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1. BBeaeH~te 

rpaBWrau,HOHHbG1 cneIC'1'pOHe'1'p npeaCTaBn~e'1' COoO~t n-Oopa3Hoe 

IConeHO, BICn~~eHHoe B oomy~ u,enb c ~OpH30H'1'anbHW~ He~TPOHOBOaoM.nPH 

nOBOPQ'1'e IConeHa BOICPyr OCH ~OpH30H'1'anbHO~O He~'1'poHOBOaa OHO 

nOaHHMaeTC~ Ha BWCOTY h, O'1'~e~o Ha nYTH He~TPOHOB C03aaeTC~ 

~paBHTaUHOHHwH oaPbep BWCOTO~ mgh , ICOTOPW~ HenpOXOaHM an~ 

He~TPOHOB c ~Hep~He~ E 5 mgh. TaICHM oopa30M, CneICTPOMeTP ~Bn~eTC~ 

~HnbTPOM, ICOTOP~ n03Bon~e'1' H3Mep~'1'b HHTe~panbHoe ICOnH~eCTBO 

He~'1'pOHOB B nepBH~HOM cneICTPe c ~Hep~He~ E ~ mgh. THnH~Ha~ 

CneICTPanbHa~ ICpHBa~, ~.e. CICOPOC'1'b c~eTa ae'1'eICTOpa, YCTaHOBneHHoro 

nocne cneIC'1'POMeTPa, B 3aBHCHHOCTH 0'1' BWCO'1'W IConeHa nOICa3aHa Ha 

PHc.1 (CH., Hanp:'l/). Ka~eCTBeHHO OHa co~nacyeTC~ c 

HH3ICO~Hep~eTH~eCICO~ ~aC'1'b~ HaeanbHO~O MaICCBennOBCICO~O CneICTPa, 

npeaCTaBneHHO~O Ha BCTaBICe PHc.1, ~ae BepXH~~ ~paHHu,a cneICTPa 

COOTBeTCTBye'1' ~paHH~Ho~ ~Hep~HH He~'1'pOHOBOaa (B cny~ae, HanpHMep, 

MeaHO~O ~TO E ), a HH~H~~ - ~paHH~Ha~ ~Hep~H~ HCTO~HH~a 
c u 

ynbTPaxonOaHWX He~TPOHOB (YXH) HnH TeXHOnO~H~ecICO~ MeMopaHW 

(HanpHMep, B cnV'"lae an~MHHHeBOH MeMopaHW ~TO E ) . H3 TO~O, ~TO 
A l 

CneICTPanbH'a~ ICpHBa~ COaep~'1' n na-ro, npOCTHpalOmeec~ ICaIC pa3 ao E ,
A l 

H oopalIlêieTC~ B Hynb npH E = E , MO:tQ-IO Caena'1'b BblBOa o 
cu 

ICa~eCTBeHHOM COOTBeTCTBHH CneICTPanbHO~ ICPHBO~ HaeanhHo'My cneICTPY. 

OaHaICo B aanbHe~meM/2/ CTano ~CHO, YTO npH 3aaaHHOM cneICTPe 

CICOPOC'1'b cyeTa aeTeICTOpa onpeaen~eTC~ He '1'onbICO BWCOTO~ IConeHa h, 

HO H apyrHMH )(apaICTePHCWICar~ CneICTPOMeTPa. HanPHMep, cyu!eCTBeHH~ 

ponb H~pae'1' TO, HaCIConbICO oWCTPO He~TPOHW nepeTeICa~ ~epe3 IConeHO 

no cpaBHeHH~ c TeM,IC3IC oWCTPO OHH nornomp~~ B aeTeICTOpe. EcnH 

no~nomeHHe B aeTeICTOpe npOHCxoaH'1' owcTPee nepe'1'eICaHH~ (TaICO~ pe~M 

paooTbl cneICTPoMeTPa Ha3b1BàeTC~ npoTO~Hwr~), TO CneICTPanbHa~ ICpHBa~ 

oyae'1' TaICO~ lII:e, ICaIC ecnH oW ae'1'eICTOp obln nOHemeH B Bep}(He~ yaCTH 

IConeHa (pa3YHeeTC~, npeanona~aeTC~, ~TO npH TaJ<:OM nepeHoce 

aeTeICTOpa e~o 3~J<:THBHOC'1'b He MeH~eTC~). Ho CICOPOC'1'b c~eTa 

aeTeICTOpa, .nOaH~TO~O Ha BWCOTY h, onpeaen~eTC~ nnOTHOCTb~ 

He~TPOHOB Ha BWCOTe h, ICOTOpa~ a cHny oonbu,r~HOBCICO~O 

pacnpeaeneHH~ TeM MeHbme, ~eM 60nbme h (aa~e an~ He~TPoHOB 

aOCTaTO~HO aYcoJ(o~ ~Hep~He~). HHYMH cnoaaMH, B ~TOM cnY4ae 

I 

itn~tIU~tl{'bri~n RHCnnyT I 
Ui1oeJ1~Ul HtcAelOBltlllli 
6~5ffj.!~fEHA 

c 

http:He~TPOHOBOaoM.nPH


cneKTPanbHa~ Kp~Ba~ He aOn~Ha ~MeTb nnaTO aa~e an~ ~aeanbHOrO 

CneKTPa, nOKa3aHHOrO Ha pHc.1. 

B npOTHSOnOnO~OM cny~ae, KOraa CKOPOCTb nepeTeXaHH~ s~e 

CKOPOCTH perHCTPaUHH aeTeKTOpa (3TOT pe~HM pa60TW CneKTPOMeTPa 

Ha3~aeTC~ HaKOnHTenbH~4), oxono aeTeKTOpa YCTaHaSnHSaeTCH 

nnOTHOCTb YXH, npOnOPUHOHanbHaH nnOTHOCTH HeHTPOHOS ao KoneHa, H 

cne~TPanbHaH KpHsa~ npH06peTaeT B~a, nOKa3~HH~ Ha pHc.1, T.e. OHa 

coaep~1T 3KcnepHMeHTanbHO Ha6n~aaeMoe nnaTO. 

CnpaseanHSOCTb H3no~eHH~ npeaCTaBneHHH 6~a 3KcnepHMeHTanbHO 

noaTBep~eHa B pa60Te
~/ 

, rae CKOPOCTH nepeTeKaHHA H perHCTPaUHH 

perynHPoBanHCb c nOMO~b~ aBYX aHa~parM, YCTaHOBneHH~X B BepXHeH 

'-iaCTH ~oneHa H nepea aeTeKTOpOM. OaHaKO 6bLJlO OTMe~eHO, ~TO 

nOCKonbKY Ka~~H KOHKpeTH~H cneKTPOMeTP pa60TaeT B 3apaHee 

HeH3BeCTHOM, so06~e rOSOPH, npOMe~yro~HOM pe~HMe, TO CneKTP 1-13 

cneKTPanbHOH KPHSOH H3BneKaeTCH HeOaH03Ha~HO. SITO npl-1seno K TOI4Y, 

~TO rpaSHTaUHOHH~1 cneKTPOMeTP CTan C~HTaTbCH HerOaH~
 

HHCTPYMeHTOM H B cneKTPOMeTPHH YXH npeHM~eCTBeHHoe nono»::eHHe
 
/4/
 

3aH~n cneKTPOMeTP no BpeMeHH nponeTa 

HY:«Ho, OaHaKO, OTMeTHTb, ~TO BpeMSlnpOneTHb&I CneKTPOMeTP 

n03BonHeT 1-13MepRTb TOnbKO OaHY KOMnOHeHTY CKOPOCTI-1, 1-1 nOTOMY OH 

Hsn~eTCR HaH60nee noaXOa~mHM anR 1-13MepeHHR cneKTPa XopOWO 

Konn'-IMHposaHHoro nY~Ka HeHTPOHOS. OH He aaeT oaH03Ha~HOH 

I-1H~PMaUI-1H O cneKTPe B cnY-iae, HanpHMep, HaKonneHH~ YXH B cocyaax. 

rpaBHTaUI-10HH~ ~e cneXTPOMeTP npeaCTaSnReTCR Hal-160nee aaexsaTH~ 

anR ,TaXoro poaa 3aaa~, nOCKonbXY OH Hcnonb3yeT TV cneUI-1~I-1~eCK~ 

oc06eHHOCTb YXH, ~TO HX CBOHCTBa aHanorH~H~ CSOHCTBaM l-1aeanbHoro 

ra3a. B CSR3H C 3THM npeaCTaSnHeT HHTepeC pa306paTbC~ s pa60Te 

cneXTPOMeTPa. B pa60Te/5/ 6~a peweHa 3aaa~a o nponYCKaHHH YXH 

sepTHXanbHHH HnH HaxnOHH~ HeHTPOHOSOaOM, B pe3ynbTaTe ~ero CTano 

B03MO:«H~ noCTPOHTb nonHytO TeOPI-1IO rpaSI-1TaUI-10HHOrO cneKTPOMeTPa. B 

HaCTO~DteH pa60Te aenaeTCR nepB~ mar s 3TOM HanpaSneHHI-1, a I-1MeHHO: 

cneKTPanbH~e KPHS~ B 3aBHCHMOCTH OT pa3nl-1~H~ 

napaMeTPOS cnexTPOMeTPa npH 3aaaHHOM neps~~HOM cneKTPe YXH. 

B cnea~eM nYHKTe nOKa3~aeTC~, Kax paCC~HTaTb nponycxaHHe 

CneKTPOMeTPa anR MOHOXpOMaTH~eCXHX HeHTPOHOS, 3HaR nponYCKaHl-1e 

OTaenbH~ era 3seHbeB. B nocneaHeM nYHKTe npHsoaRTCR H 06cyxaaJCYrCR 

HHTerpanbH~e xpHs~e, non~eHH~ nyTeM ~HcneHHoro HHTerpl-1pOSaHI-1R 

paCC~I-1TblBaJCYrCR 

nponycKaHHR cneKTPO~~TPa no 3aaaHHOMY nepSI-1~HOMY cneKTPY· 

2 

':r 

2., nponycKaHl-1e rpaSHTaUHOHHoro cneKTpOMeTpa 

an~ MOHOXpOMaTI-1~eCKHX YXH 

nepeHYMepyeM pa3nH~H~e 3seHbR cneKTPo~eTpa TaK, KaK nOKa3aHO 

Ha pl-1c.2. npeaCTaSHM ce6e,~TO Mell(ay 3SeHbHM\.1 HMeIOTC~ saKYYMHh'le 

npOMell(y-rKl-1, TOraa Kall(aOe 3BeHO MO:«HO OXapaKTepl-130SaTb nOnHW4H 
+ + 

OTPall(eHHeM R~ H nponYCKaHHeM T~ 1-13 BaKYYMa B saKYYM. 3Ha~OK ± 
t, l 

YKa3~aeT Ha TO, ~TO nePBI-1~H~H nOTOK Ha B~6paHHoe 3seHO naaaeT B 

TOM lI(e HanpaBneHHH, B KaKOM HccneayeTCH nonHoe nponYCKaHHe (~ anH 

KOHKpeTHOCTH õyaeM paCC~HT~BaTb nponYCKaH~e cneBa HanpaBo),HnH 

Hao60pOT. ~~ ropH30HTanbH~ y~acTKoB 1,3,5 Hanpaa~eHHe He HMeeT 

3Ha~eHHR, a anR HaKnOHH~ 2,4 OHO C~eCTBeHHO, ApH~eM nocKonbKY 

r~ B aanbHeHweM paaH npOCTOT~ 6yaeM C~HTaTb 3BeHbH 2 H 4 
+. + + + 

OaHHaKOBI~, TO R- = R H T- = T . 
2 4 2 4 /'5/ /5/ 

B~all(eHH~ anR R H T 6b1J11-1 nony~eH~ paHee (CM. 1-1, Hanp., ). 

n03l1(e l~ HX npHBeaeM, HO CHa~ana oôpHcyeM 06~ylO cxeMY pac~eTa. ~~ 

aanbHeH~X HccneaoaaHHH yaoôHo B~enHTb 3BeHO 3, n03TOMY BCIO 

CHCTeMY CHa~ana pa306beM Ha aBe ~àCTH: nepBaR COaepll(\.1T 3BeHbR 1,2, 

a BTOpaR - 3,4,5. nponycKaHl-1e nepBoH CHCTe~ 0603Ha~HM Tu, a 

BTOPOH - T !:> 6yaeM C~I-1TaTb, ~TO nnOTHOCTb YXH, n aziasouutx Ha BXOa 
g 

3seHa 1, paBHa eal-1Hl-1ue. nonHYIO nnOTHOCTb Me*ay 3BeHbRM\.1 2 1-1 3 

oõ03Ha~HM N. E:e MO~O npeaCTaBI-1Tb aBORKI-1M oõpa30M: 

a)N = (1 + R , b) N = (1 + R ) N + T • (1) 
g 5)Ng 2i 2 i2 

rae Ng 0603Ha~aeT ~aCTb nnOTHOCTH N, KOTOpaR COOTBeTCTByeT YXH, 

naaalO~M HanpaBO, OCTaBmaRCR ~aCTb - YXH,OTpall(eHHW4 OT 

cOBoKynHOCTH 3eeHbeB 3-5 c K03~UMQHTOM OTPa*eHHA R 
g 

!:> 

AHanOrl-1~HO, N OÕ03Ha~aeT ~aCTb nnOTHOCTH N, KOTOpaH OTBe~aeT 
2 

HeHTpoHaM, neTRDtHM HaneBO, OCTaBwaHCR ~aCTb ~pM\.1pyeTCR H3 

OTPall(eHH~ <k03~UHeHT OTPazeHH" R ) H nepBI-1~HOH nnOTHOCTH,
2 i 

nponymeHHoH 3BeHbR~ 1,2. Ecnl-1 1-13 CI-1CTeMH (1) onpeaenl-1Tb Ng' TO 

nponycKaHHe BceH CHCTe~ T MOll(HO 6yaeT npeaCTaBI-1Tb s Sl-1ae 
i5 

T = T N (2)
i5 g!S 9 

anR onpeaeneHI-1R Ng' OaHaKo, TPeõyeTCR e~e OaHO ypaBHeHHe. OHo 

cneayeT H3 TPeõOBaHI-1H COXpaHeHI-1R nOTOKa 

T = (1 - R )N + (1 - R )N, (3) 
i2 2i 2 95 9 

KOTOpoe rOBopHT o TOM, ~TO ~Hcno HeHTPOHOB. npoweaWHX '-iepe3 CHCTeMY 

1,2. o~aCTH Y.A:OaHT Hanpaso. a OCTanbHa:rl '-iaCTb B03Spa1l13eTCR 

3 

, 
;('. 



HaneBO. H3 ypaBHeHH~ (1) H (3) ner~o cnenYGTy YTO 

N = T /C 1 - R R ). C4)
9 j.2 21. 9!õ 

nO.QcTaBl-tB (4) B (2), nOn)f'-H1N 

T = T T /C 1 - R R ). (5) 
H; j.2 9!õ :U 95 

Tenepb HeTPY.QHO, HrHO.pl-fPY:::I 3BeHb:::l 1,2, nO.QC'-IHTaTb nponycll:aHHe T 
95 

fln:::l 3TOro OT,ltenHM OT c~cTeM~ 3BeHbeB 3-5 3seHO 3 H, HCnOnb3Y~ 

npONe)J(YTOIl: l-fe:t<.QY 3BeHbrlMH 3 H 4, c nOMOUlblO pacc~eHHA COBepweHHO 

aHanOrH'-IH~X TeM, KOTOp~e npHsenH Il: ~PMYne (5), nonY'-lHM s~a)J(eHHe 

T = T T /C 1 - R R ) . (6) 
9!õ 9 4!õ 9 4!S 

8 S!olPa)f(eHHe (5) SXO,ltHT eUle H SenH'-IHHa R . MbI no~a)J(eM, KaK OHa 
9 5 

S~'-IHCn~eTC~, Ha npHMepe paC'-IeTa KOJ~HUHeHTa OTPa*9HHrl R scero
j.!õ 

CnSI(TpOMSTpa. 2lnrl S~'-IHCnSHH~ R HY)J(HO 3HaTb OTPa)J(8HHe R 
~ ~ 

cOSOl(ynHocTH 3seHbes 1,2 H nnOTHOCTb N S ShlPa)J(eHHH (lb),
2 

noc~onbKY S nonH~H nOTOK, OTPa)J(eHH~ OT scero CnekTPOMeTPa, KpOMe 

ToA '-laCTH, 1(0TOparl onpeaenrleTCrl oTpa",eHHeH COBOJ<:ynHOCTH 8BeHbeB 

1,2, BXO,ltHT TaK)J(e Ta '-{a~Tb, 1<0TOparl COOTBE<TCTByeT nnoTHocTH N 
2, 

nponYl.qeHHOH 3SeHbrlMH 1,? S 06paTHOM HanpasneHHH. YIHbIMl1 CnOS8MH, 

Bblpa)J(eHHe ,ltn:::l R MO:t<HO 3anHC8Tb S BH,lte 
.:1!.i 

(7)R = R + T N
j.!õ j.2 2j. 2 

1:13 ypaBHeHHA (1) H (3) Cne,ltyeT, '-ITO 

N = R T /C1 - R R ). (8) 
2 95 j.2 2j. 95 

nO,ltC"TaBHB (S) B (7), nonY'-IHl-f 

R = R + T R T /C1 - R R ). CG)
j.!õ j.2 2j. 95 j.2 2j. 9!õ 

CosepweHHO aHaJl0rH'"1HO 3anHCblBaeTC:::I H s~a)J(eHHe ,ltnrl R 
9!õ 

R = R + rR /C 1 - R R ) . (10) 
9~ 9 9 45 3 45 

nO,ltCTaBHB (lO) H (ó) B (5), BbI,ltenHM B nponYCl(aHHH T.j.5 ex nazr 3BeHa 

3: 

T = T T T /[ C 1 - R R ) C 1 - R R ) + R R C R 
2

- r)]. C 11)
j.5 j.2 9 04!õ 9 4!õ 9 2j. 2j. 45 9 9 

OTCIO,lta MO)J(HO HaHTH s~pa)J(eHHe ,ltn:::l T B TPex npe,ltenbH~ cnY'-Ia:::lx:
j.!õ
 

3seHO 3 l)xopowo nponycl(aeT (R ... O), 2)cHnbHo OTPa)J(aeT (R ... 1) H
 
g g 

3)CHnbHO nor-nomae-r (R ... O) YXH.
g,T9 

YT06~ nonY'-lHTb nponYCKaHHe BceH uenH, s~pa;«eHHoe '-Iepe3 

4 

xapaiéTepHCTHi::H OT.aenbH~x 3BeHbes, HeO(3xo.aHMO HanTH R H T .an:>I 

uenO'"1eJ( 1,2 H 4,5. 3TO ,ltenaeTCrl c rror-ioun.io npOHe;t;YTKOS Me)J(,ltY 

COOTBeTCTBYIOUlHHH 3BeHbrll-m H paccy~eHHH,nonHOCTblO aHanOrH'"1H~X 

Bbmlenpl-fBe,lteHHbIH. 

3ar-1eTHH, '-{TO SO scex nony'-{eHH~ paHee s~pa)J(eHl-fHX HanpaSneHl-fe 

OTPaJt:eHH:::I H nponYCKaHHH BOCCTaHaBnHBaeTCH no nOCne,ltOBaTenbHOCTH 

HH,lteKCOS. npHHHNa:::i BO BHHHaHHe 3TH HanpaBneHH:::I, nonY'-IaeH 

b)R = R-+ T-R T+/C1 R R+): (12)
21 2 2 j. 2 j. 2

ã)Tj.2= T ...T:/C1 - Rj.R:), 

a)T = T+T ./C1 b)R = R++ T-R T+/(1 R-R). (13)R:R~),
45 "'!i "!:i '" .. !:i" .. !i 

OTHeTHH, '"1'1'0 Hcnonb3yer.f~e 3,lteCb peJ(yppeHTHble COOTHOWeHH:::I 

'-{aCTH'"1HO npHHeHSOlnHCb H paHee (CM., Hanp.,/7/), HO B oiSweH cnY'-Iae HX 

CnpaBe,ltnHBOCTb He iSblna aOKa3aHa. Ee 1·IO:«HO aOl(a3aTb,OCHOBblBa:::lCb Ha 

eCTeCTBeHHOf-1 TpeiSoBaHHH Henpep~BHOCTH nnOTHOCTH H nOTOJ(a Ha 

rpaHHue pa3.Qena aSYX3BeHbeB, 1l:0r.Qa ypaBHeHl-f:::l aH<MY3HH S pa3;HbDC 

3BeHbHX pa3nH'"1H~. 2leHcTBHTenbHO, l(aJ(OB~ iS~ HH iSblnH ypaBHeHHH 

.QH~Y3HH s asyx COCe,ltHHX 3SeHb:::lX (nHwb iSbl OHH iSblnH 

,ltH~peHUHanbH~NH ypaBHeHHHMH SToporo nop:::IaJ(a). B l(a:t<aOM 3seHe 

peweHHe npea~TaBnHeTC:::I B BHae asyx nHHeHHO He3aBHCHM~Á ~YHI(UHH c 

,ltsyr~ HeH3BeCTHW-1H J(03~UHeHTaMH.CWHBl(a 3THX peweHHH Ha rpaHHue 

pa3aena oiSeCne'-lHBaeTCH aBYHS'l ycnOBHrlHH Henpep~BHOCTH. nYCTb, 

HanpHMep, cneBa HeH3BeCTHble I(03~HUHeHTbl paBH~ a H ~, a cnpaBa - y 

H ó, TOraa npH HenOCpeaCTBeHHOH CWHBJ(e Ha rpaHHue nonY'"1aeM 

ypaBHeHHH THna 

a)Aj.Ct + 8,~ = C,Y + 0j.ó. b)A 0l + 8/1 = C y + 02Ó. 
2 2 

r.Qe A. B., C. H O. - Hel(He aenH'"1HHbl, cneaYIOII\He 1013 COOTB8TCTSYIOIlU-1X 
\. 1. 1. \. ' 

.QH~Y3HOHH~X ypaSHeHHH. EcnH:«e M~ SSOaHM Me)l(ay 3SeHb~MH 

npONe:«YT01( H nonaraeH nnOTHoç:Tb s HeM paSHOl1 N, npH'-IeM N COCTOHT 

H3 tlsyx 1(0MrIOHeHT Nj. H N , nepsa~ H3 J(OTOPblJ< onpeaenHeT nOTOK 
2 

N j. v/2, :.-t,ltY1Ul-1H Haneso. a STOpaj;J - N v/2, HaYI.qHH Hanpaso, rae v 
2 

CI(OPOCTb HeHTpOHOB, TO, HanpHHep, nepeoe ypaBHeHHe CWHSI(H Tenepb 

pa30ÔbeTC:::I Ha asa: 

Aj.Ol + 8,~ = Nj. + N2 , C,Y + O,Ó = N, + N:z' 

1l:0TOp~e nonHoc'rblO 3KSHsaneHTH~ O,ltHOMY npe;«HeMY. To;«e caMoe 

J(acaeTC:::I H BTOporo ypaSHeHHH CWHSKH. 

~nj;J OKOH~aTenbHorO paC~eTa nponYCKaHl-1:::1 Ti!õ HY)J(H~ B~pa~eHH~ .an~ 

R H T OTaenbH~ 3BeHbes. npHBe.QeM l-1X Tenepb. 

5 

, 



nponYCKaHMe HaKJIOHHbIX Y'-IaCnOB, KaK oblJ10 y:«e CKa3aHO, 
/5/ . 

paCC'-IWraHO B ,~ OHO l<lO;t;eT 6blTb npeaCTaSneHO B c.neaYlOlIleH B~Ae: + '\.
+\r = 21" /y (J(+ 1+ - J(- t:», (14) 

2 dou" dou u d d u \ 
\s rae· np~H~T~ cneaYlOm~e 0603Ha'-leHH~: \ 

\Z 
\

I" = (4/3) ~Y}v/v x i / '" , (15)
d.u l im d,u 0,5 . IE I \\n = I mb/Reb - K034J4>~UHeHT nOTepb YXH s HeHTPoHOSOae, Lmb , Reb 

1·1HHHaS'l H selIleCTBeHHa~ '-IaCT~ ar-mn~TYA~ pacce~H~~ ~aep sel11eCTBa J: 
HeHTPOHOSoaa <CM., Hanp~Mep::8/ ), v - CKOPOCTb HeHTpOHa B H~;t;HeM .. \ 

,/ \ 
rop~30HTanbHOl<l HeHTpOHOSOAe, v, - rpaH~'-IHaS'l C~OPOCTb CTeHOK 

~ 
lu.... EAI . ECu E \ 

HeHTPoHOBOaa <s cny'-{ae MeaHoro HeHTPOHOSOaa - 3TO v ),
Cu 

0,5 
X = (1 - 2g sin1> z /v2

) , (16) Sin Cf 
dou d.u 

9 - YCKopeH~e CsooOaHoro naaeHHS'I, 1> - yron HaKJIOHa cneKTPOMeTPa, 

z KOOpa~HaT~ H~;t;Hero ~ sepKHero KOHUOS yYacTKa 2 <CM p~c.2). 
d.u 

H~:«e Mbl sceraa 6yaeM nonar-a-r-s., '-ITO Z = O, a z = L - anHHe Y'-IacTKa 
d u , 

, ,/
2. np~'-IeM nocKonbKY an~ CKaHHPOSaH~S'I scero cneKTpa OT HynS'l ao v = , 3 ,/ 

= v. aOCTaTO'-lHO S3~Tb TaKYIO aJI~HY L, ,-{TOo~ 2gL = v~i ..... = v~,.., TO ~ 
l\.TrI 

s~pa:«eH~e (16) MO;t;HO 3an~caTb s s~ae 

2 2).<17) 2 
a)x = 1, b)x=(l -sin1>v /v

d u • li. .....
 

8en~'-IHHa y s s~pa;t;eH~H (14) paSHa
 YXH~, ~~ , 
y =<4/5)~nv/v ~(v2/g sin1> l)x!5/"'. (18) , ,/

d.u l ~..... d ,u 

nOl4HHO y*e YKa3aHH~ paHee SeJI~'-I~H ClOaa SKOA~T an~Ha CB060aHoro 

npooera Me~y asy~~ cOYAapeH~~MH co CTeHKat4H HeH-rpoHOSoaa - 1. 8 

cny~ae u~n~Hap~'-IeCKOrO HeHTPOHOSOaa 1 paSHa ero a~aMeTPY. 

8 s~a~eH~~ (14) ~cnonb~~~ TaK*e cnea~e Oo03Ha'-{eH~~: 

J(-
+ 

= K <y ) ± I" K <y ), (19)
d,u o dou d.u i d,u 

+
I " = I <y ) ± I" I <y », (20)

d.u o d,u d • u i dou 
~ 

rae K <y) ~ I <y) - tJlOAH4>~u~posaHH~e 4>yHKU~~ 6eccen~ ZO.i O,i . 

Hynesoro H nepsoro nOpS'laKOS. 

Ko~~Hu~eHTW OTPa~eHHS'I 3seHa 2, KaK cneayeT ~3/5/ , Hory-r 6blTb 05 

npeaCTasneH~ B s~ae 

R
+ = (I - J(+ - t" J(+) /( 1+ J(+ - ]: J(~). (21)
 
2 d u u d d u
 i ."

R- = (1+ J(- i' K-)/(I+ J(+ - i: J(-). (22)

2 d u u d d u u d
 ]

BXOAS'll11He clOAa Ben~'-I~H~ YKa3aH~ B (19) ~ (20). 0,5 SinCjJ 

PHC. t. CneKTPaJIbHa:R KpHea:R, 

nOJIY'-IeHHa~ s pa60
/1/

Te ,H Haean bHb&1 

CneKTP. 

PHc.2. 0603Ha'-leHHe 3seHbeB 

CneJ<:TpOHe-rpa. nYHJ(TH

POl1 YI<:a.3aHbI rJonO:KeHH-rI 

eoo6pa;t;;:;-=-1'1b1~: Bal(',I;::" 

npOI1G':K·yTl(OE.H~X 

P~c.3. PaCC'-I~TaHH~e cneJ<:-

TPanbH~ J<:P~S~ anS'l 

cneK-rpa (28) np~ an~

Hax 3Bel-lbee 1, 3, pas-

HbIX COOTBeTCTBeHHO; 

1)5, 1; 2)100" 1, 

3)100, 25. nm1Ha 

3seHa 5 BO Bcex Tpex 

cnY'~a~x paSHa 5. 
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4n~ rOpH30HTanbHHx yYaCT~OB anHHoH L cnpaBeanHB~ lIPyrHe 

4Jopt~nbl (Ct-1 .• Hanp./
6 

/ ) : 

2)/C1 2e2
R rCi - e - r ) . C23) 

T = eC 1 - 1,2) /C i - r 2 e 2) • C24) 

['lIe HCrIonb3YlOTc:rI 0603HayeH1-1R 

r = C1 - q)/C1 + q). e = expC-L/L ) . C25)
D

t,""4 --- 
q = (4J3)x ~})v/vcu' L = C2/3)1/q. C25)

D 

a B KayeCTBe x cnellyeT B3RTb nH60 xd.ecnH Ht-1eeTCR B BHlIY 3BeHO 1 

HnH 5. HnH ~e x ' ecnH HMeeTC:ri B BHlIY 3BeHO 3. 
u 

3. Pe3ynbTaTbI '·IHCneHHOro paCyeTa nponycKaHH:ri cneKTpOt.1eTPa 

nOcne nocnelloBaTenbHo~1 nOllCTaHOBKH Bcex He06xOllHt-1bIX BblPa~eHHH 

B 4JOPHyny (11) nonY'iaeH T KaK <1>YHKU,HIO T(s:l n</>. v). npH 3allaHHOM
i 5 

cneKTpe nOTOKa ~(v) Ha BXOlle cneKTpOMeTPa CKOPOCTb'CyeTa lIeTeKTOpa 

npH 3allaHH0t-1 yrne HaKnOHa </> paBHa 

~K </» = f TC si n</>. v) ~C v) ec v2 > 2gLs:l n</» L;(V) dv , (27) 

rlle e-~YHKU,H:ri paBHa ellHHHu,e npH B~onHeHHH HepaBeHcTBa, YKa3aHHoro 

B ee aprYMeHTe, H HynlO B npOTHBHOt-1 cnyyae, a L; - annapaTYpHa:ri 

J~KTHBHOCTb lIeTeKTopa. KOTOP~ t~ 6YlleH nonaraTb paBHOH ellHHHu,e. 

HlIeanbHbIH cneKTP. nOKa3aHHblH Ha BCTaBKe PHc.1, COOTBeTCTByeT 

gecv2 < v2~(v) = cv < v2 o • C28)
Al Cu 

rlle'C - HOPHHPOBO'-IHa:rl nOCTOS'IHHa:rl. 

Ha PHc.3 npHBelleHbI TP1-1 cneKTpanbHble KpHBble N(E) (E = mgLs:ln</> 

=E sin</>o m -t~cca HeHTPoHa) lIn:rl TPex pa3nHYHbIX Ha60poa lInHH 
Cu 

3BeHbeB 1 H 3. .an1-1Ha 3BeHa 5 BblEípaHa paBHoH 5 (.qnHHbl npHBOll:riTC:ri B 

ellHHHuax lIHaHeTpa, KOTOPblH nonaraeTCS'I ,an:rl Bcex 3BeHbeB 

o.etHHaKoBbll.{). a .anHHbl 3BeHbeB 2 H 4 4oHKcHpoBaHbI YCIloBHeM 2gL = E . 
Cu 

-9 
K034>4>Hu,HeHT nornO~eHH:rI )} BO Bcex TPex CJ1V'"ia:rlx BblEípaH paBHbIM 10 , 

YTO 6J11-13KO K 3KcnepHHeHTaIlbHO HaEíIllOaaeHOJ:t BeIlHYHHe. V13 3TOro 

pHcYHKa C Ile.ayeT. YTO cneKTpaIlbHble KpHBble (OHH ace HOPl-1HpOBaHbI Ha 

e,aHHHu,y np1-1 E = O) HoryT BeCTH ce6:ri CaHbIM pa3IlHYHbIM oEípa301-1. npH 

~nO~1 .aIlHHe 3BeHa 3 cneKTpaIlbHa:ri Kp1-1Ba:ri HIlH MOHOTOHHO y6b1BaeT, 

HaYHHaR c Hyn:ri, Kor,aa 3BeHO 1 TO~e KOpOTKOe, HIlH co,aep~1T nnaTO, 

x orna 3BeHO 1 ,aIlJ-1HHoe (3aHeTHH, YTO nponycKaHHe CHHMeTPHYHO 

OTHOeMTenhHO nepeCTaHOBKH 3BeHheB 1 H 5). 3TH .etBe KpHBble 

COOTBeTCTBV~ npOTOYHOHY H H3KOnHTeIlbHOHY pe~HHaM paEíoTbl 

cneKTpOHeTpa. nPH YBeIlHyeHHH n HIlH VaIlHHeHHH 3BeHa 3 Ha 

cneKTpanbHOH KPHBOH Ho~eT CHayaIla Ha6IllOaaTbcR no.etbeH. 3TO 

eCTeCTBeHHblH 06pa30H oEíbRcHHeTC:rI TeH, '-lTO np1-1 nO.etbeHe KOIleHa 

crrex-rp B BepXHe~1 et"'o yaCTH CI-1Rt"'yaeTCH, H 3TO npHBo,aHT K YHeHbUIeHHIO
1'1' 

nOt"'IlOmeHHH, T.e. K YIlYYUIeHHIO nponYCKaHHR cneKTpOHeTpa. 

11 Ha PHc.4 npHBe.eteHbI .aBe CneKTPaIlbHble KpHBble, aHaIlOrHYHble TeH, 
/3/

J<OTOpble 6b1IlH nOIlY'feHbI a 3KcnepHMeHTe co CneKTPOMeTpoH, HMelOm\-11-1 

.qHa~parHY Me~,ay 3BeHbH~~ 3 H 4. BIlHRHHe .etHa~par~~ MO%HO paCCYHTaTb 

peKyppeHTHbll-1 crroooesor-r, npH 3TOM eCIlH lIOIlR OTICPblTOt"'O OTBepCTH:ri 

,aHa~pat"'HbI paBHa ~, TO OTpa~eHHe ,aHa40pat"'HbI paBHO R = 1 - ~, a 
d 

nponycKaHHe - T = ~. TaKHM 05P830M, nponycKaHHe C HCTel-1bl, COC.D:rimeH 
d 

H3 aHa~parMbl H 3BeHhea 4,5,Td~G MO~eT EíbITb 3anHcaHO CIleaYIOm\-1M 

oEípa30M: 

C29)Td~5= T dT ~G/C 1 - RdR 4 t:» ' 

a OTpa~eHHe 

R = R + rR /C i - R R ). C30)
d4!:i d d 45 d 4~ 

BepXH:rIH KpHsaR Ha PHc.4 COBna,aaeT co cpe,aHeH II:PHBOH H3 pHc.3 H 

COOTaeTCTByeT ~OIlHOCTblO OTICPblTOH aHa~parMe (~ = 1). CneKTPOMeTP 

pa60TaeT B HaKonHTeIlbHOH pe~HMe. HH~HH:ri KpHBa:ri COOTBeTCTByeT 

,aHa~pat"'Me c ~ = 0,1. CneKTpoMeTP paôOTaeT B npOTOYHOM pe*HMe. 

Ha pHC. 5 npe,aCTaaIleHbI Cnell:TPaIlhHble KPHa~, KOTOpble nOIlyyeHbI 

co' CneKTPOHeTPOH 6e3 ,aHa~parMbl, HO HHTerpHpoaaHHe B (27) npOBe.eteHO 

c HHbll-1 CneKTPOM, He*eIlH (28), a HMeHHO: a 3TOM cIlyyaé nepaHYHbIliI 

cnell:TP npHHH~IlCR B BH,ae 

~(v) = A sc-: - v Al) + C vCv2- v:)ecv/i:; v s v ) ] ' C31)
c u

r.ete C - HOp~pOBOYHaH nocTORHHaR, a v - HH~H:ri:ri rpaHHu,a 
~ 

HenpePblBHOH yaCTJ-1 CneKTPa, npHyeM v~ > vALo nepaoe cnaraeMOe B 

(31) yJ(a3blBaeT Ha nPHcVTCTBHe B cneKTpe MOHOIlHHHH. ECIlH BTOpa:ri 

~aCTb CneKTPa Hop~po~aHa Ha e.etHHHu,y, TO nOCTO:riHHaR A 

xapa~TepH3yeT .qOIlD, KOTOpa:ri B nOIlHOM Cnell:TPe npHXOllHTC:ri Ha 

MOHOIlHHHIO. 

CneKTPanbHble KpHable PHc.5 co.etep~T .etBa nIlaTO H OyeHb noxo~ Hai 
" ~pHaylO, KOTOpaR ÔblJ13 nony~eHa B 3~cnePHMeHTe/9/ 

(
,! 
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npose,QeHHloIe paC"feTbI nOJe:a3b1Ba~, "fTO TeOpH~ rpaSHTa~HOHHOro 

cnekTpOMeTpa n03BOJI~eT onHcaTb ace 3~CnepHf.feHTaJIbHO HaéJIJO,OaeMble 

~Pf-IIoI cneXTpaJIbHbIX Je:PHSbIX H nOTOMY B npHH~Hne n03S0J:l~eT H3 
PyxonHcb nOcTYTIHJIa B H3~aTeJIbCkHH OT,QeJI 

CneKTpaJIbH~ kPHB~ H3BJIeKaTb CneKTp HeHTpOHOB. SaJIee TOrO, 24 HOSlCSpSl 1987 r-ozra, 

sapbHp~ Te ~1JIH HHble 3JIeMeHTbl CneKTpOMeTpa, MOlICHO no H3f.feHeHHIO 

roPf-llol CnelCTpaJIbHOH KPHBOH cyaHTb He TOJIbKO o CneKTPe YXH, HO H o 

CSOHCTBaX caMoro CneKTpOMeTpa. HanpHMep o K0344H~HeHTe nOTePb TI B 

HeM. Pa3BHTaSi TeopHSi n03BOJI~eT TaK*e YJI~WHTb MeTOaHKY 
/10/

cnekTpanbHoH ~YBcTBHTenbHOCTH aeTeKTOpOB 

H3MepeHH~ (' 
'\ AsTOPbI énaro,QapHIoI B. B. rOJ:lHKOSY 3a noaaep;t(J(y 'paéoTbl H HHTepeC J( lI. 

HeH. 

0,5 Sin fi 

0,5 Sin sP 
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llrHaToBHq B.K., HHKHTeHKo ID.B. PJ-87-832 
~H3HqecKHe oco6eHHOCTH AeHCTBHH rpaBHTa~oHHoro 
cneKTpoMeTpa yJibTpaxoJIOAHbiX HeHTpoHOB 

PaccMoTpeHa AH<lxPY3HH YJibTpaxoJIOAHbiX HeHTPOHOB /YXH/ qe
peg rpaBHTaiJ;HOHHbiH cneKTpOMeTp, BblllOJIHeHHblH B BHA€ IT -o6-
pa3HOrO H€HTPOHOBOAa, HaKJIOH€HHoro no OTHOID€HHID K Hanpas
JieHHIO rpaBHTa~oHHoro noJIH. HcnoJib30BaHbi HOBbie pemeHHH AJIH 
AHcixPY3HH YXH B cocTaBHOM HeHTpOHOBOAe H HeHTPOHOBOAe B 
rpaBHTaiJ;HOHHOM nOJ1€. IlOKa3aHO, qTO HHTerpaJibHbl€ CTI€KTpaJib
Hbl€ KpHBbl€, noJiyqeHHbl€ C nOMO~biO 3TOrO cneKTpOM€Tpa, CHJib
HO gaBHCHT oT napaMeTpoB cneKTpoMeTpa. PacqeTHbie cneKTpanb 
Hbl€ }<PHBbl€, noJiyqeHHbJe npH pa3JIHqHb!X napaMeTpax, BOCnpOH3-
BOAHT 3KCnepHMeHTaJibHbie AaHHbie, 

P a6oTa BblllOJIHeHa B ITa6opaTOPHH HeHTpOHHOH il>H3HKH OHJIH, 

ilpenpHHT 06'hellHHeHHOro HHCTHTyra RllepHbiX HCCJiellOBaHHH . .lJ:y6Ha 1987 

IlepeBOA O.C.BHHorpaAOBOH 

Ignatovich V.K., Nikitenko Yu.V. PJ-87-832 
On Physical Special Features of the UCN 
Gravity Spectrometer Operation 

Diffusion of ultracold neutrons (UCN) along the IT-like 
elbow held at an angle with respect to the gravitational 
field is considered. A new approach to diffusion along com
posite guides together with the solution for UCN diffusion 
in the gravitational field are used. It is shown that the 
form of integral spectral curves obtained with this spect
rometer strongly depends on spectrometer parameters. The 
results of numerical calculations carried out with diffe
rent spectrometer parameters are given which reproduce so
me experimentally observed integral spectrum curves. 

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