FAMA-NMPEXOAUN B AOPATA U AOPEHU MOAEJIN

I. 3AKOHU 3A CbXPAHEHUE MNMPU TAMA-U3ITBYBAHETO. NMPABUJIA 3A OTBOP.

B MHOro npouecu Ha pagMoakTUBHOTO pasnagade (O, 3, aenexe) kpaitHoTO fApo ce
nony4aBa BbB Bb30OyAeHO CbCTOAHME. Pa3pexaaHeTo CcTaBa 4pe3 M3nbyBaHe Ha
erieKTPOMarHTHO fnbyeHne - 7Y-KBaHTWU. [lpoueca ce KOHTponupa OT enekTpo-

MarHUTHOTO B3auMoOAeucTBue, He3aBMCUMO Ye ce n3BbpLiBa B CUCTEMA OT HYKITOHMU,

CBbP3aHM Ype3 CUITHO (S4PEHO) B3aMMogeNCcTBHE.

Bb3byneHute saOpeHM CbCTOSHUSA (HMBA) Ce XxapaktepusupaTl CbC CrnegHute

napametpu: E; - eHeprus, otyMtaHa OT OCHOBHOTO CbCTOAHME, I; - MOMeEHT Ha

KONMMYeCTBO Ha OBWXeHue (CNWH) 1 T - YeTHOCT (+), nokasBalla cumeTpuyHa (+) unu

aHTUcMMeTpuyHa (-) € BbriHoBaTa yHKUMA Ha cbeTosiHueTo npu npexog (X, Y, Z) — (-
X, -Y, -Z), T.e. NpOCTpPaHCTBEHA MHBEPCUSA (OrneganHo OTpaXeHue) - 3aMmsiHa Ha gscHa

C ndBa KoopaunHaTHa cucrtema.

YeTHoCTTa (BbTpellHa) Ha AafieHO AOpPeHO CbCTosHME ce onpedens oT cymara oT

Op6V|TaJ'|HV|Te KBaHTOBU YUCIa (MOMeHTM) Ha CbCTaBALWNTE IO HYKITOHW!
M= (_1 )Z I
KbOeTo li - 0p6V|TaﬂH0 YMUCIO Ha OTAEeSTHATE HYKITOHW.

1. EHeprua Ha npexopaa:

Ei,li,ni

v Ef,lf,T[f

®ur.122. PagmaumoHeH npexoa mexay Bb3byaeHu sapeHn CbCTOSHUS.
E= Ei - Ef

Ot 3akoHa 3a 3anasBaHe Ha eHeprndaTa n nMmnyrnca:



E=Ey+T,;0=p, +p,

KbaeTo: Tg - KNHETUYHA eHeprmda Ha OTKaTHOTO AAPO,; Pg - UMNYJIC HA OTKATHOTO A4pPO0.

Bbnpekn, ye nmnyncute |p7| = |pal , kMHeTUYHaTaA eHeprusi Ha oTkaTHOTO siApo Ty

npun n3nb4yBaHe Ha raMa-KBaHT € HULLOXHa 4acCT OT eHeprnAaTa Ha npexoaa.:

Ey E2
Tq = = ~(10-5+106)E
2M,c? 2M,c?

nopagm ronamarta maca (Mg) Ha 3nbYBaLWOTO SAPO.

O6uvkHoBeHO Ty ce npeHebpersa (B rama-CnekTpocKonusaTa) n cumtame, Ye:

- T\ — NC
Ey —Ei'Ef—hw—T
E, ce namepBa B eV; keV; MeV. 'ama-uanbyBaHeTo OT fapata € MOHOEHEepPreTu4YHoO —

rama-npexoauTe ca c onpegeneHu (AUCKPETHN) eHepPruu.
2. MomeHT Ha KonnM4ecTBO Ha ABWXeHue. MynTMnonHocT Ha npexoaa (L)

[MpoToHa p 1 HeyTpoHa n ca hepmuoHu (s = 1/2) n nopagn coBOABAHETO, XapakTepa

Ha CnHa Ha gageHo Aapo ce onpenenda ot 6po;| Ha HYKIOHUTE!

3a A 4eTHO - CMMHOBETE HAa OCHOBHOTO U Bb3OyAEeHUTE CbCTOSIHUSA Ca LIeNMOYUCTIeHWN.

3a A He4yeTHO - cuctemarta e oT nonyuenun cnuHoBe.

"ama-kBaHTUTE ca 6030HM (s = 1) M MoraT ga OTHacCAT OT A4pPOTO CaMoO LEenoyYncneH
MOMEHT Ha KONMMYecTBO Ha ABuxeHue L, T.e. npu rama-npexoja He ce WU3MeEHs
XapakTepa Ha crnuMHoBaTa cuctema Ha saapoTo. L no npuHuMn Moxe fa B3ema

CTONHOCTMU:

1 - AUNONHO N3NbYBaHe;
2 - KBaApynosiHO usnb4yBaHe

3 — OKTONOMHO U T.H.

N3nbuBaHe ¢ L = 0 e abGcontTHO 3abpaHeHO (Mopagn HanpeyHust xapakTep Ha

€NeKTpoMarHnTHnTE BbJ1HU N CMMHA Ha raMa-KBaHTa - 1)



KoraTto npexofda ce uM3BbplUBa MeXAy ABE CbCTOsSHUS cbC cnuHoBe I} (HayanHo) u It
(kpanHo), L ce Hamupa B nHTepsana:

Ti- Il <L< @+ Iy

ToBa CbOTHOLWEHME OTpas3siBa 3aKOHA 32 CbXpaHEHWEe Ha MOMEHTa Ha KONUYeCTBO Ha
ABMXeHVe (npaBuno Ha TpubrbnHuka). lNpexogn ot Tvna 0 — 0 ca abconoTHO

3abpaHeHu.

3a egnH npexoa, no npuHuun L moxe ga 3aema CTOMHOCTUTE
L=AL; Al+1; Al+2;... (Ii+1), keneto Al= |I;- I

kouTo ca ( 2lmin + 1) Ha Gpon.
C HapacTBaHe Ha MyNnTUMNONHOCTTa obade, BEepPOATHOCTTAa 3a npexoda HamansiBa
TBbpAe Obp30, Taka 4Ye Ha npakTMKa Ce OCbLUecTBABAT NpexoauTe C Hau-HUCKa

MYNTUNOSTHOCT UNu ¢ 1 No-BMCOKa (KaTto Marbk NPpUMeEcC):

L=Al Al +1

MoHsiKora e Bb3MOXHa caMo efiHa MynTunonHocT, korato unu I, unn If ca Hyna, nnm I

= If = 1/2. B cnyyai, ye pasnukaTa Al = 0 ce ocbuiecTBaABa npexon c L =1

3. YeTHocT. Tun Ha npexopa (enekTpu4yeH n matHutTeH Tun — E- n M-npexoam)

3a pasnuka ot 6eTa-pasnaga, YeTHOCTTa NPU eNekTPOMarHUTHUTE B3aMOENCTBUS ce

3ana3Ba 693YCHOBHO, T.€. YEeTHOCTTAa Ha Ha4YarnHoTO A0PEHO CbCTOAHUE TT; Tp$l6Ba aa
€ paBHa Ha npoun3segeHmneTo OoT YHeTHOCTUTE Ha ramMa-KBaHTa TCY N KPaHOTO CbCTOSAHUE

T. ToraBa NpomsiHaTa Ha YeTHocTTa AT =TT, =T [ T .

Mpu gageHa mynTunonHocT L Ma Bb3MOXHOCT 3a OCbLLECTBSABAHE Ha Npexoan oT ABa
TUna: enekrpuyecku (EL), cBbp3aHn ¢ npepasnpeneneHve Ha 3apsgute B S4pOTO U
mariutHu (ML), cBbp3aHM C npepasnpeneneHne Ha CnuHoBeTe U opbuTanHuTe

MarHATHN MOMEHTMN.

LE
YeTHocTTa 3a E-rama-kBaHTK € (1)~ — npu nHBepcus ce npeobpasyBaTt KaTo NonsipeH

LM+1

BekTop; YeTHoctTa 3a M-rama-kBaHTu (-1) - npeobpasyBaHe KaTo akcuaneH



BEKTOp. MN3BecTHO e, 4ye noTeHuuwana Ha eneKkTpunyeH aumnosn € aHTUCUMEeTpPpU4Ha

C*)yHKU,VIFI npun nHBepcua - HeTHOCT -1, a noTeHumnana Ha MarHuTeH gunon - CcuMmeTpunyHa

YHKUNSA NPU UHBEPCUS - YETHOCT +1.

3akoHa 3a 3anasBaHe Ha YeTHOCTTa AdaBa:

T, { (-1)'f - 3a EL manbuBaHe

LM+1
(-1)""" - 3a ML nanbusaHe

B pesynTtart ce nosiesaBaT crieaHuTe npasuna 3a otoop:

AT Al
0 1 2 3
6e30—-0
-1 E1, M2* E1, M2* M2, E3* E3, M4*
+1 M1, E2* M1, E2* E2, M3* M3, E4*

* _ ako e BbaMOXHO; [MoayepTaHm ca npeobragaBalyuTe npexoam.

Hsikon KOHKpPeTHU Npumepu:

Al = 2; A =1; L =2 (eaMHcTBEHO Bb3MOXeH); npexoada e E tun , Tuit kato (-1)° = 1;
E2 — yucT enekTpuyeH kBagpynoneH npexon

+

1/2

M1
Y 172"

Al=0; At=1; L=0,1 (L =0 -3abpaHeH); L =1 - eAMHCTBEHO Bb3MOXEH, Tbi KaTo
(-1 )1+1 = AT - npexog M1 — 4nct marHuTeH aunoneH npexon,

+

4
E2 + (M3)

A 4 2+




Al = 2; ATt = 1;Bb3MOXHM L = 2, 3,.. 6; ATC = (—1)" - E Tn — Bb3moxHa cmec E2 + M3,

KaTo goMuHUpa E2.

MpakTnyeckun cbBeT, ako ca u3sectHu I; T, u If T , HO He e u3BecTeH Tuna:

al. Onpenenar ce Bb3MoOXHUTe cTolHOCTU Ha L ot AL

6/. N36upa ce Han-Huckata Bb3MOXXHa Lmin.

B/ Onpepens ce AT Ha npexoga (+1 unu —1)

r/. Ako (-1)"min yOOBeTBOpsiBa YCMOBUETO 3a AT, npexoa e oT enekTpuyeH tvn (E).

al. Ako (-1)"min+1 yaoBrneTBopsaBa AT, npexoga e oT marHuteH tvun (M).

3akoHa 3a 3anasBaHe Ha 4YeTHOCTTa 336paHﬂBa CcMecBaHe Ha npexoam OoT eAuvH U

cbumTMncL n L + 1, kakto n c eAaHa u cbLa MyATUMNOSTHOCT OT pasfinyeH Tum.

Il. BEPOATHOCTU 3A NPEXOAOWU. BPEMEHA HA XUBOT.

A. 3agayaTa 3a HaMMpaHe Ha BEPOATHOCTTa 3a paAuaLNOHEH rama-npexon Mexay

OBE SOPEHM CbCTOSHUA Ce pellaBa TOYHO B KBaHTOBATa enekTpoaMHamuka 3a
2 3
ABNroBbLHOBO NpUbnXeHue ( AbfKMHATa Ha BbNHaTa Ha Yy-kBaHTute € 10° - 10

MbTU NO-rondma OT pa3mMepa Ha A4poTo).

BeposTHOCTTa 3a e4HOYaCTUYHU NPEXOAM €:

1 81 (L+1) W VP ELL2
—_— A= = M -1
T h L[(2L+1)!!]2(C) IMEH s

(cumBona (2L+1)!! = 1.3.5...(2L+1)), kbOeTO |ME"|2 - e KBagpata Ha moayrna Ha
AO0PEHUS MaTpUYeH eneMeHT Ha npexoda, BKMYBALL BbIHOBUTE YHKUMM Ha

Ha4alriHoOTO U KpaVIHOTO CbCTOAHNE Ha A0POTO N XaMUNTOHMAHA Ha B3aMMOLENCTBUETO.

2
|M| He 3aBUCKU SIBHO OT eHeprudaTa Ha npexoga, Ho € pasnuyeH 3a M n E npexoaunte

(Npy paBHM ApyrM ycrioBusi), Tbi KaTO BKMOYBA €NeKTPUYeckuTe, PecrnekTUBHO



2 2 2L 2L+1
MarHUTHUTE MOMEHTM Ha sigpoto. |M|? uma wnamepeHue e‘cm®- = epr.cm

(enekTpu4HM N MarHUTHN MOMeHTH). NokasBa ce, Ye:
E| 2
|M—M|2 ~102+10°
IMM
T.€., Npn paBHu apyrn ycnosua E-npexognte ca 100 - 1000 nbTn no-BepoAaTHU oT M-

npexoante 1 CbOTBETHO C TOJIKOBaAa MNO-KbCKM Ca BpeMeHaTta Ha XMBOT T Ha

CbCTOSIHNETO, KOETO Te paspexaar.
BeposiTHocTTa 3a npexoa, 3a EL-npexoan moxe ga ce npeacrasu KaTo:

2(L+1) 3 e?

2L 1
L[(2L+1)1]% L+3 he kR)*" o [s-1]

AMEL) =

|k| = /C - Bb/IHOB BEKTOP [cm'1] Ha Y-KBaHTa ;

1/3 13,173

R=rpA""=1,4.10 A"~ [cm] - pagnyc Ha 90poTo.

V2
AML) == A(EL)
C
KbOeTo: V- CKOPOCTTa Ha HYKIOHUTE B AOpPOTO,
V2 —n2 _4n-2.4n-3
~5=p=107=10
10 keV: k = 5.10% [cm™]
100 keV: k = 5.10° [cm™]
1MeV: k=5.10"0 [em™]

Hsakoun oueBuaHU nssBoau:

1. BeposTHOCTTa 3a npexoa HapacTBa (a BpeMeTO Ha XUBOT Hamansiea), C HapacTBaHe
Ha eHeprusiTa kato A(EL) ~ (EY)2L+1.
AE1)(1 MeV) ~103
A(E1)(100 keV )

Tasn 3aBMCUMOCT cTaBa no "CTpbMHa" C yBennyasaHe Ha MynTUNOMHOCTTA.



2. Npw paBHM yCroBUsi BEPOATHOCTTA CUITHO HaMansea (a BpeMeTO Ha XMBOT pacTe) C
yBenunyaBaHe Ha MynTunonHoctTa kato A(EL) ~ (kR)ZL. 3a A =100 n Ey=100 keV: kR
=3.10".

A(E1)

~5.10°
AE2)

MpnbnuantenHus xoa Ha A(OL) 3a A = 100 e nokasaH Ha cpurypara.

1016

1012 4

108 4

104 -

A(OL) [s-1]

104

10-8

50 100 500 1000
E,[keV]

®ur.123. lNoBeaeHne Ha BEpOATHOCTTA 3a Y-NMPexoau B 3aBUCMMOCT OT eHeprusaTa 3a

pas3nnyHn Tunose N MynTUNoJyIHOCTW.

Buxpa ce, 4e BepoaTHocTTa 3a Y-npexoamn ( A(ol) )B 3aBucumocCT OT eHeprusita u

26
MYNTUNOSTHOCTTA Ha nNpexoja ce U3MeHAT B orpoMeH auanasoH (1077). OT gaHHuTe 3a

BEPOATHOCTUTE € U3BECTHO, Y€ KOraTo MMa Bb3MOXHOCT 3a CMeCEH Mnpexon C nobaeka



L + 1, To "npumeca" He moxe ga 6bae ronam. No-ronamo moxe ga 6bae cMecBaHeTo
M1 + E2 npun BUCOKM €HEPrMn N TEXKN si4pa, Korato ce HamecBaT U KOMEKTUBHWU
edekTn B aApoTo. KoHKypeHuuaTa mexay ocHOBHUA npexof (L) v npexon oT cbLyms

Tnn c L + 2 npakTU4eckn € HEBB3MOXKHA.

B. [lpaktMyecka nonsa OT oOuUeHKaTa Ha BeposiTHOCTUTE (3a sgpeHaTa

crnekTpockonus)

Upes namepBaHe Ha BPEMETO Ha XMUBOT T Ha SAPEHOTO HMBO U CPaBHSABAHETO My C

TEeopeTU4HUTE CTOMHOCTM 3a }\., Morat pga ce HanpaBaT WM3BOAM 3a TuNa W

MYNTUNOJTIHOCTTA Ha npexoada, a OT TaM U 3a KBaHTOBUTE XapaKTEPUCTUKN Ha HUBATA.

TabnuuaTa no-Hagony AaBa NpeactaBa 3a BpemMeHarta Ha XUBOT (NMo-TOYHO Tqj2 = In27),

KbAeTo ca npuBedeHn Tqi2 NO €0HOYACTUYHU OLEHKWU 3a NPEexoau C pasnuyeH Tun u

MYNTUNOJTHOCT 3a TPW pa3findHn eHeprim

L E, = 100 keV E,=1MeV E,= 10 MeV
E M E M E M

1 10s | 10"s | 10s | 10™s | 10"s | 10"s

2 10°%s 10% s 10" s 107 s 100 s 10 s

3 10s 10%s 10°s | 10%s | 10s | 10"s

4 10%s 10"%s 107s 10s 1005 10%s

5 10" s 10% s 10°s | 107s | 10°s

Ot TabnuuaTta ce BWXaa, Ye CbLUECTBYBAT “AbNroXMBYLLM’ Bb30YAEHN CbCTOSHUSA (Npun
HUCKN €HEpPrum 1 BUCOKN MYNTUMOMHOCTN) — N30OMEpPHU, KOUTO LWe 6baaTt KOMEHTUpPaHU

Mo HaTaTbK.
3abenexka 3a ponsita Ha BbTpellHaTa KOHBEPCUS:

Mpy n3MepBaHe Ha BPEMETO Ha XUBOT Ha AAPEHO CbCTOsHWE (Ype3 meToauTe 3a

N3MepBaHe Ha BpemMeHa) ce nonyyaBa Texcn, KOETO € NO-ManKo OT BPEMETO Ha >KMBOT
3a [fafjeHus paauaumoHeH npexoa T, = 1/A, (A, - TeopeTMyHO oLeHeHaTa

egHo4YaCTn4yHa BEPOATHOCT 3a ralvla-npexoua). 3a cpaBHsiBaHe HaA Teken C



TeopeTu4yHaTa oLeHKa, TpsAbBa Ja ce oTYyMTa npoLeca BbTpelHa KOHBepCcUs, KOMTo e

KOHKypupaLy, (napaneneH) kaHan 3a paspexaaHe Ha HMBOTO.
Ako Ty 1 Tgk Ca NapuuanHy BpeMeHa Ha XMBOT 3a paauaunoHeH Npexod v BbTpellHa
KOHBepcus, To:

1 _1 1 Ty Tk
TV+TBK

=+ —

i =
TeKCI‘I Ty TBK eKkcn

KoedunuMeHTbT Ha BbTpeLLHa KOHBEPCUS €:

TOraBa.:

|
BK™ 'y
TeKCI'I

Ty
TeKcn=a+1 ; Ty=(a+1)TeKcn= |
Y

T.e., HabnogaemoTo (ekcnepuMmeHTanHO) BpeME Ha XMBOT € "CKbCEHO" OTHOCHO

napumManHoTo Bpeme Ha XMBOT 3a paavauMoHeH rama-npexon nopaav BbTpeluHaTa

KOHBepcus (CbLUEeCTBYBa NapLManHo BpeMe Ha XMBOT 3a BbTpeLUHa KoHBepcus Tgk).

AKo nMpu pasnaga Ha AageHo Bb3OyaeHO CbCTOSHME MMa M OPYrY Bb3MOXHU KaHanm
(beTa-pasnag, n3nbyBaHe Ha NPOTOH MMM HEYTPOH), Te CbLLo TpsAbBa Aa ce oTuuTaTt C

TEXHUTE BEPOATHOCTHN.

. AAPEHA U3OMEPUA - M4 NMPEXOON. CITIOUCT MOAEN HA AOPOTO.

N3BeCTHN ca AbNroXxuBywM Bb30yaeH aopeHn CbCTOAHUA C BPEMEHA Ha XXMBOT, MO-
ronemu ot 10° s. Te ce HapuyaT M3OMEepHU unum metactabunHu. paHuuarta e

yCJ10BHa. BpelvleHaTa Ha XMBOT Ha U3oOMepuTe mMorat ga gocturat gopm rogomHa m B

MHOrO Cry4an U30OMEPHOTO CbCTOSAHME Cce oKa3Ba "no-(6erta)ctabunHo" oT OCHOBHOTO.

3a NpbB NbT U3OMEPHO CbCTOAHME e HabnogasaHo oT O.XaH (1921 r.) Ha Hyknuga

234 234
Pa (obwepeH Ha “7 Th - ecTecTBeHa pagnoakTMBHOCT) C Nepuno Ha nosnypasnagaHe

: 24Mpa T2 = 1,17 min. OCHOBHOTO CbCTOsHME Ha 2>*Pa uma Tyjz = 6,75 h. Mosisata

Ha OBa nepuoda Ha nonypasnag 3a €eauvH u Cbll paguoHyknua, Ha BpeMeTo CU He €



mMorna ga 6bae obacHeHa. MHOro no-kbcHoO Kyp4yaTtoB CbC CbTpyaHMUM HabnwogasaT

80
N30MEPHO CbCTOSAHME Ha  Br u obsacHsBaT ABNEHMETO.

OT npuBeaeHUTe No-rope BEPOSITHOCTM 3a npexoauTe U oT TabnuuaTta 3a BpemeHaTta
Ha >XMBOT MOXe [a Ce 3aKNo4K, Ye ObMroXnByLLM Bb30yaeHM SOPEHN CbCTOSIHUS MoraT
[a ce o04vakBaT, KoraTo €AMHCTBEHMSI Bb3MOXEH Mpexod OT NMbpBO Bb3OyAeHO 00
OCHOBHO CbCTOSITME € C BWCOKA MYNTUMNOMHOCT U eHeprusaTa Ha Bb3byAeHOTO

CbCTOdAHME € MarllKa.

89 T -
EovH npumep: " 39Ys50 - OCHOBHO cbcTosiHne I = 1/2°. WsBecTHO e wusomepHO

cbCTOsIHME ¢ eHeprms 909 keV ¢ T=16,1s; A = 6,2.10"2 s Cnopea egHoYacTUYHNUTE
oLeHKM, ToBa cboTBeTCcTBYBa Ha M4 npexopn (E2 npexona e 10 nbTU no-6bup3):
Al=4;Ti-L=4;=4+1/2=9/2

Am=(-1)"" = (-1)° =1 (ga)

an-BepPOSATHU KBAHTOBM XapaKTEPUCTUKN HA HUBOTO eV - . NMpoBepkaTa ¢
Hai 909 keV - 9/2°(I"). N

ApYyrM MeToam e NoTBbpAuia n3soaa.

N3omepuaTa Hamupa ecTecTBeHO OOsACHeHWe CbC CROUCTUS Mogenl Ha S4pPOTO

(M.l'enepT-Maitep, MieHceH, - Ha4anoTto Ha 50" roauHm).

MoHATMe 3a mopena: HyknoHuTe ce gBmxat B cpepuyHO CUMETpUYeH (cpeneH)
noTeHuman, KOWTo rm yabpxa B A4poTo. [pyrn B3auMOAENCTBUS MexXay TaX Hama
(Mogen Ha He3aBUCUMUTE YacTULM). HyknoHMTe B SAPOTO M3rpaxgaT croese, KaTo ce
Xapaktepuampar ¢ kBaHTOBM 4ucna. (To3n BBLNPOC ce pasrnexpa 3HauYuTernHo no-

noapo6bHo B kypca no TeopeTudHa sapeHa umaunka.)

Ha ¢wur.124 e nokasaHa cuctemarta OT MNPOTOHHUTE CbLCTOSIHUS (HMBA) Ha S4POTO.

[MNoTeHumanHMTe AMU 3a MPOTOHUTE N HEYTPOHUTE Ce "MBMHAT" NOOTAENHO.

N - rmaBHO KBaHTOBO YMCNO Ha TPUMEpPHMA ocumnaTop. TO onpeaensa M YeTHOCTTa Ha
cbeTosAHneTo - N yeTHo (+), N HeyeTHo (-); 1 - opbuTanHo kBaHToBO umcrno 1 =0, 1, 2,

3,... (s, p, d, f,...); n - paguanHo KBAHTOBO YMCIIO.

KombuHupaHe Ha N, 1, n



3a N yeTHO - yeTHM I; 3a N HeYeTHO - HeyeTHM 1

Mopagwn cunHo cnuH-opbuTanHo B3anmoaencTeme "0obpo" KBaHTOBO YMCMO € MbJIHUA

CMWH Ha HyKrnMoHa j=1x1/2.

CnunH-opbuTanHOTO B3aMMOAENCTBUE pasuensa HuBaTa ¢ AadeHo nl Ha ABe Huea nlj(1
+ 1/2) n nlj(l - 1/2). CbcTOsHMATA C AafeHO j ca N3POAEHU MO MarHUTHO KBaHTOBO

yucnlno
my = 5, (+1),...]

BCUYKO (2j+1) CTOMHOCTK, KOUTO AaBaT 6POSA Ha HYKNOHUTE Ha Aaf4eHO HMBO C KBAHTOBU

yucna nlj.(Ha courypaTa 1031 6pon e NprBeaEH B KPbIfn CKOOKK).

“INpoToHHaTa” M “HeyTpoHHATA” MOTEHUMANHM AMKM Ce 3anbfBaT HEe3aBUCUMO CbC

CbOTBETHUTE YacTULM.

Cnouctua mogen faesa ob6AcHeHWe Ha T.H. “marnyeckm yucna” (4icna Ha 3anbliBaHe
— NpMBESEHUN Ha hurypaTta B Kpbrye), npym KOMTO sgpaTta nokassart ronsiMa ctabunHocr.
Hsakou npaBuna:

1. CyMmapHna MOMEHT Ha cUCTEMa OT YETHO N U YETHO P € Hyna.

2. CymapHMa MOMEHT Ha CUCTeMA OT HeyeTeH GPOoN HYKNOHU ce onpeaens oT MbiHUS

MOMEHT j Ha HECOBOEHMS HYKITOH.

3. CyMapHMFI MOMEHT Ha He4YeTHO - He4YeTHa CUCTeMa, Korato HeCaBoe€HNA N N P Ca Ha

€0HO HUBO, € paBeH Ha yOABOEHUA 3a €4UH HYKITOH.
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9 S1/2 (2) [ ]@
N nl nlj
4YeTHO
He4yeTHO

HEYTPOHU
M1 __(12)_ _ _[82]
2dzp === (4)——-[72]
3s12 = " T (2)T 7769
1970 ——=(8) ——-[64]
2ds52 === (6) ——~[56]

®ur.124. Cnouct moaen Ha sapoTo (Fenept-Mariep n VieHceH).



89 S "
[a pasrnegame OTHOBO Hyknuaa  39Ysg. TOM € "Marndecku" no HeyTpoHU - u3rpageH

HanbnHO 19g9/2 crnon (3aTBOpeH). 1o NpoToHM e mnarpageH HanbnHo cnos 1f5/2 (38),

KaTo HeCABOEHUSA eMHUYEH MPOTOH Ce Hamupa B OCHOBHO CbCTOSIHME Ha HMBOTO 2p1/2
- TOBa ce NOTBbpXAaBa OT KBAHTOBUTE XapaKTEPUCTUKM HAa OCHOBHOTO CbCTOsIHME 1/2'.
MbpBOTO BBL3OYAEHO CBLCTOAHME Ce MoflydaBa NPU MPECKOK Ha MpOTOHa Ha
credBaloto HMBo - 1g9/2 (909 keV 9/2%). OueBMgHO e, Ye npexoda OT MbPBO

Bb3byaQeHO A0 OCHOBHO CbCTOsIHME Moxe Aa 6bae camo M4, kovTo e cunHo 3abaseH.

Cnouctna egHovactMyeH wmMopaen obsicHsBa CblLecTByBaHETO Ha "OCTPOBUM Ha
nsomepusa" npy 6pon Ha NPOTOHUTE UNKn HeyTpoHuTe mexay 40 + 50 n 60 + 80, konto
ca cBbp3aHu ¢ "marndeckute" ymcna 50 n 82. bnusknte egHOYaCTUYHN CbCTOSIHUA B

Te3n obnacTtu ca ¢ ronemm pa3nnkn B CriIMHOBETE.

N3oMepHUTE CBLCTOAHWUSI Ce cpellaT YecTo MpU HeveTHUTEe Hyknuau (A - HeYeTHO) u

HEeYeTHO - HeyeTHUTe (A - YeTHO) U TBBbPpAE PSAKO NPU YETHO - YETHUTE.

Korato eHepreTuyHata pasnvka Mexdy OCHOBHOTO W Bb36yAEeHOTO CbCTosiHME (Ha

n3omepa) e Marnka, BpeMeTO Ha XMBOT Ha M3oMepa MOXe [1a Ce OKaXe TBbpAe AbIro

(3aBucuMMoOcCTTa Ha A OT E, npu sagageHa MynTUNOMHOCT) - AOPU XUNAAWM TOAMHM.

[MoHsiKora N30MepHNUTE CbCTOSIHWS ThPNAT [3-pa3nap Hapes ¢ OCHOBHOTO.

IV. AHAJNIOroBU CBCTOAHUA B JIEKUTE SAOPA. OINEODANHU AOPA.
3APAOOBA HESABUCUMOCT HA AAPEHUTE CUJN.

[ama-cnekTpockonusATa Aaea GoraT matepuvan 3a npoBepKa Ha SOpeHUTe Moaernu.

B Hsikou neku sgpa, obpasyBalim N30CnMHOBM MynTunneTtn (m3obapu), € HabnwgaBaHo

NOYTN NBNIHO CbBNageHne Ha CXxeMnTe Ha B'b36yﬂ,eHI/ITe CbCTOAHUA.

Mpumep: Agpata 73Li4 n 74Be3 obpasyBaT nsocnuHoB oybnet. bpos Ha NPOTOHUTE Ha

eHOTO € paBeH Ha Oposi Ha HeyTpoHWTe Ha ApyroTo. TakuMBa siapa ce HapudaTt

ornenanHu.



7.
3a 3Li4 cnMHa Ha OCHOBHOTO CLCTOSHME M CMCTEMaTa Ha Bb30OyaeHUTE CbCTOSAHUSA Lie
ce onpeaens oT HeCABOEHUS NPOTOH B cbCTosiHME 1p3/2. OCHOBHO CbCTOSIHNE 3/2;

- +
NbpBO Bb30OyaeHO cbeTosiHME 1/2 ; BTOPO Bb30yAeHO CbCTOsIHME 5/2° 1 T.H.

7
3a 4Bes cblmTe nNapameTpu ce onpedenst OoT HeCABOEHUA HEYTPOH B CbCTOsIHME

1p3/2.

MeV
11,1 - 10,8
3/2 , 3-
75
’ - 7,2
5/2 L 5/2_
6.5 5/2- 6.5 5/2-
4,5
4.5 72" 712"
0,48 1/2 - 0,43 1/2 -
312" 32"
: 7
T, 2Bes

®ur.125. MNMpumep 3a aHaNoroBu CbCTOAHUS B orneaanHu agpa.

3abenssBa ce NbfIHA aHanorus Ha cMcTeMmTe OT Bb3OYyAEHN CbCTOSHUS HE3aBUCUMO
- 7, - -
OT TOBa, Ye B eQuHUs criydan Te ce onpenensrt oT npoToHa ( Li), a B gpyrus cnyyam ot

7
HeyTpoHa (' Be) — eaHO NOTBbLPXKAEHNE HA 3apAAoBaTa HE3aBUCUMMOCT Ha siopeHuTe

cunu.

MankaTa pasnunka B eHeprmmte Ha HuBaTa Ce ObJDKM Ha YBEJIMYEeHOTO KYJIOHOBO
7
oTONbCKBaHE Ha NPOTOHUTE B Be n Ha pasnunkaTta B Macute Ha NpoToHa U HEYTPOHa.

TS e TOYHO paBHa Ha pasnukaTa B KyNOHOBUTE €HEeprun Ha sigpata W pasnukarta B

MacuTe Ha HYKINOHUTE.

Tpabsa ga ce oTbenexu, 4e Npu NO-BUCOKUTE Bb3OYyAEHM CbCTOSAHWSA Ce HamecBaT
MHOro4acTu4yHu edqeKkTn, Taka 4Ye XapakTepUCTUKUTE MM He wmorat ga b6baaTt

npeackasaHu 4obpe oT NPOCTUS eAHOYaCTUYEeH Moden.



V. E2 - NPEXOAOWU. POTALUMOHHU CbCTOAHUA.

A. O6006wweHua moaen Ha appoto (O.bop, MoTencoH) ce 6asnpa Ha BbBeEXOaHe Ha
HecdepuyeH NoTeHunan Ha S4poTo (B 3aMAHa Ha CEepUyHUS B CIIOUCTUS MoAen) u

B3aMMoAenCcTBUE MeXOy HYKNOHUTE (KONEKTUBHU OBMXEHNS).

EkcnepumeHTanHu daktu, 4oBenu Ao cb3gaBaHe Ha 0600LwWweHusa mogen:

1. OTKpMTK ca cucTema OT pOTaUMOHHU CbCTOAHUA (Bb30yaeHW) 3a gapaTa ¢ 6pon Ha

HYKINMOHUTE MeXOy Marm4ecknte 4mcna.

2. YBenuyaBaHe Ha BepodaATHoCcTUTe 3a E2 npexoanTe 3a cblumTe sapa B CpaBHEHUE C

OLEHKMTE (KOMTO NpuBEXaaxme npeav Toea) No eaAHOYACTUYHUS CNOUCT MoAen.

3. F'onemu (B CpaBHEHME C €OHOYACTUYHUTE OLEHKW) eNEeKTPUYHWU KBaApynonHu

MOMEHTM Ha CbllUnTe aAgpa.

EgHovacTnyHua cnouct mogen Ha agpoTo, kouTto "pabotn" gobpe npu uyucna Ha
3anbnBaHe, OnM3kM OO "Marndeckute" (ToOM OBsCHABA W MarMyeckute 4yucna),
pasrnexga Bb30OydeHUTEe CbCTOSAHWA KaTto efHOoYacTU4HM HMBa B CEpUYHO

CMMETPUYEH MoTeHUMan u KeagpynosnHu konebaHusi oKono paBHoBecHaTa cdepuyHa

dopma.

O600weHus mogen "paboTn" npm uYncna Ha 3anblfBaHe KbM cpedaTa Ha MHTepBana
mMexagy "marmdeckmte" uyucna. B Team obnactu ce HabniogasaTt HecdepuuHM
(aedopmupaHn) sapa B OCHOBHO CbCTOSAHWE (ronemMu enekTpuyecku KBagpynosiHu
MOMEHTU) ¢ popMa Ha "cnrieckaH" unu "n3gbrmkeH" akcnanHo-CUMeTpUYeH enuncoung

(paBHOBecCHa fedopmaums).

Pe3ynTtaTtn Ha 0606LWweHna mopen:

1. OTmecTBaHe M pa3uenBaHe Ha egHO4YaCTU4YHUTEe HUMBA B 3aBUCUMOCT OT

AedopmauuaTa (nopagu ABMXxKeHue B HecpepunyHa noTeHuuanHa ama) - HunceH.

2. NosiBa Ha BUGPALMOHHU Bb30OyAEHU CbCTOSAAHUSA NPU Manbk U3NULWBLK HA HYKMOHU

Had 3anbJIHEH CMNOM, nopaaun B3aMMOLENCTBNETO UM C NOBBPXHOCTTA Ha A0pPOTO.

3. NosiBa Ha poTaLMOHHU CBHLCTOAHUA (BbpPTEHE Ha dedopmMupaHo A4p0) Npu ronsam

M3NNWBK Ha HYKNOHU Haf 3anbl/IHEHUA CIown.



B. PoTauuoHHM CbCTOSAHUSA

HedopmnpaHute aapa nmat "BbTpeLlHo" oMKCUpaHo HanpaBneHue - OC Ha CUMETPUS.
Habnogaema BennumMHa e npoekumsaTa Ha CyMapHUS CMWH Ha HYKINOHWUTE BbpXy Tasu

nocoka - k. 3a yetHo-4yeTHuTe agpa k = 0, 1, 2,..., a 32 OCHOBHOTO CbCTOSAHME Ha

+
yeTHO-yeTHUTE gaapa k = 0 nopaan ToBa, Ye CyMapHUSA CNUH Ha HyknoHuTe e 0 .

Ako nedopmmnpaHo SApO ce BbPTU KaTo LISAANO OKOMO OC, NeprneHAUKynsipHa Ha ocTa
Ha CMMEeTpuA, TO Llie UMa poTaLUMOHEH MOMEHT , CBbp3aH C UHEPYHUA MOMEHT Ha

aapoto. ToraBa ce HabnogaBa CymapeH MOMEHT Ha POTAUMOHHOTO Bb3GyaeHo

- - 2

CbCTOAHNE

Mokasea ce, ye 3a yeTHO-4eTHU sapa, Korato k = 0, Loy = 07, 27, 47, 67,..., T.e. Lor

B3emMa CaMO YE€THU YMUCIIEHU CTOMHOCTWN C YETHOCT NIIKOC (+).

EHepFVIFITa Ha PpOTauMOHHUTE CBbCTOAHNA 3aBUCU OT ClNNHA IpOT n e(beKTVIBHVIFl MHEep4eH

MOMEHT Jeff HA A4POTO, KaTO:

2
h
E por =Teff IpOT(IpOT +1) 3ak=0

2
Jeff = Jo(%)

KbOeTo

AR _ g

= =
e napamMeTbp Ha AedopmauuaTa, a

JO=%MR2

- MHEpYeH MOMEHT Ha efHopoaHa TBbpAa cepa ¢ maca M u paguyc R.

I'IonyanaHMTe eKCcnepunMeHTarnHun CTOMHOCTU Ha eHeprmmTe N3NCKBaAT BbBeXOAHETO Ha

Jeff - 2 + 3 MbTU NO-MarkM OT MHEPYHMA MOMEHT Ha TBbPA enuncoung CbC CbLUUTE



pasmepu. ToBa e ykasaHue, Ye BCe NaKk AOPOTO Ce BbPTM He KaTto TBbPO, a KaTo

‘nonyTeyHo” TAno.

fopHaTa dopMyna no3BonsBa [Oa ce MNpeackaxaT eHepruute Ha cuctemarta oT

pPOTauMOHHN CBHCTOAHUA (pOTaLI,VIOHHa VIBVILI,a) Ha OCHOBHOTO CbCTOAHME Ha YeTHO-

veTHuTe fapa 3a Ipor— 2,4, 6 N T.H.:

Eg:=0
__h’
Epe= 55— 6
2

E,.= =120
2Jeﬁ'
2

Egez =1 .42
2Jeff

TakvBa poOTaALUMOHHM MBULN 33 HSAIKOM siApa ca MpPOCrefeHu eKcnepumeHTanHo Ao

170

CbCTOSIHUSA CbC CMUH 16" (" "Hf) (cTtap pekoppn). NMoHacTosWEM POTALMOHHUTE UBULN

ce u3crneaBaT MHTEH3UBHO (B SAPEHM peakuun ¢ npegaBaHe Ha rofsiM MOMEHT) U ce

npocnegasat 40 CbCTOAHUA C MHOIO BUCOK CMUH.

170

72Hfgg .

3148 —— 16
2565 Y 14*
2014 12%
1504 r 0%
1042 8t
642 6t
322 4t
o= 2
0 ot
ElkeV] "

170
®ur.126. PotaunoHHa nBuua B agpoto Ha  Hf

N3BeCcTHN ca ocTpoBU Ha AecdopmupaHu agpa npy macosu ymcna mexay A = 150 +

180 (peakosemHu eneMeHTn) n A = 240 (TEXKN enemMeHTN).

OueBugHoe, 4Ye npu yBenuyaBaHe Ha pAedopmauusata Jei HapacTBa, a oTTam

eHeprusatTa Ha NbpBOTO Bb30OyAEeHO CbCTOsSAHME OT uBuuaTa - Ez+ Hamanasa. O6patHo,



npy gobnmkaBaHe Ha paBHOBecHaTa hopMa o chepuyHaTa (Marn4yecko Yncno) Jefs —

0, a E2+—)°°.

Tasn 3aBMCMMOCT € nokasaHa Ha cnefBallaTta durypa, KaTto 3a NOCTPOsiBAHETO W ca

M3non3BaHN MHOXXeCTBO €KCnepunMeHTaliHn AaHHN.

(2+)E1pOT.
10 MeV |
|
|
|
|
05 |
|
|
|
01 F |
140 760 180 200 220 240 A
7=80
capepunyHn 4 a
thep ap N = 126

"Marmyeckm
yucna"

®ur.127. lNoBeaeHne Ha eHepruaTa Ha MbPBOTO POTALNMOHHO Bb30OYAEHO CbCTOSAHME B

3aBUCMMOCT OT MaCOBOTO 4MCIIO.

Bwkaa ce, 4ye B obnactta Ha marndeckute udmcna 80, 120 eHepruaTa Ha NMbpPBOTO

pOTauUMOHHO CbCTOAHNE PA3KO HapacTBa, a clieq ToBa OTHOBO Cnaja.

EovH npumep: B nabopatopuata no EA® ce mscnegsaT cxemute Ha Bb3byaeHuTe

152 152
CbCTOSAHNA Ha fagpaTta 625m n 64Gd, KOUTO ce nony4aBat B pes3ynTart Ha B—

152
pasnagaHeTto Ha  Eu. Cuuta ce, 4ye Te ca OT npexogHaTa obnact mexay cepudHuTe

n gedopmupaHuTe saapa.

152
Sm e YeTHO-YeTHOo A0pOo N Ma poTaumMoHHa meuLia Ha OCHOBHOTO CbCTOAHUE, YNNTO

napameTpu, orpegerieHn ekcrepMMeHTanHo, ca rnokasaHu Ha dwurypata no Hagony.
+ + o +
Mpexoga 6° — 4~ e cnab, Tbin kKaTo HUBOTO 6~ ce 3acernea cnabo kakTo oT 3-pa3snaga,

Taka n OT NO-BUCOKU HMUBA.



(853) 6% 707
340,4(E2)
cnab
(406) 4+ Y 366
244,7(E2)
(122) 2+ Y 122 keV
121,8 (E2)
0+
(k=0) %2 5m
®dur.128. PotaumoHHa mBMua B SApOTO Ha 1%2gm

+ +
B ckobn oTnsBO ca nokasaHuM eHeprumTe Ha HmBata 4 u 6, npecMmeTHaTu
(“TeopeTnyHO”) nNoO popmynata KOMEHTUpaHa MoO-Harope, KaTo € W3non3BaHa

n3secTtHaTta eHeprma Ea+ - 122 keV :

E 4= % E,+ (406 keV): Equ= 42 E,. (853 keV)

Bwxpaa ce, ve eKCnepunMeHTanHmTe CTOMHOCTM Ca NO-HUCKMN OT TEeOpPETUYHUTE.

PoTtaumoHHOTO aBmxeHne obade, MOXe ga noenusie (4a yBenuun) Ha gedopmaumarta,

nopaan ueHTpobexHnTe cunm — Sa4poTo He e TBbpAo (“pastara” ce).

Nedopmauusata Ha S4POTO NPWU MO-BUCOKO Bb3OyAeHUTE POTALMOHHW CbCTOSHUA Ce
yBenuyaBa - OT TaM Cce yBenmyaBa UHEPYHUS MOMEHT Jeff, KOETO MOHWXaBa eHepruaTa
Ha Bb30OyaeHuUTe CbCTosSHUA (‘Oek-6eHAMHr”). ToBa MOXe fa ce oTyeTe C BbBexaaHe

Ha 4neHoBe oT no-eucok nopsAawbk no I(I + 1) BbB hopmynarta 3a eHeprusTa:

2
E por = %eff 1(1+1) - BI2(1+1)%+ C1P(1+1)°

B. "YckopsiBaHe" Ha E2 npexoauTe

Me>K,u,y CbCTOAHUATA Ha poTauMOHHATa WUBULUA Ce W3BBbPLUBAT €EJIeKTPU4YeCKn

kBagpynonHu npexoau (E2). EanH ot "KonektuBHUTE" edekTn e, 4ye Te3n npexoau B



aAedopmMmmpaHuTe sapa ca "yckopeHu" B cpaBHEHME C HopmarnHuTte (Mo eaHOYacTUYHM

OLIEHKN).

Ako ce obpasyBa koedMUMEHTA HA YCKOPEHME:

fa —_ )\eKcn

)\eAH
KbOETO Aexcn € EKCMIEpUMEHTanHaTa BeposTHOCT 3a npexoaa (OT u3mepBaHe BPEMeTo

Ha XWBOT);, Aegw - €4HOYACTMYHATA OLEHKAa Ha BEPOSITHOCTTA, KosiTo 6Gele
KOMeHTMpaHa npean ToBa. Okasea ce, Ye B obnactuTe Ha cunHo aedopmupaHuTe

siapa oTHoweHueTo f, gobusa ctomHocTm 200 + 300.

f A
a
300 [
”~
/
[
200 | /
[\ /
II \\ |
100 o II
I\ / \ /
_________ _jL___/ \__.// \\__J/
1 1 1 1 1 1 1 1 1 1 1 1 ;
40 80 120 160 200 240 A

®ur.129. MNoBegeHve Ha koeduumneHTa Ha “yckopsisaHe” Ha E2 npexogute B

3aBUCMMOCT OT MaCOBOTO 4UMCIIO.

[MokasaHata Ha urypata 3aBMCUMMOCT € MofiydeHa Bb3 OCHOBA Ha ronsm

ekcrnepumMeHTaneH matepuan ot nsyyasaHe Ha E2 npexoaure.

CbcTosiHMATa B poTauuoHHUTE nBMum Ha gedopmupanute agpa nmat 200 + 300 nbTu
Nno-KbCWU BPEMEHA Ha XWMBOT, OTKOMIKOTO MM ce "nonara" cnopen egHovacTuyHuTe

OLEHKMN.



VI. MOCTPOABAHE HA CNNOXHU CXEMU HA PA3MNAL

MNocTposiBaHeTO Ha cxemuTe Ha pasnag e paboTta Ha cneunanucTute Mo
eKkcrnepumeHTanHa aapeHa CnekTpocKonus, a 06sACHABAHeTO UM - Ha creuuanucTuTe

no Teopusi Ha A4POTO, HO BCekn TpsibBa aa pasbupa ot paboTtarta Ha apyrus.

Hakon cxemu nNo HacTosiLLeM BKMHOYBAT MO HAKOJIKO AeCeTKM HUBaA, MeXay KOUTo ce
OoCbLUEeCTBABAT MO HAKOJIKO CTOTUH npexoaa. TakumBa cxemu ca nnog Ha Tpyoa Ha

MHOro nacrnegosartersnu, 3a MHOIro roguHN.

Cxemute Ha pasnaj Ha HyknuauTe C ObMMM M CpedHU BPEMEHA Ha XUBOT Beye ca
n3rpageHn TBbpae NoapobHO M NpeumnsHo. HescHOTU B cxemMuTe Ha pasnaj nMMa camo
MPU MHOMO KbCO >MBEeLWM Hyknuau (MUHYTU W CEKyHAM W M0-Marnko), 4MeTo

n3cnenBaHe n3nckea pabota "B cHona" Ha yckoputenute (unm noHe 65130 4o cHona).

N3cnenBaHmnaTa ca KOMMNIEKCHU M BKINKOYBAT:

1. MNpeuusHa y-cneKTpocKonus:
e onpegersHe Ha TOYHUTE EHeprun Ha npexoauTe;

e onpefensdHe NHTEH3NTETUTE Ha npexoauTe no Y.

E1=E>+Ej3
y E2
\ 4 E1 A 4 E3

[MpaBu ce 6banaHc Ha eHepruunTe ("cbBnageHus" Ha eHeprumnTe)

l1=1l2+I3

n 6anaHc Ha UHTEH3UTeTUTe - CymaTa OT MHTEH3UTETUTE Ha npexoauTe 3apexaaliun

oaneHo HMBO, TpsbBa Oa e paBHa Ha cbliaTa 3a MPexoauTe, KOUTO ro paspexaar.



CnegBa pa ce oTuMTaT He camMO paavauMoHHUTE Mpexoan, HO W BbTpellHaTa
koHBepcus.(ToBa e Hewo nogobHO Ha 3akoHa Ha Kupxod 3a TokoBwu Bepurn). B
nabopartopudata Bue e onpeaenuTte KoeuumeHta Ha BbTpeluHa koHsepcus (KBK) 3a

152
(

npexoga 122 keV( ~"Sm) no “geduunta” B UHTEH3UBHOCTTA Ha rama-npexoaa.

2. MpeumnsHa - 1 KOHBEPCUMOHHO-ENEKTPOHHA CreKTpockonus. MoHsKkora T aasa no-

TOYHWN eHeprnn OT Y-CneKkTpocKkonuaTa.

e oOnpependaHe HA MHTEH3UTETUTE HAa KOHBEPCUOHHNTE JNTMHUN;
e oOnpependHe Ha KOe(*)I/ILI,VIeHTI/ITe Ha BbTpeELUlHa KOHBEPCUA 3a NpeXoanTe;

e onpepgendHe Ha Tuna n MynTUNONHOCTTA.

3. CoBnageHus 3a noTBbpXAaBaHEe Ha HAKOU Kackaiu, Kakto U OByMEpeH aHalnia

“‘amnnutyga-amnnutyga” (Hanp. Kackagu B poTauMOHHUTE UBULN)

4. /\amepBaHe BpeMeHa Ha XUBOT Ha Bb3Oy4eHM CbCTOSHUSA
e BEpPOSATHOCTU 3a NPexXoanTe;

e [OTBbpXAaBaHE Ha ThUNna U MyNTUNOJTIHOCTTA Ha npexoguTe.

5. brnosu Y - Y kopenauun (He Aasa MHopmaLns 3a YETHOCTTA)

e oOrpependHe nogpexagaHeTo Ha CNMMHOBETE B HAKOU KaCKaaW,;

e MYITUNOJTHOCT Ha npexogute

6. Nonspn3aunoHHn n3amepBaHus (peakn n TpyaHu)

e oOnpependaHe Ha YeTHOCTU.

7. ENeKTpMYHM U MarHUTHM MOMEHTM Ha sippaTa.

rlpl/l NOCTpodABaHeE Ha cXemMaTta Ha pa3naj ce 1U3norfidyea udanarta CbBKYNHOCT OT AaHHW,

[006uTK Ype3 MeToauTe Ha ekcnepuMeHTanHaTa sapeHa gpusmka.



