
-...: 
~
 

2 :::_. -
;. 

'§ 
~
.
 

-..:. 
~
 

-•. 
r-

._• -

~
 
~ 

;; ;; 
d 

::5 
=

 

" ~ c. 
<

 :r 

" g e c. 
c 

0 
"
' 

C
"I 
~
 

~
3
 

:::5 ::::! 

c <
 



Pa6oTa n11n0Jme11a B EpeB!:IHCKOM qmmi'ieci<:oM JIBCTHTyTe 

01jn1111H1J11>11Hu om1011euTH: aKa)(BMHK HAH ApMemrn, 

,ll;OK'l'Op <jl!13HKO-M8TBM8TH'l0CJ<;;HX llflYJ<, 

npo<f>eccoJ.> .l\.M. Ce,n;paKnH ( Epl'Y l 
.JJ.OI<:'l;Op cj)H3!1I<:O-M8TBM8TH'i6CKl'IX HayK, 

npo¢Jeccop 8.A.IIepeJiblllTe~ (0.11Hl1, .Uy611a), 

,ll;OI<:TOp ¢JH3HI<:O-M0T8M0TK'!6CI<:HX HayK, 

npo¢Jeccop 8 • .l\.raaa3HH (Ep~.11) 

Be.n;y111aH op1·a1111~'l81.l,HH: !liH3H'l8CKfila HHC'l'l'ITYT AH p~ 

3aU\.H'l'::-'i C'OC:'I'\JV1'l'CH 
.. .23 ti~1~ 1995 r. 

B '-WC ll3 sace,n;aHHH Cnel_\1'!8.lll'l3l1POB8HHOro COBO'!' a Jl 034. OJ. 01 

up11 \O:pOl\il!IC)<OM <PH3H'i8CKOM IH!C'PWl'.Y'l'll II<> ~,/\pecy: 37':,u )6' \•:p,,rnlli. ,YJI. 

5JH\'l'hHU ;\,11~-t:{:IHHHOH 2. 

c ,n;uccep·1·awrnu MOJl(HO 03H8KOMHTbCfl B 

<jll'!3H"!BCKOJ'O >IHCTHTyTa. 

6H6Jlll!OT81W J•:p(1Hfl!ICK01'0 

ABTope<f>epa•r pasocJiaH ,,23 " C"-''A:r:r'c"f y· 

YqeHbl.tt CBKTpeTapb 

Crrel_\Ha~HsHpoBaHHoro CoBeTa, 

KaH,ZJ;H,D;aT <f>Hs.-MaT. 11ayK 
./. fa~l.Aµ r1 

TexHR'!ecKID! pe,n;aKTop A.C.A6paMRh 

II0,n;lll!ca110 B rre'laTb 2 2. 08. 9.f"r. 

Oc\f)eTHan IJe'-!f>'l'b 

3aK.THIJ. /;f 

199':> I'. 

A.T.MaprapRH 

'.PopMa'l' 80x84/16 

THpa:wc 8 0 9K3. 

OTneqaT8HO B EpeBaHCKOM ~H3H'-!8CKOM HHCTHTyTe 

EpoaaH )6, yJI. SpaTbeB A.mlxaHHH, 2 

OBIJlA,ff XAPAKT~CTKKA PABOTH 

AKTya~bBOCTb npo6~eMli 

B pa6oTe pa3BHT MElTO,ll; npoc'l'paBCTBeBllO-BpeMeBHOro OIDIC8BJISI 

a~eKTpo'AJ![BaMlill<H ny'l'.KOB peJiftTBBHCTCimX aa:pftzeBBI:IX qacT~. STOT 

MeTO,ll; II03BOJIB.JI IIOJJY'lllTb BOBHe pesyJibTaTI:I IIPB pememm Pft.lt8 B8llBHX 

aa,ZJ;aq s~eKTpo'AJ![BaMHKH~ . B 'laCTBOC'l'B, B . o6~aCTH ,JOIB8NBKH 

sapsucemm:x ·'laCT~ B ycKOpBTe.J.lftX J[ BaKOIJBT9~ftX, I;lpJ[ Ilp09KTBJ>OB8BJll][ 

HCTO'lllBKOB KorepeBTBOro H3.JIY'l0BHft B HCC~e,ZJ;OBaBBH MeTO,ll;OB 

uaxo~emra HBTeptepeBqHOBBHlt MaKCBMYMOB KOJIJI9KTBBBHX IIOJ.le:ll IIY'U<OB· 
B o6JiaCTH ,ll;H8X'HOC'l'l!IKH JIY'UCOB BHCOKl!IX SBeprd J[ ,ZJ;P. 

3a110TBM, 'l'l'O 'l'pa,JtBqB:OBBHM Ba cero,ltHHlllBl!dt ,ZJ;em. CIIOCo60M 

HCCJJe,ll;OB8BBft IIo.JJe:ll JIY'UCOB sapszemm:x _qacT~. BHCOKJIX 9Beprd 

ftB.Jlft0TCR CIIeKTJ)e.m.mdl: MeTO,ll; ODBCamm IIOJ.le:ll, KOTOpd ,ZJ;eeT 

9()clieKTBBQm ~OCTl> onpe,ZJ;e~emrs cne&Tpe.m.Bo-yr.JJOBoro 

pacnpe~mm: IIo.JJe:ll lil3.J1Y118BHft B BOJIHOBOI: 30Be. 0,ll;BaKO, up.B 

. pemeBBB Pff,lt8 npo6JieM 9JieKTpo,JOIBSMBKB. BOSBl!IKaeT Beo6xo,ltllll0c'l':& B 

. .zteTam.Bot BB(f)opumum· 0 npocTpaBCTB0BHO:ll CTpyKType IIOJ.18 :e<S.ml3H 

qae~~ HaupJllMEip, IIpB: onpe,ZJ;e~emm KOJJJJeKTBBBHX BByT~ 

: nQ.mft H. BX· OTpazemdt OT (5J.ll![3KB'.X IIpoBO,ll;ftllptt rpaBJllt ( 3~8"1B, 

· xapaK"repime ,ll;J.lft ycX<OpBTe.Jll>BOI: 4)Hsmm). IlpH , &TOM o6pa1Jie:e:a:e 

.cIIeK'l'J>e.m.Ho-yrJioBHX BlipazeBd IIOJlft TPY,ll;BO pea.JDISyeMO c 

MllTeMa':l'JAeCKO:ll TO'IKB spemm - ,ll;Jift YJibT8peJlftTBBHCTCKl!IX qe~ 

CIIeKTp IIOJ!ft oqeHI> llDlpoKlllA (TBK, ,ll;Jlff C1!!BXpOTpoBllOro H~emm 

~eCTBo OCBOBBHX rapuomIK nops~a 13
, r,ZJ;e 1 - ,11ope~-taKTop 

qacT~). 0,ll;Bi:lKO, ,ll;Bll:e eCJ.ll![ npo~e,iurpy o6P8"'0BHft C1DIT8Tb 41c>puaJil>HO 

pea.nBsyeMo:ll, IIOJiy119BBaff B pe3yJibTBTe K8PTJU!a IIOJIR 6y,ZJ;eT onpe,ZJ;eJJRT:& 

CTPYICTYPY IIOJ.18 TOJihICO B BOJlHOBo:C!: 30Be. Ka&: j]OICa3aBO B H8CT08"'9:1l· 

pa<SO'l.'e, ,ll;Jift :Q11P1<Y.lJB:pY~ . .-sapS1,1J;OB, Ba 

pa,ZJ;HYCOM ICpBBHSBI:I ' ~paeKTcipJDt paccTOf111WQC, 

BOCCTaBOBBTb CTPYKTypy IIOJ.lft Jil!IJJib B 

· .DpoCTPBBCTB0BBOI: ~OK8Jilll38L\llll! zeCTKOA 

H3JIY'l0aJ![ft. 

Ma.Jil:lX no cpaBBeBHI> c 

T8I<lllU o6pa30M MOll:llO 

oqem. ya!COit o6~acTH 

qacTH CB!!XpOTpoBBoro 

OTKi:lsHBaacb OT npo~e,ZJ;YpH o6pa1110mra cneKTpa~bBoro pa3JlozeBBS 

H3.JIY'l0Bl![ff, o6Hlmo, sa,ZJ;B'IY 0 IIOJIRX IIy'{Ka y.Jibpape~ffTBBHC'l'CKlllX 

sapa:xemm:x 'lBCT~ pemaB>T B 1IPH6J.ll![ll:emm uenpeplilBHoro . H, ICa~ 

lIPaBl!LJIO, lIPffMOJil!IHe:l:Horo TOICa. Taxoe 1IPH6Jmzemre COOTBeTCTByeT. 

BWll!C~eBmO TOJihKO KY~OBOBCKOA'lBCTH IIOJJff J[ CIIP8Be,ll.JIXBO TOJ.lbKO Ba 

paccToamrax nopff,llKa B uem.me p7- 2 (B HBIIPa~eBBB ,D;BH:a:emra 'laCTJl!l.µ,I 

,,, 
'I ,, I 
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Ha 8Dl8 M9Hbllll'!X paCCTO.flHl'l.flX nop.fl,D;Ka p 1- 3 ) OT 'l:aCTHI~. ,JJ,BHllCYDleil:ca no 

TpaeKTOPHH c pa,IJ;HYCOM KPHBH3HH p. 

KoppeKTHOS pemeH111e rrpEBS'ASHHHX Tmni:trHYX rrpo6JieM rrpoBO~TCff B 

HaCTO.flllleA pa6oTe Ha OCHOBe TO'l:HHX pemeHH11: aJieKTpOMarHl'ITHJ:lX IlOJieit c 

Y'l:STOM ~cKpaTHOCTH ny'l:Ka. 

TaKHM o6pa30M' c TO'lK!i! 3p0Hl11.fl rrp~OllC8Hl11.fl K P.fl.IUT aa'Aaq 

aJieKTpo~aMHKH aKTYBJibHOCTb 

Ilpe'ACT8BJI.f10TC.fl H8COMHeRHo11:. 0,JJ;HaKo, 

HMSIDT TaKJCe o6DleTeopeTK'!ecKoe 

aJieKTpo~aMHKH Boo6Dle. TaK KBK 

npocTpaHCTBSHHO-BpeMeRHoa IlO.n;KO'A 

rrpe,zurpli!HHTJ:lX HCCJ10'AOBaHH11: 

Il~'l:eHHHe HOBHe peayJibTBTH 

3HaqeHJ11e ,!{JI.fl KJ.18CCH'l:9CKOA 

B pa6oTe cc))opMyJlllpoB8H HOBW!I: 

0Ilpe'A8Jl9Hl11.fl IlOJl0BJ:lX CTPYKTYP 

p0JlffTHBl!ICTCKHX 

BHaya~aarµm: 

3apallCeHHHX qacTKU;, a TaKJCe pa3pa60TaH annapaT 

H aKBHBaJieHTHOro 

OpTOrOH8JlbHI:lX IlOJ!SA ~aMH'l:eCKHMH 

0Ill!IC8Hl11H SJI9KTpo~aMHKH 

ypaBHSHi!UIMI!! J~ IlOJlff. 

I1pe'ACT8BJiff8TC.fl, 'fTO STH no,n;xo.zu,i MoryT CTHMy~BaTb 

COOTB9TCTBYIOlll88 pa3BHTH8 T8~l1Ce B HeJmHeaHHX T00PH.flK IlOJI.fl H B 

TSOpHH KB8HTOB8HHliX ITOJIS~. 

OCHOBHa.fl ~0Jlb pa60TH 

Oc H OBHO:M: USJlbIO pa60TH .flBJJ::IJIOCb ,l\0T8JlbH08 HCCJJ0'AOB8HH0 

npocTpaHCTBSHHO-BpeMeHHHX C'l'PYKTYP 3Jl8KTpoMarHHTHI:lX nOJJea 

110 YJlbTpapeJJffTHBHCTCKHX aapHJl(eHHHX 'l:8CTH1\, ,JJ,BHllCYillHXCff 

KPHB~eA:HHM TpaeKTop:e:HM. BHaya~aal.\H.fl aJieKTpoMarHHTHoro ITOJI.fl 

npoH3BS'A0Ha c IlOMO!JibIO annapaTa JmHK1t 8JI8KTpH'l:0CKOro H MarHHTHoro 

ITOJIH. ,ll;oKa3aHo, qTo aJieK·rpo,l\JIIE.aMHKa opToroHaJJhHI:lX rrOJ1ei!: MO:>lCeT 6HT b 

cc))opMy~BaHa K8K KOB8pH8HTH8.fl ~aMHKa STl!IX ~- Ha OCHOBe 

aHa~aa rrpocTp8HCTB0RHOro ycpe,lJ;HSHH.fl co6CTB0HHHX IlOJieA OT'ASJlbHI:lX 

qaCTHl\, B qacTHOCTH, IlOJIY'f8H KPHTepli!it IlJlOTHOCTH 'l:8CTHl\ B nyqKaX, 

aaKJllllqaIOIJll!dtca B 11epexo'Ae-0T cJiy~a.fl ce11apKpoBaHHI:lX B npocTpaHCTBe 

o6JiaCT811: llCSCTKOA 'l:8CTH H3JJY'l:8HH.fl OT'A9JlbHI:lX qaCTHl\ K HX TOTBJibHOMY 

11epeKpliTH10 B o6~eMe rry'l:Ka. BJ:iqHCJieHH HSKOTOpHe a!l><J.>eKTH B03'AeacTBHff 

co6CTB8HHHX nOJieA rry'l:KOB Ha ~a~ 'l:8CTH1\ B YCKOPHTSJIHX H 

HaKOill!ITSJl.flX. 0rrpe'A8Jl8HH ycJIOBH.fl KorepeHTHOro JIISJiyqeHHH llY'l:KOB 

aap.flllC0HHHX qaCTHl\ B 0Ilpe'A8Jl8HHHX HarrpaBJieHHHX, B TOM 'l:HCJie 

BOSMOllCHOCTH reHeparµm: KorepeHTHOro H3JIY'l:0HHH crycTKa c IlJ>O'AOJlbHOA 

HHB8PH8HTHOCTbIO TpaeKTOpli!it 'l:8CTHl\· ITpe.l(JIOllCSHO HCilOJib30BaHHe 

HH~OpM8~ 0 npocTpaHCTB0HHOM 

KorepeHTHoro ci:m:xpoTpoHHoro 

pacnpe'AeJieHHH 

HSJiyqeHHH 

IlJ>O'AOJlbHOro paCTipe'A0Jl9H111ff 38Pff'A8 B crycTK8. 

SJI8KTPH'l:8CKOro IlOJlff 

'AJ!ff BOCCT8HOBJI8HHH 

~---.-
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Hay'l:Haff HOBH3Ha 

IIepe'l:HCJISHHI:l9 BHme HCCJIS'AOBaHH.fl rrpHBe~ K C03'AaHlil10 MSTO'AB 

npocTpaHCTBSRHO-BpeMeHHoro OllHC8HH.fl a.neKTpo~aMHKH ny'l:KOB 

pe.n.flTHBHCTCKHX aap.flllCSHBllX qaCTHl\ H COCTaB~ OCHOBY STOro HOBoro 

Hay'l:Horo HarrpaaJieHH.fl. 

G.n8'AY10DlH81 BHHOCHMHe Ha 3alllHTY OCHOBHHS peayJibTaTH pa60T •• 

BHllOJIHSHH Bll8PBH8. 

1. I1pOB8'A0HO 'ASTaJ!bHoe Hccne'AOBaHHe ypaBHeHHH aanaa,D;HBaHBH H 

CTPYKTYPH 9JI0KTPOMM'HBTHHX no.neA ,!{Jiff TO'IS'l:HO:I YJibTpapenf'ITHBHCT.cKOA 

aap.flllC8HH011: qaCTHl\H, ,ll;BHllCYll!Si!:CH no KPHBOJIHHe:ll:HoA TpaeKTOpHH (B TOM 

'l:HCJie co caepxeeeToao:I CKOJ>OCTbJD). BJ:i'Ae.neHa 1-o6.nacTb 

npocTpaHCTBSRHO:I JIOl<lhJil!38J.µlli! llCeCTKOA '18CTH C:im:xpoTJ>OBHOro 

HSJiyqeHHH, B KOTopoA Hccne'AOBaHO npocTpaHCTBSHHO-BpeMeBHoe 

paCnpe'AeJieHBe 9Jl8KTPll'l••KOro H MarHHTHOro rro.ne:I. ITORaaaHo.. lfl'O 

TPB'AJill.\lllOHHHe c))oPMYJJH CIIBKTP8JlbHOro pa3J!OllCeHH.fl IlOJl.fl C:im:xpoTJ>OHHOro 

H3JIY'ISHBH BOCCTBH81t11HBB»T ITOJie TOJibKO B }-o6JI8CTH. 

2. IlOJiyqeHH ypaa:a:ena, onpe~ ·nm •e~pJl'fi!lc!toro -. 

Mejt'HBTHOro IlOJie:I npoH3BOJibHO ,JJ,BHJICYDlSrOCH sapff'Aa (B TOM llJ!lCJie H co 

caepxcBeTOBO:I CKOJ>OCTbJD). ,l{JIH npoH3BOJibHOro ~RH.fl 38Pff,lt8 

Ollpe'ASJieHa HeaTpaJ!bHaH ~ MarHHTHOro no.na. IlpoB8'A8HO ~eTaJibl!oe 

uccne~oBaHHe npocTp8HCTB9HHO-BpeMeHRHX xapaKTSPHCTIK IlOJl.fl B0KTOJ>OB 

Ilo:ll:HTHHra 'AJ!ff p8BHOMepHoro ,ll;BHllCeHl'l.fl peJIHTHBHCTCKOA 38PflllCeBHO:I 

qaCTHl\H 110 OKPYllCHOCTH~ . 8JISKTJ>O'AHH8Ml!!K8 OpTOra&e.n.llllX DOJie:I 

llpe'ACTaBJieHa K8K KOB8PHHTH8H ~Ml!!Ka ~ D9J.lff. Ilo,ztpo6HO 

paccMOTpeH qacTHW!I: c.nyqa:I TaKHX nOJie:I ! ~eHB:J?-BHXepTOBCKOe no.ne 

npoH3BOJibHO ,ll;BJi!llCYlllS:IC.fl Toqe'l:HO:I aapallCSHHO:I qacT~. 

3. Mcc~e~oBaHa MHKpocKOilli!'l:SCKaH cTpyKTypa 9J!0RTpoMa!'BllTHoro 

IlOJl.fl llY'l:Ka pe.!IHTHBHCTCKl!IX aapallCeHEmX '18CTH1\• Il~eH Iq>BTepBI: 

llJIOTHOCTH ny'l:Ka Ha OCHOBe npocTpaHCTBSHHOro ycpe'Afi8HB.fl 

co6cTSeHHorq TIOJI.fl ny'l:Ka. Bli'll!lcJieH C,ll;BHr qacTOTH 6eT8TJ>OBHHX 

ROJie6aHH11:, o6yCJIOBJieRHI:iA rJIB'AKO:I KOMIIOHSHTO:I co6CTB0HHOro llOJl.fl 

ny'l:K8 c KpHBOJDIHe:lbmMH TpaeKTOPH.flMH .ztB1DIC0HHH 11aCTHU· IlOKB38HO, lfl'O 

'AJIH Ta:Ke:x: ny'l:KoB OTCYTCTByeT KOMITeHcall,HH MarHHTHo:I :R aneRTpnecKO:I 

COCTBB.JlfflDlllli!IX B CH.He Jlope:ena. xapaKTepHaH ,llJl.fl ' ~e:ll:Ho 

,ll;BlilllCYlllHXCH ny'IKOB. PaccMOTpeHo pacceaHHe qacTHU Ha llCSCTKO:I qacTH 

ClilHXpOTJ>ORHOro H3JlyqeH111.f1 rry'l:Ka. HccJie~oBaHH OTp8llCeHll.fl _llCeCTKO:I 

'la CTI ClilHXpo'l'J>OHHOro Hs.iJyqea"EiJ OT BH0IllHe! ~H'l:SCKO:I 

npoBO'A.fllllea IlOBSPXHOCT!\. 

4. PaccMOTpeHH B08Mon1oc~·u re.!<:JIY:Hi.1.H• _:() ··epeJLTHO~" > BmrpaRJieHHoro 

1:11 
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B3JlyqeHJl[ft crycTI<8MH SJieI<TpoHOB, TpaeI<TOP]![J1[ ~HZ0HJl[ft KOTOPiilX 

onpe'AeJ1eBBID4 o6pasOM npoMO~~BaHH. Ha:lt,:n;eHH ycJIOBHft reHepaIJ;HH 

I<OrepeHTHOro Ha~qeHJl[ft cryCTI<8 c Ill?°'AOJibHOA HHB8pH8HTHOCTblD 

TpaeI<TOpHA qacT]i[Q. 0npe'AeJieHI:l T8I<Ze B03MOZHOCTH nOJiyqeHJl[ft 

HHTep(lepe~oBHoro yc~eHHft MarHHTHOro ~ SJISI<TPH'ISCKOro nOJieA 

CJIHXPOTpoBHoro B~eHHa. 

5. IlpeAJIOZSH MSTO'A H3MepeHHft ADJ![T0Jll>HOCTH H Ilpo'AOJibHOrO rrpo4JlirJia 

SaPft'Aa cy6IIHKOCSI<yHJJ;HI:IX crycTI<OB 

MO~~l\llJI cBI'Ha.m.Boro ~aaepHoro 

KPJlCTa.JJ.Jle SJieI<TpH'leCKHM 

·~e:a:Bft. 

IlpaKTJ1119CKaa J:teBHOCTb 

IlOJieM 

SJieKTpoHOB, 

H~qeHHft B 

&0repeHTHoro 

OCHOBa:e:Enil!t Ha 

SJl9I<TpoqnTH'leCI<OM 

cHHXpOTpoBHoro 

Ilo.n)nlelrlm:e B patsOTe peayJll>TaTH Ilpe'ACTaBJJlll>T I<8I< HayqHyJD, Ta& B 

np8KTH'l9CI<YID 1.\0BHOCTI>· ·HayqHaa 1.\SBHOCTb pa6oTH_aaI<JJioqaJDTCft B TOM, 

'l'l'O n~qemm:e pesyJll>T8TH llOSBOJDLJDi![ pelllllTb Pft'A npo6J1eM B 

BJISKTpop;BBaMB:Ke. B qacTHOCTB, n~eHii OTBe'l'H Ha BOilpoCH 0 TOM, 

Kalt topum:pyeTCft -~qeHJl[e pe~TJllBBCTCI<BX qacTHQ, r'Ae COCp0'AOTOqeHO 

BTO :K3Jl71l8Bllle B npocTpaBCTBe B BOJlBOBoa SOHe, K8K ClllBB81>TCft UOJlft 

~eBllft c .• KYJ10HOBCKBMH UOJiftlO[ B6JD1aB qacTn:u, KaK . BHrJlft'AHT 

MllKJ>OCBOIDIN8CI<Oe nOJie ~TJllBJICTC~ ycI<OpeBBI:IJ[ crycTKOB H 'AP· 
0Dpe'Ae.K8Bll08 IlOSB8B8T8JlbHoe 3HaqeB11e BMeeT T8KZe ·paapa6oTaBHHA B 

pa60Te annapaT BKSY8JDl381.\llJI no.ta c llOMOl!tb» JJJDDdl SJl8KTPH'l9CI<Or0 B 

uarBKTBoro nOJ.lft. 

B Ka'llElCTBe npaKTllltm:oa 1.\BBBoCTI ~eBBHX peayJ11>TaTOB OTMeTHM, 

11'11.o Ba sz: ocBOBe Y'AMOCb Byq)ICJIITb • npe,D;CK8S8Tb Pft'A cyiqecTBemmx 

afteICTOB B yCKOPJl'l'eJll>Hoa ta:sHKe, :B~ag' MeTo~ ~aI'BOCTHKB, B 

(maiilce JlY'IUCOB BHCOKJIX BBeprHA, B qacTHOC'l'][, B o6Jl8CTB C03'A8HHft 

•cT01UDDCOB KOrepeHT&oro B~eBJla. 

.l!!Ilpo'J&IJ!! pa60TH B nyCS:1DIKal\1DI 
n~. B pa60Te pesyJll>'l'8'PB )f;01CJ18AJiBSJDICb Ba III BceCOl>SHOU 

oelmll8Jl8 BO ·~JIE!.BCTCJCoA mro:OICO'l8CTOTHO. BJl81t'l'poBECe (ro~bltHA, 

1983), III Boecollltmou coae8'amm no KOrepeHTBOMY BaaBMO~•cTBJD> 

B&JlY'leBml o . JS89lllO'rBOM ( :J~, 1985) , XII.l; , lleZ,JJ;yBapo,B;Hot 

KOBl)epeBl{D .,. 1~ .a~ BIKicax wi>* (HoBOc::a:CS~;. 
1986), X~OOB!..,... .no yc~.~~:amo:: qacormt· 
(,llJ6Ba, 1986). i Eepone~ JCO$pemom DD .t'CBOprre.JlftM (PllM, 

1988) , 1'II · .. ...,..~ 'icolll)epee:u;u uo IK)ll\BYil JQ"'UUlM 38J>llS8BBillt 
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qaCT:m.\ (Kap.ncpys, 1988), AMepRKaHCI<Oit KOH~epe~ no YCKOPHTeJiftM 

3'8PftllC9HHblX qacTHIJ; ( CaH-!Dp8HW£CKO. 1991 ) , Pa60l!9M COB9Dl8HHH no 

JIHHe1WM KOJIJia~epaM (rapMIDII-IlapTeHKHPxeH 1992), Me)IC'AyHapo'AHoit 

KOH~epeHIJ;HH ITO YCKOPHTeJiftM l!SCTHIJ; BHCOKHX SHeprHit (raM6ypr, 1992), 
VI pa6oqeM COBe~aHHH no HOBHM KOHIJ;errrµiaM ycKOPHTeJieit (BKCKOHCHH, 

1994). 06~eMOCKOBCKOM ceMHHape ITO TeopeTHl!eCKOit ~H3KKe aKa~. 

B.~.rHHa6ypra, Ha ceMm;capax: Ep~H. 

no TeMe ~ccepTau;HH orry6JIRKoBaHa 31 pa6oTa. 

CTPYKTypa H o6~eM ~ccepTaIJ;HH. 

,l\Iil.ccepTaIJ;Ha COCTOHT 

naparpa~a), BHBO~OB H 

B pa60Te CO'A6PJUITCft 

H3 BB9'A9HHft, meCTH rJiaB (~a~aTb 

CIIHCKa J.ll![TepaTypH. 

199 CTpaHJllQ, 67 PHCYHI<OB H 10 Ta6JIJllQ. 

OCHOBHOE CO,l{EPlKAHHE PABOTli 

rJiaBa 1. YpaBHeHHe sarra3.Zl;I:IB8Hllft 

TPH 

B ~aHHoA rJiaBe npoBo)J;HTC& 'AeTaJibHoe HccJie'AOBaHIIe ypaBHeHBa 

aanaa.Z1;I:1BaH1I& 'AJ[ft yJibTpapeJiftTHBHCTCKOit sapallCeHHoit qacTHI.U:l, 

,llBHEYD1eitca rro KPHBOJIJ11Heil:Hoit Tpae&TopHH. IlOJiyqeHo pemeH1Ie sToro 

ypaBH9HHfl B6Jll!!3H Tpae&Top:mi: (Ha paCCTOftHHHX, M9Hb!DHX cpe,ZJ;Hero 

pa)J;Hyca KPHBH3HI:l TpaeKTOpBH). OCHOBHOit 8I<l.1;9HT C'A9JI8H Ha 

HCCJie'AOBaHHH paBHOMepHoro ~HEeHHa rro 01<pyJ1CHOCTH pa)J;Hyca p. 

ITo&aaaHO, '!TO ypaBH0HHe aarraS,ll;I:IBaHBa B STOM CJiyqae CBO)J;Jil:TCfl K 

anre6panqecKOMY ypaBHeHmO l!0TBePToro nopa~a BPI.Ila .. 
r

4 + 12(7- 2 -R )r 2 + 24R r - 12R2 = O. 
1 2 ( 1) 

IlpHHaTH o603HaqeHBa: • = c(t'-t)/p, t - MOM9HT BpeMeHII H86JI,ll;eHHa, 

t' - HCKOMWI: sanaa.Zl;I:IBaOIHA MOMeHT BpeMeHH, Jl = (r - r(t))/p, r 

p~,l(RyC-BeI<TOp TO'iKR HaJI,ll;eHH&, r(t) - pa~C-B9KTOp qaCTHI.Ui, R 
'.~.'': R1 = ~ 1 ~. R2 = ~ 2rt, ~ 1 - e~ B0KTop B'AOJib pa~yca A Ha 

KOTOpOM H8X:O)J;Jil:TCfl sapft'A B MOMeHT BpeMeHII H86JIID~eHHH t, e2-

TaHreHIJ;HaJibHHit e,ll;l!!llH"ill BSKTOP B HarrpaBJieHHH CKOpOCTH l!8CTHI.l;H B 

9TOT Ee MOMeHT BpeMeHH. Bea~e. r~e STO 6&JIO B03MOJICHO, nOJIOllC9HO ~=1 

(~c. - CKOpOCTb qacTHIJ;H). 

0T'A9JibHO paCCMOTpeH CJiyqait r- 2 « R, rrpliNeM ITOK838HO, qTQ 

BI:J,ll;enaJDTCft TPH o6JI8CTH pemeHHit ypaBHeHHa (1). IlepBaa 06JiaCTb 

( TO'!Ka H86JIID'A9HHft Hl'\XO)J;HTCft B .~BJieHHH "Ha3a'A") COOTB9CTByeT 
•. 

1

11 

1,. 

II 
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ycJioBlillD IR

2
1»R312 , R

2
<0, npH KOTOpoM pemeHKe ,l.IJ!fi 't san:HcI:raaeTca B 

Bll)J;e: 't = R2/2R. B o6JiaCTH "Brrepe,IJ;" IR I» R
312

, R > 0 .pemeHKe 2 2 2 

::~::A:::: :o:T:e!~!:;~:':~JI~~::c~;27~rr=pe~ p:crr:::~~:To~ 
-R312(6R + 2(9R2+ 3R2)112)112. 

1 1 
~Jlff0TCfi Taia:e o6JiaCTb 3Haqem.tlt R2 ~.R3 , R > 0, IR I « R (R 

A A A 2 1 1 3 1 3 

= ~ [e
1

xe
2

] • ~ e
3
). 8Ta o6JiacTb JieJltl1!T Ha rpaBHUe MelC,ll;Y o6JiacTffMH 

sHaqemd!: "Hasa,IJ;" H rrorrepel!BHX pacrrOJioJtCemdit TO'll<li!: Ha6J110,IJ;SHHfi. 

IloKa3aHo, 'ITO HMeHHO 3,ll;9Cb cocpe.D;OTO'leHa JlCSCTKafi '!8CTb 

CJIHXPOTpoHHoro H3JIY'l0HHfi (J-06JiaCTb). 
PaCCMOTpeHa TaKl!Ce o6JiaCTb. MaJII:lK paCCTOffmdit TO'!KH Ha6JllO.D;9HKfi R « 

J-.2 • Cyll{eCTBeHHafi rrepecTpoitKa pemeHl!IA npoucxo,IJ;HT ,l.IJ!fl HanpaBJieHl!d!: 

"Brrepe.n;" H rrorrepe'!BHX HanpaBJieHl!IA Ha6J110.D;SHHfl BHYTPH c(f)ep:u c 

pa~COM J- 2
• 

B o6J1aCTH "Hasa,IJ;" ,l.IJlfl 9JI9K'l'pH'l0CKOro l![ MarHHTHOro IIOJie:lt HMSeM: 

~ 
e 1 A 2 1 2 A A 

-.---(e(R- 2 R)+eRR +eRR}, 
p2 R3 . 1 1 2 1 2 3 1 3 

2 ( 2) 

It 
e 1 A A A 2 1 2 

- - {e RR + e RR + e (R - .....-R ) }. 2 R3 t 1 3 2 2 3 3 3 c 
p 2 

B o6JiaCTH "Brrepe.n;" B:upalCSmlfl ,l.IJ!fl IIOJie:lt HMeIOT BB,II; 

A A 

~ = ~{-
2e

1 
2e 2e R 

+ 2 . + 3 3 }, 
p2 (3R )5/3 (3R2)413 (3R2)713 

2 (3) 
A A A 

2e R R:oe 2 2e-3 
It=~{ 13 - +- } . 

P2 ( 3R )713 3R2 (3R )513 
2 2 2 

B o6JISCTH rrorrepe'tffiHX HarrpaBJiem.tlt Ha6JllO,IJ;9HKfl: 

~= -~ 
41:3 { ~ (-tR - 't2/2)2+ R2) + 

p2 ((R _ 't2/2 )2+ R2)3 1 1 3 
1 3 (4) 

9 A 

+-2 ((R - "t 2/2) 2(R + "t
2/2) + (R + 3T 2/2)R2

) - e R (R - 't
2
/2)}, 

't 1 1 1 3 3 3 1 

1t e 
p2 

41:3 
((R _ c2/2 )2+ R2)3 

t 3 

- 7 -

2~ R (R - c 2 /2) + 
1 3 1 

e A 

+-2 R ((R - c 2 /2) (R2+ 3c2/2) + R2
) - e ((R - c

2
/2)

2
-'- R

2
)} 

'C 3 1· 1 3 3 1 3 

IloKa3aHo, 'ITO B npocTpaHCTB0 BY,IJ;SJiflIDTCff TO'lKH Ha6.mo.n;eHHfl. p,JIS 

· KOTOPNX B:upa:teeHl'Ie 1·-n~ Haxo~cfl B6JIH3l1l ero MHBl'IMYMa ( s.n;ecb R "' 
2 1. 

't /2; T.H. 1-o6JiaCTb). Ilorrepe'DIIDt pasMep 1-o6JiaCTl1l B aarrpaBJJemm. 

OpTOrOHaJibHOM K IIJIOCKOCTH TpaeKTOpHH. "'11-
1

• r,IJ;e 1 - .D;Jil1IH8 _nyTB, 

KOTOpi:i:lt rrpoXO,lJ;flT cf}opMBPYIOlllB0 JIC0CTK00 nOJie sanas,n;HBalOlllBS CBrHB.Jllil· 

Ilonepe.'IHl!d!: paaMep·1-06J1acTH ~ 4PJ- 3/3 ,l.IJ!ff JIID6NX sHaqemd!: Be.JIB11JD1H 
1- BallCHO OTM0THTb,. l{TO STOT pa3M0P no IIOPfi;o;KY B0JIJl(IUIHH paBeH' 

npe,IJ;6JibHO:lt ~e BOJIHH CJ1lHXPOTpOHHOrO H3JIY'l6HHff· To'!Ky aa6JIBl.D;0BJIR 

~.npe,IJ;eJiaX y-o6JiaCTH Ha npOH3BOJibHOM paccTOffHHH OT qaCT~ MOlCBO 

napaMeTPH30BaTb B B]1[,ll;0 

... 
r p(e~ + rt

0
(µ + XJ- 3

), X ~ 1 
(5) 

r,n;e e~ - rJiaBH8ff HOpMBJib · K TpaeKTO~HH B COOTB0TCTBYJDDtH:lt 

sanas,n;HBaJOll\li{lll MOMeHT BpeMeHK t~ < t, n 0 - e~ BeKTop. 
cocTaB.JlffIOlllJ![:I yrOJI a}-t c HarrpaBJ19Hi![0M CKOpOCTH l![ JISlCaup.d! B 

cOOTB0TCTBYI<Jm0A opTOrOB3Jibil:OA.'I~ ',;·n:JioCKOCTJil: '• op6HTbl KaCaTeJibHO:l!I: K 

TpaeKTOPHH qacTRUH IIJIOCKOCTH, µ = c(t - t~)/p - 6espa3Mep:mdl: 

nap8M0TP ,llJIBHbl nyTR sarras.D;HBammero cJll'HaJia. 
8JI0K~pH'l0CKoei l![ MarHl'lTH00 IIOJIH B y-o6JISCTJ1l sama:cr:maeTCa: 

4ey 4 [(1 + a 2 - q2 )e0 + 2aqe
0

] 1 3 

µp2( 1 + a2+ TJ2)3 ~ 
'(6) 

40·J 4 (- 2a11e0 + (1 + a
2

- 11
2 )e0

) 
.. 1 ·. 3 

µp2(:1 .fl az+ 112)3 
ll 

, •. I 

K· ILUOpKOCTH r;p,~ (;0 - 0,ltBBJINBYI: B0KTOP B BarrpaB.iieBHH HOPMaJIH 3 . 

'l'pB9KTOPl11l!I·BeJJJrllBHa 11. onpe,n;eJlffeTCff yp8BJl0HH0M Bl1l,ll;8 

ij3 + 3(1 + a 2 )ij - 6x o. (7) 

KsyqeHa TaKJCe K0pTJIB8 IIOJiff paBBOM0pBO UHPKY.nHPYIO!llero no 

ff 

!I' 
'II 
I 

111 

i' 
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OKPYlKHOCTH co CBepxcBeToBoa CKOPOCTbID 3apHAa. B 'l:aCTHOCTH, 
rro.nyqeHH BHpaJKeHHS! AJJSi ypaBHeHHa 38lla3AHB8HHS! H SJ18KTPH'l:ecK:e:x H 

MarHHTHHX no.nea BJJH3:e: noBepXHocTR Maxa , orn6aromea Bcex ncnymeHHHX 

c A8HHoa TpaeKTop:rm: BOJIHOBHX ~POHTOB, paccMaTpHBaeMHX B MOM8HT 
BpeMeHH Ha6JJIDA8HHSi. 

I'JJaBa 2 . .lIJiIH:rm: rro.na rrpoH3BOJ1bHO ABHJKy~eroca sapaAa 

B A8HHO:lt rJJaBe peweHa npo6JJeMa BH3Y8JIH38J.U!!H SJ19KTpoMarHHTHHX 

no.nea YJJbTpapeJJRTHBHCTcR:e:x, KPHBOJJHHe:li!Ho ,~HJKY~cH 'l:acT.Hl\ c 

rrOM~bID arrnapaTa JJHHHt:l: aJJeRTpH'l:ecKoro, JIH6o MarHHTHoro rro.nea. 

To'l:Ky Ha c~pe CBeTOBHX CHrHaJJOB ~HKc:e:pyeM HanpaBJJeHHeM e~oro 
OpTa n H3 ~eHTpa AaHHo:lt C~epu H .PaA:HyCOM ccJ)epH D=c(t-t'). 

ITpoH3Bo.IlbHYID JIBHmo B IlpOcTpaHCTBe MOJICHO 3aA8Tb 

( D( C') .n( C')) OTHOCHT6J1bHO H8KOTOporo rrapaMeTpa 

IlpoHH3HB8ID~ Bee CBeTOBHe c~epH JIHHH:lt, Hanp:HMep, MOlKHO I!J'OH3B8CTH 

HCilo.Ilb3YH B Ka'l:ecTBe rrapaMeTpa ( 38Ila3AHBaI0111ee BpeMa t'. OnpeAeJJHM 

B9KTOp n = D(v a+ Ve+ Ve ) = ~ - ~ (t'), IlPOBeAeHHI>Ill: H3 
1 1 2 2 3 3 0 

38Ila3AHB8ID~e:lt TO'l:KH B TO'l:Ky Ha6JJIDA9HHSi, e - 9AHHH~ B9KTOp 
1 

ITapaMeTpasaIUiea 

(;'. ITocTpoeHHe 

~ BAOJ1b rJJaBHOt:l: HOPM8J1H B 38Il83AHBamea TO'l:Ke TpaeKTOp!ilH, e2 

COOTB9TCTBy~mt SAftHHtnIW!: TaHr8Hl.U'I8JJbH!llt B9KTOp, e = [ ~ x~ ). 
3 1 2 

38MeTHM, 'l:TO BSKTOp tt KacaTeJJeH K CBSTOBOA c<J)epe AJJSi 

IlPOH3BOJlbHOro ABHJKSHHSi 38PSiA8· 0AHOM9PHYID CHJJOBYID JIBHmo MarHHTHoro 

IlOJ1Si Ha STO:lt c~epe 6YASM 0IlHCHB8Tb ~YHKI{H:RMH V
1
(e), V

2
(e), V

3
(eJ, 

38BHCSi!IIHMH OT ~OPMaJJbHoro ITapaMeTpa .e •. myHKJ.Um: vi(€), i=1. 2, 3, 
O!IpSAeJJSiTCSi pemSHHSiMH CHCTSMH 06IiiKHOBeHHwr AH~PSHI.UIBJlbHHX 
ypaBHeHHA c HHTerpaJJOM BftAa 

13 + P'D1
2
/c - P

3
Dx1

2v
1
= µ~ 3DXJ 3 (1-Pv 2 ), 

(8) 

3A9Cb µ - IIOCTOSiHH8Si HHerp:e:poBaHHa H B~J!H'IHHl:l 13 .13·.1 • x. D 
~HKCKpOBaBH Ha CBSTOB~:lt c<J)epe • 

BHpaJKeHHe (8) B IlpoCTP8H?TB8 HanpaaJJemnt (v1,v2,v3) 38A89T 

nyqoK IlJIOCKOCTea, IIepneHJ;J;W<yJJffPHHX It1IOCKOCTH (µ1,µ2) B IlpoXO~~ 
''lepe3 TO'l:Ky (A. p-

1
.0), rAe A~ ((p+~'D1 2/c)(l3 3Dx1 2 ): 1 C8'18HHSi ~<HX 

IlJIOCKOCTea c 8,lJ;JIIHHtllloA c~epoa (OKPYJEHOCTB nepeMeHHoro pa,!\l{yca) 
O!Ip6A6J1SiIOT CHJlOBHe JlHiilDt 

pa~c e.ZJ;HHHlllloa c~pu AO 
cBeToBoa c<J)epoa ·rr~tm:M 

P80JlbHOM 

B !IpOCTpaHCTBe (v1,v2,v3). YBeJill!lUIBaa 

pasMepoB D H COBMemas c COOTB9TCTBYI0111ea 

Blil,ll; CHJJOBHX JIHHH:lt MarHHTHoro rro.na B 
IlpoCTpaHCTBe. 

-~" '' 

. - 9 
0

P8AHYd:__BeK1'op o~ CBR38HHH:lt
0 

(: Jiiuniea''sJieKTPH'l:~CKOfo no.nfi, ~eM B 
. ~ ' '' '.. . ' 

B~e 
.-]Jt·.,. :-;·: ·.I". 

0= ~ (t'> + n{v e + v e + v 8 ). 
0 1~:-1 i l;. ~. -<\;rte c17fu .::> • 

(9) 
'.J i1 ' . :.n'"'>I: ·· ; ~' f: '. 

IIocJJe saMeBH BB,D;a v =cosi'J(1-i> 2 ) 112/y(1'-B'J)~''V· 
1 . 2 

(13-v)/(1-13v), v 
' . -, 3 

= sinf( 1-v2 ) 112 /1 ( 1-13v), drp = -,fi'Jc~dD;· B~.iiBtiJ.im;: u H ,'J onpe~eJlffNTCH 

ypaBHeB:KflMH : 

dv/d1J>=f1-v 2
)

112cosf, 
(10) 

df/d~=b + v(1-v2 )- 112 sin~. 

r.n;e b = ~/(x1). 9TH ypaBH0Bl!ISi raMRJJbTOHOBH c raMllJJbTOHi!aHOM z 
-bv + ( 1-v2·) 112ainf, KOTOpl\ll.!: rrpH b = const RBJlff8TCSi IHTerpaJJOM 

CHCTeMH. B CJJyqae b=const Sill!Ul0 peill0Hl11Si AJJH <l>YHKI.\ID!. fl :ra: lJ HMeIDT 

BK,ll; 

v = (z(1+b2 -H~) 112 ~bH0 )/(1+b
2 ), 

( 11) 

,., = arcsin ((H
0
+bv)(1-v 2

)-
112

), 

rAe z=sin((1+b2 ) 112 (rp-rp )), rp =con.st, 
0 0 

orpaHJ(qeHa BeJJH'l:HHOi'l. (1+b?)
112 

IIOC'l'OHHH8Si Ho ITO MO,IU'JlID 

Ha PIIC. 1 H306pal!CeHI:l JllllRJ!IH 8JieKTPH'l0C.l<:OI'O IIOJ!Si CHHXPOTPOHHOI'O 

.lllSJJyqeJ!llSi ( pa.lilHOMe PROS ABJlllK•!HHS 30pR,n;a ITO OKPYJCHOCTK) B 

rrpOCTP••cTB•. Jil306pF1'11CeHHHe J!JlllHU1 .nellCl!IT Ha O,l(HO:lt IIOBepXHOCT.lll ( AJIH 

paBHOMepHoro rrpHMOJraHei'l.HC ! ".> .n;BKllC8HKl'l ST a rroaepXHOCTb 

COOTBSTCTBOB8JJa 6H "COTK8HH(1My" 113 CK,JIOBHX JIHHKI KOHycy c OCblO, 

opTOI'OH8JlbHOt:l: TpaeKTOPID'I ;~J-Hl'l!Ceffirn) • ,l(JI.ll ·roro. 'l:'I'06bl HA T'JJH,ll;H(' 

IIPSACT8BKTb IIOBSA8Hl118 CJJOllCHHX npocTpa.llCTB•;HHHX JIB!rn'tl. HCI!0.1Ib30BaH 

up:e:eM cT:e:paHH.H HSBHAHMblX y·o!f1c·t•KoB .i:Il!!Hli:lt (pm • 2). 

B CJiyqae IIpOH3BOJlbHOI'O ,ll;BIJllC•!Hl!IS! 38PH/~Fl flH,JJ;eJJSieTCH PAMilCTBeHHa.H 

110Jw paBHo HYJJJO. B pa6oTfO> H3y'ieHa JIHHHH, Ha KOTOpo:lt MarHHTHOP 

CTPYKTypa STOA HeATpaJibHut:l: 

rrepeMeH!mt:l: KPHBH3HO:lt. 

.11'11Hll1Jll M8I'HH'l'HOI'O rro.na ,&JW "H 11JK8HHS! (' 

ITapaMe•rp:e:3aI.\l:UI THil8 ('I_) 1103B0Jlfl8T peWP!Tb 

SJJSKTPH"l8CKOI'O IIOJJSi H AJ!fl MO)l•;,',J' CBepxcBeTOBOI'O 

BaJCHoi'l. xapaKTepKCTHKot:l: 3Jlt-'l~T [ uMarHH'l'HOro IIOJJR 

IIo:ltHT.l!!Hra, onpeAe.na~ Ml'HOBEHIH!ile Hanpa11J1eH.111e 

---- --- -··-· 

TJJ_, .. , 

,ll;BPI •· 
flh,ii.' 

H:/ JIHHKil 

JRPRAB· 

BSKTOJ> 

H BU,fo' "~i!.V l!OTOK8 

Ill 
I I 

I' 
I 

I., 

1· , 
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HsJiyqea:e:a. B pa6oTe orrpe'AeJielllil JIJi!Kllili: IlOJiff BeKTopoB Uo:IHTl!IHra 

npOH3BOJ.ll>HO ABHZy~eroca 38Pff'A8, KOTopae A8IOT ffCHOe :npe'ACTaBJieHHe 0 

pacnpe'AeJieHHH IlOTOKOB J1[3Jiyqea:e:a B npoqTpaHCTBe 
I 

sTa sa'Aaqa 

aKTyaJibHa, Hanp111Mep, B YCKOPHT0JlbHOA ~J1[3HKe. 

I'JiaBa 3. 8KBHBaJieHTHOe npe'ACTaBJieHHe SJI0KTPO'AJ!IH8MHKH 

OPTOroHaJibBHX nOJieA 

){.na opToroHaJibBHX SJI0KTPHq8CKHX J1[ MarHHTBHX nOJieA, xapaKTep:HHX, 

B qacTBOCTH, ~ff ~H~YJitI!!XCff ToqelIJllilX sapff'AOB, 'AOilYCT111MO 

IlOCJI0'AOBaTeJibH08 BB0'A0HHe ,IJ;BH~YJitI!!XCff, KOBapH8HTBHX ~ 38'A8HHOro 

IlOJlff. MOJICHO TaK~e o6paTHTb 3a'Aa·;iy J1[ HBXO,n;HTb IlOJIS no CHCTeMe 

.JllDiHI;, IlOAqJ!IHffJlllfl.TiJJi:Cff orrpe,11;eJieHJllilM ypaBB8Hl1lffM, C'A0JIBB T8Kl11M o6pa30M 

SJI0KTpo'AJ!IH0MHKY llOJIHOCTblO 8RBHB8JISBTHOA ~aMHKe ~ llOJiff. 

PemeHHe ,n;aHHoA 3~Aaql1[~ oqeBJ1l,ll;HO, 111MeeT caMOCTORTeJlbHyro ~eHHoCTb 

~OMllMo Toro, qToannapaT ~ ITOJiff o6ecrre'IJ!BaeT ero B~syaJIHaa~. 
' ' . 

CHcTeMa Jiope~-KbBapHaRT:rµ:i:x ypaBBeHHA B no.mm:x ,n;H~peHI(J![aJiax 

(12) Fµvd~ = 0, 

r,11;e Fµv_ T0H30p SJieKTpoMarBlJTHOro IlOJiff, ITPH ycJIOBJ1[J1[ 

OpTOrOHaJibljpCTH IlOJIBA onpe,n;eJlff0T ClilCTSMY JIOpeHI.\-KOB8pH8;HTBHX ~ 

M8rHHTHOro IlOJI~· (dXµ = (cdt,ar) - SJl0M0HT 4-~). Paar 

~HTHCJiMMeTpJ1[qgoro TeHaopa Fµv .. npH sTOM paBe~ ABYM H 

cJie'AOBaTeJlbBO, ypaBHeHHff (12) onpe,n;eJUleT· AByMePHYID noBepXBOC'rb 

xµ('l:,o), KOTOpaa 38M8T88TCff JIJ!IHJ1[ffMJ1l M8I'BHTHO:I'O IlOJiff. By.,D;eM 

Cql1[T8Tb, qTO napaMeTp o 1 OilPS'ASJIReT pa3B6]>Tl£Y B'AOJlb BS6paBBo:i 

.nHHJ1[]1[, napaMeTp • sa'AaeT ee. pasBepTKY no rHUepnoBepXBoCTH. 

MOllCHO IIOK838Tb, qTo Ba noeepx:S:oc~H--Xµ(•,o) JiezaT MHpOBHe nHHl1ll1l 

aapa~eHlllilX qacTm:i; c Maccoa, cTpeMameaca K HyJIBJ. ,lleitcTBHTeJibHo. 

BapazeHHe (e/c)F dxµ/ds OllHCf:lB80T CJ1[JIY Jiope~a. A0ACTBYwmYIO Ha µv . . 
qacTm:i;y (s - C06?TBSHH08 BpeMff qaCTJ1llUi). 0TM0THM, qTQ ycJIOBHe 

paBeHCTBa HYJIBJ cl1IJffil Jlope~a HaKJI8'AfiBaeTca B ypaBHeHHax 

MarHHTOrB,DJ>O'AJ!IHaMHKH x.11J'AKOCTJ1l c 6eCKOH0qHOA.npoBO'AJ11MOCTbro. 

JlJ!IHJ1[J1[ SJISKTpHqecKoro llOJift Ollpe'A0JiffIDTCff ypaBH0HHffMJ1[ (12), r,n;e 

BMeCTO T0H30pa yµv CJie,n;yeT IlO,ll;CT8BHTb ,n;yaJibliHA T0B30p. 

Ilo CHCTeMe JIJ!IHJ1[it IlOJlfl MOXarO OITpe,11;8JIJ1[Tb T0H30P Fµv_ Ilo,11;cTaHOBK8 

Xµ= xµ(T,cl') B ypaBH0Hl1lff (12) .n;aeT: 

p*µv = X(±µx,v- x'µ±v), (13) 
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r'Ae To~a H mTpHX osHaqaroT ,n;H~peHqKpOBaHHe no • J1[ 0 

cooTBeTcTBeHHo, x - npoHsBOJibHaa cKaJiapHaa ~YHKI.Ulff· 
Bapa~ea:e:a (13) onpe,11;eJifllOT nbJie TOJlbKO Ha noBepXHOCTH xµ(T,o): 

Ha STOA noBepXHOCTH OHO MO~eT 6HTb npOH3BOJlbHHM· YpaBHSHHfl Ha 

nHHHH xµ B03HHKalOT, ecJIH sa'AaHa KOHrpys~ff TaKHX IlOBepXHo6TeA, 

sanOJIHamaa BCS 4-npocTpaHCTBO. UyCTb napaMeTpH ct J1[ c2 peaJIHSYIDT 

TBKYIO KOHrpyaHl.l,J1[JO. PaccMaTpHBaff Tenepb xµ KaK ~y~ qeTypeX 

nepeMeHBNX xµ = xµ(<,o;c 1 ,c2 ) l1l Bapa~aa npocTpaHCTB0Hlllil8 

np0l1l3BO.IJ;llll0 qepes I; i = ( •• 0' c ' c ) MOllCHO IlOJIYqJ1[Tb 
1 2 

SKBl1lB8JISHTJllil8 ypaBH0Bl1lffM MaKcBe~a. 

IlepBaff napa ypaBHeHHA MaKcBe~a B npocTpaBCTBe 6es 

TOKOB 38llHCHBa0TCff B BJ1['A0 

v 
.2._(AG~) 
ai;o . a1;1 

v 
.2._ (XG~) 
ai;t ai;o 

r,11;e G det(axµ/at;k). 

0, 

BTopaa rrapa ypaBneHHA MaKcBeJIJia 111MeeT BH,n; 

Q__ (Eijk!AXV (ix )(x'x )) = o. 
a1;1 ,1 ,J ,k 

YpaBHeBHa (14) 

paaMepHOCTb IlOJiff 

y,11;0B.iieTBOPffIDTCff. ecJIH 

IlOJIY"ll1lM IlOJIOJICl'IB X = eG- 1
• 

'A ex: G-1. 

ypaBHeHHff, 

sapffAOB K 

(14) 

(15) 

IlpaBBJibHYIO 

PerrapaMeTpHsaIJ,HeA (T,<J) MOJICHO IlOJl~b KOB~PMHYIO KaJIH6poBKY 

JIHHHit ~· = 0, ±2 + x' 2 = 0 Ba o,n;aoit J1[3 IlOB0pXHOCTeit (c ,c ), 1 2 

o,n;HaKO, Ha .n;pyr:i!!X IlOBepXHOCTffX T8K8ff K8JIJ1[6poBK8, Boo6111e roBopa, 

M0~0T He BHilOJIBffTbCff. B CJJyqae ±2 x' 2 
- (i:x')

2 
= 0 MO~O H8JIOlUITb 

ycJJOBHff (ax/a~)(ax/aa) = o. (ax/a~) 2 = 0 (Ha O,D;HOit IlOBep:xHOCTH)-
-*ik ' 0TM0THM, qTO y T0H30p8 F B KOOp'AWfaTaX, COOTB0TCTBYIOOlliIX 

JIHBHffM Marlil'ITHOro IlOJIB, OCTaSTCff e'AWfCTB0Hl{aff HeByJleBaff KOMIIOB0HT8 

SJI0KTpKG:eCKOro IlOJiff. 
ITOJiyqeHH BHpalCeBHff 'AJ!ff CHCTeMbl JIJ1[HJ1[~ aJJeKTpHqeCKOr~ IlOJlff 'AJIH 

paBHOMepnoro .n;BH~SHl!Ul 3apa'Aa IIO OKPYJICHOCTH, •" CO'A0PlCall\}'16 IlOJIBYIO 

l!!H~pMa~ 0 JJJllBH"P-BJUCepTOBCKOM TIOJ18. 

B pa6oTe TaKJCe OTMB'IeHa AHflJJOrffff ypaBHSHKff .n;BHlCSiil'!H BSKTopa, 

onl'ICHR'l!Ollj<'f'<) CHCTeMy JIRHH~ 3JltiJ<.TpH'1et:J<:OI'O IIOJIH 38Pf!AC1 c ypaHHSHH8M 

1'.f<lt)l(<,"f-ffl C'lf-ft! i BO BHl,llill.V.Y. IIOJJHX i't[»" .'iLu~·:JflHH, IJ'l': ~-.)(1 t.:'PBt. ~J J f-fHf.:t 

\.1. 1 ,·n1·~';'1cr-,dJ .'VH.>ft.,,~-H!'P , ,:..-\H1-:-d t(V-J.DO 

71-

I 

I 
I• 
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r.naBa 4. 8(jl<jleK'rbl :IU!'l"eHCHBHOCTH IIY'lKOB, CBfl38HHbl8 C 

Jrn:eHap-BIDWIJTOBCKKMH IIOJiflMH ~aCTHIJ, 

ripH Blill.!]ICJiemu1 C06CTB8HHHX IIOJJeJ!I rryp.Ka c.ne,n;yeT Y'lHTblB8Th. "!TO 

'POK rry'lKa B 8JIEJK~'pOHHliX H II03HTPOHHhlX ll;HKJJlll'iEJCKHX yc~OpHT0Jlf!X 

<YPJIH'J:aeTCfl OT 06hr4HOI'O HepeJif!THBHC'f'CKOro ,ll;BYMfl rrapaMeTpaMH: 

:-itteprHe:ll! '1aCTHl~, Ha MHOT'O f!O]'.>fl)J.KOB IT] n;Bbllli8IOII\8:fl! 8HeprHIO IIOKOfl, H 

1<.pHBOJIH.f!eJ!IHocTbKl TV18KTopz1t "l<O\CTH~. fl6H rrapaMe-rpa Menf!IOT ycJioBHfl 

11pHM8HHMOC'f'H MO)l,CJllll FIHllf>t!pblBHCI'O •roKfl. ripe)l,li)l;YIJ1H8 lil:CCJl8,ll;OB8HHfl, 

:1<)l!BH1I1eHHble yKaJ;.ll{HO£t npu6JieMe. KaK [lj)HBHJIO, He Y'lHTl:l:BaJIH HaJIHtme 

'.J'l'HX rrapaMeTpOB O,ll,HOBpeM0HHO. 

Orrpe,n;eJIHM .KPHTe]>ll:ll! J1JJOTEOCTJ1 ny Y.Ka Ha OCHOBe .l!:CCJie,n;oaamrn 

Y<!JJOBH1t ycpe,n;HeHH.fl Ml 'IWH8HHO:it rrpocTpaHCTBeHHoJ!I KapTHHl:l: IIOJJH. a 

VIM8HHO, saKJIIO'I8lOil\HJ!ICfl B rrepeXO,l\8 OT CJIY'l8fl cerrapHpOB8HHbIX B 

J; I •OC'rpaHCTBe o6JiaCTeJ!I ,lf(eCTKOJ!I 'IaCTH HSJIYlie:mrn OT,l\8Jlhfilil: 'l8CTJn\ K 

HX •ro•raJJbHOMY rrepe.Kpb!THIO B o6'beMe rry'!Ka. IJJIOTHOCTb yrraKOBKH kS\ 

J!C(J<!TKOJ!I 'l8CTH Cl'!HXpOTpOHHOro H3JIY'I8Hl'lfl B rry<J:Ke Orrpe,l\eJIHM 

O'rHomeHHeM ~'beMa, 38Hf!TOro 1!!3JIY'I8HH8M B cryCTKe I<: 06'b8MY crycTI<:a: 

k 
NVSV 

"' SY 
vbunch• 

N(o R3)112 
x 

1
4

0 a 
y z 

( 16) 

r.n;e Vsv - cpe~I o6'beM ~ecTKoro IIOJifl 

crycTKa, vbunch- 06'beM crycTKa. B pa60Te 

1!!3JJy<reHHR B rrpe.n;eJJax 

o6cyJIC,Il;eHa B03MOJICHOCTb 

rro,n;aBJI&HHfl cmrxpoTpoHHoro H3Jiy'leHHft ITJIOTHoro ny'!Ka (ksv» 1). 

t!HcJieHHlie o~eHKH IIOKa3blB8IDT, qTo rry1£KH COBpeMeHHl:l:X ~ecKHX 

YCKOpHTeJiel ~H8KOIIHT8JJeJ!I ,ll;HCKpeT1!!3HpyeTCff (STO OTHOCl!!TCft TaK~e K 

ITOJiflM cryCTKOB B MecTe BCTpe'lH .mm:etmHx KOJIJiaJ!l)lepoB c.ne.n;y~ero 

rroKOJieHHH). Co6cTBeHHoe ITOJie IIyqKa I!pH STOM MOJICHO pa3,D;0JIITh Ha 

KOMIIOH9HTY rJJa,IJ.KOrO cpe,n;Hero IIOJIH I!! CTOXaCT]i!q6CKYID KOMIIOHeHTy, 

COCTOftlJlYID 1!!3 rrpHBH38HHliX K OT,Zl;SJihH!ilM '1aCTHll,8M rrpocTpaHCTBeHHO 

Bli,Zl;SJJSHHlil: 06.nacTel ~eCTKOA qacTI!! 

XapaKT9P CTQXaCTJ!qSCKOJ!I KOMIIOH8HTY 

.cllHXJlOTpoHHoro H3Jiy'leBl!!fl. 

IIOJifl IlOMHMO O,!J;HOMOMe·:•Taoro 

KPl!!TepHR IIJIOTHOCTH yrraKoBKH orrpe,n;e.nf!eTCfl rrapaMeTpaMH TeMIIepaTyPJ:l: 

rry'!Ka. PacceaHJ1Ie '18CTHII, Ha STOI KOMIIOH8HT9 I!pHBO~T K ~aMH<J:eCKHM 

a'li<PeKT8M, asa.norH'lHI>IM KB8HTOBl>IM cti.nYKTya~HM TpaeKTOPHH qac~~. 

,Jt5ycJIOBJI9HHHMH co6CTBeHHNM cmocpoTpoHHblM H3JlyqeHH9M 

C.D;Bl!!r qacTOTl:l: pa,JzyiaJihHliX 6eTaTpomrn:x IS<>Jie6aHHJ!I, o6yr..noBJJeHHJidl 

[ 'Jl8,n;KOI KOMIIOH8HTOI IlOJifl' paBeH : 

·r 
·,. 
I, 

ilv "' 
" 

f..µRo r­
y 0 

2v l 
JC 
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O~eHKa BeJIH'lian.i: 6v ,ll.1.lft aaKorm:Te.na CESR .n;aeT saaqeHHe "' 

(17) 

0.9x10- 2
• 

OTCYTCTBl!!e 
x 

CymecTBeHHo, 'ITO B cpopuyJJe (17) Y'IT9HO 

JJOpeH~-KOMIIeHca~ MarHl!!THOI I!! ~JieKTpl!!'leCKOI COCT8BJIBIOOtHX 

EopeH~a. 

PaccMoTpHM rrpo~ecc~ pacceflHHfl '18CTJ!H.\ rry'!Ka H8 

B Cl!!Jie 

JE9CTKOJ!I 

KOMllOH8HTe Cl!!HXPOTpoHHoro 1!!3JJy'l9HHft. B nepayro oqepe.n;h STO KacaeTCff 

~eCKl!!X ycKOpl!!TeJJeJ!I I!! H8KOIIHTeJJel, r,n;e C1!!HXpoTpoHHoe 1!!3JJY'{eHl!!e 

o6yCJJOBJJ8HO BHeUIImM, 3aBopa'IHBalllHM 'laCTHl\l:l, Mal'HHTBHM IlOJI8M. 

O.zurai<:o, STOT scli4JeKT MO~eT 6YTh cy111ecTB8HlfiiM TaK~e ,ll.1.lff npoeKTOB 

JmHe:ainix KOJJJia:l>l;zi;epoB B M8CTe BCTpei:m: rry'IKOB, r.n;e IIOJie BCTpe'IB:oro 

rry'l:Ka Ha'lHHaeT KrpaTb :po.ni, BHemHero IlOJIH - B aTOM c.nyqae I!! ,a.n;eGb 

B03HHK06T MOJllH8ff KOMIIOH8HT8 H3JlyqeH11ff, ..rel!Jll(ero Cl!!HXpoTpoHHJidl 

xapaKTep. Ilpo~ecc paccef!Hl!!ff Ha STOM H3JlyqeJDill MOZST CYJltSCTBeHHO 

yMeHhlllJl'l'b rrpe.D;BapHTeJibno pacc'lllTJ:IBaeMHe 3H8'10HJUI CBeT.l!IMOCTI!!. 

OCHOBaHl!!eM ,Zl;Jlff TaKoro BHBO,n;a c~ylD!T pa3Jll!!'Dle npo~eCCOB pacceRHl!!ff 

qaCTI!!~ Ba ~eCTKl'IX :rr.m<:ax· H3JIY'{eHl!!ff B·38Bl!!C.l!IMOCTI!! OT lilX aMDJililTY.zo':l I!! 

lllHpl!Hli rrpB paBBl:l:X HHTerpa.nax IIOJJfi_no BpeMeHH. PaccesJ.e '18CTH1\l:l 

BCTpelilioro nyqKa Ba IlOJlftX 1!!3JIY'l9BJI8' OIIpe,D;eJIJIM HHT8rpl!IpoBaBl!!eM 

pa,11;1!!81U'!OHHO. CHJIH TpeBl!!R B,ZIOJJb TpaeKTepl!ll!! 'l8CT~ Ba pacCTOHHl!!ffX 

rrop~ xapaKTepBol lllHpl!!Bl:l: 1!!3MeBeHHH IlOJifl (B o6oHX c.nyqaax "' 

Pl - 3
). B KJl8CCH'l0CKOM c.nytrne KOMIIOHeHTa pa,D;HalU!OBHO:I: CB.JIH TpeHl!!H. 

,n;alDll(afl BKJia,11; a li!lBT&rpaJJ no TpaeKTopBB qacT~ BCTp&'IBoro rry'IRa 

38IIHCl:lB89TCfl B BH,l(e 
r3 

f .., 64 110 __ o_mc 2 

d T' p3b 

r.n;e a - IIPJn\e.11hBHA napaMeTp CT~OB0BWI. 

IlOTepl!! sHeprHH qacTl!!Wi AB np..;~ccemnm: 
CH.JIH Tpemm Ha paCCTOfilll!lll nopfl,1'lt8. l : 

3 
t.Ed 64 6 ro 

--"'-.;--1 -- • 
mc2 .:> p 2 b 

( 18) 

H81,lteM K8K pa60TY 

(19) 

IlpHBe,ll;ElllHH• Blilll0 COOTHOW9Hl!!ff COOTBeTC"ipYIOT KJI8CCH'l9CKOMY 

rro.n;xo.ztY- JI npaBOMepm;i TOJJhKO IIpJI ycJIOBJ1[1!!, 'lTO wTaHpli!!Ba rraKeTa IIOJJH 

MHOro 60J11>111e KOMilTOHOBCKOI:' ~ BOJlHH, T.e. Pl- 3 2 .tv'mc. ,n.na 

KapaKTepHHX saeqeHHJ!I nap8JAfi1~poB c.ne.n;;vnne:rO noKOJieHBH Jil!!HeflBHx 

if 

l 
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KOJIJia~epoB STO ycJIOBRe He BI:UIOJilffieTCSI. B STOM CJiyqae B03MOJKHO 

KBaHTOB00 YTO'llieH111e cJ>oPMYJI CHJI pa,n:m:a:qlil:oHHoro Tp0HJ11SI. BocIIOJibsyeMCff 

~a STOro MeTO)lOM OIIpe)leJieH111S1 pa,n:m:a~OHHoa Cl1IJIIi Tp0H111ff qepea 

ceqeHJ11e pacceHHJ11SI G. CHJia Tp0Hl11ff MOJICeT 6HTb SaIIHCaHa B B~e r 
oW'rt, r)le rt - e~ BeKTOP B HanpaBJieHW!! paCIIPOCTpaHeHl![ff 

SJI8KTpOMarH111THO:I!: BOJIHH, W' - IIJIOTHOCTb 9Heprl!IH 9JieKTpOMarH111THOI'O 

IIOJ!ff B CHCTeMe IIOKOff qaCTJ!l:W:l BCTpe'llioro IIy'!Ka. B 9TO:I!: CHCTeMe 

KOOp.ztf1!HaT pa,n:m:a~OHHaSI CHJia TpeHHa MOJICeT 6HTb BupallCeHa qepea 

cpopMyJIY KOMIITOHOBCKOPO pacceaHHSI. ,l{e:l!:CTBHTeJibHO, OCI(1!!JIJIJIIpYlOUISMY 

IIOJIIO B J-o6JiaCTH C OIIpe)l0JIHHO:I!: TO'lliOCTbID MOJICHO IlOCT8BHTb B 

COOTBeTCTBHe orpa~eHHH:I!: yqaCTOK IlJIOCKO:I!: MOHOxpOM8TJII'leCKO:lt 

SJI0KTpOM8PHB:THO:I!: BOJIHH c ~oa BOJIHH Pl- 3 • 

).{JI~ Hl113KOSHepreT~ecKHX ~OHOB ceqeHl![e CBO~TCff K 

TOMIICOHOBCKOMY IIpe)leJiy 8nr2/3, IIPH STOM BOCCT8H8BJIHBaeTCff . . 0 

KJiacc~ecKH:I!: pesyJibTaT (19). B cJiyqae yJibTpapeJISTHBHCTCKI!lX 

~OHOB Mff pa,n:m:a~OHHO:I!: Cl1IJIIi Tp0Hl11ff IIOJiy~: 

r = sr. 
q 

(20) 

r,lle napaMeTP s 3(ln4J
2 T + 1/2)/16y 2T OIIpe)leJiaeT MaJIOCTb 

BupaJ1CeH1118 CHJIH Tp0Hl11ff ITO cpaBHSHHID C KJiaCCJII'l0CKHM CJiyqaeM (T 
2nhJ

2
/mcp ). BeJIHqHHa s ~a THIIll'lllllX 3HaqeHH:I!: napaMeTpoB JIHHe:litm.rx: 

0
. '.9 -10 

KOJIJia~epoB HOBOro IIOKOJIBHHSI HaXO.llffTCff B llpe.ll0Jiax 1 +10 • TaK 

qTO Be~a (6E /1mc 2 ) B KBaHTOBOM CJiyqae nopa~a 10- 10+10- 12 • 
d 

C yqeTOM· 60Jibmoro K~ecTBa aKTOB pacceaHHa (nop~a N) 

BOCCTaHaBJIHBaeTCff 60Jibmoe 3HaqeHHe IIOTepb 9Heprl11ll: qacT~ IIPH 

pacceSUDi!CH Ha BCTpe'lliOM IIY'!KS· 

B pa6oTe T8KJ!Ce IlPOH3B0,ll0HH OQeHKH OTpaJICeHHHa JICSCTKO:I!: qacTH 

CHHxpOTpoHHoro H~0Hl![ff OT BHBmHe:I!: ~JII'IBCKO:I!: CTSHKH KaMepa. 

IlOJie sapa)la H8 paCCM8TPHB89MO:I!: noaepXHOCTH H8BO,n:B:T B03MymeHl![e 

IIOB0PXHOCTHO:I!: IIJIOTHOCTH aapa)la. KOTOpoe 6ellCHT co CKOpoCTbID 

/3C(1+d/p). 3,ll0Cb BH,ll;0JISl0TCSI 11IIffTH011 IIepeceqeHHSI y-o6JiaCTH IIOJIH c 

~JII'leCKO:I!: IlOBSPXHOCTbID. ).{Jia ~eaJibHO lipoBO.llffmea IlOBBPXHOCTH 

KaMepH HeBe)leHHH:I!: aapH)l q B T8KOM 11II.RTHe" OQ9HHB80TC8 no cpopMyJie 

q ., -eE (py-3)(y-1(2pd)112), (21) 

f'JVc' E H8IJpf!JIC8HHOCT b HODMBJibHO:I!: K ITOBA;O"•KH0t.:~'11 KOMllOH8BTbl 

e>JJf•lc 'Ppl'fY"~r·Ko1•;-, TI::>JI.H. flr.Ho '!'l'C' B )Oil:aIJfl30H8 IT]:-<OAA.IJ",cJiJY'. .\J!Ji!H BOJIIJ 

Vl•';.;;,c•nr, ;l~1~,·''.1 :;r~;.JI.Y'-48H¥.H 
~ r - ~j 

l'M H .,k '!'~·!!lf?) ,-.:.ll~,Ii.'H'"i' .J ~:VH.11'1.1 
• .., •3 ·: 

'• 

'I 
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BHHMaH111e KOHB'iHYID npoBO)lHMOCTb M9T8~9CKO:I!: noaepXHOCTH BaKyyMHo:I!: 

KaMepe. B pa6oTe IIOKasaHO, qTO )l8HH00 YTO'lli9Hl11e npHBO)lHT K TOMy, 

'ITO peaJibHOe 3HaqeHl![e IIJIOTHOCTH HaBe)leHHoro Ha MeTa~eCKO:I!: 

IIOBepXHOCTK 38Pff.llB COCTBBJISeT q .. - 1.5x10-
4
e (~a Me~o:Ct KaMepH c 

pa,llHyCOM 38KpyrJieH111ff p .. 10 4 CM H l .. 10.
4
). 

BoaMymeHHe IIJIOTHOCTH sapa)la Ha BHemHe:lit ~JII'ISCKO:lit . 
IIOBepXHOCTH BaKyyMHo:I!: KaMBPH MOJICHO IIpe)lCT8BRTh sapH)lOM, ,ll;BHJICY~CSI 

co caepxcBeTOBO:lit CKOPOCTbID. IlOJie TaKoro sapa)la HCCJie,llOBaHO B6JIR3H 

IIOBepXHoCTH Maxa. IToKasaHo, <ITO paccMaTpRBaeMlile IIOJ!ff o6pasyIDT 

caoeo6pa3HYID KapT1!!HY KHJibBaTepHHX BOJIH p0JiftTJ/IBRCTCKOrO 

QRPKYJ!RPYilllqero 38Pff.ll8 B6JIR3H ~~ecKoa noBepXHOCTH. 

rJiaBa 5. reHepa~ft H8IIp8BJieHHoro ~orepeHTHOrO H3JiyqeHHS H 

1!!HTeP<PepeHQROHHHX MBKClilMYMOB IlOJiff 

PaccMOTplilM B03MOJKHOCTb KOrepeHTHoro CJIOJICBHl![.fl IIOJieA HSJiyqeHRff B 

JIOKBJibHO:lit o6JiaCTH IIpOCTpaHcTBa. ITOJis· RSJiyqeHH.11, npocTpaHcT~eHHO 

JIOKaJIH30BaE1!He B J-o6JiaCTH, CJia6o 38BRC.RT OT paCCTOffH111.fl d TOqKH 

aa6JIR),lleHl'Iff ,llO qacTHQH B)lOJib J-o6JiaCTH, a RMBHHO IIPO~OpQROH8JibHO 

d- 112 • ITonepe'iHH:Ct pasMep J-o6JiaCTH Pl- 3 
IIOCTOSHeH B .moCiOM ee 

ceqeHHH. 8TO 'o6cTOSTeJibCTBO )laeT B03MOJICHOCTb KOrepeHTHO 

CKJia.n;r:iBaTb IIOJI.fl J-ocSJiacTe:lt qacTHQ, He JIOK8JIR30B8HHHX B o6~eMe c 

paaMepaMR nopa)lKa npe)leJibHOA ,lJjJililHI:l BOJIHH.cHHXpoTpoHHoro H3JIYqemu1. 

BoaMOJICHii qeTI:q>0 CJiy~aft HaJIOJIC0Hl/(ff 7-o.nacTeA .llBYX qacTHQ, IIPH 

KOTOpHX COBIIa)laIDT HanpaBJieBl11:ft· no.napnsanmt. JIR60 5JieKTP11f<l0CKOro, 

JIR60 MarHHTHoro IIOJieA. 8TO CJIY'iaH. KOr,11;a·aJieKTp11f<leCIC00 H MarHHTH00 

IIOJI.fl o6eHX·qaCTHQ HanpaBJieHH O)lHH8KOBO (IIOJI:RJ)HS0B8HH00 CJIOJIC0Hlil0), 

KOr)la IIPOHCXO,u;HT CJIOJICeHHe TOJibKO 5JieRTP11f<l0CKOro HJIH MaI'Hl!lTHOro 

IIOJieA H CJiyqaA COKpameHHff H Ma!'HlllTHOro H SJieKTp11f<leCKOro llOJie:lit. 

YBe~eHHe qHCJia qacTHQ, ,lla!OlqHX aI<Jia)l B paccMaTpI1IBaeMY1D cxeMy 

KOrepeHTHOro CJIOJIC9Hl11ff B03MOllCHO, ecJIR HOBYe TpaeKTOpli!IJI[· He HapymaIDT 

ycJIOBd Korepe:a:THOCTR, T.e. ecJIH op6111TH HOBHX qacT~ xacaJDTCff 

IIpHMO:lit pacnpocTpaHSHR.fl KorepeHTHHX CHrHaJIOB, Ha ROTOpo:lit STH 

CRrHaJIH )lOJIJtralil 6HTb CHHxpOHH30B8HH- B nepBOM CJiy'lae B03MOJICHO Jll!lllih 

CMe~eHl![e op6111T B.llOJib OCR pac1IpoCTpaneH111a KorepeHTma: cRrHBJIOB, 

npllI'leM BCB Op6111TH .llOJIJICHii JiellC8Th ·a o~o:I!: IIJIOCKOCTR. B .llBYX 

IIOCJie)lY!qHX CJ!yqaax STO ycJIOBHe MOJIC0T 6HTb HapymeHo, nocKOJJhKY 

CKJI8,llHB8RlTC.fl JIR60 aJieKTpnecKRe', JIH60 MarHHTHHe IIOJl.fl. 

ITo)lpo6Hee paccMOTPHM nepBH:I!: cJiyqa:&t IIOJI.RpasoBaHHoro CJIOJICBHHH-

YcJIOBHe BHIIOJIJleH111SI KOrepeHTHOCTR ~M ~.fl N qacTlilll;, .llBHJICY~KXCfl ITO 

1--; 

... 
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B p8CCM8TpIB80MHX CT8TH116CJQ!!X :B6.ztYlllHX .· II01UIX qaCTJi!UV:l 'Mol'yT 

npoxo,ZJ;H'l':& B.ltOJJ1> O)llI01t 11 ToA :se TpaeKTOPHH co c,IJ;Bl!II'oM 1lO :BpeMeID'I 

(.llOIIOJIHHTe.JlhBHI napaMe~p 'ti OITKCI:lB80T STOT n:poH3BGn). ~onyCTHMSff .. . 

oCiJISCTb H3M6H0Bli!IH BeKTOpoB al 38BHCHT OT CJllMM0TPXI!! B0.l!Ylql!IX rrOJJe.t.t. 

,l(.na Cli'!CTeM!i qaCTJm c TpaeKTOPHHMB (22) B~e~eTCH HSJiyqeHJ!Ie 
2 ' 

O,lµiO.t.!: qaCT.l!II-lJi d Io/dodw H mrTe:pcllepe~oHBH!t MHOJm:T6Jlb ~- lllHo~TSJib 
2 ' 

!l Ilplil Bcex w p8BEIH N • T•S· H3JIY1i9HH6 HMeeT KOrepeHTHWI: xapaKTep, 
... -+ &+ ecJIH 1:

1
= n

0
a

1
/c, r.lle n

0 
- sa~aHHoe HanpaBJieBli!le H3JIY'i0Bli!IHo 

IIpol!l3BoJJbHHS it' .llOIIyCTHMii B O)llIOpo)llIOM MarHHTHOM rro.ne. r.lle 
l 

TpaeKTOPJ!II![ ~J!IJIC0Bli!lff Ilpe.llCTSBJIHIOT BJ!IHTOB&l0 JIJl!Hl!ll'! • MHOJICSCTBO 

KOrepeH'l'HO H3JIY'l8mlJIHX B.llOJlb STOA JKS· OCH.qacTlII.I;, pacnOJJoJICeHHHX HS 

O)llIOM ~. oCipasyIOT BJ!IHTOBYIO .mraruo, HSMOTSBHYIO Ha lUIJll!IH.llP B 

oCipaTHOM no OTHOlllSmDJ K TpaeKTop:inr qaCTHll H8Ilp8BJISHHH· B STOM 

CJ!yqae MOXHO HCIIOJ!b30B8Tb IIpOMO.llY.JmpOBaHHHe no CKOpoCTHM 

~OJJbHHM p83MSpoM 1, CiOJibDIHM .llJIHH&I BOJJHH H3.JlY'l8Bli!lff :\.. 

c pacTBOpOM 

nylJK.11I C 

IlpH STOM 

yr JI a iJ' KOrepeHTH09 l!l3.JJY110Bli!le cI>opM.11IPYeTCff B 

MSHJ>llIJIIM y- 1
_. ~OJIYCTHM&iA !IpO.llOJibHWI: 

0 

Koayce 

pasMep crycTKa paBeH:l "' :\. 

a- 2 1- 212n. 
0 

MaKCHM8JlbHOS 'DICJIO KOrepeHTHv 

.!!OIIYCTll'IM&IMlll 

µU 2 y2/2n. 

paSMepaMB: crycTKa 

H3JIY'l8J.OIIIHX lJSCT~ OIIpe.ll6JlffSTCH 

H ILJIOTHOCTl>IO 'l8CTJ!I~ µ: N 

0 

BNpsJICeHHe ~ff nOJIHO.t.!: HHT0HCHBHOCT.11I H3JIY'l9Bli!lff 38IIHCI:maeTCH B 

Bl1I,ll;S 

I= 1 0 2c 21 3:\. 4( 0 0 0 0)2 "'"'.f1[ µ lo 1-'.Ll-'z • 
(23) 

r.lle CJIS.llYST nOJIOlKl1CTb p0 ~ l-l • p0 
"' 1. 

.L 0 z 

.l(.nH IIY1iK8 c SHepr:e:e.t.!: 8Jl6KTpOHOB 51.1 MaB H )IJIOTHOCTbIO 'l8CTlII.I; B 

crycTKe µ = 1011 CM- 3 aatt,ll;eM nOJlH&l.t.!: B&IXO.ll KOrepeHTHOro H3J!Yli6Bli!IH 

"' 73 MBT ~y H3JIY'i8TSJ!ff Ll = 100 CM, ;u;.im:a:a crycTKa 1 = 100:\., 

r~e A = 0.01 CM). HeoCiXO.!!HM00 MarHHTHOe nOJie "' 10 K8. 

K.nacc TpaeKTopHA B KYCO'<HO-nOCTOHHHI:il MSrBli!ITHHX nOJJHX c 

JJ.:HOCKHMR rpaHKIJ,aMH. HO::pM8JlbllliMH K H9KOTOpoMY B9KTOPY c, 
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orrpe.lleJIHSTCff B 3aBHC.11IMOCTH OT OTHOmeHHff noE. PaBeHCTBO n/ 0 

.llaST c~yqaa IIJIOCKoro OH.llY~HTOpa c rreprreH,D;HKyJIHPHHMH K ero OCH 

He.t.!:TpaJibHHMH IIJIOCKOCTHMH MarHHTHOro nOJIH. ITOCKOJlbKY B STOM C.JIY'iSe 

HSBOBMOllCH&I C,llBHrH TpaeKTOp:inr B.!!OJ!b OCH OH,D;Y~HTOpa. TO B03HHKaJDT 

llCeCTKHe orpaa11tieHHH Ha rrpo~OJibH&I.t.!: pasr..iep rry'iI<:a • 

B03MOJICeH OH.D;YJIHTOP .llPYroro THIIa. a HMeHHO c OCbIO.. J1exca111e.t.t g 

HeaTpa~:&Hoa IIJIOCKOCTH MarBli!ITHoro 

IlpOH3BOJlbHH0 C,llBHrH TpaeKTopH:l!: B.llOJib 

IlOJIH. 3.ll6Cb 

STOI IIJIOCKOCTH. 

.!!OilYCTHMLI 

B pa60Te 

npHBe,n;eHH T8Kl1Ce orpaHH'ieHHH Ha pea~bHHS napaMeTp&I TpaeKTOpHA. He 

Hapyma111He yc.:riOBHff KorepeHTHOCTH. 

B paCioTe pacCMOTpeH T8KllC0 CJiylJa.t.!: O.n;HOKpaTHOro BJl6T8 rry'lKa 

'iaCTH~ B CJioa O,n;Hopo,lµioro MarHHTHOro IlOJIH. JllCCJl9.llOBaHO l'<IKJICe 

,lJ;BHllCeHHe B ITOJie KB8.llPYnOJibHOa JIHH3~. IIoKasaHO, qTo B CiOKOB&IX 

"KaHaJiaX" Jm:HS&I, MOXCHO rrpeHeCipe'lb H3MeHeHHeM aMIIJIHTY.ll&I KOJieCiaHHA 

'l8CTHW>i; 3.!!6Cb .llOITYCTKM&I IlpO.llOJibHHe C~HrH TpaeKTOp:mt .llBHJICeHHH 

'l8CTHIJ; H B03MOJICHO HCnOJib30BaHHe H3JIOJICeHHoA B&lllle MeTO.l!HKH reaepaqHH 

KorepeHTHOro H3~yqeHHH. 

PaccMOTpeH IlO,lli>oCiHO CJ!yqa.t.!: KpaTKOBpeMeHHoro c~oxceHHH KOMIIOH9HT 

8JleKTPH'l0CKOro. nOJIH CHHX:pOTpoHHoro H3JIY1i0HHff. 8TOT CJ!yqal 

COOTBSTCTByeT CHH~a3HOMY ,n;BKJICeHHIO qacT~ no ce'ieHHHM Topa, 

·co,n;epllCalllHM ero OCb. IIOJie B oCiJI8CTH TaKO.t.!: • J!IHTep(llepe~OHHOI 

11 BCil&ImKH" O!Ipe.lleJIHeTCH HHTerpHpoBSHHeM nOJieit y-oCiJISCTe.t.!:, 

COOTBSTCTBYIO!llHX BCeM ceqeHHHM Topa. ,n.na N = 109
, l = 100. p = 20 

CM (p8.l!HYC ceqeHH« TOpa) BeJIHqHHa MaKcRMaJlbHOro SJleKTpJReCKOro 

ITOJIH .llOCTHraeT Be~H'lHH&I nOpH.l!Ka 0.72xt08 B(cM. TaKaa cxeMa 

HHTep<I>epeHIJ,ROHHOro YCHJI6HHH nOJifi rrpKBJieKaTeJibHS ~ TO'U<:H speHHH 

IlOJIY'l6HHH KOpoTKHX, JIOKaJIHSOBaHH&IX B IIpoCTpaHCTBe "BCllllllleK" nOJIH­

nonycK Ha paspoc qacTlill;&I no 8H9pl'llSIM 'iaCTHIJ; B MOMeHT l!IHXeKUHH ~J ~ 

. l _ 2 • OCHOBHHM IlpHM0H9Bli!ISM IIpe.llJIOJICeHHO.t.!: cxeM!i Ilpe.llCTaBJIHeTCH cnocoCi 

cpopMHpOBaBli!lfl KOpoTEHX JIY'lKOB C MSJJlilM SMHTTaHCOM. 

r~aBa 6. MeTO,D; MOBli!ITOJ>HHra nyqK8 Ha OCHOBe .ll6T0KTl!lpoBaBli!IH 

KOrepeHTHoro CHHXpoTpoBHOro 1!1:3J!Yli8HHH . . ' 

B .llaHHott rJiaBe cpaBBHBaIOTCff IIOJIH Toqeqaoro sapff.!!a c µo.neM 

O.llHOMePHOro crycTKa c nocTOHHHO.t.!: IJ.JIOTHOCTbIO ;38Pff,1J;a. B o6omr 

CJ!yqaax ~HJIC9HHe IIpoHCXO.llHT no OKpyllCHOCT.11I pa.llHYCa p. Onpe.lleJieHa 

ll:f>08TP8HCTBeHHaH K8PTHHa IIOJIR TaKoro crycTKa. BH,n;eJl911& JroMHOHSHTa 

H3JIY'l9HHfl. B&I~cHeHO, 'lTO npoqecc riepeXO.lla K TO'ie'<HOMY sapff.!!Y 

I?pOCJie~aeTCH .l!JIH cryCTKOB c .llJIHHoA,nopH,D;Ka H M0Hbme- py- 3
• 
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B pa60Te npoBeAeBo cpaeseBHe BpeueBHoro pacrrpe,n;eJJeHHs nOJis 

KOrepeHTHoro cHH:XpOTpoHBoro H3JIY'leHH:s c npo,n;OJI&Hlii'M pacrrpe,n;eJJeaReM 

sapftAB e cryCTKe c rayccoeHM pacrrpeAeJJeHReM sapft,D;a B npo,n;OJibHOM 

HanpaB.Jiemm:. IlOKasaB'.o, 'ITO P8AR8I{l!IOBHaa KOMIIOHe:aTa IlOJifl ,ll;JJS 

u:pBBe.n;eHHJiX suaqeBJIA napat.teTpoB MHoro 6o.m.ma Iq'JJOHOBCKOA H 

u:pocorpaacTeeBHoe pacrrpe,n;eJJeHHe·pa~aJJbBOA pa'AHal{l!IOBHoA t«lMnoHeHTU 

nom1 KOppe.JIHpyeT c u:po.n;OJlbBIAI pacupe,n;eJJeBHeM qacTxq e crycTKe. 

XapagTePBHS AJJBRH crycTROB B cospeuemmx ycKOprreJUIX H BaKOnHTeJJax 

9TO MliLBJJBUeTpH Ii! C8HTJllMeTpH. IlpoeKTH HOBlilX MalllD'.H KBK np8BJl[JJ0 

OPBeBTBPymTCS H8 6o.nee, __ RoPPTI<are ,n.Jll'lllY BIIJIOTb .n;o ,n;o.nel: MILJLJllDllSTpa. 

B pa6are llpeADC*SH 110TOA B314epemm AJIHTSJlbHOCTH H u:po,IJ;OJibHOro 

~ 38~ cy6IIHKOCe&yH,ll;BHX crycTI«>B 9JJeKTpoHOB, OCHOBaHBlil14 Ha 

llO,D;J.mµtJIH CHI'HaJlbHOro JJ830J>HOro H3.JIY119HHS B 9JJeKTpoollT~0CKOM 

J.C.PllCT~ 9JJ0KT~JlfreCIClilM' . llOJieM KOrepeHTBoro C:rmxpoTpOHBOro 

B3.1Jl"l9BIUI. Ana .mmel:Hol: 9JieKTpooil'l'H"'l0CI«>A MO,ll;YJlfl~ ( SM8KT 

lloKKe.m.ca) B3110HeBl!l8 llOK838T0JJS npe.l[OMJISBJ[ff An ou:pe,n;eJJaeTCS 

9JJ0KTp00IlTH'l&CI<BMl!l K09~BT8MH"Cp0,ll;H Jil nplilJIOlESBHiiM K MO~JJaTopy 

a.ne~eClQDI no.neu (,lljJljI TBep,ll;OTSJlbHHX MO,ll;YJJfiTOpoB xap8KT9pHYe 

BpeMeH8 BSMeBeBlIA. llOK838T9JJ8 npeJJOMJISHm.t onpe,n;eJJSroTCff llOJI$lpJ1[38I{l!l9A 

a.lleK'.l'pOBHHX OOOJIOqeK H COCT8BJmlDT .. 10- 1 4 -10- 1 5 c ) • 

llaICCHM8JlbBHe BeJ.lK'll!IHH P8'AHaJ.lbHo1t KOMIIOB0HTH 9JJ9KTPH"'l9CKOro llOJJS 
• 4 

KOrepell".rHoro cJDDrpoTpomroro Jils.nyllemrn nops1,11;Ka 3x10 B/cM ;rr.11.fl ~ 

cryc-rICa 1 MM 11 nopa,ItKa 6x106 B/cM )tJlH ~ crycTKa 0.1 MM. B 

oc5aKx c.J17118ftX 9"1'0 ll03Ie 

MO,Q"~ RB AJlllIR8 cryCTKa 

B,K81WCTBe ll8.Pftll8'l'POB 

aaaqeHHSI s.;ae.KTpOBHoro nyqrca 

. 5-088x104 
,· N = 5x1010

• o 
. z 

~OCT8T()"q]J0 ·ee.mtKO ·.zt,m1 llo.nyBOJI!iOBOit 

oz B fCPi!l:CTaJI.J.Ie L1Nb03. 
cryCTK8 pacCMOTpBM T8IQCS xapaKT0J>BY0 

RoJI.Jm~epa HERA: p := 608.1245 M, 1 

8. 3 MM. IIpiil BTOM . HanpsiceBHOCTb 
. ~Bai: ROlllIOR0BTH 9JieTPH"'l0CKOro llOJIS xorepeBTuoro 

. ·Cl!IBXpC>TJlOJDoro B'SJJy1Ie:mm Ra pa,D1[8J.JbBOM O'J.'K.l'IOHemm ·T01fICJil ua<5.Jm.ltemra 

en op«5lilTH llOpap;Ka 1 CM COCT8BJUl$T E - 7-35x105 B/cM. .... 
.. ffa~BHOCTb 9JleKTPJA0CROro ~ '.llPll 9TOM ,ll;OCT8TO'Dl8. )I.nB. 

· npommo,a;CTBa ·BsuepaellOA llO;n;JJUII\1IJI ciri'H8.m.B:oro JI~30PHOro lia.nyqemu:t 

B I.CpllCT8JUJB. 

~Jllf 

1. IlpoBe,A0BO ,Jt0Ta.JlbH00 llCCJI0,JtOBaHJile ypaBH8BJUI 38II83,D;NBamm A1JSI 

T01181lllotl·Y.Dl>TpapeJ.JftTBBBCTCROA aapa:semiO. '18CTJ!IIV:i, ~BXYDl0AC8 no 
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KPHBOJJJl[HeAHoA Tpae&TopHiil. IlOJiyqeHo pemeBHe ypaBBeHJils sanaa,ll;Iil'.BaHJils 

B6Jilil3H TP80KTOPHiil qacT~ (Ha paCCTOSHl!!ftX, M0HblllBX cpe,D;Hero 

pa,ll;Jilyca ·&pRBH3HY TpaeKTOpHJil), a TaKJKe ua npoii13BOJibHiiX pacCTOHHl!!ftX 

OT qacT~ B6JlH3JI[ o6JJaCTH npocTp8BCTB0BHOA JJOK8Jil!!38:uBJI[ llt0CTKOA 

11acTJil JilsJ1y11eHHfl. Br>i,ZJ;eJJeHbl o6JiacTH npocTpaHCTBa, r,n;e pemeBHe 

ypaBHSIIl'IH 38II83,D;bIB8HI!!S HMeeT 

38BHCHMOCTJI[. B 9THX o6JJ8CTffX 

38II83,ll;HB8BHH nOJJYqeHH 

pasHble xapaKTepHHe auaJililTH"'lecI<l!!e 

HS OCHOBe pemelll!d!: ypaBHeB:WI 

KOMII8KTB:Ye BHP8JtCeHl11'.S ,ll;JJH 

rrpocTpaHCTBeHHo-BpeMemnnrpacnpe,n;eJieHJilA SJISKTpOMarBHTHOro IIOJiff. 

0T,D;9JlbHO HCCJIS,D;OBaHa o6JiaCTb MaJJHX paccTo.SHH:A OT qacT~. B 

KOTopoA cnpaBe,ll;JJJl[BO u:pH6JlH~9HI!!9 TpaeKTOPHiil npSIMOA Jil!IHJ![eA. 

2. 

lt9CTKOA 

BH,IJ;eJieHa 

'18CTH 

7-o6JJaCTb n:pocTpaHCTB0BHOA 

CimXpOTpOHHOrO H3JJy'leHl11'.fl • 

JJOK8JlH381\l!IJil 

J.1CCJI9,ll;OB8HO 

rrpocTpaHCTB9HHO-BP9M0HHOe pacnpe,n;eJJeHJile 9Jl9KTp11Nec&oro H 

MarBHTHoro nOJieA B, 1-o6JJaCTJI[. IlOK838HO, 'ITO IIonepe'ililie pa3M9pbl 

J-o6JiaCTH B IJJIOCKOCTH op6HTH ue 38BJilCST OT ~CCTOflHJilff ,D;O qacT~ Iii 

paeHH npe,n;eJibHOA 'AJIIillle cJilHXpoTpoBHoro HSJ1yqe1DU1 PJ- 3
• IloKasaHo, 

'ITO Tp8AHI{l!IOHBH0 ~pMYJJH cneI<:TpaJlbHOro pa3JIOlE9BHff IlOJIS 

C>raXpOTpoHBoro H3JJyqeBHa BOCCT8HSBJJJl[B81DT llOJIS TOJlbKO B"J-OOJJ8CTJI[. 

~ Ha OCHOB0 06o6111eHHNX BliP8llt9lll!d!: llOTSH!zyISJJOB JIHeHapa-BHXePTa 

)l;Jlft CB0PXCB9TOBNX 

COOTB9TCTBy!OO.\l'[X 

.u;BJillltSHd 

ypasHemnt 

saps:1temmx qaCT1!11\ JI[ pemeHHS 

38ll83,ll;HB8BHH HCCJI0,ll;OB8HO 

8Jl0KTPQM8rHHTH09 nOJie 30pfl.n;a, paBUOMepHO I{l!IPKYJJJl[pYIOOlero no· 

OKPYllCHOCTH co csepxcseTosoA CKOpoCTb~. Onpe,n;eJieHH aCli!IMIITOTllNecKJlle 

BliP8llt9HHff IlOJIH A6JIH3H noBepXHOCTH.Maxa (OI'H6aDqeA ecex HCIIYDl0BHlilX 

C ,D;SBHOR TpF.lOK~·opHH Jl,BHllt911Hff BOJIHOBHX (ppoBTOJ;I) • 

4. IlOJJy'IUllH ypaAltOHHff. orrpe,n;eJJfffOOlH0 JillHlilll 9JieKTpllN9CI~Oro JI[ 

MarHHTHoro no.null npoHaBOJihHo ,n;e:iu:y111erocs sapft,D;a. Ilor<:asauo, 11To 

J1HH1![Jil MarHHTl!Ol'O llOJUI npe,n;cTaBJJfllllT co6oA OI<:pYll:EIOCTH, 

CBSTOBlilX c~pnx 0,n;liOMOM9HTHOro npHC:SHTJilS HC~0BHlilX 

Jiellta~e ua 

HS O,ll;HOA 

aanaa.zi;r:mal!llllel TO'IKK TP0BKTOPHH .u;BJDtelDUI 38ll83AH88JllllO!IX CHrHaJJOB • 

06111ee pemeHl'f.1:1 ,l{JUI JIHHHR 9Jl0KTPllN9CKOro IIOJIS llOJIY'ISRO B ~ae 

IlOCTOffHCTBa "flliJllll'H'IHbl T./x1' r,11;e T. - KpyqeHJile TpaeKTopIIil, x 

Kpli!IBH3H8 TPBOKTOPHK, l - JJOpeBIJ;-<f)a~Top qaCTHl.\bl. BBeASHO. IIOHSTH0 

<f)a3bl Jimm.11 8JlllKTPH'l0CKOro llOJJff, II03BOJifflllQ8A ~pMaJlbHQ CTporo 

OIIpe,ll;9JJJl[Tb B6JIH'IHRY ,ll;JIHHH 30HY ({lopMHpoBSHJilS ,ll;JIS TpaeKTOplilH c 

nepe~olt KpHllH:!llOI. 

~ npoimHOJlhllOro ,ll;BHllt9HJ![ff saps,n;a 8H8JlH3Ji1PY0TCff H9ATp8.n;£,H8S 

JIElllff MaI'HllTUoru llOJIH. IIoxasauo, qTO ,ll;JJS YJ1bTpapeJIBT.im111cTc:rarx 
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sapRJl:eHHHX qacT~ STa JIBHHR OTMeqaeT IlpOCTpaHCTBeHHI:le JIOK8JIB3a~nn 

IlOJiei. H3JiyqeHBa. IlPB STOM ,1038 B6TBB HeaTpaJibHOit .mnnm: M8I'HE:THvro 

IlOJIR rrpeTeprreBaIDT cymecTB8HHOe H3M8H6HBe IlPH H3M8H8HHH 3HaKa 
KPl11BH3HI:.1 TpaeRTOplil!I:. 

IlpoBe,n;eHo ,n;eTa~Hoe BCCJI8,ll;OBaHHe npocTpaHCTB8HHO-BpeMeHHHX 

xapax:~·epBCTHK IlOJIR BeKTOpoB ITobTHHra. IlOJiyqeHHe ypaBHSHBR .ZPIR 

~ IlOJIR BeKTOpoB IlobTBHra IlPOB3BOJibHO ,103BXymeaca TOqeqRoa 

sapa:xeHHoa qaCT1'fllH pemeHH ,l{J.IR paBHOM8pHoro .llBHJl:eHHR peJIRTHBHCTCRoa 

38pRJl:8HHOa qaCT1'fllH no ORPYXHOCTB. IlOJiyqeHHaR HH~OPM81.\HR ,n;aeT RCHoe 

npe,n;cTaBJieHHe 0 pacnpe,n;eJie:mm: IlOTOKOB CHHXpOTPOHHbro HSJiyqeHHR B 
IlPOC'l'P8HCTB8. 

c IlOMOll(blO JIHHHa SJI8KTp~ecKoro ! H MarHHTHOro IlOJiea IlOCTpoeHN 

KapTHHH IlOJIR y~TpapeJIRTHBHCTCKHXiToqe"<IHHX KPHBOJIHHebo ,103HXYIIP!XCR 

sapa~:eHHHX 'I8CTJilll. B "<IaCTHOCTH, II0~6HO HCCJI8,JJ;OB8Hbl 

IlpoCTp"aHCTB8liHNe" IIOB8pXHOCTH, :;!8M8T88MNe ~RMH 8JI6RTp~ecKoro 
IIOJIR paBHOMepHo l.lHPKY~y~ero peJIRTHBHCTCKoro sapa,n;a. IlpoCJI8Jl:8H 

npo~ecc ~PMHPOBBHHR IIOJiea H3JIY'I8Hl1IR H3 KYJIOHOBCRoa OKpeCTHOCTH 
IIOJIR BCiJIB3H 38Pff:X8HHOH "<IaCT1'fllH. 

HCCJI8,ll;OBaHi.i JlHHI!!H SJI8KTPJi!ti8CKOro IlOJIR 38pR:X8HHoa 'IBCT~. 
,llBB:XYU1e1!:ca co CB8pXCB8TOBoa CROpoCTbIO. IlpHBe,n;eHN H30Cipa:xeHHR 8Tliix 
~ BCiJIB3H noBepXHoCTB Maxa. 

5. IloKa3aHO, 'ITO no CHCTeMe ,llBH:XYfitHXCR B npocTpaHCTBe ~ 
IlOJIR BOSMO~O BOCCTaHo~eHHe T8HdOpa 8JI6KTpOMarHHTHoro 

8JI8RTpO,JJ;HHaMHKa OPTOrOH8JibHNX IIOJiea npe,n;cTa~eHa KaK 

.n;HHaMHKa ~ nOJia. ITo~6Ho paccMoTpeH "<IBCTHI:tll: 

IIOJIR. 

KOBapHaHTHaR 

cJiy"<Iaa TaKHX 
IlOJie11: - ~eHaP-BI!fX8PTOBCKOe llOJie. Ilpe,n;npHHSITa IIOIII:lTKa ~OpMaJibHoro 
paCillHpeHHR 8JI8RTpo,JJ;HHaMHRH Ha OCHOBe 060ll{eHHR ROB8PH8HTHHX 
ypaBHeHHa ,n;HHaMHKI!I: ~ IlOJIR. 

6. KccJie,n;oBaHa MHKpocRoIIl!r'IecKaR CTPYKTypa sJieRTpOMarHHTHoro 

IIOJIR IIyqKa pe~THBHCTCKHX 38PR:X81IHBX 'I8CT~. IlOJiy"<IeH KPHTep.E:l!t 

IlPHM8H11'.MOCTH IlpoCTpaHCTBeHHoro ycpe,n;aeHHSI Co6CTB8HHoro llOJIR ny'!Ka. 

IloRaaaHo, 'ITO ,n;JlH napaMeTpoB COBp8M8HHEiX YCKOpHTeJie11: B 

H8KOIIHTeJiett, a TaK:Ke B M8CTe BTpe'DI'. IlY'IKOB B IIP08KTax .mm:e11:HHX 

K~ait,ZJ;epoB CJie,n;yIOll{ero ll0KOJI8HBP. <io6CTBeHHoe IlOJie rrpe,n;cTaBJIR0TCR B 
BH,n;e rJia,n;Ko11: KOMllOH0HTH IIOJIR I![ CTOXaCTJi!tieCI<:oit .KOMllOHeHTH 
cenapHpoBaHHHX B IlpoCTpaHCTBe llOJie11: :X9CTK011: "<IaCTB HSJIY'I8HHR IIY'!Ka. 

Ilo,n;po6Ho l!!CCJI8,ll;OBaHa IlpoCTP8HCTB8HH~R CTPYKTypa rJia,n;Koa 'I8CTB 

Co6CTB8HHOI'O IlOJIR 0,ll;HOM8pHoro cryCTKa, ,llBH:XYlll8roca no OKpy:xHOCTB. 

ITOJiy"<IeHH.H~ ~PMY~ ll03B~~·BH'ill'.CJIHTb STO IlOJie Ha IlpoBSBOJibHHX 
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paccTORHHRX OT .op6HTH. IlpocJiell:eH rrepexo,D; CTPYRTYPH TIO.JIB 

HenpeJ>HBHoro crycTRa K IIOJIJO TO"<Ie"<IHoit aapall:eHHoit qacT~. 

BH'ill'.cJieH C,D;BHr "<IaCTOTH 6eTaTpoHHHX KOJie6aH111'.ll, o6y~o~eBBHlt 

rJia,D;KOit KOMIIOH0HTOit co6CTB8HHOro IlOJIR rryq&"a c ICpl11BOJD!!He:ltm.!MH 

TpaeKTOp:llRMH ,n;BHJl:eHHR qacT~. IToKaaaHo,· llTO ,l{J.IR TaKBX rry11I<oB 

OTCYTCTByeT KOMII8HCal.\HR M8PHl1!THOit.H SJISKTpH"<IeCKOA COCT8BJffillllQllIX • 

cHJie _Jiope~a. xapaK'repHaR ,D;JIR npRMOJil!IHeitHo ,D;BJilXtYlqJllXCR rry1D<OB. 

PaccMOTpeHo pacceRHBe 11acT~ Ha :xecTKOit qacTB CBHXJ>OTpoHHoro 

B3JIY'I8HBR ny"<IKa. PacceRHHe qacT~ Ha JIOK8JIB30B8HBHX B npocTpaHCTBe 

IlOJIRX B3JIY'I6Hl1!R O,n;HOit 'I8CT~ onpe,n;eJieHO lllF.1'0rpHpoBaHl1!eM 

pa,Jzy!al.\HOHHOit CHJIH TpeHBR B,D;OJib TpaeKTOpBK 'I8CTBl.lli "(KJI8CCJl1J~CKJd 

:rrpe,D;eJI). IlOJiy"<IeHo yTo"<IHeHHe napaMeTpoB pacceRHBR B KBaHTOBOU 

CJiyqae. Kor,n;a illHpHHa naKeTa IIOJIB B3JIY116Hlim CT8HOBBTCff MeBDJlle 

ROMIITOHOBCKOit ,llJil!IHil BOJIHH. IlpJ11Be,D;eHH i:mcJiemme ~eHKllI ADii 

pacceRHJm qacT~ BCTPe"<IHHX rry1D<OB JJBHeitl'IHx KOJLna:A.JtepoB CJJ6,llY-..Sro 

IIOKOJI6HHff B M6CT8 BCTpe"<IB. 

7- Ha OCHOBe aHaJIH3a IIOJiff 118CT~. ,n;BBZYJQe:ll:Cff co CB0PXCB0TOBo:ll: 

CKOpoCTbID BCCJI8,ll;OB8HH OTpaaeHHH xecTKO:ll: ~aCTB CBB:XpOTpoHHoro 

1!!3JIY'I6Hl!!R OT BHelllHeA UJ!J.J.Il![H,D;H'I8CKOA npoBO,D;ffllleit llOB8pxHOC'fil (MO,n;eJIJ> 

CT6HKI!! KaMepH B l.IHKJlB'I6CKBX YCKOpI!!'l'eJiffX). B KaqecTBe 

,cBepxcBeTOBOro BCTOqHJ![K0 paCCMOTpeHO ,ltBl!IJC6Hl1!6 H8Be,D;eHHoro Ha 

CT8HK6 KaMepH aapR,IJ;a. 06HapyEeHa xapaKT8PH8ff K8PT111H8 KILJJl>B8T0PJIYX 

BOJIH peJIHTBBI!!CTCKOro "l.IHPKYJIHpYIOl!{ero aap~a B~.DB3B T8KO:ll: 

lIOB6pXBOCTB • 

8. PaCCMOTpeH&I B03MOJICHOCTH reHepaUHJ!! KorepeHTHOro HanpaBJieHHOro 

1!!3JIY118Hl!!R cryCTKBMH aJieKTpoHOB, TpaeKTOpBB ,n;BilseHlllff KOTOPHI 

onpe,n;eJieHHHM o6paaOM npoMO,JJ;YJ.IPipoBaHH. IlpJ11Be~eB:a KJiacc11tBKaqBB cxeu 

l(()repeHTHoro c.no•eHJm nOJieit cBH:xpOTpoHHoro HSJIY'leBBH. Hal;ll;eHH 

JCJIOBBff reHepaJ..lHH KorepeHTHoro BSJIY'ISHHH crycTKa c npo,n;OJI1>Bo:ll: 

.:.:eaapB0HTHOCTbll TpaeKTopd 'IBCTB:Q. IloKa38HO, ~o T8K00 BSJIY116HH0 

BoaHBKaeT B onpe,D;eJieHHOM HanpaBJieBBK IIpH CHHXpoHB38QBI[ 

38ll83.ztHB8lllQlllX IIOJJOaeHBit B CKOpocTeit 'I8CTBU no CB8TOBOMy CBI'B8JIY 

B.JtOJlb HanpaBJielDla B3JIY118Hlllff. llOKaaaHo, 'ITO npz c~Jm,n;eBBB 

IlOJIY'I6.BBHI: Yc.B:OBd B03110llH8 reHepaqBB ' KOrepeHTBOro B3.JJY'l8BJ!tff OT 

Jl,}"IK8 c npo,n;am.miu peauepoM, CI«>Jlb yro.ztHo IlpeBHll8Dll(lllM npe,n;eJIJ>HY» 

~ BO.JIHH I'0BePJIP78MOI'O •&nyqeBllff ( c YM0Bl/118HB8U. paCTBOpa_ :KOJQ"Ca 

,KO~peB'ftlocT11 B,n;o.o. BanpaBBemm mi.nyqeHBs) • Paceuorpeso ,n;ea K.JJacoa 

no.JJe•, B ICOTOpra pe&lm8JnCR npo,n;o.n:&mre c~ Tpa6KTopd: 

o~ DOCTOftBlloe M8I'Bll'l'B00 IIO.JJe B OH,l;y.ml'l'Op c OCbJI, .neZ81118:11: B 
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HeATpa.m.Hot ILIIOCKOCTH MarHl!!THoro nOJIB. Ha:lt,!l;em.i TaKJCe B03MO:lllOCTH 
nOJJY'leHl!lfl HHTeP4iepeHI.U10HHoro ycHJieHl!!ff MarHHTHoro l!IJil! 

SJieKTPHllecKOro nOJJe.lt CI!!BXpOTpoHHoro H3JJyqeHl![ff. )(JIH 
I 

9JI0KTplil'l:0CKOro 
nOJJff T8KOe Kp8TKOBpeMeHHoe ycHJieHlile B03ID!KaeT AJiff CHCT0MI:l 'l:8CTHU; 
CHHcf>83HO .l{BB:ICyJqHXCff no Ce'leHlilffM TOpa, co,n;ep~antHM ero OCb. 

9. IlOK83aHO, 'ITO p8~8JlbHaff KOMilOHeHTa KorepeHTBOro 
CI!!BXpOTpoHHoro H3JIY'leHl!!ff crycTKa c rayccOBlilM pacnpe,n;eJieHHeM aa~a 
KOppeJJ1i1PyeT c Ilpo,ll;OJJbHI:iM ~HJieM sap~a. IlpeAJIOlleH MeTO,ll; 
H3MepeHl!UI AJIHT0.IlhHOCTH H Ilpo,ll;OJJbHOro npocf>HJiff sapa,n;a 
,cy6mmoceKYH.JtBHX cryCTKOB 9JI0KTpoHOB, OCHOBaB:Hllit Ha MO,ll;YJJHUHH 
CHrHaJibHOro JiasepHoro H3JIYlleHl!!fl B 9JieKTpoonTif'l:eCKOM KPHCTaJJJJe 
9JJeKTPH1leCKHM nOJJeM KorepeHTHOro CHHxpoTpoHHoro H3JIY'l:eHl!!ff. 
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P11c.1. npocTp8HCTB9HHM Kapn1H8 nom1 ClllHXPOTpoHHOro 1113ny"leHl1A. 

l-13o6pa>t<eHbl n111H11111 3neKTplll'19CKoro no/IA Hl!I. noeepxHOCTlll c 2 = 0.5. Yrm>1 (I 111 rp 

paBHbl COOTB9TCTB9HHO 71f/24 Ill 1911/32. TpaeKTOPlllA AB11>K9Hl1A OTMB"IBHa 
CTpenKoii. npeACT8BnBHH08 H8 p11cyHK8 none c¢opM111poeaHO 111306pa>KeHHblM 
y'1aCTKOM TpaeKTop11111. nepece'1eH111A npo&KLlllliii n111H111iii, e oO~eM cnr1ae 
TpaxMepHoro pacnono>K&HlllA, Ha nnocKOCTb p111cyHKa A&nalOT TPYAHOiii 111x 
lllA9HT111¢l111K81.lllll0. 

P1110.2. 81113yan1113au11111 no11111pxHOCT111, 38MeTa&Moiii 1<11accoM n111H111iii 
3Tl8KTPlll'leCKOro nonA p1110.7.6, AOCT111raeTCA CTMpaHlllBM HBBlllAlllMblX Y"'8CTKOB 
n111H111~. Ha A&HHOM p1>1cyHK& y.ri.aeTcA npocne.ri.111Tb AB111>KeH111e BAOni. 
onpeAITllHHOM nlllHllllll • 


