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Ilpennaractcs Meron pacuéra , paspalOTaHHBIA AIA ATOMHBIX
NPMMEHHTs A KBAaHTOBO-MCXaHMYECKHX  Pacuéros
KOHACHCHPOBAHHBIX CPEX.

PEaKTOpOB,
aTOMOB,  MOIEKYJI,

[IpemnoxxeHne OCHOBAaHO HA TOXACCTBEHHOCTH OHOIPYINIOBOIO YPABHEHHA B
v dy3HOHHOM NPUOIFIKSHNH JUIA TIOTOKA HEHTPOHOB B peaKkTope H CTAalHOHAPHOTO
ypasseHns IlpequHrepa Ui ABMXEHHA SMEKTPOHA BO BHEIHEM TIOJIe.

ANTOpUTM OCHOBAH Ha METOJE HTEpallMH HCTOYHMKa U MeToNe MonTe-Kapno.
Jana 6nox-cxema nmporpammsr ATOM.

Chnmcox JuT. — 7 HawM,

@ WrcTaTyT TeoperEmecrRof m sxcumepameHTasbHOM @!{SEKE, 1998



B ¢usuke €acTO BCTPEUAIOTCH CHTYaluM, KOICA3 pasMdHblE IPOLECCHI
ONMCHIBAXOTCA OJHHM M TEM XE YPaBHEHHEM.

Xopowlo # faBHO OBUIO H3BECTHO, YTO CTaLHOHAapHO¢ ypasnenHe Illpenmmrepa
IJUST IBIDKEHMSA IEKTPOHA BO BHEINHEM I10JIE COBIIARAET N0 GopMe ¢ OAHOrPYIOBBIM
YPaBHCHHEM INS IOTOKA HEHTPOHOB B sepHOoM peakTope B mnddysnoHHOM
pHbmpKeHymN.

B 50° u 60° romsl HHTEHCHBHO pa3pabaThiBaTHCh METOAR! PACYETA PEAKTOPOB, T.K.
B T€ roAmn OypHO pasBMBANACh aTOMHAS 3HEPTETHKA. DTH METONH Paciéra MOXKHO
MPHMEHHTS M A1 PEeLIeHWs CTANHOHAPHbIX 3314 B KBAHTOBOM MeXaHMKE.
Brimuinem yp-e (10.2) u3 /1/ qis ciydas atoma BOZOpOIa:

[2m% + V()] ¥(r)=E¥(r), (1)

roe - nocrosrHan [lnanka ( 1.054*10% aprc);
m - Macca anextpona ( 9.107*102 p);
V(r)=-e¥|r| - noreriman sapa;
¢ - 3apAn anexTpona = (4.802*10'° CGSE);
E - 3neprus anextposa (E<0)
Paspermim Ha € ¥ yaTéM 3Haku E 1 V , nonyunm :

HY/(2me’yr 2+ ¥ - B/(e))* ¥ = - B )*k*¥, (2)

re Mbf oGosHaumtn  k = e”/(E¥r|) 3)
CpasauM (2) ¢ ypaBHEHHEM JUIA OAHOTPYNIIOBOTO TTOTOKA PEAKTOpA.
(Cmotpu dopmymmi 2.1.49, 2.1.21 B pabore /2 /)

D* ol - D=-K*Z*D (4)
3necs: D - xo3d. maddysuu B oM.,
L, - MAKPOCKONMYCCKOE CCYCHHUE TTOTJIOIECHMA B 1/CM.,
K- KOJIMYECTBO BTOPHIHLIX HEMTPOHOB Ha AKT MOTTOMICHMS.
D=L/3 (5)
L, -murHHa pobera HERTPoHa 10 pacCesHHA
L, = 1/Z, - nuHa npo6era HeHTPOHa K0 MOrIOLEHUA B cM. (6 )

Cpasrusas ko3ddmmentst (2 ) 1 ( 4 ) HaxonuM:
L, - amuay npobera 1o paccesHMA YCIOBHBIX «PACUETHBIX» YACTHMI B KBAHTOBO-
MeXaHHYECKOH 3aNtade H JumHy npobera no noromenns L,

L. = 3h%(2me’ ) (7)

L, =eYE (8)
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Bemmumaa k u3 (3 ) - x03(Q¢HuIMeHT pasMHOXEHHA YCIOBHBIX &PACUETHBIX)»
YACTHII HA AKT HOTNOMEHHS.
O6e 3anamm ( 2 ) 1 (4 ) - KpaeBsle 3a/1auH Ha COOCTBEHHbIE 3HAYEHAA H Mbl HIIEM
OCHOBHEIE COCTOSHHS.
B(2)y—0 mpu|r|—>w»
B(4) @ =0 naskcTpanondpoBalHo# rpaHMIe peakTopa.
B kagecTRe COGCTBEHHOTO 3HAYCHUA B ( 2 ) BIGepeM BengHAy E.
CobcTenHbIM 3Ha9eHHEM B ( 4 ) 06braHO cayxaT K,
B/ 3/ omacaH cniocob pemenns (4 ) METOROM NTEPALM HCTOYHUKA
Dr<r2pEth | zsd)(ﬂ*l) - Kmtzat(p(n) 9)
B mpasoii uacta ( 4 ) Met nonaraem, 1o ®® pemenme s n'! wrepam, B neBok
aacty nomyaaem OV a n+1* wrepanmn.
3anasascs npoussomsto O nocnenosatensHo vaxomam OV, @' u tak nanee.
MeTon MTepamM HCTOYHWKA TO3BONSET ONHOPORHYIO 3a/ady MpENCTABHUTh Kak
NOCIEA0BATEALHOCTL HEOAHOPOAHBIX 38712 C MCTOUHMKAMY.
Tlepen xaxnoii urepamueil Msl HopmupyeM ¢ynxinio W tax, 91005 HHTErpay OT €€
KBajipaTa 1o BCel 00acTu onpeneneHns Gbim O51 paseH 1

[wav=1 (10)
HNocne monysenus pemenus ¥ B mocneayomed WrepaliM MBI CpaBHHBacM
HHTCrpajibl |

fy®0avi [ y®dV) = Kar (11)

Tlon6upas BemimuHy E ,crpemum Kegk 1.

B npuHipine MOXHO NPEANONMTh HECKOIBKO CIIOCO00B YMCIEHHOrO pelleHHA
ypaBHeHus THnA (9 ).

Meb1 npemiaraeM HMCNONB30BAaTh CTOXacTHYeckui Meton, meron Monre-Kapro.
Pazmmunbic MOIMGHMKALIM CTOXACTHIECKOrO aTOPHTMa OIMCAHEI B / 4 /.

B peakTOpHLIX 3a/la4axX Mbi MOACIHPYEM «CYIAbOY» KaKXOro HEHTPOHa H HAXOAHM
HyXHbIe HaM (yRKUMOHANB! C TpeOyeMoli TOYHOCTHIO, PACCMATPHBAs AOCTATOYHOE
KOJIHYECTBO MCTIBITAHKH.

B XBaHTOBO-MEXaHMYECKHX 38/1a98X HET HUKAKHX PEAIThHBIX YACTHL.

ME1 BBOAUM «9aCTHIIBD) TOJBKO KaK NPHEM YHCIICHHOTO HHTETPUPOBAHUSA HAa OCHOBE
nogo6ua ypasneHus Lllpenvnrepa ypaBHEHHIO JUIH NOTOKA HEHTPOHOB B peakTope.
Hrak, nmpemaracTcs CReRy ol aNrOpUT™ CTRTHCTHYECKHX HCTIBITAHHUIH -

1. Yactnus! pomATcs BHYTPH HEkoero o0b&Ma, B HEHTPE KOTOPOro HAXOMHTICH
TIOJIOKHTENBHO 3aPSDKEHHOE SAPO C 3apsaaoM Z .
2. TL10THOCTE BEPOATHOCTH TOYKH POXICHHS [IPONOPIHHOHAILHA IPOH3BEACHHIO
K(r)*w(r)
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3. PoxxaénHas qacTuiia ABWKETCH CHepHIECKH H30TPOITHO, T.€. B OORMIHEIX cdepu-
. TECKHX KOOPAMHATAX YTl (® PABHOBEPOSITEH, & A yT/a O paBHOBEPOATEH
€ro KOCHHYC.

4. [InoTHOCTL BEPOSTHOCTH MUTHHEI TPoOeETra 10 paccesHys MPOIOPIHOHAIEHA

exp(- 8ri/L,).

S. Hocne pacCceaHua 4YactTHlida HABIDKCTCA OIATh H30TPOITHO, CdJCpH‘!CCIGI
CUMMETPHIHO

6. B pesynbraTe MNOCHENOBATENLHBIX PACCEAHMI YAcTHHA ONHMCHIBACT JIOMAHYIO
JIHHHXO. .

7. CraTHCTHIECKHH BEC PONUBIICHCS YaCTHLIBI TPHMEM 33 1.

8. Ha xaxnoM NpAMONHHEHHOM OTPE3KEe TPACKTOPHH CTATHCTHIECKHIT BEC YACTHIIBI
H3MeHseTcA Ha MuoxuTens exp(- 3rl /L,).

9. Korxa CTaTHCTHYECKMIi BEC JaCTHIIh! CTAHET MEHBIIE 3aIaHHOI0 MAJIOTO TUCIA €,

MBI CYHTAEM,YTO TaKas YaCTHHA NOJHOCTHIO NOTITOTHIIACK.

10. IlpucTynmaeM K MOICAMPOBAHWIO  CNEAYIOMEH  BHOBb  pOIMBHLIEHCS
98CTHIIBL38HOBO PA3BITPIBAS TOTKY POKACHMS.

11. Beero pasbirpsiBaeM (uxcHposasHoe 9vciio N BHOBE POIMBINMXCSH HACTHIL.

12. Baons TpackTOpWW 9acTHill Mbl BBIMHCIASEM 9HCIO TOTJIOIEHHH B KaKAOM
aneMeHTHKE 00BEMa. Bee mormomenns B KaXAOM 3/IEMEHTHKE MBI cyMMupyeM. B
aneMeHTHKe 06BEMA OT OAHOM YaCTHIIBI TOTJIOTHTCA CIEAYIOIIEE KOJMIECTBO!
CTATACTHYECKHI BEC YaCTHIIH! HA BXOJie B 06BEMIUK MUHYC CTATHCTHMECKMI BeC
9aCTHIBI HA BRIXOHE H3 3TOro 00BEMIAKA.

13. KonuecTBO BHOBh DONMBOIMXCA YacTHIl BTOPOTO IOKONEHHA B KaKIOM
neMeHTHKE 00hEMA OyneT paBHO THMCIy BCEX MOTJOMEHMI B 9TOM JJIEMEHTHKE,
YMHOXXCHHOMY Ha 3nadeHHe K( r ) B 310 TOUXe npocTpaHcTBa.

14. Haxonmum TOJTHOE KONMIECTBO BHOBbL POZIMBIOHXCS JAaCTHII BTOPOrO MOKOJEHHS ¥
ZCIIMM 3TO KOJMYCCTBO Ha N, T.C. Ha YHCNO HMCIYLUCHHBIX 4YaCTHL B IIEPBOM
noxoneHu. IlomygaeM Kq.

15. Haxomum BuR ¢yHKINN W( r ) - OHa TIPONOPLHOHAJILHA YHCITY TIOTTIOTEHHIA.

16. Haxonum HOBYIO IUIOTHOCTh BEPOATHOCTH POXKACHHUSA YaCTHII -OHA OyneT mponop-

IHOHANEHA npok3senenwo k( r Y y( r )&,

17.Ilosropsem Bcio mponeaypy ¢ n.2 mpu HoBoM 3uavenuu E. Korpa Ky Oyaner omim-
9aThCH OT 1 Ha BE/BITY MEHEE HANEPE 3aNaHHOM MAJIOH BEIMIMHEL TO COOTBET-
cTByloiuMe 3Havenns E u y( r ) GyayT pemenuem 3aaavsq.

18. PemeHre HOPMHPYETCA H3 YCIOBHSA: Wdv= 1.

Kak H3BECTHO W3 KBAHTOBOH MEXaHHKH, (uaumdeckmi cwmbicn y’dV - 310
BEPOATHOCTH NICKTPOHY HAXOAUTHCA B 00BEME dV.

TIpemraraemas nporpamma Tpebyet Gompimx 00bémMoB mamstn OBM H paccuutasa
HA 04YEHH 3HAYUTE/LHEIC 33TPATH MAINMHHOIO BPEMEHH.
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Mt 1oiaraeM, 9ro 3TO XOPOWIO OTBEYAET CETOAHALUHEH TCHACHUMHM B PasBUTHH
BEMHCIMTETRHON TexHukH. O0BEMEI MAMATH M CKOPOCTH c4éta DBM yBe/mrduBarorcs
€KErOMHO MHraHTCKHMM TeMIIaMy. Yike cefidac CyLIECTBYIOT «CBEPXKOMITBIOTEPHI».

CrnemyeT yuMThIBATL ¥ BO3MOXHOCTH CHeNManu3uposaHHRX OBM, cneumansHO
CO37aHHbIX /UM JAHHOM 3anaTH, kak 3To 6sU10 chenano B koMmbiotepe «Deep Bluey
JUIS IIaXMAT.

Meroa MomrTe-Kapio Xopommo HpHCTOCOOICH IS MHOTONPOLECCOPHBIX MAlIHH.
OTOT METOX 09CHb NEPCIICKTHBCH M 1A MHOrOMEPHRIX 3aza4.MouTe-Kapao- xopour,
TaK CKasaTe, «Ha BHpocT».EciM cerofHs Me B COCTONHMM pEWIaTh JIMINL
OTHOCHTEJIBHO OpOCTRiC 3ajadyd, To B Oymymlem mporpecc B Pa3BHTHH
BBITHC/THTENLHOM TEXHHKW Ham 00ECNETHT BO3MOXKHOCTH PELICHUS OONEE CIHOMHBIX
3ana".

IToTpebHOCTH KE B YCIOKHEHVHM KBAHTOBO-MEXAHHYECKMX PACIETOB COBEPIIECHHO
6ecKoHEeHHRL.

TlpeanaracMuli HaMB METOX CNOCOOEH YUUTHIBATL OIECKTPOH-3EKTPOHHOE
p3aMMopelicTeAE, TOTAA KaK Pa3BHBAEMEIE SO CHX TOpP METONBI 00XOMAT 3TOT BONPOC
TIpH HOMOKTH HCKYCCTBEHHBIX HPUEMOB ( CM. HanpuMep / 5 /).

TpynHO oxMAaTh, 9TO 38a9M MHOTMX TeJ, 3aJa4M M3YHMCHNS XHMHYCCKUX CBA3CH,
npobneMpl pacdéra KpHCTaUIoB OyXyT pematscss « B o6 « Ipy NOMOIM
yHUBepcanbHoro Merona Monre-Kapno. Koneuro, Gombimyio pons Oyayr urparh
YIpOLNEHUS, IPHOIDKEHHs, KOTOpHE 00/1eryat pacaéTst.

THoanMarue ¢u3uky 9NEKTPOHHBIX 000ONOYEK B aTOME, KOTOPHLIC YKE AABHO
u3yyenn! { cM. Bampumep / 6 / ) nomoxer ¢opMynmpoBaTs 3asadm HambGonee
9KOHOMHO.

Bosemyo pons Oymyr urpats anmpHOpHbie HaHHBE. COOOpPasKeHWMH CUMMETPUH,
mpurnpm 3anpeta [Taym, npeobnaparomas ponp B XHMEHYECKHX B3aHMOAEHCTBHAX
JNIEKTPOHOB BHENIHEH 000I0TIKH M T.IN..

UHTepecHO OTMETHTH, 9TO IIEPEXOA OT PACTEéTa MONEKYJhl K PacdéTy KPHMCTALIA B
merone MonTe-Kapio 04€Hh NPOCT: HaZO BBECTH OTPAKCHUE HAIIMX (UKTHBHBIX
9aCTHII OT I'PaHuUIl IEPHONHIECKOM ATEHKH, KaK ITO Tipeanaraerca B pabote / 7 /.

IpennaraeMeri METOX PacaéTa ATOMOB, MOJIEKYJ, KOHICHCHPORAHHBIX CPEX UMEST
HECOMHEHHLI npuKiagHod MHTepec. Meron notpebyer HoBeX pa3palorox B
001aCTH BEMYHCIHTENLHOH MaTEMATHKH.

Ha ocHoBe oOnMcaHHOro BbIIE ANTOpPHTMa Oblla peafid3oBaHa NpOrpaMma
«ATOM>», xoTOpas uUMEeT AEMOHCTPALMOHHOE, METOAHYECKOE 3HAYEHME.

B kayecTBe NpHMIOKEHWs K JaHHOH pabGote (OPTpanHBIf{ TEKCT MPOrpaMMbl

«ATOM» MoxeT ObiTh IPSACTABICH 110 3anpoCy.
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