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BBEAEHHE 

3Kcnep~MeHTallbHOe ~3y4eH~e npo~yKTOB Cll~HH~H THmell~X 110HOB 

C aTOMHbiM~ H~paMI1 BbiAB~raeT sa~a411 on11caH11H CTPYKTY~ ~Apa 

B COCTOHH11HX C 60ilbWI-1MI-1 yrllOBbiM~ MOMeHTaMI-1. HcnOilb30BaHI-1e np!-1-

6nl1meHI-1H Clly4aHH~X $a3 B MO~e/11-1 C OC~~IlllHTOpH~M cpe~HI-1M noneM 

11 I<Ba~pynonbHbiMI1 c11naM11 11- 31 noKasano, 4TO spaiJieH~e npi1BO~I-1T 
K paciJienneHI-1~ Mo~ r1-1raHTcKoro KBa~pynOilbHoro pesoHaHca /rKP/ 

B H~pax, np!-14eM np11 ~OCTaT04HO 60ilbWOM 3Ha4eHI-111 yrllOBOrO MOMeH

Ta O~Ha 1-13 BeTBeH rKP onycKaeTCH ~0 COCTORHI-1H Hpacr-ni1HI-111. 

HMeH e s~~Y np~6n~meH~R MaTeMaT~4ecKoro xapaKTepa, ~cnonb3ye

M~e B yKa3aHH~X pafioTaX, KameTCR ~HTepeCH~M cpaBHI1Tb pe3yllbTa

Tbl, nony4eHHble B H~X, C pe3yllbTaTaMH paC4eTa HOpMal1bHbiX 4aCTOT 

Kone6aH~H KBa~pynOilbHOH C~MMeTp~~ AllR C~CTeM~, 11Me~IJieH npoCTOH 

~ HarnR~H~H $~3~4eCK~H CM~C/1 ~ ~onycKa~IJieH HaAemHy~ MaTeMaT~-

4eCKY~ rpaKTOBKy. B Ka4ecTse TaKoH c~cTeMbl 3~ecb 11cnonb3yeTCR 

MOAellb HeCmi1MaeMOH 3apRmeHHOH m~~KOH Kannl1, aHa/1~3 KOTOPOH 

HeOAHOKpaTHO 11CnOilb30BallCR ~ paHee ~llR ~HTepnpeTa~~l1 CBOHCTB 

aTOMH~X R~ep. 

npoCTOH 11 113Rli\HbiH Me TO~ np~6n~meHHOro aHal1113a $~ ryp paBHO

SeCI1R ~ cneKTpa HOpMallbHbiX 4aCTOT HeCm~MaeMOH lKI1~KOH Kan/111 pa3-

pafioTaH s ny6n~Ka~~RX 14 - 61. B pa6ore 1\3/ npose~eH nonHbiH MaTe

MaTI14ecKI1H aHan~3 3a~a4~ onpe~eneH~R aKc~anbHbiX <tMryp pasHose

c~R 11 Ka4eCTBeHH~H aHa/1~3 HOpMallbH~X 4aCTOT aKC11allbH~X BpaiJia~-

IJI~XCR $11 ryp. H11me Mbl 11 en on b3yeM $OpMal111 3M pa6oTbl 1\3/ ~R aHa-

11M3a cneKTpa HOpMallbH~X 4aCTOT KBaJ:IpynOilbHOH CI1MMeTpl111 KaK 

~nR aKc~anbH~x, TaK 11 ~nR HeaKC11allbH~x $Mryp paeHoeeCI1R. Pac-

4eT HOpMallbH~X 4aCTOT HeaKCI1allbH~X mMAKMX Kanellb noTpe6oBall 

ycTaHOBJ1eH~R COOTHOWeHI1H, OTCYTCTBYIOU\11X B 1\3/. A11R CBH3HOCTI1 

11311omeHI1A Mbl co41111 ~enec~76pa3H~M np11secTM ocHOBH~e onpe~ene

HMR 11 pe3yllbTaT~ pa60T~ . 

METOA BHPHAnbH~X TEOPEM 4AHAPACEKXAPA 

B nepsoHa4allbHOH $opMe 3TO - MeTOA MoMeHTOB, npi1MeHeHHbiH 

K peweH~~ ri1~P0~11Ha~4eCK11X 3aAa4, B KOTOp~X y411TbiBaeTCR none 

npi1THmeHI1A BeiJieCTBa. B~pMallbHble ypasHeHMH pa311114HbiX nopR~KoB -

3TO COOTBeTCTBYIOU\11e MOMeHT~ rl1~pO~I1HaM~4eCK~X ypaBHeHMH. $op

M~ paBHOBeCI1H KanllM C4~Ta~TCA 3111111nCOM~allbH~MM. 

1 



6y~eM paccMaTpMsaTb M~eanbHYID HecmMMaeMyiD KanniD, orpaHM4eH

HYID 3flnHncoM~anbHO~ nosepxHOCTbiD S: YpasHeHMe ~BMmeHHR H~eanb-
Ho~ paBHOMepHo 3ap.AmeHHO~ mM~KO~ Kanr.H e niJOTHOCTbiO P,I130Tpon-

Hb1M ~asneHMeM P 11 nnOTHOCTbiO 3apFl.qa a > 0 B CI1CTeMe tleHTpa 
MaCebl MMeeT 811~ 

d Uj 

pdt 
ap as 
---a~-, a xi a Xj 

i= 1.2. 3, /1/ 

r~e8(~)= r-a(x') di'' 
v I x - x' I ' Uj- KOMnOHeHTa CKOPOCTH 3IleMeHTa 

mi1~KOCTI1, 

AasneHI1e s mH~KOCTH s Henocpe~cTseHHo~ 6nM30CTM K noaepx
HOCTM onHCbisaeTCR ljJopMynoC-1 nannaca: 

p = T div n, 
/2/ 

r~e T- K03$$H!.1I1eHT nosepxHOCTHoro HaT.AlKeHM.A, ii - e.QMH!-14Hbii:l 

BeKTOp, nepneH,QI-lKYil.ApHblH K nosepXHOCTI1 S 11 HanpasneHHbiH 113 8 
Hapymy. 

BHpHaflbHble ypasHeHI1fl paani14HbiX nop.A.QKOB nony4ai0Te.A nocpe,qcT

soM YMHOlKeHH.A ypaBHeHI1.A ~8Hli{€HM.A eOOTBeTCTBeHHO Ha 1 , Xj , 

i'J xk ,... 11 I-1HTerpl1posaHI1.A no sceMy o6"heMy V, aaHI1MaeMoMy m!-l,q-

KOeTbiD B TeKy~MH MOMeHT BpeMeHH. no3TOMy MOMeHTaM!-1 6y~eM Ha-
3biBaTb TeHaopw TaKoro THna: 

lij = ( p XjXjdX - TeH30p HHePL\1-111, 
v 

n ij = r P x i x j ctx 
v - TeHaop ,qasneHI1.A, 

;Jw ~ r r u iuj dx 
v - TeH30p KHH€TH4eCKOH 3HeprHH, 

-> -> (Xi -X{)(X· -X~ ) -> 

8iJ·( X)= { a(X')------J-,~- dx'- TeH30p 3flei<TpOCTaT!-14eeKoro 
I 

-+ _,.,I o 

V X - X 1 noTeHLII1ana, 

1 ... as ... 
:lJllj = - { a 8 ij dx = - {a X j -a· . dx 

2 V V X1 - TeH30p 3neKTPOCTaTH4eeKOH 

noTeHL\HanbHOH 3Hepri1H. 

3,qeeb npHBe,qeHbl HeKOTOPble MOMeHTbl BToporo nOp.A~Ka. 3TI1 T€H30pbl 

CHMMeTpi-14Hbl OTHOCHTen bHO nepeeTaHOBKM HH.QeKCOB. AHanon14HO 

onpe~enRIOTCR TeHaopbl c mo6biM 4HcnoM HH.QeKcoa. Cne~bl TeHaopos 

BToporo nop.A,QKa .AB!lfiiOTC.A CKa.n.ApHblMH Be.nH4MHaMH, HanpMMep, 

Iii = I - cKan.ApHbJH MOMeHT HHePLIHH. TeHaopbl, HeCHMMeTpH4Hble 

OTHOCMTeflbHO nepeCTaHOBKI1 HH~eKeOB, aanHCbiBaiOTCfl cne~yJO~HM 
o6paaoM: 

2 

" 

'ln 1 -> 
JU ij" k = - r a B . . X k dx • 

• 2 ·v IJ 

BMpHanbHble ypasHeHI-l.A nepsoro nop.A,qKa 
2 

d ~ d Ii . 
Ot J p ui dx = ""dt"2 = 0 , 1 = 1, 2, 3 

BblpamaiDT pasHoMepHoeTb .QBHmeHH.A 4eHTpa Mace. YpasHeHH.A 

nop.AAKa no.ny4aJOTCfl noepe~CTBOM YMHOmeHI1.A ypasHeHI-l.A /1/ 
M HHTerpl1posaHH.A no o6"heMy V: 

sToporo 

Ha xi 

d -err J P u i xi dx = 2 .1 ii - 2 I ii + :mij+ n o ij • 131 

r,qe Lij- TeHaop nosepxHOCTHoro HaT.AmeHI1.A- no.Asn.AeTe.A, ecnH 

HenonbaosaTb ypasHeHHe /2/. An.A 3nn11nco11~os PoaeHKMn~e n; no-

ny4vtn 

Iii= ~,T J 
s 

( o ij - ni nj ) dS • 

AHanorH4HO aanHCbJBaJOTCfl BHpHanbHble ypasHeHH.A 6onee BbiCOKHX 

nop.A~KOB. 

noTeHL\Haflbl H TeH30pbl 80 BHyTpeHHeA T04Ke 3flfll1nCOH,Qa MOmHO 

Bblpa3HTb 4epe3 TaK H83biBaeMbl€ HHTerpaflbHble eHMBOilbl. Afl.A O,QHO

PO.QHbiX <!JH ryp 3TI-1 BbJpameHMfl Hec.no)J(Hble. HanpMMep, ,qnR 8 ij 
1-lMeeM 

-1 2 3 
(rraa1a 2 a 3) 8ii =2Biixixj+ a 1oij (Ai- k~ 1:AikxJ, 

rAe a 1o a 2 , a 3 - nonyoc11 3fl.nHncoHAa, a A i , A ij , Bij - HH.QeKe

Hble CHMBOilbl, BBeAeHHble 4aHApacet<xapoM 
141: 

du . r. 2 2 • 
l'l c • (a1 +U)(aj+u)(ak +U).:. 

u du 
B ijk ... = J 2 2 2 ' 

o l'l C' (a i +n)(a i +U)(a k + u) ... 
Aijk .. 'T J 
rAe ·l'l c= 

2 2 2 ~ [ (a 1+ u)(a2 + u)(a 3 + u)] . 

TeH30Pbl nosepxHoeTHoro HaT.A~lHH.A BblpamaJOTC.A 4epea HHAeKCHble 

CHMBOflbl, BBe~eHHbJe Po3eHKHIIAe ; 

00 fu 00 ~ a .. k = r . !B . j k - r --o--nt~t;,-_,...___,,....-.,...-
IJ ··• 2 2. 2 .?. 2 .2 ' l " 7 2 2.. 2 2 2 2 ' 0 l'l R" (a;+ t J(llj+L" )(akH-)... 0 l'lR·· (a i+t J(a i + t )(a k+ t J ... 

22 22 2 2~ 
r,qe l'l R=[ (a 1+ t )(a2 +t )(a 3 + t )] . 

Bee 3TH HHAeKCHble CHMBOilbl MOmHO 

3Ilfll1nTI14eCK~e HHTerpanbl: 

BblpaaHTb 4epea HenonHble 

cP dt 
F(cf>.k)= r 

0 y 1 - k 2 sin 2t 
rAe O~cf> .< "/2; 0 ~1 k I~, 1. 

cP 
E ( c/> ,k) = ( y 1- k 2 sin 2 t dt, 

0 
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PABHOBECHbiE KOH<I>V11YPAUI·H1 PABHOMEPHO BPAU\AIO!l\EtlCR KAnJIV1 

... 
nycTb KannH 8pa~aeTCH pa8HOMepHO C yrno80~ CKOpOCTb~ 0 

KOTOpy~ 6y,qeM C'-li-!TaTb Hanpa8neHHO~ 8,QOnb OCI1 x 3 · Ypa8HeHHe 

.Q81-!meHI-!H KannH MomHo sanHcaTb 80 8pa~a~~e~cH 8MecTe c He~ 

CHCTeMe KOOP.QHHaT. Tor,Qa nOH8HTCH '-lJleHbl, OT8e'-la~~l-1e sa He-

1-!HepuHanbHOCTb 3TO~ CHCTeMW: UeHTpo6emHWe CHJlW 1-1 CHnW, C8H3aH

HWe C KOPHOJ1HC08WM YCKOpeHHeM. AHanorH'-lHWM cnoco6oM MOmHO no

ny'-lHTb 8HpHaJlbHWe ypa8HeHHH 8 3TO~ CHCTeMe KOOP.QHHaT. 5y,qeM 

HCKaTb CTal!HOHap.Hble peUJeHHH 3a,Qa4H (u i = 0). Tor,qa BHpHanbHble 

ypaBHeHHH 8TOporo nopH,QKa ynpo~a~TCH: 

2 
'll ii - o (I ii - B 1 si si ) = rr o ii i ,j = 1,2,3, 13al 

r,Qe 'lJij = 2Iij -·mij. EcnH 3anHCaTb 3TH 9 ypa8HeHH~ 8 fi8HOM 8H,Qe, 

TO MOmHO Y8H,QeTb, '-lTO 3Ta CHCTeMa 8 Ka'-leCT8e YCI108H~ pa8HOBe

CHH He Tpe6yeT pa8eHCT8 Itt= I 22 , 'lJ 11='lJ22 ,a TaKme 112 =0, 'lJ 1~ 0, 
XOTH 11:f' 123 =·0 , 'lJ 13= 'lJ3 f' 'lJ23= 'lJ3z:O. 3Ha4HT, pa8H08eCHble COCTOH

HHH Bpa~aiO~e~CH KannH He o6H3aTenbHO ,QOnmHbl HMeTb aKcHaJlbHYIO 

<!>OPMY. 

Tp1-1 ,QHaroHanbHbrx ypasHeHHH CHCTeMbl 13al onHcbr8aroT pasHose

cHe paBHOMepHO Bpa~aro~e~CH ¢Hrypw~~ noKa MW orpaHH'-lH8aeMCH 

KOH¢Hrypal!HHMH C TpeMH nnOCKOCTRMH CHMMeTpl-11-1 l3nllHnCOH,QanbHble 

<!>Hrypwl, see He.QHaroHallbHwe KoMnoHeHTW ypasHeHHH 13al y,qosneT-

80pHroTcH Tom,qecTBeHHO. To me caMoe npoHCXO.QHT 11 c Kam,qo~ 1-13 

KOMnOHeHT BHpHanbHOrO ypaBHeHHH TpeTbero nopH,QKa, ECJll-1 Mbl cy

MeeM Ha~TH peweHHe ,QHaroHanbHbrX ypasHeHH~ 13al .QnR KOH<!>Hrypa-

l.ll-1~ C 3 nnOCKOCTHMI-1 CHMMeTpHH, TO MOmHO YT8epm,QaTb, '-lTO 3TH · 

KOH<!>Hrypau~H 6y,QyT paBH08eCHbiMH snnOTb ,QO TpeTbero nOpH,QKa ~/. 
Tor,Qa MOmHO 6y,qeT HCCne,Q08aTb HX CTa611JlbHOCTb no OTHOUJeHI1~ 
K ,qe¢opMal!HHM BToporo 1-1 TpeTbero nopH,QKa. 

JlV1HEAPV130BAHHbiE BV1PV1AJlbHbiE YPABHEHV1fl 

JII1Heapl1308aHHWe 811pl1aJlbHWe ypaBHeHI1H Oni1CWBaiOT OTKnOHeHHfl 

oT nonomeHHH pa8HosecHH Kann11, KoTopbre He HapyrnaroT era. Pac

cMaTpHsaroTcH OTKnOHeHI1H·, KOTOpble H8JlHIOTCH 6eCKOHe4HO ManbiMI-1 

narpaHmeBWMH CMe~eHI1fiMI1 3neMeHT08 m11,QKOCTI1, 1-1 HaXO,QfiTCH nep

Bble 8apHal!HH BbiUJeyno~HHYTbiX HHTerpaJlbHbiX Belli14HH: 

o J = r c 11 Q + Q di v o ctx . 
v 

r,qe 11Q~ narpaHmesoe 113MeHeHHe nro6o~ xapaKTepHCTI1KI1 mH,QKo-

CTI1 Q , E- narpaHmesoe nepeMe~eHHe, swssaHHoe B03My~eHHeM. 
Tor,qa 8apHaUHH scex BbrweynoMHHyTbrx seni1411H 6y,qyT BbrpamaTbCH 

4epe3 TeH30Pbl 
15•61• KOTOPble 8 CJly'-lae 2 11H,QeKC08 3ani1CbiBaiOTCH 

KaK 

4 

" 

ol 1· J' = Vi J' = { p ~. X. dX->, 
• ' . 1 J 

v 
npH 3TOM 0 I ij = vl,j +Vj,i =\ir Ecnl-1 6ecKOHe4HO Manoe narpaHmesoe 

cMe~eHI-!e sanHcaTb a BH,Qe 

-+ -+ -+ -+ iuJ t 
~(x,t)=((x)e , 141 

TO MOmHO oni1Cbl8aTb Manble KOJleOaHI1fl 3nnl1nCOI1,Qa OKOnO paBHOBeCHOr::i 

¢opMbr I w - xapaKTepHcTHI.IecKHe 1.1acToTbl, KOTOPble Ha,qo onpe,qe

nHTbl. B o6~eM cny'-lae MomHo san11caTb 

~\=Lj+ !Li,jXj +~k Li,jk XjXk+ 
J, 

151 

0Ka3biBaeTCH, '-lTO MHOrO HH¢opMaUHH MOmHO nony'-lHTb, orpaHHI.JHBa

RCb TOnbKO 2 nepBbiMI1 '-lneHaMH pa3nOmeHI1H, T. e. paCCMaTpHBaH 

8TOpbre rapMOH11KI1 Kone6aHH~ I ,qe¢opMal!Hi11, KOTOpbre onHCbrBaroTcH 

nHHeapHsosaHHbiMH 8Hpl1anbHbiMI1 ypasHeHHHM11 BToporo nopH,QKa I .Qnfl 

3TOrO Ha,QO B3HTb nepsyro Bap11aU1110 COOT8eTCTBYIO~ero Bl1pl1aJlbHOrO 

ypaBHeHHfll: 

w2 Vi;j +2iw0f 1e3 VeJ·=o'll 1J. -0
2

(ol... -8. 381 3 . )-oflo.. 161 , IJ !, , J IJ 

K 3TI1M 9 ypasHeHHHM Ha,qo 

KOTOpoe 03Ha'-laeT, '-lTO Mbl 

pwe coxpaHRIOT nocTOfiHHYIO 

COH,QOB. 8 cny'-lae BTOporo 

Cfl 151 KaK 

3 Vjj 
.2'. -7 = o. 
J=1 ai 

,qo6aBI1Tb ycno8He coneHoH,qan~HocTH, 

HHTepecyeMCH nepeMe~eHI1fiM11 ~. KOTO

nllOTHOCTb p He,Qe$OpMI1pOBaHHbiX 31lnl1n

nopH,QKa 3TO Tpe6osaHI1e san11cwsaeT-

171 

Pewafl xapaKTepi1CTH'-leCKOe ypa8HeHI1e Ha W CHCTeMbl 161, MOmHO 

Hai1TI1 co6cTBeHHwe sHa'-leHHR w1 · B ,qaHHOM cny'-lae 3TO BTopwe 

rapMOHH K11 co6cTBeHHbiX Kone6aHI1~ OKano pa8HOBeCHO~ ¢opMbl. 3a

Me'-laTaJlbHOe C80i1CT80 JlHHeapi130~aHHWX BHp11anbHWX ypaBHeHI1i1 

3aKJll04aeTCfl 8 TOM, '-lTO 411Cll0 TaK11X ypaBHeHI1i1 ,QaHHOrO nopA,QKa n 

cosna.QaeT c '-lHcnoM napaMeTpos L 1· .J. J' B pasnomeHHH cMeule-
HI1fl { /5/ • ' 1 ... n- 1 . 

CnEKTP KBA,LIPYnOJibHbiX KOJ1E6AHV1tl BPAU(A!OIUEtlC.sl KAnJIV1 

BHa'-lane paccMOTPHM cnnrocHyTbre c¢epoi1.Qbl MaKnopeHa - caMb!e 

npOCTble 3nnHnCOH,QanbHble (jll-1 rypbl, KOTOpble 803HI-1KaiOT, KOCfla O,QHO

PO,QHble Tena 8pa~aiOTCfl C noCTORHHOi1 yrJl080i1 CKOPOCTbiO 0. CTa-
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6~nbHOCTb TaKO~ aKc~anbHO~ Bpa~a~~e~CR OAHOPOAHO~ sapRmeHHO~ 
Kann~ ~ccne,qoaanacb PoseHKI1n,qeAll. Hac r.naBHbiM o6pasoM 6yAeT 
~HTepecosaTb cneKTP KBaApynonbHbiX Kone6aHH~ TaKo~ Kan.nH. 

napaMeTp~syeM nonyOCI1 3Jl.fll1nCOI1,qa: 

2 2 4 as= a0(1-·-g- acosy), 

a~= a8ct-,:\-acos(y- 120 °)), !81 

af= a~(1-4acos(y+l20°)), 

r,qe ao= 1,2 A
113

ct>M. npl1 3TOM 0.::;8.<-!; o.:;;.y <;;.60°, 11 acerAa 11MeeT 

MecTo as<~~,a 1 • Ycnoa~e coxpaHeHI1R o6beMa Kan.nH ~MeeT 811A 
a 1 a2 as= ao . 

.LlnR cct>epo~AOB MaK.nopeHa peweHHe ypa8HeHl1~ /3a/ AaeT BbJpa
meH~e ,Q.flR {l pa8H08eCHO~ ¢opMbl 4epe3 napaMeTpbl ,qe¢opMaLtHH: 

2 
2 2 as a 2 

!l = -- (1- 7Jr )(Tou 1S- aou 8 ts)' 
Poll a 1 /9/ 

rAe B8eAeH~ o6osHa4eHHR 

4rr . T 2 . 2 4rr 2(a a a )2a 2 
Poll= 15 a1 a2 asP' Oll=rr(a1a2asJ T • aOll = --~~-. 

YCT0~4HBOCTb no OTHOWeHI1~ K ,qe¢opMaLtHRM BTOporo nopR,qKa MOmHO 
11CC.fleA08aTb, aHaJlH3HPYR XapaKTepi1CTH4eCKHe 4aCTOT~ COOTBeTcT-
8Y~UII1X OCLtHnJlRLII1~. 

PewaR xapaKTepHCTH4ecKoe ypasHeH~e, nony4aeM xapaKTepHCTH-
4eCKI1e 4aCTOTbl w i. Hx MomHo pa3Aeni1Tb Ha HeCKO.flbKO rpynn: 

1/ Topo~Aa.nbHble MOAb! I y -Ko.ne6aHHR/: 

wy=±[!l ± (2P- n2 )Yz]. 

rAe p= LcTOll a1C a ~ll Bu)· .LlnR y -Kone6aHH~ HMeeM 
Pou 

~1 = L1:t x1 + L1;2 x 2 • 

~ 2= L1:2 x1- L1:1 x2' 

.fs= o. 

0HH npe8pa~a~T c¢epoHA 8 TpexocH~~ 3JJ.nHncoHAi 
2/ nynbCaLtHOHHble MOAb! I {3-Kone6aHHR/: 

6 

"' 

/lOa/ 

!l+M+atN 
WR=y2 -- , 

[

2 
a2 lYz /106/ 

~-' a2 
1+2-=-a 

a2 
r,qe 1 

.QnR 

2T 2 2 
ou as a ou 

M = -. [2Ci 11- -:2"Ci 1S- -(2B11- B1S )] • 
Pou a 1 TOll 

2Tou Ci 
N=--{ 3 ss 

pOll 

2 2 
a 1 r. uoll 

--2 u1s-·--( 38 sa- 8 1s)]. 
a Toll s 

/3-Kone6aHI1~ HMeeM 

(1 = L1:1 X1+ L1:2 X2, 

(2=-.L1:2 x1 + L1:1 xl' 

.fs =-2L 1:1Xs· 

0HH TpaHc¢OpMI1PY~T c¢ep011A 8 COCeAHH~ c¢epO~A, y KOToporo HeMHO·· 

ro OTJll14aeTCH 3KCLteHTP11CI1TeTj 
3/ nonepe4HO-CKOWeHHble MOAb! /6yAeM 0603Ha4aTb 11X KaK a -

KOJle6aH~R/: 

1 2 Yz 
(l) a= ±-2 [ n ±en + 8 Q) ] • /lOs/ 

2 
Q 2To\h a0 ll " 

rAe = -[u - -- B1s ] . .Qn.R a -Ko.ne6aHI111 11MeeM 
Poll lS TOll 

(1= L1:s Xs, 

(2 = L 2;s xs• 

.fs '= L's:1 x 1 + Ls:2 x2. 

3TH KOJle6aHI1.R B036ymAa~T CB.R3a~tHOe AB>1H<eHI1e 2 nonyc¢ep 11 MoryT 
8bl38aTb nORBJleHHe HeaKC11aJJbHO~· Ae¢opMaLt1111. , 

Hcc.neAYR 3a811CI1MOCTb Wj en), MOmHO CAeJJaTb pn,q 8a)l(HbiX 
BbiBOAOB 0 Tal< Ha3~BaeMO~ T04Ke 611¢ypKaL11-1~. 3TO T04Ka, B KOTOPOH 
cy~eCTByeT TaKOe HeTpl1811a.flbHOe CMe~eHl-1e ( ,4TO,Ae¢opMaLtl1.R KOH-
¢11rypalll-111 3Tl1M CMe~eHHeM OCTaBn.ReT ee 8 paBHOBeCI111. 3TO 03-
Ha4aeT, 4TO CMe~eHI1e 6y,qeT ,qe¢QpMI1POBaTb KOH$Hrypalll1~ 113 <!JH

rypbl, KOTOPY~ OHa HMeeT Ha OAHO~ 113 BeT8e~ /B ,qaHHOM CJly4ae 
OHa .RBn.ReTC.R c¢epOI1,QOM/, 8 ¢l11rypy APYrO~ BeTBH /BeTBl-1 3JIJll-1nCo~-
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p,os/. ~13 Toro ct>aKTa, 4TO TaKoe CMel!leHI1e coxpaHReT pasHosecl1e, 

cnep,yeT,4TO B T04Ke 6~$ypKa~l111 paBHOBeCHaR KOH$Hrypa~HR P,OilmHa 

xapaKTepH30BaTbCR C06CTBeHHOH $OPMOH KOne6aH~R, no OTHOWeHH~ 
K KOTOpOH KOH$Hrypa~HR HB!lReTCR HeHTpanbHOH /nop,po6HbiH aHa!1113 
T04KH 6H$YPKa~HH HMeeTCR B pa6oTe ~1/. 

no3TOMy o4eBHAHo, 4To AI1R 6onee nonHero aHanHaa Heo6xop,HMo 

HCC!leAOBaHHe H TpeXOCHbiX /HeaKCI1a.(lbHbiX/ paBHOBeCHblX ¢opM KannH. 

0KaaaJlOCb, 4TO P,IlH ypaBHeHHH /3a/ MOmHO HaHTH peweHHe /paBHo

BeCHOe n I 1-1 AilH cny4aR a 1 I a2 • Mb1 nony41-1!1H cnep,y~lJlee peweHI-1e: 

2 2T0 u a~u 
n = -:--· [<112 -·TB 12]. /11/ 

P 0 u ou 

KoTopoe I-1MeeT MeCTo, ecn1-1 

2 22 2 a a 2a 
aou<ata2'At2-a3A3)= Tou(u3- u2 -a2u1~' /12/ 

YpasHeH!-1e /12/ HanaraeT reoMeTpl-14ecKoe orpaHI-14eHI-1e Ha 3nnHnco

~-'~A· BMecTe c ycnoBHeM coxpaHeHHR o6oeMa KannH MOmHo onpep,enRTb 
OP,H03Ha4HO paBHOBeCHy~ fl . 

11ccnep,osam1cb KBa.qpynonbHble xapaKTepHCTI-14ecKI-1e Kone6aHI-1H 

OKOilO paBHOBeCHbiX 3Ilill-1nCOHP,ailbHbiX KOH$1-1rypa~I-1H. ~IlR 3TOro Cily

';laR nony4eHbl BblpameHI-1R AllR scex Tpex nmos Kone6aHHi1, KOTOpble 

BCTpeTI-1m1Cb np1-1 I-'ICCJlep,oBaHI-11-1 C$epOI-1P,ailbHbiX $OpM. nonepe4HO
CKOWeHHble MOP,bl I-1Me~T BI-1A 

2 n2 rf 2 ~ 
w =~·-Q1_Q2± [(~-Q1-Q2.' -4Q1Q2]. a 2 2 /13/ 

rAe 
2 

2a0 u 2Tou 
Q1 =-8 --a 

·p 13 ·p 13' ou ou 

2 
2a 0 u 2Tou a 

Q =-·8 -- u . 
2 p ' 23 p 23 

ou ou 

~Be Y -MOP,bl 3aHYilH~TCR, a BblpameHHR P,IlR ABYX OCTaJlbHbiX 'Y -MO.Q 
·H AJlR {3-MOP, RBilRIOTCR pelueHHRMH fiHKBa,qpaTHOro ypaBHeHH.R: 

w2 

~ 
2 2 c -JlC..+fl- 11 

2 -·!1 2- c 12 

w 
2 

2 w 2 2 -·-·+!1 + C --+0 -·C 
2 21 2 '22 

c31 c 32 

8· 

" 

-C13 

w 2 + c I =0, 
23 

0 3a 

/14/ 

! 

~] 

I• 

t 

f,~ 

1 
l 

' \j 
! 

} 
{J 

I' ,, 

1 

I. 

rJ:Je 
2 2 

aou Tou ..:Z. a -
ell= -('3811- 8 12)+-- ( 2 u12- 30 u ), 

P ou Pou a 1 

2 T a2 aou ou a 1 a C12 =--(8 -38 )+ -(3u
22

--yud, 
p 12 22 p a 

ou ou 2 

2 
aou 

C 13 = - ( 8 13- 8 23 ) + 
p ou 

T ou -2 
a3 Pou 

(:13 - :13 ), 
13 23 

ao~ Ton a 
c21 = .;;- ( 2813 -3811 -812 )+ -- ( 3u 11+ 

a2 a 2 
-2.(1 -2-3(1 ), 

ou p ou a2 12 a2 13 
1 1 

2 
aou 

c22 = -- < 3822+ 812 - 2 8 23)+ 
Pou 

a~u 
C = -- (68 -8 -8 ) 

23 p
0

u 33 13 23 

. 2 
Tou a3 
--(2--d -3d 
p a2 23 22 

0\1 2 

a2 

-1.. Ci12)' 
a2 

2 

2 2 
Tou a a. a a 

+ -- c .::.1... a + ..:.z.. u 23 - 6 u 33 ), 
P a2 13 a2 

ou 3 3 

1 
c3t = -2 c 

32 
1 -;2 c = -L 

al 
2 

33 2' 
a3 

PE3YnbTATbl 11 11X 06CYJK~EHI1E 

B MeTop,e 4aHp,paceKxapa o4eHb npocTo nony4a~TCR cKanRpHble 

Beili-141-1Hbl - 3TO CileP,bl COOTBeTCTBYIOlJli-1X TeH30POB BTOporo nopRp,Ka. 

noaepXHOCTHaR H KYilOHOBCKaR 3Hepr!-1R KannH aanHCbiBaiOTCR Kal< 
3 

Es=i:1 lu = 2Tou (U1 + (12+ d3), 
3 

lin 2 2 2 2 
Ec= i~1 Jnu = 2 aou (a 1 A1 + a2 A2 + a3:A3). 

CpaBHI-1Bas Hanl-1caHHble BblpameHI-1R AilR c$ep!-14ecKoA 1<ann1-1 c aHano

n14HbiMI-1 BblpameHHRMI-1, B KOTOPbiX HCnO!lb3YIOTCR napaMeTpbl $OPMYI1bl 
Bai:l~aeKepa .QilR 3HeprHH CBR31-1 Rp,ep 181, nony4aeM CBR3b 3TI-1X 
napaMeTpos c napaMeTpaMI-1 Tou, a0~: 

9 



4 2/3 2 -2(3 
T = aobnoe A; a 2 _ -~~~(1-0~6 z __ )~ 

ou 4 ou 
4

A 1 

r,Qe b noB "' 17 M3B. B Bbtpa>KeHHI-1 ,QJl.A a~u nonpaeo4Hbli1 4neH B03HI-1K 

1-13-3a Toro, 4To y4TeHa Koppen.A411.A npoToHoa, o6ycnoeneHHa.A 

aHTI-1CI-IMMeTp1-13a41-1ei1 aonHoeoi1 ¢yHK41-11-1 181. BpalljaTenbHa.A 3Hepri-1.A 

Kann1-1 BbtpamaeTc.A KaK 

12 22 12 2 2 
ER=t(a1+ a2)!1 Pou=2o- (a1+a2)rnAO' 

r,Qe m- Macca HYKJlOHa. Bee 4aCTOTbl (j) i 1-1 n I-13Mepf!IOTC.A 8 TaK 

Ha3biBaeMbiX e,QI-!HI-lllaX OClll-iflJlf!TOPHOi1 4aCTOTbl o6ono4e4HOi1 MO,Qen!-1 
4 I 113 WO' KOTOpa.A onpe,Qen.AeTC.A COOTHOWeHHeM fiwo= 1 A M3B. . 

3a,qaaa.A napaMeTpw ge¢opMalll-111 8 , ~ Mw OAH03Ha4Ho nonyllanl-1 

BHa4ane paBHOBeCHYIO yrnoByiO CKOpOCTb Bpa~eHH.A 0 ,COOTBeTCTByi0-

111YIO gaHHOi1 KOH<!Mrypalll-11-1. 3To ,qenanocb 1-1 ,Qn.A c¢epo11,qoe MaKnope

Ha (a 1= a 2 ), 1-1 ,QJl.A TpeXOCHbiX c!JopM /3J1Jll-1nCOI-1,QOB lJK0611/, ,lln.A 

nony4eHHOrO 3Ha4eHI-1.A 0 BW41-1CJ1.AJ11-1Cb xapaKTepHCTH4eCKHe 4aCTOTW 

C06CTBeHHWX KBa,QpynOJlbHWX KOJle6aHI-1i1 OKOJlO ,QaHHOi1 paBHOBeCHOi1 

KOH$1-lrypal.\1-111 t<annl-1, epalJ.IaiOlJ1ei1c.A c nocTO.AHHoi1 yrnoeoi1 cKopocTbiO 

0 BOKpyr OCI-1 X 3 • , 

npl-1 0 = 0 paBHOBeCHaf! ¢opMa f!BJl.AeTC.A Cc!Jepl-14eCKI-1 CHMMeTpi-14HOi1. 

HopManbHbte KBa,qpynonbHbte 4aCTOTbt Kone6aHI-1i1 nono>KHTenbHoi1 4eT- · 

HOCTI-1 coana,QaiOT Afl.A ecex MOA 1-1 paBHbl 

ru ,~ = [-1. · C'il 15 
2/3 2 J 10 a obnoB A - 3 e Z 1,1, 

m a A 0 • /15/ 

8 COOTBeTCTBI-11-1 C I-13BeCTHbiM pe3yJlbTaTOM r.A KBa,QpynOJlbHbiX KOne-

6aHI-1i1 .A,Qep B ri-1,QPO.QI-1HaMI-14eCKOi1 MO,QeJll-1 ~ · 

npl-1 MaJlbiX 3Ha4eHI-1.AX 0 3aBI1Cl-1MOCTb wi (!1) MO>KeT 6btTb npl-1-

6nH>KeHHO on1-1caHa ctJopMynaMI-1 

'10 

w =(c) 
y c,<jl 

02 
- -- ± n 

w cqJ 

2 
ru f3 x weep + _Q_(1 +_g_ • 

we<jl 3 

2 3 
2 Tou+ 5 uou ao ,. 
-------------------), 
2 T 2 a 3 
·, , ou- uou 0 

%~a~· 
1 ( 1 --[ 1+ +, ---,-- 2 3 w x w ,l, ''"F 2T -o. ao a e't' ou ou 

.... 

2 
0 ] ± !!.._ 

-r· 2 
we¢ 

,J. 
j 

' ~ , 

i ,), 

. 

\; 
t· 
il 
\\ 
\' 

w. 
"--. 

Q6 

as 

Q~ 

Q3 

Q2: 

Q/ 

0 

a 

Q.f 

I 
' ' I 

I 
' • I 

' , • ' I • ' ' ' I • n 
II 
II 
/) 

0.2 2/€4 

W; 
w. 

0.6 

Q5 

. a~ 

0.3 

0.1 

0 Q1 

, 
• • 
' 6 

II 
1 
H 
n • n 

I 
N 

1/ 
n 
~ 

l # ,, 
b 
b 
! 

/ 

( 

6 

0 . .?. Qjw. 

P1-1c.1. CneKTpw HOpManbHwx 4acToT KBa,QpynonbHNX Kone-

6aHHi1 apalJ.Ia10111ei1c.A >KI-1.QKoi1 KannH: a - Z .. 68, A = 168; 

6 - Z z 80 , A • 182. 

THnH4Hbte KapTHHbt cneKTPa co6CTBeHHbtX KBa,QpynonbHbtX 4aCTOT .Qn.A 

npoi-13BOJlbHbiX 3Ha4eHHI::i 0 npHee,qeHbl Ha p11c. 1a,6. CnnowHble 

Jli-'IHI-11-1 COOTBeTCTBYIOT Kone6aHH.AM OKOJlO aKCI-!aJlbHOI::i paBHOBeCHOI::i 

<!JopMbl, nyHKTHpHble - OKOJlO TpeXOCHOI::i ¢opMbl. BH,QHO, 4TO MO,Qbl 

KBa,QpynonbHbiX Kone6aHHi1' c pa3nH4HbtMH 3Ha4eHH.AMH npoeK41-111 yrno-

1t 



soro MoMeHTa Ha ocb spa~eH~H pac~ennHIDTCH no 3Hepr~~. 3as~c~

MOCTb OT {1 AnH HOpManbHbiX 4aCTOT )I(~,QKOH Kann~ Ka4BCTBBHHO 

cosnat:~aeT c nony4eHHoi1 s np~6n~meH~H cny4ai:!Hoi1 C!Ja3bl /nC<I>/ 
11

-3
1 

AilH MOABill-1 R,Qpa CO CPBAHHM noneM rapMOH~4BCKOro OC~MilllHTOpa 
IAnR aKcHallbHbiX RABP/. 

KpoMe peweHHH AilH HOpMallbHbiX MOA, yKa3aHHbiX Ha p11c. 1a,6, 

HMBIDTCH MOAbl cv =0 /s peweHHHX ypaBHBHHH AJlH cv f3 11 cv a I, a TaKme 
MOAa Wa• 0 • TaKHe me MOAbl HMBIDTCH 11 B peweHHfiX ypaBHBHHH B nC<!> 
np!-1 napaMeTp!-13a~MI-1 raMHJlbTOHHaHa, npHHHTOH B pa60TaX /1-3/. 

TaKHM o6pa3oM, ycnoBHH Bbi.QeneHHH ron.QCTOYHOBCK~x seTBei:l so3-
6ymAeH~R, np~HHT~e B B~WeynOMHHYTWX pa6oTaX, RBHO B~nOJlHHIDTCR 
B paccMaTp~saeMOK 3ABCb MO.QBill-1. B yKa3aHH~X pa6oTaX CPBAI-1 pe
WBHHK, COOTBBTCTBYID~HX no CHMMBTPI-11-1 {3-Kone6aHI-1RM 1-1 nonepe4HQ
CKOWBHHbiM MOAaM np!-1 !} f. 0, npHCyTCTBYIOT AOnOJlHHTBnbHbiB MOt:\bl. 
0t:~Ha 1-13 HHX COOTBBTCTBYBT Kone6aHHHM o6beMa RApa, CBR3aHHbiM 
C {3-Kone6aHHRMI-1 nosepXHOCTI-1, 1-1 ee OTCyTCTBI-18 B peweH~RX r11APO

A1-1HaMI14BCKOH Mo.Qenl-1 8~3BaHo npHHRT~M 3ABCb ycnosH~M coxpaHeHHH 
06beMa Kann11. BTopaH MOAa, POACTBBHHaH KOne6aHI1HM HyTa~HOHHOrO 
THna, TaKme OTCYTCT8yeT 8 AaHHOH MOAB1111. TaKI1M o6pa30M, nOA
TBepm,QaeTCH 8bi80A pa60Tbl 8 paMKaX MHKPOCKOni14BCKOH TBOPI11-1 Kone-

6aTBJl bHbiX COCTORHHH 80 8paUiaiOUli-1XCH HApax
1101 

0 TOM, 4TO AnR 
KOJ1114BCTBBHHoro OnHCaHHH H113KOnema~HX KOn11BKTI-18HbiX COCTORHHH 
nOA06Horo Tl1na HBJ1b3fl nonb30BaTbCH CIJopMynaMI1 MOABill-1 meCTKOrO 

npe~eCCHpyiO~ero Tena, HB06XOAI-1M Y4BT AHHaMHKH CHCTBM~. 

~3 pHc. 1 8HAHO, 4TO OAHa 113 MOA 8036ymAeHHH I y -Mot:~a/ 
aKCHanbHOH KannH 3aHy11Re'TCR. 3Ha4HT, ,QaHHaR aKC11anbHaR KOH¢11-
rypa~HH CTaH08HTCR HeHrpanbHOH no OTHOWBHHIO K 3TOK MOAB. Cne
AOBaTenbHO, 3ABCb B03MO)I(H0 noR811BHI-1e HeaKCHanbH~X paBHOBBCH~X 
¢opM, T.K. y-Kone6aHHR HapywaiOT aKCHaJlbHOCTb. npoBBABHH~e 

paclleT~ AilR 3IlnHncoHA08 HKo611 noKa3anH, 4TO 3Ta T04Ka ABHCTBI-1-
renbHO R8nReTCR T04KoA 6H¢ypKa~I-1H. HMeHHO 3ABCb noR8nHeTCR 
B03MO)I(HOCTb cy~eCTBOBaHHR TPBXOCHWX pa8H08BCHWX ¢opM pa8HO

MepHO 8pa~aiO~BHCR )I(HAKOH Kannl-1. Cne,QoBaTenbHO, C POCTOM 0 AO 
3TOH T04KI1 Q,. !}HC /Ha30BBM ee T04KOH HBKTpanbHOK CTa6HnbHOCTI1/ 
HMBIOTCR TOil bKO a I< CHan bHbiB pa BH08BCHbiB dJOpMbl. 

HHTepeCH~M <!>aKTOM OKa3anOCb TO, 4TO MOAW K8aApynonbHWX 
KOne6aTen bHbiX 8036ymABHI-1H AnH c¢epOHAOB cy~eCTBYIOT H np11 0 > 0 HC' 
0HH CTaHOBRTCR MHHMbiM11 /TeM CaMbiM TBPRBTCR YCTOH41-180CTb CHCTe-
Mbl/ TOnbKO npH 0>'!} ACC /T04Ka aKCHanbHOK CBepxcTa611nbHOCTI1/. 

11-31 n n 
0TMBTI-1M, 4TO 8 pa6oTaX o6naCTb "HC <u < 0 ACC OCTaJlaCb 
HBHCCnBAOBaHHOK, T. K. nonaraJlOCb, 4TO C 3aHyneHI-1BM ·y-MOAbl 
HaCTynaeT HBYCTOK41180CTb C~1CTBI-Ibl no OTHOWBHI-110 K YBBI1114BHI-110 aK

CI-!anbHOK cnniOCHYTOH AB¢opMa~HI-1. TaK 4TO npl1 !} > nHC 803MO)I(Hbl 
11 TPBXOCHWB, 11 aKCI1anbH~e KOH¢Hrypa~l111 KannH. PaC4BTW MOMBHTa 
11Hep~HI-1 AnR o6eHX BBTBBH paBHOBBCHbiX KOH¢Hrypa~I-1K np11 !1> 0 HC 

12 

" 

.. 

... 

\J 

I 

nOKa3anl1, 4TO TPBXOCHbiB CIJOpMbl RBJlRIOTCR 6onee BblrOAHbiMH 3Hep
rBTI14BCKH, 4BM aKCHaJlbH~e /MOMBHT I-1HBP~HH HeaKCManbHOH Kann11 

60JlbWB MOMBHTa HHep~HH aKC!-1anbHOH KannH Ailfl AaHHOrO 3Ha4e~Hfl !lf. 
TaKme cne.QyeT OTMBTHTb, 4TO MOAbl KOne6aHI1H OKano TpBXOCHbiX 
paBHOBBCH~X CIJOpM RBnRIOTCR no cpa8HBHHIO C aKCHanbHWM cnyllaeM 
6onee mecTKHM11. KaK yme OTMellanocb 8Wwe, O.QHa H3 y-MoA s cny-

4ae HeaKCHaJlbHbiX C!JopM 3aHYI111JlaCb, 4TO 03Ha4aeT nOR8JlBHHe O,Q-
HOK .QOnOnHI1TBJlbHOH CTeneHI-1 C8060.Qbl, OT8e4aiO~eK A8H)I(BHHIO pora
~HOHHOro T11na, jJ.IlR KannH C TpeXOCHOK paBHOBBCHOH CIJOpMOK . 

H3seCTHo
18

•
9 

, 4TO AnR R,qep c napaMerpoM ABI1HMOCTI1 X, 6111-13~ 
KHM K BA11HI1~e, HpaCT-KOH¢11rypa~H11 HMBIOT aKCHanbHYIO CHMMBTPHIO 
np11 8CBX 3Ha4BHHRX yrn080H CKOpOCTI1 8pa~eHHH. 3TOT 8WBOA HJl

niOCTPHPYBTCR PHC. 2. 06naCTb cy~eCT80BaHI1H ABKCT811TBI1bHbiX pewe
HHK ypa8HBHI1H Ha HOpMaJlbHbiB 4aCTOTbl AJlR HeaKc11anbHbiX ¢11ryp 
paBH08BCI-1R /ypa8HBHHR /11/-/14// orpaHH4BHa 8 3TOM CJlyllae 
C8epxy 3Ha4BHI1BM yri1080K CKOPOCTI-1 8 T04Ke HBKTpaJlbHOK CTa6HJlb-

HOCTI1 (QHc). no3TOMy 8 o6naCTI-1 !} >"!}HC HeaKCHaJlbHbiB ¢11rypbl 
HeyCTOH411Bbl; a 8 o6naCTH !} <OHC OHI1 He npe.QCTa8nRIOT HpacT
COCTOHHHR CHCTBMbl. 3Ha4eHHB X= 1 RBJlflBTCR npe.QenbHbiM, 11 np11 

60JlbWHX X 3apR)I(BHHaR )1(11AKaH KannR HBYCTOK4H8a OTHOCI1TBJlbHO 
,qeneHI1R npH !1,. 0. CooT8BTCT8eHHO 8 o6nacTH 0 < X <1 HOpManbHble 
4aCTOTbl YMBHbWaiOTCR no a6COJ110TH9K 8Bn~411HB C- pOCTOM X.· 

KaK 6wno noKa3aHo s pa6ore
16 

.npH6nHmeHI1e ~¢ep011.QanbH~MI-1 
¢11rypaM11 paBHOBBCHR npHBO.Q11T JlHWb K He60JlbWHM norpeWHOCTHM 

B OnpB.QBJleHHH !} HC 11 0 ACC . t:\Jlfl Onpe,QeJleHHR KPHTH4eCKOrO 
3Ha4BHHR0, npl-1 KOTOpOM 3aKaH4HBaiOTCR BBTBH KBa.QpynOJlbH~X 
B036ym.QeHHJ7! c¢epOH.Q08 H 3JlJll-1nCOI-1.QOB, HaMH paCC4HTaHbl BBJli-14HHbl 

n HC , OACc ' OHcc AJlH RABP' nema~HX Ha .QOpO)f(Ke {3-cra-
6HJlbHOCTH. PesynbTaT~ np1-1se,qeH~ Ha pHc.3 s BH,qe 3aBHCHMOCTH 
COOTBBTCTBYIO~HX yrJlOBbiX MOMBHTOB OT-A.KP'HBa.fl HCC COOTBBTCTBy
eT MaKC11MaJlbHOMY Kpi1TH4BCKOMY 3Ha4eHI-110 yrJlOBOrO MOMBHTa KannH 

8 cnyllae TpexocH~x ¢opM, a KpHBaH ACC - e cnyllae c¢epOH.Q08. 
3TOT PHCYHOK HBnJlOXO cornacyeTC.fl C aHaJlOrHllHbiM pHCyHKOM H3 
pa6oTb/ 

11
: Pacxom.QeHMe no ropH30HTanbHOH ocH /KpH8ble 3aKaHllH8a-

IOTCR y Hac np1-1 A .. 360 8Mecro A·-320 8 pa6ore 1111 I C8H3aHo 
c TeM, 4TO 8 HaweM paclleTe s ¢opMyne Bai:1~3eKepa AllR 3HeprHH 
C8fi3H H,qpa Y4HT~sanacb KoppenH~HH npOTOHOB, o6ycn08JlBHHaH 
aHTHCHMMBTPH3a~HBK BOnH080H CIJYHK~HH/S/.paC4BT~ 6e3 ylleTa 3Toro 

1111 
3CIJ¢eKTa cornacyiOTC.fl c pesyllbTaTaMH pa6or~ .M~ nony411JlH e~e 
OAHY HHTepeCHYIO Kpi18YIO HC, KOTopa.R orpaHH4HBaer C8epxy o6nacTb, 
r.Qe TpeXOCH~e KOHCIJI1rypa~H~ e~e HB803MO)I(HW /He .QOCTHrHyTa e~e 
T04Ka 61-1¢ypKa~11~/. HHTepecHo aaMeT~Tb, 4TO e o6nacr1-1 ~ 130 

AllR R.Qep Ha ,qopo>KKe ,B-cTa611JlbHOCTI1 aKc11anbHble pasHo8eCHble 
KOHCIJ~rypa~HI-1 cy~eCTBYIOT Allfl 66nbW~X yrJl08WX MOMBHT08 Kann~, 4BM 
HeaKCHaJl bHbiB. 

13 



W.: 

we 

KaK MasecTHO, 4McneHH~e 

3Ha4eHM.R w c<jJ , nony4eHHble no 
¢opMyne /15/ npM peanMCTM4eCKMX 
aHa4eHM.RX napaMeTpos bnoa M a0 , 

He COOTBeTCTBY~T 3Ha4eHM.RM 
3HeprMM B035ymAeHM.R KOJlJleKTMB
H~X COCTO.RHMA aTOMH~X .RAep. 
.[IJl.R OnMCaHM.R .RAepHbiX KOJllleKTMB-

. I • 
O.f 

H~X COCTO.RHMA KBaApynonbHOA 
CMMMeTpMM He06XOAMM y4eT o6o- ~~ 
Jl04e4HbiX 3¢¢eKTOB /M napHbiX ) 
Koppen.R~MA/. KaK OTMe4anocb , 

ao1s~ 

o.os 

0.01.5 

B~rue, B Ka4eCTBeHHOM OTHOWeHMM 
M3MeHeHM.R C yrJlOB~M MOMeHTOM 
COCTO.RHM.R cneKTpa rKP, onpe
AeJleHHOro B paMKaX MMKpOCKOnM-
4eCKOrO nOAXOAa 8 pa6oTaX /t-3/ 

MMe~T MHOrO CXOAH~X 4epT C 
aHanorM4HOA aaBMCMMOCTb~ HOp
MaJlbH~X 4aCTOT aap.RmeHHOi1 mMA-
KOi1 KanJlM. no3TOMy MMe~TC.R 

OCHOBaHM.R C4MTaTb, 4TO peaynb-
TaTbl pa60T /t-3/ npa8MJ1bHO OT
pama~T TeHAeH~MM B M3MeHeHM.RX 
xapaKTepMCTMK rKP C yBeJlM4e-
HMeM yrJlOBOrO MOMeHTa COCTO.RHM.R. 
C APYrOA CTOpOH~, MOAellb, pac
CMOTpeHHa.R a pa6oTax11-31 , npa
BMJlbHO onMc~aa.R 3HeprM~ aoa6ym
AeHMR rKP npM 0= 0, He cornacy-
eTc.R c cy~ecTay~~~~~MM AaHH~MM 

0 BeJlM4MHe KpMTM4eCKMX yrJlOB~X 

MOMeHTOB .RAep /11/. nocneA08a-
L------~------,-..,....-- TeJlbHOe OnMC8HMe KOJllleKTMBHbiX 

9../ W. 
1 8036ymAeHMi1 RAep 8 lliMp0KOi1 o6-
naCTM yrnoaoro MOMeHTa ocTaeT

o.o.zs 

PMc.2. CneKTp HOpManbH~x 
4aCTOT K8aApynOJ1bHbiX KOne-
5aHMi1 8pa~a~~ei1c.R mMAKOA 
KannM c napaMeTpOM x ... 1 

z2 
I A .,48,4/. 

C.R, TaKMM o6pa30M, OTKp~TOi1 

npo6neMoi1. 0AMH 1113 no.qXOAOB 
K ee peweHM~ COCTOMT 8 C04e-
TaHMM nC¢ C MeTOAOM 060J104e4-
HOH nonpaaKM CTpyTMHCKoro All.R 
onpeAeneHM.R paaHoaecHoi1 Ae¢op-
Ma~~~~~~~ .RAep. B03MOmHa.R MOAM¢M-

Ka~M.R rMAPOAMHaMM4eCKOH MOAellM All.R OnMCaHM.R rMraHTCKMX peao
HaHC08 np111 0= 0 npeAnaraeTc.R a pa6oTe 112<nocneAo8aTenbHOCTb 

14 

"' 

1 
I 
I 

~~ 

10 

(JJ 

tO 

tOO-~ JOO "A 

npeAJlOmeHHOro B HeV. fiOAXOAa 
MomeT 6~Tb npo8epeHa npMMeHe
HHeM ero K aap,a4e, paccMOTpeH
HoA 8 AaHHOH pa6oTe. 
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KATErOPHH flYBnHKAUHH TEMA TH11ECKHE 

OBnE~HEHHOrO HHCTHTYTA 
HCCJIE,.nOBAHHt1 

H)lEPHWX 

Hn.aeKc TeMaTRKa 

1. 3KcnepHMeHTanbHa~ ¢H3HKa B~COKHX 3HeprH~ 

2. TeopeTH4ecKa~ ¢H3HKa B~COKHX 3HeprH~ 

3. 3KcnepHMeHTanbHa~ He~TpOHHa~ ~H3HKa 

4. TeopeTH4ecKa~ ¢H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. ~AepHa~ cneKTpOCKOnH~ H paAHOXHMH~ 

7. ¢H3HKa TR~en~X ~OHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. AeTOMaTH3a~HR ofpa6oTKH 3KcnepHMeHTanbH~x 

AaHH~x 

11. B~4HCnHTenbHaR MaTeMaTHKa H TexHHKa 

12. XHMHR 

13. TexHHKa ¢H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TeepA~x Ten H ~HAKOCTe~ 

RAepH~MH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ¢H3HKa RAePH~x peaK~H~ 

npH HH3KHX 3HeprHRX 

16. Ao3HMeTpHR H ¢H3HKa 3a~HT~ 

17. TeopHR KOHAeHCHPOBaHHOrO COCTO~HHR 

18. Hcnonb3oeaHHe pe3ynbTaTOB H MeTOAOB 

¢YHAaMeHTanbH~X $H3H4eCKHX HCCneAOBaHH~ 
B CMe~H~X ofinacTRX HayKH H TeXHHKH 


