[IporpamMmMel pacdeTra cedeHnii U MOTEHINATIOB
AJIPO-AJIEPHBIX B3aUMOJIEHICTBUN B paMKaxX
BbICOKOYHEPreTHIeCcKOro Ipub/ImyKeHns

E.B.3emagauas

[Tporpammer HEA-CRS u HEA-TOTAL peanusyior meron Lnay6epa-Curenko |1, 2],
QJIAINITUPOBAHHBINT K 3aja4e g/IPO-g/IEPHOTO PACCEedHUs MPU MPOMEXKYTOYHBIX SHEPIrHUAX
[3], n npennasnavensr st pacdera auddepeHIMATBHBIX CEYeHUi YIPYroro paccestHust
U TOJHBIX CEYeHUH peakInii, a TakyKe IJIg pacdera siaApO-siIePHOrO MOTEHIHaIa |
SUKOHATBHON (as3bl B pAMKax BBICOKOIHEPreTudeckoro npubiuxkenns (BIII).

Meroapl pacdera JeTanbHO W3JI0XKeHb B pabGorax [4, 5, 6, 7, 8|. Beruucienus
MOKa3BIBAIOT, 4T B ob1actu mpuMennvocta BIII (E >> |U|, kR >> 1, 0 < \/2/(kR),
rie F — KuHeTmueckas sHeprusi, U — 3HAUY€HHe MOTEHIHAIA B OOJACTH €r0 OCHOBHOTO
BKJIaJa na uepudepun B3ammoseiicrsus, k — uMiuyinc, R — XapakTepHBI Pajmyc
noTeHnuasa, f — yroa paccesiHus) corjacue PacCIuTaHHBIX B JAHHOM IOJXOJ€ CeYeHHH ¢
IKCIIEPUMEHTOM JOCTUTACTCA 663 IMOJATOHKHU TTapaMeTpPOB.

O6e mporpamMmbl Hanucanbl Ha s3bike Fortran. KomiiekT ¢ailjioB coaepKuT, Kpome
GopTpaHHBIX TEKCTOB, O0OPAa3Ibl BXOMHBIX M BBIXOMHBIX (hailoB, HITIOCTPUPYIOIITE
paboTy TPOrpaMM B PA3INIHBIX pexKmMax Ha mpmMepe peakmun °O-+4°Ca npu sneprum
Ejay = 1503 M5B (E = 94 M»sB /nykJon)

Hwuke npejicraBiienbl oCHOBHBIE (DOPMYJIbI, a TAKZKe JAeTCs OMMCAHNE BXOIHBIX JIAHHBIX
1 ocobeHHOCTeil paboThl ¢ IPOrPAMMAMU.

1 OcuHoBHBIE POPMYJIBI

nddepennnaabioe cedeHne ympyroro sapo-sAepHOrO paccessHus W TMOJHOe CedeHne
PEeaKIuu BBIYUCIIIOTCS COOTBETCTBEHHO 1O (DOpMYIaM
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rae ammaryaa f(q) u dasa ®(b) B pamkax BOIT umeror Buj
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1 oo
(b)) = — dz UV +22) =D, + Dy. (4)
v —0o
Baech ¢ = 2ksin(0/2) — nepenanubiii uMmnyabe, € — yrou paccesnus, k — uMIysbc, A —
nocrosguuag [Lnanka, v — ckopocts nagaomero siapa, U(r) = U.(r)+ Un(r) — norenuunan,
BKJTIOUaomuii KynonoBekyo U.(r) u suepuyto Uy (r) = V(r) + iW (r) gacrn.
C y4erom pejIATUBHCTCKOW KMHEMATHKH BEJHIUHBI kK M U ONPEIeJdoTcs u3 hOPMYJI
9]

V Eiab(Erap + 24,m) (5)
El + Apm ’

L — 1 Atm\/Elab(Elab + 2Apm) (6)
197.327 \/(Apm+Atm)2 T 2AtElabm7
rae Fj,p - KuHeTu4ecKas SHepPrus HAJETAIOIIEro aapa B 1aD0OPaTOPHOi CucTeMe KOOPIMHAT
(B MsB), m=931.494, A, u A; — MaccoBble YHCIA MATAOMIErO SIpa U sSApa-MHUIICHN.
Kysnonosekuii - norennuan U (r) coorBercrByer B3ammojelcTBuio  3apsjga €2,
1aJalo0Iero saapa ¢ OJHOPOAHO PACIIPeeJeHHbIM 3apsIoM €2 s/Ipa-MUIIeHn i PaBeH

hv = 197.327

U.(r) = Us 513~ 1l0(R. — ) + Up "0 — Ro), ")

tne Up = Z,Z;*/R., R. = rC(A}/S + Ai/?’). CoorsercTByomasg (a3a U3BECTHA B SIBHOM
BHJIE:

2[ln(kR)+ln 1+ 1—ﬁ 1 1—ﬁ 4—£] b<R
Bo(b) =4 ‘ r) 3\ TR R)) VT (s

2nIn(kb), b> R.

[Tpu pacyere aMILTATYbI paccestust (3) B MPUCYTCTBUU KYJIOHOBCKOTO MOJISI BBIIEJISIETCS
KYJOHOBCKasi aMILUIUTY/1a PACCESHUsI HA TOYEYHOM 3apsijie, Tak 4910 |5]

10) = Sel) + ik [ b bi(ap) el (1 70 1000, 9)
0
rie
Fola) = _@ o 21m In(q/2k) + 22’(707 (10)
q
do
- | foe(@) . (11)

Buech 00, = P, — P, D, = 2nln(kd), . oupenensiercs mo bopmyne (8), n =
(Z,Ze*)/(hv) — mapamerp 3ommepdenbia, og = argl' (1+1n), do/dQ — pesepdopaosckoe
CedeHUe PacCedHud B KYJOHOBCKOM HOJIE.

B pamkax MHUKPOCKOIUYECKOrO II0JX0Ja MHUMAas 4YacTh sjaepHoil ¢dasbr Py (b)
onpesensiercs o dopmyJe |7, 8]

V(b) = 2Imdy (b) = Fxy / " dq adola) ()52 (@) i (a). (12)
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Burech p5(q), (i = p,t) — dopmbaKTOPBl TOYEUHBIX MIOTHOCTEl CTATKUBAIOIIUXCS Aep,
In(q) = exp(—q?r/6) — bopmdaxTop HyKI0H-HYKJIOHHOH amiuTybl, o = v/0.658 v —
payC HyKJIOH-HYKJIOHHOIO B3aUMOJICHCTBUS, O NN — U30TONNYECKH yCPEJIHEeHHOE CeUeHe
HYKJIOH-HYKJIOHHOTO B3aUMOJIeficTBusI, napamerpu3osannoe B [10].

Vdyer KyJOHOBCKOTO HCKAXKeHHS TPACKTOPUHU OCYINECTBISETCA IIyT€M 3aMEHbl B
dbopmynax (4) u (12) npunenproro mapamerpa b Ha paccrosiHue b, MAKCHMATHHOTO
CONMMKeHNd s1ep B KyJOHOBCKOM MOJIe:

b — b.=a+Va®+b?, (13)

e a = Z,Ze*/2F — nojiypaccrosuue MakKCUMaJbHOro cOjtuzKkenus npu b = 0.
Munmast gacts norennuaga W (r) Boccramasiusaercs u3 dbassl n nveer suj [11]

W) = =gz [ dy il @ @) (14)

Bce BesmmuuHBbI, BXOJMIIME B pPacdeT, B IPUHIMIE, H3BECTHbI U3 HE3aBHCHMBIX
skcrepuMenToB. Tak, B |7| mamel mapamerpel R w a mioTHOCTEH (a  TakKiKe
COOTBETCTBYIOIIME TapamMeTpsl ¢ ®W d TOYEYHBIX IJIOTHOCTEH) siep B  BHUJE
cummMeTpusoBanHoil hepmu-byuknun (SF)

sinh(R/a) A
cosh(r/a) + cosh(R/a)’ pl0) = sTR?

psr(r) = p(0) [1+ (ma/R)*)| ™, (15)

JIJIsSE KOTOPOii (byphe-00pa3 n3BecTeH B SBHOM BHJIE

(@) = —p(0) 22 L sinh(gR) sinh(ra)]. (16)
q dq
Bermecrrennas gacth norenmuaJga onpeaessercs dopmynoin V = ayyW, roe ayy —
M30TOINNYIECKH YCPETHEHHOE OTHOIIEHIe BeeCTBeHHOM 1 MENMOii dacTeil N N-aMILTHTy /15!
paccedHus BIIepeJ, KOTOPOe BBIYUCISIETCS COLJIACHO HapaMeTpPU3AIlid, BLIIOJTHEHHON B
[12].
HOﬂyquHbIe TAaKUM 06pa30M IIOTEHIINAJIBL MOFYT HUCIIOJIb30BATHCA OJId pvaeTa
YOPYTHUX U HEYIPYTHUX MPONEccoB Kak Ha ocHoBe BIII, Tak u B pamMkax MeTo/1a NCKaKEeHBIX
BotH. OHHM TaKzKe IPUTOIHBI JIJIs OIEHOK CeYeHUH peakIuil B MPUKJIAIHBIX MEIIX.

2 IIporpamma HEA-CRS

[Tporpamma HEA-CRS unpeanasnadena s pacdera jgudepeHnyuaibHbiX CedeHuit
YIPYTOTO PacCesiHus sipo-siJePHBbIX B3aumMmoeiicTBuii B pamkax BIII.

[Ipu 3amycke mporpaMMbl 3anpalnimBaeTcs nMs paiiia ¢ BXOJIHbIMEU apamerpamu. Bee
BXOJIHBIE JAaHHBIE 33a0TCA B cBOOOAHOM hopMmaTe.

llepsas cTpoka BxoaHOrO (paitia go/KHA comep:xKaTh uMmsa daiiia, T OyayT
COXPAHATHCA UNUCTEHHBIE PE3YTbTATHI.

Bo eémopoti crpoke 3amatorcst: sneprust Fi,, (MsB), atomnast macca siapa-murrenn Ay,
3apsi/i siipa-MUIIEeHH Z;, aTOMHAs Macca HaJeTaolero sjpa A, u 3apsj HajJeTalolero
anpa Zy.



B mpemuved crpoke 3ajaerca mapamMeTrp . KYJOHOBCKOIO  IIOTEHIHAJIA.
Toapasymesaercs, 4to Re = r. - (Ay° + A}?).

B wemeepmoti crpoke 3ajalorcs napamMeTpbl 9HUC/IEHHOTO WHTEIPUPOBAHUS: HYHUC/IO
touek Ny U JInHA WHTEPBajIa HHTErpupoBanus R, ... [llar anciennoro warerpupoBanust
cocraBisger h = Ryu./(Ng — 1).

B  namotd crpoke 3amaioTcs 3HAUYEHHS YIJIOB, JJIA KOTOPBIX BBIYUC/ISA€TCS
nuddepeHuantbHoe ceueHne: HAdaIbHbIH YTOT 0, KOHEIHBINH YTOJI 6,4, U IIAT 110 YLIY
s (Bce B rpagycax).

B weecmoti crpoke 3agaerca nesoe umciao KEY1. Ecim KEY1#£0, ¢asa
paccunTbiBaercd B ¢popme Bync-Cakcona. [lpu KEY1=0 ¢da3a cunrsiBaerca us daiia.

[Ipu KEY1# 0:

— B cedomoli cTpoke 3amaerca eme omud kKmiod KEY2., Ecm KEY2# 0 —
MHTErPUPOBAHKE OCYIIECTBJISIETCs HA OCHOBE TIPUOJINKEHHBIX aHAInTHIeCKuX opmy. [4].
[Tpu KEY2=0 ocymuiecTB/isiercsi Yucji€eHHOE WHTEIPUPOBAHUE.

— B 80cbMmotll cTpOKe 3aaroTcs mapamerpsl Byaca-Cakcona: V., W, ry, @y, T, G-

[Ipnu KEY1=0:

— B cedomoli u 60cbMoli CTPOKAX 3aJal0TCd HMeHa BXOJHBIX aitioB, B
KOTOPBIX COJIEPZKATCA COOTBETCTBEHHO BEIIECTBEHHAst W MHuUMas 4vacTh (asber Dy (b).
[TonpasymeBaercsi, 9T0 BO BTOPOil KOJIOHKE KazK/10T0 u3 (PailjioB coaeprKaTcs 3HATCHUSI
daser B Toukax b = h - (i — 1), i = 1,...,N,, Bcero N, rtouek. [lepBasi kojoHKa He
UCIIOJTb3YeTCs.

— desamasa CTPOKa cOJepKUT HopMupyiomue KodpuuuenTsl Vieer B Wiger, Ha
KOTOpBIE YMHOXKAIOTCSA COOTBETCTBEHHO BEIECTBEHHASI U MHUMAsT 9acTh (pa3bl.

Buixosinoit daits cojiepkuT Tpu KoJIOHKU. B 11epBoit — yriibl; BO BTOPOi#l — OTHOIIEHU S
PACCYNUTAHHBIX IS 9TUX YTI0B JAuPepeHInaIbHBIX CeYeHnsIM K pe3epdOpI0BCKIM
do /dog; B Tperbeii - camu auddepennuanbube cevdenus do/dS).

3 IIporpamma HEA-TOTAL

[Tporpamva HEA-TOTAL mnpegnasnadena sl pacdera MOJHBIX cedeHnii, (aswl u
MMOTEHIIAAJIA AAPO-AJePHBbIX B3aUMOJICUCTBUA.

[Ipu 3amycke mporpaMMBbl 3alpalnBaeTcs nMs daiiia ¢ BXOIHBIME mapamMeTpaMu. Bee
BXOJIHBIE JIaHHbIE 3a/aI0TCs B ¢BOOOHOM hopmaTe.

Ilepsas crpoka BxogHOTO daiiia J0J2KHA cojep:KaTh uMs daitia, Kyjga OyayT
COXpPaHATBhCA YUCJI€HHbIEC PEe3yJ/JIbTaThl IO IMOJITHOMY CE€YCHHIO.

Bo emopoti ctpoke 3amaerca menoe umcao KEYO0. IIpp KEY0=0 mnpoucxoauT
BeIHCIIeHne u coxpanerue ¢dasnl x(b) (koropas onpegessiercs dopmysioi (12)) u MHIMOI
qactu norerruana W(r) (em. dopmyny (14)). Ipu mobom apyrom suadennn KEY0 dasa
" IoTeHnuaJl He PaCCUYUTbIBAIOTCHA.

[Tpu KEY0=0:

— B mpemvetd u wemeepmotl, cTpOKax 3aJar0TCsd HMMEHA BBIXOIHBIX (DailioB
COOTBETCTBEHHO i moTeHInuasa u (as3pl. Ilociae 3aBepirenus paboOThl MTPOrPAMMBbI
KaKJIblli 13 9TuX (HaiijioB COJAEp:KUT MO JBe KOJOHKH. IlepBasg — apryment (b wium 7),
Bropast — coorsercrsento x(b) u W(r).




— B namotd cTpoke 3amaroTcd: aTOMHAd Macca HaJIeTaoIero sapa A, 3apan
HAJIETAIONIErO Apa Z,, aTOMHAs Macca siipa Muiienu A;, 3apsyi sjpa-Muinesn Z;.

— B wecmoti cTpoke 3a1aiorcs mapaMerpbl YHC/JIEHHOTO WHTEIPUPOBAHUSI: HUHCJIO
touek Ng U JInHA WHTEpPBajIa HHTErpupoBanus R, ... [llar anciennoro warerpupoBanust
cocraBisger h = Ryu./(Ng — 1).

— Cedvmas cTpOKaA cOJlepzKUT 3HaUeHue dHeprun £ (M3sB Ha HYKJIOH MaIaroMiero saapa).

— Bocomas ctpoka comepxkut Kiaod KEY1. Ecin KEY1=0, dyukius pacupeeieHus
IJIOTHOCTH  sApa-MUIIeHn cYuTbiBaeTcs u3 daitna. lloapasymeBaercs, 49ro BTOpast
KOJIOHKa (haiijia COMEPKUT 3HAUEHHsI TLJIOTHOCTH B ToUKax ¢ = h- (i — 1), i = 1,..., Ng.
IIpu KEY1+#0 ucnosb3yercs ImJIOTHOCTH B BUJE CHMMETPU30BAaHHOI (dhepMu-DYHKIUU €
3a/JAaHHBIMU TIapaMeTpaMu.

— Jlesamas crpoka: mpu KEY1#£0 B Heil 3amaiorcsa mapamerpsl SF-pacupenenenns a
u R g mumenu. [Ipu KEY1=0 31ech comepxkurcs ums daitia, OTKya CUUTHIBACTCS
(byHKIUS TIOTHOCTH SIAPaA-MUIIEHH.

— Jlecamans ctpoka cogepxkut kiaiod KEY2. Eciim KEY2=0, ¢dynknus pacnpeesienust
IJIOTHOCTH MAaJIAIONIero sjpa CUYuThiBaeTcd u3 daitia. [logpasymeBaercd, 4To BTOpasd
KOJIOHKa, (baiiia COoMep:KUT 3HAYEHHUs ILIOTHOCTH B ToUKax ¢ = h - (i — 1), i = 1,..., Ng.
[Tpu KEY2+#0 ucnoJib3yercst mioTHOCTh B BUJIE CUMMETPU30BAHHOI (hepMu-(pyHKIUN.

— Odunnaduyamas crpoka: npu KEY2# 0 B wmeil 3amaiorcs mnapamerpbl SE-
pacupegenenus a u R ans nagaromero siapa. [Ipu KEY1=0 3mech comep:kurcst nmst
daitsia, oTKya cauThIBaeTCsd (PYHKIMS JIOTHOCTH I1a/IAI0IET0 sIpa.

B caygae KEY0#£0 umena ¢aiiioB a1 (a3bl # MOTEHIUHAA He 3a1af0TC, T.e. YHCIO0
CTPOK BO BXOgHOM aiine ymMeHbinaercda. OcTanbHble BXOJHBIE JaHHBIE 33aI0TCSI B TOif
ZKe caMoil TTocJie10BaeT/IbHOCTH. VTak:

— B mpemuveti crpoke 3amaioTcs: aroMHas Macca HaJeTaollero siapa A,, 3aps
HAJIETAIONIEro A1pa Z,, aTOMHAdA Macca aapa MHIIeHH A;, 3apsj f1pa-MUIIeHn Z;.

— B uemeepmoti cTpoke 3a1a10TCd mapaMeTpbl YUCI€HHOI'O0 HUHTEIPUPOBAHUS: TUCJIO
touek Ny U JJIMHA UHTEPBaJIa HHTETPUPOBAHUSA [, ... I1lar yucieHHOTO HHTEIrPUPOBAHUS
cocrasiser h = Ryu./(Ng — 1).

— Ilamas crpoka comepkut 3uavdenue sneprun F (M»B na Hyks0H nagaomiero sapa).

— Illecmas crpoka cojepxkutT Kiaiod KEY1. Ecin KEY1=0, dyukius pacupe/ie/ieHus
IJIOTHOCTH SI/Ipa-MUIIeHn cuuThiBaerca u3 aiira. [Ipnu KEY1# 0 wucmonwsyercs
ITOTHOCTH B BUJIe CHMMETPHU30BaHHOIT (bepMu-(DyHKITHIHN.

— Cedvmasn crpoka: npu KEY1# 0 B neit 3aatorcst napamerpsl SF-pacupeenenus a
u R nana mumenu. [Tpu KEY1=0 3xech comepxkutcs ums daitsa, OTKyga CUYATHIBACTCS
(byHKIUS TIOTHOCTH SIAPaA-MUTIIEHH.

— Bocomas ctpoka comepxkuT Kiaod KEY2. Eciu KEY2=0, dyukiusa pacupe/ie/ieHus
ITOTHOCTH MAJAIOIIero sapa CUuThbiBaeTca u3 daitra. [logpasymeBaercd, 4To BTOpasd
KOJI0HKa, (baiiia CoAepPKUT 3HAYEHUs ILIOTHOCTH B TouKax ¢ = h - (i — 1), i = 1,..., Ng.
[Tpu KEY1+# 0 ucnoJsib3yercst mIOTHOCTH B BUJIE CUMMETPU30BAHHON (hepMu-yHKINH.

— Jlesamas crpoka: npu KEY2# 0 B Heit 3aja0rcs napaMerpbl SF-pacnpejenenust a
n R nana nmagaotmero sapa. [logpasymeBaercs, 9To BTOpas KOJIOHKA hailia coaepKur
3HAYEHHsl [JIOTHOCTH B To4ukax ¢ = h - (i — 1), i = 1,...,Ng. Ilpu KEY1=0 31ecn
cojiepKuTCea uMs daiiia, OTKy/1a CYUThiBaeTCs (DYHKIMS ILIOTHOCTH AJIAOMIEr0 siipa.

B BeixoaHOM daiise cogepzkarcst Tpu 3HaveHus:: 3Hadenune sneprun £ (MsB/Hykiion),




JUIsT KOTOPOH MPOBOJUJICS DPACYeT, BeJUYHHA M[OJHOTO CedYeHHs, U 3HAUCHHe AN,
ONPEJIEISIONIEe BeJMUUHY BeNeCTBeHHON yactu norennuana V (r) = ayyW(r).

4 3akJo4deHue

HenaBuue unciennsie ucciegoBanus |[11] ykassiBaior Ha 3bdeKTHBHOCTD cOoYeTaHUS
paccauTanHoil B pamkax BIIl muaumMmoil wactu sgepHoro morennuasna W ¢ meromom
JBoitHoro osuHra IS pacdera ero BemecTBeHHoit dactu V. B sTom ciaydae npsivast
n obmenHas BemtecrBennbie actu V(r) = Vy(r) + V.. (r) sapo-sgepHOro ontuaeckoro
IIOTEHIHAIA MOIYT PACCIUTHIBATHCS 110 U3BECTHON Moje/n aBoiinoro dommumnra [13], rie,
B YaCTHOCTH,

Vi) = e [ @' T E R @ onla) (17)

Bmech p°(q) - anepubiii hopMdakTOp pacupeeseHuss TOYeIHbIX HYKJIOHOB, a Uy (q) -
dypbe-oopa3 NN-noTenmnualia.

B pmanbmeiiimeMm maker IIaHEPYeTCs JOIOTHHTHL IPOTPAMMOll pacdeTa BeIleCTBeHHON
JaCTH MOTEHIMAJIA Ha OCHOBE MOJEJIU JBOMHOro (bosiuHra.
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