31. Міжзонна рекомбінація. Випадок бімолекулярної та лінійної рекомбінації. Формула для бімолекулярної рекомбінації при великих та низьких рівнях збудження.
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32. Модель Шоклі –Ріда для монополярного збудження.
В першу чергу дивимось 31. Там пояснюється які часи рекомбінації при моно полярному збудженні. А далі одне й те саме в двох питаннях
[bookmark: _GoBack]33. Формула Шоклі-Ріла при бімолекулярному збудженні
В першу чергу дивимось 31. Там пояснюється які часи рекомбінації при біполярному збудженні . А далі одне й те саме в двох питаннях
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34. Вплив рівня освітлення та температури на рекомбінацію Шоклі -Ріда. 
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Ому збудженні[image: ]
35. Аналіз формули Шоклі -Ріда: Вплив глибини домішок та легування на час життя. 
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Jlerko yGepHTbCH, WTO STH KOPHH BCEri@ BeUIRCTBEHHB K MOJMOMHKTENbHEL

Takum 06pasoM, npu GHROJSAPHOM BOIOYMKJICHUH, jlae NPH BHNOJAHEHHH Hepa-
BeHers (5.8) (AHHeapH3OBAHHAS 3a7aya), H3MEHEHHE HEPABHOBECHBIX KOHUEHTPALHi
S7ICKTPOHOB ¥ JBIPOK ONHCHIBAETCA ABYMA IKCNOHEHTAMH M CYUIECTBYIOT ABA Pasiud-

310 CTATHCTUKA PEKOMBHHALMH 3JIEKTPOHOB U ABIPOK ria. 1x

HBIX BPEMEHH PeJaKCauMH Ty U Ty, DTH BPEMeHa OHHAKOBE JUIsl 31eKTPOHOB M JIBIPOK.
W3 copmyss (5.12) Taxwke BHIHO, YTO BpeMeHa PeJAKCALHH HEPABHOBECHBIX KOH-
UEHTPAUKK JOBOJLHO CIOXKHEIM 0GPasoM 3aBUCAT OT NapaMeTPOB JOBYLWEK — HX
KOS()XPHIHEHTOB 3aXBATA X, H Cp H SHEPTETHUECKHX YPOBHeH (BXOASMIHX B BEJHUYHHB
ny v py).

CoOTHOIIGHNS!, OXHAKO, YNPOWAIOTCS NPH HEKOTOPHIX CHELHATBHBIX YCAOBHSX.
Tax, Hanpumep, CCH KOHUEHTPALMs JOBYWIeK NOCTaTOYHO BEJWKA M TeMneparypa
KPHCTa/1a HH3KA, TAK YTO BBINOJHAIOTCH YCIOBHR

Nisngbm,  NE>potpn (.13)
o M HMeeM a>> | b1, ¢> |d | u, clefoBarenvho, bd < ac. Torpa momysaercs
1 1 1
e glatgx5@—q,
T e,
! v, 2 2 5.1
_r—l=a;~m,l 1y N c==apNt. (5.14)

B o10M cyuae BpeMS T, ONpelesIseTCsl TOJNBKO TEMIOM: 3aXBATa 3MEKTPOHOB, 3 BREMS
T, — TOJbKO TEMIOM 3aXBaTa ABIPOK,
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§ ©. LTauu onapHbie COCTOAHUSA

Octanosumes: Teneph MOApoGHee HA CTAHOHAPHBIX (HO HEpaBHO-
BECHBIX) COCTOSHHAX, KOTOPbIe YCTaHaB/IMBAIOTCA B T10/1y [1POBOAIKHKE
uepes JIOCTATOUHOE BPEMSl NOC/E BK/OYCHHA BHElHeHl NOCTOSHHOM
TeHepauyH HOCHTeNIel 3apsiia. B sToM ciyuae Bce IIPOH3BOAHbLIE 11O Bpe-
MeHH B YPaBHEHHAX KHHETHKH PEKOMOMHAIMH PaBHBl HYJIO M BbIYHC-
JIeHWe YCTAHOBHMBIUHXCS KoHueHTpaumil (8n); u (8p)s cmabeo ympo-
maeTcsi. ITH KOHUEHTPAUHH BCETJA MOXKHO BBIPA3HTh COOTHOIIEHHAMH
(V11.2.6), n nostomy 3ajaua CBOAMTCS K HAXOKIEHHIO BPEMEHH JKH3HU
Tn H T, B CTALUOHAPHOM COCTOAHHH. OTMETHM, YTO 3TH BpEMeHa MOTyT
M He COBNIajaTh C BPEMEHAMH DeJAKCAIMH Ty H T, HEPABHOBECHEIX KOH-
LEHTpaLMii B HECTALMOHAPHBIX TpOLECCax.

s MOHONOMSAPHOrO BO3CYXK/IGHUS Pe3yabTaT NONYYaeTcsi Hemo-
CPEJICTBEHHO M HCKOMblE BpeMeHa XKH3HH Bipaxaiorca gopmyaamu (5.1)
WIH, cOOTBETCTBEHHO, (5.2). ITo3TOMY MBI PacCMOTPHM TOJbKO GHMO-
JApHOe BO30Yyxk/ienHe. Temnbl TeHepandi 3IeKTPOHOB H ABIPOK GyleMm
CUUTaTh OAHHAKOBBIMH.

Tak Xax B CTANHOHAPHOM COCTOSHHH KOHIEHTPALMH 3alOJHEHHBIX
¥ TIYCTBIX JIOBYIUEK He M3MEHSIOTCS, TO

R,=R,=R. ©.1)

310 ycsoBUe OnpesiesisieT HEPAaBHOBECHYIO CTENeHb 3alOJHEHHs JIOBY-
wek snexTpoHamu f. TloicraBnss sty peawunny B ¢opmyay (4.7)
Win (4.7a), MOKHO HalTH OGIIMI TeMI 3aXBaTa 3JEKTPOHOB H ABIPOK R
M, NOJb3YACh ele YCJIOBHEM KBa3HHEHTDaJILHOCTH, BBIDA3HTh €r0 Kak
beHKllHlO JH60 TONBKO KOHLUEHTpalUd HepaBHOBECHLIX 3JEKTPOHOB
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R (8n), 1160 TONBKO KOHUEHTPaUMH HEPABHOBECHBIX ABIPOK R (6p).
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Toraa HCKOMbIE BpeMeHa KH3HH OIpeJeJAIOTCS HEeMOCPEACTBEHHO KaK

Sn 8p
tﬂ—m, rp—m. 6.2)

PaccMOTpHM HEKOTODble BaxKHbiE NPHMEpHI.

To0XKHM, YTO YPOBEHb BO3GYMKAEHHS HEOTPAHHYEHHO YBEJIHYH-
paetcsi. Torma B Bolpaxkenuax (4.7) n (4.7a) nast R, 1 R, MOXHO Tpe-
HeGpeub peaMHCCHell B 30HHI (KOTopast OrpaHKUeHa, Tak Kak f =< 1) mo
CpaBHeHHIO C 3aXBAaTOM; KpoMe 3TOro n-=p u yciopue (6.1) naer

&y (I —f) =a,f.
Orcrona
2

%p
f*m.

ntap

Tlpu o, > @, NPAKTHUECKH BCe JIOBYLIKH CTAHOBATCA 3arOJHEHHBIMH
SNIEKTPOHAMH, HE3aBHCHMO OT I1€pBOHAYAILHONO PABHOBECHOrO HX
3aN0/IHeHHs, @ IPH &, < G, BCE JOBYWIKH omycrowaiorcst. QG
TeMII 3aXBaTa 3JEKTPOHOB H JBIPOK OKA3HIBAETCA PABHBIM

I—f=
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apo,
a,,+ocp

R=o,N,(1-fyn=a,Nfp=N;———n,

a BpeMsl JKM3HH NPH OUeHb BHICOKOM yDOBHe BO3GYxIeHHsS

n 1 apta,

o = 6.3)

Ilas nambHeiimero yJo6HO BBECTH HEKOTOpHIE XapaKTepHCTHUECKHe
BpemMeHa:

1 1
Tag= R Tpy = e 6.4)

CVBICT KOTOPHIX Oyfer BuisicHen Hike. Torja pesyistar (6.3) MOXHO
TpeJCcTaBUTh B BILie

Too == Tno -+ Thoe (6.3a)

Bpemsi KH3HH TIPH BBICOKOM YPOBHE BO3GYMKIEHIST OJUHAKOBO
JUISt 3/€KTPOHOB H JbIPOK H He 3aBHCHT OT KOHUEHTpalHH HepaBHOBeC-
HplX HocHTenMeli 3apsiza. OHO onpejensieTcss HAHGOJBIUNM H3 Bpe-
MeH Tny, Ty, T.€. HAHMEHBLIHM KO3(pHLMeHTOM 3axBata (HauGonee
«Y3KHM» KaH4JOM DeKOMGHHAUHH).

Paccemotpenublil cilyyail yacTo peanusyeTcsi B BHICOKOOMHBIX ¢(oTO-
NPOBONHHKAX ((POTOCONPOTUBIEHHAX) ¢ IMIYGOKHMH, YDOBHSMH SHEPIHH
Josyitek. Tak Kak B HHX TeMHOBble KOHUEHTPAUHH fy H.[p, OYeHb
MaJibl (2 TaKXkKe MaJbl KOHLUEHTPALUH 7; U py), TO YXKE APH YMEPEHHBIX
HHTEHCHBHOCTAX CBETA YPOBEHb BO30OYV:KIACHHS OLIBAeT BBICOKHM.




image10.png
B ofmem ciyuae ycaopue (6.1) naer

o, [n (=) —mfl=a,[pf— p, (1 = D]
Orciona nonyyaercst
j= @pn+ 0Py P—f= @ty + 0P
@y (nt+m)+ag (p+p) ap (n+m)+ap(p+p)

TloacraBnss 9T BuipaxeHHa B ¢opmyay (4.7) wan (4.7a), Haxoaum

— np — foldo
R T T om0 ©.)

PaccmoTpuM Tenepb cayuaii MaJoff KOHUEHTPALNH JOBYLIEK, KOria
MOMXHO CUHTaThb M3GbiTOUHble KOHleHTpamun on = Op. Toraa, nosa-
ras n = n, -+ 6n, p = py + On, Haxopum

(6.5)

- ng+-py+-6n
R= Tno (Po~F P1F8) + Tpo (R0 + 11+ 812) dn
H, COOTBETCTBEHHO,

Tpo (119 =+ 1+ 81) =+ Tpo (Po -+ py -+ 8n) 6.7
ng+po+8n * :

Ta=Tp=T=

Tlpn Manok KOHIEHTPAUMM JOBYIIEK BPEMEHA JKH3HH 5JIEKTPOHOB
M ILIPOK OKa3bIBAIOTCS TOXKe OAMHAKOBEMH. OaHaKo Teneph 310 oGiuee
BpeMs JKH3HH 3aBHCHT OT ypoBHA BO30yxaeHHs. Eciu ypopenb BO3-
Gyennss JOCTaTouHo Man, T1ak uro 8n << (fy + ny), (py + po)s
TO T ONATb NepectaeT 3aBHCETb OT 81 M CTAHOBHTCS paBHLIM
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Tpo (o~ 11) ~+Fro (Po-+ P1)
To= no+po ' ©.8)

10 BHIpameHHe HasbBalOT dopmydoii Iokny — Pupa — Xosana.

To/yueHHBe Pe3yJibTaThi MOTYT ObiTh JETKO 0GOGUIEHb HA C/yuail NPOH3BOIB~
HO# KonlenTpauni JoymeK. Torna Bo BeeX MPeABLIYIIMX PACCYKACHHSIX Mbl JONKHH
Gl 61 BLIPasHTh Op wepes On ¢ MOMOLUBIO YPABHEHHST KBA3HHEHTPAILHOCTH (TIPH BbI-
UHCAEHRR T,) HIH, COOTBCTCTBEHHO, BBIDAsiTh On wepes Op (A1 HAXOKACHHA Tp).
Tlpu. 57oM MEL nOTyusiAR Gl Gosee COKHBIE GOPMYJIE, KOTODHE AJAS MAJOro ypoBHA
BO30YKJCHHSA HMEIOT BHA

o (t0+m) + %0 (o )+ T (LELL)

= - Pr
EANE LA '
P L
\ Po ) ( P1 ) . 6.9
o ot 1)+ o (ot )+l [ LEEL)
Tp= = e .
710—(-;)‘,-]—1\/,(’7”:;’7’) '(Po::lh) 1

TIp# npou3BO/bHON KOHUEHTPAUHH JIOBYIIEK BPeMEHa JKH3HH S1CKTPOHOB H ABPOK,
Jlake TIPH MAJOM ypOBHE BO3GYXIEHNS, OKashiBAIOTCS PasTHUHBIMY,
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_ Tpo(notm+80) +Tno (ot py+8n)

ng+po-+on

6.7
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UT00b! BLISICHHTD 3aBHCHMOCTB T OT YPOBHA HHXKeKUHH 61/ (1 - py)s
nepenumem gopmyny (6.7) B Buze

1, on

+_
T=1,—— 0 Jot P, g“+p" . (6.72)

142
no+po
Otcio51a BHJIHO, YTO C BO3PACTaHHeM YPOBHS HIKEKIHH T yBeTHYHBACTCH,
€CIIH T => Ty, H YMEHBIIACTCS OPH Te << Tp. TaK KAK T, 3ABHCHT
OT flg U Py, @ TAKKE OT TEMIEPaTypHl, TO IPH H3MEHEHHH TeMIepaTy pel
H PaBHOBECHOIl 3/EKTPONPOBOAHOCTH MOryT HabmoxaThesi oba 3TH
cayvasi. CkasaHHOe HJMOCTpHpYeT. pHc. 9.7, e, NMOMHMO 3aBHCH-
MOCTH T, (1), [I0Ka3aHa elle TOPH3OHTAIb T = Tyg - Tng. OO JHHHK
nepeceKaloTcsl B ABYX TOYKAX, OAHA H3 KOTOPHIX OIpeje/sieT HeKOTO-
PYio PaBHOBECHYIO KOHUEHTPALMIO 3JEKTPOHOB f1; B MaTepuale n-Tuna
(OCHOBHLIE HOCHTENH), H KOHUEHTPAUMIO 3JeKTPOHOB nj B Mare-
puasne p-THNA (HEOCHOBHBIE HOCHTEJIH; COOTBETCTBYIOMAs KOHUEHTpaLus
OCHOBHBIX HOCHTeNelt ecTb py = nj/ng). TlpH 3THX KOHUEHTpPaUHMsX
Ty = T U T BOOOWE HE 3aBHCHT OT YpOBHS HueKuuH. Ecau dakru-
yeckas KOHUEHTpAUMA #, = 1; (B MaTepuaje n-Tuna) Wi, COOTBET-
CTBEHHO, py = p; (p-THN), TO T OyAET YBeJHYHBATHCA IIPH BO3PACTAHHH

ypoBHA HHXeKUHH. [IpH ny << ng WK py << py BpeMaA T OyIeT yMeHb-
maTeCA.
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Tlpn Manok KOHIEHTPAUMM JOBYIIEK BPEMEHA JKH3HH 5JIEKTPOHOB
M ILIPOK OKa3bIBAIOTCS TOXKe OAMHAKOBEMH. OaHaKo Teneph 310 oGiuee
BpeMs JKH3HH 3aBHCHT OT ypoBHA BO30yxaeHHs. Eciu ypopenb BO3-
Gyennss JOCTaTouHo Man, T1ak uro 8n << (fy + ny), (py + po)s
TO T ONATb NepectaeT 3aBHCETb OT 81 M CTAHOBHTCS paBHLIM

_ Tpo (o110 Fs0 (Po- 1)
To= no+po

10 BHIpameHHe HasbBalOT dopmydoii Iokny — Pupa — Xosana.

. (6.8)

To/yueHHBe Pe3yJibTaThi MOTYT ObiTh JETKO 0GOGUIEHb HA C/yuail NPOH3BOIB~
HO# KonlenTpauni JoymeK. Torna Bo BeeX MPeABLIYIIMX PACCYKACHHSIX Mbl JONKHH
Gl 61 BLIPasHTh Op wepes On ¢ MOMOLUBIO YPABHEHHST KBA3HHEHTPAILHOCTH (TIPH BbI-
UHCAEHRR T,) HJIH, COOTBCTCTBEHHO, BBIDA3HTb On wepes Op (A HAXOMACHHA Tg).
Tlpu. 57oM MEL nOTyusiAR Gl Gosee COKHBIE GOPMYJIE, KOTODHE AJAS MAJOro ypoBHA
BO30YKJCHHSA HMEIOT BHA

o (t0+m) + %0 (o )+ T (LELL)

1= - PL
Potpi N potpr T '
"°+p“+N’( %) ( o) ©9)
o
o ot 1)+ o (ot )+l [ LEEL)
Tp= = P .
710—(-;)‘,-]—1\/,(’7”:;’7’) '(Po::lh) 1

TIp# npou3BO/bHON KOHUEHTPAUHH JIOBYIIEK BPeMEHa JKH3HH S1CKTPOHOB H ABPOK,
Jlake TIPH MAJOM ypOBHE BO3GYXIEHNS, OKashiBAIOTCS PasTHUHBIMY,
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M3 cka3anHOro BHIHO, YTO BJHSHHE JOBYIIEK (NpHMecel M Jedex-
TOB CTPYKTYPH) HA TeMmn PeKOMOHHAIHU ONpe/leJiSeTcss HX KOHIeHTpa-
uyedl, KospHUHeHTAMH 33XBATA @, M O, (BXOAAWMMH B Ty H Tg)
1 3HEPreTHYeCKHM YPOBHEM JIOBYWIK E, (4epe3 BeNWUMHBEI f; M p,).
npl‘l TpPOYHX paBHBIX YCJAOBHAX 3TO BJAHSIHHE T€M MeHbllie, YeM MeJbye
SHEPTEeTHYECKHHl YPOBEHb JIOBYWIKH (OTHOCHTEJIbHO ONHOH M3 30H).
DTo HemocpPeCTBENHO BHAHO, HANPHMEP, H3 GopMysl (6.7): IPH ymeHb-
weHHn (E,— E)) nmau (E;— E,) CHUABHO BO3pacTaer n, HiH, COOT-
BETCTBEHHO, p;, YTO W TPHBOAHT K YBeJiHueHHIO T. (DU3HYECKH 3TO
o003HayaeT, 4YTO GONBILMHCTBO HOCHTeNeH 3apsiia, 3aXBaueHHHIX M3
Gminxaiileil 30Hbl, Cpasy ke Bhl-
6pacbiBaioTcs  0OpaTHO B 30HY.
TakMe NpHMeCH SBJSIOTCS XOPO-
INHMH  TIOCTABIIMKAMH PaBHOBeC-
HBIX 3JEKTPOHOB MIH JIbIPOK H
CHIbHO H3MEHSAIOT 3/eKTPONpPOBOa-
HOCTh  (NErHpyIollHe NpHMeCH).
Hanpotus, npuMecu ¢ rayGoKHMH
YPOBHSIMH 3HePTHH ¢J1a60 BAHSIOT
Ha DaBHOBECHYIO 3JIGKTPONPOBOA-
HOCTb, HO MOTYT OYeHb CHJIBbHO
H3MEHSITb BpeMeHa JKM3HH (pe-
RoubuRayuonsue rpunect). DI 8T oeun s sepsmioncts

Onuako npH 3a71aHHOM KOHUCH- a0y (1) 1 Gecrotieuno Goabuom (Fec)
TpaltHy JIOBYILEK OlpejesleHHOro YPOBHSAX BO3GyHACHHS.

THNA BpeMsl MKH3HH MOXKeT ObiThb
elle QUEHb PAasHbIM, TaK KaK OHO
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3aBHCHT TaKXe OT YPOBHs BO30OYXKICHHS, TeMNepaTypul (BXOASIEH
B 71, U p;; KPOME TOrO, &, W G, TOXKEe MOTYT 3aBHCETh OT TeMIEpPATyphi)
W DaBHOBECHLIX KOHUEHTPalMA 7y, M p, (PaBHOBECHOH 5JEKTponpo-
BOLHOCTH KPUCTA/IA). ’

Xapaxtep 3aBHCHMOCTH T, OT PaBHOBECHOH KOHLEHTDAIMM 3J1eK-
TPOHOB MoKa3zaH Ha puc. 9.7. Tak Kak ny H p, B HEBBIDOMKIEHHBIX 1O+
NYNPOBOAHHKAX CBA3AHB MEIKNY CO0Oi COOTHOIIEHHEM NyPy =i, TO,
KaK HeTpyaHo yGeinTbes no gopmye (6.8), T, AOCTHIaeT Pe3KOro MaK-
CHMYMAa TNpH 7, = n;, T. €. B MaTepha’ge ¢ COOCTBEHHOI MPOBOAUMO-
C1bi0. [Ipn yBeHYEHHH KOHUCHTDALHH MEJKHX JOHODOB MEl HMeeM
Ry > py. Ecan yposeﬂb JoByHIeK JIeKHT B BEPXHeHl NOJOBKHE 3ampe-
WEHHOH 30HB (n; > p;), To ¢opmyna (6.8) naer

A
% -r,,.,(l . (6.10)
Ecnu ypopens pacnonomen B HiKHeil TIONOBHHE 30HbI, Mbl HMeEM
P
Ty 2 Tpo~+Tao o (6.10a)
314 CTATUCTHUKA PEKOMBUHAUHH 3JNEKTPOHOB U JBIPOK OV IX

B ofovx cjiy4asix MpH YBeJHUEHHH CTCTEHH JETHPOBAHUS T, YMeHb-
LAETCS M CTPEMHTCS K 3HAUEHHIO Tpo. AHAJNOTHYHO, B NOJIYNPOBOAHAKE
p-TUNA T, YMEHbIIAETCA MpH YBEJWYEHHH KOHUEHTPALHH MENKHX
AKLENTOPOB U CTPEMHTCH K Tpo. TaKHM 06pa30M, BBEJCHHBIE HAMU DaHee
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BPEMEHA Ty H Tng CYTh NMPeJe/bHEIC BPEMEHA JKH3HA B CHIBHO JIETHPO-
BAaHHBIX MATeDWAJaX fi- H, COOTBeTCTBEHHO, p-THIIOB.
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§ 5. Hecrauuonapnsie npoueccel

a. Mononoasproe co36yxderiue. TIOMOXKEM, WTO B TOJVNPOBOJHHKE reHepHpY-
107CS LIEPABHOBECHbE HOCHTEK TOABKO OIHOTO 3HAKA, CKAXKeM TOJBKO SJEKTPOHBI
(370 HMeer MeCTO, MANPHMEP, NPH NPHMECHOM BO3GYAACHHH (OTONDOBOAHMOCTH).
Toraa Ml iveem TobKO OAlO AH(epenimanbhoe ypasuenue (4.8). Tosaras B Hem

n=ng+-8n,  f=fo+0f

308 CTATHCTHKA PEKOMBMHALMNMH 3JIEKTPOHOB U JABIPOK [ri. 1x

H YUHTHBaR, 9TO
no (1= fo) —mfo=0,
HaXomHM

O gt (1= 0 S — a8 B,

Hcxmouas orciona 8f ¢ noMoummio ypapneHHS KBasHHEHTpaJbHOCTH

Sn- N, 8f =0,
nonyuaem

%:gn—an (N¥+no+ny+6n) n.

3precb wepes N§= N, (1 — f;) oGosnauena paBHOBeCHAs KOHUEHTDALMNA NYCTHX

nosywex. Orcloa BHAHO, UTO MIHOBEHHOE BpeMs KH3HH 3aeKrponos (cp. § VI11.2)
pasHO
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1

-_— 5.1
@, (N{ + o~ ny+8n) &

Tn

OHO caMo 3aBHCHT OT 8n M M3MeHsieTcs B Npolecce Pe/AKCAUMH KOHUCHTPALMH SAeK-
TponoB. ONHAKO eC/IW HePABHOBECHAs KOHUEHTPALHS EKTPOHOB HE CJHUIKOM Be-
JHKa, TAaK uTo

8 <& Nf+ng+ny,

70 On NSMECHFICTCS IO SKCTIONEHIHATLHOMY 3aKOHY, PacCMOTPeHHOMY hamu B § VII.2,
a BpeMs JXKH3HH OKasbiBaeTcs MNOCTOAHHBIM.
B CJlyyae reHepaLHt JbIPOK Mbl NOTYYHIH 6Bl aHATOrHYHOE BHIpaXeHkHe:

!
a, (N7 +po+p1+8p) ©

6. Bunoasproe 6o30yscdenue. Pacemorpum Teneph Gonee caoxmmi cayuai,
KOTA\d TeHEPHPYIOTCS M 31eKTPOHE! M AbIPKH. [IpH 5TOM ByjieM CunTath, ut0 g, =gp =
= g (KaX, HanpuMep, NpK Bo3GYXJIEHHH CBETOM B COGCTBEHHOI 110/10CEe IIONJIOLIEHNS).
Buizenss no-npexneMy B BeJRUHHAX 1, p W f WX PaBHOBECHBIE UACTH Mg, Po ¥ fo W
HePaBHOBeCHble NpHpamenns On, Op u §f, Mbl HalijleM 15 TeMna PeKOMGHHALEH 3JeK-
TPOHOB

(5.2

Rp=auN¢ [0 (1 =) —mfl=cxN¢ (1 —fo) Sn—(no+ny+-8n) 8. (5.3)
Hckmouas orciopa Of ¢ NOMOMIBIO YPaBHeHHsS KBasHHeHTPaAIbHOCTH

dp=bn+N;6f, 6.4
noayuzeM

R,=adn+bdp, (5.5)
e
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a=a, (N +no+n+08n),  b=— a, (ng-+ny+6n).

TIpn GHITONIAPHOM BO3GYKNCHUH TeMN PeKOMGHHAWMH 31eKTPOHOB Onpeetsercs
Tie T0.abKO H3OBITOUHON KOHUEHTpaluell 21eKTpoHOB 11, 1O elle H KoHUenTpaunei pa-
-6LbITOuHBIX ABIPOK 8p. DTO NPOMCXONMT NO TOH MPHUKHE, YTO HEPABHOBECHLIC ALIPKH,
TaK e KaK W 5JEKTPOHbI, H3MEHSIOT CTeMeHb 3aNO/EEHHs JOBYIEK, a 5T NOCAEA-
Hsisl BAMSIET HA TeMI PEKOMOHHAUMY.

§ 51 HECTAUUOHAPHBIE TIPOUECCHI 309

Paccy)nas COBEPIICHHO AHATOTHYHO, Mbl TOJYUHTH Gbl VIS TEMNIA DEKOMGHHA~
UK ABIPOK BBIpANEHHE

Ry=apN; pf—py (=Pl =c 8p+d bn, 6.6)
TR
c=0p (N[ +potpi+6p),  d=—a, (0o+pi+0p).

3pecs Nj = Nfy ects papuoBecnas KOHUCHTPAUMS 3ANOTHEHHBIX JOBYWeK.

Takum 06pasoM, I onpefedierisi HepaBHOBECHBIX Kowuentpanuii On (1) u
8p (f) Mbi oayuaeM cucTeMy ABYX CBA3aHHHIX AH(EPEHUMATLHBIX YpaBeHul mep-
BOrO nOpsAKa:
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Tak Kak a, b, ¢ u_d 3asucar or 8n u Op, To 97a cucrema Heauueiina.
VpaBHeHHS KHHETHKH CTAHOBATCS JMHEHHBIMM, €CIH BBIOMHSIOTCA YCJIOBHS

Sn<nogtny  Bp < potpre 6.8
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UTMETHM, 9TO OAHO M3 3THX YCAOBHH OTHOCHTCA K OCHOBHBIM HOCHTEIAM M COOTIOdA-
eTcsl I0BOJbHO YacTo. OIIHBKO YCJAOBHIO VIS HEOCHOBHbBIX HOCHTe e VIOBJCTBOPHTD
ropasjio TpyAnee, H MOSTOMY NpPH GHAOIAPHOM BO3GYKICHHH KHHCTHKA DEKOMOHHA-
UHH OKa3piBaeTCHA, KaK MpaBHjo, He3IKCHOHE HIHAMbHOM,

Ecan wepasencrsa (5.8) BBINOMHSIONCH, T0, HCKIIOYas H3 cHCTeMsl (5.7) KOHIEH-
Tpaumio 8p, mbi noayuaem pas On ypasueine
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Jast KoHuenTpauuy u3GLITOYHBIX ABPOK MOMYYACTCS aHAJOTHYHOS YDaBHEHHe:
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Tlosib3ysich CTAHAAPTHBIM METOJOM pemielius JH{XpepeHuHanbHBIX ypapHensnit 2-ro
OPFEKA C NOCTOSHHBIMA KOIDHHUMEHTAMH, Mbi HaXOAMM, YTO KOHUEHTPALHH HEDaB-
HOBECHBIX HOCHTE/IRll H3MEHSIOTCH MO 3aKOHY
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a nocrosinubic B # C ONPeACASIOTCS H3 HAYANbHEX yeiopuil. Beauuuust 7 u T, AT
BpeMeHa Pedakcallii H3CHITOUHOH KOHUCHTPALWMH M SIBAMIOTCA KOPHAME XapaKTepH-
CTRYECKOrO YDABHEHHS

(.[) —(a+ c) —  (ac—bid) =0.
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