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BBenenne

O OJIHOM U3
dyHIaMenTaIbHBIX TTPOOJIEM COBPEMEHHON (PUBNKN HPOIQIKaET OCTABATLC MTPOOJIe-

Ma CKpbITOIf Macchl. /lo cux mop ocTraércd Hem3BeCTHLIM, UTO B TOYHOCTH U3 cedsd
———— ——

IpeJIcTaB/IsieT , TEMHas“ MaTepus. 15 ¢ -~ ™0 ’: no
e T T e
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CoryiacHO COBpEMEHHOI KC T, ,, TeMHas“ MaTepysi, COCTABJISIONIAs IPIMED-
1o 25% ot Beeil maoTHOCTH Heprun Beestennoii n joMunupyiomas B popMax eé Hepe-

JISTUBUCTCKOT'O BEIIECTBA, SIBJIsieTCs HeDapuoOHHOI 1 cBsI3aHa ¢ ,,HOBOI " pusmkoii. Fe-

JII OHA COCTOUT U3 YaCTHUIl, TO STH YACTUIIbI IIPEJICKa3bIBAOTCs 3a mpejeaamu CraH-
JapTHOI Mojenn. Iy Toro, 4ToObl 9TH YACTUIIBI MOTJIM PACCMATPUBATHLCSA B KAUCCTBE
KaH/JIATOB Ha POJIb CKPBITOIl MacCChbl, OHU JOJZKHbBI YIOBJIETBOPATH HEKOTOPOMY Ha-
O0Opy yCJIOBHIl: OHH JIOJI?KHBI OBITH CTAOUIbHBIMU, JIOJXKHBI 00eCIIednBaTh N3MEPEHHY IO
IJIOTHOCTD ,, TEMHOI“ MaTepuu M OTJEJIUTHCS OT ILJIa3Mbl M W3JIyUeHUsI, 110 KpaiiHeii
Mepe JI0 HadaJia CTa/Juu JIOMUHUPOBAHUS BeLLLebCQEEl.[%IGOHpe,ZLeJIéHHOCTb B BbIOOpE Ua-
CTHI] CKPBITOII MacChl IMOPOIN/Ia MHOYKECTBO PA3HOOOPA3HBLIX TEOPHUIl, Ipe iIararomux
Ha POJIb KaHIMJIATOB ,, TEMHOI MaTepun pas3jndHble 00beKThL." 1eM He MeHee7 caMbIM
IIPOCTBIM CIIOCOOOM YIOBJIETBOPUTD BBIIIEIIEPEUNCICHHBIM YCIOBUSIM SIBJISETCS TIPEJIITO-
JIOXKEHIE O CyIIeCTBOBAaHNN HEHTPAIbHBIX, JIEMEHTAPHBIX, CJIa00B3aNMOICHCTBYIOITIX
‘{aCTE&.HB,&HaKO)C}/LU;eCTByeT 3HAUYNTEILHO OoJiee MUPOKUI KIacc MoJjiesieil CKPBITOi
MacChl B KOTOPBIX HOBBIE CTAOMJIbHBIE YaCTUILI MOI'YT 00JiaJaTh HEKOTOPOI HOBOI
dyHIaMeHTaIbHOI CUMMETPHEil U COOTBETCTBYIOIINM €if COXPaHSIIONINMCS 3aPsiJIOM.
Eciu gactunpt obagaor HoBoit Kajmbposodnoit U(1)-cuMMeTpueii, OHH MOTYT CBsi-

3bIBaTbCsA C IIOMOIIbIO COOTBETCTBYIOIIEI'O KYJIOHOBCKOI'O BSaHMOﬂeﬁCTBHH B COCTaBHDBIX

»TEMHBIX* aToMax, ucnyckas wepugumMbie U (1) $hoToHbL. [ 3 )
2427 a)ﬁ&j,% Wehog y odutye
BlLéij paccMaTpuBaeTCd CIleHapUil COCTABHONW CKPLITOI MacChbl, B KOTOPOIl HOBBIEC
Tz P
cTabMIbHbIE YACTUIILI, UMEIOIINe OOBIYHbIN JICKTPUUIECKUIl 3apsj, N30eralT dKCIie-
——
C.---

PUMEHTAJIbHOI'O OTKPBITHSI, IIOTOMY YTO OHU CKPBLITHI B aTOMOIIOJIOOHBIX COCTOSIHUIX.
OcHoBHas1 npodbseMa Il 9TUX CIleHapUEeB COCTOUT B IOJABJIEHUN OOWINS II0JIOXKU-
TEJIbHO 3apsl?KEHHBIX YaCTHIl, CBSI3AHHBIX ¢ OOBIYHBIMU 3JICKTPOHAMU, KOTOPHIE BEYT
cebs KaK aHOMaJIbHBbIE U30TOIBLI BOIOPO/Ia WU Tejisl. JTa IpobJieMa TaKzKe Hepaspe-
IIIMa, eCJIN MOJIe/Th MPeJICKa3biBaeT cTabmibHble YacTuiibl ¢ 3apsyiom —1 (F7). Kak

TOJIBKO IIePBUYHBII Tesiiil oOpasyeTcss B KOCMOJIOIMYECKOM HYKJIEOCHHTEe3€, OH 3aXBa-
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ThIBAET BCe CBOOOJIHBIE [~ yacTulipl 0bpasyst MOJIOKUTEIbHO 3apsikentble (Hek) -
HOHBI. DTO ITIPEJIOTBPAIaeT JiIodoe JajbHelllnee MoaBIcHIe 00U MOJOKUTETHHO
zapsizKeHHbIX yacTull. CjeaoBaTeIbHO, YTOObI N30exKaTh IePerporn3BOICTBA aHOMAJIb-
HBIX M30TOIOB, CTAOUJIbHBIC YACTUIIBI C 3aPsA/IOM —1 JIOJIZKHBI OTCYTCTBOBATD, B CBA3U
C YeM CTabUJIbHbIE OTPUIATEIBLHO 3aPs?KEHHbIE YACTHUIILI MOI'YT UMETh TOJIBKO 3apsil
—2(B obrem ciryuae —2n, Tje 1 Jioboe HaTypajibHoe dncao). [lockoibky Bee 911 MOIe-
JII TaK»Ke IPEeJICKA3bIBAIOT COOTBETCTBYIOIINE +2 3apsiI0Bble aHTUIACTHIIbI, KOCMOJIO-
IUYIeCKUil clieHapuil JI0JIzKeH 00eCednTh MeXaHu3M UX ITOJaBJICHUsI, YTO, €CTECTBEHHO,
MOYKET UMETh MECTO B aCUMMETPUYHOM CJIydae, COOTBETCTBYIOIIEM M30BITKY —2 3a-
pszkennbIx dactuil, O~ Mlorga ux MoJoKUTeIbHO 3apsazKeHHble aHTHYACTUIBI MOT'YT
s dekTrBHO aHHUTMIMPOBaTh B paHHeil Beesennoit. [lociie dbopmupoBanust B €xaH~
e {AAWH 4

,z}fa.pluma HYKJICOCHHTE3e B0oiabHore—B3pbiBa - He SKpaHupyeT 3apsiKeHHbIE YaCTHIIbI
O~ B cocrapubix (*He™O™) O-resmenbix «aromax».|2] Bo seex stux dopmax O-
resinst O™~ BeJieT cedst Kak JIeIITOH WK Kak crermdudecknii "Kyacrep TsizKesIbIx KBap-
KOB'" ¢ CHJIBHO IOJIABIEHHBIM aJIDOHHBIM B3anMoeiicTBueM. [losTomy B3anmMogeiicTBie
O-resinst ¢ BEHIECTBOM OIIpPEJIeISIeTCs sIAePHBIM B3auMmoieiicteueM He. DTu HeifiTpab-
HbIe TIePBUYHBIE s1/IEPHO-B3aMO/IEHiCTBYIONNE OOHEKTH 00ECIIeINBAIOT COBPEMEHHYTO
IJIOTHOCTb CKPBITOM MACChl U UI'PAIOT POJIb HETPUBUAJIBHON (DOPMBI CHJIBHO B3aHMO-
JeficTBytomeit , TéMHOIT" MaTepun. AKTUBHOE BJIMSTHIE STOTO THIIA, ,, TEMHON" MaTepun
Ha sIJepHbIE IIPEeBpallleHusT TpedyeT CleualbHbIX HCCAe0BAHNN 1 PA3BUTUs S/I€PHOIl
dusukun OHe. 910 0c00EHHO BarKHO I KOJIU4IecTBeHHO# onenkn poyn OHe B 1ep-
BIYHOM KOCMOJIOTHYECKOM HYKJIEOCHHTE3€ U B 9BOJIIONNN 3Be3/1. [4]

[TpuBnexkarenproit yeproit momesn OHe siBjisiercst TO, 9TO OHa BKJIIOYaET B ceOsI

]

MUHEMAaJ/IbHOE YUC/IO IIapaMeTPOB , HOBOI " (PU3UKH, a KOHKPETHEEe TOJILKO OJ[MH,
—_—— — —
pamerp — maccy O~ . B To ke Bpewmsi oHa TpedyeT 1yyOOKOIro MOHUMAaHUs jeTaJeil

ee 11a-

M3BECTHOI sIePHOI 1 aTOMHOM (PU3UKH, KOTOPbIE JIO CUX IIOP He TaK XOPOIIO M3yUeHbI

nuist mapameTrpoB mogesan O He.

Bazxnoctb runoresnt O He cocTOUT TakzKe B TOM, YTO OHA MOYKET O0bACHUTE IIPOTH-
BOpPEUMBBIE PE3YJILTATHI IPSIMOTO TIOMCKA, , TEMHON“ MaTepui, 3a CYeT CIenndUKI B3a-
nmogeiictust O He ¢ BeImecTBOM MOI3eMHBIX I€TEKTOPOB. A NMEHHO, TTOJI0KNTETbHbIE
PE3yJILTATHI 110 OOHAPYKEHUIO YaCTUI[ CKPBITONH MAaCcChl B TAKMX SKCIEPUMEHTaxX Kak
DAMA/Nal u DAMA/LIBRA, KoTOpbIe BCTYTIAIOT B KAyKyIIeecs: IIPOTUBOPEUNE CO

BCEMU OCTaJIbHBIMU dKcrepuMenTaMu, Hanipumep ¢ X ENON100, LUX,CDM S nao-
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Pucynok 1: Atom O-rejiust u BHelIHee siJIpo

IUMU OTPUIIATE/IbHBIN Pe3YJIbTaT. [ 7

Hesio B ToM, uTo 3amejienne kocmudeckoro O He B 3eMHOM IpyHTE He JIOIYCKAeT
HPSIMBIX METOJI0B OOHAPY?KeHUsI YaCTUIl CKPBITOI MacChl OCHOBAHHBIX Ha IOUCKE (-
dbekroB oTnaun syiep npu crojikaoBerusix WIMP-os (ot anrmmiickoro WIMP, Weakly
Interacting Massive Particle) ¢ smpamu oberaroro sermectsa. OHAKO B3aNMO/IeiiCTBIIE
MeJJIeHHBIX aroMoB OHe ¢ siapaMu MOXKeT HMPUBOJAUTH K UX HU3KOIHEPreTUIECKOMY
CBABBIBAHIIO. B 1pejesax Heolpee/IeHHOCTH apaMeTpOB sSAepHO (PU3UKHI CYIIECTBY-
er ,HI/IaHTfOH, B KOTOpOM sHeprusi cBsa3u B cucremMe O He — Na HaxoQuTcsl B HHTEpBaJIe

2-4 k3B

BETCTBYIOIICMY BBLIACJICHWUIO 9HEPI'UN, Ha6mogaeMomy KaK I/IOHI/I3aL[I/IOHHblﬁ CUI'daJl B

Y Panuamuonnsiit 3axpar OHe B 9TO CBSI3aHHOE COCTOSIHUE IIPUBOJIAT K COOT-

nerekrope DAMA. Konnenrparusas OHe B BelecTBe MOA3EMHBIX JIETEKTOPOB OIIPe-
JleJisieTCsl PABHOBECHEM MeyKJIy MOCTYTIAIoNM KocMudyecknM notokom OHe n jud-
dyzueit K nenrpy 3emin. Konnenrparus OHe B BellecTBe IOJI3EMHBIX JETEKTOPOB
OBICTPO PETYJIMPYETCs ¢ YUETOM ITOCTYTAIONIEro KocMuaeckoro O-Tresus U CIelyeT 3a
M3MeHeHneM 3Toro 1noroka. IloaTomy ckopocth pasmaterroro 3axsata O He nomkna
HCIIBITBIBATH TOJIOBBIE MOJLYJISIINN, OTPAYKEHHbBIE B T'OJIOBBIX MOJLYJISIINAX NOHI3AIINOH-
HOT'O CUTHaJIa OT 3TUX peaknuil. Hem30e:kHbIM ciencTBIEM MPE/TIOKEHHOTO 00bsICHE-
HUST ABJIAeTC nosiBiaenne B Beriectse jgerekropa DAMA/Nal win DAMA/LIBRA

AaHOMaJIbHBIX CBEPXTAZKEJIbIX N30TOIIOB HaTPpUAd, MaCCa KOTOPLIX IIPUMEPHO Ha IIOPAJ0K



OHe e Oommo//twécuru?
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O0JIbIIe, YeM Y OOBITHBIX M30TOIOB 9THUX 3JIeMEHTOB. Kcjm aroMbl 9THX aHOMaJbHBIX
N30TOIOB HE MOJTHOCTHIO HOHU30BAHbI, UX MMOJIBUYKHOCTD OIPEJIEISIeTC aTOMHBIMU Ce-
YEeHUsIMI ¥ CTAHOBHUTCSI IIPUMEPHO Ha 9 MOpSIJIKOB MEHbIIe, 4eM JIJis O—reﬂnéj 910
obecrieunBaeT UX coXpaHeHue B jeTekTope. [1o9ToMy Macc-CIIeKTPOCKONNYeCKnii aHa-
JIN3 9TOrO BEIEeCTBAa MOXKET 00eCHeUYNTh JIONOJHUTEIBHYIO POBEPKY Ha HaJm4dne O-
resieBoit mpupoanl curtasia DAMA. Meroabl Takoro aHajmsa JTOJKHBI YINTHIBATD
XPYIKYIO IIPUPOJY CBsI3aHHBIX cocTosinnit O He — Na, MOCKOJIbKY UX SHEPrusi CBA3U
COCTaBJIAET BCET'O HECKOJIBKO K3B.

Bzanmojeitctee O He ¢ BeliecTBOM MOXKET IPUBECTH K 00PA30BAHUIO PA3/JINIHbBIX
9K30TUIECKUX (POPM sIJePHBbIX coejunennii. [Ipu yemosun, uro macca gactuibl O~ co-
craBjisier okoJio 1.25 T9B, runoresa O He MoxkeT 00bsICHUTH HAOJII0IaeMbIil 130bITOK

O3UTPOHHOI JINHUN QHHUTUJISIIUN B IIEHTPE raJlaKTHKN 00pa30BaHueM Iap B Pe3yiib-
are Bo30yKaeHust aroMoB O He, cTajJKUBaOIINXCS B 3TOM 00J1acTH. [\

OpHOI 13 TyIaBHBIX 1IpobJieM ,, TéMHBIX“ aTomoB O He siBjigeTcs TO, 4TO UX COCTaB-
JISIIOIIE MOTYT CJIMIIKOM CHJIbHO B3aMMOJEHCTBOBATH ¢ OOBIYHBIM BEIECTBOM. IDTO
npoucxoauT rnoromy uro OHe XoTh 1 HefiTpaJjeH, HO allpuopu 00/1a1aeT HeIKPaHUPO-
BaHHBIM $JIEPHBIM IPUTAZKEHIEM K BHEHIHUM SIAPAM BEIIeCTBa, UTO MOYKET IPUBECTH
K PaspylIeHnio CBa3aHHOil cucTeMbl O-reynsd 1 00pa30BaHUI0 aHOMAJIbLHBIX H30TOIIOB.
B cBoto ouepejib Ha KOHIIEHTPAIUIO TUX M30TOIIOB B 3€MHOM I'DYHTE M MOPCKOI BO-
Jle UMEIOTCS OYeHb CUJIbHBIE SKCIepUMeHTajbHble orpanundentst.[l| Yrobbr nzbexarh
9TOI TPOOJIEMBI, TIpeIoaaraeTcst, YTo 3pdeKTuBHbIN noreHImag Mexiay OHe u -
pOM BeliecTBa OyjieT UMeTh Gapbep, mpejoTBpananwi nonajganne He u/umn O~
B /[P0 1 0OECIIeUnBAIONINI JIOMIHAHTHOCTE MTPOIECCOB yIpyroro paccestaus (Pucy-
HOK 2). B srux ycaoBusix ijSaMMo;L fictBusix O-rejiust ¢ BEIIECTBOM JOMUHUPYIOT

Ky ko Rumrmwfeue

“uq -
ylpyrue m\@e’é@] TO BayKHO il MHQPUX actiekToB crienapust O He.

B naHHOI mcciieioBaTe/IbCKO padoTe I0C/Ie/I0BATE/IbHO ITPOJI0JIXKAJIOCH THC/IeH-
HOE MOJIeJTMPOBAHNE B3aUMOJIEHCTBUS , TEMHBIX aToMoB (O-Tesns ¢ siapaMu OapuoH-
HOTO BellecTBa B makere Matlab ¢ 1e/1bi0 BBISIB/I€HNsT YCJIOBUII CYIIIECTBOBAHUS X

;Z?e no MLt hoto
HUSKOHEPIreTU4I€CKOI'o CBA3aHHOI'O COCTOAHNA. B paMK InoaxoJa K TaKOMY

@ "
MOJICJINPOBAHNIO MGl HOCTEHEeHHO BBOAMN 3(hhEKTbl KBAaHTOBOI (DU3UKN U UCIOJIb3Y-
eM Ha JJAHHOM 3Talle JJIsI BBIsIBJIEHNs CYITHOCTH IIPOIECCOB SIEPHOIO B3aNMOIEHCTBUSI

O-renud ¢ AdpaMu 6apI/IOHHOFO BeIleCTBa KJIAaCCUIECKYIO MOJEJ/Ib.
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Pucynok 2: 9dbdexkrunbiii norennnan mexxay OHe u siipom 6apnoHHOIO BEIECTBa, [ 1

/gmwm 5 e o m/o/(/nt/dax OH{,

1. Cucrema OHe. /
Tngw "//Zdafem VACALH U ol L. SteT OF g

e nthtTio, V0 Yh WhoLPaMiA }’ g
Ha_amgmaﬂe-%bﬂé Hallncana oT/e/IbHas IPorpaMMa, JJis MOJICJNPOBAHNS CUCTE-

MBI IIEHTPa Macc ,, TéMHOro“ aroma (OJ-rejiusi, YTOObI 110C/Ie COBMECTUTH TY MPOrPpaAMMY

C OCHOBHOI1, B KOTOPOIT MOJieJiupyecs JABUzKeHne n B3aumojieiicteue aroma O He ¢ -
poM GapWOHHOTO BeIeCTBa B JAOOPATOPHOI cUcTeMe OTCUYETA C PACIOJIOXKEHHBIM B
HavaJe KOOPAUHAT COOTBETCTBYIOIIIM SIIPOM BellecTBa. 3ajadeil JaHHOIO dTalla, siB-
NN————
JISIJIOCH OIHCaTh JIBUKEHUE aJib(da-dacTuilbl BOKPYr (O~ . pacloJIoyKeHHON B Hada/ie
KOOP/IMHAT, TI0 OOPOBCKOMY PaJINYCY, B KaXKJIblii MOMEHT BPEMEHHU.
h/yj»(wcm e ons
13 B TOM YHCJIE PaJINyC

BeKTOp sjpa He, To ecTb OOPOBCKUIT pajinyc aJibda-dyacTUuIlbl, CKOPOCTh BPAIEHU

B nporpamme ObLIM 3aJlaHbl BCE HEOOXOIMMbIE KOHCTAHTD



aJibda-JacTuibl 1 cujia KyJOHOBCKOrO B3alMOJIEHCTBUSI MEXKY ajabda-dacTuieil u

. B mporpamme

U3MEHSIIOTCSA TOJIBKO TOJISIPHBIN M a3UMYTaJIbHBIN YIUIbI ajib(da-dacTullbl, Yepe3 KOTO-

. NPT
pbI€ BBIPaXKAIOTCA €€ JIeKapTOBble KOOP/IMHATHI. e

Taxkum 06pa30M B IIpOorpaMMe 3a/al0TCsdA HadaJIbHbIE YIVIbI, 9€PE3 KOTOPbLIC BbIYMC-

CUCTLN G  WoopFunes
JIAIOTCS HadaJIbHbIE JIeKaPTOBBI KOOpMUHATHI siapa He. ajee ¢ MOMOMBIO NIUKJIA, de-

pe3 BbIBEJIEHHbIE COOTHOIIEHHSI U C HCIOJb30BaHHEM BCTpoeHHHOI B maker Matlab
QYHKIIMU reHepupoBaHus CJIydaiiHbIX dnces1 rand ONpele/aioTcs N3MEHEHUS T0JIAP-
HOT'O U a3MMYTaJbHOI'O YIJIOB, KOTOpbIEe IIPUOAaBJIAACh K HaUaJbHBIM yIJIaM Jal0T UX
HOBBIE 3HAYEHUSI 1 COOTBETCTBEHHO HOBBIE JeKapPTOBBI KOOPINHATHI aJib(a-IacTHUIlb.

Usmenenne monsgpaoro d¢ m azuMyTaJbHOro df yriioB BLIYUCISIOTCS CJIE Ty IOTIIM

obpazoM:
V,dt 180
0 = o 2rand — 1 (1)
Vo, dt\ 2 " T\ 2
R N 180 180
do = b 2rand — 1 (2)
T 7
cos| 0—
180

rie V, 9T0 CKOpPOCThb ajibda-dacTuiibl, [, - 6opoBcKuil pajuyc, a dt 3To JJIMTEJIHLHOCTD
OJTHOI UTepaluu.
[Ipu aTOM B IIporpaMme YIUThIBAETCs, YTO JOJXKHO BBIIIOJIHSITCS CJIEJIYIONIee Hepar-

BEHCTBO: C‘))“A LMK

2 2 Vo dt\ 2
df ) + |cosfdgp | <

(3)

b

Jlajiee mpuBOUTCSA pe3y/abTaT PabOTHI IPOrPaMMObI:
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Pucynok 3: Tpaexkropust nBuzkeHust ajibda-dactuibl B cucreme O He
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2.  Y4YeT KOHEeYHOro pa3mepa siaep.

Ha »To0it crajiun ObL1a cjie1ana 3aroToBKa, JJist OYYIIIX 9TaloB PabOThI, B KOTOPBIX
OYJyT yuTeHbl KOHEUHBIC PA3MEPDI SIJIEP Uepe3 YUYET PACHPEe/ICHNs] IIOTHOCTH HYK-
JIOHOB (sJIepHbIIi PaJInyc) U MIOTHOCTH MTPOTOHOB (3JEKTPOMArHUTHBIN pajuyc). s
9TOr0 B IIporpamme ObLIN HAIMCAHBI BHEIIHIE (DYHKIMU JIJIs N3BJICYEHUS STUX CBEJIe-
HUIT Ha OCHOBE SMIIMPUYECKUX Mojiesiefi 1o 3ajanubiM (A,7Z), To ecTb YHCIy HYKJIOHOB
A ¥ unciy nporoHoB Z B siipe.
mogeneii-|o]

CyTb paboThl JIaHHBIX BHEIIHUX (PYHKIMI 3aK/I04YaeTcss B CJASAYIONIEM: IIPU UX
e~ /=~

w

AY/BBI3OBE B HIX OTHDPAB/IAIOTCS 3HAMCHHs MACCOBOTO NCITA A, zapsiioBoro uucia 7,
PRI JIOTHOCTHU IIPOTOHOB MJIM HEHTPOHOB B LIEHTPE A1pa fo, ,, lapaMeTp KBaJpyHoJIbHO-
WQJ o ro neddekra sjpa (B9, 3HAUEHNUsT KOTOPBIX OepyTcs 3 0a3bl JIAaHHBIX, U PACCTOSTHUE
W OT 1eHTpa dAjpa r. Venoab3ysa nosydeHHble JaHuble, BHENTHAA (PYHKIINSA BBHIUUCTSIET

1 BO3Bpallla€T 3Ha4Y€HHE IIJIOTHOCTHU IIPOTOHOB MJIN HeﬁTpOHOB B TOYKE I — pp n, 11O

crejyroneii popmyie: e m/ U o

mmysdﬁaoo ggj

Pp.n

rje Rop n R, TakKe BBIUNCASIOTCS NCHOIB3Ys (POPMYJIBL:

W|

R,, = 1.322%3 + 0007N + 0.022 (8)

R, = 0.953N3 + 0.

rie N = A — Z 310 4ncjio HefATpOHOB B sIjIpe.

9



3. MonennpoBanue B3ammojelictBus aroma OHe c

sJIpoM OApMOHHOI'O BellecTBa BI1abopaTopHOil cu-
e OTCYE bl.

Ha mannom sTalie paccMaTpuBaeTCs CUCTEMa TPEX TOUEUHbBIX, B3ANMO/IEHCTBYIOIINX
JIPYT C JIPYTOM, IIOCPEICTBOM E(}/UIOHOBCKI/IX cuJ1, 3apsizkeHHbIX dactuil. [loj gacruieit
B HadaJjie KOOpPJMHAT IOAPa3yMeBaeTCsl pOo-MUIEeHb OAPHMOHHOIO BEHIECTBA C 3apsi-
JIOBBIM YHCJIOM /Z, a I0JI JBUXKYIIUMUCS YaCTUIAMU TTOHUMAIOTCA aJibda-JacTuia ¢

_
3apsIIOBBIM IHCJIOM Zo?v?’qaCTMua O~ ¢ 3apsiIOBBIM UHCJIOM Zo.ZHpI/I 9TOM aJibda-
JACTUIA BPaIlaeTcsl 10 OOPOBCKOMY PaJuycy BOKPYT dacTuibl O~ .

Mexky anbda-gacTuieii u sjapoM-MUIIeHbIO ITPOUCXouT KyJIoHOBCKOE B3amMO-

— —
HecTBUE C CUJION: Y RNV mofjmnaﬁj V/ﬁ aHRCL ...
S L 77.e%,
FZa — FZa(Ta) - 7“—3’ (10)
(6%

IJle T TO PAJIIYC BEKTOP aabda-dacTUIlbl, € 9TO JIEMEeHTPAHbII 3apsi/I.
[Ipu sTom:
To =T+ Ry (11)

rie Ry 910 60poBCKuil pajauyc.
Mexk 1y gactuneit O~ U sSIAPOM-MUIIEHbBIO ITPoucxoauT Ky/ioHOBCKOe B3anMojieii-

CTBUE C CUJION:

- - 5 ZZO€2F
Fz0 = Fzo(7) = 3 (12)
rJie 7 9TO paAnyC BEKTOD 4YaCTUIIbI O _
oc s per 2 Clopocry oo o T, m. 7o K
JlaHnHast cucreMa MOJICTMPYETCs CJIEIYIONIAM 00Pa30M: 3a/1al0TCA BCE Heo6X0;LMM¢IZI;eoO

V4

Y,
KOHCTaHTbI.rBBO,ZLI/ITCH 9UCJIO UTEPpaIM 1 UHTEPBaJI BPEMEHNU dt OlIpeaeJIAIOIINN BPeEMI

KazKJI0ll nTepalum 1uKJia.

Ilanee nHM

&

M 3aJ1210TC Hada/IbHbIC yesoBust ¥ To_eerk-HAYAIbHBIE KOOPIUHATHI YaCTHIIbI O__f«%"o,
Yo, 20/ 1 HadasbHbIe KOMIOHEHTBI e¢ ckopocTuy Vi, Vi, u VZO]S Jlajiee BBIYUCIISIIOTCS

Ha4daJIbHbIC 3Ha4YCHNA BCEX MHUINAJIN3UPOBaHHDBIX BbIIIE ITOJIAAPHBIX M a3MMYTaJIbHBIX

YIJIOB HacCTull, HadaJIbHbI€ CHUJIbI U UX IIPOCKIUN.
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[Tocsie, ¢ IOMOIIBIO MUKJI& BO BCE MATPUIILI 3aIIUCHIBAIOTCA JIAHHBIE MTOJTyIeHHbIE B
KazKJI0Il uTepalun.
[lpu s+oM BBITHCISIETCS CyMMapHasi ciJia, JeiicTBytomias Ha cucremy OHe ﬁsum:
Ua l/zawa&; M‘Zl/)dgwu B B B
Fsum:FZO"l’FZa (13)
U1 ¢ e€ omMoIIp10 BeIInCIsIeTcs pupatiienne nMiryiabea d P cucrembr O H e, siBiistioneecst

B COBOKYITHOCTH IpUpAIleHneM UMITyJibca JacTuiibl O .
dP = Fyndt (14)

HaJsiee ncrob3ys npupalieHne nMITyabca d P BbIYUCISIETC MpUpaleHe CKOPOCTH Ya-
ctunpl O™~ dV i MOC/IeIyIoNero HaXoK/IeHnsT HOBOW CKOPOCTHU HUCIOJIb3YeMOil B

CJIEIYIOIICHI nTepalmn:

dP
N MO** + Ma

rine Mo-- u M, maccer gactuiibl O~ U aibda-dacTUIbl COOTBETCTBEHHO.

av

(15)

Takxyke B mporpaMMe YIUTBIBAETCS YCJIOBUE TOTO, YTO IpUpallienne KHHeTHIeCKOi

OQHEPInun aﬂbea—‘IaCTI/ILLbI d1’ He MOXKeT [IPpEBLIIATDL IIOTEHIIMAJI MOHU3aIlN O-rejus I,
i At

npuMepHo paBHbiil 1.6M»sB: wo2eM
dT < I ~1.6MeV (16)
dT dPO?‘ 17
~2M, (17)

riie d P, mpupaiienne uMInysibca anbha-1acTuip:
AP, = Fyz,dt (18)

Ha ocnose IIOJIYHIEHHDbBIX JaHHBIX, GH

OBL/IN TIOCTPOEHBI TPAECKTOPHUH ajibda-dacTuIlbl 1 dacTuibl O~ .
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e
Start coordinates I

4  Start coordinates alpha particle
Particle trajectory

O  Start coordinates O-

— — — O trajectory

%1079

.E-._

-1 05 g
%1077

05 1 15 5 L&

Pucynok 4: TpaekTopuu ajabda-dacTuiibl 1 dacTuiibl O~

4. JlobaBjenune 3p@dHeKTOB AePHOIl CUJIbI.

Ha sTom sTame nporpaMva ommestHas—B—HpPeALLIYVIIEM TVHKTE ObLIa JIOTOJHEHA

ANEPHBIM BSaI/IMOﬂef/’ICTBHeM MEXKIY AAPOM Hen AJPOM-MUINECHBIO 3aJaBacMbIM CILJION

J
% (Ta — RZ) Fa

a a T

(e (5"

e Ry faﬂnyc sIpa-MUIeHu, Vj riyonHa moTeHIMaIbHOM sIMbI, @ TIOCTOSAHHBIN TTapa-

Fzonve

Fpanve = — : (19)

MeTp.

[Tpu sTom cymmaphasi cuiia, jeiictytomias Ha cucreMy OHe Fgy,, BBIMHCISETCS

Telepb CJIeYIONUM 00pa3oM: 777{(7"0“%% Y. CJ" At S
=
Fam=Fro+Fusm  BE BT 00y
20 25 2eF
rje ﬁaSum cyMMapHas Cuja JIeiicTBYIOmas Ha aJib(a-dacTUILy: ZN VP, r il
oL
Fosum = Fza + Fzanuc (21)
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0 IpupalieHne KuHeTnIe-
cKoil sHeprun ajibga-dacTuilbl d1 He MOXKeT IPeBbIIATh HOTeHIua  noHu3amun O-
renus [, mpumepro pasubril 1.6M»sB.

dP?

aSum
dl = ——— 22
2M,, (22)

rjie dPysym TPUpPAIEeHe UMITYJIbCa aJlba-dacTUIlbl OIIPeesieMoe KaK:

dPaSum — FaSumdt (23)
—
5 o
;}@e HpeMaBﬂeH PUCYHOK JIEMOHCTPUPYIOHHH pe3ysibTaT paboThl TPOTPaAMMBI. —
—rfw,u)rvja Wh - - - -
x10°12
3 - -
r Start coordinates
+  Start coordinates alpha particle
oL Particle trajectory |
O Start coordinates O--
— — — == trajectory
1t MWA%’

0 o e L __D. %“Wﬁ 7

%1078

Pucynox 5: Tpaexkropus aBuzkeHnus ajibda-dacTuibl 1 YacTuilbl O~ B m10cKocT XY

Eu/@«g
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5. 3akKJ/IIo4eHue

[TpenmytecrBa Mojenn cocraBHO# CKpbITOil Macchl OHe B TOM, 9TO OHA MUHU-

MaJIbHO CBg3aHa ¢ IIapaMeTpaMu HOBOI (DUBMKHM U B OCHOBHOM OCHOBaHa Ha 3ddekTax
Lor ave WU CO A D Uy Al2AO NELLI7 _

M3BECTHON aTOMHOI 1 siepHoil pusuku. OHAKO KOPPEKTHOe KBAaHTOBOE PacCMOTpe-

P
Hue 9TOoin HpO6JI€MbI OKa3bIBaeTCAd JOBOJIbHO CJIOZKHBLIM I10 PAAY ITPUYMH.
/\/\_/'\_/'\/—/"

N, B MoMeHTBI, KOrjia BHEIIHEee SPO-MUIIEHDb OJAXOJUT JOCTATOYHO OJINBKO K CUCTe-

Q .

J Me ()}167 pacCTOAHNA Ha KOTOPLIX PaCCMaTPUBACTCA UX B3aUMOJCUCTBUE MOZKET OBITD

\

Y

HEeSHa4YUTEJIbHBIM 1 HeJOCTAaTOYHBLIM JIJIgd TOTO, YTOOBI paccMaTpuBaTb AAPO He kak

'Z,C,?O

TOUEUHYIO JacTHUIly. TakxKe 3a mpejeaMi sjep, dAepHble CHJbI MMa1aloT SKCIOHEH-

[I1naJIbHO, HO OHU MOI'yT OBITD JOCTaTOYHO CHUJIbHBIMU, 4TOOBI BLI3BATD HEOJHOPOJHOE

A s

BO3MYILIeHIE OCHOBHOTO cogrostis atoma O Hes
At OMJ,?&{W Gt A U P ol PEIMG
JlanHad MoJlesIb He MoyKeT padgTarh, ecyi Ha HeKOTOpoM paccrodnnn Mexiy OHe

&

1 SpOM He BOSHUKHET OTTaJKHMBAIOIIEr0 B3aUMO/IeiicTBUS, U pellleHue JIaHHOI 3a/a-

YU ABJIACTCA 2KU3HEHHO BazXKHBIM JIJIA rZLa.HbHGI‘/JH_T_IGFO CylreCcTBOBaH A MOIEJIN TEMHOT'O

H .
aroma OHe [3] gro a7k Qa 6/\40 %

Aneprast cujia MOXKeT }ﬁﬁCTBHTeHmbHBeCTH K u3MeHeHMio moJigpusanun O-
reJisi, YTO MOXKET IOBJIedb 3a 000l CO3JlaHme JIUIOJBHOTO KYJIOHOBCKOIO Dapbepa,
HO 9TO ITPOUCXOIUT, KOTJIa TEOpUsi BO3MYIIEHUI OOJIbINE He MOXKET OBITH NPUMEHEHA
un pemuTh ypaHenue [Ipéaunarepa craHoBUTCS JAaBOJBHO MPOOJIEMATUYIHO, IOITOMY
nesibio gannoit HVP npeanonarasocs unciaennoe MoaenpoBaHue 3aJa4Un C 1Ee/IbIO Bbl-
sIBJICHUSI YCJIOBUIT CYIIIECTBOBAHMSA HU3KOIHEPIeTUUIECKOIO0 CBA3aHHOTO COCTOsIHUA Oa-
puonHoro siapa ¢ OHe. [Ipegmnonaraercsi, 4To B UTOre J0JIZKHA BOSHUKHYTH HEKOTOPAs
KoJjiebaTeIbHasl CUCTEMA.

KoneuHas 1ejib MOJIeJINPOBaHUs €Ié He JIOCTUTHYTa U B OYIYyIIeM ILJIaHUPYeTCst
HPOJIOJIZKUTD YCJIOXKHSATE cucTeMy. BoT 4To 1pejio/ioraercest ¢ieaTh Jajbliie:

1./IopaboTtaTh nporpamMmy ¢ siJIEpHBIMEI CUJIAMU

2.BBecTn TyHHE/IIpoBaHNE Yepe3 MOTEHINAIbHBIN bapbep.

3.BmecTo paccMOTpeHns TOYeUHBIX YaCTUIl BBECTU KOHEUHBIN pa3Mep siIep depes
YUIET pacipeie/ieHns MIOTHOCTH HYKJIOHOB (sIepHbBIi pajinyc) i MIOTHOCTH TPOTOHOB

(9JIEKTPOMATHUTHBIN PAJIIyC).

Jro e Baww LML
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