3ATAUI 3 IJEPHOI ®I3UKU.

y A-2Z°
BukopucroByroun ¢-ny BaiinzekepaE =aA-a,A”*-aZ’°A"° -a, s A(j’ -

3HAUTH KOE(PIIIEHT HATATY SAApa, SKUIO a, ~13.03MeV .

BukopucroByioun ¢opmyny Baiiizekepa  3HaWTH aTOMHUN HOMEp
CTaOUIBHOTO Spa, SIKIIO SIPO MICTUTH 27 HYKIIOHIB.

OuiHuTH Macy - Me30Ha, BBAXKAIOUM , IO ME30H € NEPEHOCHUKOM
AIEpHUX CHJI MDK JBOMa HyKJoHamH. IIIBUIKICTP Me30Ha BBaXXaTH
PIBHOIO IIBUKOCTI CBITIA.

3HalTH OLIHKY JJI paAlycCy il siAepHUX Ta CIaOKUX CHUJI, SKIIO Maca x -
me3oHa 135 MeB, a macy W*,Z° 6030HiB BBaxkatu nipudsim3no 100 I'eB .
['ipomarHiTHI MHOXXHHMKHM JUIsl TIPOTOHA 1 HEWTpoHa piBHI g, =1, g, =5.581
g, =0,9, =—-3.83B1ANOBIAHO. 3HANTH MAar”HiTHI MOMEHTH HEUTpoHa 1

POTOHA.
3HaTH MarHiTHU MOMEHT CHUCTEMHU JIBOX HYKJIOHIB yepe3 iX MarHiTHi
MOMECHTH L4, fL, -

BBaxkarouu, 1110 pi3HHUI B €HEPrisx 3B’sA3KYy sjaep TpuTis 1 °He,, KOTpa
nopiBHIOE E =0,8MeV , BUKJIMKAaHA €HEPTI€I0 €JIEKTPOCTATUYHOT B3a€MOJIIT
IPOTOHIB, OIL[IHKTH PO3MIp sapa “He, .

B moneni Tomaca-®epmi enepris ¢depMi HYKIOHIB y CTaOUIBHOMY sIpi
E, ~40MeV . OIIHUTH MBHUAKICTh HYKJIOHIB Yy SApi 1  JOIUIBHICTH
BUKOPUCTAHHS PENSATUBICHKUX MOMPABOK.

VY razoBiii MoJzieni spa BBAXKAETHCS, IO HYKIOHU YTBOPIOIOTH ra3, SIKHUi
3aiiMae 00’eM siApa 1 MANOPANKOBYEThCs posnoaury depmi. OmiHUTH 3
IIUX MIPKyBaHb MAaKCHMaJbHy KIHCTHYHY CHEPTil0 HYKIOHIB Y SIpi.
BBarxaTy 9uciI0 MpOTOHIB PIBHUM YUCITy HEHTPOHIB.

10.HaiinpocTimow MOACIIII0 SASPHUX CHII € TPbOXBUMIPHUN TapMOHIYHUM

ociwiATop. BBakarouu, MO0 MOTEHIIAJIbHA sMa sapa Mae TIIMOMHY
U,=-70MeV, a U,(R)=0, ne R,=10"°cM. , OI[IHUTH CHEPril0 3B 3Ky
HYKJIOHA JUIS si7pa KUCHIO FO . SIka eHeprist OJHOHYKJIOHHOTO 30Yy/KEHHS
y miit Mmoaei?

11.3a mgomomororo Mojelli aTOMHHMX OOOJIOHOK 3ammcaTd KOHQIrypariro

OCHOBHHX CTaHiB sifiep 'Liy, °C, *Mg,,.

12.Bu3HauuTH 3a JOMOMOTOI0 MOJENI SIIEPHUX OOOJOHOK CITiIH Ta MapHICTh

OCHOBHOTO cTaHy sgep “C, N .

13.3a gomomoror Mojedi SASPHUX OOOJIOHOK 3HAWTH CITIH Ta MapHICTh

OCHOBHOTO CTaHy HaCTYMHHUX saep: °H,, *He,, °N, 0.

14.Cpepuuno-cumeTpuyHa sSMa 3 HECKIHYCHHO TJIMOOKMMH CTIHKaAMHU

MiJmaaae ma Mainy aedopmariiro, IpuiMarOdd BU €IITICOiIa 3 MIBOCSIMHU
a=b 1 c. 3HalTH PO3NICIUICHHS PIBHS €HEPT1i B M1 /11 S-CTaHYy.



15.1IpencraButu cunu Maiiopana, ["aiizenoepra, beittiepa 3 B3aemoii criHiB
1 130CITIHIB.

16.3naiitu popmynu , AKi 3B”A3yIOTh €Heprii 3 Ja0OpaTOPHOI CUCTEMHU Yy
CUCTEMY IEHTPY IHEpIii IS BUNAAKY PO3CIAHHS JBOX YAaCTUHOK
OJIHAKOBO1 MacH.

17.loBecty, 110 MOKA3HUK E€KCIIOHEHTH B 3aKOH1 PaJl0aKTUBHOTO pPO3Maay

t .y
Ma€ BUTJIAO o« =——, A€ 7 --CEPECAHIN YaC XKUTTA =1 .
T

18.Buxonsuun 3 3aKOHY pajiallifHOro po3najy 3HAWTH UMOBIPHICTH pO3Naay
A1pa 3a 4ac t.
19.4Ix BIUTMHE HA Yac HAmiBpO3Many i30Tony 4C SIKM BBA)XKA€ThCS PIBHUM

Ty = 5730440 pokiB MOXJIMBA 3MiHA MAarHiTHOTO MOJs 3eMJIl, SIKIIO
KOXEH PiK JUIMOIBHUM MAarHITHUH MOMEHT 3eMJIi 3MIHIOETHCS TTPUOJIU3HO
Ha 1/4000 ? fxoro Oyna mBHAKICTh HamiBpo3nany 6000 pokiB ToMy, SIKIIO
cepelHE HaIpPYKEHHST MarHiTHoro mouist 3emii ckiangae npubiauszno 0,5
I'c.?

20. 3HaliTu KUTBKICTh HYKJI€ina N,, SKII0 BIH BUHHMKAE 32 PAXYHOK PO3Maay

HykieigaN, Ta 3HalTM 4yac 3a sSKUM Hykiein N, JO0CIATHE CBO€Ei

MaKCHUMAaJIbHOT KIJTBKOCTI.
21.Y excriepuMeHTI BUMIPIOETHCS MEPETHH 1 BIIHOCHI IMITYJIbCH HATITAIOUUX

1 PO3CITHUX YaCTHHOK Yy peakiii N+ v— > p + € 3HalTHu CIiH HEUTPUHO ,
AKIIO MEPETHH O, = 4-10"c,, ~0,2-10*cm?®, a BigHOCHI iMIynbCH
P,. ~2MeV , p, ~4-10°MeV .

22. Slnpo TOJIOHIIO PO3MAJa€ThCsd Ha alb(a-4acTUHKY Ta JAOYIPHE SIPO
cBuHIO. [lpy 1bOMY [OYIpHE SAPO ONHMHWIOCH OE3MOCEePEeHBO B
OCHOBHOMY CTaHi.  3HaWTH TOBHY €HEpriio anbda-posmnany, SKIIO
KiHeTHYHa eHepris anbda-gactuku 8.34 MeB. flka mBuakicts Bigmadi
JOYipHBOTO sipa?

23.Y JeskoMy  €KCIEpUMEHTI anba po3mam  sAapa  MOJOHIHO(
“Po— °PPb+,He) BimOyBaeThcs  3a JBOMa KaHajJaMH — OJHH 3

YTBOPEHHSAM CTa0UIRHOTO JOYIPHBOTO S7pa, a APYTUd 3 YTBOPEHHSIM
30y/KeHOro cTaHy(i3oMmep). 3HAWTH EHEeprilo raMa-KBaHTa Ta EHEPTiio
peaxiiii, SKIo po3naj MpoXOoaUTh N0 KaHajaX 3 eHepri€to anb(ha-yaCTUHOK
5.3 Ta 4.5 MeB BianosiaHo.

24. Enepris peakiiil posnaay i3oTomy sipa reiito jHe mopiBHioe 3.5 MeB.
[Tig sskuM KyTOM 10 HampsSIMKY PYXy €JIeKTpOHA BHJIITa€ HEUTPHUHO, SIKIIO
enekTpoH 3 eHepricro 0.6 MeB BuwieriB mijg mpsMUM KyTOM J0 Spa
Bltayl.

25. PozpaxyBati TOpOTOBY KIHETHYHY €HEPril0 HAIITAI0YOro MPOTOHY
JaCTHHKM B peakmii p+ °H,—> *He, +n. Enepris peakmnii Q=17,6
MeB.



26. Po3paxyBaT MakCUMaJbHUU IMITYJIbC €JEKTPOHA, KU YTBOPUBCS B
pe3ynbrati f- po3nany sapa oepwriro (,Be), SIKIIO BiOMO, IO JOYipHI
A]ipa ONMMHUIIMCh Y OCHOBHOMY cTaHl. EHepria peakuii 8 MeB.

217. Slnpa nykneina micnst K-posmaay nepeTBOPIOIOTHCS B JOYIpHI siApa Ta
HEUTpUHO. 3HAaWTU KIHETUYHY €Heprito JouipHix snaep. Enepriero “K-
3B’SI3KY ““ €JIEKTPOHA y sIAp1 3HEXTYBATH.

28. Anb(ha-yacTUHKA 3 KIHETUYHOIO eHeprieto K, =1 MeB Ipy»HO pO3CIIOETHCS

. .. 71 : o . .
HA HEPYXOMOMY SJIpi JITiIO Li;. 3uaiitu KIHETUYHY €HEpTiio sapa
BiJI1aul, sike BiuIeT110 mia kytoMm 30% 110 pyxy anbda-yacTUHKY.

29. Miwens Li, 6GomGapayeTbcst HEHTpOHAMH 3 KiHETHYHOIO EHEprieko
T, =1MeB . 3HaliTH eHeprito 30y/KEHHs sAep, KA BUHMKAE I 4ac
HENPYXHOTO 3ITKHEHHS, SIKIIO €HEPTisd HEUTPOHIB, PO3CISTHUX 1A MPSIMUM
KYTOM JI0 HaJIiTarouoro mydka , jgopisatoe T = 0.33MeB .

30. 3HaliTH TEOMETPUYHMI TIEpepi3 PO3CISHHS JIJIsl YACTUHKY 3 €HEepriero E Ha
anpi paaiycy R .

31.Ilicns Toro, sSIK MIOOH TIOTPAalUB y CBUHIICBY IIJTACTUHKY, BIH JYyX€
IIBUJIKO YIOBUIHHIOETHCS, ONMUHSIOUNCH Ha K-00OJIOHII szpa 2§§ Pb i

icaye tam npubau3no T =10"° c. Le#t yac npubau3Ho B 30 pa3 MeHIIHi 3a
gac JKUTTSA BUIbHOTO MIOOHA. [lopiBHAMTE po3Mipu MIOOHHOI OOOJIOHKH 3
po3MipaMH sipa CBUHIIO. B3aemomis 3 sSIKMM 13 HYKJIOHIB OOMEXye yac
icHyBaHHS MooHa? HammcaTu BiAMOBIAHY pEakIif0 1 OLIHUTH TOBHHI
nepepi3 po3CisTHHS.

32. AproH po3namaeTscs 3a paxyHok K-3axBaty. Yac HOTO KHTTS JOPIBHIOE
32 mgui. OuiHATH TIepepi3 caabKkoi B3aeMO/IIi B peakIlii p+e —>n+v,.

33.3naliTu mepepi3 PpO3CISIHHS HEUTPOHIB 3 €Heprielo 10 E=5MeV Yy
1abopaTopHii cUCTeM1 KOOPIMHAT.

34. JloBecTH, MO PO3CISIHHA HEHTPOHIB 3 €HEpriero 10 E =5MeV chepudHo-
CUMETPUYHE Y CHCTEMI IIEHTpa Mac.

35. 3HaliTh  (QYHKII0O pPO3MOALTY HATITAIOYUX HEHUTPOHIB  EHEPri€ro
T, < 5MeB Micis APyroro 31TKHEHHS.

36.3HaiiTn CEpelHIO JOBXKHMHY MpoOiry Heiftponis (l), eHeprieio
T, =10MeB Y BOji.

37.HeilitpoHu eHepri€ro T, = 14MeB pO3CIIOI0ThCS Ha TIATUHOBIHM MillIEHI.
3HalWTH TIOBHWH TICPETHUH PO3CISHHS, BBA)KAIOUM, IO MPH IMX CHEPTisix
k ~kg,Ta I'=I' +I +T +..~T.

38. 3a kiMHaTHOI Temreparypu mpudausHo f =20% p- posmamiB “°Sn,, B
CrloJTydeHHi 3 BaSnO, BimOyBaerhcs 6e3 Bimmaui. OMiHUTH, SKOO TOBHHHA

OyTH TOBIIMHA JDKEpena, IJisi TOro 100 B HBOMY HE BimOyBamocs
MOMITHOTO  CAMOMOTJMHAHHS MecOayepCchbKUX  y-KBaHTIB. ['ycTuHa



BaSnO, p=37 ., IPOLIEHTHA YaCTUHA i30TOIy “'°Sny, B MPUPOAHIH cymiri
£=8%, EHEprisi y - KBaHTIB E = 25KeV .

39./Ixepeno TemIoBUX HEUTPOHIB BCTAHOBIEHO B LEHTP1 rpadiToBOro Kyoa.
3 IUIMHOM Yacy HEWTPOHHM Micias 0araropa3oBOTO PO3CIIOBAaHHS Ha sapax
BYTJIELI0O Ta YaCTKOBOT'O MOTJIMHAHHSA PO3MOBCIOJKYIOTBCS MO BCHOMY
00’eMoBl. OuinuTH e(EeKTUBHUNA po3Mip o00JacTi, U0 B pe3yJbTaTi
3aiiMaroTh HEUTPOHU, AKIIO €PEKTUBHUIA NEepepi3 PO3CIIOBAaHHS HEUTPOHIB
o,=4.8-10*cy’, mornuHaHHs o, =4.8-10"cv’. T'yctuHa rpadiry
’0 = 2'27&13 -

40.00uucauT KoeilieHT 3aJI0MJICHHS HEUTPOHIB 3 eHeprieto E =20ueV vy
MeTajeBoOMy ,Be , SKIIO , SKIIO aMmIUIiTyAa poscisHHs f =0.77-10%cu.

YoMy JOpIBHIOE KYyT TOBHOTO BHYTPIIIHBOTO BIIOUTTS  HEUTPOHIB
p=184z/cm’.

41.0nuinutd eQeKTUBHUN mepepi3 po3aiieHHS sapa “*°U,, HEWTpoHamMH 3

eHepriero E ~-107°eV SKIIO BiZOMO, IO IMEpepi3 PO3ALICHHS MPUOIU3HO
JOPIBHIOE Tepepizy 3axoruieHHs. U, =10MeV , a TOBHA MIUPUHA MPUOTU3HO
NOPiBHIOE MIUPHHI pafianiiinoro 3axsary (I'=I, +I, ~T" ~0,1-eV )

42.3HaiiTi eHepriio , sKa BUALIAETHCS TPU po3Baii sapa ypany “*U,, Ha JBa
JOYIpHIX s]Ipa, BUXOJSYM 3 CEPeIHBOI €Heprii 3B’sI3Ky Ha HYKJIOH IS
sapa ypaHy 1 JBOX OCKOJKIB 3 CEpeIuHU TMepioAuYHOT TaOIHIli
Menpeneena.

43.CK1IbKM eHeprii BUIAUTUTHCS TPHU IMOJLI BCIX sSE€p YpaHy 3 CYMapHOIO
macoro 1r.?

44.Y qyomy ¢i3udHu 3MICT KoedirienTa po3MHOKeHHs ? CKIJIbKM HEUTPOHIB
Oyze y cCOTOMY IOKOJIIHHI, SKIIO MpOoIecc MoauTy mounHaeThess x3 1000
HEUTpOHiB 1 k=1.057

45.0uiHdTH TPOMDKOK dYacy, HEOOXimHumi s aiteHHs 1 kr. U, vy
HECKIHUYCHHOMY SIIEPHOMY CEPEJIOBHII, SIKIIO CEePEeHS CHEpris IUICHHS
ypany 1.6 MeB. Ilepepiz ninenHs ypaHy o, =2 0Oapa Ta k=1.001.
BBakatu, 110 B MOYaTKOBUY MOMEHT TOJILT TTOYABCS 3 OJTHOTO Spa.

46. Y cKiTbKM pa3iB 30UIBIIUTHCS KUTBKICTh HEUTPOHIB 3a OJHY CEKYyHIY
AKIMIO0 HEeUTpoHu MIcTATh 0,68%  3ama3mayrounx HEUTPOHIB 3 CEPEeIHIM
gacoM HamiBpo3mamy Tt =15c.BBaxkatu, mo KOeQillieHT PO3MHOKEHHS
HEUTPOHIB y cyMimIi ypaHy k =1.0025.

47.3HaiiTi Tepioq peakTopa , SAKIIO KOedillieHT PO3MHOXKEHHS k=1.01 Ta
7=0.1C.

48.00uncanTH E€HEepriro, SKa BUIUIMTHCS TPU TOBHOMY 3ropaHHi Ir.
TEPMOSICPHOTO TAJBHOTO 3 JCHUTEPiI0 1 TPUTIIO B PE3yNbTaTi peaxifii
H+H - JHe+n.

49.BBakatouu, 3amporoHoBaHi bete manirorosi peakiii Ha CoHIli (MpOTOH-
MPOTOHHUI Ta BYIJIEBOJAHUMN IIUKIIM) 3HAWUTH €HEPril0 IUX JIAHIIOTOBUX
peaKiii.



50.3HaliTn edexTuBHY €eHeprio TepMmosaepHoi peakuii Ha CoHII, SKIIO
temreparypa Conns T, =14-10°..°K , a KyJIOHIBCbKHiA Oapbep B, ~0,5MeB.

51./leiiTepieBa mIa3sMa 3 KOHIEGHTpALIEO saep n=10°CM° 3HAXOAUTHCS TPH
nesikii temnepatypi T =1 KeB. 3nHaliTu cepeaHiii yac KUTTS AEUTEpIO MO
BIJHOIICHHIO 10 peakiii dd.

52.Yu MOXKJIUBI peaKilii:
Pou +v, O >z +A° Q >z +5°
N—>p+u +v, A° > p+r =
Q 57 +p+K Q +po>ZE"+A°
2> A+ E4n—o2A°

53.Bu3HauuTi IpOCTOPOBY Ta 3apsiIOBY MAPHICTh Yy MO3UTPOHIS NpHU HOro
AHIT TSI

54. 7~ Me30H, 10 3ynuHUBCS (S-CTaH), 3aXOIUTFOETHCS IEHTPOHOM B peaKilii
7~ +d —>n+n.BcraHoBiTh BHYTpIIHIO P- mapHICTh 7~ -Me30HY.

55./loBecTH, 10 eKCrepuMEeHTANBHOr0 (PaKTy HM3BKOI WMOBIPHOCTI peakxiii
7 +d —>n+n+7z° BUIIMBAE(SKIIO BBAXKATH, IO 3aXBaT 7 - ME30HY
BiOyBa€eThCcsl 3 S-piBHSA  “Me3ozeiTepis”),mozr - Me30H 1 7°- ME30H
MalOTh OJTHAKOBY BHYTPIIITHIO TAPHICTb.

do(p+d—>d+n+7z")

do(p+d >d+p+7°)

57.B edekTMBHOMY TMepepi3i MPYXKHOro Tiporecy z ' +p—>z +p 3a
T. =190MeV crocTepiraeTbcsi pe30HaHC 3 Ha MIBIIUPUHOW , 17/2=100MeV ,

56. JloBectH 110

KOTpUH Ha3MBa€ThCIA™ --1300aporo. BusHauutu Yac icHyBaHHS IIi€i
YaCTKHU.

58. IloOyayBaTu 3 KBapKiB p,n, A, X, Q- 4aCTUHKH.

59. KopucTtyroduch KBApKOBOIO MOJCIUTIO IIEHTH(IKYBATH YaCTKY X y peaKiii
Ki+p->7 +X.

60. Buxosuu 3 3aK0HIB 30€peKeHHS TIONMCATH HACTYITHI PeaKIlii:

ayw,+p—> eV, +e — 0)2x" +17 —> a)pt +17 >
o)V, +n—> ey, +e" — e)2r +7° - 3)p +17 >
wrt+t >

KT~ +17° —>

Sxe BimHOMICHHS €()EKTUBHUX MEPEPI3iB IIUX PEAKITii?

61. Ha ocHOBI KBapkoBOi MOJENl 3HAWUTH CTPAHHICTH EIEKTPUYHO
HEUTPATbHOTO aJ[pOHAa 3 TPOEKINEI0 130TOHIYHOTO CHiHy T,=12 Ta
OapioHHUM 3apsanom B=-1.

62.3a BenmWKWX 3HAYCHb CHEPrii TOBHUU Tepepi3 po3cCisHHS  (pp)
3aIMIIAETHCS CTATMM 1 JIOPIBHIOE o =40m61 . BBaXaroun CTpyKTypH TioHA
Ta MPOTOHA KBAPKOBHMH , 3pOOUTH OI[IHKY BEJIMYWHU TMOBHOTO TEPEPi3y
po3cissHHA (zp) 3a UX yMOB . Buxomsum, mo i KaOH-HYKIOHHOTO



PO3CISIHHA o =19m61, OLUIHUTU Ha OCHOBI HABEIECHUX JAHUX NEpepi3u

63.Buxoassun 3 KBapKOBOi MOJENl 3HAWTH XBUJIbOBI (DYHKIIT MpPOTOHA 1
HelTpoHa. JloBecTH, IO WMOBIPHICTh NapajiebHUX CHIHIB KBapKiB
BCEPE/IMHI aIpOHY BHUIIE 33 aHTUIAPAIEIbHHUX.

64. JloBecTH, 1110 MarHiTHI MOMEHTH KBapKiB 2-TO MOKOJIHHS BU3HAYAIOTHCS,
AK 1 71 €NEKTPOHa, 3a popMysoro /i, = ehQ,$/4zm.c , A€ BIINOBIAHO Q1
m, --3aps]1 1 Maca KBapKa.

65.BBaxatoun, 10 HMOBIPHICTh MapajielibHUX CIIIHIB BCEPEIUHI aJIpOHY

BUIIIE 32 AHTUIAPAJICIHbHUX, OI[IHUTH BIIIHOIICHHS MarHiTHUX MOMEHTIB
HEUTpOHA 1 TPOTOHA.



