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KNPHIIT

HUiaMuiA-TeXHUKaBUH PHUBOXIAHUHIHY SPUMYTKA3THLIA
DIIEKTPOHHKACH3, XYCYCaH MHUKPOJICKTPOHUKACH3 TacaBByp
KT KMAMHIHP. 3aMOHABUIT MUKPOIEKTPOHUKAAA SIPUM-
YTKa3rdwiy MaTepuajiap Ba KYII KamiamiId CTPYKTypaiap-
JaH KeHr kynamuaa doiraiaHmwiaay Ba yjap acocHla TypiH
XM IPUMYTKA3THWIA ac6o0Jiap Ba MUKpocxeManap Taiépna-
Hagy., SIpUMVTKA3rMYId MaTepHasIapHM HMUOUIa0 YAKapuil-
HUHT PHUBOXJIAHMINM YIApHUHT cudaTUHU jNaboparopusi Ba
caHoaT MApOMTHAA TCKLIMPHILHUHT IOKOPU Japaxara KjyTa-
pwmy 6unan OormuK,. ByHma unoa® yMKapuul coxanapy
TEXHOJOTUK MYKOTHUILUIADH Ba YJIAPHUHT UIIa® YMKapUIIa-
i cupaTHHM HA30paT KWIMIITa KeTraH MOAAUI XapaxaTiap-
HMHT Ymyamiap¥ asukjiaHanad. IIyHuHT yuyH caHOoar Xopxo-
HaIAPUHM I0KOPH aHMKJIMKIATd Ba IOKOpU MUIIA0 Yukapuiu
YHYMHIa 3Ta BOCMTasap OWIaH XWXO3MaHraH, SpUMYTKa3ruq
MAaT¢pUAJUTAPHUHT CU(ATUHN TEKUTHPYBYM STHTH, WITOP yCYJI-
JJapHY MUDIa0 YMKUUI Ba Y3JIaITUPULL SPUMYTKA3THY MaTe-
pUaIap Ba CTPYKTYPAJIApDHH MIIA0 YMKAPUII HMKTHCOLMIM
CaMapagOpIANTMHUHT Yol 6unaH O6eBocuTa OOFIMKIND.

Adcycxku aprAMYTKA3THYIApHAHT XaMMa TapaMerpiapy-
HH XaM Oxjiuii Ba Kynaii O¥nrad ycymwiap Ownan yrgamr Mym-
KWH 3Mac. YAapHUHT KYMYWINTHHH VaJyani Maxcyc Gu3Hk
YCIYOUSTHH Ba MypakKa0 anmaparypaJapHUHT HILIaTHIA-
ey Tanad Kuinamy. HIyHMHT YYyH SIpUMYTKAa3IrMMIapHIHT
napaMeTpJIapHHU YI4all yCyJuTapH CYHITH MHIIapia apuMyT-
kasrmwiap $usmkacu Ba TexHuKacu Gynmumiapu Owiad O6up
KaTropia pUBOXIAaHNO MyCTakuJl MyHaIMII GYIu0 KOJIMOKAA.
SpumyTKastuwiap GU3NKACH Ba SPHUMYTKA3THUIH EKTPO-
HUKA Macajajapy EpUTHITAH KUTOOIApHUHT COHH KaM PMac,
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JIEKHH yJapAa ApAMYTKa3IMWIAPHMHT apaMeTPIAPUHHU Virdald
Ba SIpUMYTKa3ruWid MaTepHMaUTapHH TEKIIHPHII yCyiuiapura
KaM 3bTHOOp OepiiraH. YMuI KWIaMH3KM, Ma3Kyp KY/UraH-
Ma MawIyM JapaxaJa YKYBUMJIApHHUHT SpUMYTKasruyjiap pu-
3MKACHHHMHr Oy OVyIMMHra OyiraH SXTHEXHHH KOHIHPAAH.
Kynianmana spuMyTKa3sTdy MaTepHauiap apameTpiapyuHi
Yoryaul ycymmHMHT (GU3HUK acociIapy KEHT EpUTHATaH. SIpuM-
YTKa3ruy napaMeTpiaapuHu VIYaliHUHT aHpUM MyaMMOJIapH
SIPUMYTKA3rH4 MaTepHAJUIADHUHT XOCCAJIApUHH YpraHyBYH
KHUTOONapAa KEHT Ba TVia EPUTUITAHIMIHHM XHcobra ojiraH
XOJNaa VIJam yCyJLTapyuHH EpUTHIHHHHT XoXaTH 6yamanu. by
xuTo0 ¥30eK TWiIumaru AacTiabku KUTod 6Ymmub, y spuMyT-
Kasruwiap ¢U3UKACH Ba TEXHHMKACH Macajanapu OmaH Oe-
BOCHTA IIYFYJUTAHYBYM Tajabajiapra MYDKajulaHraH.

Kynnanmanma xap Xl KaTTa XaXMIarH HamyHanap, Iuiac-
THHKaIap, IOIKa Kamiamiap, Xap XWiI Typoard sIpMMYTKa3-
THWIM CTPYKTYpajiap HapaMeTpilapHHH XaMJa HOMYBO3aHaT
XOJIATWHATH 3apsAl TallyBYWIAp NapaMeTpiapHHM, sSTbHU 3a-
PSIA TaliyBYWIap Siall BaKTWHH, TU(MQPY3HMOH y3yHIHMKHHU
qacddy3ns kodhDUIMEHTUHH, CUPT peKOMGMHAIMA TE3/IH-
FMHHM Ba HMXOAT YYKYp CarTxJIM MapKasjap napaMeTpiapiHH
¥Irgan ycywiapu €pUTHITaH.
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I-505b

APAMYTKASTHUWIAPHA COJAIITUPMA
KAPIIIJINKHU VIYAII YCYJJIAPH

1.1-§. SpaM¥TRasreIH HAMYHAHAHT COJHIITHPMA
KADHIMTMIHHH YHRNT TYNAa KaApOMIHrA Oyiimua anmxmam

ConuiuTupMa KapliMI¥K p HU HAMyHaHMHT TYIa KApIIH-
Jury 6¥iuya TonuMia Taékya (CTepXKeH) KYypHHMIIKIATH Ha-
MyHa KYHIQJaHr KeCMMJIAapura MeTajlli KOHTaKT OJHHAIH.
MeTtawt SpUMYTKA3ruy yerapacuaa 3apg TallyBYWIap KOH-
LEHTPaIMACH SPUMYTKA3rHy XaXXKMHIATHIAH KWIMK GyaraH-
Ja MOTeHUYAN TYCUK KAaTIaMH XOCWI OYIHUINM MyMKMH, LIy-
HUHT y4yH Oy KaT/IaM HaMyHa KApIIWIMIHHH omupanu. Ha-
MyHana OM KOHTaKTH OJIMHIaHAA KAPIIMINIHM KaTTa GyIiraH
KaTiaM XOocuJ OynMaiau. Xaxm OVilnua HaMyHama MeTamn
yerapacuraya 3apsii TaUTyBYWIApD KOHUEHTPALIMSACH OUp XWI
Oynany €KUM 3apsj TalIyBUYWIAp OwiaH Goiyrad (aHTH3aop)
KaTJiaMm XOCHI OVianu.

3apsn Tamysuwiap OuwnaH OoMMraH KaTIaMHHHI KaJIWH-
JIMTH HAMYHA Y3YHJIMIHIAH XyAa KMYMK OYAranu yyyH yHHHT
YMyMHIl KapuiMjMKKa KYUITaH XUCCACHMHM Xucobra osmac-
muK MyMKUH. TokauHr OM KOHTAaKTH OpKA/IM OKMIIH HaMy-
HaJla KOHUEHTPALMSIHUHT Y3rapyuIura oiud KeaMaiu, sbHu
UHOICEKUUA, DKCTPAKLUSL, SKCKAIO3UA BA AKKYMYAAUUA Kabu
xonucanap 6ynmaiinu. Kypunaérran xonataa KOHTAKTAAPAAH

OKA€TraH TOK Ba HaMyHara TylIaéTraH KyWwIaHWII OpKAJIM Tyia
KapIIWINK TOITWIaIu:

Uv_ 1
R—I—ps (1.1

Bynnman

~|=
~|e

k)
Il
~

(1.2)
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keanb yukany. by eppa: R — Tyna Xaplunux, / — HaMyHa-
HHHT Y3YHJINTH, § — KYHIATaHr KecuMH 1o3acH, U — ukku
KOHTAKT OpacHiard xywianuii, [ — HamMyHagad YTaérrad
oK. CoMumTupMa KAPIIMIHKHY HAMYHaHUHT TyIa Kapliu-
JIATH OMJTaH aHHKJIAll KMYHMK CONWILTHPMA KApUIUIMKKa
(p<0,01 OM'cM Ba ypraya CONMIUTHPMA KapIIMIHWKKA
(0,01<p<1 000 000 OM - cm) =ra OyIran HaMyHanapaa Xe4 KaH-
HaH KUUMHYMIUK TYFAUpManIu.

I0xopn OM nn Hamynanapaa (0>1 000 000 Om - cm) Oy yeyn
OMaH CONMIITMPMA KAapIIWIMKHHM aHMKJIala OGUp KaHya
XOMUCATADHU, SHbHH CHFUM TOKHHM, HAMYHAa KyTOJIAaHWIIM-
HHM, TOKHUHT CHPT YTKa3yBUYaHAUTH OViHYa CUPKMO OKMIIH-
HM XHcobra onuur Kepax. bBynap yiraoBHH OMp MyHYa KMITHH-
nanrrupanu. IIyHUHT y4yH aBBan yJIapHUHF TaxXpubara Kypca-
TaéTraH TabCUPH KaMauTHpWIMO, cyurpa Ymuanamy (I.1-pacm).

a. Cerum Toxn. HaMyHa MYKM Kapuiury r, 6Yara# Tox
MaHOau Ba Kapumnuru R, 6¥araH Tok yayaiauran ac6o6 —
amriepMeTp {4 ) KeTMa-KeT yIaHTaH, HaMyHalard Ky'wIaHu|1I-
HUHT TYIIYBUHH VII4aIl y9yH 3ca BoiabT™MeTp (V) ynauraH.
R,>»R,+R na V pan oxkaérran TOKHM XMcobra onMaiMus.
Tox MaHGanHU ynall DaiiTHAa HaMyHa/IaH OKAETraH TOK YTKa-
3YBUAHJIMK Ba CHJDKMII TOKJIAPUHUHT HUFUHIMCUAAH HOOpaT
6ymamn. IIyHHHT YIyH MOC paBUIIZA TOK 3UWIHATH:

B
j==tee (1.3)

By epra: £ — HaMyHamard 3JIeKTp MaMIOH KyWIaHTatIurd,
€ — HaMYHaHMHT AM3JIEKTPUK CHHTIAMPYBYAHIIUIM, ! — BakT.

E = % oymuiumHu Xucobra onud, (1.3) nan Tyna Tok udona-

CHHH TOIIAMH3!:

_U, et
I=2+Co (1.4)

£y .

/

TOKY HaMyHaHH SKBHBUICHT CXeMala CHFUM Maijo 65?]114-
HiMra ojxud Kenanau. BYHI‘a napannen yjaaHrad MOHTaXjap

6

By epra, C= HaMyHa curumu (1.1-pacm). Crmxwur
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1. 1-pacu. HaMyHa TYna KapUIWIMTHHMA Yruauw cxeMacH (@) Ba YHHHT
SKBMBaJIeHT cxeMacH (6): A — amnepmerp, V — BonsT™Merp, K — KamuT,
R — HamyHa xapuunurd, TM — Tok Man6au, R — ammepMerp
KAPLUIMJIKTH, 7, — TOK MaHOAMHWHI MYKU KAPUIMIIMIH.

CHFUMH (IapasHT) ¢, HAMyHa CUFUMMIAH aHYa KyI Gyauiun
MyMKHMH. C, Ba ¢ 3aps[UIaHTYHYa aMIlepMeTpIaH YTKa3yBYaH-
JIMK TOKM OMNaH OMpra CUFMMHHU 3apsajialll TOKH OKAaAH.
AMIiepMeTpAaH OKA&TraH TOKHHU BaKITa OOFIMKIUIM KYHM-
jJaru dopmyna OMIaH aHHMKJIaHAIH:

\

U R Wy
- 0 +Co
I(t) Ry+R+r, R, +r € (1.5)
ll l =1
R=h+&+J. (1.6)

£ R'(C+C) na (1.5) dopmyna Kyiumaru KYpUHMILTA KeIaau
U U
I=3—% 7% (1.7)

Ry+R+r

CHFUM TOKM COJIMIITHPMA KAPUIMINKHH aHUKIALIIa Xa-
ToAMKKa onud kemuiuu MyMKuH. (1.5) Ba (1.7) dopmynamax
KYpUHAIUKHY, Oy Owiad GOFTHK OYIraH XaTOMHKHM HYKOTHIN
y4yH TOKHH f > R'(C + C) TEHICH3IMKHU KaHOATIaHTUPYBYH
BaKTda Yayanl Kepak. Arap HaMyHana KyTOJNaHUII XOZUCACH
Ky3aTwiMaca, 0y ycyn OWiaH p HM Yiyalun Xey KaHoam Kuii-
WHYWIMK TYFAMPMAHIH.

7
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0. Kyroxamma xomucanapy. KyroiaHUII XOMUCATapH KOH-
TAKTAEP OPACHAATH KYWIaHMITHUHE TYIIYBH Y3rapMac Synrar-
Ja YTKa3yBYAHJMK TOKUHWHI Y3rapuiuMra onub Kejiany. by
HaMyHal& HMOH JipeiibM XaxMuil 3apsn coxacHia 2/eXTPOH
€KH KaBaK AHKEKIMACHHWHT naigo 6ymuimy 6uiaH CORIHK-
pup. HaMyHanapauHr typura Kapa® TOKHMHI XapaKTepiH
pelakcalis BaKTH 7, CEKYHIHWHI YAYLUIAPUIAH TOPTHG, TO
coatriap, 6abp3aH cyTKa.r[apraqa et MyMKUH, Kyr6ianmnin-
HHMHT aHMKJIaHA€Trad CONMMINTHPMA KapIIWIMKKA TAhCHPUHHU
Kamaitupui yayH yrgosHu (1.7) Ba >t (1.9) Tenrcus-
JUKJIapHH KAHOATIAHTHPAIUraH BaKTa YTKasuil Kepak. By
TEHICHANHKIAP OaKapWIHINHN YYYH

R(C+C)<r (1.8)
0 p

Oynumu Xepak.
Kyrbmanuiut xomucacm MaBXyn OynraHpa, COMMINTHPMA

1
KAapIMWINKHHY aHMKJIall » « = Y4acToTana HaMyHaHHWHT aji-

MUTAHCHHH (Z') Ymuann Macanacura KeJanu: z'! akTHB Ba pe-
aKTUB KAPIUMJIMKIAPHUHT TeCKapd KMIMaTH HMFHHOMCH. By
XOna KyTONaHUII XOANCATAPDHHMHT MHEPLMOHIMTH Tydaii-
JI¥, HAMYHaaH TOK OKMIIHIa TabCHpP KypcaTMaiiIy Ba amMHu-
TAHC KyHUAaru KYpUHHUIIHU ONaIu:

-1 =%+iw(C+C0). (1.9

By popmyna R Ba C+ C; HY ajoXHia TOMMINTa UMKOH Gepa-
au. by epna: i=\/—:T. Z-! HY VYayanna /ysrapquaH TOK
KYTIDMKJIapH MULIaTUIAIHU.

Kyrbnanui xomyicarapu MaBXyl OYIraHna COMMIITHPMA
KapIWINKHU VTYallia MMITYJIEC TOK MaHOGanapumaH doiiga-~
JaHuII ¥aM MyMKuH (1.2-pacM). KyrOnanuiu agdexruamsr
TABCHPHHE HYKOTHII YYYH TYFpH OYpPUAKIHM MMIYILCHHHI
DaBOMMIUTZIY, UMITYJIHC TaKpOpJIaHryH4a Gyiarau Baky {T)

1t <7 LT
u 4

TEHICU3NMKHU KaHOATIAHTUPHIIK Kepak. |.2-pacMmna Kypca-
TUITaH CX€MaJa raJbBaHOMETp OWJIAH 3aHXWpIAH OKASTraH

8
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1. 2-pacm. Hamyna xapuisuiicy -
HM TYFpH OGYPYaKId MMIIVIHC
KYUIaHMIIH YeyIu Sutal Yuriaz
cxemacy, T — uMuynschu
KyWIaHMII reHepatop, I' — R

rajibBaHoMeTp R — HamyHa Kap- ,_g_

jii7nriiyi 8
4 4

¥praya ToK YmyaHamu. VIMIyIsC Tabrcup KWIA€TTaH BaKraa
HaMyHa CHFHMMH Ba YHIa Napajuie] yiaHTraH YTKasruaiap MOH-
TaXM CHFMMH rajJbBAHOMETP OPKAJIM 3apsJiaHaAy, HMIIYJILC
Tyraiud OmsiaH ynap ¥i1yaHaérraH ypraya TOKKa Xed KaHzjait
xHucca KyumMainu. HaMynazaH MMNyabsC KyUIaHHMIIH YTaér-
raHga TOKHHUHI ¥pTaya KuilMaTH

A=

I=122 (1.10)

ndona 6wian ronwnanu. By epna: I, — HMITYIEC KyWIaHHILH
TabBCHP ITAETTaH BaKTHArn yTKaaquaHJmK toku. (1.10) ¢pop-
MyJa OpKaH I, HM TONMG, MMIyabe KywiaHum U, Hu 6mr-
raH xojaa TyJIa Kapiwiuk R=U /I, x,ucoﬁnaﬂa,un Ba (1.2)
dbopmyna 6yinya conMIITHPMA KAPLINIHK aHUKJIaHAIM.

By ycyn 6unaH MMIyIbC KywIaHMIIMHHHE AMIUIMTYOAcH
U,=(1+2) XB, uMIy/i,CHUHT HaBoMHitHru 7,~10-%c T/r =10
anﬁama Gym‘aH HMMITYJIEC TOK MaHOanIaH (bonnanaxm co-
JMITHpMa Kapunutukeu 10+1° OM - cM raya yirgam MyMKMH.
Canoarna muuiab yuKapwirad ysrapyBuyad TOK KYTIpHKIapH
6unan conuMiuTHpMa KapiimIiukad 106+107 OM - cM rava
ymgam MyMKHH.

B. Caprausr cupxEm TokuM. OfaTaa APUMYTKasTHWIM Ha-
MYHQJIApPHMHI CHPTHIa SKMH COXACHIArd COJMINTHpMAa Kap-
IUMWINIY XaXMmHunarugaH dapk kunanu. By cupr coxacmua
3apsl TallyBYMIAPDHMHT KOHUEHTPALMSACH XaXMHUIArWAaH
Karra €K KM4YMK OYJIraH XaxXMMii 3aps) COXaCHMHMHI MaB-
Xyniurd 6mwiad Gormxaup. XaxXMuil 3aps coXacHaa 3apai
TAIIYBYWIADHUHT XapaKaTYaHJIMTH KHYKK. XaKMHIA 3apay co-
XAaCHHHMHI KQIMHINTH HaMyHA KYHIOAJAHT KECHMHHHMHI YH-
SUKJIM YAYOBIADUHMHT YIYLINapHHM TALIKMA 3THO, 3KpaH-
Jlal y3yHUIMrd Taptibupa Oymamu. Arap 6y coxaga KOHIIEGHT-

55 9
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palys XaXMIaruaaH KarTta (apk KuwiMaca, CHPT COXaCHAArH
KapUIWUIMKHYMHT Y3rapuIiIMHE XUco6ra OJIMACIHK MYMKHH.
Arap 3apsj TallyBUWIAp KOHLEHTPAUMSACH CHPT COXacHIa
XaXMOarugaH Kyn Mapta optTuk, (lokopn OM JIM HaMyHantap-
Jla Maitno OYIMII SXTUMOJIU KaTTa) 6yiica, sXIM YyTKa3yByaH-
JIMKKA 3ra OyJraH CHpT COXacHAaH TOKHHHT K1l OKHILHIA,
STPHM TOKHMHT CHpT O¥i1abd okuinvra omub Kemamu. CHpPT-
IaH OKAETraH TOK HaMyHa KADUIWIMIMHHM KaMaWTupajgw Ba
COMMUITHPMA KAPUIMIMKHHUHT KMYHKJIAIIHIONTa OJIM6 Kena-
U, IIYHVHT Y9yH YIY0B MakTHOAa cupT OYitnab oka€rraH TOK
TABCHPUHM HYKOTHIII KepaK. MOIOMHUKH CHPTIAH Ba XaOKM-
JIaH OKa€TraH ToKnap HUCOaTH HaMyHAHHHT UIaKIHra, YI40-
BHUra OOFIUK 9KaH, YHUHT Y3YHJINTHHH KaMaWTHpHO, KYHIa~
JIAHT KECUMMHHK OPTTUPHO, CHPKHII TOXMHMHI KHYUK OYmm-
LINra 3pyIUNM MyMKMH. ByHnai #yn Omnan ¢akar xarra
HaMyHajapfa SpuiIuil MyMKHH. CHPT CHPKHMII TOKMHHHT
COJMIUTHPMA KAPIUIWINKKA TABCHPHUHM KaMaliTHPYBYH OOILIKA
ycyiu xaM 6op 6ynu6, 6yHoa HamyHana 6up-Oupuman (M30-
JISIIMSUIAHTaH) axpajiraH MKKHM KOHTAaKT OJNUHAIU, TbHU
KYHIOAJIaHT -KECHMMHMHT Y€THTa SIKMH XHUMOS XalKacHIaH
nbopat 0-KOHTaKT Ba Mapkasura tyrall K KOHTaKT OJIMHAIK
(1.3-pacM). By koHTakTnap opacugaru Macoda HaMyHa

r
K

aSSSssl

TM RNVAN S S SN

RSN

SN
NN
AR

1.3-pacm. ComutupMa KapUIWIMKHY XUMOS XaJKacu 6unaH §myamr
cxeMacH (g), HaMyHa YCTKM KYHIATaHT KECUMUHMHT KYpUHULIA (0).
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Y3YHJIMIUAAH XKyHa KA9uK, VIKKUHYH KYHEQJIAHT XeCHM 1031-
JaH SDUIMT KOHTAKT OJIMHamu. Tok ynyaiinuran acGoOHuHT
KApIIMAUTH KMYMK OYarasga, yara TVIaéTrad KyWIaHqI Ha-
Mydara Kyiwirad KyDIaHMIIZAH Xyda Kvauk 6ymamm, [y-
HHUHr yuyH K KOHTaKTHHHI' XHMOS XaJIKACHHH SKBHIIOTEH-
U1 KOHTaKTIap Aed xpucobmam MyMkiH. Kiypunaérray xonaa
CHPT TOKM (DaKAT XMMOS XaJIKACH OpKaad oxaiuu. Mapkasmit
KOHTaKTNaH YTa€TraH TOK Y HaMyHa XaxXMuJaH ytagu Bay I
ac606 OwraH Vmuananu. JlemMak, CONMINTHPMA KAPIUMIMKHHA
XMMOSt XalKacH €poaMuia aHWKIall MapKa3wid Tyrall KOH-
TaKT 103aCH S, HM Ba HaMyHa y3ywiury J Hu OHIraH Xonna
TOK Ba KyWIaHMIIHHU ¥4ab, (1.2) dopmyna opkainu xucobia-
HaIH.

1.2-§. ComTupMa KAPIIANHKHH VIMAMBPMHET OHp
B2 MKKH 30HLIM YCYNLIApH

a. MIkxn 30820 ycyn GRIaH p HE aHMKJIANI.

CouurTipMa KaplIUTHKHY I0KOpHIA KYPWITraH TYIa Kap-
HIANMK Oyiinda anuxall ycynuaa OM KOHTAKTHHHT OJTUHH-
I KEePAaKJIMIUHU KYpraH sauK. KOHTAaKT KapIIWIHKIApH
KarTa 6ynranga Oy ycysl COMMIITHPMA KAPUIHIMKHM XaKUKHIK
KuiiMarura Huc6arad optrupu6 Gepann. By KaMUWIHKHH 30H]
ycysurap GwiaH Yordanga MyKoTHm MyMKuH. CoauirrMpMa
KAapIIWINKHM YITYALIHHHT UKKH 30HIIM YCYJMHUHT YU3MACcH
1.4-pacMa KenTHpWITaH. YHAa HAMYHAHMHI KYHIAJaHI Ke-
cumu ro3acura K, Ba K, OM KoHTaKT/apH YTKA3WITaH Ba YHUHT
cuprura 6up-6upunan / macodana 6ynran uxxura 3, Ba 3,
HYKTaBMil 30HIUIap YpHaTwirad. 3oHmiap cudaruga YTxup
Y4IH KATTUK MeTasll (BoJb(dpaM, OCMHi, MOJIMOBEH) cCMIap
€KM KOTMILIMAaJapAaH siCairaH CHUmiap, kapbun, BoisbpaM
Ba BK numamnaau. ConninrupMma KapIpiMKHMHT KMAMAaTH
KyhAmnnaryya anukjiaHanu. Hamymagan tox Maubam (TM)
opxamu I Tox yTkaswiagy Ba y A — amrepMerp OmiaH Yirya-
Hagu, 30HUIap Opacuiard KyWIaHMII HOTEHIIMOMETpIa KOM-
IeHcalua ycylnujaa yid9aHagd Ba YHIA TajdlbBaHOMETPIAaH
OKA€TraH TOKHUHT TAbCHPHHM HYKOTHINra 3pHIIMWIAnM. By
XONatT[a NOTeHUNOMETpAaru KywiaHuim U, MKKY 30HI opa-
cumary HaMyHa 6ynarura tyuraH Kywiasuil U ra TeHr 6yna-
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1.4-pacm. ConumrupMa KapIiWIMKHY UKKYW 30HIUTH YOy OuiaH Viryam
cxeMacu. IT — noreHumomerp, I' — rannBaHOMeTp.

mu. Mkxu 3oammm ycynna xaM p (1.2) dopmynanan doiigana-
HuO aHuMKnaHamy. By mdopmara KuMpraH KarTanmkiaap R —
HaMyHaHMHT MKKH 30HJ OpacHIar# KHCMHHMHT KapIIWIH-
i, S — HaMyHa KYHIOAJXaHr KeCUMHHHUHT 103acH, / — 30HX-
Jap opacumard Macoda. Mkku 30HmM ycyn 6mnad U xoM-
NeHCalUs yCynuia ¥IYaHraHfa, KOHTAKT KAPUNUIMTHHHHT
YIYOBM HATUKAJNIAPUIra TABCMPHU TYJa MYKOTHNAAU ACHMITAH
¢uKpHE KaHpaail xonatna YpHHAM OYTHIIMHUA aHMKJIAMITHK.
Hkxu 305 ycyn GwiaH yryaiga HaMyHaHHHT SKBHBAJEHT
YHM3MACHHU Kypaimuk (1.5-pacMm). Umsmanma R, R, K, Ba K,
KOHTaKTIap Kapumumrd, R, Ba R, — 30HI12p KapLIWIMIH,
R, — 3onn 3, Ba K| KOHTaKT opachuard HaMyHa KUCMHHUHT
xapmury, R, 3oux 3, 6wian K, KoHTakT opacuiary HamyHa
KMCMHMHHMHT Kapuwidrd. R |, R,, R, Ba R, — Kapluuiukiap
MeTaJUI-ApPUMYTKA3rMy Yerapacuia OKCHUA KaTIaMUHM Ba MO-
TeHHHUAT TYCHK, KATIAMMHM XOCJI OVIHIIH OrtaH naimao 6ymim-
A MyMKHH. Ki4uK 103aiu Metaut 30HO 6WwiaH SpUMYTKa3-
MY KOHTaKTAaIraH[a, KApIIIATH Karra OyIMaraH Karinam
XOCHJ O6Y¥IMaca XaM KOHTAKT KapIIWJINIH KarTa 6ynanu. 3oua-
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1.5-pacu. UKKH 30HIUM yCys GWIaH CONMIITHPMA KapUIWTHKRH
yayaiga HaMYHaHMHT SKBUBAICHT CXEMACH.

nap 3amxupuna Kupxrod xoumacura kypa Kyitugaru udozna-
HM €3aMu3:

IR=i(R +R +R+R)+U, (1.11)

By epna: R — raibBaHOMETPHHMHI WYKH KADILWIMIH,  —
yHIaH okaétraH Tok. (1.11) dopmynamaH KYypHHagHMKH, TO-
TEeHUHOMETPAArd KyWIaHHII Ba HAMyHaHHHT 30HAJIAp KHC-
mura tymaérrad Kydnanmn (IR) pan R, R, R, R, — xap-
IIWIKKIAPAA §, — TOK XOCWI KWIraH KyWIaHHII HHFHHIRCH
6unan dapkranany. i =0 6ynaranna yrapaara KywIaHMII HOJra
TeHr 6ymo, (1.10) dopmynana nHoGatra onmaMakmu. Ilys-
Jail KO, 30HUIap KapIIMJINTMHUHT COMHLITHPMA KapIIIH-
JIMKKA TabCHPHM KYWIAHHIIHH KOMIICHCALHA YCyIH OMiIaH
ya4aranma WYKOTHIAAH, YYHKH YIIY0oB NaWTHOA 30HIIapAaH
OKA€TTaH TOK HONITra KeJTHpWIamu: Oy MAean Xonarra TYFpH
Kejamu. Xap KaHmaili ac600 3aHXupia TOKHMHF WYKIUTMHHA
KaHJauoup xatonuk OwiaH kypcatamu. Kailn KUIXMHHINK
MYMKHH OyIraH KMYMK TOK irmin ra TeHr. 3oHAIap 3aHXH-
pHuaaH oka€rran ToK i<i . OYynamu, Tacomudan i=0 G6yam-
1y XxaM MyMKHH. (1.15) dopMyna GunaH aHMKIaHAETraH CO-
JHIITHPMA KAPIIWIMKHUHE XaTOJHIH:

ii min (Rag + +R+R)
%z" (Ry ;z R (1.12)
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3oHmNap KapIIWIATH CONMLITHPMA KAPUIMIHK HATHXaNa-
PHra TabCUpP KYPCaTMACIMIK YUYH YIAPHUHT KAPIIMIMIH MU -
FRHAMCH R+ R, <R+ Rr 6y Kepak. R+ R, <R 6ynran-
Ja HUCOMM XaTOJNMK MUHHMYM OViagu Ba:

ﬁ = ir,min
p I

Arap 30HIap Opacunary KywIaHWIl HIKM KapUIATHIH
1okopu OM sin 6§nraH (R, >10" o) BOJILTMETP-3IEKTPOMETPIAD
OWwiaH ViiMaHraHAa 30HINApAaH OKAETraH TOKJIAPDHHHT KH-
YUK OYIMIU UMIAPTHHM, SHHU 30HIIAp KAPIIMIMTHIA TYIHaéT-
raiH KywWIaHMIIHM 3BTHOOpra onmaca OynamguraH mapoNTHH
TaBMUHJIAUI MYMKHH. By X0i11a BoiasT™MeETp OHMNaH

IR
Uy =7
[, +M] (1.13)
. Ry

KyWIaHHII YayaHamd. By epma: R, — BONBTMETPHMHI HYKH
Kapumwimrd. R +R,+R<R, 6yaranga U,=IR 6jnanu. Byn-
nmaH (1.2) (bopMyna OpKaJIPI connurmpMa KapIIUIUK XUC00-
JlaHagu. Arap KydylaHMIIHM YIJamga YHH aBTOMATHK KOM-
MEHCAaHUsJIaHMAaca, BOJIBTMETD OMJIAaH KYWIAHMIIHM Yryain
Te3 6Ynanu. Onatna oxopy OM JIM HaMyHalapa CONMLUTHE~
Ma KapUIWIMKHMY Yoryalia s5eKrpoMerpiap suviatunaay. Io-
TEHIIMOMETP HIIaTHWITaHJA Y HOJb ac600m cudaruma Kimna-
Hiwiand. K| Ba K, KOHTaKTJIapHUHT p HY aHMKJIAIITa TAbCUPH
TYFPMCHAA IIYHH afTHII MYMKMHKH, arap Oy KOHTAaKTjiIap
KApUIVJIMTH HONbra TEHT O6ynMaca, HaMyHaHHHT YMyMHi Kap-
LIWINTH OIIAJM Ba HATICKAJA TOK KaMmasay. JIeKMH TOK ammep-
METp OWJIaH JMYaHTaHHM YYYH ¥ Xe4 KaHAaW TasCcHp KypcaT-
Madinu. IOxopuna KypcaTwiaraHunek, arap 0y KOHTaKIiIap-
IaH TOK yTraHAa KOHTAKT COXACUIa 3apdal] TallyBYMIap
KOHUEHTPALMACHHYN WHXEKIUS, SKCKIIO3HSA, SKCTPaKIIMs, aK-
KyMy/siuusa Tydaiinu y3rapuinra onué Keica, CONMMIITAPMA
KApLIKNUK Y3rapuimu MyMKuH. KoHIeHTpanus y3rapaiuras
COXa KEHIJIMIHY 3apA] TallyBUMJIADHHUHT MKKH, Y4 guddyiu-
OH Y3YHJIUTHIa TEHT Oyanu, ofaTha p KHYHMK 3IeKTp MainoH
KYWIaHTaHIMruna VIqaHamam.
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3oumnapau K, Ba K, KoHTakmiapnad (a,z3L) wy maco-
danan xarTapok GyaraH macodama XKOHIAWTHPUO, XaTOIHK
maigo 6ynuImMaaH KyTyauin MyMkuH. by xonma muddysuon
Y3YHMKHM KaMaiTapuil MyMKiH. KoHIleHTpaltuAHHHT y3ra-
pHII TARCHPHHHU CyCcaliTUPUII YYyH HaMyHaJa KOHTAKT CO-
XaCHMHUHT CHPTHUra WHPHMK KYKYHCHMOH Mojjanap OuUilaH
uuwios 6epunann, Gy GunaH CHPT peKOMOMHALMS TEIIUTH
omMpWiIangu. YI4oB ac6obnapu Ba KypWIMajJlapHH JJIEKTP
6M1aH TALMMHIIAII TAPMOFMAArM Ba YHM Ypab onraH atpod
dasogarn >MeKTPOMarHUT MAaWIOHIAp KypHUIMana y3rapys-
YaH Kymumya (Kepakcus) — (mapasuT) CHrHaulap naimo
KWIMIIM MYMKHMH. Y3rapyB4aH 3JIEKTPOMAarHHMT MailoHiap
y3rapyByaH CHUTHAI XOCWI Kuwiagu. byHnax y3rapyByaH cur-
HATHHHT V3rapHil AaBpH $4oB acO0OMapUHM Kaia KiHin
BaKTHJIaH Xyla KHYUK OYraHma, Karra YacTOTald CUTHAJIHH
Kal{g KHJIMaCIUrd, YI9oB acO00IapuHUHT MHEPLIUOHIIUTH TY-
(aitiM 3ca I0KOPH YacTOTATM CHUTHAJUIAPHM Kaix KWIMaciu-
i kenu6 ynxanu. JlekuH Oy yHaai sMac. Arap MeTaJui-sipUM-
yTKa3ry4 KOHTAaKTH YU3UKJIH OYIMaraH BOJBT aMIiEp Xapak-
TEPUCTKACHUTA 3ra 6yJica, YHAaH OKAETTaH y3rapyByaH TOKHHUHT
TOMMMI TALIKWI 3TYBYMCH BYXYAra Keiaad. YHH JI4oB ac-
6061apy Kaiil KWIaay Ba YYallHd KUAHHIAIITHPaay. Yirya-
HaérraH cbpﬁ,uann CHIrHaN KWYHK OynraHu capu, doiinacus

n, n,|
| - |

3 O
~ a |
i B
K. K

1.6-pacm. kKM 31eKTpOMETp (ITOTEHIUOMETP) OWIaH COMHUIITHPMA
KApIWIWINKHY YII9all CXEMAcH.
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curdanay Wywormu Kuimaiamgama, CosviapHy 3Kparanl-
THPWIN Ba Taxpnba KYPUWIMACHHK epra yiam OuwnaH dokpa-
CH3 CHrHA/UIAPHH XaMairipuul MyMxuH., Mkxkd 308318 yoyn
SundH p BH ynyauna Goinacus CUrHAUIADHY KaMalTHPWII-
HHHT CaMapaiy yoyinnad Supyd 1.6-pacMua KelTHpHIras. by
cxeMauy 1.4-pacMua KeATHPMATAH cxeMagax dapxku wysna-
XY, OVHI2 MKKHTA JIOTSHUHOMETD Ba MKKHTA HYJIL HHIMKA-
Top 6op. Hynb mHaukarop cudaruga 3JMeXTpoMeTp MIDIATH -
namu. I1, Ba I, moTeHuMoMeTpIapaa KyWIaHMUIHU Y3rapTu-
pub, MKKM 37eKTpoMerp 3, Ba D, Jia Hylbra 3pUILHIALH.
Bynnait xonatga Il, KywiaHuil 30HIIap OpacHjiaru xydna-
HUIITa Tenr 6ymagn. MaHa LIynapHW OWATaH XOJJaruHa p
anukiaHanu. Ilorennuomerp I1, HUHr Basuacu WyHAAKH,
Xyla Karra OyiImaraH MYKHM KApUIWINTH ODKAJIH 30HAIAD
OpacHIArn KyWiaHMIOHHM VIYalaMraH 3aHXHPHHU epra ynai-
au. YHMHr épJaMHMIa HaMyHa Ba MOHTAX CHMJIapHHH 3K-
PAHCH3 XONaTAAa COMULITHPMA KapunuiMka 10'2 OM. M ravya
yiIgam MyMKMH. Y SpHMYTKa3THWId HaMYHaJJapDHHHT XOCCa-
JIApYHH TCKUIMPHIIA KEHT KYJDIaHWIANY.

6. Bup 30HAAR YCYA.

Bup 30HIH YOy 61IaH CONMMIITUPMA KapUIMIMKHH VITYaid
YCYI¥ MKKH 3CHIUTH YCYIHHHT Oup Kypurmnryumap (1. 7a—pa<:M)
ByHza NOTEHIMOMETPHHMHT GHpP YU TOK VTKA3YBYHM KOHTAKT-
napaaH 6mpH, MacanaH, K, 6unaH ynanans, cCUpTAAry 30HI
Ky3ranmyB4aH 6ynamu. By 6unan sonmnan K, — KoHTaxrraya

U4
U= = = = = = =
4 1
— i
3

}

0 2 i

K, gt UK‘ ! '

4 X

A * Y i

K, I
—O—— o o
a) 6) X

1.7-pacm. Bup 30HINM YOy GHIAH CONMMINTHPMA KAPLIWIMKHM YIHaliHUHY
cxeMacH (a), HaMyHa 0Y#nab MOTeHLMATHUHT TaKCUMIAHUIU Typrapy {6).
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G6¥nran macodanu Y3rapTvpwil MyMKHH 6ynagu. Macoda-
HUHI MKKH KpiiMatiaa 3ou 6mnan K, — KoHTakT opacuua-
I KyWIAHHUIX YAYaEN0, coixmTupMa Kapurnik (1.2) ra x¥pa
Kyiugara Gopmyia OWIaH aHHKAaHAIH:

_ 8 U -UMKy,)
Lo S VO S (1.19)

U(x) — Hamynanau yraérran Tok I HUHT K| KOHTaKTAaH
30811242 OYIraH KACMHMIA XOCWJI KHiraH qunaﬂnmn byn-
Jla XOHTaKTHMHI CONMWINTHPMA KAPHIMIIMK HATHXKACHIA Tab-
CHpH MKKHY 30HIUIM yCyN Kab® 6ynanu. By ycys HaMmyHanap-
HU OHMp XUHCIWIMKKA TeKINUpHIEa, GHp XUHCAYN GyMaraH
HaMyHaJiapia CONHIUTHPMA XAPIIWIMKHE HAMyHA Y3YHINTH
x O¥#inua TaKCUMOTHHM aHMKJIAUINA, KOHTaKTIapH OM KOH-
TaKTUra TEKITUPUIIZA, TOK YTYBUM KOHTAKTIAPHHHE KADIIH-
JIATHHY TONUIAA KYUIAHUIIH MYMKMH,

U(x) un nuddepennmamiab KyWHIaruiy TOMaMM3:

S
p(x):. _M

T & (1.15)

HaMmyHaHUHT 6ep#iiraH HYKTAaCHAArH COMKIUTHPMA Kap-
K x ) rpaUKHKUHT X HYKTAcUra YTKa3wiras ypuHMa-
HHHI TaHreHcura npomnopuvonan. U(x) Hu macodara 60F-
naxyury 1.76-pacMaa xentuprirad. Yusmanary 1-6o0smanunn
K, KoHTaxT Kapunuturu R, = 0 6ynran 6Mp XHUHCIM HaMyHa-
ra 2-K1 xoHTaKT I(apmmmm R, = 0 Gup xuucnm Gyimaran
HaMyHara; 3—4-—K KOHTaKT Kapmwmm R, = 0 6¥aran Moc
paBunima Gup mmcnu Ba OHp XMHCIH 6ymwaraH HaMyHa-
Japra terumnunup. 3 a 4 rpadpuxknapaa x=0 ga Xy4yjJaHMII-
HuMr cakpamd Ul — Ky4IaHMIIHM KOHTAaKT KapIUWIMIHIa
TYLIHMU CHnaH Gomamaﬂ YHuHr Karramu R =U, /1 6unan
Tornagu. KOHTAKT KApIIIWIMIHHM BYXYIra KenTnpquu KaT-
JaMHMHE KQJIHHINTH KMYUK Ba 30H) OWiaH KapIIHIMKHH Oy
COXaZard TAKCHMOTHHH TeKIIUPpUO KYPHI MyMKHH OyIMaii-
au. By Gornanuninap K, xoHTakt OM KOHTaKkTH GynraHia
VpueiM Oynamu. Arap Oy KOHTakT omuk 6yaMaca, x =a ja
KYWI2HMIIHUHT CaKpallld Ky3aTHiHiM xepak. Opatna KOH-
TAKTJIADHUHI XYCYCHATU BOJBT-aMIep XapaKTepUCTHKACHHH
Yprafuil Opxamay aHUKJIAHAIH.
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1.8-pacm. Bup 30HIUH ycyn 61naH p(x) HY aBTOMATHK YTdall cxeMacu:
¥V — sonz reanuru, KT — xarox Takpopnaruy, K — xyuafitupray,
VB — yau ésrmu.

bup 3081 YCYITHHM APUMYTKA3THY MOHOKPUCTALIADUHUHT
KMYHK COXaJTapMIard HYKCOMHJIADMHM VpraHuuira Kyurama
30HO V — Te3nuk 6winaH cupr O¥itnab XapakariaaHagud. 30HI,
Omnax XoHTakrnapmaH 6upu opacuia naigo 6ynraH Kywia-
Humaa guddepermuavioBun RC 3amkupra Gepunagu. Iy
cababny KOHJIEHCATOPAAH YTaéTraH TOK YHra TYIIA€TTaH Ky4-
JAHWLITHUHT XOCHIACHUTa TNPOTIOPIHOHAN;

ip=C "2’; (1.16)

NuddepeHUHAUIOBYN 3aHXHPHUHT HJOMMMI Bakru, 7 =RC
eTapnM XW4MK 6¥nranma R — KapIDWIMKKA TYIUraH Kyia-
HHIII

U,=iR=RC °-CR———R ¢ V R-C,-V—;p(x)u.m

ndona GunaH aHMKIaHanW. Y3uésap ac606 GumaH Kain
KWIMHIAaH R KapIIaIMKHAry KywWIaHULI COMMUITHPMAa Xap-
LIAIAKKA IPOHOPHMOHAN 6Yu0, r HUHT HaMyHa 6yinJa Tax-
CHUMOTHHHU KypcaTamd. YCYJIHUHI HOOMPXMHCIWINKHUA Kaix
KWIHII KOOWIHATH Ky3FAIyBYH 30H] [IUaMETPHUTa, YHH Ky3Fa-
MU Tearurura, V ra, acGo0JIapHUHT Ce3rHpJIMTHra XaMpa
RC — 3amxmp mapaMmerpura 0orauk. bup 30HmIM ycynaa
ypTaya CONMINITHPMA KApLIMIUK 30HA OWiaH HaMyHa KOH-
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TaKTIalMII K03aCUra MOC KeJlaau, 6yHaaH KYpUHAIUKY, GUp
XKUHCIM GYIMaraHIMKHUHT 3HT KMYMK KJIaMM 30HIHHHT
KOHTaKTIALIKIN AHAMETPH d NaH OLIMAaimu. Ydall yu3Ma-
CHHUHTI MHEPUMOHINTH UKKM JOMMMI BaKTHHHI SHI KaTTa-
ch OWIaH aHHKJIaHANU. 3aHXHMPHMHI AOMMHI Bakid RC=rt
€KW Kall KWIyBud ac606apHUHT JOMMMI BaKTH 7, AUp. By
KaTTAIMKIAP 30HOHMHT CYPMIMII TE3JMUTHHH Yerapanaiiim.
Xap G6up noumuit BakT RC=t €ku 7, d — MacodaHUHT 30HI
VTHIN BaKTUAAH KWYHK GYIMIIH Kepak:

d d
7>RC B 2>1, (1.18)

Bynpnait xonna, ApuMYTKa3rMYHUHT KOHTAKT KAPIIWINIH KH-
YUK Ba 30H[ XapaKaTIaHraHaa y3rapMaiau ne6 ¢apas KHJIHH-
rad. XakuKariia, arap KOHTaKT Kapludnurd ¢axaT KOHTAKT-
HMHI TapxajiraH Kapmiauryd ownaH aHuxiaHca (1.8-§ ra
KapaHr), y xoaga pagdycu ~ 10 MM OYnraH KOHTaKT YYYH
commmtupMa Kapuiwaurd 100 OM. cM Gyiran HaMyHana KOH-
TakT Kapumaurd 20 xOM ra eragu. 30HA HaMyHa 6yiina6
XapaxamIaHTqHIa KYYUII KAPIIWIKTH, 30HA OMiIaH ApUMYT-
Ka3srMIHUHT xap OMp HYKTalla KOHTAKTJIAIIMII I03aCHHMHT
y3rapumM tydaiinn Kywid YarapMind MyMxud. Bynzga yusMa
OMp BakTHa CONMINTHPMA KAPIUMIMKHHMHI HaMyHa OVyitMya
TaKCHUMJIGHUIIMHY Ba KOHTAKT KAPIIATHHUHT TeOpaHUIIM -
HM Ka#J KWJIaa, HaTHxainap 5ca KalitapuaMaiiny. KoHTakT
KApIIWINIFHHU TYFPU VIMAIIHHHT 3apypHil HIapTH

R, >R +AR

6ynami. Rn. — KaWl KWIyBYM KYPWIMAHHUHT TYJIa KHPHII
KapWIMWIUTH, AR — KOHTaKT KAPUIWIMTHHHMHI Y3rapuiiu.
Hlynu Tapkumiam Kepakku, 6Mp 30HIUIM Yy 6wiaH y3rap-
Mac Ba y3rapyBYaH TOKJIapAa COJHIITHpPMA KapUIMIHKHH
yayaur MyMKUH. Y3rapyBYaH TOK OWJIAaH Viadaimiga 30HIHAH
KYWIaHMIIHY OJiA¥H aXpaTyB4H KOHAEHCATOp OPKAIH Ka-
TOAJIM TaXpopJiall KypuiaMacura 6epwiamu (OyHAa KaTra Kap-
INHIMKIM KMPHIN CUTHAIMHU KWYHMK KAPIUMIHKITH YHKHII
CHIHaJIMra aMIUIMTYNACUHM Y3rapTupMaii aiinaurupu6 Gepa-
JHN), CYHT CUTHAJ TYFpMIaHaaH Ba AU depeHIMaUIOBYH 3aH-
xupra 6epunanu. By ycyn 6miaH HaMyHanapaa COJMINTUPMA
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KapmmwimK 250 OM. cM rava Gyiaran opammkna YmdaHrasga,
XaTonukK 5% maH ommaiay. ColndmTupMa KApUIWIMIH KaTTa
OynraH HaMyHaJIapHM YIYallga KOHTAKT KAPLIWIVMIH OLIMIIN
OmnaH GOFIUK, XaTOAMK Maiimo Gyiaany.

By ycyn 6winaH conmuMumTHpMa KapIIWIMKHM VIYallHUHT
KyiH yerapacd YHMHr KU3uiIu GuinaH 4yeknanrad sa 0,005
Om. cm taprubunanup. Ky3ranyeyan 3081 cudaTuaa KaTTHK
MarepuaLiap (MacanaH, KapOMI-KpeMHMi{) CHUMJIapd Xamia
JUaMeTpH 2 MM JIM AyMaJaiiMraH MyiaT LIapiaH scajiraH
30HA MaHUIY/ISTTOPHM HULIATHIAIH.

1.3-§ Typr sormm ycyn

SIpUMYTKAasTHWIM HAMYHAJIADHHUHT COMMUITHPMA KapUlH-
JUKIApMHY YIyall ycyaiapupas Oup Kanua adsaumMkiapra
ara 6¥nran 4-30HTH YOy KeHT KyaHwiagu. Bynra ymgam
(MeTepoJIoruK) KypCaTKUYMHHHT IOKOPWIMIHHH, Yr4all yqyH
HaMmyHanapra OM KOHTaKTJIADMHM OJHUI Tana6 sTiiMaciu-
rAHY, OUp TOMOHM ACCH TEKHMCIMKIAH MOOpaT IMaKiK Ba
VaaMiIapM xap Xwi OYNraH XaxMuil SpuMyTKa3srid HaMyHa-
JapMHM XaMIa KYI KaBaTIM CTPYKTypajapia SIUTaKCHA,
Iuhdy3noH KartnaM CONHINTHPMA KAPUIMIHKIIADMHH YIIyam
MYMKUHJIUITMHHU KypcaThll MyMKHH. By ycyn OMimaH xaxMmuii
MOHOKPHCTANNApAAa, IIACTUHKA (TAXTACHMMOH) HaMyHaJIapH-
Ja coymurrupMma Kapmnukau 104+10° OMm - cM opammkna,
snMTakcuan, Juddy3noH cupr xapuidmauruHu 1+5- 105 Om
OpaINKIA YIJall MyMKMH.

T¥pT 30HIM ycynmHUHT 6up KYpuHMINH 1.9-pacMaa kypca-
TWITaH. BUp TOMOHU SICCH TEKHC CHPT GMilaH YerapajaHraH
SP¥M YEKCH3 HAMYHAHUHT CHpPTHIa OHp YM3MKIA XOiinali-
raH TYpTTa YYM MHTHYKAJNATUPWITAH META/LI JIEKTpOIIap
(30HIUTap) XKoWnaTHPHUATaH. KKY 4eTKU 30HAIaH TOK YTKa-
3WIANY Ba MKKY Ypra 30HANapAaH KyWIaHUII (3CHIap opa-
CHIAry NOTEHIMAUIAp aifUpMacH) yryaHaau. by HKKH KaT-
TAIMK — TOK Ba KYWIAHALI OPKAIU CONMINTHPMA KapUIWIMK
aHUKJaHaIU. Ycyn Hazapusacu Banbmec Tomonupman 1954
Wwina sapatuiarad Oynub, SpUMYTKA3THY Ba 30HIHM KHUYHK
103acH O1IIaH KOHTAKTHAIITaH HYKTacUAaH TOKHHUHY SIpUMYT-
Ka3ru4yja TapKAIMIIWra acoCjaHTraH.
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1.9-pacm. ApuMuexcu3 HaMyHalapJa COMUINTHPMA KAPLIMIMKHU TYPT
JOBIH YCyn OHAaH Ymdaw cxemacH (a), Hykrasuii 30Ha Mogenu (6).

ConMiTpMa KapInwiiK p HA 1ok (1) Ba xywianmu (U)
6unan G6ornanraH u@oAaACHMHM TODMII YYYH APUM YEKCH3
(¥muaMnapu 3oHmIap opacumarn Macoda S HaH Xyna KaTra,
(a, b, d >S§) HaMyHaHUHT fACCM CHUPTH OWIaH KOHTaKTJIALI-
TaH aJIOXWAA OJIMHIaH HYKTaBMH 30HJ YyerapacuzaH spvM-
$TKa3ryura TOK TapKAJIMII MacalacHHy edmin Kepak (1.96-
pacM). SIpHM YyeKCcH3 HaMyHajlapAa HyKTaBUM KOHTaKTJail-
raH 30HA OHWJIaH APMMYTKA3rMY YerapacuiaH TapKala€TraH
TOK, ITOTEIMa] TAKCHMOTH chepuK cHMMeTpHAra sra Oyia-
au. By xon yauyH OM KOHyH#H

. _ 1 dy
_]—O'E——;'—'d“; (119)
Ba TOK 3UWIMI'HHHUHTI
s I
Jj(ry=— (1.20)
2xr

udonanapunan ¢oiinanaHub, HaMyHaIA ITOTEHIHAN TAKCHM -
JAHULIMHHA TOHNAMM3:

o(r)=2L 4 4 (1.21)

2xr

Oy epma, A-y3rapMac KaTTajlHK.
21

www.ziyouz.com kutubxonasi




IloreHnman Mopacy TOK MYHAMULIM OHIaH aHUKIAHE-
Y, HCTITaH HYKTagard IOTEHIMAN Xap OHUp TOK 30HIapH-
HUHI XOCWI KWIraH MOTEHIHUAUUIADMHHHT WHFMHIUCHIAH
ubopar. HamyHara Kupa€rrad TOKHHHI XOCHJI KWIraH I10-
TeHIMaIu Mychar, YMK2ETraH TOKHHHI XOCHJI KWIraH HO-
TeHIManu 3ca Mauduii 6yrann. eMak, V1908 30HATAPHHKHT
KOHTaKT/Iapuiark 2 Ba 3 moTreHumawliapu 1 Ba 4 3oHWIAp
XOCWI KWIraH NOoTeHUMamIap HUFuHacura TeHr. Tok iyHa-
JUIIVHY, TeHA | Ba 4 TOK MaHGanapy XOCHI KWITaH IOTEH-
Iyaulap MILopanapyHU Hasap[a TyTraHaa 2 Ba 3 HyKrajiap-
Jaru norenumawiap udonacu (1.21) ra Kypa Kyitugara Kypu-
HUIIHA OJaJiN:

| _ 1
$2= 2n[s, s, +s,]+A
(1.22)
= 1 _ 1
?3 = o [s, + 5, s,_I+A
Hxxu wuku (2 Ba 3) 30HLIapIary MOTEHIMALIAP aiHpMacH-
HMHT Kywianuw tyurysu U,, Kyiugarvaa 6ymamu:

—p. —p. = 1 11
Un=9:-9 2::[5, 5+5 15, s|+s,] (1.23)

3oHiap opacuiard Macodanap 6up-6upura Tenr (5,=S,=5,=.5)
6ynranna (1.23) gaH coMUIITHpMAa KAPIIWIMK HPOacH Kyii-
HIary KYpMHHIIHHN OJaju:

U
p=-2 218 (1.24)

14

TYpT 30HIIH ycyn OWIaH COMMINTHPMA KADILIMKHM aHUK-
Jalia 30HIIAPHUHT MCTANrAH MKKHTACUIAH TOK §TKa3MoO,
KOJITaH MKKHTACHAAH KY'WIaHMINHY Yryain MyMKuH. By xonaa
(1.24) uu

U .
p=+-SK (1.25)
14
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KypuHHuna udoganaitmui. Bynna F* 30HIIapHMHT YM3Mara
VAaHMILIMTAa Kapad, Xap Xuia KuiAMaTiapHMm Kabyn xunamu
(1.1- xagBasra KapaHr)

1.1. xcadsan
3oHANapHUHT Tox Kyunanmu P E*
yM3Mara yraguraH | yn4aHamznuraH o b “1» p a, b >,
YIAHUIIH 30HATAp 30HIAp gl d<<S§
1 1—4 2-3 2 4,532
2 2-3 —4 2 4,532
3 1-3 2—4 3 15,5
4 2—4 1-3 Iz 15,5
5 1-2 3—4 6 21,84
6 3—4 1-2 (%4 21,84

F* — spuM yeKcH3 KAIHH HAMyHaJIap y4YyH,

, — SIPMIM Y€KCH3 IOIIKa HaMyHaJIap y4yH Ty3aTuil Koadhou-
mMeHmiapy. XKansan TaxIWwiNaaH 30HUIApDHM YM3Mara yJja-
HMIIHAA 1- Ba 2-ycyynapHuHT ad3a/UIMIMHN KYpaMHu3, YyH-
KH OyHIall xo/ulapja y9aHaéTrad KyWIaHMII SHT KaTTa Kuil-
MaTra 3pMIIagyd. YMyMHUii Tap3na sipuM YeKCH3 HaMyHajxapia
DOTCHUMAJIHMHI TaKCUMOTH, SHHH IIOTSHIMANHUHI () Ma-
cotara GoFUKIUIY chepHK KOOpAMHATA cUcTeMacuaa udo-
Mananras Jlamwiac TeHIaMacH eYUMHUIAH TonunAanu. bus kypa-
€TraH Macaiana motennuan chepux cuMMeTpus 6yiinya Tap-
KITaHIMTMHY Xucobra onuo, Jlamnac reHrnamMacuuauHr daxar
(r) ra GOFNMMK Xamu KypHaanu:

= Ldfad)_
bp = 2 ar\” er 0 (1.26)

AY

Jlarmac tenrnamacu (1.26) Hu r = 0 Hykrama mycbar, Maco-
GanuHr Xyna Karra KMiMaTHOa HOJbIa MHTHIYBYM, THHH
r= 0 ma p(r)>0 Ba r- na ¢(r)> 0 yerapasnii WAPTHY KaHO-
ATIAHTHPYBYH €UUMH
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so(r)=—5:‘—+A (1.27)

6ymamu. UHrerpamaw goumuiicn (C) r =r, 1a MalifoH Ky4-
NaHrawiMrusy E (r,) ra TEHIIMK IIApTHAAH TOMMWIALM:

. /i
E(r) = jo =% (1.28)

Ry

R I
IOkopuna airrwaranmpex, J = 20l > palMycH 71, ra TEHT
Oynran ApuMILAp CUPTHAAH OKAETrad TOK 3wwimrunup. Uk-

KMHYHY TOMOHAAH, E'(ro) Hu (1.27) nan doiinananrad xonga
KyHuaaraya €3l MyMKHH:

C
B =~ = & (1.29)

by mxxu (1.28) Ba (1.29) udonanapaad HHTErpaUIAI KOM-
muficy (C))

C =2 (1.30)

¥ 4

6ynamu. Unrerpaiamr noumuiica (C,) au (1.27) ra kyitcax,
xynou (1.28) ra yxmam ndonany onamus.

ConumtTipMa KapiUMJIMKHY TYPT 30HIJIM yCyll OWiaH
Vayaul IapTiapuHKu TaBKUANad YTHII 3apypaUp.

1. VyoB 6Mp XUHCIM HAMYHAHHMHT SICCH TEKUC CHPTHIA
GKAPHININY KepPakK.

2. KonTaxT opkaiu acocuii 6yiMaras 3apsiii TalUyBYMIap-
HMET HHXeKUugcH 6¥nmacnurn xepak. By cupr pekom6uHa-
1i¥ Te3IMTH KaTtTa 6yiran HamMyHanapAa Ky3aTwiagd, 6y cup-
Tra MawIyM HMUDIOB Gepuil OWIaH SpHIIMIAIA.

3. ToxuuHr cupr 6¥itnvya cUpKHIIY (OKMIIM) OVIMACIUAIH
Kepax.

4. 3oHgmap HaMyH& CHPTH OMWiaH HYKTala KOHTAKTJall~
rag OYiMIOM Ba OMp YM3MKAA ETHIIM Kepak.

24
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5. Tok yTxa3yBuH 3cHAIap OHjaH SPUMYTKA3rMY HaMyHa
CHPTH 4YerapacHia 30HL1ap KWYUK paldyc/ii IPUMILAD KYpH-
HMIIKAA OVIHIIM Kepak.

6. 3oHa1apHM HaMyHa CUPTH GHJiaH KOHTAKT/IAIITaH ¥03a-
CUHMHT AMaMETPH 3CHANAD opacuuaru Macodalan Xyna K-
ik 6ymuum kepak (D, <S).

Idyuy sciaat® YTHUII KepakkKH, KV Xodnapaa apuMyT-
Kasruy HaMyHajlapy aHWK PeOMETpHK YrJamapra sra G6yma-
I Ba 30HIap OWiaH HaMyHa KHppacH opacumary Macoda /
30HIAp Oopacwaard Macoda taprabu Gunan GMp KaTopaa
Oynany, 6y TOK SULTUIMHUHETI HOTEHIMAN TaKCUMOTHAa cde-
pUK CHUMMETPHS KOHYHHHHUHI OY3WIMINHTA ONHO KeJaau.
Haruxana (1.24) dopMyna 6unaH aHHEJIAHTaH COMUINTHPMA
KAPINIMKHUHT KHIAMaTH XaKHKAH xritmMaTnaH dapkiu Gya-
Id, IBAM XaTonukka onub Kemagu. HIyHUHr yuyH yMyMui
XONAA p HWHr XaKHKMHA KWIMATHHH TONMIN YYYH SpUMYeK-
CW3 HamyHanap yuyd Vpuamm Oyiaran (1.28) dopmynara Ha-
MyHa VAYOBIApWIa Ba 30HMIJIADHMHI HaMyHAa CHPTHIA XOM-
NABMIIMTA GOFNMK 6Ynran Ty3aTiiu gyHKumscH (F) KMpUTH-
magy Ba (1.24) xy#imnaruva sdonanasaim.

p= %hsp(//S) (1.31)

Bbaw3y Oup xomnap yuyH Ty3aTHIU QYHKUHACHHE KYpub
YHKAWTHK.

1. Spumdercus, SpHYE reOMETPUK YIYaMiapH OMp YH3HK-
12 XolUtalliraH 30HANAp opacHuarm MacodalaH Xyia Karra

’l rl i-' 11 I—r Il (IW 1]] ,l
SUS 'S ‘C*E‘-ﬂ 38 [’ ~sl sUs\*l"’:“l‘W/ as |
e < T /‘/% 5 5
7] vp=0 M=0E =0

) )

1. 10-pacm. ApuMYeKCH3 HaAMyHaHYHT SNEKTP YTKasyBuaH (@), u3oasarop (6)
MYXUT 6¥naH YerapaliaHTaH TOMOHMIA 30HIUIAD YMIUFN THK G6yiraHna
Ty3aTHI QYHKUMACHHY XMcOBNall MONCNH YU3MACH.
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1.11-pacm. 3oHanap YUSHFY SIPEMYECKCU3 HAMYHAHHHT YTKA3ysYaH (6)
H3071ATOD (6) MYXMT GuaH YerapalaHraH TOMOHMIa apaUiens 6yiranna
TY3aTHLX PYHKUHSACUHU XHcobmall Moxead YusMacH. CoUIITApMA
KapIMHIMKHY TYPT 30HIIM (KBaApat) ycyi 6mnaH xucobnam (a).

6ynran samynana (a, b, d>S') 30HIIAp €TraH TEKUCIIUK Ha-
MYHaHUHT ¥TKa3yBuaH (MeTa KamiaM — OM KOHTaKTH) KM
TOK YTKa3MalIUraH MyxudT (MacajiaH, XaBo) H30JATOp Ouinad
KOHTaKT/Ialliray yerapacura THK Ba mapayen oyacun. Bu-
PUHYH XONAa 30HIUIAPDHMHI YETKU 30HAM, HKKMHYM XOJHa
30HIJIap TEKUCIUTH HaMyHa 4erapacuuaH / macodana xoii-
snamraH (1.10 Ba 1.11-pacm).

Tysarum yHKIHATAPHHM 3EKTPOCTATUKANA KEHT KYJUia-
HIWIaQUraH Ky3ryJa TaCBUP yCyu (MEeTOA 3epKaJIbHOTO U300-
paXxeHHWs) OPKAIH XUCOOIaHanH.

MabiyMKH, HAMyHaHUHT GUPOH CHPTH TOK YTKAa3Malmu-
raH MyXUT (XaBO, M30JATOp) OMJIaH YerapajaHrad (KOHTAKT-
namraH) 6ynca (1.106-pacMm), Ly cMpTHa TOK 3HYIMTUHUHT,
3JIEKTP MaiOH KyYJAHTAHAMTHHUHT THK (HOPMas) TalKHJX
STYBYMCH HOJITA TEHT G¥naju.

¢,=0; E =0 (1.31a)

Arap HaMyHa CUPTHM yTKa3yBuaH MyXUT (OM KOHTakTH) OH-
JiaH yerapajaHraH 6yca, 1y CUpTIa YHHHI MOTEHIMAY HOJra
TedT Oymamu (1.11a-pacm):
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9(0)=0 (1.316)

Kysryma TacBup ycyau OnnaH Ty3aTHII GYHKIUSUIAPUHIHT
aHANUTHK MPOTACHHY aHMKJIAI YYyH HaMyHa CUPTH KAaHIAM
MYXUT OWIaH KOHTaKIAIUTraHinurura Kapa6 (1.31a) €xu (1.316)
IApTIapHu GaXapWIMIIHHA TABMHAHIOBIH CHUMMETPHK KO-
JAITUPWITAH MaBXyM HYKTaBHH TOK MaHOalapM >XOWIAIl-
THPHIASH BA TOTEHIIMAN 30HAIAP KOHTAKTJIaulraH HyKTajla-
pUIArd HAaTHXaBUX MOTCHIMAJIAPUHU XaMIa MWKKH 30HI
opacuiard NoTeHIUa/Uiap alupmacH (MOTCHUIHMAI TYLIYBH)-
HH TOIWII KepakK Oyimamu. MHCON VYYH 9HT COMIa XOJNHH
kypaiutuk. 3oHmIap OMp YM3MKIA XoinmamraH OYynuo, ynap
opacuftaru Macodanap Tenr 6yncun (8,=35,=5,=75). 3onmnap
(€TraH TEeXUCINK) YHU3HUFA TOK YTKAa3MaliAMraH MyXMT OWIaH
yerapajaHraH KHppacura THK OVJIHO, YeTKH 30HIOU derapa-
JaH | Maco(ana xoiutamcud. HaMyHaHMHT KONraH TOMOH-
napu S 1aH Xyza karra Macodana 6Yiu6, MOTSHLMAN TaKCH-
MoTura Tabcup Kypcarmainu (1.10-pacm). By xomma xapana-
érrad €d cupthHzaH | — Macodara CHMMETPHK XOIIAIITH -
PWITaH GHp XWI MIUODATH MaBXyM HyKTaBWii (5 Ba 6) TOK
maHOGanapu (1.312) mapTay GaXapuIMHIMHU TabMUHIAWIY,
IMorenuman 2 Ba 3 soumnapna t¥prra (1, 4, 5, 6) HyKTaBHi
TOK MaHOaNapy XOCWHI KIWITaH HATIXABUI NMOTCHHMAUIApH

Sy v 1
‘”2"2;1(5 28 2.S'+21+SS+21)+A (1.32)

VX U N BN
vy =1 o) t4 )

2§ S S+2  as+2

6ymanu. Vxxkm uuku (2 Ba 3) 30HIIapAard IOTEHIHAJUIAD
alupMacy — KYyWIAHMII TYHIyBH

Up=U=Uy=s o l4 -t o Ly
278\ 1+21/8 2+21/8 5+21/8

(1.34)

KYpUHUIIHEY onand. (1.34) naH COMAOITHPMA KAPINMIMKHU
(1.30) xypunnwna udoganacax, Ty3aTHII QYHKIUHIACH
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1.2a-mcadean

8¢

30HITAPHUHT KOWTAHULIK Bup yu3MKaa KonawiTHpuUnTaH 4 30HMUIH YCYJIHMHT
Ty3aTHil GYHKUMANAPH
\._ / 1 1 1 1 =1
\\\ A F"—'(\H [+20S  2+20/S  4+205 5+21/s,) (1.35)
\\\\M |
\\\\\ - - F(/S)= (1+ 1 ____ 1 __ .
Z,J ; 2 21/s 4+2S  1+20/5  s+2i5) (130
\\\\\\a s
2 1T
Fy(l/S) =1+ ===+ (1+(//S )2
’ [ J1+quysy (75) I (1.37)
-1 aT!
F4(1/S)=[1—2'(1+(21/S)2) T4.0+(1/85Y) 2:l_ (1.38)
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=1

' 1 1 i 1
S)={1+ - + +
E(l/S) 14208 2420/S T 4+2l/S T 5+20/S

(1.35)

SYynuuminruam kypamus. IOkopuma xaifn sTwiraH Gomka
XonaTaap YIyH Ty3aTvll QyHKIUSIApH, MaBXyM HYyKTaBWil
TOK MaHOaJapuHUHT Xo¥naHuiy 1.2a-xXanBajiga, YIapHUHE
Xap xun I/S yayn xuiimMatiapu 1.2-xagBanna KeATHPHITAH.

1.26-xcadsan

IS FW/S) S /S F/S)

0 1,82 0,62 0,5 00

0,2 1,365 0,79 0,533 8,07

0,5 1,182 0,882 0,658 2,08

1 1,06 0,947 0,842 1,232

2,0 1,01 0,992 0,965 1,038

5,0 1,004 0,996 0,997 1,003
10,0 1,005 0,9995 0,9996 1,004

Kagsan taxunuaaln KYpuHAguKHy, [ =35 6§aranma xamMa
KYPWIraH XoJaTiap yiyH TY3aTHII (DyHKIMSIapy Gupra sKHH.
Hlynunar yyyH yHU uHOOaTra oy wapt 6yamMaiian. Hamy-
Hajlap/a COJIMIUTUPMA KAPIUWIMKHH aHHMKJIAl2 30HIIap-
HHHI TOMOHM S OynaraH KBajpaT y4Yura XOWIALUTHPHIIaH
ycya OwnaH xaM aHuKjamr MyMkdH (1.11a-pacm). By ycyn
OMNaH CONMMUITHPMA KAPIUFIMKHY aHUKamaa 1 sa 2 30HI-
napnraH I Tox yrxazunud, 3 Ba 4 30HIIap OPKANM MOTEHHU -
ajiap ailvpmacy aHukJIaHaau. ApUMYEeKCH3 HaMyHaap yIyH
(a, b, d>S§), apHU, HaMyHa YI4amJiapu 30HIIAD OPaCHIary
Maco(agaH Xyna Karra OyJaranma COMMINTHPMA KAapILMIKK

= K:—J}: (1.39)

dopmyna 6mian xucobmanagu.
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3oHmIap APUMYEKCN3 HAMYHAHIHT OMPOP TOMOHUTA 30H-
JIap opacHmaru Macoda TapTHOHIa XxoitaraHd 6yica, p HEHT
TY3aTHII GYHKUUSICH XycoOra ONHHaIUraH

Uy, 2nS
=—=. === F /S
1 S EAS) (1.40)
ndona OMIaH aHUKJIAHALH.

Tysarum Gyaxuuacu F(I/S) HUAT Xap X\ XoNaTiaap yIyH
aHanmuTuK ubonpacu 1.3a-xaxBanna Kexrtupwiarad. by ¢yHk-
HUSUIApHY Xucobnaumapnad KYpuHAaIUKW, OUpopTa U30II-
LMsUIaHTaH €KW yTKasypyad KuppaxaH | — macodana TOK
30H/IapH TIEPNICHAUKYNAP EKU Mapajuien Xoinauranaa Kup-
PaHMHT TABCHPHUHM XUCOOTra OJIafUraH Ty3aTHLI (PyHKUHSIA-
pu I/5=3 na Gupra AKuH.

Hamyna ymuamnapu (9HM, 6Viiu, iMaMeTpH) YeKCH3 KaTTa
(a, b>S), NeKHH KATMHJIMIM 30HIIAap opacuiard macoda
TapTUOMAArY MIACTHHA KYpMHMIIKAAA OYICHH.

By HamyHanapia COMHINTAPMA KAPIUMIUKHM aHUKJIALI
SApUMYEKCU3 HaMyHaiap kalu Ty3aTUNl (QYHKUMSICHHHU TO-
MMIITa KeITUpWIand. AMMO Oy X0JIIa XaM OCTKH, XaM YCTKH
CHpTJIapMaary mapmiap GHp BakTaa OaXapuwiMIIH Kepak.

Arap HaMyHa OCTKHM CaTXM TOK yTKasyBuyaH MyxuT (OM
KOHTakTH) OMiaH yerapanaHraH 6ynca, (1.12a-pacM) I0OKOpH

n=—3(l:)l- 1‘*4) \ n-.aqln" $1‘
nr—2¢l+ ro ) n-3¢14 4)1'-:

2d 2d

=1 Q1" % n'~'l<)l* o1
. o ’, 2d =0 1) 2d
a) CANE] (\:45 2d 6) ,77!} 77 2/77137754'[ 2d
n—-1 (:) I +¢) ﬂ—-l¢ g ’-¢ i
n --\2¢ It I’¢ : n"-2¢ ad 1'4)
N _‘3¢ I ,+¢ ,.‘— n‘-'3¢ it I‘¢ +

1 t | '

2d

1.12-pacm. OcTKH CHUPTH YTKa3yBYaH (@), OUANEKTPUK (6) MyXUT
OWlaH Yerapaianral [UIacTHHKATApIa MaBXyM TOK MaHOalapUHUHT
KOWIaHUIL TAPTUOU.
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§3

1.3a-ncadsan

30HINTaPHUHT
XKOWJTaHVLIN

Ksagpar ywiapura XOMnalTUpUATaH 4-30HUIM YCYJTHUHT

N fn=0
\}3\ s .6
DN W J

+
5

2 2
a+21/8)  J1+qa+2087

Ty3aTHI YHKIMSIApU
-1
] (1.41)

4

Fg,(1/S) = (2—5)[2—J5+

AN\
\\">\ plop=
;&\\\\

-1
2 2 \

. (1.42)
W+21/9) - [14a+2ys)7

Fo(l/S)=(Q - ﬁ)lz -2 -

/

ANON
\’\\\<€
%\”\“\ J

-1

l (1.43)

/

1 2 i
- +
1+208%  J1sa+2ys? | 1+@+208)

F53(1/8)=(2~2 )[ 242+ (

N

s=~1

1 2 1
(1.44)

+ -
1209 " J1e@e2ys?  J1+@+2087

F54(1/S)=(2—ﬁ)l2—~/_ -
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cuprupa j,=0, E =0, octku cuptuna ¢=0 maprnapu, arap
OCTKM CaTX¥ TOK YTKa3MaMIUIaH M30JIATOP MyXMT (MacalaH,
XaBo) OunaH 4yerapaigaHrad 6ynca. 1.126-pacM UKKH cHpTHIA
J,=0, E =0 maprinapu Gaxapwinim Kepak.

HamyHaHHMHT OCTKM CUPTH YTKA3yBYaH MYXMT OWUIaH 4e-
rapajaHraH xojuHM K¥ypainuk (1.12a-pacm). By xonma ocrku
cuptiaa ¢ =0 mapr 6axapunuiny ydyH (n=-1) ga HaMyHa-
nad nactna d macodana (/7)) sa (I*) MaBXyM TOK MaH6ana-
PUMHH XOMNANITUPaMM3, JEKUH YCTKM cuptupa j =0, E =0
TOK 3UWIMTHHHHT HOpMaN TAIUKW 3TYBIMCHHHHT HOJIIa TEHT-
JMK IApTH OY3MAa[ii, YHUHT OZKAPHIMIOH YUyH (IUTACTHHA)
HaMyHa YCTKU CUPTHIaH {n=+1) na 2d macodara (+7) sa (1)
TOK MaHOanapu xolnaintupuiany, Oy OWnaH oCTKY CHpPTHAA
¢=0 wapru Oy3wnagu, OYHH KAHOATIAHTHPHMIIM YYyH gHa
n=2 na 2d macoana 170K MaHOAIApH KHPHUTaMH3, 6y TOK
MaHOATApUHY XOMTAIITHPHLUI YEKCH3 KYII MapTa TaKpop/iaH-
raga (1.12-pacM) HAMYHAHHHT OCTKM Ba YCTKH CUPTJIapHia
(1.31a, 6) waptnap Oaxaprrani. Arap HaMyHa OCTKH CHPTH
M3OJIIUMSAaHTaH MYXUT Owilah 4yerapadaHraH Oyica, MKKH
cupruza (1.31a) mwapr GaxapuiMILH XYIIH IOKOpHIarura
VXuau KetMa-KeTinkiaa mycdar (+71) Tok MaHGau TOMOHH-
Aa Myc6aT MaBXyM TOK MaHbanapunu, MaHwuii (— 1) TOK MaH-
6ay TOMOHHAA MaHPUHA MaBXyM TOK MaHOaNapHHH YeKCH3
Kyn Mapra Takpopnad xoimawtupuin Kepak (1.126-pacum).
ABBaIJaH alTUATaHUAEK, 2 Ba 3 HYKTaJapHard MOTeHIHA-
Jlap YeKCU3 KYTl TOK MaHOaapW XOCHJI KWITaH ITOTeHIIMAI-
Jlap HUFMHAUCHTA TeHr. TOK MaBOAJapMHHMHT HIIOPAaCHHH
xucobra onran xonaa U, Ba U, 1ap oCTKM CHpTH ¥TKa3yBYaH
MyxXUT OWiad yerapajiaHrad HaMyHa y4yH (1.2) ra x¥pa

Uy =22 51 )i5? + Qan) T2 - (S + dnyT? | +4

27 g w

(1.45)
Uy =52 2(—1)"'{“25 4+ Qdn) [T~ [(S° + Qany ]_%} + 4

(1.46)
udonanap Owiax apMKJaHATH.
by ukxu tenrnamaman U,=U,—- U, un tonub comumrupma
KAPUIMJIMKHU
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v d .
p= ~7“~ 28, (5) (1.47)

Kypuanga uoonanaiiMus. Tysatnin GyHKIMACKH KyAMaary
KypuHALTa 3ra 6ynaguy:

o, 1 1
gn(g‘)= 1+4:§("‘1)" ll+4nz~~~]j l4+4n B ’

(1.48)

IOkopumarn ycya OwiaH XucoO6aaill MKK¥M TOMOHHMIAH TOK
yTKasMmaiigurad MyxuT (M3oaaTop) OMiaH yYerapajaHraH
KUTHHIMIH d — O6Y¥araH HaMyHa ydyH Ty3aTUII (HyHKUMACH

1 1!

‘d = |/ a2y a2\
gz[;]=~1+4z1 (1+4n2S—2J —[4+4nz§T
V] n= A \

(1.49)

6ymuumnmM Kypcaranu. g,(d/S) Ba g,(d/S) bynxkuusnapuy (d/.S)
HHUHT Xap XW1 Ku#Marinapumard HaTwxanapu 1.36-xanBanna
KEeJITHPWIraH.

1.36-xncadean

d/s 0,1 0,2 0,5 1 2 3,333 5 10

g(d/S) | 1,9-107% 1 3,42-10~ | 0,228 | 0,683 | 0,983 | 0,988 | 0,9948 | 0,9993

g(d/S) | 13,86 6,139 2,78 | 1,504 | 1,094 | 1,0228| 1,007 | 1,00045

Kagsan HaTHXAIapH TaXTWIMIAH KYPHHATUKH, g (d/S) Ba
&,(d/S) napuunr xuiiMamiapn d/S=4 6yaranna 6upra MHTH-
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Jamu. Jlexun g, (d/S) dynxuua (d/S)nunr 0 gan 0,4 rava
oynran opamuruga (d/S) OunaH TYFPH YM3MKJIM OOFIAaHraH
o6ymu6, (2In2)-! d/S ra npornopuMoHan Gynagu:

£,(d/S)=(2In2)"d/S (1.50)

Mlysuur yuyn 0<d/S<0,4 opanuFuaa MKKH TOMOHHM TOK
yTKasMaiuran MyxuT OWJIaH derapajaHraHIa HaMyHAHHHT
COJMIIITHPMA KAPUIWINTH 30HAJIap opacuiaru Macodara Gor-
K, 6Ymaiiau Ba (1.47) ra xypa

~—
—
wn
—_
-

dopmMysa 6MnaH aHHKIAHAIH.

1.4-§. IOnka KaTnamMnapjia CONMIITHPMA KADINIAKHH TYPT
30HANH YCYJ OMIAH AHMKJIAI

Arap HaMyHAHHHT KATHHINTH d 30HIUIAp opacuflard Ma-
copanan xyna kuquk (d €S§) Ba YHHHT yerapajapu YeKCH3-
JIMKKA Y30KJIamTHpuiIrad (a, b>>»S) 6ynca, 1 Ba 4 30HmIap
coXacHIa KAMMHIMK OyiiNya KywWIaHHII TYLUIYBHHM XMcoOTa
OJIMACIMK MyMKHH. ByHmail Xoija TOXHHUHI Ba MOTeHUMAN-
HMHT TaKCMMOTHMHH HWKKH Yimyamnu 1e6 xapawr MyMKuH. [1o-
TEHHMANHUHT IWINHAPUK CUMMETpUd O¥itnya TakCUMJIAHU-
IIHHH Xucobra oyicak, MKKH ymyamuu Jlarmac TeHrnamacu-
HUHT (a3MMyT Oypyard 6 HM X@cobra oJManMm3).

_1df do)_
=1alrg)=o (1.52)
CYMMUIAH MNOTCHITNA I/ICI)OIlaCI/I
o(r)=C,Inr+ A (1.53)

KYpPUHUIIHY onagy C, — MHTErpaUiall ZOMMUIACH, Y 3JIEKTP
MaiJIOH KYWIAHTaHJIMIMHUAT r=r, Aa E(r)) ra Tenr 6yauimm-
JaH aHWKJIaHAau. Arap 3apsiji TallyBUMWJIADHHHT KOHIEHTpa-
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1 3% {.13-pacm. bup xuuc-
M OynMaraH IONKA HaMy-
Hanapia COnUuITHpMa XKap~
UIAKHA KATHHIMK G-
ya TAKCHMMOTHHH YITyami.

14 24 3L 4 |

IR

IIMSICH Ba XapaKaTJaHIMIU KaTjiaM KQJIMHIMIH G6yinya y Ko-
opjiMnaracura 6ormuk, 6ynca (1.13-pacm) panuyc r, 6anauz-
nurn d 6YNraH UWIMHAP CUPTHAAH OKAETraH Tyia TOK Mpo-
JUICH

p ) B .
I=[2nr-Een(y)u(y)dy =2nrEo, =2mr £ (1.54)
0 Py

Oynanu. by epna:

g, = =

en(y) - u(y)dy (1.55)

ot

L
Pn
CMPT COMMIUTHPMA VTKa3yBYAaHIMIH, p, =0,”! 3Ca CHUpPT CO-
JUIITHPMA KAPINMINTK Ae0 I0pUTIIagy.

BHp XMHCIN HAMYHaNapHUHT XaXXMHH COMUIITHPMA Kap-
WMJIMTH, COJHIITHPMA YTKa3yBUaHIMTH

p=pd; o=0/d (1.56)

Ownan anukiaHagu. By ¢opMyna OwiaH aHMKJIAHTaH KaTTa-
JUK COJIMIITHPMA YTKA3YBYAHJIMKHUHI KUIHHIMK 6yinda
ypranamran xuiimatunu Gepamu. (1.53) udonanaru C, uH-
Terpaiam goummiick (1.54) naH r=r, 1a aHUKJIAHIaH

E(ry) = b, (1.58)

2mry
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Ba

E(r)=-% =-2 (1.59)

drl|r = ) 0
ubonaTapHUHT TEHDTUTHIAH

C = -% (1.60)

OWwiaH aHMKIAHUIIHHE K¥paMH3

ynnait kuau6, (1.60) vy (1.53) ra x¥iicak, noreruuan udo-
Jacu

go(r)=——?]:' Inr+ A (1.61)

6ynanu. By epaa r Tox 3oHMIapH, 1 Ba 4 mau r, Ba r, Macoga-
Ja XoiamraH Hykra KoopAauHatagapd 1 Ba 4 30HInapIaH
yraétraH Mycbar Ba MaHbUIi TOXIAp XOCHI KpuraH 2 Ba 3
30HAJMapAard moreHmuamnapuu (1.61) 6umman xuco6aal,
U,,=U,-U, nan cupT COMHIITHPMA KAapIUWIMIH Hdonacu

p == _hz‘t,mfjA (1.62)

T2 I 14

KYPMHHMIIAQ OYTHIILIUTMHY TONaMK3. BHUp XXMHCIIM 10IKA KaT-
JIAMJIADHUHT CONHIITHPMA KAPIIWIMTHHH YMYMHH X0J1Ia

p=pd= 5= d B (1.63)

KypuHMIIaa udopanani MyMKMH. Arap HaMyHaJaH Xap Xl
KOMOMHAUMsAa yAaHTraH 30HIIAp OPKAJIM TOK VTKasuica,
(1.63) dopmynamaru Fz' koa¢bbUIMEHT Xap XU KuiMartiap
Kabyn xyummy MymxkuH (1.1-xangsan). Macanas, 1 Ba 2 €ku
3 Ba 4 3oHIapHaH ToK yTKa3ub, 3 Ba 4 €xm 1 Ba 2 30HmIAp-
Had IIOTeHHMa/LTIap aliMpMacu ¥i4aHca, Ef=21,84 OYIHIITH
AHMKJIAHTaH.
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bup xwnucnu 6yn1maran HaMyHasiapaa cupt o, (V') Ba Xaxm
GyiiMya comMIITHPMa KAapIIWIUKIAp o () HHU ¥OMKA KaTiaM-
Japaa KATHHINK OYirya TaKCHMOTHHM TONMIN YYYH KATIaM
KATMHIIMIH Xap 6up YruoBnaH cYHT Ad ra KaMatapu6 Gopu-
nagy. bup-6upuaan Ad ra KamMaiTHpUO YM4YaHTaH CHPT CO-
JIMIUTMPMA KAPLIWIMKIAPH p,,, p,, OPKaIM Ad Ta KaMaiTu-
PUITAH KATJAMHUHT CHPT COJMINTHPMA KAPIIWIMIHHM Ba Y
opKand p

Pr=PuP il P Pus  P=PAD (1.64)

ndoganap 6mwnaH xucobmaHanu.

IOxopuaa KypwiraH xonaTaa IONKAa KATNaMHHHT WKKH
CUPTH M3OMSLMSUIAHTAH, SBbHH TOK YTKa3MaiuraH TaryIuK-
JUIM 10MKa KamiaM aed ¢apas KuwiumHradn, KaavHmury 30H4-
Jap opacuaard Macodanap tapTuéua, IEKUH 30HIIap X0 -
nanran eupr yinuamiaap yekcus Karra (a, b>>S €ku D> S)
K JIAMJIAPHHIL, S'TBHM TUTACTHHKA (IMCK) LIAKIHIATH HaMy-
HIVIADHUHT COMMIUTIPMA KapIIWIMIMHA aHMKnamima (1.62)
(hopMyJlara KaJIMIUVIMKHUHT TAbCHPHMHHM XUCOOTa OJaaurad
1y3aTHL PYHKIMACH KUPUTWIAIH Ba ¥

ad U
=E‘T?f(d/s) (1.65)

dopmyna opkanu xucobnaHamy.

Tysatnin dyaxkuuacu f(d/S)HUHr K@iiMaTH Xyjaa IONKa
KaTjiamiapaa, seHHU d/S<0,4 na 6upra skud (yHuHr d/S=0,4
nary KuiMartmapu 1.4-Xagsanga xeaTdpwirad). AManuérna
K¥II XOo/1apia TeOMETPUK yiyaMiap 4YeKJIaHTaH IoNKa KaT-
namiapna (JoMpa Ba IUIACTMHA KYPHHMINUAArK HaMyHasap)
CONMIUTUPMA KAPLUWIUKHY aHUKJAITa TYFPH Kelaau. By
XOJ[a KY3ryAa TaCBHp YCYJIUHM KYiU1ab, TysaTvin QyHKIuMs-
JapuHUHT upogacu tonwnanu. Ty3aTuin GyHKLHMACH 3HT
cOola XO/Ulap — TYFpH TYPTOypuax WIAKIHWAArH IUIACTHHA,
JUCK KYPHHHIUMIArd MaKiuiap ydyyH Xucoomauran (1.14-
pacMm). TomoHnapu a Ba b 6yiarad TYFpH TYpTOYPUAKIM IONKA
(d €§) BaMyHaza 30HIUIap KaTTa TOMOHM (g)ra mapasien
YM3MKIA XOMmamray 0yica, COMMIITAPMA CHPT KAPLUMJIMIH
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a)

-hoh..

o :
\C

1.14-pacm. TeomeTpHK YuaMiIapM YeKJIaHTraH 10nKa (d<<.S) Tyrpu
TYpro6ypuaKk (g), moupa — muck (6) WAKIUOary HaMyHarapaa
30HIIAPHUHT XONaHUIIY.

~ G~
ny o
e

a b

_U23
- f,b S

Pu=1 (1.66)

auaMeTpn D 6yiran AMCK MIAKJIMIATH IONKA HAMyHaJa oca
(1.146-pacm)

pr=127(2) (1.67)

dopmynanap 6MiaH XxucobnaHaoy.
Tysatumr ¢yaxuustcu f(D/S) 3oHANap AUCK MapKazuliax
VTraH 4M3HMKAa €Tca, KyWHIarn KYpHHWIITra sra oynanu

D/S) = ad
J(DIS) In2 + In[(1 + 3(5/D)*/(1 - 38%/D*)] (1.68)

Tysatuimr dyuxuuacu f(a/b, b/S) (b/S) HUHT KHYHUK KHAMaT-
Jlapuga

f(a/b;b/8)-5 = f(a/b)=1 (1.69)

IIyrmur yayr (1.66) HE Kyiinmarmya udonaiaiMus;

b

Y .i.f(a/b)r_@.-— (1.70)
§ 114

" he s
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B
! , [*‘S .
FIR 25h Fy - v
1+ I : [e o
F.l . . 20n
<] ‘\ 2)
] U L5\ Fu
/ \\\ \\
OR==> 1,0 >
A /"’
0'5 Fl. 0'5 < L]
2 1 L 1 ,- . . 4.
al 0 1 2 3 gp 6 O 2 3 Us

1.15-pacy. KBagpaT ywrapura XOUNaITHPWITaH TYPT 30HIUTH YCYIH
6uNaH p-HU GHUKNALMIHY TOK YTKa3sMaiIMraH MyXUT GWaH YerapanaHrag
HaMyHaJlapfa TOK 30HANADHHU TYyTalITUPYBYM YH3HK, Iapaulens (6) Ba
neprnesguKyisp (a) 6yarad Xon YUyH Ty3aTHIN DYHKUMANIADY YU3MACcH.

bynnan commurrupMa cUpT KAPHGUIHTHHMHT TAKPHOMA KuitMa-
MMHY aHMKall MyMkUH. Tysatmm byHkmmsiapuausar f(a/b,
b/S), £(D/S), f(a/b) con xuitmamiapu 1.5-xansanga Keary-
pWIraH. Arap HaMyHaHMHI yidamnap (3HM, GYiM, KaJluH-
Jir¥ TYFpU TYPTOYpYaK INAKJIMAArd Ba KAUIMHIMIGH d, oua-
Metpu D IMCK IIaKIMAard HaMyHajlapaa) 30HAJap opacuia-
ru Macoda taprubmma O¥jica, yHOAa MKKU Ty3aTHII
dyukunsuiapunu f(d/S) sa f(a/b, b/S) éxu f(D/S) xucobra
oJIraH Xoiga p aHuyaHagu. HamyHa T¥prOypuak maxkmvaa
Oynranga sca

Uy =d

p=to st s(4) s

,b/S l (1.71)

/ o
\ b
KYPUHUILIHK OJaaH.

1.4-ucadsan

da/s 0,4 0,5 10,714 1 1,25 11,4286 1,666 2

f(d/8)]0,999510,9974|0,9798 | 0,9214 | 0,849 }0,7538 | 0,7225 | 0,6636
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1.5-0xadsan

/S f(a/b, b/S)
s S a/b=1 a/b=2 a/b=3 a/b=4
1,00 0,9988 | 0,9994
1,25 1,2467 1,2248
1,50 1,4788 1,4893 1,4893
1,75 1,7196 1,7238 | -1,7238
2,00 1,9454 1,9475 1,9475
2,50 2,3532 | 2,3541 2,3541
3,00 2,265 2,457 2,7000 | 2,7005 | 2,7005
4,00 2,929 3,114 3,2246 | 3,2248 | 3,2248
5,00 3,362 3,510 3,5750 | 3,5750 | 3,5750
2,50 3,927 4,0095 | 4,0361 4,0362 | 4,0362
10,00 4,172 4,209 | 42357 | 4,2357 | 4,2357
15,00 4,365 4,3882 | 4,2947 | 4,3947 | 4,3947
20,00 4,436 4,516 4,4553 | 4,4553 | 4,4553
40,00 4,508 4,5120 | 4,5129 | 4,5129 | 45129
4,532 4,5324 | 45324 | 4,5325 | 4,5325

HamyHa pucK KypHHUIIAAA 6YnraHpa

_Un md o(d) (D .
P= Iy 1n2f(S) f(\s,, (L.72)

Oynams. Keanpar ywiapura XOWIAWITHPHITAH TYPT 3CHAIU
ycyn 6uiaH YI4aHTaH IOIKA KAaTIaMJIApHHHT COJHLITHPMA
KapIHyaInury

U 2 oU j
T....ﬁ..d:RJd:G‘-l—d (173?

P in2
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(hopmyna 6wran amukiaHanu. By epparu R=p/d xarTiam-
HUHT CUPT Kaplwmury a6 Homianank. JuaMerpn D Giiran
NOMPAaBHM HAMYHaAa p HM Yivalifa 30HIJIap JOMpa MapKa-
3UJa XoWnaniran 6Yica, Ty3aTuin (QyHKIHSICH:

-1

i 2
Gy =2n [ln?.—i—ln[ “:i ;1’;2 ” (1.74)

1.5-§. Ommraxcuan, 1npPy3nQH KATIAMIAPHMHT
COJMITHAPMA KAPLIWIATHHN TYPT 30HANH
ycya OMIAR aHRKIAI

HMxxu xaTmaMmim CTpyKTypaiapia, MacalaH, TarIMK CHp-
tHaa auddysns ifynm OwiaH ONMHIAH KATJAaMHHM €KH Tar-
JIMKOAaH YTKA3yBYAHIMTHHIHT KaTTAJIMTH Ba TypH OMiIaH dapk-
JIaHTaH SNHUTAKCHAT KATIAMJIADHHHT CONMINTHPMA KAPHIH-
JUKIApWHHU, YIAPDHUHT KATHHIKK OYiiMua TaKCHMOTHMHH
aHMKJIAIINA TYPT 30HIIH YCYI Ky umaHwiunm MyMkuH (1.16-
pacMm).

YerapajapH YeKCH3JIMKKA CHIKHIAH IOMKA HKKM KaTilaM-~
1| cTpyKTypa (8>d), d,) ToK 30H1IapHMra HuC6aTaH Mapajuies
yIaHraH 3aHXup xocwa Kunamgu. [lemak, | Ba 4 3oHmiapnad
yTaéTraH TOKHMHT Oup KucMu I, GMpHHYM KaTnamaaH, /, Kuc-
MM MKKMHYH KaTlamMaaH YTaal, SbHH

I=I+1, (1.75)

U=1pm =22 = Lpn "2 (1.76)

[J I L]
A np;d n‘p'd:
NN e\ \Yn'.p,d', N N p';n}d,

1. 16-pacm. ConmmTEpMa KapIIMAKKHY TYPT 30HMIN YCyiI GruIan Yrdain
455 MYMKHH 6¥/ITaH 3MUTaKCHAN CTPYKTYPaA TYPIapH.
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by epna:p,, p,, — commTHpMa CHPT KAPIIWIMIY. MKKUHIA
udona napapien ylaHTaH 3aHXUpHard KyWIaHHOIHHA, 2 Ba 3
30HLJIapAaru MoTeHuHaUiap aitupMacunu 6epanu. By ukku
dopmynananp =p .d,, p,=p,,d, 3KaHIuru xucobra oJIMHraHAa

- = 144
(0,d, + 0,d,))" = (d/p, +d,/p,)”" = ﬁ‘f (1.77)

TEHIVIMKHY TONaMu3. Arap KaTiiamjapiaH OMpHHH yTKa3yB-
YAHJIUTH Xy[a KaTTa, MacajaH, OMPHHYH IOIKA KATIAMHUKA
d,0,>d,o, 6¥1ca, IKKHHYM KATaM CTPYKTypaJa TOKHHHT ¥TH-
IIUTa TARCUP 3TMaMmu. ByHmail xonna {yaHrad CoaMIITUp-
Ma KApIMWIKWK OMpUMHYM Karjlamra termuumd 6ymu6, (1.51)
OPKAIM aHUK/IAHAIH:

U .z
L= e (1.78)

IOnxa snuTakcHan KaTiaM Ba TADIMK MKKM XHII TYp YTKasyB-
YaHJIMKKA 9ra Oyica, yerapaga Xocwi OYIraH p-n YTHII TOK-
HUHI' OCTKM KATJIaM ODKAIM YTUIIWTa TYCKMHIHMK KIUIAJIH.
HdeMak, TYpT 30HIH yCyn p+p, kA+h CTPYKTYpalapia, SbHH
TaNIMKHUHT COMHIITHPMA KAPIIWINIH 3IIMTAaKCHAN KaTJIaM-
HHMKHUIaH KaMHJa 103 MapTa Karra Oyiarad xoinapaa p-n, n-p
TypHMIAru CTPYKTYpajiapAa COMUINTHPMA KAPIMWIHKHH aHHK-
JalAa KYUIAHWIKIIA MYMKUH Ba I0OKOpHIA KYpPHJITraH HKKH
KaTIamMiIu CTpyKTypaiapaa Auddy3HOH, SITHTaKCHAT KATIaM-
HMHT COJIMINTHPMA KApINWIMKJIApH IONKA HaMYHalap y4dyH
Ypuran 6ynran dopMyna GMIaH XHCOOIaHAIH.

1.6-§. ConsmrapMa KapMUIMKHA TYPT 30HIIK YCYA
Ounan YIMAmMAArd XaToJMKJIap

TVpr 3onm1M yeyn OmnaH Ymyamigard XaTOMHKIADP COJKII-
TUpMAa KapLIWIKKHM YIYaIIHUHT GHU3UK MOIEIHHMHT Ha3a-
pusiia KaOyn KWIMHIAH MOIETHAAH Qapkin 6YIuim hbopMy-
jlara KUpraH KaTTaJUKIapHHU ¥rdanl, Yodaill IIapTH Ba Tap-
Tbura OOFNMUK OyiaraH Tacomuduii, MyHTa3aM XaTOIHMKIAp
ODKaJIM aHUKJIaHagW. By XxaTonukimap MaHOamHM rypub uu-
KauuK.
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1. 3on0 Kxommaxmu ro3acunuKrz KUpuman xamosuzu

MabayMK¥, CONMUIITHPMA KAPIIIMWIAKHA TYPT 30HIHA YCYI
OmIaH YmYanrHUHT PU3HK aCOCH-HA3apHACH KYpHIraH BaKT-
J1a SpUMYTKA3rud OWIaH 308 HyKTaBHHA KOHTaKT XOCHJI KHAa-
ou, ge6 kabyn KWIMHTaH 38u. AManuérna Oy IapT Xed BakT
OaxapWwiMaiiiy, YYHKKH KOHTaKTHUHI MabJIyM lo3ayara sra
oYM YIYOB HATHXXACHTA MYHTAa3aM XaTOJHWK KHPUTAIH.
Tok €K TOTEHIHANA 30HIUIapH SpUMYTKA3ruy GMIaH KOH-
TaKT/IaHITaHZa PagHyCH r OYIraH foMpada XOCHI KWICa, YHHHT
KHPHUTTAH XaToJurH (r/S)? OWiaH aHUKJIaHanu. XaTOMHKHIHT
MIIOPACH Ba KAaTTAIMIM 30HIIApAAaH Kaiicu OHpHIa KOHTAK-
THHHT HYKTaBMH OYIMII ImapTd OaxapwiIMacluru OuWiaH
aHuKIaHagu. 3oHIap OMp YM3KKAA ETraH XOoJiaa 30HHA KOH-
TaKT [03a4acH NOTEHIMAT 30HIjIapaaH Oupuaa marnno Oyica,
HUCOHUM XaTONUK

2

. ,—lan‘] 1n[(2+ s
. 2 ’ \

2 2
S_,/(Z—S_z,] (1.79)

¢opmyna Ouiad aHUKJIaHAAN. Arap TOK 30HIUIAapHAaH OHpH-
Jla KOHTaKTHMA HYKTaBMi Oyiumn imaptu GaxapuwiMaca, HUC-

OMi1 XaToMUK
[ J] (1.80)

ndona 6wian aHUKJIaHaTH. 30HIAp TOMOHH S O¥irad xBaj-
par ywiapMra XOWIaIraH XOJiana MOTeHIHUal €KW TOK 30HI-
JMapugaH OMpHAA KOHTAaKT I03adara sra 6yica, MyHTasaM Xa-
TOJINK KyHHIArdua aHWKJIaHaIM:

s \ " A { / \2Y]
=‘\-——;—ln2)-ln 2[\1+;—:’] /|1+[\1—-;—22J ] (1.81)

_(1m2' In

TypTra 30HOHUHT XaMMacHZAa KOHTAKT HYKTaBHH OyimMaca,
YMYMHI XaTOJIMK I0KOpUIArd popMynanap opKaiy aHuKJIaH-
raH XaTOJIMKIIAp MWMFUHOWCH OwiaH ndomaraHagu.
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2. 3onoaap opacudazu macopanunz maxpopaanmacauzu
6usan GOFMUK Xamoaux

3oHAIap opacuzaru MacogaHHHI TAKPOPIAHMACIUTH CO-
JMIITHPMaA KAPIIWIMKHHM aHUKJIALINA MYHTa3aM XaTOJMKJiap
KHpUTagy. Xap OMp 30HLIAp XONaTH APUMYTKa3ruyaa 6ump-
6upura OoraHMaraH Xojia Ypraya KBaApaTHK XaTOJHK OH-
maH AS ra cwiDkKMca, KapUIWIMKHHM Yayangaru Tacomudmi
XaTOoJIMK 30HIUIAp Oopacuaaru Macodaiap TEHr Ba MIIOHYIH-
UK axruMon 0,95 6ynaraH xomma xaxXmuit HaMyHanap yuyyH

8= =206 (2 %) (1.82)

6ynagy. ConumrrnpMa KapIIWidK IONKA KaTaamiaapaa YidaH-
raHfa 3oHpnap opacuaaru MacodaHHHT Y3rapuiiy OwraH
60oFmMK Taconuduil XaTOMHK

e _ (a8
0= p 22 \2 S ) (1.83)

¢dopMya OpKATH aHHMKJIAHAIH.

3. Kyssanuwnu yauawoazu Xamoaux

TYpT 30HAM ycys1 GWIaH CONMMINTUPMA KAPUIMIHKHU AHUK -
Jlalja KyWIaHUIIHY YIYallifgard acoOCHH XaTONHK ITOTeHIHAX
3OHIUIAPUHUHT KOHTAKT KAPIIMIUTH OMIaH 60FmuKaup. KoH-
TAKT KApHIWJIMIU TepMaHWid Ba KpEMHMIiUIapJa HOTeHHHA
30HIJIap OpacUAard HamyHa xapunwmurupan 10°+10% mapra
KaTtTa 6ynuiny MyMxuH. IloTeHIMAN 30HIIAPHUHT KOHTAKT
KApLUIWINIUra TYyLIagUTaH KyWIaHUIIHU WYKOTHIU YYyH 2 Ba
3 noTreHOMan 30HIIAp OPKATH YTATWUTaH TOKHHM MYKOTHIU
Kepak. ByHUHT yuyH KupHin (MIKM) KapIIMIUTH KaTra 6yiarax
BOJILTMETPJIAp (AJIEKTPOMETpIIap) KYUTaHWIATH €KY KOMIIEH-
cauysi ycyiau OwiaH KywIaHHII VIdaHaIH.

4. Toxnunz xupumezan xamoauzu

HamyHanaH Tox Vrramna y xusuiinn. By sca conmmmmupma
KApIIIWWIMKHUHT Y3rapuiinra onu6 kemamd. KapuImIHKHHHT
teMriepaTtypa ko3 duuuentu kpemuuiina 0,009 K raya etu-
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my MYMKHMH. TOK 30HIUTapMHMHI KOHTaKT KapUIMIMKIapy
HATIDKACHa HaMyHaJa 30HIUIap YM3WFH OYHuYa TeMIepaTypa
IpagHEHTH Ba MOTEHUHAT 30HIIApAa KYIIMMYa MOTEHIHAM-
Jap aiupMacH (TEpMHK IEKTp IOPUTYBYH Ky4) maimo Oymu-
LI MYMKHH. By XaTOMWMK MaHOaMHW HYKOTHUII yIyH COJIMIL-
THPMa KapIIWINKHA aHHMKJIAIla TOKHUHT KMYMK KuiMatia-
pHIa Ba TOKHMHT HKKH HyHaaumuaa ymdam yrkaswianu. by
HKKH YJYOB HATWXIADMHUHT YpTavyacu onuHamu. SApumiT-
Ka3ruy HaMyHalapMa COTHIUTHPMA KAPUIWIHK aHUKJIaHa-
€Trapna, YHUHT KM3UMAaCIUTH YIYH COMUIITHPMA KAPIIWINK-
HMHT KaTTAJTUTMTa Kapab TOKHHHT MabiyM OMp KuHAMaTHRA
(onTHMaJ TOK KHMAaTIapuaa) yryai TaBCUs KuinHanu. 1.6-
JKANMBaJila KpEeMHHI HaMyHaJJApDHHUHT COJTHIITAPMA Kapili-
JIMKJIApMHH Yimyanna KYJUlaHWwIa€TradH TOK KMAMaTiapH Kel-
tupwiral. Illynm aitHG YTHIN KepakkH, Oab3aH 0Kopu OMm
JIM XpeMHHM HamyHanapuaa (1000+10000 OM. cM) TOKHMHT
KHYMK coxacuaa (1>0,3 mA) comumrapMa KapUIWIHKHUHT
TOKKa OOFIMKJIMIM Ky3aTWITaH. DyHH KM4YMK TOK coxacula
HaMyHaJa KMpUIIManap TEXNUC TapKaJIMaralwmiry — Qiykrya-
OYACH HaTIDKACWIA Iaino OyiraH MYKM MAUJAOHHHUHT TALIKU
MaiIOHAAaH KaTTaIMrd OwiaH TyinyHtupwiamy, [IlyHUHT yuyH
okopn OM M HaMmyHanapna 1ok 1mA>1>0,3mA opanuruna
YnyaHanu, Oy OWiaH HAMYHAHWHT KU3HIIH KaMaWTUPWIAOH.

1.6-xcadean

p, OM-cM| 0,012 10,008+-0,61 0,4+60 | 401260 800

I, MA 100 10 1 0,1 0,01

5. Konmaxm xapuusuzu 6utan 60FAUK XAMOAUK

3ona OMNaH SIPUMYTKA3rU4Y OpPACHAATH KOHTAKT KaplM-
JIATH TYPT 30HIUIM YCYJIHMHI KY/UIAHWIMIIMHHA YerapajoBYH
9HT aCOCHH OMWUIapaaH 6upuaup. TaxuKjIaHTaH 30HA KEHI-
mury KarTa 6yiran A, B, Ba A, B, Typnaru apuMyTKasruwiapaa
CUKUO KyWWnaguraH 30HIIap XOCWJI KWITaH KOHTAaKT Kap-
IUAIKMTH ITyHIA#W KaTTa 6YIHIIIN MyMKWHKH, OyHIa TYPT 30/ -
JIM yCyJl MOUiaMainy.
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bab3n 6up xoiurapia Oy KMIMHYWIMKHYA €HIMINAA 3apsij-
JIaHTaH CHFUMHH 30H[I-SIPUMYTKA3THY OPKAJIH 3apsACH3JIall
KYutaHwiaam, Oy 6mnan KoHrakTra HuuioB 6epuwnany. Hatu-
Kaja KOHTaKT KAPIUWIMIM KaMailTUpUNagy, MeTaUI- SIPHM-
YTKa3rud opacuaard IMoTeHuMan TYcHK iykorwiagu. KoH-
TaKT KAPIIIWINTH OWTaH MeTa/UI-IpUMYTKA3THY OpacHAary Io-
TEeHIMAI TYCHUK 61iaH OOFMMK OYIIraH XaToNMMKHU KaMaiTHPHIL
YUYH METaJUT 30HAra MIIJIaTIHIAANIaH MaTePHATHUHT KATTHK -
JIMTH PUMYTKa3rMYHUKUAAH KaTTa OYJIMIIM Kepak.

3oun Marepuawiapu cudaruaa quametpu D=0,05+0,5 Mmm
Oynran BonbgpaMm, Kapoun BoabdpaM CHMJIAPDH HILUIATUAIA-
M. 3OHMIAapHUHT ywiapu opataa 45° man 150° rawa 6ypyak
6mwran yapxma”Hamu. C2080 Mapxanm 30HMIAp KypHIMacHia
xap 6up 3oHAra Kyitunrad ky4 1,75+0,25 H ra 1¥Fpu Kenagy,
3oHmnap opacugarm Macoda 1,3+0,01 mm. C2171, 3oniap
KypwiMacuna 3oHiap opacumary Macoda 0,75+0,008 mmM,
Xxap OMp 30HATa Kyimwirad ypraya cukuiu Kydu 0,7+0,07 H.
By xypwimanap 6unan cupt Kapumnurua 0,1 man 10° OMm
opamukaa +4,5% XaTonuK 6umaH yadam MyMKHH.

6. Coaummupma KapuiUAUKHUNZ2 memnepamypaza
bortukauzu

ComuuTipMa KapIIWIMKHHHT TeMIIepaTypara GOFIHKIN-
v OMiaH OOFIaHraH MYHTa3aM XaTONUKIIApHH HYKOTHII yIyH
YJI4OB BaKTHUIA TeMIleparypa HazopaT KWwiHO 6opwramu. T —
TeMieparypasa CoJvIITUpMa Kapiumiuk p(7) Hu Ouiram
XoJia WapTiak 6enrwianran 7, — TeMmepaTypara Moc Keja-
JUTaH XuhMatra

p(T)=p(T)[1-CAT-T)] (1.84)

¢opmyna opkany kenrupuiand. by epna: C, — conuurupma
KAapIIMJIHKHHUHT TeMIepatypa (TepMHK) Ko3dduuueHTH
6ymus, y SIpUMYTKa3TUWIADHUHT TypUTa, KHPHIIMATAPHUHT
TabuaTHra Ba KOHLEHTpalusuiapyura OOFIHK, n-p — Typ KpeM-
HUUHUHT TepMUK KO3PGUITMEHTHHUHT COJMMIITHPMA KAPIIH-
Juxka 6ormuxyMry (291—288 K reMnieparypa opanuruna) 1.7-
XagBaiia KEJITHPIJITaH.
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1.7-ocadean

p, OM-cm | 0,006 0,01 0,1 1 10 100 1000

C (n-um) | 0,002 | -0,00022  0,0486 | 0,00736 | 0,00813 0,0083 | 0,0083

C (p-rum) {0,0016( 0,0031 | 0,0372 | 0,00707 | 0,00825 | 0,00862 | 0,009

7. Hxxu xamaamau cmpyxmypasapoa p Hu ys4uawmoa
y4paiiduzan xamoauxaap

DnUTAKCHAN KATIAMIAPHUHT COJMHIUTHPMA KAPIUWIHTH-
HH aHMKJIAlIIa YJIAPHHHT XyCyCHSTH GxIaH OOFIHK OHp KaH4a
XaToNMKIAp Maigo OYNHMIIM MyMKHMH. DnMTaKCcHal KaTjiaMia
COJIMIITHPMA KAPUIWIMK YT4aHAE€TraHaa p-n Ba n-p CTPYKTY-
pajaplia p-n YTHIIHMHT XaXMHUH 3apsj COXacH KeHrasiaw.
DIUTAKCHAT KATJIAMHHUHT COJMIITHPMA KAPIIWINIH TarjIMK-
HUKMEAH KaTTa OyiaraHna XaXMuii 3apsfi COXaCHHUHI KEH-
rafyiny 3nMTakcHan KarmiaM TOMOHra oynanu. by xonucaHu
xucobra onmait (1.62) sa (1.63) dopmynanap GriaH CoOMHIL-
THpMa KAPUIMIHK XHCOOJaHTaHAa, YHHUHT KMHAMaTH OpTTH-
pu6 Yuanran Gynamu. IOxopu OM J1H, IOIIKA SITHTAKCHAJ
KaTnamiiapHu Ymdannga 6y xaronuk 10+20% ra eTHiud MyMm-
KMH.

8. Hzoaauusaaoeuu p-n ymuw opxaiu mox
ymuwoazu xamoaux

3oHanapAaH YTaéTraH TOKHHHT Kynailuium p-n §ruiura
KYHWIraH TecKapy KyWIaHUIUHUA OPTTHPAIU, HaTHXala XaX-
MU 3apgi coOXacHIaru BJEKTp MAaWAOH KyWIaHTaHIWIy yca-
Iu. By 1mapoutna p-n YTHILMHHM M30JAIMA KWIHII XOCCACH
TOKHMHT MaBIyM KMiMaTHraya cakjiaHaqu. TOKHHMHT KaTTa
KUAMaTIapyaa XaxXMUi 3apsl COXacH OpKAJIM TalIMKIaH TOK
yTa Couvtaiiiu. AHMKIAHUIINYA, COMUIUTAPMA KAPLIMINIH
0,1+2 OM-cM, kamuaaura 0,9+4 MKM #-THI SIIATaKCHAI
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KaTiaMm, CONMIUTEPMA Kapunuturd p=10 OM - cM p — THIIH
TarMHKKA YTKA3WIrad oynca, yHaa SMHTAKCHAN KATHaMHUHT
KAPULUTHIH YyaHa€TTaHAa p-n YTHII OPKAIHM INYHTIAHMAaC-
JIATH YYYH CHEPT KaPUIWINTMHUHT 5% y3rapuill coxacua mo-
TeHUuMaN 3ou1aprard Kywianuim 100 MB, cupTt kapmewri-
uMHT 2% Yarapuin coxacupa 50 MB Gy Kepak.

9. 3ondaapea xytiuszan 6ocum Kyuunune
Kupumzan xamoauzu

IOnxka snurakcuan KaTnaMJIapHWHT CONMIITHPMA KapLid-
JIMTMHHM YIYaIlija METaUl 30HA OWIaH 3NHUTAKCHAN KATiaM-
HHUHT TELIWIUIIM Ba TarIUKAA IMYHTAAHUII KyJaHHiod MyM-
KUH. By Xomuca copup 6ynMacivri y4yd 30HATa Kyimurad
KYYHHM KMYMK Kb Taniam Kepak. 30HIOra Kyiwirad ypra-
ya Kywranui 0,3+0,03 H 6ymumm raBcus stwiany. 3oHara
KVHWIraH Ky4Hu OyHAaH KaMm OVIMIUM 30HJ KOHTAKT Kap-
IMAINTUHY OLIUpany, Oy 3ca YiyoB acO00IapHHUHT KMPHIH
KAPLUWIHTHHU OIIMPHIIHU Taiab Kwiagu. DIMHTAKCUAT KaT-
JlamJiapia I0KOpHIa KypiwiraH OMWUIap YHUHT CHPT Kapilln-
JIMTMHM TOKKAa OOFIHK, Oymuiumra onmnb xemamm (1.17-pacm).
By 6ormanuin rpadurnHu Genrta coxara aXpaTHII MyMKHH.
1-coxama TOK opTHMIUM OWIAH CHPT KAPIUIWIMTHHHMHI KaMa-
MUY, 30HI IPUMYTKA3TUY OPACHIATH IOTEHI(HAN TYCHKHUHT
XaMaliMIId Ba NOTCHUHWAN KOHTAaKTIapH KAPUIMIHTHHHHY

RS
g
S 1
§ 098
bs}
£ 05 I

Irox
1.17-pacy. SuuTaKcHan KatiaMnapAa CUPT KAPIWIMIMHYA 30HUTapaaH

OKAE€TraH TOKKa DOFIUKIIMIH.
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OWMITH OWIaH TYILyHTHPWIagH. Arap Rmp>>Rxl+R \» TEHT-
cu3mMK 6axapunmaca R, Ba R , TapHUHT TOKKA OOFIMKIMIA
1-coxany naimo Kunmagd. Arap 30H1apaard 60CHMM OpTTH-
pWiIca Ba BOJIBTMETPHHHT KUPHII KAPUWIIMIMHAHT KaTTacH
onuHca, 1-coxa HYKonuiuM MYMKMH. 2-CoXaga Rg — cHpT
KapLUMIAIA TOKKa OOFIMK 3Mmac. By coxama R >R +R,
OyraHza SHr KaTra asHMKJIUK OMiaH COMMIITHPMA KaplH-
MK YryaHaau. By TeHrcuanuk 6axapuiMaca, 2-coxaga MyH-
Ta3aM paBMLIA XaTONMK Nmanc 6ymuob, y R+ KR leRx'up KaTTa-
MMK OWIaH aHMKIaHamH. 3-COXaHHHT NMaino OVIHINM K305~
IUSUIOBYE p-n YTHUII OPKANH TOK CHPKHIIH OUNaH GOFIHK,
CHpT KapIIMIAIMTHEHT OMIHIUM 4-coXana p-n YTUIMHIHT XaX-
MM 3apsii COXacH KeHrauinv 6mnan G0FMHMK. 5-coxama R
HUHT Te3 XaMaiuimd Tox (0Mp KMCMM)HHHT TarJIMK OPKATH
VTHIIE WYHTIAHUIIKR OwiaH OORTHKIUP.

1.7-§. Ban-aep-Ilay ycynn GHiIan CONMMITAPMA
KAPHHIAKAY Yagant

Hceratran reoMeTpuk iakiara sra Oynrad IacTUHA KYpU-
HUIIMEATH SIPUMYTKA3THWIM HaMYHaJJApDHUHT COJIMIITHPMA
KAPUIMTHTMHEA TYPT 30HIIE YCYAHUAT OHp KYPUHMLIM OYnraH
Bau-pep-Tlay ycymu 6mnan yorgam mymxua (1.18-pacM). By
YCYAHMHT KyJTaiIura INyHIaH HOOpaTKH, SCCH HaMyHa €H

1.18-pacyu. Bau-nep-Ilay yeynu 6unaH conminTipMa KapuIVITMKHU
Ynuyauina 9u3uku A, B, C, I koHTakTnapHy (OpUIHHAINA) acl HycXana
(2), sccH APUMYEXcH3 IiacTuHana (axeuna) M, N, O, P xoHTakTnapHuHr
xoiarmmy (6).

49

www.ziyouz.com kutubxonasi



cuprura 1ypria A, B, C, D HyKraBuii (€Ki YM3UKIU) KOHTAKT
ommHNb, A BA B XOHTaKkTIapaaH Tok Yyrkazwnanu, C Ba D
KOHTaKT/Iap OpacHAaru NOTCHUHAUIAp afipMacH YI4aHagw.
Cyur sca A Ba D KOHTakTIapaaH Tok Yrkaswnamu. Bea C
KOHTAaKJIAp OpacHMIard KyWIaHWII YI4aHuG

KapUIMKIap Xucobnanamy. R Ba R, KapIwIMKiapHu Gu1-
rag XoJjiia COJHMINTHPMA KapLIMIMK

=2 A% FR/R) (1.85)

¢dopmyna Gwian anuknaHami. By epna: f(R,/R)) — xapuum-
JIMKIap HACOaThra GOFNMMK, OYIiraH Ty3aTHIL d)YHKuI/mcn, d—
HaMyHaHMHT KUHIMTY. Tysatvin GyHKUMICH

i m2
‘Z'CXP .——f(Rl/RZ) J (1.86)

[Rl/Rz . In2
R/R,+1 f(Rl/RZ) |

TEHIIAMaHH KaHOaTIaHTHpamH, (R,/R,) — HMHT Xap Xu1 Ku#i-
mapiapupard f(R,/R,) — BuHr HaTmxanapu 1.9-xanBaina
KeaTupwirad. KaiBay TaxJIWIHIaH KypHHAIUKH, R /R, HUC-
Garuunr 0,7<R,/R,<1,5 opamuruna f(R /R)=1. Tyrpu reo-
METPHK WNIAKIJIATH, MacajiaH, KBajpar, Joupa KYpPUHHMIUMIA-
¥ HaMyHaJIapJa KOHTAKTJIap CMMMETPHK XOITAIUTUPWITaH
xonna R,=R, Baf(R/R)=1 6ynub, comuuripMa KapIiImK-
HH 2% NaH KaM XaToJuK OwiaH Ymyam MyMkuH. Kapimmmk-
nap Huc6ata R,/R,=1 6ynranma Tysatvil (GyHKUMSCHHY

.

2 4 3"
(R R m_(Rl-Rz) (l_nz_ﬂ)
f(R'/R’)—l+(R,+R2) 2 \R +R, { 2 12

(1.87)

‘

6mnan xucobmam MymkuH. BaH-gep-Tlay ycynumHuHT Hasa-
pusAcH KOHGpOpM aKCHAaHTHPHII Ha3apUSICUra acOCJaHTaH.
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KoHtbopM akcnaHTHpHII Ha3apUsSCHIa Kypa, MCTAITaH UIaKI-
Jaru OMp apryMeHT OwiaH OomIaHTraH (OXHOCBA3AHHYIO) €MUK,
D-coxaHH sIpMMYEKCH3 SICCH TeKUCIMK D' — coxara ajmari-
TAPUII MyMKHH. ByHJla aci HaMyHaHMHI (OPHIHHAIHHHY)
A, B, C, D XOHTaxTJIapura yJapHHUHT akcu Oynran M, N, O,
P xoHrtakTiaap Moc keaamu (1.18-pacm). ByHgait anmMaiuTH-
pUllla acyl HyCXaJard Ba HaMyHa akcH OyiraH spHMYeKcH3
SICCH TUIACTUHA KOHTAKTJIADU OPACHIATH KYWIAHMIN OHpP XHJI
OynamM, TbHHU

I 28
U=(E-r)=22=2"1 (1.88)

By epma: E snexTp MaiiloH KyWIaHTAHJINTH

=p=d 1 __%
E=jp=—="1o--% (1.88a)

By udona (1.88) naux

d d’ d d’'
R LR £. R LR a
aco " Mwor apsc " NoMP (1.89)

TEHIVIMKJIAPHU OJIMII MYMKUH. p, d — YI4aHA€TraH HaMyHa-
HHMHI' COJIMIITHPMA KAPIUIMIUIH Ba KAIMHINTU. p’', d —Tac-
BUPHMHT COJIMIITHPMA KAPIIWINTH Ba Kanuiwtury. (1.89) marn
TEHIJIMKIAp KOH(OPM amMalITUpHINTa HUCOaTaH HHBApHaH-
TINK XOCCACHHH udonanaiou,

TacBUpHU APUMUEKCH3 ACCH TEKUCIMK (IUIACTHHA) KYpH-
HUIINAA OYIMINM, YM3HKIM TOK MaHOQIapHHMHT XOCHI KWI-
rad IOTeHIHMa/UIapy Ba TOKM UWIMHIPHK CHMMETPHSI KOHY-
HHU OWiaH Takcumnanuinura onu6 Kenanu. IIIysaunr yayH yu-
3UKJIM TOK MaHOalapHHHMHT r Macodamard moTeHIHaNH
MaigoH KywiaHraHmurauuHr (1.88a) mbomacuum HHTErpan-
JAlIad TaCBUpPAA Xolulanirad r Macogagaru HyKTaHUHT I10-
TEHIIMAJIH TOIWIAIU

go'(r)=—%1nr+A (1.90)
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1.19-pacm. Paguycu r, 6j1ran apuMchepUK 30HI OPKAIU HaMyHagaH
TOK YTTaHJa NOTCHUHAI TAKCUMOTHY XHcoOJanira yusma (a), HamMmyHana
TapKaNraH KAPUIWIMKHYE YITHAIMHUHT UKKK (a) Ba y4 (6) 30HmM
YCYJLIapH CXeMajapy.

bupurau I Tox MaH6GaunaH r,, KKKUHYM I~ TOK MaHGauzaH
r, Macodana 6Yaran HyKTaHUHT oTeHuMany (1.18-pacm) Tox
MaHOaJapUHUHI HLIOpalapiHU XucoOra onranga (1.90)

, Ip' Iy
P = o)+ ()= ~2Inr+Llnp+ 4 =
ad nd

. (1.91)
=1 (—'2-) + A

nd' A

OYMUMIUIMrHHA KYpamMu3. JleMak, ApHMYeKCH3 TEKMCIUKAA
HCTANraH HYKTaJary MOTEHHUATHH TOIMMII HKKH TOX MaHGa-
uIaH uoopart OyiraH TM3MMAA HOTCHHHAHY aHMKJIall Maca-
Jlacura 0oFTuK 2KaH. (1.91) ¢popmynanan doiinananud, M Ba
N KoHTaKTIapuaaH Tox Yrranna O Ba P KOHTaKTIApKa XOCHI
XWIMHIAH ¢, ¢, OTEHLMAIIADHH BA y1ap acoCHAA OB P
KOHTAKTJIap OpACHUIATH MOTCHIWALIAD aMMpPMACHHMHL

_Lynply ([ (b+c+a)d)’
ad* m((a+b)(b+c)) (1.92)

U,=9¢,~¢, =

Ba yHAaH R, ., KapIUWIMKHUHT

_Uop __ Py (Blatb+e)’
Ruwor Dy ad’ ln((a+b)(b + c)) (1.93)
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ndomacuHu Tonamu3. A4 Ba D KOHTaKTIap akcu (TaCBHpH)
6ynran M Ba P xoHTaKTIapaaH Tox yTKa3ub, N Ba O KOHTaKT-
JIapAary MOoTeHUHAaIap (p,, ¢,) HYU, yaap opkanu 3ca O Ba N
KOHTaxmIap OpacHiaard MOTCHUMAUIap alupMaciHM

o — gy =P (@
Uow =90 ~pn ===, ((a THO H)) (1.94)
Ba yHiaH R,,,, XapUIMJIAKHH aHUKIAHMU3
R =Yon =P n _a_g____) (1.95)
MPNO ™ ' (p ad " \(a+b)b +c) .

(1.93) Ba (1.95) dbopmynanapmaru norapudM OCTHAATH Xal-
Jlap MMFHHAMCH OHpra TeHr OVIMLIUIHIMHEH, SThHH

_ﬁi)z
| r3 MNOP

—”—’{,RMPNO
+1F =1 (1.96)

ndona OwiaH aHUKJIAHULIMHK KYpamu3. IHBapuaHTIMK XOC-
cacu (1.89) ra xypa TacBMpIaH opuruHaira yrcak, (1.96) Kyiiu-
Jarmya Oynamu:

1'%“1% + I'%Ri =1 (1.97)
(1.97) na R, Ba R, napHuUHTr YpHUra

R = (R + R)+ (R - R,)]

(1.98)
Ry = [(R + R) - (R, - Ry)
Kyuica,
d R-R| 1 {nd R +R,
ch{%._lz__z_ =.i_ex [L.‘_Z_z) (1.99)

KypHHMILTA Keaagu. bydma
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z[_d—' Rl +R2 — ln2
14 2 f(Rl/Rz)

(1.100)

6enrmwiam 6unax (1.99) dopmynanu (1.86) kypunwuiaa 6¥aran
Ty3aTuI (GYHKIIMACH f HHHT TeHIJIaMacHHU onamu3. By epnaa,
f(R,/R) Kapuwinknap Hucbatu R /R, ra Gormuk 6ynran
(foxopuaa kexrtupwirad) ty3aruail dyukimsacu. (1.100) udo-
JamaH IOKOpHMAa KEATUPWITaH COJIHMIUTHPMAa KApIMWIUKHU
Ban-nep-Ilay ycymm OwmaH xucoOmaml dopMmyiacd Keaub
ypkamd. by ycyn OWiraH conMmTpMa KapIIWIMKHE YaJariaa
ojatAa HAMYHAaHMHT €H cupTia OM KOHTaKTIap¥ MaHWMIy-
JIITOpra YpHATWIraH TYpTTa MYyHANITHUPYBYUM y4wilapura YpHa-
TWITaH KUPPAcH YapXJIaHTaH TaHTaN, Kapoun BoasbhpaMHUHT
IUIACTHHKAIapH KOHTAKTIAIUTAPUO oMHanu. Xap Oup 30HA
HaMYHAHMHT €H KMppacura NpyXyHa OWiaH CUKWIAZH, LIy
O6unaH Oupra, CHKMIN KYYHHH Gomrkapui MyMKuH. Cosuii-
THpMa KapiiwimkHu Ban-pep-Ilay ycynm OwiaH ymyanimaru
XaTOMMK KOHTAaKT I03aCHMHM KaTTaNAITUIIN O6miaH opTud 60-
pamu. JIMCK IMaKIUIArd IDIaCTHHKANApIa KOHTAKTHUHT KO-
JIAHHMIINATA Ba YTYOBUTra OOFIHMK, XaTOJUK Hazapuii XxucobmaH-
rad. bap3u O6up xoiiap yuyH XaToiauk 1.8-Kagpanga KeaTH-
pWITaH.

Ilyan Tapkumiall Kepakku, 6y yCyJIHH aBTOMATIAIUTH-
pui Kyjaaimup. By ycyiara acocianraH goupa, KBaaparT, TYFPH
TYpTOYpYaK IaKIuIara Kanuamurn d=80-+ 1000 MxM, conui-
THpMa KapmrmwMrd p=102+100 OM - cM opanmmkna OyiaraH
IUTACTHHKAJIADHHAHT COMUINTHPMA KAPILWIMIMHHU YIdaiIuray
aBTOMATHK KypWIMa SICAJITaH, HaMyHalapHu p O¥itmya 4%
xatojuk OmraH 10 Ta rypyxra axXparagd, COMMIUTHPMA Kap-
IMWIMTH 9Tanounan =20% ra dapk, KWIratiapuHH SpOKCH3
HaMyHara 4ukapanm.

DHIHU p-HYU VIYAUIHWHT UKKA KOMOWHALMSNIN TYPT 30HA-
JIM YCYXUHH Kypainuk. Kym xosiapaa SpuMyTKa3rmd Hamy-
HAJJApHHHT U3MK XOCCaapMHU aHUK, YIJall 3apypUiTH Ty-
Fiiagu. ByHra Oup XXUHCIM SpUMYTKA3TH4 KaTaaMiapaa CupT
KAPIIWINTHHY 1033 OYiinia TAKCMMOTHMHM TaAKUKOT KHJIHIU-
HM KypcaTuii MyMKHH. Bab3aH ymyammrHuHr Tacopuduit xa-
TOJIMITH CUPT KAPILIWWIMTHHUHT Y3TapuIIUra TeHr 6Y1ub Komu-
I0M MYMKHH Ba TEKIIMPWIAETraH HAMYHAHUHT OUp XMHCIH -
JIUTM TYTpHUCHAA MaBXyd OyiaraH MabJIyMOTIAapHU OJIHII
MYMKMH OYIMal KOIaIu.
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1.8-ocadean

KoHTakt ) >\L
LKA b .o,
2:32: 0,77(l/ D)* 3,09(// D)? 8,14(// D)
1.9-cadean

R/R | f(R/R) | R/R | fR/R) | R/R | fF(R/R)
1 1 4 0,882 12 0,7
1,2 0,995 4,5 0,865 14 0,675
1,4 0,990 5,0 0,847 16 0,650
1,6 0,985 5,5 0,830 18 0,625
1,8 0,975 6,0 0,815 20 0,610
2,0 0,970 7,0 0,800 25 0,57
2,2 0,963 8,0 0,790 30

2,4 0,955 8,5 0,765 35

2,6 0,945 9,0 0,757

2,8 0,935 9,5 0,747

3,0 0,925 10 0,730

TV¥pT 30HIUIM ycynapaa 3o0HIIAp opacHAark MacodaHuHT
TaKpOpJIaHMACIUIMHN HYKOTUII KuiduH OYnraH tacomuduii
XaTONUK MaHOanapuaaH 6UpH Oy HaMyHa YIIOBJIApHUHK 30H/I~
Jap XOWIAHUINWHUHT TAbCHUPUHKU XMCOOTa ONTaH TY3aTHII
GOYHKIMSICHHUHT COH KMIMATIApMHH aHUKJIAIn OmwiaH GOF-
UK OyIraH XaTONUKIUP. p-HHU YIJamga MKKH KOMOHHAIMA-
JM TYPT 30HIIM YCYJI KYPCaTWITaH XaTOJNMKIAPHH YeKIaMiu.
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1.20-pacm. Bup um3uKna xoinamraH y3apo Macodanapy Tenr 6yiran
TYPTT a 30Hz GIUIaH p HA Ynyaur.

Dy yCynHHHI MOXUSITH INYHAaH MOOpATKH, GUP YM3MKAA X0~
JIaluraH, 3oHIap opacuaars Macodanapu TeHr 6YiaraH Typrra
30H/ OMJIaH WMKKM MapTa VIYOB YTKA3MIALH.

1 Ba 4 3oHmNapAaH TOK ¥TKa3u6, 2 Ba 3 30HIapAa Kywia-
HUIN Ydanaqu. UkkuHum ranga 1 Ba 3 3oHaIapaa” ToK YTKa-
3u6, 2 Ba 4 30oHmIapaa Kywiaspm ynyanagu (1.20-pacMm) Ba
yJaapra MOC KeAraH KapHIIUIMK XHCOOmaHamu:

u
R =2z
1 ]l

<

e =Y
R2 Il!

;
4

IOkopyna aHuMKIaHTaHUIEK, TUIACTHHA KYPUHHMIIHIATH 101K
HaMyHQJIapHHHI CHPT cOMuITHpMa Kapumuryu (1.62) dop-
Myna Kabu

p=i B =R (1.101)

OpXAIM AaHUKJI2HAAW. Arap HaMyHa VIyaMiapy YeKIM Ba Ha-
MyHA TYFpPM reoMeTpuK miakinma 6¥yiaca, (1.101) ra tysaTwin
byBKUMACH KUPATHIMILN J03UM O¥Ianu, sTbHH

p.=—RG" (1.102)

" 2

G* — ry3sarum QysmMACH. G* — HAMYHaHUHT TeOMET-
PUK yiIyamiapura, 30HIIap YU3UFMHUHI HaMyHa CUMMeTpus
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VrIapura HucOaTaH KaHIal XOonanMiIura, TOK Ba MOTEH-
I¥Mai 3CHAIapUHMHT KAHKAU yraHummra 6ormuk, 6yIran 1y-
saTdm ¢yexkumsacd. [InacTaHa Wwaknard HaMmysanapay 6up
YM3UKIA KOIUTaluraH TYPTTa 30HA MKKM KucMmra Oymamu. By
HAMYHQIAPHMHT Xap Oupmuu Bau-gep-Tlay ycymm 6unan p
HU Y7Avanyia HaMyHaHd (OpHIHHAJHK) KOHGOPM aKCIIAHTH -
punrany Hed kapaix MymxuH (1.18-pacm). Ilyuuar yayu Oy
epra xam (1.100) udona ypuwnm 6ymanu. Typrra 308K OUp
YU3UKAA XOWIALITGH JOMPA KYPHHUIINIATH INacTHHKAIap-
ga (1.97) ra yxuram

exp[—z’fiklhexp[-z—“ik,):l (1.103)
\ P I \ P )
udonanu oramus. R, Ba R, napuu

R =

ﬁl’ R/R,+1 . R/R, - 1]
2| R/R, R/R,

(1.104)
R R/R, +1  R/R -1

R’=2[ R/R, T RJR, J

kypunnpga udoganab (1.103) ra xiiicax,

_xd p( R/ ALY N o R/RT VL
exp[ pR,( RR, }_ch[ iy H—z (1.105)

\ \

dopmynanu onamus. Arap (1.105) dopmynara xyitnaaru Genu-
FUTUIHH KHPUTCAK,

ﬂ. Rl/RZ +1

p =1 _ Im2
P RJR, R, =7 (1.106)

SR /R,)

(1.165) udonma xyiupard XYpUHUILIra Keiagu:

! 2 2 R/R, -1
Y —\=ch R Uiy
ZCxp[f(Rx/Rz) J c | J{R/R)) R,/R, J (1.107)

57

www.ziyouz.com kutubxonasi



(1.106) udonanan coamiTHPMa CHPT KAPUIMTMHHM TOIA-
MU3,

p.=R,'ﬁ[; T/T) ft J (1.108)

Mlynpait kuwiub, (1.102) maru

\

G f(R/R)[1+ i (1.109)

KYpHHHILIArY KymaifTMa HaMyHAaHUHI T€OMETPHMK ILAKJIMra
60rnk 6ynran ty3arum byaxkuuscuaup. TyzaTuin GyHKuM-
ACUHHU MIYHAAM KYPUHULINA OJMUIHHHT IOTYFH IIYHIAKH, TY-
3aTHII DYHKIUUSICH 30HMIAp OpacHiaard Macodara GOFIHK
6ynMarinu, Oy 6mnaH 30HIap opacHuary MacogpaHUHT Tak-
popiaHMacaurd 6unad OOWIMK, OyiIraH tysaTuil (hyHKLMSI-
CHHHM XMcoONamjgard XaTtoiauxiuap aykorunamu. TysaTviu
¢ynkumscu (R /R,) vu 0,05% naH xatta 6y/IMaraH XaroiuK
6unan 1,2<R,/R,>1,32 opanukia MKKUHYH Japaxanu MOJIH-
HOM KypMHMLIMAA udomanraill MyMKWH:

Al Jruserasinfi-rwnfi] i

R,/R, \au ¥3rapuiu coxacu TYpT 30HTH yCyJ GHIIaH aHUKJIa-
HaJUTaH

R/R,=In4/In3=1,262

KMiiMaTra sKuH coxana onuHraH. IIyHu TabKumian xepak-
KH, arap 30H[JIap YH3UFH €KY YETKH 30HM MNaCTHHA YeTHAAH
KaHpauaup Macodana xoimauras 6yica, (1.110) ndoga zoun
YU3HKJIAPUHUHT MCTAITAaH UYHATMIIMAA KYJUIAHWIHIIA MyM-
kuH., IInacruna yernaan (58) Macodana 3oHyUTap Xoinam-
raH 6yica, CUPT KaplUIWIMIMHY XHcoOaraHaa xaroauxk 0,1%
naH ourMaiam. 1y ycyn acocuia aBroMaTnaiuras, cupr 6yiu-
ya Kagamnad CWIKMHAOUraH 30HMIADp KYPUNIIMACH siCANIrad.
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1.8-§. ComimTMpMa KAPEIHAMKHU HYKTABHH KOHTAKTHHHI
TapKaaran (éMmIraH) KapmuiMK ycynd OunaH anuKmam

1. Ycya nazapuscu.

By ycyn sipuMyTKa3rudy Ba YHHHI (SICCH) TEKHMC CHpTHTA
THK XOIUTalliral 30HA1aH HOoopar OynraH CTpyKrypa Kapliu-
JUTMHY YI4alra acocjlaHTaH. Arap MeTajUl 30HA SpPUMYT-
Ka3rHYHUHT CCH CUPTH OHIAH KMYKK 103avyanud OM KOHTaK-
TH XOCHJI KHJICa, 11y KOHTAaKTJaH TOK ¥TKa3ub yryaHraH Kap-
HIMNUK TapKanraH (€iwnras) xapuouwivk ne® atanagu.
SpuMyTKasryyja KOHTAKT KapUIMIUIM KHYMK OynraH karra
1032714 S >7rr} MKKMHYM KOHTAKT XaM 60p Ba y METaJul 30H1-
JaH y3oKma I>>r, xarra macodana Xoiutamran ae6 ¢apas
xunnHagy. by ycyn KeHr Tapkairal 6Yu6, 6Hp XUHCIH SIpUM-
VTKa3ruwiapaa, 3NMTaKCHall CTPYKTYPaJIapDHHHT XaMMa Ty-
puna, tud@dy3HoH KaTiamiaapia CONHIITHPMAa KAPIIMIUKHH
10-3+10? OM - cM opannKia Ba KAQpUIHTHKHH KATHHIHK OVitH-
ya TAaKCMMOTHMHH aHUKTAIINA KYJUIAaHWIAgW, YHUHT adsan-
JIMKJIApMTa SHA HaMyHaHMHT MyaHsiH HYKTacHHaru KHYuK Xax-
MIa KapUIMIMKHM VIYAlUHH KypcaTHil MyMKMH. TapkKairaH
KapUIKIIUK YCYTMHHHI HAa3apusCU SIPUMYEKCU3 SpUMYTKA3-
THY HaMyHanapujaH HYKTaBWil 30HJ KOHTAKTH OPKANIHM TOK
VTraHAa XOCHJ KMITAH NMOTEHIHAJIHUHI TaKCHMJIAHUIUMTIa
acocyranraH (1.13a-pacMm). Mawitymku, OyHIai X0l Y4yH NO-
teHuHan TakcuMoru (1.21) dopmyna O6uilaH aHMKjIaHaIH.
PaBIIaHKY, 30HIHHHT SAPUMYTKA3rHy OMJIAH XOCHA KWIraH
KOHTaKTHMHUHI JUaMeTpH 2r, ApUMILAp KYPUHHUIIKMAA GYiraH
XOJIMEA XaM MOoTeHIHan TakcuMoTH (1.21) ra yxurain 6ymanm.
Konrakr paguycu r, 6yiranza HamyHagarn HMKKHM 30H[ Opa-
cuary KyWIaHHUI TYIHYBH 30HAHHUHT 3IEKTPp HOTEHIMAIUTa
TeHr 6ynaau.
b

\2nr

U=op(ry)-o(h=

2nr

() P _

’ r=ry

Arap r=10r, 6¥1ica, KOHTaKT COXaCHJa KATMHJIUTH 7-7, 6§1ran
KATJIAMHMHI KyWIaHHULIH

T
U = p(r,) — ¢(10r, =;’f; T—W):O’%% (1.112)
"0 ’ 0
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Oynagu. ¥ HamyHara Tymrad Tyjaa xywiaHunmad 10% xam.
byHgaH KypHHATHKW, 30HAMAH OKAETTaH TOKHMHI XUMMATHU-
HM acoCaH KOHTAaKT COXaCHUHHHT KAPIIHJIMIH aHHKIap KaH,
YHUHT KyJIaM#M KOHTaKT paguycH KaHya KW4YHK 6Vyica, y xaM
IyHYa KMYMK Oyn1anu. SpuMyekcus HaMyHanapia 3IEKTp
IMOTCHIUATHHUHT TapKAIMIIM KOHYHMIAH, TapKairaH Kap-
mwiukam (1.111) ra xipa

U
R =2=5E (1.113)

2ar,

6WwiaH aHMKJIaIl Keand yukanu. SpuMYyTKa3rMy CHPTHAATU
OKCHJ KaTJIaM¥ Ba CHMPT YTKa3yBYaH/IMTHHMHT CTPYKTYpa Kap-
LIWJIUTUra TABCUPU KMYHMK OYJIca, YHH TapKanraH KapuIviauk
KMiMaTH cudatuiaa oaMIud MYMKHMH. MabjiyMKH, 30HA Ba
APUMYTKASTHWIAPDHUHT AedopManusIaHUIIUIapH Tydainy,
30H OMnaH SpUMYTKA3ruy OpacHAarH KOHTAKTHMHT XaKUKMH
HIAXJIY Ba ¥ITYaMUHM aHMKJIal Xyaa Knitus. Iy 6unan 6upra,
¥ 30HA KOHTAKTH DAIyCHIAa MAaTePHAIUIAPHUHT MeXaHUK XOC-
cajJlapMra, 30HAra KyHwiras Kydyra OOFJIMK,

K¥puna€rran yCyTHHHT TYPT 30HIIN YCy/iZaH (PapKH IiyH-
Hakd, OyHAa KOHTAKT LWIAKI¥ KaHNAWIUup 7, -— paguycra sra
Oynran siccu aiinaHamaH ub6opar. Ukku Matepuanauur FOHT
MOJY/UIADUHH Ba 30HITA KYHMWIraH Ky4yHH OWJIraH XoJiia KOH-
TAKTHUHT PaJIMYCHHH Xucobam MyMKuH. Panuycu r, 6Yran
SICCH KOHTAKTHHMHI IPUMYEKCH3 HAMYHAJIapHa 3JIeKTp MOTEH-
HManMHUHT TaKcUMIaHulM Jlammac TEHIJIaMacH OpKaiH
aHuKIaHagd. byHmall cTpykrypa (TY3WIMA)HMHT TapKaJiraH
KAPpUIHJIHTH

R, = (1.114)

I

&

dopMyna OwiaH TONWIATY.

Taxpubana Tapkanral KapUIWIMK OJaTia MKKH, Y4 30HI-
Ju ymaMmanap Ownan Viyadaay (1.206,8-pacMm). Arap HamMy-
Ha/Jla MOTEHUMATHHUHI TApKCHUMIIAaHWIIA MabIyM Oyica, y
Xonzxa
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Oynamu. by epna: § — 3onmiap opacumarn Macoda, U(r) —
30HAfArH YoTeHIMawiap. S>>r, Gymranna U(S)~0, R U,/21,
y4yaHraH CTPyKTypa Kapmnnnm

RW=—=2R,=i (1.115)

oynamu. By epma, U(S)/I,, — Gapbep KapIUHIMIHU.

Y4 30HIM ycyan OWiaH YaJaHraHaa 2 Ba 3 30HIIapAaH
TOK ¥TKa3uO, 1 Ba 2 30HUIApHAH KHUPHUIH KAPIIHIKIM KaTTa
6yiIraH BOJBTMETPIA KYWIaHUII YnyaHaxu. By 6wiaH 3 30HA
KOHTAKTHTa TYINFaH KyWIAHMII HYKOTWIAIH Ba ypTagaru 2
KOHTAKTHHMHI TAPKAJITaH KAPIIMJIMTH YIYaHaIu:

R=lu Uy , UGS ~ues) (1.116)

1y ‘23 L3

Y4 30HMIM YyU3Ma OWJ1aH YrYaHraHga 30HIJIApHUHT OHp XHI
6y Tanad sTvaMaiay, gekuH 6up Kanya cababiap 6op-
KM, METALI-IPUMTYTKA3TU4 CTPYKTypalapuaari KapIIHK-
HM HIE1 CTPYKTYPAIAPIaTH TapKaITaH KAPIHWINKIAH (hapkiIn
oynumra oxmo KeJamM.

MeTann-apuMyTKA3rHY opacHaa HOTeHIHAT TYCHK, Haixo
Oynca, ALHU YIADHUHI YMKMII MIIUIADH Xap Xwi Oynran A /A,
XOJN[a 3apsAl TallyBYMIap OuwiaH OoiinraH €Ky kamOarajiai-
raH KaTjaM XOcWi Kuiaagu. OMUK OyiMaraH KOHTaKTHAH TOK
Yrranga, KywWIaHMIDHHHI TecKapH HyHajMIIMaa NOoTeHIHal
TYCHUK COXaCH KATJIAMMHUHT KAPIIHJIMIY OPTaIH, KyWIaHMIII-
HYIHT TYFpH AYHAUTMIUMAA MHXeKIMs Tydhaiim KOHTAaKT Kap-
LIWJIMTY KaMasgau. Bynap GunaH OMp KaToplia KOHTaxXTHaH
TCK YTrapjga KOHTaKT COXaCMHMHI KM3MIIM, TepMo 3 0 K
XOCwW1 OynulIy KApUDWIMKHHHT Y3rapHIIHra onu0 KeJau.
KapuamukHuHr Y3rapyiiura onu6 Kenaguran cababnapiraH
siHa OMpUHM KYpcaTAHI MyMKWH. KOHTAKTHHHT KMYHK I03a-
yara 3ra OY¥TUIIN Ba KOHTAKT COXACHJIA DJIEKTP MAMKOHH Kyd-
JIAHTAHIATUHY KaTTa OYINIUMIH X2paKaT4aHIMKHUHT KaMaiu-
Mra, SbHY KAPLIIWIMKHUHT Y3rapHIIiEra OJH0 KeauIii MyM-
KAH. By xypuiraH xomucanap Tapxairad KapUIHIMKHU
xucobnainga KaGyn KWIMHTaH SpHMYTKA3THYHHHT GUp XUHCIH
Ba OM KOHTaxTNH OYiacuH 1e6 Kalyn KuidHraH (papasiap-
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HUHT Oy3unuunra onub kenamgu. IlyHMHr yayH crpyKrypa-
HUHI TapKairad KapiUWwIWrd Xakukuit kumitmMatn (1.115) ra
MOC TywIaay fe® KyTHII KHHHH.

TapkanraH KapIIHIMKHU KHYMK Toknapaa (10-7+10-24),
KWYMK Kywilanummiapaa (U=kT/e) ynuam OunaH oKopuna
Kain stunrad 6an3u GUp XOAHCATAPHHUHT TAbCUPHHM KaMaki-
THPHILI-MUHHMYMra KeJITUPHII MyMKHH. XHCOORaNITaApHUHT
KypcaTHluuya, KpeMHUII HaMyHaJlapuia 30HI KOHTaKTH pa-
mmycu 4 MM, Kywiauuii U=15 MB 6yinranga KOHTakKT coxa-
CH TeMItepaTypacuauHr y3rapuimd 0,1°C maH opTMmaiou,
3JIEKTP MaiiloH KYWIaHTaHIMIH 3aps TAUIyBYHIAD XapaKar-
YaHJIHUIMHUHT MaWgoHra GOFNMKJIMK COXacHIaH KHYHK
(E<10°+10* B/cMm) 6%namu. IOnkKa, KaplImwivry xaTra Hamy-
Hajlapla CHpPT XOJaTinapH XOCHWI KWIraH CHpPT YTKa3yBYaH-
JIMKHUHT TapKairaH KapLUIMIMKKA TAbCHPH KYMHIraH Ky4ia-
HUIIHA KaMaWTHUPraHW OwiaH MYKOJIMaMAM, IIYHHHT Y4YyH
ynyaHraH cTpyKrypa xapuwiurd (1.115) man dapk xunanm.
Y xonpa smmepuk ko3dduuueHT K(p) OpKamH yiyaHraH
CTPYKTYpa KapIIMIWIYM Kylivparnya udonaraHagy:

= k(p)-£-
R,.= k() ar, (1.116,6)

By xomMcanap KOHTaKT pagMyCMHHMHI XaKHKHi KHHMATHHH
TYFPUAAH-TYFPH aHMUKJIALl MYMKHMH 3MacjMrd, TapKajraH
KAPIIWIMKHUA COJMIITAPMA KAPIIWINIH aHHUK, OyiaraH (3Ta-
JIOH) HaMyHaJlapaad ¢oiaajaHu0 Japaxanail 3apypHSTHHH
TYERMpany, TbHH, R, =/f(p) GOFTaHHILHY TONHMIL Kepak 6ya-
Od. YIYOB HATIDKAJIApH aHWK, Ba TaKpOpJIaHyBYaH OVIIMiuIH
VIYH COJNMIUTHPMA KAPIIMJIMIA YI4YaHAETTAaH Ba STAJIOH Ha-
MYHaJIaDHUHI CUPTH OWUp XM MIIUIOBAAH VYTHIIX Ba YHUHI
cudary CUPT VLUIOBUHHUHT MAbJIYM CTAHHApT Tajnabura a-
B0o0 Oepuilin Kepak. 30H MaAHMIYJIATOPH TY3WIHINK Ba 30HI
¥IMaMM KOHTAKT I03aCMHMHI Xap OOMM OupHail GYIuuInHU
TabMMHJIALIU KepaK. Kym xomnapaa 3oumnap cudardia yau-
ra OCMHiAAH ApUMILAp KYPUHHUIUHNIA KOIUIAHTaH KATTHK, Ma-
TEpUAUIAP, PYTCHUH KOTHIUMATADHHUHI CHMJIAPH HIIUTATH-
nany. 30HMIAPD YYMIAru SIpUMILAp KYPUHHMIIMIAIH OCMMIA-
flaH ubopat roiHaxk (YWIMK)HMHT paMyCcH 25 MKM YaMacHIa
Oyaranma, KOHTAKT palHyCH TaXMHMHaH 4 MKM HHM TallKui
stanu. IloliHakka I0KOpY aHMKJIMKIA HIUTOB Gepwiagn. KoH-
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TaKT XOCCIAPMHUHT TAKPOPJIAHUILIM YIyH 30HUIapra KyHuwi-
rad KyyIaHMI, SbHK 1032 GUpIMrura kyiunrad kyy 102+10*
H/cm? opanukaa y3rapanu. ByHaa somara KyiwiraH 10K Oup
XWI CakJIAaHMIIH Ba 30HUIAPHU OXMCTA THMK KYyTapWidIIMra
spumnin xepak. IOxopuna kentupuiaraH 60cuMM 30HANAp
HaMyHa CUPTHIATH OKCHJ KATJIAMHU TEIIMINTa eTapiy OyaraH
KOHMKapiu OM KOHTaKTH XoCcWJ Kwiagu. by ycyn 6unan
axXpaTWiraH MyaisiH XXOMIAarH, acocaH KANMHJIMIA OUp Heda
KOHTAKT PaJMycH (7,) ra TeHI 6¥rad KamlaMHUHI TapKaIraH
KAPUIIIMTHHH, THbHY COJTMIITUPMA KAPIIWIMKHH YI4ain MyM-
kMH. Pa30BUil aXXpaTHII KOOWJIMSITH TAXMUHAH KOHTAKT JH-
amerpu (10 Mxm)ra teHr. CoaUIITUpMa KAPIIWIKMK yI4aHa-
€rraH coXanuHr xaxmu 1019+ 10~ cM~3 TapTmOunna 6¥ACHH.
By xonmaT KkpeMHuiiga Ba OOLIKA SPpUMYTKa3rMy HaMyHaJlapH-
Ja COJMINTHPMA KAPIMHJIMKHHHI CHUPT Ba KATUHJIUK OYHu4a
dayKryauusacHHM ypraHuiira UMKoH Oepamy. ConuiuTHpMa
KapUIWIMKHM VII4alliary XaTOJMMKIap SpUMYTKa3rud Ouian
30H[I OpacHIard MacoaHy KOHTAKT YIYaMUHHK Xap X1 6YIu-
LIMIAH, OKCHMIJIAHTAH KATIAMHHMHT (MapAaHWHT) KaTHAaUIU-
LIKIAH, KOHTAKT COXaCHMHMHT KU3HIIMIAH, XapakaT4aHJMK-
HUHT KyWIM 3JeKTp MaiaoHHJa KaMaWMIId OwiaH COHUD
oy MyMKuH. CONMINTHpPMA KApIIHIMIH KaTTa HaMyHa-
Jlapia CHpPT coxXacHma GyramuraH XaXXMMHP 3apsll COXaCHHMHT
Ba BaKT 6yitiya CHPT MOTEHILMATHHHHT Y3rapiiIy KyWIH Tab-
CHp KypCAaTHIIM MYMKHH. Xap XWJI SpUMYTKasrywiap ydyH
yAAPHMHT CHPTHIa HIUIOB OepHIl, HaMyHaHH AapaXajallra
Tal€pnalll Ba VIyalpiard mapr-IMapOUTAApPHUHAT Takaudnaapu
a6 yukwirad. KpeMHuit HaMyHaJlapuHK yngaiira Ba (Ko-
JMOpOBKa) napaxaiauira Taidépnam yyyH KyWMAArn HILIOB
VYTKa3WIHIIM TaBCHs TWIany. KpeMHUl HaMyHalap¥HM Kec-
radfad cyHr xanwit uukopuga (KOH) 100°C ga 10 muHyT
KallHaTHO, HKKM TOMOHHAAH TaXMHMHAH 15 MKM KaTjaM eIH-
pu6 1000pWIANHY, CYHT YHTa MEXaHUK KUMEBHIA caiiKan 6epub
25—35 MKM yaMacuaa KariaM oiau0 TaiUiaHagd, CYHT Iie-
POKCHA-aMMMaX 3puTMacuia ioBwinu6, xapoga 150°C ma 15
MuHyT yumaHagd. lly ycyn 6unaH MILNOBRAH YITaH HamMy-
Hajapia WuoH4 sxtuMoumru 0,95 6ynranu xoina Kapliu-
JHAKHH YIYangard Xatonuk 3,5% pmaH ommaitny. ByanaH Taui-
Kap¥, KpeMHHI HaMyHaJlapuJa fAXIINH HaTHXKajapra SpyLIHII
YUyYH K€TMa-KE€T HKKH TEXHOJIOTUK 6OCKI/I‘{HI/I y3 HYHUTa oJIray
HIIUIOB KYJUTAHHMJIAAY: oNMoc nactacu All--2 SunaH CHUIMK-
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1.21-pacm. CMpPTH Xap X#1 HWIUIAaHTaH HaMyHaIapRa TapKairad
KAPLIWUIHKHY CONHINTHPMA KapIIMIMKKa OOFIaHMIIN: 1,2 — MexaHuk
caiixauanraH; 3,4 — HCI Gyruna envipyin; 2,4 — HF kucnoraga
MUUTOBIAH KEHHMHTH HaMyHaNap YJYyH.

Jaui, CYHr MIIKOpAY 3putMara Si0, KyKyHH COJMHIAaH CycC-
TIEH3UAJA ANTHPATIIANY, THHU cailkail Oepwialu €KH BOJIO-
pon xnopup (HCl) kvicnoracu OyFMIaH CUPTHH €OUPHIN YIYH
doiinanannnanu. by ycyn Owran HHUIAHTaH HaMmyHajapiaa
(1.21-pacMm) commmtupma Kapunumx 0,001+ 10 Om - cMm opa-
JIMKJA YrganraHaa Ba MIIoHY axtaMoiy 0,95 6ynraHna xaro-
WK 5% mad omMainn. Apcenny rawni (GaAs) HaMyHasa-
PHIa CHpPT MILUIOBUIa KyHMNTaH Tanab OKCHI KATIaMUHH OJIMO
Taliall Ba YYaml BakTUNA YEWHI HYKJIMTHHH TeKUIMpPHII
X¥coCNaHaIy, YyHKH OKCHIJIAHTaH mapia Oyirania KOHTaKT
KapUIWIUry xyjaa optub xeraan. OXMpry HUUIOB 60CKHYUAA
3appayacMHMHT KaTraiurd 0,3 Mxm 6§iran KyKyHcuMOH A/, 0,
Owinan caikan Gepuur Ba HCIl: H,O=1:1 suucbarna 6ynranH
sput™Mana éxu 40% HF na xuMEBHI1 MIIOB OGepHUIl Ba TO3a
OUCTHJUIAHTAH CYBJA YOBHII, MIUIOBAAH CYHT Te3 YIIYOB yTKa-
3UII TABCHS DTUJIANHM.
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2. Coaummupma KQpUIUAUKRUNZ Kaaunaux 6yiusa maxcu-
Momuru yaua.

Hyxrapuit KOHTAKTHHHT TapKAJIraH KAPUIMIKMK YCYIM 6D
XMHCTH OYnMaraH HaMyHanapaa, Ju¢@y3mMoH, 3MUTAKCHAN
KaTiamiapla COJHIUTHPMA KAPIMWIMKHUM KaIMHIMK O¥iuya
AaHMKJIALIAA XaM KY/UIAHHIHIIN MyMKUH., ByHUHT yuyH YI140B
HaMyHa CUPTHMHHM KHMEBHMH €KM KyKYHCUMOH MOJAJajap mnac-
TacuJa KeTMa-KeT eNUpHUIL, S’bHM, KAIMHIMKHH KaMaiTH-
pMII ycyu OMyaH éKu 6Mp TOMOHIAa HHIUAD SICCH CUPT XOCHI
KMJMII YCYAM OpPKaid YyTkasumamu. UKKMHYM ycya OunaH
yluatiga ropu3oHTaN x — YK OVHu4a cwIKATHO YidaHTraH
KapiiwiMkHU (R(x)) 4yKypyuk 6yitiya 6yirad kapiumtnuk R(y)
ra xeJITupuiagy. KariaM KQTHEJIMTH Y TOPHU30HTAJl X KOpAM-
HaTa opKanu y=xtga udona Omnad ronunagu. by epna, a —
HaMyHaHMHT FOPH30HTAJl CUPTH OWIaH 6Mp TOMOHIa HUIIA0
cupTH opacunaru oypuak. Yykyp anddysmoH kariaMiIapHUHT
CONMIUTAPMA KAPIIWIMIMHHU YI4aliia TOMOHJAAPUHUHE HUC-
6aru 1: 100, caé3 muddy3noH KaTIaMIApHHHT COMMINTHPMA
KAPIIWIMTMHH YTYaliia TOMOHIApHHHHT HHcOatH 1: 1000
Oynran xusa cupt Taiiépnanamu (d=y:x=1:1000). SnuTak-
CHaI CTPYKTypajlapia HYKTaBHil KOHTAKTHHHI TapKaJllaH
KADIUWINTUTa TarIMKHUHT TabCHPH TY3aTHII PyHKIHSICH

416 Ayat
1 %
2 L[%1 . L 6) _01/3
“62\\ \\\ — :

of 1 0 d/z,

1.22-pacm. bup XuHCIH GYIMarad HaMyHasgHHT OUp KaTIaMId MOJETH
gy~ 0y

(a), mapameTp K= HUHT Xap XWi KHAMaTHIArA Ty3aTHIU

0! + 02
d (d)

dyuxmuacu f [K ,r—J ars,R,,, HMHT lr_J ra GOFIUKIHK Tpachury.
\ 0 o
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OPKAITH XMcobra oMMHanu. bUp XuHCaM GYaMaraH HaMyHa-
JIADHUHT OMp KaT/IaMJIM MOJENUHU KYpaMH3. DHT Comua KypH-
HMILIAArd KaTiamla KUTHHIMK OViAMYya COMMINTHPMA KAPIIH-
JMK Xap xui O¥nca, GepuiraH KaJIMHINKIA Y OHD XMHCIH
KaTjaM, CTPYKTYpPa 3Ca MKKH KATJIaMJIM CTPYKTypa aeb Kapa-
nangu. Kamuimiry d, conMiutMpMa YTKasyBYaHINTH o, Kar-
Jiamia panuycu r, 6ynran OM KOHTaKTH Xoitnamrad (1.22-
pacM). MKKUHYHM KamiaM TANTMKHUHT IOKOPHM KaTiamu Gu-
JaH OUp XWJI THIArd YTKa3yBUaHJIHMKKA 3Ta OYJICHMH. YHHHT
YTKa3yBYaHIMId 0, KUIMHJIMIH €Tapiauyda Karra OyicuH, y
XOJIAA TAIJIMKHU SIPUM YEKCH3 HaMyHa ae0 xXucoOainr MyM-
KuH Gynanu. FOKOpH KaTiiaMaary 35eKTp NOTEHIMANH ¢, Tar-
JMKIary ¢, Jlarac TeHriaMacMHM KaHoaTiantipanu. ByHna
YyerapaBui IapTHH Ky#Wunaruda tabpudiamy MyMKHH.

Merann-sapaMyTKa3rud KOHTaKTHAA IOTEHLIHAN Y3rapMac,
KaTJIaMHMHT Y0KOPH CHPTH/IA TOKHHHT HOpMaJ TALIKWN 3TyB-
YHCH HOJITA TEHT, KaTiaM OMIaH TaIIMK 4Yerapacuia TOK Ba
noTeHHUaN y3nykcu3 Oynanu. By 1mapnap xamiaM Ba TarIuk
OMp XMHCJIM Ba Yerapajia XaXMHi 3apsa YK aeraH capasra
TYFpH Kenaau. Bup XuHCIH GyiMaran HaMyHaHHHT OMp KaT-
Jamu Mopeny OYimua Jlaruiac TeHrIaMacMHM edyMIiln Ounan
KaTIaMIaru Xamaa TariuKaard 3JeKTp noTeHumamap (p,, ¢,)
TaKCMMOTHMHM TOIMMUI Ba yjap acocHIa KOHTaKTHHHT Tap-
KaIrad KapUUUINTUHE Ty3aTHII QYHKIHUACH OPKaIH XHCOO0-
Jianr MyMKHH. 1.226-pacMaa Ty3aTHIl QPYHKIUACHHHUHT

f(Kd/r=Uro R,

K=0,—0,/0,+0, TapaMETPHMHT Xap XWI KMMMaTaapuaa djr,
HucOaTra OORIaHMINA KeNTHpWiIraH. By epna: o, — ymyanu-
LM KepakK OyIraH KaTJIaMHMHT COJIMIITHpMA YTKa3yBJYaHIIM-
™M, 0, — KHHMAaTH aHuK OyaraH TarMKHUHI COJIMIUITHPMA
YTKa3yBYaHIMIY. 0, =0, 6ynranna K=0, HaMyHa 3ca 6up XuHC-
JIK SIpUM 4YeKcHu3 xaxmra sra 6yinamu. IyHuHT yuyH

S, d/r)=1

6ynamu. Arap r,>d 6ynca, KaIaMHMHI Ba TaIJIMKHHHT CO-
JIMIITHpPMA YTKa3yBUaHJIMKJIApH OuUp-OMpuaaH Katra ¢apk-
JIaHca, Ty3aTHIIl QyHKOUsIapyd GMpRaH Xylda KyI dapk Kuia-
IM. Arap KOHTaKT paIMyCH KATMHIMKIAH KUIuK 6¥ca (r,<d),

66

www.ziyouz.com kutubxonasi



Py svrdin GYHKIMSICH YTKAa3yBYaHIMKIAPHUHT UCTAITaH KU~
Mittapyaa ompra axuH 6yinany. ConMiuTHpMa KapUuIMIMKHH
rapKUITad KApUIIIMK yCynn OwiaH Ymyaumiga OMp XHHCIH
OYIMarad HaMyHaJap y4yH Ty3aTHII (GYHKUMACHHU KMpPH-
11l Ba 3JIEKTPOH XMcoOall MallMHAIAPHAA XucoOxaul O6M-
nant OOFIMK, 6VIraH KMHMHYWINKIApra KapaMacaaH, Oy ycyn
KUIMIIMK OViiMya COMMIUTUPMA KAPLIWIMKHM aHUKJIaIaa
xynadaup. llynunroek, 6y ycyaaa KarjiaM KUIMHJIMIH Ba
yitiH1 COJMIITHPMA KAPIIWIMTUra OMf, MyXUM Yekialliap
manxy aMac. FOxopuaa KeJaTHpHIraH CONMMIITHPMaA KapIiv-
NMKNK YIYalgarn MynoxasajapiaH KYpMHalIMKU, YJIapHH
YIMAIIardy XaToJMMKIAPHUHT SHT KaTTa TAlIKWI 3TyBYWIapU
KOITTAKT I03aCHHH Xap OMp Yyainga Takpop/IaHMac/IMIu, KOH-
rakpiapHd OM KOHTaKTH OYJIMaciIMrM, CHPT MIUIOBUTA GOF-
NUKJITY, XOKMHI 3apsiTHUHT TAbCUPH OWIaH OOFJIaHraHAMD.

1.9-§. CoiHmrmapMa KAPIHWIAKHH METaJUI-SPAMYTKA3rHY
HYKTABHH KOHTAKTHHHHT TEMWIHM KyLIAHHH
Oyimga yagam ycyias

ColMUITHPMA KAPUIWINTH p TaATIMKHUKUAAH KaTTa OyiraH
DUMTAKCHAN Kamiamiapaa (nmn*, ppt — CIpyKTypaiapia) co-
JIMIUTHPMA KAPIIWIIMK METAUI-SIPUMYTKA3rHd HYKTaBU# KOH-
TAKTHHUHT (QMOAHHUHT) TELIMIMII KY'WWIAHWIIH OPKAJIM aHMK-
JIAHUIUM MYMKNH. YCylMHM OMp XHMHCIM HaMyHajapra, nm+,
ptp, p-n SIMTAKCHAI CTPYKTypajapra XaM KyUiaml MyMKMH.
JlekuH yHH METPOJIOTMK KypcaTKMwiapu OOLIKAa ycyinapra
HucOaTraH NMacTpOK, OYITaHd y4yH CYHITH TYPKyM HaMyHaJjap-
Ja p — HU yI¥amra KeHr KywiaHwimMand. Kipunaérran ycyn
OMJIaH p — HM aHUKJIAILA HaMyHa CHpPTHra y4yTa 30HI XOM-
namrrapuiany (1.23-pacM). 30H1 MaTepUATMHNHT MIAKIH UIYH-
Jail TAaHJaHUIIM Kepakkd, OyHaa 1 Ba 2-30HIIAp KOHTAKTIa-
py OM KOHTAaKTHTa SIKUH OYnMO, KOHTAKT KAPIIWINTY KAYKUK
OyncuH, 3-30HA 5Ca KOHTAaKTH SIPUMYTKA3rHd OWIaH HyKTa-
BHI myoJ Xocwi KWiICHH. 1 Ba 3-30HmIapra KyrOJaHHIIMA IH-
ONHUHT TECKapd HYHAIMIIMra MoOC KeAamuraH ImyJbcalusuia-
HyBYaH KywWIaHMUI Oepmwnand, 2 Ba 3-30HANapAaH KyWIaHHIL,
R — xapmuk €paaMuIa JUONJAH YTAaETraH TOK YT4aHaIy.
JHOTHUHT BOJIBT-aMIIEP XapaKTePUCTHUKA (TAaBCU(H )CH KUPHIL
KapIwIMrd xarra OynraH ocinuurorpadia Kypuiaay Ba Te-
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1.23-pacm. MeTalu-apuMYTKasIHWUIK CTPYKTYPANApaa HYKTaBUIt

KOHTAKTHMHT TEINWINI KyWIAHUIIW GYiNda COIMIITHPMA KapIIMINKHU
yryam cxemacH (a), BAXHu Teckapu Kywianum coxacu (6).

LML KYWIAHWIIMA COXACHAArN GYPMJINI HYKTACH KAl KWIin-
Hamu (U ). 3-sonmuu Kyyiamr 6mwraH 1 30HI KOHTakT Kap-
LWIMTHHUHT TABCHPH HYKOTHIALM.

Amanuii TaAKMKOTIap HYKTaBU# THOAHUHT TEUIMIMALI KyY-
JIAaHUIIK KYO OMMIJUIapra, MacajaH, TeIWIHII KyWIAHWIIIKA-
HMHI YTKa3yBYaHJIUK TUITMIa, 30HATA KYHAWITaH Ky4IiaHUINTa
(bocuM Kyumra), KOHTAKT I03aCUra, CHPT MIIIOBHUTa GOFIHK-
JIMIMHU KypcaTanu. by GORTaHUIUIApHM MyKaMMall €pUTraH
HYKTaBUIl IVOJ HA3apHMSICH Ba TEIIWIHMDI KYyWIAHUIUMHU CO-
JIUUITUpMA KaplIWIMK OwiaH OOFIaraH aHaiuTUK HdoHacu
uyk. deMak, Kyprwia€tran ycyit 6MIaH p HU TYFPUAAH-TYFPU
Y4oB YTKa3Hll OpXany aHuknab o6ymmaiinu. Illy cababnm p
HH aHUKJIAWJa COJMIITAPMA KAPLUIFUIMKIApH MabiayM 6yiiran
(sranon) HamyHanap épnammaa U, =f(r) GOFTaHMIUHK fa-
paxanam rpadura onuHub, yHIaH QoUgaANaHMIH TAK030 ITH-
nagu. ApumMyTkazrmunap coimmTupMa Kapmmaurd 0,1 mas
10 OM. cM raya 6¥nran opanukia HyKTaBMii JHOUIapIa Te-
LI KYWIAHMIIWHUHT p ra GOFTUKIMK (Hapaxaiali) rpa-
¢urn

U_=Ap® (1.117)
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xyprnnwnna udomanaHanu. by epna: A, b — IpUMYTKA3IAY,
1011 MaTEpUAJUTapHra Ba OUp KaHYa I0KOPHUIA KEJITUPHIATaH
omMuiapra 6ormuk koadouuerriap. CoadIITupMa Kapirm-
i 0,08<p<4 Om. cm Gyrad n-Tel KpeMHHH HaMyHasap
Ouan Bonb(paM 30HOM XOCWI KMJATEH HYKTaBHH AHONNE
1IN KYYTIaHAIIM KyHUAarn KYpHHKRIIIA XUCoOIaHagu:

U,.=92p% (1.118)
by 6orranuin 1 Ba 2 3oumnmapra nuaMmerpu 250 MkM, 3 30HTa
it JiMamMeTpH 60 MxM GyiIraH BoabdpaM KyJUtail OWIaH OJMH-
ran. YCynHH KpeMHHHR SITHTAKCHA CTPYKTypaJjiapHra KyJITanr
OyiliMua yTKa3wiraH TeKIUpHUIUIapra Kypa snurakchan kKar-
NAMIAPAA MILIOHYWIM HaTUXakdap OJIMII YYYH KaTJaMHHUHT CO-
JwmirrupMa Kapiowmiry 0,1<p<1 Om. cM opanukaa Oymuii-
AN, KAIMHIIMTH 5 MKM JTaH KaM OYIMaciury Makcaiura My-
nobpup. p HUHT KyiM derapacu BAXHM TelIMIHMIN
COXACHILAY KYPHHUINMHUHT EMOHIALTHNIHA, SPHUA TEUIMITHIIT
COXACKIA OYPHIIMIIIHAHT aHMK HAMOEH OYIMaciurd OuJIaH,
IOKOPH uerapacy Karra TeCKapu KYWIaHHIIA TATJIMKKA TO-
MOl CWIXKKO, KAaTjaM OpPKAJIM TeHIMIMIIM OMIIaH TYIIYHTH-
pUJIALK. n-n* SIUTAKCHAI CTPYKTYpalapia n-KaTJJAMHUHT CO-
JUIITHPMA KAPLIWIMTHHH aHHKJIANa Aapaxanail rpadguru

U, =68,39 + p®5% 4 21,23p0877 (1.119)

KypuHHuia uonanaHrad MyHocadarnan oigaiaHuIl TaB-
cus sTwiand. 3o MatepuaUiapuauHr U =f(p) ra Tapcu-
PUHY ypraHuiujga nynar, Bonab(paM, OCMHUH KYIAHWITaH.
n-TUII KPEMHHUIAA 30HI MAaTepHALIAPUHUHT TAbCHPH KaTTa
SMACJINT4 aHUKJIaHTaH. 3oHIAar® OOCHM KyYHHHMHI TEIIH-
JUUW KY'WIAHUIIUHUHT KAMMATHIA TabCHPH KYWIHPOKIHD.
bocuM kyuymau 10 1 gad 100 r raya ¥3rapHiu 3TanoH MOHO-
Kpuctaul HamyHanapna 10%, snutakcuan xatiamiaapaa 20%
Kamaiumra onu6 kenraH. KpeMHuit HaMyHanapHiarm KOHHM-
Kapny Hatvkanap 3oxara S0 r Kyy Kyiwiranaa YYMHEHT O -
ameTpu 250 MxM O¥raH ocMUi 30HK Ky/Uiall GMIaH ONMH-
rad. SIMTaKCHaI Kamiamiaapaa oFuin 6ypuary 1° 6YnaraH Kus
TEKUCJIMK XOCHN KIJTHO, CONMMIUTHPMA KAPIIVIMKHUHT KaTUH~
JMK O¥iiruya TaKCUMOTHUHM Ypranum mymxud. Mkxm xadra-
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rava cakjlaHraH HaMyHajapna y3rapmac Tox 6mwiaH BAX Hu
YIyall KYUIAaHWITAHAA HaTHXXanapHUHT TakpopiaHumu 5%,
KHCKAa MyIJaTaa cakjiaHTaH HaMyHauapna 1% ra etamu. nnt,
pp* — BHUTAKCHAN KAT/aM COJIMIITAPMA KapIIMIUTUHYA aHUK -
Janga HyKTaBUH IHOI XOCHI KWIYBYM 30HATAa BOJbGpaMm,
OM KOHTAaKTJIap¥ XOCHJI KWIYBYM 30HAJIapra Ifyyar Jie3BHs
Kywranmwirad. 3oaara 6ocuM Xyun 1 r maH 10 r raya ¥3rap-
raHaa gapaxananl rpaduru

Ua =TE, +5 [2 3r Gee upE, . +r)ZJ (1.120)

EEgliPo

Haszapuii MyHocabar GHIaH aHMKJIAaHMIIN Ky3aTHirad. By epia:
E__ =210 xB/cM; £=16; r=13 MkM; u — xapakaT4arnuk. Cup-
TH oxnpm 6ockuuna St HF+8rHNO,+15r CH,COOH — xuc-
JIOTAJIAp apalalIMAaCHIa KHMEBUI cam(aJmaHraH COJIMILTHD-
Ma KaplDUTHTH TYPT 30HLIN yCyi OwiaH YyaHrad repMaRui
HaMyHaJapH €pIaMua Japaxanali rpadurd onuuras. p 15%
raya xatonuk OwiaH yiraadHraH Oy yCYJTHHHT XaTOJNWTH, Japa-
Xanam rpadHMriHE OJMNIATH XaTONMXJIApIaH ubopaTaup.
ApceHu I raiuitii nnt, pp* SIIMTaKCHAJ CTPYKTypaiapia Kar-
JIAMHHMHTI CONMHUINTHPMA KAPIIWINTHUHN, MOHOKPHMCTAIUI HaMy-
Hajap COJMHIUTHPMA KAPHIWIHTHHA YIJanl y9yH JdaMeTpu 3
MM 6¥raH Kapoun BosbdhpaM taékuanas yun 30° 6ypyak oc-
THOA, JHaMeTpHu 225 MKM rava yapxiaHraH 30HJ HIDIATH-
nu6, yHra Kyiimiran 6ocuMm Kydu 200 muHa OynraH xomma
OJIMHIAaH JlapaXajail rpahurd HaMyHaa 3apsi Taurysymiap-
HHMHI KOoHIeHTpanusach 105<n=<10Y cM~3 rava 6ynran opa-
JIMKHaa Y3rapranaa

n — tan GaAs yayn U —100(n/10‘5) -0372

p — ™an GaAs yayH U —75(p/10‘5) 0,338
OMJaH aHWKJIaHUIIN KypcaTmIraH Hapaxanamn rpadpuru 6]
TagaH XoJUT KOHTAKTH OJJHHIaH Ba yJiap OPKAJH 1, p — aHUK- |
JIaHTaH HaMyHajzap €plaMHaa aHUKJIAHTaH.

VCYJHUHT XaTONMKJIApM TYFPHCHIA KUCKAYa TYXTWIAMHU3.
YCynHHHr acocuii XaTOJIMKIApH MKKH OMWI OWIaH TellM-
JIMII KYWIAHWIIHHA YI9alIIard Ba 3TaJlOH xamua TEKITHPU-
NagMraH HaMyHalap CHPTHHHHT HIUIOBH OMp xun Oynmac-
JIMrUIAH XOCUI GYirad Xaronuknap 6wiaH anukiaHama. U
HH agux Viadam yayH BAX HHHT TENDMIMII coXacHaru Oy-

70

www.ziyouz.com kutubxonasi




PUIMILIK KECKUH OYJIMIIM Kepak. ByHra 30HI, SpHMMyTKa3ru4
MaTepHAUTApUHH, 30HIJIap IHaKIMHH, YHTa KyHWIran 60cuM
KYYHHH TaHJall OMIaH spuituiany. [1oTeHITHAT TYCHK, XOCHE
KWITaH KOHTaKTHUHT KAPLUMINTH KaTTa OVIIHIK Kepak. 30H1-
nap yyu auameTrpu 25+100 Mxm opanukaa 6Ynmamu. 3omara
Kyiunran 6ocuMm owMim 6MIaH p KaMasou. BOCHM Kydd
OpTIraHja, 30HI YWIADUHMHL 5JIaCTHK Ba IUTaCTUK AedopMa-
LMSUTAaHULIM TyQaiIv, YIapHUHT KOHTAKT I03aCH KaTTanala-
I Ba HaTIDKaNa TELIWIMLI KyWIAHHUITMHUAHT KaMaivImra oo
Kenagu. 30HI, KOHTAKT I03ATapHMHUHT TaKPOPIaHMAC/IUTd OH-
naH OOFIMK TacomudMH XaTONMKIApDHM KaMaiTHpWIN yYyH
NOTeHIINAJ TYCUK, XOCWI KMJIaTUTaH 30HA-KATTHK, METAILT EKH
KATTHK, KOTHILIMaJap, MacailaH, BoiabdpaMm, KapOHUI-BOIbGd-
paM, n¥iar, oCMMH, pOAMItJIap MIIUIATHIIAIH.

Vmyam Ba Japaxanmam naiTuga 3oHmIapra Kyiwiran 6o-
CHM KywWwIapy OMp XWI KMIHO ONIMHAIHM: OKMOATHa, Y1408 Ha-
THXKJIAPUHUHT OMp-GUpHUra AXIH AKMHIAMKIIA TAbMUHIIA-
HagM. YI4yoB 30HAMra (HYKTaBHi OMOAra) KYyMWIraH onmu-
man xydnanuu 0,2+ 0,4 H opanuraga éramy, épraMyy KOHTaKT
KapIWIMTMHUHT U ra TAabCHMPMHH KaMaWTHPUIL Y4yH yapra
KyiHwiarad 6ocum xyuu 0,5 nan 1 H raya opTrupwianu, yiayaii
Na¥THAA NOTeHUMAN TYCHK, coxacuna 1 Bt raga KysBar axpa-
JIMIUM MyMKUH Ba y KOHTAKT COXACHHUHT KyWIH KH3MIIWTa
onub xemuuu MyMKuH. HIyHHHT y4yyH TELIMIHIN KyWiaHH-
IUMHUHT KMAMATU YI4yall ycynura 6ormuK,. Konrakraa axpa-
JIAAUraH KyBBaTHM KaMakTHPHIU YYYH VIIMOBHH HMIIYJILC pe-
XHMMJIA YTKA3UIll TaBCHSl STWiagd. VIMIylInc HaBOMMILIAIH-
HUHT KaMaiuuiu 6unan UL opranu. Taconuouil Ba MyHTa3aM
XaTOJIMKIAp STYIOH HaMyHalap OWwiaH TeKIMMPHIATUTaH Ha-
MYyHaJIap CUPTHHHUHI ULLIoBMra 6ommk,. Omarna xapaxamant
rpa¢ury IUIacTHHA IHAKIMIATH MOHOKPHCTALT HaMyHajlapaa
VTKa3unagu, LIYHUHT YYYH YJIapHUHT CHPTH MeEXaHUK EKU
KUMEBUH ycyJl OMNaH cafiKautaHaau, SIMTAKCHAT KATIaMja
3ca CHPT XeY KaHAai MUUIOBAAH YTMaind. DTaJIoOH HaMyHa
CHPTHHH SIIMTAKCUAT KATJIaM CHPTHTA AKMHAAIITUPHIL YIYH
HCI 6yruna enupuil TaBcuA 3TUIaIM, 6y GMIaH STAIOHIATH
CHPT HHIUIOB TEXHQJIOTUSA Xapa€HM SMUTAKCHAT KATIAM YCTH-
pHII XapaéHUra SIKUHJIAIITHPUIIAIN.

Taxpubana KysaTwira gapaxaiaii rpauruHy upoIIos-
gy (1.117) dopmynana xoadduuuenr (b) uuur 0,51 mau 0,66
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raya y3rapvinM yidaul HATIDKAJIApHTa TAbCHP KWIYBYH KVII
oMWUIAp OWJIaH TYUIYHTUPWIAAH, IIYHWHI YYYH YCYJMHMHT
XaTONHIH TYFPHIOAH-TYFPH p HH YT4anl ycyjaaapura Huc6araH
karra. Kymruna MyamdnapHiuHr KypcaTuiuiapuya, v 10%
nau 70% raua eragu. CTaTMCTHK TEKIIHPHULIADAAH MabiIyM
OynMILMYa, YCYTHHUHT TacOMU (DU XaTONMMIN HILOHY SXTHMOJI-
nury 0,95% Gynranna conumrupMa Kapumur p=0,1 OM - cM
HamyHanapna 54%, p=1,0 OM-cMm yuyn 40%, p=5 Om-cMm
yuyH 3ca 70% ra TeHr.
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2-B0OB

3APAN TAUTYBUYNJIAP KOHIIEHTPAITMACH
BA XAPAKATYAHJIMTHUHUA VYA YCYILIAPH

DOPKHH 3apsi] TAITYBOUIAP (3JIEKTPOHIIAP, KaBaKiIap) KOH-
[HeHTpausicu (n, pyHY Ba XapaxaTyaHIMK (u,> o, )HH YiTIail-
HHUHT OMp KaHYa yCY/UIapy MaBXya. Y éxu 6y ycymmﬁr K¥yiia-
HUIIM YIADHHHT METPOJIOTHK XapaKTepUCTHKACHTA, YTJyaHa-
€ITaH NapaMETPJIAPHU TYIUYHTHPHIL MabJIyMoT/Iapra 60 IHIH,
YIm4an ycyJUIapUHMHT QU3HK acoc/iapy, HAaMYHAHUHT 3JIeK-
Tpod)HJHK XoccajlapH, reOMETPHK IIAK/IM Ba Y/IYaMIApura 60r-
K. ViT9aly yoy/IMEY TaHIauzga 6yiapiaH Talukapy YCKyHa-
JNADHMHTI TEXHHUK Mypakkxabaurd, GHM3MK KaTTaauKIapHU
Yryaliary XaToMMKIIapHd Hasapjia TYTHMIU Kepak. 3apsig Ta-
IYyBYIUIAD KOHUECHTPAIMSCH Ba XapakKaTYaHTIUTMHH Yayaill
yey/Ulapy vdMAa KCHT Tapkaliranu XoJsut adxpexrdra acoc-
JIAaHTaH ycyianup. by yeyn OwiaH sSpuMyTKa3rdy HaMyHana
np HY YIYAUIBaH TalIKApH, 31€KTP YTKA3YBYAH MK THIIHHU
XaM aHHK/JIall MYMKMH. 3apsa TaulyBuYWwiIap KOHIIEHTpalds-
CH Ba XapakaTYaHIMIHHM TeMmieparypara OOFIMKJIHTHHHA
Yruad, TAKUKJIAHTAH 30HA KEHIJIMTMHM, KUpYIUMAJIapHUHT Ma-
XAJUTHI SHEPTEeTHK CaTXJIApH, HOHM3ZIMS SHEPIHIACH, KMPHIII-
Ma aTOMJIADHMHT KOHUEHTPAIHSICH Ba 3apsjl TalllyB4wiIap-
HHHT COYWIAII MEXaHU3MIAPDHHU aHMKIAIl MyMKHH.

2.1-§; Xoan ddwpexTR EpRAMEAA 3APAN TATIYBYRJIAPHRNT
KOHNEHTPANRACH BA XAPAKATIAHIATHANN
YINam yCyauapH

aj) Xoan anexmp wopumysun Ky4u
Xoin apPeKTH IpUMYTKA3ITHY HAMYHAIApIa y/1apra 37eKTp
Ba MAarHUT MAaWAOHIApMHUHT OMp BaKT/aru TabCHPHIAH BY-
6)!(}'511513 Kenagu. x YKd WyHamMumaa (HaMyHa OVitm 6yiuia6)
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2. 1-pacm. X0l 30EKTP IOPUTYBYN KYYHHMHT Ao GYIHIIHHT
TYWIMHTUPUIITa yu3Ma (@) Ba Xosn addexTHM yagam cxemacu (6)

OKa€TraH HapaUleNeNMNe] MIAKINAArd HaMyHaHW YHTa THK
Z VKM OYHMya WYHaNIraH MarHuT MalioHMra KMpHTTaHIa,
HaMyHajJla MarHuT Xxamaa Tok / idyHanuiumura TMK Oyarad y
KM HVHaIHIIKMAA KYHOQMAHT 3JIEKTp I0pUTYBYH Ky4 (DIO K)
xocua 6ymumura Xomwn addexra ned araxagu (2.1-pacm). by
3¢ GEeKTHUHT MOXMATHHU KHCKadya KYpuO YMKalmwk. Y3yH-
JIUTH a, 3HHU b, KAMMHINTH d 6YIrad HaMyHa GepuiaraH OyICHH.
X ¥Ku 6¥iuya I TOK Yra€Tran HaMyHaHH Z yKM Oyinya iyHai-
raH MarHUT MalIOHTa THK Kwind YpHATraHga x — YK OViiu-
ya V =—pu_ F ypraya npeiid reanux OmnaH xapakaTiaaHa€TTaH
aJIeKTpoH JlopeHn Kyuyu

F=-¢[V.B] 2.1

TAbCUPUJIA X Ba 7 YKIapura THUK OyAraH y — YKH MyHaIumura
Oypumanu (oFaau). DAEKTPOH Ba KaBaKIApHUHT Apeid Tes3-
JMKJTApUHUAT HYHAMIIM Ba 3apsil HIIOPAJIapH Xap Xuwi 6yara-
HU Y4YYH yJap HaMyHaHMHT ¢akat OMp TOMOHMIaZ OFamu.
IMynpait kM6, HAaMyHaa y — VKU HYHATMINMAA KYHIATaHT

I=1_+I 2.2)

TOK maimo Oynanu. HamyHaHMHr y — YKM WVHAIHIOMIATH
yryaMM YEKJIaHraH Xx0Jj1a I — TOK HaMyHa YCTKM CHpTHIA
(pacMIa KeJXTMPMJIraH XOJ y‘{YH) 3apsi TallyBYWIApDHUHT
TYIUIAHUUINUTA, OCTKM KUCMHIA 3ca YJIAPHUHI MIIOpajapura
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TeCKapH MHIOPANY €THILIMAraH 3apsyyiap TYIUIAaHUILINTa ONIHO
kenagu. HaTikana HaMyHaHWHT OCTKYW Ba YCTKH TOMOHJIApH
KapaMma-Kapiiiy 3apsUIaHagy Ba KYHIIaHT X0JUT DJIEKTp Maii-
JOHMHMHT OIIIMO OOpHMIIM YHUHT 3apsij TallyBYHiapra (37eK-
TPOH €KMW KaBakka) TabCHUp KyuH (F=eFE) JlopeHi xyyura Ba
KYHAQIaHT I — TOK HOJITa TeHI G¥irynya gasoM sragu. Ha-
THXaBUM 3ne1<'1p MainoH KywiaHrauauru (F)x — ykura Huc-
GaTaH MAarHMT MaiJOH MHAYKUMACH B, ra MpomOpHMOHAI
6ynran Xosyun Oypyakka OFagu

E
Y, == py- B, 2.3)

x

Oy epna: u, — XapakaT4aHJIuMK OMpIdrd 6wiaH yryaHaguraH
NPONOPITMOHAILTHK Ko2pdHuHeHTH. Y X0 XapaKaT4amiu-
ru neb ropuTwiamgd. 3apsa TalIyBYMWIAPHUHT XOJUI Xapakar-
YaHJIMI M JJIEKTP YTKA3yBYAHJIMKHH (0 = eny ) aHNKJIOBYM MUK~
POCKOITHMK XapakaTYamIMKRaH dapk, Kwiagu. KaTTuk, XucM-
Jlapja KMHETHK XOIMCaJapHMHTr Ha3apuscura kypa Oy
XapaKaTJYaHIHKIIap

<t >

4
K= et fu<e>; p ==

2.4)

udonanrap 6wian aHUKIaHAmHA. By eppa: v — 3apsi TallyB-
YWIAPHHUHT PeIaKkcaiys BakTH, u* — 3apsi TallyBUMIapHUHT
sthdexTHB Maccacn, <r>, <r2> — peJlaKkcalys BaKTH Ba YHUHT
KBaJIpaTMHU 3apsjl TANTyBYWIAp SHEPrusicu Oyiinya ypranani-
THPWITaH KuiiMaty. by udonanapnan xypuHanuku, u,, Bay,
XapakaTyaHJIUKJIapHU (apkjd OVIMIIM peJlaKCallusd BaKTH-
HHHT Heprus Oyiinya xap XuiI ycyi 6WiaH {pTaianrrTipuin-
HIH 9KaH. X0/UT TaXpuOagaH Ky4cH3 MarHuT Maraona Xost
MEKTP MadIoH Kydwianrawmru (E, E) HHU KyHHIard sm-
nepuk popmyna 6uIaH aquIaHnman KypcaTnu:

E,=E, =R,[j Bl (2.5)

By epna: j — TOK 3uwinry, R, — HaMyHa xoccacHura GOFIMK
XoJn IOMMHMHCH, B — MarHuT MaliIOH MHIYKIIMSCH BEKTO-
pH. (2.3) Ba (2.5) dopmynanapman
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ijli:#HEx (26)

TEHIJIMKHKM ojnaMu3. HaMyHa n — THIDIM SIpUMYTKA3THY
Oyiranma, Tok 3uwinrk udonacu j=oE=eu nE_nu (2.6) ra
KYiin6, Xojur TOMMUHCUHUHT

Rn” = Mo = I (27)

enu, en

KYPUHHIIIATA MogacHy onaMu3. XyImH IIyHra yximam p —
THN YTKa3yBYaHJIMKKA 2ra OYiIraH spuMyTKa3ruwiapna XoJl
JOUMMICH Kyiiuaaruua 6ymanu:

- #p” =_Cp_
Ry == (2.8)

By epna: n, p — MoC paBHIIIa 3EKTPOH Ba KaBAK KOHHEHT-
paIsicH, 7, ¥, MOC PaBUILJA IEKTPOH Ba KaBAKHUHT XOJUI
oMmuiapu 6yiamu6, Xoml XapakaTYaHJIMKIApHMHHHT apeiid

MH

XapakaTYawIMKJIapura HUCOaTH r, = a L 0= P4 Gwnan

P
n "

udonanaHanuiap Ba yiaap <tr?>/<r>2 ra TeHr OYiraH Karra-
JIMK OMJIaH AHUKIAHAAHM. r HUHI KMHMATH 3apsaj TallyBYH-
JIADHUHT COYMJIMIN MeXaHM3Mura OOFIHK OViu0, 3apsn Ta-
LIYBYMIAPHUHT peJIaKcallusi BAaKTHHH, YJIApHHHT SHeprusara
6ormaann GyHKUMICHHHM Kypcaragd. Comna 30HaIHM aiHM-
MAaraH sipUMYTKa3THWIapHa 3aps TAIIyBIHIAD KPHCTAILI IIaH-
KapaHUHT HCCHKJIMK TeOpaHMIIHIa covmIca, Xomn dakTopu
r=r=r= 3n/8=1,17 ra, HOHIAITaH KMpPHUIIMa aTOMJIapHOa
coqymca r=1,93 ra, Heifrpan aromnapma couwica, r=1 ra
TEHT 6y31a,1m.

YTKa3yBYaHJIMKKA HKKH Xl 3apsi TaIlyBUYWIap: SJeKT-
POH XaMJia KaBaK KarHarica, XoJUI JOUMUICH Kyinaaru ugo-
Jla OWiIaH aHWKJIAHAIH:

2 2
- rn"nn_r’ .p..“p
R, =——""—3% (2.9)
(enp, + epn,)
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IHysnait kuau6, 3apsil TallyBUKWIap KOHIEHTPALMSICU Ba
XApAKATYAHJIUTHHY aHHKAALI YIYH COMUIITAPMA KapIIVUIIMK-
HY (8KM YTKA3YBYAHIMKHU) Ba XOJU1 JOMMMIICUHY ydanl Ke-
pak. By ymyoBHM yTKasuml (216-pacMaa KenTHpPUIraH XO0J1)
V4YH IOKOPH CHPTHra MKKHTA 30HA {1 Ba 2), macTku KUCMHUI3
30HAJIApNAH OMPUMHUHT KapiiHcura 3-30HA XolIaliTHpUiIa-
gv. 1 Ba 3 3oHANMap opacumard MOTeHIHAIap aiMpMacu op-
kamy XoJul SeXTp IOpMTYBYM Ky4HHH, 1 Ba 2 30H1ap op-
KaM U; — HaMyHaHMHT OMp KMCMUIATH KYWIAHMIIHUHL TY-
IIyBH Ya9aHagud. XOJMI BJEKTp MallfoH KyWIaHTaHJIUTH

=U,/b Ba ToK 3uwiurk j=1I/bd ra TeHr OYNAraHIUTMHH
xpcobra onrad xomma (2.5) dopmynanan Xosn 30HIIapU opa-
CHIATH MOTeHIHAUIAD aHHPMacH, TbHH XOIJI KyWIaHUIIH
TYyIIyBHA

U, =R, B/d (2.10)

udona OHiIaH aHHKJIAHAIH:

Uugd [
R, =15 [E] (2.11a)

Arap (2.10) ra xupras KaTTaJIMKJIAap KyWIAHHII, TOK Ky4H,
Y3YHIMK, MarHuT Maimonum wHnykiusacu CHM cucreMacupa
(Bonet, Amriep, Tecnana) ymaanca, Xoswn noumuiicu R, Gup-
sary M*/Kn 6¥nama Ba (2.11a) dhopmyna 6mnan xucobnaHa-
ou. Arap MarHuT waaykinusicu Fayccna (IT=10°I'c), y3yHnuK
caHTHMeTpHa ymdaHca, X0l JOMMUHCUHUHI OUPIUTU cM>/
K1 6ynanu Ba y

R, = 10* ; [em’/Kal (2.116)

owran xucobranand. JOxkopuna kiprwirad Xost adbdexrd y3yH
a>b, d vamyHanapna Yypurmi. Yyaku Oyuna, dusux mynoxa-
3ajapra Xypa, HaMyHaHHHT MapKa3uil KHCMHUIa TOK 3UWINTU
J, Ba MallIOH Ky4IaHTAHIIUTU x ra GoFInK OyimMaitnu. j, Ba E,
JIap ¥y Xoopaunatara GOFIHK, 5Mac. HaMyHaHUHT y3yH)mK
Oyiiua Ypra KMCMH Gup XuHCcau Synanu. y==+b/2 cuprTiap-
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Ja TYTUTAaHTaH 3apsiap HaMyHa KYHIOIAHT KECHMHIa yTKa-
3wrad OM KOHTaKIJapH OpKaJiu oka 6onuraiigu. Toxk yra-
Iurad OM KOHTaKTJIapu COXacura sSiKMH Xoiaa x 6Yiinya 6up
XHHCIIH GYIMaraH 3JIeKTp MalOH KyWIAHTAHJIUTHHUHT Naino
6ynuiuura onu6 kenagu. by coxana Jlopenn kyuu Xomn Maii-
JOHW OWNaH TeHIMama (MyBO3aHAamIalla) oaMaiimu, y VKU
Oyiiya TalIKWI 3TYBYUCH jy#Q Oymanu. By cOXaHMHI KeHT-
quru 3ca (1+1,5)b ra TeHr. YI4oB 30HIIApM LIy COXamaH
ramkapuga 6ynranga (2.10) Ba (2.11) dopmynanap VpuumM
6ymagu. By yuu a=3b 6yiran HaMyHaapra KyJuialll MyMKHH
JeraH cysaup. AKC Xonaga E Ba U, NapHUHT 3apsl OKHMIIN
6unaH Gornuk 6yaran Kamannmnnu Xycobra OfMILra TYFPH
kenand. Kuyuk maraur mMainonna 4 B <1 Xomr sonmnapu 1
Ba 3-HaMyHaHMHT ypracuna (x=0 ma) xoinaurray 6¥ica, Xomwn
510K

U, = ¢(£)R,, A5 .12)

dopmyna Omnan Tomwrany. XHcobaalUIaApHHUHT KYpCaTHILIH -
ya, 0,7% maH KMYUK XaToMMK Ounad yiayanranma ®(ae/b) Hu
KyWuaaru ¢opMyina OninaH aHMKJIAll MYMKHH:

B(a) = D %) = 0,7421h [—“—“ii/z-ﬂ] (2.13)

0,742

\

6) Xoan s¢pgpexmu Guaan 6up eéaxmoa codup 6yaaduzan —
(xampox) s¢pexmaap

Xomn a¢dexTHM Yryainma Ha3opaT KWinb GYiMaiimurad
MYHTa3aM (CHCTEMAaTHK) Ba TacOmMMUI XaTOIMKIAp MaHOau
6ynrad, YI4oB HaTWKAJIAPUMHU XaTOJTHKKA OMHO KeJIyBUH GUp
kaH4ya 3GdexTaap (xonucanap) maiimo 6ynagu. Bynapra xy-
WHAATIWIAPDHU KYPCATHIIl MYMKHH:

O1TeHray3eHn 3¢ dexrTu. HamyHamaH MarHur mai-
[OH WyHanuIuWra TUK OYIraH yHamuIma ToK yTraHma ynap-
ra THK OyIraH WyHanMuina TeMiepaTypa rpaTHeHTHHKHL I1aii-
o 6ymumura Drrenrayzen sdibexTn ne6 ropurwiagm. Arap
TOK X YKM, MATHUT MailIOHU z YKu Oyin4a iynanran oOynca,
y Vku 6yitnya naiino 6yiraH TeMIepaTypa rpagiMeHTH MarHuT
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MafiioH MHOYKHMACH B ra, TOK 3WwIMrH j ra IpONOPIHO-
Ha:

VT, =%—:—=—K,j,Bz 2.14)

By epma: K, — Otrenray3en k03bOGUIIMEHTH.

MarHuT MaiiIoNM TE3NHTH YpTaya Te3JIMKNaH Xarra “uc-
cHK” 3apsi Tamyp4miapra (JeXTpoH €KH KaBak) KaTTapok,
Ky4 GWJIaH TabCHP 2TAIH, TEUIM YpTaya TE3MUKAAH KMYMK
OynraH “coByk” 3aps TallyBYWJIapra 3ca TabCHP Ky4d KH-
yHKpoK, Oymamm. MabayMmMKu, XOJjl 3JIeKTp Ma#AOHUHUHI
3JIeKTpOHTa (KaBakKKa) TAbCHpP Ky4dd ¥pTada TE3JIMKKa 3ra
OynraH 3J1eKTpOHTa (KaBaKKa) MarHUT MaWIOHUHUHI TAbCUP
KY4YMHH, 9bHM JIOPEHII KYYHHH KOMIIEHCAIWsIail onaxy Ba
HaTHXaaa ynap oFrMaciaH x YKku Oyiindua xapakariaHaId.
ITIyHuBr yyyH MarHUT MaiIOH TabCUpUAA 3apsf TaLIyBYH-
JIApHUHT TE3NMHK OYiiNya aXpamuinu ro3ara Kenanu. “Hceux”
3aps Tamrysumiap (2.1-pacM) 10KOpHM TOMOHTa, “COBYK” 3a-
PAX TAlyBYHIAp MACTKNA TOMOHTA OFajy. 3apsiy TallyBYMIap
6MnaH XpHCTa/UI MaHXapa Opacuia JHeprus aJiMallvMHyBH
Tydaium, “UcCUK” 3apsyl TALLyBYWIAP TYTUIAHTaH TOMOH KPH-
CTAJJI MaHXapaHHHT MYyBO3aHATAard XxojaTura HuUcbaran
HCHMIIM, “coBYK” 3apsj TAllyBYMIAp TYILTaHraH TOMOHH CO-
BUMIM Ba HaMyHaJa KYHAAJIAHT TEMIIEpATypa rpafueHTHHHUHAT
naimo oymuinra onub Kemagu. DtreHray3eH 3QGEeKTHHHHT
uopacu xaM Xosi 3¢gdexTy Kabu MaiIoOH Ba TOK HyHAIM-
umra 6ormmk. KyHpmamaHr TeMmepaTypa TPagMEHTH XOCHII
xunral 3eebek sddexTa Tydailii ByXyara Xejaran Drresra-
y3€H TEPMOJJIEKTP IOPUTYBUYH Ky4UH, STHHU DTTEHray3eH Kyd-
JIAHMINYK Xap JovM XOJUI KYyWIaHHIIMIa KYIHHIaad. YHUA TOK
€KM MATHHT MaioH MYHATHLIIMHHN y3rapTUpUIL OWIaH ax-
pati0® OVnmMaiinu;

HepucT-OTreHTray3eH 3¢dextH x yKxu 6yitnya TeM-
neparypa rpajpeHTH OYiraH HaMyHaHH X YKMIra TUK Z YKM
Oyiimya ¥M{HajaraH MarHWT MadIoOHWra XOIIalUTUPWIraHIa
Oysapra THK Oyarad y Vxu Oyiuua HaMmyHaja KyHOAJNAHT I10-
TEHLMAUIAP aKpMAcHHUMHT maimo Gymuimmra Hepaer-3r-
Tenraysen 3dderrn neitnnanu. TeMieparypa rpailMeHTH Ha-
THXACUIA HAMYHANa MCCHK TOMOHIAH COBYK TOMOHra IH(-
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dysusIaHyBYM 3aps TallyBYMIIapra MarauT Maiinonuna Jlo-
PeHIl Ky4H TabCHp 3THO, ylTapHM OUp TOMOHra OFZMpPaiy.
ByHHHr oKuOarHaa MArHMT MaigoH MHOYKUMSICH B ra Ba
TeMiepaTrypa rpagueHtda V. 7 ra mponopuHoHan Oynrax
KYHIQIaHT MOTeHIMAIIAp afpMacH — KydJIaHHII ITaijo
Oymanu.

Uy =Ay, V. T-B,b (2.15)

by epna: A,, — Hepucr-Drrenraysen KoagouuueHTy, b-y
VKU HyHammmpard HaMmyHa Vmdamu. HepHer-Orrenraysen
3¢ dEKTHHHHT MIIOPACH MarHUT MaioH HYHAIHIOK Y3rapu-
1y OMIaH y3rapany, y TOK HyHamuimra O0OFIHK, SMAc;

Puru-Jleniok sddbexru x ¥Ku 6yitmya Temnepary-
pa rpagueHTH OYiraH HaMyHaHH YHTa TMK MarHMT MadZoOHM

ra xoitnanrrupuiaranga Jlopesu Kyun tarcupuna nuddy-
3MSUTaHYBYM 3aps TallyBYWIApAAH “HCCHMK” 3apsAn Tallys-
ynap OMP TOMOHra, “COBYK” 3apsi TallyBYHIAp HKKHMHYHM
TOMOHra oragu (Oypwiaau) Ba HATIDKada YNXapHUHT KpHC-
Tajul MMaHXxapa OWiaH 3Heprust AIMAUIMHYBH Tydaiinu, DT1-
TeHray3eH a¢@dexrura yxmaim KYHOAIaHr y — VKU Oyitnya
TeMIlepaTypa I'palMCHTH Iaimo Oymamu:

V,T = A,V TB, (2.16)

By HaMyHamarm KyHOAJaHT TeMIleparypa IpagueHTH XOJu
30HUTapH Opacuia KyIunuMya moTeHuauiap anupmacuau Uy,
ByxyaAra kexrupamu. by xomuca Purn-Jlemox sdpdexru ned
joputiwiany. U, HUHT uuropacu MarHuT MainoH HyHamMum-
ra GoFIuK, O6yImM0, yHIaH OKAE€TraH TOK HYHAIWIIUTA OOFIHK,
oynMaiinu;

Kynmanmanr MarHuT Kapmwuauk 3ddexkrtn
(MarHMTOCOIIPOTUBIIEHUE).

IOxopuna KYpaHKKH, YpTadya Te3THK OWIAH XapaKaTjiaHa-
€Trad 3apsn TauryBuywiapra JIopeHII Ky4d TabCHp STMaiiau,
YyHKH XOJUI 3JeKTp MalAOHHM YHHM KOMIIEHCALUSIaWIH.
HlyHuHr y4yH yiapHUHI MarHUT MaliIOHUOa mpaexmopusicu
y3rapMatinm. Jlexus 3apsin TaiyBuMIapaaH Te3NMKIApH ypTaya
TE3JIMKAAH KaTTadapH Xamia KWYMKiapu £ Mailion HyHamM-
IIMra HUCOAaTaH UKKM TOMOHTa OFAgu. YJIapHHHT Xapaxar
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TE3AMIM 2eKTp Mainonu E OYimya Kamasuu ne6 Kapaul
HaMyHa KapUIWINTHHUHET OUTUIIK Oe6 Xapair OMmiaH Gup xvi.
By xyHmanaHr MarHuToxapiiuiuk sddextn neé arTamamu.
Maruut MalooHHIA COMHIITHPMA KAPIIMJIMKHUHI HUCOMH
Y3rapuiild KMYMK MKKWHYM TapTHOmM thyuakuus O6mnaH OoF-
JlaHraH Oyiuo,

‘—’f— = (u, BY .17)

6wian apukiaaHamy. LIyHUHr y4yH KHIUK MaTHUT MaiJIoOHM-
na (u,B<1) ymyana€TraH COMMINTHPMA KAPIIMIMKKA KYHIa-
JIAHI MardUTOKApIIWIHK 3)GeKTMHUHT TAECUPUHHU
3BTHOOpPra onmaca xaM Oyianu;

Xo0na1 30HANApHHUHT HOBKBHUIOTEHIMA
cupTtinapnaa xodnaHnummu. Xonad O 0 K wmra tascup
STamurad gHa Oup omun cucdatHaa XOJUl 5JeKTPOIIapMHHA
HOKBUIIOTEHIIMAJ CHPTIa XOMNAIUraHOa XOCHNI OynaguraH
Kywranuil U Hu Kypcatvml MyMKHH. By kywianmu 1 sa 3-
30HIIap CWIXHMIaH KUCMWHHHI KAPIIWIWTHIa, HaMyHaJaH
TOK YTraHgaru KyWIAHMIIHHHT TYLIIyBHTa TeHr Oynmamu. U,
Xou1 KywIaHUIIHUra KYIIWIMIIK XaM, aiApHIMIINA XaM MyM-
KHH. YHHHr umopacd $akart Tok HyHamuiuura OOFIHK.
I0Okopupa épummrannapiaH KYpUHAOIUKM, X0 KydwlaHU-
NIMHA aHUK, VIr9aim yuyH Kypwirad 3¢¢extnapHi HHOOATTa
OJIMII 3apyp 9KaH.

2.2-§. Xoun 3 10 K mnHM {Iuam ycyuiapu

a) Yzeapmac mox ea y3eapmac Mazum Maiioonu épdamuda
Xoan xyusanumunyu yavamw

by Xomn anekTp 10pHTYBYM KYYMHH YIYAIIHUHT DHT COJi-
Jla Ba KeHT TapKaurad ycymunup. llapanenenumnen mIaxiu-
Jard HaMyHaHH y3rapMac TOK MaHOaura ymab, yHEaH TOK
yTKkaswiagy. HaMyHa y3rapMac MarHut €KM 3JIEKTPOMArHUT
KYTOJIapH Opacyura KUpUTWIAAH. X0l X PeKTHHH KHYUK Mar-
HUT MaiiloHna yirgam y9yH MarHMT MaidoH MHAYKIuAIcH 1
Tecnaraya onuuagn. Marsur Kyronapu opacumaru Macocda-
HHM €KUM DJIEKTPOMATHMTAA YHEAH OKA€TraH TOKHM Y3rapTH-
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pub, MarHUT MaiIOH MHAOYKIHSICUHHHI MCTajATaH KufMaTy-
HH OJIMII MYMKWH. MarHuT MaifOH yaaHrasna, YHMHT Tab-
cUpHa KapIIWIUKHUHT Y3raprilny HamMmyHaaaH YTaéTrad TOKHHA
¥3rapTUpMaciINri YUyH, TOK MAHOAMHUHT YMKHII KApLIMIM-
I'M Karta Oymuum kepak. HamyHamaH OKa€TraH TOKHH aM-
nepMeTp OWIaH €KM KeTMa-KeT yJIAaHraH KApHIWTHKIATH Kyd-
JAHMIUHY YIYall OpKanu aHWKJIAIl MyMKHH. XOIUI 3JIEKTP
IODATYBYM KyYd HaMYHaHHMHT TETHIIUIM TOMOHMTIa XKOilani-
THPWITaH (KUCHO KYIOBYM) KOHTAKI/IAD €KHM HYKTAaBHil 30H1I-
nap 6mwiaH YryaHamu. YIMOB HaTMXaJapH KaTTa MILOHYTA
9ra OVIUIIM YIYH, KYTT XOJUIapaa, KaplIapiaHrad (KajaiiaH-
raH) €K MailBaHJUIaHTaH KOHTaKmIap MILIaTWiagu. XoJun
KOHTAaKTIAPUHUHT [03aCH KaTTa OYIMO KOMUIITH HaMyHaia TOK
TAKCUMOTHHMHT Oy3WIMIIHIA BA HAMYHAHUHT IIYHTIAHHUIIHTA
om0 Kenuiuu MyMKHH. By roxkopu OM M HaMydanappa ai-
HUKCAa MyXuMaup. KOHTAaKTIap KaplIRWIMTHHHUHT YI4OB Ha-
TUXANAPUIa TABCUPUHM MYKOTHIL YYYH 30HIIAD OpacHIaru
KYWIAHHULI OAATAA MUK KAPIIMIKATH KaTra O¥rad BOJIETMETP-
3eKTpOMETpilapia KOMIICHCALMS YCYIM OMnaH ViIuaHamu.
Xonn sddexrn O6mnan Oupra comup OVaamuraH, IOKOpPHEA
KYPWITaH XOOUCANapHHU XUcoOra oraHaa, Xoul SJeKTpoiIapH
(1 Ba 3) ma ymyaHraH KywiaHH DrtreHrayseH, HepHer-O1-
TeHray3eH, Puru-Jlemox addexmiapu X0CHin KWIraH Kydiaa-
HUIap Xamaa Xoll 30HUIApMHUHT Gup-Oupura HucOGaTad
CIWDKUIIUIAH XOCWI GYIraH HOSKBHITIOTEHIIMAT KyWIAHWII-
Jap MuFMHAMCHIAH ubopat Oynamu. by HaTixaBuit (MUFUH-
IW) KyWIaHMIIAAH X0l KyWIAaHHUITWHA aXpaTULl YIyH Mar-
HUT MalIOH HYHAJTUIIWHA MKKH MapTa y3rapTupuo, TYpT 60pa
Ym4oB YTKaswiagu. byHaa ynyaHraH XywiaHuml Kyiumarmda
OoYnamu:

I+; B+ U=U4+U+Ug+U U,
I-; B+ P=-U,~U+U,+U,—-U,
(2.18)
I-; B— U=U+U,-U,-U,U,
I+, B- U=-U-~U,~U,,—~U,+U,
by TYpT YM4OB acocuma Kyuuaparu
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_ U, -U)+ WU, - U

U, +U, ;

(2.19)

udomanu onaMu3. byHnan xypunaguku, Xojn Ba DTTeHray-
3eH KyWIAHUIUTApUHHHT HIIopanapyu OUp xua 6yiranu yuyyH
X0 KywIaHMIINAA KyIMMYa DTTeHray3eH KyWwIaHMIIU CaK-
nanagu. Konran adgdexmiapuunar Xoul KyWIaHHILUUATA Tab-
CHPHHM UYKOTUII MYMKUH 3KaH.

Iyau acnatu® yTHmI Kepakkd, HaMmyHajgard Oyitmama
TeMIlepaTyparpaldeHTH UIIOpPacH TOK HyHanuura OoF-
MK, 6¥inca (Macanal, Ilenste addexru €xu 6apbep Tydai-
JH), YHAA TYpTTa ¥IruoB OwiaH ¢axkar X0/l 3NEeKTpoAiapu-
HHMHI HOKBHIOTCHIHAN KYWIAHHINMHHA HYKOTUIN MYMKHH.
Konran sddexmnapHu TabCHpHMHH HYKOTHIN YYyH Y3rapyB-
YaH TOK, ¥3rapyB4aH MarHMT MaiiioH ycy/uiapunaH doima-
nagwinaad. IOxopu OM 1M ApUMYTKa3rud HaMyHalapaa HO-
SKBUINOTEHIMA KyWIAHUAIIHYA Ha3apuil UYKOTHIL YCYIH TYPT
MapTa XOJUI BNEeKTPOIApHAArk KyWIAHHIIHHN Ymdain Kabu)
XaMMa BaKT XaM HaTika OepaBepMaiian. by TypKyM HaMyHa-
JIapia TOKHHHT OpTMINM XOJUI 30HIJIAPH OpacHIard Kywia-
HHUIIHKMHT YCHIIMTa 040 Kenamy, 6ab3aH XoJul KyWIaHHIIH-
JaH xaM Katra OYmm0 konumium MyMKuH. byHpmail xoiapaa
U, vy Yryair aHMKJIMIY ITacaiub, yHM Yirain MyMKHH OYimai

2.2-pacm. X0 3MeXTPONapK (KOHTAKTIApH) TOTEHIHAJUIADHHUHT 61p
Xwi Oynmaciuri OuiaH GORINK, KYWIAaHWIIHY MYKOTHLI CXeMalapi.
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Konaau. LIyHUHT yayH X0JUT 3eKTPOLIApMHMHT AHUK, YpHa-
THIMAaraHaIury OwiaH G0FMMK 6ynran U, HMHT Y1908 HATH-
Xajapura TabCHPUHHU MyKoTUILAa Oolka OHMp Heua ycysap
KYUTaHWIAaM, SbHU HOSKBHUIIOTCHUIMAN KYWIAHHUII KOMIIEH-
calysUiaHagy. 2.2-pacMaa aMaIMETAA KYLmab KeTWHaérrad
KYWIAHUNTHU KOMITEHCAIALIall YCYJId OWIAH YI4aluHWHI
YM3MACH KeNTUPUITaH. Y4 30HIM yu3Ma 6unan U, Hu ByKo-
THIIa R moTeHuoMerpaa (KapliMIUKaa) 1-30HIHHHT I10-
TEHIMAIMIa TeHI' HyKTa TOIWIATH. By KapIluiauK HaMyHaHH
LIYHTIAMACIMIA YYYH, SbHH YHIAH YTagMraH TOKHHHI Ha-
MYHAJaH OKa&TraH TOKKa HUCOATHHH XHCOOra ojJMadguraH
Oy kepak. JLIyHMME ydyH YHMHI KapUIAIMIHAAH KaTTa
R>R,, 6ymaum xepax. Yrdainr Yyu3Macura KaTTa KapIIHIuK-
HUHT YIaHUIIM YIYaUTHHHT CE3TMPAUTHEN KaMaiTHpasy. Yy
30HIUIM YM3Ma KYTIPOK, KAPIIMINTH KHYHKPOK, HaMyHajiapaa
xymianunanu. Kimpuk ynsMacuan (2.26-pacM) xyouramr Ou-
nad U, am ynyana 1-30HOHUHT wan Ba YHr TOMOHHIATrH
HaMyHa KaplIWIMKIapy Xamia ysrapysdad R, Ba R, Kapium-
JMUKIAp KYIPUKHUHT TYPTTa €IKACHMHHU XOCHI Kuwiamu. Mar-
HUT MaiiioH ynaumarad (B=0) 1a R, Ba R, KapIIWIMKIapHH
Yy3raptupub, 1 Ba 2-HykTranapaa xap Xl [TOTEHLIMAITa 3PH-
umniagu. by yeyn omnan Xoiunr saexrpomiapuna Xoju1 3JIeKTp
KYYUMHUHT pMU YuaHanu, YyHKM HaMyHaJaH OKAETraH TOK
UKKU Kucmra oynmuHagu. LIIyHMHT y9yH YHMHY Ce3THpJIMIH-
HH KaMYWIKK 1e0 KYpcaTHII MyMKHH. 2.2B-pacMIa KelTH-
pwiran yusMa épamuaa U — KydlaHMIIHM HYKOTHMIN Y4yH
K, Ba K, xoHTakTNap OpacMra yiaHraH KaplIHINK OpKAJIH
yiaapzra Oup-Oupura TeHr OYiMaraH LIyHOad NOTeHIIHALIAD
TONWIAAUKH, 6yHaa B=0 ma 1 Ba 2 3onmnap opacunaru Kyy-
JIaHWIII HOJNra TeHr OynaayM Ba SKBHIIOTEHUMAJ CHPTIIAp CHII-
XU, YiaapHMHr OyHOall CWIXHIIM HaTMXacuza 1 Ba 2
30HIIap OuTTa cupTAa €ramu. by ycyn OGunan U, HM KOMIIEH-
cauysl KWIVIU HAMYHAHUBT Y3YHJIMTH YHUHT KEHTJIMTH Tap-
THOMna GYaranmaruHa aManra ommpunand. Akc xonna K, sa
K, KoHTaKTIap opacHiaru HOTeHUMAa/UIap aiiupMacH Hamy-
HaHUHT ¥pTa KMCMHIA SKBHNOTEHIIMAJ CHPTIApra TabCHPH
KaM O¥mamu. 2.2B-pacMIa KeNITHPHITAaH YM3Mafa aJloXHaa
OJIMHraH Tallky TOK MaHOam Owian U KOMNEHCAUMsUIAHA-
nu. byana R, XapIIMIMKaH TalUKM TOK MaHGau OpKamTy TOK
YTKasWwiIraHja yHra TyIUraH Ky'WIaHMII 6WIaH KOMIeHCAlysa-
NaHamu. VINOB CE3THPIMTHHU KaMaUTHPMACAWK YIYH Y3~
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Mana R, KapIUWIMK eTapiauya KUYMK KWIHG OMMHUIINA Kepak.
3apsin TanyBwIUIap KOHILEHTPALMACH KUYMK, EMOH YTKa3yB-
YaHJkKKa 3ra oynradH (loxopu OM M) HaMmyHanapjaa XoJul
9JIEKTP IOPUTYBYH KyYyH OHp Heya MHIUIHBOJIBLT Oymagu. Ha-
MyHa KapulwmMrd optuumm Omran U HM ymyamgars xato-
JHKIap opTHO 6opanu. Arap HaMyHa K.apmmmrn 109 OM tap-
THOMA, raibBaHOMeTp cesrupaurd 10%° A/mx 6ynca, 3j1eKTp
JOPUTYBYM KYJHHM VTYAIaTH XaToMuK =~1 MB 6y1anu. Yoo
YHU3MATAPUHUHT CE3PMPIUTHHN OUIHPHII YIYH raJIbBAHOMETD-
HH SJieKTpoMmeTpiap OWJIaH aiMaluTHpUIIl MyMKwWH. JlexuH
y3rapmac ToK 6mraH X0 KyWIaHHIITHHM YIdaima 5JIeKTpo-
MeTp €KH y3rapMac TOK KyJaUTHpIrUwiapH Owiad HUDIAll Ky-
vimaawnry maino 6ynamu. IOxkopu OM aH HaMyHanapaa Oy
KMUMHYWIMKIApHN XOJJI TOKWHH ViIyaml OMiIaH HyKOoTHII
MyMKXUH (2.3 Ba 2.4 JapHM KapaHT).

6) Yszeapyeuan mok ea y3zapmac mazHum Maiidonu époamu-
da. Xoan snekmp opumyeuu Ky4unu yauau

Xoan KywiaHuIHHHH Yi4yaéTraHaa, HaMyHaaa TOK HyHa-
JMMINKAA Maiao OYIrad TeMIiepaTypa IrpaldeHTH UIOPacH TOK
ynanuiunra OoFmMkK, Oysca, y3rapMac MarHUT Ba ¥3rapMac
TOK €pAaMMia YIApHMHT HYHATHIIMHUA Y3rapTUPUIL YCYIHA
ounan Hepncr, Purn-Jleniok Ky4iaHMIIIApMHA HYKOTHIL
MYMKHMH 3MAaCIHIMHH I0KOpHa 3cinaTid yrrad 3guk. Uccuk-
NUK XapaéHWIapHHUHAT MUHEPHHOHINIM cababiv, HaMyHalaH
IOKOPH YACTOTATH TOK YTKa3WIll OWIAH HaMyHalarx TeMIie-
parypa rpaaMieHTH Ba y OuinaH 6ormmx, 6ynran Hepuer, Purn-
Jemox sddexrnapuHuHr X0 a3 dekTira TabCUPUHU HYKO-
THII MyMKUH. Kyu3uiil Ba y Ounad naino OyaraH Ky4iaHWIH-
J1ap BaxT Oyitmya y3rapMaimm, Xos yirdoB acb6obnapu daxar
y3rapyB4aH 3JIeKTP CHTHAJIHHM Yirdaiinu. HamynanaH y3rapyB-
YaH TOK YrraHAa MarddT MaiIoHMAa Y3rapyByaH TOK 4acTo-
Tacura TeHr 6yaran Xoui KywiaHHImy Xocwi 6yiaanu. Ogataa
y3rapyByaH SJ€KTP CHTHAIHM y3rapMac CHTHaIra HucOaraH
KY4adTHpHII OCOH. Y3rapyB4aH TOKHU MamIyM SIPUMYTKa3-
rEwiapra Kyuiam 6mwiaH Xomn KyWiaHUIIUHA YIT4YOBYM Ce3-
THP KYPWIMAaHH ApaTHII MyMKMH. By ycyn X0t 3n1eKTp 10py -
TYBYM KYYMHM KATTA OJIVII KMIMH OYiIraH, XapakaTyaHJIMury,
CONMMILTUPMA KAPIIWIMTH KHYMK OYIraH HaMyHanapia KOH-
LeHTPALMs Ba XapaKaTYaHJIMKHA YIJalia Karra axaMHsTra
ora. YT4YoB MalTHIA HaMyHaJaH YTaéTraH y3rapys4yaH TOK-
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2.3-pacm. Xout 31eKTp IOPUTYBYH KYYMHH Y3rapyBYaH TOK Ba y3rapMmac
MAarHuT €pamMuaa Yayall cXeMacH.

HHHT XOJUT 3JIEKTP IOPUTYBYM KYYH DJIEKTP 3aHXHPIA XOCHI
KWIaOUraH Kepakcu3 CUTHAaUTapHM (HABOMOKHH), LIOBKMH-
HM HYKOTHLI Kepak. 2.3-pacMaa X0l 3/IeKTp IOPHTYBYH Kyd-
HMHT y3rapysyaH TOK Ba y3rapmac MarHuT €paaMuia yrqanr
Yy3MalapuaaH OUpH KeITHPUITAH. Y3rapyByaH TOK MaHGan-
aaH (TM) axpatyBun TpaHcopmartop Tpl opkain HaMyHara
Kywianui 6epwnanu. Ly tpancdopmaropaaH ssHa TasgHY CHT-
Hal CMHXPOH JeTexropra oepwiagn. HosksumoTeHIMan Ky4-
JaHum B=0 ga R — KapumIMK OPKAIM KOMIICHCALMSIIaHA-
1. XOJUI KOHTAKIIAapHIAH OJMHATWraH KywiaHum Tp2 —
TPaHCHOPMATOp OPKANMH KYyJaMTHPruura, CYHr CHHXPOH Ie-
TeKTopra 6epunany Ba Xo/l KywlaHuiuu ymdaHamy. CHHX-
POH ACTEKTOP Xap XWI LIIOBKMHIAPHHN KaMalHTHPaIH €KY TYIHK,
ykoranu. Tp2 TpanchOpMaTOPHHUHT KHPHIL KAPIUWIHIY R —
KapIIWJIMKKA Ba 30HANAP OpacHIarv KApLimwIMKKa HUcOGaTaH
eTapiuya Karra OVIHIIN Kepak.

By un3Mana yacroracy v=>570 I'u Gynran yarapyByaH TOK-
HHM KyJIaml OWilaH KWYMK KApIIWIMKIYM HaMyHanapaa XoJL:
9JIEKTP IOPHUTYBYM KyyuHM Yryanrma cesrmpmaurd 10-° B ra er-
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rad. By 4u3sma 6wias Mar”uuT mMaiaod nHaykuuscu B=4600 I'c
Ja 3apsA[ TallyBYMIap KOHLIeHTparmsicu n=6 - 102 cm~3, xapa-
KaTyariary 4 =2 cM/B. ¢ 6yaran namynana Xor sdpdexru
ynuanrad. Ilyan TabKuIamt Kepakku, 0y ycyn OuinaH yTka-
3YBYAHNMKHHHT THIMHKA XaM aHHKIAIl MyMKuH. Arap Xost
KydJaHHIOM OmyiaH HamMyHajaaH YTa€éTtraH ToK Ouwp ¢daszanma
6yca, p-tun HamyHama R,>0 6¥m1anm, arap Kapama-xapuiu
da3ana 6y1ca, n-Tun HamyHana R, >0 6ymanu.

8) Xoan anexmp ropumyevu Ky4uHu Y32apy8uan mok 6a y3za-
DY6MaH MazHum MalooHu ycyau GUNGH QHUKAGW

HamyHanan yra€traH TOK Ba YHra KYHMIraH MarHutT Mau-
JIOHH Y3rapyBuaH OY1M0, yJIapHUHT ¥3rapuIly KyiHuIara KoHy-
HuATIAp OViinya 6YiICcHH:

B=B cos(w,t+4,)
(2.20)
I=Icos(w,t+4,)

By epnma: B,, I, — Moc paBMIIIa MATHUT Ma#IOH MHIYKIHI-
CH Ba TOK aMIUINTYIaJIapH, , Ba @, — YJapHHHT 4acToTaja-
pu. 6, Ba J, — (asanap CWIKMIIM, w,>w, ned XucobnaHca,
(2.24) Hm (2.15) ra Kyicak, Xo1 BAEKTp IOPUTYBYH Kydd
udozacu Kyiugarda KypMHHIIHA OJIAIH:

Uy = %Rﬂ -cos(wt + 0,)- cos(w, +90,) =

= iQdB_O R”[COS l(w2 - wl)t + (62 - (51)]+ (221)
+cos (v, + 0,)t+ (0, + 6,)) |

Byunad xypuHagnku, YarapyBdal Xoyu DIOK udbonacu yac-
TOTacH (w,—w,) Ba (w,+w,) GYIraH MKKUTa TapMOHUKAHH V3
yyura oyamgu. Xojul 30HIJIapH OpPacHIard y3rapyBuyaH Kywia-
HHLIHYM TAPMOHMKA 4acTOTaJapH/IaH 6Mpuraw,~, Baw,+w,,
CO3JIaHraH TAaHJIOBYM KyuyailiTHpruyra 6epu6, Xomn BIOK
MHMHT aMIUINTYJAcH ViT9aHagu Ba XOJUT JOMMHHACH

R,=—2.d (2.22)
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dopMmyna 6unaH aHmKJaHagu. By OMIaH xaMMa KyinMmd4a,
UKKWHYM Japaxanu 3¢dexrnap tascupu dykorunamn. Ma-
cajlaH, 30HUIAPHM HOCHUMMETPUK XOWJIaHUITH OunaH OOF-
JaHraH ©, 4aCTOTAIM KYYIAHWINHHM, MarHMT MaiIOHMHWHT
XOCHJI KWITaH @, YaCTOTAIH BA MCCHKIHK 3bdeKTIapn 6u-
JIaH OOFNMK KywWIaHHIUIApHH Kypcatuin MymkuH. IIyHmai
KWTHO, xyummMyua 3¢bhexIapHHHT KaTTa 5IeKTp CHIHAJ OB~
KMHHIA KMAMaTH KMYMK 6Yarad XoJUl 3JeKTp IOpUTYBYH Ky-
yuHY Ynyamr MymkuH. Kyuin YarapyBuyad MarHuT MaiiioHM-
HHU OJMUIIAIM KUWMHYWIMKIIApTra KapaMaciIaH, TOp COXalu
(Y3KOIONMOCHBIH) KyYaWTHPTHWIAPDHHUHT KYJUIAHHINH KypHI-
MaHUHI Ce3rMpJUruHd aHda omuupamn. Xoimn DIOK muuHT
TeMIleparypara OOFIMKJIMTMHY Yayain Ba XOJUT KywIaHWIIH-
HUHT Y3rapvIIvHK Y3IYKCH3 €3M0 ONMIITHY Oy YCYJTHHMHT ad-
3IUTMKIApHIAH 6Mpy cudaTHaa KYpcaTHLI MyMKHH. Y3ra-
PYBYAH MAarHUT MAiJOHM BJIEKTPOMATHMT JyJIFamMiapuia o,
YacTOTAIM TOK YTKAa3WIl OHIaH €KW MeXaHUK ycyl OwiIaH
XOCUJT KWIMHAMIH.

YacroTanap 6uUp-OMpHumaH KecKUH (apk KWITaH X0Jia
BI0OK HU ymyauima MIOBKMH CHTHal (HaBOIKa) OYaIMaiiiu.
Av=0,5+1 I'u 6¥nrad TOp COXANH Ky4adTHPIHYWIAPHHMHT KYIUia-
HHUIUM TOK Ba MarHUT MaiJoOH YaCTOTAJIAPMHUHT XyHAa TYPFYH
OyMuumMriHg Tanab Kuiand, akc Xoiuna CHrHATHMHT o,—w,
€Ki w,+®, YaCTOTANAPU KYWIH Y3rapuilra y4paiia Ba w,—o,
€KM w,+@, YacToTara CoananraH Kydanruprudna Xomr DIOK
M KYWIAaHMIIHM KeCKMH KaMaiitupamn. OmaToa MarHHT YyIFa-
MM yactorach v=50 I'l Gynran y3rapyByaH TOK TapMOFHMTa
ynaHanu. Omatha CaHOATAA TOK YACTOTACHMHH TYPFYH yIUIaG
Typuinra spminu6 6ynamaiiny. Iily ca6abmu, o, 4acToTaHMHT
Y3rapuiny GuilaH MOC PaBMILIA w, YACTOTAHM Y3rapTHpaIyraH
IIYH/Iai KYpUIMa SIPATIJITAHKH, Y 4acToTalap GpapkuHu w,—
o, Ky4cu3 yarapTapanu (cakjiaiiin). Y3rapyByaH TOK Ba y3ra-
PYBYaH MarHuT Maifiod ycyiy opkaim Xomn DIOK wHu yoryai-
ra xajakut Gepamuran cababnapaaH 6upHra @, Ba @, 4acToTa-
MM KYWIAHUILUIADHUHT apajalllHiIira o0 KelXyBYH TOK
KOHTAKTJIapUIa y3rapyByaH TOKHUHI' TYFPUWIAHUIIIMHYU Kypca-
THIII MYMKUH, YyHKH OyHma Xowtr B IO K vacroracura TeHr
YacTOTaIM TEOPAHWHIHE XOCHI KIUTYBYM IIOBKHH CHTHAJI XOCHIT
6ymum MyMKuH. IIyauar yayH OM KOHTaKIJIApHHH PHUTHO
ONMIIl TEXHOJOTMSICHHH SAXIIIAll (MacajlaH, u+hn, p+p KOH-
TaKJIap OJNMIN) Xam/la raHTeJb KYpPHHHIIMIATH HaMyHajiap
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2.4-pacm. Xonn 3¢bdexTMHY Y3rapyByaH TOK Ba ¥3rapyByaH MarHuUT
MaiioHga Yayan cxeMacH.

Kyianl 6unaH OYHMHT TABCHPYHM KaMalTHpUII MYMKUH.
IlIyura MmyBodHK KOHTaKTIap cHdaTura KyiimiraH Tanab ysrap-
Mac TOK yCynura HucbataH KaTTHKpoK. By ycyn 6mman Xoson
DIOK uHM YmyanrHuHT 670K Yu3MatapuaaH Oupu 2.4-pacMaa
Kenrupmiran. Yusmana y3rapysyaH TOK MaHOau cudaTiia yu-
KA KAPHIWIMIA KWYHK OYIraH MKKUTAa CUMMETPUK KaRaJLTH
TACT YaCTOTaJM reHeparop HuwiaTwiamy. Kywianuin HaMyHa-
ra reHepaTopAaH aXpaTyBuH TpaHchopMaTop OpKaiud GepH-
nagu. Hamynanan yraérrad ToK TpaHcdhopMmarop 7p HUHT
MKKMJIAMYM JyJFaM# YpTacMTa yJaHTaH aMmIepMeTp OwiaH,
ysrapysuan Xomt BI0K w,+w, €kd w,=, 4acToTara co3jiaH-
raH TaHJOBYM pe30HAHC KyJaWTHpruy OwnaH YmiaHagu. By
yeyi 6mnaH Xomr DIOK uiopacHHN aHMKJIALITHUHT OMp KaH-
Yya pagHOTEXHUK YH3MAJIapy MaBXyll: MacalaH, HamMyHamaru
Xomn DIOK Hu sranoH HamyHanarnm Xowr DIOK ra commui-
THPUO aHHKIAIl MYMKWH. BYHUHT y4yH YTKa3yBYaHJIUK TUIIY
aHMK Oynran 371a70H HamyHa onu6, yHu Xour DIOK ynyana-
érran HamyHa Xowr DIOK ura xerMa-xer ynad, yinap COMMII-
tupwiagy. By xomma Xomn 9I0K
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Uu,=2 d—”‘"’-}!}]3 + d” Bl |cos(w, — w,)t (2&‘23)k

\Zor

f

udona 6wian anukianany. by epna: R, d; — 3Ta]n0H Ha-
MyHaHMHT X0JUT Ko PHIHeHTH Ba MATHUT MyHATHAIIY GYitn-
4a KAIMIIMIK, I, 1 — 5TaloH Ba TEKUIMPHIAETTaH HaMyda-
JaH yTaéTrad TOK.

bup xun dasagaru Toknapu [, [ BMHr KaTTATATHHHM y3rap-
THpUO, Kapama-KapuIM TUII YTKa3yBYaHJIMKKA 3ra Gynran
HamyHanapna Xosr D 10 K Hosra teHr 6§IraH Ba3usTra 9pH-
LIWIATHA. Arap HaMyHa OMJIaH STAIOH DJIEKTP YTKa3yBYaH-
JIUKJIApM THUMH Xap XWI Oynca, ToknapAaH OMpPHHHUHT ¢ha3za-
CuHM Xamzia I, Ba I 1apHH y3rapTpu6, KOMIEHCALUATA 3PH -
mwiagn. [yspait k6, 6y ycyn 6minad Hadaxar Xor
D IO K u umopacuu, 6ajaKy TEKIIMPHIAETTaH HAMYHAHWHT
Xomn ko3 duumreHTH (IOUMHIICH) HUHT abCOMOT KHilMaTH -
HM TOITHAII MyMKHUH

d 1y
i (2.24)

By xoMmneHcamusa ycymuaa MarHUT MaIOHMHHMHT KaTTa-
JIMTMHY Omnuin mwapt 5Mac. Omatha STajloH HaMyHa D)IEeKT-
poMarHuT KyroiapaaH Oupura €nuiuTupud x¥itwiamu. Xosr
BIOK uHM yryaiiguraH caHoaT KypwiManapuia TOK TeHepa-
Topu yactoracu 70—75 T'1, MarHuT KyTOJJApUMHUHT ITOMHAIY
(ywmurn) 40 MM, ynap opacumaru Macoda 40 MM TapTHOHIa
6ynca, 3000 spcremragya GynraH MarHHT MaWIOHHHM XOCHII
KWwmin MyMkuH. By ycyn GunaH xapakaTyaHmHKIapu 5+ 10
2 cM%/B - ¢ Gynrad HamyHanapna Xowl 3>pdexTHHH Ymyanr
MyMkuH OynraH. IIIyHu Ha3zapma TyTMII KepaKKH, Y3rapys-
YaH MaiIoHAa SXJTUT METAUT KUCMIap (KPHOCTAT), YHH YIII-
J1ab TypaguraH TYTKHWIAp MHAYKIMOH TOK OHIaH KM3WIIH
MYMKHH.

2.4-y3Manary apaaliTUPTHYIAH YHKAETraH CTaHAapT
dazam xyunaHuir 6uaH HaMyHagaru Kydautapwiran Xojur
KYWIaHMIIHN ocIwuiorpadaa Xocwil KWIraH JMCCaxy WaKi-
mapura xapab Xomr OIOK u umopacHHu, SbHM HaMyHana
9JIEKTp YTKa3yBYAHIMK THIIMHH aHUKJIAI MYMKIH.
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2.3-§. Xomn Toku

Bus 1okopuna Xomwn 3bdextHHn Kypranga Oy 3¢ dexT-
HMHT Ha3apysCH CTallMOHAap XojaTtoa Kyitumarm udomamapra
OJIN0 KeJIMIIMHU KYpraH 50HK:

= = = & Jo & _ B3R
E=E+E; E=y45 B =mUB 229)

By epma: £ — HaMyHaHUHTr HaTHDKAaBHH JJIEKTp MalnoH
KywiaHrapnurd, E — HaMyHalaH, OKa€TraH TOKHMHI XOCHI
KWITaH MalIOH KyWIaHTaHmMry, F, — Xosun anexTp MaiaoH
KYWIAHTaWIHIH, j — TOK 3UWINTH BEKTOpH, o(B) — MarHUT
Mai{IOHAATH COJUIUTHPMA BJIeKTp YTKa3yBYaH/IUIHU.

By dopmynanap Tok yraéTraH HaMyHaHW MarHMT Manmo-
HHMIa KMpMTTraHaa naiimno oynran Xosmn sddekTuHMHTr 6Mp
XUXATHHH HaMoOEH OynuimuHu xypcatamm, B=0 ma E=F
6ynagu. Maraut Maiinonu (JIopeHIr Ky4M) TOK 3WWIUIH BeK-
TOpHMTa THK OyIranjga MarHMT MadIOHHMIa NMPOMOPLUOHAI
6Ysiran XoJu1 5JIeKTp MalIOH KyWIaHraHIMIMHU By XyAra KeJ-
tupagy. (2.25) xarm udomanapHUHT TOK 3UWIATUTra HUCOa-
TaH e9MMH KyhAuaaru

j=j.+is+is =B j,=ou|EB|

: 2B BEN. 2.26
sy =ou,B(BE); o =T:_—:;;; ( )

ndonanapra onub xemand. Xomr YIYoBIapu YTKasWiraHaa
omatna ELB xuwm6 onunamu, 6ynma j =0 6ymamu. (2.30)
nbopamap Xow1 3¢pdHEeXTHHUHT UKKUHYM XKUXATUHHM Kypca-
Tagy. Xomn sddexTd MarHUT MaigOH HHAYKUMICH XaMOa
YyTKa3yBYyaH TOK 3MWIMIH BEKTOPMIa THK Ba MarHUT Maiino-
HHTIa TIpOoNopHHOHaN XOJUT TOKMHH Xocui Kuwiamu. HamyHa-
na Xown s3bdextd Texmmpwiranga Xoil SIEKTp MailoH
KYWIAHTAHITATHHM XapaKTepJIOBYH TeHIaManap TU3UMH (2.25)
€ky yHra sksuBaneHT (2.26) TeHriamanap sSHa KyHHIarw
udomTapHH V3 HYUTa OJaTU:

divi=0;  rotE=0 (2.27)
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2.5-pacm. X0 TOKHHMHT a0 GV THIIMHU TYIIYHTHPMILTA IM3Ma (a),
XOJUt TOKHHMHT KOHTaKTIap OpKaiy YIaHKIIH.

Bynra xyiimparn dyerapaBuii mapriap KyiAuwiamm;

1. HaMyHa CHUPTMHMHI MeTaJUI KOIUIAHMAaraH KHUCMMUAa
DIEKTP MaioH Ba TOKHMHT TaHTNeHUMad (HOPMAas) TAILKWI
STYBYHMCH

E=0; j=0 (2.28)

O6ynanu. ByHaa KOHTaKTIAPHUHT NMOTEHLHUANH €KUM YHIAH
OKA€TraH TOK GSpIINILM KepaK. MabiIlyMKH, TOKJIM HaMyHa-
HM TOK HYHAIMIINTA THK OYIraH MarHUT MalIOHHIa KUPHT-
CakK, y3yH, TOP HAMYHAHHMHT ¥pTa KHCMHK/IAa HOCTallMoHap X0
TOKMIAH, 3apsAJIApYHHHT TYIUIAaHUIIU cababnu, Xoiut anexTp
opuryBuM Kyun (DIOK) naiino 6ynamu. Kasnra, onka Ba KeHr
(a<b) mamyHana Xon sddekTurM Kypaitink (2.5-pacMm).
¥Y3yH Ba Top HaMyHanaru kabu JlopeHir Kyuu apeid xapa-
KaTU KWIa€TraH 3apsl TAlIyBYMJIApDHH OFIMpaxH, aMMO Ha-
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MYHAHMHT KUTUHIMIM KAYMK Ba 3HH KarTa IHaKiga OYyiauinu
Tydaiim, HaMyHa ¥pTa KHCMHHUHI OHpOp epHia OFraH 3a-
pAIIap TYIIAHULLY Ky3aTWIMaiIy Ba HaTimKana Xojul NeKTp
MaiIOHM maiifo OynuiuMra onu® KenMaiiau, spHU Jlopenu
KYYHMHY MYBO3aHATJIOBYM MalIOH BYXyara KeaMaiiau, Oy —
YKu 6¥iinya cranmuoHap X0l TOKH OKamu. y=:=x5h/2 cupTiap-
lla TYTIIaHTaH 3apsAjap HAMyHA MapkKa3uiaH Y30KJIalurad Ba
MaiiIOH KyWIAHTAHJIUTUHHUHT Ey TAlUKKJI 3TYBUMCH Iaipo
oynmannu. By abdexTHH MUKIOpHIt Kapalilna, HaMyHa Map-
Ka3WJIaru KATTAIMKJIApHU y ra 0ok, 6¥nmaciaurugas ¢oki-
DanaHaMmus. by xonma (2.28) nan KypuHaguku, j Ba E Jap x
ra 0OFIHK, 5Mac, (2.28) ra xypa

~.

oymagu. Mapka3uii KucMuaa E, x ra 6oFIanMaraH GyuiraHu
cababnu, Ey=0. By mynoxasanapuum Ba (2.26) udomanu xywiao,

J=i+vE;  j=j,=u,Bj (2.29)

¢dopmynanapuu onamus. bynapnan xypunanuxu, E_Ba J,xrTa
OOFIIHMK, 3Mac Ba 3JIEKTp MainoH Oup )ancnpme Marmut
MaloOHMAA TOK 3HWIMIM BeKTOpM 6§ Oypuyakka Oypuiiamu.
y=const TeKMCIHKIAH OKa€TraH Tynaa XoJui TOKH

I=a-d-jy (2:30)

¢opMysa OHIaH TOMIWIATH.
HamyHa KOHTaKTMHHHI OUp KUCMHIAH OK2ETTaH TOK

1,=dbj (2.31)
Oynanu. By epma: b — TOK yTa€TraH KOHTAKT COXAaCHMHHUHTI
keHrmury. (2.35) dopmynagan oinananund, ToxHuHT (2.30)
Ba (2.31) udonmamapuHu Kyiuaarn KypUHHULIAA OJIHUIH MyM-
KHH:

l,=4 Bod U, [,=0 %U (2.31 a)
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Kyucu3 Maruut maitnonunna 1> B%? HamyHama OHp XUHCIH
3JIEKTP MalaoH (o=¢') 6ynranm yuys XoJjul TOKH

I, = % uB- 1 (2.32)

KYDHHMIIHA oany. DcnaTub yramusku, y=+b/2 cupmiapia
TYTUIaHTaH 3apsiap yJapHMHT aTtpoduia E 20 Oynmimmura
o6 XenaaM, TOK 3UUIMKIAPHHH j, Ba J, Mapxa3 SIKHHUIAru
KHiiMaTIapaad $apkin 6y1mmnra onub xenamu Ba 3JIEKTP
MalZOHUHUHT OMp XUHCIWINTK Oy3wnamu. Bup xuucim
O6ynmaran coxa 3ca €H cuprmaapaad (1+1,5) a Macodaraya
6ynamu. ByHna TOKHHHT KOHTaKTIap OPKAIHM YIAHUIIM CO-
nup 6ynamm. (2.31) dopMynanap HaMyHaHMHT YpTa KHCMHIA
(a<3b) coxacupa YypuHAM XucoOiaaHamu. Axc xonna, XoJr
toku, Xomwr DIOK u xaGu Ty3aruin GyHKUMSIIADH OPKAIH
xucobimanamu. (2.30) Ba (2.31) napra xypa, OVitu KMYUK Ba
SHHU KaTTa HaMyHalapHUHT (b>a) Mapkasuil KHCMHAA Mar-
HAT MaiNOHH CONUIUTUPMA YTKasyB4yamnuk (o=j /E) HM
(1+u2B?) mapra KamaTHpamH, COJHINTHPMA KAPIIWIMKHH
IIyHYa MapTa Oomupanu. By Xomyuca reoMeTpux MarHHMT Kap-
ek 3ddexTn Ke6 atanagy Ba y Kyiuaarunya TyIyHTHDH-
nagu: XOIUT TOKM HaMyHa/la TOK HailMHM y3aiTHpaay Ba YHHHT
KYHAQIAHT KECMMHMHHM Kamautupagu (2.5a-pacMm). UnsMaza
B=0 pa xeHrimru w< g GYIraH KOHTaKT COXacCHAaH OKaéTraH
TOK HaMMHHMHT YU3UKJIAPH Y3TyKCU3 YM3HUK OMiaH GenrmwiaH-
rad, B=0 ma y3nykiu yu3uk 6MiaaH kypcaTtwiran. Bynna Tox
y3yHJIMTH KaTTa OYi1raH Hail opKaaud oxany. HaltHuHr yTKa-
3yBYAHJIUTH TOK HAHMHMHT YHUATA TYFPH IIPONIOPLIMOHAI, Y3yH-
JUTUTA TeCKapH NPONOPLMOHAN, ThHU YTKa3yBYaHIHK (w/a)
ra nponopiuoHannup. B#0 ma xenrnuru w/(1+tg20)"? ra,
y3ywnrd a(l+g?0)/? pa YTKa3yBYaHIIUTH

' = = 7('1 +ulB’ ) (2.33)

ra Tenr 6ymamu. lyHoai Kxwinb, MarHuT MailfoOHM HAAHUHT
YTKa3yBYaAHJIMTUHY KaMaWTHpaJW Ba LIyHra MyBOMHK, Haii-
HHHI KAPLUWIMTMHY OLIMpagd. ['eoMeTpMK MarHuT Kapuim-
K 3¢deKkTH (KYTpox) onka (Tox WyHamu 0yitnya), SHU
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KeHI HaMyHajJapa XaM, Y3yH HaMyHaJIapHHHT KOHTaKTjap
coxacura SKMH OYnraH Xoimapia xaM Ky3aTwiaid. bomnka
maxJIgard HaMyHanapaa, macanaH, “KopouHo” moupacupa
XaM Ky3aTWIMIIMd MyMKHMH (2.7-§ ra kapaHr). Y3yH HaMyHa-
JAPHUHT MapKasuil KMcMuZa, XOJUI TOKM HYK Xoiapaa Oy
abdexT KyzaTuaManam.

2.4-§. Xonn ToKnapHHH VINAII B2 Y OPKAIH APUMYTKA3rHd
HAMYHAJIApAA 3aps TAMYBIWIAPHUAT KOHIEHTPAIMACH
BA XAPAKATYANIMIHHHE VIgam

Hamyna cupmaapudazu omux KOHMaxmaapHu Kucmaapea axc-
pamuw ycyau.

Bu3 KypaukKky, HaMyHallaH OKA€Trad Xo/U1 TOKM KOHTAaKT-
nap opxanu ynaHamu. KoHrtakrnapum Oynaxiapra Oymuin
{(axpatum) Xo/JI TOKMHH TalIKM 3aHXHpra YMKApUINra Ba
ymyainra MMKOH 6epan. HaMyHa cupTHAAry KOHTaKTIap 6up-
GupuaaH 6Up XUHCIM MAHIOH COXaCHIa aXpaTWIraH GYICHH
(2.6-pacM). YyoB yn3MaJlapura yJlaHTaH TYpTTa KOHTAKTIAp
opkanu I,+1, Toxinap yranu. By Toknap axpaTwiraH KMCM-
JIapJa aXpaTUIrad KOHTAKTIADHUHT 3KBHIIOTCHIMALTUTHHA
TapMumIainy. Crpenka 6wiaH KypcaTwiraH YM3uKyaaap TOK
dyHATHIIUIapM KecuO yTa€TraH coXama KypcaTwirad. Axpa-
TWITaH KOHTAKIIap OopacHxard Macoda HaMyHa y3yHJIUTHU-
JaH XyJa KMYMK Ba Oy MaiiIOHHHHT OMp XXWHCIWIUTHHH
oy3maiinu. KonTakTnap HaMyHa MapKa3ula aXXpaTWIrad XoJ

LLLLL0 L
A O3
2.6-pacm. OM KOHTAKTIapy G¥akiapra axpaTwiraH HaMyHa.
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SHT COAZA XOJIra MOC Kelaa, JIEKHH OyHM XaMMa BaxT aMall-
ra omtMpu6 6YnMaiiny, IWYHUHE yYyH YMyMU# OViIraH xosga
KOHTaKTJIADHUHT aXPaTWIHNLI XOHYM MapKa3ra HucOaTaH CHI-
xuiipn. KoopamHara ¥Kjiapyu OuMiIad HaMyHa TYpTTa Gynakka
axparwiagu. KoHTakTnap HaMyHa VYpracujaH aXpaTHIraH
Oynranna 6y TYpTTa coxala 3apsan cakjaHWIN KOHYHH 6axa-
PWIMIIMHU XaMaa Tyna TOX

I=1+L=I+1, (2.34)

OVIMIIMIMHYA Ha3apjia TyTHO, TYPT cOXa TOKIAPHHUHT Ky-
Aupard uponaJapuHH ONHHI MYMKHMH.

[=0,5I+0,5I,  1,=0,5I-0,5I, (2.35)
L=0,51-0,5, I=0,5I+0,5I, (2.36)

JIeKHH 10KOPHMAATH KOHTAKTHUMHT YaIra CWEKHIIY J; TOKHUHT
KaMmaiuvinura, [, HMHT opTulivra onub Kenamy. By KHiiMaT
y={0 coxara KMpaiuraH Iy Ba I, TOKJIapra TeHr, IyHUHT y4yH
(2.35) Ba (2.36) Kyitmmaru Kyanann oNaJu:

1=0,5I+0,5I,~1,  L=0,5[-0,5I,+I,

2.37)
I3=0,SI—0,SIH-—Iy2 14=0,51+0,51H+Iy2
by udonanapman
1-I=1-2I ; I-I=I-~1I (2.38)

yl? yl-y2

dopmynanapau Tomamus. XoJUI TOKJIAPH KAPANAETTaH XOMAa
I(B)=-I(-B); I(B)=I(-B)
yzyl(B) yzyl_l(_B)

OVJIMIUTHTHHHE Ha3apla TYTHIH Kepak.

(2.39)

Xoan mokunu ﬁ/l‘taul yuImaaapu

Xonn TOKMHM Ymyam yuaMajgapuiad Oupu 2.7a-pacMmzua
KeJTUpWITraH. By HaMyHaHMHT 10KOpH CHPTHAA OUp-OHPM-
IIaH aXpaTuiraH KOHTAKT OJUHaNM, XOJUT TOKMHY Idall yuyH
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R, Iy R  2.7-pacm. Xowr TokuHm

A r | \B'/ N T TaXpubamaH aHHKJTALI-

HUHT {143l CXeMallapH.

YHIa napaulenb M4KM Kapuwiura (R) R+ R, Kaplinkka
Ba aXpaTHIraH KOHTAaKT OpacHIarM HaMyHa KapLIMIUTHIa
HUCOaTaH XyJa KMYMK OY/IraH raibBaHoMeTp ynaHamu. Tok
MaH6aura, HaMyHara KeTMa-KeT yJIaHraH aMIIepMeTp HaMy-
HazaH yTaéTraH TOKHM Ya9admu. XOJUT TOKMHM Yadail y4yH
B=0 na R, Ba R, xaplIMJMKIap OPKAIM ralbBaHOMETPHAH
yraérran Tox Homera (I =0) xeaTHpUIANM, CYHI MATHAT Mai-
IOH yiaaHamy. Maruur MaiaoH yjaaHraHia HamyHazxa XoJwn
TOKM ByXyara kenamy. B=0 na ranbBaHOMeTp OWi1aH MardHuT
MaMJOHHMOA BYXYIra KelraH, IOKOPHM CHUPTHIA aXpaTHITaH
KOHTAKTJIADHHU TYTAaMITHPYBYM XOJJI TOKMHUHT OMp KUCMH
aHUKJIaHaAW. ['aJIbBAHOMETPHMHI WYKU KAPUIMIKWIH KHYUK
O¥iraHga raabLBaHOMETpAAH OKAETrad TOK XOJUI TOKWMHUHT
sipMura Tenr Oymamu. HaMyHaHWHT 10KOpH KMCMMI2 axpa-
THIraH KOHTAKTIapra yAaHraH 3JIEKTp 3aHXUPH YYYH KyiHH-
Jaru Kupxrod xounacu YpUHININD:

Rz 'Rl
R, + R,

-
e
+R,)

I-L=2L1+ . (2.40)
\ 1
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B=0 6ynranna =0 xwmb6 onuuca, (2.38) Ba (2.40) napnan

21, R, - R,

¥

T T leR TR (2.41)

B=0

OYMMIIITMITHEM TOIAMM3.

Kyucus mMaruur MaiinoHuga Xomwr toku [ ', Ta HUcbaraH
ymymuii ok I=1+1, Ba I, HMHI Y3rapUIMHYM Ha3apra ojl-
MaclIMK MyMKHH. MOZOMUEKY 1IyHIait 3KaH, ynap (A}, Al)
MarHuT — Kapmmwiuk sddextd 6unaH naigo Gyaras. ﬁy
a¢dextna Al Ba Al, nxkuran taptubau, I, 3ca GMpHHYH
TApTHOIM KWYMK KaTTamukinapaup. (2.40) udonanu xucobra
ommb, (2.38) Ba (2.41) mapman

-1-1
1 R
L= [ e &)_I (2.42)

HM Tonmamu3. Arap R <R, + R, mapr 6axapuica, [ =1,/2 6yna-
. YOxopupa aiTwirannapra Kypa raasBaHoMeTp XOJI TO-
KWHMHT SipMUHM Ym4aiinu. By ranssanomerpra 0,51, R ra
TEHT OYJIraH KyYJaHWII TYUIYBHHH Ba aXpaTWIraH KOHTAaKT-
JIapJa HOSKBHUIIOTCHIIMAIUIMKHHA XOCHI KMJIAAH. XO/UI TOKM-
HM YI9ampgaru HUCOMI XaTOJMMK

Al R,
TR (2.43)

6ymamu. By epna, R — aXpaTwiraH KOHTaKTJap OpacHIaru
HaMyHa KapIwIMrid. MabIyMKH, TOK KOHTAKTIAPHHHHT aX-
PATWIHIIM HaMYHAaJla 3JEeKTP MalAOHUHNHT MaXaJUIHA Oy3u-
JHIIAra OMM6 Kelagy Ba KOHTAKMIAp IOTeHIHAaUiapd Gup

Xun OYIraHma XaTOJMMK
Mr =2 2.44
Il a (2.44)

6ymami. By epma, 6 — aXpaTWiraH KOHTaKTjJap OpacuIard
Macoda. XoJUl TOKMHH, HaMyHara KyWwirag KyWIaHMIIHH
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Ba HaMmyHamaH YTaéTraH TOKHM OWiIraH XoJija, Ky4ucH3 Mar-
HMT MAAIOHUIA 3apA/ TAIIYBYMWIAD KOHIEHTPAIMSICH Ba Xapa-
KaTYaHJIMIM Kyidumarn ¢hopMysaiapiaH aHHKJIAHAIN:

I= a¥ Us Ay =2 B (2.45)

2.7a-pacMa KeITHMPWITaH 4Yu3Ma OWiaH MXTHEPHA MarHuT
MaiinoHuaa XoJuI TOKMHM Virdail MyMKWH. byHzaa Tok I HUHT
{3rapHIIHHA TAlDIad 1000pHIT MyMKIH Oy IMaim, yHn nyxo—
THHI YIYH MAaTHHTHHHT MKKH MyHaIHImaa Xol TOKA Yirda-
HaaM, STbHHA

w =1 (B)~ I,(—B))(1+ R{’f R2) (2.46)

R<R+R, na I=I(B)-L(-B) (2.47)

XapakaTyamiuk (2.26) acocHaa OJMHTaH TYJIa TOK

I = or’!;iU; I, = u,,Bo'dU (2.48)

¢opmymanapunad Tommwiagd. ByHUHT yayH KeHIJIHrd / 6Yran
COXalaH YTa€TraH TOK Ba YHIa KYMWITaH KyWIaHMIITHHA YIJail
Kepak (2.7a-pacm). By ycyn 6miaH ymyaniiga HaMyHaHHHT
ocTk OM KOHTaKTH MKKH KHCMIa aXpaTWIaay, TeHUA I0OKOPH
OM 1M HaMyHaJIJAQpHUHT COJIMIITHPMA KApIIHIUIMHHU Yrdanr
KaOH KYpUKJIOBYM XaJKa HuDiaTwiagn. MKKY KOHTaKTAa 9K-
BUIMOTCHLMAJUTHK IIAPTH

IRKU (2.49)

Ita baxxapunanu. By 6mnaH cupr OVitnab oKaéTraH CHpT yTKa-
3YBYAHJINTH TOKWHHM XaMZa OHMp XHHCIM OYIMaraH 3JIeKTp
MAaiIoH coXacuia OoKaCTraH TOKJIApHMHT TabCHPHHH HYKO-
THII MyMKUH. XOJUI TOKHHH YIJalira JoMp sSHa OHp yM3Ma
2.7B-pacMAa KeITHPWITaH. YHra acocaH aXpaTHIrad KOH-
Takmiapna R, Ba R, opkamm B=0 #a 3KBHITOTEHIIMAUIMKKA
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spuwmnany. bynna R, R,>R_6ynuum xepak. Maraur Maii-
JIOH yTaHTaH/Ia TaibBaHOMETpAaH YraéTran ToK [ X0/l TOKH
[, a1 xypcaranu. HamyHaman oxka€tran Tyyia TOK A, Ba A,
aMrepMeTpaap OWiaH yrdaHagy. Yusma KyucH3 Maruur Mai-
JoHHAa X0 XapakaTYaHJUIHHM Yryalira SIpoOKJIHINP.

XON1 TOKMHM ¥nyallra acoClIaHraH 3apsi TaulyBYuIap
XAPaKaTYAHJIMTMHA Ba KOHHEHTPAUMACHHH aHHKJAII YCYIU
KEMMHIN HWUlapia uumad uyMKWirad. TekKImupHIILIApHUHT
Kypcatuiunya, 6y ycya xaM, Xoumn DIOK wurm yngamira acoc-
JJaHTaH yCys KabM, HaMyHa Xoccajapy TYFPUCUIATH Mabay-
MOTJIAPHH Oepany, MabIyM IIapoWTaa XOJMI TOKHHH VIgali-
HHM aMaira OIIMPHMII €HIWIpPOK, Ba Kynaimgup. MacanaH, Oy
ycyn 6miad 1oKopun OM JI1 HAMYHAJTapHHHT XaMa KATHHIH-
i Oyiuya OMp XWHCIM OYnMaran muddy3HoH KaTiamiap-
HM, SIUTAKCHAN KATJaMJIAPHMHI INapaMeTpIapyuHM VIJanr
kynainup. Masnymku, Xomn DI0OK unau 1oxkopu OM 11 Ha-
MyHaJ1apAa Ymyail yyyH MYKY KapILWINIY KaTra OYIrad snex-
TPOMETP-BOMbTMETPAAP Kyutanwinamu. HaMmyna xaprowiuru
KaTTa OYnraHma CUpKUIIl TOKH Haino OVIUIIM MyMKHUH. ByH-
IIa BOJIBTMETpaap OwiaH HIINall KUKMHYWIMK TYFOIUPAIU.
Xomn TOKMHM Yiyania 2¢a MYKY KAPIIWINTH KHYHNK rajdbBa-
HOMETp KY/UtaHWwI1aau, Oy OWIaH TOK CHUPKMIIN HYKOTWIAAH.
Kyn kartnamum crpyxrypanapaa Xomn DIOK u xuiiMarura
xap OMp KaTIaMHMHT KYITraH X|ccacH Mypakkab MyHocabar-
J1ap 6wiaH OormaHrad. XoJuT TOKHHH YTJall yeyaMaa HaTiKa-
BHIT XOJUT TOKHra Xap OMp KATJIAMHMHTI KYIIraH XHCCACH COIl-
Jla OOFIaHraH 6ymmo, y XKyumnud 6opany. AHU3TPOIIUK HaMy-
Hanapga Xonn DIOK muu yiavalmr OMIaH COJHILTHPMA
KApUIWIMK TeH30pH, XO0JUI TOKHMHHM YIyai 6MIaH COMUILTHP-
Ma YTKa3yBYAHJIIMK TEH30PHHHU aHUKJIAINl MYMKHH.

2.5-§. Ban-gep-Ilay Ba T¥pr 3onpnu ycya Omnan
SPHMYTKA3rHd HAMYHAJIAPHA 3apAl TAUTYBIMJIAP
KOHIEHTPAIMSACH Ba XAPAKATYAHIMIMHH ¥iI9amm

HxTtuépuit maknmaru IacTUHKaNapaa, IonkKa Kariamiap-
Jla, AIIUTAKCHAI CTPYKTypajiapia KOHIIEHTpalks Ba Xapakar-
YAHJIMKHM YI9alijia SHr KyJIai, XaToJIArd KWIuK 6yiran BaH-
nep-Ilay ycynu xyiuranwiagy. ByHHHAT yuyyH HaMyHa 4YeTH-
JaH TYpTTa KOHTAKT OJUHANYW. By KOHTAKTIAPHMHT MKKHTA
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2.8-pacu. UxTuépyil waxnnary HaMmyHaiapaa Ban-nep-Tlay yeynu 6unan
Xomn JOMMUMCHHN aHUKNAIa KOHTAKTIAPHHHT KoWmanumy (a), Xoswr
JOUMMMCHHM aHUKJIALIHWHT TYPT 30HIH ycynu (6).

KapaMa-KapIIMCH OPKAJH TOK YTkasuiuub (/, ), MKKuTa Kapa-
Ma-Kapuucuaa kywianmin (U,) ymyananu. MarHuT maitno-
HH yJaHTaH Ba YJAHMAaraH XOJNAard KydJaHHII TYUIYBJIapH
U,, (O) Ba U, (B) ymyanu6, Xonn O 10 K u aHUKIaHamM.
Kyunanum yryaHaguraH KOHTAaKIIap yMyMHMil XOiIa SKBH-
MIOTEHUHAN CHUpPTIapAa YTMaciuru MyMmkuH (2.8-pacm). Mar-
HUT MaiIOHATa KMPHMTWIraH HaMYHAaHMHT BD KOHTaKTiapu
OpacHIAry KyWIAHWIIHHHT Y3rapuiryd Ky4CcH3 MarHuT Mai-
nounau, B<1 Xomn D 10 K ura teHr 6ynanu, uyHku 6y xon4a
B Ba D KOHTaKT/Iap Opacumard KapIUWIMKHUHT MAarHAT Maif-
IoHAa Y3rapuiuy OuIaH GOFNIMK Ky4JIaHUIU MHODATTa 0JIMAac-
JIMK Japaxajia Ku9uK Oymanm

U,=U,(B)-U,(0) (2.50)

Vrain jaBpuaa Tox KAiAMaTH O1p xwmn ynurab Typuica, Xost
noumuicH R, (2.11a) ra kypa

Uan(é) - UBD(O) d

R, = -
" IB

(2.51)

¢dopmyna 6unaH aHHMKJIaHanW. 3apsy TANIyBYMIAD XapaKar-
YaHJIUTU Ba KOHUECHTPALUSICH
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Upp(B) - Upzp(0) | r
[, =g w7 =
i T8, " eum (2:32)

dopmynanap opkamm xucobnaHaad. COMMINTHPMA KAPLIYIMK
p HU Ban-pep-Tlay ycynmu Guwnan anuxyiam 1.7-§ ma 6atad-
cun éputwirad. KoHTaKTJIapHUHT TABCHPHHH HYKOTHILI YUyH
Maxcyc INaKijaa, SThHU Oema Gapru IIaKiIMna HaMyHa Taiiép-
nanamu. Hlysu sciatum Kepakxu, Ban-mep-Ilay ycynu GH-
JIaH YIyallfia IIAaCTUHKA CHPTIApH SICCH, Tapajuie)l OVIHIIM
Ba, JICKVH YHZAA Aapya (TeIIHK) OYIMACIHIH KepakK. DIIHTaK-
CHaJl CTPYKTYpaJiapia h, j,-HU YIdaimjia KATIaMHUHT COUIII~
TUPMa KAPIIWINITU KUYHK n~n*, €Ku p—p*, €Ku p—n TUIH-
JlaTH SIUTAKCHAJI CTPYKTypajap OVIHIIM Kepak.

OM KOHTaKTJIapuHH OJIMII Mypakka® Ba BaKTHH KVII OJia-
JUTaH XapaéHmup, Oy 3ca XOI yCy/UIApHHHMHI aMaluéTna
KYJUIaHWINIINra KAAVMHYWIHK TyFoupan. LIyauHr yayH
KOHTAKT KApIIMJIUTMHUHT TaAbCHPH VITYOB OWiIaH OOFIMK Xa-
TOJIMKJIApAA YHYANTHK MYXHMM OYIMaraH Xo/ulapaa KapImwiHK-
JIapM XyJa I0OKOpH OyIMaraH HamMyHaJapHH, 3MHTaKCHal
CTPYKTYpPaJIapHH TEKHIMPHIIIA, XO0JUI AOMMHICHHH Te3 Yrdain
YVYYH KBaJpaT yWIapHura XOMIAITHPWITAH TYPT 30HIIH YCYI-
HHU Kyuiail MyMKuH (2.86-pacwm).

Ban-nep-Ilay ycynm HasapuacHaa TYpTTa HyKTABHH KOH-
TaKTHU HAMYHA YETHTa XOMIanraH 6ycuH neb dapas Kunaii-
muK. Mabogo Oy KoHTakTaapgaH OMpH HYKTaBMit GyiMaii,
KaHJauaup yayamra s3ra Oy1ca €Ku HaMyHa YeTHra XKoiall-
ran 6ymnca, xucodjaam GopMynanapura Ty3aril GYHKIHMICH-
HH xupuTHII Kepak Oynanu. Konrtakriapuu Bau-zep-Ilay
yCyJIura KUpUTIaH XaTOJHKNIApH JIOMpa Ba TYFpH TYpTOYp-
YaKJIM IIAKJJIard HaMyHajap yd4yH XucooOnaHran. KoHTakT-
nap Oup-Oupura HucOatan 90° Oypyak OCTHIA XOMIaHIraH
JOHpa IIAKIWAArd HaMyHajlapaa MyTiak, 6yaMarad (HyKCOH-
HHM) OHTTa KOHTaKTHHHI KHPHITAaH Xaronumrd 2.1-xagsanga
KeJNTHpWIrad. 2.86-pacMia KeJTHPHIraH 4ym3Ma Oyitmya
VI4aHTaH, KAJMHIMIH 30HUIAp OpacHiars mMacodagaH Xyna
KU4HK (d<.S) GyaraH HaMyHanapHMHT HKKY 30H]] OpacHIaru
TIIOTeHIHAUIAp aiiMpMacH

' In2 R, IB
U=U,,+UM+U,,="";1 CIL+B1+E=C, (259

w
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2.1-ocadsan

Hucuit
caronyx | FI2MYHAA2 KOHTAKTIapHUHT KYPHHHIIK Ba KOATGHULIN
\E
L
b ?
SR O W 1 O W A
Bp/p 16 In2 \D) 412 \D) 2In2 \D,
2 (4 i(.’.‘) 2(L
Aufu 2 \ D/ Ji) D) z\D

omnan apukianann. By epma Cp, C, — HamyHa Yinyamiuapu-
HM ¥ITyall HATYDKAJAPHUTa TABCHPHHY XHCOOTra OJIalNraH Ty-
3aTHIl Ko3(dduueHTIapu,

B=R,B/p 2.54)

U — OupuHYd Xal, HaMyHa Ymdamyiapu (YETKH TOMOH 3¢-
dexmap) TabCHpUHUA XHUcoOra ojiraH TYpT 30HMJIA ycyn Ou-
JIaH CONMINTHPMA KAPIIWIMKHM aHMKjaul dopmynacu. UK-
kuHud xan (148%) — KymaiTyBYd HaMyHa 4€TKH KHCMJIapH-
HUHr XOJUI DNEKTP IOPUTYBYH KYYMHU TYTAIITHPULIATAH
BYXy/Ta KeiraH XoJuUl TOKWIa MarHUT MaliiOHHHWHT TabCHU-
puny udopanaiiny. by xomuca mkxwiamuu Xomwn addexktn
e artamamu.

U, — 3ommiapnaH OkaérraH TOKKa KaplIWINK KHIaaH,
IIyHUHT y9yH U, HH reOMeTPMK MAarHHT KapIIWIMKHUHT Ha-
MOEH OVmiuy Ae6 TYNIYHTHpUIaId.

U, — yurHud xan Xojut 3JIEKTp JOPUTYBYM KY4H.

Kyuycus maraur maiinonna (u,; B<1) U, xanuu uHoGarra
OJIMACTHK MYMKWH. 3OHIJIADHMHT 3aHXHpra YJaHHII 4Yu3-
MacHHU TaHJab XamJa HaMyHauard 30HAJIAPHH CHMMETPHK
XKOITAIITHPHO, TIYHTa SPUITAII MyMKAHKH, TTOTEHIIAAT 30HA-
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2.9-pacu. TYpT 30HIH ycyn GUNaH ynyawgard AOUpa, ipHM JOUPa,
CEXTOp KYpHHUIIAATU HAMyHANap YIYH TY3aTUII GYHKUMSIADH Ba 30HLIAD
Xoitnanumy. X — ToK 30HmIapy, O — MOTEHUHAN 30HIMApH.

Jlap opacHjaru Tyaa KywiaHuil (2.53) mary Tauikua 3TyBYH-
JIApDHUHT OMpura TeHr Oymuimmra spuinuin MyMKuH. Jfoupa
Ba ApMMIOMpA WAKIMAarK HamyHanapma U, U, su ymyam
YV4yH 30HJIap KBaJpaTH AMArOHANH palHal CUMMETPHS YM-
3UFM O¥iinya xoinamrupuaany. U, vy ymdama noTeHIuan
3oHgnap cudaruna (1,3 €xku 2,4) paguan CUMMETpHA YHU3H-
FHra THK JyaroHany Gy#uya XoiyalraH 30HUIap OJIMHAIY.
I Hu ymyaupa (B=0) na 3 Ba 4 30HAMapAaH TOK YTKa3Mo, /,,
1 Ba 2 30HIIap OPKANH KyWIAHHIL YAYaHADH €K aKCHMHYA.
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C C, — TysaTHII KO3 uuUeHTIapy 2.9-pacMzia KeaTu-
pUITaH. By ymyoBMap OPRAIM CONMUITHPMAa KApIUMIUK Ba
Xonn JouMHEHCH Kylunari

ﬂd ™ ”U,','

P=Cimz ™ T8 (2.35)

udonanapaay ronwiany. 2.10-pacMua TYFpu TYpTOypyaK IaK-
JIMIark TUIACTHMHKANAPAA 30HUIAPDHHHT XOMWIAHUIIY Ba Ty3a-
THII KO3 OUIHEHTIIApH Cp, C,, KEeNTUPWITaH.

2.6 §. Xoan spdexTunn Ya9amparn MyETA3aM
(CHCTEMATHK) XATOJMKJIAPra TAbCHP 3TYBYH OMHILIAP

Xomn >pdextn GmnaH xampox (6upra cogup OyinanuraH)
6yraH TepMOTaJbBAHOMATHHT XOAMCANAPIAH TAlIKapH, OHp
KaHya oMwupiap Gopku, ynap Xonn sdpdexTuHy Yayammara
MYHTa3aM xaTtoiuknapra Tabcup 3tagu. 1lly omwiiapau Kuc-
Kaya KYpHO YMKAIIUK.

1. HamyHa xyHaaaHr KeCHMHIa YTKa3WIraH MeTajll dJIeK-
Tpowiap XOMI KyWIAHHINHHM IOYHTIANAH, HaTmxana Xoiut
30HAJIApH OpacHIard NMOTeHUHAaJjIap aliMpMacu YHHMHT
XaKuKui xuiimatunan (U,) xuauk 6§nanu. Xomwn KywiaHH-
1wy XoJUT KOHTAaKTJIapH Ba TOK S3JIEKTPOIUIapU OpacHaaru
macodara 6orIuK. HamMyHaHnHr ypracuaa xoitnamran XoJut
KOHTAKTJIApHIArd KyWIaHWII HaMyHa Y3YHJIMTHHHHT SHUTa
HucOaTH a/b=5 OynraHma MakCHMyMmra SpHINagd Ba XoOJUI
Kywianuinuaal 1% man Katra GyiMaraH KuitMar 6wiaH ¢apk-
nanagd. lIyHHHEr yuyyH SpuMyTKasru4 HaMmyHajuapaa XoJun
abdexTHHN Viqamra Tad€pianpia MIyHra aMal KWIMHHIIA
Kepax.

2. Xona noMMHMMACH KydCH3 MarHuT Maiimonmpa (u B<1)
HaMyHaJ[aH YTa€TraH Tokka I, MarBHHT MaiiIoOH HHAYKIHASICH-
ra B, Ba Xowi KywiaHuiura TYFpH NPONOPUMOHAI Gynany.
l"epmamm Ba KPEMHHIT HaMyHaJapH YYYH MarHUT MainoHu-
HUHI KWYMKIHK LIAPTH MAarHMT MailoH MHAYKIHSCHHHHT
B<1Tn 6¥ynran coxamapuua 6axapwnamn. Macanan, InSh na
#,B<1 TeHrcusnMK MarHMT MaiOH MHAYKUMSCUHUHT B<0,3
Ta coxanapuaa 6axapwnanu. Illynnai Kb, xap 6up IpuM-
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YTKa3ru4 YYyH MArHAT MafiTOHMHHMHT KHYUKIMK IHapTHHU
KAHOATIIAHTUPYBYM MAarHUT MakIOH MHAYKLMSICHHHHI Kar-
TAJIMTHHM OWIIMII KepakK, IIyHna Oy Ounan OoFIMK, Yirganijga-
Y XaTONMMK RYKOTHIAIM.

3. Xomn nommuitnapu (2.7, (2.8)), (2.9) udonanaprHUHT
XoccajapM XaMMa MyHanuiuma omp xwi OYiacuH ne6 dapas
KWIMHTAH HaMyHaJap, SbHH, U30TPONl HAMyHaIap yuyH YpUH-
UMD, YMYMRI X0Ja XOccalnapy aHM3aTpoI OVaraH spuM-
YTXasruwiap yuyH 6y MyHocabGarnap GaxapuniMainu. Jlexun
TOK Ba Mardur MaiJoH HyHaIMLIUIApX HaMyHaHHMHI KpHC-
rajutorpaduk YKiapu WyHaIMUIMAaH Xarra ¢dapk KuiMaca,
Oy OwiaH GOFIMK XaTOMUKHM MYKOTHIII MyMKHMH. XOJI AOH-
MuicHHM aHukIaga U, HM MarHMTHAHD MKKH HYHaIMIIA-
a ymyal, HaTMXalap YpTACMHM OJMII TaBCHA >TWwiagu. By
TaBCHS, SBHM ¥3rapMac TOK Ba y3rapMac MarHMT MaiJoHuIa
XouT JOMMHMCHHHN VTJalga uHoOaTra OJMHHAIH.

4. Xonn 3bdexTHHUHT I0KOpHIa KelTUpKarad ¢popMyia-
napu daxar >Heprus 30HANAPH aliHUMA2aH SPUMYTKAa3rHwiap
YYYH KEJITHPWITAH, aKC Xojma YmiaHaétraH XoJUl JOMMMMA-
cura Xap OMp 2Heprus 30HaJIApUIary 3aps TAIIYBYMWIADHUHT
KYIIraH XHCCAaCHMHM XHCOOra ojMmil Kepak. MacanaH, p-Tuil
repMaHuil BaJIEHT 30HACH aiiHuzan 6Yynmo, y OFMp KaBakJiM Ba
EHII KaBaKiM TapMOKJIapHaH, Xxamaa y3apo CIIMH opOuTaj
TabCUpJIAMYBH Tydaiyin MapyajlaHraH TapMOKIaH uOoparT-
Iup. MabIyMKH, KOHICHTpAlMsUIApH Ba XapaxaTyaHJIMKIIa-
PMHHMHT HHCOaTiapu

Pl Hpt
=004 =8
P, o (2.56)

MOC paBMIIIA TEHIHWP. p-THI TepMaHWil y4yH XOJl JIOM-
MUIACH

2 2
R = Tl peFe = ryptt onbh
pH — 2
? e(uph +”pl|P’|)

(2.57)

udoma OminaH aHUKIaHaAW. EHTUI Ba OFMp KaBaKJIapHMHT
Taxpubanga aHUKJIaHTaH XOJUT JOMMMIACHra KymraH xucca-
JNApVHM aXpaTHIl MYMKHH ®Mac, IIYHMHT y4yH Taxpubana
aHMKJIaHrad XoJu1 AoMuich, Xol Xapakardannaru daxar
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2.10-pacm. Typt 3oHzmM X0t ycynu 6unan ynyaua TYrpu TYpréypuax
LAKJIAATH HAaMyHa YYYH TY3aTHII DYHKLUMSICH.

APHMYTKA3THYHUHT KUPHIUMA OWIaH JIETHpIaHUII Aapaxa-
CHHY MUKHODHH, 3apsii TAUIYBYIWIADHMHI COYIIHII MeXa-
HU3MIApHHU cudar XuxaTnaH Oaxomaiuga XM3MarT KWIHIIM
MYMKHH.

30Hanap TY3WIMIIM MYPakKa® OYJIraH spHMyTKasruwiap-
Ia TaxpubagaH ONMHIaH. u, BA R, NapHM aHMK H3OXJIaIl
(TaBcHGmam) yyyH TeKIIMPHIAETTAH MyalsH MaTepHauiap-
M2 yJIAPHUHY 30HANAp TYy3WIMILMHU Xucodra onraH Xosut ad-
dexTn ycTuna Hazapuii TaAKMKOTIAp YTKA3MIU KEpak.

5. Xomn ¢axTopu MarHMT MaMNOHUHWHI MHAYKLMSCKIA
6oruk. Kyurn MarHuT MaiiioHMza 3apsii TaUIyBYMWJIAD pe-
JaKcauMs BaKTHHHHT MCCUKJIUK SHEPrUsicura OOFIHMK, (QyHK-
uuAcy Kydcu3. IIyHWHT yyyH 3aps)i TallyBYWIApHHMHT CO-
YAIMII MEXaHM3MJIApHMAAa MarHUT MaiIoH OmMINM GWiIaH
Xoun ¢akropu Oupra uaTWIAIM (r,~1). X0t pakTopuHUHT
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2.11-pacm. Xomn 3¢ddekTiHN Vryamna KYUIaHWIATUTAH Xap XHi
KYpHHMILOAIH HaMyHasap.

MarHuT MadmoHuMra OOFJIMKJIHIM, XapaKaTYaHJIMIH KaTTa
6¥nran apuMYyTKasrMwiapAa Ky'WIHpoK, HaMoéH Oymamn. Ma-
canal, n-tunt GaAs 1a I,; HUHI MaTHMT MaiqoHra GOFINKIN-
M HUcOaTaH KHYHMK MaWOoOH coxacuaa 6omwianagu. By 6u-
JIaH OOFIMK, XaTOJMKIApPHU WYKOTHII yuyH XOJUl KyWwIaHH-
IMMHY TOKKA Ba MArHUT MaWIOHHTA YM3UKIU OOFIaHMII
coxacuaa, S’bHM KHYMK MarHuT Maiinonpma Xomn addextu
YIYaHUILIHU Kepak.

6. Xomn sdexTn yryaHa€Trad HaMyHAHHUHT EPUTHIHIIHN-
JIaH 6an3aH maimo 6yaraH ¢oroyrkasysuaHnmuk, poro DIOK
XaTOJMMKKA OJu0 Kenuurm MyMKuH. IHlyHMHr yyyH omnuH
HaMyHaHM €pYFIMKKa CEe3rMpJIMIH TeKIIMpHJIanu, Mabolo y
épyRIHMKKa ce3rup Gyica, yoBinap KopoHFyna onnbd Oopu-
Jamu. XaTONHKHHY KaMaUTHPHII YYyH OYHOAH TallKAPH KyiH-
Jarmwiapra puosi KWIHII KepakK. DNeKTp MalIoH Ky4iaHTaH-
qurd 1B/cM TtapTMOuma OYIWIIN, KOHTaKTAaDHUHI HIDKEK-
OHACHHM HYKoTHIN, I0KOpH OM JH HaMyHanapia CHUPT
VYTKa3yBYaHJIHMTH O1IaH GOFTHK CHPT CUPKHII TOKJIApH HYKO-
TWIHIIKA Kepak. By oMwuiap MabiyM yimyall 4y¥3MaJapHHH
TawIanr 6MIaH €KUM Xap XWwI KHMEBMIT HIUIOBNap Oepyul 6M-
JaH iyKoTmiagy. XoJUT 30HMIapH OPKAIM HaMyHa IIyHT/IaH-
MAacCJMIH YYYH MabiIyM OMp IIaKima, MacaiaH, “raHrenp”
KYpMHMIIMAA HaMyHajlap Taiépnam taBcus sTwiagu (2.11-
pacM).

Typrra XO/UT KOHTAKTIM HaMyHa Taii€épnalifa yJapHUHT
ymuamnapu cz0,1cm; b, b,22h; d<0,1cm; 1eMsL<1,5cMm
TapTHOHAA OYAWIIM TaBCHUA STUIALTH.
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2.7 §. SipuM¥TKA3IMUNAPAA 3APAN TAMMYBIMIAP
KOHRECHTPANMACH BA XAPAKATYAHIMIMHA HAMYHAHHHT
MATHUT KADIUHJNTH Ofivma anuxiam

a) Maenumo xapwunux (MacHumopesecmus) sghgpexmu.

bu3 1oKopuaa y3yH, 2HCH3 HaMyHanapaa Xoun 3¢dexTu-
HHM XOMI 3NeKTP IOPUTYBYH KydM Haino OYauLmM 6unaH Ha-
MOEH OYIUIIMHM KYpIUK. MabTyMKu, n-THI YTKa3yBYaHIMKKA
sra Oynca, HaMyHa/la 3PKUH DIEKTPOHJAPHUHT pelaKcalus
BaKTHHH YJIADHUHT SHeprusicura OOFIMK/IMTHHHY Ha3apaa TyT-
CaK, 3JIEKTP MalJOHMIA DJIEKTPOHAAD Xap XWI Jpeid TeanuK

—__. I
Vo™ . 7(e)E
O6wran xapakatnaHanu. IIyHMHT yYyyH yiapra MarHWUT Mai-
JOHMIA Xap XN Kartammkaa 6ynran JlopeHl Kyun

F=—c- mi.-r(s)Ex ‘B

TabCUp 3Tanu. Xosn aekTp Mainonu (E,) Mypo3aHarra (cTa-
LMOHAp X0/aTra) 3pMIUTraHAa Te3MHKJIAPH YpTaya dHEeprusra
(¢£) Moc kenran snektponnapna (E,) HUHT 3I€eKTPOHTa Tab-
cup KyuH JIopeH1 xyqura Tenrnamagy. Iyuunr yayn apeiid
XapaKaTura MarHUT MadfoOH TabCUp STMaiimu. Teamuknapu
¥pTaya Te3NMKIAH KaTTa Ba KHYUK OY/IraH sJeKTpOHIap 9ca
XapaxaT ¥yHaTUIUIapMHH DIeKTp MalIoHHTra HHcGaTaH y3rap-
THpaJH, YIapHUHT XapakaT uynm oragu. Oxubatrna MarHuT
MalOHHa HaMyHa KApIIWJINTHHUHT OPTUINM Ky3aTHIAIH.
By xonuca dusukasuit MarHuT Kapurwink 3¢ dekTH aeb aTa-
nagy. Maskyp addexrannr 6aTadcun HazapusacH bonsuMan-
HMHT KMHETHK TEHIJIaMacH eYMMM acocHia Kapaiaau. Mar-
HHT MaiJIOHBIAa HUCOMH COMUIITIPMA KAPIIUAHKHUHI Y3ra-
puwy j =const Ba j,=0 Gyiranna

N _E(B)-E () _EB) _
P E,(0) E©0)

1 (2.58)

Hdona OUIaH aHUKIaHATH.
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Kyucn3 MarauT Maiinonuaa (¢, BK1 éxu u?B*<1) xupuni-
MaBHii {(n €xu p-THIN) YTKA3yBYAHJIMKIIU SIPUMYTKa3ruunap
yuyH HACOGHH CONMMIITUPMA KapIIWIMKHUHI MarduT Maino-
HUZA Y3rapyiig

bp(B) _ p(B) - p(0)

00 T PO (2.59)

udona 6wiaH, GU3MKABUI MArHATO CONUIUTHPMA VYTKa3yB-
YaHJIHUK

o(B)=eu,n(1-B%s) (2.60)
udona 6unaH aHuKnaHanu. by epna, § — (usmkasui

<tis<r>—<rt>?

B = (2.61)

4
<T>

MarHuTo Kapunumik Kosdduimuenti. Penakcanus BAKTHHHHT
SHepruara GOFIaHWIIMHYM Ha3apia TYTMaclMK, SIbHH BJIEKT-
POHJIADHUHI TEe3JMHKIAapH SHEPrusACH KaHAAl OYIMIIuAaH
KATBHM Ha3ap, Oup xun 6¥nanu ne® OMUil MarHUT KapUIMIMK
Ko3bPUilHeHTHHH TYNa iyKoTuira onub xenanu (§=0): f —
3aps TAIIYBYWIAPHHHI COYMWIHLI MEXaHU3MHIa, SPUM-
YTKA3rHWIaApHMHT 30Haap Ty3unuinura 60rmuK. Kym xon-
JapJa penaxcalusd BakTH (r) HUHI SHeprusra GORIMKIMIU
Japaxani QyHKums t~¢~5 6yianu. byHna snexTpoHIapHHHYT
H303HEpPreTHK caTXJlapd 1ap CUpTHIaH ubopar 6Gyica, Kyi-
CU3 MarHUT MaiJOHJa Ba aifHMMaraH sIpUMYTKasruynapua
3apsAd TALIYBYMIAPAA TYPJIM COMMITMII MeXaHU3MIIApH CORMP
6ynmranparn S-HUHr, Xown ¢akTopd r,, MarHUT KaplIMIEK
ko3 dunMeHTH A-HUHT KuiAMaTiapH 2.2-XanBaifa KelITH-
pwiIras,

Kajgpan TaxIWIMAAH KYPHHAAMKM, MarHUTO KapIIWIHK
xoadduimenTd Xown dakropura HUC6aTaH COYWIMII MeXa-
HH3MHTa KyWINPOK OOFIHK 3KaH. KpucTamn nmaHxapacH Ky-
6HK CHHTOHMM TY3WIMLLUIM spuMyTKasruwiap Ge, Si, GaAs,
InSh Ba xoxazonapaa Xoyun 3¢GeKTHHUHT KaTTATUTH KpUC-
TANI YKJIapUHMHT HyHanumura OOrnuK Oynmaitmu. Xonn
YIYOBJAPHMHHN KPUCTAJLN YKJAPUHHMHT HMCTANraH MYHaIMIIUZA
6axapuiu MyMKHH. MarHuT KapUIVJIMKHHHT KAaTTATWTH 3Ca
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YIYaIrHUHT Kalicu Kpuctaanorpaduk yKiapura HHcOGaTaH
Gaxapuwnmiuura 60rIHK. Xomn 3¢bdexTHas MarHUTOKAPILH-
JIMK KaTTalIWTHHHM ¥IYamr TeXHWK XuxaThaH XOJn 3IeKTp
IOPUTYBYHM KYyYMHM €KM XOJUI TOKMHHM ¥idyamra HMcOaTaH
connapok. JIeKuH 10xopraa KypcaTUIraHaap XapakaTdariuK-
HU GU3MKaBUII MAaTHUTO KAPUIWIMK OyiiMya OMp MyHYa Ku-
MMHYWIMKIIApra Ba KaTTa XaTONMKIAPra OJH0 KENMIIN MyM-
kuH. byiin xanta, M cepbap HamyHanapna Xosn 3¢ dexTi
Xomn Toku naiino 6¥nuiy 6MnaH HaMOEH OYIMILIMHM KYpraH
oauK. byHma marHur MaiimoHmpa xocwn 6yaran Xosn ToKu
(1) ¥TKasyBYaHIMK TOKMHHM OFgMpanu (2.5-pacMm). Tok yra-
€TTaH Hall NIaKNNIAry KaHAJTHMHT Y3YHIMTH (2) MarHUT Maii-
Jouuna optud a(l+u?B?)'2, sun (w) xamaim6 w/(1+u?B?)
6ynuuUIMrn okubaTtHia, YrkasyByamnmk w/a(l+u’B?)"! ra
nponopuuoHan 6Ynmamu. IllyHmait xuim6, MarHUT Mai{IOHH
HAMYHaHUHT YTKAa3yBYaHIUTHHM KaMaWTHpaaH, ThHHM Kap-
UIATUTAHY OIIMpagd. by xomuca, GpH3HUKaBH MAarHHTO Kap-
mKIaH Gapkian yIapoK, TeOMeTPMK MArHMT KapIIMIHK
addexTn ne6 aramany. Jlemak, T03a MarHHTOKAPIIMIKK 3¢-
GbexTu 6§iin Kanta, 3HA cepbap G¥iraH HaMyHanapaa JNMEKTP
Mai{IOHMHUHT OMp XUHC/IM COXaCHIa aMaJira olragi. YordaMm-
JIapy YeKIaHraH HaMyHa YIyH HUCOHMM MarHHTO KApIIMIMK
E =const, Ey=0 Ja YIJaHTradaa

2.2-0cadsan
Coymmmar
MEXaHM3MIapH § "a p A,
Honaiirax 32 1,93 2,15 5,89
KHpULIMajiapaa
Heiirpan 0 1 i 1
KpuiaiMaiapaa
AXyCTHK -12 1,18 0,381 1,77
¢oHonmapna
'80(B)) _ E,(B) - E,(0) _ j,(B)
' = —= (2.62)

p0) /¢ E (0) ()
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KVPUHHWHY OJIaTU. #-THH SAPHAMYTKA3IMWIAPHUHT TEOMETPHK
MarHMTOKApunWIHK 3(G@PexTH OpKanu HMCOWH COMMIITIPMA
KapIIMIRKHUHT MarHuT MadnoHuaa ysrapuiy u, BK1 na

. (Bo/p) =B u B (2.63)

dopMyna Ounay aHuxiiananu. By epna,

=222 (2.64)

<T>

TeOMETPUK MAarHUTOKAPUIWIMK KOdbduimeHTd, f, — couu-
JIMII MeXaHM3MHra 60Uk OynaraH KarTanuk OyiIub, YHMHT
KMUMATH XaIBaifa KeJTHpwirad. Kywid MarHur MaiIoHu
#,B>1 na reOMETPHK MarHMTOKAPIIMIMKHM 428 2 ra niporiop-
IHMOHAJUTHTH CaKjaHamH, GU3UKaBHii MATHUTOKAPIIMINK 3Ca
3apsi TallyBYMIAp XapaKaTJyaHJAUTKHra OOFIMK, OYIMaran xuit-
MaTtra 3pumM0 TYiUHAIM. XapakaTYaHJIUIM Kartra OyiaraH
SIPUMYTKA3rM4iapia MarHuT MaWIoOH MHAYKUWSCHHWHI KH-
YUK KMIAMAaTiapuia KyWIH MardHuT MaiJoHM INapTH aManira
OLUTaHM y4yyH OyHaail sipUMyTKasrudjiapiaa TreoMeTPUK Mar-
HATOKAPLIWIKK ycyny OyiAWya u, HM aHHKIAI ad3anpox-
pup. BynnaH Tamixap¥, GU3HKABUHA CONMIITHPMA MarduTo-
KAPLIWIMTH pejaKcalys BaKTJIApUMHHHT Xap XUN Ypradamaii-
THPWITaH KUHMaTJIapMHUHT aliupMacH OwiaH OOFIaHIaH
(2.60) pa y Xyma KuuuK OYMiM MyMKUH. MacanaH, Gads na
y#i TeMmepaTypacuza KaplUIMJIMKHMHI HHUCOMM V3rapuuin
B=1Tn na Ap/p=2% a (Ap/p),~50% ra TeHr.

6. 3apso mawys4unap XapaxamuaHAuZUHU HAMYHAHURE ZeoMern-
DUK MazHumoxapwuaueu 6yiuua anuxaau

By ycyn 6mnan 3apsg TalIyBYHJIAp XapaKaT4aHIUTHHM
ymgar 6¥iu Kanra, 3HM cepbap GYnraH HaMmyHanapaa reo-
METPHK MarHMTOKAPUIMIMK Ky3aTuianuraH (E =coust, E =0)
WapT GaxapwiraHaa YypuenM Gynran (2.72) mbonara acoc-
naHran. HaMyHa Kucka Ba cepbap O¥nca, MeTajin KOHTaKT-
Jap (MeKTpomiap) opKaiM XoJul 3JIEKTp MaNOHH YIaHagH.
byHzna snexTp MaiIoHM HaMyHa OYinab HyHananmu, 3JIEKTp
TOKHM 3Ca MalnoHra HucbaraH XoJjul 6ypyarura oFraH Xoiaja
OKaIW. n-THI SIPAMYTKA3rHYIap YuyH XOJUT XapakaTJaHIuru
GMIaH reGMETPUK MarHUTOKAPIIMIIUK Oyitiua YnuaHrad xapa-
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KaTYaHJIUK OpacHIard OOFIaHMINHM Kypaiiuk. I'eoMmeTpuk
MarHUTOKAPLIIINK OPKATY AHUKJIAHAWUIaH XapaKaTyaHIuKHI
(2.63) mas TomaMm3

-1 4p(B) %,
pw)r Bhu (2.65)

MarupT MalZIoH yiaHMaraszia Ba yJIaHIaHAa MacTHHA ILHakK-
JMOAT¥ HAMYHAJApHHHT 103a OHpIMIHOATH KapUDUIMKIapH
R(0) Ba R(B) 6Vncun. Kyucus MarHut maigoun uB<1 na
(2.63) ra xypa ynapHEHT HUCOaTH

AR(B) = 2 _ 2
BRD) _ ( BY = (ry1 £B) (266)

6ymanu, 6y epra

A (2.67)

Tu (rll”n )

(2.67) nponanay COYWIHMII MexaHU3MHra OOFmuK xoathdu-
mMenT £ HU Taxpubamga aHMKIall MYMKWHJIHTH KYpUHAIH.
PenakcalMTHHHT BakKT JOMMUIACH MMNYJIEC OYilnya y3rapMac
GynraH maxpubuda £=1, akycTk GOHOHNApAA coYmuL 6¥rca
£=1,13, HoHMamraH KMpHIIMa aToMIapuza coumwnca £=1,26
ra Tedr 6Vimamd. (2.26) Ba (2.31) dopMynanap yekcH3 Karra
ymuaMiId b>q 10nKa HaMyHajdap y4yH, soHH XOJUI SIEKTp
MadilOHH Ky3aTWIMaWaMraH Xoil ydyyH ypuHiau. HamyHa
yayaMnapu dexsaHraHga XoJul BleKTp MaHIOHH KUCMaH
LIYHTIaHagd (MeTajul MEKTPOiapH) Ba FEOMETPUK MAarH#-
TOKApUTWINKHA KaMmaitupaau. [ynnail Kb, reoMeTpUk
MATHHTOKAPIIWIKK 9 ¢heKTH HAMyHaHUHT YT9amiaapura 60F-
JHK. XOJUI BJIEKTp IOPUTYBUM KY4YM KHUCKAa TYFpH Oypyaxiin
IUIaCTMHKANApa aHUKIaHTaHaa, TeHramara Xomn Q10K nHu
KOHTaKTNap OPKATA WIYHTJIAHUII HAPaXacHHH HGONaiOBYM
Ty3aTHI QYHKOMACH f KHPATWIAM Ba Y OPKAIW YIdaMlIapu
YeKJIaHraH HAMYHAHHHT HUCOHII reOMeTpUK MarHUTOKAp-
LIVUIHTH
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AR(B)| _ AR(B) .
[R(O)] =Ry 7 (2.68)

AaHMKJIAHAAU. DHI' COMNA XONia f HaMyHa Y3YHJIMTHHU KEHT-
aurura Hucbatm 6mnan aHugixanamgu. Hucbar a/b<0,35
O6ynraHna, aHukyaHuI xaronuru 10% maH Karra 6yiMarasga

f=1—0,5435;- 6wian mdonanananu, a/b HUCOATHUHI MCTAT-

raH KuiiMatuna f — penakcauysi BAKTHHHUHT YpTadallTHPHITal
KuiiMarura 60ormk, * yrmai kw6, x4, — XapaKaT4aHTNKHH
chepHKHM303HEPreTHK CUPTIIH KHPHILIMABHIA ApUMYTKASIHWIApaa
aHUKJAIl MYMKHMH. [€OMeTpHK MarHHTOKAPINWINK IIAKIH
KopbuHo nucku KypuHUIIMAA GYaraH HaMyHajlapaa XaM Ky-
satwnanu (2.12,0-pacm). ByHuna Mapkasuil KOHTAaKT aiiiaHMa
X&IKaCUMOH KOHTaKT OWwilaH axpatwirad. Kop6uHo AHCKM
INAKIMOATH HaMyHaJa SJEKTPp MaATOHUHUHI a3MMYTa Tall-
xwn a1yBuucH E,=0 6¥napu, 6y #ynanmmma j, =, #0 Xomn
TOKM OKanH. Mamm MaMIOHHAATH TOK 3mmnxnapn ndoxna-
cu (2.26) nan

R(B) P(B) ( Bl)

RO _ p0) (2.69)

udonann ommu MyMkuH. KopOuHo moupacu yuyH 6y ¢op-
MyJiara

R(B)=AR(B)+R(0);  p(B)=Ap(B)+p(0)

HU KYiuO, Xomr xapaKaT4arIUrHHUHT

AR(B) _ Ap(B)
RO) (@
. Mo(B) (2.70)
p(0)

| —

Koy

udona O6mwnaH aHUKJIAHVIIMEY KypaMu3. Pusukasuii Maram-
Ho(B) _ AR(B)

p0) RO “OP"
6unO goMpacy (IUCKH)Ia MarHUTOKAPIUMIHK OVitMya Xapa-
KaTYaHJIMK KYyWHoaraya aHMKIaHagIu:

TOKAPIIWIHK XyJa KHIUK OYIras xomma —
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_ 1 [ ,

eoMeTpHK MATHUTOKAPIIWINK YCYJIM SITUTAKCHAT KATJIaMIap-
Ja 1okopu OM NM Kamiamiap 3apsil TALIyBUWIAPMHUHT Xapa-
KaTYaHIMKJIapUHHM YIgaia sHr KyJaaunoup (nn*, pp* — CTpyK-
Typanapaa). By ycynma XaM KOHTAaKTIap KApIUMJIMIH KU4YMK
oynum Kepak, YyHK4 ¥ R(0) Hu oumipud, xapaKaT4aHIUK-
HY KaMafTHpagy Ba HaTHKala MYHTA3aM XaTOJNHUK BYXyIra
kenamy. Hazapuii TeKUWMPUIIUIAPHMHT KYPCaTHINNYa, JIEKTD
MalAoHM HYHaNMMIIKMEA KOHUEHTpauus rpagueHTH MArHUT
KApINMIMKHUHT Y3rapuirira onuG KeaMausu. MaraHur Mai-
JOHUAArV Ba MaifloH OYynIMaraHmard KapiiWjiukiap ypraya
COMMIITHPMA KAPIIMIKMKKA MPOMOPIIMOHA OYnamu. Daurak-
cHyan TexHOJIorus OWNaH KaTiamiuap conuuga Oy Xyga My-
XUMIMp. MarHuT MalJOHUHHUHT 3JIEKTp MaWAOHM HyHanau-
1UMra Huc6araH #YHaIUIIMra KaTTuK, Tanab kyimiMainy. Ma-
calaH, MarHMT MaililoHH 26°ra OFTraHga XapakaTYaHJIUKHHA
ynuaupiaru xaromuk 10% nan ommaiimu. HamyHanu Marsur
MafioHHa TeKUWMpPraHga ysrapmac Ba y3rapyBuyaH TOK
KynpuknapuiaH GoMmaIaHuIaI. YIMOBIap MarHuT Maino-
HUHHHI Xap XUl KHHMaTIapuaa onub copunanu, AR(B)/R(0)
Hucbar B? Ba nmpomopiuoHan O6ymagu. Taxpuba Hatmxana-
PHIaH 3apsl TAaNIyBYMJIAPHHHT Xapakaryanmuaru (2.30) om-
aaH XucoOmaHamu. KaplIwIMKHHM V7rHall KyNpUKIApUHUHT
YHKHMII CUTHALIApHIAH WIIH3 YUKAPHUIL YIYH, 3JIEKTPOH YU3-
MACHHY KYIUTalll OMIaH XapaKaTyaHAUKKa MpOIIOPLIHOHAN CUT~
Haj ONMHAIW. Y reOMETPUK KapIIWIMK ycynHu OMiaH Xapa-
KATYAHIUKHY TYFPUAAH-TYFPH aHMKJIOBUM acbo00 spaTuin
MMKOHWHHU TYFIHPAIIH.

2.8 §. ApHMTEA3rHaIapia TAKUKJAAHraH 30HA
KEHIJTHIHHH, NOHOP B2 AKIEHTOP KUPHIIMA ATOMIAPHHHHT
KOHIEATPANHACH B2 HOHJIAHWIN SHEPrUACHHH AHKKJIAN

a. Taxuxnanean 30HG KeHenU2URU COAUWMUPMA YMKA3Y64aH-
AUKHUHZ meMnepamypaza OOFAuUKAUSUOaH aRuKAQu

SApuMyTKa3rdWiapHUHT CONUIITHPMA VTKa3yBYaHIHTH
XYCYCHIl 2NIeKTp YTKa3yBYAHIHMK (n—p-—n) coxacuiua Kyiu-
Iaru
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oi=enu, +1) (2.72)

¢dopmyna Gwian udonanananu, 6y epaa n, — 3apsii Tallys-
YIIAPHMHI XYCYCHI1 KOHLEHTpauusicH. SpuMyTKasruyiapaa
37CKTPOH Ba KaBaKjap CTaTHUCTHKACUIa Kypa XYCYCHH KOH-
LIeHTpalua

I Y
n =(N, N exp[— -2%) (2.73)

udona 6unan ronunamu. By epna:
N, =2(2:zm:xT/h2)3/2; N,,=2(27rm‘:xT/h2)3/2 (2.74)

6ynub, ynap Moc paBHLIA YTKA3YBYAHIHMK Ba BAJICHT 30HANA-
puna 3pdeKTHB KBaHT XONATIApUHMHT 3uwinry, Eg — Ta-
KHMKJIaHraH 30Ha KeHrmrd, K — BompiimMan poumuiicu, T —
Teminepatypa, m¥, m* — s1eKTpOH Ba KaBakJapHUHT 3ddek-
TUB Maccayiapi. (2.74) naH KYypHHAaIUKH,

(N, N,)-Tn,

OneKTPOH Ba KaBaKjiap XapakaTYaHJIMTMHHHI TeMIleparypa-
ra GoFIMK/IMrY OMp xun 6§nanu ne6 Kabyn Kwinb, yIapHHHT
Xap OupHAa XapakaTYaHJIMKHMHI TeMIlepaTypara GOFIMKIIH-
I'MHHM KEHI' TEMIIEpATypa OPATMFUIA TEMIIEpATYPaHHHI Japa-
Kam GyHKIUACH KYpHHHIIHAA Hdomanali MyMKMH:

u,,=A,, T @2.75)

XaKHKATAA ICKTPOH Ba KaBaKJIAPHMUHT TeMIlepaTypara Gor-
JUKINTH OMp-OMpuIaH (apk Kuianu, Oomkaya KWwinb air-
ragia, yiap xap xwi KuAMatoaru 7 — OWIaH aHMKJIaHAIH.

Ha
Xapakaryarwmkiap Hucbaru b = . Temmeparypara OOFIHK

OynMaraH ODOMMHMI KaTTaJIMKIUD. Iéxopnna Kala KWIHHraH
dapasnapra xypa, xycycuii COMMIITHPMA DIEKTP YTKA3yBYaH-
UK (2.72) Hn

= CT%" exp|~ Z&
g, =CT"*" exp ( 2xT) (2.76)
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KypuHMILIA €3u MyMKHMH. (2.76) Hu norapudmiaab, KyiH-
Jarn KypuHMnga udopanam MyMKUH:

In (a,T("'%)) InC - @.77)

Jdemak, Taxpubana yyaHraH XycycHif COMUIITHPMA 3JEKTP
YTKa3yBYAHJIMKHHMHI TeMIlepatypara OORMMKAMIruHu (2.78)
nbona KypuHuuIKAard rpaburuHu TacBupiaab E-Hu aHMK-
JIapl MYMKHH 2KaH:

. Aln (a,T"'%)

g — 2.78)

DeKTPOH-BOJILT OHpPANTIHULA E HH aHMKJIALI YIYH KyHugaru
dopmMyna MIIDIATWIANH:

1 (,. 'l‘%\

AlglsT

E =-0397—>_/ (2.79)
£ A (000/7)

(2.76) Ba (2.77) dbopmynanapaaH KypuHaIUKH, E HM aHHK-
JIall Y9YH 77 KmiiMaTuay Ominin xepak. Jlekun Kyn XOJUIapAa
n~3/2 tapTubupna 6ynranu yuyn T % =1 Kynai#TMaHM TamI-
a6 1o6opum MyMkuH. IOKOpm TeMmmeparypa coxacuia
ln(aiT"’%) Hu (1/T) ra OOFIaHMILKMHY KYJUIalga Xycycuit yTka-
3YBYAHJIMKHHHT XaMAa apajiailiMa YTKa3yBYaHIUK COXaJlapM-
J1a YM3UK/IM OOFTaHMIINAH YeTra YHKHINWHU Ha3apAa TYTHII
Kepak. IOxkopu Temnepatypanapaa Oy OOFTaHMIHUHT YU3HKIH
OOFTaHMILAAH YeTra YMKHIIM 3apsl TAUIYBYMWIADHUHT I0KOPU
TapTHOMU coumnuil 3¢G@exTH TABCHUPHIA BYXYATa KEIMRIA
MyMKHH. KMpHIIMABUiH 2€KTp VTKa3yBYaHJIMKIA XapakaT-
JAHJIUIH KMYMK OYIraH 3apsi TanoyBYwiap maino 6ynca, xy-
CyCHM YTKAa3yBYaHIMKIAH KMPHUIUMABHH YTKa3yBYaHIHK CO-
Xacura VITaHIa, YM3HKIH OOFIaHULINAH ce3WIapiiM Aapaxa-
Ja 4JeTra YMKMIIM Ky3aTunagu. E =const 6ynrasma, SpHU
TeMinepartypara GoFTHK 6¥nMaca, (2.77) udona 6unan Tonmwi-
rad Eg TaKMKJIaHraH 30HAHUHT KaTTaJIMTHIa TeHr OViamu.
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X aKMKATIa TAKMKJIAHTaH 30Ha KeHIJIATH TeMiieparypara 6oF-
JUK Oynagy Ba Oy OOFNAHUIIHMHI KYPHMHHILIM ViIdalll HaTH-
Xanapura KyWwiM TabCup Kypcaranu. Arap £ HUHT Temnepa-
Typara OOFJIaHHUIIH

E=E_-pT (2.80)

KypuHMIIia Gynca, xypunaérran ycya 6unan (2.77) gan T=0
Jard TaKUKJIaHTaH 30Ha KEHITIMTHHUHT KMMaTH aHMKJIaHa-
IM. Y ucranraH TeMieparypagard KaiMaTtuud (2.91) opranu
aHMKJAIl Y4yH § 60mKa Yryanwap OWiIaH TONWIrad GY MM
xepaK. E HMHI Xapoparra GOFIaHMIIM MypaKKaGpoK YM3MK-
4 Gyamarad KypuHuia Gynca, In(o, T”‘%) HuHr 1/T ra
OOFIMKJIMTH YM3MKIM OOFNaHMIUIAH aHYa 4YeTra YMKAXM Ba
(2.78) dopmyna OwiaH TONMMIraH SHEPrusl KMMATH TaKUK-
JIaHraH 30Ha KeHIJTUTMHUHT XaKdKHd KMAMaTHHE XeY Kaicu
6up TeMmrepatrypana 6epmaiimn (domanamainm).

6. Xoan doumuticununz memnepamypaza GOFAGHUWUZG MAKUK-
AGH2AaH 30HA KeH2AUZUHU aHUKAGU

bu3 rokopupa KenTHpraH apalaliMaBuil (KMpHIIMAaBUI)
yTKa3yBYaHJIMKKA 5Ta OYiraH sSpUMYTKa3ru4JIapHMHr Xojn
moumuiich (2.09) xycycuit ¥TKasyBYaHIMK COXacM (n=p=n,)
za (2.09) sa (2.73) dopmynanapra Kypa KyHugara

_ s Ba By v '
R, ”"U’(N N,) exp( ) (2.81)

KYPUHHIUTA 3ra OYIUIINHU KypraH 3auK. Ky Xowiapaa aman-
)

«tH,

JIMK, 3Mac 1eb d)apas Iqmnﬁ (2.81)

K,
Ioa Gax(appmap;nraﬂ HUCOATHUHT TeMIlepaTrypara GOF-

- Eg )
R,,T% = cexp(zlc—T) (2.82)
KypMHHuIra xearupuianu (2.82) gaH kypuHaguKu, Xo Jo-
MMHHCUHHM Xap XWI TeMIlepaTypaja yi4ad, XyCycui YyTKaszys-
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YaHJIMK coxacuia El HM aHMKJIUI MyMKHH. ByHuHr yuyn
TaxpnOa HATWKACUHH ln(RHT”—A)HPIHF 1/T ra GormaHwiIM
KVYpHUHHUIINAA YM3H0, VHHHT OFUIN OypYard TaHI€HCHU TONU-
Tagy Ba y opkanu E xucobGiaHanm:

%
_ AlIn(RyT'?)
Eg ==t (2.83)
E‘-HPI DJIEKTPOH-BOJIGT GHPIMIHMIA aHUKJIANl YYyH
3
_ A lg(R”TA )
E, 0,397——A,M. 284
(7

udbona xymanwiagy. [yHn aiiTuin Kepakku, Oy ycyn 6wial
TOIIVIradH E Temnieparypacu 7=0 K ra Moc KenraH XakuMKui
Talqquaurau 30Ha KEHITIMIUHU Gepamu. Arap In(R, T ) HUHT

(1/T) ra OCOFTAHMINM YU3UKJIM OOFIAHMIIIAH KywIHd (apk
KWica, OyHM TaKMKJIaHIraH 30HA KEHDIMTHHHHT TeMIEpary-
para YM3MKJIH OOFIaHMIIMIaH dapk KWwIHHIM OWIaH Xamia
KaTTa KOHIEHTPAITHIIN 3apsii TallyBYMWIApHH KYTI (POHOHIN
COYIJTHIIl Ba 3JIEKTPOH-KaBaK Xy(dTiaapuia COUMIMIN Xapa-
€HJIADHHU BYXYAra KeNIWIIH OWiIaH TYLUYHTHPHII MYMKUHH.
By oxupru HKKH XapaéH COYWIHII MeXaHU3MJIapura OOFIHK,
6ynran Xomwr koabduuueHntnapura (r, ,, H) TabCHP KWIAIH,
XapakKaTUarJIMKHUHT TeMIleparypara GOFNAHHALIN KYPUHHUILLIH-
HH Y3rapTUPaaH.

8. BpKun 3apsa0 maulyeuuiapHunz KOHUeHMpayusCcuHu memne-
pamypaza 6orranuwudan AE, N, N -nu anuxraw

X0 TOMMUKCHHIHT KaTTa TeMIlepaTypa OpaIMFUia Y3ra-
PHUMHN TARKMK, KWIMIA 3PKMH 3apsi TaulyBUYAIap KOH-
HEHTPALUSICHHUHT X2poparra GOFMMKINTMHU TaXJ I KIMOK,
Kepak. YMyMUil X0i1/1a YHU TaxJIWI KANUII aHYarTWHA MYypaK-
Kab macanamup. XaKuKui n-THI SpIMyTKasTHWIapia XaMMa
BaKT OMp Heya Typard AOHOP Ba aKLENTOp KHpPHUIUIMaiap
6ynagu. bas3u Oup KMpUIIMa aToMIapu OMpPruHa 3JCKTPOH-
HHM 3Mac, 6anku GUp Heda BJICKTPOHHU OepHIUM €K Kabyn
Kyaui (OMPUKTUPHIIN) MyMKUH. KHpHIIIMa aTOMJIApUMHUHT
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acocHil caTXMIaH TalKapy, KUPHMIIMATAPHUHT KY3FalraH ca-
TXM 3JIEKTPOHHM TYTHO OJMIIM MyMKXMH. Bynapmam taixapu
SHEpPreTUK CATXJIADHHHI aWHMILMHH X¥MCOOTa OJNMIN Kepak.

Xap 6Mp ApUMYTKA3rMyIa KaHZAUAMP MHKIODPAA ZOHOP
XamJa aKUenrop KHpUIIMATapUHUHT GYIHIIN ApUMYTKA3THY ~
HM KMCMaH KomneHcauustaigu. IysuHTr yuyH, Xap Oup
anoxuaa OJMHIaH XONfa, HUMaHM Tauuiab rofopHIn Kepak-
JIUTH XaJ1 KWIMHHIIN Kepax.

ANTAlINK, APMMYTKa3THYHUHI TaKMKJIAHTaH 30HACHMIa
aHeprusa catxiapu E, Ba E, 6y1raH JoHOp Ba aKLIENTOP KH-
pULIMAJIAp Ba YIADHUHT KOHUEeHTpauusiapu Ny, N, Ba N, >N,
6¥ncun. Hlynpait xwinb, SpUMYTKA3TUY 3IEKTPOH YTKA3YB-
YaHJIMKKA 3Ta 6ynnb, KHCMaH KOMITEHCAUHsIAaHTaH OViIamu.
Busra MabiayMKH, 51eKTPOHEUTPANIMK IIADOMTHAA MycbaT
3apa/uiap MUKAOpPY MaHdUil 3apsanap MUKIOpHTa TeHT Oyiia-
Iu. Mandwuit 3apsmiap YTKaszyBuyaH 30HaJar 3pKMH 3JIEKT-
POHJIap KOHIIEHTpAaLMACH OWIaH aKIENTOp CaTXHIard HOH-
JIAITaH aKUEnTop aTOMIApHHMHI HWHFHHIHCHIA TEHI, MycbaT
3apsUIap 3UWINTH BaJIeHT 30Haard KaBakjiap KOHIEHTpaL i -
cH OMJIaH MOHJAIUTaH JOHOp KAPHIUMA aTOMJIApH MHFHHIHU-
cuman uoopart. SpumyTkasrywiapia JEKTPOH Ba KaBakiap
CTaTUCTUKACHUIa Kypa AOHOP caTXyIaru 3JeKTpOHJIap Ba ak-
HeNnTop carxyMjard 5JIeKTPOHJIap KOHUECHTpPAIMsIapH KYyiiu-
nard udonanap OwiaH aHMKJIAHAIU:

n, = Mo
D— ’ )
£y - Ep

kT

!
I +—exp
&p

‘ (2.85)

N,

n,= ; :
E,-E

1 +—Lexp[- A—F)
g4 \ xT

‘

By epna g,, g, KUpHIIMA CaTXJIAPMHMHI alHMII KoabdHLM-
€HTH OMWIM conaa 6yaraH xojana caTxjapHHHI aiHuimM ¢da-
KaT DJIEKTPOH ciiHM Owviian OoFilaHraH OyiraHma, JOHOpP K-
pHIIMAcH YYyH g,=2, aKUENTOp KUPHUIMACH Y4yH g,=1/2
6ynanu. IepMaHuiina caés SHepreTHK CaTX XOCHI KWiaJuraH
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JOHOp KMPHIIMAanap caTX¥ YYyH g,=2 ra, aKIeNTop carxjiap
yuyH g, =4 ra tedr 6ynamu. KOxopunaru usoxra Kypa aiHH-
MaraH n-THI KHPHIIMaBHH SpUMYTKAa3rHWwIap YYYH dIEKTpO-
HEWATpANIAMK 1IApTH

n+n =N -n+p (2.86)

KYpHHHUIIHHN ONand. By TeHINlaMa acocHula 3apsii TaulyBUH-
Jap KOHIEHTPALUACHHUHT TeMnepaTypara OOFIHMKJIMTHHHA
Tax) Il KWJIMII MYMKHH Ba yJapAa ¥3Mra Xoc XapaxTepiu
COXaJIapHH aHHKIAIl MyMKuH. (2.86) ma Maxaumit pexoM-
OMHAIIMSI MapKa3JiapUIard 5J€KTPOHIap XMCOOra OJIMHMAraH,
ABHH PEKOMOMHAIIMSA MapKa3JapMHHUHI KOHUEHTpalUsACH
KMYHK 1e0 ¢apa3 kwimHraH. Ilact teMreparypanap coxacu-
la BaJIEHT 30HAOard KaBaKjiap KOHIICHTPAMSACHHU DJIEKT-
pOH KOHIIEHTPAUMSACHIa HUCOATaH XUcoOra OIMAaciWK MyM-
KuH (n>>p). ByHmaH Talikapu, XaMma akLEITop KMpHIIMa
aTOMWHU MoHnamran n,=N, ne6 xucobnam Mymxus. LIy
TaxXMHHJIApHHA Haszapla TyTCaK, DJEKTPOHEUTpa/UIMK TeHIIa-

Macu (2.86)
-1
| -0

_ D (E, - E
ntn-Ny-n=ntN-Nt+N, 1+gexp[—1’KT £
\

(2.87)
KypuHura kenanu. by TeHriamMana
CoE _ED
n=N, exp (\— ~xr ) (2.88)
GynummHE xucobra onud, (2.87) ndomaman
(n+tNjn N, .-;‘_frll
N,-N,-n ¢ € (2.89)

14

dopmynara kenamus. By epna AE =E -E, — xvpuilimMa aTo-
MMHYHT HOHJIaHUIN 3Heprusicd. IlacT temmneparypa coxacu-
J1a 3JIEXTPOH KOHHEHTPAIMACH KaMasiau Ba (2.89) HUHT Max-
paxXHza JEKTPOH KOHUEHTPAaUUsICHHM N -ra HUc6aTaH Tail-
n1a6 o6opuin MymkuH. bynna (2.89) man
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N,-N

n=—2—LN_ex (—
N,+n ¢ p\

(2.90)

udomaHu o1aMH3 Ba YHH TeMIiepatypara GOFIMK, MKKM COXa-
CHHH TEKIIMpHUO KypaMM3:

T{na MOHIAHMII TeMIepaTypacHaaH

1. IMacr remneparypana (T,>T,)

n<N,, arap N >2N,
(2.91)
n<N,, arap N, <2N,

1mapiap GaxapwialuraH cOXafa, S’bHH ApMMYTKA3TMY KOM-
MEHCAUMSUIAHTaH COXaja JJIEKTPOH KOHIEHTPAHSICHHUHT
TeMIIepaTypara GOFIMKIUIH

N -N
gpN

—= (2.92)

KYPUHHLIHUA OJIagH.

2. IOkopupok temmepatypa coxacuna (T,>T,>T,), N> N,
arap N,>n> N, mapriap 6axapunaauras coxa,na STHHHU HpHM—
YTKa3I‘H‘{ KOMneHcaummaﬂmaraH coxana TeMmeparypa OM-
JIaH 33psA TallyBIWwiIap (JeKTPOHiIap) KOHIEHTpAMSICUHUHT
6OFTaHHMIIHHHA

JN
n=

KYpHHMIIZA OJIaMH3.

n>N, mapt n<N, maprra KaparaHia I0KOpHpOK, TeMIepa-
Typaja Oaxapwiafy, HIYHUHT YYyYH 3JEKTPOH KOHIIEHTpaLH-
SICHHMHT TeMIlepaTypara OOFIHKIMK rpadury MKKH COXamaH
ubopar 6ymu6, OynapaaH OMpMHYHMCH acTa-CeKMH HMKKMHYM-
cura yragu (2.12-pacm).

3. DneKTpoH KOHILIEHTPAIMSICH JOTapH(PMHHHHT TeMItepa-
typa (1/T) ra OOFIAaHMIIIMHEM Ha3apHil XUcOGall HATHKACH.

KupuniMasuii 25ekrp yTKa3yBYaHIMK coxacuna (2.92) sa
(2.93) ndonanapra xjpa, JOHOp Ba aKUENTOPIAPHHHT SHEP-

122

ex p( (2.93)

21cT

www.ziyouz.com kutubxonasi



0 2 4 6 8 10 12 1000/7_,K-1

2.12-pacm. Xap xwi1 akuenTop KOHUEHTpalusIcaa Ha3apyii XxucobnaHran
3apsAH TAILYBYWIAP KOHUEHTPAMACHHUHT TeMIepaTypara GOFIUKIINIH.

Ny-N=10%cM*E,=0,15B : m.=0,25m,, g,=3 GYIran xor y1ys
1-N,=0: 2-N,=10Mcm": 3-N,=10cm3: 4-N,=10%cm->

rus HOHM3auuACH AE), AE, HUHT T03a KMPHMIIMaBHH 3JIEKTp
YTKa3yBYaHJIMK coXacuaa XoJUl JOMMHMHCHHMHI TeMIlepary-
para OOFTHKJINUTH (KOMIIEHCAIIHIAaHMArad SpUMYTKAa3ruyia)

Ig(R, T%)=£ (1000/T)

KOMITEHCAI[MSJIAHTAaH KMPHINMABHH 3JIEKTP YTKa3yBYaHIMK
XOJHOa 5ca

1g(R, T% )=/ (1000/T) (2.94)

¢dyBKUMsIapH OFMIN OGypUYarMHHHT TAHTeHCH opkKamu (2.83)
uHHu (2.84) man Eg HH aHHUKJIAIll KaOH TOIMWIAIH.
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4. JloHOp Ba aKlienTop KMPHUIIMa aTOMIAPUHMHT KOHIEH -
TpalUsUIapyHY aHWKJIAIIL

3apsAn TaulyBYWJIap KOHUCHTpalMSIADMHH Taxpubana
ynmyanrad XoJUl OJOMMHIIApU OPKANMH 1 Ba p-THILIArd KHU-
PUILMAaBUi SPUMYTKa3THWIapAa TOIMIIHK KYpraH smuk. 3a-
psd, TallyBYMJIAp KOHUEHTpAaMSUIApUHUHT Hasapui udoma-
Jlapu Taxpubaza aHUKJIAHTaH 3apsi TAUIyBYWIADHMHI KOH-
LEHTPaUMsUIADMHMHT TeMIepaTrypara OOFIMKJIMTHHM TaXJIWi
KWinimra UMKOH Oepamu. Taxpuba HaTHXaNapuHH TaxJIwl
KWIMIIHUHT Makcaly IUyHAAH uOOpaTKH, yiap OpKAIH Ha-
3apuii xucobjaaHraH MyHocabaTHapHM KaHOATIAHTHUPYBYH
KaTTAIUKIApHU aHUKaamwup. Hasapuit XxucobmaHran xarra-
JUKJIApHU MawiayM ae6 dapas xwrmin, Taxpubana OJMHIaH
KaTTAIMKIApIaH KUPHIIMAJTApDHUHT TYJIa MOHIAHMII COXAa-
cuia

n(T,)=N,-N, (2.95)

KUHMaTHHU aHuK1alura uMKoH 6epanxu. 1n n(1=f(1/T) dbyuk-
1M OFMII OYypYarMHUHI TAHTCHCHAAH OJOHOP KMpHIIIMa aTo-
MUHUHI MOHJIAHMIL SHEPIMACH Tomwianu. Bynma AE, Hu
Owiran xonna T, Temneparypana (T,<T,) 31eXTPOH KOHLIEH-
tpauusacu #(T)) nu ym4ab, (2.92) nan

(T)- N (
N, g, =230 e ay (_
4 ' 8&p nT)) p‘

AE ]

o, (2.96)

/

uhoIaHU OIaMH3.

(2.93) udonanu xaHoarTnaHTHPYBYM T, Temmeparypa
(T,>T,>T,) coxacupa 5l1eKTPOH KOHUEHTPAUMACHHM OxiraH
xonna (2.93) man

N, _ @)
&p N,

‘AE, )

" €Xp (2.97)

kT, |

udona Tomwiangu. (2.96) Ba (2.97) MapHMHT KYIaiTMacH Ba
(2.95) N,, N ,-ra nucbaran TeHIJaMaliap TH3MMMHM TaUIKIT
otanu. TenrmaManap TH3UMMHHHT €4UMH

124

www.ziyouz.com kutubxonasi



N, =5 4% +2n(T)
(2.98)
Ny=Ny=n(T) =2 4% - 2n(T)

6ynanu, Oy epna

1

2 - M
— |2 n (T n(Ty) _AENT, -T))
A—[n (T,)+4~——n(m exp TKIT,

Arap KUpHIIMa CATXTaPUHUHT alHKII K03 duiieHTIapH (g,,
&,) MabayM 6jnca €Xu ONAMBIAH TaHJIAHTaH OYiIca, KMpHLI-
Ma KOHLIEHTPaIMsSICHHY TOTMINIA Ha3apuil xicobanras (2.96)
eéxu (2.97) udbonamapHuar 6upunaH GoiganaHAI MyMKHH.
byHzna MoHIaHUII SHEPrUsACH MabIyM GYIrad KUpHIIIMa KOH-
LeHTpanUsAIapHHN aHUKJIaI X0JUT JOMMHACHHUHT HKKH TeM-
nepaTypaja yyaHraH KMiAMaTH GyitMua aHMKJIall MacajlacH-
ra Kkejanyd. BupuHuYmM ymyaim KUpHIIMATapHUHT TyIa MOHIa-
HUII COXaCHIa yTKa3HIadu:

v Ty T3
R"(7‘3)— en(,}) - e(ND - N‘) (2'99)

Wxxunym yraam 7, €xu T, coxanapna YTKaswiaiu:

,
R(T)=-o5  RyT)=_k= (2100
1 i

Bynapaan (2.96), (2.97) ra xypa N, Ba N, napnan Gupu

F

s
. em[\— 7TT] (2.101)

g&p Ry(@) gy
E€Ku

2
N, =._ TH8p (_ 3 )
T RGN, P\T TRT
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anukiaHagd. (297) udona épmaMuaa JOHOP KOHIEHTpALIMI -
cu N, aHHKJIaHCAa aKLENTOp KOHLIEHTPALUACH N, xucobna-
HaIH. AKanqa N, anugnanca N,—N, =n(r) naH XHC00Ia-
Hanu. Arap T, Ba T; TeMnepaTypanapna 3apsj TallyBYWIapaa
COYMITHII KpPICTaJ'UI MaHXapajaH WOHNAIITaH KUpHIIMaap-

ra yrmum coxacuma Gyica, ;’;—: = 0,61 GYmamu Ba 3apypHsT

Oyranaa 6yHH XucoOra onuil Kepak. N ', Ba N, lapHM aH¥MK-
JMAIIHUHT SHa OHUp YCYJIMHM Kypaittuk. By ycyn 3apsan Ta-
INYBYWIAP KOHUEHTPAUMACUHH aHMKJNAIHUHT (2.89) mdo-
Jacura acOCJIaHTaH, HeWTpaJUIMK IapTuiaH oxuHrad (2.89)
topMynagaH akuenTop KOHUEHTpAIHACHHH

N, ——N exp[ AE,,) (ND—NA

ll-n (2.102)

KYpUHMILHTA KeTHpaMu3. By ndona keHr TeMneparypa opa-
JIMFHAA apajaml YTKa3yBYaHJIMK COXacHrada Gaxkapuianu,
YyHKM OYHM ONMIIA Xe4 KaHAai (apa3cu3 3JIeKTpOHEHT-
PaUIHK IMapTUAAH TYFPUMAAH-TYFPU OoNUHTaH. (2.102) ndonma-
ra Kypa, KUpUIIMa aTOMUHUHT HOHIAHHUIN SHEPTHSICH Mab-
yM 6ynca, XoJul MOMMUACHHIHT HKKHM MapTa YIJdaHras K-
Matu O¥iinua; 1) OMpHMAYH YITYall KUPHIIIMA ATOMHHHMHT TVJIa
HownaHuin coxacuna (T,); 2) mxtu€puit T, TeMnepartypa
(T\<T) na wy ymyauwtapra xypa, N,sa N,

i " AE N\ [ rR Ty ] r
N. =L N expl—2Eo )| fmsRa@) _yf__'m
A= e P[\ xT) I:R”m)‘rm J eR, (7)) (2.103)

M
TP eR,(Ty) N,

dopmynanapaan xucobnaHagu. YMymaH 4 ta KarTanuksu N,
N,, g, Ba AE nu anuknam yuyn (2.102) ugonara Kmmx
KBa.IIpaTJIap ycynmm KYnmnad, ylapHHHT IDyHAail KuiiMaTia-
PY TOMWIANWKH, YIap SKCIIEPUMEHT HaTHXaJapH OMIIaH MOC
TymicuH. IOKopyia KeITUpIIrad MyJIoxasa Ba YCYJUIApHH TJia
p-THN YTKA3yBYAHJIMKKA 3ra OYIraH spuMyTKasrMwiapra Xxam
KYJU1all MyMKHH.
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IOkopuzna Kypuiran ycyuiapaad tamkapu, N, Ba N, Hu
aHUKJIOBYM OMp KaH4ya ycy/umap Oop. MacanaH, mact Temmne-
patypaja HH(pPaKA3WI HYpJIApHUHT KHPHIIMAa aToMiapuiaa
IOTWIKILKMIA aCOCIAHraH YCYIHH KYpcaTHIll MyMKUH. ByHuaii
Taxpubanap yTKasuil Mypakkad 6yiub, onMHraH Hatmxanap
€TapjiM fapaxajna HOaHUKAUD. N, Ba N, HH aloxujaa aHMK-
JIalfia YJIAapDHUHT TapaMarHeTUK pe30HaHCIApUHHU TEKLIHPHIL
OpKaJI aHWKJIAll MyMKMH. ByH#a Xyma XaM Karra KMAHH-
YyuuKiapra ayd kenumHanu. Ilymap Owran OuMpra, Maraur
MAilIOHK/Ia KAPIMWJIMKHUHI Y3rapuiiura acociaaHraH YCyi-
HM XaM KeJTUPHII MYMKMH.
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3-50F

SAPUMYTKASTHUYIAP TTIAPAMETPJIAPUHH
OIITHK YCYJUIAP BIJIAH VIIYALIL

3.1-§. SpAMITKAIrHLIAPHKAT ONTHK OAPAMETPJIAPH

SApuMyTKa3THUNapaa ONTHK XOOUCAJAp acOCHIA SIEKTPO-
MAarHuT TYIKMHIApHUHT OOFNlaHTaH BaJIEHT B3JIEKTPOHIIAp,
OoFTaHMarad 3pKUH 3apsl TAaIIyBYWIap, KPUCTAUT maHXapa
Ba KUpMIIMa aToMJIapy, 3J€KTPOH-KOBaK IUIa3ManapH OWIaH
¥3apo TabcupH €tagu. LIlyHUHT yI9YH ONTHK XOAMCAIAD SPHM-
YTKa3sruyiu KpucTaaiapaa TYnkuH y3ymwiura 0,2+ 100 MxkMm
opaJiMFuga GynraH 3NeKTPOMArHMT TYJIKHHIAD TabCHPMIA
coaup OynamuraH KeHr Xapa€HJapHH ¥3 HYHra OJlai.

SIpuMyTKasruy CHpTHra TYIUTaH EPYFIMK Y4 KHCMra ax-
panany: OMp KMCMHM KaWTamud, OMp KUCMHM CHHHMO HaMyHara
KHMpaf{, YHUHT OMp KUCMH 1I0TIUIMO, 6Hp KHCMH 3ca HaMy-
HajaH ¥ragu (3.1a-pacm). Hamynanan kaiitran /,, yrran [,
Ba HaMyHaja IOTWIraH [ €pyFIMK MHTEHCHBIMKIAPDMHHHT
yJiapra TyIraH €pyFiMK MHTEHCHBJIMIH [, ra HUCOaTH GuiaH
aHUKJIaHAIMIaH KaTTAIHKIAp

R =2, T,=1;, 4,=-" (3.1)

MOC paBMIIIa HAMYHAHUHT €PYFIMKHHM KaUTapwil Ba VTKa-
suwr (waddodnuk, THHUKIMK) KoadduuMeHTIapu, A —
IOTULI KOOMMUATH e aTamany. By KaTrajmkiap HaMyHagaH
E€PYFIMK OKMMMHUHT KaHAai KUCMH KAWTHIIHHH, YTHIIHHU
Ba HAMYyHaAa IOTWIHIIMHYU KYpcaTamyl. DHEPTHIHHHT cax)ia-
HHUILI KOHYHHra MyBO(HK;

R+T+A=1 (3.2)

Oynanu. Onruka xypcnapugan MasnyMku, T, R, A nap 6u-
JIaH ONTHK KOHCTAHTAJIap OPACHAArM MyHocabariap SJeKTD
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I

3.1, a-pacu. IlnacTHHA LAKIUAArH IPUMYTKA3IHY
HaMyHaJa HypHMHT WYaH.

YyTKa3yBYaH MyXUTHa (CONMINTHPMA DJIEKTP YTKa3yBYaHJIMIY
o020 OVaranma) KOMIUIEKC HYp CHHIMDMII KYpcaTKM4YM GM-
JIaH aHWKJIaHAIU

At= C2/‘o HEEY — iﬂ%) =(n- ’X)2 3.3)

By epna Hyp cMHOUpPHII KYpCcaTKU4YM 7* HAHT XaKMKUH Kuc-
MU n=c/u OYyn1n0, y EPpYRIMKHHUHI BaKyyMJa TapKajauIl Te3-
JIATHHY SpUMYTKA3THYAard TApKAIHIN TeITUIU ¥ Ta HUCOATH
OMIaH aHMKJIAHAIUIaH KaTTATUKIND. MaBXyM KUCMU ¥ SJEK-
TPOMATHHUT TYJIKMIJIADHHMHI MYXUTIA CYHUIIUHH KypcaTa-
ouraH Karraaukoup. LIyHMHT ydyH y — OTHIMIL Kypcar-
9--55 129
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KHYM €KHM BKCTEHIMA Ko3(h(PuIUeHTH Aed opUTHIANH,
£,=(47 9 - 10-°) ©/M — BaKyyMHHMHT IU3NIEKTPUK CUHIIHPYB-
Jawiury, u,=4710~7 I's/M — BaKyyMHHMHI MarddT CHHIAHU-
PYBYAHJIMIH, £, — HAMYHaHMHI JUONEKTPUK CHHIIUPYBYaH-
JIUTH, ¢ — COJHUIITHPMA BJIEKTP YTKAa3yBYAHJIHK. YMYyMMit
X0JIa APUMYTKA3IMY KPUCTALIADHIA £, 4, 0 — TEH30p KarT-
TaJUKNApIHD, STHHH YJIap DJEKTPOMArHUT TYIKHHIAPDHHMHT
KpUCTaJUl YKjIapura HUcOATaH TapKAIWII itYHaiMImra OOF-
JUK 6ynraH Karranuknap. Kyb miaxmmmary KpHcTaiapaa
KPHCTA/UI TIAHXXapacH OITHK XOAHcCalap IapaMeTpIapHHH
CKajsAp KaTTaIMKiIap ae6 xucobnam MyMKMH. €, 0, 4 — Ia-
paMeTpilap HaMyHara TYUWIA€TraH €pyFIUK YaCTOTACHHMHI
GYHKIMSUIApHIUD. DIEKTPOMATHUT TYIKMHIADHUHT MYXUT-
Aa Tapkanuiy Maxceewn TeHIIaManapy TUSUMUHHHT €4u-
MM acOCHI3 YpraHwiagd. YTKazyBYaH Myxutaa Makceein
TEHIJaMaJlapH TH3MMHHHUHT €YHMHUTa Kypa 7 YKy iyHanniga
TapKAJIAETraH SJIeKTPOMATHUT TYJIKUHUHUHT JIEKTP MaWaoH
KyWIaHTaHJIUTH

E=Eexp [l— “ z‘) - exp ('iwt - %) (3.4)

KypuHMIIIard ugomga OmwiaH aHUKIaHanu. By dopmyna ammn-
JINTYNACH DKCIIOHEHTa KOHYHH OVilya CYHYBYHM SICCH 3JIEKTP-
MATHUT TYJIKHHJIAPHUHT SJEKTP MANHOOH KyWIAHTAHJIMTHHU
upopanaiau. Omatna onTUK acbobiapia JIEKTP MauMIOH
KYWIAHTAHJINTH aMIUIMTYJAcH KBaJpaTUra MpONOpIUOHAN
6yiran €pymMk uHTeHcuBauru (1) ymyanagu. Ildydra kypa,
(3.4) man

‘ wy I\ 2 ——2—012
Iv"‘l:EvoeXP(—“:Z] =Eqe * 3.5)

/

6ymagu. Bynman KYpMHaOHKH, MyXUTAA TapKalaéTraH €pyr-
JIMKHUHT MHTEHCMBIIMTY HAMyHa CUPTUAAH Y30KJallraH capt
KaMaitn6 Gopamu. (3.5) TeHrJIaMaHuHT

I =1Ioe = 3.6)
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KYpUHHLINATY HdomacH EpYRTHKHUHT MYXUTIA IOTWIMIIAHA
k¥pcatyBuu byrep-Jlambepr xonyHu ae6 roputunagd. by epaa

a=2%% (3.7)

c

a — IOTWIHI Ko3bduuueHTH ned aranamu.

SpUMYTKa3rHWIAPHUHT ONTHK XOCCAJApUHM EPUTHILA 1
Ba x OmiaH GUp KaTopia, KOMIUIEKC IUAJIEKTPHK CHHIIHDPYB-
YaHJIUK XaM KYUIaHWIanu:

e=¢g —lie, (3.8)

n* OWwiaH & opacugary GOFIaHMII
o= JE; 3.9

dopMmyna Omnan aHUKIAaHARH.

DJNIeKTPOMATHUT TYAKMHIAPHHUHT TYIKUH Y3YHJIUTH
4=0,2+-100 MKM coxacHaa IPMMYTKA3THYIAp KYYCH3 MArHuT
Xoccaylapura 3ra Oy1M0, MarHUT CHHITHPYBYAHIMIM OHMpra
akuH 6¥nanu (u=1). By Bakrma (3.3), (3.7), (3.8) Ba (3.9)
TEeHIJIaMalapIaH

e=mgy  B=dy=—— a@=5> (31

En

o

OVIMNUIMIMHY KypamMu3. SIpUMYTKa3rMWIapHUHT OITHK XOC-
CaJIapUHM ¢, Ba £, OPKaIM XUco6JIalIra 3apypuar 6y1ral BakT-
Ja n Ba y NapaMerpiapra yTHUII YHYAIUK KMAHHYWINK TYF-
mupMaiiu. Hyp cusmupmn xypcarkiudaiapy n, Ba n, 6yaran
MYXHMT 4Yerapacura TylUraH E€pyFIWK HKKHTa axXpaiagd: OHp
KHCMH Kaiftanu, GMp KMCMM 3ca CHHHO, HAMYHara KMpamu.
MabnyMky, KyTOlaHTaH EpyRIMK MKKM MYXUT Yerapacura
TyHIranzaa kairran (E'), cunran (E'') TYIKUHIApHUHT 2J1EKTP
MaiIOH KyWIaHTaHJIMKIIapH aMIumtynanapy ®peHens TeHr-
JlaMaJlapy OpPKaJIM aHMK/IaHanu. byHma u =pu,~1 6ynranna E'
Ba E'' nmap xyiimnaru udonanap opxaay TOMMIALM:

131

www.ziyouz.com kutubxonasi



E = -9, - .Sil'l (¢’ _‘P;) .
v’ " glp +eM)’ ¥ sin(p + ¢7)

(3.11)

E" = 2sin¢" cos ¢ . E" 2s'1n¢" cosp o
7 sin(p + p)cos(p - ")’ T sinfp o)

by epia ¢ — TYLMI, @'’ — CHHMII Oypuakiapm. E E —
TYIIAETTaH TYJKMHJIAPDHHHT JIEKTP MaiJIOH Ky‘maﬂra}mux—
JapH aMIUIMTygack. P Ba S — HMHAEKCIap PNEKTP MaWmoH
KYWIAHTAHJIMTHHH €PYFIMKHWHT TYLIAII TEKUCTUTUTA lTapan-
JIeJI Ba YHIa THK TEKHCIHKAA €THIIHHA MOC paBMIIIIa Kypca-
tagn. KyrGnanran €pyrIMKHUHT HAaMyHaJaH KaMTUII K03d-
dummeTIApH

E. |

—vs

(3.12)

vs T
vs

yrai koagdummmenmiapu (1maddodnuk kosdduumeHmIapH)
Kyinaarn udonanap OMaH aHUKJIAHALH.

2

»
E

vp

(3.13)

Opesens TeHrJIaMalapUAaH KYPHHAAUKY, EpYFIMKHUHT Ha-
MYyHaJlal KaUTumI Ba yruim Koa¢gGrUUUueHTIapH €PYFIMKHUHT
Ty Gypuarmra (3.16-pacM), ONTHK KOHCTaHTajlapura,
3JIEKTP MaiIOH KyWIAHTAHJIUTY BEKTOPHHUHT HYHANUIIWTa
6omMK,. Dcaatud yramus, OpeHenb TEHITIaMalapd MyXUT-
HHUHT Hyp CHHIHUPHII KYPCATKUIM KOMIUIEKC OYIIraH XoJ y4yH
XaM YpuHiMaup. byHna cMHMII KOHYHU

= (n— ) =sing/sing" (3.14)

m

KypuHHIna Gymagu. BupMHUM MyxuT XaBo Gynraumna n =1
6yu6, cuHuIn Oypyary Komruieke 6ynanmu. Epyrnuk xaponan
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100
80

60

{ |
6 20 40 60 80 100 @

3.1, 6-pacm. XaBo SpUMYTKa3rmy Yerapacuaa YM3HKIM KyTOaaHraH
€PYFIMKHHHT KaiThi Ko3ddHUNEeHTIapUHHIHT TYLIUMII 6ypyarura
GOFNaHUIIM (HYp CHHIMPHII KYPCaTKHIM n=3, IOTHII K¥PCaTKNIH c=1
OyaraH xox yuyH).

APUMYTKA3rM4Y CHUPTHIAa THK Tyllranxa ¢=¢''=0 Oynanu.
Ppeneny MyHOcabaTiapura Kypa, XaBo-sipUMYTKa3rd4 yera-
pacugad E€pYFIMKHMHT KAaUTHII KO3(hODHIUEHTHHUHT ONTUK
KOHCTaHTajap (n Ba x) OmwiaH GOFIAaHMIUM KYHHOATH KYpH-
HUIIHHA OJIaxu:

2 2
R =R, =R, == +x (3.15)

t P+

(3.15) man xypuHamMKyM, KaWTHI KO3(dHLMEHTH EPYFIMK
THK TYIUTaHAAQ YHMHI KaHJad KyTOJIaHTaHJIUIUra GOFIUK,
6ymmaiioy. Kaltuin ko3¢ GUIMeHTHHUHT TYIIMII 6ypyarura
OOFIUKJINIY IIYHH KYpcaTaAMKH, TYNIHIN GypYarMHHHT
¢=0+17" opanuruna nespau y3rapMaiiou, MyHAHT YIyH aMa-
JIMETAA TYIUMII 6ypyaruHUHT 0-+17° opanurupa YI4aHraH Kai-
THII KO3GGUIMEHTHHA THK TYIUTaHaard Kabu Kapamr MyM-
KMH. (3.15) TeHrIaMafaH KYpUHAIUKH, KaATHII Ko3DHIHM-
€HTHHH Yiryail 6wian 6Mp BakTAa MKKM Iapametp (n Ba y)
HHM aHMKJIall MYMKHH 5Mac. Kym spumyTkasraunapma Hyp
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CHHIMPHII KYPCATKHYHHMHT eTap)INya KarTa Oyauiny Tydaii-
1M, yjapia OTHII KypcaTkuuM y=(0 OyiaraHma xam KalTul
Ko3dduumenTaapu karra R=30+40% Gynamm. Hamynanap-
Jla HYp CHHIMPMII KYPCATKMMH KaTTa n->y OyaraHga KadTuin
koadbdumenT xaM karra 6ynanu (R=1).

3.2 §. OnTek mapaMeTpiaapHd (KOHCTAHTAJIAPHH)
TARpUOaga AHAKIAM YCY/UIapH

Bu3 oxopuaa yTKaszyByaH o=() MyXutia HU3IEKTPHUK CHHT-
IOVPYBYAHIMK &=¢,—ic, HU €KH HYP CMHIOMPMII KYPCATKIYM
(7*=n—iy) HUHT KOMIUIEKC OYIMIIUTUTUHY, YIApHIHT XaKNKWI
(n, &,=n?—y?) Ba MaBXyM KMCMJIapH (¥, £,=2ny) HHUHI KpHC-
TAJUIHMHT MHKPOCKOITHK IapaMeTpiiapyu OuiaH 6eBocuTa O0F-
JIMK, 9KAHJIMTHHH KYpraH 5AMK. SpuMyTKasruaiap Ty3wIH-
IIMHY, HapaMeTpIapyMHU ONTHK yCy/Uiap OwiaH aHUKJAIna
OupHMHYM HaBOaTHA n Ba x JApHM ajoxuua €k &,=n’—yx’ Ba
&,=2ny NapHK EPYFIMK TYIKMH Y3YHIMIUHAHT KEHI COXaCcH-
Ia Ba Xap XWI TeMilepaTypalapAa aHHKJIall Jo3uM. OnTuk
nmapaMeTpIapHUHT (KOHCTaHTAJIApDHM) aHUWKJAII YCYJUIapUHU
MKKM TYpyXra 6yiii MyMKiH. BUpHHYY IypyX yCy/UIapH €pyF-
JIMKHUHT KaiTHIn Ko3¢hdUIIHeHTHHY YT4alira, UKKUHYY TYPYX,
yCynnapd HaMyHaHHHT THHHKIMIAHM (maddodrurunm)
yyamra acocnanrad. ONTHK KOHCTaHTanap (1, y, «) HA Tax-
pubana $ryain ycyrnapHd KMcKada Xypu6 yukamu3. IOtum
KVpPCAaTKHM4YM HYp CHUHIMPHMII KYpCaTKMYMAAH aH4Ya KWYMK
(n>>y) 6ynran TYaKMH y3yHaurn coxacuna (3.15) max (3.16)
TEHIJIAMaHH OJIaMM3;

_(n-1?
(n+1)

(3.16)

n*>>y? WapT TYIKMH Y3YHJIUTHHUHI KarTa A>A coxacHAa
1,24
= =_= aM Oaxapwiamy, Oy epga E, —
A, = hc/E, E,GB)’ [Mk] | X p. Y €pha £,

TakMKJIAaHTaH 30Ha KeHDIMTH. Kym spuMyTKasruwiapna, Xarro
3apsAl TALIYBYMIAP KOHIIEHTPAITHSICH KaTTa OyiaraHga XaM
n¥>>y? mwapr 6axapwiagu. Iynunr yuyn (3.16) ndbonaman
HYp CHHIMPHII KYPCATKHYMHUHT TabMMil EPyFINKAA KaWTHII
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K03(hGbUIMEHTHHH Yayaln GwiaH aHMKJIam MyMKMH. Kpuc-
Tajulapia €pyRIMK TYIKWAH Y3YHINTHHHHT KYYCH3 IOTHIHMIL
coxacuua R €K1 RP/R -HUHT TyIUMII Oypyarura GOFJaHHII
rpaqmrpman Bprocrep Oypuard, spHH Rp R /R -Jlap MUHM-
MyMra spuumagurad 6ypyaxk aHuKIaHag. Bpiocrep Oypyaru
(p5) HYD CHHIMPHII KYPCaTKUYM OPKAIH XHUCOOIAHANM:

n=tgp, (3.17)

Arap HaMyHaJa IOTWIMLI coaMp GyiMaca, Hyp CHHIMPHIL
KYpCaTKHYMHH SICCH TapajUleihb CUPTIH IUIACTHHA KYPHHH-
muna 6yiarad HaMyHaHUHT maddodumrura Kapab xaM aHHK-
Jlaxt MyMKHUH. XaBoJa TypraH IUIaCTMHA KYPMHHIIMAArd Ha-
MyHa HYMAa EpYFIMKHUHI KaiTa-Kaiita (Kym Mapra) KaiTH-
my copup 6ynca (MHTEpdepeHIMAHN Ba IOTWIMIIHM Xucobra
onMaranpna), yHuHr niapdodbmx (EpyFIMKHMHT HaMyHaIaH
yTuum) koadbdunueHTH KyHHaarn KYpUHHINHA OJNalu.

T=1_Rv= 2n
* 1+R nt 41

v

(3.18)

Iynnma#t kwmo6, HamyHa waddodmmrumK Guirad Xonua Hyp
CHHIMPHII KYpPCaTKW4U Kyiugarn udona OwiaH aHUKIaHaIN:

_1=JR, _ 1-1a-Ty/a+ )

1R - e (3.19)
By xomza tyna aitruut oo sy
R+T=1 (3.20)

ubona 6wnaH aHUKIaHaAM. By epma xaM SHEpPrUAHUHI Cak-
JIaHUII KOHYHH 6axapwianu. HamyHnanuHr okopH maddod-
JMK (THHMKJIMK) COXaCHIAark HYp CHHIUPMII KYPCATKHUMHHU
aHMKJIAIIA KaTTa aHUKJINK OMnaH yirgaifiurad mpusma ycy-
vuad QoifanaHU MyMKHH. ByHHMHr y4yH TeKInMpwiaér-
raH HaMyHaIaH cHMHIMpMIn Oypyarn A OyiaraH mpHaMa sca-
napk (3.2-pacm). TynkuH y3yHauru 1 6yraH MOHOXpOMATHK
€PYRIMKHHUHTI IIapajulesl OKMMH (1acTacH) IpM3MajaH VTraH-
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3.2-pacm. Epyrmxamuar kuuuk 6ypuakka deTnaHMIIM (OFUIIM) XOMMIa
TpU3Ma OpKalnu Hyp Hynu.

JaH c¥Hr 0 — Oyp4yaKka oraau, OyHAa HYPHHHT CHHMII Oyp-
Yaru HYPHHMHT NpU3MAagaH YHMKUIOMOATH CHHHIN Oypyarmra
TeHr OynraHza, n-HW YiaYallaa dHT KaTTa aHWKIMKKA SpH-
IIWIaN;

Prprn ™~ P — P

By xonma 6 — Oypuak sHr kmyuk 6¥namu. IIyHuHr yuyyn
NpHu3Ma yCyJH OjaTAa KMYMK Oypwinnl (OFHIN) ycyau ae6
oputwiagy. Hyp cHHAMpHID KYpcaTKUYM KyMHIarv TEHIia-
Ma OMIaH TOMWAAIM:

v

A+, ’
sm[‘ :

U

Texumpunoiap 6y ycyn OwiaH spuMyTKasruwiapna Hyp CHH-
nupuin KypcatknIMHUHT 0,01% aHMKIuK 6umad Yryamn MyM-
KUHJIUTUHU KypCaTIu.
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[OTunuIn KYpcaTKuIH (¥) HU €KH IOTHIMII KoadhdHiueH-
TH (@) HA n*>y? OynIraHma MIacTHHKA IMAKITHAATH HaMyHa-
JapHuHr maddodauk xorhGUUHEHTHHH YIIai OMIaH aHHK-
JIAII MYMKUH,

_ (1- R )*[1 + Ja/4an)
(exp (B) — R, exp(=p))* + 4Rsin’ (3 + )

(3.22)

v

ad
6y epma: B = - (d — HaMyHa KQIMHJIWTH, ¢ — IOTWIMII

koadumenTn), 4 — HaMyHagaH EpYRIMK OMp Mapra yrra-
Hugard ¢aza y3rapuim (hasa CUIXANTN)

0= zf—ndcow

6mnan udonananamm (¢ — IUIEHKaga HYPHMHI CHMHHUII 6yp-
Yyaru),  — HaMyHajgaru €pyFIuKHUHT — F Ba H BekTOpna-
pu opacumary ¢daszaBuii Gypuaru 6ymmo,

2x
gYy=—-"5—
Y n2+12—l

(3.23)
OunaH aHUKIaHaOH. Arap HHTepdepeHIusA Ky3aTwiMaca (Ha-
MYHA CHPTHIArd HYKCOHJAp Ty(daiinud €Ku EpPYFIHK TYIKHH
Y3YHJIMTUHUHT KaTra 6ymmiuu tydaitnu), 7, R Hu @ — opa-
cuzary OGOFIAHUIUIADY COAJAJIALIANN Ba

7 = 4=R’[+ G- a/tan)’]
Y exp (ad) - R? exp(—ad)

(3.23a)

Oynmamu. n?>y? GyiaraHga, STbHH % <1 ga madpdpodpauk

xosbduumenTrmHr (1—R)/(1+ R) nan 10% raya Gyirau y3ra-
pui coxacuna mwaddodnuk KosbGHIIHMEHTH KyKHAaTH TeHT-
IaMaJiaH aHHUKJIaHATH,

P L R,)2e7%¢

TSI (3.236)
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Tapkupiail Kepakkd, 0y conpaiaiirad TeHriama OMiaH «
HU aHMKJIAll yYyH Karra XHcob XKuwiuil Tana® KWIMHAaOH.
lyHunr yuyH ofatha ¢ HH aHHKJIama Xap Xun R gapra Moc
KejiaraH HoMorpammanapiaH ¢oinananunany. Iadpdodank
Kosbdunment 2>y’ oynranga (7<10% 6yaca) 1> Rle-ad
6ymanu Ba (3.220) man oTHMIN Ko3hdHUMEHTH KyHIarnia
aHUKJIAHAIH:

1 4

1, [a-R)
a=;ijr—] (3.24)

Arap CHHIMpHII KYpcaTKHwIapy Oup OMpuzaH ¢apx, Kuica,
Iw€HKa (mapaa) TarmMKaaH H6opar CTPYKTYpaHHM IDIEHKama
IOTWIMIIHHY aHUKJIAIT YIyH INEHKA XaBO Ba INTEHKA TaIJIHK,
TarIMK OWIaH XaBo yerapajapyuiard EpyFIUKHMHT KalTHUIN-
HM XMCOOTa oIl Kepak. Arap Tarjaukia Ky4CH3 IOTHIHII
conup O¥ca, 0NKa KariaMaa IOTHINII KO3DPHIHEHTH Ky~
Jardya XpcoOmaHamgH:

= Ly R0 = R2XI - R)|
a=- 7 (3.25)

v

by epma: R ,, R ,, R, TuI€HKa-TaruK, TarIMK-XaBo, IUIEHKA-
XaBO yerapanapuaard Kautuin kosdduuuenmiapu. Taxpu-
Gamad SIpUMYTKa3THWIApAA IOTHIMII KO3POUIMEHTHHU KaH -
Ul Ba Waddodmk koxdduiMeHTIapH HaTHXaIapy OYitnya
aHMKJIall YYyH KyHugaru GocKMwiapaaH yrwiamu. Jactiab
HaMyHaHUHT CUPTUTA CAUKAI OEpiIaiy, YHHHI KUTHHIMITH
ad>1 mwaptura xapob 6epagy. By 61mian HaMyHaHUHT OCTKH
CUPTHIAH EPYFIMKHMHT KAWTHIIM TabCUPH HYKOTHIAIAM Ba
MYMKUH OyITaH TYIKHH Y3YHJIIMTH COXACHAA TYpIH TeMIlepa-
Typaza Ba 6ollIKa TallK| Tabcupiap octuaa Ry YmyaHanu, Oy
EPYFIMKHUHT CHPTHAH OMp Kappa (MapTa) KaUTHIM KO3d-
byuenTian Gepanu. CYHIpa HaMyHAHMHT KQJIHHJINTH Ka-
Maiitupunany: ad<l éku (1-R)/(1+R)>T,>10% wmaddod-
JIUK coxaculia €PyFIMKHHUHT YTHII WHTCHCHBIUIMHN TEKIIH-
pPWIAETraH coxXaja aHMK, yJMall MyMKHMH GyicuH. By xoima
T HH ym9anr UMKOHM ByXyara Kejnamu. FOTwinin kosdpduum-
eHTUHM wadbodauk kordhbuneHTH KAUMaTH 6Yiida aHuK -
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namma 7>10% 6¥nranna (3.226) Ba 7<10% 6ynranza (3.25)
TeHrmaMagaH doinananmwiagy. IOTunum xoadbuneHTHHN
anukyamnaa daxkar madpdodpaux xKo3dpGUIHEHTHHH Viyail
OMJIaH XaM 4YerapajaHMIl MYMKUH, OYHUHT YYYH KaJlWMHJIHMK-
napy d, Ba v‘dz OynraH 6Mp XU KPHCTAUIIAH HaMyHajap Taii-
€pylaHaIH, YIApHUHT KATHHJIWTH LIyHOai OYIMIIM KepakKu
(ad,>1 Ba ad>1 6y1u6), mapdpodmk KosbduEeHTIapH
T Ba T, 10% GyncuH, y X0ina TeXIIMPWIAETTaH HaMyHa-
HMHT IOTWIHII KO3()hUIIMeHTH

! _1n L ! !

L v}
dy—dy T, d)-d In I, (3.26)

a=
Gwian xucobnananu. by epaa I, Ba I, MOC paBMIIIa KATMHIIA-
T d, Ba d, 6Y1ran HaMyHanapAaH YTraH €pyFIMK WHTEHCHBIIM-
TUOUD. Arap TaXKMKOTYH MXTHEpMIArd HaMyHa KW4MK Oyica,
YHHM KQIMHIHTMHY IONKATAIITHPHUIN OWIaH YIrJall MyMKUH.,
I0OTwnm xosddpunmeHTd ¢ HU xpcobmall TeHIrJIaMacu
(3.25) auar raxmwm 7<10% Ba R=35% G¥nranma, maddod-
JUKHUHT 10° MapTa Y3rapuiy IOTIIKIT X02(hGhHIIMEHTUHHHHT
daxat 6 Mapra ¥3rapuiunra onub Kejaamd. JlemMak ¢ HUHT KHid-
MATHHM KaTTa OpAIHKIA YITJall yayH OUTTa MaTepHasiaH sicai-
raH Xap Xwi KaJIMHIMKIArd HaMyHajap TYIDlaMM OyJIMIM Ke-
pak. MacanaH, apuMyTKasrawiapia €pyFIMKHUHT XyCyCHit
IOTHIMII Yerapacuaa T koadduimentu (¢) 102 gaH To
10* cm~! rava Y3rapamu. Kanmunmurn d — 6§araH xap 6up Ha-
MYHa YYyH IOTWIHII KO3(GOUIMEHTHHUHI MaKCUMyMH a_
mwadpdodaux MUHEMYMH KMHMaTH OyHMYa aHUKJIaHAIM. @
TaXpubana ¢ HY aHMUKJIAMINA Ky3aTHIagUIraH SHI KaTTa XaTo-
JIMKKa 3pUiMi 6wiaH 6axonanamy. IOTwimm xosdduimeH-

THHHU YIYAITHUHT HUCOM da = %xaTonnm (3.26) yuyu
—1

i 1-R
da =06d+ ln% (3.27)

I 2Rv i)
ook +6T,J

OWiaH aHUKIAHATU. ATap ¢ HM YHH TallKWI STYBYHUJIApH-
HHMHT XaTONMKIapy HuFMHIuCKaaH (0 R+0d+0 T') xatra 6ynma-
TaH XaToNuK 6MnaH Ynmuanany neG dapas KWIHHCA, ¥ X0a1a
R=35% 6Vyiaranna
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a

~ 1
win = (3.28)

udona ypuHnu G6ynmanu Ba y madpbodauk KosbduueHTH
T=16% 6ynraHgard KumiiMaTvra Moc xenamu. IOTWIMII KO-
a¢pdunmenTHHNHr a<1/d coxacuma a¢ HM aHMKJIAILIJArd Xa-
TOJMK ¢, HH aHUKJIAIUIATH XaTOMMKAaH Karra Oymamu. [yH-
Iafl Kwinb, TeKIMPWIAETTaH COXala IOTWIMII Ko3dduim-
eHTH ¢=10"! cM~! gan a=10* cM~! rava ¥3rapca, KaMua MKKH
X1 d| Ba d, KQIMHIMK/IaT¥ HAMYHA OTMHHIIM Kepak. (d,>d)).
d, KaJIHHJIPIKHPI TorMII yuyH (3.26) TeHrnaMara IOTHIMII KO-
atb(bmmeH'mHnHr tokopu 4erapacu 10* cm~!, R Ba T -BMHT
MHHUMYM KMAMATIapy KyHIuo xncoﬁnaﬂa)m. Macanas, 10
em!, T . =0,01% Ba R=35% 6¥ynranna, d,=8,3 MKM sxaHu-
TH KYpUHaIM. d, — KAIHHIMK 3ca Kyingaru (3.29) TeHrnama
GUnaH TOMWIAIH:

_ 1 1
d2 = . —W—IMM (329)

Kamiwmrn d,=1 MM 6ynaraH HaMyHaza ooTwmil ko3ddu-
IHEeHTHHH 10 naH 84 cm~! raya, KanueaMrya d,=8,3 MkM Ha-
MyHaza 240 man 10* cM~!raga Telcmnpnm MYMKYIH IO
ko3bdbunneHTHHN 84+240 cM~! opanMKIa TEKIUHPUII YIYH
Kamwmrd d,=200 MxM 6yirad ydMHYM HaMyHa 3apyp (ke-
pax). by HamyHa 6wnan o, =50 cM~! maH a__ =415 cM~! raya
yryaml MyMKHHKH, KHYHK IOTHWIMII KO3 (GUIUESHTIAPHHH
Virqanna ioTwinil Koadduime H-THHE aHRKTalIard XaToJTHK -
HHHI MUHUMYM OYmuIu maptd ad=1 IaH €pYFIMKHHUHT Tap-
KAUIUII HYyHATMIIKAA HaMyHA KATHHIHTH KaTTa OYIHIIUTATH-
HH Tanad 3ragu. Kyga KHYUK IOTHIMII Ko3¢ddHumeHTIapy-
HU <1072 cM~! yyam yyyH Maxcyc ycyulap sipaTHiraH.

3.3-§. 3apaa TamyBYAIAD KOHNEHTPANMMSICH BAa
XaPaKATIAWIATHHY YIYANIMHHT ONTHK YCYJLUIApH

SIpuMyTKasrHwIapAa €pPyFIHKHUHT SPKHH 3apai TallyB-
Yuiapia IOTWIMIIK XyCYCHH IOTHIUIIHUHI KA3WI YerapacH-
JIaH KaTTa OyJIraH TYIKHH Y3YHINTH COXacH (;1>A éxu hv>FE )
Ja alfHMKCa MyXUM YpHMH TyTamH. DpKHH 3apan Tamqupmap-
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Jia EpYFIHK IOTIIMII MEXaHU3MHMHUHI KJIACCHK Ha3apuscHua
3PKMH 3apsj TallyBYMJIAPHUHI EPYFIHK (DIEKTPOMAIHHUT)
TYAKMHUHUHT 3JCKTP MaiIOHMHA ONFAH KVMHETUK SHEPTHS-
CHUra IpUMYTKA3TUY HAMyHACHAArU Xap XWiI HyKCOHIap (KpucC-
TAJUI IMAHXapa AABPUIJIMTMHUHT Oy3wiuiuu) OuiaH y3apo
TabCHUpAaIraHaa (COYMIMINHAA) HCCHKJINKKA aiTaHUIIN Ae6
Kapaiagd. KBaHT MexaHMKacH HYKTaM HasapuMiaH KpPHCTaJUI
MaHXapaHUHT JaBpUil MaWIOHMIA XapaxKaTiaHa€éTraH SpKHH
3JIEKTPOHJIAP MMITYJIBCHUHT CaKJIaHMII KOHYHHTA Kypa, €pYF-
JIUKHH IOTMAcCIUrd Kepak. JlekmH KpuMCTa/ul TaHXapaHWHT
TeOpaHUIUU EPYFIMKHMHT 3PKUH 2JIEKTPOHAA OTHIHIIMHU
ByXylAra kKearupagd. ONTHK KOHCTaHTaJAapHHHT E€PYFIHK
TYIKMH y3yHIUrura OOFTaHMBIM aHANHTHK MGONACHHH Of-
THUK KOHCTaHTaJlap IJUCTIEPCHSCHHMHI KJIACCHK Ha3apHICH
épaaMuIa ONMHHUIIM MYMKHH. By Hazapusra kypa KaTTHK
XUCM YH3HKJIM OCUHMIUIATOpIAp TYIUIaMHIAH HOopar ne6 Ba
3JIEKTPOMArHUT TYIKWHJIAPUHUHT DJIEKTP MalIOHUAA 3JI€KT-
POHHHUHT XapakaT TCHIVIaMacCH €4YMMHM Kapajanu,

mE+mojx + 7%= —eE e (3.30)

By TenrnamMaHuHr OMpHHYM Xagu HBIOTOH KyYMHH, MKKVUHYH
Xal MyBO3aHaT XOJATHAAH CWILXUTaH x Macodara HpoIop-
IMoHan Oynrad (KaiTapyBud) SJIaCTHKIMK KYYHHH, YUYHHIH
XanM TOPMO3JIOBYM KYUHH, THHH 3aps] TAUIyBYMIap TE3IHUIH-
ra IIpOIIOPLIMOHA OYJIraH HIMKATAHHIN KYYHHH, YHT TOMOHM-
ATy XamW 3JIeKTPOHTA NEKTP MaiIOHHHMHT TABCHP KyYHMHH
taBcudnaimn. Hlynpait xunnb, YyTxkasypuad 30HANArH SJIEKT-
porapHunr >dexTHB Maccacu m, ra TeHT GyiraH 3pKuH
9NIEKTPOH l1e0 Kapamaau, IyHHHr ydyH (3.30) TeHrmaManaru
KaWTapyBYM KyYHH HOJTa TEHIIAHITHPHO BA m MACCACHHM 3JICK-
TpoH 3¢ deKTHB MaccacH OWIaH aJIMAIITHPHO,

M+ "2 i = —eE e (3.31)

3JIEKTPOMArHUT TYJIKMHAHUHT 3JIEKTP MaiIOHMIATHA 3PKHH
3NEKTPOH Xapakar TeHIIAMACHMHH OJaMH3. DJIeKTp MaHIoH
TaBECUPHUAA DJIEKTPOHHUHT FapMOHMK TeOpaHMa XapakaTH CO-
mup 6ynagu. Iy 6wran 6upra Oy TeOpaHHIIIHMHT KOMILIEKC
amoratynacu (3.31) Tenrmamara Kypa Kyimgaraua Gynamu:
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Xg=—0. L (3.32)

bynpa xocwi 6ynraH KyTonaHUIl BEKTOPH
P _=eN7%, (3.33)

OYnMUIUITMTMHEN 5bTHOOpPra OIMO, 3JIEKTP MAaMIOH MHIOYKHH-
CHHUHI M$omacuuad

ﬁy=sosE.v=soE.y+ Isv, (3.34)

KOMIUIEKC AUIIEKTPUK CUHIINPYBYAHIMKHHUHT aHUKJIAHUIIIH -
HU KYpaMH3.

E=¢ +&i= e(:% (3.35)

3oHanapapo YTHUIMApDHM & Ia KYUIraH xXuccacd xucoora
~OJIHHTaHAa, XyCYCHH IOTHIMII YyerapacH OwiaH 6yiinaMa om-
THK TeOpaHHUUIap YaCTOTACH OPAIMTHIA >w>w » AVDJIEKT-
PMK CHHIAMpyBYaHIHK (3.35) TeHIIaMa

2
w

1+ £

(3.36)

6IaH aHUKIaHaa. ByHaaH YHUHT XaKMKHIA Ba MaBXyM KHCM-
Jlapy Kyupgard KYpUHMINHU OJIagu:

1-ale?
q(@)=m -t = | —2 3.37
! A +a’c) (3.37)
) A
ep(w)=2my = — FEPEEN (3.38)
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\By epna w? =eNege m, — 3ddexTuB Maccacu m,, KOHLIEHT-

aupsicn N O6ynraH SpKUH 3apsA TAIYBYWIADHWHI IUIa3Ma-
Bt yactoracu. (3.37) Ba (3.38) MoganapHUHT penaKcaluys
BAKTH 7 ra 60FmK (w*r?+1) kynaiTManapyuoa SHeprus 6yitu-
Ya YpTajalITHpUIl XUcoOra oJHHMAaraH. Arap t DHeprusara
Ooruk, Gyiica, &, Ba ¢, JIap NEKTPOHJIAPHMHI KpUCTa/UIapaa
COYIIMII MeXaHU3MMra 6orIuk 6¥mamu. (3.37) Ba (3.38) nmap-
Jla 3JIEKTPOMArHUT TYJIKUHIAPHUHI KPHUCTAJUI ITaHXapa Ou-
JIaH TabCHUPJIAaHMIIM XaM Xycobra ojuHMaraH. By Tancupiia-
IMUIIA KUMEBUIT OORIAHMIMHUHT YJIYIIH KUYMK, 3apaj Ta-
HIYBYWIAD KOHIECHTPAIUACH KaTTa OyiraH sApUMyTKa3ruy-
Jlapia YHYaJIMK MyXUM 5Mac. EpyFIMKHUHT XycycHii 1oTH-
JIMIII YerapaCUHUHT YaCTOTAacH OMJIaH KPUCTAILT A XKapaHUHI
6¥itnama onTHK TeGpaHMIIUIAp YACTOTACH OPAJIMFMIA TO3a
KPHCTa/LUIap Y4YH IOKOPH YaCTOTATH JUIEKTPHK CHHIIHPYB-
YaHJIMK YacTorara GORIUK 6§7IMaioM, TOMMUIi ¢ Ta TeHT OYia-
Ju. By yacToTa opanMFMIa XapakaTyaHINTH Karra GYyirad
APUMYTKA3ruwiap y9yHd

wlr?>]

IIapT GaXapuiiMIIK MyMKMH. A-THII TEPMaHMH yYyH pejax-
caryst BakTH TaxmuHaH 101 cexyHnHu Tanrkun stagu. Epyr-
JIMKHUHT TYIKMH y3yHIUra A=20 MxM 6Ynranna, w*r2=400 ra
TEHI 6Ynamy. w?7?>1 mapr Gaxapunradga (3.37) Ba (3.38)
ugomanap

mf,'
1- w_zl (3.39)

S S
g =n —x =g,

£,=2m=¢ w’/rw’ (3.40)

KYPUHMUIHM ONIauIap.
Epyrmuxnu spkuH 3apan TainyBYmiapAa IOTWIMI K03¢-
dunmentn a (3.10) Ba (3.40) napra xjypa

2
£ w
a=—=2 Lo pols (3.41)
n-c-o T T

udona 6wiaH aHuKIaHagd. FOTWIHMIN KoahbUUMEHTH 3aps
TAIIYBYMJIAPHUHT COMMIMIN MEXaHU3MUTa, AbHH <1/1> HUHT
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VpTaua KuitMaTura OOFIHK, OYIMO, épyF{IHK TYNKMH Y3YHIIH-
THHMHT KBaJ[paTUTa IPONOPLUOHAIIUP. YTKa3yBYaHJIMKKA Xap
XWI THNJAACY 3apsi] TAllyBYWIAp KaTHAIICA, yiapaard I0TH-
Jvuurap xyumnand. Ilacr yacroranapna (w?r?<1) oTHIHII
K03 GUIIEHTH:

azNezr/m:‘c * ne~0, (3.42)

y yacTtoTara OOFIMK, OYiIMaiiiuran Ba HOMMMI 3JIEXTp Mai-
JIOHIla KPDUCTA/UTHUHT COJHUIUTHPMA YTKA3YBUAHJIKIHUIA TIPO-
nopuyuoHan 6yIraH KarTaiuk.

Penakcais BaKTWHMHT SHeprusra GOFMHKJIMIM Japaxa-
nu ¢yHxuus KypuHuuaa 6ynranmpa (3.38) HH coymMil
MexaHu3Mura 60FIuK 6YaraH y ko3phUluneHTra KyIadTHpy-
nagyu. COYMNHIN KPHUCTALI MaHXapa TeOpaHHINHIA COTHD
6¥nca,y =1,13 ra, HoHnalray KMpHIIMa aTOMAA COaup 6Vica,
y =3,4 ra TeHr 0yagy. DpKUH NEKTPOHIApIA €PYFIMK IOTH-
JIMIIMHAHT KBAaHT Ha3apuscura Kypa IOTHIMII KO3(hdHIm-
CHTUHMHT TYJIKMH Y3YHJIMIUIra OOFHMKJIMIY a~A" KYpHHHUIIAA
Ba Aapaxa () 2 naH dbapkau OYau6, COYMIMII MEXaHM3MHTa
Kapab, 1 zaH 4 rava y3rapamu. KynruHa spuMyTKa3ruy Mare-
pUajUiapia TaXpubalaH OMMHIAH IOTWIHIN KO3(PHUIHEHTH-
HUHT TYJIKHH Y3YHIUTHTAa OOFIMKJIMTH MypaKka® KypHHHILTA
ora.

a) 3apsao mawyeuuaap KOHYeHMpayUsCcuru EpyFAUKHURZ 1omu-
Auwu 6Viuua anuxsau

Taxpubana ot xosdhduuenty OYitnya, 3apan Ta-
UIYyBYUIAp KOHIEHTPALIMSICHHH aHHKJIAIILA, IOTHWIHII K03¢g-
UIeHTHHY YTapHUHT KOHIIEHTPAIIUACHTa GOTIMKINTH acoC
Kb onuuraH. IOtmnum xKos3gdMIMeHTHHE TaxpHubana
aHHUKJIaHTaH EPYFIMKHUHI HaMYyHaJaH YTHII Ba KaUTHIN KO-
s dunueHTIapH OYitya Xuco6nab, 3apsaa TAlIyBYMIAD KOH-
LIEHTPalUSICMHM aHUKJIaIl MyMKHH. JIeKuMH Taxpubana aHUK -
JlaHraH Ba Hasapus OyiiMua xucoOmaHraH Hatxanap Gup-
6upnnaH dapkiaHraHum y9yyH OJaTia OJIMHOAH Taxpubama
omuural a=f(N) rpagmypoBka (mapaxanain) rpadpHrugaH
doitparanub tomwragu. BYHHHT yuyH 3apsii TallyBYHIAp
KOHUEHTpallUsACH MabJIyM OyiraH OMp KaH4Ya HaMyHajlapaa
IOTWIAI KOO GUIMEHTHHHHT KOHIEHTPAUUAra GOFIMKIH -
i anugnadHanu. IOtmwmnm KoadbduiMeHTHHHHT KOHIEHTpa-
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3.3-pacm. n, p — TUNIATH KPEMHUI HaMyHajlapaa €pYFIMKHUHT IOTHIHI
x023¢dHIMEHTH a HU 3apsaj TAWYBUUIAP KOHLECHTPAIMACHTa Ha3apHi
(1-yM3HK) Taxpuba iyau 6unaH (— —yn3uK) GoFTaHMI.
a — EPYFIMKHUHT TYIKUH y3yHaury 40 MxM G6YnraH Xon y4yH.

nuAra Hazapuii GornaHuIM, a=f(N) Taxpuba HaTvXanapu
GWwiaH MOC TYIIMACJIUITH 3PKUH 3apsj TalIyBYWIapaa €pyF-
JIMK IOTWIHMIIHHUHT Ha3apuil MONEIU €Tapiuda SIXIM HIl-
JIaHMaraHIMTHIaH jgajonar Oepamu. buUp KaH4Ya Xoiapaa
Taxpuba Ba HazapHs HATIDKAIapM KUCKA TYIKUH Y3YHINTU
opandraIa Moc Tymagd. MacanaH, p, n-TUN KpeMHMitnapna
MHGPAKU3WIT COXAHUHI KUCKA TYJIKHH Y3YHJIIMIH KUCMMIA
a(N) HUHT Ha3apuil Ba aMaJIUil KuitMaTiapu 6up-6upura Moc
TYLIAOH, Y3yH TYIKHH Y3YHIMK KUCMHAA 3ca, Kywin apk
Ky3aTwnanu (3.3-pacm).

Taxpubama épyFmMxkHM HaMyHanaH Yy (mwaddodnuk)
xoapdunuenTn opkanu 7>0,1 na KMiMaTH IOTHIHII KO3(-
dunuentu (2.236) Ba kaUTHII KodhbPuuueHTH
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R =R (1-T)e= (3.43)

udonanapunan anuxaHany. By epoa R, spumyexcus Hamy-
Hajga EPYRIMKHUHT Kaituir kosdduumeHTH, d — HaMyHa
KamHmmry. (3.236) Ba (3.43) TeHmIaMaHMHT GHpraJIMKAAaru
CYUMHM IOTHIHI KO3(pPUIMEHTH KUiMaTHHH Gepany.
YIYallHUHT CHEeKTpal OPaIHFMHHU TaHJIAIAA IIIyHU SBTH-
Oopra oMMII KEpaKKW, OPAIMKHHHI MabiyM OHMp CIEKTpal
KUcMHIa (coxacuia) EpYFIMKHMHT SPKHH 3JIEKTPOHIA IOTH-
JMIIAJAH TAIKAPH, Y THA KUPHIIIMa AaTOMJIapHIa XaMIa KpHC-
TaJUl TaHXKapaHUHT TeOGpapuiuiapuaa (boHoHIapaa) IOTWIH-
I MyMKMH. 3apsy TAIIyBYMWIAP KOHUEHTPAIMACHHM aHUK -
Jlalga XarojJukiapra #ynm kyiMaciauk y4yyH YiryaHaérraH
TYAKMH Y3YBJIUTH COXacCHAa OOIIKA IOTHIHLLIAD KWIUK OVIIH-
Y Kepak. MacanaH, KpeMHHUIRA TYIKMH Y3YHJIHTHMHUHT 6
MKM gaH 40 MM opandriaa GoHOHAA EPYFAUKHHET IOTHIN-
1TY HaMOEH O¥nanm, 1y GmwiaH 6upra, EpyRIMKHMHT (OHOH-
gapiaa otuaum kosddunuentn 0,3+10 cMm~! opanuruna
6ynu6, xonueHTtpaumsicd 10¥ cM~3 6yaraH HaMyHalapHMHT
S5PKMH 3apsilapia €pYFIMKHHUHI IOTHJIMII KO3)dHUIIHeHTH
tapTubunagup. IyHUHT yyyH KpeMHU# HaMmyHajiapupa
VIYOBHU acOCaH TYNKHH Y3YHJIMIMHMHT A<5 MKM €xu A>40
MKM OynraH coxamapujia YTKaswIMIIH Maxcaara MyBO(DHK-
nup. ByHna KUcKa TVIIKMH Y3YHIMK COXacuIaH QoinanaHut
cTaHAapT §myoB ac606IapHHU KYJUTaraH MabKyJIaHp. Taxpu-
0aHM 3apsi TallyBYWIAD KOHICHTPAIMACH KUYHMK OVYiran
HaMyHaj1apaa YTKa3uim Makcaiara MyBoduKIup. YyHKY I0TH-
T KOO GHUHEHTH TYIKHH Y3YHIMTHHMHT OPTHINHM GuiaH
optub Gopanu. Bynua Yi9aHaérrad 3apsan TAaNIyBYHIAD KOH-
LEeHTpaIUSACHHM KyHM yerapacu 10 cMm~® raua xamasamu
(Ymgamr rexuukacu 40 MxMm na KuitumIanmagyn). SpumyTkas-
MY HapaMeTpiIapuHH Yn4aiuma €pyFauk MauOGam cudarvma
Jia3ep HYPJapUHUHT KY/UIaHUIUM KaTTa UMKOHUATIAD spaTa-
nu. ByHna €pyFIuMKEM TYJIKUMH Y3YHJIMTH TapTHOMIa 6yiaran
KMYMK JTAAMETPIY ¥3ara Tyraw (EpyFIMK 30HIHHY OJMHI)
Ba HAMYHaJaPHUHT KHYHUK COXACHHM TEKIITHPHII MYMKMH.
Jlazep Hypnapu MHTEHCHBJIMTMHHHT KaTTa OYJIMIIN VII40B
ac6o0mapu XaMzia YCYJIHMHT CEe3THPJIMTHHY OLUMpamy, HaMy-
HaHW TOp Ba KEHr Kwiub, jazep Hypiaapu OunaH EpUTHIL
MyMKHH. JlazepnapHu €pyFIMK MaHOaM cudaTvia uIUIaTH-
JUINUHUHT I0TYFH ITYHAAH MOOpaTKu, HHQPAKH3WI HHTPOC-
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KOILIADHHHT XapaKTePHCTUKAJAPHHU SXIIHIAlll UMKOHWHH
Oepany. XapaxkaT/aHyBYM Jla3ep HypJjlapura acocjlaHraH MHK-
POCKOILIApHH SIpaTHII Ba ynap €praMuia TeKIIMpHAaETraH
HaMyHajiapaa OMp XMHCIM DMACIWIMKHUHT TaKCHUMJIaHUIIN
TYFPUCHJA aHHMK MabJIyMOTAAp OJUII MYMKUH XaMmla KOH-
IEHTpaIlMs, XapaKaTYaHIMKHUHT Hadakar 103a Oyiinga, Gan-
KM KQIMHINK OYitnya xaM xap XWi1 KYHIAJIaHT KecuMiiapiaa
TAXCUMJIAHHIIM TYFPUCHIAT MUKJIOPUHA HaTHKATAPHU OJIMI
MYMKHH.

6) Epyrauxnunz nsazma pesonancu coxacuda HamyHadan Kati-
muwu 6Yliuva 3pKuH 3apa0 Mauiye4uaap KOHUEeHmpauuscu 6a
XApAKam4aHAUSUHU GHUKAQUW YCYAU

HaMyHaHHHT HYp CUHAMPHIU (n1) Ba IOTWIMII KYpCaTKHY
(x) mapumum (3.37) Ba (3.38) mapnan TonmuO, €PYFIUKHUHT
kaiitin koadduumentn ndomacu (3.15) ra gdiicak, HXM
Ia xucodaul Kynai Oyiran

G 'F -/ 4 P F G

(FG™' + ey + a?F2G™?

R(w)=R(a, b, ¢,)= (3.44)

KaiuTH K03QOUUMEHTUHUHT CIIEKTPal OOFTaHMIIIAIU aHa-
JUTHK ndomgacu omHagu. By epaa:

F(a, b) = ([a’(b2 ~1)+16 +{ja?(#* - 1) - 1Pb? + & }}5 \]A
G(a, b) = [26(@p* + D) (3.45)
a=w," <r>; b=w/a)p

oynammn. Illyamait Genrunai OuiaH ONTHK KOHCTAHTAJTADHUHT
JHCIEPCHOH MyHOocabaTiapd KyHuaard TeHrjaMajaap OrnaH
HboAaATIaAHANH:

gwy=n -y =¢1-

(3.46)

a* \]
azb2 +1

/
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£, " 0

gw)=2ny = m (3.47)
n(w) = Je.G(a, b) F (a, b) (3.48)
x(@) = \Je.F'(a, b)G (a, b) (3.49)

bynap €épnaMuna spuMyTKa3rmwiap rapaMeTpiapMHH aHUK-
JIana 1UIa3MaHHHT TeGpaHMII YaCTOTACH

2xc

o) =e’Nfewe, -m, éxu 4, = o (3.50)

Ba YM4yaMcu3 a=wp<r> KaTTAUIHK acOCH IapaMeTpiapiaaH
XucobOnaHagu. YiapHu OWirad Xonga sSpMMYTKA3sTM4 XOCCa-
JIApHHHA TaBCU(IOBYM KaTTAIMKIApOAH BJIEKTP VTKa3yBYaH-
JIMKHHHT JacToTara OOFIMKJIMIAHHE, ¥3rapMac TOK Y4yH CO-
JHINTHPMA YTKa3yBYAHIHK (0,), pelakcalus BakTH <r> HH
aHUKJIALl MYMKUH.

cega cega

——— = . =—P
7= 2, (ab2+l) 90=5 0 <TPT . (35

w) =

—_

OpPKHH 3apsAz TalllyBYWIap KOHUECHTPAUUACHHUET 3)deKTHB
Maccacura HUCGaTH KyuMaaru

]

N _ nc?‘ »
Pt R (3.52)

P

>

TeHIMaMa €paaMuia xucobnab tomwiamu. [emak, R(A) op-
KaJId HaMyHa [lapaMeTplIapHHH aHMKJIAIIHAUHT GHPUHYHM 60cC-
KHiuna A, Ba ¢ — mapamerpiap aHMKjaHanu. BymuHr yuyH
DXM nma 6epnnraH

£ {5(CdS), 8,5(GaAs), 10,5(GaP), 11,7(Si) 16(Ge)]

a-uu 0 gan 25 raya, b-um 0,5 nan 2,5 rava 6yaran opanukia-
M xMfiMaTinapuaa Kaitum Kod3GPUIMEHTHHHHT CIIEKTPH
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: Rmin %
wlﬂn W, 6)

a)

3.4-pacm. SIpUMYTKA3THLIN HAMYHaIa KOHUSHTPAUMAHUHT MaBIyM
K{itMaTHAa KalUTHI CIIEKTpH (a), TUTa3Ma YaCTOTAHMHT KaHTHII
K03(GbHUUHEHTHHHHT MUHUMAN KyidMaTura GornaHuiu (6).

xuco6nanagu. Kpemunit yuyH (¢_=11,7) R(w) HU xpcobmaiu
Hatimxanapu 3.4a-pacMaa kerntupwiradH. PacMpan x¥puHHO
TYpUOIHKHM, YaCTOTA OPTHIINH OWIAH IOTWIHII Ko3hduumeH-
TH MabJIiyM OHMp 4yacToTa (a) ) xaH Gonurad KeCKUH KaMasiiH,

w,-Ta SKUH coxala Manera SpHUIIATH, CYHT OXHCTa Op-
™6 Gopanu.

EpyFIMKHMHT IUIa3Ma 9acTOTacH =0, 1a HaMyHaIapJa
IOTHJIHII XOMHUCACH IUIa3Ma-pe30HaHC Kb lopmpma,un Ilnas-
Ma-pe30HaHC CIeKTpH OViinmya SpHUMYTKa3rHWwiap IapameT-
PHMHM aHUKJIAIIHUHT OHp KaH4ya ycyJUlapd spatwiraH. R(w)
OaH MabIyMKH, IUIa3Ma-pe30HaHC KUCKA TYIKUH Y3YHJIUK
coxacupa (A<A_,) Ba b>1 ma b xaHya Karra 6ynca, KaHTHII
K03(PHIMEeHTHTa g-TapaMeTp IITYHYa KaM TabCUp KIaau, y
KAaUTHII CHEKTpMHHHT b=1 coxacHza ce3mlapiud TabCHD
Kypcaramu. IlapaMerp ¢ HMHr KaMaliMmu OWiIaH 3apsj Ta-
ITYBYHJIAp KOHIIEHTPAIHACH Ba KAUTUIN KO OHUIIHEHTHHHHT
MUHMMyMIarad xuiiMatd R_ ~m /4N optu6 Gopanu, MMHH-
MYMM KHCKA TVIKMH Y3YHJIHK COXACHra CHUDKUHAIN, MUHUMY-
MM EHHMIHO, KaMpOK, aHHKJINK OwriaH (aHMKJIaHAIH) HaMOEH
Oynamu. JleMak, IDiasMa-pe3oHaHC MUHHUMYMHMHHMHI CIIEKT-
paT XOJAaTH 3apsii TalfyBYWIAp KOHIEHTpAaIUscura OOTMHUK.
Bepuwiran &_ ydyH €pyFIMKHUHI KalTHII CIeKTpH Gyiinya
R__=f(b_,) BaR  _=f(a) nap xucobnananu (3.46-pacm). Keii-
MHIH 60CKMuna Hazapuili xucoOnaHraH R{(w) cmexTpH Tax-
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pubana anukjanrad R(w) OOFIAaHHUINTA COJHUITUPMIIANH.
Ha3sapuii xucobianran R(w) €xu R(A) HM Tamiamiga 60miaH-
FUY IIapaMeTpiiap cudaTuaa KpUCTAUTHUHT IOKOPH YacToTa-
JIM IMJIEKTPHMK CHUHIAVPYBYARIIUIH £ XamMaa R(A) HUHT MU-
HUMyMra SpUIUTaH A . TYIKUH y3ywidrd R(A_, ) onMHamu.
IOkopunaru pacmiapna kenrupuiaras R(b_, ) Ba R, (a) xabu
GornanMiuiapnad b . Ba a mapameTpiap aHMKJIaHAIM, CYHT

me - mn

A=A, b, (3.53)

xuco61a6 romunagu. TomwiraH a, 4 , — TlapaMeTpiapHy Omn-
raH Xomaa, 6,, <t>, N/m — anukjnananu. Illysu tabkunnam
Kepakkd, R(1) HH XucoOjamira KupraH, TaXpuOamaH aHuK-
JaHAMTaH KaTTaIMKiIap, R, A . KPUCTAUTHHHT XaXMUH
XOccanapyaaH TamikapH, YIApHUHT CHPT HIWIOBUTA XaM GOF-
UK, TeKIMMPHIIUIApHUHT KYypCaTHIINYA, IPAMYTKA3THy CHp-
TUra MEXaHMK WIUIOB OepuIiia, sSTbHM CHJUIMKJIALLNA CHPT
KaTinaMu degopmayussanadu. MexaHuk cakan Gepyil SbHU
CUWIUIHKJIAl Ba SUITUPATHUIN OMIaH Oy aedopMaltusauy HyKo-
THII MyMKHH 5Mac.

Kaitni Kko3(pOUIIUeHTH CIEKTPUHUHT XyATH Y3uuai Tak-
popnaHuiInra GHakar CHpT KATJIaMUHH KUMEBHI €IMpHUII Ba
caifkan Gepuin opkaaM spuuniany. Omatoa aMaTHéTaa 3ap-
SN TAIyBYMJIAD KOHUEHTPAUMACHHHM VaYallga KOHIEHTpa-
LMACH MABIyM OYIraH HaMyHajlap acocHJa aHHUKJIAHTaH
N@_,) OOFnanviuiaH, SbHM IUIa3Ma-pE30OHAHCHUHT KaIHO-
POBKa (Iapaxajaii) Yu3nruaas ¢oiinananu6 romuwianu (3.5-
pacMm). 3.1-xamBanma KpeMHHU Ba GaAs ApHMYTKAa3IMWIapy
SMIIEPUK OOFIAHMIIUIADUHUHT AHATUTHK HPOTACH KEITH-
PWITaH.

3apsy TanryBYMIap KOHIEHTpanMsIcH N HM IDia3Ma-peso-
HaHC ycym OWIaH aHUKJIALIHMHT XATOJIUTH A . HHM yryam
AHUKJIMINTA Ba KaMMOPOBKAa YM3HFMHUHT R(A_ . ) opanuk, xa-
TOJIUTHra GOFINK, A, HM YIYalITHMHI MYHTAa3aM XaTONMKIIA-
PHHMHT TAIUKWI STYBYWIApH CIEKTpal ac6obiap TYIKUH
V3yHImry OYinya rpalyipoBKa XaToOINNTUAAH Ba KaWTHIN CIEK-
TPH MUHHMYMHMHHHT KeCKHHIUTH OwiaH GOFIMK OyiraH Ta-
comuduii xaTomuKIapIaH HOGopar.

3apsin TanmryBYMNAp KOHUEHTPAUMACHHUHI KaMalMIIu
OwriaH TU1a3Ma-pe30HaHC MHHMMYMHAHHHT KEHIJIMTH VCamy,
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3.5-pacm. |, uu sapan Tamysuiap KOHHEHTPaLUsACHTa GOFIaHUIIH;
@) n-THNIArd KpeMHUY YIyH, 6) p-TANIarn KPEeMHMIA Y4yH,
6) n-tunparu GaAs yayH.
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UWIYHHHT Y49yH A, HM ya4yaimjard taconudui XaToNnHMK Ba
KOHLIEHTPaUMSIHH aHUKIAIIIATH XaTOJMKJIap optamu. Cra-
TUCTHUK TEKIUMPUILTADHUHT KYPCATHIINYA, 3apsii TAUIyBYH-
jap xoHueHrpamysicy 10%° pam 10 cM~? raya xamaiiraHma,
HIIOHY opanurH 0,95 OyiaraH aHMKIMKIA YIYAIIHHUHE TACO-
Iuuii XaToMUrd n-THI KpeMHMN yuyH *+10% nan 509% raua
opraau. I'annuit apcenun KoHueHTpauudgcuuu 10 man
10 cM~? opanmkaa YIYanHKHr Taconudui xatonurn +10%
naH 80% raua opramm.

3.1-xcadsan
Marepuan 4 — SMIEDHK | KOHIICHTpaUMs | ATIpoKcHMAanms
udonacu OpaJIMFH, cM™> xaTonura %
Si
A =3,2908-10"x
~ min >? .101 10t
n-Tin Xn5514 ] 8153 1,5-10%...1,5- 107 2.4
A =1,2125-10"x
p-THI X pOT+3 184 3-10%...1-10%® 0,8
A =8,4172-10*x
GaAs i oy 008125 1,5-107...6-10" 0,5
A =4,1584-107x
n-THI T p-0st 6-107...2,5-10" -
n i
ravmit | A, =1,7231-10"x% " .
apeeHun -y 2,5-10%...1-10 —

IOxopuna épurriral ycyn OMiaH GMp XMHCIM, KYIKaT-
JJaMJIM HAMYHANApHUHT 3JIeKTPOQHU3HUK XOCCANapUHHM aHMK-
JIalll 3apsj TAUIYBYMJIAP KOHIUEHTPAUHSCH Ba XapaKaT4arIx-
TMHHU Yqaura uMKOH Gepagu. HamyHa CHPTHHMHI aIOoXHAa
OJIMHTAaH COXaTapHAa VYIIYOB VTKA3WII MYMKHMH, IIYHHHTACK
yJIapHH Xap XHJI TEXHOJIOTHK Makcaljlapaa Kyuiall MyMKHH.

8) 3apad mawysuunap xonyenmpayuacunu Dapadeii s¢hex-
mu Guran Yauaw ycyau

Accu (YM3UKIH) KyTONaHTaH €pyFIMK IOMMHI MarHuT
MaiOHMIa XOWNAWTHPWIraH HaMyHalaH MainoH HyHau-
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M 6yiMya yTraHMaa YHHHT KyTOJIaHMII TEKHCIUTHHUHT Oy~
pwiminy Papaneit 3ddexta Ba Oypunuiu 6ypuaruau Papa-
Aeit Oypyary ¢, 1€ aranamam.

OnrHKa KypculiaH MabJIyMKH, sICCH KyTOJaHTaH €PYFIMK-
HHUHT 3J€XTP MaiIoH KyWIaHraHJIHWKJIApH coaT MWK OYitnya
(VHT) Ba yHra TecKapM MyHanmina aiiaHyB4yM (4an) allaH-
Ma KyTOJaHIaH MKKH TYJIKUH CyNepHo3uims (MUFUHIM)CH-
JaH ubopar Je6 Kapall MyMKHH. MarHur MaiijoHHAa Mmy-
XWTHHHT HYp CHHIMPHIU KYpCaTKU4M Oy TYIKUHIAp YUYH HKKH
xun (n,, n_) GynagM, IIyHMHT YYyH yiap Xap Xui ¢$a3oBui

C

Temmkaap V, = o V. =X 6unan TapRAJIaOlM Ba HATHXaxa
n

ynap opacuaa dasza dapku 6 ByxXyira Kenanu, OyHMHT OKuba-
THAA SCCY YHU3HKJIM KyTOJIaHraH €pYFIMK HAMYHAJAaH YUMKKaH
YOFMJA KYTONAaHHMII TEKMCIMIM ¢, — Oypuyakka Oypuiamu.
Bypunuin 6ypyarn kyiugars ugona OwiaH aHUKIaHAOM.

—(n_-n,) (3.54)

By epna: | — HaMyHa y3yHJINTH, A — EPYFIMKHUHI BaKky-
YMIArH TYIKMHE Y3YHJIMIH, A, Ba n_ MOC PaBMILIA — YHT Xamia
yan aiijlagMa KyrOjiaHraH €pYFIMK YYyH HYp CHHIMPHII
KYpCcaTKUWIApH.

Bopmu-1o, Papaneit adhdexktu 3pkuH 3apsiA TalIyBIMIAP
OwiaH OoFIaHTraH Oyica, yIapHMHT XapakKaTH HyKraud Hasza-
puaaH Kaparanna, ®apaneit abdextuan Xosn adpdexktu ned
Kapalll MyMKHH: 3aps/l TAIIyBYWIAp EPYFIMK TYIKUHH SIEKTP
MayiIOH KyWIAHTaHJINTH TAbCHPHUAA TalllK¥M MarHUT MaiiloH-
ra TMK MYHaJMIma xapakariaaHagd. bopau-1o, 3apsi TalryB-
YyIap y3rapMac MArHHT MaiIOHra HucOaTaH KaHAaiaup Oyp-
yax OMiaH XapakaTjaHCa, YJApHHHT TPaeKTOPHUSCU MarHuT
MaiIOH HyHaNIMIIMIA cHpan KYpMHULILa OYnany.

3apsn TAIyBOWIAp aiylaHMa YaCTOTACMHHMHT LIMKJIaTPOH pe-
30HaHCH YacToTa w_ 1e6 ropurnany. LIMKnaTpoH yacrota 3apsn
TAlIyBYWIAPHUHT 9(EeKTUB Maccacd Ba MarHUT MaHIOH MH-
AYKIsicura GORTHK, 6YM0, 3MeKTpoH ydyH o _=eB/m , KaBax
Y4yH 3Ca @ q,=eB/,,,,, OMyaH aHUKJIAHAIH.

dapagneii Oypuyard HIIOPacH 3JEKTPOH Ba KaBaK YYyH Xap
XHJI OYMHMO, Vv EPYFRIMKHUHT JOMMHI MarHUT MailloH UHIYK-
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OUACH BeKkTOpura HucbaTaH Kanpjall HyHUIMIINA TapKaid-
mura OOFIMK. Arap MarHUT MalJIoOH MHAYKUMACH Oyiivya
TapKaNa€Trad EPYFIMKHUHT KYTOJAHHII TEKUCIHIY COaT MUWIU
oyitnua Oypmica, Qapaneii 6ypuard Mycbar ned xucobnaHa-
au. Kyucus Maruut Maitnonunau’B’<1 sao*>1,n_+n, =20
mapmiap 6axapwiranaa, Papaneit 6ypyarmaunr (3.54) udo-
JacH n — THII HAMyHanap yJyyH

_e&3B-I-N

F= (3.55)

ancjeom,ﬁ

KYPDUHHUIITHY onanu. By epna 71 — MarHMT MailloOH HHAYKLIM-
scy YK (B=0) 6ynranmaru Hyp CHHAMpMIU KypcaTkuud. (3.55)
TeHIYIaMalaH KypUHANAUKHM, SDKHH 3apsj TAIIYBYWIAp BYXy/Ara
KEJTHPraH KYTOJNaHWII TEKUCIMTHMHHHT OypHIHII Gypyaru
3apsy TaulyBymiap KOHUEeHTpanwmsacH N ra, €pyrIdK TYIKUH
Y3YHJIMTHHMHT KBaapaTH A? ra, HaMyda y3ywnuru / ra, Mar-
HMT MailioH MHOYKIMACH B ra nmponopuydoHan 6yiau6, coun-
JIUIU MEXaHW3MUTa OOFNHMK »Mac. Arap ViI4oB €pyFIHMKHMHT
UHGPAKU3WI TYIKAH Y3YHIUTH coXacuaa YTKa3uica, pesak-
calus BaKTWHH YerapajioBdd o r¥>1 mapr 6axapwiagv Ha-
MYHaJa TapkKanaérraH €pyrIMK HaMyHa MYMAa KalTa-Kairta
KauTHIIM cababny yHUHT ONTHMK YW y3asmu Ba Papazgeit
GypuyarMHHHI ¢, opTuiuMra onu6 xenagu. bynna dapaneit
Oypuarm ¢, HUHr HaMyHa W4MAa €PYFIMKHHHT KaiTa-KaiTa
KalTHmaan conup 6ynran ¢; 6ypyak opxamm GOFIaHHIIM
Kyhingaru ucona OwiaH aHUKJIAHAIH.

¢~ [1+2R%xp(—ad)cosdp ] (3.56)

(3.55) TenrnaManan KypuHUO TYpUOIHUKH, arap HaMyHana Hyp
CUHAMPHII KYPCAaTKMUM, 3aps] TAIyBYMIAD KOHIEHTPAMSI-
CH MARIyM OYnca, 3apsx TauryBMIWIApHUHI 3¢ ¢deKTMB Mac-
CaCHHM aHMKJIall MyMKUH €K 3¢hdeKTHB MaccaCd MabiayM
Oyica, 3apsn TallyBYWIap KOHUEHTPAMSCHHH TOIMIN MyM-
KHH.

3apsn TairyBuwnap 3¢dexTHB MaccaCMHH aHHMKIAIN yCy-
Jn cudatuga Papaneil ATaHHIMHAHT KY/UIAHUIIHHYA Y€K-
JIoBuM OMp KaH4ya OMWUIapM MaBXya. MacajlaH, aHu3aTpol
Maccaiy HaMyHaiapja ym4aHaérrad 3¢ d¢eKTMB Macca ypTa-
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ya xuiiMaTHM Oepamu. KVII spHMyTKa3ryuijiapaa BaJCeHT 30-
HAaCH 3KCTPeMyMH aifHUraH OyJIMIUH p-THN IPUMYTKA3rHy Ma-
TepHAUIApHIA YIIYOB HATHDKAJApUHM U30XJIAIIHH Mypakkal-
JTALITHPAIH.

Arapna 3apsn TalyBYWIApHHUHT 3(d¢eKTHB MaccacHu 3a-
A TalIyBYWIAp KOHIEHTpalMscHUra OOFMIHK OYica, 3apsn
TalIyBYMJIAp KOHIICHTpAIMsICH m* — y3rapMmac coxacuzaa
Dapageit 6ypuarnHy Yyam 6mwiad Tommwangy. Macanad, GaAs
Ia 3(deKTHB MacCCaHMHI KOHICHTpalusra OOFIMKIUIMHU
N<10' cm~3 ma HHOOATra OJIMACIHK MYMKHH.

w*r?<1 coxama xam Papaneii >ddexTunaH 3apax Taurys-
YKIap KOHIIEHTPAIIMSICHHY aHWKJ1ain MyMKuH. @apaneit a¢-
dexTH OMIAH HaMyHajlapfia 3apsi TallyBYWJIADHUHI HOTe-
KHC TapKATHIIHTa COFIHK, OMp XMHCAA SMACHWIMKHUHT TAK-
CHMOTHHH VpraHHIIIA IONKA HAMYHa CHPTHHMHT KMYMK
cOXacCH fAICCH KyTOJIaHTaH Hyp OwiaH (MaxaJUIHii) KeTMa-KeT
éputmnany. Scc YM3MKIM KyTOnaHraHn €pyrIMK HaMyHa 6H-
JaH €épyFIMK MaH0Gad opacHra IOJISPM3aTOPHH XOIIAIlTH-
puil ominaH onuHagu. IlonsgpusaTrop cudaTtuma KymuHYa
Huxons npusMacu xyyuiaHwiagn. @apaneit Gypyaruiu Yirgann
y4yH HaMyHa OmiaH ¢GoTOXaOyJKWIrdd opacura mnojsipusa-
top (HUKONb IpHU3MacH) XOIWIAIITHPWIAAH Ba Y aHAIU3ATOP
ne6 Homsanaxy. Bypuiuin Gypyaru ¢, aHanM3aTopHH HoTo-
XaOyJIKIIrHYIa SHr KaTTa CUTHAJIra SPMIIryHYa ailmaHTupub
TOIHJIAIH.

Crexrpuunr yHGpakusmi coxacuaa A=2 Mxkm aa Dapa-
mei 6ypuyarunu ymyamga (3.55) ubonaHu KyJUTall IapTH
MAarHWT MadIOHUHUHT MHAYKNHUA BekTopH B=1 Tx 6ynranma
Gaxapuiaaid, YyHKH KoHueHTtpauuacu N=10Y cm~3 6yiran
raJUTHii apceHN HaMyHAacH YYyH KUIMHIMTH [=1 MM, A=10
MM, B=1 Tn Gymranma, MarHATOONTHK OypHaMIl Gypyaru
¢,~0,1° Gynamn. ¢ -HM YIYAIIHUHT AHUKJIUTHHYM OIUMPHIL
YYyH YV MAaTHUTHHHT MKKM HYHAUIMIIAOA YIyaHan Ba

sin2p = (I,-L)/(,+1,) (3.57)

6unan aHuksaHagM. By epna [, Ba I, — ¢oTokabyakuwirnyaa
OJIMHraH 5HT KaTTa Ba SHI KHYMK E€PYFIUKHHUHT MWHTCHCHB-
JIUIAra IIPONOPIHOHAN OVIraH JEKTP CUTHANIUD.

DpKHH 3apsan Tamysymiap OmiaH GornaHraH @apaneit
addekTHIaH TAIIKApH, 30HaNapapo Mapaneit 3dbdekrn xam
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comup 6Ynumm MymxuH. GOTOHHMHT SHEPTHACH TaKUKJIaH-
raH 30Ha KeHIJIMTHTa SKHH COXAacHa KyTOMaHHII TEKWCIIH-
TUBMHT Oypuwnuind 6y UKkU 3ddekr 6wran naimo 6ynanu.
3apsii TalUyBYWIAp KOHIIEHTPAaUMSICH KMYHK OYJIraH HaMy-
Hajapja Ba TYIKWH Y3yHJIMTH KMYHK OVJITaH coxama 3oHaIap-
apo ®apaneii >hdexTMHE XHcOOra onaguraH TY3aTHII KO-
3¢ PUITHeHTHHY KMPUTHLI KepakK Oymamu. Bynuur yuyn Pa-
paneit 6ypyaru ¢ ,HUHI KMitMaTH 1oxopu OMIM HaMyHanapaa
yrrazunamu. @apaneit >ddeKTHHE YaYalga IaCTHK Mexa-
HUK KyWIaHHLUIAp XaTOJMMK MaHOanmapu cudaruga Xu3mar
Kwiag. By HypHUHT MKKWI: aXpaIuill CHHUII XOXMCACHMIA
onu6 xenaa, OYHUHT OKMOaTnaa HaMyHara TyHIaéTraH siCCH
KyTOjIaHrad TYJIKWH HaMyHaJaH YTraHja, S/UIMITHK KyT6na-
Hamu. Dapaneit a¢dekTy Kynm MaTepHaUiapia ViIYaHTaH Ba
6olKka ycyiap HaTUXajapu OWiIaH COJMIITHpWITaH. By
s¢dexT €pmamMuna n — THN WHAMA AaHTHMOHMIAA YTKA3YB-
YaH 30HAHWHT MapaboNHMK 3MACIHUIMHU TACHAHKIOBYH, DJIEK-
TPOH 3(pdEeKTHB MACCACHHMHI 3apsi/ TAIIYBYWIAD KOHLIEHT-
palMsCy Ba HaMyHa TeMIlepaTypacu OmiaH YCyBYH (DYHKITUS
OYymunumarn kypcaTunraH. SpHMYyTKa3ru4 HaMyHaJlapHMHT
OMpPXVHCIIWIMKKA Te3 MUKIOPUIL Ba cudaTHil XMXaTHaH TeK-
IIMpHII HATIXaTapUHU TEJICBU30pP SKpaHHIA KA Kuiamu-
raH, @apaneit s¢ddexTHra acocnaHrad aBTOMATUK KypHJIMa-
Jlap SIpaTHITaH.

3.4 §. Danumcomerpua ycyad

YCYIHHUHT MOXMATH.

Oxupru dwinapaa UIMMA-TAAKUKOT MHCTHTYTIapHIa
XO3UPI'd 3aMOH MHUKPOSJIEKTPOHHKA CAHOATHAA OMp XWHCIH
Ba OMp XMHCAM OyiIMaraH MaTepHaUIapHuHT (muddy3uoH,
ANMTAKCHAI KATIAMJIM CTPYKTYpaiap) lapaMeTplIapHHy KOH -
TaKTCH3 yI4all, Ha30paT KIUIMII ycy/UtlapuIaH Oupu GYnraH
3JUTMIICOMETPHS YCYIN KEHT KYIIAaHWIMOKIA. DJUIMIICOMET-
pUsl YCYIM KYTONAHTaH €PYFIMKHM, TEKIIMPHUIAETTaH HaMmy-
Ha OMJIaH V3apo TabCUPJIAUTUIIN Tydaiid, YHIAH KaidTraHna
KYTOJIaHUII XOJATHMHWHI Y3rapMINMHK aHHKJAlIra acociaH-
rad. Yusukju KyrOnaHraH €pyFIMKHMHT HaMyHajgaH KalT-
raHfard KyTOJaHHUI XOJATMHUHT Y3rapuiId TabCHpJIAIlaéT-
raH HaMyHaHMHT XaXMHH XyCyCHSTIIAPUIA, CUPTHHHI X0OCCa-
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"MIAY (JHUHAAH) JHHHMLIADY HRIHRLQLAY HIMKEHR
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CH Ba CTPyKTypacura 60FIMK. X03UPIrH 3aMOH 3JUIMIICO- MET-
pHS yCyJiA acOCaH KAWTraH HYypPHU TaXJIWil KIUTHINTa acoc-
JIaHTaH.

Un3ug KyrojaaHraH €pyFIMKHHHI OMp XHMHCIM Ba SIH-
TAKCHAN KaTJaMJIu HaMyHaJIapIaH KaiTHiu 3.6-pacMaa Ken-
TUPWITaH. SIpUMYTKa3rMwiapaa HYp CHHAMPHII KYpCAaTKHYU
KOMIUIEKC OYmuiuM Tydainu, YU3UKIM KyTONaHraH €pyFINK
HaMyHaJllaH Kaiitragna P Ba § TallIxiil 3TyBUYWIApH Opacuaa
taza dapku maiimo Gynany, 3JIeKTp MAUIOH KYWIAHIaHINK-
JIapu ¥3rapaiy Ba JEKTP MaiIOH KyWIAHTaHJIMTH BEKTOpH-
HMHI OXMpH (Y4M) TapKalnull HYHaIMIIMIa THK OYnran Te-
KHCJIMKAA 3JUIMIC YM3akd, OOIIKaya afrraHma, KyTOJaHTaH
€pYFIHMK YTKa3yBYaH HaMyHalJaH KaHTraHaa 3JUIMITHK KyTO-
JlaHagM. DIUTAKCHA CTPYKTypajapiia 3ca XaBo SIIMTAKCHA
KaTIaM Ba 3MUTAKCHAI KATIAM TalIMK YerapajapuiaH KauT-
raH Hypniap opacuia xyimm4a ¢asza papku ByXyara KeJxamu.
HamynamaH KalTraH SJUTHNTHK KYTOJMaHTaH EPYFIHK XOJATH
oJaTAa MKKHTA SJUIMIICOMETPUK MapaMmeTpiap (y Ba A) Ou-
JlaH, Oolukaya afTraHza, KyroiaaHum GypyakiapH OpKalu
aHMKJaHagn. By mapamerpiap KaiiTraH SJUIMITHK KyTOIaH-
raH HYPHMHT TapKajaulll HYHANMIIMIa THK TEKHCIHKIATH
LIIAKJIMHK Ba KaHJal WYHAIMIIOA SKaHJIATHHM KypcaTaaM.
IlapameTp 1 Oypuak TymIa€TraH Ba KalTa€TraH HypJapHHHT
P Ba § TalIKWI 3TYBYWIAPH DJIEKTP MAHIOH Ky4WIaHTraHIMK-
JIapM aMIUTUTYJAIADMHAHT y3apo HUCOATH, SThHU KAWTHHI KO-
s¢dunHeHTIapy HICOaTH OWIaH aHHKJIAHAH:

(E' li/E'lcaﬁ)
gy =t el (3.58)
l’S|

(Ep ! E5 )

Oy epma: § — (MHEEKC-KYpCATKNY) — TYIIMHI TEKHUCIMIUIa
TUK TEKUCIHKAA YM3HKIN KyTONaHraH €PYFINKHHA, P — (MH-
JIeKC-KYpCaTKN4) TYIIMIN TEKUCTUTHUAA YM3HKIN KyTOJaHraH
€PYFIMKKA TETMIUIM SKAHINTHHH KypCaTaid. r,, r, — Epyr-
JIMKHUHT S Ba P — TaluKui 3TyBYMIAPH YYYH KaHTHIN K03~
buunentn. HamyHara Tymaérran €pymRMK YHM3HKIHM KyTO1aH-
raH ne6 dapa3 KUIWHAIW, STBHM TYIIAETraH EPYFIHKHMHI P
Ba § — TawKuWi 3TyBYWwiIapH (asanapu Gup-OMpHra TYFpH
(Moc) kenanu. Y3 HaBbatmma, €pymiukHA P Ba § — Tamkun
sTyBuMyIapuHHUHT (3.58) Mdbogamarn KoMIUIEKC Ka¥THII KO-
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s dmnenTIapy HIUCOaTH Kyhumarnya udoganaduim MyM-
KUH.

P _ |’P| Hdp-dg) _ iA
= =1e = e
g ’sl gy (3.59)

Oy 2/IMIICOMETPUSHMHT aCOCHM TEHIJIAMAaCHIND. I, HUHT I
ra HUC6aTH n,, x,, #,, d,, A, ¢, TapaMETPIAPHUHT QYHKIUSL~
CHIHD.
MKxyHYM 3/UIMIICOMETPUK HapaMmeTp A

A=0 b O Sexsra =0 5705 (3.60)
ra TeHT Oynu0, y HaMyHa CHPTHIAH EPYRIMKHMHT KAWUTHIUU
cababnu naimo 6YnraH P Ba § — TalIKWI 3TyBYWIAPH OpacH-
maru ¢dasa dpapkuHM Kypcaragy. MOAOMHKH EPYFIMKHHHL
MOJIApH3aLMA X0JaTH (axaT MKKHTA HapaMeTp OWiaH aHUK-
JIaHap 9KaH, 6MTTa TymmIin 6ypyarura (p,) MOC KeraH 6miaH
yAyalugaH XaM MKKHTa MapaMeTpHH aHMKjlam MyMKuH. Ka-
JMHIMIY d, 6YAraH SNUTaKCHal IIEHKAJIM TOMOSIHTAKCHA
crpykrypanap yuyH (3.59) teHrmama xyimpnard KypUHUIIHU
oJau.

_28i -2
np +npe _ I+ ng-nge

gye® = r = 201 (3.61)

)
1+np -rpe N + Pge

By epaa r,p, I'» Ihpy ' — XABO-IUICHKA, IUICHKA-TAIJIMK 4CTra-

palapygaH €PYRIMKHHHI MOC paBumiia P pa S — TallIkuil
sTyBywIapu yuyH @pexens Kaiitnin xoadduuuertnapy, 6 —
EPYFIMKHUHT KAUIMIJIMIUA d, GY/IraH 3IMTaKCHal KaTIaMAaH
yTHIIOA ByXyara Keiarad ¢asza y3rapuinu (rpamyciapaa):

7 .

5= (300‘1—;)(n12 ~ sin? g, )% (3.62)

’

MabnyMku, YN3MKIH KyTOJNaHTaH €pyFIMKHHAHT P Ba § KOM-
MOHEHTANAPH YYYH TUBICKTPUK CHHIIHPYBYAHIHMKIAPU

Jeo=m—iy Ba e, =m-iy,
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O6YnraH MKKY ¥TKa3yBYaH MYXUT yerapacunan MOpeHeb Kayi-
THII KO3GPHUMEHTIApH

J—cos% 51 €os p, J-cos% Ecos;ol

Nas = s Torp
£ COS Py + €, COS P, 1 COspg + \/ cos p;
w/;coswl — y&; COS P, 52 cos gy — \‘51 cos ¢,
hys =

= Flae =
) 128
-‘/81 COS @y + 4J£, COS P, \/‘2 cosg + ,ltl €OS 9,

udonanap Ounan aHukyananu. By epma ¢, — €pyRIMKHHHT
TYLIHII OYpYaru, ¢, — 3MUTaKCHaJ KATIaMAaru CUHUI Gyp-
Yard, ¢, — TarJIMKIard CHHMIN Gypyaru.

£ . [ .
cos g, = }1-—5—"-sm2 Pg;  COSp, = Jl—g—"smz Po
1 2

Monomuxw, g, r, Ba €% — KOMIUIEKC KaTTaIMKIap (r,g, Iy —
XaKHUKHH KaTTaJIHKJIap (ayuku x,=0) sxaH, (3.61) udona xam
KOMIUIEKC O¥nanu. XakuKuid Ba MaBXyM KHCMJIADHHH aXpa-
THO, ¥ Ba A JJapHHUHT ONTHK KOHCTAHTAJIaApH n,, x, — 6y1ran
TaIJIMKKa YTKA3WITaH SMUTAKCHAT KAT/IaM KATHIIHTHIa 0OF-
JIAHUIUWHY aHUKJIAIH MYMKMH, STHHH:

TR P.
gy =\ +0};, gA=_ (3.63)
®, Ba P, nap SUIUIICOMETPHS aCOCHH TEHITaMaCHHHHT
XAaKUKUA Ba MaBXyM KHCMJIApHIHUD:
¢]=¢2(n0’ A’l’ ‘po; dl’ nl’ nz’ xl’ xz)
¢2=¢2(n07 l’ ‘pos d[, np nzs Xp X2)
bypuaxnap (y Ba A) HE {ir4ab, (3.63) TeHrmamanapuu 6upra
€4u6 KAaNTTaH TU3MMHUAA UCTAITAH HKKUTA HOAHHK, IIapaMeTp-
HHM aHHKJIATl MyMKMH. [JeMaK, 2JUIMIICOMETPHSHHHT aMaIHii

Macananapy nn*, pp*t 3MUTAKCHAT CTPYKTYpajapaa SIWTaK-
CHAJ KATIIaM KAJIMHJIMIH XaMOa TaITIUKIAru 3apsjl TallyBYU-
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JIap KOHUEHTPAIMACHUHH, OHp XMHC/AM MarepHaUiapia 3ca
3apsil TAIyBYMJIap KOHUEHTPALMACHHM EKH COJMIITHPMA
KAPUIMINKHM aHUKJamra oaud xenaan. UHGpakusun 2701l -
COMETPHS YCynu OMpHHYM MapTa An* TUIUANATH KpeMHMHA Ba
pp* THNUAATH TEPMaHWH CTPYKTYpalapuia SIKRTAKCHAN KaT-
JaM Kamueaaurmad 1-+10 MKM opanukia Hasopar KeTHIna
K¥manmirad. TynkuH y3ymwmry 10,6 MxM GVirad EpyriMKia
KpPeMHMI Ba TaJUiil apCeHWH DIIHTAKCHAN KATIAMJIADAHMHT
Kamuuiury CO, nasep acocuia ApaTWIITaH CaHOAT JUIMIICO-
METpHIA YIJall (Ha30par KYWIHIL) KeHT TapKairad. Epyrink-
HMHT Oy TYJIXMH Y3YHJIMK COXAaCHUAATH TO3a APUMYTKA3TMYIa-
pu THHHK (waddod) O6Yynamu, JerupiaHral sIpuMyT-
Ka3ruyiapia EpYFIMKHIHT I0TIIHII MEXaHU3MH aCOCaH 3PKUH
3apsi TalllyBYMIapAA YOTWIHIIH OmnaH aHuknaHamy. Iysuar
VUYH EpYFIMKHHUHI MHQPAKHU3MI COXACHAA MHKXPO3JIEKTPO-
HMKana KeHI TapKanraH an*, pp* KpeMHW, TaUIHH apceHu]
THIIMAATH Ba OOIKAa MAaTepHAJUIADHHUHI TOMOS3IIHTAKCHAJ
crpykrypanapuay maddod (THMHHK), STMTAKCHAI KATIAM,
€PYFJIMKHH IOTYBYM TAIJIMKIAH HOOpaT CTpyKTypa e Kapaur
MYMKUH. SpuUMyTKasrawiap ONTUK KOHCTAHTANApU IHCIIEp-
CHSCHMHHHT KJJACCHK Ha3zapHsacura MysohHK

2 _ 2, __ Am/p
=X =&, 14 dantcieis? (3.64)
= AP
X = R A (3.65)

udonanap onuHrad. By epna, n, — TarMMKHMAT HYp CHUHAU-
pHII KYPCATKHWYH, ¥, — IKCTEHIHUA KOIQPMUUEHTH, &, —
KPUCTAJI HaHXapa AUSJICKTPHMK CHHIIHPYBYAHINIH, T —
pelakcalysi BakTH, p — COJMINTHPMA KapIIIHK.
SApuMyTKa3rHUIapHUHT ONTHK KOHCTAHTANAPH 3apsAl Ta-
LIyBYMIAp KOHUEHTPALWACH, PelaKcanus BaKTH opKamy (3.63)
Ba (3.64) myHOCabatnap 6unax 6ornaHraH. CoMMIITMpMa YTKa-
3YBYAHIIMK Ba PENAKCAIllMs BaKTH, Xap XWI 3apdad TallyBYM-
Jlap KOHUEeHTpauusick yayH, MipsuH p=f(N) auarpamMmacu-
JaH TOMMIIANU. DIUTAKCHAN KAUIAMHUHT KATMHIMIH Ba TAlMK
KOHIUEHTPAIIMSICHHAHT KEPaKJIH COXaCHAA DIUIMIICOMETPHK
mapamerpnap (¥ Ba A) OXM na xucobGiaHagy Ba XucoOarr
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3.7-pacm. DnUTAKCHAN KATAAM-TAJIMK Yerapacu KECKMH GyaraH
nn+-tunpara GaAs 3nMTakCHaN CTPYKTYPAaHHHT KATHHINTU d=0,3 Mxm
6¥1raH YHM3MK/IM OpaMK, YTUII KaTIaMM XHMcoOra OJMHIaH X0J YYyH,
¢—A HoMorpaMMacu (@), nnt+-Tun GaAs CTPYKTyPaM TarTUKNArH
3NEKTPOHJIAp KOHIEHTPAIMACH Ba SNTUTAKCHAT KATIaM KaJIMHJINIHHU
aHHKJal ¢—A HoMorpaMmacH (6).

HATHXANApH Ba A KoopIuHaTajlapuia HOMOrpaMma KypHHH-
[IMAA KEITHPWIALW. ¥ Ba A Jlap KUTMHIMKHHMHT JaBpuil PyHK-
UMACH OYIraHu y9yH, OEpuiraH 3apsii TallyBYuWnaap KOHUEH-
Tpauusicuaay (AN, d|) 60FTaHUII ETHK 3TPH YU3UKIAH udo-
par 6ymamu. Taxpubama ymyaHradH xap 6up xydr y Ba A
MapaMeTpiap HOMOrpaMMaJiapyfia TaIMKHH KaHJaWaup 3a-
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psi TAIIYBYMNZD KOHLIEHTPAIWACHIa, IMUTAKCHAT KariaM
KUIMHIATHTA MOC KEJIXaH aBpuil TpH YH3UKEE €TTaH HYKTa
TYFpM Kenamu. 3.7-pacMia SIHTaKCHAT KaTiaM-TariauK yera-
pack kKeCkuH O¥naraH an* TUnRAaru GaAs SMUTAKCHA CTPYK-
TYPACHHMHT HOMOTDRarMMacH Kenrupwiras, Ky xosmiapna su-
TaKCHall CTPYKTYpatap IOKODH TeMIIEPATypallapia ONMHAnH,
OyauHr Hatwxacuaa AudQysus, aBTONETUpAall Xapabrnapu
corup O¥nud, YerapaHWMHI KeCKHHIWK INApTH OV3Wiamy Ba
SMHUTAKCHAJ KATIIAM-TAalJIMK Yerapacuia Opauk, YTHIN Kar-
JlaMu naino 6¥namy. TeknmpHIDIapHUHT KYpcaTHinuya, arap
KHMpHIIMA aTOMIAPUHMHT KATHHIMK Oyiiya TaKCHMOTH Mab-
nyMm Gynca (MacanaH, YM3HKJIN), 6y OPAMMK YTHII KATIAMH-
HUHT TabCUPMHM Y~A HOMOTpaMMaHHM XHCOOJalia 3BTH-
6opra onuumr MyMKHH. ByHZIa 3/UIMIICOMETpHS TeHITIaMacHra
KYIIMMYa napameTp d, — OpaIHK YTHII KATNaM KATMHJIMIH
KUpuTIiany. by mapaMeTp MabnyM OVyiica, MacanaH, TaryTMK-
Ja 3apsj TallyBYWIap KOHLIEHTPAallWACHM MabiIyM Oyica, y
XO0JIAA 3JUIUIICOMETPHK YITYOBIIAP SIMUTAKCHAJI BA OPAJTHK, YTHII
KaTiamiiap KAIMHIIMKIAPMHHA aHUKJIAIra MMKOH Oepamu. Arap
OpaTHK, YTUII KATIIAMHU KATHHINTH TEXHOJOTHK XHMXATIAH TaK-
pOpiaHyBYaH KaTTanHK Oyica, y BaKTOa YHHM BJLIHIICOMET-
PUK HOMOTPaMMaHH XMCOONAaNIa 35THOOPra OJIMII MyMKMH.
3.7a-pacmua xanuummry d,=0,3 MxM 6ynraH yerapaBuit opa-
JIMK, YTHII KATIAMMHHHT X#cOGra OJMHIAH JJUIMIICOMETPMK
HOMOIrpaMMacH KeJITHPWITAH.

Kymb6aanuw 6ypuakaapu y ea A nu maxcpubada anuxiau

Unsukiu KyrOnanraH €pyFIMKHM TaxIHJ KWIHII, STHHU
3JUTMNICOMETPUS TIADAMETPIAPHHY aHHKJTAII KYPWIMACH KYitH-
Jard acocui xucmiapgaH ubopar OViamu: Epymmk mManGam,
MOJAPH3aTOp, aHAIH3ATOP, YOPaK TYIKMH Y3YHIMK ILIACTH-
Ha (KoMITIeHCcaTop) GHOTOKAWAKWITHY, MOAYIATOP, KYYalTHD-
rud. JlasepilapHHHT MHTEHCHBIIHTH crieKTpodoToMeTp EpyF-
JUK MaHOanapura HucOGaTaH KaTra OYNraHu y4yH, CYHITH
HIWUIapaa yiap SJUIMIICOMETpJapaa €pyFIMK MaHOau cuda-
TUJA MIUTATWIMOKAA. CaHOATIa yIap aCoCHIA Xap XM TYIKHH
Y3YHIMK COXAaCHIA HIUIAWANIAaH 3)UTHIICOMETPIIAP, SIUIHIICO-
Merpuk Mukpockomnap (YUT-—-TOC, DU—09, UT—1, 7—
0031; IDM—2, JIODM—3, JI9®—3M sBa Gouikanap) uuuiab
YHKAPWIAIH.

Tabuuii EpyrIMKIAH YU3NKIIH KYTOJIAHTaH EPYFIMK ONHMILA
NOJIIPH3ATOP KYUTAHUNANH, aHAJIHU3ATOp IIOJIIPH3ATOp XKabu
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MIIUTAMIM Ba KOMIIEHCATOPAAH YTraH KyTOJIaHTaH €PYFIMKHH
TaXJIT KWIMINra Xu3Mmar Kwiaga., Paxkar YU3HKIU HOJsIpH-
3aTOp Ba aHAJIH3ATOP OPKAJIM KMCMaH KyTOJIaHTaH €pyFIMK-
HY DJUTMNITHK KYTOJIAaHTaH EPYyFIHKNAH aXpaTu6 OynMaiiou,
YYHKH aHAIH3aTOPHU ONTHK YK arpoduna alnaHTHprasna,
MKKH XO/Ia XaM €PYFIMKHHHI MHTCHCHBIMIHU Y3rapagy, UH-
TEHCUBIMKHUHY MAaKCHMMyM KHHMATWUHM MHHHMYMIa HUcOa-
TH 6Mp Xy 6§1MiI MyMKHH. By HucGar aiinana 63iuia6 Kyr6-
JaHTaH EPYFIMK YIyH XaM, Tabuuil EPYyFIMK YUyH XaM 6upra
TeHr 6ynapu. Bynapsau 6up-6upuman axparuil (dapxnarnr)
'YYYH SJUIMNTHK KyTOJlaHTaH Hyp aHM3aTpONMK KPHCTaULIaH
scajiraH IIacTMHA €KoMIleHcaTop) JaH YTKasWiInO, YHHHT
OPTOTOHAJ TAIIKMJI STYBYHJIAPH opacuia InyHnai dasza dap-
K{ XOCHJ KWIHII MYMKHWHKH, OyHIa 3JUIMITHK KyTOJIaHTaH
EpymINK YM3HKIM KyTrOJaHTaH Hypra ainaHcuH. By xommca
aHAIM3aTOPIA Ky3aTHIAOH Ba Taxyman KuimHagu. KoMmmeHca-
Top chudatuaa HKKM YKIH KpHCTaUIapAa 0ol YKura napai-
JIeJl KWIHG KUpKWO OJMHraH KBapll, CIIONA, MCHAHM IINaTH,
CdS — MOHOKPHCTA/UI TUIACTHHANAPH KY/UIaHWJIamu. Arap
KOMIIEHCATOp IUIACTHHACHTA KMPAETraH YM3MKIM KyrOaaH-
rad €pyFIMKHHHI 3JIEKTp MailOH KyWIaHTaHJINTH BEKTODH
KPHUCTAUTHHHT ONTHK YKura HucbaTaH 45° Gypyak ocTHa TyHI-
ca, y Xoija ONmMi Ba FApMONNUN HYpPIAPHUHT MHTEHCHUB-
JHXNIapy Omp xun O6Vnamu. Arap riacTMHA KAIMHINTH

% =2nd(ny — ng))

IIAPTHH KAHOATIAHTHPCA, Y XOJJla KOMIIEHCATOPIAH YUKKAH
Hyp ailnaHa 6yit1a6 KyrOnaHran €pyriMKka ainaHamu. On-

U Ba FAipHONIHI HypJjap OpacHIard Hypiap (%] ra TEHT

daza dapku maiiao KMIaAUraH IIaCTUHA YOPaK TYIKUH Y3yH-
JIMK TIJIACTHHACH J1e6 IOpUTHIAIH.

By epna, n, — oamuit HypHAHT HYP CHHIMPHII KYPCATKH-
4y, 1, — FAHPHONNNIA HYPHHHT HYp CHHAUPHIN KYPCATKUIH.
Kyr6manuin Gypuakiapd 1 Ba A HH TaxpHbamaH aHHKJALI
YUYYH MONSIPHU3ATOp Ba HAMYHA Opacura yjaapra HucbaraH yku
45° 6ypyak ocTHAA YOPaK TYIKWH Y3YHJIMKIIH IUTaCTHHA XOM-
JalTHpwiagd. Y YI4oB NaBOMHMIA Y3rapTUpUiIManiu. by
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XOJITa MHTEHCUBIUKHUHT MUHUMYMIA DPHIIUII X0naTH ¢o-
roKaOyJIKIrHy €paaMuaa KeTMa-KeT aHaJH3aTop Ba IIOJIg-
puzatoprapHu Oypab Tommnamu. Opmatma MHHMMYMHHM 3—4
MapTa KeTMa-KeT Oypall OWIaH TONHMII MyMKHH, Oy Omwran
1OJISIPU3ATOPHY Ba aHAIM3ATOPDHMHI a3uMyT Oypwini Gyp-
YaKJIapH aHMKJIAHAIW. YIIYOB OfaTAa V/TYALIHUHT, STbHU, aHa-
AN3aTOp a3UMYT OypHarMHMHT MKKHM COXacHnaa 6a>xappmazm
bupUHYY coXala aHAJN3aTOPHUHT a3MMYT Gyp4yarn 0<4,=+
+ 90° opanukpa ¥3rapanu. By coxana A<180° ma 6¥ica, epyr-
JUK MUHHMYMH IIOJApU3AaTOpP a3MMYT OYpYarHHMHI —
45°<P<+45° opanuruma, A>180° 6yaranma sca monspUu3aTop
a3uMyT bypyaru 45°<P<135° opanuruna Ky3aTwiaay. AHaIH-
3aTOp a3uMyT OYpYarHHMHT MKKMHYM V3rapuil cOXacHaa
90°<A,<180° EpyFIMK MHHMMYMH MNOJIPH3ATOP a3MMYTHHH
45°<P=<135° éku 135°<P,<225° opaymFuna KysaTwiagu. ByH-
Ia y Ba A nmap

A=P +P,
¥ =[4,+(180-4,)]/,

xucobnam ¢opMynanapuiaH aHMKJIAHALH.

KeliuHrn injuapaa 3/UTMIICOMETPHK YaYAIIapHUHT Ce3-
THPJIMTH XUXATHIAH IOKOPpH, YpraHWwiauraH MaTepHaiUiap
JOHMPACHHUHT KEHTaHUIIINTa UMKOH Gepalgurad, aBToMaTiall-
THPHUIU Kynai OYnraH Oup KaHYa yCy/IiapH spaTHITaH.

¥ Ba A napHMHr Taxpubaza aHMKJIaHTaH KUWMatTiapu
Oyitnya onMHIAH YU3WITaH HOMOIpaMMaJaH EKM SJUIMIICO-
METpHsI aCOCHM TEHIVIAaMAaCH OpKAIU XuUco0nab, spuMyTKas-
I'MY HaMyHanap ONTUK KOHCTAHTaJapMHMHI 3JIeKTpodU3UK
napamMeTpiapy aHHKJIaHaIH.
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4-BOF

HOMYBO3AHAT 3APSLN TAIIYBUWIIAP
HAPAMETPIAPHEHA YIIYAII YCYJUIAPH

4.1-§. Homyso3zanar 3=ipsm TANIYBYAJIAP
napaMeTpaapa

ApuMyTKasrIUIap TAINKM TAhCKHP OCTHIA, SHHHU EPYFIHK,
PeHITeH, Yy — KBaHTIAp, TEWIAHTHPWITaH HEHUTpas, 3apsafi-
JIAHTaH 3appavanap xaMaa p—r YTHII OPKAIHM HHKCHIHS,
3JeKTP MalAOH#a 3apOxaH MOHJIAHMIN, TYHHEJ XapaéHiapu
TyGailn HOMYBO3aHAT 3apsif TAIIYBYWIAPHAHT Maixo 6ymu-
IIM, TeHepauusAaHuluM MymkuH. HoMyBo3zaHar 3apsan Ta-
IIyBYMIAD SIPUMYTKA3rH4d MareprHajUIapH -Ba ac0006JapUHMHT
3NEKTPOPU3NK, DOTORJIEKTPHK XOCCATAPDUHU AHMKIANAN.
HoMyBo3aHar 3apaj TalIyBYMJIADHUHT npelid XapakaTyaxi-
ard (1) muddysua kosbdumenty (D), nuddysnoH ysyH-
nuK (L), suram BakrH (r), CHPTHHd peKOMOMHALMS TE3NUIH
(S) xabu nmapamerpnap Gwnan tacudnanaau. By mapamerp-
JIApHHM aHHUKJANl YCY/JIADH SNEKTPOH, KaBaK Y3IYKCH3NAK
TeHIIaMaIapUHUHT 0aB3u GMp commanairTupyBuM (dapainap
Owian Gepwiras OOULIAHFHMY, yerapaBMii IUapTIapHH KaHO-
aUIAHTHPYBYU €YUMMHHM TOMMILITa acocHaHraH. SApumyTkas-
TH4Y HaMyHalapia HOMYBO3aHAT 33psf TAITyBYWIAp XyCYCHd-
TH (TabuaTH, XaTTH-XapaKaTH) KyWHEarun

1. BnexTpoH, KaBaK TOK 3HWIMKIapH

y,=eu nE+ed gradn 4.1
a,=eu pE—ed gradp 4.2)
2. Y3IyKCH3IHK
2= g m o dv, (4.3)
ol (4.4)
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retlaManapy CHCTeMacu eYMMH OMiaH TaBcHIaHAIH:
by epga n=n,+An Ba p =p +Ap — HOMyBO3aHaT XOJNaTJaru
Mps TAyBYMIAp (DIEKTPOH, KOBAK) TYAa KOHIEHTPAIHS -
M ny, p, — MYBO3aHATAArd 3apsi TalIyBYWIAD SJEKTPOH,
KaBaK KOHUEHTpalMsCH; An, Ap — HOMYBO3aHAT 3apsl Ta-
IYBYHAAD DIEKTPOH, KAaBAKHHHL MYBO3aHAT XOJATNATHMCHUra
Huc6aTaH OpTHKYA KOHLEHTPAUMSCH, An, Ap — 3JIEKTPOH,
kaBax nuddysus xospdunuentnapu; u,, M, — DJEKTPOH,
KapaK XapakaT4aHIMKIapH; r,, T, — SJIEKTPOH, KaBaK suiaul
BAKTNApH; g,, g — DJEKTPOH, KABaKHH IeHepalMsUiaul Te3-
JIAKJIapH.

®orourxennma (EpYFINK OPKanM) HOMYBO3aHAaT Xonat-
JarM 3apgaj TalyBUMIAPHH XOCHJI KWJITaHAA FeHepamys Te3-
JIMTH

g=aple(1-R)/hv=goe

ubona 6mnan Tomwiamu. By epna @ — EpYyRIMKHHHT SpMMYT-

Kasruya 10TWmMm Ko3hduimenTs, R — EpyHIMKHUHT HaMmy-

HalaH Kaitmmu xoabdunmenT, v— HOTOH 3HEPTHICH, ﬂ —

3apsfl TAIIYBYIWIAPHUHI KBAHT YAKMLI Koatumentn I,

€pyFINK uHTeHCUBAMTH. (4.3) Ba (4.4) TeHrIaManapaad KprI-

HAJIUKHA, HOMYBO3aHAaT XONaTHAarH 3apsfm TamqumIap KOH-
ap

HEHTPALMAIAPUHUHT Y3rapuIn Tezmmolapu — ";'t‘ HH 3apian

TalIyBYWIAPDHHHT PeKOMOMHAIUS, reunpamm Ipeid-mud-
by3us xapa€rnapn aHuKiIaiay. 3apa TalTyBYWIap KOHIEH-
TpaumsicH akar 6Mp HyHamumna, MacanaH, X — VKU 6yiinda
y3rapanu Ba 3A€KTp MaiIOH KywiaHTaHIUIrH E x YKy OVitnua
#yHanran 6yncuH 1e6 onuHraH xon yuyH, (4.3) Ba (4.4) TeH-
ramanap (4.1) Ba (4.2) HM Hazapja TyTraHna, KyWHIard KypH-
HUIIHA OJIaIH:

aAp _ Ap a*ap oE aAp

o 8T Dk o ET E (45)
2

ﬂ—g,, an D;M+p, na—E-+ E— e (4.6)

ar ™ ax

OE
by epna (;) ITyaccon TeHrnamacu
\ /
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af‘

£ (Ap - A
b s( \p — An) 4.7
6mran udopananamy. XaxMuil 3apam BYXKYyira KeJaMaraHia,
STbHU HaMyHaja S/leKTp HeWTpaJUTHK UapTH An=Ap 6axa-

PWITaHAA %—f— =0 6Ynmamgu. By xoi XM YTKa3yBYaHIMKKaA 3Ta

Oynran SIpUMyTKasTHwIapia Kysatwiaxd. KupuinManu sapur-
MYTKa3THYHIHT GHpOp XoMuaa KaiicH ycyl OMIaH OYnMacHH
acocuii 6yimMaraH 3apsii TallyBYWIAp HMHXEKIIHSIAHCHH.
ITadkne 6ynraH xaxMuii 3apsa OyHIa MKKM ycyn OwiaH: Oy
COXaJaH acocHH OynMaraH 3apsj TallyBYMWJIApPHH YUKAPHO
TalWIaul OpPKaid, €K1 XXMM 3apsaaHH OOUIKA THIHATH 3a-
PAR OpKaJIM, STbHM acOCHM 3apsi TalryBUYWiIap OWJIaH KOM-
TEHCAIMSIaHUIINA MYMKWH. ACOCHI 3apsii TallyBYWIApHUHT
KaTTa KOHIEHTPAUMsUIapHAa 3JIEKTp HeUTpaUIMKHH mukiaul
YUyH YJapHUHT KaWTa TaKCHMJIAHMIIM XyJa Te3, MaKCBEJI
peakcaiys BaKTH

T, =€k£/0 (4.8)

HYVa COOUP GYMMIIM KEPaK. £;, £ — BaKYyM, IPUMYTKA3IH4-
HHUHT AUSJIEKTPUK CHUHTAMPYBYAHIMKIAPH, T — SIPUMYTKA3-
TMYHHUHT CONHINTHPMA YTKa3YBYaHJIMTH.

AManuéra acocuii 3apsl TalUyBUYMIAPHHMHI KaiiTa Tak-
CHMJIAHMIIM XeY KaHAa¥d KMHAMHYMIMK TyFaupMaiinu. Hoa-
COCHIi 3apsin TaiyBYWIapHUHT Tuddy3usa xapaéHu V3 xapa-
KaT4yaHIurura, iud@ysusa xosdduiimeHTHra sra 6yiarad Heif-
TpaJ 3appaya Kabu cogup 6Vnamy. DnexTp MaliioHUIA acoCHit
6YnMaraH 3apsp TaUIyBYWIap 3apsUIaHraH 3appaya Kabum
npeiidnananu. Jlekun acocHit 3apgn TallyBYWIADHUHI Te3
KajiTa TaKCMMJIAHUIUK Tydalid, XaXMHH 3apsall XOCHI
O6ynmaiinu. JleMaxk, 3apsii TallyBYMJIADHMHT KHYHK KOHIEH-
TpalWsUIapHIa, UKKH UINOpany 3apsj TAIyBYWIApHHUHT da-
3008 KaifTa TAKCHMJIAHMIIM OPKAIH, SJIEKTPOHEHTPAITHKHHHT
TUKJIAHUIIH COIMMp OYmamm.

Ap=An Gynranna g, =g, 0,=7, 6ynanu. (4.5) Hu 7 =enm_
ra, (4.6) HHO,=eppu, Ta Kynapmxpnﬁ yxuam xaanapHu KYIIIHG

20 =g, - A”+D—A>£ ugEL2 (4.9)

T, ax
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KYpUHMIINA OVIraH Y3JyKCH3IHMK TEHIJIaMACHHH OJIAMHU3.
Knyuk siaeKTp MaiiioHIapuaa 3apsi TaulyBuWiIap apeid
xapakaTMHUHT mucddys3usacura HucbGataH xpcobra ojJMHMAc-
JIUTH MYMKWH, LIYHUHT Y4YH (4.9) HM KMYHMK 3JeKTp Maii-
JoHOa

aAp _ _Ap ’ap
o &7 T~ (4.10)
KypuHuIaa udonanam MyMKuH. By epaa,
_anDp+Upr— n+p
b= g, +0, - n/D’ + p/D, (4'11)
= Fntlp " FpHa _ (n-p)
He T, +7, (n/u, + Plu,) (4.12)

(4.10) Termiama (4.5) Ba (4.6) TeHIIaManapra TeHT Kywi 6¥7m0,
3JIEKTPOHEUTNAUIMK IIapTH GaxapuiraH IApOMTIA, Y 3apsi
Taurysdwiap tabuatnHu ndonanaiam. (4.10) narm D — 3mek-
TPOH-KaBaKHUHT T IY3HACHHA aHHUKJIAaMIU Ba 3apsifi Ta-
IIYBYWIAPHUHT OHKYyTORi muddysus koabdumuentu, (4.12)
nard pu, 3ca 6MKyromii apedd xapaxaryaHiaurd ne6 xopu-
THJIAH.

7-TAN KMPHIUMAJIH SIPUMYTKA3TH4Aa n>p OyIraHu y4yH
(4.11) Ba (4.12) napmau

D= D,; Be=H,
P-THI KUPHIIMAIHA SIPUMYTKA3rH4aa p>n OYIraHN y4yH

D=D; p=-p

Ba XyCYCUH SApMMYTKA3TMYJa p=h OYIraHH y4yH
D D

AP .
D,+D,’

D=2 ug =0

OyIMUUIUIMHK KypaMu3. KupuiiManu spuMyTKasrmwiapia
3apsil TAUTYBYWIAPHUHT OMKyTOM nuddysnsa kosddumueH-
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TH acocHit 6ynMaraH 3apsin tamryBumiap audpdysusa Kosdp-
dumenTHra TeHT GYMMINAIMHA, GUKYTOMIT apeiid XapakaT-
YaHNUK abcomoT kuiMaTu GYituua acocwit G6yimaraH 3apsn
TalLlyBYHIAP XapaKaTyakINTUTa MOC XeJIULINHA KYpauK. ByH-
HaH TAlIKapM, SJICKTPOH KaBaK KOHLEHTpalMSNIapH n Ba
P-TIapHUHT HUCOAaTHra Kapab u, — MIIOPaCHHM ¥3rapTHPaH:
n=p Ba u =0 OYINILINTHHU TyBoXH OynamMu3. Arap GUKYT-
omit mubdysna xoadpdummentu (4.11)un DifHITeHH MyHO-
cabaru

p=2,, (4.13a)

opkanu udonasacak, XapakaTyaHIMKHUHI siHa Gup mdona-
CHHHM, STHHH 3apAA TAaHIyBUWIADHUHI OMKyTOMit muddysmon
XapakaT4aHWMK UMOJaCHHH ONaMM3.

_n+p
VLS
“" “’

up = (4.136)

Kupummanu sipuMyTKasruwiapua n>p €éku p>n YpUHIH
OynraHma u, KMitMaTW u, ra TeHr OYIu6, YHMHI HIIOpacH
XaMMma BakT MycOaT O¥namu. XycycHil spuMyTKasrawiapia

b =2, . (4.138)

Yianykcusnuk teHramanapu (4.9) muar 6am3u 6Mp comna
XOJUIaparH eUHMMHHH TaXTHI KWIaiIuK.

1. ®apa3 KWiAiMK, 31eKTp MalaoH KyuwiMarad (E=0)
Ba HaMyHala HOMYBO3aHATHArd 3apsfi TAIIYBYWIAP TEKHC
g=afl (1-R) renvpauusiancuH. HamyHa spkuH cupmia-
puna cMpTHil pexoMOuHauma commp OynMacuH (S=0). By
xonga npernd, nudoysua xapa€Hmapu OYiIMaiay, HIYHHHT
yuyH (4.9) TeHrnama

Deog-Ro(-R)a bl @14

P
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KYpusuIDHN onamd. HoMyBo3aHaT 3apsjx TauryBdwiap KOH-
IICHTPALIMSCUHMHT BakKT Oyiin4a y3rapMiIudHM ¢axkaT reHe-
pauds Ba peKOMOMHAIIMA Xapa€ujapH aHuWKJaiian. Enm-
v (TYTKMY) Mapkasjap OyMaraHzia reHepanus Te3JIMIH
&=apl (1-R) — ra Mmoc Ap, — OGOLUIaHFHY KOHIIEHTpa-
1078 TYFpn KEJICHH.
Arap t =0 xa reHepaiys XapaéHu TYXTaTiica, £>0 ga g=0
Gynrangarn (4.14) HUHT edynMHU

Ll=aBl, (1-R)z,e ™

fp/

Ap = p(f) — py = Apg,,  €Xp
4.15)

o6ymamn. Texuc reHepaius OwiaH BYXyIra KejiraH acOCHM
OynMaraH 3apsj TalIyBYWIAp KOHIEHTPAIUACHHUHT CYHH-
Y €PYFIMK MHTEHCHUBIMIH [, (YHFOTHMIN JapaxacH) KMYMK
An, A <n,+p, €K1 Xyna KaTTa I, ma, apHM KaTTa Japaxand
nH)KeKum{ An, Ap>n+p, 6§mraH11a SKCIIOHEHTa KOHYHH OM-
naH comup OYnmamu. byHnaH dolinananub, HoMyBo3aHaT 3a-
PSA TAIDYBYMJIADHHHT SLIAIl BAKTWHMA aHUKJIAll MyMKUH. by
epAard T, — BaKTHA SPUMYTKA3IN4ra KUPHTWIraH HOACOCHI
3apsn TamqumIap KOHIIEHTPAIUSICHHN ¢ — MapTa KaMaiu-
LIMra KeTraH BaKT He0 Kapamr MyMKHH.

2. CraumoHap Xo. dAp =0 HH KypaiTuK. DNeKTp Maiino-

HH OyIMaraHma Ba ;{paneKcna HaMyHaHMHI X — YKU OViu-
Yya HOMYBO3aHAT 3apsi TAlIyBYWIAp HOTEKHMC IeHHpauusia-
HHO, xaxxM Oyiinya ¢=0 ga gp=0 ne6 dapa3 KWIMHIaHAa, y3-
JIYKCH3JTHK TEHIJIaMa

d’ap
de

(4.16)

Xlg
Il
o

KypuHniuaa oynanu. by TeHrnaMaHuHT

P o=0p(0)+p,; p._..=DP,

Yyerapa MapTIapuHHA KaHOATIAHTHPYBYH €YMMH
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8p(x)=p(x)-p,=Ap(O)exp| =} @.17)

6ynagu. by euumpan doiinananud, ApUMYTKAa3rMY HaMyHa-
nmapuna acocui OynMmarad sapsin Tamysdunap auddysunoH
yaywiurda L =./Dt 5p aHMKIaIl MYMKWUH. L HH acocwii
6yaMaraH 3apsa TanryBuriap audgysHacH comup 6yiraHma
yJlap KOHIUCHTPAIMSCHHUHT € — MapTa KaMasifMral Maco-
thacu ne6 xKapam MymxuH. TakukiaHraH 30Hanarv EMUILMII
(TyTKM4) MapKasjapuaa yIOUIAaHTaH 3apsijiap, 3apsii TamlyB-
YnapHUHT 1nGdy3HoH oKumura Xpcca KymmMaiay. Iysunar
yayH 1uddy3udH y3YHIMK OPKANH SINALIl BAKTUHHM aHMKJIA-
raHna, €NMINKAIN MapKas3jiapd HOMYBO3aHAT, acOCHiM GYiaMa-
raH 3apsif TallyBYIAp SIIALN BAKTATa TABCHP XypcaTMaiiiy.

3. CrauvoHap, HOCTAUOHAD MacajlajapHW KYpHIIa,
6ab3M OMp XOJUiapa, yerapaBMii 1apTiap,

Jw=eD%E( o, a=2S(p-p)ig,a  (4.18)

KypuHuiza G6epumuiny MyMKHH. By epma, § — Ymuamnurn
TEITUK OUPIUTH GMIAH aHUKJIAHAAWIAH KATTANTHK, Y CHPTHIA
pekoMOMHauusa Te3nuru ne6 artajgangu. Maskyp uerapaBuil
ITAPTHHUHT MabHOCH INyHAAH MOOpaTKM, y S — Te3nuK OH-
JIaH CUpTra OKMO KHpPaETraH 3apsi TAUIyBYMIAD OKMMHHH
aHIaTagM. S HUHT 5HT KarTa KUHMAaTH 3apsi TaulyBuWIap
te3nuru 10’ cM/c HUHTr TYpTOaH Gupura TeHr 6Ynu6, repma-
HMI1 Ba KpeMHMITUIap Y4yH yit mapontuza 2 « 106 cM/c TapTH-
6upa OVnmamu. Arap HaMyHana €IMHUIIHII MapKa3d MaBXyH
Gyica, acocuil, HOACOCHH 3aps/| TAIIYBYMIAPHHHT SIIAII
BaKIapu GUp-GHpuIaH Xyla KaTra Gapk KWIanuz, #T,.

IIWII MapKa3Jiapyua YIIUIAHTaH 3apsif Tamqupmap KOHueH—
TPAIUACH OIIKMKYAa HOMYBAa3aHAT 3apsjl TAalIyBUWIAp KOHIEH-
TPalUsACHIaH KaTTa OyJIca, acCOCHI 3apsi TANIyBYMIAD SLIAIT
BaKTHM HOMYBO3aHAT acOCHH O¥iMaraH 3aps TallyB4Miap
sIraIn BaKTWAAH XyHa Katra Oymam.

n — TN MaTepHajviapaat, >t ,» P — THTIA 3car, >, 6yna-
mu. By xonma 6uTra HamyHa yqu 3apsix Tamynqwlapnnnr
AIIanl BaKTH yI4ail ycy/Urapura Kapad xap Xwi1 KMilMartra 5ra
Oymmuu MyMxkuH. TeKIIMpUNUIAp INYHW KypcaTaguky, HO-
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MYBO3aHAT 3apda] TAIIyBYMIap KOHUEHTPAlMICHHH, SHbHU
[IOMYBO3aHaT YTKa3yBYAHJIMKHMHI BakT OViimya cyHMIIHUra
ACOCJIAHTaH XaMMa 7 HH VIIyalll yCyJUlapH €muiuin (TyTKHY)
MapKa3JJapUHUHT XOjlaTUra, KOHIICHTpauuscura OOFIHK
OYraH 3apAn TallyBYHAAp BaKTHHH Gepamu.

Hduddy3uoH y3yHIHKHH YIYallra acociaaHraH 3apsaj Ta-
LIyBYMIAp fIIALl BAaKTHMHH aHMKIAIIHHHI XaMMa yCyUlapu
SPUMYTKA3rM4d HaMyHanapujaa €muImum (TYTKHY) MapKasia-
puHU Gop €xm YK, OYIMUINra, YIApHAHT XO/NaTHra OOFIHK,
OYnmaraH acocHil 3aps) TalyBYWIap sSLIall BAKTHHH Gepa-
Iwiap. SIpUMYTKa3rMy HAMyHAIApUIA 3apsii TallyBYMIAPDHHHT
SIIIANI BAKTHHH, IH(DY3NOH Y3yHIMTMHE aHUKJIAIIHHHET Xyaa
Ky ycyJUiapu MaBXyl. Y €ku Oy YCYIHH KY/UIalll SpUMYyT-
Ka3ruy MaTepHaUIapy Ba acOO0GIapMHMHT UUUIAIINHA aHHK -
JNaiANrad 3apspi TAIyBYWIAp MINAm BakKTHra Kapab TaHia-
Hanu. ApHUMYTKasrawiapaa HOMyBO3aHAT 3apaR TallyBYHIap-
HHM IeHepalusiall ycy/ulapura kKapab, TauryByMaap siant
BaKTHHH, JAGGY3MOH Y3YHIMIHHM YINAITHUHT CTAIlMOHAD,
HOCTAIIHOHAP YCY/UIApPH TaBCHS STHJITAH.

3-TypkyM ycymnap cudaTiaa p-n YTHIIHU KyIUIaIra acoc-
JIAaHTaH YCY/UIApHH KypcaTuill MyMKUH. Oxupru iwuapiaa
€PYFINK MHTEHCHBIMTY KaTTa OYiraH MMITYILCIIH Ja3epliap-
HUHT ApaTWIMUIA MyHOcabaTu OMJIaH 3apsj TalllyBUYHIIAp
SIIalll BAKTHHHU KaTTa An, Ap>n +p, Napaxaiu MHXEKIUAIA
¥ynyail MMKOHM TyFwind. Hypnamunumi, HyplIaHMIICH3 pe-
KOMOMHALMsINAp 3aps] TAIIyBYHJIADHMHT 1Al BaKTHHH,
Iudpdby3MoH y3yHINTHHA aHWKIOBYM Xapaémaapaup. ByH-
JaH TallKapH, T, L HaMyHaJapHM OJIMINI IAPOMTHIA, MCCHK -
JUK MIUIOBJapHUra Ba TeMmIieparypara OOFIMK HapaMeTp-
Japamp.

4.2 §. HomyBo3dnar 3apan TAmyBUMIAp OHIaH
WIOKEK[[HANANTaE HAMYHAHHHT YTKA3yBYAHJIAIH

Y3ymiuru a, 3HU b, KAIMHIMTH d TYFPH OYpYaKiiH Iapa-
Jenenunes wakiuaa 6ynrad Ba x=0 Ba x=a Jaru KyHAaJaHr
kecumiiapura OM KOHTAaKT/IapM OJTMHTaH HaMYHaHHHT HOMY-
BO3aHaT YTKa3yBYAHJIUTHHU TaxX;nwn KwiaMu3 (4.1-pacMm) x —
iyHanAIma HaMyHaxaH I — TOK YTKa3wiraHja yHIard Kyd-
naHmn Tamysu V O6yncun. Hamynana kaupaiimup ycya, mMa-
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canal, GOTOUHXeKIUA (EPYFINK) OMIaH KM HMELKEKIISUIOB-
YH KOHTAaKT OPKAH TOK MMIYJIbCH OujiaH HOMYyBO3aHAaT 3a-
P TAIyBYMJIAP SJIEKTPOH, KABAKHM T¢HEPALIMUIAIIHK, yiap-
HUHT TaKCHMOTH WUXTHEPHI OYmb, KOHUEHTpanusiapu An,
Ap<n,+p, OM KOHTaKTIapuaa 3ca

AR/, .=Bp/,., =0 (4.20)

6yiicuH. HamyHanunr OM KOHTaKDIapuIaH HKKM-Y4 HUd-
¢y3uoH y3yHiuK (2+3) Z maH KaTra Macodaga XoMallray
¥pTa KUCMHIA 3apsf TalIyBYWIAPDHMHT HHXEKIMICH CONHP
6ynca, (4.20) waprHu aManra omupum myMmxuH. HamyHa-
IlaH OKAETraH SNEKTpOH, KaBakK Toknapu (4.1), (4.2) HuHr x
6yiida TalIKWI 3TYBYWIApH

Jue = 0, (R + An)(E,, +AE,) +eD, 222
";" 4.21)
j’x = e”p(po +Ap)(E0x +AEx)_eD’_aLAxg'

6wran ndbonanaHamau. by epnaru Ba KeiiMHIH yupaiiauran “0”
Oerd yIapHUHT MYBO3aHaT XOJIATAArd KWAMATHHH OHIIIM-
paznu.

(4.19) wapr Ypurim 6ynranna, (4.21) naru An AE, Ap AE,
JIADHU, MKKWHYM TapTHONArH KWYHK Xamiap OYIraHd ydyH,
uHObGaTra onMaca Oynagu. DIEKTPOH KaBakK TOKMAapH j_, o
HH Ky1u6, keiiuH 3ca OyTyH HaMyHa XaxXMu (a* b - d) Gyvm—
ya uHTerpawiaiMu3. TOKHUHT nuddy3HOH TalIKII 3TYBYH-
JIapHHUHT HHTerpanra KymraH xuccacu (4.20) maprura xypa
HOJITa TEHT, YYHKH

[ ixdydz = | %dxdydz = J (An(a) - An(0))dydz = 0

aba 9% abd
AHa IUyHIa¥ TEHIJIMKHM p YYYH XaM €3MII MyMKHH.

Vo =a-E, AV=}AExdx’ I=f(~llx+JPx)dydz
0 bd

MyHocabaTnapHHd Ha3apAa TYTCaK, HaMyHajia HOMYBO3aHAT
3apsA TAUlyBYMIApD MHXEKIMSUIAaHTaHAa, YHAAH OKa€TraH
TOKHHUHT {3rapHInyu
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Al = ;ez_(lupAp+‘u”AN)Vo +G,AV (4.22a)

oYmamu. bBymna
Ap= [ Andxdydz
abd
AN = [Apdxdydz (4.226)
abd

AN, Ap— MOC paBHIIJa HAMYHaard HOMYBO3aHAT DJIEKT-
pPOH, KaBaKJIApHHHT TY/Ia COHH,

bd
Go="e(p, 1o+ 1, 1) = é (4.23)

HAMyHAHHHT MyBO3aHAT XOJardard (KOPOHFyHgaru) Vrkasys-
YAHJIMTH, MYBO3aHaT X0JaTHAa HaMyHajgaH OKAETraH TOKHH

L=Y;/R=GyY,

OpPKAJIM, HaMYHAaH HOMYBO3aHAT X0JIaTaa (3apsij TallyBYH-
JIap MIDKEKIUAIAHTaHIa) OKAETTaH TOKHH

[=L=G V=G, +AQ)V (4.24)

<

dbopmMyna opkanu udomanacak xaMmaa KWIMK HHXEKLMANA An,
Ap>n, p,, sbHH G>AG 6YIMIUIMTHHY Hasapia TyTCaK, 3a-
pAd TAHIYBYMIIAD MHXEKUMSJIAHTaH HaMyHaJaH OKAETTaH
TOKHHHT ¥3rapMiiu

AI=AGV +GAYV (4.25)
udona 6mnaH aHMKIAHHIIHHU Kypamus. (4.22) Hu (4.25)

'6HJIaH COJHINTHPHIIINAH HAMYHAara J3JICKTPOH, KaBaK HWHXECK-
nUAJIaHraHaa yTKaBYB‘{aH)IPIKHHHF OpTHIIH:

AG= —a%(u,,AN +u,Ap) (4.26)
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npona 6wiaH anmknanagu. (4.19) sa (4.20) wapmiap 6axa-
pwiranza (4.26) udoaa HaMyHama HMIKEKIUSUIAHTaH 3aps
TAIIYBYWIAPHUHI Xap KaHIai TaKCHMIaHHUIINAA YPUHIHA OYia-
. IOxopuma xypaukku, (4.20) miapTHHHT OaXapHIIHIIH
Iuddy3noH TOKHUHT HONMTa TEHT 6Y7raH XUCCACMHY TAhMHH -
nanu. Iyausr yayH (4.26) Hu

An/x=0=An/x=a; Ap/x=0=Ap/x=a (4.27)

OuiaH amMalmTHpUIl MyMKWH. eitmuk, (4.21) ma saexTp
MalIoH KyWIaHTaHAMTH LIyHIAl KaTTa Ba TOKHMHT JHDPY-
3MOH TAalIKWI 3TYBYMCHHH TaLDIa6 1060pHIll MyMKHH GVJICHH,
y xonna (4.20) Ba (4.27) wapmiap GaXapuaHIIH €KH, 6axa-
PWIMaCIUTHAAH KAThU Hazap, vy (4.25) udona Ypunnu Oyna-
au. UxTué€puit MHXEeKUMSUTAaHHMII Hapaxacuaa, SeHu (4.19)
mapt 6axapwianuMmu, HYkMu, (4.26) ndona Yypurwmm 6y auinu
yuyH An, Ap nap x ra 60mIMK, 6ynMacnuru Kepak. by mapr-
HH, Macajlad, HAMyHa CUPTHHU OHp XWI1 MHTCHCHBIIMKIA EpH~
TUII OUJIAH amalira OUIMPUII MyMKUH. Kyucu3 Minkexusaaa,
abuu (4.19) Gaxapwiramma, HaMyHa KApUIWIMIH AR HHUHT
V3rapuinu

_ _ ___L_ 1 = AG ~ p?
AR=R,— R G, Gy +AG G,(AG +Gy,) RAG  (4.28)

GunaH anmknanamy, 6y epaa R, — MyBO3aHATIarH HaMyHa
KAPIIWIHTH.

4.3 §. HomMyBo3aHAT 3apsiJ TANIYBYRIAP
HapaMeTpAapuHH YIYANHHHT HOCTANHOHAD YCY/LIADH

a. Homysozanam 3apad mawyewunrap napamemprapunu
Yauaw ycyau Hazapuscu

ManryMKH, 3apsj TallyBYHJIAp TeHepallHsUIaHWIIMHUHT
KaHgai comup OynMILMra, HamMyHa ViIyaMIapura, CHpT HII-
JIOBUTra Kapal 3aps TallyBYWIap KOHHEHTpaumuscH (¢doro-
¥TKa3yBYaHJIMK)HUHT BakT Oyiinya ¥3rapHUIMHH, ABHH pe-
JIaKCallMsUTApUHU aHUKJIOBYM peKoMOmHanud, apeid, mud-
dy3us xapaémnapu xap xwi1 keyagu. Ilyuunr yayu 4.1-§ na
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KeaTHpUITad An (x, y, 2, t) Eku AG (x, y, 7, ) NTapHUHT CYHU -
IDHAAH aHMUKJIAIl MYMKHHJIMTH TYFPUCHAArM FOSHH aMajIM-
€rra TaTOMK STUII YYyH KAl STWITaH OMIUIAD Ba XapacH-
mapum An(x, y, z, t) Ba AG(x, y, z, ) peJakcauMsiapura
TabCHPUHHU 6aTadCHIPOK, TaXTHI KWiaiunK. ONIuH HaMyHa
TYFpH OYypYaKJIM E1FU3 (AKKA) éKH AABPUH EPYFIHK MMIYIb-
cH OwiaH EpUTIITAH XONMHM Kapab uMKaiimnk. POTOH 3Hep-
I'HSICH ho =, Eg OyraH EpyFIMK MMITYJIBCH JABOMMILTUIY HIKUAA
HOMYBO3aHAT 3apsl TallyBYWIap HaMyHa XaXMM Oyiinya Te-
KHC TeHepalMsIaHTaH Ba SPKUH CUPTIAapy LIYHIOA# MILWIOB-
JaH YTKa3WITaHKH, CHPTHIi peKOMOHHaNuA KMYuK (Oomkaya
aifTraHpa, Ky3aTwiMacuH) ne6 ¢apa3 xunamus. by Xonga 3a-
psAn TamyBYMIapHUHT Auddy3usacu Byxyara KeaMaiuu.

MaBXyQn Oynranpma,

Ap
An=Ap na YH3KUKJIH peKOMOHHAIUs T
Py

E=0 na Y3IYKCHINMHMK TeHImaMacH (4.14) xypunuinga 6yia-
mu. Kymuuk uHTeHCHBIMKAArH (An, Ap<n +p ) aMIUIMTYAaCH
I, JIaBOMMILTHIH T 6ynrad TYFpH OypYakKiiH EPYFIMK HMM-
nyiecH OWIaH EpUTHITaHAA, MMIYJLCHHHT JaBOMMIUTATH
opanuruaa 0<t =T (4.14) HUHT e4YnUMH

Ap=aBlz,(1-e " )(1~-R) (4.29)

Ba UMILYJILC TyraraHaat cyur T'<? ma

r -T

Ap=apr I,(1- e pe ” -(1-R) (4.30)

Oymamu. Arap €pyFIMK MMIYJILCHHUHT JABOMHIUIHIH 3apsi
TalllyBYMJIAp SIANI BAKTHAAH KaTTa (T>rp) Oyca, 3apaa Ta-
LIYBYWIADHUHT KOHLEHTPAIUsACH CTallMOHAp

An_=al, fr (1-R) (4.31)

KuiiMatra spuu6 yarypagu. LlyHpait xunu6, Kypuia€tran
XOJNa 3apsl TAllYBYWIADHHHT KOHLEHTpauusacH (An, Ap)
Xamja yiapra ImponopiuoHan Oyiaran (poroyTkasyBUYaHIHK,
HMOYJILC NABOMHILIHTH OpaTHFUAA
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4. I-pacm. ApUMYTKa3rHY HAMYH2RHHHT MOAEIH.

AG~Ap~(1—e ') 4.32)

HWmMmynec Tyraranmad cyHr

=T

AG~Ap~e ** (4.33)

KOHYHUSITNIApH O¥tinya y3rapani. DHIH QOTOYTKa3yBYAIUIHK~
HMHT cyHHImMAa suddysus, apeitd pexoMOUHAIIKA XKAPaEH-
JIapH KATHaIllaguraH MypakKaOpoK XOmMHHU Kypaiumk. Hamy-
Ha X=0, X=24, V=0, V=28 7=0, Z=2C pnaH ¥Trau Texuc-
JUKIap OMJIaH YeKJIaHTaH TYFPH OYpYaKIM TMapajuIeIONHIIe]
waxauna 6yncud (4.1-pacMm). Aiftaiink, HaMyHa # — THIUIH
APUMYTKA3TUY OYICHH, Y XOJIa HOMYBO3aHATHil 3apsn Ta-
IIyBYMWIApDHUHT IMGPY3UsICUHU acocHit OYnMaraH 3apsj
TallyBYM, STbHU KaBaK aHUKJaiou. 3apsyy TAIlyBYNIAD TEKHC
reHepalysUlaHral HaMyHaHH CHPT/IapuIa, 3apajl TalllyBYH-
JApHHUHT CHPTHH peKOMOHMHaIMsICH coamp OYiranpma, cuptra
TOMOH HYyHanraH 3apdl TalryBYMJIap OKUMH BYXVIra Keja-
Iu. By 6mnad xaxM Gyiinda 3apsa TalyBYMWIADHMHT HOTE-
KMC TaKCUMJIAHHMIIWIrAa B3 HaTKanma yaapHHHr auddysusacu
comup 6ynamu. ®apa3 KWIaiIMK, HaMyHaga EMMINKIIT Map-
Ka3napu WK, EpyFIMK MMIYJILCHHUHT YAFOTHIN JapaXacu
(aHTEeHCHBINTH) KMYHK An, Ap<n +p, 6yncus. UMnymnsc na-
BOMUIUINIH LIYHHAH KMYMK OYJICMHKM, YHUHT TyTalll BaKTH-
HM BaKT XMCOOMHUHT GonuaHuMHM (¢ =0) ae6 Kabyn xuum
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MYMKHH O¥JIcHH. ¢ =0 ga xaxM O6¥itmya 6up xun (TeKuc) Tap-
KAITaH HOMYBO3aHAaT 3JIEKTPOH, KaBakKJapHHUHT nuddysus,
PeKOMOHMHALMUS XapaéHiapH GolliaHamy. YTKa3yBYaHIMKHHU
ymyain yuyH 3apyp 6ynraH X — #yHanmuuga 5IeKTp MaIoOHu
MAaBXyJ OVIraH X0J1a y3JyKCHU3JIHUK TeHrnama (4.4) cH, IbHH,

A _ _ A pihp Ddivgrad Ap(x, y, z, t) (4.34)
at 7, ox

o6mran udonananagy. YIIyKCHIIHK (4.34) TeHriaMaH# OollI-
JIAHFAY

Ap (%, ¥, 2, 1)/,.0=DPgoy (4.35)

Ba CHPTHI peKOMOMHALMAHU XMcobra OMyBYM
x=0, x=2A4 cupmiapuia D% =5 Ap
y=0, y=2B cHpIIapuga D% =+5,Ap (4.36)
z=0, z=2C cupTiapuna D% =+S.Ap

YyerapaBUi UIapTIapHH KAHOATIAHTUPYBYM €YHUMHU

Ap =3 Apy= Z ,,cos(A)cos( . Jcos(‘ C’x

ik

w1 W],
® exp(\ 5' exp ‘ :+y“ + D ]t (4.37)
Kypununga 6ynanu. by epna
- D E? f,,
Yip = Az +2L Bz Cz/ (4.38)

Ap,, — amiuitynacu G, GyiraH rapMOHUKa KOHUEHTpAIWS-
cH, GepwiraH XycycHii d)yl-ncum{cu OWIaH aHMKJIaHaIUraH
OIIMKYA 3apsl TAIIYBYMIAD KOHUCHTPALIMSACHHUHT KHCMH.
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Gijk — OoMUTaHFMY IIAPTAAH, STHPHU 3apsai TallyBYWIAD-
HUHT ¢ =0 Jaru TakCMMOTHIaH TOIWIaAUTaH KaTTaauk. (4.37)
€4uMra XyCcycHil GyHKIMSIIapHHUHT YH3HKIM KOMOHMHALIMSICH
Jie® Kapall MyMKuH. YHAaH KYpHHAAUKH, Apﬂ — HUHT Bak-
Tra GOFIAHMINM YYTa SKCHOHEHIMAN TAIIKWI 3TYyBUWIADHH
¥3 MYUra omamu.

Co
CXP(—;) — HaMyHa XaXKMHJIA 3apsg] TallyBUMIAp pe-

KOMOHHALMACH Ty(aiinu,

exp(—y,f) — cUpPTH peKOMOUHaus Tybaittu,
_ W

4D
JOH TabCHPHU Ty(ailu ByXyAra KejraH TalIKWI STyBYMIAp-
IUp, 3apsj TallyBYWIAp SIUAII BaKTHHU, CHPTHH peKOMOH-
HallA TE3NMIMHM YTYalliia BakT HOMMMIIUTMHHUHT OXHMPIH
TALUKWI 3TYBYMCH INYHAAH KMYHMK OVIICHHKM, TallKK :SneK'rp
MaHAOHH (OTOYTKA3yBUYAHIMKHHHT IACAWMIIHMIa TabCUD
KypcatMacHH. ByHra spuinmm yqyH,

exp — 3apsAA TAllyBYWiap TaKCHMOTHIa Maii-

(nE)

1
D <Ly (4.39)

mapr Gaxapwimmu xepax. Omataa Oy mapT 9J1eKTp MaiuoOH
KYWIaHTaHJIMTMHUHT Oup Heda B/cM maH KarTa 6yiMaraH Kui-
MaTiapHia 6axapwiany. Arap (4.34) TeHIamana SJeKTp Maii-
JOH KyWIaHTaHIMIMHU KMYHK 1e0, yHH MHoGaTra o1Macax Ba
yHra (4.36) yerapasuii apTIapHU KYUIacaK, &, 1, §, — Kar-
TAIMKJIAPHU CHPTHH peKOMOMHaims te3nukiapd S auddy-
3us k03bbuumenty D HM HamyHa Vyamiapu OwinaH 6oOF-
JIaWIUTaH,

5,4 S,B

p = E8E T=7ljtg7);

S.C _
D

Ekgk, (440)

MyHocabaTiapHu 6epangu. Bynap TpaHCmEeHT TeHIIamanap
6ymu6, oupuryn eunmiapyn 0 Cuad —’25 ODAIMFIAA, UKKWH-
gy eduMiiapu n+ 1,57 opanurupa éramu. Illy Gunan 6Mpra,
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$=0 marm eynmnapu E=75,=§ =0 5S> na sca ¢ =n1-51=%
oynamy. IIyHHHY yuyH Ap HHMHI aCOCHMii TapMOHHKACH £, N>
§, — JApHMHT SHT KI/I‘{I/IK XyCycHil KMHAMATIapHUra Moc Ke-

u6, >5pdexTHB BaKT JOUMUICH,

-1

1
Top = (: +7) (4.41)
T, /
OWIaH aHMKJIaHagu. by epna
_ nl & no, &
Yy = 0[7 +ort g'z—] (4.42)

Yy — CHPT peKOM6HHaHPIﬂCPI TE3JTHUrura, HaMyHa rcOMETpHuK

VyirgaMaapura OOFIHK. Yy HHE KaOyJI KMIHIIM MyMKWH OViraH
KUMMATUHUHT annrmmp TepMoguHAMHUK MYBO3aHATHH
THKJIAII XapaéHiapy GriaH GOrMHK aCOCHH TapMOHHKAHMHT
KaMaiuinu (Macaifuliy) KOoArad rapMOHHUKAIapAaH YCTYHIMK

KWIaJHM, YYHKH Y SHI KaTTa BAKT JOMMUMCHra 3ra. vy, + % —
1 .
KaTTUIMKHU —+J/m) ra gSKMH KAAMaTHH KaGyn KuiryHda

KeTraH BaKT OPATMFM TAPMOHUKANAP aMILIUTYAanapH G, HUHT
¥3apo HucO6aTHra COFIMK,. DHT COMNa X0una o (nenma <1>yHK—
M) — KYPHHMIIAArHd €PYFIHK MMIYJIbCH OWIaH EpUTHII-
rad, GONUIAHFMY XOJIATAA TEKIC TAKCHMIIAHTAaH 3aps] TaliyB-
Yiap KaMalMIDHHHHE GonuiaHMmmuaa S->o, 2B=2C<K24
OyraHzma, acocHil rapMOHHMKA HOMYBO33aHATHHM OIIKKYa 3a-
pAN TaUIyBYMWIap 2/3 KMCMHHHMHT pellakCalUscHHM Hudona-
naiiny, 6y HMCOMIT BakT yTHINM 6MiIaH opTH® Gopanu Ba Te3
yerapaBuil KMAMAaTra sSKUHJIalagy.

Hemak, 6y xonmma GoToyTKa3yBYAHIHK pesJaKCaIUACUHUHT
acoCHii XKMCMM HHcOaTaH KaTra OynMaran OOIUIaHFMY KHUC-
MHIAH TalIKapuaa

Aa(t) = Ao, exp

:— (\% + 7 ,‘ t ] 4.43)
181

www.ziyouz.com kutubxonasi



opkanu udonaranamu. HamMyHaHMHT reOMeTpHK Yiyamiiapu
KaH4a kKaTTa Oyica, 5pKWH CHpTIapia CHPT pPeKOMOMHaIus
TE3JMIM KaH4ya MacTt Oynca, Bakr gouMuiicu (4.41) ra cupr
PEKOMOMHALIMACHHUHT TABCHPH LIYHYA KMYMK GYmamu. vy, —
conga dopmynanap 6mwiaH mbonanaHamurad 6ab3M 6Up Xy-
CYCHH XOJ/UIAPHU KYpaIuK.

Arap x=0 Ba x=2A Kuppaiapu (EK1apH)Ia CHPT PEKOM-
OMHALMACH TEMHUKIApU YeKCH3 KaTTa S—» o (ofaTna 6y OMMK
KOHTaKT/Napia aMajira oumanu) Ba Gomka cupmiapuga S=0
ne6 Kabynm Kkwicax, y

2

— _ ;4
Y=Y =7

e (4.44)

xypuHuiaa udonananamu. (4.44) dbopmynanm mybxacus 3a-
PAR TaLyBYWIAp XAKMHH AIIAI BAKTUHHA aHUKJIAIITA KYJUIAL
MYMKHUH. O{hexTHB MIIan BaKTH 7., TAXpHOanaH ymyam
OIIaH aHUKJIAHTaH OYiIca, XaKMMM AIIaIl BaKTH

T T a2 (4.45)

OWIaH aHHMKJIaHagu.
KayoHkn XxamMMa CHpTIapRa CHPT pPeKOMOHHAIUSICH Te3-
JIMTH XyHAa Karra Gyiuo, 7, MabIyM Gyica,

2
‘=_'T(%+%+cl_2) (4.46)

OyHIal UMKOHMAT STHA TYFHWIAAH.

Arap E€pyFIMK MMIOYAbCH GHNIaH peKOMGHHauMs Xapaé-
HHIa OMUK KOHTAKTJIAapH TabCHp STMAaWaWraH macodana
OynraH OMp KMCMM €puTHIIraH Gyica, yHaa

11 ip(1 ., 1
i (ET+F.. (4.47)
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6¥namu. HaMyHa 3pKuH cUpTapyia CHPT peKOMOHMHAIHSICH
Te3MUKIIapy OMp X YeKId KMYUK KMHAMAaTIapHU XKabyi K-
ra" Xonga

% nt, C-S/D = & (4.48)

~

1 1 1)
a—:;—u:+2s( +ZC} (4.49)

OYmuuTurEHA KypaMu3s. DHnu Oy kenrtupwirad (4.43), (4.49)
ndonamapuu Kynad S, v, D mapaMeTpiapHH TaxpuGamaH
aHUKIAI ycTHAa TYXxTanaMn3. CHpT peKOMOMHAIMSCH TE3-
suruHH (4.49) acocuna Ymdar yayH doroyTKa3yBYaHJIMKHAHT
KaMalMIlI XapaéHupa CHPTHiI peKOMOMHAIMA ACOCHIl aHMK-
JIOBYH XapaéH, apHHU (4.49) ma

1, 1y 1
2Sb§+iﬂ»? (4.50)

Oymmm kepax. Arap HaMyHa YiayaMiapugaH OMpH Xyla Xu-
yuK 6ynca, C < B, IhHYU I0KA TUIACTHHKA IMAKIMAATH HAMY-
Ha KyJU1aHwica, OyHra spuimdni MyMKuH. (4.50) maptHH, KaT-
Ta CHPTHHA PeKOMOMHALIMA TE3TMIH OYIraHma KaHOaTIaHTH-
puiI ocoH, JekuH (4.50) MyHocabaT 6axapunMainu, 6y xonna
(4.42) ymymuii popMynaHn (4i40) 6wiIaH KJJUlall Kepak.

(4.41) maH KYpUHAIMKH * KBaApaT KABCHArd Kymair-

> T
1
Mara YH3HKIH OOFIaHTaH. T GysxKimgaHuHT TpadUry CHp-

TUH peKOMOMHAUMSHU Y3rapMac KMAMAaTHIA TYFPH YH3HK
1
6ynuob, y BepTHKaN YKHH |~ | Ja KecaguraH YHUHT OFHII Oyp-

Yard TAHTEHCH, JIPI(I)Q)YBPI}I KOSd)d)nuneHmra TEHT OYamu.

Al
T”I
n i (4.51)

Al +
B 2

ge=D=

|-

9}
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4.2-pacm. 3apan Tawysunnap >$¢eKkTus
A ALIAIN BAKTH TeCKAPH KMIAMAaTU
L
¢ 1 ( s, 8

HHT —+—) ra OOFTaHMIIN:
T DB DC|
a § — cHpr peKOMOMHALMA TE3IUTH:
T J — 3apax Tamysunwrap middysusa
. xo3¢pdunuentu: B, C — HamyHa
S S
— o —
08 D

Virdamnapy.

By xarranuknap Ky#iuaaruya Tonwiagu: HaMyHa Ypra KMCMH
€puTwirad xonna, (4.41) ra xypa, ¢ | HH (4.48) Kywnam 6mman

- ) ,
1 _1 £ 51] 1 S S
— =—4p|L 43|l plS 4 S
Ty T 8 c*) 1+D(DB+DC) (4.52)

KypuHuina uonanaimMus. Byupa S/D HMHr LnyHaa# K-

MaTi TAawIaHAAWKY, CUPTIapura Oup XWiI HUUIOB GepHiIraH
" 1 .

Xap XWI FeOMETPHK YI4aMiiapiary HaMyHanapaa — HH yI4aH-

raH KMAMATIApUHUHT HYKTaJapu GUp TYFpH YM3MKAA ETCHH
(4.2-pacM). CyHI TYFPHM YM3HMKHMHT OFMINMZAH Auddy3us
lgo;-)d)(bnunenm romwiamu. D au Ba S/D Hu GuiaraH xoama

1 .
(:) romwiagy. Ilynra yximam rpagux ycyn 6mian (4.49)

GoraHMII acocuua T Ba S HH, (4.46) GOFIAHMII acOCHIA 3ca
7, D Hu Tonmmr mMymkuH. IOmnka HamyHanap ydyH YpUHIM

6ynran (4.49) popmyna yuyny C << -g IIAPTHUHT GaXapHiIn-

II¥ KPEMHMI HaMYHANAp¥ YIYH CHPTUH peKOMOGMHAIUA Te3-
murvHn 10° cM/c TapTMOArM, repmaHuii HAMYHAIapH YYyH
10* cM/c TapTMbaary KuitMaTiIapu GwiaH YeKIIaiau.

6. PomoymKasyeuanauK peaakcayus 6aKmunu Yauau Kypui-
Macu 6a 3apA0 mawlye4unap swauw aKmuHu aHUKAQWOa2U Xa-
moauxaap

DoTOYTKA3yBUAHIINK peaKcalus BAKTUHH Yryall Kypui-
MajlapufiaH OMpMHHMHI YM3Macu 4.3-pacMia KeJITHPHITaH.

184

www.ziyouz.com kutubxonasi



b Joy AUy
=T AT
M &

mOc |
: . —ip o
I'RH Vi)
™ {1
- v
DK

4.3-pacm. CranmmoHap GoToYTKa3yBIAHIMKHM YI4alli KYPHIMACHIHHT
cxemacu. TM — ¥3rapmac Tok Man6au, M — moxgynarop, OC — onruk
cucreMa, @ — dunprp, PK — doroxabynkuirug (dporoauon).

Varapmac xywranum (tok) MaHGau (TM) ra kapunwtarun R
Oynran HaMyHa GWJIaH yHra KeTMa-KeT 6YIraH 10K1aMa Kapliu-
K R, ynaHras. Epyrux ummynncn 6MnaH HaMyHa EpUTHI-
raHja, YHUHT Y¥TKa3yBYaHJIMTH, G HMHT Y3rapui AG tydair-
T4, KapIIWINKAQ KYWIAHHHI TYIIYBHHHHT yarappmm (V3rapys-
YaH KywiaHuir) AV, Byxynra Kenang. Hamyﬂa €puUTHIMaraHga
YHHUHT Kapmmmmﬂn 3aHXMPHaH OKaétraH I, TokaH, R, naru
KYWIAHWHIHU

v, ViR
= - =_”__' = -_:_M_
R=Ry; Io=g=la= Vio=Toky =3

HaMyHa EpHUTIITaHAA,

14 VyR
R=R,—-AR, I=—}H% . Vy, =_ HH

R, > "%  Ry+Ry -AR Hee ™ Ry + Ry - AR
GynuuIMHU Hasapaa Tyrcak, R, — 10K1aMa KapUIWIMKAA Kyd-
JIaHUIHI TYIIYBUHHMHT Y3rapuiry

VAR R
AV =V, -V, # it

= U= B Ry= R AR+ Ry R, + Ry (45D
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n¢ona Gwnan anukaananu. by epaa, ¥V, — Tok Man6au (TM)
KiIeMManiapH (KMCKMWIapH)Iard Kywianuiu. HoMysosaHaTuit
3apsiA TAllyBYWIAp KHYUK MHTEHCHUBIMKAArH EPYFINK OMIaH
TeHepauMsUlaHca, An, Ap<n,+p, HaMyHa KapIIWJIMIHHHHT
yarapuim AR R, 6ynanu Ba (4.53) maxpaxumaru AR 3bTH-
6opra onunmaiigu. By xonna (4.53) uu (4.28) ra acocan

av, = VaRutR _ YRy 4 (4.54)
(Ry +Ry) Ry + Ro)

6unan ndomanaHuiuMHM Kypamus. By udonanan xypuHamu-
KM, 3apsil TAUIyBYWIADHHHT HACT YMFOTHII AApaXacCHAA IOK-
JamMa KAPUMIMK R, HMHT HCTAIraH KuiMatuna AV, Gunan
HaMyHa d)o'roy'rxasynqaﬂmm AG opacuna nponopuuonan-
JWK caKjiaHaau. UxTué€pumii yiroTHin Japaxacuna, AV, 6unan
AG — opacuiard NpornopuUMOHAHK R,>R GS’nraHnamHa
cakjiaHagu. by xonna (4.54) gau

2
AV, = %AG (4.55)

Oynamu. (4.54) Ba (4.55) udonmanap Vpuriu 6yaraH xonga,
AG Ba yHra nponopudoHan 6§iran R, Nar¥ Ky'wWIaHMII WM-
nyisen AV, HU BakT 6YiiMya CYyHHIIH pexomﬁxmaunx KOHY-
HUSATH Gyifmqa 6yym6, MyBO3aHAaTIar KHIMaTHUTa MHTWIAIN.
R, xapnmnukna EpyFIMK MMITyIbCHIAH ByXYATa KeJNraH Kyd-
JaHWII UMITYJILCUHU KEHI noaacasyu KyJaluTHpriyra, CYHr yH-
IaH ocmwuiorpadra Gepunaagu Ba (POTOYTKA3YBYAIIMK pe-
JIAKCAIMACH OCIWUIOrpaMMa LIAKIKAa Kain KwinHamu. Oc-
IFUUIOTPAMMAaHHM TYPFYH YIIUIA0 TYPHII YYYH Y TALIKH CHTHAJ
OWIaH cunxponsanadu. ByHuHr yayH HaMyHara TymuaérraH
épyrnuk sipuMmacdgod Ky3ry OMIaH HKKH KMCMIa aXpaTH-
Jnaxu. YIapHUHT OMpH KMYHK WHEPIHSUIH, Te3Kop (GoTo Kabyn
Kwirny (GoTd-31eXTpoH KyuyadTupriud, GoTOAMOA, BaKyyM-
JIn GHOTO3NEMEHT) OPKAIM JJIEKTP MMITYJABCHIa aliiaHTHPH-
JIany Ba oCHWUIOrPadHUHT CHHXPOHJIANI ONOKHHUHT KHPH-
mura 6epuwnanu (43-pacum).

OcuwiiorpaMmaaH KydIaHHMII MMIYALCH AV, HMHT Ka-
MalHIIl YU3UFUHM TaX)IWI KWIKOG, YHHHT SKCIIOHEHIIMaA CO-
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XGCHHHMHT BaxkT JNOMMMICH aHMKJIAHAOW Ba Y OPKANHU 3apsan
TALIYBYWIAP SIIAIN BAKTH Xycobnananu. KyuraHuill uMnyab-
CHHUHAT OOIIRAHFMY Te3 KaMalMIl coXacH, I0OKOPH rapMOHHK-
Kanap TYHIHIIMHY aHuKIamy Tydaing, ss1ubopra onMHMaii -
M., Oxarga Oy ycyln OwiaH 7 HM VI4Yamina KYTapWwiIMIL, Ty-
UWIHHI BakKTJapH KMYMK OViraH TVrpu OypyakiM EpYFIIMK
HMIYALCHApU HIUIATHIAgK. bysnail €pyriMK MMITYZILCAPU-
HB omuuina Ilokkensc Ba Kepp svelixanm monynsitopiap,
HHXEKIIUOH JIa3epiiap, p-# — TaMO YTMIILTM EPYFAUX TWOL-
Japu Ba Gonixanap muiatuianu. Kepp, ITokkense ayeiixann
MOAYJATOpJIAp BJIEKTpo-ONTHK 3(deKmiapra acociIaHIaH.
DnexrpoonTHK 3ddexTHN BaKT nouMuHcm~10-% ¢ TapTHOH-
Ia, ury >ddexrtra acocnanraH MORyESTOpiiap Ky/uani Ounay
uMnyasc ¢poHTH 1077+ 10-% cex. Gynran TYrpu Gypuaxim
EPYFINK MMITY/ILCIIApH OJMII MyMKHH. EpyFIHK muonnapuna
p-n JTHINE YYYH TYFPM Xy4nmaHWII GepwiraHia HWHXeKIUsi-
JIaHra® HOMYBO3aHATHIl 3apsj TAalIyBYMNap peKOMOHHAaITusI-
cu Tydaitru, Hypranum coxup 6ynanu. Epyruk muomnapu-
HH, HHXEKI[MOH JIa3eplapHH ¥3rapyBYaH TOK MMITYJIbCH OU-
JaH yHFOTHO, ynap nmapaMeTpura MoC KeJIalHraH E€pYFIHK
MMIOYIBCH OJIAI MYMKMH. HypJIaHHII WMITYIECIIApHHM OJIIH
Ba OpKa (GpOHTIApH 3apsj TAWIYBUMIAD SIIAM BaXTUra 60F-
nuK 6yimud, y 1077 : 107° cex taprubupa 6ymaau. UMmoynscmm
Eépyenuk mMaHGanapH crdaraga (WHepT rasjiap KCEHOH, Kperl-
TOH €KH YJIap apajalllMacH TYANHMPWITAH) ra3iid paspsl J1aM-
nanap XxaM uupiatTwiagd. KywiaHmin UMIyJAeCH JIaMIITaHHHT
€HAMPYBYH Ba TOK YTalMraH SjeKTpomiapura GepuiaraHaa
JlaMnanaH OKAaéTraH TOK TYXTaraHgaH cyHr xaM GuUp Heya
MHKPO CEKYH]I paspsai JaBoM 3Taau. By saMnanapna €pyrimx
MMIYILCHHUHT MHWHHMaJa CYHMII BakT 1 MKC TapTHOMAa
6ynu6, y T, HUHT KyliH JerapacHHH YeKIain. HomyBo3aHa-
THH 3apsan 'ramynqwlap sIIan BaKTHHU GOTOYTKa3yBYaHIUK-
HHHT CVHHIIMTA aCOC/IaHTaH YCY/IM OWiaH aHHEKRALIA KaTra
XaTONMKKa MY KyMMaciauk yuyyH OMp XMHCIHM OyniMara Ha-
MYHaHM EpUTHIIIAH (MacajiaH, HAMyHa TOK KOHTAKTAPH CO-
XACHHM €pUTHIIIAH) Haino 6YaaauraH Gorosiexrp IpHTYBYM
KY4HH HyKOTHiN Kepak. ByHMHI y4yH HamyHa GUPXMHCIM-
JIEKKA TeKIDHpWiIany Ba HaMyHa OM KOHTaKinapura €pyr-
JMKHHA TYIIUIOHAAH cakiail kepak. FOxopHaa xain KWiMH-
ranuaek, OM KOHTaKT/Japuaar# peKoMOMHaIMs XapaéHiapu
(hoTOVTKa3yBYAHIMKHUHT CYHMILXIA TAbCUP KYpPCaTMACIUTH
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yuyH OM KOHTAaKTIapuAaH EpUTHIAETraH KMCMIaya Oyara”
Macoda 3apsn tamrypyunap audoy3sMoH y3yHiauruaaH GUp
Heya MapTa Karra /z(2-+3L) 6Ynuum 3apyp. SIpumyTkasruy
HaMyHajapuia €IUIIAI MapKa3iapu MaBxyn Gyica, ymap-
HMHT TabCcHpU Tydainu (PoToyTKazyBYaHNMKHMHI CYHMIL
KHCMU/A Y30K BaKTIU TARIKIWI 3TyBYMCH 6ynamu. byHu iyxo-
THII Y4YYH HAMyHaHH Ky4CU3 EpYFIMK OMJIAaH AOUMUI €puTHO
TYPMIL TaBCUSI STWIAAH, YYHKM Oy X0iAa €MMINHII MapKas3-
JapM 3apsj TalyByunap OwiaH TymaTwiraH 6ymagu. doro-
YTKa3yBYaHJIUK peJlaKCALUACHAAH 3apsil TallyBYWIap XaX-
MU SIHALI BAKTUHY aHUKJIALINA CHPT peKOMOHHAINA Xapa-
€Hn Tydaiim comup OGYiAraH XaTOAHMK, acocaH, HaMyHa.
CUPTJIapUHMHI HILIOBUTA Ba HaMyHa FeOMETPHMK Yirdamia-
pura 6ormnK. bynu 6axonam yuyH ynyamiuapi a, 5> d 6yiraH
HaMyHajiapaa 3apsn TauryBuywiap auddysus xoadhduimeH-
THIa, CUPTHI peKOMOMHAIMA .S Te3NUrura, HaMmyHa KaauH-
nurvra 60FTHK O6yiaran cupTuil ssmaii BakTH (4.41) Ba (4.42)

o [ d
Jlapra Kypa (C = -;) ra aiMalITupyuo

Ts =5 (4.56)

ndomanaH Tonunaau. £ — KaTTalIuK
bigh =2 (4.57)

TPaHCAEHT TEHINIAMA €YMMHM. T, HUHT 3apsJ TallyBYWIaPHHHT
XOKMAAru fIall BaKTHra TAbCUPHMHH KPEMHHUHA MHCONUEA
Kypainuk. ByHMHr yYyH KpPeMHMIl HaMyHaJJaApMHHHT capT-
JIApM MKKH XWi, sTbHY: a) MeXaHUK-KWMEBMIM MIIUIOBAAH Ba
6) exupHIl (KWCIOTa €KH HUIIKOpJIAap OMjIaH CHPTHHH JOBMIN)
MIUUIOBHAAH YTraH CHUPTIapAMp.

By cupr MnuroBnapura MOC paBHIIIa peKOMOMHAIUSA Te3-
JsuxapuHuHr 10* cm/c, 10° cM/c KpitMaTiIapy TYFpH KeJIamu.
(4.56) Ba (4.57) acocuna xuco6aHraH 7 HUHT Xap XIT KATUH~
JIMKRAarn KuiMatTiapu 4.1-XagBanna KeJTHPUITaH.
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4. 1-ucadsan

KpemRuii naMyBasapana acocrii 6§amaran 3apsAj TamiyBIsIapHART
CHPTIArA SAMIAN! BAKTI2PH.

4
Hamyna, Tg =3
XAJTHHUINTH, 4D
MM
p-mn D =39 cM’/c n-tun D =15,5 cm¥/c
d S=10* em/c | S=10° em/c | §=10* cm/c [ $=10° cm/c
0,4 6 24 12 29
1 31 72 70 110
5 670 880 1700 1960
10 2700 3100 6800 7100
15 5900 6500 10000 11000
20 10500 11000 27000 27000

T, HUHT KMAMATJIapy TaxJMIMAaH KYpUHAIUKM, T Hu AG
HUHT cyHMmM 6YilMya aHUKIAINA 3apsAd TallyBYMIAp Xax-

MHMil sam BakTHHA 10% maH xaTtTa 6yiIMaraH XaTojiMK Ou-
JIaH yIyau y4yH, % =1 + L ra Kypa, tyHnai KymmHIMKaa-
TH HaMyHaHH TaHAAIT Ktepalgm, YHIA T, HUHI XKMAMATH T Ta
HucOaTan Kamuga (6uUp Taptu6aa) YH Mapra Karra Oyiamiau
Kepak. Macaiad, nuamerpn ¢ 76 MM, Kamuaaura 0,4 MM
GyraH KpeMHmit HaMyHacuga ¢ Hu 10% aaH xatra 6yaMaran
XaTOJNIMK OWIaH Yrvall yYyH T HHHT KuitmMaTH 12 MKc maH
KWYHK GYIHnm Kepak. DJIEKTPOH CaHOATH PUBOXITAHUIUM
OwnaH KelMHrH HwoiapAa 3apsi TalllyBymjap TapaMerpiia-
PHHHM KOHTAKTCH3 aHUKJ/IANI ycyuiapura taiab optau. Iy
6oucaan Oup xaH4a ycy/uiap spatmaad. by ycyimap acocuna
HaMyHara MEKCKOUsUIAHTaH 32psl TAallyBYWIAp KOHIIEHTPA-
IMACUHHMHT CYHMIINKM GyraH GoFMuK Xonucanap éragu. Maca-
JlaH, EPYFIIMK MMITYJIbCH OWIAH reHepallMsUIaHTaH 3pKHH 3a-
PAN TallyBMMUIapHa EPYFIHK IOTHAULT KO03(pGUIHEHTHHUHT
CYHUIIINTA ACOCHAHraH YCYJIHH KYPCATHIN MYMKMH.

6. bup mcuncau namynanapoa 3apsad mawyeuunap swaw eax-
muny yawawrunz wacmomasuli gasa ycyaaapu
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by ycymnap 6unaH v HM aHUKJIALIHMHI aCOCHAA HOMYBO-
3aHaT 3aps/ TaulyBYWIAp sIIall BAKTMHM aHUK MabiyMm GHp
YEKIM KMAMaTra 3ra 6¥1uim 6wiaH GOFIHK, KOHUEHTpaLys-
CH, (POTOYTKA3yBYAHIMKHUHI CYHMII Ba KYTapMJIMII Xapa-
E€HJIapM MHEPUMOHIMTH ETaau.

Hamynana 3apsn TauryBYWIAp MHTEHCHBIMTH CHHYCOMIH
6yiuya (rapMOHHK) MONYISALHSIIAHIaH

I =1, (1+sinwt)
€K1 KOMIUIEKC DYHKUMA KYPHHHUII
I=I +I e

6uwnau udonananysum €pymIMK OMIaH KY3FaTWIraHZa HaMy-
HaHHUHT (POTOYTKa3yBYAH/IMIH Ba POTOTOKM GHPO3 KSYMKMIN
6mnan xynnd EpyFIMK MHTEHCHBJIHTHHH V3rapHilM KabH co-
Iup 6¥nanu. SIpHU EPYFAMK OXKMMH OwiaH OTOTOK opacuaa
da3za dapku maiino 6ynanu. By ¢dasa cwrxwiuu 3apan Ta-
IIYBYHJIADHUHT XXMM S1Ial BAKTUTA EPYFANK MOAYJIALM -
SICMHMHT 4acTOTacura, CUPTHH peKOMOMHAIIHA TE3JIMTHUIa
6ormuk, Hlysnai xwm6, Oy MKKM CHrHan opacuuard dasza
dapxunM (CrwokHMIIMEN) Yadan: OWIaH v HE aHHKJIaIl YMKO-
HM TYFHIaO.

Epyenuxsunr Moxynsaims yacroracy ommum 6wia ¢o-
TOTGKHM ¥acTOT2ra OOFIMKJINIH HaMOEH OVna Gouwraigwu.
®Paza cwokwiM Kabu $OTOTOK aMIUTUTYIACH T, @ Jiapra 60F-
sHK,. POTOTOK aMILUTHTYNaCHHMHT EPYFAHK MOXY/IALMICH Yac-
TOTACUTra OOFTAHUIIMIAH T HM TONMII MYMKHH. By ycywiap
Omnad v HM aHHUKJIAll Ha3apUSICHMHM Kapab yukamm3. Maca-
JIaH, CONNAJALUTHDUIN YYYH 3apsii TalulyBYMIap HaMyHana
TEKHC TeHEePAaIUSIAHCHUH, JEKTP MAalIOH Ky4JaHTaHJIHTH
KHMYHK, HAMyHa CHpDTIapMlIa CHPTHil peKoMOMHaumsa Oyima-
CHH Je6 ¢apa3 xwinMHrannga, {(4.9) y3JIykCH3IHMK TeHIJIama-
HuHr apeiid, muddysua Ownan OGOFIMK XamnapH HHoOarra
onuHMaiigu. By xonxa 3apsm TaulyBYWiap reHepalys Te3JIH-
a g, =afl (1-R) (4.58) éxm (4.59) ra xypa

g=afl (1+sinwt )(1-R)=g, +g, sinwt (4.60)
g=apl (1+e*')(1-R)=g,,+g, e (4.61)
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nbona 6wiran anukanaau. [lynnain kw6, (4.9) yaaykens-
JIHK Teurnamac (4.60) ra xypa

dAn

D =g, +g,sinor- - (4.62)

6ynanu. TeHepanus (Xagu) Te3NMrH MKKH XaamaH H6opat
Oynarann yayH (4.62) marm HOMYBO3aHATHHl OPTHKYA 3apsii
TALIYBYHJIAD KOHLIEHTPALMACHHH

An=An_+An(w!) (4.63)

Kypunuiga udoxanaimus. By epna An_ — reHepauHMsAHHHT
HNOMMMIA TAIUKWI STYBYMCH (g, ) ra MOC KeJyBYH KOHIEHTpa-
mwrcn, An(w!) — reHepanmsa XagMHH Y3rapyBYyaH TaLIKWI
3TYBYMCUTI2 MOC KE/ITaH KOHLIEHTpaLys, TbHH FapMOHHK Tall-
KWJI 3TYBYMCH An HUHT y3rapyByaH TAUIKII 3TYBYHCH. An(w?)
HUHI' Y3JIYKCHIIMK TeHramacu (4.62) nau (4.63) ra xypa

dAn(at)

= . _ An(ot)
o &, Sin wt —

(4.64)

OYnanu. YHMHT XycycHil equMH

An(wt)=g, +

— ;zt, [sinwt—wrcoswt]  (4.65)

6unan mdonanaHamM,
sin(w#—8)=cosf [sin wt+tgh coswt |

OYMMIUIMIMHY Ha3apAa TyTcak, YHH (4.65) GwiaH COMMILITH-
PHIIIAH

tgl =t
6=arcigwr

6wiad aHMKJIAHHIIMHY KYypaMK3 Xamia, SbHHU
1

COS 0 = ===
Jl + (wr)?

O6ymuuIMrHHY 3pTHbOpra oncax, (4.65)
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An(wt)=g, ﬁ sin(wt—arc tgwr) (4.66)

KYpHHMIIHY onagy. By udomaHuHr Taximnmaan KypvHaIu-
KM, HOMYBO3aHAaT 3apsl TallyBYWJIap OPTHKYa KOHLIEHTpa-
IHMACHHMHY ¥3rapyByaH (TapMOHHK) TaLUKHI 3TYBYHCHHHHT
udonacu (4.66) ysrapysuaH reHepanys TenHru g(w?) Kabu
63116, eKHH ynap OMp-OMpUAAH aMIUTUTy#aJapH OWiIaH Ba
6up-Oupura HucOaTaH cwokurad daszacu Owian dapkiaHa-
au. HaMynana cupruit pekOMGHHanusa MaBXyn Gynranna
doroyTkaszyByaIMK OMIaH YHUFOTYBYM €PYFIMK OKMMH Opa-
cuna ¢a3a apku Kyn APUMYTKA3TMY NapaMeTpiapura GoF-
JIMK, MYppakka® ¢yHxums 6ynub, S HUHT OPTHINM 6 HMHT
KaMaluIiMra onud KeJlaau.

3apsa TaulyBYWIAp siiall BaKTMHH EPYFIMK HMHTEHCHB-
JIMTMHUHT MOXYISIIUSIAN YaCTOTACHTa GOFMMK/INUTH OPKAIH
aHHMKJIAII YCYIMHY KYpaMu3.

4.3.1. 6ynmumaa dorotok Al, dporoyrkazysyannuk (AG) ra
AG 3ca ¥3 HaB6aTHIA An ra NPONOPUMOHAUIMTMHH KYpraH
50K, WHTEHCUBININ TADMOHUK MOAYISIMAIAHTAH €PYFIHK
OwiaH EpUTIUIraH HaMyHana naino 6yaraH GoTOTOKHHUHT ¥3ra-
PyBYaH TAMIKHMJI 3TYBYMCHHMHI amIumutyaacu Al(wt) (4.66)
ra xijpa

—F
\/l + 0l

Al (w1) ~ g,

6ynamu. Moaynanus 4acToracH KaMmadu6G Oopuiiu OuiaH
¢dotorok aMIumMTynacu optd6 6opanu Ba wr<1 mapr Oaxa-
pwiraHza Makcumymra spuinagd. IlyHmai xuimb, Monmyns-
LA YacTOTacH eTapiau Karra 6ynaraHaarm oTroTokHH, w->0
nary ¢otoroxra HUCOATH

Al(wt) - An(w?) - 1

AIO)  An0) 11702 (4.67)
OWIaH aHHKJIAHHMIIMHY KypaMu3. wrt=1 Aa
Alen - L=o71 4.68
o =50 (4.68)
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4.4-pacm. 3apsan TallyBYWIap slall BaKTHHH (aza CHUDKMITMHUHT
KOMIIEHCAIMA KWINII YCYTH 6MIaH Yraln KypHIMacHHHHT cXeMacH.
D — Bakyymnu (resxop) doroanmemedt: TM1, TM2 — Y3rapmac ToK
MaHG6anapu: K — xaron Taxpopnaruy.

JeMak, HOMYBO3aHAT 3apsi TaUIyBYWJIAp SIAIl BaKTHHHU
Allwt) GOFNAaHMIIMAAH AHUKJIAIN YYYH EPYFIMKHUHI MOIY-
JISAIHA YaCTOTaCHHH olmpa 60pub, YHHHT (POTOTOK aMILIU-
Tynanapm Huc6atu 0,71 ra TeHr O6Ynran KuiMaTH TONWIATA

1 1
Ba Y OPKAJIM SIUAII BaKTH T = — = 7 udomanaH xucobia-

Hagu. MHTEHCUBIUTH CHHYCOMAM GOYitMya MOAYNAIMsUIAHTaH
épyPIMK OWIaH 7 HH Yoyam KypWIMACHHHHI yu3Macu 4.4-
pacMmza Keatupwiran. bysama spuminaddod x¥ary €pyrmk
OKMMHHHM HKKHM KMCMra axparajgd. BUpHHYM KMCMH HaMy-
Hara Tyllaau Ba HaTiDKama ToX MaHOam TMI ra Ba HaMyHara
KeTMa-KeT YJaHraH JoKjaMa KaplUWiMK R, na KydiaHuil
UMIIYJILCH AVH HM naimo kuwnanu. Kimunk gapaxani WHxex-
LM, 3apsi TALIYBYHIAP TeKHC FreHepalMsIaHTaHAa Ba CHPT
peKOMOMHALINACH TE3NIMId XyJa KMYMK, 3bTHOOpra onmaii-
Jurad 6yiaraHaa An Ba yHra mponopuuoHan 6§nran AN XaM
(4.64) y3TyKCM3JIMK TEHITIAMACHAAH TOILMIAIM.

HULUUIN MapKasidapu #iyK Oynranma AN=AP 3jekTpo-
HEeWTPALINK IHAPTH YpUHIH OynraHma AN 6wian AG, AG 6u-
naH AV, opacupary 60FIaHMIUIap YM3HKIM Gynranma (AV))

"Au# = B(1 + sin of) - iii'i (4.69)
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TEHIJIaMalaH ToNWIany. B — KOHCTaHTa (HOUMWIA KaTTAHK).
EpyriMK OKMMHMHMHI MKKWHYM KACMH TOKHHUHI TYHHHMII
peXuMHUIA MIUIAHIUTaH BaKyyMUIH (POTOD/IEMEHTra TYILIaIu
Ba TOK MaHGaMHUHT TM?2 ¢doTosnemeHT, Y3rapyByaH CHFUM
C pa R, xapunwmukaan ubopar samxupunal I=I(1+sinw?t)
TOK OKa Gomuraidny. R, KapUIMIMKIAard KywWIaHHII

dAV,(w!)
dt

AV, (w)

= B,(1 +sinwt) — R .C
-

TEHIIamMa OwiaH aHMKJIaHagM. By epna B, — nomMuit Katra-
K. AV, Ba AV, KyuiaHuiwiap OMp Xua KydadTUpruwiap
OpKaIH ociuiorpad HailyaCHHMHY X Ba y — TDIACTHHANIA-
pura Gepwranu.

BonrraHFM4 MIapTAapHUHT OMp XWIUIMFMHH XMCOOra oJ-
raH xonna (4.69) Ba (4.70) TenrnaManapsaH KYpHHAaAUKH, R,
C=t 6ynranna, AV (wt) Ba AV (wt) napaunr t 6wiaH 60FIa-
HHMIIIM OMp Xua GYmamy Ba SKpaHOa OFMa TYFPU YM3UK, Ky3a-
Tinagd. t#R,C na AV, (wt) Ba AV (wt) opacuma dasza cui-
XYM Taiimo 6Yaamy Ba S5KpaHaa SJUTHIC Ky3aTwiagy. Y. cu-
HycoHAa O¥iiMua MoIOyaAIUsNaHTaH E€pPYFIMK OunaH
vupiafouradg yusMa ¢ 5a 1071 ¢ rava ymyain MMKOHHMHHU Oe-
pamu. Byspaii MogynsaiManaHrad EpyFIMKHU AOMpPA HIAKIH-
JArd TeIIHKIapH GYIraH AMCKHU aiUIAHTUPHUO €KUM JJIEKTPO-
OIITHK MOIYIATOpNAp €pHaMufia OJUII MYMKHH.

2. Dnumaxcuan Kamaamaapoa r HU GHUKAGUHUKZ ha3asui
ycyanapu

By ycymrHMHT acocupaa 3MHTAaKCHal KaTJaMAa OJMHIaH
IMoTTkM (KOHTAKTH) MHUOAUHMHI HMHTEHCHBIUTH TapMOHUK
MOIYJSIIUUIAHTAH EPYFIMK OMiaH EpUTraHja maino 6ynran
doToTOK GriIaH EPYFIHK OKMMHM OpacHiarM CWDKUil ¢asa-
CHHM VITJaml €Tafy. 7 HH nnt — SIUTaKCHall CTPYKTypagapaa
YAYAINHU KYpaiiik (46-pacm).

IIoTrkn KOHTaKTH (AHOAM) SMHTAKCHAI CTPYKTYDAHUHT
COJMIITHPMA KAPIIMJIMIM TarJIMKKa HWcOaTaH kaTTa OynraH
KatiaM (n) ra, Tarmmk (n*) ToMoHura 3ca OM KOHTaKTH OJIMH-
raH. CTpyKTypa TarldK TOMOHHIAH IOTHIMII Ko3dduimeH-
TH KMYMK OYIraH, MHTEHCUBIUTH Oyiinya MOAY/SIUsUIaHTaH
MOHOXpOMATHK EPYFIHK OMiaH SpuTHinamu. By Xoinma 3apsm
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TAlIyBYWIAPHHHI TEKHC TeHepauMsIaHMIIN comup Gymamm.
EpyFiuk OwraH reHepalMsIaHTaH HOACOCHIl 3apsi TallyB-
ynap (kaBak) IlloTrku KoHTakTH TOMOH Muddy3usIaHaIK
Ba (POTOTOKHM BYXyAra KeJTHpPanu. Arap 3apsii TallyBYWIap
Inbody3MoH Y3yHIMIH Karra 6yiaca, XaXMuil 3apsafl COXacH
KEHITIMIMHU UHOOaTra oinMaca xaM Oymamu. Y xonma Illotr-
KM KOHTaKTH YYYH KHCKA TYTalllyB peXHMHAa YyerapaBHii
apTHHA

Ap,(0)=0 4.71)

KypuHuIIAa €3um MyMKuH. IIoTTKM KOHTaKTHIAH TaliKa-
PHIa SIIUTAKCHA KAT/IaM CHPTHH pEKOMOMHAIIMSACH Xy/a KaT-
Ta ne6 dapa3 xwmmHca, (4.71) uerapaBuii IapT CTPYKTypa-
HHMHT OyTyH cHpTH G¥iinya Ypurau 6Ynamm Ba Macana GHp
Ymyamam GYnamy. DnMTaKCHAN KATIAM CHPTHAA CHPTHM pe-
KOMOHHaINsA TEINUIH YEKIH KWiMaT Kabysl Kuica, HOGHp-
XHHCIHM Yerapasuil 1IapT XpcoOra OJMHHINH KepaK Ba Y4
YIT4aMITi MacaslaHW e4MII Kepak 6ymany. Tamux 6WwiaH s1u-
TAKCHaJI KaTJIaM Yerapacujia YyerapaBHii IIapTiap

Ap(d)=Ap (d)e=H*T “4.72)
dAp dAp
D,—- Pl , 4.73)

6mnan ubonananany. (4.72) mwapr SMMTAKCHAN KATIaM GWIAH
TarIMK 4erapacuiia MOTeHHWaNl TYCHK, MaBXymaIuruHu, (4.73)
aca 1uddy3MoH oKUMIAp YITYKCHAMMIMHE aHIMATaay.

IOkopuna xypraHuMusnek, EpyFIMK MHTEHCHBIUIH CH-
HycouzAa 6yiimya (rapMOHHK) MORYAIHHMSUIAHraH, IIYHHHT
YYYH reHepaumst Te3nury (4.61) rapMOHHMK XaIuHHHT g(wl)=
=g.exp (iwt) KypuHUmRarn udonacunaH doinanaHamMus.
HoMyBo3aHar acocuit 6§MaraH 3apsi TallyBYMIap KOHHEH-
Tpauuscu (4.63) rapMOHMK TAIUKWI 3TYBYMCHHH

Ap (x, wt)=Ap (x)e* “4.74)
KYPHHMINZA KUAMPCAK, YHHHT aMIUTHTYAACH Ap(x) Taramk

XaMJla SIHMTaKCHAT KATJIaM Y4YH OMp XWI GYIran yamyKcus-
JIMK TeHIJIaMacu
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iwAp(x)=D

d2
o - A 4 g, (4.75)

P

6mwnaH udonanaHany. by TeHIrTaMaHM TarIMK Ba SIMUTAKCHAT
KaTinaMm yuyH (4.70)+(4.72) yerapaBuil IIApTIApHM KaHOAT-
JTaHTHPYBYM Ap (x) Ba Ap,(x) eyamiapy TONWIaad. XHCO0-
JADHUHT KypcaTUIIMya, yIap acocuaa TOIIMITaH KUCKA TyTa-
1ryB GOTOTOKM aMIUIMTYIACHHUHT Hpomacu

d
shl—1+
4,

dAp
= —eD —
Yir s

=—egy L,

x=0 Ech— + sh—

(4.76)

Kypusumaa 6¥nanu. by epna,

' VA ' Vh
_ Dz . _ th . h ”/
L‘—(‘l+llh:1'|l ’ L’_(l+zzuzz2J > &= LD, ’

(4.77)

Tarnuxnars Ba 3MHTAKCHAN KATIAMIArd acocm‘»'l 3apsap TauryB-
YMJIAp KOHIEHTPALHAIAPH HucGaTy n. 2 5103 6ynaranga

exp[ i )> 10%, E>1 6ymanu Ba ToK MGOHACH CONNANAIIATN.

Jxr = €8, [Ltg% + Lysch ﬂ (4.78)

By udomaHuHr GUpHHYM XaNy STMTAKCHAN Kariamlia reHe-
palMsUIaHTaH 3apsj TAllyBYWIAPDHUHT MKKMHYY X3 TarJIuK-
JaH SMHUTAKCHAJI KATIaMra WHKeKIMsUIAaHTaH 3apsj TallyB-
yunapaad HHMFYBYM KOHTAKITA eTHO KeNraH KUCMUHUHT (o-
TOTOKTa Kymrad xuccacuuum kypcatagu. HIyHuHr yuyH
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MKKMHYHY XaJAuHHU bTHOOpTa OJIMACIHK MYMKHH Ba (OTOTOK
AMIUTHTYIACHHH

. Dz, d
e ==ego 7 2o L o U
l+iw1:,-)

udonanan xpucobmamt MymkuH. IlacT dacroTanap wr<1 gma
doToToK (hazaCHMHMHT CHDKUILIN

2d

d
go=—2L1- 2
(D,-'r,)%

csh
2 (Dltl )%

(4.80)

%
OwiaH aHWKIaHamgM. Arap Qi'di;z =2 OYimranma (4.80) Hu

MKKWHYHY Xamy OMpra HucGaTaH aHYa KWYuK. ByHu aptu6op-
ra oJIMaraHna

=_9%
g0 = >

OWIaH aHUKJIAHHIIMHU KYpaMH3 4.5-pacMza COJMHINTHPMA
kapwinry 28 OM. cM, Kanumard 50,2 MKM, 3aps] TalyBYK-
NapHMHT Tud¢y3NOH Y3YHIH- |,

rH 18,5 MXM GynraH KpeMHUH 1‘%
’  —
SMHUTAKCHAJ KaTJIaMH YYyH he S
0,5 vy .
XHCOONaHTaH tgh Ba (POTOTOK / ™~
aMIUIMTYJACHHM €PYFIMK MH- 0,2 i
TCHCHUBIUTUHH MOIYJIAUHUA o - th
JacTOTaCHra GOTNaHHIN IpPa- go5 7
¢ury Kentupuiarad. Kenru- /"* I y
pwiraH Hasapui GormaHmm 002 —L- 3 X .
TaXpuba HaTIKajapu OHIaH 10 10 9, My
Moc TyluraH. By lokopuia Ke-
TUPWIraH Ha3apHuii xucoGnani- 4.5-pacm. ®a3za cWIXULIHA
- tgq HUHF Ba (HOTOTOK
Jlapra WHTaH
pIa KAyt Kt dapas AMIUTMTYAAaCHHMHT MOIY/IALM
Jap YpUHIH SKaHINTHAAH Ja- vacToTacura GOFTAHMUIN,
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Y @B

4.6-pacm. IotTkn guoguHUHT GoToTOKH Gyiinda daszasuil ycyn 6Hnad
3apsA TAlIyBYWIap AINAHI BaKTWHU YT9all KypHIMACHHUHT CXEMACH.
@I — 10Kopu YacToTanu HoToKaGyIKINTIY (Te3Kop GoTOTMON):
IT — ITokkensc Mopynasropu: H — Hamyna: ¥ — KydafiTuprud:
JI — nazep: ®B — ¢a3a ce3rup BONTMETP: 3 — ACCH KYary.

Jionar 6epagd. DHMUTAKCHAN CTPYKTypalapla v HA aHWKJIAII
KYPHJIMACHHHUHT YH3MacH 4.6-pacMia Keartupwirad. Kypui-
Mana anekrpoonTk Iloxkensc sueiikacu (II) Gmian Momy-
JNALMSIIAHTaH Jla3ep HypH HaMyHaHMHT TarIMK TOMOHHUTA Ty-
IMpwIany. EpyRIMK oKMMM HaBOaTMa-HaBGaT (rajMa-ran)
Ky3ry opKainx HamyHa 0 ra, 10Kopd yacroramd ¢oTokadyir-
xwirnd (¢bmn) ra rymagn. Poroxabynkuirmy ¢ — craHgapr
dazanu TassHY CUTHAIHU Xocuit Kunanu. HamyHa Ba doroka-
Oyn Kwirmd TOMOHHIAH maiyio Oyiran curHawiap ¢aszara
ce3rup BoJbTMeTpra Gepmwiagu. Y 61iIaH HamyHa Ba (POTOKA-
OYIKMIMYOArH CUTHAUIAP aMIUIMTyJaldapd HUCOaTH Ba yiap
opacumart daza cwokmind yaryaHamd. IyHy TabKumaI Ke-
PaKK#, Jia3ep HYPH HHTCHCHBIMTHHUHT Y3rapyillM pe30HAHC
KOHTYPHHHHT cu(aTH MOLYISIIIMI YaCTOTACHIAry Yirdair Ha-
TIDKaJIapura TabCcHp K¥ypcatMmaiimd. By YCYJIHUHT IOTYyFMTa T
HHM OCOH XHMCOOJIAIIUIMKHM Ba YI4all HaTIKaCWHM CUPT MIII-
JIOBMTa KydcH3 OOFIAHMINMHM KYpCAaTHUII MYMKHH, YI4aml
MYMKHH O¥)IraH — v HUHT Kyill 4Yerapacyl CTpyKTypa CUFHMH
Ba YHTa K€TMa-KeT OYJIraH KapIIWINTHd OWIaH aHWKJTaHAIM-
TaH MaKCHMaJI MOAYJISIIUS YaCTOTACHTa GOFIHK.

0. DomonoMUHECUERUUA OPKAIY T HU Yauau
DOTOMOMHHECIIEHITNA OPKAIH 7 HUHT (a3aBHii Yiyanr ycy-
JIM IpUMYTKA3TH4d HaMyHalapuaa WHTCHCHUBIIMTH MOIYJIS-

198

www.ziyouz.com kutubxonasi




UMsTIaHTaH €PYFMK OMJIaH HOMYBO3aHAT 3apsj TAllyBIWIap
VHFOTHNTaHAA YIAPHUHT HYpPJAaHHIUTH peKOMOMHAIMSACHIAaH
comup 6yiran GoTONOMHHECHEHIINT OKMMH GIIaH YIIFOTYB-
YH MONYJLILMUIAHTaH €PYFINK opacuuard dasa CHIKHILMHU
yayaiira acocaaHrad. SIpumMyTkasrmyHN x=0 TEeKHCIUIH HH-
TEHCHUBJIMIY BakT 6¥iiuda, =1, + [ exp(iwt) KoHyH 6unaH y3ra-
pyBYaH 3Heprusicu hw>Eg 6Y1raH, SbHM MHTCHCHBIMKHUHT
TapMOHMK TAIIKWI 3TYBYUCH OYIraH MOHOXPOMATHK EpYF-
JMK 6wiaH €pUTWICHH. By €pyRIMK OKMMMHMHI IOTHIMIIH-
JaH 103ara KejiraH 3apsj TallyBYWIAp TeHepauud Te3THIH

gty =R (1 + 1 | ape= (4.82)

6unan ubonananagu. Arap EpymIMKIaH TeHEpalUsUIAHTaH
3apdan Taurysdwiap TakcuMoTH auddysusa, apeiid, pexom-
O6uHanus xapa€rnapu tydaiumi naio 63arax 6ynca, y xonna,
Y3IYKCH3IMK TeHDIaMacH (4.10) xabu 6yi1mb, omauH Kypra-
HHMMH3[IEK, Y UKKH KucMra axpananu. IOxopuma xypcaTui-
TaHMAEK, X Ba MOOYISILMS YACTOTACH @ Ta GOFIMK OpTHKYa
HOMYBO3aHAT 3apsij TALIYBYWIAP KOHUEHTPAIMSICHHUHT rap-
MOHMK TaIUKWJI STYBYMCHHHHT Y3IYKCH3JIMK TE€HIJIAMaCH

2
ivAn(x) = D, “EEE B0 4 goex (43

Kypunuuaa 6ynanu. (4.83) renrnaManunr (4.75) nan dapxku
LIYHIAKM, YHIA 3apa] TauryBYWIaApHUHT HOTEKHC TeHepalu-
sUTaHWIIA X|Co6ra onuHrad. Kamin Hamynanap 4> L na-€pu-
TWIMaraH TOMOHHMAa HOMYBO3aHAT 3apsi TAllyBYWIap KOH-
HEHTPalMsICHHY SBTHOOpra oaMacanK MyMKkuH. IIIyHunr yayn
(4.83) TeHrIaMaHMHT éPUTHITAaH CHPTUAA

dAn(x) _
D, o SAn(x)|

x=0

€pUTIULIMArad CHpPTHAA

D,, dAn(x) =0

dx x=d
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OynraH yerapaBMii LIAPTIApHH KAHOATIAHTHPYBYM €YHMH

S+aD,
- X

An(x)=“g"+ —exp (—ax) +
@' Ly -1 -iar S+ 28 14 iwr, V2
L n

n

X eXp[—Li(l +iwr, )2 (4.84)

. N .

KypuHHMIIga Oynanu. Arap HamMyHanaH HypiaHaéTraH poToH-
JapHU KaiTa I0THWIKII Ko3(duumentn (o, — JTOMHAHECUEH-
uust KoabduuMeHT!) KHYKMK 6yiaca, aseau )L <1 6¥ica, y
X0JIIa HypJlaHa€TraH (POTOHJIAP OKHMH

Loy = A gy (4.85)

r

OwnaH aHMKJIaHamM. By epaa n — ¢GoTomoMIHECIICHIIUSITHUHT
TAITKN KBaHT YM3HFMHUHT MYKH KBaHT YMKHMIIHIra HucOaTu,
T, — HYPJAHMIIHMHT sumam Bakrd. Ilact mapaxanu yitro-
THLA T,=const GYynamu. YHFOTYBUM EPYFIMKHHHI Ky4wIH
IOTHWIMII COXACHAQ, AbHM al >(1+iwr )2 6yaranga cupruit

SL "
pPEKOMOHMHAIIHS TE3NMHUTH KWYHK 3"— <« 1 OVnranma, xuco6-
n
JALUIApHUHT KYPCAaTUIINYa, JTIOMHMHECHEHIINS OKHUMHMHHHT
udonacu

80%s . aL?! = gO’nLn .
ar, 1+i(07n T, (1+a)21;3')

Iop=n (4.86)

KYpUHHUIIAA OYnagu. YHUHT ¢da3a CHIKHKIIM TAHTEHCH 3ca
[}
tgd=—wr , AlIAII BAKTH T, = —%— O¥namn. CHpTHi peKOM-

S
GHHALIMA KaTTa — 5L, > 1 6ynranga

Dll
4 ., 80%a Ln . wr, | 2
=80 . ge=-n; ¢ =-Z(0 4
for — r (1+iwr,) 8;0 2 r @ goo (4.87)

200

www.ziyouz.com kutubxonasi



N
—

ol - o3y ®B

H

4.7-pacm. DoTomoMuHeceHUHA 6Yitnda dasaBuii ycyn Grwiad 3apsin
TalIyBYWIAP sIUAI BaKTHHH aHUKJIam KypwiMacn. OM — €pyrmuk
MHTEHCUBJINIH Y3rapTuprudy; 3, — saccH xyary; GOY — doroanexTpon
Kymaitupriy; 3, — apumuaddod gaccu kysry.

6ynamu. bypyaknapHMHr KWMHK KMiiMaTuaa tg 6 = 0 CHpTHH
PEXOMOMHAITMACHHHMHT HKKHTa YerapaBuii KUiiMaTHIA, SHHH
$=0 Ba S-o OYnraH Xowapmard 3apsi TalllyBYWIap SILALI
BaKTIapu OMp-OMpUIaH MKKH MapTaJaH OpTHK, dapk, KWi-
Maiiawnap.

3apsn TalIyBuWwiap gialll BAKTHHH YI4alll KypHIMAacH-
HUHT Yu3MacH 4.7-pacMaa Kearuprwirad. HaMyda 6 acuinu-
ra Oyitmya MOIYJSUMsUIaHraH Jia3zep HypM OWJIaH yHFOTHIA-
au. HamyHara Tymaérrad €pyFIMK MHTEHCHBIUIY CyCalTHP-
rmy O opkanu Gourkapwiany. HaMyHaHUHT HypJIaHHUIIUA
oIrTHK GwieTp (Cy3rmy)iap TyiuiaMd ¢ ra HyHanTHpWIAOH.
VYnap opkanu GHOTOMOMHHECIHICHIIMA HypJIaHMIIN YTKa3uia-
I Ba ¢oToanexTpoH Kydaituprud POY ra dokycrmanam.
DOTO3IEKTPOH Ky4YaWTHMPrUYfaH KydjJaHHUII ¢a3zace3rup
BoasT™MeTp PB Hu 1-xupuinmura 6epwiangu. @B HUHAT HKKHH-
yi KupHInura doroxadbynkmwirny POllnan TasgHy KywiaHAIIH
curnanu 6epunamy. SApumimaddod xysry 3, opkanu Epyrnuk
okuMHMHHHT Oup xucMu PIT ra #¥nantupwnamu. Kysry 3,
€pYyFINK HYHAXTHINWHH Y3rapTHpMINra uuuiatuiarad. ®asa
ce3rup BOJMbTMETP Oy KyyaHHunap opacuaaru dasza dapxru-
HHU Vrmyaiau. YHFOTYBYM Jasep HypJaaHWIIM GmiaH ¢doTonm-
OIUIard TasHY KyWIaHHII opacuuard ¢asza papkn HaMyHaIaH
14— 565 201

www.ziyouz.com kutubxonasi



COYMJITAH Jla3ep HYpHUHM, PeKOMOMHAIMOH HYpJaHMIIM OH-
JiaH GUp X3 OONTHK HYN YTHUIIMnaH YmdaHanu. By yiryam Ha-
TYOXKaJIapura Kypa, Ky3raTyBud €PYFIMK OKMMH OmaaH ¢oro-
JIOMUHECHEHIIMSI OKMMH opacuaard ¢asa CIWDKHIIH XUCOO-
naHagu. Pa3za CHIXHINMHUHT aHUKJINTH 5% TapTHOMIa
OYmuuuInrn kextupwirad. IOxopuna €purwirad 6y yCyjaHH
apceHul TaMI SIMUTAKCHANI KAaT/laMlapra XaM KyiUiall MyM-
KHH.

4.4 §. Tox HMIOYIbCH HHKEKIHACHIA ACOCIAHIAN
HOMYBO32HAT 32psA/ TANTYBUAJIAP AMAM BAKTHHH
AHHKJIAI YCY)UIApH

a. T HU HYKmMAGuil KOHMaxmaoa YymKasyeuaHAuKHuHz Mooy-
asyusacu 6yiduqa yauaw ycyasapu

SApuMyTKa3rny MaTepHAUIapHHK, acboGiapuHu HINIad
YUKAPHIL XapaEHHIa MOHOKPHUCTaNN KyiiMa (CIIMTOK) y3aK
(crepXeHb) HaAMYHAJIapUJA 3aps TalllyBYMIap SINAIN BaKTH
7 HY Ynyanira TYFpy kenanu. byHnait HaMyHanapnar HY Yorgar
YUYH YHMHT KYHAQJIAHT KECUMHHMHT CHPTHTa HEDKEKIIHAI0BYH
MeTa/UI KOHTaKT (30HJ) XOMIWIANITHPHIANU. Y HOMYBO3aHAT
acocuii OYnmMaraH 3apsifi TAalIyBYWIAp YYYH SMMMTED Ba3M-
dbacunn 6axapann. HaMmyHara GyHmaH TallkKapy, ¥03acd KaT-
T4, KAPIIWINTA KUYMK OMHMK KOHTAaKT ojuHamu. Hyxkrasuii
KOHTaKT OPK&IM I000pWITaH MKKWIAHTAH WUMITYJIbCIIH TeHe-
paTopaH TOK peXUMUAA TYFPU HYHAIUILAA aMILTHTYAacH 1,
AaBOMMIUTMTH f, GYirad TYFpM Oyp4yakiM TOK MMITYJIBCH Ha-
MyHala HOMYBO3aHAT 3apsj TalIyBYWIAPHH MHXKCKIHSIAM-
IU Ba KOHTAKT aTpo(puMuard KapIIWIHKHH KaMalTHpaiH.

VHXeKIMI0BYM TOK MMHOYJILCH TyraraHgad OMpo3 BakT
yTray (Ke4MKWIl BakTd f OYnraH), aMIUIMTYJACH, JaBOMMUI-
JUryd 6MpUHYM UMITYILCHHKN OiaH OHp XWi OYnral MKKUH-
YU TYFPH OypUaKiIN UMIYJIBC Y3aTHIATU. ATap HKKHM MMITYJIhC
OpacHiar# BakT !, SbHH MKKMHYM HMIIYJIBCHHUHI KEYHMKHUII
BAaKTU # 3apsi TallyBYMIap sIUAIN BAKTH 7 JaH KMYMK EKH
YHMHI TapTHOMIa # <7 6¥ica, MKKMHYM MMIYJIbCHHHI KOH-
TaKTra KeJuli HMaiTHIa HOMYBO3aHAT 3apsl TaIllyBUMIIAp
peKOMOMHAIUANIAHUO YITypMaiiii Ba HaMyHa KOHTaKT COXa-
CH KapIUWINTK OMPUHYM MMITYyABC KeJIryH4a OViraH KuiiMa-
TUAaH KHYKK OYmamn. IIIyHUHT yayH MKKHHYH UMITYJIBC 6OmI-
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JIAHraH TalTHa BYXYAra KeJiraH KyWIaHWII MMIYJIBCHHWHT
amrutatynacd M, (¢) GMpHHYA KywWIaHMII UMIYJIBC aMIUIH-
Tysacu M, (o)maH KuyuK Gymamu.

Kyunanuin uMmynsciapy aMIUIMTYIaJJapHHUHT aliMpMacu

AU@)=U () -U,(£)=f(L,,1) (4.88)

MKKMHYA MMUVIRCHMHI KEYMKMII BakKTH f, ra Ba 3apsan
TallyBYMJIAp fA0Iall BaKTH t ra OormukK. HyKraBUil KOHTaKT-
JIaH HIKeKIHsUIaHTaH 3apsi TallyBYWIap HaMyHa CHpPTUra
TOMOH, Myura ToMoH auddysusiaHani Ba peKOMOMHANUSI-
JIaHATHM XamIa TOK MMITYJAbCH JABOMUMINIH { MIHIa BIIEKTP
MaiiioH Tabcupuna npeiidmanany. Hatmkana, ynap xaHgai-
map r, Macodaraya TapkaiagM. Y COXaHHHI KaTTAIUTH TOK
MMIIYJbCHHMHT JaBOMHHIINTHIa Ba TOK Ky4YyHra OOFIMK.
AU(t)=f(¢, ) HUHT Ha3apHii GOFTAHUIUIMHA XUCOOIAIL YIyH
MeTa/UT 30HA (KOHTaKT)HMHI APUMYTKAa3THY HaMyHacu OH-
JIaH KOHTaKTJIAHMIIHUHT CUPTH PaJMyCH r, OYiraH spuMiiap-
IaH ubopar ne6 dapas Kuinamus.

BHpHHYM TOK MMIOYABCH GOIUIAHMIN IaHTHAA KOHTAKT
atpodHIa HOMYBO3aHaT 3apsiJi TauTyBYMiIap OyIMaitnu. YTka-
3yBYAHJIMKHUHT MYBO3aHAT 3apsl TALIyBYMJIap KOHIIEHTpPa-
musicH aHuRIAIy. IIyHuHr yayH OMpUHYM KyWIAaHMII HM-
OYJILCUHHHT aMIUTATYIACH

1M@=f%%w=f fo g0 (4.89)
L}

o 2nr-a, dmryag

Ounan udonanananu. by epaa: o, — MyBO3aHaTMH COJIMII-
THpMa VTKa3yBYaHIUK. WHXeKius GollutaHUIIM 6WiaH KOH-
TAKT KApIIWIMTH KaMas 6opamd. MHXeKIHSUIOBYH TOK HM-
MyJLCHHMHT aMIVIMTYIacH I, Ba MOC paBMIIJIa 3JIEKTD Mai-
JIOH KYWIAHTaHJINTH IYHIAH KaTTaKi, MMITYJIbC JaBOMHUIUIUTA
f, MYMIa 3apsAJ TallyBYMJIADHMHT OuKyTOMH nuddysusacu
3pTHOOpPra OMMHMANIM. Y XONAa KMYMK HApaXajd WHXeK-
uus An, Ap<<n,+p, 1a f, BAKT HYUIa 3apAN TAlUyBYWIAp paIu-
ycnapu r, iaH r, raya 6§uran (1uap) chepuK KaTIaMH¥ TYAIM-
pamwiap. (4.88) ma xerrupwiran U () MEXEKUHMATIOBYH OM-
PMHYH TOK MMNYJIbCHUHHHT ONAH ¢GpOHTHra MOC KeJraH
KyWIaHMII HMIYJIBCHHUHT (MakcuMan) Kuiimatuau, U, (1) —
TOK MMIYJIBCHHMHT KOHTAKTTa KEJIHII MaNTHIATH Ky'WIaHHWII
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TywyBHHM anrnaragu. Hlynnait kw6, GHp X1 mapaMeTp-
JIM MKKWIaHTaH UMITYJIbCIapAaH Byxyara kenraH U, («) Ba
U(t) xyunaHuUIapHUHT GapKUHHM, HKKUHYH UMITYJIBC GOLI-
JaHMIU MaiTUAa OMPHMHYH TOK MMIOYJIBCHIAH XOCHWI GYIiraH
HOMYBO3aHaT 3apsA/ TallyBYWIap OWilaH HaMyHa YTKa3yB4YaH-
JIMTMHU MOINYNALMSUIAHTaH XOJaTna OYIMuUIMrd OMaaH Ty-
WyHTHpUNnagu. HoMyBo3aHaT 3apsii TaillyBYHIAp TAKCHMOTH
chepux cuMMeTpus OYitnya 6yiranpa (4.88)

n
AU (‘=)=2I—f,f [L—ﬂ 4 (4.90)

" ] Ar

6wian udoganananu. By epma, o=0,+Ac HOMyBO3aHaT CO-
JUIITYPMA YTKAa3yBYAHIMK. KMYMK Hapaxaiy HECKeKIHMaaa
An, Ap<<n +p, na Ao<<g, 6¥namu. By xonna (4.90)

n
__ Iy (®+DaprnD dr
AU(t,)—2mo_£ ibp (4.91)

KYpUHMIUITa Kenagd. MabiIyMKH CUPTHH peKOMOHHAITUA HO-
MYBO3aHaT 3aps/ TallyBUMJIAPDHUHT CHPTHUTra HyHaIraH gud-
dy3uss OKMMMHHU BYXYAra KeJTHPaIM Ba HYKTaBHH KOHTaKT-
JaH MHXEKUWSAJaHTIaH 3aps]] TaHyBWIAPHHHT chepuK CHM-
MeTpus OVitya TAKCHMMOTHMHHUHT OY3IUIHIIMIa OJIMO Keaam.

3apsa TallyBYMJIADHMHT HaMyHa MYHra #yHaiarad apeid
OKMMHU cHMpTra ¥yHanrad q1u¢ddy3noH OKUMUIAH KaTTa, ShHU
CUPTHH pEeKOMOMHAIIUS TE3NMIM KWUMK, HAMYHAana 3JCKTp
MaMIOH KYWIAHTAHJINTH KaTTa OYnraHaa yiaapHUHT da3oBuit
chepuk cummeTpus GyitMya TAKCHMOTH cakjiaHanu. By mapr
HaMyHa CHPTH YYyH

- fou
p,E>S exu 72— >S (4.92)

2nry o

KypuHuga 6ymanu. (4.91) xaru Ap (r, t)HUHT Hazapuii udo-
JacH 3apsi TAIYBYWJIAPHMHT GMPHHYM TOK MMITYJILCH AaBO-
MUAIATH f, HYMIATH B HKKHHYH UMITYJIEC KEYMKHMII BaKTH f,
WYUAArd TaKCUMOTIADMHHM aHMKJIAII OpKATH XUCOOJIaHAIH.
BUpUHYM TOK MMITYNbCH JABOMMIUIMIM WYKIA HHXEKIIHA-
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JIAHTaH 3apsjl TallyBYMJAPHMHI BakT OViiMua y3rapUILMHHU
(4.92) mapt Gaxapwirauja apeid, peKkoMOUHaIuUs XKapaéH-
napy anuxaimy. HIyHuHr yuyH chepuk cuMmeTpus Oyiinua
TAaKCHMJIAHTaH HOMYBO3aHAT 3apsA/ TALIyBYMIADHMHY f, BaKT
WYuaa y3rapuinm

Bp _ _, gt _Ap
YR o S R (4.93)

V4

YHIYKCH3NHK TEHITIaMagaH aHuKJIaHanu. (4.93) TeHrmaMaHvHT
OonIaHFUY

Ap(r, 1)/,_,=0 4.94)
yerapaBui
ap(r, 1)/, =0p(r) (4.95)
1IapTIapHM KAHOATIAaHTUPYBYM €4MMHU

- 27:0(r13 - rg]

Ap(r,t,) = Ap(ry)exp|— A
. P P

(4.96)

Oymamy. Tox MMIOyNbCHIAH WHXEKIHSUIAHTAH 3apsii TallyB-
YMIAPHUHI HaMyHara Kupu6 Gopuinx mMacodacu r, OwiaH
HMITYJIbC BaBOMMMIMIM #, opacuaark GOFIaHHUII

fenseth

TEHIIAMAIAH TOMWIanH. By TeHraMaHM MHTerpauiab,

3 3
t, = % (4.98)
EKH
rn= Fﬂploa i+ "03]% (4.99)
2
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OymuuturaHu Kypamus. llysnain xwiub, r, — HOMyBO3aHAT
OIITMKYA 3apsi] TANIyBYWIap TYIUIAHMII COXACHHMHI' yerapa-
cHHH aHrmaTamd. Jdemak, (4.96) udona r uu

Vs

-3100;4
rp<r< [—2::&’" +r; (4.100)

COXaCHAAT! 3apsf TAllyBUYMJIAPHUHT TaKCMMOTHHM aHMKJIAp
9KaH.

BrupHHYM TOK MMIYJIBCHHHHT TYTalIIWAaH HMKKWHYH TOK
MMIIYJIbCH OOLITIaHTYHYa OYraH BakT OpPalMFHAA, THHH Ke-
YHKUII BaKTH ¥, H4UIAa HOMYBO3AHAT 3apsifl TAllyBYHIaPHHHT
BakT OViiuya y3rapuivHM, ylapsUHT duddysmsa, peKoMou-
Hanus Xapa€unapu aHukiainy. [IyHuHr yayH £ nuuma aco-
CHi1 OyIMaraH 3apsifi TallyBYIWwIap TAKCHUMOT QYHKIUSACH

ap_ L

at T,

+ Dp divgrad Ap (4.101)

Y3MYKCH3NMMK TEHIJIaMacH OpKaiu Tomwiand. HamyHna cupt
PEKOMOHMHAIIMACH TE3JIMTH KHYMK, 30HA KOHTAaKT COXacHaa
S->00 Oynamm, ne6 dapas xkwicax, (4.101) garu Ap dakar 6up
xoopauHara r OwiaH BakT GYHKIMACH Oynamu. 3apsnm Ta-
ITYBYWIADHUHT CHEpUK CHMMETPHS OyitHua TAKCHMOTH Cax -
nanagu. HIyHuHT yayH

Ap(r, y=Ap(r, 1) ¢ (4.102)
KypuHuiga kuaupamMus. (4.101) TeHrnmaMaHuHT
Ap(r, t)/,.,=0 (4.103)
YyerapaBii 1apTHH Ba (4.96) OGwiaH aHMKIaHIaH
Ap(r, 1)/,_,=Ap(ry, 1) (4.104)
OOLUTaHFWY HIAPTHU KAHOATIAHTPYBYM €YUMHU TOMMIIANH, CYHT

(4.91) unaTerpan xucobmananu. Haszapuit xucobianuiap Tax-
JIWTH LIYHU KYpCaTaiVKu,
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r,<< | Dt, (4.105)

XaMmIa MIDKEKUVUIaHTaH 3aps TaulyBYWIAp KUpub GopraH
Macoda r, KMIUK

- %
3/1 100 e
Lt | <2Dy, (4.106)
oynranma (4.91) uuTerpan
t X 6,
AU (2,) = const (—’J exp [— —’] (4.107)
Tp . Tp/

OwraH udonanaHaau. AKC XOJIa OLIMKYA HOMYBO3aHAT 3a-
psAl TallyBYWIApDHHHI HaMyHara KMpuO Oopuin Macodacu
Xyna karra 6¥nca, AU(¢) 6omiaHMII 5KCMOHEHTa KOHYHH

!

AU(t,)=const-e °? (4.108)

OYiiuva oYnamu. AManuéTna

270

e D) <3 = (4.109)

TeHrcH3NMK Oaxapuiranna AW(z) muur ysrapumm (4.109)
Kabu KOHYHMST GYiiM4a comup 6YJ1azm Onatga, 6y mapTHA
KaTTa TOK KYYM/a Ba KEYHKHIU BAKTH T, JaH 3r raya Oynrax
opauKaa OYyiIraH xonma aMaira omnpnm MYMKI/IH Hykra-
BHH KOHTaKTAa YTKa3yBYAHIMKHHHT MOAYJILMSA YCVIM OH-
JIaH T Hé YIYall KypUIMacHHHMHT YM3MacH 4.8-pacmaa ken-
THpWIraH. kkunanran mMmmynbcnu redeparop I' maH uH-
XEKIMUIOBYM HYKTAaBUA KOHTAaKTra R, KapIIWIMK OpKaIH
IapaMeTpiiapu 6up Xus1 Oyiran I/IKKI/ITa TOK HUMITYJILCH 1000-
pwramd. Kapmmnvra xatra 6§nran R, KapUIWIHK GuiaH re-
HEPATOPHHUHT KYWIAHMII PIMHyHbCPIHPI KOHTAaKTIAaH OKaéTraH
TOK MMIyJIbCHIa ainaHnTupamyu. HykTaBuil KOHTaKTAa XOCWI
OysraH KywiaHMIl MMIYJIBCH OUOMIH V, 4exiarud opKaiu
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r!

vt
L1

4.8-pacm. HyxraBuif KOHTAKT YTKA3yBYAHIMIMHN MOLYISIHSA KMIHIL
yCynM OWIaH 3apsj TalyBYMNAp SiIlall BAKTHHH $19aIl KYPUIMACHHIHT
cxeMacu. I' — T¥rpu Gypakimi MMIyAsC reHepatopd O, — ocuwutorpagd.

KydairTuprad YV OwnaH KydadTHpWIagyd Ba ocuwwiorpadp O
KUpHIIura Gepwiamy. UKKunaHraH HMITyJALCIM TeHepaTop-
HHMHT CHHXPOHJIOBYM MMIYJAbCH ocimmiorpad CHHXPOHIOB-
YN KaHanura Oepunamm.

By uMnynsc GUPUHYM KyWIAHMII MMIYJIBCHHMHI KEJIHII
nmaiituaa ocuwoiorpad €imiaMacH (pa3sBepTKACH) HM HIITa
conagd Ba OCHWUIOFpaMMaHH TYpPFYH yuuiab typamu. k-
KHMHYHY TOK MMITYJIbCUHHHT K€YWK BAaKTAHU T <t3<3r , opa-
muKna y3rarupu6b (4.9-pacMm), yHUMHT Xap OHp KnﬁMamra MOC
KeNraH KOHTaKTAAr¥M KyWIAHMWII aMIDTHTYIATADHHHHT KUif-
MaTH OCLWUIOrpaMMajiaH Kain KwiuHu6, AU(t)=U ()—
= Uy(1)=f(1) xucobnanammn Ba In[Uj()—Uy(r)]=f(1) T¥Fpu
YU3NKJIM OOFIaHWINHWHL OFMII OypYard TaHT€eHCHAAH

At
An[U (=) = U,(#,)]

T,=1ig0=

3apsq TaUIyBYMIap SIIAll BakTH Tomwiand. HoMmysosanar 3a-
PsA TaUIyBYWIADHHWHT HYKTaBHI{ KOHTAKTAA SAXINHA MHEKCKIH-

SUIAHMITH YIYH AU—U“—‘: 0,1 Taprubma 6ynuum kepak. U, — 61-
1

PUHYM KYWIAHHII aMIUIMTYHAacH, AU, MMIIYJIBCHMHT Momy-
JIINVsUIaHral KMcMu. ByHu amainra onrupuinma p — THIIArH
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a)

4.9-pacx. HamyHana Tox (@) Ba KyWiaHHIL HMITYRbCH (6).

XpeMHHI HaMyHanapuzaa ¢pocdopau 6poH3a 30HIH, 7 — THII-
Jard HaMyHaJlapHla 3Ca AIIOMHUHUI 30HIN KYJUIaHWIIAOM.

AXiM MTHXEKIMSsUIOBYY HYKTaBUH KOHTAKTHU ONHIN YYyH
oNaTAa KOHTAKTra MIUIOB Oepunaay. ByHMHr ydyH KOHTAKT-
ra kywranui 300—400 B 6ynran ysrapmac Tok MaH6au KHCKa
MymjaTra ylnaHanad, Oolikada aliTraHAa, CHTMMH KaTTa 3a-
pSIUTaHraH KOHAECHCATOP KOHTAKT OPKAIM pa3psUIaHaIu (3a-
pancusianaan). OgaTna, MOHOKPHCTALI KyiiMa HaMyHaiap-
Ia T HU Vyanmia yHA 6H TOMOHHTIA o3acH 1cMm? maH Kam
OynMarad naUiafuii, HUKeIb NapAUIapuHU YTKa3uil €KU
WHINH-TAMHA, ATIOMAHUA-TAUIMA NacTANIapUHHU CypKall
6mwras OM KOHTaKTH OJTHHAIH.

Ilaii6a makngary HaMyHajiapia r Hy ydamma 4-xansai-
Jla KeNTHPWITaH 3apsill TAIIYBYWIAPDHUHI CUPTHM SAIIAIl Bak.-
THHH 356THOOpra omuiu kepak. Kamun maitbanapma Oy ycyn
OWIaH YIYaHTaH T XaM HaMyHa CHUPTUH peKOMOMHaLMsA Te3-
JuTHra Kydcu3 GornaHraH. Omatoa, UMITYIbCIApHHHT TaK-
popranuir yactoracu 50--200 I'u Taprubuna omuHaau. YyH-

209

www.ziyouz.com kutubxonasi



KU MKKWTA KETMa-KeT KeJaéTraH HMITYJIbCIap OpacHaary BaKT-
Ja HaMyHa MYBO3aHAT X0JaTra SpUUING YATYpHIIM Kepak.
Hazapuit xucobmapHunr kxypcatuinmya, (4.107) Ba (4.108)
udonamap xamaa (4.105) sa (4.109) wmwapmiapiaH t ra TOK
HMMITYJIbCHHUHI aMIUTUTYOAcH, NaBOMMIIMIH, KEYHKHIN Bak-
T TabCHP KYpcaTHINM MyMKHH. Taxpuba HATHXaTapMHUHT
TACAMKJIAIINYA, TOK MMOYJIbCHHMHI NaBOMMIUINIH OLUMILIM
OwiaH 5ca T HUHT KuiMaT opTub Gopaay Ba MMIIY/ILC JAaBO-
MMIUIMTHHUHT KUAMAaTH XOKMIH SIall BaKTH TapTHOMAA EKU
yHIaH karTa ¢ =1, 51' Gyica, v HUHT £, Ta GOFIAaHMIIM TYXTaii-
J4a. AHa my}man GOFHaHHm nMnynbc TOKH OMJIaH XaM Ky3a-
TIoiaaM. Tok opTuiumM OwWiaH r opTa 60pub JoMMUM KHiiMaTra
MHTWIaIN. AKC X072, KEYNKHUII BAaKTHHUHI KHYHUK KUHAMar-
Jlapyia ¥iryall T HUHT HacalTHpUAraH KuiiMaTHHM Gepamu.
By ycyn 6mnan commurupma Kapuumard 0,5+500 OM. cM
p — THUII HaMyHajJap yuyyH siluall Bakry t>2,8 MKC, n — TUI
HaMyHalap y4yH 3ca t>7,7 MKc O¥iraH KpeMHM HaMyHana-
pUa YIyall TaBCHs STUIAaIM. 3aps TAIMYBYHIAD AINAI BAKTH
7<100 Mxc G¥ica, callKaiIOBYM KYKYH OWIaH CaliKaUlaHraH
HaMyHajlapAa 7 HM Ymyamr MyMxud. OnaTaa v HM Y14aiin opa-
JMK, apaXaii WHXeKuust Ap~p, fa Yrrasunagy. bynna €nm-
LW MapKasjiapy 3apsi TallyBYwiIap Ownad TYAIHPWIAAM
Ba TabCUpH H¥KoTWiIanu. Taxpuba yTKasUINma 0KOPHIA KAl
KWIMHIad Waptiap 6aXapwirasja r HH yiJair xatocu +20%
JaH oumMainu. by ycyauuHr 6olka ycyuiapra HHcbaTaH
ad3ayUIMKNIapUra KOJUIEKTOP KOHTAaKTHHM OJMI Tanab sTvi-
MAacC/IMTHHH, CUPT XON4IHEA KAaM CE3THPIUTHHH, T HU TeMIIe-
parypara GOFJIMKJIMIAHIHT €Hria YIMaHUIIMHE, YCYJIHU CO-
Jmiurtupma Kapmwtuara 0,1:100 OM. cM taprubupa 6yiarax
SIPUMYTKA3THYIapAa, MacaiaH, KpeMHMIA, TepMaHui, TaJuInii
apceHyAra KyJUlall MyMKUHIMTHHH KYpCAaTHIN JIO3HM.

6. P-n ymuw opxasu v Hu 3aps0 mawysuuiap UHICeKYUsCU-
2a acOCAGHZAH Yauau ycyau

by ycynuu p-n YtunrHMHr yTrimn (mepexonHoii) TaBcudu-
Jar¥ TECKap¥ TOKUHMHI TUKJIAHWIN BaKTHHH ¥II4alira acoc-
JIaHraH. YHUMHT MOXUSTH IyHIAH HOOPATKH, p-h YTHILTA TYFPH
W¥Hanuina Tok 000pHnany Ba GHp 03 BAaKINaH CYHI TOK
KyTOM KECKHMH ¥3rapTHpWIagd (TeCKapH MYHaIMILAATH TOK
HMITYJIBCH YIaHaj ). P-n yTUIIAH ONMHTAH KYWIAHHII Ba
TOK ocuuuiorpammanapy 4.106, B-pacMaa XeITUpUMIrad KypH-
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4.10-pacm. VIKVHYKM XapaéuiapHMHT p-n
VTHwmar Toxk (a), Kywiasnum (6) ocumi-
JIOrpaMMacH. I, — UMITYJILC JaBOMUHAIUTH:
I, — UMIYJIbC KEYMKHII BAKTH.

HMIgarn maxknana oymanu. Byrna

b conup GynraH p-an YyTUmgaru GU3MK
o Kapa€HJapHU KHUCKaya TaxJul

) Kutainuk. TYFpu AYHATUILAATA TOK
UMOYIbcH OepuiiraH maiTaa AUON
uunna (KatmaMunaa) acocui Gynma-
raH HOMYBO3aHaT 3aps TallyBYWIap
HHXeKIusIaHaau. bup 03 BakTaaH
CYHT IMONA CTAIUOHAP X0JaT YpHa-
tHnanu. Kn4uk fapaxany HHXeKIus
An, Ap <<n,+p, na y3yH WOILIApAA 3apSUL TAllyBYHIADHUHT

TakKCUMOTH Ap (x)=Ap (O)I-;; OwraH aHukmaaHaIu. TOKHUHT

KYTOMHM Y3rapTUpraHjiaH CYHT WHKEKIIWsUIaHTaH 3apsj Ta-
LIyBUMIAp KOHLEHTPALMACH YIApHUHT PeKOMOWHAUMSACH Ba
p-n YTHII opKasid TopTUO (CYypwnub) onvHuiy Tydaiing Ka-
Masad. P-n JTHII COXACMHUHT SIKMHMA 3apsii TallyBYMUiap
KOHIIEHTPALMSICH MYBO3aHATHUH 3apsj TallyBUYWJIap KOHIIEH-
TpalMsCHIaH KaTTa OyJiraHu y4yH p-n YTHII OYMK, XojaTia
6ynub, KywiaHuil MycOar, TOK AWOATA YJIAHTaH KAPUIMIHUK
Omylan 4dexsadraH OYnagu. Bakr yTa Gournauim OunaH p-a
VUl énuia Ooiiaiau, Oy Xapa€H TeCKapH TOKHMHI TYHH-
HMLI TOKWTa TeHT 6YnryH4ya maBoMm 3Taxu. HomyBo3anar 3a-
ps TAUTYBYWIADHMHT SILIALI BaKTH KaH4ya KaTTa 6yica, yimap-
HUHI AYKOIUIIM 1IyHYAa KYI BakT JaBoM »Tand. Hazapwit
XUCOONMANIAPHUHT, TaXpuda HATHXKATADHHHUHAT KYPCATHILIH-
ya, AMOAJAard TYFpd MYHANMMILNATH TOKHUHT TECKapH HyHa-
JIMIIAry TOKKa YIAHMILJAH XOCHJl OYJiraH KydyJaHHIL, TOK
3UHAIIOUTAPH JABOMMIAIUTY T 3apsill TAllTyBYMIIAP SLHALI BAKTH
7, TYFPU TOK I Ba TECKAp#l TOK INsp OmnaH KyHugaru MyHo-
ca6aT 6UIAH BOFNAHTAH:

e’f( ——:_—IoTp (4.110)

By epna:
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A
erfg =-f: [ exp(-¢*) (4.111)
0

TyFpu TOK Teckapu Tokka TeHr Inp=Iobp 6yiranga,
T=0,237 4.112)

oynamu. By ycynuu sucGaTaH KaTta OYiraH 3apsi TauIyBUH-
JIap AUIalll BaKTH T HA aHWKJIANIra XaM TaTOMK, KWIMII MyM-

kuH. XucoOnam dopmynacu (4.110) uu Ill < 2 TEHTCH3NIHUK
06
6axapuiarad xojipa dofgaiaguit MYMKI/IH.p

By ycyn Omnan r yyam KypwiIMaCHHHHT ym3Macu 4.11-
pacMa KeNTHpIIraH. BUpH HKKUHYMCHHMHT KETUIAH KETyB-
gy MycOaT, MaH(HH KyTOIMK TOK UMIIYJIbCHHH ONHII MMKO-
HUHY OepaguTaH UKKWIAHTAH MMIIYIbCIIM (MacanaH, [-5-7A,
TN C-2 Tunmupard) reHeparop KyJUlaHunamu. ['eHepaTtopaaH
MycOaT Ba MaH(QHUH KyTOIu OYIraH HKKWJIAHTaH TOK HUMITYJIb-
cu p-n Yyruiura Gepwiranga ocuwuiorpad 0 OwinaH Kywia-
HMII, €KH TOK OCHIJUIOTpaMMAcH Kaia KWIMHAIY.

Ocmwnorpad TreHepaTOPHUHT CHHXPOHIOBYH HMITYJIBCH
OIaH KyTHII EMHIMAcH pexuMuUIa uiUiaiay, 6y 6miaH oc-
IHUIOrpaMMaHy OCHIIUTOrpad SKpaHWaa TypFyH TYTTaH OF-
JlaMm3.

Veynau Ooluxa OMp BapHaHTHAA KUYUK 3apsf TallyBYHM-
Jap sguIam BakTUHM YIi-
Yam y4yH p-n yTuMmra
TeCKapy HyHaIMina no-
MMUA KyWwiaHMil Kyitun-
ran Oyimanu, xaHmaiaup

Oc Bakraa (dypcarma) reHe-
2 paTopliad opka GpOoHTH
THK O¥iaraH KuCKa HUM-
. L nynec 6epunann. By ycyn
-t Owian Oup Heya Hawoce-

CHHXDOHNALL GHTHANL. Kkyndoan 1o 10-* ¢ rava
OynraH 3apsa TallyBYH-

4.11-pacm. P-n YyTHILAA MHXEKIUA- Jap 4UIalll BaKTUHW Y-
SKCTpAIMA YCYMU GWI2H t -HU AHMKIAW  yapy MyMKHH.
KYPWIMACHHHHT CXEMACH.
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4.5 §. HomyBo3anar 3apsn TamyBusiap napamMeTpIapHHH
VI9ANIHAHT CTANMOHAD YCYJLIAPH

a. Cmayuonap omoymxasye4anaukoan 3apad mauye4uiap
AWaw 6AKMUHY AHUKAGUL YCYANAPU

Epyriux tabcupuma SpHMYTKasTHWIapAa HOMYBO3aHAT
3apsAx TAIYBYWIAPHH MeHEPALMSUIAHHIIY, IBHH (POTOHIKEK-
IHsICH TyGaiiiy, YIapHUHT KapUIWIMIMHHA €KW YTKa3yBYaH-
JHIMHMHY Y3rapuimuHu (hoTokapimumvk) (oToyTKA3yBYAH-
mK 3¢dextn (xomucacu) Aed aramamu. 30Hanapapo 3JIEKT-
poH YTunuiapy 6miaH GOFTHK, (POTOYTKA3YBYAHIMKHHUHT Y3YH
TYJAKMH derapacu, XyCyCHi IOTHJIMII yerapacura MOC KelaHo,
K¥I IpUMYTKa3TUWIapAa, MacanaH, KpeMHH, TepMaHHii, A,
B, TypkymMuzar# SpMMYTKa3TUWIap YYyH EpYFIMK CIEKTDH-
HMHTI Ky3ra KypUHagurad Ba MH(QpaKU3UI COXACHAA ETamH.

Y3yunuru a, oHM b, xanuHiury d 6yrad HaMyHagM z =0
CHPTH (POTOH SHEprusicH ho z E, 6ynran EpyFIMK OKUMM G-
naH épurwirad 6yncuH (4.1-pacMm). HamyHama HoMyBo3aHa-
TMH 3ap4i TaUTyBYMJIADHWHI HOTEKHC reHepalHsIaHUIIH
conup Gynanu Ba reHepaums Te3nuru g=afl, (i-R)/, Gwian
anuxnanagu. Hamydana a>b>d 6§ncud ae6 xapacak, YHUHED
3PKUMH €H CHPTJIApHIArd peKOMOMHAIMSIHM XUCOOra oimac-
JIMK MYMKMH Ba HaMyHaH# OM KOoHTaKTIapuiaH (2+3)Z ma-
codaga 6YiIraH KUCMHU EpUTHITaHAAa Macaia OMp Yr4amiiM
6ymamy Ba yHMIHT 7 — VYKMra THK HYHaIMIIHarH ¢oToyTKa-
3yBYaHJIHK (4.26) ra Kypa mMindin Mapkasnapu 6YaMarasmia,
SJIEKTP HEHTPAUTHMK LIapTH AN=AP GaxapuiaraH xoiaa

AG =%(yp +u,)AP (4.113)
KYPHHMIIHMA onagu. By epna,

AP= ZAp(z)dz (4.114)

HoMyBo3aHar 3apsii TallyBYWJIAPHHHI ypTaya KOHIEHTpa-
IASCUHU

S

Ap, == [ Ap(x)dr =27 (4.115)

-

6mwiay Oenrmiacak, y xomna (4.113)
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AG = (u, + u,)Ap,, (4.116)

6wriaH ndonaraHagy. YsrapMac TOK MaHGaura yaaHraH Ha-
MyHaJaH y3rapMac TOK (TOK reHEpaTopH) peXyMMHUIa TOK YTKa-
3WIraHga, (GoToMHXeKIMSUIAHTaH 3apsii TAIlyBYWIApAaH CO-
Iup OY¥nraH HaMyHaAarn KywIaHWII TYLIYBHMHUHI Y3rapyiuu

2
AV =AR-I = RYAG = -ﬂl;:” (, +n1,)0p, (4.117)

Kypunuinaa 6ynanu. (4.114) maru Ap(7) Hu EPYFIHK reHepa-
IMSACH, 3apsAN TAIIYBYMIAPDHUHT XAKMUN, CUPTUHA peKOMOU-
Hamsuiapy Ba gudodysusacu xapa€unapn anukiaima. [ly-
HHHT YIyH Ap(x) Kyitugarn Cup yT4aMiIy CTaltMOHAp Y3IyK-
CH3/IMK KyUHIArM TEHDIAMAaHUHT €YMMHIAH TOIMIATH.

dZAP_ Ap afl (l"Rv) -az _
2 Dprp+_LDp e =0 (4.118)

VHMHT YMyMUH e4YUMH

z\ + notpe 2
-2 L (4.119)

Ap(2)= Aexp( )+Bexp

P 4

Kypunnnma 6ynmagn. MHTerpannam qouMuitiapu 4 sa B

D, LKL —sap0); D, P =-SAp(d) (4.120)

dz 7=0 z=d

Jerapasuil 1apriaapiad Tonuwianu. Tommnrad A Ba B nmapHu
(4.119) ra xyiu6, (4.115) xan Ap_ xucobiaHany. YMyMmaH
onmranpa Ap, Hu ubonacu xarra, Taxpuﬁa HATWXKalTapUHH
TaXJIAT mumra MYpakkabIMK Kwianu. JIekuH YHUHT aco-
CHIa KVII XYCYCH# XOJIJIapHM TaX/IWi KWIHII MyMKWH Ba aMa-
JMINETIA TaTOMK, KIWIMII YIyH KyJald coANanallray nd)o;:[a.nap—
HM OJIHMII MYMKWH. ByJapHuHT 0abh3d OUPHHM KYpailluK.

1. Epyruxayn Kywin Dapaagard FOTHIUII hoz E_ coxa-
CHIa HOMYBO3aHAT 3apsi TAUIYBUMIAPHUHT CHPTUIA reHepa-
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uuAcH conup 6¥nagu. By coxama cHpTHIl reHepalus Te3NUTH
S

8, eM’/c ad>1, alL>1; a®> 7~ Gymapu. Bynapnau tamkapw,
4

HaMyHa 10TIKa d/Z’ <1 ne6 dapas kuwicak, yHIa

Ap,,= ;r]——' (4.121)

KYPUHHILTA KeNaay. q)’OTOVTKaBYB‘{aHJIPIKlIa XaXMHUI peKOM-
. o 1 25 ..
O6uHaLM aHUKJIOBYM XapaEH 6ynca, p > ra 6ynagu. Y xonma

Ap,=gz/d (4.122)

Ownan udonananagu. Arap GoToyTKa3yBYAHINKKA CUPT pe-
KOMOMHAIWSICHHUHT TAbCHPH XA XXMM peKOMOHHALIMATA HUC-
0aTaH KaTTa, STBHU CHPT PEKOMOMHAUMACH TE3NUTH KATTa,

. 28 1 _.
HaMyHa I0IIKa 6yirca, i Gynamu Ba Ap_, HUHT Honacu

Ap,=g,/2S (4.123)

KYpMHMIITa Kelany.

2. HamyHana €pyFIMKHM Ky4YCHM3 IOTHWIHMIN COXacHza HO-
MYBO3aHAT 3apsil TAIlyBYMWJIADHWHT XaXMHH TeHepalusaCH,
STBHU TEKHC IeHepallvsuIaHULIM coaup 6¥nanu. by xonma xax-
MHA reHepauus tesnurd g,=apfl (1—R )cm3c~! aZ <1,
ad<< 1, KanMH HaMyHa d>>Zp Y4YH 3ca

Ap =gz, (4.124)

O¥nagn, HaMyHa I0IIKa d<<Zp CHPT PEKOMOUHAITHACH TE3IUIH
kKarTa 6ynranaa,

_ &d’
Ao =1, D, (4.125)

KYPHHMIN oNafiy. DHION I0KOpHIAa KEJITHPWIraH MyHocabar-
Jlap acocuja TaXpubalaH t Ba S HM aHMKJIAIIHM KYpailIuk.
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Taxpubana épuTiirad HamyHaaa GOTOVTKa3yBYaHJIUKIAH
cogup OyiraH KywIaHHII TYITYBUHUHT Y3rapuuiMHau Ymyab,
(4.117) man v uu S HM aHUKIal MyMKUH. CranpoHap ¢oTo-
VTKa3yBYAHJIMKHHM Kaiich mapaMmerpiap (r, §) aHMKIAIIHHU
TEKIIMPHII YIVH Xap XHWI KUTHHIMKIArA HaMyHaaapa Y1408
YTKa3HIl MaKcaara MyBo(ux 6ynagu. Arap curHan A V Hamy-

. | S
Ha KAMMEMrM d HY Kamaim OwiaHn —3 Oyitmua opTu®
a

6opca, (4.117) Ba (4.122) napra kypa, AV ra acocuil TabCUp
KV¥pcaTyBYM MapaMeTp r 6ynmanu. Arap acocuii TabCcup Kypca-
TYBYH mapamerp S Oynca, HaMyHa K,annﬂnnmﬂnﬂr Kamaiin-

1wy 6mwran curnan AV (4.117) sBa (4.123) ra Kypa — OVinya
optu6 Gopanu.

Viganran AV 6¥itnya v éku S HU aHMKJIall YIyH OyHIaH
TAIIKAPH 3apsl TAIIyBIWJIADHMHT CUPTHH €K XaXKMHUH Te-
Hepaluusa Te3MKIApUHA Owinin Kepak 6ynanu. Koaddumu-
E€HTJIapu a 2;3 MabJIyM OyJIraH SIpUMTYKa3ruuiap y4yyH HaMmy-
Hara TyIIaeTraH €pYFIMK MHTeHCHBIMIH [, nM 6yimur etap-
au O6Ynamu. ByHHHT y4yyH €PYFIHMK CIIEKTPHHHMHI TErHMIUIN
COXacHra Cesrup, OMAMHIAH AapaXalaHraH MCTarrad $oro-
KaOyN KWIrHWIapHH KYJUlalll MyMKHH. a Ba § kosddummenT-
Japy HOAHHK, GYJIraH xoJuiap/ia reHepalys Te3JUTHY g HU aHUK-
JAII YY4YH TeKIMPUIAETTaH MaTepUaLIapiaH sSCaJIraH NOTeH-
uMan tYcuxau (p-n yruim, p-i-n Ba llloTTKH AuomIapH)
POTOKACYIKMITHWIAPHH KyJUIall Makcaara MyBogukaup. by
doTokabynxuarmuwiap 6upra sKuH Y3rapTupuil Koddounu-
e¢HTH OMJIaH KBaHT OKMMHHH 3apsll TAITyBYMWIAD OKUMMIa,
STHHY TOKKA ailTaHTHpagW, STHHH

1=gV, (4.126)

6ynanu. By epma, ¥, — (bOTOKaOYIKMITHYHMHI EPYFIMKKA
CEe3rMp COXaCHMHMHT XaxXMu. (4.126) maH doToToK [ Ba Xaxmu
V, H1 GmiraH Xonna g aHuKJIaHany. 3apsjl TallyBYAIaPHUHT
slIalll BaKTHHHU aHWKJIAIIAa, OylapAaH TAallKapH, YJIApHUHT
XapakaTyaHJINTH, HAMyHaHMHT TEOMETPUK YIYyaMIapuHH 61-
JMII Kepak Gymamu. By ycynna xap X1 HaMyHanapaa YiayaH-
ra” Ky napaMeTpJapHMHT KaTHaIMWIK Tydaiind, 10Kopu
6yaMmaran apukaukaa 20—30%, 6ap3aH yHHAH Katra Oyaran
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XaTOJIMK OMIaH t, HM aHMKJIAll MyMKHH. Jlexun 6y ycyn 6u-
JIaH 3aps/ TallyBYWIAPHMHT Xylda KHYMK AIIAII BAKTIAPHHH
10°—10'° ¢ raya Ymyam MymkuH. CranuoHap ¢oToyTKasys-
YAHIMK YCYNIH OMJIaH t, HH JIYaInnark aCoCHit XaToIMK MaH-
6au cudaruma ¢ ermumm MapKa3JIapMHUHT TAbCHPUHH Kypca-
THII MyMKUH. ENWIIUMIN MapKa3sMHUHT TabCMpPY FepMaHHina
273K naH, kpemHwmiina 400 K gam macT Temmeparypajiapna
HaMo€H Oynamu. A, B, 6upukManapuna €NMIIMLI MapKa3ia-
PMHMHI CaTXM OLIUH 3JIEMEHTap SPHMYTKa3rHWIApHHKHUAAH
1oKopH. LlyHMHT y4yH ynapra Oy yCyJIHH KyJIall YyexiaH-
rad. MawiyMku, AppMyTKasruyiiapaa emuimiin MapKa3y MaB-
Xyn 6yica, 3JIeKTPOH, KOBaK sllalll BaKIIapH TeHr GymMaii-
IU. Arap €NMIIMII MapKa3iapHd TOMOHHMAAH VIIUIAHTaH 3JIeK-
TPOH KOHLEHTPaUMACHHM Dn, GunaH Genrmnacak, SJEKTp
HEeWTPUUINK IIAPTH

Ap =An+An, 4.127)

KYpMHUIIIa Oynanu. DNeKTpOH, KOBAKHHHI' PEeKOMOMHALIMS
TEUMKIAPUHUHT OHp-OMpUra TeHTTHrHAaH

T ET s (4.128)

L=14—=2 (4.129)

OYIUIUIMTMHY KYpaMu3. By crarimoHap GpoToyTKa3yBYaruIuK-
HMHI ¥3rapyiuMra Xamaa HocTauuoHap (POTOTOKHMHT YCHIIM
Ba MMacalMIIMra Tascup Kypcaragu. by xonma sSHru xapakre-
PHCTHK KaTTaiuK GoToyTKa3yBYaHIMKHMHT 3¢deKTHB cTa-
IIMOHAp fIall BaKTH TYHIYHYacH KUpHTWiIagn. CraugoHap
¢oTOVTKA3YBYAHIINKHH

Ao =eugr teu, gro=et (u +u)g (4.130)
udbozacuas, T, HH
_ HBaTa t KTy

T =
¥ uytu,

Owian aHWKJIaHMIUMHM KYpamu3. CranvoHap (OTOYTKA3yB-
YaHJIMKAAH TOIMMWIraH 3apsl TAllyBYMIap sIIall BaKTH yMy-
MMI X0Jiia 3JIEKTPOH, KOBaK slIalll BaxIjlapuMra, xapaxkarT-
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YaHIUKIapUTa OOFTHK,. Arap €NMUIINIIT MApKa3IapMHUHT KOH-
UEHTPALMSICH KHYUK An <<An 6¥yica, YIapHUHT TabCHPUHH
36THOOpPra OJIMaciIuK MyMKnH Y xonma T, =7, =T, OYaanu.
CranmnoHap GOTOYTKA3YBYAHIMKHH YI4alll yCyIura *acocnan-
raH r HY aHUKJIAll KypWiManapuaal OMpHHHHT Yu3Mach 4.14-
pacmaa kexrupwirad. Onarna, ¢oToYTKa3yBUaAHIMK CHUIHAIU
AV xu4yMK Japaxand WHxekuusga AG< G, yimyanagu. AV
HY yIyall MyHIad pexXyuMaa YTKa3WIMIIH Kepakku, AV 6u-
1aH A G opacugary 6ormaHuir Yu3uKM 0yicuH. IOxmama kKap-
WMk R, HamyHa Kapwuiurd (AG+G)~! maH Karra
R>(A G+?; -1 Gynrapa, 3aHXHpPAAH OKAETTaH TOK HaMyHa
eplmmraﬂna XaM y3rapMac caxjiaHany. By y3rapmac Tok (ToK
reHepaTopH) peXHMH 1e6 opuTtmnagu. Bynna HamyHana
ymuaHnraH AV 6mnaH AG opacuiarn GOMIaHMIN YU3UKIH
AV~AG Gvnaml IOxnama xapuniux R, HaMyHa KapIUIMri
(AG +G))™! nan xwuMK 6Ynranma, R, naH yJIMaHraH Kywia-
HUII TYIIyBHHUHT ¥3rapuimm AV 6m1aH ¢oroyTKa3yBUYAHIHK
opacumard OOFIaHMII XaM YM3UKIH Oynamu. By pexmmma
HaMyHaHU €pUTUII HaMyHa Ba J0KJIaMa KApUIWIHK OpacHaa
MyXUM Japaxafa KywWIaHHHI (2JIEKTp MaiIOHHHUHT) KaiTa
TaKCUMJIAaHHIINTa ONMO KeaMmaigu, 6MHOOApMH, HaMyHara
KYHUWITaH 2JIeKTp MaliIOHN KOPOHTHAA Ba EPUTHITAHAA XaM
y3rapmac caknnanamy. IIlyHUHT yayH y y3rapMac MaigoH (Ky4-
JaHUI) pexuMU e oputiwiaan. CramuoHap ¢oroyTkasys-
YaHJIMKHMHT €K1 6011Ka (OTODIEKTPUK XORUCATIApHH Yiryan-
Ja MHTCHCHBIHUIY Oyifya TYFpH OypyakiM MOZYIALHSUIAH-
raH EpyFIMK UMITyJIb.CHHUHT JaBOMUIINTH OPATHFHIATH BaKT
myuga PoTOINEKTPUK Xapa€HIap CTAllMOHAp XO0JaTra 3pH-
0 Ba UKKWTA KETMa-KeT EPYFIMK MMITYJIbCH OPacHIArH BakT
WYUAAQ HAMyHa TEepMOAMHAMHUK MYBO3aHAT XOJaTHra Keaub
YATYPHIIH Kepak.

By mwaprHaHr 6aXapHAMIIH YYYH UMIIYALC JaBOMHIUINTH
Ba UKKHM UMITYJILC OPATUFHIATH BakT (GOTORNIEXTPHUK XOMMCa-
nap (3ddexTIap)HUHT XapaKTepHUCTHK peJlaKcallus BaKTH 1,
1>t AaH KaTTa OYyiuiuy Kepak. JlekuH GyHna €pyrmuk UM-
IIyJIBCHHHHI‘ KyTapwiiil, nacaiuin GpoHTIApUHUHT BaKTH-
ra xe4 KaHzai yeknanuiap KyUMiaMaimu. Arap yiagamima cH-
HycoMja O¥iinya MOmyNAsIMsUIaHTaH EpYFIMKIaH (oligana-
HWJICA, YHHHI AaBpU IIYHAAH KaTTa OYIMIIM KepakkKiH,
HaTIDKaJla MCTANTaH Xap OMp BakTIma XapaéwiapHu KBasH-
CTalMOHap 7e6 xucobrmam MyMKMH OVicuH. Kymunua AV
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OcM

<
<

S /O

AN
NP2 4

4.12-pacm. CtauroHap GoTOYTKa3yBYAHIUKHY YI9alll CXEMAacH;
V — BonerMeTp, M, — MOHOXpamaTop; ¥ — KydJailTHpruy.

1

YHFOTYBYH EPYRIMK HHTCHCHBIMIMHHMHT 7 Ta HucGaTaH

eTapi KUIHK MONYJISIINA YacToTanapuaa Y3rapyByaH CHI-
HaJl KydJalTHprHwiapyd OmwiaH yavyaHamu. By Virgamn Xapaé-
HHUHH OCOHJIAIITHPAAW, KMYUK CHUTHALUIAPIa CE3TUPJIUTHHU
OLIMpany Ba 7, HU YI4ail YerapaCHHM KMYMK KuHMarjap
TOMOHTa KeHranTnpann Erapnnmya kKarra XaBOMHIIHMKIA
TVFPU OypYaKiM EpYFIHK MMITYJbCHHH XOCHJI KWIHIL Y4IyH
TypI¥ MOIYISATOpAap Ky/uraHmwnamd. CeKTopiu KYpHHULUAA
€puKJIapy OViIraH OMCK alylaHTaHOa €PYFIMK OKMMUHM JaB-
pHii paBMIIAa JHCKHHHT CEKTOpJapn €U0 Typagd, YHWHT
WHTEHCHBJIMIMHH Moayasiusuiaiiny. (4.12-pacM): yHIa TYFpu
Oypuakian EpYFIMK MMITYJIbCH XOCWI KunuHatu. Kysrycumon
MOXYISTOPIIAPAA alIaHyBYH KY3TryIaH KaATraH EpYFIIMK HypH
OITHK THU3HMM KHPHII THPKHUIIHHH Kecub YTubd, TyFpu Oyp-
YAk E€pYFIHK HMIYJIRCHHH IAKUIAHTHPATd. DIEKTPOIH-
HAMHK 3aTBOPIH MOMAYJIATOP 3JIEKTP TOKHM YTHO TypraH Fai-
TaK OWIaH MarHUT MaANOHHHHT TAbCUPIALIUIINTa aCOCIaH-
rad. Arap FauTakIaH TOK WMITYJIbCH YTKAa3Wica, Y MardHur
Mai{IOHMIA CWIDKMIIH Ba EPYFIMK OKMMHHHM TYCHO Typrax
NMapaaHMd XapakaTra KeJTHpagu. by Monyngropiap GuiaH
OJIMHIAH €PYRIMK HMIYAbCIAPMHUHI KYTapUI#II Ba Iaca-
M BakTIapura Huc6araH xarra (1074:10-3)C Gynranu yuyyH
(hoTOBNEKTPUK XapaéHiap KHHETUKACHHHU YpraHMITa KyJa-
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HwiMait. DPoToyTKa3yBUYaHIMKHU Yryamma MaHGa Hypia-
HHMIIWHAHT KE€PAKIH CHEKTPAI OPATMFMHHM aXpaTHd OJuil
Y4yH MOHOXPOMATOpJiap MLUTATWIANM. 3apsii TalllyByHJIap-
HY HaMyHaHUHT OYTYH XaXMuga OMp TeKHC maiio Kwiub
TYpHII YYyH ONTHK GuibTpiapiaH doimananwiaad, yiaap
épramMuna oTull Ko3hdUIHEHTHHA KHYHK OVIaauraH Xycy-
CHM IOTWIMII Yerapacura TYFpU KeJlaJuraH y3yH TYIKMHIAp-
HHUHI TOP OPaJIMFY aXpaTUO onuHamu. AMania KynuH4ya Oy
Maxcall y4yH TeKIUMpHIAETTaH HaMyHaia ScairaH SpuMyT-
Ka3THY MOATAHWHI ¥3uIaH KwiMnrad ¢wibsrpiaapaaH ¢doi-
JamaHWIagy KU Xap XIWI Jla3epIapHUHT HypJIaHUIITHUIAH (oii-
NaTaHWIaIH.

6. PomoymiasysuanHauKHuRz CheKmpan 60 FAGHUWUOAR SPUM-
ymKazauuaap napamempaapunry aHUKAGUL YCYALapY

®ortoyTKa3yBYaHINK A G HUHT cuiekTpai (EpYFIMK TYIKUH
y3ymwiurara) OomtaHMINM OYHHHWUHI Y3VHJIMTH a, SHUHUHT
y3yHIuMrd b, Kanusymrd d maH Karra a>b>>d 6ynraH mrac-
TUHA IIAKIUAATA HaMyHa craiuoHap (oTOyTKa3yBYaHIMK
(4.113) udonacura xupran (4.114) 6mwian udonananran AP
HUHT TaxJIWiy acocuja yprasmiann. HoMyBo3aHaT 3apsi Ta-
HIyBYWIAp TAKCUMOTH Ap (Z) y3nyKCH3IHK TeHriaMa (4.11)cu
HUHT dYerapaBuii wapmiapu (4.120) HM KaHOATIAHTHUPYBYH
CUMMUIHD.

IOTinum ko3pbuLMeHTH (TYIKUH Y3YHIHTH) Xap XHiA
6yaraH €pyFINK OpPKAIM SPUMYTKA3THYHM YHFOTHMIN GHIAH,
YHHHI XaXMHIA, CHPTHIA 3apsl TauIyBYWIApHHHT Iuddy-
3151, peKOMOHHALMA XapaéHNnapH YYyH Xap XWJI IIAPOHT spa-
THII MyMKUH. Taxpuba HaTiXanapuiaH, Ha3apHil TEKIIH-
pUIUIapNaH MAaBLIyMKH, EPYFIHKHMHT XYCYCHM IOTWIMII Yye-
FapacCMHUHT KWYUK CHEeKTpan opamurn Amv=0,1+0,2 3B nma
IOTHINII KO3GOUIMEHTH 30Hatap Ty3WiMura Kapab 0 xaH
to 10° cM~! rava y3rapamu. EpyFIHKHMHr XycycHil IOTWIMLI
CIIEKTPUHVHT KUCKA TYIKMH Y3YHIHK COXacHAa IOTHJIMII KO-
abdHUIMeHTH KaTTa, IIYHUHT YYyH 3apsi TallyBYMJIapHWHT
CUPTMH FeHepalUMsIaHNIUK comup Oynamu. Xmcobianuiap-
HHUHT K¥pcatuiinmya ad>>1 6¥nranaa, (4.114) udona

sZ 1
AP = 50° D 1+aZ

o |-1+£‘cthi-l (4.131)
) 2Z

220

www.ziyouz.com kutubxonasi




OwiaH aHUKIaHagu. EpYFIMKHM HAMYHaJaH KMCMaH KaiTH-
IIMHHE Xucobra onranfa reHepauus remru g =cfl (1—R)/hv
Kypunuiuna 6ynagu. HamyHa xKammH d>>2L 6ynca, (d>4Z

d
eTapiau), cch—L =1 6ynamu Ba (4.131)

Ap=8C ! -[11+£ L ]

a t+sL/D ' D 1+al) (4.132)

Kypunuiuna 6ynagu. EpyFiMKHEHr Kywid otwmmm aZ>1
coxacuaa

Apff__ 1 i st
a (1+sL /D) ’ Da,’ (4.133)

6wran ndonaranagn. AP ot Ko3bdUIIHEHTHHEHT Op-
TUINK OWIaH ¢ ra OOFIMK GYIMaraH, JIeKHH CHPTH peKOM-
OMHanus Te3murura COMIMK OVIraH acHMMIITOTHK KHHMATra
MHTHIAH. a—~>® 13

(4.134)

KYPUHMIIHK Ojiany. XyCYCHH IOTHIHIN CIIEKTPHMHHHI Y3yH
TYJIKUHH Y3YHIHK COXAacHIa IOTWIMIN KO03(D(PHIUEHTH « Ka-
Maiiumu Tydaiiim, ¢oroyTkazyBuaHiiMK AG KeCKMH Kamasi-
ma. IyHnai Kb, Xycycuii oTHIHIn coxacuaa AG MakcH-
myMmra spumany (4.13-pacm). (4.131) Ba (4.134) udonanap
OunaH aHUKJIAHATUTAH CTalOHAp (OTOYTKAa3yBYaHIMK AG

AG(~)
AG{a )—AG
rd
AG(w) M D
4.13-pacm. _———_——AG(a) ZAG@) p ”, /5 L
HUCOATHHUHT €PYFAMKHEA OTHIALI o a en?

I
K03bbUIMEHTH @ ra GOFTHKIUTH. Tt
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HUHT udonacu (4.113) ra TyrpunaH-TyFpu GOTOH SHEPrUICH
€KH EPYFIMK TYAKMH Y3YHJIMIH KMpMaraH 6yica xam AG (k)
€xu AG (1) 60FTaHMII MaBXYIUTMTHHY KYpami3. A G HEHT Oy
CHeKkTpa GOMIaHMIIYN EPYRIMKHUHT IOTIIMIN Ko3dGuuuer-
TH o HM, 3apAQ TallyBYMIap KBaHT YMKHUII Ko3dduiuentu g
HH, EPYFIMKHUHT HAMYHalaH KaWTiim xo3¢duimenTd R Hu
EPYFIMK TYIKMH Y3YHINTHra GOFIHKJINTH Tydaili HaMOEH
6ynagu. DOoTOYTKA3yBYAHIMKHUHI CHEKTpan GOFIaHMLIN
AG(a) éxu AG (1) HA Y4 coxara axpaTHll MyMKUH. AG HH

1
- OMIaH YM3MKIN OOFJIaHMII COXaCHra AG HU aGUMIITOTHK

KUHAMAT AG () T2 SpHIINII COXACHIa XaMOa ¢ HUHT KaMaii-
i 6wiaH AG HU KaMaiMIIl COXacHMra aXpaTHI MyMKWH.

AG HMHT 5 6mwiaH 6ormaHur coxacH (4.133) udomara x3pa,

a6[2)=hf1+L4] @135

ala,

D
6mn1an udomanamm MyMKeH. By Gormanumman h Ba a = 5

KaTTaIMKIap Tonmwnagu. ByHuHT yuyH EPYRIMK MHXEKIMs-
CHHHHT TeTMIUIA COXaCHUAAry Xap XWI TYJIKUAH Y3YHIIMKIA Xap

X1 JOTHIHIN KO3(PUIUEHTH o Na AG HU ymuab AG=f Li)
a

OOFTaHUIN YM3WIAAM. Arap HAMYHAHHHI OOILIKa TOMOHMIA
CUPTHi peKoMGuHauus Te3nury S, 6y1aca, 6y TOMOHMHY Epu-
TULIAArA (HOTOYTKA3yBYAHINK

h2l1 +—— (4.136)

aza

OYnmanu Ba yHnaH A, Ba a, KaTTanuknap Tomwiagi. Tonuwiran
h,, h,, a,, a, KaTramuxiiap acocuna aubdy3uoH y3yrmK Z f

h-h
LDth(ZL) /ey - by/a, (4.137)
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¢opmyna 6uiaH xucobmaHanu. Arap KapaMa-Kapiii TOMOH-
napuna S =S, 6¥ica, y Xo1Ja HaMyHa CHPTHIa MKKM XHJI HIL-
JoB Oepwianu. VIkku xun unoioBaaH ytraH HamyHa ¢oTo-
YTKa3yBYaHIMKIAH TOIWITaH @,, 4, KATTAIMKIAP OPKAIM Z HI

(d)_  m-h
Lycth (E’ e (4.138)

d :
udoza 6nwran Tomwragn. Kaman 55— > 1 gamynanapna MKKu
D

XOJNATIA XaM
hy —h
Z =2 7
2= e ke (4.139)

¢dopmyna 6wnan tomunagu. By ycyn 6mnan Z), Hu TomMuna
AG HM MyTJaK, KMMMaTHHM OMIMII 1IapT 5Mac Xampaa Z, HU
XEcobmalra Kepakiii MawIyMoTiIap OMTTa TaXpu6agaH OJU-
Hamu. (4.133) Ba (4.134) popmynanap acocuma

 AG(®) - AP(x)
AG(a)— AG(x) AP(a) - AP(x)

= gu +al) (4.140)

KYPHHUIIKATY OOFIAHMINBK ojJaMH3. YHIaH dboimananuin

VUYH TaXpuOaga -aHMKJIaHraH (GoToyTKasyBUuamnuk AG(a)
AG(x)

HUHT CHeKTpan GORTaHMINMAAH AG(@) — AG() HUCOATHHHT

a ra OormaHuil rpadurd yuswiagd. by GOFIaHMIIHMHT To-

PH30HTAN YK.GWIaH KecHIIMII KecMacugan L = —i— BEepTH-
Kaa VK OmwiaH KeCHIUMIIMIAH % Jlap KMAMATHA TOHMWIATU
(4.14-pacm). lllyHmait kw6, GOTOYTKA3YBYATHKHIHT CIIEK-
Tpan OOFIAHMIIMIAH 3apsl TAllyBUYWIAPDHUHF IudOy3noH
Y3YHIMIUHHM, arap aubdysus xoadduimenTH Mantym Gyica,
CHpTHIA peKOMOMHALIMSA TETATMHU aHUKJIAIl MyMKHH. Epyr-
JIUKHUHT 0TI KO3¢G@HUIMEHTHHUHT TYIKUH Y3YHJINTHTa
OOFIAaHHUIIN I0NKAa HaMyHaidapHuHT maddodmuk kosddu-
HMEHTHIAH YTIaHUuImY MyMKUH. (4.135) GoFTaHMIIIaH SpUM-~

YTKa3rvJ napaMeriIapuHu apuKyanga A GHAHT — ra GORIaHMII
a
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4.14-pacm. ConmmrupMa
xapurara r=150 OM - cM n-Tin
KpeMHH} HaMyHacH 30HaJapuna
STPUIAHHIN KHIMK (@) Ba KaTTa
(6) GYynranuza
GOTOYTKAZYBYAHIMKHMHT

rpaduruia YEHHT YM3UKTH OOF-
JIAHHII XaMla aCHMITTOTHK COXa-
CH MaBXyn OY/HMIDmArMHHU, «, B,
R, napHM TeKIIHPpHJIAETraH
CIIEKTpaJl coXacuja TYIKUH
Y3YHJIMTHFA, CUPTHHA KIUIOBHUIa
Ky4cu3 OOFIaHUIIa Gy -
FHHH Ha3apAa TYTHIN JIO3UM.
Iysan 3cmatm® JTHII XOU3KH,
oxopuaa éputwirad GpoToyTKa~
3yBYAHJIMKHUHT CITeKTpan 60F-
JIAHUIINAAH SPUMYTKA3rHLIap
napaMeTpIapHHN aHMKJIAII
yCyJIH HAMYHA XaXXMH1a CHPTH -
Ja DJIEKTP HEHTPAUIUK LIapTH
GaxxapwiaguraH X0JiIark CTalu-

CHEKTPaJl TAKCUMOTH. oHap (hOTOYTKA3yBYAHIUK TaX-

JIMJIATAa acOCTIaHTaH.

Bonixaua ajitraHma, CHpTra SIKWH COXaJard XaXMHUH, 3a-
pAI 3apA[ TAlIyBYWIap peKoMOWHarusicura Ba oToyTKasys-
YAaHJINKKA TabCHpP KYpcaTMaluraH, CUPTUI XOJIaT 3ca CHp-
TH# peKOMOMHAILIMSA TE3TUrH OWIAH aHUKJIAHAOWTAH XOJaT
KypwiraH 514, CHpTHIT peKOMOMHALMS Te3TUTHHN KMPHUTHII-
@ CHPTIArd 3apsj TalryBuwiap OunaH XaXMIard 3apsj Ta-
IIyBYWIAD OpacHIa KBa3MMYBO3aHAT MaBXyA AeraH ¢apas
éranu. DuOu 6ab3u OMpP XoJIaTiapia HaMyHa CHPT COXacHaa
naiigo 6yIaaurad SHePrUaBHil 30HAIAp STPWIAHMINUHK Go-
TOYTKA3YBYAHIHKHMHT CIIEKTpal OOFNaHUIINUra TabCHPHHH
KYpawiuK.

CHupT SKMHHOA 3apsaf TALIyBYWIAD SHEPIMACHAAH KarTa
GyJiraH SHeprUSBHIA 30HATADHUHT STPHWIAHMIIM CUPTAArH KH-
YUK MHTEHCHUBIHKIATH PEKOMOMHAIIMA Xapa€HU MyBO3aHaT-
HUHT Oy3wininra Ba dboToyTKkasyBUaHIMKHU cudaTnil y3ra-
pHIIMIra oMb Kesagu. DHEPTUABUN 30HaNap STPWIAHMILA
Karra 6yaran xomma ¢oToYTKa3yBUAHJIUKHUHE JIIOKC-aMIIep,
CIIeKTpaJl, KNHETHK XapaKTEPUCTUKATAPUAA MYXUM Y3rapuiil-
Jap Ky3aTuaagd. By XycycHATIapHM 3apsil TallyBYWIADHHHT
KBa3MMYBO34HATHTA acOCNaHTaH (POTOYTKa3yBYaHIMKHHHI Ha-
3apusicd OWjiaH TYIIyHTHpUO Oynmaiinu. Yiap HaMyHa CHp-
THIArd Ba XaXMHI 3apsi coXacuarvi 3apsij TallyBYyuiap pe-
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KOMOUHaLMA Xapa€HJIapUHU Y3rapHiluy OMIIaH, THHM 3apsi
TaLIyBYWIADHUHT 3¢¢eKTHB AMam BaKTHHUHT OPTHUIIH OH-
JIaH TYIIYHTHpWIAAM. XaXMUH 3apsAOHHHT 3JIEKTp MaifinoH
€KY SHEprUsIBUH 30HATADHUHT STPIAHHUINKIAH XOCKI 6yran
MOTEeHIMAL TYCHK acoCHil OYnraH 3apsi TallyBUMWIAPHHHT
CHPTIa KeTHIUWTra TYCKHHJIMK KWIAaAM Ba CHPTIA, XaXXKMH
3apAl coxacuAa peKOMOMHAIIUsS MHTEHCHBIMTHHH KaMadTH-
pamn. By Xxapa€mnap sapsa TamyBumnap 3¢¢beKTHB gurain
BaKTHUHU SJIEKTp HEWTPALIHMK IMapTH YPUMHIH GYIraH xoJra
HucbaraH owUINK Ba (GOTOYTKA3YBYAHIHK XOCCAJapHra Tab-
cup K¥ypcataau. MabiyMKH, ApUMYTKa3THY HAMYHAJIADMHHHT
CUPTHH KaTjJaMura SKMH COXacHIa SHEpPTHSBHI 30Hajap 3r-
pWiIaHMIIY (M3THO) CHPTHMHT MakIyM OHp KMMEBMM HIIUIOB-
JIapMIaH, 3JIEKTp MAiIOH TabCHUPHAAH, JEKTPOIUTIApAa
KYTOJIaHULIIAH Maiao OYIMIH MyMKUH. DHEprHsaBHi 30HA-
JIap 3TPWIAHHINM KaTTa 6yiraH KpeMHHI{na poToyTKa3yByaH-
JIMKHUHT CIIEKTpaJ OOFIAaHMINMIOA KAaTTa Y3rapHiun Ky3aTHI-
TaH, XyCyCHil IOTHJIMILHMHT KUCKA TYJIKHUH Y3YHJIUTH COXaCH-
Jla oJaTAard XyCyCH# IOTHJIMII 4Yerapacuaa Ky3aTWIaJHraH
MaKCHMyMIaH Karra OyaraH SHIrM MakCHMyM naimo Gynaau
(4.13, B-pacm). ByHu 3HeprusBHil 30HaJap 3TPHIAHHIIA
MaBXy# OGynaraHza CHpPT coxacua PeKOMOHHAIMS TE3JHTH-
HHMHI KaMalu1nuiny 6wiaH, ThHYU 3apsl TairyBumnap s dex-
THB ALIAII BAKTUHUHT KaTTaNAlIMIIK OWIAH TYILIYHTHPIIa-
au. PoroyTKasyBYaHIMK AG HUHI CIEKTpan GOFTaHMIIM XaM
4.12-pacMua KeNTHpWIraH KypwiMagaH (poimaiaHu® ymya-
Hazu. By epna nryHM Hasapia TyTHII KEPAKKHM, Xap X1 TYIKAH
V3YHIMKIA KM Xap XHJI @ ra MoC KelraH AG HM Viyamga
yJapHM OMp XW1 MHTCHCHBIMKAArH EPYFIMK OKMMHIa Kejl-
THpaRH.

AG (1) HY ymyam TapTHOM cTallMoHap GOTOYTKa3yBYaH-
JUK AG By ynyam TaptHOHIan dapk, KWwiMaiay.

4.6-§. HomyBo3anar 3apaj TamyBYWIAp NApaMETPIAPHHH
toroanekrpomaraut Xopucacu (Kuxoun-Hockos 3¢dexTn)
JaH (oiaaNaHE0 aHEKIAm yCYIH

MarsuT MaiitoHHra XOMIANITUPHITAH APUMYTKA3THY Ha-
MYHaHM KYYId Rapaxana IOTWIAOWTAH €PYFIMK OKUMM OH-
JIaH €PUTIITAaHAA MarHUT MaifOHM, EPYFIMK OKUMH WYHa-
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4.15-pacm. POTOINEKTPOMATHUTHK XOXUCACHHH 3JIEKTD IOPHTYBUM
xyuu (DIOK) Ba KHCKa TyTalyB TOKMHH YIMAUl KypPHWIMACHHHHT
cxeMacH. D — mpuadparma; A — amnepmerp, B® — MarHut
MalAOH HHAYKUMA BEKTOPH.

JIMUUIApUTA THK HYVHATHIINA KYHIAJIAHT JIEKTP IOPUTYBYH Ky4
BIOK (kyHaanaHT MOTEHLHAUIAp aiftMpMacH) BYXyIra Keja-
ou. By xomuca KukouH-HockoB sddexrn ékm dpoToanekT-
POMAarHMT XoamucacH ge6 woputwiagy. GOTOHHUHT 3HEpPrus-
cH hw=Eg 6ynraH X Yy HyHamuIgard épyriIuK OKMMH OH-
JIAaH HaMyHa épUTWITAaHAA, YHUHT CHPTHH KAaTJIaAMUIA XOCHII
OynraH opTHKYa 3JEKTPOHJIAp Ba KaBaKjiap HaMyHa HYKapH-
cura ToMoH X Vku Wnmamunmna auddysuswianagy. Z yKu
WYHaIMIIMO2 MarHUT MaiOOHHM IMaiino KwinmHraHna audoy-
3USANAHYBYHM SJEKTPOHNAp Ba KOBaKJIap JlopeHu xy4u

F =—e [VB], F = e[VB] TabCUpUAA y KU TOMOH 3 ifyHa-
JMIIMAH MOC paBHIla 6,, 6, Oypyakka (xoyut Gyp4yaknapu-

ra) orammiap (4.15-pacMm) Ba 3J'IeKTp0H KaBaKHMHI' MarHH-
Toruddy3HOH (XOJUT) TOKIAPH Sy J,, XOCHT OY1anu. By TOK-
Jap Y yKura THK KyHIaIaHT KecuMJIaannHr 6upuna mycbar,
MKKUHYNCUAA MaHOMI 3apsUTapHHHT TYIUIAHHINMIa oxub
Kenanu., Y Yy WyHamunmmaara MarauTonudgdy3noH ToK 3M4-
JUKJIAPH J, , J,, HUHT XOJUT Gypyakiapu OpKaid GOFIaHUIIK

Jy=ide0;  J,=ie, (4.141)

ownan ndomanananu. by epaa
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tg0,= —u, B=-r,Bu, thP=;4P”' B= r’H,upB (4.142)
byuparu u_,, M,y — DNEKTPOH, KaBaKIapHHHI XOJUI XapaKar-
YAIMKIIApH, 4, i, Apeiid XapaKaTyaHIMKIApH MOC PaBHIL-
ma ry = AnB yorn oM (YHMHT KMiiMaTH OHpra SKUH Ba

”u .
COYIUIMII MEXaHU3MHIa OOFIHK). DJNeKTpOH, KOBaKHH TViia
MarauTogud¢y3noH Tok 3uwiumrn (4.141) sa (4.142) napra

Kypa

i =B W, j 1,0, (4.143)

O6ymanu. X yxu iyHammuuaary audy3HoH TOKIAD 3HWIMK-
Japy €MUMIIAII MapKa3u GynMaragma (An=Ap)

dAp

Ju=dy=-eD——=eD,— . (4.144)

Gynamu, YyHKH j +J,,=0 1e6 xucobnananu. D, — spdexrus
aupdy3usa Koacb(bnunenm O0¥mb, MarHUT MaKIOHH MaBXYy/T
Oynranma

-1

D =(n+p)| (1 +6)=+(1+62) 2 4.145
b (n P) D,, P Dp ( )

6wraH udoganaHany. Kyucus MarHuT Maif{IoHHia, OFMLI 6yp-
Yaru KMYHK Oyiaranma

t1860,=6 =r,Bu <1
tg6,=6,=ryBu,<1

6ynanu. By xonna sddexktns nuddysus xospduumeHTH 6H-
KyTouit nudpdysus kosdduumeHTHra TEHT GYIand, SAHHH Y
B=0 xomanarn xuitmaTura TeHr 6ynanu. Macainad, P — Tn-
JM SIpUMYTKA3ruyaa p>>n Gynranm yuyH (4.145) nau, D,=D,
n — TANOA n>>p 6yaranyn yuyH (4.145) nan D, D Gyjmm-
JUIMHHU Kypamu3. (4.143) ra (4.144) uun K,yncaK Tyna MarHu-
ToINGPY3HOH TOK 3HWIMTHHHHT Hdomacu

, . . JAp
jy=j"y+jpy=-r"eBD3¢( y"+[1p) 7x— (4.146)
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KYpMHHMIIBY oJanu. HaMyHa €H cHpTiIapuAa CUPTHI pEKOM-
GMHALIMA TE3UTM KUYHMK, OMHOOapuH, €H CHpTIapAard pe-
KOMOMHANMAHY X1cobra onMaciauK MyMKMH ne6 dapas Kui-
Cax, 3apg/ TAlUyBYMJIADHUHI OPTHKYA KOHLEHTpauusacH da-
KaT X HuHr ¢yukumsacd 6ynanu. IIyaunr yays (4.146) Hu

«?AP(X)

J=-reB-D (u +n,) (4.147)
KYpPHHMIIIA €3UII MYMKHH. 3aHXMD Y3yK, OYIrania tyna mMar-
Hutonuddysuor Tok J ¢poM udomacu

d
I, =b Jydx =—er,bBD, (u,+n)[Ap()~Ap(d)] (4.148)

KypHHMIIAA Oyinamu. MyBo3aHaT LUapoOMTHIA Oy TOK TallKu
3aHXHMpIa POTOMATHUTHK SMEKTp opuTyBud Kyd (DIOK)HuHr
XOCWI KIIaIuraH TYa YTKasyBUaHINK (KHCKA TYTAlllyB) TOKH
I ra tenr 6ynanu. Arap ¢oromarautuk SIOK Hu U ou-
NaH, Tyla YTKasyBYaHIMKHE G=G,+AG 6wiaH 6e11rw1acax,
y X0iga KHUCKa TyTalyB (I)OTOTOKHHI/IHI‘ ndogacu

17U, G=U, (G+AG)=-1,, (4.149)

Kypuuuinaa 6ynamu. HaMyHanuHr MyBosa;J{damarn (KOPOHFH-

auKknary) yTkasypyawmra Co = x = 0~ Gynanu. Poro-
YyTKa3yBYaHJIMK A G DJEKTPOHEUTpaUITUK mapm An=Dp 6a-
xapwrranaa (4.113) ra xypa

be(u,

AG = ———{—"’—)zAp(x)dx (4.150)

6wian udonaraHany. G, Ba AG napHuHT HdonanapuHu (4.149)
ra Kyiiub, aHuKJIaHraH UM udogacu

"Bty * 4y 800 = @)

~ (4.150)

ood +e(u, + ,ap)f Ap(x)dx

K¥punnuna 6ynamu. Kyucus maraur maitnonuaa (ulBi<<1)
yarapunuiap daxar 6up X yku dyHaMIuMaa congup 6yiranna
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KaBaKHMHI y3IYKCH3IMK TeHDIamacu (4.118) xypmumniga
Oynamu. YHMHT cupmIapuzaa Ypusiik 6YaraH yerapaBuii LapT-
nap (4.120) HM KaHOATNAHTHPYBYH €YMMHM EPYFIIMKHHU KYWIH
lapaxana OTWIMIIY Ky3aTHWirasaa ad >>1 Ba HaMyHa KalIuH
d > Lp 6yica,

al f(1~R,)r,
v

2 X )
L —7= -
Q= e & _goX

Ap(x)= L+S
. P

(4.151)

KypuHULIAa 6Ynanu. Kanun HaMyHana épuriiMaérrad CHpTIa
Ap(d)=0 ne6 ommu MyMKUH. ¥V X0nIa KMCKA TYTAllyB TOKH
1,,, (4.148) Ap(0) 6mian aHuKIaHHG,

J = e(p, +p)BB(1-R )al
M— ISL AN
’r»(—D—+lll(aL+l)

KypuHuira xenamd. IOt xosbdunuentn oprué 6opu-
1y 6unak aL > 1 TeHrenanuk ypurM 6y1a 60onuiarasaa KuckKa
TyTallyB TOKH (4.152) rorwamimr xos¢gduumenTura 60FIMK
6ynMaraH HOMMHM KMiIMaTra WHTUJIAIU:

(4.152)

’ﬂ(l 4
=eB(u + B —— (4153
,tp)——— e (4, + /I,,) 2D (4.153)
HaMy'};IaHPIHI‘ CUPT PEeKOMOMHALMACH TE3NUIM KHYMK
;” Ba I1aCT Japaxamu YUroTuw An, Ap <n, p, €ku AG

<G, na (4.153) ndoxa

I =e(u,+ p,)Bi"’—“h:—"v—’ L 4.154)

KYPUHUIIHK onamy. HaMyHaHHHT CHPT peKOMOUHALIMACH Te3-

D
JUTH Karra § > I’- 6ynranna,
P
I 1-R D
\B alb(l=R,) -2

™ (4.155)

]¢:u = e(/,n + /lp
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Oy MUULTATHYA KypamMu3. Taxpubana yimyaHral KMCKa TyTAIlIyB
ToKM Oyiinva muddy3noH y3yHIMKHH aHMKjiauma (4.153) sa
(4.154) dopmynanap xynanwnany. L vu awukiawna, I, , B
JIApHM YYalliaH Tallkapy, 3aps/ TAllyBYMIAPHUHT XapaKaT-
YaHJIHKJIApUHH, EPYFIMK MHTCHCHBIMIMHH Ba OOUIKA KaTTa-
JIMKJIapHYU O0LIKa TaxXpubatapaaH ToMMINTa KU afabHuET MaH-
Oayapugaru HaTwxanapnaH QoipajaHuIITa TYTPU KelalaH.
Arap 3apsn TalyBYMJIap AIAll BaKTH Ba CHPT PEeKOMOHHA-
HHSICH TE3JIMTH JOMMMI KaTTaXukiap 6yica, (4.154) dbopmy-
JIa I0KOPH Japaxajyii WHXeKUust An, Ap >n,, p, 1a XaM YpuH-
mu 6ynanyn. Kywin napaxanu vrxekuus An, Ap >n,, p, na
mudbdysus koadduuentu (4.145) HM 3apsaa TalryBYHIAp-
HHUHT KOHUEHTPALMACUTA OOFJIMKJINTH TYXTaiIu:

2D, D
(l+6? )D, +(1+¢9 )D

(4.156)

Hlysn Hazapa TYTHII KEPaKKH, I0KOPH JapaXalH HHXeK-
muana (4.154) dopmyna 6mnad aHuKIaHraH aud @ y3HoH y3yH-
JMK OMp KuilMaTiId MabHOTa 5ra OyIamd, KAYOHKH HaMyHa-
HUHT WCTaJiTaH HyKTacuaa, EpUTIIMAETTaH CHPTH SKMHMIA
xaM An, Ap >n,, p, 6ynca. AKC X0lia YHTOTHII NapaXacH
O¥itnya YpTramamITHpWIraH KaHmgaipup KuiMmareu Oepanu,

s [, HM CHekrpan GOFIaHMUINAH SPUMYTKAas[HY Iapa-
MeT‘pJIapPIHH aHUKJIAIIHY KYpaitmuk. PoToMarHuTHK Tox 1 o

HHMHI crekTpan GornanminHy (4.152) Ba (4.153) ndoxanap
ACOCHIA TAXJIMI KWIMII MYMKHMH. EDYFIMKHMHr XycycHit
IOTHINLI Yyerapacuaa EPyFINK TYIKUH Y3yHIUTHHUHT KaMai-
M6 Gopuim 6mnaH OTIWIMIN Ko3ddHuIIHeHTH opTaau Ba ¢o-
TOMArHMTHK TOKHHHI YCHIIHra onuo xemamu. Jlekun dorto-
YTKa3yBYaHIMKKAa HMCOaTaH (POTOMArHMTUK TOKHUHT YCUIIM
KarTta (OTOTOK 3Heprusicuja GonuiaHagd Ba THKPOK, Oymamu.
@OTOMArHHUTOJIEKTPHK XOAMCACHHHUHT Maimo Oynuium yuyH
HadakaT 3apaA TAlIyBYWIADHUHT TeHepallWsUIaHMIIH, OaTKu
sIHa y1ap KOHIEHTPAMSICUHUHT IpaJNeHTH Maiao Oyfmumim
xepak. By daxar pymInK HaMyHa CHPT COXacHAa IOTHITaH
xonmmaruHa Ky3aTmnand. (4.152) Ba (4.153) dopMmyaanapoan
KYPMHAINKH, Xap KaHAail CUPT peKOMOHHALIMACH TE3JIMTHAA
aLl=1 na KMCKA TyTalllyB TOKH @—> JaTd KMIAMaTHIaH UKKK
MapTa KHYHK Oynanu. PorToyTKkasyBUaHJIUKHUHT, [,  HaH

$an
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¢dapxin yIapok, MKKM Mapra KaMmaiuinm GollKa nmapamerp-
Japra OOFIHK, 6ynran a L HY KuiiMaTtHaa Ky3aTwiasy. TYIKHH
V3YHUIUTH ¥3rapyiiy OwiaH IOTHIHIN KO3(UIMeHTHHHUHT
KaTTa y3rapaJuraH CIIEKTP COXacHa KaHTHII Ko3(d(pHIHEH-
TH R, KBaHT YNKMII KO3GhOUIUECHTH TYIKUH Y3YHIMIHIa Kyd-
cu3 6ornanras. (4.152) dopmynaman

1 _  (1+SL/D) by o1
Iy €(u, +p,)BL Bly,(1-R,) (‘1+ )7 aJ (4.157)

1
a

tam
opacunard GOFIaHMIN YM3MKIU OYmamu. Taxpubaman onuH-

FaH HaTICKAJIApHHUHT I

Pan

KypuHMIIAATK rpacdhUruHy du-
3u0, rOpU3OHTA, a6cuncca Vxiapu OwiaH KeCHIITyH4Ya na-

BOM STTHPWIAAM Ba Y TOPH3OHTAN YKHM KCCHIIUNAH (L = —]

Tomwiagy. GoTo3NeKTPOMArHUT TOKH I . HMHT CIIEKTpas 601=—
JNaHMIIMAAH AU Y3HOH Y3YHIHKHH YJmam ycyim ¢hpoToyTKa~
3YBYAHJIMKHUHI CIEKTpal OOFIaHUINIMNAH Yayall ycyaura
HHUCOaTaH aHMKPOK, HaTiDKa Gepagy, YyHKH IOTHIMII KO3¢-
buMeHTH KarTanamy GuwiaH Iq» Te3 TyiuHany Ba I, (a)
6ormanmuy (4.157) a HH KarTa Y3rapuil COXacHaa YM3UKIH
O¥nann. OHaH U, HY yn4aiura acocjaHraH yCylTHH Kypaii-
k. Kanun d > L HaMyHa y4yyH, KMYHK CUPT peKOMOHHa-

D
HUACH TEC3IUTH S<<—E Ada, macT JapaxXajild HHXEKIUs

AG< G, éu Ap, An <n,, P, 1a EPYFIMKHHMHT KyWIH OTIIN -
110 coxacn al<xl, ad<1 pa (4.150) dopmyna

_ e(.“n"'.“p)Ba ﬂI (l-Rv)L

Ugonw = —— . (4.158)

KYpUHMILTa KeJlagu. Arap I0KOpH Jiapaxand yiroTHmiga ¢o-
TOYTKa3yBYaH/IMK AG MYBO3aHATHArd YTKa3yBYawINK G, maH
karra AG >> G, 6yica, KyWwId IOTWIHII COXacHIa al>1
oynranna (4. 150) dopMyia
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yr _ aBD _ aBD

Ugam =7 = o (4.159)/

6mnan udonananagy. HamyHa 1onka d<< L O6yaragga cupTii s
peKOMOMHANWsA TE3NUTUHUHT XyJa KaTta OyaMaran KuiitmMa-
THAAa aHuKJaHagd. by udonanap xap XwI maponTia yryaH:
ra” Uckm KMiiMaTH OYiinya sipuMMYTKa3ruy IiapaMeTpiiapuIaH
7, L, O HH aHuKJIail HMKOHUMHM Oepamu. IHyHwm Tapxummam
xepakkH, (4.150) popmyna 6yiinya aHHKIAHTaH CHPTHH pe-
KOMOUHAIMA TETHIH S, #.5, 1a EPUTIIMAraH CUPTHUKM OYa-
. AMaTHETHA 3apsif TAUTYBYMJIAp SILAII BAKTHHYM aHHUKJIAIIa
doromaruuTHX TOK Ba (OTOYTKAa3yBUaHIUKHH, aHUKPOFH,
yJiap HUCOATHHM aHMKJIAIITa aCOCIaHTaH YCyi KYIIPOK, KyJUIa-
Hiwtaan. Hamyna €purtrimb, yHAIA CHpPTHIL TeHepaiust COauUp

. S .,
oynranma, seHHal>1,ad >1,a > r TEHICHIIIMKIap YpUH-

Jm 6ynranpga (4.134) Ba (4.154) dopmynaiapra Kypa 1, /AG
Hucbar

Iq):m - L . .D\%
e _ gL B(;/] (4.160)

6wian udonanananu. by dopMynara reHepanus Te3NMUTHHH
aHMKJI0BYM KaTTanukiuap (8, I, R) xupMaran. Taxpuba yTka-
3MII HYKTaW Ha3apuaaH Oy OMpMyH4Ya Ky/nai, YyHKHM €pYFIHK
MHTEHCUBJIMTHHUHT MYTJIAK, KUAMATHHU Yo4all, KBaHT YM-
kunr kKo3gduuuenTHHY O Tajnad stunMainu. byHmaH
TaIKApH, Y CHPTHII peKOMOWHAIMA Te3JIUrura OOFIMK 5Mac.
Iyauur yayn 6y udonaHu Xap KaHaail HIUIOBIArH HaMyHa-

D d
ra xyyuram MyMkuH. JOnka Hamynanap yuyn Z > 5 = 75 TeH-
TCHINK YpuHAM OyraHmga

Z
ZeM — 2BS (4.161)
AG

coana OYynuO, y HAMyHAHHMHT €pUTHIMAraH CUPTHAArH HUC-
0ar cHpTHH peKOMOHMHAIMSHM aHMUKJIAIIra MMKOH Oepamu.
DOTORIEKTPOMArHUTHK 3G(HEeKTUHUHT BIEKTP IOPUTYBYHU
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Kyun U, HM Ba KUCKa TyTaulyB TOKH [, HM §Iyaul Kypui-
MaannHr yusMacH 4.15-pacmaa KeJITnmeraH Epyrmux Man-
6anpaH €pyrIMK OKHMM, (MOHOXPOMATHK) (POKYCIOBYM OIl-
taK cucreMa OC Ba ¢mnerp @ OopKaau HamyHara HyHaJITH-
punanu. Tyrpm Oypuakiu IDIACTHHA IIAKJIMAArM HaMyHa
yarapmac Tok MaHGau TM ¥3rapyB4yaH KapIIWINK Ba MHJUIH-
amnepMeTp mA naH u60paT MMeXTp 3aHXKUPra yAaHamu. Epyr-
JIMK MHTEHCHUBJIUTH KWYMK YacTOTajapla MOINYJIAIUsUIaHAIH.
Hamynanan ¢oToToK Ba GOTOMAarHMTHK TOK YTHIIMAAH XOCHII
6¥iraH ¥3rapyBuaH KywWIaHHII CEIEKTHB KydJaiTHpruy OHIaH
KyYadTHpWIaAH Ba BOJBTMETP €KY ocuiorpad 6unan Kain
KuinHagu. Kyucka Tyramys TOKMHY YTJaéTraifa Tallky Kyd-
JIAaHUIU HOJIra TeHr Oyiamm. Arap HaMyHa KapIIMJIMTH IIYH-
YaJIMK KMYMK O¥7ca, KHCKa TyTraulyB HIApTHHH OaXapHil
MyMKHH OynMaca, y xonma ¢oroMarsutuk DIOK VimyaHamu
Ba MarHUT MailloHAa XOWIAIITHPHIITAH HAMYHA YTKa3yBYaH-
JINTU {IYaHany Ba KMCKA TYTAaIIyB TOKH

loi=Up" G (4.161,6)
maH Tomwiama. I, Ba U,,.. TapHH YT9alia MOTOMUKH XKa-
paeHnapHnHr crannonapnnx ILIApTH Ha3apia TYTWIAp SKaH,
EPYFIMKHHHT MOIYJIALINST YaCTOTACH LIYHAA# OYIHIIM Kepak-
K, poroMarHuTHK DIOK HMIyILC KABOMHIIATH MYHUNATH
BakTAa MYBO3aHAT YPHATWIMILINra, UMIYILCIAp OpacHIard
BakTAa HOJNbra TYIUMO yarupuum Kepak. (4.160) Ba (4.161)
MyHocabatiap acocuga r, L, S japam anukiaiiga ¢oromMar-
HUTHK TOKHH YTKa3yBUaHJIHKHMHY (POTOTOKH OHIaH KOMIIEH-
cauys KWIKG, Yyam ycyau Taxpubana GMpMyHYa KyNaiimkK
TYFIUpanu. By ycyn OmiaH yirvaim TapTHOHHM Kypaitiuk. H-
TEHCHUBJINTH MOAYIAUMS KWIMHIaH €pyFIuK OWiaH €puTHI-
TaH HaMyHaZlaH OKAETraH TOK YTKa3yBYaHJIMK Ba KUCKA TyTa-
LIyB TOKJIApH AUFMHIUCHIAH nbopar Oynmamm:

I=1, +U(AG+G) (4.162)

UAG épyrnuk mHTEHCUBIMTHIa GORTUK, 6¥rad HaMyHa ¢oTo-
YTKa3yBYaHJIMIY TOKM (¢hOTOTOK). YHMHT EPYFINK OKMMHHUHT
MOIYJISIUMS YacToTacH GWiaH y3rapuiy (HOTOMAarHHTHK TOK
I o KaOm 6ynamu. Taluky KywiaHHII HIIOpacH Ba KaTTaaM-
TMHM IOyHIal TaHjaul Kepakku, GOTOTOK OIIaH KHMCKA Ty-
TallyB TOKMHU KOMIEHCALUSUIAl MYMKHMH OVICHH, sSTbHM:
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I, +U-AG=0 (4.163)

oM

Mynnai xuino, HUCOATHU aHHKIAII YYYH HaMyHaaaH

OKAETraH TOKHMHT Y3rapyByaH TaIlKWI STYBYMCH HOJILI'A TEHT
OyiraHm xoima HaMyHara KYUMAraH y3rapMac KOMIICHCAIIUs
KYyWIAHMIIMHYA Yngamr Kepak. KHYMK €pymIMK MHTCHCHBIM-
THIa Ba KY4YCH3 MarHUT MalJOHWAA KOMITEHCAUS KyWIaHH-
um U, poromarauruk DIOK nan anya xarra 6ynanu:

Ug _Go+8G _ . Gy

7 = s (4.164)

EpyFINKHMHT KaTTa MHTEHCHBIMIUIA KOMIEHCALMSIIOBYU
kywianmin doroMarautuk DIOK ra axun Oymamu. Opatia,
doromarautk DIOK xmumk, 6upkanya xoywiapna 102 : 10-°B
Ba YHHaH KuauK 0¥ Mymxud. Iy caGa0mu, yHau yruaima
IOKOpH Jlapaxana OMp XUHCIH 6YIraH HaMyHa TaHIall XaMaa
MAarHuT MalJIoHU OyIMaraHma HaMyHaHM €PHUTTaHIA XA KMHA
doro DIOK HYXIMIMHE TeKIMHPHUII Kepak. PorosnexTpo-
MarHUT 3¢GdeKTH 3apsad TallyBYWIap sIiaul BAKTMHH KEHT
opamukaa 10~* mam o 10-? ¢ 30—35% xaTonuk OGWIaH aHMK-
nama Kymianunama. By ycyn, acocan A,B; Ba A, BB Gupuk-
Manapia HOMYBO3aHAT 3apsiji TAIIYBYWIAPHUHT KMYHK SIIIall
BaKTHHM aHMKIAlA Kyulanwiami. A,B; sa A,B, Gupuxkma-
Jnapaa 6y yCylnHH 4YekKJIOBYM oMwiiap Oynmm6, yimapra onguid
SIPUMYTKA3rMIIapra HuchaTaH KaTra KOHUEHTPAUMSUIH ENu-
HIMII MapKas3JIapUHUHT XaMla CHPT KATJIAMHIArM XaKMUHA
3apsiA COXACHMHUHT TAbCHPHUHHU KYPCATHII MYMKMH.

4.7 §. SpuMyTKa3 MY DAPAMETPIAPHHA HOMYBO3AHT 3apal,
TANIYBYAJIAP TAKCAMOTHAAH (TYFPHAAH-TYFPH)
¢oiinanannb aHEKIAM yCyLIapH

Epyrnux 30ndunune xysramunaduzan ycyau

By ycyn HAMYHAHH Y3YH, SHCH3 (nquKa) t¢otoH 3HEp-
TUSICH hw>E 6YraH EpyFIMK 30HIN OMWIaH ¢ epmymrarma re-
Hepanus, peKOMGHHaumI Ba nuddy3us xapa€HIapHIaH 103a-
ra XejJraH HOMYBO3aHAT 3apsj TallyBYWIap TAKCHMOTHHH
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ypraHuuira acocianraH 6yimb, y acocaH acocuit Gynmaran
3apsj Tainysuwiap 1uhGy3HoH Y3yHIMTHHA Yirdaimma KyILia -
HWiIagn. ByHUHT YYyH HaMyHa CHPTHIa MeTaL1 308 (TYFpH-
JIOBYM HYKTaBHH KOHTAKT-KOJUIEKTOP) YpHATWIaAu €KH Iia-
Hap TEXHOJIOTUsl OwiaH KMYHMK 03a0H p-k YTHIN, WUIOTTKH
TYCUFH (6aphepH) OJIMHATY Ba VHra ENyBYM WYHAIHINLA TeC-
Kapu Kywiangvin Oepmiagu. HamyHa octura €km €n cupTvra
103aCH KaTTa OMHK KOHTAaKT OAMHagu. HaMyHama €pymimk
TabCUPHUAA TeHepalUsANaHTaH 3apsi TAIlyBYWIApD HaMyHa
cuptu Oitabd, nuku ToMoH 6Viirab muddysusiiaHagu Ba Oy
KOHTaKT/Iapra eTud Keaub, OMpHHYH SKHHIAIIHIIIA aCOCHiA
OyaMaraH 3apsiy TallyBYMIAp KOHIIEHTpALMACHIa IIPOIOp-
nuoHan 6ynran dorotoxkuu €xku doro SDIOK Hu xocun Kuna-
. leMak, ¢ororokuu éxku doro DIOK uu €pyrmuk 30HIN
61WiaH KOJUIEKTOP KOHTAaKTH OpacCHIard xap Xwi Macoda X
Ja Yr4aHraH KMiMariapu Ap(x) HUET TaKCUMOTHHH Hdoga-
naiau. Kypunaértrad yCyIHHHT Ha3apMaCH €PYRIMK 30HIU
OWwiaH reHepanysUIaHraH 3apsfi TAllyBYHIApP KOHILIEHTDAIH-
sicM Ap(X) HMHT TaKCHMOTMHH aHHKJIOBYM HMQOTACHHHU TO-
THIITa acocnaHrad. ByHMHr ydyH HaMysHa n-TuIl GViacHH,
SIpPUMYEKCH3 (KyZa KUIMH) YHHHT GHD TOMOHM SICCH CHpT-
IaH ubopar Ba EpyRIHMK 30HAM 3HCH3, YEKCH3 Y3YH (MHIMY-
Ka) 6yncuH, ne6 dapas XMIMHraH XOMHH KYpaiIMK. Arap
€pYFNUK 30HAU €H cupmiapuaan (2 :3) L pan xarra 6yiarad
Macodana xofutalurad 6yiica, €H CHpTIaplard peKoMbuHa-
LIMAHY Xpcobra oMMHMAaiIU Ba Macaaa 6up YauaMmiud Gynany.
by xonma HoMyBo3aHar acocuil GYMarad 3apsil TalIyBIMIap
(xaBaK) TaKCMMOTH LWIMHIPDHK CHMMeTpus 6yilMya comup
6ynanu. IlyHudar yuyH y3aykcu3nuk Tenrinama (4.118) vunr
LWIKHAPUK KOOpAMHATA CHCTEMAacHIa

1dfdo) b  afl,0-R)ET (4165
rodr\ dr)| r,D, hv D,

x¥punnua 6ynagu. By epna r €pyrmuxk 30HIM (YH3HFH)IAH
KOJUICKTOP KOHTAaKTUraya Oynrad (Macoda) UWIHHAD paguy-
cH. (4.165) TeHIIaMaHUHT €YUMH HOJIMHYM TApTHOIAarH MaB-
XyM aprymeHmin XaHkel GyHKIMACH OHiIaH HOTaIaHany.

Ap(r)=Ap(0)iH, (ir/Z) (4.166)
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Macanasy yMyMUIii X0/a, S-HU EPYRINK 30HIU MAbIIyM OHp
YeKJIH Ymyamiapra sra (yaywiurd [, suu W) 6ynran xon ne6
KapajraHia, XUCOONalUIApHUHT KYpcaTHIIM4ya, KOOPAMHATA

! .
T BHUHT Sw < r< 7 OPIMFUJIa YMyMUH e4HMHMHHMHT alPOKCH-

ManusacH xaM (4.166) Gunan udonananamu. r/L HM KarTa
KaMaDIapuaa XaHkea QyHKUHACH YiIa apryMEHTHHHT 9KC-
noHeHnuan dyaxuusacura Yyraan. KoopauHata Gour Epyr-
JIMK 30HAM OWJIaH KY3FairaHM yJYyH HaMyHa CHpTHOA r= X
ned xapab, KauH d >> L gapuMYeKCcH3 HaMyHa YYyH X HH

Sw<r< :i— opanuKuaru KuiiMamiapu vayH (4.166) dopmyina

Ap(x) _ _exp(x/L)
2O Ja/D) (4.167)

(4.167) xypunuiny onamu. IOnka HamyHa d >> L y4yyH 3ca
HOMYBO3aHAT 3apsil TAlNYBYWIAD KOHIEHTPAIMSCHHIHT TaK -
CHMOTH

Ap(x) = Ap(0)exp (— ;]

Oc

5
o) af] |V FY

N

X |——~

4.16-pacm. Acocuii 6yIMaraH 3apsa TairyBuWiap Auddy3HOH y3YHIMIMHI
ynyai KypunMacy cxeMacu: (Bampzec ycynu): D — nuadparma;
K — Meraiu1 30HI — KOJUIEKTOP KOHTAKTH; R, — 10KjaMa KapILIHIIUK;
Y — xyuaituprud; ¥V — BONBTMETP.

236

<

www.ziyouz.com kutubxonasi
T T




Oynmanu. X HUHT Xap XWwI KAHMATIApHHH OJIMLI YYYH EPYFIMK
30HIM KOJUIEKTOP KOHTAaKTHMra HucOaTaH Ky3raTwinamm (Cuul-
KHUTHIAAU) Ba yMyaul BaKTHNA €PYFIMK 30HOH THHY X0JaTaa
Typamu. Juddysron ysynmmk L HH yryamn KypwiMalapuaH
6nanHHr yuamacu 4.16-pacMaa KenTUpwirad. Epyrmuk MaH-
OamnmaH €pyFIMK OKMMH (DOKYCIOBYM ONTHK cHcTeMa OC,
¢unrtp O, MomynsTop M, THPKMUILIH nnatbpama pil| OpKayH
HaMyHara TYLIaiH. Tnpxnumn nuadparma JI €pnamMmuaa €pyr-
JIMK 30HAMHHUHT KeHrmUTHHY 50 + 500 MM opanukaa yarap-
THPUII MYMKUH. VIHTeHCHBIUTH OyitMya MoAyIsIiMsUIaHraH
€PYFIMK YETH CEKTOP IIAKIHAA KAPKWITaH KM TOMpa LIaK/IH-
Ja TEIUUKIM OUCKHM alJIAHTHPHII OWIAH XOCHJ KWIMHAMH.
Monynauyusinadrad €pyFIHKHY KY/LIAll KATTa KOJUIEKTOP TO-
KHJaH HOMYBO3aHarT 3apsj Taurysumiap guddysusacu Tydaii-
7, 103ara KeJraH KUYMK KMcM (POTOTOKHM Kaiin KWIMII UM-
KOHMHY Oepanu. EpYFIMKHHUHT MMIYJIBCIH MOIYISIIHSA-
CHlla MMIYJIBCHUHI HAaBOMHUIMJIMIH, YacTOTaCH XaMia
HHTEHCHUBJINIY CHHYycOMZAa OYiyya VY3rapyBYM €pYFETHKHHHI
MOIYJIAIMSA YACTOTACH HOMYBO3aHaT 3apsll TAIyBYWIap KOH-
LIEHTPAMSICUHUHT CTALIMOHAPIIHK IIapTHIAH TaHjiaHaau. M-
MyJIBCIIM MOXYISIUSNA UMITYILCHUHT JAaBOMMIUTMIH f, KyWH-
JArd TEHTCH3NMKHHA

2
r
t>nrpat,>—; t,>

u

r
(D/r)"

KAHOATJIAHTHPHMIIN KepaK. EPYFINK OKMMHMHHMHT MOIYJISIIIVS
yactoracu 50--300 I'u taprubuma Gynamu. Monyraius vac-

1
TOTacH — ra HUCGAaTaH aHya KMYMK 6ymuum kepak. IOkopu-

Ja TabKMIUIAHTaHHWIA Kypa, KOJUIEKTOP KOHTAaKTMIa TeCKapH
AYHaIMIIAAr KyWIaHHOI KYHIWIaay Ba KOJUIEKTOP 3aHXHPH-
ra yjaHraH 10K1aMa Kapurmmiuk R, [aH Ky4IaHMIOHMHT y3ra-
pyBYaH TAIIKWI 3TYBYMCH OPKATH (OTOTOK ViTJyaHaIH.

R, naH ¥3rapyBuaH KyWIAHHII TYIUYBH CEJEKTHB Kydaif-
THPIrHY OPKAIH KyJ4adTUpHUNIaIM Ba CHHXPOH HETEKTOp Ba
BOJIETMETP OPKAIM Kaua KunuHaau. CHHXPOH HETEKTOPHHU
KYJUTaill KYPHJIMAHMHT YiT9ani ce3rMpJIMTuHU onmpany. Spum-
¥TKa3ruy HaMyHa KpPHCTaJUl TYITHYra KOTHPWIAAH Ba MaHH-
mynsaTop (MUKpoMeTp) OwiIaH EPYFIHK 30HOUra HHc6aTaH
KOJUIEKTOP KOHTAKTHMHMHI XOJIaTM y3rapTUpwiaau. Meramn
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30HI HAMYHAHMHI MCTaJraH XOWWra YpHATHIWIUN MYMKHH
Ba y HaMyHa OumnmaH Oupra cwrkuian. KyprIMa"duHr 1O0B-
KMH JapaXaCHHM KaMaWTHPHUII YIYYH KOHTaKTHUHF TYPFYH-
JIMTHHHM OIIMPHILI YIYH KOHTAKITa TOK UMITYJILCH OMJIaH HII-
noB Oepuwnamd. ToX MMIYJIBCHHUHI aMIUIMTYAACH KEPakKiId
CHTHAJI-IIOBKMH HMCOATHIa DPMILTYHYA OUIMPHO GOpHIANM.
VYnyaHaéTraH CUTHAT KATTAIUTH IIIOBKMH KYWIaHHIIMIA SIKUH-
namryHya éxku (4.166) udomanu Kyyuiaw wapté Gy3mwiryHdya
nJasoM stagy. By yeyin, acocan repManuii HaMmyHanapuna qud-
dy3uoH Y3YHIMKHH Ymyamyga kJ7UIaHWIraH, YyHKM repma-
HMiima L anua xaTtTa, OyHIaH TalIKapW, KUCWIAIUIaH Me-
TAJUI 30H] OMIaH IMOTEHIINAN TYCHKJIM KOHTAKTHM OJIHII HHC-
6aTaH eHrwi. By yCyJlHHM KpeMHUH HaMyHalapuia CHUPT
pPeKOMOMHAIIHSA KATTa, IIOBKMH JapaxacH IOKOPH, KOJUIEK-
TOp KOHTaKTHIA BAXHM HOUM3UFMIA OYJIMILIN, CUPT AKHHHUAA
HMHBEPCHOH KaTIaM (XOCHII) BYXyara Keaulnu Tydaimm KpeM-
Huitna L HY Ymgaiga KeHr KyJUianwaMarad. L Hu yiodainna
wioxy Gopuya CHUPT peKOMOMHAIIWSHHA Xap XWI HUUUIOBIAp
OwIaH KamMaiTupuol Kepak. MacanaH, repmaguian M10 Ba
M14 caiixaiutoBuM Kykyriapaa caiikaviawr Ba 30% mu H,0,
(BOZOPOX MEPOXCHAMIA) KUMEBHH HINIOB OEPHIII TABCUS 3TH-
JIafM. Arap n-THII repMaHyiiNa Yr4ain YTKaswiaaurad 6ymica,
BOJIbpaM 30HIU p-THIJA 3Ca KyMyIl KOTHIIMACHHUHT 30H-
IM HMIUTATWIagN. By ycyn acocmid 6yMara 3apsp TallyByM-
nap nuddysuon ysyrnuruau 0,1 naH To 6Mp Heya MIJUIM-
MeTprada 6yiran opamukaa 15—20% xatonvk OunaH Ymyami-
ra UMKoH Gepamgi. Top 3o0HaNIM SIpUMYTKA3TMy OMPHKMaIapy
A,B, na xuyuk 1udy3roH y3YHIMKIApHM Yryall y9yH Iia-
HAp TEXHOJOrMA OWIaH ONMHIaH p-n YTUILUIM €KH LIOTTKH
TYCHEKJIM HaMyHajnap TaiépnaHagn. K¥3ramyBuan 30HI ycy-
mura 4.17 6, B, r-pacMaa KeJITUPIITAH XO0JUIaDHU XaM Kypca-
THII MyMKHH. By xoima acocuit OYnmarad 3apan TauryBYM-
Jlap KOJUIeKTOpH BasudacuHM p-n YyTull YTainu. Epyrauk
30HIM OMp TOMOHTa HMIAO €ku map uvtudaapm O6yHuMya
Ky3raTtwiagy. By ycy/uiapia 3aps TamryBYMJIapHUHT p-n YTH-
IMUHU HUFUII KO2GhIUUNEeHTH

1
QH+QP=,_,L

\£ kT ) max
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o= ©

N..) P

6)___\' > (J]:)

‘%\\(\\\\

'L) L\/‘}\n

;ﬁflﬁ%ﬁﬂﬂgﬁﬁ Hou yayimuxum Ky3ranyByaH €pPYFIUK (3MEKTPOH)
6) p-n VTHIWIHM; g) leapu @) Banpaec ycynmu GuiaH yadall COXacH;
¢ Hnmag cepux CHPTIAPHHU KyUIall yCYUIapy.

1 Oy3HOoH YSYHilukka, gpyrmkan 014 K0a(hdUIMEHTH-
rasa S/D HHCOaTry 6ornux. Hasapuil XxucobGnanuiapHuHT
KYPCaTHLINYA, LYy MO cuprupan To p-n §ruuirada 6yaraH erap-
NMYa KatTa (lmtbq)y;;“o“ yaywivk L ra nucbaran) macoda
x>x, Aa x a>1, x w>L, Ba @L>1 TeHrCHIMK YPUHIHM COXana

173209410 Koatb(bmlne;m,[ exp(——) Xaz OGwnaH aHHKJIAHAIH.
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1 (x|
0=—% - exp‘_ *
u XT )max \ 4 /
GOFTaHUIIHUHT OFUIIMAAH TH(GY3UOH Y3YHIHKHU

—_— A
In(/ o /(Frs enax)

OPKAJIM TONIWIAAM. Arap KOJUIEKTOP TOKM Ap KaTTaaukK Ou-
JIaH HOYM3UFHIA OoF1aHFan Gyica, mouMuit (YarapMac) gorto-
TOK YCYIU Ky/UlaHwiany. by xonma HOMyBo3aHAT 3apan Ta-
LIYBYMIAPHUHI T€HEepalMsUIaHUII COXACHAA KOHIEHTPALIYS
Ap(0) EpyFIUK MHTEHCHBIIMIUIA YM3UKTH OOFIAaHTraH e ¢apas
KWIHHAOH. Y BakKIna

7 x \
Al exp [‘— ;] = const

6ynanu. lynnait Kum6, xap xuw1 Macodana 6up xwi yarap-
Mac KOJUIEKTOp (POTOTOKMHU TABMHUHJIOBYM E€DYFIHK HHTEH-
CHUBJIUIMHY 6umnb, L Ba 7 napHHM TOmMin MyMKuMH. MacanaHn,
HMKKUTa Macodana 6up xuir GOTOCHTHALIAPHM XOCHII KHIIYB-
w [, Ba [, €pyFIMK MHTCHCUBIMKIAPHHUHT KHIMATHHH
OwiraH xonma

Y
F4

Alye Z = AIMe—% = const (4.173)

ndbonxanay nuddy3HoH y3yHnuk [ = —XLZL 6uad Tomm-

Aln|-2L
10v2

nanu. Ap €xu Inl napHu X ra GOFRIaHHMIUIMHUHT OFMIIMAaH L
HH Oy ycyn OWiaH aHMKJIANA Xe4 KaHnall KymuMua Iapa-
METpJIapHH OWIMII Taad STHIMaNAW. T HH aHMKJIAm ydyH D
HH Owivil Tanab KWIMHAIu. AMATHETHA EPYFIMK 30HIAXHHHT
KYy3FalyB4aH ycynu OwiaH 1uddy3uoH yayrmkey L>50 MxM
coxana ymyam MyMkuH. Juddyzus kospdpunuentn D = 40
CcM?/C n-THII KpEMHMIA, A1Iall BAKTUHUHT T = 1076 cex Kuii-
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MATH TYFpY Kenamu. KelimHry fwmapaa EpyrIuk MaHOau cH-
datuna nasep HypaapumaH GoimaTaHUIMOKAA, GOKYCIOBYN
ONITMK TH3MM cudaruga MuKpockon (Macaian, MBU—11)
KYJUIaHMIIALH.

6. Epyraux nypu (30nOu)HuHe Xapaxamaanye4u ycyau

SApuMYTKAasTHWIap NapaMeTpjapHHM YIJalTHUHT Oy ycy-
M HaMyHa siCCM CHpTH OVyiinab y3rapMac TeliMK V OunaH
XapakaTianysuu (GOTOH 3Heprusicu hw = Eg 6ynran y3yH,
MHrHYKa EPYFIMK (30HAHM) HYpH TeHepalusiaraH acoCHi
OYnMarad HOMYBO3aHAT 3apsl TAITyBYWJIAPDHUHI TaKCUMOTH
Ap (x, y, z, t) Hu YpraHMIilITa acociaHraH. Ap (x, y, z, {) HH
TECKAPH KYWIAHHII OepMJIraH, TYFPWIOBYM SIPUMTYTKA3THy-
METaIT HYKTaBHH KOHTAKTH (30HAM) €KHM KMYMK I03QJIH p-n
YTHII, LIOTTKK TYCHFH OPKAIM Kaitj KuiuHamu (4.18-pacwm).

Epyrmuk 3oB1uman XOCHJI OyaraH HOMyBO3aHAT 3apsAl Ta-
UIYBYWIAD HAMYHAHMHI EPHTIIMAraH kucmura auddysus-
naHamy. EpYFIUK 30HOMHMHT XapakaTiaHuid tydaii, 3a-
pSAI TalyBYMIApHHHD da3ofarn TaKCHMOTH HamyHa OYitnab
EpyFIMK 30HIH OwiaH KYuub lopamu. Ap (x, y, Z, t) HHHT
Ha3zapuili MPOoJaCHHM aHHKJIALINA SPUMYTKA3THY HaMyHacH
n-tun OYnICHH, yuuHr O¥in (a), 3HU (b) Kanuwmrn d ma”
KarTa a>b>d 6yncuH, ned onaMus. Y Xomnjia HaMyHa €H CUPT-
JApHJIAarn peKoMOHHAINA XucoOra OMMHMAiiu Ba HOMYBO-
3aHaT 3apaj TAyBUYMIAp KOHIEHTpAUMsicH (akaT UKKHU X, 7
KOOpAMHaTajap XaMaa BakT QyHkuwscu Oymamm. Hamyna-
HYMHT EpUTHIIMAraH cOXacuaa reHepauus Te3nuru g = 0 6ynra-
HHM YYYH, acOCHil OyIMaraH 3apsii TallyBUWIap KOHIEHTpa-

R

j L
K L Ay | v 0]
70 A4 |
L

i |

4.18-pacm. HoMyBo3aHaT 3apsp TalIyBYWIap NapamMeTpiapuHu
XapaKaTJIaHyBYaH EPYFIHK 30HAM YCYIH GHNaH Vadaln
KYPWIMAacUHHUHT CXeMacH.
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LMACHHMHT HaMyHa KOPOHFY KUCMUIArd TaKCHUMOTH Ap (X,
Z, t)

aAp = D div(gradAp) - o2 (4.174)

Y3AYKCHU3IIMK TCHITTAMaHWHT

Dp? = —SAp

Z z=0

D’ﬂ - SAp(d) 4.175)
92 \a

yerapapuil IapTiapHy KAHOATIAHTUPYBYH €YMMH OPKAIH TO-
nwiany. EpyFmuk soupym 6miaH Gupra XapakaTiIaHyBud KO-
OpJIMHAaTa CHCTEeMacHaa

E=x+vt (4.176)
n=z

HOMYBO3aHaT 3apsj TAIIyBYWIAPHHHI TaKCHMOTH BakTra
OOFNMK OYiIMainu, ssbHM cramvonap 6ymamu. (4.174) tenr-
JlaMa SHI'M KOOpIMHATa CHCTeMacHIa Y3rapyBUaHIapHHM axX-
PaTHIL YCYJIU OPKAJIA eYWIafH, CYHT KY3FaIMac KOOpIMHA-
Ta cucTemacura ytunanu. (4.174) tedriaMaHHHT Ky3FanaMac
KOOpAMHATA CHCTEMACHAA EPYFIHK HYPHHHHT YHT TOMOHH-
Iard e4YUMH

N

Ap(x, z, )=C, exp[—IiJ exp (7—’] (% sin a,z + cos alzl
\ 1 N W

4 ,
(4.177)

€PYFIMK HYPHHUHI Yall TOMOHMIA

Ap(x,z,t)= Cexp(——)exp( ](—smazz+c05a2z‘

(4.178)
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-1

KypMHMIIIa OYnanu. Ci, C, — MHTerpauiall JOMMHUIIapH

o, \2 -%
I = LA Y Al .
! _ 2D, al 2Dp
PO » 1 (4.179)
= v =21 _ Y
b= \2DPJ +La 2Dp
L-L=L,"
Z, Ba @, KaTTaIMKIap
1 _ 1l _p2_p
Dpr, Lp* al ! (4.180)

udona 6unaH cornaHraH. VHTerpauiall JOMMUIUIADUHU TO-
runnga (4.175) derapaBuii apTaapHM KYJU1amn

\

2

[Dpa+ S \gzd =28 (4.181)

\ 4

a
‘

KVpMHHUIIAATY TPaHCHEHT TeHraMara ojau6 keiaaau. By
TPAHCICHT TEHIIaMa o HUHT KYIl WINHIapy @, ra 3ra, OyHra
Moc kxeiraH L, [, I, TapHMHT XaM Kyl KM#MaIaapd MoC
Kejdagu. By TeHriaMa WITH3JTApDHHHUHT TAXIIH KYPCaTHIIH-
4a, /| Ba /, NMapHUHr KMAMaTH n-OPTHIIK OMJIaH Te3 KaMaii-
u6 (bopanu) keramu. Ilynunr yayn /, Ba [, naH karra Maco-
dana (4.177) Ba (4.178) xypuBMIIIaTH e4uMHK YpuHIH OYma-
M. XaKukaria, arap €pyFIMK HypH x VKM OVifmya yammad
VYHITA KYuca, HAMyHa CHUPTHTIa Xoinanrad OMpop HyKTagard
3apsl TAUIyBYMNAAP KOHHEHTPAIMSCH YHIa €pPYFIMK HYpH
AKMHTAIMIIE Ownad opragu. By Yarapum (4.177) man xypu-

HajUKH, BakT JOMMMUKCHU 7‘ OynraH 3KCIIOHEHTa KOHYHH
6wraH coavp 6%nagu. EpyFIMK HypH y HyKTazaH yTHO KeTH-
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Iy OwiaH 3apsal TallYBUIJIADHUHT KOHIEHTPAIMACH BaKT
OYitnya XaMasd OoIlUTaimd. Ap HMHT KaMaiuIId BakT JOM-

. / "
MMICH ~3— 6ynran SKCIIOHEHTa KOHYHH Owian 6ymagu. Arap

VIJai 30HANMHHM, ThHU KOJUIEKTOP KOHTAKTHHH HaMYHAHHHT
KOOpAMHATANTApH X, Z, OYiaraH Hykracura xoinmamraH et
Kapacak, HOMYBO3aHAaT 3aps] TallyBYIADHHUHI HIy HYKTa-
AT XapakKaTAaHyBYM EPYFIMK 30HAM XOCHJ KWIrad KOHIEH-
TPAUMACHHUHT BakT OYiiuya y3rapuimuau (4.178) Ba (4.179)
Japra Kypa

/
Ap (x, z, t) = const expl Iv (4.182)
\ 1

Ap (x, z, t) = const - exp‘——t) 4.183)
\2 7

KYpuHHIIIAry ¢popMmynaiap ounax nbomganam MyMmxus. ITyn-
Jan xuiaub, HamyHa cupTH O¥itna6 U teznmuk OMiaH Xapakart-
JIaHYBYM €PYFIHK 30HIM (HYpH) KOOPIHHATACH (X, y, 0) 6yiran
HyKTara XOMIalraH KOJJIEKTOp KOHTAaKTHra SKWHIAIraHga
Ap ra mpomopiHoHan pasuiga ¢ortoTok €km doro DIAC
(JoxiamMa KapIIWIMKKA TYHITaH Y3rapyBuyaH KyWIaHHII) OpTa
Oopamu, KOHTaKTIIra eTub KelraHaa MAaKCHMYMIa SpHIagy Ba
YHAaH ¥YTraHjaH cYHT Kamas Oopann. Jlemak, 6y cdoTocur-
HAJTHUHTI BakT Oyiiuya Y3rapuinmm MyaissH OeJrmiaHraH HyK-
TaNAry 3apsj TAlTyBIMIAP KOHIIEHTPAIMACHHAHY BakT Oyitya
y3rapyi KOHYHUSTHHHU KypcaTagy. EpYFIMK HypH Te3MUru v
HH Gwiran Xxonxa GOTOCUrHATHMHT BaKIra GOFTaHMIIMAAH /,
Ba [, Tonmuiany Ba yiap opkanu auddysus Koa(b(bnunenm

p =_hh
Pooh-i

v (4.184)
dbopMmyna Omnan xuco6ad Tonmunagu. CHpT peKoMOHHALIMS
Ba TU(hPY3MOH YIYHIUKHU aHUKJIAI YYYH CHPT peKOMOHHa-
IASCH Te3NHUKIIapH GUp XM OYIraH MKKH XHI KAJTHHIMKAATY
HaMyHaJlapia Yayaul yTKaswiau Ba xap 6Mp HaMyHa y4ayH /
Ba [, Tonunanu Ba Dp HU GWiraH xonna
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’ \

2

[D,a, - DS thald =28
p %1 (4.185)
SI

(Dpaz - DFaz,]tgazdz = 2S

TPaHCAEHT TEHIVIAMaJiap CHCTeMacuIaH OMpMHYH WIAM3NA-
p1 a, Ba a, Xamaa § TonWIagM. 4, Ba a,, |, Ba [, 1ap HM
Owiran xomnma

o

1
=—a
1

-uh'| =

(4.186)

+al

L R
1

i

&

udonanap opkanu ITUDPY3IUOH Y3YHIMK LP XucobIaHamH.
CHpr peKOMOMHAIKACH TeINUTH KHYMK S< Dpa, 6ynranna,
tga, @,= a,d, 6y1anu Ba CHPT PeKOMOMHALMSACH TE3JIUTH

§=2 0% (L3 - Lai?) (4.187)
1~ a9

HJaH xucobnanagy. Tomwirad .S 6yitnya muddy3voH y3yHIRK

" 2,D,d, VA
L= D d, - 2512
e (4.188)
 2.pg V2 ’
L = ‘a2 ™2
’ [\0,42—231,3,1’)

O¥iinya XucobiaHamu. D’ Ba L’ JIApHM OWIraH Xonma 3apsi
TAITYBYWJIADHUHT SIANI BaKTH

t=L'D" (4.189)

6unan, OukyToui nuddy3HoH XapakKaTyaHJIMK ODHHIITEHH
MyHocabaTHIaH
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U= Dﬁ (4.190)

TONWIAOU. Arap CUPT peKOMOHHALIMSACHHM SHTHOOPra 0JIMac-
JUK MYMKHMH Oyica, MacaJlaHMHT €YHMM COIIajaliiajH.
Xaxuxarna § = 0 na yerapasuii maptiap (4.175) nan doiina-
JIAaHUIIra XOXaT KOJIMaiiau Ba Macayia 6up Yiruyammum Oyimanu.
Tpaucmenr texrnama edyumu a,= 0 6ynamu. ¥ Bakria mud-
¢y3HOH y3yHIMK

L =LY (4.191)

6wnay, suddysus xosddbunuentu (4.184) Ounan, 3apsan Ta-
NIyBYWIAPHUHT AINAIl BaKIU v =—'l%'l dbopMmynanap 6mnaH
xuco6nananu. EpyFIMK HypMHMHI XapakaTJIaHyBYH YCYJIH
6MIaH HOMYBO3aHAT 3apsi TallyBYMIAp MapaMeTpIapHHH
yryalmn KypwiIMacMHMHT 4yu3MacH 4.19 a, 6-pacMaa Kenru-
pwirad. MoHOXpOMaTMK EPYFIMK OKMMH S, Ba S, Ky3rynap,
THPKUILTH auadparma [l €praMuina HaMyHa cUpTMra HyHat-
TUpWIagi. EpyFMk okuMMHMHT KeHrurd 1072 jan 10 1 MM
rada ysrapamu. EpyFiyK HypHMHHMHI HaMyHa CHpTH 6Yiina6
XapakaTH aiJaHyBYU Ky3ryqaH ¢pyFIMKHMHT KAUTHIITH OPKATH
nmaiino KwimHagu. KowrekTop Tokura nmponopudoHan 6yirad
KyWIAHHII J0KJlaMa KapIMInK R, naH Kydaitupruy Y ra Ba
ocuwurorpadra Oepunanu. OciwurorpaMma yorJaml 30HIM-
HY KOHTAaKTJIaHUII HyKTAaCUIArH 3apsii TALTYBYYUIADHHHT BaKT
oyitnua (4.182) Ba (4.183) ndopanap o6mnad aHUKIaHAIUraH
TaKCUMOTHHHU Kypcatamy. Ocunuiorpammanad In ¥, =f(t) 6or-

.U bGu - Gu

I&Y
7
? t

a) 6) 8)

-

4.19-pacm. Komnektop doto DIOK HUHT yM3uKin (a) spuMiorapudMmx
(6, 6) MacmrTabnapary OCHWUIOTPAMMACH.
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JIAHUIU YU3WIAOW Ba YHUHT TYFPH YU3UKIU OoFIaHMIL coXa-

v v . N
CHIaH ;- Ba 7~ Jap, EPYRTUK HypHIaH YHIHA

AU, _Alndp ¥V

Ba €pYFIMK HYPHOAH 4Jampa

9KCIIOHEHTaHHHT BaKT AOMMMiLIapy Tormnanu. HamyHa cupru
OyitIab XapakamIaHyBYM €PYFIMK 30HAMHUHT Te3Nurd V HU
aHUKIAIl y4YyH OMpHUHYM KOJUIEKTOP 3OHAWAAH KaHXAWAMD
Macoda, MKKWHYH KOJUTEKTOp 30HA YpHaTwianu. MKxu 30HI
opacuaard MacodaHu EpyRIHK 30HIM O0CHO ¥YTraH BakIra
Huc6atu V HH Gepagu. By ycyn onauH repMaHui, KeHHHYA-
JIMK KpeMHH, HHANH, cypbMa (InSh) Ba OollKa ApUMYTKA3-
TYY HAMyHaJIADUHUHT [TapaMeTpIapuHu YTyania KyJUlaHui-
rad. Yiyanm JaBoMuJia MHAMH, cypbMa Ba repMaHWii HaMy-
HaJlapupa €NHIIAII MapKa3JIapUHHUHT TaAbCUPH KYWIHPOK
HaMo€éH OynraH. by Mapkasnap TOMOHHMIAH SpKHH 3apsil Ta-
HIyBYWJIAPHUHT TYTWIHIIH OCHMWUIOIPAMMAaHHMHI T'OPHU30HTaN
VX OmwiaH OMpO3 UY3WIMINMIA BAa HHUXOAT SKCIIOHEHTA BaKT
JOMMHUHMCHHHUHT oumyinura onu6 kenrad. IIlyHuHr yyyH oc-
IWLTIOrpaMMaHMHT Oy COXaCHUTa TEMIIEpaTypa ¥3rapHILHHUHT
Ba KYUICH3 EpMTHIIHHHT TAbCHPH KypcaThiarad. JOkopuma my-
XOKaMa KWIHHIaH €pyFIMK 30HIWHHUHI KY3FATyBYaH, Xapa-
KaTIaHyBYM yCY/UIapyard €pyFIuK 30HAMHUHT YpHUTIa 3JIeK-
TPOH 30HIWHM KYJUIall OpKATH AUPGDY3NOH Y3YHIUTH KUIUK
6ynran A,B, Ba A,B, ApuMr¥TKasruy 6MpUKManapuHu TeK-
mupumi Ba ynapaa nudd@y3HoH y3yHIMKHH Yryali MMKOHHU
TYFWITH.

Auddy3noH y3yHIMKHHM 3JEKTPOH 30HOU yCynn OuiiaH
Ymyaniga, ofatna HaMyHAaHMHI 3JIEKTPOH 30HAMIA THK €KU
napajuieyl CHpTIapya IUTaHep TEXHOJOT M OWwilaH KMYHK 103a-
JM p-n YTHII €KM IIOTTKM TYCHFM OJMHIAH CTPYKTypajiap
KYJLTaHWIaou.

DnexTpoH KoHueHurpamusacu 107 cMm~3 6ynran n-tun CdTe
Ia 3apsn tainyBImwiap Aubdy3noH y3yHIMTHHM Yidall yyyH
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HaMyHa CHPTHUTIA IHOTTKH TYCHFH OJMHTaH Ba IIOTTKM TYCH-
manal 0,1+ 14 MM Macodama sHepruscH 5 : 25 k3B 6yiaran
3JIEKTPOH HypH OuiIaH acocuii OYIMaraH 3apsi TallyBYRJIap
(xaBax) yitroTmnrad. Iortku Tycurura 0,1 B man opruk
OynMaraH KywWwiaHMII yJaHraH. By nuddQy3HoH y3yHIMKHU
0,4 + 3 MKM opanukaa yryanr MMKOHHHM Gepanu. DIIEKTPOH
30HIU YCYJIMHHMHT KE€HI KYJUIAHHIIMHHM YEKJIOBYM OMp Heua
OMMJLTIap¥ MaBxXynd Oymu0, ynapmaH MyxuMiIapd cudaruia
KyHUIarwiapHu KYpCaTHIII MyMKHH:

1. DiyexTpoH 30HAN OMJIaH HOMYBO3aHAT acOCHil 6YiIMa-
rad 3ap4j TalulyBYWIap IeHepalMsUIAaHHII COXACH SHHHHUHT
yeKnu oynuim. OnekTpoHH# 5+ 30 KB xywiaHmi 6miaH Te3-
JIAHTPWITaHAa 3apsl TallyBYWIAp TeHepalusUIaHWII COXacH
0,1 man To 2,1 MKM raya y¥3raprad. DJEKTPOH 30HIM YCYIH,
€PYFIHK 30HIU yCynH Kabu, x> L ma sxmm HaTiDkanap Gepa-
I4. By maprHM 0nKa 3IMTAKCHAN XaTilamlapaa KaHoaTiaH-
THPHII KMIHH, INYHUHT YIYH Oy X0JIZa 3JIEKTPOH 30HAXHUHT
KY3ralyBUaH yCYJIH KYJUIAaHUIMalOH.

2. KeHr TaKuxJIaHTaH 30HAIH SPUMYTKA3rHWIApHM, Maca-
JIaH, KPEMHUITHM CHPT COXacCHAA MakiyM OHp IIApOMTHA KaM-
farauialral €K MHBEPCHOH KATIAMHUHT X0ocw 6ynumm. By
XOJIa XaXMHUH 3apsl COXaCHMHHHI JJIEKTP MAWIOHHM Ba p-n
VYTHIITa, IIOTTKH TYCUFUIA YJIAHTAH TalllKyi Ma#WIIOH CHPT OYiin-
Ya TapKAJIHMIIY MYMKWH Ba acOCHH OYIMaraH 3apsj TallyBYM-
JIApHMHTI Ipeid TAIIKWI STYBUMCHHH 103ara KeJITHpamH, Ha-
TIKAOA YrdaHaérrad Judy3MoH Y3YHIMKHUHT OPTHIIHTA ONG
xenagd. ByHAaH TallIKapu, p-# YTHINHHHT WHFYBUM 103aCH-
HUHI OPTHIIMIA Ba, HUXOAT XUCOOJAIIIA XaTOMHKHHHE OIIM~
mura onud xenagd. Atpod MyXMTHH Y3rapTHpHO, CHPTHIA ITO-
TEHLMaIHN OOIIKAPHIL OPKAIH Oy YeKJIOBYM OMMJIHHHT Tab-
CHpMHHM HyKoTHII MyMKHH. HaMyHa cupTiaa “sccu 30Ha” éxu
3aps TalUyBYMIAp OWIaH Kydcw3 OoiMHMraH peXMMH aMaira
OLIMPHIHMIIY MakKcaara MyBodHK, 6ymamm.

3. PekOMOMHALIMOH HYPJIaHMII KYWIM HaMOEH Oynamurad
TYFPM 30HAIM APUMYTKA3rHWiapAa acocuil OyiMaraH 3apsm
TalIYBYWIAPDHHHT KOJUIEKTOPH SIKMHUAA PeKOMOHHAIIMOH HYp-
JIAaHUII QOTOHUHMHT KANTa IOTHJIMIIIH.

By 6oup nHeuya muddysnon ysywimkgaru (OMpiIaMyHM aco-
cuii OyIMaraH 3apsii TallyBYHJIAp TOMOHHIAH) 103ara KearaH
KMYHMK KOJUIEKTOP CHUTHAIMIAH aHUKIaHaaurad nuddysmon
Y3YHINK KUAMATHHUHT OPTHIINTA 0146 Kenaad (4.198-pacM).
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Ky3ramyBuaH, xapakaTiaHyBYH 2JIEKTPOH 30HAVMHH OJHILAA
PacTpAH MEKTPOH MHUKDOCKOITHMHT MCTajiraH THITH HIIIa-
TIWIAUIN MYMKWH.

4.8-§. P-n yrumauar B2 IlMoTTku TYCHFHHMHE KHCKA
TyTamyB (JOTOTOKMHHM YJMAMIFA ACOCIAHTaH Aupdysnon
Y3YHIMKHM AHHKJIAM YCYJH

By ycyn 6wiaH OJIUH p-n YT (3NMMTAKCHAN CTPYKTYpa)-
HHHT TapKHOM{ KUCMHM OYIMMII 3IUTAKCHAN KaTiiamMaa 3a-
psAn TamryBYMiIapHuHr JUbbY3HOH Y3YHIMIHHHA VIIYALTHH
KypaiUThK.

AHMKJINK KMPUTHII Y4YH A-THILIATM TArfiNKKa KaJTHHIM-
ru W 6yiraH p-Tunpars 3IMTAKCHal KaTnaM YCTHpWIraH Ba
HaMYHaHM SMMTAKCHAN KATIaM TOMOHHIAH x=0 TEKHCIHUTH
tdoroH sHeprisicn hw = Eg 6Ynran €pyrnuK oxuMH OrIald €pr-
TWIraH OYicuH Ae6 ojainukK. YMyMaH oJiraHpza, €pyFrIMK
OKHMMM SIUTAKCHAJ KATJIaMAa, p-n YTHIIHHHT XaXKMUH 3apsin
cOoXacHia, TarTMKIa HOMYBO3aHAT 3JIEKTPOH-KaBaK XydTia-
PHUHU reHepanysUiaiinu Ba ¢OTOTOKKa Xap OMp coxamaru Ho-
MYyBO3aHAT acOCHii OyIMaraH 3apsj TallyBYMIap ¥3 xuccana-
punn Kymanpwiap. IIyHUHr y4yH p-THN SNMTAKCHAN KATIaM
YY4yH acOCHMil OynMaraH HOMYBO3aHAT 3aps TalllyBYMJIap
(3NeXTpOH) KOHUEHTPAIMICHHUHT TaKCHMOTH An HU Ba y
6i1aH 60FIMK GoToTOK HbOTACUHM TaXIHI KWialnukK. P-Tun
SMHTAKCHAT KaT/iaMIa peKOMOMHAIIMOH HYPJIAHMIITHMA Ba YHH
KaiTa HaMyHaJa IOTWIKILKHK XpcoOra olMaraHaa, HOMYBO-
3aHAT BJIEKTPOHHUHI KOHHEHTpauusick a>b>w ga Oup
Vyamim

Y3IYKCHIINK TCHITIaMAHUHT

dAn _
_,,—d;— - = SAH(O)
dAn _
b, =0
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yerapaBuil MIApTAApMHH KAHOATIAHTHPYBYM €YMMH ODPKAIM
Tonmnagu. by xomma kucka tyraiuys pororoxku daxar p-Tan
3MMTAKCHAT KaTlaMla IeHeparusUiaHrad acocuil 6ynMaran
3aps TAIIyBYWIAp OYIMHIN 27eKTpOHHUHT IHby3HOH TOK
3HWIHTH

D dAn

jK.’r:e ~¢x

(4.193)

X =W

OmIaH aHUKJIAWHY KYpaMu3. XHCOOIAIUIApHHHT KypcaTH-
unya, j,, HUHr udonacu

. _ egl, I (§ + aD,) sech(w/L,)
Jur = azLi -1 l -

L, + sth—
L, (4.194)

S + Ly(z,) th(w/L,) -awv
* [“Z" (Ln/tn + Sthw/L,) ]e '

KYpPHHMIIHHM OJIamM. Arap 3IMTaKCHal KAaTIaM KaJIMHEIUIH
eTapJifya KaTTa, épYFINK KyWIM IOTHICHH, CHPT peKOMOMHA~
UMSACH TEINUTH KMIKMK OYicun ne6 dapas Kuwicak, ssbHU

aw>3 (4.195a)
aZ>3 (4.1956)
S=0 4.1958)

Ja wmapwiap ypuHnu Oynamu. (4.194) ndomaHMHI HMKKHHYH
XaIMHM Talwiab o6opuin MyMKuH. Y BakToa (4.194) conma-
JalWany Ba j, . HUHT udonacu

e(l-R)) W'
== sech L_] (4.196)

A

KypuHuilra Kenamd. (4.195 a, 6, B) ImapmiapHM apceHMO-Tal-
JIMHA SIUTAKCHAT KallaM MHcoimaa 6axonab Kypainux. Omnu-
TaKCHaJI KaT/laM reJIMi-HeoH Jasep HypH hw=1,963B (1=0,6328
MKM) 6uaH Eputwiran 6yacuH. EpyRTMKHMHT 6y TVIKHH y3yH-
JIATHOATH XYCyCHid foTrmin Ko3dduumentd a=4,4- 104 cm™!
6ymamu. (4.194a) wapTHH KaHOATIAHTHPYBYH SIIMTAKCHAN
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KamnaM Ramuiurd 1+ 10 MM, (4.1956) mrapTHM KaHOaTIaH-
THPYBYM 3apsl Talrysuniap auddysuoH y3yrnuru L >1 MKkM
6ymmum kepak. Arap (4.1956) mapt 6y3mm6, L, <1 MKwM,
aL,<3 6yiranna j . xucka Tyrawys dororoku (4.194) pan

v

_elp,(0-R) 'L (w
= 2R Sech(‘L—M (4.197)

ndona OWIaH aHUKJIAHMIINHE Kypamu3. CyOKJINK SMHTaK-
cHsl TEXHOJIOTHSICH OMIaH YCTHUpWIraH, KaTuHura 1+ 10 Mkm
opanukaa 6ynran GaAs snuraxcuan Kamiamaa L, Hu yorgaun
HATIDKQIADH, YHMHT 3aps TAIIyBYWIAP KOHIECHTPALMSICHTa
OOFMMKIMIMHA KYpcaTou. ACOCHil 3apsii TaulyBYWIap KOH-
neHTpanusicuHuHr P,=(10': 10”) cm opanuruna Z, 0,1 man
o 1 MxMm rava ¥3rapras (4.20a-pacm). CHpT pekoOMOMHAITUA-
CH TeTHTMHH KaMaiTHpHII MaKcaauia OAaTHa SIIWTaKCHAl
XaTiaM ycTura my THnuaard GaAlAs xatinaM ycTHpIiaguy.
Taxpubanan aHukjganran L, xuiiMatiapy yuyn (4.194) my-

¢ J*
L,* L,: MKM
a) 10 1\’ ] 105 \hFL
2"'L\i\\ 109 S
0 10 \‘
\ &
10 b T

0 4 8 12 16 W, MkM

4.20-pacm. a) GaAs snHMTaKcHal KaT-
JlaMHIA DIEeKTPOH-KOBaK auddy3noH
Y3YHJIMKJIAPUHUHT acOCHH 3apsn Ta-
LIYBYMAAD KOHLEHTpalHUsAcura Gora-
HUIIA. 1 — repMaHuit 6WIaH Jerup-
naHrad p — GaAs y4yH, 2 — Kanait 6u-
nad nerupianraH n — GaAs ydyH.
6) GaAs Ju p-n YTHII KHCKA TYTalUyB
(OTOTOKHHHHT p-KaTIaM KATHHIATH-

. ra GormaHumu. 1-p=1,1+10YcM73,
03 04 o5 1 0% gt L,=5,5MKM:2-p=6,0 - 10' cM?,
Ln=200 mxm; B) IotTxu auonu ¢do-
TOTOKMHUHT T€CKAPU CHFUMHIa GoFa-
HMILH.
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HOCAOATHMHT TaXIWiId INYHH KypcaTanuku, (4.195a) sa
(4.1950) TeHrcHM3nIMKIap CHPT PeKOMOMHAUUACHHHUHT
S§<10%cM/c kuitmMaTiapuaa YpHHIM GYynrap 3KaH. ByHman
(4.1958) urapran S<10* cM/c 6WIaH aTMALITHPHUIL MYMKUH-
nury Kypeatwirad. Taxpubanan L, H¥ aHUKJIALIIA p-n YTUIL -
HUHT 103acH S * 104cM?, 1okiiama Kapurwiuk 1 OM 6ynral Epyr-
JUK MaHbau cudaruna reuii-HeOH Jasepu KYJUTaHWIraH. L
HHM aHMKJIANIna KUCKa TyraluyB (OTOTOK VI4allgaH TallKa-
pH, EPYFINK HHTEHCUBJIMTUHH, EPYFIMKHY HaMyHamaH Kai-
TUII KO2(DOULMEHTHHH OWIHII JIO3UM. DIIMTaKCHAN KATIaMm
KAIUHIMIY map €ku xusd (Humab) mummd ycynm 6mnaH €Ku
TYFPUAAH-TYFPU PACTPIIH BIEKTPOH MHKPOCKOII OMIaH aHHUK -
JIAHWIIIA MYMKHH.

Oduddysnon y3ywiuk p-a yTain Kucka Tyramys ¢oToTo-
KUHUHT 3MHTAaKCHAN KATJIaM KATMHIIUTHIa OOFMKIMTHIAH XaM
AHUKJIAHUIIH MYMKHH.

aw>l Ba el >1 ga p-n YTMII KMCKA TyTalIyB (OTOTOKH
(4.197) nan

Jo~levl—xe-vL] (4.198)
6ymamu. Bynna xoadbduiuent:

_ _(8/D, - 1/L,)

/D, T L) <1 (4.199)

Kanunaurn 1uchy3uoH ysyHnuknan Karra w> L, 3nmuTakcH-
an Kamramiap yayH (4.198) HUHr OMpHMHUM XaIy YCTYHUIMK
kwiagy. HIyHuHT yayH Jy. HUHT W Ta 9u3sukid GoRtaHmu
rpadurunan L, Hu x.ncoGnam MYMKHH. Arap HaMyHa KaJIuH-
JINTH nmbcbyanox{ Y3YHJIMK TapTHOUIA EKM YHIAH KHIMK ws L
6yica, xucka Tyrauys dororoxku S/D, Ba 1/Z napra 60an<,
6ynanu. By xoima TaxpubamaH aHHKJIAHTaH Xamaa Hazapuil
xucoOnaHraH Jex (w) GOFTaHHIIApPUHUHT GUp-6HpHra Moc
TYILHII map’m,uaﬂ KO09(hGHUUHEHT K-HU Ba y opKanu S/D,
anuksianagy. D HUHr KMAMaTHHM p-THI MarepHaiapaa
3JIEKTPOH xapaKaTannnm opKaii OOFIaHNIIN MYMKHUH. By-
HUHT YYYH p-THNJArd 3JEKTPOH XapaKaT4yaHJIMrH, UIyHoau
KOHUEHTpauMsiiary 3apsii Tanrysuywiapra sra 6ynarad n-THII-
IAaTH BIeKTPOH XapaKATYaHJIMTUra TEHT Ne6 Kapatagu. DHIU
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p-n YTAULIA Ba INOTTKY TYCHFHMIA XKMHH 3apsii COXaCUHUHT
KEHIUMIH JUGGY3HOH y3yHIury L, Taprubuia 6yaraH spum-
YTKa3rvdiIap y4ys L, HM aHMKJIaIHK Kypaiiuk. I0xopu Omu
HaMyHajlapZa OJIMHTaH p*—n, €KM n*—p YTHIUIAp €KM 1LOT-
TKH TYCHKJIapuaup. by cTtpykrypamapHuHT ¢orosddekr Ha-
3apHACHTa K¥pa KHCKa TYTallyB (POTOTOKHU

Jxr ™ awrl) fla,w,L,) (4.200)

(i+al)

6ynagu. By udonanm xymwiab, L Hu TaxpubagaH aHUKJIALL
acocHia KHCKA TyTallyB (DOTOTOKMHHHT XXMM 3apsn co-
XaCH KEHIJTUTUra OOFTUKIIMIM €Tanyu. MabiyMKHy, NOTeHIMaN
TYCHKJIM CTPYKTYpajiapia XaXXMMH 3apsii COXaCMHMHI KEHI-
JIUTH YHTa KyHWIraH KywiaHuimra 60FIHK,. P-n YTHILHA XaX-
MU 3apsy] coXa KEHITTMTMHMHT KYyWIaHWII OMIaH Y3rapHis
y¥3 HapOaTHaa MOTEHLMAN TYCHK CHFUMHUHHMHI Y3rapuiuura
onub xenanu. ByHnaH p-n v Ba lloTTkuM TYCHKIapU KUCKa
TYTaUIyB (POTOTOKJIAPUHHHI XAKMMH 3apsl COXacH KAJIMH-
JIUTHTA Kapab Y3rapMIMHU IOTEHIHAN TYCUKHIUHT CUFUM V3ra-
pHILM OpKaIM Udomanail MyMKUHINTH KypuHaau. TYcuk cu-
FUMMHMHT XaXMH# 3apsh coxacHm KeHrauru W O6uiaH

C(u)=5‘°v—°A OoFaHMIIAAa OYITUIUIMIMHA Ha3apia TYTCak,

oA
(4.198) udonanu %E(——) OWIaH TYFpH YM3MKIN OOFNMaHHUIIIA

oynunuIMrMHu Kypamus. By epma A-p-n yruin éxku Ilotrku
TYCHFMHMHT I03aCH & — SPUMYTKASTHYHHHT IU3JIEKTPHK CHHT-
JupyBUaHInry C(u) Xap XWi KyWIaHHIIArH TYCHK CUFHMMH.

IlyHpait Kwmb, p-n YTHII Ba WIOTTKH TYCUKJIAPUHUHT
KHCKa TyTainyB (GoTOTOKH OpKainu au¢dy3uoH Y3yHJIMKHHU
AHMKJIAIIHYHT MKKHHYM YCYIHMJA yjlapra XyHWIraH Xap Xl
KyWwIaHHMIUIapaa OMp BakTaa Oup Xwi MHTEHCHUBIMKIATH EPYF-
JIMK OMNIaH EpHTHIIIAH XOCHJ OViaraH KMcKa TyTauryB ¢oTo-
TOKHHP[HI‘ CYHMILl CHFMMM YTYaHany Ba YJIMaHTaH j,, HUHT

C ( )A ra Gornanvimu ymswiagu. (4.20 B-pacm). by 60Fna-

HULIHMHT TYFPY YH3HK/IN COXaCHHH abGcicca YK OWIaH Ke-

CMINITYHYa JABOM 3TTUPMO, Y KecMa y3YHIUTMIaH Iuddy3u-
EE

OH Y3YVHIMK TOIWIaIu L= T(L) bynpgai ynyamrHu yTKa-

3ua EPYFIHKHUHT aw<] TEHICH3JIUK YpUHNIU Gynran

CIICKTpayI COXaCH TaH/JIaHaOW. By}maH Talmlkapu, 3apsan Ta-
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LIyBYWIAp FIIall BaKTH XaXMMWH 3apsil COXACMHMHI Apeid
BakTHIAH KaTTa OYIMIIM KepaIuru Kypcatwiral. GaP yuyH
1,=1072C. Curum C(4) HamyHa EpuTmiran xomarga 1 MT
yactoTaga ymadanrad. IOxkopuna H3oXjiaHraHwiIapaaH KypHHa-
TuKH, Oy yCyl SIMUTaKCHA KaTlamiapia HOMYBO3aHAT aco-
cuit OymMaraH 3apsl TalIyBYWIADHMHI KHYHK mddy3HoH
Y3YHJIMIHHM {14all MyMKHWH. Xam/ia xap XWI IapoMTHa Xap
X KQIMHAMKAA YTKa3Wwirad Taxpuba HaTwxamapH aubgy-
3usl KO PHUIIMEHTUHH, CHPT PEKOMOHHALMACH TE3NMIHHM,
3apsi TaulyBYWIAp SIIAIl BAKTMHH aHUKJIAINra MMKOH Oe-
pagu.
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5-50F

YYKYP CATXJIN MAPKA3JIAP ITAPAMETPIIAPMHA
VIYAII YCYJUJIAPH

5.1-§. Uykyp caTXJn MapKa3JaPHHHT NAPAMETPJIAPH

SApuMyTKa3ru4 MaTepHALIAPUHUHTI TaKHUK/IaHTaH 30Haja-
pHAA YYKYp PHEpPrHs CATXJIapMHH XOCWI KWIaguraH KpUC-
TaJUI TMAHXapa HYKCOHJIApH YYKYp CaTXJIH Mapka3 (TyTKH4-
nap) ae6 opurwiand. By HyKCOHIapra KMpHIIMa aToOMIapy-
HH, palNalliOH HYKCOHJIAPHHU, TEPMHUK MILIJIOB XapacHaapuia
nainao 6yYIran TepMUK HYKCOHJIADHH KYpCaTHII MyMKHH. Yy-
KYp CaTXJId MapKasjlap peKOMOMHALIMSA MapKas3iapu €KH TyT-
KHY MapKasjiapu Kabu Oymamwiap. bupuHYM Xonna 4ykyp
caTxJ1ap 3apsaf TAUTYBUWIAPHHHT SLIAIN BaKTWHH, Auddy3u-
OH Y3yHJIMTMHHU KaMaiuIInra oMo KeJagy Ba ApUMYTKa3TUy
ac000IapMHHUHT XapaKTePHCTHKAJIApHUTa KYWIH TAabCUP Kypca-
tami. Yyxyp carx (UC) nap pexoMOHHAIIMOH MapKa3jap CH-
datnaa mazep Ba EpyrIHK (CBETO) MMOMTAPHHUHT HYpJIaHUII
MHTEHCHUBJIMTHHM KaMaiTHpanu. YyKyp caTxjiu Mapka3jap
TYTKHMY MapkKaznapu cudaTtuaa 3apsj TYIDIAHHWIIATA TabCUD
KWIMIIA MyMKuH. Hazopar ocTua KUPDUTHIITaH 4yKyp CaTX-
m Mapka3 (YCM)iap 6up KaHua XOJUtapaa sipAMYyTKa3rud-
JapAa KepakiiM XyCyCHsITIap XOCHI KYUIMIITH MyMKWH. Maca-
JIaH, apceHMAaTrauMii (GaAs) ra KHPATIUITAH XPOM KHpHILIMa
aToMHM I0KopH OM Ji (KapuIwinry Karra 6yiraH) HaMyHanap
onuira UMKOH Oepamn. KpemMumitnu twina (Au), roiatuHa
(Pt) xupuiMa aToMJIapy OWJIaH Jiernpial, 3apsl TallyBYM-
JIap AIIanl BAKTHHH GHp Heva TapTHOra KaMa#THPHINTA SPH-
IIHIAH Ba Y HAMyHAJIap acoCHAa CaHOaTHA TE3KOD MMITYJIbC-
JIM JHON Ba TPUCTOpJiap MUUIA0 YHMKApPHUII Hyira KYWWILU.
Hemax, apuMytkasruwiapaa YCMnap MakOyn Ba HOMakOyn
XOMucaNlapHH comup Kwiap 3xkaH. IIIyHuHr yuyH yykyp caTx-
JIap XOCCaJapWHH YpraHMII, TEXHOJOTHK XapaéHiapAa maii-
X0 OVIMIUINTHHM HA30paT KWJIWLI, ynap TaOMaTWMHW aHUK-
Jal apuMyTKasruwiap dbuddKkacuja MyXUM YpUH TyTalH.

255

www.ziyouz.com kutubxonasi



3apan TaurypuMnap OYIMHIN 31eKTPOHHH, KoBakHM YCapra
TYTHO OJIryH4Ya, TYTraHAAH CYHT KaHAail 3apsyiaHraH xona-
THIA Oynuumira xapad, ca€3 carxjiap KabGHM, 4yKyp Mapkas
JNOHOpP €KM aKLENTOp XapaKTepura 3ra 6yum MyMKuH. Yy-
Kyp caTxjlap xoccalapu TaKMKJIaHIaH 30Hajard xomatu E,
KOHUEHTpauusacu N, NaH TalKapH, 3JeKTPOHHHM, KOBAKHM
MOC paBHIIA CaTXAaH TEPMHK YHKApHUII Ko3ddHIHeHTIapH
» €, Xamlla SIEKTPOHHHU, KOBAKHHU CaTXra TYTHJIMILI KeCHM-
napn S S OmIaH aHUKJIaHagd. DJIEKTPOH, KOBaKHHK Map-
Kasra TyTwmm KoabdunueHTIapH ¥, ¥, TYTHIMLI KecHMIIa-
M S, S, opxanu Kyiunaru

v=Sv; v,=Sy G.1)

MyHocaGatiap 6unan 6ornanrad. by epna: v, — 3apsn taurys-
YuIap ypraya TeJIMrH 0Yau6, yHHHI KMiiMaTH

v=(KT/mwm)' (5.2)

udonanan ronwnan. MabvyMKH, 3apsan TalyBYMAapHUHT E,
caTxra TYTWIMII KECIMHM YYKYp MapKa3HWHI KaHmail 3apsi-
JIaHTaH XOoJiaTna Oymuuiura GOFIIHK.

3apsTaHrad Mapkas KyJIOH TOPTHIUHII MapKasH 6yraH-
Ja TyTwiuul xecumu 10~ cMm?, KyJIOH MTapyBYH MapKasH
6ynranma Tyrwmin Kecumu 10-1° cM?, Mapka3 Heitrpan 63raH-
Ia Tyt KecuMu 10-16: 10-17 cM? TapTu6uaa 6ynanu. Bab-
3ad, YCMnapna TyTWIMII KeCHMJIApU IOKODHIA KeJITHPWI-
raH KAMaTIapuiaH Karra dapk, K MymMkuH. IHyHnait
KWwiG, YyKyp sHeprus catxaapu E, N, e, e, S, S napa-
METpJIap OPKATH aHUKJIaHap 9KaH. By napaMeTpnapHn ymyam
yCyJ/UIapH YCTHHAA TYXTALJAH OJAMH YJapHUHT GOFIaHMILIA-
PUHH aHMKJIOBYM 6ab3u OMp MyHOCA0aTNApHU KYPHO YMKAi-
JUK. ApUMYTKA3ruy n-THII GVIICHH Ba YHIA Caé3 CaTX/IM KOH-
LeHTpauuacu N, 6¥1raH ZOHOp MapKa3sHIaH TallKapy KOH-
ueHTpauysAcH N, TaKMKJaHraH 30Haga SHeprus carxu E
6ynran YCMnap GyJICHH XaMia 3JIeKTp HEHTpPaUIMK COXacH
(OHC)na F-E>4kT Ttenrcuanuk Gaxapwicud. Bynnait Ha-
MYHajiapa YyKyp CaTXIa 3JICKTPOH KOHUEHTPalHSICHHUHT
BakT Oyiiuya y3rapvuidra Oonub KeJlaguraH Xapa€HlIapHH
Kypaiuk (5.1-pacm).
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5. 1-pacm. ApMMYTKa3ruy YyKyp caTxyaa NEKTPOH KOHLIEHTPaUNACHHHHI
y3rapuuiMra oyiub Kejaysuu xapa€Hnap (37eKTpOH YTHIINAD CXeMacH).

1. VTKa3yByaH 30HANAr¥ EKTPOHHMHT YyKYp CATXra Ty-
THININ XapaéHu. by Xapa€Hpa carxjarv »AeKTpOHJap KOH-
LIEHTPAIMsCH OHMIATY Ba YHHUHT YCHII TE3JIUTH

g,=v,(N.—n)n (5.3)

6wnaH anuxIaHanu. By epna, n, — 4yKyp carxaaru 3j1eKTpoH
KOHIICHTPALMSICH, # — 3JICKTPOHHUHT YTKa3yBYaH 30Hafard
KOLIEHTpaLWsICH: N —n_ 3NeKTpOH OMJIaH TYAaTWIMaraH Gyin
YyKyp MapKa3s KOLIEHTPalMsiCH, ¥, — 3JIEKTPOHHMHI MapKas3-
ra TYTHWIHII KO3(pPUIHEHTH.

2. Yykyp caTxgaH ¥TKa3zyBY4aH 30HAra 3jEKTPOHHU Tep-
MHK YMKApMII Xapa€nuna E caTxmard 3JIEKTPOH KOHUEHT-
pauMACH n_KaMasi¥ Ba YHUHT TE3JIUTH

r=—en=-y nn (5.4)

Owran anukiaHagud. by epha, e, — SJEKTPOHHM CaTXHaH
TepMUK yukapuin Kosdduumentn [Hoxmu —-Pun cratuctu-
Kacura K¥pa, e,=yn, udonanay TONUIaIH.

n, — ¢epmu carxu F uykyp carx E ra Moc kenrauia,
YyTKa3yBuyaH 30HAJard 3JIEKTPOH KOHHEHTpALUiCH 6yiub,
YHHUHI KUHAMaTA
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(E,- E,)]

n = N exp [——”KT' (5.5)

OmwiaH aBMknaHagy. By epma, N, — ¥TKasypyaH 30Hauaru
¢ dexTHB X0NMaT 3UWIUTH.

3. Dnextponnu E carxmaH BajeHT 30Hara yru (€Kd KO-
BakHuHI E carxra TyTunMin) Xapa€¢Hu. by XapaéH carxgaru
9JIEKTPOH KOHHEHTPAUMSICHHH KaMaWTHpagyd Ba YHHUHT Te3-
JIUTH

r==ypn, (5.6)

udona 6unaH aHMKIaHaIu. By epna, p — KoBaK KOHUEHTpa-
LHACH, ¥, — KOBAKHMHI CaTXra TYTHIMLI ko3 puIHeHTH.

4. Bantent 30HaflaH 5NeKTpoHHM E_carxra (KM KOBaKHM
E carxpan BajeHT 30Hara) TEpMUK quapnm Xapaéuu. By
XapaéH F, caTxjgaru 1€KTPOH KOHUEHTPALMACHHM OLIMpPa-
IJH Ba YHUHT T€3JIUTH

g=e(N—n)=y,p (N-n) (5.7)

udona 6wian tonwnaau. By epaa, P, — a/mexTp HEHTpaUTHK
coxacuna @epmu catxu, E GuiaH MOC KelraHga BajJeHT 30-
HaJard KOBaK KOHILEHTPAMSCH. YHUHI KMIMaTH

P =N, exp [-‘EK;TE’I (5.8)

udonanaH ronwiagu. N, — BaneHT 3oHanaru 3¢ dexTus xonar
spwrd. Mynpai kw6, £ YC 21eXTpOH KOHIEHTpALMs-
CHHHHT BakT Oyitmua y3rapuu teanurk loxmm-Pux cratie-
THKacHra Kiypa

d
% =y (N, —n)n=y,mn ~y,pn,+v,m(N, —n) (59)

Y3IYKCH3NIHUK TCHI‘JIaMaCPI OPKATH ncbonanaﬂazm CTaunonap

xonaraa ( 3JICKTPOHHHUHI CTAllHOHAP KOHILICHTPAIIUs -

cu (5.9) TeHTNaMara Kypa
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n = N Y ¥ +7ppl — Yl +en
* r}’n("c+"1)+}’p(Pc+P1) Ynnc+en+7ppc+ep

(5.10)

Kypunuiina 6ynanu. n, Ba p, KoHueHtpauusuiap (E,—E) Ba
(E—E) sHeprusnapra 9Kcn0HeHuuaJ1 GomtaHran 6yJ1raHn Ty-
(bawm ynap 6up- 6np1zman xamuzaa 6up raptubna ¢papk Kuna-
aunap. Onatna e, >>e, €KU e,>>e, TCHICH3IMK YPHHIM Bymna-
Iu. Arap Ty'mnnm Ko:-)cbtbnunenmapn 7, Bay, Oup-oupuan
Karta dapk KwiMmacajgap, n-THIT MaTepnaJUlapna TaKMKJIaH-
raH 30Ha SIPMHHUHT IOKOPM KMCMHOA XoinamraH E carx
YUYH e, >>e Gynanu Ba y aCOCHil 3apsifl TAUIyBYHIIap yqyu TYT-
KHY Mapxas 6Ynanu. Arap E carx TakMKJIaHIaH 30Ha sIpPMH-
HUHT KyWHU KucMuna 6yica, e >>e GYnanu Ba acocuii 6ynMa-
rad 3apsii TallyBYWIap Y4yH TYTKPI‘{ Mapka3 6ynamgu. P-tun
MaTepHal YYyH 9Ca TeCKapH TeHTCH3NUKIIAp YpUHIHN Oyianm.
YCHuUHT 51exTpoHiap OUNaH TYIAMPUATAWINK JapaXACHHHHT
yarapuinmd (YC)uu porononnanmm, seHu YC 6mraH yTka-
3yBYaH €KM BaJIEHT 30HAJIApP OpACHIATM ONTHK YTHIUIAD Ty-
daitnu cogup 6Ynumm MyMxuH (5,6-yTHuniap). By xonma
caTXJaH JICKTPOHHY Ba KOBAaKHH ONTHK YHK2PHII K03hdH-
uMenmiapu e =y, I e= =X, I, xupurunamm (r,x, — doro-
MOHJIaHHII Kecmm I — epyFJmK HHTechBnnm) y BaKTIa
ynapHuHr E_ catxaax qmgapnm KO GUIMEHTNAPH €.+ e, EKH
e’+ e, ra TeHT 6yna,rm ynpait Kb, HaMyHa q)omH 3Hep-
rusicH hv>>AE_ €pyriuk 6mian épuTiranza (5.9) yamykcus-
JMK TeHIVIaMa

d)
ﬂ""yn(Nv nr)n_)’nnlnr-*'}’ppl(Nr_nr)_

— I, + 2, (N, —m), (5-10a)

6unan udonmanananu. Ilact TeMneparypanzapia TEpMHK M-
KapHII TEJTUIY YHYA KaTTa 6YIMaras IapouTia ONTHK YTHIII-
Jlapma YuKapunl Te3JIMrM TeMIlepaTypara GOFIHK OViIMaciaH
épyFJmK MHTEHCUBJINrUra GOFMMK OViaranmuru Tydaiinu
e,>> e Exu e,>> e, NapT OCOH GaXapwiajy.

YC — punr 3JIEKTPOH OMNaH TYIAMPWITaHIHK Japaxa-
CHHHM ONTHK YCyn OMJIaH y3rapTHPHII OPKATHM YYKyp CaTx,
SHEPTUACHMHHU TYFPUIAH-TYFPH (POTOH SHeprusacH Oyimuya
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aHMKJIall MYMKUH. ByH# yHUHT ad3amiurd cugaTuga Kypca-
Tl MyMKUH. HlyHnail xpomb, oKopUaa KeATHPUIrad H30X -
JapAaH KYpUHaxuKu, YyKyp E caTxHM snexTponnap GwiaH
TYAAUPraHIMK apaXacH, CATXHHHT TAKMKJIAHTAaH 30Hagaru
Ba (epMM caTxura HucGaTaH KaHnail BasmATAA GYIMIIMTa,
MaTepHal TUIINTA, CAaTXHHU JOHOP €KU aKUEHTOp XapaKTepura
ara OYIHIIMTa, KOHIEHTPALHACH N, ra Xampa Tallky TabCUp
(TeMmepatypa, EpYFIHKHHHL (I)OTOH SHEPIMSICH hv Ba MH-
TEHCHBJIMTH)ra OOFIHK.

5.2-§. P-n yrHmRa 4yKyp CaTXJIapHHHI 3NEKTPOHIAD
OWIAR TYINUPAITAEIMIH

Oxucra p-n yTuia ca€s carxiu JOHOpP Ba aKueITopiap-
JaH TallKapH, SHeprust carxu £ , KoHnenTpauusicu N_6ynran
YCM 6¥icuH, nty 6mwian 6npra YyKyp MapkKas aToMu 6uTTa
3JIEKTPOHHHM Kalyl KWIMUIM €KM OEpHIIH MYMKHH OYJICHH
(6up 3apsm). By xonma xaxmuil 3apsn coxacu (X3C)ma
YYKYp CaTX, 3JCKTPOH KOHIECHTPAIUSICHHHHI BakT OViM4ya
V3rapyUIIMHM Kypainuk. Dnekrp Heirpamk coxacu (OHC)-
na, spHA X3C maH Tallkapuaa 9YyKyp Mapka3 KOHIeHTpaliu-
acu N, ca€s mapka3 KoHueHrtpaumsacu N, Ounan 6up Tap-
tibaa, nekuH N <N, 6yncun, ne6 onainuk. P-n YTUIITHUHT
n coxacuza Nc=Ncu_NCA Ba p — coxacuua N.=N_—N_, 6u-
naH aHMKJIaHanu (N, — ca€3 moHOp KOHueHTpauuscu, N,
— ca€3 aKIenTop KOHueHTpaunﬂcn) ByHnan Tamxapw, n
coxauuur OYHC ma F-E>4kT p — coxanmar DHC na sca
E — F>4xT teHrcusnukinap Gaxapwianu ne6 Kapaimus.
XHcoONaIapHy CONIANAMITHPHIN YIVH p-n YTHIITa Ky4ia-
HUII K¥itmumMarad (F=0) ga cranHoHap XonaTna ¢hepMH car-
XHJaH MacTia x>w, CoXaja XOilaliraH 4ykyp catx E Hu
3NIEKTPOH OWnaH TYIaTWwiraH, a ¢GepMHM CaTXWaaH I0KopHAa
X>w, coxana Xoinamrad E caTXHM 371€KTPOH GHIaH Tyna-
TWIMaraH ne6 xabyn xumaMm3 (5.2a-pacm). P-n yTHmra rec-
Kapu KyWIiaHHMIN ylaHraHga E caTxaa 3JeKTpOH KOHIIEHTpa-
IVSICMHMHT V3rapMIIMHU Kypaiuk (5.26-pacMm). P-n yTHIm
TECKapH KYWIaHMIIA MyBo3aHarna O6ynMaca xam E caTxHH
TECKApH KYWIAHHII YJIAHTaH p-n YTUIITA EPYFIIUK TYLIHPHII-
TaHjga n HY KYIUMMYa Y3rapuiiura onub KenaguraH Kyiduaa-
A ONTHK VTHII Xapa€Hjapu Kyzatvuinagu. P-n ytuura ¢o-
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S.2-pacm. Oxucta (paBOH) p-n YTHINIA SHEPreTUK 30HANADHMHT
XKOMIaHUMIIN Ba YYKYDP CATXIAPHMHT KYWIaHUII KyiuwiMaraH U=0 na (a)
Ba TeCKapM KywiaHu KyiuwiraH U=0 qa aneKTpoH GMIaH TYRHINY.

TOH HepruAcH £ — E >hw>E — E_Gynaran MOHOXPOMATHK €PYF-
nUK Gwian €putwiranna E catxau OTOMOHJIAHMII Xapaé-
HU cOAMp Oynaau, TbHU CAaTXIaH 3JIEKTPOH YTKa3yBYaH 30-
Hara yukanu. [lyHuHr yuyH 6y xapaéHaa carxaa 3JeKTpOH-
HMHI KOHLECHTPALUACH KaMasiiM Ba YHMHT TE3JTUTH

=—en=yx 1 n (5.11)
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Owran nonananaau. By epaa,y, — 9yKyp MapKa3qaru SieKT-
poHaa GOTOHHYM TYTWIMIN KeCHMH, I, HaMyHara TylaérraH
q)OTOH HMHTCHCUBJIMTH (BaKT GHmerm[a 1032 Oupaurura Ty-
IHaeéTraH KBaHTNap coHH). DOToH 3HeprusicH E >ho>E ~E,
Oynrad €pyrnux OWIaH HaMyHa EPUTWITAHAA KOBaKHM E caTx.—
JlaH BaJICHT 30Hara (eKn 3JIEKTPOHHHM BaJICHT 30HaNaH E ca-
TXra) YHKAPHII )KapaeHn Ky3aTWwiagud, STbHH KOBAKHHHT ¢o-
TOHMOHJIAHHUIN XapaéHu comup O6ynamu. By xapaéuma carxna-
TY 3JIEKTPOH KOHIIEHTPALIUsICH OpTajy Ba Y

g;== —e;(N,—nr)=xp(N,—-nr)10v 5.12)

udona OwiaH aHUKJIAHAIH. X, — KOBaKia GHOTOHHMHI TYTH-
muim KecuMu. Jemax, MOHOXpOMaTI/IK €pymiuMK OwnaH €pu-
TAITAH p-n VTUIITA TECKapH KYWIAHHII KYHIIraHaa carxia-
TH 3JIEKTPOH KOHIECHTPALMSICHHUHT BaKT OYiimya y3rapHiny
yur romonnga (5.11) Ba (5.12) xamnapHu xuco6ra onras (5.9)
TeHIJIaMa opxanu udonataHany. TecKapH KydiaHWII Kyiui-
raH p-n yrmu épurwiMaran (I=0) na Ba cranmoHap xosar

at
uona omnaH anuxnanagy. P-n yrum X3C suHT x<w KHC-
MMa YTKa3yBYaH 30HAIATH SJACKTPOHHHHT CTaI.IHOHap KOH-
LUEHTPAIMACH 7.<AH, OVmany, x>w KUCMHIA 3Ca KOBAaKHUHT
BaJICHT 30Ha)1am craunouap KonueHTpaumxcn P<P, 6yna-
oy, 1yHHHr yuyH X3C HMHT w,<x<w, K,ncmpma . 10) HH
TaXMHHaH

n,=N—t __ N _°

e

£ (5.13)

’y,,n,+ypp, ’e,,+e,,

KYpuHuga udonarall MyMKuH. TecKapH KywWIAHHITHHHT
Karra KuiMatu V> Vi pa (5.13) udona xamma KucMuma ypuH-
u 6Ynamu. (5.10) nay n_ Bay P, XalUIapHH Taiuiab obopuu-
JIMK 3JIEKTPOHHH y’TKa3quaH 30HaJJaH, KOBAKHH BATEHT 30-
Hanad E_ carxra TyTMIMIDMHE HHOGATra OJIMACIVKHM aHINA-
tagu. (5.13) ndomann

en.=e(N—n)
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Kypunuiga udonanaimus. Bynnan KYpMHAIUKH, CTalMO-
HAp XOJIaTha 2JIeKTPOHHMHr E carxmad yTKasysyaH 30Hara
TEPMHK YHKAPMII Te3MMIH (e, ) DJIEKTPOHHH BaJE€HT 30-
HalaH TePMHMK YHKADHII TeIMIH € (N ~n,) ra TeHr Gynamu.
Yykyp E, carx y4yH e, >e, TeHICHATHK Ypunnu OynmcuH. By
TeHrcnannK oxopuIa Kypl‘aHPIMHBILeK OJaTIa TaKUKJIaHTaH
30Ha SIPMHHUHT I0KOPM KMCMHIA XKOMIANITaH caTxjiap Y4yH
Gaxapunany (Ka4OHKH y, Ba y, Jlap XKyZa Karra Qapk KuiMa-
canap). By carxnap yuyn (5. I3) Aad n <<N_ OyIMUUTMIMHA
Kypamu3. SIpHu x <w, coxama YC neﬂpnn 6y111 oynamu. P-n

VTMIIHHUHT X>w, COXacula caTx, 2JeKTporyap 6miaan Oara-
MOM TynaTnnraH e,>>e, TCHICH3ITUK OJIaTaa TAKUKJIAHTaH 30Ha
KEeHIJIUTH HpMPIHPIHl‘ Kym[ KHCMHJIA XOMIAIITaH caTxjiap y4yH
faxapmianu. by xonma p-n YTHIMHUHT x>w, coxacuza (5. 13)
naH n,_~N_6ynuuuMHY, TbHU Oy coxaga qu,yp caTx, 3JIEKTPOH
6GwaH Iesapau (6ataMoM) TYNaTHITaH, x<w, coxXajaru carx
aca OYII OYIUIIMHY KypaMu3. DHIH Hocraunoriap XapaéHua
X3C parn 4yKyp caTXuard 3JeKTPOH KOHIEHTPALMSICHHHHT
BakT OViivya Y3rapuinmHM Kypaiiuk. MabiyMKu, p-n YTHIII-
HUHT X3CHa KyWwin 3/1eKTp MaliIOHH MAaBXYIIUTH Tydaium
Oy coxala 2JICKTpOHHHMHT YTKa3yBYaH 30HaJard, KOBAaKHHHT
BaJICHT 30HAJAard CTAallMOHAp KOHIeHTpaiusiapu UC garu
9JIEKTPOHHUHT CTALMOHAP KOHIICHTPAIUICHTAa HUCOATaH Te3
Kxapop Ttomanu. By ¥rka3zyBuaH 30Hamaru 3JIEKTPOHHH XaMIa
BaJIEeHT 30Hagaru KaBakHU X3C Jard KyWiH 2JIEKTp MaiioH
TOMOHMJAH TAalKApHU coxara Te3 YHKApuO 1o0opuil OwiaH
TyuryHtapwiany. Iyausr yaye X3C a 2)IeKTpOH KOHIIEH-
TPAlMACHHA A=n_, KOBAKHUKWUHH p=p_n1e6 kabyx xmwica X3C
Ja E_carxparv 3eKTpOH KOHIEHTPAIMACUHUHT BakT OYHuU-
ya y3rapumu (5.9) naH

dAn
7’- ==[y.(n +m)+vy,(p, + p)An, (5.149)

Y3IYKCHU3IMK TCHIIaMa OMWiaH aHWKJIaHMIIMHU KypaMu3. By
epaa, An(t)=n(t)—n_ TeHIMAMaHUHT €YHNMH

An(f) = An,_ exp (— f) (5.15)
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KYpHHHUUIEA 6Y1amu. ByHnad KYpUHAIMKH, CATXHU 3J1eKprH
OWIaH TYNDHUPHIL BaKT TOUMHUICH

t=[y (n+n)+y, @ +p)]" (5.16)

OyaraH SKCHOTEHIMAN KOHYHM Oyiinua Oynamu. v CAaTXHHHT
GOIILTAHFMY X0JIAaTHa KAHAAMN TYIXUPUATAHNMIUIA, YYKYp Map-
Ka3 KOHIeHTpauusicura 60FIuK, 6yMai, y n_Ba p_Jap x ra
Gommk 6YIraHM yuyH KoopauHaTara 00FIHK. X3C HUHT yeT-
JIapHia T ¥pTa KUCMHUIA KaparaHja KMYukK. Bakr nouMuiicu t
HH CATXHHUHT TYIIUPUII peIaKCallMsICH BaKTH XaM el IopH-
Tag. X3C HUHT w >x>w, KUCMUIA (5.16) ucona

1f=(y”nl+yppl)"=(e”+ep)‘l (.17

KYpuHMIIHY onasy. Karra teckapu Kywianmi v>v_ na (5.17)

Kp
nboga X3C HHHT XaMMa KUCMHUIA YpUHIU OYranu. Arap 4y-
KYP MapKa3 TOpTYBYHM MapkKa3s O¥ica, KyWwin 3J1eKTp MailioHH
VHUHT aTpodugard IOTeHIMan TYCHK, (6aphep)HH KaMadTH-
panM Ba y 3JeKTPOHHHM TePMHK YHKHAUIMHA OCOHJIALLITHPANM,
ssbHu ITyn-@penken 3¢dexkTH 1o3ara kexagu. by XonucaHH
MYBO3aHATIArd CHCTeMa CTAaTMCTMKACH acOCHAAa OJIMHIAaH.
(5.17) udonana xucobra onmuMaras. v=0 ga YC nm nuoara
Teckapu YC crauuoHap TynaTwiraH GYICHH Ba e, >>e, GyiraH
KyWwIaHHMII ynacak, X3C HUHT Ax KaTaMHaaru caTxuaH INIeK-
TPOH ¥TKa3yBYaH 30Hara r=e "' BaKT JOUMHHCH OWIaH YnkKa
oouLraian, CYHr yiap snex'rp MaitmoH Tascupuna SHC ra
KeTKa3u6 obopwiamu. OKnbaTia p-n YTHLIIHMHT 7 — COXa-
cura xoiutamrad X3C nuHr Ax, kamiamuaa YC Hu momna-
HMIIH Tyhaiiiy XaXMHil 3apsai 3UWIMIM YyKyp Mapkas [0-
HOp EKM aklenrop OynamuMu, OyHIAaH KATbU Ha3ap OpTalH.
Bakr moummiicu t=(e))"'=(y n,)"! ra (5.5) ndomann Kyrncaxk
Ba (5.1) M HazapHa TYTCaK YHHU

=(SV.N)'e p[EC‘E’] (Sb,T?) exp{ E’]
(5.18)

owiaH ndomasaHMMIMHN Kypamu3. By epma, b, — apumyT-
Ka3ruy napameTpH, repManuit yuyn b =3,6- 102 cm~2 ¢! k72
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KpPeMHHH y4yH b =6,610"% cM? c'k™? Hu Kabyn Kwiagu
(5.18) dopMynamaH KYpHMHaIMKH, CaTXHH 3JIEKTPOH OMiIaH
TYIEMPUII pejlakcaliMs BaKTH TeMmmepaTypa OIIMIIM OuiaH
KeCKHH Kamas Oouuraimu. (5.18) vy norapudpmiad

Ec— Er
kT

Inz7T?) = In(S,b,) + (5.19)

KYpUHHIITA KeNTHpaMH3. MapKasHHHI MOHJIAHMII SHEpPrHsd-
cu (E,—E)) nu Ba 3J€KTPOHHUHT MapKasra TyTWIHII KeCHMH
§_ Hu Temneparypara GOFMMKIUTHHH Xpcobra onMacak In (7%)

1 .
HUHT — OOFTaHMINY TYFPH YH3MKHM Oepamy. YHHHI OFHII

Oypyard TaHT€HCH YYKYP MAapKA3HHUHT HOHJIAHMIN SHEpTHs-
CMHH, OpIMHATA YKMHUHI KeCHIIMAaH Xocui 6¥arad —In(b )
ra TEHT KeCMa Y3yHJIIMTHIAH SJEKTPOHHHM TYTHIMII KE€CHMH
S, Tomunagu. OHAM UC HM TYIXUPWIraHIMIU CTaLMOHAp
X0JIaTra 3pHUILTaHOAH CYHT TeCKapH KyWIaHMIIHM HoJjiraya
KaMadTHpraHua n, Y3rapumimHu Kypainuk. KywiaHHIIHH
yaupraH (v->0) nan cyur AX, karnam coxacunaru UC r, Bakr
noumuiick OwiaH Tyaa Gouwiainm. T, HUHI KMAMaTH

t=ly,(n+n)]"'=(e +y n)! (5.20)

dopmyna 6MaH TOIMNALM.

Bakr noummiicu 7>10-2+10-*c 6ynranma n,<<n,, 7, <<7 TeH-
TCU3MUK Gaxapwnanu. bomkaya aiftranna, E caTXHM 3/€KT-
POH OWiIaH TYIOMPHMIN, CaTXAaH SJIEKTPOHHH TEPMHK YUKA-
puuira Hucbatad Te3 cogup Oymamm. Jlekud rokopu OM m
HaMyHajapaaH siCaNrad Juoanapia ynap 6up taptubna oymu-
IH MyMKHH.

P-n yTHiiTa TECKapM KywiaHuin 6epunranaan (0 ) cyHr
P — COXanaru XOWIallraH XaXMHH 3apsii COXaCHHMHI AX)
KMCMMIATH e, >>e, Oynran caTxHu r=e"‘ BaKT JOMMMHCH
GwiaH anexTpoH TYnaupa Gouwtaiimu. By AX, kamiamna car-
XHH JOHOD €KM aKklenTop OYIHUIIMIAH KaThbH Ha3ap XaXMUU
3apsan 3WUJINTH OpPTalHu.

Baxr nonmuiicu t=¢;'=(y,p,)”" HAHT KuitmMaTH (5.8) Hu
Ha3apna TyTcax,
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T =(S,V,N,)" exp

' E, - E, | _ 2y-1 (E, - E,
A _|_(S,,pr) exp(\ - ]

(5.21)

OmiIaH aHMKJaHaau. By epna b — sapHMYTKa3rHy mapaMerpH,
repMasuit yayd b =1,2-10% cM~? ¢! k-2, KpeMHHH YIyH
b=2- 102 cm~2 ¢l k2, I0xopuna KYpymraHneK (5.21) uun
JIOI‘apH(bM)Iaﬁ YHIaH ‘{C HOHJIaHMII SHeprusacH (e,—F ) Hu
xamaa kosakuay YC 5a TYTHIMII KeCUMH SP HHU TOITHII MyM-
KMH. Teckapu Ky9IaHYIIHM y4uprangad cyHr AX, KaTiaM-
Jard caTxgaH 3JEKTPOH

T,=[@+p )y, = (e, +y,p)"!

BaKT AoMMHiicH OwiaH Keta Oonuraiinu (Oolnkaya alTragia,
caTx, KoBak OwilaH Ty1a bonuiaiinu). by xonna XaMt, K7 oyna-
nu. YOkopunaa usoxianrad ycyn 6uwnan E, caTanHr HOHNA-
HUII SHEPTUsSCHHH, CaTXAa SNEKTPOH, KOBAKHMHT TYTHJIMIIE
KECHMJIADHHHU aHMKJIAINATH ACOCHI XaTONUK YIapHUHT TEM-
neparypara GORTMKJIUTHHE (5.9) ma xucobra oIMaciMK Ty-
¢aitmm copup GyaraH.

XHMCOOJApHHUHT KYPCAaTHIIINYA, CATXHUHT HOHJIAHULI SHEP-
rusacu +KT Taprubparn xatonuk OuwnaH S, Ba S japHu 3ca
KaTTATMKIAP TAPTHOMIATH XaTOMHK OMIaH YirqaHap axaH. Carx
SHEPrUACHMHM aHMKJIANINA LIYHH Ha3apaa TYTHI KepaKKH,
Xap KaHIaii HYKCOH €KM KHPHIIMAa aTOMHM TaKMKJIaHTaH 30-
Haja UKKHTa (€KW YHAAH OPTHK) CaTX XOCHI KHIMINA MyM-
xuH, By carxiapxaH Kalich GMpHHH HaMOEH OYmuiu depmu
CaTXMHHHI Ba3uATHTa GOFMMK. ByHra Mucon cudatiuaa Twi-
JIa KHpHIIMa aroMH OWiaH Si HM JIeTHpNaHTaHAa lo3acura
KeJIaAUraH CaTXHH KypcaTHiIl MyMKHH. Y yTKa3yByaH 30Ha
Tyouman 0,56 5B macTia akienrop, BaJleHT 30HA IIMITAAAH
0,45 DB 1oxopuna JOHOP CaTXUHH XOCHI KWIAaIH.

5.3 §. Uykyp Mapka3nu AMOLIADHMHT 0apbep CHFHMH

Yykyp Mapka3 (UM)ny nuoTapHUHT CHFMMM XOccanapy-
HHM p-n — YTHII MUCONMAA Kypaitmuk. P*-n nuon 6a3acu (aco-
cuza) KoHUeHTpaumsicu N, 6yiraH ca€s carxiaM JOHOPAaH
TalIKApM, SHEPrusBuii catxy £, Konuenrpamusacu N 6yiaran
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owp, W, h

5.3-pacm. KeckuH p-n YTHIAa 3HEPreTHK 30HATAPHUHT XOMIaHUIUH Ba
YyKYp CaTXIapHH KydiaHWm Kyitmnmaran U=0 na (a), Teckapy KyWwiaHHII
xyiiwran UNeO a anexTpoH GwiaH Tynuuu (6).

yyKyp HoHop Mapka3 GyncuH (5.3-pacM). By 4ykyp carxaa
e,>>e, TEHTCUIMK GaxapwiCHH Ba KeimHyamuk Ny, Ba N,
JlapHPl Maxcyc Kaili KWwIHHMAaca KOOpIMHaTara Sornm( 3Mac
ne6 xabyn xwiamm3. X3CmaH TaluKapuars 3JeKTpP HEeWT-
pawk (DHC) coxacuna F,—E>4 kKT Ba MOHJIALTaH YyKyp
IOHOp KOHIEHTpalUsCH
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N Fn
\h —__-—E‘z
\ - Ev
X
dw
Nn“ — = 6)
b —-)k—dh
+
» §
W, hiv)

5.4-pacm. P+-n yTviIuTa TECKApU KYyWIAHUII KYHWIraH Xonataa
HHEPreTHK 30HATAPHHMHT XOMIaHWIIM (g) Ba MOHIAIUTaH KUPHIIMA
aTOMJIAPUHUHT TAKCUMOTH (6).

F,-E

Ny = Npexp|— "ICT ']« Nep

OYcuH. Y Bakraa pt-n YTULIra KyWWIraH TecKapH Kydia-
Huuma X3C HuHr 0<x<w, xucmuaa YC ¢epmu catxuian
I0KOpHIa 6¥m6b, TYna woHnawmwraH xonaraa 6ynamu. by coxa-
Jia MOHJALITaH MapKa3Jap KoHUeHTpanuscu N, Ba N, nap
yurnHmucura N =N+ N, X3C Hunr w <x kucmuna sca
N,=N_, ra Tenr 6ynamm. =0 na aguoana TecKap KywIaHMII
dV ra cakpab (KeckHH) ouicuH. Y Bakraa X3C HUHT KCHIJIH-
M dh ra, W, — xamiam KanuHaaraau d W, ra ommiuura
o6 kenamm. (5.4-pacM) dh KaTlaMIaH 3JeKTPOHHHM KETHIL
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BAKTH MAaKCBeJUl BakTH 7, TapTHOna Oynamd, 4yHKM Oy Kar-
JlaMIa XxaMMa caé3 JOHOpPJap KyWIAaHHII OIMTYHYa HOHIAUO
6ynran. Yykyp soHopnapuuHr dW, KaTnamMuza MOHIAHUILM
3Ca KyWIaHHMII oluraHaaH cyHr cogup Oymamu. Llyuuur yuys
Oy KaTaMa SJIeKTPOHHH KEeTHUUI BaKTH CATXHUHT TYIIHPHILL
penakcauys BaKru OwinaH aHukIaHany. d W, kamiamaa 4ykyp
TOHOPJIAPHWHT VIOHNAHUIIK Ty(dailnu XaXMW# 3apsaad opTa-
IU Ba OGapbep CUFMMUHMHI Y3rapuminra oiaub kemamu. Onmar-
Ja 6apeep CHFEMUHHM Yn14allfa p*-n YTUIIra TOUMHMHA TeCKa-
P KYWIAHHMLIIAH TAIUKApH CHHYCOMAAN KHMYHK KyWIaHHII
Kydwirad Oynagm. p*-n YTHII Ba UIOTTKM AuomIap baphep
CUFMMMHMHT UPOJATapUHU XHUCOOIalll YCTHHA TYXTaIMacHaH
YYKYpP MapKa3 NapaMeTpjJapuHM asHUKJalira Kepak Oymamu-
raH 6aprep CHFUMHHUHT GopMynajlapyHUHT 6ab3u GUp XOC-
CaapyHM TaxjIwI KIWIaK. CHHYCOMAAN KHYHK KydTaHWHI~
HMHI IACT YacTOTalapd wt<<1 Ja CaTXHH TYITUPHIN peJlakK-
calysICcH BaKTHMHM XucoOra oJMaciIMK MYMKHMH Ba Oapnep
CUFUMUHH CTaIlUOHAP 3apsiliaH KyWIAHHII GVilnya oJiMHTad
XOCIWIa OPKAJIM XUCOOIaHMIIIH MyMKIH. Hazapuit xuco6nait-
JIApHMHT KYpCcaTHIINYa, MAcT yacroTaga O0apbep CHFUMM

=% _ g [facWep + Npp)
Co =0 = SJZ(U+UK - AU,) (5-23)

¢bopMyna 6unan aHukiaHanu. By epma ¢, =¢0, apumyTKas-
THYMHKHT aGCOIOT AMINEKTPHK CHHTIMPYBIAHIHFY, U — KOH-
TpaxT HNOTEHIIHAUIAD alHpMacH
N p(F, -E)h
A U = _rD\"n r
¥ e (Nep + N.p) (5'24)

(F—-E), — xarramuk F —E Hunr x=h naru Kuiimatn (5.21)
IaH KYpPHHAAMKH, MACT YaCTOTANH CHFMMHHMHI KyWIaHWI
6wiay Gornanyuy xyanu 6asacuua akar caés HOHOpP caTx-
nap MaBxyx Oyiarad xonmarm C-*(U) xabu, nekuH Oy epia
C¥U) TYrp¥ YMBMKHHMHT OFHUII OypYarH TAHTEHCH KHMPHIL-
MaIap KOHLeHTpanusiapu HuruHucu N +N ) ra teckapu
nponopimoHan. bynmaH tamkapu, curFuM QopMyracugark
U, uu ypuura (U —AU,) xuprad. JOkopu yacrora wr>1 ma
4YKYp AOHOPIAPHUHT X= W TEKMCIUIH SKHHUAA 3apSIUHUHT
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VY3rapHIIKHM Xucobra oJIMaciuK MyMKHH, YYHKH yNap Kyd-
JAHHUII Y3rapuiny GWiIaH Kaifta 3apsmiaHub ynrypMmaimunap.
X=h Texucnuru sKuHHAa ¢daxar caés caTXIin JOHOPJIAPHUHT
3apsaau Y3rapagd. KOKOpH 4acTOTalud CHFUM KHUHUMAaTH

A
Cp =72
B omyy
dopmyna 6wnan xucobnanamy. By epna S p-n yTuu 1o3acu, h —
XaOKMHH 3apsaa COXaCHHUHT KeHrnuru. Hazapuit Xucobnami-
JIADHUHT KypcaTUIINyYa,

(5.25)

KV)

_Nep(h—w,) +J2£,_,(U+UK —AU,)
Nep+Np e(Negp + N,p)

(5.26)

¢dopmyna OwiaH aHUKJIAHAOM.
(h—w) — KaTiaM KaJMHJIMIH

a2

2¢, (Fn —Er)h]%
¢ "Nep

h-W, = ‘
\ /
udona 6mnaH xucobnananu. (5.27) naH KypuHamuku, (h—w,)
XaTJIaM KAIMHIMTH KywlaHmuora OormHK sMac. (5.25) dop-
Myna caé3 KMpHIIMa MaBXyR OYiraH p-n YTMIUHMHT Oapbep
cHFUMHra Vxmam. Yykyp JOHOPJIApHMHT 3apsaM ¥3rapysyaH
KYWIAHMIH Y3rapMilii OPKACHAAH KETMa-KeT YATYypPOoIMaca XaM
X3CHUHT KEHIJIUTH Ba I0KOpH yacToTand curuM C, ra Tab-
cup xypcaramu. C, Ba C, dopmynanapHunr 6up-Gupura
COJMIITHPHIIAAH KYPUHAIHKH, I0KOPH yacToTanu curuM C,
nacr yacrorauu curuM C,, ra Hucbaran kuyuk C, <C, 6ynub,
y xywianumra C, ra HMc6aTaH Kydcu3pok, GornamraH, Gy-

HUHT yctura C-2(U) TVrpu Yu3uKIN CORTaHmMIa 3Mac. Tec-
KapH KyWIaHHIIHUHT opTHIM 6unan C, /C, Huchar jca 60-
pu6 6upra waTHiaamd. SpaM C2(U) ra skunnamamm. Iy
maifTraya 4Yykyp CaTXHHM CTAIlHOHAp TYIHUPHIIZArH Oapbep
CHUFMMMHHM KYpAMK, HIM KyWiaHMII cakpal y3raprasgaru
Gapbep CHFUMMHH TaxJIW1 KWIAWMHK. Arap KyWwIaHHMII cak-
pab owranpa, yryair ac606JapUHUHT BaKT NOMMMUCH T, ,
CaTXHH TVIOMPHUII penakcalld BakTW T JaH karra (r, >7)
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Oyica, YyKyp MapKasjJapHM CTaLMOHAp TYANUPHIIIATH CH-
FUMHHHT (IaCT €KM IOKOPH 4JacToTalard) KMimary VidaHa-
Id. T, <<T TEHICM3IHUK GaxapwiraH xoima, 9yKyp CaTXHH
TYNOAPWITAHIMTMHMHAT BakT OyiHua Y3rapuiiura Moc y3ra-
pyBYaH IOKOPU YacTOTANM CHFIMHMHI KAHIAHIMP YTKMHYH
xuiiMatn  C(¢) Ymuanapu. IlacT yacToTaaM CHFMM KUHMATH
MaBHOCUTA Kypa XaMma BakKT YyKyp MapKa3HH CTallMOHAap
Tyaaupuuina ymdaHaguw, Xaxkukaroa arap YC HUHT TYIIM-
PUITAHJIMTH Y3rapyByaH KyWIAHHII Y3rapullld OpKAaCHIAH
yarypca, y Bakriaa aK-1myoxacus y Y3rapMac Ky4IaHHIl ¥3ra-
PHUILM OpPKAacuAaH xam yarypaau. U = 0 ma gyykyp caTx craiu-
OHap TyinaTwirad OymcuH. Teckapu KywWiaHMII yJIaHTaHIAH
(0->—U) cyur 6onuranFuy BakT ¢ = 0 ga caTXHH TYILIUPHIM-
IIM, KaiTa yJAaHIyH4Ya OyiaraH xoxaTaard KUMMAaTHra TEHT
6ynamu. SApnm t=0 ga X3C Huar 0<x<w, KUcMHUIa
N,=N_,+N,, Ba W <x<h, xatnamuna N =N, X3C nunr 601-
JIaHFUY KEHIJIUTH Ba I0KOPH YacCTOTAIH CHFUMHHMHT GO1UIAH-
FUY KMHUMaTIapu Kyiunard opMynanap 6MnaH aHUKJIAaHAIH:

_ | 26,(U + U, - AU,)
hy = J N om (5.28)
_ Se, i e Ncop )
Con hy SL(U + U, ~AUy)s (3.29)
by epna
AU, =eN W}/, (5.30)

(5.29) dopmynanu taxnunad C,, HuHr U 6wiad 60FIaHu-
1y guozn 6a3zacuaa dakar caés noHop GYraHsary kabu sKaH-
nurvaM Kypamus. C,3 (U) TYFpU 9uM3UK OFMLI GypYarnHUHT
Taurencu N, ra nponopuyonan. Bynnaii 60rnanuin 6oiuian-
FUY TalTAa KyWIAHMIIHMHT Y3rapyuiny OWIaH 4yKyp KHPHIL-
Ma 3apsiii Y3rapMaraiMrd OwnaH TylnyHTHpwiamgd, Cranm-
OHap xonataa 4ykyp noHop X3C HMHI X>w KUCMMAA Tyja-
tunrad 6ynanu. IHyHMHr YIyH TecKapy KyWiaHWIN YIaHHIIN
(0—»U) 6bunan AX XamnaMOard caTXIaH JIEKTPOH KeTa 6oii-
NMaday Ba HATIDKama Oy KamiaMaa XaKMHUM 3apsp 3HWINTHU-
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HMHT ommuura omub Kemamu. Jemak, X3C HMHI KATHHIUA-
TMHY Ba CHFUMHUHM BaxKT GYifMya KaMaiuumra omub kenaau
(Ax xaTiaM KQJIHAIHIM XaM Kamasim). (5.25) Ba (5.26) dop-
MyJanap OMiaH aHUKJAHTAaH IOKOPH YacCTOTATIH CHFUMHUHT
craiuoHap kuiiMat C., Hu C,, KMiMaTH GHIaH CONHIUTH-
puminan C.,>C,, OYNMMILIMIMHA KYPaMH3.

Yykyp caTXjy KUpMIUMAJIADHUHT CTAllMOHAp CHFHMIa Ba
DHC paru yTKa3yBYaHJIUTUTA TAbCUPMHM K¥paitmuk. Karra
TECKAPH KYWIAHHIIAA, CTAIHOHAP IOKOPH YacCTOTAIM CHUFUM
TaXMMHaH I1acT YacToTany curumra teHr C., =C, X3C aunr
XaMMa KHCMHUA YyKyp JAOHOpPJIAp AEApiIM MOHJaluraH 6yma~
Y, IUyHMHT y4yH Oy XONnja CHUFUM caé3 JoHopiap GynraH
XoamarugaH Katra 6ynanu. JIeKWH 31eKTpOHeMTpaIMK co-
xacu X>h na 9yKyp noHopnap 6araMoM 3JIEKTPOH GHiIaH Tyia-
Twirad Ba DHC HUHT §TKa3yBYaHIMIUra TaCHp KypcaTMaii-
mu. YyKyp LOHOpiIap Y4yH e >>e, TEHICHU3NMK GaxapriraH
Xolja 4ykKyp IOHOpJap X3C HUHT XaMMa KHCMHIA 3JIeKT-
poH Omwian GaramoM Tynatwiran (N +N_ ), WyHMHT yuyH
YyKYp JOHOpPJIAp CHUFIMTIa JespiM Tascup Kypcarmaiinu, C-2(U)
TYFPH YM3UK OFMII GYpYarMHHUHI TaHreHcu N/, ra npomop-
nuoHan 6ynamy. Yykyp moropnapauHr 6ymuuumrn S9HC HuHr
YTKa3yBYAHJINTHIa XaM TabCHUp KypcatMmaiuu, yyHku DHC
Ia yrmap 6aTaMoM 3JIeKTPOH OWiaH TYmaTwiran oynaiu.

Jduon 6asacupa caé3 JOHOPIAH TAIIKAPH, KOHIEHTPAIu-
acu N, , OYIIra” uyKyp axuenrop mapkas GOyiraH XonHHM K¥-
paiUTHK.

1) Yyxyp axuenropnap y4yH e, >>e, TEHICH3IUK YPUHIN
oyncun. X3C HUHT JesApiau XxaMMa Kncmma YYKYP aKIIENTOp
caTx, 2JIeKTPOH OWIaH TYnaTHIMAaraH, ShHY HOHIAIIMAraH
(N,=N_)), IIYBMHT YYYH YYKYD CATXHHMHI MaBXYMUIUTH CH-
FUM KuiMatura pespau takcup k¥pcarmaiioy. C2(U ) TVrpu
YU3MK OFULI GYpYarMHMHT TaHreHcH N-! ., ra nmponopuuoHan
6ynanu. Jlexun ODHC na uykyp axuenrop 6op 6ymuum DHC
HUHT YTKa3yBYaHINTHHU KaMaiTUpaay (KOMIIeHCAIUSUIAMIM).

2) Yykyp akuenTop carx y4yH e >e, Gyiran xonma sca
X3C HuUHT XaMMa KHCMHIA YYKYp aKuenTop carx, 3JIeKTPOH
Gunan TyraTwirad, sbHM Wownaumrad (Ny=N.-N ) 6yra-
ou. Iysudr yuyd OyHumai caTXHM IMOI 6a3acn11a MaBXxyn
Oynumm curuM xamaa DHC yTKasyBYAHIMIMHMHI KaMaiiu-
ITAra ojub Keaanu.
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5.4 §. SApaMyTRArHUAAP TYKYP MapKa3iapu
napaMeTPIAPHHE AHHKJIANHHHT CHFHM
CIHEXTPOCKONAA YCYJLIAPH

Yykyp carxym Mapka3 (Y{CM)nap napameTpiaapuum yiryaii-
HHUHT CHFUM CITEKTPOCKONMS YCYJIH acocHaa p-r Vruumr (8ku
LIOTTKHU 6apbepH)HUHT XXMUi 3apsan coxacu (X3C)aarm uy-
Kyp carx, (UC) napHu 31eKTpoH OWIaH TYIAMPHITAHJIHK Ja-
paxacura, 6apbep CHFUMHUIa, KYHWITaH TECKAPH KyWIAHHIII,
VI4all KywIaHMIO YacTOTacH, EPYFIIHK, XapOpaTiIapHHHT Tab-
CHPHAAH 103ara KeJiraH KOHYHUSIT/IApHU K2 KYTHII (Ya4alin)
€ragu. Xo3upru mnaittna omp-oupugan YCHu snexTpoH OM-
JIaH TYAGUpHNI, KaMOarFajUIAaMITUPHIN HIAPOMTIApH OMIaH
dapk KUIaguras CHFMM CIIEKTPOCKOIINSA YCYIUHHHT OHp KaH-
4ya Typjlap¥ MaBXyA. YJiapra CUFUMHHHT M30TEPMHK peJiak-
calMsl YCyJIMHH, MCCHKJMK OMIaH parGaTinaHTHpHITaH CH-
FAM peJlakcalysl YCYJIMHH, (OTOCHFHM, YaCTOTaBHH YCYIHH
Kypcatuill MyMKuH. By ycylutapaaH GHpHHH Ky/Diab I0KOpH-
Jla KYpWIrad Talllky OMMJUIap TabCHUPHIAH COmUp OV/IraH cH-
FUM Y3TapUILMHMHT YMYMHH KOHYHHUSTI2PH acoCHIa YyKyp
MapKa3ra TYTHWIHLI KeCHMJIApHMHH, TEPMHK, (POTOHOHIAHMII
k03dbunMeHTIapHHY YI4an MyMKUH. By ycy/urapHHHT aco-
CHf KaMYWIMTH YI4all y9yH Maxcyc CTPYKTypaiap, Maca-
NaH, p-n yruuomd auon: IlorTkm Gaphepn €Ki MeTaNN-IuU3-
JIEKTPUK SAPUMYTKA3TUWIKH CTPYKTypaiapiaH OMpHHM TaHeép-
JAIIHU KYpCaTUIl MYMKHH.

SIpuMyTKazruunapaa 9yKyp carx, mapaMmeTpiapHHH aHHK-
JAIHUHT CHFUM CHEKTPOCKOIHUSA YCy/UIapH, PH3HK NapaMeTp-
JADHHM CUFUM OPKAIM AHUKJIANI YCYTHHHHI OHp KYpHHHIIN
GyuraHu y4yH ynapra xapakTepiu GyiraH XaMMa XaTONHK
MaHOanapy I0KOpMIAard yCyJulapra XaM TaaJuTyiIHIup. Yogani-
JlarM XaTOJHUKHM Oaxonalll iIyHH Kypcataguku, YC HHHr Ta-
KHUKJIaHTaH 30HAIard SHEPTUSBHA XOJIATHHM, KOHIIEHTPAIIH-
SICHHY aHMKJamgard xatonuk 10% mad oluMaiay, KMpHIIMa
MOHNAHULI KeCUMUHHWHT 3 KaTTAJIUTH TapTHOMIArH XaTOMHK
OwiaH ymyamr MyMKHH.

a. CuFuMHUHZ U30MEPMUK PeAaKCayuscU ycyau

By ycyn 6wian YCM napamerpnapusn Vadamrsvur $u-
3MK ACOCHMHM KECKUH p*-# YTHUILI €KW METAIUI-# THII IPHMYT-
Ka3ri4 CTPYKTYpau (LIOTTKU DapbepH) MUCOIKAA KYPaTHK.
By Taxnwin TecKapu THIIAaru auon 6a3acu yuyyH XaM yxInain
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Oymagu. AHHKJIHK KHPHTHII YIYH KECKWH P -p YTHULILIH IHOL
n-THIIArH IPUMYTKA3rHY HAMyHA aCOCUIA OTMHTaH. SIpuMyT-
Kasruyaa KOHUEHTpauuscu N, 6¥nran caés camyim JOHOp
GunaH 6Mp Karopia, SHeprUABUH catxy E, KOHUEHTpauusi-
cu N, GyaraH 4ykyp caTxiaM HOHOp GynM6, y TaKMKIaHraH
30Ha SIPMUHMHT Y0KOPH KMCMU/IA XOMallraH Bae,> >e TeHI-
CHU3JIUK, AMONHUHT IeKTp HeHTpautmk coxack (OHC)ma
E.— E>4 xT tenrcuanux 6axapwiany. luoara V Teckapu Kyy-
JIAHUII YIaHTaHIAH CYHI CTAlIMOHAp XOJNaTha 3apsil TalllyB-
ywiap 6unaH KamGarannamraH (coxa) Katmam (X3C HHHT
KEHIJIMIH) Yerapac h_ HyKrara Moc Keaub, y KecKMHIaina-
nu. PepMu caTXM YyKyp caTxHu W HyKrama kecanu. Crauu-
OHap xoJatia Yykyp moHopiap 0<X<W_ coxama depmu car-
XMIaH I0KOPHA OYITaHU YIyH yiIap TyJjla HOHJIAIIraH Xoiaar-
Ia 6ymanu. by coxamarm nonnamrad Mapka3 KOHIEHTPauMsICH

N=N_+N, (5.31)

Oynamu. W.<x<h_ coxanma 4yKyp caTX TYIaTHIraH, LIYHHHT
yuyH 6y coxama MOHJAIUraH MapkKa3 KOHLEHTPAIHsACH HOH-
JIaluraH ca€3 JOHOP KOHLEHTPAUMSICH OWiaH aHMKJIaHaIH:

N,=N,, (5:32)

B X=W_ TekMCIMKAa KMPHIIMAIap KOHLIEHTPAlMACH Kec-
KUH (cakpa®) ysrapagu. DHAM CTPYKTypara TeCKapH Kywia-
Hu1 ynanraH (O-~— V) na 103ara KeJiraH HOCTalHOHAp XapacH-
Ja YyKyp caTxX TYAAUPWITAKINTUHHA, 6aphep CHFUMHHMHT BaKT
Oyitnya Y3rapuIIMHM, THHU yJap KUHETHKACHHH KYpailIHK.
CrtpykTypara TecKapy KyWIaHMII KyHMIraHaaH cyur 1 =0 ga
XaXMMH 3apsin coXacu KeHraiu6, #(0) ra eragu. Yykyp carx-
HM JJIEKTPOH OMJaH KAUIIOKJaHWII TE3TUIHM YHYAa KaTTa
Oynmaranu cababau, GouvtaHFuy BakT f = 0 1a TeCKapH Kyd-
JIAaHMII YJIaHTaHAAaH CYHTI XaXMWH 3apsn dakar caé3 ToHOp
KupHiMa HoHU N, 6unaH jo3ara KenraH G¥manu. Bakr yru-
K GWJIAH YYKyp CaTXHM e, =77 Te3NIMK OiaH KaLIIIOKJa-
HYIUM XOKMHMH 3apsaiH{ Y3rapyuiiMra oJxué Kelamu.

Yykyp CaTXHHUHT HOHJIAIIHNG GopHInTMAaH YTKa3yp4aH 30-
HacHUra YMKAPWIraH 3JEKTPOHHM 3JexTp Mainonu X3C naH
TALIKApUIa Te3 YHKApUO Taunurainu. By 3ca anexTpoHHMHT
YYyKyp caTxra KaiTa TyTWINII TE3IMIMHW KaMaiutupagu. Ha-
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THXala BakT YTHINM OwiaH XaXMMH 3apsSAHUHT CTallUOHAp
TaKCHMOTH VpHaTwiaau. TecKapy KyUIaHUIN yJlaHTaHA XaX-
MHIi 3apan coXacH W (f) HMHI KeHralMum xaM comup 6yna-
IM, Y XaM BakT YTHIUM OWIaH Y3MHMHI cTauuoHap W, Kuii-
martura uHTwiamy. HocrammoHap xapaénma X3C HU y4 KMCM-
ra 6ynu6 Kypuil MyMKHH.

1. + =0 na crpykrypara 0 naH ¥ raya 6ynraH reckapu Ky4-
JIaHMII YIaiMH3 Y KeiiuHyanuk yarapmaitan. X 3C HEHT OomI-
JAHFMY KATMHINTH h, 6a3aHMHI KIMHIUTH [ JaH KUYMK
6yncuH ned xabyn KkwiaMu3. By wapr

> 2e,(V +V,)

N
w )

(5.33)

TEHICU3NMK YpurIHM Gynca 6axapwianu. by epma N, — X3C
Jard MOHJIAaHHII MapKa3HWHI GONLIAaHFMY KOHILIEHTPALUsICH,
joxopuaa xypranumusaek, >0 na X3C aunar 0<X<W, kuc-
MHJa HOHJALUTAH MapKa3 KOHLEHTPALMICH

N=N_+N, (5.342)

Oynanu, 4yHku Oy coxajga YyKyp HOHOp caTx, ¢epMHU caTXH-
JaH I0KOpUIa OVIraHH YIyH Y TYIa HOHMAIITAH Xonataa oymna-
JH.
2. W<LX<WHh(t) coxana xaxmuil 3apgi BakT YTHIIM GH-
JIaH YYKYp HOHOPHMHI HOHJIAHUIIU Ty(aiiim opTubd Oopanu.
X3C parv Tyna MOHNAIUTaH MapKa3 KOHLEHTPaUMsCHHUHT
BaKT OyiiMua y3rapuiIu

N,=(Ngp + N,p)[l - aexp| —ill (5.346)

opkann udonanananu. by epna a=N, /(N +N_.).

3. W (#)<x<h(t) coxacuna, YyKyp JIOHOD caTxu ¢epMH cart-
XUAaH mnacTaa xoiramraH 6yiau0, y 3ieKTpoH OwiaH Tyia-
tunraH. IIyHHHr y4yH XaKMHH 3apsl 3UWIMTH HOHIAILTaH
caé3 OHOp KoHueHTpauusich N, OMIaH aHMKIaHAIH.

N=N,, (5.35)
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bynapnan xypuHammku, CTpyKTypa Oapbep CHFMMHHHWHT
BakT Oyiuya Y3rapuin X3C uuHr W <X<W (f) xucMugarua
YYKYp CaTXJH OOHOpJApHMHI HOHNaHMIIM Tydaitny cogup
6ynagn. by yu coxanu ¥3 nuura onrad X3C HHHT yerapacuna
IlyaccOH TeHINIaMaCHHM MHTerpaLiab, aHUKIaHTaH KEeCKUH
pt-n YTHII TIOTEHIMAUIAp ailupMacu

U e M
+U =— {xNu(xlt)dx (5.36)

X3C HUHT KeHITIFY A(f) HE TOMHUINTa MMKOH Oepagy Ba YHU
Owiran xonma (5.25) maH Bakr OVitmya ¥3rapysyan OGapnep
CUFUMHUHUHT GopMynacM TONMWIamu. XHCOOJalIapHuHr

2
KypcaTuimya, (%) HUHI YMyMHH HOHACH OPKATH TaX-

puba Harmxanapugad YC mapaMeTprapMHH aHHKIAl aHda
mypakkad. IIyHHHr yuyH Gapbep CHUFEMHHHHI H(OTACHHH
COAANAIUTUPYBYM 0ab3H OHUp XyCYyCHMi#l XOJNJapHH TaxJIMI
KUIaHIHK.

a) Pt-n yTuin €km mMOTTKH GapbepHra KYHWiraH TecKapu
Kywianmir Karra U>U_ Ba 4ykyp, ca€3 JOHOpIap KOHLIEHT-
pamvs N, N, napu xarranuru 6up Tapru6na 6yiacus, y BakT-
a w <<h;, h—w, <<h Ba w,= h 6¥nanm, sspHu (5.34 6) MyHoCa-
b6ar X3C HHMHTr xaMMa KucMHaa Ypurnu 6ymamu. By xompa
(5.36) uu uHTerpamiab ea (5.25) vy K3w1ab, CrpykTypa 6apb-
ep CHFHUMM
(Ci)Y _ eaWep + Npp) L
[%’] =y - ae ] (5.37

AY

OwiaH aHUKJIAHMIMHH Kypamu3 (5.37) ra t-o kyiUub, cu-
FUMHMHT CTanuoHap KuiiMatu C_xucobnananu. Yau Ba (5.37)
HU KY7nad CMFUMHUHT

c:-cl

G- aoxp (— f] (5.38)

KypuHHLLIArH ¢opMyna 61UIaH aHUKJIAHMIIMHA KYpaMu3. By
uponanmn Kywiab taxpubana anmknanran C2—C*(t) HUHT
BaKTra OOFJIAaHMMINAAH T — KMMMATHHH aHHKJIAIl MyMKHH-
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JUruHy Kypamus (5.38) ra +=0 HH KYMO KOHLEHTpaUUsIap
HUCOATMHUHT

Nyp ‘Cc)z
(=) —1 5.39
Nep (Cd (539

OnyiaH aHMKJIaHMIIMHY Kypamu3. by epna C, — 10KOpH Yac-
TOT&1H CHMFUMHHHT Gouvianruy V=0 marm xuitmatn C,, C
JIApHM TaXpUOaNaH aHUKJIaHIaH KMIMATIapHHY OMIraH x0J1/1a
(5.39) man xomnenrpanua N, HA Ymyaml MyMKdH. N, HH
aca C? (V') GOFNIaHUIIIAH TOTIMIAIN:

6) 4yKyp carxjid JJOHOP KOHIEHTPauMiac KUyukK N <N,
XaMJa Te€CKapH KywIaHHMIO KarTa 6YncuH V>V . YV Bakria
(5.38) Ba (5.39) udonanap

C.-C(t)y _ N, 1)
C.  2Ng exp (\ ‘,] (540)
Nep _ 2AC
Nep . C. (5.41)

KYPHHHUIIHM OJIANMIAD. DHAM CIPYKTYPAHHHI n-THI 6a3acH-
Ja YyKyp CaTX/IM aKienTop OYIraH XOJHHM KYypaitmuK. YHUHT
KOHIeHTpauusacu N, ca€3 NoHOp KOHLEHTpauuAcH N ., 1aH
xnuuk N <N_,. by xonna xam (5.34) (5.35) MYHOC.':lgaTJIap
VPUHII 63“01146, N, Ba a nap

N;:=Ny; a=N, /N, (5.42)

N,(1-a)=Ng,—N,,
ndoganap opkanu aHukaHagd. CTpykTypara KyHuwIraH Tec-
Kap¥l KyWwIaHuI KaTTa V>>V,_Ba N, cp» ¥, OMp TapTHOAa GYran
xonna, N,  HH xuiMaTH
“2

. 7R (7
Nep-N, (\CAJ ! (5:43)

Ownan anukiaHamu. N ,— N, nuHr xuitmatn C-*(V) Gorra-
HMUIAH Tonwianu. V>V _Ba N << N, 6§nran xonna sca, 7,
N, , xuiimaTinapu

C,-Ct) _ N, i
C. —= Wep— €xXp (\ 11) (5.44a)
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N 2AC
A /. B b
Nep | C, (5.446)

udonamaH TONHIANM,

B) UC yuyH e, <, OyiraH X0MHH Kypaiuuk. CTpykTypara
TECKapH quJla}mm ynaHraH (0»-V) maH cYHT CaTXHHMHT
TYMATWITAHINK HapaxacH nesapau Yarapmaiinn, X3C HUHT
AX, — 10nKa KaTJaMH 3JIEKTPOH GwiaH Tyia Gouulaiimu, y
JesIpJIM CUFMMTIA TabCHP KypcaTtMaitnu. CaTxiapHH KaiiTa 3ap-
SAITAHUHIMHY Ky3aTHII YYYH CaTXHH (3JIEKTPOH GHIaH TYIIIu-
pMII MacajacH TYFPH TOK YTKa3uill OMJIaH) yHFOTHHI TYXTa-
TUATAHOAH CYHT catX (5.21) opKanM aHMKJIaHYBYH BaKT JOM-
Mdiicu 7 6unaH tyna Gowmmainu. ByHma xaxmuit 3apsn
SUWIMTH KaMasnd. Y §3 HaBGaTuIa YyKyp MapKas JOHOp, aK-
nentop OYIUUIMAAH KATHH Ha3ap CHFUMHHMHI KaMaiuinura
onu6 xenanu. V>>V, 6ynraH xonna CHFMM pelaKCaliMsiCUHH
Kypainmuk. Y Bakraa X3CHHHr XxaMMa KHCMHIAQ YHFOTHII
TYXTaraHAaH CYHT, MOHJIAIIraH MapKa3 KOHLEHTPAIIHACHHHHT
BaKT OViinya V3rapHim

N, (@)= Ng [1+d-bexp(—f‘)| (5.45)

6wnaH aHHKJIaHaoU. Arap YyKyp MapKa3s JOHOp O¥ica, y xonaa
Ne=Ngp b=N,/N,

Arap 4ykyp Mapxas akuenrop 6yica, y xonna N =N_-N
b=N,/(N.,—N, ) d — xosdpduuueHT acocuii Gymwaraﬂ 3a-
pan Tamquymap 6WwiaH CaTXHH TYIIUPWITAHJINK JapaXacH
6yuo, y d=1—j;p opxanu udonananamu. By epna 3apsn ta-

—-__7n
IYBYWIAp KYWIH MIDKeKwsUamaa, o = ; +y. TYFDH TOK
n 4

VIraHAA CaTXHH TYAOUPraHIUK JapaXacH, TPAH3HUCTOP CTPYK-
TypaHn Kynampaa €KM ONTHK ycyn OMJaH YHFOTHHIAA

R P
Hap KOHLEHTpauusicH. XycycHi xomua v, <<t GynraHma d=1
6ynamu. (5.37) Ba (5.45) napum kyana6
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i - c? o,
TL bdexp(‘— ;) (5.46)

[

(5.46) man 4yKyp Mapkas arap acoHop G¥ica,

s 2
G) _j=glNe
(Cc) I=d Nep’ (547)

YyKyp Mapkas arap akuentop Oyica,

[Cﬁ ] ~1= dm (5.48)

OYIMIIUIMTMHY KypaMu3. bapbep CHFMMHHHHT pelakCalusiCH
ONTHK YHFOTHIN (EPYFIHK) OPKAIM XaM Ky3aTWIMIUM MyM-
KHH. P*-n yTHIIAA caé3 MOHOp XaMiaa 4yKyp HOHOp OyaraH
XONHY KYPaiJIuK. AHHKJIMK KMDUTHII YYYH e >>e, Ba V>V
6yicuu ne6 onaittuk. IllyHmait Temneparypa onnna,zmxn ca-
TXHHUHT OOLUIAHFMY TYNIATWITAHINIH Y30K, MyAIaTAA CaKJIaH-
CHH. BollUTaHFMY BaKTOa carx CTAllMOHAD TYITUPWITAHIHK-
Ka sra 6yncuH, spHH X3C HMHr XaMMa KMCMMIA SJEKTPOH
OMIaH AesApiIn Tj‘mamnmaraﬂ 6yncuH, =0 na nuoxHu GoroH
SHEPIMACH hw>E OYnraH EpyrIuK OpKamtu P TOMOHHMIAH
€puramu3. by Bax;r DOUMMICH T, OMIaH CATXHHM 3JIEKTPOH
OwWIaH TYMHMILKTA Ba HaTIDXafa CHFUMHUHT KaMaHHILIHAra 016
kenan. X3C 14 37eKTPOHHMHT Apeiid TE3MMIH TYHHHUILK-
ra 3pUIUraHd y4yH 7, KOOpIMHarara 6omiuk 6ynmainu ne6
Kapail MyMKuH. Y Baktaa N (f) xyiugaru udona

N.O=Nep+ N exp(- 2] (5.49)
L2 _N
6wran aHuKnaHagu. (5.49) Hu (%} ;(‘;, " ;’ )) Kyiu6
CUFMMHHHT BaKT Oyiinya Gornan\nmn
cin-¢ N, |
e (5:50
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61an AHUKJIAHMIUMHA Kypamu3. TaxpubanaH aHMKJIAHTAH
f(H=c()- C GOFaHNLIAH T, HM TONMII MYMKHMH Ba

opKamm y, aanglaHa,un By epna j — Tox suwmrn, V,
apeiid Teanmuru N, < N, G¥iran Xo1ma CHFUM penaxcammcn

CH-C. _ N, - i |
Ty | rm) (5.51)

4

Ouwnan udonanananu. DHIU X>W, COXa NEKTPOH OHIaH Tyia-
TWIradH 6yicuH. t=0 nga TMOTHH n- COXacuaH doron sHep-
THSICH hw>E Oynran €pyrmk OWiaH €pHUTHICA, CATXHH KO-
BaK 7, BaKT noummcn Ownad TyaaMpa GouUIaiIK Ba HATH-
Xana CHFMMHMHT OmMumura onu6 Kenaagu. By xomma Kosak
Ipeid Te3TUrMHUHT MaiiIoHra GORTMKIUTHHH, STBHH T, HUHT
Macogara GOFIMKIMIMHA WHOOATra OJIMII KEpak.

6. Tepmux parbamaanmupunzan CUFUMHUNZ PEAAKCAUUS YCYAU

Yykyp MapkKa3 IapaMeTpJapHHH YIJaillHMHr Oy yCylIn
IoTTKH 6appep (TYCHK)MM €KUM KeCKMH Pt-n YTHLUIH CTPYK-
Typa (I¥0I) XapOPAaTHHUHI OINMINM OMIaH Gapbep CHFHMHU-
HUHF Y3rapyillMHUM Kaua KuiMmiura acocaaHradH. bapeep cu-
FUMMHHUHT Oy ¥3rapiury ¥CCHKJIMK TAbCHPHIA YYKYD CATXHH
KalTa 3apsIaHUHIMIaH coqup Oymamu. By yCyrTHMHr MOXM-
ATHHM EPUTHIIIA XaM APMMYTKa3TH4la KOHIeHTpauusicH N,
Oyiran ca€3 caTXIM JOHOPHAH TAalIKapH, TAKMKJIAHTaH 30Ha-
Ja SHeprUABUHA caTxd E , KOHUeHTpauusacH N , 6yirad 4ykyp
caTxau JOHOp OYICHH Ba Oy 4yKyp carx yJyyH e >>e, TEHICH3-
JINK Gaxapnna,un Ieb kabyn KuiaMus. Jlnom-m ncnmm co-
BYTHUII XapaGHIapUAa YHIArN YYKYP CAaTXHUHT TY/IHPHITaH-
JINTUHM Ba Yy OWMaH OOFIMK, CHFUMHMHT V3rapMIIHHM Kypaii-
nuK. JacTiab crpykTypaHu uIyHaa# temmepatrypa I>T, na
YIIAMMU3KM, YHI2 YYKYP CATXHUHT 9JIEKTPOH OMJIaH CTalM-~
OHap TYIIMPHITAaHIUTH Te3 YPHATWICHH (r<<7,, ) Ba wr>>1
TEHICH3JIMK OaxkapwicuH. ByHza ymyanrad cnmm JOKOPH 4ac-
ToTaIM Gapbep CMFUMHUHT cranvoHap C, KuiMaTvHM Gepa-
ou. KelimH mMOIHM TecKapu V KydJaHMII YyiIaHTaH Xojaa
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YYKYp CaTXHUHT OOLITAHFUY XONATAATH THITHPWITAHIATH Y3OK,
cakjlaHanurad 7T, TeMreparyparaya coyramus. by xapaéuna
CATXHHUHT TYJTUPWITAHINK JapaxXacHu Hesapiu Y3rapMaumu.
IIyHUHT YYYH CUFUMHHHI TeMIepaTypara Kydcu3 OOFIaHU-
M Kysatwiamm (5.5a-pacM, 6ornanuiu). By GomiaHuII qy-
KYP CaTXHMHI CTaLlMOHAp TYJIMPWIraHJIMIM A, Ba CTaLMO-
Hap TYJIXUPWITaHIMKKA MOC KelIraH CTalHoHap Oapeep CH-
FumH C, HY aHIIaTaiy. OHIU TECKapH V KyWIaHHII KYAKIraH
xonna auoann T, maH Gouurab xusmupamus. by xapa€Huaru
CHFMMHUHT TeMIIepaTypara 60FIaHunIm xaMm 1-60paHu Kabu
oynann. CYHr DUOAHM, SHA KAWTaXaH TECKapd Ky4JaHHUILI
KyimnMarag V=0 xonma, T, TeMmeparyparaya COBYTaMM3,
cYHIpa TeCcKapu KywIaHHUIU yiaimui. By teMnepartypana ca-
TXHUHT OOLUIAHFUY TYJINWPHITAHIATA M, Ba YHra MOC CH-

c 1700‘5-

a) '
A -

max

5.5-pacm. bUp 3apsAmny yyKyp Mapkasu 6yiran p-n YTuina curuM {a), TecKapu
TOKHHUHT (6) TeMIepaTypara GoraHuliu. 1,4 — TepMUK parbaTiIaHTUPWIMAaraH;
2,3 — TepMMK parbaTIaHTUPWIraH YYKYyp CarX pa3psad GyiraH Xoi ydyH.
Twuta 6wraH nerupaaHrad p+-a YTUIUIM XPEeMHMHA AMOOM CUTUMWHHUHT
TeMIiepartypara 6omranuiH (b).

N=1,5-10" cm?, N=1,6-10" cm?, §=2,2 cm?, U=20B, b=1 K/c.

1 — TepMHK parbaTiaHTHpHII GYIMaraHaa YyKyp caTxX, Pa3psiiM;

2 — aKUEITOp CaTXU parbaTaHTUPHIraHaa YyKyp caTX, pa3psiiy;

3 — TepMUK PaFGaTIaHTUPIWITaHA2 JOHOP CATXUHH 3JIEKTPOH GIUIaH TYIUILN
(DE=E_E=0,5¢0,04 3B, DE,=E -E,=0,36€0,03 2B, ¢,<<e,
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FUMHHHT GoLUTaHFUY kKuimatd Cg y30k, cakaaHagm. C HUHT
KuitMat C, ra HMcGaraH KUYMK. DHIW JUONTa Teckapu V
KYWIAaHUHI yJNaHTaH XONAa YHUHT TeMIIepaTypacHHM KyTapa
6opamu3. Temmepatypanuur T, nan 7, opaJMFuIa CaTXHUHT
OOLUTAHFUY TYIAUPWITAHJINIA CaKJIaHUIIH Tydaiiu cCHFUM-
HUHI TeMIepaTrypara Ky4cus GortaHuIIm cogup 6ymamm. TeM-
neparypanuHr T man T, rava 6yiraH opaqMruia 3ca CTPyK-
Typa CHFMMMHHMHI Te3 ¥cHMIIM Ky3aTwnagd. By temmeparypa
ODaJUFUIIA CATXHUHT TYIIMPUITAHIINK peaKcallMs BAKTH Ka-
Masiiy Ba CaTXHUHT TePMHK parOaTIaHTHPWITAH Pa3psaH (ca-
TXHAaH 3JEKTPOHHHMHT HMCCHUKJIMK TabCHpHMIA YHKHIIH) Ky3a-
THIag¥. by V3 HaBOaTHAa CUFUMHHHT T€3 YCHIIMra oaub xe-
nazn. CaTXHHHT TepMMK parbaTIaHTHPHMAraH paspsafu
Tyrarauniad cyur, (T>T, na) 1- Ba 2-Gornanmnuuiap 6up-6u-
pura Moc Tyiuaan. CaTXHHHT TepMHUK Par0amIaHTHPHITAaH pas-
PAOU TeCKapH TOK DeJIAKCAITMACHMHH XaM 103ara KeJITHpauH,
STBHU TUOANA TECKapW TOK MMIYILCHHHHI OKMIIMIa OJHO
xenagu (5.5, 6-pacm). TeMnepatypa olMIIA GMIaH TeCKapH
V xyunaHum KyiwiaraH QJUOJIA TOK KYTApHiIamd Ba MabiIyM
6up TeMIiepaTypala MakKCHMyMTra SpHIUIHO, KaMas Oolwiaii-
Ix. CaTXHMHI TEPMUK DaF0aTIaHTHPWITAH Pas3pAiM TYrauid
OWIaH TOK OJATAArH JWOJ CTAllHOHAP TECKapH TOKMTraya Ka-
Masay. SHIW THOTHHHT TEPMHK par0aTIaHTHPHITAH CUFHM
Ba TOK pellakCallMsUTapH OPKAIHM YyKYyp CaTX IapaMeTpJiapH-
HHM aHHUKJIAIHU KYparauk.

XaXMHI 3apsIHA XOCHI KHIYBYH HOHIAD KOHUEHTPALH--
sicn X3C HHUHT XaMMa KucMMIa OMp Xun GYiraHmga, HOHIanI-
raH MapKa3 KOHIEHTPAalHICH

N()=N_ +N (1) (5.52)
6wnaH anukinaHamy. Iy OunaH Gupra, MOHJIANITaH YyKYp
JOHOpIAp KOHUEHTPAIUACH

No® =N, [l — exp|- { e, (t)dt;] ' (5.53)

KOHYHHUAT O¥iinya omaay. YHra MyBo(MK, HEHTpai carxjap
KOHUEHTPAIMACH KaMassau
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n(f)= N, exp [— _:(e,, (t)dr]

MamiyMKH, TECKAPX TOK 3UWIMIH YYKYp CaTXMOaH YTKa3yB-
YaH 30Hara BakT 6npnﬂm,ua yTaéTI‘aH JJICKTPOWIAp COHHTra
/dn,‘

4 | TIPOTIOpLMOHAT

\ z

rer=e B SN pexp| - Feu(t)dt| = e, (0, ()- ¢
0

dr

(5.55)

TepMHK parCaTIaHTHPHWITaH TECKapy TOK KAHHANIHUD TeM-
neparypa T ma MakCUMyMra 3pHuuirand yuyH (5.53) nax Baxr
6yiiuua onuuran xocwna I'=T  na HoJibra TeHr Gymangm.

( ] ——e—-(e @#)-n@®)= e—*-ee,,fidﬁL =0
1 T=Thax |7 max
(5.56)

MonoMBKH CaTXHUHT TepPMHUK parbaTAaHTHPWITaH pa3psiiu
KWYHMK TeMIlepaTypa OpaIMFuaa comaup Oinap sKaH, Oy opa-
KA TeMIlepaTypaHUHT BaKr Oyiinya OIIUIINHU

T=T,+pt

KYPHHHILIATH YH3HKJIM KOHYHUAT Oyitnya 60opagu n1e6 Xxucob-
Jamr MyMkuH. By epna f — TeMnepaTypaHUHT YCHIN Te3mu-
THHA aHHKJIOBUH Koadduiuent Kc!

dT=pdt (5.58)

OymuuutMruan Hasapna Tyt Ba (5.18) udomanu Kynnao,
(5.56) maH yyKyp caTx, MOIJIAaHMIN SHEPIMSCHHHHT

’+ln

lnl\ B ] KT, 2 )Hn(l"' ] (5.59)

udona OWIAH aHUKJIAHUIIMHHA KypaMH3.
Amanuéraa xyn xouiapna 2 KT <AE 6ynamu. V pakrna
(5.59) ndona
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‘7' V' AE ‘AE,
= I r
In| S| = 2 1n 5 (5:60)

KypuuaMira kenagu. By dopmynaHu xiymwiab, taxpubagaH
YYKYpD CATXHMHI HOHJAHUII SHEPrUsACHHA aHUKIAUI YYYH
CTPYKTYPAHMHT Xap XWI MCUTHLI TE3AUKIApH S N1a TePMHK
parbaTIaHTUPUIITAH TeCKAPH TOKJIAPH KaiA KWIMHAOHY Ba TOK-
HUHT MaKCHMYMIa SpMIUTaH TeMMepaTypaiapy OpKaiu

T

1
ln( B ] HA — Ia GOFHaHPIIHI/I YU3WIAOH. YHUHT OFHII
max

, abcmucca yku (———] HHUHT

KeCHIUHUII HYKTacH oplgann V TONUNAIHA. DHIH TEPMHUK paF-
0aTNaHTUPIITaH CUFUMHMHI DEeIaKCAIUACHAAH 4YYKYp CaTx
MOHJIAHUII 3HEPIUACHHUHI aHUKJIAHWIIMHH KYpailiuk. By-
HHUHT YYyH AMOJ TEMIIEpaTypacy YM3HKJIM KOHYHHAT OHIaH
ycub bopaéTraHuIa YyKyp CATXHMHT SpMHIavya paspsilaHu-
IH¥ YYYH KeTraH BakT xnco6naﬂann ssbHu N (£ )=0,5N,
HM (5.53) udonara xyjiub Ba e =7, ' nurMBM Hazapaa TYTHO,
(5.18) Hm KymnaraH Xonzga 4YyKyp CaTX HOHIAHHII SHEPTHsi-
CHHMHT

AE
L.=]n
KT s

YN Tos " AE,’
°’J~ n(—, (5.61)

\ ﬂan ‘KT.O.S,

KYpPUMHHMIIAATY TaKpuOui doJacuHU ojlaMu3.
by T,;=T,+B t,, vu t=0,5 BaKrnaru nuoj TeMIeparypa-
CH UKKMHYH TOMOHJAH {=f{,  IaTH CHFUMM

cio-c:
<.-c - 0,5 (5.62)

MyHocabar OwiaH anukjaHamu. T ¢ temneparypa C(f), C;
C, nap taxpuba HaTWXanapuaH TONWIAIH.
N, <N , Tenrcusnux 6axapuirania (5.62) ucdona

AC(ty 5)

25 =05 (5.63)
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Kypyrmumy onann. By epra AQ(, )= )—- G AC=C— G- AC(2)
CHFUMHHMHT 1- Ba 2-60FIaHMULIApH anpMacHHU Hdoganaii-
. Hazapuil XxMCOONANUTADHUHT KYPCATHINMYA, YYKYp CaTX,
HOHJIAHMII SHEPTHSICHHU TEPMUK PaF0aTIaHTHPHITAH TOK
MakcuMymH O3uua anuxyianiga (5.61) dopmynanan doiima-
TAHMII XaM MYMKuH, yapa T  wm T, ra Y3raprupuiany,
X0JiocC.

IOxopunarun MynoxasaiapiaH KypHHAIUKH, TEPMHK par-
0aTIaHTUPWITAH TOK, CUFMM peJakcalisuiapu o¥itnya uykyp
caTx, mapaMeTpJIapuHH aHuKjamma 7(?) HUHT YH3UKIH OOF-
JIAHUITA OYIUIUIMK HIapTH Oaxapiinind Kepak. T(r) HuHD
YU3UKTH OOFIAHUIIUIa KEHI' TeMIIEpaTypa OpaJuFMIa aBToO-
MaTUK KypWIMaiap OWiaH spuIuIKil MyMKuH. Opatia, caTx-
HUHT TEPMUK DAF0ATIAHTHPWITAH pa3psid KMYHMK TeMIlepa-
Typa Opalufruaa comoup OYnraHu yqyH, Oy coxama 7(f) HHUHT
HOYM3HFUU OormanMudHu (5.58) mMyHocabaT OpXaiu anpoK-
CHManysian MyMKHH.

OHuM 4yKyp caTX KOHUEHTpauuscd N, HM aHUKJIAlIHKA
k¥paiink. CTpyKTYpaHHHT OONUIAHFMY XOJIATAATH TeMIEpa-
typacu T,=T_ Ba yHra Teckapy V Kyd1aHMII KyiWITaH GyICHH.
By xonma xaxwmuii 3apsn coxacHHMHr kenomry A(V, T), cu-
v C(V, T) 6yncuH. Teckapy Kywianuin V HH cakjaral
X0J/1a CTpyKTypanu T, TemIiepaTyparaya CoByTcak, yRMHT X3C
HuHT Kenrard A(V, T)) Ba curamu C(U, T,) 6ynamu. Bynna
X3C HUMHT XaxMuit 3apan suwrk p=e(N,+N ;) cakinana-
my. T, TeMnepaTypana CTPyKTypa TecKapH V KydiaHUIIMHH
V, raya xamairupcak, X3C nunr xenrmuru A(V,, T)) Ba cu-
mvu C(V,, T)) 6ynamu. Byana xaxmuil 3apsii COXacCHHMHT
KEeHDIUIM 6up MyHdya kaMasau. Iy 6wian 6upra, 6y coxana
YyKYp caTX, 3apsiav YTKasyBYaH 30HAAATH 3JEKTPOH GHIIaH
KOMIeHcanusUianany. T, temneparypama Teckapu V Kyuia-
HMIIHK V raga XaiTamaH THKIACAK, Oy COXa SHIMTIAH aco-
cuil 3apsan Taiypyuiap 6mwnaH KamOaralnalang, JICKUH 4y-
KYP CaTx XaxXMull 3apsi 3UWIMIUra Tabcup Kypcarmaimu, X.3C
HUHT XQXKMHUH 3apsif SUWIMTH p=eN,, OwiaH aHMKJIaHaIu.
Teckapn ¥V kywnanmu ¥itwnran xonma 7T, TeMIeparypauad
GOIUTAHFIY X0MIaTAATH TeMIepaTypa T, rava Kyrapcax, y Xonna
CATXHHHT TEPMMK ParbaTiIaHTaH paspand Tydailinm, CTpyKTy-
pa curuMu xamaa X3C HUHT KEHITIUTH Y3IapMHUHT GONUIAH -
ruy kuiiMamiapu A(V, T) sa C(V, T) ra xaitagunap. Xuco6-
NAlLUTAPHUHT KypecaTHIIMga, I0KOPHIa KYPCAaTHITaH 1HaporT-
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napna ymaauwran C(V, T), C(V, T)), C(V,, T|) curumuap
OPKAIH YYKYP CaTX KOHIIEHTPalIUACH

N =_N. OO DICEY, T)-C'¢, )
" P, pciw, T)-CAv, T)

dopmyna 6wian aHuKIaHHLIM MYMKHH. Arap V=0, h(V,
T))=0 Ba ctpykrypa curumuapu C(V, T) Ba C(V T) HHHI‘
KuitMatriapu 6up-6upunan kam dapk Kwica, y xonna N,

CV, T-C(, I,)
N,,=2N,
rD CcD C(V, Ti)

6mnaH anuxianagy. lynu tapkumpian Kepakk, YyKyp caTx
TapaMeTpIapyuHY aHUKJIAITHUHT TEPMUK Par0aTIaHTUPUITaH
CHMFHM, TOK ycymtapuHuHr YC mapaMeTpliapuHy Te3 Ba Tak-
pubnit 6axonamra Kymwiam Makcaara Mysoduxaup. By ycyn-
Jap OWJIaH YIYAITHMHT XaTOMUIMHM KaMailTHMPHIL YIYH CH-
FuMHMHT C(¢f) Ba TOKHMHT I(f) GOFIaHUIUIADUHM CTPYKTYpa
TeMIepaTypaCHHUHT Xap Xwi ycuu Tenurn (8) ma ymyam
3apyp, JeKUH Oy OWIaH YCYJTHHUHT aCOCHH IOTYFH, SHHU YCYII-
HUHI CONIANUTH V3 MABHOCUHH HYKOTaNH.

6. Domocurum ycyau

By ycynma texumpunagurad HaMyHa MeTaUI-SIpHMYTKAa3-
ru4, p-n YTHIUIN (CTPYKTYpPAa) ONTHK KPHOCTATTA XOMIALITH -
pwiany Ba KywiaHMiu xyiwimaraH U=0 xonatma coBUTHIA-
I, CYHIpa TECKapM KyWIaHUill KYiHNO KUpHIUMaBHH IOTH-
JIMII COXacura MOC KEJaAuIad Xap Xwi TYJIKMH y3YHIHKIArd
MOHOXPOMATUK EPYFIHK OWIaH €PUTHINO, CTPYKTypa CHFH-
MM Ymuanany. Kyiuna YrqaHraH CHFMMHHHI CITEKTpan GoF-
daHuunad YC mapaMeTpiapMHH aHMKJIAIMHMHT Ha3apui
acocuHM Ba 6an3u Oup ndonatapiuHU KUCKAYa TAXIHI K-
mdk. Onarna mact TeMmneparypa (77K) ma 4yykyp JOHOp caTx
E,, maH 3NeKTPOHHMHT YTKa3yByaH 30HacH E. ra, BaJeHT 30-
Hacn E, nan uykyp akuenrop carx £ ra nccmqlm( TabCUpH-~
na y'mmn, STBHU TEPMHK reHepamm TE3JIMTHHUA KUYMK Ie0
Kapanagd. IlyauHr yuyH 6m3 Kypaérran Xoiama CTpyKTypa
curuMHUHHUHT Y3rapumn X3C marm YC HUHT HOTOHOHIAHU-
mu Tydaiinu comup Oyiamm. byHmait xomar TtemmeparypacH
77K 6ynaH repMaHMit, KpeMHHUIi-apCeHUI-TA/UIMI HaMyHa-
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napuia HoHnaHum 3Heprisicd AE 20,18 3B 6ynran YC nap
YVUYYH Ky3aTwiagu. MabiayMku, nuogHuHT X3C ma 3pkuH 3a-
pSd TALIYBYWIAP KOHILIEHTpaIWs/IapH BonpliMaH TaKCUMOTH
OwraH anukjaHagu. X3C maru 3ineKTp MalIoOHM SPKHH 3a-
P TALIYBUMJIADHW Oy COXafaH TalIKapura cMKMO yHMKapra-
HHM YUYH YTapHUHT KOHIIEHTPaLlMSCH Xylda KHMYMK Oyianu.

Teckapu kyiwiran KywraHum V > _Ig;T_ 6YnraHma, mact TeM-

neparypanapga X3C ma p=0 sa n=0 ne® onmHHUIIM OUIaH
KaTTa XaToJNMKKa iyn Kyimwmmaiiay. HlyHuHr yuyH (5.9a) TeHr-
JIaMaJard SpKUH 3apsa TamyBumwiapHM YC ra TyTHIHIIM
OnnaH OOFNHK XalapHH MHOOATra OJMAacjiMK MyMKHH. Y
xonna YC mard 3N€KTPOHHHMHT KOHIEHTPAIlUSICHHHM BaKT
Oyiinua ¥arapumm ¢daxkar ¢oTOMOHAAHMII Tydaitnm comup
6Ynamu Ba y (5.9a) nan

d
=[x, (N, =n)=xm, 11, (5.66)

KYPHUHUIIAATH TEHIJIaMa OMIaH aHWKJIAHHMIIHHM KypaMus.

r

dr
OWwiaH TYIIUPWITAHJIMK AapaXacu

CranMoHap xoJar =0 ma (5.66) nan YC HHUHT 37€KTPOH

ne 2,

N, 2+ ) (5.67)

Ounan aHuK1aHam|. (5.66) TeHrnamMaHMHr t=0 na n,=N_6omi-
JIAHFUY IUAPTHU KAHOATIIAHTUPYBYM €YHUMHM, SbHH YYKYp JO-
HOp CaTXHMHT HOCTAIlHOHAp Xapa€HHma 3JIEKTPOH OMJIaH
TYIMUPWITAHIHK JapaXacH

e _ W)y
N, g )+ 2,0m) " () + 1, ()

exp (f] (5.68)

GwiaH aHuKyIaHamM. (5.66) Tenrnamanuur =0 ga n=0 Gou-
JIAHFUY IUApTHH KAHOATIAHTHUPYBYH €YHMMH, STBHHM YYKyp aK-
LIENITOP CATXHUHT 3JIEKTPOH OWIaH TYIIUPWIraHIMK JapaXacH

LUSURS 15, B DY )
N, xa(m) + 2, () [1 exp)| ]] (5.69)
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Omnay aHUKNIaHagu. by epma
=[x, ()t (W), (5.70)

(5.68) Ba (5.69) udonanapnan KypuHaauku, YC mapHu om-
THK KaiTa 3apsyiall 3KCIIOHEHTAa KOHYHHATH Oyiinya Oup
XWI BaKT JoMMuiicu ! Ownan comup O¥naamu. POTOCHFHM-
HUHI $OTOH BHEprusacura OOFIAHUIIMHY YYTa COXara axpa-
THII MyMKHH.

1. ®oron ueprusgacuHUHT YC HOHTAHUIN SHEPTHACHIAH
KuyMK Oynran hv<AE coxacu. by coxama carxuu Kairamax
ONTUK VTHIUIAp OMIaH 3apAaUIAllHUHT WIOXHM OYnMaiinu Ba
HaTHXaja CaTXHUHT TYIIUPWITAHINK JapaXacH Y3rapMainu.

2. ®oton sneprusicuHuEr AE <v<Eg—AE_coxacu. By co-
Xala CaTXHHHI TAKHKJIAHTaH 30Ha SpMHAAH I0KOPH €KH IacT
KMCMMIA XolaHuimura xapa6, yx (hv)>0, X, (h)=0 €xu

(hv)>0 X, (m)=0 6¥Ymagu. JoHOp 4yKyp caTanHr TV~
pHJII‘aH)II/IK mapaxacu 6y coxama x,#0, x,=0 OYMMUUIMTHHM
Ha3zapma Tyrcak, (5.68) man

N
N - P\~ (5.71)
OWIaH aHMKJIAHUIIMHY KypaMu3. YyKyp aklenTop CaTXMHUHT
n
TYJIMUPHWITAHIMK JTapakacH _N’_ (5.69) maH 6y coxana X,>0’
r
%,=0 6YmnuIMHY Hasapzia TyTcak,

A =1-e0 (— f) (5.72)

keub yukamy. Hlynnait xumu6, GOTOH SHEPrusICHHUHT JJIeK-
tporHd E, nan E, ra E, nan E , ra YAKAPULIHKHT €Tapiu
COXaCHIa CTPYKTYPaHHM Y30K MYIIATIH €pUTHUIIIAH YYKYD
JOHOP CATXWHHHT DJIEKTPOH OuJIaH TYJia KALIINOKJIAHUIIH,
YyKYp aKLEITOP CATXMHUHT TYIUILK COmup Oymanu.

3. ®0oTOH 3HEPTrUICHHHUHT E AE, <hst coxacH. by
CIIEKTpaJl COXa/la UKKHUTA ONTHK miu SBHE 3JIEKTPOHHH
épyrmuk tascupuna E nan E ra Ba E jan E , ra yruim
Ky3aTwiafy. Y30K MyIIaTId EpUTUIIIAH CYHT, SbHHU I-> Ja
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t>7 6ymagu. (5.68) Ba (5.69) nmapra Kypa CaTXHWHT TYIIu-
PWITaHAMK NapaXacH

n, 1p(m)

N, " 2wy + 1, () (.73)

r

OwiaH aHMKIaHangM. ByHaaH KYpHHATUKH, CATXHUHT TYIIU-
PWITaHJIMK JapaxacH (akar 3JeKTpOHHHM, KOBakKHH ¢oTo-
HOHJIaHMII KeCHMIIapH x,(hv) Ba X, (hv) HMHI CIIEKTpan GOF-
JaHUIIM OWIaH aHPIKJIaHPlﬁ y Ha epymm( MHTEHCHBJIUTHUTA,
Ha CAaTXHUHT OONUIAHFUY XOJIaTHa KaHHal TYIIUpHITaHiIv-
rura OOFMMK, 5Mac. Arap IMOOHMHT p-THn 6asacuaa YC Ta-
KMKJIaHTaH 30Ha APMUHMHT I0KOPH KHMCMUAA €KH n-TUI Ga-
3acula TAKMKJIAHTAaH 30HA SPMUHUHI KYHHM KUCMMOA XOMH-
Jamrad 6ynca, GOTOCHFUMHM Yiyalina YHH KaiTa 3apsyianr
daxar uxxura E~E, E »E ontux ytuinuiap ¢oToH 3HEpru-
acuHuHr hv>(E—AE) coxacuna MymxuH 6¥nanu. bynnai ca-
TXJIAapHY TeKIIMPHUILAAH OJUIMH yJIap acOCHii OYiMaraH 3apsi
Talrysyunap 6uiaH Ka¥ira sapsananand Ba cyur N =f(¢) 60r-
JlaHull ymyaHagu. Byapai ycyn 6mnan YC napaMeTpinapusan
Ymyamr MHAYKIUSUTAaHTaH POTOCHFUM YCYJIH IeO IOpHUTHIIANH.
®orocurumHK Yimuanna YC Hu KaiiTa 3apsmianl ogaTaa
AMOI CHPTH SHEPTHACH hsz 6yn1raH €pyrIMK OWIaH €pu-
THII OPKAJIH aMara omnppma,nn By coxana orwmin xosd-
buienTH @ >>d-! (d — nvox cHpTUAAH p-n YTUII YerapacH-
raya 6yuran Macoda) 6¥nagu. CrpykrypaHu EpHTHILAAH XOCWI
6yiraH 3/JEKTPOH KOBaK XybTIapH p-II VTHUIN 4YerapacH TO-
MoH muddysusnanagwiap Ba X3C na axpanagmnap. X3C
IaH ¢axat acocuii 6y¥nMaraH 3apsn TamryBdwIap yragd. Xy-
cycuil oTwimin coxacyga YC HMHr KaifTa 3apsammaHuITHAaH
103ara KeJraH JUOA CUFUMMHH Y3TapHIlIMIa oiub Keiamu:

N(®)=Nep + N, exp| - ;’—J (5.74)

9KCIIOHEHIMaJ KOHYHUAT Oyitmua y3rapamu. YC HM Tyinmu-
pMHI Xapa€HHHHHT BakT JOMMHICH 1., HH ym4ab,

="Vnp
an f'V,,

T

(5.75)
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gdomacumaH 3apsa TAUIYBYIIADHUHT MapKasra TyTHIHHI Ke-
CHMHU y, HH aHHKJIall MyMKWH. Jduddysuon mnomiapaa sca
OMTTa YyKYp caTX Y3YH 3JEKTPOHHMHI XaM KOBaKHH TYTH-
JIMII KeCUMJIADMHM aHUKJIAIl MYMKHH. DOTOCHFHUM YCYIH
6unan UYC 3Hr KMYMK KOHLIEHTPaNUSICHHU KauJ KHUJIHUIL,
yadan KypWIMACHHMHT Ce3THPJIMIH JTHOIHUHI TYaa CHUFH-
MHTIa, CATXHUHT (HOTOMOHIAHUII KeCUMUTIa GOFINK, 6YIuo, y
HN30TEPMHK CUFUM pelaKCallUsSICH YCYIH KaOu

N, =N, -2 (5.76)

OmiaH aHMKJIaHagd. TaxxpuOanmapHUHT KVpcaTHIIW4a, CUFUM-

HH Voyalnma ¥3rapyByaH TOK KYNPUTH KYJIaHUWIraHaa AC-,—C—

HHUHT KMYuK KuiiMata 102-10-° raprubuga 6¥nagu. Mogomu-
KM, HAMyHaJa KMpMIIManap yMyMUi KoHUeHTpauusicu 1013
cM? GyiIrapga, Yyykyp CaTXHHHI KOHueHTpanmscu 101°-104
cM3 GyicarviHa Ky3aTHII MyMKHH. bourkada aiftranna, 1o03a-
cu 0,1 cm? X3C kenrmurn 30 MxM Oyaran mguomma 3 - 10%-
3 - 107 Taraya KMpHIIMa ATOMHHH Kaii KWidl MyMKuH. By
yeynHUHT KaMywiMrd cudaruga YC HuHr GOTOMOHIAHUIN
KECHMMH OWIaH YeKJIAHTAaHIMTHHU Ba KMPHUIIMABH# IOTHIMILHMK
€PYFIHK HHTEHCHBIIUIUTA OOFTUKJIUTHHYU KYPCAaTHUIL MyMKUH.
Y3IyKcu3 MOHOXpPOMATHK EPYFIMK CIIEKTpJIapy OBATia MC-
cUKIMK MaHOamapuuu (rnob6ap, Heprer wrudT) Kyiwmam
OpKaJM OJMHANY. YNapHUHI MHTCHCUBIMIHM HUCOATaH KM-
guk 6ynany. Juon cupTHra TylmaérraH MOHOXpPOMATHK €PYF-
MUK uHTeHCHBAMrH 10%+10° xBaHT/CM?°C IaH olwMaiou.
Arap x <10% cm? 6ynca, YC HU onTHK yTMILIAp OMWIaH KaiTa
3apAIUTAlIHUAHT BaKT qouMuiick 210! ¢ 6ynagu. CHFUMHMHT
OyHmail cekuH penexcanusicdHu dakat YC HUHT KaTTa KOH-
LEHTPaIMACHIA, KypWIMa TypFYH HIIaraHaa Ymdamr MyM-
kuH. YC sHepruss moHH3anMsICcH (QOTOCUFUM CHEKTPHAAH
YHUHT Y3rapyillM Ky3aTHJIAIUTaH 5HI KMYMK (HOTOH SHEPIH-
ACH OPKAJIH TOIMMWIMIIM MyMKWH. YHUHT aHUK, KUIMaTH KYpH-
7aéTrad caTxja EpyFIMKHMHT IOTWIHLI Ha3apusicH OHMyiaH
aHMKJIAaHTaH OOFMaHHUIIaH TOMWIamd. SpUMyTKasTUwIapaa
6ap3¥ OMp KHMpHUINManap Ky 3apsiuid XojaTha OyiaraH TyT-
KYY MapKas3JapHM XOCWI KWJIaaW. YJap KpUCTaJUl Iarxapa-
Jla Xap XW1 Xonatia GYIuIny Ba KOMIUIEKCIAp, aTOMJIap KOMII-
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JIEKCH XOCWI KWIMIIM MyMKHH. By xojaTma DTHOIHMHT TYia
doTocuruM crieKTpu Xap Oup carx, GOTOCHFUM CIIEKTPH HH-
FUHAUCHIAH HOopar Oynamn. POTOCMFUMHHUHET Y3rapHIN Ta-
6uarura xkapad, caTx SHEPrUsSCH Y3rapyB4yaH 30Ha mybuza €Kd
BANEHT 30HA Wunuea HUCOATAH VIIYAIIHH aHUKIainW. bu-
PUHYM XOJNAa UYKYp CarXHHHI KaMOarFaJulaniumaaH XaXKMH
3apAn 3UWIUTH OPTHINN Ty(aiiM, CTPYKTYpa CHFUMHM YCamu
(curFuM Y3rapminM Myc6aT), MKKHHYM XOJIA YYKYp CaTxXIaH
KOBaKHM BaJIEHT 30Hara 4YMKapuin Tydaiiad, CHFUM KaMmas-
Iu. (CuruM Y3rapuind MaH@Hif. )

DotocuruM ycyiu GHIAH TYTKUY acOCHM GYiIMaraH 3apsim
TAlIyBYWIAp YHMHI MapKa3 IapaMeTPIapMHUHT aHHKJIAHH-
IHA YHUHT acCOCHI IOTYFHIHP.

Twuta xupMiIMany KeCKMH n*-p YTHLUIHMHT (OTOCHFUM
HHIyKIMIanrad (pOTOCHFMM CIIEKTpiapH 5.6-pacMmma ke-
TUpwiIrad. PorocuruM, spiu X3C na MOHJAILTaH MapKas
KOHLEHTpauusAcH N, HUHT GMPUHYM IOFOHAcH (OTOH 3Hep-
TMACHHUHT Mv=0,34 3B maH Gomwnab kyzatunamu. Y Goiika
ycyJutap OMJlaH aHUKJIaHTaH THUIA KUPHIIMACHMHHHT KyHM
CaTX¥ MOHJIAHUIU 3HEPTHACHUTa MOC KeNamH.

N, nuHr 6y sHeprusina KeCKMH Y3raplly KypriaéTraH
CaTXHUHI MyadsiH DOTOMOHJIAHMIUI SHEPTHACHIa 3ra SKaH-
Jvrugad ganonar 6epagn. @oroH sHeprusicuad hv=0,7 3B
coxacuia N, HMHT SHTMTHAH OPTHIUH Ky3aTwianu. by cnek-
TPaJI COXaa TWLIA IOKOPH CaTXX OPKAIM MKKHTA OIITHK Y THIL -
nap 6ynuiuu Mymxus. (E~E_8a E~E). N (t) 60omtanum Gy

X

caTX yd4yH ;’L= S() 6ornanumra moc tymamu. ®otoH
n

SHEprHsACHHMHT Av>0,8 oB coxacuma N, TyiiMHMIIra MHTH-

Np 16" o

5.6-pacm. TUla KMpHIIMAIK

: : s . X n*-p AHOOHUHT (POTOCUFUM

0,2 0,6 10 hVsB cnexkTpu (I) HayKynusaaHran
’ doTtocurum crextpu (2).
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7 | Nn s 103 5.7-pacm. Twina
KMPUIIMATY 7*-p JTHOKHAHT
77 K maru dotocurum (1),

6 MHIYKLIMSUIAHTaH (OTOCHFUM

2 (2) cniekTpaapu.

5k

4}

3t 1

i 1 L ] 1
0.2 06 10 hy 38

Jlajgy Ba Xycycuit EpyRmuK hv>E GwiaH Kaiita 3apsiulalijiaH
yarapmaiinu. By criekTpan coxana TWIA I0KOPH CaTX¥ YYyH
x,”>x, Oynanu. (DoroH 3HeprusicdHn hv>0,8 3B man Gonwiad
qucna Y3rapuily, TILIA KYiM CaTXd OpPKATH MKKUTA ONTHK
yTHIN MYMKUH OVIraHma UIyHH KypcaTangnku, Oy caTx, y4yH
XaM y, >y, MyHoca0aT Ypurau Oynagn. Texurupunaérran gu-
onmmr MHIOYKUMUIAaHTad GOTOCHMFMM CHEeKTpH 5.6-pacmia
2-6oFmaHuI opKany HdomaNaHraH. YHHHI TaXIWIH Kypca-
THIIHYa, GOTOH 3HeprHACHHM hv=0,56 5B Gynran KuitMaTna
X3C pma voHnalnraH MapKa3 KOHIEHTPAUMSCHHUHI KECKHH
KaMaiiMII|a XycycHil EpYFIIMK TabCHpHAA 3JEKTPOH OuWiaH
TYJIATIWITAH IOKOPH THJUIA CAaTXUHUHI KaMOaFaUIalIUIIK TY-
daiinu comup OYnraH ned TYIIYHTUpUWIATH.

Pt-n muommmr ¢orocuruM criekTpH (5.7-pacMm) n*-p — M-
oIHHHI (POTOCHFMM CIIEKTPH OWIAH sIXIM Moc Kenanu. by xomma
N, HMHT KeCKMH OpTHMIIM (bOTOH 3HeprusicMHuHr hv=0,56 5B
coxacuga comup Oyiaamu. POTOH HEPrUsACH OPTHUILH OWIaH
X,/X, BUCOATHHHI KaMaituiu TyGaitiy, N, xamas Gouuraiiny.
I/IH;(yKummaHraH ¢dotocuruM criexTpu (2- Gomanmn)na THI-
J1a KyMH CaTXHHUHT 3JIeKTpOH OwiaH TYaumm Tydailiu co-
Jup O¥AraH IOFOHA Ky3aTWNaTu.

8. DLTS — curumnunz asmomamaauizan pesaKkcayus ycyau

CHFMMHHHT M30TEPMHUK peJlaKCcalysl yCyIu AUOATA KYHWI-
raH KyWIaHHIIHH, YHFOTYBYM EPYFINKHU Kynaa 6Up Kappaiu
(MapTa) KaiiTa yiqauinaH JaBpHMi KaiTa ynaira yTHII OpKa-
JMY TaxOMWUIAIITHpWING Oopwianu. byHma nmuoara teckapy
HYHaTHIIIA yAaHTaH KYWIAHHUIT YCTUTA YYKYP CaTXHM TYIIIH-
PYBYM TeCKapH KyTOJIHM JaBpuii yacToTacH f — GYIraH Kyuna-
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c)

a)

6) o
Afc?,(rg

t, ty

5.8-pacu. Kywianumny Kaitta ynam O - U naH cYHF Xap X
TeMItepaTypanap/ia CHFUMHHHT BaKTTa GOFTaHHIIH
a-T=T,, 6-T=T,, B-T=T,, T >T,>T,.

HWII MMIIyIbCH Oepunanu. JIaHr TOMOHHMIAH HABPHM KaiTa
yJall yCy/JI¥ pUBOXJIAHTHPWIAY Ba aBTOMATJIAIITHPIITAaH yCy-
JIMHMHI Ha3apuil Ba aManuit acocu sgparwian. By ycyn YC
HM CIIEKTPOCKONHK TAIKHUK, KIWIHIITHWHI JaBpHi KaifTa yiail
ycyiu DLTS ne6 woputuna 6ouvtagay. Hlyunait kw6, DLTS
aBTOMATJIAIITUPUITaH U30TEPMHK CHFHM PeJIaKcaius yCyIH-
oup. By ycyira xjpa HaMyHa TeMIiepaTypaCHHHMHT CEKHH V3ra-
pHII XapaéHua TYIUPYBYH KyWIAHMIN Xap GHp KaiTa yia-
HUIUMAAH CYHI CHFUM DEJIaKCALlMSICHIAH OepwiraH 1=t Ba
t=t, Baktnapnaru C(#,) Ba C(#,) curumnapnu (5.8-pacm), ynap
bapxuHu

AC,=C(t)-C(t)
XaMJia TeMIepaTypaHu (MacajlaH, TepMoIapa HMIUIATHWIraHaa
repmo DIOKHM) asToMaTuK Tap3na ¥i14ab 6opagu Ba A C HUHT

Temmnepatypara 6ornanuim AC(T) tonunaiu. f, Ba f, JapHH
yaraptupu6, AC,, (T) suHr “omnacu” (5.9-pacM) yuswnanu
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ACg(T)

5432 1 54321

» . 2 [}

150 250 350 T, K

5.9-pacm. Pt-n Tunparu GaAs muoana U -»-U Fa KaifTa ynaugas
cyur C, (T) uuar Temneparypara GOFNIAHUIITH.
1. 1—002 Mc £,=0,2 mc; 2. 1,=0,05 mc: £,=0,5 mc;
’1=0’1 MC: tz=1,0 Mmc; 4. ’1=0’2 MC: tz=2,0 MC;
5. 4=0,5 mc, 1,=5,0 Mc.

Ba yiaap €épmaMHaa pejakcallid BakKTHHHHI TeMIleparypara
ooptanumu t(7) aHukjIaHagu. By VmdanraH OomtaHuiiap
opkanu YC mapaMeTprapyH¥M TONMIIHM TaXJIWI KWIaAWIHK.

Yykyp carx (UC) yuyn e, >>e, xamna U>V sa N >N,
TEHICH3JIMKIIap 6a>Kappman ne6 KApAIUK. By x.om[a cH-
FUMHHHT BakT Oyiiuya Varapumm 0-U KadTa ynaigaH Ke-
¥uH (5.40) ndona 6mian annkiranamy. by udomanan C(¢) i
t=t Ba t={, larM KMHMAaTH XaMmla YJIapHHHT apku
AC, (t) c@ ) C(t) vm ymyam opkamu

el o] o

AHWKJIAHWIIMHY Kypyil KuitmH sMac. AC, /C nucbar Gepui-
raH {, Ba ¢, JapHM KMiMaTH/ia HAMyHa TeMIieparypacura G0FIMK
Ba y KaH#aiaMp Temmeparypa T, ha MakCHMymra SpMILAH.
(5.76) ndomanu TeMneparypa oyitnmua qucdepeHImaad, XocH-
JIaCHHY HOJIbra TEHITIANITUPUO, GUPO3 CONNATAIITUPHILIIAH CYHT
h-h

Trax = m (5.77)
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\

| 6rwraH NQOJATAHALIMHA KYPaMu3.

bepuiran ¢ Ba tf, BaKmIapaaru 2 = £(T)60ornaHuL,
yuubar T=T  naru kuéimatd, 7T, TeMoepaTypaHHHI Y3U

aca Taxpnﬁénﬁﬁn aHUKJIaHAIM. CyHr ! ., Bl Jap xamna
(AC,/0),.., 6epwiran xonna YC KOHHCHTpaHI/UICI/I (5.76) ra

K¥pa

Mo =Wl 2]_[onl- ) -en[-1]] 6

udoaagaH XHcoOJIAHAIH.

Onatna e, e, OynraH xoJina CaTXHH TYIIUPHINNA TYFPH
TOKIAH Tecxapn KylmaHnmra (1., U) Te3 kaiita ynaw kyia-
Hwianu. by xonma YC yyyny, >>y 6Yca, caTXHMHT OoIIIaH-
FUY TYJIIMPHUII Aapaxacu

Yn
Yt Vs

yuyH f =1 TeHrcusnuk GaxapuaMmaiiny. IIyauHr yayH I U
KaiTa ynall CaTXHM TYJIIMPWITAHINK HapaXacHHU Ba Y / 6¥i-
Jad GOFIMK, CTPYKTYpa CHFMMHHH Y3rapTHpMaiou, GolKada
alTraHAa, CHFMM peJIakcallusCH Ky3aThiMainau. [lemMak, e, >e,

O3ran 9yykyp catx napamerpiaapunn DLTS 6unan aquJIam
yayH f#1 TEHICHM3NIUK GaXapWIMIUM Kepak 3KaH. By p*-n
yruuuin GaAs guonuaa sSXIIH HaMoéH GYiraH.

Hwuon xoHnenrpamusicn N,=S+ 10" cM~® 6ynraH n-Tumn-
Jar” apceHu s TayulMiinad scanrad. Quomna Kyananumnu 0-> 4
KaWTa YJIaligaH CHFHM peJlaKCallMSICH Ky3aTWIMAaraH.

I »U xaiita ynamgan cyHr 3ca MKKHWTa 4yKyp CATXHH
TYJmnpnm pesakcanusacura OOFIUK MKKM XWI TeMIleparypa
OPIMFHIA CHFUM PENaKCaIUscH (CHFMMHUHI KaMaiuIIig) Ky-
3amwiraH. Jlemak, GyHIaH KypUHATHKY, MKKU CaTX YIyH e, <e,
TEHICU3NMuK Oaxapunamu. AC, HHHT TeMIIEpaTypara 60Ea”
HUIIH /, Ba I, JIapHPIHr 6e1uTa KMHAMaTHOa OJMHTaH Xap Oup
60FJIaHHIIIHI[aH T, s Tonax (5.77) Omnian anwknanu®, 7 =f(7 )
OOFIaHHNIIaH caTx,uapHnHr SHEPIeTHK XOJaTH E =E, +0 44
OB, E,=E +0,77 9B GrwiaH aHUKIAaHUILIHA KypcaTalm ' DZTS
HHHT Kyn qnsmanapyma N/N_,, HuCOaT 6uIaH aHUKIaHAIM-
raH cesrupauru 10-4 Tapm6na o6ynanu. Koppensaius ycyina-
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pMHH Ky/nai 6WwiaH YHUHT ce3rupauruia N, /N, ~10-7 raua
eTKa3uill MyMKHHJIHTH KypcaTWIras.

DLTS ycynu 6wian UC nap TVFpHuCcHAA KYTI MaBIyMOTIIAp
OJIMIII MMKOHMTA 3ra OYJIraHM y9yH KeHHHTH HWwuiapaa yiap-
HUHT KYTIIaH KVIT 9u3Majiapy spaTiind, WIMHI 1aboparo-
pusapaa KYJUIaHHO KeJTnHMOKAA.

5.5-§. MeTaun-MMINeKTPHK — APAMFTKA3THY CTPYKTYpa
napamerpaapuen Yrsaumuar C—V ycym

a. Hoeaa memaaa-ousnekmpux-apumymrazeuy (MAA)
cmpykmypa C—V maecugpu

ApuMyTKA3rUIap CUPTHAA, AHUKPOFH, NINEKTPHK-SIPH -
MYTKa3rd4 4erapacuiia CHpT XOJIaTiapy, SbHHM SPHMYTKa3-
FHYHHHT TAKMKJIAHraH 30HACHAa pyXcaT STMATaH SHePTHs
carxjaapu OynMaraH, AUBJIEKTPUK (MacalaH, OKCHI, HIMIIa)
xaTnamuga ky3ranysuaH (K, Na, Cs mowrapu) Ba Ky3raaMac
TYTKMY MapKas3 3apsjuiapy, 60o1ikaya afTranna, CHPKMLI TOKH
OYnmaran, SpUMYTKa3rud OWwiaH MeTaUl YMKHIL MIUTAPUHIHT
¢dapku Honra Tenr 6Ynran MIAS crpykrypa OeHyKcoH (Mnue-
ax) crpykrypa neitwramu. Mpean M/IS crpykrypacuna sipu-
MVTKA3THYHUHT CHPT ITOTEHUHAIN XA XXMHAATH IIOTEHI[AIH-
ra TeHr 6yIanu Ba CTPYKTypara TallKM KyWIaHHII KyHuiMa-
TaH#a SPUMYTKA3rH4da SHePrUsABHl 30HATIApH SIcCH (TEKHC)
6ynagu. n-THIT SpUMYTKa3rU4 acocuaa ommHran M5 crpyk-
Typara TaliKy KyWIAHHII YJaHraHAa KeyaJuraH Xapa€Hnap-
HH KHCKAya TaxX,Iwl KUIainuK.

CrpyxTypara Myc0aT CWIKHII Ky\WIaHHIMH (METaJUT TOMO-
HHUTa Y3rapMac TOK MaHOAaWHHHT MycOart KyTOu) ynaHca, sipH-
MYTKA3rud XaXMUAAH 3JIEKTPOHJIAPHM CHUPT (TUSNEKTPHUK-
APUMYTKA3rMy Yerapacu) TOMOH TOPTYBYM BJIEKTP MaHaOHHU
naino 6¥naam Ba SpUMYTKA3TUYHUHT CUPT COXACHIA aCOCUM
3apsaj, TauryBymiap (2JIEKTPOH) OMiIaH OOMHMILM Ky3aTWIIafiM.
By coxaza snexTp HeHWTPaUTHK IMApTH Oy3mwiIaagd Ba XaXKMUH
3apan coxaca (X3C) commp 6¥namn. X3C HUHT XaXMuUil 3a-
PSIU SIPUMYTKA3I M4 -TU3JIeKTPHK Yerapacuiia CUpT HOTEHLH-
ATMHWHT OPTHIINTA, SHEPTHSIBUMA 30HAAPWHUHI STPHJIaHU-
mmra onu6 Kemamu (5.10-pacMm). X3CHHUHT KeHITIMTH 3apsii
TaUIyBYWIap OxIad GOMMII pexxuMuaa eTapauya Kmauk 100A°
OVnamy, IMYHHHT YYYH Ky4in GOMMII peXUMMAA CHUPTHH 3a-
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5.10-pacm. HyxcoHcu3s (upean) MOS cTpyktypanuHr Goinur (a),
Kambarannawuin (6), HBepcHA (6) peXuMIOars SHEPreTHK QUarpaMMacH.

pAl CHFMMH INyHOa# xarra oyiaamuku, MISA crpyxrypa cH-
FUMH OHJIEKTPUK (MacajiaH, OKCHI) CUFUMHIA TEHI OyIamy.
Arap kywiaHmiuHu V=0 raya xaMaliTHpcak, acocHil 3apsn
TalyBYWwiIap TydainM 1o3ara KeixraH CHFMM KaMasiau. Spum-
YTKa3rH4 KHpHIIMa aTOMJIADMHHMHI KOHNEeHTpaiusicu 10%—
10" cM~3 TapTHOHEA, THNEKTPHK KATIAMHUHHHT KAJTHHIHITH
0,1:1 MxM yamacuga Oynranma, crpyxrypa curuMH (0,6+0,9)
C, HA TamKwi 3Tragd. Mymnak MJIS ctpykrypaHMHTr V=0
Jard CHFUMH SICCH (TEKMC) 30Haiap CHMFUMH C_ neb opUTH-
nagmn. Crpykrypara HucOaraH KaTra 6yMaraH MaHHi cui-
KU KYWIAHHIUM YIaHTaHAA SIPUMYTKA3THYHHHT CHPT COXa-
CH acOCHH 3apsii TaulyBuYMaap (3/eKTpoH) OwiIaH KamOarai-
jJaliag¥, KOMIEeHCanusjiaHMaraH kKy3raaMmac mycbart
3apsAIJIAHTaH KMPHUIIMa JOHOP HOHKMIAAH Talukwa TonraH X3C
naigo 6ynanu Ba OKMOGATIA SHEPrHA 30HATAPUHUHT STPHJIa-
HMIM Ky3atwiag (5.10 6-pacMm). By epaaru X3C p-n yruiu-
ra TecCKapy MyHanuiaa KyiMaraH Ky'WIaHHIHIAH XoCHI O6YnraH
X3Cra yxamam 6ynmaan. X3C HMHT CHFUMH 3aps) TalIyBYH-
nap 6mnan KaMOarajUlalliraH KATJiaM KEeHIJIMTH W)53C 6wian
aHMKNaHamu. W, ,. KVHWIraH KywWwiaHHIUra, SpUMYyTKa3THd-
HUHT JIETHPJIOBYM KHPHUIIMA aTOM KOHHEHTpaIuscura GOF-
JMK 6Ynn0, y CHpTAA MOTEHIHATHHHT OpPTHLIN OHIaH KaTTa-
namany. CHPT COXaCHHMHT KaMOaraJUIAlIHMII PEXHMHIA Kyd-
JaHUWHUHT opTUi X3C CHFMMHHHHI KaMaiHIIura ojguo
kenagn. Kypunaérran xonna acocuit 3apsj TauryBumnap (3JIeK-
TPOHJIap)HH SIPHMYTKA3rH4 CHPTHIA XaM, XaKMHUIA XaM yTKa-
3YBYAHJIMK 30HACHIA XapaKaTIaHHUIIHHH Ha3apla TYyTCaK, yiap
mubodysnoH-gpeiid MyBozaHaTH YPHATHIMINK (MaKCBeEIUI)
BaKT gouMuiicH 10-12 C 6mwiaH CHDKMII KYyYIAHHIIM H3UIaH
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6opamu. HIyHWHT y4yH CHPTHHHT 3apsii TalllyBuMnap OuiaH
KaMOarajurauiiing, 60MHINKMIAH 103ara KearaH CTpyKTYPaHUHT
JOKOpH, macT Yyacrotayim C—V XapaKTepHCTHKaapy 6Mp-01-
pura Moc tywaguiaap. (5.11-pacM, 1,2 unsukiap). MaHopuit
CIWDKHII KYWIAHMIIMHA KaTTANAIITHPHO, SpUMYTKa3rMYHHHT
HEeprus 30HAJApUAA LIyHIAl STPWIAHUIITA SPHILMII MYyM-
KHHKM, YHHHT CHPT COXACHIa XyCYCHH SpHMYTKa3IMy XOCHI
KWIMII MYMKHH. ByHIa sSipuMyTKa3srMYHMHEP CHPT COXacuiaa
XapaKaTyaH acOCHI Ba acocuil OyMaraH 3apsij TalulyBYHJIap
KOHIEHTpAaUUACH OHprajiukaa MUHMMyMra spuiuagu. by
XOJIATAATH CHPT IOTeHLHaIMra Moc papuinga MJIS ctpykry-
paHMHT macT yacrotain C—V xapakTepHuCTHKaCH MUHUMYM-
ra spuiagy. MawiyMKi, MaHQHH CWIDKHLI KyWIaHUMILH Op-
tuine 6mwitad X3C HUHT KeHrainumaas Tainkapy, X3C HUHr
KEHDIMIMAAd aH4ya KMYMK OVIraH coxama acocuit OyiamaraH
3apgl TAlYBYWIAp KOHUEHTPaHUsICH opra Oopanwu.

Acocuif OyIMaraH 3apsnx TaulyBYMJlap KOHUEHTPALHsCH
acOCHIl 3aps TAlIYBYWIAPHUKHMIAH OPTHMIIM OUIaH CHPT CO-
XacHa YTKa3yBYAHIUK TUIIM Y3rapanu, SbHU YTKa3yBYaHJIMK-
HHHI MHBepcusicH KysaTwiagu (5.10 B-pacm). MHBepcHOH
xatnaM KeHmMry X 3CHUHT KEHIVIMTHIaH aHYa KHYMK Oyira-
HH y4yH, Oy KaTJIAaMHUHI' CUFMMH XyJa KarTa 6yi1agud Ba Ha-
THXaja YTKa3yBYAHJIMKHMHI MHBEPCHA COXacHia IlacT dac-
ToTa C—V XapaKTepHCTHKA JUIEKTPHK (OKCHI) CHFUMM-
raya Te3 TVitmHaau (5.11 pacmMm—1-yu3uk). UHBEepcHOH
KAaTJIaM/Ia KOBAK YTKa3yBYAHIMIH MaBXy 6yirarur Tydaii-
JiM, KoBakHH KyuuminaaH éku X3C ga reHepalldOH-pPEKOM-
OMBALMOH Xapaéwnap Tydaiyii, KamiaM 3apsaM Y3rapuinu
MyMKHH. By Xxapa€xnap HucOaTaH CEeKMH KeyaauraH Xapa-
€HJap, UIYHHHI YYYyH YaCTOTAaHMHI VYCHIUM OMJIaH acoCHM
OymMaras 3apsi TalIyBYIJIapAaH Maifo OYnraH CUFMM HOJra
WHTWIAIH.

Ky3aTHIILIapHHHT KypcaTHIIMYa, TeHepanus XapaéHiapu
KPMTHMK YaCTOTAHH aHHKJaimy. by wacrora mryspail yacro-
TaK{, YHIaH Karra yacrorana C—V xapakTepHUCTHKa I0KOpH
YACTOTAIM XapaKTepuCTHKa (2) HUHT KYpUHMHIMHM OJakH.
S pUMYTKA3TMYHUHT CUPTUI CHUFMMHU, KaMOarajUialliraH Kar-
JlaM cHFHMMAAH ubopar 6Yimanu. MHBEpCHOH KaTiaM Iaiio
6ynranmad cyur X3C HMHI KeHraiimmu tyxraiad. Acocuit
6ynMaran 3apsn tamysumnap MIA (MOS) crpyxrypa CHFH-
MHTa XHMcca KYIIMaca XaM, I0KOpHM YacTOTajld CUFMMHHU HMH-
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5.11-pacm. Hykconcus MOS 1 /C /Cyi12. 1
cTpyKrypaHuHr C—V xapaxre- 3

puctexacu. 1,2 uM3uxiIap Ba

xakukuit MOS crpykrypa xa- / c
pakTepHCcTHKacH (3 4YU3HK). x
Ilacr (1), 1oKopH (2) yacroranu

C—V xapaktepHcTHKaIAp, (3) — KxaMmbarannawmiy
OKCMIIaTH KY3FanMac 3apsamaHm, .
YAKMII HOapu GapKMHMHT —~ / GosinL
TAbCUPHHH XHCOOra onraHparu —_—
MOS uunr C—V xapakrepuc- / v
THAKACH.

UHBEPCHR

BEpCHA PEXHMHIATH CHFUM C. caTx,nna TYAMHHULIT OJTHO

- _xenann. Kpurrk yacrora ~ IkI Tapfmﬁmxa, Oab3u 6up xonza,

ynaaH knumk 0,1 xI'yg 6yyraH KMitMaTIADHU KalyIr KWiaiH.
Opanux yacroranapia C—V XapaKTepUCTHKa MHBEPCHS pe-
XHUMuIa wy6xacu3 1- Bd 2-X0NaTIAp OpacHHM BrajUIaii.
IdyHu 3caaTin )KOH3K.H OM3 10KOpHIAa MYXOKaMa KWiraH
unean MJA crpykrypa, C—V XapaKTePUCTHKACH I0OKODPH TacT
YaCTOTANH YIYall CHTHAUTMIAH CUDKMII KYWIAHHIIH TOMMUM
€KM CeKMH (KBa3UCTAaTHK) ¥3rapHIil Ky3aTHJIaIHraH Xoira (Ta-
AUTYKJMIUD) TETHUUTHOMD.

6. Hoean MIA cmpykmypanunz C—V xapaxmepucmuxacu-
Hu nazapuil xucobnaw

Kin xomnapna MAS crpyktypana AMSAeKTPHK SIPHMYT-
Ka3ruy YerapaCHHUHI nmapaMeTpJiapHHH Taxpuba HaTwxaja-
pH Oyinya anukipanma ugean MISA crpykrypanuur C—V
XapakTepHCTHKacunaH ¢oinananunanu. Unean M cTpyk-
Typa C—V XapaKTepHUCTUKACHHH XHCOOJIAlI CTPYKTypara aM-
DAEKTHPHK KaTJaM OPKAJNM TAlIKW 3JICKTP MaiAOH Kyiui-
rasza, SpUMYTKa3IU4 CUPTH SKMHMIA COmHp Oynamuran X3C
HHUHI Has3apHsACHra acocnaHraH. X3C HHHI 3apsavHH XaMaa
y 6MiaH GOFIHMK CMFUMHH aHHUKJALI YYyH A - THI SPHUMYT-
Ka3ru4 CHPT COXacH SHEPTHs 30Haapy JuarpaMmacuna ¢oii-
JajJlaHaMM3 Ba

ey=E-E, (5.79)

udona 6WwiaH aHMKJIAHAOUIaH NEKTP NOTCHLMAIM TYLIYH-
vacu kuputwiamu (5.12-pacm). By epna E, — spumiTkasrny-
na ¢depmu carxu E, — Gepuiran TeMnepaTypa,uam XyCyCHiA
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APUMYTKA3THYHUHT epMu
e CaTXUIa MOC KeJIalUTaH CaTx,
W TS Ec CHpT coxacH SKUHHAA 3HEP-
ey h_ __LBL . ;p;;; 30HATAPUAA STPHIAHMILIH
A — - F Xyn Oynca, E Ba E carx-
- — —T — —EF; Jlap X — KOODJAMHATaHMHT
dbynxuusanapu 6ymagu. E(f)
\ £ caTx, Ba IOTEHIHAN y (X) XaMm
¥ x— xoopnuHarara GOFJIHK,
0 X SApuMyTKa3ruy CHUPTUAAH
y30Ka, SHeprus 30HajJapyia
5.12-pacm. SApUMYTKA3IUY CUPT srpwiaHuul 6yiMaranpa, E,
COXaCMHMHT 2HEPTCTUK carx xycycnﬁ S{pPIMS?TKaer‘{—
AMarpaMMaci. HHMHT hepMH caTxy GriaH MoC
Tywiagn. IloTeHmman 1(x) HA X KOOpIUHATara OOFIUK, Ba 60F-
JMK, GYIMaraH MKKM XajamaH ubopar med Kapall MyMKHWH:

Y(x)=y,+o(x) (5.80)

¥, — SHEPrusl 30HAJapMAa STPWIAHHMIN GYiMaraH SApUMYT-
Ka3ruy XaXMMIArd nmoreHouan. SpumyTkasrug cupt (x=0)
Jla TIOTeHIHMA

Ep

Y(0)=y;

oVmamm.

DHepryud 30HUIAPHHUHT STPWIAHHIIY CHPT COXacH SKUHU-
Jarv XaKMUi 3apsan Tydaitmy 1o3ara KeJaraH 6ynmud, y uxTué-
puii x — HYyKTala XaXMMW# 3apsan 27eKTp MaimoHH OWiaH
OOIIKK, 3NIEKTPOCTATHK IOTEHUUAN ¢(x) OMNaH aHMKJIaHaIH.
SApuMYyTKAa3rHy CUPTHUAA HOTEHIMaNI

p(0)=p;

63116, CHPTHHHT 3JIEKTPOCTATHK IOTEHIIMAINUTa MOC KeJlaH.

ep; KaTTaJIMK CUPT COXACMHMHI 3HEPrus 30HAJAPU SrPHU-
JIAHMIIHTA TeHr 0YIM0, CHPTAA 2JIeKTPOH SHEPTUSCUHH aHUK -
naiinu. CHPTAAH MYKapuia 3EKTPOCTATUK MOTeHIuan ¢ =0
G¥mamy. Arap cCMpTIa DNIEKTPOCTaTUK IIOTEHIHUAN HOAra TEeHT,
ABbHM ¢ =0 6¥1ca, y X0/a SHEPrus 30HalIapyuaa STPIIAHUII
oynMangu, 6y sfcCH 30HA mapth geb oputwiagu. Arap
y(0)=y =0 6ynca, ApUMYTKa3rM4 CUPTUIA XyCYCUN SAPUMYT-

300

www.ziyouz.com kutubxonasi



Ka3FMWIMK 1MapTH aMaira olaxy Ba cuptaa gpepmu carxu E,
6mwnaH MOC TyIIamy.

AWHMMAaraH SpuMyTKa3sTHYIa 3JIEKTPOH, KOBaK KOHI.(GHT-
pauMsUTADMHHUHT X Ta O0FIaHUIIN 1(X) Ba ¢(X) MOTCHIHA/UIAD
OPKAJIH

n(x)=N expl ———E €)= Ep exp(ﬁ:-g—)‘]

=nexp| L2 |=n,

ol 2222

(5.81)

udonanapnan anukaaHagu. by udonanap taxmwingay Kypu-
HaIMKH, Y, Ba ¥, 6Up Xw1 uwmopana 6ymca, X3C sca Goitu-
raH, Xap XWwI uinopazaa 6yica, KambaraUialiraH Ba MHBEPCH-
OH KaTJlamJiap XOocwi1 6ynuiu MyMKHH. MablIyMKH, CHPT CO-
XaCUOAT¥ XAXMHUH 3apAIHUHI, XaOKMMH 3apsal COXaCHHHHT
curumuHM IlyaccoH TeHrnmamacu

de 1
i E _————=—
div - p(x) (5.82)

£

eYMMH acocuia tonmuwnaxu. by epma { — ApUMYTKa3THYHUHT
AMBNIEKTPUK CUHIAMPYBYAHIUIH, £, — BaKYYMHUHT TU3JIEKT~
PUK CHHITUPYBYRHINIH, & — XAXKMHI 3apsl COXaCHMHMHT
3JIEKTP MalIOHHU, p(X) — XAKMUI 3apsa SHWINTH.

HoHop KoHueHTpaumscu N,, aKuenTop KOHIEHTPAIMACK
N, 6ynaran n-tun ﬂpuMYTKasmq CHUPTHIAH y30KJIa (XaKMH-
na) SJIEKTP HEUTpALIMK INapTH

n,~p,=N,~N, (5.83)

6wian udonananagu. Cupr coxacuma 6y miapT Oy3wiagu Ba
XOKMUH 3apsn 3UUIUry p(x)

p(x)=—e(n(x)+N)+e(p(x)+N)) (5.84a)
€ku (5.83) wapTHH Xucobra onraHaa,
p(x)=e(p(x)—py)—e (n(x)—n) (5.840)
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Ounan whonanaHamu, ny, p, — MOC PaBHIIIA MyBO3aHATIATH
D/IEKTPOH, KOBaK KOHLIEHTPALHUSCH (X) Ba ¢(X) HOTEHIIHAI-
JIApHH yI94aMCH3 IOTEHIHAIUIap

u(x) = "%", W(x) = 5’;(7’,‘—’ (5.85)

opkanu udonanaHca, Ilyaccon Tenramacu (5.82)

'y ___en [Ae™ -1 -2 ~1)]  (5.86)
dx? KT &2 .

KYpMHHUHITA Kenaau. By epna A — xarranuk

a=b_m_ (fg.)%
n Py \hy;
OPKAJIM TOIMJIAIH.
(5.86) TeHraMaHu x->o Ja Fd;-; =0 6ynran yerapaBui

HIAPTHH KAHOATIAHTUPYBYH GCHPHHYM HHTErpaiy
du(x) =
v 21 F(A, u) (5.87)

Gynann. by epna F(A, u) dynkuus, y
FQ, w)=[A"Y(e*—u—-1)+i(e*+u—1)] (5.88)

opkaiu udonanananm (5.87) tenrnama u>0 xa Myc6at Huio-
pa 6mnaH u<0 na mandwuii Hmopa GWwiaH OJHHATH. DHeprus
30HANApV STPWIAHUIIM HacTra 0yica, U HUHT HIOPACH MYC-
0ar xucoOnmaHamy.

I, — y3yHIMK GMpiMruparu KaTTalnuk 6ymmo,

‘ eleoKT)%
2e2n, J

=

(5.89)

\

OI1aH aHUKJIAaHAOH, Y XYCYCHIl SPUMYTKA3TH4/Ia 3IEKTp Maii-
JOHUHMHT Jle6Gait sKpaHIall y3yHJIHIH 1e6 IOpUTHIANN. SIpHM-
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VYTKa3rH4 KPHCTAIH CUPTHIA 3JIEKTP MANIOH KyWIaHTaHIH-
i (5.87) ra xypa

ey o 2517 F(, u,) (5.90)

x=(

KYPUHUIIHUA ONAIH.

OcTtparpanckuii-I'ayc TeopeMacura MyBoGHK, CHPTTa SKUH
COXaliary 103a GMPIUIura KeATHPUIITaH CUPT 3apsaii Q)  SNEKTP
MaMIoOH KywiaHrawmrd E opxanu

Q, = —egoE = 22X el F(A, u)  (59D)

MyHocabar OwiaH TONWIANM.
TloTeHUMANTHUHT KOOpaAUHaTara Sortanuim (5.87) Hu uH-
TerpajUlall OpKajiy TOIIAIH

1
x(u)y=+-+L
W)=+

du
o (5.92)

—x

3

¢4

XucobJanuiapHUHT KypcaTtumuya (5.92) tednriama 6ab3u Oup
XYCYCHMH XOJUIApHATMHA aHAJUTHUK €YHMra Dra.

Tappudra Kypa CTPYKTYpa CHPT COXACH XXKMHH 3apsiav-
HUHT auddepeHman CHFIMH

dQ,
av

C= (5.93)

opkanu uhonanaHUIM MyMKiH. CTpyKTypara KyHWITaH Tail-
K{ CWIXMII KyWIAHMIIM AUIJIEKTPHUKKA TYLITaH KyWIaHHII
¥V, Ba CHPT 2JIEKTPOCTATHK MOTEHUMAM ¢ WAFMHINCUTA TEHT
oynamu:

Qs .-
V=Vy+o,= C; +o, (5.94)

MO4 crpykrypa curamu C (5.93) Ba (5.94) napra kjpa

L (dv\_d%  des _ 1 1
C—\dQ:._dQJ+in—CD+CS (595)
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OpPKQIU aHMKJaHaau. by epna
Cp= ;V—" — JUINEKTPUKHUHT reOMETPUK CUFUMY 6YIHO,
D

Yy UKKWTA METa/U1 IUIaCTUHA (KOHTAKT) OpacHra OJIMHTaH IU-
9JEKTPHK XOCHJ KMWJITaH KOHIEHCATOP CHFUMMHIa TEHT,
~ _ d0 .

Cs = 7;7’- — CHPT DJIEKTPOCTATHK IMOTEHUHATHHUHT Y3rapH-

s

IHKAaH XocwI OynraH cupr curamu. Y mytnak MIS crpyx-
Typa y4yH CHPT AKUHUIArH XaXmuit 3apan Q.= Q,, aH 103a-
ra xearaH curuM C,, TeHr 6§mu6, y

C =90 _ fi5g [A1-e™)y+ 7' 1-e")
x3 @_‘ 2’[ [l(e_".\' — l)+ A—l(ells _ l) + (1 _ l—l)usl}é

(5.96)

OWiaH TOIMWIAIH.

IMyspai xunu6 Mytinax, MJIS ctpykTypara KyiHWwirad cui-
XU KywiaHnine (5.94) HUHT 3J1€XTPOCTATHK IMOTEHIIMANrA
6ormanummuHyU (5.91) Ba (5.85) man

e TN —us - 1)+ M dus - l)]% £T
I — +=u, (5.97)

6wraH aHMKJIAaHMIUMHM Kypamu3. IOKopHaa adTWwiraHugex,
Gupuryy Xanu u >0 Gynranma mycbar, u <0 GynraHma maH-
¢duit vmopa 6mnan onuHanU. IN3IEKTPUKHHHT 1038 GHUPIH-
TUra KeXTUPWIraH IeOMETPHUK CHFMMM (popMyJanaH XHuCO6-
JIaHaIM.

— fofp
CD - W
b

By epna:

&£, — JUBNICKTPUKHUHT OUINEKTPHK CHHITMPYBYAHIIUIH;

W, — JH3JIEKTPUK KATJIAM KAJTMHIIMIH.

TowlY HUHr ApUMYTKA3rUWiap Ba AUINIEKTPUKIAp GH-
3MKacH KadeApaCHHUHT WIMHMA XOTUMIAPH, YKHUTYBYWIAPU
MJIS crpykTypa xoccanapuHM YpraHuiu Gopacuaa V3iapu-
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3.

Lo 0 %

5.13-pacm. n-Tnparyd KpeMHu M1 cTpyKTypacHHMHT 3HEPTETHK
30HajIap AMarpaMMacH MOZEIH.

HMHT MyHOCHO XHCCaapHHHM KyHMb keaMoxkaanap. Ynap M
crpykrypa C—V xapakTepUCTMKaCHHUHT Xxucobiam udozna-
JJapuHH OMpMyHuYa companalrrdpramiap. CoinaiarnrTHpyIn
acocuia I0KOpHIa H3oXaaHral Myriak, MIS crpykrypa yuyH
Kabyn xpiMHraH (apasnap Xamia #-THI SpUMYTKA3rM4ia
N,« N, Ba 10KOpH 4acTOTaia acocui GyiMaraH 3apsy Ta-
IIYBYWIAPHUHT XXMM 3apsara KkamoOarauialraH, 6oifuran
pexumiIapaa KymaauraH XUccacH XyJa KHYHMK, HHoOarra
onmMaca 6ynanu, mera ¢apas éragn. llynunr yayn Iyaccon
TeHrnaMacH (5.82) Jaru xaxMui 3apsi 3HWINTH

px)=—e(n(x)—n))=—e(n(x)—Np)

KYpUHHIIAA oddHraH 6¥nmmo, IlyaccoH TeHIIaMacH e4uirad.
XMCObIAITHY CONANALITHPHII YYYH SHEPTHSHHUHT HOMb KHiA-
MaTH KHIHO epMH caTXdra MOC peXUMOAru SHEpreTHK caTx
Ka0yJl KIWIMHFaH Ba XMCOO ITacT TOMOHra Kapab ot Gopu-
nanu (5.13-pacm). TToTeHnman sca

p(x) = p(x) + ¢, (5.99)

KypUHMIIIA ONMHraH. By epaa ep — 2JEKTpOH SHEprusicH,
ep, — APUMYTKA3IMY XOKMUIATH DNIEKTPOH SHEPTUSICH, ep, —
IABJIEKTPUK APUMYTKA3INY Yerapacuuary JIeKTPOH SHeprus-
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cu. Cupraa X=0 na cupT noTeHUMANM j,=y +¢, ra TeHTr,
OYMMIUIMKHY Ha3apha TyTcakK Ba u =ey /KT ymaamen3 cupr
NMOTeHIIMANM KMPUTTaHJA XUCOOMALLIADHUHI KypcaTUINHYa,
¥03a OUpNUrUAard CUpT CHFUMM C, HH, SHHH XXMM 3apsn
CHFMMH

e(Np—nyexpu,)

Clu,) =
(@ngxT/e e )%[e"’ —u, - lI%

(5.100)

OPXAJIM aHMKJIAHAIH.

u, — Mychar (30HATAPHUHT GOLUIAHTHY STPWIAHHUILM T1a-
cTra KaparaH 6ynca) xamaa Manuil (30Hanap STPHIAHHINA
IOKOpHra 6ynca) KuiiMaTinap xabyn KWIMIIH MYMKMH. XaX-
Muit 3apsin curuMuEY (5.100) ndomanan mypakkab 6yimaras
AIMAIITUPHUIAH cYHr u >0 Na CHPTHM 3apsl TalllyBYHJIap
Ounan OoiiMuI coxacuaa

C(u,)= engEexpu, —1)

CrkTJeeo?t o, —, -1 5101)

u,<0 na 3apsj TalryByMiap OMiaH KaMOaFaJUIalIMII COXacKuaa

eny(1 - exp(—u,)
(ZnOICT/eleo)% [u; + exp(-u;) - 1)

Clu,) =

7 (5.102)

6mwnaH aHuKAanMIIMEKY Kypamu3. MM crpykrypara Kyitwirat
TyNa KYyWIAHUIIHUHT CUPT NOTeHIManmMra Gortandmu u >0 na

’ N %
- 2n0—-KT) le™ +u, - 1]% fifo ¢4 ﬁu, (5.103)
\ 180 p ¢
u<0 ma
(2 KT
R L [ e +u, _1]}/5180—{-—51—11 (5.104)
\ €1€0 / C

aHukjaHanu. by epna: § — KoHTakT 103acu; C, — OU3INEKT-
PHK (EXH OKCHA) CHFHMH.
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6. Xaxuxuii (pean) MIA cmpykmypanunz C—V xapak-
mepucmuxacu

Masbaymku, MJISl cTpykTypana MeTani-sipuMyTKa3rHy
YHKHUI MIUTAPHHUHT (bapKM HOJAH (apK KWIraHga YHHHT
HIIOpacHra Xapab, CTpyKTypara TallK¥ KyWIAHUII KyHHIIMa-
rasga, SpUMYTKasIH4 CHPT coxacuiaa MaRbU# €ku Mycbhar
HILIOPAIM XaXMMH 3apsai naino OYmumu MyMKMH. Metaui-
SIPUMYTKA3TUy MOTEHUMAIAD ¢apKulaH XAKMHH 3apsaianaH
103ara KejraH SJeKTp MalIoOHM CTpyKTypara KyimiaraH ta-
LIKY CWIDKMII KyWIAHMIIMHU XOCHI KWITaH 2JIEKTp Maimo-
HMTa KYIUMIaau Ba HaTxkaga C—V XapaKTepPUCTHKAHH Ky4-
JaHu YKu Oyitmya cwokuiuura onud kKenamu (5.14-pacwm).
JdnanexTpUK KaTiaMaa Ky3raiMac (MyailsiH X0JaTAary 3apsi-
HUHT OVIUIIM XaM XapakTePUCTHKAHH ITYHAAH CHIDKMIITHTA
omub Kenaiu,

IlyHy TapKMIUIall Kepakku, Oy 3apAiHU METaJUI-sSIpuMY-
TKAa3rMy 4erapacuaad KaHmall Macodanma XoiuiallraHd Mab-
ayM sMac. [IyauHr yuyyH 3ddekTuB 3apsi TYWIYHYaCHIAH
cdolinananwiany, y LIyHIAH 3apsafKH, TU3JIeKTPUK (OKCHA) —
SAPUMVTKA3ruy 4erapacura XOWIalITHPHITaHIA Ky3aTWIraH
XOIMCaHH XOCHII Kina onanM. Slccu 3oHanap rabpudura Kypa,
CMPT NOTEHLHANM ¢ >0 Ja FACCH 30HANAp KyWIaHHMIIN

E,, . Qu

=y (5.105)

" ac
e CD

] -
v / X
: + 4—"—-—-—-Ec C/{:-Ok
I >

————F ) /_{

+ r vael T
Ey

* V——— DV

Qg 6)

a)

5.14-pacm, Metan-apuMyTKa3THy YHKMI MIUIapH GapKWHH, OKCHINATH
. Kysranmac 3apgaau MOA cTpykTypa sHeprerk auarpaMmacura (a),
C—V xapaxtepuctikacura (6) Tabcupy P,, — MeTaT YHKMII HIIH,
% — APUMYTKAIIHY IEKTPOHUTA AKUIINK, V_ — OKCHIIAry KyWIaHMIL
Tymyeu, E =@ -(x+E;E,) METUUI-JpUMTYKAITUY YHKUII UUDTADHHUHT
dapxu, bd, ~ OKCHA (IMDJIEKTPHK)AATH KY3FaIMac 3apsan.
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6ynanu. by epma E, — ApMMYTKasrud — METa/UT YHUKHHI
HIUIAapUHUHT dapku, Q. o — a¢ddekTHB MyaiiiH XomaTmaru
(xysranmac) 3apsn, C, — IU31EKTPHK (OKCHA) CUFUMU. [Tu-
SJIEKTPHUK KATJIaMIard MyaisiH XOJIaTOard 3apsaa MychaT xam,
MaHGUH xaM GYIUIIM MyMKWH. DHAM CHPT XOJNaDIAPHHUHT
TabCUPUHHU Kypamu3. FOkopuaa M30XIaHraHaapraH KypHHa-
VKU, XaKUKHH (pean) cUpT 6EHYKCOH (Mxeas) CUPTAaH CHPT
XonaTiap Je6 HOMJIAHYBYH SHEPTHSA CaTXJIapH MAaBXYIIMIU
6mnan dapkjaHanunap. YiapHMHr TaGMaTH Xap Xwi 6¥au6,
KPUCTAUTHUHT aXPATHII (XU3IEKTPUK-IPUMYTKA3IHY) Y€ra-
pacHia KpMCTAUI TYSWIMLIHHAHT CY3MIMiIH Tydaim 1o3ara
KeJlamuiap.

CHpT X0naTIapy acOCaH IPUMYTKasruwiap 6Wian 60FIaH-
raH, YYHKM YJIApHUHT 3apsiap OMJIaH TYJIHINH CHPT IOTEH-
UUanura GOMIMK 6YIHO CHIXMIN KYWIAHHMIIH Y3rapHiny Ou-
JIaH XaiTta 3apsmnaHamwiap. CHpPT X0naTaapMH¥ XOCHI KHJI-
rad auddepennuan curumu C, ONIMH KYPWITaH XaXKMHH
3apsan curumH C | ra xyumnani. CHpT XONaTJIapMHUHT MaB-
XKYITUTA cUpT CAFUMUHU CsS ra OpTUIIMAAH TAlKAPH, CHPT
noreHIaIMHE MJA cTpykTypara KyidMIraH CUIDKHII Kyd-
JIaHUIUTa COFJIAHULUMHH Y3rapTHpagy, YYHKM CHPT XOJIaTia-
pUIard 3apsaHd XOCWI KWIraH SJIeKTp MaiJOHH CHDKMIN
KYWIAaHWIITHHWHT XOCWI KWTaH 3/IeKTp MaiIOHH OuiaH IH-
5JIEKTPMKHUHI MyalsiH XOJaThaard 3apsj MaigoHH Kabu
Kyunwiagy. JIeKnH MyalissH XolaToard 3apsaiuas dpapxiu yna-
POK, CHPT XOJIaTJIapHIATH 3PS CAPTH MOTEeHITHATHHHHT ¥3ra-
pHUIIM OWIaH y XaM y3rapuimu MyMKuH. IIIyHMHr yayH cHpT
XOJaTaapy MaBXyh OyiaraHza, yIapHHHT DKpawiall TAbCHPH
MaHQuit C—V XapaKkrepuCTHKaHH MabJIyM COXalapHAarHHa
Hazapuit C—V xapakrepucTHKacura HHUcOaTaH

AV=0/C,

KaTTAIMK Kalap CIDKUILMIA ONHO Kelaiu.

Axpanmu yerapacunan 10A° zaH omMarad mMacodana mu-
SJIEKTPUMKIA OyIraH CHPT XONaTjapu SpHUMYTKasruy OunaH
X OOFMaHraH (IUSJIEKTPHK SIPUMYTKA3THY aXKPATHII Ye-
rapacMard NOTCHIMAT TYCHKIAH 3apsii TallyBYWIAPDHWHT
TYHHeNb yTHuuiapy Tydaiiin) yiaap KaiiTa 3apsijiaHMILIapy
MYMKUH, JIEKAH 2Kpalull YerapacuiaH MacodaHHHT OpPTH-
M OWIaH LIyHAaH aIMAllyB SXTHMOJUIMTH KECKHH KaMasau
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Ba CHpPT XOJaTiapy 3apsUlapHM Ky3FaIMac 3apsiara yximaii
TyIUiainra xoaup 6ynanu. DyHzait cuMpT XonaTiapu OZaTda
TYTKMY Mapkasiap xe6 roputwnagn. CUpT XONaTIapuHU TyT-
KMY (Mapkasnapra) MyaiissH XOJIaTHary, 3apsiiapra 6yauMHu-
M Xyoa wapruaup. M crpykrypana JiuanekTpuk (OK-
cHI)Ia TYTKHY MapKa3HH KailTa 3apsaniaHUINM, KY3FalyBuYaH
3apANHUHT KYYKIIH, AUIJIEKTPMK (OKCHA) HUHT KyTOJIaHM-
M TyQaiiny CHWIDKUII KY'WIAHHIIMHUHT Xap Xwi Yarapuiyg
MyHanmuuaa oxuHrad C—V XapakrepucTHKaliap Oup-6upH-
ra Moc TyimMaiiau. By xommca rucrepeduc med IOpUTHIAIH,
onaraa Oy OKCHIHMHI TYPFYH 3MAacIUIrniaH manonar 6epani.
Xonuca I0KOpH TeMnepaTypania Ba I0KOPH 3JEKTp MailOHM-
Ia Ky4asiu.

2. FOxopu wacmomaau C—V ycya 6uaan oussexmpux (0K-
cud) — apumymkaseuy 4ezapacu napamempaapuy aHUKAQu

1) Cupr xoJatiap KOHIIEHTPAIUSACH Ba CIIEKTPHHH aHHK -
JIami.

By xarTramukiap Taxpubaga oJIMHIaH Ba Ha3apuil Xuco6-
naHran C—V xapakrepHCTHKaIapHHU OMp-Oupura Huc6aTaH
Kywianum y¥xu oyiimua cwrkumm AV (C) maH tonuiand.
JinanekTpux (OKCMA) KaTIaMUArk KY3FajlMac 3apsaiu Q¢ a”
Ba CMPT XOJIaTJIapH 3apaay @ NaH comup 6yiraH KywiaHHII-
HMHI CWIXKMIIM Kyhiugaruya udomanananu:

AV(C)=2-(0y +0Q.) (5.106)

CHpT XomaTiaapy KOHIIEHTPAIMSICH

AV -C)

N @aV)="—

(5.107)
6wnaH xucobnanamu. By epma: S — MeTaUl KOHTAKT J03acH.
(5.107) udona cupr noreHumanyu 6Yitmya auddepeHuuanH

aN = _ggd(AV)
3y, eS dpg

(5.108)

CHPT XoJIaT/ap clieKTpuHu 6epanu. CupT Xonarnap CneKTpy-
uH (5.108) udoga opxanIu YHU3MII KyHHAArH TapTUOIa aMaira
ommpunanyu (5.15-pacm):
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c(v) C(9s) v{®s) cv) C(®e) vie,)
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5.15-pacm. ldxopn yacrorany C—V ycyn 6unan C—V:)gapampucfuxa;m
YH3HIL BA YHIMAIAH CHPT X01aTH TAKCHMOTHHH aHHK/IALI TapTUOH .
(KeTMa-KeTITHTH). C el -

a) (5.96 Ba 5.97) éxu (5.101:5.104) udonanap opxaiu
Hazapu# XxucobnaHrad C—V xapakTepuCTHKA YM3WIAAH;

6) Taxpubaga oXHHTaH Ba Ha3apuit xucobiaanmran C—V
XapaKTepUCTHKANAPHH COMMIUTHPUG, AV (p) GOFMaHMII TO-
MHIAAN;

B) Hasapuit xucoGnanran C (p,) épnamunga AV (C) 6orna-
HAmmad AV (p) 60F1anyira yTriany;

r) AV(p) Hu 11M1:1)t:l)epem.ma.u.naﬁ:9 1&5.108) udoga opxam

CHPT XOJaTjap CIEKTPH YHIWIAIH. O'P” HH C—V xapakre-
3

PUCTHKAaHU Ha3apuif xucoOJamMaciaH XaM YH3HII MYMKHH.
By ycymuu xpcoGnam Taprubm 5.15-pacMa KeITHpHIITaH.
2. CupT noTeHIMaNy Ba OKCUAIA MyaiisH Xonataaru (puk-
CHpOBAHHBIN) 3apsiHH aHHUKIAI.
Hazapuit xuco6nanran C (p ) xapakTepuCcTHKa OMIaH TaX-
pubana onunrad C (V) HM coAMIITHPHO, HCTAIrAaH CHIDKHII
KYWIAHHMIIMJATH CHPT HOTEHIHAIH

P,=9v)

onuHagy. PaBuraHkm, CHPTHHHT MHBEPCHS Ba GOMHII COXa-
Jlapya CUPT NOTCHUMATIMHUHT YIYalIgard aHHKJIUK KECKHH
kaMasigu. IIIyHUMHT y9yH TallKd KyWIaHWII KyiHIMaraHga
CHUPT NOTCHLMAIH MyXUM aXxaMHAT KacO 3TagM, YYHKH Y TAIIKH
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SJIeKTp MaWJOHKM KYHHIMaragia aXpajimil YerapacuHUHT
XONaTHHY Genrwiaiiny. Y okCHAjary Ky3raIMac 3apsi xamuaa
CHPT XoJaT/iapuaru OOLUTaHFHY 3apslulapy OWIaH aHuKa-
Hagy. OpaTaa CHPTMi 3apsAjlapHM aHMKJIALNA ACCH 30Ha-
nap Kywianmim ¥ xywianunand. CTpyKTypara siccd 3oHa-
Jap KywiaHMLIMIa TeHr 6yarad TallKy KYWIaHHMII yiIaHTaHma
sipuMyTKasruy cuptiaa X3C 3apAIMHMHT CHPT XOnmatjiapy-
Jary 3apsAMHUHY yarapuumaM (5.106) ra xiypa,

Ve Co=V, Cp=0,,+AQ, (5.109)
KYpHHHMIIAA Hpoaanall MyMKHH.

Q.. — Kywianmu ynaumaranard X3C HUHT 3apsnu, seHu
ﬁoumaﬂmq CHpT IIOTEHIMAN ¢  [aru 3apsi, AQ — CTpyK-
Typara ¥, Ky4IaHMIIIra TeHr KywIaHULI YIaHTaHAAH CYHT CHpT
xonamapn 3apSITMHMHT ¥3rapyiiy.

(5.108) ndona 0 nan ¢, raya GyaraH OpaluKia MHTErpaI-
na6 Tomwianu. V o C, xamia AQ_ nu 6wiraH xonma (5.109)
nan Q. Tonmann Q (p) HH x_ncoﬁnam OpPKUIK OouuayrFuy
CHDPT HOTCHLHMATH ¢ TOmWwiamu. Q. AaH IM3NEKTPHKIArd
KYy3raiMac 3apsaaHu axpamﬁ OJIMLI Y4yH CHPT XONatjapu-
HHHT TaKMKJIaHraH 30Ha OyinMua TaKCMMOTHMHHU OWIHIn Ke-
pak. IllyHuHT yuyH IoKopH yacToTany C—V xapakrepucruka
OMIaH TaKUKJIAHTaH 30Ha Oyiiya TAKCHMIIAHTaH CUPT XoJiar-
JIApH 3apSAAMHH, TUANIEKTPHKAArH KY3FAIMAcC 3apsAIapHH ax-
patn6 Oyamaiimu. JleknH, arap C—V XapaKT€PMCTHKAHMHT
IIAKJIM Ha3apuil XucobnaHraHra sKMH, SbHH V_ sxuHmMma
erapiuya THK Ba V, HucOGaran xarra 6ynca, cupT XoJatTiap
3apSAHHHHr Y3rapHIIMHM MHOOATTa OJMACIMK MYMKHH. Y
xomga V¥, xysraimac sapsjuiap GWiaH aHMKIaHAIW. AKCHH-
ya, arap TV XapaKkTepUCTHKa Kud 6yica, V., noteHumnan Q.
nan 0 rava yarapraHma, CHpT XoJaTiap 3apfummmr y3rapu-
WHHK aHuKIai. Y xoma 0<¢ <¢, opamukua N _=const
6yncuH ne6 dapas Kuiub, GOILTAHFHY CHpPT norenuuanu;a HM

v.C
Por = ¥, +“‘“""N (5.110)

6unan xucobnail MyMkuH. By epna N ¢=0(V,=V,_ na auuk-
JIAHTaH) CUDPT XOJIATJAp¥ KOHIICHTPAUMSCH.

IOKopuna KeaTUpIUIraH napamMeTpaapaaH TallKAPH, IOKOpH
yacroTand C—V XapakTepHUCTUKA OPKANH APUMYTKAIHYHUHT
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JIETUPJIOBYM KHPHILIMA KOHIEHTPAIIUSCHHH, KATHIINK O6Viinda
TAKCUMOTHHH, APUMYTKA3rdWd TUIIMHM, OKCHA KaTiaaM (mma-
JIEKTPHKHH) TUJIEKTPUK CHHETAMPYBYAIUIMIMHEY, KATHINTH-
HM Ba GOLIKA MapaMeTpiapHHH aHHKJalll MyMKHH.

5.6-§. CaFEM CHEKTPOCKONHA YCY/UIADH OHJIAH TYKYp
caTX HapaMeTpaapHid Ya9am KyprIMacH

YyKyp caTxjii Mapka3 ImapaMeTpJapHHH CHFHEM CIIEKTPOC-
KOIUS YCy/Ulapd OMiaH aHMKJIalIga HaMyHa OWaIaH Vrdari
KYPWIMAaCHHH TYTAIUTHPYBYH KaOen (CHMJIAp) CHFMMHM XaMaa
HaMyHa OOLIUIAHFWY TYCHFHM CHFHMMH KaTTa OyiaraH xoiatna
Pr-p YTHNUMM DHOR €KM INOTTKH HHONH TYCHUFH CHMFHMHHHHI
KMYMK V3rapMiiMHM yadanr jo3uM 6Yinaau. Omatma Oymra
TpaHcGOPMAaTOPIH IOKOPH YaCTOTANH Y3rapyByaH TOX KYTIDUTH
(MII-300) paun doitmananum opkanu spunnwiagy. IOxopuna
KYprawIapuMU3IaH KYPMHALUKH, CTPYKTYpPa TYCHFM CHFMMH
Ky OMWUIapra, MacajlaH, TeMIlepaTypara, KyHwiraH Ky4ia-
HHUIUTa, VIJaml KyWIaHHII 4acTOTacura, HaMyHa EpHTHIICA,
E€PYFIMKHUHT TYIKUH y3YHJIMTH, HOCTallMOHAp XapaéHiaapaa
BaKIra OOFIMK. By COFTaHMIIUIADHM CHFHM CIIEKTPOCKOIHS
ycyiapy OMiaH VdaIi KypMaMmanapuigad 6HupH 5.16-pacMaa
Kerrupwirad. MnMuit Teximpuin jgadopaTopysiapuaa Kynm
XoJjnapia TtpaHcGopMaTOpiIN IOKOPH 4YacTOTANM Y3rapyBYaH
TOK KYNPUTHHHM TyJAa YTKa3yBYAHIMKHHMHI YI4all KYIIpUTH
MII-300 ra yximaTu® HurFunagn. YTKa3yBYaH TOK KYTIPUTHHH
TY3WIHLIN Xap Xwi1 6Y1u0, yiaap I0KOPH 4aCTOTAIM MMITYJILC-
JH KMYMK Vryamian tpaHcdopmaropiap (MHAT-8, MUT-4)
acocua HMFHIUINN MymMKuH. JOKopH yacroTana nuon 6apb-
€p CHFMMMHHM €KM YHHUHT Xap XWJI OMWUIAp TabCHpUAA ¥3ra-
PMILM TapajUIe]l aTMAlUTHPHIN YH3MacH OVitMya YmdaHamM.
Bomkaya aittranma, Zuol mapajies ylaHTaH CHFUM Ba Kap-
IIIINKAAH HO0opaT (TY3WIHIL CTPYKTYpa) Ie6 Kapanaxu. Hly-
HMHT YUYYH ¥3rapyByaH TOX KYIIPUTHHHHT OMp elKacura y3ra-
pYBYaH 3TAJIOH CHFUM Ba ¥3rapyByaH 3TaJIOH KAPLIWIHK yJIa-
HaI{ Ba yJlap OPKAIH CTPYKTypa Oapbep CHFEUMM €KM YHHUHT
y3rapuiun aHUKIaHAAH. KYIIPDUKHUHT MKKHHYM €JIKacHura
JOKOPH aHHKJIMKIATH ysrapysyaH C, KOHJAEHCATOp y3rapys-
yaH R, KapuIWiIKK Ba yiapra Inapajules TeKUHPHIAETTaH JHOL
ylaHaIH. YJIap MaxCyc JapaxajiaHraH 6yi1uo, OVauHuII Ja-
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5.16-pacm. Tnon 8a MIS ctpyxrypanap C—V XapakTepHCTUKATapUHM
Yrgam KyprIMacHHUHT CXEMacH.

paxacu 0,01 nd ra renrmup. R,, R, — xapunumkiap 6up
KaHYya KapLIWIMKIap acOCHAa MMFWIMINM €KH yiapra y3ra-
PYBYaH TOK KYNPUrMHUHT KApIIWIMK OJNIOKH KYILUTAHHHIH
MYMKHH.

Mabiymku, GHPOHTa TAallIK¥ TabCHP OCTHAA CTPYKTYpa
KApLIWINTH CHFUMH ¥3rapca, KYIpHK MYBO3aHATHHH Oy3H-
quumra onud xenamd. KYIpuk MyBO3aHATH Oy3MIMINHMIAH
XOCWI OYNraH KyqaTHpWIraH y3rapysByaH CHIHaJI KaTTaJIMIH
y3rapa€TraH CHFMMra NpoNOpUMOHan 6ynamu. By cHrHamHM
yayam xywiaHuy yactoracuHuHr 150 : 500 KT'u opanuruna
B-61 Tunmupard cenekTHB BOJETMETPM OGWIAaH, YaCTOTAHMHT
10 : 150 KTy opanuruma 3ca ¢-582 Tunuaars HOMb MHAMKA-
Top épmaMuaa Kydairrupu6, y C1—68, C1—76 Tunmuaaru oc-
mwoiorpad GWaaH €KM JEeTEKTOPNAHraHMAAH CYHT MKKH KO-
opauHatamy H—306 Tunuaaru 34 €3rvd GMIaH Kailn KuiM-
Hamy. V3rapyBuaH TOK KYIPHIHra I0Kopy yactoranu [—4—94,
I' 3—112 Tumuaaryu reHeparopaad yacroracu f=10+500 KI'u,
6ynraH HamMyHara ammututygacu 10 : 50 MB man omMaras xy4-
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JIaHMII Oepuiianu. By KypwiMa nuoa Gapbep CUFMMHUHWHT K-
HEeTUKAaCHHM KAl KWIMII MMKOHMHH Oepany Ba Yy OPKAIH
YYKYP CAaTXHMHT 3JIEKTPOH OWJIaH TYIUIN PeaKCallis BakKTH
7 HM aHHMKJIall MYMKUH. Arap r>5c Oyica, KYIIpuK MyBo3a-
HaTH Oy3WiraHmaH XOocw OyiAraH CHFMM Y3rapHIIHIra Ipo-
MOPIMOHAN KyWlaHMII (CHTHaJI) MKKH KOODIAMHATAIM V3K
é€3rmu €pmamupa, arap r<5c Oyica, T — MeTp YHM3MACHHH
K¥IUlan opKaii ocuwmiorpadaa kain kwmHam. byHna car-
XHHHT 3JeKTPOH OWNaH TYJIIMPHIN pejakcalust BaKTHHH
TYFPUAAH-TYFPH aHUKJIALL Kepak OYmamm. T MeTp 3apsiiaH-
ran KoHgeHcarop C Hu R, Ba R, KapUIMIMKNap OPKAJIM pas-
pSAJIaHMIIINTA aCOCTAaHTaH KypMiaMa. 3apsUTaHraH KOHAEH-
caTOpHHHI R, Ba R, XapuiwiMKiap OpKaIH Pa3pslTaHMALIM
R, xapumnvknia BaxT nouMuiicu t,.=C(R,+R,) 6yaran skc-
TMIOHEHLMA KOHYHHAT OViivua y3rapyBuyaH KyWIAHMIN XOCHI
OYmanu, Oy KyWlaHUII OCUWUIOrpa)HUHI TOPH3OHTAX VK,
Oyiinya €U Ky4aliTHPruy KUpHUIUKMra Oepunany. Arap carx-
HHHT 3JIEKTPOH OMJIaH TYIAMPHIL peJIEeKCAlls BAKTH, CHFHM-
HMHF (R,+R,) KapIUWIMK OPKaJX Pa3psAMIaHHII BaKT HOM-
Muiicura TeHr Oyica, ocuwuiorpad 3KpaHHAA KYTIPHK MYBO-
3aHATH Oy3WJIMIIMAAH COXMP OViIraH XyWIAHHIIHMHT BaKT
Oyiinya y3rapuiid YM3MKIU Oyinamu. Jlemak, xap 6mp carx-
HMHT GepuiiraH Temrepatypajiard 7 HM aHMKJIall y9yH R, Ba
C mwyHOail TaHJAHAOWKH, OCHUIIOrpad SKpaHMAA CHFUM
peJlaKkcaliia KyWIaHHIIMHHAHT BaKT OViiHYa Y3rapyiy Yu3HKIH
oyncun. IllyHu ocnaTh® YTHIN KepakKKW, T — METPHHMHI CH-
FuMH (C) uykyp catxHu TV amupuia (V=0) éxu TYFpH Kydia-
HHMII naftuaa 3apawiaHagd. CTpykrypa Gapbep CHFMMHHH
yIyala TecKapy KywIaHHMIIM yJaHraHmaH Ooiniab, v MeTp-
HU KoHaeHcatopu (R;+R,) opkaid paspsmnaHu0, y CHFUM
peslakcalusl KywlaHuinmM u(f) HU ociwuiorpad ropH30oHTAN
VKu 6Viinua éanu. Uykyp carx mapaMeTpiapH aHHKJIaHaIy-
raH CTPYKTypa KPHOCTATra XOMWJIAIUTHPUJIAIM Ba Y KEPaKIH
TeMIeparypardya cosuTwiany. HamyHanu OeqrwiaHraH Tem-
nepaTypana TYPFYH TYTHO TYpHMIL Xap XWI T€3TMKAA YH3HKIH
KOHYHMAT OYHHYa MCHUTHII, COBUTHMIU aBTOMATHK DPaBHIlIA
OolIKapwiagMraH KypwiMa €praMuaa aMajira OLUMPIUIAIH.
TomxeHTt laBiar YHHBEPCUTETH KOUIKMAArd aManuii pu3nka
MHCTHTYTH XOXMMJIapH TOMOHMAAH OHp KaH4Ya KyJIaiUMKnapra
sra 6yrad a3or OyFuia COBUTWJIANUTaH KpHOCTAT XaMa Ha-
MYHAHM Xap XW1 Te3JINKIA COBUTHII, HCHTHII TeMIleparypa-

314

www.ziyouz.com kutubxonasi



HUHT Oepwirad kuiiMatuaa 0,01°C aHUKJIMKOA TYPFYH TyTa-
OHMraH TeMileparypa CTabWIHM3aTOPDH spaTwiraH. by Kypwi-
Majga TeMIlepaTypaHH VJYall Ba OOIIKAPHII JaTduru cuda-
tana auox (K 105B), ucutruy sneMeHTH cudaTUaa TpaH-
sucrop (KT—808) xymmanunraH. McuTruy Maccacl KMYMK
OyNITaHH YYYH TEMIIEPATYPAHMHT OOIIKAPMIHINN T€3 COMHP
6ynangu. HaMyHa TeMnepaTypaCHHHHT Xap XWI TE3MMKAA YU~
3UK/IM KOHYHMAT OVifMyYa OpPTHUIILM, TACAHMIIM TEPMHMK paF-
faTIaHTHUPWITaH CHFMM TOK yCyJUIapH OMIaH YYKYp CATXHHUHT
TMapaMeTpJIapHHU Te3 Ba eTapIu aHWUKJIHKAA Yryan HMKOHH-
HHU Gepanu.
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