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Oynkiun ['puHa KBa3HIOTEHIHAIBHOTO MOAX0Ja KBAHTOBOH TEOPHH OIS HAWNEHBI B PEJIITUBUCTCKOM KOH(HIYpalHOHHOM
IPEJCTaBICHUH U BBIPAXKEHBI 4epe3 DJIEMEHTapHble (QYHKIUH HPHMEHHTEIFHO K COCTOSHHSAM PACCESHHS, XapaKTepU3yeMbIM
OpOHTATBHBIM KBAaHTOBBIM 4HCIOM /=1 (p-cocTosHHAM). OnpeneneHsl acCHMITOTHYECKHE cBOiicTBa (yHKuui I'puHa npu
OONIBIINX 3HAUCHHUSX PENATUBUCTCKOM koopauHathl. [lokazaHo, uTo Bce GyHKIUM ['prHa B HEPEISTHBUCTCKOM IIpefieie COBIIa-
JAl0T ¢ mapuuanbHoi ¢yHkuueil I'puna ypasnenus Illpénunrepa. YpaBHEHUS NS ONPEIENCHUS MaplHAIbHBIX BOJHOBBIX
(yHKUIMHA COCTOSHMIT pacCesHUs PEIIeHBI TOUYHO B Cllydae cepHiIecKu-CHMMETPUYHBIX HOTEHIHAIOB «J-cdepa» U UX cymep-
nosunui. OmpeseneHsl  XapakTepHble OCOOCHHOCTH IIOBEJCHWS NapLHUAIbHBIX CEUYCHUH paccesHHs, OOYyCIOBICHHBIC
BHUJIOM MOJIEJILHOTO TOTEHIIMANIA.

Knrouegvie cnosa: ¢yuxyuu I puna, keazunomenyuaibHulil nooxoo, peiamusucmckoe Kongusypayuontoe npedcmagienue, co-
CMOAHUSA PACCESANUSL, P-COCMOAHUSA, 0eNbMA-NOMeHYUA.

Green’s functions of the quasipotential approach of quantum field theory are found in the relativistic configurational representa-
tion and are expressed in terms of elementary functions in case of scattering states characterized by orbital quantum number
[ =1 (p-states). Asymptotic properties of the Green’s functions are determined at large values of the relativistic coordinate. It is
shown that all the Green’s functions coincide in the nonrelativistic limit with the partial Green’s function of the Schrodinger
equation. The equations for the corresponding partial wave functions of the scattering states are solved exactly in case of
spherically symmetric potentials «3-sphere» and their superpositions. Characteristic features of the behavior of partial scattering
cross sections for such potentials are determined.

Keywords: Green’s functions, quasipotential approach, relativistic configurational representation, scattering states, p-states,

delta-function potential.

Brenenne

B coBpeMeHHOM PENITUBUCTCKON (DU3KKE MPO-
OJIeMBI OTIMICAaHUS CBA3AHHBIX COCTOSIHHUI M COCTOS-
HHUH paccessHusi OTHOCAT K (yHIamMeHTadbHbIM. Of-
HUM U3 TEPBLIX ypaBHeHHf/ll, BBIBCJICHHBIX I HUX
pemenus, crano ypasHenue bere — Conmurepa. Tax
KaK €ro MCHOJb30BAHUE COMPSIKEHO C PSIOM TPYA-
HOCTEH, B LENsIX MX paspelieHus Io3jiHee Obuin
MpPEUIOKEHBl TOAXOJbl, OCHOBAaHHBIE HA PAa3HBIX
BapHaHTaX TPEXMEPHOW pEAYKIUH ypaBHEHUS
Bere — Conmmurepa. Hambomee ymadyHeIM oOKazajics
KBa3UMOTCHIMAIBHBIA TMOAX0/, NPEAOKEHHBIH B
pabotax JlorynoBa um Tasxemnaze, n Kazapimescko-
ro. IleppoHayasibHO MHTErpanbHble ypaBHeHuUs Jlo-
ryHoBa — TaBxenunze u  KaapimeBckoro  Obuin
c(hOpMYJIMPOBAaHbI B HMITYJIbCHOM IIPEICTABICHHUH.
Ecnmn, no aHanoruu ¢ KBaHTOBOM MEXAaHHMKOH, OCYy-
IIECTBUTH NpeoOpazoBanne Dypbe 3THX ypaBHEHHUH,
TO MOYXHO CBECTH MX K HMHTErpajbHO-Iu(p(depeHnn-
aJbHBIM, TO €CTh HE MEHEE CIIOXHBIM JJIs PEIICHUs.
[Ipuém, anpTepHaTUBHBIN TPEXMEPHOMY Ipeodpazo-
BaHUIO Dypbe, COCTOUT B Pa3IIOKEHIH BCEX UCTIONb-
3yeMBIX B HEM BEIMYMH, TAaKUX KaK BOJHOBEIC
¢yakmun, cBobogHble QyHKiunm ['puna (OI),
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KBa3UIOTEHIMAJBI 10 MAaTPUYHBIM 3JIEMEHTaM yHU-
TapHBIX HEMPHBOAUMBIX MPEACTABICHUN TPYIIIBI
JlopeHna, 00pa3yrOIUM MOJIHYI0 OPTOHOPMHPOBAH-
Hyl0 cucteMy (QyHKuud. MIMeHHO Ha 3TOW OCHOBE
Obu1a chopMyMpoBaHa KOHLEILUS PEJIITHBUCTCKO-
ro KoHdurypaumonHoro mnpexacrasienus (PKID),
KOTOpOE SIBISIETCS aHAJIIONOM KOOPAMHATHOIO Hpen-
CTaBJICHUsI KBAHTOBOM MEXaHUKH.

OKBHBAJICHTHBIC NHTETPAIBLHBIM YPABHEHHUSIM B
HUMITyJIbCHOM TpeacTaBieHun ypaBHeHuss B PKII
MOTYT OBITH TPEICTABICHBI WIX B Bue MuddepeH-
LUAJbHO-PA3HOCTHBIX (IIPH 3TOM TIapUualbHbIC
YPaBHEHHsI SIBISIOTCSI PAa3HOCTHBIMH), WIH B BHIE
MHTETrpalbHbIX (IMApUUAIBHBIE YPABHEHHS B 3TOM
cilyyae SIBISIFOTCS MHTerpajbHbiMH). Ilpu BbeIOOpE
BTOPOT'0 BapHaHTa JUIs MPAKTUYECKOI0 UCIOIb30Ba-
Hus ypaBHeHui B PKII cymiecTBeHHO 3HaHME SBHOTO
Buaa mapuuansHeix OI, aHaNIOrMYHBIX Hapuuab-
HbIM @I ypaBnenus llpénunrepa.

Onnomepnsie @I B PKII 6putn Halinens B [1],
TpexMepHBbIe napranbHeie OI' ObUTH OmpeneneHs! B
[2] n 3ammcaHBl B TepMUHAX CIEIHAIBHBIX (PYHK-
uuid. SBHbIM By napuuanbHbix @I nns cocrosHuMit
C HyJIEBBIM OPOUTAIbHBIM MOMEHTOM, PEAIN3yEMbIX
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JUIL YacTHUIl, HAaXOAAMHMXCA B COHEPUUECKU-CHM-
METPUYHOM NOTCHIHAIBHOM II0Jie, OBUI IOJIy4YeH
paHee U B BHJIE CIOKHBIX KOMOMHAIUI 31eMeHTap-
HBIX (yHKIU [3]. DTO 00CTOSTENBCTBO CIYKUT MO-
TUBHPYIOIINM (akTOpoM Uil BBIpRXKEHHS dYepes
3JIeMeHTapHbIe (PYHKIMH U JPYTHX HapiuanbHbX O .

Lenpto HacToseil pabOTHI SIBISIETCS HAXOX-
JICHWE B JJIEMEHTAPHBIX (YHKIMAX SBHOTO BHIA
napuuanbHelXx OI' 11 COCTOSHUM, XapaKTepuU3ylo-
mUXCs OpOUTATBbHBIM KBAaHTOBBIM dYHCIOM [=1.
Pacnonaras takum BapuanToMm mpezactaBieHuss OI
MOXKHO c(OPMYJIUPOBATh MaplHalbHbIE ypaBHEHUS
COCTOSIHMH paccesiHusl B yZ0OHOM JUIsS NPaKTHYECKO-
ro NpUMEHEeHUs Buae. Mbl IeMOHCTpUpPYEM 3TO Ha
npumepe ceprUueCKH-CUMMETPUYHBIX JIENbTa-110-
teHuuanoB B PKII (pemeHne pa3HOCTHBIX ypaBHe-
HUH C TaKUMH{ MOTEHLMAJaMU NPEACTaBIsIET OYeHb
HETPOCTYIO 3aj1a4y).

1 PeasituBHCTCKME NapuuaibHble GyHKIUNU
I'puna
Oyukiun ['puHa CHCTEMBI JBYX YacTHI] OJH-
HAKOBOW MAacChl m U COCTOSIHUM pacCesHUs B UM-
MyJIECHOM TIPENICTaBIICHIH OTIpeeNieHs B [ 1] B Buze
1 1

Goy(E,:4) = 2, —2E, —ic E,

1 m
G \E k)=————;
o (EH) E}-E]-icE,
) (1.1)
G, |E k)J=—F+;
(3)( q ) Ekz—qu—iS
1 m
G, \E k)|=—7""—;
i (£,%) 2E, -2E, —ic E;’
rae G(l) — OI' MOIU(PHUIMPOBAHHOTO YypaBHEHHS

Kanpimesckoro, G(z) — @I ypaBHenus JloryHosa —
TaBxenunze, G(S) — ®I' MOITUGUIIMPOBAHHOTO ypaB-

Henus Jlorynosa — Tasxenunse, G( 5 OI" ypaBHe-

uust Kagpimesckoro, E, =\m’ +k°, k — pensirusu-
crekmit umnynse, 2E, =2mchy, — sHeprus cucre-
MBI B PACCMATPHBAEMOM COCTOSIHUM PACCESHHUSL.
’
[Mapuuaneusie ®I' B PKII Gl(,-)(X q,r,r) st

COCTOSHMH C OpOMTAJIbHBIM KBaHTOBBIM YHCIIOM
/=1 B [2] Bolpaxens! yepe3 ¢ynkuuu (1.1) crue-
JIYFOIITUM 00pa3oM:

! 200
Gl(,-) (Xq,r,r ) =—;?|).pl (xk,r)G(j) (mchxq,k)x(l.z)

><Ekm2 sh? ka: (Xkﬂr,)ka’
riae GyHKuus p, (Xk,r) HMEET BUJ
r
P () —mx

B S) - cos ()],
mr

¥ — OBICTpOTa, CBA3aHHAs C PEJIATUBUCTCKUM HM-
MyJIbCOM COOTHOUIeHHeM k =mshy,, r — MOIyJb

paauyc-Bexktopa 7 B PKII.

PaccMoTpuM mpornenypy HaxoXIEHHS SIBHOTO
Buga ®I' moguduimpoBanHoro ypaBHeHHs Kanubi-
meBckoro Ha ocHoBe ¢opmynsl (1.2). lng storo
MIPEACTaBUM €€ B BHIE BBIPAKCHUS

—mrr’

G "=
i) (Xq,r,r ) n(mr+i)(mr’—i) )

x[%([l(r—r')+ll(r+r'))_( 11 JX

2mr 2mr’
’ 1 r
x1, (r—r )_(2mr + 2mr’j12 (r+r )+

+;(l3 (r —r')—]3 (r+r'))J,

2
2m rr'

(1.3)

B KOTOPOM HCIIOJIb30BaHbI 0603HAUEHHS
1'% cos(y,mr
()= 1 ]t
.chy, —ch(xq +za)
1 chy, sin(y,mr) iy
)
2 % sh(y, +iy)(chxk —ch(xq +is))

1% ch?y, sin(y, mr
13(1"):— £ (k )

dy,-
2, sh*(x, +iy)(chxk —ch(xq +is)) o

Beckoneuno Mmamass MHUMas 4YacTh Y aprymcHrTa

B

1+oc

L(r)=

byHKIIH sh(xk +iy), AaHAJIOTUYHO € B (OopMyiax

(1.1), BBemeHa Ay cMemieHus 0coO0N TOYKH TIO-
JBIHTCTPATBHON (DYHKIMHM C BEHMICCTBEHHOHW OCH B
KOMILUIEKCHYIO TUIOCKOCTh. OJIHAKO, B OTJIIMYHE OT
€, TOJOXKHUTEIBHOCTh KOTOPOH MPUHIUIHAIBHO

Ba’XxHa, 3HAK BCIIOMOTaTEJILHOM BEJIMUMHBI Y MOXET

OBITH JIFOOBIM, H TIPH €r0 N3MEHEHUH Ha IIPOTUBOIIO-
JIO)KHBII OTBET HE H3MeEHseTca. Tak, B IOJbIHTE-
TPAILHOM  BBIDQKEHWH  Pa3sHOCTH  HMHTETPaJIOB

L, (r—r")=1,(r+r') conepxurcs MHOXHTEIb
sin (y,mr)sin (y,mr')sh™ (x, +iy),
MMEIOIIHH YCTPaHUMY 0 0COOEHHOCTH TipH ), = 0.
Jlist BbiancieHus uHterpana I, (r) mpexcra-
BUM €T0 B BUJIE
I (’”) = (111 (r)+111 (—r))/4,

rac

+00 iymr
e

Iu(r):j

—00

—dy,. (1.4)
chy, —ch(xq +l£)

Jus Beramcnennst wHTerpana (1.4) Bocmomezyemcs
METOJaMH TEeOpHH (YHKIMHA KOMIUIEKCHOH Tepe-
MeHHOH [4]. IlepeiineM B KOMIUIEKCHYIO Y, -TIJIOC-
KOCTb, paccMaTpHuBasi BMecTo uHTerpaia (1.4) Bnoss
BEIIIECTBEHHOM NPsAMON HMHTErpall 10 3aMKHYTOMY
koutypy C=C, +C,+C,+C, (pucynok 1.1). Ilo-
cie mpeoOpa3oBaHUs UHTETPAIIOB BIOJIb KAXKIOTO U3

Ipo6remvr pusuxu, mamemamuru u mexnuuru, Ne 3 (48), 2021



Pensmusucmckue napyuajlbHbsle (j)ymcuuu Fpuua CcOCmMostHUtL paccesinus, Xxapakmepusyouuxcs opﬁumaﬂbubw KeaHmosbim uuciom | =1

0Tpe3KoB KOHTypa C U MOCIENYIOIEro yCTpeMIICH
R — 0 10Iy4uM CBSI3b HCKOMOTO MHTerpana 1, ()

C MHTETpaJioM 1o KoHTYpy C:

iy mr

]“(r)zl—el’zm'" Ilgg'l‘chxk—ch(xq+i8)dxr(l.5)
G 4Img
i27
C, | . c,
0 >
-R ¢ R Re 7,

Pucynox 1.1 — Konryp unrerpupoBanus C
B KOMIUIEKCHOH 7, -TIJIOCKOCTH

3nayenne uHTerpana B (1.5) MOXHO OIpenenuTh,
mpUMeHss TeopeMy o BerueTax [4], [5]. Ilocne ompe-
JIeTIeHNs] KOOPJIMHAT TTOJIIOCOB, MOMAIAIOIINX BHYTPb
KOHTYpa UHTETPUPOBAHUS

s, =Xy 18 Ay, =X, +i(2ZT—E)),
Y 3Ha4YEHU BBIYETOB B HUX [6], 1J1st uHTerpana [, B
npenene € —> +0 IMOIy4uUM BbIpaKeHUE
i sh((ixq + n)mr)

I(r)= shy,  sh(mmr) (1.6)

C yuerom (1.6) nuterpan /, (r) npuBenem K BUIY

1) i sh((ixq-i—n)mr).

~sh %,  sh(mmr)
Wurerpan I, (r) conepxur sin(y,mr) B duc-

(1.7)

JIUTCJIC U Sh(Xk +l'Y) B 3HAMCHATCJIC, CJICA0BATCIIb-

HO, B Touke ¥, =0 momsIHTErpanbHas (yHKIHA
UMEeT YCTPaHHMYyIO oOcoOeHHocTs. IIpencraBum
I, (r) BBuge 1,(r)= (121 (r)—1, (—r))/4i, rue

+00

chy, e
1 =
x () ;[Osh(xkﬂy) Chxk—ch(xq+i8)

B pesynbrare mpUMEHEHHUS BBIMIEU3JIOKEHHOTO Me-
TOJa Uil WHTErpaja 121(1/) B mpexene y,e — +0

iy mr

dy,.

MOy YUM

—nmr

121(”): T { e 1

- +
sh(mmr)|1-chy, 1+chy, 18

h
+ sChz);qq 2ch ((ixq + TE) mr)}

Bocmnons3yemcst BoipakenueM (1.8) u mpencraBum

I,(r) BBume

L(r) T {ch(nmr) 1

r)= - +
2sh(mmr)| 1=chy, l+chy,
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h
+sChZ);: 2ch((ixq +Tc)mr)}. (1.9)

ITpumeHss TOT k€ METOA CBEICHUS MHTErpaia
BJIOJIb BELICCTBEHHOM MpsAMOM K MHTErpaily IIo
3aMKHYTOMY KOHTYpY, IJIsl HHTEeTpana [, B Ipefese

Y,& — +0 momydum

L (r) i {imr ch(nmr)

:2sh(nmr) I-chy

q

(1.10)

] ch?y .
_%+ o XZ ZCh((qu +7t)mr)}.

[MoxcraBnss coorromenus (1.7), (1.9) u (1.10)
B (1.3), MoxHO mosyunTh BBIpaxenue aiast OI' B
PKII momudunmpoBanHoro ypaBHeHus Kansimies-
CKOTO. AHAJOTHYHO IOJYyYaroTCs BBIPAXKEHUS IS
OT" Tpéx mpyrux (cM. HOsiCHEHHs 1ocie (hOpMYJIbI
(1.1)) paccmarpuBaembIXx HamH ypaBHeHHH. J[lis
KPaTKOCTH MPE/ICTABUM HX B KOMIIAKTHOM BH/IE

-1
Gy xpror) =
o (1rr) (mr+i)(mr’—i)>< (1.11)

X(Gl(f)(Xq’r_r')JrGl(j)(Xq’r”'))’
B pa3BépHyToii 3anmcu (QyHKINH Gl(,-)(X q,p) JUIS
KaXJI0TO U3 ypaBHEHUH COOTBETCTBEHHO UMEIOT BUJL
i mr' Sh (ix +Tc)mp
Gl(l)(xq:p)ZE h ( hq )+
shy, s (nmp)

(—l)kp l:ch(nmp) 1

2sh(mmp)| 1-chy, _1+chxq

chy, _ (-1)i
+2 1 ch((zxq + n)mp)} +WX (1.12)

><{ipch(nmp) ip

- +
1—chy, I+chy,

2 ch? )
+; :h3 ;C: sh((zxq + n)mp)},

G ( ): imrr! sh((ixq +7t/2)mp)
1) (%P sh2y,  sh(mmp/2)
(—l)k p | ch(mmp)+1 .
2sh(mmp)| 1-ch’y,
2¢ch(mm p/2)ch((ixq + n/Z)mp)
+ +
sh’y,

(—l)k i {ip(ch(nmp)+ 1) .

2sh(mmp) 1-ch®y,

(1.13)

sh ((ixq + n/2)mp)ch(75m P/2)}

q
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; v ch((ix, +7/2)mp
G 1.5) - 20 222
q

ch(nmp/2)
(—l)k p |ch(mmp)-1 .
2sh(mmp)| 1-ch’y,

h
+2 :hz’;qq sh (mmp;/2)sh (ix,, +Tt/2)mp)}+ (1.14)

(-1)i ><{ip(ch(nmp)—l) N

2sh(mmp) 1-ch?y,

+gch2 %y
m sh’ Xy

Ch((in + n/2)mp)sh(nmp/2)} ,

Gy (1,577") =

2 sh((ixq + n) mp)
sh(mmp)

imrr' ishy,
= +
ch

" sh 2y, | ch(mmp/2)
(Ve
2sh(mmp)
2¢ch((iy, + (1.15)
y ch(nmp)+ L c ((qu TC)’"P) .
l—chy, 1+chy, shzxq

i(—l)k {ipch(nmp) .

2sh(mmp)| 1-chy,

ip 2 chy :
Treh ~ +; - qu sh((zxq + rc)mp)}.

B Bepaxkenmax (1.12)—(1.15) xoaddumment k=1
npu p=r+r u k=2 npu p=r—r'.

[MpousBeneM aHamM3 MOMYYEHHBIX (QYHKINH
I'puna. Ha pucynkax 1.2, 1.3 u3obpakeHsl rpaduxu
3aBUCUMOCTEN JEWCTBUTEIHLHOM M MHHMOM YacTel
¢yaxmmit I'puna (1.11) or r, paccUMTaHHBIX MpH
r'=1muy , =1. Ha oTux rpapukax MOKHO Bblje-

JIUTH CJIEAYIONIYI0 OCOOEHHOCTB: TIPH OOJIBIIUX 3HA-
yeHusix » QyHkumu ['puHa ypaBHeHuit JloryHoBa —
Taexenunze u KajpiieBckoro BeayT ceOsi 0IMHAKO-
Bo. Taxke ognHakoBO BeayT cedst pyHkumu ['puna
MOTUGUIMPOBAHHBIX ypaBHEHHN. J[eHCTBHUTEIBHO,
acumnrornyeckoe mnosepeHne DI (1.11) mnpm
7 — 00 omUchIBaeTcs hopMyIamMu

Gy (Xq’”,)‘ =K, ()™, (1.16)

B KOTOPBIX

r—o

Koy () =Ky (r)=
=i cos(xqmr') cthxqsin(xqmr’)

=
mr' —i shy,

E}

mr'shy,

K, ()= K ()=

10

—ir' 2cos(xqmr’) sin(xqmr’)

Comr =i sh2y,

' 2
mr'sh”y,

Re(G1p)

04+

0z

Pucynox 1.2 — 3aBHCHMOCTB IEHCTBUTEIEHON YaCTH
¢yraxmmii I'praa (1.11) oT KOOpaAUHATE

Im(G1 p)

041

Pucynok 1.3 — 3aBUCHMOCTh MHUMOM 4acTH
¢ynkumii I'puna (1.11) ot kKoopauHATHI 7

B HepensatuBucTcKOM Ipenene (Ipu m — o,
x, = 0) Bce uetsIpe pacemorpennsie OI nmpeobpa-

3YIOTCSl B 3allUCaHHYIO0 B KOOPJUHATHOM IpPENCTaB-
neHuun OI' tpéxmepHoro ypaBHenus llpénunrepa
IUTS p-COCTOSTHUSA [7]:

lim Gl(j) (Xq,r,r') =G, (q,r,r') =

m—o0

1y 0
—lei"r [icos(qr’)—#isin(qr’)—
q rq
—Ecos(qr')+ S sm(qr’)j; r>r,
—lei‘]" (icos(qr)—iisin(qr)—
q rq
—L,cos(qr)+%sin(qr)j; r<r,
r'q rr'q

TZle g — HEPENATUBUCTCKHH WMITYJIbC, ¥ — MOJIYJb
paauyc-BekTopa X B OOBIYHOM KOOPAWHATHOM
IpeICTaBICHUH.

2 PemeHue peJTUBHCTCKHX YPaBHEHHH ¢
AeJbTA-NIOTEHIUAIOM B PeJSITHBUCTCKOM KOH-
(urypanuoHHoM npeacTaBJeHUN

PaccMoTpuM ypaBHEHHE Ui TMapLUUaIbHBIX
BOJIHOBBIX (DYHKIIHH p-COCTOSIHUI pacCesHus:

Ipo6remvr pusuxu, mamemamuru u mexnuuru, Ne 3 (48), 2021



Pensmusucmckue napyuajlbHbsle d)ymcuuu Fpuua CcOCmMostHUtL paccesinus, Xxapakmepusyouuxcs opﬁumaﬂbubw KeaHmosbim uuciom | =1

v, (r)=mshy,p, (1,.7)+

+ IGl(j) (qu r,r’)V(r’)\y(j) (r’)dr’,
0

rae uHAekcoM j =1,2,3,4 ycraHaBIWBaeTCS COOT-

@2.1)

BETCTBHE C paccMaTpHBacMbIM ypaBHeHueM. [Ipu
UCIIOJIb30BaHUU MOZEBHOTO TIOTEHIHANA «O-Chepar:
Vl(r):VOS(r—a), 2.2)
ypaBHeH#He (2.1) mpeobpazyercs K BUAY
v, (r)=mshy,p (1,.7)+
+Gy (xq,r,a)VO\u(j) (a).

UroObl ONMpeAenuTh KOHCTAHTY Vi) (a), paccMoT-

(2.3)

puM (2.3) BTOUKE 7 =a:
v (@)=mshy,p (x,.a)+
+G (x,@a)Vow ()-
D10 nuHeiiHOe anreGpanueckoe ypaBHEHHE OTHOCH-
TEbHO BEMWMHHBL Y, (@) 1erko pemaeres:

mshy, p(x,.a

o) )
1=VG (1,a.a)

IToncrasnss (2.4) B (2.3), mony4uM BhIpakKeHUe A

BOJIHOBOH (pyHKLIMH

Wi,y (r) = mshz, p, (1,.7)+
msh Xq P (Xq’a) 2.5)
Gy (xyrsa)V, ‘
+Gy (1,:20) °1—V0G1<j) (x,a.a)

PaccMoTpuM xapakTep H3MEHEHHUS BOJIHOBOM
¢byukun (2.5) npu OONBIINX 3HAYCHUSIX PEISITUBH-
CTCKOH MEPEMEHHOM 7

Vi) (r)‘Hw =msh Ly (pl (Xq’r))‘Hw +
+f]i/.) (xq)(—i)eimx“mshxq.

3nmech fli;) (x q) — PeATUBUCTCKAS aMIUTUTYAa pac-

CesiHUs, KOTOpasi BhIpakaeTcs yepe3 dynkimio ['pu-
Ha CJIEAYIOIIM 00pa3oM:

1 . 4 (Xq’a)
i (1) =K (@7 VG (1)

[MapruansHoe cedyeHHe paccesHusl IJsl  p-BOJHBI
MOJET OBITh BBIPAKEHO Yepe3 aMIUTUTYAY pacces-

HUS flij) (Xq ) :

cSi(/’) (Xq ) = 1271‘_]’111.) (Xq)

Ha pucynke 2.1 mpuBeneHbl 3aBUCUMOCTH CEYEHUSI
paccesHUsI OT OBICTPOTHI X,» PaccUMTaHHbIC NPH

2

(2.6)

(DMKCHPOBAHHBIX 3HAYCHHSX MApaMeTpoB da =35,
Vo=2, m=1.

OTMeTHM HEKOTOpble OCOOCHHOCTH AHAIHM3HU-
PYEMbIX MapIUATBHBIX CEUSHUMH PACCESHHUSL:

— MIPU YBEJWYCHHUU TapaMeTpa d MaKkCHMallb-
HbIe 3HAYECHUS CEUCHHUS PACCESTHUS YBEINUHBAIOTCS;
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— [IpU yBEIMYEHHUU MapaMeTpa V, BOIM3U HY-
nelt QyHKIuu 6}(],) (X q) TOSIBIIAIOTCS TOTIOJHHUTENb-

HBIC TIVIKH;

— MPH yBEIWUYCHHUU MapaMeTpa /7 MaKCHMYyMEI
CCUCHUS paCCesHUS CMEIIAIOTCS B 00JACTh MCHB-
LINX 3HAYCHUH Iapamerpa y,, .

o1 Xy
.'r::‘"
120 S b
a Q‘
100 3 _
! - =1
3 :
80 i --- =
60 2 1 — j=
¥ .
’\ e j=4
40 B
20
= Xg

0.0 0.5 1.0 1.5

Pucynok 2.1 — 3aBUCHMOCTB TapPIMAIBHOTO CEYCHHUS
paccesHus Gi(/.) or %,

CpaBHUM NOJIy4E€HHBIE HAMHU PE3YyJIbTATHI C Te-
MU, KOTOpBIC paHee ObUIM MONydYeHbI B [8] mpu pe-
LIEHUU aHAJIOTUYHOW 3aJaud AJsl S-COCTOSHUM pac-
cestHus. [IpuBeneM Ha pucynke 2.2 rpaduku 3aBu-
CHMOCTH CEYECHHs! PACCEsHUA OT OBICTPOTHI ), , pac-

CUMTAHHbIE HA OCHOBE pelleHUH ypaBHeHus Jlory-
HOBa — TaBxemumze npu [/ =0,1 ¥ UCTIONB30BaHHBIX

B IpenplayiieM (parMeHTe 3HAYCHHUSAX MapamMeTpoB
(a=5, Vy,=2, m=1).

1
T (2)()(4)
4
300

250

150

100

Xq

0.0 15

PucyHnok 2.2 — 3aBUCHMOCTB MaPIMAIBHOTO CEYCHHUS
1
paccesius Gy, OT ), PACCUHTAHHOIO Ha OCHOBE

pemiennii ypaBHeHus JloryHoBa — TaBxenuaze
nopu [ =0,1

AHanu3upys puCyHOK 2.2, BUIUM, YTO JIOKAJb-
Hble MAKCHUMYMBI C€UYEHUS PACCesSHUsI AJIs p-COCTOSI-
HUS [0 CPAaBHEHHIO C MaKCUMyMAaMH JUIS S-COCTOS-
HUSI CMEUICHBI B HANPABICHUH OOJBIINX 3HAYCHUH
OBICTPOTHI ), YTO OOYCIOBJIEHO CIEACTBUEM HAIN-

YU EHTPOOSIKHOTO Oapbepa.
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B.H. Kanwaii, A.A. I puweukuna

3 Pemenne PpeJIATHBHCTCKUX YPaBHEHMIt
NPy MOAEJHPOBAHUYU B3aHMOAEHCTBHS CyNepIo-
3MnMell ABYX AeJbTA-NOTEHUHAIOB B PeIATHBH-
CTCKOM KOH(GUIYpPalMOHHOM NpPeACTABIeHHH

Tenepb nmpencTaBuM coJepXKaIluiics B pensiTH-
BHUCTCKOM YPaBHEHHH ITOTCHLIMAN CYTIEPIIO3UIIUEH
JIBYX TIOTCHIIUAIOB «O-Chepar:

Vz(r):I/O]S(r—a])+l/'028(r—a2). @3.1)

C yuerom motennmana (3.1) ypaBuenue (2.1) mpu-
BelleM K BUY

v, (r)=mshy,p, (x,.7)+
+G ) (xq,r, al)Vm\y(j) (a,)+ (3.2)
+Gy) (oo, )Vm“’(j) (a,)-

Conepxammecs B (3.2) 3HaueHHs (YHKIMA
V(@) 1 v (a,) moxuo onpenennts, BbruMC-

11 GyHKIMH \u(/.)(r) B TOUKAX 7=a, U r=a,. B

pe3yibTaTe WX IMOJACTAHOBKU B (3.2) momy4ymm an-
reOpayecKylo CHCTEMY YpaBHEHHH, KOTOpYIO
yoOHO MPEeACTaBUTh B MAaTPHUUHOH (hopme:

1=VaGy (X arar)  ViaGigyy (100004,
FoGy () 1=ViGy (1, 0200)
V(@) \mshy,p(1,.4.)

Pewast 5Ty CHCTEMy ypaBHEHHMi, BBIDAaKEHHs JUIA
V(@) m v, (a,) moxuo sanmucars B Brae

A1(/’) (X‘I) v (a2 ) _ Az(.f) (Xq)
> W

A (x,) Ay ()
1€ BBECACHbI 0603HaquI/Iﬂ

2
A (1) = H[l ~V0.Gy) (%5004, )] -

n=1

Tl (G1<f) (a2, ))2 :
A (Xq ) =
=mshy,p, (1,4 )[1—1/026'1(/.) (x4, )]+
Tamsha b, (1,00) G (10002 )
Ay (,)=
= mshy, p, (xq,az)[l—VmGl(j) (x,.a.4 )]+

+mshi,py (1, ) Gy (1,502,

[Ipu » — co BeIpaxkenue (3.2) mpuMeT B

Vi) (r)‘ , =mshy, (1’1 (Xq’r))

r—>

‘V(j)(al):

+

r—>0

+Gy (xq,r,al )‘ Vv, (a)+

. VoV ) (ay). (3-3)

+Gl<j)(xq=r=“2)

r—>
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C yderom acumntorudeckux BeipakeHui @I (1.16)
B COOTHOIIEHMH (3.3) momy4unm

v, (r)‘Hw =mshy, (pl (xq,r))‘r%w +
+ fl(zj) (Xq)(—i)eimx“rmsh Xy»

IIPA 3TOM PESITUBUCTCKAsT aMIUIUTYA PaCCESHHS

fl(zj)(xq), COOTBETCTBYIOIIAsl YPAaBHEHUIO C MO-

JeTbHBIM moTeHnuanoM (3.1), BeIpakaeTcst aHallu-

THYCCKU.
fl(zf) (Xq ) =
Koy (@)Vowi (@) + Ky (@) Vv (@) G4)
—imshy, '

[TaprmanbHoe ceueHue paccesHus Ui p-co-
CTOSIHUS BBIPA)KACTCs UEPE3 aMILTUTY Ly PAacCEsHHs B
COOTBeTCTBUH ¢ QopMmyJoit (2.6). Xapakrep ero 3a-
BHUCHMOCTH OT OBICTPOTBI ¥, VISt BCeX 4eThIpéx I
WIITIOCTPUPOBaH Ha pucyHke 3.1 B Buzae rpadukos,
NOCTPOEHHBIX IpU ¢, =3, V,, =1, a, =4, V, =2,

m=1.

0‘% U)(,\'q)

00 s 10 L5 20 = X

Pucynok 3.1 — 3aBUCHMOCTD MapIHAILHOTO CEUSHUS

2
paccesnus G, OT ¥,

o8, @)

20 Xq

Pucynok 3.2 — 3aBUCHMOCTD MapIUAILHOTO CEUEHUS

2
paccestHus Gy, OT ), , PACCUNTAHHAA C y4CTOM

2
pewienuii ypaBHeHus Jlorynosa — TaBxenuaze
mpu [ =0,1

Ipo6remvr pusuxu, mamemamuru u mexnuuru, Ne 3 (48), 2021



Pensmusucmckue napyuajlbHbsle d)ymcuuu Fpuua CcOCmMostHUtL paccesinus, Xxapakmepusyouuxcs 0p6umdﬂbllblM KeaHmosbim uuciom | =1

Jis ynoOcTBa CpaBHEHHsI C pe3yibTaTaMi,
paHee MOJNyYEHHBIMH B [8] NPUMEHHUTENBHO K S-
COCTOSIHUSIM, Ha pUCYHKe 3.2 Ui paccMaTpUBaeMbIX
YeThIpEX YpaBHEHUI NpHBEACHBI TPa(UKU 3aBHCH-
MOCTH CEYEHHUs PAcCESHUS OT OBICTPOTHI ¥, pac-

CUMTAHHBIE HA OCHOBE pELIeHHN ypaBHEHHs Jlory-
HoBa — TaBxemunze npu [ =0,1 u crexyromux 3Ha-
YEeHUsIX ApYTuX mapameTpos: a, =3, V,, =1, a, =4,
Vip =2, m=1.

OueBUIHO, YTO M B 3TOM CIy4ac B CCUCHHU
paccesiHAsL p-COCTOSHUS MMEET MECTO CIBHUI MaKCH-
MYMOB B HaIlpaBJICHUU OONBIINX 3HAYCHUN OBICTPO-
Tl ), O CPaBHEHHMIO C MOJOKECHHEM MAaKCUMYMOB

B CCUCHHUU pacCcCCsIHUA S-COCTOSHUA.

3akiroueHue

Takum oOpa3omM, B HacTosAmmIed paboTe pac-
CMOTpEHa 3ajJada 00 M3yYeHHWH COCTOSHHMH pacces-
HUSI CHCTEMBI JIBYX PEISTHBHUCTCKHX YaCTHI[ C HC-
MOJTb30BAaHNUEM PEJISATHBUCTCKOTO KOH(HUTYPaLHOH-
Horo mnpezacrasiaeHus. HeoOxonumble At perieHus
9TOM 3a/auu SIBHbIE BbIpaXXeHUs (QyHKIMHA ['pruHa
MOJTy4eHbI AJSI p-COCTOSHUM, XapaKTepU3yHOLIUXCcs
opOHTANEHEIM KBaHTOBEIM yuciioM / =1. TlogpoGHO
OIICaHa METOAMKA HAaXOXKACHUS BOJHOBBIX (DyHK-
1, TapUUATBHBIX aMIUIUTY pacCesiHUS U CEUECHHI
paccesiHUsl C HMCIOJIB30BAHUEM MOJCIBHBIX TOTEH-
[AJIOB JIByX BHJOB: «O-cepa» M CYNepHO3ULMs
JIBYX TIOTEHIMAIOB «d-cepa». PesynbTarsl pacyera
3aBUCHMOCTH TapLUUAIbHBIX CEUCHUH paccesHHs OT
OBICTPOTHI MJUTIOCTPUPOBAHBI TPaUUECKH U COMOC-
TaBJIEHBI C pe3yJbTaTaMH, MOTY4YEHHBIMU B [8] s
S-COCTOSTHUM PacCestHUs.
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