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A H H o T a u u n 

Pa5oTa OXB8ThlBaeT Kpyr BOITpOCOB, CBH38HHhlX C paapa50TK08 UHKDOTpOHa 

c rrpocTpaHcTBeHHol aapuauuel HarrpnllieHHOCTH MarHHTHoro rronn. B -Hel uanollieHhi 

OCHOBHbie BbiBO.llbl DHHeiHol TeopHii .llBHllieHHH 38pHllieHHbiX 'I8CTHU B MarHHTHOM 

none C nepHO.llH'I9CKOH CTpyKTypol ITO paauycy H 83HMyTy. npHBeaeHbl TeopeTH

'IeCKHe H a~crrepuMeHTanbHhle peaynbTaThl uccneaoaaHun HenuHefiHoro peaoHaHca 

B5DH3H ueHTpa YCKOpHTen51. nony'IeHbl cpOpMyDbl .llDH pac'IeTa Tpe5yeMbiX KOHcpury

.pauua MarHHTHhiX rronei!:. l13DOlli9Hbl M9TO.llbl lllHMMHpOB8HI;HI, H3MepeHH51 H CTa5u-

. DH38UHH M8rHHTHO['O -ITOD51 •. 0rrHC8Hbi CHCTeMa YCKOp9HHH HOHOB, HOHHbifi HCTO'IHHK, 

BaKyyMHan KaMepa ycKopuTenn. Paapa5oiauirhril: ycKopuTenb c .llHaMeTpoM rromoc

HbiX H8KOH9'IHHKOB 120 CM ~CITODh30B8DCH .llDH MO.ll9DHpOB8HHH cpaao ooro .ll BHllie

HHH HOHOB H HCCDe.llOB8HHH rrpOCTp8HCTB9HHOil: YCTOfi'IHBOCTH. Ha HeM ycKopeHbi .ll9il:* 

TpOHbi .llO aHepruli 13 Maa rrpu aMrrnuTyae ycKopniOmero HarrpnllieH.HH 5 KB. 

t' 

_.,.:, 
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Bae,lleHne 

nepBhle H,lleH HCIIOnb30B8HHS B UHKnH'leCKHX YCKOpHTensx IIpOCTp8HCTBeHHOH 

BapHSilHH HSIIpS:>KeHHOCTH MSI"HHTHOI"O nons OTHOCSTCS K 1938 I"O.llY1 KOI".ll8 n.To-
111 

MacoM 6brna npe.llno:meaa aaHMyTanbuas aapnauns nons a Ul!_l(!_JOTpoue • 3TH H.lleH 

He nonyqHnH B TO BpeMS .llOn:>KHOI"O pa3BHTHS B CBS3H C TeM, 'ITO OI"p8HH'leHHf3 _ IIO 

aaeprne a--IXHKnoTpoae 6hlno Bhlaaauo <;PaaoabiM .llBH:meaneM eoaoa, a npe.llno:meHHbifi 

MeTO.ll ycTp8Hfln STO OI"pSHH'leHHe TOnbKO B Y3KOfi oonaCTH SHeprHfi yCKOpSieMbiX 

noaoa. He Meaee cymecTBeHHbiM o6cTOSITenbcTBOM, aaTopM03HBWHM paaBHTHe aTo

ro npe,llno:meHHS1 SIBHnCS OTHOCHTenbHO HH3KHfi ypOBeHb K8K H3t\.iepHTenbH.O:fi, TaK 
- "12/ 

H Bbi'lHCnHTenbHOA TeXHHKH. Bnaro,llaps oTKpbiTHIO a 1944-45 r.r. B.H .BeKcnepoM 

H MaK-MnnnaHOMIS/ npHHunna aaTo<;PaaepoBKH .6bmH ycTpaHeHbi orpaHH'leHHSI no 

npe,llenbHOA SHepi"HH a IlHKnH'leCKHX YCKOpHTensX C 83HMyTanbHO-cHMMeTpH'lHOfi 

cTpyKTypofi MSI"HHTHoro nons. O.llHSKo npH paapa6oTKe ycKopHTeneil: ua aaeprHH 

nopH.llKa 10-15 Baa H BbiWe aoaHHKnH 'cepbe3Hbie TPY.llHOCTH TexaH<JecKoro H aKoao

MH'lecKoro xapaKTepa. l!acTH'lHO aTH Tpy.llHOCTH 6hmH ycTpaaeHbi a KOnbueabrx 

141 
CTpyKTypax MST'HHTHOI"O nOnS! C nepeMeHHbiMH I"P8.llH9HT8MH , n03BOnHBWHX yMeHb-

WHTb 001>8M M8I"HHTHOI"O nons:t1 B KOTOpOM OCyllleCTBnSieTCSI YCKOp8HHe '!8CTHII. 

B HSCTOSJWee Bp9MSI yCKOpHT9nll TSKOI"O- THn8--,llnSI_ YCKv_,..dHHSI npOTOHOB .llO 

aecKonbKHX .ll9CSTKOB MHnn_eap.llOB aneKTpoao-aonbT paapa6aTbiBaiOT-csi- :H cTpostTCSI 

r 15, 6 1 7 I 
B HCcne,lloaaTenbCKHX Il9HTpax ps,lla CTpaH • 

H MnynbCHhlil: xapaKTep pa6oTbi aTHX ycxopHTeneil: uaxna.llbiaaeT cyw ecTBeHHbre 

orpaHH'l9HHSI Ha ,llOCTH:>KHMbiA cpe.llHHA TOK ycKopeHHbiX 'I8CTH!l 1 a T8K:>Ke B 3H8'lH

TenbHOit CTeneHH cy:maeT M9TO.llH'leCKHe a03MO:>KHOCTH IIpH H,llepHbiX HCCne,llOBSHHHX. 

npe,llno:m eaHe 00 HCnOnbaOa~HHH anSI H3y'leHHSJ S,llepHbiX--npoueccoa BCTpeq

HbiX ny'lKOa 'l8CTH!l 1 HCKniO"lHTenbHSS aa:mHOCTb HCCne,llOBSHHil: SI,llepHbiX peaKIIHA 1 

Bbi3biaaeMbiX aTOpH"lHbiMH "l8CTHU8MH , I 9r • ./" K • 1 ' 2.. H T • .ll.l, 

HeiipephlaHO nOBbiW8IOlllH9CSI Tpe6oaaHHSI K TO"'HOCTH aKcnepHMeHTS - ace STO npH

aO.llHT K H900XO.llHMOCTH yaenH'l9HHS HHTeHcHaHOCTH ny'IKOB "'SCTH!l, nonyqaeMhlX 

Ha yCKOpHTenHXo B caSI3H C STHM nosaHnSCb H8CTOSITSnbH8HH9-00XO.Z::l1iMOCTb .lle 

18 91 
TanbHOI"O HCCne.llOaSHHSI T9X HOahlX ao3MO:>KHOCTe:fi ,llnS yCKOpl{T9nbHO:li TeXHHKH ' 1_ 

KOTOphle aano:meHhl a HBO.llHOpO.llHbiX CTpyKTypaX CT8IlHOH8pHbiX Mar-
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HHTHbiX nonefi 

B 1955 ro.uy 6hillH npe.uno)KeHhi MarHHTHhie nonSJ, y KOTOphiX _nanpH)KeHHOCTb 

~ti. . ./12/ T 
nepHO.UHqecKH H3M9HH9TCH' H9 TOllbKO no a3HMYTY 1 HO II no pa,aHycy • eopeTH-

qecKH9 HCCll9.UOBaHHH .UHHaMHKH qacTHU B TaKHX nOllHX noKa::.a.llH, qTo OHH o6na,aa

IOT -3Hl1qltT9llbHhiMH npeHMYIU9CTBaMH no cpaBiieH.HIO C Ma!'HHTHhiMll. ITOllHMH .. npe.u

llO)K9HHhiMH JI.ToMaCOM • .U.riH YCKOpHTenefi UHKllOTpOHHOT'O Tuna 3TH npeHMYIU9CT ... 

Ba CBO.UHTCH K yBenrrqeHHIO npe,aellbHOH 9H~p_r_H!J. yCKOpHeMhiX qacTHU 1 a TaK:>I<e K 

aHaqHTenbHOMY yMeHblll9HliiO 'tpe6yeMoit rny6HHhi Baprrauxm H3npH)K9HHOCTH MarHHT

Horo nonH • .UnH yci<opHTenefi CHHXpOUHKllOTpOHHoro Tuna TaKHe cTpyKTyphi noaBonH

IOT nonyqHTh .UHHaMnqecKH ·no.uo6Hhie oponThi B TeqeHrre Bcero UHKna ycKopeHrrH, a 

TaiOKe "paaMeCTHTb" 60llblll0H .UHanaaOH HMnyllbCOB qacTHU B OTHOCHTellbHO yaKOii: 

KOllbU9BOfi 30He Ma!'HHTHOT'O nOllSio 

B TeqeHue 1955-1958 r.r. B lla6opaToprrH SI,aepHhiX npo6neM 06oe,aHHeHHoro 

HHCTHTyTa H,aepHhlX HCCll9,UOBaHHfi 6hlll paapa6oTaH II nocTpOeH YCKOpHTehb UHKllo

"·' 
TpOHHO!'O THna, Ha KOTOpOM 6blliH npoBe,aeHhl HCCll9.UOBaHHH C .UBYMH CT.pyKTypaMH 

Ma!'HHTH.Qr'O nonH. 3Ta MO,U9llb HCnOllb30BallaCb ,UllH np~BepKH llHH9HHOM TeOpHH 

. . u /13 14 15/ /16 17 18/ 
npocTpaHCTBe%Hoii: ycToii:qHBOCTH, paaBHTOH ·B .Uy6He • . •. H Xapysnne ' ' 1 

onpe,aell9HHSI rpaHHU ee npHM9HHMOCTII 1 IICCll9,UOBaHIIH H9KOTOpblX llHHefiHhiX peao

H8HCHhiX scpcpeKToa, a TaK)K e iteniiHeiiHoro peaoHaHca B ueHTpe ycKopHTenH. 

Ha ycKOpHTene 6hlliii TaK)Ke aKcnepnMeHTallbHO HayqeHhi Bonpochi 1 CBHaaHH.hie 
. . ' 

C cpa30BhiM .UBH)K 9HII9M HOHOB, II npoBepeHhl paapa6oTaHHbie MeTO.Uhl pacqeTa H 

cpOpMHpOB8HHH Tpe6yeMhiX CTpyKTyp M8T'HHTHOT'O nonSI. 

§ 1. tiHHeii:Hag TeOpHH 

CucTeMa ypaBHeRHll:, __ onnchiBaromaH ,aBH)KeHHe aapH)KeHHOfi qacTHUhi B Mar-
• . • 1 • ' ' ' 

HHTHOM none, HanHC8HH8H B UHllHH.UpHqecKOH CHCT9M9 .KOOp.UHHar, HM99T BH,a: 

xl 
M hi He KacaeMCH 3,U9Cb BOnpOCOB 1 CBH3aHHhiX C HCnOllb30BaHH9M .UllH /, . . 
YCIWpHTenefi CBOHCTB pel!HTHBHCTCKOH nlla3Mbxf10/ t a TaK)Ke B03MO)KHo-

. . -· . /11 I .. . · . 
CTeJl: KOrepeHTHOT'O M9TO,aa'yCKOpeHHH 1 T8K K8K 8TO BhlXO,UHT 38 

paMKH Haruero coo6meHHH. 

'~~ 

i 
·I 

~ 
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i- 'Z. ~~= ::._(!. ("-~Hz - i H1 ) 

-r-if +2-ig,=_g_ (i Ht-
. m,.(, 

.. _ ec··H 'H) t;=~ 'L':!l ?,-"(, 'i 

TaK KaK amr 9Toi1: cncTeMbi 

HO nepei!Tn K He3aBUCRMOH nepeMeHHOH S' 

J.cz.+'l:.:z.-f":t'z. ' ( ( lt' 'l.'L H) 't"- 2.7.'1--
?.. 

e · ~H~.-~ H:r- T Hz.+ 'i"" 1 =---'Z:. m..e v 
J ?.''1.-+z-2+ '1.''L 

I 

,Z ,.t.' I f 2:z'z' L ( ~'H~- "r.H'Z-- ~ Ht. + ~7.t H?) 1.11 __ = t. l't\..t!. v 

rae 
7,1 , l 

1 
o6oaaaqaeT an<P<Pepeaunpo:eaaue no . ,. , H't 

mV OTBeTCTBYIOIUHe KOMnOHeHTbl HanpH:>KeHHOCTH M8I'HUTHOI'O nOJ'IHi 

'l8CTHU. 

/1/ 

1 TO MO:>K-

- ' 
/2/ 

' 

H~ - co-

UMnyJ'IbC 

npH 3epK8J'IbHO-CRMMeTpU'lHOH CTpyKType M8I'HRTHOI'O nOJ'IH CR9_T_eMa KOOpau

H8T Bbi6HpaeTCH T8K 1 'ITO nOJ'IHbiH BeKTOp aanpH:>K eHHOCTU M8I'HlfTHOI'O nOJ'IH H8 

MeaHaHHOH nJ'IOCKOCTU HanpaBJ'IeH BaOJ'Ib OCR • ¢yHKUlfH1 xapaKTepuayiOruaH 

pacnpeaeneane H8ITpH:>KeHHOCTU M8I'HHTHOI'O nOJ'IH H8 9TOH nJ'IOCKOCTU
1 

n6J'IHOCTb!O 

onpeaenHeT aHH8MUKY aBH:>KeHUH 'l8CTRUo B npnMeHeHUH K M8I'HRTHOMy nOJ'IIO URKJ'IO

TpOH8 aTy <PYHKURIO yao6ao npeacTaBHTb B cneay10rueil: ¢opMe: 

H ~ = H { ~) [ 1 + E 5 ( "L, '8)] /3/ 

- rny6uaa :eapuauuu MaranTaoro non>I, £ ( 't, ~) nepuoan'lecKa>I <PYHKUU>I 

no o6enM nepeMeHHbiM co cpeaHHM aaaqeaneM, paBHbiM ayn10. 

nocne noaCT8HOBKU J3/ B /2/ nony'IUM CJ'IeayiOIUYIO CUCTeMy ypaBHeHHti:
1 

KOTopa>I onHCbiBaeT aBn:>K eane 'l8CTUU UMnyJ'IbCa 

p =: 'm.-V :::: ; H(R) R /4/ 

C TO'IHOCTb!O ao 'lJ'IeHOB TpeTbero nopnaKa: 
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- 6 ,;.. 

~ u + [ 1 +tv + E R ~t + (2-+ tt.) c 5] ~ + [ ~ + i ~ + :l_ R + ~ ( i + ;tt\. + i ) 5 + 

+C.(~+ .... l'd\ + £R~J0.t_ f_t - ~ S. £)J~+.!.[.c! + sle( +2-n..e.'d.f -t-
'77£ ~ 1rz.2 ' L .:tR <t.. R J 2. R R :5 'i>Z. 

+~'11J +~R'dz_5·}r.).,- £.. ~ ;u 1 +..!.. (i+E5)i~=~s.R£ lf 'C>~'- 11 !.~ R ~~ 2.R 
/5/ 

') 

:e"- [ ~+ln.5 ~ £R ~tJ;a - [ i(n-+d) -t- ~ ("-+cl)~ + ZE(i+t~-)~~ -t-

-+ c: R rc>'1.5 ] ~ o + 
'd"l.z "\ 

£ !5. '- [.!..- S. S] ~'o' = 0 R li)'5' .l~ R R 1 ) 

ll d H{'t) I . d 4 R:L J~ H(t.) I 
I".lle ~ = "t.- R. , 11- = H(R) ~ 't"'R. , =2: H(f<) oh:.P· '2.=~; 3HatieHIHI 

cpyHKUHH S , a TaK>Ke ee qacTHhiX npOH3BO.llHhiX B3SIThi ppH 't = R • 

Yfa paCCMOTpeHHSl nepBOI"O ypa~meHHSl CHCTeMbi /5/ cne,llyeT, 'ITO npH Bhiopaa-

HOA CHCTeMe OTCtieTa B nnOCKOCTH _a = 0 HMeiOT MeCTO BhiHY>K.lleHHbie KoneoaHHSit 

KOTOpbie YK83biB8IOT H8 OTCYTCTBHe B paCCM8TpHBaeMhiX nonSIX 38MKHYTbiX OpOHT 

B BH,lle OKpy>KHOCTeA. nosTOMY uenecoo6paaao .llnSI aaanHaa peweana cHcTeMhl 

/5/ H8iiTH S8MKHyTyiO opoHTY H paCCMOTpeTb CBOOO.llHbie Kone6aHHSl OTHOCH.Tenb

HO STOii opoHThi. Y'paBHeHHe 38MKHYTOft opoHTbi B nimeiiHOM npn:onH)l{eHHH, nony

'I9HH09 H3 /5/ t HMeeT BH.ll 

~~~ + [i + n, + s.R ~ ~ (;t+n.)E5] ~ = -t-R£ /6/ 

OooaaatiaSI qepea ~ qacTHoe pew eaHe aeO.llHOpo.a.aoro ypaBHeHIHI /6/, nonytiHM 

cne,llyiOUlHe ypaBH9HHSl nHHeiiHOI"O npHonH>KeHHSl ,llnSI KOneoaHHii OTHOCHTenbHO 38M:... 

KHYTOA opoHTbi 

o" + [i+tt.-+eR~ + (!l-+n..)c5 + ~ (a±ftn..T~d)o + 2-E.(~+h.-)o~ -r 
' ~~ . . ~ ) ) ~"l. 

+ eR~~~)~- t (!-~~~)~'~' == o 
' 

_!-~'_:-[~+en-£ +eR!~ + ~(n.+d)~ + ~£(n.+d)~!r + u(i+n-)9~~ + 
171 

// 

+ e R.ti ~ - g_ 'b5- o-'] 
. ) 'Ot. 1 R 7>!f ' l. 

~ ( 1 -£5) ~f ,l I ::. Q 
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,D.nSI TOro, 'IT06bt OIIpeaemiTb OCHOBHbl9 B03MO)KHOCTM UHKJ10TpOHHOrO M9TO-

aa ycKopeHnSI, KOTOphre o6ecrre'InBaeT· 
MarHMTHOe IIOJ19 THIIa /3/, paCCMOTpMM 

p98J1H30B8HHhlH H8MH IIpaKTM'I9CKM 
CJly'Ia:ii., KOraa JlHHHM 8KCTp9M8J1bHhlX 3Haqe-

HHH BepTHK8J1bHO:ii. COCT8BJ1SIIOIUe:ii. HarrpSI)K 9HHOCTM MarHMTHoro 

cnnpanSIMH ApxnMeaa. 

IIOJ1SI SI BJ1SI !OTC SI 

5 :== Stn-(~ - N:!) 
' 

/8/ 

rae - paan:anbHhi:ii. mar n: -N II9pHOaM'IHOCTb CTpyKTyphl MarHHTHOrO 

TaK KaK 
B ycnrnrrSix unKnoTpoHa ( W 0 = Con..~t.) noKa3aTenb nonSI "n.. " 

B KOTOpO:ii. 8KCTp9M8J1bHhl9 
1. - (3z. 

3H8'I9HHSI 

1 TO Bhi6op CTpyKTypbl MarHMTHOro IIOJ1SI
1 

H8!1pSI:iK 9HHOCTII p8CIIOJ10)K9Hbl ITO JlOrapHcpMII-
.. /161 

qecKon: cnrrpann , SIBnSieTcff HepaurrouanbHhiM. 

KaK 6yaeT IIOKa3aHo HIOKe, rn_y6rrua Bapaaurrn ami UMKJlOTpouoB yaoBneTBo

pSieT YCJ10BM!O C..:; 1 , IlOSTOMy II3 161 38MKHyTaSI op6:rrTa C TO'IHOCTblO ao qne

HOB E ~ orrncbiBaeTcSI cpyuKuue:ii. 

- = E R. f];,_._ (.K _ N~) _ c}!R(h~t) _ c'R{(§-/-t(;,+n)jli ~/}( .!?_ -N:f} -r 1:,1 
191 ~ Nl-(/+11..) :k I :1-{Nz-(f+n...)){t+tt.) :Z {N~-(1-t-n)] * 'J 

rae "'1Yo= (Z+~)t • nocne noacTaHOBKH 191 B 17 I H- 38M9Hbi rrepeMeHHO!I, 

npn KOTopo:ii. :rrcqe3aiOT qneHbi c "nepnoanqecKHM TpeHHeM" I ~' , f 1 I , ypasue-, 

HHSI 171 npeo6pa3yiOTCSI K BHay 

IIOI 
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.[{JISI paCCM8TpHB89MOf'O UHKJIOTpOHa OCHOBHOe cpoKyCHpyiOruee 
Jl9HCTBHe 

onpe.IleJISI9TCSI 1JJI9H8MH 1 CO.Il9p:lli:8IUHMH OTH01U9HH9 

1191 
B8THBHOM Bbi6ope napaMeTpOB SH81JHT9JibHO 

R 
T , KOTOpoe npn HeKoHcep-

npeBbllU89T 9JlHHHUY BO BC9M 

Jl nanaSOHe P8.IlHYCOB1 HCKJI IO'IaSI H960JiblU YIO SOHy B U9HTpe YCKOpHTenSI, r Jl '3 HS-

naraeMaSI JIHH9HH8SI TeopHSI HenpHM9HHM8
9 

nocne npeHe6pe:lli:9HHSI M8JiblMH 1JJI9H8M!1 H npHB9Jl9HHSI K K8HOHH1J9CKOMy BHJly, 

CHCTeMy 1101 MO:lli:HO 38nHC8Tb: 

f'Jl9 

~II + ( l1-r. + ;(,~ (h., R)) ~ = 0 
' 

~ II + ( <l,t - 2,~ (k Z J) :l; == 0 
) 

~ZR2. J 
Q,'t = Nl, { i +h.- iAZ.[N.t.- ( l+h-).1 

2-E R. 

q EZt?,'L 
a,_~,;- N:t- {n.- ~;F·[N"-(Hn.)j} 7 

'1-:::. NZ;t 2. l = .E..- N~ (" * . 

VIs Bbipa:lli: eHHSI 11 V cne.IlyeT, 'ITo JlJISI UHKJIOTpoHoB Ha'IaJibHbre sHa'IeHHSI 

1111 

K09cpcpHUH9HTOB B ypaBH9HHSIX MaTbe paBHbi COOTB9TCTB9HHO: Q,'l: = ;,:L ' a ;to= 0 I 

lf =. 0 1 TO eCTb pa601J8SI TO'IK8 JI9:lli:HT B nepsofi 06JiaCTH YCTOH'IHBOCTH • u 120/ 

LUn:pn:Ha aToM o6nacTn: npn ~< i 
Jl enSieTCSI KaK 

C TO'IHOCTblO JlO H9CKOJibKHX npoueHTOB onpe-

_.Lq:Z.~ z r ...... "' a.'l:,.i!: ~ 1. -cr- a(~ I 121 

VIs paccMoTpeHHSI HepaBeHCTBa 1121 cne.IlyeT, 'ITo JlJIH BepTn:KaJibHhlX K6ne-

6aHHii orpaHH'IeHue HaKna.IlbiBaeT TOJibKO HH:lli:HSISI rpaHnua o6nacTn: ycTOii:'In:BocTn 

I - f f~ I • Jl1ISI P8JlH8JlbHbiX - TOJibKO BepxHSISI rpaHnua I d- r - 8 t;<- I. 

nepBOe Or'p8HH'I9HH9 S8UHChlB89TCSI B BHJl9 

IV;t c ~ -fit. R 
ff2- (l+h..) 

IY~- f(l+h.) 

BTopoe 

c ~ N~ (-ft{NZ-(I+~r)} _ 
~/{ g('{:Z.+(!·ttL} 

/6 [Ill.- {t+~r-)]l 
(3/l.t.+IJ+/}:l -

.=.!8l::.:.IY_
2
_-(4;...1+_"-..;:::)j + 

3N"l.-th.-tl 
32(1+1!..)[Af1.._-(1+n)}} 

IV 4{JIVZ+n .,.;) 

I 131 

1141 

.I 
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Ecnir Bbi6paTh pe:>KHM n. BH:>KeHHSI pa6ottell: TottKH no o6nacTH ycTofitt.HBOCTH, 

npH KOTOpOM (l,:Z::::. 0 7 Q..t:::: _± 0 TO He06XOD,HM8SI BapH8UHSI 6yn,eT paBHa 
IV~ 

/15/ 

npHpaBHHBaSI Bbipa:>KeHHSI 1131 H /14/ D.1ISI 38D.8HHOI'O 3HatteHHSI N , Mo:>K-

. HO onpen.enHTh npen.enhHbie aHatteHHSI aenHttHHbi ~ , H, cnen.oaaTeJihHO, npen.enh-

ayro 8HeprHI0 0 KOTopaSI MO:>KeT 6biTh nonytteHa B UHK1IOTpOHe C M8I'HHTHbiM noneM 

BHD,a /8/ 

/16/ 

HOCTH CTPYKTypbi MarHHTHoro nonsr I N 
CTpyKTyp npHBen,eHa B Ta61IHUe 1. 

I H n.nsr npaKTHttecKH peamrayeMbiX 

Ta6nHua 1' 

-
N 4 6 8 

E IMaal 
KHH. 

500 1130 1780 

On.HaKo n.nsr paccMaTpHaaeMoro ycKopHTensr, KaK H n.nsr HaaecTHbiX THnoa 

yCKOpHTenefi, y KOTOphlX C06CTBeHHhle ttaCTOThl K01Je6aHHll M9HSIIOTCSI B npouecce 

ycKopeHHSI, npen.enhHaSI aHeprHst 6yn.eT onpen.ensrThCSI ae rpaHHUaMH o6nacTH yc

TofittHBOCTH, a pe30H8HCHhlMH 3HatteHHSIMH '!8CTOT C06CTBeHHhlX K01Je6aHHll:. 

Yfa /11/ cnen,yeT 1 'ITO ttaCTOTbi C06CTB9HHbiX KOJie6aHHll paBHbi: 

/17 I 

rn.e aHatteHHSI Jl(~ H f"" n.nSI ypaaaeHHH MaThe onpen.enSIIOTCSI H3 Bbipa:>KeHHSI 

1181 
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3TO Bhlpa~eHHe o6ecrre~HBaeT aocTaTO~HYID anB rrpaKTH~9CKHX pac~eTOB TO~HOCTb 

BO BCeM anarrasoHe HSMeHeHHB ~acToT cuo6oaHhiX Kone5aHnfi. Ecnn 

HS 1111, 117/ H 118/ cneayeT: 

rrpH It-"-~ N z 

.i 1. +tL 

I (cRJ:z_ f..- 3 ~ Q~ = Vi+n...' + Z Na tN 1.- J+tL-
tv:z.. 

Q:t == /(~:r-- n_' 

.I 

Cf<< i t TO 

119/ 

1201 

VIs Bhipa~eHHii /191 H 1201 cneayeTt ~To B unKnoTpoHax Ha~an&Hhre ~acToThi 

C06CTB9HHhlX KOne5aHHll paBHhl: 

G.~ ::: 0 
1 

Q2: =. 1. 
B rrpouecce ycKopeHHB 9TH ~acTOThl yBenH~HBaiDTcB. Ecnn ncKnro~HTh pesoHaHc

HOe BOS6y~aeHHe KOne6aHMll B U9HTpaDbHOll o5naCTM YCKOpHT9DB 1 TO nepBOe DHHeii

HOe peSOH8HCHOe BOS5y~aeHH9 KOrr.e6aHHll nepBOll M Tp9Tb9ll rapMOHHK8MH Mariil!TH0-

1'0 IIODB BOSMO~HO B SOH8X, rae Ql = 0,5; Q'l: = 1,5, COO\B9TCTB9HHO._ 

PaccMoTpHM KBasHcTaTH~ecKHii MeToa oueHKH yBenn~eHIIH aMnmiTy a hi npH napa-· 

MeTpH~ecKOM pesoHaHce. Ecnn B cTpyKType MarHMTHoro nonB MMeeTcH nepBaB rapMo

HHKa , .TO cpyHKUIHJ 

f ( "t, ~) = SLn-( i -N<J) + t Sit\. [ d, (?.) - ~] 1211 
' 

rae C :i - B9DH~HH8 nepBOll rapMOHHKH I e1 ..:.<.. 

R olc{,(-r;)l ~< .., ci'L ..... ,..., anB 
l.=R 

e I. 

Q.}.~ 0,5 nony~nM: VIs 171 rrpH ycnoBHH 

:i'' + [ q:z.5" + n-c~ $.·h, [ci, (R) - ~] J :e = o 122/ 

VIs 1221 cneayeT, ~TO peSOHaHCH8B IIODOC8 CHMM9TpH~H8 OTHOCHT9DbHO qacTo

Tbi Ql:::. 0,5 H ee nonywnpHHa 

AQ;r = tl.Ci 
~ ' 

123/ 

8 M8KCHM8DhHhlll IIOK8Sa~eDb 9KCIIOH9HUH8DbHOro pOCTa 8MIIDHTyahl BHyTpM STOll IIODO~ 

Chi pal3eH 

Jtl\a.x = n..£1. 1241 

.. I 
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EcnH R ddol,l >>tt.. , TO B Bhtpa2KeHHHX /23/, /24/ aenMqlfHa " n.., " aaMeHHeTcH 
'C. 'l.;R, 

aenHqlfHoi!: R dct, I , n MaKCHManbHhti!: noKaaaTenb pacTa aMnnMTy.o;hr KOne6aHni!: 
ch. 'l."-R 

6y.o;eT paBHHTbCH 

/25/ 

4ncno o6opOTOB HOHa Ha WHpHHe pe30HaHCHOi!: IIOnOChl 3aBHCMT OT Bhl6paHHOrO 

pe2KHMa .o;Bn2KeHHH pa6oqei!: ToqKH no o6nacTH ycToi!:qnaocT:u. Eonee no.o;po6Hhie 

/15/ 
CBe.o;eHHH 0 IIpOX02K.QeHHH qepea napaMeTpHqecKHi!: pe30H8HC IIpHBe.o;eHhi B pa6oTe • 

npoae.o; eHHbie. pacqeThi IIO yBen:aqeHMIO aMIInHTYA KOne6aHHi!: B6nH3H pe30HaHCHhiX 

o6nacTei!: Q'Z.. = 2 H Q~ = lx-/ -- yKa3hiBaiOT Ha B03M02KHoe orpaHnqeHMe npe.o;enb

Hoi!: 9HeprHH /16/ cne.o;yiOlllHMJf 3HaqeHHHMH: 

T a 6 n H u a 2. 

N 14 6 8 00 

/Mas/ 
E 

KHH 
500 790 850 938 

§ 2. HenHHei!:Hhie acpcpeiCThi 

HanHqHe B cTpyKType MarHHTHoro nonH 131, 181 napaMeTpa } 

yBen:aqeHHe BnHHHHH HennHei!:HhlX 9~~9KTOB B T8KHX YCKOpHTenHX. 

Bhi3hiBaeT 

/211 
no aHanorHH C CHCTeMaMH, paCCMOTpeHHhi11H B 1 cne.o;yeT 02KH.QaTb 1 qTo 

uenhte q!fcna. TaKHM o6paaoM, B ueHTpanbHOi!: 

Q"l.,. =_eN ,,. '1-
o6nacTH ycKopnTenH 

, rae HccneayeMaH cHcTeMa /2,3,8/ B036y2K.o;aeTCH Ha qaCTOT8X 

p = 1, I aoaMo2KeH HenHHei!:Hhii!: peaoHaHCHhifi a~~eKT, ecnH 

HaqanbHaH aMIInMTy.o;a 6y.o;eT 6onbwe HeKOTopoi!: aenHqMHhl, KoTopaH onpe.o;enHeTcH 

IIapaMeTpaMH Bhi6paHHOll CTpyKTyphi MarHHTHOrO IIOnH • .UnH TOrO, qT06hi Hai!:TH aTy 

aMIInMTYAYo He06XO.QHMO peWHTb ypaBHeHHe /2/ IIpH = o. 

X I (', 
PeaoHaHC "ll, = 11 a TaK2Ke peaoHaHChi no nHHei!:HOMY BaaHMO.o;ei!:cTBHIO 

Q7. + Q 1, }, Q'l. + Q~ = 2 HM8IOT MeCTO TOnbKO B cnyqae HapyweHHH 

aepKanbHOCTH MarHHTHOrO IIOnH ~H~ I =/: 0 
'o2 z.=o 
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.I 

I') ,,_ e 
II ~-"c.-:.--

7- - 't pc. 
( 't.'.z.-+ 7:.l} Ha ( "t,~) 

H~(-c,:f)= Ho(!+c{-c.1[1+ESin.(t -NJ>}j 

i 
ol. ::: 2 t:.Z 

Eo 
'l= = eHo 

1261 
7 

, 

.Unst ueHTpanbHOii: o6nacTH ycKopHTenst on.l .<::< 1 11 e<~ 1 
1 noaTOMY 

38 HeB03MymeHHOe pellleHHe ypaBH8HHSI 1261 MO:>KHO npHHSITb 

"t. = $ Cas ( '1- If} + J R.z .... s2.$t·h-.Z(!f-'!.j , 
r.ne ~. 'f' - KOOpniiH8Tbi U8HTpa KpHBH3Hbi OKpy:>KHOCTII pa.nnyca 

. .Pc 
R= eHo 

TaK KaK npostBneHIIe HeniiHeii.Horo peaoHaHcHoro acilcileKTa npH S << 1.. 

127 I 

1281 

Bbrpa-

:>KaeTCSI KaK CM8lil8HH8 MI"'HOB8HHOI"'O U8HTpa KpiiBII3Hbi op6HTbi 1 ecTeCTB8HHO pellle-. 

HIIe B03MymeHHOI"'O ypaBH8HII51 1261 HCK8Tb TaK:>Ke B BII.ne 1271,r.ne ,5'::: ,1(:1} II 

1'- = 'f(Y) 

CBst3b Me:>K.ny Koop.niiHaTaMH ttaCTIIUbi I C:.. , Y' I II Koop.nHHaTaMII ueHTpa 

KpHBII3Hbi I ,g , ¥' I npii nBII:>KeHHII a MarHIITHOM none I H.i! I "(,
1 
~ I MO:>KHo 

npe.nCT8BIITb B BII.ne: 

<{$ _ fc. Hi . 
~ - e He2.Y z.t%-+ t

21 
[ 'i-W..('.f-'f') ~ '(,'$;11, ('i-'1')] 

7 

$ cJ'f' = 'Pc H,/ [ !.$i~(':f-•f') _ 'l..'~('i- 't')j 
cl~ e Hiv't,zt-r.:z.' 

1291 

' 
r.ne H; o6oaHattaeT nonHyiO npOII3BO.UHYIO no ':f • no.ncTaBJlSISI /27 I B 1291 

121 I lD 
H HCn01lb3YlJ MeTO.U ycpe,nH8HHSI no J npH YC1IOBIIII 

II01IY'IHM .U1ISI 'I8THbiX CTpyKTyp 

cls = '-i"~~ J.. 
cl~ \ ' cR. -

IN= .2~ 1: 

( :) N-t $;n. ( N'? - ;R) 

Pm~ <:>l- ~< R. 

7 

d'f' ~-o(Rz. + (-~-1:~. §.E. J. ($_)"'-.tCn(IYY'- R) 
cl~ * (N-0! ~I( *I .t 

130/ 
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l1a aHanuaa Bbrpa*emr:H 1301 cne.a.yeT, 'ITO rpaHHua, orrpe.a.emuomaSI pe*HM 

IIpeuecCHH ueHTpa KpHBH3Hbi OT pe)KHMa 1 IIpH KOTOpOM a3HMyTanbHOe .O.BH)KeHHe 

~ 

N 
ueHTpa KpHBH3Hhl orpaHH<reHO yrnOM • xapaKTepuayeTcSI HepaaeHcTBOM 

1311 

8KcrrepHMeHTanbHoe uccne.a.oBaHHe HenHHe:HHoro peaoHaHca 6hlno rrpoae.a.eHo Ha 

Mo.a.enu ycKopHTenSI rrpH cne.a.yromHx rrapaMeTpax MarHHTHoro rronSI: IV = 4, 

;t = 1,34 CM 1 E. = 0,02~ Ha6nro.a.eHHoe cMeiUeHHe ueHTpoa MrHoBeHHbiX op6HT 

.a.nSI pa3nH'lHhlX pa.a.HycoB BH.O.HO H3 pHC. 1, Ha KOTOpOM TO'lKaMH 0603Ha<reHhl rrono

)K eHHSI ueHTpoB op6HT, a <rHcnaMH-HX pa.a.uychr. Pacc<rHTaHHbie TeopeTH<recKH MaK-

CHManbHhle OTKnOHeHHSl UeHTpOB .a.ng Cny<raSI cornacyroTcSI c 9KcrrepHMeH-

TOM. 

llnSI rrpaBHnbHoro Bhl6opa rrapaMeTpoa cTpyKTyphl MarHHTHoro rronSI, rrpH KOTo

po:H HenHHeHHhlH pe30HaHCHhlH 9¢¢eKT He 6y.a.eT IIpOSIBnSITbCS1 1 .O.OCTaTO'lHO BOCIIOnb-

30BaTbCS1 Bbipa)KeHHeM 131 I, Ky.a.a BMeCTO p,.,aK He06XO.!J.HMO IIO.O.CTaBHTb MaKcH

ManbHyiO Ha<ranhHY IO 8MIInHTY .0. y· Kone6aHHH .a.ng .0. aHHOro yCKOpHTenSI. 

Ha ocHoBe rrpHBe.a. eHHoro Bbiwe aHanHaa 6brna coa.a.aHa cTpyKTypa MarHHTHoro 

rronSI co cne.a.yroiUHMH napaMeTpaMH: N = 6; = 2,7 CM; c =0,066. 

no.a.cTaBnSISI 9TH rrapaMeTpbi • MO)KHO BH.a.eTb, 'ITO HepaBeHCTBO 131 I ·y.a.oaneT-

BOpSieTCSI, Ha'lHHaSI C pa.a.Hyca = 2 CM 0 8KcrrepHM8H'I"anhHoe orrpe.a.eneHHe 

ueHTpa KpHBH3Hbi op6HT .a.nSI 9Toro cny<raSI rroKasano, 'ITO cMemeHHe op6HT He rrpeBbi ... 

waeT OTKnoHeHHH, Bbi3biBaeMbiX HH3lUHMH rapMOHHK8MH B CTpyKType MarHJ.ITHOrO 

IIO a6coniOTHOMy 3Ha'leHHIO 9TH CMeiUeHHSl He rrpeBbilllaiOT 2 CM. 

llBH*eHHe pa6o<re:H TO'lKH rro o6nac·ru ycT·oif<rnaocTH, xapaKTepuayromee H3MeHe

HHe C06CTBeHHhlX 'laCTOT CB060.0.HhlX KOne6aHHH B rrpouecce YCKopeHHSI, IIpHBe.a.eHO 

Ha puc. 2. 

npH IIpOeKTHpOBaHHH TaKoro THIIa ycKOpHTeng Ha CHHXpOUHKnOTpOHHhle 9HeprHH 

Bbr6op pe)KHMa .O.BH)KeHHSl pa6o<reii: TO'lKH IIO o6naCTH YCTOH'lHBOCTH 6y.a.eT cyme-

CTB8HHO 3aBHCeTb OT peaynbTaTOB HCcne.a.o BaHHH IIpOXO)K.[J.eHHSl <raCTHU <repe3 o6naCTH 

tV ~ N 
"'- 7 .a.o IY-i tr ,., N- (j.5N 

= 2 HenHHeii:HhlX pe30HaHCOB 

HbiX Kone6aHIIfi, a TaK)Ke <repe3 30Hbi CBS13II KOne6aHHfi. 
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§ 3, ¢la30BOB .llBIOKBHHB 

Ecnrr cpe.naee aaa~earre aanpHMBHHOCTH MarHHTHoro nonH H3MBHHeTCH no 

38KOHY 

H ( ~J = 11. ~, (i.~t' ' 
/32/ 

Eo 
To .nnH qacTnuhl HMnyn&ca "P" /4/ Ha op5rrTe " R+ f(!9} " r.ne ~QQ=-

eHo • 
<PaaOBbiH C.ll BHI' MOM BT 0 biTb Bbl3B8H .llByMH npnqHH8Mll: 

a/ OTKnOHBHHHMH HanpHMBHHOCTH M8I'HHTHOI'O nonH OT 38KOHa /32/ 0 CBH3aH

HbiMH C HB,ll0CT8Toqaoii TOqHOCTbiO lliHMMHpOB8HHH H CTaOHnH38UHM; 

r.ne 

6/ OTKnOHBHHHMll <PopMbl 38MKHYTOi!: o.paHTbi OT OKpyMHOCTll, 

Tpe6yeMaH cTenea& cTa6Hnnaaunn MaranTaoro nonH .nonMaa OhlT& ae Meaee 

AH ! 
H=liA .. /331 

A - qncno o6opoTOB noaa aa BpeMH ycKopeHHH, 

Omn6Kn npn H3Mepeann aanpHMBHHOCTH MarHHTHoro nonH TaKMe ae .nonMHbi 

/22/ 
npeBbimaT& sTy Bennqnay 

' ¢a30BbiH C.llBHI', o6ycnoBnBHHbiH ll3MBHBHHBM nepHO,lla OOpalllBHHH qacTHUbl 

Ha 38MKHyToii opOHTB /9/ npn ll3MBHBHHH 9HBpT'HH 1 MOMBT ObiT& Bbiqncnea: 

I1 cnon&ayH /9/ , nonyqn M: 

d w::::. .Y_, 
R 

2.Jil/ 
r:.fi .) J "l'z+t.z.'c/1 
0 

AW c.z,{ 2+11- Nz. j 
w:::. T (l+tz-) [ N2.-((-t-h..J} ~ :l[NZ- (t+ir)j 

/34/ 

/35/ 

Vfa BbipaMBHHH /35/ cne.nyeT 1 qTo BBnliqnaa TIOnpaBKH K 38KOHY /32/ HMBBT 

nopH,llOK I E._ ; 2 . npn c > 0,1 HBOOXO.llllMO BHOCHTb KOppeKTHBbi B 38KOH /32 I. 
tY 

¢la30Bbiii pBMHM B UHKnOTpOHB npoBepHnCH C BbllliBYK838HHOH lliBCTHCTIHpan&-

HOi!: cTpyKTypoii MarHnTaoro nonH npn ycKopeann .n e:ii:TpoaoB .no aaeprxm 13 M a B. 

I 

,, 
) 

_j~ 
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M HHHMBJibHoe ycKOpHioruee aanps:Illiean:e aa. ayaaTe LJ.JIH Maran:Taoro nonH 1-l ( ot.), rpa

tPHK KOTOporo npn:Beaea Ha pnc. 3, OK838Jl0Cb paBHbiM 5 Ks. npn aTOM liOHbi 

cosepUlaiOT npH6JIJI3JITenbao 2500 ooopoTos. 

YlsMepeaJie aaeprHH ycKopeHHhiX qacTHU aa npeaenbHOM paaJiyce /54 eM/ 

npOII3BOLJ.HJIOCb LJ.BYMH MeTOLJ.8MJI: 

a/ n:sMepean:eM cpeaaero paaiiyca Kpn:sn:sabr opoiiT npn: noMorun: Tpex npooaH-

KOB; 

6/ li3MepeHH9M npooera YCKOp9HHbiX aeiiTpOHOB B 8JII0MIIHJieBOii tPOJibre, 

OnbiTbi nposoan:niicb npn: HllT~HCHBHOCTH BHyTpeaaero ny"l:Ka ae npeBbiiliarorueii 

1 MKa, OJI8r'OLJ.8pH "i9MY He H8BOLI.IIJI8Cb 38MeTH8H BeJIJI'1HHa 8l'THBllOG.T·H HB BHyTpea-

HIIX LJ.eT8JIHX K8M9pbi, 

.QJIH HJIJIIOCTp8UZH H8 pHC,. 4 npHBeLJ.eHa KpHB8H 38BHCHMOCTH HHTeHCHBHOCTH 

BHyTpeaaero llY"iK8 OT paanyca YCKOpHTeng npn YCKOpHIOIU9M HanpHlli9HHII H8 LI.YBHTe 

11 KB, ny"l:OK Ha BCeX p8LJ.HYC8X XOpOiliO CtPOKyCHpOB8H H llOJIYI111IpHH8 ero ·.BepTK

K8JlbHOr'O pacnpeaeneanH Meaee 1 CM~ 

§ 4. Pac"l:eT H IliHMMnposaane Maran:Taoro nonH 

CosaaaHe B cpeaaeii nnocKocTn sasopa aneKTpoMaranTa I anaMeTp nonrocos 

120 eM, paccToHime M9:lK LI.Y nonrocaMH ZhM= 22 eM/ Maran:Taoro nonH BHLJ.a /3/ 

ocyrueCTBJIHJIOCb C nOMOIUbiO IliHMM npHMOYr'OJlbHOr'O Ce"l:eHHH 1 H30r'HYTbiX no cnnpa-

nn ApxnMeaa 'Z := 1c N ~ • H CIICTeMbi KOJibUeBbiX IliHMM. napaMeTpbi crmpanbHbiX 

IliiiMM I cooTHOili ean:e Melli LJ.Y Ill n:pn:aoii n BhiCOToii/ Bbion:pann:cb n:s ycnoBn:H onn:socTn: 

H8M8r'HH"iiiB8HlHl OO'b9M8 IliHMM K H8C!EIIUeHHIO no HanpaBJI9HHIO BepTHK8JlbHOii COCTaB

JIHIOIUeii nonst aneKTpOMarHn:Ta, TaK KBK B paooqeii oonacTH 3830pa HI>? H t • npn 

aTOM nony"l:eHHe H900XOLJ.HM0r'O 38KOH8 M8r'HHTHOr'O nonH MOlliHO p83LJ.9JIHTb Ha LI.Be 

npaKTH"i9CKH C8MOCTOHT9JibHbie 38LJ.8"l:Ho nepBaH 38LI.8"i8 COCTOHT B C03L1.8HHH aeoo-

XOLJ.HMoii sapHauHn: nomi I E I. BTopaH-BKJIIO"l:aeT B ceoH tiJopMIIposaa.n:e 83HMy-

T8JibHO-CHMM9TpH"iHOr'O nOJIH H (tt) • 

KoMnoaeHTbi nonH OT I11HMM nponsBOJibHOii KoatiJnrypaunn aaxoLJ.HTCH ns Bbipa

)K eanil: 
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rh. = M :a. S .L ctvt ""t' 'C)!. ~ 
. v' - . 

1-\ = - ~ 'CLLCl 4> 
1361 

' 
r.ne cp - CKanBpHhln M8l"'HHTHhl~ nOT9HUHan 1 M=Mi - cpenHHH HaMal"'HHqeHHOCTh 

oopasua no OCH .c • '? - paccTOHHH9 ·oT ToqKH HaomoneHHH nomi I 't, I Y' 
"" . · ..,. I rol I d I 
&; , I no nepeMeHHOil:. ToqKn I ~ , ~ ·, l / aneMeHTapHoro oo'beMa V · • 

Ms /36/, ncnonh3YH nsaecTHoe HHTerpanhHOe npencTaaneHne- 123/ 

~· . . -~ 

i C -J.!a-z'j ~ ( '' 5 -M!-£'/ f := i e Jo(l~ Jo(At!)dA + 2f;,.~tn-\~-~~ o .e J..._(A-c)J..._(J.~J dA /37/ 

' 
MO:>KHO HaHTH M8l"'HHTHOe none npOH3BOn_l:>HOil: CHCTeMbl KpHBOnHHe~HbiX UlHMM B BH.lle 

psna ct>yphe:· 

.• . . oO 

H%(~.~.-z) = Ht('t,.t) +~, H 111 r~{'t,1:}$i.n.L~mrd'C.,2.) -m.N!P] /38/ 

3necb 
~'ii - nepHon cTpyKTypbi nons, H"':::f H('t)- aMnnnTyna. ocHOBHO~ rap-

MOHHKH, _KOTopaB Bb!OHpaeTCSI B COOTB9TCTBHH C ycnoBHHMH 113 1 14/ • CnenyeT oT

M9THTb1 qTO ecnH aMnnHTY.llbl BbiClllHX rapMOHHK B 3aKOHe Mal"'HHTHOl"'O nonH HeBe-

. 124/ 
nHKH

1 
TO ycnoBHH ycToftqHBOCTH He HapylllaiOTCH 

CHcTeMa lllHMM, .a.aiOmaH pacnpe.a.eneHHe Hl -cocTaBnHIOlllefi nonH a aRne 

/38/, cocTOHT H3 2 N . H.a.eHTHtlHbiX lllHMM, pacnonomeHHbiX CHMMeTpHqHo oTHOCH

Ta:IbHO cpe_oHeil: nnoCKOCTH 3a3opa aneKTpOMarHHTa / t = 0 / H C.llBHHYTbiX OTHO;_ 

CHTSnhHO apyr npyra HS yron ;:r • ,U.iHI CHCTeMbl cnHpanhHbiX UlHMM. H90l"'paHH-

. q'eHHOA: BbiCOTbi
1 

'TOnlllHHa KOTOpb!X Mana no cpaBH9HHI0 C npyl"'HMH napaMeTpaMH 1 

cpenHee none H aMnnHTY.ll.bi rapMOHHK a pasnomeHHH /38/ npH ~ = 0 H3 1361 H 

/37/ MO:>KHO npe_ocTaBHTh B BH.ll9 /25/ 

<J'/.~ ' 1. .f. oJI . . s!.. . . , . I S ~ [- d~C 61-i (xJ} d/l{J 
IJH ' 

/39/ 

H K {rz:) = ~ [ H~ (~)] 2 + '( H~6:)]2.
1 

/401 , 

K=rrr..N (m.=:!,.t,~ ..... ) , 

! ' 
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/41 I 

' 

€1.1<-~ (1.) - cc}:JepH'IeCKaSI cPYHKUHSI ne):l{aH.apa 11-ro po.aa oT apryMeHTa 

h./'-+ t. t + ;\zf{z!l't 
:x:. = ~:.__,~,_t...,..Jr-N:!....,...:..._ 

' - aaHMyTMbHaSI npOTSI:>KeHHOCTb 1 

ll1HMM 1 ~h~ - aaaop Me):l{,!ly lllHMM8MH no BepTHK8J1H H 

¢aabi rapMOHHK BapHaUHH HaXO,!lSITCSI Ha COOTHOllleHHSI 

M = 21000 
4Si 

- TOJ1IUHHa 

apcTe.a. 

1421 

none CHCTeMbi ll1HMM1 orpaHH'IeHHbiX no BbiCOTe, nerKO. nony'IHTb Ha ~391 
1 

140/_ 

KaK paaHOCTb noneft OT CHCTeM lllHMM HeorpaHH'IeHHOfi BbiCOTbi C : h.
1 

~ h,l. /Bbi

COTa lllHMM 2(? = hl- k~ I. npH aTOM cpe.aHee none ,aMnnHTY.!lbi H c}:Jaabi rapMOHHK 

HaXO,!lSITCSI Ha Bbipa):l{eHHfi: 

H:(~_ki)- H:(-c.,hJ · 
H ~ ( tt, h.1)- H ~ ( t,lt:.t) 

. 1431 

1441 

' ,1.451 

.... ·· 

r.ae H("t,h.), H:('t,h)H H:("t,h.) onpe.aens:~roTcSI Ha 1391 H 1411. VIa aHanna: 

Bblpa):l{eHHSI 140/ BH.!lH0 1 'ITO aMnnHTY.!lbi rapMOHHK paBHbi Hynro npH "Z:, = 0 H Boa-

pacTaiOT c pocTOM pa.auyca no aaKoHy 

r .ae 
y(K) 
O.t.n - Koac}:Jc}:JHUHeHTbi 1 aaBHCSIIUHe OT napaMeTpOB 

. . '.1'2, + 2, 
K::o..!.. 

:'k.N (!It!+-!) % .. 
EcnH KpHBHaHa cnnpanbHbiX lllHMM 

' 
lilHMM, 

CTpeMHTCSI K HYJ1I0 1 

TO aMnJ1HTY.!lbi rapMOHHK /38/ .!lOCTHraiOT CBOHX npe.aeJI.bHbiX aHa'leHHfi, 3TH npe.aenb._ 

. 
M"Le;umeuHwll llHCl••, 

~epUMX IICCJII:JlO!Iil 1'. 

6H5nJ10TE.KA 
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able aaaqeaus 5YD.YT paBHbi aMnnHTyD.aM rapMOHHK a paano*emm nomi 6ecKoaeq

aoA-cHCT9Mbi npSMOnHH8ilHbiX lllHMM aeorpaHH'I8HHOii D.nHHbi C T8MH )K8 nonepeq-

HbiMH p83M9p8MH. 

none 

..2. <,<. :1. 
h..j 

T8KHX llllfMM B CHCT8M8 KOOpD.HH8T 1 YK831lHHOif H8 pHC. 5, npH ycnOBHH 

B nnocKOCTH l!. = 0 MO)KHO npeD.CT8BHTh B BHD.9 

zM~.s +«» .! - · -! ] 

H1 (~) = c2~~)2. ?;~L ~Y+ (~ +sJ2. ("-k;;~);r.+(~ +s)"L /46/ 

npOH3BOD.SI B /46/ CYMMHpOB8HH9 no p H paanaras nony'I8HHbiH peayn.&TaT 

B pH.z:t <!>yp&e, H8ft.ll9M cne.ayiOIU99 Bbipa)KeHHe ,llliS 8MnnHTYD. rapMOHHK 
/26 I 

I * S' _ t< b ( _ r<. :t6 ) r\K = 4M 'f e. k .J.- e. k 1411 

<!>opMyna /47 I HanseTcs y.ao5a·oa ans npe.aaapHTen&aoro B.&I6op~ napaMeTpoa cue-

T9M.bl cnJJpan&HbiX lllHMM. 

Y'leT BnHSHHSI nonrocaoro aaKoae'IHHKa aa none lllHMM npouaaoaHncSI B npea-

5 
A · · · 

0
· /27) 

nonO)KeHHH 9CKOH9'1H0n npoTS)KeHHOCTH noniOCOB Ha OCHOBe TeOpHH H30 p8)K9HHii • 

Llns cny'laB 

aneKTpOMSI"HHTa 

M8I"HBTHOft npoHHU8eMOCTH nonroca 

2h,o.c=2(1t.-t+2€) ans aMnnHTY.ll 

H.. l -f( ~ 
"=4/V\~e * 

i-eK'1-
" . • -K lhM 
;.&.- e T 

J>"> 1 H npH aaaope 

I"8pMOHHK nony'IHM: 

h 1!1ik 
Ha /48/ BHD.HO, 'ITo np:e; M > --,;- pac'!eT aMnnuTya rapMOHHK nons 

/48/ 

C ,llOCTaTO'IHOA D.nSI npaKTHKlf T.O'IHOCTbiO MO)KHO npOH3BOD.lfTb oea y'leTa BnHSHHSI 

. noniOCHblX H8KOH9'1HBKOB1 C'IHTSSI lllHMMbi aeorpaHH'I9HHbiMH no BbiCOTe. 3TO npHBO

,lllfT K aHa'IHTen&HOMY coKpai.UaHHIO pacqeToB no cpopMynaM /41 I, casaaaa.&xx c 

onpe,ll9li9HB9M 38BHCHMOCTH OT paD.Hyca aMnnHTYD.bi If cp83bi OCHOBHOii rapMOHHKH 

M8I"HBTHOI"O nons. 

CneayeT OTMeTHTh, 'ITO 3TH BbiBOD..&I He OTHOCHTCS K pac'!eTy cpeaaero 

nons CHCT9Mbi CnHpanbHbiX lllHMM1 npH KOTOpOM D.liS .Ll0CTH)K9HHH H800XO.LlHMOif 

TO'IHOCTH H900XOD.liMO y'IHTbiBaTb BnHSHH9 noniOCHbiX H8KOH9'1HHKOB. 

HccneayeM.&Ie cTpyKTyp.&I MarauTaoro nonn 5.&rnlf coaaaa.&x np11 noMOI.Ulf CHCTe-

M.bi CnHpan&HblX llllfMM CO cne.z:tyiOIUHMH napaMeTpaMH: 
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I 
I 
·I 
I 

I 

11 N 

21 N 

= 4 

=-6 

= 1,34 CM 

= 2,7 CM 

19 

l;2 CM CM 

2,5 CM CM 

BHelliHHii au.a nonrocHoro HaKoHe'IHHKa .anSI N = 4 ITOKaaaH Ha pHC, 6, 
" ,, ' 

Pac'IeTHaSI KpHBaSI H aKcrrepuMeHTanhHbie aHa'IeHHSJ aMrrnuTy.z:tbi ocHOBHoii rapMOHliKH 

.anH aToro aai>_HaHTa rrpuae.aeHbi Ha puc. 7. VIa aToii aaaucHMocTu BH.z:tHO; 'ITO 

8MITnHTy.aa, paBH8Sl HyniO B UeHTpe, BoapacTaeT C yBeE!!_'IeHUeM pa.auyca, .z:tOCTHraH 

90% OT rrpe.aenbHOii 8MITnHTY.z:tbi Y*e H8. "t ~ 15 cM. Ha TOM )Ke pucyHKe rrpuae-

.z:teHhl OTKnOHeHUSI ¢aay OCHOBHOii rapMOHUiH ~ /. . .+. 2: {-., OT H.z:teanhHOH 't'aabi k 
VIa MeHeHue' aH8K8 OTKnOHeHHSI rrpUBO.z:tUT H8 KOHe'IHbiX p8.z:tHYC8X K a¢¢eKTUBHOMY 

yaenH'IeHHIO * , 'ITO BbiabiBaeT noKanbHOe yaenU'IeHHe 8MITnUTY.z:tbl H8 STUX pa-

.z:tHYC:,BX. npH OITTUMBnhHOM BbJ6ope /ua ycnOBHH M8KCHMyMa rrpe.aenbHOi:t 

8MITnUTy.z:tbi/ 9TOT a¢¢eKT aaMeTHO yMeHbll189TCH. 3To BU.z:tHO Ha aila-iluaa .z:t8HHbiX 

rrpUBe.z:teHHbiX H8 pUC, 8 1 H8 KOTOpOM .z:t8H8 aaBHCUMOCTb 8MITnHTY.z:tbi H ¢aabi ,OCHOB

HOil: .rapMOHHKU OT pa.auyca .z:tnH B8pU8HT8 fV = 6, r.z:te .f 6binO Bbi6paHO 6nua

KHM K onTUMBnbHOMy. CxeMaTU'IeCKUii qepTe)K nonrocHoro HaKoHe'IHHKa co cnupanb

HbiMH. iuHMMaMu .anH aToro -BapHaHTa rrpuae.ueH Ha puc. 9.~ CooTHOllieHHH aMnnuTy.a 

rapMOHUK B paano)KeHUH nong B HHTepBaJJe pa.z:tHYCOB 20-50 CM COOTBeTCTByeT 

pac'IeTHOMY Ra Bbipa*eHUSJ /47 I. AMnnHTy.aa BOCbMOii rapMOHHKH a rrepaoM aapHaH

Te H .z:tB9H8.z:tU8TOii BO BTOpOM COCTaBnHeT 5% H 25%, .C.OOTB9TCTBeHH0 1 OT 8MITnHTy

.z:tbi OCHOBHOii rapMOHHKH, 

Hau6onee Tpy.aoeMKoii aaL{a'Ieii rrpu ¢opMHp~BaHHH MarHHTHoro rrong uuKno

TpoHa SJBnSJnOCb coa.aaHUe 'peaOH8HCHOrO cpe.aHero~·rrong. /32/ • cf>OpMUpOB8HHe cpe.a-
• -· 

Hero ITOnH Ocym:ecTBnHnOCb KOJJbU9BbiMU lliUMMJlMH, paC'I9T M.BrHUTHOro ITOJJH KOTO
• 

pbiX BencH B npe.arronO)K9HUH p8BHOMepHOrO OCeBoro H8M8rHH'IHB8HHSI ua Bbipa)Ke-

' 
HHSJ /36/ • COCTaBnSIIOll{8H M8rHHTHOJ'O rrong OT TOHKHX KOnbU.9BbiX lliHMM paaH_anb-

Ho:l!: rrpoTH)KeHHOCTH d R. = R~- R1 . H BbiCOTbi OITHChlB8eTCH ITpH ycnOBHH 

~~ .::.<. 1 cne.ayiOW:II;!vf ()6paaoM
1281 

. 
H:~. ("t-)::: ~srMA~ { '1'(-r.,h.:~,R:z.) /49/ 

' 

rae 
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fio H €o - aopMHpoBaHHbie nonahre annHnTH'leCKHe HHT_erpanhi 1-ro H 11-ro po.oa; 

. ~ 4R'(, =7 
d.= a,~ $,n, (flrr;)Z + 1t,

1
Z 

-
t.Iucneaaoe saaqeaue HaMarauqeaaocTH M .ons xonhueBbiX lllHMM aaxo.on-

/29/ . 
nOCb C nOMOU{hiO KpHBbiX H8M8T'HH'lHB8HHS B9ll{9CTBa H M8T'HHTOMeTpH'l9CKOT'O 

/28/ u 

p83M8T'HH'lHB8IOU{9T'O 4JaKTOpa · , KOTOpbiH onpe.oenseTCSl H3 COOTHOU19HHS 

~ 
-M 

tY ~ ~ f J~ (e~ (a/,~ R~, RJ t.olt dYtl~ 
:I .. v . 

tPYHKUHS, OnHCbiB8IOU{8S pacnpe.oeneaHe BepTHKanhHOii COCTaB-r.oe J.e 
nsroxnea MaraHTaoro nons BHyTpH paccMaTpn:BaeMoro o6pasua, PasMarHH'lHBaromnu 

tP8KTOp SBnseTCS 6e3p83M9pHOH 

/npH 1Jh,- ex:.> / LlO 4$" 
IJR . 

tPYHKUH9H napaMeTpOB 

/npH a lr. - 0 I. 
IJ/? 

lllHMM H M9HS9TCS OT 0 

npe.oaapHTenhHbi9 9KCnepHM9HTbl 1 npOB9Ll9HHbi9 C O,llHHO'lHbiMH KOnhU9BbiMH 

TOHKHMH lllHMM8f..H!: 1noKa3anH, .'!TO OTKnOH9HH9 paC'l9THbiX H 9KCnepHM9HT8nhHbiX 

KpHBbiX H9 np9Bbilll89T 10% OT M8KCHM8nhHOT'O 3H8'19HHS1 nons lllHMMbi 1 H B npe.oe

naX 9TOH TO'lHOCTH HM99T M9CTO npHHUHn cynepn03HUHH nonefi OT OLlHHO'lHhlX 

lllHMM, )lmi 6oriee TO'lHOT'O lllHMMHpOB8HHS cpe.oaero nons npHM9HS1nHCh .CT8nhHbi9 

un:nHHLlpbi Manoro . LlH8M9Tpa I ¢ 0,8 CMI. napepacnpe.oeneaHe UHnHHLlPOB no 83HMY 

Ty :Hcnonh30B8nOCh .ons YM9Hhlll9HHS aMnnHTYLl nepBOH H BTOpoti rapMOHHK 1 nOS1Bne

HH9 KOTOpbiX B pasno}Ke!tHH nonH 06"bSCHSl9TCS OlllH6K8MH B T'90MeTpHH lllHMM 1 KO

TOpbi9 B H3T'OTOBneHHOM KOMnneKTe CnHpanhHbiX lllHMM COCTaBnSlnH OKOnO 0,01 CM, 

H nepexocoM nomocHbiX aaxoae'lHH~oB, ae npeBI>rmaromn:M 0,05 CM, AMnnHTYLlhi 

HH3lllHX rapMOHHK B saBHCHMOCTH OT pa.onyca npe.ocTaBneHbi aa pn:c. 10. BenH'lHHhi 

8MnnHTYLl 1-A H 2-A rapMOHHK .ons 0 < "t < 50 CM ae npeBbllll8IOT 15 9pCT9Ll, 

DnH ynyqmeHHH ycnoBHft aatianhaoro ¢opMHpoBaHHH nytiKa B ueaTp~nhHOti 

o6nacTK ycxopHTenH ocymecTBnea ll®orihmofi-no.o"E>eM cpe.oaero nons. B HHTepBane 

pa.ouycoa 8.;..52 eM oTKnoaeaHe cpe.oHero nonSJ oT pesoaaacaoro He npeBhimaeT 
-2 . . 

2•10 % /aa pHc, 3, TO'lKSMH n:so6pa:meao axcnepHMeHTanhHO ocymecTBneaaoe 

cpe.oaee none/, 

§ 5, J13MepeHHe H. CTa6Hni-l38UHS1 :aanpS1:>K9HHOCTH: M8T'HHTHOT'O nong 

A6conroTaaH BenH'lHHa aanpst:meaaocTH aeo.oaopo.oaoro MarHHTHoro nonSJ ycxopH

Teng H3M9pS1n8Ch CneuHanhHO pa:3pa6oTaHHbiMH. M8t"HHTOM9Tp8MK 1 OCHOB8HHbiMH H8 
I 

t( 
:,J 

I 

i 
' ! 
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/301 
acpciJeKTe Xonna 

/31 I 1321 
H SIB119HHH SI.l:{9pHOI"O M8I"HHTHOI"O pe30H8HCc1 

1 
• 1 

I 
I 

npn noMOlllH YK838HHOI"O -~.l:{~P.l!OI"~ M8I"HHTOM9Tpa 80C01IIOTH8SI B9JlHqHHll Ha-

l 
npSI.>K9HHOCTH M8I"HHTHOI"O nOJISI B .l:{HanaaOHe OT 250 .l:{O 24 000 apCT9.l:{ C ,I"pll.l:{II9H-

I 
TOM.B-10% oT H lao IOOD-1200 ~/eM/ MO.>KeT ObiTb naMepeaa c ToqHocT:biO 

-.:!:. 0,01%. 8TH H3M~p9HIISI SIBJISIIOTCSI npa~THqecKH "ToqeqHbiMH" 1 TaK K8K Oo'bbM 
I , 

aewecTa·a aaTqiiKa MarHHTOMeTpa, a KoTopoM HaonroaaeTcSI SiaepHbrii:-~ar:IITI Hbrii: 

peaoHaHc, npn cpeaH~x aennqnHax MarHHTHoro nonSI cocTaBJISieT 2. 10 CM • OaHo-

apeMeHHO Mo.>KeT obiTb onpeaeneHa c ToqHoCTbiO :!:.. I% aennqnaa rpaaneHTr , 

HanpSI~9HHOCTH M8I"HIITHOI"O n01ISI B TO'!Ke H3M9p9HHSI H 91"0 HanpaB119HHe. 

I 
.[lJISI II3MepeHHSI ·HanpSI.>K9HHOCTH M8I"HH~HOI"O nOiiSI B 3830pe M8I"HIIT8 UiKJIO-

TpOHa aaTqHKH o5onx npn6opo.B ycTaHaannaanucb Ha cneunanbHOM npncnoco511ieHnu, 
. lo 

noa~~Jl~IOIU9M nepeM9lll8Tb IIX no paauycy, no BepTHK8JlH H no 83HMYTY OT 0\ .!:{0 

360°. ToqriOCTb-)'C'raHOBI{_If __ EaTquKa no paauycy .± 0,01 CM, .no aepTHKann ,.!0~0 1 eM 
--- I 

\ H no 83HMYTY ±,0,1 ~ 

B HitepaoM MarnHTOMeTpe np>iMeneaa cacTeMa ABCTaHnHoHaoa rpy6oa H \Toq

HOii: HaCTpOfi:KII koneoaTeJib~OI"O KOHTypa pereaepaTIIBHOI"O .l:{9T9KTOpa CIII"H8118 SI.l:{ep

HOI"O M8I"HHTHOI"O p930H8HC8 II CIICT9M8 .l:{HCT8HIIIIOHHOI"O nonyaBTOM8TIIqecKOI"O ~n~ 
paaneHuSI aaiiMyTal!bHbiM nepeMeweHHeM aaTquKa, qTo noaaonnno aHaquTeJibHO, coK-

paTHTb apeMSI, aeo5xoauMoe anSI uaMepeHHii: HanpSI.m:eHHOCTII MarHuTaoro nonSI a 
npouecce lllHMMHpoaaiinSI. 

Tpe6yeMaSI cTaounbliocTb MarHHTHOro nonSI- /0,01%/ MO.>KeT obiTb nonyqe_Ha 

TOM:~KO npH no MOlllH ycTpOfiCTB8 1 KOTOpOe pearHpyeT HenocpeacTB9HHO H8 H3M9He

HH9 HanpSI.m:eHHOCTH MarHHTHoro nonSI B aaaope aneKTpoMarauTa. Ha HaaecTHbiX. 

CnOCOOOB T8KOfi: CT80HJ1H38UHH M8I"HHTHOI"O nOJISI H8H001199 ToqHbiMH H y.l:{OOHbiM SIB

JISI9TCSI M9TO.l:{ 1 OCHOBaHHbiii: Ha HCnOJlb30B8HHH SIBJleHHSI Sl.l:{9pHOI"O M8I"HHTHOI"O peao

H8HC8e CTaoHJibHOCTb peaoHaHCHo:li aenH'lHHbi HanpSI.m:eHHOCTH M8I"HHTHoro nonSI on'pe-
. . I 

.l:{9JlSI9TCSI npaKTH~IeCKH T01IbKO CT80HJlbHOCTblO 'l8CTOTbi BbiCOKOqacTOTHOI"O Boaoy:maa-·- . I , 
rowero nonH. 1-1 cnonbaoBaHue napaMeTpnqecKH cTaounuaRpoaaHHbiX HJIH cTaounu- I 

3HpOB8HHbiX KBapueM I"eHepaTopOB 1 38.l:{8IOIUIIX qacToTy BbiCOKO'l8CTOTHOI"O B030Y~.l:{~~-
. . I 

IOlll9I"O nOliSI 1 no3BOliSI9T CT80HliH3HpOB8Tb HanpH.>K9HHOCTb M8I"HHTHOI"O n01ISI C .Toqr : 

HOCTbiO 0,01 - 0,001%. 

B UHKJIOTpoHe HanpSI.m:eaHOCTb MarHHTHoro nonH ciaonnuaupoaanacb c Toq-
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aocT:bro 0,005% SI.llepHbiM .cTa6unuaaTopoM, a xoTopoM peaoaaacHbiil: curaan aa6nro-
. . 1331 

aancSI M9TO,ll0M ·SI,llepHOii HH.llYKUHH 

§ 6. BbiCOKO'IaCTOTHaSI cucTeMa u reaepaTop 

BbiCOKO'IaCTOTHaSI cucTeMa uuxnoTpoaa rrpeacTaanReT co6oil: xoaxcuanbayro 

qeTaepTbBonaoayro peaoaaacayro I ~ = 64 cMI nuauro, aal\~KHYTYIO c oaaoll: 

CTOpOHbl rrepe,llBH:>KHbiM . .llHCKOM H .Harpy:>KeHHyiO C ,llpyrofi: CTOIJOHbl eMKOCTbiO 
134/ . 

.ll yaaT-xaMep a 

nepeM9IU9HH9M .llHCK8 CHCT9M8 rrepeCTpaHB89TCSI B ,llH8IT830He. OT 7 16 ,llO 
I 

12 MI'U rrpH pa6oqefi 'I8CTOTe B 10,5 MI'Uo 

0C009HHOCTbiO BbiCOKO'I8CTOTHOil: CHCT9Mbl SIBnReTCSI HanH'IHe TOnbKO O,llHOI'O 

.llY8HT8 H M8nbie 3830pbl M9:>K.llY llY8HTOM H K8Mepoil: 11,5 - 2 CMI. Bbrcoxo-

'!8CTOTHbifi rrpoooil: M9:>K.llY .llY8HTOM H K8Mepoil: Ol'pl.j.HH'IHBaeT M8KCHM8nbHO aoa

MO:>KHOe ycxopSIIOmee aarrpSI:m:eaHe 40 KB. ManocTb aaaopoa o6ycnoanuaaeT TaK:m:e 

3H8'IHTenbHY~ paCCTpOfi:Ky CHCT9Mbl rrpH Harpeae t 'ITO rrpHBO,llHT K H900XO,llH~OCTH i . . . .. 

irrpHHHM8Tb CIT9UH8nbHbie Mepbl .llnSI ITO,ll.ll9p:>K8HHSI H9H3M9HHOfi: ee COOCTB9HHOfi 
! 
:'I8CTOTbi. 

06mHil: BH.ll peaoaaacaoil: nHHHH rrpuae.uea aa puc. 11. Hapy:>KHbiM· sneKTpo

.llOM nHHHH SIBnSieTCSI CT8nbHOii B8KYYMHbifi: oaK, ITO-KpbiTbiil: H3HyTpU M.9,llHbiMH nHcTa

MH • .llnaMeTpbi: aaewaero n aayTpeaaero sneKTpo.noa paBHbi 58,4 u 20, · 0 eM, 
\ I • " -·, ' . -

qOOTBElTCTB9HHOo 

·,, 
~ 

I 

i 
.llyaHT HMeeT cneayromue paaM:epbi: pa.uuyc 57 ,5, arrepTypa 4 CM. C uenbro 

yaenu~eauR pa6oqefi: arrepTypbi Tpy6xu oxna:m:.n eauSI pacrrono:>Keabi a.uonb ooKOBbiX 

KpOMOK .llY8HT8 BH~- pa60'IHX pa.llHYCOB. 

nuT8HHe BbiCOKO'I8C.TOTHOil CHCT9Mbl ocymecTBnSieTCSI C9MHK8CK8,llHbiM reHepa-

TOpOM C H938BHCHMbiM Bl.l30Y:>K.ll9HHehl:-·3a.ll 8IDIUHii reaepaTOp co6paH H8 TpHO,lle 

6H15n ITO CXeMe C 3839MneHHbiM 8HO,ll0M H eMKOCTHOfi OopaTHOii CBR3biO; ,llnSI 
' ----
o6ecrre'!eHHSI BbiCOKOil: CT8oHnbHOCTH 'I8CTOTbi B ~'8M .. ITpHMeneHbl TepMOKOMITeHCH

pyromue KOH.ll9HC8TOpbi 1 C'l'8oHnH3HpOB8HO 8HO.llHOe ITHT8HHe H HH.llYKTHBHOCTb 

ai;lrronil:eaa ·aa xepaMH;~CKOM xapxace .. MeTo.noM ropgqefi-rroca.uxu., CTaounbHOCTb 
..... -.-·-5 -- .. . .. ...- .... 

qaCToTbi sToro .. reaepaTopa-cbcTaanS:te'T· 4·10 I rrocne .uayxqacoaoro rrporpeaal. 

I 
I 
! 
i 
I 
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, 
BbiXO,llHOH K8CK8.ll coopaH Ha .llBYX naMnax rY-12A, BKniO'ieHHbiX napannenbHO, 

.[lnH ycTpaHeHHH napa3HTHbiX reHepaUHH B pe:mHMe C He3aBHCHMbiM B03oy:m.ll9HHeM 

H B03MO:mHOCTH npocToro nepexoaa B aBTOKoneoaTenbHbrii pe:mHM KacKaa paooTaeT 

no cxeMe c 383eMneHHOii ceTKOii. KacKa.ll pacnono:meH B HenocpeacTBenHoii 5nn-

30CTH oT pe3oHaHcHoii nHHHH /pnc. 11 I. "Ero aHO.llHbiM KOHTypoM sJBnHeTcH BbrcoKo

'iacTOTHaH CHCTeMa, C KOTOpoii ocyr.uecTBneHa KOH.llYKTHBH8H C..B5l3b nocpe,llCTBOM 

KOpOTKOI'O B03.llYlilHOI'O K08KCH8nbHOI'O tPH.llepa C BOnHOBbiM COUpOTHBneHHeM 

64 OMa. npn paooTe C He3aBHCHMbiM B03oy:maeHHeM yXO.ll CODCTBeHHOH 'i8CTOTbi 

BbiCOKO'i8CTOTHOit CHCTeMbi B pe3ynbT8Te HarpeBa npHBO,llHT K H3MeHeHHIO yCKOpHIO

r.uero HanpH:meHHH. noaaep:maHHe UOCTOSIHCT_Ba CODC_TBeHHOii 'i8CTOTbi /aMUntiTY .llbi 

ycKOpHIOI.Uero Hanpg:meHHH/ ocyr.uecTBnHeTCH npH llOMOI.UH 8BTOM8THlteCKOii CHCTeMbi 

CT8DHnH38UHH 8MllnHTY.llbi nyTeM H3MeHe,HHH eMKOCTH Me:m,lly .llYBHTOM H ,llOUOnHH

TenbHbiM aneKTpoaoM, BBO.llHMhiM B KaMepy ycKopnTenst. B .llHana3oHe perynnpoaa

HHH CHCTeMa CT8CHnH38UHH llO.ll.llepnmsaeT HeH3MeHHOH 8MllnHTY.llY ycKOpHIOUl9I'O 

H arrpst:meUi-JH C TO'iHOCTbiO 1,5%,_ 

§ 7 , KaMepa H HCTO'iHHK HOHOB 

~ 

BaKyyMHBH KaMepa ycKopHTenH, HMe_ror.uast tjlopMy npstMoyronbnoro napannene-

nnnena c pa3MepaMH 158x154x33,5 cM
1 

CKOHcTpynpoBaHa TBKH~ o5pa30M, qTo6w 

MBKCHManbHO o6ecne'iHTb 9KcnepHMeHTanbHbie Y.llOOCTBa npH UpOCTOTe H HB,lle:m

HOCTH ee o6cny:mHB8liHH, K aMepa, 38 HCKnro'ieHHeM UHnHH.ll pH'ieCXHX CTanbHbiX 

KpbilileK, Bhrrionnena H3 cnnaaa THna "a.snanb" anH yMeHbllleHHH apeaHoro paano

aKTHBHoro tjlona OT ,llOnrO)KHBYI.UHX H30TOUOB1 HSKannHBaeMbiX B KaMepe UO.ll aeit

CTBHeM ycKopeHHbiX 'iSCTHUo KaMepa H BHelilHSIH Tpy6a pe30H8HCHOii nHHHH o6pa-

3yiOT BaKyyMHblii OO'beM 1 OTKS'iHBaeMbiH TpeMH napOMBCnHHbiMH HBCOCBMH THll8 

-5 
H-5T, YKa3aHHhre nacochr o6ecneqnaaroT pa6oqHii BaKyyM B cHcTeMe /1-2/·10 _MM. 

pT,CT. UpH HaTeKaHHH paooqero I'838 B HCTO'iHHK OKOno 
3 

2-5 CM I:MHH. 

¢opBaKyyMHaH OTK8'iK8 KBMephl H JlHtPtPY3HOHHhlX H8COCOB o6ecneqnaaeTCH 

nayMH MexaHH'ieCKHMH nacocaMH BH-1 qepe3 tjlopBaKyy~~Hhiii Tpy6onpoaoa, ceKun

OHHpoBaHHhiii .llnH p83,llenbHOH OTKS'iKH KBMepbi H .llHtPtPY3HOHHbiX HBCOCOB, 

HcnOnb30B8HHe B KS'ieCTBe HCTO'iHHKB HOHOB pa3pH.ll8 THUS neHHHHI'H 

no3Bonnno H36en{STb 3HB'iHTenbHbiX KOHCTPYKTHBHbiX TpyanocTeii:, CBH3aHHbiX c 
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DOllOI'p~BOM KaTona H OXJia}KneHH8M OTll8JlbHbiX 'l8CTefi HCTO'IHHKa HOHOB, KO;H_ 

. -
CTpyKTHBHO HCTO'll!HK BbiJiOJIH8H TaK, 'ITO HM88TCSI BOSM02KHOCTb ero npOllOJlbHOI'O 

. ' . 
H OOKO~OI'O CM8lll8HRSI 6e3 Hapyill8HHSI BaKyyMa B CHCTeMe. KaMepa CH802K8H~ 

TpeMSI npo6HHKaMR, c KBapu~BbiMH MHllleHHMH B KatJecTBe RHllRKaTopoB ny'IKa. ToH

KaSI BOJibcppaMOB8SI npOBOJIOKa, H8MOTaHHaSI Ha· KBapueBbl8 MHill8HH 1 ll03BOJISI8T npoBo

llRTb OllHOBp8M8HHO C BH3yaJibHhlM Ha6JI~ll8HH8M H3MepeHHe TOKa nytJKa yCKOpeH-

H biX qacTuu. 

~ 

06WRll BHI.l yCKOpHT8JISI C~ CTOpOHbl HOHHOI'O HCTO'IHHKa H npo6HHKOB llpHB8ll8H 

· Ha pnc. 12. 

3aKJIIO'l8HH8 

KoMnneKc nposeneHHbiX pa6oT no nycKy H HccneaoBaanro ycKopnTenSI c npo-
. ' . ·l 

6Tp8HCTB8HHOI BapHaUHel HanpSI2K8HHOCTH M8I'HRTHOI'O llOJISl 003BOJISl8T cnenaTb 

CJieLtyiOWH8 BbiBOll bl: 

'.· a/ 3KcnepHM9HT8JibHO ilOI.lTBep2Kll8Ha pa3BHTaSI B npHM9H8HHH K 9THM YCKOpn-

-: 

TeJISIM JIHH8HH8SI TeopHSl npocTp8HCTB9HHOI· yCTOH'IHBOCTH B onpeaeneHOOM LtHana3o

H8 H3M9H8HHSI tJaCTOT C05CT~9HHhlX KOJie6aHHI 'JaCTHU; 

6/ Te.opeTH'leCKH H aKcnepHMeHTan&uo H ccnenceaa aennaeitahrl pe30HaHCHbii 

acpcpeKT B U9HTpe YCKOpHT9JISl H HalaeHhl o6naCTH napaMeTpOB CTpyKTyphl M8I'HHT

HOI'O. llOJISl 1 npH KOTOpb!X ::>cpcpeKT npaKTH'l9CKH OTCYTCTByeT; 

a/ Paapa6oTaHHbre MeTOllbi coaaauug BapHaunu aanpSI2KeHHOCTH MBI'HHTnoro 

OOJISl o6ecne'IHB810T H800XOllHMYIO LtJISl npaKTHKH TO'IHOCTb H MOI'YT npHM8HSlTbCSl 

~pH COOpy2KeHHH YCKOpHTenel TBKOI'O THna; 

1 
r/ Bee yKa3aHHhle TeopeTH'lecKne u aKcnepHMeHTaJI&Hhle nccneaosaanSI, a 

T~Kme pa3pa60T8HH8Sl annapaTypa llJISl H3MepeHHSl H CT80HJIH38UHH Mai'HHTHbiX n,onel 

cll02KHOil: KOHcpHrypauHH H M8TOJlbl illi!MMripOB8HHSl cpeaHero llOJISl ll03BOJISl lOT 
I . 
~ 

OCYlll8CTBHTb H8 UHKJIOTpOH8X COOTB8Tt_;TBYIOWRX p83MepoB YCJIOBHSl 1 He06XOJlHMbie 

n·ng ·pe30H8HCH01'0 YCKOpeHHSl 'l8CTHU JlO aHeprHil: 1 nonyqaeMbiX l!pH DOMOlllH cy-

lll9CTBYIOlllHX CHHXpOUHKJIOTpOHOB npH TOK8X B ny'IK8X B COTHH MHKpOaMnep • 

ABTopbr BbiCOKO ueastT 6on&illyro aanpSI2KeHHY!O pa6oT.y, Bhmonaeaayro npn· 

coopy2KeHHH yCKOpHTeJist KOJIJieKTHB8MH ::mcnepH M8HT8JlbH b!X M8CT8pCKHX 1 KOHCTpyK-

,. 

I 

( 

I 
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TOpCKOrO 6IDpo, paUIIOTeXHII~eCKOrO H aneKTpOTeXHII~eCKOrO CeKTOpOB fla6opaTOpiiH 

HnepHhlX rrpo6neM, AaTophl rny6oKo 6naronapHhl aTIIM KonneKTIIBaM II IIX pyKoaonii

TenHM K .A. Bafi~epy, H.VJ. <Pponoay, M .ct:>. Wynhre, <P.B. YyMaKoay 3a oKa3aHHYID 

ITOMOlUb, ueHHbie rrpenno:>KeHIIH II o6cy:m:neHIIe MHOrHX TeXHH~eCKIIX BOITpOCOB, Aa

TOpbi Bhrpa>KaiDT 6naronapHOCTb D.VJ. BnoxiiHUeBy, n.B. EcppeMOBy, K.H. Memepg-
' 

KOBy, B,H,CepriieHKO 38 ITOCTOHHHhlfi HHTepec II conefiCTBIIe, B 3H8~IITeJ1bHOfi 

Mepe crroco6cTaoaaBILIIe ycKopeHHID pa6oT, H E.r. KoMapy, VJ.<P. Manhrweay, 

Jl,H, ct:>enynoBy . 3a KOHCTpyiipOBaHIIe H II3rOTOBJ1eHIIe KaMepbi II MarHr-:Ta YCKOpiiTeJlH, 

3a ITOMOlUb, OKa3aHHyiD Ha rrepBOfi CT8Ulfll COCT8BJ1eHIIH TeXHII~eCKOrO 38UaHIIH 1 

dBTOphl rrpii3HaTenbHhl YecTHOMY A.B. 

PyKorriicb rrocTyrriina B H3naTenbCKIIfi oTnen 19 aarycTa 1959 rona. 
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Pllc. 4. ToK rry'!Ka 'ISCT!IU aa pa3nli'IHhiX panllycax I Vc, 11 KB./ 
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P~rc. 6. noniOCHbiit H8KOHe'IHHK co cn~rpanbHbiMH WHMMaMH amr BapliaHTa 
c N = 4. 
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P n:c. 7. a/ 3aBn:cn:MOCTb aMrrmny.n: hi 4-H: rapMOHHKn: MarHHTHoro rrorrSI H 
4 

oT pa.n:n:yca /crrnornHaSI Kpn:BaSI - pac<JeT, Kpy.>KKn: - orrbiTHbre 
.n:aHHhre/; 

6/ OTKnOHeHn:e ~83hl 4-fi r'8pMOHHKH M8r'HHTHOI'O liOnS! OT CIIHpann: 

/crrnOll1H8SI Kpn:BaSI - paclJeT, KpeCTHKH - O!IbiTHbie D:8HHbre/, 
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y H{j 
parJuaH 3pcmeo 

" 1000 

ol_ __ Jo~~~--t~o~--~---2~o--------3+o~------4~o~------~so~----~~6~o~z;-c~M 
Puc. B. a/ 3aaucuMocTb BMIInUTyabl 6-ll rapMoau~tu MBI"'HliTHoro IIOnSI 

H 6 oT paauyca; 

6/ 3aBHCliMOCTb cpa3hl !f. CIIlipanbHOll WliMMhl OT pa,nuyca 
lciinoriJaaSI nuauSII. 

3~tCII9pliM9HTanhH8SI 38BliCliMOCTb cpa3hl 6-1! 1'8PMOHH!tli 
MarHUTHoro IIOnSI oT paauyca l~tpecTu~tul. 

, 



- 36 -

Macwma5 

flaJpeJ no 11-11 
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,II 

Prrc. 9, CxeMaTM"'eCKMil: qepTe:>I( nonrocHoro HaKoHe"'HMKa co cnrrpanbHbiMY. 
WMMMaMM .ami saprraHTa c N = 6. 
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Prrc, 12, 06LUHH Bli.ll YCKOpHTenSI CO CTOpOHbi HOHHOI"O liCTO'IHliKI:t I1 llf.JOqHlfKOB, 


