np11 3Ha'leHIIH · = 7.10 c!JIM, a JlJ1H non 
p.,f2 -11 u 

ro np11 --U--= 11, 4.10 tp/~t. 0TCK>Jla ung MO)'.enn c HanpH>Ke 

Hoi! nnacTHHe U I =-20 KB 1 WllpHHOil llp::JM8ll<yTKa p = 0,1 M H~ 

3H8'18HH9 nnOTHOCTeH 

-5 3 
14.10 Kyn/M i 

P np.u. 
p 

np.nu. 

-5 
22,8.10 

Ha puc.l6 noKaaano pacnpenenenne noTeHuuana no ocn y 

J10TpOH8 0J1.S1J1 H /lJlSI JlByMepHOJl MOJl8J1H llpll M8CWTa6ax M0Jl811Hp 

Opu conocTaaneHHH Monenu c naTypoil B MacwTa6e I: I nyanTnag 

Jl88T C 9KBHllOTeHUHaJ1b!O 0,5 U A ( U A - Hanpg~eHne H8 AY8I 

TpOH8), a nnaCTHHB - qlOKyCHpy!OWHe 9Jl8KTpOAbl - C 9KBHnOT8Hll 

XOTSI U 
3 

He paBHO Hynro, a COC'TaBJ1SI8T OKOJlO _1_ U 
1 

T8KH!v 
3 I 

Jl8J1HpOBaHHSI MOJKIIO BOCIIOJ1b30BaTbCSI AJ1Q OU8HKH npenenbHOrO n 

3apgna, T~K KaK GaxaaT nponcxonnT a cTopony nyanTa. TaKIIM • 
-5 3 

J1HH/lpH'18CKOrO ny'IK8 p 7,10 Kyn/M H nnH nonyunnnHnp 

5 
np.u. 

- Kyn 
11,4,10 --M"f' 

Opn conocTaaneHHII Monenn c naTypoli B MacwTa6e 1 :2 ll) 

COBnflJlaeT C 3KBHIIOTe'kUH8JlbKJ 0, 78 U A , a HyneaaH - C 9KBHII0T' 

B 3TOM cnyqae wnpuHa npoMelKyTKa pasHa 0,2 M, pann: 

II AH8MeTp HCTO'IHHK8 - 2 CM 1 a npenenbHhle llJ10THOCTII paBHhl 

-b 3 
2,7,10 Kyn/M H 4,45.10 p 

P np.u. np.nu. 

OpH MacmTa6e 1:3 nyaHTHa H nnacTnna coananaeT c aKannoTeHu 

U n • 
3 

Kyn/M n 

HyneBRH - C 9KBHIIOT8HUII8Jlb!O 0,05 
-::5 

p = 1,41.10 
np.u. 

9 

Opll 3TOM 

p 
np.nu. 

2,30.10 



npHB9A9Hbl 9KBHnOT9HUH8J1H AJ1H npOCTp8HCTB9HHOI'O 38pHA8 nyqKa 1 

no nnneiluoMy 3aKoHy. Ha pnc.14 noKa3aua ~opMa 9KBHnOT9HUH-

3 3 
HB AYBHTe U I =-20 KB H p ., • 7,2.1(f"' ( 0,05- r ) Kyn/ M , Cpas-

HUHaneil AJ1H paBHOMepHO 38pHmeHHOI'O nyqKa H nyqKa C J1HHeil­

nrrOTHOCTbiDfB nepaoM npu6numeuHH Momuo nonomHTb 1 qTo nyqoK 

meilcH no paAHYCY OT p AO 0 nnOTHOCTbiD 9KBHB8J19HT9H 
TmCill' 

38pHJl8 p ~ 0,5 p • 0Jl-
9K Tmax 

cne)lyeT yqHTbiB8Tb 1 qTO npeAenbHb!l! 38pHA 1 38KniDq9HHb!l! B .TOM 

CJ19JlOB8T9J1bH0 1 npellSJ1bHb!l! TOK 6yLlyT B fiOnTopa pa38 M9HbUle, 

p 'Y ma:1 

R 
max 

P = const .. 
P., 

Q- P., V1 TO AnH nyqKa c nuuel!uo H3MeHHIDutel!­

p"'maz R r ) 
R max 

max Q HBXOJlHTCH HHTer-

2 p P p 9K 
(R -r)rdrdrf>dz=rrR 2h~=V Yma=V---~ 

max 3 3 1,5 

SbiiJie 3HaqeHHSI npeASJ1bHbiX nnOTHOCTel! npocTpBHCTSSHHOI'O 38pH­

)lyaHT9 U I =-20 KB 1 paCCTOSIHIIH M9mJly nnaCTHHBMH 10 CM 

1 CM MOmHO HCfiOJ1b30SaTb JlJ1H OUSHOK npe)lenbHblX rrnoT-

CHHXpOUHKJ10TpOH8 

eHHll HanpSimeHHSI Ha JlY8HT9 H UlHpHHbl ycKOpS!IDli{9I'O npoMe>KyT­

B M9JlHaHHOl! rrrrOCKOCTH Ll~H CHHXpOUHKrrO­

Ha Ha pHc.15 1 I'Ll9 TOnCTbiMH rri!HHSIMII fiOK83aHbl ~OpM8 LlY8H­

HHK8 H rpoKyCHpyiDIIlHX 9rr9KTpOJlOB ( anepTypa AY8HT8 II tfloKyCnpyiDIIlHX 

= 12 CM), J13M9p9HI1H nOT9HUH8rrbHOI'O rronH nyauTa CHH-

rrpH fiOMOUlH sneKTponuTuqecKoll BaH-011HJ1 npOH389Jl9Hbl 

!51 
1:2 HaTypb! ¢opMa 9KSHITOT9HUHanei! s6rrH3H HOHHOI'O HCToq-

x ua puc.15 n nonyqeUHbiX ua MOAenu ycKopHIDutero rrpoMemyT­

s ABHHOil pa6oTe ( pnc.3 )
1 

HM99T 0LlHH8KOBbiil XapaKT9p 1 qTO fi03-

0 B03MOmHOCTH OU9HOK SrrHHHHH npOCTp8HCT89HHOI'O 38pHJl8 

ua ocuose H3Mepeuuil n pacqeTos 1 BhmonueuHbiX SbiiJie AnSI 

e nnoTHOCTH npocTpaHCTseuuoro 3apHAa AnSI cuuxpoUHK­

socrronb3osaBIJIHCb Jl8HHhiMH 1 rrpuseAeHHhiMH ua puc,9. PaccMoT­

He 9KBHITOT9HllH8rrel! MO)l8rrH H H8Typbl B M8CUlT868X 1 ; 1 1 1 :2 H 

peanbHbiX ycnoBH SIX cymeCTByeT rrpoBHC8HHe fiOT8HUH8rrbHbiX flo-

8 

• 

·,, 

BepXHOCTell BHyTpb AYBHT8 H tfloKyCHpyiDUlHX 9rr9KTpOJlOB1 TO rpaHHll8MH yCKOpS!­

IDUlSI'O rrpOMemyTKa 6yJl9M cqi!TBTb 9KSHnOT9HUHann B M9JlH8HHOil nnoCKOCTH
1 

COOT-

seTCTBYIDUlHe a Bbt6paHHbiX MaCIJITa6ax nnacTHHaM MOAenH, HarrpHmetme ua AyaH-

Te 6yAeM cqHT8Tb paBHb!M 20 KB, 06b!qHO 38XB8T qaCTHU npOHCXO.UHT B CTOPOHY 

AY8HT8 1 fi09TOMY npenenbHbie IlJ10THOCTH OU eHHMJ I!CXOAS! !13 

d IIC 
meHHOCTII HR rpaHI!Ue lllHl"Mhl B TO'IKe Y =---

2
- 1 X = 0 

paseHCTsa nyniD uarrpH-

1 T'A9 d HC - AH-

8M9Tp HCTO'IHIIK8, Vl3 pHCy IIKB fl JI~XOI.{llM 1 qTO UJ1SI UllJ1HHLlJlHqecKOI'O ITY'IK8 38XB8T 

P .. 2 -I I 
npeKpauJaeTCSI npn 8Ha'leHHn · = 7. IO tfl/M, a nnSI nonyuHnnunpnqecKo-

p,.P -I1 U 
ro npn --U--= I1,4.10 <piM, 0TciOna nnSI Mor.enn c uanpSimeHHeM ua nyaHT-

nol! nnacTHHe U 1 =-20 KB 1 IJIHpHHoil np::>MemyTKa P = 0 1 1 M HMeeM npenenbnoe 

3HaqenHe llJ10TIIOCTeil 

-5 3 
14.10 Kyn/M j 

p rrp.nu. 

-5 3 
22,8.10 Kyn/M, P np,u. 

Ha puc.16 noKa3ano pacnpeneneHHe noTeuuuana no ocn y .UJ1SI CHHXpOUHK-

noTpoHa OVI HVI n nnSI nsyMepHoii Monenn npH MaciJITa6ax MonenuposanHSI 1:1 11 I :2, 

npu COITOCT8BJ19HllH MOA9J1H C HaTypOil B MaCIJITa6e I :I nyaHTHaSI nnaCTHHa COBITa­

naeT C 9KBHfiOT9HUHaJ1b!O 0 1 5 U Ll ( U Ll - HarrpS!meHH8 Ha .uyaHTe CHHXpOUHKrrO-

Tpona) 1 a nnacTHHa - qJOKycHpyiOmne 3J1eKTJlOLlbl 

XoTH U 
3 

ne pas11o HyniO, a cocTasnS!eT oKono 

A9J1llJlOB8HHSI MO>KIIO BOC!lOJ1b30B8TbCSI ]:{J1SI OUSHKH 

- C 9KBHilOT9HUHarrbiD 0 1 15 U n , 

+ U I 1 TaKHM MaCIJITa60M MQ­

IIJl9A9J1bHOI'O f!JlOCTpaHCTB9HHOI'O 

3apSina 1 TSK KaK aaxaaT npoucxonHT B cTopony nyanTa. TaKHM o6pa30M 1 anSI UH-

-5 3 
7,10 KyJ1/M nHnnpnqecKoro TIY'IKa p 

np.u. 

11,4.10-
5 -~Y_~ • 

M 

ll LlJ1H nonyUHJ1llHApll'19CKOI'O p 
rrp,nu. 

npu CO!lOCTaBJ19HHH MOL{9J1H C HaTypoi! B MaCIJITa6e 1:2 .uyaHTHaSI ITJ1aCTHH8 

coanaAaeT c 3KBHIIOTeHUHanbJO 0 1 78 U n , a uynesaSI - c 3KBHilOTenunanbiD 0 108 U A. 

B 3TOM cnyqae IJIHpnna npoMe>KyTKa pasHa 0,2 M, pa.unyc rryqK a - 0 1 1 M 

H LlllllMeTp HCTOqHHKa - 2 CM 1 a npe.USJ1bHble IlJ10THOCTll paBHbl 

-b 3 
2 1 7,10 Kyn/M ll 

np.nu. 
-a 3 

4,45.10 Kyn/M , p 
P Tip,u. 

np11 MacmTa6e I :3 nyaHTHaSI nnacTnna cosnanaeT c 3KBnnoTeuuuanbiO 0 1 9 U 
[] 

HyJ1eBai'I - C 3KBHilOTeHUH8J1bJO 0,05 U A , npn 3TOM 

-!5 3 
p = I,4J.IQ Kyn/M ll P 

np,u. np.nu. 

-5 3 
2,30.I0 Kyn/M 

~ 
9 
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norpeWHOCTb OllOHKH npH TSKOM COilOCTSBllOHHH YMOHbWSOTCSI C pOCTOM panHyCa 

ny'IKa Ha-aa oTllH'IHSI oT HYllSI 
U S , HO B03p8CT89T OKOllO HCTO'IHHKa, TSK KSK 

oro nHaMeTp yaellH'IHBSOTCSI nponopllHOHSllbHO panHycy ny'IKS HllH paCCTOSIHHIO MOJK­

ny KpaAHHMH OKBHnOTOHI1H8llSIMH. KpOMO Toro, npH M8CWTa6aX 1 :2 H 1 :3 ny'IOK 

npOHHKSOT B nyaHT H yaellH'IHBSOTCSI OTllH'IHO peanbHOrO pacnpeneneHHSI IlOllSI OT 

nonS! a nayMepaoA MonenH. nocnenoaaTellbHOCTb conocTaaneHHSI MonenH H aaTy­

pbi B M8C~Ta6ax 1:1, 1:2 H 1:3 MOJKHO paCCMaTpHBBTb KSK H3MOHOHHO 4K>pMbl ny'I­

Ka a Te'leHHe apeMeHH aaxaaTa soaoa a ycKopeHHe (npeae6peraSI yaenH'IeHHeM .QH­

aMeTpa HCTO'IHHK8) • npenenbHbiO TOKH OllOHHM B 9THX CllY'I8SIX, C'IHT8SI Bb!COTY 

ny'IKS 2h • 12 CM, '18CTOTY MonynS!IlHH Fy "' 120 ru, aanpS!lKeHHe aa nyaHTO 20KB, 

no q,opMyne 

i np- p ... np v r .... 
BenH'IHHbl npenellbHb!X nllOTHOCTeA H npenenbHb!X TOKOB npHBeneHbl B cneny­

IOIIlOA Ta6nsue: 

~ 
MOJlOllb naTypa 

1: 1 1:1 1:2 1:3 
I 

R 

e (M) 0,1 0,1 0,2 0,3 

\M) 0,05 0,05 0,1 0,15 

nyq 
d (M) 0,01 0,01 0,02 0,03 

l!C 

20.10
3 05U = 10

4 0,78U n~ 1,55.10
4 

-u (b) 
0,9U

11 
= 

1 
• n ~ 1,82. 104 

3 14.10-
5 7 .10-ti 

f' (Kyn/M ) 
2,7·10-Ci 1,41.10-5 

11p.u. 
I (MKa) 15 7,5 11,7 13,6 

up.u 3 -5 -5 -5 2 ,::lO.l0·-5 

(J llp,I!U 
{KyJIIM ) 22,8.10 11.4.10 4,45.10 

I 

I (MK1l) 12,2 6,1 9,5 11 

np,IIU 

OueHKH npe.aenbHb!X TOKOB H nllOTHOCTe~, nony'leHHb!O B naHHOA pa6oTe H3 

yCnOBHSI npeKpaweHHSI 38XB8T8 HOHOB B yCKOpeHHO BCnenCTBHO 9KpaHHpOBKH HCTO'I­

HHKB npOCTpaHCTBOHHb!O 38pSI.QOM 1 nO nopSI.QKy BOllH'IHHbl 6nH3KH K 3Ha'leHHSIM, no­

n/ ny'leHHb!M B pa6oTe H3 ycllOBHSI HapymeHHSI aepTHK8llbHOA ycTOA'IHBOCTH. 

Eonee nexanbaoe H3y'leHHe npouecca ~opMHpoaaHHSI ny'IKB a Te'leHHe apeMe-

HH 38XB8T8 npH HSllH'IHH npOCTpaHCTBOHHOrO aapSI.Qa onHC8HHb!M B H8CTOS!Ill9A pa-

6oTe MeTonoM npenCTSBllSIOT npenMeT nanbHeAWHX HCCnenoaaHHA. 

10 
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B aaKnJO'IOHHe aa'I'opbi BbipaJKaJOT 6naronapHOCTb aaaeny 

panHO<jlH3HKH CapaTOBCKoro yHHBepCHTOTa npo~eccopy r.M.repw 

KY oTnena CHHXpOilHKll0TpOH8 0115111 B.11.LlaHHllOBY 38 BHHMBHHI 

.QBHHOll pa6oTe H KpHTH'leCKHO 38MO'l8HHSI, a TSKJKe A.A.rnaaoay 

KyCCHIO, 

llHreparypa 

1. R.Keller, M.Fidecaro et M.Barbier. Calcul d'orbites da 
cyclotron d'apres les donnees tecniques en consid' 
d'espace - l'analoqle aves l'oscUlature anharmoniqt. 
1957. 

2. B.H.LlaaHnoa, 11.B.nyahiHHn, A.H.Ca,Poaoa, 6.B.4leOKTHCToa. 
KB ny'IKS npocTpSHCTBOHHblM 38pS!nOM B CHHXpOUHKllOTpOHO 

0115111 P-2912, Lly6aa 1966. · 

3. MSC Staff. Proposal for the improvement of the 60( 
cvclotron, CERN, MSC Internal Report 67-5 1 1 st 

(qacTaoe coo6meaue). 

4. B.H.LlaaHnoa, 11.6.EH'IoBH'I, E.H.Map'leHKo, 8.A.non~epoa, 
A.B.WecToa. YaenH'IOHHe TOKa aayTpeaaero ny'!Ka CHHxpol 
BBeneHHOM .QOilOllHHTOllbHOll 9llOKTpOCT8THCTH'IOCKOll !jloKyCH~ 

0115111 P-1853, Lly6aa 1964. 

5. A.H.Ca«tK>aoa, A.B.WecToa. 11ccnenosaHHe sneKTpH'IOCKoro 1 

ROil: o6naCTH CHHXPOilHKllOTpOH8 0115111 npH nOMOIIlH 9llOKTp011 

npenpHHT 0115111 61-1543, Lly6Ha 1963, 

6. Jl.A.WexTMaH. 8KcnepHMeHTanhHOe peweHHe nayMepaoro yp. 
C noMOIIlbiO H3MepeHHSI HBBO.QOHHOrO TOKS, 8 c6. "BonpOCbl 

MonenupoaaHHSI noneil:" non pen. r.M.repwTeAaa, abm.::!, 11. 

rocynapCTBOHHOrO YHHBOpCHTOTS, 1967 r, 

7. Borrpocbi sneKTPH,~ecKoro MonenHpoaaHHSI none A, abm.1. C6. 

r.M.repwTeAHa. Han. crY I 1964 r. 

PyKonHcb nocTynHna a E 

26 neKa6pH 
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npH TBKOM conocTaBnOIIHH YMOHbWSeTCll C pOCTOM p8AHYC8 

HYnll U S 1 HO B03pacTaeT OKOnO HCTO~HHK8 0 T8K K8K 

.... noo'l'rfl nponopUHOHBnbHO p8AIIYCY ny'IKB HnH paCCTOliHHIO MelK­

...,...,.,...,.,.,.,AnliMH. KpoMe Toro, npH MacwTa6ax 1:2 H 1:3 ny~OK 

ysenH'IHBaeTCll oTnH'IHe peanbaoro pacnpeAeneHHll nong OT 

nocnenonaTcnLHOCTb conocTaeneHHll MOAenH H aaTy­

' 1:2 II 1:3 MOlKHO paCCM8TpHB8Tb K8K 1!3MeHeHHe ~pMbi nyq­

HOHOB B yCKOpeHHe (npeHe6perag ysenH'IOHHOM AH-

• DpenenbHblO TOKH OUOHHM B 9THX Cny~aliX, C~HT8ll BbiCOTy 

'18CTOTY MOAynliUHH Flo! "' 120 I'U1 HanplllKCHHC 118 AYSHTe 20KB 0 

i - p y np v r~.~. 
np 

nnOTHOCTel!: H npenenbHbiX TOKOB npHBOAOHbl B cneny-

MOACJ!b IIaTypa 

I: 1 1:1 1: 

0,1 0,1 0,2 0,3 

0,05 0,05 0,1 0,15 

0,01 0,01 0,02 0,03 

20.10
3 

o.5 U
11 
~ 10

4 0,78Un~ 1,55.10
4 o,o u11 

=I ,82. 104 

14.10-5 7 .I 0-ti 2, 7·10-Pi 1,41.10-5 

15 7,5 11,7 13,6 

22,8.10 
-5 

11.4.10 
-5 

4,45.10 
-5 2,00.10,_5 

12,2 6,1 9,t5 11 

Hb!X TOKOB H nnOTHOCTel!, nony~eHHbiO B ABHHOl!: pa6oTe H3 

ll 38XB8Ta IIOHOB B YCKOpeHI!e BCneACTBHO 9Kp8HHpOBKH HCTO'I-

38pf!AOM, no nopliAKY BenH'IHHbl 6nH3KH K 3Ha'leHHliM0 no­
n/ 

113 ycnOBHll HapyweHHll BepTHKanbHOl!: YCTOA~HBOCTHo 

H3y'IOHHe npouecca $opMHpOB8HHll ny'IK8 B TO'IOHHe BpeMe-

npocTpaHCTBOHHOI'O 38p!IA8 Oni!C8HHbiM B H8CTOliWOl!: pa­

npenMeT nanbHel!:wl!x HccnenosaHHl!:. 

10 
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B aaKnJO~eHHe as'I'opbi BbipalKaJOT 6naronapHOCTb 3aBeAyiOweMy Ka<j>eapoA 

paAHO~H31!KH CapaTOBCKOI'O YHHBepCHTeTa npo$eccopy r.~.repwTel!:ay, Ha'lanbHH­

Ky OTAena CHHXpOUHKnOTpoHa OY!HY! B.Y!.llaHHnosy 38 BHHMBJ-IHe, npOliBneHHoe K 

ABHHOl!: pa6oTe H Kpi!TI!'IOCKHe 38MO'IBHIIH1 a TBKlKe A.A.fnaaoey 38 none3HYIO AHC-

KyCCIIIO. 

nHreparypa 

1. R.Keller, M.Fidecaro et M.Barbler. Calcul d'orbites dans un synchro­
cyclotron d'apres les donnees tecniques en conslderant la charge 
d'espace - l'analoqie aves l'osclllature anharmonique CERN 57-45, 
1957. 

2. B.Y!.llaHHnoe, YI.B.nyabiHHH, A.H.Ca$oHoe, E.B.<I>eOKTHCTos. OrpaHI!'IOHHe To­

Ka ny'IKa npocTpaHCTBei!HblM 3BPH!lOM B CHHxpoUHKnoTpoHe OY!HY!. DpenpHHT 
OYI HY! P-2912, lly6ua 1966. 

3. MSC Staff. Proposal for the improvement of the 600 MeV Syhcro­
cvclotron, CERN, MSC Internal Report 67-5

1 
1 st August 1967. 

( qacTuoe coo6weHHe). 

4. B.YI.llaHHnoe, Y!.E.EH'IeBH'I, E.H.~ap'leHKo, 3.A.non$epoe, A.H.Ca<!>oHoe, 
A.B.lllecTos. YeenH'IeHHe ToKa BHyTpeaaero ny'IKa CHHXpOUHKnoTpoHa OY!HY! 
BBeAeHHeM !lOnOnHHTenbHOl!: aneKTpOCTBTHCTH'IeCKOl!: $OKYCHpOBKH. DpenpHHT 
OY!HY! P-1853, lly6aa 1964. 

5. A.H.Ca<!>oHoe, A.B.lllecTos. Y!ccneaosaHHe aneKTpH'IecKoro nong B ueaTpanb­

Hol!: o6naCTI! CI!HXPOUI!KnOTpOHa OY!HY! npH IIOMOWI! sneKTponHTH'IeCKOl!: BBHHhi. 
Dpenpi!HT OY!HY! El-1543, lly6aa 1963. 

6. ll.A.llJeXTMBH. 3KC11epHMeHTanbHOe peweHHe AByMepHOI'O ypaBHeHHll DyaCCOHa 
C IIOMOWbiO H3MepeHHH I!BBeAeHHOI'O TOKa. B c6. "BonpOCbl aneKTpH~eCKOI'O 

MOAenHpOBBHI!H liOnel!:" IIO!l peA. f.~.fepWTel!:Ha, Bblll.::!, Y!3!l. CapaTOBCKOI'O 
rocyaapcTeeaaoro YHHBepcHTeTa, 1967 r. 

7. BonpoCbi aneKTpH'IeCKoro Moaenl!posaHHH none A, Bhm.1. C6. CTaTel!: noa pea. 
f.~.fepwTel!:Ha. Y!3!l. CfY, 1964 I'. 

• 11 

PyKOIII!Cb IIOCTyllllna B H3A8TOnbCKI!l!: OTAen 

26 AeKa6pg 1967 roaa. 
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