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K 200-.emuno Xapvrosckozo yrusepcumema u
6r0-1emum Kadheapst Meopemuueckoil (usuru

A. M. Epmonraes, B. B. Yabanos

K MCTOPUUA
PU3NYECKOI'O ®AKYABTETA
U KADEAPbI TEOPETMYECKOM ®U3UKU

YACTb TPETbA

Xapskos - 2004

CTAPEHLIMHA GU3HYECKOTI O GAKYJIBTETA
K 90-netwio J1.9. Mapramanuka

Jler Dneazaporuy IMapramManik — npodeccop kadenpsl TeopeTHYeckoi
3Ky, JOKTOP (HIMKO-MATEMATHUECKHX HAYK — pomuics 15 mosbps
1914 ropa. On Own yuactHukom Benukoii OrteuectseHHoill BOiiHBEI,
HAarpajieH MHOTHMH OpAeHaMH H Meaanamu, Kak Gpmsnk-reopetuk cunran
ceba yuennkom axagemura A M Axunesepa.

Jles DneazapoBH4  H3BECTEH MHOTHM TIOKONEHHAM (PH3HKOR Kak
3aMeyaTeNbHbIA NekTop. OH BCErfa BRIACHSICA KONOPHTHOH BHELIHOCTHIO:
GonbIKE YCbl, MBINHBIE BOAOCH,, KPYMHbIA HOC, BRICOKHI pocT, ropaas
OCaHKa, HeHIMEHHEIE OpTdens, dneHeTBo B napTéiopo 1 auera. B paskbie
rojsl oH BHemHe Hanomuean o Cranwua, To DitHwreiina, To Hpaknns
AHJIPOHHKOBA, TO KHHOpEXHecepa [pHIropua AlleKcaHaposa.

Jlep DneazapoBHY 0YEHB TIMATENLHO TOTOBMJICH K CBOMM JNEKIIMAM, ¥
HEro HHKorAa He Ouisano cboes, IMporosapuean oH HOPMYIHPOBKH BCETIA
UETKO H ACHO. MHOrHE roasl OH 4HMTAN KYpPC KBAHTOBOH MEXAHHKH Ha
thandeckoM H pagHodHzHMecKoM (aKyIBTETAX, a Takwe pasHoobpasubie
CNELKYPCHI: ACHMNTOTHYECKHE METOIEL, obmyo TEOPHID
OTHOCHTEIBLHOCTH, TEOPHIO TPYMI, METO/Bl KBAHTOBOH CTATHCTHKH M Jp.
Jles BneazapoBud — HEHIMEHHRBIH PYKOBOAHTENE duaocodekoro ceMuHapa
tuzHueckoro dakyasTera, KOTOpHIi perynapHo paboTan B GBUIEE roIH.

Jler DneatapoBMY MACTO MEHAN KOCTHOMEI, pyOaluku W ranctyku. B re
BpEMEHA MpenofasaTent Mor ce0e NO3BOJMTL HMETH HECKOIBKO
npuandHeIx  kocTioMos! Obbupo Jles Dieazaposwd npuriamwan cBoWx
YYCHHKOB = JHIUIOMHHKOB H acnupaHToB — K cede gomoil. Tam, 3a
NETEHNIAPHEIM CTONIOM, ¥ OKHA, BBIXOQHBIUEro Ha ynuuy Yaiikosckoro, c
OPHIHHANEHEIM YePHUILHEIM NPpUOOpOM H cHMBONHYeckoH duryproi lox
Kuxora mnm Hayudeie Oecefibl, NpopabaTHIBAIHCE BAPHAHTEL PELIEHHA
reophusnyeckoil npobnemel. Yacto pasroBop yxoamun JaNeKo B CTOPOHY OT
tusurn, Jles DneazapoBuy MOOHI KIaCCHYECKYI0 MYIBIKY, ¥ Hero Gblio
MHOTO [JIACTHHOK C 3AMIHCAMH M3BECTHEIX HCTIOHHTENEH.

OCHOBHEIM HanpapleHHeM Hayunoii fesrteasnoctn JI.3.Tlapramanuka
OO TEOPETHYECKOE WCCIENOBAHHE WIIYYEHHA ATOMOE B IUIa3Me, 4YeMy
ObIIH  MOCBALIEHEl €0  MHOTOUYHCIEHHEIE NyOIHKALMM B HAYYHBIX
AYPHANAX, TPY/bl €ro JHIUVIOMHHKOB H ACIOHPAHTOB, €ro AOKTOpPCKAs
aucceprauma. B nocneamue ronel, ocoGeHHo nocie orbezta B 1994 aa
pyOes, oH paboTan Hal KHHIOH, NOCBAWCHHOH MeTOdAaM KBAHTOBOI
CTATHCTHKH, Y MEHS BYepHe roTOB TeKcT ydeOHHKa AnS HIHYecKoro,
XHMMYECKOTO M MATEMATHYECKOr0  (aKyNLTETOB  YHUBEPCHTETOR
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MiHicTepcTBO OCBITYW | HAYKK YKpaiHw
XapriBCbKUA HaLlioHANbHUA yHiBEpCUTET
Imeni B. H. Kapaaina

Lo 200-piyus XaprieceKo20 yHigepcumemy

O. M. Epmoaaes, B. B. YAbaHOB

CTVICJIUM HAPUC ICTOPII

KA®EIPU TEOPETUYHOI ®I3UKU
IMEHI AKAJTEMIKA 1. M. JII®IIULIS

Xapxkis 2008

Haropomu: Jepaarsa mnpemin (1978), npemia HAH Ykpaihn im.
K.J1.Cunensunkopa (1999), noyecne 3panHs “3acaymeHud fisu HAyKH i
Texnike Yipaiuu” (1997), “Biaminauk oceith Yrpainn™ (1998), lepxasua
npemia  Vipainm 3 wayks (2001), “Tlouecuuit noxrop XapkiBcbKoro
HauionansHoro ynisepeutery im. B.H.Kapasina” (2004). Hemomanso
OXOMHMTH BCi rpaHi BKpall HAacHHEHOrO KMTTA ApHonsaa MapkoBuua,
IIHPOKMI CrekTp Horo HaykoBHX iHTepecis Ta JOCATHEHb, — Ta MH H He
cTaBmo nepen coboto Takol 3anadi. Jlonamo, wo Apnonsn Mapkosrd —
Le BUAATHHH (i3HK-TEOPETHEK, YHE CYKIHHA HAYLL € L1A HAC PHKIATIOM.

CTAPIHIIMHA $I3UMYHOI'D ®AKVIIBTETY
(1o 90-pivus JI.E.TTapramanika)

Jles Encasaposud Tlapramainix — npodecop kadenpn TeopeTHuHOl
thisvku, nokTop (isHKO-MATEMATHYHHX HAYK — HADOIMBCA |5 NHcTONana
1914 poxy. Bim 6Oys yuacHHkoM Bemukoil Biruwsussol BifHM,
HAFOPOMKEHHH GaraTeMma opjleHaMH Ta Mesansmu. Ak disHk-TeopeTHEk Bin
pBakaB ceGe yuHem akagemika 0.LAxiciepa. Jlee Eneazapopny Biomuil
GaraThoM NOKOMiHHAM (isMKiE Ak BusHauHMi  7exTop. Bin saBmam
BiApi3HABCS KONOPHTHOIO 3OBHILIHICTIO: BENMKI Ryca, IHIUHE BONOCCH,
KpYImHMA Hic, BHMCOKMil 3picT, ropaa mnocrasa, Hesminni moprdens,
WIGHCTRO B MapTfiopo Ta AieTa. ¥ pisHi POKH BiH 30BHI Haraiysas To
Cranina, to Efimwrefina, To Ipaknia AHApOHIKOBA, TO KiHOpEHKHCEPa
[puropia Onexkcanaposa.

Jles EneasapoBHy e PeTeNbHO TOTYBABCA 10 CBOIX NCKUIH, Y HBOrO
nikonu He Gypano 360ik. [IpomosnaE BiH GOPMY/IEOBAHHS 3ABKIN YiTKO Ta
ACHO. BaraTo pokis BiH 4HTAB KypC KBAHTOBOT MEXaHiKH Ha (iHuHOMY Ta
pamiodiznuHoMy  GaKyneTETAX,d  TAKOK PITHOMAHITHI  CNELKYPCH:
ACHMATOTHYHI METOOM, 3araibHy Teopild BlOHOCHOCTI, Teopilo rpym,
METOH KBAHTOBOI CTAaTMCTHKH Ta iH. Jlen EncazapoBHd — nocTifnmii
kepiBHEK  dinocodcbkoro ceminapy  (isHuHoro daxyneTery, AKHi
PErYNRPHO NPALIIOBABR ¥ MHHYI POKH.

Jles Enea3apoBH4 HacTo 3MIMIOBAB KOCTIOMM, COPOYKH T4 TalCTyKH. Y
Ti wack BHKNAZAY Mir cobi 03BONMTH MaTH OCKUIBKA NPHCTORHHX
xoctiomin!  3mmuaiino Jles EneazapoBnu 3anpouryBaB cBoix y4HiB —
AHIIOMHMKIE Ta acnipanTie — no cebe nonomy. Tam, 3a nereHaapHHEM
cronom, Gins  BikHa, mWo BHXOAWI0 HA Bynuio YalikoBckKoro, 3
OpHTiHATILHMM HOPHHIBHHM NpHAAIOM i cumBodidnoio dirypkoio [Jou
Kixora, #imns Haykopi Geciom, npopobnsimch BapiaHTH  BHpILIEHHA
teopdianunoi npoGremu. Yacto posmosa yxomuna Aaneke B Gik Bij
dizukn. Jer Eneazaposuy moGHB KIaCHYHY MY3HKY. B Hhoro Dyno Darato
NIACTHHOK 3 3aHCAMH BIIOMHX BHKOHABLLB,
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K TECGPHH BIAMMONEHCTEHA BRCTPHX HEATRPOHOB
C PARITHUHBEMH MOMEHTAMH C NOJIYTIPOIPAMHBIMH SPAMH

HYpREa ARCHEPILMENTIEADROIE [ FISOPETUNECKE g
TH58 B, /7

K TEOPHH B3AMMOAEACTEHA BRICTPRIX HEATPOHOB
C PATJHYHEMH MOMEHTAMH C NOAYNPOSPAYHBIMH
RAPAMH

G 3 Mapeasanius, B. B Vaeanos

Hyyruairen neagoc of yiacTin GucTpus HESTHOIDN ¢ PIATETHENE NCMEHTI) B0 B0
EefleTann ¢ noaynpeeapisipal ALEIMH B PAMELE MINEETH Hoainnekcaoh rl:l:lmm-'lhﬂllil LE R
AnSpoRcasBEE TOWEE Pupameunll A0A NOPUELSEHEX piiEEfl © DOSKHILEY CIRLNSIMEE
BEHUNTOTENRCKRY ¥ AR WIANEAPHSERHT @V, COpanElInEss B RCCW CyIecTne-
HOM HHTEPEAR MOMEATOR, DOGB0NNCT yTOMEATb FHECTHE BOAN © MOMEHTEMH f~&E & Dpouposay
PECCEENER @ DOCATUSHNE HERTERNON B0 CRanBHHED © PEayIkTATaSE, NOAYHHHEIE 5 X
Kaseein decscel NpiaEmes, [loayiss Bapanss & HHTSpAIspLG CEHEiEs N 1
pECCEEER, SyIRECTRCINLE NP Gombums o WU SSeKTUSHLE NORoms .

B noedemEne Toqe mosnEsecs Goakmee uncan pador [*] no Teopee pacces-
EEA WACTHD AJPEMH, B KOTOpRE HCOMBIORANACH MOREEL rosmaexcHol noren-
MHAAEHGE AME, O IOMOIbE Frol MO0SIE YLAT0CE B VIHTE OpaEHALERT X0
cenenmi ¢ SHEPTEEN KAE D OAAICTH MATEY, Tak B Goasmex saeprif. M wans
SHEpriAX HeATPOHOB B NpOEHCCos BIAHMOIERCTERS © MApoM YUAcTBYOT M.
BOAHN ¢ HeOabUHMH MoMenTase. [lostomy npH BasHonenin cedeHil MOEBO
OCYUECTRHTL RENOCPEICTBEHHDE CYMMHJOBIHHE DAPOHMILINE oy,

TTpn Goanmies SHEpTEAL HedTROsIonN C© SApo BaaAMOIeACTAYET GOk ce HE-
na BoAE (o uowesrani L BE] H AR BAUBCIERHA CeSEHHA HECRR ORI 1P R
T CYMMHPOBRHHS i BCENY CYILECTBEHROMY RIFFEIEALY MOMEHTON B Npa HILTEHO
CNpeleiiTE BEPRHIDG TRAHHIOY STOMD WHTEpHaOE. J'{|Il’.l!-|l.‘ TaRE, HIEMETOCTE
ﬂ..-_1,|:-g||||:-ii FPaHHIE] TAKADE BIOHSET HA BEJWTHHE coUeHHA.

B patiore Pepafaxa, Ceplepa it Tafiaopa ['] napo peccvarpaearac
HOPOMHRN Cpeld © HeERoTOPMN ROS(IHEHTON Mmorsonesia f nokasa
npeassenennn. Tlpaseserne K sToll MOLEAH HBB3RK (ECHOTO METOA, O
BAHHOTG WA amrrideckoll apavorae (8 BaasHedine i HaFHEBATE 2T Gl
CHHM |;|:|||'i.1||m|:-1||1|.-:|_|_;[,e.mB.n'ql.u'.h'.i::llul."rb.g._wh.'u:]|u’| ITENEHGOBACHHTE D2
TATE OMLTOR M0 pacceRiim BeiTpopos © SHepraed nopnaka 100 MeV, @0 nans-
AL HeRepHEN xon gad _,|'|||||T¢|:|(\-H||,||.;-:||.|u||:|.'u CENEHIEH PACCESIEEA. Kag ObAD no-
[LEEET] k'lm:h’.:urm;ml i Coafizepos [*], #7o pacxecknesne ofinstmictt B 2H-
WHTEABHOM YECTH HETOHIMICTES SOTHYECKOTD npabIHKEHIR, 8 He Caral MOSENE0
Chnsuecxoe OPRITHHETRE B4eT TPABIILAN X0 DPUEANEHH coreni d JHIb
AR Boaw ¢ wosieaTaMn 1k & OIACTH e MasenTol (o RF agawenn nap-
LA B CEUEHIT ORAIMBIDTES SAHHAEHHE NN, [ MUIHb ¢ NOMERTAMN {2k —

s BE Y EBEKITCR BOBOE

Mpeanem [*] naAyumy pEpameme 100 CRIeHns morsoueEii GHCTIRY nedT-
POmaE, I1|'||'\I'5-L'|Hm'||||u [EliHE VPAREETHE u||:|;'-_'||||-!rl:‘|- IONGEIED 0TV E-TaC
cimeckoTn MeToa Dlerpanene [*]. S pafota yTOUERLD (EYIETATH TRyEore
ONTHUECKOTO IRHATenEE, TAK KAE METHR MNerTpamess A8eT KOPOULYK THIHOCTE
n pfiracty d= &R oanawe [poanon peoGocionamms TEHMERNA MY iesE e qop-
syt o ohaacTR L~k g olpses) HITerpaposamie Ha MOMEHTE | = 5 — Ty
HE DCHOBANHH OPEICTARIENND O TOM, W70 B MPOOBOCIN PICCEAHRA W nnraoie-
HAA YRICTEYET JMDL BHE © MOMEHTANH, CO0TRETCTEYRILLHMI NpHERIEHEM
PACCTORHNAM MeHBIIHM AANYCA Aapa.

Taknm ofpasos, obs smeroan [ e [*] Zawr xopomiee cpROUHEERHA THL
L1 TAPIHATLARS BOTE C MOMEHTAWR [ kR, OOseTh #e moaeiron |~ &5 yun-
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The participation of fast neutrons with various angular momenta in the mmrul;t:g?wtth semi-
mbile

transparent nuclel is studied within the framework of the complex square-wel

| for the

nucleus. The exact expressions for the partin] cross sections are approximated with the help
of special asymptotic formulas for the eylindrical functions which are valid throughout the
momentum range of interest. This approximation allows a more precise determination of the
participation of waves with angulir mementum [~ kR In neutven seattering and absorption
processes as compared with the results obtained in the guasi-classieal approximation. Cor-
rections to the integral absorption and scattering oross sections are obiained, which are im-

portant for high and low effective absorption.

IN many recent papers’™ on the scattering of
particles from nuclei use is made of the modsl

of a complex potential well. With this modeal it
was possible to determine accurately the depend-
ence of the cross section on energy in both the low-
and high-onergy regions. For small neatron ener-
gies only the wave with low angular momenta par-
ticipate in the interactions with the nucleas. In

the caleulation of the cross section one can there-
fore sum directly over the partial cross sections.

For high neutron energies many waves |with
momenta { % kR), Interact with the nucleus, and
for the caleulation of the crose section it s neces-
sary to sum over the whole contributing interval
of momenta, and to determine accurately the upper
limit of this interval. In addition, the diffusensas
of the nuclear boundary also affects the value of
the cross section.

Fernbach, Serber, and Taylor' regard the nu-
cleus ag a homogensous sphere with o certain ab-
sorption coefficient and a certain refraction index.
Applying a quasi-classical method based on an
optical analogy (in the following we shall call this
the optical approximation) to this modsl, it was
possible to fit satisfactorily the neutron scatter-
ing experiments for energies of order 100 Mev,
However, the differential scattering cross sec-
tions came out incorrectly, As shown by Paster-
nuck and Snyder,? this discrepancy 15 for the most
part due to the inaccuracy of the optical approsei-
mation, and not due to the model. The optical
approximation glves the true partial crosa aee-
tions only for waves with momenta [ £ kR/2. In

the region of momenta [ £ kR the values for the
partial cross seclions agpear to be too low, and
waves with momenta > kR = % are not accounted
for at all,

Drozdov? obtained an expression for the ah-
sorption cross section for fast neutrons, solving
the Schrikdinger equation approximately with the
help of the semi-classical method of Petrashen',®
This paper improves on the resulta of the crude
aptical approximation, since the Petrashen'
method gives good accuracy in the region < kR;
however, Drozdov applies without justification the
formulas thus obtained also in the region [~ kR
amd cuts off the intagration at the momentum [ =
kR = ', arguing that only waves with momentum
corresponding to an impact parameter smallor
than the nuclear radiue participate in scattering
and ahsorption processes,

Thus both methods'® rive a good approximation
only for partial waves with momenta ! < kR. The
momentum region [~ kR is treated incorrectly,
and in the caleulation of the cross section the inte-
gration is cut off at the momentum [ = kR — '.-";
1t is therefore of interest to investigate In more
detail the role of the momenta  ~ kR in the in-
teraction of nestrons with the nucleus, and to de-
termine the behavior of the scattering and absorp-
tion coefficients in this momenturn region. This
paper treats this question on the basis of the sim-
pler model of a complex square potential well,
This well, for which the Scheédinger equation can
be solved exactly, parmits an estimate of the ac-
curacy of the results obtained. In addition, the

178 L, E. PARGAMANIK and V. ¥, UL'TANDV

affect of the diffunescsa of tho mclear boimdary
1 exalalid,

1. REGION OF EMALL MOMENTA

With ibe medal of & square somplox potential
wall Bt is nppropristo not to etart from an appro-
fmale aolution of the Sehrbdinger aguation, bl to
abtnin the oxnot expressloss for the seallering aml
absorption coelficients. In summing thoss wo aso
mors exEck approcimations, taking aceount of all
waves participalisg is the inboractéon.

I thi Isteraction potential of the nesiron-nucioss
mystem has the farm Uiry=-¥ — (W for r=0
and Uir)=0 for r>H®, whoro H 15 tho meoloas
radiss, the Schrfklinger equation for the radial now-
tron wave function with momentam [ and energy E
e be solved oxpctly. The reflootion coeffiolent
ha= e form:

aFy s o ir

Wi
F=kRw PR PRy, = ImE 4 V- S,
whire m I8 U reduced mass of the neulron-
mucleas syslom.

In nfer b get from {1} cxprossicns for the oo-
afflcionts of scatiering, | l-ﬁ;lt. and absarption,
1=18;% which nre sameilact tor inepoction and
for the integradion over the whole contributing
momentam inferval, we have 1o use approximate
formalns fer the eylindrical funetions., However,
b asunl formulas for I« x asd [~ x aroap-
plieable caly in a rathor narrow reglon al mos
menta: to thoso of order xV¥ for small memenia,
and to those below x¥? for {= x. Delew we aball
therefors une spegial fermalas for the oylindrical
functionn in the region { <x (w00 rolerence 7),
amd ihe formulss of Fook! for the reglon § =~ x.

I tha ragion | < x the asympioths formulas
waed, o.g. for ihe Beasel functions, hove the form:

d " ']
fivsecfim | oy fos (s dan 5 — 3} 4 01 staniy).

The relention of anly the first torm in this oxpan-
alan gives an error of order 1730 tam B o the
momontum region [ < 204 fhis error doea not
surpass [F. This spproximation gives for the re-
Hewtion ooefllciest the formala

5 --x,;{-.'.'l’r'__'ur_." —VF={F e
(oo™ L2 gou~t 14741

# (I # 'fed

which agroea with the Tessilt cbiained by Drozder,®

For high energles, whare = Imz «x and
f=Noz - %< x, the phaso st indfimty & which
is related to the reflloction coofficient by gy = 8,
has the form:;

b= 41~
=+ ) YT = TR
In the cptical approximation’
dr=lin— e 4 IKR/ T =+ ',..|‘-. i, %

whore K la the obeorption ceefifclont, and n the
refraction fndex, At high ererglés we have thus
the following corresposdence hofwaon tho parnm-
elerss 1 correspomds to KISZ, amd § corre-
aponds to {n =1}x. This enables us o compare
the resalia of the aptioal approximation with ours,
Binen 1 depesds nol only on the Imaglnary part
W of the poforgizsl, bat also on the real part ¥, oa
the pewiron energy, and oa tva moss of the oeclean,
wer ghall is the [ollowing sall this perameter the
*gifective absorption.” Analogously, wo shall call
£ the "slipclive relraction.”

2. REGION OF INTERMEDIATE MOMENTA

O gpecidl inlerest |s the momenlam reghon
! =~ x, For an spproxcimadion of expression {1} in
this mementam Fegion we uss the nsympeotio for=
mubag for the aylindrical fusetions of Fock.! For
exampls, for the Bossol fumcticn we have:
.r. Bha
= T
-cirlll—-n!ﬁ!:-;-:l-l'lr‘l:'l-.'l § i) 4 | 14

With the help of thess fermulas the reflecticn co-
elficient takos the form
1o ishie I

By -
i i ] A

whore

ety 2 A e — e A [y = 0 = W i),
2] = affy—=ioifk

§= iy = 4 — il )=

v o Ve b f 20, o =Yy (2P

In [ormula {5 we reinin only the fiest terma of
axpansion (4}, Thia appreximatios Inirodoced sn
crrar al apdor [ [Y560 (x/2)%% in tha pogion
of momenta | = x| % z¥? this error does not
warpass £E. Honoe formula (2) glves a good ap-
proximation fer the refloction coofficlent in the
raghon [ < x, while formula {55 applics bo the
rogion [~ %, Thes ihé whole contrituting meo-
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