denepabHOE aTEHTCTBO MO 00Pa30BaHMUIO

['ocynapcTBeHHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIETO MPOGECCUOHAIBHOIO 00pa30BaHUs
«Ky30acckuii rocy1apCTBEHHBIM TEXHUUECKUN YHUBEPCUTET

Kadenpa ¢puzukn

OU3UKA

Metoaudeckue ykazaHus MO BBIMTOJHEHUIO KOHTPOJIbHOM padoThl Ne 4
JUTSI CTYJIGHTOB 3a049HOU (POPMBI 00yUeHUS
o Kypcy 00111e#l GU3UKH IJIs BCEX CIEeHaTbHOCTEN

CocraBurenu T. A. banamosa
H. H. lemunosa
T. B. JlaBpswmmuna

VYTBepKaeHBI Ha 3aceaHIH Ka(eaphl
ITpotokos Ne 3 ot 07.11.2007

PexomeH10BaHbI K TIeUaTH
y4eOHO-METOANYIECKON KOMHUCCHEH
HanpasiieHus 130404

ITporokon Ne 8 ot 28.11.2007

DIIeKTpOHHAS KOIHS HAXOIUTCS
B OMOJMOTEKE TJIAaBHOT'O KOpITyca
I'Y Ky3sI'TY

Kemeposo 2007



JlaHHBIE METOJIMYECKHE YKa3aHHUs SBISIOTCS KOMMEHTapueM K
yueOHOMY TTocoOmnto «Pusmka. IIporpamma, MeToIMYECKHE yYKa3aHHS
W KOHTPOJBHBIE 3aJaHUs I CTYJICHTOB-3a0YHUKOB HMHXXEHEPHO-
TEXHUYECKUX W TEXHOJOTMYECKHUX CHEHHUAIBHOCTEH BY30B» IO PEI.
B. ®©. /Imutpueson [1].

Ilepen BBITOTHEHWEM KOHTPOJBHOM pabOTBl HEOOXOIUMO
03HAaKOMHUTBCSA C OOIMMU METOAMYECKUMH YyKazaHusimu [1, c. 7-11].
He mpucrtymnaiite Kk pelnieHuo 3ajaay, He MpopadoTaB TE€OPETUUECKUM
MaTepuajl Ha COOTBETCTBYIOIIYIO Temy. PenieHue 3amau  pasjgena
«KBanToBas (¢u3mKa» CTaBUT IIepel CTyJACHTaMH—3a0YHHUKAMH
00s13aTeNbHOE YCJIOBHE pPa300paThbCs C HEMPOCTHIMH IOHATHSAMH
KBAaHTOBOM MEXaHUKH M (PU3MKH KOHJICHCHPOBAHHOTO COCTOSHUS.
HeoOxoaumble M1 3amudThl KOHTPOJIBHOM  paOOTHI OMpEACICHUS,
TIOHSITUSL U 3aKOHBI BBIICTICHBI KYPCUBOM.

KonTtpouabnas padora Ne 4
B 3amauax gaHHOW KOHTPOJIBHOM pabOTHl 0OCYKIArOTCS
AJIEMEHTBHl KBAHTOBOW MEXaHWKH, OCHOBHBIC IIOJIOKEHUSI TEOPUH
aToma | sipa, GU3NKU TBEPJOTO TeJa.

3agaun 1-10 Ha Temy «BomHOBBIE CBOMCTBA MHKPOYACTHII.
I'nnoresa ne bpotsy».

Kopnyckynapno-eonnosou  oyanusm  6oin u  wacmuy ——
dbyHIaMEHTaIbHBIA 3aKOH MPUPOABL. 3aKOH, C(HOPMYITHPOBAHHBIM
JIyu ne bpoiinem (1924 r.) cocrour B TOM, 4YTO JHOOOM
MUKPOCKOTTUYECKHI O0BEKT 00JaaeT KaK CBOMCTBAMH YaCTHIIbI, TaK
M CBOHCTBAMH BOJHOBOTO TMOJII. OHEprus & MHKPOOOBEKTa
MPOIMOPIHOHATIEHA YACTOTE V €T0 BOJHBI

e=hv,

a IMITyJIbC D MPOIOPLHOHAICH BOIHOBOMY BEKTOpY K :

p=_—k,
2T
34
rae h =6,63-10 7" JIx-c — mocrosaHas [1nanka.
Jnsd TI0CKOM MOHOXPOMATHYECKOM BOJIHBI CBSI3b  MOMYJIS
BOJIHOBOT'O BEKTOpA k C IJIMHOM BOJIHBI A ©UMEET BU]I
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CnenoBaTebHO, YaCTUIIE MAaCCOM m, ABUXKYIIEHCS CO CKOPOCTHIO 0,
COOTBETCTBYET JIMHA BOJIHBI A

k

LA

p mu
CBs3pb MEXIYy KUHETHYECKOW HJHepruen 1 4YacTulbl U €€
HMMITYJIbCOM p 3aBUCUT OT CKOPOCTH TOM YAaCTHUIIBI (CM. KOHTPOJIBHYIO
padoty Ne 3) [1]. Tak, mns knaccudeckoil dacTuibl (3agauu 8, 9),
JIBHKYIIENUCS CO CKOPOCTBhIO U<<c (¢ — CKOPOCTh 3JEKTPOMArHUTHOU
BOJIHBI B BaKyyMe€), KUHETUUYECKas Heprus 1 ¥ UMITYJIbC p CBSI3aHBI
COOTHOIIICHUEM

mv>  (mv) p?
2 2m  2m

a JUIs1 pelaTUBUCTCKOM yacTuubl (3agaun 4—7, 10), IBMXKyIIEHCS co
CKOPOCTBIO U ~ ¢, YKa3aHHAsI CBSI3b UMEET BUJ]

p :l\/T(T+2EO), (1)
C

rae £y — 3Heprus MoKos peasTUBUCTCKON YaCTHUIIbI.
[Tpumeyanus:
1. Ilepen pemieHmem 3amad, B KOTOPBIX OIMCHIBACTCS JABHKCHUE
PENATUBUCTCKUX YaCTHIl, pazoepute npumep 1 [1, c. 99].
2. B 3agadax 1-3 uCHOJIB3yeTCS MOHATHE «KOMITOHOBCKAs JIJIMHA
BOJIHBI YaCTHULIBDY (CM. KOHTPOJIbHYIO padoTy Ne 3) [1].

ho=—,
mgpcC
rae my — Macca mokost yactuusl [1, c. 122, tabn. 16]; myc=p —

KOMIITOHOBCKAM WMITYJIbC YaCTHIbl. YaCTUIBI C TaKOW JIMHOU
BOJIHBI SIBJISIFOTCSL PENATUBUCTCKAMU. J[JII HHUX HCHONB3YUTE
dopmymy (1), u3 koTopoit

(pc)’ =T* +2E,T



(Bamauun 1-4, 10), u QopMyiy, CBS3BIBAIOIIYI0O KHHETHYECKYIO
SHEPIUI0 7' ¥ CKOPOCTH U YaCTUIIbI,

T-E|—1 1|

1-0° / ¢’
uiu GopMyITy Ui PEISTUBUCTCKOM MacChl m YacTuIlbl (3aaauu 3,6)
"y

1—7)2/02 .

m =

3. DaexTpoH (3apsa dJAEKTpoHA |e| = 1,6:10™"° Ku), npomenmmii B
AIEKTPOCTATUYECKOM TI0JI€ YCKOPSIOIIYIO0 Pa3HOCTh IMOTEHIIMATIOB
U (3amaga 7), mpuoOpeTaeT KUHETHYECKYIO HHEPIruio, PaBHYIO
paboTe CHJT YCKOPSIOIIETO TOJIA:

T=eU.
4. DHeprusi TEIJIOBOTO HEWTpOHA (3ajadya &) pacCUUTHIBACTCS IIO
3 AL
dbopmyite EZEkT , rie k = 138107 K — HOCTOsSHHas

bonsnmana.
5. Pemras 3agauy 9, yuture, uto 1 3B = 1,6-10_19 JIK.

3agaun 11-20 Ha Temy «COOTHOIIEHHE HEOMPEACIEHHOCTEN
I'efizenOepray.

B krnaccuueckoif MexaHMKe Jr00as 4YacTWIla JBIDKETCS TIO
ONPEICICHHON TPACKTOPUH, TAK YTO B KaXKIblil MOMEHT BPEMEHH €€
KOOPIUHATHEI (X, Y, z) M NPOEKUUU HMIYIbCa (Py, Py, p:) TOYHO
onpeaesneHbl. JIBH>KEHWEe MHUKpPOYACTHIl U3-32 HAJIW4Yud y HHX
BOJTHOBBIX CBOWMCTB CYIIECTBEHHO OTJIMYAETCA OT JBHXKEHUS
KJIACCHYECKUX 4YacThll. B 93TOM ciyyae HeNIb3s TOBOPUTH 00
ONpPE/CIICHHON TpPaeKTOpUM, a CJIEJ0BATEIIbHO, HENPaBOMEPHO
TOBOPUTH M 00 OJJHOBPEMEHHO TOYHBIX 3HAYEHUSX €€ KOOPAUHAT (X, ),
Z) ¥ IPOEKIUH UMITyNIbCa (py, Py, p-) Ha KOOPIAMHATHBIE OCH.

VYuuteiBass BOJHOBBIE CBoMcTBAa dYactuil, B. Ieitsenbepr
YCTAHOBUJI COOMHOWEHUE HeonpeoeieHHOCmell, COTIACHO KOTOPOMY
MIPOU3BE/ICHHE HEOIPEIETIEHHOCTEN KOOPJIMHATHI U




COOTBETCTBYIOIIEH € MPOEKIIMN UMITYJIbCa HE MOXKET OBITh MEHBIIIE

2_7-[.

h h h
AxAp. > AyAp,>—, AzAp,>—.
Px 2o, AyApy = Pz 2 2)

N3 cooTHOMIEHUS HCOHpCI{CJ’ICHHOCTGﬁ ciacayer, 4ro I

YacTUIIBl C TOYHBIM 3HAYCHUEM, HampuMmep, kKoopauHaTel x (Ax = 0),
COOTBETCTBYIOIIAsl TPOEKIMA €€ HUMIyJbca OyAeT COBEPIICHHO
HeomnpeaeaeHHoM (Ap, = o).

1.

2.

[Tpumeyanus:

IIpucTynas x peleHuro 3aj1a4 JaHHON TeMbl, pa3oepuTe npumep 2
[1, c. 100].

Ilepen pemenueM 3amauu 11 BBISICHUTE IIOHSATHE «OECKOHEYHO
rIyOoKasi OJHOMEpHas MOTEHIHalIbHAs sMa» (CM. C¢. 6 JTaHHBIX
METOAMYECKUX  YKa3aHWMH) W NOPUMHUTE  HEONPEACICHHOCTb
KOOpPAWHATBl  JJEKTPOHA  PABHOW, HanpuMmep,  IIMpHUHE
HOTEHIMATBHON MBI Ax ~ (|

. B 3agade 12 xpome cooTHorieHus (2) HEOOXOIUMO HUCTOJb30BAThH

BBIPpAKCHUC  TJII  MAKCHUMAJIbHOI'O  3HAYCHHA KUHETHUYECKOMH

SHEPIUH OCILIUILIATOPA, COBEPIIAIOIIErO rapMOHUYECKHE
KOJIcOaHUs
2 2 2 2.2
pymax _ mx,,®" _ mx,, 4ty
X = —
2 2
[lpuHuMas  HEONPENENEHHOCTh  KOOpAWMHAaThl Ax=~Xx,, a

HEONPEICICHHOCTh IMPOECKIIMM MMIYJbCAa Ha KOOPJAWHATHYIO OCh
Ap. = P, ¥ BCTIONB3ys CBA3b MMITYJIbCA U KHHETHYECKOM DHEPIHH,

MOZKHO OoIIpPCACIUTD MHWHHUMAJIBHOEC 3HAYCHUC OHCPIruu
rapMmOHHYCCKOI0o OCHUJLIIATOPA.

. MuHUMaNbHYI0O HEONPEAECIEHHOCTh AU CKOPOCTH 3JEKTpPOHA B

aTome BojopoJa (3amada 13) Hailigure, npuHUMas Ax =~ r (Tak Kak

IIOTPEITHOCTh B OIpEACIeHHH KOOPAWHATBI AX HE MOXKET OBIThH
OOJpIlIe  CpPEeAHEr0  PAcCTOSHUSI  DJIGKTPOHA OT  sjpa), a
HEONPEAEIEHHOCTh UMITYJIbCA

Ap #mAv,



rZe m — Macca 3JIeKTpoHa. Torga HeonpeneaeHHOCTh AU CKOpOCTH
MIPY VICTI0JIb30BAaHUHU COOTHOIIEHHUS (2) paBHA

Av =" ©
2 wmr

5. UtoObl mOKa3aTh, MOXET JIM DJEKTPOH HAXOJIUTHCS B SIpE
(3amava 14), HY)XHO paccyuTaTh MOTPEITHOCTh OINPEACICHUS
CKOPOCTH 3JICKTpPOHA, HCIMOIB3ys dopmyny (3), rae » — pamayc
anpa. Ecmu okaxkercs, yto Av Oojbllle CKOPOCTH CBETa, TO
AJIEKTPOHA B sA7Ipe OBITh HE MOKET.

6. MuHuMaIbHasi HEONpeaeIeHHOCTh AX KOOpAMHATHI (3a1aun 15, 16)
PacCYUTHIBACTCS, €CIU MPUHITH AU, = Uy, KOTOpas HE MOXET OBbITh
OOJIBITIE CKOPOCTH CBETA C, TOITOMY

Ax . = L
27mce

7. CornacHo yCJIOBHIO 3aJlauv 16 TIPOTOH SIBIISIETCS PEIATUBUCTCKOMN
JacTUIICH, MMIYJIbC KOTOPOH paccuuThiBacTcsa 1o dopmyne (1).
Kunernueckass sHeprusi 4yacTulbl B JAHHOM CIly4ya€ paBHa €€
sHepruu nokost Ey (T = Ejy). HeonpeneneHHOCT, uMItysibca Ap,
OepeTcst paBHOM MPOEKITUH py UMITYJIbCA YACTHIIBI.

8. B 3amaue 17 HeomnpeaeneHHOCTh MPOSKIUU Ap, UMITyJIbca POTOHA
Ha OoChb X NMPUMHUTE, HATPUMEP, PABHON 3HAUYEHUIO MPOEKIIMU €ro
MMITyJIbCa Ha YKa3aHHYIO OChb Ap, & p, = h/\.

9. Ilpu pemennn 3agad 19—20 pazoepute npumep 3 [1, c. 100-101],
MIPUMEHUTE COOTHOIIIEHUE HEOINPEJICTICHHOCTEN ISl SHEPTUU U
BpEMEHU

AEAL> -

27

rie AE — HEOnmpeJerIeHHOCTh HSHEPrUU YACTHUIIBI B HEKOTOPOM
COCTOSIHMH; Af — HEOINPEACIECHHOCTh BPEMEHH, KOTOpas paBHa
BPEMEHU HAXOXJECHUS YaCTHUIIBI B 3TOM COCTOSIHUMU.

3anaun 21-30 Ha Temy «YpaBHenue lllpenunrepa. [IBmxenue
Y4acTHUIl B 0ECKOHEYHO TTyOOKOH OJTHOMEPHOM MOTEHIIUATIBLHON SIME).




VYpaBuenue O. Hlpenunrepa (1926 r.) — OCHOBHOE YpaBHEHHE
HEPEJISATUBUCTCKOM KBAaHTOBOM MEXAaHMKH — OIIMCHIBACT JIBMIKCHHE
MMKPOYACTHII B CUJIOBBIX MOJISIX, YYUTHIBAs X BOJHOBBIE CBOMCTRA.

Obuee (3aBucAIee OT BpeMeHH) ypasHneHnue [llpeduncepa nns
YaCTHI] MacCOM m, JABMIKYIIHXCS CO CKOPOCTAMHU U << ¢, UMECT BUJ

h° ., oY
——AY +U(x,y,z,t)‘P =ih—,
2m ot
rie h=h/(2n)=1,054-10"* Jixc — nocrosmHas IlnaHka;
o’Y oY oY
AY = + + _ .
o ay? | &z’ oneparop Jlammaca s BOJHOBOU
Y-pynkmuu, 3aBHCAIIEd OT KoopauHat W BpeMeHw; U(x,y,zt) —
MOTEHIIMabHasT (DYHKIMS YacTUIBl B CHJIOBOM IOJie; I — MHHUMas
SAMHUIIA.

BonnoBass W-QyHKIus 0KHA YIOBIECTBOPATH CJIEIYIOIIUM
ycinoBusiM: 1) OBITh KOHEYHOW, OJHO3HAYHOM U HEMPEPBHIBHOMN;
2) UMEeTh HEMPEPHIBHBIE MPOU3BOJHBIE 1O KOOPJUHATAM U BPEMEHH;
3) YAOBIIETBOPATH )CI08UIO HOPMUPOBKUL

[[¥fav=1.

vV

Ecnu 3HAYEHUS SHEpPruun YaCTHUIIbI (bUKCUPOBaHBI
(cranmoHapHble cocTosiHus), TO U(x,),z) HE 3aBUCUT SIBHO OT BPEMEHU
U HMEET CMbICI MOTEHUHAIbHOW »JHepruu. Torna ypasHnenue
LlIpeduneepa Ons cmayuoHapHsviX cOCMOAHUY TPUMET BUJT

2m
Ay+ 5 (E-U)y=0, (4)
rie E — momHas sHEprus 4acTullbl B cWJIOBOM mnoie; (E—U) — ee
KUHETUYECKas SHEPTHUSI.

N3 mHOkecTBa pemieHui ypaBHeHUs (4) Qu3nuecKkuil CMBICI
HMMEIOT TOJIBKO PEIIECHUS TPU ONPEACIECHHBIX TPAHUYHBIX YCIOBUsIX. B
ATOM ciiydae \Y-(QYHKIIUM Ha3BIBAIOT COOCMBEHHbIMU (QYHKYUAMU, A
3HAYCHUS PHEPTUH E HA3bIBAIOT COOCMBEHHbIMU 3HAYEHUSMU.

JIist 4dacTuilel, JBIDKYIIEHCS BIOJAbL OocM X B OECKOHEYHO
r1yOOKOM OJTHOMEPHOM MPSIMOYT0JIbHOM MOTEHIIMAIbHOM siMe (puc. 1)



UPUHOW L, TOTEeHUHaIbHAas 3Heprusi kortoport U(x) = oo mnpwu
0>x>L nu Ux)= 0 npu 0< x < L, ypaBHeHue IllpeauHrepa
3aIUIIETCS B BUJIE

2
d;"+2’?E\|;=O. 5)
dx h
| |
I |
| |
U=w U=0 U=w
0 I X
Puc. 1

Tak kak yacThIlla TIO YCJIOBHUIO 3aJa4dl 3a TIpeaesiaMH SIMbI
HaXOOUTHCS HE MOJXKET, TO Ha TpaHHWIAX SMbI HEIPEPBHIBHAS -
dbyHKIIS oOpamaercs B HOJIb

y(0)=w(L)=0.
Pemras ognoponHoe nuddeperuaibaHoe ypaBHeHHE (5) BTOPOTo
2m )
nopsika, 00O03HAYUM h—zE =k”, torga oOmMM ero pelmeHueM

Oymet pyHKIUS BUAA
y(x)= Asin kx + B cos kx.

Hcnonb3yst rpaHUYHBIE YCIOBHS, COTJIACHO KOTOPBIM HEIMPEpPBIBHAA
y-QYyHKIMS Ha TpaHUIle SMbl oOpamfaeTrcs B HOJIb, TMOJYYUM
BBIPAKECHUE

y(x)= A4sin kx,

KOTOpOE OyIeT BBIOIHATHCS TONBKO IIpu k = nn/L, tnen=1,2, 3, ...
CoOcTBeHHBIC 3HaUEHUS YHEPTruu E,, (YpOBHM DHEPTHHU) YACTHUIIBI
B O€CKOHEUYHO TITyOOKOM MOTEHIIMALHON SIME



nh? )

E, = T,
2mL

T n — 21agHoe Keanmosgoe yucio. VI3 3Toro ypaBHEHUs BUIHO, YTO
MUHUMAJIbHYIO0 JHepruro F,,; dYacTulla HUMEeT Npu 3HAYECHUH
KBAaHTOBOro uucia n = 1 (3amaua 23), a uaMeHeHue >Hepruu AE npu
MEPEX0/I€ YACTHUIIBI C OJHOTO SHEPreTUYECKOr0 YpPOBHS Ha JPYrou
(3amauu 21, 22)

AE=E —E,,

rne £, m E; — 3HaYE€HUsA >HEPrUM YacTUIBI HAa COOTBETCTBYIOIIEM
SHEPreTUYECKOM YPOBHE. Pa3znocth SHEPTrUin COCEIHUX
SHEPreTUYECKUX YpPOBHEM (3a/ada 24) 3aBUCUT OT MACChl 71 YaCTHUIIbI,
IIAPUHBI SIMBI L. © KBAHTOBOT'O YHCJIA K

222 2472
AE=E, - FE,= T h2 [(n+1)2—n2]: T h2 (2n+1).
2mL 2mL
Eciu n 1ocTaToO4HO BEIUKO, TO
n2h2
mfz

CoOcTBeHHBIC Y,,-DYHKITUN JJIs1 JAHHOW YaCTHIIBI IPUMYT BU/T

AE =

n.

v, (x)= A4sin %x,

2
roe 4= \/; OTIPEICTISICTCS U3 YCA0BUSL HOPMUPOBKU I ,,-(DYHKYUU

L L
[y, [dx = A2 [sin?| ™ lax =1.
0 0 L

Torna, 3Has BU COOCTBEHHOM - yHKITUH

] (x):\/zsinﬂx
n L L ’

MOXXHO  OINPEICINUTh BEPOSTHOCTh HAXOXKACHUS YaCTHIBI B
COOTBETCTBYIOIIEH 00MacTH MPOCTpaHCTBA. B ciaydyae OgHOMEpPHOTO
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ABUKEHUSl YaCTULIB geposmHocms dW obuapyscums uacmuyy 6
unmepsaie om x 00 x+dx BeIpaxkaercs GopMysion

aw = ‘\Vn (x)‘2 dx,

2
rae ‘\V " (x] — IUNIOTHOCTb BEPOSTHOCTH (3anauun 25-27).

Beposamnocmo W obnapysicums uacmuyy 6 unmepsane om xi 00
X, (3agaum 28-30) HaxXoauTCs WUHTErpUpoBaHUEM dI/ B yKa3aHHBIX
npenaenax

X9 )
W= [ |y,(x) dx.
x|
Ha puc. 2 mpuBeneHbI 3aBHCHMOCTH IUIOTHOCTH BEPOSTHOCTH
2
w,(x)° obHapyxenns wacTuibl Ha pasTUYHBIX PACCTOSHUAX OT

CTCHOK SIMBI JIJISI KBAHTOBBIX COCTOSIHUI YaCTHUIIBI C OHECPIrusaMu E 1o Ez
nu E3.

el |¥n (]2 An
Es 3
Eg/ \_/_\ 2
i
. > i
X
Puc. 2

[Ipumep 1. DNeKTpOH HAXOAUTCA B OECKOHEUHO TIIyOOKOMU
OJHOMEPHOM TOTCHIMAIIBHOM M€ IIUPUHOM L B OCHOBHOM
coctosiHuM (n = 1). BeIUUCIUTH BEPOSITHOCTH W TOrO, YTO 3JEKTPOH
OyzeT oOHapyXeH B CpeaHEN TPETH MOTCHITUATBHOM SIMBI.

n=1 Pemenue.
(1/3)L <x<(2/3)L BeposatHocTh W 00HApYKUTh JJIEKTPOH B
w2 \ HHTEpBaIe X| <X <X, OIpEAcIICTCsI YypaB-

HEHUEM
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X2
W= ]|y, (x) dr, ©6)

X1

rae y,(x) — HopMUpOBaHHAsI COOCTBEHHAsI BOJIHOBas (DYHKIIUS MMeEET

BU
\} (x)z,/gsin X (7)
" L L

KBagpaTt Moaysis 3Tol GyHKIIMH ONPEaeseT IUIOTHOCTh BEPOSITHOCTH
oOHapy’KeHUs YacTUIlbl B yka3aHHOM uHTepBaie. [loactaBus (7) B (6),
MOTYy4YUM

X)
W = 2 | sinz(n—xjdx.
L L

JI71s BBIUMCIICHU JAHHOTO MHTETpaia MPOU3BEIEM 3aMEHY :

sin Z(Ejdx = l(l — COS 2ﬂj
L 2 L

U JUIs 3HaueHut x; = L/3 u x, = 2L/3 paccuntaem BepOsSTHOCTh

1 2L/3 2L/3 -
W =— Idx—jcos—dx =0,61.
L L/3 L/3 L

CrnemoBarenbHO, BEPOSITHOCTh OOHAPYKHUTH AJEKTPOH, HAXOISIIUICT
B OCHOBHOM COCTOSIHUHM, B CPEJIHEM TPETH MOTCHIIMAILHOIO SIIHKA
paBHa 61 %.
[Tpumeyanus:
1. Macca vactun (3agauu 21-24) npusenena B [1, c. 122, Ta6i. 16].
2. DHeprus, wu3Jdy4aemMas IpU TMEPEXOJI€ YaCTUII C OJHOTO
SHEPreTUYECKOr0 YpOBHA Ha Jpyrou (3amgaum 21, 22) csizaHa ¢
JUTHHOM BOJIHBI A M3BECTHBIM COOTHOIIIEHUEM

_he
e

3. B ycnoBum 3amaum 24 MHUpPUHY TMOTCHUAAIBHOW SIMBI MPUHATH
paBHoOM 0,1 HM, a CPEAHIOIO PHEPTUIO TEILUIOBOIO JBWKEHUS aTOMa
OTpeACIuTh 10 (popMyIie

e
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()= 24T

4. Ilepen pemenneMm 3amau 25-27 paszbdepure npumep 4 [1, c. 101—
102].

5. Touku, B KOTOpPHIX TIUIOTHOCTh BEPOSTHOCTU TMPUHUMAET
MHUHUMaJIbHOE WJIM MaKCUMallbHO€ 3HadyeHus (3amadya 27),
BbIOMpatoTcs myteM Bapuanuu x (0, L/4, L/2, 3L/4, L) nna pyHKmuu

v, (x)° = 2 Gn2 T
L L
6. OcHOBHOE (HEBO30YKIECHHOE) COCTOSHHE YaCTHIILI C dHEpruei £
omnpejessseT KBaHTOBOE unucio # = 1 (3amaum 25, 26).
7. Pemenue 3amga4 27-30 He BBI30BET 3aTPyAHEHUS, €CJIM Pa300paTh
npumep | JaHHBIX METOIUYECKUX YKA3AHUMU.

3agaun 3140 Ha Temy «lloctymatel bopa u onTuueckue
CIIEKTpbI. PEHTTE€HOBCKHUE JTyUm».

Jnst oOBsiCHEHUS ONTUYECKUX crekTpoB aromoB H. bop
NOPEAJIOKUII TEOPUI0, B OCHOBY KOTOPOW OBLIM TMOJOKEHBI J1Ba
[IOCTYyJIaTa.

1. DMEeKTPOHBI B aTOME ABUKYTCS IO KPYTOBBIM CTallMOHAPHBIM
opOuTaMm, MpU 3TOM aTOM HE M3IY4YaeT U HE MOTJIOMIAeT SHEPTHIO.
Ycnoeuem  cmayuonapnocmu  s1ekmpouHvix  opbum  A61Aemcsl
K8AHMOBAHUE MOMEHMA UMNYIbCA INEKMPOHA

h

mo,r, =n—, (8)
27

r7ie m — Macca dJEeKTPOHA; U, — €ro CKOPOCTh Ha n-OM 3JIEKTPOHHOMN
opbute paauyca r,; h — nocrosinaas [lnanka.

2. M3znyuenue ucnyckaemcs uiu no2uiowaemcs 8 uoe c8emoso2o
Keanma 3xepeueli hv npu nepexooe amoma u3z 00H020 CMAYUOHAPHO2O
cocmosiHus 8 Opyeoe. BenmnunHa KBaHTa paBHA PA3HOCTH DHEPTHM TeX
CTallMOHAPHBIX COCTOSHHM aToMa, MEXIy KOTOPBIMH COBEpPIIACTCS
MepPeXo/I;

hv =En _Ek'

Ha 351eKTpoH B aTOME CO CTOPOHBI MOJIOKUTEIBHO 3apSKEHHOTO
A5ipa JEUCTBYET KyJOHOBCKAs CUia
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Z€2

Fk: 5

4reyr,

r7ie Z — NOPSIAKOBBIM HOMEP 3JIEMEHTA: JIJIsl aTOMa BOJAOpOoJa (3a1aun
31, 32) Z =1, nna aroma renus (3agada 33) Z = 2, 1y aToMa JIATUS
(3amaua 34) Z = 3; gy — »yekrpuyeckas noctosHHas [1, c. 120,
Tabi. 1].

Hcnons3ys ycnoBre CTallMOHAPHOCTH JIEKTPOHHBIX OpOuUT (8) 1
BTOpOM 3ak0H HrlO0TOHA B BHUIE

2
n

Z€2

rn 47[801"n2

mo

5

MO>KHO ONPEACTUTh PAgUyC 7, JIEKTPOHHON OPOUTHI

80h2 2
/Tme

U CKOPOCTH U, DJIEKTPOHA Ha DTOH OpOHUTeE
_ Ze 2
n— o
2 e 0 h n

DNeKTPOH, ABMXKYIIHICS B aTOME MO KPYroBOM OpOUTE, MMEeT
KUHETUYECKYIO YHEPTUIO

(Y

£ mv2 ZZme4 1
k = = . )
2 8802h2 I’l2

U B pe3yJbTaTe €ro B3aUMOJICHCTBUS C MOJOKUTEIBHO 3apsiKEHHBIM
SAIPOM — MTOTECHIIMATBHYIO SHEPTUIO

o Z'me' 1
p 4eg2h? n?
llonuas suepeus s1ekmpona nHa n-ou opoume paBHa
24
Z“me’ 1
E,=Ep+E,=—""— —.
880 h n
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N3 »3Toro BBIpaXEHUS BHUIHO, YTO DHEPrUsS aToMa HpuHuMaem
OTIPENICTICHHbIE KBAHMOBAHHblE 3HAYEHUs, TIOATOMY CXEMaTHYHO
DHEPreTUYECKUM CIIEKTP aToMa MOXHO IIPEJCTaBUTh B BHJC
(puc. 3, a).

a)
E 0)

E 5 n=5

E4 n= _
E, n=3 E, n=3
E2 n=2 E2 n=2
E1 n=1 E1 n=1

Puc. 3

[Ipu mepexose »dIEKTpOHA C OJHONM OpPOUTHI Ha APYTYIO

MIPOUCXOAUT U3IIydeHue (puc. 3, 0) WK MOTJIOIIEHNE KBaHTa SHEPTUH

hc_sze4. | B |
L 8eg2h? \n? k2

Otcrona nmonydaem Gopmyny baaemepa

1 sze4(1 1) (1 1)

— = : — =/Z°R| ———=|,

A 8egihic \n?  k? n® k>
rae R =1,09: 10" M ! — mocTosHHas Punoepra;
n=1,2,3,...,k=n+1, ... — uensle yncna, onpeacsiolIIie Homepa
opOHT mepexo/1a IEKTPOHa.

PeHTreHoBckre Jydd IONIY4YarOT B PEHTTEHOBCKON TpyOKe, B

KOTOPOM MEXIy KaTroJoM M aHOAOM (QHTHUKATOJOM) CO3JaeTcs
AICKTPUYECKOE TOJIe, YCKOPSIONMIee JJICKTPOHBI. biaromaps sTtomy

IIOJITO 9JICKTPOHBLI, IHo1agaromuc Ha aHO, HpI/IO6p€TaIOT
SHAYUTCIIbHYIO KHHCTHUYCCKYIO SHCPTUIO

E=eU,

e=hv=

n
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rie U — HampsokeHHEe MeXIy KaTroAoM U aHOJOM; e — 3apsf
AIEKTPOHA.

CroekTp pEHTreHOBCKOro u3iIydeHusi (puc. 4) COCTOMT U3
WHTCHCUBHBIX JMHUH A; M A, XapaKTepUCTUUECKOTO H3IYyUEHUS U
IITUPOKOTO HETMPEPHIBHOTO CIIEKTpa, OTPaHUYEHHOTO B
KOPOTKOBOJIHOBOM 00JIacTH JUIMHOM BOJHBI A(. Ilpum pe3kom
TOPMOKEHUH DJIEKTPOHA YacTh €ro KHWHETHYECKOW DHEpruu
W3JIy4aeTCs B BUJIC€ KBAHTOB dHepruu. lIpenenbHas sHeprus KBaHTa
COOTBETCTBYET TaKOMYy CIy4al0 TOPMOKEHHUS, MPU KOTOPOM BCS
KHHETUYECKAsT DHEPTHs JJICKTPOHA TMEPEXOAUT B DHEPTUI0 KBaHTA
AIIEKTPOMArHUTHOTO W3JTyYEHUS

hv pax =eU.
i
F
ﬂ::- ’-ti' '2".{ IIE
Puc. 4

Topmosnoe penmeenosckoe uznyuenue (3agada 36) uMeeT
TPAHUYHYIO Ao JJIMHY BOJIHBI

Ao = c :hc’
%

max

rae U — HanpsbKEeHUE MEXTy KaTOJOM B aHOJIOM.
Xapakmepucmuueckoe penmeenosckoe usnyyenue (3agaum 37—
40) 3aBUCHUT OT BEILIECTBA AHOJIA, COCTOUT U3 CHEKTPAIbHBIX JTUHUM,
obpazyromux K, L, M, N-cepun. B aTomax TspKenbIx 3JeMeHTOB K, L,
M, N-0005109KH 3aII0THEHBI JIEKTpOHAMU. [ yaneHus 3JeKTPOHOB
W3 BHYTPEHHUX CJIoOeB HeoOxoauma Oosnblinas sHeprus. K-cepus
XapaKTEPUCTUYECKOTO  W3JYyYEHHS, HAlpUMEp, BO3HUKAECT B
pe3yJibTaTe yAAJIeHUsT OJHOT0 M3  BJIEKTPOHOB  K-000J10YKH.
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OcBoOOIUBIIIEECS MECTO 3aHUMAET 3JIEKTPOH L-000m0uku. B cnekrpe
U3ITy4YEHUS MOSABISIETCS K- TUHUS.
JI1st TUHUEM pa3IMYHbIX CEPUN XapaKTEPUCTUUECKOTO U3TyUEHUS
npuMenuma dopmyia Mosznu
%:R(Z—a)Z %—% :
n~ m

rae R — nocrosiHHas Punbepra; Z — mopsiAKOBBIM HOMEp dJIEMEHTa B

Tabnuie MeHneneeBa; a — TOCTOSHHAs DKPAHUPOBAHUS; M U N —

1[eJIbIE YuCa.

[Tpumeyanus:

1. B BuauMoi dYacTu CIHEKTpa aroma Bojopoda (3amada 31)
HaOmoaeTcsa cepust banbMmepa, 11 kotopori Z=1,n =2,a k=3,
4,5, ... . ]lns onpenaeneHus 4ncia JUHUN 3TOU cepruu HE0OX0UMO,
BAPbUPYSI k, BEBIYUCIUTh MUHUMAIBHYIO Amin 1 MAKCUMAIBHYIO Aqpax
JUTMHY BOJIHBI U3JIyYEHUS U3 YKa3aHHOTO JMana3oHa.

2. Eciin atom Bogopojaa MepeBecTd B BO30YXAEHHOE 3S-COCTOSHUE
(3amaya 32), TO B ITOM COCTOSIHUM aTOM MOXET HaXOJUThCS
MIPUMEPHO 107 ¢, mocne wero MEPEXOJNUT U3 COCTOSIHUS C 1 = 3 B
COCTOSIHUE C MEHbIIEH dHEpPTUueu. [Ipu 3TOM BO3MOKHBI IEPEXOIBI
(cm. puc. 3, 6) 352, 21, 3 1. CymmapHast 2HEpTUs U3ITy4CHUS
J0JDKHA OBITh PABHOM PHEPTUMU aToMa BOJAOPOJA B BO3OYKIEHHOM
COCTOSIHUH. J[TMHA BOJIHBI M3ITyYEHHS OMNpeeseTcs no hopmysie
bansmepa.

3. Honuzayus amoma — 3T0O TPOLECC YJAJICHUS 3JIEKTPOHA U3 aTOMa,
TO €CTh aTOM NEPEXOJUT U3 OCHOBHOTO COCTOSIHUSI ¢ n = 1 B
COCTOSIHME C n—o0. [loTeHIMan WOHU3AUMH Oy (337aua 34)
ompeaeIuTcs Mo Gpopmyie

HOH
(P HOH ~—

, T1Ie

_he ZPme* (1 1) ZhRe

E

HOH

7‘ 8802h2 I’l2 0 I’l2
4. Me3zoaTtom — qacTuna, 3apsan KOTOpOfI paBEH 3apaay SJICKTPOHaA, a

macca m, = 207 m,, mnod3TOMYy mnoCTOsHHas Punbepra s
Me3oaroma (3agaya 35)
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R - mMe4
M A A .
88%h3c

5. B 3agaue 37 s HaxOXKACHUS An.x NPUHATH B dopmyse Moznu
n=1m=2,amst Apn—n=1, m=4.

6. Jlns nuuuii K-cepur MOCTOSIHHAsI SKpaHUpoBaHusl a = 1 (3amauu
37, 39).

7. UToOBI OompeAcanTh MHUHHMAIBHYIO PAa3HOCTh MOTEHIHAIOB Upi,
(3amaga 38), HeoOxomumo HaWTu rpaHuly K-cepuu Ay,
COOTBETCTBYIOIIIYIO MEPEX0Ay AIeKTpoHa U3 N-0000uku (m = 4) B
K-o060mouky (n = 1), a Uy, paccuuTaTh, HCIOIB3YSI COOTHOIIICHUE

hc
——=¢eU yin -

7Lmin
8. IIpu mepexone asnekTpoHa u3 M-cioss B L-CIoW TIOCTOSIHHAS

sKkpanupoBanus a (3agava 40) onpenensieTcss U3 yCIOBUS: n =2, a
m =3 (mpumep 5 [1, c. 102—-103]).

3agaun 41-50 Ha TeMy «Heprus cBsa3u saep. JedekT macchl.
3aKOH paJuOaKTUBHOIO PaCIaiay.

Amomnvle A0pa BCEX XUMHUYECKUX DIEMEHTOB COCMOAM U3
AJIEMEHTAPHBIX YACTHIL: POMOHO8 U HEUMPOHO8, KOTOPBIC SBIISIFOTCA
IBYMSI 3apSJIOBBIMM COCTOSSHUAMHU OJHOW YaCTUUBl — HYKIOHA.
I[IpOoTOH WMEET MONOKUTEIbHBIA NEKTPUUYECKUAN 3apsl, PaBHBIM I10
a0COJIIOTHOM BEJIMYMHE 3aps/ly DJIEKTPOHA, HEUTPOH HE HMEET
AJIEKTPUUYECKOrO 3apsija.

3apsioom s0pa Ha3bIBACTCS BEIWYMHA Ze, TJI€ € — BEIWYMHA
3apsia MpoOTOHa, Z — MOPSIAKOBBIA HOMEpP XHMHUYECKOIO 3JIEMEHTa B
tabnuie J[. . MenneneeBa, paBHbIN 4nuCy MPOTOHOB B siape. Yucio
A HYKJIOHOB B SIJIp€ HA3BIBACTCS MACCOBLIM YUCTIOM

A=N+Z,

rae N — 4uciio HEUTpoHOB. MaccoBoe 4MCiI0 HYKJIOHA (IMMPOTOHA WU
HEUTPOHA) UMEET 3HA4Y€HUE, PABHOE |, 3JIEKTpOHA — PABHOE HYJIIO.
Slnpa ¢ oIMHAKOBBIMU Z, HO PA3JIUYHBIMU A HA3BIBAKOTCS U30MONAMU.

Snpo aroma XMMHYECKOTO 3JJIEMEHTA 3aIlUChIBACTCA B BHUJIC

A
VA X . HpI/IH}ITBI (O (S18%:0) 1014 (§ 0003HaUYCHUS AJIs1 HCKOTOPBIX SAACP U
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JaCTHIl, BCTPEUAIOIMMXCSA B 3ajadax JaHHONW KOHTPOJBHOU PaOOTHI:

1 (1) . 1.
npoToH (sipo aroma Bogopona) | p \1 /1 ); Helitpon (7 ; p~-uactuia

O LV A4
(2JIGKTPOH) _1€; a-4acTula (SApo aToMa Ieus 4He; IeuTepun u
p 1 P 2 p

o 2
TpuTHii (M30TOILI Bogopoaa) 11 u fH COOTBETCTBEHHO.

HyknoHbl B sAnpax HaxXoAsSTCS B COCTOSAHUAX, CYIIECTBEHHO
OTJIMYAIOIINXCS OT UX CBOOOJHBIX COCTOSIHMU. 3a UCKITIOUEHUEM sIpa
OOBIYHOTO BOJOpPOJIa BO BCEX SApax HMEETCSd HE MEHee [IBYX
HYKJIOHOB, MEXKJIy KOTOPBIMH CYIIECTBYET CHJIBHOE SIAEPHOE
B3aMMO/JICVCTBUE — MPUTSHKEHUE, OOECIEUUBAIONIEE YCTOMYMBOCTD
A1€p, HECMOTPS HA OTTAJIKUBAHUE OJHOUMEHHO 3apSKCHHBIX
MIPOTOHOB.

OHuepeuell céA3u HYKIOHa B spe Ha3bIBaeTcs (u3nueckas
BEJIMYMHA, paBHas TOW paboTe, KOTOPYH HEOOXOAMMO COBEPIIUTH,
YTOOBI YAQIUTh HYKJIOH U3 sipa 0€3 COOOIICHUSI eMy KHHETHUUECKOM
SHEPTUH. JHepeus cesa3u sA0pa ONPENeseTcss BEIMYMHOW paboTHI,
KOTOPYIO HYXHO COBEpIIUTb, YTOOBI pACHIENUTh AP0 HaA
COCTaBJISIIOIIME €r0 HYKJIOHBI 0€3 TpUIaHUs UM KHHETHYECKOMN
sHepruu. W3 3akoHAa COXpaHEHWsS DJHEPrUHM CHEAYET, 4YTO IIpH
00pa30BaHUU siJipa JOJKHA BBIJICTATHCA TaKas K€ SHEPTHs, KaKylo
HAJO0 3aTPaTUTh IIPU PACLICIUIEHUM SApa Ha COCTABJISAIOIINE €T0
HYKJIOHBI. DHEPIUsl CBSI3U A/IpA SBJISICTCS PA3HOCTBIO MEXK]y SHEPTUECH
BCEX CBOOOJIHBIX HYKJIOHOB, COCTABJISIFOIIMX $JIPO, U MX SHEPrUeH B
Anpe.

[Ipu oOpa3zoBaHuU siipa MPOUCXOJUT YMEHBIIEHUE €r0 MaCChl:
Macca f/Ipa MEHBIIIE, YEM CYMMa MAacC COCTaBJISFOIIMX €r0 HYKJIOHOB.
YMEHBIIEHHE MACCHI SAJIpa OOBSICHIETCS BBIJICTICHUEM YHEPIUU CBSI3H.
Ecmu E., — BelIMYMHA SHEPIHWHM, BBIACISIIOLIEHCS NPU 00pa30BaHHU

sJipa, TO COOTBETCTBYIOMIAs el Macca Am, paBHAs

E
_ “CB
Am = —
c

Ha3bIBACTCS deheKkmom Maccol U XapaKTepU3yeT YMEHbBIIICHNE MACChI
spa B CpaBHEHHUM C MAcCOM COCTaBISIOIIMX €ro HYKJIOHOB. Eciu
AApo Maccon M, o0pa3oBaHO M3 Z INIPOTOHOB C MAaccoi m, W H3
N = A—Z HEUTpPOHOB C Maccou m,, TO
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Am:Zmp +(A—Z)mn -M

q°

[Ipu Berumciennn nedexra macchl Am Macchl BCEX YacTHIl U
aTOMOB BBIpaXalOTCS B aTOMHBIX €IWHMIIAX Macchl (a.e.M.). Macchl
AJIep Pa3IMYHBIX U30TOMOB MpUBEAEHHI B [1, c. 122, Tabn. 19].

JledheKT Macchl CITy>KUT MEpPOi IHEPTUM CBSI3H SApa:

E :Am02:[Zmp+(A—Z)mn—Mﬂ]cz. 9)

CB

Ecnu sHeprus BeIpakeHa B MeralsjieKTpoH-BojibTax (M»aB), a
Macca B AaTOMHBIX OMHHIAX MacChl (a.eM.), TO ¢ =
=931,5 M»aB/(a.e.m.). Torma cootHormenue (9) MOXXHO mepenucaTrh B
BU/JIC

E., =931,5Am [M>B],

rae Am BBIPpAXKACTCA B ATOMHBIX CAMHUIIAX MACCBHI.

[Ton yoenvHoti snepeueti césa3u 10pa €, TOHUMAIOT YHEPTUIO
CBSI3H, IIPUXOJIAIIYIOCS HA OJIUH HYKJIOH:

_ECB.

8CB A

Paouoakmuenocmes — 93TO TpeBpalleHUE HEYCTONYUBBIX
M30TOMOB OJHOTO XHMHYECKOTO »JJIEMEHTa B HM30TOIBI JIPYroro
AJIEMEHTa, COMPOBOXKAAIONIEECs HWCIyCKaHueM dacTuil. Sapo,
WCIIBITHIBAIOIICE PAJMOAKTUBHBIA pacma, Ha3bIBACTCS MAMEPUHCKUM,
a BHOBb 00pa3yromieecs sSapo — 00UepHUM.

CamMonpou3BOJNIBHBIN  pacliag AaTOMHBIX SAep IOJYHUHSICTCS
3AKOHY paoduoOaKmueHo2o pacnaoa, COTIIaCHO KOTOpOMY 3a Bpems dt
pacragaercst KoJmuecTBo dN saep paauoakKTUBHOTO U30TOMA

dN = —ANdt .
Hucno N suep, He pachasuiuxcsi K MOMEHTY BPEMEHU 1,
N =Nge ™M,
a yucno AN snep, pacnaguiuxcs 3a Bpems ¢,
AN = Ng - N = Nyt - e )

rie Ny — KOJIMYECTBO SAep B JaHHOM OOBEME PaJHMOAKTHBHOIO
W30TONAa B HAadaJdbHbIMK MOMEHT Bpemenu ¢t = 0; e = 2,71... —
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OCHOBaHWE  HaTypajgpHOrO Jiorapudma, A —  HOCMOAHHAA
PaouoaKkmueHo2o pacnada, OMPECIIONas BEpPOATHOCTh pacmaaa
sqipa B €AMHUITY BpPEMEHH, KOTOpasl CBsA3aHa C IMIEPHOIOM IoJTypaciaia
T'p:

- In2 _ 0,693
Ly, Ty
N CPCAHHUM BPEMCHEM KU3HU T PAIUOAKTUBHOTIO dAapa:
a=l.
T
Ilepuoo nonypacnaoa T, — BpeMs, B TEYCHHE KOTOPOIO

pacmajaeTcs TMOJIOBHMHA I[E€PBOHAYAIBHOTO KOJMYECTBA SIAEP —
XapakTepu3yeT UX YCTOMYMBOCTh. JHAUYCHUS MEPUOJOB MOJIypaciaaa
JUIs1 pa3JIMYHBIX U30TOIOB pUBENEHBI B [1, ¢. 122, Tadun. 18].

Cpednee 6pems dcusHu T PAAUOAKTUBHOIO siApa OIpEIEseT
MHTEpBAJ] BPEMEHU, 3a KOTOPHIM YHUCIO HEPACHABIIUXCA SJEP
YMEHBIIIAETCS B € Pas.

Hucno N aTroMoB, copepKamuxcsi B paguOaKTUBHOM H30TOIIE,
ONPEACISIETCA BhIpaAXKEHUEM (CM. KOHTPOIbHYI0 padoty Ne 1) [1]

N="N,,
M

rae m — macca uzorona; M — momdpHas macca;, Ny — IOCTOSHHAA
23 -1
ABorazapo (N4 =6,02-10 Monp ).
IIpu pagroakTHBHOM pacnajie BBIOJIHSIKOTCS:
1) 3axon coxpanerus snexmpuueckux 3aps008
Zﬂe:ZZie, (10)
1
e Zse — 3apsg MaTepUHCKOTO siapa; Z;e — 3apsalabl sSaep H
YaCTHIl, BO3HUKIIUX B PE3YJIbTATE PAJIMOAKTHBHOTO pACIIaia;
2) 3aKOH COXPAHEHUSI MACCOBBIX HYUCE

Ay = 4;, (an

rie A, — MaccoBO€ YHCIO MATEPUHCKOro sapa (sapa WIH
YacTHUIL, BCTYNAIOIIMX B pPEaKUHio); 4A; — MaccoBOE YHCIIO
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JOYEpHEro siapa (siapa WM 4YacTull, OOpa30BaBIIMXCA B
pe3yJibTaTe paAu0aKTUBHOIO paciaja);

3) 3akon coxpanenus umnynvca;

4) 3aK0H coxpaHeHust IHepIUU.

[Ipu 3anucu peakuuu pajuoOaKTUBHOTO pacmnaja MaTepUHCKOE

(pacnajaromieecs) SApo  0003HAYAIOT 24 X, nmouepuee — Y.
XapakTepUCTUKH JIOYEPHETO si/ipa (ero 3apsI0BO€ U MACCOBOE YHUCIA)
3aBUCAT OT THUIIA pacraja.

Anvgha-pacnaoom Ha3bIBACTCS UCITyCKaHUe AIpaMu
PaIuOaKTUBHBIX M30TOMOB O-4aCTHIl, KOTOPBIE MPEACTABISAIOT COOOM

Alpa aToMa TeJnst § He:
AX >4 3Y+7He +7, (12)

I7I€ Y — KOPOTKOBOJIHOBOE AJICKTPOMArHUTHOE U3TyUYCHHE.
Ilpu  b6ema-pacnade  pacnaparomeecss  SApO  HUCIYCKAeT
ANEKTPOHBI (3 -4acCTHIIbI)

Ax 5,87+ et dv, (13)

~

rie V — aHTHHEUTPUHO (YacTUIlAa ¢ HYJIEBBIM 3apsoM W HYJIEBOM
Maccom).

Bce pagOaKTUBHBIC Iperaparhl XapaKTePHU3yIOTCS
AKMUBHOCMbIO pacnada a — YUCIOM paclajoB sjep aTOMOB B
eMHUIlY BpeMeHH (3agaya 50):

dN
a=———=AN, um
dt

a= kNOe_M = aoe_M,
rae dN — 4uciio sijiep, paciajaroniuxcs 3a MUHTepBal BpeMeHu dt, ap —
AKTUBHOCTh U30TOIA B HAYaJbHBI MOMEHT BPEMEHH.
[Tpumeyanus:

1. Pemras 3amaum 4145, Bocnonp3yurech mpumepom 6 [1, c. 103].
2. llpu pemennn 3agaun 46 HCHONB3YUTE 3aKOH COXPaHCHUA

MAaCCOBBIX YHCEJ U 3aKOH COXPAHEHUSI JIEKTPUUECKUX 3apsiIOB.
3. Ilepen pemenuem 3amad 47-50 pazoepute mpumep 7 [1, c. 104].
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3agaun 5160 nHa Temy «llormomeHnne paguoOaKTUBHOIO
W3IIYyYEHUs. DHEPTUS SIACPHBIX PEAKIUID).

[Ipy TPOXOXKIEHUM Y3KOTO ITydyKa MOHOXPOMATHUYECKOIO Y-
M3JIyUYCHUSI 4Yepe3 CJIOM BeIIeCTBA TOJIIMHOW X WHTEHCUBHOCTD
W3JIy4YECHUS YMEHBIIIAETCS 1o 3aKOHY byrepa—Jlambepra
(cM. KOHTpOIBHYIO padoTy Ne 3) [1]

I = ]Oe_“x,

rie / — UHTEHCUBHOCTh W3JTYYEHUsI, BBIIICAIIETO U3 CJOSl BEIIECTBA
TOJIIUHON X; [) — UMHTEHCUBHOCTb W3JIYYCHMS, MAJarolIero Ha CJOW;
L — JUHEHWHBIA KOA()PHUIMEHT ocIalieHusT M3Ty4YeHHUS BEIIECTBOM.
3aBuCUMOCTh KOd(puiinenTa ocinabaeHus W IS pa3InyHbIX BEIIESCTB
OT YHEPTrUH Y-KBaHTA NpeAcTaBieHa Ha puc. 8 [1, c. 105].

HoepHoii  peakyueti  Ha3bIBA€TCA  NIPOILECC  CHIIBHOIO
B3aMMO/JICVCTBHSI aTOMHOTO SiJ[pa C 3JIEMEHTAPHOW YacCTUIIEH WIH C
IPYTUM SIPOM, TPUBOJAIINM K MPeoOpa3oBaHHIO sapa (WU sep).
Hambomee pacmpocTpaHeHHBIM BHIOM SIEPHON PEAKIUU SBIISCTCS
B3aMMOJICMCTBUE JIETKOM 4YacTUIBI a C sapoM X, B pe3yibrare
KOTOpPOTro 00pasyeTcs Jierkas yactuna b u sapo Y:

X+a—>Y+b.
YpaBHEHNE TaKHUX PEAKIHIA IPUHSITO 3aIIUCHIBATH COKPAILIEHHO B BHJIE
X (a,b)Y.

B cko0kax yka3pIBalOTCS yYaCTBYIOIIHME B PEAKIIMU JIETKUE YACTHUIIBI,
CHayaja UCXOJIHasl, 3aTeM KOHe4YHas. B kauecTBe Jerkux 4acTuil a u b
MOTYT (PUTYpHUPOBATh HEUTPOH (1), TPOTOH (p), NEUTPOH (IerTepuii)
(d), o-uactuna (o) u y-KBaHT (Y).

[Ipu sAepHBIX peakiusX, TakKe KaKk W NP PaJTUOAKTUBHOM
pacriajie, BBITIOJIHIIOTCS 3aKOHBI:

1) 3akoH COXpaHECHUS AJIEKTPUUECKOIO 3apsia (10):
anreOpanyeckass CyMMa 3apsIOBBIX YHCET SJep W YacCTHII,
BCTYMAOIIMX B SACPHYIO peakiuio, A0 KHA OBITh paBHA
anreOpanyecKko CyMMe 3aps0BBIX YMCET KOHEUHBIX MPOIYKTOB
peaKkIuy;
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2) 3aKOH coxpaHeHusi MaccoBbix umcen (11): cymMma MaccoBbIX
YUCeI MCXOMHBIX MPOAYKTOB SIIEPHOM pEaKIMu JOKHA OBITh
paBHA CyMM€ MacCOBBIX YHCEJl KOHEYHBIX MPOYKTOB PEaKIINU;

3) 3aKOH COXpaHEHUS UMITYJIbCa

n
Y. p; = const;
i=1

4) 3aKOH COXpaHEHUS YHEPIUU

n
> E; = const .
i=l
SnepHble peakuuu MOTYT COIPOBOXKIATHCS  BBIIACICHUEM
(3K30TEpMUYECKUE), WA TIOTJIONIEHUEM (SHIOTEPMUUECKHUE) IHEPTHUMU.
DHeprus peakiuu onpezaensercs mno Gopmysie

O = Amc”,

rae Am =M .y — M oy — Oepexm maccul ssdeproi peakyuu.

[Ipu orpumarensHoM gedekte Maccel Am < 0 mus
OCYILIECTBIICHHS SJIEPHON pEaKIIMu TPeOyeTCs MOABO YHEPTUH U3BHE,
npu Am > 0 B pesynbpTare SAEpPHOM peakiuu OyIeT BBIICIATHCS
SHeprus (KUHETUYECKasi, TEIUIOBasi, JHEPrusi >SJIECKTPOMArHUTHOIO
W3JTYYCHUS).

Ecnu Am BbIpa3uTh B aTOMHBIX €IMHUIIAX MACCHI (a.€.M.), TO JIJIs
ONpPEACNICHUs  DHEPrUM  pPEaKkIMd  MOXHO  BOCHOJIb30BAaThCA
COOTHOIIIEHUEM

0 =931,5Am [M>B].

[Tpumeyanus:
1. Ilepen pemennem 3amaa 51-54 pazoepute mpumep 8 [1, c. 104].
2. Ilepen peuienueM 3amau 55, 57-59 oOpaTuTe BHUMaHHUE HA IPUMED
911, c. 105-106].
3. BMmecro 3amaun 60 pemmure 3amaqy S8.
4. Bmecrto 3agaun 56 pemure 3agaqy S7.

3anaun 61-70 Ha Temy «DJIEMEHTBI TEOPUU TBEPIOTO TEIA.
TBepaple Tenma, B OTJIMYME OT Ta30B H  KUJKOCTEM,
XapakTepPU3yIOTCS 3HAYUTEIBHBIMU CHJIAMU  MEXMOJIEKYJISIPHOTO
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B3aUMOJICHCTBHS, OHU COXpaHSAIOT 00beM u ¢opmy. [IpaBunbHas
reoMeTpulIecKas dbopma MOHOKPHCTAJIJIOB oOycJioBiIeHa
YHOOPSIIOYEHHBIM  PACTOJIOKEHWEeM  ero  4acTWIl B y3Jax
KPUCTAJTUYECKON PEIICTKU. Y316l KpUCMANIUYEeCKOU peulemrkuy —
CpeIHHE PABHOBECHBIE IOJIOKEHHUS, OKOJO KOTOPBIX KOJICOTIOTCS
gacTullbl. B 3aBUCMMOCTH OT poJa dYacTUIl MU XapakTepa CHjl
B3aMMOJICHCTBHS MEXKTy HUIMHU KPUCTAJUIBI TIOJIPa3/IE/sOT Ha HOHHBIE,
aTOMHBIC, METAJUIMYECKUE U MOJICKYJISIPHBIC.

[IpocTpaHCTBEHHas] TMEPHOJUYHOCTh PACIIONOKEHUSI YaCTHI
onpenensieT CeMb CcuHeoHull (KpUCTALIOTPA(PUUECKUX CHUCTEM).
[ToBTOpSsitoIIEECST pa3MEIIeHUe YacTHUI[ B KPUCTAILIE OIUCHIBAIOT C
MIOMOIIBIO MPAHCAAYUY VTN TTAPAIICIBHOTO NepeMenieHus. Pemrerka,
MOCTPOCHHAsT IMyTEeM TPAHCISIIIMK y3Jla IO TPEeM HaIpaBJICHUSIM,
Ha3bIBaeTCA peutemkou bpase. DneMeHTapHas KpHUCTaJLTHYECKas
perieTka MpeacTaBaseT co00i mapalyienenunesl, MOCTPOSHHBIH Ha
pebpax a, b, ¢ ¢ yrmamu o, B, y Mexay pebpamu. OObem
AJIEMEHTapPHON KyOUUeCcKON STUelKu

V=a.
Yucno aTroMoB n B €AUHUIIE OOBbEMa, PACCTOSIHUE d MEXITY
OMMKANIIIMH COCETHMMH dYacTUllaMu TipuBeneHsl B [1, c. 106].
[IpumennTe 3TN JaHHBIE IPU PELICHUN 3a71a4 6 1-66.

B 3agauax 67, 68 o0OCyxmgaeTcsi paclnpeacieHUe AJIECKTPOHOB B
METaJJIe IO KBAHTOBBIM COCTOSIHUSIM. DJIEKTPOHBI MPOBOJMMOCTH B
MeTajljle, He CBSI3aHHBIE C KOHKPETHBIM aTOMOM, OOOOIIECTBICHBI U
c1ad0 B3aMMOJICHCTBYIOT C COBOKYIHOCTBIO BCEX aTOMOB, WX
HAa3bIBAIOT 2JIEKMPOHHBIM 2a30M. YHUCIO CBOOOJHBIX 3JIEKTPOHOB

[I0JIaral0T paBHBIM YHUCIy aToOMOB. PacmpeneneHue dIeKTPOHOB I10
SHEPTrUsaM xapakrepusyercs ¢pynkuuert epmu—/{upaka

1
f(E,T)= L EE AT (14)

rae £ — sHeprus sJekTpoHa; Ep — ounepeus ®epmu (MakcuMallbHas
AHEPrus 3JIEKTPOHOB B 30HE mpoBoauMocTu rpu 0 K). @yukuus (14)
ONPENEIAECT BEPOSTHOCTH TOTO, YTO MOPU JNaHHOW Temmeparype 1
COCTOSIHUE, COOTBETCTBYIOIIEE dHEPTHUH E, OyAET 3aHATO AICKTPOHOM.
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JI7g  3JIEKTpPOHOB B METAJUIE BEPOSTHOCTH  3aCEJICHHOCTHU
KBaHTOBOI'O COCTOSHHS M CpE€OHEE 4YHCIO YacTUIl B JTaHHOM
KBAHTOBOM COCTOSIHUM COBIIaAaroT. PacnpeneneHue 3JEKTPOHOB 10
PAa3JIMYHBIM KBAHTOBBIM COCTOSIHUSIM NOAYUHSETCA npunyuny llayau:
8 0OHOM KBAHMOBOM COCMOSHUU He MOodcem Obimb 08YX IJIeKMPOHOE C
0OUHAKOBLIM HAOOpOM dembipex keanmoswvlx yucen. CienoBaTenbHo,
DJICKTPOHBI B METAJIJIEC ITOCJIEIOBATEILHO 3aIIOJIHAIOT YHEPTETUICCKUE
YPOBHH, HAUNHAS C CAMOI'0 HM>KHETO DHEPIeTUYECKOI0 YPOBHS.

DyHKIMS  paCHPENEICHUsl  JJEKTPOHOB IO  COCTOSIHUSM
OINPENEIISIET CpEeAHEeE 4YHUCIO <N DJJICKTPOHOB B KBAaHTOBOM
COCTOSIHUH C dHEprueu E;

f(EaT): 2

E—Ep)/kT"

(15)

1+e(

Anammsupys (15), moigydaeM 4YHCIO CBOOOJIHBIX JJIEKTPOHOB B
Metaiie (puc. 5, a), 3aHUMAIOIIUX YpOBEHb C »JHepruen E; npu
T=0K:<N>=2,ecmun E;< Ep, u<N>=0, ecniu E; > EF.

a)
A <Ni>
E. E
Puc. 5
[lpu E; = Ep GyHKOUS pacupenesieHusl >SJIeKTPOHOB IO

COCTOSIHUSIM CKAa4KOOOpa3HO H3MEHSETCS 10 HyJs, TO €CThb MpH
T = 0 K Bce HWKHHME COCTOSAHUA 3aIlOJHEHBI 3JIeKTpoHamu. [lpm
temneparype I > 0 K QyHkmus pacnpeneiaeHus CpeaHEro Yucia
CBOOOJIHBIX 3JICKTPOHOB B METaJUI€ MO SHEPTUSIM B OKPECTHOCTH Ef
n3MeHsieTcs 1aBHO (puc. 5, 0). IllmpmHa obnactu ee M3MEHEHUS
nopsiaka  «kT». Ilpuumna  w3MeHeHuss Bujga  QyHKOUH  —
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B3aMMO/ICVCTBHUE 3JICKTPOHA C aTOMOM, YYacTBYIOIIMM B TEILIOBOM
JIBH>KCHUU.

B 3amadax 69, 70 ucnonab3yeTcs MOHITHE «DOHOH 8 KpUCATLIEN.
TouHOE omnHcaHHWe TEIUIOBBIX KOJICOAHWU YACTHI] B TBEPJIBIX Tejax
O4YEHb  CJOXHO, IIOATOMY  JJI1  YOPOIICHHUS  HCHOJIB3YIOT
rapMOHHYECKOE MPUOIMKEHUE, COTJIACHO KOTOPOMY MaJIo€ CMEICHUE
YacTULl IIPONOPUHUOHAIIBHO YIIPYrou cuiie. g N yacTui B KpucTasie
HEOOXOUMO COCTaBUTh M pEHUTh cucremy 3N ypaBHEHUU B
COOTBETCTBUM C 3N CTENeHsIMU CBOOOJBI YACTHII, YTO MPAKTUUYECKHU
HEBO3MOXHO.

[TosToMy  paccMaTpuBalOT  KOJUIEKTUBHOE  JBWKEHUE B
KpUCTaJlJie, KOTOpOoe BO30ykaaeTcs B (opMe BOJHBI, OXBAThIBAIOIIICH
BCE €ro 4YacTu. Takoe KOJUICKTUBHOE JBUXCHHUE Ha3bIBACTCS
HOPMANbHBIM KOJleOaHuem WU HOPMAIbHOU MoOou. B TpexmepHOM
KpUcCTaJlJie 00beMOM } BOBHUKHET # CTOSYUX BOJH (CM. KOHTPOJIHHYIO
paboty Ne 3) [1] ¢ qiauHOM BOJTHBI A

14
n= 3

rie A — JUIMHA BOJIHBI HOPMAaBHBIX KojeOaHmil. lcronp3oBaHme
CBSI3M JIJTMHBI BOJHBI A C YaCTOTOM V KOJEOAHHM M CKOPOCTBIO U HX
pacIpoCTpaHCHUS

5

A =—
»

IIPHUBOJINT K 3aBHCUMOCTH
3
4 Vv
n=——.
3
0

JuddepeHnmmpys moIydeHHOE BBIpAKEHHE 110 YaCTOTE, OMPEACIISIIOT
YUCII0 HOPMAJIBHBIX MOJ, 3aKIIOUYCHHOE HMHTEPBAJE YacTOT OT V O
v +dv,

12npv?

dn 3

dav.
v
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YacTOTHBIN CHEKTP 3TUX KOJ€OaHWW (MJIOTHOCTH 3alOJIHEHUS
CIIEKTPAJIbHOIO  y4YacTKa HOPMaJIbHBIMH  MOJAaMH)  HA3bIBAIOT
@yHKyuell pacnpedenerusi HOPMAIbHbIX MOO

2
g(v)_ dn _ 12V .

= (16)
dv 7)3
CnekTp HOpPMAIIBHBIX MOJI pemeTok bpae orpannumBaercsa 3N
aKyCTUYE€CKUMHU KOJICOaHUSIMU. CnenoBarenbHO, YCIIOBUE
HOpMUPOBKU PyHKIMHA (14)
Vm
[g(v)dv =3N, (17)
0
rie Vv, — MakKCuMalibHasi 4acToTa, OrPaHUYMBAIONIASl CIEKTP

HOPMaJIbHBIX KOJICOQHUM CBEpXy, 3aBUCUT OT YIPYyTHMX CBOWCTB
TBepaoro Ttena. Pemenue ypaBHenuit (16) u (17) mno3BosseT
ONPEACIUTH XapaKTEPUCTUUECKYIO YaCTOTY V,, Jleoas:

1

y 3Nv3 )3
" 2nV |

OHeprusi HOPMAJIBHBIX KOJE0AHWM PEHIETKH KBAHTYETCH.
MuHUMaNbHYIO MOPIHIO WA KBAHT SHEPTUU € = IV TAKUX KOJIEOaAHUM
Ha3pIBalOT  (PoHOHOM. DOHOHBI —  KBA3WYACTHUIIBI, KOTOPHIE
WCIIONIB3YIOT JJIsi ONKCAHUS BOJIHOBBIX JBHXKEHUM YIOPSIOYEHHOTO
KOJUIEKTUBA 4acTull. OHM HE B3aUMOJIEVCTBYIOT IAPYyr ¢ Apyrom. B
JTUHAMUYECKOM  OTHOIICHWM  KPHUCTaUl  PacCMaTpUBAIOT  Kak
uaeanbHeli  Ta3 ¢GoHOHOB. Cpemgnee uyncio <N> (HOHOHOB,
00J1agaroIMX SHEPTrUeH /v, paBHO OTHOIIICHUIO CpEIHEH dHEPTruu <g >
OCIIJLIATOPA K SHEPTruu € (POHOHA:

(Ny =8
e

Cornacno runotese [lmanka (1900 r.) cpegusst sHEprusi KBAHTOBOTO
OCLIMJUIATOPA B YCIOBUSX TEIUIOBOIO PAaBHOBECHS
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hv
(g) = VKT |

CnenoBaTenbHO, cpeaHee dYnciIo (OHOHOB <N>, 001agaromIux
SHEprueu 7v, paBHO

1
ehv/kT _1 ’

(N) =

OHepruto (OHOHA €, COOTBETCTBYIOIIYIO MAaKCHUMaJbHOMN
4acTOTE€ V,, OTrPAHUYHMBAIONIICH CHEKTp HOPMaJbHBIX KOJIeOaHUI
CBEpPXY, MPHUHIATO BBIpAXKATh 4epe3  TeMmmeparypy Op —
XapaKTEPUCTUYECKYIO TemnepaTypy Jedas

g =hv, =kO,.

Ucnonws3ys moHsTHE memnepamypsl /lebas — TeMmepaTyphl, TpHU
KOTOpPOM YacToTa KOJIEOaHMH HOHOB B Yy3/laX KPUCTAIINYECKOU
pEHIETKM MAaKCUMAJIbHA, MOJYYUM BBIPXKEHUE ISl CPEIHEr0 4ucia
(hOHOHOB C YaCTOTOH V,,:

1
<N>:e®D/T_1'

ITpumep 2. Onpenenuts BEPOSITHOCTh TOTO, YTO JIEKTPOH MPHU
KOMHATHOW TEMIEpaType 3alhMeT COCTOsHus, Jexamue Ha 0,1 3B
BbiIe U Ha 0,1 3B Huxke ypoHsa Depmu.

7=300 K Pemenue.
AE =0,1 3B BepostHocTh TOrO, uro npu Ttemmeparype 1

AE, T)-7? \ COCTOSIHME, COOTBETCTBYIOIlee dHepruu FE, Oyner
3aHATO JIEKTPOHOM, omnpeaensercs hyukiuei (14)

1
f(E’T):1+e(E—EF)/kT'

Ecmu E— Er = 0,1 3B, 10 £ — Er/kT = 0,1/0,025 = 4, Tak Kax
1,38-10%-300/1,6-10 = 0,025 (3B).

Torma BEpOSTHOCTh 3alOJHEHUS JJIEKTPOHAMHU  COCTOSIHUSL €
sHepruen E
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f(E,T)= 41 =0,018~0,02.

e +1
Ecmu £ — Er = 0,1 5B, To £ — Er /kT = —4 u, cienoBaTelIbLHO,
BEPOSTHOCTH 3aIIOJTHEHHUS SJICKTPOHOM JAHHOT'O COCTOSHUS

f(ET)= b 0,98.
et +1
[Tpumeyanus:

1. Ilepen pemenneMm 3amaa 61-66 pazdepure mpumep 10 [1, c. 106—
107].

2. lna pemeHus 3agaud 63 1o Tabnuue MeHaeneeBa HalaguTe
OTHOCUTENbHbIE aTOMHbIe Macchl Na u Cl (Maccoill 3JEeKTpoHa,
HEJIOCTAIONIET0 B MOHE HATPHUS M JIMIIHETO B MOHE XJIOPA, MOXKHO
npeHeOpeyn ).

3. Ilpu pemenun 3agaum 67 B ypaBHenue (15) HeoOXoaumo
noJicTaBuTh E,=EF.

4. Ilepen pemenueM 3amaunm 68 paszdepure mpumep 2 (c. 25-26
JAHHBIX METOJMYECKUX YKA3aHUW) U JOMOJHUTEIIBHO UCTIOJIB3YUTE
ypaBHeHue (15).

5. Ilepen pemenuem 3amad 69 u 70 pazoepure mpumep 12 [1, ¢.107-
108].

6. Jlns ompeneneHuss OTHOIICHUSI cpeAHero uucia <N> (HOHOHOB B
KPHCTaJUIe C DHEPTUeH &=¢,/2 K cpeaHeMy duciay <N> (pOHOHOB ¢
MaKCHUMaJIbHOU 3Hepruei (3agaya 70) yyTuUTe, 4TO MaKCUMaJIbHas
SHEprus €, (HOHOHOB OmpeAeNseTcs Temiepatypod Op
(temnepatypoit [{edas) kpucrannia.

3agaun 71-80 ©Ha TeMy «TemIOeMKOCTh TBEPABIX TEIN.
IIpumecHass TIPOBOAMMOCTD MOJYIIPOBOIHUKOBY.

B COOTBETCTBUH ¢ KIACCUYECKUMM MPEACTABICHUSMHU KPUCTAJLI
BysIeTCS cucTeMoi ¢ 3N KoieOaTeIbHBIMHM CTETICHIMHU CBOOOIBI (N —
YHCJI0O MOHOB B KPHUCTAJLIE), HA KAKAYI M3 KOTOPBIX IPUXOJUTCS B
cpennem osHeprusi kT (k — mnocrosiHHas boaslimana). M3 3Tux
MPEACTABIICHUN BBITEKACT 3akoH J[tononea u Ilmu, CoOrJIacHO
KOTOPOMY MOJIIpHas TEIUIOEMKOCTh BCEX XMMHYECKH MPOCTHIX
BEIICCTB B KPUCTAUNIMYECKOM COCTOSTHUHM OJMHAKOBA

CV: 3R9 (18)
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rie R = 8,31 x/(monb-K) — monsipHas ra3oBas MOCTOSSHHas. DTOT
3aKOH JIOCTATOYHO XOPOIIIO BBIMOJIHSETCS IpU Temmeparypax 1 >> Op
(c. 2225 naHHBIX METOAUYECKUX YKA3aHUN).

B oOmactu wHuskux Ttemneparyp (I << ©Op) wmonspHasd
TEIUIOEMKOCTh UMEET BUJT

3 3 3
L B RV (19)

C
Y s e, o

®opmyna (19) ucnonmp3yercs npu pemieHun 3anad /1-76, eciu
temnepatypa 1 << ®p, a hopmyna (18), ecu T >> Op,.
[TpoBOIUMOCTH MOJYIPOBOJIHUKOB (3amauun 77-80),
oOycCJIoBICHHAS MIPUMECSIMH, Ha3bIBACTCS NPUMECHOT
nposooumocmsto. B TOTYNpPOBOJHUKAX C MPUMECHIO, BaJCHTHOCTH
KOTOPOM Ha €AUHUILy OOJIbIIE BAJICHTHOCTH OCHOBHBIX aTOMOB,
OCHOBHBIMU HOCHUTEIISIMH TOKa SBJSIIOTCS  DJEKTPOHBI.  Takas
NPOBOJUMOCTh ~ HAa3bIBACTCS  9NEKMPOHHOU  NPOBOOUMOCHIBIO.
BBenenve mnpumecu, BaJE€HTHOCTh KOTOPOW Ha E€IUHUIYY MEHBIIE
BaJICHTHOCTH  OCHOBHBIX  aTOMOB, TIPUBOAUT K  ObIPOYHOU
nposooumocmu. OCHOBHBIMH HOCHUTEIIIMH TOKa B OTOM Clly4yae

SIBJISTIOTCS TIBIPKH. [IpumecHas AIIEKTPOTIPOBOTHOCTH
MOJIYIIPOBOJTHUKOB OMpeiessieTcs: o popmyse
Y= e(n_b_ +n,b, ), (20)

A€ #n_ W Ny — KOHIUEHTpalMs 3JEKTPOHOB M JBIPOK; b_ U b, —
MOJIBU>KHOCTH 3JIEKTPOHOB U JBIPOK COOTBETCTBEHHO.

Jlnst onpeneneHus 3HaKa HOCUTENEW TOKa B MOIYHPOBOJHUKAX
HYKHO 3HaTh BAJEHTHOCTb aTOMOB IMPHUMECH U aTOMOB OCHOBHOIO
saneMeHta. JlJi1 aTOMOB OCHOBHOTO 3JIEMEHTAa C BaJEHTHOCTHIO,
paBHOM 4 (a;mmMa3, repMaHuii, KPeMHHI), aTOMBbI TPEXBAJICHTHBIX OOpa
(B) v unaus ([n) OyayT SIBASTHCS MOCTABIIMKAMHU JBIPOK, a DIIEMEHTHI
V-oil rpynnsl — cypbMma (SH) U MbIIbSK (AS) — MOCTaBIIUKAMHU
AIEKTPOHOB.

[Tpumeyanus:

1. Beruucnsisi MoJsipHbIE TEIJIOEMKOCTH BellecTBa (3amauud 71, 75),
HCTIONB3yrTE TosicHeHus npumepa 11 [1, c. 107].
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2. lng onpeneneHus yACIbHOM TEIIOEMKOCTH (3agauu 72, 76)
BOCIIOJIB3YUTECHh CBS3bKO MEXIy MOJsipHOM Cp W yICIbHOU C
TEIJIOEMKOCTHIO

C, = Mc,

rae M — monsipHas macca BELIECTBa.

3. Ilpu pemenun 3amaun 71 HeoOXOoAMMO CHayaja OIPEACIHTH
MOJISIpHYIO TeroemMkoctb C’ mo ¢opmyrne (18) U cpaBHUTH
MOJIyYCHHOE 3HAYECHUE C 3aJ[aHHBIM 3HAUYEHUEM TEIUIOEMKOCTH B
ycnoBuu 3anaun. Ecim Cy < Cy, To T << ®Op. Torga temneparypa
cesieHa omnpesaensercs u3 hbopmynsl (19).

4. Ilpy uW3MEHEHHH TeMIeparypbl Ha d1 KOJUYECTBO TEIUIOTHI,
HEOO0XO0AMMOE JJIsl HarpeBaHus Metaiuia (3agauud 73, 74), MOXKHO
paccunTarth 1o hopmyie

m
50 =—C,dT,
O=--C

raie m/M — xommdecTBO Moyei BemecTtBa. Ecimm TemmepaTtypa
n3Mensiercs ot 17 no 71,, To

rae Cy onpeaensercs BeipaxkenueM (19).

5. BrIunciieHne npuMeCcHOM 3JIeKTPOIPOBOTHOCTH THOJIYIIPOBOIHUKOB
(3amaun 77-80) mo dopmyne (20) He BBI3OBET 3aTPyAHCHHH, €CIIH
MIPaBUJILHO OIPEACIUTH TUI OCHOBHBIX HOCUTEJIEH TOKa.
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Cocrasurenu

Tatpsina AnexcanapoBHa banamosa
Huna HukonaesHa JlemuoBa
Taucus BacunbeBHa JlaBpsimmynHa

OU3UKA

MeTonnueckne yka3zaHus MO BBIIOJIHEHUIO KOHTPOJIbHOM padoThl Ne 4
IUISL CTYZI€HTOB 3a04YHOM (pOpMBI OOyUEHHS
o Kypcy o0mieit Gu3uku AJist BceX CelualibHOCTE!
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