CTpoe:k 1 OCHOBHH XapaKTePUCTUKHU Ha siApoTo. Maca u eHeprusi Ha siapoTo. EHeprus Ha
Bpb3KaTa. SIApeHn peakuum. 3aKOHHU 32 3al1a3BaHe B sAPEHUTE PeaKIUuH

CTpoex 1 OCHOBHU XapaKTEePUCTHKH HA 1IPOTO

Bcekn aromM mMa oOTpHIATENIHO 3apeleHa OOBHMBKA W TIOJOXKHTEIHO 3apelieHo sapo. B smpoto e
ChCpEAOTOUEHA MOYUTH LisaTa Maca Ha aroma (99,95%). Besko sapo € u3rpajieHo oT NPOTOHU U HEYTPOHH,
Hape4YeHu c oOmoro ume Hykaouu. (IIpOTOHBT € YacTua ¢ TOJOXHUTEJICH EJIEKTPHUEH 3apsi, PaBeH IO
rojJieMrHa Ha 3apsjia Ha eJeKTPOHA, a HEYTPOHBT € YacTHIa 0e3 eJeKTpHUeH 3apsil.) MacaTa Ha IpoToHa Mp €
npuOIM3uTENHO paBHA Ha 1836 enekTpoHHHM Macu (Me): Mp ~ 1836 Me, a MacaTa Ha HeyTpoHa My € ¢ 2,5
€JICKTPOHHM MacH Mo-TojisiMa: My ~ 1838,5 me. bposat Ha npoTonuTe ce o3HauaBa che Z, a Ha HeyTpoHUTE — ¢ N.
OOumsaT Opoll MPOTOHM M HEYTPOHM OMPEIENs MacOBOTO YHMCIO HA PA3IMYHUTE H30TONMU HA XUMUYHH
eJIEMEHTH OT MepuoauyHara cucrema u ce o3Ha4yaBa ¢ 4 (A = N + Z). CiieoBaresiHo OpOsAT Ha HEYTPOHUTE B
sapoto e N = A — Z. ATOMHHST HOMEp Ha BCEKH €JIEMEHT € paBeH Ha Oposi Ha IPOTOHUTE Z.

3a 00o3HaYaBaHe HA PA3NMYHHUTE sApa ce M3mon3Bar 3amucure , X* wmm 2X, KbaeTo X € XUMUIHHAT
CHUMBOJI Ha eJleMeHTa ¢ najaeno Z. Hanpumep, ;Be e enementa 6epunmii c Z=4uA =9, 1.e. N=5.

[IpOTOHBT ¥ HEYTPOHBT MOTAT Ja CE O3HAYABAT KAaTO ;P U ,N, & O-4aCTULATA, KOSATO € XEIHEBO AP0 —
sHe.

Slnpara, KOUTO UMAT €IHAKBB OO MPOTOHH W pasivueH Opoil HEYyTPOHU, CE€ HAPUYAT U30MONU, & TE3U C
€/IHaKbB OpOll HEYTpPOHU U pa3nyeH Opoil MpPOTOHU — uzomowuu. Slaparta ¢ €IHAKBO MacoBO 4UCIO A, HO
pasnuyeH Opoi MPOTOHM M HEYTPOHU CE HApUYaT u306apu. Pa3nuuHUTE M30TONM UMAT €JHAKBH XUMHUYHU U
MOYTH €AHAKBH (PM3WYHU CBOWCTBA, JOKOJKOTO TE€3HM CBOWMCTBA CE OINpPEIENAT OT €JICKTPOHHATa OOBHMBKA Ha

aToma. 3aToBa HAaIPUMED, OTAEIAHETO Ha ‘U 0T “5U e clloKHa TEXHOIOTHYHA 3a/1a4a, TIPU KOATO Ce MOJI3Ba

pa3IMYUeTo B MACHUTE HA M30TOIUTE.

Hocera ca nzBectau Haja 2000 siapa, ot kouto npubamsurenso 300 ca crabwinu. MaTEepeceH e GpakThT, 4e
no-royisiMata 4yact ot crabwiHute sipa (159) umar uyeteH Opoil MPOTOHM M HEYTPOHH. SlapaTa ¢ 4YeTHH
croitHoct Ha Z u N ce HapuuaTt yemno-uemuu, a Te3u ¢ HeueTHu Z u N — neuemno-neyemnu (TakuBa ca caMmo

4: iH, SLi, 2B, “N). Slapata c yeTen Gpoif IPOTOHH U HeUeTeH OPOii HEYTPOHHU Ce HAPHYAT YenHO-HEeUemHU

(54) u obpatHO — HeveTeH Opoil MPOTOHM U YeTeH Opoil HeyTpoHHu — HeuemHo-uemnu (50). ToBa mokaspa, ue
npu GopMHUpaHe Ha BBTPEIIHATA CTPYKTYpa Ha AapaTa YEeTHOCTTa HAa MPOTOHUTE U HEYTPOHUTE € OT OCOOEHO
3Ha4YeHUE.

[Ipn manku macoBu uucia A cTaOWIHHUTE SApa CHIBPKAT MPUONMZUTETHO paBeH Opod MPOTOHU P U
Heytponu N. [Ipu yBenm4aBaHe Ha MaCOBOTO YHUCIIO A, TIPOIIEHTHOTO ChIbpXKaHUE HA HEYTPOHU HAPACTBA.

C u3BecTHO MpUONMKEHHE MOXE Jla ce MpHeMe, 4e sapara Ha aTOMUTE MMar moyTu chepuuna dopma.
HpOBGI[GHI/ITe qpe3 pa3jinuH METOAU U3MEPBAHUA HA PAAUNYCUTC HA dApaTa 1IoKa3BaT, 4€ TC CC MOAYHNHABAT HA
cieHaTa 001112 3aKOHOMEPHOCT:

R=r,A”;, 1,=(1,2+15).10"m,

OT KOATO CJIe/IBa, Y€ 00EMBT Ha SIPOTO € MPOIOPIHOHaNeH Ha Opos Ha HykioHHuTe (V~A). EkcnepumenTure
MOKAa3BarT, 4e siipata HAMaT ps3ko oueptanu rpanuinu. (ToBa e cBbp3aHo ¢ (akrTa, 4e HYKIOHUTE MPUTESIKABAT
BBJIHOBU CBOWMCTBA M pa3MephT Ha spara MpHI0O0MBa YCIOBEH CMHUCHI.) CpenHara ITBTHOCT Ha SAPEHOTO
BEIIIECTBO MOJXKE Jla ce MPEeCMETHE, KaTo ce pa3ienu Macara Ha saporo M = Amp (momyckame, 4e Mp = My) Ha
obema My V =(4/3)nR®. Iomyuenara croilHOCT € oT TBBpAE BuCOK mnopsambk (p ~ 10Y kg/m®). Tosa e

HEBEPOSITHO TOJsIMA IUIBTHOCT B CPaBHEHHUE C ITBTHOCTUTE HAa OOMKHOBEHUTE BELIECTBA, B KOMTO y4acTBAT
XMMHYHHTE €IEMEHTH ¥ TEXHUTE CheIMHEHHs (HampuMep TLTbTHOCTTA Ha BojaTa p ~ 10° kg/m?).

SnpaTa Ha aTOMHTE c€ XapaKTEePU3UPAT CbC ChuH U MacHumen momenm. CIUHBT Ha AAPOTO €€ ONPENETS OT
BEKTOPHATa CyMa Ha CIIHHOBETE Ha ChCTABAIIUTE O HyKJIOHH. IIDOTOHBT M HEYTPOHBT UMAT cruH S =+(1/2)7.

B TaxbB ciydaii 3a ciMHa Ha ApOTO MMa 3HAaYEHUE YeTHOCTTA WK HeueTHOCTTa Ha N uimn Z:

— 32 YETHO-YETHHUTE si/ipa CIMHOBETE B OCHOBHHUTE ChCTOSIHUS Ca paBHU Ha HyJa, @ BbB Bb30yJIE€HUTE UMAT
CTOMHOCTH LIeJIM YMCia, KpaTHU Ha |

— 3a spaTa ¢ HeueTeH Opoil HYKJIOHU CIIMHOBETE B OCHOBHOTO U BB30YJICHOTO CHCTOSIHHE 3a€MaT HE MHOTO
rOJIEMH CTOMHOCTH, KOMTO ca KpaTHU Ha //2

— 3a HEYETHO-HECUYETHHTE SJpa CIHUHOBETE UMAT IIETOYUCIICHU, CHIIO CPABHUTEIHO MAaJIKH CTOWHOCTH,
kpatau Ha %0, 1n, 2k, ..., 10k,



MarautTHUTE MOMEHTH Ha $IpaTa ca CBBbP3aHH ChC CIIMHOBETE MM. T€OpEeTHYHO € JOKa3aHO, Y€ BCSKa
HJacCTHhlla CbC 3apsa]g € u Maca M nMa MarHuTE€H MOMEHT
M o =

2mc

3a enexkTpoHa ropHara (opmyna aBa CTOMHOCT, KOSITO € TBbpAE Oym3ka 10 u3MepeHnata. Ako B (1) 3amectum
Macara M ¢ macara Mp Ha MPOTOHA, I MOJIYYUM TEOPETHYHATa CTOMHOCT Ha HETOBHSI MArHUTEH MOMEHT, KOATO
ce OKa3Ba 3HAYMTEIHO M0-MaJKa OT u3MepeHara (= 3 mbpTH). 3a HeyTpoHa ChIVIACHO Ta3u GopMylia mojydaBame
HYJIeB MarHUTEH MOMEHT (KaTro HEyTpaJHa 4acTHIa TOW HAMa EJIEKTPUYEH 3apsl), JOKAaTO HW3MEpBaHMATA
IMOKa3BaT, Y€ HCTOBUAT MArHUTCH MOMCHT € OTpPHULATCIICH. ITo-ronsamara HN3MCPCHA CTOMHOCT HAa MarHUTHHS
MOMEHT Ha IIPOTOHA, KaKTO M HAJIMYMETO Ha MArHUTEH MOMEHT Ha HEYTPOHA C€ ABJDKH Ha pa3IpeaeIeHueTO Ha
CJIEKTPUYHMS 3apsia B TAX. HeyTpoHBT, KakTO NPOTOHBT U JIPYrdM TEKKU YAaCTULHA HE Ca HENENMMH, a ca
U3rpaJICHN OT KBapKH.

CrnuHOBeTe M MarHUTHUTE MOMEHTH Ha sgApara HE Ca paBHU Ha CcymMaTa OT T'OJICMUHHTC Ha CIIMHOBCTC U
MarHUTHUTE MOMEHTH Ha HYKJIOHHTE, Y9acTBaIlIM B CbcTaBa UM. ONUTHUTE JaHHH MTOKA3BAaT, Y€ BCUYKH YETHO-
YETHH siipa UMaT MarHUTHU MOMEHTH, PaBHU Ha Hyja (CIIMHOBETE Ha TE3H si/ipa ChIO ca paBHU Ha Hyna). OT
Te3u (aKTH cielBa U3BOABT, Y€ MPOTOHUTE M HEYTPOHUTE BHTPE B ChCTaBa Ha A]paTa ca KOMOMHHMPAaHHU IO
[[BOI\/JIKI/I C IPOTUBOIIOJIOKHO OPUCHTUPAHU MArHUTHU MOMCHTHU U CITMHOBC.

Maca u eHeprus Ha sapoTo. EHeprusi Ha Bpb3Kkarta

Enna ot Hail-Ba)XHHTE XapaKTEPUCTUKH Ha aTOMHOTO SApoO € HeroBaTta Maca M. B sapenara ¢pu3uka macara
Ha A]paTa ce U3MepBa B aTOMHH eAMHMIIM Maca (u). 3a enHa aromHa eanHuia maca (1 u) ce npuema 1/12 gact
OT MacaTa Ha HeyTpaJIHHUs aToM Ha Bbriaepoaa “C:1u=1,66.10"%"kg.

B T1abn. 1 ca npuBeneHu macute Ha sApaTa Ha HIKOU Ta6mma 1
u3zotonu. Buxkna ce, ye Macute UM, U3pa3eHU B aTOMHHU MacoBo
€AVMHULIM Maca, ca IIOYTH PaBHU HAa MAaCOBOTO UM YHCJIO. Hsoron HCIIO Maca [u]

B sapenara guszuka oOMKHOBEHO ce paboTH ¢ eHeprun, H 1 1,00782522+ 4.10°
KaTo Ha BCSKAa Maca C€ ChIIOCTaBsl €HEprusAra B IIOKOM. , 5
EHepreTHuHuAT €KBUBAJICHT HA €JHAa aTOMHA €IMHUIAa Maca H 2,01410222+7.10
e: 1u=mc?=1,49.101°J ~ 931 MeV. *H 3,01604972+ 16.10°®

[lo3HaBaHeTO HA TOYHWTE CTOMHOCTH HAa MacuTe Ha SHe
IPOTOHA Mp M HEYTPOHA My JJaBa BB3MOXKHOCT Ja CE€ CPaBHU 2
MacaTta Ha aTOMHOTO s171ipo M(A,Z) chec cymaTa OT MacuTe Ha
BCUYKH A HYKJIOHU (Z ipoToHH U A—Z HEyTpOHH), OT KOUTO TLi
TO € u3rpaaeHo. Oka3Ba ce, 4e BUHArd mMacara Ha siIpoTo € "Be
Mo-Majika OT cymMaTra oOT MAacHUTe Ha CBbCTaBSIIUTE IO
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3 3,01602970+ 16.10°8
sHe 4 4,00260326 + 27.10°®
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7,0160048 + 8.10°7
7,0169299+ 8.10°7

HYKJIOHU. Benmunnara .Be 9,0121828+ 6.10°7
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ce HapHM4a eHepeus Ha 6pb3KAma Ha AIPOTO CHPIMO BCHUKH N 14 14.00307440 = 13.10°
CBCTaBAIM TO HyKJIOHU. EHeprusaTa Ha Bpb3Kara € MApKa 3a ” -
O 16 15,99491502+ 2.10

eHeprusTa, KoATO TpsgOBa Ja ce M3pa3xonBa, 3a Ja ce
pas3zeny J1aIeHOTO PO Ha ChCTaBSIINUTE IO HYKJIOHH.

eMewv) Yecto e yaobHO na ce paboTu CcbC cneyuguunama
T eHepeust Ha epvskama, nepuHupana kato € = AE/A, kosto

8_| BCBIIHOCT € EHEPTHsI Ha Bph3KaTa Ha €iH HYKJIOH.

8 »He ExcnepuMeHTaIHOTO HW3CJIEIBAaHE HAa EHEprusiTa Ha
6_ 2-2H 6 - °Li Bpb3KaTa JaBa Oorata W wuHTepecHa uHpopManus 3a
2 3- *He 7-12c cBoiicTBarTa Ha siapara. Ha ¢ur. 1 e nokasana 3aBUCMMOCTTa

1, 4-3H 8. SEe Ha crnenu(uYHATa EHEpPrus Ha BpB3KaTa OT MacOBOTO
2_}; ! 228 YUCTIO.

s 9-°pU Ot xoma Ha 3aBHCHMOCTTa MOTAaT Ja C€ HamIpaBsT

1 | | | | = A HAKOIKO OCHOBHU H3BOJM.
50 100 150 200 250 — OT NOJOXUTETHUTE CTOMHOCTH Ha AE U € 32 BCHUKH
dur. 1 Afpa cieaBa, dYe SAPEHHTE CHIM ca CHJIM Ha

MIPUBJIHYAHE, MO-UHTEH3UBHU oT
€JIEKTPOMAarHUTHUTE (ThH KaTO KOMIIEHCUPAT H3IUIO E€JIEKTPOMAarHUTHOTO OTOIBbCKBAHE MEXKIY



NPOTOHNTE). AKO CPaBHMM CHJIaTa Ha JBETE B3aMMOJCHCTBHSA Ha pascrostHMe 107° m, sapeHoTo
IIPEeBH3X0K1a eNeKTpoMarautHoTo 10%+10° mbTh.

— AKO ce U3KIIIoUaT Hal-JIEKUTE si/Ipa, MOXKE Jla ce Kaxke, ye crenuuyHaTta eHeprus Ha Bpb3Kara hMa
rojemMuHa okosio 8 MeV, ¢ makcumyM okoso 8,8 MeV. ToBa noka3Ba MHOTO rojiiMara MUHTEH3UBHOCT
Ha AapeHuTe cuiu. (3a CpaBHEHHE MOXKeE J1a C€ MOCOYM, Y€ EHEprusita Ha CBbP3BaHE Ha €JIEKTPOHA B
aToma Ha Bojiopoza e 13,6 eV, T.e. okoJo 10° mbTH Mo-MaJika. )

— Tloutu mocTossHHaTa CTOMHOCT Ha crneur(uyHaTa eHeprusi Ha CBbpP3BaHE 3a BCUUKH SApa MOKa3Ba, ye
SAJIpEHUTE CWJIM HUMaT CBOMCTBOTO HACHUIAHE, KOETO O3HauyaBa, Y€ IUIBTHOCTTA Ha sapara €
NpUOIM3UTENHO NOCTOSIHHA. [IOCTOSHCTBOTO Ha IIBTHOCTTa OT CBOS CTpaHa NOTBBPXKIaBa, 4e
pasMepuTe Ha spaTa ca IpornopuroHanHy Ha A3,

— JlokonkoTo crienuduyHaTa eHeprusl Ha Bph3kaTa Ma MakcuMyM oT 8,8 MeV npu 4 = 56 (kxens130), 3a
JICKUTE S]pa € €HepreTUYHO MO-U3rOAHO Ja Ce CIEeST, NMPH KOETO ce OTHENs T. Hap. mepmosopena
eHepeusi. 3a TEXKKUTE siipa € €HepreTUYHO MO-M3rOJHO Ja Ce paslernsiT Ha 4acTd, KaTo IpHU ToBa ce
OTJIEINsl T. HAP. AMOMHA eHeP2Usl.

Maeuunu ce Hapuyat sapara, KOUTO UMaT Opoi Ha MPOTOHMUTE WK HeyTpoHute 2, 8, 20, (28), 50, 82 u 3a

HeyTpoHHTE omle 126. Ako OposT U Ha MPOTOHUTE, U HA HEYTPOHHUTE € ,,MarMYHO YUCIIO”, AAPOTO C€ Hapuya

0gotino maeuuno. TakuBa siapa ca camo met: “He, 0, ¥Ca, (2cCa), *8Pb.
2 8 20 20 82

Hupe}m PC€aKIUH. 3akoHu 3a 3ama3BaHe B SIAPCHUTE peaKIun

B Hali-mmpox cMHCHII Ha ymara, speHa peakLus ce Hapyuda MpoLec Ha COTbChK MEXY JABE WM ITOBEUe
YaCTUIM, NMPOTHYAIIA C YYaCTHETO Ha CUJIHO B3aUMOJCUCTBHE. SIApEeHHMTE peakuuu ca OCHOBEH METOJ 3a
M3y4yaBaHE Ha spaTa U €JIEMEHTapHUTE YaCTULIU.

Haii-HarneneH n yHuBepcaleH HaA4MH € 3alUChT, IpUeT B xumusara. Hanpumep:

1 Ty =
b+ lioa+a
oTpassiBa cOIbCHK Ha MPOTOH C sAPOTO Ha Li, mpu koeto ce 00pa3yBaT qBe YaCTHUIIH;
1 17 1 17
Pp+.0—> n+ F
0Tpa3sBa cOI'bCHK Ha MIPOTOH C SAPOTO HA KUCIOPOJIa, IPU KOETO ce 00pa3yBaT HEYTPOH U sIpo Ha (iryopa;
y+ . Ca— JK+ .p+.n
oTpa3sBa CONBCHK HAa y -KBAHT C SIIPOTO Ha KajllMs, MPH KOETO ce o0pazyBaT HEYTPOH ,IIPOTOH U SAPO Ha

KaJ1us.
IlocnemauTte JABC pCaKIu MOorart Ja C€ 3aluuiaT KaTo:

“O(p,n)"'F u cpoTBETHO “Ca(y, pn)“K .

YecTo ce u3noii3Ba U MHOT'O ITO-KPaTKUs 3aIUC:
(p,n) ¥ CBOTBETHO (¥, pn),

KOUTO MOKa3BaT M30MBAaHE Ha HEYTPOH IpU OOCTpENBaHE C MPOTOH U OOCTpEIBaHE C Y-KBAHT, IIPU KOETO Ce
n30MBaT IPOTOH U HEYTPOH.

[Ipu sppenuTe peakuuu ca BaJdMIHU PA3JIMYHM 3aKOHU 3a 3ama3BaHe. BCekW 3aKkoH 3a 3ama3BaHe ce
CbCTOHU B TOBa, Y€ ONpEIesiCHa BeIMUnHA TPsOBa J1a OcTaBa IMOCTOSHHA MPEe/IU U Ccliefl B3auMoaencTBuero. Tezn
3aKOHM BMHArW HajlaraT HSKAaKBU OTpaHUYEHUS, KOUTO C€ Hapu4yar 3a0paHu, BPXY MPOJIYKTUTE, MOJIy4aBaHU
IIPU pEaKLUUTE.

BbB BcHuky SApeHN peaklMy € U3I'BJIIHEH 3aKOHBT 3a 3ama3BaHe Ha eHeprusita. [Ipu sapeHuTe peakuuu
ca BaJMJHU OLIE M 3aKOHWTE 3a 3alla3BaHE HA HMIIyJICAa, MOMEHTAa Ha HMIIyJCAa M EJIEKTPUYHUS 3apsl.
W3nbaHsABaT ce M HSAKOM 3aKOHM 3a 3ala3BaHe Ha BEIMYMHU KaToO JIENTOHEH W OapuoOHEH 3apsiji, KOETo
MPAaKTUYECKH O3HayaBa 3ala3BaHe HAa Oposl HA JIEITOHUTE (JICKUTE YaCTUIM — €JEKTPOHU, HEYTPHUHO U Jp.) U
O0apuoHHTE (TEKKHUTE YACTULIM — HYKJIOHU, XUIIEPOHH).



