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B COOTB8TCTBEH O BH6paHHUMH B Hy&nOTpOH8 ~aCTOT8MH 68TaTpoHHHX 
ROJr8damrlt ( Qx ~ Oz ~6, 75)/1/ ,Ii;Jm M8,D;JI8HHorO ssaona nexecooõpaaao 
HOnOJIbSOBaTlI 6JI:lIJJKa.A1IId peSOHaHC TpeT1>erO I10PJI.D:Ra 3 QX :::o 20. Pa6o
~8H TO~ nO.n;BO~TCH R rro~oce aToro peSOHaRCa HSMeH8HH9M TOROB B 
06MOTRax CTpyRTypHHX KBa,IlJ)yrrÓ~lIHHX J1HH3. O.n;HOBpeMeHHO C IIOMOlItllID 
C9RCTynO~lIHHX ~B cos.n;a9TCH 20- R rapMOHHKa RBa.n;paT~HoA He~eft

HOOTH. Me,It1.teHHOe OMelItemIe lIaOTOTll 68TaTpOHHbIX KO~86a.Hldl BHyTpII peso
HaROROI rrO~OCll rrpoHSBO~TOH aa o~eT rrporp8.MMKpyeMoro H3M9H9HRff TOROB 
B .n;OIIOJIHHTe~bHHX RBa,IlJ)yrrOJI1tHHX JIHHS8.X. Blmo.n; IIY'IKa. OCYllt9CTBJIH9TOH C 
rrOMO~ID 9~aRTpoOTaT~eCRoro OeIITYM8 H,MarHMTa KaM6epTCOHa. 

I. Xap8.RT9p1!OTHKn MaI'HH'l'HHX a~eMeHTOB li napaaerps BllBe.n;eHHoro 
rryqKa.	 PB.3M81It8HKe KB8,Iij>ylIO~1>HHX H C8RcTyrro~lIma JIlIH8 B 

Ro~~e YORoplITeRH 

PaSM9lIteHK9 aTKX 9~9M9HTOB B Ko~e YORopHTe~ R CX8Ma HX ~9KTpo
IIRTaHHH .n;o~a 06eon9~TD BHOORoe KalleCTBO II HeSaBROHMOOTlI HaOT
polbm napaMe'l'poB BllB9.n;eHHoro nylIKB.. IlOaTOMY Heo6xo.n;HMfie B08My1Itemm 
MBrHHTHOrO no~ ue~eooo6pasHO oo~.n;aBaT1> C I10MOIIthID .n;Byx rrap 09RCTY
nOJIbHl:lX II lIeTHpeX KBa,IlJ)ynO~lIHllX JmH3 (pRC. I) • 

.1IHH8H R8JE,II;oA rrapW[OI,JIC3 -.-ÃD2 ,.n04paCnOJIar8lOTCH na .n;KBM8Tp8.1IlIHO 
npoTHBOIlO~OEHHX yl{aCTRax CTPYKTypH. COOTB8TCTBYIDmax'MKHHMaJI1>HWA 9Ha
lIeHHffM .n;HCn8pCRoHHO~ ~', li SanRTl:lB8lOTCR O.n;HHaROBl:lMH TOKaMH. 

Ilapl:l ~a C~BRHYTl:l IIO asRMyTY ~pyr OTHOCRTeJIbHO .n;pyra Ha yro~ 

B = 77T/16. lITO I10SBO~eT BapllHpoBaTlI ~3Y c8KCTynO~lIHOA rapMoHKKH 
B nponscce nacrpoãxa M9.zvr9HHoro Bl:lBo.n;a OT O .n;o 211. KpOMe Toro I Ta
Roa paCIIO~OJiteHE:8 RCKJWtIaeT Boa6pr,n;eHHe peSOHaHCOB TRIla 2ax±.2Oz:::l 
.=2m -+" H CBO.ItHT k MHHKMYlo1Y xpoMaTRlIeCKHe a@JeRTl:l. 06YO~OBJIeHHHe 
BBe.n;eHHaM KBanpaT~HHX H9~elHoCTe~. 

YCTaROBKa. p8BHOMepHO no RO~bny lIeTHpex KBanpynO~lIHHX ~H3 ~+JK4 

C IIoc~e.n;OBaTe~HO COe~HeHHHMH 06MOTK8.MH 06ecn8~HBaeT Tpe6yeMHft 
RorepeHTHWt C.n;B1U' lIaCTOTH A Q1. 11 HCR.JIiJqaeT Bos6yx.n;emre onacasx 

napaesrpaxecxax peSOHaRCOB 2Q v,z = 13 H 2ax, 2 = 14. Iloo~e.tnte9 
06CTOHTeJIbCTBO ~eTOH BeClIMa cYIItecTBeHHl:lM. T.R. nO~8H rnHpHHa I10
zoes AQ& p8S0HaHCa 3 Q)( 20 OKB.3HBaeTCH Cp8BHHT9~1>HO:::l 

60~moA. oc06eHHo rrpR BHBo.n;e ~aCTHn B 06JIaCTR Cpe.n;HKX 8HeprRA. 

I
 tffieanrle-UHwb KHCmyT°t·
 
~~B~ ftCC}JellnBâUI~ 

611&n~!~~:TEHP. 
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PH:C. I .:	 PacnOJIO.X9Bl19 8Jl9J19HTOB 01l0'fell BBO,Jta 11 mmo,lla JIY1Ut8 
B BOO:&Wl oynep1I9pHoll8.X HYRJIOTpOHa. 

JLm MOJ{Jl9HHoro mmo,Jta nytmDB aa s:yKJIOTpOHS no KSJu;OMf 119 '}1)!tyX 

mmpaBJleB1íl (Mal li MB2) npm1fiTIl ,ltByXooryneWlama cxew.r:. PaspaÓG'R8 00

Jle9 CJIomD.a YIIOroO'fYII91N8THX OX9U oonpaed. o T9ll!lAeODMll 'fP1JtB00TSI

Mil, B Q8CTBOCTl!, o sanOJlHemaM CSOJI},moro UeJIa np.lDIOmmelmIX JIPOH8J1:1'l

0013. YOorpolCTBSIm mmo,Jt8 S8 c-qeT .npyru 8J(e~.70B. KpoMa TOro, p8e'l9'!' 

BaR: ~KTDaOC'l1t M8JtJ!9HHoro mmo,Jta. np8~ ,I{,ml ~yxo'fYlI9H"1a'fol 
cmo 95%; MO.UT O'lll!'aT},QJI ~OBJl9'l'BOplI'fenBol. 

B u-qeC'lM nepBol CTYn9Jm BClIOJll>sye'l'cH IJl8RTpoc'l'8'l'1NeoKld oeu'fYl4 

(ao), OT1UIO~ '1acTIlIlH B ro:PHsOR7a.:Gl1oA UOCltOC'l'1i • .J1,m BTOpal crrr
I19BJ1 DSST ISI'DT JlaMdepTooBa (MJI), IIJ;IIIIleB9D9 ROTOporo n08BOJLiiST, BO

nepma, pacUOJIODT!t aro CBep:mpoBO.JJlDUl9 odllO'fK1I HB. ,nOOTB.'f01lHOII yX8J!e

Em! 0'1' nOTOROB paooemnna Ji BTOpFIBBX 1I8.OftIl, OOpasOB8Bl!l.JlXOR B pGsy.n
T8lf9 BSaDIO,lleIoTBU c 8.18~TpoC'l'8'lKtle0JDD4 oan'fYllOH JI. Bo-B'l'Opax. 0690

II91D1!1o DoneM nrma B BepTDX8.JIJ:dlol JIJIOCROOU XO ypoBWI oYJIteo'fByDD.n 

D.UJlOB "fpaBonoporBPOBRliI B 9KOlIepHM9n8JILBHX S8JU\X omapoWasO'fPOU. 

C "feva spemm on'llD48JIllBoro saoera êbaS 6e"fa'lPOHBYX R0JIe68D1 B08

JIOmm ,ltBa BapH8.HT& pacnOJIOJlemm oemoryuma YO'r})OIO'rB: B rrpe,neJIa'X O~.:. 

soro lIpSMPJDmeboro npo~Ita (]H", = 0,65 ~) K 'q9pea ~ oyne~ 
n9p11o,xa CPl." • 10,5 pa,n). 3Jl9H9B~ M12 Ma'l'prlllH nepeXO,It8 0'1 :BXO,lt8 B ao 
;&to ~Jl& B Wl, mpaxT9pBsymmd Be.mreDlB1 paqSJISIDm npKoen'f1HllHX 0"1'

2 

KHOH9HHoA R H90T~oHeHHoft TpaeRTopRA 'tIaOT~, OOOTBeTOTBeHHO, ~ nep

Boro l?I sroporo BapJiIaRTOB paEHH 4 MM/MPa.n II IO MMl'MPa.n. O.n;HaxO npo
CBeT MeJlUtY ropH90HTaJlI,HbThm orndB.lOJltKMK OTKHOHeHHoro R UHPKYJlHPyxlll.lero 

nyqKOB B noo~e~eM o~ae onpe.n;e~eTOH KOOp~HaTaMH ~aoTKU, OTHOCH

IItHXOSI R .n;pyro:a BeTBR q,asOBwt rpaexropaã npa pe90HaROe 3Qx= 20. llpH 

RHHeTKqeOROA 8H9prHH 6 r9B/~OH H HarrpRXeHHOOTH B~eRTpHq90KOrO no

~ B se 107 B/M pas.n;e~9HR9 nyqKOB B 060HX C~8HX rrpH6~9HTe~LBO O;IJ;H

HaKOBO. B OMaR o BTl?IM npemroxreaae 6WIO OT.n;a.HO nepBOM,V BapRaHTY pac

nO~OJKeHIDl BllBO,IUniX YOTpo«OTB B O,1U{OM np.RMOJIHHelbIoM llpOMexyTKe 

(pHO. I) •	 lI/ 
,U;m BH6pa.HHoA oXeMH sssona aw::IJnITy,lXa B2 .R q,asa {z oeRcTYIIO~LHoro 

B08~eHIDl orrpe.n;e~eTCH napaMeTpaMR BHBO;IJ;HHX YOTpo20TB R axoenTaHOOM 

YOltOpRTe~. lloo~e.n;mrlt, scza ae rrpmmMaT:D .n;onOJIHl:iTe~LHHX MSp, sanoa
HHeTOH KpaAHe He9~KTKBHO, ocoCSeHHO JIPR BHBo.n;e ROHOB o aHeprHHMK 

200 MaB/HYRJIOH. J(eftoTBRTeJlbHO, aa-aa OpaBIDITeJlbHO 6oJWIIoro 8Ml1TTaBCa 

f,x = 131TMM.MPa,It li paaõpoca OP~RT \fJc (âp/P) = ± 4 MM lIMe9T MeOTO 

HaMeH9Ime r.n:ydmm aaõpoca (19) R yr~OB ~aOTHn (20) B nponecce BIl

sona.• lIplPIeM e.,rma.OOoTBeToTByeT 'tIaCTmJ;BM c (t~p/ p ) = - (tap!p )fl14X' 

;IJ;JIJl ltOTOpHX aaoenraao MRHHM8JIeH • .I(.7m OOTaJILHHX 'tIaOTmJ;, HeOMoTPfl aa 
B03MOJmOOTL pocra SMIIJmT;rn deTaTpomrnx KOJIedwm2, r.ny6HHa aaopoca dy

.n;eT MeH:&me. 

l1acTHtIHO npo6~eMY s<f4>eRTIDlHOro aanoaaeaaa BaKyyMHOft RWlePH YCROPH

T9M y:naeToSl p8JmlT:D aa o~eT nporpa.MMKpyeMOro CM9l1.lemm paBHOOOOHOA op
dHTl:1 B nponeoce asnona aa B9JJlI1iBHY 2 'f' (ôp/ P )max" Ilpa aTOM I(eHTpan

H8Jl Op6:HTa B Jm602 MOMeHT BpeMeHH .n;oJDKHa OOOTBeTCTBOB8TlI ope,lUleMY 

snaseaan HMIIyJlbCOB BIlBO;IJ;RMoro ny-qK8. (OM. pRO. ld)". r.n:y6oa saõpooa 

l?I .n;KanasoH yr~OB 'tIaoTRU na BXo.n;e B a~eKTpoCTaTz-qeCKHa oenTyM onpe.n;e

JI'RIlTOH H9 lIOJIHijM, a MI'HOB8HHHM mmyJThOIffiM paSdPOOOM. T8.KHM Od~OM, 

CM9II(elme Op6RTH - npoI(9.nypa., TpadYJlIlt8H BHCOKoit T01lBOOTR (.....10- ) H3

MeHeHWl M8.I'HJ1[THOrO nOM B rrponecce aasona, I1pnO,ItHT R YBe.7IR1lemm 84)

waRTHBHOCTH R YMeHhmeHKD 8MRTT8HOa BHBe.n;eHHoro ny-qxa. 
JJ.mr Sa,ItaHHHX napaMeTpoB ~KYJIBPYlJItlero JIY"IItB. npa 3Heprmrx 0,2 H 

6 r9B/HYRJIOH (OM. Ta6JImI;y) R paonO~OJKeHIDI BllBo.n;ma YOTpoloTB 

(pRO. I) no rI>oPMYJIaM . (rI,12,I8). dwm paOCUTaHH YC~Qmm 

saõpoca Ilj"UtB. B sasop 8~eRTpooTaT}fqeCKOrO oelIrryMB.. AHBJIH8 pa8YJlbTa

TOB nOKa9aJI, ~TO OnTl!MaJI])lmM c T01ffiH SpeHIDI a!M>eKTKBHooTH mmo.n;a JIB

JIReTOH pasMBIIteIme rrepsoro oelITYM8 aa paccroaaaa Xc = 3 OM OT npo
.n;oJThHoli OOR IIpfIMommethIoro npoMBJtY'rltB. H 0,nBRI' mnma aa 1,7 OM BHYTP:D 

npa lIlDlteKt4Hl?I. .nOKBJI1:lHOe HOKaXeHH8 Op6RTH na asHMYTe BHBo,Ita npa M8JIIlX 

8HepI'llia Cpa.BIn;ITeJIbHO npoOTO MO!teT 6HT:D oos.n;aRO o nOMOlltYl M8I'HIr!THIlX 

8~eMeHTOB	 ROppe~ 8aMKHYTOft OpdHTH. 
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.AMr1JIKTy;Ita 8 H lÍlasa rZ CeKCTyTIOJI!>HOrO B09MYIIteHIm BR6Hpam!e:D 1I9 yc2 
JIOBRR: pas.n;eJIemm: OTRJIOHeHHoít H IJ;HPKYJmPYIDIIteit lIacTeít ~ B MaI'HKTe 

!aM6SpTCOHa.rrpH H~eHHOCTH rrOJIK SJIeKTpoCTaT~eCKOrO csrrTYM8 

107 B/M 1:1 S<fxPeItTHBHOit ,ItJlliHe 3,3M(,ltJIJi ROHS'qHO~ sHsprmr yrOJI OTRJIOHS

mm B se ri n = 2,38.10-3)., Pac-qsTI:l, BI:lllOJlHeHIme .no <JjoPMYJI8M paanana 

1,rroR83axK -qTO MaKCKMaJI:DHoít ~RTKBHOCTH BBBo.n;a COOTB8TCTBymT Bz = 
f	 3= 0,706 M- /2; '(2 = 4,61; otn = 5,7.10- npa 0,2 rS:S/HYKJIOH H !J;2 = 

3= 0,595; (2 = 3,64; tin = 2,38.10- npa 6 raB/HyRJIOH. JI)m nposa
i ~ 

JltYTO"tlHI:lX sHalIeHH~ sHepnrj;i 9TH BeJm'qKHIi lIISYSHJmTCH rro SaKOHY, 6JIRSKOMY 

R .mm91H0M;y. " 
3aBHCID40CT:D aMIIJI.B:Ty;It1:l H <I>asl:l C9KCTYITOJThHOro B03MYlIi9HIDI a TaRJt9 

yrJIa OTRJIOH9HHH B aJI9KTpOCTaTR~eCKOM cerrTYMe 0'1' SHeprRH BHB9.n;9HHUX 

-qaCTlm rrpeO.ItHT K TÓrq, lITO OCR BTn rry-cmOB aa BHXo.n;e as YCKOpHTS.IDI 

ORaSl:lBaIOTCH nOBepHYTDIMH .n;pyr OTHOCHT8JI:DHO m>yra. JlJIa Kpaihmx aaaxe
mdt 9Hepn:ft 0,2 H 6 raB/HYKJIOH yroJI MeJIt,I(y ocaaa COCTaBJI.lIeT 4 MPa,Il· 
OH KOMll8HCHPYSTCH C rrOMOm!>ID .ItByx .ItHUOJI:DHHX KOppeKTOpoB, YCTaHOBHSH

ma: B saaaze Tpa.HcnOpTKP0KR. 

IIapaHaTpH nKJ>KyJmPYJ)II{sro H BHBs.n;SHHoro rryqKOB a TaKJI9 xaIJ8.KTspHC4 

TlIU 9JI9MeHTOB CHCTSMbl BW30.n;a rrpe.n;C'J:8.BJISHht B Ta6JmI~e l!I aa rpaípH-
REI.X. Ha pac, 2 nORaSBHO l!ISM3H8HH9 m.myJI:DCHOrO paaopoca B nponecce 
mmO,Ita. ~asoBlie TpaeKTopmr aa axone B 9JI9ItTpocTaTn9CIml CenTYM~ co

OTB9TCTBYDItl!I9 MI'HOB9HHOMY 1IIMIIYJI!>CHOyY pas6pocy, rrpHBe.n;9Hht Ha puc.3. 

3,B;ec:D TaRJI6 Bs06paJit6HH 8.l!JIHrrC, OrpaHJlllliiB~ axC6UTaHC YCltOplilTeJIJi 

6as Bl:IBO;E.tBHX 9JI9M9HTOB (ex =. 210JT' MI4.I4p8;l(), 11 ~OBH6 noprpera 
C9nr,y,MOB 3.n9RTpoCTaTneCKoro YCTpolCTBa 11 uarHHTa AaM69pTCOHa. 

~.104 
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PIlo. 2. '.	 HSH9H6BB9 wmyJThCHOro paaõpooa nyqKa B nponecce ~I:mo;tta;
 

I - 3HaprHH 0,2 ThB/HYKJIOH, 2 - 6 ThB/HyltJIOH.
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PuC. 3.	 ~a30BH9 TpaeKTopHH rryqKa H JIaHHH,OrpaHMqHBaro~9 aKceIT

TaBC YCKOPRT9~ H BHBo~oro rrpoMe~YTKa Ha Bxo.n;e B 8~eK

TpOCTaTIrqeCKR~ C9ITTyM, a - rrpH 8HeprMM 0,2 rBB/Hy1~OH, 

6 - rrpn 8HeprKH 6 r8B/~OH. 
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Be.JJ:WIlIHhI RBa,IJ;paTWIHhIX He.mmefuIocTefi MaI'HlITHOrO TIOM JllIHS JIC 1,3 

11 JIC 2,4 B COOTBeTCTBlIlI c (6) pacc~ThIBaIOTCR TIO wop~~~e 

$ _(c/B~) _+. Z"7fBpB2sin(20f}2,/~3.JJC~p) (I) 

~,2 - aX 2/,,2- - p;12 ls sin 20(6 - 81) I2 

rne es = 0,3 M - 3tMJeRTHBHaR: .n;~Ha ceRcTynOJII>HhlX JIHHS, 81 = 231í/IG 

11 B2. = 1511 /8 - aSlIMYTbI JIHHS JICI 11 JIC2 OTHOClITeJIbHO a3HMYTa sxona 
B SCI ( e3C 1 = o) t )3lC-napa.MeTp TB][CCa, j,e-apryM8HT (fJymw;ro: ~JIOKe. 

,1J,JI.Ii Bl:lBo.n;a "tIacTIDJ: no HarrpaBJIeHIDO MB2, RaK aTO CJIe.n;yeT H3 pHC. I 
( €hc1. =37T/" ), TpeóyeMHe aMIIJillTy;n;a II wa3a B03~eImH noJIY"tlaIOTC.fI 
H3MeHeHHeM HarrpaBJIeHMH TOROB B OÓMOTRax ceRcTynOJIDHHX JIHHS Ha npOTlI

BOnOJIO~e. ~CJIeHHHe SHa"tleHH.FI rrp01I3BO.n;HHX ~I MarHHTHOrO TIOJI.FI 

npa aaspraa HOHOB 6 raB/HYKJIOH p8.BHhI: S 1,3 = 233 TJI./Nf, $2,1( == 

= 110 TJI./J?-. 
ITpH aa,IJ;aRHOM pacnOJIO~eHHH ceRcTyno~DHHX ~a Ha~ c 20- ft rap

MOHHKO~ B03Ó~aeTC.fI T~e cneRTp "tIeTHHX rapMoHKK, cpe.n;lI ROTOpHX Ha

HÓOJIDmyID orraCHOCTD llpe.n;cT~ HYJIeB8.FI II "tIeThIpH~aT8.FI rapMOHHKR 

B03MYmeHKff. H8JIH"tlHe TIOCTO.fIHHO~ cocT~eH rrpHBO~T R H3MeHeHHID 

pasópoca "tIaCTOT óeTaTpOHHhIX RO~eÓ8H~ Ha BeJIH"tlHHY 

AQxz=! ~'2eSB t(~X2r$). ,	 p 1T P j-:1 r, j 
(2) 

B .n;apHOM c~~ae pa3ópoc "tIaCTOT B roplISOHTallbHOH IIJIOCROCTH YMeHbmaeTC.fI 

na 0,2 (Ap/ P)mox, a B BepTlIR8JIl':»Hotl IIJIOCROCTH YBe.mrcmBaeTC.fI na 
0,06 (6 p]P)mal< • I1lHplum TIOJIOC napaMeTpWIeCKIDC peSOHaHCOB 21lX/ 2 ==14 
paCC"tIlIThIBaIOTC.fI TIO WoPMYJIaM: 

e 2 2 
C: 7F' 2:8p [(Px,l yJ S)t (pX,l 'fJ% +2{fl}(,1~$~ (jJt/i!y;g)z COSI9{BrB3)] (3)r

H p8.BHhI O, Z{AP/P)m(H WUI 2 Qx :: 1" Jl[ a06 (L1P / P)"UXK .ItJIfi
 
ZQz =fit.
 

KaK CJIe,IG'eT 113 BTlIX oneaox, dnaroztapa paSMemeHIDü ceRcTynOJIbHHX 

JIHHa B M1'IIDiMYM8X .n;HCTIepCHoHHoí1 ~, lIX BMa,IJ; B xpOMaTH"tIeCKHe 

8~RThI OKaShIBaeTC.fI MaJIhIM. MSM8HeHHe Be.n;ymero MBrHHTHOrO noJI.FI B npo

ueocs sssona na BeJllffiIHY (AB/8)~t1)( z: 2 (Ap/P)mtkx rasxe ne BHe
ceT'cymecTBeHHHX H3MeH8HH~ B "tIaCTOTHHe xapaKTepHCTHKH nyqKa. 

MaKCKMaJIbHHe rp~~eHThI B JIHHSax JIKl + 4 onpe.n;eJIRmTC.fI HS ITOJIHO~ 

nrn:pHHbI	 (II)' pe30HaHCa 3 Qx = 20: 

G:L+Lt=(aBi!) -=J7Bp/)O" (4) 
ÔX :1,';'1( j3l< r; 

ITplI'3wweRTHBHofi .n;JIHHe RBa,IJ;pyrrOJIbHOH JIHHShI t K = 0,3 M, 

C1.+/( = 0,68 TJI/M, CooTBeTc'fBYlOmHH aTOMY SHa"tleHHIO RorepeHTH~ cnsar 
"tIaCTOT B BepTHRMbHOH IIJIOCROCTH li Q1 -= ('p2/j3x)Á OJ =5·10- .

fi ITapaMeTpH"tleCKHe pe30HaHCbI 2Qt,~:c 13 H 2aX.,l = 14 ne B03ÓyJK.IJ;aIOTCJI. 
~ ~ ITepBOHa"tlaJIbHOe pas~e~eHHe UHPRYJIHPT~mero H BbIBe.n;eHHoro ny"tIROB 

ocymeCTBJI.FIeTC.fI c ITOMOmbIO 3~eRTpOCTaTlI"tIeCROrO CeTITYMa .n;JIHHofi 3,~ M, 

I07B/M.c TO~HOfi CeITTYMa 0,3 IVIM H HarrpmKeHHOCTbIO ITOJI.fI Ec = 

YCTpoficTBa c ~O~OÓHbIMH xap~TepHCTHR?MH paóoTaIOT Ha npOTOHHHX ClIHXpO
TpOHax UEPHa /2( H EaTaBHH /3/. 

HaHóoJIee C~O~M 3~eMeHTOM CHCTeMbI Me)J;)ffiHHoro BUBo.n;a, TpeóyromHM 

CTIeIJ;MMbHOH paspaóoTKH, .FIBJI.FIeTC.fI MarHlIT JIa.MÓepTcoHa. BepTlIRMbHHH 

YI'O~ nOBopoTa ny"tIRa B 3TOM MarHHTe M01KeT ÓhITb BbIÓpaH B HHTepBMe 

(80 + 113) MPa,IJ;, npH"tleM MHHKMMbHUfi yro~ cooTBeTcTByeT oóxo~ raÓa
plITOB CTpyKTypHhIX 8JIeMeHTOB ROJIbua Hy.KJIOTpaHa, MaKCHMMbmdi - nO,D;'.óeM;v. 

ny"tIKa ~o ypOBH.FI Me.n;HaHHoí1 IIJIOCROCTlI cymecTBYJO!$fx RaRMOB TpaHCnOpTH

pOBKH. ITpH 3~eRTHBHo~ ~He MarHHTa 3,3 M .n;OITycTlIMhIe BeJIK"tlHHhI Mar

HHTHOfi HH.n;yKUHH JIe~aT B TIpe.n;eJIax (1,1 + I,6)T~. B cJIY"tlae, eCJIH MaKClI
MaJIbHOrO SHa"tleHIDI BM A = I,6TJI.,.n;OCTWIb He y;n;aeTC.fI, B RaHMe assona 
HeoÓXo.n;HMO YCTa.HOBlITb .n;orrommTaJIbHtrlt .n;HIIOJIbHhIí1 MaI'IrnT ,ItJI.fI nOBO

pOTa ITyqKa B BepTHRMbHO~ IIJIOCROCTlI. 

OCHOBHhIe napaMeTphI B~eRTpoCTaTlI"tIeCROrO cenTYMa, MarHHTa JIaMÓepTCO-

Ha H XapaKTepHCTHKH BhIBe.n;eHHoro rIyqRa.n;a.HhI B TaÓJllill;e. OI'liÓaIO~e 

ny"tIRa HOHOB c aHeprH.FIMH 0,2 H 6 raB/HYMOH Ha yqacTRe BhIBo~a npHBe.n;e
HhI na pHC. 4. 

2.	 nonycKH Ha TIpOCTpaHCTBeHHhIe H BpeMeHHHe HeO.n;HOpo.n;HOCTH 

MaI'IDITHOrO nona 

H~e B MaI'HHTHOM rro~e YCRopHTeJI.FI TIOCTOHHHOH COCTaBJIRIOmeH H 

20- H rapMoHHKH ceRcTyno~bHoí1, HeJIHHefiHoCTH TIpHBO.n;HT R HSMeHeHHJIM 

pasópoca "tIaCTOT óeTaTpoHHhIX ROJIeÓaHR~ . (3,4) aMllJIHT~ H ~aSH peso
)[ HaHCHOrO BOSMYmeHH.FI (6). OrpaHH"tIHMc.fI oueHKo~ .n;OrrycROB Ha BeJIlIqHHYI'.	 cHCTeMaTlI"tIeCRoí1 RBa.n;paTlI"tIHOn rrorpemHOCTH noJI.FI, HCXO.n;.FI H3 Toro, "tITO
 

OHa He .n;o~a cymecTBeHHO HSMeH.FITb XapaKTepHCTlIKH ny"tIKa B JIHHeftRHx
Jt', ' noJI.fIX YCRopHTeJI.FI:
 
! 

Ia?l.l ~ OJ t ie,), (5) :
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PIfo. 4.	 OrH6aID~e OTKHOH8HHoro (I) H ~PKY~pyrom8ro (2) rryqKOB 
lia yqacTR8 BliBo.n;a·, a) - rrpa aaspraa 0,2 r9B/Hy1OIOH 

6) - rrpR 9HeprHH 6 r3B/HYKnOH. 

Cpe;n;IDI8 3HaQ8HH.fI H8JmH8HHocTeí1 B .IJ;HrrOJI:DIrnX MaI'HHTax (11H;n;8RC "M") 11 B 

KBa,n;p~OJIbHHX JIHHsax (RIm8RC "JI") CBJI9aHH Hepas8HcTBOU' : 

/ABzl + Q3/~1 ~1'IO-") 1(6)
B 2;M B 2,/1 

rna J(. I( 

ô B~ ) = .r: a 82 ~ r : 40MM.( B A. x!B dx" 
3;n;80b 11 .n;aJIee npennoaaraerca, 'lTO Cp8.n;Im8 SHa'l8HI1fl norpemrocreã B JmH

sax ~ 11 ~ PaBHH' no Be~H8 R rrpoTRBOrrOJIOEEH rro 3HaRY, CpB,IJ;HeKB~pa

,TIrllHH9 - PaBHH, ROppBJIm:J;IDI Me~ pacrrpe.n;eJIeJm.lI1llm rrOJIBH B M8I'IDIT8.X 11: 
JmHsax OTCYTCTBYBT. 

Cpe,IJ;HeKB~paTIrllHOB SHa'lSHHB C8RCTyrrOJIbHOrO BOSMy.m8HKff orrpe.n;eJIHM 113 

YCJIOBIDr 

2(g2> ~ a18~	 . (7) 

11: B OOOTBeOTBIDI (j (6) no.rrytmM 

8 

11 
! 

:1 

!:	 

( 
6 Bi! '\ 

Z 
-r Q 1(~B 2 )2 ~ 5· f0-6, (8)

B /Z,M B 2,AI. 
( 

\1
 

.( llpRCYTCTBH8 B MarHI1THOM rrOJI8 rrocToflHHon COCTaBJIHID~8ll oRTyrrOJI:DHOrO
 
B03~8HIDI (5) R 20- fi rapMOHI1Illi .n;8RarrOJI:DHOrO B03JV1Y1l\8IDIH (7) npa


BO,n;RT R rrOíIBJIBmno Ha epaSOBOH IIJIOCROCTR HOBbIX OCOÓhIX TO'lBK TRrra "UBHTP~
 

't llPR ,n;B~eHHI1 'laCTRU B ORpBCTHOCTR 9TllX TO'l8R T81lli pOCTa aMilJIRTY,n; ÓBTa

1:- TpOHHHX ROJIeÓaHI1H SaM8,IJ;JIH8TCH, a epaSOBliB Tpa8RTopRR RCR~aIDTCH. ~C

\8 JI8HHliB paC'lBTli, rrpOBe.n;BHHliB ,Il;JIH CRHXpoepaSOTpoHa oliHW/4/ rrORaSaJIH, 'lTO 
1J 

npa y.TI;8.7I8HHR YCTOlftmBliX ocooux TO'tJeR na paccroasae (21)y~~ = it (C~ / tr)JlZ
1l OT paBHOBBCHon Op6RTli, r.n;s C)C - axcerrranc YCROpRT8JIJi, BKHa,n J'KaSaH

HHX HeJIHHBHHOCTen B YBeJIR'leliHe 3~8RTRBHoro 9MI1TTaHCa BliBe,n;8HHoro IIY'l 
I 

Ra 11 B YMeH:Dlli8HHe rJIYÓRHli saópoca HB rrp8BlilliaeT ro%. 
t Ilpa ~3 ~ o; S,,= OROOp,IUiHaTa YCTOM'lRBliX OCOÓbIX TO'lBR, rrOJIY'leHHaH npa

paBRRBaeM HYJIID rrpaBliX 'laCT8n ypaBHBHHH (2), orrpe,n;8JIHeTCH rro epoPMYJIe. 

1/2 [	 //2J/{.21) IJcr==- 381.+ (9S2 
.2 

- 16ê2.JÁQ) 9.~3. (9) 

norrYCR Ha CpB.n;HIDID BBJIH'lRHY ORTyrrOJI:DHOH H8.~HeHHOCTR Haij.n;eM 113 HBpa

BBHCTBa 

3B2 (ex) 1/2
~,,- . 

a?3 'Ir)	 (10)J I 
c yqeToM	 (5) OH paBBH 

j fJ. 
B2/ + o'''/AB..i.f ~ 5,10-". (II)
B 3;M . B 3JI 

, 

AHaJIOrR'lHO OUBHI1BaBTCH ~OrryCR Ha cpe.n;HeRB~paTH'lHYID BBJIR'lRHY ~BRa

rrOJI:DHOrO BOSMYmeHI1fl . (7) '. Ilpa 02 + li(:: 1í YCJIOBRB rro: . RMBBT BH,I( 

ll2	 J./2 J/2 
(21) /Ja:::: (38z/10<&~"?) ~ 't(Cx/7T). (12) 

Cpe.n;H8KBMpaTIrllHHe SHa'tJ8HKff .n:aHHoH HeJmHeHHocTlI B MarHHTax II JIHH3ax 

ne .n;O.JIiltHli rrpsaamars 
2 ..2 

(A B ~ \ + a5<~ \ ~ 3. (0- 8
• '(I3)

B /1f)M B 14,11 
O.n;HOH RS B~8~ XapaRTepHCTHR Me~BHHoro BliBo.n;a RBJIHBTCR O,n;HO

pO,IJ;HOCT:D BO BpeM8HlI TORa BliBe.n;BHHoro nyqKa. K03epepRUHBHT O,n;HOpO~HOOT11: 

orrpB,n;SJIHSTCR RaR craomeuae KB~paToB cpenasro R cpe.n;HeKBa,n;paTH'lHOrO 
3Ha'leHKfi TORa ./5/: 

liI 
,I 
:I
 9
 

I 
~ 



6 

'i 
t 
i 

I 

i 

" 

Ta 2 ~ 2 

F =( [ c1N8 dt) 1[18 r(dffi) di] / 
'; 

(14) 
o dto dt
 

rne Tg - BPE;3Ml1 aasona, I\.í - lIHT8HClIBHOCTb Blm8.n;8HHoro nyxxa,
 
, ~HSM8H8HH8 p8S0HaHCHOH paccTpo~ B npOU8CC8 BhIBo.n;a np8.n;CTaBlIM B , 

Bll,IJ;8 

:1t:. Q{t):=. .6T~B t + A Qn sin 21T' f t . (15) 

'I'orna npa -qaCTOT8 nyJI:bcau;I1rt\: f >7 1/ T~ li TOR8 BhlB8.n;8HHoro :IIY'I-Ka ! 
'! 

dN!:; d#l d () -::: tiM( l! Oi + 21'f .(j (), cos2rrft) (I6)
d t dO dto da Ta (1 

K08cI$IIJ;ll8HT O.n;HOpo.n;HOCTlI (14)· paB8H 

-1. 
F=[1+2f'rrjTgLlQn/L1Qg)2] , (17) 

HaH6oJI88 orracrraa HBJUl8TCH c.nyqaJt, sorna ~ Qn paBHO CYMM8 a.MIIJm:TY.n; 
KOJI86aHH~ p8S0HaHCHhIX paccTpo8K, Kam,IJ;08 lIS KOTOpHX 8CTb P8sYJIbTaT 
nyJIbCauMn c -qaCTOTOll f MarHllTHoro nOJIH: 

a) B CTPYRTypHhIX xarrrarax R .7lliHSax (4) ) 

), so. r (fjC) + IJ{)J( C/(t:.C~ . (18)ó Q -. ~ ,[Il- B
~ -- urp - 1»)In/M,A- 2 B n,M aCq> G n1rp OGD G "/1>
 

6) B KBMpynOJI:bHhIX .7lliHSax JIKI-4 (12)".
 

óQnl1< = f). aR ~G/C)n,l+" I' (19) 

B)B C8KCTynOJI1>HhIX .7lliHSax ]C1+4 (11) 

~Qn)$ == Z(V3' êx) 
J./2

1J2 {Jj S/S)n . (20) 

IIpR aa,n;aHHOM K08~8HT8 O.n;HOpO.n;HOCTH (17) . orpaaaseuas na a.MII.Jn1TY
~ nyJIbCauHH MarHHTHoro nOJlii B 8TRX 8JI8MeHTax RM88T Bll,IJ; 

- ó{}& (1- F).l/ZL .6Qn ~ J(fT& 2F . (21) 

'tIRCJI8HHhI8 SHa'tl8HIDI KoacM!HUH8HToB B H8paB8HCTB8 (2I) npH F=qgSll I 

1&-= 10, paBHH 
I I 

(h B) + 15(A QJ ~ 3 (til) J +0,02(ll (11 -+ aood~J~ 10-."(22) L'! 
8 n)M c InJcp G /n,D a /"1 1"-" J{ S In f 

OTHOCRT8JI1>Hhle .n;OnyCRR Ha npoCTpaucTB8HHhl8 R Bp8M8HHhI8 Heo.n;HOpo.n;

lO 

2. P8aOHaHCHaH CHCT8Ma 
-.AM.rr.7mTy:n;a BO a~6H:IDI 

çIlasa BOS~8IDIH 

IIOJIymRpMHa peSOHaHCHO~ nOJIOCH 
npa li. pI p =o 
~arrasoH HaM8H8HHH p8S0HaHOHO~ 
paccrpoãxa . 
3~RTHBHhI8 ~HhI RBa.n;pynOJIbHhIX H 
c8ROTynOJIbHhIX JIHHS 
IIPOH3BO.n;HhI8 RB~aTH'l1HHX H8JlliH8~-
HocT8tt B JICI+JIC3, JW2+JlC4 

I'pa,u:8HThI B JIrU~ 

3.BhIBO.n;HhI9 YCTpottcTBa 
YrOJI rroBopoTa rry-qRa B 3C1~C2 

YroJI nosopora rry-qKR B MlII+M1I2 
·3iMJeRTHBHhI8 .rr.;mHbI aCI+3C2", MJ!I+M12 
H~aHHocTD 8JI8RTpR'll8CROrO
nOM 301+302 
l1H,nyKIJ;wr MaI'IDITHOrO rrona WI.I+MJI2 
Koop~HaThI 8JI8KTpOCTaTaqaCKHX 

HOOTH 8JI8RTpR'll80KKX H MarHHTHHX nOJI8i BHBO.n;HHX YCTPOllCTB HBJIHIDTCH xa
paRT8pHHMH ~ .n;8HHoro TRna 3JI8M8HTOB H COCTaBJIHIDT B8JIM'tlHny 5.10-3• 

Ta6JIHUa 
OCHOBHhl8 rrapaM8TphI CHCT8MhI M8~8HHoro BhIBo.n;a rryqRa MS ~OTpOHa 

3Hepnw: CrsBbmgr.)
IIapaM8Tp OCíOSHa'tl. PaSM8pH.

• 0,2 
r-~- ----o-------~:_ ~ - <i~ _ fi 

I. llHpKYJlliPYJOI.ltK:tl rryqOR 
MarHHTHaH zaOTROCTb Bp TJI·M 4,30 45,83 
3MHTTaHC ropHaOHT8JIb~ éy; MM·MPa,n; I3n I,7rr 

B8pTRR8JI:DHhI:tl E,ç MM.MPa,n; 20rr 2,On 
llMrryJI1>C~ paaCípoc {óP/P)mo1 1,5.10-3 8,10-4 

C8rrTYMOB 301+302 (dz/d$)(, MPa,n; 

~HSR'llaCRaH TO.JIII~lHa CérrTYMOB aCI+'9C2 Se MM 

3@1eRTRBHM TOJImHHa c8rrTyMoB ôCI...aC2 Ó~ MIIII 

-1/2/'2- M 0,706 0,595 

(z pa,n; 

6QH 

AO/' 

fll.,d M 

S4.,3 TJI./~ 
82111 TJI/M2 

TJl/M2Clt" 

Mj)a,IJ; 
Mpa,n; 

de 
~/tfA 
t~(.IMIJ M 

e: B/M 
BMA T 

JCe MM 

4,61 3.64 

0,0118 0,036 

0,0353 0,0164 

0,3 0,3
 
7,6 233
 

-13,1 110
 
0,14 0,68
 

5,7 2,38
 
(80+113) (80+113)
 

3,3 3,3
 

. 6 7

1,26.10 1.10 

(0,1+0,15) (I,I+I,6) 
30 30
 

-4,7 -3,8
 
0,3 0,3
 
0,42 0,31
 

4. BhIB8.n;8HHl:lit nyqOR 
3q$3RTIDllrn:tt 3WITTaBC rOPHSOHT8.7!llIDif· Ex 

~ B6P'l'HRaJIbmdt éz. 
MrHoBallHhIA HMIIyJil>CHbIH pasõpoo t:.p/ p 
~TaJIbHOOTb BhIBo.n;a í& 

11 

~.Mpa,n; 9,5n 2,5n 
MM.Pa,n; 20n 2,On 

7.10-4 2.10-4 

c CI+IO) 
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Ko~eHT O~OPO~HOCTH 
TOKa BHBe~eHHoro rryqKa F % 95 95 

~KTKBHOCTb Me~eHHoro % 95 96 
BHBo~a 5 
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BaCHJlHDIHH B. B. HAP. 9-86-511 
CxeMa H OCHoBHWe napaMeTp~ CHCTeMY MeAneHHOrO 
~BOAa nyqxa H3 HyKnOTpOHa 

B pa60Te H3nOze~ OCHOB~ nocTpoeHHX cHcTe~ ~OAa nyqxa H3 
CHRXpoTpoHa penXTHBHCTCKHX xAep - HYKnOTpoHa. B~6paHa cxeMa 
MeAneHHorO B~BoAa c HCnOJIh30BaHHeM HenHHeihloro pe30HaHca 3Qz ..SO, 
paCCqHTa~ ee OCHOB~ DapaMeTp~, npHBeAe~ xapaKTepHCTHKH B~
BeAeHHNX nyqKoB. OQeHe~ AonYCKH Ha npoCTpaHCTBeH~e H BpeMeH
~e HeOAHopOAHOCTH MarHHTHOro nonx. 

Pa60Ta B~OnJfeHa B Jla60paTopHH BhlCOICHX 3HeprHit omm. 

Coo6UleJIJIe om.~eRHoro HHClHT)'Ta QepHhIX HCCneAoBalUli • .lly&ra 1986 

nepeBoA O.C.BHHorpaAoBoA 

Vasilishin B.V. et al. 9-86-511 
The Scheme and Main Parameters of the Nuclotron 
Slow Extraction System 

The construction fundamentals of Nuclotron slow extraction 
system are presented. The Nuclotron is a synchrotron of rela
tivistic nuclei. A slow extraction scheme with the use of non
linear resonance 3Qx ~ 20 is chosen, its main parameters are 
calculated, the extracted beam characteristics are given. To
lerances for space and spill non-uniformities of the magnetic 
field are evaluated. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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