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Koaeu rrepBoll: rronoBHHbl llB8l:{U8TOl'O BeKa 03HaMeHOBancsi psi

rioM' KpyllHblX llOCTHJIWHHll: B o6naCTH rrpaKTH'leCK0l'O HCllOnb30B8HHSI 

Mepaoll: SHepnm AnSI pa3nH'lHblX Uenell:, OTO BbJ3Bano 6ypaoe pa3BII

THe HCCnenoBaHHll: B Mepaoll: 4>H3HKe H 4>H31IKe aneMeHTapHblX qac

THUi peaynbT8Tbl KOTOpb!X cyweCTBeHHO 06oraT11nH H8ll!H CBeAeHIISI 

0 MIIKpOMIIpe Ha llYTII ll03H8HIISI ero CBOll:CTB II 38KOHOMepHOCTell:. 

B. TO lKe BpeMSI 38 K8lKllblM 3H8'11ITenbHblM peaynbT8TOM 9T!IX 11ccne

llOB8HHll: cneAOBan Bb!BOll O Heo6XOAHMOCTII HOBbIX TlllaTenbHblX 9KC

rrepHMeHTOB, CBSl381lllb!X C 6onbll!IIMH 9Hepl'IISIMII B38UMOAell:CTBIISI, 

C Me'Hbll!IIMH Ce'leHIIS!MII B38UMOAell:cTBHSI, ·c 6onee BbICOKOll TO'IHOCTbIO 

II T,ll,, T,e. ,B KOHe'lHOM C'leTe, c llpHBne'leHUeM BCe 6onee H 6onee 

cnolKHOl'O 9KCrrepnMeHTanbHOl'O o6opyllOB8HHSI, 

nocKOnbKY OllHHM H3 OCHOBHbIX cpellCTB H3y'leHHSI S!llpa H ane

MeHTapHbIX 'laCTIIU SIBnSIIOTCSI ycKopnTenu, TO TaKaSI CHTyaUIISI 06ycno

Buna CTpeMUTenbHblll rrporpecc B 4>ua11Ke II TeXHUKe 9TIIX aTOMHb!X 

M8ll!HH, llocTaTO'lHO OTMeTHTb, 'ITO ylKe B 1967 !'Olly B CCCP 6bJn 

aarrymeH rrpOTOHHblll CUHXpOTpOH Ha 9Hepl'IIIO 70 faB, a ell!e B copo

KOBbIX l'Oll8X 9Hepl'USI ycKopuTeneii He rrpeBblll!ana 0llH0l'O-llBYX Ae

CSITK0B MaB, 
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Pa3H006pa3Hbie HCClleAOBaHHSI C nOMOIUb!O yCKOPHTenefi (u He 

TOllbKO B SJAepHOfi ~H3HKe) onpeAellHllH WHpOKHfi Attana30H Tpe6oBaHHfi 

K ny'IKaM ycKopeHHblX 'laCTHU, 'ITO B CBOIO O'lepeAb npttBeno K 6onb

WOMY pa3H006pa3HIO YCKOpHTenefi, HCil01lb3YIOIUHX pa31IH'IHbie npHHUH

nhI AefiCTBHSI. 

B HaCTOS11Uee BpeMSI B uensix 6onee nonHOI'O YAOBneTBopeHHSI pa

CTylUHX Tpe6oBaH'!fi K yCKOpHTensiM BeAyTCSI IUHpOKHe TeopeTH'leCKHe 

H SKCnepHMeHTallbHbie noHCKH KBK B JianpaBneHHH paapa6oTKH HOBb!X Me

TOAOB ycKopeirnsi ( BCTpe'IHbie ny'IKH, nnaaMeHHb1e, KOlllleKTHBHbie 

yCKOPHTellH H Ap.), TaK H no nyTH pacKpb!THSI HOBb!X Ka'leCTB H B03-

MO)KHOCTefi B "TpaAHUHOHHbIX" npHHUHnax. 

K O'leHb pa3H006pa3HbIM npaKTH'leCKHM npHMeHeHHSIM npHBellO 

OTCTynneHHe OT 8KCH81lbHOfi CHMMeTpHH B MBI'HHTHOM none UHKllH'le

CKHX YCKOpHTenefi, HeKOTOpbie H3 TaKHX npttMeHeHHfi paccMaTpHBa!OT-,

CSI B pe~epHpyeMofi AHCcepTaUHH. 

XOTSI BnepBbie HAe.11 06 HCn01lb30BaHHH a3HMYTa1lbHO-HeCHMMeT

PH'IHOI'O MaI'HHTHOI'O non.11 All.II UHKllOTPOHa 6bma BbICKa3aHa eme B 

/1/ 
1938 I'OAY ''AeTallbHOe H3y'leHHe B03MO)KH0CTefi All.II yCKOpHTenb-

HOfi TeXHHKH, KOTOpbie 381IO)KeHbl B HeOAHOpOAHblX CTpyKTypax CTa

UHOHapHblX MaI'HHTHb!X nonefi, Ha'lallHCb B 50-x I'OAax; B 'IHClle nep

Bb!X HCC1leAOB8HHfi AHHBMHKH '18CTHU B UHKllOTpoHaX C npocTpaHCTBeH

HOfi Bapuauttefi Hanpg)KeHHOCTH cneAyeT Ha3BaTb pa60Tbl B.n. DMHT-
/2 3/ . . 

ptteBCKOI'O, B,B. KonbI'H ' H Ap. Co BTOpofi nonoBHHbl 50-x I'OAOB 

BeAeTCSI HHTeHCHBHOe npoeKTHpOBBHHe H coopy)KeHHe UHKllOTpOHOB 

c npocTpaHCTBeHHOfi Bapnauuefi. MO)KHO oco6o Bh!AellHTb TeopeTH'le

CKHe H SKCnepHMeHTallbHbie pa60TbI, CBSl38HHbie C paapa60TKOfi npo

eKTOB pellSITHBHCTCKHX UHKllOTpOHOB Ha 3Hepr-nro B HeCKOllbKO COT 

MaB H OTMeTHTb, 'ITO HCClleAOBaHHSI B 3TOM HanpaBneHHH, npOBOAH

Mbie B Dy6He, B KaKofi-TO Mepe onepe)KallH aHallOI'H'IHbie HCClleAO-
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BBHHSI B APYI'HX na6opaTOpHS!X Mttpa. DocTaTO'IHO CKa3aTb 1 'ITO'• HMeH

HO B Dy6ne, B Jia6opaTOPHH SJAepHb!X npo6neM, 6bm B 1959 I'OAY 

aanymeH nepBblfi B MHpe UHKllOTpOH c~ cnupallbHOfi Bapuaunefi Mar--

/4/ 
·HHTHOI'O non.11 

B AHCCepTaUHH H31laI'a!OTCSI pe3y1lbTaTbl TeopeTH'leCKHX H 3KC

nepttMeHT81lbHblX HCClleAOBaHHfi H npoeKTHbIX paapa6oTOK, npOBOAH

MbIX aBTOPOM B Jia6opaTOpHH SJAepHblX npo6neM 011fll1 B Te'leHHe 

6onee 10, neT, B OCHOBHOM no UHKllOTpOHaM H ~aaoTpOHaM C Bapna

uuefi M·ar-HHTHOI'O non.11 Ha 3HepI'HIO OK01IO 1 fsB, H HMeBWHX CBOefi 

KOHe'IHOfi uellb!O COCTaBlleHHe AeTallbHbIX , npoeKTOB YCKOpHTeneii. 

PaccMoTpeHtte UHKllOTpoHOB B .. AOMeaonnoM" AttanaaoHe sHepr-nfi 

6bmo Menee AeTallbHbIM. · 

/4-36/ 
B AHCCepTaUHH npHBeAellbl OCHOBHbie peaynhTaTbl pa6oT ' 

ony6nttKOBaHHblX B BHAe *YPHallbllblX CTaTefi, npenpHHTOB H TpyAOB 

psr.l{a Me*AYHapOAHblX H BCeCOI03HbIX KOH~epenunfi no yc'KopttTem1M, 

· I'Ae OHR AOKllaAbIBallHCb, 

1. Pa3BHTHe <t>H3HKH Bb!COKHX 3Hepr-Hfi B o6naCTH AO lf3B 

H Tpe6oBaHHSI K yCKOPHTellSIM 

3KcnepttMeHTa1lhHbie AaHHbie 060 BCeX OCHOBHblX BHAaX B3aHMO

AefiCTBHfi 'laCTHU C TO'IHOCTb!O ( 10-t20) %, KOTOpbIMH pacnonar-aeT B 

HaCTOSIIUee BpeMSI ~H3HKa Bb!COKHX H cpeAHHX 3Hepr-ufi, HeAOCTaTO'IHbl 

All.II nony'leHHSI OTBeTOB Ha TaKHe KopeHHbie BOnpOCbI, KaK cnpaBeA

llHBOCTb CPT -TeopeMbI, CTpor-asi npoBepKa T -HHBapuaHTH,OCTH 

CHllbHblX B3aHMOAefiCTBHfi (c TO'IHOCTb!O < 0,1%), MHOI'He npuHUH

nttallbllbie BonpOCbl cna6b!X H 31l8KTpOMaI'HHTHblX B3aHMOAefiCTBHfi 

H AP, 

B HaCTOSIIUee BpeMSI COBepweHHO SICHa Heo6XOAHMOCTb nony'le

HHSI B 3KCnepHMeHTaX cymeCTBeHHO 6onee TO'IHbIX K01IH'18CTBeHHblX 
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)laHHbIX, TaK KaK pe~eHHe 6onbllJHHCTBa aonpocoB npHMeHHMOCTH 

Toro HnH HHoro TeopeTHqecKoro onHCaHHH HBneHHll B o6naCTH ¢n~H

KH aneMeHTapHblX qacTHU CBH3aHO C nonyqeHHeM Onb!nlb!X )laHHblX 

C ToqHOCTHMH nopHllKa Jl8CHTb!X )lOnen npoueHTa H H3MepeHHeM -Ceqe-

-36 -38 2 
HHll nopHJlKa a "" 10 ➔ 10 CM • 

.UocTHrflYTbie HHTeHCHBHOCTH nyqK()B qaCTHU, ycKopeHHbJX· B 

coapeMeHHbIX )lellCTBYJOIUHX ycKOpHTensix, He o6ecneqHBaJOT TaKHX · 

9KCnepHMeHTanbHblX B03MOlKHOCTell. 3To OTHOCHTCSI H K ycKopilTenHM 

JlO 1 raa, B qacTHOCTH H K CHHXpOUHKnOTpoHaM Ha 3HeprHJO B HeCKOnb

KO COT Maa, XOTH HX HHTeHCHBHOCTb Ha. He_C~OnbKO nopMKOB Bblllle 

HHTeHCHBHOCTH cymecTBYJOIUHX CHHXpo¢a30TpOHOB Ha aHeprHH 6➔70raa. 

IlporpaMMbl 3KCnepHMeHTanbHb!X HCCne)lOBaHHll Ha CHnbHOTOqHI,JX 

yCKOPHTenHX npOTOHOB Ha 3HeprHJO )lO 1 raa,. Bb!IlOnHeHHe KOTOPhIX 

no3BOnHno 61,1 cyIUeCTBeHHO npOJlBHflYTb pemeHHe MHOrHX aonpocoa 

B o6naCTH ¢H3HKH aneMeHTapHblX qaCTHU H· aTOMHOro Mpa, Bh!JlBH

ranHCb B HeCKOnbKHX na6opaTOPHHX MHpa H llIHpOKO 06cyJK1lanHCb Ha 

KOH¢epeHUHHX no ¢H3HKe Bb!COKHX 3HeprHll HnH no' YCKOpHTenHM BbIC0-

/21 37-42/ 
KHX 3HeprHH ' • 

H HTepec K npoTOHHbIM ycKOpHTenHM Ha 3HeprHJO OK Ono 1 ran 

Bbl3h!BaeTCH TaKlKe nporpaMMOll nepcneKTHBHbJX HCCnei:toBaHHll no 

• /43/ • . 
HellTPOHHOH ¢H3HKe • Tpe6y10men nnoTHOCTH HeliTpOHHhIX noTOKOB 

16 
- 10 HeHTpOH/CeK, qTo npeBbilllaeT )lOCTHrHyTyJO K HaCTOHIUeMy · 

BpeMeHH nnoTHOCTb noTOKOB Ha aTOMHbJX peaKTOpax. 

qTo KacaeTCH uenecoo6pasHon aHeprHH ycKopHTenen, TO H3 

conocTaaneHHH pa3nHqHI,JX ¢aKTOpOB MOlKHO 3aKnJOqHTb, qTo HaH6onb

llIHM noTeHUHanoM )lnH pa3H006pa3HbIX uccnellOBaHHll B llOMHnnHapll

HOll o6naCTH 3H~prHH 6yJlyT o6na)laTb npoTOHHhie YCKOpHTenH Ha 

aHeprHJO 650-900 Maa. 3To o6ycnoaneHo a nepay10 oqepeJlb TeM, 

qTo paccMaTpHaaeMbie YCKOpHTenH )lOnlKHbl HBnHTbCH HCToqHHKaMH 

HHTeHCHBHbIX nyqKOB Me30HOB HnH HeHTpOHOB. 
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KaK noKa3bIBaJOT pacqeTbl H onbIT,· BbmOnHeHHe HaMeqeHHbJX 

nporpaMM Tpe6yeT yaenHqeHHH HHTeHCHBHOCTH nyqKOB npOTOHOB, 

HeHTpOHOB, nHOHOD, ~JOOHOB, nonHpH30BaHHbIX HyKnOHOD, HellTPHHO 

B CTO-TbJCHqy pas no cpaBHeHHJO C cyIUeCTByJOIUen • .UnH unnJOCTpa-

/45/ 
UHH MOlKHO cocnaTbCH Ha Ta6nuuy 1 113 ' H3 KOTOpOH BH)lHO, qTo 

JlnH 6onbllJHHCTDa 3KCnepHMeHTOB HYlKHa HHTeHCHBHOCTb ycKopeH!IbIX 

npoTOHHb!X nyqKoB He MeHee 50➔ 1006 MKa. HHTeHCHBHOCTb npOTOH

Horo nyqKa JlnH HeHTPOHHOro reHepaTopa AOnlKHa COCTaDnHTb"" 100 Ma. 

no HaCTOHIUero BpeMeHH AnH ycKopeHHH npOTOHOB JlO 3Hepruu 

B HeCKOnbKO COT Maa HCnonb3YJOTCH BO BCeX na6opaTOpHHX MHpa 

TonbKO CHHXPOUHKnOTpoHhio IloHCKH nyTeH cyIUeCTBeHHoro noBhillleHirn 

HHTeHCHBHOCTH nyqKoB 6h!CTpb!X qaCTHU npuaenH K TOMY, qTQ a noc

neAHee AeCHTHneTHe npeAnaranHCb H paspa6aTbJBanucb npoeKThI, 

HCilOnb3YJOIUHe H Apyrue THnbI ycKopuTeneii AnH YCKOpeHHH npOTOHOB 

B yKa3aHHOM AHana3oHe 3Heprun, TaKne,KaKx/ nnHefiHblll YCKOPH-

/39/ /44,47 I 
Tenb ' UHKnOTpOH C pa3AeneHHblMH op6uTaMH ' penHTHBHCT-

• /5,8,40,41 / 
CKHH UHKnOTpOH · , ¢a30Tp0H C aapnaUHett MarHHTHoro no-

/21,51/ ' 
nH , 

PenHTHBHCTCKHll UHKnOTpOH, KaK IlOKa3bJBaJOT nccneAOBaHHH 

/4-18/ 
' npeACTaBnHJOIUHe B OCHOBHOM npeAMeT pe¢epnpyeMofi AHC-

cepTaum1, coxpaHHH OCHOBHbJe )lOCTOHHCTBa UHKnOTpOHHOro MeTOAa 

ycKopeHHH, nosaonHeT pacmnpHTb llHaila30H 3Heprnn YCKOpHeMbJX 

IlpOTOHOB ll0 HeCKOnbKHX COT Maa , Hcnonb3YH npeAnOlKeHne 0 

/19/ 
lKeCTK0¢0Kycnpy10meM KOnbUeBOM penHTHBHCTCKOM UHKnOTpoHe 

B03MOlKHO nonyqaTb nyqKn npOTOHOB C HHTeHCHBHOCTb!O nopHAKa 

HecKonbKo coT MunnnaMnep npn aHeprnu llO 1 ras, 

xi 
Ile 1•nCC\'. ITfJIIBaJOTCH MeTO/lbl KonneKTUBHoro :fCKopeHUH, 

y<:,,;opeHnH P!fl..3~U-I n .=tp. 
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• HcnonbsoaaHHe aapnaUHH MarHHTHoro nonH a coqeTaHHH c ~a-

3oTpoHHbIM npHHUHn0M' ycKopeHHH" nosaommT ocna6HTb Tpe6oaaHHH 

K aapnaunn qacT0Tb! no cpaBHeHHIO c o6bJqHblMH CHHXp0UHKn0Tp0Ha

MH n a TO )Ke BpeMH ocna6HTb Tpe6oaaHHH K MarHHTH0My nonro no 

cpaaHeHHIO C penHTHBHCTCKHM UHK'10TponoM., .lloCTH)KHM8H nnTeHCHB-" 

noCTb nyqKoB ycKopeHHb!X qacTHU 0K83bIBaeTCH npoMe)KyToqnoii MEl)K-
/21/ 

11.y cnyHaHMH CHHXp0UHKnoTp0Ha H UHKnoTpona • H3 cpaBHenHH 

napaMeTpoa ycKopnTeneii pa3nttttnbtX THnoa 11.enaeT!=H saKnroqenne 

06 oco6ofi npnro11.H0CTH penHTHBHCTCKoro UHKn0Tp0Ha 11.nH 'Me30nHofi' 

~a6pHKHq n BhlC0K0HnTencnanoro nefiTpOHHoro renepaTopa (Ta6nn-

' ua 11 ) • 

2 • .llBl!)Kenne 38PH)KeHnbIX qaCTHU B CT8UH0HapH0M 

MarnnTH0M none co cnnpanbH0fi aapnaunefi 

nan,e=ennocTn 

- Onpe11.enenne ycnoanii, K0Tf pb1e neo6xo11.nMo C03/l8Tb 11.nH To-

ro, qT06b1 o6ecneqHTb ycKopenne 3apH)KenHbIX qacTHll 11.0 )KenaeMofi 

aneprnn n HHTencnBH0CTH, Tpe6yeT T!IlaTenbnhlX TeopeTnqecKHX nc

cne11.oaannii ll pacqeT0B 11.IIHBMHKH 8Tl!X qaCTHU. B 11.HCCepTaµHH pac

CM8TpHB8IOTCH B0np0Cb! 11.nnaMHKH 11.nH cnyqag_ CT811H0Hapnoro MarnHT

noro nonH, aKcnanbnaH C0CT8BnHIO!Il8H HanpH)KeffH0CTH K0Toporo B 

Me/1.HBHH0ii nnoCK0CTH H3MenHeTCH nepH0/1.HqecKn'no pa11.nycy ll 83ll

MyTy, KaK 81'0 Heo6XOAHMO 11.nH UllKn0Tpona Ha aneprHIO nopHAK8 
/2 5/ 

1 faa ' • Ecnn orpattnqnaaTbCH cnnycon11.anhnofi aapnauneii, TO 

8T0 none M0)Kff0 npe11.cT8BllTb B BHAe 

H ( r, 0) = H (r) I J + f(r) sin [ a (r) - N 0] I· , z 

(1) 

r11.e r, 0, z - K00PAHH8Tb! UHnHH/1.pHqecK0H CHCTeMbI; H (r) -cpe11.-

8 

I 

I 

/ ,, 

.....-_':,~ 

nee sHaqettne HanpR)KeHH0CTH MarHnTHoro nonH, 06ecneqnaa10mee 

n0CT0HHCTB0 nepH0Aa o6pameHHH"i t (r) - rny6HHa B8plI8UHH HanpH

)KeHH0CTH MarHHTH0ro nonH, 0TH0llleHlle aMnnUTYAbl N -oii rapM"O-

HllKII HanpH)KeHHOCTH K cpe11.HeMy 3HaqeHnIO; a(9 - ~a3a B8pH8UHII 

nonH, saaHCH!IlaH or pa11.nyca (onpe11.enHeT cnupanbH0CTb aapnaunn); 

N -nepuo11.nqH0CTb CTPYKTYPbI nonH no 8311MyTy, 

Pell!eHne ypaBHeHnfi ABH)KeHIIH B·TaKOM none B nnHefinoM npH-

6nmKen11u nosaonsieT BbIAentITb CB060AHbie Kone6aHJrn C qacT0T8MH 

Q, ll Q. 0TH0Cl!TenbH0 38MKHyT0li op611Tbl r 
3 

:l . ' 

Q, =(I+ n) [ j + _"_3 _ ( f R,a') '] 
2N 2 N 

(2) 

:l 

Q = -n + ., 
f2R'a'2 t2 
--- + --N2 2 

(3) 

(n 
R dH 

n··a;- I a' 
,,., R 

da, 
a;- I,= R), 

II onpe11.enl!Tb 1!30XpOHHhlfi 38K0H pocTa cpeAHero nonH: 

H (r) 
H 

0 

r 
,J 1 - -;:-r 

2 e f' I 1 - ----(2+n+2r· -) I 
4N 2(J+n) f 

(4) 

00 

Ho 3HaqeHl!e HanpH)KeHH0CTI! nonH B ueHTpe ycKop11TenH, 

r 
C 

Cu = 2 'IT r- yrn0B8H qaCT0Ta o6pameHHH qaCTHUbl B 
00 (<) 

1111Kn0Tp one.· 

AHan11a pemeHl!fi ypaaHeHl!fi ABH)KeHIIH II0K83b!BaeT, qro 11.nH 

penHTHBIICTCKoro UHKnoTpona B03M0)KH0 H uenecoo6pa3HP Bb!6paTb 

CTPYKTypy nom1 C paBHOMepH0ii cn11panbH0CTb!O ( a' = 
,\ 

1 = const, 
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cnnpallb ApXHM81::ta/, a He06XO.QHMOe .QBH:1K8HH8 pa6oqeit TOqKH no 

o6naCTH ycToitqHBOCTR ( Qr , Q z J no.Q.ctep:1KHB8Tb H3M8H8HH8M BapH-

aUHH ' B.QOllb pa1rnyca, llnsi KOnbU8BOI'O <jla3OTpOH8 C Bapaa1meit 

M8I'HHTHOI'O nonsi uenecoo6pa3HOH SIBnsteTCSI CTpyKTypa, HanpHMep,· 

C a , - • ~ ' ' no3BOnSIJOIII8SI o6ecneqHTb noCTOSIHCTBO Qr H Q" 

BbI.QeneHHe co6cTBeHHbIX qaCTOT Kone6aHHit Q, 
. . :z :z ( 

aapuaHTHOCTb aenHqHH a Q H H b Q H a 
r r z z r 

HQ,, 

H b 
• 

/20/ 

H HH

aMnnH-

TY.Clbl Kone6aHHii: ) no3BOnSIIOT nonHOCTb!O pelllHTb Bonpoc O npocTpaH

CTBeHHOit ycTofiqHBOCTH . .QBH:1K8HHSI HOHOB B paccMaTpHB88MOM none 

38 HCKn10qeHH8M o6nacTell: pe3oHaHCHOI'O B036y:1K.Q8HHSI, Pe30HSHCH08 

B036y:1K.Q8HH8 Kone6aHHii: BO3MO:1KHO a6nH3H 3OH, I'.Qe co6CTB8HHbI8 

qacTOTbl y.QOBneTBOpSI!OT COOTHOlll8HHIO 

PQ ± qQ ± l (5) 

p, q, l uen~1e qHcna; ( Ip I + I q I) - onpe.ctenneT rropn.ctoK pe3o-

HaHca, l - COOTBeTCTByeT HOMepy rapMOHHKH 'ao36y:1K.Q810lllell: . 

CHnbI'. llnn nHHeii:HblX pe3oHaHCOB ·ycnoBHe ( 5) KOHKpeTH3HpyeTCSI B 

BB.Cle: 

Q,, • = l - npOCTOit pe3OH8HC, 

pl -
Q = --(p = 1, 2 ... ) - ilapaMeTpHqecKHii: pe3OH8HC, 

,, • 2 

Q + Q = + l (l = o,i,2 ... ) _ pe3oHalic .CBSI3ll, 
, - % -

( 6) 

TaK K8K aepXHHe rpaHHUbl o6naCTH ycToitqHBOCTH ypaaHeHHit 

CB060.QHbIX KOne6aHHl!: (npnae.QeHHbIX K <jiopMe ypaaHeHHl!: MaTbe) 

N N 
COOTBeTCTBYIOT Q = - H Q = _ 1 TO BCe pe3OH8HCbI, ne:1Ka-

r 2 . z 2 . . 
lllHe BHyTpll aToii: o6naCTH, MOI'YT BO3HHKaTb TOllbKO OT HH3lllHX I'8P"'." 

MOHHK no OTHOllleHHIO K OCHOBHOH nepHO.QHqHOCTH N 

10 

'.i 

. !j 

I 

I 
'1 

j 

. I 

~----

l13 HCcne.QOB8HHSI nHHeitHbIX pe3OHaHCOB Bb!BO.QSITCSI .QOnyCKH Ha 

HH3l11He rapMOHHKH B 8KCHanbHOii: KOMnoHeHTe MaI'HHTHOI'O nonSI H Ha 

rapMOHHKH OTKnoHeHHSI Me.QHaHHOii: noaepXHOCTH nonsi ( H = 0, H = 0) 
r · 0 

OT cpe.ctHeii: nnocKOCTH 3a3opa. llnn npoxo:1K.cteHHSI npocToro (uenoquc-

neHHoro) pe3oHaHca no pa.ctHanbHbIM Kone6aHHSIM npH Q, = 2 Heo6xo

AHMO 6bmO 6hI o6ecneqHTb TOqHoCTb lllHMMHpOBaHHSI MaI'HHTHOI'O nong 
,-4 • 

nyqllle qeM 10 • H, cne.QOBaTenbHO, ero MO:1KHO cqHTaTb HenpoxO:. 

, .QHMbIM, TaKHM o6pa30M HaKn8.QbIBa!OTCSI orpaHHqeHHSI Ha npe.QenbHYIO 

SHepI'HIO, KOTOpyro MO:1KHO nonyqH~b B penSITHBHCTCKOM UHKnOTPOHe • 

TT pH npoCTOM pe3OHaHce B ueHTpanbHOii: o6naCTH yCKOpHTensi ( Q = 1 j 
- . H , 

l = ] ) Tpe6oBaHHSI K aenHqHHe (-1-) OKa3bIBa!OTCSI 3HaqHTel!b-
H . 

Ho ( Ha nopn.ctoK) cna6ee.-

KaK noKa3bIBa!OT oueHKH, 11nn npoXO:1K.QeHHSI pe3OHaHCa Q ,.= ] 

Heo6XO.QHMO BbI.Qe·p:1K8Tb oqeHb :1KeCTKHe .QonycKH Ha OTKnOHeHue Me

.QHa.HHOii: noaepXHocTH ~oT cpe.ctHeii: rrnocKoCTH, noaToMy uenecoo6pa3.:. 

HO BbI6paTb T8KOI!: pe:1KHM .QBH:1KElHHSI H306pa:1K8!0lllHX ToqeK no o6nac

TH ycToii:qHBOCTH, npH KOTOpOM He nepeceKaeTCSI nHHHSI pe3OHaHca 

Q = 1. 
z 

4TO.KacaeTCSI napaMeTpHqeCKHX pe3OH8HCOB, TO npH npaKTHqe-

CKH ocymecTBHMbIX' napaMeTpax· UHKnOTpoHa aennqHHbl .ct~nycicoa Ha 

. ~ . 
COOTBeTCTByromHe rapMOHHKH nonsi ( --) COCTaBnSIIOT .Qonu npoueH-

H 
Ta, H, cne.ctoBaTenbHO, MO:1KHO .ctonycKaTb pe:1KHMbI, npu KOTOpb!X qac-

TOTbl Kone6aHHii: HOHOB B npouecce YCKOpeHHSI 6y.ctyT npoXO.QHTb 30-

Hbl napaMeTpHqecKOI'O pe3OHaHca. 

Hccne.QOBaHHe BHYTP8HHHX HenHHel!:HblX pe3OH8HCOB B penSITH

BHCTCKOM UHKnOTpoHe npHBO.QHT K 38KnroqeHH!O, qTo pe3OHaHC 4-ro 

nopSI.QKa ·no pa.ctHanbHb!M Kone6aHHSIM He npoXO.QHTCSI 6e3 cymeCTBeH

HbIX noTepb qaCTIIU, a .ctnSI npoXO:1K.QeHHSI pe3OHaHca 5-ro nopSI.QKa 

Heo6XO.QHMO i:J:pHHHMaTb napaMeTp cnHpanH A TaKHM, qT06b1 A > 2a • 
- 0 
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3neKTpOMarHHTHOe none COBOKynHOCTH· yCKOpS!eMbIX HOHOB 

BnHSieT Ha ABHlKeHHe OTAenbHOii 'ISCTHllbl, Bbl3b!BSSI H3MeHeHB8 11ac

TOTbl aepTHKanbHbIX H paAHanbHbIX Kone6aHBll, B3MeHeHHe 'ISCTOTbl 

o6pameHUSI H U3MeHeHU8 Ha6opa aHeprHH 38 o6opOT.' 3TH B3MeHeHUSI 

npu HeKOTopoii nnoTHOCTB 3apSIAa B ny11xe MoryT pTaTb TSKBMH, 'ITO 

npouecc ycKopeHHH 6yAeT uapywaTbCH e TBKHM o6pa3oM aTa nnoT

HOCTb 3apSJAa,onpeAenuT npeAenbHylO BHT8HCBBHOCTb ycxopuTenH. 

B 6onbWUHCT_Be paCCMaTpHB88MblX B AHCCepTSllBB 38AS'I pa3M8-

pbl H <l>opMbl ny'IKa TSKOBbl, 'ITO MOlKHO Bbl'IHCneHue aneKTpoMarH'BT

Horo nonSI ny11Ka npOBOAHTb_; AnH H8KOTOporo- 3SASHHOro pacnpeAen~ 

HHS! 3apHAOB _( 6e3 CTpororo· peweHHSI CaMocornaCOBSHHOll 38AS'IH) .= 

nocne HeKOTOpbIX AOnonHHTenbHbIX AOnymeHBii B npu6nmK8HHii 

6bmH nony1\leHbl npOCTble BblpalKeHBSI AnH npeAen&Horo TOKa ycxopH-_ 

8Mb!X HOHOB, orpaHH'IHBSeMoro: 

-- AeiiCTBHeM nonepe'IHblX COCTaBnHIOmux_aneKTPOMarHHTHoro 

/6 7/ 
nonH ny11Ka B H3OXpOHHOM UBKnoTpOHe t - : 

i np=. k 
[Q 2 · 2 .-(Q.- !lQ.,) ] !lE•MJ·h·f 

2 rr e 

(7) 

- AeiiCTBHeM npOAOnbHOii COCTaBnHIOIIIeii aneKTPH'l8CKOro nons· 
- ./16/ 

ny11Ka B penSITHBHCTCKOM llHKnOTPOHe 

i = 
- np 

2 /'5. E 2 
fl8(,_-) C 

q s h 
Brr Hie (h 1.- - ) 

2 

(8) 

Ael!:CTBHeM nonepe11HbIX COCTaBnsnomux aneKTpoMarHHTHOI'O · 

. . /6 7/ 
nonSI ny11Ka B CHHXPOUUKnOTpOH8 (unH $a3oTpOHe) ' : 

i 
np 

-Qi h • E,
0 

· 2 e V0 -v--2rre rrll..
8

E 0 

12 

cf, F' 
(9) 

- ' 
i 

~ 

-I 
I 

-l 
I 

·•.t' 

rAe !l 0 - 83HMyTanbHSSI npOTSllKeHHOCTb ny11Ka, - fl E - Ha6op 

8HepruH npOTOHOB 38 o6opoT, 2 h - BbICOTa' ny'IKa, e, E - 38pSIA 
0 

H SHeprug nOKOSI npOTOHa, I\ Q" AOilYCTHMOe H3MeHeHHe qaCTOTbl 

noA Ael!:CTBHeM npocTpaHCTBeHHOI'O 3·apS1Aa, q - KpaTHOCTb qac-

TOThl yCKOpSIIOIIIeI'O HanpHlKeHHH, 2h1 - anepTypa AYSHTOB, H 
• le 

HanpHlK8HHOCTb nonH Ha KOH8'1HOM PaAHyce ycKopeHHH, V
O 

- _aM-
• - n 1 

nnHTyAa ycKopsnomero HanpHlKeHHSI- Ha AYSHTe, K = 1 - ---- . -"---' i 
· · l+n -~2 

'P = qi y cos cf, + cos cf, - ( rr - cf, - cf, ) sin cf, def,, F - qaCTOTa MOAYnHUHH 
• • • 

B CHHXPOllHKnoTpOHe (HnH <l>a3oTpoHe). 

3. PenHTHBHCTCKUl!: npOTOHHhiii UHKnoTpOH 

llHKnOTpOHHbil!: MeTOA ycKopeHHH, xapaKTepu3yIOIIIHiiCSI pelKHMOM 

HenpepbIBHOI'O ycKopeHHSI npH noCTOSIHHOl!: qaCTOTe 06paI1IeH1rn, nO3B0-

nHeT nony11aTb BbICOKOHHTeHCHBHbl8 ny'IKH ycK_OpHeMblX 'ISCTHU np.u 

yMepeHHbIX aMnnHTYASX Bb!COKO'ISCTOTHOro aanpHlKeHHH. IlpHMeHSISI 

MarHHTHOe none C 83HMyTanbHOl!: Bapuauueii, MOlKHO cyIIIeCTBeHHO 

nOBblCHTb npeAenbHYIO aaept'H!O yCKOpHeMblX HOHOB B UHKnoTpoae; 

AOnonHHTenbHOe BB8A8HHe B BapuaUH!O MSI'HHTHOI'O nong cnupanbnoc-

/2 52/ 
TH OTKpb!B88T B03MOlKHOCTb ' peanH3OB8Tb IlHKnOTpOHHbil!: pelKHM 

AnH YCKOpeHHSI npoTOHOB AO SHeprHH B HeCKOnbKO COT Msa. 

Kax MOlKHO BHAeTb H3 BbipalKeHHl!: (7) H (8)' AnH nony11e1111S1 

ycKopennhIX AO sneprH.u 700-800 Msa npoTOHOB c HHTeHCHBHOC:TblO 

OAHH HnH HeCKOnbKO M.unn.uaMnep anonae AOCTaTO'lllbIM SIBnSieTCSI 

3HS'leH.ue qaCTOTbl aKc.uanbHbIX KOJ:te6aH.uii BCero 0,2-t0,3 OT 'ISCTOTbl 

o6pa·IIIeHHSI HOHOB, B 1-aKOM cnyqae, ecn.u .ucnonb3OB8Tb B CTpyKType 

MarHHTHOI'O no~g MSKCHManbHO ·AonycTHMYIO cn.upanbHOCTb, Tpe6yeMaSI 

rny6.uaa Bap.uaunn He npeBhICHT 30%, TaKoe 3Ha11e11.ue MOlKeT 6b!Tb 

nony11eHo B 3a3ope sneKTpoMarHnTa co cnnowHhIMH nonrocaM.u 6e3 

npuMeHeHHSI AOnonHHTenbHbIX TOKOBbIX o6M(?TOK, a nnwb C nOMOIIIblO 
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:lKene3HbIX IIIHMM, 3TO o6CTOSITellbCTBO ll03BOnSieT nepeo6opy11<>aaTb 

HeKOTOpbi8 ll8ilCTBYIOIµHe CHHXpOUHKnoTpOHbI B penSITHBHCTCKHEi_ UHKnO

TpOHhl Ha TY·:lK8 SHeprHIO, HOC HHTeHCHBHOCTblO ny'!Ka Ha 11aa-TPH 

· /5 6 8/ 
nopSlllKa 6onee BblCOKOil · ' •. • 

B llHCCepTaUHH H3naraIOTCSI HeKOTOpbl8 pe111eHHSI H3 npoeKTa 

"PU' 
1 

npe11ycMaTpHBaIOI11ero C031laHHe pemlTHBHCTCKOro UHKnOTpoHa 

Ha aHeprHIO npoTOHOB 700 Maa c HHTeHCHBHOCTbIO oKono l_MannuaM
/8/ 

nepa Ha 6ase 680 Maa. CHHXpOUHKnoTpoHa OHHH • 

0CHOBHb18 napaMeTpbi ycTaHOBKH 'PU" npHBOllSITCSI B Ta6nuuefl/, 

o6mHil BHll - Ha pac. 1, HHTeHCHBHOCTb ~KOB - a Ta6naue JV .• 

Pa6oTe Hall npoeKTOM npe11wecTaoaano cos11aHHe H sanycK a 

fla6opaTOpHH. S111epHbIX npo6neM OHHH a 1959 ro11y nepaoro a MHpe; 

asoxpoHHoro UHKnoTpoHa co cnapanbHOil aapaauaen: MarHHTHoro no-" 

/5 6/ . . 
nSI 1 • TeopeTH'18CKHe paC'ISTbl OTll8llbHbIX CHCTeM npoaepSinHCb 

. . mi 
Ha cneuaallbHO cos11aHHbIX Mo11enSIX H MaKeTaX 

BbIBOll, c11enaHHblfi Ha OCHOBe lleTanbHbIX npoeKTHblX npopa6o

TOK acex CHCTeM yCKOpHTen_si,paKn!O'!ancSI B TOM, '!TO TaKaSI peKOH:-_· 

CTPYKUHSI ll03BOnSieT HaH6onee 8KOHOMH'IHbIM o6pa30M H B HBH6onee 

KopoTKHit cpoK cosnaTh (a ycnoBHSIX OH.RH) "Me30HHYIO 4>a6pHKy" 

( -ra6mma iv · ). 
npo11BHH{8HH8 K 6onee BblCOKHM HHTeHCHBH.OCTSIM (HeCKOnbKO 

COT MHnnaaMnep) npH 8HeprHH nopS111Ka 1 ras OKa3bIBaeTCSI B03MO:lK-
/13 19/ 

HblM B :lK8CTK04>0Kycapy10I11eM KOnbU8BOM UHKnoTpOHe 
1 

• B llHC-

I 

I 

l 
• I 

'. I 

cepTaUHH paccMaTpHBaIOTCSI OCHOBHbl8 oco6eHHOCTH TaKoro UJIKnOTPo-;: 

Ha, B '!aCTHOCTH B03MO:lKHOCTb HCllOnb30BaHHSI CllHpanbHbIX YCKOPSl

!OIIIHX npoMe:lKyTKOB, JI npHBOllSITCSI npe11sapHTenhHbI8 napaMeTpbl H · 

CXeMa OllHOrO H3 BapHaHTOB ( TafinHUa ll[ 1 pHC, 2), 

no CBOHM xapaKTepHCTlIKaM H T8XHHK0-8KOHOMH'l8CKHM noKa"sa

TenSIM TaKOil UHKnoTpOH HMeeT B pSlllO cny'laeB npeHMYIIIOCTBa nepell 

14 

11pyrHMH THIIaMH yCKOPHTeneii, OnHaKO HeKOTOpbIO 4>H3H'IOCKHe H 

TOXHH'IOCKHe acneKTbl npo6neMbl C03118HHSI penSITHBHCTCKOro UHKnOTpo

Ha C :lKOCTKOH 4>0KyCHpOBKOH Tpe6y10T nposeAeHHSI "6onee neranhHbIX 

TeopeTH'IOCKHX H 8KCnepHMOHTanbHbIX HCCneAOB8HHH1 MOAennpOBBHHsi 

_H KOHCTPYKTOpCKHX pa3pa6oTOK, EesycnoaHo, B 'IHCne nepsooqepe11-

Hb!X 38118'1, B 8TOM PSlllY cne11yeT HB.3B8Tb Mo11enHpOB8HHe a4>cpeKTOB 

npocTpaHCTBOHHoro sapS111a, orpaHH'IHBBIOIIIHX HHTeHCHBHOCTb ny'!Ka. 

llnH 8KCnepHMOHTanbHOro uccnenoaaHHH IIOBeAeHHH ny'!Ka B 

UHKnoTpOHe npH Bb!C_OKHX nno1:aoCTHX ~apS111a s fla6oparopHH HllOP!JbIX 

npo6neM 6bm cos11aH aneKTPOHHblli aaanor ( Mo11enb) penSITHBHCTCK0-

/15 17/ 
ro )KOCTKO<i>OKYCHPYIOIIIero UHKnoTpoHa • • 

Ha aneKTpoHHOH M011enH npe11ycMaTpHB80TCSI MOAenHpOBaHHe 

a4>4>eKTOB B npoTOHHOM UHKnOTpoHe Ha 8Hepruro 810 Maa C BepTHKanb

HOH )KOCTKOCTblO MarHHTHOH CHCTOMbl Q z =l,l-tl,35 H 6onee npH 

TOKe ycKopeHHbIX rrpoTOHOB B HeCKOnbKO COT MHnn.HaMnep. Ha y_cno

BHH AHHBMH'IOCKoro nono6HSI MO)K/:\Y aneKTpOHHOH Monenhro a npOTOH-

HblM llHKnOTpOHOM BbITeKalOT COOTHOIIIOHHSI MO)KllY TOK8MH i H i 

MOllenH H HaTypb1: 

ie 
--= 
i 

p 

no rronepe'!HoMy 11eiiCTBH10 

- i e 

i p 

e P 
l':i.EeheHo Eo 

p e 

!:i.EPhPHO Eo 

rrong ny'!Ka, H , 
. 2 P h 
t\ E H (h - -) q 
.eo 2PP 

2 e A 
!:i..E H (h --) e q 

P O 1 2 e 

rro npononhHOMY llOHCTBHIO nong ny'IKa, 

e p 

(10) 

_(11) 

3necb HHAOKC "e "OTHOCHT COOTBOTCTBYIOIIIHe senH'IHHbl K 

aneKTpOHHOH M011enH, a HHllOKC 'p"- K MonenHpyeMOMY rrpOTOHHOMy 

ycKOPHTenro; rrpe11rronaraeTCH, '!TO q /)..0 q /)..0 • 
e e p p 
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B ia6nHue V J::taHbl OCHOBHb18 napaMeTpbl sneKTpOHHOfi MOllenn, 

a Ha pHc. S - ee o6nm.fi. BHA, 

B llHCcepTaUHH npHBOllsTcst·peaynbTaTbl nepBoro sTana HCcne

JloBaHHfi Ha MOAenH, KOTOpb1e noKaaanH · OTCYTCTBHe KaKHX-nH6o llO

nonHHTenbHbIX s4,qieKTOB, CBst3aHHbIX C npocTpaHCTBeHHblM aapstAOM, 

npH sneKTpOHHbIX TOKax, COOTBeTCTByIOmHx npOTOHHOMY TOKY 6onee 

200 MHnnHaMnep (pHc,4). · 

4. <t>aaoTpOH C aapHauHeit MarHHTHoro nonst 

ITpHMeHeHHe npocTpaHCTBeHHOfi aapHaUHH MarHHTHOro nonst OT

Kpb1BaeT HHTepeCHbie BO3MOJKHOCTH pa3BHTHR CHHXpOUHKnOTpOHHOro 

MeTOJla ycKopeHHR H ycoaepmeHCTBOBaHHst yJKe JiefiCTByIOmHX CHHXpo

UHKnOTpOHOB C uenbIO cymecTBeHHoro nOBbIIlleHHst HX HHTeHCHBHOCTH, 

3TH B03MOJKHOCTH o6ycnoaneHbl, c OllHOfi CTOpOHbJ, CMstrqeHHeM TPYA..; 

HOCTefi, CBst3aHHbIX C nOBbIIlleHHeM yCKOpst10mero HanpstJKeHHR 6na

roAapst yMeHbilleHHIO JlHanaaoaa H3MeHeHHst qacTOTbl yCKOPHIOmero 

HanpHJKeHHH, C Jlpyrofi CTOpOHbl, yMeHbilleHHeM napaMeTpa 'K' 1 qTo 

B COBOKynHOCTH1 KaK 3TO BHJlHO H3 (9), MOJKeT npHBeCTH K 3HaqH

TenbHOMY. ('no 50-100 MKa) yaenHqeHHlO TOKa ycKopsteMbIX npoT0-

/21 / 
HOB 

B llHCCepTaUHH HccneAyeTCSI l1BHJKeHHe HOHOB B ueHTpanbHOfi 

o6naCT}! q>a30TpOHa C aapHauHefi nonst. ITpHBOJlRTCR nonyqeHHbie KPH

TepHH JlnH BbI6opa napaMeTpOB CTpyKTYPbl MarHHTHOro nonH H llO-', 

nyCKH Ha HHX. B qacTHOCTH, noKa3bIBaeTcst, qTo Bb16op napaMeTpa 

"I("' B UeHTpe YCKOpHTenH cymeCTBeHHO MeHbillHM ellHHHUbl npHBOJlHT 

K JlOnOnHHTenbHOMY JlOnycKy Ha MarHHTHoe none B 3TOfi o6naCTH no 

ycnoBHstM 4,aaoaofi ycTofiqHBOCTH B TeqeHHe nepaoro 4,aaoaoro Kone-

6aHHst. 

16 

B CBst3H C.TeM, qTo JlOCTHlKHMast HHTeHCHBHOCTb onpe/lensteTCst 

3HaqeHHeM Q z B UeHTpanbHOii: o6naCTH, rile MarHHTHast 4,oKyCHpOBKS 

cna6a (HnH B006IUe OTCyTCTByeT), TmaTenbHO.HCcneJlOBanocb Jleii:cT

BHe yCKOpRIOIUero nong llY8HTa Ha 8KCHSnbHOe JlBHJKeHHe HOHOB B 

· /21,~2/ " 
ueHTpe YCKOPHTeng • IT OK83bIBSeTCSI I 'ITO 4>0KyCHpy10mee /l8HCT-

BHe imeKTpH'ieCKoro nong npH HeKOTOpb!X ycnoBHRX (ocymeCTBHMb!X 

B ~apHaHTe 4,a30TpOHS C B8pHSUHeii: UOnst) cpaBHHMO C MarHHTHOii: 

4>oKycnpOBKOfi Ha nocneJlyIOmHx paJlHycax H BnonHe JlOCTaTO'iHO JlnH 

o6ecne'leHHR HHTeHCHBHOCTH, onpenensteMoii: (9). Ha PHC, 5 IlPHBeJle

Hbl 3Ha'ieHHR Q z3 Jlnst HeKOTOpblX pelKHMOB H napaMeTpOB yCKOpH

Tenst. 

.Uanee paCCMaTpHBaercst aKCHanbHOe JlBHJKeHHe 'i8CTHU B UeHT

pe C yq~TOM npocTpaHCTBeHHOro aapstJla. Ha pnc. 6 IlOKa3aHa pac~ 

C'iHTaHHaH Ha 3BM rpaHH'iHast TpaeKTopnst HOHOB, He coyJlapst10miixcs 

C IlOBepXHOCTRMH OCHOBaHHii: llY8HTOB, npn TOKe ycKopeHHb!X npoTO-

HOB 160 MHKpOaMnep. 

B 3TOfi rnaBe llHCcepTaUHH paCcMaTpHBaIOTCSI o6oCHOBaHHR oc-· 

HOBHbIX pemeHHfi npoeicTa nepeo6opyJloaaHHst CHHXPOUHKnoTpoHa 011.RH 

B CHnbHOTOqHblfi 4,a30TpoH (ycTaHOBKa .,~,) 1 KOTOpblii. B HaCTOHmee 

/21/ 
apeMH peannayeTcst 

B Ta6nHue 1/l npHBeJleHbJ OCHOBHbie napaMeTpb! 3TOro 4>aa0Tpo-

Ha, HHTeHCHBHOCTH ny'iKOB - B Ta6nHue IV , Ha PHC, 7 ..; ero 

o6mHii BHJl, a Ha PHC. 8 - cxeMa IlY.'iKOB H nnaH aamHTbI. 

' 

17 



5. 0 HeKOTOpb!X B03MOlKHblX npuMeHeHHSIX ceKTOpHOii 

CTlll'.mE,bl MarHHTl!OrO nomr l]ml cna6op_emITHBHCTCKH~ 

UHKnoTpOHOB 

norHK8 pa3BHTH.II _UHKnoTpbHHoro MeTOll8 ycKopeHH.11 H pacnpo

CTpaHeHHe ero H8 o6naC:Tb 8HeprHii B HeCKOnbKO COT MaB npH_ Bbl

COKOii HHTeHCHBHOCTH ny'IK8 noTpe6oaana npHMeHeHH.11 MarHUTHbIX. 

CHCTeM, COCTaBneHHbIX H3 OTllenbHblX cnupaneBHllHbIX ceKTOpOB. 

0Ka3anocb, Ol]HaKo, 'IT~. npHMeHeHHe ceKTOpHoii cTpyKTYPbl (pallHanh'."' 

HOA HnH cnupanbHOH) Il03Bon.11eT TaKlKe HaHTH ny'IWHe peweHH.11 lln.11 

HeKOTOpb!X cneuuanbHbIX 3alla'I ycKopeHH.11 qaCTHll H B cna6openmu

BHCTCKOH o6naCTH aaeprHH, qeM aTO yllaeTC.11 CllenaTb npH ucnon&-

30BaHHH MarHHTHOH CHC.TeMbl co cnnoWHb!M nomocoM. 

B llHCCepTaUHH paccMaTpHBaeTC.11 llB8 npellnOlKeHH.11 TaKoro po-
. /30,34/ 

Ila, COaBTOpOM KOTOpbI:x; .11an.11eTC.1! llHCCepTaHT : 

a) nonyqeHH~ HHTeHCHBHbIX ny'IKOB npOTOHOB H HOHOB p~a 
. -4 

nerKHX .lllleP C M8nbIMH aaepreTH'IeCKHM pa36pocoM ( ~ 10 ) H Ma-

noii yrnOBOH paCXOllHMOCTblO npH WHpOKOH perynHpOBKe aueprHH qac-

THU; 

6) nonyqeHHe 

MeHTOB (annoTb llO 

ro 6ap&epa. 

HHTeHCHBHh!X ny'IKOB llOHOB caMhIX TIDKenhIX ane

ypaHa) C aueprHeii Ha HyKnOH Bblllie KynoHOBCKO-

3a nocnellHHe rOllbl CHnbHO Bblpoc HHTepec K HCCnellOBaHH.IIM 

aTOMHoro .lll]pa C IlOMOillblO 3ap.11JKeHHbIX qacTHU, 06na1laIOIUHX Bh!COKOH 

CTeneHblO MOHOaHepreTH'IHOCTH. 3TOMY B 3Ha'IHTenbHOH cTeneHH cno

co6CTBOBanH ycnexH B pa3BHTHH aneKTpocTaTH'IeCKHX TaHlleM-reuepa

TopoB, Ha KOTOphIX MOlKHO nony'IaTb ny'IKH qaCTHU llO 25-35 MaB 
-4 . 

c auepreTH'IeCKHM pa36pocoM_ nopMKa 10 npn nnaauoii perynnpoB-

Ke aHeprHH. 
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OaHaKO HOBhIM Tpe60B8HH.IIM <pH3IIKOB, CB.113aHHhIM C IlOBbIWeHHeM 

auepnrn npOTOHOB llO 100 MaB H HHTeHCHBHOCTH ny'IKa ycKopeHHh!X 

'IaCTHU LIO 50-tl00 MHKpOaMnep, aneKTpOCTaTH'IeCKHe TaHlleM-reuepa

TOphI, IIO-BHLIHMOMY, ylKe He CMoryT YLIOBneTBOpHTb, J:18:lKe ecnn C'IH

TaTb, 'ITO B. 6nn:1Kaiiwne rOllbl YllaCTC.11 LIOCTH'Ib Ha HHX aueprnn 

40-45 Maa npn HHTeHCHBHOCTH. a HeCKOnbKO MHKpoaMnep. 

B CB.113H c .C03L1aBIIIeiic.11 CHTyau"11eii 6uno npeanp11~.11To paccMoT

peHl!e B03MOlKHOCTI! llOCTl!:lKeHl!.11 Tpe6yeMOH MOHOaHepreTl!'IHOCTI! nyq-
. ~ . . 

KOB ~ 10 np11 aHeprHRX ~ 100 MaB II TOKaX JJ.0 100 MKa B 1!30XpOH-

Hh!X Ul!KnOTpoHax. 

KaK IlOK83hIBaeT aHan113, OCHOBHhJe perneHH.11 an.11 MOHOaHepreTl!

qecKoro Ul!KnOTpoHa C H83_B8HHb!MH BhIIIIe napaMeTpaMI! npeacTaBnmoT

C.11 KaK HeKOTOpa.11 nocneJJ.OBaTenbHOCTb JJ.OCT8TO'IHO onpeaeneHHhIX 

cneLICTBIIH. 

3TH pernea11.11, 8/J.eKBaTHhie IlOCTaBneHHO.ii 3aJJ.a'Ie; MoryT -6hITb 

Bhlpa:lKeHhl cneayIOIUl!M o6pa30M! 

a) MarHHTHa.11 CHCTeMa - qeThipexceKTOpHa.11, 6e3 CIIHpanbHOC

TI!, C H1!3Kl!M · cpeaHl!M 3H8'10Hl!eM Hanp.11:lKeHHOCTI! non.11. 

6) YcKOp.llIOIIJa.11 CHCTeMa - JJ.B8 OCHOBHhIX YCKOp.llIOIUl!X aneKT

·poJJ.a, pa6oTa!OIUHe Ha llBOHHOH KpaTHOCTI! OT '18CTOThl 06pameH11.11, 
. 0 . 

l!MeIOT yrnoayIO npOT.11:lKeHHOCTb 90 .H pacnono:lKeHhl B IIpOTIIBOIIO-

no:lKHbJX KBaJJ.paTax TaK, 'ITO ycKOp.llIOIUl!e men11 HanpaBneHhl BLIOnb 

paa11yca no OC.IIM CMe:lKHhJX MarHl!THhIX ceKTOpoB; /J.B8 aononHl!Tenb

li°hIX ·aneKipoaa·, p~6oTaJOIUlie Ha rnecToH KpaTHOCTff OT 'IaCTOThJ o6pa-
. . ·o 

IUeHl!.11,ffMeIOT yrnoByIO npOT.11:lKeHHOCTb 30 H pacnono:1KeHhl B JJ.BYX 

11.pyrux npoMeJKyTKaX MelK/J.Y CeKTppaMll. 

B) c;:; HCTeMa Bh!BOJJ.a - OT_KnOH.IIIOIUee ycTpOHCTBO, ycTaHaBnl!Ba

eMoe B npoMeJKyTK·e MelKJJ.Y MarHl!THhIMII C8KTOpaM11. 

r) Bap11aun.11 aHeprnn 'IaCTIUJ nyqKa 11.ocT11raeTc.11 nepeMe.IUeHffeM 

OTKJIOl!SIIOIUero _ycTpOIICTBa BJJ.Onb pa11.nyca, T.e. 6e3 H3MeHeHH.II ypoB

Hsl ~ll!I'IIHTHOI'O non.11. 
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A) 11HmeKUHSI - BHelllHSISI,OT aneKTpOCTaTHqecKoro ycKOpHTenSI 

Ha 3Heprmo OKOnO ·1 MaB. 

B AHCCepTaUHH npHBOASITCSI npoeKTHble cooopameHHSI no MOH0-
/30/ 

aHepreTnqecKOMY UHKnoTpOHY (npoeKT 'MU' O11Hl1) , ocHOBHhie 

_napaMeTph1 xoToporo npHBeAeHhI ·B Taonnue VI , a oomaSI cxeMa -

Ha pHCo 9 0 

TTyqKH ycKopeHHblX H0HOB paannqHbIX H30TOnOB TSimenbIX ane-

MeHTOB SIBnmoTCSI OAHHM H3 MomHhlX cpeACTB B nccneAOBaHH~ no 

MepHOll ~H3HKe. 11cnonb30BaHHe TaKHX nyqKOB C03AaeT IIIHPOKHe 

B03MO)KHOCTH AnSI o6pa30BaHHSI H nayqeHHSI HOBblX H30TonoB, B TOM 

qn_cne H AaneKHX TpaHcnnyTOHHeBhlX aneMeHTOBo 11MeHHO Ha nyqKaX 

ycKopeHHblX HOHO_B (aproHa, HeOHa) CHHTe3HpOBaHbl HaHoonee TSimenhie 

H3 TpaHcypaHOBblX aneMeHTOB. TTepcneKTHBhl AanbHeHIIIHX nccneAOBa

HHll o6ycnoBnHBaIOT HeooXOAHMOCTb ycKopgTb 6onee TS1menb1e HOHhl •. 

B AHCCepTaUHH paccMaTpHBaeTCSI cxeMa ABYXCTyneHqaToro yc

KopeHHSI TgmenhIX HOHOB, ncnonbay10maS1 CTpHnnHHr Ha npoMemyToq

HOM 3Tane ycKopeHHSI, BKn10qa10maS1 TOnbKO OAHH. yCKOPHTenh - KOnh

ueBOH UHKnOTpOH C mecTKOll ~OKYCHPOBKOllo TTpoaHanH3HpOBaHhl oc

HOBHbie COOTHOllleHHSI, onpenenSIIOmHe B03MO)KHOCTb TaKOll cxeMblo 

TTpeHMYmeCTBa aaKnIO'laIOTCSI B ee KOMIIaKTHOCTH H 3KOHOMHqHOCTH 

no cpaBHeHHIO co cxeMaMH, ncnonb3yIOmHMH nBa ycKOpHTenSI npH- . 

MepHO onnHaKOBblX ra6apHTOB, npH BhlCOKOll llHTeHCHBHOCTll ny'IKa 

12 · 
(no "' 10 noHoB/CeK nnSI noHOB BnnoTb no ypaHa npH aHeprnn 

Ha HyKnOH Bbillle KynOHOBCKOPO 6apbepa). 

0 CHO B H bl e B hi BO n hi ll3 nccnenoBaHHH, nanomeHHblX B 

HaCTOSimen nnccepTaUHll, KpaTKO MoryT 0hlTb CBeneHbl K cneAYIOllle-

MY: 

1. 11cnonb30BaHHe CTaUHOHapHoro MarHHTHOrO nonSI C npocT

paHCTBeHHOll Bapnaunen HanpgmeHHOCTH, CHHMaH orpaHHqeHHH, Ha-

20 

', 

naraeMble 8KCHanbHO-CHMMeTpH'1HbIM MarHHTHhIM noneM Ha UHKno

TpOHHblll MeTon ycKopeHH.11, OTKPhIBaeT lllllp0KHe B03MO)KHOCTll paa

BHTH SI 3TOI'O MeTOAa • 
0

3TH B03MO)KHOCTH, B nepByIO O'lepeAb, 3aKnIO'laeTCSI B TOM, 

'ITO 3H~qnTenbHO (Ao AByx·nopHAKOB) nOBbllllaeTCSI npeAenbH8SI 3Hep

I'HSI. YCKOpsieMblX npoTOHOB npn TeXHH'leCKH peannayeMblX B HaCTOH-. 
mee BpeMsi aua'leHnHX ycKopmomero uanpHmeHnsi, npn aToM coxpa-

usieTcH Bb!COKaSI HHTeHCHBHOCTb ny'IKa, o6ycnoBneHH8SI pemnMOM 

uenpepbIBHoro ycKopeHnH. 

TTpeAenbuasi aueprnSI nopSIAKa 100 MaB (nnn HeCKOnbKO 6onee) 

M0meT 6b!Tb AOCTHrHyTa B UHKnOTpOHe c MarHHTHblM noneM, BapbH

pyeMblM TOnbKO no a3HMyTy. OAHaKO AnSI AOCTH)KeHHSI 6onee BblCO

KHX 3Ha'leHHll 3HeprHH YCKOpHeMblX npOTOHOB He06XOAHMO ncnonb-

30BaTb cnnpaneo6paaHy10 Bapnaun10, T.e. TaKoe MarHnTHoe none, 

HarrpSimeHHOCTb KOToporo nepnonnqeCKll H3MeHHeTCSI H no a3HMYTY, 

H no paAnycy. LlnH UHKnoTpOHOB Ha 3Heprn10, 6nn3KYIO K 1 faB, 

HMeHHO cnnpanhHOCTb Bapnaunn AaeT OCHOBHOH BKnaA B aKcnanbHYIO 

. ~OKycnpOBKy·. 

2. ~ccneAOBaHne 3~~eKTOB npocTpaHCTBeHHOro 3apSIAa YCKO

psieMoro ny'IKa noKa3ano, 'ITO B03MO)KH0 B penSITHBHCTCKOM UHKnO

TpOHe Ha 3HeprHIO rropSIAK8 1 faB nony'IHTb HHTeHCHBHO_CTb nyqKa 

npOTOHOB OT HeCKonbKHX M!mnnaMnep AO :rnCK0nhKHX COT MHnmrnM-: 

nep, npn 8TOM B Ka'leCT_Be orpaHH'IHBa10111ero ~aKTopa MOryT npOHB

nSITbCSI nn6o nonepe'IHhie KOMnoHeJITbl aneKTPl!'leCKoro n MarHHTHO

ro nonsi ny'IKa, n1160 a3HMyTanbHaSI KOMilOHeHTa aneKTp!!'leCKOro 

nonsi ny'!Ka. 

3. 11HTeHCIIBHOCTb 13. HeCKOnhKO COT MnnnnaMnep npn 8Hepr1m 

npOTOHOB nopSIAKa 1 f3B MOmeT 6hlTb AOCTHPHyTa npn HCnOnb30Ba

HHH cnnpanbHb-ceKTOpHOH MarHHTHOll CH~TeMbI, n03BOnSIIOlllell nony-
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'IHTb 3Ha'l8HHSI Q z> i ( :lK8CTKaSI ljloKyCHpOBKa), H BH8ll1Heit HH:lK8_KUHH 

C 9H8pI'Heit B H8CK01Ib.K0 A8CSITKOB MaB (K01IbUeBaSI MaI'HHTHaSI CHC

TeMa). TaKoit K01IbU8BOit UHKllOTpOH C .:lKeCTKOit ljJOKYCHpOBKOii, cox

paHSISI B 3Ha'IHT8llbHOit CTeneHH AOCT0HHCTBa UHKllOTPOHa - BblCOKOe 

Ka'leCTBO ny'IKa, HaAe:lKHOCTb pa60TbI, - HMeeT nepeA APYI'HMH yc

KOpHTenSIMH B 9T0it o6naCTH 9HepI'HH TO npeHMYIU8CTBO, 'ITO OH 

9KOHOMH'IHee HX KaK npH C03AaHHH, TaK H B npouecce 9KCnnyaTaUHH. 

OH MO:lKeT cny:lKHTb xop0llleit OCHOBOii AllSI C03AaHHSI HCCneAO.BaTellb

CKHX KOMnneKCOB THna CB:epxMOIUHbIX 'Me30HHblX ljla6pHK' H BblCOKO

HHTeHCHBHbIX HeiiTpOHHbl~ I'eHepaTopoB. ·-

4. 11cnonb30BaHH8 .MaI'HHTHOI'O nonsi co cnnpanbHOit BapHaUHeit 

HanpSI:lK8HHOCTH OTKpbrnaeT HHTepeCHbie B03MO:lKHOCTH nepeo6opyAO-. 

BaHHSI ( peKOHCTpyKUHH) cymeCTBYIOIUHX CHHXpOUHKllOTpOHOB Ha 9Hep

I'HIO B HeCKOllbKO COT MaB B UHKllOTpOHbl (penSITHBHCTCKHe) HllH B. 

ljlaaoTpOHbI. 8 nepBOM Cily'lae HHTeHCHBHOCTb ycKOpHTensi MO:lK8T 

6bI,Tl:! nOBblllleHa Ha ABa-TpH nopSIAKa, a BO BTOpOM Cny'lae .., . Ha 

OAHH-nonTopa nopSIAKa. nocneAHHit nyTb noaaonsieT npH MHHHMallbHbIX 

3aTpaTaX C03AaTb ny'IKH M830HOB, no HHT8HCHBHOCTH AOCTaTO'IHbl8 

AllSI BbmonHeHHSI 3Ha'IHT8llbHOit 'laCTH 9KCnepHM8HTOB H3 nporpaMMbl 

.. Me30HllblX ljla6pHK ... Bo3MO:lKHOCTH nepaoro H BTOporo BapHaHTOB 

peKOHCTpyKUHH HllllIOCTPHPYIOTCSI B AHCCepTaUHH noAp06HO paapa6oTaH

HbIMH npoeKTaMH nepeo6opyAOBaHHSI CHHXpOUHKllOTpOHa OHHH, npH'leM 

BTOpoit aapHaHT peKOHCTpyKUHH - nepeo6opyAOBaHH8 CHHXpOUHKllO

TpOHa B CHllbHOTO'IHbiii ljla30TpOH (npoeKT "<t>*) - B HSCT
0

0Siiuee Bpe

MSI peannayeTcsi. 

5. CeKTOpHaSI CTpyKTrpa MSI'HHTHOit CHCT8Mbl UHKllOTpOHa, K 

KOTopoit npHBOAHT llOI'HKa pa3BHTHSI UHKllOTpOHHOI'O MeTOAa, npHMe

HeHHaSI K UHKllOTpOHaM Ha 9HepI'HH B HeCK01IbKO A8CSITKOB MaB, no-

3BOnSieT B HeKOTOpblX cny'laSIX npHAaTb 9THM MSlllHHaM _H0Bbl8 Ka

'leCTBa. 
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Ebina npeAllO:lKeHa H HCCll8AOBaHa cxeMa _UHKllOTpOHa Ha 9Hep

I.'HIO AO 100 Maa, B KOTopoit y:lKe B npouecce ycKopeHHSI o6ecne'IH-
. -4 
aaeTCSI MOH09HepreTH'IHOCTb ny'l'.Ka 10 npH B03MO:lKHOCTH nnaBHOit 

perynHpOBKH 9H8pI'HH B lllHpOKHX npeAenax H npH HHT8HCHBIIOCTH 

ny'l'.Ka B H8CK01IbKO A8CSITKOB MHKpOaMnep. 

IloKa3aHo, 'ITO :lK8CTKOljJOKYCHPYIOIUaSI K01IbUeBaSI CeKTOpHaSI 

MaI'IIHTHaSI CHCTeMa noaaonsieT ocyme<;:TBHTb ABYXUHKllOBblit pe:lKHM 

ycKopeHHSI c nepeaapSIAKOit HOHOB nyTeM o6AHPKH aneKTpOHOB npn He

KOTopoit npoMe:lKyTO'IHOit 9HepI'HH. 
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TaCSmu:ia m 

OCHOBHile npoeKTHUe nap8J,leTpH ycROpnT~Jiell Plt, I H P.l1l 

-------------------------------------------------------------------
n a p a u e T p H 

I'eJI ffTHBHCTCRHll 
J:iHKJIOTpOH, 

Pit 

CH.II ~oqm;itt PeJI 11THBHcTcK. 
ii,aaoTpoa:, J:iHMOTpon: C 

xectK.\t)ORyCHi 
I P.!Il 

------------------------------------------------------------------------
I. 

2. 

8. 

3Heprn11 ycKO:peIIm,!X npOTOHOB,M0B 

TOK ycxo:pemmx npOTOHOB, ua 

Ilpe,118JI :r.mtll TOK ,ua: 
no "nonepe,moicy" aap~y. _ 

no "npo,110Jia11ouy" aapffAy 

700 
0,5-I,O 

IO,o 

57,0 
4. 
5. 

6. 

3Heprn11 HH;iceKTnpye:a.n.r:x npOTOHOB,M0B 

KoHe '!HLI:11 pa,11J"YO ycxopeBna,cu 

Cpe,11Hffll Hanp~HHOCT» Ha 
825 

l87'78 
0 7. 

a. 

9. 

m. 
II. 

I2. 

!8. 
14. 

ROBe'l'.HOU pa.,11nyce, 3 

Pa,11nyc nREeKi:inn, cu 
Cpe,11H1111 Hanpll:!(e1mocT1, Ba pa-

,11nyce HlllteKi:iHH, 3 

l!l!CJIO cnupaJiett BJIB CeKTOpOB 

'tfaCTOTa axcHaJI l>lWX KOJI eCSaB![lt 

'tfaCTOTa. Pa,l{HaJI .mix KOJieCSama:1t 

~aCTOTa ycKOplll)m;ero llOJI11,Mri:i 

Kpo.THOCT:& ~aCTOTH ycKOPJlll~ero llOJIH 

l!l!CJIO ,11yastoB /:peaosatopoB/ 
I5. MaKcuKaJil,Jlilit HaCSop 0KBprnu ea 

oCSopol', :itoB 

I6. AnepTypa ,11yaHta BJIII llleJielt,cll 

17. CnocoCS Bapuai:inn wcTOtR 

18 • 'tfaCTO!l'a JlO,l{YJifil:\HH, ri:i 

19. A1m.'InTy,11;a HanpneHH11 Ha :eapua
Tope, xB 

20. 8aaop Ke~,11;y CllHPaJifflilll lfIH llOlll)C
BW(H HaKOHB'lHHKallH,Cll 

2I. Bee 3JieKtpoKaI'J[HTa, T~ 

22. l!.Om;HOCTo m1Ta1m11 :warml!l'HOl-l CHCTe
JlH 1 KBT 

28. IloTepn uam;HOCTH B B.~,cBCTeue,KBT 

24. AanMyT8Jil,lI8H npOT.ff,:eHHOC!l'l> n~a, 

7887 

8 

0,24+o,29 

I,0+-I, 8 

12,05 

I 
2 

400 

5. 
Bet 

0 

14,6+22 

7700 

2100 
2500 

0,5 pa,11 
25. CTOHIJOCT:& pMOT no coopy"1teHHD 

ycxopnTeJI11,»Mv•1a.H nouem;e:1rne,JlJIB p~ 25 

3[1 

• 680 

0,05-0,r 

o,r 

2'(U 

!6276 
0 

II900 
4 

~0,2 

· r.r,2 

I8,2tI4,4 
I 
I 

IOO 
61-IO 

Bp~a,;,m;uttca 
KOH,l{eBCaTop 

600t-'(UO 

40+-50 

II, 7•80 

7700 

IIOO 
200 

2,5 

IO 

BIO 

IOO 

500 
818 
50 

640" 

7679 
250 

4840 
8 

I,85t-I,4 
I ,07-t2,o· 

25,2 
4 
4 

IOOO 
IO 

HeT 

0 

20 
6000 

4000 

500 

0,25 

_,!CO 

TaCSJim:ia . IY 

l!RTeBCliUIHOCT J, ny~OB '!D,CTHJ\ O!r peJiffTl'IBHCTCKOro l:lliltJ!OTpOHa /PIJ/ 
H CWI:&HOTO'lHOrO 4>aa0Tpona /i/. 

---------------------------
Ily~H WC!rHII 

------------------------------] 
PeJI.11Tn»ncrc1tntt CWI:i,noTo,nm:tt Cnnxpo~uK~OTpoE 
J:iHMOTpOH Pn ~30Tp0B ~ Ollflll 

3Hep-,V1HTeHCHB- -8Hep-rIDl:TeHCHB!_ 8Hep1llHTeHCHE 
ru11, HOCTI, Ha rn.11, HOCTl, Ha rnn, HOCTI> HB 
[Ma B ,I anicy)J M3 B ,II Wili;yt) M0 B . ,I D.HHJ'?) 

mom;a,111, mom;a,111, . · mom;a,11:r. 
B cex B cex B cex 

- , -i-- -r. IIpoToJW )BHYTIJeHBatt nyqoK/700 500uKa 

2. IlpOTOBR/Blrne,!leHHHH ny'f1.0K/ 'iUQ 2,7,IQ!5 
I2 cu2 

680 I 50 MKS' 680 2,8 JlR8 

'6ao r,5.IOI4 665 4.ror( 
I2CM ~,: 

8. Ilonepe'l'.Ho-noJixpnso»aHmie 6'(U i.:..IQ;~ 2 npOTOBR 20 CU 

9 r 
620 16.IO 2 685 4,6.10~ -wcu ] cu 

9 : 7 4, Ilpo,110JIJ,BO-noJIJq1Hao»awm:e 6'(U 4.IOIO 2 11 . npOTOllll - 20 CM 

l 5. HettrpOBR /na BCD 0CS.11acn 550~E ~ 2 
- cnenpa/ -680 20 cu 

620 ~ 2 _ 6I2:~ 
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7 I i 6 500~E 6 • IO 2 50~E: ~ 2 
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I 
. I 
/I 

6,.3neKTpoHH KOHBepcnn BaMM -
KBSHTOB OT pa.cna,11a n - ueaOliOB 

7. ra1um-KBSHT.LI gir iacna,11a 
Il.ueaOBOB 

8. n+ - MeaoH!al 

9. Il- - Me30Hll 

IO. n+ - ueaomI 

II. n- - ueaomr 

I 

6 I ~ 
I50. ~ 2 : 150_ , 1 14.lQ:: 

75 CM j i 75 ex; 
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70 

70 
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I . -
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I% OT 
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I6 • I!- - IJC00HR ' +: 8 
- !55-5 ! ~ciJO cu2 
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. 200 cu2 
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<.:soo ! -50cx 
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I 50 CM 
I 6 

u5±rr ! J...b.IQ2 
. ! 50 Cll 
+ ! 6 

98-7 :~ 2 
j 50 C!J 

+ '- 2 -o 7 98-!J k~ - ~o cl\4 
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67',E·j Isf5 2 
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.,,,+7 ; T le; m5 ,.,- ~~2 
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Ta6J1l1I:ta Y 

OcIIOBlJHe nar,filleTpH 3JieKTPOHHOlt .MO/leJil'I peJI:ITl'IDllCTCKOI'O 

~l'IY~OTpOHa q ~eCTKOtt ~OKYCl'lpOBKOlt 

I• HaKCl'IM8JI bllaJl 3Her,I'l'IJl ycKopeHHHX: 3JieKTpOHOB 

2. Ilpe/leJI bl!lilll TOK /pac'ieTHlll1/ ycKopemmx ::lJ!eKTPOHOB 
7npl'I A€= I, 7 KaB/: 

no itopuyJie /7/ 

no q:opMyJie /8/ 
3. 3HepI'11Jl l'IH,i:eKTllI'YeMllx aJieltTpOHOB 

4. Pa11v.yc llH~eK~lll'I 
5. Cper.nee 3IJ:a qe1rne uanpH~·:eHI-JOC TII MaI'Hl!TllOI'O llOJIH 

na pa,zinyce HlllR:erc~nv. 

6. KoHe'llillli I!a.!luyc yc1<ope1rn,r 

7. C:pe,,Hee 3Haqe1iue nanpm,reHHOCTl'I Ha KOHe'ilIOM pa,'.J;ayce 

8. '4:aCTOTa Il8JIHM blIL!X KOJie6arrnlt 

9. 'l{aCTOTa aKc11aJ1bHllI KOJie6annli 

IO. '4:liCJIO cnnp8J!eti 11 cTpYKType nOJI.FI 

I I. Pa1111M bJrut{ mar cTpyKTYIJbl noJin 

I2. Bapua~Un uanpir•'.el!HOCTH UEII'HHTHOI'O nOJI.fI Ha ROHe'<JIOM 
pa;:inyce 

I3. 'l{nCTOTa o6paI:(emrn :meKTPOHOB 

I4. '4:acToTa ycRopmi~ero nanpm:eHR.FI 

I5, Ea6op aneprnn 3a o6opoT 

!6, .A::rnMyTa.'! b!ia.fl TIIJOTP.,:eHHOCTb nyqKa Ha KOI!e'<l!OM 
P'i . .llRYCe 

17. AnepTypa ,!\yaHTa 

rs. 3aaop Me1:,11y nOJI!DCHLIMH noBepXIIOCTHMH 

I9. Turco Ta ny'<Ka 

32 

409 .F.3B 

840 i.rna 

860 1.rna 

6 K:JB 

IS CL! 

I4,0I :i. 

IOO ,6 CM 

24,453 

I,05tI,94 

I,35+I,7. 

8 
8 CM 

I,06 

39 ;475 M~ 

39,475 M~ 

I,2t2,8 K:JB 

0,7 pa,11 

2 CL! 

8 CL! 

"-'0 1 4 CM 

I 

) 
I 

'.i:aon0ua YI 

UCHOBHlie napaueTpH MOH03HepreT0qecKoro UltlK110TpOH8 (MU) 

I. YCKOpHeMHB qacTHUH 
2. MaKCHW81ILH8H 3HeprHH,M3B 

30 Altl8ll830H HSMeHeHl'JH aHeprltlltl 
BHBe;n.eaHoro nylllta 

4. SaepreT0qecKHtt pas6poc 

~. HHTeHCHBHOCTL BHBe;n.eHHOro 
nylllta' MKS 

6. Cpe;n.HHH HanpHseHHOCTL llOHH 
H8 KOHBqffQM pa;n.Hyce, 3 

7. HanpaseaaocTL no.JUI B ueatpe,s 

8. Cpe;n.a11a pa;n.11yc Koaeqaott 
op6n1,1, CM 

9. Cpe;n.HHtt pa;n.wyc op6HTH npH 
ltlHEeKUHH, CM 

IO.lloTeHuHan HlfllteKTOpa,MB 

11.qacTofa Kone6aHett: 
8KCH811LfWX 
pa;n.eanLHl,IX 

12.qacTofa o6pa~eHHH, Mru 

13.KpaTHOCTL qacTOTl,I ycKOpHll
~ero aanpazeHraH 

14.~Hcno OCHOBIWX ;n.yaHTOB 

15.AwnnaTy;n.a ycKopHID~ero 
HanpaxeHHH Ha OCHOBIWX 
;n.yaHTax, KB 

p 
80 

IOO 

3292 

3037 

I,29 

4,638 

16.'i1t1cno ,liOllOnHHTeHLHHli: ;n.yaHTOB 

J.7.Haoop ~Hepr00 sa o6opo!,KSB 

IS.mar op6H! HB KOHBqffQM pa;n.rayce, 
CM 0,44 

19.qHCBO ceK!OpOB »arHH!HOtt 
CHC!eMH 

20.Bec MBrHH!HOtt CHCfeW,!H 

2I.B!icOf8 saaopa aneK!pOMSrHHOB.,CII 

22.iaKCHM8nLH8H MO~HOCTL ll0!8HHH 
sneKTPOMarHHTOB,KBT 

23.MO~HOCTL llOTepL B B.q.cHC!eM8,KB! 

33 

c{_ 

60 
o( 

120 

(0,25-=-I,O) 
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Puc. 6. rpaHUl/Hbte mpaeKmopuu 6 qeHmpanbHotl otfnacmu 
tpa.JompoHa n(/}" 1.1 JQOI.JCUMOCmb npede.llbHOeo mo1ra o 
3motl o6nacmu om aMn.numydtit Hanpn~eHUH Ha tJyaHme 

( pacvemHble). 
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