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MeTOJl Bbl'IRCneHnSI ·Jln4,4,epeHUHanbHOro Ce'leHnsi llBYX'laCTR'IHblX 
peaKunit B onbrTax Ha BHyTpeHHeit MnweHn unKnn'!eCKoro 
ycKopnTensi 

nony'leHa 4Jop11.1yna, onnCbIBa10masi 3HepreTH'leCKnit cneKTp '!aCTRU OT
JlB'IR " Y'IRTb!BBJOillaSI MeTOJlR'leCKne oco6eHHOCTR 3KCnepnMeHTa. npnBOJlRT
CSI anropnTM Bbr'lncneHnsi anq:iqi epeHunanbHoro ce'!eHnsi. noKaaano ero npn
MeHeHne Ha npn11.1epe ynpyroro He-p-paccesiHnsi. 

Pa6oTa BbmonHeHa B na6opaTopnn Bh!COKHX st1epr11ll 011H11. 

ripenpHHT 06betnrneHHOfO HHCTHTyTa '1,nepHblX HCCJie,noBrurnti 

,ay6Ha 1976 

C) 19 76 061,e~uHeHHWil UHc•u•y• A~epHwx ucc11e~oea Hui1 ,lb6Ha 
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l1 

'] 
~ 

Bnei:temrn 

B TeqeHue nocnei:tHHX 15 neT 6hlno nponeaeHo MHoro 
aKcnepuMeHT0B no~uccneaonaHHIO ynpyroro paccegHug H 
au~paKUHOHHOll J:lHCC0UHaUHH npoT0H0B Ha npoT0HaX H gg
pax Ha pa3nH'!HhIX ycKopuTengx (Ily6Ha, Cepnyxon, Ba
Tanug) C ucnonh30BaHHeM BHyTpeHHen MHllieHH. CymHOCTb 
MeToaa /I/ 3aKnIO'IaeTCg B perHCTpaUHH 'IaCTHU, BbJne
TaIOlllHX H3 MHllleHH, -B HHTepaane yrnoB 70-90° • l1cnonb-
3yIOTCg nneH0'!Hbie unu ra30Bbie MHllieHH ManhIX pa3MepoB 
H Mace. Heo6xoaHMbIH Bb!X0J:l 'IaCTHU J:l0CTHraeTcg MH0ro
KpaTHb!M npoX0)KJ:teHHeM ycKopgeMoro nytIKa 'Iepe3 MH-- . 
weHh. Oco6eHHOCTH ST0H MeT0J:lHKH noapo6HO onucaHhl 
B o63opHbIX pa6oTaxl2/. Ha p u c. 1 npuneaeHa cxeMa 
pacnono)KeHHg MHWeHH H aeTeKT0p013 0TH0CHTenhH_0 ny'IKa 
ycKopuTeng. 

HacTogwag pa6oTa gnngeTcg aanhHeiimHM pa3BHTHeM 
MaTeMaTH'IecKoro MeToaa Bhl'!Hcneaug auttepeHuuanhHoro 
Ce'IeHHg B SKCnepHMeHTax C ucnonb30BaHHeM BHyTpeHHeii 
nneH0'IH0H MHWeHH / 3/. 

Bb!BOJ:l cjlopMynbI SHepreTH'IeCK0ro cneKTpa 
'IaCTHU 0TJ:ta'IH 

PaccMoTpHM ynpyroe paccegaue anyx 'IaCTHU 

➔ ➔ ➔ ➔ 

P1 + P11 ➔ PI + P 2 ' (1) 

3 



T 

Puc. I. CxeMa pacrrono:>KeHUH MUIIIeHu (T) u aeTeKTopoa 
(D) Ha ycKopuTene: I - KaMepa ycKopuTens=i, 2 - BaKYYM-

u ➔ ➔ . u 

HhllI uoHorrpoBOJl. p I , _p 1 - UMrrynhCbl ycKopeHH011 
II pacceHHH0H qacTuu, P2 - UMrrynhC qacTUUhl 0T]laqu, 
02 - yron qacTUUhl OT)laqu OTH0CUTenbH0 ocu rryqKa 
ycKopurenH. 

4 

rae PI - JIMrrynbc qacTJIUbI nyqKa; P2, 0 2 , T 2 -
IIMITynhC, yron ll KIIHeTuqecKaH 8HepI'II5I qaCTIIUbl oraaqu, 

CO0TBeTCTBeHH0, (p UC. 1). l13 KIIHeMaTUKII ynpyrrrx pe
aKUIIll cneayeT oaH03HaqHaH caH3h Me:>KJlY p 

2 
, 0 

2 
, T 

2 
, 

qTQ IT03BOnHeT rronh30B8TbC5I 8TIIMII nepeMeHHh!Mll paBH0-
rrpaBHhIM o6pa30M. 

BhrneaeM q>OpMyny' 0ITUChIB8IOWYI<? Ha6n10aaeMblll 8Hep
reruqecKUll crreKTp qacrrru oraaqrr, perucrprrpyeMbIX ae
TeKTopoM. 

ct>opMy cneKTpa onpeaensnoT cneay10mne qiaKTophI! 
I. Yrnoaofi pa36poc nyqKa ycKopnTenH B nnocKocTn 

H3yqaeMOH peaKUllll. 
2. MHoroKparHoe pacceHHHe qacrnu oraaqn B aemecrae 

MHIIIeHH. 
3. H eroqeqHOCTb MHIIIeHU II aereKropa. 
4. 3HepreTuqecKoe pa3peIIIeHue aeTeKropa n crreKrpo

MerpuqecKoro rpaKTa. 
5. 3aBUCUMO~Tb /lllq>q>epeHunanhHOI'O ceqeHHH H3yqaeMOH 

peaKunu oT yrna pacceHHH~ 
OTKnOHeHue HaneTa10meH qacTUUhI B rrnocKOCTH peaK

Ullll Ha HeKOTOphIH yron H3-3a yrnoaoro pa36poca rryqKa 
ycKopuTenH rrpHBOJlllT K rroaopoTy KapTHHhl pacceHHHH Ha 
TOT :>Ke yron. IToaToMy yrnoaoe pacrrpeaeneHne qacTuu 
OTJlaqu C q>UKCUp0B8HHhIM p 2 HBnHeTCH TeM :>Ke caMhIM, 
qTo u yrnoaoe pacrrpeaeneHue nyqKa. B xopoIIIeM rrpu6n11-
:>KeHuu aTo ecTh pacrrpeaeneHue faycca: 

1 e 
G 1 (02 - 0 2) d0 2 = y277-a I 

(0' -0 )2 
2 2 

2a2 
I c10;. (2) 

Iltrn CUHXpo_cpa30TpoHa Jia6oparopuu BbICOKUX 8Heprnfi 

OI1.HI1 aucnepcuH af"' 1,5 Mpaa / 4/_ Bauay ee ManocTu 
MO:>KH0 rronaraTb, qro yrnoBaH rrepeMeHHaH U3MeHHeTCH 

a rrpeaenax - oo < o;_ < oo • 

IlnH KonnuHeapHoro rroTOKa qacruu 0TJlaqu c uMrrynh-
COM I p➔2 J , rrpoIIIeJlIIIero cnou: MJIIIIeHu TonmuHo_fi x, B pe-
3ynbTaTe MHoroKparHoro pacceHHUH JIMeer Mecro raycco
ao pacrrpeaeneHne ITO yrny /5/ T.e. 

' 

G <0- 0' x)d0 = _ _!__ e 
2 2' -

y277 a 2 

rae 
2 . ➔ 4 

a 2 = kx/p 2 • 

(0-0 ') 2 
_2 

2aj 
dO, (3) 

5 
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KoHcTaHTa k onpeaenSieTcSI paanaunonnoil: annHoil: Ma
Tepnana Mttrnenn. H3 (2) H (3) nonyqaeM yrnoBoe pac
npeaenenne qacruu oTaaqn c ttMnynbCOM Ip 21 , BbrneTa
IOlllHX II3 TO"IKH MIIIDeHII, pacnonm1rnnnoil: na rny6IIHe x : 

00 

G 3 W-0 2, x)dO = ( JG 1 W2- 02)G2W-02,x)d0 2)dO. (4) 
-00 

PaccMoTpttM cnyqail: oaHopoanoil: npSIMoyronbnoil: nne-
HO"IHO11 Mttrnenn Tonumnoil: ho II anunoil: ( no nyqKy) a • 
TaK KaK TomuIIHa Mttrnenn ( h O "' 1 MKM) ropa3t:to MeHb
rne llIHpHHbl nyqKa /4/, TO noTOK ycKopeHHbIX qacruu 

MOMHO ~qHT8Tb paBHOMepHO pacnpeaeneHHbIM no BCeil: 
Tomuune MHllleHH. Cnet:toBarenbHO, BblXOll qaCTHU OTAaqu 
C pa3HOli rny6unw MHllleHH OllHHaKOB. YrnOBOe pacnpe
aenenne qacruu oTaaqn c aaHHbIM ttMnynbCOM IP 21, Bbrne
TaIOlllIIX H3 Manoro aneMeHTa MHllleHH TOnlllHHOil: h, SIB
nSieTCSI cynepnoGHUtteil: rayccoBwx pacnpeaenenuil: (4), 
COOTBeTCTBYIOlllHX pa3nIIqHbIM 3HaqeHHSIM X, H HMeeT BHll! 

G W-0 )dO 
4 2 

1 h 
;;_ ( J G ((J - 0 , x )dx ) dO • 
h o :i 2 

(5) 

M HOMHTenb 1/h B ( 5) BBet:ten t:tnSI coxpanenn SI nopMttpoa

KII cpyHKUIIH G 4 na et:tIIHIIUY. 
yqTeM KOHeqHbJe yrnOBbie pa3Mepbl MHllleHH H t:teTeK

Topa B nanpaBnennn ny<IKa ( p II c. 2). TTycTb 00 - yron 
B nnocKOCTII peaKUIIII MeMAY nanpaBn~ntteM nyqKa" nHHH
eil:, npoXOllSillleil: qepe3 cepet:tIIHbl MIIllleHH II AeTeKTOpa. 
t.JacTIIUbI, nat:taIOlllIIe na aneMeHT t:teTeKTopa, pacnonoMeH

Hbiil: noa yrnoM O d, c aneMeHTa MHllleHH noa yrnoM O 
1 

, 
IIMeIOT yrnoBoe pacnpeaeneHIIe ( 5). TToToK qacTIIU co 
BCeil: MIIllleHH Ha ll8Hllblli aneMeHT t:teTeKTOpa IIMeeT yrno
BOe pacnpeaenenII~ 

012 

G5(0d,02)d02= ( f G4(0t -02)dOt)d02, 
011 

(6) 

T 

I 
I 

a 

HanpafuieHue n~Ka 

Puc. 2. CxeMa pacnonO)l<effHSI MHllleHII H neTeKTOpa B Ha

npaBneHHII nyqKa. nnoCKOCTb neTeKTOpa nepneHAIIKynSipHa 
~ R , a - nnttaa MHllleHH, b - anttHa aeTeKTopa, R -

OTpe3OK, coet:tHHSIIOIUHH cepeJlHHbl MttllleHII H neTeKTOpa. 

rne 

a cos0o 0 = O d + 
, t2 0 = 0d- 2R tl 

a cos 0
0 

2R 

H HSKOHeu, yrnoBoe pacnpeaeneHHe qaCTHU C JlBHHbIM 
HMnynbcoM IP

2 
I , nanaIOlllHX c MHllleHII aa t:teTeKTOp, 

HMeeT BHJl: 

7 
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rae 

G6<00,02)d02 

8 d1= 0 o 
b 

2R 

Od2 

= ( J 
Odl 

G5 <0d,02 )dOd )d0
2

, 

b 0
d2= 

0o + 2R 

(7) 

1'13 (7) rronyirneM pacrrpeaenemie, HOpMllposaHHoe Ha 
e.[{JIHIIUY rrnomaall .[leTeKTOpa anllHOH b JI eallHIIUY rrno-
lll8.[lll MllllleHH anttHOH a : 

R2 
G7(00,02 )d0 2= _ G6W

0
,0

2
)d0

2
• 

a• h• cos00 

(8) 

11 HTerpanhI s cpopMynax ( 4) - (7) Bhl'IHCn5IIOTC5I aHamITII

'IeCKII, 'ITO IIO3BOn5IeT rrony'IIITb cpyHKUli!O G7 (00,02 ) B 51B
HOM Bll.[le. 

BseaeM o6o3Ha'IeHrrg 

b 
r.fa d = -- - rronosrrHa yrnosoro pa3Mepa aeTeKTopa 

2R no ocrr rry'!Ka, 

acos0o 

r.fa t = 2R -
ho 

h- ---~ 
- cos0o 

2 -15._h_ 
a2= liJ 214 

a2 

- rronosuHa yrnosoro pa3Mepa M1IllleH1I, 

- TonmttHa MllllleHII, 

- yrnosag .[{IICIIepcrrg MHOI'OKpaTHOI'O p~c
Ce5IHH5I, 

- yrnosag aucnepcttg ny'IKa ycKopttTeng, 

c3 t== Cr?..+C2.-2-

80 - 82 + r.jJ d + r.fa t Oo - 02 - r.jJ d - r.fa t 

X = 1 X2 
y2a y2a (9) 

X = 
3 

0 O - 82 + r.jJ d - r.fa t 

y2a 
' X4= 

Oo - O 2 - r.fa d + r.fa t 

y2a 

BseaeM cpyHKUHH 

rae 

X 
3 

X X
2 + 1 

f(x) = (-- + -) Erf(x) + ---
e -x2 

' 6 4 6 v rr 
( 1 0) 

g(0
0

,0
2
,~) = (2a)312 [f(x

1
)+f(x

2
)-f(x3)-f(x

4
)], 

' 

2 X -t2 
Erf(x) = ---=--=- J e dt - IIHTerpan sepoSITHOCTII. 

v rr o 
4>yHKUII5I G (0 ,0 ) HMeeT BH.[l: 

7 0 ,2 

1 
G7(00,e2) = 2[g(Oo,02,a3)-g(Oo,02,aI)]. (ll) 

2r.fa d • 2r.fa t • a2 

B SKCIIepHMeHTB rronyrrpOBO.[{HIIKOBhle aeTeKTOphl peI'HCT
PIIPYIOT KHHeTH'IBCKYIO 3HBpI'lIIO T2 'I8CTIIU OT.[{8'Ill, IIOSTO
MY pacnpeaeneHHB (11) 38IllillleM B Bll.[{B cpyHKUllll OT T2. 
113 KlIHBM8TlIKII HMeeM 

1 'I2 ➔ 
0 

2 
= arccos(""i-f y---), IP

2
1 = v T 

2 
(T 

2 
+ 2m 

2
) • (12) 

,._, T
2

+ 2m
2 

BseaeM aosoe o6o3Ha'IeHirn: 

9 



.F(T
0

,T
2

) == G /0 
0 

(T
0 

), 0 
2 

(T 
2

)), ( 13) 

lfHcno 11acr1Ill dN B HHrepBane 3HeprHi1 T 2 -=- (T 2 +dT 2 ), 

nalla!Ollll1X Ha JleTeKTOp nnomallh!O Sd, pacrronO)l<eHHblli IlOll 

yrnoM Oo<T0 ),nponopuHoHanhHO ll1I¢cpepeHll1IanbHOMY ce11e-
• da 

HIIIO --(1'2) II CBeTHMOCTII MHllleHII L : 
dT 2 

- 8 .i da 
dN == L · -

2 
• --(T

2
),.F(T

0
,T

2 
)dT

2
• 

R dT 2 d.N(T 2) 

( 14) 

Ha6nIOJlaeMbili 3HepreTH'IeCKIIli cneKTp 
dT 2 

OillIChIBaeTC.st cpopMynoi1 ( 14) C TO'IHOCTblO JlO aenH'IIIHbl 

3HepreTH'IeCKoro paapellleHH.st aeTeKropa. Y11er 3Heprer1I-

11ecKoro paapellleHII.st npHBOlllIT K BhlpameHIIIO 

HnH 

dN 

dT 2 

T2+ 4aN dN <T;) 

f ~ 
1, - 4a 2 2 er 

T + 4a 
S 2 er 

ffi_ == L-.i_ [ f 
dT R2 T - <la 

2 2 er 

G(T
2
-T;)dT;, ( 15) 

dT2-<1£_(T 2)F (T
0 

,T2)G(T 2- ~')J ,( 16) 
dT 2 

rae G(T 2 -T2) - cpyHKlllI.st paapellleHHSJ, KoTopasi B 6onh-

llIHHCTBe npaKTII'IeCKHX cnyqaeB HMeeT raycCOBY cpopMy/6/ 

'G(T - T ')dT' 
2 2 2 

1_ -- e =~-
y2rr 0 er 

(T2-T2) 

2a2 
er dT' 

2 

i 
I 

~ 
l 

3aecb aer xapaKrep11ayeT 3HepreTH'IecKoe paapellleH11e. 

TaKHM o6paaoM, cpopMyna ( 16) pelllaer nocraBneaHyIO 

aaaa-11y H noaBonsier onecaTh cneKrp dN(T 
2
)/dT 

2 
c y11eroM 

Bcex MeTOllH'IeCKHX H !pH3H'IeCKHX cpaKTOpOB 3KcnepHMeHra. 

OrMeTHM xapaKTepHyIO oco6eHHOCTb cooTHOllleHlrn ( 16): 
Ha6nIOJlaeMblli crreKTp CBSJ3aH co CBOHM TeopeTH'IeCKHM 06-

da 
paaoM (-. F) HHTerpanhHhIM oneparopoM. Teneph He-

dT 
OOXOllHMO pellIHTb HHTerpanhHOe ypaBHeHHe (16) OTHO<:_H-

da ( dN TenhHO cpyHKlllIII -- HnH 15) OTHOCHTenhHO -- • 
dT dT 

YpaBHeHHSJ 3TOI'O Knacca HMeIOT, BOOOllle f'OBOpSI, 6eCKOHe'I

HOe 'IIICnO pellleHIIH, flng nonyq~HIISJ eaHHCTBeHHOf'O pellle

HII.st Ha IICKOMYIO cpyHKUIIIO HaKnallblBBIOT aononUHTenbHbie 

orpaau:11eHHSJ, r.e. np1I6eraIOT K MeroaaM perynsipH3allHH/7/. 

3TH MeTOllLI B HaCTOSJlllee BpeMSJ xopollIO · paapa6oraHhI, HO 

CBSJ38Hbl co 3HB'IHTenhHb!MII TeXHII'IeCKIIMlf TPYllHOCTSJMII. 

CneuH<pHKB HallleH 3allB'III COCTOIIT B TOM, 'ITO JlnSI IIC

~OMOH cpyHKlllIH, HCXOll.st H3 qJH3H'IeCKHX MOJl0neif, MOmHo 

yKa3aTb aHanHTH'IeCKOe npeacrasneHHe C HeH3BBCTHblMH 

napaMe.rpaMu.3To o6crosirenhCTBo ynpomaeT pelllemrn.H11me 

npHBOJlHTCSJ apropHTM Bbl'IHCneHHSJ HHTepeCHblX ,c TO'IKH 

apeHHSJ !pll3HKH, napaMeTpoB, a TaKme caMoii qiyHKllHH 

~(T) . 

dT 2 
2 

OcHOBHLJe CBOACTB8 3HepreTH'IBCKOf'O cneKrpa 

'IBCTHll OTllB'IH 

TTpo11nnIOcTpupyeM OCHOBHbJe CBOHCTBa 3HepreTH'IeCKOf'O 

CIIBKTpa npOTOHOB OTllEl'Ilf, BLITBKalOlllHB H3 cpopMynLI ( 14) I 
Ha np111\.1epe ynpyroro He-p-pacceSJHH.st npH PHe == 20 faB/c. 

llmpcpepeHllHanhHoe ce11eaue aaaaeTCSJ no. cpopMyne Eere /9/, 
Ha pH C. ~ B OTHOCHTenhHb!X enuauuax npHBeneHbl 

cpyHKllttu: _dN_ (KpttBaSJ 1), F(T
0
,T) (KpttBasi 2), 

dT 
da/dT (KpHBaSJ 3) - B aaBHCHMOCTH OT aaeprnH npoToHOB 

OTllff'llf T ( Httme BCIOllY T 06oaaa11aeT KHHBTH'IBCKYIO 

10 11 



1 2 3 ~ T/MeV/ 

P11c. 3. ct>yHKUlili 
dN 

- ( 1)' . F ('f
0 

, 'I ) - ( 2 ) li 
da 

-- -
d'f dT 

- (3) B OTHOCHTenhHhlX enHHHUBX B 3BBHCHMOCTH OT aaep-

rnu npoTOHOB oTna•rn. 

aaeprn:10 '!aCTlillbI oTna'Ili). ileTeKTOP pacnonmKeH non yr

noM eo, COOTBBTCTBYIOlllliM _aaepI'liH npoTOHOB OTUB'Ili 'To = 
= 2 MaB. BoapacTaHue dN/dT, B o6nacTn ManbIX T 
o6ycnoaneHO CHnhHbIM poCTOM da/d'f li3-3B KynoHOBCKO-
I'O B3BHMOll0llCTBH9. B lliHpHHY cneKTpa OCHOBHOll BKnan 

BHOCHT MHOI'OKpBTHOe pacceBHHe. 
C pocTOM TOnIUIIHbl MHIIIeHH yaenH'IlfBBeTCB ponh MHOI'O

KPBTHOI'O pacceBHII9, 'ITO npliBOllHT K paCIIIHpBHHIO cneKTpa 
(puc.4). KaK YKB3bIBBnOCh paaee, nnHHbl MHilleHH H ne
TeKTOpa B onucaHHH cneKTPB urpaIOT OUHHBKOBYIO ponh: HX 
yaenIJ'!eHHe npHBOllHT K yaenuqeHHIO IIIHpHHhl cneKTpa 

(puc.5, puc.6). 

12 

dNjdT 

2 3 T/MeV/ 

Puc.4. 3aBHCHMOCTh <jiopMbl cneKTpa OT TOnIUHHbl MHIIIeHR h 
0,001 MKM (1), 0,7 MKM (2), 2 MKM (3), 5 MKM (4). 

., 
p H C. 7 1rnmocTpHpyeT 3BBlfClfMOCTh <jiopMbi cneKTpa 

oT ocHOBHbIX onpenenmoruux <paKTopoa. Bun cneKTpa 1 
onpeaenBeTcg yrnoBhIM paa6pocoM ny'!Ka ycKopureng. 
CneKTP 2 Y'IHTbIBaeT erue MHOI'OKpaTHOe pacce9Hlie. Tio
MHMO aroro, B cneKTpe 3 yqreiia nnHHa MHIIIeHH, a B 
cneKTpe 4 li nnuaa aeTeKTopa • 

TipHMeHeHHe <jiyHKUHH dN/dT npu auanmrn naHHhIX 

no He- p ynpyroMy paccegHRIO 

B 3KCnepHMeHTe. 9H8J)I'BTlf'IeCKHe cneKTpbl npoTOHOB 
R3Mep9IOTC9 C noMOIUhlO ·pgaa neTeKTOpOB, pacnono)KeHHbIX 

TIOll pa3HbIMH yrnaMH O ~ • Ka)Kllblll UeTeKTOp peni:cTpH
pyeT cneKTp B onpeneneHHOM HHrepaane aHepruu. 

13' 



dt-y'dT 

f6 20 

C1N/dT 

14. 8 9 fO 

PIIc.5. 3aBIICIIMOCTb cpopMbI 
cneKTpa OT J:(nHHbl MHIIIe
HH a: 0,001 MM (1), 
4 MM(2), 20 MM (3). 

2'1 T/MeV/ 

P11c.6. 3aBIICIIMOCTb cpopMbl 
cneKTpa OT J:(nHHbl J:(eTeK
TOpa b : 0,001 MM ( 1 ) , 
5 MM (2), 20 MM (3) 0 

ff 12 T/MeY/ 

dN/dT 

t. 

.so 

.60 

.10 

.os 

-

2 

Pnc. 7. i3Knaa OCHOBHb!X cpaKTOpOB 
a cpopMy cneKTpa: 1 - h =0,001 MKM, 
a =0,001 MM, b =0,001 MM; 2 -
h =2 MKM, a =0,001 MM, b = 

= 0,001 MM; 3 - h = 2 MKM, a = 
= 10 MM, b =0,001 MMi 4 - h = 
= 2 MKM, a = 10 MM, b = 10 MM. 

3 T/MeV/ 

Ha p11c.8 B 100-KaHanbHOM npeacTaaneHllll np11ae
aeHbI cneKTp bl, nony<rnHHhie no qiopMy ne ( 14), npu: HeKo-

TOpbIX 3Ha'IeHIIHX 'f O • CneKTp 1 ( 'f O = 0,5 MaB) pa3-
MbIT 113-38 cu:nbHoro pocTa cb/d'f B KynoHOBCKOll 06-
naCTll ll MHOroKpaTHOrO pacceHHIIH II He llMeeT HBHO 
Bblpa)l<eHHOro mrna. C pOCTOM To H3MeHeHlle JlllcpcpepeH-
u11anbHOro ceqeHIIH B o6naCTII cneKTpa yMeHblllaeTCH, 
MHoroKpaTHOe pacceHHIIe y6bJBaeT, H8'IIIHaeT npOHBnHTbCH 
IlllK ( cneKTpbl 2 ,3). TTp11 t:{OCTa TO'IHO 6onbllIIIX 8Hepr11HX 
(cneKTP 4, 'f 

O 
= 20 MaB) cneKTp 11Meer aua nnKa c 

'leTKO Bbipa)KeHHbIMll rpali11uaM11. lli11p11Ha nmrn onpeae
nHeTCH yrnOBblM pa36pOCOM ny'IK8 ycKopuTenH, anuHBMH 

J:(eTeKTOpa II MHIIIeHn. 
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dN/dT 

60 80 

Puc. 8. 3aBIICIIMOCTh cneKTpa OT To s KaHanbHOM npen
CTaBJ'IeHHH: 1 - T0 = 0,5 MsB, 0 ,2 :::_T :::_ 2,2 MsB; 2 -
T 0 = 2 MsB, 0,2,:S 'I .:S 4,2 MsB; 3 - T 0 = 5 MsB, 

·o,2 ,:S T .:S 10,2 MaB; 4 - T
0 

= 20 MsB, 0,2_:S T,::: 
5: 20,2 MsB. 

B cny,:rne ynpyroro He-p -pacce.HHH.H ua sKcnepuMeH
ranhHhrx cneKTpOB BHAHO, 'ITO nuK HMeeT 'ieTKO Bbipa
:lKElHHbie rpaHHUhI Ha'!HHa.H c saepruu T

0 
~ 5 MsB. TiycTh 

TL H TR - COOTBeTCTBeHHO, nesa.H H npaBa.SI rpaHHUbI nuKa. 
Cornacao ( 14), qucno qacr11u N B nuKe 

rne 

TR 

N f 
TL 

dN sd 
-· dT = L-
dT R2 

TR 
du 
--(T.,) f F(T

0
,T)d'f,(17) 

dT TL 

~(T ) 
dT o - cpenaee aaaqea11e nu¢¢epeauuanhHoro 

ce'IeHH.H B rpaauuax nuKa. Ma (17) 

16 

2 
~-(T )= NR_ 
dT o L· S 

d 

T R 

If F(T
0
,T)dT. 

TL. 
(18) 

TaKHM cnoco6oM ua 8Kcnep11M~Hranhaoro cneKrpa nonyqa

eTC.H nu¢¢epeauuanhHoe ceqeaue nn.H saeprn11 T0~ 5 M9B. 
B sroi1 06nacn1 du/d'I Mano MeH.HeTc.H. 

B cny•rne MeHhlllllX 8Hepr11i1 To 8KCnep11MeHTanhHbll1 
cneKTp ~N/~T on11cbrnaeTc.H ¢opMynoi1 (16) c np11Me

HeH11eM Merana Ha11MeHhlllllX KBanpaTOB. B npaBOH qaCTII 
¢opMyJ1h1 (16) n11¢¢epeau11anhHOe ceqea11e aanaeTC.H c 
noMOIUhIO ¢opMynhI Eere C ¢11KC1IpOBaHHbIMII napaMeTpaMH 

d d; 
_!!_ (T) = C<T)-ri(T). 
dT dT 

( 19) 

He11asecrHa.H ¢YHKUII.H C(T) B (19) oTpa:lKaeT TOT ¢aKT, 

'ITO du r/dT c aanaHHhIMII napaMerpaM11 MO)KeT 11 He 
onnchrnaTh ynosnersopnTenhHO ce'leH11e du/dT. 

Iln.H naanoro cneKTpa, xapaKTep11ay10meroc.H snepr11ei1 
T0i, nonaraeM C(T) Koacraaroi1 Ci= C(T0i ). Torna 

113 (19) HMeeM 

du 
~(T) = C. - 8-(T). 
dT 1 d'f 

(20) 

B MlfHHMH3aUHOHHOH npouenype nn.H naHHOI'O cneKTpa HC

KOMb!MII napaMeTpaMH .HBJ'I.HIOTC.H Gi , T Oi • KoHcTaHThI 
k H UJ HaXOA.HTC.H MeTOAOM MllHHMH3aUHH no BCeH 
COBOKynHOCTH 8KCnep11MeHTanbHhlX cneKTpOB II aaTeM 

. qlHKCHpyIOTC.H. 

Marerp11posa17ae B (16) pean11ayeTc.H no Ksanparypaoi1 
¢opMyne faycca B/ c n yanaMH, rne n onpenen.HeTc.H 
Tpe6yeMOH TO'lHOCThIO Bbl'IIICneHIIH • 

Iln.H HaXO)KAeHIISI da/ dT np11 Mam,1x snepru.Hx Mhr 
11cnonhayeM 11repaTHBHYIO npouenypy. Tio Hai1neHHhIM aaa-
'IeH11.HM du/dT (¢opMyJ'Ibl (18), (20)) MeTOAOM MHHH-

17 



da
8 

MII38UIUI yTO'IHHIOTCSI napaMeTpbl B qiopMyne BeTe -- (T). 
dT 

3aTeM HaXO)l{.[(eHne da /dT nosTopSieTCSI c np11MeHeHHeM 
qiopMynhI ( 16) npn ·yTO'!HeHHbIX 3Ha'!eHJISIX napaMeTpOB 
B da

0
/dT • ilpoue.nypa nosTopSieTcSI .no Tex nop, noKa 

3Ha1IeH11SI da(T
0

i )/dT He nonytiaTCSI ycTOH'IIIBbIMII B 
npe,nenax ow1160K. 

.nononHIITenbHbIM Kp11TepHeM CXOAIIMOCTII npoue.nypbl 
SIBnSieTCSI paseHCTBO e.n11H1IUe 0cex KOaqiqi11u1IeHTOB Ci 
B npe.nenax aKcnep1IMeHTanhHbIX own6oK. 3To, ecTecTseH
uo, .noc TIII'aeTCSI TOnbKO B TOM cnyqae, KOI'.[(8 qJYHKUIISI 
da/ dT, no.ncrasneHHaSI B npaay10 '4:acTh qiopMynhr (16), 
npu HeKOTOpb!X 3Ha'IeHHSIX BXO.[(SIIIIHX B Hee napaMeTpOB 
MO)l{eT onncaTh .n1Iqiqiepeau11anhHoe cetieHne H3ytiaeMoii 
peaKUIIII. B cnyqae He-p-pacceSIHHSI CXOAIIMOCTb• .[(OCTII
I'aeTCSI nocne . ~AHOH'-ABYX HTepaunii. 

On1IcaHHb1ii anPoplITM o6pa6oTKII 6hm peann3osaH Ha 
3BM CDC-6400. BpeMSI o6pa6oTKII o.nHoI'o cneKTpa 
B 0.[(HOH 1ITepaU1III C ytieTOM 3HepI'eTII'IeCKOI'O pa3peweHIISI 
cocTaBnSieT - 15 c, a 6e3 ytieTa pa3peweHHSI - - 1,5 c. 
B nepBOM cnytiae HHTeI'pnpoBaHIIe s ( 16) npOBOAII.TIOCb 
npu n =9 ( TO'IHOCTb Bbl'IIICneHUSI IIHTeI'pana nplI 3TOM 
- 0,01%). 

n O on1ICaHHOMY anI'OplITMY Bb!IlOnHeHa o6pa60TKa . 
6onbWOI'O 'IHCna cneKTpOB llpOTOHOB OT.[(a'IH B peaKUIIH 
He-p • B cpe.nHeM cneKTP y.noaneTBopnrenhHO onnchIBaeT-
cg qiyHKUIIeii ( 16) C X 2 Ha CTeneHb CB060,nbr, paBHbIM 
emrnnue. .UnqiqiepeaunanhHoe cetieH1Ie, nonytieHHoe no or
.nenbHOMY cneKTpy, onpe,nenSieTCSI C OW1I6Koii, 6n1I3KOH K 
CTaTHCTII'IeCKOH OW1I6Ke nonHOI'O 'IIICna 'IaCTHU B cneKT
pe. 

· 113aec THO I 101, 'ITO II3-3a g,nepHoI'o B3auMo.neiicTBHSI 
pel"'1ICTp1IpyeMOH 'laCTIIUbl C BeIIIeCTBOM .neTeKTOpa II Bbl-
6bIBaHUSI tJaCTHU H3 o6'heMa .nereKTOpa scne.ncrsne MHOI'O
KpaTHOI'O pacceSIHIISI B .neTeKTope yMeHbwaeTCSI aqiqieKTIIB
HOCTb peI'HCTpaUUII tJaCTIIU no 3HepI'IIII. 3ro npuBOAIIT 
K nepexo.ny 'laCTHU 113 nHKa B neBblH XBOCT cneKTpa. TTpu 
3HepI'IIH npoToHoB T 

2 
~ 20 MaB tJHcno nporoaos, BhI-

6bIBUIHX II3 nuKa, COCTaBnSieT :;; 1 %. 

18 

ilpe.nnaI'aeMbIH anI'OpHTM nplIMeHHM K ABYX'l8CTH'I
HblM peaKUIISIM ·C COOTBeTCTBYIOIIIeii 3aMeHOH KHHeMaTIIKII 
( 12). EI'O MO)l{HO MOAIIqJIIUIIPOBaTh T8K)l{e ,nng cnyqag C 
npHMeHeHneM CTpyiiHoii ra30BOH MHllieHII. TTplI 3TOM pac
npe,neneHne nnoTHOCTII CTPYII 3a,naeTCSI qiyHKUIIeii C He
CKOnhKIIMII napaMeTpaMII. 
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