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9HCTO B a n e l i T H b l e  0 p 6 1 i ~ a n H  C eMKOCTRMH PaBHblMM nBYM 3fleKTpOHaM H a  S- 

UleCTbH) 3fleKTpOHaM H a  p - n O B y p O B H e .  n p H  c 6 n n x e ~ n n  aTOMOB no 4 -5 A 
B a n e H T H b l e  op611~ann yrnepona pacuennnmcn a nrre 0 6 o c o 6 n e ~ ~ b l e  

3HepTeTMqeCKMe 30HbI ~ H ~ J ~ o ~ M ' I H O ~  BMeCTHMOCTbH) 2 M 6 3neKTPOHOB 

COOTBeTCTBeHHO. ~ P M  PaCCTORHMHX 3 - 4 A (COOTB~TCTBYIOUMX K P M C T & ~ ~ ~ H . ~ ~ C K O ~  

P e l l l e T K e  rpaf$H~a) 3TM JBe 3 0 H b l  CTaHOBRTCH O r i e H b  ~ A H ~ K M M M .  n o  3 ~ 0 8  n p M q M H e  

3AeKTpOnpOBOnHOCTb V ~ $ M T ~ ,  KaK y THnMqHOrO nOflynpOBOnHHKa,  p a C T e T  C 

~ e ~ n e p a ~ y p o g ,  a no i i 6 ~ 0 n h 3 ~ ~ 0 8  B e n n r n H e  o H a  6 n n 3 ~ a  K 3 n e K T p o n p o B o n I i o c T n  

M e T m J l O B  ( n p H  273 K O H a  p a B H a  3.10'~ OM-!CM-'). n p H  n W l b ~ e h l l l e ~  c 6 n u x e ~ n n  
a T o M o r t  yrnepona ero K p n c T a n n n r e c K a R  p e m e T K a  n e p e c T p a n s a e T c R  B p e m e T K y  

a n ~ a s a  ( a n n ~ a  C B ~ H  1,8 A), . r ~ o  c o n p o B o x n a e T c R  H O B ~ I M  p a c x o x n e H n e M   OH. 

Mexny HHMH nORBnReTCH 3 0 H a  ~ H C P ~ H ~ ,  B ~ 0 ~ 0 ~ 0 8  3JleKTpOHbl HaXOnHTbCR H e  

MOW. B pewepe a n ~ a s a  B c e  q e T b l p e  ~ a n e ~ ~ ~ b r x  3 n e K T p o H a  yrnepona 
p a C I l O n a r a l o T C R  B H H X H ~ ~  3 0 H e ,  KOTOPaR Ha3blBaeTCR B ~ J ~ ~ H T H O ~ ~ .  B ~ P X H R R  

p a 3 p e m e ~ ~ a ~  3 o ~ a  s~eprni i  ~ a s b r ~ a e ~ c ~  3 0 ~ 0 8  ~ ~ O B O A N M O C T H ,  a pa3nen~tounB 
I. 

HX IlPOMeXYTOK 3 ~ e p r H k  - 3 a f l p e W e H H a H  3 O H a .  n p H  MeXaTOMHOM PaCCTOHHHH 

X I  l l lHpHHa 3 a n p e l U e H H 0 8  3 0 H b l  P a B H a  5,3 3B. 3 ~ 0  O q e H b  6 0 n b ~ a R  BeAHqHHa,  H 

1103TOMY a J l M a 3  RBnHeTCR OnHHM H3 IIY'IUIHX nM3JleKTPMKOB, H a X O D U H X  BCe 

6 o n b m e e  n p H M e H e H M e  B MHKP03neKTPOHMKe. B COCTOHHMM a J l M a 3 a  BCe q e T b 1 p e  

B ~ ~ H T H ~ I X  3 n e K T p o H a  yrnepona pacnonaramcn B n o n H o c T b m  3 a n o n ~ e ~ ~ o G  
B U I ~ H T H O ~  3 o ~ e ,  a 3 0 H a  IlpOBOnMMOCTM OKa3blBaeTCH c ~ o 6 o n ~ o 8 .  Ecnn C O O ~ U M T ~  

a T O M y  3 H e p r H H )  B 2 5,3 3B, TO er0 KOBalIeHTHble CBR3M HaqHYT pa3PYUlaTbCR H B 

K p H C T a n n e  nORBHTCR C B O ~ O ~ H ~ I ~  3neKTpOHbl .  B 3 0 ~ ~ 0 8  TeOPMM 3TOT IlpOUeCC 

0 3 H a r a e T  n e p e X O n  3fleKTpOHOB H3 B ~ J I ~ H T H O ~ ~  30Hbl  B 3 0 H Y  nPOBOnHMOCTH. 

Kpnc~ann CTaHOBHTCR 3 n e K T p O n p O B O n H b l M .  

M c n o n b 3 y R  n p e n C T a B n e H H R  ~ O H H O ~  TeOpMM, n W K O  O ~ % I I C H M T ~  

3aKOHOMePHOCTH 3neKTPOnPOBOnHOCTH KpHCTaJlnHqeCKMX MaTepH&llOB. 

H a n p n ~ e p ,  y U e f l O r H b l X  M e T U l n O B  B U e H T H a H  3 0 H a  3 a n O n H e H a  H e  IlOnHOCTbH) H B 
* 

H e 6  HMelOTCR 3J leKTpOHHble  BaKaHCHH, no KOTOPblM 3fleKTPOHbl MOrYT f le rKO 

n e p e M e u a T b c H  non n e i i c ~ ~ n e ~  B H e m H e r o  3 n e ~ ~ p n r e c ~ o r o  n o n H ,  n o a b l m a m u e r o  

3HePTHH) 3JeKTPOHOB. Y M e T m n O B  BTOPOG V Y n n b l  BiUleHTHaH 3 0 H a  IlOnHOCTbIO 

3 a M T a ,  a 3 0 H a  IlpOBO~MMOCTM C B O ~ O ~ H ~ ,  qTO JOIIXHO 0 3 H a q a T b  OTCYTCTBHe Y HHX 

npOB0nHMOCTH. B P e a n b H b l X  YCJIOBWIX MeTZUUlbI 2-8 r p y n n b l  HBJlRIOTCH XOpOlllHMH 

n p O B O n H H ~ a M U ,  T.K. Y HHX B a n e H T H a R  3 0 H a  H 3 0 H a  nPOBOnMMOCTH nepeKpb1BaH)TCH 

H 3neKTPOHbl  npki HaJlOXeHHH B H e l l l H e r O  n 0 n H  I lepeXOnHT H a  BbIUleCTORUMe 

p a 3 p e m e H H b l e  3 ~ e p r e ~ n q e c ~ n e  COCTOHHMR, 06ecneqn~a~  n p o B o m u n e  C B O ~ C T B ~ .  

Y I l e p e X O n H b l X  MeTaJlnOB (d - ~ ~ ~ M ~ H T O B )  I lpOBOnHUMe C B O ~ C T B ~  O~%RCHHH)TCR 

-HenOJlHOCTbK) 3 a I l 0 f l ~ e H H 0 8  3JlZKTPOHaMM d-30~0h,  n e ~ a ~ l e f i  M e x n y  IlOflHOCTbH) 

~ ~ ~ K O B ~ H H O ~  B M ~ H T H O ~  S-30~06 H C B O ~ O ~ H O ~  P-30~08 IlPOBOnHMOCTU. Hannqne 
B n P O M e X Y T K e  M e X n Y  3THMH 3HePreTH' leCKHMH 3OHaMH ~ - ~ ~ ~ K T ~ o H o B  H 

o n p e n e n n e T  o T c y T c T B n e  s a n p e w e ~ ~ o h  ~ O H ~ I .  



MeTaJ'InaX BaJ'IetlTHaR 3 O l l a  U 3 O f l a  ~ p O B O ~ U M O C T U  nu60 COilpl lKaCatOTCR 

n116o n e p e K p b l B a l O T C R .  B n O f l y n p O B O A H l l K a X  OHM p a 3 n e J l e H b l  ~ O H O ~  3 a n p e q C H H b l X  

C O C T O R H ~ ~ ~  U I W ~ I I ~ I O ~ ~  53 3B. Y n i i 3 n e ~ ~ p i r ~ o e  M u p u H a  s a n p e q e l i ~ r o i  ~ O H ~ I  > 3 3B. 
EC'~.CCTB~HHO, q T O  T a t i O e  AeJlCHMe HeCKOnbKO YCJIOBHO. & l R  n O R B n e H U R  C B O ~ O ~ H ~ I X  

l l 0 c W T e f l e i  3 a p H J l a  y n O n y r l p o B O n H w K O B  W f lU3nCKTpUKOB 3 n e K T p O H b l  n 0 n X H b l  

r i p 1 i o 6 p c c ~ u  l i e t i o ? o p y t o  n o n o n H u T e n b H y t o  3~epr11to nnn npeononetiurr 
s a n p c u ~ e ~ l r o f i  3 o ~ k . 1  3 ~ e p r u f i  w n e p e i ~ u  u 3  B a n e l l ~ l l o i  ~ O H ~ I  B 3 0 1 1 ~  

I l p O B O ~ k i M O C T l l ,  11 l ip11 3TOM B B ~ J I ~ H T H O ~ ~  3 O H e  0 6 p a 3 y t o ~ c 1 1  3 n e K T p O H H b l e  

BaK~IlCII1.I ,  H a 3 b l B a e M b l e  c c n b ~ p ~ o i ) )  ( p a 3 0 p B a H H a H  KOBaJ'IeHTHaH C B R ~ ~ ) .  

~ C T ~ C T B ~ I ~ ~ ~ O ,  q T O  Y A l l 3 n e K T P H K O B  3 T a  n O n O J l H U T e J l b H a R  3HepTMR 6 0 n b w e .  

n p l l  T e M n e p a T y p a X ,  ~ J ~ M ~ K H X  K ~ ~ C O J I ~ O T H O M ~  H y n l O ,  RCe 3 n e K T p O H b l  qMCTblX 

c o n e p M e H H b l x  n o n y n p o B o n H u K o e  p a c n o n a r a t o r c f i  B B ~ ~ H T H O ~  3o~e ,  me 
O T C y T C T B y t o T  ~ ~ 0 6 0 n ~ b l e  3 R e K l p O H H b l e  COCTORHWR. ~ O ~ T O M ~  B 3TMX YCJIOBHRX 

IlOJlynpOBOLlHUKll  B e n y T  c e 6 ~ ,  KaK T U n N q H b l e  AH3JleKTpMKM. C I lOBblUleHMeM 

T C M n C p a T y p b I  3J leKTpOl ih l  1rpwo6pe~ato~ l l O ~ O J l H U T e J l b l r y I 0  3HePTMH) U, H a q H H a R  C 

H e K o T o p o r o  M o M e H T a ,  ee x e a T a e T  LUIR ux nepexona B ~ O H Y  n p o B o n u M o c T u ,  npu 
3TOM O ~ P ~ ~ Y ~ ~ T C R  ~ ~ 0 6 9 f l 1 1 b l e  HOCNTeJlM 3 a p R A a  (6 3 o l l e  npOBOnMMOCTU ~- 

3neKTpOFIb1,  a B B ~ J ~ ~ H T H o ~ ~  3 0 H e  -- ~ L I P K M ) .  B OTCYTCTBUH B H e M H e r O  

3AeKTpMqeCKOTO n O n R  3TM HOCUTeJlH B e n Y T  c e 6 ~  XBOTMLIHO, HO l l p U  H a n O X e H M M  

PZ~HOCTW ! i m e t i u l l a n o B  H a q n H a e T  O c y u e c T B n n ~ r b c R  wx  H a r l p a B n e H I i o e  A s u x e H u e  

(npeia):  3nCKTpOHbl  - IlPOTMB FIOJIR, Ablpt iM - no llOJl l0.  Ha CaMOM nene B 

R M ~ H T I I O ~  3 0 H C  ABHXYTCH t i e  J lb lP t iH ,  a R W i e l l T l i b l e  3J l eKl 'pOl lb l .  3 n e ~ T p o H .  

p a c n o n o x e ~ r t i b ~ i  p n n o M  c s a ~ a l r c u e i  ( n b ~ p ~ o f i ) ,  n e p e c K a t c u s a e T  H a  ee M e c r o ,  npn 
31'OM H a  er0 f l p e X l l e M  M e C T e  0 6 p a 3 y e ~ c n  BaKaHCl lR ,  ~ ~ l e n y t o l ~ k i f i  3 J l eKTpOl i  

nepexonn-r Ira H e e  II i..n. T ,~KHM o 6 p m o ~  npoucxonur npeR$ s a t i a ~ c n i  no nonm. 
~ ~ ~ ~ I ~ ~ O ~ ~ O B O ~ I I O C T I , ,  o o ' y c n o ~ n e ~ ~ i a ~  o n t i o R p e h 4 e t l t i b l M  y q a c T w e M  ~ J I ~ K T ~ O H O B  H 

~ ~ I P O K ,  ~ r a s b ~ e a e ~ c ~  C O ~ C T B ~ H H O ~ ~  3 n e ~ ~ p o n p o ~ o n 1 i o c ~ b t o  n o n y r i p o a o n H u K a ,  a c a M  

I l o n y r l p o B o n l l n K  - C O ~ C T B ~ H H ~ I M  ~OJ l J /nPOI%OflHl fKOM.  & I n  K a X A O r O  

i l o n y r i p o e o n t i n u a  cyluecreye.r o n p e z e n e t i l r a f i  T e M n e p a r y p a  H a c T y n n e H u H  

c o 6 c ~ n e ~ l l o i  npOBOAHMOCTcl.  Y ' I W T ~ I B ~ R ,  q T O  B C O ~ C T B C ~ I H O M  nOJ lynpOBOLlHHKe B 

COCTORHMM PaBHOBCCMR OflHOMY 0 6 p a 3 0 ~ a ~ ~ e ~ y c ~  3 n e K T p O H y  IlpOBOnIIMOCTU 

COOTBeTCTBYeT O n H a  A b l p K a  B B a n e H T ~ 0 f i ' 3 0 H e .  npOt I3 l3e f i eHUe UX K O H U ~ H T ~ ~ U M ~  

RBnReTCR B e J l u ' i l l H ~ G  ~ ~ O C T O R H H O ~ ~ :  
2 n.p=const  wnu n e p = n i .  

~ K O H  A ~ ~ ~ C T B I I H  MaCC: n p O U 3 B e A e H U e  K O H U ~ H T ~ ~ U M ~  3J leKTpOHOB 

npOROnHMOCTU M AblPOK B nOnYnPOBOJlHMKe n P M  I ~ O C T O I I H H O ~  T e M n e P a T Y P e  e C T b  

B e J l l l q M H a  IIOCTORHHaR, P a B t I a R  n p O U 3 B e n e H H K :  UX K O H U ~ H T P ~ U M ~  B C O ~ C T B ~ H H O M  

n o n y n p o s o n H n K e  npu ~ o i  xe T e M n e p a T y p e ,  u H e  ~ ~ B U C M T  OT x a p a K T e p a  u 
K o n u q e c r s a  c o n e p x a q u x c A  e H e M  npu~eceii .  



Flpn~ect~bre nonynpoBonHmw. B HacTorlulee spem ynaeTca 
1 i 3 1 . o ~ a ~ n n ~ a ~ ~  nonynposonHHKn, conepmaulne lie 60~lee 10-"' aToMtiblx 

nponetiToa npn~cceh .  O n l i a ~ o  naxe TaKoe tlestiaqliTenbHoe conepmalllie 

LIYXePOLIHblX aTOMOB OK113blBaeT 014Clib 6onhwoe BnIIRlllle H a  

3JleKTpO~pOBOntlOCTb KpIiCTannOB. nohlMhl0 Ilpllhlecer'l ~CWlbllble KpHCTWlnbl 

x a p a ~ ~ e p n s y ~ o ~ c ~  onpenene~14blh1 HecoBepweHcTBoM ~pwc~ann~~sech-oh pewe~h-13, 
I'.e. tlaJIIl11MCM R Heh lle()()eK'l~B, K0TOpl~le HenyT c e 6 ~  I I O J O ~ I I O  npwhreclibrhi 

aTOMah4. n106oii peanb~blh ~OnyllpOBO~llMK RBilReTC5I n P M M e C H b l M  M C1.0 

npOBOnUh40CTb no IiaCTynneHMR co6c'r~e~lioR llpOtl0nMMOCTn IlOntiOCTbto 

onpenenReTcR npnponofi n ~ o ~ u e ~ ~ p a u u e i i  rymepoutlblx aToMoa. Pawnqa to~  nBa 
enila npn~ece i i :  ~ o t i o v ~ i b ~ e  n aKuenToptible. n e p ~ b l e  co3natoT R nonynposonllliKc 

3~7eKTpOHH)'to npOBOnWMOCTb, a BTOPble - LlblPOVHYH). E 0 n b ~ 0 e  3HaqeHMe HMCCT 

MeCTO paCnOnOXeHMR npMMeCHblX aTOMOB B K ~ U C T ~ J I ~ M ~ I ~ C K O R  PellleTKe 

nonynpoaontrnlta. Ecnri n p n ~ e c ~ b r i i  aToM s a ~ e u a e ~  B ysne ~ p n c ~ a r m n r e c ~ o f i  
peWeTKH aTOkl OCHORliOrO BeUeCTBa, TO peaJln3yeTCR CTpyKTypa 3aMelllCHMR. Ecnn 
me OH pacnonaraeTcR B ~emlcnoysnue ~ p n c ~ a r m n r e c ~ o h  pewemu, TO 0 6 p a s y e ~ c ~  

CTpyKTypa BHenpeHclR. 

CT~JXTYPM 3aMeIUeHMA. K p n c ~ a n ~ 1  K p e M H M R  COCI'OMT M3 BTOMOB, 

~ a ~ n b l h  M3 KOTOPblX o6pasye~ no 'ierblpe KOBrUleHTHblC CBR3H CO CBOllhlM 

cocemMn (Si nMeeT LleTblpe B ~ ~ H T H ~ I X  sne~rpolia). f lonyc.r~b~, 11~0 u 
KpMC'raJInMtleCKyto PeUIe'rKy KpeMHMR BcTpaMBaeTCR aTOM CYPhMhl  (Sb), MMe~)lllllh 

5 BanCllTHhlX 7lleKTpOtlOB. OH o6pasye~ 4 CBR3M C COCenHMMM aTOMaMM K p e M H H H ,  

npki 3TOhl O ~ ~ M I I  Banetl~tlblh 3nCKTPOH OCTBCrCR HeCnapeHtlblM. T ~ K o ~  COCI'ORHHL' 

aroMa RHJIRL'TCH ~cpaiille I I C ~ C T O ~ ~ ~ I M B ~ I M ,  a sneKTpoll ollelrb cna6o cn~3at1 c nnpohl, 
)1 n03TOMY J C r K O  OTPblBaeTCR I4 CTaliOBMTCR c ~ 0 6 0 n l l b l ~ .  B 3011110h TeOpHli 310 

03HallaCT, '{'TO R J I R  nepeXOKd TaKOl-0 3neKTpOHa 113 B ~ J I ~ ~ I T H O ~  3014bl B 30HY 

npo~onl4h4oc~~ ~ p c 6 y e - r ~ ~  31ta11MTenbllo ~ e l l b w e  3HCPl.llll, l l e ~  nnR ~os6yxnc111in 

Ba-TeHTIIbIX ~JT~K'IPOHOB KpeMIIHR. ATOMLI I I P H M C C M  paCnOJal.alOTCSI H a  

srralrnwnbtioM pacc.roalinn npyr OT npyra ( K O H U ~ H - I ~ U M R  npnMecHblx aToh!oB 110 

CpaBHeHcllO C OCllOBHblMn OLle14b ~Wla ) ,  n03TOMY M X  AOKanbHble aTOMHblG YPOHHH 

lie nepe~pb lea~o~cn  npyr c npyroM n HC Bb~pomnalwrcn B olnenhllyto 30114'. Tai(l.th~ 

o6pa30~ ,  3 1 i e p r e ~ 1 1 ~ 1 e c ~ ~ e  ypoetiu, H a  KwropMx pacnonaratoTcn HecnapeHHble 

3 n e ~ ~ p o ~ b 1 ,  3 n e ~ ~ p o ~ b l  pacnonara lo~c~  B sanpeuet~lioii s o ~ e  o c ~ o ~ r l o r o  

nOnynpOBOfiHMKa B ~ J I M ~ M  nHa 30Hbl npOBOfiHMOCTI.1. Bos6yxne~we 3neKTpOllOB y 
IlPMMeCHblX aTOMOB H e  OCTaBnReT nblPKM B Bane~'rH0r'l 30He K p e M H W R ,  14 Y 
nOnynpOBOllHMKa nORBnRtoTCR ~36bl~0qHble 3neKTPOHbI npOBOflHMOCTH. 

K O H U e t 4 y a U U R  KOTOPblX 3aBHCMT OT KOHUeHTpaUMM npMMeCcl. 0 6 p a s o ~ a ~ w n t i c ~  
MOH Sb-' B nPOBOllMMOCTM H e  YqaCTBYeT. ~ H ~ P ~ U R ,  H ~ O ~ X O ~ ~ H M ~ R  AJlR nepeB0na 

3neKTpOHOB C npMMeCHblX yp0BHeh B 30Hy npOBOnMMOCTH, Ha3blBaeTCR 3Heprcleh 

aKTusaunn npnMecn (E,). 



~ O ~ ~ ~ ~ O B O A H I ~ K  C A O l i O P H b l M l l  n p I l M e C R h l H ,  Mh1eH)LIlMfi H ~ ~ ~ I T O ~ H Y H )  

3neKTf30HHylO npOBOAUMOCTb,  t l a3b lBaCTCR nOny1lpOBOAHMKOM n - T u n a ,  n p M  

3TOM 3 n e K T P O H b l  I l a3b lBaH)T OCHOBHblMM HOCHTenRMH 3 a p R A a ,  a A b l p K H  - H e  

OCHOBHblMM. 

Ecnu R KPMCTannl4CleCKYIO P e U l e T K Y  KPeMHMIl B C T P a H B a e T C R  aTOM npUMeC14,  

Mh.lel0~111fi M e H b W e  BaJ leHTHblX 3 n e K T p O H O B ,  Y e M  Y K ~ C M I ~ H R  ( H a n p M ~ e p  60p - 3 
R U e H T H b l X  3 n e ~ T p o H a ) ,  T O  Y 6opa H e  X B a T a e T  Of lHOrO 3J ICKTPOHa AJIR 0 6 p a 3 0 ~ a H M R  

CleTblPeX ~ ~ 1 1 3 C . 2  C COCeAHUMI.1 aTOMaMM KPeMHIIR.  O n r l a  CBR3b  KPeMHMR OCTaeTCR 

O ~ I ~ O ~ ~ ~ K T ~ O H H O ~ .  431.1 1 4 e 6 0 n b W 0 ~  ~ 0 3 6 y x n e ~ u u  O/Ltla M3 COCeAHMX ~ ~ R 3 e f i  

M O X e T  O ~ O P B ~ T ~ C R  M 3 n e K l p O H  nepefine~ H a  MeCTO H C I I ~ C ~ I U I ~ H H O R  CBR3M. n p M  

3TOM Y a T O M a  6opa nORBnReTCR O ~ p M u a ~ e n b H b l f i  7 a p R A ,  a m e - T O  ~ 6 n u 3 u  

o 6 p a 3 y e ~ c n  3 n e K T p O H H a R  B a K a H C W  - A b l p K a .  n o n 0 6 ~ b l e  n p H M e C H  Ha3blBaH)TCR 

a K u e n - r o p t i b I M u ,  a M X  n o K a n b H b l e  3 H e p r e T u q e c K u e  y p o ~ ~ u  p a c n o n a r a m T c R  B 

sanpeule~~ofi  3 o ~ e  o c H o a H o r o  n o n y n p o a o n t i u K a ,  R ~ J I H ~ M  ~ e p x ~ e i j  r p a H u u b 1  

B U ~ H T H O ~ ~  3 0 H b l .  ~ O ~ ~ ~ ~ O B O A H H K ,  c o n e p x a ~ u f i  a K l l e n T O p H b I e  n p M M e C H  U 

M ~ e ~ o U l M f i  U ~ ~ ~ I T O ~ H Y I O  AblpO'IHYH) ~ p O B O / l H M O C T b ,  Ha3b lBaeTCR 

n O n y n p O B O A H M K O M  p - T u n a .  3 H e p r W  a K T H B a u U M  a ~ l l ~ n ~ ~ p ~ ~ f i  n p H M e C H  (E,) 
6 n u 3 ~ a  no s ~ a r e e u m  c 3tieprueR a K T H B a u u u  A O H O P H ~ I X  r~pu~ecef i .  

CTPYKT~P~I  3 a ~ e u e ~ ~ 1 1 .  Ecnu a T o M  n p u M e c u  no TOR mu H H O ~  n p u q u H e  tie 
M O X e T  3 a M e C T U T b  B y 3 n e  K ~ H c T ~ J I ~ M ~ ~ c K o ~ ~  P e l l l e T K M  a T O M  OCHOBHOrO BeUleCTBa,  
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TO OH p a c n o n a r a e T c n  B ~ e x n o y s e n b ~ o ~  npoc-rpaHcTse n H e  o 6 p a 3 y e ~  

KOBaJleHTHblX ~ ~ R 3 e f i  C aTOMaMH OCHOBHOrO I lOnynpOBOnHHKa.  npn  
B03HIlKHOBeHHH n 0 l l 0 6 H b 1 ~  CTPYKTyp aTOMbl MeTaJlnOB, KaK n p a B H n 0 ,  B e n y T  ce6n 
B K a q e c T B e  A O H O P H ~ I X  npn~ecefi ,  T.K. n M e m T  H H ~ K Y ~  3 ~ e p r n m  H O H M ~ ~ U H H ,  a 
aTOMbl HeMeTUlJlOB - KaK a K U e n T 0 p H b l e  npHMeCH,  T.K. 06nanam-r BblCOKllM 

CpOnCTBOM K 3neKTPOH)'. 

n p n ~ e c n b ~ e  y p o e ~ n  B s a n p e u e t i ~ o f i  3 o ~ e  n o n y n p o s o n H n K o B  M o r y T  

0 6 p a 3 o s a ~ b c n  H e  T o n b K o  npn nannqne npn~eceil, HO n B p e 3 y n b ~ a ~ e  n o n s n e H n x  B 

~ p n c ~ a n n n r e c ~ o i i  p e u e T K e  T o r o  nnu H H O ~ O  T n n a  n e @ e ~ ~ o a .  Hanpn~ep ,  H a n n q n e  

nncno~aunfi ( ~ P O T ~ ~ X ~ H H ~ I X  n e @ e ~ ~ o e )  B p e w e T K e  K p e M H n n  nnn r e p M a H n R  

C O 3 n a e T  a K U e n T 0 p H b l e  YPOBHH BCJleACTBHe TOiO, 'iTO H e H a C b l U e H H b l e  

K o F I a n e H T H b l e ' c B ~ 3 ~  ~ 6 n n 3 n  ~ e @ e ~ T a  MOrYT 3aXBaTblBaTb C B O ~ O ~ ~ H ~ I ~  ~ J I ~ K T P o H ~ I ,  

H e  H3MeHRR KOnMqeCTBa n b l p 0 K .  B p e 3 y J I b T a T e  nORBJlReTCR 1 1 3 6 b l T 0 ~ H a ~  p- 
IlpOBOnllMOCTb. H a n p n ~ e p  B r e p M a H H H  ilHCJlOKaUHH o6pa3ym~ a K U e n T O p H b l e  

WOBHM, OTCTORUHe BCWO H a  0,2 3B OT B e p X H e r O  KpaR BUIeHTHof i  3 0 H b l .  

06pasoea~ne s a ~ a ~ c n i i  ( o ~ c y ~ c ~ s n e  a ~ o ~ a )  B ysnax on~ofi  n 3  

K p n c T a n n n q e c K n x  n o n p e u r e T o K  n o n y n p o a o n H n K o e o r o  c o e n n H e H m ,  c o c T o n u e r o  

n3 M e T a n n a  n H e M e T a n n a  (InSb, CdSe, Gap) ( n e @ e ~ ~ b l  UIOTTKH), T a m e  M O ~ ~ T  

npHBOflHTb K 06pa308a~nm IlPHMeCHblX f l 0 B H e f i .  ~ P M  nORBneHHH B ~ K ~ H C H ~ ~  B 

n o n p e u r e T K e  H e M e T a n n m e c K u x  aTOMOB B O ~ H H K S L ~ T  n o H o p H b l e  y p o e H n  n n - ~ n n  
npOBOfiHMOCTH. ~ P H  nORBneHHH B ~ K ~ H C H ~ ~  B IlOnpeILIeTKe MeTUlJlH'ieCKHX aTOMOB 

06pa3yro~c~ a K u e n T o p H b t e  YPOBHH n p - ~ n n  n p o e o n n M o c T n .  'I-lanpn~ep: H a n n q n e  

B ~ K ~ H C H ~ ~  a T o M o e  K n c n o p o n a  B p e u e T K e  o K c n n a  T n T a l i a  (TiO) y c n n n a a e T  

3JleKTPOHHYH) nPOBOnHMOCTb KpHCTWlJla. 

XMMMYECKAII CBII3b B IlOJlYlIPOBOAHMKAX 
~ O H H ~ R  TeOPHR O ~ ~ R C H R ~ T  MHOrMe C B O ~ ~ C T B ~  K p H C T ~ J l k i q e C K H X  B e U e C T B ,  HO H e  

n a e T  K p u T e p n R ,  c n o M o u b m  KOTOPO~O MOXHO 6 b 1 n 0  6 b 1  n p e n c ~ a 3 a ~ b  H a n n q n e  y 
HMX ~ O J l Y n P O B O ~ H U K O B b l X  C B O ~ ~ C T B .  M ~ B ~ C T H O ,  'iTO CTPYKTYpa 3 H e P r e T H q e C K H X  3011 

o n p e n e n n e T c n ,  B n e p B y t o  o q e p e n b ,  npnponoii n x a p a K T e p o M  X H M M ~ ~ C K O ~ ~  CBRJH u 
B e U e C T B e .  P~CCMOTPMM BJlHRHHe n P H P O n b l  X H M H ~ ~ C K O ~ ~  CBR3H H a  IlpOBOnHMOCTb 

seuec-raa. K n p o c T b l M  n o n y n p o n o n H n K a M  OTHOCRTCR B, Si, Ge, cepoe Sn, 
HeKOTOpble  M O ~ ~ H @ H K ~ U H H  P, fh, Sb, SC, Te. Bce 3TH Bell leCTBa H M e l o T  aTOMHble  

KPHCTaJInHqeCKMe P e U e T K H  C K O B ~ ~ J ~ ~ H T H O ~ ~  CBR3bW. B l l e p l l 0 n k i ' 4 e ~ ~ 0 f i  C n C T e M e  

~ T H  3 n e ~ e ~ ~ b 1  P a c n o n a r a m T c R  B r n a B H b l x  nonrpynnax I11 - VII rpynn, s a ~ n ~ a n  
n p o M e x y - r o r H o e  n o n o x e H n e  M e x n y  M e T a n n a M n  n T n n n r H b l M n  H e M e T a n n a M n .  

~ O M H M O  n e p e q H C J l e H H b l X  npOCTblX ~ O J l y f l p O B O n H H K O B  H3BeCTHbl 

MHOrO'4HCneHHble n O n y n p O B 0 n H H K O B b l e  COenMHeHHR, COCTaBJleHHble H3 3 n e M e H T O B  

A3 - BS n A2 - B 6  - rpynn (GaAs, InP, GaInAs, CdS, ZnS n ~ .n . ) ,  n o n n M e p H b l e  

o p r a H m e c K u e  M a T e p n a n b l  n OKCUALI d -~e~annoe .  Bo B c e x  T n n a x  n e p e q n c n e H H b l x  

c o e n u ~ e ~ n f i  npeo6nanaer K o e a n e H T H a n  c e n s b .  C r n ~ a e ~ c n ,  r T o  ecnn nonn H O H H O ~ ~  

can3n B eeuecme H e  n p e e b l m a e T  0,5, T.e. noma M e H e e ,  q e M  H a  50%, TO B e u e c T B o  

06nanae.r nOJly~pOBOAHHKOBblMll  C B O ~ ~ C T B ~ M H .  
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C~entitletlMH, y KOTOpblX C R R 3 b  RBnReTCR 6onee n0JIRpHOfi ( c ~ e n e ~ b  MOHHOCTM 

6onbuue 50%), RBIIRWTCR Al+3neKTpMKaMcl. M ~ B ~ C T H O ,  qTO AOnR MOHHOCTM CBR3H 

YMeHblllaeTCR C YBeJIH'ieHMehl CTeneltn OliMCneHMR aTOMOB ki YMellbUeHMeM 
pa3HOCTM B MX 3JleKTPOOTPMUaTenhHOCTRX. npll YBeJIMqeHHM Pa3HOCTM B 

3~eKTPOOTPtlUaTe~bHOCTRX 3JleMeHTOB, O ~ P ~ ~ Y W U I M X .  nOnYnPOBOllHMK, UIUPMHa 
sanpeuletl~oii ~ O H ~ I  TaKxe ~ 0 3 p a c ~ a e ~ .  

T ~ K M M  o6pa3o~,  MHOrMe COeAMHeHHR MHOrOBaJleHTHblX MeTUlnOB C cepoii, 
ceneHoM, TennypoM, M ~ ~ L U ~ R K O M .  @OC@OPOM, KncnoponoM ns-3a 6onbluofi 
non~pnsytouieii c n o c o 6 ~ o c ~ u  KaTnoHos MeTanna n 6onbmoi n o n ~ p n 3 y e ~ o c ~ u  
COOTBeTCTByWUHX aHMOHOB XapaKTepM3yWTCH npe06nanaHtje~ K O B M ~ ~ ~ T H O ~ ~  

n o n ~ p ~ o i i  CBR3M M, CnCAOBaTeJbHO, nPORRJlRWT nOflynpOBOAHHKOBble C B O ~ C T B ~ .  

KBAHTOBAII CTATMCTMKA 3JlEKTPOHOB 
B K B ~ I I T O B O ~  MeXaHMKe BePORTHOCTh 3anOJllleHMR 3HePreTUqeCKMX C O C T O R H M ~  

3neKrpOHaMM OnHCblBaeTCR @ Y H K U H ~ U  @ ~ P M M :  

Ta6i1uua 1. O C H O B H ~ I ~  XaPaKTCPIlCTMKM IleKOTOPhlX IlOnYIlpOBOnHMKOB 

F ( E ) = [ l + e x p ( E - E l ) / K T ] ' ,  (1) 
me E - 3HePrMH YPOBHH, MH KOTOpOrO OnpeAeJlHeTCR BePORTHOCTb er0 
3anontle~uw 3 n e ~ r p o ~ a ~ n ;  El - ypoeetlh Q e p ~ u  - s.ro s ~ e p r e ~ n r e c ~ u i i  ypoeeHb, 
Ha KOTOPOM BepoRTllocTh 3 a n o n ~ e ~ u ~  3 n e ~ ~ p o t l a ~ n  pasHa 0,5. A ~ a n u s  yp.1 
n o ~ a s b ~ e a e ~ ,  l r ~ o  ecnti E > El. TO npu TehjnepaType a 6 c o n t o ~ ~ o r o  HynR @ Y H K U M R  

@ e p ~ u  06pau iae~c~  B Honb, n F(E) =1, ecnn E < El.  p,r~x ~ ~ O B H H  c s~eprueii ,  
paBlt0h 3HeprllM O ~ ~ M M  (E  = El), RePORTHOCTb 3anOJHeHHR 3neKTpOHaMM PaBllLl 
0,5. O~ctona cncnyeT, ~ I T O  Bce yposHn c E < El npn Bcex TeMnepaTypax 
s a n o n ~ e ~ b r  c BepoRTHocTbm 6onb~1e 0,5, a Y P O B H I ~  c 6onbmeii s ~ e p r n e i ,  qeM El , 
3anOnHCHbI C BePORTHOCTbK) MeHbUlC 0,5. 

~ H ~ P ~ H R  Q ~ P M M  OnpeAeJlReTCH K O H U ~ H ' T Q ~ U U ~ #  C B O ~ O A H ~ I X  3JleKTpOHOB B 

MeTUlne, a TaK KaK OHa Oqetlb 60nblllaR, TO ki 3HepTHR Q ~ P M H  nnR pa3HblX 
MeTaJlnOB TaKXe BenMKa M K O ~ ~ ~ J I ~ T C R  B npenenax OT 3 A 0  15 3B. 

npu HarpeBaHnn seuiecrey c o o 6 u i a e ~ c ~  rennosaa stieprm, pamag KT, qacTb 
aTOMOB IlepeXOnlIT B B036y~neHH0e COCTORHHe, M MX 3JleKTPOHbl n0nyqatoT 
nononHnTenbHyto s ~ e p i - n ~ .  Ilpupaule~ne 3 ~ e p r n n  3a creT Tenna, no cpaaHeHuto c 
3Hepl7kiei Q ~ P M U ,  KpahHe MMO, H n03TOMY CpenHIlH 3HeprHR 3JleKTpOHOB B 

MeTannax npaKTnrecKu He MeHfieTcR. T ~ K ,  HanpuMep, npu HarpeeaHnu cepe6pa Ha 
1000" nonoxeHne ~ ~ O B H R  Q e p ~ n  ~ o s p a c ~ a e ~  Bcero Ha 0,2 %. 3 ~ o  o 3 ~ a q a e ~ ,   TO B 

MeTUnaX KOHUeHTPaUMR C B O ~ O A H ~ I X  3JeKTpOHOB nOqTH He 3aBMCHT OT 
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CBO~~CTBO 
U l u p n ~ a  3 a n p e u e ~ ~ o i  ~ O H ~ I ,  3B 
P ~ ~ H O C T ~  B 3 n e ~ ~ p o o ~ p n u a ~ e n b -  

ZnS 
3,60 
0,93 

SiO 
2,86 
0,66 

AlSb 
1,60 
0,44 

GaAs 
1,35 
0,37 

InP 
1,29 
0,41 

PbS 
0,37 
0,25 



TeMnepaTypbl. 
Ha pnc.3 npnseneiia 3 ~ e p r e ~ n r e c ~ a ~  nnarpawa, oTpamatoruaR BnnnHne 

TeMnepaTypbl Ha nonoxetine ypoeHn @ e p ~ l r  B nonynposonHuKax. B M ~ H O ,  rTo npn 
H H ~ K M X  TeMnepaTypax y n - n o n y n p o ~ o n ~ u ~ o ~  OH pacnonoxeH ~ 6 n n 3 n  nHa 3o~t.1 
nposonnMocTn, TaM me, me  nexaT noHopHbre y p o e ~ u  npnMecn, a y p- 
nOJlynpOB0nHMKOB - ~ 6 n n 3 n  BepxHeh rPaHMUb1 B ~ J ~ ~ H T H O A  3Otibl, B MeCTe 
pacnonoHteHnrr aKuenTopHbrx ypossei .  C POCTOM TeMnepaTypbl ypoeeHb Q > e p ~ n  y 
060nx MaTepnanoB CMeruaeTcR K ueHTpy ~ a n p e u e ~ ~ o i  ~ O H ~ I .  M  TO npuBonuT K 

TOMY, 'ITO npu BbrcoKnx TeMnepaTypax c n e u n @ n r e c ~ a ~  npoeonnMocTb ~ T M X  

MaTepUiUlOB TepReTCR. 



COOl'BeTCTBUU C p e a K u l 4 e f i :  

600 - 800 "C + 300 - 400 OC + 

Si,,,) + 3HCI(,) - SiC14(,) + 2H2(,) unn Si(,,) + 3HCl(,) c-r SiHC13(,) + 2H2,, 
+ 1 1 00 - 1 200 ('c +- 1 0 5 0 " ~  

nanee rasoo6pa3~bre n p o n y ~ ~ b ~  n e p e M e u a m  B ~sapue~br i i  p e a K T o p ,  me ~ T U  

p e a K u u u  ~ ~ O B O L V I T  B O ~ P ~ T H O M  H a n p a e n e H u u ,  ~ p u c ~ a n n n s y ~  K P ~ M H H ~ ~  B ~ I C O K O ~ ~  

' I I ~ C T O . ~ ~ ~ .  B M ~ C T O  xnopuc-roro B o n o p o n a  B K a q e c T s e  p e a r e H T o s  T a K x e  u c n o n b s y m ~  

npy r l r c  r - a n o r e ~ n n b l  unu ~onopon: . 
1300°C + 

Si,,,, + SiUr4(,) - 2SiBrz(,) nnu Si(ts) + 2H2(,) - SiH4(TB) 
+- 8 5 0 ~ ~  

B H a C T O I I l u e e  B p e M R  C n O M O U b I 0  I l p H B e R e H H b l X  pea~ukifi n 0 n y q a I O T  A O B O n b H O  

MkIOI'O lIHCTblX Be l l l eCTB,  C p e R H  KOTOPblX K P ~ M H H ~ ~ ,  r e p M a H U f i ,  T H T a H ,  UMPKOHH#, 

ra$HuCi,  T a t l T a n ,  I I M O ~ H ~ ~ ,  ~ a ~ a n u f i  U np. A H ~ ~ O ~ H ' I H ~ I M  o6paso~  n0nysam.r H 

I lOJ lYf lPOBORtIUKOBble  COeflMHeHUII ( ~ M e l l l a H H b l e  ~ o J ~ ~ ~ ~ ~ o B o ~ H H K u ) :  A2 - B6 H A3- 
BS (CdS, GaAs, Gap u np.): 

1000"~  + 

CdS(TB) + I,(,) - Cdl2(r) + 1/2S2(,) 
+- 400 "C 

3 n e ~ e ~ ~ a p n b r e ~  ~ p e ~ ~ u i i  u r e p ~ a ~ u f i  n a r l e e  noneepram s a ~ y y M H o f i  ( S O H H O ~ ~ )  

n n a e K e  an8 n a n b n e i i l r r e r o  y n a n e t t u s  npu~eceR u n p e e p a l u e H u H  B M o t i o K p u c T a n n b l .  

M o ~ i o ~ p t i c ~ a n ~ ~ b ~  I l ~ J l y f l p O B O R H U K a  n0n)'qatO'r f l y T e M  f l O C T e n e H H O l . 0  BbITIII.HBBHUR 

CTCPXHII n o n y n p o B o n H u K o B o r 0  M a T e p u a n a  u3 ero pacnnaea, nocne rero c T e p x e H t ,  

p a c r I u n t i B a m T  B C o o T B e T c T B u u  c 3 a n a ~ t i o i i  ~ p u c ~ a n n o r p a @ u ~ ~ e c t i o ~  o p u e ~ ~ a u n e i i  
H a  O T n e n b H b l e  f l J l a C T U ~ l b l .  n ~ n y n p ~ ~ ~ ~ l i b i ~ ~ ~ b l e  n n a C T H H b l  I lpMMCHRlOT RJIR 

rIpOli3ROflCTBa nOnyf lpOBOJlHUKOBbrX n p U 6 0 p 0 ~  ( ~ U O ~ O B .  1 p a t l 3 U C T O p O B ,  

MHKPOCXeM I4 RP.), UCIWJlbPYII rPYf l l lOBYH)  TeXHOJlOrHH)  ( O R H O B ~ ~ M C H H ~ R  

o 6 p a 6 o ~ ~ a  C O T e H  U n U  Tb1CII.l O T n e J l b l I h l X  W c T e f i  n n a C T H l l b l  H a  BCCX CTanHH:\ 

, I c x l l o n o r u l l ,  no p a 3 p e 3 a r l u 1 1   TUX ~ l a c r e i i  H a  o r u c n b l i l . l e  t i p u c ~ a n n b l ,  

I l p e ~ C T a B n R I O l u U e  co6oii K o H e q H h l f i  ~ I ~ O A ~ K T ) .  

JAEOPATOPHAR PA6OTA 
XMMWYECKME C B O ~ C T B A  IlOJYnPOBO~HWlCOB 

3nEMEHTAPHblE BEUECTBA 
OnblT 1 . n e f i c T B U e  KHCnOT H a  CVVbMV (Sb) H BHCMYT (Bi). ~ O M ~ C T H T ~  B T p H  

r l p o 6 u p ~ u  no KYCOqKY C Y p b M b l  HI lH  BUCMYTa u n p U n M T b  K HUM ~ e 6 0 n b l l l u e  

K o n u r e c T B a  p a 3 5 a e n e ~ ~ b l x  ( 1 - 2 M) c o n ~ ~ o f i ,  cepnoii u ~ ~ O T H O R  K H C ~ O T .  

O T M ~ T H T ~  f l P O H C X O l l I I U U e  U3MeHeHHII .  ~ O B T O P H T ~  O n b l T  C K O H U e H T P U P O B a H H b l M H  

KMCnOTaMM. C O C T ~ B M T ~  Y p a B H e H H I I  pea~ukifi. P ~ c c T ~ F & ~ T ~  C T e X U O M e T p W e C K H e  

K O ~ @ @ U U M ~ H T ~ ~ ,  f lOJlb3YIICb MeTOROM 3 n e K T P O H H O - U O H H b l X  y p a B H e H U f i ,  nu60 
M e T O n O M  3 J l e K T p O l l H O r O  6 a n a H c a .  



OnLlT 2 a. O ~ H O W ~ H I I ~  K~MCTUnUqeCKOrO Mona K l&2nOqaM. ~ O M ~ C ~ U T ~  

HeCKOnbKO Kp14CTi3JlnOB Mona B np06up~y  M n O  KannRM J ~ o ~ ~ B M T ~  20% PaCTBOp 

Luenorrj (KOH unu NaOH) no nontioro pacTBopeHuR Mona. Ha6nlona~b 

06ecu~eqnaa~ue  pac-reopa. 3 a ~ e ~  no6aaw~b p a 3 6 a ~ n e ~ ~ o f i  ( I  M) cepHoi KucnoTbl 

no ~ucnofi peaKuun ( n o ~ s n e ~ u e  B ~ B ~ C M )  H IlecKonbKo Kanenb 6 e ~ 3 0 ~ l a .  C ~ e c b  

oc~opomrio BCTPJIXHYT~. lia6ntona~b nomneHue oKpaweHHoro 6eri3onbrioro 

Konbua. 0 6 a ~ c t l n r b  npo1430men~ue M ~ M ~ I I ~ I I M R .  

OnbIT 2 6. (n0n T H T O ~ ~ ! )  B ~ ~ M M O A ~ ~ ' ~ C T B H ~  KpMCTaJlnM~eCKO~O Mona C 

aJllOMUll14ehI. ~ O M ~ C T U T ~  B CYXVlo ~~P$OPOBYIO CTYnKY PaBHble KOnM'4eCTBa 

KpMCTaJlJlM'ieCKQrO Mona U WlloMMHMeBOrO nOpOlUKa. C M ~ C ~  TUaTenbHO PaCTepeTb 

IleCTMKOhI, CO3flaB OnHOpOJlHylo MaCCy. Ha CMeCb OCTOPOXHO KanHyTb OnHy - nBe 
Kannu ~ o n b ~ .  Ha6ntona~b p e a ~ u w . H a n u c a ~ b  ypaetietiue peaKuuu. K a ~ o a a  MoxeT 
6blTb B 3TOM npOUeCCe pOnb Bonbl? 

OnblT 3 a. B ~ ~ u M o ~ ~ ~ ~ c T B u ~  K P e M H U n  CO UenO'laMM. ~ ~ O M ~ C T M T ~  B n p 0 6 u p ~ y  
HeCKOnbKO KpMCTiUlnOB KpeMHMR, n 0 6 a ~ u ~ b  2 - 3 MJl KOHUeHTPMPOBaHHOrO 

pacTBopa uenoqu M Harpen .  Ha6ntona~b pacTBopeHue KpeMtim M BbIneneHue- 

rasa. Hanuca~b ypasHeHMe peaKuuu. 
OnbIT 3.6. nOJIY1leHne M~OpaCTBOpMMbIX c0nefi K ~ ~ M H U ~ B O ~ ~  KMCJI- 

~ ~ M O H C ~ ~ U H O H H ~ ~ ~ ~  0nblT). B 3 CTaKaHLIMKa C PaCTBOPOM XMLlKOrO CTeKna ( 1  5 - 
20 MJI) OnYCTMTb HeCKOnbKO KPHCTWlnOB XnOpMna KanbUMR. cynb$ala Menu, 
cynb@aTa HMKenR.  06paTMTb BHMMaHMe Ha nORBJleHMe ll;HHHblX OKpallleHHblX 

f1MTefi c0nefi K ~ ~ M H U ~ B O ~ ~  MeTaKMCnOTbl. O T M ~ T U T ~  UBeT M 3anMCaTb YpaBlieHMR 

pea~uur'i. 
. OKCMJ(L1 

OnblT 4. O K C M ~ H ~ I ~  CnO~WlloMUliUR M UCnblTaHMe MX 3aUMTHblX C B O ~ ~ C ~ B .  

fine aJlloMMHUeBble nnaCTMtIKM ( ~ ~ O B O ~ O K U )  TlUaTenbtiO 3aqMCTHTb H ~ x ~ ~ ~ I ~ I o ~ ~  

6y~aroi2, np0MblTb.B Bone, O ~ C ~ X H ~ I ~ T ~  ~ ~ H ~ O J O M  (C IIOMOUblo @ u ~ ~ T ~ o B w ~ H o ~ ' ~  

6 y ~ a r u )  M Onfly M3 H H X  nOrpY3U1.b H a  5 ML41I)'T B 10% paCTBOp ~ U X ~ O M ~ T ~  KUIMR 

(K2Cr207). ~ ~ ~ C T M H K ~  BblliyTb nPOMbll'l, R O ~ O ~ ,  BblCYlllMTb M MCnblTaTb ner'ic~nue 
H a  HCe PaCrBOpa ~0nnHofi KI4CJIOTbl (1: 1). CpaBHMTb CKOpOCTb PaCTBOPeHMR 

IlaCCMBHOrO M HenaCCMBHOrO i3JlloMUHWl. O ~ L R C H U I ~  tia6nto,gae~oe, 3anMca~b 

YpaBHeHMR ~ ~ ~ K U U U .  

OnbIT 5. n o n v r e ~ u e  oKcuna xpoMa (111) M n3yqe~ue ero C B O ~ C T B .  Flp0611p~y c 
U3Meflb'ieHHblMM KpMCTannaMM ~ U X ~ O M ~ T ~  aMMOHUR (NH4)2Cr207 nOMeCTMTb B 

nepxarenb u Harpen no Harana peaKuuu J o q e ~ b  ~ Y D H O ! ) ,  nocne qero HarpeBaHue 
Cpa3y Xe npeKpaTMTb. ~ ~ ' ~ R C H U T ~  ~ a 6 n l o n a e ~ o e  CaMopacKanMBaHMe MaCCbI, 

sbrneneriue rasa u M ~ M ~ H ~ H M ~  OKpacKn. nocne ocrbraaHuR n o n y q e ~ ~ o r o  nopolma 

OKCMlla XpOMa nOMeCTUTb e r O  B n p 0 6 u p ~ u  M MCnblTaTb A ~ ~ ~ C T B M ~  H e  Her0 

pa36a~JleHHblx PaCTBOpOB cepH0fi U a 3 0 ~ ~ 0 f i  KMCIIOT, UlenOqM M BOnbl. B Cnyqae 
npoTeKaHm pea~unfi sanuca~b ypasHeHnR. 



OnblT 6. CBoiic~Ba OKCHna HllKenR (Irr). Hec~onb~o K P ~ ~ U H O K  OKcma 

Hl4KeJIR nOMeCTllTb B ~ P ~ ~ U P K Y  H J l 0 6 a B H ~ b  n H n t 3 ~ 0 f i  5 - 6 Kanenb 2M H C I ,  
CJlerh-a HarpeTb.  TO ~~OHCXOIIHT? ~ ~ ' ~ R C H H T ~  H 3anHCaTb PeaKUHK). 

3 A A A H M E  I .  
l.Hannm14~e 3JleKTPOHHYH) K O H ~ H ~ ~ U U ~ O  aTOMOB KpeMHHH H MeJlH. K a ~ n e  
3JleKTpOHbl M O Y T  WaCTBOBaTb B 06pa30BaHHH XHMH'ICCKHX ~ B R 3 e f i ?  ~ ~ ' ~ R C H I I T ~  

pa3nn~na B XHMHYeCKHX CBR3RX V M H H R  H MenH B KPHCIilnJlHYeCKOM COCTORHHH. 

2.Ka~ne 3neMeHTbl ~ o r y r  BblcqnaTb B KarecTBe no~opnbkx npmeceii B r e p ~ i ~ 1 ~ ~  
(CTPYKTYPU BH~DJXHHR)? 
3 . K a ~  BJlHRloT H a  THn npOB0nHMOCTH C e p o l U  OJlOBa IQJHMeCH alllOMHHHIl H CYPbMbl  
( C T ~ Y K I ~ P I J  ~ ~ M ~ I I I ~ H H R ) ?  

4 .0npenen~~e MOXHO nu nonywTb npn TeMnepaType 1 OO'C + + ~ n  a m o M n H m n  
no peaKunn 2A4,) + 2PHxr) = 2AlP,,) + 3Har) 

3 A A A H M E  2. 
I . I l o v e ~ y  npn 0 6 p a 3 o ~ a ~ n u  KpncTann~rec~oii p e u e r ~ ~  n e p m x  seluems 
3 ~ e p r e ~ n r e c ~ u e  yposli~ a-roMoB pacuLennfiH)m B sHepmnqecKne 30~14? 

2.06-bact11i~e mueHeune WHPHHH 3anpe111ennoii ~ O H H  B p ~ n y  Beluem: 
C(,,,,, - 5,6 sB; Si - 1 , I 2  3B; Ge - 0,78 sB. 
3 . K a ~  BnHRlOT Ha THn rrpOBOJlUMOCTH CeporO OJlOBa IQJHMeCH HHnHIl H B H C M P  

(CT~YKTYPLI ~ ~ M ~ I I I ~ H H R ) ?  

4 . 6 y ~ ) ~ T  J I M  apCeHHnbl anlOMHHHR H HHllHR y C T 0 k H B b l  no OTHOmeHHH) K 

Kncnopony npn I OO'C? 
2 A I A % i a )  + 3 0 4 r )  = &Oxla) + AK?.Oxm) 
2 1 n A s p a )  + 30q,) = In20x,) + As20q,) 

3 A n A H M E  3. 
I . Y e M  O T J l H ~ M T C R  30HHble  CTPYKlypU llPOBOJlHHKa, n 0 J l Y n p o B O n H H K a  H 

nn3ne~Tpn~a? Ka~oBa npHrnHa p a 3 n ~ r n f i ?  
2 . K a ~  H3MeHReTCR CreneHb HOHHOCTH X H M H L ~ ~ C K O ~ ~  CBR3H B OKCHnaX: Na20, MgO, 
A2O3, PZos? K a ~ n e  U3 HHX Moly1 0 6 J l ~ ~ b  nOJlYnpOB0nHHKOBblMH 
c ~ o i i c m a ~ n ?  
~ . K ~ K H M  THnOM nPOBOJlHMOCTH 6JlWafl  aHTHMOHHn allIOMHHHR (NSb) C 

BaKaHCHRMH B nOEpeWeTKe C Y P ~ M H ?  

4 .Pacc9mii~e TeMnepaypy, sbime ~o~opoii ~ H O B ~ I  B O ~ M O X ~ H  TepMopacnaa 
@ o c + n n a  rarurm 4GaP(,) = 4Ga(,) + Pyr)? 



3AAAHME 4. 
1 .OT qerO 3aBHCHT UlMPHHa B W I ~ H T H O E  30HbI  H ZInCJlO 3HepreTHVeCKHX y p o ~ ~ e f i  B 

~ e i i ?  
2 .nocle~y OKCHnbl d-3JIehleH~oB RBJln loTCn T H n H 9 H b l M H  IlOnyflpOBOnHHKaMII,  a 
OKCHnbJ MeTaflJlOB rJli3BHblX n O A r p y f l n  B 0 6 b l c l H b l ~  YCnOBHRX - ~ H ~ ~ ~ K T P H K M ?  

3 . K a ~  H3MeHHTCR THn IIPOBOflHMOCTH aHTHMOHHlla  WIK)MHHHII (AlSb) npH er0 
J le rHPOBaHHH aTOMahlH UHHKa H CeneHa (CTPYKTYPLI ~ ~ M ~ U ~ H H I I ) ?  

4.0npenenn~e, K ~ K O B  n3 nonnnoB r e p M a H n n  6onee neTyY npn c T a H n a p T r i b l x  
y c n o ~ n n x ?  GeI4(,,,) = Geld(,) ; G e I y , )  = GeI2(,)  

3AAAHME 5. 
1 .KaKoe $ I H ~ H ' ~ ~ c K H ~ ~  CMblCJl f l O B H R  Oep~ki? 
2 . K a ~ o i i  THn npOBOnHMOCTH 6 y n e ~  XapaKTepeH' MR 3aKHCH M e n H  (CU~O) C 

H ~ ~ ~ I T O ' I H ~ I M  COnepXaHHeM npOTHB CTeXHOMeTPHH aTOMOB K H C ~ O ~ O ~ ~ ?  

3 . K a ~  n o e n n n e T  Ha Tnn npoeonnMocTn apceHnna r a n n n n  (AsGa) ero nernposaHne 
Menm n ceneHoM ( C T P ~ K Q J P ~ I  ~ ~ M ~ u ~ H H R ) ?  

4.Ka~oii H 3  OKCHnOB KpeMHWI60nee Y C T O ~ ~ ' ~ M B  npH +50°c? 
2SiO~(n) = 2SiO(n) + 0,r) 

3All;AHME 6. 
1 . 0 6 b k c H H ~ e  IlpHpOlly ~ e . ~ n e p a ~ y p ~ o f i  3aBHCHMOCTH 3JleKTpOflpOBOnHOCTM 

MeTanJlOB. 

2 . K a ~ 0 i i  THn IlpOBOntiMOCTH 6 y n e ~  XapaKTepeH LUIn OKCHna  UHHKa ( Z n O )  C 

H ~ ~ ~ I T O Z I H ~ I M  COnepTaHHeM IlpOTHB CTeXHOMeTPHH aTOMOB UHHKB? 

3 . K a ~  MOTeT H3MeHHTbCR THn flPOBO.llHMOCTH apCeHHna ri3JIflWI (GaAs) n p n  
H a p y l u e H n n  cTexnoMeTpnsecKoro c o c ~ a ~ a ?  
4.Ka~oii H 3  IlPOUeCCOB ~ H C n p O f l O p U H a H H p O B a H H R  6onee BepOflTeH n p n  
CTaHnapTHblX ~ C ~ O B H ~ X ?  

2Geo(TB) = Ge02(,) + Ge(TB) I 

2SiO(,,, = Si02(Ts) + Si,,) 

3AAAHME 7. 
1 . 0 6 b f l c ~ n ~ e  IlpHpOny ~ e ~ n e p a Q J p H 0 f i  3aBHCHMOCTI.r 3JleKTpOflpOBOnHOCTH 

IlOJlyflpOBOnHHKOB. 

~ . O ~ ~ R C H H T ~  H 3 M e H e H H e  UlHpHHbl  3 a f l p e ~ e H ~ 0 f i  3 0 H b l  B P R n Y  BeUeCTB: ZnS -3,7 
39; ZnSe - 2,8 39; ZnTe - 2,2 sB. 
3 . K a ~  IlOBJlHReT H a  npOBOnHMOCTb aHTHM0HHna KUlJlHR (GaSb) HaJlHqHe B ~ K ~ H C M ~ ~  

B n o n p e u e T u e  c y p b ~ b r ?  
4.He n e n a n  pacqeTos, onpenenme noebmeHne n n n  noHnxeHne TeMnepaTypt.1 
6 y n e ~  C ~ ~ O C O ~ C T B O B ~ ~ T ~  6onee r n y 6 0 ~ 0 ~ y  IlpOTeKaHHIO p e a ~ u n f i  

S ~ O Z ( ~ ~ )  + 2C(Ta+MT) = Siq,,) + COZ(~, 
SiO~rs) + qrpa+HT) = SiO(T.) + CO(r) 



3AflAHME 8. 
1 . B ~ I S U C J ~ U T ~  KOHUeHTPaUHm C B O ~ O ~ ~ H ~ I X  3JleKTPOHOB (e/Monb) B KpHCTanne Menu 
~accofi  127 rpaMM. Jlpu pacqeTe nonaran, STO Ha ~axnbrfi aToM B 

K ~ M c T ~ . I ~ J I M S ~ C K O ~ ~  PeUIeTKe IlpUXOnUTCR OnUH ~ ~ 0 6 0 n ~ b i f i  3JleKTpOH. 
2.Ka~ofi Tun npoBonuMocTu 6 y n e ~  xapaKTepeH n n ~  oKcuna menesa (Fe203) npu 
~ a n u ~ u u  ~ a ~ a ~ c u i i  B nonpeweme menesa? 
3.Ka~ofi Tun npoeonnMocTu 6 y n e ~  xapaKTepeH n n ~  cnon o~cnna  Menu (I), 
npuneramuero K no~pbreae~ofi UM ~ e n n ?  
4.0npenenu~e, B KucnoTe m u  B uenoqn nytue  PacTBopReTcR ~ p n c ~ a n n u ~ e c ~ u f i  
K P ~ M H M ~ ~ ?  

Si(,,) + 4HC1 (,)= SiC14(,) + 2Hz(,) 
Si(,,) + 2NaOHc.) + H2OC,) = NazSiO3(,,) + 2Hz(,) 

3ALIAHME 9. 
1 .KaK U nOSeMY BnURmT nPUMeCU Ha 3JleKTPOIlPOBOflHOCTb M ~ T ~ ~ O B ?  
2.Ka~ofi Tun npoeonnMocTu 6 y n e ~  xapaKTepeH nnn cynb+una KanMliR (CdS) c 
M ~ ~ ~ I T O S H ~ I M  COLlePXaHUeM IIPOTUB CTeXUOMeTpUU aTOMOB cepbl? 
3 .Ka~  n0BnuRe-r Ha Tun npoeonuMocTu +oc+una a n m ~ n ~ u n  (AIP) ero 
nerupoBaHue a) ceneHoht; 6) ~ a n ~ n e ~ ?  
4.Paccru~afi~e TeMnepaTypy, npn K O T O P O ~ ~  CTaHoBuTcR B O ~ M O X H O ~ ~  peaKunn 
BOCCTaHOBJleHUR XJlOpHna KpeMHUA SiC14(,) + 2H3,) = Si(,,) + 4HCl(,) 

3AAAHME 10. 
1 .Ka~ U3MeHReTCR LUUHa C B O ~ O L I H O ~ O  npo6era 3neKTpOHOB B MeTmnax C 

noBbIweHueM ~e~nepa- rypb~?  n o r e ~ y ?  
2 . b ~ ~  M TUnOM nPOBOLlU MOCTU 6yfle~ 06nana~b cynb+un UUHKa (Zns), 
nerUp0~aHHblfi aTOMaMU Menu (~TpyKTypZi ~ ~ M ~ u ~ H W I ) ?  
3.Ka~ofi Tun IlpOBOnUMOCTU yCUnUTCn y a1iTUMOHUna aJllOMUHUA (NSb) npn ero 
nerupoBaHun a) Menbm; 6) Tennypo~? 
4 .Onpenenu~e BO~MOXHOCTL TpaBneHuR repMaHun xnopnc~br~  BonoponoM n 
C O J ~ R H O ~ ~  K U C ~ O T O ~ ~  

Ge(,.) + 4HCl(,) = GeC14(I.) + 2Hz(,) Ge(,,) + 4HCl(,) = GeC14(,) + 2H2(,) 

3AAAHME 1 1. 
1 .Ka~  n noqeMy n 3 ~ e ~ ~ e ~ c n  3neKTponpoeonHocTb MeTannoe npu ux 
nnac~urec~ofi  ne+op~aunn? 
2.Ka~ MOXeT U3MeHUTbCH Tun nPOBOLlUMOCTU TeMypUAa KanMliR (CdTe) npU 
OTKnoHeHuM ero cocTaea OT c ~ e x u o ~ e ~ u u ?  
3 . n o r e ~ y  nernpoeaHue ceneHa n Tennypa ~ e s a e n c n ~ o  OT npnponbr npnMecHoro 
KOMnOHeHTa BCerLla nPUBOLlUT K ~ C U ~ ~ H ~ ~ - ~ ~ O B O ~ U M O C T U ? -  
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4 . 8 0 3 ~ 0 ~ ~ 0  nn paClBOpeHMe JTpMaHHIl B Bone npH Cli3HnapTHblX ~ C ~ O B U ~ X ?  K ~ K  
6yne-r m n m  Ha cliopocrb smro  npouecca nosblureHne ~ehineparypb~? 

Gq-) + 2Hz0,, = GeOyn) + 2213, 

3 A m H M E  12 
1.Cyulmyer nu npnHulinnanbHoe pavlnrne Mexny uleurpotjaMu 
n p o s o n r w m  s mmnnax n nonynpoeon~nliax? norehi y? 
2.Kax ~ 3 ~ e ~ n e - r -  nonn n o ~ ~ o i i  C B ~ ~ H ,  ~ ~ K T H B H ~ I ~  3apanb1 u uupuHa 
3aIIpellleHIi06 3 0 H b l  B COeLUIHeHlMX GeS - GcSc - GeTe ? 
3 . b  nowMm Ha THn npoBOLUIM0~ aHTHMOHUAa rannua (GaSb) ero 
n e n r p o w e  a) ceneHm, 6) -OM ( c r p y ~ l y p ~  m u e u e ~ n ~ ) ?  
4.0rrpenenm  arca an cTeneHb oxncneHm B c r a ~ n a p ~ ~ b ~ x  ycnoeuax 6onee 
xa-pHa nnn K ~ ~ M H H ~  u r e p ~ a ~ m ?  

2SiO = Si02 + Si 2Ge0 = Ge02 + Ge 

3ALIAHME 13 
1.Ka~ BnHneTTeMnepa-i-ypa Ha nonomeHne ypoetin @ e p ~ n  B ~erannax? 
Z.Cyn@m m n  Tennypm raurubnxa (111) nMm hnbmyto r ~ u p u ~ y  3anpeUleHHoh 
30Hbl? 
3.Ku H3MeHUXR npoBOflHMOCl% aHTHMOHUila TannMIl (GaSb) npu HaJlUqUU 
mi-i~cnii B nonperuence m m ?  
4.0npenenm, ~ u o i i  m pacmopoe nywue ncnonb3oaa~b m a  rpaeneHna 
~ Y O K H C H  ~ p e ~ ~ n n ?  

SiOa,, + 2NaOt4,) = NafiiOxl.) + H20(,, 
SiOqn, + 4HC4,) = Sick ,  + 2H20eS, 
SiOan) + 4HF,,) = + 2H20w, 

3 a H M E  14 
1-npn xaKnx ycno~mx RernpoBaHm ~ ~ ~ e p r e n r r e c ~ n e  y p o s ~ u  npu~eceh MOXHO 

c s m r a  L M C K ~ ~ T H U M H ?  
2.06anCHHTC. nOYeMy B IWLQ'PHae BHCMyli3 H ~ ~ H T O K  aTOMOB BUCMYTa nPOTHB 
cmxno~erpnn c a n a m  aKuenmpHble ypoenn? 
3.Kaw noenmer Ha m n  npoeolurMocrw W u a  aruoMnHna (AIP) u36b1~0~ tiroMa 
+@pa rrpOTHE CT~XHOM~TPHH? 
4.0npenenm, MOXHO nn nonywm +$nm a n m ~ n ~ n ~ ,  rannua n uHnua u3 
npocmx t i e u r n  npn cmuapreblx y a o ~ m x ?  K ~ K  snuxer nosbrueHue 
E M m b l  Ha 3 lM  I I p ~ ~ e c ~ b l ?  . 



1; 3AAAHME 15 
!f 1.Ka~ne 3nCMeHTM MOryT yCBHnklBaTb p-npOBOflnMOCTb KpeMHnn B CnYae 
I c ~ p y ~ ~ y p  3a~euce~nrr? 

2 . K a ~  BnnnloT Ha Tnn npOBoanhlocTn cepor.o onosa npnMecH A], In,Cd,Au? 
C I ~ ~ K I ~ P M  3 a ~ e u e n n ~ .  
3 . K a ~  n nolteny s n n n e ~  Ha nonomeHne y p o s ~ x  @ e p ~ n  B n ~ n ~ n ~ o ~ o n ~ n ~ a x  
yoenwieHHe ~ e ~ n e p a ~ y p b ~ ?  

I 4.Ka~oCi n3 @oc+uaoe 6yne-r 6onee y c ~ o i i w s  e a ~ ~ o c Q e p e  Kncnopona rrpn 
., CTaHAapTHbIX ycnoB#rrx? 

2Mp(,,) +302(,) = Alzoxt(,) + p2ox~n) 
Gap,,, +302(,) = GaDqT1) + PzOx,) 
2InP(,.) +302(,) = InzOx,) + P~OX,~ )  




