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BBE.QEHHE 

nonRPH30BaHH~e ny4KH MeAfleHH~X HeMTPOHOB nony4HnH WHPOKOe 
npHMeHeHHe B ¢H3HKe 3neMeHTapH~X 4aCTH~, RApa H KOHAeHCHpOBaH
H~X CpeA. 3¢¢eKTHBHOMY HCnOnb30BaHHIO TaKHX ny4KOB CnOC06CTByeT 
06wHpHaR MeTOAH4eCKaR 6a3a, BKnl04aiO~aR cnoco6~ H yCTPOHCTBa AnR 
nonRpH3a~HH HeHTPOHOB, aHanH3a HX nonRPH3a~HH, KOHTpOnHpyeMoro 
Bpa~eHHR BeKTOpa nonRpH3a~HH, TpaHCnOpTHpOBKH H perHCTpa~HH 
/eM., HanpHMep, 11-3' 1. 

B nocneAHee AeCRTHneTHe AOCTynH~MH cTanH nonRPH30BaHH~e 
ynbTpaxonoAH~e Hei1TpoH~ /YXH/. Pa3BHTHe MeTOAHKH nonRPH3a~HH 
H aHanH3a nonRPH3a~HH YXH, Ha4aToe pa6oTaMH '4- 5', noTpe6oeano 
COOTBeTCTByiO~eM aAanTa~HH MeTOAOB, pa3pa6oTaH~X AnR XOnOAH~X 
H Tennoe~x Hei1TpoHOB. B 4aCTHOCTH, onpeAeneHHOMY nepeocM~cneHHIO 
noABeprnacb npo6neMa nonRpH3a~HOHHoro aHanH3a. 

UenbiO HaCTOR~el1 pa60Tbl RBnReTCR MeTOAH4eCKH eAHHOe H3no>KeH~-te 

pe3ynbTaTOB pa60T no nonRPH3a~HOHHOMy aHanH3y MeAneHH~X HeHT
poHOB~-16' H HaMeTHBWHXCR B03MOlKHOCTeH ero pa3BHTHR AnR o6na
CTH YXH '17-1 9 :. B AanbHel1weM HCnOnb30BaHHe pe3yllbTaToB pa6oT H3 
"'lTnrn rnt..tf"'W:? uo ~':':.:'!""~~ e':,"~~~ :,:;~;;,~~;:,~~~MU""";"~~Ti \:.VVfCc; t ..:.1 DyiV"'cV. 

CCblnKOH. 

1 • TEPMHHOJ10n1R 1.1 COrJlA!llEHHR 

YcTpol1cTBa AnR nonRpH3aUHH, epa~eHHR eeKTopa nonRpH3a~HH 
H aHanH3a nonRpH3aU~-tH MeAneHH~X HeHTpOHOB Ha3b1BaiOTCR nOnRPH-
3aTopOM, CnHH-¢nHnnepoM H aHanH3aTOpOM COOTBeTCTBeHHO. Cne
AYR'2', 6yAeM Ha.3b1BaTb TaK~t~e ycTpoi:iCTBa npeo6pa30BaTenRMH •. npe
o6pa30BaTeftb B 3aBI!ICHMOCTH OT HCnOnb3yeMoro ¢H3H4eCKoro npHH
UHna MO>KeT pa6oTaTb Hnltl B reOMeTPHH nponycKaHHR /¢~-tnbTp/, HnH 
OTpa>KeHHR /3epKano/. 06~HM 3neMeHTOM BCeX H3BeCTH~X npeo6pa30-
eaTeneH RBnReTCR MarHHTHOe none, HanH4He KOTOporo n03BOnReT 
npHHRTb CornaweHHe 0 nonO>KHTenbHOM HanpaeneHHH OCH, Ha KOTOpyiO 
npoeuHpyeTcR cnHH He.:iTpoHa. CneAYR 11 ~ noA nonO>KHTenbH~ Hanpae
neHHeM 6yAeM nOHHMaTb HanpaeneHHe BAOnb nonR AnR reoMeTpHH OT
pa>KeHHR H npoTHB nonR AnR reoMeTpMH nponycKaHHR. 

nocne npeo6pa3oeaTenR ny40K Hei1TpoHoB HMeeT nonRpH3a~HIO 

p c (J - J L J ~ J ), 
; - + -

e-lltJiidtliHWI IHtTIIIJt \ 
11a1111D ~ttJeaouud 
_ &MSIIJ-!OTEKA 

/1/ 
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rAe J+ - HHTeHCHBHOCTb KOMnOHeHT BWXoAHOrO nY4Ka c npOeK4HRM~ 

cnHHo~ +1/2 Ha Bw6paHHoe HanpaBneHHe. EcnH ,Ha nonRp~3aTOp naAaeT 
Henonflpi:i30BaHHwi1 nY40K Hei1TpoHoB, TO 6YAeM Ha3blBaTb c r enens 
nonapaaauaa BblXOAHOrOnY4Ka nOnflpH~YIOll\eH CnOC06HOCTblO nonapuaa
TOpa /B nHTepaType no 3TOMY Bonpocy cy~ecTByeT HeKOTopafl TepM~
HonorH4eCKafl pa3HoronOCH4a/. 

Aanee, 6YAeM xapaKTepH30BaTb Hei1TpoHHW~ nY40K ABYMepHWM 
BeKTopOM 

n == /2/C+} 
rAe KOMnOHeHTw BeKTopa n± npQnOPU~OHanbHW HHTeHCHBHOCTflM J± 
COOTBeTCTBY~ll\HX cnHHOBWX KOMnOHeHT nY4Ka. HenonflpH30BaHHOMY 
nY4KY çOOTBeTcTByeT BeKTOp no c KOMnOHeHTaM~ n+= n_=l, a nna 
nonHOCTblO nonflpH30BaHHoro nY4Ka B 3aBHC~MOCT~ OT 3HaKa'nonflpH
3aUHH ogHa H3 KOMnOHeHT paBHa Hyn~, a APyraR - eAHHH4e. B cnY4ae 
4aCTH4HO nonRpH30BaHHorÇ> nY4Ka ero nonapuaauua MO>KeT 6blTb supa
>KeHa 4epe3 KOMnOHeHTW BeKTopa n: 

p = "!!±:..-:E_= /3/
,n+ + n_ 

Aei1c~BHe npe06pa30BaTenR Ma nY40K on~CWBaeTCfI KBaApaTHoi1 
MaTPHu~i1 2-ro nopflAKa~~~ 

M -
_( m++ m+_)

• /4/ 
m m-+ 

rAe MaTpH4Hwe 3neMeHTW m i " O~HCWBaIOT BepOR!HOCTb !oro, 4Tq 
v v J v',. 'v

HeHTpoH c Ha4anbHOH npoekuuea cnaua J nocne B3.a~MOA,eIl1CTBHfI 

c' npeoõpasoaar enea OKa>KeTCfI B COCTORHHIII c npoeKUHe11 í, 
AJlfl õonee ue rjcor-o BblflB.rleH~f1 ctJH3H4ecKoi1. CYll\HOCTH, a' TaK>Ke 

AJlfl Toro, 4 T06bl He 3arpOMO>KAaTb 0630P AJ'~1HHbIMH $OpMYJlaMH', pac
CMoTpeHHe HaMe4eHHWX BonpOCOB npoBeAeM AJlR MOH03HepreTH4eCK~X 

He~TpOHOB, HJlH, 4TO TO >K~ caMoe, 6YAeM c4111TaTb XapaKTepHCTHK~ 
npeo~pa30BaTeJle~ He 3aBHCflll\HMH OT 3Hepr~~ na~alOll\HX Hei1TpoHOB. 

2.pSAHMOAERCTBHE nY4KA C nOnRPHSATO~OM 

Ilepeouauans ao HenQJlflP.H3QBaHHbli1 nY40K nocne B3aHMoAei1cTBHfI 
c npeb5pa30BaTeJleM-nOJlflPH3aTOPOM onacuae e r ca BeKTopOM 

n+) 
n = ( n = Mn O' /5/ 

2 

". 

YMHO>KeHlo1e ae icropoa 111 MaTplo14 npO~3BOA~TCfI no 06bl4HblM npaaanaa , 
BBeAeM K03et><t>,114HeHT npe06pa30B<lHIIIR Ko nY4Ka KaK OTHoweHHe CYMM 
KOMnOHeHT aeKTopOB n H no: 

~:L~~__K o /6/2 

B 3aB~CI1MOCTvt OT reOMeTpHIo1 onura 3TOT K03$<t>Io14It1eHT HMeeT CMblCJl 
sem14HHbl nponycxaaun To I.1Jl~ K03$$!IIUllleHTa OTpa>KeHIo1F1. 

Y4101TwBaR 04eBIo1AHwe COOTHoweHIo1R: 

(n~no ) = 2, /7/ 

(n~ n ) = n+ + n_, /8/ 

(n~ 0z n) .= n+-n-, /9/ 

rAe WTPIo1X Y aeKTopa Io1JlIo1 MaTplllUW 3AeCb H Aanee 03Ha4aeT TpaHcno
Hlo1poaaHllle, a KpyrJl~e CKo6KIII - CKaJlRpHOe np0lo13seAeHlo1e, 0z - MaT
plll~a naynlo1: 

/10/~C :JU z 

nonYlollllM 

K O (n~ M no)/ (n~ no ), /11/ 

p /12/(no' (J MilO) / (n ' Mn ).
z o O 

Pa3nO>KIIIM BeKTOp fi no nOJlHoi1 CHCTeMe opTOrOHaJlbHWX aeKTopoB 

no 11I 0z no: 

n c ln o + C 2(7 z no' /13/ 

YMHO>Kaft nocnenoaar ensuo /13/ Ha no 101 T\)u ' Hai1AeM K03(N)I.111HeHTblz 
pa3JlO>KeHIIIR c 1 = K ~ c = K P. OTclOAa Io1MeeMo 2 o 

n = K 0(1 + P o z )n O' /14/ 

rAe I - eAIIIHIo14HaR 2x2-MaTPH4a. TaKIo1M 06pa30M, Aei1cTBHe npeo6
pa30BaTenR Ha HenOJlRPH30BaHHwi1 nY40K xapaKTepH3yeTcfI AByMR na
paMeTpaMH: K03<t>$~UHeHToM npeo6pa30BaHHR Ko H nOJlRpIll3YIOll\ei1 cno
C06HOCTblO r. 3aga4ei1 3Kcneplo1MeHTa RsnReTCR 1013MepeHHe 3THX na
paMeTpOB. He OCTaHaBJlIo1SaRCb Ha 1113seCTHblX MeTOAax H3MepeHIIIR K03$
~Io1UHeHTa npe06pa30BaHHfI, nepei1AeM K aHanH3Y nOJlRp~3a~HH. 

, 3 



3.	 B3A~MOAE~CTBHE non~PH30BAHHoro nY4KA
 
co cnHH-~nHnnEPOM
 

Heo6xoAlfIMblM 3I1eMeHTOM n0I1RpH3aUVlOHHoro aHaI1H3a RBI1ReTCR cnHH
$I1Hnnep, MaTpHua npeo6pa30BaHHR KOToporo paBHa 

1- [ [) 
. F	 =, /15/

( f 1- r 

rne f - BepoRTHoCTb nepe sopo'ra cnuaa HelllTpoHa. CHa6)f(aR BeKTOp 

/14/ nanaourero Ha $I1Hnnep nY4Ka VlHAeKCOM :t., HMeeM Ha BblXOAe 
$I1Hnnepa 

== Fn 1•	 /16/n1F 

,QI1R HarI1f1AHOCTH AaI1bHe~WVlx npeo6pa30BaHH~ npeACTaBJIIM, corI1ac
HO117I, MaTpHUY F a BHAe 

F == .1.(1 + a ) + Lcp (I - a' ),	 /17/2 x 2 x 

rAe 

cp = 1-2[	 /18/ 

eCTb 3$$eKTHBHoCTb H3MeHeH~R n0I1RpVl3aUHH $I1HnnepOM, G x - MaTpHua 

naYI1H: 

a	 =(O 1). /19/ 
-1 O: 

TorAa, Y4~TbIBaR CI1eAYIOI1\He COOTHoweHHR, cnpaBeAI1VlBOCTb KOTO
p~x I1erKO ~pOBepHTb, 

(I + a )n1 = no(no n 1)'	 /20/x 

(I-'a )n 1 =. a nO(n' Oaz'nJ,	 /21/
x z 

n0I1Y4HM 

n1F = KO1 (I + cp 9\ ~ z )no '	 /22/ 

rAe K H P - K03$$HUHeHT npeo6pa30BaHHR H n0I1RpH3YlOl1\aR 3$$eK0 1 1 
THBHOCTb n0I1RpH3aTOpa COOTBeTC1seHHO. TaKHM 06pa30M, n0I1RpH3a

4HR qY4Ka nocne $I1Hnnepa paana cp P1 • 04eBHAHO, 4TO B3aHMOAe~CT

BHe 8Y4Ka C el1\e OAHHM $I1HnnepOM AaCT TY )f(e CTpYKTYPY BeKTopa 
/22/ C Ao6aBo4HblM MHO>KHTeI1eM nepen P • Y4\11TblBalOI1\HM 3$$eKTHB

1 
HOcTb BToporo $I1Hnnepa. 

4 

4.	 B3AMMOAE~CTBHE nonRPH30BAHHoro nY4KA
 
C AHAnM3ATOPOM
 

0603Ha4aR MaTpHUY npeo6pa30BaHHR aHaI1H3aTOpa 4epe3 M2 , n o 

I1Y4HM Ha B~XOAe H3 aHaI1H3aTOpa 

n	 == M n • /23/2 2 1F 

B COOTBeTCTBHH C onpeAeI1eHVleM /11/ n0I1Y4HM K03$$HUVleHT npeo6pa
30BaHVlR Bce~ YCTaHOBKVl, cOAep)f(al1\e~ nOIlRpH38TOp, $I1Hnnep H aHa

IlVl3aTOp~ 

== (n~n2):I(nÓ no)'	 /24/K o 12 

nOAcTaBIlRR /22/-/23/ B /24/, \IIMeeM 

(n; M n ) (i) (n 'nM a n )K == K ( __OC:..2._D____ + cp J.. __.,.}(.;_2_~.~.... ]. /25/
O12 01 (n "n ) 1 (n 'On )

O O W 

AaIlee, BBoAR Ko3$$VlUVleHT npeo6pa30saHVlR aHaIlVl38Topa 

== (n~M2nO )/(nón o)	 /26/K0 2 

\11 0603Hà4aR 

A 2 == (n~M2az no) I(ne; M2n~,	 /27/ 

nony4VlM . 
= (1+<pP A 2)'	 /28/K 0 12 K0 1 K0 2 1

BeI1\114\11Ha A Ha3~8aeTCR aHaIl\ll3V1Py~~e~ cnoco6HoCTblO npeo6paso

BaTenH. $M3Vl4ecKoe 06ocHoBaHVle AIlA 3Toro õYAeT AaHo n03)f(e. 

5.	 nOn~PH3AUHOHHOE OTHOWEH~E 

OnpeAeIlRR nOIlRpH3aUVlOHHoe OTHoweHHe R YCTaHoBKH ~aK OTHO

ureuue HHTeHCIi1BHOCTe~ J 1 1-1 J 2 8bIXOAHor'O nY4Ka nplll BblKIl104eHHOM
 

(cp== 1) H BKIlI04eHHo,,", (1)= CPo f. 1) <t>mmnepe, 'nOIlY4I11M Vl3 /28/
 

J 1 + P AR '=	 _1 == _ ....__:.J._~.... :, /29/ 
J21+cpPA

O 1 2 

rAe CPo- 3$$eKTIi1BHOCTb nepeBopoTa nonRp~3a~HH BKnlO4e~Horo $Ill-1n

nepa. • • 
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H3 /291 onpeAen~~T cpeAHee r~OMeTp~4eCKoe 3Ha4eH~e nonAp~
3Y~l1\e~ ~ aHan~3~PY~l1\ei1 CnOC06HocTei1 /2,7,15/: 

/---_ .... . rxrr J R-1 
p~ " P1 A2 = l--;~R' /30/ 

Ecn~ 3$$eKT~BHoCTb nepeBopOTa ~o He~3BeCTHa, TO ~3 /29/ 
MomHO onpeAen~Tb TonbKO H~mHee 3Ha4eH~e cpeAHero reOMeTp~4e
cKoro: 
-
5' --- cmín - y l , /31/ 

rAe BBeAeH 3$$eKT ABYXKpaTHOrO npOnYCKaH~~ YCTaHOBK~ 

=.!J...:-1.z_= ~_=-1_f: 132/
J 1+J2 R+l 

6. METO~ ~BYX CnHH-$nHnnEPOB 

Ecn~ MemAY non~p~3aTopOM ~ aHan~3aTopOM YCTaHOBne~o ABa cn~H
$n~nnepa, TO B /22/ 3$$eKT~BHoCTb ~ ~3MeHeH~~ non~p~3a~~~ pas
Ha 

~'~~1~2' /33/ 

~Ba COCTO~H~~ KamAoro $n~nnepa - BKJ1~4eHHOe li1 SblKnlO4eHHoe - no
3Bon~~T npoBecT~ AO 4eT~pex ~3MepeH~i1 ~HTeHC~BHOCT~ BblxoAHoro 
nY4Ka °Hei1TpoHoB ~ 06pa30B;Tb cneAY~~li1e R -oTHoweH~~: 

.1 + 9'1 A 2 
R1 =------ /34/

1 + ~01 5'1 A2 ' 

1 +' 5'1 A2 
R = ----------- , /35/ 

2 1+~02g\A2
 

R = _L~!J..~2 :.
 /36/1
2 1 + cP0.1 ~025'1 A 2 

H3 /34/, /35/ cneAyeT COOTHoweH~e MemAY 3$$eKT~BHOCT~M~ cn~H

$n~nnepOB /11/: 

!..:.~ (Rt::~~_~_ . /371
l-cP R (R -1)

02 1 2 

np~Bne4eH~e /36/ n03Bon~eT, cornacHo~2~ pa3AenbHO onpeAen~Tb 
3$$eKT~BHOCTb $n~nnepoB ~ cpeAHereOMeTp~4eCKY~ cnoc06HOCTb: 

6 

R (R -RI)
~o I == - __ g l~ , /38/ 

R1~-1)R12 

:= __R (R - R 2) •<P 1_~... /39/ 
o2 (R 1 -:~ >. R2 R 12 

r--~~----~--------VI __(RJ..: -1:.J'\ R.l.'L 140/P = -1__ ,,"~_g\ (R __ __

R1R 1- R 12 

7. nom:IP~3AUHH rlYYKA nocnr AHAnM3ATOPA 

nonb3YRCb /12/ ~ /23/, onpeAen~M nonAp~3a~HIO nY~Ka nocne 
aHan~3aTopa: 

p = i~Q~..z-.~22_. == [ (nó_~~:f~~~Jl'_l_ ~; \ _~~_~_z.~JY':'!_ 1. /41/12 (n'n)
O 2 (n~no) (nó no) 

3HaMeHaTenb B /41/ ~BnAeTC~ K03$$~~~eHToM npe06paSOBaHIi1R /28/ 
yCTaHOBK~, a 4li1Cnv,Tenb c Y4eTOM /22/ MomHO npeo6pa30BaTb ~ cne
AYlOl1\eMY B~A'y': . '. . . 

(nó(J z (n'~(T'M'n..o.)' (nó(J , M ' (1 no) ,M 2n 1r ) 
-.---:-----~.--- :o KO1\ ----:.a,-~ -- +<P Ti -Z._.z.:_~____ ]. /42/

(nó no).. (n Ono) (n Óno) 

TorAa, nonb3YACb /26/ ~ /27/, ~ 0603Ha4aA 

8 - _~.ó.!..z..~R-~L.r:Q.2 __ (43/
2'- (n~ M n ) , ' 

2 O

n0f1Y4~M 

(j) A 2 + cP P18 2
,)12= -l-:--:;-P,-Ã---- . 144/ 

'f' 1 2 

Bem14~HY 8 6YAeM Ha3blBaTb S -$aKTOpOM npe06pa30BaTen~/19!. 
TaKVrM 06pa30M, Kap~AY c K03$$~~~eHToM npe06pa30BaH~~ Ko' non~

P\ll3~YIO~ei1 ~ aHan~3~PYlOl1\ei1 cnoc06HoCT~M~ P v. A, npeoõoaaoearens 
xapaKTep~3yeTcA 4eTBepT~M He3aB~C~MWM napaMeTpOM s. CneAY~ ~9~ 
6YAeM uaauaar s Ko ' P ,A ~ S Ii1HTerpa.nbHblM\II non~p~3a~~OHHbIMl-1 

napaMeTpaM~ npeoõpaaoaarena , B TO speMR KaK 3neMeHTbl mij. MaT
P~Qbl npeoõpaaoaauaa /4/ ~MeIOT CMblcn A~$$epeHQ~anbHblx nonapaaa
~v.OHHbrX napaae'rpoa npeoõpaaoearena . 

7 



8.	 ~HTErPARbH~E nOn~PM3AU~OHH~E
 

nAPAMfTP~ nPE06PA30BATEn~
 

nOACTaBIlRR. /4j B /11/ 7 /12/, /27/ 11I /43/, Bblpa3111M lIIHTerpaIlb-

Hble napaae'rpu npeoõpaaoaarena -repea MaTp1ll4Hble anexe-rru m { 2 . 10 .1 7, 19/-: 
i

KO = .l.tm + m + m + m ),2 ++ +-: -+	 /45/ 

p = _1_{ (m + III ) - (m + m )],	 /46/2K + + + -, - + - 
o 

A = 2~ :[(m++ + m_+)-(m+_: + m__ )l. /47/ 
O 

S = _1_ [(m + m )-{m + m )]. /48/
2K{) ++ -- -+ +

B nOCIl.eAHlIIX rpex Bblpa}/(eHlIIRX 3ReMeHTbl III ij crpynnapoaanu Ta K, 

4T06~ B~RCH~Tb $1II31114eCRlIIR CM~CIl Ka~Aoro napaMeTpa. 

B 1461 B~AeIleH~ 3IleMeHT~ c 3aAaHHoR npoeK~lIIeR CnlllHa B KO

He4HOM COCTORHlIIlII nY4Ka P+='Ill+++ m+_ 11I P~= Ill_++m__ • ECTeCT-

BeHHO, 4TO pa3HOCTb (p, - p_) onpenenaer c r eneus nonapaaauan 

B~xOAHoro nY4Ka, 4TO corIlacyeTcR c paHee ~BeAeHH~M COOTHowe

HlIIeM 13/. 
B /47/ crpynnlllpoéaH~ 3IleMeHT~ c 38ijaHHoR npoeK~lIIéR cnlllHa 

B Ha4aIlbHOM COCTOflHHlII a., ='Ill+++ Ill_+ 11I a_=·ffi+_:+- m__:. BeIl1ll4111Hbl 

a+ 11I a_o xapaKTep1ll3Y~T pa3Il1ll4HY~ ceneKTlIIBHOCTb npeo6pa30BaT€IlR 

K ~eRTpOHaM c npOTlIIBQnOIlO}/(H~MH npOeK~lIIRMlII cnlllHOB, a pa3HOCTb 

(a ; -a~,) onpenenner ero aHaIl1ll3111py~utYJO /no OTHoweHH~ K nonapu

3aLtlllH naAa~~ero nY4Ka/ cnoco6HOCTb. TaK KaK 8 06~eM CIlY4ae 

Ill, 4ffi ,TO lIIMeeM XopOWO 1II3BeCTHoe CoOTHoweHlIIe ~O~• -+ +

Ill_.+ - Ill+_.
A =	 9' + ----.------,;.. /49/Ko 

H, HaKoHe~, B /48/ np01ll3BeAeHa rpynnlllpoBKa 3IleMeHToB c co

xpaHeHlIIeM Y1 nepe aoporoa cnuaa HeRTpoHa Se = m++ + fi__ VI Se 
= m + III • nOAcTasIlRR' 3TlII -cOOTHoweHlIIR B /48/, nOIlY411lM-+ +

Sf 
S =1 - K~	 /50/ 

TaKlIIM o6pa30M, ~ -~aKTop onpe,QeIlReT AOIl~ HeRTpOHoB, coxpaHlIIB-

WlllX ceOH' cnlllH nOCIle npeo6pa30BaTeIlR. 

Ecna J,1HT~rpaIlbHble napexer pa ÚblIllll 6bl 1II3BeCTHbl, TO, peuiaa 

ClIICTeMY' ypasHeHlIIR /J~5/-/48/, MO>KHO õuno 6bl onoenenars MaTpt-14- . 

Hble 3IleMeHTbl m ij 11I TeM caMblM BOcCTaHOBlIITb MaTp1ll4Y npeoõpaaoaa

HlII~. M. 

8 

... 

9.	 EmE PA3 O nOn~PH3AUHOHHOM OTHOWEHHM 

~BHoe Sblpa>KeHlIle lIIHTerpaIlbHblX napaaerpoa .nceoõpeaoearena l..Iepe3 

MaTp1ll4Hble 3IleMeHT~ mij naer B03MOH<HOCTb nOIlY4HTb ~OPMYIlY AIlR 

nOIlRpHsa4HOHHoro OTHoweHHR APyrHM nYTeM~~ BBeAeM, cIleAYR~~ 
s'eIlH4/1lHbl a l1 f3 KaK OTHoweHlIIR J.1HTeHCHBHOCTe~ J rt cnHHOBblX KOM

nOHeHT nY4Ka HeRTpoHoB nOCIle npeo6pa30BaTeIlR K HHTeHClIIBHOCTH 

Jo± 3TlIIX KOMnoHeHT naAa~~ero nY4Ka: 

a=	 J
1+

/J O+ ' /51/ 

f3 = J1-./ JO_ •	 (52/ 

Ecna Ha npeoõpaaoaareru, nanaer HenOIlJ=JpH30BaHHbU1 nY40K, TO 

J
O
± = ~-:Jo' rAe J O - nOIlHaR VlHTeHClIIBHOCTb nanaoutero ny-uca • BbIXO,Q

Hble HHTeHC'H8HOCTI4 CnHHOBblX KOMnOHeHT B 3TOM cnyvae , cornacuo 

4 J1±="2-:JoP±. Torna 1l=C10 = P+ H f3 =f30 = ' P_ ' /3/, paBHbl 
1 

ECIllll RaAa~I1.lHR nY40K lIIMeeT nOIlRpHsaLt~~ P. TO HHTeHCHBHOCTb 

SXO,QHbIX CnHHOBb'X KOMnOHeHT paaaa :J
O
±~ tJo.(l ± p), a BblXO,Q

H~X - COOTBeTCTseHHo 

J 1+ = 1.. Jo [rn (1 + P ) + m (1 - P )],	 /53/2 ++ +- 

J1_ : = ~Jo [m_+ (1 + P) + ITI__(l- P)l.	 /54/ 

OTKYAa HMeeM 

1-· P 
a = m + m ---ã} ,J /55/++ +- t+J 

{3 = m .1..::..1..: + m /56/-+	 1+ P 

AIlR YCTaHOBKH, COAep}/(a~e~ nonRp~3aTOp /lIIHAeKC 11 H aHaflH3a


TOp /HH,QeKC 2/7 nOnHaR lIIHTeHCHBHOCTb B~xoAHOrO nY4Ka p~BHa *
 

*B/lI Cp;en3H3 onraõo-maa 3aTIHCb J = t Jo.. (a + 13 /3 ),2 0 2a0 1 0 2 0 1 

H3 KOTOPOH cnenver == t'(P1+ P2+ + P1... P 2-) B nporaaopeuaaK0 1 2 

C /59/. 3aMeTHM, t.ITO BeJIHt.IHHhl tI H f3 3aBHCHT OT rronHpH3aIJ;HH na-: 

natonier-o rrysnca li ne xor.yr CJIY)KfITb .XapaK'I'epHCTHKaMH npeo õpaaosa

TeJIH. 
9 



J z = t:J o(a 2 a O1 + f3 J3 O 1 ).	 /57/ nOcne aroporo aaaruraa topa c MaTp~l..lei:f M3 ~~eeM 

~3 /46/ MomHO nonY4~Tb	 n 3 == Msn2F . /65/ 

OTKYAa nocne npeo6pa30BaH~~, aHanorH4H~X /24/-/28/, nonY4aeM.l=_t=~.	 /58/ 
K03$~~~HeHT npeo6pa30BaH~R YCTaHOBK~, cOAep~a~e~ nonRp~3aTop, 

] 
1+5' P1+ 

ABa aHan~3aTopa ~ no OAKOMY $n~nnepy MemAY H~M~: 

npeo6pa3yeM /57/, nonb3YRCb /47/, /55/, /56/ ~ /58/, K B~AY 

K O123 == Ko1K02 K03.(1 + <P 1P1A2+ <P2 P2A3 + CPt<P2P1S2A3)' /66/ 
.T2 1 

KOI2= J-- = 2":(Pl+ a2+ + P1.... at-). /59/ 
O 

npoaHanH3~pyeM /66/ B npeAenbHOM cnY4ae OA~HaKOB~X npeo6pa
aoaareneã ~ ~AeanbHblX Cn~H-~J1~nnepOB. Ilocnenaee nonyuieuae 6n~3KO 

HeTPYAHO o606~~Tb /59/ Ha cnY4a~ Han~4~R ~n~nnepa Me~Ay.nonRp~ K peanbHo~ cHTya~HH, a nepB~e MO~HO B~nonHHT~ c nOMO~b~ 3Kcne
3aTopOM ~ p~MeHTanbHo~ .BbI6oPK~ ~3 HeKOToporo Ha60pa npeoõpaaoearene ã MeaHan~3aTopOM: 

TOAOM ~",KJ1~4eC~O~ nepeCTaHOBK~ Tpex npeo6pa30BaTene~ ~,w~ 
K . = 1-. [(1 + cp )(p a + Pia ) + (1 - </J )(Pl a + P a )J, . /6 0/ TorAa'~3 /66/ ~MeeM012 4 1+ 2+ - 2- - 2+ 1+ 2

4TO RBnReTCR APyro~ ~OPMO~ 3an~c~ /28/.	 = K~[l + (CPl + <P )PA + cP 1 cfJ2
PA S ] . /67./K 0123	 2 

np~ ~3Mepe~~Rx c AenonRpH3aTopOM (</J==~ nonRp~3a~~OHHoe OTHO
uieuue paBHO * . no aHanor~~ c /34/-/36/ MO~HO ~3MepHTb TPH R-oTHoweH~R, H3 

KOTOp~X MO~HO o6pa30Barb ABe KOM6HHa~~~: 

·R == 1 (p a + p a ) = 1 + P A • /61/	 - R2 (R12 - RI)R1(R 2-1) R 12 2 K K 1+ 2+ 1- 2- 1 2
01 02 .	 ri == ------------------------- == /68/

R
1R 2(R 12 -1) 

(1- CPo 1 - cp O2 + c/Jo 1CPo 2 )8.==---------------------------10. METOA ABYX AHAn~3ATOpOB 
(2- </J 01 - </J0 2 )+(1 - </J CP0 2'fS 

0 1
r 2 = __~J..~~~~.lL!)~ == npOAon~~M ~ccneAOBaH~e B03Mo~HocTe~ paccMaTp~BaeMo~ HaMH /69/ 

npone~Ho~ /~n~ npoTo4HO~1 cxeM~ nonRp~3a~~oHHoto aHanH3a. nYCTb R1(R2+1)R I2 + R2(Ru~:,"Rl) 
(2- ip - </J ) PA + (1 - cp cp ) PASnoche nepBoro aHan~3aTopa YCTaHoBneH~ e~e no OAHOMY cnHH-~nHn


nepy K aHan~3aToPY. AnR npocTOT~ 6YAeM C4HTaTb 3~~eKT~BHoCT~ == 4 +-2(~;~~;)PA~-;-(i-~~UI2;4>~2 +</J~;;5PXs- ,
 
o6o~x $n~nnepoB ~3BeCTHbIM~. B npoT~BononO~HOM cnY4ae HaAo np~ aaxevarensuue TeM, 4TO AflR ~AeanbHblX ~n~nnepOB (CPOl ==cP 02= -1)
 
MeH~Tb MeTOA ABYX ~nHrinepoB. ~MeIOT MeCTO npocrue paaeucr ea S== r 1 H PA= r2 . TaKHM 06pa30M,
 

nonb3YRcb /28/ ~ /44/, 3anHweM BeKTOp n 2 B BHAe /22/:	 BBeAeHHe BTOPO~ aHanH3HPy~~eM CHCTeM~ n03BonReT onpeAenHTb 
s-~aKTop npeo6pa30BaTenR. OAHaKO pa3AeneHHe n0J1Rp~3y~~e~ 

~ aHanH3~Py~~e~ cnocoõuocreü P H A no-ripexuexy HeB03MO~HO.n 2 == K O12 (f + P12 O"z ) fio •	 /62/ 

nOcne BToporo ~n~nnepa c MaTp~~e~ F HMeeM2 11. $OPMAn~3M CTQKCA
 
F /63/ I
n 2F == 2 n 2, 

,1.' no CHX nop o6cY~AeHHe wno B paMKax 2x2-MaTp~~~ npeo6pa30Ba

4TO B cooTBeTCTB~H c /22/ AaeT j HHR, KOTopaR 3~eKTHBHo nOAaBnReT KOMnOHeHT~ BeKTopa nonRpH3a


~HH no OCRM x ~ Y. C4HTaR MarH~THoe none HanpaBJ1eHH~M no OCH z.

"	 /64/ 'j S/151 KnaCC~4eCKaR cxeMa nonRp~3a~~OHHoro aHanl;l3a 6~na K3Y4eHa == K012(I+CP2PI20"Z)nO'n2F 

I Ha OCHOBe ~opMan~3Ma CTOKca~O~ onep~Py~~ero 4eT~pexMepH~MH BeK
TopaMH ~ K8aApaTH~M~ MaTpH~aMH 4-ro nopRAKa.

:.D /11 
AJ"HI :3TOrO crrynaa nonvseno nencpnoe aupaxenae R==l + P1 P2 • I 
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;.~. 

CAenaeM HeKOTop~e onpeAeneH~R. PaSnaraR Cn~HOBY~ 4aC~b BOn Ae~cTB~e MaTp~4~ M1 npe06pa30BaTenR-nonRp~3aTopa Ha BeKTOp 
HOBO~ $YHK4~~ ~ He~TpOHOB no nonHOMY Ha60py opTorOHa~bHblX c06- CToKca Co naAa~~ero HenonRp~30BaHHoro nY4Ka paSHO 
cTBeHH~X ~YHK4~~ 

/70/0/2 ee0/1 =c)" C)	 
1\ 

I
nonY4~M 

I 
1 

+ a	 ~ == .( a ). /71/ 'I.~==al~i 2 2 a 
2 

BbI4~CJ1~M OH<~AaeMble 3Ha4eHV1R MaTp~1.\ Ilaynu , BKn~4áR eA\I1H~4HY~: 

J ::::.< I > =-t/J *I 1/J ,	 /72/ 

P = <a >:::: .t. *a .t,	 /73/
1 x 'f' x'f" 

/74/P = <o > = rjJ * a t/J.2 Y Y 

175/P3 = <a z> == t/J*a z ~ 1 

rAe SBe3A04Ka 03Ha4aeT 3pM~TOBO COnpRH<eH~e.
 

Oõpasyea ~3 /72/-/75/ 4eTblpexMepj;bl~ BeKTOp CTOKca
 

/7 61c~	 ( ~2) 
P3 

KOMnOHeHT~ BeKTopa CTOKca npeACTaBnR~T ~~3H4eCK~ ~3Mep~M~e Be

n~4~Hbl H nonHocTb~ xapaKTepH3Y~T nY40K He~TpOHOB. Hanp~Mep, \113
 
/72/ B~AHO, 4TO J nponopuaoaans aa nonuoã ~HTeHc~BHOCT~ nY4Ka.
 
KOMnOHeHTbl 5\. i = 1,2,3, xapaxrepuayor n-poeKu.~~ .aexropa nona

p~3al\~~ nY4Ka Ha COOTBeTcTBy~~~e oc~. B 4aCTHOCT~, HenOnRp\l1

30BaHH~~ nY40K on~C~BaeTCR seKTopOM Co = UOO~~
 

MaTpH~y npe06pa30BaH~H 3an~weM B caM6~ o6~e~ $OpMe: 

Moa Max MOy Moz	 \' 
xo M xx M xy _.

M :::: 1 
M	 

1 , /77/ :1 
f.Myy "M yO 

Myx 
~: ~ 

M M M 
zo .zx zy
 

He KOHKpeT~3HpYfl noxa cxsrcn ee 3neMeHT013.
 

12 

C 1 = MiCO'	 178/ 

AHanorV14HO nocne aHan~3aTopa c MaTpH4e~ M HMeeM
2 

C 2 = M2M 1C O •	 /79/ 

Bbln~weM ~3 aexropa C 2 r ons xo nepBbl~ 3neMeHT, xapéiKTepH3Y~~H~ 

~HTeHC~BHOCTb ny4Ka nocne aHanH3aTopa: 

J 2 ::::	 (M1 )oq(M2 )00 + (M 1)Ox(M2)xo + (Mi'o/M2)yO + (Mi ) Oz(M 2 )zO • /80/ 

SeOAR nonRp~.3YJO~Y./O H aHan~3~p.ylO~y~ cnoc06HOCTH P H A npeoõ
. Max Mov Mn", M opa30BaTenR KaK BeKTopa c KooPA~HaTaMkl ----, -~. ,-~_. H __..L-. 
. Moa Moa MM oo	 oo ~Lq,._ , !~ COOTBeTCTBeHHO, nonY41r1M /801 e BHAe 

Moo 'Moo 

J 2 == (M1 )00 (M )00 [1 + (Pl Â )] •	 /81/
2 2 

Ec~~ MeH<AY nonRp~3aTopOM w aHan~3aTopOM BKn~4eH HAeanbHblw 
cn~H-~n~nnep c MaTp~4e~ npe06pa30BaH~R' 

O O 

-1 O 

O '-1 /82/F =(; 
O O 

}). 
TO ~HTeHC~BHOCTb nY4Ka nocne aHan~3aTOpa paBHa 

~2f = (M 1)00 (M2 )00 [1- (~ ~2)].	 /83/ 

COCTaBnRR ~3 /81/ ~ /83/ R-oTHoweH~e H nonb3YRcb /32/, nonY4~M 

,(:::: (P1 Â2 )"	 /84/ 

4TO nOnHOCTblO cornacyeTcR c pe3ynbTaToM, nonY4eHH~M B paMKax 
~opManH3Ma c 2x2-MaTpH4e~. 

12.	 S03MOmHOE PA3B~T~E
 

nOn~p~3AU~OHHOrO AHAn~3A B 06nACT~ YXH
 

.lJ,.nR õonee 4eTKoro 06cYH<AeHHR HOBblX B03MOH<HOCTe~ 'B nonapa
3a4V1oHHoM aHanH3e Ha YXH KOHKpeTH3~pyeM ~HA npeo6pa30BaTenR 
nY4Ka He~TpoHoB. npeAno~eHH~~ B~,51 npe06pa30BaTenb B BHAe 
TOHKO~ /~1 MKM/ $eppoMarHHTHo~ nneHKH, HaMarH~4eHHo~ AO Co
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CTOf;tH!-1R HaCbll4eHI1R, YCTaHaBnI1BaeMbl~, KaK npaaano , B reOMeTpl111 
npOnYCKaHI1R, OCT,aeTCR AO HacToRU\ero BpeMeHII( eAHHcTBeHHblM Vl aecv

\ • r"" I ' • 

Ma 3Cl:><t>eKTI1BHbIM nonapaaaropoe YXH .13.21-2~/Ael~cTBVle r axor-o nonapa
aaropa OCHOBaHO !-ta CBo~cTBe YXH I1CnblTb!BaTb nonuoe OTpa>KeHl1e 
OT Bel4eCT~a, ecnVl KX 3Heprl1H HI1>Ke rpaHI1~HO~ 3Heprl111 3Toro Be
~eCTBa. TaK KaK rpaHVl4HaR 3HeprHR MarHI1T~W~ B~~eCTB 3aBVlCI1T OT 
B3aI1MHO~ Opl1eHTa4HH HanpaBneHI1R HaMarHVl4eHHoCTH 11 Cnl1Ha HeMT
poua , TO, noA611paR TaKO~ COCTaB eeuiec r aa , 4T06bl rpaHI14Hafl 3Hep
rl1R AnR OAHO~ /B AaHHoM cnY4ae nOnO>KI1TenbHO~/ opVleHTa~l1V1 Cnl1Ha 
He ,6blna nOnO>KI1_TenbHO~, a rpaHVl~HaH 31;l~pr11R AIlR APyro~ opuea r a
41111 cruiua npeauurana MaKCl-1ManbHYlo 3.Hepn~11O B cnexr pe naAdlOLl.\I1X 
YXH, MO>KHO c03AaTb 3<t><t>eKTI1BHble <t>"'nbT~b1 CnI1HOB~X KOMnoHeHT nY4Ka 
.YXfI. 

06b14HO s~KcnepVlMeHTax I1cnbnb3y~TcR nbnl1Kp"'CTannl14eCKVle nneH
KI1, AalQ~l1e P:5 0,85:.. B/ 13 / 6blna ~1ccneAOBaH,a MOHOKpl-1CTanm14eCKaR 
nneiuca 11 nonyveuo P = 0,95. OAH'ai<o AO Cl-1X nop He paapaõoraae 
r exuonor-aa 113rOTOB.fIeH~R YCTO~qVlBb~X MOHOKpI1CTanm,,4eCKlt1X nne-rox . 
C APyro~ CTOpOHb., ~MeeTcR xopo~aA TeXHonorHR gnR nonI1KpI-1CTann~

4eCKVlX nneHoK. 
YcnewHoe Hcnonb30BaHI1e nonRpVl30BaHHb\X YXH B on~TaX no nOHcKY 

3neKTpl14eCKOro AVlnonbHoro MOMeHTa HeMTpoHa~5-27!H nepcneKTHBb. 
\IlX npHMeHeHI1R B APyrHx o6nacTAx <t>~13I1KI1 YXH, HõnpVlMep, AnR c03Aa
HHR 3aTBopOB/28.291 H, npepblBaTene~/:30 .311 YXH, r10BblwaIOT. axr yans HOCTb 
pa3pa6oTKVl 3<t><t>eKTVlBHblX nonR~H3~TOPOB Ha'OCHOBe ~epPOMarHI1THblX 
nneuox , B 3TVlX paapeôo'r xax MomeT nOMuqb ~O'~Y'-leHHe' õonee nonuoã 
VlH<t>opMa4~111 O nonRpVl3a4110HHblX xapaKTepVlCTI1KaX nneuox , B 4aCTHO
CTI1, O AI1<t><t>epeHlll1anbHblX xapaxr epnc r akax o', OAHaKO B npo r ovaoci 
,CX~Me nonapaaauaouuoro auanaae , Ka'K 3,TO 6blIlO BVlAHO Vl3 npensrny
~ero paCCMOTpeHI1A, TaKO~ Bo3MO*HOCT~ He' I1MeeTCR. 

OTMeTI1M, 4TO B cnY4ae YXH TpaKTOBKa pe3ynbTaToB nOnApl13a
LtVlOHHoro aHan~3a ocnO*HAeTCR ~aDI14~eM nepeOTpa*eHVl~ YXH ~e}KAY 

nneHKaMVI nonapuaa r opa 11 aHanVl3aTopa"12'. TaK l<aK B 06U.leM crryu ae 
yuec r s nepeo r paxeuaa He YAaeTCA, TO B IH, 16.22/ TaK9~ Y4eT npOBO
A'i.1ncR B paMKax KOHKpeTHblX Marpl-1q npe06pa30BaHI1R. 'Ranp~M'ep, AnA 
MOAenVl nQBepXHOCTHO~ AenOn~pI13a~VlI1, on~c~BaeMO~ MaTpVl~e~ npo
nYCKaFU1R, 

(1 - {31 )(1 - f3 2 ) (1_ f3 1){3 2 ) . 

T ~ ,( /85/«; (1-{32) f3 l f3 2 
~ 

:1> 

r ne T - napaae r p , Y4I1TbIBalOl1\Y1~ nornouieuae YXHB nne axe , {J1 11 (J2 

BepO~THOCTI1 nepeBopOTa Cnl1Ha He~TpOHa H~ BXOAHO~ 11 B~XOAHO~ 

/no OTHOWeHl11O K naAalOU\eMY nYLlKY He~TpOHoe/ nOBepXHOCTRX nneHK~, I
.1.

Bb.pa>KeHl1e i28/ .AnR nponYCKaHI1R ycTaHoBK~1 TpaHC$opMI1PyercR K 81>1-
., 

118-1 J . " 

AY , ! 

4T(O)
T ::: ,__:..:..PJ;,2 :, /86/

012 3 + .s: j A 
'P 1 2 

rAe T6~- nponYCKaHl1e, AaBaeMoe /28/, ~e3 Y4eTa nepeoTpameHI1~o 
COOTBeTCTBeHHO 3~<t>eKT ( ABYXKpaTHoro nponYCKaHI1R AnR I1AeanbHoro 
<t>nl1nnepa paBeH 

2(0 
(= 

" /87/3 -: (o 

rAe (o == r
1 

A 
2 

- 3<t><t>eKT 6e3 Y4eTa nepeoTpameHI1~o OTclOAa ADR cpeA
Hero reOMeTpl14eCKOro /30/ cneAyeT * 

s: j (v'1:3;r~ 1)/ e 
/88/ 

'o 

2
AnR peanac tuvecxor-o 3Ha4eHI1R P1A "" 0,8 nepeo'rpaxe-ma nOAaB2 
nRIOT 3<t>~eKT ( Ha 30% /6e3 Y4eTa nOTepb MemAY nneHKaMI1/, T.e. 
I1rpalOT 3aMeTHYIO ponbo 

3T~ TPYAHOCTI1 I1C4e3alOT B HaKOnl1TenbHOM Bapl1aHTe/ 121 nODRpl1
3aLtl10HHOrO aHanl13a, KOTOPbl~ OCHOBaH Ha CBO~CTBe YXH YAepml1
BaTbCR B 3aMKHYTOM cOCYAe /nOBYWKe/, 4TO n03BonReT ocy~eCTBI1Tb 

nOBTopHoe nponYCKaHl1e YXH 4epe3 npe06pa30BaTenb. 
B1171 õuno nOKa3aHO, 4TO MaTpl1Ltbl 'nponYCKaHI1R npeoõpaaoearena 

B npRMOM (T) VI 06paTHOM <1') Han paBneHl111 CBR3aHbl CooTHOWeHl1eM 
+- .. 

T = T' . /89/ 

3AeCb 11 Aanee cTpenKa nOKa3b1BaeT HanpaBneHl1e ny4Ka OTHOCI1TenbHO 
<t>I1KCl1pOBaHHoro B npOCTpaHcTBe npe06pa30BaTenR. nOAcTaBnRR /89/ 
B /11/, /12/, /27/ ~ /43/, nonY411M cneAYIO~l1e CooTHOWeHI1R AnR 
I1HTerpanbH~X nOnRpI13aIl110HHb\X napaMeTpOB npe06pa30BaTenR: 

... -+ 
To == To - To' /90/ 
... 
p -+ 

:=. A. /91/ 

A = P. /92/ 

s :=. S =' S. /93/ 

OTMeTI1M, 4TO AnR nponYCKaHI1R ABYX npe06pa30BaTene~ B 3aBI1CI1
MOCTI1 OT HanpaBneHI1R nY4Ka 113 /28/ I1MeeM 

'* w'16, 181 B asrpaxenna .IJ,J1H P nonvmeua onexa-ncae onvmea 3Ha


MeHaTenb.
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. i.	 
;;..'1 

-) .... 
'1'012= T01'1'0 2(1+<p P1 A 2) ' 

/94/ 

.... '\ 
ot- . 

'1'0 12 =	 /95/ToiT02(1 + <pP2 A 1)· 
.

nonb3Y~Cb /91/ ~ /92/, nonY4~M 04eB~AHoe COOTHowen~e: 

'1'012= '1"012· 
+- .... 

OAHaKO AnR OAHOrO npe06pa30BaTenR c~Tya4~R 

HReTCR. ABYXKpaTHOe npOn/CKaH~e 3aB~C~T OT 
npaBneH~R nY4~a: 

2 -) 2 
TO~. =: TO (1 + 1>1 P ). 

'1'04- == '1'02 (1+ 4>}y2). 
-~ 

rAe	 3$$eKT~BHoCT~ ~3MeHeH~R nonRP~3a4~~ ,4>1 

/96/ 

cy~ecTBeHHO ~3Me

nepBOHa4anbHOrO Ha

/97/ 

/98/ 

~ 4>2 OTHOCRTCR K $n~n
nepas , pacnonomeHHblM no o6e CTOpOHbl noeoõpeaoaarena . COOTHowe
HMR /97/ ~ /98/ OTKp~Ba~T B03MO>KHOCTb pa3AenbHoro onpeAeneH~R 

nOnRp~3y~~eH ~ aHan~3~Py~~eH cnoco6HOCTeH npeo6pa30BaTenfl. Ae~

CTB~TenbHO, ~3 3$$eKTOB ABYXI<paTHoro nponycxaaaa /321 cnenye r 
/c4~Ta~ AnR npOCTOT~ ~n~nnep~ ~AeanbH~M~/ 

.; 

P = v7:'	 /99/ 
.... 

.
P =v7:.	 /100/ 

-) 

~ ~, 

. /121
Am'l	 peanIll3all~~ 3TO~ B03MO>KHOCTIII HY>KHa OAHa nOBYUJKa YXH . 

B~2/ 6~n npeAnO>KeH HaKon~TenbH~H BaplllaHT nonRp~3all~OHHoro 

aHanM3a c ABYMR nOBYWKaMIII, a coOTBeTcTBy~~aR Teop~A 6~na Aa
Ha B/19,33/. Han~4~e ABYX noayuiex n03BonReT ocyurecr aar e HapAAY 
c ABYXKpaTHblM ~ r oexxoaruoe nponycxauue YXH uepea 0AHY ~ TY 
me nneHKY. TorAa /66/ c Y4eTOM /90/-/93/ npeo6pa3yeTcA K B~AY 

3 '""2.... -) +

'I~ .... == To+- == To (l + 4> l P + 4>2 P2 + <p 4> PS.P). /101/

+-	 1 2 
-lo .... 

T.e. TpeXKpaTHoe nponYCKaH~e He 3aBWC~T OT nepSOHa4anbHoro Ha li 
npaBneH~R nY4Ka YXH. 

H3Mep~B no aHanor~~ c /34/-/36/ c nOMO~b~ ~AeanbH~X $n l nne

pOB 'Tp~ cooTBeTcTBY~I1l\.1X R -o'ruoureaaa , COCTaBMM Vl3 H\.1X 8blpa)/{eH~R
 

AnR 3$$eKTOB TpexKpaTHoro nponycKaH~R c Y4eTOM /101/:
 
.... 2 -) +

1-R 1 p +PSP
 
K 1=1:R"- = ---i-~~p-2---' /102/ 
.,. 1 
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1-R2 p2 + PS P 
K = -~ 2 

1 + R~ 1 + p'" 2 '. 
l-R12 p2+p2 

K = --_. =. --- -,..._' • 
3 :1 + PS P1 + R12 

/103/ 

/104/ 

KOM6I11H~PYR /99/-/100/ C OAH~M ~3 B~pa>KeHMH /lD2/-/104/, MO>KHO 
onpenernrrs S -makroo . C~cTeMa/1 02/-/1 04/ nos eonaer a~4~cn~Tb 
Ha60p P , P ~ s. He npaanexaa /99/-/1 00/. Ilonyueuae TaKOH 
~36bIT04HOH ~H$opMall~~ MO>KeT ÕblTb nonesuo AnR nepenpoaepxu pe-" 
3ynbTaTOB. 

TaKIo1M o6pa30M, B 06naCTIo1 YXH nonRplo13al\Io10HHbIH auanas MO>KeT 
AaTb Bce 4eT~pe Io1HTerpanbH~e xapaKTeplo1CTIo1KIo1 ~epPoMarHIo1THo~ 

nneHKIo1, 4TO n03BonReT, nonb3YRCb /45/-/4B/, BOCCTaHOBIo1Tb ee MaT
Plo111Y nponYCKaHIo1R. AHanorlo14Hble B03MO>KHOCTIo1 \.1Me~TCR AnR onpeAene
H~R	 MaTpMll~ OTpa>KeHIo1R. 

13.	 MOAEJ1bHbIE MATPHUbl
 
npOnYCKAHH~ <l>EPPOMArHHTHbIX nllEHOK tiA YXH
 

B/12-14, 16,22,34-36/ AnR. 06"bRCHeHIo1R Helo1AeanbHO~ nonRplo13Y~Ltle~ 
cnoco6HOCTIo1 nonlo1Kplo1CTannlo14eCKIo1X nneHOK paCCMaTplo1Banlo1Cb pa3nlo14
H~e MOAenlo1 n~eHK\.1 KaK npeo6pa30BaTenR nY4Ka YXH. B 4aCTHOCTIo1, 
Io13BeCTH~ MOAen\.1* nOBepXHOCTHO~ AenonRplo13alllo1101 c MaTPlo14e~ /85/, 
HenonHoro HaC~l1leHIo1R \.1 CKB03H~X oTBepCT\.1~ COOTBeTCTBeHHO c MaT
Plo111õMIo1 nponYCKaH\.1R 

( l-'a O)'1' = T • /105/O a 

B/12/ TaK~e paCCMaTpHBanaCb Mop;enb BHYTpeHHeH p;enon~pH9a~HH, 
B KOTOpOH MaTpHua nponYCKaHHR nneHKH HMeeT BHP; 

'1' =.( t++ O) 
L+ O 

B 3TOH Mop;enH, cornaCHO 145/ H 147/, A ~ 1, T.e. npeoGpa30Ba
r ens , GYAYtIH ae coaepmemrsee nonapaaa-ropox 1P i: 1 rrpa t_+ 1: OI, 
RBnReTC~ coaepmeansne aaanas aropox , B paxxax 3TOH Mop;enH nsrp axe-: 
HHe 13'11 TpaHc<P0pMHPyeTcR B paBeHcTBo P=,(. B/13/ MOAenb BHYT
peHHeH nenonapaaauaa GbUIa npHMeHeHa AJui axarmaa :>I<CnepHMeHTanb
HhlX AaHHblX. OAHaKo Ji15,26/0Ha GbUIa nO)J,DeprHYTa I<pHTHKe. He OCTa
HaBnHBaRCb Ha apryMeHTax aBTopOB 9THX paGoT, oTMeTHM, tITO Co
r-JIaCHo/17/ TaKoH BHP; MaTpHIJ;bl npoTHBOpetIHT npnanarry nerarrsaor-o 

+- ... 
p}BHOBeCH~. FeHCTBHTenbHO, H3 18JI crrenve r t_ ... =t+_,. H, ecrnr 
t +_,= 0, TO t _+ = O, H MaTpHua '1' ne coo-rae-r-cr nve-r HCXOP;HOMY 
npeAnono~eHHID Mop;enH BHYTpeHHeH p;enon~pH9anHH. 
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rAe	 a - OTHOC~TenbHOe oTKnOHeH~e HaMarH~4eHHOCT~ nneHK~ OT B npOneTHO~ /~n~ npOT04HO~/ CXeMe nOnflp~3all1t10HHOrO' aHan~3a 
HaCb!l1{eH~fI, .~ 

onpeAeneH~e 3TOrO Ha60pa napaMeTpOB HeS03MO}l{HO Aa}/{e B npeAnono
}/{eH~~~AeHT~4HoCt~ ~cnonb3yeMblx npeoõpaaoaareneã , Taxas B03MO)f{-: 

(l-Y)T+Y	 HOCTb nOflBnfleTCfI B HaKonVlTenbHOM Bap~aHTe c ~CnOnb30BaHVleM YXH.T=( /106/ 
, O 

0y) 
'.. 3KCnep~MeHTanbHOe onpeneneuae ~HTerpanbHblX 'napane rpoe UJVtpOKO 

Vlcnonb3yeMblx nonapaaaropoa YXH B B~Ae $eppàMarH~THO~ nneuxa 

rAe y- Aonfl nno~aA~ OTBepCT~~ B .nneHKe.	 ~ 

~ CHa6}!{afl MaTp\IlllY /85/ Y1HAeKCOM n , A. \Il Y4~TbIBafl, 4TO T n.n, 

= T'n.A. ' nonY4~M 06beA~HeHHYIO MaTp~4Y, Y4It1TbIBalO~YIO AeilcTB~e 
ac ex 'rpex MexaH~3MOB/17.18/: 
~- +- +
~ ~ ~ x
 
T = [(1 - a) T + a T ](1 - y ) + YI , /107/
rr.u. n·A· 

xrAe MaTp~lla T n.n. nonyuaer ca 3epKaJlbHblM OTpa}/{eHVleM T n•A• OTHOC~-

TenbHO o6eVlx A~aroHane~. nOAcTaBnflfl /107/ B /11/, /12/, /27/, 
143/, nOJlY4HM ~HTerpanbH~e nonflp~3all~OHH~e napaMeTp~ nneHKH 

TO =}te1- Y) T+ 2 y },	 /108/ 

~	 (1- 2a )(1-.2 {32 )(1- y) T 

P	 == ------------------- , /109/ 
(1- y? T + 2 y' 

(1--2a)(1--2f3 )(l-y)rp = ..,..-_---__L , t-	

/110/ 
i ~ I" 

(l-y)' t 2y 

s ==	 .Q.=-~~.2JJ!=_.?~..l2~l- ..Lt~,:3.X_ . / 111 / 
(1-Y)T+2y 

M3Me;eH~e /108/-/1'11/ noa aonae r nonyuwr s napaae rpu MOAenei1 Ae
nonflp~3al.lHH ~ HX OTHOCHTeJlbH~e BKJlaA~. 

3AK.n104EHVlE 

npoBeAeHHoe paCCMOTpeH~e COCTOflHHA npo6neM~ nonflpH3allHO HHoro 
auannaa Ha Me,qneHHblX He~TpOHax noxaaano cnenyouree . <t>opMaJ1~3M 

MaTpHIl nayn~ cnpaBeAJl~B, KorAa M~ He ~HTepecyeMcR HHTep$epeH
Il~OHHbIM~ 3<txt>eKTaMH. HanpHMep, xorA3 pe4b ~AeT O nepeorpaxeuaax 
Me>KAY nneHKaM~, TO C4~TaeTCfI, 4TO r axae npoueccu npoucxorrar 
HeKOrepeHTHO. B paMKax 3TVlX OrpaHVl4eH~~ n1060i1 npe05pa30BaTenb 
MO}l{eT 6~Tb OXapaKTep~30BaH 4eT~pbMfI ~HTerpanbH~M~ napaMeTpaMVI: 
K03$$~lllt1eHTOM npe06pa30BaH~f1 nY4K3, nOnflp~3YIO~e~ VI aHan~3~PYIO

~e~	 'CnOC06HOCTAM~ VI TaK Ha3~Bget'l~M S -$aKTOpOM, flBnfllO~~M~Cfl 

nHHe~H~M~ He3aB~C\llM~MK KOM6HHaIlKflM~ M~TPH4H~X 3neMeHTOB K npOflB
nRIO~~M~Cfl B JKCnep~MeHTanl:i HO ~3MepfleMblX Ben~4l-1HaX. 

n03BOnfleT ocy~ecTBVlTb CpaBH~fenbH~~ aHan~3 pa3n~4H~X MexaH~3MO~ 

npOXO}l{AeH~f1 YXH 4epe3 TaK~e ~neHK~ ~ Ha~T~ ~X, OTHOC~TenbH~e 

BKnaAw. 3Ta ~H$OpMall~fI MO}/{eT OKa3aTbCfI nOne3HO~ RaK Anfl cosep
weHCTBOSaH~f1 TeXHOnOr~~ C03AaH~f1 3$$eKTIt1BHWX nOnflp~3aTOpOB, . 
TaK ~ Anfl ~3Y4eH~f1 en~f1HHfI pa3n~4H~X BHeWHHX $aKTOpOB Ha Mar
H~THble CBO~CTBa' TOHK\IlX nneaox , 

ABTOP B~pa}/{aéT 6narOAapHOCTb A.M.rOBOpOBY VI B.K.MrHarOBIt14Y 
3a nOne3H~e 3aMe4aH~f1. 
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PKKOnHCb nOCTYnHna B H3AaTenbCKHH OTAen 
7 ctJeepanR 1986 roAa. 

TapaH 0 B. 
00DIIpM3aqMOHH...:I aHaJ1M3 H8 MeAJ'eHHWX tteihpoHaX 

P3-86-70 

Aatt KPMTM~eCKMM o6aop COCTORHMA npo6neMW nonApM3814MOHHOro attanM3a Ha 
MeAneHHWX HeMTpOHax, 3HeprMA KOTOPWX ne*MT 8 AMana30He OT AeCATKOB H38 (ynb 
TpaxonoAHwe HeMTpOHW (YXH)) AO AOneM 38 (3nMTennoBwe HeMTpoHW). C MCnOnb3o
I8HMeM eoPManM3Ma ABYXPAAHWX M8TPMI4 naynM AaHO eAMHOe onMC8HMe M3BeCTHWX 
CXeM nonAPM3814MOHHOrO 8H8J1M38 0 B KOTOpWX MO*HO npeHe6pe~b KOrepettTHWMM 3t
teKT8MM, CocTaaHWe 3neMeHTW TaKMX cxeM, T8K Ha3waaeMwe npeo6pa3oaaTenM n~
Ka - nonApM38TOp, CnMH-~nMnnep M 8HanM38Top nonAPM3814MM 0 nonHOCTbO xapaKTe
PM3yoTCA ~eTwpbMA MHTerpanbHWHM nonAPM3814MOHHWMM napaMeTpaHM, ~ HMH OTHOCAT 
CA KO~qMeHT npeo6pa30BaHMA ny~Ka, nOnApM3y~aA M aHanM3MPY'~8A CnOCo6HO 
CTH M TaK H83WB8eHWM 5-~aKTOp, OnHCWB~MM AOOO HeMTpoHOI, COxpaHMBWMX Ha
npaanCHKe cnMHa nocne B38MMOAeMCTBMA c npeo6pa3oeaTeneM. 3KcncpMHeHTanbHoe 
onpeAeneHMe 3TMX napaHeTpOB n03800MnO 6w 80CCT8H08MTb 2x2-MaTpMqy npeo6pa30 
BaHMA M TeH C8MWH nony~HTb M~OpMaqHO 0 HeX8HH3H8X 838HMOAe~CTBHA HeHTpOHOB 
c npeo6pa3oBaTeneH. OoK~ TonbKO AnA YXH npeAno.eH tteTQA M3HepeHHA acex ~eTw 
pex napaMeTpoe. a ero ocHoae ne•HT B03HD*HOCTb HaKonneH~ " nepeKa4KM YXH 
M3 OAHoA noeymKH 8 Apyryo. 3TO n03BOnAeT MCnOOb30BaTb OAHH H TOT •e npeo6pa-
3088Tenb I poJ1M nOnAPH3aTopa H aHanH38TOpa •. 3KCnepHHeHT80bHO HeTOA He Onpo-
6oaatt. 

Pa6ora ewnonHeHa a na6opaTopMH tteMTPOHhOM ~3HKM 011i!lll. 

Coo601CIIft OCheAHHeHHoro KIICTIU)'T& IClCpHWX IICCliC.J.OUIIlfii • .!l.y&!a 1986 

OepeeOA O.C.BMttorpaAOBOM 

r.ran Yu.V. P}-86-70 
Polarisation Analysis with Slow Neutrons 

'Fhe paper is the critical review of the -present day status of polariza
tion analysis with neutrons In the energy ran9e froa several dozens neV 
(ultracold neutrons: UCN) to ~arts of eV (epithermal neutrons). A common 
description Is given with1n the formalism of 2x2 Pauli matrices for the 
known schemes of polarization analysis, where the coherent effects may be 
neglected. The components of the schemes (so-called beam .transformers- pola
rizer, spln·fl lpper and polarization analyse.r) are fully characterized wlth : 
the four Integral parameters. They are the beam transformation coefficient, · 
polarizing and analyslnq efficiencies and so-called S-factor describing the 
part of neutrons which conserved the direction of spin after Interacting 
with the transformer. Experimental determlnat lon of the above parameters 
would have allowed one to restore 2x2 transformation matrix and thus to ob
tain Information on the mechanism of neutron Interaction with the transfor
mer. Such a method has been proposed only for UCN up to now. It Is based on 
the possibility of UCN storage and their pumping from one storage volume 
Into another. This allows one to. use the transformer as a polarizer and 
analyser altogether. The method waits for its exoerla•ental test. 

The Investigation has been performed at the laboratory of Neutron 
Physics, JINR. 
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