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1.1. Hcropnqecrcu o6aop

B xlacraqecrcara cn pa6ora Jlzvenua om pa1uoarcrnuoHu oet4ecrnoa,
ny6nurcyBaHa rrpea 1930 r., Ps4rpQopl, tla4yzr uE.tuc (Rutherford,
Chadwick, Ellis) rocorrBar rplr orKprrrrra, 6erexceqlr HarraJloro Ha e,qHa
enoxa; B Ko.flTo cTaBa BbsMotrcen 6rpszar fiporpec B rIScJIe,qBaHlIgTa Ha

$yuAawreHTaJrHLrTe upo6neMu Ha Quazxara, KaTo upupoAaTa Ha eJIeK-
rpfir{ecTBoTo r.r c'bcTaBa H Bp'b3KI4Te MeX<Ay aTOMI{Te Ha eJIeMeHTUTe:

1895 r. - orxptrBaHero Ha penTreHoBlrrie Jlbrru or Pronrren (Rontgen);

1896 r. - orxplrBanero Ha pa,quoancruBuocrra Ha yparra ot Bertepen
(Becquerel);

1897 r. - Oucpnransro Ha errexrpoHa cn.{px. ,{pr. TonresH (J. J. Tlromson).

Ase lpyr'u c,s6urnfl lralrrpaBar cbrrlo roJrxoBa BalKHa poJIfl B lrnTepnpera-
qfi.rrTa Ha c[oMeHaTLrTe oTKp?ITLtfl :

1900 r. - fllanx (M. Plank) npe4nara QopwryJrara, orrlcBarrla LIBJI'brr-
BIIIICTO HA IICPHOTO T'IJIO;

1913 r. - Bop (N. Bohr) cra4ana reoprl.flra 3a Bo,qopoAHLIfl aroM.

Cwraraln, ue rpa6aa Aa ce Ao6a-sst pI Apyru oTKpLITIIfl, OTuacflrrln ce AO
pasBr.rTveTo Ha ffApeHaTa Qzanxa:

1905 r. - cboAaBauero Ha cnequaJruara reopll.E Ha oTnocrrreJluocr-
ra or Afisutafin (Einstein);

1911 r. -'orxprrBaHero Ha aroMHoro ffApo or Pr4rpQopl;

1926 r. fi ro-K'bcno

Pas euru ero H a HepeJr arlr Brr crlrrrH ar a u pe JI arI,IB ucruvll,a
ra KBaHroBa MexaHurca ot flro Epofi.rr (de Broglie)' IIIpro-
AlIHrep (Schrodinger), XafiseH6epr (Heisenberg),,(zparc
(Dirac) PI Apyrlr.

Cera Muoro cJreAcrBlr.fl or realr orKprrru.E ca rlacr or Ha[Iara KyJITypa
H rrMar 6naroreopuo Bba4eficrnue Bbpxy rexHfiKara r4 Hayxara. Tpa6aa
o6a're Aa ce paaJlerrraBar rpPr o6lactz na @ueuxara.

Aromnara Suaurca e raolr o6nacr, KoflTo ce BaHuMaBa c rIoBeAeHIae-
ro Ha aroMrrre ll oco6eno Ha r.flxnara eJreKTpoHHa o6nnsra. Caoecrara
cTpyxTypa Ha TaBn O6sunXa Ce AIJIIICLI Ha aTOMHOTO aApO, HO He Ce
BJrr,r.fle c'blrlecrBeno or csofictsara My ocBeH or aapflAa u B [o-MaJIKa
crerreH - or brJroBktfl rr MarHurnlrfl My MoMeHT. Axanornrrno [oBeAeH]Ie-
ro Ha flAporo cna6o saBilcr or gao6uxaJrslrlara ro eJIeKTpoHHa o6susra
u BaroBa [peAMerbr Ha sApeHara Quaurca Motrce [orrrr,I Aa ce orAeJIrI oT
To3rr Ha aroMuara rpnszxa. Bcu.rxu MeroArI Ba perucrparlufl Ha Jlbrre-
Hfi.ETa B flApeuara Slranxa u SuauKara Ha eJreMeHTapHI4Te qacrnllu o6a-
rre BaBficgr or aroMHara Snavrca.

Or a4peHara Snazxa rpouoJrrrsa u Suaurcara Ha eneuentapurrre
qacrrrl[. Ase cl.'6urus. or6ea.sasat xefinoro HaqaJIo:

l4cropilqecrr o6sop 1

AEot/tHhuvn v Knlo|-loBul EvMl/l

Amorana Quauka. Ousuka xa enekmpou-
xug, ugBtxngpex cmpoe>k Ha amoMUme.

f,gpexa Qusuka. Ousuka Ha amoMHume

Rgpa,3a koumo ce npegnona?a,\ te ca u3-

epageHu om npomoHu u HeympoHu.

Oueuka Ha enemeHmapHume qacmuqu

Ousuka xa kBapkume u anyoHume, ga kou-

mo ce cMflma, ve uaapakgam npomoHu-
me u HeympoHume, u HanenmoHume u ka-

nu6poBuvHume 6ogoHu u . . .  kou 3Hae Ha

kak8o oule!

3a6etre*ka. 14uexa Ha qacmuuume, u3nbLl-
0axu 0 paguoakmu0uume pa3nagaHun, u

kakBo npegcma0nsBam Oclu.{Hocm :

cl-qacmuqu - Fgpa na xenueBu amoMu;

p-uacmuqu - enekmpoHu;

T-nbt{u - Qomouu.

Cngg0auu no ae6yuex peg, Ho koumo ne

ce u3nuq8am B paguoakmu8xu paenagaHun:

6-nuqu - enekmpoHu, ug6umu om amoM

npu c6nuck0ase c 6upsa 3apegeHa qac-

muqa. l-loxRkoaa ce Hapuqam BmopuvHu

, enekmpoxu.
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flrrorqra o ce Hap'va 4lrQepeHrlrr€rJrHo ceqeHue. Arco qr{TaTerrsr ce LrHTepecyBa oT CMrcsrav ynorpe6ara Ha TOSL' repMUH, n_peflopbrrBaMe, upe
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cmznrca B. flonyvaBa'e na 4lreepeHrluaJrHo cerreHue rro brJrrr.
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1.4. ErccileprrMenTrrre na Prgrp$opR rr neroBrrre KoJrerH

flpee 1911 r. Iarirep rrorBbplrcAaBa, rre brrroBoro pasrpeAeneur4e Ha
a-v.acrLt\HTe, paacesHlr Ha brJrr{ MerrcAy 30 vr 50o or rbnno BJrarHo
Qonuo, e B cbrJracue c reoplrflra. flo-xbcHo fafirep u Mapc4en B pao-
rurrpeHa cepus or eKc[eprrMeHTrt fiorBbprrtAaBar, rre

1) rraororo paarpeAeJreulre ce nsMeuff, Kaxro coseca9f 2 aa 5o < 0< 150o,
2) 4o6uzrrre B TaBu brJroBa o6nacr ca [po[opqrrouaJrHrr Ha 4e6ennxa-

Ta Ha Qonuoro u
3) ceverurero Ha pascefiaane or Al, Cu, Ag, Sn u Au ce rpoMeHs

npv6rnslrreJrno c KBaApara Ha aroMHoro lrM TerJro.
Peay.rrrar 1 uorarprrdAaBa Qoprvrynata Ha Pr4rpQopq u BepHocrra Iro

cbulecrBo Ha npeAJroilceurra or Hero MoAeJr Ha aroMa. Pesy;rrar 2 uornsp-
,KAaBa, ve paacefiBanrrffTa Ha noJleMubrnru ce AbJlrrcar Ha eArrnr4rruu yAaps,
a He Ha MHo)rcecrBo paacefirauufi. Ha MaJrKrr brJru (csrqectaen Saxr aa
ycrarroBffBarre'rpaBrrJrHocTTa Ha unTeprperarlrl.flTa Ha Pr4tp@opA; BaA.

!.7). flocaeAxuffT pesyJrrar cJreABa, KaKTo Berre suaeM, or Qaxra, ue Z na
.flApara e nolrrrr npouopqraoxaJren naA(Z=A/z sacra6unurlre ,flApa - 6en.
npeo,). fl4peHunr Bap,fiA B eAuHrITtru e (aapaA Ha eJreKTpona) e onpeAeJlen B
rracJreABarrufiTa na Mogru (Moseley) nrpxy crenrprrre Ha pexrreHoBure
Jrbrru. flpea 1920 r. IlaA)rurx (Chadwick) upaau rpexn HaMepBarrus. Ha
flApenr4fl sapsA Z upes paecefiaane Ha d-qacruqz. B ta6l. 1.3 e ,qaAeHo
QarccunuJre Ha HflKoJIKo crpaHulrn ot pa6orara na Pr4spQopA, rlagyzrc n
Etnc (Ellis), B Ko,flTo ce o[rrcBa arrapaT, rrarroJrsBan or larirep ra Mapc4ex,
KaKTO r! noJr]ryeHnre pesyJlTarrl.

1.5. [poBeprca rra [peArronoficen[ffTa

Pr,qspQopA rpeAJrara MoAeJI Ha aroMa. Bepxocrra Ha HarrpaBenure
IlpeAnonorrceHuff ce noTBbp)rcAaBa oT eKc[epr4MeHTaJIHrrTe pesyJrTaTfl.

,{a o6cr4rrM flpeArroJrorrcenllflTa ugBbrl MoAeJra:
1. flpeue6pema ce orrcarbr Ha flAporo - roBa Mo)rce Aa ce Hs6erHe

npu pa6ora B cl{creMa IIeHTbp Ha Macilre. @oprvryJrara e cbulara,
no eQercrlrBnara crofinocr sa T e nbJrHara KuHerrlqHa eHeprrrfl B
TAgn CrrCTeMa, KaTO brbJIbT Ha pa3Cefisaxe u ,qnQepenquaJlnoro
CCIIEHIIC NO 5TJIII CC OTIIUTAT C5UIO B TASII CUCTCMA. rIOCTTEAHUTC

ABe BeJrutllrnu rpa6na Aa ce rpancQopMfipar r aa6oparopHara crlc-
TeMa (uuruena r uorofi), npeAu Aa ce cpaBHffBar c eKc[eprIMeHTaJI-
HrrTe peSyJrrarrr.

2. Knacuqecnu rroAxoA KbM TpaercTopuflTa. KsanrosoMexaHnrlnu,fT
[oAxoA n 6opnoao upu6aurrcexrre AaBa cbrrlus peayJrrar. I-{ennoct-
Ta Ha KJracuqecrrr.E [oAxoA ca rreroBara paa6upaeMocr z @arctst,
rre AaBa fipaBlrnen pegyJrrat. flo-Hararbx IrIe rIB[oJIgBaMe HflKoI{
u4en or KJlacuqecnufl [oAxoA, Ho roBa ve rpa6na Aa HI4 orBruqa
or SHaHlreTo, qe KBaHtoBoMexaHlrrIHrrgT [oAxoA e rro-IlpaBuJreH.

3. To.rroBrr sapffAu. PrArpQopg u Tla4yur He ca ycragoBlrJlu Huro eAHo
orrJrouenue or Qopruy"rrara sa paacefinane Ha d-qacrlrrlrl or pagufi B u
C upu'rrgrroJraBarre Ha BJrarnlr, cpe6spnn u MeAHu Mrlruenu. Kato
arra^fiT nafi-rolaMoro KJlacrirtrecro go6;rzrnaBarre MetrcAy qacrrrlr[Te, Te
crHrar Ao LrSBoAa, qe pa,qnycHTe Ha reSlr flAPe, aKo rrMar HffKaKsB
pagMep, ca rro-MaJrrn cborBeruo ot 3,2; 2,0 u L,2.L0-14 m flo-
K5CHO, B OfltrTrr C MHrUeHlr OT JreKU eJreMeHTrr, Te oTKpLTJIH oTKJTO-
Herrus or Sopuynara na PtArpQopa. Hanpurvrep 3a anyuunlrfi ce
na6nroAasar orxJronenrr.fl, Koraro KJracuqecKoro go6;rzxaBaHe e
oroJro 8.10-15 m. Cera gnaeM, EIe re ca flpuqunerrv or flAperlure
cvrtrrvr, Kolrro ga pagJrtrra or KyJroHoBure AeficrBar caMo Ha MaJIKrr
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3.8. O6gop Ea MeToAnre Ba orrpeAeJrrrne Ea rrAperrr paa

Haxpamo orruca>(Me rrffKolr or nafi-ra]Krrure MeroAu Ba orrpeAeJr.EHe
Meplrre Ha ffApara. 9lrrareJrffr cr{r}rpno cr{ rpeAcraBs ffApoTo Karo
c notrTrir xoMoreHEo pa3[peAeneHrre Ha 3apffAa rr [JrsTHocTTa Ha
Ta, Karo rrgrJrroquM [pu[oBbpxHocTHara o6nacr, KbAero lr ABere
AeJrerrufi cna,qar noqrrr Ao HyJra s o6nacr oxoJro 2-B Qepwru.
Te uognarrrrfl B Tagrr o6nacr na QraauraTa rroKagBar, rre orrucanara
Ha e npneMnrrBa caMo oa cpeAnrr R TerKKu ffApa. Ba nexll ffgpa (A <
rapaMerbpbr c, B florerrqrraJra na Carcesn-Vy4c e cpaBHtrM H AopE
MarrbK or 4e6elurrara Ha rpzuoBtpxnocTurt.fi c.nofi (-4d). Ero santo
poro ce ourrcBa no-go6pe c pasfipe,qeJrexrrero cn 6nuao Ao rroBb
orroJrroTo c fiocrosnHoro paalpeAeJrerrile, BaJr]rArro aa o6el[a.

He omrcaxMe Hrrro eArrrr or ercc[epr,rMenTaJrHrrre Merolga Ba
Ha flApeHrrTe paSMepH, rrfirrTo peSyJITaTLr rrSrroJrSBaxMe, 3a Aa
KJrrorreurr a cu B rpeAnlrff paBAeJr. XoQularep (Hofstadter, 1956)
MeroAnre, Kormo roit n HenoBure cbrpyAurlrlu ca rraloJraBa.[fi-B
TrotrHo rrgMepBarre qpeg paaceriaaxe Ha eJreKTpoHLr. flpunqzuno
ce e fipoMen]rJr ornoraBa, ayrwacaMo nogo6penvrfl.B Texnrrxara. B uoc
BpeMe 6gxa rlacJreABaril! r4 Apyrn csoficrsa Ha flApeuara Matlepu,fl ocBeH

AoBoro paonpegeJreHlre c floMorqra Ha HeeJracrr[ErHo pascefiBaue Ha
Hrr CIr paSJrr{rmn gApa c eHeprI,III, fipoMeHfrqrr ce B rrMpoK AualasoH.

Tyr uonceM Aa HarrpaBuM rrnTepeceH KoMeHTap rcsu Qoprvryn
Ps4rpQopA u Mor sa brJroBoro 4uQepenqrraJrno cerreHr4e Ha
Ce.renuero orpagsBa roJreMunara Ha aapg,qrrre Ha nsauruo4efi

(
(p

2r

I  19?

r r I

Ic'

rracrutrru, KaKTo rr cla,qaueTo Ha rrorenrruaJra c paacrosnuero Lf r:

d.o L ( zZez )' t
_ = - l  :  r l c o s e c r ( e l ? ) .dO 4lLtw,ornu" )

B ragn Qopuyaa rrflMa aaBlrcr{Mocr or AbJrrrcr,rua. PasmepnocTTa Ha
[oJrrraBa or MHorrcrrreJrff ( h c / nrpBoHarraJrna KuHerrrqHa euep rua)z .
AoBareJruo Qopuy.nara orrncna pascefiBarre Ha rorrnosz o6exru.
.ta a yarrlo6no rmaprlanTrra. Koraro eAgara unru u ABere rracrurlu
paaMep, Qopnay.nara rpa6aa Aa ce AorrbJrulr, KaKTo ycrauoBurxMe, c
TeJrs F(q'). Toau MnolrcrlrreJr caM no ce6e cn e 6eapasMepen, Ho e
or BeJrrrrrvr:graraqz, KoJrno uMa pagMepgocr (h /rcaxlrHa)2. Tofi
Ho rpa6na Aa cbAbprrca [apaMsrbp, rofiro ce cBbpsBa c AbJrrrcvrna.
BaHeTo xa SopruQarropa HapyruaBs ruerrlo6uara lrrrBaprranTuocr.

Tosa e ubpBoro Hrr c6mcrsane c HAeflTa Ba Nrarr\a6nara z
Hocr. KrAero u A4 ce rro.aBrd B Herrrero rroJrolrdeHrre, ule il o6prularue
rlrraJruo BHHMarrr4e. B ragu o6.nacr na @usnrara lrMa reHAenqua 3r
KparrlaBarre Ha TepMrrHlrre u SaToBa rrecTo, BMecTo Aa ce Ka3Ba, qe

Hnero a lganla6rro rrHBapuaHTHo", ce KaBBa, qe ,,ceqeHlrero ce
Karcssro rr repMlrn Aa ce H3rroJrgBa o6a.re, cMrcbJlbr e, rre LrMaMe
c trpoqecr'r rcofiro BaalrMoAeficrsuero e MelrcAy rorrrcoBLl rracrlrrlu.
rplrMepu ca Aa,qenn Ha Qnr. 10.10 u B paaAeJrlrre 9.5, 10.10 n LZ.l

3.9. @opMa Ea ffApara

B na.ranoro Ha raarr rJraBa rroAcraoaxMe, rre flApara uoxce 6u
cQepuvnocrrMerpuqulr, Bbtrperrr qe [poAbJr]ntrxMe Aa rrr paorJr
Karo qe Jru ca TaKrrBa. Ha Our. 3.7 xyaolrcHrrKbr e rpeAcrar;vrr
BbBMo)rcHu Qoprrnu rra sApara. Ilnna Muoro LtgAbJrlrdeHrl flApa.

52 Paouep u $opua Ha rppara



Maca Ha ngpama

4.1. fl.apara B npupoAara

cpeuqaul'4Te ce B fip'tpoAaTa eJreMeHT]r qa* Ao oJroBoro c Tpkt Hrrvr .,er
HsKJrro.relJvrs. ca cra6uawu. Te .rrexcaT Ha (Unu 6nnao 40) rr,Ilrra"8 B pa,
Hara N, z (nu*ra ua cra6nnrrocr), Ba Konro 6poar ;; 

";y;;;Hure
lT:l 

naZ, Z nL-y""_Z j2 aa a4para Ao A: Bi (uaxnrov.""u rpaBr:
u 3He, Ba Korrroly': z-L). cne4 roBaN Hapacrna no-6rp'o or ;,;;
oJloBoro craBa { 

= l,b Z.Tona e LrJrrocTpfipaHo Ha rprar. 4.1, x,rger
roxaaaHu N u z aa cra6urrHure sApa c HerrerHo A io A: iog. Brr:

A a$(
120

1 1 0
@ur. 4.1. Cra6nlsa fiApa c Heqerno A. Bcsxa roqxa
[peAcraBJr.ssa cra6nJruo,flApo, lrgpaseHo c rcoopAr{Harrr
(2, N).B paa4e.rr 5.4 u1e roKa)f ieM, qe Ba 

"4p^. 
Heqer_

no A uua caMo e4rrH cra6uaen raao6ap su 
"a"*a 

croft_
nocr naA. flopa4n rona rpa@nxara e Aocra npocra, Tn
roKaBBa HapacrBane 6poa rra Heyrporrrare cnpsuo 6poa
Ha [poronr{Te c HapacrBaue Ea A. Tarcosa HapacrBaEe
ce na6arc4aBa vr fiplr sApara c qerno ,4,. flopaAlr roaa
qe raxr,rBa sgpa HMar rro ABa cra6rannu uao6apa (4axe
B r{.ano}r cJr}rua}r no rpu), aa Aa rre ce rtperpyfla Saprr{-
Hara c roqrcu, Te He ca BKJrrcqeHn B rpaeurcara. Tearl
TorrKH 6uxa ce pa3noJlojrcl{Jllir oKoJIo Jrr.IHt4.fiTa c rovKlr_
re Ba "fiApa c Hetrerrro A. JIula,usra, Ko.fiTo MvHaBa rrpea
ocpeAreuoro [oJroficenr{e Ha roqxl,rre B paBulruaraZ, N,
ce Haputra JrlrEHff na cra6rtEocr;

130
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Ta6nuua 4.1. flonyelirnupur'{Ha Qopruyna 3a Macama Ha ngpama

u(2,,+)c2

= zM pcz + (A * z)M,cz - n(z,a)

kugemo
B ( Z , A ) :  * c u A

- ao A2/3

- a^(A-22)2/A
- aczzfAt/3

| 
- arfAti, H-H egpa I

1  + 0  H - q u q - H " g p a l
| + ar/Ati ' q-q qgpa

Macama Ha  rgpomo ce

pasnukama ue>kgy Macume Ha obcma :

ao xykneouu u eHepeufima Ha c0rps$

- qren xa o6elruama eHepaut
- qneH na noBupxHocmHama e
- qfleH t{a acuMempufima
- kynonoB vnen

- qneH na cgBonBaxe,

80 100 120 140 160 180 200 220 ?
amouno uaco0o qucno A

Moc2 = eHepeunma B nokou Ha npomoHa : 938,280 MeV,
M ncz = eHepaunma B noko0 Ha HgympoHa = 939,573 MeV.
3a npegnouumaHe ca cnegHume cmoixocmu sa koeQuqueHmume:

4, ,  :  15,56 MeV,
a"  :  17 ,23  MeV,
d c :  0 , 6 9 7  M e V ,
ao:  23,285 MeV,
a" :  12,0 MeV.

3a ga nonyquM amoMHama Maca 0 noko[r, e Hy)kHo M o, uacama Ha npomoHa, ga ce -j

Mn, rrlacama ua BogopogHuf, amoM, maka qe

..1'((2, A)cz = Macama Ha amoMa B nokou

= zMuc2 + (A - z)M ^c2 - a(2, n)'.

(3a6ene>kka: npu6nuaumenxo paBno, 3automo B masu Qoptr,tyna ce npene6peaBa er,e:
xa c8ups6axe sa enekmpoHume I amoua,)
M*cz = Macama B nokou Ha amoMa na oogopgga = 938,791 MeV.

Ha cpur. 4.5.e noKaaaHo KaK paBJIHr{Hrrre npl{Hocr4 (c raor.- i i

Ha c,qBogBaHero) ce prSMeHflT c yBeJIkIr{aBaHe Ha A. I4sEreHaABaL.
TaBvL @opuyna e Ao6pa 3a eHeprtrfl. Ha cBbpBBaHe or A = 20 Ao :

[epHoAr4rrHara cHcreMa c roqHocr ,  [o-Ao6pa or  L , \o /o .  Ha Q. ;
TOBa e froKaSaHo 3a sApa c Her{erHo A.

@nr. 4.5. (Dnrypara roxaaBa paa-
Jrr{rrHure [puHoc]r c uSRrtoqeHne
Ha c,qBoflBaHeTo B lloJlyeMnapHq-

Hara  Qopmyra  Ba  Macara  KGM

eHepfr{ffTa Ha cB'bpsBalle IIA HyK-

Jreon B BaBlIcr.IMocr or A.
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Hecma6unHocm Ha ngpama

5.1. Paguar(ane Ea flAltara

B pas4enu 2.2-2,6 paerneAaxMe BaKoEa sa paAuoarc"rrBnoro
Ee [r EsKo]r oT nprrJrorrceEusTa My K5M paSUaAaEC IIa ffApa H
B rogn pagAen rqe ce BBpEeM rro-cueqnaJrrro upu pagna,qagero Ha
Ta R rqe pasrneAaMe rrpoqecfiTe' Korrro ca rrscJreABanu safi-
ucToprr.ffTa Ea paAUoarcTEBEOCTTA, A rrMeEEO C-pasraAane (
Ha *erueao rgpo), Fpaanagane (r.ranbrrBflDre Ha eJreKTporr[ urJrrr
ponn) n rpaorraAane (uem.rsane Ha eororu). Ilema e Aa uscnl
KrrHeMaTnKara Ea Teor.I pa3tra,qaEttg. n B rracrHocr Aa rr3ffcHrrM
Ea a- m p-paana,qanero trpll orrpeAeJrsre rra ToBa, Korr flApa ca
H;Tt Lt' KOrr - ne. BnpoqeM csrqecTByBar rr Apyril upoqecr{ Ea
He' KOIITO III€ CIIOM€EOM' EO KOIITO Ee CA BAiKHTI npfi O[peAeJI.EIIe
6n.nnocrra Ha cbqecrByBarrlnTe B rrpupoAara slpa.

5.2. CxeM[ Ea eneprerrnrnrrre ErlBa

or arounara Quanra lrr{TareJrffT rrMa Berre flcrra upeAcraBa ga cx
HA CIIEPTET}IIIHIITE IIUBA I{ BbSMO'ICHOCTI{TE 3A PAAITAT\UOHHLI
MerrcAy rrrx. Taraaa cxeMa Beqe uoKaoaxMe rra eur. 2.2, xaro
KAJIHOTO PASCTOSEIIE ME'TCAY ABC IIIIBA E PASN}TKATA B CIICPTII8TS
IIITBOTO X C NO.TOJIffMA EIIEPT}Iff C HATTECEHO EA,q HIIBOTO Y C NO-rT
eHeprrrfi. IIpexoAsT MerrcAy x u Y oF/uKEoBeHO Ce CsupOBOrrCAa e
nbrrBaEe na Qorox. IIpu roBa paSnrrKaTa B erreprunre ce rrSpasx
eHeprr{ff ua Qoroua rr eEeprrrff rra orKar na aronna. Taau u$efi
ce npeHaca B sApeEara Quanra. IIpu trpexoAr.rre rra flApara or
rra6y4eHo cbcroffHr.re B cscrosEue c [o-ErrcKa errepru fl. ce vtgly
y-nrqu (c eneprms. odut+lroBerro or oxoJro 10 keV no B-4 MeV).
KbcIIo ule paBrJIeAaMe trpllMepu 3a ToBa' KaK sApaTa MoraT Aa ce
6y.qsr B rro-Brrcorrr cbcrosgnfl. IIpu rrgJrbrrBarre Ha Qoron uenr{Te
naZ nAl*e ce r{aMerrJrr rr roBa o6nxnosego ce [peAcraBff, Karo Bcr
HTIBA CE PA3trOJIATAT BCPTI{KAJIHO EAIIO HAT APYTO. BCPTUKAJIHATA C
o6rarcnoseno ee upeAcTaBs s Mev.n, pae6upa ce, cuopeA Afinu1afin
e €KBIIBaJIeHTEO Ha MacoBa cKaJIa' KaTo MacaTa Ha ffApoTo Ha
yBeruqaBane eueprrsra na srg6yr*Aarre. Ha eur. b.l ca
Karo rrprrMep llrrcKonessarrlur€ Hr.rBa Ha ?t Mg.

,{a paarneAaMe a-paedaganeTo Ea ffAporo:

(2,4 - V -z,A- 4)* lH".
o6nrnoseno ce rlgrrvcKa eRrra d-qacrrtr\a q Tqr(trq qKseKerreKa.

rrlfl. Kax 4a npeAcraBrrM ToBa? Vc.roxcnennero [porrgJrtraa or I
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#*n:;*:.-'::T.:l-"1". Karo axr Ba cbBAaBaHe Ha OoroH,6u urwano rpuqaHa Aa He MolK;;;;;:;ff^" 
"ffi;:#r*ff.?X; ..
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"TaBa 

BCe [o_.frcHo ]:ca TeSH 3a*o'r4. 3a wroue'Ta Hr{ e AOCTaT'T{H. Aa 'HaeM, qe cbsAaiTO Ha qacTUIrIa e BB3MO?KHO.
ovenz4no ,-pasuaAaHero e upeBpbrrlaHe Ha a.qpo ro (2, A) e i(Z+7, A) u eAlrH erreKrpoH e-:
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kuxemuqra eHepeun Ha HeympoHume

@nr. 7.14. flapqHa.u*lr Bepo.rrrrrocrlr Ba paonrqHr{ pearrlnrr
Ha HeyTpoHn 11 ecTecTBeH MeTaJr ypaH npn HopMaJrrra nrlbT_
rrocr. Ha op4unarara e HaHeceua Bepo.rlTrrocrra upn upo6en
B ypaua or 10-6 m, HeyrpoHbr Aa ce floruJrue fi Aarrprlqrrun
peaxqr.rfi, or6eJrssaHa Ha KprrBnre. flo adcqucara e HaHece-
Ha KrrHeTnqHaTa eHepPr,rfi Ha HeyTpoHa.

(n,y) : paAr{aqrourro BaxBaulare,
(n,f) : BaxBarr{aEe, rrocJreABarro or Aenene.

Cpegnoro pascro.gnrae MelrcAy pegogascnre s ,8BU e oxoJro
18 eV, a ea '3iU - oxoJro 0,6 eV. A6cqucata, ro KoffTo e
HaHeceHa KHHerHqHara erreprus rra uagarqlr.fi rreyrpoE B JrO-
lapnTMnrreH uau1a6, [oKasBa oqeBu,qnoro EapacrBane Ha
nJrbrnocrra Ha pesonarrcr{Te s ,3BU npH 10 eV u Harope. flpn

'8lU na.raroro e npu 0,8 eV. B cbcrofiHr{e cMe na :
peoouarrcnara cTpynrypa go oKoJro b0 eV aa tiU lr _-
aa 'fiU. Ha4 reau eneprrur c flpenbcuara Jrr{Hr.rff crue ]
JII{ ocpeAueHr{E etpexr Ha Muoro 6Jrusxo pao[oJro]rieF:,
nancu. BrsMorrcrocrra ,qa ce Ha6.nro4an&T Teorr p€:r
gaBr{cl{ or paBAeJMTeJrHara cnoco6nocr Ha EBMepBaHrrE:
HapacTBar{e Ha etlepr,ftffTa ce yBeJrr{rraBa SacTbnBaHeil
soHarrcare r rpaftHnnr eeercr ca enyxrysr(Hr.r, K
oule no;BI[coKLr euepruu wa cnofi pe4 ce garJrarfi,qar.

Taar tpurypa LrMa sa r{eJr caMo Aa Aa.qe e,qHa

rBeH ypaH (crornergo 0,7 o/o u 99,3 %). rlorcagaHLrre Beposrr
uSpaseHu KarO BepoffTHocr Ha npo6er or 10-6 m B MeraJr&. Br: -
Hafr -BalKHHTe oco6eHocTn :

1. oceeu eJracrnr{Ho paacefiBage Har?-BepoflTgaTa cbA6a Ha 1
c eHeprun roA 1 eV e Aa rpeALrBBuKa AeJreHe Ha rgrlJ, nr:::
Tospr U3oTOII e caMo 0,70/o Or o6qoTo KoJr]rqecrBo.

2. ronslro eQeKTprBHo ceqerrue Ba paAuarluoHHo BaxBarrlaH.
oco6eHo B lrnrepBarra 10-1000 eV.

3_a flparur Ba rpr4HyAeHo AerreHe Ha ,gZU e lrarrco roA 1 I\1..
Apy" Qarcr e, qe rrsJrbrre'ure ''pn' AeJreHe HeyrpoHrr uMar J;:

rlo eHeprus. c'bc cpeAHa crofiHocT uo,q 1 Mev. Sarosa fro-roJr.ffM?r.:
T.ffx He Morar Aa rpe,qusBlrKar AeJreHe Ha ,33u. TOrae a h < 1 lr ,-.

Turra ga BI{Aa na eQertruBnoro ceqenr.re npr,r Bcexr: -
TJIaBHI{ rt3orona Ha ]T)aHa. T.a He npe,qcraBff c,bBCr.
4eft ctnrareJruuTe edrenrunnu ceqenr4.E.

10-{
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Ta6nuqa 9.1. ypa0xeHuq Ha Makcyen
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j AEol/tHnttnu n KflrcqoBu AyMl4

kugemo p e n/rbmHocmma Ha 3apflga, a j - nflbmHocmm" 
"" 

i-,ot 
".." J:u,::1.,:y:1T:1"?_rvxu,, 

ypa'iHerrr. ,,ri,r"*pockonuqsume' ypa'Hexun ca oHe3;"ffi;;:nn::
1il.itr3:,li::::T.:.T:^g:: 

oupxy oapaluqex o6eu u oapaHuqeHo Bpeue, veu meMnepamypHume Qnykmyar-1urr ga He okag8am 0nucHue. rrrrnp""n"il#rr";:;cuna 3a HeocpegHeHu cmo0nocmu. cnego0amenHo me xe cigbpxam nonemama D - _

Pa6orare na flnaHx (pranck) sspxy cne*Tbpa Ha ur'Jrbr{BaHe ,rrrorHo qepHo rflrro, na.Ar?ntr{al4 ininsteirglrpxy gotoerre*ri
:t#ir i:*:Ti,::: J9i:tior') ;;;;;;ui..r" u*ero Ha p eH rrbrrH or eJreKTpoHH ca rrorcaaalrvr, qe eJre6Tpo*u"""r;;;;;r...

fl1i";:::::T:1_-T?l.lo ce Hapvqa, Karcro e 4o6pe lraBecrHo. i
"1"""f 5"i'l'""?"#.",,.

::::*::T:IIO 
IPEACTABflHE HA CJIEKTPOMATTILTTHOTO NOJIE. Or 'ONA ;::,;;;;;;;;:,;:i,' I

: ::X ff#: *:'"*: ::T il T:_" B apeA e*rr :q9 rr.rqu (u nu 
" " u,o u,,,,.,,, Ierre* rpLt rrHo B apeAe'il c'craBnurra rz). Haa- ooii; ;;;;;; "*,url, *,

H*Tr::::^."-":_T:_l:irrpeaKoHcraHT.aHaBBauMoAefi crnuero(errffiffi"""H:l::
::::*Ti:::11T1. 

rr_onyueHara B pesyrrrar Ha KBaHryBaHero i:crBe'a reop?rff [peAc*asBa, qe ere*TpLrq"o ,up.f";;;;;;;;; 
"LrsrbqBar lr fiorJrbrqar @oroH]r a'aJrorLrr{Ho HL xnacuqec*oro H3.:u frorJrbrrlaHe Ha eJreKTpoMarHurHo rbqeHue. eexrop";;; ;;r,.roJrero usvrc*Ba p.orgSure,qa [p'Te]rcaBar B'Tperue' srJroB MO]rr.crr'rH' paBe' na Ltt. Hyaenata Maca n noxofi 

"i 
qoro"rru 

"oai, 
,.IILIPAHC HA TPUTC BbSMO}TCHU IIOJIflPKISAIILIOHHLI CbCTO.fiHII.E 3A qACTZctruH e4uEu\a Ao ABe 3a pe€urxureQorogz. flocaeA'Lrre ce na6up"-

fr #ff,I#:9":: ::::: ::l"i:I.n c IIaB a vr As cH a K pbroBa rorr.n p ; : :BzprvaaHure @oroHz u Mar .a"u ao";;#;;; ;irH;ir; :::il:
:flilTj.l::3: ::.-r^T:j111","o "y,,u;,-*t"ro Molre Aa ce pa3:;;;;;;"iJ.,,Ha eJleKTplrrruoro rroJre. Ha4arxcHa ogHarraBa KoM[oHeHTa Ha nc.roco*a Ha lrMryrrca Ha BvpryarrHza $oroH. Ha 

"o""*"-p;;;;".,USTOIIHUXA O6A'IC KJIACNqCCICATA CJIEKTPOMATHIITHA BbJIHA MOi+:TcbcTolr caMo or HalperrHgl eJreKTpurrHo Lt MarHurHo IIoJre. flopeaJrnuflr Soron rpa6aa Aa uwa cbrrloTo csoficrso.

9.3. VpaBnenue Ha ,{nparc
flpea 1928 r. .(upax (Dirac) HarucBa nzner?Ho 4ztpepeHrl'rarrHo ).1or fibpBrr peA' Koero/o[ncBa KBaHToBoMexaHLrqHo ABLrrKeHuero Ha#;fiffi;;;:
::::TT:.*y:::1a 

Ha roBa ypaBHeHHe ca qerrrpuxoMroHenri
;;il;i,:i;lJi;:cs'Irrfl Haqu*, no rcorzro MaKCyeJIoBUTe ypaBHeHrr.fl o[rrcBaT eJre]::HTITHO 'IOJIC. VPANTTCHNETO ''PCACKASBA IIAJIIITIIIICTO HA MATHKITCH NC:eJIeKTpOHa' paBeH Ha eAr4H MarHeroH tra Sop,iaaz crorzHocr ce pai

flone. Egxo- unu MHoeokoMnoxenmua
nponaexnu0a, kosmo e $yxkqun Ha npoc_
mpancm8euo-0peue8ume koopguuamu u
konmo npegcma8n no0egexueml u cgbi_
cm8ama Ha qacmurlume u cuflume, ge0c-
mBaulu rvre>kgy mnx.

Kanu6poBuuxa unBapuaHmHocm. To0a
e c8oicm0o xa enekmpo"aarur"oro no
ne, cbenacHo koemo sa6nogaeMume cneg_
cm8us om Haruquemo Ha nore He ce npd,
MeHsm npu onpegejreHu u3MeHeHUfl Ha
ckanapnun u Bekmopnu" nomenquaa,
onuc8aulu mo8a noae

Kanu6po0rqHa mpaHceopmaqqn. CBup
saHume c kanu6po8br{Hama uH0apuau_
mHocm u3MeHeHuR 0 npoueHnu8ume xa
noflemo.
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