M3MEPBAHE HA BPEMEHA B AOPEHATA ®U3UKA
I. 3AKOH 3A PAAUMOAKTUBHOTO PAS3MNAOAHE

1. HAkon oo6Gpe U3BeCTHMN 3aKOHMU

dN

ZS-_AN
dt

CkopocTtTa Ha pasnagaHe dN/dt e nponopunoHanHa Ha 6post HepasnagHanu ce agpa N

(B MOMEHTa) M KOHCTaHTaTa Ha pa3nagaHe A. KoHcTaHTaTa Ha pa3nagaHe A uma

CMUCBb/T Ha BEPOATHOCT 3a pasnagaHe 3a eguHuua Bpeme. PelweHveTo Ha

andepeHUnanHoTo ypaBHeEHME AaBa U3BECTHNA 3aKOH 3a PaguoaKkTUBHOTO pasnajaHe:
N(t) = Noexp(-At)

kbaeTo N(t) - 6pon Ha HepasnagHanute ce sapa (cbetosHus) cneq speme t; Ng - 6pon

Ha HepasnagHanu ce aapa B MoMeHTa t = 0.

t
Opyr 3arw|c:N(t):N°exp( ——j; T - CpedHO BpeMe Ha XMBOT - BpEMETO 3a HamarnsiBaHe
T

Ha HayanHusa 6pon agpa Ng e nbTn - T = 1/A.

N(t) = Noexp( - ';‘_z't]

1/2

T4/2 - nepuog Ha nonypasnagaHe — Tq;2 = In2.t7 = 0,6937.

EkcnoHeHumnanHnsa 3akoH 3a pPaanoakTMBHOTO pa3rajaHe € B CUNa 3a BCAKaAKBU AOPEHU

cuctemn, 6uno TO paanoakTmBHM AOpa wunnm B'b36y,D,eHl/1 AOpPEeHNn CbCTOAHUA (y-

n3nNbyBaHe). T (MK A) NpakTUYeCKn He MoraT Aa 6baaTt NOBANSAHU OT HUKAKBU BbHLUHU
ycnosusi. Mima cBegeHns 3a CbBCEM Mankum edpekTn (BNUSHME), ako B SSAPEHUSA NpoLec
yyacTByBaT aTOMHWU EeneKTPOHU (Hanpumep enekTpOHEeH 3axBaT W BbTpeLlHa
KOHBEpCKs1), NpW KOETO MNOopaauM XMMUYHA Bpb3Ka MOXE Aa Ce WU3MEHM THAXHaTa
NABbTHOCT B 0bnactTa Ha s84poTo. Bbpxy BpeMeTo Ha XMBOT Ha Bb30yAEHOTO SOPEHO
CbCTOsAAHME BU MOrno ga NoBnuse MHAYLMPAHOTO U3NbyBaHe, HO rama-nasepa € Bce

oLle XxmnoTeTrnyeH npunobop.



2. EcTecTBeHa WWMpUHA Ha NUHUATA

Me>|<,qy ecTtecTtBeHaTa (eHepreTw-lHa) wnpmHa Ha gagaeHo HMBO Mn BpeMETO Ha XNUBOT

CbLUECTBYBa NPOCTOTO CbOTHOLLEHUE:
Frt=n

I 3aBMcKH caMo OT T (a He OT eHeprusiTa Ha npexoda). AnapaTypHaTa LUMpUHa Ha y-

NUHUATA NpU y-CNEKTPOMETPUATA € Ha MHOro nopsiabumn Mno-ronsmMa oT ecTecTBeHaTa
wupuHa . EanHcTBeHO edekta Ha Mbocbayep AaBa BbL3MOXHOCT [a ce Habnwogasa

ecTecTBeHaTa WWnpnHa Ha JIMHudATa.
3. I'Iapu.waneH nepuvuoa Ha norfypasnagaHe

Yecto nageHo aOpo vnu Bb3OyAeHO SAPEHO CbCTOSIHME MOXe Oa ce paspexada no

HSIKOJTKO Ha4uHa (kaHana):

l
lw & E‘i/ﬁ* \ 5 Ot/ \ GIOHTaHHO

AeneHe
Y

dur.89. MapanenHu TMNoBe Ha pa3nagaHe.

BeposTHOCTTa 3a pa3snagaHe A €:

A=At A2+ A3+

("vnn" noruka - cyma oT BEPOSATHOCTUTE 3a OTAENHUTE KaHann). CbOTBETHO:

1 1 1 111
———t— . =t — + ...
T T T T Ty

T1, T2,... U T'q52, T"4/2,... - NapUManHu BpeMeHa Ha XXUBOT.

dakTu4eckn napumnanHuTe BpemeHa Ha xuBoT (1 Tq2) ca HeHabnogaemu. HMBOTO Mma
€[IHO BpeMe Ha XUBOT (M eAnH nNepuog Ha nosiypasnagaHe), CbLo efHa KOHCTaHTa Ha

pasnagaHe A, HO KOHCTaHTuUTe A4, A2 ... (NapumanHu) moraTt ga 6baaT onpepeneHv



eKcrnepmnmeHTariHo 4ype3 cpaBHsABaHe Ha MHTEH3UTETUTE Ha NapaneriHuTe KaHanu

(CbOTBETHUTE NapLManHy BpeMeHa MoraTt Aa ce cMeTHar).

Beuye Gsixa gageHn xapakTepHUTE BpEMEHa Ha pasnnyHMTe TUNOBE pasnaj;
-7 10
e anda: 10 s <Tqy2 <10 " a
. 102 15
e Oeta:10"s <Tq2 <2107 a
. 1016 6
e rama: 10 "s <Typp <3.10 a
e CMNOHTaAHHO AeneHe

16 17
ectectBeHypaH ~ 10 "-10"" a

2
EcTtecTBeHO, Npu TakbB OrpOMEH AnanasoH (103 ) OT BpeMeHa, ce npunaraTt pasnnyHu

MeToaM 3a M3MEepPBaHETO UM.
4. NpaBa 1 obpaTHa 3agaumn

al. MpaBun 3agaun: 1amepBaHe BpemMeHa Ha XXMBOT Ha Bb30yOeHN SOpeHN CbCTOSIHUS -
Ba)kHa CMEKTPOCKOMMYecka XapakTepucTuka (BEpOSiTHOCT 3a npexong - 3agjayaTa e
OpUeHTUpaHa KbM u3crneaBaHe CTpyKTypaTta Ha s4poTo); MiamepBaHe Ha nepuogum Ha
nonypasnag 3a anda-, CnoHTaHHO AeneHe, 6eTa-pa3snag ( onpegensiHe Ha logft — Tun un
cTenaH Ha 3abpaHa Ha b6eTa-npexoaa). T2 € eaHa 0T Han-BaXXHUTE XapaKTEPUCTUKM Ha

BCEKW paavoHYKN1A.

6/. ObpatHu 3apaum: PaguoakTMBHuTe anpa (ecTecTBEHUTe pPaAVOHYKIUAM),
BKMOYEHN B AafeH o06eKT ca cBoero poaa "sapapeH 4acoBHUK". [1py M3BeCTeEH nepuos,
Ha nonypasnagaHe T4z, Ype3 n3amepBaHe Ha aKTUBHOCTTa B HaCTOALIUA MOMEHT UK

Ha KOnMn4eCcTBOTO Ha AbLUepHUTe NPoAYKTU MOXe Oa ce onpeaenn Bb3pactTta Ha

obekTa.

14
Ha npakTuka ce ocblUecTBsBaT: apXeornornMyHo gatupaHe - C; reonornyHo gatupadHe

238

40,, 40
(reoxpoHonorms) - K- "Arun U — cneam oT CNOHTAHHO AeNeHe.



Il. METOOU 3A UBMEPBAHE HA ObJIr'M BPEMEHA HA XKUBOT
1. MeToa Ha cneundunyHaTa (TernoBHaTa) akTUBHOCT

MN3nonsyBa ce 3akoHa 3a paaMoakTMBHOTO pa3nagaHe B agudepeHumanta dopma:

dN_ N : ﬂ:A[Bq]
dt dt

y N
A - aKkTMBHOCT Ha npo6ata; N - 6poi HepasnagHanu ce sapa B npobata - N=—A-W |
at

23
NaA = 6.10™ - yncno Ha ABoragpo; At - aTOMHO Terno Ha enemeHTta; W - Terno Ha

npobata [g] (M3MepBa ce TOYHO).

A=

A A
N NiAW
Aat

% - cneundunyHa akTMBHOCT Ha npobarta [Bq/g]; Na . Opown agpalg.
at

238

Mpumep: cnoHTaHHO AerneHe Ha ~~ U:

[a ce onpegenv napuwanHus nepuog Ha nonypasnagaHe Tq2 Ha 238 (99,3%), ako

ekcriepymeHTanHo e uamepeHo, 4e B 200 g ypaH ckopocTTa Ha pasnagaHe e 1

penexe/s:

_ 1238
200 6.10%

23 0,693
=0,2.10%[s™] e =——

Ti2=3,5102s:1a=3,15.10"s; Typ = 1,1.10"% a.

W penctButenHo, B 1 kg ecTecTBeH ypaH cTtaBaT OKofo 5,5 cnoHTaHHM feneHus B
23
cekyHaa. CNOHTaHHOTO AernieHe Ha 8Ue oTkputo npe3 1940 r. (onutn Ha lMNboTpxak u

®nbopoB) U € U3MepeH Nepuoaa Ha nosypasnagaHe.

ExcnepuMeHTanHuM TpyaHOCTU: 3a peructpauus Ha oparMeHTu Ha geneHe (eHeprus
okono 100 MeV) npobata TpsbBa ga € BbB BMA HA MHOrO TbHbK CrOW, nopagn TBbpae

mMankusa npober Ha pparmMeHTUTE Ha aeneHe (Hakanko um). Te Tpabea ga uanasat ot



cnod M pa nonagHat B paboTHMa obem Ha geTektopa. WManonsdyBaHu ca
nponopuMoHanHm 6posyn 1 UMMYSICHU MOHU3AUWOHHW Kamepwu C ronsma paboTHa
NOBBbPXHOCT - kBagpatHu meTpu ([.H.®nbopos). B TakbB pon u3amepBaHus doHa

TpsibBa ga 6bOe HUCBK, a e(peKTMBHOCTTA 3a permctpauus — ronsama. Opyr npobnem -

6
3a ypaHa BepOsiTHOCTTa 3a a-pasnagaHe e okono 2,5.10° nbTu no-ronsima, OTKOSKOTO
6
3a CMOHTaHHO fgenexe, T.e. 1 parmeHT TpsibBa ga ce peructpupa Ha doHa Ha 2,5.10

oa-vYacTuun. HacnareaHeTo Ha nMnyncu ot o-4actmuymute MoXxe aa nMnutupa mMmnyric ot

CMNOHTAHHO AeneHe.

MEHWCKYC

| Te4HOCT

N

|+ ueHTpodyra
®ur.90. Cxema Ha “cnnHepa” Ha (poH NyHTeH.

EOMHCTBEHUA OETEKTOP Ha CMOHTAHHO AerneHe, KOMTO € o6eMeH, e "cnuHepa" Ha ¢oH
FyHTeH. MNpuHumn Ha gencteme: B cbaa ce Hamupa TevHocT — pasteop Ha U con. lNpu
npvBexaaHe B O6bp30 BbpTEHE, TEYHOCTTAa Ce Hamupa Npu OTpPULATESNTHO HansraHe
(pastaraHe). Npu cnoHTaHHO AeneHe B TBbpAe Manbk 0bem ce oTaens eHeprusi OKono
200 MeV un TeyHoCTTa fnoKanHo ce paskbcBa (kaBuTaumsd). Pernctpaumst Ha cboMTMETO

— ONTUYHO U1 MO 3BYK (MyKaHe).

2. [lpyrn cbyHOamMeHTanHn BbNPOCKU, KOUTO Ce peLlaBaT C TO3N METOA - BpEME Ha XXUBOT
Ha HSKOM YETHO-YEeTHU fapa OTHOCHO ABOEH O6e3HeyTpuHeH [B-pa3nag (owe He e

HabnogaBaH).



Ot hopmynata Ha Banusekep 3a 4eTHn unsobapu (A, = const) cu cnomHaAMmE, 4Ye
MOHAKOra € Bb3MOXHO CbLUeCTByBaHETO Ha 3 "ctabunHun" 4eTHO-4eTHM agpa Ha

"OBbHOTO" Ha NoTeHUmanHarta ama.

AW

|
‘ \

| |

| |

| |

| |
Zo-2 Zo Zo+ 2

dur.91. Kem gBonHua B-pasnag.

MpouecsT: 2xpB

(A,Zp-2) —> (A, Zp) +Q

He e 3abpaHeH, HO e OT BTOpM NopsAbK MO KOHCTaHTaTa Ha cnaboTo B3aMmModencTBue.

TeopeTnyHo e oueHeHO, Ye BEPOATHOCTTa My € MHOrO Marika, KOeTo CbOTBETCTBYBa Ha
15 .
TBbpAE ObNMM nepuoan Ha nonypasnagaHe — Tq2 ~ 10~ rogMHu u noseyve (criyvan

ManopaHa). 3a ropHus criyyan 2 -4yacTvmum OTHaCAT Luanara eHeprus
Q = M(A, Z, - 2)c? - M(A, Zg)c?

- 48 48 .
MbpBKM ekcnepuMeHTM NO HabniogaBaHe Ha TakbB P -pasnag ca ¢ 20Ca —  22Ti.

OueHeHo €, ye T1/22'3' >7.10" a. [onHute rpaHuum 3a gBoeH 6e3HeyTpuHeEH B-pasnag,

Ca OUeHeHN ekcnepnMeHTariHo 3a HAKOW Apyrun dgpa.

2B

11643Cd —_—> 116508n T1/2 > 1017 a
28"

10643Cd —> 10646Pd T1/2 > 6.1016 a

Mima orpomMHO none 3a AencTsue no KOHCTpyupaHe Ha OeTeKTOpU, CHUXaBaHe Ha (ooHa
“ NoBULIaBaHe Ha YyBcTBUTEnNHocTTa. Cnegsa aa otbenexum, Ye ABOUHUA -pa3nan
(He 6e3HeyTpuMHEH) Beye e HabnogaBaH C M3MOM3BaHETO Ha T.H. BpeMe-NPOEKLNOHHN

Kamepu.



3. PaguoBbrneponeH Mmetoa 3a apxeosyiorM4HO aaTtupaHe (obpaTHa 3agadva) — 3a

paspaboTtkaTta my Y.JInbun nony4asa Hobenosa Harpaga 3a 1960 roguHa.

14 y
PagnoaktuBHus C ce obpasyBa B aTmocdepata nof OEWCTBME Ha HeyTpoHHaTa

(BTOpPUYHA) KOMMOHEHTA HA KOCMUYHUTE NMbYM:

“N+noTc+ p (n,p) peakums, ce pagunoaktueeH (B)

e — "N ;Ti2=5730a;E" = 156 keV

14
Ckopoctta Ha obpasyBaHe M pasnagaHe Ha C e MOCTOSHHaA W nopagun ToBa B
aTMocpepata uMMame paBHOBECHA KOHUEeHTpauusa nog dopmata Ha COz B
aTMocdpeparta, Boga M nodBa. AKTMBHOCTTA Ha eCTeCTBeHUsi Bbrnepog, nopaau

14 .
Hannume Ha C e:

14
A, =0,25 Bq(""C) | pasn.
g(e(ect. | g.s

XuBute opraHMsmu ca B paBHOBeCHe C OKOSHaTa cpefa v umart cbliaTta cneundpuyHa
14
akTMBHOCT no C. Crneg cmbpTta obmeHa ce npekpatsBa W ce BKHOYBA

n " 14
pPaanoakTMBHNA 4YaCOBHUK"™ - cneu,mcbvquaTa aKTMBHOCT nNo C Hamansiea c T1/2 =

5730 a.

0,693t T A(t
A(t):Aoexp(— = j . tzoé’;?’(—ln A()j
1/2 ’ 0

t - Bpeme oT cMbpTTa 40 HacTodawms momeHT; A(t) B [Bg/g] - cneumduryHaTa akTMBHOCT

14
Ha npo6aTa no C B HACTOALMA MOMEHT, KOSITO Ce onpepnena ekcnepnMeHTasiHo.

Mpumep: 06ekT - AbPBO OT ApeBHa noctponka: OnpegeneHa cneundunyHa akTUBHOCT
A(t) = 0,15 + 0,01 [Bg/g C]

5730 ( 0,15j 570

t=———— =4200 +530 roanHN

0,693

Mpobnemu:

14
al. ObukHOBEHO 3a onpefensHe Ha cneuudumyHata akTMBHOCT Ha npobu no C ce
N3non3yBaT NponopuMoHanHu 6posun n TeyHn cumHtTunatopu. lNpobara, obpaboTeHa

no Noaxoasy HauyuH (pagnoxmmua), Hanpumep nog gopmaTta Ha ras CO,, ce Bkapea B



YyyBCTBUTENHMUA 0OemM Ha camusi OeTekTtop. Ternoto Ha npoGata e 2 - 3 g, AonHa

rpaHuua 0,5 - 1 g. OnpepgensHeTo Ha ronemu Bb3pacTn (Manku cneumguyHun
14
aKTMBHOCTN) ce orpaHu4daBa oT Tq2 Ha ~C u doHa Ha anapaTypaTa. M3nonsysa ce

HUCKOGOOHOBA anapatypa (0T Y4CTU BeLeCcTBa) C Bb3MOXHO Han-gobpa 3awuTa.

6/. OBMKHOBEHO KaTO penep 3a paBHOBeCHaTa aKTUBHOCT Ce M3Mnon3yeBaTt npobu cbe
100 roguwHa BbB3pPACT, 3allOTO HanocrneAbK YOBEYECTBOTO 3anodHa Aa BbpLun
6e3o0bpasuna ¢ okonHaTa cpefa: ropat ce MHOro Bbrnuwa n HedT (He cbabpXxaT 14C) n
atmocdepara ce oborataBa Ha cTabuneH 2¢ (noa dopmata Ha CO3). ATOMHUTE
€NeKTpoLUEeHTpanM OT CBOA CTpaHa oOTAensAT e u BbOOLLE MOHAcToALWEM

14
paBHOBecHaTa cneunduyYHa akTUBHOCT Mo C Bapuvpa.

PagnoBbrinepogHus meTof 3a apxeonormyHo gatupade (go okono 30000 r.) ce cuuta
3a abconrTeH (apbuTpaxeH) MU NOHAKOra ToBa BOAW OO KOHQy3wu. [pean M3BeCTHO
BpeMe ce BOurHa MHOro LWyM OKono penukeaTta "TopuHckata nnaiweHuua". Ypes
paguoBbrnepoaHus meton Gelle AOKa3aHO B HAKOMKO HesasBucumu nabopatopuu, ve
TA e m3paboTeHa okono 13 - 14 Bek M HAMa OTHOLWEHWE KbM ucTopuata ¢ Mcyc

Xpuctoc, Uyna NckapuoT m MNMunat NoHTun (onucaHa B EBaHrenue ot Mares).

4. ApyrM MeToAM Ha AaTupaHe Ha rofieMm Bb3pacTu Mo HaTpynBaHETO Ha AblUepHU

NPOAYKTU OT pagMOaKTUBHOTO pasrnagaHe (reoxXpoHOomnornsa).

al. Kanun-aproHoB meToa;:

E.3.
40K 4°Ar

B- 40 9
(0,01% —> "Ca T42=13.10"a

Mpegnonara ce, 4e npu obpasyBaHe Ha ckanata (Marma) CTapTOBOTO KOMMYECTBO Ha

4 o
Ar (bnaropoaeH ras, KOnTo e ctabuneH) e Hyna.

40 40
B npobute TAr ce onpegens ¢ mac-cnekTpomMeTbp U no otHoweHueto  Ar/lK ce

onpepnena Bb3pacTtrta Ha cKkanarta.

6/. Mo cnegu oT cNOHTaAHHO AerieHe Ha 238 (Tqj2 = 100 a.) B noaxogsuwm MuHepanm

- Hanpumep cnoga. Hakon MuHepanu ca ceoero poaa TBbpAOTENHU aeTekTopu. bpos

Ha crneguTe OT napyeTtaTta Ha [elieHE KbM 00LLOTO KONMYecTBO ypaH B r|po6aTa,



onpenenst Bb3pactta. OOWOTO KONMMYecTBO YypaH B npoGata ce onpegens
AOMbIHUTENHO NpPY 06NbYBaHE C HEYTPOHWU Ha peakTop - Mo crneauTe OT NPUHYOEHOTO

aenexe.

B Kpaa Ha Ta3nm 4acTt CU CTpyBa Oa Ce otbenexu, 4ye onuceaHuUTe namepBaHudA ca
no3BONMIA 3a NpPbuB NbT Aa O6baar nony4yeHn peariImMCtu4HMn OUueHKMN Ha Bb3pacTra Ha

3emsaATa u CnbHYeBaTa cucrtema.

lll. METOAU 3A OMNPEOENAHE HA "CPEOHU" BPEMEHA HA XUBOT
A. UsmepBaHe Ha T2 OT nopsiAbKa Ha YacTu OT ceKyHAaTa Ao HAKONKO roAuHW.

B TO3M [amana3oH OCHOBHO nexaT nepuogute Ha nornypasnagaHe Ha
pagauoakTuBHUTE Hyknuau. MetoguTe ce 6asmpaTt Ha HEMOCPELCTBEHO perncTpupaHe
Ha cnagjaHeTo Ha aKTMBHOCTTA C BPEMETO (3aKOH 3a pagvuoakTUBHOTO pasnagaHe). B
nabopartopusita no ATOMHa 1 agpeHa usnka Cte NpaBuUnv TakmBa eKCNEPUMEHTMU.

3asucumoctTa InN(t) = InNg - At e nuHenHa no t. Cbwuna 3akoH ce OTHacs U 3a

MHTeH3uTeTa (ckopocTTa Ha 6poeHe) Inl(t) = Inlg - At

A

Ini(t)

®dur.92. EkcnoHeHumaneH pasnag B nonynoraputMmyeH mawlao.

OuyeBUAHU U3UCKBaAHUA:

1. MNpocneasiaHeTo Ha cnagaHeTo Ha WHTeH3uTeTa TpsibBa Aa Obae NO Bb3MOXHOCT

No-AbIro - HAKONKo Tq2.



2. B Kkpas Ha rpadwmkaTta CTaTUCTMYECKUTE rPeLLKN HapacTBaT u TpsabBa ga ce oTtyuTa

doHa Ha n3amepuTenHaTa ycTaHOBKa.

3. AkO MMame CMeC OT HyKMaOu W peructpauusita € HecrnekTpoMeTpuyHa, morat
e[HOBPEMEHHO [a ce HabnogaBaT MNoBeye OT eauH Mepuon Ha norypasnajaHe.
MHOrOKOMMNOHEHTHUTE BPEMEHHWU pasnpeneneHvs moraT ga 6baat pasgeneHun (kbae

no-TpyaHo, Kbae I'IO-J'IeCHO) Ha KOMMOHEHTW.

B. CBbp3aHu pasnagm

®ur.93. Cebp3aHu pasnagu.

MHTepecyBa HM aKTUBHOCTTA - CKOPOCTTa Ha pa3nagaHe Ha Na.

dN
d_t2 =MNp —2AN, 5 Ny(t) = Nmexp( ~Aqt)
dN

HauanHo ycrnosue: N2 = 0; t = 0. PelueHue:

N, (t) =
2 }\‘2 1

A
1% Ny o[exp(—2t)—exp(-2,t )

Cnyvau:

exp(- Aot)

v



®ur.94. MNoBeageHne Ha aKTUBHOCTTA Ha BTOPUSA paganoHyknug (B Ha4anHus MOMEHT TOM

OTCbCTBA — PAONOXMMUYHO pasfensiHe) Npu Aq >> Az

7\.1 >> ?\,2 (T1/2, << T1/2”)I 3at=0, Nz =0; Nz(t) ~ N1,o exp(-xzt)

-
»

t

®ur.95. NoBeaeHe Ha akKTMBHOCTTA Ha BTOPUS PagMoHYKnMa Npu Aq << A —

HacTbnBaHe Ha “BeKOBO paBHOBecue”.

L L) )“‘
M<<Az (T12 >>T12”7) Ny(t)=~ x_1N1’° exp(—Aqt)[1-exp(-A,t)]
2

[octura ce paBHOBecHe, KaTto CKOpOCTMTE Ha pasnagaHe (aktmBHoctute) I = Ij.
BpemeTo 3a gocturaHe Ha paBHoBecue ce onpenens oT T2’ - uneHa [1 — exp( -Azt)] u

e oT nopsiabka Ha 5.Tq;2”. Tunuunu cnyvan: pasHosecue °Sr(*°Y), paguoakTuBHUTE

cemencTBa B npupogarta ( U, Th).

,D,OJ'IHaTa rpaHnua Ha T1/2, KOUTO Ce€ MepPAT no onncaHntTeno TyK Ha4dnHWU, € OKOI1o 1

MUHYTa.

B. [1Buxelia ce MuieHa (M3MepBaHe BbH OT CHONa)

s

e
SO O)




®dur.96. Cxema Ha NnocTaHOBKa 3a n3MepBaHe Ha BpeMeHa Ha XUBOT C ABUXeElLla ce

MULLEHa.

Appata, kouTo We 6baaT macnenBaHn (NonyyYaBaHM Ha yckopuTten) ce “HabuBat” B
MuweHaTa. KOHCTPYKTUBHO MULLEHMTE MoraT Aa 6bhaTt aswkella ce feHTa, QUCK Unu
rasoBa cTpys. PasctosiHueTo X u CKOpOCTTa Ha ABWXeHue Ha muweHaTta V onpegenaT
Ha-KbCOTO BpeMe Ha HayarnoTo Ha u3MepBaHeTo cnej obpasyBaHe Ha akTMBHOCTTA - t
= X/V.

BpemeHHOTO pasnpeneneHume ce cTtpou (CKOPOCT Ha 6GpoeHe), KaTo ce MNpPOMEHs
pascTossHMeTo X UM CKOpOoCTTa Ha ABMXeHue Ha muweHaTta V. [1pn BUCOKM CKOPOCTU

Ha [OBWXEHMe Ha MuleHaTa MoraT fa ce u3MepBaT gocTa KbCWM MNepuoan Ha
-3 -4
nonypasnagaHe - gonHa rpadHuga 10~ + 10 ° s — onpegenda ce OoT MexaHukaTa. Tosu

MeTo Nnokpmea eguH MHOrro TpyaeH aAnana3oH OT BpeMeEeHa Ha XUBOT.

IV. KbCU BPEMEHA HA XXUBOT. METO[ HA 3AKbCHEJIUTE CbBMNAOEHUA

-4
MeToa 3a namepBaHe Ha BpeEMEHA Ha >XMBOT Ha Bb30OyaeHn sapeHn cbetosHusa (10 +

-10
10 " s). Heobxogumu ca aBa geTekTopa 3a permctpaums Ha YactuunuTe B CI. Y1 U y2.

11




Kackag ot rama-KkBaHTU

®ur.97. KackagHu y-KBaHTW.

BpemeTo Ha XMBOT Ha Bb30OyOEHOTO CbLCTOSIHME T, € BaXHa XapakTepucTuKa Ha
SOPEHOTO CbCTOSIHWE - peuunpoYHa BeNMYMHa Ha BEPOATHOCTTA 3a Mpexop, KOsiTo

3aBUCK OT TUMa N MYNTUNONHOCTTAa Ha npexoaa ya.

A. Mpoctn gBOoMHN cbBnageHnsA. OCHOBHU NMOHATUSA.

Cxema Ha cbBnageHus (4BOWHMW) - ABa Bxoda, eanH nsxod. Pabotu ¢ nornyeckn HuBa

-hopmupaHn nmnyncu.

PaspenutenHo Bpeme (2T) - Han-roneMnst BpEMeHeH MHTepBan Mexay uMnyncurte Ha

[ABaTa BxOAa, Npv KONTO BCe OLLie Ce permctTpupa CbBrnageHue - UMMysc Ha u3xoaa.
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Our.98. Kbm pasgenurenHo BpeMe Ha cxema Ha CbBnageHus.
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@our.99. Kpuea Ha cbBnageHusTa.



KpuBa Ha cbBnageHusita - npaBobrbfHa. (JonHute KpuBwm - nNpu opMupaHe Ha

MMNyncK, NO-KbCU OT T, NPU KOETO ce nonyyasa 3aryba B CKOpOCT Ha BpoeHe.)

MUcTMHCKM cbBnageHuUst - CbBMNageHuUss OT reHeTU4YeCKM CBBbpP3aHN vY-KBAHTW,

M3NbYeHU OT eQHO U CbLo AApPOo. VIHTeH3nTeT:

1,2 _
Iner ™ = Ae1Q1€2Q2
KbAETO: A - aKTUBHOCT Ha U3TOYHMKA (KBAHTOBUTE AOGWBM Ha Y1 U Y2 HEe Ca BKITIOUYEHU);

€ - e(PEKTUBHOCTN Ha AeTeKkTopute; Q - NPOCTPAHCTBEHM bIb/N HA perncTpaumsi.

Cny4yaHu cbBnafeHus - CriyyariHo CbBrajaHe Ha [ABa HeCBbP3aHWU FeHETUYECKN y-
KBaHTa B rpaHnUMTE Ha 2T. HAMa eneKkTpoHHW MeToau 3a OTAeNsiHE Ha UCTUHCKUTE OT

cnyyanHuTe cbBrnagenus. CnyyanHute cbBnageHus ca PoH. IHTeH3nTeT:

1,2 2
Ien ™ = 211415 = 2TA"€1Q182Q2

kbaeTo 14 = Ag1Qq; I = AgaQa (Npu ycnoBme, Ye BPEMETO Ha XMBOT Ha MEXOUHHOTO
CbCTOSIHWE € MHOrO NO-Marsko OT pasgenmMTenHoTo BpeMe).

1,2
OTHoleHWe Ha cnyYailHUTe KbM UCTUHCKUTE CbBnaaeHus: R =—C- = 21A
UcT

OtHoweHneTo R moxe ga 6bae HamaneHo ¢ HamansiBaHe Ha pa3genuTernHOTO Bpeme
27. HamansBaHeTo Ha akTMBHOCTTA Ha U3TOYHMKA A yabIkaBa BPeMETO Ha uamepBaHe
3a [ocTuraHe Ha 3ajageHa craTucTudecka TodHocT. Moxe pga ce onpegenu
onTUMasriHa aKTMBHOCT 3a YCOBMsITA Ha eKCnepuMeHTa (2T, BpeMe Ha uamepBaHe,

cTaTUCTMYecKa TOYHOCT).

Ha NpakTukKa BUHArn ce namepBa BeJininHaTa:

_ 1,2 1,2
N1,2 - (IMCT + Icn )t
7 TpFI6Ba Ja ce rnpasu noripaBka 3a CJ'Iyl-IaI7IHVITe CcbBMNnageHu4a.

1,2 _ 1,2
NMCT = N1,2 - Ncn



B. 3akbcHABaWM cbBNageHus

n3

()

@ur.100. briok-cxema Ha NpocCT “egHOKaHaneH” BpEMEHEH aHanM3aTop.

PernctpauusaTa Ha yq JaBa MOMeHTa Ha nosy4yaBaHe (t1) Ha Bb30y4eHOTO CbCTOSAHUE C

BpPeMe Ha XMBOT T,. PernctpauusTa Ha y2 - MOMeHTa Ha pasnagaHe (tz). BeposiTHocTTa

t, -t
3a "oXuBABaHE" Ha CbCTOSHWETO [0 MOMEHT t e exp(—u N3mepBaHeTo ce
TH

cBexaa [0 HamupaHe Ha pasnpegeneHMeTo Ha BpeMeHHUTe uHTepBanu [ty - t4]

(BpemeHeH cnekTbp). BbBexgaHeTo Ha NPOMEHMMBO 3aKbCHEHME Ha Y1 OTHOCHO Y2
(4pes J13) gosexaa OO 3aKbCHABALLWM CbBNagdeHWUsa, KOMTO O3HayaBaT, Ye HMBOTO Ce e

pasnagHano cnep Bpeme t;,, Creg MoMmeHTa Ha opbGasyBaHeTo. M3wvepBa ce
1,2
3aBucuMocTTa Nyer * OT t3a4. MPY yCrOBME, Ye pa3fenuTenHoTO BpeME 2T € MHOro no-

Marlriko OT BPpEMETO Ha XMBOT HA MEXONHHOTO CbCTOAHUE Ty.

A
InN UCT.

-
»

tsa,q.

®ur.101. BpemeHeH cnekTbp B nosnynoraputMuyeH mawab.



OT rpadukaTta (B nonynoraputMmyeH mawab) no TpaaWUMOHHUS Ha4YMH ce Hamupa

BpeMeTo Ha XMBOT Ha B'b36yﬂ,eHOTO cbecTosHne. O4yeBUOHO OMNUCaHMA MeTon €

"e[lHOKaHaneH", KaTo WMpuHaTa Ha BpeMeHHUA KaHan (CTbrnkata 3a U3MeHeHue Ha tiaq

ypes J13) e paBHa Ha pa3genuMTenHOTO BpeMe Ha CXemara Ha CbBrnageHus 2T.

B. 3akbCcHABaWM cbBNagaeHus ¢ otéop no amnnuryaa (6bp3o-6aBHM cxemm).

Y » 00
n3
¢ ;
D1 taa,u,.
A A
S x BECC » BECTC » [p
A A
D2
[0)
» [[1

®ur.102. brnok-cxema Ha egHOKaHaneH BpeMeHeH aHanunsaTop ¢ otbop no amnnutyaa:
® - popmupane; N3 - npomeHnuBo 3akbcHeHne; BCC - 6bp3a cxema 3a cbBnageHus;
Y - ycunsaten; OO - audepeHumaneH OUCKpUMUHATOP (eQHOKaHaneH aMnnutyneH

aHanusaTop); BCTC - 6aBHa cxema 3a TponHU cbBnageHus; Mp - npebpouTten.

PasgenutenHoto Bpeme Ha BCC e no-manko ot 1 ns. CurHana 3a amnnutygarta
(eHeprma Ha y-kBaHTa) ce CcHeMa OOWMKHOBEHO OT npegnocnegHuss AOMHOL Ha
doToymMHOXMTENA. Ycuneatena Y v aundepeHumanHus aHanusatop A ca "6aBHu"

ycTponcta. PasgenutenHoto Bpeme Ha BCTC e ot nopsgbka Ha 1 ps.

MpepumcTBa:

1. C 04, v 0Oz moxe fa ce nsbepe (Npo3opel) eHeprusaTa Ha u3cneaBaHUTe KBaAHTU Y4

N y2, KOETO € BaXXHO Npun nacregBaHe Ha CITOXXHU CXeMn Ha pasnag.

2. BbBexgaHeTo Ha cxema 3a TpouHu cbBnageHuns (BCTC) HamanaBa ¢oHa oT

CﬂyanIHMTe CbBNnageHu4.



-9 -10
C TakMBa NOCTaHOBKW MoraT Aa ce uamepBaTt BpeMeHa Ha xuBot go 10~ + 10 " s.

. MHOorokaHanHu BpeMeHHU aHanu3aTopu ¢ npeobpasoBaTtenu BpeMe-amnnuTyaa
(BAM)

BAIl - yctponcTtBo ¢ ABa Bxoga - "ctapt" u "cton", KoeTo uspabotBa Ha m3xoda cu
UMMYNC, YMATO aMnIuTyAa € NponopuvMoHanHa Ha AbiKMHATa Ha BpeMEeHHUA

UHTepBan mexay "ctapt” u "crton" - umnyncure.

MpuHumn Ha gencteune Ha BATT:

CraptoBusa umnync (yq “paxgaHeTto” Ha Bb3OyQeHOTO CbCTOSHME) 3anycka JIMHEeNHO

3apexaaHe Ha koHgeHsaTop. CTonoBus UMMync (y2 ) cnupa 3apexagaHeTo A0 HsKakea

amnnuTygHa ctorHocT. OueBMAHO, amnnuTygata Ha u3Xogslmst UMMync we e

nponopuMoHarnHa Ha AbJKMHaTa Ha BpEMEHHUS MHTEpBan Mexay ctapTta 1 ctona.

Mmnyncute ot mn3xoga Ha BAIN ce nogaBaTt Ha Bxoga Ha MHOrokaHaneH amnnuTyaeH
aHanunzatop MAA, npu KOeTo YCTPOMCTBOTO Ce nMpeBpblia B MHOrokaHaneH

BpemMeHeH aHanuni3artop.
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NYHEeeH 3apsa Ha
KOHOEeH3aTop

®ur.103. KbM npuHUMna Ha AencTBue Ha BpeMe-amnnmTyaeH npeobpasosarten ot

CTapT-CTOMNOB TUM.

MbnHa cxema Ha MHOrokaHaneH BpeMeHeH aHanuna3aTtop:

Y » 00
» CF
D,
s CcC »| BpaTa
* v CTapT
BAIN » MAA
D, n3 4 cron
CF —603508>
const
Y » 00

®ur.104. bnok-cxema Ha MHOrokaHarneH BpeMeHeH aHanu3aTop ¢ oTOop No amnAnTyau:
D - petektopn, Y — ycunBatenun, CF—“KOHCTaHT ppakwbH’-aANCKpUMMHaATOPN 3a
npuBbp3BaHe no speme, AN — andepeHumanHu guckpumuHatopn, CC — cxema Ha
cbBnageHna, MAA — MHorokaHaneH amnnuTygeH aHanusatop. JIMHusTa Ha 3agpbXkka
N3 e nocTosiHHa Mo BpeMe Ha uamMepBaHe, BbBexaa ce B “cTon’-kaHana 3a ygobcTtso

npwn HacTponkaTta (caMmo “OTMeCcTBa” BPEMEHHMUS CNEKTBLP).



BnokoBe 3a NpuBbLpP3BaHe No BpeMme:

CF

>

—— OUCKpUMMHATOP

% = —— [AUCKPUMUHATOP
\
\
\
\
\
\
\
\
\
\
\
\

®ur.105. Pons Ha "CF"-6nokoBeTe 3a npuBbp3BaHe Mo Bpeme.

PeanHuuTe mmnyncy oT OeTEKTOpUTe UMaT pasxBbprsHe Nno amnnutygata. AKo KaTo
dopmupoBaTen ce u13non3sa 06GUKHOBEH OUCKPUMMUHATOP, TO NMpu bUKCMpaH npar Ha
OVCKpUMUHaUMA ©BM ce mony4duna HeonpeneneHocT Ha tia (MyHKTMpa Ha gurypara

rope). Mpun "CF"-guckpuMmunHaTtopute - TarMEpHUS MMNYrcC ce npuBbp3Ba KbM
onpegeneHa To4yka (MOCTOAHHA 4acT) OT NpeadHua POHT, C KOeTO ce ennMmuHupa

HeonpeaeneHocTTa, AbjiKalla ce Ha pa3XBbpJIAHETO NO aMnnTyaun.

-1
C MHorokaHanHuTe BpeMeHHW aHannM3aTopu ce M3MepBaT BpeMeHa Ha XmBoT > 107 ' s.

Mpo6nemu: OrpaHnyeHnsTa nasat oT pU3NYECcKUTEe NPUHUMNM Ha AeTekTopuTe (Hanp.
CUMHTMNALMOHHMTE OETEKTOPU), KaTo BPeMe Ha M3CBETBaHEe Ha CLMHTMNaTopa 1 Bpeme

Ha npenuTaHe Ha enekTpoHHaTa NaBuHa npes3 PEY.

[. O6paboTka Ha BpeMeHeH CneKTbp, MpU pPasfnNyYHN XapakKTEPHUW BpPeEMEHa Ha
nscrneasaHua npouec (Ty) WM Ha pasgenutenHotTo Bpeme (2T) Ha BpeMEHHUs

aHanuaarop.

BpemeHHUsA cnekTbp € egHo (CTaTUCTUYECKo) pasnpeneneHue Ha AbIIKUMHUTE Ha
BPEeMEHHUTE MHTepBanu Mexay paxaaHeTo M pasnagaHeTo Ha M3cneaBaHOTO
cbCTOosIHME (No ocTa Y — B6pon Ha cbbutuaTa; nNo octa X — BpemMe). KoHcTaHTaTa Ha

BpEMEHHNA aHalnnM3aTtop ce fdaBa Hanp. B [ns/KaHan]. EKCI'IepI/IMeHTaJ'IHI/IFI BpeMEHEH



CNeKTbp BUHArM € KOHBONOUUA Mexay beHKLI,I/IFITa Ha wunacnegBaHNA Tnmpouec u
anapaTtypHaTta (byHKLI,I/IFI (KpVIBaTa Ha MWIHOBEHUTE CbBnNageHnA Ha BpeMeHHUA

aHanusaTop).

al. Korato 21T << Ty W anapaTypHata QYyHKUMS (MUTHOBEHUTE CbBMAgEHUs) €

npaBoblbJIHA:

|
!

to

®ur.106. Kbm popmaTa Ha ekcnepuMeHTanHUa BpeMeHeH CnekTbp Npu 2T << Ty

P(t) - anapatypHa yHkums ("kpuea" Ha murHoBeHute cbBnageHus); W(ts;) - pyHkums

Ha pa3naga Ha HMBOTO

W(t,) :Tiexp[—;—sj
H

H
HopmupaHa: IW(t3)dt3 =1
F(t) - kpuBa Ha 3agbpXaHuTe cbBnNageHNs (ekcnepuMeHTarneH CnekTsbp)

3a TeopeTUYHNSA Criyqan Korato 2T << Ty U 2T knoHn kbMm 0, To  F(t5) = W(t5)

3a nony4aBaHe Ha Ty , eKNoHeHUuManHaTta JacTt Ha F(t) ce o6bpaboTBa KakTo npu 3akoHa

3a paanoakTUBHUSA pasnag.



6/.3a 21 cpaBHMMO C Ty M NPaBObIbIHA anapaTtypHa yHKUMSA (KpyBa HA MUTHOBEHUTE

CbBnageHus).

P(t)

®ur.107. Kbm (popmaTta Ha eKcnepuMeHTasnHUs BPEMEHEH CTEKTbP Npu 2T

CPaBHUMO C Ty

3a Bpeme t; > tp + T ce HabnogaBa eKcroHeHLManeH y4acTbk, B KOWTO MOXe Aa ce

MepW KOPEKTHO Ty N0 OOMKHOBEHUS HAYMH.



B/.3a 2T cpaBHMMO C Ty M anapaTtypHaTta gyHkums e FaycuaH

W(t)

®ur. 108. KbMm (hopmaTa Ha ekcnepuMeHTanus BpeMeHeH CTEKTbP Npu 2T CPaBHUMO C

Tu W @napatypHata yHKuma - FaycunaH
P(t) - kpvBa Ha MWUrHoBeHWTE CbBMadeHUs (eKCnepuMeHTanHoO ce MoCcTposiBa C
22
n3touHuK ““Na — cbBnageHns Ha aHUXMUNaLMOHHNUTE KBaHTN)

+00

F(T) = [ W(t)) P(T - t,) dt,

=00

F(T) - konBontouna Ha P(t) c W(t).

Moxe ga ce nokaxe, ye korato P(t) n F(T) ca HopmupaHu, T.e.
[Ptydt=] F(T)dT =1

dyHkumaTa P(t) npecnya F(T) B mMakcumyma.

MoMEeHT OT n-Tu Nopsabk Ha eaHo pasnpenenenune F(t) ce apedunHupa kaTto:

+00

M.(F) = | t"F(t) dt

=00



3a cnekTbp, CbCTOSALL, Ce OT AUCKPETHU KaHanu (KBasvHenpekbcHar)

M, =X F;i" (cymvpaHe B rpaHMLMTE Ha CNekTbpa)
i

kbaeto: Mgy - nnow, Ha pasnpegeneHveto; My - LeHTbp Ha TexecTTa Ha
pasnpenenexdveto; My - wwupuvHa Ha pasnpegeneHveTo; Ms; - acumeTpus Ha
pasnpeaeneHneTo.

HopmanmsmpaHM MOMEHTW:

. M M M
M= - M=22 . g1

'm, 2P M, T M
0 0 0

[okasBa ce, 4e (MeToA Ha OTMeCTBaHe Ha LIeHTPOBEeTe Ha TeXecTTa):

Tw = M4'(F) - M¢'(P)
T.e. BPEMETO Ha XMBOT Ha CbCTOAHMETO Ty € pa3nuKaTa Mexay LeHTpoBeTe Ha
TeXecTra Ha KpumBaTta Ha 3akbCcHsaBawmTe cbBrnageHua F(t) (ekcnepumeHTanHa) wm
KpuBata Ha MuUrHoBeHute cbBrnageHus P(t) (ekcnepumeHTanHa) koraTo nnowuTe ca

HOPMUPaHU. MoHsikora ce nanonsyeat BPb3KN HA Ty U C MOMEHTU OT MNMO-BUCOK NOPAABLK.

MeToga paboTu, gopu Korato T, < 2T.

paHULMTE Ha eNneKTPOHHUTE METOAMN 3a M3MepBaHe Ha BpeMeHa (KaTo npaBuio CbC
CUMHTUIAUNOHHN [EeTEeKTOpU) ca OT nopsiabka Ha Ty - 10'10 + 10'11 S nopagu
dmsndecknTe orpaHnyenmns 3a cumHtunatopa n PEY. OceeH 4e nocnegHuTe TpsidbBa ga
6baaT “Obp3n’, TpaAbBa aa 6bae m3nonseBaHa u “Obp3a’ enekTpoHuka (6rokose) C
peouMua cneundudHn umsnckeaHus. KoakcmanHute kabenu TpsabBa paga 6baat
HaTOBapeHn B KpauwaTa CM CbC CbMAPOTMBIIEHMS (CbOTBETCTBALUM HA BBLIIHOBOTO

CbMNpPOTUBIEHNE) 3a N3bArBaHe Ha OTPaXXEHUS.

N3cnenBaHnte Bb30yOEHN SOpPEeHN CbCTOsIHMSA MoraTt Aa 6baaT nonyYyeHn OCBeH 4Ypes
M3NbyBaHe Ha rama-kBaHT (Kackag y-y CbBnageHud), Ho u cnep anda- unu Geta-
pasnagaHe (o-y W B-y cbBnageHus). B mHoro cnyyau, ¢ nogxoasw, u3bop Ha
CUMHTMNaTopuTe MOXe Aa Obae nocTturHaTo NbiHO domnanyecko pasgensiHe (6es

amnnutyaeH OT60p) Ha CTapToBuA 1 CTOMOBUA KaHaIN.



V. ®U3NYECKN METOAN 3A UISMEPBAHE HA KbCU BPEMEHA HA XXUBOT

A. MeToq Ha oTKaTHUTe siapa - Bpeme Ha npenutaHe

HOonM
—p] | OTKaTHU aapa
2

KonmnmMmartop

dur.109. Cxema Ha NocTaHOBKa 3a M3MepBaHe Ha BPEMETO Ha XXUBOT B CHOM OTKATHU

anpa.

MpesaTta Ha meToda e A0 HAKbAEe aHanornyHa c "apwxkewiata ce muweHa". OTkaTHUTEe
aapa (Bb3byaeHn, CbCTaBHM), KOUTO LLe ce nacnensaT ce nonydasart (M nsdbmuear) npu

60M6apﬂ,MpOBKa Ha MuULLEeHa CbC CHOM YCKOPEHU YaCcTuun. Te ce gBwxart no nocoka Ha

CHOMa n mMmat TOYHO onpeaeneH mMmnyrc (I/I CKOPOCT V,,).BpemeTo 3a npernntaHe oT

MuLLeHaTa ao konumartopa e t = X/V,.

MHTeH3nTeTa:

I(X):Ioexp(—

X
VHTH

Mpu nameHaHe Ha X ce cTpou yHKkuuata I(X), oT KOATO ANPEKTHO ce onpedens Ty.
Mpun Vg ~ 3.10° [cm/s] n pa3pelueHne no pasctosHue X = 10 c¢m ce onpenenaT Ty ~

103 s.

YcnoBusa: bombapanpawmTte 4actmum ga ca MoHoeHepreTuyHu. MuweHaTa Tpsbsa aa
€ TbHKa, 3a Ja UMaMe TOYHO AedunHMpaHa CKOPOCT Ha oTkaTHuTe sapa Vg. CHona

OTKaTHW AApa ce ABMXN BbB BaKyyM.

MeToada Ha oTkaTHUTE siApa € YHMBEpCaneH - HAMa orpaHMyeHust 3a Tuna Ha s4poTo U

xapakrepa Ha npexoga (Turn, MyrTUMNOSTHOCT).



b. ,U,OHﬂepOBO OTMeCTBaHe Ha eHeprnaTa Ha ramMma-KBaHTUTe. MeTopa Ha nnyHXxepa.

AKO OTKaTHOTO A0pO n3nbyBa B ABMXEeHUE, TO N3lnbyeHaTa raMma-rimHn4d € ¢ npomMeHeHa

eHeprus B cneacTtaune Ha EdekT Ha [Jonnep oT nbpBu NOPALBLK NPU O OTIIMYHO OT /2 :

E,=E, ( 1+ %cosej

kbaeto V - CKOPOCT Ha OTKaTHOTO A4p0; 0 - bIbJ1 MeXAYy CKOPOCTTa Ha OTKaTHOTO A4pO

n nocokata HabnogeHne - getektopa; E,o - eHeprusa npu OTKaTHO SAPO B MOKOWA

(HeOTMeCTeHa); EY - gonsiepoBo OTMeCTEHa JIMHUA — OTKaTHO AApPO B NOJIET.

TbHKa

MULLEeHa X
nnyHxep
cHon ] _ (cTonep)
OoTKaTHU siapa 5
Ev
Evo
D

dur.110. Cxema Ha NnocTaHOBKa 3a U3MepBaHe BPEMETO Ha XXMBOT MO MeToAda Ha

cTtonepa (nnyHxepa):

O6nactra mMexgy MuweHata u cTonepa ce “HabniogaBa” OT AETEeKTop C BUCOKa
pasgenutenHa CrnocobHOCT NO eHepruu, nog brbf 6 cnpsMo nocokaTa Ha cHona
oTkaTHM aapa. B obwusa cnyyan, B aMNIUTYAHUA CNEKTbp OT Tasn obnact e ce
Habnopasat ase nuHu: E, - oT agpa B nonet (oTmecTteHa) u E,p — oT agpa cnpenu B

crTonepa (HeOTMeCTeHa). M0 CbOTHOLIEHMETO HA MHTEH3UBHOCTUTE Ha ABETE NNHUMU

MOXe [a ce onpefenu BpemMeTO Ha XMBOT Ha Bb3Oy4eHOTO CbCTOosiHMe. 3a cnydvas
nokasaH Ha no-ropHata durypa E, < Eyo, Tbi kKaT0 6 > /2 — "4epBeHO" OoNnepoBo

OTMEeCTBaHe.



16, 117 0 16
Mpumep: peakumsa D(O,p) '*O; 6 = 122°; E( O) = 20 MeV; Cymara ot
NHTEH3NTETWUTE Ha OTMECTeHaTa U HeoTMecTeHaTa JIMHUM ce 3anasea - I, + Lo = const

BpemeTo 3a npenutaHe Ha pa3cTosHMETO MuLleHa — ctonep e t = X/V

N |
\ \
\ \
} /\X=Omm
\ \
| |
N | |
} \
/\ /\ X = 2,54 mm
\ \
[ [
N | |
\ \
\ \
} } X =12,5mm
\ \
[

Ey Evo
855 keV 871 keV
AE =16 keV

®ur.111. Cnektpu Ha nuHusTa 871 keV (HeoTmecTeHa) Npu pasnuyHn pasctosiHms X

Mexay MuleHaTa u ctonepa

X
HeoTmecTeHa nuHuA: Iyo ~exp( —V—] (HepasnagHanu ce cneq speme t = X/V) - Lo
TH

— MUHTEH3UTET Ha NMMHUATa OT cnpesin agpa.

X
OTmecTeHa NUHUA: IY~1—exp[—V— - IY - UHTEH3NUTET Ha JIMHNATa OT dApa B
Th

noner.

OTHOLIEHNETO HA WHTEH3UTETUTE (I'IJ'IOLIJ,MTe) Ha HeoTMecCcTeHaTa KOMIOHEHTa KbM
CcymaTta OT OBEeTe:

r(X) = IL = exp( —LJ

Lo +1y V1,



EkcnepumeHTanHo ce noctposiea r(X) B 3aBUCMMOCT OT pascTosiHneTo X n oT Tam ce

onpegens Ty. 3a HMBoTo 871 keV oe onpegereHo T = (2,33 = 0,26).10'10 S.

Heobxoaumm ycnosus:

1. [leTekTop C BMCOKa pasfenutenHa crnocoBHOCT Mo eHeprun (pasgensHe Ha

OoTMecCTeHaTa N HeoOTMeCTeHaTa J'II/IHVIVI).

2. [1obpe peduHUpaH (1 ronsm) MMNYrC Ha OTKATHOTO A4PO T.€. TbHKA MULLEHWN WU
BMCOKA MOHOEHEPreTUYHOCT Ha cHona (yckoputen BaH ge Npad, TaHaemu, peakumm ¢

TexXku noHn). ObnacTtrta MyweHa-cTonep - BbB BaKyyM.
-12

'paHnua Ha meToda oT nopsabka Ha 10 '~ s.

B. MeTton Ha oTcnabBaHe Ha AONNEepPoOBOTO OTMeCTBaHe

KayecTBeHO - cpaBHsiBaHE BPEMETO Ha XMBOT Ha Bb3OY4EHOTO CbCTOsSIHME Ty C

BpeMETO Ha 3abaBsHe Ha OTKaTHOTO sApo t, B MmognoxkaTa Ha MulieHata unu B
cpefara, B KOSATO NpoTuya peakumsTa. BpemeTto 3a 3abaBsiHe B TBbPAO TS0 Ha Neku

-12 -13
aapa e ot nopsabka 10~ + 10 7 s. BbB dpopmynarta 3a gonnepoBoTo OTMeCcTBaHe
= V
E :Eo(1+—°Fcose
c
Vv y
ce BbBexaa paktopa Ha otcnabsaHe F =V’ KOWTO € CBbp3aH C BpemMeTo Ha

0

3abaBsiHe Ha OTKaTHOTO siAPO t, KaTo:

t
F- T"t
1+
TH
R
t, = v kbaeTo R e npobera Ha oTkaTHOTO A4p0, a Vg - Ha4YanHa CKOpoCT.
0

Hanunumneto Ha aonnepoBo OTMEeCTBaHE Ce OTpa3dBa BbpPXY cbopmaTa Ha JIMHUATa C

eHeprus Eo:

AE =E, Vo Feoso (yLUMpeHue)
c



Mpu nsoTponHo pasnpegeneHune Ha ckopoctute Vo, paktopa cosd =1 un AE e npocto

AOONBbJIHUTENHO YWMPEeHUEe Ha JIMHUATA. AKo nma aHN30TPONMnA Ha Vo - B JIMHNATaA ce

nosassieaT "onawkn" (B 3aBUCUMMOCT OT bibfla Ha HabnwgeHue ) - acuMeTpusl Ha
nmHuaTa. OT  ywmpeHueTo (QONbIHMTENHO) WM acMMeTpusiTa Ha §nuHuATa ce

onpegens ekcnepumeHtanHo F. OueBngHO MeTOABT paGOTVI Ha17|-,u,06pe, KoraTto

t/tu~1

al. Korato t, << T4 , F —> 0 - we ce Habniogasa n3nbyBaHETO Ha gapaTa B MOKOW, T.€.

nuHusita Eg Wwe vma anapatypHaTa LWupuHa.

6/. Korato t, >> 1, , F > 1 v BuHaru we ce Habniogasa n3anbyBaHe B NOMeT U OT Tam

MaKCMMariHoO ywunpeHue Ha NIMHuATa:

— V,
AE.x =E, ?°cose

M B oBata rPaHN4YHU cny4yad OTCbCTBaA I/IH(bOpMaLl,I/IFI 3a Ty.

®our.112. [JonnepoBo ywupeHne Ha anapaTypHata IMHUS NpU pasnnuyHn cnvpadvyHu

cnocobHocTn Ha maTpuuarta: 1. anapaTtypHa nuHusa <<ty (F=0); 2.0 <F < 1; 3. t, >>

T (F = 1).

Ha npaktnka metoga ce npunara, Kato ce m3bmpaT HSAKOMKO BellecTBa (Matpuum) ¢

pasnu4yHa cnupadHa cnocobHocT (dE/dx) - nanonsysa ce edekTa Ha NNbTHOCTTA p.
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'paHMua Ha meToaa - okono 10 ' s.



Mpumep: 10B(n,oc)-l*Li + Q (ek3oTepMuyHa) - peakums ¢ TONNUHHU HEYTPOHW; ™*Li-B
95% ot cnyyanTte ce nonyyaBa BbB Bb3byaeHo cbeTtosdHmne; Q = 2,3 MeV. KuHetnyHata

Txp = 4.
eHeprusi Ha Bb30yaeHoTo sapo *Li e:

M=O,84Mev ; Vo _ ZT'-‘Z =0,016
c M,c

Li —
M, +M,,

PasnpegeneHneto Ha Vg e n3oTponHo. Bb3byaeHoTo a4po M3nbyBa y-KBaHT C eHeprus
0,480 MeV "*Li — "Li + y (0,480 MeV). MakcuManHoTo yLumMpeHe Moxe Aa 6bae:

Vo

2AE, . = 2.0,48( -

j:0,015MeV:15 keV

3a cbluaTa eHeprus anapaTypHata nonywupuHa Ha nuHusta Ha Ge-peTtektop € 1,5
7
keV, T.e. 10 nbTn no-manka. C onuceaHus metod e onpepeneHo Ty(480 keV 'Li) =

7510 s,
. EcpeKkT Ha ceHKuTe.
EcbekT Ha kaHanupaHe (1963 r.)

lMpu onpepeneH brba Ha NagaHe, 3apefeHaTta YacTuua ce "3axsawa" U ce OBUXKU B
KaHana (MexayBb3nuaTa) Ha KpuctanHata peweTtka. EHepreTuyHuTe  3arybu

HamMmanaeart, a ce yBelnm4yaBa CUITHO npo6era.
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®dur.113. KbM edpekta Ha KaHanupaHe Ha YacTuLmM B MOHOKpUCTarnw.

EdpekT Ha ceHkuTe (TynmHoB 1965 r.) - oOpaTeH Ha KaHanNUpaHeTo.



Ako A0pP0 M3Nnby4Ba 3apegeHn 4actuuyM BbB Bb3e€lfla Ha KpUCTaliHa pelleTka, ce
Habntogaea 3aCeH4BaHe Ha JTbYEeHNeTo oT atomunTe, pa3nonoxeHun B

KpucTanorpadckaTa NnocKocCT.

HabniogaBa ce  makpockonuMyHa KapTMHa (Ha oTtonnaka), CBbp3aHa C
Kpuctanorpadckute ocu. luprHata u gbnboumHarta (Nnpoduna) Ha csHKkaTa 3aBUCK OT
TOBa, Janu M3NbYBaWOTO SOPO € B PaBHOBECHO CbCTOSHWE WAW € OTKIOHEHO

(nepner,MKynﬂpHo) OT KpUCTtanHata niocKOCT.

© O O O

dur.114. KbM edrekta Ha CEHKMTE B MOHOKpUCTanu, KoraTo uscnegsaHata peakuus ce

N3BBbPLUBA B SApa B KpUCTanHaTa pelueTka.
OTKNOHEHUETO:
X = VOJ_TH

Vo, - CKOPOCT Ha OTKIIOHEHME Ha CbCTaBHOTO AApo; Ty - BpeMe Ha XMBOT Ha

CbCTaBHOTO A4pO0.

1 - -
paHMun Ha BnusiHneTo: 5.10 O cm < VT, < 108 cm, kbgeto 10 8 cm - pPa3CTosHUS

-15 -18
MeXay KpucTanHuTe nnockoctu. paHnyum ty - 10~ + 10~ s.
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