EKCNEPUMEHTANHA AOPEHA ®U3UKA
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Bbpxy NOYTN BCUYKN BBLIMPOCU, KOUTO LWWEe pasrmexgame B TO3N KypcC, MMa HanmcaHu
MOHoOrpadun, noHsKora W HAKOMKO. Jluncata Ha BpemMe LWe Hu npuHyan Aaa
pasrnexgame BblpOoCUTe MaJikoO KOHCMEKTUBHO, a 3a I'IOLI,pO6HOCTVI e ce OoTHacdTe

KbM CbOTBETHaTa nuteparypa.



Pabotata c nurtepaTypaTa (MoOHOrpaduu, CNpPaBOYHWLIM, Hay4YHU CMMCaHus,
pedepaTuUBHN XypHanv) e eaMH OT HeoOXOAMMWUTE, HO He M A0CTaTb4yHM eTanu oT
BCAKO CbBPEMEHHO Hay4yHO (@ M MpaKTM4ecko) uacrnenBaHe, KOWTO Hal-MankoTo BU
n3baBs OT ornacHocTTa [a u3obpeTuTe Benocuneda. ToBa ce OTHacs KakTo 3a
eKkcrepyMeHTanHuTe, Taka W 3a TeopeTuYHUTe wuscneaBaHus. Bbnpekn 4ye Bceku
eKCNepuUMeHT e pasnuyeH OT Apyrusa (npupodaTta e GoraTa), OCBEH ako He CMe Cu

nocTaBunn 3a LieN TOYHOTO NoBTapsiHe Ha AafeH (M3BECTEH) eKCNePUMEHT.
1. C KaKBO e nNpuBneKaTesiHa ekcrnepumeHTanHara pabora

BposiT Ha TeopuuTe, HeusabpXKanM ekcnepuMmeHTanHaTa npoBepka, € MHOro Mo-rofsm
OT UCTMHHUTE Teopun. Pons Ha pellaBalums ekcnepuMeHT! Bboble pasBuTMETO Ha
YOBELLKOTO MO3HaHWE Ce OCbLUEeCTBSBA 4Ype3 TSCHO B3aWMOAENCTBME Ha Teopusi U
ekcrnepuMeHT. Te He ce pa3BuBaT abCoNOTHO eaHOBpeMeHHo. Mma GoraTn Teopwuw,
KOUTO npefraraT HOBW eKCNepuMeHTU 3a npoBepka. Mima n Goratum ekcnepumeHTH,
KOMTO ABWXaT TeOpeTUYeckoTo nosHaHve. CTpyBa MU ce, Ye NoNoXeHNeTo B sapeHaTa
m3nka e TouHO Takoea. [loHacTosiLEM CTpykTypaTa U napameTpuTe Ha Bb3byaeHute
CbCTOSIHUS Ha siapaTa eKCNepuMeHTanHO ca MW3y4YeHM 3HauuTenHo no-gobpe,
OTKONMKOTO Te MoraT Aa 6baaT npeAckasaHM OT cera CblUecTBYBalMTE SAPEHU

mMoaenu (Teopus). 1o CbLUECTBO 3a cera BCe OLLe HAMa UCTUHCKAa Teopus Ha A4poTo.
2. HenpuAaTHOCTU B eKCnepMMeHTanHara pabora
N3nckea ckbna n cnoxHa anapatypa. bopba 3a gocraskn n nspaborsaHe.

Bopba ¢ anapatypaTa. ABapuu 1 nogavpxaHe. PusmkbT-ekCcnepumMmeHTaTop Tpsabsa aa
e ybeneH, 4ye nsnonsyeaHata anapatypa pabotv HopmManHO. Tbih Kato CbBPEMEHHUSA
eKCNepuMeEHT He MOXe Aa MuHe Be3 enekTPoHUKa, TO 3HaHMA NOo AAPEeHa eNneKTPOHMUKa
ca Xun3HeHo Heobxoaumm (ako He 3a Monpaska Ha anapaTtypara, TO NOoHe 3a TecToBe U
Aa Mmoxe Aa ce ybeau, ye e manpasHa). CbBpeMeHHUSA aapeHo-pU3nYeH eKCnepumMeHT
nanckea pabota C: pagvoOakTUBHWU WU3TOYHULM, OETEKTOpW, SApeHa enekTpoHuKa,
BaKyyM, HUCKN TemMnepaTtypu, MarHMTHM noneTa un T.H. AKO YoBeK He e cnocobeH aa ce

cnpasun C BCUYKO, TO Ce MNMpaBAT KOJTIEKTUBU, Ha NpUHLUMNA Ha pa3aeneHne Ha Tpyaa.

Aptedpaktn: [lpn nonyyaBaHe Ha HHAKaKbB pes3yntar - eqeKkT, NUHUA U T.H.,

eKcnepmmeHTaTtopa € AnbXeH a NnpoBepu N OTXBBPJIN BCUYKU Bb3MOXHOCTU ereKTa



Aa ce ObIK1 Ha anapartypaTta (TpuBuanHu anapaTtypHu edekTn). Npumep: cnabu rama-
NVHUW, ObIKaLWM ce Ha nanutaHe. ToBa crnectsiBa MHOMO pa3oyapoBaHus (M KOHAY3M)

Briocneagctene, Korato n3ndarnarta ny6n14|<au,v|9| HEe MOXe [Ja Ce BbpHE Ha3al.

EkcnepumeHTaTopa € ANbXeH [Oa uMMa peanHa npeacTaBa  3a  TOYHOCTTA
(HeonpegeneHocTTa) Ha MOMyyYeHWs OT Hero pesyntat. BbnpocbT e He camo 3a
CTaTUCTUYECKNTE HeonpeaeneHocTH, YNeTO OLeHsBaHe e A0CTaTbyHO NecHo. Tpsibea
[Ja ce vmaT npeasua U cUCTeMaTUYecKuUTe rpeLLkn, KOUTo obaye ca 3HauMTenHo no-

TpyaHuW 3a oueHsiBaHe. KaTo npaBuio, TOMHOCTTa Ha pe3ynTaTuTe ce 3aBuLIaBa.

MpusiTHa 4epTa Ha ekcnepumMeHTanHata paboTa e, 4Ye [gOaBa Bb3MOXHOCT 3a

HenocpeacTBeH AONUP C nNpupoaara.

LianoTo 3HaHue (M uHdopmauus) 3a agpeHata omsmka 1 3a 94poTo ce nosiydasa ypes
AeTeKTopUTe Ha SAOpeHUn §byeHus, a TAXHOTO [fencTtBue ce 0Gasupa Ha
B3aMMOAEeNCTBUATA Ha AAPEeHUTEe NMbYeHUs C BelecTBOTO. 3aToBa Kypca e b6bae

NOCTPOEH No crnegHnda Ha4vnH:

OBLIA XAPAKTEPUCTUKA HA TUMNOBETE PAS3INAL
BSAMMOJEWVCTBME HA TbYEHWETO C BELWECTBOTO
ANETEKTOPW HA AOPEHO NNbYEHUE

METOAWN B EKCNEPUMEHTAJTHATA AOPEHA ®U3UNKA

AOPEHA CTNEKTPOCKOIMNUA

AOPEHO-o3NYHN METOAU B APYT W OBNACTU HA ®U3SUKATA

B Kypca we ce 3aHMMaBame C agpeHata u3vMka Ha CPaBHUTENHO HUCKU EHepruu.
N3BeCTHO e, Yye cpedHaTa eHeprna Ha Bpb3ka Ha eauH HYKNoH B sapoTo e 8 MeV. lMo-
BUCOKUTE eHeprun ca obnacTtta Ha dum3vkata Ha SAOpeHUMTE peakuuu, a no-HaTtaTbk
cnepnBa obnactTta Ha hmsmnkaTa Ha efieMeHTapHUTE YacTuum (M CBPBHbXBUCOKN EHEPIUN).

3apaunTe, KOUTO ce peLlaBaT B eKkcriepuMeHTanHarta aapeHa umsnka ca:

e MWscnepsaHe cTpyKTypaTa Ha sigpoTo. ToBa BKMoYBa: ToTanHa O-, -, V-
KOHBEPCUOHHO-€IEKTPOHHA CMEKTPOCKONMSI.

e OnpepensiHe Ha: eHeprMu, CMMHOBE, YETHOCTUM M BPEMEHA Ha >XMBOT Ha
Bb3OyAEHUTE CbCTOSIHUS Ha SOPOTO; €Heprum u BeposiTHOCTU (BpemeHa Ha

*MBOT) npu [-pasnaga, CbWOTO 3a O-pa3nafa v AeNeHeTo Ha sapaTa; rpaHuLm



Ha cTabunHocT M T.H. - BbOOLE XapaKTepuctmknte Ha pagnoakTUBHUTE WU
ctabunHute Aa0pa. Cbc cbwmnTe 3agaum, B TeopeTndeH acnekTt, ce 3aHMMaBa

CbBpeMeHHaTa Teopuna Ha A4poTo.

Tpabea ga otbenexum, Ye ekcnepumeHTanHata sgpeHa duamka ce pasBu LOTOSKOBA,
Yye OCBEH 3a M3cnedBaHe Ha CTpykTypaTa Ha agparta, T Ccb3fage peavua metoau
(aopeHo-hn3nYHKN), KOUTO Ce Npunarat Beye B TBbpPAE MHOro obnactn Ha YoBellkaTa
JenHocT. Hakom ot Tax ca:

e AKTMBaLMOHEH aHanu3

e EdekT Ha Mbocbayep

e AHMXuMnaums Ha No3NTPOHU

e PeHTreHOBa CMEKTPOCKONMUSA C BMCOKA pasgenuTterniHa CnocoBOHOCT (PEeHTreHo-

doriyopecueHTeH aHanms)

e EnekTpoHHa cnekTpockonusi C BUCOKa pasgenuTenHa cnocobHocT

e MeToaa Ha 6enszaHnTe atomu

e PapguoxpoHorsioruna

e [laTupaHe c ¢

e Papgwnoekonorus n pagnoduonorus

Te ce usnonsyBat B MHOro ApyrM pasgenu Ha dwuaukaTta (TBbpAo THANO), XUMUS,
reonornsa, 6wuonorvs, MeauumHa, apxeonornd, MaTtepuanosHaHue, 4Ye [Jopu B
KpumunHanuctukata. Moe abnboko ybexaeHue e, ye c Te3n meToau TpsibBa ga ce

3aHMMmaBart umanumM ¢ Jobpa NoAroToBKa Mo ekcrnepyMeHTanHa sapeHa usmka.

EovH npumep B TOBa OTHOLWEHME Gelle pagnoakTMBHOTO 3aMbpcsiBaHe B pe3ynTtaTt Ha
aBapusta Ha YAEL| (koeTo e eanH paguoekonornyeH npobnem, yacteH criydam Ha
npobnema 3a onasBaHe Ha OKonHaTa cpepfa). M3scHsaBaHeTO Ha pagwnaumoHHaTa
obcTaHoBKa M3UCKBaLLE npunaraHeTO B CbKpaTeHW CPOKOBE Ha ToTarlHa sAapeHa
cnektpockonus (0, B, ¥) B naGopaTtopunte Ha kaTegpa ATomHa duanka. Owe B

NbpBUTE OHU Bsxa:

e VoeHTunumMpaHn paguoHyKnuauTe U CbOoTHOWweHuATa mexay Tax ("Oyketa" Ha
3amMbpcABaHETO) W MOBBbPXHOCTHATa MABLTHOCT Ha  3ambpcaABaHeTo (Y-

CI'IeKTpOCKOI'IMFI).



e belwe oueHeHa kamnaHuaTa (2,5 - 3 roanHn) Ha aBapupanusa peakTop.
90
e bBsixa oueHeHU uncTUTe BeTa-nanbusartenu, Hanpumep - Sr (B-cnekrpockonus).

e baxa oTkputn 1M macnegBaHn "ropewmTte 4vactmuyun". bewe gokasaHo, Yye ToBa €
pasnpalleHo [0 aepo3osiHu pasmepu ropmso UO, (o, [, Y-cnektpockonus,

peHTreHodnyopecLUeHTEH aHannsa, aBTopaguorpadus).

e Ypes O-cnekTpockonusaTa bsxa naeHTMduLMpaH TpaHCypaHn B ropeLumTe Yactuum

nonpenerneHo CbOTHOWEHNETO UM C Apyrute pagnoHyKInan.

e bsAxa oTKpUTU ropeLLm YacTULUM CbC CTPaHEeH paguoHYKNNAEH CbCTaB.

O6unmeTo Ha ekcnepuMeHTanHu AaHHM NO3BONKM Aa Ce OLUEHN "OUCTaHLUMOHHO" HE camMO

TNa Ha AgpeHata aBapud, HO JOpU U TeMnepaTtypaTta Ha pa3pylwleHaTta akTuBHa 30Ha.



NOoPAABK HA BEMYNHUTE B AOPEHATA ®U3UKA. EHEPTUA HA BPDB3KA.
®OPMYJIA HA BAWU3EKEP. OBLJA XAPAKTEPUCTUKA HA TUNOBETE
PA3MNAAL. TPAHULUN HA CTABUITHOCT.

. AOPATA KATO CUJITHO CBbP3AHA CUCTEMA OT HYKITOHU

y 2 2
EHeprunTe Ha nokon Ha cBOBOAHMN MPOTOH M HeyTpoH ca Mpc™ = 938,3 MeV n Mc™ =

939,5 MeV, 3a enekTpoH: mec> = 0,511 MeV.

3a BCSIKO 94p0 C MacoBo 4Yucno A n atomeH Homep Z:
M(A,Z) < ZM, + (A - Z)Mp,
< HYKIeocuHTe3
T.€. MacaTa Ha a4pOTO KaTo CBbp3aHa cucTeMa e no-marika OT cymarta Ha MacuTe Ha
cBOOOOHUTE HYKINOHK, KOUTO ro obpasyBaT. HyknoHnTe B 94pOTO Ca CBbP3aHU C SapeHN
cvnu (CUNHO B3aMMOAEWNCTBUE), KaTO SAPEHUTE CUNK ca 3apsLOHE3aBUCUMN.

BbBexgame noHATUETO eHeprusa Ha cCBbp3BaHe AW kaTo:

M(A,Z)c® = ZMoC® + (A - Z)MnG” - AW(A,Z)

CneundmyHaTa eHeprusi Ha Bpb3Ka € = AW/A (eHeprusi Ha Bpb3ka Ha €AWH HYKITOH) e

dYHKUMS HAa MacoBOTO 4ncno A.

€ [MCV] o [ o—
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®ur. 1. CneundunyHa eHeprna Ha Bpb3Ka B 3aBMCUMOCT OT MacoBOTO YMUCIIO.



3a 60oNWMHCTBOTO M3BECTHU sgpa (C M3KNYeHne Ha Haun-nekute) € = 8 MeV. Han-
NNbTHO onakoBaHW ca gagpata ¢ A = 55 (Fe). 3abenexerte, 4ye oTHOCUTENHaTa
(cneundmyHaTa) eHeprusa Ha Bpb3ka € okorno 1% OT eHeprusTa Ha Nokou Ha cBoBoaHNS

HYKIOH, T.e. HyknoHute "oneksaTt" ¢ 1% B a4poOTO.

Il. KAIKOB MOJOEN HA AAPOTO. ®OPMYJIA HA BAUL3EKEP.

MCTOpMHeCKI/I nbpBUA 4AapeH mMogen ce 6asl/|pa Ha pas3rmexgaHeTto Ha A4pOoTO KaTo
Kanka HYKIIOHHa TeY4HOCT. EHepI'VIFlTa Ha Bpb3kKa B TO3M MoAOes1 Cce OaBa C

nonyemnupuyHata cpopmyna Ha Banuysekep:

2 ) 2
Z (A-27)" 5

AW(A,Z) = ags A-apes A°- -5~ Bom 4 A%

206 = 15,6 MeV ; anos = 17,2 MeV ; a, = 0,7 MeV ; acym = 22,5 MeV ; 8 = 34 MeV
1. MbpBUA YNeH e JOBOMHO OYEBUAEH M [aBa 06eMHaTa eHeprus Ha CBbp3BaHe:
Exs~A~V~R*: R-A"™ : R=rA" : 1;=1,3.10"cm ; R;; =108 cm

|-|pl/l npeanonoXeHue, 4e AgpeHnTe CUiM ce Hacullat, BCEeKU HYKIOH B3aMModencTea ¢

Han-6NM3kMTe cn cbceamn (ako B3aMMOAEWCTBMETO € BCEKM C BCEKWU, 3aBUCUMOCTTA €

. 2
MHOrO Mo-cunHa ot nNuHenHata - W ~ A”) - aapeHaTa Te4YHOCT € HecBMBaeMa.

2. Bropus uneH oTuMTa HanNUYMEToO Ha sApPeHa NOBBPXHOCT - HYKNOHUTE Ha
NOBBbPXHOCTTA B3aMMOAENCTBAT CaMO C BbTPELUHM HYKMOHW. HanuumeTo Ha sapeHa
NMOBBLPXHOCT HamansBa (3Hak "-") eHeprnata Ha Bpb3ka B CpaBHeHWe C GeskpariHa

AapeHa matepus.
2/3

2

EnOB~S~R ~A
3. TpeTuss uneH OTYMTa KYNOHOBUTE CUNM Ha OTONbCKBaAHE MexXdy MNPOTOHUTE.
KynoHoBOTO OTOGMbCKBaHe CbLLO HamansiBa eHeprusta Ha Bpb3ka (3Hak "-"). [pwu
ycrnoswue, 4ye 4p0OTO € paBHOMEPHO 3apefeHa Kanka:

2 2
EK—% (ze)” z

R



4. BoBeXOaHeTO Ha YeTBBLPTUA USleH Beye He e o4eBuaHO. Ypes Hero ce oTyuTa
dakTa, Ye agpata ca Ham-cTabunHu, korato O6pos Ha NPOTOHUTE € NPUGNN3UTENHO
paBeH Ha 6pos Ha HeyTpoHMTe. AKO MPOTOHUTE M HEYTPOHUTE ce pasrnexgaTt KaTo
N3ocnMHOB AyOneT, ce nokasea, Ye siapa C Han-HUCBHK U3OCMMH ca Han-ctabunHu, T.e.

pasnukarta |N - Z| € Han-marnka.

(N-2)
A

ECVIM ~

5. MocnegHus uneH O € CbBCEM HEOYEBMAEH B KanKoBMS MOAen. Upes Hero ce

oTynTa ecpeKTa Ha caBosABaHe Ha eAHAaKBUTE HYKITOHN B d0paTa, NMpn KOeTo:

[ +]|8| 3aueTHo-ueTHM sgpa,
5= 0 3a HeveTHU aapa (YETHO-HEYETHN N HEYETHO-YETHN)
| -18| 3aHeuyeTHo-HeueTHM sgpa

dopmynaTta Ha Banusekep onucBa pocta gobpe eHeprusTa Ha Bpb3ka KakTo Ha
cTabunHuTe, Taka U Ha paguoakTuBHuTe aapa. CUCTEMHU OTKIIOHEHWA ce noryyasat
CaMO OKOS10 MarmyeckuTte yucra (KoeTo e B cpepaTa Ha AeNCcTBME Ha ClOoUCTUS Mogen)

- 3aMbJIHEHN HYKMOHHW CroeBe.
MacaTa Ha SApoTO B eHepreTUyHU eauHULMN €:

M(A,Z)c?=[ZM, + (A - Z)M,]- AW(A,Z) =
72 (A-22)2_

2/3 -3/4
=[ZMp+(A'Z)Mn]'a06A+anOBA +aKF+aCMM A 6A
CtrabunHuTte (M3BeCTHM) Agpa ca:
A Z N yumcno sgpa
YyeTHo YeTHO YeTHO 167
He4YyeTHo HEe4yeTHOo YeTHO 55
HeYyeTHo YeTHO HEeYyeTHOo 53
YyeTHo HEeYyeTHOo HEeYyeTHO 4
2 .1 14
MocnegHute 4 agpa ca: “1H ; 63,L| X osB ;7N



lll. TUNOBE PA3MNAA. TPAHULIXA HA CTABUITHOCT.

1. KapTa Ha nsotonute

I'Ipe,u,rlonara ce, Ye 3HaeTe KakBo e Ol-, B-pasnap,, CNOHTaHHO AerneHe N n3rnb4dBaHe Ha

Y-kBaHTW (obwa npeacrasa). Becuukn Hyknvau, cTtabunHuM n paguvoakTUBHK, ce

npencraBaT kKaTto Toyku B egHa (Z,N) anarpama:
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®ur.2. KapTta Ha paguoHyknnguTte.
Z = const - nsotonn; N = const - n3otoHn; A = const - n3obapmu

CtabunHute Hyknuam obpasyBaT T.H. IMHMA Ha cTabunHocT (6eTa). EnemeHTtuTe (Z =
const) nmMaT NOHSIKOra HAKOMKO CTabunHu uzotona. HAKOM enemMeHTV HaMaT cTabunHu

nsotonu - Po, At, Rn n TpaHcypaHuTe.

Kora evH Hyknua e pagunoakTuBeH ?
KoraTo: M(A,Z) >XMppop.

B eHeprus: M(A,Z)c2 >2Mr,pc,ﬂc2



aKko nosflyyaBaHETO Ha MPOAYKTUTE He e 3abpaHeHO OT ApYrn 3akoHW Ha CbXpaHeHWe.
Mpu pagnMoakTUBHUS pasnag ce oTaens eHeprus Q (npupogata ce CTPEMU KbM Hail-

HUCKNUTE Bb3MOXHU eHepreTn4Hn C'bCTOFIHI/IFI)Z

M(A,Z)c? = ZMponC” + Q

- +
2. Bera-pasnapg - u3nbyBaHe OT sAApoTO Ha enektpoH (B7), nosutpoH (B7) wnw
- +
enektpoHeH 3axsaT (E.3.). Npu B—pasna,u,a Ce uU3nbyBa N Ve, a Npu [3 N eneKTpoHeH
3axBar - Ve. TO3M TN pasnag ce ObJ/DKM Ha Bb3MOXHUTE NPeBPbLLaHUS:
n— p+f+ve
+
p—>n+f +ve

p+te — n+Vg
Tesun npouecu ce KOHTponmpart oT cnaboTto B3anmogencTeme. OTHOLEHUATA:

CUJITHO . eNIeKTPOMarHuTHO . cnabo : rpaBUTaUMOHHO Ca

1 1072 - 10 . 1073°

Ycnosus 3a 6eTa-pasnap;
B :MAZ)>MAZ+1)+me+m,
B" M(AZ)>MAZ-1)+me+m,
E.3.:MA,Z)+mg>M(AZ-1)+m, (Hama P-yactuua)

MwvHaBame KbM Maca Ha aTtomMuTe, TbW KaTo B KpaHa CMeTKa B pes3yrnTtaTt nory4yasame

HeyTparnHun atoMu:

Mar(A,Z) = M(A,Z) + Zme

Honyckame, 4e m, = m, = 0 n npeHebpersame eHepruaTa Ha Bpb3ka 3a aTOMHUTE
€nNeKTPOHMU:

B i Mar(AZ) > Mar(AZ + 1)

B"  : Mar(A,Z) > Mar(AZ - 1) + 2mg

E.3.: Mar(A,Z) > Mar(A,Z - 1)



Ako ycrosueTo 3a |3+ pa3nag e usnbfHeHo, To ycnosueTto 3a E.3. e BApHO BuHarw.
EHepruata Ha B-pasnap, (oToensiHa) e nonoxuTesnHa:

Ep. = Mar(AZ) - Mar(AZ + 1)]c?

Ep+ = Mar(AZ) - Mar(A Z - 1)]c” - 2mec?

Eea = [Mar(A.Z) - Mar(A,Z - 1)]c?
XapakTepHu ocob6eHoCTH:

al. EHepruata Ha [3-pasnagpa ce onpedens OT macuTe (€HeprMsi Ha MOKOW) Ha

HavyanHOTO M KpanHOTO Agpa.

6/. Mpwn B-pasnaga B KpalHO CbCTOSHME UMaMe 3 YacTULM - AAPO, ﬁ (nnn [3+) N Ve (3
YacTUYKOBa KMHEMaTuka), nopagn ToBa pasnpedernieHnsita no eHeprum 1 uMnysncu ca
HenpeKbCHaTH - HenpekbeHaT B-crnekTbp (TOBa, Ye He BuXKOaMe CrekTbpa Ha Ve He
npomeHst Hewara). [paHMYHaTa (MakcuManHaTa) eHeprua Ha [3-cnekTbpa CbOTBETCTBA
Ha eHeprudata Ha pasnag. MskniodeHune - npu enektpoHeH 3axeat (E.3.) ce manbuBaTt

MOHOEHEPIreTUYHU Ve.

B/. [Mpoueca Ha B-pasnaua ce KOHTponupa oT cnaboTo B3anmoaencTeue.

) -2
XapakTepHu BpeMeHa (3aBUCAT OT eHeprusita u 3abpanaTta): T2 — o1 10~ s go
2.’IO15 roauvHu

EHeprum Ha P-pasnan: Emax — ot 18 keV (34H) o 16,6 MeV (*%N)
rl. Mpu B-pasnaga A = const , T.e. nony4asaT ce n3obapu.

al. B+ pa3naga u E.3. ca koHkypupawum ce npouecu, kato E.3. e eHepreTnyeckn no-

+
narogeH - moxe ga umame E.3., Ho P’ pasnaga pa e 3abpaHeH. Ako umame

eneKTpoHeH 3axBaT A0 OCHOBHO CbCTOSIHUE, TOW Ce perncTpmpa camo rno peHTreHoBOTO

n3nbyBaHe (HEYTPMHOTO He ce BKaa).

e/. Nama-KBaHTKN - npu B-pasna,qa 4eCTO AOblepHOTO AApO Ce TnoJjiydaBa BbB

Bb30yaeHO cbCcTosiHMe. Toraea:

Ep.* = [M(A,Z) - MA,Z + 1)]c%,



cnep KoeTo:
M*(A,Z + 1)c® > M(A,Z + 1)c® + E,
EB-* = EB-OCH _ Ey

m
*

EOCH.
E, P
\ 4

Ou4eBnaHO e, Ye eHeprusita Ha Y-KBaHTUTe (creq B-pasnaq) € no-marnka oT eHeprusita
Ha [B-npexoga oT OCHOBHO A0 OCHOBHO CbCTOsIHME. CxemuTe Ha pasnag (cuctema oT
Bb30OyaeHM CbCTOsIHMSA) MoraT Aa 6baat MHOrO CIIOXHW.

EHepreTnyeH guanasoH: Ey — o1 10 keV po 5 MeV

Tpabea fa ce otbenexu, Ye Ey Ha Bb3byAeHOTO CbCTosiHME TpsibBa Aa e no-Manko ot

€HeprmdaTa Ha Bpb3Ka Ha OTAeSIHUTEe HYKINOHU B AAPOTO. B NMPOTUBEH CJ'Iy‘-IaIZ AO0pPOTO
BbB B'b36y,D,eHO CbCTOsIHNE € HECTAabUITHO OTHOCHO M3NMTbYBaHE Ha HEeYTPOH Ui NPOTOH.

Fama-npexoguTe B sapaTa ce KOHTponvpaT OT eNekTpoMarHMTHOTO B3aMOLEeNCTBME.

XapakTepHu BpeMeHa Ha XMBOT Ha Bb3byaeHUTe SAPEeHWN CbCTOsIHMA (3aBUCAT OT

-16 6
eHeprusaTa, Tuna n myntunonHoctTa): oT 10~ s go 3.10° roguHu (M3omepn)
A. EHeprusa Ha B-pasnap,a M eHeprusa Ha Bpb3kKa

EHepruata Ha [3-pasnaga Moxe Aa ce M3pasv upes pasnukata Mexay eHeprumte Ha

Bpb3Ka Ha HA4arHOTO M KpanHOTO sapa:
Ep = [M(A.Z) - M(A,Z + 1) - me]c” = (M, - M, - Mg)c” + AW(A,Z + 1) - AW(A,Z)

00 aANTUBHU KOHCTaHTW. Macata Ha fagpata B eHepreTMyHu eauHuumn ce gasa C

dopmynarta Ha Banusekep.

Kaptata Ha wmusotonute (Z,N) moxe ga ce npeBbpHe B 3-MepHa Amarpama, ako ce
pobasun koopanHatata M : M (Z,N). B Te3n koopgmHatn cdopmyrnata Ha Bawnusekep

onpeaenda eaHa NnoBbpxHUHa



Ma(A.Z)C% = [ZM, + (A - Z)My]c” - AW(A,Z)

Tasn noBbpxHMHA uMa MuHuUMym ("gon"), 4MsaTo npoekumss B paBHuMHaTa (Z,N)
npeacTtasnsaBa nuHusaTa Ha B-ctabunHoct. [a uscneasame Tasv NoBbpXHUHA nNpu A =

const

al. A = const (HequTO) - HEeYeHTO-4YEeTHU N YEeTHO-HEeYEeTHU dAfpa. CeyeHneTo Ha

NOBbpPXHMHATa C paBHMHaTa A = const:

Mﬂﬂ. A

A = const
(HeveTH.)

B+

Zo-3 Zg2  Zo-1 Zo Zotl Zgt2

®ur.3. NMapabona Ha n3obapute 3a HeyeTHO A.

CeyeHuneHo UMa BUA Ha napabona - egHa, Tbii kato O - uneHa = 0 Mo napabonata ca

pasnonoxeHu nsobapure c A = const

3a A HeyeTHO OBMKHOBEHO MMame eanH cTabuneH Hyknng ¢ Zg. Hyknnaute cbe Z # Zy

ca [3-HecTabunHu 1 ¢ NnocneaoBaTenHM pasnaam cTurat 4o ALHOTO Ha napa6onata Zg.
6/. A = const (4eTHO) - PyHKLMSATA € [ABYy3HauHa ,kaTo O - UneHa:

[+ & - yeTHO-YeTHM
d=1

l -9 -_He‘-leTHO-He‘-IeTHM

Mpexoaun Z = const ca 3abpaHeHn



A
Mg, A = const (4eTH.)

Z HEYeTH.

Zod  Zo2 7z, Zo*2

®ur.4. NMapabonu Ha nsobapute 3a YeTHo A.

Kato npaBuIio cTabunHm ca YeTHO-YeTHUTE |/|306ap|/|.

Moxe 3a gpageHo A = const (4eTHO) 4a MMa HSAKONKO CTabunHu nsobapu Zg - 2, Z,

Zo + 2. [lpemnHaBaHeTo OT Zg - 2 B Zg MOXe [a CTaHe C ABOEH B-pasnap,, HO npoLeca

e KpaVlHO Maliko BEPOATEH (Beqe e HabnogaeaH eKcnepmmeHTanHo).

Buxaa ce, ye HeYeTHO-HeYeTHUTe |/|306ap|/| 4YecTo ca HecTabunHu cnp4amMo Tpute TUna

pasnaa - B, B* v ouwe noseue E.3.

Mpumep, C KOWTO LWe ce 3ano3HaeTe B naboparopudara:

152

e3EUgg (HH.)
E.3. 73%) / B 0.02%) P (27%)
152 152
62 SM go .Cd -
152

odur.5. Tunose B-pasnauaHe Ha T Eu.



Makap 1 MHOro psiako, ce criyyBa v Taka:

M

an.

202 Zo1 Zg Zotl Zg+2

®ur.6. Mapabonn Ha n3obapute 3a 4YeTHO A — BB3MOXHOCT 3a CblUeCTByBaHe Ha

cTabunHM HeYeTHO-HEYETHN aapa.
MapabonuTte ca MHoro "tecHun". N3BecTHM ca camo 4 cTabunHn HeYEeTHO-HEYETHU aapa.
B. AHanuTnyeH BUA Ha NMHUATA Ha cTabuNHoCT

Hamunpame npounssogHata no Z Ha AW(A,Z) npu A = const:

SAW (A,Z : z
6(2 )=-aKA”322+4aCV,M-aC,,,M8T=O
S A A
" a 23 . 2/3
A a5 0,015 A%+ 2
2aCl/lM

dopmynaTa no3sonsBa onpeaenaHeTo Ha Z Ha Han-ctabunHua nobap npu gageHo A
= const. Tps6ea na ce oT6enexu, ye BbpXy [-CTaBGUNHOCTTA HaN-CUMHO BIUSAAT
yrieHoBseTe, otynTawm (N,Z)-cumetpuata n KkynoHosaTa eHeprus. Camo 3a Ham-nekute

anpa ycnosueTo 3a B-ctabunHoct e N = Z (Z = A/2). 3a no-TexkuTe sapa cTaburHm ca
Te3N C USNULILK Ha HeyTpoHWU. 3a kpas Ha nuHuaTa Ha [-ctabunHoct NIZ = 154/96 =

1,6 (A = 250). MNpun ronemn OTKNOHEHMSA OT NMHMATA Ha B-CTa6mnHoc;T mMoraT ga ce

HabniogaBaT HEYTPOHHA (32 HEYTPOHHO-USNULIHWTE HYKNMAW) U NPOTOHHA (3a



HEeYTPOHHO-AEPULIMTHUTE HYKNMUAWN) akTUBHOCT - korato B, = 0 unu B, = 0, Te.

eHeprnaTa Ha Bpb3Ka Ha HeyTpOHa U NPOTOHa CTaHe Hyna.
3. Andpa-pasnapg

Kon npouec orpaHn4aBsa MacoBOTO YWUCIIO A B KapTaTta Ha nsotonnte? 3allo HAMa

cTtadbunHu nsotonu ¢ A = 5007

Eovn ot npouecute e anda-pasnaga - nanbyBaHe OT sapaTa Ha O-4actuun. Anda-

yacTvuaTa € CUNHO CBbp3aHa cucTema OT 2 NpPoToHa U 2 HeYTPOoHa - AP0 Ha 42He2.
EHepruaTa Ha Bpb3ka W(2,4) = 7,3 MeV Ha HykroH (no popmynaTa Ha Bawnusekep) - B

y o 12
AencteutenHoct - 7,1 MeV (MyxuH). Anda-4actnyHnte sapa ca Hanu-ctabunHu - “Cs;

16 ~ .20
80s; ~ 10Ne1o.
A. YcnosBue 3a O-pa3napg

EHepreTuyHo:

M(A,Z) > M(A - 4, Z - 2) + M(*,He)

EHeprusaTa, otoensiHa npu O-pasnaja:

Ey = [M(A,Z) - M(A - 4, Z - 2) - M(*;He)]c?

EHeprusita Ha O-pasnaga ce pasnpedens Kato KMHEeTUYHa eHeprus Ha Ol-4yactuuuTe
(Te) v obwepHoTo aapo (Tg). OT 3akoHa 3a 3anassBaHe Ha eHepruaTa: Eq = Ty + Ta u
3aKkoHa 3a 3anasBaHe Ha uMmnynca: |Pa| = |P,| , oTkbaeTO TalTy = M/M, T,/Ty =

0,02, b1 kaTo Mg >> M, npakTuyeckn Ty = E,.

B. OueHka Ha eHepruuTe E,

3Haem, ye:
M(A,Z) = [ZM,, + (A - Z)Mn]c2 - AW(A,Z)

TOraBa.

Eo = [M(A,Z) - M(A-4, Z-2) - M(*,He)Ic? = - AW(A,Z) + AW(A-4, Z-2) + AW(*,He)



MpecmeTHaTo no Banusekep 3a:

#%298Cf154 — 2*°96Cmysz + “2He (T12=2,6 @)
AW(252,98) = 1901 MeV ; € = 7,54 MeV/HyKNOH ;
AW(248,96) = 1879 MeV ; € = 7,58 MeV/HyKNOH ;
AW(4,2) = 29,3 MeV ; € = 7,33 MeV/HyknoH
E,=-1901 + 1879 + 29,3 = 7,3 MeV

T,=E,—228 _-72Mev
248 +4

B. AHanuabT nokassa, ye 3a Z > 73 (Ta); A> 181 (Z = 73 no B-ctabunHocT); eHeprusaTa
E, > 0, HO O-pa3snaga ce nposiBaBa cunHo cneg Z = 82 (Pb); A = 207, 3awoTo npu O-

pasnaga oO-4acTMuata TpsGBa [Jda npeogoriee MNOCPEACTBOM TyHeneH edekT

3HaunUTENeH KyrnoHOBCKM Gapwuep.

Zpsl

a
V= =E 55" [MeV]

o
3a pasnaga 25293Cf - 248%Cm Vi =30 MeV

EHepruuTe npu O-pasnaga ca B rpaHuuute: 4 MeV < Eg < 9 MeV

NepnoauTe Ha nonypasnag no O ca B rpaHULMTE: 10'7 s <Tqz < 1010 roanHu

Manko n3ameHeHue (noBuLaBaHe) Ha eHeprusita E, BoouM A0 ronsiMo HapacTBaHe Ha
npo3payHocTTa Ha ©Oapuepa M cCunNHO HamansiBaHe Ha Tq2 (HapacTBaHe Ha

BEpPOATHOCTTa 3a Ol-pasnap). Bpb3kaTta Ha Tq2 ¢ Ey € no3HaTa kaTo 3akoH Ha [anrep-

HeTbn owe OoT Ha4YanoTo Ha MUHaNUs Bek.

MmeHHO Ol-pasnaga orpaHudyaBa HapacTBaHeTO Ha A (OJ'IOBOTO Pb e nocnegHus

38
92U He ce cpelwlaT ectecTBeHu

efieMeHT, KOMTO nma O-ctabunumn mnsotonu). Cnen 2
eremMeHTu, nopagm Kbcute nepuoam Ha nosiypasnagaHe no Ol-pasnag. TpaHcypaHuTe

Ca CMHTEe3npaHn N3KYCTBEHO N KaTO NpaBuIo ca Ol-aKTUBHW.



YecTo npu O-pasnaga ce nonyYyaBa AblUEPHO SOPO BbB Bb3OYOAeHO CbLCTOsIHME,
KOeTO ce paspexza 4pe3 u3nbuBaHe Ha Y-kBaHTW. [Mpu ToBa ce HabniogaBa uHa

CTPYKTYpa Ha O-NUHUATA (HAKOMNKO Ol-npexoaa).
4. CnoHTaHHO geneHe

TeXKUTE eNeMeHTM Mo NUHUATa Ha [3-cTaBunHOCT ocBeH OT (l-pasnaf, ca 3acTpalleHu

M OT Apyr TWN pasnad. AgpaTa camMonpoM3BOSIHO ce pasnagaT Ha aBa (HepaBHM)

cbparmeHTa, KOUTO CbOTBETCTBAT Ha AApa OT cpedarta Ha nepumognyHata CUctema.

Heka o3Haumm dpparmeHTuTe Ha naxoaHoto aapo (A,Z) ¢ (An,Zn) v (Ag,Zy), KaTo:

A=An+ Ay Z=Zy+Z
A. EHepreTnyHo ycrnoBue 3a CNoOHTaHHO aernene
OTHoBo: M(A,Z) > M(An,Z5) + M(Ar,Z5)
EHeprusita, otaeneHa npu CNOHTAHHOTO AereHe e:

Est = [M(A,Z) - M(An,Z5) - M(ArZ7)]c”
KoraTto Ess> 0, MOXe aa ce HabnogaBa CNOHTAHHO AeneHe.
B. OueHKa Ha eHeprusaTa, oTAensiHa Npu geneHe Ha sgpaTa.
OTHoOBO: Esf = - AW(A,Z) + AW(Ap,Zy) + AW(AL,Z7)
N3BecTHO e, 4ye 252980f154 ce oenu Ha aBa bparMeHTa, KaTo:

An/A;=0,8 =112/140 ; Z,/Z; = 0,8 = 44/54

1

112 40
T.€., Nony4yasaT ce nsotonute (NpnbnuanTenHo) 44Run " 54Xe

Mo dopmynaTa Ha Bawnusekep:
AW(**%95Cf) = 1901 MeV ; & = 7,54 MeV/HykrnoH

AW(?44Ru) = 951 MeV ; & = 8,49 MeV/HykroH

140

AW( "54Xe) = 1163 MeV ; &= 8,31 MeV/HyknoH



Esf = -1901 + 951 + 1163 = 213 MeV - TOBa € KonocanHa eHeprusi! B MomeHTa Ha
AENEeHeTO ce M3NbyBaT OKOMO 4 HeyTpoHa (MUrHOBEHM), KOUMTO OoTHacAaT 4 x 7,54 = 30
MeV. ToraBa Egf = 183 MeV, koATO ce pasnpenensa Kato KMHETUYHA €EHeprust Ha

dparmeHtTuTe. EaHa npocta dopmMyna 3a cpegHata KMHETMYHa eHeprusi Ha

dbparmeHTuTe (B MeV) e:

KOATO BKIIOYBA U3BECTHUS KYNOHOB (pakTop OT dpopmynarta Ha Banusekep. 1o Hea Eg¢

=184 MeV.

Esf = Exn + Exr OT ycnosueto 3a nmnyncute P, = Py . Cnegea, yve:

m

M M
K.J'I.=_T;E..=—TEf
cr. My UMM R

m

Exn =102 MeV ; Ex; = 82 MeV
B. NpaHuum Ha ctabunHoOCT No geneHe

AHanun3bT Ha popmynaTa Ha Banusekep nokasea, 4ye Egs > 0, korato:

22

a —
We A A Z' 716 2o
Wos anoeA2/3 Anos A ’ A

Z2A - napamMmeTbp Ha AerneHe.

NHTepecHo e, Ye ToBa ycrioBue € U3nbJIHEHO 3a Hyknuagu ¢ A > 99, Z > 39, Hanpumep

89
39Y, HO CbC 3abenexvmMa BEepOATHOCT CMOHTaAHHO AerneHe ce Habnogasa easa npu

238 ;
92U:

32 238,U : Z2IA = 35,6 ; Tyjst = 8.10"° 1; Tyjp = 4.10° 1.

3a 25298Cfi 22/A =38 ; T1/2sf =85,5r. ; T1/2a =26T.

Kato npaBuno, BepodATHOCTTa 3a O-pas3nag e no-rondMa oOT BepOATHOCTTa 3a

CNOHTAHHO AeNleHe 3a €AMH U Cbll HYKNna. Hewarta ce obsicHsBaT Cc TOBa, 4e



cbulecTByBa OGapuep Ha peneHe (aHanorMyHo Ha O-pasnaga), YMaTo NpPo3padHoCT

2
HapacTBa CUITHO C yBeNnuyaBaHe Ha napameTtbpa Z°/A. AbGconiTHaTa rpaHuiua Ha

CcTabunNHOCT Mo AereHe ce Aasa oOT:

Z2IA = 49, korato 2W g - W, = 0

XunotetnyHo agpo: A = 380 ; Z = 136 ; Z%IA = 49 - TpabBa ga Tbpnu geneHe 3a

XapaKTepUCTUYHO (S4pEHO0) BpeMe 10%%s.

252

I'. KakBo cTtaBa ¢ chparmeHTuTe - 3a ~  Cf:

3a "2,4Ru : npu nsoBapun A = 112 ; no Z = A/(0,015A%3+2), Z = 48

4xf

112
44RU EE—

11248Cd

3a 0%, Xe: A=140: B-cTabuneH - Z = 58

4xp

140
54Xe ——

140
58Ce

Mpoayktute Ha geneHe ca rpynupanu okono A; = 140 n A = 110, cbabpKaT U3NUWHLK
Ha HeyTpoHM U ca [-pagmoakTMBHM — MpeTbpnsBaT cpeaHo 4 pasnaga AoKaTo

[OCTUTHAT NHKATa Ha [3-cTabunHocT.



