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11prntx,Jccop A.U.AMATYID1 
.D.OKTOp !lil'131ffiO-MaTeMaTW!eCKl1X HayK, 

nporl1accop B.M.APYTIOHffil 
.ll.Ol\fop ~l'13ID<O-MaTeM8TW!8CKl1X Haj'K, 

npo!j,eccop o.M.EOJIOTOBC!Gffi 

Elo,ll,,YI:\ilfl Oflrilll'l'I3ill(YIR 011.fi!A (!'. JlyC:!rn) · O'llll)(YillO!lllhlA lrl'!IC:'l1frYT 
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AKTyaJibHOCTb TeMbI. B3aHMo.n;e:l!:cTBm SJISIITpOHHhlX n:y'q}(OB c ::rnepni:RM:vi 

R6CROJibRO MSB c pe3oHaTopaMH H BOJIHOBeJJ;YnzyJMlll CTpyRTypaMH JI6lltlfI' B 

OCHOBe oqelib nepcneKTHBHoro H 11HTSHCMBHO pa3BHBa10~erocH HanpaBJie­

H11R pa~O<!>J.I3Mlrn: - pl9JffiTIIBMCTCRO:l!: :3JI6RTpO~ . 0Tc10,n;a CJie.n;yeT ClOJ!b­

llla.fT 3H3'll1MOCTb C03,JJ,aHIDI pac-q~THO - TeOpElTJ.IqSCRHX OCHOB SToro Ha­

npaBJI6ffi'JR. Ilpe,n;cTaBJieHHaR ~CC6IJT8ll;IDl TipH3BaHa B orrpe,n;eJI~HHO:l!: CTe -

TISHH BOCTIOJIHKI'b cy~eCTBYlOlll,H0. npo6eJI B 3TO:l!: o6JiaCTH.IlpM pacCMOTpS­

fillrn npo6JieMhl oT6opa :3Hepnm OT n:y'iRc.. Bo36ym.na10merq CMCTeMY. B 

~CC6IJT8I.zy,rn BBO,ll!ITC.fl RpITTepMH. no KOTOpb!M MOl'KeT 6b!Tb OCYlll.6CTBJieHa 

OITI11!MH3au;1rn RaK pa~aTOpa H TaR H ny-qRa. B Rpyr 3TI'IX 38)1.a'l! BXO.Uf!T 

Bbll'.50p TID13 pa,rwaTopa. BJ.ma TpaeKTOpID'I M3JIY'i8l01ll.6ro crycTRa. TI03BO -

JJ.RlOUI.>ffi C03,U3B8Tb MOHOXpOM3T:wi6CRHEl ITOJI.fl c TpeC5yeMO:l!: reoMeTpMe:a 

TIO.JI.fl, HeG6XO,D;l1Motl: ,IJJifl ROHKpeTHhlX 33,Ua'l:. PaccMaTPHBalOTCR C.Jl6JlYIOllJ,Me 

GCHOBHble M8X3HH3Mbl OT60p).) 3HeprMM y l1Y'1Ra: nepexo,n;Hoe M3JIY'i8Irne. 

H3.JIY'lemre BaBIDIOBa-l!epeHROBa c HcnoJJb30BaJ-meM 3ll$3KT a D:oITI1Jlepa. 

113.JIY'leHMe Bam1.1IoBa- 11ElpeHKoBa Bnepsble C5h1JI0 paccMoTpeHo M. E. 
TaMMOM H 11.M.~paHKOM B I937r .• nepexo,n;Hoe M3Jiy'leHHe 11.M.~paHKOM 

.. H B. Jf.. fmrndyproM B I946r. Cos,n;aHMe pe.::iJibHhlX reHepaTOpoB SJieKTpo­

MarnwrHhIX BOJIH CBtf ~311330H'3 c 11cnoJib3oBaHMGM 3THX ~KTOB. Cbfl-

3aHo c TipMM6H9HM6M BOJIHOBO.UOB M pe30H3TPPOB.TI03BOJ!RIO!ll,ID( YTHJIM3H­

poBaTb H3Jiy'l:~HHYJO SHeprH!O. BnepBble I1Elpexo;moe H3Jiy'l9HH6 B BOJIHOBO­

.ne C5b1JI0 paccMoTpeHo K. A. EapcyROBhlM-

MHoroo6pa3oo TWIOB TE'IHepaTopoB CBI{. OCHOB3HHblX Ha M3JJ.Y'l6H.l-·lli 

BaBMJIGBa 
1
IeDOHR.05,J. ;-IOJ:CXO)lHOM M3JJ..Y'!OHJ.IB M 3~KTC D:oIT11J1opa • .UOJJ-"leT 

3KTY8JlbHhlM pa3BIITH6 6,cy!HHblX no.ux:o.noB B TeOpID'l M3J1.yqeHHfl MCTO'l:HJIB:OB 

B orpamftleHHhlX o6~Max. 3.necb B03MomeH pan 3CMle!ITos. o6yc.JJoBJieHHhiX 

BH.JJ:OM TpaeRTOpID'I JJ;BWR6HRFI cryGTRa H pa.n;HaTOpa. M3M6H9HM9M YCu~OBH:l!: 

BXo.na MOJlYJIHPOBCJHHOro 3JI8KTpOHHOro n:yi:ixa B BOJIHOBO,ll M pe30HaTop. 

Ha.JJwrneM .YCKOpeH11R y crycTKa H T. ,n;. 11ccJie,n;oBaHWO YKa3.:JHHbtX rrpo6JI8M 

H TIOCB~eHa ~ccepTaIJ;MOHHa.fT pa6oTa. 

L!eJiblO paC50Tbl RB.Jl.fTElTCfl co3.na1rne pac'l:E!?THO-TBOpeTWi8CRMX OCHOR 

rrpo6JieMbl B036jl}K,UeHMfl BO.mfOBO)lHhtX M pesoHaTopHblX CTPYRTYP crycTKa­

MH :iapRll!6HHblX 'i8CTHU- ITp:vi 3TOM CT3BKJrn:Cb CJISJJ;YIOUJ,Me 3a,naq01: 

-BJIMf!HMe rpaHHU pa3,neJia m'!3.JJeKTp:wmcRoro 3arro.JJHeHJ.!R Ha Bo36ym.ne-

HJ.Ie BOJIHOBO,Ua. 

-06061ll.ElHMe 38,J:(3'ili1 B036Yll!.ll6HHH BOJIHOBO,D;OB Ha C.JJy'l:a>i IIpOIA3BOJibHOr;J 

~WKe.HMR 33pR~OBl 

-OIITHMM33U\1H YC.JJOBH:l!: B036jl}K,U9HMfl f€30H8TOpOB }:€JIR'rHBMCTCKMMH D,Y'l: · 

--·- - • - ·-·-- ··--.-J.-- - --·-·-1 



" ~~ 

- 4 -

/{'-:>JI~ :--:-n>ft.-t!t'l!~fh~,. ,~.- ( ~1: 

,_-:~Hil~;-.. ·.-1.~11:~'- t" 
,:,1 'c(•:J,; :I.'J x<i~i'11<T8[:.- ~,, .. :lty'.~Jl,tH!lrlP ;:r •, _,,n;-c q1bJ1 

... ri H ·.:. -~ <11t ~~. 1.t • 

1y 0 11 '·'_! ~-' _,,:,. ,' ' I c~·u•.1 ·: i DH. nri.Jty".!OH:ibiX n ;l)'IC<.!8!.fl ,i:_;, ·,c:-i ,,1: iJ:l-

... ;._1: o .·1c·i, trr b r, ~". 11 r1::t~~·UL1c: 

:, ,: ii--"· E:E!:i .:JH 'J.,'11ffV ff'· ·•{(!l' fl'ltfPIH~~, :!-.'lJr1'-Ull: '-'() V3.Tt_Y'l.9Hwrn lTYCTlt'JB 33-

.. ,-\.~· 'i'.'..-!i;"X •cv_:Tlil~\. ,f,Jfrll!,ylilJflX~~rl ,-~ JWibClJ}bilb!~ uG;::=i3•_,;M [, WJ~':li•,•Bu,Uax. lrl 

•. . •!C ·:~i:~•l•." '1-;\1 Bbl(:·~~~ ·M q.;Jl•1U upvtlil JJ.bVl:f.('t!Vi~l ;':ycnn MillKHC cyu .. e.c 

-.;~fl\.. :yr.e.'M'{ltlTb 3ll6~•:-WO :J.TiflK'i-pOM-lr!l\.fI'lll'.:Fi vt3J1Y'q8HY..Jl B BO.J!HOBO-

J1(:>. 

:- l'<f>;.CT ~E'T~Jl( x::i;_ .. -11c·ppW~TW18CKV!X M8Ti_1Jt.::\ ;, '"'w..IE1FOH>lli K 33.IJ.ff'l.3M 

.. qy~"!lll!.tl cryc-:-K•. B ::.:-1pH!lleHHhlX "!8CTWJ. ,_; d' 1.r1,: " ·J:l1 :: :; (' J!OVl.CTO-ne. 

' .~". Jrl'-!N"'.:-!M Jlll!:J.1r1i\"!'\ •tl'tec'<Wl1 31n0.J!l!eH111eM 111 1" .l(:-1:nw1. 'l.TO no):Po-

, ,.., , :· L ·11".'· I 't-J"b cT' .1 r,.cz ,-lJll::i,.q~:r:ro~ec;<RX !1.il-'KTVIH. 1•11< 1:t:11c1 :-:11;:>,J:.aTb ycJir;­

.. ',:i Ii r;i :~u1.1n:..<d'. re_. c--t•::~fHMi v.::ur.y1{eHJrna H::J VMHblX n. .. "i:-JGTJ/lll'-JX CT•ll1Klll 

... ~, \.''"/<;HrnX :·r·yc·~·Krif~ il~{tt:c:1 

frJ·; :. )Y.'.H ~('F.11. .JiTHIM/13.JI~ iJP30HaTopa no M3KCillMYMY H::ll!pfl:Ml"llllll 

· · •' ,-; · JI0.~bH.Jtl. cr1('T -~».nHKlllK~a ~.l..1eKTpW18CKOTO I!Cl.Jlfl 11! f!OK::J33HO. 'qTO Ull­

: !~c· . ' ·!· i'll"lB l~·J :1: OMY '1q_frIT<.'1!JWO $rIC1'lK3 µmcuaTOpOB (Jra6o CTCJn-

'' ;· J'I{'! ~lWW':!{loU ruacTVl.H) 1'03BOJifl!OT J:.:e3J!H30BaTb CXSMY .IJ,Byxr;.y'l-

rZl'5: • ,, VCK1. J:elll'>l I'.' :C,b\C.•!illM rpa.Il)lt8HTOM; -

- ;I~()il)I -:~·. :• :Yf> :·-.;; ;i::• l.fi:'T::J TIO.llfl'A.. mur.y-qeHH'blX ('. ·ycTK:JMlll 3.:ipRlKeHilhlX 

·1·-:1 ·' Z'.VV_:,/X''.t. rr·'W3BCJlbHblM oCSV:J3[1M y q::111~~1Jh: ::Jfl:V.30Tporrno~ 
j.~ 
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,1r_:::;_l_(J:!1_'i('CK."'JH I.;.OH~- Ha OCHOOO ll[-BJ.J,.,1U:neHHO'l!: K pa3BJl!'T0l!: B 

',:•_c::q;:·:1U.W •HW'~ padoT9 reopID'! MOryT ClblTL f€3JIVl.30BaHhl MO,neJIJll re­

hP~·:rri 1pC•B•M1JUIW1ru KB33V!MUHt:xµ,)W:iTW-IecKoro GBll lf.3.!Y\ISHVl.H c ne~­
·"VN!lCO'fl 'l_.'-'l('TllTbl B i;raµoiwM .lJlll_'3D330HS. MY-lbTIDJJMKBTOpOB V1 rrpeo6pa­

~~- ifj'lTE'-~E'la 'l:JCTlTbl KCJ.~ed:~Te.J!bHl.JrO }\Bl/Dl!ElHHfl cryCTKoB. tlJirL'lbTpOB 3JI6 -

1\1 p_;M~·ffHl/ITf'b!X 111 .1tl c 3-'l,IJ,.'1HHOK llll-fPll!HOi no.JIOCbl nponycKaH!Af!. ycKOpR­

i<J1l!i~X ~1 ]JYl\TY'.:• C.: 3blCCIKlr™ TBMIIOM yCK0-p3HHH-

0f'H_21:?_H}l~ mMf1ll'BHll!ff Fl .lJlll_CC9pT3U,Vl.OHHOl! pa6crro Bbl,ll;BID'8lOTCH Ha ~ 
aam.w.·y CJ!E?..D.)'lOIUME'l re~Vl.Chl: 

I. f'e3•1HaHcHoe B3aWAone:acTBM0 neplrlo)lHlieCKOI noc.11e.n.0BaTaJibHOCTI'l · 

. crycTKOB 3.JleKTpOHOB c BOJIHOBO,naMill ll pe30H8TOp3Mlrl nplrl Bb!IlOJIH0lmH . 

DIIJ.X'l.D.e~HHblX 's pa6oTe KpkrepMeB Bbl6opa reoMeTpirm. pa3MepoB pa.n;Ha­

·:-· 1µa v !Jlif.1!3 TI'38KTOp!im l,lBWRelilffi crycTI<OB. Il03BOJ!H6T IlOJIY'iITTb KB8-

'';" .i:.-ixj-•· "-"1TW!S('Klil.0 nOJIR CB'l ,n;r.uma30Ua c m1coKlrlM:K 3Ha'ieBlU!Mltt Ha-

,- '':· ' . ,•. ·,· ,:', ,.,.,, ... 
q.··· ·· . 1. • •• • ":, '· ~': ~c,.... 1, .llft1··:·\.
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z. Ha 6a30 CTpYK'I'YP· Y.Il.OBJieTBopruoill,lrlX BblmeyK838RHblM KpltITepHHM • 

MOTYT 6h!Tb C03.U8Hbl YCKopmomm CHCT6Mbl c BblCOKll!M TeMilOM YCKOJ:.:ElHJII.fl 

MR :KCilOJib30B8IDffi B .nBYXIJy'iKOBblX cxeMaX YCKOpilHIMI 3ap.ruHaHHb!X 'laC­

THU-

l13J!OlK0HHble Te3HChl no.n:rneplH.Il.alOTC.fl Bb!IlOJIH9HhlMI-f :KCCJie,lJ,OBaIDIBMH • 

OXB8Tb1Bal0~ nrnpoKW!: KpYT 3a.n;a-q. CBR3aHHhlX c B38lt!MO,lJ,9MlCTBitteM J(Blrl­

lKYill,l1XCfl 38p.FUJ:OB c BOJIHOB0,n;a11m. pt330HaTopaM11! H O,lJ)!OOCHblM KpHCTa.JI­

JIOM. ,llJIR MOT'll!BHpOB8HHOTO H CTpororo paCCMOTpeHIMI aonpocoB. B pa-

60Te HCITO.Jlh3YJOTCR MeTO,I!;OJIOI'Rfl H pac'l~THO-T90pt3TW18CKlrle MO,I{8JIH.no-

3BOJI.fll011Jl'Ie IIOJIY'q8Tb Har JIH. Hble J:.:El3YJibTaThl lrl IIpOOOCTJ/l lllX aHaJI:K3_ 06-
mm Il0.Jl0ll!8HJIIR pa3BIUOJ!: B paMKaX ;uiCCepTal.l;lm TeOpK:K HJlJIIOCTp:KpYIOTCH 

Ha KOHRpeTHb!X npW!!epax : 

-B036JlR,Il;eHJIIR BO.Jll!OBO,n;a co C.JIOHCTblM 38ITOJIH01IBSM KOHe'iRoa TOJilll;mlbl 

nyrlliOM sapmReHHblX 1i8CTHU. 

-BOOOYlK.neHJII.fl l..U>fJIHHJJpH'!8CKOro pe30HaTopa c KOHe'lHOa .n.oelpoTHOCTblO. 

:pyqKOM aapRlHeHHbIX 'iacnm. 

-B036YllfASHHe BOJIHOBO.D;a cryCTKO~ 3apRlKeHHblX 'q8CTH[(. cooopmaIOill,lrlX no­

CTynaTeJ!bHble-KOJI06aTe.JlbH~e ,nBitlll!eHJMI. 

- .. c:aepxc:ooTOsoro" H3JIY1i9HHH BaB:IUOB8-G'apaHKOBa B BOJIHOBO,I48' B03-

6~MOro ITY11KO~ 3ap8lKeHHhlX 'iacnm. 

-B036,VlK,I48HHR IlOBepXHOCTiib!X BOJIH Ha rpa~ O.n;HOOCHOro KpHCTaJI,na, 

IlocTaHOBKa 3THX npo6JieM noTpe6oaa.Jia paqcMOTpeHHR nrnpoKoro Kpy­

r8 38.IJ;a'l. Il03BOJIRIOill,l1X o60CHOBb!BaTb IlOJIO!KeHJMI. Bbl,nBMra~MbJe Ha 3811J,H­

TY. MHorm H3 3TIIX 38,lJ,a'i HMeJOT C8MOCTOflT0.JibHbla mrrepac. 

Arrpo6awrn ~Thl.· Pe3YJlhTaTbJ HCCJI8.D;OBaHW!: ,I(OKJI3,Il.blB8JIHCb Ha ceMMHa­

pax Epl)M c 1978 no 199GIT. Ha Bceco10sHoM c:i.wnoaeyMe -ho WP3KIW!H H 

pacrrpocTpaHeHHIO BO.JIH, Ua:XKa.D;3op 1 973 r. Ha BTopoa Ko*pem.nm MoJio­

,Il.blX yq~HblX ~H Hop'...AM6ep.n; 1975 r. Ha TpeTb8M Bcecoio3HOM ceMKHape 

no ITJiaaMeHHoa 3JieKTpOHlrlKe XapbKOB.Ha BcecoJOaHoM ceMY:Hape no Jrn:He­

am.JM YCKOpK'reJ!RM XapbKOB 1 989 r. Ha BTOpDM BceCOI03HOM cooom.amrn: no 

HOBblM MaTO,naM YCKOpeHW! Hop-AM6ep,n. 1989 r. 

06'b0M,CTpyKTYP3 !1CO,nepmamre .@CCSJJTamm.JJ:HccepTan;mi COCTOITT Ira 

BBe,nemrn. rurrn r JiaB. saKJ1I01ieHID'!. t:lm.morp~ lll npHJ.Iome~. OHa co­

.nepHGIT 188 CTpamm; M811IKHOTIHCHOTO TeKCTa' 43 pHcymca. 

" Bo Boo,nemm o6ocHoBaH Bbl6op TeMhI MCCJie.D;oaaHHH. era aKTyaJib-

HOCTb H cqlOPMYJ!llIPOB8Hhl U6JIR :K 38,I(a-qH :KCCJie.IJ.OBaHHf!. 

~ mpB02 r JiaBe pa3BIIT8 MeTO,I(KKa pemeHHfl 3a.n;a'i 06 H3Jzy'i9HHH 
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crycTKOB Mp.Hll!eHRh!X -qacnm B BOJIHOBS,nym;mt crpyriypax. paccMaTpJII-· 

BaeMblX B ,IJY!CCepTa!UiOHHO:a pae5oTe. 

MHorIII0 3a,na"l:M pa.n110¢JII31IBIII CB'I cBH3aREhI c peI11eRIII0M rrpo6JieMhI 

B03C5ylK,neHIII.H BOJIROBe.JJY!ll.KX CTpYKTYP 3ap.FUJ.aMI/I • .IJ;B~Cfl TIO 3a,naH­

HOMY 38KOHy . .IT,Jm orrpe.,neJI~HHOro KJiacca 3a,na"l: MOlKHO Bhlpae50T8Tb enmi­

Hbrn no.n;xo.n K I/IX pell!eHJ/IlO. :flo B036ym.neHJ/Ie BOJII'!QBO,na peJiflTIIIBJ/ICTCIGrn 

cryCTKaMIII. .D:BJIIlKYDWJMliCfl rrpOH3BOJibHhlM oe5pa30M. B036ym.neROO BOJlHOBO,I(a 

CO Cv'l.OIIICTblM IM3JI0KTpIII"l:eCKHM 33ITOJIH9RIII0M, B036Y>K.neHH0 IIOBepXHOCTHblX 

BOJ!H 3apH.naMI/I .D:BIIIlKYlll.1'lMHCfl rrpOIII3BOJlhHhlM o6pa30M y rpaIDID.bl aIDIBO­

TpOIIHOlt cpe.Illil. !II T. ,n. OOlllHOCTb nocTaHOBID'! 3a.n;a"l: no3BOJifleT ynpoc­

TID'h pall!ellli6 rrpo6JieMhl OTIT1™1'l38IUiI/I rpaeKTop:irn: !II BJII.Ila .n;BJ/IlKeHVJl >IB­

v'l.Y"l:aTeJIH C UeJlblO M3KCllIM8JlhHOTO oTC5opa 3Jl9KTpOMaTIIIIITHO:la 3Hepr:irn:. 

3a,na"l:a HaxolH,Il.6RIIIfl noJif! w.3.JIY'!SHIIIfl aapH.na • .D:BIDRYJII.erocf! no npoIII3BOJib­

HOMY 3aKOHY B HeorpaH:WieHHOM rrpocT.paHCTBe pernaeTCfl rrpllI IIOMOlll.JIITIO­

TeHI.zyiaJIOB .II:E:.ernapa-B!IIXepTa . PeI11eHI1Ie rrpoe5JieMhl reHepam.m GB'I w.3.JIY'!e­

mm rrp9.IJ;[[OJiaraeT IIICTIOJib30B8ID10 BOJIHOBO.IJ;OB Ill H9COMH9HHhli wrrepec 

npe,ncTaBJlfleT BhlBO.n; aRaJIOrwIBl>lX ¢opMYJI .IIJIH BOJIHOBO.n;a . 

B § 1: 1 c TIOMOill.b!O pa:3J10lK9HIIIfl TIOJie:a w.3.JIY"l:9HIIIfl llI TOKa no coe5-

CTBeHRhlM qiyincrnrnM norrepe'IBOTO ce-qeHJ/I.R BOJIHOBO.IJ;a llI J/ICIIOJlh30B3HIIIfl 

IIIRT0rpHpOB8HJ/Ifl B IDIOCKOCTIII KOMIJ.JleKCHO!t nepeMeHRo"R:. IIOJIY"tl:9Hhl Bblpa­

lK9HJ/Ifl .IIJIH no.JIB I/I3JIY"19HKfl crycTKoB aapf!lKeRHh!X '!aCTID.I. .D:BIIIlKymm!:C.H 

rrpOIII3BOJibHblM o6pa30M B BOJIHOBO.IJ,e [ I, 2J . 
Boo.neRI1I0 f!BHoro BM)J.8 ypaaaeHWI IJ;BJ/IlK0RIIIfl crycTKa B Bb1palK9HIIIfl 

.IIJIH EzllI Hz -CO.CTaBJI.AlllmIDI'. IIOJI0:0 • TI03BOJIB0T J/ICIIOJib30BaTb TIOJIY"tl:9BHbl9 

lflopMY.libl .IIJIH Bbl"tl:JIICJiemIB TIOJiell: I/I3JIY"19HM.H JII06h1X KOH¢l'II'ypa~ aap.FUJ.O~ 

llI TpOOKTOpIII:i!: IJ;BWKeHJ/Ifl. OfillI y JJ:OORhl .IIJIH pememrn aa,na-q no.i¢opa TpOOK­

TOpIIIM IJ;B:mR0RIIIfl crycTKa c U0Jlhl0 MaKCllIM8JlbHOro oT6opa 3JISKTpOMar-

1urrno:0: 3Hepnm y IJ.Y\ffia. .IT,Jm KllJllOCTpaUfili B03MOlKHOCTe!t IIOJ!YlieHHLIX 

¢opMyJI. paCCMOTpeHa aa.nalla. I/I3JIY"19HIIIfl CMCTeMhl cryCTKOB aapf!lKeBHbIX 

-qac•nm .D:BIIIlKYmIDCCfl B.IJ;OJib JII neprreH,IJYIKYJIBpHO OC]I BOJIHOBO)la. OIIpe.ne­

.'!i§HHbie. Bb!palK0HIIIfl )lJl.H ¢op111-¢mrropoB C:IIICTeMlil cryCTKOB II03BOJ!fl!OT 

.":-i(J06lll,HTb pe3yJibT3Tbl llICCJ19l\OBaHn III3.JIY"tl:0HIIIfl TO"tl:91iHOTO aapfl)l;a. Ha 

CJIY'!a:0: Cl/ICTeMhl crycTKOB- YlitiT KOHe"l!RhlX pa3Me!IOB crycnca III ~c:nep-

0HO!iHblX CBOl\CTB BOJIHOBO,nn. npwm,IU.IT K orpaRlReHVOO cneKTpa :IIBJlY­

'!0H>ffi. 
Dll,IDI R3 cnocoooa reaepamm MontHoro CB'I X3JIY'{eHJIIfl, npe.n;rrOJio­

rae l' cyMM.HpoBaR:ire BoJili, J1I3JJY'l:.empiix Ha MHOr!IIX rpamrupx paa.neJia .IJYI3"' 

.1l9K'Tp'Vtl.!E!CimX cpa.D.. Ilp111 pememm :3T0::0: rrpo6JI0Mhl. H9TIOC~CTB9HROS I/IC- . 
. . l 
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IIOJlb80BalmB rpaRWiRblX YCJlOBJII!t Tip:IIIBO,lJJ.IT. K CJIICT0M9 J/I3 2,~l (N-traCJIO 

rpaHIIIU) ypaBH0HIII:i!: { 3L B . 
§ I. 2 pa3BlIT Marp:wmhla: M0TO.IJ. pa~Ta IIOJie:li llI3.JIYli9HIDI B BOJI­

HOBO.IJ;0 CO CJIOHCTb!M .IJ;HsJJaKTpIII"10CKIIIM 3aIIOJJH0H:MSM KOH0"1iHOl!. TO.mnHRhl· 

II03BOJifll{)lll.JII:a CBeCTJII 3TY C111CTeMY K .D:BYM ypaBHeHJ/If!M. XapaKTep11ICTm9C-
. . . ~ ' 

KIII9 M8'Ppllll1Pl CTOTIKJII IIJiacnm. O.D;II0.3HaliHO CBR3h!Ba!OT 3H3"1iSHIIIfl noJiaa: Ha 

JII06b!X IJ;ByX rpaHIIIUaX CJ1011ICT0:0 Cpe)Jpl. 111 .naIOT B03MOlKHOCTb BLl-qJl!C.JISITb 

TIOJ!fl B npoIII3BOJibH9M OTCeKEl CTOTIKJII- . 

AHaJnIB K031f$ru:I11eHTOB !rpalKSHIIIf! 111 rrpoxo»meHIIIfl ~T CJieJJY!Olll,llJ'S 

YCJIOBIII.fl npo3pa1iHOCTI'I CTOTIKJII 

sin;rnd = O 

UN-1U'.n) = 0 

r =er n n 

(I) 

(2) 

(3) 

2 2 2 2 2 2 r.n:e r ={ w /ec - A >. r ={ w /c - >.. >.A -co6cTB9HHOO 3Ha"l!eHJII9 nap-n n n n n . • 
B0::0: Kpa9.BOlt 3a.IJ;3"1iil ,IWI rroOOpe1iHOro Ce"l!emtf! BOJJHOBO.IJ;3. UN( ~ n ) -

TIOJIMHOM 1ie6bl!neBa BTOporo po.n;a. d - TOJJJmma IIJiaCTilllbl. a - TOJIUzynia 

B03.IJ:.Vll!HOD. IIpOCJIO:a.KH. n - HH.IJ;eKC MO)Jpl BOJJHhl. N - "llHCJIO ru.racTIIIH. 

IIepBble .l(Ba ycJiomm xopomo MSOOCTH&I It13 TeOpMH li9Tblpexno.mocHJ1I­
KoB. "li'I'O KaCaeTCR YCJIOBJ/Ifl (3). TO OHO CO.IJ;0plKJ.IT wrrepecmU!: cJ)M3l'R0C­

KIIID. CMblCJU eCJIJII YCTpeMlITb pa3Mephl BOJIHOBO.IJ;3 K 6eCKOH0'ClllOCTJII 111 ne-
' penH K OEl3rpamrqROMY npOCTpaRCTBy; TO OHO cosna.naeT c yCJIOB1119M 

na.nemm BoJnn,i TIO.II; yr JlOM BpioCTepa B OS3rpammmM npocTpaHCTBe. .IJ.JIB 
~CTOT YJlOBJIBTBOpmlDua: 3TOMY ycJIOBHll. He3aBl!Cli!MO OT TOJDnWihl H "tl:III­

CJia ruacnm. a TaIOKe "tl:aCTOThl 1IIX pacnoJlOlK0ffillfl, CTOIIKa ru.racnm acer.na 

OQ_TaetI'Cft npo3pa1iH02. 111111pima IIOJIOChl rrpo3p8"1lHOCTJII o6paTHO rrponoplJl'l­

ORaJihHa 1DICJIY IIJ!aCTim B CTO)JKe, III 3TOT ~KT MOlKHO HCTIOJib30B3Tb 

llJl'.R COS.D,8lllJ.R ~bTpOB C 38.IJ;3HHO:li illMpHllOl!: IlOJlOChl IIpOIJ.YCKaHJIIfl H Be­

JM1UllHhl saTYXa~ [ 41 . 
B c.nyqae TE -BOJIR rrpH µ = 1. B BbJmoso.ne He cyinecTByeT ycJioBlll:­

mm aKBHSaJieHTRoro na.nemm BOJIHbl no.n: yrJioM Bpiocrepa a 6esrpaHIII­

llll~ npocrpaHCTBe- 3To CBSl3aHO c TSM o6CTOHTeJibCTBOM. TI'O npIII YCTpe­

MJJSBHH pa3M9poB BOJIHOBO.IJ;3 K 6eCKOR0lUIOCTI'I M ITepeXO)J,6 K 6e3rpaHWI­

BOMJ IlpOCTpaHCTBy,TE BOJIRhl nei:exo~ B IIJIOCKMB BOJJHbl BTOpol!: IIOJJ'.fl-.. 
pH3aJlHH ( E nepne~JIHPHO llJ[QCKOCTJIJ: na.nemm>. 

Ciro~ · COcTOfllll.Y!l H3 TOHKHX IUaCTIIJH ( y d < < 1 ) , r a. < < 1 ) • . n n 
MOIKHo paCCMa'Ip1;88Tb KaK am~ atm.30TpOI1HYIO ruracnmy. 

P.Rll 38,lla~ aJJSKTpo,IJ;14HaMWG'I CBft8aH c B036Yllf,lleRH0M IlOBepxHOCT-

·1 

' 

I 
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HblX BOJIH Ha rpaHWJ;e 8filll30TpoIIHOMl cpe,IJjiJ. NIBTepeC K HCCJie,noBaHIDO 

CBOilCTB nooopXHOCTHblX BOJJH oClycJIOBJieH KaK Tpa,Il;m.WIOHHOi!: OC5JiaCTblO 

VIX npWAeHemut (onpe,ueJISID10 CBOM!CTB noBepxHOCTii.OITI'WI0CID'IX KOHC­

T8HT MeraJJJIOB HT . .n;. ).TaK R B03MOllUIOCTblO HX HCTIOJibl30Ba:mul B He­

TPa,Il;m.WIOHHblX MeTo.n;ax ycKopeHID'I 3ap.roKeHHhIX '!acTWJ:. B 3TOM oTHomemm 

npe,ncTaBJIBST IIBTepec MCCJie.n;osairae ocoe5eHROCTei!: soadym,ueRirffi IDB 
3apflll!ElHHbIMM -qacTWJ;aMllJ:, ,IJ;BWKym,m.rnCH y rpamru;hl pa3.n;eJia .IJ;llr3JieKTp:K'lec­

KHX cpe.n;. Ilo,Itiop .IJ;llf3JieKTP:Wi0CID'IX CBOM!CTB TIOBepXHOCTJ.i R Blti,n8 Tpa­

eKTOpWII J.i3JIY'la~Jlfl, MOlKeT Il03BOJIIITb BblflB~b CB02CTBa IDB. CBH3aHHble 

c -qaCTOTHblMlli OC5JiaCT.f!MH m cym.ecTBOBaIDIB . 

B TpeTbeM naparpatlle npe;IJ.JlOm0H MSTO,Il, pac-q~Ta noJre1il J.i3JlY'l6HRfl 

nooopXHOCTHh!.i{ BOJIH 3apR.n;OM. ,Il;BWK~CR npoR3BOJibHb!M oopa30M y rpa­

HW.l,bl O,I(HOOCHOro KpHCTaJJ.Jl8. npWi~M 3ap.H,n MOlKeT ,IJ;BID:'aTbCfl KaK B C8M01il 

cpe.n;e. TaK J.i BHS e~. AJrfl Bbl'!HCJISHWII IIOJI81il II3B • R8M npwIIJIOCb Bb!'!HC­

JIIITb noJ!fl J.i3JIYT{SHM 3ap.roKeHH01l: -qacnrn,bl. ;r(BWl!Y1ll.SM1CH npoR3BOJibHb!M 

uClpa30M B O,I(HOOCHOM! aruraoTpoIDIOi!: cpe.n;e . 

IloJlfl J.i3JIY"q8Fjlffi no:aepXHOCTHb!X BOJIR npe.n;CTaB:llfllOTCfl B Bli.I\8 ,IJ;BYX 

TIOTSHUPI8JIOB. pa3,neJI.RIOIJU'IX m Ha .nse OpTOroHaJibHhl6 nOJIRPR3alzyrllI J.i Il!I'­

paIOlll.J.iS poJib nOTeRIWI8JIQB ./IbeHapa-BMXepTa.BBe,IJ.eHPIEl yµaaHemira: ,ll;BWK6-

Hlrffi B aQpameHl'IR ,I\Jifl TIOJJ0Ml lti3JIYT{6HRTI· Il03BOJifl6T HCTIOJib30B8Tb npe.n;­

JIOlKeHHb!Ml MeT0.11. pac-q~Ta ,IJ,JIH lliltipOKoro iUacca TpaeKToplll:Ml ,IJ;BWllSHRTI 

3apR,D;a.AHaJrn3 .iwcrrepCHOHHb!X cooTHomemut noaepXHOCTHh!X BOJIB IIOKa-

3b!BOOT· 'fl'O Ha rpamme pa3,ueJla MOrYT cymecTBOBaTb Jllillllb no:eepXHOCT­

Hbl0 BOJlHbl Wi\6IOIIJYIO TM IlOJlf!PlrIBaUWo {Eznapa.JieJibHa rpamme pa3,ueJia). 

Ilp:~ J.i3JIY-qemm aJieKTpO~annrrm1x BOJ!H, cryCToK repHeT 11aCTb .cao­

ei!: 3Hepnm:. "IITO MOJKeT CKa3aTbCH Ha cneKTpe J.i3JlY'l6Hlti.H [ 51 J.i napa­

MeTpaX crycTKa c 61 (pa3Mepb!: cKopoCTb. pacnpe.neJieHm 3apR,Il,a no cry­

cTKy). B oe5meM cJIYT{ae.npH peme~ no.n;ooHhlX 3a,n;a-q.Heoe5xo.JWM0 y-qJ.i­

TblBaTb pea:ECUWO IIOJifl J.i3JlY'l6ffillfl Ha crycTOK. O)J;!laKO. B p.H.ne cJIY"qaeB . 

oC5paTHOO B03.I\0MlCTB:w9 no.JIB J.i3JlY'l8HWI Ha cryCTOK MaJIO. J.i MM MOllUIO 

npeHee5pe-qa. 
B. TIOCJie,nHSM naparpala nepBOil r JI8Bbl. paccMOTpeHbl 3$lleKTbl. CB.H-

. 3aHHble c naJIHllllf0M ycKopemu1 y crycnre. B.m.mrne ymcopemm na cneK­

TP :K3J!j1'qeHWI paccMoT:peHO Ha npMMSpe ycKopeHHo .n;B~rocfl 3apR.n;a. 

mpeceKaJlmero B0.1IlIOBO,Il, nepneJil,II.MKYJ!flPHO ero OCH- IlOCKOJibKY BpeMH 

naxom,ueHH.H aapR,Il,a B BOJIHOBO~ t.6 MaJio, TO wt.0 / c « 1 ( "' -ycKO­

pemre aapfl.I\8 ) • M. peJifl'I'HBM.CTCKHa YPaBHSHID'l .n;BWKS:mffi aapR.n;a Mctll!Ho 

npe,nCTamr:I'h B. Blo'f.1\01 
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'< x(t)=v

0
t.+-·-

3
-, y(t)=y

0
• z(t)=z

0 
(4) 

~o . . 
rne v 0 -cRopocTb BJI~Ta 3apRna B BoJIHoBon. r 0 - Ha'l:aJibHoe 3Ha'leHMe. 

raMMa-~aKTopa 3ap.H.n;a. 

MHTepeCHO OTMeT'IITb • '!TO ypaBHem'1.fl ,Il;BWK8B.H.fl VIMS!OT BYUJ;. COOTBeT­

;~TBYIOlll,Jl[ll[ HepeJI.AT!IBHCTCKOM.Y CJiy'l:aJO. 

· ITuJIH H3JI.Y'l:SHHH Bbl'lltiCdl6HhI npvr noMOlll.J.i MeTOna. VI3J!OlHeHHoro B i;. I. I. 
)J,JI.fl qacTOTHblX o6Jiacre:0:.y.n;oBJI6TBOpHIOIJUIJX ycJIOBIDIM :i:mvo • "' · :r.mvk 

(vk -- CKOpOCTb 33pflJ18 IlOCJIS BblJieT8 Vl3 BOJIHOBO,Il,a . tm=m.1- ·a • a Bbl-

COTa BOJIHOBOJla, m - MH,Il,6KC' MO.llhl BOJ!Hbl ) , MOlllliO BOCil(Mb30B8TbCH 

8CMMITTOTlfleCKID/IVI rrpe.n;CHlBJISHHf!Mli :mrrerpa.JJOB \t>peHeJifl 11 ITpe,TICT.'JBITTb 

Bhlp8)'{E'<HH.fl ,If.JI.fl IlOJI80. VI 3Hepnrn !'13JJ.Y'leH.Ttm B 3H8JlJIITVf'l:8CICrM y,nu6HOM 

Bl1ll,P 'J:vlC,'!ElHHbl0. 3H3v'lli3 IlOJIY'IeHJ-IhlX Bblpal!!emffi TIOK."J3blB38T. "4:TO np11 He­

peJIRTli'IBI-l:CTCKHX CKOpOCTHX ( r ' 0. 75 ) cueKTp H3Jiy'l:8Hl1H IlpH YCKO­

peHHDM .DBWKemm 33pHJ:i:a CMemae.TCfl B CTOpOHY ID'l3KMX 'WCTOT' a nplll 

33M8JJ.J18HHOM .DBWKeHID'! - B CTcpoHy Eh!COKIDC 'laCTOT. 1J.Jm. pe,'!HTiffiV!CT­

CKV\X CKOpOCTEll1 ::JTOT 3tWleKT rrµrnee5pel!!HMO Ma,'!. 

3$P?.KTbl BJITtlf!Hl'!.fl ycKopeH11.fl Ha napaMeTpbl CT'YCTKa paCCMOTfBHhl 

Ha rrpMMei:;e crycTKa .D,JIWibl l 0 IJ;BWKym.erocR paBHOMepHo co CKopocTbro ,.,) 

lll s.rreTamw.er_o B yc1mpR10ill,Jl[ll[ rrpoMemyToK TOJlll.llllHhI d. KoHeu crycTKa OT­

IIocwreJibHO CBoero H3'{3Jl3 B..1eT38T B YCKOpflIOuu.m np0Memy·r1K c 3ana-

3.llhlB8Hl'18M TIO BpeMeID'! paBHhlM flt = l 0 /v 0 . CJI8.IJ;OB3TeJibHO' B ycKOpH­

IOil\8M npoMel!lyTKe. CKCpOCTb pa3HblX 'I3CTe>1! cryCTK3 pa3JIH"-!H3 1'13-33 

Toro .. 'ITCJ. nanpMMep •. TIP.fe;T,Hll.fi qacTb crycTKa .DBWR8TCFI YCKOf€HHO •. 'j 

3A,I(H?H '!aCTb BC~ em~ ~JclBHnMepHo. :rro o6CTOf!T8JlhCTBO 1Ip!IBO)JYIT !{ 1'13 -

1118H8HWO Xf.JMHhl lo. }((JTtJt•':Jll n:·CJ!El BbI.~eTa -crycTKa 1'13 YCKOpH!Ou;,ero npi 

M6lHYTK3 CT3HOBITTC.H WJBHU:0: .i.k =i 0 vk/v0 . 

ilpM YCK0p:3HHOM .DBWR8HJ..fid crycTOK paCI1Jlh!BaeTC.fl. npvi: 33MSJJ,J18HHOM 

.DBWV.8Hllrn-ClKMM36TCR OTHOCITTe.rrbH·j(! V!3M8H8H:l1:e .ll,illffihl cryC'TKJ JJ.JIH 3H3. 
1 ·~ .-, 

'IeHim Be.!rwnrn:b1 ycKoporr1.rn "'.:" i ,-.,• ·- M· -c~' cymecTBeHHO rmvi: Hopo.rnT11-
A -

Bl1(!TCKHX CICOpOCTRX 1 l 0 1 • 1 , .'..l - lo = 0, 35, y 0 = 2, /l.I ·le ~ (•. 1 4 ~, 

Yo =5, t_.l .'le= 0, 0154). VI CT3HOBITTCR IIpeHeC5pelH:HMO M3JIOJ.l rrpi.1. ps .. rnTvr­

BMCTCKHX CKOpOCT.f'lX\ r O ~ .J 0, 2>1 · le ~ 0, 003, JO = 1 00, .ll.l /1,,: O, OC<X16 ) , 

cJie.n;oBaTeJibHo 3TOT ::itWJeKT m.1eeT CMhlCJI Y"'l:HTbIBaTb .!Illlillb H::i H-:i'!aJJbHOM • 1 

3Tane YCKOp:3HID1 sapmKGHHblX l.{3CTIDJ . 

ITp;i: paccMaTpll!BaAMh:x 3Ha'IPHM.FIX ycKopeHMR crycTKa. :JTHOCHTe.JI!-: 

HOe :11::3MeHeHJ.ie ero C!WpOl'.'TJ.l .. •MH: t0 =2. •vfy0 a fJ•/1-'6· r c:{°5;• 4'1//V,, = 
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=o.o5. a .II.JIB 6oJ106 Bb!COKHX aRa'iel:ll'IRX y0 .:i.mMe­

Heime CKopoCTH acmrnTO'IWi9CKP.! CTpeMKI'Cfl K HY.JOO: 
Tal<ID!I o6pasoM. ·rrpM peJI.flTil!BlitCTCKHX cKopocTm: ,ll;Bl4'1ReHlffi crycn:a 

f3o>O. 75, 31WleKTbl CBfl3aHRbl9 c ycKopeHmM. CTaROBflTC.fl Hecym,eCTBeR­

HblMH .·ero pa3Mepbl M01KHO cmrraTb IIOcTOflHHb!MM c H6M3MeHHblM 'pacnpe­

.I\0.JiaIDl!el.t" 3apJll.U3 B cryCTKe-

J?Tooa.R r JiaBa ITf;C:Brlw.eH.=i iAC.( .iii?. ;;:o:c.aRHIO r,.,litIBIDi~ rpaimU p;:i;:mcJID 

f 
~ ,, 
.!I. 

* . .r. 

1 
-~ , 

..... i3 .. 1e:lITpWieCKMX cpe.n; B BOJiliOBO.I\0. Ha CIIeKTp' :Ill :meprwo l1l3JJY'q0Hlllfl 

crycTKOB aapf!lKeHHblX 'iaCTWl l'I B03MOlHHOCTI! yooJlKIISHiffi Harrp~HHOCT:lll 
IlOJiel!: H3JIY'1.9Rlffi ~M CYMMJ!:POB8Hlll.fl BQJIH, ~HHblX Ha MHOI'KX rpa­

mmax pa3.I(0Jia ;ni:3JieKTpWiecKHX cpe.n; [ 7J. B aTOM o'hlomemm y.n;o6Ho :Ille- . .II 
IIOJib30BaR:llle CTQ!llCH ;ni:3JieKTpH'll'.6CIWX ruracnm KOHS'iHOA TOJllI4lffihl. norm- .... 

~HHblX B BOJIHOBOll: (§ 2- I)-

·~ 

? 

,· 

- I!OCKOJ!bKY paccMaTfllmaeMafl CHCTeMa o6Jia.n;aeT ITOJIOCaMH Henpos­

pa-qHocni:. sa.n;a-qa ,n.o.JllKRa cramIThC.fl TaKHM o6pa3oM. "qTOdbI MaKCMMYM H.3-

JIY'i9Hlll.fl rrpHXOJni.JIC.fl B OOJiaCTh rrpoapa'l:Hocn cromm IJJiacnm:. BMecTe c 

TeM. Her-6XO,Il;1010 C03,IJ;aTh YCJIOBlll.fl Wffi ClIBqJ83HOrD CJIOJKElIDm BOJIH M3JIY­
'1.6HHhlX OT pa3Hb!X ruacnm CTOTIKI!!- Pememire :nm rrpoo~ paccMOTpeHO 

Ha rrp~epe CTOITKlll 1113 N ,Jzy1:3JI6K1'pW16CKHX IJJiaC~. nepeceK~MOl!: ny-q­

KOM aapmKeHHblX -qacnm [ 8J . 3a,IJ.aqa pemeHa rrplll IlOMOill,H MaTfllll'IBOTO Me-

1'.0,IJ;a p'13BlITOTO B § I.2 .no3BOJffi!Om,ero IIOJIY'l3Tb aHa.Jl1ITKIIeCIGlfa Bblpa­

lK6Hlllfl . .IV'fl TIOJl0i: M3JIY'li6ffiffi B JJ!OdOM m -OM OTC6K9 CTOIJIDI!- 11CIIOJib30Ba-

ID!6. YCJlQ.UIDI rrpospa'IHOCTI'I CTOIIlG'I. IIOJIY'li6HHOO B nepBo:a: rJiaBe. II03BO-

JIIl9T yrrpc.cunh cpopMYJlbl .IJ.MI noJieA ~emrn H BblpasMTh MX -qepea no- · .. 

Jifl ~emm O.n;HOi: IJJiaCTIIHbl- .AMTI..lnITY.IJ.bl IIOJiai: ~mm CYJ!*lCTBSH-

HO aa:BHCITT' OT ,ll;Byx :r.mwµlapeHIJ;KOHHhlX MHOlIGIT0JlSi: 

± sl.n m(. w/v ± k }( d+a) 
f

1
(w) = z 2 

sin(w/v ± k )(d+a) 
(5) 

z 2 

sin N w 
f { w) - 2v 
a sin wl 

(6) 

av 
,. 

,l; 

.• 

+ 

'1 

BTOpo:lt MHOllG'IT9Jib f 2 < w) OilHCblBaeT :mrraµlapeHI.WIO IIOJI0:9: I43JJY1I6-
H~ OT pa3JIHllHhlX cryCTKOB H mteeTMaKCHMYMbl Ha "iaCTOTe CJIB,nDBaHH.fl 

cryCTKOB v = vfl .He~ rapMOJll'lK. 'ITO KaCOOTCfl i:repBOro MH01KHT0Jf.A.TO 

OH OTIHCbIBaeT' wr:reptapelri.tml OT pa3HhlX IU.aCT:r.m CTODICH- IlpH m > > 1 M 

N" )', 1, f( w} rrpHOOpeTalOT 6-0C5pa3!lh1A xapaKTep H CTaHOBflTCfl c~c­

TB3HHO OT.IH1DlhlMH OT HY.1.fi Ha -qacwrax._ y.noBJiaTBOpm>~ YCJIOmmM 

·~' 

I 
. \~ 

-~ 
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w/v ± kz = Zrtmj/(d+a), w/v = Znk/1 j,k = 0,±1-.±2... (7) 

EcJilll j -= o-. TO nepaoe lll3 YCJIOBd (7) rrepeIIHCblBaeTC.fl B B~ v = 

= wfk z 111 IlOCKOJibKY k z HM06T CMb!CJI IIOCTOflHHOi'. pacrrpOCTflaHelll'!fl BO­

JIHbl B CJIOHCTOi: cpe,ne. TO :3TO ycJIOBHS aHaJI.OTliNHO YCJIOBWO B03HlllKHO­

BEHilffi M3JIY'li9HIDI BaBHJJ.OBa-'lepeHKOBa. KOrAa CKOpOCTb HCTO'lllmKa paB~ 

Ha CKOpOCTH COnyTCTBYJOUl,6i: BOJllihl-

B cym.eCTBYIOm;ta YCKOpKre.MiX '1.HCJlO crycTKOB N. B O.n;HOft. HMIIYJihC0 
iW66T 3Ha1l:6IDIB rropR,nKa 10

4 
H MHOHMreJib (S) c C50JiblllO:lt CTeTI6HblO TO­

"<IBOCTII MolKHo aaMSmrrb 6-4JyHKIJ;re-a:. ·npH :iToM a c~KTpe R3JIY'leHM.R no­

.f!BJiffiOTcR IIHKH M3JIY'li6IDMI Ha rapMOlll'!K8X \{8CTOThl 'CJie,IJ;OBaHMf! crycT­

KOB. nIHpKHa KOTOpb!X oe5paTHO rrponop:QHOHaJibHa 'IBCJlY crycnmB B ny\I­
Ke. 3'm IIHKlll nona.na10T B IIOJIOCY rrpospa'iHOCTH CTOIIIm. ecJIM. 'laCTOTa 

"'E . COOTOOTCTBYJOID,afl YCJ10BWO Epiocwpa B BOJIHOBO.I\0. COBna,naeT c -qac­

TOTOl!: O.n;HO:lrl: H3 rapMomrn: CJie,lJ;oBaHHfl crycTKOB. 3To B03MOlHHO npM CJie­

.lJYIOUl,6:1t CB.R3H MelK.llY napaMS'fP8MH 3aAaqH: 

X 1 µ
0 

l 
k = Z~{3 ~ = Zn~,/( s +1 )/s , (8) 

r.ne k - HOMep rapMOHH'lm qaCTOTbl CJJB.D;OBamm crycTKOB. µOn - KOpeHb 

<lJYHKl.:(HH EeccaJ!fl nepBoro po.na. R - pa,Il.MYC BOJll!OBO.n;a. 

KopHM tPYHKUlfi!! Ee.cceJLR µOn :Ill HppammHaJibHOO "illlCJIO n. ctJHrypRpYIOUtH6 B 

{8).YK83hlB310T Ha e.n;mICTBeHRO,B03MOlHH00 3Ha'leHHa pa,IniYCa BOJlllO~o.na 
R IIpM 3a.u8HHhlX 3Ha1iemrnx k • 1 • £ • YpaBH6Hlll6 (8) orrpe.neJI.ReT T8KlK6 HH­

~KC MO.If.bl BOJIHbl KOTOpaf!-C5y~T s!WleKTIIBHO reHepMpOBaTbCH B BOJIHO­

BO.J:\0. MaKCliMaJiblI00 3lla'l:eHHe Harrp.RlKSHHOCTH TIOJ!fl M3JIY'li0HHR Ollrn.D:a­

eTCfl Ha 'l:8CTOTax. ,Wm KOTOph!X O.ri;HOBpeMeHHO Bb!IlOJLHfllOTCfl yCJIOBHfl 

(8). Ilp:w 3TOM .IJ.]Ifl a H b IIOJfY'l:ae:r1H 

d/a = (t's+l - {3}/(sf3 '- -Y£+I)' (9) 

b = l < -(£iT -(3)/(3( s -1) (IO) 

IlQJ!YlieHlible C'OOTHOIDeHWI rrpH lll3BeCTHO:lt 'laCTOTe 'cJie~OB8IDffi cryc­

TKOB H ,I\M3Jf0KTpWi0CKO:lt rrpommaeMOCTlll IJ.JiaCT:llIH £ • II03BOJifl!OT orrpe~­

JIH'I'b Te pa3Mepbl a H d. rrplll KOTOpb!X IlOJUI M3JIY'lieHHfl OT pa3Hb!X cryc­

TKOB H IJJraCTim CKJI8,IJ,blB3IOTC.!l' CHIDlia3HO. Harrp~HHOCTb IlOJ!fl R3JIY'li0Hlll.fl 

B m -OM OTC6K6, rrpH BhlilOJIHeffim IIOJIY'l:6HHb!X YCJIOBd .II.JIB napaMaTpoB 

38,IJ;a'lilll. IIpOilOp:QHORaJibHbl HOM9py OTCeKa H JIJ/lll61Ul0 · paCTYT C pOCTOM m. 

B § 2. 2. c.ne_JtaRa ou;eHKa BSJMmHbl Hanp~HHOCTH f!OJ!fl M3JIY'li0HH.fl 

B ?IITlllMM3~0BaHHOi: CTOIIK9 .I(H3-?I6!crpWl6CIWX IJJiaCT:llIH MR napaMeTpOB 

IIY'lllta .ioo;eruioro Y_CKOpMTeJIB EµCb1'1- I1pllI 3Ha'i0HHM'l .IJ;Jd3JieKTpH'1.0CKOA rrpo-

- -~---

~ 
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~eMOCTH IIJI3C'Tiffi paBHOM £ = 2.TOJilll,HHa TIJiaCTWI ,n:oJDKHa y,n:oBJieTBO­

P.f!Tb _y CJIOBWO d ~ 2. 3a . R e CJM Bb!6paTb a = IMM, TO B KOHIJ,9 rrepBOTO 

M9Tpa MSJIKOCJIOHCTOfl cpe,lll>I. BeJIWllffia HarrpfllK~HHOCTI1 3./I9KTp:wl:BCKOTO 

rIOJI.fl OK33hIBaeTCR paBHOfl Ez = 18 M:&-'M. 

CorJiaCHO YCJIOBHRM B03C5ym;neH:V1R. B BOJ!HOBO,n:e reRepHpY!OTC.fl TM -

BOJIBbl • KOTnpb!S W!!SlOT OT .]IllfqHY!O OT HY JI.fl KOMIIOHBHTY HarrpRlR~HHOCTH 

::JJieKTplllqecKoro ITOJl.fl, HarrpaBJISHRYIO m1paJISJ!bHO CKOpOCTH ,n:BWRelillR 

crycTKOB- 3To o6CTO.flT9-'.ThCTBO COBMSCTHO co CKa3aHHh!M BbllllS. Il03BOJI.fl8T 

MCITOJlb30BaTb MS.'IKOCJIOHCTY!O cpe,n:y.noMem~HHY!O B BOJIHOBO.JJ:.B Ka'll:eCTBe 

YCIW!Jft!Olll.9R. C'fPYKTYPbl B .D;BYX,rIY'll:KOBblX cxeMaX YCKOpeHHR 3ap.fllK8HHh!X 

1J:3CTWl JIHHefi:Hbl:R. poCT RarrpR~HHOCTH YCKOpRIOmero no.JI.fl M01K9T o6ecne­

'-!.11Tb Bh!IIO.lJHSHHe YCJIOB1'IB CHHXpOHH3Ma MSlK.JJ:Y YCKOpR9MblM crycTKOM 1t1 

\'CKOpH!Oll\Wll ITOJI8M. 

fia.JIH'-l:H9 rpam~::n pas,n:eJia .n;H3JI8KTp:wl:9CKKX cpe.n. B BOJJHOBO,ne TI03-

BOJI.fl9T T:paHCITOHll!pOB3Tb 3Hepnm H3Jly'{9lillR B Y.II.06HYIO 'l:aCTb crreKTpa. 

~ ~J: TOJ. P::JC'CMOTpeRM.e 3TO:R. sa,n:aqM TipOB9,n9HO B § 2. 4 Ha npHM8pe BOJI­

HOBo,n:a. fl K0TrJpOM·lllM8JllTC.fl o.n:a:a H ,n:Be rpaHIDll>I pas,n:eJia ,Il,H3JI8KTp:wl:8C­

KMX q:t21.n. F\o.JIHGBO.JJ: Bo36ymnaeTCR sapR.JJ:OM • .llBWKYllll'IMCR nepneH,n:M'IKYJIRpHO 

OC!I[ BO.'I!h1f>CI(!';l. B 06IUSM c.nyqae B BOJIHOBO,ne B036ym.n.aJOTCR KaK H3JIY'll:9-

nM9 B":!BYl.l!OB-'3<·iflp0HKOBrJ. TAK M nepexo.mrne. KOTOpbl9 CM91ll:llJB3IOTCR Ji! 

COCTaBJIRIOT roop11,IUl.08 TIOJ!El. lJ.JIR PR.II.a 3a,n:a11 pa.n;vi:o¢H3Ji!KH. HanpMMep. ,Il,H­

arHOCTI'IKH ny·.:i:Ka. y.no6HO BhlflS.mITb ITO.JI.fl H3~9HHR BaB~OBa-qepeHKO­

B.a. B odmeM CJIY'13e 3TO R6B03MOlRHO. O.l'.l;HaKO )J,}lfl MO,IJ.bl BOJJHhl. )J,}lfl KOTO­

po:VI Bb!COT-'3 BOJIHOBO,n:a (jQJlblll9 .J],)Ilffihl H3J1Y'l:a6MOfl BOJ!Hbl. Ha 'll:aCTOTaX 

·-•',:iep= rrma./v, IIORBJif!KlTCR TI11IKJ/I H3JIY'19ID'I.fl BaBJiLJIOBa-11epeHKOBa. KOTOpoe 

RBJI.fl8TCR npeo6Jia,n:aIOII\Wll B o6JiaCTH CBOero orrpe,n:eJISRJ/I.fl ( IIJ. 
3aMeTHM.'ll:TO TIOR.RTH8 ID3JIY'l:8HJ/I.fl BaBMJIOBa-qepeRKOBa ,llJIR sa.na-q, 

TIOl(06HhlX paCCM3T:p:lllBaeMo:VI.yCJIOBHO. IlOCKOJibKY ,llJIR .J],)Ilffi BOJIH cpaB- . 

HHMhlX c reoMeT:pWISCKJIIMlll pa3MepaMH BOJIHOBOI(a.He MOlH8T CYm9CTBOB3Tb 

cipOpMMpOBaBlllitiflCR KOHYC 11I3JJY'l:8Hll!.fl BaB:llLJIOBa-11epeHKOBa. 

ECJ!lll B BOJIHOBO.ri. TIOMem,eHa ,n:H3JieKTpH'll:8CK8.fl IIJiaCTHHa. ( I2J TO. TIO­

.JI.fl H3Jly'll:8HJ/I.fl B onpe,ne.JieR,:'"''la ~acnr cneKTpa He MOTYT Bbl:lrrlll 0a rrpe­

,neJibl IIJiaCTiffih!. ()Ha OOJia,naeT OOCTI36HHblMJII 'l:aCTOTaMM. a B -qacTOTROfl 

o~JiacTH orrpe,neJiemui H3JIY'll:8HIDl BamuOBa-11epeRKOBa xnmc/-Ye < "'-qep 

< A c. BOJIHOBO,n:Hh!B BOJ!Hhl MOTYT CYm8CTBOBOI'b Jll/IIllb B 06.JiaCTH 3aHH-
nm -

MaeMo:a TIJiaCTMHOll:.rIOCKOJ!bKY BOJIHOBOl( c &=1 )J,}lfl HJ/IX RBJI.HeTC.fl sanpe-

l(eJibHb!M. EcJIJ/I o.n:a:a H3 pe3oHa:e:cHh!x -qacTOT ruracTimbl coBIIa,n:aeT c qac­

ToTo:VI Jll3J!Yll6IillI.fl BaBJiLJIOBa-tiepeHKOBa. TO B cmKTpe llll3JIY'l8~ no.flBJlfl-

•it ·-·----·- -· -·-· _ . ...;. -

~ -------.-------~·-- , __ _ 
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!OTC.fl TIJ/IKH 3TOro H3Jly'll:8mffi. l!MaJJBIO'pwieCK8.fl IlJIBCTI'!Ha CTaHOBJ/ITC'fl 

cBoebCipa3HbIM pesoHaTopoM ,n.HR qepeHKOBCKOTO H3.!Y"18IDffi. 3TOT µ'3Y.~l-: 

TaT aHaJioTitfleH a!WleKTY no.more BHYTpeHHero OTpaJKeHHfl. B yKaaaHHuR. 

OOJJ8C'rn '13CTOT nepexo.n;aoe M8JI.Y'18H11I0 TaIOK6 0Ka3blBaeT.C.fl "38Il8flTblll!" 

Ec.m 'l:3CTOT-'3 wmliepCOBIIal(aeT c '13CTOTO:i O.ll;HOli J/I3 rapMOHID\. G~11e 

,IJ.OB3HHfl ny'IB:a. TO B ruacnme 3qx{leK'TI'lBHO 6y;nyT B036Yll!.ll8TbCH .7Jl1111b 

'l:aCTOTbl wmqep· .' 
TpeTbR rJias:3 IlOCBflID,aHa H3Y1<8fil00 BJIWUIHR BIDJ.3 TµaeKTop:llWI 3·'1PH 

.na Ha cneKTp 1II 3Heprwo H8J!Yqemrn B BOJIHOBo.ne. Hapmzy c oml-!MV.3-'lill' 

ell: pa.n;vi:aTopa no M8KC>'fMYMY Ranp~HHOCTH IlO.Jiell: ~3J!Y'l9Im.fl, yOOSv!"'"' 

HID! 3HeprID'I H3JJY'l:8HM MOlKHO .D;OCTI!I1IYTb TaIORe' ~M IIO.II/:'.50p~ T8°Jf' : 

TOpWA ,n:BWKSHJ/IR M.3Jly'll:aT9JIR. 3,neCb B03MOH!HO ll!CTIOJib30B~.llilIB TaRHX :Jrp 
¢eKTOB. RaK MHOroKpaTROO rrepece'ieHJ/Ie crycTKOM CTeHOK BOJIHOBr~n.:i •. ::it­
¢eKT LJ:oI1I1J1epa • Bbl60p KOH!PiITyµ<IUID'I .n;BWKelilffi ny-q:Ka H T- ,n:. 

B § 3. I paccM01JeHO. H3JIY'1l:emre sap.AlK6HHoa 'l:acTillll;hl • .J¥3WKYllloi11c:fl 

TIO OCH BOJIHOBO.D;a Ji! co~pma10m.ea K~6aIDIB B.nDJib RanpaBJieHJ/I.fl CBGElr. 

)lBWKSHiffi Ha KOHS'l:HO"A: ,lJ,}00I8 ·T:paeKTOpillJII -a < z <. a [ I3J . 
li13 YCJIOBli!R. B036ym.neHHfl CJie.JJ:Y8T. 'iTO B BOJ!HOB01(9 MOTYT n>Her.w­

poBaThCfl J.OOllb TM-BOJ!Hbl . CneKTp H3JIY'll:8HWI COBna.naeT co cneKTpOM B 

3iWJeKT9 lloIIIIJiepa B BOJIHOBO.rie M D~.ll9.Jlfl0TCR yµaBRSHHRMl/Il 

ynv+kn±u.1=0. k=0.'1.a.... (II) 

\ :sepXH:IUl: 3H8K COOTOOTCTBY8T 06..'IBCTJ/I z < -a, HWKffil:0: - z > a 0-T!3C­

TOT8 KOJie6aT9JlbHOro ,n:BWKSHMR aapR,n:a ) . 

IlpH k = o (II) OnHChIBaeT cneKTp 11!3JJ.Y-qeRM BaB1UOBa-11epeHK0Ba. B03-

HHKa!OmH:R. .IIB-3a IlOCTynaTaJibHOro . .n;BIDll91ilffi 3ap.Fl.n,a. ECJIJ/I ~& > 1 • B 

CTieKTpe H3JIY'll:8HIDI IIpli 3H3'l:SHID1X k ·, 0. B 00.JiaCTb. z ., a H z <. -a • 

HMeIOTCfl no o,n:HO-a 'l:aCTOTS H 3qx{leKT lloTII1J1epa HOpMaJibHhn'!:. B ".noc:se­

TOBOM" CJIY'll:ae ~a c< 1 , AJifl 3H8'i8IDm k < wiq1n < k /( 1 - ~2. c .l , B 

cneKTpe :H8.Jl'Y'll:0HIDI B OOJiaCTb z> a. MOTYT npHCYTCTBOB8Tb .Il.BEl 'lf8CTOThl 

H 3qx{leKT .Uol1IT.7l8pa flBJIRSTCfl CJIOl!IHblM- {fHcJiaHHbla aHa.filIB CI!BKTpa H3JIY­

'i01llffi noKa3bIB38T. 'll:TO pacCM8TµMBaeMafl CHCTeMa MOlKST pa60TaTb KaK 

YMHOlKHTEIJib OCHOBHOfl qaciTOTbi -rtoJI06aT6JlbHOro .n;BIDRSHKfl aap.fl.Il.a. 

TaKJ/IM o6pasoM. Ra.JIWUde t;06CTB8HHO:i qacTOThl y :IIB.JIY'll:aTau'f.fl, npH:­

BO.JUIT K oooral)!8HWO cneKTpa ~emrn 111 napepacnpeAe.JfSHJ/IIO aHeprHH 

K3J.y'i9Hliffi, 'll:TO MOlRST Ha:aTH npHMSH6Irne B pa3Hh!X 06JiaCTRX fPlraHJm. 0~ 
HO H3 TaKm: npWt'leHeHll npMBe,n9HO :a naparpa4Je 3. 2 •. B KQTOpoM pac­

CMOT}eHa B03MOlKHOCTb YBSJ!Wl:SHIDI T9MIIa ycICOpeIDUl B KHJ!bBaTepHOa'. 

cxeMe YCKopemm 38pmHSHHb!X -qacnm ~M B036~HID'I C06CTOOHHblX 
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KOJiee5amut :se,u.vm.ero crycTKa t .n;pa:l!!Bepa). JM'5o Ha ocHoBamm OH.Il.V­

JI.HTOpHoro s$1leRTa • .000 3a Cll~T pacKa~ B H~M rura3MeHHLIX KOJJB6a­

mta: [ I4J. ,neJio B TOM. "(no rrpH orrpe~~HHblX ycJioBHRX. owi:a H3 rapMo­

~ ,I\OilllJiepDBCROro CTieKTpa Ha orrpe~~HHOA MO~ MOlHeT COBIIaCTb c 

ii:aCTQTOA ~emm BaBHJIOBa- 't!epeHKOBa. }leACTBlITGJibHO.Hal!aCTOTe 

"' = kO /2 ypaBHemre (II) c BepxlllW 3H8KOM. COBna,n;aeT c YCJIOBli.IBM 

B03ID!KHOB0HWt M3JJYll6Hlffi BaBHJIOBa-1:.J:epeHKOBa B BOJIB:OBO.IJ;e w /v=r n· 
~KC MO.D,LJ BOJ.IHLI. ,IJ,JI.fl KOTopo:a STO B03MOlHHO. orrpe~TC.fl H3 YCJIO-

B:wf J\..n = ~ /rl'le - 1. 

Ha nepabl:lt B8TJl.fl.I{ KalRSTC.fl. l!TO no,n;o6Hhlil 3!fxl>eKT He oeeT OTHO­

IlleHH.fl K npo6JI19Me. TaK KaK CKOpDCTb .n;pa:l!!Bepa :III cpa30Ba.fl CKOpOCTb 

.n;oITIIJiepoBCKOA BOJIHhl XOT.fl :III COBIIa.I{alOT no Be.JOOnme. HO MM0IOT pa3Hble 

3HaID'!. O.naaxo. Ilp:llI HCilOJib30BaHlim 38Me,lJ,JIB!Ome:lt Cpe.D.LI c OTpmlaTeJlbHO'.lt 

rpymIOBO:il CICOpGCTb!O, 3aIIOJ.IH.fllOJll01l BOJlROBO.D; • .IJ;OIJIJJJapD:acKHe ll8CTOTLI 

"Iie_peBOpa1DIBalOTC.fl_"' • TO 0CTb m: CIJeKTpbl IIO H nponm CKopocm qac­

Tiru)I MeH.RIOTC.fl -MeCTaMM. Tor,n;a y .n;pa:l!!Bepa no.flBJl.fl0TC.fl ,n;onoJIHHT0JlbHoe 

COIIpOBC»JUtalOinee a.TO nOJie.KOTOpoe Ha ,VKa88HHOA "118CT0Te CIUa.D,LIBaeT­

C.fl C IIOJieM H.3JJY110ffiI.fl BaBllJJIOBa-tlepeHKOBa. 

3aMe,JWOOllJlA Cl'ICT0MOA c OTpilUBTeJibHDa rpyrmoBOit CKOpDCTbBl. B 

"118CTHOCTllf, MOllt8T CiWTb BO.IHOBO,D; c 38IIOJJH0HH9M B Bane O,I\HOOCHOro 

KpHCTaJJ.lla c ;a:poHIDlOOMOCTblO sz>O. Ids,..< o . IlpaICTH1leCICH Y~HO 11c­

IIO.lb30B8Tb B R<ReCTBe 88M9~:1!1: Cl'ICTeM&I C OTpMUa'I'0_JlhHOA rpyn­
IIOBOa CKOpoCTbl> Ma.IKOCJIOHCTy!O cpe.n.y. ~ Tpe60Bamm sr<-1 

CJle.n.yeT. 1ITO 

I 81 + 1 ~ fe1 I 
B-i>° ,,&i(-1, ) a ) --

1&1 I - 1 leaf 
(I2) 

r~ e 1 ,&2-,llK3JJBK'l'pIDl0CKHB IIpOBJII[(aeMOCTif CJioeB,a,b-TOJIQ:HBlil CJioeB. 

Bee STJll yc.mBiut_ MOryT 6YTb- BWIIO.meHhl Ilpll 38IIOJllielDIH, COCTO.HDlIIJM 1113 

ll0Jl9~Cft CJioeB ,Jll'l3.J16KIJIHK8 C &> 1 H CJIOeB XOJIO,JUIOA: aJeKTpoHHOlt 

WJaSMJ,I.~ pa60"118fl 118CTOTa CHCTeMW wnk< ,r&., .~ w -IUa3M0BRaH . . p p 
'raCTOTa. 

TeopeTH"lleCKafi oueHKa pacCMaTpBBaeMOro 3CIXI>eKTa zpmemna aa 

npwiepe BoJIB:OBO)(a. 38IIOJJHeHHOr!J noAQCSRDA cpa,ItOa •. no OCH KOTOporo 

.IIJ3HJKeTCfl ~ecmd: aJISKTpOBllWt cr:YCTOIC .11.mmI L. pa.1tH,Vca r 0 C , 

paBHOMe~ pacnpeJt9JJBHJrfSM 38P.f1.IJ;a •. IIpPr STOM aMIJJ.lm'YJlS ~BBO-

qTII aJS~KOip nWm H3.1l"16Hlm E~ llpOilOpIU.m~ . 
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E~- (1+3Ik("'nka/v)) (I3) 

,Uo6aBKa K qepeHKOBCKOit aMTIJIIITy~ o6yCJIOBJieHa BTOpbIM CJiaraeMblM B 
cico6m H 6y~T MaKcHMaJibHoA: Mfl 1r::=i. B 3TOM CJJY"llae MaKC111MaJibHoe 

3H8llemre I 1 {x) = .0,582 .D;OCTIITaeTCfl IIpH "'nka / c = 1,84 IlpM 

:nm 3Hallemmx napaMeTpOB y IIpO.D;,O.llhHOTO SJieKTpWieCKOro IIOJIB IIO­

f!BJifleTCfl MHOOOITeJib paBHhlit a. 746, TO eCTb aMIIJMTY.D;a IIO.JIB B03paC­

TaeT ITO'tfnll B Tpl'I pasa. 

TaimM o6pa30M, · HaJ.!Jtllme Co6CTBeHHOi: 'iaCTOTbl Y ae~ro cry'CTK8 

B IG!JlliB8TepHOit cxeMe YCKOpeHHH 3apflllleHHblX -qacnm. Il03BOJmeT II01ITH 

B TpH pasa YBe.JmlllITb aMIJJIMTy,n.y ycxop.fllllllJlTO noJI.fl :III cooTBeTCTBeHHO 

TeMII ycKOpemm. 

KaK IIOK838HO BO BTOpo:a: rJia:se.y:BeJ.lllqSHlffi HHTeHCHBHOCTil 'JIJ3,Jfy­
qemm cryCTKOB 38PfllK0HHblX -qacnm MOlKHO ,IJ;OC'rnfHYTb CmnJ)a3BlilM CYfdMit!­

poBaHli.IBM BOJIH. lIBJifli~HHhlx Ha rpammax pas~JI.a .D.llI3JieKTpMllecmu: cpe.n; 

3Toro lK0 S(fxlleKTa MOlHHO .nocTitRb. ~ 38CTamrrb sapsm MHormcpamo 

nepeC9K8Tb creHKH BOJlHOBO,n;a [ I5J. (§ 3. 3). CneKTp ~mm B 3TOlll . 

CJJY"llae rrpe.n;cTaBJmeT co6oA Ha6op "IJaCTOT. Kp8TIIblX "118CT0Te RO.!e68Te.!b­

HOTO .n;BEKemm cryCTKa. IIpM N»l. (N-11HCJIO nepecellemut)Ha (floHe irerrpe­

pblBHOro CilBKTpa H.3JJY110IDUI Ha "118CTOT8X "'s =( k± as )O~ s = 0, 1, a, .. , 

IIOflBJIBIOTC.fl OCTpble moo![ ira.nyqemm.. BwcOThl InmOB HB.JJy"qemm nponopmI­
OHaJibHhl ~TY "llHCJia.nepeceqemm 38pfl.nOM BOJIHOBO,n;a.lllMplma cnex­
TpaHbmdX .Jllllld, COOTBeTCTBYJOID,afl aTifM IIJllKaM, o6paTHO IIpOIIOIUIDHa.n.HB 

N H mI"llHCJU!eTC.fl IJD (flo]JMYJJa t.w=aojN. EC.Jiii YCJIOBlfe paspelllHMOC'I'M 

3TillX rnmoB HaIIHCaTb B BH.n;e 0 > 61» • TO OHO CBO.n;m'Cfi K IIpOCTC»Q" He­

paBeHCTBY N>a. aimpnm ~HIDI B rrmce nponopmIOHaJiblla 1IHC.!Y N 

rrepeceqemm 38pfl.nOM BO.IHOB0.1{8 H DpH N > > 1 pacCMa-rpHBaeMaft CHC -

TeMa Moll.19T ~ B K8'i9CTB0 reB9paTOpa MOlll,HOro KBa3DOJIOxpoMa­

TH"lleCKOro ~mm. 

Be.mqwra HHTeHCHBHOCTH ~ Ha pa3HldX rapMOmm:ax -qacTOTld 

KOJ196aTeJiblloro .D;EmlKSIDIUI CI'JCTKOB CJiJJlbHO 38B11CHT OT B1i16opa J.m.I(SK­

COB n H m MO,IVil BO.IHhl 11 OTHOIDeHH.R xofa. (:><0 - aMIWITy,n;a KOJJB6amut) 

Tarc.npm: '°1)/a=0,a.MaKCHMaJ!bH00 ~eHHa HaBOJIHe TE10 npm:o,mrrcR 

Ha OCHOBHYB) rapMommy ( k = 1 ) • a Ha BOJl!le TE.1 f Ha -qe~pTYll rapMOHH­

RY ( Jc J.4). YB0..IBN9HE OTHomemm x~a 11.pHBO,Jlm' K YM0Hbllleffil!IO BpeMeHH 

IIpOJJl!n'a BO.!HOBO.I{a cryCTKOM H COOTBeTCTBeHRO. ~HTpaJil>Ha.fl -qaCTOTa 

CIBIC'pa ~ ~Cf! B CTOpDHY BbICOKHX -qaCTQT. Ta:K. Ha MO~ . 

'1'Ei 1 :tJPH JtXo/a =-<>. 4 • IlSBTpaJlbHafl "llBCTOTa CIJeKTpa npmr9.n;wrcfl Ha rap-
. ' 
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Mommy w: 60,npH nxofa =0,6, - w =BO.a npH nx0/a=-0,8, -w=100.IIpH 

MaJJhlX aMIIJIJ4TY,Il,aX KaJJaC5aTeJibHoro ~IDffi nmx0 /a < < 1 , 6oJ1buiafl 
1iaCTb 3H0pnii;Pl ~eIDffi npHXO,mITCfl Ha R0"1l:~ble rapMOfiltKlll 'l:aCTOTbl 

o KoJie6a-reJibHoro .n;BWHeHMfl 3ap.H.JJ.a. SHepnrn M3J1Yliemm Ha TM - Mo.n;ax 

B et = runx /a pa3a MeHblli~· 'ISM Ha 1E- MOJJ,aX. 

PaccMa'I"pHB8eMblil MSTO,n reHepal_\IDi MOl!!eT. HCilOJih30BaTbCfl H A1Ifl 

MYJih~ KoJJaC5amra:·-qaCTOThl n . B CaMOM..,Il;EIJie. MOlRBO _Bb!6paTb 

TaR:Ha rrapaMeTpbl 38,Il,ai:nil. 'ITO HJll.31010 rapMOHWm ORalKYTCH 3anpa.D;EIJib­

I:IblMH ,ll;.IIB BOJIHOBO,na. HJM lR0 6y/zyT y.n;oBJieTBOpf!Tb YCJIOBJMIM mrreptie- . 
p0ffiUiOHHh!X_ MMHllIMYMOB. BMaCTe c TeM. npH 60Jihnrai k CI16K'I"p ~Iilffi 
06pb1BaeTCfl rrpaaHa'lemmx rrapaMeTpOB sa,Il,a~.Kor.na apryMeH'rEecce­

JJeBbIX 41~ CTaHOB1ITC.fl 60J1bma era nop.fl,IJ;!Ca. _To SCTb 31l$3KTHBHO 

~.aIOTCfl raJXtmmnm. orrpe.n;eJIHeMb1e COOTHO!Il6HHSM 

~Xnm/O<k<nmx0/a . (14) 
EcJJH BMeCTe c ICOJI.e6aTeJihHh!M. crycTOK cooopmaeT H rroCTyrraTeJih­

Hoe .IJ;BW110Ime. TO ·cneKTP H3JJY1iemm H3-3a aqqaKTa ,lloIIITJI0pa o6oram,a- . 

eTCH BbICOKJWM '!:8CTOTa&rn:. 'ITO MOlK0T CT8Th OCHOBaHHeM All.fl cos,n;aHRR 

npao6pa30Ba1'0Jm '!aCTOT [ 1'01 . }J)3WKeHHe 3ap.H.JJ,a B,Il;OJl:b OCV! oz IIpHBO­

.mrr He TOJibKO K CM0Jnel000 COOK'I"pa H3JIY'l0IIVl.A. HO HK ~HW? cneK­

TpaJibHhlX JillIHJ48: c COOTOOTCTBYJO!lf.-\M yoo.mqemmM :3HeprHH H3JIY'l0HIDl. 

BapbHpOBaHirl'BM OKOpOCTIII TIOCTYIIaTeJihHOTO ,n;BWH0HH.fl 3ap.H.JJ,a MOlKHO 

.D;OOV!TbCfl yooJMl!eHRR 3H9pnm H3JIY'10HM.fl Ha Jll060:ll: Bb16paHHo:a qacTOTe-

B naparpaIJe § 3.4 MCCJI0.D;OB3Ha B03MOlKROCTb.YBeJ!H'i0HHR 3Hepl"HI-! 

H3JIY"ll:0Hlffi HCIIOJib30BaHVl0M Cll!CT0Mbl H3 N' cr.YCTKOB. ,IJ;BWKYIU;ltUCfl Ha 

.pacc~amnm d .u;pyr OT .npyra H CWI$a3HO nepeceKa10m.m CTeHKld .... BOJIHO­

Bo.n;a. IlpH 3TOM. B BhlpalRSIDiflx ,lJ,JLfl IlOJie:A: 111.3.JIYqeHW! H B CJ!Y"ll:88 § 3- I,' 
H B CJIY'lae - § 3- 3 Ha 'l8CTOTax 

c ( 2 2 )
1 /2 w = - (2rrr/d) +>,. , r=0,1,2,3, .. , 

r -{€' nm 
(15) 

IIpH N. > > 1 • MMSeT pearum rrmm. Ha 3THX 'l:3CTOTax BOJIHhl. V!C.i,Ylll0HHhl0 

pa3Hblm!: crycTKaMH. CKJJ.a,IJPIBaJOTCfl B O,D,IDl3KOBhlX <Paaax. l'I B cne~ 

H3JJY'l0HMR IIOf!BJUllOTCfl ,UOTIOJIH1ITSJibHblS rm:Klll.. BhlCOTbl KOTOpblX IlpOTIOpu;i.1-

0HaJihHbl KBa.npaTy 'qMCJia N' crycTKOB B BOJIHOBO.I:(e. IIIlllpHHa 3THX 11HKOB 

paaHa l!.w = 2o~·~rl·wr' a BblCOTbl cym,ecTBeHHhlM o6paacM 38Blll:CflT OT 

M'RolRIIT0JJeil KOToph!e npl'I 't 0 > > 1 H N • ) :· 1 HMeJOT 6 - o6pa3mra xapaKT0p. 

MaKCHMaAbHOO 3Ha'lemre 3THX coMHOlK!ITeJie:A: orroe,neJI.HeTcfl ycJIOBH.f!MH 
+ -

- 9-=GOs,scQ,,1,Z,3,... (16) 

SHepnm MBJJY'ISHVl.A MaKCWA8JihHa Ha qaCTOTax. .lUfl KOTOpb!X O)UiOBpe-

----~----

- '•fl 

- I? -

M0HHO Bb!IIO.KHfl!OTC fl YCJIOBHfl (15) H (IS) 

wrs=± r00 +(2s+k)O (1?) 

Ha 'laCTOTax wrs. BblilOJIHfl0TCfl YCJ!OB11I0 cmntia3BOTO CJIOlK0Hill.R M&Jiyq0H­

HblX BOJIH OT pa3HblX -qacTI'lll;". npwr~M OHill COBna.n;aXIT c O~Oil :l/l3 li8CTOT 

,noIII1JI0pOBCI(OTO crreIITpa. XoT.R pacCMa'I'fMBaeMa.R HaMH CHCTeMa .mme:a:­

Hafl. mrnJII H3JIY'!:SHH.R IIpHXO,nflTC.fl Ha 'l8CTOTbl (,)rs • .flBJiflJOm.mc.R JIHHe:aJio:a 

KoM6:imacyie:2 qaCTOTbl CJie,Il;OBamffi crycTKOB no Ill. liaCTOTbl ICOJJB6amra: (2_ 

OHa MOll!eT CJIY!HMTb reHepaTopoM pa3HOCTHo:a: 111. CYMMapHoll 'laCTOT rap­

MOH:wt 0 0 H 0. 

)J,}m CJIY'qa.H paCCMOTpeHHOro B § 3. I 3Hepnrn H3.JJy'i8.lilffi OK83bl~ 

B80TCfl rrpoIIOpUHOI!aJibHO:A: '!HCJIY ,n;B1'!lRYllWIXC.fl cryCTKOB. a B CJIY"qae § 

3. 3 JOOO NZN. • .mo N. ZN - KCITOJih30Bamre CHCT0Mbl cryCTKOB B KKJib­

B8TepHo:a: CX9M0 YCKOpeHIII.R 3apmKeHHblX qaCTI'lll;. np:a COBna.nemrn: 'l:aCTOTbl 

wrsc qacTOTO:A: 111.3JIY'l:eHRR BaBHJIOBa-l:JapeHKOBa III Bb!IIOJIHSHH.R ycJIOBIIIH a 

> N. d. yaeJMtll/JBaeT 8MTIJIHTY.DY yCKOp.RIOlll0rO TIOJifl B 3N. pa3a. 

B § 3.5 paccMOTpeHO ~HI/IS Cl'ICTeMbl .cryCTKOa.pacnoJIOlKSH­

HblX Ha Ilp.flMOil. COCT8BJffiJOlll0!: yroJJ. at c OCblO BOJ.!HOBO,na H ~Cfl 

neprreH,IUmyJIHPHO ero OCH [ l?J. IlpH 3TOM Ha CTeHKax BOJIHOBO,Il,a qepe3 

IIpOM0lKYTKlll Bp0M9HH .6.l Ha paccTOflHHH .6.z IlO.flBJffilOTCfl 38p.H,DP1 H npH 

,nocTaTO"ll:HO 60JihIDOM '!HCJie crycTKOB. rrepeceKalOJJlMX BOJIHOBO,n. MOlKHO 

C"ll:HTaTb. '!TO Ha aep:me:a I{ HHl!<HS°l CT0HK8X BOJJHOBo,na ,IJ;BWHSTCfl MIDOOU:ll: 

sap.H.JJ,. CKOpOCTh KOToporo MOlRST Tip9BblIIlaTb CKOpOCTb CBeTa B IJYCTOTe­

IlpH OTip9.D;El~HHblX YCJIOBJtI.RX 3TOT "CBepxCBeTOBO:ll:" HCTO"ll:HHK MOll!ElT 

HCIJYCKaTb H3JIY"ll:8Hm BaBHJioaa-l:JapeHKoBa a IJYCTOM soJJHoso.n;e. B 06-
meM CJJ.Yllae CHCTeMa cryCTKoB B036YlK,Il;aeT napexo,tiHoe H3.JIY~mmre Ha 

CTeHKaX BOJJHOBO,D;a.'l:0peHKOBCK00 H3JIY"q8Iilll0 B cpe,ne I{ "coopxcooTO­

B00" H$.Jiy'l9HllI0 Bamuoaa- tJepeHKOBa.MaKCmeyMbl H3J1Yllemm rrpHXO,n;.RTCfl 

_Ha 1!8CTOTbl, Y .D;OBJB9TB0p.f00~ ypaBH0H.III.RM: 

w = nmv/a, 1 ( ~si na+r cos et) =2nr , r =1 • a, 3, . . • m lv nm 
(I8) . 

1 - paCCTOmme M0JK,ey cryCTKaMM. 

IIepaoo H3 ycJioBwt (18)omIChlBaeT cneI<Tp ~emm Bamuoaa-l:JapeH­

Koaa. aoamm:a10mero npH .n;BWHamra Kal!<,noro OT,ne.xI>Horo cryCTR:a. BTo­

poe ycJIOBHS B (I8) COBrra,n;aeT.c ~orrruepoBC!Glla: CTieK'I"pOM ,I(B~roc.H 

OC~TOpa. eCJIH ~aTb. '!TO COOCTB9HH8fl liaCTOTa ,lJ;Bll1lRYmeTOCfl 

OCUHJIJIBTOpa 0CTb w0k = ank v / 1 si not H ero . CKOpDCTb v• = v ct.got H 

OmIChlBaeT C~3H00 ~emm N' CTYCTKOB. Ha 3THX qacToTax Ha ~He 
He~phlBHO':ro CIJeKTpa TiaJ:SXO~oro l!8.!l"l:8Blm IIOflBJIBSTCfl mm:H. H.3.lIY-
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~emm. BblCOTbl KOTOpblX rrponoIJ,MOH3J!bHbl N. MaKClo!MaJlhHOro H3JJY1i0HW! 

MOlKHO OlKllUiaTb m1w OJJ.HOBpeMeHHOM BhlITOJIHeHHH oe5omt: YCJIOBI-fa B (18)' . ~ 

Kor.na clm¢a3Hh1M OK::J3b1B-'3eTC8 ne rOJibKO nepexomrne. HO ·H qepeHKOB-

CK()EI Jra..liy'ieH111'.0 CT"YC:TKOB. 

Cne1<Tp H3.llY'1':1HJAfl r;p11r ,)TCYT(:TBID'I 11,HcnepcID'I y qe.IU>I • onpe.neJIReTcR 

C•)IJ7HllllJFIRiJl8M 
. 1 2: 

woz·, ·.t..l4-</< ,,.:::., ... lq<-<-1) (19) 
nna -

Ha 3TIDC traC'T<nax B BCr.JrnQB.rnEl B03HVIB:.<J!OT ffi1Klll "CBepXCBeTOBoro" i.re-

·1Y'lflHMfl fl."!Bvtm1vi-'-le.f.eHlWB3. 

"CBE'pXCBeTOB'18" '1Elf0RKIJBC:KC·fl W.UY'l8Hl1te M011!0T _B03filIKHYTb np:lll 
3HatleHMx yrJios '"'· y110&1eTB0pmouua y:::Jioswo lctg"'I . 1;n-ii. G poc­

TGM ~-. ,·\, .. :i1Plll KGTopo.,. B03mt:-<::1eT aTo JraJiyi:reime. yoo.JJWrnBaeTc.fl. 3-ro 

CBR3aHO c TeM <JOCTO.fl'reu'tbCTBOM. 'ITO !Pa30B8.fl CKOpOCTb BOJIHbl B BOJIH0-

50~0 c pocTOM £ ·-yMeHbmaeTcR :111 n..11.fl BblllOJIH0ID'I.fl ycJIOBIDI mrnxpoHH3Ma 

MelKJzy CKOp0CTblO MHY!W•r.-. lh~c 1'1F!Jllf<:°J 11. l~.')30BO:li! CKOpOCThlO COTijlTCTBY-

c IOU\9:1i! B<i.iruhl. H000XOIJ>1MO YBeJIWilffidTb yrcJI H8K.J10Ha Vt • 

ITpH .\fM8HbrneH1rn c.., tiacToTHhll!: crreIITp "csepxcooToBoro" M3JIY'l0Irn.fl 

B.::iBM.1JOBa-'1eJ)9HKCIB3 CM9UPlElTC.fl B (:TopoHy H:lll3KKX 'tfaCTOT l'I B npe~eJie 

u't;en=A nmc/fc. CymecTOOHH3fl 38Bl'ICi1MOCTb 't!8CTOTHOro crreKTpa ... coopx­

COOTOBOro" :1113JIY'tfeHHfl Bas:111JI0Ba-'1epeHK0Ba OT yr.lla HaKJioHa ~a "' 

I.\ BOJIHOBO)J.Y. TI03BOJIReT Ha,I(6.flTbC.fl. 'ITO no w.3Me}J9HHhlM 3Ha't!emmM TIOJI0:a'. 

:1113JIY'l0Illffi Ha 3TIDt i:racTOTaX MOlKHO onpe,ne.JI.RTb TIOJIOIH0Hm ~a 'B 

npocTpaHcTBe. .· 

,liJI.fl BOJIHQBO,Il;lib!X MO,n. KOTOpb10 YJ.IOBJieTBOp.ffiOT (18) l'I 

1 <a/ Nisinaj(.i'~.c+1 j, aMTIJJ.lITY.lJ.bl ITOJie'!a ~SID'Ifl nponopIJ,MOHaJibHbl 

IIOJIHOMY aap.fl)J.Y ny't!Ka Nq. IToJfY'leH1lbl:lil: fJ93YJibTaT lo!MeeT CJia..llYlOm.H:a tP>'I-
3PNSCKH:a CMblCJI. Kal!!,IJJ>l:a'. cryCTOK norra.iraeT B BaJlHOBO,U B MOMeHT. Kor.na 

era TpaeKTopRH rrepeceKaeT naKeT BOJIH, l'IC~RHb!X Tipe.lJ.bl)J.Y1ll.IllM cryc­

TKOM. Clmlf}a3HO B3aHMo,ne:a:cTBY.fl c BOJIHo:a:. 't!aCTOTa KOTOpo:a O,nHOB}J9-

M0HHO Y.UOBJIBTBOp.ReT ycJIOBIDIM (I8). OH yaeJMlmBaeT aMIIJMrY.DY BOJJHbl 

c 3TO:lil: i:racTOTOA: . .li,}I.fl BOJIHOBO.na c·pa3MepaMHa =7.ZCM .• b=3,4CM .• l'I 

-raCJIOM -qacnru; B crycn:e paBHhlM n = 10
9 

aMIJJ!lITy.na rroJrn OKa3b!Ba­

eTC.fl nop.f!,Wta o. 5 N
1 

KBjM. 
IlOTOK SHepnm H3JJy~mmm li0J)93 noIISJ)9'qH06 ce't!emte BOJIHOBO,IJ.a. 

33 odJiaCTblO )J;Bl'llKeHWl crycTKOB. ,ItJI.fl BOJIHOBO.i;IHb!X MO,n. IDI.neKCbl KOTO­

pb!X y,noBJJaTBOPfOOT COOTH01116Hll.IJO (I8). "nonei:e1illre" :H "CB0pXCB6TOB00" 

H3Jlyqemm BaBIDIDBa-tJ'afJ9HKoBa cxa:<fla3Hhl H noJJHa.fl soopnm H3.JJY'tf0IDLR 

rrporro~HaJibRa a H Ni COSOl • TO 0CTb .u.mme TPOOKTOPI.m l'ICTO'liffi!Ka 

.. 

.\· 
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IIpR nm:rei:ei:moM H rrpo,nOJibHDM )J;BWHeHl'IflX. PaccittaTpRBaeMaf! CMCTSMa MO­

lK0T CJIY}KKI'b OCHOBaHl'I0M AJJR. C03,naHWI reRepaTOpa Moma:oro KBa3J4MOHO­

xpoMaTWleCKOro :lllBJIY'!0HRH c nepeCTpO:aK.o:a: 'liaCTOTbl B lllKpOKQM ,n;mma-
30H0. 

B ITOCJie,nHeM naparpaqie paCCMOTpeHO M3JJY't!0Iil'B aapR,lla IIpR "MrHO-

' BeHHOM" H IJJiaBHOM H3M0H0Hm! CKOpOCTI'I. CBR3aHHoe co CTapTOM H OCTa­

HOBKO:a: aap.R,IJ.a ( IJ. CBO:lil:CTBa ~emm B BOJJHOBO,ne aapR,lla rrpH "Mr­

·BOBeHHOM" l'I3M0H0HHK CKOpoCTil aHaJIOIWmbl CBOlWTBaM nepexo.IJ;Horo H3-

;ryqemm B BOJiHOBO,ne. PaCCMOTpeima Il.llaBHoro M.3MeR0Hl'I.H ClCOpoCTH. I!03-

BOJiflaT BBeCTH Kp111Tepl'!2 np~lmMOCT:lll '"MTilOBeHROrD" CKa'tfiCa CKOpDCTH 

H yqecTh BJIIDIHHe xapaKTepHoro BpeMeJra nepexo.na Ha cne:icrpa.libHbl:ll 

COCTaB M3J1Y't!emm. 

tJ'aTBepra.H rJiaBa nocB~Ha BorrpocaM Boooym,nemm ~ec­

KOro pe30HaTOpa IlOCJ.TS,IIPBaTeJibHOCTblO cryCTKOB 3apmR91llILIX 'lacnm. 

MaKcHMaJibHbl:lil: oT6op snepnm: OT crycTKOB sapmt10HHL1:x: 'lacnm rrpo­
HC:X:O.n;ITT npH ll1X pe30H3HCHOM B38l'JMO,n0l!:CTBWII C BOJIHOOO.IJYD{fdMH CTp,YlCTY­

paMH. B 3TOM cMb!CJ.TS ocoooe MeCTo samwaeT npo6JJeMa B3aMMo,ne1lcTBMR 

peaoaaTOpa c nocJie,noBaTeJibHOCTblO crycTKOB c I8. I9J . 
B § 4. I paccMO'fP.0Hhl rrpodJieMhl CB.RsaHHble c BblpoJB,neHHeM I(lUlm­

,npwmcKoro pesoHaTopa H TIOJJY'tf0Hbl yc.JIOBl'I.fl, npM KOTOµ.or ace H3JJY'1a­

llli6 ny"tfKa 38p.Hll!0HHbI:X: -qacnrn; ·npoHC:X:O,IWr Ha O.IJ;HOll Mo.ne H 't!8CTOTe. 

IlfJ9.D;BapHTe.libHO pa3Bl'IT MeTO,n pac'l~Ta ID?Jiell ~emm B pe30HaTOpe 

crycTKa. )J;B~TC?Cfl IIpOH3BOJibHblM odpa30M ,H Il0.JJY'tf6Hhl BblpalKeHIMI 

AJffl Ez H Hz -COCTaBJifllllll,HX i'IOJI0lt Ira.7f.Y"qem.m. TI03BOJI.Rllm,He Blil'llllIC.lffi"b 

rro.ll.fl H3J1Yliemm crycTKa aap~'HHblx qacnrn; B npoH3BOJibHoM peaoBa-. 

Tope.ec..m H380CTBhl ypaBHeHHf! era .n;BWK0IDl!.H H. Bim Co6CTBeBHOil <PYHK­
mm. IIo.zyqaHHble pe3y~TaThl. HCIIOJ!b30BaHbl A!R paC't!irra Ila.EA l'I3JIY'l0-

Hl'I.fl CHCTeMhl H3 N' ~CKHX cryCTI<OB ,II.1lHHbl L l'I pa,ll,HYCa b, ua­

pr l,1)111,HX ~a..lhHLIA ~eCIGUI: peaoHaTOp pa.n;HYca RH BLICOThl ... 

a .:1KTp w.uyqemm ,nHC~. a Ha 't!aCTOTa:X: 

wm.l.'=2nlcv/L. JC=1,2;3, ... , (20) 

' OTa f' ml' = wml.f2n cBOCSo.nm.i:x: KOJJedamrl p030H<ITOpa OK83LIBaeTCfl 

:i:. 1i: 'lScTOTe 1c - o-a rapMoHlOOII CJie,nosamm cryCTKoB f" = v / J.'H Ha 

38TCTByBJ!Dt}lt peaoHaTOpHOlt MO,n3 HaIIpfillJa:f!HOCTb UOJifl pe3KO B03-

.v'TaeT. Ha 3THX 'laCTOTa:x: pesoHaTopa rrpoHc:x:omrr pe30HaHCHhllt oT6op 

3.lBICTpOManmTHO:I: suepr:MH y cryCTKa. H H~HHOCTb IIO.Ml B pe30-

HaTOpe rq:xmopI(MmiaJ!bBa 1lllICJJY cryCTKoB B 'IJY"IR0. 
IlpH ~IIOJIHSHD yc.mmm 
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211 -li a k /1 < 1 • (2I ) 

B pe30HaTope MOrYT Bo36ylR,Il;aTbC.H JOOllb MO.JJPI. li!H,D.9KC 1 KOTOpblX paBeH 

flYJIIO. Ec.m BbleipaTb BhICOTY pe3oHaTopa corJiacHo ycJIOBHIO (2I). a pa­

,n;eyc paBHhI:l!: 

Rmok=µomlf2nt>ilek, (22) 
_TO pe30HaTop c 3TI'IMM napaMeTpaMM CT8HOB:IITCR HeBblpOlH,®HHblM. :Ill M3JIY­

qeffi1Ie ~a B HtiM IlpOHCXO,lUITb Ha O.IUIO:l!: MO.US Jtl "'iaCTOTe-

B § 4.2 paCCMOTpeHO BJrn:f!Hli!S KOHeqHo:l!: .uo6pOTHOCTJI! ~M­

"'i9CKoro pesoHaTopa Ha CTJeK'I'p M 3HepTll1!0 H~eHH.H. yq~T KOHeqHp:l!: 

.uo6pOTHOCTIII pe30H8TOpa npW30,lUIT K TIO.HBJieHwi B Bblpal!lelrn.FIX ,lJ,)Lf! no­

Jie:A: H3JIY'l:6HWI 3aTyxaIOm,mi: qJieH05. KOTOpb!e cymeCTBeHHO YM8Hb1Il8IOT 

aMIJ.IDITY)J;hl IlOJ!e:A:. 3To YM9Hb!JJ9HH8 CB.H38HO c .IJ;IiICCJMiaI..J;He:A: 3H9prH:lll B 

CTeHKax pe30HaTopa. ieM He M9Hee. II]'.l:l'I Bb!IIOJIH9HIDi pe30H8HCHblX YCJIO­

BK!!'. oTC5opa 3Hepnrn: OT f1Y'iK8 B pe30H8TOµEl MOffiHO C03.U8Tb .UOCT8T01!HO 

CiOJibIIrnS Hanp~HHOC'Tii IIOJie:a. 0mMMK38~.R pe30H8TOpa no M8KC:i.1MYMY 

H8IIpffiH~HHOCTH 3JI9KTpwteCKOro ITOJ!.fl c coxpaH9HI19M YCJIOBRR (21) IIpH­

BO)J;:ll!T K CJie.nyIOllU'lM 3HaqeHM.FIM riapaMSTpOB pe30H8Topa rrpH 1 = 1 OCM. : 

k = 1, R = 3,83CM, a= 2,7!3CM; J..=_2. R=1,!jl1CM. a=1,275CM; k=3, R = 

1.275CM. a=0,75CM. ,IT,.1.LA 3TMX napaMeTpOB pe30H8TOpa.B CJ!Yqae nyqKa 

,,nmeR:Horo ycRopwreJI.R Ep<PV! < -qacToTa cJie.noBaHRR crycTKoB f'=3fru;. 
. 9 

b=0,5CM. L=1CM, 1!HCJIO qacTm.J; B crycTKe n = 3.10 .1iHCJ!O CTYCTKOB B 

HMflYJibCe N=3. 10
4

) ;3mi'ie!il'Ie JJ,JIR cpe.mre:lL 3a speM.R npo~Ta npo6Horo. 

crycTKa Hanp~HHOCT}l: ITOJl.f] B pe30H8T0pe OKa3blB89TC.f! paBHblM npH 

k =1 , m=1 , < E
2

> =205 MB/M 

k=2, m=l, <E
2

>=228 MB/M (23) 

k=3, m=1, <E
2

>=198 MB/M 

C yse.]IlfqSHH9M HH.U9KC8 m pe30HaTOpHO:l!: MO.JJP! Be~a IIO.llil YM6Hblil8-

eTC.R. 3To CB.R38HO c .YBe.J.IWl:9HHeM COOTBeTCTB.Y!Olll,ero pa,n;eyca pe30Ha­

Topa. onpe.neJI.ReMoro Vl3 Bb!pameHRR (22). XOT.FI .uo6pOTHOCTb pe30H8-

Topa npM k =1 B 1 . 5 pa3a CiOJib!Ile 'ieM IIpH k. =2. TeM He MeHee H3-sa 

Toro. qyo pesoHaHCHbl.ll pa.we rrp:111 k=1 rrp:MMepHo B .usa pasa 60Jib1ue. 

qeM B CJ!Yqae k =2. cpe.mree 3a BpeM.R npo.JI~Ta npo6Horo crycTKa 3Ha­

'i9HMe IIOJUl H3.J!Y'i9HH.A B CJIY'iae k =2 OK83b!B86TC.H H9CKOJibKO 60Jiblil9 

"'i:SM .lJ,JIR CJIY'l:8.f! k =1 . 

AMIIJMTy,1lPI IIOJie:l!: MOli!HO YBe.JIWl:IITb. ecJIH HCil0Jlb30B8Tb TIY'<RH. 

COCTO.AllJ,H6JII3 6oJI.ee TlJIOTHhlX crycTKOB c MeHblIIHMH pa3MepaMH. Y'itiT RO­

H91l:HO:l!: .noCipOTHOCTH pe30H8Topa orpaHH'ilIB89T 1i>'ICJ!O N' 3<WJeKTHBHO llI3-

1fV'i8!01Il,VIX crycTKOB. TaK. nplll N':· Q/rrk Be'.1IWn11-i:a no.JI.A B pesoHaTope npaK-

• 

~ 
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T>fq9CKV1" He saRW~ll!T OT '1"1"C.lla cryGTKOB. neipeceK;:)h)iL,ill;: !='li3GliaTop. roJib 

IIOC.lle.i.iYi(Jl.U,lt1X. cry-.:·il,0b ;_'J:mmrrc.H K !IO,IJ,!l;0pll!8HMIO 3Haqeim.f! IIQJI.f!, C03-

.naHHOro Tipe)J;bl,JzyIIJ,MMH crycTKaMH [ I8J. V!3 ny'IB:a. COCTO.f!IIJ.ero llI3 NI 

crycTKOB S<WleKTHBHO ~aIOT Jmlllb 

3Q 100% 
Tl = nkN' (24) 

IIpOIJ;6HT8 CTYCTKOB. Ilpvt k =1 • m=1 3TO COCTaB.l!.A6T n 1 = 42% ; k =2. m =1 

- n2=14%;k=3, m=l~n3 =11%.3TO 06CTOf!T9JlbCTBO TI03BOJI.FI0T OII'Il'IMH3H-

. poBaTb 'llUIO 3<WleKTIIBHO H~8IOllU'lX crycTKQB H cymecTBeHHO YM9Hb­

lil:IITb JJ,JiwreJibHOCTb MMny.Jibca ~arorn,ero ny"'i:Ka. Y:se.}IlfqeRID! 'lliCJia 

3<WleKTIIJBHO 1113Jl.Y'18!0lll,m!: crycTKOB MOl!IHO .no6:1ITbC.FI TIOBbllil9HH9M .no6poT­

HOCTIII pe30H8Tppa. TaK.npllI Q=l/3 N~k 'Bee N'cryCTKOB !II3JIY1i3!0T S<WleK­

Tv.'!BHO.H 3H6PTH.fl H8KOTlJl9HHaf! B pe30H8TOpe B03pacTaeT. 

iaKHM o6pa30M.OTITHMH38~.fl·pa3MepOB I.J;it.illlli.DJlvtq9CKOro pe30Ha­

opa no MaKCHMYMY IIpO.UOJibH01il: COCT8BJif!IOIIJ.9:A: 3JieK'I'pWl'.9CKOro IIOJifl,TI03-

0J!.A8T reHepvtpOB8Tb B H~M IIOJI.A CiOJib!II01il: Hanp~HHOCTIII Ez"" 200-330 

MB/M. CTPYRTYPa noJifl B pe3oHaTope TaKoBa. ti:To OHO MMeeT J!llllllb E"' llI 

H~ COCT8BJlfllOll.\H6.nepB09 H3 KOTOphlX MOllleT ycKOp.ATb.a BTopoe $OK.yCJII­

poBaTh crycTKH 3ap.AlK6HHhIX qacTm.J;. Ueno'llia TaKHX pesoHaTopoB MOlHST 

JIICTIOJ!b30B8ThC.f! B KaqecTBe reHepaTopa MOllUlOTO MOHOxpbM8TH'i9CKOro 

H3JIY'reHH.FI H yc:iwpmome:a CTPYKTYPhI B .D;ByxnyqKOBhlX cxeMax ycKopeHIDl 

38pHlK9HHblX \'.faCTm.J; (§ 4. 3). 
,lI.ir.fl napaMeTPOB nyti:Ka. npW39~HHhlX Bhl1Il9. BeJIHlrnHbl ,lJ,)Lf! .., 1 H dE /dz 

COCT8BJ!f!IOT 

k=l, m=1, <w_>=3,6.1019~c2 . dE/dz=~06 M3B/M 
.. 19 

k =2, m=1 , < w> = 4. 10 M/ , dE/dz =228 hbB/M (25) 
19" 2 

k=3. m=l, <wz>=3,5.10 M/C , dE/dz=197 M3B/M 

C.ueJiaHHhle oueHKH IIO.IJ:I'B9plH.I(8IOT B03MOlKHOCTb HCTIOJ!b30B8ID1.fl IIOCJI9.UO­

B81'9JlbHOCTH pe30H8TopoB. B K81i9CTB8 ycKopmoru,e:a CHCTeMbJ. 

3Heprwo H8KOI1Jl8HHYJO B pe3bRaTope IIOCJie npoxom,neHKR 'i9pe3 He­

ro N
1 
crycTKOB MOlKHO Bbl"'i:HCJilITh :KaK IIOTepH Kam.JJ;Oro 3JieMeHTa crycTICa 

Ha H3JIY'19IDre B pe30H8TOpe c ,n8JibH9mIIHM CJMMHPOB8Hl'IeM no BC9M cry­

CTK8M. Pa6oTa TIOCJie.UOBaTe.JlhHOCTK crycKOB OTpKU8TeJibH8.T.e. crycTKH 

OT.U8!0T 3Hepnino peaoHaTopy. npl(qeM 1'13-3a Bb!IlOJIHemrn pe~•'R8HCHhlX yc­

JIOBK!!'.. K8l!Ul,hl:l!: IIOCJTa,I(YIO~ cryCTOK y:seJMIIHBaeT SHep, '' <OruieHHYJO 

B pe30HaTope. 

EcJM 3a IlOCJJ9,I{OBaT9JrbROCTb!O 1'13 N
1 

cryCTKOB B pe:..oHarop BJieT80T 

npOO~ CTYCTOK pa~ca b 1 , C JJJJBe:l!:H02. IIJ!OTIIOCTb!O a Ol , qef63 BpeM.fl 
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, 
t = d' /v scJie,n; sa noCJIS.wmM N- blM cryCTKoM. To pal5oTa noJIB pesoHa-

Topa Ha,n; 3TJllM cryCTKOM IlpM 1/4 + s< kd• / d < 3/ 4 + s, (s =· 1,2 

3 .. ) IlOJirnKJdTeJibl!a H OH B p:l30HaTope noJtyqaeT 3HeprHIO-

YCitopFIRCh a cHCTeMe pesoHaTopoB. cryCTOK YHOCMT c cooo:a: qacTh 

sHepr:HM.HaKoI!Jl'€11:tHO'lil: B pesoHaTope.Ilpe,n;eJihHoe sH~lieHMB sapfl,Il;a cryc­

nca ( Li<< nk /d). KOTOpbl'lil:. YCitopflflCh. TIOJJHOCTb!O sa6:KpaeT HaKOI!Jl'€1BHYIO 

B pesoRaTope snepI1'1!1l paBHa 
DJ- • nkL nkN 

Q b
1

I
1
(2rrkprebjl) Sl.n(-1-} ( - 0 ) 

q = g__ 1- e 
1 akn b :i;,1(2nk{N'eb1/1) (n~L) 

(28) 

3TOT pesyJihTaT Il03BOJffi0T yr:aepm.naTb. "IITO npe,I!,1IOlK0HHhl'lil: MeTO,II; .na~T 
TaK 111e BOSMOlHHOCTh nnnyqemm ycKopemr&rx IJY1ffiOB c 60~ TOKaf!lli. 

~a.fl r JiaB8 nocBroneHa TeOpml B036YIK,Il;eHIDI no:sepXROCTHh!X BOJIH 

Ha :rpamme o.mmocHoro KpMCTaJJ.Jia sap.Fl,IloM. co:sepma10mwit nocTYnaTeJibHO­

KoJie6aTSJibHble .n;BWKSHIDI :K B03MOlKHOCTIII yBe.JMli0Hml 3Hepnm 1'13JJY'i0ID'!fl 

rro,n:5opoM ,n;H3.)Ie~emoor CBO'lil:CTB cpe,IIPI H HCTIOJib30BaHHfl IIOCJie,Il;OBa­

TeJihHOCTII crycTICOB ·sapf!llleHHblX q.acnru;. 

O,n;a:a H3 nepecneKTHBHhlX CXeM YC!¥'p0mffi 38pflll!6HHblX 'li8CTHD; npe,n;­

IIOJiaraeT HCTIOJib30Bamre IIO:OOpXROCTIIblX BQJIH, 3'ro CBf!3aRo c TeM o6-
CTOHTeJibCTBOM. "IITO l}}a30B8fl CKOpDCTh IIOBepXROCTHblX BOJili MOl!leT 6b1Th 

ME:lHbllie CKOpoCTH CBeT8 B nycnrre. III CTpYKTYP8 me IIOJI.fl. TaKosa. 'IJTO 

HMeeTC.fl coCTaBJiffiOW3fl 3Jia~ec&oro noJIH napaJiaJibHaH rpa~ pas­

ngJia cpe,n; [ 201 . 
B IJapOOM naparpa<Ile HCCJJB,Il;OBaHhl CBO'lil:CTBa IlOBepXROC'I'HblX BOJIH 

B036ym,D;aeMh!X TO'li0'1lHh!M aapH,n;OM.Ha rpa~ amraoTpoTIHOro ,llK3JI9K'l'pillK8 

,IJ;BWRYlll,1JMCfl napaJieJlbHD rp~ pas,n:eJia aa paccTof!HHH d. III co:sepna­

lOID,W!l nocTYrraTeJibHo-KOJ!e6aTeJ!bHh!e .D;BWKElHHfl.3a.Jla'l!a pemeHa rrpH nor«o-

. lll,R MeTO,n;a. pasmrroro B § I. 3. AHaJIH3 TIO~HlihlX Bh!palR0HI'I2: II03BOJIB0T 

Bh!.flBlITb CBO'lil:CTBa no:sepXROCTHblX BOJJH. CBfl38HHbl8 c aHJII30TpoIIlll0A no­

BepXROCTM. TaK. cym,ecTBYIOT qaCTOTHble o6JiaCTM onpe,n;eJ10mm rroaepx110-

CTHhlX BQJIH, USJOOWM OIIpel{eJ!fl8Mhl0. CBOi:WTBaMM alllraOTpOIIlm :K H(l'q93a­

IOI1W0 IlpJII nepexo,n;e K H30'fp0TIHOMY ~3JleKTpillKY. IIo.IJ!5opoM napG.MB'I'pOB 

amreOTpOITWI cpe.llbl. MOlRHO cym,eCTBeHHO YB$..1.IW™Th 3HM8Hil10 8MJlJIWI'Ylll>l 

Ex -coCTaBJIHIOm.e:a: 3Jie~eCKOro TIOJ!fl. ~'lil:CTBMTeJlbHO. OIDt rrponopD;H-

ORaJlbHhl 
(1) -1/2 E ~ le £ -1 I (27) 
X<.> l a ' 

.ltJIH cpe.n; y KOTOpblX e 1 e 2 ~1 • l! 38Pfl,II; peJ!flTHBIIICTCRJII'lil:. 3RaMSHaT0JIIII 
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Bblpamemra: ,IJ,Jifl noJ:rea H3JIY'l6IDl:fl MOrYT CT8Tb oqeHb MaJlhJMM c COOTBeT­

CTBYJOIIUiM yse;reqemreM aM11JIID'YJJ.bl H3IIpfl~HHOCTI'I 3JJeKTpitNeCKOro IIOJI.H. 

- 3'ra CHTyaI.J;ID'I MOl!leT ocymeCTBITThC.A. ec:.ill1 H."lnpHMep. B Ka'l:eCTBe o.mmoc­

Roro KPMCTaJJa HCI10.Jlb30B8Tb qepe.ny!OnzyI8CH ('~·JM XOJJO.D;f!Oll 3JI6KTpOHHOa 

I1JI83Mbl III )lJll3JieKTpl'IE8 c c .,,. l . YBeJJW16HHfl .'lMll.J"JlTY.DJ>I B 3TOM CJiyqae 

MOl!'JiO ,Il;OCTIITHYTb rro)J!'.SopoM TOJilG,ll[Hbl )JJl!3.~PKT~1v,}{3 l1. I1.'i·"l3Mbl. 

CrreKTp H3JIY'{E:'IIDl.fl IlOBepXHOCTHblX BO.JIB c:riBn~n38 i' ::.:o cneinpcM 

,IJ;BWHyw,erOC.A .HC:TO'llU'IKB, 06JJa,na!Olll.efO COClCTB8HHU9 1V!CTOTCia 0. f.p1 {:€­

JIH'T'ABll1CTCK0'0: IlOCTYI13TeJlbHOil: CKOpOC:TI'I H3.Jl.Y"i3T8 • .1.A ttJ(•P!f.~yeTCff OCTphil>. 

MaKCHMYM H3Jlyqe1fll[fl, npmcoroun;ml!C.A Ha Yf'OJI 

. 1~ 

(
1 ( c:so1 l-c2 I )) e = arccos - . 1-- --_- d rm.L c "1c2 i 

(28) 

H qacTOTY 

1

1·-e , 1 ~ 
.:: 2 

w = 2d c
1 

c
2

-1 
(29) 

YfiirepeCHO OTMeTIITb. 'ITO qacTOTa _ B(29)He 38BHCVIT OT s H o,mmaKOBa ,IJ,Jifl 

Bcex rapMOHJIIK. IlpH d ~ 0 OHa CTpeMlfI'Cff K 6eCKOH6'lHOCTH. TO ecTb B 

3TOM c~ae Reo6xo,nmito yinITblBaTh Mcnepcwo rroKasa~JIB npeJioMJie­

HHfl. 
B § 5. 2. pacCMOTpeHO ao36ylH,lleHI/Ie noaepXHOCTHhlX BOJIH Ha no:sep-

XROCTIII c O.n;HOCTOpoHRea rrpOBO,nmilOCTblO. OHa COCTOIIT HS napa.7lJJ9JihllhlX 

TOHKllllC rrpoBO)J;!Il'IKOB c nepl!o,noM MHOTO MaHbll!e. qeM AJ!IIIHB III3J1Y'llaeMblX 

BQJIH. B 3TOM c~ae MOlKHO BOCI10Jlh30BaThC.A ycpe.n;H~HHb!M'H rpaHKIIBblMM 

ycJIOBl'IJIMH- Ha amraoTpoIIHO'a rrpoBO;nflw.ea f!JIOCKOCTIII MOIK8T Jl!MeTb MaCTO 

.. oc:5pam,eHRL!'lil:" ~KT ,UoIIIJJI0pa. KOr.n;a npo~KIJ;M BOJIHOBOro OOKTOpa H 

rpynn:o:soa CKOpoCTH Ha H8npaBJl0ffilfe ,IJ;BWRemIB HMeIOT pa3Hhl0 3HaJGII. 

B pacCM~MOM c~~ B03MOll.!Ha peaJlllI3a:uvm CIITyarum:. paccMOTpeH­

HO'lil: B naparpaqie 3. a. 

Ilpal:CTWIBCKOe npl0!0H0lmB Il3B.IIpe.JJ;£IOJiaraeT lllCIIOJih30BaIDre cryc-

TKOB sapf!lHeHHh!X qacnru;.nosaoJif!IOmmr yae.JMlilITh aHeprwo rraB.B § 5.3. 
o6o6m,em1 pesyJihTaTh! no.n:yqeHHble wffi TO'l!e'ffioro MCTolIHHKa. Ha c~a:a: 
crycTita H cHCTeMhl crycTKoB. )J.xfl rrepexo.na Heo6xo,nmito B cooTBeTCTBY-

IOll\HX BblpaJHeHHSlX IlpOl!SBEICTI'I. 3aMeHY 

2 2 2 
q ~ Q IFn(kx,kz,w)I (30) 

r.ne 1Pn(kx,kz 1 w) I- clJOpM-l})aK"TOp cryCTKa. 

EC.JIM "lll<lJIO qacnm B crycTKe paBHO N • TO anepnm ~eHIIIf! no cpa­

BHSHE!l co CJfl"!a0M. 'l'OlIERIIOTO aapMa BOSpaCTaeT. B ~ If' ri{ kx; k :z 'u>) I a 
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paaa. Taxa.R xorepeHTHOCTh B mzyq:eaim: crycn:a npoHBJI.ReTCR JOOl!h B 

orpaIDAerurax yr JIOBhlX H -qaCTOTHhlX wrrepBa.JiaX. OIIpe,®JI.fleMb!X BM,IJ;OM 

' $JpM--4>aKTOpa crycna. Ec.m cryCTOK ~ecKWtc BhlCOTOB h M 

pa.n;KyCOM r 0 H aap.R,D; B H~M' pacrrpe.ne~H paBHOMepHo. TO (llOpM-$aKTop 

CDCTOHT H3 )lBy:x COMHOll!HTaJie:l!: 3aBMC.fllll,KX OT IlpO,IJ;OJihHblX H rronepe-qmix 

pa3MepoB cryCTKa-IlapBb!:l!: MHOll!HTeJih OIIpe.Jlt)JIReT BJIH.RHMB IIpO,IJ;OJihHb!X 

paaMepOB cryCTKa Ha CIJSKTp H3J!Y'l8HHJ'I H cym,eCTBeIDIO OT.lm'l:SHOT ey­
Jif! B odJia~TH -qacTOT. Y,IJ;OBJ.IeTBOp.fOOm,m: YCJIOBim L( w-sn} j2¥5,rc. :llIJil'1 

l~n.LLcosej«2. 113-aa HHTSµIle}SH!um BOJJH MCIIYJJ4SHHhlX OT OT,®JihHblX 

-qacTell: crycTKa. paCIIOJIOlKSiillblX TIO lJ.}IHHS. B odJiaCTI!: MaJ!blX yrJIOB "od­

p:iaaIOTC.fl" BOJ!Hbl llJMSIOlll,He HaMOoJiee KOpoTKYJO ,IJ,JIKRy. 

BTOpolt MHOll!HTeJih B $JpM-tllaKTOJ:a cymeCTBSHHO OTJIHqSH OT HYJm ' 

B o6JiaCT.flX -qacTOT M' yr JIOB. OIIpe,®JI.fOOID;IIIXC.fl COOTHO!Il8HIDIMH: 

( 
z )i/2 

w < µ01c/n.J. sin e-1<e2-1.>/e,;:C1t1-1>1 

es; arcsinf(it
2

-1)/e
2

C.:
1

-1} 11
-"

2 (31) 

DID! OIIpe,®J!RKlT TY 06JJ:aCTh -qaCTOT M yr JIOB B KOTopo:a: BOJ!Rhl. Mcny -

1140HHble pa3HhlMliI -qacT.RMH rrorrap:i-qaoro ce-qemm c:tyCTKa. cKJia,[(blBaro'I'cR 

B o.n;HHaKOB&IX (llaaax.IlpM rayccoBCKOM pacrrpe.neJiemrn: aap.R,IJ;a IIOJ!YllSH­

Hhle :fS3YJihTBTbl HS H3MSHRJOTC.fl-

3B:eprwo ~BSpXHOCTHOlt BOJIHbi MOlKHO YBSJ!WllITh HCilOJih30Brurne11t 

CHCTeMhl JIB N crycTKoB. ,IJ;BWKYID,HXCH Ha paccTo.HHHH d .n;pyr 3a ,Iij)Y­

roM- B BhlpalKSmm ,IJ.JI.fl :3Hep~ :llIBJ!Y'ISHH.fl noffi3JI.fleTc.fl ,IJ;orroJJHKTSJ!hHbl:l!: 

$)pM-4>aKTOp orrpe.ne~HHhl:lt B § I. I. OH HMSST IIllIKH Ha -qacTOTaX f k = 
kf 0 = kv/d. • COOTB0TCTBYIODJ,m: rapMOIDIKaM -qaCTOTbl CJie,IJ;OBamm cryc­

TKQB. Ha rapMOIDIKBX HH.neKC KOTOphlX J,I(OBJiaTBOpHST YCJIOB:WO k = 

d. /2f3cl I ( 1-e 2) /{ e i€ z -1 ) I· ( d. -paccTOmme MSlJUW crycTKaMM ) • BblilOJI­

H.fl0TC.fl YCJIOBMS CHtlla3ROTO CJIO!KeHH.fl rroaepXHOCTHhlX BoJIH ~SHHhlX 
pa3Hb!MliI crycTKatm ny-q:Ka. Ilp>i 3TOM 3HSpn'Lfl ~emrn-IIDB. pacrrpo -

CT:paHHIO!ll,HXCH no.n yr JIOM orrpe,neJI.HSMblM H3 ( 28) YBS~TC.fl B N
2

N •. 

JVr.R 'MHOntX BSll¥3CTB rpaHHIIBa.fl -qacTOTa B036ym.nemm IDB [ 20J 
no:na.&aeT B YJihTp~DJISTOBYIO o6JiaCTh crreKTpa. 'ITo y.oJiolKH.fleT ea 3K­

cnepmteHTaJihHOO HCC.IJa.D;OBaHHB H rrpaKTH'liecKoe HCil0Jlb30BBiq'Ie. TaK.,IJ.JI.fl 

ce}S6pa ,nmma BOJJHhl. COOTB0TCTBYIOIJ4a.fl rpaHWmO:l!: 'llaCTOTe AKpAg = 3360 

.A .,IJ.JI.fl aJ1IOrmmm >..KpAl = 16?0 A.. · 
B IIOCJ.ra,IJ;HaM rraparpallle mrro:a: rJiaBhl noKa3aHo. 'lITO .D;a3.HalCT_PH'liKc­

Ka.fl C::fa,Ila ( e = e 2 ) , RBXO,IlRlll,afiC.R B KOHTaKTe C I!OBepxHOCThlll C e 3 < 
-1 nplmO.n;m' K CMSl1401ll'IIO CIJBKTpa IIDB B ,lJ,JlllJHOBOJJHOBYJ) o6JiaCTh C 2IJ 

. v 

(32) 
T'T'") .•,,/1 i--+.t2,\ /~~. 
, 1 · . 

J.l. -vw.e npv. c , = 1 4rn ce.p:ie5p::i :-paH.r'-rna;' q 1(:..-r. ci e;1e1'1 ;1:=1 CT3B > .. ,,~ , = 
') - :\.,-·~ 

r,• .. .-.o ,'. 'Lr· ~·-: 1.r fll?TCTRye-: AWU™1.1'1 '1'•CTVI cTe'\:·p·:i 1 CVJlf!H r:~'\.:1·1'. ," 

. :LE»K"!'.'l 1 ;:; ; -JTo!l'Y '!anec.enoo Ha ·:101:,Jn:r:KV. c .. mn i;'A:Uk'R~-~·m<a. nc3·s~;.">.f'l 
~rr ('1!1P!.il.'l"Tb t;;ici STHY~J (J~"~;JCTS rI:1G f> ; y !IL~ ,npy1-y~1 CTo;:-imiy. GJIO_ll 

:s.:•:i!OCT3Cl D' :,T'(t'H 6h1Tb J;oc:· :iT0'4FO Tt.1HK>""""· ri1; R~"P.K(,!f. c.,wt.raP. ero '!OJ.­

·~wi::i He llu..'D!~ll3 !1l:x3Bblr13Tb 3~KT\ffiW;~ "~·~·'''f,~b1 .. h. 3;;iP.iltM3l'Mf.l9: 

: ~O'CTpOM8l'HIITHblM DOJle!t mirie;:r;<.HOCTH09. nr'.;c::h ~. v /" 
1 ! ,- ~ 1-1 ) i';:',"J­

llW1H3H qacTOTa nooopXHOCTHblX: BOJIH 3am1c:i.r· v.:1K rr:- ,- '-. TaK l/! OT TO." 

!JJ.W{bl ,lU'13v'l8KTp'WleCKOTO CJIO.fl rrpl!NaM Otta yMeHbill.38T(:.il c yoo.J!Wie!-:.re~ 
TOJlillWlbl n.1!~H1{11\ 11\ ,JU'13Jle:KTpi-N8CK0¥l rrpoHWJ,.3CMOGT1'1 CJ!OH c z· 

0CHC·I3Hbl6 r.e3y,'!hT8Thl ,nKCC0pT3~0HHO?. p360"'1il COC.TOHT B CJ!9J::.Yll!l!ElM 

ilOCTI-'OeHb p9C'1~THO-Te0p:l'rm8CKJII8 i"\CHOobl B3311\MOJ18ACTBl.Ut cryc--:1{:; b 

~apffiKeHHblX '43CTI!l~ c BGJIHOBe.IlY~ ..,_ ~30H<lTOpHb1Ml'! CTpyKTypaMM. 0 

poM •rncJ1e : 
l P.13BltIT MeTO.U pemeIDIB 33.ll;3'-I: 06 Jl'3.J'.jl'~SHW'l DCC.l:0ll,OB3TeJ.bHOCTii 

crycTKOB 3aprureHHhlX qacTilli, • .n;BW!l.Yru.v.xCH rrpu1113!.'i.Cv'!hHb!_>'. o6pa30M B BGJl­

HIJhll~."'lX:. [_i-,3omrropax. B O.IJ.HOOCHh!X: KpY!CT3.JLJ18X l'! y irpaHW.1}11 aHM30TpO­

Inl' .'~ qcJJJil- 011 y.no6eH .IJ.Jifl µimeHY!H r-p::iWNIDIX aan.aq l'! no3BOJLHeT no­

.JJY'l:i:lTh '1H8JrnTlll'l:8CKH8 BblpalK0Hll\H .IJ,Jlfl noJiell MJIY'-1:.eHJAfl 3apfl.Il0B JII06b1X 

KOH¢m·yµaUAA 11\ bl'!,IJ.OB MtX )lBW1<9HMfl. 
:~- P::iaswr MeTD.Il xapaKTSpMCTINSCKmt: MaTpWJ. .ll,JUl pemem.u1 3a,na'1 

06 ;13.J!Y'{SHIDI crycTKOB 3ap.HlK0HHblX 'i:<JCTV.U B BMIHOBl1.ne • co CJ!Oll\CThlM 

,JU'13.JieKTpWi8CIGDI 3aIIOJIH0HHSM KOH04HOll. TOJ!lll.IDlhl. D0330.;1RIO~ i:10.JJY'l8n 

TO'iffibl0 aHaJ!IDWiSCKK0 Bblpal!ISHIDl .IJ,J!R D0.'!8'11 1113J!Y'18HH.fl B JII060M OTCeKe~ 

crolllW JU1!3JieK"rpH'-1:.eCIG'IX rnacum-
3. }J.JIB BOJIHOBO,Ua no~eHO yCJIOBlite.aHaJIOT'H'iHOe ycJIOBHiO na.neHJ4H 

Bo.mhl no.n yrJIOM EµoCTepa B ooarpaHllNHOM rrpocTpaHCT00-

4. 0IITI.l:MM3alJ,l'Jelt pa3MepoB pa,nKaTopa no M3KCI.l'.MYMY Rarrp.AlH9HHOCTH 

3JISKTpWl8CKOro TIOJlfl. MOJKRO o6ecne'l.J.ITb YCJIOBl'!R ,ll)lrl OIJTillMBJ!bHOTO OT-

6opa aJieKTpOMarHJ.ITHolt suapnm y ny-qxa aapmK8HHblX -qacnm. Pa.nwnop~ 
·t nma BOJffiOBO,Il. co CJIOMC'ThlM ,IJ.M.3JieKTpl.NSCIG!M aanoJIHeHMeM. u.eno'l.Ka 

:fS30HBTOpoB. MOTYT CJIYlllllTb HCTQ-qron(OM MOUlJlOTO KBa3111MOHOxpoMani­

-qacKoro CB'~ }i3JIY'q0!DlR llI HCI10Jlb30BBTbCH B ,nayxny'l.Iq)BOA cxeMe ycKO· 

:p:iBW! 3apRlll0HHhlX -qac~ B Ka'li0CTB9 ycKopHfOOll\Sll: CTpyKTYpbl-

5. Pa3mrra TSOplllff ~mm B BOJIROBO,D.e Illy rpaRJJ}lbl o,naooc-

.• HOFO J<PHCTaJLIB c:ryCTKOB sap9118HHbIX qacnm o6Jia.IJ.allllna co6CTBeHHOA 

. ;<i~~-..... ··.;~'i ·. · ... ' :- ' ' .. ; ' ' ... ~ .. ~· ) .. ·4.1t1M·· ...... .. . -··· ~ ... ~·--... ,~_.,: -·· ........ _. ·.~ 
! .,~~·- • •' I ~. ~.,"' • •• : ''' • 

'·· , \ •• ' ' j • ..,t\·· . ; .. · 
! {., j ':.• .... ' . ·~~~ • ; ... ' . . ~ . 

•• ... ;{ll1·' ~.t.,.. ' '. ' ifl> ' .:' ._, ·r '"'-'' ·'' "" .. ..,.,. . ·. •". .• . , • . .· .. .,.__;;;:r,f"'-''''" ~ .. • ·~ ' " l ,•, '! 1i.· • :,. ~ ... , iJ ' • , I ' • .-' .' " ' • ' ,. ' : I ~ ,' .. ' tr"!: 
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-qacTOT01!: . Ilo,Dj:'.iop napaMeTpoB TpaeKTopm1 l(BWRSHW! cryCTR:a M .JJ;M3JieK­

TpHqecrorx CBO:l!CTB Cpe.n;bl. TI03BOJI.fl8T C03J(aTb pe3oHaH_CHbl8 YCJIOBID! J(JI.fl 

omopa 3.Jie:KTpoMarF..lITHo:a: sHepnrn: y crycTKa H reHepMpoBaTb KBa3mto-

HoxpoMaTWiecKHe TIO.JI.fl 60.Jibll!O:A: MOID,HOCTM. ..... 

6. MccJie.noBaHo BJIIDlHHe ycKopeHHH crycTR:a Ha ero rrapaMeTpbl, 

cneKTp H :mepnoo l'I3.JiyT.{8HW!. )J,JLH HepeJI.flTIIBMCTCIDIX crycmoB 3TOT 3cp­

tleKT HrpaeT CYJ.nSCTBeHHY!O pOJib • a npH peJI.HTiffiHCTCRl'IX C!WpocTb.f!X 

CT3HOBHTC.fl IT]J9H00pel!IBMO M3JlblM. 

7. Pa3BIITa Teopvi:.H K3Jiyti:emrn rryqJ<a 3ap.fllKeHmix '!acnru; B UV!JJWI­

.npmecKoM µ:J30HaTOf€. Bb!6opoM pa3MepoB pe30HaTopa MOlHHO ripeBpaTIITb 

ero B H8Bblp0l!l,I\E!HHYIO CMCTeMY. KocymecTBJI.fITb omop 3HeprMH nyl{Ra Ha 

O,II;liO:I! Bbi6p.'.'lHH01!: MOJJ,e H T.{3CTOTe. 3To Il03BOJ!f!9T reHepvi:poBaTb MOHO­

xpoM:::iTH'l8CKvIE! Tifl.'lf! 60.llbll!OJ'!: MOID,HOCT:H. 3 Y'!~T KOH8'IHO:I! .no6pOTHOCTM 

pe30H8T0pa rrpVIBo.mrr K orpaH.ITT:8HM!O T.{~lCJ!a 3~KTIIBHO H3JIYT.{3l01Il,MX 

crycTKOB. 

8. Pa3B1ITa TePPH.fl Bo36y~mrn IlOBepXHOCTHhlX BOJIH Ha rpaHWl8 

0.n;HOOCHOro KpMCT3.'l..'13 rroc.11e.n.0BaT8.llbHOCTblO CTYCTKOB 3apf!lK8HHblX T.{3C­

nm. cooopmaiom.mc rrocTyrraTeJibHO-Ko.ire6aTeJihHb1e l(BIDKeHlffi. Pacc-qPITaHhI 

TIO.JI.A M 3Hepn'l:.H M3JIY'-!9HH.F! H rrpoBe~H J(8T3JibHhl:1!: aH3JIH3 CTIElKTpa rro­
BepXHOCTHhlX BOJ!H. IToKa3aHO. 'ffO TOHKa.fl ,n;M3.'18:KTpH'-!8CKa.fl ~HKa •. HaHe­

C~HH3H H.1 ITOBepxH.JCTb p33)l8,'!a. CMern.aeT cne:KTp ITOBepXHOCTHhlX BOJIH B 

)J..'lliHHOBCJJIHOBYIO 06JiaCTb. 

T3K:l1M o6pa30M. pa3BMTaH B .IJ;'>'!ccepTau;MoHHOl1 pa6ore reopHH l'I3.Jiy­

'ieHHfl crycTKOB 33pfllK8HHb!X 'iaCTHU B BOJIHOBO.D;ax H pe30HaTopax • .flBJI.fl­

eTC.fl p.3C'l:~THo-mopeTHT.{ecKo:A: oc:HoBo:A: Jl.,'l.A KOHCTpYHpOBaHH.fl reHep<:1TO·­

poa MOl!UiOro KBa3HMOHOXµOM3TW18CKOro H3JIYq8HHfl H HCITOJib30BaHH.H HX 
B ~eTpa.JJ;MI.JYIOHHblX M6To.uax· YCKopemrn 33IJf!lK6HHhlX T.facnrn:. 

0CHOBHbl8 pe3y.llbTfffbl JOtlCCepTaIJ;IDi orry6JIHKOB3Hhl B c.11e.ny£m.mc pa6oTax: 

JilITEPATYPA 

l.EapCJKOB K.A_ .EerJIO.f!H 3.A .• Aa3H8B 3.M .• Pf!3a~eBa H.B. llI3JIY'!6-

HHe 3ap.fll!!eHH0:0: "T.{aCTim;bl rrp:vi: e~ llpOK3BOJibHOM l(BIDH6HMH B BOJIHO -

BO.JJ.e. llf3B. BY3. Pa.I{lol:ocpM3HKa. 1987r .• T. 30. Bhln. II. c. 1337-1343. 

2. EapcyKOB K. A .• Ber J!O.f!H ·3. A .• Jia3JIBB 3. M .• P.R3aau:eBa H. B. IIoJie 

M3JIYT.{8Hlffi 33pIDKeHH0:0: T.{3CTI!Uhl B BOJIHOBOJ(e TipH e~ llpOM3BO.JihHOM 

l(BIDH0ID'£H TiperrpmiT E4illI-86(12)-86 
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3.Eer J!O.HH 3.A.,fa3a3f!H 3.Jl.,Jla3MeB 3.M_ PacrrpocTpaHeHHe 3.Jie:KTpo­

MarHHTHhlX BOJ!H B peryJ!.F!pHOM BOJ!HOBO.L(e rrpOH3BOJ!bHOro C8T.{8HH.fl co 

CJIOHCThlM ,lll-l.sJieirpITTecK11111 3anoJIHeHMeM. 6-oa Bcecrno3Hbl:I! MMII03HYM 

no ;:n.iifJpaKi.urn. H pacrrpocrrpocTpaHeHHIO BoJIH_ UaxKa.U30p 1973. 

4.ApyTlOHflH X.C.J)erJIOHH 3.A.,Jla3Jll8B 3.M_,0KCY3RH r r_ YC.llOBMe 

l3p10cwpa B BOJIHoao,ne_ Hay<rnoe coodmeHMe Eil.>r1-?,86(II )-78. 

5..EerJIO.f!H 3.A . .f-'l3.'J3HH 3Jl.,Jl33JllOB 3.M_ r13Jly'!el!JllO YCKOpeHHO 

,llBHJKymeRcH 3apHlK9HHOR '!aCTfill,bl ,HepeceKaIOmePI BOJ!HOBO.U nepneH­

.llHKYJI.HpHO ero OCH. r13B.BY3.Pa,llHO¢Jll3W<a I988r.,T ..3I,c.I267-I2f39_ 

6.EerJIOflH 3.A • .fa3a3HH 3.Jl.J{o<rnpHH BI_,Jia3J11eB 3.M.. B3aHMo.neR-

CTBMe YCKOf€HHO .llBWKYm0rDC.fl crycTK-3 3apfllK8HHhlX qacnm c pe30Ha­

TOpOM.BAHT .I990r.,Bhlll 7 (15 ),c_Il5-II7. 

7.Eer JIO.flH 3.A-.fa3a3.HH 3.Jl.,Jla3HeB 3.M. Ilepexomme lll3JIYT.f6HHe B 

BOJIHl)BO.U6 ( CJIY'la:ll: .llBYX ruracTHH) llI3B..AH.ApM.CCP lP1'13MKa ,l97Ir ., 

Bhm S, c.282-2138. 

8..l:}(ffJIOfll! ;J.A_,l'a3."13Hll :J.Jl-,Jla3JllOU :J.M.J13JlY'1Cl!JllO :iaµRlKOHHOll '{3(; 

TMU,hl ,ITpo.!!OTalOUiJllX CTOllKY ,m.1:rneK'!']JH"l.!6CKll!X llJ!.3CTVIH B BOJIHOBOJJ.El. 

Pa)4Jl!crmxmm:-i if1 :JJI8KTpo1rnK:~ .1 SJ7f3r_;r ..f! l ,mn LI ,c .I 134-HlG. 

9.Eer JIOflH 3A,fa3a3HH 3.Jl.,Jla3H8B 3.M_ Ilepexomrne H3JIY'l6HHe B 

rIOJIYc5ecKoHe'iHOM FlOJll!OBO.D.e c ,llH3JieKTjJITTecKoPI ll.llaCTHHOlL HayT.l:Hoe 

cooc5meHMe Eil.>M · 75 (7 4 ) , I I Ko11¢erxmu;11m MOJIOJlhJX y'lo11b1x E<I>r1 Hop­

AM6ep.n 19'75r. 

IOEapcy1rna K.A.J3er JIO.HH 3.A.,f a3a3.HH 3.Jl.,Jla3HeB 3.M. 

IlepeXO,llHOe 1'13J1Yqem1e B 33ROpOT.l:9HHOM BOJ!HOBo.ne. llI3B.AH.ApM.CCP. 

<l>H3HKa,I9'73L,T .8.Bblll-l.C20-27. 

II .EapcyKoB K.AJierJioRH ~~.A.,l'a3a3HH :u1 . .Jia:rnmi :J.M. K wopirn 

11epexo;urnn1 H:My'!eHJl!fl B ROJIJ!OBOJ\O c KYCO'!HO-OJIJlOPOJJ.HbJM JJ;M3JIElK-

TIJHl.!EJCKl1M a:·HID.n!loHvie. r1:mJlY:3J'nJiMucjmavi~a I \f7:~L;r .I El,Bblll.4, 

C-586-593_ 

12.Eapcyirnn JCA.,LerJioHH ~l.A.,raaa:rnu :JJL.ronop1om 3.A_,Jla3li!OB 

3.M. 0 OOpeXO)l.HOM H3JIY'l9HHH B JOtl3.ll8KTjJH'I9CKOP! I1.ll8CTHH8 B BOJIH­

OBO.I(e llpH rrpoJieTe 33p.fl,lla rrepneH,llHKYJIHpHO ero OCHJ13B..AH.ApM.CCP 

<l>H3MKa. 19'72r.,T.7 ,BbmJ3,c..39'7-402. 

13.EapcyKoB K.A.J3er JIO.HH 3A,Jla3M:eB 3.M.J'fl3aHu:eaa H.B. l/I3JIY'leHHe 

3apHJKeHHOR qacT!lllJ)>I ,COBeplllal01.U8:1!: KO.llec5aHHR B.UO.llb HarrpaBJieHID! ,llBH­

lK9HM.F! rrp!A npO.!!OTe '!0µ33 BOJIHOBO.I\. rIµmpmrr Ep<Iir1 9f54(14)-l98?L 

I4.EEff JIOflH :>.A .• l{:-iw-ipol'IKJl!fl AJL.Mapm)Hfl f' .r1.Ji:~pcyI<Ols KA Kl1.llb-

B8TOp1100 .YC:l<ll[ ~rnwi ll 011JlY.llHTO{n. I I llc:ocoK1:1Hrio <:0001u.au11e 110 
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HOBLIM MeTo,naM YCKOpeHlrn Hop-AMOep.n I989r.,BAHT.,Bh1Il.7(I5), 
c.5.3-55. 

15 .EapcyKOB !LA. ,Eer.110RH 3 .A. ,Jla31.1eB 3 .M. ,MapaORH p .l1. l13JJY'l.8HJ.18 
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