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1. BBEAEH~E 

8 pa6oTaX /l, 2/ HSMI-1 6bl!la pa3BI-1TS MO,Qe!lb ,Q11.R Vl3yl.l€Hlii.R KO!llleK

TliiBHOrO ,QBI-1meH~-t.R 80 spa~a~~I-IXC.R .R,Qpax. 3Ta MO,Qe!lb 06Ce,QIIIHA€T 

$1113H~eCK\IIe apryMeHTbl, npe,QJlO}I(eHHbl€ B CTS"fb.RX/3-&/, 1-1 MSTeMSTH

I.l€CKlll~ M€TOA SHS!ll-138 ypaBH€Hlll~ KJ1SCCVI4€CKO~ rlii,QPO,QVIHSMI-1KH, 

paspa6oTaHHbl~ s /S, 71·• 

UeHTPS!lbHbiM 3!leMeHTOM MOA€1llr1, OTJU11..1SIO!l\VIM ee OT MOAe!lVI Knac

CIIII..IeCKoi1 >IH1,QKOi7t KSnJ11t1 /K}:{K/, .RBJ1FI€TCA yl.leT pacnpe,QeJ1€Hlii.R 4ac

Tl-1~ /HYKilOHOB/ no CKOpOCTRM /npl-1H~llln ·nay!l~-t/, a TSK}I(€ 3SBVICio1-

MOCTb TSKOrO pacnpe,Q€Il€Hlii.R OT KOJ1Il€KTIIIBHOrQ ,Q8lii}I(€Hlii.R HYKilOHOB 

/
11,Qe¢lopMaLJ,I'I.R ¢epM~-t-nosepXHOCTI-1

11 R,Qpa/. Ha 3TOM OCHOBSHllllll MO

A€1lb HS3bi8S€TC.R HSMH MO,Q€11bl0 KSn!llll ¢epMlll-}f0.1,QKOCTI-1 /K¢>)1{/. 

8 pa6oTax 1 1• 21ASH BbiBOA OCHOBHbiX' ypaeHeH!-1~ MO,Qeill-1 1-1 npaBeAeH 

aHaill-13 YCilaB~~ BeKOBOrO paBHOBec~~ Bpa~a~~~XCR RAeP ~ ~X HOp

MailbHbtX MaA KBaApynailbHOJii C~MMeTp~t.1 np~ orpaH~lleH~~ ¢lapMbt na

eepXHOCT~ Cnil~CHYTbiM~ c¢lepa~,QaM~. 3,QeCb Mbl npO,Qam:<aeM naAa6-

Hbt~ aHail~3, BKil~l..laR B paCCMOTP€Ht.1e 3IlJl~nCOt.1AailbHble ¢l1-1rypbt pae

HaeeCio1fl. 

npoBa,Qfl ~CCile,QOBaH~t~fl TaKara pa,Qa, Mbl pyKaBa,QCTBOBSillt!Cb cne

AY~~t.1Mitl coo6pa~eHHRM~t~: 

1/ aHai1~3 CTa~~aHapH~X KOH¢1-1rypa~1o1Jii epa~a~~lt!XC~ fi,Qep M lo1X 

HOpMSilbHbtX Ma,Q KOJle6aH~Jii fiBilfleTCFI He06xa,Q~MbtM nepBbtM waraM 

B ~t~3YI..leH~t~ltl A~HaM~t~KH npo~eCCOB, npOHCXOAR~It!X B COCTSBHbtX .A,Qep

HbtX C~CT€MSX, o6pa30BSHHbiX npM Cill-lfiHI-11-1 T.A}!(eflbiX 1-lOHOB BbiCOKOIIf 

3Hepr~l-1 c RAPaM~; 

2/ pe3yflbTSTbt npe,QbtAY~ero aHaill-13a /1, 21 noKa3ail\ll, l..lTO yl..leT 

¢epMio1-,QBI-1~€H~R cy~eCTB€HHO I-13MeHfi€T BbtBO,Qbl MO,Qeill-1 KY.<K OTHOCH

TeilbHO cneKTpa HOpMailbHbiX l.laCTOT .R,Qep V1 yCilOBI-lllf yCTOIIfl..lHBOCT\11 

.AA€PH~X KpH¢1-lrypa~HIIt. 

2. <!>~rYPbl PABHOBEC~R BPAII\AlOIUE~CR KAnll~ <1>EPM~-Ji{~/1KOCT~ 

Ony6Il\IIKOBaHo MHoro pa6oT, noceR~eHH~X Hccne,QoeaHHRM ¢lOPMbl 

Bpa~aiOil.\HXCfl R,Qep, KOTOpbte OCHOBaHbl Ha rHAPOAHHaM\III..l€CKO~ MOAe

Il\11!7-g/. 06btl..lHO TaKYie \IICCile,QOBaHHR orpaHI-1\..l\IIBS~TCfl \113YlleH\IIeM KOH

¢l~t~rypa~~~, yCTO~I..l\IIBbiX OTHOC\IIl"eilbHO MaJlbiX B03MYil.\eHY!IIt YCilOB\IIIIt 

paeHOBeC\II.A. B ASilbHe~weM 6y,QeT noKa3aHo, l..lTO ycnoBHfl ycTollillH

eocTYI K¢lE OTil\11\..la~TC.R OT npeACKa3aH\IIIIf ri-1APOA~HaMYII..l€CKOIIt MOAeJ1\II. 

t.1Me.R B BHAY 3TO 06CTO.RT€IlbCTBO, Mbl np\IIBO,Q\IIM 3A€Cb pe3yJlbTaTbl 
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pac4eToB ¢opMbl scex B03MO>KHb!X pasHoBeCHbtX KOK$11rypa~1-1i1 Kf!>H{, 
sblnonHeHt-tbtX a annpoKCI-1Ma~l-11-1 <f)opMbl nosepxHOCTI-1 KannH 3nnl-1ncoi-1-
AaMV1 no MeTOAY, pa3BY!TOMY s pa6oTax l6,7l .• 

AnnpoKCtM-11-1PYCM ¢opMy nosepxHOCTY! spaw,al0[4erocR P.p,pa 311nY!n
coHAOM C nonyOC.RMI-1 

a2 ~ a2[t- _!.a cosy] 
3 0 3 

2 2 4 a 2-- ao [ 1- ·slicos(y -120o)] /1/ 

2 2 4 a 1 ~ a0 [ 1 - 3 acos(y + 120°)], 

rAe 8 "' y - napaMeTpbt AeQ:IopMa'-'1-11-1 1-1 Heat<cJ.1anbHOCH1. a0 $1-1Kcl-1-
pyeTcR ycnos1-1eM coxpaHeHJ.1.R o6ceMa: a 1a 2a 3-R3 "'r3A I A - aTOM
Hbli:1 sec, r 

0 
= 1, 18 $M/. B

1 1•21 6btJlO noKaaaHo, 1..4To a ycnOBI-1RX se
Kosoro p.aBHOB€Cr..1R CB.R3b ai CO CKOpOCTbiO spat4eHI-1fl Q AJlFI K$)!{ aa
AaeTC.R TeMY! )l{e ypaBHCHVI.RMI1, 4TO H B 06bt'4HOi1 rt-1AP0A1-1HaMI1K€ 71 · 

n2a ~ 2a~'L[~T(d-d1)-rrq 2 (a 2A --a 2 A )] 1 p 4 3 1133. /2/ 
2 2a1 ~a 15 ,. ,. 2 2 2 H a 2 ~· ---[--T(u 3-u2)-"q '(a 2A 2-a 3 A 3)]. p 4 

3,Qecb p - nnOTHOCTb sew.ecTea (p,const); q(r) - nnoTHOCTb aap.RAa 
2 15 0, 7 Z 2 M ·>B B RAPe, KOTopaR C4vtTaeTCfl nocTO.RHHOi:1: Q -·- • -- ---·--- 16 "2 A2 r g 

I Z- 4HCno npoTOHoB/; T - K03$¢HL!.Hetn noaepxHOCTHoro HaT.Rme
HH.R, KOTOpbli1 MO>KHO CBfl3aTb C COOTBeTCTBYIOUIVIM napaMeTPOM b.:..' 
:::.17 t13B ¢oPMYilbt Sat143€Kepa: T ""b/(4" r~). Ocb spallleHHR Hanpaane
Ha BAOJlb OCJ..1 3. B /2/ ¥1 8 ,QaJlbHeHweM I-1CnOJlb3YIOTCfl TaK HS3b1Bae-
Mble HHAeKCHble CI-1Msonbr Aij ••• , B1j ••• ,<i1j .... .'.l3ij .•• - t!lYHKl.ll-11-1 nony-
ocei1 /eM. npHllO)I{eHHe/. YpaeHeHHR /2/ YA06Ho nepenHcaTb a APY-

131 

/4/ 

CooTHoweHHe /3/ HaKnaAbtsaeT reoMeTpH1..4ecr<oe orpaHH4eHHe Ha so3-
MO>KHbte 3Illll4nCOI-1AallbHble ¢Hrypb! paBHOBCCI-1R, CEH~3blBaR napaMeTpbl 
B 111 y. 11a ¢opMynbl /4/ onpeAenReTcR ctwpocTb epall.(eH1.1R 09 cooTBeT
CTBY~~aR Kam,QOi1 143 KOH$Hrypa41.1i1, YAOBneTBOP~IDt4HX YCJ10BHIO /3/. 
Yrnoaoi1 MOMeHT epall.(al()uteHcR Kan111-1 ¢lHKCHpyeTCH Bt:.Jpa>lmHHeM 

I~ 4•R~p(a2 + a22) n. 
15 1 
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PHc.]. PaaaoaecHWe 3nnHTICOHAanhHhle KGH¢Hrypa~H KW~, 

X - napaMeTp AenHMOCTH. UH~PM ~HAOM c TO'liKaMH Ha KpH

awx - gaa~eHHH yrnoaoro MoMeHTa B eAHHHuax llnaaKa AflR 

RAeP c AOPO~KH ~-cTa0HnhHOCTH. Cnpaaa BBepxy - AHar

paMMa, noKa3blBarom;an, KaK MeHHeTCH cl>opMa KannH t~epe3 

KaJKAbie 60 ° napaMeTpa aeaKCMaJlbHOCTH y I B - BhiTHHYThl:H., 

C - CllJIIOCHYThili ccl>epOHA; IU·Hl>pa PHAOM C 6yKBOii. yKa3biB-aeT 

OCb CHMMeTpHH/. Cneaa BBepxy- YBeJIH'lleHHaH o0naCTb 

/59,985°9:':&0°, 1<:.8::1,5/. 

.. 

10' 

.. 

t1HomecTBO He3KBI-1Ba.neHTHbiX paBHOBeCHblX KOH¢1-1rypa41-1~ BPaU4aiO

mi-1XCA ¢~ryp Ha n.nOCKOCTI-1 0, y 3anOI1HAeT npAMOyrOJlbH~~ Tpey

roJ1bHHK /p1-1c.l/. C¢epH4eCKO~ ¢opMe cooTseTcTayeT T04Ka O. Pac

CTOAHI-1e AO .3TO~ T04.K~ paBHO napaMeTpy 0. Yr.noeaA KOOPAHHaTa y 

npo6eraeT 3Ha4.eH\.1fl a t.1HTepaa.ne 0° < y .< 180° .. n.pH y, KpaTHOM 60°, 

paBHOBeCHaA ¢opMa o6.naAaeT aKCI-1a.nbHO~ CHMMeTpHe~ /y= 0°1-1 120°

cn.niOCHyTble, y = 60°1-1 180° - BbiTRHyTble ccJ)epoHAbl/. He3KBHBaneHT

HocTb KOH¢1-1rypau.H~ B pa3HbiX ceKTopax C yrilOBbiM pacTBOpOM 60° 

06A3aHa pa3I11-14.HO~ Opt.1eHTatJ.HJ.1 yrilOBOrO MOMeHTa OTHOCI-1TeilbHO 

epat14a10U4e~cR Kan.nH. Ha 4.aCTI-1 nepHMeTpa Tpeyro.nbHHKa /rHnoTeHy

aa H MaJlbl~ KaTeT/, COOTBeTCTBYIO~el1 MaKCHM3J1bHbiM np..., AaHHOM. -y 

3Ha4eHH.RM 0, Kanm'l BblpOmAaeTCR B 06"beKT C 4HCJ10M YI3MepeHH~ 1
MeHb

WYIM 4eM 3/0AHa HilH A~e no.nyOC\-1 3J1J1HnCOHAa o6pa~aiDTCA B Hynb/. 
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Ka~AaR H3 KPH~x Ha PHCYHKe cooTBeTCTayeT peweHH~ ypaaHe
HHR /3/ A11R onpe.qeneHHoro 3Hal.leH'-'IR na_paMeTpa ,qenHMOCTH X= 

_g;;:q
2

"::. 0,0206-~2 · .• npe,QCTaB.neHbl KaK YCTOiirl.lHBble OTHOCHTeJlbHO 
.qeneHHR (X d), TaK H .qenRIJIHeCR (X2:_!) R.qpa. [1114Jp"' PR.QOM C TO~KaMI1 Ha KP_J.1BbiX paBHbl yrnoBOMY MOMeHTy COCTORHHR /a eAHHHI,4aX nnaH
KB/, Hai1-AeHHOMY H3 ypaeHeHHR /4/ .QJlR RAep -C ,qopo~KH ,8-CTa6Hnb
H0CTI1 /Z H A 3THX R.qep CBR3aH"' COOTHOWeHHeM Z=A/(2+0.014A 218 

)/. ,lleHcTBHTellbHble peweHio1R AilR fl OTCYTCTBY.!OT B CI1y4ae 60° < y.< 120° .• npHHHMaR SO BHJ.1MaHHe /1/, BHAHM, l.lTO paapeweHHble KOH~rypa-
1,4HH COOTBeTCTBY~T 31111HnCOH,QaM, epa~a~~HMCR BOKpyr CaMO~ KOpOTKOH n~6o caMo~ Ail~HHolir ocH. KaK cne,qyeT H3 cTpororo pac
CMOTPeHHR/'7/, TellO He MOmeT apautaTbCR 80Kpyr OCH, nepneHAioiiKyIlRPHOH OCH CHMMeTP_HH. B COOTBeTCTBHH C 3THM T04KaM Ha 11y4ax 
y = 60° H 120° OTBel.laiOT 3Ha4eHH.R {1:(). 3J1Jllo1nCOio1,Qa!1bHble KOH<J>Hryp-BI,4HYI MO}I(HO paa.qeilHTb Ha cne,qytO~He nRTb Kllaccos: a/ a :S X.<O,Sl, 

6/ 0,81.< X -<X <0,886, 
a/ 0,886-:;x.ZI,-
r/ l<X< 1,2, 
.q/ 1.2 ;sx. 
Kpi-1Bble Knacca a/ Ha4HHaiDTCR C KOHe4HbiX 3Hal.leHJ.1~ 8 1-1 y a 

T04Ke 6J.1<J>ypKa1.4HH /eM. 1 1.2•6•71 I cnntOcHyToro c<J>epOHAa Ha ll}'l.le ·y=0° .. C pOCTOM y /a BMecTe _c HHM H 8 I yr11oaoi1 MOMeHT -MOHOToHHO pacTeT. no M'epe npH611H}I(eHJ.II.R y K -60 ° KannR BbiP_O}I(,QaeTCR B 
OAHOMepHblt1 o6'beKT, npHI.leM I....,. oo, 0....,. 0. 

Kp'Hsble Knacca 6/ xapaKTepYta'ytOTCR TeM, 4TO C POCTOM .qecJ>opMa1,4HYI yrnoeoi1 MOMeHT CHal.lana yMeHbwaeTcR AO onpe.QeneHH.oro 
MHHHMaJlbHOro 3Ha4eHJ.IIR 1 . , a nOTOM Ha4HHaeT 6biCTPO pacTH npH nun . -- . y_,.6QO' KaK H 8 npe,QbiAYuteM CJ1y4ae. npH X =o~~ I min AOCTJ.1raeT Hyne80ro 3Ha4eHHR. Ha P_HC.l 3TO H080e Ka4eCTBO KOH<J>~rypa~HH Kllacca B/ -npORBil.ReTCR BT'QM, 4TO COOTBeTCTByiOLqHe KP_I-18bl'e nepe
CeKaiOT IlYI.l -y=60° ABa paaa, T. e. aaXOART B ceKTOp 00°.< y < 1.00° 
H onRTh soaapa~a!OTCR 8 ceKTop 0°<y<60°, r,Qe ae_,qyT ce6R npH ·y-+ 00° no,Qo6Ho KOH$Hrypa4HRM K!laccos a/ "" 6/ I eM. yeenH4eH
HbtPi c;pparMeHT pl1c. 1 I. 4aCTH KPH8btX, pacnono}l(eHHbte a ceKT_ope 00°_< y < 120°, ---coo;:-BeTCTBYIOT MH~MbiM 3Hal.leH~RM 0 H npe,qcTa8flR-10T HHTepe·c· TOilbKO C MaTeMaTJ.14eCKOH T04KYI 3peHHR. 

npVI X_,. 1 nepeoe nepece4eH~t~e KPHBbiX C I1Y40M y=60° npOHCXO
.AJ.1T npa.1 see MeHbwl-1x 3Ha4eHHRX 8, ,qocT~t~raR aHal.leHHR 8=0 npJ.1 X=l. KpHaa~· AllR X=l npHMe4aTenbHa TeM, 4TO 3TO e.QHHCT8eHHaR KPH
sa.R, KOTopaR H.341o1HaeTc.R np1o1 8 =0 cpaay a ceKTope 60°< y ~ 120°,, 

KpHsble Knacc·a r I Hal.lHHaiOTCR npH KoHe4HbiX aHa4eH14Hx 8 J.1 1 
a· T04Ke 6H¢YP_Ka1.4HI-1 -abiTRHYTOro clf)epOHAa Ha ny4e y=1S0C?.C YMeHbwe
HYieM ·y yr11080Pi- MOMeHT MOHOTOHHO y6btBaeT AO HyJleeoro 3Hal.leHHR 
Ha ny~e )'=!20'.: np" 8 ':'; 1,35 OHH nepeCeKaiOT ny4 y=60° C 1=0 " CTpe-
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2 2 
Mf! 2 a 1 + a 2 2 

P11c. 2. 3aBHCHMDCTb rrapaMeTpa spa~eHHH Y == --
15

o;T·(--·2R2·--) 

KannH c$epOHp;aJibHOll $OpMbi OT napaMeTpa .a.etjlopM~HH 0 .. 

X - napaMeTp .n;enHMOCTH. 

MATer~ Aanee K npeAeflbHOMY 3Ha4eHlo110 8= 1,5 /np~t~ y ..... 6Q 0 I., npVt4eM 

I ..... oo,0-~0. 
TaKafl Kapn1Ha Ha6ntOA6eTC:R AO x.:.·l,2 • .Qanee H6414HaeTCR Knacc AI. 

npH YMeHbWeH~H Y yrilOBO~ MOMeHT KannVt CHa4ana YB€Illo14~BaeTCA OT 

ero 3H64€H~fl B T04Ke 61o1¢ypKa~HH AD HeKOTOpOrO MSKCHMSilbHOrO 

3Ha4eHHA, a noTOM y>Ke yMeHbwaeTcA AD HYilfl Ha ny_4e y:: 120° .. .Qanee 

3TVt Kplo1B~e BeAYT ce6A aHanorVt4HO KPHB~M Knacca r/. 
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On~caHHe 3JmHncoHAanbHbrx ¢Hryp paeHoaecHfl 6yAeT HenonHbiM, eCJlH' He paCCMOTpeTb c¢epOHAb1, OT KOTOPbiX OHH OTBeTBJlfi~TCR. B pa5oTax1 1,2/ pe4b wna TOllbKO o cnniOCHYTbiX c¢ePOHAax c X.< 1. 3AeC~ >Ke npeACTaB.neHa n011HaR t.1H¢0pMa4HR 0 paBHOBeCHbiX c¢epot.1-Aa11bHbiX KOH¢Hrypa4HRX. Ha pHc.2 noKa3aHa 3aBHCHMOCTb Ae¢opMa~HH BbiTRHYTbiX J.1 cnn~CHYTbiX --cq;ep-OHAOB OT CKOPOCTH spauteHHR 0 AnR 0 < X ::; 1,5. 
KaK BHAHO, cyutecTeosaHHe cnn~CHYTbiX c¢epOHAS1lbHbiX ¢Hryp paeHoeecHR B03MO>KHO /T.e. 0 2 >0 I AllR n~5b!X X. KPHBaR X=l Ae-11HT 3AeCb RAPa H.a ABe rpynnbl. ,llnR RAeP C X '5) B03MO>KHbl J1105ble Ae<f>OpMal(MJ.1: C POCTOM 0 Ae¢lopMal,IHR, Ha4HHaRCb C 8 =0 npH 0=0. nnaBHO pacTeT H cTpeMHTCR K npeAenbHOMY 3Ha4eHHIO 8= 0.75. B cnyl.fae X> 1 cyuteCTBYIOT peweHHR ypaeHeHHH /2/ c 0 ,f 0 npH 0= 0 /cTaTH4ecKaR Ae¢opMal.IJ.1R/. Ha4HHaRCb C HeKOTopoi1 KOHe4HOH eenH4HHbl 8 0 npH fl= 0, 8 yBeJ1H4YIBaeTCR C pOCTOM Q H CTpeMHTCR K 3Ha-4eHYIIO 8 = 0,75. CQ.mocHYTble c¢lepOHAbl c Ae¢JopMal.IHe~ ·5 <8 0 npH X> 1 ' He cyutecTBYIOT (0 2<0). CTant4eeKHM Ae¢opMal.IHRM 3Tvtx RAeP Ha pHC. 1 COOTBeTCTBYIOT T04Kt.1 nepeee4eHYIR KpHBbiX C 11Y40M y = 120~. --cY"uteCTBOBaHHe BbiTRHYTbiX C¢lepOHAa11bHbiX <f)Hryp paBHOBeCHR B03MO>KHO, eCJlH X~0.886. npJ.14eM Ka>KAOMY 3Ha4eH1110 {} 3AeCb COOTBeTCTBYIOT ABe paBHOBeCHble <f>OPMbl. 3TH RAP a TO>Ke AeJlRTCR Ha ABe rpynnbr KPYIBOH X= l.~Apa e 0.886 <X< 1 HMeiOT ABa OTJn14HbiX OT HY11R 3Ha4eHHR CTaTH4eCKOi1 Ae¢lopMa4HH, a RAPa C X~l- TOJlbKO OAHO. 3THM CTaTH4eCKYIM Ae¢opMal.IYIRM Ha pHe. 1 COOTBeTCTBYIOT T04KJ.1 nepece4eHHR KPHBbiX e Jly40M y = 60 °. ---

C pocTOM yrnoeoH CKOpOCTH BPauteHHR n ABa B03MO>KHbiX 3Ha4eHHR paBHOBeCHOi1 Ae¢OpMal.IJ.1J.1 Bb!TRHyToro e<f)epOHAa e6nH>KaiOTCR /eM. pHe.2/ AO cosnaAeHHR npH HeKoTopoM MaKCHMa11bHOM A11R AaHHOro RAPS 3Ha4eHHJ.1 n. 
8 3aKJ1104eHHe 3Toro pa3Aena HHTepecHo npocneAHTb 3a 3BOniOJ.4Hei1 ¢lOpMbl HeCKOJ1bKHX RAep BAOJlb KpHBbiX Ha PHC. 1 J.1 2. 
RAPO e X=0.9 MOH<eT spaiJ.IaTbCR e J1106oi1 CKOPOCTbiO n B BHAe Cn!liOCHYTOro c¢ep0t.1Aa /eM. pHe.2/, npH HeKOTOpOM 3Ha4eHHJ.1 !l5 /a T04Ke 6H¢ypKaL!HH a Ha PHC. 1/ OHO MO>KeT npHHRTb <f)OpMy 3J111HneOHAa, KOTOpbli1 npH ABH>KeHHH BAOllb OTpe3Ka ab 3B011104HOHHpyeT OT CnJliOCHYTOrO c¢lepOHAa (a 3< a 1= a 2 • {} /: 0) AO BbiTRHyToro (a 

1> a
2 = a3t 0 = 0). noc11eAHHi1 c¢ePOI1A MO>KeT apall.laTbeR BOKpyr CBOei1 OCH CHMMeTP\.111 CO CKOpOCTbiO 0 < 0 'S_fl max KOrAa 0 pacTeT OT 0 AO 0 max /OTpe30K 0C Ha PHC.2/, Ae¢opMal.IJ.1R e¢lepOHAa TaK>Ke paeTeT. npH yMeHbWeHHH 0 OT flmax AO 0 BA011b Kpi1BOi1 Cd 8 pacTeT ,QO HeKOTOporo MaKCHMSJlbHOrO 3Ha4eHJ.1R npH fl :0 /T04Ka d Ha PHC.l J.1 2/. 3Ta T04Ka TaKme RBnReTeR T04KOi1 6H$ypKa4HJ.1, 8 K-;;:r:c;pollt Ha4HHaeTCR BeTBb 31111J.1nCOJ.1Aa11bHbiX ¢lHryp paBHOBeCHR. Ha AaHHO~ BeTBH BPall.leHHe npOYICXO,QHT BOKpyr OCH 3. nepneH,QJ.1KynRpHOi1 oe1o1 CHMMeTp\.111 C$epOH,Qa /OCb 1/, OT KOTOporo OHa OTBeTaHJlaeb. np1.1 3TOM R,QPO 6y,QeT see 6onee BbiTRrHBSTbCR B,QOJlb Oe\.1 1 TaK, 4TO erO yrnOBO~ MOMeHT 6y,QeT ~eorpaHH4eHHO paCTH. 
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HAPO c X=1,24Mo)l(eT apa111.aTbCR co cKopocTbKl, orpaHH4eHH0!1- HH

TepeanOM 0 <0::;Q max ,npHHHMaR ¢OPMY BbiTAHYTOrO c¢epOHAa /eM. 

PHC.2/. npH HeKOTOpOM 3Ha4eHHH 0: /B T04Ke .6H¢ypKa~HH a' Ha 

PHC. 1/ OHO MO)I(eT CTaTb 311J1HOCOHAOM, ¢opMa KOTOporo npvt ABH)I(e

HHH B,Q011b 0Tpe3Ka 'a 'b' 3B01110~HOHH.pyeT OT Bb!TRHYTOrO C$e.POHA8 

(a >a ~a , !l ,< 0) AO cnniOcHyToro (a 2<a 1 ~a&' !l ~ 0). nocneA

HH~ Mb)l(ef BPal11.8TbCA BOKpyr CBoeH OCH CHMMeTpl-114 C 111060W CKo

POCTbiO. npH Q ..Jo""' ere Ae¢opMa~HR CTpeMI-tTCR K 3Ha4eHHIO 8- ,0.75 

/eM. pHC.2/. 4To KacaeTCR noBe,QeHHR BbtTRHYTOrO c¢epm1,Qa, TO 

OHO nO':ilHOCTbiO aHanorH4HO CI1Y4a10 X= (},9 /T04KaM c, d COOTBeTCT

ByiOT T04KH c', d' I 3a HCK11Kl4eHHeM Tore ¢aKTa, 4TO T04Ka b 

Ha p~t~c.2 CMeCTI4118Cb B Ha4aJ10 KOOp,QHHaT. T04Ka d' T8K)I(e ABI1A

eTcRT0'4Koali 6~t~¢ypKa~HI4, 8 KOTOpoali OT BbiTAHYTbiX C$epOHAa!lbHbiX 

KOH¢Hrypa~H~ OTXOAHT BeTBb 31111HnCOH,QaJ1bHhlX ¢Hryp, OPH4eM OCH 

Bpa\ll.eHvtA COOTBeTCTBYKl\li.HX c¢epoH,QOB H 311J1HnCOHAOB nepneHAHKy-

11RpHbl. Aan6HeViwaR 3BOI1Kl~HA ctJopMbt Ha 3ToVr eeTBH aHanorH4Ha pac

CMOTPeHHoH AilR CJ1Y48R X= 0.9. 

3. 63K-6EHAHHr, <I>OP-6EHAHHr, H30MEPbl <I>OPMbl 

npoCI1e,QHM 38 3BOI1Kl~Helli TBep,QOTe11bHOrO MOMeHTa HHep~HH J 

B 38BHCHMOCTH OT Q2 /CM. pHc.3/ ,QI1R A,Qep BCeX KJ18CCOB /no KJ1aC

CH$HKa~VII4 npe,QbtAYLl.lero pa3,Qena/. 

KaK BH,QHO, Ha HpacT-J1HHVIH R,Qep KJ1aCC.a a/ Ha6JlKl,QaeTCR TaK 

H83b!BaeMb1H rHraHTCKHH 63K-6eH,QHHr/ 10(0n•ieTvtM, 4TO no TePMVIHO

JlorHH, HCnOJlb3YeMOVi B,CTaTbe, KOH$Hrypa~HH C MHHHMaJlbHOH 3Hep

rHeVi H83bi8810TCA HP8CT-KOH¢M-rypal(HRMH SHe 3aBHCHMOCTH OT TOrO, 

COOTBeTCTBYIOT J1VI OHH I10K8JlbHbiM T04KaM MI-1HI4MyMa H8 noaepXHOCTI-1 

3HeprHI-1 1-111YI HeT. npocne,QHM 38 H3MeHeHY1AMH J R,Qpa c X=0,57 B,QOJlb 

~t~pacT-m1HHH /3TOMY 3Ha4eHI-110 X cooTBeTCTsyeT A= 168 c AOPO>KKH 

{3 -cT a6HJ1bHOCTH/. HpacT- n1-1HHA H841-1HaeTCA npVI 'I= 0 Ha c¢epoi-1-

Aai1bHO~ eeTBI-1. B T04Ke 6H¢ypKa~HH (1=82't) OHa 3ar~t~6aeTCfl Ha3aA 

no BeTBI-1 3J1J1HnCOHAOB. 

B R,Qpax Knacca 6/ Ha6J110AaeTCA He TOI1bKO 63K-6eHAVIHr, HO H 

nocneAYIO~ee 
11aarH6aHHe anepe,Q 11 (forth-bending).· TaK, a RAPe c 

X=0,85(A=280) Ha4ano HpacT-nHHHH npe,QcTaeneHo yl.laCTKOM aeTBH 

cnniOCHYTbtX cctJepoHAOB OT l= 0 AO l.::"57t. CocTOAHHe 1-lpacT-nHHHH 

C 1=5Et pacnOJ10)1(eHO Ha BeTBI-1 3J1J114nCOVI,Q8JlbH~X QlHryp paaHOBeCHA. 

¢opMa AAP8 3,QeCb 6J1H3Ka K B~TAHYTOMy C¢epOHAY· TaKOe COCTOAHI-1e 

MQ)I(HO H83B8Tb BbiCOKOCnHHOB~M 1430MepoM $0PMbl: nepexo,Q~ 143 Hero 

B COCe,QHHe COCTOAHHA HpaCT-J11-1HHVI (1=5911) HeB03MO>KHbl no 3Hepre

TH4eCKHM C006pa>KeHI-1flM, B TO epeMA KBK nepeXOA B COCTORHHe C 

MeHbWHM I /Ha c¢epoHAanbHyiO eeTBb/ CBR3aH c H3MeHeHI-1eM ¢opM~. 

B RAPax Knaccoe a/, r/, AI HpacT-JlHHHR ne)I(I-1T ~enHKOM Ha 

BeTKe 3J1J1HnCOHAOB, KOTOP8R H84HHaeTCR Ha I1y4e y=60° /CM. ysenH-
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PHC.3. 3aBHCHMOCTb TBep~OTenbHOrO MOMeHTa HHep~KH KiiiiiiH oT cKopoCTH BpaJ!IeHHR O(J/Jcq,~(a~+aff)/(2R 2)). 
Cnnom~ KpHBWe COOTBeTCTBYIDT 3nnHnCo~anhHMM KOH~
rypaqHstM, nyHKTMpHhle - CfiniDCHYThlM, Toqeqflhle - BWTHHY
ThlM C~pOHAaM. lluWpw PRAOM C TQqKaMH - 3HaqeHHH yrnoBOI'O ·MoMeHTa I='J{l B eAHHHll;ax IlnaaKa Mst H,c;ep C ,z::r;opo111:
KH fJ -cTa6HJibHOCTH. X - napa.MeTp ,c;e.nHMOCTH. tiepHbie 
TOqKH COOTBeTCTByWT COCTOHHHHM C MHHHMaiTbHO~ 3HeprHeH st,z::r;pa npH p;aHHOM 3HaqeHHH ·1. 

4eH.Hbliii ¢parMeHT p.HC.l/. KaK BHAHO, B HHX eCTb, eCJlJ.1 MO>KHO TaK Shi.Pa3HTbCR, 11 CSe~aHTCKHill11 63K-6eHAHHr 8 0611acn1 04eHb 
60J1bWHX ·t ·3TH COCTORHHR Jle>KaT HH>Ke nO 3HeprHH, 4eM COCTORHHR, ycT0~4HSble OTHOCHTellbHO C!IIMMeTPIII4HOIO AelleH!IIR /OCTallbHble BeTKH/. fl03TOMY nepeXOA COCTORHH~ HpacT-llHHHH 8 COCTORHHR, ycTOH4HBble OTHOCHTellbHO CHMMeTpH4HOro Aene~HR, a6cOJ1~THO 3anpe~eH. TaK 4TO AeneHHe H3 HpacT-KOH$Hrypa~H~ RBllReTCR eAHHCTBeHHoW MOAOH HX pacnaAa. 

4. C06CTBEHHbiE 4ACTOTb1 KBA.QPYnOnbHbiX KOnE6AHlH1 
BPAI!lAIOCIEACR K<!>J!( 

npHSeAeHHble a npeAbiAYW.I'IX paaAenax AaHHble lo1MeiOT <f>Op.MaJlbHbiH xapaKTep, TaK KaK Hlo14ero He roBOpRT 06 YCTOH4HBOCTH paCCMOT-
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peHH~X $OpM RApa. Ee MO*HO ~3y4aTb Ha ocHose aHan~aa cneKTpa 

HOpMailbHbiX 4aCTOT apaw,aiOW,HXCfl KOH¢»;1rypa~HH. B'/ 1,2/fiblilO OOKaaa

HO, \.ITO C06CTSeHHble 48CT0Tbl W KBSApynonbH~X KOne6aH~~ ~Apa 

MO}I{HO OniiiC8Tb CHCTeMoH ypaBHeHH~ Ha napaMeTpbl V k n MaJlbiX -CMe-

~eHvtH 3neMeHTOB }I{J.IIAKOCTIII OTHOC~TeilbHO paeHOBeCHO~ $OpMbl: 

• 2 10 3 v. f 
w2vk,n + fi'>Pkndr+ll (1-okS)Vkn--iwll l: '•s·Jr ----lL 

M j,f~l J n a~ 

15 'IR3 3 2 
- 4 -p-[2(fkn Vkn- 0 •ne: 

1 
Vee Cife + 'Bkf )/ af 1 + 

3 

+0 kn l: V If (Bkf -'A f)]+ 1'>1lokn = 0 • 
1=1 

/51 

3Aecb Moo:: m:A - Macca RApa, l nkf - CHMBOil nee!4--414BII!Ta, Vkn""\,J-Vn,l( 

A'U - narpaHmeea aapl-18~1-lR 06beMHOro VIHTerpana _!._ f pX aU d 
3
x 

m n axk 

I U - cpeAHee none .flApa/, KoropaR noA614paeTcR TaK, l.IT06bl Bbl

nonHRnocb YCilOBHe HeCm\.1MaeMOCTVI )!{YIAKOCTYI: l vnn /a~ oo::O I CM~ I 1• 211. 
n 

~pnk~UPkn - narpaHmeaa eap111a~HR TeH3~pa HaTRmeHHH, onpeAe-

m~eMafl YJ3 ypaeHeH~H /cM~/1,2/ /: 

!6! 

~-(-v.!'.~+-vn,k ), ~ ~(9n)2/3 (-h-) 2. 

P.kn 4n"R a~ ak2 A 2mrl 
noACTSBilRR peweHYI.fl ypaBHeHYifl /6/ B /5/, noJly\.laeM CYICTeMy 

AeB.RTYI ypaBHeHIIIH (k,n:oo: 1,2,i3), KOTOpa.R onpeAem'leT C06CTBeHHble 

1..18CTOTbl u), 0Ha pacnaASeTCR Ha ABe HeCB.f138HH~e f10ACYICTeMbl, OTJlYI-

1..181011.\HeCR CJ.1MMeTplllei1 K03$¢YI~YieHTOB Vk,n OTHOC\IITeJlbHO f10BOpOTa 

ClttCTeMbl KOOPAVIHaT Ha 180 ° BOKpyr OC\11 3, noACVICTeMa, COAepH<all\a.R 

V 1, 1 , V 2, 2 , V 1,2 , V2 , 1 , Ys. 3 , onpeAen.fleT MOAbl Kone6aHI<'!H nono

}I{HTenbHoH ClttrH8TYPbl /no TepMYIHOJlOrH\.1 1 npVSHRTOi1 B RAepHOH ¢YI3H

Ke/ 111 I. Ee xapaKTepiiiCTHI..IecKoe ypaeHeHHe VI MeeT BillA: 

gl-dl-ll
2 g2-d2- (J 2 2() -21l 

2 2 21l (4f 2-1) ID(4f 1-1) 
hl-d3-ll h 2 -d 4+U 

~o 171 

ll(1-4fl) ll(4f 2-1) 2f 2+ I 2f 1+ 1 

(J (J -1 1 
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15 
+--

4 

15 
+-

4 

a 2a2 
2 3 l --2-A2a-A1 + 
a 1 

8blpa>KeHio1R ,Qllft d 
2 

, d 
4 

no11y4610TCR 1-13 d l , d 
3 

COOTBeTCTBeHHO 
36MeHOH lo1H,QeKCOB 1+--+ 2. 

YpaBHeHHe /7/ MOmHO nplo1BeCTio1 K Ky61o14eCKOMy OTHOCHTeJlbHO w2 
ypaeHeHHIO. 813-HAY rpOM03,QKOCTH 3,QeCb ere He Bblni-1Cb1BaeM. 

0o,QCHCTeMa, CO,Qep)f{a~aR Vl,a' V 3,l , V2, 3 , V 3,2 ,onpe,QellReT MO,Qbl KOne6aHHl1 OTPio11.16Te!lbHOi:1 CHrHaTypbl, Ee xapaKTepHCTio14eCKOe ypaBHeHHe HMeeT BH,Q: 

"' 2 (1+2r 3 ) +2G 1 + n 2 --2w 2 !1 (2r :r 1) 0 2 + w 2 

ru 2 (1+2r 1) +2G 1+!1 2 
-4o/!1 r 1 

n 2_w2 0 
~o. 

2!l(l -2r 3 ) <lJ 
2(1 +2F g) +2Q ~!1 2 2!1 

--4!1r 2 ru2(1+2r 2)+ 2Q 2 + Q2 0 

3AeCb /8/ 

[ 2 2 R 2 
2 2 2 2 r 1 ~1'J'(4!1-ru )]-2-, r 2 ~r1 a 1 /a 2 , r 3 ~r 1 a 1 ;a 3 ; 

al 
15T R3 

Qk ~ -(XB k3 - _(1k3), k ~ 1,2. p 2 
3TO ypaeHeHio1e TO>Ke CBOAJ.1TCR K Ky61o14eCKOMy OTHOCHTeJlbHO W 2 ,, 
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PeweHHR ypaBHeHHH Ha w cy~ecTeeHHO aaBHCRT OT napaMeTpoe 

X 'A. no3TOMY pac4eT1cneKTpa co6CTBeH~X 4aCTOT KBaAPynonb

HbiX Kone6aHJ.1i'! npoeOAir1I1CR AnR RAep c AOPO>KKH f3 -cTa6~~tilbHOCTH-, 

npHHaAJle~a~HX pa311H4HWM KflaCCaM /no KJlaCCH~HKa~HH BTOporo paa

Aenal. 
Knaccbl a/, 6/ npeACTaBrl.ReT RAPO 16~r(X~57),cneKTP KoToporo 

H306pameH Ha pHc._4a. HanoMHHM, 4TO npH X<0,886 eo3MO>MHbl TOJ1bKO 

cn.ntecHYTble c¢epoHAbt /eM. pt-1c.2/. 3Ta t.taCTb cneKTPa onHcaHa 

e11• 2-~. Ko.ne6aHHR nonomHTe.rlbHO~-cHrHaTypbl OTHOC\.1TellbHO c<t~epo

HAanbH~x paeHOBeCHbiX KOH¢Hrypa~Hi'! MO>KHO pa3AeJ1HTb Ha e- K y

BH6pal..lHOHHble B036ymAeHHR, 4TO H OTMe4eHO Ha p·HCYHKe. i1HAeKCOM 

a noMe4eHbl eeTBH KOne6aHHH. OTPHI..laTeJ1bHOi1 Clo1rHaTypbt. npH 0:-::0 

BbiCOKOlle>Ka~aR MOAa BOCnpoa3BOA~T 3KCnepHMeHTanbHOe 3Ha4eHHe 

3HeprHH rHraHTCKoro KBaApyno.nbHoro peaoHaHca lrKP I ICM _ll,Z! I. 

BeTSY! KO.ne6aHHH OTHOCHTe.nbHO 31111HnCOHAa11bHO~ paBHOBeCHOiil $op

M~ CWHBa~TCR C COOTBeTCTBY~HMYI aeTBRMH C¢lep0HAOB B T04Ke 

2 2R
3
( 15 a 2 I 11,21 I 

6H¢lypKal.\HI-1, rAe n
6
=- -Tu1c"q B11_) eM. • ,llBH>KeHI-1e no 

p 4 
311m1nCOJ.1AaJlbHb1M BeTB.RM- OT 3TOI7t T04KH conpOBO>KAaeTC.R yMeHbWeHH

eMfl ""pOCTOM I /CM. pi-1C.3/. npeAeJlbH~MH 3Ha4eHHRMH 4aCTOT npH 

U _.,. 0 /y ..... soo, I_.,. oo I R"'B.iUtiOTcR o H.nH oo .• 

3Ha4!-1Te11bHO 6ora4e Kapr~Ha s RApax K.naccos a/, r/, AI /eM. 

pHc. 46, s, Sa, 6/. AKcHa.nbH~e pasHosecHbte KOH¢Hrypal.\HH K¢X{ Moryr 

6b1Tb KaK Cn:niOC'HyTbiM\.1, TaK H BbiTRHyTbiMH c¢epOHAaMH. 803MO>KHOCTb 

Cy~eCTBOBaHH.R B 3THX .RAP3X CTaTH4eCKO~ Ae¢OPM3~HH npHBOAHT K 

Ka4eCTBeHHbiM H3MeHeHHRM 8 KOJle6aTeJ1bHQM CneKTpe: 1/ nORBJlReT

CR el.lle OAHa T04Ka 6H¢ypKa~HH /npH Q-= 0 I, a sMecre c He~ "" Ho

Bbte 3I1I1Hncm1Aa.nbHble seT Bill /cn.noWHble KpHBble c 1-1HAeKcoM e I; 

2/ yme npH Q,J) npoHCXOAHT pacw,en.neHHe Ha TPH seTBI-1 I a , (:3 , y I 

BbiCOKone>Kal.lleH c$epoi-1Aa11bHoi1 MOAbl lcn.n~cHyroH AI1R X>l, BbiTRHy

TO" AnR X< 1 I. 
OpocneAI-1M aa noeeAeHHeM Kone6are.nbHbiX MOA RAeP Knacca al 

lp•c.46,5al. 
4aCTOTe KO.ne6aHHH c$epH4eCKOro RAP3 COOTBeTCTBY~T ABe T04KYI 

- 12T 8rrQ 2 % • 
Ha OCYI OPAHHaT: (J) c.+. ,y2 (p. + --3 

- --) ,B KOTOPOl-1 CXOARTCR 

"' pR 15p 
nRTb serselil cn.n~CHYTbiX c¢lepOI-1AOB; W =0. npH yBeJ1!.14eHHH fl Mbl 

6yAeM ABHraTbCR no JlHHHRM. cn.n~CHYTbiX c¢epOHAOB, BbiXOARI.l\HM H3 

3THX T04eK. no AOCTI-l>KeHHI-1 T04KH 6H¢YPKal.\HH Q6 HY>KHO 6yAeT CAe

.naTb Bbl6op: 111-160 npOAOJl>KaTb ABM>KeHHe no BeTBH cn.n~CHYTbiX c(J>e

POHAOB, JlH60 csepHyTb Ha aeTBb 31111HnCOHAOB, KOTOPaR npHBeAeT 

/npH yMeHbWeHHI-1 Q AO HY11RI K BbiTRHYTOMY Heapal.lla~l.l\eMyCR C$epoH

AY c MeHbwelll 1-13 ABYX ao3MO}I(HbiX ,EI;e$0pMa~HeH I eM. p1.1c. 21. 

Ec.n-H np1-1 Q,.Q .RAPO !.1Meer ¢opMy BbiTRHyroro c¢ep014Aa c MeHb

WHM 07 TO Bbl6op HaAO CAeJlaTb y>Ke BH84ane IT04Ka U=0 RBJlAeTCR 

B AaHHOM cny4ae T04KO~ 6H¢ypKa414HI: ABHraTbCR n\1160 no BeTB\11 
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.4 PHc. 4. 3aBHCHMOCTh -cneKTpa KBa)l;

~pynonbHWX KOJie6aHHH OT CKOpOCTH 

Bpa~eHH~ K~~ c napaMeTPaMH ,~J;enH
MoCTH: a/ X-0,57 (A~168)' 6/ x~o,9 
(A,;300) , s/X~1,24(A~500). CnnomHble 
KpHBbie COOTBeTCTBYIOT 3J1JIHnCoH

,!J;3JlbHblM KoHWHry.pa~}HIM, nyHKTHP
Hble - CllJIIOCHYTbiM, Toqe'tJ:Hbie 

BbJTRHYTbiM c!lJepOH,D;a.M; h <.V 0 = 
= 41/A113 MsB. CrrpaBa OT TO'tiKH ~ 
E B = 0 COC'TORillHI CIIJIIOCHYTbiX 

c¢epOH,D;OB C OTp~aTenbHOfi 3Hep
r'Heif CBR3H. 

3nJ1HnCOH,QOB, KOTOpa.A 3at<aH41-1Ba
eTC.A, CWHSSRCb C BeTBb~ cnn~c

HyTbiX C$epOJ.1AOB, J1H60 no aeTBH 

BblTRHYTbiX c¢epOJ.1,QOB, KOTOpa.A 

np14Be,QeT CHOBa K Heapa~a~~eMYC.A 

B~TRHYTOMY C¢epoH,Qy, HO yme C 
66nbWHM 8. 

TpeTbR .aoaMO>KHOCTb - cTapT 

npJ.1 0=0 143 T04KH, COOTBeTCTByJO

~ei:i 4acToTe Kone6aHH~ Hespa~aro-
~e-rocr~ BbiT.AHyToro c¢epo1o1,qa c 
6o'nbWHM 0. 14 s,qecb Bb16op: ABI-1~e-
HHe 11\.160 no BeTB\.1 BbJT.RHYTbiX c¢e

POHAOB_, 111460 - no HOBOtli BeTBI-1 ~IlJll.1nCOVI,QOB /KpVIBble C HHAeKCOM 

0,2 fl/Wo 0 0,1 

e I, KOTopa.A npe,qcTasn.AeT 4aCTOTY Kone6aHJ.1tli 3nnvmcoH,qa c y, 
6nH3KHM K 60~. npH r~soo 3TH aeTBI-1 se,qyT ce6.A Tat< ~e, Kat< H 
3J1J1HnCOH,QanbH~e BeTBVI .A,Qep KI1SCCOB a/, 6/. 

npocne,qJ.1M aa nose,qeHHeM co6cTseHHbiX 4aCTOT .A,qep Knaccoa 
r/, AI /pwc.4s,S6/. 

Ecm1 Ha4STb co c¢epH4eCKOro .A,QPS /npH n =0 I' TO' yaenH4H.
Ba.A Q, Mbl 6y,qeM ,QBHrSTbC.A no KpHBbiM BbiT.AHyTbiX C¢epOH,QOB /n.ATb 
BeTseH BbiXO,QRT H3 T04KJ.1 <.Veep J.1 ,qae - H3 T04KVI UJ =0 I. no ,QOCTVI
~eHMH T04KH 6vt¢YPKS4HJ.1 06 npe,QCTOI-1T C,QenaTb Bbi60p! Jll-160 npo
AOll*STb ,QBH~eHHe no BeTBH c¢epOVI,QOS, 1111160 CBepHyTb Ha BeTSb 
3J1J1HnCOHAOB, KOTOpa.A npHBe,qeT /npVI yMeHbWeHHH Q ,QO HYI1.A/ K 
Cnll~CHyTOMy Heapa~a~~eMyC.R C¢epOVIAY· 

Cne,QYIO~a.A B03MO»<HOCTb - yBeJ1H4HBSTb n OT HYJ1.A' HS4HHa.A co 
cnn~cHyToro c¢epoH,qa. 3.QeCb HY>KHO c,qenaTb Bbl6op I fi = 0 - TOYKa 
6H¢ypKa~HH/: ,QBHrSTbCR 111-160 no BeTBH 3J1J1HnCOH,QOB, KOTOpa.A 3a
KSH4Y1BaeTC.A 1 CWHBaRCb C BeTBb~ BbiTRHYTbiX c¢epOH,QOB, J1H6o - no 
BeTBH cnJliOCHYTbiX c¢epOH,QOB. 
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nocneAHHH aapHaHT - yaenHYHBaTb 0 OT HynA, ~a~HHaR C B~TR

HYTOrO c¢epOHAa. H 3AeCb HaAo B~6HpaTb: ABHraTbCR .nH6o no aeT
BH BMTRHYT~X c¢epOHAOB, 111-160 - no HOSCH 311IlHnCOH,QaflbHOH BeTBH 

/c HHAeKCOM e I. 3TH HOBble BeTBl'l aHanon14Hbl TaKoBbiM a R,Qpax 

Knacca a/. 
4HCI10 HeHy!leBbiX MOA c¢epOHAa!lbHbiX KOH¢Hrypa4HH - Ha eAHHH-

4Y 60ilbWe, 4eM y 3Il!lHnCOHAa!lbHbiX KOH¢Hrypa4HH, KOTOPble OT HHX 

OTBeTBllRIOTCR 8 T04Ke 6H¢ypKa41o•U1 06 ·· 0AHaKO o6~ee 41-1Cl10 MOA, 

ecTecTaeHHo, a o6o1o1x cny4aRx OAHHaKoao. Ae.no a TOM, 4TO a 3n
mmcoHA-Sl1bHblx KOH¢ll·frypal.II-1RX cytqeCTBYeT rOllACTOYHOBCKaR BeTBb 

B036Y>KA.eHHH w 2,Q, B03-Hio1KaiOU\aR BCJ1e,qCTBio1€ HapyweHMR aKCJ.1a.nbHOJ.1 

CJ.1MMeTplo11o1. 3Ta BeTBb CWio1BaeTCR C y-seTBbiO C¢ep01o1AOB, KOTOpaR 

3aHyJ1ReTCR B T04Ke 61o1¢ypKa41o11o1 no:. CJ1eAyeT TaK>t<e aaMeTio1Tb' 4TO 

cpeAH 3J1.nHnCOHAa.nbH~X peweHHH nplo1CYTCTByeT MOAa OTPH4aTeJ1bHOH 
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PHc.5. MarKHe MO~I cneKTpa KBagpyrronbHWX Kone6aHHH 
K<!>R{; a/ napaMeTp lleJlliMoCTH X=0,9(A=300), 5/ X=1,24 
(A=500),CnnomHbie KpHBbJe COOTBeTCTBylOT 3JIJIHITCOHp;aTibHbiM 
KOH~rypa~RM, llYHKTHpHhle - CflnlOCHYThlM C~epOHgaM, 
TO'le'lHbie- Bh!TRHYTbiM c~epOH,D;aM; hcuo = 41/A113 MsB .. 
Cnpasa OT TO'lKH EB=O - COCTORHHH CniTlOCHYThlX c~e
pOH,D;OB C OTPH~aTenbHOH 3HeprHeH CBR3H. 

( 

C~rHaTyp~ ru~0 2/KaK ~ B Cny4ae c$epOHAOB/, KOTOpa~ COOTBeTCT
ByeT apa~eHH~ R,Qpa KaK ~enoro. 

5. KnACCH4ECKA~ mH~KA~ KAnn~ 
PaaHOBecHble KOH4H1rypaLV1H Klf>}l{ 1-1 K};{K a HaweM nOAXoAe onHCbl

ea~TCR OAHHaKOBbiMH ypaeHeHHRMH /cM. 11•~ /. XapaKTepHCTH4eCKHe 
ypaBHeHJ.1R Ha 4acTOTbl /7 I, /8/ cTaHyT ypaaHeHHRMH Ha MOAbl 
KBaAPYnOJlbHbiX Kone6aHHi1 K>KK 17·1~1ecm1 nOJlO)KHTb B HHX CKOpOCTb 
<l>epM~ VF=O /~11~ ~ = 0 I. Ha p~c.6 np~BeAeH cneKTP KBaApynon•-
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H~X Kone6aH~H epa~a~~eHcH K~K. 

B~AHO, YTO 3Ta MOAenb He BOC

npOH3BOAHT 3HeprH~ rKP npH·Q=O 
/ee peaynbTaT coenaAaeT c pe
aynbTaTOM Dopa "" t1oTTenbcoH.:/ 11/ 
AJIR c<t>ep~4eCKoi< Kl!K. OTcyT
CTBY~T TaKme M~rKHe MOA~· 3J111Hn

COHABJ1bHble MOAbt np-art Q ~0 CTpe

Mf!TCR K""' I-1I1J.1 K 0. Ecm1 X·~ 0,8, 
TO 3TH BeTBH o6pbt88~TCR, TSK 

KBK a -MOAbt CTBHOB.ATCR KOMnlleKc

H~MH. lonACTOyHoBcKaR eeTBb 

CWHBaeTCR C y-BeTBb~ C$epOHAOB 

e ToH me T04Ke 6H$YPKa~""""' 4To 
~ B cny4ae K¢!(. 

PHc.6. 3aBHCHMOCTb cneKTpa KBaA

pynoJibHbiX KOJ1e6aHHl1: OT CKOp.OCTH 

Bpam;eHHR ,z:vu1 K}!{K c napaMeTpoM 

)1enHMOCTH X ~0,57 (A =158) . Cnnoru

Hbie KpHBbie COOTBeTCTBYlOT 3JIJIHTI

COHAanhHbW KOH¢Hryp~RM, ITYHK

THpHhte - CITJ1lOCHYTbiM C!PepOH,D;aM; 

hw 0 ~ 41/A113 !13B. 

6. K BOnPOCY 05 YCTO~Y~BOCT~ 

B MOAem1 K>:<K Kp~o1Tepi-1RMI-1 ycTOH4HBOCTH RBn.RIOTCR: /1/ AeHcTBH

TenbHOCTb BCeX HOpManbHbiX 4aCTOT Kone6aHI-1H CI-1CTeMbl, /2/ nono

~I-1TeJ1bHOCTb AaeneHI-1.R. 3TI-1 orpaHI-14eHI-1R npHBOART npaKTI-14eCKH K 

1
/7/ .· 

Tpe6oaaHHIO X< • ,lln.R c¢lepoHAanbHbiX KOH¢lHrypau,1-1H nepeoe yc-

noeHe ycTaHaBJ11-1BaeT eepXHIOIO rpaHI-1U.Y AJ1.R yrJlOBbiX MOMeHTOB 11 • 2~, 
6ni-13KYIO K HaHAeHHoH npl-1 l-13y4eHI-11-1. noeepXHOCT\.11 3Hep_rl-1\.ll RAep IS!, 

B paapa6oTaHHO~ BbiWe MOAem1 Kc.l>Y{ TaK~e I-1MeeTc.R orpaHI-14eHHe 

Ha B03MO~Hble yrnOBble MOMeHTbl c¢ePOI-1AaJ1bHbiX KOHctl1-1rypau,1-1H ( 1•21, 

OAHaKO BepXH.R.R rpaHI-1LJ,a yri10BbiX MOMeHTOB pacnono~eHa 3Ha4HTeJ1b

HO Bbtwe, 4eM a KXK. ,lln.R 3nnHnCOI-1AanbHblX KOH¢1Hrypau,Htit nepeoe 
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ycnoatte He npHBOA1-1T K orpaH-H'1eHHRM csepxy Ha yr110Bble MOMeHTbl 
s o6e1.1x MOAenRx. Tpe6osaHHe noJlO)I(HTel1bHOCTH ,Aaa.neHHR R.S.nfleT-CR 
MdllOHH$opMaT~BHbiM a cny~ae K~*, 1.1 ero c.neAyer aaMeHHTb yc.no
SHeM nOI10>KHTe11bHOCTJ.1 3Hepn1\lt .CBR3H E B' np~~t pea.n-HCTH4eCKHX 3Ha-
4eHHflX RAepHoro noTeH~Hana 3TO Tpe6o8aHHe llHWb He3Ha4HTe11bHO 
noHl1)1(BeT aepXHIOIO rpaHH~Y Y-f"llOBbiX MOMeHTOB CnlliOCHYTbiX -c$epoH
AOB, Haiitp,eHHYIO all,2~y SbiTRHyTbiX C$epOHAOB E B CTdHOBMTCR 0TpH
I.laTeJ1bHOi:1 JlHWb npH X > 1;35, a B cny4ae 311J1HnCOI-1AOB - TOJlbKO 
Ha seTaflx, noMe4eHHbiX ~H-HAeKCOM e. B o6oV1x cny4a.AX 3TO npoHcxo
AHTb TOJlbKO npV1 04eHb 60ilbWHX yrllOBbiX MOMeHTdX, 

7. 3AKJ11oJ4EHH£ 

nepe4~Cl1\ltM BKpdT4e OCHOBHble pe3yllbTdTbl. 
OnHcaH cneKTp KBaApynOllbHbiX Kone6a.HH"H apaw,a10w,ei:1cR KIJ>J!(, np~t~-

4eM npH 0=0 BOCnpO\It3BOAHTCR 3KCnepHMeHTdilbHOe 3Ha4eHHe 3Hep
rHH fKP. npeACKaaaHo ero pac~enneHHe 80 8pa~aiO~XCR RApax, 
a TdKme Hdl1H4He MRrKHX MOA, noKa3aHO, 4TO rpaHH4bl yCTOH~HBO
CTH K<Jlli( OTHOCHTe!lbHO KBdAPYnOilbHbiX -KOI1e6aHHH 3H-a4HTel1bHO Wl>lpe 
TdKOBbiX ~JlR fO~K KdK no yr!l08biM MOMeHTdM, TdK H no napaMeTpy 
,qe!lHMOCTt-~. Teop"lR npeAcKa3blaaeT 6onbwoe paaHoo6paa1-1e 803MOmHbiX 
¢opM spa~a~HXCR RAep. OOATBepm,qeHo Hanw~~e rHraHTC~oro 63K-
6eHAHHra. OpeAcKaaaHo cy~eCTB08aH"le "130Mepoe ¢opM~,$op-6eHA~H
ra l1 11 ceepxr~o1raHTCKoro 63K-6eHAHHra11 • 

npoRBI-1JlHCb CileAY~~He AOCTOHHCTBa CaMO~ MOAenl-1: a/ 8eCbMd 
n0!1Hbli1 MaTeMaT"l~eCKI-1~ dHdll'-13 MOmeT 6b1Tb npo,QeilaH Hd OCH08e 
cpaSH~TeJlbHO npOCT-biX pac4eTOB, 6/ 8 ee paMKaX eCTeCTBeHHO MQ
ryT fih1Tb on~t~CdHbl ~one6aHHR 6onee 8biCOKOi4 MYilbTHnOJlbHOCTYl, ~eM 
2 IG,~!He BJ.1AHO TaKme npHH4HnHaJlbHbiX TPYAHOCTeH Hd nyTH ycnomHe
HHR napaMeTpH3a4~H ¢opMbl RApa. MoAellb MomeT 6b1Tb TaKme npHcno
co6neHa AllR on~<~caHt1R eepOFITHOCTe~ 3neKTpoMa-rHHTHbJx ne_pexoAOB. 

nPHilOlY.EliHE 

l1HTe-rpa.nbHble C-VIM-BO!lbl 6bll1H BBeAeHbl 8 pa60TdX IG,?!: 

A .. 
lj ... 

B .. IJ ... 

d .. 
lJ ... 

dt 
f --·-·-····-------

0 ~R(a;+t2)(af+t2) •.. 
:B .. 

lJ··· 

t 2dt r ----------------. 
o ~ (a2+t2Xa2+t2) .•• 

R 1 J 
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0H~ CHMMeTpH4H~ OTHOCHTenbHO nepecTaHOBKH HHAeKCOB H CBR3aH~ 

APYr C .APYrOM PRAOM none3Hb1X COOTHOWeHHCi /cM/6•71 /: 

Aij (a f - af) "" Aj - A i , Bij =A i - alA ji =A j - ai2A ij , 

u,/af- a{>~ di-u,. :E,i=d, -ai2di,=O:i -afdii' 

<t, = 3.'llii + :1\ij + :1\ik, 2A; = 3Sii + B;i+ Bik (i ,f i ,j, k) •. 

HHTerpaJ1bH~e CJ.1M.BOJ1bl MO>I<HO e~pa3t.-tTb 4epe3 HenOilHble 31111HnTH4e

CKt.-te HHTerpanbl F(k,cP), E(k, cP). HHAeKCOM p o603Hal.lHM MHHHManbHYIO 

nonyocb 3Ili1HncoHAa, q - cpeAHIOIO, r - MaKCHMailbHYIO. TorAa HMe-

A = q 

A, 

a 
2 [ --'l sin .p - E(k, .p)] 
--~~------, 

a 3 sin 3.p cos 29 
r a 

2[ E(k, .Pl- F(k, .Pl cos 29 - _g sin2esin .Pl 
aq ----------. 

a 3sin 3-¢ ·sin2_(J oos 2() 
r 

a2 _a 2 

rAe k 2 , sin 2e = _....9.._~, coscP""ap /ar. A .A11R ct.-tMsonos Gi 
a2 -a2 

p r 

E(k, o;I>)-F(k, o;i>)· a~/a~ 

(i P = --;~-·-;2~~;-a:,-sin 2-e-- ' 
r q p 'f' 

(t = cos 2eF(k,_.P>_- E(k,o;i>2~~;/aj~sino;i> cos.psin?.e·•/•q-, 

q 

a3a sin 3¢cos2o 
r q 

. ar a2-a2 1,.1 
3AeCb k= Sin()=--( ~ P) .,8 Cily4ae c¢epOHAOB 3TJ.1 BblpameHHR 

aq a -a 2 
ynpow.aiOTCR ~ see Bblba)f!.KeTCR 4epe3 3IleMeHTaPHble ¢YHK~J.IIJ.1/2,6,7~. 
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