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B pa60Te
11 1 

6bin npoeeaeH aeTallhHbili T9opeTH'IecK"ll aHanHa LlBHJKeHHR HOHOB e 

MellBBHHOli nnOCKOCTH pen!ITHBHCTCKOI'O UBKnOTpOHB (Pll) HB nepebiX LleCRTH 060pOTBX. 

3KcnepHMeHT81IhH8R npoeepKa Bbi6p8HHOH CHCT9Mbl OT60pa HOHOB, OCyiUeCTeneHHB!I HB 

120 CM MoaenH PU
121

, noKaaana cooTeeTCTBHe aKcnepHMeHTanbHbiX H TeopeTH'IeCKHX pe-

3YnbT8TOB, 0.0.H8KO nonyqeHHBfl K8pTHH8 LI.BH}f(eHHH HOHOB HBn.ReTCSI HenonHOA BBHJIY OT-

CYTCTBHH p8C'I9T8 BepTHKBnbHOI'O LlBHlK9HH!I HOHOB B B bi6paHHOl! CHCTeMe OT6opa . 

npHB9Ll9HHbi9 B pa60Tax
13

•
4

•
5

/ M9T0Llbl p8C'I9T8 BepTHKBnbHOI'O LlBHlK9HH!I HOHOB, 

OCHOBBHHhle H8 pH.Qe ynpomeHHR , He MOryT 6biTb HCIIOnb30B8Hbi .QnH 8H8nH38 OIITHM8 nbH OA 

KOH¢HrypaUHH o6naCTR OT 6opa: 'ROHHbili H C TO'IHHK - nynnep', KOTOpast !!Bn!leTC!I B 3HB 'IH

T9nbHOH Mepe onpeaen!lroiUeli Lln!l LlBnbH9AIU91'0 LlBRlK9HH!I HOHOB. B HBCTORIUel! pa60Te Hep-

TRKBnhHOe .llBH}f(eHHe HOH8 HB rrepBbiX IISIT H 060pOT8X p8CC'IHTbiB8nOCb HB 3 neKTpOHHOtl C' 4eT-

Holi MBIUHHe M- 20 nyTeM peiUeHHR cneayroiUHX ypaeHeHHR LlBH >KeHH!I: 

i(: a [ 1-b ( i 2 
+ i 2 

) I I> [ E • (I- b x 2 ) I Cos ( r + a) I - E , b xi Cos ( r + a ) I 

;•: a [ 1 - b ( x 2 
+ i 2

) I I> [ E, (l - bi 2 )Cos ( r +a) - E • b xi I Cos (r +a) I, 

eE 0 -2 
Q: --

2
: )6, 781674 • 10 M! 

mo w o 

~ - OTHOWeHHe 38pS1.0,8 K M8CCe IIOKOH ~OTOH8 1 mo 

w 0 - qacToTa ycKops:nomero nonH, 

E 
0

- a HeprHH noKO!I npoToHa, 
2 

6 ,35 1322 • 10
2 

M -
2 

0 TO'IKOli 0603HB'IeHO LlH¢¢epeHUHpOB8HHe no 

a - HB 'I BnbHBR ¢aa a HOHB . 
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B ypasHeHHHX aau~eHHH (I) yqTeHo TOnhKO aeilcTaue sneKTpuqecKoro nonu ycKopuro

well CHCTeMbi ayaHTOB, .[lellcTBHeM c naaaiOmero MarHHTHoro nonH, <jlopMnpyeMoro a ueHTpe 

yCKOpHTenH, H BHpHHUHel\ MHrHHTHOrO ITOn H ITpH pacqeTe BepTHKBnbHOrO aBH~eHHH HH nep-

BhlX TISlTH 060pOT8X MO>KHO npeHe6pe'lJb 1 T8K KBK CBH38HHbl9 C HHMH C Rnbi MHOrO M9Hblll9 

s<jl<jleKTH BHWX cun sneKTpuqecKoro nonu, MeToauKa peweHHH ypaaHeHHII (I) aHanoruqHa Me

ToauKe peweHHH ypaaHeHull aau~euuu a MeauaHHoll nnocKOCTH pa6oTb/
1 1

, YpaaHeHHH (I) 

pewanHCb COBMeCTHO C ypaaHeHHHMH aBH~eHHH B MeaHHHHOll nnOCKOCTB, OTKyaa <jla30BOe 

aau~eHue nepeHocnnocb B (I) npu KH~AOM nocneayromeM ware HHTerpupoaaHHH. npe onpe

aeneHHH <J>aaoaoro aau~eHHH yquTbiBanocb aeiiCTBHe cnaaaromero MHrHHTHoro nonu, c<jlop

MHpoaaHHoro anu KOMneHcauun saeaeHHoro casura <jlaabi B nynnepe, B Ta6nuue I npuaoaHT

CH 3 HaqeH HH <jlaabi Ha KB~aoA n ocneuyiOwell ycKopHIDllleH menu anH scex uccneayeMbiX HOHOB 

C Haqanb HblMH <jla38MH OT +10 ° ao - 90°, 

T a 6 n H u a 

~· I 2 3 4 5 6 7 . 

+10° 46° 32° 2'30 25° 18° 20° 15° 

00 36° 26° 22° 21° 17° 16° 14° 

-20° 21° 12° 80 70 70 20 30 

-450 1,5° -80 -50 -10° -90 -1'30 -12° 

-600 _go -16° -14° -18° -17° - 21° -20° 

-90° 
0 

-24° -22° - 21 I 

I I 
--~-

3HaqeHHH KOMnoHeHT sneKTpuqecKoro nonH E H E npH peweHHH ypaaHeHHA ( 1 ) 

HSXOJlHnHCb B Ta6naue, COCTSBneHHOA no K8pT HH9 pacnpe.neneHHH nons:t , nonyqeHHOA HB 

sneKTponuToqecKoA BBHHe, MaKeT ayaHTHOl! CHCTeMbl anSI SneKTpOnBTHqecKOA BHHHW 

BbinonHHITC!I a Macw'l'a6e I : I , MHKeT eoHaoro ucToqHeKa e nynnepa a MacwTa6e 2: I, H a 

pee. a) nOK838HO , KBK H3MeHHeTCH BepTBKanbHBH KOMllOHeHT B s neKTpHqeCKOPO non H ay-

BHTB E, c paccTOHHHeM (x) OT OCeBOll ITHHHH ayHHTOB npH p83ITHqHblX paCCTOHHHHX 

z OT MeaeannoA nnocKOCTB, H a pee . 16) nocTpoena 38BHCHMOCTb E,= f 1 ( z ) an u 

X ~ 3 CM, OTKyaa BHaHo, qTO ITHHeHHOCTb 38 BHCHMOCTH f I (z) HHpywaeTCH npH Z = I ,5 CM, 

nonuaH anepTypa ayaHTa a aToM cnyqae paana 5 CM, np!!MHH nHHHH Ha pee , I 6) npoae

aeHa no <jlopMynaM pa6oTb/
6 1 

4 

BepTHKanbHoe aau~eHee 6 

HOHOB, Ha puc, 2 ITOKH38Ha nep 

HCTOqHHK- nynnep) u pacnpeaene 

npHB9ll9H8 38BHCHMOCTb BepTHK t 

STOll CHCTeMe anH KpHIIHeH CTHJ 

nHTCTBeHHO npoxoaHT qepea nyr 

HbiX <jlaa - 60° < a < 10° , npu 

uoA nnoCKOCTH, CTapTOBbie KOOJ 

ao 0 ,5 CM, C Te M qT06bi BblHC 

!l.BH)KeHHH HOHOB 1 B H8\18nbHblX ~ 

HOH8 1 KOTOp b!e MOryT B03HHKHY': 

B peaynhTHTe aeliCTBHH C06CTBE 

C H81.fBnbHblMH ycnOBHHMH Z O = 

Kax BH.UHO H3 pac. 4 1 tta C THUhi, 

z 
0 

= 0, 1, npoxoa11T 6ea noTepb 

aceMy au anaaoHy HaqanbHbiX <J>a. 

ao 0,2 CM HH ayBHTe TepHeTCSI 

HeAweM yaenuqeHHH sTa yqacTb 

TO ~e BpeMH 6ecnpeiTSITCTBe HHO 

a = - 20° u - 45° (pu c. 6) . 3an 

( HHH6onee sepOSITHblH y ron OTK/ 

nony"'HM, 'ITO nn s:t Tex >K e HB'-I BJ 

MeHbWee qucno 060pOTOB, ~) He 

CTBO HOHUB npOXOllHT llO KOHUB 

B o6naCTH, np KneraiOweil K nynn 

3H81.JHT enbHOMY OTKnOH9HH K> t:J:ac• 

HB s neMeHTHX yCKOpSIIOllleH CRCT 

ITS! B o6naCTH nynnep-HOHHblll HC 

nocne 9TOrO ITO H3BeCTHOt 

HOrO H CT 01.fH HK9 H nynn epa , KOTOJ 

qac THU npe e x Bbixoae na nynne 

3necb :1.; e noK838HO pacnpenene~-: 

Cp8BH e HH51 C nepBbiM BBpHBHTOM 

anSI CTSpTOBOH KOOp!l HHBTbi z 0 

TpaeKTOpHH eonoa B nnocM 

npeaeaeHw Ha pHCYHKax 8-1 3 , H 

<jlHKCHpOBBHHOll HaqanbHOH <jl830H 

0,5 CM, EcnH cpaBHHTh TpaeKTO 



paqecKoro nonR y cKOpRID

' <jlopMapyeMoro a ueHTpe 

lbHOrO llBHlKBHIISI HB nep-

<fH C Hnbi MHOf'O M8Hblll9 

:eHal! (I) aHanorHqHa Me

;OTb/1 
1• YpasHeHust (I) 

KOCTH, OTKYllB <jla30BOB 

ITerpHpOBBHHSI, flpH onpe

.!BrHHTHOrO nonst, c<jlop -

ope. B Ta6naue I npHBO.tiSIT-

J B C eX H C Cne.nyeMhiX HOHOB 

6 7 

20° I 5° 

I6° I4° 
20 30 

-no -I2° 

-2I0 -20° 

peweHeH ypaaHeHal! (1) 

!On51 1 nonyqeHHOR: HB 

<TponeTuqeCKOl! BBHHhl 

>a a MacwTa6e 2 : I. Ha 

1eKTpaqecKoro nonR .t~y-

p83nH'I.f.HblX p8CCTOHHHHX 

b 

lpywaeTCSI npe Z = 1,5 CM, 

IeR Ha pHC , I 6) npoae-

BepTHKBITbHOe ABHlKBHHe 6binO paCCqHTBHO AITR AByX KOH<jlHrypaUHH CHCTB Mbl OT6op a 

HOHOB. Ha pac. 2 noKB3aHa nepaaR KOH<jlarypaUHR aaqanbaoli o6nacTH ycKopeHHII (HOHHbtA 

HCTOqHHK-nynnep) H pacnpeaeneHHe B Hell 3ITBKTpHqeCKOrO nOITR, C HRTOB HB BBHHB , Ha pH ~ .3 

npHB8.0.9H8 38BHCHMOCTb aepTHK8nbHOA KOMllOH8HTbl 3neKTp H1.!8CKOf'O non~ ll 

3 TOll CHCTBMB llllR KpBJ!Hel! CTapTOBOl! KOOp.tiHHBTbl Z = 0,5, npll KOTOpol\ qaCTHUB 6ecnpe-

TIRTCTBBHHO npOXO.tiHT qepe3 nynnep, naHlKBHHB pacCqHTbiBBITOCb .tillS! BCeil o6naCTH HBqanb

HbiX <jla3 - 60° <a < 10°, npu KOTOpOii HOHbl TlpOXOllSIT qepe3 CHCTBMY OT6opa B MB.tiHBH-

aol! nnocKOCTH, CTapTOBbte Koop.t~HHBTbt 3BliBBBITHCb C HHTepBBITOM 0,1 CM OT 0,1 CM 

llO 0,5 CM, C T eM qT06bt BbiSICHHTb n :CCTKOCTb HCCITB.tlyeMOil C HCTBMbl npH BBpTHKBITbHOM 

ll.BH>K8HH H HOHOB1 B H81.{8nbHbiX yCnOBHHX MO>KHO 6htnO 38.0.8B8Tb npOH3BOnbHbl9 yrnbl aneTa 

HOH8 1 KOT0pb18 MOryT B03HHKHYTh B peaynbT8T9 p8CC8SIHH51 HOHOB H8 MOneKynax f'838 , nH60 

a pe3ynbTBTe .t~ellcTBHst co6CTBeHHoro npocTpaHCTaeaaoro 3Bpst.t~a nyqKa. TpaeKTOpHH HOHOB 

C HaqBITbHblMH ycnOBHSIMH Z O = 0 H Z O = 0,1; 0,2; 0,5 CM nOKB3 BHbl H8 p HC, 4, 5 H 6, 

KaK BHJlHO H3 pHC. 4) 'lJ8CTHUhi, BblW9.lllllH9 H3 HOHHOf'O RCTO"!HHK8 B CT8pTOBO'A KOOp.O.HH8T8 

Z O = 0,1, TlpOXOllRT 6e3 nOTBpb BCe nstTb 060pOTOB (I o6opOT COOT B e TCTByeT JW • 12) no 

0 0 
BCeMy llHBTIB30HY HaqaiTbHbiX <jla3 -45 -:- + 10 , C yaenuqeHHBM CTBpTOBOH KOOpneHBTbl Z O 

no 0,2 CM HB nyaHTe TepsteTCSI qaCTHUB C HaqaiTbHOil <jla3ol! a =-20° (pee, 5), npH llBITb

HeAweM yeenH"'9HHH 3 T8 yt.tBCTb TIOCTHf'89T "!8CTHUbl C H8"18nbHbiMH <fla38MH +10° H 0 ° , B 

TO lKe BpBMSI 6ecnpenRTCTB(!H HO npoxonRT no KOHUB nRTOrO 060pOTO qaCTHUbl C <jla3 BMH 

a =-20° H -45° (pHC, 6) , 3anBB8R B HO'IOITbHbiX yCITOBeRX nOITOlKHTBITbHbiH yron BnBTB 

( Hae6onee BepOSITHbiH yron OTKITOHeHHR npH yqeTe neliCTBHSI npOCTpBHCTBeHHOro 3 Bpstna), 

nony'l.JHM, 1.JTO .O.lHI T8X >Ke HaqanbHbiX CTapTOBbiX K00p.O.HH8T H.OHbl TepstiOTCH H8 Jly8HT8X 3 8 

MeHbWee '!eCITO 060pOTOB, 11 ) HB060pOT, npH 3ana HeH OTp>!UBTe iTbHOrO yrna Bn e Ta, 6onbWHH 

CTBO HOHOB IIpOXOllHT .llO KOHU8 IISITOf'O o6opOT8 6e3 IIOT9ph. 3TO HBBOJlHT H8 MbiCnb, 'ITO 

B o6naCTH, npHneraiDWei\ K nynnepy, qaCTHUbl H(!llOCTBTOqHO <jJOKyCepyiDTCSI, 'ITO npHBOnKT K 

3H81.{HTenbHOMY OTKnOHeHH~ "l8 C THU OT Me.llH8HHOA nnOCKOCTH H B JlBnbHeHweM K HX ITOT e pe 

HB aneMeHTBX yCKOpstiOIUeH CHCTeMbl. AHBnH3 paCnpeaeneHHH B9pTRKBnbHOA KOMIIOH e HTbl no-

ITS! B o6naCTH nynnep-HOHHbtli HCTOqHHK nonTBepnHn 3TO npe.t~nOITOlKeHee, 

flocne 3TOrO no H3BeCTHOli MeTOllHKe/
7/ 6btiTB pBCC'I>ITBHB KOH<jlerypaUeR HBCBllKII HOH

HOrO HCTO'IHHKg H nynnepa, KOTOpBR nonlKHB o6ecneqHBBTb MHHHMBITbHYID pBCXOnHMOCTb 

'IBCTHU npH HX BbiXOne H3 nynnepa, Ha pHC , 7 npHBOnHTCSI 3 TB C HC TeMa OT6upa eOIIOB, 

3 .Q eC b :-1.; e noKa3aHo pacnpeneneHHe nonH, nonyqeHHoe Ha aneKTponHTHtt ecKoA BBHHe • .ilnH 

Cpaan e HHSI C nepBbiM BBpHBIITOM nynnepa HB pHC, 3 H 306palKeHa 3BBHCHMOCTb 

.QnH CTapTOBOH K00p.O.HH8Thl z 0 = 0,5 (Kpuaast II pee. 3) • 

TpaeKTOpHH eOHOB a nnocKOCTe xz npB H CnOITb30BBHee BTOpOii CHCT (! Mbl OT6opa 

TlpHBene H bl HB pHCYHKBX 8-13, H a KBlKnOM H3 3THX pHCYHKOB nOKB3BHO .:IBI<lK(!Hlf(! eona C 

<jJHKCHpOBBHIIOil aaqaiTbHOil <jla30H a H HB60pOM CTapTOBbiX KOOpllHHBT Z O OT 0,1 llO 

0,5 CM , EcnH cpaaHeTb TpaeKTOpHH 'IBCTHU, noKa3aHHbte Ha pH c . 8-13, c TeM, 'ITO HMeno 

5 



MeCTO npH R C ITOnb30B8HRH nepBOPO B8pH8HT8 UeHTpanbHOA OITTHKH 1 TO BITOnHe oqeBH!lHbl 

npeHMy!lleCTBa BTOpoi\ CHCTeMbl, lln!! Bbi6paHHOrO .QHaTia30Ha Ha'laTibHbiX ljlaa -45;. 10° npaK-

TH~€CKR BCe qaCTHllbl CO CT8pTOBbiMB KOOp!lHH8T8MH 0 < Z < 0,5 CM 
0-

cosepwalOT nonHbiX 

TIIITb 060pOTOB H BCTynaiDT B TY o6naCTb yCKOpeHHII, rae Ha'IHHaiDT .QeiiCTBOBaTb ljJOKyCH

pyiOlUHe CHnbl MBPHHTHOPO non H. 3aa8HHe H8"18RbHbiX yrnOB aneTa Z O •±.0, 1 H e npHBO!lHT K 

noTepe qaCTHU. B ee HOHbi, acTynaiDmHe B ycKopeaae c a B rpaaauax + 10°;. -45° a aa-

qanbHbiMH yrnaMH an eTa paaaoro aaaKa, ljloKycapyiDTCH 11 6ecnpen>ITCTBeaao coaepmaiDT 

TISITb 060pOTOB, llnSI npHMepa Ha pi!C, 14 TIOKa3aHbl TpaeKTOpllll 110HOB C pa3TIH'IHbiMII Haqanb-

HbiMH y rnaMH aneTa a =0° a z 0 =0,4 C'M. 

HcnOTib30BaHHe B pen!ITIIBHCTCKOM UHKTIOTpOHe UeHTpanbHOA CIICT9Mbl OT60pa IIOHOB 

110.Q06HOil KOHijJHrypaUHH ,no-BHAIIMOMY,YTIY'<lllHT ljloKyCHpOBKY H ljlopM11pOBaHH9 ny'IKa Ha Ha-

qanbHOM y'<aCTKe ycKopeHHH, 
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