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NMPUMEHEHWE METOJIA BPEMEHHBIX PE3OHAHCOB
JJIs1 AHAJIM3A UHKJUIIO3UBHBIX CITEKTPOB
B BBICOKOOHEPTETHYECKUX AJEPHBIX PEAKIINAX

T[Toka3aHo, YTO 3KCIIOHEHIUALHOE YObIBAHHE SHEPTETUIECKHMX CIIEKTPOB (JPArMEHTOB C POCTOM HMX 3HEPIHH, KOTO-
pO€ HE 3aBHMCHUT OT TUMA ()ParMeHTa, MUIIEHEH, 60MOAPIMPYIOIMX YACTHI ¥ UX SHEPTHil M UHOTJA COMPOBOXKIAETCS
JIETKUMH OCLAJLISALUAMHU CHEKTPA, MOKHO OOBIACHHUTH SIBJICHHEM BPEMEHHEIX PE30HAHCOB. DTH BPEMEHHFEIE PE30HAHCHI
OTBEYAIOT PE30HAHCHOMY PAacrajyy MPOMEKYTOUHOM BO30YKIEHHOH COCTABHON CHCTEMBI. BBIYMCIIEHBI MHKIIO3UBHBIE
CIIEKTpBI TIPOTOHOB p U Aaep SHe ¢ MCIONb30BaHHEM METOJA BPEMEHHFIX PE3OHAHCOB JUIS BBICOKODHEPTETHYECKUX
peaxuuii °Ne + 28U—p + X (2,1 I'3B/nyxion) u 2°Ne + 28U—3He + X (2,1 ['3B/Hykiion).

Kniouesbie c106a: SKCNOHEHIMAILHOE CTaaHUE MHKITIO3UBHOTO CIIEKTPa, BPEMEHHEIE PE30OHAHCH, HEDKCIIOHEHIIH-

aJ'ILHLIﬁ pacna;[ HZ[epHLIX KOMIIJICKCOB.
1. BBeaenue

Panee B paborax [1 - 8] yka3bIBajoCh, 4TO JUIs HE
CIIMIIKOM TSDKEJIBIX YacTHIL, OOMOapAnpYIOIINX
mummenn (ot p 1o “°Ar) ¢ smeprusimu Bbimre 1 -
10 IMB/HykIOH, HaOIIONANUCH OECCTPYKTYpHBIE U
SKCIOHEHLIMAILHO  CHaJalollie JHEepreTHUYEcKUe
CICKTpPHI BbLIETa KOHEYHBIX (PPAarMEHTOB pPEaKIIuH,
HHOTJIa COTIPOBOXKAABIINECS JIETKUMH OCIUIUISIIUS-
mu. Kpome Toro, ObUI10 3aMeU€HO, 4TO TaHHOE SIBJIC-
HUE HE 3aBUCUT HHM OT JHEPIUi HAJCTAIOIIUX 4Ya-
CTHIl, HA OT MHIICHEH ¥ HU OT THma (parMeHTOB
CTOJIKHOBHUTENBHBIX SJICPHBIX TpoIeccoB. To ke
camoe HaOJII0JAJIOCh | JIJIS O0Jiee TAXKEIbIX OoMOap-
JUPYIONIMX YacTHUIl JAaxe Npu Oojiee HU3KHX JHEp-
rusx (cMm., Harpumep, [9]).

3anmaueii paboTHI ABIsIETCS 0000IICHHE, Pa3BUTHE
U JalbHelIIee MpUMEHEHUE pa3pad0TaHHOTO paHee
B paborax [10 - 12] MeTo1a BpeMEHHBIX PE30HAHCOB
Uil OOBSICHEHHsS TAKOro TOBEICHHUsS SHepreThye-
CKUX CHEKTpOB. MeToa SBISIETCS anbTepHATHBOM,
Hampumep, MoJensaM ¢aepbona, Xopomo pabdoraro-
UM MPH HU3KUX U HEYJOBIETBOPUTEILHO NPU BhI-
COKHX JHEPTrusiX, a TAKKe, HAIPUMEpP, MOICIH sep-
HOM TUAPOJAWHAMHUKH, XOpOIIO paboTaromeil mnpu
ropaszo OONbLINX SHEPTHSX.

Teopernueckas 4YacTh OOOCHOBaHHMS MeETOAA
KpaTKO MpeJCcTaBiieHa B pasjeine 2. CHavana HaMH B
noapasaene 2.1 obcyxaaeTcss BBIpaXKCHUE IS aM-
TUTATYJBl PEAKIMU JIJIsI U30JUPOBAHHOTO SHEPreTHU-
YEeCKOTO OpeHT-BUTHEPOBCKOTO PE30HAHCA, KOTOPOe
MPUBOIUT K PE30HAHCHOMY BHIY WHKIIO3HUBHOTO
CHeKTpa sl QparMeHTOB peakiuid M IKCIIOHCHIU-
QILHOW CKOPOCTH pacmazia MpOMEXYTOUHOTO Spa.
3arem B mojpaszzene 2.2 paccMaTpUBACTCS AMILIH-
TyJla peaklui DKCIOHCHIUAIBLHOTO BUIA, KOTOpas
NPUBOJUT K DKCIIOHEHIHATBHOMY (C OCIHIUISIIHSI-
MHU) BUY WHKIIO3UBHOTO crektpa. [lokaszaHo, yTo

TaKoe BBIPRKEHHE U aMIUIATYIbl PEaklud COOT-
BETCTBYET PE30HAHCHOMY pacmajy MpoMeKyTOYHOU
BO30Y>KI€HHOI COCTaBHON CHCTEMBEL.

Pe3ynprarel pacueToB HHKIIO3UBHBIX CIIEKTPOB
TIPOTOHOB p U M30TONOB “He, BHUIETAIONINX B BBICO-
KOPHEPreTUYECKUX SJEPHBIX PEAKIMAX MPHU CTOJK-
HoBeHnn supa HeoHa °Ne c¢ ypanom U, m mx
KpaTKUI aHaJu3 IPUBEACHHI B paszene 3.

B 3axmoueHnn paccMoTpeHbl OOIIME BBIBOABI,
00CYXIAl0TCsl TPaHULBl NMPUMEHUMOCTH METOAA, a
TaKk)ke BO3MOJKHBIE MEPCIIEKTHUBEI €r0 Pa3BUTHSA KaK
aIbTEPHATUBHOTO METOAa JJIs aHanuu3a JKCIepu-
MEHTAJIbHBIX JaHHBIX.

2. Pe3onaHncHoe U IKCIIOHCHIIMAJIbHOC MTOBEACHUE
AMIUIMTYABI PEAKIUHA B CTOJIKHOBUTEJIbHBIX
SICPHBIX MpoHeccax

2.1. DHepreTuyecKHii N30IMPOBAHHBIN pe30HAHC
B CeYeHHH M IKCMOHEHIHAJIBHBIN pacnaj
COOTBETCTBYIOLIEr0 PE30HAHCHOTO
COCTOSIHMSI COCTABHOIO Ipa

Jlo BBemeHUS TOHATHS BPEMEHHBIX PE30HAHCOB
BHAYaje HAIIOMHUM, YTO HW30JUPOBAHHBIA OpewuT-
BUTHEPOBCKUI pPE30HAaHC B CEUEHHUH KBAaHTOBOI'O
CTOJIKHOBEHHS WX SIZICPHOM peakiuu o —> [3 CBsi3aH
C DKCHOHEHIMAIBHBIM 3aKOHOM paclaja COOTBET-
CTBYIOIIETO PE30HAHCHOTO COCTOSIHHUSI COCTaBHOM
cucTeMsl (cM., Haripumep, [10, 14]). B atom ciydae
amruuryna peakunn f o (E) nmeer Bun

C‘“B

o (B) = E—E +i/ /2’

@)

rae E, m I - oHeprus u mmpuHa pesonanca; C'y -
riaBHast GyHkuus sueprun E B obnactu (E, — 77/ 2,

E, +77/2), xotopasi, Kak U aMIUIUTyJa pPEaKiluy,
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3aBUCUT OT YIJla BbIJIETa KOHEYHOTO (hparMeHTa
peakimu 0. JI7is IpoCTOTHI BE3[E, TIe 3TO HE MPHUBO-
JUT K HEOJHO3HAYHOCTH, OIMYIIEHA 3aBUCUMOCTH OT
0 B apryMeHTax BCeX BBIPRKCHHH JUI aMIUTUTYA W
ceuennit. Jneprusa E = E, + S, sBnsercs snepru-
eil Bo30OyxJeHHus cocTtaBHOU cuctembl C =a+ A,
COCTOSIICH M3 HAJNETAMOIIETO spa U AApa-MHUIICHH,
rne E, - oHeprust OTHOCHTENBHOTO JBHUXKCHHUS Ya-
CTHIIBI BO BXOJHOM KaHalle, a S,. - JHEprHs OTJe-
JICHUS] HaJIETAIOLIEH 4acTULbl OT COCTaBHOM cucTe-
MblI. [l cocTaBHOTO siipa BenuuuHa E omnpenenser
sHepruto E, = E —S,, wacTumpel, BpIICTEBIICH B
kanar b + B = C, rme S, - oHeprus OTHEIECHUS

BBIJICTEBIIICH YaCTHUIIBI OT COCTABHOTO siapa. [1o3To-
MY, B 3aBUCHMOCTH OT HEOOXOJUMOCTH, B Ka4eCTBE
apryMeHTa B aMIUIUTYJE PEaKIHUi HCII0JIb30BaHbI
pasuble dsHeprum, a umenno f(E)=f,(E,)=

= faB(Eb) .

B curyammsax ¢ ammutynon peaknuii Buza (1)
CKOPOCTb pachaja pe30HAHCHOTO COCTOSIHUSA (BEpo-
STHOCTh paclaja B €JUHUILy BPEMEHH) SKCIIOHEHLIU-
AIbHO YMEHBIIIAETCS CO BpEMEHEM

1(t)= (" / h)exp(—It/ ) )
IIPH yCIOBUU

I'<< AE << E,

rae AE npencrasnsier coboit pa3dpoc sHepruu Haje-

TaromuX YacTull. Jupepeniunansroe cedeHne G,

nponecca oo — B ¢ ammuutynoi (1) umeer dopmy
kpusoii bpeiita - Burnepa:

C'az
60y = | Ty (B) = | @)

" (E-E)?+T1?%/4

2.2. JKCNOHEHIIHATbHOE CNIaJaHNe AMILTUTY bl
peakuuu U HeIKCIOHEHINAIbHBIN pacnaz
COCTABHOM CHCTEMBI

B paborax [10 - 12] aHanu3upoBaiuch BEpOST-
HOCTH paclajia COCTaBHBIX CHCTEM B IMpoIEccaXx,
KOTOpPBIC OMHUCHIBAIOTCS DKCIOHCHIMATBHO 3aTyXa-
IONIEeH aMIUIUTY A0 peakuuid BUaa

f.s(Ey)=Cosexp(-E,t,/ 2h+ iEt /1)

=C ,exp(iE,[t, +it,/2]/h), 4)

rae 1, >0 u t, >0 - mapamerpsl ¢ pa3MepHOCTHIO
BpEMEHH, MEPBBIH U3 KOTOPHIX ONpEAEIIeT HAKIOH
9KCIIOHCHIIMAIbHOW 3aBUCHMOCTH COOTBETCTBYIO-
mero audhepeHITHAIBHOTO CEUCHIS

Gup =| T (Eu)| =IC, F exp(-Eyt,/0).  (5)

af =
3neck, kak u panee C,,' B dopmyne (1), C, -
UIaBHast (YHKIMSA SHEPIUH, KOTOpass MOXKET 3aBH-
CETh OT YITIa BBUIETA YACTHIIEL.

B paGorax [10 - 12] ObUIO MOKa3aHO, YTO MPHU
YCIOBUH

T, <<2h | AE (6)

BbIpakeHHE (4) A7l aMIUTUTYAbl PEaKLHH COOTBET-
CTBYEeT PE30HAHCHOMY pacnajgy IpOMEKyTOYHON
BO30Y)KACHHOM COCTaBHOM CHCTEMBI CO CKOPOCTBIO
pacnazna B Bune GpyHkuuu bpeiita - Burnepa

T
| E— 7
(t—t ) +1,°/4 )

1(t)=(2m)"

BeposTHOCTh BBDKMBaHUS COCTaBHOIO SApa B

MOMEHT BpeMeHH ! mocie ero obpa3oBaHHS B MO-
MEHT BpeMeHH 1, onuceiBaercs QyHKIMER

L°(t) =1—jdt| (t)- (8)

[TosToMmy, yuntsiBas Belpaxkenue (7), HAXOAUM

L°(t) =1—n*[arctan(y)]’ 2t » T

y=2ty/t,

(82)
NN

L°(t) =1—n*[ arctan (2(t—t, —t,) / 7, ) + 7/ 2] (86)
158

oty = 1, xorma 0<t<t (mpu—2t /1, >o0)u
0, xorga t — oo.

(88)

Kak BumHO u3 BbIpaxeHus (7) ¥ pe3ysbTaToB,
IpeICTaBIEHHBIX Ha pUC. 1, CKOPOCTh pacmana mpo-
MEXYTOYHOW CHCTeMBI, KOTOopas oOpasyeTcs B
SOEPHBIX MpoIeccax C HKCHOHEHLUHUAIBHO yOBIBaIO-
med aMIIUTYJ0M peakiuu, HOCUT PE30HAHCHBIN
xapakrep. IIpoMexKyTOUHBIN SAEPHBIM KOMIUIEKC,
cocTosmMi U3 QparMeHToB OoMOapaupyromel ya-
CTHLBI M (HParMEeHTOB siApa MHILEHH, KOTOPBIA 00-
pasyeTcs [ocje CTOJIKHOBEHUSI B MOMEHT BPEMEHH 1o
U CyIIECTBYET, B CpEAHEM, B TEUEHHE BPEMEHU
tn - to, pacmiagaeTcs 3a BpeMsi, CpaBHUMOE C IIMPHHOU
Tn cKopocTH pacmana |(t). Ilo ananoruu ¢ sHEpre-

THYECKUM PE30HAHCOM, PACCMOTPEHHBIM B IPEIIbI-
nymeM noapaszaene 2.1, seineHue o0pa3oBaHuUs Mpo-
MEXYTOUHBIX CHCTEM C PE30HAHCHON CKOPOCTBIO
pacniaga B Bune pyukmuu bpefita - Buraepa (7) Mol
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L'(»)

I

4
N

0 r}‘ 1 r

Puc. 1. CxemaTnueckoe H300paKeHHE 3aBUCUMOCTEH OT
BpEMEHHU CKOpOoCcTH pacnaga |(t) 1 BEepOsSTHOCTU BBDKH-

Cc L —
Banus L°(t) mpomerxyrounoii cucremst mpu ty =0.

Ha3bIBa€M «BPEMEHHBIM PE30HAHCOM» C Iapamer-
pamu th U Tn, KOTOPBIE COOTBETCTBYIOT €TI0 CPEIHEMY
BpPEMEHH pacraja 1 HeONpPeIeJIEHHOCTH BO BpEMEHH
3TOr0 BpPEMEHH. 3aMeTuUM, 4YTO NpH (HOPMaJIbHOM
CTPEMJICHHM K HYJIIO IIUPUHBI BPEMEHHOIO pe30-
HaHca (1, > 0) ckopocTh pacmaza NepexoauT B
JenbTa-(pYHKIHUIO, YTO COOTBETCTBYET MTHOBEHHOMY
(B3pBIBHOMY) XapakTepy pacrnaja IpOMeKyTOYHOTO
KOMIUIEKCa. OTO OOYCJIOBHJIO MCIIOJIb30BAHUE B
HamMX npeapiaymux padorax [10 - 12] mousitus
«B3PBIBBDY B KaueCTBE IKBUBAJCHTA MOHSATHS «BpE-
MEHHEIE PE30HAHCHI».

3aMeTuM, 4TO JUIsl IPOCTOTHI HAa puc. 1| U HUXKE
(cM. puc. 2a u 3a) BenmnumHA t, TpUHATA PaBHOMN

HYJTIO JIJIT KOPPEKTHOTO COBMEIICHUS N300paKeHUI
¢ (paKTUUECKH CMEIIEHHBIMHU Ha BeauuuHy t, apry-

MeHTamMu B ¢Qyakmmsax L (t—t,) wu 1(t) (BBUDY
BeIpakeHus (8)). Kak ormeuanock BO BBeAEHUH,

HWHKIIO3UBHBIC  BBICOKOOHCPICTUYCCKUC

CIICKTPbI |

n 12

n |2 N y
L°(t) =1 nZ‘C—ﬁ 3 e
n=1

Ty n=1 Ty

3. PacueThbl HHKJIIO3MBHBIX JHEPTeTHYECKHUX
CIIEKTPOB NPOTOHOB W W30TONOB T'eJIHsl IJIsI
peakuuii °Ne + 28U—p + X
n Ne + 28U—>3He + X

Jlys TOMHOTO aHauM3a MHKIFO3WBHBIX SKCIIEPU-
MEHTAJLHBIX CIIEKTPOB (DParMEHTOB peaKIMH HeoO0-
XOAUMO YYCCTH BO3MOXXHYIO 3aBUCHUMOCTL aMIIJIN-
Tyl peakimn (9) OT pa3saUyYHBIX KBAHTOBBIX YHCEIN
(Hanpumep, MOTHOTO MOMEHTA KOJHYECTBA JIBUXKE-
HUA, CIIMHOB, Op6I/ITaJIBHOFO MOMCHTAa OTHOCHTCIIb-
HOTO JBMKEHWS W T.JI.), a TAK)KE YyYeCTh BCE BO3-
MOJKHBIE SIJICpPHBIC PEaKIMU C BBUICTOM HaOIromae-
MOTO KOHeuHOTo (parmeHta. B manHON paboTe MBI
AHAJIM3UPYEM HUHKIIIO3UBHBIC CIICKTPBLI IIPOTOHOB U
H30TOTOB TEJHs BBICOKOIHEPTETHUCCKUX SICPHBIX

232

[arctan(2(t—t, —t)) /7,) + 7/ 2]

MOTYT OCHWJUTHPOBATh. Takue OCHHIUISAIINH MOXKHO
OmHMcaTh C TMOMOIIBI0 MHOTOKOMIIOHEHTHOTO BBIpa-
JKEHUS JUTsl aMIUTATY IBI PEaKIUU BUJIA

f.s(E,)=> Co"exp[-E,t, /2 +iEt [h]  (9)
n=1

cv>1.

B takoii curyanun auddepeHnuaibHOe CEUCHHIE
Sup =| fup |2 COJIEP’KUT HE TOJIBKO 3KCIIOHEHIIHATh-
HO yOBIBArOIIUE YICHBI, HO U OCHMUIMPYIOLINE Ylie-
Hbl ¢ MHOXureasimu  cos[Ey(t, —t,.)/A] wm
sin[E,(t, —t,)/A], u B ciyyae ABYyX cllaraeMbIX B
BeIpakeHHH (9) hopMyma Iy CeUeHHs IPUMET BHT

Gop =|Cu" |2 exp(—Eyty / 1) +|C,y° |2 exp(—E,t, / h) +

+2Re {C.'Cy”expl(i(t, — t,) — (v, +1,) / 2) E, / K]}
(10)

st MHOrOKOMMIOHEHTHON ammumtyasl (9) 3a-
MUIIEM CIIEeIyFollee BhIpaKeHHe sl CKOPOCTH pac-
naga |(t) mpoMekyTOYHOW COCTABHOM CHCTEMBI IS

cilydasi HECKOJBKHX BPEMEHHBIX PE30HAHCOB 0e3
yuera ux unrepdepenumu (cm. (I1.10) B Ipumnoxe-
HUH):

2 2

n

CSB Z Cap
T | Ht-t)+124

Vv

1()=| 21y (1)

Otkyna, yunteiBas ¢popmyiny (80), MOXKHO 3aITu-
caTh W BBIPAXEHUE JUII BEPOSTHOCTU BBDKUBAHUS

L°(t) B ciaenyromem Buse:

(12)

peakmit “Ne + *®*U—p + X (2.1 T5B/HyKIIOH) 1
Ne + 2*U—%He + X’ (2.1 I'sB/uyxion) [13]. Du
CHEKTPHI 3KCIIOHECHIMATIBHO YOBIBAIOT C SHEPTHEH U
clerka ocHMUTMpyIoT. [TosaToMy Ui UX OmMHCaHHs
MbI OyJIeM HCHONb30BaTh Beipaxenue (10).

Ha puc. 2 u 3 npuBeieHO HECKOJIBKO pacCUUTaH-

HBIX MHKIIIO3UBHBIX SHEPIreTHUYCCKUX CIICKTPOB Gaﬁ

B CPaBHEHMH C ODKCIIEPUMEHTANbHBIMU JaHHBIMH,
B3sThIMH 13 [13].

Ha puc. 2 u 3 6 - 310 yroa BbuIeTa KOHESYHOTO
(dparmeHTa B Ja00paTOPHON CHCTEME OTCYETa. 3Ha-
yeHus napamerpoB B (opmyne (10) Obimm HalgeHBI
W3 TIOJTOHKH TEOPETUYECKUX KPHBBIX K DKCIEpH-
MEHTAJIBHBIM JIaHHBIM M yKa3aHbl B Ta0n. 1 u 2. Be-
JIMYMHBI BpEMEHHEBIX apaMeTpoB T1, T2 U T — t1 yka-
3aHbl B equanmax 10728 c.
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l9(o0p, (M6/cp/(MaB/HYKII0H)))
2,1

» = TanHble IpH 6=30°

090 44 AaHHble TpH 6=60° e
¢ ¢ TaHHbIe pH 6=90°
— pacuer
03
30 30 130 160

E, M>B
Puc. 2. IHKITIO3UBHBIN YHEPTEeTHYECKUHA
CIIEKTpP MPOTOHOB.

Tabnuya 1. llapamMeTpsl pacyeTa A1 HHKJIIO3HBHOTO
npouecca ¢ BbIIeTOM IPOTOHOB

l9(oap, (M6/cp/(MaB/HYKIOH)))

1,2
0.8
04 " ® JanHble mpH 6=30°
1] 4 & ganmbre mpu 0=60°
® & TaHHBIe pH 6=90°
— pacuer .
0
30 70 110 150 190
E, MaB

Puc. 3. UHKITIO3UBHBIN SHEPTreTHYECKHHA
CHEKTpP U30TOIOB TENH.

Tabauya 2. llapaMeTpbl pacyeTa JJIsl HHKJIIO3MBHOTO
npouecca ¢ BbIJIETOM M30TONOB IeJust

0 | | | t,-t Cap - 0 T, n | t-t cl c2
30° | 01 | 01 1,2 52+04i | 0,1+5.2i 30° | 01 | 0,2 0,3 1,5+06i | 1,2+ 1,3i
60° | 0,1 | 01 1,2 37+1,1i | 1,1+3/7i 60° | 0,1 | 0.2 03 | 09+15i | 1,5+0,9i
90° | 0,1 | 0,1 1,2 26+15i | 1,5+ 26i 90° | 0,1 | 02 0,3 2,45i 2,45

Ha puc. 2a u 3a npezacTaBiensl TpaduKi H3MEHEHHs BO BpeMeHH ckopocTu pacnazaa |(t) (11) u BepositHO-

cru BepkuBaHus L°(t) (12) mms paccmaTprBaeMbIX HHKITIO3UBHBIX ITPOILIECCOB € MapameTpamu U3 tabm. 1 u 2.

I(t) u Lc(t), oTH. en.

1
og| |—= 1))
— Lft)
0,6
04
0.2
0
0 1 2 3 4 5 § 7
t, 102 ¢

Puc. 2a. |(t) u L°(t) mns nukIr03MBHOTO TIpOLECCA
PNe+U —>p(mpu t,=3,4-10%¢c, t,=0 u 6=30°).

boutn  BbIOpaHBl TPUMEPHO OAWHAKOBBIE IS
obenx peakuuil mapamerpbl t U3 cooOpakeHHit
yZIoOCTBa colocTaBlIeHUs pe3yIbTaToB. 13 puc. 2a u
3a MOXXHO 3aKJIIOUHTh, YTO BBIOOP IBYXKOMIIOHEHT-
Horo Bupa (9) ans ammmuryael peakmun f (E)

JMIIb TOrJa MPUHIUIIMAJIBHO HE MCHACT XapaKTepa
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1(t) u Lc(t), oTH. en.
1

0s| | — 10
— Ld1)

0,6

0,4

0.2

2 3 4 5 6 7

t, 103 ¢

Puc. 3a. 1(t) u L°(t) mis MHKIFO3UBHOTO IpoLEcca
ONe+U —3He (npu t, =3,5-10%¢, t, =0 u 6 =30°).

BeposATHOCTH BhDKuBaHus L°(t) (mokasammoro pa-

Hee Ha puc. 1 juisi OTHOKOMIIOHEHTHON aMIUIUTY/IbI
peaknuu (4)), Koraa BEIOUPAIOTCS OJIM3KO PACIIONo-
JKEHHBIE «CHJIBHO-TICPEKPBIBAIOIINECS» BPEMCHHEIC
pe3oHaHChl co 3HadeHuaAMu t, —t, OMU3KHUMH K

BEIMYUHAM Ty, (cM. Tabm. 1 u 2). C 3TUM BBIBOJIOM
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corjacyercsa Oonee SIPKO BBIPAXEHHBIH 3KCIIO-
HeHHHaJILHBIﬁ criag BEPOATHOCTU BBDKHBAHHA Ha
puc. 3a, yem Ha puc. 2a.

[Tockonbky mapameTpsl BpEMEHHEIX PE30HAHCOB
(th 1 7n) ABNSAFOTCS BHYTPEHHUMH XapaKTEPHUCTHKAMH
(dopmupyloLIerocss B pe3ysibTaTe peakUu IMpoMe-
XKYTOYHOTO SIIEPHOTO KOMILIEKCA, TO 3aBHCUMOCTD
OT yrIJla BbUIETa MCCIEAyeMOr0 KOHEYHOTO OCKOJKa
BBICOKOHEPI€TUUECKOH PEAKLUUH  CTOJIKHOBEHMS
IIPUCYTCTBYET TOJBKO B KOHCTaHTaX Ciﬁ u Ciﬁ.
[Tostromy nouck sBHOH 3aBucuMOCTH BequuuH Cgg
OT YIJIOB BbUIETA aHAIM3UPYEMOTO KOHEYHOI'O
¢parmMeHTa peakuuu TpeOyeT 00s3aTeIbHOrO Aajb-
HEUIETo OTIEIHHOTO PACCMOTPEHUS U OyIeT Ipen-
METOM HaIei ciemyromeii padoThl IO pacITUPEHHUIO
n 000OIIEeHNI0 MeTOoJa BPEMEHHBIX PE30HAHCOB, a
TaKkKe 0 MUHUMH3ALUKN KOJIMYECTBa NOAOMPaeMbIX
rapaMeTpoB.

Bpemennrie mapamMeTpsl BpeMEHHBIX PE30HAHCOB
(tr ¥ Tn) B Hamei paboTe GUKCUPYIOTCS TONBKO IS
OTIpPEJeNICHHON peaKluy, IOCKONbKY, 0 HaIleMy
MHEHHIO, BEPOSITHOCTb NMPOTEKAHMS TAaKOH peakLuu
yepe3 OJIMH U TOT K€ NPOMEXYTOUHBIN SACPHBII
KOMIIJICKC MUHUMAJIbHA, HECMOTPA OaXXC Ha TO, 4YTO,
HampuMep, B JaHHOHW paboTe OomOapaupyromue
YacTUIa M MHUILEHb OJUHAKOBBI AJISl BBIOPAHHBIX
HaMU HCCIEAYEeMBIX peaKmuid. ODTUM HaIl METO.
OTJIMYAETCS OT MOAXO0/1a, U3JI0KEHHOTo B padore [8],
rae 3aduKCUpOBaHBI JIBa Iapamerpa, MOJOOHbIE
HAIlUM Tn, JUIS IIUPOKOTO pAga OMHAPHBIX BBICOKO-
JHEPTeTHYECKUX PEAKUUH C MPOMEXKYTOUYHBIM 3Ta-
IIOM BO3HUKHOBCHHSA OAHOIO IPOMEXKYTOYHOTO

slepHOTO KomIuiekca Y

X+X =>Y'+y—>z+2Z (13)

st mumreneit or Al o *®U n 6om6apupyromux
gactur oT p 1o “°Ar. TaM He yuUTHIBaeTCs, HAIPH-
Mep, BO3MOXKHOCTh HaJM4YUsl MHOKECTBEHHBIX IPO-
MEKYTOYHBIX 3TAnoB peakitun (13)

Y, +y,

X+X — —>7+Z (14)

LA

", KpOM€ TOIro, HEC YYHUTBIBACTCA BO3MOXHOCTH IIO-
SIBIICHUS. CHEIM(PUUSCKUX MYJIBTUKBAPK-TIIOOHHBIX
JIOJTOXKUBYIIUX cocTostHUE [15]. MBI monaraem, 4to
¢ukcanus B [8] mapameTpoB BpeMEHHEIX pe30HAH-
COB JUIS CTOJIb HIMPOKOTO JMAla30Ha pPEaKUid H |

¥, (R, 1) = _fdE'g(E')CaBexp[—iE'rn/2+iE'(tn—t)/h],

Emln

mmpeanojiaracMoro KoJam4ecrea 6apI/IOHOB COCTaBHO-
o dApa HE ABJIACTCA OYCBUTHOM.

4. Ob6cyxneHne U BbIBOJbI

1. deHOMEHONIOTHYECKOE BPEMEHHOE TIPUOITIIKE-
HUE, Pa3BUTOE B JaHHOW paborte, Oaszupyercs Ha
0000IICHIH PE3yILTATOB COBMECTHOTO BPEMEHHOIO
M CTaTUCTHYECKOTO aHalli3a SHEPreTHUECKUX Pe30-
HAHCOB B SAEPHBIX PeakUUsIX. ITO MPHONMKEHUE Ha
OCHOBE BPEMEHHBIX pE30HAaHCOB MOXET OBITh
BIIOJTHE CKOMOWHHPOBAHO C JIFOOON MOJTYMHKPOCKO-
MUYECKOM MOJIENIbI0, OCHOBAaHHOW, HalpuMep, Ha
Mozenu ¢aepOona WM Ha BHYTPUSAACPHON KacKaj-
HOU MOJENH.

2. TlpuBeneHBl HEKOTOpPbIE HOBBIE PE3YIbTATHI
MCIIOJIB30BaHMsI METOJ1a BPEMEHHEIX PE30HAHCOB IS
pacdera MHKIIO3UBHBIX CIIEKTPOB KOHEUYHBIX (par-
MEHTOB PEAKLUI paCCESHUsI IPU BBICOKUX SHEPTHSX.
PesynbraTel HallUX PAacuyeTOB YAOBIETBOPHUTEILHO
COTJIACYIOTCS C AKCIIEPUMEHTAIEHBIMH JAHHBIMH.

3. BaxkHo, 4TO AaHHOE MPUOIMKEHNUE HMEET CBOU
rpaHUIbl TPUMCHUMOCTHU. 9KCHCpI/IMeHTaJ'II)HI)IM HH-
JIUKATOPOM HAJM4YWsl BPEMEHHBIX PE30HAHCOB MO-
KET CIYXHUTh HaJIMYUe SKCIIOHEHIIMAJIbHO CIa/aro-
IMUX SHEPIreTUYCCKUX CICKTPOB BbIIIETA KOHCYHBIX
qacTun (I/IHOI‘I[a C JICTKUMH OCHWIALUAMU TIpH
HAIMYUM HECKOIBKUX KOTePEHTHBIX BPEMEHHBIX
PE30HAHCOB).

ABTOpHI BeIpaxaroT Osarogapaocts B. A. Ilmoii-
ko (HammonaneHbli yHuBepcureT nMeHH Tapaca
[lleBuenko, Kuer) 3a IIomOTBOPHOE COTPYIHHUYE-
CTBO M HEOLICHUMYIO ITOMOILb B paboTe HaJ| CTaTbel.

Ilpunoscenue

Hcnone3ys Ty ke Meronuky u3 padotsr [10] npu
nonydeHuu ¢Gopmynbl (7) IUIS CKOpOCTH pacrana
| (t) BO3OYXICHHOW COCTAaBHOM CHCTEMBI B Cilydae

OJIHOKOMITOHEHTHON aMIUTUTYbl peakiuu (4) ¢ on-
HUM BPEMEHHBIM DPE30HAHCOM, IMOJYYHM 3/eCh BHI-
paxenue (11) (em. (I1.10)) mst 1 (t) B ciyvae BbIGO-

pa MHOTOKOMIIOHEHTHON aMILTUTyIbl peakuud (9) ¢
HECKOJBKIMH BPEMEHHBIMH PE30HAHCAMU B TIPUOITH-
KEHUHU OTCYTCTBUS HHTeP(HEPEHIINN MEXTy HUMIL.

Kax yxe ykaspiBanocs B [10], mpu BeIOOpe onHO-
KOMITOHEHTHON aMIUIUTY/IbI PEakiii C BPEMEHHOM
napamerpusanueii Buma (4), BOJHOBON MakeT Ko-
HEYHON dYacTWIBI B OJHOMEPHOM paJHaIbHOM
ACUMIITOTUYECKOM Ipeesiec UMEET CICTYIONINI BUA
(cMm., Hanpumep, hopmyay (24) B [10]):

(IL.1)

rae Rg — pamuyc B3anMoAeicTBHs B KOHEYHOM KaHalle, COLB - KOHCTaHTa WX OYCHb Iiankas QyHKIIHS BHYT-

pu AE ot sHeprum yacTuisl B KoHeuHOM KaHaie E. Ecnu ¢ynkmmio g(£°) BeIOpaTh B mpocTeHIeM mpsmo-
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yroiasHOM BHE (cM. dopmyy (25) B [10])

min , (I1.2)

(2 - | (A expliarg @) B, SE-AE/2<E'<E+AE/2
0, E'<E-AE/2,E'>E+AE/2

rae arg g ssisercs riaakoit Gyukiwei ot E BuyTpu AE, To MbI monyuum (cM. Gopmyity (26) B [10])

\Pﬁ(RB't):t /Zexp[E( T,/ 2+i(t, —t))/ A]x
x[exp[ AE(—t, / 2+i(t, —t) / 2h) —exp[ —AE(—z, / 2 +i(t, —t) / 2R)]]. (T1.3)
Ecinu xe Bce aHEpruH B OOJIBIIOM HHTEpBAJIE, ! of
HauuHast ¢ Emin, MOTHOCTHIO 3aMIOJTHEHBI, T.€ Pe(Ryt) = ; X
min, , T.C. t—tn+|’tn/2
(E+AE/2)t, /2> (14)
E-AE/2 —E.. ' x eXp[E, ;. (—, /2 +i(t,—t))/A].  (ILS)
TO MOJYYHMM JUISI CIydasi OMHOTO BPEMEHHOrO pe3o- Host CciyHad HECKOJIBKIX BPCMCHHBIX PE30HAHCOB
HaHca (cM., Hanpumep, dhopmyity (28) B [10]) C aMILTMTY 0¥ peakiyu (9) MOXKHO BMeCTO (opmy-
| b1 (I1.1) 3amucats
Yi(R,t) = j dE'g(E )[ZC exp[—iE't, /2 +iE'(t, —t)/h]} , (I1.6)
Emlﬂ
OTKyJla B COOTBETCTBHUH C BbIlen310keHHbIME BbikIaakamu (I1.1) - (I1.5) noxyuaem BbipakeHne
Cop .
b4 (Rﬁ,t) Z_;ﬁexp[Emm (—Tn /2+ I(tn —t)) / h] . (H7)

Torma, yudTbiBas BBIPAXKEHHUE ISl ILJIOTHOCTH [(3mech Z3 - OCb BJIOJIb HANIPABJICHUSA IBHXCHHUA KO-
IIOTOKA PACCESHHBIX YacTHI] (CM., Hampumep, (op- HEYHOW YACTHIIFI B COOTBETCTBHH C BBEIOpaHHOM
myity (37) B [10]) reoMeTpuell perucTpanui, U - CPEAHSAS CKOPOCTh

paclpoCTpaHEeHUsT BOJHOBOTO TaKeTa KOHEYHOU
o YaCTHIIBI) W, HCIONB3ysA O0O0Iee BBIPAKEHHE IS
Jp(Rg,t) = Re| Wy (R, t)— IIrE 8_ —U|‘P (Rﬁ,t)| CKOPOCTH pacmaja COCTaBHOM CHCTEMBI B €€
53—
My =% Oy okpecTHocTH (0KONO Z3 = Ry) (cM., Hampumep,
(I.8) | dopmyay (39) B [10]), 3amuurem

: 2 214yt + X
R,,t Y. (R,,t Z
(1) =B =m| o(Ro.t) , (I1.9)
. 2
[dtig(Ry,t) [ dt|®y(Ry.b)| Idt{ (=t ) +12/4) x}
OTKy/ia, B IPUOJIVMKEHUH NpeHeOpeKeHUsT HHTep(EPEHIIMOHHBIMU WICHAMH X , TOTYyYHM
i Cn Cn 2
I(t) ~—"t =| 2ny 2 i : 1110
() T cn 2 2, .2 -1 nZ:; Tq nZ:l:(t_tn)2+Tn2/4 ( )
J- (xﬁ M n
—o —1
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3ACTOCYBAHHA METOY YACOBUX PE3OHAHCIB VIS AHAJII3Y IHKJIFO3UBHUX CITEKTPIB
Y BUCOKOEHEPTETUYHUX AAEPHUX PEAKIIAX

IIponemoHCTpOBaHO, MO0 SKCHOHCHIIWHE CIAJaHHS CHEPIreTHYHHX CIEKTPiB ()ParMEHTIB 31 3pPOCTaHHSAM iXHBOI
EHEeprii, 110 He 3aJCKUTh BiJl THITy (pparMeHTa, MillleHEeH, OOMOapIyFOUNX YaCTUHOK Ta IXHIX SHEPriid, a TaKoX 1HOJI
CYNPOBOKYETHCS JISTKUMH OCHMISALISIMHU CICKTPA, MOYKHA MOSICHUTH SIBUIIIEM YacOBUX pe3oHaHCiB. 1l yacoBi pe3oHa-
HCH BIJIOBIJAIOTh PO3MaAy MPOMIXKHOI 30yIKCHOT sIIEPHOI CKIAICHOI CHCTEMH. PO3paxoBaHO IHKIIFO3MBHI CICKTPH
OpoToHiB p Ta sfaep °He 3 BUKOPUCTaHHSAM METOAY YacOBHX PE3OHAHCIB [ BUCOKOEHEPreTMYHUX peaKiii
DNe + U—p + X (2,1 TeB/nyxmon) Ta ®Ne + U—3He + X’ (2,1 T'eB/nykiion).

Kniouosi crosa: excnioHeHIIWHE CIIaTaHHS 1HKIIFO3UBHOTO CIIEKTPAa, 9aCOBiI Pe30HAHCH, HECKCIIOHCHIIIHHUN po3man
CTaAJTUX SACPHUX KOMIUICKCIB.

S. O. Omelchenko*, V. S. Olkhovsky
Institute for Nuclear Research, National Academy of Sciences of Ukraine, Kyiv, Ukraine
*Corresponding author: omelchenkosa@kinr.kiev.ua; sergomel@ukr.net

APPLICATION OF TIME RESONANCES METHOD FOR ANALYSIS OF INCLUSIVE SPECTRA
IN HIGH-ENERGY NUCLEAR REACTIONS

It is shown that the exponential decrease of the energy spectra of fragments with energy growing, which does not
depend on the type of fragments, targets, projectiles and their energies, and which sometimes is accompanied by slight
oscillations, can be explained by the phenomenon of time resonances. These time resonances correspond to decay of
intermediate excited nuclear composite system. Inclusive spectra for p and *He in high-energy nuclear reactions
2Ne + U — p + X (2.1 GeV/nucleon) and ®Ne + U — *He + X’ (2.1 GeV/nucleon) are calculated.

Keywords: exponential decreasing of the inclusive spectra, time resonances, non-exponential decay of stable nuclear
clots.
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