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IAEMeHTbl KBAHTOBOM MEXaHUKM,
aTOMHOMU U SACPHOU PU3UKH

OcCHOBHbIE YpaBHeHUs U GOPMYADI

¢ J[nuHa BOJIHBI e Bponnsa A= h
rane h — nocrosHHaaA IlnaHka, p
P — HMIIYJbC YaCTHIbI.
¢ CooTHouleHue HeonpeneneHHocrel ['eit3enbepra: .
IJis KOOPAMHATHI 1 UMITyJbCa Ax+Ap, 2 3
=h
rae AxX — HeollpeneJIeHHOCTb KOOPANHATHEI YaCTHUILbI, 27[
Ap, — HeolnpeAeJEeHHOCTh IIPOEKIMH HMITYJILCa
YaCTHUIbI HA COOTBETCTBYIOIIYIO KOOPANHATHYIO OCb,
IJ1A 9HepTHU U BpeMeHH AE « At > éh— =h
n

rae AE — HeomnpeZeJeHHOCTh 3HEPIrUU YaCTHUIBl B HEKOTOPOM COCTOSIHUH,
At — BpeMsA HaXO0XKAeHUsA YaCTUIILI B 3TOM COCTOAHUH.

¢ I1710THOCTH BEPOATHOCTH HaXOXKIAeHUA w = |yl|?
YACTHUIILI B COOTBETCTBYIOII[EM MECTE
IIPOCTPAHCTBA
rage y — BOJIHOBas d)YHKuHH yaCTHUIbI.

+ BonHOBasA QPYHKIIMA, ONHMCHIBAIOIIAA v, = J%— sin 2%X

COCTOSIHME YaCTHIBI B 6€CKOHEYHO .
ri1yo60KoM OfHOMEPHOM MOTEeHIIMAJbHOM AMe
rae | — HIUpUHA AMBEI,

X — KoopauHaTa yacTulsl B Ame (0 < x <),

n — KBaHTOBOe yucygo (n =1, 2, 3, ...).

¢ JHeprua 4acTUIBI B 6ECKOHEYHO E_=
riay0b0oKoM OfHOMEPHOM MOTEeHIIaJbHOM AMe
rge m — mMacca 4yaCTHIbI.

¢ CepuanbHbie GOPMYIIBI CIEKTPA
BOJIOPOAONIONOOHBIX ATOMOB
rie A — JQJIMHA BOJIHBI CIIEKTPAJbHOM JIUHUU,
R’ — nocrosaHHaa Puabepra,
Z — NMOpPAAKOBBIM HOMep 3JIeMeHTa,
n=1,2,3,...k=n+1,n+ 2, ...
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[image: image2.png]¢ CnexkTpajibHbIe JUHUH % = R'(Z — a)z(—l—2 - kl‘?)
XapaKTepHUCTHUYECKOTO n
PEHTreHOBCKOTI0 U3JIYUYEeHU A
rge a — INIOCTOAHHAasA 3KPaHUPOBAHUA.

¢ JlepeKT Macchl AApa Am = Zmp +A-Z)m, —m_=

=Zmy+A-Z)ym,—m,
rae m, — Macca IpoTOHa,
m, — Macca HeMTpOHa,

1
my —mMacca atoma | H,

A
m, 1 m_— Macca aToMa 4 ero Aapa X,
Z 1A — 3apanoBoe U MaccoBOe YHuca.

¢ DHeprusa CBA3M AApAa E_ =c’Am
rje ¢ — CKOpPOCTb CBeTa B BaKyyMe.

* — Ecn
Y enbpHas 3Heprud CBA3H Bep = —

¢ 3aKOH paJnoaKTHUBHOrO pacnaga N = N,exp (—A?)
rae N, — HayaJIbHOe YMCJIO PAJUOAKTUBHBIX silep B MOMEHT BpeMeHH

t=0,
N — uuncJjo HepacnaBIIMXCA PagUuOaKTUBHBIX sep B MOMEHT BpeMe-
HU ¢,
A — IIOCTOAHHAA pPaasnoaKTUBHOI'O paciiaja.
¢ AKTHBHOCTL PaJUOAKTUBHOI'O a= —%];-7 = AN
BelllecTBa
¢ JHeprusa ANEPHOMN peaKIINU Q= c2(m1 +my— 2 m;)

rpe m; 1 m, — Macchl IOKOA YaCTHUIl, BCTyTalOIIUX B peaknuio,

Z m; — cyMMa MacC IOKOs 4aCTHL, 00pa3oBaBIIUXCA
B pe3yJibTare peakluu.

¢ 3aKOH nornomeHua uaaydenua I = I exp(—px)

BeIlleCTBOM
rae I, — MHTEHCHMBHOCTb U3JIyUeHUs HA BXoAe
B IIOTJIOIIAIOIII UM CJION BellecTsa,
I — MHTEeHCUBHOCTH HU3JIYUEHUA I10CJIe IPOXOXKAEeHUSA
IIOTJIOIIIAIOIIEero CJIOA BellleCTBa TOJNINHOHN X,
J — JIUHEUHBIN KO3DPUIUEHT MOrJIOUIeHUus.




[image: image3.png]NMpumepbl pelueHus 3aAa4
1. DAekTpoHHbIe 060A0U4KH aToMa. Teopusa Bopa

II:I AToM BOZOpOAA MCIYCTHJ (DOTOH C AJAMHOM BOJHH 4,86°1077 M.
Ha cxkoJbKO H3MeHNJIach dJHEPTrUd 3JIeKTPOHA B aToMe?

Aavo: A=4,86-10"7 m.
Hantu: AE.

Pewenne. Ilo Teopum bBopa mnpm mepexone 3JeKTpoHa wu3
COCTOAHHUA C d3Heprueil E B cocToAaHme c 3Heprueit E  uanydaer-

cs (pOTOH C 3Heprueil, pasHoit hv =E, — E, = AE.
YuuTeiBad, 4TO U = ¢/A, oJiy4aeM

hc 6,63:-1034.3.10% _ ~ —
— - AE = 22 =~4.09-10 19 (Mx = 2.56 (3B).

@ OnpenpennTs nepBbiilt 60POBCKUM paguyc OpoUTEI B aATOME BOAOPOAA
1 CKOPOCTH ABHM)KEHHUA 3JIEKTPOHA IO 3TO opbuTe.

Aavo: Z=1;n=1.

Hantu: ry, v.

PeweHne. Paguyc n-it opbuTH B BOJOPOLOIOKO0OHOM aToMe, 3a-
pAnL Axpa KOTOPOro paBeH Ze, onpeneasaerca nmo GopmyJie

2 2
r=h4n8°-n2= hg, 2
" mZe? nmZe?
rjie n — HOMep opOUTHI, m — Macca 3JIEKTPOHA.
IIpun=1uzZ=1

h2gy . 6,632+10768. 8,85 1012
nme? 1 3,14-9,1- 10-31. 1,62 . 10-38

ITo BTOpOMY mocTynaTy Bopa MOMeHT uMIyJibca 3JIEKTPOHA HAa

’

ry = = 0,53+10"10 (m).

n-u opbure paBeH mur, =n- éh— .
T
Torpna v = nh/2nmr, u npu n = 1 3HaYeHue v = h/2nmry,
6,63 - 1034

v= 22,2°106Mc.
2-3,14-9,1+101. 0,53 - 1010 (M/c)

@ OnpenennTsh AJUHY BOJHBI CIEKTPAJILHON JUHHUK, COOTBETCTBYIO-
el mepexoAy 3JIeKTPOHA B aTOMe BOAOPOJA C IIeCTOM OpOMTHI Ha BTO-

PVYIO.
Aawo: m=2;:n=6; R =1,097-10" M1,
Hantu: A.
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[image: image4.png]PeweHnne. [InuHA BONHBEI A POTOHA, HCIYCKAEMOTrO IIpU Iepe-
XoJie 3JIEKTPOHA B aTOMe BOLOpoJa, onpesiesIgieTcAa Mo 06061meHHOM
dopmyie bBansmepa

!‘. = R'(i - _1_ ),
A m2 n?
rae R' — nocrosiHHasa PunbGepra, m u n — Homepa opOur, Mexay

KOTOPBIMM IPOMCXONHUT HIepexoh 3JIeKTpoHa. U3 3Toit hopMybl
cJenyeT, UTO

A = 1 A= 1 ~4,1+107 (m).

1 1) 1 1
r(L -1 1,007+ 1071~ L
mE  nZ 097109273

Onpenenuts HanbOJILIINE M HAMMEHbININE AJHUHBI BOJH (DOTOHOB,
M3JIy4aeMBbIX IIPH IIepexojie 3JIeKTPOHOB B cepuax Jlatimana, BanbMepa u
ITaniena.

AaHo: R'=1,097-10"m 1.
Hanru: kl max’ A'1 min? k2 max? }'2 min’ }‘3 max? kB min®
Pewenne. O606mennas popmysia banbmepa nmoasoJiseT omnpe-

IEeJIATH NJINHY BOJIHBI A IIPM BCEBO3MOXKHBIX IlepexoiaxX 3JIEKTPOHA
B aTOMe BoJopoja:

l=R'(_1_—l)mmk= 1 .
A m?2 n?2 R'( 1 1)
m? n?
B cepunu JlaiimaHa mepexoJ OCYyIIeCTBJAETCA Ha IEePBYIO OpOu-
TY CO BCE€X OCTANbHBIX, T.e.m=1,n=2, 3,4, ..., .
CJenoBaTesbHO,
1 1
A = = = 0,122 (MKkM);
Hmax ,(_;___1_) 1,097 - 107(1 - 0,25) (paxcu)
12 22
1 - 1-;-, = 0,091 (MKM).

Ay oo =
1 min R'(-]__ _ -1_)
12 oo
B cepun BanbMepa nepexon OCyIecTBJisieTCA Ha BTOPYIO OopOH-

TY CO BCeX BBIIIIeJieXKalux , T.e.m=2;n=3,4, 5, ..., 0,

. 1
_ _ = 0,656 (MxMm);
2 max R(L-1) 1,007-107(025-0,11) (MKM)

22 32
_ 1 _ 1

y =
2 min R,(1 _l) 1,097-107- 0,25
22 oo

= (0,365 (MKM).
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[image: image5.png]B cepunu Ilamnena nmepexoj oCyIecTBIAETCA Ha TPETBHIO OpOUTY
CO BceX BRINIeJIeXKamux, r.e.m=3;n=4,395,6, ..., ©.

A = 1 = 1 = 1,88 (MmkM);

3 max
(1 1) (1 1
R'|——-— 1,097 107
(32 42 097 9 16)

1 1
Ag . = = = 0,82 (MKM).
3 min ,(1 1) 1,097 - 107 (rzena)
Rl &= -2
32 o

[_TLJ CKOJIbBKO JJMHUH CIEeKTpa aToMa BOAOpPOAAa IOIagaeT B BUAUMYIO
obsqacty (A = 0,4 + 0,76 MmxM)? BeluMCJIHTE AJHUHLI BOJIH 3THX JIMHUM.
KakuM 11BeTaM OHM COOTBETCTBYIOT?

Aano: 0,4 <A <0,76 MmxM; R'=1,097-10" M1
Hamrtu: A.
Pewewnue. J[IMHLI BOJH CIIeKTPa aToMa BOLOPO/A OIpeLesIIoT-

cd o popmyie
b 1 _p(l_1)
A n2 K2/’

rnen=1,2,3,....,. k=n+1;n+2;....

B Bugumoir o6sacTH crieKTpa HAXOOATCHA IIepBble UEThIpe JIH-
HuHU cepuu Banemepa (n = 2, k= 3, 4, 5, 6). [lsiuHBI BOJH 3THUX
JUHUHN OYAYT paBHBI:

x=-1_(_1__-1_)‘1= 1 (.1__1)*:
1 Rp'\gz2 32 1,097-107\4 9

= 6,56 - 1077 (M) — KpacHad JTUHUA,

1 1) " . 10-7 .
Ay = T 097 o7 (5- ;—2) =4,86+107" (M) — ronybasa JUHNA;
Ag = (—1- -1 )_1 =~ 4,34+-10"7 (M) — dpuoneroBas IUHUA,
1, 097 107\22 52
Ay = (—1— -1 )4 =4,1+10"7 (M) — puoseTroBasa IUHUA.
1, 097 107 \22 62

Q2. IACMCHTbl KBAHTOBOM MEeXaHMKM

KuHernueckas oHeprus IPOTOHA B 4 pa3a MeHBIIle €eTr0o 3Hepruu
NoKoA. BelunciauTs Ae6poilyIepoOBCKYIO AJUHY BOJIHBI IPOTOHA.

AaHo: E_= %‘—’ s Eq=1,5-10710 k.

Hantu: A.

Pewexue. IlsinHa BOJHBI Ae Bpoiasa A ompenensierca mo ¢op-
MYyJie

A=", (1)
p
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[image: image6.png]IlockonbKY MO yCIOBHIO 3agaun

EO
K z-, (2)
KHHeTH4YeCcKas d3Heprusa E 1npoToHa cpaBHHMMa C ero dHepruey Io-
Koda E,, ToO UMIIYyJIbC p U KHUHETHYEeCKAaA d9HePrud CBA3AHbBI PEeJIATH-
BICTCKMM COOTHONIeHHEM

E

p=32 JE(E +2E). (3)
IIoxcraBnsasa B (3) ycaosue (2), HaieM
3 Eg
=920 4
1o (4)
C yuerom paBeHcTBa (4) BeIpaxkeHue (1) npumer BUL
4 hce
= - —, 5
A= 2 E, (5)

IloacraBnsasa B (5) uncjioBbIe 3HAYEHU A, IIOJTYVINM

. ) -34 . .
k — 4 6,63 10 3 108 ~ 1,77 . 10—-15 (M).
3:-1,5-10710

[_—_E BeiuycanTh AJMHHY BOJIHBI e Bpoiina sjekTpoHa, ABMXKYIErocs
co ckopocTheio U = 0,75¢ (¢ — CKOpPOCTH CBeTa B BaKyyMe).

Aavo: v=0,75¢;¢c=3+108Mm/c; m =9,1-1031 kr.

Hantnu: A.

Pewenune. IlainHa BoaHEL Ae Bpoitsia A = = . UMnyJabc wacTubI,

S

mv

vz.
e

OBUKYIENCA C PeJATUBUCTCKON CKOPOCTHIO U, PABEH P =

muv «/ c?

6,63 - 10-34 i
= ’ /1 -0, 2 ~ 2, . 12 .
9.1-1031-0.75-3- 108 0,75 14+ 10775 (M)

Torna

KuneTnueckasa sHeprus IpoTOHa paBHA €ro dHepruy Nnoxosd. BEI-
YHUCJIUTH AJIUHY BOJIHEI Ae bponsa nja Takoro NpoToHa.

Aavo: E _=E; E,=1,5:10710 ITx.
Hamtu: A.
Pewenue. [lnmHa BouHEI fe Bpoiina Beluncagercsa no popmyse

h "
A= > HMnyabsc peTATUBUCTCKOM YACTUNBI (KAKMM ABJIAETCH IIPO-
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[image: image7.png]TOH B YCJIOBUSAX NAHHOMU 3aJja4uH, TaK KakK E, = E;) BeIYUCJIAETCH 1O
dopmyne

p=1[E (B +2E) ~Ey L2,

. -34 * . 8
}‘ — ’_l — hc . }\‘ — 6,63 10 3°10 ~ 7’7. 10—16 (M).
P E,J3 1,5-1071°..,/3
OnpenennTh KHHEeTHUYECKYIO JHEPIruio IPOTOHA M 3JIEKTPOHA, AJA
KOTOpPRIX AJNHA BOJIHEI e Bpoitna pasHa 0,06 sm.
Aavo: A=6+10"11 M.
Haitu: £, Ep.

PeweHnne. JInuHa BONHEI fe Bpoitna A = = . U3 ypaBHeHUA KHU-

TS

HETHNYECKOM 3Hepruu

Haiinem numnynasc:

p=J2E m.
IToacraBuB ero B BhIpa)XeHue AJiA BOJHEI Ae Bpoitinsa, mojaydyum:
A= 2
J2E, - m
2 2., -68

T onZm’ e 2.62.10-22.9,1.10-3!
=6,7+10717 (II>x) = 419 (3B).

6,632.10768 B
E = ’ =~ 3 7+.10°20 ~ 0,23 (aB).
P 2.62.10722.1,67-10°27 07=" (O x) (3B)

IIporon objsiamaeT KMHeTHUYECKON 3Heprueii, paBHOl dHepruu Io-
Kos. Bo cKOJILKO pa3 N3MeHUTCA AJIMHA BOJIHEI e Bpoilsa nporoHa, eciau
ero KHHeTUUeCKasa 3Heprua yBeJIMUUTCA B 2 pa3a?

Aavo: E , =E,; E ,=2E,.

HanTtu: )ll- .
Ag
Pewexue. [[nmuHAa BonHEI e Bpoitna A =

S

UmMmnynse p= % JEK(EK + 2E,).
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[image: image8.png]AL = hc — hc _ he
«[Exl(Exl + 2E,) «/Eo(Eo +2E,) E /3
" he =__’10__-7i1=.2__@:163.

9 = ’ ’
JER2(EK2 + 2E0) ZA/-QEO 7&2 "/-é

IlnuHa BoaHBI yMeHbIUTCA B 1,63 pa3sa.

E Kakoil KkuneTn4yecKoi sHeprueil 1o/KeH o01aaaTs IPOTOH, YTOOK!
IJWHA BOJHEI e Bpoiiyia NpoTOoHA PABHANACH €r0 KOMIITOHOBCKOM! JJIMHE
BOJIHBI?

AaHo: kﬂ = Ac-

Hautu: E_.

PeweHnne. Ilmuua BosHBI Ae Bpoiinsa kﬂ M KOMIITOHOBCKad A,
AJINHA BOJIHBI OIIPEAEJIAIOTCA 10 hopMyJiaM:

h

k =_’
A p
h

A: =—o
¢ mc

mv

2’
1-Y
A/ 2

Tak kak  Agp=MAc, TOp=mcumc=

v V2 _c _
OTKYyJa - = |1 , =—.E _=E-E,
¢ 2 J2
mc? 2
roe E = IIOJIHAA 3Heprud, K, = mc* — 3Heprusa IoKod.
1))
02

E =E, 1 -1

K 1—23
C‘?‘

E.=Ey(J2 -1)=1,67-10"27.9.1016.0,41 =
= 6,23+ 10711 (II:x) = 389 (M3B).

9 - 9332 I'najackori 257




[image: image9.png]@ AJIeKTPOH NpoIlle]l YCKOPAIIYIO pa3HOCTEL noreHiuanos U. Han-
T AJIMHY BOJIHEI Ae Bpoitna ana cayuyaes: U = 51 B; U = 510 kB.

Aawo: U, =51B;U,=5,1-10°B; E,= 8,2+ 10714 II’x.
Hantu: Ay, A,.

PeweHne. JIlnuHa BOoaHBI ne Bpoias paBHa A = =. UMnyiasc

S

BBIDA3NM H3 YCJIOBHA, YTO KHHETHYECKAasa 3HEPruA 3JIEKTPOHA paB-

2 2
Ha E_= -'1121- = '—né—"%- = L , OTKy#a p = ,/2E_m . C gpyroit cTopo-
Hel, E_, =eU,, Tae e — 3ap;m 3JIeKTpoHAa. Torza
A = h ;
J2eU m
-34
Ay = 6,63-10 ~1,72+10710 (m).

J2:1,6:10719.51-90,1+10-3!

Bo BTOpOM ciy4yae HMITYJIbC P OIpeAeasaeM mo ¢hopmyJie

1
Py = Z.' A/E1<2(E1<2 + 2EO) ’
rae E, — sHeprus nokos sjneKTpoHa, E , = eU,. Torga

A = hc )
2 ’
’\/EKZ(EKZ + 2E0)

A 6,63-103-3.108

610051 105(1,6-101°.5,1-10°+2+8,2-10-14)
=1,4-10712 (m).

@ Cpenunee BpeMA KU3HHU BO30Y X AeHHEIX COCTOAHUI aTOMa COCTAaB-
JdaeT 10 Hc. BRIYMCIHUTL €CTEeCTBEHHYIO IIHPHHY CIEeKTPAJLHON JHHHUHA
(A= 0,7 MKM), COOTBETCTBVIOILIYIO IIepPeXOoAy MEXAY BO30YXKAEHHBIMU

YPOBHAMM aTOMa.
Aano: t1=108¢c; A=7+10"" m.
Hantu: AL

PeweHnue. Ilpu nepexose s1eKTpOHA N3 OAHOTO CTAIIMOHADPHOTO

COCTOAHUA B Apyroe usiaydaercsa (MJH IOIJOLIAETCA) 3HEPrud,
paBHadA

min"*

’% -E -E,. (1)
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[image: image10.png]U3 (1) cnenyer, 4TO HEONPEAEJIEHHOCTD JJIMHBI BOJIHBI AL U3Jy-
YeHMs CBA3aHA C HeONIpeeJIeHHOCThIO 9Hepruy ypoBHel AE u AE,

aToMa COOTHOIIIeHHUEM
’%‘22 AL =AE_ + AE,. (2)

CorJsiacHO COOTHOILIEHHIO HeonpeaeneHHocTel I'eiizenbepra
AEAEL > 2 (3)
27

rae At — HeoIpeJeJIeHHOCTh BPpEMEHHU IiepeXxoxa aToMa U3 OJHOTr0
CTAIlMOHAPHOI'0 COCTOAHUA B APYTOe€.

ITocKoabKYy Al He IIPEBBILIAET CpeflHee BpeMs XKU3HU T BO30Y K-
IEeHHOro COCTOAHUA aToMa, TO MHHMMAaJbHasA HeOIpeleJIeHHOCTH
3Heprun Bo30yKJeHHEIX YPOBHel, corsacHo (3), paBHA

AE_. = E?E? . (4)

N3 (2) c yuerom (4) HaligeM MIHUMAJbHYIO HeONIpeAeJIeHHOCTh
IJIUHBI BOJIHBI M3JIy4eHUS, KOTOpas HAal3bIBAETCA €CTEeCTBEHHOM
IIIMPHUHON CIIEKTPAJbHOU JINHUU

Mo = 2 (L + 1) (5)

mn 2ne M\, 1,

Ecanu oqHO M3 COCTOAHMIT, MeXXAy KOTOPLIMM COBEpIIaeTCA Ie-
pexoji, ABJIAETCA OCHOBHBIM, TO

AN = (6)

min 2net

IIOCKOJILKY JAJIA OCHOBHOT'O COCTOAHHSA T = ©0, I[N BO3OY KAEHHBIX
COCTOAHUM C OJMHAKOBLIM BpeMeHeM XXU3HU T, = T, = T UMeeM

A= (7)

mn - 92ncrt

IToncraBnsasa B (7) yncyioBble 3HAYEHUA, ITOJTYUUM

A o= (72107 5 9.10-14 (m).
min - 314.3.108-10°8 ’ ()

KuHernueckasa sHeprus 3JIeKTPOHA B aTOMe BOJOpoZa MOpAAKA
10 3B. Ucnoan3ya cooTHoIIeHMe HeolpeaesieHHOCTell, OlleHUTh MUHU-
MaJIbHbIe JIMHENHbIe pa3Mepsl aTOMA.

Aano: E=103B=1,6+-10"18 IT>x; m =9,1+-10731 kr.,

Hautu: r.

Pewenue. CooTHOIIEHNe HeollpeaeaenHocTel ['eiizenbepra
AxAp, = h,

rae Ax — HeonpeJeJleHHOCTb KOODAMHATEI, Ap, — HeolpeJeseH-
HOCTb UMNYJbLCAa, 1 — nocrosHHasa IlnaHka.
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[image: image11.png]Ilpeamonarasa, 4To Ax = r — JUHEeMHOMY pa3Mepy aTomMma, I10oJy-

UM r = Zh_ . AMnynec ajeKTpoHa, 06Jazaloniero KMHETHUYECKOH
p

oHepruei E, paBeH

p=A2mE.
IIpepnonaras, 4To N0 NOPAAKY BeJMYUHBI Ap = p, OLI€HUM r:

r=_N_.r= 1,05- 107 =0,62+10710 M.

J2mE’~  J/2.9.1-1091.1,6-10-18

@ CpenHee BpeMs »KM3HM aToMa B BO30YKJIeHHOM COCTOAHUM PAaBHO
12 Hc. BEIUNCINT, MHHUMAJBHYIO HEONIPeAeJIEHHOCTD AJIMHEI BOJIHEI A =
= 12 MKM H3JIy4YeHHNA IIPU NlepexoJie aTOMa B OCHOBHOE COCTOAHHE.

Aavo: At=1,2-108¢c; A=1,2-10"" m.

Hantn: AA.
PeweHue. JHEpPrua u3jiydaemMoro (poToHa
hc
E=—.
A

IIpogudpdepernupyem E mo A:
dE = ~he® | ymu AE = -PE A,
A2 A2

N3 cooTHOmIEHUA HeompeneneHHocTeil I'eiizenbepra nasa sHep-

Uy U BpemeHu AEAtL 2 él-'- BeIpasum AE.
T

AE = A )h 5 zaecs At u AE — HeomnpeJieJIEeHHOCTH BpeMEHU U
SHEPruu.
IIpupaBHsaemM BrIpakeHuda nasa AE:
hc h
— AL = ,
A2 At2n
A2h
0 = :
TRYAR hecAt2n
2, -14
AN = 1,2°-10 = 6,4+ 10716 (m).

© 3.10%8-1,2-10°8-6,28

CpenHee BpeMdA XH3HM n°-mMe3oHa pasHo 1,9:10716c¢. Kaxoma
AOJIKHA OBITL 3HepreTHyecKas paspeniaonias criocobHocTs npubopa, C
NOMOIILIO KOTOPOTI'O MOYKHO 3apETHCTPHPOBATH N°-Me30H?

Aavo:t=1,9-1016¢,

Hantu: AE'.

PeweHue. Paszpemaroniaa crmocobHocTs AE' moJyikHa OBITHL He
MeHBbIIIe HeollpeJeNeHHOCTH 3Hepruu AE B yCJIIOBHAX IOCTABJIEH-
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[image: image12.png]HOM 3agauu, T. e. AE' = AE. Ilpegnonarasa, 4To BpeMsa KU3HU Me-
30Ha ! IPHMEPHO PaBHO HeOoIllpeJdeJeHHOCTH BpeMeHU At B COOTHO-
IIeHUU HeolrpeaeseHHOCTel I'elizenbepra AJiad sHepruu U BpeMeHH

AEAL 2 zi , HOJIYUYUM
T

h 6,63 - 1034 -
AE’ == _—; AE’ = 2 = 5,6 * 10 19 m .
6,28-1,9-10-16 (Aax)

ATtoM ucnycrun @oToH ¢ aauuoi BosHBEI 0,55 mxm. IIpomosxu-
TeJIBHOCTD U3aydyeHusa 10 He. OnpenenTsh HAMMEHBIIYIO HOI'PEHIHOCTE, C
KOTOPO MOKeT ObIThL N3MepeHa AJMHA BOJIHBI U3JIYUECHUA.

Aavo: A =0,55mMgm; t =108 c.

Haintu: AA.
PeweHue. Jueprusa orona £ = ZZ)TC ,
dE=-hci}-‘ I/IJII/IAE=‘--h—c—A—}\',
)\’2 )\’2
e )2
OTKYJa A\ = (Af) A
. C

CoorHomeHne HeonpeneneHHocTel I'eiizeHbepra NJjs 3HEePTHUU
1 BpeMeHU

AEAL > I
27
h
Orcrona AE = —
TCIOA t27

IloacraBasasa AE B GopmMyay Aast AA, HOJNYUYUM:
t2n  hc

5,52 1014 -
AN = 2 =1,6-10714 (m).
1-107%-6,28-3-108 (21)

JJIEKTPOH HaXOAUTCA B OMHOMEPHOI IIOTEHIIUAJIILHOHN AMe ¢ 6eCKo-
HEYHO BBICOKMMMY CTEHKaMU, mupuna xoropoi 1,4 1072 M. Onpenenuts
9HEPI'ulo, U3Jy4aeMylo IIpU IIepexoe 3JeKTPOHa C TPeThero sHepreTuye-
CKOI'0 YPOBHA Ha BTOPOIL.

Aavo:1l=1,4-10"m;n=2;n+1=3.

Hantu: AE.

PeweHne. JHeprusa K sreKTpoHa (Macca = m), HaXOAAIMIErOCA
Ha Nn-M 9HepreTUYeCKOM YPOBHE B IOTeHIMATbHON AMe MIUPUHOM [,
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[image: image13.png]h2n2
8mi2’
repexoje 3JeKTpoHa ¢ (n + 1)-ro ypoBHda Ha n-ii, paBHa

h2
AE=E, .~ E,= 2—(@2n+1)

onpegensaercsa no gopmyie E, = OHeprud, usjaydaeMas IIpu

_ @,63 . 10—34)2 * 5 ~1.54- 10—19 =1 (3B
AE 8-9,1-10731.1,42.10"18 ’ () = 1 (2B).

DJIeKTPOH HAXOAUTCA B OMHOMEPHOI IOTeHIINAJIbHON AMe ¢ 6eCKO-
He4yHO BhICOKUMU cTreHKaMmMu. IlTupmunua ambl [ = 1 am. OnpexesnuTs Ha-
MMEHBINYIO PAa3HOCTDL dHEPreTUUYEeCKUX YPOBHEMH 3JIeKTPOHA.

AaHo: l=10"°m.

Hantn: AE_. .

PeweHue. JHeprusa sjeKTpoHa E , HaXojAIerocsa B MOTEeHIIU-
aJbHOM sIMe INMPUHOM [, HA n-M 3HepreTH4YeCKOM YpPOBHE oIpeje-
asieTcda 110 popmyie

h2
n —— 5 e n2.
8ml

Passwocte AE, , . ; BHeprui 3JIeKTPOHA Ha COCEJHUX N H
(n + 1)-m ypoBHAX paBHa

AE h®_(2n +1).

n,n+1 8ml2

OueBuaHO, uTo AE OygeT MUHUMAaJbHA Ipu n = 1.

_  6,632.3-10% .10-19 ~
AE . = 391109105 1,8-107%° (II:x) = 1,1 (3B).

YacTuia HaxoauTca B 6eCKOHEYHO I'TyboKol OfHOMEPHOM IIOTEeH-
MUAJLHON AMe NINPUHOHN [ Ha BTOPOM 3HEPreTHUYEeCKOM YpoBHe. B Kakux
TOYKAaX AMbI IIJIOTHOCTh BEPOATHOCTH O0HAPYKEHUA YaCTUI[bl COBIIAAET
C KJIACCUYECKOH IIJIOTHOCTHIO BEPOATHOCTU?

Aavo: l, w, = wy, n = 2.

Hantu: x.

Pewexhne. BoaHoBasa (pyHKIUA Y, OIMHCHIBAIOIIAA COCTOSHUE
YacTHIBI B 0€CKOHEUHO TJIYyOOKOM OJHOMEPHOM IIOTEeHIUAJNBbHOU
sAMe INUPUHOM [, UMeeT BUJ

v, = J% sin E%E : (1)
CorsacHO GU3HUYECKOMY CMEBICJIY BOJTHOBOM QYHKIIUH,
2 =w, (2)

rIe W — IIJIOTHOCTh BEPOATHOCTHM OOHAPYXEHHUSA YACTHULBI B TOUKE
C KOOPAMHATOH X.
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[image: image14.png]Ecnu yacTuiia HaXoouUTCA Ha BTOPOM 3HEPreTHYECKOM YPOBHE
(n=2), 10

w, = -f- sin? (22%). (3)

B cooTBeTCTBUH C IIPUHIIMIIOM COOTBETCTBUs DBopa BRIpake-
HUe JAJIsI KJIaCCHYeCKOH IIJIOTHOCTH BEPOSTHOCTHU IIOJIYYAeTCA NPH
n — 0o

woo=-ll-. (4)

IIpupaBHHBaA IO YCJOBUIO 3amadyu BeIpaskeHusa (3) u (4), mo-
JTYIUM

sin? (?Jl.‘_’ﬁ) = % . (5)

Pemniasa ypaBHeHUe (5), HaleM
— 1Y 1 o _
x—(kiz)-z-,k——o,itl,iz,... (6)

B npegenax simel (0 < x < [) Takux Touek OyaeT yeThIpe:

x=(£’y,ﬂ,_7_l).
8 8 8 8

@ OnpepenuTs, NINPUHY OJHOMEPHOM IIOTEHIIMAJILHON AMBI ¢ 6eCKO-
HEYHO BBICOKMMM CTEHKaMU, €CJIM IPU Iepexole 3JEeKTPOHAa C TPeThero
JHEepreTUYECKOro YpoBHA Ha BTOPOM usjaydaercsa 3Heprud 1 3B.

Aavo:i=3;n=2; AE=13B=1,6-10"19 [Tx.
Hantn: [.

PeweHue. JHEPrusa 3JIeKTPOHA, HAXOAAIIEIOCA B MOTEHIIHAJb-
HOM AMe INUPUHOM [ Ha n-M 3HepreTU4eCKOM YPOBHE, OIIpeelseT-
h2
8ml?

csa mo popmyie E = - n2. PagHoCTh 3Hepruii snekTpoHa AE Ha

—— (i2 = n?), oTryna

n-M U i-M YypOBHAX AE = E, = K = T
m

l=6,63-10'34J 9 _4 =~1,37-10°° (m).
5 91-109.16. 10 37107 ()

@ OnpenennTh, OpHU KaKoil HIMPHHE OLHOMEePHOH NOTeHIUAJILHOI
AMBI JUCKPETHOCTH 9HEePruu 3JeKTPOHA CTAHOBUTCA CPAaBHUMOI C 3Hep-
ey TeIJIOBOTO ABUKeHUA npu remneparype 300 K.

Aavo: T = 300 K.
Hamtu: L.
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[image: image15.png]PeweHue. JHeprusa d3JeKTpoHa E, HaxXoAIerocss B NOTeHIHU-
aJIbHOM sAiMe IMUPHUHOM [ Ha n-M 9HepreTU4YeCKOM YPOBHE,

S *n2,

" 8ml?

IMuckperHOCTh (Pa3HOCTh) AE sHepruu Ha n-Mm u (n + 1)-M ypos-
HAX paBHa

JHeprus TemJI0BOI'0 JBUXKEeHUS dJIEKTPOHA
_ 3
W = 5 kT,

rae k — nocroauHad Boasnimana, T — TeMneparypa.
IIpupasauBas W = AE, BeIpa3suM IIUPUHY AMBI [:

8ml? 412 ET "
HauMmeHbmas nimpuHa AMbl Oyger npu n = 1:

l=6,63-10‘34J 3 54109 ().
12-9,1-10381.1,38-10723- 300 (M)

@ OnpenmeauTb, IpH KakKoil TeMuIepaTrype AUCKPETHOCTh 3HEpPruu
3JIEKTPOHA, HAXOAAIIErocd B OQHOMEDPHOM NOTEeHI[MAJLHOM AMe NINpH-
HOlt 2+1079 M, CTAHOBUTCA CPaBHUMOI C 3Heprueil TelJoBOro ABUKe-
HUA.

AaHo: [l=2-10"9m.
Hantu: T.
PeweHune. DHeprusa sjeKTpoHa E, HaXOAAMIEroca B MOTEHIIU-

aJIbHOM AMe Ha n-M 9HepreTUYecKOM ypOBHe, E = FyT * n2, TuckK-
m

peTHOCTh (pasdHocTth) AE sHepruui Ha n-Mm u (n + 1)-m 3Hepreruye-

JHEPTHUSA TEIJIOBOrO ABHUKEHUA 3JeKTpoHa W = = kT IIpupas-
HuBad AE = W, onpegenum T':

h2(2n+1) _ 3kT 7= h*@2n+1)
8ml? 12kmi2

OueBuaHO, uTOo AE 6yger MUHUMAaJIbHOU npu n = 1.

6,632 10768 3
~ 2188 (K).
T 12-1,38-102-9,1-10°1-4- 1018 (K)
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[image: image16.png]YacTuiia B HIOTEHIINAJLHON AMe IUPHUHOHN | HaX0oAUTCA B BO30OYyK-

A€HHOM COCTOSAHHNN. OHpe,l[eJII/ITI: BepPOATHOCTL HaXO0XKIAEHNUA YaCTHUILbI B

l
unTepBaye 0 < x < 1 Ha BTOPOM 3HEPreTU4eCKOM YpPOBHE.

Aauo:0<x<i;n=2.
Hantu: w.

PeweHne. BoaHoBasa pyHKIUA Y(x) YacTHULI B IIOTEHIIMAJb-
HOM siMe IIUPHUHOHN [ Ha n-M dHEPreTHYeCKOM YPOBHE MMeeT BUJ

v(x) = J% sin T%ZC- BeposiTHOCTL HAXOKAEHUA YaCTUIEI B 3aJaH-

HOM HHTepBaJjie opeAesseTcs HHTerpajJoM KBajpara MOALYJA BOJI-
HOBOM QYHKIIUU
1/4 1/4 2 1/4
w= [ |yx)2dx= | (A/% sin ”—'li-’f) dx = % [ sin? E—'ll—xdx.
0 0

0

HNz3BecTHO, UTO

sin® o = %(1 — cos 2a.).
.omnx _ 1 2nnx
Toraga sin® —= = =1{1 - cos .
l 2 [
l/4 l/4 l/4 l/4
w=lf(1 cosznnx)dx=lfdx—-1-fcosZnnfdx=lx —~
[ 0 [ 0 l 0 [ 0
1 onnx |’ 1 1 z’mi 11 n_ 1
. T . . i
— —— sin =2 — — sin == - = gin It = 2|
orn 01 |, 4 2nn z i 2nn 2 4

@ YacTuia B IOTeHIINAJILHOM AMe NINPUHOMN | HAXOAUTCA B BO3OY K-
IeHHOM cocToaHUuu. OnpenesuTs BePOATHOCTh HAXOMKIAEHUSA YaCTHUIILI B

uHTepBaJie 0 < x < é Ha TPETLEM dHEepPreTHUYeCKOM YPOBHE.

AaHo: [; n=3; uarepnan 0 < x < é .

Hantu: w.

PeweHne. BomHoBasg (QyHKIMA, OIMUCHIBAIOUIas IIOBeJEeHUE
YaCTUILLl B OJHOMEDHOU NOTEHIUAJNbHOU siMe, mMeeT BUJ WY(x) =

2 . nx
= J% Sin T-C—l— . BepoaTHOCTh HaXOXIEHHUA YacTUILl B 3aJaHHOM

WHTepBaJe ONpeJelsaeTca HHTerpajoM
l/2 l/2 2
w= [ |y (x)2dx = | 7 sin2 % dx.
0 0
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[image: image17.png]IIpousBensa 3ameHy

: 2nnx_1( _ 21cnx)
in¢d —= = ={1 ~cos =—= |,
S I 2 z

HOJIYUUM
1/2 /2
2 1 2 1 2nnx 1
w= | 2 «e=dx— | == cos dx==x
{,l 2 {z 2 l l
! 2 v
x —— sin 222X | (mpum n = 3);
2T [ 0
1 1
s T3 314-3
. 2.13:1/2 _ 1 1 : _
n = = sin 3n =
ke z 5 6-3,14 O0OT

DO | =t

3. PeHTreHoBckoe u3AyyeHue. MoraoleH1e U3AyUYeHHS

Hymuea BonHEI JquHUM L, y Boasdpama paBHa 0,148 um. Halitu

IIOCTOAHHYIO OKPaHUPOBAaHUA.

AaHo: A =1,48-10710 .,
Hantu: a.
PeweHune. B coorBeTcTBHUU ¢ 3aKO0OHOM Mo3au

L =R(Z-a(L - L)

n? k2
Ilnsa Bonesdpama Z = 74.

HOna L-cepuu n = 2.
Hasa L -nmuauy kB = 3.

N3 (1) Haxoagum
a=z-[2R(% -1 )|

n¢ k2

HO,Z[CT&BJIHH YHUCJIOBBIE NaHHBIE, ITOJIyUYaeM

-1/2
a=74—[1,48-10-10-1,097-107( -l)] /

1
4 9

(1)

(2)

= 7,4.

OnpezennTs MUHMMAJLHYIO JJIMHY BOJIHEI TOPDMO3HOT'O PEHTI'€HOB-
CKOI'0 N3JIYUEHH, ECJHU K PEHTI€HOBCKOI TpyOKe IPUJIOKEHbI HaIIpAXKe-

Huda 30 kB, 75xB.
Aavo: U, =3" 10¢B; U,=17,5- 104 B.
Hatu: Ay, A,.
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[image: image18.png]PeweHne. KopoTKoBONIHOBaAs rpaHUIlA CILJIOIIHOTO PEHTTEHOB-

CKOT'O CIIEKTpa onpegeisaeTcsa no dpopmyie A = % . Torga
e

_6,63-1073¢-3-108% _ 11
4,1-107**(m);
1~ 7.6-1019-3 - 10 ()

6,63-10734¢.3.108 _
= 1,66+ 10711 (m).
2~ 1,6-10°19.7,5-104 ()

I'panuuHadA ajauHa BOJHBI B-CepUHU XapaKTEPUCTUYECKOI'O peHTre-
HOBCKOI'O U3JIy4YeHUA HeKoToporo 3jemeHTa paBHa 00,1284 uam. Onpene-
JIUTH 3TOT 3JIEMEHT.

Aavo: A=1,284:-101%Mm;a=1;i=1;n=
Haintu: Z.
PeweHune. [In1uHA BOJHBEI A PEHTTE€HOBCKOTO HU3JyYeHUSA OIIpe-

nensierca 3axoHoM Moanu: 51; = R'(Z — a)z(.—l2 - —1—2), rmnei un —
i n
3HEpreTHYeCKHe YPOBHU, MeXKIYy KOTODBIMH OCYILIECTBJIAETCA IIe-
pexoJ; 3JeKTpoHAa. POTOH ¢ rPaHUYHOM JJUHOM BOJHBI B B-cepuu
H3JIydaeTcs OPH nepexoje ¢ ypOBHA n = OO0 Ha YpOBeHb i = 1.

1 1
Torga (Z —a)? = =_=_
1 1) AR
AR([2 -1
(2-3)
1
—a= _"; + a,
Z-a= I® JxR' 4;
7= 1 +1=26,6+1=27.

1,097-107-1,284 1010
IJTHM 3JIeMeHTOM ABJaAeTca KobansT (Co).

HaliTu rpaHUYHYIO AJIMHY BOJIHBI E-CepUU PEHTI€éHOBCKOI'O U3JY-
YeHUA OT IJIATHHOBOI'O aHTHUKATOAA.

AaHo: Z=T8;a=1;i=1;n=
Hantu: A.
Pewenne. I'paHnuYHYIO JIMHY BOJHHEI A B E-CepUH HalfeM IIO
dopmyae Moanu: 1 - R'(Z - a)2(l — _1_).
A j2

n2

A= 1 :
R(Z-ay(3-1)
1

= =1,5:10711 (m).
1,097 -107- (78 = 1)2- 1
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[image: image19.png]ITpu kaKoM HauMeHbIIIEM HAIIPAYKEHUY Ha PeHTreHOBCKOII TpyOKe
C XXeJIe3HBIM aHTUKAaATOAOM IIOABNIAKTCA JIJNHUUN k-cepnn?

Aavo: Z=26;a=1;n=1; k= 2.

Haintu: U.

PeweHue. k-JTMHUY MOABJIAIOTCS IIPU IIepexojie 3JEeKTPOHA CO
2-ro 3HepreTHYECKOro ypoBHs Ha 1-#. J[[JIMHY BOJIHBI A 3TOM JIMHUU

onpejeauM 1o ¢popmyae Mozmu: }% = R'(Z - a)2(;11—2 — -’% )
A= 1 —
R'(Z - a)z(;l-2 - '1?)
A= 1 =1,94 10710 (m).

1,007 - 10-7(26 - 1)%(1 - i)

JINHUA ¢ TAaKUM 3HaYEHUEM A MOXKET IIOSIBUTHCA, €CJIHN SHEPTrud
6ombOapaupyromero sjeKTpoua £ = eU O6yzeT He MeHbIIIe 3HEPTHU

KBaHTa E = %9 . [IpupaBHUBas 3TH BRIPAKEHUA, TTOJYIHM:

hce hce
eU==—,0 alU=—=—";
. TKY oy

6,63-1034.3-108
U= . = 6408 (B).
1,6-1071°-1,94-10710 (B)

@ Kakyo HauMeHBbIIYIO Pa3HOCTEb IIOTEHIIMAJIOB HYKHO IIPUJIOKUTE
K PEHTreHOBCKOI TpybKe ¢ BOJb(MPaAMOBBEIM aHTUKATOAOM, UYTOOBI B
CIEeKTpe U3JyUYeHUA ObLIN BCe JUHUU E-Cepuu?

AaHo: Z =74,

Hantu: U.

PeweHne. KopoTKOBOJIHOBasA rpaHHIIa A CIJIONIHOT'O PEHTTrEe-
HOBCKOT'O CIIEKTpa CBA3aHAa C Pa3HOCTBHIO IHoTeHnuajaoB U COOTHO-
HIeHUEM

)= be |
eU
e — 3apsAj 3JeKTpoHa, h — mocrosaHHasa IlnaHka, ¢ — CKOpPOCTH
cBera. [IJIMHA BOJIHEI PEHTTEHOBCKOT'O U3JIYUYEHUA A OIIpEeAeNsaeTCA
o gopmyse Mosnu
L-r@Ez-o2(L-1)
A n? k2

JIuruu k-cepuu obpasyrorcs npu nepexoje Ha 1-¥1 sHepreTuue-

CKHUU ypOBeHb, T. e. n =1, a k= 00, u Torga

% = R(Z - a)2.

268




[image: image20.png]C npyro# cTOpoOHHI,
1 _ eU,R,(Z_ 1)2____ %g; U = R'(Z—If-hc;
c

» ke’ e
.107.722. .10-34.2.108
U = 1,097-107-73%:6,63-10 3-10° _ 73 (xB).
1,6-10719

Ha noBepxHocThs BOABI HajaeT Y-u3djdydeHUe C IAJUHON BOJIHEI
0,414 M. Ha Kaxkoii riiyO1iHe MHTEHCUBHOCTD U3JIYUYEHUA YMEHBINUTCSA
B 2 pa3a?

13 . L0
Aavo: A=4,14-1071° m; 7= 2.

Hantu: x.
PeweHue. CorsacHo 3aKOHY IOIVIOIIEHUS A-U3JIyYeHUS Bellle-
CTBOM,
I = I ,exp(—px). (1)
Pemasa ypaBHeHNE OTHOCUTEJBHO X, HANJAEM
I
x=11n20, (2)
T I

s onpenesieHus KoappuupeHTa JUHEMHOTO ociabjeHus BI-
YUCJIUM 2HEPrur £ ()OTOHOB:

a=’-§\—c. (3)

IloacraBnsasa B (3) uncyioBele 3HAUYEHUSA, ITOJIYUUM

g = 0,68-107%-3-10% . 4 g.10-13 () = 3 (MoB).

4,14 10718

p, cm
0,7F
0.6f \\ \
0,5F \ \\

N | [
0,4 - <<
0,3 \ ~

\ T ———]_Jene30
0,2f =
0,1 & \ ANIOMUHULL

N" goda
..... [ FTTSTRTTYY FYTUTUUUTS FUVTS CTTTI FTVYT FUPT PO PUTTI FUTTT ST T! FPPPTTITY Feves s e
0 1 2 3 4 ¢, MaB
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[image: image21.png]ITo rpadpuKky 3aBHCHUMOCTU JUHEMHOIo Ko3dpPUIlMeHTa IIOrJO-
IIeHUA y-Jydei | OT uX 3Hepruu ¢ (puc. 54) HaxXoAUM

n=0,03 (cm™1).
IlogcraBnsisa yncyIOoBBIE 3HAUEHUSA B BEIpaXkeHue (2), IOJaydYUM

g=n2 _ 0,693 _ 23,1 (cM).
0,03 0,03

@ Yepe3 KBapIleBYI0 IJACTHHKY TOJINUHOMN 5 CM IIPONYCKAIOTCA
NH(ppaKpacHble Jyuu. YyroJ najgeHuUA paBeH HyJ 0. U3BecTHO, 4TO AJIA
nH(ppaKpacHBIX Jy4Yel ¢ JJIHHONM BOJHEI A, = 2,72 MKM Ko3(duIueHT

JuHeiiHOrO ocnabueHus k, = 0,2 cMm™!, a pua nygeit ¢ A, = 4,50 — k, =
= 7,3 cm™l. OnpenenuTs €10 OIOBUHHOrO Oc1abieHus X, U X, COOTBET-
CTBEHHO JJA Ay U A, 1 OTHOCUTEJIbHOE U3MeHeHHe NHTEHCUBHOCTU 3TUX
JIydel 1mocJie IpoXoXKAeHUA UMU KBapIlleBOil IJIacCTUHKU.

Aato: kB, = 0,2cml; By = 7,3 cem™; Ay = 2,72 MEM; A, =
= 4,50 MKM; x = 5 cM.

Lo 1o
I’ I’

Pewenue. Ilornomenue nydeil cBeTa B cpejie onpeneseTcs 3a-
KOHOM Byrepa, KOTOpPEBI¥M CTPOrO BEIIOJHAETCSA TOJBKO JJsI MOHO-
XpoMaTuuecKux ayuei: I =1 Oe“kx, rae I, — cuina cBera, BXO g AIILe-
r'o B BelllecTBO, I — cuJjia cBeTa, IPOoIIeAIIero cJIof BellleCTBa, X —
TOJILIUHA CJIOS IIOTJIOIIAIOIIEro BellecTBa, B — KO3 PHIIUEHT JIU-
HellHoro ocyiabieHus.

IIpu cnoe mosoBuHHOrO ocnabnenus I = %I 0» POPMyJia 3aKOHA
Byrepa npumeT BU1: %I o = I,e7**. Orcroga

ek =2 wunu kx =1n 2.

IJist 1ydelt ¢ JIMHOM BOJIHEI A, CJIOM IIOJIOBUHHOTIO OCnabjieHus
paBeH

x, =02 = 0,693 . 3 47 (cm);

AJIsA JIyded ¢ JIMHOM BOJIHBI A, CJIOM IIOJIOBUHHOIO ocyiabieHus pa-
BeH

x,= 22 - 9-’76—9-3 =~ 0,0949 (cm) = 0,95 (Mm).

Takum oOpa3oM, cJIOM IIOJIOBMHHOIO OcJabJeHUs ¢ AJIUHOH
BOJIHHI A, B 3,67 pa3da MeHbIlle, 4eM AJA A,. OTHOCHUTEILHOE U3Me-
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[image: image22.png]HeHYe CUJIBI CBeTa IIOCJIe IIPOXOXKJEeHUA CIoA X AJA Jydeil A, U A,

TIOJI Lo _ ghx i1 C Ay
VYIUM U3 BEIpAXKEHUA 7= eF*, Ilns myueit ¢ A;:

I :
0 = pkix = e0:2 S — el — 2,72;

1
IJIA JIy4den ¢ Ay:
Lo _ ghyx = o785 = 36,5 ~ 1014,
I,
Takum oOpasoM, A Jgydeil ¢ AJIUHONU BOJHBI A, = 4,50 MKM

CJION KBaplia TOJIIIMHOM 5 CM IIPaKTHYECKU HeIIpo3padeH, B TO
BpeMA KaK JIy4U C JJIUHOM BOJHEI A, = 2,72 MKM, IPOXOJAA CJIOH

KBapIa B 5 cM, ociabnsrorcsa B 2,72 pasa.

Ha xenesHblil 9KpaH najgaeT NYYOK y-Jydeil, AJUHA BOJHBEI KOTO-
peix 0,124 +1072 pm. HafiTu TONILMUHY CJI0A HDOJOBUHHOTO OcaabieHUA
Y-U3JYUEeHUA B KeJiese.
AaHo: A =1,24+10"12 m; Fe.
Hantu: x, 5.
PeweHne. JHEpPTUA Y-KBAHTOB
he _ 6,63-1034.3-108 -
g= == =2 = 1,6-10713 (II:x) = 1 (M>B).
> {24,102 (Ax) =1 ( )
ITo rpadhury Ha puc. 54 HaXOAUM 3HaAYEeHHE KOodpPpuiiueHTa IU-
HeiiHoro mornomenus p = 0,5 cm™1. Tommuua X1, CTOSA IOJIOBUH-

HOr'o OcNabiieHus OYAET Xy o = In2 _ 0,693 1,4 (cm).
1

@ OnpeznennTsb, KaK U3MEHUTCA UHTEHCUBHOCTD Y3KOI'0 IYYKa Jyden
IIpY IPOXOXKJAEHUHU yepe3 dKpaH, COCTOAININ U3 ABYX ILJIUT: aJIIOMUHUe-
Bo¥1 TonmubHo#t 10 cM u Kene3Hoit — 5 cM. Koaddunmuenr snHeHOrO
ocnabaenus mia Al u, = 0,1 em™!, gna Fe p, = 0,3 em™L.

Aavo: x;, =10cm, p; = 0,1 em}, x, =5 cm, py, = 0,3 cm7 L.

Hantu: !—0.

2
Pewenne. MHTEeHCHUBHOCTD U3NIydeHUA I, IIOCTI€ IPOXOMXKJeHUA

aNTIOMHUHNEBON ILIUTHI I; = I e "%, Ilocie mpoxokIeHUs KeJes-
HOU IIUTHI HHTEHCHUBHOCTD

Iy =1Ie*: = Jpe™M%i- g2 = Ioe—(ulxl t HyXy),

I

Orcroga TQ = ek + Hp%y) = ¢0,1:10+ 0,35 = 02,5 = 12 2, IHTEHCHUB-
2

HOCTBb YMeHbIIaeTcsa B 12 paas.
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[image: image23.png]KaxoBa sHeprusa y-jiyueil, ecjU IIPU IPOXOXKIEHUU 4Yepe3 CJIOU
sKeJleda TOJMINHON 3,15 cM MHTEHCUBHOCTHL U3JAYUYEHUSA OcjiabiadgeTcA B
4 paza?

AaHo: !I—O =4; x = 3,15 cm; Fe.

Hantu: €.
PeweHune. NHTEeHCHBHOCTL U3AydeHUA I 1mmocje NpoXoXKAeHUA
CJIOA JKeJje3a TOJNIIUHOMN X olpejensaercs 1o popmyne I = I, e V¥,

In—
Lo _ gux; 1n 519 = px; p= —;"" N §h'li45' = 0,44 {ear™.

ITo rpacduky Ha puc. 52 HaxoguMm € = 1,4 M»aB.

@ Kak u3MeHHUTCA cTelleHb OCJabJeHuA y-Iydyell IPYU NPOXOKAEHUN
yepe3 CBUHIIOBBINI 9KpaH, €CIU JJIVHA BOJHEI 3THUX Jyuei 4,1-10713 M
u 8,2+10713 M, Tormuua sxpana 1 cm?

Aano: A, =4,1-1018m; A, =8,2-1013 m; x =1 cm.

Hantu: {—1 .
I,

PeweHne. JHeprusa y-KBaAaHTOB pPaBHA:

E,="c - 6,63:10%8:3:10° . 4 g.1013 (1) = 3 (MoB);

» 4,1-10713
_hc _6,63:1034-3:108 _ o ,. 1013 _
Ey= 5 T T 2,4+10713 (IIxx) = 1,5 (MaB).

ITo rpadpuky Ha puc. 54 HaxoAUM KO03(pPUIIHMEHT JIUHENHOTO OC-
nabnenus p, = 0,45 em™ 1, p, = 0,56 cm.

3aKOH ITOTJIOIIeHUA U3y4eHNnd B BelecTse I = Iye ™™, rae I, u
I — MHTEeHCUBHOCTHU ITaJalomiero Ha cJo¥M TOJIMHWHOMN X M mpouIie[-
niero uaaydyeHuii. Torga

I,  ew*
I = I e_ulx; I == I e_uzx; 1 = € = e(“z—ul)x = eoall = 1,12.
1~ 1o 2~ 1o I, oW

NHTEeHCUBHOCTH KOPOTKOBOJHOBOI'O M3JIYUEHUA IOCJE ITPOXO0XK-
JeHUsI CBHHIIOBOI'oO 3KkpaHa 6yzer B 1,12 pa3a Briiie.

PaccunrTaTh TOJIIMHY 3alIIUTHOI'O BOAAHOI'O CJIOA, KOTOPEIN ocjoab-
JIAeT NHTEeHCHUBHOCTE U3JIYUYeHUs ¢ 3Heprueit 1,6 MaB B 5 pas.

AaHo: €=1,6 MaB; 1;1_9 =
Hantu: x.
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[image: image24.png]PeweHune. 3aKoH ocaabiieHUsA M3JIYyUYeHHUA IIPU HPOXOXKAEHUU
cyos TonmuHON x uMeetr Buj I = I,e*. Ilo rpadpuky Ha puc. 54

gaxogum p = 0,05 cm™1,

Tor,ua-l—-I‘—’ =e”x=5;ln5=ux;x=lr—:l—§ =61-f-16§5- = 32 (cm).

4. AedeKT Macchbl 1 dHeprua cessu sApa. PAAMOAKTUBHOCTD.
flaepHble peakumm
Briuucauts gedekT Macchl, 3HEpPruio CBA3U U YAEJBLHYIO 9HEPI'UIO
CBA3U AApa 120 :
AaHo: m, = 1,00783 a. e. m.; m, = 1,00867 a. e. m.; Mg, =
1 8
=15,99492 a. e. Mm.; Z = 8; A= 16.
Haitu: Am, E_, ¢,
Pewenune. IlebekT Mmaccel Am anpa onpenenasiercsa 1o opmyae
Am=2Zm,+ (A —-Z)ym, —m,. (1)

Popmyay (1) MOKHO TakKe 3an1ucaTh B BUJeE
Am = ZmiH +A-Z)ym,—m,, (2)

rgpe m, — Macca aroma, ,Z[B(l)eRT MAacCcChI AApa KOoTOoporo oipenejsa-

ercs.
IToncrasnasa B (2) yucyioBLIe JaHHBIE, HOJNYIUM

Am =0,13708 a. e. m.
JHeprus cBA3U AApa K onpejensiercs no popmyie
E_ = c?Am. (3)
Ecnu nedexT maccel Am BeIpa’kaTh B a. €. M., a4 9HEPruio CBA3U
E_, B MaB, To popmyna (3) mpumer BuA

E. =931Am. (4)

ITogcraBnsasa B (4) yucjoBEIe 3HAUEHUS, ITOJIYIUM
E._=931-0,13708 = 128 (MaB).
YIenbHas 9HEPrus CBA3U €., BBIYUCIAETCA 110 GopMyJie
E

€op = —A"—" (9)

IIpoBoaA BEIUMCIEHUS, HOJYUNM
128 _

€ = Té— =g (MaB).
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[image: image25.png]BriyucnuTte gedexT Macchl, dHEpPruio CBA3U AApa U YAeJILHYIO
108
9HEepruiIo CBA3U JJdA dJIeMeHTa 4,Ag.

AaHo: miH = 1,00783 a. e. m.; m, = 1,00867 a. e. m.; Mpg =
= 107,869 a.e. m.; Z=47; A= 108.
Hantu: Am, E_, €.
Pewenue. [ledexkT maccrl aapa Am paBeH
Am = ZmiH +A-2Z)m, - M pgs
Am =47-1,00783 + (108 —47)-1,00867 — 107,869 =
= 1,028 (a. e. Mm.).
JHEPTUs CBA3U
E_=Amc?2=1,028-1,66-10"27-9-1016=15,36-10"11 (k) =
= 960 (MsB).

YaenpHasa sHEePTHUS CBA3HU €, = Ee _ 960 . 8,9 (MsB).
cB A 108

BEIUNCIUTE fedeKT Macchl, 9HEPTrUIO CBA3Y U yAeJbHYIO JHePIruio
24
CBA3U 1A AApa dJeMeHTa ,Mg .

Aavo: Z = 12; A = 24; My, = 1,00783 a.e.m.; m, =
1
= 1,00867 a. e. M.
Hawitu: Am, E_, €.

PeweHune. Aapo marausa cogepxut 12 nporonoB u 12 HelTpO-
HOB. JlepeKT Macchl AApa oupeaensaerca mo GopmyJie

Am = Zm;H (A - 2Z)m, — my,.
Am=12-1,00783 +12-1,00867 — 23,98504 = 0,213 a. e. m.;
1a.e. M. =1,66-1027 (xr);

Am =0,213-1,66+10727= 3,5+ 10728 (kr).

JHEepPrusa CBA3U sAjpa
E_ =Amc?>=3,5-10"28.9.1016 = 3,2.10711 (%) = 197 (M3B).

YenpHadA 3HEPTrUA CBA3U £, = %—" 5 Eop = 1—2%1'-7- = 8,21 (MaB).

Anpo, cocroamee us 92 nporoHoB u 143 HelTPOHOB, BEIOPOCHUIIO
o-gyactuny. Kakoe aapo obpasoBanocsk npu a-pacunage? OnpeneluTs ae-
(beKT MacChl ¥ 9HEPI'UIO CBA3U 00pa3oBaBIIerocs Ajpa.

AaHo: Z=92; A=92+ 143; N = 143.

Haintu: X, Am, E_..
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[image: image26.png]PeweHune. Peaknusa a-paciiaja nuMeeT BUJ,

235 4 231
goU — JHe + "goX,

T. €. 00pa3oBaJIOCh AJAPO TOPUA 2g(l)Th; My, = 231,02944 a. e. M.
HedeKT Maccel
Am = Zm}H +A-2Z)m, — My

Am = 90-1,00783 + 141-1,00867 — 231,02944 = 1,898

(a.e.m.) = 3,15+10727 (xr). 3nech m. , M, — Macchl BOAOPOAA
1

1 HeUTpOHA.
dueprus ceasu Aapa ropua E_ = Amc?2=3,15-10"27-9-1016 =
=~ 2,84-1071° (k) = 1775 (MaB).

B xako#l 3JileMeHT IpeBpallaeTcsa 2‘32U II0CJie TpeX O.-pacuajoB
U AByX B-pacnanmoB?

AaHo: Z =92; A= 238.

Hairtu: Y.

PeweHune. KaxxanIil o-pacnaj conpoBOXKAAETCA YMEHbIIEeHUEM
3apASOBOrO YHCJa Z Ha 2 U YMeHbIIIeHHeM MacCoBOToO uucja A Ha
4. Kaxaell1 B-pacnaj cOIpoBOXKAaeTcs yBeJUYEeHUEeM 3apsafOBOIO
yucaa Z Ha 1, a maccoBoe uncio A ocraerca 6e3 namMeHeHus. Ta-
KM o0pa3oM, 3apagoBoe YHCI0 Z' mOJydeHHOro 3jieMeHTa Oyner
paBHO Z' = Z — 32+ 21 =92 -6 + 2 = 88, a MmaccoBoe 4UCJO
A'=A—-34 =238 —12 = 226, T. e. HIOAYUYUJIU DJIEMEHT paguul

226
88Ra )

Ilepuon moaypacnana 3‘7’00 paBeH npumMmepHo 5,3 roza. Onpegne-

JINTH IIOCTOAHHYIO paciiaza 1 CpeaJHIOIO IIPOAOJIXKNTEJIBHOCTD JKM3HHU aTO-
MOB 3TOI'O 130TOII1Aa.

AaHo: T = 5,3 roza.
Hantu: A, .
PeweHne. IlocTossHHAs paguoOaKTUBHOIO pacliaja A M IIepPUO

In2 _ 0,693 _

nonypacnaza T cCBs3aHBI COOTHOIIIEHHUEM A = T w
]

= 0,18 (rox™?).
CpeAHee BpeMA HKHU3HHN DPaAaJUOAKTHBHOI'O HM30TOIIa T = }% =

= 7,7 (n1er).
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[image: image27.png]3a rox pacmanock 60% HeEKOTOpPOro MCXOLHOI'O pPagHOaKTHUBHOIO
aneMeHTa. OnpeAeauTs Iepuos IIOJypaciasa 3Toro 3JIeMeHTa.

NO—N

0

AaHo: t=1ronm; = 0,6.

Hantu: T ).
PeweHue. 3aKOH PaJJMOAKTUBHOIO pacliaja UMeeT BUJ
N=N,-e™,

rae N, — UCXOLHOEe YUCJIO PAANOAKTUBHBIX ALep, N — YMCJIO He-

pacnaBIIUXCA AJep K MOMEHTY BpeMeHHU {, A — IIOCTOsIHHas pa-
AWOAKTHUBHOIO pacliajia, KoTopas CBA3aHa ¢ MOJIyIepuoaoM paciia-

Aa Ty, cooTHOomeHUEM T 5 = lr-;?% . Ilo ycnoBuio sagadyu A_’LN:_A_’ =
0
o pht
No No 0,4

xt=1n2,5;x=%z§.

_In2 _In2-¢t _1In2-1 _
TOI‘,Z[a T1/2 = T = m— = m —= 0,76 (PO,Z[a).

3
Cronpko anxep, cogepsxamuxca B 1 r rpurua |H, pacnagaerca 3a
cpezHee BpeMsA XXU3HU 3TOro u3orona?
Aavo: m=103kr; ¢t =r.
Haitu: N'.
PeweHune. CornacHo 3aKOHY paJHOaKTUBHOIO pacnana
N = N exp(—At). (1)

CpenHee BpeMsa »KU3HH T PaAHMOAKTHUBHOI'0O H30TONA €CTH BEJU-
YynHa, oOpaTHas NOCTOSTHHOM pacraja

‘C=

(2)

>

IIo ycnosuro 3amauu ¢t = 1. IloacraBasa B (1) BMecTo ¢ 3HaUeHHe
T u3 (2), monryuyum

N="20, (3)

Yucno pacnaBIINXCcs ATOMOB 3a BpeMsi | = T paBHO

N’=N0—N=N0(1—%). (4)

276




[image: image28.png]Haiigem 4mcio atomoB N, cojep:Kamuxcsa B macce m = 1r

u3oToIla ?H:
NO = J—TS:NA, (5)

3
rae M = 3+ 1073 xr/monp — MonApHas macca usorona ;H, N, —
yucjio ABorajpo.
C yueroM (5) BeIpakeHnue (4) npumer BUJ,

N' = A_”;NA(l - %) (6)

ITogcraBnssa B (6) yncjioBEIe 3HAYEHUSA, ITOJIYUUM

,_102:6,02-10% (1 1 Y _1 on.1023
N 002 (1 _—_2’72) 1,27-102.

Ilepuon mosnypacnazga ggCo paseH 5,3 roza. OnpenenuTs, Kakas

IOJA IIepBOHAYAJLHOI'O KOJUYECTBa Ahep 9TOro M30ToIa pacrnajgaeTcs
yepes S JIeT.

Aaxvo: T = 5,3 roga; t = 5 mer.
NO - N
0
PeweHue. 3aKOH pafHoOaKTUBHOI'O pacliaja

N=N,-e™ rael= In2

Hauntnu:

T
Yucno pacnmaBmuxcsa dagep Oyzer N, — N, a ux poas
L_N ® IOO(VO;
Ny
No—-N _ Ny—Np-e™ 22 N,-N
0 _ VYo 0 =]1-eM=1-¢T ; 20 =1 -
NO NO NO
In2,
—e%3 =1-0,52=0,48 unu 48% mnepBOHAYaJILHOIr'O YHCJIA AJEP

pacnajercsa dyepes 5 Jer.

41
Ilepuox mnonypacnaja paZWOaKTUBHOIO aproHa ;gAr paBeH

110 muH. OnpenenuTh BpeMsda, B TedeHUEe KOTOporo pacnagaercsa 25%
Ha4vyaJIbHOI'0 KOJIMUeCTBa A4ep.

NO_N —

AaHo: T =110 muu; = 0,25.

0
Hantn: t.
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[image: image29.png]Pewenue. 3aKoH paguoakTuBHOro pacmaga N = N,-e M. U3

YCJIOBUA 3aJadn }?]L = 0,75. YuureiBas, 4To A = 1—1-17—12 , IOJIYYaeM:

0

N N In

_ 2
= =M ln — =-At=—-—"2t¢,
N, N, T
Tlnl\]\f] 110 - (—-0,288)
f=——-0. ¢t =— " = 46 H).
OTKYAa n2 0,693 (M1H)

OnpenenuTh IIOCTOAHHYIO pacliaza M 4MCJIO aTOMOB pajioHa, pac-
IIaBIIUXCA B TeUeHHE CYTOK, €CJIM IepBOHavaJbHadA macca pagoHa 10 r.

Ilepuonx nonypacnana 2§§Rn paBeH 3,82 cyT.
Aawo:t=1cyr; Ty, =3,82cyr; m=10r= 1072 kr.
Haintu: A, N,.

Pewenue. Hucso aToMOB pajgoHa
N,=N, 2,
0 A M

rae N, — uucino Asorajgpo, M — MoJdApHasa Macca paJoHAa,
M = 222 xr/KmMoJb, m — Macca pajoHa.

3aKOH pafgmoaKTUBHOro pacnajga N = N,+e™, rne N — yucio
Ajlep, He pacHnaBIIMXCA K MOMEHTY BpeMeHU I, A — IIOCTOSSHHasd
In2

1/2

pacnajga, A = . Hucno aromoB, pacnaBmuxcs 3a t =1 cyr,

oyaet
N1=N0—N=N0—N0-e““=N0(1—e‘“)=NAx

x %(1 - e_;?_/zz't)=6,02-1026. l'zég__‘z +(1- e'%%'l):

= 4,3+ 102! (atomoOB).

BEIYMCINTE 9HEPTUIO ANEePHOIl peaKIIUN
4 4 Tr s
oHe + ;He —»p + SLi.

BrlgendaeTca MY IOIJIOMIaeTCA SHEPTUA IIPU 3TOM peakiuu?
PeweHnne. JHeprusa AJepHON DeaKIUH onpejenaeTcs 10 (op-
MyJie
Q = c*(my + my = Xm)) 1)
cé(my; + m, m)), (

rjge m, U m, — MAacChl YaCTHUll, BCTYIAIOIIUX B PeaKUHIo, 2.m, —
CyMMa Macc Y4acTull, o0pa30BaBIINXCsS B Pe3yJbTaTe PeaKI[H1U.
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[image: image30.png]Ecau maccy 4JacTul BRIpaXXaTh B a. €. M., a 9HEPrHUIi0 peakIuu
B M5B, To ¢popmyna (1) mpumer Buj

Q = 931(m, + m, — >Xm/). (2)
IIpu BEIUMCIIEHUM 3HEPTrUU AJEPHON PeaKIIUM MOXXHO HUCIIOJIb-

30BaTh MacChl ATOMOB BMECTO Macc ux sagep. I3 cnpaBOYHBIX JaH-
HBIX HAXOAUM:

m,. =4,00260 a. e. M.,
oHe

my, = 1,00783 a. e. M.,
1

m7 . = 7,01601 ao eo M.
gL

HedeKT Macchl peaKIIUU paBeH

(2 mgHe - miH — mgLi) = -0,01864 a. e. M.

ITopcraBnsia 3maueHHe gedexTa mMacchkl peaknuu B (2), moy-
YUM

Q@ =931(-0,01864) = —-17,4 (MaB).

ITockonbky @ < 0, TO 3Heprusa B pe3yJbTaTe peaKIUHU IIOTJIO-
IaeTcs.

[E BEIUMCIUTE 9HEePIUio TepMOAAEPHOI peaKIuu

2 3 4 1
H +1H > ,He + n.

AaHo: My, = 2,0141 a. e. Mm.; ms, = 3,01605 a. e. M.;
1 1
M, = 4,0026 a. e. m.; m, = 1,00867 a. e. m.
2 e
Hantu: E.

PeweHue. DHeprusa sAAepHOH peakIiUU olpejesdeTcA 1o (op-
myine E = Amc?;

— A2 - — p2 _
E = cX(may, . —m,) = c(2,0141 + 3,01605

~ 4,0026 — 1,00867) = c2-0,01888 = 9-1016.0,01888 x
x 1,66 10727 = 28,2+ 10713 (Ilxx) = 17,6 (MaB).

+ -m
Mo ~

@ BeIuncuTh 3HEPruio AEePHON peaK Uy
H + 'Li > 2+ 3He + ¢n.
AaHo: me = 2,0141; my = 7,01605; my, = 4,0026;

m, =1,00867 a. e. m.
Hantu: E.

279




[image: image31.png]PeweHune. OHeprus E sAAepHON peaKIUM oOmIpejeNsieTca IO
dbopmyine E = Amc?. Am paBeH pasHOCTH MacC IPOAYKTOB, BCTY-
ITAIOLIMX B PEAKIIHIO 1 ITOJIYYeHHBIX B pe3yJjbTaTe peaKkI[uu:

Am = Moy +my —2my,—m, =

= 2,0141 + 7,01605—-2-4,0026 — 1,00867 = 0,01628 (a. e. Mm.),
la.e.Mm.=1,66°1027 kr.

dHeprud sagepHoil peaknuu E = Amc? = 0,01628-1,66 x
x10727.9.1016=2,4-10712 (I:x) = 15,2 (MaB).
@ Kakxoe xoqu4ecTBO 9HEPruy 0CBOGOKIAETCA IIPU COeTUHEHUN Of-
HOT'O IPOTOHA U ABYX HEeHTPOHOB B OJHO SAPO?

PeweHne. PedysabpTaToOM AJEpPHON peaKIMU CUHTE3a

1 1 3

P +2-9n > H
ABnserca obpa3oBaHUe AApa TPUTHUA. DHepreTHUYecKUH 3dpdeKT
AnepHoil peaknuu E = Amc?;

Am=mp+2mn—m;:H.

Macca nporoHa m,
= 1,00867 a. e. M., Macca TpuTHUA ms, = 3,01605 a. e. M.
1

Torma E = Amc? = (1,00728 + 2-1,00867 — 3,01605)+ 1,66 x
x 10727.9-1016 = 12,8-10713 (IIxx) = 8 (MaB).

= 1,00728 a. e. M., Macca HeliTpoHa m, =

3aAa4YU AAl CAMOCTOSITEABHOIO peLleHuUs

1. OnpegenuTs yacToTy CBeTa, U3JIyUaeMOro ABYKDATHO MOHU3O-
BaHHBIM aTOMOM JIMTUS IIPU IIepexoie 3JIeKTPOHA Ha YPOBEHb C I'JIaBHBIM
KBAaHTOBEIM YMCJIOM 2, eCJid paguyc OpOUTHI 3JeKTPOHA U3MEHUJICA B
9 pas. Oteer: 6,58+ 1015 I'ws.

Q. Kaxyio MIHIMAJIBLHYIO 9HEDPIUIO HeOOXOAMMO COOOIIUTE 3JIEKT-
POHY B aTOMe BOZOPOJa, YTOOBI IIEPEBECTH €r0o N3 OCHOBHOI'O COCTOAHUA
BO BTOpOe Bo30ykaeHHoe? OtBeT: 12,1 3B.

3. OmpexnenuTh AJIWHY BOJHBI KBaHTA, U3JIy4aeMOro aTOMOM BOJO-
pojJia IIPpU Iepexofe C OLHOI'0 IHEPreTHUYECKOr0 YPOBHSA Ha APYroil, ecau
IIPY 3TOM dHeprusa aroMa yMeHboimaach Ha 10,2 3B. Oteer: 0,12 MKM.

4. BerqucuTs IIUHY BOJHEI Ae Bpoiinda Ana 3JleKTpoHa, IIpolies-
IITero pa3HoCTh HoTeHnuauoB 2 kKB. Otser: 2,75-10711 m,

5. BomuucauTs AIUHY BOJHBI Je Bpoiinda AIdA OyJauM Maccoi
0,015 xr, aBuKymelica co ckopoctsio 500 m/c. OtseT: 8,8+ 10735 M.
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[image: image32.png]6. BriuncauTs fedeKT Macchl ¥ SHEPTUIo CBA3U A4pa léN .O1BeT:
0,112 a. e. Mm.; 104,7 MaB.

7. BrrunucauTh 9HEPrUIio CBA3H ALpa ;Li .OTtBerT: 39,3 MaB.

8. BrIuncianTh 3HepreTudecKuii apdexT peakuu
‘ZHe +n— ?H + p.
OrtBer: 1,3 MaB.
9. BrluncauTs dHepreTUdecKuil apPexT peakiuu
fH + ;Li —>ZBe +(1)n.
OrtserT: 15,028 M>B.
10. HeoupeneneHHOCT: CKOPOCTH 3JEKTPOHA COCTaBMIA AUV =

= 10 m/c. OnpenesuTs HeONpeAeJeHHOCTh KOOPAUHATEI JJIEKTPOHA, €cC-
JIU OH ABUMeTcH co ckopocThio 100 m/c. Otser: 5,8+107% M.

11. DaeMenTapHaA YacTHIla B MOTEHIMAJILHON AMe HAXOLUTCH B
BO30YKJIEHHOM COCTOAHNY. KakoBa BepOATHOCTh HAXO0MXKJEHUA YaCTUILLI
B cepeAMHe MOTEeHINaJLHON AMBI? OTBeT NOACHUTE PUCYHKOM. OTBeT:
HYJb.

12. Haubosnsmas AIMHA BOJIHEI K ,-cepun peHTI€HOBCKOI'O U3JY-
yeHnusa 0,21 um. U3 Kakoro MmarepuaJsa caesal autTuxkaron? Orser: Mn.

13. Kakyio HauMEHBIIYIO Pa3HOCTh NOTEHIIMAJIOB HAago NPHJIO-
KHUTh K PEHTT€HOBCKOM TpyOKe ¢ MeJHBIM aHTUKATOLOM, UYTOOBI B CLIEKT-
pe u3nydeHusa Menu ObLIM BUAHBI Bce JuHUM K -cepun? Orvser:
10,7 xaB.

14, IInactuna TommuHOHi 1 cM ocnabiseT UHTEHCUBHOCTS y-U3JIY-
YeHHUS B ABa pa3a. Bo CKOJILKO pa3 YMEeHbBIINUTCA MHTEHCUBHOCTD Y-H3JIY-
YeHUSA OPU NpoxoxkaAeHUU ero yeped 10 nnactun? Orser: 1027 pas.

15. Ilepmox noxypacmasa pafgMOaKTHBHOI'O BeI[eCTBA paBeH
5,3 roga. OnpeneauTs, B TeUEHNE KAKOT'O BpEMEHHU MAacca 3TOr'0 BEIeCT-
Ba ymeHbmmurca B 10 pas. Orser: 17,6 roxa.

26
16. IlocTosnHAA pacnaga pafuOaKTUBHOIO dJeMeHTa |;Al paBHa

A=2,97:-10"14 ¢ 1, Onpegenurs NPOXOIKUTEILHOCTD KUSHUA U NEPUOX
moJjypacnazga 3Toro aaemenra. Orser: 1,07 - 106 jger; 7,4+ 109 jser.
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1. OcHoBHbIe du3uyecKue NOCTosHHbIC
(OKpYrAeHHble 3Ha4YeHMA)

dusnyeckan O603Ha- q
JCJI0BOE 3HAYCHHUE
IIOCTOAHHASA JeHUe

HopmanrsHOe ycKopeHue ¢Boboa- g 9,81 m/c?
HOTo NnajgeHusd
I'paBuTaMOHHAA IOCTOAHHAA G 6,67+:10711 M3/(kr -+ c)?
MoJsssipHas radoBasi NOCTOAHHAA R 8,31 II>x /(K » MoJIB)
ITocTroanHas BoapnMaHa k 1,38 10723 IT>x /K
JJIEeMEeHTAPHBIN 3apAn e 1,60+-107"12 Kn
Macca NoKosi 9JIEKTPOHA m, 9,1-1073! kr
CKOpOCTb CBETa B BAKYyMeE c 3:108Mm/c
IMocrossunasa Credpana— Boabn- c 5,67 +1078 Br/(M2+ K4%)
MaHa
IMocrosannas Buna B nepsoM 3a- b, 2,89-103m-K
KOHe (CMeLleHU )
ITocTossunasa Buna Bo BTOpOM 3a- b, 1,3+107° Br/(Mm2 - K5)
KOHE
IMocroanrasn Ilnanka h 6,63-10734 Ik - c

h 1,05-10734 Tk - c
IMocrosiunas Punbepra R’ 1,097-10" m~1
BopoBcKkuii paguyc a 0,529:10710 M
KoMnToHOBCKasA AJINHA BOJIHEI Ac 2,43-10712
3JIeKTPOHA
JHeprus MOHUIAIMU aToMa BO- E, 2,18-10718 ITrx =
Aopoza = 13,6 3B
ATOMHAaA eIUHUIIA MAaCCHI a.e.M 1,66+10727 xr
JHEpPrusa, COOTBETCTBYIOIAA 931,50 MsB
1a.e. M.
JJIeKTpUYecKas MOCTOAHHASA €o 8,85:-10712 ®d/m
MarHuTHaA NOCTOSHHAA Ho 4n+107"TH/M
ITocTossHHAs ABOrajgpo N, 6,02 1023 moap™!
Macca nmoxos IpoToHa mop 1,67-10727 kr
O61eMm 1 MosIA UgeasbHOrO rasa Vo 22,4 1073 m3/moab
IIpY HOPMAJBHBIX YCIOBUAX
(T, = 273,15 K, p, =
= 101325 Ila)
MarsaeroH Bopa 1 9,27-10724 o /Tx
fnepHbIil MAarHeTOH 1 5,05+10727 Ty /Tn
ITocrossuuasa Papages F 9,65 Ki/Moab
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[image: image34.png]Q2. Hekoropbie aCTPOHOMUYECKHE BEAMUMHDI

Paauyc 3emunu (cpeHee 3HAYEHUE)

Macca 3emau

Paguyc Cosnng (cpeHee 3HaYeHHUE)

Macca Coauna

Paguyc JIyusl (cpengHee 3Ha4YeHUE)

Macca JIyHEBI

CpenHee paccTosiHNE MEXAY IIEHTPaAMH

3emu 1 JIVHEI

6,38 -
5,98 -
6,95
1,99-
1,74 -
7,35

3,84 -

CpenHee paccTossHNEe Mexay leHTpamMu CoJiHIIa

U 3eMJIu

ITepuop obpamenus JIyHbl BOKPyr 3eMJIH

106 M
1024 xr
108 M
1030 gr
106 Mm
1022 gr

108 M

1,510 m

3. YAaeAbHoe conporrBAeHue, 108 Om+m

Boasdpam 9,5
Keieso 9,8
Mens 1,7

53

Hukenmun 40,0

Huxpom 110,0

Cepebpo 1,6

4. AviaAeKTpHYecKas NPOHMLACMOCTb

(OTHOCHT@AbHAs) BeLeCTBa

Bakesaut
Bona

4,0
81,0

Macso Tpanchopma-

TOPHOE

5. lNoka3sareAb NPeAOMACHMS

Anmas

Bona
I'nuepus
KamenHas coJb

2,2

2,42
1,33
1,47
1,54

ITapadun
Cnaona
CrexkJio

KBapn
Cepoyriepon
Cxununpgap
Crexiio

6. NHTepBaAbl AAMH BOAH, COOTBETCTBYIOLLME
pPa3AMYHbIM LIBETaM CNEKTPa, HM

P1oJIeTOBBINA
CuHun
T'ony6oii
3eJIeHbIi

400—450
450—480
480—500
500—560

HeiThrit
OpaHJKeBuIi
KpacHbrit

2,2
6,0
7,0

1,55
1,63
1,48
1,52

27 cyr T4 u 43 Mun

560—590
590—620
620—760
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[image: image35.png]7. Macca m u 3Heprua E, nokosi HeKOTOPbIX SAEMEHTaPHbIX
4YacCTHL U ACTKMX SIACP

m Eo
YacTuiiel

a.e. M. 1027, kr MsB 1019, T«
IJIeKTPOH 5,486 - 1074 0,00091 0,511 0,00082
IIpoTou 1,00728 1,6726 938,28 1,50
Heittpon 1,00867 1,675 939,57 1,51
IeiiTpoH 2,01355 3,3325 1876,5 3,00
OL-4acTHUILa 4,0015 6,6444 3726,2 5,96

8. Pabota BbIXOA@ SIACKTPOHOB M3 METaAAAa, 3B

AJTroOMUHNHT 3,7 Hukesns 4.8
Boasdpam 4,5 ITnaTuna 6,3
JInTumn 2,3 Iles3nit 1,8
Mean 4,4 ITuuk 4,0

9. MepHOAbI NOAYpacnaAa HEeKOTOPbIX PaAMOAKTUBHbIX

ACMEHTOB
oCa 164 cyT U 7,1-108 jer
2aST 27 ner U 4,5-10° ner
z;gpo 138 cyT z;gRa 1590 jnet
*>Rn 3,82 cyT ‘H 12 ner

10. NMoTeHuMaA MoHM3aLUmK, 3B

Bonopon 13,6
PryTs 10,4

11. MAOTHOCTD XKHMAKOCTEH, 1073 Kr/m3

Boga (npu 4 °C) 1 MacJio 0,9
I'nunepun 1,26 PryTs 13,6
Kepocun 0,8 Cnouprt 0,8

12. MAOTHOCTb ra3oB (NP HOPMAAbHBIX YCAOBMSIX), KI/M3

A3zor 1,25 Boagyx 1,29
Aprou 1,28 Tenuix 0,18
Bonopon 0,09 Kucaopon 1,43
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[image: image36.png]13. MAOTHOCTb TBePAbIX TeA, 1073 kr/m3

TBepnoe Teso 1078 xr/m3
AJTroMuHHN 2,7
Boasdpam 19,75
Heeszo (cTasnb) 7,85
KoHcTaHTaH 8,9
Jlen 0,92
Mennb 8,8
Huxkensn 8,8
Huxpom 8,4
®dapdop 2,3

14. 3dPeKTUBHDLIA AMAMETP MOACKYAbI razos, 1070 m

A3soT 3,1 Bosngyx 3,0
Apron 1,78 Tenun 1,9
Bonmopox 2,3 Kuciopon 2,9

15. YAeAbHas TenAoTta naaBAeHMs, 10-4 Ax/kr

Jlen 33,5
CBuHeIl 2,3

16. YAeAbHas TenAoTta napoobpasoBaHus, 10> Ax/Kr

Bozna 22,6
Adup 6,68

17. YaeAbHas TenAoeMKocTb, 1072 Ax/(kr + K)

Boxa 41,9 Huxpowm 2,20
Jen 21,0 CBuHel 1,26

18. TemnepaTtypHbiiH KOIPPULIMSHT CONPOTHBACHMS
NPOBOAHMKOB, 103 K

Boabsdpam 5,2
Menn 4,2
Huxennn 0,1
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[image: image37.png]19. Macchbi H30TONOB HEKOTOPbIX HEHTPAAbHbBIX aTOMOB, a. €. M.

JJIEMEHT CHCTEMbI HN3oTon Macca
H 1,00783
Bonopoz fH 2,01410
*H 3,01605
He 3,01605
Teun 1
He 4,00260
JIuTuii TLi 7,01601
Bepuimii ZBe 7,01169
B 10,01294
Bop T
:B 11,00931
Asor YN 14,00307
0 15,99492
KucJiopoz T
o) 16,99913
AJIOMUHKR 27Al 26,98135
Kpemuuit 2'Si 26,81535
®ocdop 2p 32,97174
Cepa %S 32,97146
Heneso *oFe 55,94700
Mezs >sCu 63,5400
Bonsdpam W 183,8500
) “Mg 23,98504
Maruuit T
‘Mg 26,98436
Kanbuuit 20Ca 47,95236
Cepe6po Ag 107,869
Panuit 2 Ra 226,0254
Topnii zggTh 232,038
Vpan 22U 238,0508
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