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KoJIJI8RTHllHaH MO,ll8JI1, Ecipa-MOTTeJII,COHa (E--M) [ l] , OCHOllaH

HH8 Ha Hen MO,ll8JIH ~allH,llOlla C COTPY,llHPIKaMH [ 2,3,4] '~eccJiepa H 

,llp. [ 5] HCil0Jlb8YIOT KHH8THqecKy10 qacTb raMHJlbTOHHaHa ll rapMOHH-

qecKOit annpORCHMa~HH, EOJibfilH8 paCXOX,ll8HHH npe,llcKaaaHHtt 8THX MO,lle

Jiett C 8KcnepHM8HTaJibHHMH waKTaMH npH paccuoTp8HHH 8HepreTHqecKoro 

cneKTpa, B8pOHTHOCTett 8JI8KTpHqecKHX KBa,llpynOJibHNX nepeXO,llOll, KBa,ll

pynom,HHx MOM8HTOll H ,llpyrHX WH3HqecKHX B8JIHqHH ,llJifl H,llep nepeXO,llHHX 

no ,lleqJop11altl'IH o6JiacTett npHBeJIH K Heo6XO,lllU.IOCTH yqeTa aHrapMOHHqHHX 

qneHOll ll KHH8THqec1rntt qacTH raMPIJibTOHPiaHa. Bonpoc O BJIHHHHH 8TPIX 

qneHOB B KOJIJI8KTPIBHOM MO,ll8JIPI Eopa-MoTT8JlbCOHa no,llpo6Ho HCCJI8,llOBaJI

Cfl B pa6oTaX KyMapa PI EapaHxepa [G-B], 

9TH PICCJI8,llOllaHPIH noKaaaJIH, qTo pOJib aHrapMOHHqHUX qneHOB ,llOC

TaToqHo B8JIHKa, llO 14HOrHX CJiyqaHX aHrapMOHPlqHOCTHMl1 npeHe~peran 

H8Jlb3fl, 11 OHPI MoryT npPIB8CTl1 K H80Xl1,llaHHUM 8~8KTaM: npe,llnOqTl1T8Jlb• 

HOCTH BUTHHYTHX ~OPM H,llpa nepe,ll CllJIIOCHYTUMl1 [B] , 113M8H8Hl110 nocJie

,llOBaT8JibHOCTl1; pacnOJIOX8Hl1fl E22 PI E4r ~ ypoBHett 8Hepr1111, IlOHPixe

H1110 E22 - ypOBHen 8HeprH11 11 't,,ll, 

0,llHaKO B 60Jibfill1HCTBe CJiyqaeB He flCHo, KaKl1e HM8HHO qJieHU OT

B8TCTB8HHU aa ITO,ll06HUe HBJI8Hl1fl! re, qro BXO,llflT B KOJie6aT8JlbHYIO 

qaCTb raMl1JlbTOHl1aHa, 11Jil1 xe Te, KOTopue BXO,ll!IT llO BpamaT8JlbHylO. 

MexaHl13M rrpOflllJI8Hl1fl 8TPIX ajiqieKTOll CKpllT aa ?Aaccott q!llcJieHHHX pacqe

TOB, 06 HX npOHBJI8Hl1H MO~HO cy,lll1Tb,Jil1filb cpallHl1BaH peayJibT8TH COOT

B8TCTBYIOmHx pacqeTOll, rrpoB8,ll8HHHX B O,llHOM cnyqae C yqeTOM aHrapuo

HHqHUX qJieHOB, B ,llpyrou - Oea ~HX. 
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HaOTOHII18.H ,l\HocepTalU'IH IlOCBHmeHa HOOJI8,l\OBaHHIO BHRRHHH aHrap

MOHHqHUX qJieHOB KHH8THqeoKon qaoTH raMHJIJ,TOHHaHa Ha OBOttOTBa qeT

Ho-qeTHUX H,l\8p B KOJIJI8KTHBHUX MO,l\8JIHX THna naBbl,l\OBa - ~HJIHnnoBa 

(n-~) [ 2] H naBU,l\OBa - 'la6aHa (n-'l). [ 3] • ()Ha OOCTOHT HS BB8-

,l\8HHH, IlHTH rJiaB, aaKJIJOqeHHH H npHnOJIC8HHH. 

IlepBaH rJiaBa HM88T xapaKT8p o6aopa no q>8HOM8HOJIOr~eoKHM MO

,l\8JIHM, noeyqHBillHM HaH60JII,lli88 paonpooTpaHeHHe H npHaHaHHe. 3,ll8QJ, 

paOOMaTpHBaJOTOH MO,l\8nH E-M, naBU,l\OBa O OOTpy,l\HHKaMH [ 2- 3], ~800Jll

pa 11 ,llp. [ S] , ynOMHHa8TOH VMI - MO,l\8JII, MapHOKO~TH H ,llp. [ 9] , 
' , 

6oJILill08 BHHMaHH8 Y,l\8Jl8HO.peayJILTaTaM pa01l8TOB KyMapa H EapaHJitepa 

~~- , 

B U8JIOM 0030pHaH rJiaBa HM66T U8JIJ,IO OOB8THTJ, nOJIY1l8HHU8 B 

,l\aHHOH OOJiaoTH 11CCJI8,l\OBaHHH OOHOBHUe pesyJILTaTU, 0 TeM,1IT06H,onH

paHCL Ha H8KOTOpue H3 HHx,nocTaBHTL H pernHTL HO,BUe aa,llaqH. 

0,l\HOH H3 TaKHX aa,llal! HBJIH8TCH nooTp08Hl18 raMHJIJ,TOHRaHa H,l\pa 

B OOJiee BblCOKOM npROJIHJIC8HHH, H8JIC6JIH HCilOJIJ,30:BaBrneeca panee B MO

,l\8JIHX E-M, naBbl,l\OBa ll ,llp. [ 2-4] H T.,l\. 'lJie~ OOJiee BUOORoro no

p!I,l\Ka H npe,llcTaBHT oooon yKa3aHHU8 aHrapMOHllqHOCTH B RHH8THqeoKOll 

qaoTH BUpallteHHH ,l\JIH 3HeprHH. 

HOilOJIL3YIOTCH OCHOBHUe IlOJIOllt8HHH MO,l\8JIR E-M: a) 0 683BHXp8BOM 1 

nOT8HUHaJILHOM TeqeHHH_H,l\8pHofi JICR,l\KOCTH; 6) 0 H80lltHMaeMOCTH ·a,llep

HOtt MaTepHH (coxpaneHHH o6~eMa H,l\pa). IloBepxHOOTL MPa paaJiaraeT

OH B pH,l\ no cqiepmrnoKHM rapMOHHKaM, npHqeM paooMa.TpHBaeTCH TOJIJ,

K03JIJIHnCOH,l\6JII,Haa qiopua H,1tpa~IlOT8HUHaJI OKOpOcTett -ct> TaKJite paana

raeTcH B pH,ll no oqiepHqeoKHM WYHKUHHM, o,l\HaKo a,lleo1, nopmtoK oqiepH

qecKofi qiyHKUIIH ae orpanuq11BaeTcH SHaqea11eM, A = 2. 
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OrpaHHl!eHHe Ha BOSMOlltHble aaa11eHHH A HaKJia,l\blBaeT rpaH~Hoe 

YOJIOBHe [Io], Q6liNHO Honomayewoe B rH,l\pO,l\HHaMHKe, KOTopoe B 

cJiyqae 01l6HJ, MaJIUX OTKJIOH6HHtt <I/OPMl:1 _H,llpa OT O(p8pH .CBO,l\HTCII K rpa

HHl!HOMY YOJIOBHIO B qiopM8 Eopa-MOTT8JIJ,COHa. 

HcnOJil>SYH M8TO,l\ nOOJI8,l\OBaT8Jil>HUX•npHOJIHJIC8HHll [IO,II],HaXO,l\lIT 

KOSq>q>HUH8HTbl pa3JIOllt8HHH .i.A/f nOT8HUHaJia CKOPOCTett nOCJI8,l\OBaTeJib 

i (o} fl(i.} -
HO B HyxeBoM ( '><f' ) , nepBoM ( >r ) H T .-,ll. nopa,zmax paaxo-

xeHHH no J~ - R03q>q>HUH8HTaM, xapaKT8pl13YJOmHM qiopMy H,llpa. 

. (!} lt/J.J 
IlOHBJI8HH6 11:,.,., H ),/' B, pa3JIOJIC8HHH noT8HUHaJia npHBO,l\HT 

K aurapMOHHl!HliM 1lJI6HaM 6oJiee BUOOKOro nopH,l\Ka MaJIOOTH, qeM B MO,lle

Jl!IX f I-4 J B Bblpallt8HHl1 ,l\JIH HHH8THqecKOtt aaepr1111 [IO] , KOTOpoe 

HM88T BH,l\: 

T = TVt·t + T'tet , 
r,l\e 

. Ti,it=&{fFl,,r)p'\ FuJp,r)pff'+ f ~{p,rJirJ.} I 

. (o)" .t 
r~t = ± L I1c. ct>krp,rJ (i)"- , 
- k . , ·fl_ /I . ,f?, .t 

FJp,f) = 1 + {t;'7r J ~ 3f + 1'JCJ{ J3 ' 
~a.(P,r) = _ 1! /I, f,113/ 

q /? f. J./S .t FJ.fp,rJ = 1- 11t -YJf P 0! 3J' + ~ I , 
. j_ /? ~ - l'JS .z~ 1/S · ~ 

¢>.(M,-) = 1- ft{ 1,£ /' d'°>- - 3qj7l' J.f). + fqGJI 1-

r,. =i- JI>-·; >.=-1,J.,'3 • 
J. 

(-1) 

(J.} 

(3) 

(4) 

(~) 

(C) 

(7) 

AarapMOHINHble 1IJI6Hli nponopUHOHaJILHH ' H j B 3THX Bblpallt~H~ 
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EcnH cpaBHHTL uaccoBue WYHKIUIH (4~7) c 8 -qiyHKIUIHMH Ky1.1a

pa - Eapam1tepa

0 

[ 

7 ] (;n;mi H;n;pa v,/ 184 ), noJIYlleHHUMH H3 MHKpOCKO

nHqecKHX pacqeTOB Ha 6aae raMHRI,TOHHaHa c yqTeHHUMH napHl,IMH H KB8,ll

pyno111,-KBa;n;pyno1II,HblMH OCTaToqHUMH B3aHMO;n;ettcTBHHMH, TO o6HapylltHTCH 

KaqecTBeHHaH aHanornH B HX noBe;n;eHHH B 38BHCHMOCTH OT nep8M8HHUX 

' H 0 
8TO no;n;o6He n03BORHeT Ha;n;eHTLCH nOJIYllHTI, peayRLTaTu, 6RH3KH8 

K peaynLTaTaM pncqeTOB K-B, 801IH nonUTaTLCH noBTOpHTI, HX pacqeTu, 

HCITORI,3YH nonyqeHHHe MaCCOBUe WYHKqHH H R01IR8RTHBHUtt raMHRI,TOHHaH, 

nocTp06HHbltt Ha BblpaJKeHHH (1 >. H noTeHqHaRLHOtt WYHKqHH, B3HTOtt, K8K 

B l 7 J • 
O;n;HaRo pacqeTH no MeTo;n;y K-B CBH38HU C onpe;n;eneHHott Bl,lqHC1IH

T8RI,HOtt CROJKHOCTLIO, H, KpOMe Toro, B 3TOM 011yqae _oKa3UBaeTCH He

B03MOlltHUM BUHBHTL npHqHHY npOHBReHHH 3WWeKTOB, CBfl38HHblX C yqeTOM 

aHrapMOHHqHHX qneHOB. IT03TOMY B TpeTLett r11aBe pa3BHB86TCH Ha 6aae 

nonyqeHHoro BHpallteHHH (8) aHa11or [12-13] uo;n;enn xe9TKoro acHMMeT• 
pHqnoro poTaTopa [ 2] • 

RcnoRL3Y8TCH MaRCHMaRLHO npocTaH MO;Zl;81II,, O,IIH8KO 06Hapyllt8HH~e 

KyMapoM H EapaHxepoM [7-8] awweRTl,I npOHBRHIOTCH no;n;o6HHM o6paaoM. 

PaCCM8TpHB8IOTCH YPOBHH 3HeprHH [12] , B8pOHTHOCTH 81IeKTpH

qecKHX RBa;n;pynom,HUX H .MarHHTHUX ;n;HnORI,Hl,IX nepexo;n;oB, KBa;n;pyno111,

HUe MOM8HTU nepBblX B036yx;n;eHHblX 2+-. COCTOHHHtt [13] • OcHOBHble 

peayRLTaTbl 011e;n;y10~He. 

IlpH yqeTe aarapuoaHqaux qneHOB B (7) SHepreTHqecRHil cneKTp 

CT8HOBHTCH H8CHMMeTpHqHUM OTHOCHT81ILHO 3HaqeHHH q = 30°. TaR8H 

· 8CHMM6TpHH CBH3aHa C HeHHBapnaHTHOCTI,D cp). OTHOCHT61II,HO aaueau 

r ~co•-f • YpOBHH 3HeprHH ;Zl;RH 8Haqem1tt ( <'.. 30° no;n;HHMaDTCH BUme 

6 

) 

ypoBH8tt MO,ll81IH n-~, Tor;n;a R8R npH O > 300 onycRalOTCH HHllt8 COOT

B8TCTBY!Oll!HX. Ilpll fl = 0,3 OTRHq1rn 13 anaqemrnx OTHOlll6HHtt 3HeprHtt 

Cu: R ;mepr11H e
21 

nepBoro Boa6yJK;n;eHHoro cocToHHHH aHoMaRLHott 

nonocu ;D;OCTHraeT (npll O,IIHOM II TOM JKe aaaqeHHH O B o6eHX Mo;n;e

RHX) 40-50fo%, OTRHqHfl xe B Rrr OCHOBHOtt noROCbl HeB~RHRH: ;n;oRH 

npoqeHTa - npoqeHThl. 

YtieT q11ena ~ p B ( 7) np11Bo;n;HT R BUpaJKeHHIO ;n;11H R 22 : 

0-4> ') fF 
R.2.:.fr,p)= R.1.9. t i8( 7f Y'jf )p 

.:, fi 

·it'Jt 3.{ LOS 3( 

(3-a).t Cl 
(8) 

r;n;e 

a = /q- a S.in t 3f.,_ • 

Orc10;n;a 11erxo no11ytIHTL, tITO MHHHMYM a~aqem1tt R_ 22' ~PHXO,llHil!HilCH 

B !IO,ll81IH n-ll> Ha 3Haqemrn f =300 ,c;n;BHraeTCH B CTOpOHY 60111,

WHX 3HatieHHtt ( Ha B6RHqHay 

tJ '( :::. (1. 0 f )° . (9) 

OKaauBaeTCH ,no 3TOtt npocTott wopMy11e "c;n;BHralOTCH11 3RCTpeMaRLHU8 

aaaqeaHH BepoHTHOCTett E2 - nepexo;n;oB, a TaRJKe ay11eBoe anaqenHe 

RBa;n;pyno111,aoro MOM6HTa nepBoro B036ym;n;eHHOro 2+ - COCTOHHHH. 

Bupallt6Hll8 (8) xapaRT8pH9 T8M, llTO OHO MOllt6T npHHHMaTI, 3Hatie

HIIH M8HI,lll8 2, tITO HeCK01ILRO pacrnHpH8T B03MOJKHOCTH MO,ll81IH xecTKO

ro poTaTopa. O;n;HaRo R, 41 npn aToM 11a1.ieaHeTcH HeaHatIHTe1ILHO. 

PactieTu, npOll3B8;!1;8HHbl8 no M0,11e1111 llt6CTROro pbTaTopa [ 2] H 

aaa11orHtIHOtt MO,ll81IH [12] ,1l1IH CH1II,HO;n;ewopMHpOB8HHUX H;n;6P, noxaaa-

1IH, qTo yqeT llR6Ha ~ f B cp). npHB0,1lHT 1IHIIII, R H3MeHeHHJO 8Hatie

HHH o· npH (notITH) H8118MeHHOil CTPYKType M8lKYPOBHeBUX paccTOHHHtt, 
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qTQ npl!BOAl!T K npaKTl!qeoKI! OAHH8KOBbll4 8HaqeHHllM 8HeprHH npH 

11 0ABHHyTblX11 8HaqeHHflX 4 . 
0rHOill6HHll B6POHTHOOT611 E2 - nepeXOAOB OT8HOBHTOH, npH yqeTe 

aHrapMOHl!qHoro qJieHa B cf>... , qiyHKlWHUH. napa1,1e-rpa j . HeHHBa-

pHaHTHoon cf>>, OTHOOHTeJII>HO 88M6Hbl t~f:0°- t npl!BOAl!T K pao-

menJieHl!ID OOOTB6TOTByromHx KPl!BblX OTHOmeHl!tt MOA6JIH n - ~, paooMaTpl!

BaeMblX xax qiyHRUl!I! R 22 , H aTo paomenneHl!e yBeJil!ql!BaeToll o pooTOM 

pf 13.J. Tax qTo OTRJIOH6Hl!ll 3ROnepl!M6HTaJII,HblX 8Haqenl!tt E2 - nepexo

AOB OT np6AOR888Hl!t1 MOA6JIH n - ~ MOlKHO 06~HOHl!TI> BO MHOrHX OJiyqa

HX, nO-Bl!Al!MOMY, qiaKTOM A6qiOpMl!pOB8HHOOTI! flA6p. MOA6JII, n - ~ 

npeAOT8BJill6T ooaon TOr~a npeA6JII,Hbll1 OJiyqatt, KOrAa J3 _,, o, qTQ Ha

XOAHTOH B OOOTB6TOTBl!I! 0 OOHOBHblMI! nOJIOllt6Hl!llMI! T60p1!1! E - M, Ha 

XOTOPblX OHa nooTpoeHa. 

IT pl! paOOMOTp6HHI!. RB8APYnOJII,HOro MOM6HTa < Q ~ { nepBoro 2+ -

OOOTOllHl!ll llApa yqeT qJieHa ~ fa B 'P>- npl!BOAl!T X nollBJieHl!ID AOnoJI

Hl!TeJII>HOrO onaraeMoro, BoerAa oTpl!UaTeJII>Horo no 8Haxy, B Bblpaxe

HHI! AJill (. Q)J
1 
/Q

0 
( Q,, - BHYTP6HHl!t1 KB8APYnOJII>Hbll1 l.!OM8HT ). 

3naqeaHe. ( Q >.
11 

, paBHoe eyn11 B uo~eJIH . Jl - ~ npl! 0 = 3 o0
, 

11 0ABl!raeTOll 11 , oorJiaOHO (9),B OTOpOHY 60JII,ml!X 8HaqeHl!l1 t ' Tax 

qTo, 60JIH AeqiopMaUHll ll.J:lP8 OOJII,ill8ll, TO npn f = 30° XBaApynOJII,Hblll 

MOM6HT (. Q ~-1 /QC MOlKeT 01:JTI, 60JII,illl!M no Bem1q_Irne H OTPl!U8T6JII,-

Hl:lM no 8HaKy. Tax npOHBJill6TOH npeAnoqTl!T6JII,HOOTI, OTpl!U8T6JII,HblX 

8HaqeHl!M ( Q ~ -1 I! 11BblTHHYTb1X11 qiopll llAP8 nepeA "onmooHyTblMH 11
• 

EOJIH BOOnOJII,80BaTI>OH noJiyqeHHblMl! KyMapOM I! EapaHlK6pOM [7] 
Os I! opeAH6RB8ApaTl!qffblMH 8HaqeHl!HMI! napaMeTpOB ' I! 0 llA6P 

Pt B nepBOM Boa6ylKA6HHOM 2+ oooTOllHl!H, f3 ~s I! 0'u<(S t TO 

oxa8blB86'fOll, yqeT aHrapMOHl!qHoro q]ieHa ~ f' B cp). npl!BOAl!T K 

HBJI6Hl!HM, nOA06IruM o6napylK6HHblM B [ 7] 
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l. lll8M6H6HH6 <,pOpMbl llAPa OT 11 BblTHHYTOl1 11 K "onmooHyToll" npoHoxo 

Al!T H6 npH nepeXOA6 OT Os 190 
R ~ 192 

' qTo l!MeeT M60TO B 

OJiyqae l!OnOJII,80BaHl!ll rapMOHl!qeoKHX B - WYHRUl!tt B o6el!X MOA6JIHX, 

a npl! nepexoAe OT ~ 192 K Pt 192 • B _onyqae JKeoTxoro poTaTo

pa 3TOT qiaxT o6~llOHH6TOll npeAnoqTHT6JII,HOOTI,ID OTpl!U8T6JII,HblX 8Haqe-

m1n (. 0>. ( anaqeHl!ll '(u.,s l! } u..s llApa Os 192 
paBHbl OOOT-

... 1 • 
B6TOTB8HHO 30, 7° I! 0,212' TaK qTQ 11 0ABHr no O II (9) OOMOHll8T 

OTPl!UaT6JII,Hblt1 8Hax < Q >.11 ) • 

2. lll8M6H8HHe nooJI6AOBaT6JII,HOOTI! paonOJIOlK6Hl!ll ypOBHett E22 I! 

E41 npH l!OnOJII,80BaHl!I! aHrapMOHl!qHOOTH B ct>>, npl! 8HaqeHl!llX (.,,,,!,. 

H ju.is llApa Pl 196 
TaKJKe oooTB8TOTByeT peayJII>TaTy KyMapa •II 

Eapam1tepa, I! 3TO 1!8M8H6HH6 OBH8aHo 00 11 0,1\Bl!rOM no ( 11 Toqxn ne

peoeqemrn BTHX ypoBuett. 

3. AHaJior11qHo peayJII>TaTy Kyuapa H EapaHlKepa l!MeeT MeoTo 

yueH:&rueHHe 8Haqe1rna R 22 (qiopMyJia • ( 8) ) npl! paooMoTpeHl!H HM8HHO 

JIAep Pt (y Hl!X 'tzl#ls. >3o"+ti0 ). 8To oBJIBaHo o TeM, qTo onarae-

uoe o Co'!. 3/ npH aTHX 8Haqemrnx lf' oTaHOBl!TOH oTpHuaTeJII>HhlM. 

4. AHaJior11qHo 11ueeT M60TO YM6HI,ill6Hl!6 OTHOill6Hl!l1 B6p0JITHOOT611 
B(EJ.i.t..t-J-f} 192 

E2 - nepexoAOB B(EJ..iJ.J.-Ol.) npH nepexoAe OT llApa Pt x 

Pi 194 
H Pt 196

~ qTo HaxoAHTOH B npoTHBopeq11l! o axonep11MeHTOM 

[14] • III TaK Aanee. 

TaRl!M 06pa80M, 0Rpb1Tbl6 8a Maooott qHOJI6HHblX paoqeTOB y Kyuapa 

• 
I! EapaHlltepa aqiqieKTbl, OBH3aHHbl6 0 yqeTO!J aHrapMOHl!q~mx qJieHOB, 

aAeo1,, 11uell TY lite npl!pOAJ, Jierxo 06oap1-1w B rpai;p1rnax, qiopuynax 

HT.A., T.e. l!X IlOHBJI6HHe MOlltHO IlOHllTb,I! AalKe, l!OilOJII,8Yll KaqeoT

B6HHYD aaanorHD peayJibTaTOB 3Tl!X ABYX T60pl!tt, IlOilblTaTI>CH IlP6AOKa-

9 
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38Tb, qTo MOlltHO npe.ztnpHHRTb, qTo6u ynyqmlfTb npe.ztOKa8aHHR paoqeTOB 

no ueTo.zty K - E. 

HanpHMep, qToOu yBeJIHqlfTb pasHOOTb uew YPOBHHMH aHeprHH 

E22 H E41 .ztJIH H.ztpa Pt 196 , KOTopaH oKa3a~aob OJIHWKOM uanott no 

opaBHeHHIO C 8KOil6PHM6HT8JibHOtt, a TaKllte qTo6u YB6JIHqHTh SHaqeHHe 

B{ £ J.; J.J. _,, J. i J .ztJIR ST Oro lite H.ztpa t KOTOpoe OKaaaJIOCh CJIHWKOM 
B(EJ.:U - Oi 

aaHHllteHHUM, Heo6XO.ztHMO, ecJIH HCilOJibSyeTOfl MO.zt6Jih llteOTKOro poTaTo-

pa, yMeHuHu aHaqeHHe 't =- ouci.s , KOTopoe B paoqeTax K - E paBHO 

38,9°. l1M6HHO 8TO H nuTaJIHCh c.zteJiaTb K - E, nUTaHch OCJia6HTb CHJiy 

napHUX B88HMO.ztettcTBHtt, qTo o6uqHQ npHBO.ztHJIO K YM6HhW6HHIO CTeneHH 

CHMM6TPHH H.ztpa [ 7 ] • 

TaKHM oCipasoM, yqeT aHrapMOHHqHQCTett B o6eHX MO.zteJI!DC npHBO

.ztHT K Il0.zt06HUM HBJieHHf!M .ztallte npH paocMoTpeHHH ff'A6P nepexo.ztHott 06-

JiaoTH, .ztJIH KOTOpott MO.zt8Jih llt6CTKOro acHMMeTpnqHoro poTaTopa.KallteT

CH coBepmeHHO HenpHei.me1,1ott [ 7] • B aTott CBH8H npe.ztcTaBJIH8T HHTe

pec aaweqaHHe rpattHepa H rHOHCCa r 15 ] 0 TOM, qTQ npHpO.zta "TpHn

JieTa11 ypoBHett 2+2, 3+1 H 4+1 B 8THX H.ztpax - acHMM8TpHqHutt poTaTop. 

B qeTBepTott rJiaBe pa8BHBa8TCfl aHaJior r 16] MO.zt8JIH ll - ll. 

3.ztecb yqHTUBaIOTCH aHrapMOHHqHOCTH B KOJie0aT8JibHOtt, BUpallt8HH8 (4), 

H BpamaTeJibHOtt qacTHX KHHeTnqecKOtt SHeprHH. llJIH pemeHHH qacTH 

ypaBHeHHH lllpe,JtHHrepa, aaBHCHl!l8tt OT nepeM8HHOtt p t HCilOJih3Y8TCH 

np116m1JKeHHe / _LJ.:._ l- (.<. i ; TOr.zta nepeueHHaH p B qiyHKnHHX 
~ \ 

f; H ¢>. aaKpennHeTOH ( j3 :::: /3• ) 1 H pemeHH8 ypa.BHeHHH OBO,llHT-

OH K M8TO.ztY llaBU.ztOBa - lJaCiaHa · [ 3 ] • 0KoHqaT6JihH08 BUpallteHHe 

.ztJIH aHeprHH OTJIHqaeTOR OT BUpallt8HHH Jl - IJ, B OCHOBHOM T8M, qTo 

aHeprHH a~HMMeTpHqHoro poTaTopa c zr aaBHCHT Teneph OT napa

MeTpa ,ll8q>OpMaUHH /-'• H.ztpa. 8TO npHBO.ztHT K TaKHM lite H3M8H8HHHM 

10 

B YPOBH!IX SHeprHH no opaBH8HHIO C MO,ll8JihlO Jl - ll, qTo H B !.IO.zt8JIH 

llteCTKOro poTaTopa: OHJibHO HSMeHf!IOTCH YPOBHH 8HOMaJibHOtt BpamaTeJih

HOtt nonocu, oJiaCio - ocHoBaott H BpamaTeJibHO-BH6pauHoHHUtt. 

B )tHocepTaUHH HCCJI6.ztOB8JICll Bonpoc I MOlltHO JIH ,nonoJibSYll oOyc

JIOBReHHYIO aHrapMOHHqHOCTHMH Heo~MM8TpHqHOOTb E~r ( Jo, 0 ) 

(H,CJI6)tOBaTeJibHO Errv - aaeprHH paccMaTpHBaeuott MO,lleJIH) OTHOOH

TeJihHO 30° BUHBHU, B KaKott 06JiaCTH, "t t. 300 HJIH '( > 30°, TeOpHll 

nyqme onHOUBaeT SKcnepHMeHT, H, CJI8.ztOBaTeJihHO, BUHCHHTh 8HaK 

KBa,1tpynOJihHoro MOM8HTa. 

B onyqae Mo.ztenu ·xecTKoro poTaTopa "o.ztBHr no O " npH yqeTe 

aHrapMOHHqHoro qJieHa B -¢A IIPHBO.ztHT K npaKTHqemrn O.ztHHaKOBUM 8Ha

qeHHllM ypOBHett 8HeprHH B 008HX IIOJIOB~HaX 06JiaCTH H3M8HeHHH O 
3.it8Ch lite HCnOJihayeTCll 60Jibmee qlfCJI~ nonce, Kallt.ztall HS KOTopux 

no-paaHOMY pearnpyeT Ha BKJIIOqeHHe B paCCMOTpeHHe aHrapMOHHqHUX 

qJieHOB, TaK qTo MOllt8T BUHBHThCll HeKOTopoe npeHMymecTBO 06JiaCTH 

r('. 30° HJIH t > 300 •. 

TaKoro po.zta pacqeTu Ounn npoHaBe.zteHbl c 11.ztpaMH Y/168, 

Et 
168

, Vt 158
, W 180 

[ 16] • l1cnoJib30BaJicH M8TO.zt HaHMeHh

mHx KBa.itpaTOB. OTUCKHBaJICH lOIHH:uyM B8JIHqHHU: 
. 3 J. 

J = [ ( Rn-,\ - R:rr- ) , 
Ir <>.1 

Rir - aKonepuueHTaJihHUe sHaqeHHH OTHomeHHtt ypoBHett aaeprutt, 

6"1 - B6COBU6 MHOlltHT8JIH, nonyqaeMU8 cTaH.ztapTHUM nyTeM,'8CJIH HS

B8CTHU 3KCnepHM8HTaJibHU6 OmH6KH B onpe.zteneHHH ypoBHett 8HeprHH. 

CyMMa KBa.ztpaTOB YKJIOH8HHtt J' .ztJIH Bcex paccMOTpe1rnux H.ztep 

OKa8aJiaCh MeHbme B 06JiaCTH O (. 300, qTo YKa8UBaeT Ha 11 BUTHHYTOCT:&:' 

q>OpMU 8THX H.ztep. (ECJIH paccqHTUBaJIHCh 8Heprmt TOJibKO OCHOBHOtt Bpa

maT81IhHOH nonocu, TO peayJihTaTU B o6eHx IlOJIOBHHaX. 06JiaCTH 0 

II 
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OKa3YBaJIHCI, npaKTHqecHH O,llHHaKOWMH, H OT,llaTI, npe,llnoqTeHHe O,llHOtt 

H3 HHX H8JII,3H). 

3HaqeHH8 napaweTpa 11MHrKOCTH 11 f B OC>OHX CJiytlaHX OHa3aJIHCI, 

paBHblMH ,llpyr ,llpyry H COBna,llaJIH co 3HaqeaHeM, noJiytl8HHblM B MO,ll8JIH 

l( - 11, T.e. nc,llBl'!ra no f< · " He Ha6JIJJ,llaJIOCI,. CpaBH8HH8 c pac11e

TaUH no MO,ll8JIH ll - 11 noKaaano, qTo ynyqmeHHe aHaqeaHR,npe,llcKaaaH

HYX aTon TeopHen ypoBaen aaeprHH npH y11eTe aarapwoaHqaocTeR,oua-

81:lB88TCH H83HaqHT8JII,HblM (B Ta6JI.l B uaqecTB8 npHM8pa np8,llCTaBJI8Hl:l 

pacqeTY ,llJIH H,llpa YI 168>. 

TaCSJIHua l 

PACIJET YPOBHEt\ 3HEPI'HH (B K3B) !UU'A Wl68 

co H Mo,lleJih ll-ll Aaanor wo,lleJIH ll - 11 
C, 3Kcnep. }. = 0,30 
0 = r =0,263 la; ffi [19] /' =0 264 ~ 
0 t =II,llio =O 263 · 
I::: C, 

(' =l!,45° =Sb, 75° 

l 87,9 88,6 88,4 88,8 · 
II: 
co 4 287 286 286 285 = Pl 6 586 574 574 570 0 
IJl 

970 936 924 C, 8 933 
0 

IO 1439 !347 !354 1330 
I 0 II56 10')2 !093 !092 ~· G) !ti: 2 !233 II97 II9I II98 E<'O (JJ ~:.:-= 4 !391 1426 !4!9 !43! Pl l<l 
al I 0 

~g~ 6 !62! !754 !746 1752 

I 2 986 1021 !0!2 1030 
0 
Ill 3 1070 1092 · 1083 1090 co CJ: 

o::13 .4 II74 II85 II79 II9I 
a,"' 
Pl la; 5 1304 1298 1293 !300 i:i.m g:a 6 1445 1431 1435 !436 

12 

B 8TOtt Jlf.8 rJiaBe pacoMaTpHBallTCH, K8H qacTHYtt cnyqan MO,ll8JIH, 

aHCHaJII,HO QHMM8TpHqHbJ8 H,llpa ( f =0). AKOHaJil>HN8 H,llpa paccMaTpHBa-. . -· ) , . 

JIHCI, llaBbl,llOBl:lM H ~HJIHnnoBblM [ 17] • YqeT aarapMOHHllHOro qJieHa B 

F1 . B npH6JIHxeHHH / ~ p/' 0 
/ << 1 npHBOAffT K Bblpallt8HHIO _ ,llJIH aHeprHH, 

aaBHCHIIl8MY OT f'o • 3a)iaBaH paaJIHqHbl8 11paayMHb18 11 8HaqeHl!H /30 ' 
IIOJCHO "nPOIIIYllaTI,11 IlO,llrOHH8MOCTI, ypoBHett 8Heprl!H IlO,ll 8KCnepHM8HTaJII,

Hl:l8 aaaqeHHH M8TO,ll01.1 Hal!ld8HHl!X KBa,llpaTOB~ TaKaH npouMypa npHBo-. 

,llHT K aaaqeHl!HM fac , Y.llOBJI8TBOpl!T8JII,HO cornacyIOUll!MCH C 8KCTI8pH

M8HTaJII,HblMH ,llJIH CHJII,HO,ll8qJOpMl!pOBaHHblX H,ll8p [ I8] . XapaKTepHO · 

qTpeMneHHe pc K HYJIIO yxe :i! pailoue H,llep 0-s . l(JIH H,llep, Pt "pa-

ayMHYX11 3Hatl8Hl!tt po IlOJiytll!TI, T8HHM o6paaOM He y,11anoc1,. BoaMOJlt-:-

HO, aTo CBHaaao c H8BblnOJIH8Hl!8M yc110BHH / ·T I -c..< i ,'l!JIH aTHX 

H,1!8p. B U8JIOM Ta1rnn M8T0,1! ·onpe,11eJieHHH f'c OKa3blBa8TCH ,'l!OBOJII,HO. 

rpy61:lM. 

IlocJI8,llHHH, IlHTaH rJiaBa CTOHT H8CHOJII,l(0 B CTOpOH8 OT paccMaT

pHBa8MblX BonpocOB O BJIHHHHH aHrapMOHHqHocTeil Ha CBottcTBa H,llep. Hail, 

,1!8Ha npHMaH CBH3I, M8lK,llY 3HaHaMH 8KcnepHM8HTaJII,Hl:lX B8JIHqHH 

V = l '+ R 22 - R 31 H aHaKOM iQ> 21 H,11ep nepexo,11HhlX 06-

nacTett. 3Ta cBHa1, He onpaB,111rnaeTcH JIHm» .ll1IH H,llpa Ck 19.2• BoaMoJ1t:

Ho ,,11JIH TaHHX H,1!8p, HaH Qg 192 , Ha HOTOpble na,11aeT H8M8H8HH8 3HaHa 

B8Jil'Jql'JHbl 1) OT MHHyca H TIJIIOCY, Heo6X0,1!HMO yqHTYBaTI, o6ycJIOBJI8H~ 

HYIO aHrapMOHHqHOCTHMH npe,llnoqTl'JT8Jil>HOCTI, OTpHUaT8JII,HblX aaaqeaHn .• ,,,· 

,0>21, HaR B npaBHJI8 Kyuapa [ 8 J • l1p8,llCRa3blBaeT(_JH H3M8H8HH8· 

3HaHa ( Q> 21 OT MHHyca H IlJIIOCY npH nepe.xo,11e OT H,llpa )(e .1.3° K 

x.~· 132.H~H OT Xe po.K'''Ba. 132'· (ciA~TaClJI. 2)~ . '' 

CBaa1, fJ. c < {})21 eme He 6blna 061,stcHeHa. llnH aToro ,'l!OJIJlf.Ha; 

oqeBH,llHO, HCTIOJII,80BaTl>Cff H8a,llHa6aTHtI8CK8H Te OJ}Hff, · TIO-BH,llHMOMY; 

ytIHTblB8IOUlaH aHrapMOHHtIHl:l8 8qJqJ8HTbl •. 

13 
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.H,lijlo 

wl82 

w184 

w186 

08182 

08184 

0;.s6 

osl88 

oa190 
08192 

Ptl86 

Ptl88 

Ptl90 

Ptl92 

Ptl94 

ptl96 

Ptl98 

TadJJHga 2 

CBB3L 3HaltOB 31tcnep1D1:8HTMLBHX BeJIJlqli[B 
Sl,ltep nepexo.-swx odnacrel 

3Balt 
'[) 

+ 

+ 

+ 

+ 

+ 

3aax 3uax 

E1t,-E2Z < Q>21 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

H.ltpo 

CdllO 

Cdll4 

fel24 

Xel:30 

xe1:32 

B&l:34 

3Halt 
'i) 

+ 

+ 

([) • 'O>z., 

3sax 3sax 

E1t1-E21 <: 0>21 

+ 

+ 

+ 

+ 

+ 

OCHOBHHe pe3ylLTaTH, H310Z8BBH8 B ,J;Hccepraux, ~OltJla,J;HBalKCL 

H odcy:s:,ltaJIKCL Ha XIX K XX ezero~HX COB8111aBHJlX no s.itepBol 

cnexrpocxonHH H crpy:uype aroimoro ~pa, Ba ·ceiornapax B JIM Olfill! H 

mt AH YCCP x onyd.11H1toBaBH B padorax IO, 12,I'.3,16,IB. 
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