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B. 1. ’Kaba

Yorczopodcoruil nayionansnuti ynisepcumem, Yaxceopoo

HOBI AHAJITUYHI ®OPMHU XBI@JIBOBOi (I)YHECIIIT JEWUTPOHA
JJIS1 HOTEHUIAJIIB HEUMEI'EHCBKOI I'PYIIN

st anpokcuMarnii XBmiboBUX (QyHKIIN AeHTpOHA B KOOPAWHATHOMY ITPEACTaBIICHHI 3aIIPOIIOHOBAHO J[BI HOBI aHa-
nitTraHi popmu. BoHM mpencTaBneHi y BUIIALI JOOYTKY CTETeHeBOi QYHKINI I Ha cyMy €KCIIOHEHIIaIbHUX UIICHIB
Ai - exp(-a; - r®). Jlna peanicTHuHUX (EHOMEHOJIOTIYHUX MOTEHIIANB HeliMereHChKOl TPyIy 3a LUMH (OpMaMH Mo0Y-
JIOBaHO XBWJIBOBI (PYHKIII] IefiTpOHA B KOOPAMHATHOMY IMPEICTABIICHHI, SIKI HE MICTSTh HAJIMIIKOBHX BY3MiB. [lopis-
HSIOTHCS] PO3PAaxOBaHi apaMeTpH JeUTPOHA 3 eKCIIEPUMEHTAILHUMH 1 TEOPETUYHUMH JaHHMHU.

Kniouosi crosa: xBuiiboBa QyHKILIs, aHATITHYHA QopMa, TEHTPOH, BY30JI.

Beryn

JlelTpoH € HampocTiliM AApoM, SIKE CKIaIa€eThb-
Cs 3 IBOX CHJIBHO B3a€EMOMIIOUMX JaCTHHOK (TIPOTOHA
i HelTpona). Ilpocrora OymoBu neiftpoHa poOHTH
Horo 3py4YHOI0 1abopaTopieto 11l BUBYCHHS HYKJIOH-
HYKJIOHHUX cWI. Ha manmii yac medTpoH moOpe BU-
BUYCHUI SIK €KCIIEPUMEHTAILHO, TaK 1 TEOPETHYHO.

Po3paxyHku cTaTUYHUX XapaKTEPUCTUK ACUTPO-
Ha (eHepris 3B’A3Ky, MarHiTHUH MOMEHT, €IeKTpHY-
HUW KBaApYyNOJBHUHA MOMEHT Ta iH.) J0Ope y3ro-
JDKYIOTBCS 3 €KCIIEPUMEHTATbHUMU JanuMu [1].
Aute, HE3BaXKalOUW Ha 1€, ICHYIOTh [IEBHI TEOPETHYHI
Hey3rokeHocTi. Hampukman, y po6oti [2] omHa
KOMITOHEHTa XBHJILOBOI (yHKIII medTpoHa IS
BonHCchKOTO TIOTEHIIIATy Ma€e By30J1 MOOJIN3Y TOYaT-
Ky KoopauHat. Taka moBeJiHKa XBHIJIbOBOI (yHKIIi
CyTIepeunTh 3arajibHiil MaTeMaTH4HId TeopeMi Ipo
YHCIIO BY3JIiB BIacHUX (DyHKIIii kpaiioBux 3a1a4 [3].
OCHOBHOMY CTaHy CUCTEMH BiANOBinae QyHKIis Oe3
BY3JIB y CepelnHi iHTepBally KpaitoBoi 3aqadi. Has-
BHICTB BY3JIiB Y XBHJIBOBUX (DYHKIIiSIX OCHOBHOTO Ta
€IMHOTO CTaHy JEHTpOHA MOXKE BKa3yBaTH Ha iCHY-
BaHHs NEBHMX HEY3TOPKEHOCTEH y pearnizawii uuce-
JIHAX aJITOPUTMIB, IO 3aCTOCOBYIOTHCS 1 MOIIOHIX
3amauax. Y pobori [4] mokazaHo, 1110 aCUMITOTHKA
KOMITOHEHT PO3B’SI3KYy CUCTEMH PiBHIHb y’Ke HE BU-
3HAYAEThCA OJHUM OpOITAJILHUM MOMEHTOM L, sk y
BUNAAKy 3 PO3B’S3KaMU OJUHOYHOTO PIiBHSIHHS
Hlpeniarepa, a 0OyMOBIIOETHCS TOBHUM OpOiTaib-
HUM MOMEHTOM J Ta aCHMOTOTHYHOIO MOBEIiHKOIO
TEH30pPHOTO TOTEHIIIaly Ha MaJMX BiJICTAHSIX, SKHH
3abe3neuye 3B’s3yBaHHS piBHAHb [llpeminrepa B
cucreMy. B BUOOpY YMCeNbHUX aNrOPUTMIB Ha
PO3B’s3KM 3ajadi HaBeIeHo B poborax [4 - 6].

Taki TOTeHLIaNM HYKJIOH-HYKJIOHHOI B3a€MOJII,
K OOHHCBHKHMI [2], MOCKOBChKHMil [7], moOTeHIiamu
HeitmereHncrkoi rpymu (Nijml, Nijmll, Nijm93 [8]),
Argonne v18 [9] un mapwkcbkuii motermian [10],
MalOTh IOCHUTh HEMPOCTY CTPYKTYpPY 1 TPOMIi3IKHiA

3armc. OpurinanpHuil noteHIian Peiina Reid68 Oys
rmapaMeTpHU30BaHU Ha OCHOBI ()a30BOrO aHaTI3y
HEHMETeHChKOI0 TPYIIOI0 1 oTpuMaB Ha3By Reid93.
[Mapamerpuzamis Oyma nposeneHa mius 50 mapamer-
piB noteniany, npuaomy x*/Ngaa = 1,03 [8].

Kpim Toro, xBunboBa QyHKIis ASHTpOHA MOXKE
OyTH TpelcTaBlieHa TAOJUYHO — Yepe3 BIAMOBITHI
MacHBH 3HAa4YCHb PalialIbHUX XBHJIBOBUX (YHKIIH.
[HOmI MpW 4YMCeNnbHHUX PO3paxyHKax ONEpyBaTH Ta-
KHUMH MacHBaMHU 4YHCENl JOBOJII ckiamHo. | Tekct
nporpaM Jjisl YMCENbHUX PO3PaxyHKiB € TiepeBaHTa-
xeHuil. ToMy € TOUiTBHUM OTpUMAaHHs OiJIbII Mpoc-
TUX aHATITHYHUX (QOPM NPENCTABICHHS XBHIBOBUX
GyHKLIN neiTpoHa.

AnajiTnyna ¢popma
XBWIbOBOI (pyHKUIII HeiiTpoHa

Bimomi uucenbHI 3HaYCHHS pajialibHOI XBUJIBO-
BOi (hyHKUIi AEHTpOHA B KOOPIUHATHOMY IPEACTaB-
JICHHI MOXXHA allpOKCHMYBATH 32 TOTIOMOTOO0 3pyd-
HUX po3kiafiB [11] B anamiTuuHil Gopmi

()= Aexp(-ar?).

@)
Na
W, (r) = rzz Bi exp(_bi r2),
i=1
ACHMETPUYHOTO MO/IBiiiHOTO curmoinana [7]
R =C,+C,- !
r-c,+C,/2
l+exp| ———2 = <
C4
x| 1- L )
r-c,-C,/2
l+exp| ———2 =8
C5
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a0o ampokcuMalliii ;FokaBiBchKoro Burismy [2, 10, 12]

ub(r)zicjexp(—mjr),

j=

@)

N, 3
-S'D.exo(-mr)l 1+ -2
w, (1) ; Jexp( mjr) +mjr (m,r)z

ne m=B+(j—Dmy; B=ME,; mo = 0,9 dpm™.
M — nyknonna maca; Eq — eHeprist 3B’s13Ky AeHTpoO-
Ha. [lomyk koedimieHTiB aHamitnyaoi Gopmu (3)
OyB 3milicHeHUH 711 OOHHCHKOTO [2] 1 TapMKCHKOTO
noteHmianis [10], mpuuomy Np = 11. V Bupasi (2)
napametp Co He 3aBXIH € JOAATHUM YHCIOM, TOMY

BUHHUKAE HAUTUIIKOBHI BY30II.
Kpaitosi ymoBu myst Bupasy (3) mpu r — 0:

Ub(r)_>r' Wb(r)_)rg- (4)

ACHMIITOTUKM XBWJIbOBOI (yHKIIi AeWTpoHA Ha
r—oo:

u(r) ~ Ag exp(-r),
®)

w(r) ~ Ap exp(—Br){lJr [3_3r + (Bf)z }

ne As i Ap — acCUMIITOTHKY HOpMyBaHHs S- 1 D-craHiB.
Kpim Bupasis (1) - (3), XBUIb0BY BYHKINO JSHT-

pOHa AJIs TOTeHLiaIiB HEHMETeHChKOT TPy MOXKHA

anpOKCUMYBATH aHATITHIHUMHU (OpMaMH

1,(r) =Y E exp(-er),

©)
1) =Y Fex-1r),
Uy (F) = Py 3G, exp(-g,r),

@
(1) =y 3-H, exp(-)

ne Py i Py — momiHOMEU Ipyroro i 4eTBepTOro IMo-
paaky. Ipu N. = 11 3piilicHIOBaBCsI MOIIYK MOKa3HU-
Ka cTerneHeBoi QyHKii I, mo Girypye sk MHOXKHHUK
nepes CyMaMH €KCIOHEHLIAIbHUX WICHIB aHANITH-

yHO1 ¢opmu (6). ONTUMATEHUMH 3HAYEHHSIMH BH-
sermca N = 1,47 i n = 1,01 mma u(r) i w(r) sigmo-
BisiHO. TOOTO MHOKHUKH TIepes1 cymMamu y Bupasi (6)
MOYHa BUOpaTH gk 172 i rt,

HesBaxaroun Ha TpoMi3mKi i JOBrOTPHBAI PO3-
PaxXyHKH Ta MiHiMi3amii y° (10 BeTMYHHN MEHIINX 32
10*), 1OBOAMIOCA AmMpPOKCHMYBaTH 4YHCEbHi 3Ha-
YeHHS XBUJIHOBHUX (DYHKIIH AeHTpOHA JJIS ITOTESHITI-
aniB Heiimerencekol rpynu (Nijml, Nijmll, Nijm93
[8]), MacuBH dHCeln SIKUX cTaHOBWIH 110 839 - 4 3Ha-
4yeHb B iHTepBaii I = 0 - 25 ¢dM. 3HadeHHs Koedittie-
HTiB po3knany Ei, e, Fi, fi st popmyn (6) HaBeaeno
B 1a01. 1 - 3 (N. = 11). Tounicts napamerpu3aiiii (6)
XapaKTePU3YEThCA BEMUUnHaMu [2]

I :U[u(r)—uc(r)]zer =1,2-10",  (8)

|D=ﬁ[w(r)—wc(r)]2dr] =14-10*. (9)

JIs o1iHKM TOYHOCTI apameTpu3allii 3amMicTb BUpa-
31B (8) 1 (9) 3pyuHillle BAKOPUCTOBYBATH BEJIUUNHY

n

2 ;(yi—f(xi;al,az,...,ap)2
X = n—p ,

(10)

Jie N — 9UCII0 TOYOK MAcHBY Y; YHCEIbHUX 3HAYCHb
XBHJILOBUX (YHKIIH IeHTpoHA B KOOPIUHATHOMY
npencrasienti (N = 839); f — anpokcumyroua GyHK-
1ist U (a6o W) 3rigno 3 Bupazom (6); ai, @z, ..., ap —
napameTpu; P - 4YMCJIO TapaMmeTpiB (KoedimieHTiB
cyM y Bupasi (6)). Omxke, y° BU3HAYAETBCS HE TiIBKH
dopmoro anpokcumyrouoi ynkii f, ane i yucnom
BuOpanux mapamerpis. Js U(r) 3Hauenns ¥ craHo-
Buth 107, a s w(r) — 108,

Ha Bigminy Big Bupasis (2) i (3) anamituuna do-
pMa (6) € 3pydHOIO THM, IO 3a0e3Medye KpaioBy
ymoBy U(0) = 0; w(0). T He moTpiGHO ITOIATKOBO
3HaXOJHMTH ACHMIITOTHKY XBHJIBOBHX (YHKIIH I0-
0113y MOYaTKy KoopauHat. s r — oo BUKOPHCTO-
ByBaJIacs aCUMITTOTHKA yV BUIIIAAI (5).

PozpaxoBani pamianbHi XBWIBOBI (YHKIIT Hei-
tpona U(r) i w(r) 3a anamitnuaumu popmamu (6) y
KoH(DirypamifHOMy TpencTaBiIeHHI HE MICTATh Hal-
TUIIKOBUX BYy3idiB. Ha puc. 1 1 2 moka3aHo noBesiH-
Ky XBIJIBOBUX (YHKIIH JelTpoHa Oiisi HOYaTKy KO-
opauHat. OTpuMaHi XBWIBOBI (YHKII JeiTpoHa
no0pe KOpemooTh i3 JaHuMu podoTH [13].
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Tabnuys 1. Koediuientn ananirnunoi popmu (6) s norenuiaay Nijml

i Ei €i Fi fi
1 0,059474792604983 0,820048123485302 0,216703934160404 -0,46062130918550
2 0,029815289846499 0,008925232016521 1,605852802910391 -0,05815455970908
3 0,054093376131691 0,025498742322776 0,291264938712191 0,168130012367292
4 0,003754884398435 0,000853238833103 0,094286720550631 0,065723334248829
5 0,076152850036076 0,276725768486299 5,432373080615632 -0,05688725511771
6 0,012623230198183 0,002868854515628 0,005309112421684 0,009307445117482
7 0,055227006777511 0,109973467568329 0,207373176910015 0,186164838918455
8 0,055367234187456 0,138446998423688 0,207372849758410 0,186596774580701
9 0,108440685265484 0,382785761360802 5,432373080319048 -0,05688725495011
10 0,000542494001356 0,000217880096959 0,000831816055069 0,001352073835287
11 0,061459447768940 0,059212785941109 0,024128420330076 0,032026505193536
Tabnuys 2. Koeginientn ananiruunoi popmu (6) 1as norenuiaay Nijml|
i Ei €i Fi fi
1 0,100534520422043 0,251018819916337 0,126943090633750 -0,53113374184205
2 0,054286869011138 0,057442534595369 0,218940646725675 0,156510973923901
3 0,051278450057958 0,015600438117511 0,110684829492098 0,127632990059071
4 0,000814767311165 0,000260405824367 0,115497416682183 0,127617693287994
5 0,076562509307441 0,251007390539791 4,722499098968948 -0,08308339515975
6 0,041994669536818 0,251009303096756 0,004871680145179 0,008411658752901
7 0,005869159261571 0,001146927630628 0,117531418761814 0,127621420370460
8 0,033972775878515 0,057451551324434 0,116012967954140 0,127618151426690
9 0,048710359630614 0,251011494582336 4,722499098969801 -0,08308339516002
10 0,019984994410513 0,004345797074014 0,000776726189794 0,001208526589511
11 0,031082972309765 0,057443362285818 0,022141456306319 0,030108870003356
Tabnuys 3. Koedinientn anamirnanoi popmu (6) nis morenuiaay Nijm93
i Ei €i Fi fi
1 0,108158922056900 0,322843406882508 0,179007868039459 -0,49551653602562
2 0,059853308401022 0,322238702916314 0,254707539462443 0,224767666483098
3 0,000988499937104 0,000284873387262 0,012705460633378 0,014729943005680
4 0,048517972009155 0,075231693391126 0,001144517190176 0,001283074302584
5 0,062564722993285 0,322189096838678 5,013179412294758 -0,08329753146954
6 0,007194322349655 0,001326489490838 0,154332010904778 0,199804896403292
7 0,062095388454927 0,020017090383419 0,000262490061461 0,000166238317782
8 0,049196871063984 0,073208280814316 0,004039748088559 0,005059646459065
9 0,024533675856846 0,005315783506284 5,013179410725441 -0,08329753146557
10 0,038064498676696 0,076574723953854 0,154332010904783 0,199804896403214
11 0,036149451152707 0,322417369499423 0,038551683049846 0,034958655682995
u(r), (bM-llz W(r) (l)M'llz
- 0,025,
0,50 -
0,144
0,25
0,074 0005 0,4
— Nim! —— Niml
------- Nijmll M
—--Nijme3 T~~~ | Nijmll
---- Nijm93
0,00 T T T T . ! 0,00 r T T T .
0 5 10 15 0 5 10 15

r, pm
Puc. 1. XeunboBa ¢yHkuis gedtpona u(r),
po3paxoBaHa 3a aHAITHIHOIO Gopmoro (6).

Puc. 2. XeunboBa ¢yHkuis neitpona w(r),
po3paxoBaHa 3a aHATITHIHOIO Gopmoro (6).
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ITapamMeTpu aeiiTpoHa

Skmo Bimomi xBWiIboBI QyHkuii (6) y koopau-

BKiag D-crany

HaTHOMY IPEACTaBICHHI, TOAI MOXXHA PO3paxyBaTH P, = _[Wz(r)dr; (14)
napameTpu jaeiitpona [2, 5] 0
Pallyc ienTpona acumnToTka D/S-ctany
12
1 0
r, =§{Ir2[u2(r)+wz(r)]dr} : (11) n=~A1A. (15)
0
. . Y ¢popmyui (13) Benmauna p, =p, +u, — e cyma
€JIEKTPUYHUH KBaJPYyHOIbHUI MOMEHT _ . _
MAarHiTHUX MOMEHTIB HEHTpOHa 1 MpOTOHA. 3HAYEH-
Q, _1 Irzw(r)[ ﬁu(r)—w(r)}dr; (12) Hs PO3pPaxOBAaHOIO MAarHiTHOIO MOMEHTY ACHTPOHA
20y HaBEJICHO B SJIEPHUX MAarHETOHAX LIN.
MATHITHHH MOMEHT Po3spaxoBani nmapamerpu AEHTpOHa HAaBEOECHO B
Tabn. 4. Boun no0pe y3roaKyroTbes 3 eKClIeprUMEeH-
TRETH —E(Hs _l) P, (13) Tanbhnmu [14] i TeopeTrunnME pesynbTaTamu [8].
2 2
Tabnuys 4. IlapameTpn geiiTpoHa
IMoTtenmian Pp, % Im, M Qu, hM? Ud, UN n
Nijm I (6) 5,66274 1,96599 0,270883 0,847539 0,0285436
Nijm I [8] 5,664 1,967 0,2719 - 0,0253
Nijm I1 (6) 5,63002 1,96711 0,269793 0,847726 0,0277491
Nijm I1 [8] 5,635 1,968 0,2707 - 0,0252
Nijm 93 (6) 5,74956 1,96543 0,270572 0,847045 0,025257
Nijm 93 [8] 5,755 1,966 0,2706 - 0,0252
Excnepumenr [14] - 1,975(3) 0,2859(3) 0,857438 0,0256(4)
BucnoBku BuxopucroByroun xBruiib0Bi (YHKIIII qeiiTpoHa B

3anporoHOBaHO JBi HOBI aHANITHYHI (OPMHU IS
anpokcuMarii XBUIbOBUX (DYyHKIINA JeHTpoHa B KO-
OpAMHATHOMY IPECTaBJICHHI.

HucenbHO po3paxoBaHO KOe(illiEHTH HOBUX aHa-
mitnaHuX Gopm (6) Ui YKMCETbHUX 3HAYCHb XBH-
JTb0BOI (QYHKUIT ACUTPOHA B KOOPJMHATHOMY IpE[-
CTaBJICHHI Ul CyYaCHUX PEaliCTHYHHUX (PEHOMEHO-
JOTIYHMX  TIOTCHLIaJiB  HEHMEreHChKOI  rpynH
(Nijml, Nijmll, Nijm93). IloOymoBani 3a uHMH
¢dbopmaMu XBHIHOBI (YHKIIi JIEeHTpoOHA HE MICTSTH
HaJJIMIIKOBHUX BY3JIiB.

KOOPJIMHATHOMY TPEJICTaBICHHI, PO3pPaxoBaHO Ia-
paMeTpu AeHTpOHa, SIKi J0Ope y3roKyIOThCs 3 Hasl-
BHHMH B JIITEPATypi €KCIIEPUMEHTATBHUMH 1 Teope-
TUYHUMH PE3yJIbTaTaMHu.

ITo oTpuMaHMX XBUIHLOBUX (YHKITISAX TOIITHHH-
MH € PO3PaxyHKH IMOJISIPHU3ALINHUX XapaKTepUCTUK
neiitpona [5, 15]: koMITOHEHTa TeH30pa Yy TIMBOCTI
0 TmoJisipu3aliii JeHTpoHiB 720, TEH30PHOI aHAII3y-
10401 31aTHOCTI Ay, 1 TEH30P-TEH30pHOI mepenadi
nomnsgpusanii K.
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B. U. Kaba
Vowceopoockuil nayuonanehulii ynueepcumem, Yoceopoo

HOBBIE AHAJIMTHYECKHUE QOPMLIJSOJIHOBOFI ®YHKINH JEUTPOHA
JJIS1 HOTEHIIUAJIOB HEUMETIEHCKOMU I'PYIIIIbBI

Jns anmmpokcuManuy BOJTHOBOH (YHKIHH JEMTPOHA B KOOPAMHATHOM IIPEACTABICHUH IPEJIOKCHBI JBE HOBBIC
aHanuTHueckre ¢popMel. OHM TPECTABICHB! B BU/IE TIPON3BEACHHS CTEICHHONW (DYHKIMH I Ha CyMMY 9KCIIOHEHIIHAIIb-
HbIX uiaeHoB Aj - exp(-ai - r®). Jna peanucTHuecKuX (PEHOMEHOIOTHYECKUX MOTEHIHMAIOB HEHMEreHCKOH TpYMIIbI Mo
9TUM (hOpMaM TOCTPOEHBI BOJIHOBbIE (DYHKIUH JIEATPOHA B KOOPIUHATHOM IPEICTABICHUH, KOTOPbIE HE COJCPIKAT H3-
OBITOUHBIX y3710B. CpaBHMBAIOTCSl PACCUUTAHHBIE MapaMeTphl ACHTPOHA C SKCHEPHUMEHTAILHBIMA M TEOPETHUECKUMHU
JaHHBIMH.

Kniouegvie cnosa: BomHOBast GyHKIMA, aHATUTHIECKas popMa, TEHTpoH, y3el.

V. l. Zhaba
Uzhhorod National University, Uzhhorod

NEW ANALYTICAL FORMS OF A DEUTERON WAVE FUNCTION
FOR POTENTIALS OF THE NIJMEGEN GROUP

To approximate the deuteron wave function in coordinate representation two new analytical forms were proposed.
They are represented as the product of the power function r" for the sum of exponential terms A; - exp(-a; - r®). For rea-
listic phenomenological potentials of the Nijmegen group these forms are constructed as deuteron wave function in the
coordinate representation, which do not contain superfluous knots. The calculated parameters of the deuteron compared
with experimental and theoretical data are compared.

Keywords: wave functions, analytical form, deuteron, knot.
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