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KopHees A.A. P13 - 12362 

Cn~H-$n~nnep c npoTHmeHHO~ pa6o4e~ o6nacTb~ 
AnH HeMOHOXpOMaT~4eCK~X ny4KOB He~TpOHOB 

np~BOA~TCH on~caH~e KOHCTPYK~~~ cn~H-¢n~nnepa AnH 
HeMOHOXPOMaT~4eCK~X ny4KOB TennOB~X He~TpOHOB. 06DHCHHeTCH 
np~H~~n Ae~cTB~H ~ B~4~CnHeTcH sepOHTHOCTb nepesopoTa cn~Ha 
KaK $yHK~~~ An~H~ BOnH~ He~TpOHa, a TaKme MeCTa nonaAaH~~ 
s cn~H-$n~nnep. 

Pa6oTa B~nonHeHa B na6opaTOP~~ He~TPOHHO~ $~3~K~ OHRH. 

npenpHHT 06bellHHeHHOrO HHCTHTyTa SlllePHhlX HCCnellOBSHI!l!, .Qy6Ha 1979 

Korneev D.A. P13 - 12362 

A Coplanar Spin-Flipper with a Prolonged Working 
Area for Nonmonochromatic Neutron Beams 

A spin-flipper for nonmonochromatic neutron beams with 
higher efficiency than those already existing is described. 

The investigation has been performed at the 
Laboratory of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

1. 4aCTO B 3KCnep~MeHTaX C nonHp~308aHH~M~ He~TpOHaM~ 
B03H~KaeT He06XOA~MOCTb ~3MeHeH~H 83a~MHO~ Op~eHTa4~~ BeK-

u -> 
TOP08_,MarH~THOro MOMeHTa He<npoHa fl. ~ 8eAylJiero MarH~THOro 
nonR H . 3Kcnep~MeHTanbHble ycTpo~cT8a, n'oa8onR~lJI~e ocylJiecT-
8~Tb saa~MHbl~ pe8epc 8eKTopo8; ~ H, Ha3bl8a~T cn~H-$n~nne
paM~. B n~TepaType on~caHo HecKonbKO T~no8 cn~H -$n~nnepo8, 
~cnonbayeM~x 8 3Kcnep~MeHTax c nonHp~3o8aHH~M~ He~TPOHa

M~/t~ no np~H4~ny AeRCT8~R ~X np~HRTO pa3AenRTb Ha: peao
HaHCH~e, OCH08aHH~e Ha pe30HaHCHOM nornOlJieH~~ cn~HOM 8 Mar
H~THOM none 3Hepr~~ oc~~nn~py~111ero MarH~THoro nonR, np~8o

AR~eM K nepe8opoTy cn~Ha HeRTpoHa, ~ cn~H-$n~nnepbl, ocHo-
8aHH~e Ha HeaA~a6aT~4eCKOM npOXOmAeH~~ He~TpOHOM o6nacT~ 
6~cTporo pa38opoTa 8eKTopa 8eAYlllero MarH~THoro nonR. 

He 8Aa8aRcb 8 AeTan~ pa6oT~ ynoMRHYT~x THnos ycTpo~cT8, 
OTMeT~M, 4TO HeAOCTaTKOM nep80rO T~na H8nReTCR y3KaR 3Hep
reTH4eCKaR H36~paTenbHOCTb. CnHH-$nHnnep~ 8Toporo THna ~Me~T 
6onee cna6bie orpaH~4eH~H no 3Hepr~Hh/, 8biTeKa~~~~~e H3 yc
no8HR HeaA~a6aT~4HOCT~ 

(d 

WL '>> 1 ' /1/ 

rAe (d L- napMopo8cKaR 'iacToTa 8eKTopa fl. 8 none H , u)- 4ac-
TOTa 8palJieHHR 8eKTOpa H 8 CHCTeMe A8Hmy111erOCR He~TPOHa. 

0AHaKO npaKTH4ecKaR ~ean~3a4HR cnHH-$n~nnepo8 3Toro THna Ha 
OCH08e TOK08~X $Onbr 13- 51 HMeeT TOT HeAOCTaTOK, 4TO CaMa 
¢onbra noMelJiaeTCR 8 ny40K HeRTpOH08. 

2. PaccMOTPHM ypa8HeH~e A8~meH~R MarHHTHoro MOMeHTa 
8 MarHHTHOM none:-

d ~ •• 
--- = y [ f1 H] 
d t /2/ 

rAe }'- rHpOMarH~THOe OTHOWeHHe He~TPOHa. np~ npOXOmAeH~~ 

HeRTpOHa CO CKOpOCTb~ V 4epe3 o6naCTb CTa4HOHapH~X noneR 
H(;) Ha HeRTpOH 8 ero co6cTseHHOR CHCTeMe 6yAeT AeRcTso
saTb nepeMeHHoe so speM.~HH MarH~THoe none H( t ); t = J _gL. 

v 
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nonb3yAeb ypasHeH~eM /2/, HeTpy,QHO noKa3aTb, 4TO, een~ 

~ ~ . 
H ( r ) = H ( x, y. z ) n . 131 

r,Qe U - e,Q~HH4H~~ noeTOAHH~~ S npoeTpaHeTBe BeKTOp, TO 
npOeK~HA it Ha BeKTOp U 6y,QeT HHTerpanOM ABHmeHI-1A. TaK1.1M 
06pa30M, eenH B Ha4anbHbl~ MOMeHT speMeH~ ; !t ll, TO B MarHHT
H~X nonAx TaKoro T~na seKTop ~ 6y,QeT eoxpaHATb esoe Ha
npasneHHe s npoeTpaHeTse. Een~ noTpe6osaTb, 4To6~ ~YHK~HA 

H (X, y, Z )MeHAna 3HaK S O,QHO~ ~3 T04eK TpaeKTOPHH ,QBH)!{eHHR 
He~TpOHa, TO S 3TO~ T04Ke npOH30~,QeT pesepe enHHa He~TPOHa 
~ Se,Qy~ero MarH~THOrO nonA. H3 CKa3aHHOrO AeHO, 4TO S 3TOM 
eny4ae sepOATHOeTb s3aHMHoro pesepea ; ~ H pasHa e,QHHH~e 
~ He 3aS~e~T OT eKOpOeTH He~TpOHa H OT TOrO, HaeKOnbKO 
nnasHo se,QeT ee6A ~YHK~~A H(x,y, z) s o6naeTH Hynesoro 
3Ha4eH~A*. 

3. Cn~H-~n~nnep, no3sonA~~H~ peanH30SaTb onHeaHHY~ 
B~We KOH~Hrypa~H~ MarHHTHOrO nonA H S TO me BpeMA HeKn~4HTb 
nona,QaH~e 3neMeHTOS KOHeTpyK~~~ S ny40K He~TPOHOB, sneps~e 

oey~eeTsneH s pa6oTe '7/.cn~H-$nHnnep, onHeaHH~~ s 3To~ 
pa6oTe , npe,QeTasnAeT eo6o~ ,Qse KOaKcHanbH~e 3neKTpoMarH~T
H~e KaTyWK~, noMe~eHH~e S MaiH~TH~~ 3KpaH. TOKH 4epe3 Ka
TYWK~ nponyeKan~eb S npOTHBOnOnO*H~X HanpasneH~RX. ny40K 
Tennos~x nonApH30BaHH~x He~TpoHos noe~naneA BAOnb oc~ z -Ka
TyweK. 04eBM,QHO, 4TO B OTeyTeTSHe AHeWH~X MarHMTH~X none~ 
/3TO ,QOeT~ranOeb np~MeHeHMeM 3KpaHa/ MarHHTHOe none Ha OeM 
Z KaTyWeK, S e~ny aKeManbHO~ e~MMeTpMM, MMeno TOnbKO Z -KOM
nOHeHTY ~ MeHAnO 3HaK Ha nonOS~He paeeTOAH~R Mem,Qy HHMH 
/npM paseHeTBe TOKOB B KaTyWKax/. Cn~H-~nMnnep TaKO~ KOH
eTpyK~~M ,QaBan B~eOKOe 3Ha4eHMe SepORTHOeT~ nepesOpOTa 
enMHa ,QnA ny4Ka He~TPOHOS e ee4eHMeM - 5x5 MM 2 . 3aMeT~M, 4TO 
yenOBHe /3/ pean~3yeTeA B TaKO~ KOHeTpyK~H~ TOnbKO gnA 
TpaeKTOp~~. eosna,Qa~~~x e oeb~ Z, a npoeK~HR o6naeTH Hynesoro 
nonA Ha nnoeKOeTb nonepe4HOrO ee4eHHA ny4Ka ASnAeTeA T04KO~. 
04eBH,QHO, 4TO n~6oe OTKnOHeH~e TpaeKTOp~~ OT 3TO~ T04K~ npH
Se,QeT K eHM*eHM~ sepOATHOeTH f s3aHMHoro pesepea ~ H H 
M K nORBneHM~ 3aB~eMMOeTM f OT eKopoeTM He~TpOHa. CKa3aHHOe 
ey~eeTSeHHO OrpaHH4~BaeT B03MO*HOeT~ npHMeHeH~A TaKOrO enHH-

*3TO YTBep*,QeH~e, nony4eHHOe 3,Qeeb H3 BeebMa 4aeTHOrO 
B~Aa H (~) . MO*HO e,qenaTb M Ha oeHose o6~eA ~opMyml ,qnA se
pORTHOeT~ f pesepea seKTopa ~ s eTa~HOHapH~x nonAx, nony-• 1 r 
4eHHOA B pa60Te• 6' Ha OeHOBe KSaHTOSOMeXaHH4eeKOrO pae
eMOTpeH~A 3a,Qa4~. 

4 

~n~nnepa Ha ny4Kax e ,QOeTaT04HO 6onbW~M nonepe4H~M ee4e
H~eM. 

Pa3B~T~e MeTOA~K~ nony4eH~A nonAp~3Y~~~x FeCo 3epKan Ha 
! I 

eTeKnAHHbiX no,QnO)!{KaX '8; n03BOn~nO B HaeTOA~ee BpeMA nony-
4aTb e nOMO~b~ He~TpOHOBO,QOB Ha OeHOBe 3T~X 3epKan ~HTeHe~s
H~e ny4K~ Tennos~x He~TPOHOB e nonAp~3a~~e~, 6n~3KO~ K 100% 
npaKT~4eeK~ so see~ o6naeT~ Tennosoro eneKTpa/9( noene,Q
Hee eTaHOB~TeA oeo6eHHO Ba*H~M B 3Kenep~MeHTaX e nonApM30-
BaHH~M~ He~TPOHaM~ no MeTOAY speMeH~ nponeTa. XapaKTepHoA 
Oeo6eHHOeTb~ TaK~X e~eTeM ABnAeTeA ~OpMa nonepe4HOrO ee-
4eH~A ~opM~pyeMoro ~M~ He~TPOHHoro ny4Ka. 3a e4eT ManoeT~ 
3Ha4eH~A Kp~T~4eeKOrO yrna eKOnb*eHMA Be OT He~TpOHH~X 
3epKan fOc-175 10-3) s Tennoso~ o6naeT~ eneKTpa, He~TPOHOBO,Qbl
nonAp~3aTop~ ~OpM~py~T ny4K~ He~TPOHOB, MMe~~~e, KaK npasM
no, s nonepe4HOM ee4eH~~ B~A y3KO~ nonce~ w~p~Ho~ -2-5 MM 
~ B~eOTO~- 60-100 MM. 04eB~,QHO, 4TO np~MeHeH~e on~eaHH~X 
s~we en~H-~n~nnepos s nape e nonAp~3Y~~~M~ 3epKanaM~ ~n~ 
He~TpOHOBO,QaM~ He~36e*HO np~Be,QeT K e~nbHOMy eHM*eH~~ eseTo
e~n~ see~ yeTaHOSK~. 

non~TKa paew~p~Tb o6naeTb 3$~eKT~s~oro pesepea s en~H
~n~nnepe aKe~anbHO~ reoMeTpHH 6~na npe,QnpHHATa s pa6oTe/10~ 
AsTop~ nownH Ha 3Ha4HTenbHOe ysen~4eHHe seex pa3Mepos en~H
~nHnnepa. Ha OeHOBaHHH ,QaHHO~ pa60T~ MO*HO e,QenaTb B~BO,Q 

0 TOM, 4TO npHMeHeH~e aKeHanbHOIO en~H-$nHnnepa Ha ny4KaX 
nonAp~30BaHH~X He~TPOHOB e sepT~KanbH~M pa3MepOM -100 MM 
noTpe6yeT TaKoro ysenH4eHHA pa3Mepos en~H-~n~nnepa, KOTopoe 
,QenaeT ero npaKTH4eeKH HenpHMeH~M~M. KpoMe Toro, 04eB~,QHa 

Hea,QeKsaTHOeTb ee4eHHA ny4Ka H o6naeT~ pesepea. 

4. HH*e onHebiBaeTcA en~H-~nMnnep, no3sonA~~H~ s 3Ha4M
TenbHO~ eTeneHH npeO,QOneTb yKa3aHH~e TPYAHOeTH/11( 

Bo3bMeM ABe H,QeHTH4H~e nnoeK~e 3neKTPOMarH~TH~e KaTyWKH 
M pa3MeeT~M HX S O,QHO~ nnoeKOeTH /p~e. 1/. Tor,Qa HeTpy,QHO 
,QOKa3aTb, 4TO B nnoeKOeTH XZ 3epKanbHO~ eHMMeTpMM KaTy
WeK /npH BeTpe4HOM BKn~4eHHH TOKOS/ MarHHTHOe none 6y,QeT 
~MeTb TOnbKO Y -KoMnOHeHTy, nepneH,QMKynApHy~ 3TO~ nnOeKOeTH, 
KOTOpaA MeHAeT 3HaK Ha npAMO~ nepeee4eHMA nnoeKOeT~ 3epKanb
HO~ eHMMeTpHH e nnoeKOeTb~ KaTyWeK, T.e. Ha OeM OX /p~e. 2/. 
Ae~eTs~TenbHO, s eMny 3epKanbHO~ eHMMeTp~H TOKOS nonR OT 
Y -KoMnOHeHT TOKOB B3aHMHO eKOMneHe~py~TeR se~,QY S nnoeKOeT~ 
3epKanbHO~ eHMMeTpMH. no TO~ )!{e npM4~He B 3TO~ nnoeKOeT~ 
B3aHMHO eKOMneHe~py~TeA H Z -KOMnOHeHT~ nonA OT X -KOMnOHeHTOB 
TOKOB KaTyWeK. E,Q~HeTSeHHO~ He paBHO~ Hyn~ KOMnOHeHTOA Mar
HMTHOrO nOnA B nnoeKOeTH 3epKanbHO~ e~MMeTp~H KaTyWeK AB
nAeTeR Hy -KoMnoHeHTa. CKa3aHHOe noAeHAeTeA p~e. 3. Ha 3TOM 
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P~c. 1. 06~~H B~A pacnono~eH~~ KaTyweK cn~H-¢n~nnepa. Ocb 
ny4Ka HeHTPOHOB cosnaAaeT c ocb~ Z. CTpenKaM~ noKa3aHw Ha
npasneH~~ TOKOB s KaTywKax s pem~Me pesepca. 

X 

P~c. 2. KoH¢~rypa4~~ MarH~THoro non~ oT KaTyweK cn~H-¢n~n
nepa s nnocKOCT~ XZ s sas~c~MOCT~ OT z. Ocb X ~sn~eTc~ 
n~H~eH Hynesoro non~. 
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P~c. 3. reoMeTp~~ nonA s nnocKocT~ XZ, sosH~Ka~~ero oT ABYX 
npOBOAH~KOB C TOKOM. 3AeCb me B~A ¢YHK4~~ Hy (z) An~ 3T~X 
npoBOAH~Kos. nyHKT~P - c~noswe n~H~~ MarH~THoro non~ npo
BOAH~Kos, cnnowHa~ KpHBaR - ¢YHK4~~ HY (~. 

me p~cyHKe np~BeAeH rpa¢~K sas~c~MOCT~ Hy -KoMnoHeHTW OTZ. 
0TC~Aa cneAyeT, 4TO Ha np~MOH OX none MeH~eT 3HaK. Ecn~ 
TaKy~ C~CTeMy KaTyWeK pa3MeCT~Tb OTHOC~TenbHO ny4Ka HeHTpo
HOB TaK, 4T06W nnOCKOCTb ny4Ka ~ nnOCKOCTb 3epKanbHO~ C~M
MeTp~~ KaTyweK cosnaAan~, a cn~H cosnaAan c ~ -KoMnoHeHTOH 
non~, TO CTaHOB~TC~ B03MOmHWM, KaK cneAyeT ~3 np~BeAeHHWX 
swwe paccymAeH~H, ssa~MHWH pesepc cn~Ha HeHTPOHa ~ seKTopa 
MarH~THOrO non~ C BepO~THOCTb~ f, paBHOH eA~H~4e An~ TeX 
HeHTpOHOB, TpaeKTOp~~ KOTOPWX nemaT B nnOCKOCT~ C~MMeTp~~ 
KaTyWeK. 04eB~AHO, 4TO TaKOH cn~H-¢n~nnep He HaKnaAWBaeT 
orpaH~4eH~H Ha nonepe4HWH pasMep ny4Ka BAOnb oc~ OX. 3To 
~ onpeAen~eT ero npe~My~ecTsa np~ ~cnonbsosaH~~ Ha non~p~
sosaHHWX ny4Kax, nony4aeMwx c noMO~b~ non~p~sy~~~x sepKan 
~n~ He~TPOHOBOAOB. Ha p~c. 4 An~ cpasHeH~~ np~BeAeH B~A 
o6nacTeH pesepca An~ aKc~anbHOro ~ nnocKoro cn~H-¢n~nnepa. 
CneAyeT OTMeT~Tb, 4TO Ha MarH~THOe none KaTyWeK Cn~H
~n~nnepa 6yAeT HaKnaAWBaTbC~ pacce~HHOe none OT MarH~TOB 
nonRp~saTopa ~ aHan~saTopa, pacnonomeHHWX AO ~ nocne cn~H
¢n~nnepa. 3T~ non~, KaK npas~no, ~Me~T TOnbKO Hx -KoMno-

7 
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P~c. 4. B~A nonepe4H~x ce4eH~~ o6nacTe~ pe8epca non~ An~ 
aKc~anbHOro /a/ ~ nnocKoro /6/ cn~H-¢n~nnepo8. 

HeHTy. no3TOMy ecTeCT8eHHO 88eCT~ 8 KOHCTPYK4~~ cn~H-¢n~nnepa 
~CT04H~K MarH~THOrO non~ 8 8~Ae KOne4 lenbMrOnb4a TaK, 4T06bl 
OH~ KOMneHc~po8an~ Hx -KoMnoHeHTY non~ MarH~T08 non~p~3aTopa 
~ aHan~3aTopa 8 o6nacT~ cn~H-<)Jn~nnepa. 

0TAenbHO cneAyeT OCTaH08~TbC~ Ha npo6neMe 880Aa cn~Ha 
He~TPOHa 8 pa6o4y~ o6naCTb none~ cn~H-¢n~nnepa. 0TMeT~M, 
4TO MarH~TH~~ MOMeHT He~TpOHa np~ ero 8~neTe ~3 non~p~3aTopa 
Hanpa8neH no non~ fix non~p~3aTopa.An~ ocy~eCT8neH~R pe8epca 
/t ~ H Heo6xoA~Mo, 4T06bl Ha 8XOAe 8 cn~H ·<!Jn~nnep MOMeHT 
He~TPOHa co8naAan c Hy -KoMnoHeHTO~ non~ cn~H-¢n~nnepd. 
An~ 3Toro AOnmHo ocy~ecT8n~Tbc~ ag~a6aT~4ecKoe npo8eAeH~e 
cn~Ha He~TPOHa 8 non~x MarH~T08 non~p~3aTopo8 AO ~ nocne 
cn~H-<)Jn~nnepa. nocneAHee ycno8~e HaKnaA~8aeT onpeAeneHH~e 
orpaH~4eH~~ Ha M~H~ManbHOe pacCTO~H~e Me~AY non~p~3aTOPOM 
/aHan~3aTopoM/ ~ cn~H-¢n~nnepoM, a TaKme Ha 8en~4~HY caMoro 
non~, co3Aa8aeMoro cn~H-¢n~nnepoM. KaK noKa3bl8a~T 04eHK~, 

3Ha4eH~e non~ cn~H-¢n~nnepa 50 3 n038on~eT ocy~ecT8~Tb 
aA~a6aT~4ecKoe nposeAeH~e cn~Ha He~TpoHa oT non~p~3aTopa, 
~Me~~ero T~n~4Hoe 3Ha4eH~e H~soo 3 ~ pacnonomeHHoro Ha 
paccTO~H~~ -0,5 M OT cn~H-<)Jn~nnepa. 

CneAyeT OTMeT~Tb e~e OAHO o4eB~AHOe npe~My~ecTBO cn~H
<)Jn~nnepa AaHHO~ KOHCTPYKI..I~~ - ero He3Ha4~TenbHble pa3Mepbl 
BAOnb OC~ ny4Ka. KpoMe TOro, np~ ~cnonb308aH~~ AaHHOro cn~H-
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<)Jn~nnepa HeT He06XOA~MOCT~ AenaTb pa3p~8~ 8 BaKyyMHO~ 
c~cTeMe npo80AK~ ny4Ka, KOTopa~ 4aCTO ~cnonb3yeTc~ a 3Kcne
p~MeHTax c 1..1enb~ ~cKn~4eH~~ noTepb He~TpOH08 OT pacce~H~~ 

Ha 803AYXe. 
3aMeT~M, 4TO CTpeMneH~e nony4aTb 8~COK~e 3Ha4eH~~ 3<)J<)JeK

T~8HOCT~ B3a~MHoro pe8epca ; ~ H np~BeAeT K orpaH~4eH~~ 
Ha W~P~HY ~CnOnb3yeMOrO ny4Ka He~TpOHOB. 0AHaKO HeT OCHOBa
H~~ om~AaTb, 4TO orpaH~4eH~~ Ha nonepe4H~~ pa3Mep ny4Ka 
6YAYT cy~eCT8eHHO OTn~4aTbCR OT orpaH~4eH~~ np~ ~cnonb308a
H~~ aKc~anbHoro cn~H-<)Jn~nnepa. MomHo noKa3aTb/CM. np~nome

H~e/, 4TO 8epoRTHOCTb pe8epca AnR nnocKoro cn~H-¢n~nnepa 
on~c~8aeTcR ¢opMyno~ 

9 rl Hv 
f (A,y l d-o. 76·10--· .\ v2 --J _ _:__ I 4 I 

( z 

rAe A - An~Ha 80nH~ He~TpOHa 8 aHrCTpeMaX,y - 3Ha4eH~e 
Y -KOOPA~HaT~ nepece4eH~R He~TPOHOM nnOCKOCT~ KaTyWeK 
a MHnnHMeTpax,dHv · dz - 3Ha4eHHe rpaAHeHTa Hy-KOMnoHeHT~ 

non~ 8AOnb ocH z· 8 3pcTeAax Ha MHnn~MeTp. <llopMyna /4/ cnpa-
8eAn~8a npH ycno8HH ManocTH 8Toporo 4neHa a npaso~ 4acT~ 
pa8eHCT8a no cpa8HeHH~ c eA~HH4e~. H3 3ToR <)JopMyn~ cneAyeT, 
4TO c y8enH4eHHeM AnHH~ sonH~ o6nacTb 3<)J<)JeKT~BHoro pesepca 
cymaeTCR. RcHO TaKme, 4TO yMeHbWeH~e 8en~4~H~ aHY !az ,KOTO
poro MOmHo A06HTbCR nyTeM pa3ABHmeH~R KaTyweK, AOn~Ho np~-
80AHTb K paCWHpeH~~ o6naCTH 3<)J¢eKT~BHOrO pe8epca. 

npo6H~e ~3MepeH~R, npoBeAeHH~e C 4enb~ B~RCHeH~R <)J~3H4ec
KHX napaMeTp08 AaHHOrO cn~H-¢nHnnepa, nOAT8ePA~n~ ero 3Ha-
4HTenbHble npeHMy~ecT8a. 0 pe3ynbTaTax ~3MepeH~R 6yAeT coo6-
~eHo OTAenbHO. 

B 3aKn~4eHHe a8Top 8~pamaeT ~cKpeHH~~ 6naroAaPHOCTb 
H.M.MaTope 3a BH~MaTenbHOe o6cy~AeH~e npo6neM~ ~ 4eHH~e 
3aMe4aH~~ ,a TaK~e M.XeT4enbTY 3a none3H~e coseT~. 

nPHnOY:<EHHE 

An~ B~80Aa <)JopMyn~ /4/ socnonb3yeMc~ s~pameH~eM An~ se
po~THOCT~ 83a~MHOrO pe8epca Cn~Ha ~ 8eAy~ero MarH~THOro no
n~ ~.' 

2 
7711 Hz 

f = exp { - -----;m--- l /5/ 
h v :..:.x. 

dZ aH 
3Ha4eH~e rpaA~eHTa -0~- onpeAen~eTc~ reoMeTp~eR pacnono-
~eH~~ KaTyWeK ~ sen~4~HOR TOKOB. 
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Bocnonb30BaBW~Cb OTCYTCTB~eM TOKOB B o6nacT~ peaepca Ha 
ocHoaaH~~ ypaaHeH~.R rotH= 0 . MO)f(HO aan~caTb 

aHz aHy 
---=----. /6/ 
ay az 

TorAa np~ Manwx 3Ha4eH~.Rx 

4~M Bbipa)f(eH~e An.R Hz(y): 
nony-

a Hy 
Hz (y) = -az-Y. 171 

,.IOACTaa~a 3Ha4eH~e Hz(Y) ~3 /7/ a ¢opMyny /5/, nony4~M 

aH 
f (v,y) = exp! -- .£7!.__ l---!_- !. n v a z 

!81 

Bblpaa~a v 4epe3 ,\ 1-1 noAcTaa~t~a 4~cneHHble 3Ha4eH~t~.R KoHcTaHT, 
BXOA.R~HX B ¢opMyny /8/, nony4HM ¢opMyny /4/ np~t~ ycnOBI-11-1 Ma-
nocT~ 3Ha4eH~t~.R noKa3aTen.R 3KcnoHeHTW. 
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PyKon~t~Cb nocTyn~t~na s ~3AaTenbCKH~ OTAen 
2 anpen.R 1979 roAa. 
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