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flocryns.na B peÀaKul.irc 2l orre6pr 1993 r.

flpe.u.rroxeHa o6ruas reopHr KorepeHTHoro qÂepHoro pe3oHaHcHoro lr 3JIeKTpoHHo-

ro pacceJtHr,rr uecc6ayeponcxoro raMMa-u3ryr{eHuJt coBepIxeHHbIM Kpl,rcraJuoM B ycJlo-

Bl,tflx Bo3HttKHoBeHnq ÂByx r 6olee crurrrtlo< omDKeHHbD( rf{KoB, T. e. MHoroBonHoBoÈ

anôparusu, KorÀa yctoBlrs Ëpsrra eunolxrlorcq oÀfioBpeMeHxo Àn-r HecKoJIbKI'D( cI{-

creM KpucrrllInlrrrecKlo( rrJlocKocrerî. O6cyx.uarcrcf, reoMerpllqecKr'Ie ycnoBl{s Bo3Mox-

Hbrx gKcnepuMenron. Pa:srr o6rufiË uerol pacqera 3Heprsr[trecKofi t{ yrnoBoË 3aBH-

cuvocreË na6aroÀaeMbD( r.rneucunxocreË gr.r<fparupoBilHxÉD( rrfrKos Àtq rlo6oii reol{e-

Tpr4'r gKcflepuMerrra, ap6ofi To;ttqrubl Kplrcrarna u B ycnoBt{qx coepxroHKoro pacuen-

neHûq .{ÀepHÉ,D( yporreû. B xaqecrse nprtMepa [pHMeHeH]rrI pa3Bmofi Teopsu paccMo-

TpeH cJrfraù rpexoonronoù rouuanapuofi 6pgnoscrofi ÀIlÔpaxqrrl,I vecc6ayspoecroro

fi3nyqeHr,lc c exeprzeË 14.4 raB B Kpltcrauuax 57FeBOr.

I. BBEÀEHHE

gôôerr MHoroBo,rrHoBoË Âr,rôpaKur{r4 peHTr€HoBcKrD( JrfreË xoporuo I{3BecreH B
peHTreHoBcKoù orrruKe. OH 6un npeÀcKinaH SsanrÀol,r B rrepBolT noJIoBI{He Haruero
cToJrerrnr noqrH oÀHoBpeMeHHo c npeacKæaHHeM caMoro eQQerra.uuQpaKIIHH. B IIo-

CJICÀHI{E EECgTVJIETfifl, BHLIMAHHE I,ICCJIEAOBATEJIEfr KOHIICHTPHPOB'UIOCb B OCHOBHOM HA

ÂByx 3aMer{areJrbHbrx cBoËcrBulx MHoroBoJIHoBoft ÂHopaKquH - BO3MOXHOCTU npSMO-

ro H3MepeHH.rr Qasu aurnnlryÂbr pacceflHlrfl peHTreHoBcKrD( Jrrreft [1,2] n 6onluroro

ycurreljvfi aHoMiurbHoro flpoxoxjleHlrs qepe3 nornouarcllMo KpHcTannl,ItlecKylo cpeAy

[,3:-5]. flocleÂunfi eQ$exr o6ycnoBneH Bo3HlrKHoBeHHeM B KprlcraJure 6noxoBcKro(

BonH c oco6ofi npocrpaHcrBeHHofi crpyKrypori, noBTop.flIorqeË crarralterpnrc Kpllcrirn-

JIa, B KOTOpOË yUU pelueTKH rronfl I'l3Jl)ryeHr{s CoBrraÀaloT c y3JruIMI,r KpI,rcTiuL[FIecKoù

perxerKr4[3,5]. Xorq3ÔÔeKr6blrnpeÂcrasaHreoper[qecKtr[4)5]6oreerlerBeprHBe-

Ka Ha3aÀ, MHOTOqUCTeHHbIe nonbITKH ero o6HapyxuTb npl4 I{cnonb3oBaHuH na6opa-

TOpHbrx r,rcroqHHKoB peHTreHoBcKa rryqeË 3aKaHrIHBiuIucb HeyÀa.refi. YoeÀurelrnoe

sKCnepr,rMeHTaJrbHoe ÀoKiBarenbcrBo 6blno [oJryqeHo coBceM HeÀaBHo [6] c ncnonr-

3OBalr[eM r4cToqHHKa cHHxpcnpoHHoro It3JryrreHI,Is.

Hcuomgonanue cuHxpoHHoro H3JD {eHlu pe[Iaer calvrylo rnaBHylo npo6JleMy gK-

nepr,rMeHTùrbHoro nccJreÂoBaHH.s MHofoBoJrHoBoù ÀuÔpaKII[[ - [po6neMy HexBarKH

HHTeHCLTBHOCTT,T. AerTCTBr,rreJrbHO, Ànr Ha6nroÀeHr,rrr SOOeKTa cneKrpiulbHo ycToËq[-

Boù (cucreMarr.rqecKoù) MHoroBonHoBoù ÀLrÔpaKuEI4 B rrl,IcroM BLIÀe naÀaloul,rli Ha

Kpr,rcrulnn nr{oK r,r3ryqeHwr ÂoJu(eH 6rrrr napa;rneJlbHbrM c yrnoBoù pacxoÀI{MocTbro

He 6onee yrnoBoË ceKyr{Àbr B ÀByx B3aHMHo nepneHÀr,rKyJrspHblx lrJlocKocrsx. B na-

6oparopHux ycroBr,r.gx Hcror{Hr,rKaMvr r^wfiArcrrcfl. orÀeJlbHble aroMbl, H3JI} {anque cÔe-
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pKecKyloBoJIHy.Heo6xoÂuMagIIJIocKoBonHoBzItrKoMnoHeHTanpI,IgToMcocTaBJIceT

lll'ub oqeHb Marryo rlacrb cyt!{MapHori I,rHïeHcHBHocrI{, nocKoJlbKy I'I3rfIeHI/t€ or pa3-

Hbrx aToMoB flIJJI,reTQflHeKonepeHTHbIM. flpo6neMa ItHTeHctIBHOCTI',T CTaHOBIITC',S npaK-

TI,IIIeCKIIHeptBpeIuI{MoËnpnEcnonb3oBaHI,Mna6opaTopHblxucTorIHI,IKoBMecc6ayS-

;;;;- 
"rrryn "-. 

flo srofi rpnqltHe Ao cID( nop He 6ulo Aaxe nonhlroK na6rrc-

ÀaTb MHOroBonHOByro ÂHÔpaKqHn pe3oHaHCHOrO raMMa-H3JryreH.Idfl' HA s'[pax B KpH-

claJrJre, B TO BpeMs xax c.rrrnr lByxBonHoBoli.uuÔpaxuHlt H3yrIeH ÀocraroqHo xopouo

*u* 
"aoptt^àcrcu17,8], 

rax I4 3KcnepI4MeHTiIJIbHo c I{cnoJIb3oBaHI4eM rar o6rtqHrx

""roo""*o" 
[9, 10], TaK 14 cl'lHxpoHHoro NgJry'{eHHs [11]'

BoruoxHocrb sKCnepI,tMeI{TtlJIbHo LICCJIeÀoBaTb MHOTOBO'IIHOByIO ÀItopaKuulo pe-

3OHaHCHOTo .sÀepHoro raMMa-I',I3JrrreHwI B COBepureHHbD( KpI{CTIIJIJIID(' CoÀepxaul'D(

uecc6ayspoocKl'Ie I'I3oronbl (rnaBHbIM o6pa:ou 
57Fe)' nornulacb Jrulub coBceM He-

ouu"o6nu,o.oapa6ucrpouynpo|peccyBI,IcnoJIb3oBaHI,Inor{eHbBbIcoKoI{HTeHcuBHbIx
cl{HxpoîpoHHblx I,ICToI{HHKoB HoBoro THna' H3JITIaTUIID( napirJlJleJlbHble rryvrur. B xa-

qecTBe npHMepa MoxHo yKa3aTb Ha coo6ueHlre |L2], rÂe c HcIIonb3oBaHueM peHTre-

HoBcKoro oHÀynflropa HaKonurellbHoro Konbua TRISTAN (KEK' LIVrV6a) 6ruIa Ào-

cTr{rFryta r,rHTeHcuBHocD ÂuÔparupoBaHHoro rryr{Ka npn sÀepsofi 6perroncxoË Âr'r-

ôparuuu 777 vaKpI'IcraJIJIe Fe2O3 c r{ucroM QoroHon 20000 n ceKyH'(y'

B cs.sgn c STIIM 3aÀaqa fiocrpo€Hwl reopHIT x reoper]TrlecKoro aHaJII43a MHoroBoJr-

nosofiguQpaxUrnnpe3oHaHcHoromMMa-r'I3ny{eHH-flcraHoBITTcgHeroJIbKol'IHTepec-

Hofi,uoI,IBnoJIHeaxrya.nrHoË,nocKoJlbKynpeÀBapHTenrHrtfireoperruecxnËaHulu3

MOr 6br cyuecTBeHHO nOMOr{b B nocTaHoBKe ÀocTaToqHo CJIOXHbIX 3KC[epI4MeHros' c

QflSrUecxofr roqKlr 3peHr,rt ss$err MHOfoBonHoBoù nr'rÔpaxuur uecc6ayepoBcKoro

raMMa-HUryrIeHI4-s npeAcrarlrsercg' 6olee nHrepecHblM' qeM B cryqae peHTreHoBcKI{x

nyrefi u:-sa rofo, qTo sÂepHôe pe3oHaHCHOe paccesHHe 3aBI',ICI',lT OT ÂByx ÂonoJIHIlTeJIb-

Hbrx napaMeTpo"r pu"""o""lrq oT pe3oHaHca (n crryvae gHepreTllecxoro parpeuenua)

r,rJlr,r BpeMeHlr nocno r,IMrryJrbca r43Jry{eHlrq (npu npertleHuotu pa:peureruru) u Hanpa-

BJreHr{fl ocl{ KBaHTOB aït4J B CJryrIae cBepxroHKoro pacrueluleHl',ls sÀepHbD( yponneË'

C roqrr,r 3peHns Bo3MoxHo 6o.nee nolHoro Hc[oJIb3oBaHI,l.g urffeHcI,IBHocTI,I npeÀ-

cTaBJI'eTcg I,IHTepecHbIM paccMoTpeTb TaKxe cJIr{aI,I TaK Ha3blBae*roi,i xorraruranapHoË

TpexBoJrHoBoii lnÔpaxUran, KorÂa na,UaroUttfi n Ana AuÔparnpoBaHHËIx [YqKa nexaT

B oÀHoù [rlocKocrl{. B srou cJryrrae ÂByxBonHoBÉrt 'quÔpaKquq HeBo3MoxHa' a pea-

JIH3yeTc' cpasy TpexBoJIHoBiUI .u[Ôpaxuuq, Ho rpe6onaHu,a r yuoaoff pacxoÀI,IMocTI4

naAarorqero [rrKa TaKlre xe, KaK B CJrr{ae ÂByxBonHOBOrî ÂI{Ôpaxquu. Ho eru cly-

qau He cytqecTByroT cr{cTeMaTI'IqecKI,I, IOCKOIIbKy He xBaTaeT cno6oÀHrrx [apaMeTpoB

Àns Bbrno;rHeHuq ÀByx yclonuft Bperra. À.{c ID( pelnl3aUl'Irl Heo6xoÀI'IMO aBroMarLI-

rrecKoe, xorq 6rr npn6luxenHoe, BbInOJIHeHI'Ie Onpe,[eJIeHHOfO cooTHoIueHI4t Mex'(y

.Àltl,tHoù BoJIHbl I{3JrrIeHI,lg I,r MexIIJIocKocTHblMI,I paccTosHI,IsMI,I ÂIfl ÂByx clIcTeM KpLI-

craln^rec*D( rurocxocrefi. Ànq gatraHHqro Kpr{crruna sTFeBo3 u Mecc6ayspoBcKoro

H3flrreHr{fl c eHepruefi 14.4 reB HecKoJIbKo raKI/D( cJryqAes 6bU'l HafiÀeHo BaH ËIoprolt

(ctrl., nanpuueP, [13])'

BAarrrrofipa6oreaBTopnpeAjlaraeTTeopllrcI,IMeToÀblpacqeTarr{rrorosonHosoli

ÂuÔparquupe3oHaHcHoloraMMa-[a[yaleHu''ucnoJlb3yqonblT'HaKoIUIeHHbIitnpu
ltccJreÂoBaHlrr4 Mr{oroBOJrHOsOri ${ÔpaKIII{I4 peHrr€HoscxlD( Jryqefi' 'IIo crx nop B nI4-

repaType cyr[ecTByroT TOJrbKo ABe Teoperuqecxue pa6orbl' IlocBslueHHble sTOMy BO-

npoaylt+, 15], r xoropblx' no cy[IecrBy' paccMorpeH 0ÂI'IH lI Tor xe vacrublfr cly-

varî cnuuerpnquofi naye-,uNÔpaKur4vlrrpuToqgoM BbIIIOJIHeHI',II',t ycloonii $perra c nc-
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IroJIb3OBaHI4eM aHIUIIITI,FIeCKID( BblpÉrxenilir Ms BOJIHOBbIx nOIeù, IIOJTr{eHHrIX B pa-

6orax [4,5], n 6es cBepxroHKoro pacûIenJleHuq ]poBHeË. o6uuË urwafi, BKJIK)qa.f,

reoMeTplâru 6perra, cBepxToHKOe pacrqeruleHlle U yrnoBylo 3aBI'CHMOCTb, MO)KeT 6bITb

np6aHiyrr{3r4poBaH nI,IrUb C I,ICSOJIb3OBaHI'I9M AOCTATOqHO e$@exrUnHrtx MeTOÂoB qI'I-

cJreHHOrO peureHr4fl ypaBHeHr'rfi. Hrcre oocyxgarcTcfl reoMeTp[qecKl'Ie yCnoBwI 3KC-

nepuMeHTa no ÀI{ÔpaKIIun Ha orpaxeHlle (rto Eperry), ÀaHa Qopl\'lylupoBKa 3a'qarlu B

BI,rÂe, MaKCI{M'UIrHO YÂO6HOIrA AIfl TIUCIeHHOTO peIUeHUg, I'I KOHKpeTHO paCCMOTpeHbI

KOMrrJraHapHbIe cJryqan rpexBo.rrHoBolî .uuÔpax'rnu'

2. TEOMETPI{TIECKI4E YCJIOBI'IS

3ÔÔerr.qHÔpaKrIHH rrnocKofi BOnHbI B COBep[IeHHOM KprlcTiune ycnoBHo MOXHO

$opr*,ralrno paccMaTpr,rBaTb KaK ynpyrc e paccefl]F've c H3MeHeHI{eM BOJIHOBOIO BeKropa

naaaroureri BoJrHbr fu Ha npou:nonbHblË BeKTOp O6parHotî peulerKl4 h, no 6es IT 3MeHe-

HI'rg qacToTbr H3jD leHr4q, a cJle.[oBaTenbHo, MoÀyJUI BOJIHOBOTo BeKTOpa <(paccesHHoli))

BOIIHbI, T. E,

k 6 : l q * h ,  k ' n - - k 3 .

B ÂsyxBornoBoM cJrr{ae 3TO yCnoBI,Ie BbInoJIgrIeTc.s ToJIbKO O.U'H pa3 Ànfl KaKOIO-ILIOO

3aÀaHHOro BeKTOpA h. Tpexno.nnoBblfi cJrrlali Bo3HlIKaer' KOrAa ÂBa BeKTOpa o6par-

HOri peueTKl,r, Ha[p]IMep h r.I g, OÂuOnpeMeHHO yAoBJIeTBoptIoT ycnOBI'Ilo Eperra (1),

A I'IMEHHO,

( t )

k 6 : f u + h ,
k n : k o + 8 ,

kI:  k3,
k I :  k3. (2)

(Dopuylu (2) rrroxHo paccMaæHnarb KaK cl{creMy ypasHeHI'Iù Al-f, onpeÀeJreHuq ko, ro-

ropaJr À;Is saÀaHHofi.UIIIHbI BSJIHrI I{3JrfIeHItq \ = 2T f lcs I'IMeer TonbKO oÀHo pelxeH}Ie

r4 oÀHo3Har{Ho onpoAeJuler HarIpaBneHLIe BeKTopa fu orHocurelbHo Kpllcrtuult{'IecxoË

pelrerKl,I o6Pasua.

Terra He MeHee. H3-3a BbrcoKofi cutvtuerprar.r Kpl,tcTiuula B ptue cn) {aeB Mo)<eT I'IMeTb

MeCTo BbIpoxÀeHI,Ie, KorÂa BMecTe c 3aÀaHHbIMr't ÀByl!{n BeKropaun o6parHoù peùerxu

ycJroBlrn (1) arrouarrvecKl,I yÀoBneTBopsloTÂpyrge BeKropbl. B erou cn)^{ae rpexBon-

Hosas ALIôpaKqI{t HeBO3MoxHa, a BMecro Hee peanl'I3y€Tcq MHoIoBoIHoBa'I AI'IÔpaK-

uuq c qncnoM BoJIH > 3. HarmaHo 3Ty cl{Tyauurc Mo)I(Ho npeÂcraBurb ce6e cneAy-

roulrrM o6pasou. ,I[na nerropa o6parnorî peuIerKI,I MOXHO BnI,ICarb B Kpyr' [poxoÀq-

rqurî qepe3 TpI,I y3JIa o6parHoli pe1IIerKI{ H rlpeAcraBn-flrcUnË co6ofi ce'IeHne c$eprt

SsanrÀa. Eclu Ha sTOM Kpyre OKa3bIBaIoTCqÀO1rOnHHTeJIbHbIe y3nbl O6parHoË pelueT-

Kr,r. To gro lr ecrb cleKTpuurbHo ycroftqr,rBoe BblpoxÀeHue, T. e. He3aBHcIlMoe or ÀJII{-

Hbr BeKTopa lO - paglryca cÔepbl lnalrAa. flpu onpegeleHHoM cooTHoIIIeHI{I'I Mex'try

.(nr,rH6ù BOJIHbI u napAMeTpOM KpI,ICTaJInnqeCKOfi pe[IeTKI{ MOXeT I{MeTb MeCTo ÀO1OJI-

Hr{TeJIbHOe CIIeKTp4nbHO HeyCTOftqI,IBOe BbIpOXÀeHHe. I{aCnlrU CJryqaeM CIISKTpUIJI6HO

HeycrollrlHBoro Bblpox.[eHl,rc ÂByxBonHoBoro cJr] {as B TpexBoJrHoBbrïl vr 6oree ssrs-

eTcq KOMtUIaHapHuri clyraË, KorÀa BeKTop fu lexur B IIII9çKOçTI4 BeKTOpoB O6parHoù

perrrerKl,I h 14 g.
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Pnc' l. feouerpuT ecrat cxeMa Bo3MoxHoro SKcnepûMeHTa

Paccuorpnu'Hanpl,(Mep'ÂBaHecHMMeTp[tIHbIxoTpuIxeHH'I6psrroncxoroTHna'

Kor/I .aBcenr{KI4HaxoÂ'TcgIIooÂHycTopoHyoTIUIacTHHbIKpI,tcT[|,JUIa.Hapuc'1no-

Ka3aHbI craHÀaprHble ocI'I BpaueHutt Kpl',{CTanna-o6pasua I'l HanpaBJItIou{He yulbl An-s

naÂaloulero 
".u"Oputtpo*"""'" 

ny'*à"' fllocrocrl rz B:Hl'pa]Ha llepneH'[HKynqpHo

noBepxHocrHKpltcrtuua'vurtgo6pa:yorcxMeXÂyocblofnnpoeKul ' IqMHBOJIHO-

BbIxBeKTopoBHaIUIocKocrvrz.Yrnalp_3Toyl.nblMexÀycaMuMlIBeKIopaMI,Inux

npoeKuuqMl,I.Cro,{xn3peHHqnocTaHoBKHsKcnepI,IMeHTaIIepBÉul3aÀalla-onpe.(e-

neHl{eyrnoB0uçun:a.uaHHorxoHQurypauuuÂraÔpaxuuu.9ruyrnblcB'I3bIBaIoT

AeKaproBbl KOOpÂI{HarbI BOJIHOBbIX BeKTOpoB cne'[yrolqr'IM o6pasou:

l b  -  K [Xcosg0cosds*Ys inps  +Zçosq l s i n0o ]  '

k r :  K  [Xcos91cos0y  +Ys inç1  -Zcosç1s ind1 ]  '

rre .f : h,g; K :2rlÀ,x,y, z- eÂLrHlrqHbre BeKropbr B HanpaBJreHr'ru coorBer-

crByloluHx oceË.

Ecru ussecrHbl AeKaproBbl Koop'lIHHaTbI BelffopoB o6parHofi peuerKl{ h t't g o :a-

ÂaHHofr cl{creMe 
"oopo",'u'(cu' 

prac'1)' ro ruecrb YrnoB 9o' ço'0n'ph'0s'9e MoxHo

orlpe,{enllrbl{3llrecrl ' IypanHeHnfi,cJleÂyrouuxuz(2)'Tar'ÀjtcBeKTOpahUUeeu

(3)

h, I K = cos tP6 cos d6 - cos rPs coS ds '

h o l K = s i n 9 6 - s i n P o ,

h , lK :  - cos rP6s in9 ru  -  cosPss in0s

(4)

AHarorr'rHrte )paBHeHu'fl lIMeeM AJIS BeKTopa g'

OclzÂeraproBoËcHcreMblKoopÂI4Har3aÀaerc'f ,HopMzulbloKnoBepxHocrl ' lKplI-

crrulra oAHO3HaqHO, Ho B caMOM o6il{eM cnyqae ocraercg cBo6oÀa a ou6ope oceir x:

u g. Mu MoxeM Bpa[Iarb lrnacrl4Hy Kpltcrtuua BoKpyr HopMiurl4 K noBepxHocru '[o

668



X7TQ, 1994, 105, ewn. 3 Teopun rcoeepenmHozo peloHavcHozo paccetHut ...

Tex rrgp, [OKa BeKTOp h He n-sxer B IIJIOCKOCTIT rz. flpn 3ToM âs :0 u s COOTBST-

crB;gr4 C (4) pn: g0. PaccMoTpHM ÀAnee 6onee npocrofi, Ho B€DKHIIË CJryqaÉ, KorÀa

Be;r[qr{Ha h., roxe paBHa Hyllo (cuuuerpuvHoe oTpuu(eHl'Ie). B erou cnflAe 0n: 00,

a ÂonoJrHl,rTenbHrur Bo3MoxHocrb Bpau{eHuq BoKpyr BeKTopa h nognorrser [oJIoxrITb

gn -- go: 0. Ocrallnbre yrrbr onpeÂensrorcs, B r4lr.B&pvaHToù OopMe cneAyIouI'IM

o6pa:ou:

rÀe

sindo :  hl2K, t+ls:  Acosîsl1 -  B2),  cos4s: Af s inîn, (s)

(6)A: (2he - h2)l2hl(, 82 : (2g2 + h2 - 2he)lQK)2,

KolrrurauapHrtfi uytaù pe4nl,I3yerct, Korya 9s : 0. CorlacHo (5) u (6), n erou cnf{ae

.rloJrxHo BbIIIoJIHgTbcs ycnoBHe

1 _ h 'g ' -  (hg)2 -  s in2 o6n

OKf  
-W$-æ -æ

H, KpoMe roro, LIMeer uecro Sopuy.na

' '"(o*; :*

(7)

(8)

Paccrraorpnu renepb [apaMerpbr, xapaKrepl.r3ynuryIe crerrenb BblxoÂa ut ycttowtit

Àn@paxuul.l, T. e. creneHb HeBbrrro,{HeHus ycloyuir Eperra. Cyutecrlynr Àsa cnoco6a
gTo CÂenarb. B nepnorrl npg 3aIaHHbIx HanpaBneHI,ItX n),qKOB BpaqaloT KpgcTalIJIu-

rrecKyto rrJracrnHy. Tax o6lr.{Ho rrocrynalor B 3KcrIepI,IMeHre. Bo BTopoM I'I3MeHtIor

HanpaBJIeHHe llaÀalorrlero [yqKa. 9ro yÂo6no npu f{ere yrnonoÉ pacxoÀHMOcT}I rra-

Àaroqero n] {Ka. B nepoot,t cn} {ae MbI I,I3MçHIeM HanpaBneHI'Ie BelffopoB O6patxOfi

pe1IIeTKlr h n g npn HeH3MeHHoM Ha[paBJIeHI{I{ nalarculero nflra ft0. flpu srou

a1:  & 'z1  -  k3) lK '=2ky l f f  K2 ,

rÂe f : h, g. CraH,[aprHbIMn OC'MI,I BpalUeHI,t{ sBJltloTcs Ocb 3l (rIOnqpHOe yInOBOe cKa-

Hnponauue) a ocb z (a:uuyralruoe yUIoBoe cKaHLIpoBaHHe), rax noKa3aHo vapuc.l.

I4cnomryx H3BecrHyr,o Ôopuyly 4ln-s I,I3MeHeHI,l-fl BeIOopa f upn npaUegvlv Ha lraluË

yror A/ BoKpyrocu l: Àf : Ilfl^d nojryraeM B paccMaæI'IBaeMoM HaMI't cJr){ae

(e)

Lh:  Xh,L9.

tS:X(g"M -  gahlù+Yg,k l t  -Z4,LL.

floÀcrasrsq (10) s (9), lrMeeM

(10)

(1 r )
ah : -2tr0 sin29s,

an = -2L0sin(9s + 0)cosge -2Lû cos0ssin(pr.

B xoumaHapHoM cnyqae gg:0ll o6a napauerpa 3aBI'Iclr rollxo or Â9'

Ànq frera yuonoû pacxoÂr,rMocrlr H HeMoHoxpoMar[YHocrI,I rlaÂaloulero rl}qKa

yno6so npg HSI,I3MSHH6IX BeKropax o$parHofi pe1llerKg Ào6aBurr K BeKropy fu Hexo-

ropoe npupau{eHl,Ie q ( ko * lq + q ). flpu srou
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dt : Qezr - k?ùlK' x 21qlK2 . (r2)

Bso,{t onflrr yrol Ad B IUIocKocrI'I r z tr ylon ^ip B rulocKoctra (fu ' Y) ' a raKxe orHo-

cr,rTeJrbHoe lr3MeHeHHe qacToTbl r,r3Jrr{€Hllfl (M I U), Bel(fop q MoxHo 3anI'ICaTb B BI'II(O

q: K [{-Xsindo + ZcoslùA0 -YAç + (Xcosds +Zsinîù(L',ul'. ')]

floÀcrasrss (13) r'r (a) s (12)' norrflaeM

an : -2A0 sin2ïs - a@u la)sin2 0s'

as: -2A0sin(9s + 0n)cosge - 2Lçsinpn -

-2(u,tlu) [l - cos(0e + Pe)cos9e] '

JIerKo BnIerb, cpaBHr,rBurfl (11) n (14), qro nolqpHoe cKaHHpoBaHI'Ie u ropH3oHriulbHaq

pacxg,qlrMocTb rryrlKa [pLIBoAtr K oÂHoMy I'I ToMy xe pe3ynbraTy Ms af ' 9ro xacaercs

ZBlIIvfyrarIbHOrO CKaHI,IpOBAH;?IA 11 BepTI{KUrnbHOfi pacxOÂnUOCTI'I' TO OHI'I npI'IBoÂlT K

pe3ynbTaTaM, oTJII'tlIaIouIHMCt JItItUb uacruta6Hrtna N/rHOXrrreIeNa cos00.

Kax cJreÂyer u: (14), B cHcreMarI'ItIecKoM cJryr{ae .quÔparunra (çn l0) I'I3MeHe-

Hr{e qacrorËI H3JD IeH11q Moxer 6rtrr cxouneHcupoBaHo H3MeHeHHeM yrnon Àd' À9

uyc lonuxuQ.h :ds :0uoxHoyÂoBJIeTBOpI ' ITbBÂocraroqHoru l , IpoKot îo6 lacru

sHa.renuli nnuH nomr. B xounnauapHoM cJryrlae (çn:0) ronlxo yron Â0 Bnv*er Ha

ycrl'oulÀs Eperra u

(  l3 )

(14)

( 1 5 )

COrracno (15), nepruxil,'Ibl{iu pacxoÂI{Mocrb rryqKa He paccTpal'IBaer ycJIoBH'tr Eperra'

acJIBI{rqacrorbl[3JryrIeHI'It(rutuusueneHl{enapaMerpaKpl'Icriuljll{tlecxoËpeurer-
KI{, HanprrMeP, trFH I',I3MeHeHI{H reMneparypbl) npuro.unr K pacnaÀy rpexnoluonoù

,ulrÔpaKunn Ha ÂByxBonHoBble' T. e. ycJIoBI{g oa = 0 v ag -- 0 sHnorHxnrcq npH

pigrruHbD( 3HaqeHl,1sx 40. lra pi13Hl,IUa onpe4enteTcfl cneÀyrcull4M BbIpaXeHI4eM:

a^ : -2sin 20olLî + (twlu)tgflsl,
/  ^  L u  d o + 9 o \

as : -2sin(00+ 0s) 
l^0 

+ -tcï 
)

L, ,1 , -Aon= ( " t# - r t , )T (16)

c excuepuuenralrHofi TOTIKH 3peHI,Ifl KOMrAaHapHbIe cJly{au HHTepecHbI eule 14

TeM,rllTo,ÀaxeecnuycnoBl,Ie(7)rrenunorrH'IeTcgÂoc-TaToqHoTot{HoHTpeXBonHo-
sofi cJry.Iafr HeBo3MoxeH, TeM He MeHee' MoxHo rlolrfruTb Àna ÔlasuqecKn pa3rur{-

HbrxÀByxBonHoBbD( cJrlqiu guspaxuuu s oAHofi 3KcnepnMeHTa.nluoË cxeMe I{ 3a oÂHo

yrnoBo€ cKaHI,IpOBaHI',le.

3. OEIIIAT rEOPI{t

Àag ôopuyltrpoBKr{ reopuH HIDKe r{crroJlb3yeTc{ noÀxoA, npeÀnoxeHHuù Kara-

xOna u ASanacbeBbIM [16], u xorOpoM npoxoxÀegl'Ie snelcpouarnutHoË B6JIHII B KprI-

CTUIILJTS OnI{CbrBaeTCq ypaBHeHI,IeM MarCSetna.U1g KOMrrOHeHru Oypre BeKTOpa aM-

ruI{TyAbI gJlelcrplFlecKoro noJlt E(k, ar):
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(k2 - Kz)E(k ar) - k(kE(k,cu)): (4niaf c2)i(k,u), (r7)

r\e K : uf c:2trf À, À - alnHa BoJIHrI H3JI) {eHu-a, c - cKopocrb cBera, j(k,cl) -

KoMnoHeHTa <Dypre LIHtryq[poBaHHoË rrnorHocrlr roKa, paBHiuI KBaHToBoMexaHHqe-

cKoMy cpeÂHeMy oT KOMnoHeHru tDypre onepaTopa IIJI9THSçTI4 rOKa no ocHOBHoMy

cocTogHlrrc} Kpl,Icrzuna B rrprlcyTcTBHr{ BHerIHefo noil"g, C yterou [epHoÀI4rlHocrl'r

Kpr4cTuyrJrr{qecKoli perxeTKI,I B nI{HeIîHOu no E npufilnxenul4 HMeeM B caMoM o6uleu

ctryqae

rÀe km : h *h^, h- - yrraHoxenuuii Ha 2rT BeICrop o6parHotî peuIerKI'I, gl $0, k-) -

yMrro)KeHHaq Ha 4rr KoM[oHeura (Dyple reH3opa rtonqpfi3yeMocrll KprIcrzuIJIa, B Ko-

Topofi yqr,rrbrBarorcq Bce Bo3MoxHbre [poqeccbr KaK pe3oHaHcHoro nganlaoÀeùcrsu.s

raMMa-H3Jrrre'jl4fl c qÀpaMl4, TaK I4 B3anMOÀeHCTBI,Iq C aTOMHbIMI4 3,tIeKæOHaMH.

flycrr nrOcxarr BoJIHa C BonHoBbIM BeKropoM fu y4oueraOpqer ycnoBl4qM MHorO-

soruonoi.i ÀuôpaxUnn. B rpucralle. I{MeIotUeM Ôopr"ry IUIacrI{HbI, BeKTop lg uoxer

lr3MeHnrb Jrrrrrrb z-KoMrroHeHTy (no Hoprua,rn K rloBepxHocru). 9ro I43MeHeHI{e 3anl{-

IIIEM B BIIÀE

jn(y*,r): 1c2K2 f 4tr i") I  sitLr ,k*)Ej (k^,e),
nJ

l q r * k o + K ; ; 2 ,

" F _ \- ,.__"", F.ë Lms -  
/4,  

v mmt unt  s '

m t  s t

(  18)

(19)

(20)

(2r)

ko"
, " K

Tar rar ssauùroÂeËcrBne raMMa-I43n) {eHI,nI c KpI{craJInoM MulJIo, To B nnHeRHoM [pu-

fnuxenytu nonepeqHocrb 3Jrlercrpur{ecKoro [oJIq coxpaH.aercl. 3ro noggonser BBecru

ABe CKUUnrpHbre aMrurr,ITyÀbl Ânt KaxÀoro [y{Ka:

tÀe I{HÀeKc s : 7T I o onucblBaer cocroqHue rIoJIrIpI43aIIu[, €-" - eÀuHrquuù BeKTop

nonrrplr3alrnrl, npulleM BeKTopbI e-n, ê^o v s^: k^lK o6pasyror npanonnHronoii
nprMoyronbHulî 6a:ltc, a I,rHÂeKc m : 0,h,g,...HyMepyer nurtlb cI4JIbHbIe BorHr,I,
yAoBrerBop.trrcul[e ycnoBuxru Eperra ( I ).

flocrte no.qcraHoBKu (18) u (19) n (17) c yr{eroM (20) u or6pacblBaHllq Bcex c.rra-

6rrx sorH 3aÀar{a cBoÀr{Tcr K 3a.rlaqe Ha co6crseHuble pelueHl4g MarpI,IubI, gJIeMeHTaMI,I

roropoti sBrqlorcq aMIUIIITyÀbI Kl,IHeMarlrqecKoro pacceqHlu :

^  l -  " . '  
. " . '  1  ^  |  |  t t ,Gi^' : 0^ lt"à*' 

- o^6i,1.*,J, P^: lof  ̂t*, ^r^: k*"lK'

giÂ,!^, : D"'*"sU $^,k^,)e!^, ", 
: p|,i*,(r) + x',â^, ,

i j

(22)

6";*, - cr4MBoJr KpoHexepa, a napaMerpbl HeBbInoJIHeHun yctoaufi Eperra am pac'

cMoTpeHbr B npeÀbr,(yr{eM pæÀene.
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MarpuUa p";:^,@) oflucbrBaer pe3oHaHcHoe pacceflHl4e raMMa-KBaHroB. B cny-

rrae cBepxToHKoro paculenneHu-g ocHoBHoro lI Bo36yxIeHHoro 'ÀepHbIX ypoBHeia oHa

HMeer cneÂylouHft BI4JI:

p".,ï,*,(r) =D l:;-,Aa *:ff . nr1r,
g e

(st,ùt") : -ri3QI:4K-I]'",-t, ' ( -';0, i, i.)r*

(23)

Ai,â'^,(ge) .=, "1Ï ' ,  ,  , ,  I  exp{i(k- '
. ) r /  î  / 1 f  -  J -  1 \  L

8nq - k^)r") tl/it'"!"i, "azVolo(2Io + l)
d

x  (9 l J ; (Km ) i €  ) \ e l J  " -
(k*,)ls) (24)

3Àecr uHÂexc g HyMepyer ypoBHH OCHOBHOIO COCTOSHI4' snpa, a I{HÀeKc e - no:6y-

xÀeHHofo, /o - qÂepHbrË cnuH ocHoBHofo cocTosHu-s, u&g- qacToTbl pa3peueHHblx

1repexoÀoB MeXÀy ypoBHtMH ocHoBHoro u no:6yxgeuHoro cocToflHr41i, f - no11Haq

tul4pHHaII4HI'IIICyrreroMHeOÂHOpOÂHOrOyluHpeHH'I,I-s-ecr€crBeHHasuJr4pvHanv-

uu4, vs - o6teu 3neMeHTapHou tueiltxvt,lrHÂeKc o HyMepyeT aToMbl BHyrpu 3JIeMeH-

rapuoti rvefiKvl,la -CMerueHHe aToMa c HoMepoM o IÀ3 Haqiua SJIeMeHTapHofi qqefrrlr,

f  o^: exp[-((u"k-) ') ]  - :as]rcqqnii  or reMneparypu Saxrop JlsNa6a-Mecc6ayepa,

j"(t ) _ KoMnoHeHTa Oypre oleparopa ruroTHocrg TOKa JUIS aroMa c HOMepoM a' T -

KOHUeHTpaU}{q pe3oHaHcHoro H3OTO[Ia.

flpu nuuuctreHl4r,r MarpnqHbrx 3reMeHToB or orleparopa lrnorHogrl'I ToKa o6rt'rHo

r4clronb3yeTcs p€t3noxeHl,le nocJIeÀHI4X B pqÂ IIo MyJIbT[nOJUIM, npI{tIoM' KaK npaB}IJIO'

Anq nepexo[oB r43 Hr{3KoJrexatuux no:6yxgeHHrtx cocroqHllË.uocraroqHo } {ecrb nulllb

flepBbrÉ qneH pa3noxeHu-s. H]D(e oIpaHI,ItII,IMcs pacCMoTpeHI'Ieu M!-nepexoÀOs' B

sTOM CJIy{ae onepaTop IUIOTHOCTI4 rOKa I4MeeT BI4À

j ( t )  =  l c I k r û r ] , (2s)

rae û - oneparop MarHr,rrHoro AlrnorbHoro MoMeHTa, MarpurrHble SJIeMeHTbI Koroporo

panuu [17 ]

(26)

3necl 1- cnl4H nor6yxreuHoro cocrotlHu-q n.upa, f1 = fo/( l  a o) - uripnHa

Jrr41tivr, CBq3aHHafl c pAquaUuoHHbIM ;1epexOÀOM, a - roeQSuUUeuT KoHBepCHI4'

M : -1,0, I - <<MarHHTHo€t KBaHToBo€ qncno IT3nfrelp.l,z,A, Ms, M" - KBaHToBbIe

qucna npOeKU1aI,t qÀepHblx CnnHOts B oCHoBHOM l,r sog6yxÂeHHoM cocToflHl'Irlx Ha OCb

KBaHToBaHIlrI, nprucM B CooTBeTcTBrlrt c fip?Bnnault Or6Opa pa3peueHHbluvt sr;IIs-

rorcr Jrr4rub nepexo.tlbl, yÀoBnerBoptulue ycnoButo Mn : M. * M, no : nz -

eÀlrHl.t'{Hrrii BeIffOp B HaIIpaBIeHfiVt OCu KBaHTOBaHnq (nHyrpeHnee MarHI'ITHOe nO-

Jre Ha qÀpax), n+r = +(n" t ino)lt/2 - B3aLIMHo rlepneH,lllaKyllf,pHble e.(HHHqHbIe

/  I n  I  1 \
BeKropbr B rrnocKocrH, nepleHÀl4lrylrpHoÉ ocH KBaHToBaHI'I-s, 

[ 
_fun M M, ) 

-

3j-cHuronu [8].
floÀcranrlf,q Qoprvrynu (25),(26) n 124), non] {aeM
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A|Â*'@") =
6trrl QI + I)- 

of oMF (2rr + D
x I exp{i(lç^, -k^)r"

( -';0, i, ï,")'
t rlljtilj,eff^,(au (27)

rÂe

e;*,1"V1: (m-,nv)(rr^r 
"trrtr4)* , D-,  = [s*  e- ,  ] . (28)

3.uecr ncnonmylorcg €ÀHHltrIHbIe BeKTopbI noJlgpr{3auul{ MarHI,ITHoro rroJrt mms, 3a-

BlrcllMocrb or r,rHÀeKca a o6ycroueHa reM, qro HanpaBleHut ocx KBaHToBaHut Ha

pa3Hbrx aroMÉIx Moryt p€t:nrrlarlcq. florqplr3aunoHtrylo Marpuuy yao6uo BbIpzI3HTb
qepe3 Ha[paBJreHHe MarHHTHoro norq Ha sÀpax. Jlerxo Henoepe.qcrBeHHo npoBepnTb,

vro [19]

(m-"no)(m-," ,n0) ,

{(m-"m-,", ) - (m-"noXI[-,",t4)a

+ i ([m-" m^,", lnù] 12,
P#^,(rM): 

{

M : 0

IUI  = L l .

(2e)

Marpnqa y"j'^, onucrtBaer pacce.aHne raMMa-KBaHToB Ha aroMHbrx slexrpoHax. OHa

3ABVCrrr JrHtrrb oT <<nepeÂaHHoro HMfry,rlr,cD> lç"'-k^, paBHoro BoKTopy o6parHoli pe-

ulerKlr h-,-. OnpeÂe,r,srcunË BI!'IaÀ Àaer El-paccerntvte. B grol\,I cirrrae, KaK xopoluo

[3BecrHo r.I3 reopnl{ paccestvr peHrr€HoBcKlot ryqeil [3],

x";^ , : (e*"e*, , , , t  {  #[ . f " (h- , - )  
+Lr l*  o#r ! \ "

x exp{ -i i  h-,mta - W"(h^,^)}. (30)

3Âecr r0 : e2 l*r2,,f" - ôopr"rôarrop (rounoHeHTa {Dypre srerrponHolî IrJIorHo-
cru aroua), Lli, - ÀLrcrepcr4oHHrur ronpaBKa x QopuQaxropy, ol - Ânnolrxuù
BKJraB ceqeHHe SoronomouteHNr, exp(-W") - Sarrop Àe6ag-Bannepa, W"(h) :
= 0.5((u"h)2) .

Paccuorpuu renepb 3aÀa{y ly'-softIosoË gu$paKqun Ha Kpucriuule n @opue ruta-
crlrnKrr B caMoM o6ureu cJryr{ae. flycrr ua BepxHK,Io noBepxHocrb Kp}rcraJula naÀalor
II]IOCKI'IE BOJIHbI JIAYS-TI'INA, ÀI.g KOTOPbIX 'I^ ) O, A HA HI{XHIOrc IIOBEPXHOCTb - BOJT-
Hu 6perr-runa, EJrfl. Koropbrx 'l^ 10, lI aMnJrl{:ryÂbl gTlt( BoJrH H3Becrnu. flocT poNIu

r,r3 HrD( Ber<rop D*". B pe3ynbrare nnôpaxquu u: oepxHeË rroBepxHocrn Kp]rcriur.lra
BbrxoÀsr BonHbr 6perr-rnna, a Hs HlrxHefi - nays-Tr{na I,t aMrrnnryÂbr 3TrD( BonH'rpe-
6yerce onpeÂenr.rrb. flocrponu r.r3 HrD( BeKrop R-". Heo6xoJlnMo onpeÀenurb Marpr{-

uy, npeo6paspouyo BeKrop D r nerrop R. À.trs eroro Ha nepBoM erane neo6xoÀLrMo
Harïru sce co6crseHuhre peueHr{r 3aÀarru (21). B "ly'-sorHonoù{ cnf{ae Marpr{ua nMeer
paHr 2N la1u:xe Ert N : 3 sra 3aÀa{a Moxer 6urr peureHa JIHrub qI{cJreHHo c HcnoJrb-
3oBaHueM xounrrcrepôa. Kax H3BecrHo, Marpr{ua paura 2N uueer 2N co6craexHblx
rHa.{eHnfi €j Lr co6crBeHHhlx BeKTopov Er^".

Pea.nrHoe noJre B Kpucrttnne rBJuercr cynepno3r,rqueË srlo< perueHuË c BecoBhIMH
MHOXT,TTeJnMU Àj, KOTOpbre HaXOÀqrCr r{3 rpaHI{lrHbIX yCrOnuft. flOCleÂnne c } IeToM
BBeÀeHHbrx Bbrue onpeAenesuû gannrueM B BHÀe

D nL, exp(i eil^) \j : D^" ,

8 XOT(D, Ne3 673
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]Âeln:0,eClU?m nOJIOXI4TeJIbHO, Yll^= Ktf2lg,eCJTtlTn OTpI'IIIaTenbHO' r-TOJI-

trrru *pt""a111a- flogne roro KaK BbIq[cJIeHbI crenegl4 Bæ6yxÀeHl4q coft)rBeHHblx

pelueHr,{fi (6.noxOnCxrx BOIH), HCKoMbIe aMIInHTyÀbI ÂI'IOparupOBaHHbIX BoJIH H€lxo-

Aerc.'l no sopuyne

R*" =L 
"L, 

exp(ieib^) \, ,
J

ll{e bn = 0, ecrH ?m oTpHIIareJIbHo' I'I b*: Kt 121s, ECIrttr Jn nolloxnreJlbHo'

flpnuegenHue nurue $opuynËI peilIarcr nocraBJIeHFIfo 3aÀaqy HeflBHbIM o6pi6oM'

9ro6u florrrrHrb pe:ueHr,re B sBHoM BI{Àe, HcnoJIByeM iulre6py MaTp[u. luee w

ynpo11leHr.1fi o6o3HA.{eHUri 6yÀena cr{14rarb, qTo HHÀeKc m COÀepXI4T KaK HOMep n] {Ka'

TaK n [o[.rrpl{3aur{ro, II BMeCTO rns 6yÀeM III4CaTb npocTo m. cObCrSeHHbIe BeKTOpbI

o6pa3ylor Marp[Uy Epi ÏIopflIKa2N, a aMIUIHTyÂbI Àj, D^ v R* - BeKropbl B roM

xe [pocTpaHcTBe. flpn 3anwcu 3Tr,rx BeJII,lquH 6e3 HHÀeKCOB BCe onepaul',IH cJIO)KeHHg

H yrltHoxeHr4r noHr,rManrcq KaK o6odxleHHble B 2N-MepHoM rlpocrpaHcrBe. flpn srou

ypaBHeHr,Iq (21), (31) n (32) sanucblBanrcs B cneÀyurleM BHÀe:

E . e : G ' 8 , X  , ) , :  D , R : Y ' ) ' , (33)

1il9 eii, : €i6ii, - ÂI'IaroHiulbHas MaTpHIIa. 'fIsHHù BI{À peueHllq Tenepb JI9TKO rio-

r) raercs B ÔOpMe yrtHoxeHHq Ha o6parHylo Marpl4uy:

R : Y .  X - I  ,  D :  M , D ,  M : Y , X - , (34)

Ha:oser\,r MaTpr{uy M*^, Mgrp:2\Ieù.(I,IHaM[qecKoro paccefl1anfl. B oTJII',ITIHe oT MaTpI{-

UhI KI,rHeMaTI,ItIeCKOro pA11eflHr4g. Gnm, OH1 3aBI'ICI4T OT TOJIIIII'IH6I KptrcTUtJ'UIa' Oqe-

Br'rÂHo, B npeÂeJle t = 0 nueeu paBeHcrBo x = Y u M : I, rne I - eÀI4HHqHag

Marpl{qa, MoxHo noKa3arb, qro npu MtUIOË TOnlUI',rHe KpHCTirIIna

M*^, N 6^^, * i, 
fisign(1^)G^^',

T. e. Ar,rHaMHtlecKtrs lçtarpHua npocro nponopql{oHaJlbHa KnHeMarI'IqecKoË'

<DOprvryna (34) gaer yÀoBnerBopr'Ire;IbHoe peruegl'Ie 3aÂaqg JIHlub B cn] {ae ql4croil

Jrays-rÊoMeTplrlr, Kor4a 6perr-rryvxra orcyTcrByror. IIpu gnQpaxUnu B cMeuIaHHoIi

reoMerpur{ Bperra-Jlays Âiu(e B cJrryae orHocI,IreJIbHo HeroJlcrbrx KpI'IcriuuIoB Qopuyla

(34) nenpr,rrog1a NIA qI,Ic[€HHoro pelxeHl1fl 3aÂarln' He roBopff yxe o npeÀenbHoM ne-

peXOAe K CJryVarO C t ---) OO. ,{enO n TOM, rITO npu HIUIHqUl,t OTpiDKeHHs nO 6p3rry rIaCTb

Co6CTBeHHID( 3HAqeHI,Ifi I{MeeT OîpuqaTenbHylo MHHMyIo KoM[oHeHTy ef . Eonee roro,

ecJIH qI,ICJIO Fperr-rryUxOB paBHO Np, TO t{nC,rIO TaKIX peruenufi TOHHO paBHO 2N6'

@rasnqecxar npllpoÂa TaKI,D( perueHl,IË ÂocTaTo'{Ho IIpocTZIfl' Kaxnolay co6CTBeHHoMy

perueHltro COoTBeTcTByeT 6lOxOncraq BoJIHa C o[peÂeJIeHHbIM HanpanneHueM nOToKa

JHeprHu. B peruenurX 
" 

,'; < 0 nOrOx SHeprHn I'IMeeT OTplIUaTeJIbHyIo z-KoMnOHeHTy

tr gTr,r BOnHhI 3aTlD@IoT [pr,I ÀBI,DKSHuH CHI,I3y BBepX. ECTeCTBeHHO Ht13BaTb 3Ty rpynny

perueHHfi 6jIOXOBCKI,IÀ{I,I BOJIHaMI,I 6perr-rUna, a OCTanÉHbIe peuleHnt c IOJIO]0'ITeJIb-

HbIMI,I 3HAqQHYIÂMVI 
"1I 

_ 6'TOXO"CKI'IM}I BOJIHAMI'I JIAY9-TI'INA.

Peurenue B ÔOpMe, npHrollHofi.UIs qHCnehHblx pacqeToB' He,[oJDKHo coÀepxaTb

Bo3pacTaroullo( gKc[oHeHT. tlrO6u noilyqllTb TaKOe perueHlre, ynopqilor{}IM 3HaqeHH.a

(32)

(3s)
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r.rHÀeKca rn no y6blBanYtro Jm> a LIHÀeKc j - no y6blBaHI'IP et; . /I.;Is coKpall{eHl'Irl 3a-

nI{cH O6O3Harr[M BC1O cOBOKyIIHOcTb 3HaqeH14fr I4HÀSKCSB nay3-Tgna OÂHOIî fyxsOil L,

a Bce 3HaqeHr,rs fipgrr-rnna oÂHofi 6yrnoË B. BseÀetvI raKxe ÀI{aroHulJIbHbIe Ma'rpltubl

/  K t  \  -  ^  l . K t  \ .
C r r = e x p { i # r r )  6 1 i , ,  i  € L ,  C B a : e x n ( ; î r , ) 6 , , ' ,  i  e B '  ( 3 6 )

\  2 7 0 ' /  \  & / u  /

B Hosrrx o6ognaqeHn.flx cl,IcreMa yparHeHNË (31) pas6uaaercs Ha ÀBe IIoÂcHcreMbI

3arrncbrBaeTcq B clle.qynueM BruIe:

E r , r ' À r * E r n ' \ n : D r ,
Esy  Cr r '  \ r ,  +  Enn 'Cu" )É  =  DB '

3ltecr' Ett u Eaa - KBaÀparHble MarpI4UbI pa3MepoM 2Ntx2Nt' u 2Na x 2N6, rÂe

N, : N-Nr, a MarpHubl Etn I^ Ent B O6UIeM CJryrIae npsMoyronbHue. gra cllcTe-

Ma Hçnonb3yeT;s Nrfl HaxOXÀeHHt B6KTOpOB Ày n À3, [plFIeM pe1IIeHl'Ie .(OIXHO 6bITb

3anlrcaHo B Bru(e, coÀepxarueM roJIbKo y6blBalouue SKcnoHeHTbI, T. e. BMecro Marpn-

\s cBn HyxHo HcnoJrb3oBarr o6parHyo MaTpHuy c"ir. IlpocroË pacver npl'tBoÂI4r

K CrreÀylouew pe3ynbrary:

^ r . :  z î1 . (Dr  -  E rc .CEL .EnL .Dù ,
^n :  cEL .  zuL . (Dn  -  Es r  c r r  E rL 'Dr ) ,

, C L L ,

.  c uL. (3e)

B BUÀE

(37)

(38)

Z r r :  E r . r  -  Em 'CE 'n 'Enb '  EB"

Zss :  Enn -  EaL'CLç EiL '  Eru

@opuyra (32) n Honux o6o3Ha'{eHllcx nepenl{cblBaercs

R r  =  E r t ' C t t ' À r  +  E t n ' C n n '  \ n ,

R B = E B r ' ) ' y + E s p ' À s . (40)

flo.Ucrasnss HaËÀeHHoe perueHl{e ÂLa BeKropa À (38) s (40)' nolyvaeM oKoHrlareIbHo

Rr :  Mry Dt + Mrn '  Da, Rn:  May Dt  +  Mna '  Dn, (41)

rae 6loru ÀlIHaMI,rrIecKoË Marplruhl pacceflr:vrs I'IMeIor BItÀ

Mr.L:  Et r , 'Cr , r '  Z" i  -  ErB '  ZE'n 'I ' o . E " t ' C t t ' 8 1 )
L L )

Mr.n:  EÆ . ZEL -  Err  Crr  ZlL '  8""  'CEL'  E"L,
Mnr  =  Enr . ' z iL  -  Ena 'CEL '  z "L 'E" t ' c r r  8 , .L ,  $2)
Mnn :  EnB 'cEL'  zEL -  Enr z iL '  Ern 'cEL'  E" ' " '

Jlerxo HerrocpeÂcrBeHHo [poBepnrb, qro, HecMorpq Ha orHocuTenbHo rpoMo3.qKHi'i

B1gry, gryt $opr"rynu BecbMa yÀo6su ,rlJrr qucneHHoro cqerâ He3aBI{clIMo or roJIIuI'IHbI

KpucTiuura n oco6eHHo B npeAene t ---+ oo'
B cranÀaprHori reoMerpr,rlr Ha orpaxeHHe Ha KpHcriuu naÀaer oÀHa BoJIHa c B0JI-

HoBbrM BeKropoM fu u usueparcrca 6perr-nyrru,r (crtr. puc.1). Sror clyraft onucblBaer

6norc. Mg7. B nylenou nopqÀKe reopHrr Bo3MyuIeHlIia IIo MiuIbIM 3KcnoHeHraM I,IMeeM
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grorpæylrraTBTeopHI,IMHoroBoJIHosoËnHÔparullHpeHTfeHoBcKnXn}n{efi6rtluo-

ny{eH BrIePBbIe B Pâ6orax l20,2ll'

BclytaenpflMotoHa6lroueHnge$serra[o.[aBneHH-gHey[pyr}lxKaH;uIoBgÂep-
Holîpearuuul,IHTepeanpeÀcTaBJUIeTI,IHTeHcI{BHocTbnay3-IlyqKoBHaHI,IxHeÉrpaHll
;;;;." *pr""u-u. gry cr.rryauup orlrcbrBaer 6lor Mrr,. B repBoM nopgÂKe reo-

plrr.r Bo3Myulenufi Henocpe.[crBeHHo uz (42) HMeeM

( M a r ) t - *  æ  E B v ' E r t " '

( M r , ù t - *  x  ( E n  -  E r n ' E u L ' E B ù ' C t y  E r L '

(43)

(44)

(4s)

pacce{HH,s raM-

ATOMOB lr BBECTI'I

(46)

- qucllo

Oror pesyrrrar 6ru BnepBble rorryqeH s pa6ore I22l'

B orrtu.{He or npu6lr^r'rxeHHblx ÔopMyn o6une $opr"rynrr (42) r"roryr 6ntrr ncnonl-

3oBaHbIAJIxpacqerauuorocnofrHblxKpl'tcriurnl4rrecKl'Ixcl,Icretlt'CoorsercrByl'ouHepe-

KyppeHrHble Qoprvrynu npItMeHHreJIbHo K reopuu nuÔpaxuun peHTreHoBcxllx n)"reË

ObUIï .nonyo"rr"i u p"Ooré [23]. O,uHaxo B cnyrae Auôpaxqns t'lecc6ayeponcKl4x raM-

Ma-KBaHTOB 3Ta 3aÀaqa He croJlb al(ryulbHa I'I3-3a orcyrcroua o6pa3uon' floxalyri'

eÂnHcTBeHHaqcvTya[tll'^'KoTopyloMo)KHo6ruro6slcMoÀeJII{poBaTb-3ToKpI,rcTzuUIbI

npH HZUIOXeHHU rpaJ(I{eHTa reMnepar}pbl no HOpMZUIH K noBepxHocrH'

floue roro KaK naËÀenu aMIUII'ITyÂII orpùKeHlIq' xos@$t'tuueur orpaxeHut Bon-

Hbr ms B BoJIHy rn's' onpeÂery'crcs no Sopt'lyle

.  l t * ' l  l f i - ' " '12J(m's'  .ms): 
nJ TD;F

B crauÀaprHbrx ycJroB'-rrx 3Ty Benl,rrrr4Hy HyxHo [pocwMtpoBarb rlo HH.[eKcy s" a B

cny{ae He[ontpI'I3OBaHHOro H3ryr{eHl'rt - ycpeÂHI'ITb no HHÂeKCy s'

4. PACCEflHI.IE B KPI{CTA]UIE BOPATA XEIIE3A

Kpucra,uFeBo3'IBII'IeTc'Han6oleenepc[eKTI,rBHbIM.Iu'Ha6lrc.[eHug.quopar-
ur.{oHHbIX aSQexron uecc6ayeponcKoro raMMa-I'I3n} reHH'É (cu'' Hanpnu-ell!',41):.O"

.  a ô ^  a  \ / - - ,qrvr 'rDr^ vYY------ ' -  
-Ky c ÂnuHoù pe6pa a: 5'520A' v.nu

nueer porra6oS,llpll.IecKylo 3neMeHTapHyl'o 'u"" 
^ .,^ ït ove{tvu

#;tËv;#;t""'itopu"n paBHbI ç = 49'54'' o6rcu 3rleMeHrapHoÉ s'{efixu
, ? noKnnr I?51 B ere-

;;ït.;;H;;;;J'" 
'p: 

t'zt '7cvi' e''r 'raHHbIe B3sr:i:-' 11Tïl'l;3"i.Ti
;:#;#;;;;;"r." ouu aror,ra Fe, ABa aroMa B u ruecrr aroMoB o. o6parnaa

v  , ^ a ^ ^  .  -  . ,  e < O  i - l  V r n n

Ë;"rïï#;'#';;r*" por,,r6oeapuvecKtul c ÀrnHoË pe6pa b : 0'259A-r' Yron
^  -  ^  î ô t 4 \

MexÀy pe6parun 9'6 
: 113'l8o (xocunyc yrna paBeH C : -0'3936)'

É 
"tot 

cnr{ae Qopruyly (30) grq aMIUI}ITyAbI 3JIeKrpoHHoro

Ma-KBaHToB yÂo6uo npeo6pa:onarb K cyMMe rro pa3HbIM copraM

crpyrrypunii $arrop Ânq KaxÀoro copra aroMoB

1 - -
S o n : # f e x P { - i h r " } ,

t ' b  
o = b

rÂe cyrlrMI,IpoBaHI'Ie IIpoBO.[wrcs' Jrvtlrb rlo KoopAI'IHaraM aroMoB copra b' N6

TaK[x aroMor. B PesYlrrare
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[c. t /ogtl + Âfl ) + iciolf N6e-won s67", (47)

À2ro À .  l 0 - 3
I t T '

rVog'
v i -

2trVog

3.uecr B Kar{ecTBe eÀI,rH}IU H3MepeHI.Iq

9 : 0.4848 '10-s pat/c.
Crpyrrypurre $axropu À;rs KaxÀoro copra

u{ecTBeHHbI I'I paBHbI

aroMoB n 6opare xeJre3a crporo Be-

.gp" = cos2(f ir ;) ,  Ss : cos(/hk1)'  (48)

I
5b : f{cost fnr,t + z(h- k)l + cos[/161 + z(k - l)] + cos[/111 + z(l - l' ')l]'

rpe inr,t= J.r,, (h + lc + /), z : 0.5962tr.
AroruuuË $oprra$axrop /ôG) - sro ra6rHqHas $yHxunr or apryl4eHra sin' 6 I )' :

: hl4tr, ra6luUu :Ha.{eHI,tË aroMHoro @arropa MoxHo naËrrn n pa6ote [26]' <Darrop

Aelas-Baurepa B lr3orponHoru npu6lr4xeilnr4 panen exp(-Wn) : exp(-0.5(u2)tù2)'

KoncraHry (u2) r"roxno roryqHrb ycpeÂHeHHeM.[aHHbIx, npHBeÂeHHbIx s pa6orÊ [25].

Mrr ncnolrayeM 3HaqeHHe (rt) = 0.0026. KoucraHrrt C, u Ci B AaHHoM KoHKperHoM

crryqae(À: 0.861Â)pannu C,: -l '5322'10-2,C;=3'157'10-6' 3Ha'IeHI{tÀI'Icrep-

cltoHHblx nonpaBoK MoxHo IIoJIf{hTb n pa6ore 1271, a cerIeHHJI Qoronomou{QggIt - B

pa6ore t281. Àm paccMaTpgBaeuoË À.nnuu BSJIH6I ÂI{cnepcgoHHat nonpaBKa cocTa-

nmer l]; æ 0.4, a coornercrnyoulnMn 3Har{en:rlsvtvl plrl. O u B trloxsc npeHe6pevr'

3Ha.IeHH.fl ÀJLfi AHnoJIbHofi r{acrl'I ceqeHnff QoronornoueHl'u paBHbI coorBercrBeHHo

o f .  : 6085 ,  o !  : 55 ,  ag  :9 .
flgepHoe paccerHr,re npo[cxoAHT TOJTbKO Ha ATOMUIX XeJIe3a, npHr{€M Ha ÀByx aTo-

Mzx B 3JIeMeHmpHofi c,{eftxe HanpaueHut BHyIpeHHero MarHI'ITHorO nons Ha tÂpax

MOXHO npn6nr,tlKeHHo cqI{TaTb npgMo npOTHBOnOJIOXHHI'IH. PaCCeqHUe npOUCXOAI'IT

Bo36yxÂeHHeM cocro{Hl,r11 co crrHHoM I = 312 H nepeH3nWeHHeM np14 nepexoÀe B

ocHoBHoe cocroflHHe co cnHHoM Is = ll2. ComsercrseflHo, Ms : ll2, -1f2, a

M" : -3f 2, -l/2, l12, 3f 2. 3ne* nopsloK pacronoxeHurl KBaHroBhIx rtuceJl co-

orB€rcTByer Bo3pacraHltro 3HeprHn yponHeË. Ilpanu.naun orSopa pil3pelueHbl IIIecTb

flepexoÀoB, noKa3aHHble HHxe BMecTe co 3HatIeHutMI'I KBaHTOBoTo qncyIa M, xuaÀpa-

TaMH 3HaseHHË COSTBeTcTB!'IoIUID( 3j-cnunolon I'I sHepruefr [epexOÂa B eÂHHHUax f,

orcrllrraHHoË or cpeAHero 3HaqeHH.tr, a raloKe co 3HaKoM KoHcraHTbI KBaÀpy[onbHoro

pacryeruIeHI,Lg:

flepexoa i \2 L,Es^lf
I
2
J

4
5
6

-54.
- r l2--+ -r12
+r12- -+  - r l2
- l l2 ' - -+ +l12
+r l2 - -+  +r l2
+312---+ +ll2

2/12
r/12
r/12
2/12
3/12

-3r.79
-8.64

8.64
31.79
54.93

(4e)

<Daxrop Jlslvl6a-Mecc6ayepa B I'I3orponHolr'r upn6lrnxeHl'Iu paBeH

f  o^:  l ru :  exP(-(?,2)K') :  o.glol

. , ' : s
Ln /J

b

Hcnonb3yrorcs yrnoBble ceKyrulbl, A

B-
1
0

- 1
I
I

0
- 1
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He3aBHcI,IMo or HHÀeKca rn. Kpoue roro' B KoHKperHbD( pacqerax I{cnoJrb3oBÉIJII'Icb

3naqeHnfl q :0.95, o = S.zL. Ilorrtrue gHepEIlI nepexoÀoB onpeÂeJlllorcg no Ôopuyle

E n - E o n r - L o  - n
f  

-  
f  

t L ' t t J n ' v '

rÀe à. : l* e, e K 1- nonpanxa Ha 3ÔÔeKrtlBHoe none Hâ gIP€' Â : 1'95 - KoHcraHTa

KBaÀpwoJIbHOrO pacuellne:Hufl, c: 3 - xllMl'[qecKur c'llBnr'

C yrerOr*l BbnueCKa3aHHOIO Ma'rpuqy sÀepHOIO paçCelHrls MO1;<HO 3aII[ICaTb B Br{Ie

r :0 ,  [ ( io .  lo )  * ,  +  uz+/ ' )  R+ ( lo .  io )  u - ' ] '

(50)

( 5 1 )

rae |n: 12h(w - w*)lf + il . 
t - pe3onaHcHble MHoxureJIH ÀJIt luecrl'I yI(a3aHHbIx

nepexoaoB,

2nqf ru eI + r) :  _6.692.
Yu g0 + a)VsK3 (210 + l)

(s2)

(s3)

(s4)

p ;=  pe -  i 7+ tp6 , P*r: Pt - Po - I' Pu,
^  1 _p, = + [1 + 1- 1;à*k*r] (m-,noXnm,s,ro),

^ 1
È^: i  [ t  + 1-t ;h*k*r ]  (m-"m-," , ) ,

F" : i[1 - (- l)o*e*t] { [ m-" n-,", ] ns).

3Àecr â,, k, I - nnÀexcbl BeKropa o6parnofr peulerlc{ h-'-'

B ôopuynax (53),(54) BeKrop n0 onpeÂeneer opl{eHraul{rc MarHllrHoro norq Ha

aTOMe Xerre3a C Ku)pAuHaTaur.I (0,0,0). 9ror nerrop cTpgro nepneHÀI{KynflpeH HAnpa-

BJTSHUIo (1,1,1) O6parUofr peuIeTKH KpHcTZttUIa' T. e. JIexI'Ir B IUroCKocTLl nOB€pxHocT1I

O6pa:Ua. OÂnaXO n CAuOfi 11noCKOcTI1 OH MOX9T I{MeTb npOH3BOnbHOe HaIIpaBJIeHI'Ie'

Bse.[erv{ yron pH r{ onpeÀenr,rM HatæaBneHue BeKTopa no cneÂYrcrlll{u o6parou:

n o :  a s i n g s * b c o s g s ,

t =  A f  A ,  A :  [ Z s o l ,  6 : l a ' z l .

3Aecr, KaK I{ pagbule , Z - eguttwtnuË nexrOp çrlnpeuneË HOpMaJI}I K noBepXHOcTI'I

KpHCTaJIna.

5. IEOMETPI{fl AIIOPAKIII4I,I. IIOJI'PI,I3AIIN}I

,iIJH pacqera no.nnoft Marpr{ubr KnHeMarl,IqecKoro paccesH}rq Heo6xoÂI'lMo onpe-

AenI{TÉ KoHKperHbIe BbIpSxeH[s,qnr rpoËxn BeKlopoB ênr, êno, sm B Kax.qoM rr] {Ke'

ffi = 0,h,g. Ùry 3aAaqy rrpoue Bcero pemlrrb' I{cnoJlb3yt $opivrynu ns xHIlrH fIuH-

"*.p" 
i:1. 

-$"*topu 
ofiparnoft peulerKu h u g onpeÀenrlor Kpyr c paJII{ycoM .R. Bse.Uev

BeKrop R rag qerrrpa Kpyra B rovry O. O'reBlIÀHo,

(ss)
(s6)

R: ah *  bg, (R+ h;2 :  42,

678

( R + g ; 2 = 6 2 . (s7)
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I4s erru( ycnoBl,Ifi nerKo HafiTI4 KooÔÔnquerffbl a u b:

a : -
g2(h2 -hc)

2lhznz - (hS)21'

B o6ueu cryqae Kss : R*çp, rÀe P 
= P f P - eauwlqHblË BeKrop B HanpaBJIeHHH

P : [hg]. O.I'BHÀH., c-: *\IET -æ' a 3HaK onpeÂen'sercfl r43 yc1rog;1rfl so' ) 0' B

KOM[JraHapHoM cJryqae c:0. Hcxouble BeKTOpbI BbIrIucJrflIOrCA nO @Opuyla*t

(s8)

(se)
sm = so +h^f K,

8*o : Is- e-r ],

emn : Ef E,
' f m :  S m z '

E :  I P s -  ] ,

Tarcau o6pa3oM, BCe reoMeTplrqecKl{e BeJII{qHHbI, Heo6xoAI',IMbIe AJIS pacrleTa IIoJIq-

pI,r3aulIoHHbD( MaTpHrl, Mgryr 6bITb BbIqHCJIeHbI aBTOMaTHqecKI',I. Heo6xo[1IMO 3aÀa1b

TOJrbKo r4luleKcbr.qByx orpa)Keï:nir h,lc,l u h"k"l' u KoopÂI{Harbl BHyrpeHHeii Hop-

Mu}JrIÀ K BxoÂHoÉ noBepxHocrl'I B 6a3l'rce o6parHofi peulerKu Zr"Zr'Zt' llocne!.nue

npaKTr4qecKrd BcerÂa paBHbr -1,-1, -1. Bu6op BeKTOpOB noJItpI{3aUHI',I B BLIÀe' 3a-

.uannou sopr"rynarrln (59), yno6eH B TOM CMbICJIe, qTO ÀJIt KOMrUIaHapHoro cJrr{as Bce

BeKTOpbr Eno: p coB[aÀaroT c TaKoBbrMr,r Âr.Lg ÂByxBonHoBOro cJryrlaq. Berroprt no-

nqpI,I3aqHI,I MaIHI{THOTO noJIfl paBHbI mnr: eno' mno: -ê*n'

6. KOHKPETHbIû IIPIIMEP

Pa:surag Bbrue TeopHrr no3BoJl-fler H3rIHTb MeTOAOM qHclleHHoro MoAeJII',IpOBa-

Hr{t nrooble MHOTOBOJTHOBUe XOHQnrypaunu. ÀemlbHblfi aHUII't3 Bcero MHOrOO6pa-

3Uq Bo3Hr,rKarourx npu SroM 3ÔÔeKroB BbIXO,qI',Ir 3a paMKll HacToquefi crarrn' 3Âecr

xe B KaqecTBe lrpl,rMepa npI,rMeHeHI'Iq TeopI{H paccMoTpeH o,uI'IH Cjryr{aÉ KOMIInaHap-

HoË TpexBonHoB;Ë Ar4ôpaKur.rq Ha rurocKocrqx 1,1,1 n 3,3,10 [13] r"recc6appoBcKoro

u3JrrreHr{s c 3Heprueù 14.4 xsB () :0.861A) B KpHcrzwle FeBO:. Ieouerpuvecrure

napaMe1pbl froKa3aHbr Ha pgc.2. gror cJry{aù I{HTepeceH TeM' qTO OTpaxeHI'Ie 1,1,1

(Il) crpyrrypHo 3anpetueHo, r.e. aMIIJII4TyAa 3neKrpoHHoro pacceflrru[ ÀIs Hero paB-

Ha HyJrro, a flÀepHoe paçce'l1ve npoLlcxoAI'IT C n3MeHeHLIeM COCTO'gHI',lf, nontpl{3aul{ll

r,r roJrbKo ILq.'I qerblpex KpaËHI'IX Irnïvrir cBepxToHKOfi cTpyKTypbl' Ûrpaxenne 3',3',10

(G)gsn'{vrcgcTpyKTypHopÉBpe[IeHHbIM'BsToMcJr}nraeHapgÀycsnelffpoHHblMpac-

ceflHr,reM npoHcxoÀI{'r f,ÀepHoe pacceflHve 6es usMeHeHLI-fl cOcTo'sHI'Ls nOItpIt3aIIuu'

Prc. 2. feoueTPua KoMnIIaHaP-

nofi rpexno.nnosofi ÀuÔParcruu
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Tarofi Kar{ecTBeHHo pa3[r,Ir{HbrË xapaKTep paccef,HHc Ha ÀByx cncTeMuu( MocKo-

cTeË B rrpr{Hrll{n€ HeBO3MoxeH B clryqae peHTreHoBcKnX tryqeË I{ HIt piBy He paCCMa-

Tp;5BaJrcfl B Tegpun. KpOUe TOro, xapaxTep n:aUMOÀeiicTBHs NIl pir:JII,IqHbD( KOM-

IOHeHT CBepxToHKOË cTpyKrypbl BecbMa CHJIbHo 3aBHcHT oT opHeHraIIHH MaTHHTHOTo

norrr Ha rÀpe. HoBbIM gneMeHTOM flBIIseTCs, etUe I{ TO, rITo KO3ÔÔHIIHSHT nepeÀ pe3o-

HaHCHbTM MHOXHTeJIeM B aMIIJIr,rTyÀe paccerHHrr c H3MeHeHI{eM [oJUIpI{3aUHVl flÉJIAeTCA

rrr,rcTo MHI,1MbIM, B To BpeMt KaK B CII) Iae pacce1gr41 6eS nsMeHeHvAnoIlflplli'3auHu oH

crporo BelqecrBeHHblfi. oqesl'IÀHo, rrro 3To o6crosrenbcrBo ÀoJIxHo pe3Ko ocJra6HTb

MHOTOBOJTHOBOe B3ar,rMoÀeËcrBr,Ie. Kpoue roro, ecJrH I/-orpaxeHue sBIrfleTcA qYIM-

MeTpr4rrHblM, T. e. naÀaloulufi n nu$parl,IpoBaHHblfi IryrIKI4 O6pa3yrOT c noBepxHOCTbIo

o,qrlHaKoBble yrnbl, To G-orpaxeHlre, Ha[poTI'IB, pe3Ko acHMMeTp[qHo (xoe$suqueHr

0s : -0.1014). Kar cneÀyer Lt3 ypaBHeHllt (22), ero rpltBoÂlrr K roMy, qro aMIUIH-

TyAa G-BonHr,l B Kpucriurne rrpnMepHo B .qecrrrb pun MeHbuIe aMlrll{ryÀbl f/-sorHrt,

},I, cneÂoBaTeJlbHo, ee wfirAHHe Ha II-BonHy ropir3Ào cna6ee, qeM o6paTHoe B]I'wt}J've

f/-norusr Ha G-BonHy.

OrMe.reHHHe Bbrrre oco6eHHocrrr groro cn) {iu, Koropble Moryr 6bITË rlony{eHbl

c noMottlblo IIpeABapLrTeJIbHoro aHiurlt3a, noJrHocTblo noÀTBepxÀaloTcg pe3ynbTaTaMl4

rrp.gMoro rrr4cireHHoro pacqera KooôôuuneHToB orpoKeHl,tl B 3aBI,IcuMocrlI or 3Hepre-

Tr,tqeCKOrO nOnOXeHfiq Mexny pe3oHaHCaMfi (eHepreruveCKux c[eKTpon) npN pa3ngq-

Hbrx orKJroHeHurrx or yua Eperra. Eunn nponeÀeHbl pacrlerbl AByMepHbIx MaccHBoB

OHepus-yron Ârr pa3n[qHblx 3Har{eHHil nonspl,l3aulrfl naÀarouelo H3nyqeHHt (IIH-

unu curMa-) n opr4eHTaur,rn MarnlrrHoro norq Ha qÀpe. Han6onee cI,IJrbHoe B3aI'IMo-

AeËcTBI,re Bo3HHKaeT B cnyqae curMa-nor.qpr,r3oBaHHoro naJlarouero rryr{Ka npH opI'I-

eHTaqtru MaTHLITHOTo nortt B IIJIocKOCTI,I pacceflLfill^ (çn :0). Ha puc.3 noKa3aHbl

p€3ynbrarbr pacqeroB .ulg 3Toro cJryqas. Buqncls.rlttcb KoaôôuIrHeHTbI orpÉIxeHllt

IIon-spH3oBaHHOrO I'I3JIyqeHwI

R^":  I  J l rns ' ,os; , (60)

rîe n1, = h, g, s = T ,0 . flpn erou c UeJIbrc HarnaÀHo noKa3aTb pe3ynbTaT MHoroBoJI-

HoBoro B3anMoÂ€rîcrBrlrl Ha ÂByx rpaSuxax oÂHoro psÀa noKa3aHbl KpHBbIe,4ut AByx- n

TpexBoJrHoBorO Cn) {aeB. Heo6xoÀlluO OrMeTnTb, qTo npu yKa3aHHbIx yrnzx oTcTpOËKI{

or yula Sperra ÂByxBonnoBbrË cn1nrafi HeBo3Mo)r(eH. 9xcnepnveHTtulbHo ero MoxHo

ocyruecTBr,rrb, r,I3MeHt.fi qacToTy naÀalouero H3j|I) {eHHfl HII'I napaMeTp KpI'IcTiuuHqe-

cKofi pe1tlerKu (HanpI,IMep, reMreparypoù) ryu Àpyno( yrnax. ÀaHHbIe KplIBbIe Hoctr

rrncro ycroBHbrfi xapaKTep u non] {eHbI npgMbIM o6nylenueu MaT pHr{HbIx 3reMeHToB,

coorBercrByloqrD( BTopoMy orp:DKeHHIo.

Kax cleÂyer H3 pacqeroB, B o6rtacru yuroB, coorBercrBylourlo( TpexBonHoBoÉ ÂH-

Sparuuu, r{HTeHcLrBHocrb F/-nfrKa MeHsercs KpaIîHe cra6o, B To BpeMiI KaK lrHTeH-

cr4BHocrb G-rryqxa MeHqeTC{ BeCbMa 3aMeTHO B cTopOHy yN{eHbueHI,lS. YueHrrue-

HHe orpa)Keuvrfr npv Âr,IÔpaKIII,Iu nO Ep3rry npfi nepexoÀe or ÀByxBonnoBoro cJrr{iul

K TpexBonHoBoMy sBrteTcfl cTaH.llapfttblM 3ÔÔeKToM B'cn) {ae peHTreHoBcKKX nrlefr

[1, 3] n o6rqcHsercs o6hr.{Ho 3aKoHoM coxpaHeHrr.f, 3HeprHH (l00-npoueurHoe orptDKe-

Hue flepexoÀur n 50-npoueHrHoe, Ho B,rIBa n] IKa). B ÀaHnou cn] {ae KosÔÔIlul,leHrbl

orpaxeH[s He croJrb Berr,lKI{ 14 3ÔÔeKr I,IMeer $asoBylo npnpoAy, r. e. KoMTIJIeKCHbIe

aMrur4TyÀbr BonH, paccetHHbrx rr3 o- u H-nyuKoB B G-n) roK, o6naÀaK,T pÉBHbIMLI

$a:atttu, qro It npI4BoÀI,IT K lax noracaHl,Ilo. HyxHo orMeruTb elqe, tITo yl!{eHbue-
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Pnc. 3. 9ueprennecKasv yrnoBarr 3aBr.rcxMocrÉ xosQQruuexron orpaxexnfi 1,1,1 n
3,3,10 curua-norqpu3oBaxHoii rurocKori BoJrHbr B ÀByxBonHoBoM (clena) r{ Tpe)Gon-

HOBOM (C[pABa) CJI]^I'UD(

HLre ItMeeT MecTo JII{IIIb CO CTOpOHbI yIJIOB, 6OlHUlOt nO CpaBHeHHIO C ÀI{HaMI{!IeCKI{M
yrnoM Epsrra, KorophrË coorBercrByer L0 x -10". Co cropoHbr Mairblx ynroB, Ha-
o6opor, Ha6moÀaercc cnadoe yBeJrr{lreHr{e orpaxeHnr.

IrasHurt{ eS$errou MHoroBoJrHoBorî.sllôpaKqr,ru Boo6ule n paccMarpnBaeMoro

uryqar B qacTHocTl,r flBJï{eTctr Bo3MoxHocTb oÀHoBpeMeHHo r,r3) {aTb pzr3nr,ftrHhre no
cBoeMy xaparilepy Àr,rÔpaxquoHHr,re orpzDKeHurr KaK rro orÀenbHocru, TaK H B tD( B3au-
MOCB'3I{. EOlrrUOe qUCnO napaMeTpoB, OnncbrBaroilIrD( B3Ar{MOÀcËcrsHe r{ reoMeTpH}o

ÀHopaKUI,IH npeBpalqaeT H3) reHlle Kax.Uoro KoHKpeTHoro cJIfIaJI B caMocTosTerbHoe

HCCNCÀOBAHI{C, A O6b€M H3BJICKAEMOfi I,I3 3KCIIEPI,IMCHTA I,IHÔOPMAUH}T HAMHOTO BbI-
rue, qeM B ÀByxBonHoBoM cryr{ae. OcnosHhrr{ pe3ynbraroM ÀaHHoË crarbn grgrgercfl

o6uas Sopuynr,rpoaKa [po6neMbr ù pa:pa6orxa MeroÀrlqecKorî ocHoBbr ÂJUr aHzrnn3a
KoHKperHbD( Qu:rvecxro< cwry a\uir.
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