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Bbpxy noyTM BCUMYKM BLNPOCKU, KOMTO LLe pasrnexgamMe B TO3M Kypc, MMa HanvMcaHu
MOHOrpadun, MOHsSIKOra W HSAKOMKO. Jluncata Ha BpeMe e HW npuHyau ga
pasrnexgame BbNpoCUTE Marko KOHCMNEKTUBHO, a 3a NoApOoOHOCTM e ce oTHacsTe

KbM CbOTBE€THaTa nnutepartypa.



Pabotata ¢ nutepatypata (MoOHOrpacuu, CnpaBOYHWULUM, HAyYHU CNUCaHUA,
pedepaTtMBHN XypHanu) € eguH OT HeobGxoaumuTe, HO He W AOCTaTbyHWU eTanu oT
BCAKO CbBPEMEHHO Hay4yHO (a M npakTU4ecko) mscriegBaHe, KOMTO HaW-MarnkoTO BU
n3baBss OT onacHocTTa ga wu3obpetute Bernocuneda. ToBa Ce OTHACA KakTo 3a
eKcnepuMeHTanHuTe, Taka W 3a TeopeTUYHUTe uscnenBaHud. Bbnpekn 4ye Bceku
eKCnepuMEeHT € pasnuyeH oT Apyrua (npypogaTta e 6orata), OCBEH akO He cCMme cu

nocTaBWM 3a LieN TOYHOTO NoBTapsiHe Ha AafeH (M3BECTEH) eKCNePUMEHT.
1. C KakBO e npuBreKaTenHa eKcrnepuMmeHTanHara pabora

BposaTt Ha TeopuuTe, HeusgbpXKanu ekcrepuMeHTanHaTa npoBepka, € MHOro Mo-rosisiM
OT UCTMHHMTE Teopuun. Pons Ha pelwasBawms ekcnepumeHT! Bbobuie pasButneTo Ha
YOBELLKOTO MO3HaHWEe Ce OCbLUecTBABa 4pe3 TACHO B3aMMOAEWCTBME Ha Teopus u
ekcnepumeHT. Te He ce pasBumBaT abconoTHO eaHoBpeMeHHo. Mma Goratn Teopuw,
KOUTO npefnaraT HOBW EKCMepuMMEHTU 3a npoBepka. Vima n GoraTm ekcnepuMmeHTw,
KOUTO ABMXaT TeopeTn4eckoTo nosHaHue. CTpyBa MU ce, 4e NOSIOXKEHNETOo B gapeHaTa
u3nka e TOYHO TakoBa. [MoHacTosIweM CTpyKTypaTa n napameTpute Ha Bb3byaeHuTe
CbCTOSHUA Ha ggpaTa eKCnepuMMEHTanHO ca W3y4YeHu 3HauuTenHo no-gobpe,
OTKONMKOTO Te MoraT ga ObaaT npeackasaHu OT cera CbliecTByBaluUTe SOPEHU

moaenu (Teopus). o CbLUECTBO 3a cera BCe OLLe HAMa UCTUHCKa Teopus Ha S4poTo.
2. HenpuaTHOCTU B eKCnepMMeHTanHara pabora
N3nckea ckbna n cnoxHa anapatypa. bopba 3a gocrtaskn n nspaborsaHe.

Bopba c anapatypaTa. ABapuu n nogavpxaHe. PusmkbT-ekCnepumMmeHTaTop Tpsabsa aa
e ybepneH, 4Ye nanonadyBaHata anapaTtypa paboTn HopmanHo. Tbi KaTO CbBPEMEHHMUS
€KCNEPUMEHT HE MOXe Oa MUHe Be3 eneKTPOoHuKa, TO 3HaHUA N0 AAPEHA eNeKTPOHMKA
Ca >XM3HEeHO HeobxoaumM (ako He 3a MornpaBka Ha anapaTtypara, TO MoHe 3a TeCcToBe U
Aa Moxe ga ce ybeau, 4e e msnpasHa). CbBpeMEHHUA AapeHO-PU3NYEH EKCNEPUMEHT
n3nckea paboTta C: pagvoaKkTUBHU W3TOYHULM, LOETEKTOPU, SOpeHa enekTPOoHuKa,
BaKyyM, HUCKN TemnepaTtypu, MarHMTHM noneTa un T.H. AKO YoBeK He e cnocobeH aa ce

cnpasu C BCUYKO, TO Ce MNMpaBAT KOJIEKTUBU, Ha NPpUHLUMNA Ha pa3aeneHne Ha Tpyaa.

Aptedaktn: [lpn nonyyaBaHe Ha HSAKaKbB pes3yntar - eqeKkT, NUHUA U T.H.,

eKkcrnepuMeHTaTopa e ANTbXXeH Aa NPOBepyu 1 OTXBbPIIN BCUYKM Bb3MOXHOCTM edekTa



Aa ce ObIK1 Ha anapartypaTta (TpuBuanHu anapaTtypHu egekTn). Npumep: cnabu rama-
NUHUK, ObIKaLWWM ce Ha n3nutaHe. ToBa cnectsiBa MHOrO pasovapoBaHUs (U KOHy3n)

BnocnencrtemMe, Korato n3ndasnarta ny6nm<au,m;| HEe MOXe Oa ce BbpHe Ha3apj.

EkcnepumeHTaTopa € [ANbXeH [f[a uMMa peanHa npeacTaBa  3a  TOYHOCTTA
(HeonpegeneHocTTa) Ha MoOMydYeHWs OT Hero pesyntat. BbnpocbT e He camo 3a
CTaTUCTUYECKUTE HEeOoNnpeaeneHoCcTH, YNeTO OLeHsIBaHe e A0CTaTbyHO NecHo. Tpsibea
[Ja ce vmaT npeasua U cUCTeMaTUYecKuTe rpeLLkn, KOUTo obaye ca 3HauuMTenHo no-

TPyAHW 3a oueHABaHe. KaTto npasunio, TOYHOCTTa Ha pe3yntaTtute ce 3aBuLlaBa.

MpuAaTHa YepTa Ha ekcrnepumeHTanHata paboTta e, 4Ye [OaBa Bb3MOXHOCT 3a

HernocpeacTBEH OONUP C NpupoaaTa.

LisnoTo 3HaHue (M uHdopmauus) 3a agpeHata omsmka 1 3a S4poTo ce nosiyvasa Ypes
OeTeKTopuTe Ha SOPEeHN NbYeHusi, a TAXHOTO JenctBue ce 0Gasvpa Ha
B3aMMOAEeNCTBMATA Ha AAPEeHUTEe NMbYeHUs C BelwecTBOTO. 3aToBa Kypca Lwwe b6bae

NOCTPOEH No crnegHna HauynH:

OBLUA XAPAKTEPUCTUKA HA TUNOBETE PAS3INAL
BSAMMOJEWVCTBME HA MbYEHWETO C BELWECTBOTO
ANETEKTOPW HA AOPEHO JTbYEHUE

METOAWM B EKCNEPUMEHTAJIHATA AOPEHA ®U3NKA

AOPEHA CTNEKTPOCKOIUA

AOPEHO-o3NYHWN METOAU B APYT W OBNACTU HA ®U3SUKATA

B Kkypca we ce 3aHMmaBame C sgpeHata u3vMka Ha CPaBHUTENHO HUCKU EHepruu.
N3BeCTHO e, Ye cpedHaTa eHeprua Ha Bpb3ka Ha eaunH HYKNoH B sapoTo e 8 MeV. lMo-
BMCOKUTE eHeprm ca obnactrta Ha dwm3nkata Ha SopeHuTe peakuuu, a no-HaTtaTbk
cnenBa obnactra Ha (hmsmnkata Ha efieMeHTapHUTE YacTuum (M CBPBXBUCOKN EHEPIUN).

3agaunTe, KOUTO Ce pellaBaT B ekcnepumMeHTanHaTa sapeHa usmka ca:

e WscnepsaHe cTpyKTypaTa Ha sigpoTo. ToBa BKMoYBa: ToTanHa O-, -, V- v
KOHBEPCUOHHO-€NIEKTPOHHA CMEKTPOCKONMSI.

e OnpepensiHe Ha: eHeprMu, CMMHOBE, YETHOCTUM M BPEMEHA Ha >XMBOT Ha
Bb30yAEHUTE CbCTOSIHMS Ha SOPOTO; €Heprum U BeposTHOCTU (BpemeHa Ha

*MBOT) npu 3-pasnaga, CbWOTO 3a Ol-pasnafa v AeNEeHeTo Ha sapaTa; rpaHuLm



Ha CTabUNHOCT U T.H. - BbOOLUE XapakTepuCTUKMTE Ha paanoakTUBHUTE U
cTabunHute agpa. Cbc cbliMTe 3agauv, B TeopeTUdeH acrnekT, ce 3aHuMaBa

CbBpeEMeEeHHaTa Teopua Ha 44pP0TO.

Tpabea ga otbenexum, Ye ekcnepumeHTanHata sapeHa duamnka ce pasBu LOTOSKOBA,
Yye OCBEH 3a M3cCnedBaHe Ha CTpyKTypaTa Ha agparta, T cb3fage peavua metoau
(aopeHo-(hn3nYHKN), KOUTO ce Npunarat Beye B TBbpAE MHOro obnactn Ha yoBelukaTa
AenHocT. Hakom oT Tax ca:

e AKTMBALMOHEH aHanus3

e EdekT Ha Mbocbayep

e AHMXmMnaums Ha No3NTPOHU

e PeHTreHOBa CMEKTPOCKOMMS C BUCOKA pasgenuTterniHa CnocoBHOCT (PeHTreHo-

doriyopecueHTeH aHanms)

e EnekTpoHHa cnekTpockonus ¢ BUCOKa pasgenuTtenHa cnocobHocT

e MeToaa Ha 6ensasaHnTe aToMu

e PagunoxpoHonorua

e [laTupaHe c ¢

e Papguoekonoruns n pagnobunonorns

Te ce wusnonsyBat B MHOro ApyrM pasgenu Ha dwuaukaTta (TBbpAo TANO), XUMUS,
reonornsi, 6uonorusi, mMeguuMHa, apxeonorusi, MaTtepuanosHaHue, 4Ye Oopu B
KpumunHanuctukata. Moe abnboko ybexaeHue e, 4ye Cc Te3n meToau TpsibBa ga ce

3aHMmaBart umanum ¢ obpa NoAroToBKa Mo ekcrnepMMeHTanHa sapeHa usmka.

EovH npumep B TOBa OTHOLWIEHME Gelle pagnoakTMBHOTO 3aMbpcsiBaHe B pe3ynTtaTt Ha
aBapusita Ha YAELl (koeTo e eauH paguoekonorndyeH npobnem, yacteH criydanm Ha
npobnema 3a ona3BaHe Ha okonHata cpefa). MsscHaBaHeTO Ha pagvaumoHHaTa

obcTaHoBKa M3WCKBaLLe npunaraHeTO B CbKpaTeHW CPOKOBE Ha ToTallHa sAapeHa
cnektpockonus (0, B, ¥) B naGopatopunte Ha kaTegpa ATomHa duanka. Owe B

nbpBUTE AHK Baxa:

e VioeHTunumMpaHn paguoHyKnuauTe M CbOoTHOWweHuaTa mexay Tax ("Oyketa" Ha
3aMbpcsBaHETO) M MOBbPXHOCTHATa MNNBbTHOCT Ha  3ambpcsaBaHeto (V-

CMEeKTPOCKONnS).



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

e bsgxa oTkpuTu M mscnegsaHu "ropewmte yvactuuun". belwe gokasaHo, Ye ToBa €
pasnpalleHo [0 aepo3osiHu pasmepu ropmso UO, (o, [, Y-cnektpockonus,

peHTreHoqnyopecLeHTEH aHannsa, aBTopaguorpadus).

e UYpes O-cnekTpockonusaTa b6sixa naeHTUduLuMpaH TpaHcypaHu B ropeLumTe Yyactuum

N onpeaeneHo CbOTHOLLEHNETO UM C APYrMTe PaavoOHYKITMAN.

e bBsxa oTkpuTM ropeLm YacTmum CbC CTPaHEH PaAVOHYKINUAEH CbCTaB.

ObununeTo Ha ekcnepuMeHTanHn AaHHM NO3BONM Aa Ce OLUEeHM "ANCTaHUMOHHO" HE camo

TUNa Ha sgpeHaTa aBapusi, Ho JOpY U TeMnepaTypaTa Ha paspylieHaTa akTUBHa 30Ha.



norPAObK HA BEJIMMUHUTE B AOPEHATA ®U3UKA. EHEPITMA HA BPDB3KA.
®OPMYJIA HA BAWU3EKEP. OBLJA XAPAKTEPUCTUKA HA TUMNOBETE
PA3MNAAL. TPAHULUN HA CTABUJTHOCT.

. AOPATA KATO CUJTHO CBbP3AHA CUCTEMA OT HYKITOHU

. 2 2
EHeprunTe Ha nokon Ha cBo6OAHWN MPOTOH M HeyTpoH ca Mpc™ = 938,3 MeV n Myc™ =

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

3a BCAKO 94p0 C MacoBO 4Mcrio A 1 aToMeH Homep Z:
M(A,Z) < ZM, + (A - Z)M;,
< HYKIeoCcuHTe3
T.e. Macata Ha s4poTO KaTo CBbp3aHa cMCTeMa e rno-marka OoT cymaTta Ha macuTe Ha
CcBOOOHUTE HYKITOHKU, KOUTO ro obpasyBat. HyknoHuTe B 44pOTO ca CBbP3aHu C SOPEHN
cvnu (CUNHO B3auMOJENCTBUE), KaTo SAPEHUTE CUNK ca 3apsaaoHE3aBUCUMU.

BbBexgame noHATUETO eHeprusa Ha cBbp3BaHe 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

dYHKLMS HA MacoBOTO Yucsio A.

€ [Mev] 0 ﬁl\N
8,0

7,0
6,0 f
50
4,0
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2,0
1,0
0
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®ur. 1. CneundunyHa eHeprna Ha Bpb3Ka B 3aBMCUMOCT OT MacoOBOTO YMUCIO.



3a GOonWMHCTBOTO M3BECTHU sapa (C u3knyeHve Ha Hauv-nekute) € = 8 MeV. Han-
NNbTHO onakoBaHW ca gagpata ¢ A = 55 (Fe). 3abenexerte, 4ye oTHOCUTENHaTa
(cneundomyHaTa) eHeprus Ha Bpb3ka € okosio 1% OT eHeprusita Ha NOKoM Ha cBO6OaHMSA

HYKITOH, T.€. HyKroHuTe "oneksat" ¢ 1% B a4poOTo.

Il. KANKOB MOJEN HA AAPOTO. ®OPMYJIA HA BAUL3EKEP.

NcTopuyeckn nbpBust sapeH moden ce Gasvpa Ha pasrnexgaHeTo Ha SApoTo KaTto
Kanka HyKNoHHa TeyHocT. EHeprusitTa Ha Bpb3ka B TO3M MoAen ce pgaea C

nonyemnupuyHata ¢popmyna Ha Banuysekep:

2 ) 2
Z (A-227) v

AW (A,Z) = apg A-apes A2°- aKF ~8om —¢ A

a0 = 15,6 MeV ; apos = 17,2 MeV ; a, = 0,7 MeV ; acum = 22,5 MeV ; 8 = 34 MeV
1. MbpBUA YNeH e J0BOMHO OYEBUIEH N JaBa 06eMHaTa eHeprusi Ha CBbpP3BaHe:
Es~A~V~R>: R-A"™ : R=rA" : 1p=1,3.10"cm ; R;; =108 cm

MNpv NpeanonoxexHve, Ye SAPEHUTE CUNN Ce HacuWaT, BCEKU HYKIOH B3anMoaencTea ¢

Han-6nM3kMTe cn cbceamn (ako B3aMMOOEWCTBMETO € BCEKU C BCEKWU, 3aBUCUMMOCTTA €

. 2
MHOrO Mo-CunHa ot nNuHenHata - W ~ A”) - aapeHaTa Te4HOCT € HecBMBaeMa.

2. Bropusa uneH oTyMTa HanMunMeTo Ha sApeHa MOBBPXHOCT - HYKMOHUTE Ha
NOBBPXHOCTTA B3aMMOAEWNCTBAT CaMO C BbTPELUHW HYKNOHW. HanuyneTto Ha sgpeHa
NOBBPXHOCT HamansBa (3HaK "-") eHeprnata Ha Bpb3Ka B CpaBHeHWe C GeskpaniHa

AapeHa matepus.
2/3

2

EnOB~S~R ~A
3. TpeTna uneH oOTuYnTa KYJIOHOBUTE CUNM Ha OTONbCKBaHE Mexay NPOTOHUTE.
KynoHoBoTO OTBnbCcKBaHe CbLO HamansBa eHeprusta Ha Bpb3ka (3Hak "-"). [lpwu

yCroBue, Ye AApOTO € paBHOMEPHO 3apefeHa Karka:

ze)* 72
R A

3 (
E =<
K5



4. BoBexxgaHeTo Ha 4eTBBLPTUSA YNEeH Beye He e 04YeBMAaHO. Ype3 Hero ce otuuTa
dakTa, Ye agpata ca Ham-ctabunHu, korato 6pos Ha NPOTOHUTE € NPUONU3NTENHO
paBeH Ha 6pos Ha HeyTpoHMTe. AKO MPOTOHUTE M HEYTPOHUTE Ce pasrnexgart KaTo
N30CNNHOB Ay6neT, ce nokasea, Ye siapa C Hal-HUCbK M3OCMUH ca Han-CTabwunHu, T.e.

pasnvkaTa |N - Z| € Han-marnka.

5. MocnepHus uyneH O e cbBCcemM HeoyeBMAEH B KankoBusi mMogen. Ypes Hero ce

oTynTa ereKTa Ha caBosiBaHe Ha eQHAaKBUTE HYKITOHU B dpaTa, NMpn KOeTo:

[ +|8] 3auerHo-yeTHM sigpa,
5= 0 3a HeveTHU aapa (YETHO-HEYETHN N HEYETHO-YETHMN)
| -18| 3aHeueTHo-HeueTHY sigpa

dopmynaTta Ha Banusekep onucBa pocta gobpe eHeprusTa Ha Bpb3ka KakTo Ha
cTabunHuTe, Taka U Ha paguoakTneHuTe fapa. CUCTEMHU OTKIOHEHWSA ce noryyasat
CaMO OKOS10 MarmyeckuTe yucra (KoeTo e B cpepaTa Ha AeNCcTBME Ha ClOUCTUS Moaen)

- 3aMbJIHEHN HYKMOHHW CroeBe.
Macara Ha s5ApoTO B eHepreTUYH1U eaAnHULM €:

M(A,Z)c2=[ZM, + (A - Z)M,]- AW (A,Z) =

2
=[ZM, + (A - Z)M,]- a06A+aHOBA2’3+aKA1£; + aCMM(A'TQZ) _5A
CtrabunHuTte (M3BeCTHM) Agpa ca:
A Z N yucno sapa
YeTHO YeTHO 4YeTHO 167
HeYyeTHo HeYyeTHOo 4YeTHO 55
HeYyeTHO 4YeTHO HeYyeTHO 53
YeTHO HeYyeTHo HeYyeTHOo 4
MocnegHute 4 agpa ca: 21H X 6;»,Li X 1053 X 147N .



lll. TUNOBE PA3MNAA. TPAHULX HA CTABUITHOCT.

1. KapTa Ha nsotonute

Mpepanonara ce, Ye 3HaeTe Kakgo € Ol-, B-pasnag, CroHTaHHO AerieHe U M3NbyBaHe Ha

Y-kBaHTM (obwa npeacrasa). Becuuknm Hyknuau, cTtabunHuM n paguvoakTMBHK, ce

npencraBaT kKaTto Toyku B egHa (Z,N) anarpama:

100
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e

20

20 40 60 80 100 120 140 160 N

®ur.2. KapTta Ha paguoHyknnguTte.
Z = const - nsotonn; N = const - n3otoHn; A = const - n3obapmu

CrtabunHute Hyknuam obpasyBat T.H. IMHMA Ha cTabunHocT (6eTa). EnemeHTtuTe (Z =
const) nMaT NOHsIKOra HAKOMKO CTabunHu uzotona. HAKoM enemMeHTn HaMaT cTabunHu

nsortonu - Po, At, Rn n TpaHcypaHuTe.

Kora eavH Hyknua e pagnoakTuBeH ?
koraTo: M(A,Z) >XMnpon.

B eHeprus: M(A,Z)c2 >ZMF,,;,O,JC2



aKko nosiy4aBaHeTO Ha NPOAYKTUTE He € 3abpaHeHO OT APYrM 3aKOHM Ha CbXpaHeHue.
[Mpn pagunoakTMBHUA pasnag ce otaens eHeprys Q (npupoparta ce CTpeMu KbM Hau-

HUCKNTE Bb3MOXHU EHEPreTn4Hn C'bCTOFIHI/IFI)Z

M(A,Z)c® = ZMponC” + Q

- +
2. Berta-pasnag - uanbuBaHe OT AApPOTO Ha enekTpoH (B7), nosutpoH (B7) wnm
- +
enekTpoHeH 3axsart (E.3.). pwu B—pasna,u,a Ce U3nbyBa N Ve, a Npu [3 N eneKTpoHeH
3axBarT - Ve. TO3M TUN pasnaj ce AbIKU Ha Bb3MOXHUTE NPEeBPbLIAHUS:
n— p+f+ve
+
p o n+B +Vve

pte — n+Vg
Teaun npouecu ce koHTponupat oT crnaboTto B3anmoaencTene. OTHOLIEHNATA:

CUJTHO : eNIeKTPOMAarHMUTHO : cnabo : rpaBUTaLMOHHO Ca

1 1072 - 10 . 1073°

Ycnosus 3a 6eta-pasnaa:
B :M(AZ)>MAZ+1)+mg+m,
B" MAZ)>MAZ-1)+me+m,
E.3.:MA,Z)+mg>MAZ-1)+m, (Hama P-vactuua)

MwvHaBame KbM Maca Ha aTtomuTe, TbW KaTo B KpaHa CMeTKa B pes3ynTtaTt noryvyasame

HeyTparnHun atomMu:

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

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

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

B" i Mar(A,Z) > Mar(AZ - 1) + 2m,

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



Ako ycrioueto 3a P’ pasnag e nsnbnHeHo, To ycrosueTo 3a E.3. e BSPHO BUHArM.
EHeprnara Ha B-pasna,u, (oToensiHa) e nonoxuTerHa:

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

Ep+ = [Mar(AZ) - Mar(AZ - 1)]c” - 2mec”

Ees = Mar(AZ) - Mar(A.Z - 1)]c?
XapakTepHu 0cO6eHOCTH:

al. Eneprusta Ha [-pasnaga ce onpedenst oT macute (eHeprvsi Ha MOKOW) Ha

Ha4yanHoOTO M KPanHOTO aapa.

6/. Mpu B-pasnapa B kpaitHO CbCTOsIHUE UMaMe 3 yacTuum - sapo, B (unw [3+) N Ve (3
YacTUYKOBa KMHEMaTuka), nopagu ToBa pasnpeaerneHunsita no eHeprum 1 uMmnyrncu ca
HenpeKbCHaTK - HenpekbeHaT B-crnekTbp (TOBa, Ye He BuXKOaMe CrekTbpa Ha Ve He
npomeHsi Hewara). [paHWYHaTa (MakcuManHaTa) eHeprua Ha [3-cnekTbpa CbOTBETCTBA
Ha eHeprndata Ha pasnag. MskniodeHune - npu enektpoHeH 3axeat (E.3.) ce manbyBaTt

MOHOEHEPIreTUYHU Ve.

B/. Mpoueca Ha 3-pasnaga ce KOHTponMpa oT crnaboTo B3aMMoaencTeme.
: -2
XapakTepHu BpeMeHa (3aBUCAT OT eHeprusita u 3abpanaTta): T2 — o1 10° s go

2.10™ rogunHu

EHeprum Ha -pasnag: Emax — OT 18 keV (4H) mo 16,6 MeV ('%4;N)
rl. Mpu B-pasnaga A = const , T.e. nony4asaT ce n3obapu.

al. B+ pasnaga v E.3. ca KoHKypupawim ce npouecu, kato E.3. e eHepreTnyeckn no-

+
nrogeH - mMoxe ga umame E.3., Ho P pasnaga pa e 3abpaHeH. Ako umMame

eNeKTPOHEH 3axBaT [0 OCHOBHO CbCTOSIHME, TOW Ce perucTpmpa camo rno PeHTreHOBOTO

n3nbyBaHe (HEYyTPUHOTO HE ce BUXAa).

el. Fama-kBaHTM - npu [-pasnaga 4ecTo AbLIEPHOTO SAPO Ce MosiyyaBa BbB

Bb30yAeHO cbCcTosiHMe. Toraea:

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



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

m
*

EOCH.
E, P

A 4

OueBungHoO €, Ye eHeprusiTa Ha Y-KBaHTUTE (cnepg B—pasnau) € no-marka OT eHeprudara
Ha [B-npexoga oT OCHOBHO A0 OCHOBHO CbCTOsIHME. CxemuTe Ha pasnag (cuctema ot
Bb30yaeHM CbCTOsIHMSA) MoraT aa 6baat MHOrO CIIOXHW.

EHepreTnyeH gnana3oH: EY — oT 10 keV go 5 MeV

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

eHeprusita Ha Bpb3ka Ha OTAENHWUTE HYKMOHU B A4poTo. B npoTvBeH cnyyan sapoTo
BbB Bb30yAEHO CbCTOSIHNE € HECTAabWUIHO OTHOCHO M3NTbYBaHE Ha HEYTPOH MIN MPOTOH.

FamMa-npexoauTe B siapaTa ce KOHTponMpaT OT eflekTPOMarHMTHOTO B3aMMOAENCTBUE.

XapakTepHu BpeMeHa Ha XMBOT Ha Bb3byaeHUTe SAPEeHUN CbCTOsIHMSA (3aBUCAT OT

-16 6
eHepruaTa, Tmna n myntunonHoctTa): oT 10~ s go 3.10° roguHu (M3omepmn)
A. EHeprusa Ha B-pasnap,a M eHeprusa Ha Bpb3kKa

EHeprusta Ha [3-pasnaga Moxe Aa ce mM3pasv upes pasnukata Mexay eHeprumte Ha

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

[0 aAuUTUMBHU KOHCTaHTW. Macata Ha sapata B eHepreTUYHU eavHUUM ce aaBa C

dopmynarta Ha Banusekep.

Kaptata Ha usotonute (Z,N) moxe ga ce npeBbpHe B 3-MepHa Auarpama, ako ce
nobasun koopanHatata M : M (Z,N). B Te3n koopgmHatn dopmynarta Ha Bawnusekep

onpepnend eaHa NnoBbpXHUHA



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

Tasn noBbpxHUMHA wuMa MuHUMyM ("gon"), 4MsaTo npoekumss B paBHuMHaTa (Z,N)
npeacTtasnsaBa nuHusaTa Ha B-ctabunHoct. [a uscneasame Tasv NoBbpXHUHA npu A =

const

al. A = const (HeYEHTO) - HEeYEHTO-YeTHN N YeTHOo-HeyeTHU agpa. CeyveHneTo Ha

NOBbpXHMHATa ¢ paBHMHaTa A = const:

M ﬂﬂ.Ax

A = const
(He4veTH.)

B+

Zo-3 Zg2  Zo- Zo  Zotl Zgt2

@ur.3. Napabona Ha n3obapute 3a He4YeTHO A.

CeyeHuneHo 1UMa BUA Ha napabona - egHa, Tbii kato O - uneHa = 0 Mo napabonara 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 € [ABYy3HaYHa ,KkaTo O - YneHa:

[ + & - yeTHO-YeTHM
d=1

| -8 - HeyeTHO-HeueTHN

Mpexoagun Z = const ca 3abpaHeHn



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

Z HEeYeTH.

dur.4. Napabonn Ha n3obapute 3a 4eTHO A.

KaTo npaBuno ctabunHm ca 4eTHO-YeTHUTE n3obapw.

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

Zo + 2. pemnHaBaHeTo OT Zg - 2 B Zg MOXe Ja CTaHe C ABOEH B-pasnap,, HO npoueca

€ KpanHO Marko BEpOsiTEH (Bede e HabntogaBaH ekCnepMMeHTarnHo).

Bwxaga ce, ye HeYeTHO-HEeYETHUTE M306apn 4YeCcTo ca HeECTaAbUMHKM crnpsiMO TpuTe Tuna

pasnaan - B, B* v owe noseue E.3.

Mpumep, ¢ KONTO LLEe ce 3ano3HaeTe B naboparopusTa:

152

6aEUgg (H.H.)
E.3. 73%) / B (0,02%) B @7%)
152 152
62 SM g .Cd -
152
our.5. Tunose B-pasnagare Ha  Eu.



Makap 1 MHOro psiako, ce cryyea v Taka:

M

aa.

202 Zo1 Zg ZotlZg+2

®ur.6. Mapabonn Ha un3obapute 3a 4YeTHO A — BB3MOXHOCT 3a CblUeCTByBaHe Ha

CTabunHu HeYeTHO-HEeYEeTHN Sapa.
Mapabonute ca MHoro "TecHn". 13BeCTHU ca camo 4 CTabunHuM HeYeTHO-HeYeTHU aapa.
B. AHannTUYeH BUA Ha NMHMUATA Ha cTabunHocCT

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

O0AW (A,Z - Z
%:-aKA”322+4aCV,M-aCV,M8T=O
. A A
~ T a 23, . 2/3
—K A"+ 2 0,015A"+2

2aCl/IM

dopmynaTa no3sonsBa onpeaenaHeTo Ha Z Ha Han-ctabunHua nsobap npu gageHo A
= const. Tpsa6ea na ce oTGenexu, ye BbpXy [-CTaBUNHOCTTA HaN-CUMHO BIUSASAT
yneHoseTe, otynTawm (N,Z)-cumeTtpudara n KynoHosaTa eHeprus. Camo 3a Han-nekute

anpa ycnosueTo 3a B-ctabunHoct e N = Z (Z = A/2). 3a no-TexkuTe sapa ctaburHm ca
Te3U C USNULILK Ha HeyTpoHW. 3a kpas Ha nuHusaTa Ha [-ctabunHoct NIZ = 154/96 =

1,6 (A = 250). Npn ronemmn OTKIOHEHNA OT NMHUATA Ha B-CTa6mnHOCT moraT ga ce

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



HEeYTPOHHO-AEMULIMTHUTE HYKNMAOWN) aKTUBHOCT - korato B, = 0 unu B, = 0, Te.

eHeprusita Ha Bpb3ka Ha HeyTPOHa MUin NPOTOHa CTaHe Hyna.
3. Andha-pasnan

Kon npouec orpaHuyaBa MacoBOTO 4yucrio A B KapTaTa Ha usotonute? 3awo Hsama

cTtadbunHu nsotonu ¢ A = 5007

EovH oT npouecute e andpa-pasnaga - nanbuBaHe OT gapaTta Ha O-dyactuum. Anda-

yacTvuaTa € CUNHO CBbp3aHa cucTema OT 2 NpPoToHa U 2 HeYTPOoHa - A4p0 Ha 42He2.
EHepruaTa Ha Bpb3ka W(2,4) = 7,3 MeV Ha HykrnoH (no popmynaTa Ha Bawnusekep) - B

pencteutenHocT - 7,1 MeV (MyxuH). Anda-4actnyHuTe sapa ca Hanm-CctabunHm - 12606;

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

EHepreTuyHo:

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

EHeprusaTa, otgensiHa npu o-pasnaga:

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

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

0,02, b1 kaTo Mg >> M, npakTnyeckn Ty = Eg,.

B. OueHka Ha eHepruuTe E

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

TOoraBa.:

Eq = [M(A,Z) - M(A-4, Z-2) - M(*5He)Ic? = - AW(A,Z) + AW(A-4, Z-2) + AW(*,He)



[MpecmeTHaTO NO Bawnusekep 3a:

25248Cf154 — 2*%96Cmysz + “He (T12=2,6 a)
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/HykrnoH
E,=-1901 + 1879 + 29,3 = 7,3 MeV

T,=Eq—238_ =72 MeV
248 + 4

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

pasnaga oO-4acTuuaTa TpsbBa fga npeodonee MOCPeACTBOM TyHeneH edekT

3HaYMTENEH KyrNOHOBCKM Dapuep.

Zpal
VKz 0.a.<ad [MeV]

113
A

o
3a pasnaga 25293Cf - 2489¢;Cm Vi =30 MeV

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

MepuoauTte Ha nonypasnapg rno Ol ca B rpaHMUnTE: 10'7 s < Tqp < 1010 roanHu

Manko nameHeHue (noBuwaBaHe) Ha eHeprusta E, Boou A0 ronsiMo HapacTBaHe Ha
npo3payHocTTa Ha ©Oapuepa M CunNHO HamansiBaHe Ha Tq2 (HapacTBaHe Ha

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

HeTbn owe oT Ha4YanoTo Ha MUHaNUs BeK.

MmeHHO Ol-pa3naga orpaHuyaBa HapacTtBaHeTo Ha A (onoBoto Pb e nocnegHus

38
92U He ce cpelwaT ectecTBeHu

€neMeHT, KOMTO uma O-ctabunHu nsotonu). Cnepg 2
enemMeHTu, Nopagu KbCcuTe nepuoaun Ha nomnypasnagaHe no O-pasnag. TpaHcypaHuTe

Ca CMHTEe3npaHn N3KYCTBEHO N KaTO NpaBuIio ca Ol-akKTUBHWN.



UecTto npu O-pasnaga ce nonyyaBa AbLEPHO S4pO0 BbB Bb30OYyAEHO CbCTOSIHME,
KOeTo ce paspexaa 4pe3 manbyBaHe Ha Y-kBaHTW. [pu ToBa ce Habniogasa duHa

CTPYKTYpa Ha O-NUHUATa (HAKOMKO Ol-npexoaa).
4. CnoHTaHHO AeneHe

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

W OT Apyr Tun pasnaj. Agpata camMonpou3BOSIHO ce pasnajaT Ha ABa (HepaBHM)

CbpaFMeHTa, KOUTO CbOTBETCTBAT Ha dApa OT cpedarta Ha nepumoanyHata CUCTEMaA.

Heka o3Haumm dpparmeHTuTe Ha naxoaHoTo A4po (A,Z) ¢ (An,Zn) v (Ag,Zy), KaTo:

A=AJ'I+AT Z=ZJ'I+ZT
A. EHepreTnyHo ycrnoBwue 3a CNOHTaHHO aernene
OTHOBO: M(A,Z) > M(An,Zy) + M(A+,Z5)

EHeprvaa, oTaerieHa rnpu CnoHTaHHOTO AeJiEHE €.

Est = IM(AZ) - M(An Z5) - M(AZ7)]c?
KoraTto Ess> 0, MOXe aa ce HabnogaBa CNOHTAHHO AeneHe.
B. OueHka Ha eHeprusiTa, oTAeNsHa Npu AeneHe Ha sgparTa.
OTHoOBO: Esf = - AW(A,Z) + AW(Ap,Zp) + AW(A,Z7)
N3BecTHO e, ye 252980f1 54 C€ JEeNn Ha ABa pparmeHTa, KaTto:

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

1

112 40
T.€., Nony4yaeat ce nsotonute (NpnbnuanTenHo) 44Run " 54Xe

Mo dhopmynaTa Ha Bawnusekep:

AW(**%95Cf) = 1901 MeV ; & = 7,54 MeV/HyknoH

112

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

140

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



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

dparmeHTUTE. EgHa npocta dopmyna 3a cpegHaTa KMHETUYHA eHeprns  Ha

dparmeHTuTe (B MeV) e:

KOSATO BKITHOYBA U3BECTHUS KYNOHOB (pakTop OT dpopmynarta Ha Banusekep. o Heqa Eg¢

=184 MeV.

Esf = Exn + Exr OT ycnosueto 3a nmnyncute P, = Py . Cnegga, ye:

m

K'n'=M_T ; EK.n.=—MT Esf

K.T. IVIJ'I MJ‘I+ MT

m

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

AHann3bT Ha popmynaTa Ha Banusekep nokasea, 4e Egs > 0, korato:

22
a_
W __AS A 2207 1e Z=17
7 te £

- 213" a
Wios nos A nos
2
Z"/A - napameTbp Ha geneHe.

NHTepecHo e, 4e ToBa ycrioBue € M3NbIIHEHO 3a Hyknuau ¢ A > 99, Z > 39, Hanpumep

89
39Y, HO CbC 3abenexvmMa BEepPOATHOCT CMOHTaHHO AereHe ce Habniogasa easa npu

238 )
92U:

32 238,01 Z2IA = 35,6 ; Tyt = 8.10"° s Tyj2 = 4.10° 1.

3a 2529801_.: ZZ/A =38 ; T1/25f =85,5Tr. ; T1/2a =26T.

KaTo npaBuno, BeposATHOCTTa 3a (-pasnaj € Mno-ronsMa OT BeposATHOCTTa 3a

CMNOHTAHHO [eneHe 3a eauH W cbl, Hyknua. Hewata ce obscHsBaT c ToBa, 4e



cbllecTByBa Gapuep Ha AeneHe (aHanorMyHo Ha O-pasnaga), YMaTo Npo3padHoCT

2
HapacTBa CUITHO C yBenuyaBaHe Ha napameTtbpa Z°/A. AbGconrTHaTa rpaHuiua Ha

CcTabunNHOCT Mo AerneHe ce Aasa oOT:

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

XunotetnyHo sgpo: A = 380 ; Z = 136 ; Z%IA = 49 - TpsibBa Oga Tbpnu AeneHe 3a

XapaKTepPUCTUYHO (SapEH0) Bpeme 102 s.

252

I'. KakBo cTtaBa ¢ pparmeHTuUTe - 32~ Cf:

sa "24,Ru : npyn nsobapu A = 112 ; no Z = A/(0,015A%3+2), Z = 48

4xf

112
44RU _—

1124ng

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

axf

140
saXe —

140
5809

[MpoaykTuTe Ha geneHe ca rpynupanun okono A; = 140 n A, = 110, cbabpxaTt U3nuwbK
Ha HeyTpoHM M ca [F-paAnoakTMBHM — npeTbpnsBaT cpeaHo 4 pasnaga [oKaTo

OOCTUTHAT NHKATa Ha [3-cTabunHoct.



