EKCNMEPUMEHTANHA AOPEHA ®U3UKA
OCOBEHOCTU HA EKCNMEPUMEHTAJTHATA PABOTA B AOPEHATA ®U3UKA

Jlntepartypa

1. KIM.MyxuH, "EkcnepumeHTanbHas saepHas dpusumka",T. | "®usmnka atomHoro sgpa”

(kypc, yeteH MUDW), ATommnsgat, 1983 r.

2. Tonbid 1 3antboBckun, "AaepHaa cnektpockonus", nsg. XapkoBCKUM YHUBEPCUTET,
1980 .

3. Abpamos, KasaHckun, MaTtycesundy, "OCHOBbI 3KCNEepUMEHTarnbHbIX METOA0B SO4EPHOWN
dusukn”, (kypc MNOU), Atomnsaar, 1977 r.

4. Muxannos, KpadT, "AaepHas cdounsuka", nsg. JIry, 1988 .

5. NannaeBcknin, "MeToabl AETEKTUPOBAHNA N3Ny4YyeHnin", AHeproatommagar, 1987 r.

3a no-noapo6Ho 3ano3HaBaHe ¢ BbMPOCUTE:

1. "Anbpa- Geta- n ramma-cnektpockonus”, nog pen. Ha Kanm 3urban (npesog oOT

aHrnunnckn) B 4 Toma, Atommsaat, 1969 r.

2. Cepus oT 4 Toma nop pea. Ha JTiok KOaH n By Li3aH-ctoH, n3g. NH.nnt., 1962 - 1965 .
(npeBoa OT @HrMUNCKN)

"MpuHUMNBLI U METOAbI perucTpauumn afieMeHTapHbIx Yactmy”

"MeToabl U3MepEHNS OCHOBHbLIX BENMUYUH aaepHON nsnkn'”

"amepeHne xapakTepuUCTUK SAepHbIX peakumn 1 nyyYkos Yactumy"

"MeToabl onpeneneHns OCHOBHLIX XapakKTEPUCTUK aTOMHbIX S4Ep U 3NeMEHTapHbIX

yactuy"

3. "OkcnepumeHTanbHas sgepHasa guamka", nog pea. Ha 3.Cerpe, |, I, 1l Tom, n3g.
WH.nuT., 1955

Bbpxy nouTVM BCUYKM BBMPOCK, KOMTO LUE pasrnexpgame B TO3M Kypc, MMa HanvcaHu
MOHOrpadun, MOHSIKOra W HsIKOMKo. Jluncata Ha BpeMe LWe HU npuHyau Aa
pasrnexaame BbMpoCUTE Marko KOHCMNEKTMBHO, a 3a MogpOGHOCTU e ce oTHacaTe

KbM CbOTBETHATA nutepartypa.



Pabotata ¢ nutepartypata (MoOHOrpacum, CNpaBOYMHULKM, HAyYHW CNMCaHUSA,
pedepaTMBHN XypHanu) € eguH OT HeobGxoaumuTe, HO He M AOCTaTbYHW eTanu oT
BCAKO CbBPEMEHHO Hay4yHO (@ M MpaKTU4Yecko) macrnegBaHe, KOMTO HalW-MarnkoTo BU
n3baBss OT onacHocTTa ga wu3obpeTtute Benocunega. ToBa ce OTHaAcA KakTo 3a
eKcrnepuMeHTanHnTe, Taka M 3a TeopeTUYHUTE uacnenBaHusi. Bbnpekn ye Bceku
E€KCMEPUMEHT € pasnuyeH oT apyrnsa (npupogata e 6oraTta), OCBEH akO He CMme cu

NOCTaBUNM 3a Len TOYHOTO NoBTapsiHe Ha AageH (M3BECTEH) eKCNEPUMEHT.
1. C KakBO e npuBneKaTesiHa eKcnepuMmeHTanHara pabora

BposT Ha TeopuuTe, HeusgbpXKanu ekcnepumMeHTanHaTa NpoBepKa, € MHOro No-rofsm
OT UCTUHHMTE Teopun. Pona Ha pewaBawma ekcnepumeHT! Bbobuie pasButveto Ha
YOBELLKOTO MO3HAHME Ce OCbLLUECTBABA 4Ype3 TACHO B3aMMOAEWCTBME HaA Teopusi 1
ekcnepumeHT. Te He ce passumBaT abcontoTHO eaHoBpeMeHHo. Mima Goratn Teopuw,
KOUTO npegnarat HOBW EKCMEPUMMEHTM 3a NpoBepka. ViMa u GoraTm eKcnepuMeHTH,
KOUTO ABMXKaT TEOPEeTUYECKOTO no3HaHme. CTpyBa MU ce, Ye NONOXEHNETO B siApeHaTa
du13mka € TOYHO TakoBa. [loHacTosWEM CTpyKTypaTa 1 napameTpuTe Ha Bb30OyaeHuTe
CbCTOSIHMA Ha SagpaTa  eKCnepuMeHTanHO ca WM3yYeHu 3HauuTenHo no-gobpe,
OTKOMKOTO Te MoraT ga 6baaT npeackasaHM OT cera CblUecTByBawumTe s4peHu

mogenu (Teopus). o CbLLECTBO 3a cera BCe OLLe HAMa UCTUHCKa Teopus Ha 94poTo.
2. HenpuaTHOCTU B eKCnepMMeHTanHara pabora
M3unckea ckbna u cnoxHa anapartypa. bopba 3a goctasku n nspabortsaHe.

Bopba ¢ anapaTypaTa. ABapun 1 nogabpxaHe. PusnkbT-ekcnepumeHTaTop Tpsabea ga
e ybeneH, 4Ye msnonsyeBaHaTa anapaTtypa paboTu HopManHo. Tbi KaToO CbBpPEeMEHHUA
€KCMEPUMEHT HE MOXe a MUHe Be3 eneKkTPoHUKa, TO 3HaHUS MO AAPEHa enekKTPOHUKa
ca Xn3HeHo Heobxoaumn (ako He 3a nonpaeka Ha anapartypaTa, TO NOHe 3a TECTOBE U1
Aa moxe aa ce ybenm, 4ye e usnpaeHa). CbBpeMEHHUS A0pEeHO-(PU3NYEH EKCNEPUMEHT
nanckea paboTta C: pagnoakTUBHW U3TOYMHULM, LETEKTOpU, SOpeHa enekTpoHuKa,
BaKyyM, HUCKMU TemnepaTypu, MarHUTHW noneTa u T.H. AKO YoBek He e cnocobeH aa ce

CnpaBu C BCMYKO, TO Ce MpaBAT KONEKTUBU, HA NPUHLUMNA Ha pa3ferneHve Ha Tpyaa.

Aptedaktn: [lpu nonyvyaBaHe Ha HAKaKbB pe3yntar - edqekT, JMHUA U T.H.,

eKcnepmMmeHTaTopa € ANbXeH a NnpoBepUu N OTXBBPJIN BCUYKN Bb3MOXHOCTU ed)eKTa



4a ce Ob/KW Ha anapaTtyparta (TpyBuanHu anapatypHu edektu). Npumep: cnabu rama-
NVHUW, ObXalm ce Ha n3nutaHe. ToBa crnectsiBa MHOrO pasodapoBaHus (U KOHMY3W)

BMNocrneacTBue, koraTto uansaanara nyonvkaumns He MoXe Aa ce BbpHe Hasag.

EkcnepumeHTatopa e pAnbXeH [fga uMma peanHa npeactaBa  3a  TOYHOCTTa
(HeonpeaeneHocTTa) Ha MONyyYeHUss OT Hero pesynTaT. BbhnpocbT € He camo 3a
CTaTUCTMYECKUTE HEOonpeaernieHoCTN, YNETO OLEHsIBaHe e JOCTaTbyHO NecHo. Tpsibea
Aa ce vMaT npeaBug U CUCTEMATMYECKUTE TpeLLKn, KOUTO obadve ca 3HaYUTeriHO Mo-

TPyAHW 3a OLEeHABaHe. Kato npaBuio, TOYHOCTTa Ha pe3yntaTtuTte ce 3aBullaBa.

MpustTHa YepTa Ha ekcrnepuMMeHTanHaTa paboTa e, 4Ye [aBa Bb3MOXHOCT 3a

HernocpeacTBeH AONUP ¢ Npupoaara.

LlanoTto 3HaHue (1 nHdopmaums) 3a sagpeHaTa pmsnka 1 3a 94poTO ce nonyvasa ypes
OEeTeKTopUTe Ha SApPEeHM §NbYeHus, a TAXHOTO pJenctBne ce 6Oasvpa Ha
B3aMMOAEeNCTBUATA Ha AAPEHUTE NMbYEHUA C BelecTBOTO. 3aToBa Kypca e 6bae

NOCTPOEH No crneaHnda Ha4vYnH:

OBLA XAPAKTEPUCTUKA HA TUMNOBETE PASITAL
B3AVMOLEWMCTBWE HA MbYEHWETO C BELWECTBOTO
OETEKTOPU HA AOPEHO JTBMEHUE

METOON B EKCIMEPUMEHTAINTHATA AOPEHA ®UN3MKA
AOPEHA CIMEKTPOCKOINA

B kypca we ce 3aHMmaBame C agpeHata u3nMka Ha CPaBHUTENHO HUCKU EHEeprumu.
M3BecCTHO e, Yye cpegHaTa eHeprusa Ha Bpb3ka Ha eauH HYKIOH B 9apoTo e 8 MeV. lMo-
BMCOKUTE eHeprm ca obnactrta Ha dusnkata Ha agpeHuTe peakuuu, a no-HaTaTbk
cnefsa obnacTtTa Ha puamkaTa Ha efieMeHTapH1UTE YacTuum (M CBPbXBUCOKU EHEPIrnN).

3apauunTte, KOMTO Ce pelLaBaT B ekcrepvMeHTanHaTa sgpeHa gpumauka ca:

e W3cnegBaHe cTpykTypaTa Ha sgpoTo. ToBa BK/4YBa: ToTanHa o-, B-, y- U

KOHBEPCUOHHO-ENEKTPOHHA CNEKTPOCKOMNNA.

e OnpepensiHe Ha: eHepruu, CMMHOBE, YETHOCTM W BPEMEHA Ha XMBOT Ha
Bb30yAEHUTE CbCTOSIHUS Ha AOPOTO; €HEeprum M BeposTHOCTM (BpemMeHa Ha
)KMBOT) Npw B-pasnaja, CblLUOTO 3a a-pas3naja W AerleHeTo Ha sapata; rpaHuum

Ha CcTaburHOCT M T.H. - BbOOLWE XapaKTepuctmknte Ha paanoakTuBHUTE U



cTabunHute A0pa. Cbc cbwute 3agayn, B TeopeTn4eH acnekT, ce 3aHMMaBa

CbBpeMeHHaTa Teopusl Ha a4poTo.

TpsibBa ga otbenexunm, Ye ekcnepuMeHTanHaTa sapeHa usmka ce pasBu OOTONKOBA,

4Yye OCBEH 3a u3cnengpaHe Ha CTPYKTypaTa Ha dapaTta, T4 Cb3gade peanda metoau

(H,D,peHO-(bI/ISW-IHI/I), KOUTO Ce npunarat Be4ye B TBbpae MHOrro obnacTtu Ha YyoBelukaTa

JenHocTt. Hakoun ot Tax ca:

AnpeHa eHepreTuka

AKTUBaALVOHEH aHanmsa

EdexT Ha Mbocbayep

AHMXMNauusa Ha No3MTPOHU

PeHTreHoBa cCnekTpockonuMsi C BUCOKA pas3genuTenHa CnocoOHOCT (PEeHTreHo-
donyopecuUeHTEH aHanmns)

EnekTpoHHa CnekTpocKkonua ¢ BUCOKA pasaenuTenHa cnocobHOCT

MeTona Ha 6enssaHnuTe aTtomu

PagunoxpoHonorus

[aTtnpaHe c 14c

Paguoekonoruna n pagnobmonorus

Te ce usnonsyBaT B MHOro Apyrn pasgenu Ha dusvkata (TBbpAo TANO), XUMUS,

reonorusi, 6uonorusi, MeauUMHa, apxeoJsjiormd, wmartepuarno3HaHune, 4e [Oopun B

KpumumHanuctukata. Moe abnboko ybexpeHune e, ye c Te3n metoam TpsibBa ga ce

3aHMMaBaT pm3num ¢ 4obpa noaroToBKa Mo ekcrnepMMeHTanHa sigpeHa pusuka.

EavH npumep B ToBa OTHOLWIEHWE Gelle pagvoakTUBHOTO 3aMbpcsiBaHe B pe3ynTaT Ha

aBapuata Ha YAELl (koeTo e eauH paguoekonorndyeH npobnem, yacteH criydyam Ha

npobnema 3a onasBaHe Ha oOkonHaTa cpena). M3dacHaBaHeToO Ha paavauMoHHaTa

obcTaHOBKa M3UCKBalLe MpunaraHeTo B CbKpaTeHM CPOKOBE Ha TOTanHa SAApeHa

cnektpockonusa (o, B, y) B nabopatopuute Ha kaTegpa AToMHa dwmsmka. Owe B

NbpBUTE OHWN Bsixa:

e MaoeHTnpnumpaHm paguvoHyKNMAUTE M CbOTHOWeEHuATa mexagy Tax ("Oyketa" Ha

3aMbpcsiBAHETO) W MOBbPXHOCTHATa MABLTHOCT Ha  3ambpcsiBaHeTo  (y-

CneKTpocKonus).



e bele oueHeHa kamnaHusaTa (2,5 - 3 roanHn) Ha aBapupanus peakrtop.
90
o bsaxa oueHeHn unctute beta-nsnbyusatenu, Hanpumep - Sr (B-CNEeKTPOCKONUS).

e bsxa oTkpuTu U mscnegBaHu "ropewmte yYactuumn". belwe gokasaHo, Ye ToBa e
pasnpaweHo [0 aepo3onHu pasmepu ropuBo UOy (o, B, y-cnekTpockonus,

peHTreHodhNyopecLUEeHTEH aHann3, aBTopaguorpadus).

e Ypes o-cnekTpockonusaTa 6sxa naeHTMdULMpaH TpaHCypaHn B ropeLumTe Yactuum

n onpegenieHo CbOTHOWEeHNETO UM C Apyrute paganuoHyKnnan.

e bsxa oTKpUTU ropeLLm YacTUUM CbC CTPaHEH paauoHYKNNAEH CbCTaBg.

O6unneTo Ha ekcnepuMeHTanHM AaHHW NO3BONKN Aa Ce OUeHM "ANCTaHUMOHHO" HEe caMo

TUNa Ha aapeHata aBapud, HO opu U TeMrnepaTtypaTta Ha pa3pylweHaTta akTuBHa 30Ha.



nopPAOdbK HA BEJIMMUHUTE B AOPEHATA ®U3UKA. EHEPTUA HA BPDB3KA.
®OPMYJIA HA BAWU3EKEP. OBLUA XAPAKTEPUCTUKA HA TUNOBETE
PA3MNAA. TPAHUUN HA CTABUITHOCT.

I. ADPATA KATO CUJTHO CB bP3AHA CUCTEMA OT HYKITOHU

. 2 2
EHeprumte Ha nokon Ha cBOOGOAHM MPOTOH U HEYTPOH ca Mpc™ = 938,3 MeV 1 Myc™ =

939,5 MeV, 3a eneKkTpoH: mec2 = 0,511 MeV.

3a BCsKO 94p0 ¢ MacoBo vncno A n atoMeH Homep Z:
M(A,Z) < ZM,, + (A-Z)M,
< HYKIeoCuHTe3
T.e. MacaTa Ha a4poTO KaTo CBbp3aHa cucTema e no-masnka OoT cymata Ha mMacuTe Ha
CcBOOOAHMTE HYKMOHU, KOUTO ro obpasysat. HyknoHuTe B 94pOTO Ca CBbP3aHn C SapeHn
cunu (CUNHO B3anMOAENCTBME), KaTo SAPEHUTE CUMn ca 3apsiiOHE3aBUCUMN.

BbBexgame noHATUETO eHeprusa Ha cBbp3BaHe AW kaTo:

M(A,Z)c? = ZM,c? + (A-Z)Mac - AW(A,Z)

CneuudmyHaTa eHeprus Ha Bpb3Ka € = AW/A (eHeprns Ha Bpb3Ka Ha e[MH HYKIOH) e

dYHKLMA HA MacoBOTO Yncno A.

€ [MeV] T —
801
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4,0

3,0
2,0
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0
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®ur. 1. CneundunyHa eHeprna Ha Bpb3ka B 3aBMCUMOCT OT MacoBOTO YUCIIO.



3a GOonWMHCTBOTO M3BECTHU sgpa (C u3kndeHne Ha Hau-nekute) € = 8 MeV. Hain-
NNbTHO onakoBaHn ca gagpata ¢ A ~ 55 (Fe). 3abenexete, 4ye oTHOCUTENHaTa
(cneundpmnyHaTa) eHeprusa Ha Bpb3ka € okono 1% OT eHeprusitTa Ha NoKow Ha cBo6oaHNSA

HYKINOH, T.e. HyknoHute "oneksat" ¢ 1% B A4poTo.

Il. KAMKOB MOAEN HA AAPOTO. ®OPMYJIA HA BAAL3EKEP.

McTtopunyeckn nbpBusa sigpeH mogen ce 6asvpa Ha pasrnexgaHeTo Ha siApoTO KaTo
Kanka HyKNoHHa TevHoCcT. EHeprMaTta Ha Bpb3ka B TO3M Mogen ce pfgasa C
nonyemnupuyHata ¢popmyna Ha Banusekep:

z? (A-22Y

-3/4
K—A1’3 —acym +0A

AW(A,Z)=a_gA - a,,, A% - a
ao6 = 15,6 MeV ; anos = 17,2 MeV ; ax = 0,7 MeV ; acum = 22,5 MeV ; & = 34 MeV

1. MbpBUA YNeH e JOBOMHO OYeBUAEH U JaBa obemHaTa eéHeprusa Ha CBbp3BaHe:

13 13 -13

Eog~A~V~R®; R~A" : R=rA™ ; r;=1,3.10"cm ; Riy~10%cm

|_|pl/l npeanonoxXxexHune, 4e AapeHnTe Ccunm ce HacuulaTt, BCEKN HYKITOH B3aMmMogencTea c

Han-6nM3kMTe cn cbcean (ako B3aMMOOENCTBMETO € BCEKM C BCEKM, 3aBUCUMOCTTA €

. 2
MHOrO Mo-cunHa ot nNuHenHata - W ~ A”) - agpeHaTta Te4HOCT € HecBMBaeMa.

2. BropuMsa uneH OTyMTa HanNMYMeTo Ha siApeHa NOBBLPXHOCT - HYKINOHUTE Ha
NOBBLPXHOCTTA B3aMMOAEWNCTBAT CaMO C BbTPELUHM HYKMOHW. HanuumeTo Ha sgpeHa

NOBBPXHOCT HamansaBa (3Hak "-") eHeprnata Ha Bpb3ka B CpaBHeHWe C GeskpanHa

saApeHa matepus.
2/3

2
EHOBNSNR ~A
3. TpeTna uneH oTyMTa KYNOHOBUTE CUNMU Ha OTONBbCKBAHE MexXAay MPOTOHUTE.
KynoHoBOTO OTOMbCKBaHE CbLO HamMansiBa eHeprusita Ha Bpb3ka (3Hak "-"). [lpwu
ycrioBue, 4ye S4pOoTO € paBHOMEPHO 3apefeHa Karka:

(zep Z?
R A"

3
E =2
k5



4. BbBexaaHeTo Ha YeTBbLPTUSA YNieH Beye He e o4eBMaHo. Ypes Hero ce otuuTa
dakTa, Ye sigpaTa ca Hau-cTabunHW, Korato G6posi HA NPOTOHUTE € NPUGNU3UTENHO
paBeH Ha 6posi Ha HeyTpoHUTe. AKO MPOTOHUTE W HEYTPOHWUTE ce pasrnexaaT KaTo
M30CNMHOB OybneT, ce nokasea, Ye sapa C Hal-HUCHK U3OCMWH ca Hal-CTabunHu, T.e.

pasnukaTa | N - Z| € Han-marnka.

(N-2z)
A

Ecum ~

5. NMocneagHusa YneH 6 e CbBCEM HEOYEBMAEH B KankoBusa mMoaen. ‘—Ipe3 HEero ce otT4nTa

ecpeKTa Ha caBoOsiBaHe Ha €HaKBUTE HYKITOHU B dpaTta, Npn KoOeTo:

[ +]|8] 3ayveTHO-ueTHM sgpa,
5=1 0 3a HeveTHM agpa (YETHO-HEYETHN N HEYETHO-YETHMN)
| -18] 3aHeyeTHO-HeUeTHM siapa

dopmynaTa Ha Baiiusekep onuceBa gocta Oobpe eHeprusita Ha Bpb3Ka KaKTo Ha
CTabunHuUTe, Taka U Ha paanoakTuBHUTE sapa. CUCTEMHM OTKIOHEHWUS ce noflyYaeat
camMo OKOJo MaruyeckuTe yncna (koeTo e B cdeparta Ha AeicTBMe Ha CroucTus moaen)

- 3albJTHEHN HYKITOHHW CIiOEBE.

Macara Ha AOPOTO B eHEPreTnyHn eanHnUm e:

M(A,Z)c? =[ZM, +(A-Z)M,]c® - AW(A,Z) =

22 (A-22Z)°

=[ZM, +(A-Z)M,]c* —a_gA+ap,z A% +a, R ~SA

CtabunHute (M3BECTHM) Aapa ca:

A Z N yucno sapa
YeTHO YeTHO YeTHO 167
He4YeTHOo He4YeTHOo YeTHO 55
HEeYeTHO YeTHO HEeYeTHO 53
YeTHO HEYETHO HEYETHO 4

.14

MocnegHute 4 aapa ca: 21H ; 63Li ; 105B 7N .



lll. TUNMOBE PA3NAL. FPAHULU HA CTABUITHOCT.
1. KapTta Ha nsoronure

Mpepnonara ce, Ye 3HaeTe KakBO € a-, B-pasnaj, CNOHTaAHHO AeNeHe U U3nbyBaHe Ha
y-kBaHTU (OOlWa npeactaBa). Bcuyku Hyknuau, cTtabumnHu M paguoakTUMBHK, ce

npencraBsaT KaTo Touku B egHa (Z,N) anarpama:

100

80
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40

1

20

20 40 60 80 100 120 140 160 N

dur.2. KapTta Ha paguoHyknnguTte.
Z = const - nsotonn; N = const - n30ToHKN; A = const - n3ob6apu

CtabunHute Hyknngm obpasysaTt T.H. NIMHUA Ha cTabunHocT (6eTa). EnemeHtute (Z =
const) MaT NOHsAKOra HAKONKO CTabunHu nsotona. Hakon enemeHTn HaMaT cTabunHm

nsotonu - Po, At, Rn n TpaHcypaHure.

Kora eguH HYKNnna € pagnoaktTnuBeH ?

koraTo: M(A,Z) > ZMqpog.

B eHeprus: M(A,Z)c2 > Zanmc2



ako Mory4yaBaHeTO Ha NPoAyKTUTE He e 3abpaHeHO OT APYrvM 3aKOHM Ha CbXpaHeHue.
Mpy paguoakTUBHWUS pasnag ce oTaens eHeprust Q (Npupopata ce CTpeEMU KbM Hal-

HUCKNTE Bb3MOXHWN EHEepreTu4Hun CbCTOﬂHVIFl)Z

M(A,Z)c? = ZMppogc® + Q

- +
2. beta-pasnag - uanbyBaHe OT AOPOTO Ha enekTpoH (B), MO3MTpPoH (B) wnu

- ~ +
enektpoHeH 3axsat (E.3.). Mpu B -pasnaga ce nanbyBa N v,, a Npu B 1 eneKTpoHeH
3axBar - Ve. 1031 TUM pasnaj ce AbIMKU Ha Bb3MOXHUTE NpeBpbLUaHUS:

n—> p+p+ Ve
+
P> n+f +ve

p+te — n+ve
Tesun npouecu ce KOHTponupaT oT craboTo B3aumogeiicTeue. OTHOLIEeHMATA:

CUITHO : eNIeKTPOMAarHuTHO : cnabo : rpaBUTaLNOHHO Ca

1 1072 . 107 1073°

Ycnosus 3a 6eTa-pasnag:
B :M(A,Z) > M(A,Z+1) + me + m;

p
E.3.: M(A,Z) + mg > M(A,Z-1) + m, (HAmMa B-yacTuua)

+

: M(A,Z) > M(A,Z-1) + me + m,

MwvHaBame KbM Maca Ha aTtoMuTe, Tbi KaTo B KpariHa CMeTKa B pe3yrtaTt nory4yasame

HeyTpalriHh aToOMU:

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

,El,onyCKame, 4ye m, = m-\; =0wu npeHe6perBame eHeprnaTa Ha BpPb3Ka 3a aTOMHUTE

€NEeKTPOHM:

B- : MaT(A’Z) > MaT(A’Z+1)

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

+

- Mar(A,Z) > Mar(A,Z-1) + 2me



AKO YyCIioBMETO 3a ]3+ pasnag € U3nbJ/iIHeHO, TO YCITOBUETO 3a E.3. e BAPHO BUHAru.
EHeprusTa Ha B-pasnapg (oTaensaHa) e nonoxuTenHa:

Ep- = [Mar(A,2) - Mar(A,Z+1)]c”

Eg+ = [Mar(AZ) - Mar(A,Z-1)]c? - 2mec?

Egs = [Mar(A,2) - Mar(A,Z-1)]C°

XapakTepHu 0cO6eHOCTH:

al. EHepruata Ha [-pasnaga ce onpegens oT macute (eHeprnsi Ha MOKOW) Ha

Ha4arHoOTO U KpanHOTO sapa.

- - +
6/. MNpun B-pasnaga B KpanHO CbCTOSAHWE MMame 3 YacTuum - aapo, B (Mnu B) n ve (3
YyacTMYKOBa KMHeMaTuKa), mopagu ToBa pasnpenerieHnsita no eHeprum u MMnyrcu ca
HenpeKbCHaTU - HenpekbCcHaT B-CNekTbp (TOBa, Y€ He BMKAAMe CNeKTbpa Ha Ve HE

NnpoMeHs HelaTa). MpaHn4yHaTa (MakcumarnHaTta) eHeprust Ha B-crnekTbpa CbOoTBETCTBA

Ha eHepruaTa Ha pasnag. M3kniodeHve - npu enekTpoHeH 3axsaTt (E.3.) ce manbusat

MOHOEHepPreTu4H" Ve.

B/. [poueca Ha B-pasnaga ce KOHTponvpa oT cnaboTo B3auMoaencTBueE.
-2
XapakTtepHu BpeMeHa (3aBUCAT OT eHeprusita u 3abpaHarta): T2 — or 10° s go
15
2.10 " rognHu

EHeprum Ha B-pasnag: Emax — OT 18 keV (31H) no 16,6 MeV (127N)
r/. Mpu B-pa3naga A = const , T.e. nonyyasaT ce usobapu.

+
al. B pasnaga n E.3. ca KoHKkypupawm ce npouecu, kato E.3. e eHepreTnyeckm no-

+
nsrogeH - Moxe ga umame E.3., Ho B -pasnaga ga e 3abpaHeH. Ako UMame
eneKTPoHEeH 3axBaT [0 OCHOBHO CbCTOSIHWE, TOW Ce PerucTpupa camo rno PeHTreHOBOTO

n3nbyBaHe (HEYyTPUHOTO He Ce BUXAA).

el. Fama-kBaHTM - npu [-pasnaga YecTo AObLIEPHOTO SAPO Cce rofyyYyaBa BbB

Bb30yaeHO CbCTosiHME. Torasa:

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

crnep KoeTo:



M*(A,Z+1)c® > M(A,Z+1)c? + E,

EB.* = EB.OCH _ E-Y

m
*

OCH.
E

OueBnaHO e, Ye eHepruaTa Ha y-KBaHTUTe (cred B-pasnag) e no-manka oT eHeprusita
Ha B-nMpexoaa OT OCHOBHO A0 OCHOBHO CbCTOsHME. CxemuTe Ha pasnag (cuctema oT

B'b36yLI,eHVI C'bCTOFIHMFI) Morat Aa 6b4aT MHOMO COXHM.

EHepreTuyeH guanasoH: E, — ot 10 keV go 5 MeV

Tpabea na ce otbenexu, Ye E, Ha Bb3OyaeHOTO cbCTOsAHME TpsAGBa Aa € no-marsko ot

eHeprusita Ha Bpb3ka Ha OTAENHWUTE HYKINOHM B si4pOTO. B nMpoTuBeH criyyan sapoTo
BbB Bb30y4EHO CbCTOsIHNE € HEeCTAabWUIHO OTHOCHO M3NbYBaHE Ha HEYTPOH MIN MPOTOH.

["ama-npexoguTe B gaparta ce KOHTponupaT OT efleKTPOMarHUTHOTO B3auMMOLENCTBUE.

XapakTepHu BpeMeHa Ha XMBOT Ha Bb3byaeHWUTe SApPeHW CbCTOsIHMA (3aBUCST OT

-1
eHeprusTa, Tmna n MyntunonHoctTa): ot 10 ®s no 3.10° roguHu (usomepm)
A. EHeprus Ha B-pa3naga n eHeprusa Ha Bpb3ka

EHepFI/IFITa Ha B-pasnap,a MOXe Oa Cce M3pasn 4pes3 pasyimkata Mexnay eHeprumte Ha

BpPpb3Ka Ha Ha4aJIHOTO U KpaIZHOTO dA0pa:
Ep = [M(A,Z) - M(A,Z+1) - m]c? = (m,, - mp, - me)c? + AW(A,Z+1) - AW(A,Z)

00 aguTUBHU KOHCTaHTWU. MacaTa Ha sgpaTta B eHepreTUYHU edvHuuUM ce faBa C

dopmynarta Ha Banusekep.

Kaptata Ha usotonute (Z,N) mMoxe Oa ce npeBbpHe B 3-MepHa Auarpama, ako ce
nobasun koopauHatata M : M (Z,N). B Te3n koopauHatn dopmynata Ha Bawnusekep

onpepnena eaHa rnoBbpxXHUHA

Ms(A,Z)c? = [ZM,, + (A-Z)M,]c? - AW(A,Z)



Tasn noBbpxHMHa umMa MuHMMyM ("gon"), 4uMaTo npoekuus B pasBHuMHaTa (Z,N)
npeacTaBnsBa NUHUATa Ha f-ctabunHocT. [la nscnegsame Ta3m NoBbpxHUHA Npu A =

const

al. A = const (HEYEHTO) - HEYEHTO-YETHM U YeTHo-HeuyeTHU sapa. CeyeHneTo Ha

NoBbpPXHMHATa C paBHMHaTa A = const:

MM. A

A = const
(HeyeTH.)

Zo3 Zo2 Zo-1 Zo Zo*l Zo*2

®ur.3. NMapabona Ha n3obapurte 3a He4eTHO A.

CeueHneHo uma BMa Ha napabona - egHa, Tbi KaTo & - YneHa = 0 o napabonaTta ca

pasnonoxeHn nsobapure c A = const

3a A HeyeTHO OBMKHOBEHO MMaMe eanH ctabuneH Hyknug ¢ Zg. Hyknuante cbe Z # Zy
ca B-HecTabunHu 1 C nocnegoBaTenHn pasnaanm cTurat 4o AbHOTO Ha napabonata Zg.
6/. A = const (4eTHO) - PyHKUMATA € ABY3HAYHa, KaTo 8 - YneHa:

[ + & - yeTHO-YeTHU
§=1

| -8 - HeYUeTHO-HeYeTHM

Mpexoan Z = const ca 3abpaHeHu



A
M an. A = const (4eTH.)

Z HEYEeTH.

®ur.4. Mapabonu Ha nsobapute 3a 4eTHO A.

KaTto npaBuno ctabunHu ca YeTHO-YeTHUTE n3obapw.

Moxe 3a gageHo A = const (4eTHO) 4a UMa HSAKONKO cTabunHm nsobapn Zp - 2, Zo,

Zy + 2. NpemnHaBaHeTo OT Zg - 2 B Zg MOXe [a CTaHe C ABOEeH B-pa3naa, HO npoueca

e KpaIZHO Malriko BeEpPOATEH (Beqe e Ha6J'IlO,D,aBaH eKcnepmmeHTanHo).

Buxna ce, ye He4YeTHO-HeYeTHUTe M306apm 4ecTo ca HecTaburnHu CnpamMo Tpute TUna

- +
pasnag - B, B vowe noseye E.3.
lMpumep, C KOWTO e ce 3ano3HaeTe B nabopartopusaTa:

152

63EUgg (H.H.)
E.3. (73%) B *(0,02%) B (27%)
152 152
62 OM g0 640 g4

152

®ur.5. Tunose B-pasnagaHe Ha ~“Eu.



MaKap N MHOIo pAaako, ce crny4Ba U Taka.

A

M an.

Zo2 Zo-1 Zo Zotl Zg+2

®ur.6. Napabonu Ha nsobapute 3a 4eTHO A — Bb3MOXHOCT 3a CbLUECTBYBaHE Ha

CcTabunHn HeYeTHO-HeYeTHU sapa.
Mapabonute ca MHoro "TecHn". N3BecTHM ca camo 4 cTabunHn HEYETHO-HEYETHU aapa.
B. AHanuTUYeH BMA Ha NUHUATA HaA cTabunHocT

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

8Z

oA(A,Z .
%=—akA 327 + 4a,, _a°““"7=°
7_ A ~ A
A a2, g 0,015A%2 1+ 2

2aCMM

dopmynaTa no3sonsia onpenensaHeTo Ha Z Ha Han-ctabunHms nsobap npwn gageHo A
= const. Tpsbsa ga ce otbenexn, ye BbPXY PB-CTABUNHOCTTA HAW-CUMHO BUAAT
yneHoseTte, otumtawm (N,Z) - cumeTpusita n KynoHoaTa eHeprmus. Camo 3a Han-nekuTe
aapa ycrnosueTo 3a B-ctabunHoct e N = Z (Z = A/2). 3a no-TexkuTe sapa ctabunHm ca
Te3n C U3NULWBK Ha HEeYTPOHU. 3a Kpas Ha nuHuata Ha B-ctabunHoct N/IZ = 154/96 =
1,6 (A = 250). Npu ronemn OTKNOHEHUS OT NIMHMATaA Ha B-CTabuiHOCT moraT ga ce

HabnogaBaT HEYTPOHHA (3@ HEYTPOHHO-U3MULWIHUTE HYKNUOM) U MPOTOHHa (3a



HEeYTPOHHO-AePULINTHUTE HYKNWAW) aKTUBHOCT - koraTo B, = 0 wunm By, = 0, T.e.

eHeprusiTa Ha Bpb3ka Ha HeyTpOHa UIM NPOTOHAa CTaHe Hyna.
3. Anda-pas3napn

Kon npouec orpaHn4yaBa MacoBOTO YUCIIO AB KapTaTta Ha nsotonute? 3awlo HaAMa

cTtadbunHu nsotonu ¢ A = 5007

EovH ot npouecute e anda-pas3naga - M3nbyBaHe OT AgpaTta Ha o-yactuuun. Anda-
4

yacTvuaTa € CUNTHO CBbp3aHa cucTema OT 2 NpoTOoHa U 2 HeyTpoHa - A4po Ha 2Hes.

EHepruaTa Ha Bpb3ka W(2,4) = 7,3 MeV Ha HyknoH (no doopmynaTta Ha Banusekep) - B

y - 12
aencreutenHocT - 7,1 MeV (MyxuH). Anda-4yactmyHuTe sapa ca Hanu-ctabunum - “¢Ce;

16 ~ .20
80s; ~ 10Ne1o.
A. YcnoBwue 3a a-pasnag

EHepreTnyHo:

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

EHeprusaTa, otoensHa npu a-pasnaga:

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

EHepFI/IFITa Ha o-pas3naga ce pasrpenend Kato KMHeTU4Ha eHeprnd Ha o-4actuuute

(Ty) n obwepHoTo aapo (Tg). OT 3akoHa 3a 3anasBaHe Ha eHeprusTa: Eq = Ty + Ta m
3aKoHa 3a 3anasBaHe Ha umnynca: |Pa| = |P,| , oTkboeTo TalTy = M/M,; To/T, =

0,02, 71 kaToO My >> M, NpakTuyeckn Ty = E,.

B. OueHka Ha eHepruuTe E,

3Haewm, ve:
M(A,Z) = [ZM,, + (A - Z)Mn]c2 - AW(A,2)

TOoraBa.

E, = [M(A,Z) - M(A-4, Z-2) - M(*,He)]c? = - AW(A,Z) + AW(A-4, Z-2) + AW(*,He)



lMpecmeTHaTO No Banusekep 3a:

25206Chiss — 2*96Cmysz + *2He (Ty; = 2,6 a)
AW(252,98) = 1901 MeV ; € = 7,54 MeV/HyKIOH ;
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, =Eaﬁ=7,2 MeV
248 + 4
B. AHanu3bT nokassa, 4e 3a Z > 73 (Ta); A > 181 (Z = 73 no B-ctabunHocT);
eHeprusita E, > 0, HO a-pa3snaga ce nposieaBa cunHo creg Z = 82 (Pb); A = 207,
3awWoTo npu oa-pasnaga a-4actuyaTta TpsibBa ga npeogonee nocpeacTBOM TyHereH

ed)eKT 3Ha4vnTesrneH KyrnmoHOBCKU 6ap|/|ep.

Z,.2

V= “BISE MeV

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

EHepruuTe npu o-pasnaga ca B rpaHvunte: 4 MeV < E, < 9 MeV

MepuoauTte Ha nonypasnapg rno o ca B rpaHULmTE: 10'7 s <Tq2 < 1010 roanHu

Manko nameHeHue (noBullaBaHe) Ha eHeprusaTa E, Boau 40 ronsMo HapacTBaHe Ha
npo3payHocTTa Ha Oapuepa M CUNMHO HamansiBaHe Ha Tq2 (HapacTBaHe Ha

BEpPOATHOCTTa 3a a-pasnag). Bpb3kata Ha T2 ¢ E, e no3HaTta kaTo 3akoH Ha [aunrep-

HeTbn olle oT Ha4yanoTo Ha MUHanNus BeK.

MmeHHO o-pa3naga orpaHudaBa HapacTtBaHeTo Ha A (onoBoto Pb e nocnegHus
- 238

€MNeMEHT, KOUTO nma a-ctabunHu msotonun). Cneg “" 92U He ce cpewaTt ecTecTBeHMU

enemMeHTn, Nopaan KbCcuTe nepuogmn Ha nonypasnagaHe no o-pasnag. TpaHcypaHuTte

Ca CUHTE3NPAHN N3KYCTBEHO M KaTo MNMpaBuIio ca a-akTUBHMU.



Yecto npu a-pasnaga ce nornyvaBa AbLEPHO S4p0 BbB Bb30yAEeHO CHLCTOSIHME,
KOETO ce paspexga 4vpe3 uanbuBaHe Ha y-kBaHTW. [pu ToBa ce Habniogaea huHa

CTPYKTYpa Ha o-NUHUATA (HAKOSKO a-npexoaa).
4. CnoHTaHHO AerneHe

TexXKuTe eneMeHT Nno NMHUATa Ha B-CTabUIHOCT OCBEH OT a-pasnag, ca 3acTpalleHu 1
OT Opyr Tun pasnag. Sopata caMonpouM3BOSIHO ce pasnagaT Ha OBa (HepaBHM)

cbparmeHTa, KOUTO CbOTBETCTBAT Ha AApa OT cpefarta Ha nepumogmnyHata CUctema.

Heka o3Haumm doparmeHTuTe Ha naxogHoto a4apo (A,Z) ¢ (An,Zn) v (A+,Z;), KaTo:

A=An+A; Z=2,+2;
A. EHepreTnyHo ycrnoBwue 3a CNOHTaHHO genene
OTHOBO: M(A,Z) > M(An,Z5) + M(AL,Z;)
EHeprusita, otaeneHa npu CNoHTaHHOTO AeneHe e:

Est = [M(A,2) - M(An,Z;) - M(A7,Zy)]c?
KoraTto Ess> 0, MmOXe aa ce HabniogaBa CNOHTAHHO AeneHe.
B. OueHka Ha eHeprusTa, oTAeNsHa Npu AeneHe Ha sgpaTa.
OTHOBO: Esf = - AW(A,Z) + AW(A,Z;) + AW(AL,Z,)
N3BecTHO e, ue 252980f154 ce Oenu Ha gBa (hparMeHTa, KaTto:

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

1

112 40
T.e., NonyyasaT ce nsotonute (MpMbnuanTenHo) “4Run s4Xe

Mo popmynarta Ha Banusekep:

AW(**%55Cf) = 1901 MeV ; & = 7,54 MeV/HyknoH

112

AW(" “44Ru) = 951 MeV ; € = 8,49 MeV/HyknoH

AW(*%5,Xe) = 1163 MeV ; & = 8,31 MeV/HykrioH



Esf = -1901 + 951 + 1163 = 213 MeV - TOBa e KonocanHa eHeprus! B MomeHTa Ha
OEeneHeTo ce M3NbyBaT OKOSo 4 HeyTpoHa (MUrHOBEHM), KOMTO oTHacAT 4 x 7,54 = 30
MeV. ToraBa Eg = 183 MeV, koaTO ce pasnpenenss Kato KMHETUYHA €eHeprusi Ha

dparmeHTUTE. EfHa npocta Qopmyna 3a cpegHaTa KMHETUYHA €eHeprus Ha

dparmeHTUTe (B MeV) e:

— Z?
Ek = 0,121W

KOATO BKIIOYBA M3BECTHUA KYITIOHOB (pakTop OT hopmMynaTta Ha Bawnusekep. o Hesa Egf

=184 MeV.

Esf = Exn + Ex 1 OT ycnosueto 3a umnyncute P, = Py . Cnegga, ye:

Evn _ M;
M

Exn =102 MeV ; Ex; = 82 MeV
B. NpaHuum Ha cTabunHoOCT No AeneHe

AHanuabT Ha popmynarta Ha Banusekep nokasea, ye Egs > 0, korato:

w 13 a 2 2
k A = Z—>0,7 T.€. 2 17
WHOB anoaA aI1OB A

Z%IA - napameTbp Ha geneHe.

MHTepecHO e, 4ye ToBa YCroBMe € U3MbHEHO 3a Hyknuam ¢ A > 99, Z > 39, Hanpumep

89
39Y, HO CbC 3abenexuma BepOATHOCT CMOHTAHHO derneHe ce Habnogasa ensa npu

238 ..
92U.

32 2383,U : Z%IA = 35,6 ; Tyj261 = 8.10"° s Tqjpe = 4.10% 1.

252 2
3a 0gCf: Z/A =38 ; Tq/26,=85,5T. ; Ty20 =2,6T.
Kato npaBuno, BepoATHOCTTA 3a o-pasnag € no-ronsgaMa oOT BepPOSATHOCTTa 3a

CMNOHTaHHO pfelieHe 3a eauH M Cbll HyKnuAa. Hewarta ce obsicHaBaT Cc ToBa, u4e



cblliecTByBa OGapuep Ha AeneHe (aHanorM4yHoO Ha a-pasnaga), YMaTo MpPO3pPadYHOCT
2
HapacTBa CWUIHO C yBenuyaBaHe Ha napameTbpa Z°/A. AGcontTHaTa rpaHuua Ha

CTabUIHOCT Mo AeneHe ce gasa oT:

Z2IA = 49, koraTo 2W,op - W, = 0

XunotetnyHo sgpo: A = 380 ; Z = 136 ; ZZIA = 49 - TpabBa fga Tbpnu geneHe 3a

XapaKTepUCTUYHO (S4pEHO0) Bpeme 10%s.

252

. KakBo ctaBa ¢ hparmeHTUTe - 33~ Cf:

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

4xp
44Ru >

+2),Z=48

112 112

48Cd

3a "%5,Xe : A = 140 ; B-cTabuneH - Z = 58
4xp
14054X e 14058C o

MpoaykTuTe Ha geneHe ca rpynupanmn okono Ar = 140 n A, = 110, cbabpXaT U3NULWBK
Ha HEYTPOHM U ca B -paguMoOaKTUBHU — MpeTbpnsBaT cpeaHo 4 pasnaja [okaTo

OOCTUrHaT JIMHNATAa Ha B-CTa6MJ'IHOCT.
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