


1. BBE,QEHHE 

HccneAoBaH~~ HyKnOHH~x ¢opM¢aKTo po e noceR~e Ho MHo ro pa6or, 
OH~ paCCMaTp~BaiOTCR B paMKaX pa3Il<I-1 4HbiX :lOAXOAOB. n onH bt~1 

nepe4eHb COOT8eTCT8y~~~X CC~nOK /8 nn OTb AO 1975 r./ MO*Hn 
HaAr~, Hanp~Mep,8 pa6ore Xennepa / 1/ . 

Ha~6onee nonynRpH~M nOAXOAOM MO*Ho C41-1TaTb ~OAen b 8eKTOPHO~ 

AOM~HaHTHOCT~ /MB,Q/ 8 np1-16n1-1*e H1-11-1 HyneBOH WI-1 PI-1Hbl pe 30HaHca , npi-1 -
MeHeH~e KOTOPOH ~Meno ycnex ~ BO epeMeH ~ nOA06HO~ o6r a cT~. 0AHa 
KO B 3TOH MOAen~ Hapywa~TCR CBOHCT8a aHan~T~4 HOCTI-1 ~ OpM¢a KT OPO B. 

no3TOMY HeAa8HO nOR8~nCR PRA pa6o T, B KOTOp~x Aena~ l C R non~T KI-1 

YCTpaH~Tb 3TOT HeAOCTaTOK, 
TaK, Hanp~Mep, 6apAeK ~ 3 0 8KO 8 pa6ore / 2/ 1-1 COB CE M He AaBHO 

e~e C PRAOM COaBTOpOB B pa6oTe /~ / paC CMOTpen~ pacw~ peHH~e MOA e 
n~ 8eKTOPHOH AOM~HaHTHOCT~ C 6 M 8 pe30HaHCaMI-1, B PSMKa X KOTOP~X 
COXpaHRnTCR 06~4H~e aHan~T ~ 4eC K~ e C80H CT8a ~ COO TBe l C TBY~~aR 

aC~MnTOT~Ka ¢opM¢aKTOPOB. 
Xb~CTOH ~ KeHHeA~ ; ,~ / oro6pa31-1n1-1 p~MaHoey noee pxH CJCTb c pa3pe -

30M no nepeMeHHoA t /K8aApary ne p eAa4~ 4-~Mnynbca/ f a KOMnn e Kc
Hy~ nnocKoCTb c pa3pe30M BAOnb eA~H~4Ho ro Kpyra. Ho pMI-1poeaHH~~ 

~30BeKTOPH~H MarH~TH~H ¢opM¢aKTOP Hy KnOHa OH~ 6pan1-1 B B~Ae cyM
M~ ABYX 4aCTeA: non~HOMa ~ 4aCT~, COAeP*a~e~ CYMMY kOM nneKC HQ
COnPR*eHH~X nonncoe. npeAnonaraercR, 4TO non~HoM~an b H~M 4neHOM 
Y41-1T~8aercR 3¢¢eKT nepeKpecrHoro HyKnOH Ho r o pa3pe3a ~ 6on ee 
AanbH~e c~HrynRpHocr~, TDrAa KaK non~c ~ /pacnono*e H H~e 8He eA~ 

H~4HOA OKpy~HOCT~, 4TO COOT8eTCTByeT 8 TOPOMY n~cTy - nnOCKOC TI-1 / 
npeACTaBnR~T C060H OC06eHHOCT~ BeKTOPH~X Me30H0 8, ,1\ononH~T enbHbte 

orpaH~4eH~R, HaKnaA~BaeMbte 3T~M~ a8To paMI-1, cneAY~T ~ 3 a c ~Mnror~

K~ HyKnOHH~X ¢OPM¢aKTOP08 ~ Tpe6oBa H~R AeHCTB~ TenbHOCT~. 

B AaHHOH pa6ore npeAnaraeTCR APYr oA n DAXOA K on ~c aH~~ ~3o-
8eKTOpHoA 4acr~ HyKnOHHoro 3neKTP~4ec Ko ro ¢opM¢aKropa G~ , Ko
rop~A o6ycno8neH Haw~M~ npeAbtAY~~M~ ~ccneA08aH~RM~ HyKnoHHoro 
¢opM¢aKTopa / 5/ ~ ycnewH~M np~MeHeH~eM noAo6Horo noAXOAa K on~
caH~~ n~OHHOrO ¢opM¢aKTOpa /6/, 3TOT nOAXOA yny4WeH TOM CM~Cne, 
4TO 8 t -nnOCKOCT~ noM~MO TTTT - pa3pe3a, KOTOP~H Ha4~ aeTC R 8 T04-
Ke t 0 = 4m;, Y4~T~8a~TcR ~ APYr~ e cy~ecrey~~~e pa3pe 3~ noc peAcT-
80M OAHoro 3¢¢eKT~8Horo KOpHe8o r o pa3pe3a or t 1 > t 0 AD "" . B 3TOM 
cny4ae 4-n~CTHY~ P~MaHOBy t - no 8epXHOCTb MO*HO KOH¢o pMHO OT06pa-
3~T b Ha W -nnoCKOCTb , 8 KOTOPOH ~C4e3a~T o6a pa3pe3 a . B 3TOH 
w -nnoc Kocr~ ¢opM¢aKTo p G~ Mo~Ho 3an~caTb 8 B~Ae n p~6n~~eH~R 
naAe CO c ne~~¢~4eCK~M~ C80HCT8aM~. ----------·. 
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0HO OTpa~aeT non~CHY~ CTPYKTYPY, o6ycnosneHHy~ BeKTOpH~M~ 

MeacHaM~ p /770/, p' /1250/ ~ p" /1600/, c non~caM~, pacnono
~eHH~M~ Ha paan~4H~x He$~3~4ecK~x n~cTax. 

Ba~H~H nepeKpecTH~H HyKnOHH~H paapea /5,7,8/ Ha BTOPOM n~CTe 
annpOKC~M~pyeTCR B RBHOM B~Ae non~COM, TaK~e pacnono~eHH~M Ha 
BTOPOM p~MaHOBOM n~CTe, 3Ta napaMeTp~3a~~R YAOBneTBOpReT orpaH~-
4eH~RM, HanaraeM~M Ha G~ HOPM~POBKOH, ycnos~eM AeHCTB~TenbHOCT~ 
~ ac~MnTOT~KOH, 

BBOAR sG~ OAHY, ABe ~n~ see Tp~ Me30HH~e oco6eHHOCT~, nony-
4~M paan~4HbJe naAe-annpoKC~MaHT~, KOTop~e 6yAeM ~cnonb3osaTb 
AnR $~TMposaHMR AaHH~x. M~ npoaHanM3MpyeM nMwb AaHH~e,oTHocR
~~ecR K npocTpaHCTBeHHOnOA06HOH o6naCTM, nOCKOnbKY BO speMeHM
nOA06HOH G~nM M3MepeH~ TonbKO KBaApaTM4H~e KOM6~Ha~MM GE M GM • 
~ He RCHO, KaK MO~HO ~3Bne4b G~ M3 TaKMX AaHH~X. TeM He MeHee 
BB~AY Taro, 4TO B HaweH napaMeTpM3a~MM He COAep~MTCR 6onbWOro 
4Mcna cso6oAH~x napaMeTpos, M~ nposepMM ee npeACKa3aTenbHY~ 

c~ny, Bb14MCnMs cpeAHMH paAMYC R~ M MHMMY~ 4aCTb Im G ~(t) so 
speMeHMnOA06HOH o6naCTM, 

2. MO,QEnb 

AHanMTM4ecKMe csoHCTBa MaoseKTopHoro 3neKTPM4ecKoro $OPM$aK
Topa HyKnOHa G~ (t) Ha $~3M4eCKOM nMCTe CBOARTCR K nocneAOBaTenb
HOCTM noporOBbiX T04eK BeTBneH~R, pacnonO>KeHH~X B T04KaX t = 4m2 , 

..... .- ~ 'fT 

16m;, 4mi , 4m No'.,, M COOTBeTCTBY~~MM ~M paape3aM BAOnb Ae~cT-
BMTenbHOM t -ocM AO =· KpoMe TOro, B COOTBeTCTBMM C o6o6~eHHOH 
MBA $opM$aKTop G~ (t) onpeAenReTcR s ocHoBHOM BKnaAOM 4~CTo seK
TOPH~x Me30HOB (p/770/, p'/1250/ M p"/1600/), 0AHaKO, KaK 
yKaaan Xennep /8,9/, 3TO 6~no nOATBeP~AeHo ~ HaweH pa6oToH151• 
CMnbHOe BnMRHMe MMeeT He6onbWOH norapM~MM4eCKMH paapea/7~ pac
nono~eHH~~ Ha siopoM p~MaHoBoM n~cTe KaK paa noA noporoM t 0 
= 4m;. 3ToT paapea oGycnosneH nap~ManbHo-sonHosoH npoeK~MeH HyK
noHHoro 6opHOBCKoro 4neHa s aMnnMTYAe rrN -pacceRHMR. 

KaK y~e OTMe4anocb, KPOMe rrrr -paapeaa, Ha4MHa~erocR s T04Ke 
t 0 = 4m2 , see APYrMe y4MT~sa~TCR nocpeACTBOM 3~$eKTMBHoro KopHe-

rr 2 
sora paapeaa, Ha4~Ha~~erocR s T04Ke t 1 = 4mK. Oco6eHHOCTM seK-
TOPH~x Me30HOB onpeAenR~TCR 4epe3 Mace~ M WMPMH~ 3T~X ~e Me30HOB 

!Jt2 C nOMO~b~ COOTHOWeHMR tR = (mR ±i 2 ) • non~c P /770/ HaXOAMTCR 

M3 AaHHblx/101, a nocneAY~~Me nonJOCbl - M3 111 1, rAe npMBeAeHbl 
ycpeAHeHMR no seeM cy~ecTBY~~MM 3KcnepMMeHTanbH~M AaHH~M no 
p' /1250/ M p" /1600/. BKnaA nepeKpecTHoro HyKnoHHoro paapeaa 
Y4~T~BaeTCR nocpeACTBOM 1 non~ca Ha BTOPOM PMMaHOBOM n~cTe. 

nepB~H 3Tan Hawero aHanM3a COCTO~T B YH~¢0PM~3a~MM 4-nMCTHOH 
PMMaHOBOH nosepXHOCTM C noMO~b~ KOH$OPMHOrO OT06pa~eHMR 
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yQ+q- yq=Q 
w (t): i __ l ___ _j__ ' /1/ 

yq1 +q + yq1 -q 

rAe q CBR3aHO C KBaApaTOM 4-~Mnynbca cneAy~~~M COOTHOWeH~eM: 

(
t- 4m; 

q= ---
4 

M senM4MHa 

q1 =vm2 -m2 
K TT 

COOTBeTCTByeT nopory KK. 

llJ t=t 1 

v 
PHc,l. Oco6eHHOCTH GE[w~D 
B W -ITJIOCKOCTH; W p,aeTCR 

ypaBHeHHeM /1/, 

HYJO nnocKoCTb: 

v = ~ q • 

/2/ 

/3/ 

B w -nnocKocT~ nepsbJH /¢~-
3~4ecK~i:i/ n~CT OT06pa~aeTCR 

Ha nesy10 nonoBMHy eA~H~4Horo 
Kpyra, BTOPOH - Ha npasy~, 

TOrAa KaK TpeT~H ~ 4eTBepT~H 

n~CT~ OT06pa~a~TCR COOTBeTCT
BeHHO Ha nesy~ M npasy~ nony
nnocKocT~ sHe eA~H~4Horo Kpy
ra, s peaynbTaTe 4ero ~c4eaa
~T oGa paape3a /p~c. 1/. 

3TO KOH$OpMHOe OT06pa~eH~e 
MO~Ho nerKo noHRTb, ecn~ s~

pa~eH~e /1/ nepenMcaTb cne
AY~~~M o6pa3oM: 

KaK Mo~Ho y6eA~TbCR ~3 3Toro 
B~pa~eHMR, nepeXOA OT q- K 
w -nnocKOCTM pean~3yeTcR no
cpeACTBOM HeCKOnbK~X nocneAO
BaTenbH~X OT06pa~eHMH. nepsoe 
~3 H~x npeo6pa3yeT q -nnoc
KOCTb B HOPMMPOBaHHy~ o6paT-

/5/ 

npM4eM 3¢$eKT~BHbiH paape3, npOCT~paJO~~HCR OT t 1 = 4mt AO =, 
OT06pa~aeTCR B ~HTepsane <-1, 1 >. 3aTeM V -nnoCKOCTb OT06pa~aeTCR 
s z -nnocKOCTb np~ noMa~~ o6paTHoro npeo6paaosaH~R ~yKoBcKoro: 

3 



Z=V-,jv 2 -l, 161 

KOTOpoe nepBbiM Jl~CT V -nJlOCKOCH1 OT06pa}:<aeT Ha MHO)KeC"rBO BHyT
peHH~X T04eK eg~H~4HOrO Kpyra, a BTOpof1 - Ha MHO)KeCTBO BHeWH~X 
T04eK, ~. HaKOHe~, nepeXOA OT Z- K W -nJlOCKOCT~ ,QOCT~raeTCFl 
nOBOpOTOM Z -nJlOCKOCT~ Ha 90° B nOJlO)K~TeJlbHOM HanpaBJleH~~. 

C noMOI.l1b~ oTo6pameH~R I 1 I Mbl nony4~Jl~ w -nnoCKOCTb Il~Wb c no
Il~CaM~, COOTBeTCTBY~ll1~M~ nepeKpecTHOMY HYKilOHHOMY pa3pe3y ~ p -

Me3oHHbiM pe3oHaHcaM. Cne,qosaTenbHO, cpopMcpaKTop G ~ (t) MO)KHO 
npegcTaB~Tb B B~,Qe pa~~OHaJlbHOM cpyHK~~~ nepeMeHHOM W, KOTopy~ 
Ha3~Ba~T np~6Il~)KeH~eM na,qe-T~na. Ecn~ Hano~~Tb orpaH~4eH~R, s~
TeKa~l.l1~e ~3 YCilOB~Fl Bel.l1eCTBeHHOCT~ 

G~~ (t) = G~ *(t*), 

HOPM~pOBK~ 

v 
GE (0) = 1 

np~ t ... oo , 

TO G ~ (t) MO)KHO 3an~caTb B CileAy~eM B~,Qe: 

L 

V A0 + L A w" 
G,, [w(t)) = (w + 1)

4 ------.!!--~-------------
" 3 ' 

(w - wp) II- (w - w ) (w - w* ) 
i=l P; P; 

3 
(wN-wP).II (wN -wp.)(wN -w~.) 

1=1 I I 
= ________ ., ...... "",...., _________ ,.... ________ _ 

(wN + 1) 4 

WN = (q I - V q 2 + rn2 ) _1_ 
I rr m 

TT 

L 
L A w" 

n n 

FlBJlReTCFl T04KOi1 HOPM~POBK~ B W -nnOCKOCT~, 

171 

181 

191 

1101 

111 I 

1121 

Vbilaro,qapR Hai1~4~~ B Bblpa}XeH~~ 1101 MHO)K~TeJlR (w + 1) 4 ,Qilfl 
GE~) coxpaHReTCR Tpe6yeMaR ac~MnToT~Ka. B caMOM gene, ~3 npe
o6pa3osaH~R 111 B~TeKaeT cnegy~l.l1ee cooTHoweH~e: 

w 
q= 2iql ---. 

(w - 1) (w + 1) 
1131 

4 

T04Ka W =-1 COOTBeTCTByeT 6eCKOHe4HO ygaJleHHOM T04Ke B sepx
HeM nonynJlOCKOCT~ q, COOTBeTCTBY~~efi B CBO~ 04epegb 6eCKOHe4-
HOCT~ no t Ha cp~3~4eCKOM Jl~CTe t -nJlOCKOCT~. 

Aill'l w = -1 q segeT ce6R cnegy~ll1~M o6pa30M: q - (w + 1)-
1
, 

a t = 4 (q 2 + m 2 ) - KaK t- (W + 1 )"- 2 , ~Jl~ Hao6opOT: 
TT 

(W+1)-t-ll2 
np~ I --> ±oo, 1141 

Apyr~M~ cnosaM~, ecn~ w ~ -1 n~HefiHbiM o6pa3oM, To t + "- x KaK 
t- 112 , ~ ecn~ noTpe6osaTb gnR c!JopMQaKTopa G ~' Ha 6ecKoHe4Huc n1 

cnegy~l.l1ero nosegeH~R: 

V -ml2 
G I< [w(t)] -+ t /151 

TO ,QOCTaT04HO, 4T06~ 

G~ [w(t)] = (w + 1)m H(w), I1GI 

rge cpyHK~~Fl H(w) He ~MeeT H~ HyJlefi, H~ nOJl~COB B T04KC W -1. 
Y KOHcpOpMHOro OTo6pa)KeH~Fl 111 ~MCCTCR Cl.l1C O,QHC xopowec Ka-

4eCTBO, a ~MeHHO: nn6aR gefiCTB~TeJlbHaR aHaJl~T~4CCKaR cpyHK~~Fl 

no nepeMeHHOM t 6ygeT TaK)Ke gefiCTB~TeJlbHOM aHail~T~4eCKOM QYHK
~~efi no nepeMeHHOM W. 3TO 3Ha4~T, 4TO K03¢cp~~~CHT~, BXO,QRU1~C 

B np~6Jl~)KeH~e nage 1101, ,QCMCTB~TCilbH~, a HYJl~ ~ noil~C~ ~YHK~~~ 
v GE [w(t)] s w -nnocKocT~ no3TOMY n~fio geficTB~TeJlbHbl, m1Go KoMn-

JltKLHU LUII~>"HKeHbl. 

3. AHAn~3 AAHH~X no C!>OPMOAKTOPY 

Hawa npeg~AYI.l1aR pa6oTa·~· 6~na ocHoBaHa Ha aHaJl~3e 68 3Kcne
P~MeHTailbH~x T04CK KOMn~Jlfl~~~ 'll~KOTOp~e ~CnOJlb30Bafi~Cb TaK~C 
s gpyr~x aHaJl~3ax /2-•. 1:1,1•/. YTo6bl nony4~Tb fioilbWYIV cTaT~CHIKY, 
M~ npogenan~ KOMn~IlR~~~ scex ony6n~KosaHH~x gaHH~x no npoToHHOMY 
cpopMcpaKTOPY B npocTpaHCTBCHHonogofiHOM o6naCT~, ~3 KOTOp~x 6~Jl0 

B~6paHO 130 3KCnep~MCHTaJlbH~X T04CK /1~-32/ - CM, Ta6n.1. [l Tafi
Il~~e npegcTaBileHbl TaK)Ke gaHHble no o

1
Y(t), nony4eHHble ~3 G';.:<t), ~ 

1171 

'J'I' V rge o 1~(t) B3RTO ~3 pa6oTbl 3osKo 1 " 1.0w~6K~ gnR GE nonaran~cb 

paBHbiM~ OW~6KaM or . 
AaHH~e, KOTop~e no t -nepeMeHHoi1 pacnono~eH~ s o6nacT~ oT 

-0,0078 ,QO -33,379 13[3 2, B W -nilOCKOCT~ OTo6pa)Ka~TCFl Ha ,QeMCTB~
TeJlbHY~ OCb B ~HTepsane -0,84738_::; W::;; -0,14950. 

KopoTK~M nepeKpeCTH~M IlOrap~cpM~4eCK~i1 HYKilOHH~M pa3pe3 KOT0-
2 ' 

pbiM Ha4~HaeTCFl B T04KC t =4m 2 - (-~) 2 ::: 3,98m 2 /:H/ OT06pa)l(a-
rr m"' rr 
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Ta6mu-1a I 

KoMrrHnH~HH 3neKTpH~ecKoro G~ H MarHHTHoro G~ 
rrpOTOHHOro ~OpM~aKTOpOB /c COOTBeTCTBYID~MH OmH6KaMH/ 
H H30BeKTOpHOH ~aCTH 3neKTpH~eCKOro HyKnOHHOrO 
~OpM~aKTopa 
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eTcR Ha nono~~TenbHy~ Ae~cTB~TenbHY~ w -ocb s6n~3~ HynR. Cornac
Ho HaW~M npeAbiAYUI~M pe3ynbTaTaM /5/ non10c W P• nocpeACTBOM KOToporo 
3TOT pa3pe3 Y4~TbiBaeTcR B <!JopMyne I 10/, HaXOA~TCR B T04Ke w p =0,1, 
OAHaKO B Te4eH~e np04eAYPbl <!J~T~POBaH~R OH BbiCTynan B Ka4eCTBe 
csoGoAHoro napaMeTpa. 
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~pyrHMH CB060AH~MH napaMeTpaMH, nOAJle~a~HMH ~HTHPOBaHHD 6 /10/ 
AnA nony4eH~IR MHHHMyMa X 2 , RBilRDTCR K03<)H)lHL\HeHTbl An, BXOAR~He 
s 4HCnHrenb, MeHAA L s 4HCilHTene s~pameHHR /10/ H 6epA 1,2 
HJlH BCe TpH KOMnJleKCHo-conpRmeHH~X nOilDCa, COOTBCTCTBYD~HX H30-
68KTOpH~M p -Me3oHaM, nony4aeM pa3IlH4H~e npH6nHmeHHR, M~ Hc
nonb3yeM 3AeCb o6o3Ha4eHHe L/M, rAe M = 3,4,5 AilR OAHOro, gsyx 
H BCeX Tpex Me30HOB COOTBeTCTBeHHO. HecKOJlbKO HaH6onee HarnRA
HbiX QJHTOB npegcTaBilCHbl 6 Ta6n, 2-5. 5biJlH HCnOilb30BaHb\ CJlegyJO~He 
Ha4anbHble xapaKrepHCTHKH H3oseKTOPHbiX Me3oHoB /s M3B/ /IO,II/: 

mp "'769, 

m , ~ 1218, 
p 

m u= 1560, 
p 

151, 

I' , ~ 246, 
p 

r·_,~ 475. 
p 

Ha w -nnocKOCTH p -Me30HHble nonDCbl pacnonomeHbl s cneAYIO~Hx To4-
Kax: 

w = 0,0789 ± i 0,4504, 
p 

w , "' -0,7047 ± i o. 9060, 
p 

w "~ -0,8988 ± i 0,6796, 
p 

YIU \..UUII:It!ICTBYt!T HaXOmAeHHJO p -Me30Ha Ha BTOPOM JlHCTe '-nnoc
KOCTH, a p' H p" - Ha TpeTbeM IlHeTe /eM. pHe,1/, TaKOe HX pae
nonomeHHe o6yenosneHo reM, 4TO KaK p'-, raK H p" -Me30H ne}l{aT 
B~We HeynpyrHX 4rr-H Kf -noporoB, BKnaA KOTOp~x Y4HT~BaeTeR 
e noMOUlbiO 3QJQJeKTHBHoro pa3pe3a, Ha4HHanl!leroeR s T04Ke t = 4m R. 

KpoMe 3Ha4eHHR x 2 AnR Ka)!(AOro npH6nH>XeHVIR Mbl Bbi4HenHnH raK
*e H30BCKTOPH~R 3nCKTPH4eeKHR HyKnOHH~~ pagHye, onpeAenReM~R 
eOOTHOW8HHeM 

d G~(t) v 
d G E(t) 

I = 6 ------- I • 
t=O dt t=O 

/Hl/ 

v 
noeKOnbKY B eHny HOPMHPOBKH GE(O~= 1. 

TaK KaK HawH annpoKeHMaHTbl GE(t) npeAerasnRJOT co6oR aHanHTH-
4eeKHe QJYHKL\HH e pa3pe30M OT t0 "' 4m2 AO oc V1 aCVIMnTOH1KOR /9/, 

v " v To paAHYC R E MO}I{HO raK*e onpeAenHTb H3 Im GE (t) so speMeHHno-
A06HoR o6nacTH C noMO~blO AHenepeHOHHOro COOTHOWeHHR: 

v 
lm GF (t) 

1 
___ ......: ___ ctt • 

2 t2 
-1m" 

/19/ 

8 

KpoMe roro, AnR 3THX annpoKeHMaHTOB AOnmHo s~nonHRTbeR npasHno 
eyMM: 

v 
I lm GE(t) = 0, 

2 
/20/ 

4m 
" 

V1 yenOBHe HOPMHPOBKVI: 
v 

1 
lm G E (t) 

1 ----- ctt = 1. 121 1 
" 2 t 4m" 

v 
B~4HeneHHe Rv Ha oeHose ypasHeHHR /19/ npeAeraenReTcR oeo-

GeHHO HHTepeeH~M, nocKonbKY QJHTH~YJOTeR AaHH~e s npocrpaHerseHHo
noA06HoR o6naerH H senH4HHa Im GE(t), VBXOAR~aR s I 19/, HaXOAHTeR 
nHwb KaK aHanHTH4ecKoe nPOAOJl)!(eHHe GE (t) H3 npocrpaHCTBeHHono
A06HoR BO BpeMeHHnOA06Hy10 o6naeTb, V 

Hawe aHanHTH4eeKoe npoAOn}l{eHHe GE(t) geRcrsHrenbHO YAOBner
sopReT ypaBHeHHRM /20/ V1 /21/, npH BepXHeM npeAene HHTerpHpoea
HHR, paBHOM 16 r3B 2 ,ycnoBHR /20/ H /21/ B~nonHRlOTCR e T04HOeTblO 
AO 5-ro geeRTH4Horo 3HaKa. Tor *e eaM~R napaMerp o6pe3aHHR 6pan
CR V1 6 HHTerpane /19/, pe3yilbTaTbl pae4eTOB Ri' no QJOpMynaM /18/ 
H /19/ eosnagaJOT H pasH~ 0,86+0,87 OM. 5onee roro, OHH, KaK 
H enegoaano omHgaTb, s~we 3Ha4eHHR, nony4eHHoro paHee s eny4ae 
4JopMQJaKropa Gj(t) e 4HeroR goMHHaHTHoerbJO p(770) -Me3oHa 
/0,62 QM/ /35/, 

'-lTOObl Ol_leHHTb OTHOCHT8IlbHble BKnagbl p- , p'- H p"-pe30HaHeOB, 
6biilH Bbi4HeneHbl Bbl4eTbl G~(t). Bb14eT s nonJOee Ha Mecre nepeKpeer
Horo HyKnOHHOrO pa3pe3a geRCTBHTeneH H B 06UleM cny4ae Man AnR 
BCeX XOPOWHX npH6nH}I{eHH~ /eM. Ta6n,2-5/. Bee B~4eT~ B p-Me3oH
HbiX nonJOeax KOMnneKeHble, 6 Ta6n.2-5 npHBegeH~ nHWb HX a6eonJOT
H~e 3Ha4eHHR. OgHaKo gnR 3THX 3Ha4eHHR Her nocToRHHoro orHowe
HHA game npH epasHeHHH nogroHOK e npegenax ogHoR H roR }l{e ra6-
nHLibl, a enegosaTeJlbHO, HX Henb3R Henonb30BaTb 6 Ka4eeTse KpHTe
pHR npH Ol_leHKe OTHOeHTenbHOR 3Ha4HMOeTH nonJOeOB, 

H3 npeAerasneHH~x 3Ha4eHHR x 2 eneAyeT, 4To npH6JlH}I{eHHR HMeH
HO e p /770/-Me30HHOR napoR nonneos /ra6n. 2/ He TaK XOPOWH, KaK 
npH6nHmeHHR c p /770/- H p' /1250/-napoR /Ta6n.3/ HnH e p /770/
Vl p" /1660/-napoR /ra6n.4/. 3Ha4eHHR x 2

• npegeTaeneHHble e ra6n.4, 
HeeKonbKO HH*e 3Ha4eHHR gnR npH6nH}I{eHHR roro *e THna L/M, npeg
crasneHH~X B Ta6n.3, 4TO MOrna 6~ enymHTb HeKOTOp~M YKa3aHHeM Ha 
npegn04THTenbHOeTb Ha6opa BeKTOpH~X p- , p" -Me30HOB Hag p- , 

p'-Ha6opoM. BHgHMO, 3Ha4eHHe y 2 He RBnReTeR KPHTepHeM, goera
T04HO 4YBeTBHTenbH~M AnR Toro, 4T06~ MO}I{HQ 6~no rosopHTb 0 npeA
n04TeHHH p''- HaA p' -Me30HOM, 

H3 aHanH3a MeeroHaxomAeHHR HyneR npH pa3nH4HbiX npH6nHmeHHRX 
MO}I{HQ BHAeTb, 4TO TOnbKO ABa H3 HHX era6HJlbHbl: Hynb B KOHI_Ie AaH
HbiX, rAe npH o4eHb 6onbWHX 3Ha4eHHRX t G t (t) AeReTBHTenbHO 
04eHb Mano, H HyJlb B6JlH3H Ha4ana KOOPAHHaT B W -nnoeKOeTH, Ko-
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Pe3yJihTaTbi rro,o;roHOK AJIH arrrrpoKCI1MaHTOB c p /770/
Me30HOM, Hymi 11 rrepeKpeCTHbiii HYKJIOHHbl!"! TIOJIIvC HaXO,IJ;iiTCH 
B W -TIJIOCKOCTH, [Res[ - a6COJII0THOe 3Ha'l:eHI1e BbJ'l:eTOB 
B P- 11 p -He3oHHbiX rromocax 

2 
)(tot 

HyJII1 ~ L/M Jl11CT p f!OJIIDCbl [Res I 
x 2/ndf <PM 

3 I 3 192.0 .042, .136 2 0.2, o. p 3.934 

-.838, o. 1 ' 5. 723 .884 

1.52 .042 -.136 2 

4 I 3 176.5 .724, o. 2 .144,0. p .237 

-.819, o. 1 ~ 2.199 : .873 ! 
.316, .296 2 

1.41 • 316' -.296 2 
I 

TOp~~ AI1R 60rrbWHHeTBa npH6JIH~eHH~ rre*HT Ha BTOpOM JIHCTe 04eHb 
6rrl13KO K P-norrl0ey. npH6JIH~eHHR 6e3 y4eTa nepeKpeeTHOro HYKJIOH
Horo non~ea /He BKrr~4eHHoro s Ta6n11u~/ HMerrH 3Ha4HTerrbHo xvnw11e 
3Ha4eHHR x 2 • no3TOMY napa 11 Hyrrb-non~e" He yHH4TO*aeTeR, a an
npoKeHMHpyeT nepeKpeeTH~~ HYKrrOHH~~ paapea enoeo6oM, THnH4H~M 

ArrR pa4110HarrbH~x npH6rrH*eHH~. Bee oeTarrbH~e HyrrH s npH6rrH*eHHRX 
Cy~eeTBeHHO MeHR~T eBOH norrO*eHHR B KOMnrreKeHO~ W-nnoeKOeTH 
npH nepexoAe OT OAHOrO npH6JIH*eHHR K APYrOMY. 3TH HYrrH, erreAO
BaTerrbHO, - JIHWHHe HYJIH, nORBrrR~~HeeR BerreAeTBHe MaTeMaTH4eeKO~ 

$OPM~ annpoKeHMaHTOB, a He $113114eeKHX Tpe6oBaHH~. 
Y4HT~BaR 3To, a TaK*e epaBHHBaR npH6rrH*eHHe 2/7 /HMe~~ee TPH 

eso60AHbiX napaMeTpa/ e npHUJIH*eHHRMH 2/5 /e TeM *e 411eJIOM eso-
60AH~X napaMeTpos/, npeAeTaBrreHH~MH B Ta6n.3 11 4, MO*HO y6eAHTb
eR, 4TO Ao6asneHHe TpeTbe~ napbl $HKeHfOBaHHbiX non~eos He yxyA
WHrro, a, eKopee, YI1Y4WI1JIO 3Ha4eHHe )( · noeKOJibKY ABa HyrrR 11 no
rr~e B npH6JIH*eHHI1 2/7 HaXOARTCR B eBOHX $113114eeKH 060CHOBaHHbiX 
n0311411RX, KaK 11 B npHUJIH*eHHRX 2/5, A06asrreHHe TpeTbe~ nap~ no
rr~eos, no-BHAHMOMY, onpaBAaHo. 

K TOMY *e eaMOMY BbiBOAY MO*HO npliiATH, eerrH epaBHHTb annpoK
eHMaHT~ 3/7 e 3/5 Iii 4/7 e 4/5. AnnpoKeHMaHT~ e 6onee BbleOKHMH 
3Ha4eHHRMH L He npeAeTaBrrR~T TaKo~ HarrrRAHO~ Hrrrr~eTpa41111 Bblwe
H3rro*eHHoro npeAnOJIO*eHHR, nOCKOrrbKY OHH HMe~T MHOMeeTBO He
HY*H~X Hyne~, HHTep$epHpy~~Hx 11 paapywa~~Hx 4HeTbl~ 3$¢eKT, 

HMeeTeR e~e OAHH apryMeHT B nOATBeP*AeHiile 3TO~ HAeH,a HMeHHO: 
noseAeHHe Irn G ~ (t) so speMeHHnOA06Ho~ o6naeTH, rAe annpoKeHMaHTbl 
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Pe3yJibTaTbi no,o;roHOK AJIH annpoKC11MaHTOB c p /770/
H p' /J25Q/-Me30HaMH 

2 

L/M :X tot HyJIH flHCT p TIOJII0Cbl [Res[ 
x 2/ndf 

2 I 5 1034.9 -.010, o. 2 0.2, o. p .306 
-1.087, o. 3 \1 3.499 

8.15 t' .693 

3 I 5 175.7 -.841, o. 1 0.181,0. p .285 
.141, .103 2 ! 2.678 

1.37 .141, -.103 2 i' 1.861 

4 I 5 166.4 -.822, o. 1 0.013,0. p ,006 
-.015, o. 1 ! +.949 

.294, .513 2 ~ 2.184 
1.33 .!94 -.513 2 

5 I 5 170.2 -.830, o. 1 o., o. p o. 
-.006, o. 1 

,, 7 1'1 ') e ") ')C::C:: - - - - ...... 

.129, 1.882 4 s' 1.693 
1.37 .129,-1.882 4 

6 I 5 165.5 -.838, o. 1 0.135 o. p .135 
.057, o. 2 ~ .457 
.623, o. 2 !' 1.148 

-1.558, o. 3 
.216, • 663 2 

1.35 .216, -.663 2 

Rv 
E 

¢M 

.775 

.879 

.862 

o•n --.-

.872 

v 
e 6onee s~eoKHMH L BeAYT K AonorrHHTerrbH~M oe411rrrrR4HRM Irn GE(t). 
3To ReHO BHAHO np11 cpaBHeHHH lm G~ npH6mn'<eHH~ 4/5 Iii 6/5, npeA
eTaBrreHH~X B Ta6rr.3 /eM. TaK*e pHe.2/, B OTJ1114He OT pa60T~/l~ 
rAe 6blrro Ha~AeHo, 4TO Im G ~ (t) eyl!jeeTBeHHo soapacTaeT B oKpeeT
HoeTH t: 4m; 113-3a Harrl1411R nepeKpeeTHO~ HYKJIOHHO~ Oeo6eHHOeTH, 
pae4eT Im GJ (t) B paMKax AaHHo~ MOAerrH npHBOAHT K nposany s se-
rrH4HHe Im GE KaK paa HaA t = 4rn;. a 3TO 3Ha4HT, 4TO ~KrraA 
nepeKpeeTHOrO HYKI10HHOrO pa3pe3a HMeeT npOTHBOnOrrO*H~H 3HaK. 
3TOT nposarr He RBJIReTeR ene411$HKO~ KaKOrO-rrliiUO KOHKpeTHOrO npH-
6rrH*eHHR /10/, a np11ey~ npaKTiil4eeKiil seeM npHUJIH~eHHRM Iii, erreAOBa
TerrbHO, HOeHT 06~11~ xapaKTep, 

ll 



TaGnm~;a 4 

Pe3yJibTaTbi rrop,roHoK AJIH arrrrpoKCHMaHTOB c P /770/
H p" / 1600/-Me3oHaMH 

2 
X tot ll ym1 

L/M 
x2/ndf 

2 I 5 491.1 -.897, o. 
.020, o. 

3.87 

3 I 5 172.8 -.812, o. 
• 071, o • 

1.37 • 811, o • 

4 I 5 1'77.7 -.814, o. 
.057, o. 
.830, 1.262 

1.42 .830,-1.262 

5 I 5 161.3 -.840, o. 
.014, o. 

-1.292, o. 
.277, 

1.30 .277,-0.42 

6 I '5 151.4 -.870, o. 
-.026, o. 
-.998, o. 
1.104, 0. 

.129, .51 

.129, -.51 

J1HCT 

1 
2 

1 
2 
2 

1 
2 
4 
4 

1 
2 
3 
2 
2 

1 
1 
1 
4 
2 
2 

P ilOJIIIJCbl 

0.2, o. 

0.2, o. 

0.199, o. 

0.052, o. 

1Res! 

p 2.584 

j 3.027 

!* 0.494 

p .935 

! 2. 719 

r .842 

p 1.359 
9 2.084 

~C! .869 

p .038 
! 1. 203 
!" l. 295 

o.' o. p o. 
s .549 
.P 2.155 

R~ 
<!JM 

.801 

.868 

.864 

.872 

.86] 

2 
XoTH cornacHo \ -Kp~Tep~D npe~J,n04T~TenbH~ np~6n~*eH~H co 

I 

seeM~ 3 p -MeaoHaM~, A06asneH~e ~peTberovnonDca np~SOA~T.K no
HsneH~D iJ,OnonH~TenbH~X OC4~nnH4~~ S lmGE(t) S o6nacT~ p -Me3oH
HOrO nposana; 3TO cso~cTso np~cy~e seeM annpoKc~MaHTaM, s~n~caH

HbiM S Ta6n.5. no3TOMY TpyiJ,HO YCTaHOS~Tb, KaKO~ COPT annpoKC~MaH

TOS cne~J,yeT C4~TaTb npe~J,n04T~TenbH~M ~MeHHO TOr~J,a, KOr~J,a OTCyT
CTSYIOT ~J,aHHble no G~ (t) ' SO SpeMeH~nOIJ,06HO~ o6naCT~, no3SOHAIO~~e 
nposep~Tb np~6n~meH~A. 

12 

10 

---

0 2 

v 
PHc. 2. iloaep,eHHe Im G E (t) Bo 
BpeMeHHITOIJ,06HOH 06JiaCTH AJI5I ITpl!-
6nH~eHH5I C 60JibillHM ~HCJIOM CB0-
60IJ,Hb!X rrapaMeTpOB rrpHBO,IJ,HT K p,o

ITOJIHHTeJibHb!M OCIJ;HJIJIHl\HHM 113-3a 
HaJIH~HH J!HillHHX ITOJIIIJCOB. 

4To6~ nposecT~ cpasHeH~e c no
niOCHbiM~ K03<1>¢~4~eHTaM~ MBA, rAe 

2 
E (!) my (2) 

gVNN- ~NN+ -~-- g VNN' 
4m 2 

N 

/22/ 

/23/ 

a g(l)_ ~ g( 2)_- KOHCTaHTbl CSR3~ 
• VNN VNN 
A~paKa /nayn~/ seKTOpHoro MeaoHa 

~ HyKnoHa, Mbl npo~HTerp~posan~ Im Gl (t) no n~KaM seKTopHbiX Me
aoHos. KoHe4Ho, TaKa~ cnoco6 noasonAeT nposecT~ n~wb o4eHb np~-
6n~meHHoe cpasHeH~e. ~1HTerp~pyA no seeM p- , p'- ~ pn -n~KaM 

S lm G~(t). Mbl nony4~n~ AllR KOHCTaHTbl 

/24/ 

aE = 1,50 
p 

E a , == -1,61 
p 

E a u= 0,41 
p 

(0,64 I 121, 0,67 131. 

KOTOp~e Hy~HO CpasH~Tb CO 3Ha4eH~AM~ 1 CTOH~~M~ B CK06KaX. 3T~ 

KOHCTaHT~ CBR3~ onpe~J,eneHbl ~3 npM61l~~eH~A 7/7. 

3Ha4eH~A x 2 acex np~6n~meH~~ e~e 6onee 3Ha4~TellbHo yny4wa
IOTCR np~ iJ,Ony~eH~M, 4TO 3$$eKT~BHaR noporoBaA T04Ka SeTBJleH~H 
t 1 ~ nono~eHMH acex non10cos s w -nnocKocT~ ~rpa10T ponb cso6oA
H~x napaMeTpoa a npo4e~J,ype $~T~posaH~A. To4Ka seTaneH~H t 1 wna 
HeCKOllbKO H~~e KK -nopora K 3Ha4eH~AM,cooTseTCTBYIO~~M 0,8 f30

2
• 

13 
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Ta6JIHI.\a 5 

Pe3yJihTaTbi rrop;roHoK p;JIJI arrrrpoKCHMaHTOB c p I 770/-, 
p' /1250/- H p- /J600/-Me30HaMH 

2 

L I Ill X tot HyJIH J1HCT p II OJIIO Chi IRes I 
v 2/ndf 

2 I 7 167.7 -.845, o. 1 0.2, o. p 1.021 
.069, o. 2 • 1.897 , 1.402 

1.)2 f'' 1.011 

3 I 7 164.3 -.837, o. 1 .161, o. p .511 
.061, o. 2 I, 1.764 

1.30 6.619, o. 4 ;w 1.453 
1.077 

4 I 7 167.3 -.827, o. 1 .149, o. p .542 
.047, o. 2 

~ 
1.777 

-.189, 1.482 3 1.197 
1.34 -.189, -1.482 3 -~ 1.121 

5 I 7 163.9 -. 841' o. 1 .197, o. p 1.020 
.069, o. 2 ' 1.757 

-1.917, o. 3 
~· 

1.766 
• 365, 1.257 4 1.219 

, - 1? . 11'><; _, . ?<;7 A 

6 I 7 160.0 -.848, o. 1 .123, o. p .305 
.939, o. ;.! 

~ 
1.496 

-1.295, o. 3 2.663 
2.238, o. 4 2.456 

.090, .943 2 
1.)0 .090, -.943 2 

7 I 7 155.0 -.879, o. 1 .078, o. p .122 
,016, o. 2 ! 1.520 

-.974, o. 1 Ci' 4.650 
• 809, .758 4 ~ ).397 
.809, -.758 4 

-.184, .802 1 
1.27 -.184, -.802 1 

8 I 7 159.9 -.862, o. 1 .123, o. p .295 
.oo8, o. 2 ' 1.504 

-1.082, o. 3 f' 2.545 
2.674, o. 4 , 2.221 
-. 250, 1. 232 3 
-.250, -1.232 3 

• 468, .987 4 
1.25 .468, -.987 4 
---- -- ------ --------

RV 
E 

<l>M 

.866 

.870 

.867 

.870 

.865 

.864 

.867 

I 

I 

4. 3AKJ1104EHHE 

V npeAnaraeTCJI HOBaH aHan~T~4eCKaJI napaMeTp~3a4~JI ~OpM~aKTOpa 

GE ~) B B~Ae pa4~0HanbH~X annpOKC~MaHTOB, B KOTOp~X Ha~6onee 
sa~H~e oco6eHHOCT~ G~~) y4~T~Ba~TCJI B JIBHOM B~Ae: paapea~ Ha 
nepBOM n~cTe, KOpOTK~R nepeKpeCTH~R HyKnOHH~R paapea, a TaK~e 

non~Cbl ~30BeKTOpHbiX Me30HOB Ha BTOPOM n~CTe • 3T~ annpOKC~MaHT~ 
rapaHT~py~T TaK~e BblnOnHeH~e COOTBeTCTBY~~~X ycnos~R HOPM~POBK~, 

Be~eCTBeHHOCT~ ~ Tpe6yeMOR aC~MnTOT~K~. 
Ha aHan~aa scex AaHH~x B npocTpaHCTBeHHOnoA06HoR o6nacT~ cne

AYeT, ·4To nony4eHH~e annpoKC~MaHTbl MoryT xopowo on~c~saTb 3T~ 
AaHH~e y~e C He6onbW~M 4~CnOM CB060AH~X napaMeTpOB, OC06eHHO 
ecn~ Y4~T~BanTCJI see Tp~ BeKTOpH~X Me30Ha. XOTJI B OTCYTCTB~e 
AaHH~x no G~~) so speMeH~noAo6HoR o6nacT~ HeT 4eTKoro KP~Tep~JI, 
cornacHo KOTOPOMY MOmHO 6~no 6~ pew~Tb BOnpoc 06 OTHOC~TenbHOR 
Ba~HOCT~ p'- ~ p" -Me30HOB, TeM He MeHee, B OTn~4~e OT pa-
60T /4,9,34/, y Hac ~MenTeR yKaaaH~JI Ha npeo6naAa~~ee sn~HH~e 
p- -MeaoHa HaG~~) no cpasHeH~~ c p'-Me3oHoM. Y4eT sn~HH~JI scex 
Tpex Me30HOB JIBnJieTCJI TaK~e 6naronp~JITH~M. 

KaK y~e ynoM~Hanocb, Haw aHan~a nOATBepmAaeT sa~HoCTb 3Ha4e
H~JI KOPOTKOrO nepeKpeCTHOrO KaHana, ~ B npH6n~~eH~JIX OH Y4~T~
saeTCJI nocpeACTBOM napbi 11 Hynb + non~c". 3To KaK paa Ta napa, 
6naroAaPJI KOTopoR y cneKTpanbHOR ~YHK4~~ soane 1-ro nopora no
JIBnJieTcJI He6onbwoR nposan • 

np~6n~~eH~R np~BOAJIT K 06~enp~HJITbiM 3Ha4eH~JIM HyKnOHHbiX paA~y

COB. J\nH ~30BeKTOpH~X HyKnOHHbiX KOH.CTaHT CBJI3~ TaKme nony4eH~ 
04eHK~, xopowo cornacy~L!I~ecJI c AaHHbiM~ APYr~x asTopos /3,12/, 
XOTJI MeTOA ~X onpeAeneH~JI AOBOnbHO rpy6. 
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