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llpn 3KcrrepnMeHTaJII.HOM nccJie.D:oBaunn rrpon:ecca o6pa-

30BaHH.H HeiiTpaJII.HbiX 6o3oHoB, pacrra,!l;aiOxn:nxc.H Ha 17° -Me-

30Hbl H raMMa-KBaHTbl B KOHe'IHOM COCTO.HHHH/1 ,2/ ,a TaK:>Ke 

IlpH H3y'IeHHH MHO)KeCTBeHHOH 3MHCCHH 17° ·Me30HOB, HC··

IIYCKaeMI.IX. B a,!l;pOH·H,n;epHbiX B3aHMO,!l;eHCTBH.HX 60JibWHX 

3HeprHH /3,4/ B03HHKaeT He06XO,!l;HMOCTb B IIpOBe,!l;eHHH 

aHaJIH3a CHC~eM, COCTOHin;HX H3 k ~ 2 raMMa- KBaHTOB H 

COIIpOBO)K,!l;aiOin;HX CJiy'IaH peaKU:HH, 3aperHCTpHpOBaHHI.Ie 

.D:eTeKTopoM. Pe3yJII.TaToM TaKoro aHaJIH3a .D:OJI)KHa 6I.ITI. 

H,!l;eHTHrPHKan;HH acex qacTHU: / 17 ° -Me30HOB, TJ 0 
- Me30HOB 

H ,!l;p./, B pe3yJII.TaTe paciia,!l;a KOTOpbiX B03HHKJIH raMMa

KBaHTbl ,!l;aHHOH CHCTeMhl. B H~CTOHin;eH pa6oTe OIIHCaH 

IIpOCTOH aJirOpHTM aHaJIH3a TaKHX CHCTeM. 

OliHCAHHE AJIFOPHTMA 

AnropHTM ocHoBaH Ha rrpe,!J;IIOJIO)Keunn, 'ITO rrpeo6na

.D:aiOin;HM HCTO'IHHKOM HCCJie,!l;yeMbiX raMMa-KBaHTOB HBJIH

IOTCH pacrra_nbl · 17° - H TJ0 
·Me30HOB Ha 2 raMMa·KBaHTa 

H 'ITO 3rPrPeKTHBHOCTb HX perHCTpan;HH ,!J;OCTaTO'IiiO BbiCOKa. · 

IIpe,!J;rronaraeTcH TaK)Ke, 'ITO own6KH B orrpe,!J;eJieHHH 3Heprnn 

raMMa-KBaHTOB He CJIHWKOM BeJIHKH /HaiipHMep, He 60JibWe 

30+40o/o/. Tor,!l;a rrpon;e,!J;ypy aHaJIH3a CHCTeMbi, COCT<lHin;eH 

H3 k ~ 2 raMMa- KBaHTOB, n;enecoo6pa3HO pa36HTb Ha ,D;Ba 

CJie,!l;yiOin;HX 3Tarra. 
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I. BbJ6op onmuMaAb11bJX nap zaMMa- Kea11moe 

B paMKax c.nenaHHhix npe.nnoJio)KeHuii mo6y10 cucTeMy, 
COCTOH~YIO H3 k~2 raMMa-KBaHTOB, MO)KHO npe,D;CTaBHTh 
B nu.ne paccTaHOBKH no onTHMaJihHhiM napaM cor nacHo yc
JIOBHHM: 
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mij- 3lPlPeKTHBHaH Macca naphi i,j raMMa-KBaHTOB, Oij -
yrOJI Me)K,D;y HanpaBJieHHHMH HX 3MHCCHH, m f - MaCca 17°

JIH60 Tf
0 

·Me30Ha, ~ f - noJiyiiiHpHHa pacnpe,D;eJieHHH no 
mij B paiioHe MaCChi 17° nu6o TJ 0 -Me30Ha, ~cosOe 
nonyumpuHa pacnpe.neneHHH oum6oK B onpe.neneHuu yrnon 
Oij ,D;JIH raMMa-KBaHTOB OT pacna.na 17° JIH60 TJ 0

-Me30Ha, 
cos 0 n = 1-2m n IE .. , E.. - nonHaH 3HeprHH naphi i,j 

L L I J IJ 
raMMa-KnaHTOB, N=1- 3, B 3aBHCHMOCTH oT ycnonuii 3Kc-
nepuMeHTa, om ij - OlliH6Ka B onpe,D;eJieHHH m ij • 

IIpu BhiqHCJieHHH omu6KH om ij y.no6Ho BOCnOJih30BaThCH 
CJie,D;yiO~HM Bblpa)KeHHeM ,D;JIH OTHOCHTeJihHOH norpelliHOCTH 
oEY/EY ~, onpe.neneHu~ 3Heprun Ey raMMa-KnaHTOB B 

l(-7·A +lOA-3.25)_ +0.01} 
BEy 
E = ecnu 0.7 _5A ~0.9286 

y 0.1 

KCeHOHOBOH ny{3hiphKOB
2
ou KaMepe: 

2 
~ 

ecnu 0.9286 <A< 1. /3/ 

R 
A=-

Ro 
R - cyMMapHhiH npo6er 3JieKTPOHOB B 3JieKT-

pOHHO-lPOTOHHOM JIHBHe, C03,D;aHHOM raMMa-KBaHTOM, Ha 
.nnuHe pa3BHTHH d , R 0 - aHanoruqHaH nenuquHa ,D;JIH non
HOCThiO pa3Bimaro~erocH JIHBHH; Kor.na d .nocTaToqHo n~· 
JIHKO. BenuquHy R0 MO)KHO HaHTH HTepa:u;uoHHhiM MeTO,D;OM /5~ 

Ycnonue , /2/ y.no6Ho ycunHTh Tpe6onaHHeM, ~no6hi 

I 0 ~ - 0 . . I = mtn . 
L IJ /2 ·'/ 
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Cne.nyeT no.n.qepKHYTh, qTo B cyMMHponaHHH no i,j ·n 
/1/ Ka)K,D;hiH raMMa-KnaHT yqacTnyeT TOJihKO O,D;HH pa3. Ecnu 
H3yqaeMaH cucTeMa cocTOHT H3 HeqeTHoro qucna-~aMM:a
KBaHTOB, TO OCTaiO~eMyCH raMMa-KBaHTY IJ;eJieC006pa3HO'. 

npHCBOHTh BCer,D;a O,D;HO H TO )Ke, ,D;OCTaToqHo 60JihlliOe 
3HaqeHue = BLipa)KeHHH,. 3aKnroqeHHoro B !l>urypHhie cKo6K.H 
/1/. 3TO. 3KBHBaJieHTHO ,D;06aBJieHHIO lPHKTHBHOrO raMMa
KBaHTa, He Hapymaro~ero BHyTpeHHeii KoppeJIH:UHH Me)K,D;y 
3aperucTpuponaH!J:hiMH raMMa-:KnaHTaMu. CucTeMe, co
CTOH~eii H3 k raMMa-KBaHTOB, COOTBeTCTByeT 0 CYMM 
Tuna /1/, npuqeM 

{ 

(k-1) !! , ecnu k-qeTHoe, 
n= 

(k-2)"!!, ecnu k-HeqeTHoe. 
/4/ 

Ecnu ,D;JIH nap hi i, j raMMa- KBaHTOB ycnonue . /2/ He 
BhillOJIHHeTCH, TO BLipa)KeHHIO B lPHrypHhiX CK06KaX CyMMhi 
/1/ UeJieC006pa3HO npunHCaTh ,D;OCTaToqHO 60Jihifi:Oe, Bcer,D;a 
O,D;Ho u To )Ke, qucno. O.nHaKo npu 3TOM cne.nyeT no:M:HHTh, 
qTo ToqHOCTh onpe.neneHHH 3Hepruu raMMa-KBaHTOB ,D;OJI)I(Ha 
6hiTh .nocTaToqHo BhiCoKoii. TaKHM o6pa3oM, oKa3hiBaeTcH 
E03MO)KHhiM Bhi,D;.eJIHTh pacna,D;hi TUna Tf 0 ~ 17°YY H ,D;p;· 

BLipa)KeHue /1/ nerKo o6o6~HTh Ha cnyqaii 3Muccuu 
JII06hiX ,D;pyrux qacTHIJ; H3BeCTHOH MaCChi, pacna,D;aiOIIJ;HXCH 
Ha raMMa- KBaHThi. 

II . KoppeKI.IUJl :mepzuu zaMMa- Kea11moe 

IIpe,D;nOJIO)KHM ,D;OnOJIHHTeJihHO, qTo OTHOCHTeJihHaH OlliH6-
Ka B. H3MepeHHH yrJIOB 0 ij 3HaquTeJihHO MeHLIIIe OTHOCH
TeJihHOH OlliH6KH B onpe,D;eJieHHH 3HeprHH raMMa-KBaHTOB. · 
,lJ;JIH KCeHOHOBOH ny3hiphKOBOH KaMephi 3TOrO, KaK npaBHJIO, 
HeTpy.nHo .nocTurHyTh. 1Io3TOMY B .nanhHeiimeM omu6Koii 
~cos 0 ij MO)KHO npeHe6peqh. 

3a.naqy KOppeKIJ;HH 3HeprHH raMMa-KBaHTOB, B03HUKam
i:u;HX OT pacna,D;OB 17 °- II TJ 0 · .-Me30HOB ua 2 raMMa-KBaHTa, 
MO)KHO CBeCTil K HaXO)K,D;eHHIO MHHHMaJihHOrO 3HaqeHHH 

lPYHKIJ;HH 
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E1 .E] - H3MepeHHhle 3Ha'leHHH 3HeprHHnaphl I,J raMMa

KBaHTOB, e i , e j - "HCTHHHbie" 3Ha'ICHHJI 3HeprHH 3THX 

raMMa-KBaHTOB, a - Heonpe.n;eJICHHhiH K03ci>4>HUHCHT, a i -

ornH6Ka B onpe.n;eneHHH E 1 • 

HeH3BCCTHbie BCJIH'IHHhl e. , e. H a MO)KHO HaHTH H3 
~ I J 

YCJIOBHH: 

ax2 e O· - .... 
ae i 

2 
axe - o; 
aej 

2 
axe_ o, 
a a 

KOTOpble BC.D;YT K CJIC.D;YIOIUCMY ypaBHCHHIO )J;JIJI e 1 

4 2 3 2 2 22 
e.a.-e.a.E.+e.E.fna -fa =0. 
IJ IJI IJL 

/6/ 

/7/ 

YpaBHeHHe .n;na e. nonyqaeTCH H3 /7/ nepecTaHOBKOHHH

.n;eKCOB i H j. Hy:amoe perneHHe .n;na e . HeTpy.n;Ho HaHTH 
I 

'IHCJICHHhiM nyTeM, T.K. OHO )J;OJDKHO HaXO)J;HThCJI B HC60Jib-

IIIOH oKpecTHOCTH H3MepeHHoro 3Ha'leHHH 3HeprHH E . . 
I 

Qenecoo6pa3HO npH 3TOM peiiiHTh ypaBHeHHe /7 I .n;na raMMa-

KBaHTa C 60JihiiiHM 3Ha'ICHHeM H3MepeHHOH 3HeprHH, a npH 

HaXO)K)J;CHHH 3Ha'leHHH "HCTHHHOH" 3HeprHH BTOporo raMMa-

KBaHTaBOCllOJib30BaTbCJI paBCHCTBOM: 

2 -
m, =2e. e. (1-cosO .. ). 

L I J . IJ 

IJpH 3TOM MO)KHO H36e)KaTb 3Ha'IHTCJihHhiX HCKa)KCHHH, 

Bhi3BaHHhiX rpy6hiMH ornH6KaMH B H3MepeHHH 3HeprHii raM

Ma-KBaHTOB. 

oaEHKA TOTJHOCTH 

To'IHOCTh KoppeKUHH 3HeprHH raMMa-KBaHTOB 1dO)KHO 

OUCHHTh, Bhl'IHCJIHB MaTpHUY OIIIH60K llOCJie KOppeKUHH tfj/ 
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GE = ( I 
2) 

0 
- MaTpHUa OIIIH60K )1;0 KOppeKUHH, 

a. 
l 

_, a E. 
I c·· (~)= 

aE ae: 

aEi 

ae. 
_l 

ae T 
(-) - TpaHCllOHHpOBaHHaH ,aE. 

MaTpHua. 

aE 1 aEi 

113 /7/ H /8/ HaXO)J;HM: 

2 2 2 2 2 
a =A ·a +A .a , 

ii ii i ij j 

2 2 2 2 
a = a . =A A a + A .. A .

1 
a . , 

ij ji ii ij i ll l l 

-I f a1 2 fe 
A .. =1- -(-) (2E.-3-), 

11 e3 a. l e 1 i l 

/9/ 

I 1 a. 2 fe 
A-:.=-f (.2...) e.(2E.-3e.)--

3
• 

Jl , a. l l l e . 
. L J J 

BenH'IHHhi A .. , A ij 
• • Jl r 

H a.. llOJiy'laiOTCH 3aMeHOH HH)J;eK-
JJ 

COB 1 H J • ohiJIO oueHeHo, 'ITo B cpe.n;HeM npoue.n;ypa 

KOppeKUHH YJIY'IIIIaeT TO'IHOCTb onpe.n;eJieHHH 3HeprHH raM

Ma-KBaHTOB, perHCTpHpyeMbiX B KCeHOHOBOH llY3blpbKOBOH 

KaMepe/I-S/, Ha ... 40o/o, T.e. 

<a > ... 0.6 <a >. 
ii 

IJyTeM MO.D;eJIHpOBaHHH Ha 3BM pacna.D;OB TT
0 

- H·1J0 -~e30HOB 
Ha 2 raMMa~KBaHTa C llOCJie.D;YIOIUHM HCKa_)KeHHeM 3HeprHH 

raMMa- KBaHTOB B YCJIOBHHX, HMHTHPYIOIUHX peaJibHbiH 3KClle-
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PHMeHT 1
1
-

5
1, 6Lmo . uaiiAeno,. 'ITO onucannaH npo~eAypa 

ynyqmaeT TO'IHOCTL OnpeAeneHHH :meprHH raMMa·I<Bl!HTOB 
B CPCAHCM DpHMCpHO Ha DOPHAOI<, T.e. 

<a > :5 0.1 <a > . 
ii 

B 3ai<nroqenue anTop BLipamaeT npHJHaTenLnocTL npo
ciJeccopaM 3.C.CTpyranLci<oMy H M.Jf.CononLeny Ja HUTepec 
I< pa6oTe H DOAACpmi<y, a Tal<)J<e I<aUA. ciJH3.·MaT. uayi< 
JI.C.OxpuMeni<o H AOI<Topy MaTeMaTHI<H A. ToMamenuqy 3a 
DOJIC3HLIC 3aMe'laHHH H HHTCpCCHLie AHCI<YCCHH. 
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