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NAMWA-TEXHUKEBUIA PUBOXMAHULLHU APUMYTKa3rmyau
3M1EKTPOHMKACK3, XyCycaH MWKPO3IEKTPOHMKACU3 TacaBBYp
KUAUW KUANHAMP. 3aMOHaBMII MUKPO3JIEKIPOHUKAA APUM-
yTKasrmunu matepuannap Ba Kym KaTaamaum CTPyKTypanap-
[laH KeHr Kynamga qoiganaHunagn Ba ynap acocmga Typau
XN ApuMyTKasrnunm acbobnap Ba MMKpocxemanap Taiépna-
Hagu. ApUMYTKasrnuaM maTepuaniapHu uwnab ynkapuil-
HUHT PUBOX/IAHULUWM YNapHUHT cudatuHKU nabopatopus Ba
CaHoaT LWapouTuia TeKWMUPULLHUHT KOPU fapaxara KyTa-
punuwun 6unaH 6ofnnk. byHaa mMwnaé ymMkKapuw coxanapu
TEXHONOTMK NYKOTULLMApW Ba YNapHWHT MWnab ymkapuwga-
M cudaTHW HasopaT KUAULITa KeTraH MOoAuuii xapaxaTnap-
HUHT Ynyamnapu aHuknaHagn. LLYHWHT ydyH caHoaT Kopxo-
HanapuHU HKOPW aHWKAMKAArM Ba HOKOPWU MWIab vmkapuLl
YHYMUra 3ara BocuTanap GuaaH XWX03naHraH, SpUMyTKasruy
MaTepuaniapHUHT cMaTuHM TEKLWMPYBYM SHTU, WIFOP yCyn-
NapHy Mwnaé ynkKuw Ba Y3nawTupuLl SpUMYyTKasrny mare-
prvannap Ba CTPYKTypanapHU uwnab ynmkapul UKTUCOAMIA
caMapafopanrMHUHIE Ycuwin 6unaH 6eBocuTa GOFAUKAUP.

AdCyckn ApMMYTKasrMunapHUHI Xamma napameTpiapu-
HW xaM 04Aui Ba Kynai 6ynraH ycynnap 6unaH ynyaw Mym-
KWH 3Mac. YNapHWHI KYNUUAUTUHKU ynuall Maxcyc (pusnk
ycnybusaTHM Ba Mypakkab annapatypanapHUHT WLWaaTuiu-
WKHW Tanad kunagn. LLYHWUHT yuyH ApUMYTKasrmynapHuHT
napameTpnapuHu ynyail ycynnapu CyHrru nnnnapaa spumyT-
Kasrmynap msmkacu Ba TexHMKacu 6ynumnapu 6unaH 6up
KaTopAa pMBOXNaHNG MycTakun WyHanuw 6ynu6 Konmokua.
ApumyTKasrnunap usmkacu Ba SPUMYTKasrnynuM 3neKTpo-
HMKa Macananapu épuTuaraH KATO6MapHUHT COHM Kam 3mac,
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NEeKVH ynapia spyuMyrkasrnyiapHWHI napameTpiapyvHmu yadall
Ba APUMYTKa3rnuim matepuaniapHu TEKLWMpULW ycynnapura
Kam 3abTubop GepusiraH. YMug KuaamMmnsku, Maskyp KysiaH-
Ma MabyM Aapaxaja YKyBUUAapHUHT apuMyTKasruunap du-
3UKACMHWUHT By G6YnuMmura 6ynraH aXTUEXWUHU KOHAMPaAAW.
KynnaHmaga ApuMyTKasrny matepuannap napameTpinapuHu
ynuaw yCynuHUHT (PU3NK acocnapu KeHr 8putuaraH. Apum-
YTKa3rny napaMmeTpaapuHy YaYallHUHT alipuM MyaMMonapu
APUMYTKA3rny maTepuannapHUHr xoccanapuHu ypraHyBuu
KUTO6napha KeHr Ba Tyna épuTUAraHanurMHu xucobra onraH
xonaa ynyall ycynnapuHm puUTULLHUHT X0XaTu 6Ynmagn. by
KUTO6 Y30eK Tuangarn gactnabku Kutob 6ynumb, y apumyT-
Kasrnunap gusmkacu Ba TexHMKacu Mmacananapu 6unaH 6Ge-
BOCMTA LIYFYNNaHyBUYM Tanabanapra MymKaniaHraH.

KynnaHmaga xap Xun KaTTa X@Xkmjarn HamyHanap, nnac-
TWHKanap, lonkKa katnamnaap, xXap Xui Typjary sipuMyTkas-
rMunm CTPyKTypasap napameTpiapuHu xamja HOMyBO3aHaT
xonatugaru 3apsj TawyBumaap napameTpnapuiHu, SbHU 3a-
pag TawyBuMnap fwawl BakruHW, AUGQY3MOH Y3YHAUKHU
aAnddysns KosphuuneHTUHNU, CUPT PeKoMOUHaUMs Te3nu-
TMHW Ba HUXOST YyKyp CaTx/IM Mapkasnap napameTpiapuHm
ynuaw ycynnapu EpuTuaraH.
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FIPI/IMS”TKASFI/I‘-IJ'I@P,D,A COIMUITNPMA
KAPWWINKHW YNYALL YCYJIJTAPA

11-§. ApUMYTKa3rnyuanm HamyHaHWUHI CONMLITMPMA
KapLLWUIMHL YHUHT TYNa Kapwmnmrn 6yiinda aHvMkKaL

ConmuwTvpma KapLwuamkK p HA HaMyHaHWUHT TYna KapLiu-
nnry 6yinya Tonuwaa Taékya (CTepXKeH) KYpUHULLINAArN Ha-
MyHa KYHAanaHr Kecumaapura MeTann KOHTaKT ONUHagW.
MeTann spuMyTKasrny yerapacvja 3apsg TawyBymunap KOH-
LEHTPaLMACK APUMYTKA3rUy XaXMmmaarngaH Kuumk 6ynraH-
fa noTeHuman TYcuK KaTnamm Xocua 6ynuium MyMKWH, Ly-
HWHT y4yH 6y KaTnam HamyHa KapwuanrmHu owwupagn. Ha-
MyHaga OM KOHTaKTW ONMHraHa Kapwunury karra 6ynraH
KaTnam xocun 6ynmaign. Xaxm 6yiimya HamyHaga MeTann
yerapacuraya 3apsj TawyBuuMnap KOHUeHTpauusacu éup xun
6ynagn éku 3apsag Tawysuunap 6unaH 6oiuraH (aHTM3anop)
KaTnam xocun 6ynagu.

3apsag Tawysuunap 6unaH GoluraH KatnaMHWUHT KafivH-
NN HaMYHa Y3YHAUTUAAH XKY[a KWUUK 6YAraHn yUyH YHUHT
YMyMWii KaplninKKa KylraH xuccacuHu xucobra onmac-
NNK MYMKWUH. TOKHUHT OM KOHTaKTVU OpKanu OKWLIMW Hamy-
Haja KOHUEHTpaLMAHUHT Y3rapuwura oMb Keamanm, SbHu
VH>KEKUMSA, 3KCTPaKLMSA, 3KCK/O3US Ba aKKymMynsaums kabu
xoaucanap 6ynmaign. KypunaétraH xonaTAa KOHTaKTnapiaH
OKaéTraH TOK Ba HaMyHara TylaéTraH KyyiaHuw opkanu Tyna
KapLwuankK Tonuagu:

(L)
byHpaH

(12)



Kenné ymkaau. by epga: A — ryna Kapwunumk, / — HaMyHa-
HUHT Y3YHAUTW, — KYHAanaHr Kecumu tosacu, Il — nkku
KOHTaKT opacuparn Kyunauuw, | — HamyHagaH yTaérraH
TOK. COnUITAPMA KapLWMWANKHU HaMyHaHWHT Tyna Kapliu-
aMry bunaH aHMkKnaw KWYMK CONMMWITMPMa KapLUuUInKKa
(p<0,01 Om mcm Ba ypTaya COAMWTMPMA KapLUAnKKa
(0,01<p<1 000 000 Om *cm) ara 6ynraH HamyHanapaa Xe4y KaH-
faii KWAMHYMAWK TyFaMpmaigm.

KOkopu OM nn HamyHanapga (p>1000 000 Om «cm) 6y ycyn
6unaH conuITUPMa KapLWMWAMKHU aHuKnawga 6up KaHuya
XO04MCanapHU, AbHW CUFUM TOKMHMW, HamyHa KyT6naHULIW-
HW, TOKHUHT CUPT YTKa3yBYaHAUTK 6Yiinya cupkmb oKuLLIn-
HW XMcobra onnwl Kepak. bynap Yn4oBHM 6Mp MyHYa KMIANH-
nawTtnpagun. LLUYHWHT yuyH aBBas yNapHUHT Taxpmbara Kypca-
TaéTraH TabCUpU KamaTmpunmno, cyHda ynuaHaam (1 1-pacm).

a. CufuUM TOKU. HaMyHa MUKW Kapwuauru r, 6ynraH Tok
MaH6an Ba Kapwmnurn AA6YnraH Tok ynyaiiguraH ac6o6 —
amnepmeTp (A) KeTMa-KeT ynaHraH, HamyHagaru Ky4aaHui-
HUHT TYWYBWHM Yn4awl ydyyH 3aca BonbTMeTp (V) ynaHraH.
Ay>AAA ga V gaH okaéTraH TOKHW Xucobra onmainmms.
ToK MaHbanHK ynaw nainTuga HaMmyHajaH OKaéTraH TOK yTKa-
3yBYAH/IMK Ba CU/DKULL TOKNAPUHWUHT WAFUHAWCKMAAH nbopaT
6ynagn. LLYHWHT y4yyH MOC paBULIAA TOK 3UYSIUTK:

E , akE

y=7  °ur

By eppa: E — HamyHagaru anekTp MaiioH KyunaHraHauru,
e — HaMYHaHWHT AN3NEKTPUK CUHTAUPYBYAHANTU, | — BaKT.

E =y 6ynuwuHn xucobra onné, (1.3) gaH Tyna ToK udoaa-

CUHWN TOMaMu3:

T (13 7 + C 7 -
by epga, C =-y— —HamyHa cufumm (1.1-pacm). Cumkuwl

TOKW HaMyHaHW 3KBMBANEHT CXemaja CUFUM nNaigo 6ynu-
wura onn6 Kenagu. ByHra napannen ynaHraH MOHTaxap
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1.1-pacm. HamyHa Tyna KapwuamruHy ynuaw cxemacu (a) Ba YHUHT
3KBUBasNeHT cxemacu (6): A — amnepmeTp, V — BonbTMeTp, K — Kanur,
K — HamyHa kapwwnnuru, TM — ToK MaH6aun, Ar — amnepmeTp
KapLmaunru, r(— ToK MaHb6anHWHT UYKU KapLUUInrn.

curummn (napasnt) c0 HamyHa CUFUMMAAH aHya Kyn 6ynuiim
MYMKUWH. cOBa C 3apsaf/iaHryHya amnepmeTphaH YTKasyBUaH-
NUK TOKW BunaH 6upra CUFUMHKU 3apsgnall TOKWU OKagwm.
AmnepmeTpAaH OKaéTraH TOKHW Bakrra GOfFNVMKAUIU KyWn-
jarn opmyna 6unaH aHuMKNaHagwu:

c'ca (1.5)

{>K’(C+CO pga (1.5) hopmyna Kynmgarn KypuHuLira kenagu

/= 0 -7>

CUFM TOKM CONUITUPMA KAPLIMWANKHW aHMKNawga xa-
TONMKKa 0n1nMb Kenuwn mymkuH. (1.5) Ba (1.7) chopmynagaH
KYpuHaaukn, 6y 6unaH 60FnMK 6ynraH XaTonnKHN RYKOTULL
yuyH TOKHU ( >K'(CO0+C) TEHICU3NMKHU KaHOATNaHTUPYBYU
BaKrfa ynyaw Kepak. Arap HamyHafja KyTOMaHUL xoamucacu
KysaTunmaca, 6y ycyn GunaH p HW ynuyall Xey KaHgan Kui-
NHYUIUK TYyFANpMaign.



6. KyTt6nanunw xogucanapu. KyténaHuw xogncanapn KOH-
TakTNnap opacugarn Ky4ynaHuLHWHT TyLWyBW Y3rapmac 6ynraH-
Aa YrkasyBYaHMMK TOKWHWHT Yy3rapuwimra onué kenagu. by
HamMyHaga MOH Apeildun XaKMWUA 3apag coxacuaa 3/1eKTPOH
EKWN KaBaK WUHXXEKLMACUHWHI Naingo 6ynuwun 6unaH 60fFnuK-
aup. HamyHanapHuHr Typura kKapab TOKHWHI XapakTep/u
penakcauus Bakrv rp CeKYHAHUHT yaywnapugaH TopTtuo, T0
coatnap, 6ab3aH cyTKaiapraya eTuwmn MyMKUH. KyT6naHuu-
HUHT aHUKNaHaéTraH CONMMWTUPMA KapLIUANKKa TabCUPUHU
Kamanitmpuw yuyH ynyosHu (1.7) Ba (» rp (1.9) TeHrcus-
NVKNapHU KaHoaTNnaHTUpaAuraH Bakrja YTkasuw kepak. by
TEHrCU3MKAap Gaxapuauwun yuyH

K'(C+CO«Tp (1.8)

6YNMLLIN Kepak.

KyTt6naHuw xogmcacu MaeXyg OynraHga, coaMwTupma
KaplWWANKHWM aHMKfalW , B«— 4acToTaga HaMyHaHWHT af-

o P

MuTaHcuHu (1) ynuaw macanacura kenagu: r lakTus Ba pe-
aKTUB KapLUWAWKNAPHWHT TeCKapu KMiMaTun AuFmHancu. by
xo4ua KyT6naHuLW XoAMcanapuHUHT UHEPLUOHAUTU Tydali-
NN, HaMyHafaH TOK OKMLIMra TabCup KypcaTmaingm Ba agMu-
TaHC Kyingarn KYpUHWULLIHW Onafu:

r-'=1 +/MC + C0). (1.9)

by opmyna K Ba C+ COHM anoxmupa Tonuwra MMKOH b6epa-
an. by eppa: »= n/-T. HU Yynuawpga y3rapyByaH TOK
KYNpuknapu wwnatunagu.

KyTonaHuw xogmcanapyu MaeXyg 6ynraHfa conuwitmpma
KapWnanKHK ynyawga umnynsc ToOK MaHbanapugaH oiga-
NaHuw xaM MyMKWUH (1.2-pacm). KyT6naHuw aPheKTUHUHT
TabCUPUHN RNYKOTULL YYYH TYFpuM Oypyaknu MMMYNbCHUHT
AABOMUANNTN, UMMYNbC TaKpopnaHryHya 6ynraH BakT (T)

r«r < T
n P

TEHICU3UKHU KAHOATNAaHTUPULWWK Kepak. 1.2-pacmpa Kypca-
TUAraH cxemafa rasbBaHOMETP 6WUNaH 3aHXuUpAaH OKaéTraH



1.2-pacm. HamyHa KapLuimnuru-
HU TYFpU BypyakInm UMMyNnbC
KyunaHuwwn yeynm 6unat ynyatu
cxemacu. ' — wnmnynbcnun
KyynaHuw reHepatopu, I —
rasibBaHomeTp K —HamyHa Kap-
LNNTK.

ypTaya TOK ynuyaHagu. MImMnynbC TabCup KWnaéTraH Bakria
HaMyHa CUFMMW Ba YHra napannen ynaaHraH yTkasrnuaap MoH-
TaXW CUFUMU raslbBaHOMETP OpKanu 3apsgiaHagn, UMNynbe
Tyrawmy 6unaH ynap ynuyaHaétraH ypTaya TOKKa Xe4 KaHpai
xpMcca Kywmanam. HamyHagaH UMNYNbC Ky4unaHuWKW YTaéT-
raHga TOKHWHI ypTaya Kuinmatu

7=/ny- (1-10)

ngpoaga 6unaxH tonunagun. by epga: / —UMNYyNbC KyyYnaHULWN
TabCUp 3TaéTraH Bakrgary yTkasyByaHnuk Toku. (1.10) dop-
Myna opkanu / Hu TonM6, MMNynbC KyynaHuwun ITHHU 6un-
raH xonga Tyna kapwunuk A= Vy/u xucobnaHagm Ba (1.2)
thopmyna 6yiinmya conniTupMa KapLluank aHukKnaHagn.

By ycyn 6unaH MMNynibC KyYNaHWULWWHUHE amnauTygacu
{/=(1-e-2) KB, UMNYNbCHWUHT gaBoMuiAnnrun m 10~6 T/r =10
HucbaTaa 6ynraH UMNynbC TOK MaHb6auaaH goiganaHuo, co-
nMuTUpMa Kapwuamkim 10+1° OM ecm rava ynyawl MyMKUH.
CaHoatga vwnab ynkapwnraH ysrapyeByaH TOK Kynpuknapu
6unaH conuwTupma kKapwuimkHy 106+107 Om ecM rava
ynvaw MyMKWH.

B. CVPTHUHI CUPKWLW ToKW. Ofataa ApUMYTKasrnuam Ha-
MYHaflapHUHT CUpTUra AKMH coxacujaru conuuTupma kap-
WKUAMrn xaxkmuaarnaH dapk kunagu. by cupt coxacuja
3apaf TawyBUYMNAPHUHT KOHLEHTPauuUAach xaxmuaaruiaH
KaTra kM KWYUK 6YnraH XaXMuid 3apsij COXAaCUHWHI MaB-
XKyanuru 6unaH 60FAMKAUP. XaxXMuii 3apsag coxacuga 3apag
TaLYBUMNAPHUHT XapakaTyaHIMIn KNUnK. XaxMuin 3apag co-
XACUHWUHT KaNUHAWUTY HamyHa KYHAanaHr KeCUMWHWHT 4u-
UKW YNYOBNAPUHWHT YAYLUIAPUHU TalWKUA 3TMO, 3KpaH-
nawl y3yHnuru Taptuounga 6ynagn. Arap 6y coxaga KOHLEHT-
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pauus xaxkmparmgaH katta apk Kuamaca, CUpT coxacugaru
KapWUANKHUHT Y3rapuwmnHn Xmucobra oiMac/imk MYMKUH.
Arap 3apsj TallyBuunap KOHLEHTpauuacu cupT coxacupa
XakmaarngaH Kyn mapTta opTuk (tokopyn OM i HaMyHanap-
[a naingo 6ynuuw axTUMONN KaTta) 6ynca, AXWN YTKasyBYaH-
NIMKKa 3ra 6ynraH cupt coxacuiaH TOKHUHT KYM OKULIWra,
AbHW TOKHWUHT cupT 6yinad okuwwnura onnb kenagn. CupT-
[aH OKaéTraH TOK HaMyHa KapLwuWAWTUMHU KamaiTupagu Ba
CONULITMPMA KapLIWANKHUHT KUYMKnawuiinra onmé kena-
AW, WYHWHT YYyH YN40B naiiTuaa cupT 6Yiinab okaéTraH TOK
TabCUPUHU NYKOTUL KepaK. MOJOMUKU CUPTAAH Ba XaXM-
[aH OKaéTraH Toknap HucbaTu HamMyHaHWHT Waknura, ynyo-
BUra 60FINK 3KaH, YHUHT Y3YHAUTUHW KamakTupunob, KyHaa-
NaHT KECUMMWHW OPTTUPMO, CUPKULL TOKUHWUHT KUYKUK 6Ynu-
lura spuwnw MyMKUH. ByHpail inyn 6unaH dakaT katTa
HamMyHanapfa spuwunw MyMKWH. CUPT CUPKWLI TOKUHUHT
CONULLTMPMA KapLIMAUKKA TabCUPUHN KaMaliTUpyBUuM 60LIKa
ycynm xam 6op 6ynn6, 6yHaa HamyHaga 6up-6mpuaaH (uM3o-
NAUMANAHTaH) aXpanraH WKKW KOHTaKT O/IMHAaAW, SbHU
KYHAQNaHr KeCMMWHMWHI 4YeTura IKUH XMMOSl XanKacujaH
néopaT 0-KOHTAKT Ba Mapkasura Tytawl K KOHTakT onvHagu
(1.3-pacm). by KOHTakTnap opacuparu macoga HaMyHa

™™

1.3-pacm. ConuwiTMpma KapLUAMKHU XMMOS Xankacy 6unaH ynuai
cxeMacy (@), HaMyHa YCTKU KYHAanaHr KeCUMUHWUHT KypuHuwn (6).
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Y3YHANTUAAH XYAa KUMUK. WKKUHYN KYHAANnaHr Kecum 3u-
JaH AXIUT KOHTAKT ofnHagu. oK ynuyaiguraH ac606HUHT
KapWwuanryu KW4YmK 6ynraHfa, yHra TywaéTraH KyynaHuw Ha-
MyHara KYyiunraH KyynaHuwpaH >kyga Kuduk 6ynagum. LUy-
HUHT Y4yH K KOHTAKrHWHI XUMOSs XaJKaCUHW 3KBUMOTEH-
Lman KoHTakTnap ae6 xucobnaw mymkuH. KypunaétraH xonga
CUPT TOKM (hakaT XMMOS Xankacu opkanu okanu. Mapkasuii
KOHTaKTAaH YTaéTraH TOK Y HamyHa xaXmugaH ytagn say I
acbob 6unaH ynuyaHagu. [emak, conuITUPMaA KapLUIUIUKHU
XMUMOS xankacu épfammia aHuknaw Mapkasuili TyTaw KOH-
TaKT t03acu HW Ba HamyHa y3yHnuru / HW 6unraH xonga
TOK Ba Ky4YnaHuLWHKW ynya6, (1.2) hopmyna opkann xucobna-
Haau.

1.2-8. Conuuwitvpma KapLUMINKHL ydatir eup
Ba VKK 30HA/IN yCynapu

a. VIkkun 3oHm ycyn 6unaH [OHM aHnKaLL.

ConuwiTnpma KapLmnnamkKHW loKopuaa KypunraH Tyna Kap-
WKUInK 6yinya aHuknaw yeynuaa OM KOHTAKIHUHT O/IMHU-
WX KepakNUrMHM KypraH 3auk. KOHTaKT KapLiuauknapu
KaTra 6ynraHga 6y ycyn conuwiTupma KapluankHA XakuKuia
KniimaTura HucbartaH opTrmpnb 6epagn. by KaMUMIMKHN 30HA
ycynnapu 6mnaH ynyawga nyKoTuil MymKuH. ConuwTupma
KapWUANKHY YNYAWHWUHT UKKW 30HAAWN YCYNMHUHT YM3Macu
1.4-pacmaa KenTMpunraH. YHAa HaMyHaHUHT KyHAanaHr Ke-
cumm to3acura K* Ba K OM KOHTaKTnapu yTKasuaraH Ba YHUHT
cmpTura 6up-6mupngaH / macogaga 6ynraH nkkuta 3, Ba 32
HyKTaBUiA 30HANap YpHaTunraH. 3oHanap cugatmaga yTkup
yunum KaTTuK MeTann (Bonbgpam, OCMUA, MOANBAEH) cumnap
KN KoTMWManapgaH scanradH cumnap, Kap6ujg, Bonbdpam
Ba BK nwnatunagn. Connwitnpma KapLwuanKHUHT KMAMaTm
Kyingarmya aHuknaHagn. HamyHagaH ToK maHb6an (TM)
opkanu / ToK yTKasunaan Ba 'y A — aMmnepmeTp 6unaH ynya-
Hafu, 30H4ap opacuiarn Ky4yaaHuw noTeHUUOMeTpaa KOM-
neHcauua ycynuga ynyaHagu Ba yHAa ranbBaHOMeTpAaH
OKaéTraH TOKHWHI TabCUPWMHMW WyKOTWUWTra apuwmnagn. by
xonarga noteHuMomeTpgarn KyuynaHuw £/ UKKW 30HL opa-
cugarn HamyHa 6ynarura Tywrad kyynanuw llra TeHr 6yna-
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1.4-pacm. ConuITUPMa KapLUWANKHWA UKKWU 30HAAN ycyn 6unaH ynyatl
cxemacu. M — noTeHunomeTp, I — raibBaHOMETP.

on. VIkku 3oHaamn yeynga xamp (1.2) ¢opmynagaH goigana-
HW6 aHMKnaHagu. by wudogara kmpraH kattanuknap K —
HaMYHaHWHT WKKW 30H[ opacufar KUCMWHWHT KapLiuiun-
r, 5 — HaMmyHa KyHAanaHr KeCUMUHUWHI t03acu, /| — 30HS4-
nap opacuparn macoga. MKku 3oHANM ycyn 6unaH V Kom-
neHcaumsa ycynuga ynyaHraHga, KOHTaKT KapLUWAWTUHUHT
YN4YOBM HaTMXKanapura TabCupun Tyna WyKoTunagn aeinnrax
(OUKPHW KaHAalh xonaTaa YpWHAWM GYNULLIWHU aHWKNahIuK.
WNKKK 30HAM ycyn 6unaH ynyawja HaMyHaHUHT 3KBUBANEHT
ymamacuHu kypannuk (1.5-pacm). Yusmaga K»,  Ba

KOHTaKTNap kapwwunuru, K3l Ba K2 — 30HANap Kapwunuru,
K{—30Hg4 Ba K, KOHTaKT opacmparn HamyHa KMCMUHWUHT
Kapwmnuru, K 3oHg 326munaH K2KOHTaKT opacujaru HamyHa
KUCMWUHWUHT KapLiuanru, KA, /74 Ba K2 — kapwmnumknap
MeTan-apuMyTKasrmy yerapacmga okcug KatiaMmuHu Ba mno-
TeHUMan TYCUK KaTnaMmuHN Xocun 6ynunium 6unaH naingo 6ynu-
WM MYMKUH. KNYunK 103a11M mMeTann 30HS4 6unaH apuMyTkas-
rMY KOHTaKTNalraHa, Kapwuwanru karra 6ynmaraH karnam
X0cun 6yniMaca Xxam KOHTaKT KapLuuauru katta 6ynagu. 3oHa-
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1.5-pacM. VIKKU 30HANM ycyn GUNaH CONULITAPMA KapLUNINKHM
ynuawiaa HaMyHaHUHT 3KBUBA/IEHT CXeMacy.

nap 3aHxupuga Kupxrodh komgacura Kypa Kyinngarn ndoga-
HU é3aMu3:

N =13k [, 2+ J1+/2 ) +E] (1.11)

By epga: JIr — ranbBaHOMETPHUHT WYKWU Kapwimauru, [r—
yHAaH okaétraH Tok. (1.11) dopmynagaH KYpuHaguKu, no-
TEHUMOMETpAArun KyudiaHUW Ba HaMyHaHWHI 30HAJap Kuc-
mMura TywaétraH KyunaHuw (19) gaH S3l, An, A, 9Ar — kap-
WwuaMknapga /r — TOK X0CWU KWATaH KyuiaHu AUFUHAUCK
6unaH hapknaHagu. /=0 6ynraHga ynapgarv Ky4naHuwl Homra
TeHr 6ynn6, (1.10) dhopmynaga nHo6atra onnHmangn. LLyH-
fain kunn6, 30HANAp KapWUANTMHWHT CONUWTUPMa KapLlun-
NNKKa TabCUpU KyunaHWWHW KOMMeHcauua ycynu 6unaH
ynuaraHga MykKoTunagm, YyHKM Yn4yoB nantuga 3oHgnapaad
OKaéTraH TOK HOMra Kentupunagu: 6y mgean xonatra TyFpu
Kenagn. Xap KaHgain ac6o6 3aHXupaa TOKHUHT WYKAUTUHU
KaHfanamp xaTonuk 6unaH kypcatagu. Kaing KuamHuwu
MYMKWUH 6ynraH KW4mk TOoK Ir TT ra TeHr. 30HANAap 3aHXwu-
pupaH okaéTTaH TOK /=</rmin 6ynaan, TacogugaH /=0 6ynu-
WK xam MyMKuH. (1.15) dpopmyna 6unaH aHuknaHaétraH co-
NULITMPMA KapLUWINKHUHT XaTONNIn:

A TTwM + A2+ K+ KT) nn.
p T
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30HA1ap KapbuMAMI CONMLLTUPMA KapLIUINMK HaTWXana-
pura Tabcup Kypcatmac/iuri yuyH ynapHUHT KapLnanru iim-
FuHanCn P+ ANA+ AT 6Ynuwn kepak. AFAIX A 6ynran-
[la HUCOWIA XaTONMK MUHUMYM 6Ynagn Ba:

Ap_)fI.IJ

P~ 1

Arap 30HANap opacuarv KyuynaHu WYKWA KapLiwuauru
tokopn Om nn 6ynraH (J1>1(Y*) BONbTMETP-3/eKTPOMETpIAp
6unaH ynuyaHraHga 3oHgnapgaH OKaéTraH TOKMapHWHI Ku-
YMK 6YNMW WAPTUHK, SSbHMU 30HANAP KapLUUaMrura Tywaér-
raH Ky4naHuWWHW 3bTMbOpra onmaca 6ynaguraH LIAPOUTHU
TabMWHNAW MYMKWH. By xonga BonbTMeTp 6unaH

1K
=]
1+ (1.13)

Ay

KyuynaHuw ynyaHagu. by epga: fly  BOMbTMETPHUHI WYKK
Kapwmnurn., SX&An+ XK Ay 6ynraHga 1y=14 6ynagn. byH-
faH (1.2) ¢opmyna opkanu ConuWITUPMa KapLuMAnMK XMcob-
naHagn. Arap KyufnaHuWHW Ynyalija yHU aBTOMATUK KOM-
neHcauusnaHmaca, BOMbTMETP OWaaH KyulaHWWHMW Ynyail
Te3 6ynagn. Ogataa rokopu OM N HamyHanapga ConnLTup-
Ma KapLWAVKHY ynyawiaa safnekTpomeTpiap uwnarunagum. Mo-
TEHUMOMETP ULWNaTUAraHda Y HoMb acbobu cudatnga Kynna-
Hunagu. A, Ba K2KOHTaKTMapHUHI/3 HU aHMKNaLira Tabeupu
TYFpUCMia LWYHN adTUL MYMKWHKMW, arap 6y KOHTakTnap
KapLmWaNrn HoMbra TeHr 6ynMaca, HaMyHaHUHT YMYMUWA Kap-
WWANTY OLAAM Ba HaTWXKada TOK Kamasamn. JIeKnH TOK amnep-
MeTp 6unaH YnyaHraHW yyyH y Xe4y KaHgali Tabcup KypcaT-
maign. KOkopuaa KypcaTtunraHuaek, arap 6y KOHTakTnap-
fJaH TOK yTraHga KOHTaKT coxacupa 3apsf Tawysumnap
KOHUEHTPaLMSACUHN UHXEKLUS, SKCKNHO3NSA, IKCTPaKLMs, aK-
Kymynauua Tydainnm ysrapuwra omé kKenca, conuwTupma
Kapwuank ysrapuwy MyMKuH. KoHUeHTpaums y3rapaguraH
COXa KEHINUrn 3apsg TawyBUMMApPHUHT UKKK, Y4 auddysn-
OH Y3yHAuUrura TeHr 6ynagu, ogatgap KM4ukK anekTp maigoH
KyuynaHraHnurmga ynyaHagu.
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3oHgaapHn KxBa Kr KoHTakTnapgaH (a,>3£) Wy Mmaco-
(hagaH Katrapok 6ynraH macodaga >ohnawTupuo, XaTonmk
naingo 6ynuwmngaH KyTyauw MmyMKuH. by xonga andgysnoH
Y3YHUKHN KaManTUpmL MyMKUH. KOHUEHTpaLUAHWUHT y3ra-
py TabCUPUHU CycalkTMpWLL YYyH HaMyHaja KOHTaKT Co-
XACUHWHI CUPTUTa MUPUK KYKYHCMMOH Mogganap 6unad
nwnos 6epunaan, 6y 6unaH cMpT peKomMbUHaLWSA Te3nnuru
owwupunagn. Ynyos acbobnapy Ba KypuamanapHu 3MeKTp
6unaH TabMWHNALW TapMOFMAarn Ba YHW ypab onraH atpog
(hasogarn 3neKTpoMarHuT MailgoHnap Kypuamaga ysrapys-
YaH Kylumya (Kepakcus) — (napasuT) curHannap naiigo
KUAULWM MYMKWH. Y3rapyBuaH 3MeKTpPOMarHuT MaigoHnap
y3rapyBuaH CUrHaa xocun Kunagu. byHaaH y3rapyBuaH cur-
HaNHWHT Y3rapuil gaBpu Yn4yoB ac606napvHM Kailg KUanLL
BaKTUAAH Xyda KNuuk 6ynraHga, Kkarta 4yactoTanm CUrHanHW
Kaing Knamacnuru, yn4os ac6061apuHUHT MHEPLUOHANTIN Ty-
(halinm aca KOKOPWU YacTOTaM CUTHaNNapHW Kailg KuaMacnm-
rm Kennb unkagm. Jleknd 6y yHaai amac. Arap meTani-apum-
YTKa3ruy KOHTaKru 4ymsnkay 6ynmaraH BOAbLT amnep Xapak-
TepucTkacura ara 6ynca, yHaaH okaétraH y3rapyByaH TOKHUHT
AIOVNMWIA TALWKWA 3TYBUNCK BYXKYAra Kenagu. YHu yn4os ac-
606napu Kaiig Kunagu Ba ynyallHy KMANHNaWTMpaan. Y nya-
HaéTraH oigann curHan KM4mk 6ynraHu capu, goigacus

1.6-pacM. VIKKM 31eKTpoMeTp (NOTeHUMOMETp) GuiaH conmwTupma
KapLIUNUKHW Ynuall cxemacu.
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CUTHaNHW WYKOTUIW KuiAMHNawann. CuMNapHU 3KpaHnall-
TMPULL Ba TaXpuba KypuamacuHu epra ynaw éunaH doiiga-
CU3 CUTHANNAPHW KamManTupuLL MYMKUH. VKKK 30HANN ycyn
6unaH p HW Ynyawga gpoingacus curHaniapHU KaManTUpuLL-
HWHT camapanu ycynugaH 6upu 1.6-pacmga kentupunarad. by
cXemaHu 1.4-pacmpa KenTUpuaraH cxemagaH apku WyHaa-
KW, 6yHAa MKKUTA NOTCHLUUOMETP Ba UKKUTA HYNb UHAMKA-
TOp 60p. Hynb nHAMKaTop cudaTuga 3NeKTPOMETp UwnaTun-
nagn. M, Ba M2noTeHumomeTpnapaa Ky4naHuUWHW Y3rapTu-
pub, MKKWN 31eKTpoMeTp O, Ba 32 Aa Hyfbra spuwinnagn.
ByHgaii xonatga M, KyunaHuw 30HAMap opacuparn Kyuna-
HUWra TeHr 6ynagn. MaHa wynapHu 6unraH xongaruHa p
aHuknaHagu. MNoteHunomeTp M2 HUHT Basudacu LIYHAAKM,
Xyfa KaTTa 6ynmaraH WYKWM Kapwuanrn opkanu 3oHAnap
opacugarv KyuynaHuwHW YnyaiguraH 3aHXUpHW epra ynai-
OW. YHUHT épAamuja HaMyHa Ba MOHTaX CUMIapUHWU 3K-
paHcu3 xonarha conuuwTupmMa KapwmunmkHm 1020m. cm radva
ynuaw MyMKWH. Y SpUMYTKa3rnyaM HamyHanapHWHE Xocca-
NapuHN TeKWNpULaa KeHr KynnaHunagm.

6. bup 30HLW yCyn.

Bup 30HANMM yCcyn 6uUnaH CONMLWITAPMA KapLUUIMKHK Yavaly
YCYNN MKKW 30HAN YCYTHUHT 61p KYypuHUwnamp (1.7a-pacm).
ByHfa NOTEHUMOMETPHUHT 6UP Y4M TOK YTKa3yBUM KOHTAKT-
napgaH 6upun, macanaH, K, 6unaH ynaHagu, cupTgarv 30H[
Ky3fFanyByaH 6ynagn. by 6unaH 3oHAuaH K, — KOHTaKTraya

1 7-pacm. Bup 30HAAM ycyn 6unaH conuwTMpMa KapLUWANKHWU YnYallHUHT
cxeMacy (a), HaMyHa 6yinab noTeHUMaNHUHT TakcumnaHuw Typnapu (6).

16



o6ynraH mMacoaHu y3rapTupuwl MyMKuH 6ynagu. Macoda-
HUHT UKKW KniimaTuga 30H4 6unaH K, — KOHTaKT opacuja-
M KyynaHu YnyaHuno, conuwtmpma kapwmnumk (1.2) ra kypa
Kyingarn hopmyna 6unaH aHUKNaHagw:

D~ 7?/ y()j\”/)__i\(/xa) (1.14)

L (x) — HamyHagaH yTaéTraH TOK / HUHT KXKOHTakTAaH
30HArava 6ynraH KMCMuUAa X0CUN KWaraH KydnaHuwun. byH-
[la KOHTaKTHUHI CO/IMWITUPMA KapLUU/UK HaTuXacura Tab-
CUpPW MIOCK 30HANM YCYN K36WM 6ynagn. By ycyn HamyHanap-
HW BUP XUHCANAUKKA TeKWmnpuiiaa, 6mp XXnuHcam 6ynmaran
HamyHanapga CoNMUWTMPMA KapLUAUKHU HamyHa Yy3yHAuUru
X 6ynYa TaKCUMOTMHMW aHMKNALW a, KOHTaKTAapHU OM KOH-
TaKTura TeKWnpuLwaa, ToK YTyBUM KOHTAKTNapPHUHT KapLiun-
AUTUHW TONULIAA KYNAaHUWN MYMKWH.

U(x) Hu1 anddepeHymannab KyiugarmHm TonaMmums:

p ( X ) - (1.15)

HaMyHaHWHI GepuaraH Hykracupgaru conuMwitupma kap-
wunnk 1/(x) rpaduKHUHT X HyKTacura yTKkasuaraH ypuHma-
HWHI TaHreHcura nponopuyuoHan. 1/(x) HM macodara 60f-
nmknurn 1.76-pacmpa kentmpunraH. Yunsmagaru 1-60fnaHumi
K} KOHTaKT Kapwunanrm Ak = 0 6ynraH 6up XUHCAN HaMyHa-
ra; 2-K1 KOHTaKT Kapwuniru JIk= 0 61p XUHCAN GynmaraH
HamyHara; 3—4—A, KOHTaKr kapwunaurn A~ 0 6ynraH moc
paBuLLIgA 6UP XXMHCAM Ba OUP XXMHCAM 6GYnmaraH HamyHa-
napra termwnmamnp. 3 Ba 4 rpadmknapga =0 ga KyynaHuu-
HUHT cakpawmn £ — KyynaHULWHW KOHTAKT Kaplumanrura
TyWMWKY 6unaH 60fFNaHraH. YHUHT Katranurm SN=n”"1 6unaH
Tonunaan. KOHTaKT KapWwuanrMHu BYXXyara KenTupyBUn Kat-
NAMHUWHT KQMHANTA KWYUK Ba 30HA 6unaH KapwuankHu 6y
coxafarm TakCMMOTMHU TEKLIUPUG KYpULL MYMKUH 6Ynmaii-
on. By 6ofnaHuwnap Kr koHTakT OM KOHTaKTu 6ynraHja
ypuHan 6ynagn. Arap 6y KOHTaKT OMMK GynMaca, X =a ja
KYUYNaHULWHWUHT cakpawy KysaTuauwm kepak. Opataa KOH-
TaKTNAPHMHT XYCYCUATU BONbT-aMMep XapakTepUucTUKacuHu
ypraHvw opkanu aHuKnaHagu.
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1.8-pacm. Bup 30HAAM ycyn 6unaH p(X) HWU aBTOMATMK yayall cxemacu:
V —30Hp Tesnnru, KT — Katog Takpopnarud, K — kyuyaiitupruy,
Y E — y3u é3ruu.

Bup 30HANW YCYNHN APUMYTKA3rMYy MOHOKPUCTaNNapuHUHT
KNUYMK coxanapugary HYKCOHNapWHW YpraHuwra kynnawiga
30HA4 V —Te3nuK 6unaH cupt 6yiinab xapakatnaHagn. 30HA
6unaH KoHTakTnapgaH 6upu opacupa naingo 6ynraH Kyuna-
HUWHK auddepeHymannosumn AC 3aHxupra 6epunagun. Ly
cababnm KoOHAeHcaTopAaH yTaéTraH TOK yHra TywaéTtraH Kyu-
NaHULLHUHT Xocunacura nponopuuoHan:

(1.16)

OnddepeHUannoBym 3aHXUPHUHT goUMUIA Bakru, X =AC
eTapin KN4YmK 6ynraHga A — KapluavMkKa TywWwraH Kydna-
HULW

an r
U=1A=AC —~=CA—-=A ¢-V— =KCY-p(x) (117)
a Ox X

ngoga 6unaH aHWKnaHagu. Ysnésap ac6o6 6unaH Kaiig
KUIMHFaH $ Kaplwumankgarn KydnaHuw conauwTupMa Kap-
LWWMKKA MPOMopLuoHan 6ynmé, r HUHr HaMyHa 6yinya Tak-
CUMOTUHW KypcaTagu. YCYNHWHT HOOUPXUHCAUANKHUA Kalig
KUNL KOBUANATM KY3FanyBUM 30HA AUAMETPUra, YHU KY3Fa-
avw Tesnurura, V ra, acbobnapHuUHr cesrupaurnra xamga
AC — 3awxup napametpura 60fnunK. bup 3oHANM ycynga
ypTaya conuwTupma Kapwunamk soHg 6unaH HamyHa KOH
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TaKTnaluw t3acura Moc Kenagu, 6yHpaH KypuHaguku, 6up
KUHCIM 6YIMAraHNMKHUHT 9HT KUUYUK KYNamMu 30HAHUHT
KOHTaKTnawmw guameTtpu (lgaH owmangu. Ynuyaw yusma-
CUHUHT UHEPLMOHANTU UKKW BOMMUIA BaKTHUHI 3HT KaTTa-
CU BunaH aHWKNaHagW: 3aHXUPHWHT goumunii Bakru KC=r
EKN Kailg KnnyBuM ac6061apHUHT JOMMUIA BaKTW ragup. by
KaTTanuknap 30HAHWHI CYpUAWL Te3NUTMHKU Yerapanangm.
Xap 6mp goumunii Bakr KC=T&kun rac! — macothaHUHT 30HA
YTULL BaKTUAAH KMYUK BYNMILIN Kepak:

+>KC Ba |>ra (1.18)

ByHpait xonga, APUMYTKa3rMUHUHT KOHTaKT KapLUUANTK KK-
UMK Ba 30H[ XapakaTnaHraHga ysrapmaiign ae6 dapas KMnmH-
raH. Xakukartga, arap KOHTaKkT Kapwuaurn akaT KOHTaKT-
HWHI TapkanraH kapwuaurum 6unaH aHuknaHca (1.8-8 ra
KapaHr), y xonga paguycu ~ 10 MKM 6YnraH KOHTaKT Y4yH
conuwTtmpma Kapwuaurn 100 Om. cm 6ynraH HamyHaaa KOH-
TakT Kapwunurn 20 kOm ra etagu. 30HA HaMyHa 6Yyiinab
xapakaTnaHraHga Kyuuil Kapliuauru, 30H4 6unaH apumyT-
Ka3rMYHUHT xap 6vp HyKTafa KOHTaKT/lalwul H3aCUHUHT
y3rapuwm Tyainm Kyunu yrapuwn MyMKuH. byHaa yusma
6vp Bakrga COAMITMPMA KapLWWAWKHWUHT HaMyHa 6Yiinua
TaKCUM/IAHMLLIVHN Ba KOHTAKT KapLUUINTUHUHT TebpaHuum-
HW KaBj kunagun, HaTukanap aca kantapunmaingn. KoHTakT
KaplWuanruHn TYFpU YAYalHUHE 3apypuin wapTu

6ynagn. KIp — Kailf, KWNYBUM KYPUSIMAHUHT Tyna KUpULL
Kapwuamrn, AK — KOHTaKT KapLUWIUTUHUHT Y3rapuiin.
LyHu TabKugnaw Kepakku, 6up 30HAAM ycyn 6unaH yarap-
Mac Ba y3rapysB4yaH TOKMapAa COMMIITUPMA KaplwWUINKHM
ynuaw MyMKWH. Y3rapyBuaH TOK 6unaH ynyawga 30HAAaH
KYUYN3HWULIHU ONAWH aXpaTyBYM KOHAEHcaToOp OpKann Ka-
TOANWN Takpopnaw Kypunmacura 6epunagn (byHga KatTa Kap-
WWAVKAN KUPWLW CUTHAIMHN KUYUK KapLIWIMKAN YUMKALL
CUTHaNMra amnauTyJacuHu y3rapTupmai aiinaHTupub 6epa-
4K), CYHr curHan TyfpunaHagm Ba gngdepeHLnanioBym 3aH-
Xupra 6epunagu. By ycyn 6unaH HamyHanapja ConuLITMpMa
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Kapwuank 250 OM. cMm raya 6ynraH opanukua ynuyaHrakaa,
XaTonuk 5% paH owmangn. ConuwTupMa KapLmanru Katra
6ynraH HamyHanapHu ynyawga KOHTaKT KapLUUAnr oW mn
6unaH BOFNINK XaTONUK Maigo 6ynagu.

By ycyn 6unaH conuwitupma KapwuavkHW YAYalHWHT
Ky 4yerapacu YHWHI Ku3uwm 6unaH yeknaHraH Ba 0,005
Owm. cm TapTubuganump. KysfanyBuaH 30H[ cudatmja KaTTuk
maTepuannap (mMacanaH, Kapbua-KpemMHWin) cumaapu xamaa
guameTpy 2 MM v gyManaiguraH nynat wapgaH scanraH
30HA MaHUNYNATOPU ULWNaTUNAgU.

1.3-8 TYpT 30HANN yCyn

ApUMYTKA3rMYAN HaMYyHanapHWHT CONUUITUPMA KapLuu-
NVKNapuHKM Ynuaw ycynnapugaH 6mp kKaHuya ad3aninknapra
ara 6ynraH 4-30HANM YCyn KeHr KynnaHunaau. byHra ynvaiu
(MeTeponoruk) KypcaTKM4MHUHT FOKOPUAUTUHK, Ynyall yuyH
HaMmyHanapra OM KOHTaKrnapuHu onuw Tanab aTuamacniu-
rMHW, 6MpP TOMOHM fiCCU TEKUCAWKAAH MbBopaT LWakIu Ba
ynuamnapu xap xun 6ynraH xaXMmuii apuMyTKasrny HamyHa-
napvHu xamja Kyn KaBaT/u CTpyKTypanapfa anutakcuan,
A dY3NOH KaTnam CONULLITMPMA KapLUWIWKIApUHU ynyall
MYMKWHIMTUHW KYpcaTUL MYMKWUH. By ycyn 6unaH xaxmuii
MOHOKpUWCTannapga, nnacTuHka (TaxtaCMMOH) HaMyHanapwu-
Ja conMwTupma KapwunmkHm 10 4r 103 OM cM opanukaa,
anuTakcuan, ANpMQOy3noH cnpT Kapwuamrmim 1A5- 105 Om
opanvkaa ynuaw MyMKUWH.

TYPT 30HANM YCYTHUHT 6UP KYypuHUWK 1.9-pacmaa Kypca-
TUAraH. bup TOMOHK ficcy TeKUc cupT 6unaH yerapasaHraH
APUM YEKCU3 HAMYHaHWHT cupTura 6up 4YmsMkLa >Koinnaw-
raH TYpTTa yuu MHTMYKanawTupuaraH MeTaii 3nekTpognap
(30HANap) XohnawTMpuaraH. KK 4eTKun 30HALAH TOK YTKa-
3unagM Ba UKKW YpTa 30HANapAaH KyunaHuw (30HAnap opa-
cuparn noteHuuannap anupmacu) ynyaHagu. by ukku kat-
TaMK — TOK Ba Ky4YnaHuL OpKaau COMMUTITMPMA KapLUWanK
aHukKnaHagn. Ycyn Hasapuacu Banbgec TomMOHuAaH 1954
nnnga apatunrad 6ynu6, ApMmMyTKasrny Ba 30HAHU KWUYMK
t03acu 6UaH KOHTAKTNAWTraH HyKracugaH TOKHUHT ApUMYyT-
Kasrmyga tapkaauwinra acocnaHraH.
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1.9-pacm. SpMMyeKcr3 HaMyHanapga cConmuTpMa KapLnamkHu TypT
30HANM ycyn 6unaH ynuyaw cxemacu (0), HyKrasuii 3oHg Mogenu (6).

ConmwTnpma Kapwunmk p Hu ToK (1) Ba KyynaHuw (/)
6unaH 6ofnaHraH MpogacuHU TONULW YYYH APUM YEeKCu3
(Yynuamnapu 3oHAnMap opacugarn macoga 5 gaH ypga Katra,
(8, B & >8) HaMyHaHUHT AccK CMPTU 6MNaH KOHTaKrnaw-
raH afnoxuja O/IMHraH HyKraBWidi 30H[ 4verapacupaH Apum-
yTKasrmyra ToK Tapkanuw mMacanacuMHu eumnil Kepak (1.96-
pacm). ApMM YeKCM3 HamyHanapfa HyKraBuii KOHTaKTnaLl-
raH 30H4 6wunaH SpMMYyTKasrMy derapacujaH TapkanaérraH
TOK, MoTeuman TakCUMOTKU CepuK CMMMeTpuaAra ara 6yna-
an. by xon yuyH OM KOHYHWU

(1.19)
Ba TOK 3UYNTUTUHWUHT
Kr) =5 (1.20)

ngpoganapmaaH oganaHn6, HamyHaga noTeHUMan TakCum-
NAHULLIVHU TOMAMM3:

#)-+ +A @21)

6y eppa, J1-y3rapmac KaTTanuk.
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MoTeHUMan uwopacu TOK WyHanuwmn 6unaH aHUKNaHa-
AW, NCTanraH HykTajaru noteHuuan xap 6up TOK 30HANapu-
HUHT XOCWUA KWATraH NOTeHUWannapuHWHT AUFUHAUCUAAH
nébopat. HamyHara KupaéTraH TOKHWHI XOCW/A KWAraH no-
TeHumann mycbar, UMKaéTraH TOKHWUHT XOCWA KuaraH no-
TeHUManm aca MmaHpuin 6ynagn. [emak, yn4oB 30HANAPUHUHT
KOHTaKTnapugaru 2 Ba 3 noteHuuannapu 1 Ba 4 30HANap
XOCW KWAraH noTeHumannap nuenHancura TeHr. Tok iyHa-
ANWKWHK, AbHKU 1 Ba 4 TOK MaH6anapu XoCua KuaraH noTeH-
umannap vwopanapuHu Hasapfa TyTraHga 2 Ba 3 HyKranap-
paru noteHumannap ndogacu (1.21) ra kypa Kyinmpaarn Kypu-
HULIHW onagu:

(1.22)

NKkn nukn (2 Ba 3) 3oHANapAarn NoTeHuUmnannap anmpmacu-
HUHT KyuynaHuw Tywysu L3 kyiugarnya 6ynagw:

(1.23)

3oHanap opacugarn macoganap 6up-éupura TeHr (5,=52=53=5)
6ynraHga (1.23) gaH conmwTMpma KapLlwuink ngogacu Kyi-
naarn KYpuUHULLIHW onagu:

p="--215 (1.24)

14

TYpT 30HANMN yCyn BMNaH CONUILITUPMA KapLUUAWKHN aHUK-
nawfa 30HANAPHUHT UCTanraH UKKUTacuiaH TOK YTKasub,
KOMraH MKKMTacugaH KyuynaHuwHy ynyaw MymkKuH. By xonga
(1.24) Hwn

(1.25)
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KYypuHuwaa ugoganainmmns. byHaa £* 30HANapHUHT YyM3Mara
ynanmwura kapab, xap Xun KuimatnapHu kabyn kunagu
(1.1- »agBanra KapaHr)

1.1. >kagsan
3oHANapHUHT Tok KyunaHuiu 2+
ynsmara yTaguraH ynuyaHaguraH a, b» 3,
a, b (1» 8

ynaHuwm 30HANap 30HANap (1«3

1 1-4 2-3 2n 4,532

2 2-3 1-4 2n 4,532

3 1-3 2-4 bn 15,5

4 2-4 1-3 3n 15,5

5 1-2 3-4 6n 21,84

6 3-4 1-2 61 21,84

F* —apum 4yeKcu3 KanuH HamyHanap Y4yH,

F2—sapuM Yekcus tonKa HamyHanap yyyH Ty3aTuil Kosgdu-
uveHTnapu. >XKagean TaxuMauaaH 30HANAPHM 4Yu3Mmara yna-
HUWKuaa 1- Ba 2-yCynnapHUHT ad3aniMrMHN Kypamus, YyH-
Kn ByHgain xonnapaa ynyaHaéTraH KyynaHWLI 3HT KaTTa KUii-
matra spuwagn. YMymuii Tapsga spuM Yekcu3 HamyHanapga
NOTEHUMANHUHT TaKCUMOTMW, ABbHW NOTEHUWANHUHT (I) Ma-
cofhara 60FNNKNUTN CHEPUK KOOPAMHATA cucTemMacuga ngo-
JanaHrad Jlannac TeHrnamacy e4MmmugaH tonunagn. bus kypa-
éTraH mMacanafa noTeHuman chepmnk cuMmeTpus 6yinya Tap-
KanraHamrmHm xucobra onmb, Jlannac TeHrnamacuMHUHT thakat
(r) ra 6oFNK Xagu Kypunagw:

ALAX)L0 4B

Nannac teHrnamacy (1.26) HM r = 0 Hykraga myc6ar, maco-
(haHWHTr Xyda KaTTa KuiMaTuga Honbra WHTWAYBYU, SHHU-.
r= 0 pa <p()>0 Bar-*« ga <p(r)-+ 0 yerapaBuii WAPTHN KaHO-
aTnaHTUpyBUYMN e4YnMK
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pn=~ +A (1.27)

o6ynagn. VIHTerpannaw goumuiicn (C,) r =r0ga mMaifoH Kyu-
naHrawwruHn E (rQ ra TeHrnnk waptuaaH Tonunagu:

Em 1>

KOkopuga anTunraHmgek, 1~ , pagnycn 10 ra TeHr
6ynraH spumwap cmpTuaaH okaétraH TOK 3uunurnamp. VK-

KUHYM TOMOHAaH, E(r0) wvm (1.27) gaH doiiganaHrad xonga
Kyinngarmya é3mw MyMKUWH:

Ell=~g - (1.29)

by ukku (1.28) Ba (1.29) noganapaaH WHTerpannaw LOw-

muiicn (C,)
el

6ynagn. Nutedannaw goumuiicn (C,) Hu (1.27) ra Kyiicak,
xygam (1.28) ra yxwaw nihogaHn onamums.

Conuwtmpma KapwuankHu TYpPT 30HAAM ycyn 6unaH
ynuaw” WwapTnapuHn Tabkuanab yTuw sapypaup.

1. YnuoB 6Up XWHCAM HaMyHAHUHT fCCU TEKUC cupTmnga
H6axapunuwn Kepak.

2. KoHTaKT opkanu acocuii 6ynmaraH 3apsj TallyBumniap-
HUHT MHXeKUuuUacn 6ynmacnurn kepak. by cupt pekoMmbuHa-
UMA Te3nmrn Katra 6ynraH HaMyHanapga Kysatunagu, o6y cmp-
Tra mMab/jym WLWoB Gepul 6unaH apuwnnagn.

3. TOKHUHT cupT 6Yiinya cupkuwiy (oKuwmn) 6ynmacamri
Kepak.

4. 30HANap HamyHa CMpTW 6unaH HykKTaja KOHTakTnal-
raH 6ynuwu Ba 6up 4mMankKLa ETULIN Kepak.

24



5. TOK yTKasyBuM 30HANap 6unaH ApMMyTKasrmy HamyHa
CUPTU Yerapacuja 30H4Map KAYMK paguycin spumiuap Kypu-
HUWKgA B6YNMIWIN Kepak.

6. 30HANApPHN HaMyHa CUPTU BMNaH KOHTaKTawraH t3a-
CUHUHT fuameTpun 30HAap opacugarn macodagaH >yaa Ku-
YUK GYNNLIN Kepak

LLyHn acnatmb yTuw Kepakku, Kyn xonnapga sapumyT-
Ka3rmy HaMyHanapy aHuK reoMeTpuK ynyamnapra ara 6yna-
OV Ba 30HANAp 6unaH HamyHa Kuppacu opacugaru macodga /
30HANnap opacupgarn macotha Taptubu 6unaH 6up katopaa
6ynagn, 6y TOK 3MYAUTMHUHT NOTEHUMaNn TakcumoTuaa cde-
PUK CUMMETPUS KOHYHWHWUHT Oy3uauwunra onmb kenagw.
Hatmxaga (1.24) dopmyna 6unaH aHMKNaHraH conuwiTupma
KapLWWANKHUHT KNAMaTK XaKUKWIA KnidimatgaH dapkam 6yna-
AN, SBHU XaToNuKKa oMb kenagu. LLUYHWHT yuyyH ymymuia
X0N4a P HUHT XaKUKUIA KUAMATUHWU TOMULL YYYH APUMYEK-
CU3 HamyHanap ydyH ypuHnu 6ynraH (1.28) copmynara Ha-
MyHa Yn4oBfapura Ba 30HANAPHWUHI HaMyHa cuUpTUAAa XKOi-
naHuwmnra 60FNuK 6ynraH TysaTuw QyHKumacu (F) Kuputu-
nagn Ba (1.24) kynngarnya mndopanaHaiu.

p =y 2n5F (1/5) (1.31)

Bab3n 6up xonnap yyyH Ty3aTuil YHKUUACUHU KYpub
YNKannK.

1. ApnmMyeKcus, SbHU TeOMeTPUK Ynuamnapyn 6up Ynsmk-
[a XolinawraH 30HANap opacuparu macogagaH Xyfa katra

1.10-pacM. ApPUMYEKCH HAMYHaHUWHT 3MeKTp YTKasyBYaH (a), nsonstop (6)
MyXUT 6UnaH YerapasiaHraH TOMOHWIa 30HAMaP YM3UFN TUK BynraHaa
Ty3aTuw PYHKUUACMHMN xpMcobnall Mogenn Ym3Macu.
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6)

1.11-pacm. 30HANAP YM3UFU APUMUYEKCU3 HAMYHAHUWHT yTKadyByaH (6)
n3onATop (B) MyxuT 6unaH yerapanaHraH TOMOHWra napannens 6ynraHga
Ty3aTvw yHKUUACMHK xucobnall mofenu ynsmacu. Convwtupma
KapLUWIVKHU TYPT 30HAAM (KBagparT) ycyn 6unaH xucobnaw (a).

6ynraH HamyHaga (a, b, c!>5) 3oHgnap éTraH TEKMCAMK Ha-
MYHaHWHT yTKasyBYaH (MeTann karnam — OM KOHTaKTu) éku
TOK yTKasmanhgnmraH myxuT (MacanaH, XaBo) n3onatop 6unaH
KOHTaKTNalraH Jerapacura TUK Ba napannen 6ynacuH. bu-
PVHYM X0NAa 30HAMAPHUHT YETKM 30HAM, WKKWHYM Xonga
30HANap TEKUCAUIM HamyHa 4yerapacuiaH / macodaga >KoW-
nawraH (1.10 Ba 1.11-pacm).

Ty3aTu OYHKLMUANAPUHN 3/1eKTPOCTaTMKaja KeHT Kyna-
HUNaguraH Kysryga tacBup ycynum (MeTof 3epKanbHOro 13ob-
paXKeHUs) opkanu xmucobnaHagu.

MabnyMKu, HaMYHaHWHT GUPOH CMPTK TOK YTKasmaigu-
raH MyxuT (xaBo, 130/14T0Op) 6unaH YerapanaHraH (KOHTaKT-
nawraH) 6ynca (1.106-pacm), Wy cMpTaa TOK 3UYSTUTUHUHT,
3MEKTP MalioH KyYnaHraHAUTUHUHT TUK (HOpMan) TallKu
3TYBUMCK HOMra TEHT Gynauu.

P,=0; E =0 (1.31a)

Arap HamyHa cupTu yrkasyByaH MyxuT (OM KOHTaKTun) 6u-
NaH YerapanaHraH 6ynca, Ly cMpTAa YHUHT NOTeHLManu Homra
TeHr 6ynaum (1.1la-pacm):
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*>(0)=0 (1316)

Ky3ryga tacsup ycynu 6unaH Ty3aTull QYHKUUSNAPUHUHT
aHaNMTUK MoJacHHM aHMKNAW YYyH HaMyHa CUPTU KaHgai
MyXWUT 6unaH KoOHTaKTnawraHaurura kapab (1.31a) éxku (1.316)
WapTnapHu 6axapuinwnHN TabMUHIO0BYN CUMMETPUK XOIA-
NaWTUPWUATaH MaBXyM HYKFaBuii TOK MaHb6anapu xoinaw-
TMpUNagM Ba NOTEHUMan 30HANAp KOHTaKTMalraH Hykrana-
pugary HaTvXaBUin NOTeHUMannapuHN xamga WUKKW 30H[,
opacmgaru noteHuumannap anmpmacu (noTeHuuman TyLyBwW)-
HW Tonmuw Kepak 6ynagu. Mucon yuyyH 3HT COAAa XO/HM
Kypaiinnk. 3oHgnap 6mp 4M3nKga >KoknawraH 6ynun6, ynap
opacmaarun macoanap TeHr 6yncuH (5,=~="~=5). 3oHanap
(BTraH TEKMCAMK) YM3UFU TOK YTKasMaiguraH MyxuT 6GunaH
yerapanaHraH kuppacura TUK 6Ynmb, 4eTKM 30HAM 4erapa-
JaH / macodaga »onnawcuH. HaMyHaHWHT KonraH TOMOH-
napu 5 gaH XXyga katta macodaga 6ynum6, noTeHuman Takcu-
MoTura Tabcmp Kypcatmainam (1.10-pacm). by xonga kapana-
éTraH éH cmpTngaH 1— macodara CUMMETPUK >KOMNaLITU-
puaraH Gump Xun uwiopann maexym Hykrasuii (5 Ba 6) TOK
MaHb6anapy (1.31a) wapTHM GakapuaWWMWHWN TabMUHMAARAN.
MoTteHuman 2 Ba 3 3oHAnapga TyptTa (1, 4, 5, 6) HykTaBuii
TOK MaHb6anapn X0CUM KuaraH HaTuXaBuidi MoTeHUMuannapu

28 28+2/+ 55+2/)+ /1 0-32)

_2A25 "7 5420+ 45+2)+A (1-33)

o6ynagn. VKkn unykm (2 Ba 3) 30HAnapgary noTteHumannap
anmpMacum — KyunaHuw TyLlyBu

VI%=VIF~ (I+— Eroooooeees — +— — ?
2 3 2n5 1+21/8 2+21/8  5+21/8
(1.34)

KYpuHUwHY onagu. (1.34) gaH conuwiTupma KapLluankHu
(1.30) kKypuHMWAa Uoaanacak, Ty3aTUl QYHKUKUACK
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+21/8 2+21/8 4+ 21/8 5+ 21/8
(1.35)

oynuwnuruHn kypamus. HOkopuaa kainfg aTunraH 6oLika
X0narnap yyyH TysaTull (YHKUUANapW, MaBXyM HYKTaBuUid
TOK MaHO6anapuHuHI XoinaHnwun 1.2a-xafsanja, ynapHuUHT
xap xun 1/5 yuyH kuitmatnapu 1.2-xafsanga KenTupuiarat.

1,26->kazBan

1/8 FXT Fp/5) F<(1/8)

0 1,82 0,62 0,5 o0

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

Xapggan Tax mnungaH KypuHaguku, / >3*Y6ynraHga xamma
KYpuUnraH xonarnap yyyH Ty3atuil yHKLmanapy 6upra sKuH.
LLIYHWHT YyuyH YHM UHOGaTra onuw wapT 6ynmaingn. Hamy-
Hanapja conuwiTupMa KaplwuinkHW aHukfiawja 3oHanap-
HUHT TOMOHWM 5 6ynraH KBagpaT yuura KonnawTupunaras
ycyn 6unaH xam aHuknaw MymkuH (1.1la-pacm). by ycyn
6unaH conuwTMpma KapwuinkHu aHuknawga 1sea 2 30H4-
napgaH | Tok yTKasununb, 3 Ba 4 30HANAp OpKanuM NOTeHUM-
annap anMpmacy aHuKnaHagn. ApMMyYeKcn3 HaMmyHanap yyyH
(a, b, c1>5), abHKN, HaMyHa ynyamaapu 30HANap opacugaru
macotafaH XXyaa Katra 6ynraHga ConuwITUpMa KapLiuamk

n34 2n8

p= 0-39»

thopmyna 6unaH xucobnaHagu.
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3oHA4Nap APUMYEKCM3 HaMYyHAHUHT BMPOP TOMOHWIA 30HA-
nap opacugarn macodga TapTubuaa xoinawraH 6ynca,p HUHT
Ty3aTuLW PYHKUMACK xmucobra onvHaguraH

(1.40)

ngpopa bunaH aHMKnNaHagm.

Tysatuw gyHkumacu FAL1/5) HUHT xap Xun xonatnap yyyH
aHanuTuK ngopgacn 1.3a-xafgsanga KentupunraH. by ¢yHK-
uusnapHu xucobnawnapfaH KypuHaguku, GupopTa n3ons-
uusnaHraH éku yTKasyByaH KuppagaH / — mMacodaga TOK
30HANApY NepneHANKYNap KW napannen onawraHga Kup-
pPaHWHI TabCUPWMHW Xncobra onaguraH TysaTuw QyHKLusna-
pn 1/5>b ga 6upra aKuH.

HamyHa ynuamnapun (3HK, 6Yiin, AMaMeTpu) YeKcus Katra
(a, b>5), NeKWH KanMHAUTK 30HANAP opacugarn macoda
TapTubmaarn naactuHa KypuHuwunga 6YncuH.

By HamyHanapfa coOnuITUPMAa KapLWANKHWU aHuKAaLl
APUMYEKCU3 HamyHanap Kabu Tys3aTuil (QYHKLUWACUHWU TO-
nuwra Kentupunagu. AMmo 6y xonga xam OCTKU, XaM YCTKU
cupTnapugarv waptnap 6up BakTAa 6axapuavin Kepak.

Arap HamyHa OCTKM caTxy TOK YyTKasyBYaH MyxuT (Om
KOHTaKTW) GunaH yerapanaHraH 6ynca, (1.12a-pacm) tokopu

n-3@¢/~ Py *

M-/ I'h

1.12-pacm. OcTKM cupTu yTKasys4vaH (0), guaneorpuk (6) Myxut
6unaH yerapanaHraH nnacTMHKanapja MaBXxyM TOK MaH6anapuHuHT
XOonnaHuw TapTubm.
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cuptnga yr=0, E=0, ocTku cuptnga <p=0 waptnapu, arap
OCTKM CaTxy TOK yTKasmaiguraH nsonsatop Myxut (macanaH,
XaB0) GmnaH yerapanaHraH 6ynca. 1.126-pacm UKKW cupTuia
yr=0, E=0 waptnapn 6axapuinwin Kepak.

HamyHaHUHI OCTKM CUPTK YrkasyByaH MyXuT GunaH ue-
rapanaHraH xonHu kypainuk (1.12a-pacm). By xonga ocTku
cuptmnga >=0 wapT 6axapunnwn yuyyH (n=-1) ga HamyHa-
JaH nactga v macodgaga (/') Ba (/+) mMaBXym TOK MaH6ana-
PUHK XXOMnawiTupaMma, nekKMH ycTku cuptuga y,,=0, .£=0
TOK 3UYIUTMHUHT HOPMan TalWwKua 3TYBYUCUHWHT HONMa TEHT-
MK WapTn By3unagn, YHUHI Gaxapuauwmy ydyH (nnactufa)
HaMyHaycTku cuptugaH (n=+ 1) ga 2(macodara (+/) sa (-/)
TOK MaH6anapu xoinawtupunagmn, 6y 6unaH ocTKM cupTLla
<=0 waptn 6y3mnagn, OyHM KaHOATMAHTMPULLM YYYH AHA
n=2 pga 2ii macothaga TOK MaHGanapy Kuputamms, Oy TOK
MaHO6anapuHW XOonnawTUpuL YeKCcn3 Kyn MapTa TaKpopnaH-
raHga (1.12-pacm) HamyHaHWHI OCTKMW Ba YCTKWU cupTnapuga
(1.31a, 6) wapTnap 6axapunagn. Arap HamyHa OCTKW CUPTK
n3onAunanaHraH MyxuT 6unaH yerapanaHraH 6ynca, WMKKW
cuptnga (1.31a) wapTt 6axapuamwn xygam rokopugarura
yXwalw KeTMa-KeTnmkaa mycéat (+/) TOK MaH6ay TOMOHMU-
[la MycbaT MaBxym TOK MaHb6anapuHu, MaHguid (-/) TOK MaH-
6an TOMOHMAA MaH(pWUA MaBXym TOK MaH6anapuHW 4YeKcu3
KYyn MapTa Takpopnab >xohnawTtupuw kKepak (1.126-pacm).
ABBangaH aTunaraHugek, 2 Ba 3 Hykranapgarvm noteHuuman-
nap 4ekcu3 Kyn TOK MaHb6anapu X0CUA KWaraH noTeHuman-
nap AnFMHUcUra TrHr. TOK mMaH6anapuHWHI ULIOPAaCUHK
xmucobra onraH xonga 12Ba £3nap oCTKM CUPTKM YTKasyyuaH
MyXWUT BMnaH YerapanaHraH HamyHa yuyH (1.2) ra kypa

A2=A T(-1r{["2+ W25 - [(25)2+ (2")2p |+ n

(1.45)
=AE (-1)UWL1(252+(27)2p -[(E2+2(ImY~" +A

(1-46)
ngpofdanap 6unaH aHuknaHagn.
By ukkn TeHrnamagaH LP3=TP~ Hu TONM6 conuwwrmpma
KapLUUanKHY
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(147)

KYypuHuwga ngoganainmms. TysaTuwl yHKUMACK K>'nparn
KypuHuwra ara 6ynagu:

*(’)) M<‘$ 1+ 4n2- 42)) 4+4n7*2" 2

(1.48)

FOkopuaarn ycyn 6unaH xmcobnawl WMKKU TOMOHMAaH TOK
yTKasMmanguraH Myxut (M3onsatop) 6unaH 4yerapanaHrad
KaIMHAUTU 1 — BYAraH HamyHa yuyH Ty3aTul hyHKLMAcK

Y
A D |
() W42 eans) 1-(4+ame )1

(1-49)
6ynuwnHn Kypcatagu. £,(<*$) Ba N<1/5) dyHkumnsanapHu (ii/6)

HWHT Xap Xun KuiimaTnapugaryu HaTvkanapu 1.36-xagBanga
KeNTUpWAraH.

1.36->kaggan

é/8 0,1 0,2 05 1 2 3,333 5 10

1,9-10-6 3,42-10~3 0,228 0,683 0,983 0,988 0,9948 0,9993

13,86 6,139 2,78 1504 1,094 1,0228 1,007 1,00045

XKagBan HaTwkanapu TaximnugaH KypuHaguku, &i/5) ea
82d/5) napHuHr kuiimatnapu (1/5>A 6ynraHga 6upra UHTU-
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nagn. Nekun £2 (4/5) ¢yHkumsa (*//.5)HuHr 0 gaH 0,4 rava
o6ynraH opanufuga (cl/8) 6wunaH TYFpU UYM3NKNU BOFNaHraH
6ynn6, (2In2) | (1/3 ra nponopunoHan 6ynagw:

«X "= (2n2) " (1.50)

LW yHUHT yuyH 0<<//£E<0,4 opanufnga WUKKW TOMOHWU TOK
YyTKasmanguraH MyxuT OunaH uverapanaHraHga HamyHaHUHT
CONULLTMPMA KapLWKWAUTX 30HA1ap opacugarn macodara 60f-
nuk 6ynmaingm Ba (1.47) ra kypa

(1.51)

thopmyna 6mnaH aHMKNaHaguW.

1.4-8. HOnkKa KaTnamnapga conurrmpmMa KapLumamkHn TypT
30HA4N ycyn 6unaH avukaLl

Arap HaMyHaHWHT KanuHaurn (L3oHgnap opacufarn Mma-
cohafaH Xyaa Knumk (€L <5) Ba YHUHT yerapanapu YeKcums-
NMUKKa y3oknawTtupunrad (a, b~>5) 6ynca, 1 Ba 4 30HAgNap
coxacmaa KanvHAMK 6yinya KyuynaHuw TYLWYBUHU xucobra
0/IMacMK MYMKUH. ByHAai xonga TOKHWHI Ba MOTeHUMan-
HUHT TaKCUMOTUHW MKKW Ynuamam geb kapaw MyMKuH. 1o-
TEHUMWANHUHT UWIMHAPUK CUMMETPUA B6Yinya TakcumaaHu-
WWHK XUcobra oncak, MKKM yndamnu Jlannac TeHrnamacu-
HUHT (a3MMyT Gyp4yarn B HU xmucobra osiMaiiMus).

eYMMnAaH MoTeHuman udgopacu

<pnN=C, Inr+A (1.53)

KYpMHUWHK onagn C, — vHTerpannaw JOUMUIACK, y 3NeKTp
MalgoH KyuynaHraHamrmHuHr r=r0ga E(rQ) ra TeHr 6ynuwm-
JaH aHuknaHagw. Arap 3apsf TawyBYMNAPHUHT KOHLEHTpa-



1.13-pacm. Bup xuHc-
nn 6ynmaraH tonka Hamy-
Hanapga conuTrpma Kap-
LUNIKHWU KaJTMHAWK 6Yin-
Ya TaKCMMOTWHM ynyatw.

UMACKH Ba XapakaTyaHIUru Katnam KanuHauru 6ylimuay Ko-
opavHaTacura 6ofnnk 6ynca (1.13-pacm) paguycu r, 6anaHa-
anrn L 6ynraH UMAMHAP CMPTUAAH OKaéTraH Tyna ToK ugo-
facu

| =;12nT-Eer|(y)u,(y)cly= 2nrtEon=2nr— n 54)
0

Pn

6ynagn. by eppa:

1 4
0,= —= Ten(y) m(1(y)Oy (1.55)

[o]

CUPT CONMWITMPMA YTKa3yBYaHANIW, p = 0 ~13ca CUPT CO-
AMWTUPMA KapLinManrn ge6 oputunagu.

BUp XMHCANM HaMyHanapHUHT XaXXMWIA CONUWTMPMA Kap-
WWAUTKA, COMMLLTUPMA YTKA3yBYaHINTI

p=py, o = 0 (1.56)

6unaH aHMknaHagn. by thopmyna 6unaH aHMKNaHraH Katra-
MUK CoOnUWTMPMA YTKa3yBYAHAUKHUHT KaNMHAMK 6Yiinva
ypTanawraH kuimatuHu 6epagu. (1.53) nopgagarn C, UH-
Terpannaw goumuiicn (1.54) gaH r=r0pga aHMKNaHraH

E(r‘)= & - n-58)
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Ba

(1-59)
nthoganapHUHT TeHIUTUAAH

(1.60)

6unaH aHUKNaHULLIMHW KYypamun3

LLyHpaain knnm6, (1.60) HM (1.53) ra Kyiicak, noTeHuuan ngo-
pacu

(1.61)

6ynagn. by epaa r Tok 3oHANapu, 1Ba 4 gaH r, Ba rnmacoda-
[a XolnawraH Hykra kKoopauHatanapu 1 Ba 4 30HAnapAaH
yTaéTraH myc6atr Ba MaH(WiA ToKnap XoCWUn KunaraH 2 Ba 3
30HANapgarn noTteHuuannapHu (1.61) 6unaH xuco6nab,
J123=11211} paH CMpT CONULWITUPMA KapLimnanru ngogacu

(1-62)

KYpUHMW AR GYNUWAUTUHN Tonamu3. BUup XXUHCAK onKa Kat-
NaMAApHUHT COMMLITAPMA KapLMANTUHU YMYMUIA Xonga

(1.63)

KYpuHuWga ngoganawl MyMKUH. Arap HamyHafaH Xap Xun
KOM6MHaumMaga ynaHraH 30HAnap opkanu TOK YTKasuica,
(1.63) copmynagarn £\ KoapuUMEHT Xxap Xun Kuiimatnap
Kabyn kmnmwmn mymkuH (1.1-xagsan). MacanaH, 1Ba 2 éku
3 Ba 4 30HANapgaH ToK yTka3nb, 3 Ba 4 ékn 1 Ba 2 30HANAp-
JaH noTeHuuwannap aWvMpmacu ynuaHca, £*=21,84 6ynuwum
aHWKJIaHTaH.
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Bup XuHcnan 6ynmaraH HamyHanapga cuptprY) Ba XaXM
6yinya conuwtTMpma Kapwuanknap p (y) HU onka KaTnam-
napja KaauHAnk 6yinnya TakCUMOTUMHM TOMWLL YUYYH KaT/am
Ka/IMHAUT Xap 6up ynuosaaH CyHr A</ ra kamaintnpub 6opu-
nagn. bup-bupugaH [é ra kamanTupub ynuyaHraH cupTt co-
aMwITupMa Kapwunnknapu psl pr2 opkann Acl ra kamanTu-
pUAraH KaTNaMHUHE CUPT COAULLITMPMA KapLUUIUTUHU Ba Y
opKanu p

Pn=Pn1Pn/Pni-Pn{  P=PnAll <164)

ngpoganap 6unaH xucobnaHagu.

KOkopmnga KypwunaraH xonatha tonkKa KaTnaMHUHT WUKKK
CUPTU U30NAUMANAHTaH, ABbHU TOK YTKasMaiguraH Tarivk-
Jarun onka katnam fe6 dapas KuavHraH. KanuHauru 30H4-
nap opacugarvu macocanap Taptubuaa, NeKnH 30HANap XO0i-
nawraH cumpT ynuamnap yekcus katta (a, b>5 ékn b >5)
KaTnaMaapHUHT, SbHW NAaCTUHKA (GUCK) LaKimaarm Hamy-
HaflapHUHT CONUWITMPMA KapWUAUTUMHU aHuknawga (1.62)
(hopmynara KanMHAMKHUHT TabCUPUHM Xucobra onaguraH
Ty3aTuW (DYHKUUACU KUPUTUNAAN Ba Y

P=T5 ~/LLIS5) (1-65)

(hopmMyna opkanu xucobnaHagu.

Ty3atuw gyHkumsacK /(<//£ )HUHT KuiAMaTKh Xyda Honka
Katnamnapga, sbHu A/5<0,4 ga 6upra askuH (YHuHr c!/5>0,4
jary kuinmatnapu 1.4-xagBanga Kentupwunrad). Amanvérga
KYN Xo/inapAa reoMeTpmMK ynuamnapu YeknaHraH tonka kat-
namnapga (govpa Ba nacTUHa KYpUHWLWMAArn HamyHanap)
CONMMILITUPMA KapLMWIMKHU aHuKnawra TyFpu kenagu. by
X0N4a Kysryfa TacBMp YCyAMHW Kynnab, Ty3aTuil (yHKUuUs-
NnapuHUHr undogacy Tonunagu. TysaTuwl (YHKUUACK 3HT
cogga xonnap — TyFpu TYpTOypuYaK wwaknugarn nnactuHa,
AVNCK KYpUHULWMAATW LWaKnnap yyyH xuco6naHraH (1.14-
pacm). TOMOHNapu a Ba b 6ynraH TyFpu TYpTOYpPYaKIM HOMKa
(c'«5) HamyHafa 30HANap KaTTa TOMOHM (a)ra nmapannen
yn3nKAa XKoWnawraH 6ynca, coNMWTMPMa CUPT KapLLWIUTK
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1.14-pacMm. eoMeTpUK Ynyamnapu YeknaHraH tonka (i« 8) Tyrpu
TYpTOYypyak (a), foupa — auck (6) waknamparu HamyHanapga
30HANAPHWHT YXOWMaHWLLIN.

AvameTpn B 6YnraH guck wwaknugaru tonka HamyHaja aca
(1.146-pacm)

thopmynanap 6unaH xucobnaHagu.
Tysatnw QyHKumsacu /(0/5) 30HANap ANCK MapKasugaH
yTraH 4ymsmkua érca, Kyimgarn KypuHuwra ara 6ynagu

IA/*?) M2+ )L+30U))2AL B2 2 (1.68)

Tysatnw gpyHkumacu/(a/b, b/5) (b/5) HUHT KNYNK KniAmMaT-
napuga

/(a/lb,bl/5)-t~/(alb)~ 1 (1.69)
LLUyHUHT yuyH (1.66) HKM Kylimaarnya ugogananmms:

pr= T Nab)t . T (1.70)

14 n
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1.15-pacm. KBagpat yunapura >xonawitupunrad TypT 30HANN yCynun
6VnaH p-HU aHMKAaWHW TOK YTKasMaiguraH Myxut 6unaH JYerapanaHraH
HaMyHanapga TOK 30HANapuHM TyTalTupPyBYM YM3NK napannens (6) Ba
nepneHAnKynsAp (a) 6ynraH xon yyyH Ty3aTull QYHKLMSNAPU YM3MacK.

ByHaaH conunrrupma cuMpT KapUAUTUHWUHE Takpuouii KuiiMa-
TUHW aHuKIraw MyMKWH. TysaTuwl QyHKumsnapuHuir / (a/b,
b/8), /(NI5), /(a/b) coH kuiimaTnapyn 1.5-XafgBanga Kentu-
punraH. Arap HamMyHaHWHT Ynyamnapu (3HW, 6Yiln, KanuH-
ANTU TYFPU TYPTOYpYaK LakAngarn Ba KaaMHAUTU W, Ana-
mMeTpn b guck waknugarn HamyHanapfa) 3o0HAnap opacuga-
rm macocga TapTubumpga 6Ynca, yHAa WMKKWM Ty3aTull
thyHKumanapuun /((1/5) sa /(a/b, b/8) ékun /(/)/5) xucobra

onraH xonga p aHuknaHagu. HamyHa TYpT6ypyak Wwaknmga
6ynraHga aca

KYPUHULLHW 0Najw.
1.4->kafBan
al8 04 05 0,714 1 125 14286 1666 2
/n/5) 09995 09974 09798 09214 0849 0,7538 0,7225 0,6636
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1.5->kagBan

b/8 Ma/b, bl5)

0/8 1&75) albr=\ alb=2 ab=3  a/A>4
1,00 09988  0,9994
1,25 12467  1,2248
1,50 1,4788 14893 1,893
1,75 1,719 17238 17238
2,00 19454 19475 19475
2,50 23532 23541 23541
3,00 2,265 2,457 27000  2,7005 27005
4,00 2,929 3,114 32246 32248 32248
5,00 3,362 3,510 35750 35750 35750
2,50 3,927 40095 40361 40362  4,0362

10,00 4,172 4,2209 4,2357 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 4,5129

4,532 4,5324 4,5324 4,5325 4,5325

HamyHa AnCK KypuHuwmnaa 6ynraHga

6ynagn. Keagpat yuynapura >Xoinawitupuarad TYpT 30HANU
ycyn 6unaH ynuyaHraH tonka KaTaamMaapHUHE CONMWTMPMa
KapLUnamnru

= = <173>
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(hopmyna GHnaH aHuknaHagu. by epgaru P3-p/é katnam -
HWUHT CUPT Kapwunurk e6 HomnaHagu, Aunamerpu B 6ynran
fonpaBuMiA HaMyHafa P HUW ynyalwja 30HANAap goupa Mapka-
3nfa XonnawraH 6ynca, TysaTnw QYHKUUACK:

0% =2n In2 + L|I (174)

1+ 45“/I/I

1.5-8. 3nutakcman, auddy3nH KaTnamiapHUHP
COMULLITMPMA KAPLUMAUIUHL TYPT 30HAN
ycyn 6unaH aHuk/aL

VIKK1 KaTtnamnu cTpyKTypanapga, macanaH, Tarank cup-
Tnga auddysma nynnm 6unaH ONUHraH KatnamHuW Eku Tar-
NMKAaH YTKazyBYaHANTMHUHT KaTTanurn Ba Typu 6unaH dapk-
NaHraH anuTakcuan KaTnaMaapHUHT CONMULLITUPMAa KapLuu-
NUKNAPUHW, YNAPHUHT KanWHAWK OYinya TaKCUMOTUHU
aHMKnawaa TypT 30HAAWM YCyn KYnnaHUAMwmn mymkuH (1.16-
pacm).

Uerapanapy YeKCU3NMKKA CU/DKUTAH KOMKa UKKW KaTiaMm-
v CcTpyKTypa (*5>Y,, <49 TOK 30HANapura HucbartaH napannen
ynaHraH 3aHxup xocun kunagu. femak, 1 Ba 4 3oHgnapiaH
YTaéTraH TOKHUHT 6Up KUCMK /, BUpMHYM KaTnamgaH, /2Kuc-
MW WKKUHYWU KaTnampaaH YTagu, ibHU

/=/1+/2 (1.75)

= [p#l— = /P2 (1.76)

1 16-pacm. ConmwTMpMa KapLnankHu TYPT 30HAAU yCyn 6GunaH ynyau
55 MYMKUH 6YnraH anutakcuan CTpykTypa Typnapu.
4 -

41



by epga: p/L p/2— connwiTupmMa CUpT Kapwunamnrn, MKKMHUK
ndona napannen ynaHraH saHxupgaru KyudnaHuwHu, 2 sa 3
30H4NapAary noTeHumannap anupmacuHu 6epagn. By nKku
hopmynagaHp™p”, p2=prler akaHAUrn xncobra onnHraHga

(PVi\ +0 ) = (iVp\ +ii2p2) = m (1-77)

TEHTIMKHKM Tonamm3. Arap KatnamaapfaH 6upuHu yTKasys-
YaHUTW XyfJa KaTTa, MacanaH, 6upuMHYM HNKa KaTnaMHUKK

6ynca, UKKMHYM KaTnaM CTPYKTypafa TOKHUHT yTu-
lwura Tabcmp aTMaingn. byHpaai xonga ynyaHraH conMwwiTup-
Ma KaplWAWK 6UpUHYM KaTnamra Teruwnm 6ynmn6, (1.51)
opKanu aHuknaHagw:

KOnKa anuTakcuan Katnam Ba TarfimK UKKWU XUn Typ YTKa3yB-
YyaH/IMKKa ara 6ynca, yerapaga xocun 6yaraH p-n YT TOK-
HWHI OCTKM KaTnam OpKanu yTuiimra TYCKUHIWUK Kunagu.
[emak, TYpT 30HAAM ycyn p+p, N+N CTPYKTypanapia, SbHU
TarMKHUHT COMMILTMPMA KapLIWAWIX 3nuTakcuan katiam-
HUKUAAH Kamuga 03 MapTa KaTtta 6ynraH xonnapga p-n, n-p
Typugarn cTpykTypanapga conuwTrpMa KapLlinankHN aHUK-
nawga KynnaHuavwy MyMKWH Ba HOKOpUAa KYpuaraH MKKW
KaTnamnu CTpyKTypanapga AndysnoH, anutakcman Katnam-
HUHT CONMWTMPMA KapLWUIMKNapn HNKa HamyHanap YdyH
ypuHan 6ynraH opmyna 6unaH xucobnaHagm.

1.6-8. ConMwtMpma KapLUMAMKHU TYPT 30HAN YCyn
6unaH ynyawgarn xatonmknap

TYpT 30HANM yCyn 6unaH ynyawgarn Xatoanmknap conuni-
TUPMa KapLWAVKHU YAYalHUHT QU3NK MOAEMHUHT Ha3a-
puaga Kabyn KMAMHraH ModennaaH apkam 6ynuwmn dhopmy-
nara KvupraH KaTTafMKnapHu ynuaw, ynuvawl wapTyu Ba Tap-
TMbura 60FNMK 6ynraH Tacoanguii, MyHTasaM XaTonuKnap
opKanu aHuknaHagu. by xatonuknap MaH6amHu rypué um-
Kannuk.
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1. 30HA KOHTAaKTM H3aCUHUHI KUPUTTaH XaTo/unrm

MabnyMKW, CONULLTMPMA KapLWWAUKHW TYPT 30HAAN yCyn
6unaH YnyawHWHI h13MK acocu-Hasapusacy KypunraH Bakr-
fa ApUMYTKa3rny 6unaH 30H4 HYKraBuin KOHTaKT X0CWA Kuna-
AW, pe6 kabyn KunmHraH sgu. Amanvértaa 6y wapT Xey BakT
baxkapunmaimn, YyHKUW KOHTaKTHMHI Mab/yM to3ayara ara
6ynnMwun Yn4oB HaTwKacura MyHTasam XaTO/IMK KUpUTagu.
Tok &ku noTeHUMan 30HANAPU APMMYTKa3rny 6mnaH KOH-
TakrnawraHga paguycu réynraH gompava xocun Kunca, yHUHF
KuputraH xartonuru {r/8)16unaH aHukKnaHagn. XatoanKHUHT
Mwopacu Ba KaTTanuru 30HANapAaH Kaicm 6mpupaa KoHTak-
THUHT HYKTaBWiA OYNuW wWapTu Gaxapunmacnuru 6unaH
aHuKnaHagu. 3oHanap 6mp umsmkua TraH xo4ua 30H4 KOH-
TaKT K03avacy noTeHuman 3oHgnapaaH 6upuga nango 6ynca,
HUCOWIA XaToNNK

= —="A-Mn2l 1n 2+m (1.79)

thopmyna 6unaH aHuKnaHagu. Arap TOoK 3oHAgnapugaH 6mpu-
[a KOHTaKTHU HYKrasuii 6ynuw waptu 6axapuamaca, HuUC-
ouiAi XxaTonuk

2

&= [1n2| «1n [(«- 2 (1.80)

ngoga 6unaH aHMkKNaHagn. 3oHanap TOMOHM 5 6YnraH KBag-
paT yunapura XoinawraH xofua noTeHuman éKu TOK 30H[-
napugaH 6mpuaa KOHTAKT to3adara ara 6ynca, myHTasam Xa-
TONMMK KyWnaarmya aHuknaHagm:

A=[-"M2|I (1.81)

TypTTa 30HAHWHI XaMMacuaa KOHTaKT HyKraBuil 6ynmaca,
YMYMWIA XaTONWK loKopugarn opmynanap opkaam aHuKaH-
raH xatonuknap WnfFMHaucu 6unaH ndoganaHagu.
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2. 3oHAnap opacugarM macothaHuHI TarcpopnaHMac/mrm
6unaH 6oFNNL XaTONNK

30Hanap opacugarn mMacogaHWHI TakpopaaHMacanrm co-
AMWTUPMA KapLUIUKHU aHUKNawaa MyHTasaM XaTonmknap
Kuputagu. Xap 6up 30HANAp xonatuv sipUMyTKasruyga oup-
bupura 6oFnaHmaraH xonja yprada KagpaTUK XaTonuK 6u-
NaH A8 ra cumkuca, KapLWIUKHW ynuawaaru tacoguguii
XaToNnK 30HANap opacuparu macodanap TEHr Ba ULWIOHYU-
nvkK axtumonu 0,95 6ynraH xonga XaXMWini HamyHanap y4YyH

6ynagn. ConuiTMpma KapLuank nka katnamnapga ynyaH-
raHga 3oHgnap opacuparm MacoaHWUHI y3rapuwimy 6unaH
O0FNMK TacOANMPUIA XaTONMMK

(1.83)

(hopMyna opkannm aHUKIaHagw.

3. KyunaHuwHM ynyalgary XaTonmk

TYpT 30HAAM YCyn 6uNaH CONUWITUPMA KapLUANKHN aHNK-
nawfa KyynaHuwHy ynyawaarm acocmii XatonmkK noTeHuman
30HANAPUHUHI KOHTAKT Kapwunuru éunad 6oFnmkumnp. KoH-
TaKT KapWuanry repmaHuii Ba KpemHuiinapga noTeHuman
30HANap opacmparn HamyHa kapwunurmngadH 103-r104 mapta
KaTTa 6ynMwn mMymkuH. MNMoTeHUunan 30HANAPHUHT KOHTaKT
Kaplwuamrura TylwaguraH KyYnaHuIWHN AYKOTULL YYyH 2 Ba
3 noTeHUMan 30HANap opkanu ytaguraH TOKHU WYKOTWLL
KepaK. BYHUHT yuyH Knpuw (M4YKK) Kapwmanru Kkatra 6ynraH
BONbTMETPNAP (3MEKTpOMeTpAap) kKynnaHunagm 6Km KOMmMeH-
cayma ycynm 6unaH KydnaHuw ynyaHagw.

4. TOKHWHI KUPUTTaH XaTonuru

HamyHafiaH TOK yTraHga y kusuingu. by aca conuwtupma
KapWWIMKHUHT Y3rapuwura onné kenagu. KapwuankKHUHT
Temnepatypa KoathuumeHTn KpemHuitga 0,009 K rava etu-
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WX MYMKUH. TOK 30HATAPUHUHT KOHTAKT KapLlUuuauKiapu
HaTuxacuia HamyHafa 30HAnap unsuFn 6ylinya Temnepatypa
rpagveHT Ba MOTeHUMan 30HAMapAa Kywumya noTeHuuan-
nap ainpmacu (TEPMUK 31eKTP OPUTYBYUM Kyd) nainfo 6ynu-
WX MYMKWH. By XaToOMK MaHO6aMHWM AYKOTULL YYyH COMMLL-
TUPMa KapWWINKHU aHWKNawaa TOKHUHT KUYNK Kuiimartna-
puia Ba TOKHWHI UKKW RyHanuwinaa ynyawl yTkasunagu. by
WKKW YNYOB HaTWMXKanapuUHUHI ypTayacu onnHagu. ApumyT-
Kasrny HamyHanapufa ConMWwTUpMa Kapluink aHuknaHa-
ETraHza, YHUHT KM3UMAC/UTY YYYH CONMILITMPMA KapLLUINK-
HWHI KaTTanurura Kapab TOKHUHT Mabiym 6mp KuiimaTuga
(onTvman TOK KuiiMaTnapuga) ynyaw taBcmsa kunuHagu. 1.6-
Xafpanga KpemMHUiA HaMyHanapuHWHE COMMWTUPMA KapLiu-
NUKNapuHK ynuawaa KynnaHunaétraH TOK Kuimatnapu ken-
TupunraH. LWyHn aiditné yTuw Kepakku, 6ab3aH loKopu OM
NN KPEMHWIA HamyHanapuga (1000+10000 OM. cM) TOKHUHT
Knumk coxacuga (/>0,3 TA) conmwTmpma KapwuankKHUHT
TOKKa GOFANKANTK Ky3aTuaraH. ByHU KMUuK TOK coxacuja
HaMyHafa Kupuwimanap TeKuc TapkanimaraHnmru — Qrykrya-
UMACK HaTwKacuaa naiiao 6ynraH MUKW MalgOHHWHT TallKu
MalifloH4aH Katranury bunaH TywyHTupnnagn. LLyHWHT yuyH
tokopn OM nin HamyHanapga 1ok 1WwA>1>0,3WA opanurmnga
ynuaHagn, 6y 6unaH HaMyHaHWHI KU3WLWW KamaTupunagu.

1.6->kagBan

p, Om-cm 0,012 0,008H-06 0,4-r60  40H-1260 800

/, MA 100 10 1 01 0,01

5. KoHTaKT Kapmnmrn 6unaH 60fNnK XaTonnkK

30HA 6unaH ApMMYTKa3rny opacujarn KOHTAKT KapLliu-
AN TYPT 30HAAN YCYAHUHT KYNNAHUINLWUHWA YerapanoByuu
3HT acocuini omunnapgaH éupngmp. TakMKAaHraH 30Ha KeHr-
nvrn Katta 6ynraH A2Bbea ABBbTypaarn apumyTKasrunynapaa
CUKMG KylimnaguraH 30HANAP XOCWA KWAraH KOHTAKT Kap-
WWANTX WYHAAA KaTra 6YAuim MyMKUHKK, 6yHaa TYPT 30HA-
NN ycyn nwnaMmangm.
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Bab3u 6up xonnapga 6y KMAMHUYMANKHW eHrUWAa 3apsj-
NaHraH CUFUMHW 30HA-APUMYTKa3rMy opkanu 3apsgcusnaid
KynnaHunagmn, 6y 6unaH KOHTaKTra uwnos 6epunagn. Hatu-
Xafa KOHTaKT Kaplwuaury Kamantupunagn, Metann- spum-
yTKasrny opacugaru noteHuman Tycuk Wykotunagn. KoH-
TaKT KapLwuamru 6unaH Metann-apumyTKasrny opacmgaru no-
TeHUman Tycuk 6unaH 60FnnK 6ynraH XxaToNMKHN KaManTupuLl
YUYH MeTann 30HAra vwnatunagnuraH MaTepuanHuHr KaTtrmk-
NNTU APUMYTKa3rMYHUKNGAH KaTra 6ynmwm Kepak.

30Hp MaTepuannapu cudatumga gnametpun .0=0,05£0,5 mm
6ynraH Bonbdpam, Kapbua BonbpaM cUMAapW UlnaTUNa-
AW, 30HANapHUHT yunapw opatga 45° gaH 150° rava 6ypuak
6unaH JapxnaHagu. C2080 mapkanu 30HANap Kypunmacuga
xap 6up 30HAra KyhunraH kyd 1,75+£0,25 H ra Tyfpu Kenagu,
3oHAnap opacugarn macoga 1,3+0,01 mm. C2171, 3oHanap
Kypunmacuga 3oHgnap opacugarn macoga 0,750,008 mMm,
Xap 6up 30HAra KyiunraH yprada cukmw kKyum 0,7+0,07 H.
by kypunmanap 6unaH cupt kapwunurudm 0,1 gaH 105 Om
opanukua +4,5% xaTtonuk 6unaH ynuaw MyMKUH.

6. CommwTupma KapLUMIMKHUHT TemnepaTypara
6OFINKANTA

Conuwitupma KapwuanKHUHE Temneparypara 60F1nMKIun-
rm 6unaH 60fNaHraH MyHTa3aM XaToNMKAapHU YKOTULL YUyH
YN4oB Bakrmaa temnepatypa Hasopat Kunmb 6opunagn. T —
TemnepaTypaga convwtupma kKapwunuk p(T) HuM 6unrau
Xonga waptam 6enrunaHraH TO— TemnepaTypara Moc Kena-
AWTaH Kuiimatra

p(TO=p(T)[\-C"T-TO] (1.84)

thopmyna opkanu kentupunagu. by epga: CT—conuwtmpma
KapWWANKHUHT Temnepatypa (TepMuUK) KOIPPULNEHTK
6ynnb, y ApUMyTKasrnunapHuUHr Typura, KUpuwManapHUHT
TabuaTura Ba KOHLUeHTpaumusanapura 60FaunK. n-p —Typ KpeMm-
HUAHWHT TEPMUK KO3DPULMEHTUHUHT CONULLITAPMA KapLL -
NUKKa 6ofFnunknmrun (291—288 K temnepatypa opanusnga) 1.7-
XafBanga Kentupuira.
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1,7->kafBan
p, Om-cm 0,006 0,01 01 1 10 100 1000
Ct(n-tvn) 0,002 -0,00022 0,0486 0,00736 0,00813 0,0083 0,0083

C1(p-tun) 0,0016 0,0031 0,0372 0,00707 0,00825 0,00862 0,009

7. Viocn KaTnamnu CTpyKTypanapaa p Hu ynyaiwja
yypaiiguraH xaTonunknap

3nuTakcman KatnamaapHWHE COMMWTUPMA KapLnauru-
HW aHMKNaLLga YNapHUHE XycycusaTn 6unaH 60FnnkK 6up KaH4ya
XaTofmKnap nago 6ynuwm MyMKuH. 3nuTakcuan katnamga
CONULITMPMA KapLWWAMK YnyaHaéTraHga p-n Ba M-p CTPYKTY-
panapfa p-n YTUWHUHT XXMWUA 3apsj cOxacu KeHrasgu.
3AnuTakcuan KaTaamMHUHE COANWITMPMA KapLWANTA Tarank-
HUKUAaH KaTra 6ynraHga Xaxmuii 3apsg COXaCUHWHT KeH-
ranvwmn snuTakcman Katnam TOMOHra 6ynagn. by xogucaHu
xucobra onmaii (1.62) ea (1.63) cdopmynanap 6unaH ConuLl-
TUpPMa KapWWanK XUcobnaHraHia, YHUHT KuimaTu opTTu-
pnb ynuaHraH 6ynagn. KOkopn Om nu, HONKa anuTakcuan
KaTnamnapHu ynyawga 6y xatonnk 10*20% ra eTuiwm mym-
KUH.

8. M3onAumanoBun p-n yTuL opkaam TOoK
yTulgarn XxaTonmk

3oHANapaaH yTaéTtraH TOKHWHI Kynaiuww p-n ytuwra
KYyNuaraH TecKapyu Ky4naHULHW OpTTUPaaKM, HaTvKaga Xax-
MWUIA 3apsag coxacuparn 31eKTp MalfoH KyunaHraHnuru yca-
an. by waponTtaa p-n YTUWWHW U30A8UMA KAAULW XOccacu
TOKHUHT MablyM KuiiMaTuraya caknaHagu. TOKHWHI KaTTa
KniimaTnapuaa XaxXmuid 3apsg coxacu opkanu TarnukaaH ToK
yTa 6ownangn. AHUKNaHUWNYA, CONULITUPMA KapLIWNTW
0,12 Om *cMm, KanuHAurn 0,9H-4 MKM f1-TUN 3nuTakcuan
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Karnam, conuwTupma kapwmnuru p=10 OM ecM p — TUNAK
TarnuMkka yTkasunraH 6ynca, yHpa anutakcuan KaTnaMHWHT
Kapwuamru ynyaHaérraHga p-n yTuw OpKaau LWyHTAaHMac-
JINTU YYYH CUPT KapLWUANTMHUHT 5% Yy3rapuil coxacuja no-
TeHUMan 3oHAnapgarn KyynaHuw 100 mB, cupT KapLiuanru-
HUHT 2% Y3rapuw coxacuga 50 mB 6ynuwim kepak.

9. 3oHAnapra KyunraH 60CUM KyYMHWHT
KMPUTTaH XaTonuru

KOnka anuTakcuan KatnamaapHUHT CoAnWTUpMa KapLuu-
ANTUHU Ynyawaa MeTann 30HA4 6unaH anuTakcman Katnam-
HUHT TELWWANLWIN Ba TarlMKAA WYHTAAHULW KyYannwmn MyMm-
KWH. By xopuca cogup 6ynmMacnnru yuyyH 3oHara Kyiunrad
KYYHU KMYMK KMNMG TaHNaw Kepak. 3oHAra KyiuaraH ypTa-
ya KyynaHuw 0,3H-0,03 H 6ynmwun TaBcus atunagn. 3oHAra
KYAunraH KyyHu OyHAaH Kam 6YnMIN 30HA KOHTAKT Kap-
WWIUTUHKA olnpaan, 6y aca YnyoB acb606MapUHUHT KUPULL
KapWUANTUHA OWMWPULLIHK Tanab Kunagu. 3nmTakcman Kat-
namnapga okKopuga KypunraH omuanap YHUHr cUpT KapLluu-
NUTUHW TOKKa 60fFNnK 6ynuwimnra onmb kenagu (1.17-pacm).
By 60fnaHuwWw rpaurnHn Gewita coxara axparul MYMKWH.
1-coxaga TOK OpTULIM GWUNaH CUPT KAPLIWIUTUHUHE Kama-
AnLWLIK, 30HA APMMYTKA3rMy opacuaarn noTeHunan TYCUKHWUHT
Kamainuwmn Ba MOTEHUMAN KOHTaKTNapy KapwuanTUHUHT

1.17-pacM. dnutakcman kKatnamnapga cMpT KapwuanruHu soHanapaaH
OoKaéTraH TOKKa 6OFINKANUTK.
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owunwmn 6unaH TywyHTMpunagn. Arap AN+ KN TeHr-
cm3nunk 6axxapunmaca Kkl Ba AR napHUHT TOKKa BOFINKANTM
1-coxaHn naingo kunagn. Arap 3oHAnapgaru 6ocum opTTU-
punca Ba BOMbTMETPHUHI KUPULL KapLUWAUTUHWUHT KaTTacu
0/INHCa, 1-coxa NYKONUWKN MYyMKUH. 2-coxaga K5 — cupT
Kapwunurn Tokka 6ornmk amac. by coxaga KAXANM+AN
6ynraHga sHr KaTTa aHWKAUK 6unaH conuwTupma KapLiu-
NUK YnuaHagn. by TeHrcmsnuk 6axapunmaca, 2-coxaja MyH-
TasaM paBMLLA XaTONMK Maigo 6ynuo, y A+ KNATp katra-
MUK 6unaH aHUKNaHagn. 3-COXaHUHI Naingo 6ynuwm usons-
UMAN0BYM pP-N YTULL OpKanu TOK CUPKULWIW 6unaH BOOFauK.
CuVpT KapWWANTUHWHT OWULWN 4-coxagap-n YTULLHUHT XaxX-
MWUIA 3apsf coxacu KeHrammwm 6unaH 6ofnnk. 5-coxaga K5
HUHT Te3 Kamalnuwmy ToK (6Up KUCMWU)HWUHT Tarink opkanu
YTULLIW WYHTNaHWWKW 6unaH 60FAMKUMP.

1.7-8. BaH-gep-May ycynn 6unaH conmwitupma
KapLLUWINKHA Yiyalu

VicranraH reomMeTpuK LLaKAra ara 6ynraH naacTuHa Kypu-
HAWMAArn SpUMYTKa3rMyam HaMyHalapHUHT COAMWTMpMa
KapLWUaAUTMHU TYPT 30HAMN YCYNHUHT 6UP KYpPUHULLIK 6YnraH
BaH-gep-May ycynm 6unaH ynyaw mymkuH (1.18-pacm). by
YCY/IHUHT Kynanaurn wyHpaH mbopatky, ficCM HaMyHa éH

1.18-pacm. BaH-gep-May ycynu 6unad conuwwiTupma KapwuiankHu
ynuawpa umsnknm A, B, C, [ KOHTaKTnapHn (opMruHanga) acn Hycxaga
(a), Accn apumyekcns nnactuHaga (akcuga) M, N. O, P KOHTakTnapHUHT
xonnaHuwmn (6).
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cuptura TypTTa A, B, C, 1 HyKTaBuii (EKM YN3MKIN) KOHTAKT
0nnMHMG, A Ba B KoHTakTnapgaH TOkK YTkasunagu, CBa b
KOHTaKT/Map opacugarn noTeHUuannap anvmpmacu ynyaHagu.
CyHr aca A Ba i KOHTaKTnapgaH TOK yTkasunaan. B Ba C
KOHTaKTNap opacmaarn KyunaHuwl ya4aHwo

L ="7~ = Kaecs Ba JI2=— = BBBC
18 *#0

Kapwunmknap xucobnaHagn.  Ba SN kapwuanknapHu 6umn-
raH xo/4a ConMILITUpMa KapLuuank

P=AAA_T |K 2 (1.85)

thopmyna 6unaH aHuknaHagu. by epga: /(AXAN — kapwum-
NMKnap HucbaTura 60FNMK OYNraH Ty3aTuw (yHKUMACK, & —
HaMyHaHWHT KaanHAUTK. Ty3aTuwl QyHKLUACK

n2 2
K/K2+1 /(Kx/K2) 2expl M(KXK2)

(1.86)

TEHraMaHu KaHoatnaHTmpaan, (SYYSY —HUHT xap Xun Kuii-
maTnapugarn /(AXAY) — HuHr HaTuxanapu 1.9-xagsanga
KentupuaraH. XXagsan TaxaunngaH KypuHaguku, S¥YS Huc-
6aTHUHT 0,7<A§A2<\,5 opanufuga /(AXAN)~\. Tyfpu reo-
MeTPUWK Luakngarn, macanaH, Keagpat, govpa KypuHuwmnga-
rM HamyHanapfa KOHTakTnap CUMMeTPUK XOonnawTupunraH
xoaua A{=A2sa/ (A XA = 16ynm6, conmwTmpma KapLnink-
HU 2% faH Kam XaTofMK 6unaH ynyaw MyMKuH. Kapwumank-
nap Hucbatnm FAXA2~\ 6ynraHga TysaTnw (YHKLWUACUHM

— +n|-K2A wm2 [N - K2y /102 1n2v
T/FIZ_\ K1+ K2) 2 ﬂ,+K2) 2 1 (1-87)

6unaH xmcobnaw MyMKuH. BaH-giep-lay yCy/nuMHUHI Ha3sa-
pusich KOH(OPM aKCMaHTUMPULL Haslapuacura acoc/aHraH.
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KoHtopm akcnaHTUpuWL Hasapuacura Kypa, uctanraH Luaks-
farv 6up aprymeHT 6unaH 6ofnaHraH (04HOCBA3aHHYO) Ennk
/)-coXaHn ApUMYEKCUN3 ACCKM TEKNCNUK ' — coxara anmall-
TUPUL MYMKUH. ByHAa acn HamyHaHWHr (OpPUTMHATHWUHT)
A, B, C, DKoHTakTnapura ynapHuHr akcu 6ynraH M, N, O,
P koHTakTnap moc kenagu (1.18-pacm). ByHgain anmawitu-
puLIfga acn Hycxafjarm Ba HaMyHa akcu 6ynraH spyumuyekcus
ACCU NNacTUHA KOHTAKTNapW opacuiarn KydnaHuw 6ump xun
o6ynagn, SbHK

= - =—f£N =N o
= (Er)=£n=r o (1.88)

By eppa: E anekTp MaiifjoH KyuynaHTaHIuru

E=* .b=A-T, 4lip
by ngoaa (1.88) gaH

PEBOO' =PRWMHP , Soecm - BHOW—  (1.89)
p p p p

TEHTUKNAPHN OAULL MYMKWH. p, ¢! —yn4yaHaéTraH HamyHa-
HWHT CONULITMPMA KapLIWAnrn Ba KanuHauru. p', (I' —Ttac-
BUPHWHT COMMLLTMPMA Kapimanru Ba kanuunaurun. (1.89) garu
TEHIMKAap KOH(OpM anMawTupuiura HucbaTaH MHBapuaH-
T/IMK XOCCAacUHU ugoganangn.

TacBUpPHU APMMYEKCU3 ICCK TEKUCUK (NNacTuHa) Kypu-
HUWKAa 6YNNLWN, YU3UKNN TOK MaHBanapuHUHE X0Cun Kan-
raH noTeHumMannapy Ba TOKW LUWANHAPUK CUMMETPUSA KOHY-
HY BuNaH TakCMMAaHuwWwmra onmé kenagu. LLYHUHT yuyH yn-
3UKIM TOK MaHbanapuHWHI © Macodajarm noTeHuuanu
MalfoH KyynaHraHaMrmHur (1.88a) udogacuHn nHTerpan-
nawjaH TacBuMpAa XoinawraH r macogagarm HyKraHuHr no-
TeHUmnanu Tonunagm

Lr)=-"-\nr + A (1-90)
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1.19-pacm. Paamnycu r06ynraH spuMchepmk 30HA OpKanu HamyHajaH
TOK YTraHfa noTeHUMan TakCMMOTHU xucobnawra ymsma (a), HamyHaga
TapKanraH KapLuanKHU YnyalHUHT KKK (a) Ba yy (6) 30HAM
ycynnapu cxemanapu.

BupuHumn / +TokK MaHbamaaH rp MKKUHYM I TOoK mMaH6amaaH
r2macodaga 6ynraH HyKTaHUHT noTeHumanu (1.18-pacm) TOK
MaHb6anapuHUHI uwopanapuHn xmucobra onraHga (1.90)

PO= 9+ pm)y = Inrt+ I+ A=
(191)

OYNMMWANTUHU KYypamMn3. [lemaK, SipUMYeKkCcu3 TeKUcnmkaa
ncTanraH Hykragaru noTeHuuanHn TONUW UKKU TOK MaH6a-
npaH néopat 6ynraH TMMMAa NOTeHUMANHM aHMKNaW maca-
nacura 6ofnuk akaH. (1.91) dopmynagaH oinganaHn6, M Ba
N KOHTaKTnapuaaH Tok yTraHaa 0 Ba P KOHTaKTnapAa xocun
KUNWHTaH <P, 4P NoTeHuMannapHu Ba ynap acocmaa O Ba P
KOHTaKTNap opacuparv noTeHuuannap aivipmMacuHUHT

Ba YHAaH FAMTP KapwUJANKHUHT

p P’ b(a+b+c)\

LIoP - ~ %% f(a+b)b +c)) (1-93)



ngpogacuHm tonamms. A Ba Il KOHTaKT/nap akcu (tacBupmn)
6ynraH MBaP KoHTakTnapaaH TOK yTka3nb, M baO KOHTaKr-
napgaru noteHymannap (<, 0) HKU, ynap opkanm aca Ob& N
KOHTaKTNnap opacujarn noteHuuaniap annpmacuHm

(a+b)b +¢) (1.94)

Ba yHAaH Kup,, KaplMAWKHWU aHWKNaiMun3

KmpT e M ((o F R +0) (1.95)

(1.93) Ba (1.95) chopmynanapgaru norapum octugarn xag-
nap WAFUHAWCK Bupra TeHr GYAULLIAUTMHK, SbHU

(1.96)

ndoaa 6unaH aHUKNAHULIMHN KYpamMu3. VIHBapMaHTANK Xoc-
cacu (1.89) ra kypa TacBupgaH opurunHanra ytcak, (1.96) kyiin-
jarnya 6ynagu:

L
I » 1+1 .;'2= 1 (1.97)

(1.97) pa K{Ba K2napHuHr ypHura

o= [(*, +/?,)+ (7, -K 2\

(1.98)

Kyumnca,

nm K -K 1 (mel  Kx + K2
=-eXp - (1.99)

2 \'p 2 )

KYpUHULWTra Kenagu. ByHaa
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Genrmnaww 6unaH (1.99) dopmynanHu (1.86) KypuHuwwaa 6ynra
Ty3aTvw (OYHKUUACU/ HUHT TeHrnamacuHu onamus. by epaa,
/(K XK?™) Kapwmnuknap Hucbatn KrK2 ra 60fnuk 6ynraH
(rokopvga Kentupuarad) Ty3atvw yHKumacu. (1.100) ndo-
fafaH toKopuaa KentupuaraH COAULITMPMa KapLUNKHU
BaH-gep-May ycynu 6unad xmucobnawl gopmynacu kenué
ymkagu. by ycyn 6unaH conuwiTMpmMa KapLmankHu ynyawia
ofatfa HamyHaHuHr éH cupTnga OM KOHTaKTapyu MaHuny-
naTopra ypHatunrad TypTTa WyHanTUpyBuM yunapura ypHa-
TUAraH KMppacu YapxnaHraH TaHTas, Kapbusg BonbppamHuUHT
NNacTUHKaNapu KOHTaKTIaWTUpnG onnHagn. Xap 6up 30HA
HaMyYHaHWHT éH Kuppacura npy>xuwHa ounaH cukunagu, Ly
6vnaH 6mpra, CUKMLL Ky4nHM 60LIKapuLl MyMKWH. Conuw-
TUPMa KaplwunnkHn BaH-gep-May ycynm 6unaH ynyawgarv
XaToNMK KOHTaKT o3acvHM KaTTanamwn 6unaH optné 6o-
pagn. QWCK Wwaknugarn nnactmHkanapia KOHTaKTHUHT XOM-
naHuwura Ba ynyosura 60FNMK XaTONMK Ha3apuin xnucobnaH-
raH. bab3n 6Up xonnap ydyH xatonuk 1.8-kafanga Kentu-
puUnraH.

LLyHn Tabkmanaw Kepakku, 6y yCcynHW aBTOMaT/iallTL-
puL Kynanaup. by ycynra acocnaHraH fovpa, Ksagpar, TyFpu
TYpTOYpUaK Laknuaarn KanmHanri r/=80+1000 MKM, CONMLL-
TMpma Kapwunaurn /3= 10'2H-100 OM-cM opanukga 6ynraH
NNACTUHKANAPHUHT CONULITUPMA KapLWWAUTMHN Ynyaignran
aBTOMaTMK KypwiMa ficaiiraH, HamyHanapHu p 6yiinya 4%
XaToNuK 6unaH 10 Ta rypyxra axpartagu, ConMwtMpma Kap-
LWNNTX 3TanoHdaH £20% ra hapk KuaraHnapuHn SpoKcu3
HaMyHara u4mkapagu.

SHAW P-HU YNYALWHWUHT UKKN KOMOUHALMANKN TYPT 30H[-
NN YCYNNHW Kypannuk. Kyn xonnappa spumyTKasrny Hamy-
HanapHUHI (OU3UK XOCcCanapuHy aHuK ynyall 3apypusTi Ty-
Funagun. ByHra 6up XXUHCAM APUMYTKA3rMYy KaTnamiapaa cupt
KapLnanrnHm 103a 6yiinya TakCUMOTUHUN TafKUKOT KUINLL-
HU KypcaTul MYMKWH. Bab3aH ynyallHWHT Tacoamduii Xa-
TONUTW CUPT KAPLUMAUTUHUHT Y3rapuwimnra TeHr 6ynmé Konm-
LU MYMKUH Ba TEKWUPUNAETIaH HaMyHaHUHT 6Up XWUHCU-
MK TYFpUCUaa MaBxyfg 6ynraH MabaymoTiapHWM OnuLL
MYMKWUH Gynmaii Konaw.
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1.8->kapsan

KoHTakT

( \ 1 ( >1
waknu vV o\ \ e /
Hucbui

0,77(//X>)2 T /07 8,14(//1>)2
XaToNnK
1.9->kagsan

yk Y)Yy )y I(R1*>)

1 1 4 0,882 12 0,7
12 0,995 4,5 0,865 14 0,675
14 0,990 5,0 0,847 16 0,650
16 0,985 55 0,830 18 0,625
18 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

TYpT 30HAM yCynnapaa 30HANap opacugarn MacoaHuHr
TaKpopnaHMacnUrMHu NYKOTULL KWIAMH 6ynraH Tacoamdunii
XaToMMK MaH6anapuaaH 6upu 6y HaMyHa YN40BAapPUHN 30H-
nap >XOMNaHULIMHUHT TabCUPUHW XMUCO6ra onraH Ty3aTWLL
(OYHKUMACUHWHT COH KWUAMaTNapuHW aHuKnaw 6unaH 60f-
NUK BYNraH XaTonukKamp. p-HY ynJaiiga MKKM KoMOuHaums-
NN TYPT 30HANN YCYN KypcaTuAraH XaToNMKNapHu Yeknanau.
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1.20-pacm. Bup umsmkaa xoiinawraH y3apo macodanapy TeHr 6YaraH
TYPTr @ 30HA GUNaH p HU Yauaiw.

By YCYNHWUHT MOXMATW LWYHAAH N60paTKK, 6Up Yn3nKLa KO-
nawuraH, 30HA4Map opacugarn macodanapu TeHr 6ynraH TypTTa
30HA 6UNaH MKKWM MapTa YN4oB yTKasunagw.

1 Ba 4 30HAnNapaaH TOK YTKa3unb, 2 Ba 3 30HA1apAa Ky4na-

HUW YnyaHaun. VIKKMHUM ranga 1 Ba 3 30HANapAaH TOK YTka-
316, 2 Ba 4 3oHAgMapAa KydnaHuw ynyaHaam (1.20-pacm) Ba
ynapra Moc KefiraH Kapluink xmucobnaHagu:

KOKopvaa aHMKNaHraHWAeK, NnacTMHa KYpuHULWMUaaru nka
HaMyHanapHUHI cUpT conuwTupma kKapwuaurn (1.62) gop-
Myna Kabwu

OpKann aHvkfaHagn. Arap HamyHa ynyamiapuy Yekin Ba Ha-
MyHa TYfpu FeoMeTpuK Laknga 6ynca, (1.101) ra TysaTuiu
(DYHKUUACK KMPUTUAKLIN NO3UM 6Ynaaun, SbHU

p'=w A (1102)

C* — Ty3atuw yHkumacu. C* — HaMyHaHUHI reomeT-
pVIK Ynyamnapura, 30HANAaP YM3UFUHUHT HaMyHa CUMMETPUS
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yKknapura HuUcbaTaH KaHfai >XolnaHuwura, TOK Ba MOTEH-
Uman 30HANAPUHUHT KaHAan ynaHuwura 60fnuK 6ynraH Ty-
3aTnw yHKumscK. MnacTuHa Wwakamgarn HamyHanapHu 6mp
uM3NKaa XKOWnaluraH TYpTTa 30HA MKKW Kucmra 6ynagu. by
HamMyHanapHUHI xap 6upuHu BaH-gep-Ilay ycynu 6unaH p
HW ynyawga HaMyHaHu (OpUrMHanHM) KOHMOPM aKCnaHTu-
punraHn ae6 kapaw MyMKuH (1.18-pacm). LLIYHWHT yuyH Oy
epaa xam (1.100) ndoaa ypuHnnm 6ynagn. TypTTa 30HA4 6Up
YM3MKAA XKOWnawraH gompa KypuHuLWMAary nnacTuHkanap-
fa (1.97) ra yxwaw

expl- ~-K~ +expl- |=1 (1.103)

ngogaHn onammus. /?, Ba  napHu

SVKr+1  BfK2- 1
n.n, K{/a2

(1.104)

K/Kr + 1 KX¥Kr - 1"
K\/K2 V&

KypuHnwaa ndoganab (1.103) ra Kylicak,

exp Iig‘ﬂ‘g"%‘ ﬂ.+1)_d_.|/\I5K[ -3 (@105)

thopmynaHu onamua. Arap (1.105) dopmynara Kyimngaru 6en-
rMNaWHN KUpUTCaK,

P K{/Kk2 (1.106)
(1.105) ndpopa KyrMmparn KypuHALIra Kenagu:
1 1n2 1n2 KVK2- 1
= oM (1.107)

2eXp . T /K 2) . T(K\/K2) K\/K2
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(1.106) mdopagaH conuMwTUpMa CUMPT KapWWaUrMHKU Tona-
MU3,

LWyHaain knnmb, (1.102) paru

C--/«/L “+-KAT) (1.109)

KYpUHMLWIAAr Kynautma HamyHaHWHI FeoMeTpuK Liakiura
60F MK BynraH Ty3atuw QyHKUMacuamp. Ty3aTtuil QyHKUN-
ACUHW LUYHAAA KYPUHULLAA ONIULLIHUHT OTYFU LWYHAAKK, TYy-
3aTul PYHKUMACK 30HANAP opacuparn macogara 60FnMK
6ynmaiign, 6y 6unaH 30HANap opacugary macoaHuHr Tak-
popnaHmMacnurn 6unaH 60fFMK 6ynraH Ty3aTtuw (yHKLMS-
CUHW xmucobnawugarn xatonuknap nykotunagu. TysaTui
GyHKumsacu/(N,//?2 Hn 0,05% faH KaTTa 6ynMaraH XaTonmk
ouvnaH 1,2</?1.&2>1,32 opanukua MKKUHUYKN Japaxkanu nonu-
HOM KYypvHUWWKnAA ndoganawl MyMKWUH:

'LL[HN) b ¥B6BIR|) - T8ALF 1m0

NybLl HK y3rapuiwl coxacu TYPT 30HANM YCyn GunaH aHUKNa-
HaguraH

4/1n3= 1,262

Kuiimatra SiKMH coxaga onvHraH. LUyHu Tabkmanaw Kepak-
KW, arap 30HA1ap YM3UFU EKM YETKM 30HA NIacTMHa YeTuaaH
KaHganamp macohaza xoinawraH 6ynca, (1.110) ndosa 30H4
UN3NKNAPUHWHT UCTaNraH RyHanuwnga KynnaHuamwm mym-
KWH. MnactnHa YetngaH (55) macoaga 30HANAP >KOnaLw-
raH 6ynca, cupT KapwnANTMHK XucobnaraHaa Xatonuk 0,1%
JaH owmaiign. Ly ycyn acocuaa aBTomatnaliuraH, cupTt 6ynn-
ya Kagamnab cumKuiAgMraH 30HANap KypuaMacu sicairaH.
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1.8-§. Convwtupma KapLUWINKHU HYKTaBWii KOHTaKTHUHT
TapKaaraH (MnnraH) KapLvMavk ycynum 6unaH aHnknaww

1. Ycyn Hasapuscu.

By ycyn ApvMyTKasrny Ba YHUHI (icCU) TEKUC cupTura
TWK XOolinawiraH 30HALUaH nbopat 6ynraH CTPYKTypa KapLuu-
NINTUHW yNyalira acocnaHraH. Arap metann 30HA SpUMYT-
Ka3rMYHWHI icCU CUPTU BUNaH KNYmMK ro3avaim OM KOHTak-
TW XOCU/ KWACa, LY KOHTaKTAaH TOK YTKasnb ynyaHraH Kap-
WWAUK TapkanraH (éinnrad) kKapwunumk geé aTtanagw.
ApUMYTKa3rnyga KOHTaKT KapLWaUrn KMYMK 6ynraH katra
t03ann NKKMHYM KOHTaKT xam 60p Ba y MeTa 30H[-
JlaH y30KLUa 1»ro0 KaTTa Macodaga >koinawraH ae6 tapas
KUnuHaau. by ycyn KeHr TapkanraH 6ynm6, 6up XXUHCAm apum-
yTKasrmunapga, anuTakcuan CTPYKTYpalapHUHT xamma Ty-
puga, AndgysnoH Katnamiapga cConnwTupma KapwuninkHm
10_3+H2 OM *CcM opanukLa Ba KapLUMANKHU KaNUHAKK 6Yiin-
ya TaKCUMOTUHWM aHuMKNaWwfa KynnaHunagw, YHWHT adgsan-
NMKNapura sHa HaMyHaHVHI MyaiisiH HyKracugarm Ku4mK Xax-
MAa KapwuaMKHW YNyalHu KypcaTuw MyMKUH. TapkanraH
KapLUWANK YCYMHUHT Ha3apusicu SApUMYEeKCU3 sipuMyTKas-
MMy HamyHanapugaH HyKTaBWUiA 30HL KOHTaKTU OpKan TOK
yTraHga xocun Kunrad MOTEHLMaNHUHT TaKCUMaaHuwura
acocnaHraH (1.13a-pacm). MabnyMku, 6yHaalh xon yuyH no-
TeHuman TakcumoTtu (1.21) ¢opmyna GunaH aHWKNaHagw.
PaBLUaHKKN, 30HAHWHT APUMYTKa3rmy 6unaH XOCUN KuraH
KOHTaKTUHUHT AnamMeTpu 2r0 apumiuap KypuHuwmnaa 6ynraH
X0nMaa Xam NoTeHuman TakeumoTn (1.21) ra yxwai 6ynaau.
KoHTaKT pagmycum ro 6ynraHaa HamyHagarm WKKW 30H[ opa-
cugary KyunaHuw TyLwyBW 30HLHUHT 31EKTP NOTeHuuannra
TEHr 6ynaaw.

Arap r= KOro 6ynca, KOHTaKT coxacuga KaIMHANUIn r-r06ynraH
KaTNaMHVHT Ky4naHUWun

V=0 Q0= - s (1D
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6ynagn. Y HamyHara TywraH Tyna KydynaHuwgaH 10% Kam.
ByHAaH KYpUHAAMKKW, 30HAAAH OKAETraH TOKHWHI KuimaTtu-
HM acocaH KOHTaKT COXaCUHWHI KapLUMAWUIKA aHUKNap 3KaH,
YHUHT KYNamy KOHTaKT pagMycu KaHuya KUYMK 6ynca, y xam
WYHYa KUYMK 6ynagn. ApuMyeKcM3 HamyHanapga anekTp
NOTEHUMAIMHUHT TapKaIMWN KOHYHWAAH, TapkaaraH Kap-
WWANKHK (1.111) ra kypa

=4 (1.113)

6unaH aHMKnaw Kenuo umkaan. ApuMMYTKasrnyd cuptuaarm
OKCWJA KaTnaMu Ba CUPT YTKa3yBYaHAUTMHUHT CTPYKTYpa Kap-
LWNAUIUra TabCUPU KUUMK B6YNCa, YHU TapKanraH KapLuuank
Knimatn cudatmga onuw MyMKWUH. MablymKu, 30HA Ba
APUMYTKaA3rMYNapHUHT geopmMaumsnaHmiinapy Tyganum,
30HA 6UNaH APUMYTKA3rMY opacuaarm KOHTaKTHUHT XaKUKWii
LLIAK/X Ba YNHaMUHM aHUKNaL Xyaa KniivH. Ly 6unaH 6upra,
Y 30HA KOHTaKTU paguycura MaTepuaniapHUHI MexXaHuK Xoc-
canapura, 30HAra KymunraH kydra 60fnvK.

KypunaétraH yCyNHVUHT TYPT 30HANN YCynaaH GapKu LyH-
Jakn, 6yHAa KOHTaKT LWaKAM KaHaanamp r0 — paguycra ara
6ynraH siccu alinaHagaH mnoopat. VIKKM matepuanHuHr FKOHr
MOAYNNAPUHN Ba 30HAra KYnnraH KyyHu 6unaraH xonaa KoH-
TaKTHUHT pafnyCuHN xucobnall MyMKWH. Paguycu ro 6ynraH
ACCN KOHTaKTHUHT APMMYEKCU3 HaMyHanapaa 3neKTp NoTeH-
UMaNVHWHT TakcuMnaHuwu Jlannac TeHrnamacu opKanu
aHvKnaHagn. ByHpail cTpykTypa (Ty3uIMa)HUHT TapKaaraH
KapLumanri

thopmyna 6unaH Tonunaau.

Taxpnbaga TapkaniraH Kapwuank ogataa KKK, yd 30HA-
nn ymsmanap 6unad ynuyaHagyn (1.206,8-pacm). Arap Hamy-
Hafa NOTEeHUWANHWHI TapKCUMMaHWWKM Mabiym 6ynca, y
xonga

q. = 4o _ nn Y
T Z2
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6ynaan. by epma: 5 — 30HANAp opacuparn Macoda, 1410 —
30HAUArK noteHumannap. 5» r06ynrasga £/(5)»-0, Kp=1/n/21n
ynuaHraH CTpyKTypa KapLinauru

r=7=2 B

6ynaan. by epga, 11(5)/1n — Gapbep KapLUUAUTK.

Yy 30HAAM ycyn 6unaH ynyaHraHga 2 Ba 3 30HANapAaH
TOK YTKasnb, 1 Ba 2 30HAMapAaH KMPULL KapLnaurn kKatra
6ynraH BoNbTMETPAA KyynaHuwl ynyaHaan. by 6mnaH 3 30H[
KOHTaKTUra TylraH Ky4iaHuw nykoTuiagu Ba yprajaru 2
KOHTaKTHUHT TapKa/iraH Kapliuauri ynyaHagu:

Kp=" +B*1+uT (116)

23 w23 23

Y4 30H4IM Yn3ma BunaH ynvaHraHga 30HANAPHUHT Gup Xun
oynuwn Tanab aTunmanign, neknH 6up kaHya cababnap 6op-
KW, MeTaiN-ApUMTYTKa3rMy CTpyKTypanapujaru KapLinimk-
HW nfean CTpyKTypasapgary TapkairaH KapLumavMkaaH apkiv
6ynuwura onub Kenagw.

MeTann-apumyTKasruy opacuga noteHuman TyCuK naingo
6ynca, SbHU YMAPHUHT YMKMLLI MLLIAPW Xap Xun 6ynraH \ / \
X0naa 3apsg TallyBunnap 6unaH 6oinmraH KM Kambarannall-
raH Katnam xocun kunagu. OMukK 6ynmaraH KOHTaKT4aH TOK
yTranfa, Ky4laHUWHUHT Teckapy MyHanuwmpa noteHuuan
TYCUK COXacu KaTNaMUHUHT KapLUWAWUTA OpTagam, KyuiaHuLw-
HUHT TYFpY MYHaNUILIMAA UHXKEKLNA Tydainim KOHTaKT Kap-
wuamrn kamaagn. bynap 6unaH 6up KatopZa KOHTaKTAaH
TOK yTraHga KOHTaKT COXaCUHWHI Ku3uwu, Tepmo 3 O K
XOCUN OYNMILIN KapLUAUKHUHT Y3rapuiinra onimMé Kenagu.
KapLIWANKHUHT y3rapuwmnra onnb KenaauraH cababnapgaH
AHa GUPMHN KypcaTULl MYMKWH. KOHTaKTHUHI KUYKK t03a-
yara ara OY/MLLIM Ba KOHTAKT COXacuaa 3MeKTp ManfoHn Ky -
NaHFaHANTUHK KaTra 6YNnWAnIn xapakaT4aH/IMKHUHT Kamaiin-
LUNra, AbHW KapLUWINKHUHT Y3rapuiimra onmé Kenmwm mMym-
KWH. By KypwunraH xofucanap tapkanraH KapliuinkHU
xmcobnatuga Kabyn KMAMHraH SpuMyTKa3rMuHUHE 6UP XXUHCAK
Ba OM KOHTaKTNM 6YncuH Aed kabyn KunuHraH tapasnap-
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HUHT 6y3unuwnra onné kKenagn. LLIYHUHT y4YyH CTpyKTypa-
HUHT TapKairaH Kapwuaurn xakukuid kuiimaty (1.115) ra
MOC TyLllaam Ae6 KyTull KWUIAKH.

TapkanraH KapwuinkHu Kuumk Toknapga (10'7-bH0'24),
KNYMK KydnaHuwnapga (1/=kT/e) ynuaw 6wunaH tokopuaa
Kaing aTunraH 6ab3n 6up XoAucCanapHUHI TabCUPUHN KaMali-
TUPULL-MUHUMYMIA KeNTUPULL MYMKUH. XucobnalinapHuHT
KypcaTuillnya, KPEMHUA HamyHanapuaa 30HA KOHTaKTU pa-
anycn 4 MKM, KyynaHuw 1/< 15 mB 6ynraHga KOHTaKT coxa-
CU TemnepatypacuHWUHI Yy3rapuwun 0,1°C paH opTmangu,
31EKTP MaNLoH Ky4naHraHaury 3apag tawyBsyniap xapakar-
YNHAUTUHUHT MaifoHra 60FNMKNMK cOoxacupaH Kuuuk
(=>KKO™-M04 B/cm) 6ynagn. KOnKa, KapluManuri Katta Hamy-
Hanapga CUpT X0narnapu X0CWn KWAraH cupT YTKasyB4yaH-
NMKHWUHT TapKaraH KapLunivkkKa Tabeupu KynuiraH Kyynia-
HULIHW KaMaliTupraHu 6unaH NYKONMamaW, LWYHWHE Y4yH
ynuaHraH cTpykrypa kapwunuru (1.115) gaH ¢apk kunagu.
Y xonga aMnepuk Koagh@uumeHT K(p) opKanu ynyaHraH
CTPYKTYpa KapLmamru Kyinugarnya mgoganaHagm:

Anu= K(p)4 (1116%>

By xoaucanap KOHTaKT pagvyCUHUHT XaKUKWIA KUAMATUHU
TYFPULAH-TYFPU aHMKaW MYMKWUH 3Mac/iurun, tapkairaH
KapLWIVKHW CONUWTUPMa KapLwuanrn aHuk 6ynraH (aTa-
NOH) HaMyHanapaaH oliganaHn6 Aapaxanall 3apypusTUHM
TyFAMPaanN, AbHW, K9r=/(p) 60FNaHULLIHM TOMWLL Kepak 6yna-
ON. YNUOB HaTwKanapu aHWK Ba TakpopiaHyB4YaH Gynuwin
YUYYH COMMLLTMPMA KapLIWAUrK ynyaHaéTraH Ba 3Ta/lOH Ha-
MYyHa/lapHUHT CUPTWU BUP XWA ULINOBAAH YTULLN Ba YHWUHT
cugaTn CUPT ULWNOBUHUHT Mab/lyM CTaHAapT Tanabura xa-
BO6 Gepun Kepak. 30HA MaHUMYNATOPY TY3UNLLN Ba 30HA
yN4amy KOHTaKr K3aCMHUHE Xap AOUM oupaali 6YnuLLImnHKu
TabMUHMaWK Kepak. Kyn xonnapga 3oHanap cugarmga yuu-
ra OCMURLaH ApUMLIap KYpUHULWINGA KONaHraH KaTrnk ma-
Tepuannap, pyTeHWn KOTULIManapuHUHE CUMIapu nLwnaTu-
nagu. 30HANAp yuyugaru Spumwiap KYypUHULIKLArM OCMUIA-
[aH noopat noHak (YY4IMK)HUHT paguycn 25 MKM Yamacuja
6ynraHfa, KOHTaKT paguycu TaxMUHaH 4 MKM HW TaluKun
atagu. MoiHaKKa HKopY aHUKIMKAa nwnos bepunaan. KoH-
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TaKT XOCCAIaPMHUHT TAKPOPAaHULLM YUYH 30HA/1apra Kynun-
raH KyuynaHull, SbHU 103a BMpAurura KynunraH Kyd 102+ 104
H/cm2 opanukua y3rapagu. byHaa 3oHAra KywiunraH ok oup
XU CaknaHWLWM Ba 30HAAPHM OXMCTa TUK KyTapuauwura
apuwmnw kepak. KOkopuaa KentupuaraH 60cum 3oHAnap
HaMyHa cMpTugaru OKCUA KatiaMHU Telunwira etapam 6ynraH
KOHMKapnn OM KOHTaKTW Xocun kunagu. by ycyn Gunad
aXpaTunraH myalisiH Xoingaru, acocaH KanvHAUrKM 6up Heda
KOHTaKT paguycy (rQ) ra TeHr 6ynraH KaTnaMHWHI TapKanraH
KapLUANTUHA, SbHU CONNLITAPMA KapLWWINKHIW YaYall MyM-
KUH. ®a30BUil aXpaTuLl KOOUNNATK TaXMUHaH KOHTaKT Au-
ametpy (10 Mkm)ra TeHr. ConmuwTupma KapLuank yndaHa-
ETraH COXaHMHI XaKMmK 1010+ 10~1 cM_3 TapTnbuaa 6yncuH.
By xonat KpeMHMiAfa Ba 60LIKa APUMYTKA3rMy HamyHanapu-
[a CONMWTMPMa KapLUWIMKHUHT CUPT Ba Ka/IMHAWK 6Yiinya
(hNyKTyaumnsacMHn ypraHuwira MMKoH 6epagu. Conuwtmpma
KapLUWIMKHA Ynyalgarn XaTonnknap spumyTkasrny bumnaH
30H[ opacugary MacoaHn KOHTaKT Yi4aMmnHn xap Xun 6ynn-
WKnAaH, OKCUMANAHraH KaTnaMHUHI (NapfaHWuHr) KaTHawu-
LUINAaH, KOHTAKT COXaCUMHWMHI KMU3UWKMAaH, XapakaTyaHIuk-
HUHI Ky4n 3M1eKTp MaljoHuaa Kamaiuwm 6unaH copmp
oymmwn MmymkuH. ConumwiTupMa KapLwuamri Katra HamyHa-
napfa cupT coxacuga 6ynaguraH XaXXMuin 3apsif COXaCUHUHT
Ba BaKr GYiinda cMPT NOTEHUNANVHUHT Y3rapuiin Ky4ynm Tab-
CUP KYpcaTULLIN MYMKWUH. Xap XUn ApuMyTKasrnunap y4yH
YNapHUHT CMPTUra MWNOB Gepull, HaMyHaHW Aapaxanalira
Taépnall Ba ynyawgarn LapT-wapouTiapHUHE Taknngiapu
nwna6 umknnrad. KpemHuin HamyHanapuHu yndaiura sa (Ko-
NMBPOBKA) Aapaxkanawlra Tanépnawl yyyH Kyhiugarn wviiios
yTKasunuwuy TaBeusa atunagn. KpemHuii HamyHanapuHu Kec-
raHgaH cyHr kanuii nwkopmga (KOH) 100°C ga 10 MUHYT
KaliHaTW6, MKKW TOMOHMAAH TaXxMUHaH 15 MKM KaTnam eau-
pn6 r6opunaan, CyHr yHra mexaHuK KUMEBWUIA cailkan 6epnb
25—35 MKM Yamacufa katnam onub TawnaHagu, CyHr ne-
poKCHA-aMmMMaK 3puTMacmaa Bunmob, xasoga 150°C ga 15
MUHYT ywnaHagu. Ly ycyn 6unaH vwnosgaH yTraH Hamy-
Hanapga MWoHY axTumonaurn 0,95 6ynraHn xonga KapLiu-
NNKHW YNyawgarn xatonvk 3,5% faH owmangn. byHgaH Tatw-
Kapw, KPEMHUI HamyHanapuga axwmn HaTmkanapra spuLmnLL
YUYH KeTMa-KeT MKKW TEXHONOMNK BOCKNYHK Y3 numnra onraH
MLWNOB KYNnaHunagm: onMoc nactackn AlM—2 6unaH cunimk-
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102 k . t i
0,1 1 10 100 </, Om-cm

1.21-pacm. CMpTK Xap XUn WULLINaHraH HamyHanapja TapkanraH
KapLUMANKHU CONULLTUPMA KapLUUIMKKa 60FnaHmnwwmn: 1,2 — MexaHuK
caiikannaHraH; 3,4 — HC1 6yfupga egupuw; 2,4 — HF kucnotaga
WLINOBAAH KeMWMHIN HaMyHanap yuyH.

naw, CYHr MWKOPAN 3puTmara 8101 KyKYHU COJIMHFaH Cyc-
neH3unaga anTupaTunagn, SbHU cainkan 6epunagn €ku Bogo-
pos xnopug (HC1) kucnotacu 6yfugaH CUPTHU e4UpULL YUyH
(hoganaHmnagn. By ycyn 6unaH uwnaHraH HamyHanapja
(1.21-pacm) conuwTpma Kapwmnmnk 0,001-+10 Om ecm opa-
NuKAa yYnyaHraHga sa MLWoHY axtumonn 0,95 6ynraHga xato-
nukK 5% paH owmaingn. ApceHup rannuii {Oas13) HamyHana-
pvaa cMpT ULLINOBUIa KyinniraH Tanab oKcua KatnaMmuHn 01mMo
Talwnaw Ba ynyawl Bakruga YHUHT RYKAUTMHW TeKLIMpPULL
xucobnaHagmn, YyHKM OoKcuanaHraH napga oynraHia KOHTaKT
KapLunamru xyga optné ketagn. Oxupru uwwinos 6ockuunga
3appadvacvHuHI KatTanmru 0,3 MKM 6yraH KyKyHCUMOH J1120 }
6unaH caiikan 6epuw Ba HC1:H20= 1: 1 HucbaTga 6ynraH
apuTMada éku 40% HF ga Kumésui MWINOB Gepuil Ba TO3a
[JMNCTUNNaHraH CyBaa HBULL, ULWIAOBAAH CYHT Te3 YN140B YTKa-
31 TaBCcUA 3TUAAM.
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2. ConmuwTrpmMa KapLWANKHUHT KaNVHAWK Byiinya Takcu-
MOTMHM ynyaLl.

HyKTaBWil KOHTaKTHUHT TapKa/iraH KapLwunank ycynm omp
YKUHCM BYNMmaraH HamyHanapga, Anddy3noH, anuTakcuan
KaTnamnapga ConMuTMpma KapLWANKHWU KaNMHANK 6Yinya
aHMKIaLWaa xam KyinaHuamwm MyMKUH. BYHUHT ydyH Y140B
HaMyHa CUPTUHWU KUMEBMIN EKN KYKYHCUMOH MOAdanap nac-
Tacmga KeTma-keT efupuul, SbHWU, KaJMHAUKHWU KamanTu-
pyLl ycynm 6unaH ékn 6Mp TOMOHIa HULWAG ICCU CUPT XOCKN
KWW yCynu opkanu yTtkasunagu. VIKKuHYmM ycyn 6GunaH
ynuyawaa ropusoHTan x — yKu 6yinya Cumkntnob ynyaHrau
KapLUMAUKHY (A(X)) YYKYPAMK 6yidnda 6ynraH Kapimnuk Ji(y)
ra kentmpunagn. Karnam KavHAUIM Y TOPU3OHTa X KOpAK-
HaTa opkann y=x1%a ugoga éunaH tonunagn. by epga, a —
HaMyHaHWHT rOpu30HTaN cUPTU GrnaH GUp TOMOHra HuLwab
cupTK opacugaru bypyak. Yykyp anddysnoH katnamnapHuHr
COMMLITMPMA KapLUMAUTUHW Ynyalfa TOMOHMIaPUHUHT HUC-
6atn 1:100, caé3 Anthdy3MoH KaTnaMaapHUHE COMMLLITMPMA
KapwuamrnHy ynyawga TOMOHNAPUHUHT HUC6GaTh 1: 1000
6ynraH Kusi cupT TaliépnaHagn (c!=y:x= 1:1000). SnuTtak-
Chan CTpyKTypanapga HYKTaBWiA KOHTAKTHWHI TapKasiraH
Kapwumamrura TarMMKHUHE TabCupy Ty3aTUL (yHKLUACK

ar,6 Aynr

1.22-pacm. Bup XuHcnnm 6ynmaraH HaMyHaHUHT 6Up KaTnamam mMogenu
X a-~a o
(a), napameTp = HUHT Xap XWn Kuimatugaru tysatuil
— ra 6oFAnKAMK rpagurn.
o)
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opKanu xucobra onvHagu. bup XuHcam 6ynMaraH HamyHa-
NapHUHT 61P KaTNaMIN MOLE/IMHN KYpamu3. SHT coana Kypu-
HULWAarn Katnamga KaivHank 6yrnya conmitmpmMa KapLiu-
MUK Xap xun 6ynca, GepunraH KaMHAUKAA Y OUP YKUHCIK
Katiam, CTPYKTypa 3ca UKKW KaTnamiu CTpyKTypa feb kapa-
nagn. Kanuuaviru i, conuwrmpma yTkasyBYyaH/IUIM CI, Kat-
namga paguycu ro 6ynraH OM KOHTaKTW >oinawraH (1.22-
pacMm). VIKKMHUYM KaTnam TarMKHUHE KOKOpU Katiamu 6u-
naH 6mp xun Tungaru yTkasyBYaHIMKKa ara 6YNCUH. YHUHT
YTKa3yBYaH/UIN 02 KAJIMHAUTK €Tap/iMya Katta 6YncuH, Yy
X0Nfa TarfIMKHU ApUM 4YeKcu3 HamyHa feb xucobnawl Mym-
KUH 6ynagn. KOKopu Katnamaaru anekTp NoTeHunanm qxrar-
nMKgarn g2 J/1annac TeHrnamacuMHU KaHoatnaHTupagn. byHaa
yerapasuil LWapTHU Kyingarnya tabpudgial MyMKUH.

MeTann-apMMyTKasrny KoOHTakTuaa noteHuman ysrapmac,
KaT/IaMHUHT FOKOPW CUPTULA TOKHUHT HOPMas TalKWU aTyB-
4ynucy HoMra TeHr, Katiam 6unaH Tariuk yerapacuja TOK Ba
noTeHumMan y3nykcus 6ynagun. by waptnap karnam Ba Tarivk
6Up XMHCNK Ba Yerapafa Xaxmuii 3apsf NykK aeraH apasra
TYFPU Kenaan. bup XuHcnm 6ynmaraH HaMyHaHWHr 6Up KaT-
namam moaenn 6yinmnya Jlannac TeHrnamMacuMHM eunil 6unad
KaTnamgarv xamga Tarivkaarv anektp noteHymannap (9, 49
TAKCMMOTMHM TOMULI Ba Yynap acocuia KOHTaKTHWHI Tap-
KaraH KapLwuinrHu Ty3atuwl yHKUUACU OpKakh XMUCOo6-
nawl MymkuH. 1.226-pacmpga Ty3aTuil OYHKUWUACUHWUHT

I ( K{rYIr= ~rp xXINH

K=0x 0 20X+02 NapaMeTPHVHT Xap Xun KuiiMatnapmga i/r0
Hucbatra 60FnaHULWIN KenTupuaraH. by epga: c, — ynyaHu-
UM Kepak 6ynraH KaTnamMHWHE CONULITUPMA YTKasyBYaH/IU-
MM, 02 — KWWAMATW aHuK BynraH TarfIMKHUHT COMMLLTMPMA
YTKasyBYaHAUIW. a@,=026ynraHga A=0, HamyHa 3ca 6up XXMHC-
N APUM YeKcK3 xaxmra ara bynagn. LLyHUHT yuyH

/(0, alrg=\

6ynagn. Arap rG>g 6ynca, KaTnaMHWHI Ba TarfIMKHWHI CO-
NUWITMPMa YTKa3yBYaHIMKNapyu 6up-bupnaaH Katra apk-
NaHca, Ty3atuw yHKuusanapy upaaH xyga Kyn gapk kuna-
On. Arap KOHTaKT paguycu KaIMHANKLAH Knunk 6ynca (ro<(l),
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Ty3aTuW (YHKUMACK YTKa3yBYAHAMKNAPHUHT UCTa/iraH KUit-
matnapuga ovipra akuH 6ynagn, Conmmrrmpma KapLumankHm
TapKaIraH Kapwuavmk ycynu 6unaH ynyawga 6mp XXuHcAu
OynmaraH HamyHanap yyyH Ty3atuwl (DYHKUUACUHU KUpU-
TUL Ba 3/IEKTPOH XMco6Maw MawmHanapuga xucobnaw ou-
naH 60FNNK 6yNnraH KMiMHYMIMKNapra kapamacgaH, 6y ycyn
Ka/IMHAMK GYlinya conuwThpMa KapLuuIMKHU aHuKnawia
Kynangmp. LLUyHuHrgek, Oy ycynga katnam KaauHAWrn Ba
YHVHT COMMLUTUPMA KapLUMAMIura oug Myxum 4eknaiunap
MaBXy[ amac. FOkopuaa Kentupuarad conMutmpMa KapLum -
NIMKHW ynyawgarn MmynoxasanapjaH KypuHaguku, ynapHu
ynuyawugarn XaToNMKAapPHUHE 3HT KaTtra TalwKua aTyBUYnIapu
KOHTaKT K03aCuHN Xap 6up ynyaluga TakpopnaHMac/mr, KoH-
TakTnapHu OM KOHTaKTV 6y/Macnuru, cupt uwiiosura 6of-
NNKANTI, XQOKMUIA 3apAAHUHT Tabeupy 6unaH 6ofnaHraHgmp.

1.9-§8. ConuwTypMa KapLWINKHA MeTaN-apumMyTKasrny
HYKTaBWii KOHTAKTMHUHI TELUWINL KyYslaHWLIN
6yiinya ynuaw ycynm

ConvwiTmpma Kapwmamri p TarIMKHUKUAaH Katta 6ynraH
anuTakcuan Karnamnapga (nn+, pp+ — CTPYKTypasiapga) co-
NNWTUPMA KapLUWIMK MeTaN-ApUMYTKa3rMy HyKraBuil KOH-
TaKTUHWHT (AMOAHWHT) TELUMINL KYUaHULWW OPKa/IN aHWK-
NaHULIN MYMKUH. YCYNHW GUP XXMHCAM HamyHasnapra, nn+,
p4p, p-nm 3NMTaKCHan CTPyKTypanapra Xam Kysnnawl MyMKUH.
JIeKMH yHW MeTpONIoruK KypcaTkuunapy 60LKa ycynnapra
HucbaTaH NacTpok 6YnraHn y4yH CYHIT TypKyM HamyHanap-
[a p — HKW ynualura KeHr KynnaHunMmaau. KypunaétraH ycyn
OunaH p — HW aHWKalWAa HaMyHa CUPTUra yyTta 30H/ XKOW-
nawtnpunagm (1.23-pacm). 30HA MaTepPUanIMHUHT LWAKN LYH-
[ail TaHNaHULKN Kepakky, ByHAa 1 Ba 2-30H[/1ap KOHTaKT/a-
pn OM KOHTaKTura sKuH 6ynumb, KOHTaKT KapLUMAUIUA KUUYUK
6YNCUH, 3-30HA 3Ca KOHTAKTU SIPMMYTKA3rmy GunaH HyKra-
BUWA OUOL XOCWUN KUICKH. 1 Ba 3-30HAM1apra KyTénaHuwu gu-
OAHVHI TecKapy MyHanuwmnra Moc KenaguraH nynbcauusna-
HyBYaH KyuniaHuw 6epunafy, 2 Ba 3-30HA/1apAaH KyunaHuL,
K — kapwuiuk épgammnga anofaaH ytaétraH TOK ynvaHagu.
[VOAHVHT BOMbT-aMMep XapakTepucTnka (TaBcugun)cu KMpuLL
KapLumaurn Katta OynraH ocumnnorpadga Kypunagn sa Te-
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1.23-pacm. MeTann-apMmMyTKasrnunu cTpykTypanapia HyKTaBuii
KOHTAKTHVHI TELUMANLL Ky4naHuWn 6yinda conmwTnpmMma KapLuuankHm
ynuaw cxemacu (a), BAXHU Teckapu KyunaHui coxacu (6).

LML KyYTaHULLIN coxacuaaru 6ypunuiu HyKracu Kaig kunu-
Haan 3-30HAHW kynnaw 6unad 1 30HA KOHTaKT kap-
LWMNUTUHUHT TabCUPU 1iyKoTunagn.

Amanuii TaaKUKOTap HyKTaBUil AUOAHVHT TELLUWINLL KyY-
NaHUWKN Kyn omunnapra, macanaH, TeWWIUW Ky4dnaHuLun-
HUHT YTKa3yBYaH/NK TUMUIa, 30HAra KynuaraH KydnaHuiira
(60cMM Kyumra), KOHTaKT KH3acura, cupT ULLNOBUra GOFNINK-
NNITMHKU Kypcatagn. By GofnaHuLWINapHN MyKaMmai €putraH
HYKTaBUI MO Hasapusacyh Ba TeLUWIWL KyYNaHWULLWHA CO-
NUWITUPMA KapWWAKK 6unaH 6ofnaraH aHaIMTUK Mdogacu
yk. Oemak, KypunaétraH ycyn 6unaH p HU TYFpUaaH-TYFpu
YyN4oB YTKasuLl opKanu aHukdab 6ynmarign. LUy ca6abnu p
HM aHMKAalAa CoNUWTMPMa KapLnankiapy Mabiym 6ynraH
(sTanoH) HamyHanap épaamuaa Unu=/(r) 60fNaHULIHKL Aa-
paxkanall rpaturn o1MHNG, yHAaH (oiganaHunil TaKo30 aTu-
nagn. ApumyTkasruynap conuwtupma kapwwuamrn 0,1 paH
10 Om. cM rada 6ynraH opanvkLa HyKraBuil auopnapaa Te-
LWL KYYNaHULWWHWUHT p ra 60FNNKVK (dapaxanall) rpa-
thuru

NKW=Ap» (1.117)
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KypuHuwwnga udoganaHagu. by epga: A, b—spumyTkasruu,
30H[ MaTepuannapura Ba 6Up KaHuya lOKopuAaa KenTUpuarad
omunnapra 6o0fFnuK KoapuymeHTnap ConuwTupMa Kapiu-
nurn 0,08<p<4 OM. cM 6YnraH «-TUM KPeMHWUIn HaMmyHanap
6vnaH BOMb(pam 30HAM XOCWUA KUITaH HyKTaBuii guopgpa
TEWWNULW Ky4aHWWK Kyimaarn KypuHuWga xucoGnaHagnu:

A UF92posT (1.118)

By 60fnaHuw 1Ba 2 30HAMapra guameTpu 250 MKM, 3 30HAra
aca anameTpy 60 MKM 6ynraH Bonbgpam Kynnail 6unaH onnH-
raH. YCynHn KpemMHUWIn anutakcman crpyktypanapura Kyanaw
Oylnya yTKasunraH TekwmpuLLiapra Kypa anuTakcman Kar-
namnapfa VWOHYAM HaTvKanap ONnW YYyH KaTlaMHUHT COo-
amwtmpma kapwuamrn 0,1<p<l Om. cm opanukga 6ynuil-
AN, KAJIMHAUTA 5 MKM flaH Kam 6yniMacnvru makcagra my-
BOUAMP. p HUHI Kyhm 4Yerapacu BAXHM Tewwunnuwi
coxacuaarv KYPUHULLIMHUHE EMOHNALINLLN, SHHU TeLNINLL
coxacmga GYPUNUWIHUHT aHUK HamOEH 6ynmacnuru GunaH,
IOKOpY Yerapacu KatTa reckapy KyunaHuwja Tarjimkka To-
MOH CW/DKMG, KaTnam OpKany Tewuauwn 6unaH TyLYHTU-
punagu. n-n' anuTakcuan CTpyKTypanapga n-KkatnamHUHE Co-
NAWTUPMA KapLWIUIMHU aHUKIaWAa aapaxanaw rpaguri

[faur 68,39 + pOMb+ 21,23p0&7 (1.119)

KYpuHMWaa ndoganaHraH myHocabataaH (oiganaHuil Tas-
Cus 3TUNaan. 30HL MaTepuaNiapUHUHT nTux/(p) ra Tabecu-
pUHWM YpraHuwaa nynart, Bofbdpam, OCMMWIA KYNnaHWAraH.
A-TUM KPeMHUIALa 30H[ MaTepuanapyHUHE TabCupy KaTra
aMacnUry aHuknaHraH. 3oHggarv 60CMM KyUUHWHT Tewu-
NN KYYaHULUWHUHT KMAMAaTUra TabCupu Kyuanpokaup.
Bocum KyunHu 10 1 gaH 100 r raya y3rapuil 3TanOH MOHO-
KpucTann HamyHanapga 10%, anutakcuan katnamnapga 20%
Kamanumiira onné kenraH. KpeMHUin HamyHanapugarm KoHu-
Kapan Hatwkanap 3oHAra 50 r Kyd KynunraHga YYuHuUHT gu-
ameTpy 250 MKM Oy/nraH OCMWIA 30HA Kynnaw 6unaH OnvH-
raH. dnuTakcuan kKatnamnapga ofuw bypuarn 1° 6ynraH Kus
TEKUCINK XOCW/T KNG, CONMMLITUPMA KapPLUMANKHUHT KaJINH-
MWK 6yinya TaKCUMOTUHWU YpraHu MYyMKUH. VKKK XadhTa-
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raya cakfiaHraH HamyHanapga ysrapmac Tok 6unaH BAX Hu
ynuaw KynnaHuaraHga HaTvdXanapHUHr TakpopnaHuwn 5%,
KMcKa Myfaataa caknaHraH HamyHanapga 1% ra etagu. nn+,
pp+—3nunTakcuaa Kariam CONUWTMPMa KapLUWINTUHN aHWK-
nawja HykraBuid AMOf4 XOCWN KWIyBYM 30HAra BOMb(pam,
OM KOHTaKT/Iapu X0CUN KWayBYM 30HANApra nynar ne3sus
KynnaHunraH. 3oHara 6ocum kyun 1t gaH 10 r rava yarap-
raHfa gapaxanawl rpaguru

=rgn +Fﬁ'l__bo [2- "rOeepE~N+r1)2] (1.120)

Hasapwin MyHocabaT 6unaH aHMKnaHuWwy Kysatunrad. by epga:
27"=210 kB/cm; e= 16; r= 13 MKM; —xapakat4aHiuk. Cup-
Tl oxmprn 6ocknuaa 5r HE+8rHM03+ 151 CHECOOH —Kuc-
noTanap apanalimacuga KUMEBMIA caillkannaHraH, ConmuTunp-
Ma KapLuMAUrn TYpT 30HAAM YCyn BunaH ynyaHraH repmaHuii
HaMyHanapu épgamuia fapaxanaw rpaurn onmHraH.p 15%
raya XxatonuK 6unaH ynuyaHraH 6y YCYNHWUHI XaTonurn, fapa-
Xanaw rpaurnuHn onvwgarn XaTonnknapgaH moéopartamp.
ApceHng ranniinun nn+ pp+ anuTakcuan CTpykTypanapsa Kat-
NaMHWUHT COMMMLLTUPMA KapLUWUANTUHA, MOHOKPUCTAI Hamy-
Haslap CoNMWTMPMa KapLUMAUIMHKU YnYall yuyH avameTpu 3
MM 6ynraH kap6ua Bonbtpam TaékvagaH yum 30° 6ypuak oc-
™MAa, Avametpyu 225 MKM raya 4apxiaHraH 30HL uwiatu-
nnb, yHra KyinunraH 60ocMM Kyuu 200 AMHa 6ynraH xonga
O/MHIaH Japaxanall rpaury HamyHaja 3apsg Tawysyunap-
HUHT KOHUEHTpaumsacn 1015<1<101 cM-3 raya 6ynraH opa-
nuKaa yarapraHga

n —Tnn CaAs yuyH Claw= 100(n/HO15) “03n

p —Tun CaA3 yuyH 1muF75{p/108H '°T
O6vnaH aHMKNaHWWK Kypcatunarad. Japaxanawl rpapurn 6
TafilaH Xo//1 KOHTaKTW O/IMHIaH Ba ynap OpKasu n, p — aHUK-
NaHraH HamyHanap épgammuia aHuknaHraH.

YCYNHUHT XaToNMKNapu TyFpucuia Kuckada TyXTKIaMus.
YCYNHUHT acoCUiA XaTONIMKNapW WKKW OMUA GunaH Tewu-
NN KYYIaHULIMHKU Ynyaligarn Ba 3TalloH Xamaa TeKLMpu-
naguraH HamyHanap CUPTUHWHI WLIAOBKM 6up Xun 6ynmac-
NUruaaH xocun 6ynraH xaTonuknap 6unaH aHWknaHaau. 1mw
HW aHUWK ynyaw ydyH BAX HUHT Tewwmnuw coxacugarn 6y-
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PUMNLIN KECKUH O6YNMWIN Kepak. ByHra 30H[, SpuMyTKasrny
MaTepuaniapuHun, 30H41ap LWAKAWHKW, YHra KyhuaraH 6ocum
Ky4MHW TaHnaw 6unaH apuwimnnagn. rNMoTteHumnan rycmkxocun
KUNraH KOHTaKTHUHI KapLUWMAWIK KatTa 6ynnwmn kepak, 30HA-
nap yun anameTtpn 25T-H00 MKM opanukua 6ynaan. 3oHAara
KylnnraH 60CUMM owwMwWKM 6unaH p Kamasauw. bocum Kyum
OpTraHfa, 30H[ Y4YNapyvHUHE 3/1aCTUK Ba NIacTUK Aedopma-
UMsnaHuWy Tygainm, ynapHUHI KOHTaKT K3acy KaTTasialla-
OV Ba HaTWXada TeLUMINLL KYYTaHULLIMHWHT KaMainuwmra onmno
Kenagu. 30HA KOHTaKT t03a/lapUHUHI TakpopnaHMacamru om-
naH GOFNMK TacoaUMUA XaTONMKNAPHW KaMalTMPULL YYyH
NoTeHUMaN TYCUK XOCUNT KUNaguraH 30H4-KaTTUK MeTa EKn
KaTTUK KOTULLIManap, macanaH, Bofib(pam, Kapobua-Bonbd-
pam, nynar, oOCMUIA, PoAMANap MinaTunaiu.

Ynuaw Ba fapaxanaw navtuga soHgnapra kynunrad 6o-
CUM Ky4ynapu 6up xumn KWAnb onuHaam: okmbataa, Yn4oB Ha-
TUXKaNapUHUHT Bup-6rpura SxXwmn sSKMHAAWNIWLKY TabMUHNa-
Hagn. YN4oB 30HAMra (HyKTaBWil guofra) KywunraH onTu-
man Kyynaduw 0,2+0,4 H opannFmga étaamn, épaaMyun KOHTaKT
KapLUAUTMHUHT Vwra TabCUPUHM KaMaiTUpULL YYyH yiapra
Kyhnnran 6ocum Kyum 0,5 gaH 1 H rava opttnpunagu, ynyai
namTuga noteHuman Tycuk coxacuga 1 BT raya KyBBaT axpa-
NN MYMKUH Ba Y KOHTAKT COXACUHWHI Ky4au KU3ULIWUTra
06 Kennwmn MyMKUH. LLIYHWHT ydyH Tewmnuw KyudnaHu-
WWHUHT KuiAMaTK Ynyaw ycynura 6oFink. KoHTakTa axpa-
naguraH KyBBaTHW KaManTupuL y4YyH YNHOBHU UMMY/bC pe-
XvMga yTKasuw TaBcus atunagu. mnynsc LaBOMUNANUTK-
HUHI Kamainuwim 6unad UTopTtagn. Tacoanduin Ba MyHTasam
XaToNuKnap aTaloH HaMmyHanap 6unaH TeKwupunagnraH Ha-
MyHanap CUPTUHUHT uwnosura 6oFnnk. Opataa fapaxanall
rpadury nnacTUHa LWaknmaarn MOHOKPUCTaN HaMyHanapaa
yTKasunagn, WYHUHT YYYH YNapHUHE CUPTU MeXaHUK EKM
KUMEBUIA ycyn 6unaH calikannaHaiu, anvTakcuan kartnamga
aca CUPT XeY KaHfai uwnosfaH yTMmaign. STaloH HamyHa
CUPTUHW 3NWUTaKCUan KaTiaM CUpPTUra AKMHAAWTUPULL YUyH
HC1 6yFuaa eaupuil TaBcust aTunagn, Oy 6munaH atanoHgarun
CUPT ULWNOB TEXHO/OMMA XapaéHn anuTakcuan Kariam ycTu-
PULLL YKapaéHura SKMHMaWTUpUiagn.

Takpnbaaa KysaTuniraH gapaxanawl rpauruHun ndoianos-
umn (1.117) chopmynaga KoagppmumeHT (b) HUHr 0,51 gaH 0,66
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raya ysrapuwim ynyawl HaTwkanapura tabcup KuayBUM Kyn
oMunnap 6unaH TYLYHTUPUAALW, LWYHWHT YUYYH YCYNHUHT
XaTonuru TYFpuaaH-TyFpy p HY YNyall ycynnapura HucbataH
KaTTa. KynruHa myannmdnapHuHE Kypcatuiinapuya, y 10%
JaH 70% rayva etagn. CTaTUCTMK TeKLWMpULLIAPAAH Mab/lym
6ynuwnYa, YCYNHUHT TaCOANMUIA XaTOMUIN ULLIOHY 3XTUMOJI-
nnrun 0,95% 6ynraHga conuwTrpma Kapwmanrnp=0,1 Om «cm
HamyHanapga 54%, p= 1,0 Om-cM yuyH 40%, p-5 OM-CM
yuyH aca 70% ra TeHr.



2-BOB

3APAL TAWYBUYUITAP KOHUEHTPALWNACK
BA XAPAKATHAH/TNTNHN YNYALL YCYNNAPU

DPKUH 3apsLl TallyBUM-Hap (3NeKTPOHNap, KaBakniap) KOH-
LeHTpaumsacy (n, p)HU Ba XapakatyaHank (Mp, ,u,,)H1 yadatl-
HUHT BUP KaH4a yCynnapy MaBxyd. Y €Kun 0y yCYNHUHT KynTa-
HULWW YNapHUHT METPOOrMK XapakTepucTukacura, ynyaHa-
éTraH napame’pnapHu TYLUYHTUPULL Mab/lyMOTapra 6omnmru,
ynyaw ycyniapuHuUHI M3nK acocnapu, HaMyHaHUHT 3/ek-
TPO(M3NK XOcCanapy, reoMeTpuK LAk Ba ynyamnapura 60f-
VK. YN4aw ycynvMHU TaHnawaa 6ynapgaH tawkapy yckyHa-
NapHUHI TEXHUK MYypakkKabnmru, (u3nk KatTaamknapHu
yayawgarn xaToNMKTapHU Hasapja Tyruw Kepak. 3apag ta-
LyBUYMIAp KOHLEHTpaumMsacy Ba XxapakaTyaHAUrMHW ynyal
ycynnapu mnumpa KeHr TapkanraHum Xonn agekrura acoc-
naHraH ycynaup. By ycyn 6unaH AapumyTKasruy HamyHaja
NUNHW ynyawgaH Tawkapu, 3M1eKTp YTKasyBYaHIMK TUMUHK
Xam aHuKaWw MyMKUH. 3apsj TalyBuunap KOHLUEHTpauns-
CU Ba xapakaTyaHIUTUHW Temnepartypara O60FIUKILWNHN
YyNnyab, TaKMKTaHraH 30Ha KEHTIUTMHWU, KUPULLIMaIaPHUHT Ma-
XN IHEPTCTUK CaTXTapy, NOHU3aLUS IHEPTUACK, KNPULL-
Ma aTOMJIaPHWHI KOHLUeHTpauuacy Ba 3apsf TawyByuniap-
HUHI COYUNIULL MEXaHW3MIapUHW aHUKaL MYMKWH.

2.1-8. Xonn athpekTn épfamHpa 3apsag TawyBUUNAPHHHT
KOHLIEHTPaLHSACH Ba XapaKaT4YaH/HTHHH
yn4aw ycynnapH

a) Xonn anekTp pUTYBUM Kyun

Xonn apgekTn ApUMyTKasLWy HamyHanapa ynapra anekrp
Ba MarHWT MaloHNapUHUHT BUp Bakrgaru TabCupuiaH By-
Xyara Kenagu. O YKy WyHanuwmnga (HamyHa 6yim 6yiinao)



2.1-pacMm. XO0NN 3NeKTP IOPUTYBYMN KyUMHWUHT Naingo 6ynuwmHn
TYWMHTMpULIra Ynsma (a) Ba Xonn appeKTUHM ynuaw cxemacu (6)

OKaeTraH napannenenunes LWakIngarn HaMyHaHu yHra TUK
I Yk 6Yinya WyHanraH MarHUT MaigoHura KupuTraHaa,
HaMyHafa MarHWT xamfa TOK / WyHanuwura TUK 6ynraH y
VKN AYHanMwmaa kyugananr 3NeKTp OpUTyBUMN Kyd (SO K)
xocun 6ynuwimrra Xonn athdektn aeb6 atanagn (2.1-pacm). by
3WMEKTHUHT MOXMATUHM KUCKaya KYpUO UYMKAMNMK. Y3yH-
JINTU &, 3HWU b, KANNMHANTY L6YNraH HamyHa 6epunraH 6yncuH.
X VKW 6yinya/ TOK yTaéTraH HamyHaHu | YKy 6ylinua inyHan-
raH MarHMT MaifoHra TUK KUAn6 ypHaTraHaa x —yku 6yiin-
ya F =-y nE ypraua gpeid Te3nmk 6unaH xapakaTnaHaéTraH
3NeKTPOH JIopeHU, Ky4uu

F=-e[YB] (2.1)

Tabcmpuaa x Ba r ykiapura TMK 6ynraHy — yKu nyHanuwmra
Oypunagn (ofagu). SNEKTPOH Ba KaBaKMapHUHI Apeiid) Tes-
NUKNaPUHWHT MYHaNULLW Ba 3apsif, MLopanapu xap Xun 6ynra-
HW YYYH ynap HamyHaHWHr akat 6Mp TOMOHMra Oofafu.
LLyHaar kunmb, HamyHagay — YKy WyHanuwnga KyHganaHr

I=1,+1, (2.2)

TOK nango Oynagn. HamyHaHWHr y — YKu yHanuwmgaru
ynyamMmn YeknaHraH xonga / — TOK HaMyHa YCTKM cuUpTuga
(pacmpa KenTvpuaraH Xon y4yyH) 3apsag TawyBYMNapHUHT
TYNNaHUWMra, OCTKM KUCMMAA 3ca YNapHUHT vLiopanapura
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Teckapyu vwopann eTulIMaraH 3apsgniap TynnaHuiwmra onmé
Kenagn. Hatwkaga HaMyHaHVHI OCTKM Ba YCTKW TOMOHMapu
Kapama-KapLuy 3apsgnaHagu Ba KyH4anaHr Xonn anekTp mai-
OOHVHVHT OWMG 60pULLIM YHUHT 3apsaj TawyBuuniapra (3/1ek-
TPOH EKM KaBaKKa) Tabcup Kyum (F=eE) JlopeHU, Kyuura Ba
KYHAanaHr / —TOK Hofra TeHr 6yNnryHya “aBom stagu. Ha-
TUXKaBUIA 3NEKTP MaiiAoH KyynaHraHanrn (E)x — yKura Huc-
6aTaH MarHUT MalfoH MHAYKUMACK B: ra nponopuuoHan
6ynraH Xonn Gypuyakka ofaam

WY>H=r = *n'B- -3)

Oy epaa: /xH — xapakaTyaHAnK 6upaurn 6unaH ynuaHagurau
NPONopPLUUOHAN/INK KO3hMUUMEHTH. Y XONN XapakaryaHau-
rm e6 roputunagn. 3apsg TawyBuMiapHUHT X0nn xapakar-
YaHAWUTW 3NEKTP YTKa3yBYAHIMKHW (0 = enL,) aHUK/I0BYN MUK-
POCKOMMWK XapakaTyaHIUKLaH apk Kunagu. KatTuk Xucm-
napga KUHeTUK XOAucanapHUHI Hasapusacura kypa 6y
xapakaTyaHanknap

lirHee<r2/ir<T>; Ir=*N A (2.4)

noganap 6unaH aHuknaHagn. by epga: T — 3apsj Tallys-
YMNAPHUHT penakcaums Bakrn,\* —s3apsj TalyBynnapHuHT
ahheKTMB MaccacH, <T>, <T2> —pe/akcauna Bakru sa yHUHr
KBaApaTUHW 3apsf TallyBUMnap 3Hepruscu oyiunya ypranail-
TUpWUAraH Kuinmatu. by ndoganapiaH KYpuHaguku, urHeaun
XapakaTyaHAnKnapHu apkanm 6ynuMwmn penakcaums Bakru-
HUHT 3Heprunsa 6ylinya xap xun ycyn bunaH ypranaitmpuiu-
LUK 3KaH. Xonn TaxpubagaH Kyycu3 MarHuT MaingoHga Xonn
ANEKTP MalfOoH KydynaHraHimrn (EH=Ey) HW Kyhungarum am-
nepuk gopmyna 6unaH aHUKNAHULLIWHN KYpcaTau:

Ey=E, =9H[]xB] (2.5)

By epga: )x — TOK Xunuru, KH— HaMyHa xoccacura 60Fnuk
Xonn foumuiicn, B — MarHuT MainfoH MHAYKLMACK BEKTO-
pu. (2.3) Ba (2.5) opmynanappaH
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mn,=I"A (2.6)

TEHTUKHM Onamu3. HamyHa n — TUNAn SpUMYTKasrny
6ynraHga, TOK 3nunurn udgogacnm J=oE=eunEx Hu (2.6) ra
KYino, Xonn AOUMWUACUHUHT

m

K o @7

KYpUHMLIAArM nhojacuHn onamms. Xyaan LyHra yxwa p —
TMN YTKa3yBYaH/MKKa 3ra 6ynraH spumyTkasruunapaa Xonn
AOUMUIACKH KyiAmparmda 6ynaam:

_AH _
Kos U " ® (2.8)

By epga: n, p — MoC paBuLAa 3NEKTPOH Ba KaBaK KOHLEHT-
pauuscu, 1, r MOC paBuLLIAA 3NEKTPOH Ba KaBaKHWHI X0/
omunnapn 6ynué, Xonn XapakaTyYaHAUKNAPUHUHT apeid

xapakaTyaHAuknapura Hucbatm rm= , Tp= 6unaH

ngoganaHagnnap Ba ynap <r2>/<r>2ra TeHr 6ynraH KaTra-
MUK BUNaH aHUKNaHagW. T HWHT KWAMaTWU 3apsg TallyB4u-
NapHUHT COUMNMLL MeXaHu3mMura 6OFnuK 6ynmb, 3apsa Ta-
LUYBUYMMNAPHUHT penakcaums BaKTUHW, YNapHUHT 3Heprusra
60FnaHnLl PYHKUMSCMHK KypcaTagn. Copda 30HanM aiiHu-
maraH ApuMyTKasruynapga 3apag tawysuuiap Kpuctaan naH-
YXapaHWHT NCCUKMK TebpaHuwimaa coumnca, Xonn haktopm
r=r=r=bn/%~\,\1 ra, MOHNaWraH KMpuiMa aTomnapuga
coumnca, r=193 ra, HeliTpan atomnapga couwnca, r=1ra
TeHr 6ynaaw.

YTKasdyBUYaH/IMKKA WKKN XWUN 3apsf TallyBymnap: 3NMeKT-
POH Xamja KaBak KaTHaLuca, Xonn Aoumuiicu Kyinvaarm ngo-
Aa 6unaH aHuKnaHagu:

rynn- IP mp mu)

KH = i [ X (29)
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LyHaan kunnb, 3apag TawysBumnap KOHUEHTpauusacu Ba
XapakaT4yaH/IMIMHU aHUKMaW yYyH COMMLWITUPMa KapLUUInK-
HU (EKM YTKa3yBYaHAMKHK) Ba X0NN AOUMUACUHK YNyall Ke-
paK. by ynuyoBHM YyTKasuw (216-pacMaa KenTUpWAraH Xon)
YUYH HOKOPU CUPTUra UKKWTA 30H[ (1 Ba 2), Nacrku KucMmura
30HA4NapAaH GMPUHWHT Kaplumcura 3-30H[ XornawTmpuna-
Av. 1 Ba 3 30HA4N1ap opacujarv noteHumannap anmpmacu op-
Kanm XOoMn 3M1eKTp HpUTYBYM KyunHU, 1 Ba 2 30HANap op-
Kain 116 — HaMyHaHWUHT 6Up KMCMugarn KyynaHuWHUHE ry-
WyBW ynyaHagu. Xona 31eKTP ManfoH KyudnaHraHauru
EH= IHb Ba TOK 31M4nurn }=17~bii ra TeHr 6YNraHANIrNHU
xmcobra onraH xonga (2.5) gopmynagaH Xonn 3oHgnapu opa-
cugarn noteHumannap animpmacy, SbHU XONn KyulaHWLIK
TyLLYBK

(2.10)

ndopa 6mnaH aHMKNaHagu:

_£EH. IV
H 1xBr’ [Kn (2.119)

Arap (2.10) ra KupraH KaTraJimknap KyunaHuil, TOK Kyuw,
Y3YHAVK, MarHuT MaingoHn wmHaykumsacn CW cuctemacupaa
(BonbT, AMnep, Tecnaaa) ynuyaHca, Xonn goumuiAicu Ku éump-
nurn m3Kn 6ynaam Ba (2.11a) dopmyna 6unaH xucobnaHa-
an. Arap mMarHuT nHaykuumscu layccga (/Y= HTc), y3yHIUK
cCaHTVMeTpAa ynyaHca, Xonn1 AOVMUACUHWUHT Gupanrn cm3
Kn 6ynagwn Ba y

= |'(8 re; [cmY/Kn] (2n16>

6unaH xucobnaHaan. KOkopuaa Kypuirad Xonn apgekTu y3yH
a>b, it HamyHanapga ypuHnu. YyHku 6yHaa, pusnk mynoxa-
3aapra Kypa, HaMyHaHWUHI MapKasuil KucMuga ToK 3Uu4imru
y Ba MalfoH KyuYnaHraHauru x ra 60Fnvk 6ynmaiign. y Ba Ex
nap y KooppguHaTara 60fnMK amac. HaMyHaHWHT Y3YH/IMK
6yinua ypTa KMCMU BUP XUHCAKM Bynaan. y=+b/2 cupTnap-
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fa TynnaHraH 3apsgnap HamyHa KyHAanaHr Kecumumra yTka-
aunraH OM KOHTaKTNapu OpkanuM oka 6ownainan. Tok yTa-
auraH OM KOHTaKTMapy coxacura sKuH xoiga x 6yinya ovp
XXUHCAM G6YnimMaraH 3neKTp MaioH KyuiaHraHIMIMHUHE Nainao
o6ynuwunra onnb kenagn. by coxaaa JSlopeHu, Kyun Xonn maii-
JOHW 6unaH TeHrnawa (MyBo3aHaT/nalwa) onMaingn, y Yku
byinya TawwKkui aTyBuMcn y *0 6ynagn. By COXaHWUHI KeHr-
nmrn aca (1-M,5)E£ ra TeHr. YN4oB 30HAMapWU LWy coxajaH
Tawkapuga 6ynraHga (2.10) Ba (2.11) dopmynanap ypuHu
6ynaan. by yHu a>3b 6ynraH HamyHanapra Kynnaw MyMKUH
JeraH cy3gmp. AKc xonga E Ba IH NapHUHT 3apsif OKULLK
6unaH 60FNNK 6YNraH KamanuiivHuW ~Mcobra onuiira TyFpu
Kenagn. Knumk marHuT maingoHga urd < 1 Xonn 3oHgnapn 1
Ba 3-HamyHaHWHr ypTacmaa (X=0 aa) xoinawiraH 6ynca, Xonn
9K

(2.12)

(hopmyna 6unaH Tonunagn. XucobnawnapHUHE KypcaTuim-
ya, 0,7% AaH KWUUMK XaToNuK 6unaH ynyaHraHga ®(a/b) Hu
Ky/ngarn opMmyna 6unaH aHuUKAal MyMKWH:

B(a) = d(y) = 07428 2 (2.13)

6) Xonn apekTn 6unaH 6mp BakTAa cogmp 6ynaguraH —
(xampox) atpchekTnap

Xonn ageKTUHM Ynyawiga Hasopat KAnb eynmarianraH
MyHTa3am (CMcTeMaTUK) Ba Tacoaudmili xaTonuMknap MaH6au
6ynraH, Y40B HaTVKaNapuHU XaToNMKKa 0nMb Kenysuu 6up
KaHuya athekTnap (xoamcanap) naingo 6ynagn. bynapra Ky-
AngarnnapHyu Kypcatuil MyMKUWH:

OTTeHrayseH addekTn. HamyHagaH MarHUT Maii-
[IOH AyHanuwura TMK 6ynraH nyHanuwaa ToK yTraHaa ynap-
ra TMK 6ynraH nyHanuwaa TemnepaTtypa rpagueHTUHUHT naii-
[0 6ynuwmra dTTeHrayseH aggekTn Aeb roputunagn. Arap
TOK X VKW, MarHUT MalifoHn r YK1 6yinya nyHanraH 6ynca,
y VK1 6yinya naingo 6ynraH Temnepatypa rpagmeHTn marHuTt

78



MailoH MHAYKUuMscKH B ra, TOK 3vMunnry ]xra nponopuuo-
Hau:

ATA = ==KA N (2.14)

By epfa: K, — 3TTeHrayseH Koa((huLUeHTN.

MarHuT MailfioHn Te3nuryn ypraya Te3NMKaaH Karra “mc-
CUK” 3apsg Tawwysuwuiapra (31eKTPOH &KW KaBaK) KaTTapok
Kyd OGunaH Tabcup aTagu, Te3NUru ypraya Te3NMNKAaH KUYMK
6ynraH “coByk” 3apsf TallyBuuiapra aca TabCup Kyuu Ku-
4YMKpOK 6ynagn. Mabaymku, Xonn 3f1eKkTp ManfoOHUHUHT
3MeKTPOHra (KaBakka) TabCuMp Kyuu ypTaya TesnMKKa ara
OynraH 3nekTpoHra (KaBakka) MarHUT MalfoOHUHUHT TabCcup
KyUMHW, SbHWU JIOPEHL, Ky4YMHU KOMMeHcauusnaii onaam sa
HaTuXada ynap ofMacfaH X YKu Oyiuuya xapakatnaHagu.
LLIYHWHT y4yH MarHWT MainfgoH Tabcupuia 3apaf TallyByn-
NapHUHT Te3NNK GYinda axpanuium to3ara kenagu. “Kccumk”
3apag Tawysumnap (2.1-pacM) HOKOpPW TOMOHra, “coByK” 3a-
PSL TalyBYMNap NacTKM TOMOHra ofaau. 3apsj TawysBuuniap
O6vnaH KpucTaiin naHxapa opacupa 3Heprus ajiMallivHyBu
Tyalinu, “nccuk” 3apsag TallyBumaap TynaaHraH TOMOH Kpu-
CTa/l/1 NaHXapaHWHI MyBO3aHaTAarn xonatura HucbartaH
ncuingn, “coByK” 3apsj TalllyBYmnap TynnaHraH TOMOHW CO-
BUIAAM Ba HaMyHaZa KyHAanaHr TemnepaTypa rpagueHTUHUHT
nango 6ynuwnra onmé Kenagn. ITTeHray3eH 3QeKTUHUHT
nwopacn xam Xonn athhekTn Kabu malifjloH Ba TOK MyHanu-
wura 6ofFnK. KyHganaHr Temrnepartypa rpagueHTn Xocun
KunraH 3eebek adhekTn Tyaiinm By)XXyara KenraH 3TTeHra-
Y3eH TEPMO3/IEKTP HOPUTYBUM Kyuun, SIbHWU OTTeHray3eH Kyu-
NaHUWN Xap oMM XON KyynaHuwinra Kywmnagam. YHu ToK
€KW MarHuWT MaifoH NYHaMLLNMHW Y3rapTupuw 6unaH ax-
patné 6ynmaniam;

HepHCT-3TTeHrayseH aphekTux yku 6yinnuatem-
nepatypa rpagvMeHT 6ynraH HaMyHaHW x YKura TUK T YKy
6yinya MyHanraH mMarHuMT MailgoHura >XonnawTupunraHaa
6ynapra TMK 6ynraH y yku 6yiinda HamyHaga KyHganaHr no-
TeHUmannap anMpMacMHWHI naingo 6ynuwmra HepHcT-37-
TeHrayseH aypeKTu geinnaan. Temnepatypa agmeHTn Ha-
TXacuga HamyHafa UCCUK TOMOHAAaH COBYK TOMOHra Aud-
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(hy3msnaHyBuM 3apsf TawyBuMnapra mMarHuT mMaingoxHumga Jlo-
PEHL, Ky4n TabCup 3TWO, ynapHM 6Up TOMOHra OFAupau.
ByHUHT okmbaTMga MarHWT MainfgoH MHAyKumsicu B ra Ba
Temnepatypa rpagvMeHTn Y X ra nponopuuoHan 6ynrau
KyHZanaHr noTteHuuaniap aniumpmacy — Ky4iaHuwl naingo

6ynagw.
=A3 YTBr-b (2.15)

by epga: AT — HepHCT-3TreHrayseH Kos@puuneHTH, b-y
VKN AYHanuwmaarn HamyHa yndamu. HepHCT-3TTeHrayseH
3 MEKTUHUHT ULLIOPACU MAarHWMT MainfoH MyHanuwn y3rapu-
LW 6unaH y3rapagu, y TOK WyHanuwura 60fFNnK amac;

Puru-Jlegiok adpekTux yku Gyiinya Temnepary-
pa rpajveHTnn 6ynraH HamyHaHW yHra TUK MarHuT Mai[oHu
E ra ovnawTtupunradaa JIopeHy, Kyun Tabeupuaa auday-
3MANaHyBYM 3apaf TawyBuunapLaH “nccuk” 3apsag Tallys-
umnap 6up TOMOHra, “COBYK” 3apsif TallyB4YMaap WUKKUHYM
TOMOHra ofagu (6ypunagun) Ba HaTmdKafa YNapHUHI Kpuc-
Tann naHXxapa 6unaH 3Heprus anmalinHysm Tydannm, IT-
TeHray3eH adihekTura yxiwawl KyHganaHr y — yku 6ylinya
Temnepartypa rpagneHTn navao 6ynaaw:

V /| =A,UXB2 (2.16)

By HamyHafaru KyHpganaHr Temnepartypa rpagueHTv Xomn
30HAMapy opacuga Kylummya noTeHumannap aivpmacuim VLA
BYXyAra Kentupagu. by xoamca Puru-Jlegtok addektn aeb
puTUNaan. 11°N HAHT MWopacu MarHUT MaiifjoH RyHanuwn-
ra 60F1nMK 6YNn6, yHAaH OKaéTraH TOK MyHanmwmra 60fF1mK
oynmangu;

KYHaanaHr MarHutT Kapwunumk 3ddekTHn
(MarHMTOCONPOTMB/IEHNE).

FOKopraa KYpAMKKK, ypTada Te3nnkK 6unaH xapakatiaHa-
éTraH 3apsg Tawysumniapra JIOpeHy, Kyun TabCup aTMangu,
YyHKU XONN 31eKTp MalfoHW YHU KOMMeHcauusnamngu.
LLIYHUHT YYyH YIAPHUHT MarHUT MaifoHna TpaekTopusicn
y3rapmaingy. JleKuH 3apsg TallyBuunapiaH Tesnmkiapuy yprada
Te3/IMKAAH KaTrasapy xamga Knuuknapyu ExmaingoH nyHanm-
lwmnra HucbataH MKKM TOMOHra Ofafu. YNapHUHT XapakaT
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TE3UIN 3NeKTP MaifoHn Ex 6yiinya kamasgm ae6 kapaul
HaMyHa KapLUUAUTUHUHT owmnwn feb kapawl éunaH 6up xus.
By KyHOanaHr mMarHUTOKApLIWAMK 3deKTn aed atanagu.
MarHut maigoHuga CONMWTUPMA KapLUUMAUKHUHE HUCOWIA
y3rapyim KWYMK UKKUHYU TapTubnm QyHKuUns 6unaH 60f-
NaHraH 6ynmo,

* = (4HB)r (2.17)

6unaH aHnknaHagn. LLIYHUHT yYyH KMYMK MarHUT MaiioHu-
fa (yrB < 1) ynyaHaétraH conMwTMpMa KapLinankka KyHaa-
NaHr MarHUTOKapLIWANK 3MEKTUHUHT TabCUPUHW
3bTMOOpra onmaca xam 6ynaau;

XoNnn 30HANAPWUHWHI HO3KBUMNOTEHLMAnN
cuptnapga XonnaHuwu. Xonn 3 KO K wura Tabeup
ataguraH fHa 6up omun cudatnga Xonn 3N1eKTPoANapuHU
HO3KBUMOTEHLUMAN CUPTFa XoinawraHaa xocun 6ynaguraH
Ky4naHuil VD HU KypcaTul MyMKWUH. By KydnaHuw 1 Ba 3-
30H4NAP CUMKMUIaH KUCMWUHUHE KapLwuaurura, HamyHajaH
TOK yTraHgarn KyunaHWLWHWHE TylyBura TeHr 6ynagu. l/a
XOonn KyunaHuwura KyLWmamwm xam, anvpuanwm xaMm mym-
KVH. YHUHI uwopack akaT TOK WyHanuwnra 6OFAUK.
FOkopuaa éputunraHnapfaH KypuHaguku, Xonn KyudnaHu-
WWHW aHWUK Ynyawl ydyyH KypunaraH agdgektnapHu nHobatra
0NV 3apyp 3KaH.

2.2-8. Xonn 3 KO K uHK ygyaw ycynnapu

a) Y3rapmac TOK Ba y3rapmac MarHUT MaiifoHu épgammga
Xonn KyuwnaHUWWHW ynyaid

By Xonn anekTp HOPUTYBUM KYUUHW YIYALIHUHE 3HT COf-
[a Ba KeHr TapkairaH ycynuaup. Mapannenenunef Liakiv-
Jlarn HamyHaHW y3rapmac TOK MaHb6aura ynab, yHpaH TOK
yTKasmnaam. HamyHa y3rapmac mMarHWUT €Ku 31eKTPpOMarHuT
KyTbnapw opacura Kuputunagn. Xonn aghekrmHn KNYnK mar-
HUT MaligoHAa ynuail yyyH MarHuT MaigoH MHAyKumsacu 1
Tecnaraya onnHagn. MarHut KyTbnapu opacugarm macoda-
HWU €KV 3NeKTPOMarHuTAa yHAaH OKaéTraH TOKHW Y3raptu-
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pn6, MarHUT MainfgoH WHAYKUUACUHUHT UCTalraH KMimatu-
HU 0NN MYMKWH. MarHuT MaigoH ynaHraHga, YHUHI Tab-
cUpmnaa KapLUnAIMKHUHT Y3rapyin HaMyHagaH yTaéTraH TOKHU
y3rapTMpmac/imri yuyH, TOK MaHOaMHUHT YMKULL KapLUWn-
rm KaTta 6ynuwmn Kepak. HamyHagaH OKaéTraH TOKHU am-
nepMeTp 6unaH KN KeTMa-KeT ynaHraH Kapwuamnkaarm Kyu-
NaHULIHKN ynyall OpKanu aHuknaw MyMKWH. XOnn 3nekrp
IOPUTYBUM KYUM HAMyHAHWHT Teruwin TOMOHWra onnatw-
TMpWAraH (KUCUG KYHBYM) KOHTAKTNAp EKN HYKraBuil 30H[-
nap 6unaH ynuyaHagu. YN4oB HaTwKanapy KatTa MLIOH4Yra
ara 6Ynuwn yuyH, Kyn xonnapaa, KaswapnaHraH (KkanainaH-
raH) éku narBaHA/laHraH KOHTaKTnap uvwnatunagu. Xosnn
KOHTaKT/IaPMHUWHT t03acK KaTra 6yimé Konnwmn HamyHaga ToK
TaKCUMOTUHUHT OY3UnunLInra Ba HAMYHaHWUHT WWYHTAaHULWNIa
06 Kenmwmy MyMKUH. By tokopu OM v HamyHanapga ai-
HUKca Myxumaunp. KoHTakTnap KapluiurmHUHT Y140B Ha-
TyKanapura TabCUpUHU MYKOTULW YYyH 30HAMap opacuiarv
Ky4naHUL ofaTAa UuKn Kapwnanr Katra 6ynraH BofbTMETp-
3NeKTpOMeTpnapAa KoMMeHcauus ycynm 6unaH ynuaHagu.
Xonn agdekTn bunaH 6upra cogmp 6ynaguraH, tokopuaa
KYpWAraH xogucanapHu xyucobra onranga, Xonn anekrpognapu
(1 Ba 3) ga ynyaHraH Kyu4naHuw OTTeHray3eH, HepHCT-3T-
TeHrayseH, Puru-Jleatok aghekTnapym XoCun KunraH Kyyna-
HULWANap xamga Xonn 30HA4NapUHUHT 6up-bupura HucbaTaH
CWIDKAWINAAH XOCWUT 6YNraH HO3KBUMOTEHLUMAN Ky4/laHWLL-
nap WnFnHaMcugaH néopat 6ynagn. by HaTvxaBuii (MUFUH-
An) KydnaHuwgaH Xonn KyynaHUWnHW axpaTuwl yuyyH mar-
HWUT MainfoH NYHaMLLNHWM KK MapTa Y3raptupuo, TypT 6opa
ynuoB yTKasunagu. byHAa ynuaHraH KyuiaHuw Kyimparumua
6ynaaw:

/+; B+ UN=\Hustmkst 10
/-; B+ U*=-u-n+n +0 -u
. (2.18)
/-; B- N=UHHB-NT- KNI
/+; B- N=-UHUN.-NT- K"

By TypT yn4oB acocuga Kynvgaru
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LH+ U3 =" - "~ +/A -2 (2.19)

ngoaaHn onamms. byHaaH KypuHaamkn, Xonn Ba JTTeHray-
3eH KyYNaHWLWNAPUHWUHT uopanapy 6mp xun 6ynraHu yuyH
Xonn KyynaHuwnga KywymMya 3TTeHray3eH KyuiaHuwn cak-
naHagn. KonraH atheKTnapHUHT XOnn KyynaHuwura tab-
CUPUHW AYKOTULL MYMKWH 3KaH.

LLUyHn ascnaTub yTuil Kepakku, HamyHagarn 6yinnama
TemnepaTypa rpaguMeHTn uwopacu Tok WyHanmwmnra 6of-
nukK 6ynca (macanaH, MNenbTe adhhekTn Ekn Gapbep Tydaii-
nn), yHAaa TypTTa ynyoB 6unaH gakat Xonn anekTpopanapu-
HUHT HO3KBMNOTEHUMAN KyuNaHUWWHU AYKOTULL MYMKMH.
KonraH aekTnapHu TabCUpPUHU RYKOTWLL YYYH Y3rapys-
YaH TOK, y3rapyBYaH MarHUT MaifioH ycynnapupaH oliga-
naHnnagn. KOkopu OM 1 ApMMYTKa3rny HamyHanapia Ho-
3KBUMNOTEHLUMAN KYYNaHULLIHW Ha3apuii MYKOTULL ycynu TypT
mapTta XOnn 3NeKTpoLnapuaarn KyulaHUWHN ynyal Kabu)
XaMma BaKT Xam HaTwka 6epasepmaingn. By Typkym HamyHa-
napfa TOKHUHI opTuwn XOnn 30HANapu opacuparv Kydna-
HULWHWHT yeuwmnra onmb Kenagun, 6ab3aH Xonn KyynaHuwn-
JaH xaM KaTTa 6ynmM6 Konvwu MyMKuH. ByHpail xonnapaa
1 HHUW Y4aLl aHUKIUI nacaino, YHU Ynyal MyMKUH 6ynvaii

ToT

2.2-pacm. Xonn anekTpognapy (KoHTakTnapu) noTeHUMannapuHUHT 6mp
Xun 6ynmacaury 6unaH 60FNNK Ky4naHULIHU RYKOTULL cXxemanapwu.
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Konagun. LLYHWHT ydyH XOnn 3neKTpoA/IapUHUHT aHUK YpHa-
TUAMaraHnMrn 6unaH 60fFNMK GYnraH K HUHE YN4YOB HaTu-
Kanapura TabCUPUHK MYKOTULLIAA 6OLLIKA GUp Hedva ycynnap
KyNnaHunagu, SbHU HO3KBMMNOTEHUMAN KyuNlaHWLW KOMMeH-
cauusnaHagn. 2.2-pacMpa amannétga Kynnab KenuHaétraH
KyYNaHWULWHM KOMMeHcaumsanaw ycynm ounaH ynyawHuHT
ynamacu KenTUpWaraH. Yu 3oHanM unsma 6unad Vik Hu iyKo-
TMWwaa 9 noteHumomeTpha (Kapwwnmkua) 1-30HAHWHT Mo-
TeHUManura TeHr HyKTa Tonunagn. by Kaplwmnavk HamyHaHu
LUYHTNAMac/IUIN YYyH, SibHU YHAAH yTaguraH TOKHUHI Ha-
MyHaZlaH OKaéTraH TOKKa HuMcbaTvHu xucobra onmaniguraH
oynun Kepak. LLIYHWHE yuyH YHUHT Kapwuvamrgad karta
ANK /S OYNMILN KepaK. YNuall Yn3Macura Katra KapLuuimk-
HUHT YNaHULWN YNYaWHUHT Ce3rMpanrnHn kamaitupaam. Yu
30HA/IM YM3Ma KYNPOK KapLIMAWUIA KUUYMKPOK HaMyHanapga
KynnaHunagn. Kynpuk umsmacuHu (2.26-pacm) kynnaw 6u-
NaH 1H HWM Ynyawpa 1-30HAHWHT Yan Ba YHr TOMOHMAaru
HaMyHa KapLmauknapy xamga ysrapysyaH Jl, Ba 92 kapLuu-
NNKNap KYNPUKHUHE TYpTTa e/IKaCUHN X0Cun kunagu. Mar-
HUT MaiiaoH ynaHmaraH (B=0) ga AxBa S KapLIUAUKAapHU
y3rapTmpmn6, 1 Ba 2-HyKTanapfa xap Xwun noTeHuumanra spu-
wmnaan. by ycyn 6unaH Xonn anekrtpoanapuga Xonn anektp
KYYUHWHT SpMU YNYaHagn, YyHKW HaMyHafaH OKaéTraH TOK
NKKN KucMmra 6ynnHaumn. LLIYHUHT ydYyH YHUHT Ce3rMpauru-
HW KaMunink eb KypcaTvw MyMKWH. 2.2B-pacMpa Kentu-
punraH ymsma épaMmuga 10 — KyUYnaHUWHN RYKOTULL Y4yH
K" Ba K, KOHTaKTnap opacura ynaHraH Kapliuivk opkanu
ynapaa 6mp-6upura TeHr G6ynmMaraH LIyHAail noTeHumannap
Tonunaaukmn, 6yHaa B=0 ga 1Ba 2 30HANap opacmaarn Kyu-
NaHWULW Honra TeHr 6ynagy Ba 3KBUMNOTeHLUMan cupTiap cun-
XUAAW. YnapHUHT ByHAali cumKuwm Hatukacuga 1 Ba 2
30HAMap 6uTTa cnpTaa étagn. by ycyn 6unaH 10 HM KOMMEH-
caums KUIvLW HaMyHAHWHT Y3YHAUTW YHUHT KEHTAUTW Tap-
TMbuaa 6ynraHgarvHa amanra owmpunagn. Akc xonga K, ea
K3 KoHTaKTnap opacugarv noTeHuuaniap anmpmacyu Hamy-
HaHMHT ypTa KUCMMZa SKBMMNOTEHUMaN cupTiapra TabCcupu
Kam 6ynaan. 2.2B-pacMia KenTupwuiaraH 4ymsmaga anoxuaa
ONMHraH TawKy TOK MaHbGan 6unaH 1n KOMMeHcauusnaHa-
on. ByHAa A} KaplnavMKaaH Talky TOK MaHb6an opkanu TOK
YTKasunraHga yHra Tylrad KyuiaHui 6unaH KomneHcauus-
naHagn. YNn4oB Ce3rvp/IMIMHA KaManTUpMacinK yuyH 4din3-
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Maza SA{ KapLwuavK eTapinya KNYMK KNamd ONMHULWIN Kepak.
3apag, TawyBunnap KOHUEHTPaUUACU KUYMK, EMOH YTKasyB-
YyaH/NMKKa ara 6ynraH (rokopu OM nn) HamyHanapga Xonn
3N1eKrp HOPUTYBYM Kyun GMP Heya MUNAMBONLT Oynagu. Ha-
MyHa Kapluaury opTvwm 6unaH IIx HU ynyawgary xato-
nuknap optné 6opagn. Arap HamyHa kapwunamru 106 Om Tap-
TMbnaa, ranbBaHOMeTp cesrmpaurn 1020 A/wik 6ynca, afekTp
HOPUTYBYM Ky4YHW ynyawijarm xatonuk ~\ mMB 6ynagn. Ynuos
YM3MaTAPUHUHT CE3rMPIUTUHM OLUMPULL YUYH FalbBaHOMETp-
HW 3neKTpoMeTpiap 6wnaH anMalTUpULW MYMKWUH. J1eKuH
y3rapmac TOK 6vnaH Xonn KyynaHUWWHW ynyallga aneKkTpo-
MeTp €KW y3rapmac rok Kyyaitmprmynapyu unaH mwnaw Ku-
AnHUnnmrn naingo 6ynagn. KOkopn Om M HamyHanapga 6y
KUWANHYMIMKNapHU XONN TOKUHW Ynyawl 6unaH nykoTuL
MYMKWH (2.3 Ba 2.4 napHn KapaHr).

6) Y3rapyB4aH TOK Ba y3rapmac MarHAT MaigoHu éphamu-
fa. XOnn aNeKTP PUTYBUN KYYMHW YidaLl

Xonn KyynaHulvMHKW YnyaéTraHaa, HamyHada TOK yHa-
nvwnga naugo 6ynraH temnepaTypa rpagueHTu nwopacu Tok
MyHannwmnra 6ofnukK 6ynca, y3rapmac MarHuT Ba Yy3rapmac
TOK épAaMuaa ynapHUHT NYHaIUWWHK Y3rapTUpuUwWw ycynm
6unaH HepHcT, Purn-/leqlok KyynaHuwnapuHyu WyKoTuL
MYMKWH 3Mac/IUrvMHN 1oKopuaa acnatné ytraH aguk. cecuk-
NVK XapaéHNapUHUHT UHEPUMOHAUT cababnn, HamyHafaH
FOKOPU YacToTanM TOK YTKasvwl 6unaH HamyHajarm Temne-
paTypa rpafveHTn Ba 'y 6unaH 60fnunK 6ynraH HepHcT, Puru-
Neptok achpeKTNapmMHMHT Xonn ahdekTura TabCUpuHn iNyKo-
TULW MYMKWH. Kn3ni Ba 'y 6unaH naifo 6ynraH KydnaHuii-
nap BakT 6yinya y3rapmaingun, Xonn ynyos ac6obnapmn akat
y3rapyByYaH 3/1eKTp CUTrHa/HM ynuaingn. HamyHagaH ysrapys-
YyaH TOK yTraHfja MarHuT maiifoHuaa y3rapyByaH TOK 4acTo-
Tacura TeHr 6ynraH Xonn KydnaHuwm xocun 6ynagn. Opataa
y3rapyBuaH 9MeKTp CWUrHaiHU y3rapmac CUrHanra Huc6ataH
Ky4YalTMpUL OCOH. Y3rapyB4aH TOKHW Mab/lyM ApUMYTKas-
rmunapra kynnaw émnaH Xonn KyyiaHUWUHA YI40BYM Ce3-
rMp KypuiMaHu apatuil MyMKUH. By ycyn Xonn anekTp 1opu-
TYBUM KyUMHW KaTTa ONvW KUAWH BYnraH, xapakaTyaHanru,
COMMLUITMPMA KapLUWIUTW KUYMK GYnraH HamyHanapia KOH-
LeHTPaLMs Ba XapakaTyaH/IMKHM Ynyaluja KatTa axamusTra
ara, YNuoB MainTuga HamyHafdaH yTaéTraH y3rapyBuaH TOK-
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2.3-pacM. X0NN 3MeKTP PUTYBUM KyuMHW y3rapyBuaH TOK Ba y3rapmac
MarHuT épaamuga yadail cxemacu.

HUHT XON/ 3/M1EKTP HOPUTYBYM KU 3EKTP 3aHXMUPLA X0CUT
KunaguraH Kepakcus CUrHannapHu (HaBOAOKHW), LUOBKWH-
HY YKOTULL Kepak. 2.3-pacmpaa Xonn aNneKkTp pUTYBUN Kyu-
HUHT y3rapyByaH TOK Ba ysrapmac MarHuT épgammuia ynuaiu
umsmanapuiaH 6mpn KenTupunraH. Y3rapysyaH TOK MaH6au-
faH (TM) axpatysun TpaHcgopmatop Tpl opkanvM HamyHara
KyunaHuw 6epunagn. LUy TpaHchopmaTopzaH sHa TasgHY cur-
Har CWHXPOH feTekTopra 6epunagn. HO3KBUMMNOTEHLUMAN Kyu-
naHmw 5=0 ga K — KapLuank opkanm KomneHcawlmsnaHa-
An. Xonn KOHTaKTnapujaH ofvHaguraH KyynaHuw Tp2 —
TpaHc(opmaTop OpKasu Ky4yanTmpruyra, CyHr CUHXPOH fe-
Tekropra 6epunagn Ba Xonn KydnaHuwmn ynyaHagn. CUHX-
POH [eTEKTOP Xap XW/ LLOBKWHMAPHN KaMaTupagmn Ekn TYnnkK
nyKoTagn. Tp2 TpaHCHOPMATOPHUHT KMPULL KAPLUMANTN K —
KapLUMVMKKa Ba 30HAMap opacuiarn Kapunankka HucbataH
eTap/iMya Katra 6ynmwmn Kepak.

By unsmaga vactotacm y=570 ru 6ynraH ysrapyByaH TOK-
HW Kynnaw 6unaH KWYMK Kapwmnnnknm HamyHanapga Xonn
3NEKrp HOPUTYBYM KyunHW yndawga cearmpaurn 10~9 B ra eT-

86



raH. by unama 6unaH marHuT MaingoH nHaykumuscn 6=4600 Ic
[a 3apaj TawlyBumiap KOHUEHTpaUmsacH nN=6  102L.cM_3 xapa-
KaTyaH/urm u,,=2 cM/B. ¢ 6ynraH HamyHaaa Xonn achdekTu
ynuaHraH. LLyHW Tabknpgnawl Kepakku, 6y ycyn 6unaH yTka-
3YBYAHMKHUHT TUMUHW XaM aHWKiaw MymKuH. Arap Xonn
KyuynaHuwmn 6wunaH HamyHagaH yTaétraH TOK 6up (hasaga
6ynca, p-Tvn HamyHaga Ms>0 6ynagw, arap Kapama-kapLiu
(bazaga Oynca, N-TMN HaMmyHaga KH>0 6ynagw.

B) Xonn anekTp PUTYBUM Ky4uHUM Y3rapyByaH TOK Ba y3ra-
pyBYaH MarHUT MaigoHW ycynu 6unaH aHuknall

HamyHagaH yTaéTraH TOK Ba yHra KyiuaraH MarHuT maii-
[OHW Y3rapyByaH 6ynnb, ynapHUHT y3rapuwiy Kynvaaru KoHy-
HUATNAp 6yiinda 6YNCUH:

B=B0co5(a>K+4])
/=/CHAH<ID)

By epga: BO, /0 — MOC paBuWga MarHUT MaingoH UHAYKLMS-
CV Ba TOK amnaMTyfganapu, L, Ba ul2 — ynapHUHT YyacToTana-
pu. 3 Ba a2 — (hazanap CUMHKULLIK, a)2>w2 Aeb6 XMcobnaHca,
(2.24) Hn (2.15) ra kyicak, Xonn 3MeKTp HPUTYBYM Kyuu
ndogac Kyinmaarn KYpUHULLIHK ONafu:

I N

1H = KH eco3 (if/ + <3) eco3 (a2 + g2) =

(2.20)

=-N-Nafcosf(@we -w X1+ (p2 - <M+ (2.21)

+cog[(ur + <un,)+ (N + W)}

ByHzaH KypuHagukm, ysrapysuaH Xonn KOK ndogacu vac-
ToTacu (2-w”) Ba (u2+w) 6YNraH MKKUTa rapMOHUKaHK Y3
nunra onagu. Xonn 30HANapy opacujarv yarapyByaH Kyusa-
HULLHW rapMOHMKa YacToTanapuiaH 6Mpurawu- L xBsa w2+ Lur,
cO3/aHraH TaHMo0BYM Kydvantupruura 6epu6, Xonn 3HOK
VIHUHT aMnauTygacu ynuaHagm sa Xonn AovMuiicu

(2.22)

*0"0

87



(hopmyna 6unaH aHuknaHagu. By 6unaH kKamma Kyluimua,
NUKKUHYM aapaxanu adektnap Tabcupu Wykotunaam. Ma-
cafnaH, 30HAMapPHM HOCUMMETPUK >XOMNaHWWK 6unaH 60F-
NaHraH uft 4acToTan KyunaHWLWHW, MarHUT MalJOHUHWUHT
XOCWUN KWraH a2 4actoTasi Ba UCCUKNNK 3pdekTnapu 6u-
NnaH 60FNNK KyunaHULNapHW Kypcatuw MyMKuH. LLyHpaai
KUInG, Kylwmmya aheKTNapHUHT KaTTa 3/1eKTP CUrHas LIOB-
KMHMAA KNAMATWU KNYKMK 6Ynrad Xomnn anekTp HputyByYMn Ky-
YMHM YNYaw MyMKWH. Kyunm y3rapyBYaH MarHuT MaingoHu-
HU onuMwgarn KMANHYMAMKNapra kapamacfaH, Top Ccoxaau
(Y3KOMOJIOCHbLL) KYYaTUPTUYIAPHUHT KYNNaHWULWN KypWi-
MaHWHT Ce3rMpaurnHM aHya owwmpagun. Xonn SKOK WHUHT
TemnepaTypara OOF/IMKIMIMHM ynyawl Ba X0/ Ky4naHuLwK-
HUHT Y3rapuWnHA y3nyKeu3 é3nb onnwHn Gy YCyNHUHL ad-
3anuKnapugaH ovpn cudatmga Kypcatmwl MyMKUH. Y3ra-
pyBYaH MarHWT MalfoHW 3N1eKTPOMAarHuT dyniFamnapuja w2
yacToTa/IM TOK YTKasuw 6unaH ékn MexaHuK ycyn 6unaH
XOCUN KUINHaAW.

UacToTanap 6up-6upuaaH KeckuH (apk KunaraH xonaa
30K HKM ynuawpa WOBKUH curHan (HaBoaka) Gynmaiiawn.
07=0,5-r 1T, 6ynraH Top coxanu Ky4anTMprmunapHuHr Kynna-
HMLWW TOK Ba MarHWT MainfoH YacTOTaNapUHUHT Xyaa TYPFyH
OYNMLLINNTMHW Tanab Kunaau, akc XOnga CUFHaSHWUHE &2- L X
EKN U2+ YyacToTanapy Kyunu yarapuiira yypaingn sa o2-it),
€KN co2+Lww{ yacToTara cosnaHraH Kyvantmpruyga Xonn SHOK
N KyunaHWLWIHW KeCKUH KamarTupagn. Opatha MarHuT Jyrfa-
Mun vactotacu y=50 Iy 6ynraH y3rapyBuaH TOK Tapmofura
ynaHagn. Opatga caHoatfa TOK 4acTOTacvHW TYpFyH yLunab
Typuwra apuwné 6ynmarign. LUy cababnu, wix 4acToTaHUHT
y3rapvwm 6unaH Moc paBuvLLIAa W2 4acTOTaHW Y3rapTupaguraH
LyHAAA Kypuama apaTuiraHku, y vactotanap apKuHN wwi2-
LLXKydCK3 y3rapTupaan (caknaingm). Y3srapys4aH TOK Ba Y3ra-
pyBYaH MarHuT MaingoH ycynm opkaam Xonn SKOK nHmn ynyaw-
ra xanakuT 6epaguraH cababnapgaH umpura  Ba UR4acToTa-
NN KyYNaHULWNapHUHT apanawmuwmra onmb Kenysyum TOK
KOHTaKTNapmza ysrapyByaH TOKHUHI TYFpUNaHULWINHN Kypca-
TUL MYMKUWH, YyHKM ByHpa Xonn 3 KO K yvactortacura TeHr
4acToTa/IM TEGPaHULLHW XOCU KWUTYBYMN LLOBKWUH CUTHa1 XOCW/
6YNMLLIN MYMKUH. LLIYHMHT yuyH OM KOHTaKTNapUHN 3pUTHG
0N TEXHONOTMACUHWN fXWmnnawl (MacanaH, n+n, p+p KOH-
TakTnap O/MLW) Xamga raHTelb KYpUHUWKUGarn HamyHanap



2.4-pacm. Xonn athheKTaHu y3rapyBuaH TOK Ba y3rapyByaH MarHuT
MaifoHAa ynyall cxemacu.

Kynnaw 6unaH OYHWHI TabCUPWHW KamMakTUpuL MYMKMH.
LLlyHra MyBO(MK KOHTaKT/Iap cudatura KymnaraH tanab ysrap-
Mac TOK ycynmra HucbataH Katrmkpok. By ycyn 6unad Xonn
3HKOK MHM ynyalHWHT 610K Yn3manapugaH oupn 2.4-pacmaa
KentmpunaraH. Yusmaga ysrapysyaH TOK MaH6an cucatunga ym-
KU KapLUWANI KMYUK BYNnraH UKKUTa CUMMETPUK KaHan
nacT YacTtoTasn reHepartop uwnatunagn. KyunaHuw HamyHa-
ra reHepatopjaH axparyBuM TpaHcqopmaTop opkaiu 6epu-
nagn. HamyHagaH yTaétraH TOK TpaHcgopmatop Tp HUHT
NKKUIaMyn YyfiFamn ypracura ynaHraH amnepmerp 6unad,
y3rapyByaH Xonn SKOK ur+o™ EKM 2= co, YaCTOTara co3ssaH-
raH TaH/MIOBYM PE30HAHC Ky4valTupruy 6wunaH ynvaHagn. by
yeyn 6unad Xonn SKOK mopacHn aHUKNALWHUHT 6Up KaH-
ya PafMOTEXHUK YM3Manapu MaBXxyd: MacasiaH, HamyHajaru
Xonn SKOK Hu atanoH HamyHagarm Xonn JHOK ra conuu-
TMPNG aHMKNAL MYMKWH. BYHWUHT YYyH YTKa3zyBYaHINK TUMN
aHuK 6ynraH aTanoH HamyHa onmn6, yHu Xonn JHOK ynyaHa-
éTraH HamyHa Xonn 3KOK ura keTma-KeT ynab, ynap conuiu-
Tvpunagn. by xonga Xonn SHOK
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=2(57~ 'B/a*  Bl]oos(w2- w2)(  (2.23)

noga 6unaH aHukaaHagu. by epga: Kio, s — 3TaloH Ha-
MYHaHUHT X011 KO3PMUUNEHTN Ba MarHUT MyHannwwmn 6yiin-
Yya KanuHnuru, /3, / —3TanoH Ba TeKWMpuUnaétraH HamyHa-
[laH yTaéTraH TOK.

Bup xun thasagarv Toknapw /3, / HUHI KaTTaUrHN y3rap-
TUpM6, Kapama-Kaplun TWN YTKasyBYaHAMKKa 3ra OynraH
HamyHanapga Xonn 9 KO K Honra TeHr 6ynraH BasusTra apu-
wunnagn. Arap HamyHa OwnaH 3TaloH 3M1eKTp YTKasdyBYaH-
NVNKNapu TUNK Xap Xun 6ynca, ToknapaaH GMPUHUHT (ha3sa-
CUHMN xamfa /3 Ba 1napHu y3rapTrpub, KoMneHcauusara apu-
wunaan. WyHpaain kmnnb, 6y ycyn 6unaH Hadakat Xonn
3 KO K 1 uwopacuHu, 6anky TekwunpunaétraH HaMyHaHWHT
Xonn KoahnUMeHT (AOMMUIACA) HUHT abCONKOT KUiAMaTu-
HY TOMULW MYMKWUH

K» = T~T (2-24)

By KomneHcauus ycynmga mMarHWT MalAOHWUHUHT KaTTa-
NUTMHN Bunnw wapT amac. Ofataa 3TaloH HaMyHa 3MeKT-
pomarHuT KytbnapgaH ovpura énuwtupn6 kyrnnagu. Xonn
30K nHM ynuaingurad caHoaT KypuiaManapuga TOK reHepa-
TOpY YactoTacm 70—75 U, MarHuMT KyTONapUHMHIE NoiHarun
(yunurn) 40 mm, ynap opacuparn macoda 40 Mm TapTMbuaa
6ynca, 3000 apctearaya 6ynraH MarHUT MaJOHUHW XOCWUN
KU MymKuH. By ycyn 6unaH xapakatyaHnvknapn 5-M0*
2 cM2B ec 6ynraH HamyHanapga Xonn a@ekTUHM yndai
MYMKWH 6ynraH. LLyHW Hasapfa TyTuw Kepakku, y3rapys-
YyaH MalfioHga AXMT MeTain Kucmnap (Kpuoctar), YHW yul-
nab TypaguraH TyTKuYnap WMHAYKUMOH TOK 6unaH Ku3uLu
MYMKWH.

2.4-yn3magarv apanawiTmpruygaH dmkaértraH craHgapT
(hasanu KydnaHuw 6unaH HamyHagary KydauTtupuirad Xons
KyuiaHuwmn ocumnnorpadga XoCun KuaraH aUCcaxy Liaki-
napura kapab Xonn 9KOK 1 wmwopacuHun, SbHM HamyHaga
ANEKTP YTKa3yBYaH/IMK TUMWHU aHWKIALW MYMKWH.
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2.3-8. Xonn Toku

Bus tokopmaa Xonn aekTUHM KypraHga 6y addekT-
HVMHI Hasapusacy CTaumMoHap Xxonatga Kyiugarn mgoganapra
0/Mb KEeNULLIMHWU KYpraH 3auK:

By epga: E — _pamMyHaHWHI HaTWKaBWiA 3NeKTP MaingoH
KyynaHraHnmru, En— HamyHagaH oKaéTraH TOKHUHI X0Cun
Ku/iraH ManfoH KyunaHraHauru, E~— Xonn afekTp MaigoH
KyUNaHraHIury, y — TOK 314U BEKTOPU, a(B) — MarHut
MangoHAarv CoMMLITMPMA 3M1eKTP YTKa3yBYaH/NUIU.

by thopmynanap TOK YTaéTraH HamyHaHWU MarHWT Malifo-
HUra KMpuUTraHga nango 6ynraH Xonn agqe KTUHUHE _6bup
XUXaTUHU HaMOEH OYNULLIMHK KypcaTaaw, B=0 ga E=E
6ynagy. MarHuT MaiioHn (JTopeHL, Kyuu) TOK 3UHIUTA BEK-
Topura TUK 6ynraHga mMarHuT MaingoHura nponopuuoHan
6ynraH Xonn anekTp MalifoH Ky4unaHraHAUrMHK BY)XKyara Kes-
Tupaan. (2.25) parn udoganapHWHI TOK 3uuyanrura Huicoa-
TaH euynMmn Kyinmpgarm

Y=N+]1s8+],; [.=0E\ 1, =o0'u\Em\
(2.26)

noganapra onmé Kenagu. Xonn ynyosnapy yTKasuaraHga
opgatda E+B kunmb6 onuHagw, 6yHga / =0 6ynagn. (2.30)
nopanap Xonn 3hMEKTUHUHT UKKUHYM XUXATUHW Kypca-
Tagn. Xonn apgekTn MarHUT MaifoH WHAYKUMACKU Xxampaa
yTKasyB4YaH TOK 3MYANIN BEKTOpUra TUK Ba MarHWT Maifgo-
HUra nponopumoHan Xonn TOKMHU xocun kKunagn. HamyHa-
fa Xonn agekTn TekwmpuaraHga Xonna 31eKTp MainaoH
KYYnaHraH/IMrMHn XapakTep/ioByYn TeHrnamanap tusanmm (2.25)
€KN yHra akBmBaneHT (2.26) TeHrnamanap fiHa Kywugaru
ndoaanapHn Y3 numra onaau:

LLy/ =O0; ro(E=0 (2.27)
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2.5-pacM. Xonn TOKMHUHT Maiuo GYAUWUHK TYLWYHTMpUWra Ymsma (a),
XONN TOKUHUHT KOHTAaKTMap OpKanu ynaHuLu.

ByHra Kylingaru verapasuii wapTtnap Kywunagu:

1 HaMyHa CUPTUHUMHI MeTann KonjaaHmaraH Kucmupa
3NEKTP MalifoH Ba TOKHWHI TaHreHuman (Hopman) TallKun
3TyBUNCK

E=0; y=0 (2.28)

6Ynagn. ByHAaa KOHTAKTMApHWHI MOTEHUMANM EKU yHAaH
OKaéTraH TOK Gepuanwin Kepak. MabnymKW, TOKIN HamMyHa-
HW TOK AyHanuwmra TMK 6ynraH MarHutT marfoHura Kuput-
cakK, Y3yH, TOp HaMyHaHWHT ypTa KucMmuga HocTaumoHap Xonn
TOKMA@H, 3apAAIapUHUHT TYNaaHUWK cababnm, Xonn anekrp
topuTyBUM Kyum (3KOK) nmaingo 6ynaun. Kanta, tonka Ba KeHr
(a<b) HamyHafia Xonn 3aeKTUHN Kyparinmk (2.5-pacm).
Y3yH Ba TOp HamyHafaru kabu JlopeHL, Kyumn apeid xapa-
KaTu KWnaétraH 3apsf TallyBYWIapHW OFAMpagW, aMmo Ha-
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MYHaHUHT Ka/IMHIMIN KMYMK Ba 9HU KaTTa LWaknga 6ynuwmn
Tyalinu, HamyHa ypra KUCMWUHWHI GMpOp epuaa OfraH 3a-
psgnap TynaaHUWn KysaTuaManay Ba Hatukaza Xosi anekTp
MalijoHn naingo 6ynuwura onné kenmagn, sbHU J1opeHy,
KyUY/HU MyBO3aHaT/I0BYM MalfloH BY>XyAra kenmaingm, Oy —
YKy 6yiinya ctaymoHap Xonn TOKWU okaau. y=+b/2 cupTtnap-
fa TynnaHraH 3apsignap HaMmyHa MapkasufaH y3ok/aliraH Ba
MalfoH KYYNaHraHJUIMHUHT E TalWKua 3TyBYMCK Naingo
oynmaian. by athpeKTHM MUKLOPWIA Kapalliga, HaMyHa Map-
Kasuaary KatTanvMknapHu y ra 6ofnuk 6ynmacnvrugad qoi-
JanaHamus. by xonga (2.28) gaH KypuHadauku,) Ba E nap x
ra 60fnmK, amac, (2.28) ra kypa

6ynagn. Mapka3uii kucmmaa Ey x ra 60fnaHMaraH 6ynraHu
cababnu, E =0. by MynoxasanapHu Ba (2.26) npogaHu Kynnao,

N=N+r1'E~r  }y=},=MnBl (2.29)

(hopmynanapHu onamus. bBynapfaH KypuHaguku, ExBalyx ra
OOFNINK 3Mac Ba 3M1EKTP MaifoH 6up XXuHcangup. Marumt
MaigoHMAa TOK 3MUNIMIN BEKTOPU B Gypuyakka Oypunaaw.
Y=CON$l TEKUCNUKLAH OKaETraH Tyna Xo/i TOKM

n=a-(1-}y (2.30)

thopmyna 6unaH Tonunagu.
HamyHa KOHTaKTUHWHI 6Up KUCMUAAH OKaéTraH TOK

18=clb] (2.31)
Oynagn. by eppa: b — TOK yTaéTraH KOHTaKT COXACUHWHT
KeHrnmrun. (2.35) dopmynagaH hoiiganaHn6, TOKHUHT (2.30)

Ba (2.31) mdoganapuMHn Kyimgarn KypuHuiLga onvl Mym-
KVH:

1H=yBo<1-11\ lb=0'~nu (231 a)
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Kyuycns marHut maingoHuga X X u 2 HamyHaga 6mp XXuHcau
3NeKTp MalgoH (0=0") 6yNraHn yuyyH Xomnn TOKu

(2.32)

KYPUHULLHKX onagn. Scnatnb ytammusku, y=+b/2 cuptnapga
TYNnaHraH 3apagniap ynapHuWHr atpoguga Ey*0 6ynvwura
06 Kenaam, TOK 3UUMKNApUHU yXBa / Mapkas skuHugaru
KuiimaTnapgaH qapkin 6ynuwnra onno Kenagu Ba 3MekTp
MangoOHUHUHT BUp XXUHcAunuru 6ysunagn. Bup XXuHcan
6ynmaraH coxa aca &H cuptnapgaH (1H-1,5) a macodarava
6Ynagn. ByHAa TOKHUHI KOHTaKTMap OpKaau ynaHulmK Co-
anp 6ynagn. (2.31) hopmynanap HaMyHaHWHT YpTa KMcmuaa
(a<3b) coxacuga ypuHAWM xmucobnaHagn. AKC xonga, Xonn
Tokn, Xonn 3KOK n Kabu Ty3aTull QyHKUUSNapU OpKanu
xmncobnaHaan. (2.30) Ba (2.31) napra Kypa, GYiin Kn4mMK Ba
3HW KaTra HamyHanapHuWHr (b>a) Mapkasuii Kucmuga mar-
HAT MaifoHW conMwTUpMa YTKasyBYaHAMK (0=]X E) HK
(1+yrB2) mapta KamawWTMpagM, CONULLITMPMA KapLUWIVKHU
LyHYa MapTa owmupaaun. by xoauca reoMeTpuk MarHuUT Kap-
WNAMK 3heKTn aeb atanaam Ba y Kyivgarmya TyLwyHTUPU-
nagn: Xonn TOKN HamyHaja TOK HalvHW y3ainTupaamn Ba YHUHT
KYHJanaHr KeCUMWHW KamainTtupagun (2.5a-pacm). Ymnsmapa
B=0 fa KeHrnurn m><a 6ynraH KOHTaKT cOxacuiaH OKaéTraH
TOK HalMWMHWHT YN3MKNapW Y3NYKCU3 YN3NK BUnaH 6enrmnnax-
raH, B*0 ga y3nyknu unsnk bunaH Kypcatunrad. byHaa Tok
Y3YHAUIX Karra 6ynraH Hail opkanu okaau. HaliHWHT YTKa-
3YBYaH/IMIN TOK HAMHWUHT 3HUTa TYFPU NPONOpLMOHa, Y3yH-
NUrUra Teckapy NpornopumoHan, SbHU YTKasyBYaHAMK (H7a)
ra nponopuunoHanaup. B*0 fga KeHrnurn m/(\+1%my/r ra,
y3yHmurn a('+82)12 Ba YTKasyBYaHNUIW

(2.33)

ra TeHr 6ynagn. LyHpain kunm6, marHUT MainfoHW HalHUHT
YTKa3yBYaHANTUHN KamaliTupaan Ba LUyHra MyBO(GMK Haii-
HUHT KapLWWIUTMHU ownpagn. FeoMeTpukK MarHuT KapLuu-
NnK athpekTn (KYynpok) tonka (ToK MyHanuy 6yinnya), sHu



KeHI HamyHanapfa Xam, Y3yH HamyHalapHWHI KOHTaKTnap
coxacura SiKMH 6ynraH >koinapga xam KysaTunagu. boluka
liakngarn HamyHanapga, Macanad, “Kop6uHo” goupacuia
XaMm Ky3aTunnwy MyMKUH (2.7-8§ ra KapaHr). Y3yH HamyHa-
NapHUHT Mapkasuii kucmmuaa, Xonn Toku nyK xoinnapaa 6y
3 ekT KysaTunmangu.

2.4-8. Xonn TOKNapviHW ynyall Ba y OpKain SpyMMyTKasrny
HaMyHanapga 3apag TawyBYMNAPHUHI KOHLEHTpaumacu
Ba XapakaTyaHJUIMHW ynyau

HamyHa cupTnapugarn oMK KOHTaKTNapHW KMcMiapra axk-
paTuL ycynu.

Bus KYpAMKKW, HaMyHafaH OKaéTraH X0/ TOKN KOHTaKT-
nap opkanu ynaHagu. KoHTakTnapHu 6ynaknapra 6ynuil
(axkpaTvw) Xonn TOKUHW TallKW 3aHXupra uymkapuiira sa
ynuailura UMKoOH 6epagn. HamyHa cupTuaaru KoHTakTnap omp-
GrpuaaH 6up XMHCAN MaioH coxacuia axpaTunraH 6yncuH
(2.6-pacm). ¥Yn4oB umsmanapura ynaHraH TypTTa KOHTaKTiap
OpKa/n /,+/4 TOKNap ytagu. by Toknap axpatuiraH Kucm-
napfia axpaTtunraH KOHTaKTIapHUHT 3KBUMOTEHLMANIUTNHA
TabMuHNalan. CTpenka bunaH KypcatuaraH YnsnkKdanap ToK
MyHanuwnapn kKecu6 yTaéTraH coxada KypcatunraH. Axpa-
TUIraH KOHTaKT/ap opacujarn macoga HamyHa Y3yHAuru-
[aH >Xyda KWYMK Ba Oy MalllOHHWMHI 6UP YXXUHCAMAUTUHN
Oy3maingn. KoHTakTnap HamyHa Mapkasuga axpatuiraH Xon

2.6-pacM. OM KOHTaKT/Mapu 6ynaknapra axpaTuaraH HaMmyHa.
95



3HI cofua xonra Moc Kenagu, nekuH ByHV xaMmma BakT aMas-
ra owupue 6ynmainam, LYHUHT y4yH YMYMUIA 6ynraH xoaua
KOHTaKTNapHVHT aXPaTWU/nLL X0 MapKasra HucbataH cu-
Xungn. KoopauHata yknapu 6unaH HamyHa TypTra 6ynakka
axpatunagn. KoHTakTnap HamyHa ypTacugaH axpaTuaraH
6ynraHga 6y TypTra coxafa 3apsif, caknaHull KOHYHU 6aka-
PUMNLLNHK Xamaa Tyna ToK

[=11+/2=13+ /4 (2.34)

OYNMULIAMTUHN Ha3apaa TyTu6, TYPT Coxa TOKNAPUHUHE Ky-
ingarn ndoganapvHu onuL MyMKWH.

/,=0,5/+0,5/a  1=0,5/-0,51n (2.35)
1=0,51-0,51H  1=0,5/+0,51w (2.36)

JTekuH toKopuaaryn KOHTaKTHUHT Yanra CUMKULWN /, TOKHWUHT
Kamaiuiimra, /2 HUHI opTUlLIMra onmMb Kenaau. by Kuiimat
y>0 coxara KupaguraH 1yXBa / 2TOKnapra TeHT, WYHWHT y4YyH
(2.35) Ba (2.36) KyWmaarn KYpPUHWULIHW onagw:

/,=0,5/+0,5/n- 1. 1 =0,51-0,51H+1
(2.37)
/3=0,5/-0,5/a- /12 | =0,51+0,51H+1y2
by noganapaaH
I-1,=1,,=21,; [-13=Ia-1" 2 (2.38)

thopmynanapHu Tonammus. Xonna TOKNapu KapanaérraH xonja
17B) =-17-B)-, I (B)=1X-B)
2yi(B)=1y2y = K-B)

OYAULLINUIMHA Haszapaa TYTULL Kepak.

(2.39)

Xonn TOKWHW Ynuaw Yusmanapu

Xonn TOKUHWU ynyall 4Ym3ManapuaaH bupu 2.7a-pacmaa
KenTupuaraH. by HamyHaHWHI HOKopu cupTuga o6up-é6upu-
[aH aXpaTuaraH KOHTaKT onMHaamn, Xonn TOKUHU YidaLl yyyH
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2.7-pacm. Xona TOKMHK
TaxpubagaH aHuKnaLl-
HUHT ynyall cxemanapwm.

yHra napainens nuky kapwunnurn (J1.) K+K”~ Kapmankka
Ba aXpaTu/iraH KOHTaKT opacufarn HamyHa Kapwuaurura
HuMcbaTaH Xyaa KMUYMK GYnraH rasbBaHOMETP ynaHaau. ToOk
mMaHb6aura, HamyHara KeTMa-KeT Yy/aHraH amrnepmeTp Hamy-
HagaH YTaéTraH TOKHM Ynuyaingn. Xonn TOKUHWM Ynyall y4yyH
6=0 fa Ba Ar KapLWAMKNap OpKaiv ranbBaHOMETpAaH
yTaéTraH TOK HoMbra (1=0) KentTmpunagmn, CYHr MarHuT mai-
[OH ynaHagn. MarHur MaligoH ynaHraHfga HamyHaga Xonn
TOKM BYXyAra kenagu. B* 0 fa raibBaHOMeTp 6unaH MarHuTt
mMalifoHnga BY)XXyAra KenraH, HOKOpW CUpTMAa aXpaTwuiraH
KOHTaKT/IapHW TYTaWTUPYBUM XON TOKUHUHI BUP KUCMU
aHuKnaHagn. anbBaHOMETPHUHT WYKM KapLWIUTU KUUYUK
6ynraHga ranbBaHOMETpAaH OKaéTraH TOK XONA TOKUHWUHT
Apmura TeHr 6ynagn. HamMyHaHWHr HOKOpU KucMmmuaa axpa-
TUNraH KOHTaKT/apra ynaHraH anekTp 3aHXupu yUYyH Kyiu-
parn Knpxrodg komgacu YpuHauamp:

[---2@EAD)H|T| B
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B=0 6ynraHga 1=0 kunnb onuHca, (2.38) Ba (2.40) napgaH

21 A - b
= /. (2.41)

OYMMWANTUHM TOMamMK3.

Kyucus marHuT MaigoHuga Xonn Toku /, ra HucbaTaH
yMymMuin ToK /=/,+/, Ba /, HWHT Y3rapuinHMW Hasapra on-
Mac/nMK MyMKWH. MogomMukun WwyHaai akaH, ynap (N/,, 4/,)
MarHuT — Kapwunnmk agekTn 6unaH naigo 6ynraH. 6y
apdpektoa A/, Ba [/ 2 UKKUHUM TapTmbnm, 1H3ca 6GUpUHYUM
TApTMONU KMUMK KaTTanuknapaup. (2.40) ngogaHn xmcobra
0nmno, (2.38) Ba (2.41) napaaH

Ir=14 (2.42)

1+-
(1, + a7

HU Tonamus. Arap A~a~+A4 WwapT 6axkapwunca, 1=172 6yna-
an. KOkopuaa ainTunraHnapra Kypa ranbeaHomeTp Xonn To-
KUHUHT ApMWHKU yndaiign. by ranbBaHomeTtpra 0,51H Arra
TEHr 6YNraH KyuynaHuw TYLWYBUHW Ba aXXpaTWaraH KOHTaKr-
napfa HO3KBMMNOTEHUMANIMKHU XO0CUN Kunagn. Xonn TOKK-
HW ynyawigaryn HUCOMiA XaTonmk

L/«
A (2.43)

6ynagn. By epga, S' — axpaTuaraH KOHTakTiap opacujaru
HamyHa KapLumaur. MabayMKu, TOK KOHTaKTNapUHUHT aXx-
paTUNULLN HamyHaza 3NeKTp MaJOHUHUHT Maxannunin 6ysu-
nvwura onvé Kenagu Ba KOHTAaKT/Aap noTeHuuannapu 6up
Xun 6ynraHpa XaTonmk

oynagn. by epga, 6 — axpaTunraH KOHTaKTiap opacuiaru
macoa. Xon/i TOKWMHMW, HaMyHara KyWuaraH KyudiaHUWHW
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Ba HaMyHafaH YTaéTraH TOKHW GUAraH Xonfa, Ky4ycus mar-
HUT MalioHNAA 3apsf TallyBUUiap KOHLEHTPpaUUsCH Ba Xapa-
KaTyaH/UrM Kyiingaryn opmMynanapiaH aHukiaHagu:

Il =a v, 1H ="un,Bl (2.45)

2.7a-pacMaa KentupuaraH umama ounaH UXTUEPUIA MarHuT
ManfoHuaa Xoin TOKMHKU Ynyall MyMKUH. ByHaa TOK/, HUHT
y3rapuiinHm Tawnaé bopul MyMKUH 6ynimManan, yHn nyko-
TULL YYYH MarHUTHUHT UKKW AYHanuwmaa Xonn ToKu ynda-
Hagu, AbHM

/,= (LNB)- [ {-O)L +~ - ) (2-46)

K« K 1+K2ga 1HL|B)~1T-B) (2.47)

XapakatyaHnvk (2.26) acocuga ONMHraH Tyna TOK

/, :a"‘a£/; 1,, = ur/Bo'<LL (2.48)

(hopmynanapuiaH Tonunagn. BYHUHT yuyH KeHrnurv / ynrax
coxafiaH YTaéTraH TOK Ba YHra KyiuaraH Ky4naHuwH1 ynyat
Kepak (2.7a-pacm). by ycyn 6unaH ynyawga HamyHaHWHT
OCTKM OM KOHTaKTU UKKN KWUCMra aXpaTunagmn, SbHU 10KopK
OM /11 HamyHanapHWHI CONULITMPMA KapLWANTUHK yiyatu
Kaby KYPUK/IOBUM XaNiKa MULLNATUNAAN. VIKKM KOHTaKTAa 3K-
BUMOTEHLMANIIVK LLAPTM

TR (2.49)

fa 6axapunagun. by 6unaH cmpT 6yitnab okaéTraH CuMpT YTKa-
3yBYAHININ TOKUHWU Xampga Oup XXUHCAK GynmMaraH 3nekTp
MaliloH coxacuga OKaéTraH TOKMapHWMHI TabCUPWUHU RYKO-
TULW MYMKMH. X0 TOKMHU ynyalira goup saHa 6vp yumnsma
2.7B-pacMfa KenTupuaraH. YHra acocaH axpatuiraH KOH-
TakTnapga /?, Ba K2 opkaim B=0 ga aKBUNOTEHLUMaNINKKA
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apuwwnnaan. ByHpa Ar Oynuwm kepak. MarHuT mai-
[OH ynaHraHja rajibBaHoMeTpAaH YTaétraH ToK / Xonn TOKu
IH HM Kypcatagn. HamyHagaH okaétraH ryna Tok Jl, Ba A2
amnepmeTpnap 6unaH ynyaHaan. Ymsama Kyucus MarHUT Maii-
JoHMaa Xonn xapakatyaHAUrMHU yadalira SpokIvamp.

Xonn TOKWHM Ynyalira acocnaHraH 3apsaf tawyBumnap
XapakaTyaH/UIMHN Ba KOHLEHTPaLMACUHM aHWKMaLl ycy/m
KeMnHrn himnnapga vwnaé ynmkunrad. TeKLMPULLINAPHUHT
Kypcatuiumya, 6y yeyn xam, Xonn KK mHu ynvawra acoc-
NaHraH ycyn kKabu, HamyHa Xxoccasapu TyFpucugaru Mabiy-
MOTNapHu 6epaan, MabayM Lapoutaa Xona TOKMHK Ynyall-
HW amanra owupuw eHruipok Ba Kynangup. MacanaH, 6y
ycyn 6unaH tokopu OM i1 HaMyHaNapHUHT Xamaa KasvHN-
M 6ylinya 6up >XUHCAM 6ynmaraH Andy3noH KaTnamnap-
HW, 3nuTaKcman KaTnaMaapHUHI napaMeTpnapuHu ynyai
Kynanaup. Mabnymkn, Xonn KOK uHM tokopy OM nn Ha-
MyHanapja ynyall y4yH Uu4kn KapLwuanrin katta 6ynraH anekx-
TPOMETP-BONLTMETPNAP KyNnaHunagn. HamyHa Kapwmauru
KaTTa 6yraHga CUpKWLL TOKK Naiao 6ynuiim myMKuH. ByH-
[a BOMbTMEeTpap 6unaH wmwnaw KUAUHYUAUK TyFAMpagu.
XO0nn TOKUHW ynyatijia aca YK Kapwnanurm KMymk ranbea-
HOMETpP KynnaHunaan, 6y 6unaH TOK CUPKULLIA AYKOTUNAOW.
Kyn katnamnu cTpykTypanapga Xonn JHOK n kuiimaTtura
Xap 6Up KaTNaMHUHI KyLUraH xuccac Mypakkab MyHocabart-
nap 6unaH 6ofnaHraH. Xonn TOKUHK Ynyall ycynuaa HaTuxa-
BUIA X0nn TOKMra xap 6up KaTnamMHUHI KYLUraH xuccacu coj-
Ja 6ofnaHraH 6ynm6, y kyLumnmné topaan. AHU3TPONUK Hamy-
Hanapga Xonn 3KOK uHKM ynyaw 6wunaH conuwiTMpma
KapLUmnavK TeH30pKn, Xonn TOKMHKU ynyawl 6unaH conmitump-
Ma YTKasyBYaH/IMK TEH30PUHW aHUKAAL MYMKWH.

2.5-§. BaH-gep-May Ba TYpT 30HAH ycyn 6unaH
APMMYTKa3rM4y HamyHanapga 3apsj TawlyBuuniap
KOHLIEHTpaLMsACK Ba XapakaT4aHaurvHu ynyai

VxTnépuii Wwakngarn nnactMHKanapia, tonka Kkatnamnap-
Aa, anuTakcuan CTpyKTypanapAa KOHLEHTpaLms Ba xapakar-
YaHNWKHW Ynyaliaa sHr Kynai, Xatourn Ku4mk 6ynraH Ban-
aep-May ycynm kynnaHunagn. BYHUHT yyyH HamyHa 4eTu-
JaH Typrra KOHTAaKT OnvHagu. By KOHTaKTNapHUHI MKKWUTa
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2.8-pacm. UxTnépuin wakngarn HamyHanapga BaH-gep-May ycynu 6unax
Xonn AOMMUACUHN aHMKNaWAa KOHTaKTAapPHUHT XonaHuwu (a), Xonn
LOUMUNCUHWN aHUKNALLHUHT TYPT 30HAAM ycynu (6).

Kapama-KapLumcu opkanm TOK yTKasunmné (U0, UKKUTa Kapa-
Ma-Kapwmcuaa KyunaHuw (118 ynyaHagu. MarHuT maingo-
HW ynaHraH Ba yfnaHmaraH xofigarn KyynaHui Tyuwlysniapu
Veu (O) Ba 1io (B) ynuaHm6, Xonn 3@ KO K 1 aHMKnaHagw.
KyynaHuw ynyaHaguraH KOHTakTnap yMyMui xonga 3KBu-
noTeHUMan cuptnapaa yTMacamrm MymkuH (2.8-pacm). Mar-
HUT MaigoHWra KUpUTUATaH HaMyHaHUHT BB KOHTaKT/apw
opacvgarv KyYNaHULHWHT y3rapuwy Kyycu3 MarHuT mai-
poHparm<1l Xonn 3 KO K ura TeHr 6ynagn, YyHKmn 6y xonga
B Ba O KOHTaKT/Map opacufarn KapwuankKHUHE MarHuT maii-
AOHAA Y3rapuvium ounad 60FNMK KyynaHuw nHobaTra onmac-
NVK dapaxaga KNM4mK 6ynaam

Il = [/Bo(B)- Mep(0) (2.50)

Ynualu fjaBpua TOK KuiimaTi 6up Xun yiunab Typunca, Xonn
JovMuiicn Ku (2.11a) ra kypa

K
7] 1b

=

(2,51)

(hopmyna 6unaH aHuKNaHagW. 3apsag TawyBuMnap Xapakart-
YaH/IMIN Ba KOHLEHrpaumsacu
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I B p ey HP

thopmynanap opkanu xucobnaHagu. ConnwiTmpmMa KapLunamk
p Hu BaH-gep-May ycynm 6unaH aHuknaw 1.7-8 pa 6atad-
cun éputunrad. KOHTakTNapHUHT TabCUPUHU RYKOTULL YUYH
Maxcyc Laknga, abHu 6eaa 6apru Waknuga HamyHa Tanép-
naHaau. LLyHW acnatuwl Kepakku, BaH-gep-May ycynn 6u-
naH ynuawga nnacTMHKa CMpTaapu siccu, napannen oynmiim
Ba, IEKVH YHAa Aapya (Tewurk) 6ynmacnmrn kepak. dnuTak-
cuan CTpyKTypanapga n, /iIrtHu ynyawga KaTnaMmHUHT COMnLL-
TUPMa KapLUWIUTX KNYUK n-n+ EKU p-p+ EKN p-n TUMNU-
Jarn anuTakcuan CTpykTypanap 6ynuwmn kepak.

OM KOHTaKTNapuHU onvw Mypakkab Ba BakrHW Kyn ona-
AuraH >xkapaéHgmp, 6y aca Xonn ycynnapuHWHr amannértia
KYynnaHuamwunra KUANHYNANK TyFanpagn. LLYHWHT yuyH
KOHTaKT KapLWUWANTUHUHT TabCUpK YN4oB 6unaH G60FNMK Xa-
TONMKNapAa yHYaImK Myxum 6ynmaraH xonnapga KapLmamk-
napu XXyfga tokopu 6ynMaraH HaMyHanapHuW, anuTakcuan
CTPYKTypanapHu TekLmpuwaa, Xonn LOUMUACUHN Te3 ynyalll
YUYH KBafpart y4ynapura Xonnawtmpunarad TypT 30HANN YCy/-
HW Kynnaw MyMKWH (2.86-pacm).

BaH-gep-May ycynu Hasapuscuga TypTTa HyKraBuil KOH-
TaKTHM HaMyHa YeTura xonnaiuraH 6yncuH aeb dapas Kunaii-
nmK. Mabogo 6y KOHTakTnapfaH OWpW HyKraBuii Gynmai,
KaHaanamp ynuamra sra 6ynca €Ku HaMyHa YeTura Xonnati-
raH 6ynca, xucobnaw gopmynanapura Tysatuw GyHKLUsACK-
HU KUpUTULI Kepak 6ynaan. KoHTakTnapHu BaH-gep-llay
yCcynura KupuTraH XaTofiMknapu govpa Ba TYFpu TYpTOyp-
YakIu Lakngarn HamyHanap yyyH xucobnaHraH. KoHTakT-
nap 6up-6mupura HucbataH 90° Gypuak ocTumaa >KolnaiuraH
Jovipa Wwaknugarn HamyHanapga mytnak 6ynmaraH (HyKCOH-
HWM) OUTra KOHTaKTHUHI KUPUTFaH XaToUMM 2.1-XaAsanja
KenTupunraH. 2.86-pacmpa KentupuiaraH udmsma 6yinya
yNyaHraH, KaauHAUrM 30H4Nap opacugarn macoagaH Xyaa
Knumk ((K5) 6ynraH HaMyHanapHUHT MKKW 30H[ opacuparu
noTeHumnannap anvpmacu

V- MMequ= L+ +" CH (@53

102



2.1->xapBsan

6unaH aHmMknaHagu. by epga Cp, CH — HamyHa ynyamnapu-
HW YNYall HaTuKanapura TabCUPUHK XMcobra onaguraH Ty-
3aTnW KoaddmumeHTnapu,

P=K~/p (2.54)

V — OMpUHYM Xa, HamyHa ynyamnapu (YeTKM TOMOH 3dh-
(hekTnap) TabCUMPUHKU XMUCobra onraH TYpT 30HAAM ycyn 6u-
NaH COMULITUPMA KapLUWANKHU aHuKnaw opmynacu. k-
KnHUN xan (1+/32 — KynaiTyBUM HaMyHa YETKW KUCMnapu-
HUHT XONN 3MEKTP HOPUTYBUM KYUUHWU TyTaWTUPULLNLAH
BY)KyZra KenraH Xonn TOKUra MarHUT ManfoOHUHWUHT TabCu-
pUHN undoganangn. by xoamca MKkunamuu Xonn ahdekTu
[le6 atanagq.

UM — 30HA1apAaH OKaéTraH TOKKa KapLWauK Kunagu,
LUYHWHT YYyH [IM HW TEOMETPUK MarHUT KapLWINKHUHT Ha-
MOEH 6ynuwmn Aeb TywyHTUpUagw.

IIH — y4mHUmM xag Xonn snekTp MOpUTYBUM KyuMu.

Kyucus marHmT maingoHaa B<1) limxaaHu nHobatra
ONIMaCNMK MYMKUWH. 30HAMapHUHI 3aHXWpra ynaHuw 4us-
MacuH¥W TaHnab xamga HamyHajarv 30HAJIapHM CUMMETPUK
XONnawTvpme, LWyHra 3puLLInML MyMKUHKKW, NOTEHLMaN 30HA-
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2.9-pacM. TYpT 30HAAM ycyn GunaH ynuaiugary Aovpa, Spum foupa,
CEKTOpP KYPUHMLIAArM HamMyHanap ydyH Ty3aTull (yHKAWANapW Ba 30HANap
XolnaHuwmn., X —ToK 30HAnapu, O — noTeHuMan 30HANapu.

nap opacugarv Tyna KyynaHuw (2.53) garv TawKkun aTyBYUu-
NapHUHT Gupura TeHr Gynuwmra spuwnw MyMKuH. foupa
Ba fpvMaompa WwaknMgary HamyHanapga £/, 1lH HWM ynyaw
YUYH 30HA/1ap KBagpaTv AuaroHanv paguan CUMMETpUSt Ym-
3UFK 6yinYa XonawTupunagn. Vm HU ynyalga noTeHuman
3oHAnap cugatnga (1,3 ékn 2,4) paavan CUMMETPUA UN3N-
fura TUK gmaroHany 6yiinya >koinawraH 30H4Map ONMHAAM.
/ Hu ynuawga (B=0) ga 3 Ba 4 3oHANapAaH ToK YTKasuob, /3t
{ Ba 2 30HANAp OpKa/M Ky4naHuL yayaHagy KM akCuMHYa.
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C, CH—Ty3aTyw KoadguuymeHTnapn 2.9-pacmga Kentu-
punraH. by ynyoBnap opkanu COMMLITMPMA KapLIWIWK Ba
Xonn fjouMuiicn Kynvparm

f(l n 1
p~c,Mnn2’ H~ciBl (2.55)

noaanappaH Tonunagn. 2.10-pacmaa TyFpu TYPTOYpUaK Lak-
Angarv nnacTvHKanapAa 30HANAPHUHT XOMnaHUWy Ba Ty3a-
™MW KoadguymeHtTnapn C, CH KeNTUPWUATaH.

2.6 §. Xonn athheKTUHU Ynyawigarn MyHTasam
(cnctemMaTumk) xaTonmknapra Tabcup 3TyBUM OMUNAP

Xonn apdexTn 6unaH xampox (bupra cogup 6ynaguraH)
OynraH TepmMorasbBaHOMarHuT xoAucanapfaH Talkapu, 6up
KaH4ya oMunnap 60pku, ynap Xonn ahPeKTnHN yndawaarun
MYyHTa3aMm XaTonmknapra tabevp atagu. LUy omunnapHu Kuc-
Kaya Kypub YnKanimk.

1 HamyHa KyHanaHr kecumura yTkasunraH MeTan anek-
Tpognap Xonn KyynaHuWWHKW LWYHTNangn, Hatmxkaga Xonn
30HA4Napy opacuparn noTeHuwmannap ampmacu YHUHT
XaKNKUA knimatmgaH (MH) Kuumk 6ynagn. Xonn KyunaHu-
W Xonn KOHTaKT/apy Ba TOK 3/1EKTPOA/Iapu opacuparu
Macochara 60FnMK. HamyHaHWHT ypTacuaa xoinawraH Xonn
KOHTaKTNnapugarn KyudnaHu HamyHa Y3YHMTMHWUHE 3HUra
Hucbatn a/b>5 6ynraHga Makcumymra apuwiagn Ba Xonn
KyunaHuwmaaH 1% gaH katra 6ynMaraH KuiiMat 6unaH gapk-
naHagn. LUYHWHT ydyH ApUMYTKasrnd HamyHanapga Xosn
3(eKrMHN ynyawira tanépnawja WyHra aman KUavHULLIN
Kepak.

2. Xonn AoUMWIACKH Kydcu3 MarHuT maigoHmaa (urB< 1)
HamyHazlaH YTaéTraH TOKKa /, MarHUT MafoH MHOYKUUACK-
ra By Ba Xoni1 KyynaHuwura TyFpy nponopuuoHan 6ynagm.
"epMaHunii Ba KpEMHWIA HaMyHanapu y4yH MarHUT MaifoHu-
HUHT KUYUKIUK LWapTW MarHWT ManfgoH WHAYKUUACUHWUHT
2?<1Tn 6ynraH coxanapuga 6axapunagn. MacanaH, 1n5b fga
urB < 1 TEHrCM3IMK MarHUT MaigoH MHAYKUUACUHUHT 5<0,3
Tn coxanapuaa 6axxapunaan. LLyHaa kunmb, xap 6up spum-
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YTKa3rmy yyyH MarHUT MauvOHWHUHT KUUYUKAWK LWapTUHK
KaHOaTMaHTUPYBYM MArHUT MainfoH WHAYKUMACUHWHE KaT-
TaNUrnHM 6GUNNLL Kepak, WyHga by 6unaH 60fFnuK ynyawja-
rM XaTonuk nykoTunagm.

3. Xonn govmuitnapu (2.7, (2.8)), (2.9) noganapnHuUHT
Xoccanapu xaMmma nyHanuwga oump xun 6yncuH ae6 gapas
KWJIMHIaH HaMyHanap, SibHW, U30TPON HaMmyHanap y4yH YpuH-
Maup. YMyMuin xonga xoccanapy aHmsarpon 6ynraH spum-
yTKasrnunap yvyyH 6y mMyHocabatnap 6axapunmanan. JIeKuH
TOK Ba MarHMT MaiifoH MyHanuwnapyn HaMyHaHWHr Kpuc-
Tannorpauk yknapu nyHanMwmngaH kKatta (apk Kunamaca,
0y 6unaH 6OFNUK XaTOMMKHN NYKOTULL MYMKWH. X0nn aou-
MUACWMHUN aHMKNaWaa 1/H HA MarHUTHUHT UKKW AYHanULWn-
fa ynyab, HaTwKanap ypracuHW Onvw TaBcua aTunagu. by
TaBCUS, SbHM y3rapmac TOK Ba y3rapMac MarHuT MaigoHuaa
Xonn govMuicMHN ynyawpga nHobatra onvHagu.

4. Xonn athheKTUHUHT oKopuaa KenTupunarad opmyna-
napw akaT 3Heprus 30Hanapu aiHumaraH ApUMyTKasruynap
YUYH KeNnTupuaraH, akc xonga ynyaHaérraH Xonn SOUMWUiR-
cura xap 6vp aHeprus 3oHanapugarn 3apag TawyBunnapHuHT
KYLUraH XMccaCcUHM xmucobra onuw kepak. MacanaH, /bTun
repMaHuii BaleHT 30HacK aiiHuraH 6ynn6, y oFup KaBakav Ba
EHIMN KaBakNM TapMoKfapaaH, Xamfa y3apo CrvH opouTan
TabCUpalysn Tygainin napyanaHraH TapMokiaH mnbopar-
anp. MabnyMKK, KOHUeHTpauusnapu Ba xapakaTyaH/ankna-
PUHWHI HUcbaTnapu

T =004 — =8 (2.56)
Mk Ppk

MOC paBMLLAA TEHrAMpP. P-TUN repMaHuii yyyH Xonn aou-
MUIACK

rHeuPePe - kY2 Pk
KPH = —— — —=TTTI" (257)

noaa 6unaH aHUKNaHagW. EHrvMn Ba OFVP KaBaKMapHWUHT
TaXpubaga aHWKNaHraH Xonn goumuiicura KywraH xmpcca-
NapuHN aXpaTull MYMKWUH 3Mac, LUYHWUHT Y4yH Taxpubaga
aHUKNaHraH Xonn foumuiicu, Xonn xapakaTyaHnmru gakat
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2.10-pacm. TYpT 30HAAM Xonn ycynu bunaH ynuawya TyFpu TypTbypyak
LaKngaru HamyHa yuyH Ty3aTull yHKLusCcK.

APUMYTKA3rMUYHUHT KUpULWMa 6uiaH nervpnaHunwl gapaxa-
CUHU MUKAOPWIA, 3apsj TalyBUYUNAPHUHE COYMIML Mexa-
HU3MNapUHN CUaT XuxathaH Gaxonawja Xv3mar KUaULWn
MYMKWH.

30Hanap Ty3unuLLIM Mypakkab 6ynraH spumyTKasruunap-
fa TaxpubagaH ONMHIaH. uH Ba KH NapHU aHWK M30x/1aLl
(TaBCM(hnawl) yyyH TeKWMpWNaéTraH MyailsiH matepuannap-
[a yNapHUHT 30Hanap Ty3WAUWKUHM xucobra onraH Xonn ag-
(heKTn ycTuaa Hazapuii TaAKUKOTNAp YTKasull Kepak.

5 Xonn (aktopu MarHuUT ManfOHWHWHI WMHAYKUMSACUra
60fFnMK. Kyunu marHuT majoHupa 3apsg Tawlysumnap pe-
nakcauus BaKTUHWHI UCCUK/IMK aHepruscura 60FnnK, QyHK-
umscn Kyycus. LLYHWHT yuyH 3apsf TawyBUMIAPHUHT CO-
YMIUW MexaHu3Mnapuga MarHuT MangoH owuwmn GunaH
Xonn taktopu oupra MHTUNAan (ru-+1). Xonn gakTopuHUHIT
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2.11-pacm. Xonn athheKTUHN ynyawaa KynnaHunagnraH xap Xun
KYpUHULWIAATY HaMyHanap.

MarHuT ManfoHura GOFNMKAWNIK, XapakaTyaH/Iurn KatTa
6ynraH apMmyTKasrnunapia Ky4ampok HamoéH bynagm. Ma-
canaH, n-tun OaA3 fia rH HAHT MarHuT MaingoHra 60fFnMKIn-
rm HucbaTaH KMUMK MalfoH coxacuaa 6ownaHagn. by ou-
J1aH 00FNNK XaTONMKIAPHW WYKOTULW YUYyH XONNI Ky4ynaHu-
[WwMHK TOoKKa Ba MarHWT MalgoHWUra YM3UKIN OOFNaHWLL
coxacumaa, SbHU KUYMK MarHuT MmaingoHga Xonn athdekTu
YAUYaHULLN Kepak.

6. Xonn aekTn ynyaHaéTraH HaMyHaHUHT EpUTUANLLIN-
JlaH 6ab3aH naingo 6ynraH oToyTkasyByaHAUK, hoTo HOK
XaToNMKKa 0M6 Kenmwn MyMKUH. LUYHWHT yYyH OnguH
HaMyHaHN EpYF/IMKKa Ce3rmpanru Tekwupuiagn, mabogo y
EpyfNMKKa ce3rup 6ynca, ynyosnap KOpPOHFyga onnb Gopw-
nagn. XaToNMKHM KaManTvpuLl yuyH 6yHaaH Talikapu Kyiu-
jarunapra puost KUavwW Kepak. 91eKTp MafoH KyunaHraH-
nmrn 1B/cm Taptmbuga 6YnnIKN, KOHTaKrNapHUHE MHXXEK-
umAcuHM Nykotmw, okopn OM Nu HamyHanapga cupT
YTKa3yBYaHNIN BunaH 60F UK CMPT CMPKULL TOKNapu MykKo-
TUIULWIKN Kepak. By omunnap Mabiym ynyawl yu3ManapuHu
TaHnaw 6unaH ékn xap Xun KUMEBWI nwnosnap depuwl 6u-
NaH MyKoTunagu. Xonn 30H4Mapu OpKain HamyHa LYyHTNaH-
MacnuMru yyyH mabaym 6up Liaknga, MacanaH, “raHtenn”
KYpUHUWMAA HamyHanap Taiépnawl TaBcus aTunagm (2.11-
pacm).

TypTTa X0NN KOHTaKT/IM HamyHa Tanépnawfa ynapHUHT
ynyamnapn ¢>0,1 cm; bx b2>2U1; </<0,1 cm; lcm<1<1,5¢cm
TapTMbuaa 6ynun taBcusa aTunaam.
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2.7 §. FApumyTKasrnunapga sapsg tawlysuuniap
KOHLIeMTpaumacy Ba xapakaTyaHAUIMHW HaMyHaHUHT
MarHUT Kapwmnamri 6yiinya aHukIaLl

a) MarHnTo Kapwunnk (MarHmTope3ecTwmB) aPPeKkTN.

Bu3 toKopraa y3yH, 3HCU3 HamyHanapga Xonn apgekTu-
HWU XONN 3NeKTP HPUTYBYM Kyun naingo 6ynmwm 6unaH Ha-
MOEH 6YNULLINHY KYPAVK. MabnyMKu, N-TUM YTKa3yBYaHNKKa
ara 6ynca, HamyHala 3pKUH 3MEKFPOHMAAPHUHT penakcaums
BaKrvHW YNapHUHT 3Hepruscura 60FNMKAMIMHN Ha3apaa TyT-
Cak, 3N1eKTp MalioHnaa 3MEeKTPOHMAp Xap X1n Apeind) Te3nuk

y, =—-T(e)E
Ypr T.

6unaH xapakatnaHagu. LLIYHWHT yyyH ynapra MarHut maii-
[IOHNJA Xap XWN KaTtTanumkaa 6ynraH JSlopeHu, Kyun

F=-e-— T()EX B
n

1

Tabcup atagu. Xonn anekTp MaingoHu (EH) MyBo3aHaTra (CTa-
LMOHap Xonarra) apuwiraHga Te3nnknapy yprada aHeprusra
() MOC KenraH anekTpoHnapfa (EH) HUHT 3/1IEKTPOHra Tab-
cup Kyum JlopeHl Kyuura TeHrnawagun. LLyHuHT yuyH apeid
XapakaTura MarHuT MaifoH Tabcup 3TManan. Tesnuknapu
ypTaya TesMKA4aH Katra Ba KMYMK GYnraH 3neKTpoHnap aca
XapakaTt WyHaMwnapuHn aNekTp MakgoHunra HucbataH y3rap-
TUpagn, YNapHWHI xapakaTt hynu ofagn. Okmbataa MarHuT
MainfoHWAa HaMyHa KapLUWAUTUHUHT OPTULIKN Ky3aTunagw.
By xoanca Gpn3nKaBuii MarHUT KapLinank apgekTn aeb arta-
nagn. Maskyp aththeKTHUHT H6atadicun Hasapusacu bonbLumaH-
HUHT KUHETWK TeHrsamacu eymmy acocuga kapanagu. Mar-
HUT MainaoHWAa HUCOMIA CONULLITUPMA KapLLUWANKHUHT y3ra-
pULLIN yX=consl Ba Jy=0 6ynraHaa

Op _ EX(B) - Ex(0) E(B) _ | (2 58)
p Ex(0) E(0)

ngoga 6unaH aHMKIaHaau.
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Kyucns marimT maingonunga (uB< 1éku/r2B2<\) KupuLl-
MaBuin (n éku /?-Tvn) YTKasyBYAHIUKNN APUMYTKa3ruunap
YUYYH HUCOMI CONULITMPMA KapLUWIMKHUHI MarHuT Maigo-
Huga y3rapuium

Ap(A) = P(B) - p(0)
p(0) P(0)

ngoaa 6unaH, HU3MKaBUMi MarHUTO CONMULLTUPMA YTKasyB-
YaHNK

o(B)=eun(1-11BYn) (2.60)

njoga 6unaH aHuknaHagn. by epga, /3 — msnkasuii

p (2 61)

MarHuTO Kaplunamk KoagpuumeHTn.Penakcaumna Bakr MHUHT
JHeprusra 60FNaHULLMHN Ha3apia TYTMac/uK, SbHU 3NeKr-
POHNAPHUHT Te3/IMKNapy 3Hepruscu KaHpan 6ynuimaan
KaTbi Haszap, 6up xun 6ynagn aed onuvw MarHuT KapLuvank
KO3(hpUUMeHTUHN Tyna nykotuwira onné kenagu (/3=0): 3—
3apAL TawyBUYMNAPHUHT COUYMIULL MEeXaHu3Mura, Apum-
YTKa3rmunapHuUHr 3oHanap Tysunuwwura 6oFnnk. Kyn xon-
napja penakcauus Bakru (r) HWHI 3Heprusira 60FNUK)IMIN
Japaxann yHKuus 6ynagn. bByHaa aneKTPOHNAPHUHT
N303HEPreTUK caTxiapy Lap cupTuaaH moopat 6ynca, Kyud-
CU3 MarHUT MaifoHAa Ba allHVMMaraH ApuMmyTKasruynapja
3apag Tawysumniapaa Typad COYUINLL MeXaHn3maapu Coamp
6ynraHgarn 5-HUHr, Xonn (hakTopy rH, MarHuUT KapLiuank
KO3(h(MLMEHTN [3-HUHI KuiAMaTnapu 2.2-xafganga Kentu-
puaraH.

Xaggan TaxmnubaH KYpuHaguku, MarHuto KapLuuimk
KoahhmumeHTn Xonn gakropura HUcObaTaH COUUIULL MeXa-
HU3MWUra Ky4yanpok 60FInK aKaH. KpucTani naHxapacu Ky-
OVIK CUHTOHWUIA TY3WNWLWAW ApUMYyTKasrnunap Ce, 51, OaAs,
1n8b Ba Xo0KasonapAa Xonn aheKrMHUHT KaTTaiurm Kpuc-
Tann YKNapuHWHC WyHanuwura 6oFnnk 6ynmanan. Xonn
YN4OBNAPUHN KPUCTANN YKNAPUHWUHT UCTa/IraH RyHanuwnga
Gakapuwl MyMKUH. MarHuT KapLUWJVKHUHT KaTTaiuru aca
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YNYalWHWHT Kaicu Kpuctannorpaguk yknapura HucbaTaH
bakapunuwnra 60FnnK. Xonn ahdekTnaa mMarHMTokapLin-
MK KaTTaIMTMHW YNnYalw TeXHUK XuxathaH Xonn 3/ekTp
HOPUTYBUM KYUMHWU EKM XONN TOKMHM Yndawira HucbaTaH
COAAAPOK. JIEKMH tOKopuaa KypcaTuaraHnap xapakatyaHamk-
HU (PU3NKABWIA MarHUTO Kaplinank 6yiinda 6mp MyH4a Ku-
AMHYMAMKNApra Ba KaTTa XaToamknapra onmé Kenvwm Mym-
KUH. Byiin kanta, aHu cepbap HamyHanapga Xonn agpgexkTu
Xonn Toku naigo 6ynum 6munad HaMOEH 6YNULLNHK KYpraH
34uK. ByHAa MarHuT margoHuga xocun 6ynraH Xonn TOKu
(/9) YTKazyBYaHANK TOKMHW oFampaan (2.5-pacm). Tok yTa-
€TraH Haii WwakImgarv KaHaaHWHT y3yHuru (a) MarHuT mMaii-
[oHMaa opTnG a(\+/r2B2Y/2, 3HN (W) KaMainé y//(\+u2B2)
oynuwnnrn oknbatmaa, YTkasyBYaHANK wm>/a(\+u2B2)~' ra
nponopunoHan 6ynagn. LUyHpalhi Kunmb, MarHUT MaiifgoHu
HaMyHaHVHI YTKa3yBYaH/IUIMHU KamalWTupagu, SbHU Kap-
WNANTMHK owunpagn. by xoawnca, (hM3nKaBMini MarHUTo Kap-
WNAMKAaH apkay Ynapok, reoMeTpuK MarHuUT KapLuimavk
athhekT aeb atanagn. [lemMak, T03a MarHUTOKApLLUWUAUK 3¢-
(hekTn Byiin KanTta, 3HM cepbap GynraH HamyHasapaa 1eKTp
MaLOHVHUHT GMP XXMHC/IM coxacuja amasira owaan. Y nyam-
Nnapun YeknaHraH HamyHa ydyH HUCOMI MarHMTO KapLinimk
£x=conkl, E =0 ga ynyaHraHga

2.2->KkafBan
Coyumnumu 5
MexaHusmnapu rH i i
MoHnawraH 3/2 1,93 2,15 5,89
Kupuwmanapaa
Heiitpan 0 1 1 1
KupuwmManapja
AKyCTUK 172 118 0,381 1,77
(hoHOHNapaa

M5)\ _ EXB)- Ex(0) _ ]X(B)
P(0) ex(0) T
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KYPUHULLHW Onagun. N-TUM SPUMYTKA3rMuIapHUHT reoMeTpuk
MarHMTOKapLUMINK 3PQeKTN OpKanm HUCOWUIA conuTupma
KapLUMAMKHWHT MarHuT maigoHuga ysrapuwm u,,B<1 ga

(Ap/p)=py& (2.63)

(hopmyna 6unaH aHuknaHagn. by epaa,

(2.64)

reoMeTpMK MarHUTOKAPLUWANK KO3(hPUUmMeHTNn, [ — coun-
NN MexaHusmura 6oFNnK 6ynraH KatTanuk 6ynué, YHUHT
KuiiMaTu >kagsanga Kentmpuarad. Kyunu marHWT maifoHu
(tsB >\ [a reOMeTpUK MarHUTOKapLUNINKHWL\B 2ra nponop-
LMOHANNNUIK caknaHaamW, (U3MKaBuUin MarHMTOKapLLUMIMK 3ca
3apsq TalyBuYMiap xapakaTyaHamrura 60FnnK 6ynvaraH Kuii-
matra apuwimG TyinmnHagu. XapakatyaHnuru katra 6ynrad
ApUMYTKasrnunapga MarHAT ManfoH WHAYKLUACUHUHE KU-
UMK KMiAMaTnapuga Ky4im MarHWT MaifoHW LwapTv amanra
owraHn yyyH 6yHAal apyMyTKasruunapia reoMeTpuk mar-
HUTOKAPLUWAMK YCynn 6yiinya un HU aHMKNaW ad3anpok-
avp. ByHaaH Tawkapu, (uU3MKaBuiA CONMLLTUPMA MarHUTo-
KapLUIWINIK penakcauma BakrnapyHUHT Xap Xui ypradanatl-
TUPWUAraH KUAMATNapuUHUHT ainpmacu 6unaH 6ofnaHraH
(2.60) Ba y >Xyfa KU4MK 6ynmwn MymknH. MacanaH, 6aAs ja
yil Temnepatypacua KaplwuanKHUHT HUCOWIA y3rapuwimn
5=1Tn pa Ap/p~2% a (Ap/p)F 50% ra TeHr.

6. 3apsag Tawysumnnap xapakaTyaHAUIMHU HAMYHaHWUHT TeoMeT -
PUK MarHMToKapwmnuri 6yinya aHuknawl

By ycyn GunaH 3apsg TalyBuuMnap xapakaTyaHJurnHu
ynuaw 6yin kanta, aHW cepbap 6ynraH HamyHanapga reo-
MEeTPUK MarHUTOKapLIWANK Ky3aTunaguraH (Ex=coww, E =0)
lwapT 6axapunraHga ypuHan 6ynraH (2.72) wdogara acoc-
naHraH. HamyHa Kucka Ba cepbap 6ynca, MeTa/in KOHTaKr-
nap (3nekTpoanap) opkanu Xonin 3NeKrp MangoHu ynaHaau.
ByHaa anekrp mMalijoHuW HamyHa 6yinab WyHanagn, anekTp
TOKM 3ca MalifioHra HucbataH Xonn Gypyarura ofraH xonga
OKaau. N-TUN ApUMyTKasrmunap ydyyH Xonn xapakat4yaHiuru
6unaH reoMeTPMK MarHUTOKAPLLIMANK OYinda YnuaHraH xapa-
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KaT4YaH/MK opacvaarn O0fnaHULLIHKM Kypainuk. FeoMeTpuk
MarHUTOKapLUWIMK OPKasvu aHUKNaHaauraH xapakaTyaHavkKHN
(2.63) paH TOnamwus

X
P T A (2.65)
| 5(0) 1

MarHuT MaliloH ynaHMaraHia Ba ynaHraHga naacTuHa Lwak-
nngarn HamyHanapHUHI K03a Gupaurngarn KapLinamknapm
K(0) Ba A(B) 6yncuH. Kyucus mMarHWT MaingoHu uB«\ fga
(2.63) ra Kypa ynapHUHr HucbaTu

*1 =(MBY = (ral'EBY (2.66)
6ynaawn, 6y epaa

l=— = (2.67)

rH (TH~n)

(2.67) nopanaH counnmLl MexaHu3Mura 60FINK Koaghdn-
UMeHT £ HM Taxpubaga aHuknaw MYMKUHAUTU KYPUHAAW.
PenakcauUnsHUHT Bakr AOMMUIACKM UMMYNbC G6Yinya y3rapmac
6ynraH Takpuéuaa §=1, aKycTuK (hOHOHNapAa counnunw 6ynca
|=1,13, noHNawraH Kupuima atomnapuga coumnca 1=1,26
ra TeHr 6ynagn. (2.26) sa (2.31) chopmynanap Yekcu3 Katta
ynyamnm b?>a HONKa HamyHanap Y4yH, sibHW XONN 3M1eKTp
MaliloHn Ky3aTuaManguraH Xxon yuyH ypuHnu. HamyHa
ynyamnapu 4yeknaHraHga Xosnn 3/IeKTp MalfoHU KucMmaH
WyHTNaHaan (MeTann 3MeKTpoL/iapy) Ba reoOMeTpuK marHu-
TOKApPLWWANKHN KamarTupagun. LWyHpali knamnb, reoMeTpuk
MarHUTOKapLIMANK 3h(EKTU HAMYHAHUHT Yn4Yamnapura 6of-
NNK. XONN 3N1EeKTP KOPUTYBUM KyUU KUCKa TYFpu Bypyakin
niacTUHKanapaa aHukadraHaa, tedrnamara Xonn SKOK uHu
KOHTaKT/Map OpKaIM LUYHTaHWW AapaXacuHu ngoaanosyu
Ty3aTuLW (YHKUMACK /| KUpUTUNALM Ba Y OpPKaIN Yiyamiapu
YeKnaHraH HamyHaHWHI HWUCOWIA TeOMEeTPMK MarHuToKap-
LINAUrM
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w =*T71T ./
. k(O ]r k@ ' n-0B;

aHMKNaHagn. JHTr cogua xonga/ HamyHa Y3YHUTMHU KeHr-
nurura Hucbatm 6unaH aHuMknaHaguw. Hwucbat a/b<0,35
6ynraHia, aHUKNaHWLL XaTonnrn 10% AaH KatTa 6ynmaraHjia

/=1- 0,5437 6unaH ndoganaHagn. a/b HUCOGATHUHT wUCTan-

raH Kuimarmga/ — penakcaums BakrvHUHT ypTanawtupuirand
KuAMaTura 6oFnnK. * LLyHAain Knamb, ur — xapakaTtyaH/IMKHN
C(hepUKN303HEPrETUK CUPT/IN KMPULLMABUIA ApUMYTKasrminapaa
aHVKnaw MyMKWH. [eOMeTpUK MarHUTOKapLUMANK LIakKu
Kop6uHO AMcKU KypuHULWKAa 6YnraH HamyHanapia xam Ky-
3atnnagn (2.12,6-pacm). byHaa mapkasuii KOHTaKT aiinaHma
Xa/IKACUMOH KOHTaKT 6unaH axpatunraH. KopbuHo amcku
LWaKnuaary HamyHaza afekTp MaliOHUHUHE a3umyTan Tall-
kun atysumcn £,=0 6ynagn, 6y MyHanmwpga )=1 #0 Xonn
TOKV 0Kaau. MarHuT maigoHungary ToK 3uynnknapy ngopa-
cun (2.26) paH

K(B) _ p(B) , + 2 p2-
K(0) P(0)' Ho (2-69)

npogaHn onvw MyMKuH. KopbruHO goupacu yyyH 6y thop-
mynara

K(B)=AK(B)+K(0Y,  p(B)=Ap(B)+p(0)

HWU KYinb, Xonn xapakaryaHanrnHuUHr

AK(B)  Ap(B)
T

1+ [P(B) (2.70)
p(0)

noga bunaH aHMKNAHULLIMHU Kypamu3. PU3NKaBUA MarHu-

§ o) _ 19)
TOKapLUWINK XY/Aa KMYUK 6YnraH xonga “p ~k(0)~ Kop-
61HO gompacy (AMCKM)Aa MarHUTOKapLIMAWMK 6ylinya xapa-
KaTyaHNMK Kyimparmya aHuknaHagw:

114



"eOMeTPMK MarHMTOKapLLWIMK YCYIN anuTakcman Katiamnap-
fa okopyn OM v Katnamnap 3apsag TalyBUYUIapUHIAHT xapa-
KaTYaHMKNapUHN Ynyallga sHr Kynaigmp (nn+, pp+— CTPyK-
Typanapga). by ycynga xam KOHTaKTiap KapLuWanrn Kuumk
OYNULLIN Kepak, YyHKK Y J1(0) HW1 ownpmrb, xapakaTyaHINK-
HW KamainTupaZn Ba HaTwXKaja MyHTa3aM XaTo/MK BYXyAara
Kenaan. Hasapuil TEKWMPULLINAPHMHE KypcaTuLLmya, 31eKTp
MaliJoHN MYyHanMwmnga KOHLEHTpauus rpagveHTV MarHuT
KapLUWAMKHUHT Y3rapuwmnra onné Kenvanan. MarHut mai-
JoHMgary Ba MargoH 6ynmMaraHgary Kapluavknap yprada
CONMLLTUPMA KapLLWAWKKA NPonopLumoHan 6ynagn. dnutak-
cvan TexHosorna 6unad karnamiap convwga 6y xyga my-
XUMANP. MarHuT MafOHWUHWUHT 3M1eKTP MangoHu MyHanm-
LuMra H1ucbaTaH MyHanmmra KaTTukTanad Kyhunvainam. Ma-
canaH, MarHWT MaigoHW 26°ra ofraHfa xapakaTyaHVKHU
ynuawgarn xatonuk 10% faH owmaingn. HamyHaHu marHut
MaifoHuAa TeKwwupraHja ysrapMac Ba ysrapyByaH TOK
KynpvknapugaH gonganaHnnagn. Yn4osnap MarHuT maiigo-
HUHWUHT Xap XUn KuiimaTtnapuaa onné 6opunaam, AK(B)/A(0)
HucbaT B2 Ba nponopumoHan 6ynagn. Taxpuba HaTuKana-
puaH 3apaf TawyBUYMNAPHUHT xapakatdyaHnuru (2.30) 6u-
NaH xucobnaHagn. KapwuavkHW ynyaw KynpuknapuHuHD
YMKWLL CUTHaNIapuaaH UIAn3 YNKapuL YUyH, 3EKTPOH Yn3-
MacuHW Kynnaw 6unaH xapakaTyaHavKKa nponopLyoHan cur-
Han ONMHAaAM. Y reoMeTpuK KapliWauK ycynum 6unaH Xapa-
KaTYaHNWKHW TYFpUaH-TYFPU aHWKIOBYM acbob sipaTuiu
UMKOHWHW TYFaupaan.

2.8 §. fApuMyrkasrnunapga Takmk/IaHraH 3oHa
KEHTIMTUHW, JOHOP Ba aKLUENTop KpULLIMA aTOMMaPUHWUHT
KOHLEHTPaUNACK Ba MOHMAHWLL SHEPTUACUHN aHWMK/IaLL

a. TakuknaHraH 30Ha KEeHIMIMIMHU CONULITMPMA YTKa3yBYaH-
NIMKHUHT TemnepaTypara 60fFMKAUIngaH aHuknaLl

ApPMMYTKa3rMuNapHUHI CONULITUMPMA YTKa3yBUYaHINIY
XYCYCUIA 3NeKTP YTKasyBYaH/IMK (n-p-n) coxacuaa Kyiu-
faru
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T en”™+1y) (2.72)

thopmyna 6unaH mdoganaHaan, 6y epaa n, — 3apaf TallyBs-
YMNAPHWUHT XYCYCWUIA KOHUEHTpaumsacu. ApumyTkasruynapga
3NeKTPOH Ba KaBaknap CTaTUCTMKacura Kypa XyCyCuid KOH-
LeHTpayms

n = (;TCeya exp (- (2.73)

nhopa 6unad Tonunaan. by epaa:
N =2(2nT*KT/H2 \  My=2(2nT*kT/NZ/r  (2.74)

6ynun6, ynap Moc paBuLLia YTKa3yBYaHNNK Ba BaneHT 30Hana-
praa 3aPGeKTUB KBAHT XONaTNapPUHUHT 3u4nnrn, E§ — Ta-
KUK/IaHraH 30Ha KeHrnurn, K — bonbuMaH goumMuiicn, T —
Temnepartypa, T*, T —3/IeKTPOH Ba KaBaKNapHUHT 3hdek-
TMB Maccanapu. (2.74) gaH KYpUHaauKu,

(# »

ONeKTPOH Ba KaBaK/ap XapakaTYaHJUTUMHUHI TemnepaTypa-
ra 60FIMKAUI 6Up Xxun 6ynaan aed kabyn Kunne6, ynapHUHT
xap 6vpvga xapakaTyaH/VKHUHE TemnepaTypara 60fFnuK/Iun-
TVIHU KEHT TemrepaTypa opanufuja TeMrnepaTypaHuHT gapa-
Xanu yHKUMACKM KypuHUWKaa ndoganatl MyMKUH:

kr KpTn (2-75)

Xakykataa aneKTPoH Ba KaBaKNapHWHI TemnepaTypara 60f-

NVMKAUTK 6up-brupugaH ¢apk kunagn, 6owkava KMo ant-

raHza, ynap xap xun KmﬁmaT,qarm ¥ — 6unaH aHuknaHagu.
1}

XapakartyaHavknap Hucbatm 0 ~ Temneparypara 60FnK

o6ynmaraH goMmunin kattanukamp. KOkopuaa Kaig KunuHraH
(hapasnapra Kypa, XyCycuii CONMLITUPMA 3NIEKTP YTKazyBYaH-
MK (2.72) Hu

w =CT-*-"exp(-") (2.76)
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KYpUHMULLAA €31l MyMKKH. (2.76) HK norapugmnab, Kynm-
Aarv KypuHuwiga ugoganawl MyMKUH:

n 2.77)

Jemak, Taxpubaga ynyaHraH Xycycuil COnMITMpMa 3MeKTp
YTKa3yBUYAH/IMKHUHI Temnepatypara GOFIMKAUTMHK (2.78)
ndoaa KypuHuwmaarn rpadmrnHn Tacempnab E -HU aHUK-
nawl MyMKWH 3KaH:

(2.78)

ANeKTPOH-BOMLT BUPAMIMAa E HU aHMKNaW yyyH Kyhiungaru
thopmyna mwnaTunagu:

(2.76) Ba (2.77) thopmynanapgaH KypuHaguKu, EK HU aHUK-
naw y4yH Wy KMiAMaTuHN 6unni Kepak. JTeKuH Kyn xonnapga
T]-b2 TapTMbMaa 6ynraHn ydyH T-2=1 KynantMaHu Tawl-
na6 wbopuw MyMKuH. KOKOopu TemnepaTypa coxacuja
n(a(7” ) vy (1/T) ra 6oFnaHULLIMHK KyNnawaa Xycycuii YTka-
3yBYAH/IMKHUHI Xamja apasialimMa yTKasyBYaH/IMK coxanapu-
[a Yn3nKIM 60FNaHMLLAAaH YeTra YNKULLIMHW Hasapda TyTUL
Kepak. KOkopm TemnepaTypanapia 6y 60f NaHULLIHMHT YN3NKN
60fNaHMLLAAH YeTra YAKULWIK 3apag, TallyBUYUIapHUHT FOKOPK
TapTMOIN counnnw 3 eKT Tabeupuaa BYXyAra Kenuwu
MYMKVH, KuvpuwMaBuili anekTp yTKasyBYaHIMKAA XapakaT-
YaHAUIM KMYMK BYNraH 3apaf TallyBuunap naingo 6ynca, xy-
CYCUI YTKa3yBYaHNMKAAH KUPULLMAaBWUIA YTKa3yBYaHINK CO-
xacura yTraHga, YM3vkam 6ofFnaHULLAaH ce3nnapau fapaxa-
fa 4YeTra YMKMWK Kysatunagn. £°=consl 6ynraHga, SbHU
Temnepatypara 60fn1uK 6ynmaca, (2.77) noga éunad Tonun-
raH E TaKuKMIaHraH 30HaHWHI KaTTanurura TeHr 6ynagw.
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Xakukataa TakmKnaHraH 30Ha KeHrnuru Temneparypara 60f-
nvK 6ynagn Ba 6y GOFNAHULIHMHT KYPUHWULIK Yayall HaTu-
Xanapura Kyuim Tabeup Kypcatagu. Arap E%HWHT TeMncpa-
Typara 60fFnaHuLIN

E=E'-PT (2.80)

KYpUHULLAA 6ynca, KypunaétraH ycyn 6unaH (2.77) paH T7=0
[arn TakukKnaHraH 30Ha KEHTJIMTMHUHE KUAMaTK aHUKNaHa-
An. Y ucTanraH Temneparypagarv kuimaTtuHmn (2.91) opkanu
aHuKnaLl ydyH /3 6oLlka ynualunap 6unaH Tonuarad 6ynuwn
Kepak. E HUWHI xapopatra 60ffaHuLLIM MypaKKabpok Yn3nk-
nn 6ynmaraH KypuHuwaa 6ynca, InCr(7’,~") HUHr \/T ra
OOFNMKNNTY YM3MKNN BOFNAHULLLAH aH4ya YeTra YMKaau Ba
(2.78) chopmyna 6unaH TONWAraH 3HEPrUs KUMMaTn Takuk-
NaHraH 30Ha KEHIIUTUHUHT XaKUKWUIA KWAMATUHN Xed Kaincu
oup TemnepaTypaga 6epmarign (ndoganamaign).

6. Xonn LOUMWACUHUHT TemnepaTypara 60fnaHMWNra Takuk-
NaHraH 3o0Ha KEHIMUrnmHM aHuKaall

Bn3 toKopuaa KentupraH apanalimaBuil (KMpULLMaBWUiA)
yTKaszyBYaHIMKKa 3ra 6ynraH ApUMyTKasrnynapHuHr Xomnn
povmuiicn (2.09) xycycuwii YTKasyBYaHIMK coxacu (n=p=n)
fa (2.09) Ba (2.73) dopmynanapra Kypa Kyvugaru

KypyHMLLTa 3ra 6YnwnHM KypraH aguk. Kyn xonnapga aman-
Jla bakapunaguraH — ~— HWUCBGaTHUHT TemnepaTypara 60f-
NNK 3Mac feb c|oapa3 Kvmm6 (2.81)

AMTK =cexp (M) (2.82)

KYpuHULLTa Kentupunaan (2.82) gaH KypuHaamku, Xonn fo-
UMUACUHU Xap XUn Temnepatypaga ynyab, xycycuii yTkasys-
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YaH/UK coxacuga E HWM aHUKNaW MYMKWH. BYHWHT yuyH
Taxpunba HaTwkacuHn 1n(1a 7™ YHuHr 1/T ra 60FnaHULLIN
KYPUHULLIMAR YM3MO, YHUHT OFUL BGypyarn TaHreHCu TOMnu-
nagn Ba 'y opkanum E xucobnaHagu:

ES = 21 L, #TV) (2.83)

E - HW 3N1eKTPOH-BONLT GUPUrMAa aHMKfaW y4yH

E =0397LWAHTY2)
e Alw ) (2-84)

ndoaa kynnaHmnagn. LLlyHn aintuw Kepakku, 6y ycyn 6unaH
Tonunrad £, Temnepatypacn T=0 K ra Moc KenraH xakukuii
TaKVKNaHraH 30Ha KEHrUrMHKU 6epagun. Arap \n(AHT ") HUHT
(1/T) ra 60FnaHULLM YM3UKNX BOFNAHULLAAH Kydnu dapk
Kunca, OyHW TakuknaHraH 30Ha KEeHrIMTMHUHE Temnepary-
para YM3MkNn GofFnaHnWngaH apk Kuavwy 6unaH xamga
KaTTa KOHUEHTpauusnu 3apag TayBuniapHn Kyn OHOHAN
COUMNMLL Ba 3N1EKTPOH-KaBaK XXy(Tnapuga CounnLl xapa-
€HNapVHN BY)XXyfAra Kefnmwmn 6unaH TYLWYHTUPULL MYMKWH.
By oXuMpru nKKu >apaéH counmil MexaHu3Mmnapura 60fFImK
6ynraH Xonn KoapguumneHtTnapura (raH rpH) TabCcup Kunaaw,
XapakaTyaH/IMKHUHT TemrnepaTypara 60F1aHULWN KYPUHULLIN-
HW y3rapTupagu.

B. JPKWH 3apfA] TallyBYLIAPHUHI KOHLEHTpauuAaACUHU TeMmre-
paTypara 6ofnaHuwmngaH AE., A U™-Hn aHnknall

Xonn AOMMUINCUHUHT KaTTa TemMneparypa opannfuaa yara-
PULLIMHN TafKUK KWIULIAR 3PKUH 3apsaj TallyBuYMnap KOH-
LLeHTPaUMACUHUHT XapopaTra O0FNKIMTMHN Tax/ I KUIMOK
Kepak. YMyMUIn Xon4a YHU Tax/In KUauLW aHvarnHa mypak-
Kab macanagup. Xakukuii n-Tun sSpumyTKasruuiapga xamva
Bakr 6up Heva Typfaru JOHOP Ba akuUenTop KupulimManap
6ynagn. bab3an 6up KMpuLIMa aToOMIapyu GUPrMHa 3NEKTPOH-
HW amac, 6anky 6up Heya 3MEKTPOHHU Gepuin Ekn Kabyn
KNanwm (BMpUKTMpULIN) MYyMKUH. Kuprwima aToMapuHUHT
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acocuii caTxuiaH Tallkapy, KUpUWManapHUHE Ky3fanraH ca-
TXW 3N1EKTPOHHU TyTMG onvwy MyMKWH. BynapgaH Talikapw
3HEPreTUK CaTX/TapHUHI alHULWNHK XMcobra oNnw Kepak.

Xap 6vp ApMMyTKasrnyga KaHgangup mukgopga LOHOp
XaMaa akUuenTop KUpULLIManapuHUHT 6NN ApUMYTKa3rny-
HU KUCMaH KoMmneHcaumanamgun. LUYHWHT ydyH, xap 6up
anoxuia ONMHraH Xxonda, HUMaHu Tawiab tbopuw Kepak-
NN Xan KUIVHULW Kepak.

ANTaNNNK, APUMYTKA3TMUYHUHT TakKWKIaHraH 3oHacmja
3Heprus catxnapy Es Ba En GynraH fOHOP Ba akLenTop Ku-
puLLIManap Ba yNapHUHT KOHUEHTpauuanapn AY,  Ba IB>UA
oyncuH. LyHaalh Knnmnb, SpumyTKasrny a1eKTpoH YTKasys-
YyaHNUKKa ara 6ynn6, KMCMaH KOMMeHcauusiiaHraH 6ynaam.
Busra mabilymMKu, 3MeKTPOHENTPa//IMK LwapouTuga mycoar
3apagnap MMKAOPU MaH(UIA 3apaganap MUKLOpWUra TeHr 6yna-
an. MaHguin 3apsgnap YTkaszyBYaH 30Hagarn 3pKUH 3MeKT-
POHNAp KOHLEHTpaumsacu 6unaH akuenTop carxugary WOH-
nawraH akuenTop aTOMNapUHUHE RAFUHAMCUTA TeHr, MycbaT
3apsAanap 3MUInUr BaIeHT 30Haarn Kaesaknap KOHUeHTpauus-
Cn 6unaH MoHMaLWraH AOHOP KMpULMa aTtomiapu MnFUHAU-
cuaaH nbopat. ApumyTKasrmunapaa 37eKTPOH Ba KaBaknap
cTaTUCTMKacura Kypa AOHOp caTxuaarn 3MeKTpoHaap Ba ak-
LenTop caTxuaarn 3MeKTPOHNap KOHUeHTpauusnapn Kynm-
Jarv ndoganap 6unaH aHMKNaHaaw:

1 ( EB- Ef

1+ — exp\--~ 1~
Xo \Y KT
(2.85)
N.
1 | En-~Ef
1+ =exp,- — ——
A

by epaa 8A KMpULLIMA CaTXMapUHUHT alHULW KO3 duum-
eHTVU OMUAK cofaa 6ynraH Xonaa caTxapHUHT aiHuMWKn tha-
KaT 3M1EKTPOH CNMHW GunaH 60fFnaHraH 6ynraHaa, JOHOP Ku-
pulIMacy yyyH £0=2, akuentop KMPULLIMACKU Y4YyH %= 1/2
6ynagn. epmaHuiiga caés aHepreTuK carTx X0CuI KunaguraH
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[AOHOP KMpULIManap caTxy yYyH £0=2 ra, akUenTop caTxiap
YUYH £A=4 ra TeHr 6Yynagn. KOkopuaarn msoxra Kypa aHu-
MaraH N-TUN KApULLIMaBUiA SPUMYTKa3rnynap y4yH anekTpo-
HeTpPanunK LwapTu

n+nn=HO-nr+P (2.86)

KYPUHULLIHW onagun. By TeHrnama acocupa 3apsf TawlyBuu-
nap KOHUEHTPaUUACMHUHI Temnepatypara O60fFINKINTUHN
Tax/ M KUIMW MYMKWH Ba ynapfa y3ura Xoc Xapaktepnu
COXanapHW aHukKnaw MymkuH. (2.86) ma Maxannuii pekom-
OMHauMa Mapkasnapugaru aneKTpoH ap xucobra oiMHMaraH,
AbHWU PEeKOMOUHALMSA MapKasnapuHUHI KOHLUeHTpauuacu
KNUMK aeb apas KuauHraH. Mact temnepaTtypanap coxacu-
[la BaJIeHT 30Hajarv Kaeak/iap KOHLEHTPaLMACUHU 3MeKT-
POH KOHUeHTpauuscura HucbaTaH xucobra ofiMac/ink Mym-
KUH (n>p). ByHaaH Tawkapu, XamMMa akuenTop Kupulima
aTOMUHWM MOHNalraH nA=MA ae6 xucobnawl MyMKuH. Ly
TaXMUHNApPHW Hasapfa TyTcaK, 3NeKTPOHENTpaiIK TeHrna-
macu (2.86)
-1
(Eo

n+nn-Mo-no=n+M n~MB+M o KT =0
(2.87)
KypuvHuUWra Kenagn. by TeHrnamaga
n=TY, exp KT (2.88)
O6ynMLLIMHN Xmcobra onnb, (2.87) ndopadaH
(n+ HA)n _ _N+ o
N - (2.89)

(hopmynara kenamu3 By epga AEB=E GEO0 — KupuLiMa aTo-
MVUHUWHT MOHMaHWULW 3Hepruacu. Mact TemnepaTypa coxacu-
[la 3NeKTPOH KOHUeHTpaumacn kamasagy sa (2.89) HUMHI Max-
paXknza 3/1eKTPOH KOHLEHTPaLUACUHN ra HucbaraH TaLw-
na6 tobopuw MyMKWH. byHaa (2.89) aaH
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(2.90)

ngofaHn onamMns Ba yHU TemnepaTypara 60fFIMK UKKU COXa-
CUHW TEKWNpUG Kypamus:

Tyna noHNaHUW TemnepaTypacujaH

1. Mact temnepatypaga (T3>T,)

n<WA arap 1">2/"
(2.92)
n«n”, arap Vo<

lapTnap b6axapunaguraH coxaaa, SbHU APUMYTKa3rMy Kom-
neHcaumsnaHraH coxafa 31eKTPOH KOHLEHTPauUACUHUHT
Temnepatypara 60FIMKANTI

(2.92)

KYPUHULLHU onagw.

2. FOKopupoKTemnepatypa coxacuga (Tt TXTH),
arap J1"»n» 1" waptnap 6akapunaamraH coxaaa, SbHU SpUm-
YyTKa3rmy KomneHcaumsnaHMaraH coxaga Temneparypa ou-
NaH 3apsg Tawysunnap (3NeKTPOHIAP) KOHUEHTPALUACUHUHT
60F NaHULLNHK

(2.93)

KYpVH/LLIAA onamus.

>N wapt N</1" waptra KaparaHga KOPUPOK Temnepa-
Typaga 6akapunagu, LWYHWHT YUYyH 3/1eKTPOH KOHLEeHTpauu-
ACMHUWHTI TemnepaTypara 60FIMKINK rpaurn MKK1U coxafaH
néopat 6ynno6, bynapaaH 6UPUHYNCK acTa-CeKUH UKKUHYM-
cura yragm (2.12-pacm).

3. ONIEKTPOH KOHLEHTPAUMACU NOrapu@MUHUHT TeMnepa-
Typa (1/T) ra 60FnaHULLIMHA Ha3apuidi XMcobnall HaTuXacK.

KupuiwimaBuii anekTp YTKasyBUaHANK coxacuaa (2.92) sa
(2.93) ndhoganapra Kypa, AOHOP Ba aKLENTOPNAPHUHI 3Hep-
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2.12-pacM. Xap X1 akuenTop KOHUeHTpauuscuaa Hasapuii XucobnaHraH
3apsf TallyBUYMNap KOHUEHTPALUACUHWUHT TeMnepaTypara 60FIMKANTU.

JM-N"=1016cm°:£4=0,1 3B :T.=0,25T0, £8= N 6ynraH Xon y4yH
1-17=0 : 2-N"=10¥%m-3: 3-1"=101%M-3: 4-117,=1016M-3

s MOHM3aUMACKM AEs, AEn HUHT TO3a KUPULLIMABUIA 3NeKTp
YTKa3yBUaHIMNK coxacupa Xonn AOVMUACUHUHT TemnepaTy-
para 60FMKAUIK (KOMMeHcalysnaHMaraH sprmyTKasrnua)

\&(KWT% )=/(1000/I")

KOMMeHcauusnaHraH KUpWLLMaBWiA 3NeKTp YTKasyBYaH/IUK
Xonmgaa aca

16(J1*7*)=/(1000/T) (2.94)

(hYHKUMANapN OfFuWw OypyarvHWUHI TaHreHcu opkanm (2.83)
NHW (2.84) faH E HW aHMKNaw Kabu Tonunagw.
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4.  [JoHOp Ba aKkuenTop KMpUIMa aTOMIAPUHUHT KOHLIEeH-
TpauusanapuHn aHnkIaLL.

3apsg TawyBuMnap KOHLUeHTpauusnapuHu Taxpubaga
ynuaHraH Xonn govmuiinapy opkaivm n Ba /)-TUngarum Ku-
PULLMaBUIA ApUMYTKa3rmynapia TONULWHN KypraH 3guk. 3a-
PS4 TalyBUMIap KOHLUEHTpauuUAanapuHUHE Hasapuin ugopa-
napun Taxkpubaga aHVKIaHraH 3apsg TawyBUMNAPHUHT KOH-
LleHTpaumsanapuHUHI Temrnepatypara 60FIMKINTMHA Taxaun
KUuwra UMKoH 6Gepagn. Taxpuba HaTvdKanapuHu Tax/un
KUIULWHWHT Makcaau WyHAaH nbopaTku, ynap opkaiv Ha-
3apuii xmcobnaHraH MyHocabaTnapHW KaHOaTNaHTUPYBUM
KaTTaIMKNapHU aHMKNawanp. Hasapuin xmcobnaHraH KartTa-
NVNKNapHW Mabiym faed apa3 Kunauil, Taxpubaaa ONvHraH
KaTTa/IMKNap4aH KUpuLIManapHUHI Tyna WOHMaHULW COoxa-
cnga

n(T9=M0-M A (2.95)

KWAMATHM aHMKnalira MMKoH 6epaaun. In n{T)=/{\/T) yHK-
UMS OFULL BYpYarMHMHI TaHreHCUAaH AOHOP KupuwmMa aTo-
MWHWHT MOHNAaHWL 3Hepruscu tonunagn. byHaa AEO Hu
éunraH xonga T{TemnepaTypaga (Tx<T}) 3N1EKTPOH KOHLEH-
TpaumsacK n(T® HW ynyab, (2.92) paH

(2.96)

npotaHn onamms.
(2.93) nogaHn KaHoaTNaHTUPYBYM T2 TeMmMepaTypa

(T3>T2>T{ coxacuga 3NeKTPOH KOHLEHTpauusacuHu ounrau
xonga (2.93) gaH

(2.97)

ndoga Tonmnaan. (2.96) Ba (2.97) napHUHI KynaiTmacu Ba
(2.95) JTIB J1"-ra HucbaTaH TeHrnamanap TU3UMUHWN TaLLKWI
atagun. TeHrnamanap TUSUMUHWUHT e4UMK
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Me = XA N+ Xn(T,)
(2.98)
mn=Me-n{Ty=\AY¥-\n(TyH

6ynagwn, 6y epaa

OEB(Tr-T )

Arap KupuLIMa caTx1apuHUHE aiHULL KoaguLmeHTNapmn (8A
80) mMabnym 6ysnica €Kn ongMHAaH TaHnaHraH 6ynca, KMpui-
Ma KOHLIEHTPaLMSACMHN ToNMLLAA Hasapuid xucobnaHraH (2.96)
ékn (2.97) udoganapHuHr 6upunaaH organaHnw MyMKUH.
ByHZa MOHNaHWLL 3HEPrUACK MabiyM 6y/raH KMpuiimMa KoH-
LieHTpauuanapuHn aHukaaLl Xonn JOMMUACUHUHT UKKW TeM-
nepatypafa ynyaHraH Kuimatun 6yiimya aHmknawl macanacu-
ra Kkenagu. bupmHum ynyaw KmpuwmanapHuUHI Tyna UoHna-
HULWL coxacuia YTKasunagw:

K(TY= 1 (2.99)
NKKnMHYM ynuawl T{ékn T2 coxanapha yTKasuiaau:
ANT<) = o KH(T2) = 1 (2.100)

bynapaaH (2.96), (2.97) rakypa Ba  napaaH 6upu

Niell o8 .-M7)Mm . AER),
T r M ‘é&ﬂ:, m<

eKn

yw = __ H"P__ cxn (4 AE°
0 (eKH (T2))2N ¢ KT
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aHuKnaHagun. (297) noga épgamMmaa AOHOP KOHUeEeHTpauums-
cu aHVK/laHca akuenTop KOHLUEeHTpauusacu WA xucobna-
Hagu. AKCuUHYa, /V, aHMKnaHca As-1YA=n(r3 AaH xucobna-
Haau. Arap I, Ba Tr TemnepaTypanapga 3apaj rallysuunapia
COUMNNLL KPUCTaIN MaHxapafaH MoHMallraH KupuliManap-

ra ytmw coxacmga 6ynca, P 061 6ynaan Ba 3apypusit
6ynraHfa 6yHu xpucobra onvw Kepak. nBa  NlapHU aHUK-
NalHWHT fiHAa 6Up ycynmHW Kypannuk. by ycyn 3apsg Ta-
WYyBYMNAP KOHLEHTPaLMACUHU aHUKNAWHUHT (2.89) udo-
Jacura acocnaHraH, HelTpannvK wapTuaaH onvHraH (2.89)
(hopmynafiaH akLenTop KOHLEeHTpauusiCUHM

N=ANT,exp(-")p~r"-1)-» (2.102)

KypuHuLWUra kentmpamus. by ngoga KeHr Temneparypa opa-
nuFnaa apanawl YTKasyBYaHAMK coxacurada Gakapunamw,
UYHKN OYHW onuiaa Xey kaHpgaii (hapascu3 3MeKrpoHenT-
pannukK wWapTuaaH TyFpuaaH-TyFpu onmHrad. (2.102) udgoaa-
ra Kypa, KApULIMa aTOMUHWUHT MOHIAHWULL 3HEPTUSACU Mab-
nym 6ynca, Xonn JOMMUACUHUHT UKKU MapTa yn4YaHraH Kuii-
mMatu 6yinya: 1) GUpUHYM ynyaw Kmpywma aTOMUHUHT Tyna
noHnaHuw coxacmga (MY; 2) mxtnépmin Ty Temnepartypa
(T{<TT) fa Wy ynyawnapra Kypa, Ba

-1
*1 (T3)" rH\ (2.103)

(hopmynanapfaH xucobnaHagm. YmymaH 4 1a KaTTa/IMKHU Un,

£0, Ba [JEO HM aHuMKNaw y4vyH (2.102) mudogara KMUYmMK
KBagpaTnap yCynvMHW Kynnab, ynapHWHI LWyHAan KuiAiMatna-
py TONWNAaAWKK, ynap 3KCNepuMeHT HaTuXanapu 6unaH moc
TywcuH. KOKopraa Kentupuarad Mynoxasa Ba ycynapHu Tyna
p-TUN YTKa3yBYaH/IMKKa 3ra 6ynraH spumyTKasruuiapra xam
Kynnaw MyMKWH.
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FOKopuaa KypunraH ycynnapfaH tawikapu, WA Ba HU
aHWKMNoBYM BMP KaHua ycynnap 6op. MacanaH, nacT Temne-
patypaja MH(PakKu3un HypnapHWHI Kupuwma atomnapuga
FOTUNINLLINTA aCOCNaHTaH YCy/HW KypcaTul MyMKUH. byHzai
TaxXpunbanap YTKasull Mypakkab 6ynmb, ONMHraH HaTmxkanap
eTap/v Japaxasa HoaHUKAMP. Ba HW anoxmaa aHuk-
nauwifa ynapHWHI napaMarHeTuK pe3oHaHcnapuHy TeKWypuLL
OpKanM aHvknaw MyMKUH. ByHpa Xypga xam Katra KuiuH-
ynnuknapra gyy kenuHagw. Lynap 6wunaH 6upra, MarHuT
ManfoHna KapLwWANKHUHT y3rapuiimnra acocnaHrai ycyn-
HU XaM KeNTupuLl MyMKWH.
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3-BOB

APUMYTKA3INUIAP MAPAMETPNAPVIHU
ONTUK YCYNJIAP BUNAH YJTHALL

3N1-§. ApUMYTKa3rMUNapHUHT ONTUK napameTpiapu

ApuMmyTKasruyunapga onTuK xoaucanap acocuia anekTpo-
MarHUT TYNKUHNAPHUHT GOFNaHraH BafieHT 3N1eKTPOHNap,
6ofnaHMaraH 3pKuH 3apsf Tawysumnap, KpUctasn naHxapa
Ba KMpWLUMa aTtomiapu, 3MeKTPOH-KOBaK MnasmManapn bunaH
y3apo Tabeupm étaan. LLIYHMHT yuyH ONTUK Xoamcanap spum-
yTKasrnunm Kpuctannapga TYNKUH Y3YHIUIN 0,2+100 MKM
opanufinga 6ynraH 3anekKrpomMarHuT TYNKUHAAp Tabcupuga
coaup 6ynaguraH KeHr >apaéHnapHu Y3 nuumra onafu.

ApPUMYTKa3rMy cupTura TyluraH épyfamnk y4 KucMra ax-
panagn: 6up KUCMKU KaikTagu, 6Up KMCMU CUMHWMO HaMyHara
KMpaaun, YHUHT 6Mp KUCMW tOTUANG, BMP KMCMMK 3ca Hamy-
HagaH yTaan (3.la-pacm). HamyHagaH KaiitraH /g, yTraH 1T
Ba HaMyHafa toTunraH / EpyFavK WHTEHCUBAUKNAPUHWUHT
ynapra TywraH épyfivkK MHTEHCUBAUIL 10 ra HUc6atTn GunaH
aHVKNaHaguraH KatTainknap

K=" T=J  A=T; (3n)

MOC paBMLLIAA HaMyHAHWHT epyfNKHW KailTapul Ba YTka-
3w (wadopavk, TUHUKINK) KO3pduUMeHTNapn, Ay —
TUW KOGUnuaTn aeb atanagn, by kaTTanumknap HamyHagaH
EPYFIMK OKUMUHWUHT KaHAah KUCMW KaNTULIWHKW, YTULINHW
Ba HamyHaja TUAUWNHW KypcaTagn. SHeprusiHMHI cakna-
HULW KOHYHWUra MyBO(UK:

K+T+A=1 (3.2

6ynagn. ONTMKa KypcnapuaaH Mab/lymMKu, Ty, Ky, Ay nap 6u-
NaH ONTUK KOHCTaHTanap opacuaary MyHocabaTnap 3M1eKTp
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3.1, a-pacMm. MNnacTuHa Wwaknmaarm Spumyrkasruy
HamMyHafa HYPHUHT Rynu.

yTKazyBYaH Myxutaa (COnMLITMPMaA 3NeKTP YTKa3yBYaHANIU
0*0 6ynraHga) KOMMIEKC HYyp CUHAMPUL KypcaTKuuu 6u-
NaH aHvKnaHaam

n'2= caof//Ef0- N = (n- K)2 (3.3)

By epzia Hyp CMHAMPULL KYPCATKWUYM m* HUHT XaKUKWUIA KunC-
MU n=c/n 6YNn6, y EPYFNUKHUHI BaKyymaa Tapkanuil Tes-
NIATVHW APUMYTKA3rnygary Tapkaauiw Te3imrn u ra Hucbatm
OunaH aHVKNaHafuraH Kattanmkaup MaBxym KUCMU %3fieK-
TPOMArHUT TY/IKUHNAPUHUHT MyXUTAa CYHWULIMHW KypcaTta-
AvraH KatTanukgup. LLYHUHT yuyH % ~ OTUAUW KypcaT-



KNUM EKN 3KCreHUUs KOaPpuuuneHTn aeb roputunagm,
£0=(45 9+ 10-9) ®/M —BaKyyMHVHT AVU3NEKTPUK CUHTANPYB-
yaHnuru, /ro=4at0-7 TH/M — BaKyyMHUHT MarHWUT CUHTAK-
PYBYaHANIWN, £, — HaMYHaHWHT AW3EKTPUK CUHTAUPYBYaH-
AW, 0 — CONUWITUPMA 3NEKTP YTKasyBYaHIVK. YMyMuil
X0/14a ApUMYTKa3rmy Kpuctaniapuga e, /r, o — TEH30p KaT-
TaIMKNAPAMP, SBHW ynap 3NeKTPOMarHuT TYKUHNaPUHUHT
Kpuctann yknapura HucbaTaH Tapkaavw WyHanmwmra 60f-
NNK 6ynraH KaTTanuknap. Ky6 waknugarn KpucTtannapga
KpuCTann naHXapacu ONTUK XOAucanap napameTpriapyvHu
cKkansap karranmknap geé xucobnall MyMKuWH. e,, o, U — Ma-
pameTpnap HamyHara TywaéTtraH EpyfIMK 4acTOTaCUHUHT
(hYHKUMANApUANP. DNEKTPOMArHUT TYNKUHAAPHUHT MyXMUT-
fa Tapkanuwy MakcBenn TeHrnamanapyu TUSUMUHVHT eyn-
MW acocupa ypraHunagn. YTkasyBuaH Myxutga Makceenn
TeHrnamanapy TUMMUHUHT eyummra Kypa Tyky nyHanuwzia
TapkanaéTraH 3NeKTPOMarHUT TYNKUHUHWUHE 3M1eKTP MaingoH
Kyu4/laHraHnuru

E=£0,xp(-*)-exp(/ad-") (3.4

KypuvHuwwaary ngoga éunaH aHuknavagn. by opmyna amn-
NNTYAACN 3KCMNOHEHTa KOHYHW BYiinda CyHYBUM SICCU 3NEKTp-
MarHUT TYNKWHAAPHWUHT 3M1EeKTP MafgoH KyudnaHraHanrnHm
noganarign. Opatha onTMK acbobnapga 3MeKTp MaingoH
KyunaHraHimrn amnantygacu KsagpaTura nponopuuoHan
oynraH épyfnuk nHTeHcusnury (/) ynuaHagw. LLyHra kypa,
(3.4) paH

ENexpl—r = Elife (3.5)

6ynagn. byHaaH KYpUHaAMKW, MyxXWUTAa TapkanaétraH &pyf-
NUKHWUHT UHTEHCUBAUI HaMyHa CUPTUAAH y30KnallraH capu
Kamainnmb 6opaamn. (3.5) TeHrnamaHWHr

/=/oe-« (3.6)

130



KYpUHMLLAArN ndogacy EPYFINKHUHT MyXUTAA FOTUAULWINHN
KypcatyBun byrep-SlambepT KOHYHU feb topuTunagun. by epaa

a=2— 3.7)

a — TUAMW KoahduuneHTn aeb atanagw.

ApUMYTKa3rMYIapHUHI ONTUK XOCCanapuHu EpuUTuULLAa n
Bax 6unaH 6Up KaTtopaa, KOMMIEKC AN3NEKTPUK CUHTAUPYB-
YaH/IMK XaM KynnaHunagw:

e=e{-k2 (3.8)
m* 6unaH e opacugarn 60fFnaHnLL

n’ = e (3.9)

thopmyna 6unaH aHWKNaHaau.

INEKTPOMArHUT TYNKUHNAPUHUHT TYNKUH Y3YHAUTW
A=0,2-I100 MKM coxacuia ApumyTKasrnynap Kyucus marHmt
Xoccanapura ara 6ynub, MarHUT CUHrAMpyBYaHAUr Gupra
AKUH 6ynagn </r~1). by Baktaa (3.3), (3.7), (3.8) Ba (3.9)
TeHrnamanapaH

e = n2y2, £2= 2" = <o Aa@)=e2—  (310)

OYNULWNNUTMHY KYypaMu3. ApUMYTKa3rnynapHUHT ONTUK XOC-
canapuHu £, Ba£2 0pKanmn xmucobnallra 3apypusT 6ynraH Bakr-
[a n Ba x napameTpiapra yTuLl YHYaIUK KUAVUHYNIUK TyF-
avpmangn. Hyp cvHampuwl Kypcatkuynapu n{ Ba n2 6ynraH
MyXUT uerapacura TywlraH €pyfivK UKKUra axpanagu: o6vp
KUCMK KaWTagu, 6up KMCMK 3ca CMHUO, HamyHara Kupagu.
Mab/iyMKu, KyT6naHraH EpyfFamMkK UKKW MyXWT uerapacura
TywraHga kaiTraH (E*), CUHraH (E™) TYNKUHNaPHUHT 3N1eKTP
MaifoH KyunaHraHnuknapu amnantyganapn ®peHenb TeHr-
namanapv opkanv aHuknaHagn. bynpau =u2-\ 6ynraHga E’
Ba E" nap KynWugaru udoganap opkanu Tonunagu:
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p, _ ¢ s@-o. pn_3dp P'p
o h%@+p)’ nN" dlkp+ )

(3-11)

_£ __ 231 dbP _ 23q'dbp
‘P Y ST(Y; + ) co5(<p- n e+

By epfa ¢ — Tywwuw, <" — CUHUW Oypyaknapu. Ep, E$ —
TyWwaétraH TYNIKUHNAPHUHT 3M1eKTP MalfoH Ky4/aHraH/InkK-
napy amnmtygacu. P Ba 8 — WHAEKCnap 3M1eKTp MaigoH
KyU/laHTraH/IMTMHN EPYFIMKHUHT TYLIULW TEKUCIMIra napan-
Nen Ba yHra TMK TeKUCNUKAa ETULWNHM MOC paBuLLja Kypca-
Taan. KytbnaHraH 8pyfFAVKHUHI HaMyHadaH KaliTull Ko3ad-
huumneHTnapn

A.. = Kyp = (312)

yTiw KoagdmumenTnapn (waddohnmnk KoshuumneHTnapn)
Kylhingarn ugoganap 6unaH aHuknaHau.

. E;
T=_ . WFE_ (3.13)

®peHenb TeHrnavanapugaH KypuUHaguku, EpyfavKHUHT Ha-
MyHaJaH KanTuwl Ba yruw KoahuuneHTnapy EpyFankKHUHT
Tywmw 6ypuyarura (3.16-pacm), ONTUK KOHCTaHTanapwura,
3NeKTP MaifoH Ky4NaHraHIurn BEKTOPUMHUHI AyHanuwwimra
6ofFNnK. Acnatmb ytamus, PpeHenb TeHrnamanapu MyxuT-
HUHT HYp CUHAMPULL KYpCaTKUYM KOMMAEKC 6YraH Xon yyyH
Xam YpuHAnaMp. ByHAa CUHULI KOHYHW

—=(n-&) =srp /8l (3.14)

n\

KypuHuiiga 6ynagn. BupuHum myxut xaso bynraHga n,=1
6ynn6, cuHMW Bypyarn Komnnekc 6ynagn. Epyfamk xasogaH
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3.1, 6-pacM. XaBo ipMMYTKa3rMy yerapacuja Yns3uk,auM KyténaHraH
EPYFNUKHUHT KANTULL KO3I(QULMEHTNAPUHMHT TyLIMLL Gypyarura
60FnaHNWN (HYp CUHAUPULW KYpcaTKMuM N=3, I0TUL KypcaTKnum c=1
6ynraH xon yuyH).

APMMYTKA3rnMy cupTura TUK TyllraHga <p=<p'=0 6ynagw.
dpeHenb MyHocabaTnapura Kypa, XaBo-apuUMyTKa3rmy yera-
pacuaaH EpyFAVKHUHT KaTuwl KO3WMULUMEHTUHUHT ONTUK
KOHCTaHTanap (n Ba x) OunaH 60fnaHUWK Kyniugaru Kypu-
HULWIHW onauw:

>~ N2 +X

"+ +% (3.1

(3.15) paH KYpuHaUMKW, KaNTUW KOSPHMUUMEHTU EpYFInK
TUK TywraHfa YHWHI KaHfgah KyTbnaHraHaurura 60fFnuK
oynmanan. Kantnw KoshUUNEeHTUHUHT Tywunil bypyarura
OOFIMKNNTU WYHW KypcaTaguku, Tywuw 6ypyarmHUHT
A=0-5-17° opanufuga gesapauv yrapmainam, WyHUHT y4yH ama-
NNETAA Ty 6ypyarvHmHr 0-M7° opanuFuaa ynyaHraH Kai-
TUW KO3 (ULMEHTUHN TUK TyluraHgarn kabv kapaw Mym-
KuH. (3.15) TeHrnamagaH KypuHaguKu, KanTuil Koagdhuun-
EHTUHN ynuall 6unaH 6up BakrJa WKKW MmapameTp (n Ba %
HW aHuKfaw MyMKWMH amMac. Kyn apumyTkasruynapga Hyp
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CUHAMPULL KYPCATKUUYMHUHT eTap/inya KatTa 6ynuwm Tytai-
NN, ynapga toTULL KypcaTKuum X=0 OynraHga kam Kamtuil
KoapmumeHTnapn Katta A=30+40% 6ynagn. HamyHanap-
[a HYp CUHAMPULL KYpcaTKMun KaTra n»% OynraHga Kantuw
KO3(hhMUMeHTH Xam KaTTa 6ynagm (J1~ 1).

3.2 8. ONTWK NapameTpriapHn (KOHCTaHTaslapHM)
Taxpnbaga aHuKNaLl ycynnapu

Bus tokopuga yTkasyByaH o* 0 MyxuTAa AU3NEKTPUK CUHT-
OVPYBYAHIIMK £=eX K I HU EKU HYp CUHAUPULL KYpcaTKnyu
(n*=n-1x) HUHI KOMMNAEKC OBYNULLANTMHN, YNAPHUHT XaKNKNIA
(n, ex=n2~x2) Ba MaBXyM KUCMapn (% e2=2nx) HUHI Kpuc-
TaJI/IHAHT MUKPOCKOMWK napameTpnapun 6unaH 6esocuta 60f-
MWK 3KaHUTUHWU KYpraH 3auK. SApuMyTKasrnunap Tysuau-
LWMHKX, NapaMeTpaapuHN ONTUK ycynnap 6unaH aHuknalga
OGUpUHYM HaebaTga n Ba x NApPHW anoxmaa KN ex=n2~x2 Ba
£2=2nx NapH EpYFNNK TYNKUH Y3YHIUTUHUHT KEHI COXacu-
[a Ba Xap Xun Temnepatypanapga aHuknaw nosum. OnTuk
napameTpnapHUHI (KOHCTaHTaflapHW) aHuKaw ycyniapuHu
NKKWN rypyxra 6Ymw MyMKUH. BUprHUmn rypyx ycynnapu épys-
NNKHUHT KARTULL KOIW(MLMEHTUHN Ynyalra, UKKUHYM Typyx
yCynnapu HamyHaHWHT TUHUKAUTMHU (LaphohanrnHm)
ynuawra acocnaHraH. ONTUK KOHCTaHTanap (n, X, «) HU Tax-
prnbaga ynuall ycynnapHuM Kuckada Kypub umkammus. HOTuLl
KYpcaTKuum Hyp CUHAMPULL KYypcaTKM4YMAaH aHya KU4mkK
(n»x) 6ynraH TYNKWH y3yHnurn coxacuga (3.15) gaH (3.16)
TeHrnamaHu onamus:

p _ (n-NH2
am~ <3116)

N2»$A2 WwapT TYNKUH Y3YHIUTUHUHT KaTTa S coxacuia
| = Wc/Ee=el17B), [MK] | xam Gaxapwniagw, by epga £ —
TakKyKNaHraH 30Ha KeHrnuru. Kyn apumyTtkasruunapia, Xatro
3apaf, TawyBuuiap KOHLeHTpaumsacu kaTta 6ynraHga xam

n2»~ 2 wapt 6axapunagn. LLyHUHr yuyH (3.16) wdgonapaH
HYP CUHANPULL KYPCATKUUNHWUHT TabumMil 8pyFnnKaa KanTuL
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KO3(DPUUMEHTMHN ynuaw 6unaH aHMkNaw MymKuH. Kpuc-
Tannapga EpyFavK TYNKUH Y3YHIUTUHUHT Ky4cu3 HOTUNLL
coxacuaa Kp BKM Kp/K - HUHT Tywmw 6ypuyarura 60ofnaHuLW
thadmrnaaH bproctep Bypyary, SbHU Kp, K~AK-/1ap MWUHK-
MyMmra spuiagurad 6ypyak aHuknaHagu. bproctep Gypuaru
() HYP CUHAMPULL KYpCaTKM4M OpKanm xmucobnaHaau:

n=16<pb (3.17)

Arap HamyHafa RTUAULW coanp 6ynmaca, Hyp CUHAUPULL
KYPCaTKMUYMHU ACCU napannenb CUPTAM MaacThHa KYpPUHU-
lmnaa 6ynraH HaMyHaHUHT waddodanrura kapadb xam aH1K-
naw MyMKWH. XaBofa TypraH naacTUHa KYpUHULWIKNAArn Ha-
MyHa numna EpyFNMKHUHI KailTa-kainTa (Kyn mapTa) KahTu-
LK coamp 6ynca (MHTepepPEHUUSHN Ba IOTUAULLIHK XMcobra
oNMaraHfa), YHUHr wadhohnnk (EpYFANKHUHT HaMyHajaH
YTnLn) KOIPPUUMEHTN Kyinaarn KYPUHULLHA onagu.

r-=14#&H N 71 (318)

LyHpali knnnb, HamyHa wwaghoDanuruHn 6unrad xonga Hyp
CUHAMPULL KYpcaTKUuKM Kyinaarn ugoaa 6unaH aHMKnaHagn:

1- o 1-[(1-7)/1(1 + )N
1+ yK 1+ [(L- TyM@ + Ty)r2 194

By xonga Tyna KalTuww KoaghuuneHTm
K+T=1 (3.20)

noga 6unaH aHvknaHagu. by epaa xaM SHEpPrUSAHWUHT cak-
NaHULL KOHYHW Baxkapunagn. HamyHaHUHT toKopu waddog-
MUK (TUHUKAKK) coxacuarn Hyp CUHAMPWLL KYPCaTKUUYNHM
aHVKnawja Karra aHuKIMK 6unaH ynyargurad npusma ycy-
nngaH oinganaHnil MyMKWH. BYHWHT y4YyH TeKmpunaér-
raH HamyHafaH cMHAMpULLI Gypyarn A GYnraH npusma sca-
nagmn (3.2-pacm). TYNKUH Y3YHAUTW X 6YiraH MOHOXPOMaTKK
EPYFNIVKHWHT Napainen okMMKn (pactacu) npuaMagaH yTraH-
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3.2-pacMm. EpyFAnKHUHT KMYMK Bypyakka YeTnaHnwmn (OFULWKM) X0nmaa
npusma opkanu Hyp Wynu.

JlaH cyHr 6 — 6ypyakka ofaan, byHaa HYPHUHT CUHWULL Byp-
yarm HypHWHI Npu3MafaH YMKMLIngarn CUHWW OGypyarura
TeHr 6ynraHaa, N-HW ynyawfga 3Hr KaTTa aHUKIWKKa 3pu-
Wwnagu:

By xonga g — 6ypyak 3HTr Ku4MK 6ynagn. LLIYHWHr y4yH
npusmMa ycynu ogarfa Kuuuk 6ypunuw (ofuw) ycyim feb
toputunagn. Hyp cuHgmpuw Kypcatkmum Kyinugarum TeHrna-
Ma 6mnaH Tonunaau:

gL+

5u1 (A/2) (3.21)

Tekwunpuiwnap 6y ycyn bunaH apumyTKasrmunapaa Hyp CuH-
ANPULL KYPCATKMUUHUHT 0,01% aHUKAMK 6unaH ynyail MyMm-
KUH/IMTUHU KypcaTau.
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FOTuAnw KypcaTKuum (x) HU KM OTUAKLL KO3 DULINEH-
™ (a) HU n2>x2 6ynraHga nNnacTMHKa Laknuaarn HamyHa-
NapHUHT WapdodnK KoapMULNEHTUHN YnyaLl 61naH aHWK-
nawl MyMKWH,

T = (1- "y)2[1 + Xa/Ann]
(exp(/3) - Kyexp(-)))2+ 4157123 +Yy)

Oy epga: P = (8 — HamyHa KaMHAUTK, a — KTUINLL

Ko3thmumeHTn), € — HamyHagaH EpyFnmk 6up mapTa yTra-
Huaarn asza yarapmim (hasa CumkmLLn)

- — n(1co3
A - nicosp

6unaH ndoganaHaam (p — NNEHKaAA HYPHUHT CUHULL Gyp-
yaru), rp — HamyHagaru épyFiMKHUHI — E Ba H BeKTopna-
pn opacugarn ¢asasuin ypyarn 6ynue,

&»= "2+§\ N (3.23)

6unaH aHuKnaHaau. Arap MHTepdepeHLms Kysatuamaca (Ha-
MyHa CUPTUAAry HYKCOHNap Tyannu Ekn EpyFnnK TYNKWUH
Y3YHAUTUHUHT KaTra 6ynuwmn Tydainn), T, K HU a — opa-
cugarn 6ofFnaHvWNapy coafanallain Ba

T @1- B2+ (Xealdnn)2]
Y exp (ac!) - K2exp (-ait) ("

6ynagn. n2>e 6ynraHaa, SbHU b €1 HR wahdohmk
71n

KO3 pUUMeHTUHNHT (1- K)/(\+K) gaH 10% rava 6ynraH y3ra-
puLL coxacuia waphopnK KoapOULMEHTH Kyiinaarn TeHr-
namafaH aHuKnaHagu:

1- K )2e~an
T = \-k\~™ (3-236)
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Tabkngnaw Kepakku, Oy cofganaliraH TeHrnama 6unaH a
HW aHuK/Mal Yyd4yH KaTTa XuMcob Kunuw Tanab KuanHagw.
LLIYHWHT y4yH ofaTaa a HM aHuknawga \ap xun K napra Moc
KenraH HomorpammanapfaH onganaHunagn. Laddodnmk
Ko3thpMUMeHTN n2»x 2 6ynraHaa (7<10% 6ynca) 1»/?2 2d
6ynagmn Ba (3.226) faH OTUAMW KO3DULMEHTN Kynmnaarnya
aHWKNaHagu:

(3.24)

Arap cMHAMPpUL KypcaTKnunapm 6up 6upuaaH dapk Kuca,
nnéHka (nNapga) TarnMkgaH moopaT CTPYKTypaHW NNéHkaaa
IOTUANWWHM aHWUKIaL YYyH MIEHKa XaBo Ba NEHKa Tarfuk,
TarnvMK 6unaH xaeo yerapanapugarv EpyfiMKHUHT KanTULWIKN-
HU Xxucobra onvw Kepak. Arap Tarivkga Kyuycus HTUInLL
coaup 6ynca, tonka Kkatnamaa TUANW KO3MOULNEHTN Kyiin-
farnya xmcobnaHagu:

(1 - AA(1 - Ay2)(\ - KA2)
a=-m (3.25)

By epga: KrM, Ky2, KM NnéHKa-TarnukK, TarfiMk-xaso, niéHka-
XaBO uerapanapugarm Kamtui KoagpgpuumeHTnapu. Taxpu-
6anaH sSpMMyTKasrnunapia TUANW KO3GMDULMEHTUHN Kail-
TULL Ba WahohnnK KosghmumeHTnapn HaTuxkanapy oyinmnya
aHMKnalw y4yyH kyiugarn 6ockuunappaH ytunagu. [actnab
HaMyHaHVHI cupTura caikan 6epunagun, YHUHT KaJMHAUIN
a(1> 1 wapTtura >kaBob 6epaan. by 6unaH HaMyHaHWHI OCTKU
CUPTUAAH EPYFINKHUHT KaNTULLIM TabCupM WYKOTWMNaan Ba
MYMKWH 6yniraH TY/IKMH Y3YHAUTW coxacuia Typau Temnepa-
Typaga Ba 60LIKa Talwku Tabcupnap octnga Kr ynyaHagu, 6y
EPYFNIKHUHT cUpPTAaH 6up Kappa (MapTa) Kantuwu Koah-
(DMUMEeHTUHN 6epagn. CYHrpa HaMyHaHUHT KaJMHAWUTW Ka-
manTmpunagn: acl<l ékm (1-/?y)/(1 +Ky)>r>10% waddod-
NIMK coxacunia EpyFIMKHUHT YTUL UHTEHCUBAUTUHU TeKLU-
puvnaéTraH coxada aHuK ynuail MyMKWMH OYncuH. By xonga
T HM Ynyaw MKOHW BYXXyAra Kenagu. KOTuamw Koadguum-
eHTUHY WappohanK KoIPOULMEHTN KniimaTn 6yiinya aHukK-
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nawpa 7>10% 6ynraHga (3.226) Ba 7X10% 6ynraHga (3.25)
TeHrnamagaH donganaHunagn. KOTMANW KO3PPUUMEHTUHN
aHuknawa akat Wwap@omanK KoIPPUUUEHTUHN Ynvalll
6unaH xam yerapanaHuw MyMKWH, GYHUHT YYyH KaJMHAUK-
napu  Ba’vy2 6ynraH 6up Xun KpuctanngaH HamyHanap Tai-
épnaHagun, YNapHUHT KaMHAUTW LWYHOAR 6YNuLLIN KepaKKu
{ac!2>1 Ba a</>1 6Ynn6), wahdohnmk KoahhuuneHTRapm
I, Ba Tn 10% 6YncuH, y Xonda TeKLWMpuUnaéTraH HamyHa-
HVHT HOTUNLL KO3PAULMEHTH

6unaH x,ucobnaHaan. by epaa /, Ba 1/1 MOC paBuLLAA KalIMHAN-
M Ba é206ynraH HamyHanapiaH yTraH épyfink MHTEHCUBIN-
roup. Arap TagKuKOTUM UXTMEPUAArM HaMyHa KU4YmK 6yrnca,
YHU KQHAUTVHW ONKaaWTUpnLW 6unaH yndaw MyMKUH.
HOTnnnw KoapuumneHT a HWM xucobnawl TeHrnamacu
(3.25) HuHTr Taxmnm M<10% Ba K=35% 6ynraHga, wadhod-
NMKHVHT 103 MapTa y3rapuiin TUANW KO3MHOULNEHTUHNHT
(hakaT 6 MapTa y3rapuwmra oimb kenagn. [leMak a HUHT KWid-
MaTWHM KaTTa opanvkaa ynyall yuyH 6utra matepuasnjaH aca-
raH Xap Xun KaIMHAMKLArM HamyHanap Tynnamy 6yamwm Ke-
pak. MacanaH, ApuMyTKasruunapga EpyfanKHUHE XyCycui
TUAULL Yerapacuaa TUIMW KosppuuneHTn (a) 102 gaH 10O
KOt cv~ rava y3rapagn. KanuHnurn ¢ — 6ynraH xap 6up Ha-
MyHa YYyH HOTUIMLW KO3(MULMEHTUHUHT MaKCUMyMKU aTax
wappohnK MUHUMYMN KuiAMaTK 6yiinya aHuKnaHagn. a”
Taxxpmbaja a HU aHMKNaWa KysaTunaguraH Hr Katra Xxaro-
JINKKa apuwimw bunaH 6axonaHagn. tOTunnw KoapguumeH-

TUHW YNYALHWHT HUCOMIA ga =  xaronurn (3.26) ydyH
1-1
=i+ 2K 6 Q"2
Aa =pih+ O -AK+6Ty (3.27)

6unaH aHvknaHagn. Arap a HW YHWU TalKWa 3TyBYMNapu-
HVHT XaTONMKNapy NFNHAMCHMAAH (aK+aé+a T) KatTa 6ynma-
raH XaTonnk 6unaH ynyaHaam ae6 apas KWAMHca, y xonaa
K= 35% 6ynraHga
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(3.28)

ngoga ypuHan 6ynaan Ba y waphohank KoshhuumneHTn
T=\6% O6YnraHgarn Kuiimatura moc kenagu. KOTunuw Ko-
APPUUNEHTUHMHT a<\/(1 coxacuia a HW aHWKIawpjarn xa-
TONMKA" HW aHMKNawpary XxatonmkaaH Katra 6ynagun. LLyH-
Aain Knnmb, TeKWMpunaéTraH coxada TUAULL Ko3hduun-
eHTMa=10-1 CM-1 JaHa=104CM-1 rayaysrapca, kKammia nkku
XWUN  Ba iir KAIMHAUKAAr HaMyHa ONIMHULLIN Kepak.
<XKANIMHIMKHW TOMULL YYyH (3.26) TeHrnamara HTUANLL KO-
APPULMEHTUHUHT HOKOPK Yerapacy 104 cm-1, Ky Ba [-HUHT
MUHUMYM KUiamaTnapu Kynunmé xmcobnaHagm. MacanaH, 104
cm-1 77=0,01% Ba K= 35% 6ynraHga, ~=8,3 MKM 3KaH/K-
M KYpUHagwu. 2 — KanuHAvK aca Kyhungarn (3.29) TeHrnama
6unaH TonNMNaau:

=~ = AT = IMM- (3.29)

AT 1]

KaaHnmrn 2=\ MM 6ynraH HamyHafa toTuavw Koshdu-
umeHTMHM 10 gaH 84 cM-1 raya, KanmHAurn 6?,=8,3 MKM Ha-
MyHaga 240 paH 104 cM-1 raya TeKWmpumw MyMKUH. KOTnauw
KO3 PUUMEHTUHN 846240 cM-1 opannKua TEKLLIUPULL YYyH
KQIMHAUI ~3=200 MKM 6yNiraH y4uMH4M HamyHa 3apyp (Ke-
paK). by HamyHa 6unaH 0*=50 cM-1 gaH aTax=415 cmM-1 rava
ynyaw MyMKWHKW, KWYUK TN KOIPHULNEHTNAPUHN
ynuawja Tuamw KoaPmUUUeHTUHN aHUKNaWwaary XaTo/nk-
HUHT MUHUMYM GYIULW LWAPTKN acl=1 faH EPYFINKHUHT Tap-
Kanuil RyHanuiimaa HaMyHa KanuHAurM Katta 6ynmwnuru-
HKU Tanab atagn. XXyaa KMYMK IOTUAULL KO3GhDULNEHTNapu-
HWM a<10-2 CM-1 ynyall y4yyH maxcyc ycynnap sapatusrat.

3.3-8. 3apag TawyBUMnap KOHLEHTpauusicn Ba
XapakaTyaHAUTMHU YNYaLHUHE ONTUK yCy/napu

ApumyTKasrnunapha EpyFIMKHUHT 3pKUH 3apsg TallyB-
ynnapga FTUINLLN XYCYCUIA FOTUANLLHUHT KU3UA Yerapacu-
AaH KaTTa 6ynraH TYNKUH Y3yHnuru coxacu (ASACékn Jiy>E)
Aa aiHMKCca MyXuUM YPUH TyTauu. DPKWH 3aps Tawysuunap-
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fa EpYFNVK IOTUANLW MEXaHU3MUHUHT KNacCUK Hasapusacuia
3PKUH 3apaf TalyBUYMIAPHUHT EPYFANK (3N1IEKTPOMArHUT)
TYNKUHWHUHT 3M1EKTP MaifoHuga onraH KUHEeTUK 3Heprus-
cura ApUMyTKasrny HamyHacugaru xap Xu HyKcoHnap (kpuc-
Tann nNaHXxapa AaBpUANUTMHUHE Oy3unnuwin) 6unaH ysapo
Tabcupnawradga (Coumnuwnga) UCCUKANKKa annaHnwm aeod
Kapanagn. KBaHT MexaHMKacu HyKTau HasapufaH Kpuctain
naHXXapaHUHT JaBpuil MainfoHuaa xapakatnaHaéTraH apKuH
3NIEKTPOH/IAP MMNY/NbCHUHT Cak/aHULL KOHYHUra Kypa, épyf-
NNKHW HOTMacnurn Kepak. JIeKMH Kpuctaii naHXapaHuHT
TebpaHULIN EPYFIMKHUHT 3PKUH 3N1eKTPOHAA HOTUNLLIUHM
ByXyfra Kentmpagun. ONTUK KOHCTaHTanapHWHI EpyfnnK
TYNKUH Y3yHAUrura 60FnaHuWM aHanuTUK ngogacuHm on-
TUK KOHCTaHTasap AUCNEePCUACUHUHI KaCCUK Hasapusacu
épgaMmga oNMHMWKN MYMKWH. By Hasapusra Kypa KaTtTuk
YKMCM YM3UKNN ocumnnsaTopnap TynnammugaH noopat aeb Ba
3NEKTPOMArHUT TYNKUHAAPUHUHT 3N1eKTP MaligoHnAa 3neKT-
POHHWHI XapakaT TeHrsamacu edvMun Kapanagu,

TX+TwWX + ™= -eEneT (3.30)

By TeHrnamaHuHr 6upnHYM Xaam HbIOTOH KyYMHU, MKKUHYK
Xa4y MyBO3aHaT XonaTufaH CWDKUraH x macodara npornop-
LUMoHan 6ynraH (KalTapyBuu) 3MACTUKINK KyYUHW, YUUHUU
X2 TOPMO3/1I0BYN KYYHW, SbHU 3apaj, TallyBumiap Tesnuru-
ra NponopunoHan 6ynraH UWKanaHu KyYnMHW, YHT TOMOHK-
Jarv xanm aneKTpoHra 3/1eKTp MalOHVHUHT TabCup Ky4uHM
TaBcunarign. LyHpald knamb, YTKasyBYaH 30Hafaru anekT-
POHMAPHUHT 3((heKTNB Maccac Tn ra TEHr 6ynraH 3pKuH
3NEKTPOH Aeb Kapanaaw, LWYHWHr y4uyH (3.30) TeHrnamagaru
KainTapyBU/ Ky4HW HOJra TEHr1awTMprn6 BaT MaccacHu anek-
TPOH 3apdhekrms maccacu 6unaH anmawTmpmo,

T,X+"-x= -eEylew (3.31)

3NEKTPOMArHUT TYNKUHUHWHE 3M1EeKTP MailgoHmparu SpKuH
3NEKTPOH XapakaT TeHrnamMacuHK Onamus. IANeKTp MalifoH
TabCupuaa 3NEKTPOHHUHT rapMOHUK TebpaHMa xapakaTu Co-
anp 6ynagn. Ly 6unaH 6upra 6y Te6paHWULLIHWHT KOMIIEKC
amnantyaacu (3.31) TeHrnamara Kypa Kyimaaruda 6ynaam:
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ek,
Xn= -- 3.32
2.0, (3.32)

&>
ByHza xocun 6ynraH KyTo1aHULW BEKTOPU
P =eMx, (3.33)

OYNMLLIANTMHK 3bTUBOPra 0nno, 3NeKTP MalAoH MHAYKLWS-
CUHUHT udogacuiaH

l),=epE =efE +P, (3.34)

KOMMNJIEKC AU3NEKTPUK CUHTANPYBYAHIVKHUHT @HUKNaHULWIN-
HU Kypamus.

e=e +e2w=1+- (3.35)

3oHanapapo yTuWNapHM e ra KywraH xuccacu xucobra
*0/IMHraHAa, Xycycuii HoTUAML Yerapacy 6unaH 6yinama on-
TUK TebpaHuULLap YacToTacy OpaIUFUAA LW>w>Lwio ANINIEKT-
PUK CUHrAnpyBYaHNnK (3.35) TeHrnama

e@>)=¢, 1+ do+n 1) (3.36)

6unaH aHMKNaHaaW. ByHAaH YHUHT XaKMKWiA Ba MaBXyM KUCM-
napn Kynuaarn KypUHULLHW ONnafu:

ein) =n2-x 2=£ 0+ 5272) (3.37)

e2@) = 2nx = L+ w2m2) (3.38)
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By epga a> =eNe ExTn — 3P¢eKTB Maccacu Tr KOHLEHT-
paumsicn N 6ynraH 3pKUH 3apaf, TalyBYMIAPHUHI Mniasma-
BUIA vactoTacu. (3.37) Ba (3.38) moganapHUHI penakcayms
BaKTW T ra 60FMK {wHR+ 1) KynanTmanapuia sHeprusa o6yinu-
ya ypranawTmpul xmucobra ofMHMaraH. Arap r aHeprusra
60fNIMK 6Ynca,  Ba €2 /1ap 3NeKTPOHNAPHMHI KpuUCTannapaa
counMLL MexaHusmunra 6oFnnk 6ynaaw. (3.37) ea (3.38) nap-
[a 3NeKTPOMarHUT TYNKUHAAPHUHT KPUCTan naHxapa 6u-
NaH TabCMpnaHuWy XaMm xucobra onnmHMaraH. by Tabcupna-
WMWAa KAMEBUIA OOFNAHULLIHUHT YAYLIW KWYUK, 3apsg Ta-
LWYyBYMIAP KOHLEHTPaLWACK KaTTa OynraH ApuMyTKasruy-
napfa YH4YaMK MyxuMm 3Mac. EpPYFAVKHWUHT XyCyCWil HOTK-
NN YerapacUHMHI YacToTacu 6unaH Kpuctani naH>XapaHuHr
6yinnama ONTMK TebpaHMLIMap 4acToTacu opanufFMaa Tosa
KpucTannap y4yH HOKOpU YacToTasn AN3NEKTPUK CUHTAUPYB-
YaHNMK YacToTara 60fF MK 6YIManan, AOUMUIA  ra TeHr 6yna-
An. By uactoTa opanufuga XxapakatdyaHnuiru karta 6ynraH
ApUMYTKasrnynap y4vyH

a2 1

wapT 6axxapuMwn MyMKUH. N-TUM FepMaHuil y4yH penak-
caums BaKTU TaXMMHaH 10-13 CEKYHAHMW TalKWA 3Tagn. Epyf-
NNKHWUHT TYNKUH y3yHAurn 8=20 MKm 6ynraHga, w2i~400 ra
TeHr 6ynagn. aeT2>1 wWwapT 6axkapunraHaa (3.37) ea (3.38)

ngpoganap

(3.39)

£2= 1nX = £xLLp/Ta>3 (3.40)

KYPUHULLIHK onagunap.
EpyFAnKHM 3pKWH 3apag TawyBumuiapaa toTUANW KO-
uumneHTn a (3.10) Ba (3,40) napra Kypa

(3.41)

njopa 6unaH aHuknaHaan. HKOTUAMLL KO3 MLUMEHTN 3apsiq
TalyBYMNAPHWUHT COYMNULL MeXaHu3Mura, SbHU <{/r> HUHT



yprada Kuitmartura 60FnK Gynnb, EpyFanK TYNKUH Y3YHN-
TMHVHT KBazipaTura nponopLyoHanamp. Y TKasyByaH/INKKa xap
XU TUNAarv 3apag TawyBumnap KaTHallca, ynapgarv ootu-
nmwnap kywwnagu. MacTt yactoTanapga (Uer<l) wTtunuw
KO3(h(PULMEHTN:

a~Me?T/T*nc *ned~al (3.42)

y yacToTara 60fF1MK G6ynmainaMraH Ba AOVMWIA 3NEeKTp Maii-
[OHAa KPUCT/UTHUHT COMULITUPMA YTKa3yBYaHAMrura npo-
nopunoHan 6ynraH KaTTaiuk.

Penakcaumsa BakrMHUHI 3Heprusra 60FNKININ fapaxa-
M QYHKUMA KypuHuwmnaa 6ynraHnga (3.38) HU coumnnui
MeXaHu3Mmura 60FNnK 6ynraH y KoagguumeHTra Kynantupm-
nagn. Counnuw Kpuctann naHxapa TebpaHuwunga cogup
6ynca, y =1,13 ra, MoHnawlraH KmpuLiMa atomga cogup 6yrnca,
y =3,4 ra TeHr 6ynagn. pKUH 3NeKTPOHNapaa EpyFInNK OTuH-
NUWWVHWHT KBaHT Hasapusicura Kypa HTUAUW Koahduuu-
EHTUHUHT TYNIKAH Y3YHAUIMra 60FMKANIN a-X"' KypruHULLIaa
Ba Aapaxa (/) 2 gaH dapkan 6ynnoé, counnunil MexaHm3Mura
kapab, 1pnaH 4 raya y3rapagn. KynruHa apumyTkasruy mate-
prannapga TaxpubagaH ONVMHIaH OTUAUW KOIPPULNEHTU-
HUHT TYNKUH Y3yHAUTUra 60FIMKAUT MypakKab KypuHULLra
ara.

a) 3apsag Tawysynnap KOHUEeH TPaUUACUHUN EPYFNIMKHUHT 0 TU-
M 6yinya aHuMkKnaL

Taxpunbaga OTUAMW KO3PGMUMEHTN 6Yiinua, 3apad Ta-
LUYBYMMIAP KOHLEHTPaLMSACUHA aHUKaLWaa, TUANW Ko3g-
(DMUMEHTUHMN YNapHUHT KOHLEHTpauusacura 60F MK acoc
KUAnG onmHraH. KOTunmw KoapgpuuneHTUHN Taxpubasa
aHWKNaHraH EpyFIMKHUHT HaMyHagaH YTUL Ba KaWTUL KO-
ahuuneHTnapun 6yiinya xmcobnab, 3apag TawyBumnnap KOH-
LEHTPaLMACMHUN aHUKaLl MYMKKH. JIeKuH Taxpunbaga aHuK-
naHraH Ba Hasapusl Gyinya xmucobnaHraH Hatwkanap oup-
OGvpugaH apk/iaHraHy yyyH ofatga OnavHAaH Taxpubaga
onvHrad a=/(J1r) rpaguyposka (gapaxanawl) rpapurugaH
(honganaHnG TonuNagn. BYHUHr y4yyH 3apsf TawyBuunap
KOHLEeHTpauumsacn Mabaym 6ynraH 6up KaH4ya HaMyHanapja
TUINW KOIMPULMEHTUHUHT KOHUeHTpaumsara 60FnnKIu-
rm aHmknaHagn. KOTmamw KosagUUMeHTUHWUHT KOHLEHTpa-
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3.3-pacm. N, p —Tangaru KpeMHuiAi HamyHanapza épyraMkKHUHT TUANLL
KO3(hULMEHTUN a HK 3apsf TallyBUMNap KOHLEHTpauuscura Hasapuii
(1-un3mnk) Taxxpmba ynm bunaH (---- 4Yn3nK) 6oFNaHNLL.
a — BPYFNIMKHVHT TYNKUH y3yHAUTWM 40 MKM 6YnraH Xon yuyH.

uuara Hasapuin 6oFnaHuwn, a=/(M) Taxpuba HaTuxanapu
6vnaH mMoc TyLUMacuUri 3pKUH 3apsg TawyBuumiapga epysf-
MUK OTUAUWUHUHT Ha3apuiA MOeNn eTapinya AXWMW WL-
NaHmaraHnurugad panonar 6epagu. bup KaHua Xxonnapga
TaKpnba Ba Hazapusa HaTwKanapu KUCKa TYNKWUH Y3YHUIU
opaFuga Moc Tywaau. MacanaH, p, U-TUN KpeMHuinapaa
NHDPaKN3NI COXaHUHT KUCKA TY/NIKUH Y3YHIUIU KUCMUAA
a{l1) HWHT Ha3apuii Ba aManmnii KuiimaTnapm 6up-6upura moc
Tywagan, y3yH TYNKWH Y3YHIUK KUCMUAa 3ca, Kyynu gapk
Ky3aTunagm (3.3-pacm).

Taxpnbaga EpyFAMKHM HamyHafdaH yTul (wadgohnuk)
Ko3huumneHTn opkann 7>0,1 ga KuiimaTty HTUAULL KO3(-
GhurumeHTn (2.236) Ba KaTMLL KOIPHMLNEHTM
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N=no1-7>-" (3.43)

niofanapugaH aHvknaHagn. by epga  SpMMYeKcU3 Hamy-
Haga EpPYFIUKHUHT KaiTUW KOIPPUUMEHTHN, (1 — HaMyHa
KanuHnaurun. (3.236) Ba (3.43) TeHrnamaHwHr Gupranmkaaru
EUUMU HOTUNNLL KOIPMULMEHTN KUAMATUHKN bepaau.

Y NUalHWHT CrekTpas OpaIMFUHN TaHNawba WyHN abTu-
6opra oUW KepakkW, OpPa/IMKHWHI Mab/lyM 6Up criekTpan
Kucmuga (coxacmza) EpyFIVKHUHE 3PKUH 3M1EKTPOHAA HOTU-
NNLINAAH TalKapy, Y SHa KMpULLIMa aToM1apuaa xamaa Kpuc-
Tann naHXapaHuHr TebpaHulinapnga (PoHoHNapaa) TUAN-
WX MyMKWUH. 3apsj TawyBunnap KOHUEHTPaLMACUHN aHWK-
nawga xatonuMknapra nyn Kymmacnuk yuyH yndyaHaéTraH
TYNKWUH Y3YHNUIW coxacuaa GoLLKa TUAULINEP KNUYUK 6Ynu-
WK Kepak. MacanaH, KpemHuinga TYNKUH Y3YHAUTUHUHT 6
MKM faH 40 MKM opainFuga (POHOHAA EPYFNIMKHUHT KOTU/IN-
LN HaMOEH 6ynaaw, Wy 6unaH 6upra, EPyFINKHUHT (DOHOH-
napga totmnnw kKoapduumentn 0,3+10cm-1 opanufuia
6ynm6, koHueHTpauuscu 1018cm 3 6YnraH HamyHanapHUHT
3PKUH 3apsagnapga EpyFANKHUHT IOTUANW KO3PPULNEHTH
TapTuongagup. LYHWHT YyY4yH KPeMHWIn HamyHanapuja
YNUOBHWM acocaH TYNKUH Y3YHAUTMHUHT A<S MKM éku H>40
MKM 6YnraH coxanapuga YTKasuauwim Makcaara MyBOQMK-
anp. ByHaa KUcka TYNKUH Y3YHAMK coxacuiaH (oiiganaHné
CTaHAapT YN4oB acbo6napuHN KynnaraH mMabkynamp. Taxpu-
6aHN 3apad TalyBYMMap KOHLIEHTpaUMAaCcK KUYMK 6Ynrad
HaMyHanapa yTKasuw makcaara MyBOQUKAMP. UyHKKU HOTK-
AW KO3MMULNEHTN TYNIKUH Y3YHIIUTUHUHT OpTULWIK BunaH
opTn6 6opaan. byHaa ynyaHaéTraH 3apsf TawyBumiap KOH-
LeHTpauusACMHM KyWmn 4Yerapacu 105 CM-3 rada kamasgu
(Ynuaw TexHmkacy 40 MKM fa KuiivHnawagu). ApumyTkas-
ry napameTpnapvHn ynyawga épysimk MaH6aun cudatunga
nasep HyPNapUHWHE KYMMaHULIKN KaTTa UMKOHWUATap apaTta-
an. byHaa €pyFIMKHW TYNKUH Y3YHAUIX TapTuomaa GynraH
KWYMK AMaMeTpin nsara Tynnaw (EpyfavK 30HAVHU ONKLL)
Ba HaMyHaNapHUHI KUYMK COXaCUHW TeKLIMPULL MYMKMH.

Jlazep Hypnapu MHTEHCUBAUIVMHMHE KaTTa 6ynuwm yn4os
acbobnapn xamfa YCYNHUHI Ce3rMpAUrMHN oWwnpagu, Hamy-
HaHW TOp Ba KeHr KWnvb, nasep Hypnapy 6wunaH Eputumil
MYMKUWH. JlazepnapHu EpyfnMK maHban cudaTtvga uwnatu-
NMLUVHWHT OTYFU LWYHAaH M60paTKU, MH(PaKU3UI MHTPOC-
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KOMNAPHMHI XapakKTepUCTUKaNapUHU AXLInIaW UMKOHUHK
Gepagn. XapakatiaHyBuM nasep Hyprapura acocnaHraH Mmk-
pocKkonnapHU apaTull Ba ynap épAammpa TeKLunpunaetraH
HaMyHanapga 6vp >XWHCAWM 3MaCUANKHUHT TakCUMIaHULWN
TyFpucuia aHuK mMabiyMoT/iap oMW MYMKWMH Xamua KOH-
LiEHTpaLus, xapakaT4aHIMKHUHT HadakaT to3a 6yiinda, 6an-
KN KaMHAWK 6Yinya xam Xap Xun KyHaanaHr Kecumniapga
TaKCUMaHWULWIN TYFpUCUAary MUKLOPUIA HaTUXanapHU OnLL
MYMKVH.

6) EpyFAVKHUHT N1a3sMa pe3oHaHCcH coxacuaa HamyHaaaH Kai-
TUwK 6ylinda 3pKMH 3apaj TalwyBymnap KOHUEeHTpauuscu Ba
xapakaTyaHIUrMHKU aHuKnaw ycynm

HamyHaHUHT Hyp CUHAMPWLL (n) Ba KOTWUIULW KypcaTKuy
(x) napuHn (3.37) Ba (3.38) napfaH TOMMG, EPYFANKHUHT
KanTnw KoaduumeHTn ndogacn (3.15) ra kyincak, IXM
fa xpcobnawl Kynain 6ynraH

yw-dr -K.2 , 2r-2r -2
Am) = K(a, b,e.)= " Vo — (349
(FO-1+r1r/2)+a2F~20-2 Yy '

KaTULW KOIPMULUEHTUHUHT crieKTpan 60fFnaHuWwaary aHa-
NUTUK udogacn onvHagu. by eppa:

F(a, b)= "a2(b2- )+ Ub + {[ar(b2- 1)- \}2b2+ a2} »
0(a, b) = [2b(am2 + \)\/r (3.45)

a=upe <r>, I:=a)/‘o)p

oynagn. LLlyHaain 6enrunaww 6unaH onTMK KOHCTaHTaNapHUHT
AMCMEPCMOH MyHocabaTnapy Kyinugarn TeHrnamanap 6unaH
ndoganaHagn:

g@)=n2-x2=cMN~7277) (3.46)
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EAW) = 2nx =-~ T ) 347>
n@)="C-'(a,b)fF(a,b) (3.48)

X@)=T17;F-\a,b)6-1(a,b) (3.49)

bynap épgamuaa ApuMyTKasrnynap napameTprapuHn aHuK-
nawja nnasmaHvHr TebpaHull YactoTacu

@ =e2M/ele, T\ Ekm A =" (3.50)

Ba YN4YaMCM3 a=a>p<r> KaTTa/MK acoCuii MmapameTpnapiaH
xmncobnaHaan. YnapHu 6unraH xonga spuMyTKasrny xocca-
NapuHy TaBCUMNOBYM KaTTaMKNAapAaH 3NeKTP YTKasyBYaH-
NMKHUHT YacToTara G60FIMKAUIMHK, Y3rapMac TOK YYyH CO-
ANWTMPMA YTKadyBYaHAMK (00, penakcauus Bakrn <r> Hu
aHMKNaWw MyMKMH.

/ u ce,,a ce™a aX

blc (3.51)

OPKVH 3apsf TawyBuMaap KOHUEHTPaUUACUHUHT 3P(eKTMNB
maccacura Hucbatn Kynuaaru

TeHrnama épgammaa xmucobnad tonunagn. Aemak, K(X) op-
K/ HaMyHa napaMeTpaapvHN aHUKAALWHUHT 6UpUHYK 6oc-
Knumga Xp Ba a — napameTpiap aHuKnaHagn. ByHWMHT ydyH
3AXM pa 6epunraH

£,{5(C&8), %,5(CaAs), \0,5(CaP), 11,7(&) 16(Cé)]

0-Hu 0 gaH 25 raya, b-Hu 0,5 gaH 2,5 raya 6ynraH opanukua-
M Kuinmatnapuga Kantuw KosPAUUMEHTUHWUHT CNeKTpu
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3.4-pacM. AApUMYTKaA3rMunM HamyHaga KOHLEHTPALUSHUHT Mab/lym
KuiimaTuga Kantuw cnektpu (a), nnasma 4acTOTaHMHE KanTuLu
KO3 (PULMEHTUHUHT MUHUMAN KuiimaTura 6ofFnaHuwm (6).

xucobnaHagn. KpemHuii yuyH (£7=11,7) K(w) HU xpucobnaLl
HaTukanapu 3.4a-pacMaa KentupunaraH. PacmaaH KYpuHWG
TYpUOLAMKM, YacToTa OpTULIM 6UnaH KTUANLW KO3DPULNEH-
TV MablyMm 6Mp 4YacToTa (wp) AaH 60LLIab KECKUH Kamasaw,
up-Ta AKMUH COXaLa MUHUMYMra 3puLiaimn, CYHr oxucra op-
TG _Gopaaw.

EpYyFAVKHUHT nnasma 4yactotacy w=wp fa HamyHanapgja
FOTUNNLL XO0A4Mcacu niasMa-pe3oHaHc geb oputunagun. Mnas-
Ma-pe30HaHC CMNeKTpu 6Yyiinya ApMMYTKasrnynap napamet-
PUHU aHWKIAWHWHT 6Mp KaHya ycynnapu apatuiraH. s(w)
[aH MablyMKK, Miasma-pe3oHaHC KUCKa TYNKUH Y3YHINK
coxacmpga (XKA”) Ba b>\ fa b KaHuYa KaTra 6ynca, Kantuw
KO3(h(hMuMeHTUra a-napameTp LyHYa Kam Tabeup Kunagu, y
KaWTULL CNeKTPUHUHT b=1 coxacupa ce3unapnm tabecup
Kypcatagu. MapamMeTp a HWHI KaMalnuwun 6unaH 3apsag Ta-
LLYBYMIAP KOHLEHTPaLMACK Ba KAUTULL KOI(DPUUNEHTUHUNHT
MUHMMYMAArn Kuamatu y4N opTn6 6opagn, MUHK-
MYMU KUCKa TYNIKUH Y3YHUK coxacura CUmKNuinan, MUHUMY-
MK EMnnunb, Kampok aHUKIUK GunaH (aHWknaHagm) HamOEH
oynagn. [emak, nnasma-pe3oHaHC MUHUMYMWHWHE CMEeKT-
pan xonatu 3apsag TawyBuniap KOHUeHTpauuscura 60fFvK.
BepunraH ex y4yH EPYFNIMKHUHT KanTWLW CreKTpu 6yinya
NTW=/(6T) @ JTw=/(°) naP XucobnaHagw (3.46-pacm). Keli-
MHr BOCKMYAa Hasapuin xucobnaHraH K(<v) cnekTpu Tax-
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pnbaga aHUKNaHraH K(w) 60fFnaHULWIra CONULITUPUNAAMN.
Hasapuit xucobnaHraH K(wj) ékn K(X) HM TaHnaliga 60LiaH-
FY NapameTpnap cugatmga KPUCTaINIHUHE KOKOPM YacToTa-
NN OU3NEKTPUK CUHTAMPYBYAHAUIM  Xamga K(X) HUHT Mu-
HAMYMra apuwiraH ATT TYNKUH Y3YHIUrn K(XTT) ONfnMHagw.
FOkopuagary pacmnapga KentupunradH K(bTr Ba Kt (a) Kabu
6ofnaHMWNapAaH bTr Ba a NapaMeTpniap aHuknaHagu, CYHr

xucobnab Tonunagn. TonuaraH a, Xp —napaMeTpaapHu 6mn-
raH xonga, a0, <T>, M/Tn—aHuknaHagu. LLyHn Tabkugnaw
Kepakku, K(X) HW xpucobnawira KvpraH, TaxpubagaH aHWK-
NaHaguraH kKatTanumknap, K#, XTr KPUCTAIIHUHT XaKMUIA
XoccanapuaH Tallkapy, yNapHUHE CUPT ULWNOBMIa xam 60f-
MK, TeKWNPULLNAPHUHT KypcaTULLnYa, SpUMYTKasrny cup-
TUra MexaHuk WWIoB Gepuifa, SbHU CUAAUKNaWwga cupt
KaTnamun pedopmaumsnaHagn. MexaHVK caikan 6epul AbHU
CUNNUKNALL Ba ANTUPATMLL 6unaH By aetopmaunsHn AYKo-
TULW MYMKWH 3Mac.

Kantuw KoahnUMeHTN CIEKTPUHUHT Xyaam Y3naan Tak-
popnaHuwimra akar cMpT KaTlaMUHU KUMEBUIA efvpuLL Ba
caiikan Gepu opkanu spuwmnaan. Opataa amanuétaa 3ap-
A4, TawyBuMiap KOHLEHTPaUMACUHM Ynuyawja KOHUEHTpa-
uUMsacKM Mab/lyM OynraH HamyHanap acocufja aHukaHraH
N (1) 60FnaHMLLIAAH, SSbHU Na3mMa-pPe3oHaHCHUHE Kanuo-
POBKa (fapaxkanail) umsmFnaaH goliganaHn6 tonunaam (3.5-
pacm). 3.1-xagBanga KpemHuii Ba CaAs ApUMYTKasrmynapu
aMnNepuK 60FNaHULINAPUHUHT aHANUTUK WoJacn Kentu-
puUraH.

3apag Tawysumnnap KOHUEHTpaumusacn N HY nnasma-peso-
HaHC ycynn 6unaH aHWKAALWHWHE XaTonrm HW ynyaw
aHUKINTra Ba KaIMOPOBKa YM3UFUHUHE K(X") opannk xa-
Tonurura 60FNNK, ATT HW YNYaWHUHT MYHTa3aM XaTo/MKa-
PUHWHT TallKUA 3TyBUYMMapu cnekTpan ac6obnap TYNKWH
Y3yHAMIN 6yiinya rpafympoBKka XaTo/mrnjaH Ba KamTuLL crek-
TPU MUHUMYMUHWUHT KECKUHAWUTN 6unaH 60FNnK 6YnraH Ta-
coandnii XxaTonnknapgaH moopar.

3apsg TawyBuMnap KOHLEHTPAUUACUHUHT Kamalmwim
OunaH nnasMa-pe3oHaHC MWHUMYMUHUHE KEeHrnuru ycaam,
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020 [ ™3

3.5-pacm. Inu HW 3apsg TawyBYMNap KOHLUeHTpauuacura 60fFnaHunLLIn:
a) N-TUngarn KpemMHWi yuyH, 6) A-Tungarun KpemMHUi yuyH,
B) n-tungarn OaA3 yuyH.
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WYHWUHT YYyH SN HW ynyawgarn TacoAuuin XaTtonumk Ba
KOHLEHTpaUMAHM aHuKfawaarn xatonvknap optagu. Cra-
TUCTUK TEKLIMPULLNAPHUHT KypcaTULLMYa, 3apsj TallyByn-
nap KOHUeHTpaumacy 100 faH 10[8CM_3 rava KamamnraHga,
nwoHY opanusn 0,95 6ynraH aHWKAMKAA YNYalHUHT Taco-
AndniA XaTonurn N-Tun KpemHuiA yyyH £10% gaH 50% rava
optagu. Fannuii apceHnp KoHueHTpauyumsicuHu 1019 gaH
1017CM_3 opa/iuKua YN4aLllHUHT Tacognuduii xatonurn + 10%
faH 80% rava opTagm.

3.1->kafBan

X g— 3MNepuK  KOHUEHTpauna Annpokcumaums

Marepuan ngogacu opanufu, cm-3 xartonuru %
5/

X =3,2008-10"x

n-tun mn N NMoanh-o A 2,4
xn-°5461+1,8153
Al 2125- 101X

p-Tnn Xp-° T30+ 3,184 310 18..1-103 0,8
78,4172-102x

CaAs X”””X 1,5-1017..6-107 0,5
XyuF4#1584-107x

A-TUN XH0.345! 6-101..2,5-108 —
i X 71,7231 « 101

rannmv T 2,5- 10'8..1-10 ® —

apceHung

FOkopvaa épuTunraH ycyn 6mnaH 6up >XMHCAK, KYnkar-
NaMyv HaMyHanapHUHE 31eKTPOPU3NK XOCCanapuHu aHuK-
nawl 3apaf TawyBumnap KOHLEHTpauuacy Ba XapakaTyaHiv-
FMHW ynyawira UMKoH 6epagn. HamyHa CUPTUHWHT anoxuia
O/IHTaH coxanapuga ynyoB YTKasuw MYMKWH, LUYHWUHTZLEK
yNnapHu xap X1 TeXHOMOMMK Makcagiapa Kynnaw MyMKUH.

B) 3apaj Tawysumnap KoHueHTpauusacuHm Papageit adhcek-
Tn 6unaH ynyaw ycynm

fAccn (um3mknn) KyTbnaHraH €pyFniukK LOUMWUA MarHuT
MainJoHUra XXoMnalTMpuaraH HamyHagaH MaigoH nyHanu-
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WK 6yinYa yTraHnaa YHUHT KyT6iaHUW TEKUCAUTUHUHT Oy-
punnwin dapageii apdekTn Ba Oypunuil 6ypyarnHn dapa-
Jeli 6ypuarn <r feb atanagp.

OnTuKa KypcuaaH MabiyMKWU, CCU KyTOnaHraH épyfimk-
HUHT 3NEKTP MaiAoH KyynaHraHAnKNapyn coat Muan 6ylindya
(YHr) Ba yHra Teckapu nyHanuvuia avinaHyeuu (4an) avinaH-
Ma KyTbnaHraH UKKW TYNKUH cyneprnosvuus (AnFnHan)CK-
faH mbopat fed kKapaw MyMKWMH. MarHuT maingoHuga my-
XUTHUHT HYP CUHAMPULL KYPCaTKNUM By TYNKMHAAP YUHYH UKKK
Xun (n+, n ) 6Ynagn, WYHUHT YYyH ynap Xap Xun ¢a3oBuii

Tesnuknap K. = - K = — 6unaH Tapkanaau Ba HaTwkaga

ynap opacuga thasa hapku s By>XXyara kenagm, 6yHUHr okmba-
T ACCU YM3MKN KyTONaHraH EpyFIMK HaMyHaZaH YnKKaH
yofuaa KyTonaHuW TEeKUCAUrn < — Oypuakka OGypunaam.
Bypunuw 6ypyarn Kyinvparn ngoga 6unaH aHuknaHagq.

0 =220 P o (3.54)

By epga: / — HamyHa Y3yHAUTW, X — EPYFIMKHUHT BaKy-
ymgarv TYNKUH Y3yHAUMW, n+Ban MOC paBuLlga —YHr Xamaa
yan ainaHMa KyTbnaHraH EpyfavK Y4YyH Hyp CUHAMPULL
KypcaTtKuunapu.

bopau-to, Papageit apPeKTN IPKUH 3apsgd TawlyBumiap
6unaH 6ofnaHraH 6ynca, yNnapHUHI xapakaTu HyKram Hasa-
puaaH kaparaHga, ®apagein appekTuHN Xonn apgektn aed
Kapall MyMKWH: 3apsig TawyBumniap pyFamk TYNKUHW 3MeKTp
Mal[oH Ky4naHraHaurn tabempua Tawkym MarHuT maigoH-
ra TMK WyHanumwga xapakatnaHagn. bopau-to, 3apsag Tailys-
ymnap y3rapmac MarHUT MaikoHra HucbataH KaHaananp oyp-
yak 6unaH xapakarnaHca, YMapHUHI TPaeKTOPUACU MarHuT
MalifoH MyHanuiumMaa cnvpan KypuHuwga 6ynaam.

3apsg TallyBUMiap ainaHma 4aCTOTaCUHUHE LIMKIATPOH pe-
30HaHCK YacTtoTa axc feb ropuTunagn. LinknatpoH yacTtoTa 3apsis
TallyBYMIaPHUHT 3()(heKrMB Maccacv Ba MarHUT MaiifloH WH-
JyKupsicura 60FNMK 6Ynnb, 3NeKTPOH YYyH o)c =eB/Tn KaBak
YUyH 3ca p=e5/ OunaH aHuKnaHagw.

dapagein bypuary nwopacu 3MeKTPOH Ba KaBaK y4YyH xap
Xvn 6ynunob, y épyFANKHUHT AOMMWIA MarHMT MalifioH UHOYK-
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uMacyu BekTopura HucbaTaH KaHgalh MyHanuwpa Tapkanu-
lwmra 60FMK. Arap MarHUT MaifoH WHAYKUMScKU GYiinda
TapKanaéTraH pyFMMKHUHT KyTONaHWLL TEKUCANUTA COaT MUK
oyinya 6ypunca, Papageit bypuary mycbar gebd xucobnaHa-
an. KyucusmarHutmaigonmaal/252C1l sawr2» 1, /1 +n+=2n
WwapTtnap baxapunranga, dPapageit 6ypyarvHuHr (3.54) ndo-
Jacu n — TUM HamyHanap y4yH

e2X2B =l mN
<Pf=—mn ----- [ (355)

2> C En?Mm,N

KYPVHULLHW onagwn. By epfia n — MarHWT MaiioH UHAYKLM-
fcu MyK (B=0) 6YnraHaarn Hyp CUHAMPULLE KypcaTknuu. (3.55)
TeHrnamagaH KypuHaguKun, 3pK1UH 3apsag TallyBumaap ByXxyara
KenTupraH KyTonaHuw TEKUCAUTUHUHE Bypuanw Bypyarm
3apsf TawyBuMiap KOHUEHTpaumsacu N ra, pyFanK TYNKWUH
Y3YH/IMTVHUHT KBagpath $2 ra, HamyHa y3yHnuru / ra, mar-
HUT mMaligoH MHAYyKunsicn B ra nponopuunoHan 6ynmé, coun-
NN MexaHm3mura 60f1nK amac. Arap Yn4oB EpyFINKHUHT
NHDPAKN3NA TYNKUH Y3YHAUTWA coxacuia YTKasunca, penak-
cauMs BaKTMHU YerapanoByy urc» ! wapT baxapunagn Ha-
MyHafa TapkanaéTraH épyfinK HamyHa uumpa Kavita-kaiiTa
KanTmwm cababnn yHWHr ONTUK Wynm ysasanm Ba Papagein
OypyarmHuHr <¥ optuwwura onné kenagn. byHaa Papapei
Oypyary <F HWUHI HamyHa M4ymaa EPYFIMKHUHI KaliTa-KainTa
KanTuwngaH cogup 6ynraH <F Oypyak opkanu 60FnaHMLLIN
Kyhingarn mngoga 6unaH aHuknaHaaw.

Pr=<pr [1+2K Z2xp(-a(1)co$4<p~-1 (3.56)

(3.55) TeHrnamagaH KypuHuo6 TypmubamKu, arap HamyHaga Hyp
CUHAMPWLL KYpCaTKU4K, 3apsj TallyBuYMnap KOHLUEHTpaLms-
cv mabaym 6ynca, 3apsaf TalwyBUUIAPHUHT 3M(HEKTUB Mac-
CaCMHM aHuKNaw MyMKUH €KW 3((eKTUB Maccacu Mab/lym
6ynca, 3apsg TawyBunnap KOHLEHTPaLMACUHA TONUW MyM-
KWH.

3apsan Tawysumnnap agMeKTUB MaccacUHM aHUKaLl ycy-
m cucpatnga dapageil anfnaHUWMHUHE KYNNaHULWNHA Yek-
NnoBuM 6Mp KaH4a omunnapu MaBxyd. MacanaH, aHusaTpon
Maccanm HamyHanapga YnuaHaétraH seKTMB Macca ypTa-
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ya KuimatHu 6epaan. Kyn spMmyTKasrmunapja BasieHT 30-
Hacu aKCTPeMyMM aiiHUraH 6ynwmnp -Tun SpuMyTKasruy Ma-
Tepuannapuia yn4yoB HaTvKanapuHU U30x1allHU Mypakkab-
nawTmpagu.

Arapfa 3apaf TalyBUMNAPHUHI 3 (eKTUB Maccacu 3a-
psa TallyBuMnap KOHUEHTpaumscura 60fFnmkK 6ynca, 3apsf
TalyB4YMnap KOHUEHTpauusicn T* — y3rapMac coxacuja
dapageii 6ypyarnHm ynuail 6unad Tonunagn. MacanaH, OaA8
Ja 3(h(EeKTUB MaCCaHWHI KOHLUEHTpauusra G60FINKINTUHN
XK 1018 cM"34a MHOGATra 0IMacIMK MyMKUH.

(022<\ coxana xam dapafein aphekTnaaH 3apsas TallyB-
umnap KOHLEHTPaLMACUHM aHuKNalW MyMKuUH. ®apageii ath-
(hekT 6unaH HamyHanapfa 3apsj TawyBUMIAPHUHI HOTe-
KUC Tapkanuwimra 60fF1nMK 6mp XNHCAA IMAaCTUINKHUHT Tak-
CUMOTWUHW ypraHuwga tnkKa HamyHa CUPTUHUHE KWUYMK
COXacu siccu KyT6JaHraH Hyp 6unaH (Maxannuil) KeTma-KeT
éputnnagn. Accy umM3nKNM KyronaHraH épyFankK HamyHa 6u-
NaH EpyfFnvK maHbGan opacura nonsipu3aTopHU >KounawTu-
puw 6unaH onuHaan. Monspusatop cudatuga KynumHya
Hukonb npusmacy KynnaHunaan. ®apaaei ypyarnHn ynyat
YUyH HamyHa 6unaH (hoToKaby/nKUArMy opacura nonspusa-
Top (HMKOMb Npu3macK) Xonnawtupunagm Ba y aHaamsaTop
[eb HomnaHagn. Bypunui 6ypuaru gF aHaIM3aTOpPHWU (oTo-
Kaby/NKMNrMyga aHr Karra CUrHaara apuLLryHya anaHtmpumo
Tonunagu.

CneKkTPHUHT MH(ppaku3ua coxacmga A-2 Mkm ga dapa-
fein 6ypyarmHu ynuawiga (3.55) udogaHn Kynnaw LwapTu
MarHUT MalnfoOHMHUHE MHAYKUMS BeKTopy 5-1 Tn 6ynraHga
b6akapunagn, YyHKN KOHLeHTpauusacn /Y=HO®’ cm-3 6ynraH
rannin apceHng HamyHacu yyYyH KanumHaurn 1=1 mm, A=10
MKM, B=1Tn 6ynraHga, MarHMToONTUK Oypuauil Gypyaru
=0, 6ynagn. (pF-\w YNYaLWHWHT aHUKAUTWMHW OLUIMPULL
YUYH Y MarHUTHUHT MKKKW AyHanuwimaa ynyaHaam ea

&Tbpr=(11+12)/(11+12) (3.57)

6unaH aHuknaHaan. by epaa 1XBa /2 — oTOKabynKmMarnyaa
O/IMHFaH 3HT KaTTa Ba 3HT KWYUK EPYFIUKHWUHT WHTEHCUB-
nurura NponopuMoHan 6ynraH 3nekTp CUrHanaump.

OpKWH 3apsag TallyBumnap 6wunaH 6ofnaHraH Papageit
adekTMaaH Tawkapu, 3oHanapapo Papagein ahekTn xam
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coaup 6ynuwn MyMKUH. ®OTOHHWUHT 3HEPrusacu TakuKIaH-
raH 30Ha KeHrMrura sikuH coxacuga KyténaHuw Tekucnu-
TMHUHT BYypUnunILInM 6y MKKK 3dekT 6unaH naingo 6ynaaw,
3apsAg TawyBuMnap KOHLUEHTpauuAaCKM KUYMK B6ynraH Hamy-
Hanapga Ba TY/IKUH Y3YHAUIM KU4YMK BY/raH coxada 3o0Hanap-
apo ®dapagein ahheKTUHM XMcobra onaguraH Ty3aTuil KO-
IPPULMEHTUHN KUPUTULL KepaK 6Ynaan. ByHUHT yuyH da-
pafein 6ypyarn "HUHT KuiimaTy rokopu OMAN HaMmyHanapa
yTKasnnaan. dapageii aheKTUHN ynyallga 3nacTuk Mexa-
HUK KyunaHuwiap XaTonvk madbanapv cudaruga xvsmar
Kunagu. By HYPHUHT MKKUT. aXpaivw CUHULL Xoamcacura
0nnb6 Kenafgun, OYHUMHI okubaTuaa HaMmyHara TyLaétraH sccu
KyTOGiaHraH TYNKUH HamyHafaH yTraHga, anavnTuk Kytona-
Hagn. dapafeil agheKTM Kyn maTepuannapfa ynyaHraH sa
60olIKa ycynnap Hatwkanapu 6unaH ConuWITUpWAraH. by
3apekT épgammaa n — TUN UHAWMIA aHTUMOHWAAA YTKa3yB-
4aH 30HaHUHI Napabo/vK 3Mac/IUIMHN TaCAUKAOBUU, 3/eK-
TPOH 3(h(heKTMB MaCCaCUHWHI 3apsf TallyByuiap KOHLEHT-
pauuscu Ba HaMyHa Temnepatypacu 6unaH ycyBun (yHKLMSA
oynuwnurn KypcatmnraH. ApuMyTKasrnd HaMyHanapHUHID
OVPXXMHCIMANKKA Te3 MUKLIOPUWIA Ba CUATUIA XKNXATAAH TeK-
LUINPULL HATWXaNapyvHU TeNeBu30p 3KpaHuaa Kang Kunagu-
raH, ®apafein apdekTura acocnaHraH aBToMaTuK Kypuama-
nap fpatusra.

3.4 §. DnnuncomeTpusa ycynu

YCYNHUHT MOXUATK.

Oxupru nmnnapga WIMURA-TAAKUKOT WHCTUTYTnapuga
X03UPry 3aMOH MUKPO3MEKTPOHMKA caHoaTuaa 6up XXMHCAK
Ba 6Mp >XXMHCAKM GYnIMaraH MatepuaniapHUHT (GUddy3noH,
anuTaKcuan Katnamau CTpykTypanap) napameTpnaprHn KOH-
TakKTCM3 ynuall, Hasopar Kuuw ycynnapugaH upun 6ynrau
ANININNCOMETPUA YCYNIN KEHT KYNMaHWUIMOKUA. SNIMNCOMET-
pus ycynn KyTbnaHraH EpyfinkHW, TeKIMpUIaétraH Hamy-
Ha 6unaH y3apo Tabcupnawmnwmy Tygainnm, yHaaH KantraHga
KyTONaHWULW XONaTUHUHI Y3rapuLiMHU aHuKalira acociaH-
raH. Uumsuknm KytbnaHraH EpyfiMKHWHI HamyHafaH KawT-
raHgarn KyTténaHuwl X0naTMHWHE Y3rapuwim TabcuprallaéT-
raH HaMyHaHUHI X2XXMUIA XyCycuaTiapura, CUPTHUHE Xocca-
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CV Ba CTpyKTypacura 60FIMK. X031pru 3aMoH 3//INNCO- MeT-
pUs YCy/M acocaH KaWTraH HypHWU Tax/un Kuauwira acoc-
NaHraH.

Unsnknm KytonaHraH EpyfiMKHUHE GUP KMHCIN Ba 3MNn-
Takcvan Katnamny HamyHanapiaH kantuwmy 3.6-pacmpaa Kes-
TUpUAraH. ApuMyTKasrnunapga Hyp CUHAMPULL KypcaTKuyn
KOMMAeKC 6ynuwv Tydainn, Yn3nknnm KytbnaHraH épyfink
HaMyHafaH KailTraHga P Ba 5 TaluKun 3TyBUMapu opacupa
thaza (hapku naingo 6ynaam, anekrp MaimfoH KyudnaHraHavk-
napu y3rapagy Ba 3MeKTp MalfioH Ky4ynaHraH/urm BeKTopu-
HUHT oxmpun (yun) Tapkanuwl nyHanuwmnra TUK G6ynraH Te-
KUCAWKAA 3NMNC Yn3aan, 6Gollkaya aiTraHga, KyTOnaHraH
EpYFNINK YTKasyBYaH HaMyHafaH KalTraHza afamnTuk KyTo-
NaHafu. dnutakcuan CTPyKTypasapfa 3ca XaBo anuTakcuan
KaTnam Ba anuTakcuana Kariam TarfMK vyerapanapujaH Kamt-
raH Hypnap opacvaa Kylivmuya tasa hapku By>Kyara Kenagu.
HamyHafaH KaiTraH aniMnTukK KyTonaHraH €pyfinmk xonatu
ojartha MKKUTa 3/IINMCOMETPUK napameTpnap (p Ba A) 6u-
naH, 6ollkaya aWTraHga, KyTonaHuw Oypuaknapu opKanu
aHvKnaHagn. by napametpnap KaiTraH anMNTUK KyTOnaH-
raH HYPHWHI Tapkanuw WyHanuwura TUK TEKUCIMKLarun
WaKIMHW Ba KaHAalh MyHanuwfa aKaH/IMIMHU KypcaTtagu.
MapameTp mp Oypyak TylwaéTraH Ba KaWTaéTraH HyplapHUHT
P Ba 5 TallKWN 3TyBYM/IApW 3/1EKTP MaW[OH Ky4laHraHvK-
napv aMnAnTyAanapyuHUHE Y3ap0o HUCOATK, SbHU KaWTULL KO-
apuumneHTNapn HUCOaTU OuNaH aHUKaHaW:

nl. __ (E|pKAvi/E pKaI/'I)] _ II rlp \I
APTUIE3TIW) “ K 1 (368>

Oy epaa: 5 — (MHAEKC-KYpCaTKNY) — TyLIWLLI TEKUCAUTUra
TUK TEKUCNUKLA YN3NKNN KyTONaHraH EpyFavkHu, P — (MH-
[EeKC-KypcaTKny) TyLMLW TEKUCAUTNLA YU3UKIN KyTONaHraH
EPYFNIMKKA TErULLN 3KAHNUTUHW KypcaTagu. r, r — Epyf-
NMKHWUHT 5 Ba P —TalKui 3TyBUMNapn YUyH KalTULL KO3(-
(hmumneHTn. HamyHara TywaéTtraH 8pyFavK Yn3nKIn KyTonaH-
raH ge6 hapas KuAMHagn, AbHW TyWaéTraH EpyFANKHUHT P
Ba 5 — Talukua 3TyBuUMnapu asanapu bup-bupura TyFpu
(moc) kenaan. Y3 HaBbaTuaa. EpyFIMKHU P T 5 — TallKuA
3TyBUMNapUHUHT (3.58) mdopatarn KOMMIEKC KamTuwl Ko-
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apduumeHTNapy HUCGaTK Kyhngarnya ngpoganaHuwin Mym-
KVIH.

Y~=T4ekp~al) = e*%rp (3.59)

Oy 3NNUNCOMETPUAHUHI aCOCUI TEHrNamMacuaup. rp HUHL 15
ra HAC6aTn n2 x2, X A gxnapaMeTpiapHUHT PYHKLUNA-
cuamp.

WNKK1MHYM annmncomeTpuk napametp [,

(3-60)

ra TeHr 6ynm6, y HamyHa cupTugaH EpyFINKHUHT KanTuLIK
cababnun naingo 6ynraH P Ba 5 —TallKuA 3TyBYMIapy opacu-
Jarv asa apkumHu Kypcatagu. MoLOMUKN EPYFANKHUHT
nonapusauna xonaty akaT MKKUTa napametp 6unaH aHuK-
NnaHap 3KaH, 6uTra Tywmiw 6ypuarmra () MoC KenraH 6unaH
ynuawgaH xaM MKKuTa napameTpHu aHuknawl MyMKuH. Ka-
NMHAWTY iix BYNraH anuTakcuan naéHKaam romoanutakcuan
CTPYKTypanap y4yH (3.59) TeHrnama Kyimgarv KYpUHMULLIHW

onaau.

Sormel o= — (3.61)

-T,~ T +r,ce

by epga rlp, r]5 P ris—xaBo-MéHKa, NAeHKa-TarmK yera-
panapugaH EpyFIMKHUHT MOC paBuwiga P Ba 5 — TallKWN
aTyBUMMIAPU YUyH DpeHenb KanTuw KoapgpuunueHTnapu, a —
EPYFIMKHUHT Ka/IMHAUT 1ix 6YNraH anuMTakcuan katiampaH

yTuwaa ByXXyara kenraH asa ysrapuwm (rpagycnapga):

S= 300y)(«2-an2p0)~ (3.62)
MabnyMKK, YN3UKNN KyTONaHraH EPYFANKHUHT P Ba 5 KOM-
MOHeHTaNapu yuyH AW3NeKTPUK CUHTLMPYBYAHAUKIAPU
=n-1X\ BA ~M2=1 -
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6ynraH UKKM yTKazyBYaH MyxWT yerapacuiaH ®dpeHenb Kaii-
TULW KO3PULMEHTIapU

noganap 6unaH aHuknaHaan. by epga <0 — EPYFAUKHUHT
Tywuw Gypuaru, gx — anutakcuan karnamgarv cCUMHuW 6yp-
yaru, g2 — TarnMkgarm CUHuLW Gypuarm.

MogomnKu, Ba e~ — KOMMJieKc Katranmknap (rl5 rjp—
XaKnKnin kattanuknap (YyHkn £,=()) akaH, (3.61) noga xam
KOMMMEKC 6Ynaan. Xakukmii Ba MaBXyM KUCMAApUHW axpa-
NG, \t>Ba A NapHWHI ONTUK KOHCTaHTanapu n2, x2 — 6ynraH
TarnvKKa yTkasuaraH anuTakcuan Katnam KaauHaurura 6of-
NaHULIMHN aHUKNAW MYMKWH, SbHU:

(3.63)

®xBa 2 nap 3NAUNCOMETPUS acoCUA TeHrNaMaCUHUHT
XaKNKUiA Ba MaBXyM KWUCMapuamp:

A g A AL A2 X )

A2~M2ND> MO ATV T 9l A2

Bypuaknap (p Ba A) HM ynuab, (3.63) TeHrnamanapHu oupra
eunb KaliTraH TM3MMKUAA UCTaNTaH MKKNTa HOaHWK napameTp-
HW aHMKNaW MyMKUWH. [lemak, 31IMNCOMETPUSHUHT aManii
mMacanianapu nn+, pp+ 3NUTaKCcMan CTPyKTypanapfa anuTak-
cvan Katiam Ka/MHAUMM Xamaa Tarinkgarv 3apsg TawyByun-
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nap KOHLEeHTpauusacuHu, 6up XUHCAWM MaTepuannappa aca
3apaf, Tawysyunap KOHLUEHTPauuACUHU EéKn conuwiTupma
KapLWANKHW aHUKnawra onvé kenaaun. ViHhpakusun annun-
COMETPMA yCy/M BUPMHYM MapTa nn+ TUNUAArN KPeMHUIA Ba
pp+ TUNMZArM repMaHuin CTpyKTypanapuia anuMTakcman kat-
nlam KanMHAUTMHKM 1+H10 MKM opanimkua Hasopat Kuavwja
KynnaHunraH. TYnKuH y3yHaurn 10,6 MKM 6ynraH épyfnnkaa
KPeMHWIA Ba rafiyvii apceHus anuTakcman KatnamiapuHuHT
KamHnurm C02n1a3ep acocuja ApaTuaraHd caHoar 3/1/nmnco-
MeTpuaa ynyall (Hasopart KUIULL) KeHT TapkanraH. Epyfank-
HUHT By TYNKWH Y3YHIMK coxacuzarn To3a spymMmyTKasruyna-
pu TUHUK (waddod) 6Yynagn, nermpnaHraH ApumyT-
Kasruynapga EpyFIMKHUHT KOTUNLL MEXaHU3MM acoCaH 3PKMH
3apsf Tawysynnapa lTUAMWKY 6unad aHuknaHagu. LLyHuUHr
YUyH EpYFANKHVHT MH(PaKM3nI coxacupa MUKPO3NeKTpo-
HMKaJa KeHr TapKairaH nn+ pp+ KPEMHWIA, rannnii apceHuns
TMNugarn Ba 6oLWKa mMaTepuannapHUHI roOMO3nuTakcuan
CTPYKTypanapuHu wapdod (TMHUK), anuTakcman Katnam,
EPYFNIVKHW K0TYBYM TarfMKaaH nbopar CTpykTypa feb kapaiu
MYMKUWH. ApuUMyTKasruynap onTMK KOHCTaHTanapu gucrep-
CUACMHUWHT KNAacCWK Hasapuscura MyBOUK

= T 'I"F (3.64)

1+ 4n

X292 2222 (3.65)

1+4ncT4d

noganap onmHraH. by epga, n2 —TarIMKHUHI HYp CUHAW-
Pyl KYpcancuumn, x2 ~ 3KCTeHUUS KOIPAPMUMEHTH, —
KpUCTa/IN MaHXapa AUINEKTPUK CUHTAWPYBYAHAWUTKN, T —
penakcauua Bakru, p — COAUWTAPMA KapLUWKK.
ApPUMYTKa3rMYnapHUHI ONTUK KOHCTaHTanapw 3apsaf Ta-
LLYBYMNAP KOHLUEHTpauuscK, penakcawmns BakTu opkanm (3.63)
Ba (3.64) myHoca6aTnap 6unaH 6ofnaHraH. ConuwiTupma yTka-
3yBYAH/IMK Ba pefiakcauus Bakru, Xxap Xwn 3apsag TawyByu-
nap KOHUEeHTpaumsacu yyyH, MpBuH p=/(1) Anarpammacu-
[aH Tonunagn. dnuTakcman KaTI1aMHUHT Ka/IMHAUIA Ba Tarnk
KOHLEHTPALMACUHUHT Kepak/in coxacuga 31/ IMNcoMeTpuK
napametpnap (p Ba A) XM paa xucobnaHagu Ba xucobnall
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3.7-pacM. dnmTakcuan Katnam-Tarfimk yerapacu KeckuH 6ynraH
nn+-tungarn OaAx anuTakcuan CTPYKTYPaHUHT KannHAnrn </=0,3 MKm
6yNraH Y/MKXKAN opanuK YyTUW KaTnammn xucobra OMHraH Xon yyyH,
41 Homorpammacy (a), na+-tun OaAB CTPYKTypanu Tarnmkaarv
3/1EKTPOHAP KOHLEHTPALMACK Ba aNMTaKCHan Katnam KaluHAUTVHN
aHuknaw p—4 Homorpammacm (6).

HaTVXanapy Ba A KOOpAMHaTanapuia HoMorpamma KypuHu-
LWnaa KenTupunagun. xp Ba Anap KaNMHANKHUHT JaBpuii PyHK-
LusicK 6YnraHn y4yyH, 6epunraH 3apsj TallyBumiap KOHLEH-
Tpauuscuaaxp (AT, i) 6oFnaHULL ENUKATPU YM3UKLLAH MGO-
pat 6ynagn. Taxpubaga ynyaHraH xap 6up XydhT m Ba A
napameTpnap HoMorpammanapuga TarMKHU KaHgangup 3a-
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PAL TallyBUMNap KOHLEHTpauusacura, anuTakcuan kariam
KaJIMHIMTTa MOC KefraH AaBpuid arpy 4ymsmkaa étraH Hykra
TYFpU Kenagu. 3.7-pacMa anutakcuan kKatiam-Tarivk yera-
pacu KeCKWH 6ynraH nn+ Tunugarn OaAs anuMTakcuan CTpykK-
TYPacCUHUHI HOMOrpamMmmMacy Kentupunarad. Kyn xonnapga anu-
Takcman CTpyKTypanap HKOpU TemnepaTtypanapfa OnnHagu,
OYHUHI HaTuxacuia Avhdysuns, aBToseLlpatl xapaéHnapu
coamp 6ynub, yerapaHUHr KeCKUHUK LwapTu 6y3unagn Ba
anuTakcman katnam-Taramk yerapacuga opanvk YTuw KaT-
namu narao 6ynaan. TeKWwnpuLLnapHUHE KypcaTuilmya, arap
K/pULWIMa aTOMNaPUHUHT KAIMHIMK 6Yiinya TaKCUMOTY Mab-
nym 6ynca (macanaH, Ynsnknamn), 6y opanuk yTull Katnamu-
HUHT TabCUPUHU xp-A HOMOrpammaHu xmcobnawifa abTu-
6opra onuw MyMKWH. ByHAa aniimncomeTpus TeHrnamacura
KyLULMMYa napaMeTp  — OpavK YTULL KaT/1aM KaJMHIUMM
Kuputunagn. by napameTp mabnym 6ynca, MacanaH, Tarfimk-
[a 3apaf TawysBumiap KOHLEHTpauusacu Mabiym 6ynca, y
X0Nza 3NIMNCOMETPUK YNYOBAP anuTakcman Ba opanvk yTuL
KaTiamnap KavHAIMKIapUHN aHUKAaLra UMKOH 6epaan. Arap
OpasiMK YTULL KaT/laMU KJIMHAUTA TEXHONOT UK XXMXATAaH Tak-
popfaHyBYaH KaTTa/MK 6ynca, y Bakrga YHW 31/1MNcomeT-
PUK HOMOrpaMMaHu xucobnatlga abTmoopra onmnw MyMKUH.
3.7a-pacmpaa kanmHnmrn €0=0,3 MKM 6ynraH yerapasuii opa-
NVK YTULL KaTNAMUHWUHE XMcobra onvHraH ananncoMeTpuK
HOMOrpamMmmacu KenTUpUraH.

KyT6naHnnw 6ypyaknapy Ba A HU Tadkpubaga aHuknall

Unsnmknu KytbnaHraH EpyfiMkKHU Tax/Ini KANULW, AbHU
3N/IMMCOMETPUA NapaMeTpiapuHN aHUKNaLW KypuiMacu Kyiiun-
Jarn acocuin kucmnapgaH moopar 6ynagn: EpyFavk maHbau,
nonispm3aTop, aHanm3aTop, Yopak TYNKUH Y3YH/IMK M1acTu-
Ha (KomneHcaTop) POTOKANLKUATNY, MOAYNATOP, KyYalTmp-
rny. J1a3epnapHUHT MHTEHCUBIUTA CNEKTPO(OTOMETP EpyF-
MUK MaHbanapura HucbaTaH KaTtTa GYnraHu ydyH, CYHrru
vnnapga ynap annuncomeTtpnapga épyFimk mMaHbam cuda-
Tnaa nwnatuamokaa. CaHoarga ynap acocuga xap Xun TynKuH
Y3YH/IMK coxacupa Uwiangurad aniuncomeTpnap, 3naunco-
MeTpuK Mukpockonnap (YWT—T3C, aMN—09, NT—1, 7—
0031; N3M—2, NOM—3, I3®—3M Ba 6oLKanap) uwab
ymKapunagu.

Tabuuin EpyFnMKaaH YM3NKIN KyTONaHraH épyFnK ounLLaa
nonapm3aTop KynnaHunagu, aHanu3aTtop NonspusaTop Kabw
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niNanam Ba KOMNeHcaTopaaH yTraH KyTonaHraH epyfnMkHu
Tax/MN KUaMLWra xm3mar kunagu. dakat 4ymsnkiv nonspu-
3aTop Ba aHa/M3aTop OpKasv KUCMaH KyTonaHraH épyfink-
HW 3NAUNTUK KyTONaHraH épyfFnunkuaH axpatné 6ynmangu,
YYHKW aHann3aTopHM ONTWUK YK atpodmpa aninaHTupraHaa,
NKKW X0M14a XaM EPYFIMKHUHT UHTEHCUBAWUIX y3rapagu, WH-
TEHCUBAUKHUHT MaKCMMyM KMAMaTUHW MUHUMYMra Hucba-
TV 6Mp' Xmnn 6yNuwmn MyMKKH. by Huc6aT aiinaHa 6yiinab KyTo-
NaHraH EpyFnuK yuyH Xam, Tabunii EpyFnnK yuyH Xam bupra
TeHr 6ynagn. bynapHu 6up-6upmaaH axpaTuwl (dapknatu)
YUYH 3NNUNTAK KyT6MaHraH Hyp aHU3aTponuK KpuctaiguaH
dcanraH nnactuHa (KOMMeHcaTop) AaH YTKasuaunb, YHWHT
OPTOrOHaN TalKWA 3TyBYMMapU opacuaa LyHan asa dap-
KN XOCU/T KUAUW MYMKWUHKK, OGyHAA 3NAUNTUK KyTOnaHraH
EPYF/IMK YUM3NKNN KyTONaHraH Hypra ainaHcuH. by xopwuca
aHanmMsatopga Kysatuiagw Ba Taxaumn KunavHagu. KomneHca-
TOp cuatnga MKKM YK Kpuctannapga 6ow ykura napan-
nen KMAnb KMpKUG ONUHraH Keapl, CAofa, UcnaHg Lwnatw,
C45 — MOHOKpUCTaNN nnactuHanapy Kynnanunagu. Arap
KOMMeHcaTop nnacTuHacura KupaétraH Yu3ukin KyTonaH-
raH EpYF/IVKHWUHI 3M1eKTP MalfoH KyuflaHraHIurn BeKTopu
KPUCTa/ITHUHT ONTUK YKWra HucbaTaH 45° 6ypyak octnaa TyLl-
ca, y Xonga ofAvin Ba FampuoaavMii HypnapHUHT WUHTEHCUB-
NVKnapu 6up xun 6ynagn. Arap nnacTMHa KaIMHAUTK

\' = 2a</(Jb - nH)/X

LIapTHN KaHOATNaHTUpca, Y X0n4a KOMMEeHCaTopAaH YMKKaH
Hyp alinaHa 6yiinab KytonaHraH épyfnukka avinaHagu. Op-

AWV Ba Falpuofunin Hypnap opacujarv Hypnap ra TeHr

(hasza hapku Narao KunaamraH naacTUHa Yopak TYNKUH Y3yH-
MUK NnacTuHacu geb roputunagu.

By epza, n0 —OA4ANIA HYPHUHT HYP CUHAMPULL KYpcaTKu-
4n, nNH — FapMoOALMIA HYPHUHT HYP CUHAMPULL KYpcaTKNYW.
KyTonaHuw 6ypyaknapn xp Ba A HUM TaxpubagaH aHMKnaLl
YUyH M0/1SpM3aTop Ba HaMyHa opacura ynapra HucbaraH yku
45° bypyaK 0CTuAa YopaK TYIKUH Y3YHIUKIN NNacTUHA XKOi-
nawTupunagn. Y ynuos gasomuaa yaraptupunmangun. by
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X012 WHTEHCUBUKHUHT MUHUMYMra 3pulimw xonatu o-
TOKaOY/NKUArMY épaaMmaa KeTma-KeT aHanmsaTop Ba Mnons-
pu3aTtopnapHu 6ypab Tonunagn. Opataa MUHUMYMHM 3—4
MapTa KeTMa-kKeT Gypall 6unaH TOMWW MYMKWH, Oy 6unaH
MofIAPU3ATOPHN Ba aHAIM3ATOPHUHT asumMyT Gypunui 6yp-
yaknapy aHuKnaHagn. Y4os ofartaa ynyalHuHT, SbHU, aHa-
Nn3atop asnMyT GypyarMHWHI UKKW coxacuga baxapunagw.
BuprHumn coxana aHanmM3aTopHUHT asuMyT Oypuarn 0</1,<+
+ 90° opanukua y3rapagun. by coxana A<180° pa 6ynca, épysr-
NMK MWUHUMYMW Nonapusatop asmMmyT OGypuyarmMHUHT -
45°<P<+45° opannFnga, A>180° 6ynraHga aca nonspmsatop
asumyT Bypuaru 45°<P<135° opanufuga Kysatunagn. AHanu-
3aTop asMMmyT BGypyarMHUMHI WKKWHYM Y3rapuwl coxacupa
90°<"<180° BpyFINK MUHUMYMMW MONSAPU3ATOP a3sUMYTUHU
45°<P<135° ékun 135°<PX225° opannfuga Kysatunaau. byH-
Ja pBa Anap

A=P1+P2
A=K+(180-2)]/2

xmcobnawl opmynanapuiaH aHnKNaHagu.

KeinHrn nnnnapaa aniMncomeTpuKk ynyallfiapHUHT ces-
TUPANTA XKUXaTULAH HOKOpW, YpraHwnaguraH martepuannap
AOVPACUHMHT KeHralinwwimra MMKOH 6epaauraH, aBTomarnatu-
TUpULW Kynai 6ynraH 6mp KaH4ya ycynnapu sipatuira.

i Ba A NapHUHI Taxpubada aHWKNAHraH KuiimaTtnapu
6Yiinya onguHAaH YM3naraH HomorpammagaH €ku anamnnco-
MEeTPUS acoCuii TEHrnaMacu OopKaan xucobnab, ApumyTKas-
MY HaMyHanap OMTMK KOHCTaHTanapuMHUHI 3N1eKTPOPU3NK
napameTpnapu aHuknaHagu.



4-6OB

HOMYBO3AHAT 3APAL TALUYBYU/IAP
MAPAMETPIAPNHN YNYALL YCYNNAPU

4.1-8. HomyBoO3aHaT 3apsif TallyBumiap
napameTtpnapu

ApMMYTKasrnunap Tawky TabCcup 0CTUAA, AbHU EPYFINK,
PEHTIeH, y — KBaHTNap, Te3NaHTUpWIraH HeiTpan, 3apag-
NaHraH 3appadanap xamja p—n YTULW OpPKa/I UHXEHLWUSA,
3NeKkrp MaiiaoHaa 3ap64aH MOHNAHWULL, TYHHEN >XapaéHnapwu
Tyainu HoMyBO3aHaT 3apsj TallyBUYUIAPHUHE Naingo 6ynu-
WKW, reHepauuanaHuwM MyMKuH. HomyBo3aHaT 3apsf Ta-
LLYBYMNAP SPUMYTKa3rMy matepuannapuia ac6obnapuHuUHT
3NeKTPOPM3nK, (HOTO3NEKTPUK XOCCaNapuUHU aHUKNanau.
HomyBo3aHaT 3apsig TawyBUMNAPHUHT Apeid xapakaTyaH-
mru (u) anddysua koaphuumneHTn (1)), AMDPY3NMOH y3yH-
NVK (£), Awaw Bakrn (r), CUPTUIA peKOMOUHALMSA Te3Urn
(5) kabu napameTtpnap 6unaH TaBcudnaHaan. by napametp-
NapHW aHukKiaw yCcynnapy 3MeKTPOH, KaBaK Y31YKCU3NIUK
TeHrnamanapuHuHr 6abv3v 6up cofpanawiTMpysumn apasnap
6vnaH 6epunraH 60LWNaHFUY, YerapaBWil LWapTiapHM KaHo-
aTNaHTMPYBYM €YUMUHW TOMULLTa acocnaHraH. ApumMyTKas-
rM4y HamyHasapfa HoMyBO3aHaT 3apsj TalyBuuniap Xycycus-
Tn (Tabmatu, xaTTu-xapakatu) Kynugaru

1 OneKTpoH, KaBaK TOK 3u4nKNapu

y=eumE+easEra(in (4.1)
A=epE-endialp (42)

2. Y3yKCu3nukK
" (4.3)

(4.4)

166



TEHrnaManapu CUCTeMacu eunumy GunaH TaBcunaHau:
by epga n=n0+An Ba p =p0+Ap — HOMYBO3aHaT Xxo/faraaru
3apag, TawyBumniap (3N1EKTPOH, KOBakK) Tyna KOHLEHTpaums-
cv n0 p0 — MyBO3aHaTfarv 3apsj TawlyBuunap 37eKTPOoH,
KaBaK KOHUeHTpauusacu; An, Ap — HOMYBO3aHaT 3apsj Ta-
LIyBYMIAP 3NEKTPOH, KaBakKHWHM MyBO3aHaT xonargarucura
HucbaTaH OpTUKYA KOHLeHTpauusacu, An, Ap — 31eKTPOH,
KaBak Audysna KoahPuumeHTnapu; un, 4, — 371eKTPOH,
KaBaK xapakaTyaH/MKnapu; xn 1p — 371eKTPOH, KaBak fllall
Bakrnapu;, £n £ — 31eKTPOH, KaBakHW reHepaumnsnawl Tes-
nuknapu.

PoTOMHXEHLMS (EPYFIMK OpKasM) HOMYBO3aHaT Xxo/at-
farv 3apsj TawyBUMNapHN XO0CUN KUraHaa reHepauus tes-
nru

£=a/3/ £(1- Ky)/b=£o0e~"*

noga 6unaH Tonunaan. by epga a — EpYFIMKHUHT ApUMYT-
Kasrnyga lTuanw KoapguumeHTn, Ky — EpyFINKHUHT HaMmy-
HafaH KaiTuw KO3UUUEHTN, b — (hOTOH 3Heprusch, /? —
3apaf TawyBUYMNAPHUHT KBAHT YMKWLWL KO3(UUMEHTN [N —
EpYFNVK MHTeHcmBAUIK. (4.3) Ba (4.4) TeHrnamanapaaH Kypu-
HafuKW, HOMYBO3aHaT Xxofatjary 3apsf TalwyBuniap KOH-

um 01/

LEeHTPaLMANAPUHUHT Y3rapui Te3MKNapu —, — HU 3apsig

TallyBYMNAPHUHT pPEeKOMOUHAaLMA, reHmpauus, apeid-and-
(hy3ns xapaéHnapy aHuknaian. 3apag Tawysumnap KOHLEeH-
Tpauwuscy akat bup nyHanuwiaga, mMacanaH, x — yku 6ynnda
y3rapau Ba 3/1IEKTP MafloH Ky4naHraHnmru E x yku 6yiinua
MyHanraH 6yncuH ae6 onuHraH xon yuyH, (4.3) sa (4.4) TeH-
rnamanap (4.1) Ba (4.2) H1 Hazapfa TyTraHaa, Kyiuaaru Kypu-
HULWHW onagw:

by epaa lMyaccoH TeHrnamacu
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= — (- An) 4.7)

ax

6unaH ndoganaHagn. Xaxmuid 3apsa ByXy[ara KenmaraHga,
SBbHW HaMyHafla 3M1eKTP HerTpannuk wWapTm An=Ap Gaxa-

E < o
punraHza ”A—X =0 6ynagn. by xon AxXwu yTKazyBYaHINKKA ara

6ynraH spumyTKasruunapga Kysatunagn. Kvpuwmanm sapu-
MYTKa3rMYHUHT GUPOP »Konaa Kaicu ycyn bmnaH 6ynmacuH
acocuii 6ynmaraH 3apsg TalyBuMIap WHXEKLUUANAHCUH.
Maingo 6ynraH xaxMuin 3apsg 6yHAa MKKW ycyn bunaH: 6y
coxafaH acocuin 6ynmaraH 3apsj TallyBUMIapHU 4nKapub
Tallnaw opKanu, EKn XaXMWIA 3apsaHn 6olika Tungaru 3a-
PS4 OpPKaIM, AbHW acocuii 3apsf TalyBumMnap 6unaH Kom-
neHcaumanaHuWwmn MyMKUH. ACOCUIA 3apsaj, TallyBYNIaPHUHT
KaTTa KOHLEeHTpauusanapuaa 3nekTp HeMTpanIMKHA Tuknaw
YUYH YNapHUHT KaiiTa TakCUMIaHULIKM Xyfda Te3, MakCBenn
penakcaums Bakru

Tm=£G&/o (4.8)

numaa cogmp 6ynuLIn Kepak. e0, e — BaKyyMm, ApuMyTKasrny-
HVUHT OU3NEeKTPUK CUHTAUPYBYAHIUKNAPU, T — APUMYTKa3-
TUYHWHT COMMLLTMPMA YTKa3yBYaHIUTN.

Amvannétaa acocuii 3apaf TalyBYWNAPHUHT KaliTa Tak-
CUMMaHMLIN XeY KaHdal KWAMHYMNUK TyFaupmaian. Hoa-
cocuii 3apsg TallyBUYNNAPHUHT Anddy3ns apaéHu Y3 xapa-
KaTyaHAurura, gudagysmns KoappuumneHTura ara 6ynraH Hei-
Tpan 3appava Kabu coaup 6ynaan. 3nekrp MaligoHnaa acocui
OynmaraH 3apsaj TawyBuuiap 3apsgiaHraH 3appada kabu
ApeindnaHagn. JIeKUH acocuin 3apsaf TalwyBYUNAPHUHT Te3
KalTa TakCUMAaHULWW Tydainnm, XaXmuii 3apsag Xocun
oynmaign. demak, 3apaf TalwyBUMNAPHUHT KUYMK KOHLEH-
Tpauusnapuaa, KK uwiopanu 3apag tawyBUuvnapHUHT da-
30£a KainTa TakCUM/aHULLIN OPKa/n, 3/IEKTPOHENTPANINKHUHT
TUKNaHUWK cogmp 6ynaau.

Ap=An 6ynraHga 8rm=8p, °,=rp 6ynagn. (4.5) HKM r=ewwnn
ra, (4.6) HMa=ep ypra Kynaitnpmo, yxwawl xaanapHu KyLumo,

30p Ap . ngAp ™ p&p
(4.9)
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KYpuHULLIAA OYNnraH Y3nyKCUM3NWK TEHrNamacuHKM 0/1laMu3.
Kunumk anekTp maiigoHnapuga 3apsf Tawysumnap Apenid
XapakaTVHUHT augdysmsacnra HucbataH xucobra ofMHMAcC-
NN MYMKWH, WYHUHT YYyH (4.9) HA KWYMK 3NEKTP Maii-

AoHAa

AAp Ap . n2&p (410)

KypuHMWaa ngoganall MyMKuH. By eppa,

a.-n+yo= (4L
0, +a. n/b +p/On
_ n”p~FpWn _ (n-p)
E m+Tp ("/Pp + P/Pn) A

(4.10) TeHrnama (4.5) Ba (4.6) TeHrnamanapra TeHr Kyunav 6ynmo,
ANEKTPOHENTPauInK WapTn bakapunraH Lwapoutia, y 3apag
TawyBunnap TabmatuHu ngoganaingn. (4.10) garn /) —anek-
TPOH-KaBaKHUHT ANQAY3NACUHWU aHUKIananM Ba 3apsaf Ta-
LLYBYMNAPHUHT BUKYTOMIA anddy3nsa KosphuuneHTn, (4.12)
faarn uE aca 6uKyTOui apeid xapakatyaHaurn e ropu-
Tnagu.

N-TUN KUPULLMaNM ApUMYyTKasrmyga n>p OynraHu yyyH
(4.11) Ba (4.12) nappaH

0=0P>Pe=(*p
p-TUM KAPUWMaNU ApUMYyTKasrnyga p>n 6ynraHn yuyyH
0=1)T ~E=-"n
Ba XyCyCuii ApuMyTKasrnyga p=n 6ynraHu yuyH

B=2—n_" 0
Oon+0p E

OYNULLINUIMHK KYpamm3. Kupuwimanu spumyTKasrudnapaa
3apaf TallyBUYUNAPHMHT GUKYTOMIA Anddy3na KospduumeH-

12- 55 169



TWU acocuin 6ynmaraH 3apsg Tawysuymnap Anddysnsa Koag-
(hMUMEHTUIa TEHT OYNNLLANTMHK, BUKYTOWIA apeid xapakart-
YyaHANK abconioT KuiiMaT 6yinya acocuii 6ynmaraH 3apsig
TalyBUMNap xapakaT4yaHAUrra Moc KeMWNHN KYpAWK. ByH-
[aH TallKapW, 3M1eKTPOH KaBaK KOHLUEHTpauusnapu n Ba
P-NapHUHT HUcbaTura Kapab u E— mMwopacuHu yarapTupaum:
n=p Ba uE=0 GYAULINUIUHW TYBOXWM Oynammns. Arap GUKyT-
ouin anddysmnsa koappuumeHtTn (4.11)HM SAHWTERH MYyHO-
cabatu

=X (4.13a)

opKan ungojanacak, xapakaTyaHAMKHUHT fHa 6up mgoga-
CMHW, SbHU 3apaf TalyBYMAAPHUHT BUKYTOMIA anddy3noH
xapakaTyaHUInK nhoJacuHN onamus.

<

A =TT @z

Knpuwmanu sapumyTtkasruynapga n>p €kn p>n YPUHAN
6ynraHga us KAMMaTW yE ra TeHr 6Ynmb, YHUHT uwiopacu
XaMmMa Bakr mycbat 6ynaan. Xycycuin apumyTkasrudnapia

- PnPp
n

Y3nyKcusnuk teHrnamanapu (4.9) HuHr 6awv3u 6up copna
X0nnapgarn eYUMUHN Tax/Inn KUnamnuk.
L dapa3 KMnannuk, anekTp MaiaoH kyihiunmarad (£=0)

Ba HaMyHaja HOMYyBO3aHaTfarn 3apsj TalyBuuiap TeKuC
8r=a(}10r(\- K y) reHvpauusnaHcuH. HamyHa 3pKuH cupTna-
puja cupTuin pekombuHaumsa cogmp 6ynmacuH (5=0). by
Xonga apend, anddysus xapaéHnapn 6ynMangn, WYHUHT
YuyH (4.9) TeHrnama

A= = (4.14)
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KYPVHULLHW onagu. HomyBo3aHaT 3apsf TallyBumnap KOH-
LEHTPALMACUHUHT BakT 6yinya y3rapuinHu akaT reHe-
pauus Ba pekombOuHauusa >kapaéHnapu aHuknaigu. Enu-
wunw (TyTKUY) Mapkasnap 6ynmaraHga reHepauus Tesnuru
~=apl”r(\-Ky) — ra Moc Ap” — OOLINAHFUY KOHLEHTpa-
UWSA TYFPU KECUH.

Arap (=0 ga reHepaums xxapaéHu Tyxtatunca, ~>0 ga£=0
oynravgarn (4.14) HUHT eynmun

AP =P(0- Po=bhow'exp o =a(M0y(1-K)Tpe r

\

(4.15)

6ynaan. Tekuc reHepauus 6unaH BY)XXyAra KenraH acocuii
6ynmaraH 3apapg TalwyBuMnap KOHLEHTPAUUACUHUHT CYHU-
LN BPYFNIMK MHTEHCMBAUIL [N (YAFOTULL Aapaxacu) KMUmnK
An, Ap<nO+pa 8KM Xyfa KaTra  [a, AbHU KaTra fapaxanu
NHXeKUMSA An, Ap>n0+p06YnraHaa SKCNOHEHTa KOHYHW 6u1-
naH cogup 6ynaan. bByHpaH ¢oliganaHn6, HOMyBO3aHaT 3a-
pAL TalwyBYMNAPHUHT sllall BaKrMHW aHUKNALW MYMKUH. By
epfarv | — BaKrHW SPUMYTKa3rnura KUpUTUAraH Hoacocuii
3apsA TalyBuMnap KOHLEHTPaLMACUHN e — MapTa KaManu-
lMra KeTraH Bakr ge6 Kapaw MyMKUH.

2. CTaumoHap xon " =0 HW KYpalnnuk. IneKTp Mainao-

HW GYNmaraHaa Ba SpUMUYEKCU3 HaMYHaHUHT x — VKW OYin-
Yya HOMYBO3aHaT 3apsj TallyBuWiIap HOTEKUC reHupauusna-
HNG, xakm 6yinya (=0 aa £ =0 aeb dapas KunMHraHaa, ys-
NYKCU3NIUK TeHrnama

(4116,

KYypuHuwiaa 6ynagn. by TeHrnamaHuHr

Px 0= AP (°)+Po> PrA=P0
yerapa LUApTNapMHN KAHOATNAHTUPYBYM €4 MM
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Op(x) =p(x)-pr=Ap(0)exp Y) (4.17)

6ynagn. by eunmpaH oinganaHnb, ApUMYTKasrMy HamyHa-
napuaa acocuin 6ynmaraH 3apsf Tawysuunap AnggysnmoH
Y3YHUIN b = HW aHuKnaw MYMKUH. b HWU acocui
OynmaraH 3apag Tawysuunap aguddysmacu cogup 6ynraHga
ynap KOHUEHTPaUMACUHUHT e — MapTa KamasguraH maco-
thacn ne6 kapalwl MyMKWMH. TakuknaHraH 30Hagarv énuiimi
(TyTKMY) Mapkasnapuga yliiaHraH 3apsgnap, 3apsg Tawlys-
YMNAPHUHT ANQEY3NMOH OKMMMTa xpcca Kylumanan. LLIYHUHT
YUYH ANGQY3N0H Y3YHIMK OpKaM Allall BaKTUHW aHUKMa-
raHga, énuiinil Mapkasnapu HOMyBO3aHaT, acocuii 6ynma-
raH 3apsj Tawysyunap Alall Bakrura Tabcup Kypcatmaigu.
3. CraynoHap, HoCTauMoHap macananapHu Kypuwga,
6ab3n 6Mp xonnapaa, YerapaBuii LwapTiap,

N oze° a=+5(P-P0)6-0,° (4-18)

KypuH/LWa Gepunnwin MyMkuH. By epga, 5 — ynuamnuru
TE3NMK 6UpAnrn 6mnaH aHMKNaHaguraH KatTaauvk, y CUpTUi
pekombuHaumsa Tesnurn aeb atanagn. Maskyp 4erapaBuii
LIAPTHUHT MabHOCK LUyHAaH nbopaTku, y 5 - Te3nuk 6u-
NnaH cupTra okMb KupaéTraH 3apsjg TawyBumnap OKUMWUHU
aHrnaTagn. 5 HWHI 3HI KaTra Kuimartu 3apsa TallyBymnap
Te3nurn 107cMm/c HUHT TypTAaH Gupura TeHr 6ynmb, repma-
HWUIA Ba KPEMHWIANAP y4yH yin WwaponTtnja 2 ml06em/c Taptu-
6upa 6ynagn. Arap HaMyHa/ja ENMLINLL MapKasnm MaBXy[,
6ynca, acocuii, HOACOCUI 3apsaf TallyBUYMIAPHUHT ALlaLl
BaKriapu éump- 6v|pV|,u,aH Xy/a KaTTa (hapk KunaguTs* r . Enu-
WML MapKasnapuja yliaHraH 3apag TawlyByniap KOHLEH-
TpaymsacK ownK4ya HOMyBasaHaT 3apag TallyBumiap KOHLUEH-
TpauuscugaH Katta 6ynca, acocuin 3apag Tawysumiap AwaL
BaKTW HOMYBO3aHaT acocuii GynmaraH 3apaf TawyBumiap
fllall BakruaaH >kyda kKatta 6ynaaw.

n —TWUN Matepuannapga T> | p — Tunga acar>T1n6yna-
an. By xonpa 6uTTa HamyHa y4uyH 3apsj TawyBUMNapHUHT
AlWall BaKTW yn4all ycyniapura kapab xap Xwn Kuimarra ara
6y MyMKWH. Tekwmpuwniap WyHW Kypcataguku, Ho-
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MyBO3aHaT 3apsj TallyBumiap KOHLEHTPauUACUHU, SbHU
HOMYBO3aHaT YTKa3yBYaHNMKHUHI BaKT GyliMua cyHuULLMra
acocnaHraH xamma r Hy ynuaw ycynnapy énuni (TyTKud)
MapKasnapuHWHI X0fatura, KOoHueHTpayuscura O0FIunK
6ynraH 3apaf TawyBumiap BakrmHU Gepagu.

Onddy3noH y3yHINKHWM ynuawira acocnaHraH 3apsig Ta-
LyBYMIAP fAall BaKrMHU aHUKNALWHUHE XaMMma ycysiapu
APUMYTKA3rMy HamyHanapuga énuwuw (TyTkyMd) mMapkasna-
pUHM GOp EKW MYK 6ynuiuMra, ynapHWHr xonatura 60fnnK
OynmaraH acocuii 3apsg TalwyBuunap Alawl BaKTMHWU Gepa-
avnap. ApMmyTKasrny HamyHanapuga 3apsg TawyBumnapHuHT
AlaLl BaKrMHU, AUQQY3N0H Y3YHIUTUHW aHUKIALLIHUHT XXy aa
KYNn ycynnapu Maxyfd. Y €ku 6y yCynHu Kynnail sipumyT-
Kasru4y martepuannapv Ba ac6061apyHUHI ULLNAWNHU aHUK-
nagurad 3apsf TawyBumiap Kwawl Bakrura kapab TaHna-
Hagu. ApumyTKasruyiapia HoMyBO3aHaT 3apsf TallyBunnap-
HU reHepauusnaw ycynnapura kapab, TalysBuymnap ALlaLl
BaKrMHWU, AUAGY3MOH Y3YHIUTUHW YNYallHUHE CTalMoHap,
HOCTaUMOHap YCy/nnapy TaBcus 3TUraH.

3-TypKyM ycynnap cudatuaap-n YTULLIHK Kynnawra acoc-
NaHraH ycynnapHu Kypcatuw MyMKuH. Oxupru iunnnapga
EPYFNIVK MHTEHCUBNUIA KaTTa 6YnraH uMnynbCav nasepnap-
HUHT SPaTUAMLLIN MYHOCabaTu GwunaH 3apsg TallyBuuniap
slaLl BaKrMHK Katra An, [p>n0+p0 gapaxanu nHxekumsaia
ynuaw UMKOHW TyFungu. HypnaHuwnu, HypnaHuLicu3 pe-
KOMOMHaumMsanap 3apsg TawyBUYMNQPHUHT Alall BaKruHMU,
ANPPY3NOH Y3YHINTUHU aHUKIO0BUM XapaéHnapamp. ByH-
[aH Tawkapu, r, b HaMyHanapHW ONnLW LWapouTura, UCCUK-
MWK WWoBNapura Ba Temnepatypara 00FnuMK napameTp-

napamp.

4.2 §. HomyBo3aHaT 3apsj TawlysBuumnap 6unaH
NHXEKLMANAHTaH HaMyHaHUUT YrkasyBYaHINIm

Y3YHUTUN a, 3HU b, KAMHAWTK §i TYFPU Bypyaknm napa-
nenenuneq waknuga 6ynrad Ba x=0 Ba x=a Aarn KyHaanaHr
Kecumnapura OM KOHTaKT/lapy ONIMHIaH HaMyHaHWUHT HOMY-
BO3aHaT YTKasyBYaHAUIMHW Taxua Kunamus (4.1-pacm) x —
MyHanMwaa HamyHagaH | —TOK yTKasuaraHaa yHaarn Kyd-
NaHuW Tawyswu V 6YncuH. HamyHaga kaHgainavp ycyn, ma-
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canaH, poTomHXeKUns (EpPyFMK) 6UnaH KN MHXXEKLNSAIO0B-
Y KOHTaKT OpKasv TOK MMMYy/bCU 6UnaH HOMYBO3aHaT 3a-
PSA TaLlyBUMIap 3MEKTPOH, KaBaKHU reHepauuanannvk, ynap-
HUHT TakCUMOTW MXTUEPWIA BYNMG, KOHUEHTpauusanapu An,
Ap<n0+p0 OM KOHTaKTMapmja aca

An/>d'=Ap/>q.=° (4-2°)

6yncuH. HamyHaHMHr OM KOHTaKTnapuaaH WKKW-yd aund-
(hy3nOH y3yHNMK (2+3) 2 aaH kaTTa Macodafa >KonnawiraH
ypTa KMcmMuaa 3apag TawyBUMMapPHUHT MHXEKLMSACKH Coamp
6ynca, (4.20) wapTHM aManra owMpuwl MyMKWH. HamyHa-
[aH OKaéTraH 3/IeKTPOH, Kasak Toknapu (4.1), (4.2) HUHT X
6yinya TalKna aTyBUMNIapK

J« = eunfna+ An)(Eix + AEX) + eln
X (4.21)
J1* = 7 P(Po + AP)(Eax + &EX)~ eBEp

6unaH noganaHagn. by epparv Ba KeiiHrn yupaingmran “0”
6enrn ynapHWHr MyBO3aHaT xonatgarv KuimaTvHu 6unau-

agun.

(4.19) wapT ypuHnu 6ynraHaa, (4.21) parn An AEx, Ap AEx
NapHW, UKKMHYN TapTmbaarn KMYMK xamnap OynraHu yuyH,
MHoGaTra onmaca 6ynagu. SNeKTPOH KaBakK Toknapu o, /
HWN KYLWING, KENNH 3ca BYTYH HaMyHa XaXMmu (a- b- d) 6yiin-
ya MHTerpannainMms. TOKHUHT AUQQY3NOH TalKU 3TyBUU-
NapUHUHT MHTerpanra KywraH xuccacu (4.20) waptura Kypa
HOMra TeHr, YyHKK

| — mxityir. = | — (™xeyir= [ (An(a) - An(0)) ciyiir = 0
aM inx aMm M

AHa LyHAal TEHTIMKHK p YUYYH XaM &31LL MYMKVH.

Y=akE, AV=]OAEx,qx, I =/ (Ow +)piynT.
M

MyHoOcabaTnapHM Hasapga TyTCak, HaMyHafja HOMYBO3aHaT
3apaf TawyBuMNap WHXeKuusnaHraHga, yHAaH OKaéTraH
TOKHUHI y3rapuiumn
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Al = ~2 (/*pAp+/*AM)Y0+ COAY (4.22a)

6ynaan. byHpa

Op— a/;ﬂu'« XIAYIAT.
AN = épr VXY, (4.226)

JUT, Op— mMoc paBuwlga HamyHagarM HOMYBO3aHAT 3/1eKT-
POH, KaBaKNapHWHI Tyfia COHW,

°0 = ™e (Pn-Mo+/*pPo) = -~ (4.23)

HaMyHaHWHI MyBO3aHaT xonatgarn (KOpoHFyaaru) yTkasys-
YaHNUIW, MyBO3aHaT X0MaTuaa HaMyHafaH OKAaETraH TOKHW

[G=¢0%,=c00

OpKasn, HamyHajaH HOMyBO3aHaT xonatga (3apsg TallyBum-
nap UHXeKuusinaHraHia) okaéTraH TOKHU

I =~ =CY =(CO+AC)Y (4.24)

N
K
(hopmyna opkann ngoganacak xamaa KUYMK MHXeKLMaaa An,
Ap>n0, p0, ALHN CO>AC GYNMWNUTMHWN Ha3apfa TyTcak, 3a-
pAA TawyBuMnap MHXeKUMANaHraH HamyHafaH OKaéTraH
TOKHWHT Y3rapuwiu

Al=ACY0+CQAY (4.25)
npoga 6unaH aHMKLAHUWUHK Kypamus. (4.22) Hu (4.25)

6unaH CONMLLTVMPULLAAH HaMyHara 31eKTPOH, KaBakK MHXeK-
UmaAnaHraHaa yTkasyBYaHIMKHUHT OPTULLN:

AO =4 Qu AT+ LpAp) (4.26)
a
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ngoga 6unaH aHnknaHaan. (4.19) ea (4.20) wapTnap 6axa-
punraHga (4.26) ndoga HamyHaga WHXEKUMANaHraH 3apsg
TalLYBYMNAPHMHT Xap KaHai TakcuMnaHuwnaa ypuHam byna-
an. KOkopuaa KypauKkuW, (4.20) WapTHUHT GaKapuanim
AN EY3MOH TOKHUHT HOMra TeHr 6YnraH XMccacuHN TabMUH-
nangn. LUYHWUHT yuyH (4.26) HK

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

6unaH anMawTUpUW MYMKUH. Oeinuk, (4.21) pa anekTp
MaifoH KyYnaHraHiuru wWyHAalk KaTra Ba TOKHUHT anddy-
3MOH TaLKWUN 3TYBYMUCUHM TaLw1ab 1obopuLl MyMKUH G6YNCUH,
y xonga (4.20) sa (4.27) waptnap 6axapunuwimn éku, baxa-
puamacnMrniaH Katbi Hasap, y (4.25) ndoga YypuHnm 6yna-
an. NXTnépuii nHXekumsanaHuw papaxacuga, svHu (4.19)
LapT 6axapunagumu, nykmu, (4.26) ndoga ypuHan 6ynmiLm
YUyH An, Ap nap x ra 60FnvK 6ynmacnairn Kepak. by LapT-
HW, MacanaH, HaMyHa CUPTUHMN BUP XU UHTEHCUBANKAA EpU-
TULW 6UNaH amasira ownpuLl MyMKUH. Kydcus nHXekuusaaa,
AbHU (4.19) GaxapunraHga, HamyHa KapLlUWamrn AK HUHT
y3rapuium

<4-28)
6unaH aHuknaHagu, 6y eppa — MyBO3aHaTfarm HamyHa
KapLumaurm.
4.3 8. HomyBo3aHaT 3apsaj TawlyByniap

napameTpapVHN YYaLHUHE HOCTaLMOHap YCy/napH

a. HomyBo3aHaT 3apfAj Tawysuyuaap napameTpiapuHu
ynyaw ycynm Hasapusicu

MabnymKW, 3apsaf TawysBumiap reHepaumsnaHuLVHUHT
KaHAan cogmp 6ynuwmra, HamyHa ynuamnapura, CupT WL-
nosura kKapat 3apaf TawyBuuiap KoHUeHTpaumacu (oTo-
YTKa3yBYaHNMK)HUHI BakT OYiinya y3rapuuHK, SbHU pe-
nakcaumsanapuHu aHukKI0BYM PeKoMOMHauWs, Apend, andg-
(hy3ms >xapaéHnapu xap xun kedagu. LUyHWHT yuyH 4.1-8 pa
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kentupunrad An (x, y, r, () EKM AC (X, y, % |) NAPHUHT CYHK-
WNAAH aHWKNaW MYMKUHAUTA TYFpUcMgarn FOSHU amanu-
éTra TaTouK 3TULW YYYH Kaing aTWAraH oMuiap Ba >KapaéH-
napHun An(x, y, r, 0 Ba AC(x, vy, r, () penakcauusnapura
TabCUPUHU GaTaCcupoK TaxInn Kunamnmk. ONguH HamyHa
TYyFpu 6ypyaknn énFn3 (aKKa) €kn faBpuin EpyFinkK My b-
CU GUnNaH EpUTUAraH XONMHW Kapab YnKannmk. PoToH 3Hep-
rmacuiw>, E¥6ynraH EpyfIMKumnybCu 4aBOMUANUIA numaa
HOMYBO3aHaT 3apsj TallyBYniap HaMyHa XaXXmu 6yinda Te-
KUC reHepauusinaHraH Ba 3pKWUH CUPTIapu LWyHAAN WLLNOB-
JlaH YTKasunraHku, cmptuii peKkomonHaumsa Knumk (6oLikava
aTraHaa, KysatunmacuH) aeb6 tapas kunamus. by xonga 3a-
pAa TawyBUYMNAPHUHE AUDEY3NACK BYXYAra Kenmangu.

A
An=Ap Aa UM3NKIN peKoMBUHaLWS ~IO)I MaBXyf, 6YnraHaa,

E =0 ga y3nykcusnuk TeHrnamacu (4.14) kypuHuwga 6yna-
. Knumk nHTeHCUBAMKZArn (An, Ap<n0+p0) aMnauTyzacu
/N, paBomuinurn T 6ynraH TyFpu Oypyaknu EpyFivkK uUm-
nynbcu 6unaH éputunraHga, WMNYNbCHUHT AaBOMWUANUTA
opanuFnga 0<( =T (4.14) HUHT eunmn

Ap=aplop(\-  )(1-K) (4.29)

Ba MMNy/bC TyraraHgaH CyHF T<{ pa

T 1~T

Ap=apxplo(l- e~p) *(1-K) (4.30)

6ynagn. Arap EpyFnvK MMNYNbCUHUHT JaBOMUANMIA 3apsij
TalllyBYMnap sllall BakriaaH Katra (T>xp) 6ynca, 3apag Ta-
LUYBYMNAPHWUHI KOHLEHTpauUacK cTaumoHap

['e=a/79r,(1-") (4.31)

Kuimatra spuwimn6 ynrypagu. LLyHaain knnm6, KypunaértraH
X0Nnga 3apaf TawyBUMNAPHWMHT KOHLEHTpauuacu (An, Ap)
xamaa ynapra nponopuuoHan 6ynraH hoTOYTKa3yBYaH/MK,
MMNY/bC A4aBOMUANUIA OpanuFnga
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4.1-pacM. ApUMYTKa3rMy HamyHaHWHI MOAEN.

NC~Al?~(1-e (4.32)

MMnynbc TyraraHfaH cyHr

1-T

AC~Ap-e~Tp (4.33)

KOHYHMATNapK 6yinya y3rapauy. dHAM (GoToYTKasyBYaHNK-
HUHT cYHUWnga ancdysns, apeid peKkomonHaums xapaéH-
napv KaTHallauuraH Mypakkabpok X0/HU Kypainnmk. Hamy-
Ha X=0, X=2A, ¥=0, ¥=2B 2=0, 2=2C [aH yTraH TeKuc-
NuKnap 6unaH YeknaHraH TyFpu Gypyaknu napansienonvnes
Wwaknuga 6yncuH (4.1-pacm). AiTalinIMK, HaMyHa n — TUMNAN
APUMYTKa3rmy OY/CWMH, Yy X0naa HOMyBO3aHaTWiA 3apsfa Ta-
LYBYNNAPHUHT AN dPY3NACUHM acocuii 6YnmMaraH 3apsij,
TallyBYM, AbHW KaBaK aHMKNanan. 3apsag Tawysymnnap TeKUC
reHepauusnaHraH HamyHaHw cupTnapuga, 3apsg TawyByn-
NapHUHT CUPTUIA peKoMO6MHaLmMsacK coamp 6ynraHaa, cuptra
TOMOH WyHa/IraH 3apaf TallyBuniap OKUMW BY)Xyfra Kena-
an. by 6unaH xakm 6yiunda 3aps TallyBYMMIAPHUHT HOTe-
KMC TakCUMNaHWLWINIa Ba HaTwXaja ynapHUHT auddysnsacu
coanp 6ynagn. dapas Kunannuk, HamyHaga énuiiml map-
Kaznapu nyk, EpyFnavMK UMMYNbCMHUHE YRFOTULL Japaxkacu
(MHTEHCMBAWUTI) KNYMK An, Ap<n0+p06YcuH. mnynbc fa-
BOMUANUIW LIYHAAA KUUYMK GYNCUHKKW, YHUHT Tyrall Bakru-
HW BaKr XMCOBMHMHT 6ownaHnwnHy ((=0) aeb kabyn Kuaui
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MYMKUH 6YncuH. / =0 ga xakm 6yiinua up xun (Tekuc) Tap-
KairaH HOMYBO3aHaT 3/1IeKTPOH, KaBaKMapHUHI Anddysus,
peKoMOuHaLMa apaéHnapu 6olnaHagn. YTKasyBUYaHIMKHU
ynuyaw yuyH 3apyp 6ynraH X — nyHanuwga anekTp maigoHu
MaBXyf, 6ynraH xonga y3nykcusnuk TeHrnama (4.4) cu, abHu,

, =- T_p - yE . +/)chyyain Ap(x, y, & /) (4.34)

6unaH nhodanaHaan. Y3nykeusnuk (4.34) TeHrnamaHun 60Lu-
NaHFNY

Ap(x, y, r, 1)/=0=n"6aw <4-35)

Ba CUPTUIA PeKOMOMHaLUAHW Xucobra 0nyByM
x =0, x = 2A cupTtnapmga o - 5P
y =0, y =2B cupTtnapuga Y =+3Ap  (4.36)
1=0, 1=2C cupTnapuga 0 Ty +5/1p

yerapaBuil LLIAPTIAPHN KAHOATNAHTUPYBUYM eUnMiA

&P =2 AP«k=2CykC057~)C 0 8 C 0 8 X

®exp(-"™ ) exP 297 (4.37)

KypuHuwga 6ynagn. by epga

/2 Ii-l-l_i
YREMA B S (4.38)

Apk — aMnamTyaacu CIkOynraH rapmMoHMKa KOHLeHTpaums-
cn,; GepunraH Xycycuin yHKUmMacH 6unaH aHuWknaHaguraH
OLIMKYa 3apaf TallyByYMUap KOHLEHTPaLMACUHUHT KUCMU.
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Clk — 6OWnaHFNY LWapTAaH, SbHU 3apsf TawysBumnap-
HUHT (=0 garv TakCcMMOTUAaH TonunaguraH KaTtanuk. (4.37)
eynMra xycycuin hyHKUMANAPHUHT YM3UKNN KOMOUHALNACH
[eb Kapalw MyMKWH. YHAaH KYpUHaAWKK, Ap,.K — HUHT Bak-
Tra 60FNaHWLLM yyTa 3KCMOHEHUMaN TalKUA 3TyBYMMAPHM
¥3 nuura onagu.

eXP(_~ap) ~ HamMHa Xaxmuaa 3apsj TallyBumnap pe-

KOMBUHauumscy Tydaiinu,
exp(-y"O — cupTunini peKomouHaumsa Tydannu,

exp — 3apaj TallyBYMnap TakcMmoTura maii-

40,
[OH Tabcupy Tyhalinn BYXXyAra KenraH TalKua 3TyBuMnap-
AVp, 3apsj TawyBuMnap flall BakrMHW, CUPTUIA pekoMb6u-
HauuMs Te3IUIMHU Ynyawpga Bakr AOUMUANIMTUHUHT OXUPTA
TalWKWA 3TYBYMCK LIYHAAA KMUMK BYNCUMHKK, TallKU 3NeKTp
MaliloHn (OTOYTKa3yBYAHNNMKHUHI nacainiumnra Tabeup
KypcaTMacuH. ByHra spuwinw yuyH,

A< Ty 4-39>

wapT 6axxapunuwn Kepak. Opataa 6y LIApT 31eKTP MaiifoH
Ky4naHraHMIMHUHT 61p Heyva B/cM gaH katTa 6ynvaraH Kuii-
maTnapvga 6axapunagn. Arap (4.34) TeHrnamaga anekTp maii-
[OH Kyu4naHraHIMrMHM Knumk geb, yHn nHobatra ofiMacak Ba
yHra (4.36) yerapaBuwii LapTNapHW Kynnacak, e., T, £K— Kat-
TaNMKNapHN CUPTUIA peKOMOUHaUMA Te3nuknapn 8 anddy-

318 KOAPPULUMEHTU i HWM HaMyHa ynyamnapu 6unaH 60f-
nangurax,

=V,4V, (4.40)

MyHOocabaTnapHu 6epaan. bynap TpaHCAEHT TeHrnamanap
6ynn6, 6uprHum eunmnapn 0 6unaH y opanuFuia, UWKKUH-

un eunmMnapn S-1-1,5n opanufmpa étagn. LUy 6unaH 6upra,
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5=0 paru eunmnapy %=T]=£=0 5»00 fa 3ca e =y % ="
6ynaan. LLIYHUHT yU4yH Ap.JK HUHT aCOCWUIA rapMOHMKAcK eP 1\,

—  NapHUHT 3HT KWUYMK XYCYCWIA KuiMaTnapura Moc Ke-
nn6, 3(h(heKTUB Bakr AOUMUIACHK,

(4.41)
6unaH aHwknaHagu, by epga
(4.42)

y| —CupT peKoMBUHaLMSCK TE3UFAra, HaMyHa reoMeTpuK

ynyamnapura 60FMK. y.K HA Kabyn KMAULWN MyMKUH 6YnraH
KMAMATUHUHT Knunrngup. TepMOAMHAMWK MyBO3aHaTHU
TUKNALL >XapaéHnapu 6unaH 60FNNK aCOCUIn TapMOHUKaHWUHT
Kamanuwim (nacaiinium) KonraH rapMoHuKanapaaH yCTyHInK

KWIa[M, HYHKIf y OHI KaTra BaKT povmuiicura ara. V,*+- —
. T
KaTTanvkHu |- +yull ra SKUH KuiiMaTHU Kabyn KunryHua

KeTraH Bakr Opa/uFu rapMoHMKanap aMnamTyganapu  HUHT
y3apo Hucbatura 60FNMK. DHI COAda xonaa 4 (aenbta QyHK-
UMa) — KypuHULLIAArn EpyFAMK UMMYnbCu 6GunaH épuTun-
raH, 6oLNaHFNY xonataa TeKUC TakCMMIaHraH 3apsg Talys-
ymnap KamanuwuHWHT 6ownaHuwnga 5-*00, 2B=2C<2A
6ynraHaa, acocuii rapmMOHMKa HOMYBO3aHaTWIl OLLMKYa 3a-
P4 TawyBumMnap 2/3 KUCMUHWHT pefakcauusacuHn ngopa-
narign, 6y HUCOWMIA Bakr yTuwmn 6unaH opTn6 Gopaaw Ba Te3
yerapaBuii KMimatra skuHnawagn.

[Jemak, 6y xonga poToyTKazyBYaHANK peflakCaunsCUHNHT
acoCUin KNCMMW HucbaTaH KaTTa 6ynmaraH GOLLMaHFUY KWUC-
MUAaH Tallkapuga

(4.43)
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opkanu ugoganaHaam. HamyHaHWHT reoMeTpuK ynyamnapu
KaH4ya KaTra 6ynica, apKuH cupTnapia cupT pekombuHaums
TE3UrM KaH4ya nact 6ynca, Bakr goumuiicn (4.41) ra cupt
PEKOMOUHALMACUHUHT TabCUPK LIYHYa KUYMK 6Ynagn. yn—
coaua qopmynanap 6unaH udoganaHaguraH 6ab3n 6up Xxy-
CYCUI XO0NNapHU Kypainuk.

Arap x=0 Ba Xx=2A kuppanapu (éknapu)aa cMpT PEKOM-
OGuHaLmMsACK Te3IMKNapu Yekcus Katta 5-»°° (ogarga 6y oMuk
KOHTaKT/Mapja aManra owagun) Ba 6owka cuptnapuga 5=0
neb Kabyn kuncak, y

W YID  AA2 (4.44)

KYpuHuwga ngoaanaHaan. (4.44) dopmynaHun wybxacms 3a-
PAA TaLyBYMIAp XKMUI Alall BakrMHW aHMKNaWwra Kynnaw
MYMKWUH. O(GEKTUB fllall Bakrn r TaxpubagaH ynuyatu
6unaH aHMKNaHraH 6ynca, XaXMui sall Bakriu

6unaH aHWKnNaHaam.
Ka4yoHKM Xamma cupTnapga CvupT pekombuHaumusacu Tes-
NINTW XXyda Katra 6ynmo, Mabiym 6ynca,

(4.46)

OyHAah UMKOHUAT siHa TyFuiagu.

Arap EépyfavK MMNynbCcu GuNaH PeKoMOUHaLMs >Kapaé-
HUra OMWUK KOHTaKTMapu Tabcup 3TMaliguraH mMacodaga
6ygraH 6up Kucmm éputunrad 6ynca, yHaa

(4.47)
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6ynaan. HamyHa 3pKWH cupTnapuaa CMpT PeKoMOUHaLmMsACK
Te3NMKNapy 6up Xnun Yeknn KNYnK KNimMatnapHu Kabyn Kun-
raH xonga

(4.48)

(4.49)

OYMLINNTMHN KYpamun3. SHAN Oy KenTupunra (4.43), (4.49)
noganapHn kynnab 5, r, b napameTpnapHu TaxpubagaH
aHvKnaw yctuga Tyxtanamus. CuMpT pekomOuHauusacu Tes-
NUTnHK (4.49) acocuaa ynyatl yuyH hoToYTKaszyBYaHIUKHUHT
Kamaivw xapaéHuga cupTuii peKoMobuHaLms acocuin aHuK-
NOBYM XapaéH, abHKU (4.49) na

(4.50)

6ynuwn Kepak. Arap HamyHa ynuyamnapugaH 6upu >xyna Ku-
ymk 6ynca, C<5, AbHM OMKa NAaCTUHKA LWaKnaarn Hamy-
Ha KynnaHunca, 6yHra apumw MyMKuH. (4.50) WwapTHu, KaT-
Ta CUPTUIA peKOoMOMHauUWs Te3nurn 6ynraHpa KaHoaTnaHTu-
PULLI OCOH, NleKnH (4.50) MyHocabaT 6axxapunmMaingu, oy xonia
(4.42) ymymmin hoopmynanm (4.40) 6unaH Kynnaw Kepak.

(4.41) paH KYypuHaOuMKK, 9% KBaapaT KaBcaarv Kynawt-

Mara 4YmM3nKIn 6ofFIaHraH. Tap (QDYHKUUAHUHT rpaduru cup-
TWIA PEKOMOWHALMAHN y3rapMac Kuimatmaa TYFpu 4n3uk

6ynn6, y BepTuKan YKHM [a KecaguraH yHUHT ofuw 6yp-
yarun TaHreHcu, anddysmsa KoappuumeHTUra TeHr 6ynaauw.

(4.51)
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4.2-pacm. 3apsaf Tawysunnap agpekTns
AllaLW BaKTW Teckapu Kuiimatu

— HWHI| ==, +-"- ra 6ofnaHuWun:
o WB oc

5 — CUPT PeKOMBUHALUS Te3NNTH:

[ —3apsg Tawysuunap guhdysns
Koappumumentn: B, C — HamyHa
ynuamnapu.

(*6&

By katranuknap Kyhugarmya TONWagu: HaMmyHa ypTa Kucmu
éputnnraH xonga, (4.41) ra kypa, r™°" 1um (4.48) kynnaw 6unaH

— =4 /)(4-+4-)=1 +-0(Nr+ 1T

T3

KYpuHuLWaa ugoaganainmms. byHaa 8/ HUHT LWyHAAA Kuii-
MaTW TaHNaHaguku, cupTnapura 6up Xun UWNOB GepunraH

Xap X1n reoMeTpUK ynyamnapgary HamyHanapaa = Hu yndaH-

raH KMAMaTNapuHUHE HyKranapu oup TYFpyu 4m3mkla ETCUH
(4.2-pacm). CYHr TYFpy YM3UKHWHT OFUWIKAAH AUddy3ns
Koa(hpuuUmeHT Tonunagn. 5 HWM Ba 8/ HWM GUAraH xonga

Tonunaan. LyHra yxwaw rpagmk ycyn 6unaH (4.49)

6ofFnaHuML acocuga r Ba 5 Hu, (4.46) 6oFnaHMLW acocuja aca
r, 5 HM TONMW MYMKWH. KOMKa HamyHanap y4yH YpuUHAK

oynraH (4.49) dopmyna yuyH C « - LWapTHUHT Gaxapuiu-

LN KPEMHWUIA HaMyHanapu y4yH cUpTUil peKoMbUHaunsa Tes-
nmrnHn 103cm/c TapTmbaaru, repmaHuii HamyHanapu y4yH
104cm/c TapTnbaarn KuiiMatnapu 6unaH veknangu.

6. D oTOyTKasyBYaHINK penakcaums BaKkTUHM Yadall Kypun-
Macu Ba 3apaj TallyBuunap Awall BaKTUHU aHUKNallgaru xa-
TONuKnap

POTOYTKA3yBYAH/IMK penakcauus BakrmHU ynvail Kypwsi-
ManapugaH 6UPUHUMHI yYn3Macu 4.3-pacMpa KenTUpUIraH.
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4.3-pacm. CtaymoHap (hoTOYTKa3yBYaHAMKHN Yyall KypuaMacunmnHr
cxemacn. TM —y3rapmac Tok MaH6an, M — mogynatop, OC — onTuk
cuctema, @ — unbtp, ®K — hoTokabynkunrmy (potoamnoga).

Y3rapmac KyunaHuil (Tok) maH6au (TM) ra kapuuauru s
OynraH HamyHa 6uaH yHra KeTma-KeT Gy/iraH toknama KapLuu-
MUK $H ynaHraH. EpyFavk umnynscu 6unaH HamyHa éputan-
raHaa, YHVWHE YTKa3zyBYaHAMIK, O HWHE Y3rapuwm A0 Tydaii-
W, Kapwnavkua KyynaHuw TYLWYBUHUHT Y3rapuwmn (Y3rapys-
YaH KyunaHuLL) A YH BY)XXyara kenagu. HamyHa éputunmaraHga
YHUHT KapLWWAUTUHN, 3aHXUpAaH okaétraH /0TOKHK, J1a garu
KYYnaHULLHK

A LA

—_ — YH . =1V —_—
K=%3 /9_ﬂ0+nﬂ’ Kro_ 0 H ~ Kn
HaMyHa épuTunraHja,

A=A*-AA; [ = emmmmmmmeoeee LV, = HTH
A @ Kn+K, - AK” PP T KT+ K- AK

OYNMLWMHM Hasapaa TYTCaK, fH — toKnaMa KapLUUaMKaa Kyu-
NaHULW TYLIYBUHWHE Y3rapuium

YsakeK,

AVi= Yo VHép:(ép~I:)|'ﬁH= (KO~ AK+KH)(KO + KA )

(4 53)
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noga bunaH aHMKIaHaun. by epga, YH — ToK MaH6an (TM)
KnemMmanapu (Kuckuudnapu)garm KyynaHuw. Homyso3saHaTui
3apAag TalwyBuMaap KNUYMK UHTEHCUBANKEArM EPYFANK BunaH
reHepaumsanaHca, An, Op<n0+p0 HamMyHa KapLUWAUTUHUHT
yarapuwim AXK A~ 6ynagn Ba (4.53) maxpaxugarn AA abTu-
6opra onvHmangn. by xonga (4.53) Hu (4.28) ra acocaH

av = =1 H1wHMASB (4 54)
(Jo+na)2 (A,,+00)r

6unaH ugoganaHNWNHN Kypamus. By ndogagaH KypuHaau-
KW, 3apsf TalyBUMMaPHWHE Nacr YAFOTMLL aapaxacuja k-
nama Kapwunmk KB HUHF UCTa/lraH KuiMatuga AYB 6unaH
HaMyHa (hoToyTKasyBUaHIMrn AC opacuga npornopuLuoHan-
MK caknaHaan. xruépuia yiirotuil gapakacuga, AW unaH
AC — opacmaarn NponopuuoHaiMK AaX~ 6ynraHgarMHa

caknaHagn. by xogua (4.54) paH

Ars = (4.55)
KN

6ynagn. (4.54) Ba (4.55) mndoganap YpuHAM 6ynraH xonga,
AC Ba yHra nponopuyoHan 6ynraH {H garm Ky4diaHuwl M-
Nynbcn AYB HU BaKr 6yinya CYHULLIN PEKOMOMHALNSA KOHY-
HUATK Gyinya 6yNn6, MyBo3aHaTAarn KuimaTura MHTUNagn.
AB KapLUMNNKAA EPYFIMK NMMYbCUAAH BY)XKYAra KenraH Kyu-
NaHVLL UMMYABCUHW KEeHT nojiacann Ky4yaiTUprnyra, CyHr yH-
fJaH ocuunnorpadra 6epnnagn Ba (POTOYTKasyBYAHINK pe-
nakcaumscu ocumnorpaMMa Lakvga Kaing kunnHagn. Oc-
uMnIorpaMMaH TypFyH yLuab TypuLL YUyH y TallKy curHan
6unaH cuHxpoHnaHagu. BYHWHr yuyyH HamyHara TyluaéTtraH
EpYFIMK ApmMiiaddod Ky3ry 6unaH MKKU KUCMIa axpaTtu-
nagn. Y napHUHT 6Mpn KNUMK MHEpLUMANN, Te3Kop hoTo Kabyn
KNArny (hoTCY-3MeKTPOH Ky4daidTmprud, otoanod, BaKyyMm-
NN POTO3/IEMEHT) OPKANM 3M1eKTP MMNyNbcura ainaHTupu-
nagn Ba ocuuNAorpayHMHI CUHXPOHIAL GAIOKUHUHT KUpK-
wwura éepunagn (43-pacm).

OcuunnorpammagaH Ky4iaHuw umnysibcu AYs HUHE Ka-
MainL YN3NFUHN Tax/ A KUAnMb, YHUHT 3KCMOHEeHLMan co-
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XaCWHUHI BaKT AOMMMWIACK aHWKNaHagW Ba Yy OpKaiu 3apsif
rawyBumnap swatl Bakrm xmcobnaHagm. Kyynanmw nmnysb-
CUHVHT GOLUNAaHFNY Te3 KaMaluLl Coxacu, HOKOpU rapMOHM-
Kanap TYLMWLINHWM aHUKNawwm Tyainam, abTnbéopra oMHMa-
an. Opatga 6y ycyn 6unaH r HW ynyawija Kytapuauw, Ty-
WWLL BakTMapy KWYMK BYnraH TyFpu Oypyaknu Epyfank
“MNynbCnapu uwnatunagn. byHaan épyFank umnynscnapu-
H1 onuwaa Mokkenbc Ba Kepp sueilkanu mopynstopnap,
VHXEKUMOH fasepnap, p-n — ramo yTuwnm épyFaunk avoa-
napu Ba 6owkanap uwnatunagn Kepp, Mokkenbc ayeliikanm
MOAYNATOpnap 3/1eKTPO-0NTUK 3(PdeKTnapra acocnaHraH.
DNeKTPOONTMK 3PeKTHN Bakr aoumMunincn\~10-8 ¢ TapTném-
[a, Wy athekTra acocnaHraH moaynaTopnap. Kynnawl 6unaH
UMNynbC (poHTK 10~7+ 10-8cek. b6ynraH TyFpu Oypuakiun
EPYFIMK MMMYNbCApU 0NN MYMKUH. EpyFnvK guognapvaa
p-n YTULIM YUYYH TYFPU KydnaHu 6epunraHaa UHXeKLms-
naHraH HOMYyBO3aHaTWii 3apaf TallyBuYMnap PekoMoOuHaLus-
cun Tytaiinn, HypnaHuw coamp 6ynagn. Epyfnnk gnoanapu-
HW, UHXEKLMOH NasepnapHn y3rapyByaH TOK MMMNYy/bCU 6U-
NnaH yWroTWG, ynap napameTpura MOC KenaguraH Epyfnivk
MUMNYNbCU ONULL MYMKWUH. HypnaHuw umnynbcnapuHn ongm
Ba OpKa (hpOHTNApW 3apsj TallyByuap swall Bakrura 6of-
nuK 6ynn6, y 10'7: 109 cek Taptmbmga 6ynagn. Mmnynbcam
EpyFIMK maHb6anapu cugatmaa (MHepT rasnap KCEHOH, Kpen-
TOH €KW ynap apanawimacyt TYNaupuiraH) rasnm paspag nam-
nanap xam uwnatunagn. KydnaHuw umnynbcy namnaHuHr
EHOMPYBYM Ba TOK yTaguraH anekrpognapura 6epunraHga
naMmnafaH OKaéTraH TOK TyxTaraHgaH CYHr xam 6mp Heuya
MWUKPO CEKYHJ pa3paf AaBom atagn. by namnanappa épyfnavk
UMNYNbCUHUHT MUHUMa/ CYHML BakTW 1MKC TapTmbuga
6ynun6, y IPHUHT Kylin YyerapacuHun vyeknangm. HomyBo3saHa-
TWIA 3apag TallyBymniap Awall BakrmHu hoToyTKasyBYaH /K-
HWHT CYHMLIMIa acocnaHraH ycynum 6unaH aHuknawa Karra
XaToNMKKa MyNn KynMac/imk ydyH 6uUp XXMHCIu 6ynmara Ha-
MyHaHuW épuTnwgaH (MacanaH, HaMyHa TOK KOHTaKTnapu co-
XACVMHW EpUTULLAAH) Nailgo 6ynagmraH GOTO3NEKTP HOPUTYBUK
KYYHU MYKOTMLL KepaK. BYHWHI yuyyH HamyHa OGUPXXWUHCAN-
NINKKa Tekwupunagn Ba HamyHa OM KOHTaKTiapura épys-
NMKHU TyWwwngaH caksaw Kepak. KOkopuaa Kaing KuivH-
raHngek. OM KOHTaKT/apmaary pekombuHauusa xapaéHnapu
(hOTOYTKA3yBYAHMKHWUHT CYHULUMIA TabCMp KypcaTMacnuriu
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yuyH OM KOHTaKTnapugaH éputunaétraH Kucmrada 6ynrad
mMacoa 3apsf Tawysumnap AnggysmoH y3yHaurnaaH 6up
Heya MapTa Katra />(2+3b) 6ynuiim 3apyp. ApumMyTKasrny
HamyHanapuga énuwuw Mapkasnapy Maexyg 6ynca, ynap-
HUHT Tabcupu Tydainu PoToyTKa3yBYAHAMKHUHT CYHULL
KMCMUAA Y30K BaKr/iM TallKua sTyBYMCK 6ynan. byHu nyko-
TULWW YYyH HAMYHaHW Ky4cu3 EpyFInK 6unaH gonmmin éputne
TYpULL TaBCMS 3TUNAAMW, YyHKMU By Xonga énuwnw Mapkas-
napv 3apsa Tawlyeumnap 6unaH TynatunraH 6ynagn. ®oto-
YTKasyBYaHNMK penakcauusacugaH 3apag TallyByMiap Xax-
MW Allall BaKrMHM aHWKnawga cMpT peKoMonHaums xapa-
€HN Tydaiinm cogmp 6ynraH xaTonuK, acocaH, HaMyHa,
CUPTNAPUHWMHT ULWWINOBMIAa Ba HaMyHa reoMeTpuK ynyamna-
pura 60FNnK. ByHM 6axonall yuyH ynuamnapu a, b>(1 6ynraH
HaMyHanapaa 3apsf TawyBuunap Andoysns KosphuuneH-
TAra, CUPTUIA PEKOMOMHALNA 5 TE3IMrura, HamyHa KaiuH-
nurura 60FnnK 6ynraH cMpTuin Awal Bakru (4.41) Ba (4.42)

napra kypa (c =y) ra anMaurrmpmo

al
(4.56)

npogagaH Tonunaan. § — KatTamk
go b _N§ (4.57)

TPaHCAEHT TEHINama e4YMMU. TSHUHT 3apsag, TalyBYUNapHUHT
XKmaarn swaw Bakrura TabCUPUHWM KPeMHWIA mmuconuja
KYpainuK. BYHWHT Y4yH KpemHWIA HaMyHanapuHWHI capT-
Nnapn MKKW Xun, SbHU: @) MeXaHWK-KUMEBWIA WLLIOBAAH Ba
6) eampuil (Kucnota éku nwkopnap 6unaH CUPTUHK HOBULL)
NLWNOBUAAH YTraH CUpTaapaup.

By cupT Mwnosnapura Moc pasuLlia peKoMbuHaums Tes-
NMKNapuHuHr 104cm/c, 103cm/c Kuiimatnapu TYFpy Kenagw.
(4.56) Ba (4.57) acocmaa XMcobnaHraHT HAHT Xap XN KanunH-
nukparn Kuinmatnapn 4.1-xafgsanga KenTupuara.
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4.1->kafBan

KpeMHwii HamyHanapHaa acocuii 6ynvaraH 3apsif TallyBYHTapHHHT
CHPTJArH filLalll BaKT/apw.

ar

HamyHa, -
K/TUHANTIA,
MM
p-Tun £,=39 cmic n-TIn BP: 15,5 cm2c¢
4 5=104cm/c 5=103cm/c 5=104cm/c 5=HKBcm/c
0,4 6 24 12 29
1 31 72 70 110
670 880 1700 1960
10 2700 3100 6800 7100
15 5900 6500 10000 11000
20 10500 11000 27000 27000

T3 HAHT KWiAMaTnapu TaxamnangaHd KypuHagmku, T Hn AC
HUHT CYHMLIM OYinya aHMKNaLLAa 3apsaf TallyBUMIap Xax-
MWIA Aawaw BakrmHu 10% aaH kaTTa 6YnmaraH XaTtonuk 6u-

NaH ynyaul ydyH, — = - +— raKypa, WyHaai KanmHankaa-

M HaMyHaHu TaHTHw KTepai%?(m, YHAA 15 HUHT KUUMaATK T ra
HucbataH kammuga (6vp TapTmbaa) YyH MapTa Katta 6ynmim
Kepak. MacanaH, gnametpy ¢ 76 MM, KanuHaurun 0,4 mm
6ynraH KpeMHuii HamyHacuaa r HM 10% fgaH kaTTa 6ynmaraH
XaTONMMK 6UNaH Ynyawl yyyH T HUHT KuiAimMatyu 1+2 MKC aaH
KUYMK OYMLWIN KepaK. DNIEKTPOH CaHoaTu PUBOXIaHMLLIN
O6vnaH KeMuHrn nnnnappa 3apag TawyByunap napameTpna-
PUHN KOHTaKTCM3 aHWKMawWw ycynnapura Tanab optau. LUy
6oncaaH 6up kaH4ya ycynnap apatuagu. by ycynnap acocuga
HaMyHara UHXeKuusnaHraH 3apag TawyBuniap KOHLEHTpa-
LIMSACUHMHT CYHMLIWM 6unaH 60FNnNK xoamcanap étaam. Maca-
NaH, EpyFAVK UMNY/bCU BUNaH reHepaumnsnaHraH sapkuH 3a-
P4 TawysuMnapia EpyFavK TUINW KOIPHULNEHTUHUHT
CYHMLUMIA acocnaHraH yCcynHu KypcaTuil MYMKWH.

B. Bup >KnHCAM HamyHanapga 3apsig TallyBumiap swall BakK-
TUHU YNYallHUHT YacTOoTaBuWil (hasa ycynnapu
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By ycynnap 6unaH r HA aHUKNaWHWHI acocuia HOMYBO-
3aHat 3apsf TawyBuunap flall BakKTUHU aHWK Mab/iym 6up
YeKNn KuiimaTra ara 6ynmwmy 6unaH 60FNNK KOHLEHTpauus-
cY, (POTOYTKA3YBYAH/IMKHUHI CYHULL Ba KyTapuaul apa-
éHNnapn MHepunoHNUrn étaaw.

HamyHaga 3apsj TawyBunnap WHTEHCUMBIUIY CUHYCOUAN
6yiinya (rapMoHVK) MoLynsumanaHraH

/=4,(1+31nwl)
EKM KMNNeKe PYHKUUS KYPUHULL
I=Ngng**

6unaH ndoganaHyBUn EpyFNMK 6UNaH KysratunraHga Hamy-
HaHWHI POTOYTKa3yBYaHININ Ba (DOTOTOKM BUPO3 KeYMKULL
6vnaH Xyauy épyfFinK UHTEHCUBAUIMHK Y3rapuwin Kabwm co-
amp 6ynagn. AbHW EpyFANK OKMMK 6unaH (POTOTOK opacuia
(hasa thapku naingo 6ynagn. by asa cumkuwimn 3apsg Ta-
LUYBYMNAPHUHT X&XKMUIA fllall Bakrura épyfFank Mogynsaum-
ACUHUHI YacToTacura, CUPTUIA peKoMOMHaums Tesnurura
60fFnunK. LLlyHaali knnub, By MKKU curHan opacugarn tasa
(hapkMHU (CUMXULWNHK) YnYall 6unaH I HA aHuKaw UMKo-
HU TyFUnagm.

EPYFIMKHUHT MOAyNALMA YacToTacu oWy 6unad qo-
TOTOKHM 4acToTara 60FIMKAMIM HamO&H 6Gyna 6Golunanigu.
daza cumKMWN Kabu PoTOTOK aMnAnTygacu r, o napra 6of-
NMK. POTOTOK aMNANTYLACUHUHT EPYFINK MOAYNALMSACK Yac-
TOTacura 60FNaHULWIMAAH T HU TONULW MYMKWH. By ycynnap
O6unaH x HX aHUKNaL Ha3apuACMHK Kapab yMkammni. Maca-
NaH, cogjanawiTUpuLL ydyH 3apsj TallyBumiap HamyHaga
TEKUC TeHepauusanaHCUH, 31eKTP MalfoH Kyud/laHraHanrm
KMUYUK, HaMyHa cupTnapuia cupTuii pekoMbuHauus 6ynva-
CUH Oeb (hapa3 KunuHraHaa, (4.9) y3nykcusnuk TeHrnama-
HUHT apeid, anddysms 6unaH 60FNNK Xadnapu mMHobatra
onnHManan. by xonga 3apsag TalwlyBumnap reHepauua Tesnu-
rm Kg**<gin(\-L, ) (4.58) ékn (4.59) ra kypa

£=a/34,(1+5M1iA>/)(1-~)% +4,an» " (4.60)
£=al?2lof 1 +<*")(1- K )= N+ A+ (4.61)
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ndoaa 6unaH aHuknaHagn. LWyHpaii kunn6, (4.9) ysnykcus-
NUK TeHrnamacy (4.60) ra kypa

(4.62)

6ynagn. MeHepauua (xagw) Te3nUrnM MKKW xafuaH mnbopat
6ynraHyn ydyH (4.62) gary HOMyBO3aHaTWA OPTMKYa 3apsif
TalyBuMnap KOHUEHTpaLMACUHN

An=Ana+An((o() (4.63)

KYypuHuUlaa ndoaanainmma. by epaa Ana — reHepaunsIHUHT
LOVIMUWIA TallKknn aTyBumMcK () ra Moc KenyBuu KOHLEHTpa-
umsic, An(a)() — reHepauusa XafuHW y3rapyBuaH TallKui
3TyBUMCUIa MOC KeNraH KOHLUEHTpaLms, SbHU rapMOHMK Talll-
KN aTyBYMCY [N HUHT y3rapyByaH TalUKWUA aTyBUUCK. An(wi()
HUHT Y3NYKCU3/IMK TeHrnamacu (4.62) pgaH (4.63) ra kypa

6ynagn. YHUHI Xycycuil ednmm

An(io() = Fb+EA-;|-’\FII'IBA-FOFCOBO)*] (4.65)

6unaH ndoganaHaau,
57T (a)(-6) = C058 [BI110)(+1%6 C08AQ(]

OYNMWNUIMHN Hasapga TyTcak, yHU (4.65) 6unaH conuwmu-
puLLAaH

1u9=a)T
6 =arc X

GunaH aHVKNaHULINHN KYpammn3 Xamia, SbHU

Q86 =

OYNMLIANIMHKM abTMbopra oncak, (4.65)
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An(a>()=£0 , T wbw((yl-arc 1&oT) (4.66)
ml+o) T

KYPUHWULWIHK onagn. By nogaHuHT TaxnnnmpaH KypuHagm-
KW, HOMYBO3aHaT 3apsj TallyBuuiap OpTMKYa KOHLEHTpa-
UMACUHWUHT Y3rapyByaH (rapMOHUK) TalKua 3TYBUMCUHUHT
npogacu (4.66) ysrapyeyaH reHepaums Te3nurn 9&a)() Kabu
6yan6, nekuH ynap 6up-6upugaH amnantyganapn 6unaH ea
6up-6upura HUCGaTaH cumkurad asacu 6unaH tapknaHa-
an. HamyHaga cupTuii peKombuHauuns Maexypd 6ynraHga
(hOTOYTKa3yBYaHNMK GUNaH YinFOTyBUM EPYFIMK OKMMUK Opa-
cuaa asa apku Kyn apumyTKasrny napameTtpnapura 60f-
MUK Myppakkab (yHKUMS 6Ynnb, 5 HWUHT OPTULIM B HUHT
Kamanuiumra onné kenaam.

3apsag Tawysuunap fwawl BaKrMHU EpYFINK MHTEHCUB-
NMTVHUHT MOAyNaumManall yactoracura 60FIMKANTA OpKaau
aHMKNaW yCcynmHU Kypamus.

4.3.1. 6ynumpga hoToToK Al, POTOYTKazyBYaHIMK (AO) ra
AO 3ca Y3 HaBbaTuga An ra NPOMOPUMOHANNTUHW KYpraH
34MK. VIHTEHCUBIUTY TAPMOHWUK MOAYNALMANAHTaH EpYFINK
6unaH épuTnAraH HamyHasa naingo 6ynraH POTOTOKHUHT Y3ra-
pyBYaH TalIKWA 3TYBUMCUHUHT amnautygacu AlQuwl) (4.66)
ra Kypa

AlO0()~8o0 r T
M+ o x

6ynagn. Mopaynsumsa dactoTacu Kamannb 6opuiin 6unaH
(hOTOTOK amnanTygacu opTnb Gopagm Ba <Mr<l LiapT Gaxa-
punraHga Makcumymra spuwagun. LLyHpain kunmb, mogyns-
LMs yacToTacu eTapim KaTta 6ynraHgary hOTOTOKHKM, a>»0
Jarn oToToKra HucbaTtu

Oi(ol)  &n@@>l) 1

0/(0) " [«(0) “ VI + ®2712 (4.67)

OunaH aHWKNaHULWNHKU Kypamm3. wr=1 fa

EM= 1-0,71 (4.68)
0y £
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4.4-pacMm. 3apsag TallyBuMnap fillall BaKTUHU (a3a CUMKULLUHUHT
KOMMeHCcaUnsa KUAnwW ycyam 6unad ynuawl KypuamMmacuHUHE CXeMacu.
®3 — Bakyymnm (Teskop) otoanemeHT: TM1, TM2 — y3rapmac ToK
MaHbanapu: K —kaTog Takpopnaruy.

[emak, HOMyBO3aHaT 3apsj TalyBuunap Alawl BaKTUHU
M((o() GOFNaHULINGAH aHUKNAW YYyH EPYFIMKHUHT MOAY-
NAUMSA YacToTaCUHM owwmpa 60pnb, YHUHT (HOTOTOK aMmin-
Typanapu Huc6atn 0,71 ra TeHr 6ynraH KuiimaTu Tonmnaam
Ba Y OpKa/in Alall BaKTW I = o nogagaH xucobna-
Hagu. VIHTeHCUBAMIY cruHycoman 6yiinya mogynaumsanaHran
EPYFNMK GUNAH T HU ynyall KYPUAMacUHUHE yun3smacu 4.4-
pacmfa KentupunraH. byHaa spumwaddod Kysry EpyFamnk
OKMMWHW WKKW KUCMra axpatagu. BUpUHYM KUCMU Hamy-
Hara Tylaay Ba HaTuaga TOK MaHb6aM TM1 ra Ba HamyHara
KeTMa-KeT yfaHraH tokfaMa Kapwuavk Ko fa KyuiaHuw
UMNYNbCU AYHHU Naingo kunagn. Knumk gapaxanm MHxek-
umsaa, 3apsag TawyBumiap TeKUC reHepaumsaiaHraHa sa cupT
PEKOMOMHAUMACK Te3IUIN Xyfa KMYMK, IbTmbopra onmai-
auraH 6ynraHaa An Ba YHra nponopumoHan 6ynraH AN xam
(4.64) y3nyKcusnuk TeHrnamacuaaH Tonuagu.

Ennwnwn mapkasnapy nyk 6ynraHga O./Y=[0P 3nekTpo-
HeATPaNAuK WapTn YpuHnu 6ynraHaa ATY6mnaH 4O, AC 6u-
naH AYHopacuaarn 60fFnaHuwinap Ymsnknu oynradpa (4 yx)

N«-=B(1+8w<y0-"- (4.69)
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TeHrnamagaH Tonunagn. B — KOHCTaHTa (JOMMWIA KaTTaslnk).
EpPYFIK OKMMUHUHT WUKKUHYU KUCMU TOKHWUHT TYAWMHULL
pexXummnaa uwnangmrad Bakyymnm (poToanemMeHTra Tyllagu
Ba TOK MaH6aMHMHI TM2 (hoTO3NeMEeHT, Y3rapyByaH CUFUM
C Ba /1, kapwnnukaaH moopat 3aHxupuaaH /=/Q1+5t1cy/)
TOK OKa Gownanan. [?, Kaplimamkuarn KydnaHuii

TeHrnama 6unaH aHukKnaHagn. by epga Bx— AOMMMWIA KaTTa-
MMK. AYHBa [ KyuynaHuwnap oup Xun Kyyaltupruynap
OpKa/M ocumnnorpag HanyaCUHUHIN x Ba y — MiacTMHana-
pura Gepunagm.

BowwnaHfFny WapTnapHUHE 6Up XUAAUTMHK Xucobra on-
raH xonga (4.69) sa (4.70) TeHrnamanapfaH KypuHaguku, /?,
C=t 6ynraHga, AKOW?) sa AY~LU) NapHUHT | 6unaH 60fna-
HULLIM 6up Xmnn 6Ynaan Ba 3KpaHAa OFMa TYFPU UM3KK Ky3a-
™mnagn. r*/?,C pa [ y~co!) Ba AF,(wl) opacuaa dasa cun-
XULWN Naingo 6ynagn Ba sKpaHAa anavnc Kysatmnagn. Y cu-
Hycompga 6Yinuya mopynauusanaHraH Epyfamk 6unad
niwnakaurad ymama r H1 10"0c raya ynyall UMKOHUHK Ge-
pagn. byHaal mogynsaumanaHraH €pyfiMkHU govpa Wwakim-
Jlaru TelumMKnapy 6ynraH AUCKHW ailnaHTMpub EKn aneKkTpo-
ONTUK MOAYyNATOpnap épaammnga onmwl MyMKWH.

r. nuTakcnan KaTnamnapga THU aHUKAALWHWHT hasaBuil
ycynnapu

By yCynHWHI acocupa anuTakcuMan kKatnampga OfiMHraH
LLIOTTKM (KOHTaKTW) AUOAMHWUHT WHTEHCUB/IUIUA TFapMOHUK
moaynauusnaHrad épyFnvk bunaH épuTraHga naingo 6ynrad
(hOTOTOK OMNaH EpyFNMK OKMMMK opacuaarin CUmKMLL hasa-
CUHUM yNyawl éTagun. T HU nn+ —a3nuTakcman CTpyKTypanapaa
yAvallHn Kypannuk (46-pacm).

LLIOTrk/ KOHTaKTU (AMoAM) anuTakcman CTPYKTYpaHWUHT
CONULLITMPMA KapLUWAUTXA TarnnKKa HucbaTaH KatTta 6ynraH
Katnam (n) ra, Taramk (n+) TOMOHMra aca OM KOHTaKr OnH-
raH. CTpyKTypa Tar/imuKk TOMOHWUAaH HTUANW KO3hULUeH-
TU KUYMK OYNraH, MHTEHCUBAUTX GYinya MoaynsumsnaHraH
MOHOXPOMaTUK EpyFnK 6unaH éputunagn. by xonpa 3apsg
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TalllyBUMNAPHWUHT TEKUC TeHepaLuanaHuwn cogup 6ynaan.
Epyfink 6unaH reHepauusinaHraH HOAcoCWin 3aps TallyBs-
ynnap (kaeak) LLIOTTKM KOHTaKTW TOMOH Anddy3usnaHagm
Ba (DOTOTOKHW BYXyZra Kentupagu. Arap 3apsg Tawlysumnnap
ANGGY3NOH Y3yHAUTN KaTTa Oy/ica, XaKMWUIA 3apsf coxacu
KEHTIIMTMHM MHOGATra onMaca xam 6ynagu. Y xonga LUoTr-
KN KOHTaKTW YYyH KWCKa TyTalyB pexumuga uerapasuii
LLIapTHWM

AJ1(0)=0 (4.71)

KYpUHMWAA 631w MYMKUH. LLIOTTKM KOHTaKTMAaH Tallka-
puaa anuTakcuan Katnam cMpTUin peKOMBUHALMACK XKy a KaT-
Ta 0e6 (apa3 KunuHca, (4.71) derapaBuil LIapT CTPYKTypa-
HUHT BYTYH cupTu 6yinya ypuHan 6ynagn Ba Macana 6vp
ynuamnn 6ynagn. dnuTakcman KaTnam cuptuaa CMpTuii pe-
KOMOUHALMA TE3NNMN YeKNM KuidmaT Kabyn Kunca, Hobup-
YKMHCNW YerapaBWil LIapT xucobra OIMHULIN Kepak Ba yd
ynyamnm macanaHu euunil Kepak 6ynagn. TarnvMk 6unaH anu-
TakCcMan KaTnam 4yerapacufa verapaBuil LuapTiap

Ap2A<1)=Apx(MNe~"KKT (4.72)

=AY 4.73)

ex x=(1 X=p

6vnaH ndoganaHagn. (4.72) wapt anutakcuan kariam ounaH
TarfMK Yerapacvga noteHunan TyCUK MaBXyaamruHu, (4.73)
aca Anddy3voH OKUMIap Y3NYKCU3NUTUHU aHrnaTagu.

FOKopyaa KypraHummnsgek, €pyfrivK WHTEHCUBIUIUA CU-
Hycomga 6yiinya (rapmMOHMK) MOAYNAUMANAHraH, LWYHUHT
YUYYH reHepaums Te3nuru (4.61) rapMOHUK XaANUHWUHT Y%o(wil)=
=£@Xp (WU KypuHuMwgarn wdogacuaaH goliganaHamums.
HomyBo3aHaT acocuii 6ynmaraH 3apsij TallyB4mnap KOHLUEH-
Tpauusicn (4.63) rapmMoHMK TalLIKUA 3TYBYUCUHM

Ap (x, a)()=Ap (x e (4.74)

KYPUHMLIAA KMAMPCAK, YHUHT amnanTygacu Ap(x) Taramk
Xamaa anuTakcuan Katiam yuyH 6up Xun 6ynraH y3nykcus-
NINK TeHrnamacm
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fapp(X)=n 7~ ) _ M+ (4.75)

6unaH noganaHaaun. by TeHrnamaHu Tarfivk Ba anuTakcuan
KaTnam yuyH (4.70)-(4.72) uerapaBuii LLAPTIapHN KaHOAT-
NaHTUPYBYM ApxXx) Ba Ap2x) eummniapu Tonunagm. Xmcob-
NapHWHI KypcaTuwinya, yiap acocuia TonuaraH Kucka Tyra-
LyB (POTOTOKM aMMINTYAACUHUHT ngogacu

YKT ~ e®\ o o
cIx

(4.76)

T=(_"Y2 r=(£2MNNI. b=bKTIl/7
i ’ N

W +wr2) A2

(4.77)

Tarnukpary Ba anuTakcuan Katnamzgary acocuin 3aps Tawlys-
n 3 o
yunap KOHUeHTpauusnapu Hucbatn -fm> 10 6ynraHga

ep(nt) 6ynagn Ba TOK ucogacu copganatlagu.

T — e8o (4.78)

By MthoAaHNHT GUPUHYM XaaW anMTaKcMan Katnamaa reHe-
pauusnaHraH 3apsj TallyBYMNapPHUHT UKKUHYW Xaam TarnK-
[aH anuTaKcuan KaTnamra MHXeKUWsNaHraH 3apsg TallyB-
ymnapgaH MMFYBUM KOHTAKTra eTM6 KenraH KUCMUHUHT ¢ho-
TOTOKra KyluyaH xuccacuHu kypcaTagn. LUYHWUHT ydyH
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VKKWHYY XaIMHU 3bTMOOpra 0IMacink MyMKUH Ba (DOTOTOK
aMnAnTYAacuHM

14 y/n[- (4.79)
]kT — €80 1+ o " .

1+ KOX,

nogasaH xmcobnaw MymkuH. MacT yactotanap wT<l Aa
(DOTOTOK (ha3aCMHUHI CUIKALLIN

1 ArrC3al—— (4.80)

6unaH aHuknaHaau. Arap ~—- 2 oynraHga (4.80) Hu
[S]

NKKNUHYM Xaan 6upra HucbataH aH4ya KMYnK. ByHW abTmbop-
ra onmMaraHza

OunaH aHWKNaHUWMHK Kypamu3 4.5-pacmpa conmuwtupma
Kapwmamru 28 Om. cm, KaanHamrn 50,2 MKM, 3apag TallyByn-
NapHUHT ANDPY3NOH Y3YHU-
rm 18,5 MKM GYnraH KpemHui
anuTakcuan katnamm y4yH
XucobnaHraH X% Ba (POTOTOK
amnanMTygacuHn EpyFanK WUH-
TEHCUBAUTUHN MOZYNALUA
yacTotacura 60fnaHuLW rpa-
turn kentupunrad. Kentu-
punraH Hasapuini 60fnaHunL

Tapunba HaTwxanapn 6unaH ry
Moc TywuraH. by rokopuaa Kesn-

TUPUAraH Hasapuii xucobnati- 4.5-pacm. ®aza CUMKNLLK
nappaa kabyn KunuHraH apas- 184 HUHT Ba (pOTOTOK

v aMNAUTYZaCUHWUHT MOAYNALUS
nap ypuHn skaHnnrngaH aa- yacToTacura GoFnaHuLLM.
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4.6-pacm. LLIOTrKM AMOANHUHT POTOTOKM 6Yinya hasaBuii ycyn bunan
3apsj TalwyBuMnap Awall BaKrMHU Ynyawl KypuUIMacuHUHT CXeMacy.
®I1 —toKopyu YacToTanu GoToKabynkunruy (Teskop hoToanoa):
M — Mokkenbc MogyNATopn: H — HamyHa: Y — Ky4anTupruy:
N1 — naszep: ®B — hasa ce3rnp BOAbTMETP: 3 — ACCK KY3ry.

nonat Gepagn. dnuTakcman CTpyKTypanapfa r HU aHuKiaLl
KYPUIMacuHUHT ym3macn 4.6-pacmpa kentupunrad. Kypun-
Maga anekrpoonTuk lokkensc aueiikacu (1) 6unaH moay-
NAUMANAHraH N1a3ep HypU HaMyHaHWUHT TarnMK TOMOHUra Ty-
wvpunagn. EpyFavMk okuMmmn HaBbaTma-HaBbaT (ranma-ran)
KY3ry opkanu HamyHa O ra, HOKOpu 4actoTtanu (POoTokabyn-
Kunrmy (pn) ra Tywagn. ®oToKabynkunrmy n — craHgapT
(hasanin TafgHY CUrHaSIHW X0CUN Kunaau. HamyHa Ba (hoToka-
O0yn KUArMd TOMOHWAaH naigo 6ynraH curHannap asara
cesrup BonbTMeTpra bepunaan. Y 6unaH HamyHa Ba POTOKa-
Oynkuruygarn curHannap amnantyganapy Hucbatu Ba ynap
opacugarv hasa cumxkuwn ynyaHagun. LLyHu Tabkugnaw Ke-
pakku, nasep Hypy WHTEHCUBAUTUHUHT Y3rapuiln pe3oHaHc
KOHTYPUHUHT cudat MOAynauma yactotacuaaru ynyaw Ha-
TXKanapura Tabcup KypcatMaingn. by YCYNHWHT HOTyfura r
HW OCOH XMCO6MaLL/IMKHN Ba YN4all HaTMXacuHWU CUPT WLL-
NOBMTa Kyycus OOFMaHMLIMHW KypcaTul MYMKWH, yadail
MYMKWH O6YNiraH —r HUHT KylK Yerapacu CTPyKTypa CUFUMu
Ba yHra KéTma-KeT 6y/nraH Kapwimamrn 6unaH aHuknaHagn-
raH Makcuman MoAynauus yactotacura GOFuK.

4. POTONOMUHECLEHUNS opKanu I HKX Ynyall
D OTONHOMUHECLIEHLMS OPKANW T HUHT (ha3aBuii Ynyalll ycy-
NN SPUMYTKa3rMy HamyHanapuga WHTEHCUBAUTW MOAYNS-
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umsanaHraH épyFnvk 6unaH HOMyBO3aHaT 3apsj TallyBumnap
YWAFOTUITAHAA YNapHUHT HYpAaHULWAN peKoMOrHaumsacnaH
coaup 6ynraH hOTOMOMUHECLEHLNA OKUMW BUNaH YiiFoTyB-
4 MOAYNALMANAHraH EpyFnK opacugaru gasa CUMHKULLNHK
ynuawira acocnaHraH. ApumyTKasruiyHu x=0 TEKUCIUITN UH-
TEHCUBAWUIM BaKT 6Ylinua, /=/,+/Gxp(ko() KOHYH 6UnaH y3ra-
pyBYaH 3Hepruscu Wnu>>E§ 6ynraH, SbHU MHTEHCUBIMKHUHT
rapMOHUK TalKW 3TYBYACU BYNraH MOHOXPOMAaTUK EpyF-
NUK 6UNaH EpuUTUNCUH. By EpYFNIMK OKUMUHWUHT HOTUANLWN-
[aH Ko3ara KenraH 3apsj TawyBuunap reHepauus Tesnuru

B(x,0=" [/, + 1ew JaPe-ax (4.82)

ownaH undopanaHagn. Arap EpyFavkhaH reHepauusnaHraH
3apsan TawyBuMiap TakcUMoTu anddhysus, apeid), pekowm-
6rHaLms XapaéHnapu Tydalinu naingo 6ynraH 6ynca, y xonaa,
Y3NYKCU3NUK TeHrnamacu (4.10) kabu 6ynmb, onaunH Kypra-
HUMM3AEK, Y UKKK KucMra axkpanagu. FOkopupga Kypcatun-
raHugek, x Ba MOAYNAUMs yactoTacu w ra 60FINK OpTMKYA
HOMYBO3aHaT 3apsj TalyBuniap KOHLUEHTPaLMACUHUHT rap-
MOHMK TaLUKWU 3TYBUYUCUHWHT Y3/YKCU3/IMK TEHTrNamMacu

kKodn(x) =i n

KypuvHuwAaa 6ynagn. (4.83) TeHrnamaHuHr (4.75) gaH hapku
WYHAAKM, YHAA 3apaf TalwyBUYUNapHUHT HOTEKUC reHepauu-
AnaHuLWN xpucobra onuHrad. KanmH HamyHanap na épn-
TUAMaraH TOMOHWJa HOMYBO3aHaT 3apsif TallyByWiap KOH-
LleHTpauMsCUHM 3bTMO0Pra 0/IMac/IMK MyMKUH. LLIYHUHT yuyH
(4.83) TeHrnamaHuWHr épuTtuaraH cupTuga

éputuamMaraH cuptuga

4x
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6ynraH yerapaBuil LIapTIapHN KaHOAT1IaHTUPYBYN e4nMu

An(x) = 25280*“ - exp(-ax)+ 5$+a£)” y
a'Bb. —1—wox 5 +-£{\ +wmyr

xexp -N-(1 +KoTy2 (4.84)

KYypuHuwaa 6ynagn. Arap HamyHagaH HypnaHaéTraH (OTOH-
NapHW Kaita TUANW KOIDPUUNEHTN (a0 — NFOMUHECLEH-
UMa KoahrumeHTN) KNMYmMK 6ynca, abHU alb < 1 6ynca, y
Xonga HypnaHaéTtraH (oToHNap OKUMU

lon=u]— (b (4.85)

0 rr

6unaH aHuknaHagn. by epgan —(OTONHOMUHECLEHUNAHUHT
TalWKN KBAHT YM3UFUHUHT UYKWM KBAHT YMKMLLMTA HUCOATW,
T — HYPNaHWWHUHT fiwawl Bakru. lMacT gapaxanu yifo-
TMWwaa r.=con8l: 6ynagn. YWroTyBUA EPYFAUKHUHT Ky4unu
ITUANW coxacuga, SbHU axXs>(1l+uorn)|2 6ynraHga cupTui

3b o
PEKOMOMHALNA TE3NMUIM KNYMK —- « 1 6ynraHaa, xmcoob-
NawWnapHUHT Kypcatuwnya, NIOMUHECLEHLUS OKUMUHUHT
ngpopaacu

T -, 80n. «A _
0n-Y—=F w0k, TV w (14:(% xA) (4.86)

KYpuvHUWAa 6Ynaan. YHUHT (pasa CU/MDKULLN TaHTeHCU 3ca
2B _. o
1&6=-coT , AllAW BaKTM Tn = @ 6ynagu. CupTuin pekom-

5bn ,
6VIH8.LI,I/IF| KaTra — » 1 6ynraH,qa

* o — N = ~ N = - -
on=rl T (L ) B3 r,, 00( 8«B (4.87)



4.7-pacm. DoToNOMUHECLeHLMS 6Yiinda hazaBuii ycyn 6unaH 3apag,
TallyBuMnap Awall BaKrMHW aHuMknaw Kypunmacu. OV — épyFnnk
WHTEHCUBAWUTK Y3rapTupruun; 3, —sccu Kysry; @Y — GpoTo3NeKTpoH
Kynantupsny; 32—sapumMwagp”™tog accu Kysry.

6ynaan. bypyaknapHUHI KWYMK KMiAMatMaga B ~ B CUPTUNA
PEKOMOVMHALMUACUHUHT MKKWUTA Yerapasuii KWimatunaa, SbHu
5=0 Ba 500 GynraH xonnapgarv 3apsj TallyBYMnap sl
Bakrnapn 6mp-6upupaH WKKM mapTafaH opTUK apk Kus-
mangunap.

3apsg TawyBuMnap fAwall BaKrMHW ynuyawl Kypuamacu-
HUHT yn3macu 4.7-pacmfa Kentupunrad. HamyHa s acunnm-
rm 6ynnya moaynsaumnsnaHraH nasep Hypu bunaH yinFotuna-
an. HamyHara TywaéTraH épyFavK UHTEHCUBAUTU CycalTup-
rmy OW opkanu Golukapunagn. HaMyHaHUHT HypnaHuLn
ONTUK PUALTP (Cy3rny)nap Tynnamu ¢ ra WyHanTupunagu.
Ynap opkanv (hOTOMOMUHECLEHLMA HYPaHULIN YTKasuia-
A Ba (DOTO3NEKTPOH Ky4vantmprny Y ra (hokycnaHagu.
POTOINEKTPOH Ky4aWTUpPruyugaH KyuynaHuw asacesrmp
BOMIbTMETP PB HK 1-kupuwinra 6epunagn. ®B HUHT UKKUH-
4nm Kupuwmra gpotokabynkunrny ®rigaH TasgHy KyyiaHUWn
curHanu Gepunagun. Apumwaddod Kysry 32opkanm EpyFink
OKUMMWHUHT 6mp Kncmu dI1 ra inyHantupunagn. Kysry b
EPYFNIVK NYHaNUWIMHW Yy3rapTvpuwira mwnatuaraH. ®asa
cesrMp BONbTMETP Oy KyyaHuLiap opacugaru gasa apku-
HW Ynuaiign. YiFoTyBUM nasep HypnaHuwimM 6unaH hoTtoam-
oAuarv TasHY KydynaHuw opacupgarv gasa hapku HamyHajaH



COUM/ITAH nasep HYypWUHW, PeKoMBUHaUMOoH HYPNaHULWKN 6U-
NaH 6up xun ONTUK iyn yTuwwugan ynyaHagu. by ynyaw Ha-
TUXKanapura Kypa, kysfaTyBuk épyFnuk OKUMW OUnaH (oTo-
NIOMUHECLLEHUNA okumMun Opaengary ¢asa CUHKULWN XUCo6-
naHagn. ®asza CUMKKIIWHWUHT aHUKAUTK 5% TapTubuaa
6ynuwnmrn kentupunrad. KOkopuga éputunrad 6y yCynHu
apCeHWA ra/Min anuTakcuan Karnamaapra xam kKynnaw Mym-
KWH.

4.4 8., TOK UMNYNbLCU MMXKEKLHSACUIa acocnaHraH
HOMYyBO3aHaT 3apAf TallyBuniap Awall BaKTUHW
aHvKaw ycynnapu

a. X HW HYKTaBuWii KOHTaKTAa YTKasyBYaAHAUKHUHT MOAY-
nauusacyk 6yinMya ynuaw ycynnapu

ApumMyTKasrny matepuaniapuHu, ac6o6napuHn nLnab
YMKapuLL >KapaéHunaa MOHOKpUCTann Kyhma (CAUTOK) Y3ak
(cTep>KeHb) HaMyHanapuja 3apsj Tawysuniap Awall BakTu
I HW Ynuawira TyFpu Kenaau. byHaai HamyHanapaar Hy ynyai
YUYH YHUHT KYHAa1aHT KECUMUHWUHT CUPTUTa UHXXEKLUAIOBYN
MeTail KOHTaKT (30HA) XohnawTupunagn. Y HOMyBO3aHaT
acocuii 6ynmaraH 3apsf TawyBuMiap yYyyH aMmMuTep Basui-
thacnHn baxxapaan. HamyHara 6yHaaH Tallkapw, k03acy Kat-
Ta, KApPWWIUIM KMYMK OMUK KOHTaKT OonvHagn. Hykrasuii
KOHTaKT OpKa/iv ro6opuaraH MKKuUNaHraH UMMynbCau reqe-
paTtopfaH TOK pexvumuga TyFpy yHanuwga amnamtygacu /0
JaBOMUANNTA M OYNraH TYFPU OypYakaM TOK UMMYbCK Ha-
MyHaZla HOMYBO3aHaT 3apsf TallyBUMNapHU WHXEKLMANai-
[N Ba KOHTaKT atpouaary KapwuiavkHU KamanuTupagu.

VIHXXeKLMANOBUYM TOK UMNY/bCU TyraraHgaH 6upo3 Bakr
yTray (Keumkuil Bakru 3 6ynraH), amnamMTyaacH, AaBOMUIA-
AT BUPUHYN UMMYNBCHUKKU GUnaH 6up Xun 6ynraH MKKUH-
yum TyFpu Bypyakiv UMNynbC y3aTunagun. Arap KK UMnynsc
opacugaru Bakr /, ibHW UKKUHYM UMMYNIbCHUHT KeYMKULL
Bakrn  3apaf TawyBumiap fwall Bakrm I AaH KWUMK EKu
YHUHT TapTubmaa (<t 6ynca, MKKUHYN MMNYAbCHUHT KOH-
TakTra Keivwl namtuaa HOMYBO3aHaT 3apsaf TallyBuumiap
pekomOrHauunanaHnG ynrypmanay Ba HaMyHa KOHTaKT coxa-
CY Kapwmnurn BUpUHYM UMNYNbC KenryHya 6ynraH Kuiima-
TUAAH KNUYMK 6ynaan. LLUYHUHT y4yH MKKUHYM UMMYNbC 60LL-
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NaHraH nanTtha ByXyAra KenraH KyuynaHUW WMMYAbCUHWUHT
aMmnanTygac M2 ((33 OMpUHYM KyunaHuww MMMy/bC amnim-
Tygacu M (oo)daH Knuvk 6ynagw.

KyunaHuw mmnynbcnapy aMnavTyganapyHuHT alipmacu

(4.88)

VKKMHYM UMTINIbCHUHT KEYMKMLI Bakrn (3 ra Ba 3apsig
TalWyBuMnap fwawl BakTV I ra 60FavK. HykraBuii KOHTaKT-
[aH VHXeKUMsnaHraH 3apaj TawyBuwiap HamyHa cupTura
TOMOH, MyuUra TOMOH AuddysnanaHagn Ba peKkoMouHaLms-
NnaHagy xamga TOK UMNy/bCU AaBOMUANNUTA (3 MuMaa 3NeKTp
MalfioH Tabcupuga gpeidnaHagn. Hatwxkaga, ynap KaHaai-
avp % macotarada Tapkanagu. Y COXaHWHI KaTTaiuru ToK
UMNYNbCUHWHT JaBOMUANUTMTA Ba TOK Kyuura OOFIUK.
A\]((3)=A (3, T) HUHT Ha3apuii 6OFNAHNULLIMHK XMcobnall ydyH
MeTa/IN 30HL (KOHTAaKT)HUMHI ApUMYTKa3rmy HamyHacu 6u-
NaH KOHTAKTNaHWULIHWHE CUPTKU paguycu ro 6ynraH apumLuap-
[laH nobopat ae6 apas Kunamus.

BupuHuYM TOK UMMynbC 6OLINAHWL NanTUAa KOHTaKT
aTpomaa HoOMyBO3aHaT 3apsaj TalyBumnnap 6ynmanaun. Ytka-
3yBYAHMKHWHT MyBO3aHaT 3apsij TallyBumnap KOHLEeHTpa-
umacn aHmknaian. LLYHUHT yayH GMPUHYM KyuiaHUW WM-
MYNbCUHUHT aMNAUTyAacu

M («)=]bBxdr= 2—  Jr=-"4—  (4.89)
0 24ar ' 2a?a0 2u0a0

6unaH wgoganaHagn. by epga: 00 — MyBO3aHaTWUIA COMMULL-
TUPMa YTKazyBYaHAMK. IHXEKLUS GOLLINaHNLLIN GUNaH KOH-
TaKT Kapwunurn kamas 6opagun. VIHXeKuusanoBum TOK UM-
NYNbCUHUHT amnanMTygacy /0 Ba MOC paBuLAa 3MeKTp Maii-
[OH Ky4SlaHraHAnIv WyHAak KaTrakv, UMnysbc AaBoMUAInUru
(k unpa 3apsa TawyBYMMAPHUHT OGUKYTOMIA anddysmsacu
abTUbOpra onvHMakan. Y xonga KMYmMK fapakaan WUHXEeK-
UMs An, A p«n0+p0aa (MBaKr nunaa 3apag Tawysumnap pagu-
ycnapu r0aaH rxrada 6ynraH (Lap) chepuk KatnamHu Tynam-
pagunap. (4.88) pa kentupunrad {/,(*) MHXeKUMANOBUN OU-
PUHYM TOK MMMYNbCUHUHT ONAN (PPOHTUra MOC KenraH
KyunaHu MMNYNAbCUHUHT (Makcuman) KMAMaTuHu, N2 ((3) —
TOK MMMY/IbCUHUHT KOHTAKTra Ke/imw natugarn KydnaHuil
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TYWwyBMHU aHrnatagu. LLyHpgain kunnb, 6up xmn napametp-
NN VIKKUNMaHraH uMnysnbcnapgaH ByXXyfra KenraH lix (<») Ba
OA/3) KyunaHULWNAPHUHT (DapKUHWU, UKKUHYM UMNY/bC 6O0LL-
NaHnWw navtuaa 6upuvHYN TOK UMMYNbCUAAH Xocun 6ynraH
HOMYBO3aHaT 3apaf, TallyBuunap 6unaH HamyHa yTkasyBuaH-
NUTVHW MOAYNAUMAnaHraH xonatga 6ynmwnvru éunad Ty-
WYHTUpWUNaaN. HomyBo3aHaT 3apsj TallyBumiap TakCUMoTu
cthepuk CMMMETpUS 6yiinya 6ynraHaa (4.88)

1 ir
on ~T (4.90)

6unaH ndoganaHagn. by eppa, o=al0+Ao HOMYBO3aHaT CO-
AaMwTvpma YTkaszyBuyaHNUK. Knumk gapaxanu MHXekuusga
An, Op«.no+p0pa Act«a0o6ynagn. by xonga (4.90)

av(, )=~ 1 (*+Ner,o "
21010 "o+b-p0 T 14-"1)

KypuvHULWIra Kenagu. MabnymKu cupTUil peKkomOunHaumus Ho-
MyBO3aHaT 3apsj TallyBUWIapPHUHI CUpTUra iyHanraH and-
(hy3mna OKMMUHWN BYXXyAra KentTupagn Ba HyKraBuin KOHTaKT-
AaH MHXeKUMUANaHraH 3apsg TalyBUYUIapHUHT CHEPUK CUM-
MeTpus 6yinya TakCUMOTUHUHT Oy3unuwnra onné Kenaaw.

3apag TalwyBYMIAPHUHT HaAMyHa nuura hyHanraH apend
OKMMM cupTra iyHanraH anddysnoH oOKMMUAaH Katra, SbHu
CUPTUIA PEeKOMOMHALMA TE3NUTU KUYMK, HaMyHafa 3N1eKTp
MaifoH KyunaHraHnmMru katta 6ynraHga ynapHuUHT (a3osuii
chepuK cuMmMeTpua Gylinya TakCMMOTK CaknaHaau. by wapT
HaMyHa CUpPTU YYyH

. . ®p _ ¢
MWBE » 5 €KU Enr&oo el (4.92)

KypvHuwga 6ynaan. (4.91) parv Ap(r, OHUHT Ha3apuii ugo-
Jacu 3apaf, TawyBUNIaPHUHT BUPUHYM TOK UMMNYNLCK LaBO-
MUANUTY Munumgary Ba UKKUHYM MMMYbC KEUYMKMLL BaKru /3
nymgary TaKkCUMOTNApPUHW aHWKMal opkanu xucobnaHagw.
BupvHUYM TOK MMNYNbCU AaBOMUAAWUIU MUMAA UHXKEKL WS-
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NaHraH 3apsaf TallyBUYMAAPHWHE BaKT GYinya Y3rapuLnHu
(4.92) wapT 6axxapunraHga apend, pekomonHaums xapaéH-
napuv aHuknangn. LLYHWHT yuyH cdeprk cummeTpus 6yiinya
TaKkCMM/IaHraH HOMYyBO3aHaT 3apsj TallyBYMIAPHUHT K BaKT
numga yarapuim

A=y EAAP_AO

a0 Tpn X, (4.93)

Y3NYKCU3NWNK TEHTIamagaH aHuknaHaau. (4.93) TeHrnaMaHuHr
GoLunaHFnY

bp(r, O/,.0=0 (4.94)
yerapasuii
Ao(r, 0/r=r=AP(r0 (4.95)
WapTNapHN KaHoaTNaHTUPYBYM e4nuMu
érna(r\s- r03
&P(r,1n) = Ap(r0
(r,1n) = Ap(r0)exp 10 (4.96)

6ynagn. TOK uMMNynbCMAaH UHXeKUMANaHraH 3apsj TallyBs-
YMNapHUHI HamyHara Kupumb 6opuwl macodacu r, 6unaH
MMNY/bC AaBOMWIANATA 1y opacuaarn 6ofFnaHuLL

(4.97)

TeHrnamafaH tonunagn. By TeHrnamaHu uHTerpannao,

_ A(r3- 10)

HPIC (4.98)

€Kun

(4.99)



oynuwnurnHn kypammus. LLyHaain knnmb, rx— HOMyBO3aHaT
OWVKYa 3apsf TawyBumnap TYNAaHWLW COXACUMHWMHI Yerapa-
CMHU aHrnatagn. demak, (4.96) ndopa r HK

m< < (, +m (4.100)

coxacmary 3apsg TalyBUMNAPHUHT TaKCUMOTUHK aHWKMap
3KaH.

BUPMHUM TOK MMNYNbCUHUHT TyrawmgaH MKKUHYM TOK
UMMYNbCK BOLLNAHIYHYa OYnraH Bakr opaiufMaa, SbHU Ke-
YMKMNLL BaKrn (bMyMaa HOMYBO3aHaT 3apsf TallyBYMIAPHUHT
BaKT GYlinya y3rapuunHK, yNapHUHT anddysms, pekomoun-
Hauwus >xapaéHnapy aHuknanaun. LLIyHWHT yuyH B numga aco-
CuiA 6yNmaraH 3apsp TalyBuMnap TakCMMOT (PYHKUMSACK

A=~ 4 °p Ap (47101)

Y3MYKCU3IMK TEHrNamacu opkanu tonunagu. HamyHa cupT
PEKOMOUHALMACK TE3NIN KMUMK, 30HA KOHTAaKT coxacuaa
Noo 6ynagu, feb dapas kuncak, (4.101) garn Op dakaT 6mp
KoopAMHaTa r 6unaH Bakr (yHKUMsicm 6ynagn. 3apsjg Ta-
LUYBYMNAPHUHT CPepuK CUMMETpUSA BYiinya TakCUMOTM cak-
naHagun. LLyHWHT yuyH

_r
Ap(r, D)=Apqr, ()e (4.102)

KypvHuwaa kuampamns. (4.101) TeHrnamaHuHr
Ap(r, 0/[;50 (4.103)

yerapasuin WwapTHM Ba (4.96) 6unaH aHWKIaHraH
Ap(r, O/, ud=Ap(ro, (W (4.104)
OOLUNaHFNY LLIAPTHM KAHOAT/IAHTPYBYM €4UMU TONUMAAMN, CYHT

(4.91) mHTerpan xmcobnaHagn. Hasapwii xpucobnawnap Tax-
NNN WYHU KYpcaTaguku,

206



(4.105)

XaMaa VMHXeKUusnaHraH 3apsg TawyBumnap Kupub 6opraH
macoa I, Kn4uuk

%

Ny « 2 (4.106)

6ynranga (4.91) mHTerpan
AW(/3) = consl exp - (4.107)

6unaH uoganaHagn. AKC Xonga owmnkK4a HOMyBO3aHaT 3a-
psA TallyBUYMNAPHUHT HamyHara Kupub 6opuil Macodacu
Xypa Karra 6ynca, AV (/) 6ofnaHnw 3KCNOHEHTa KOHYHM

AN()=coT 1me 'p (4.108)

6yrnya 6ynagn. Amanvérga
(4.109)

TeHrcmsnuk 6axapunraHga AW(/) HuHr y3rapuwm (4.109)
Kabn KOHYHUWAT 6yiinya cogup 6ynagn. Opataa, Oy LLapTHM
KaTTa rok Kyumia Ba KeUYMKMWLL Bakrv rpaH 3mp rava 6ynraH
opasimkda 6ynraH xonga amanra owmpull MyMKWH. Hykra-
BUIA KOHTaKTAa YTKa3yBYAH/AMKHUHI MOAynaums ycynu 6u-
NaH x HU ynuyaw KypuIMacuHUHT yusmacu 4.8-pacMmpa Ken-
TMpUAraH. VIKKunaHraH vMnynbcnu reHeparop I gaH WH-
XEKLMANOBUN HYKraBuii KOHTaKTra KapLUnInK opKam
napameTpniapy 6up xun 6ynraH MKKMTa TOK UMMYIbCK +060-
punagn. Kapwmnuru katta 6ynraH [, kapwuamk 6unaH re-
HEPaTOPHUHI Ky4/laHULL UMMNY/IbCUHW KOHTaKTAaH OKaéTraH
TOK MMMy/bcura ainnaHTmpagn. HyKTaBuil KOHTaKTa Xocws
OynraH KyunaHuw MMMynbCU AUOLAIM YO YeKnarny opKamu
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4.8-pacM. HyKTaBWii KOHTAKT YTKa3yBUAHAUTUHW MOAYNSLNSA KUAULL
ycynu 6unaH 3apsj Tawlysuunap Awall BaKTUHW Yadail KypuaMacuHUHT
cxemacu. I —TYFpu Gypuakiu UMNynsC redepatopy Oc — ocuunnorpag.

KyyainTmprny Y 6unaH Kydaintupunagm sa ocuunnorpad O
Kupuwwura 6epunagn. VIKKMnaHraH MMNynbCan reHepaTop-
HUHI CMHXPOH/IOBYM MMMY/IbCU OCLMANOrpad CUHXPOH/IOB-
un KaHanura éepunagm.

By vMnynbC GUPUHYM KyUnaHUW MMNYNbCUHUHT Kenuw
nantuga ocumnnorpad énmnmacu (passepTkacu) HW uwra
conagn Ba ocuunnorpaMMaHu TypFyH ywnab Typagu. Uk-
KUHYY TOK UMMNYIbCUHUHT KEYUKULL BaKTMHU T <(3<3rpopa-
nukaa yratmpunt (4.9-pacm), YHUHT Xap 6up kunumartmura Moc
KefraH KOHTaKTAarn KyunaHuw amnanTyganapuHUHT KWid-
mMaTu ocuunnorpammagaH Kamg KuanHue, A1/((3)= £/,(<»)-
-1/2(3=/(() xucobnaHagn Ba 1n[£/,(00)—1/")]1=/~) TyFpn
UM3UKSIN BOFNAHULLHUHT OFULI Bypyarn TaHreHcuaaH

X = (‘56 =
p Oin [E/,(»)-1/2(/3)]

3apsp, TallyBuMnap silall Bakry Tonunagn. HomyBo3aHaT 3a-
pAA TalwyBUYMNAPHUHT HYKTaBUIA KOHTAKTAA SXLUN WHXKEeKL M-

AnaHuWn yuyH -~--0,1 Taptnbaa 6ynmwn kepak. Q, —6u-

PUHYM KyUNaHWLL amnanTygacw, VMMNYNbCHUHT MOAY-
nAuMsnaHrad Kucmu. ByHu amanra owwvpuwga p — Tungarm
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KPeMHWUIA HamyHanapuga gochopnn 6poH3a 30HAN, n — Tun-
Jarn HamyHanapuia aca aJiloMUHWIA 30HAN KynnaHunaaw.

AXLWM MHXKEKLMANOBYN HYKIaBUIA KOHTAKTHU O YYyH
ofaTfa KOHTaKTra uwnios Gepunagn. BYHWHT y4yH KOHTaKT-
ra KyunaHuwm 300—400 B 6yraH y3rapmac TOK MaH6am Kucka
Myajatra ynaHagu, 6owlkava aitraHfa, CUFUMK KaTTa 3a-
PAANAHTaH KOHAEHCATOp KOHTaKT OpKann pa3psagnaHagun (3a-
psacvsnaHagm). Opataa, MOHOKPUCTaIN KyiiMa HamyHanap-
Ja T HW Ynyawga yHM éH TOMOHMra to3ack 1cM2 gjaH Kam
6ynmaraH nannaguii, HUKeNb napAanapuHn yTKasuw Exu
NHAWA-TanNnin, antoMUHWA-raninii nactanapuHy Cypkall
6vnaH OM KOHTaKTW OnvHagw.

LLlai6a wakngarn HaMmyHanapga r H4 yndaiiga 4-xaasan-
[a KeNTUpUnraH 3apsg TalyBYMNapHUHT CUPTUIA Allall Bak-
TUHW 3bTUbOpra onuw Kepak. KanvH waibanapga 6y ycyn
6unaH ynyaHraH r xaMm HamyHa CUPTWIA PEKOMOWHaLNA Tes-
nurura Kydycus 6ofnaHraH. Oparga, UMMy/bCNapHUHE Tak-
popnaHunwl Yactotacu 50-°200 'y TapTMbMAa onmMHagn. YyH-
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KN VKKUTA KeTMa-KeT KenaéTraH uMnybcnap opacugaryt BakT-
[la HamyHa MyBO3aHaT Xxo/ana 3puwmnb ynrypuwimn Kepak.
Haszapuii xucobnapHuHr KypcaTuwumya, (4.107) Ba (4.108)
ngoganap xamga (4.105) sa (4.109) wapTnapgaH r ra ToK
UMMYNbCUHWHT amnanTyaacu, 4aBOMUANIUTA, KEYUKULL Bak-
TN TabCUp KypcaTULLIM MYMKWH. Taxpuba HaTudXanapuHUHT
Tacguknawnya, ToOK UMMYNbCUHUHT AaBOMUANNTA OLLMLLIN
6unaH 3ca r HUHI KuiimaTn opTnb Gopaam Ba MMMY/bC AaBO-
MUANUTMHUHT KWAMATN XXKMUIA Silall Bakrn Taptmomnaa éku
YHAaH Katra > 1,5r, 6ynca, r HAHT (ura 60FNaHULLIN TyXTai-
On. AHa WyHaalh 60fFnaHuLL MMNY/bC TOKM BunaH Xam Ky3a-
Tunagn. TOK OpTULIK 6unaH r opta 60pnb gommnii Kuiimatra
MHTUNAAN. AKC X0Aa, KEYMKULL BAKTUHUHT KMYMK KMiAmaT-
napuaa ynyaw r HAHT nacanTupunraH KuiiMatvHu bepaam.
By ycyn 6unaH conuwitupma Kapwimauru 0,5-*500 Om. cm
p — TUN HamyHanap y4yyH Awail Baktu r>2,8 MKC, n —Tun
HaMyHanap y4yH aca r>7,7 MKc 6ynraH KpeMHWUiA HamyHana-
puga ynyaw TaBcus atunagun. 3apsag TalyBumniap swatl Bakru
T<100 mKC 6ynca, caiikannoBun KyKyH 6unaH calikannaHraH
HaMyHanapga r Hu ynyaw MyMKuH. Ogatga r H1 ynvaw opa-
NVK gapaxanu nHxekums Ap~p0 aa yTkasunaan. byHaa énm-
WNLW MapKasnapu 3apaf Tawysuunap 6unaH Tyngupunagn
Ba TabCcupu ykoTunaan. Taxpuba YTKasuiwga tokopuaa Kaig,
KWUIWHIaH WwapTnap 6akapunradgar HY ynyaw xatocu +20%
JaH owmanan. by ycynHuWHr 6olika ycynnapra HucbataH
ahzannmknapura KonnekTop KOHTakKTUHW ONnw Tanab aTun-
MaCIUTUHW, CUPT X0naTura Kam Ce3rmpanurvHn, I HU TeMne-
patypara O0fFIMKAUTMHTLUT €HIUA YIYaHWULLMHK, YCY/IHU CO-
amwtupma Kapwvnurm 0,1:100 Om. cM TapTubupa 6ynraH
ApUMYTKasruynapga, macanaH, KpeMHWA, repmMaHuid, ranuii
apceHura Kynnaw MyMKUHAUTUHW KypcaTuwl 1I03UM.

6. P-n yTuw opkanu T HX 3apajg TalwlyBunnap MH>KeKumacu-
ra acocnaHraH yndaiu ycynm

By yCynHu p-n YTUWHUHT YTuL (NEPeX0oaHoit) TaBcudun-
Jary Teckapu TOKMHUHT TUKMIaHUL BakKrMMHM Ynyalura acoc-
NaHraH. YHUHT MOXUSTU WyHAaH nbopaTKu./bn yTuwira TyFpu
MyHanuwaa ToK tobopunaan Ba 6uMp 03 BakTAaH CYHI TOK
KYTOWM KeCKWH y3rapTupunagn (Teckapu WyHanuwigarn TOK
UMNyNbCW ynaHagy). P-n YTUWAAH ONMHIAH KyunaHuw Ba
TOK ocumnniorpammanapm 4.106, B-pacmia Kentupuirad Kypu-
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4.10-pacM. YTKUHuUM XapaéHnapuuur p-n
yTuwpgarn TokK (a), KyunaHmw (6) ocuun-
norpammacu. /M— “UMNynbC JaBOMWUANNTY:
[/ — UMNyNbC KeYMKMLL BaKTH.

Huwgarn waknga 6ynagu. ByHpa
cogup 6ynraH p-n ytuwgarn @usnk
XapaéHnapHu Kuckada Taxaun
Kunainuk. TyFpu AyHanuwparn ToK

( wmnynbcu 6GepunraH nantga Auog
nuynga (katnamuga) acocuii 6ynma-
raH HomyBO3aHaT 3apsAj Tawysuunnap
UHXeKUunsanaHagn. bup 03 BakTaaH
CYHI fumoffa ctaynoHap xonat ypHa-
Tnnagn. Knunk gapaxanum nHxekuus
An, Ap « n 0+p0pa y3yH guognapga 3apaj TawyBUYMAAPHUHT

TakcumoTn Ap(x)=Ap(0) | p 6unaH aHMkKNaHagn. TOKHWUHT

KYT6MHW y3rapTupraHfjaH CYHI WHXeKuusnaHraH sapsjg Tta-
WyBYMIap KOHUEHTpauusacu ynapHUHI pekKombuHaumacu Ba
p-n yTvw opkanu TopTu6 (cypmnub) onuHUWKN Tydannm kKa-
mMasgn. P-n yTuw coxaCMHWHT SKUHWAA 3apsAj Tawysuunap
KOHLEeHTpaumsacu mMyBO3aHaTWil 3apsaj TawyBumnap KOHUEeH-
TpauyuacupaH kKatta 6ynraHun ydyH p-n yTuw o4YukK xonatga
6ynn6, KyunaHuw wmycbat, TOK AMOAra ynaHraH Kapwuimk
6unaH 4yeknaHraH 6Yynagu. BakT yTa 6ownawm 6unaH p-n
yTnw énuna 6ownangn, 6y xapaéH TecKapu TOKHWHT Tyiu-
HULW TOKMra TeHr 6YnryHya gaBom 3Tagu. HomyBo3aHaT 3a-
psAf4 TaWwyBYMNAPHMHT AWwal BaKTW KaH4ya KaTTa 6ynca, ynap-
HUHT MWYKOMMWMKW WyHYa Kyn BaKT faBoM 3Tagu. Hasapwii
xmcobnawnapHuHr, Taxpuba HaTvXanapuHUHI KypcaTuwu-
Yya, gvopgarun TYFpU MyHanuwgarn TOKHWHT Teckapu WyHa-
auwgarn TOKKa ynaHuwgaH xocuna 6ynraH Ky4dnaHuw, FoK
3nHanoAnapu gaBoMmunnnru T3apajg Tawysymunap swaw BakTu
r, TyFpu TOK / Ba Teckapu ToK /djp 6unaH Kyhugarm MyHO-
cabaTt 6unaH 6ofFnaHraH:

by epga:
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r &
ey, =~ [ exp(42Ne (4.111)

TYFpn TOK Teckapu TOKKa TeHr 1np=106p 6ynraHaa,
T=0,23r (4.112)

6ynagn. by ycynHu HucbaTaH KaTTa 6ynraH 3apsj TallyByn-
nap slWwall Bakrv r H aHuMknawra xam Tatouk Kuamw mym-

KUH. Xucobnaw gopmynacy (4.110) HW —22- < 2 TEHICU3NNK

b6akapunraH xonga onganaHul MyMKWH.

By ycyn 6unaH r ynuaw KypuiMacuHUHI ymsamacu 4.11-
pacMja KentupuaraH. Bupn MKKMHYNCUHWHT KeTuaaH KeTyB-
un Mycbat, MaHQUA KYyTOMIMK TOK UMMYbCUHN 0NN UMKO-
HUHW 6epagnraH MKKUNaHraH uMmnynscan (Macanad, M-5-7A,
FMC-2 tunugarn) reHepatop KynnaHwnagw. eHepatopgaH
Myc6aT Ba MaH(UIN KyT6aM 6YnraH MKKUnaHrad TOK UMMy b-
cv p-n ytuwra 6epunranga ocuunnorpad O 6unaH Kyuyna-
HWLW, €KW TOK ocumniorpaMmMacy Kang KuivmHagu.

Ocuunnogad reHepaTOPHUHI CUHXPOHIOBYY UMMY/bCU
6rnaH KyTuLl innmacu pexxumuga uiinaagun, 6y émnaH oc-
umnnorpammaHmn ocuunnorpad akpaHuga TypFyH TyTraH 6y-
namms.

YcynHu 60wka 6up BapuaHTMAa KUYMK 3apsj Tawysuu-
nap siwail BaKrnHW Y-
yalwl yyyH p-n yTuwra
Teckapu WyHanuwpaa fo-
VMU KyunaHuw Kynun-
raH 6ynagw, KaHgawngmp
Bakrga (dypcarga) reHe-
patopfaH opka (pOHTU
TUK 6YnraH Kucka WM-
nynec 6epunaamn. by ycyn
6unaH 6up Heya HaHoce-
KyHagaH TO 10-4 ¢ rava
6ynraH 3apsig TawyB4u-

4.11-pac™m. P-n yTuwiga nHxXekumsa- nap fAwawl BaKTUHU S’/n—

aKCTpauuns ycynm 6unan | -Hu aluknaw gy MYMKMH
KYPWUIMACUHUHT CXeMacm. '
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4.5 8. HomyBo3aHaT 3apsg Tawlysuuiap napameTpriapyiHi
YYalLHAUE CTaumMoHap ycyniapm

a. CTaumnoHap (hoToyTKasyBYaHNMKAAH 3apsf TallyBynnap
AlWlaw BaKTUHW aHuK/aLl ycynnapu

Epyfink Tabcupuga spumyTKasruunapia HoMyBo3aHaT
3apAaf TaWwyBUYMAAPHW TeHepauusnaHuWwn, SbHU HOTOUHXKEK-
umacu Tydainm, ynapHUHT KapluanruHm éku YTkasyBuaH-
NINTUHWHT Y3rapmwnHu (hoToKapLnamk) ¢oToyTKasdyBYaH-
nuK athgekTn (xoamcacu) aeb atanagn. 3oHanapapo 3MeKT-
POH yTuwinapn 6unaH 60fFNnK HOTOYTKAa3yBUYAHINKHUHT Y3YH
TYNKUH Yerapacu, Xycycuid IoTUIMLL Yyerapacura moc Kenmo,
KYn SipUMyTKasrnunapga, macanaH, KpeMHWIA, repMaHuii,
B5 TypkymMugarn apumyTKasruunap ydyH &pyfFauk CnekTpu-
HUHT KYy3ra KypuHaguraH Ba UHGpaKn3mn coxacmaa etaau.

Y3YHAUTW a, 3HW b, KAMUHAWUTK i 6YnraH HamyHaHu 1 =0
CUPTK (POTOH 3HEPruacKu ka)>Es 6ynraH EpyFivk okuMun 6u-
naH éputunraH 6yncuH (4.1-pacm). HamyHaga HOMYBO3aHa-
TUIA 3apaj TalWwyBUMMAPHWUHT HOTEKUC TeHepauusnaHuiiun
coamp 6ynauu Ba reHepauus Te3nurn %=a(s51°(1-K)/~ 6unax
aHuknaHagn. HamyHaga a>b>& 6YncuH geb kapacak, YHUHT
3PKUH EH cupTnapugarn pekomouHauusaHu xucobra onmac-
NNK MYMKWH Ba HamyHaHu OM KOHTakTnapugaH (1+ 3)2 ma-
cohaga 6ynraH kucMu EpuTuaraHga macana oup ynyamam
6ynagn Ba YHWHI T— YKura TUK AyHanuwgarn oToyTka-
3yBYaH/MK (4.26) ra Kypa énuwunw mapKasnapu 6ynmaraHga,
3M1EKTP HEeNTpannuk Wwaptm AM=AP 6axapuaraH xonja

AC = -a( p E/) +p,,)AP (4.113)
KYpUHULWIHK onagun. by epaa,

AP = /OAp(r)l‘/’ll (4.114)

HomyBo3aHaT 3apsif TallyBUMMApHUHT ypTaya KOHLEHTpa-
LMSACUHM

1A

Ap :-;%Ap(r)m = (4.115)

0
6unaH Genrunacak, y xonga (4.113)
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NCc=— (*. +INAIT® (4.116)

6unaH udoganaHaan. Ysrapmac TOK MaH6anra ynaHraH Ha-
MyHajaH y3rapmac TOK (TOK reHepaTopu) pexxummaa ToK yTKa-
3nnraHga, MOTOMHXEKUMSANAHTaH 3apsj TalyBuunapiaH co-
Anp 6ynraH HamyHagaru KyynaHuw TYLWYBWHWHT Y3rapuiiu

AY = AK1 = KWIAC =~ - (4 n+ up)APp  (4.117)

KypuHuwaa 6ynagun. (4.114) parv Op(r) HWU EpyFNunK reHepa-
uMacK, 3apsag TawyBYUIAPHUHT XKMURA, CUPTUIA peKoMou-
Haumsanapu Ba guddysmsacy >xapaéHnapu aHuknangu. LLy-
HUHT yuyH Ap(x) KyiAungaru 6up ynyamam ctauuoHap ysnyk-
CU3NUK KyAnZarn TeHraMaHUHT edynuMngaH Tonunagu.

+ a%cr(l~Ky)e~ar =0 (4.118)
* 2 oP
YHUHT YMYMUWIA e4rMm
/ . / r\
= +B + foxPe
Ap (r) Aexp\bgl exp v ) (4n19>

KypuHuwaa 6ynagu. NHTterpannaw goumuiinapn A Ba B

c\p(r) -50p(it) (4.120)

yerapaBuii WwapTnapgaH Tonunagn. TonuaraH /1 Ba B napHu
(4.119) ra kynn6, (4.115) gaH Apg xucobnaHagn. YMymaH
onraHga Apg HM ugogacu Katta, Taxpuba HaTuXanapuHu
TaxNnn Kunuwra Mypakkabnuk kunagu. JIeKMH YHUHT aco-
cuga Kyn XycyCuil xonnapHu Taxaua KUAuW MyMKWUH Ba ama-
NNETAa TaTOMK KAWL YUyH Kynaii cojuanairan mcpo,u,anap-
HU 0N MYMKWH. BynapHUHT 6ab3n GUPUHN KYpaninuk.
1 EpPYyf/IMKHM Kyunu fapaxagarun oTuamw Mw>E coxa-

cuga HOMYyBO3aHaT 3apaf TallyBUYMAAPHUHT CUPTUIA reHepa-
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umnsicu coamp 6ynagn. By coxaga CMpTWIA reHepauus Te3nuru
r, cmZc ac!'>1 ab> 1, a» n 6ynagu. bynapaaH Tawkapw,

HamyHa tonka c!/2,<\ geb apas kuncak, yHga

Arri? 97

Irb a'!

KypuHuwra kenagn. ®oToyTKazyBUYaHNMKAA XaXKMUIA peKOM-

. 125 .
H6UHaLMs aHUKNOBYN XapaéH byica, > — 6ynagn. ¥ xonga

bPulb?*/* (4n22>

6unaH ugoganaHagn. Arap ©oTOyTKasyBYaHIMKKA CUPT pe-
KOMOUHALMACUHUHT TabCUPU XKMUIA peKoMOUHaunara Huc-
6aTaH KaTTa, fAbHM CUPT PEKOMOGMHaLMACKH TE3IMIU KaTra,

- 78 1 _.
HamyHa tonka 6ynca, — » - 6ynagn Ba Apg HUHT ndogacu

Opo=8/2$ (4.123)

KYpuHULWITA Kenagu.

2. HamyHaja EpyfFinMKHU Kyucu3 HOTUIULW coxacuaa Ho-
MyBO3aHaT 3apsif TallyBUMAPHMHT XXKMWUA FeHepauuscy,
AbHW TEKUC reHepauuanaHuwm cogup 6ynagun. by xonga xax-

MWIA reHepauunsa Te3nuru -Ky)em~1~" a2«1,
acl« 1, KaNMH HaMyHa Y4yH 3ca

JPep="0Tp (4Nn24)
6ynaan, HaMyHa tornka CMPT peKOMOMHALMACK TE3ANTU

KaTTa 6ynraHaa,

n £0"2
onp=— - (4.125)

KYPUHUW onagn, SHAM HKOpuAa KenTupuaraH MyHocabaT-
nap acocuaa TaxpubagaH x Ba £ HW aHUKNAWHW Kypainuk.
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Taxpubaga épuTuaraH HamyHaga hoToyTKasyBYaHINKAAH
coamp 6ynraH KyuynaHuw TYLWYBWHWHT Y3rapuiinHu Ynuao,
(4.117) paH r HXM 5 HM aHUKNaW MYMKuUH. CTayunoHap oTo-
YyTKa3yBUYaHIMKHW Kaiicu napameTpnap (r, /) aHWKNawWuHK
TEKLWUPULL YUYYH Xap XU KanMHAKKLAru HamyHanapga yn4oB
YTKasnw Mmakcaara myBoguk 6ynagn. Arap curHan AV Hamy-

Ha KaMHIMTK & HW Kamaduwun 6unaH T oyiinya opTnb

6opca, (4.117) Ba (4.122) napra kypa, AFra acocuii Tabcup
KypcaTyBuu napameTp I 6ynaan. Arap acocuii Tabcmp Kypca-
TyBUM napameTp 8 6ynca, HAMyHa KalUHAUTUHUHT Kamainu-
Wwn 6unad curHan AV (4.117) Ba (4.123) ra kypa 6yinua
opTM6 Gopaaw.

YnuaHraH [V 6yinya r ékn 5 HM aHUKNaW y4yH O6yHAaaH
TallKapn 3apsAg TawyBUMIAPHUHT CUPTUIA EKU XKMWIA Te-
Hepauus Te3nuknapuHy 6unuw kepak 6ynagn. Koaddpuuum-
EHTNapM ap MabayM BOYnraH ApUMTYKasruunap y4yH Hamy-
Hara TywaétraH épyfninK MHTEHCUBAUTI [N HW BUNMW eTap-
nn 6ynagn. BYHWHT YuYyH EpyFAMK CMEeKTPUHWHE Teruwim
coxacura ces3rup, ofiAMHAAH AapaxanaHraH ucrtanraH ¢oTo-
Kabyn KMATMYnapHn Kynnaw MyMKWH. a Ba /3 KOahpuuneHT-
napw HOaHWK 6ynraH xonnapfa reHepauus Te3nnrn# HM aHuk-
nall yyyH TeKWwmnpunaéTraH matepmaniapgaH fcanraH noTeH-
unan Tycuknn (p-n ytmw, p-1-n Ba LWoTTkM anoanapu)
(hoTOKAOYNKUNTUYNAPHU KYNnnal Makcagra MyBogukaup. by
(hoTOKabynkunrnunap 6upra aKuH ysraptupui Koagphuum-
EHTN 6unaH KBaHT OKMMUWHW 3apaf TallyBuuiap OKUMWUra,
AbHW TOKKa alinaHTupagu, SbHU

7=20 (4.126)

6ynaan. by epga, Y0 — (hOTOKAOGYNKUATUUYHUHT EPYFIMKKA
CEe3rmp COXaCMHUHT XaKMU. (4.126) gaH (hOTOTOK /Ba XaKMU
YO HU 6unraH xonga £ aHuKnaHagn. 3apsag TawyBUUNapHUHT
Awall BakrMHU aHuWkNawgda, 6ynapgaH Talkapu, YnapHUHT
XapakaTyaHaurn, HaMyHaHUHT TeOMeTPUK ynyamnapuHm 6u-
N Kepak 6Ynagu. by ycynga xap Xxun HamyHanapga ynyaH-
raH Kyn napameTpiapHUHT KaTHawuwmn Tydainnm, rKopu
6ynmaraH aHuMknmkaa 20—30%, 6ab3aH yHAaH KaTTa G6ynraH

216



XaTo/IMK 6unaH | HW aHMKNaw MyMKUH. JTekuH 6y ycyn 6um-
NaH 3apsg TawyBYMAAPHUHT XYyfa KUYMK Aall BakTapuHM
10"9—10D0c raya ynyaw MymkuH. CTaumoHap poTOyTKa3yB-
YaHAMK ycynu 6unaH | Hu ynuawgary acocuin XaTtoimk MaH-
6an cmaTnga éNUWnLL MapKaslapuHUHT TabCUPUHM KYpca-
T MYMKWH. ENUWINLW MapKasWHWHT TabCupu repmaHuniiga
273 K paH, KpemHuinga 400 K gaH nacT TemnepaTypanapga
HamMOE&H 6Yynagu. B5 6upukmanapuga énuwmiw mapkasna-
PVHWHI caTXU OfUWiA 3nemMeHTap ApMMYTKasrnunapHUKMaaH
tokopu. LUYHUHT yuyH ynapra 6y ycynHU Kynnaw YeknaH-
raH. MabyMKu, SpUMyTKasrnuiapga énumwmnil mapkasm mas-
Xyn 6Ynca, aNeKTPOH, KOBaK fillall Bakrnapy TeHr 6ynmaii-
an. Arap énuwuni Mapkasnapu TOMOHUAAH YLiaHraH 3ek-
TPOH KOHUeHTpauusicmHu E)n3 6unaH 6Genrmnacak, 3nekTp
HeRTpanAnK WwapTu

Ap=An+Ans (4.127)
KYpuHnwaa 6ynagn. 3NeKTPOH, KOBAaKHWHI PEKOMOUHauuA
Te3/IMKNAPUHUHT BUp-6upura TEHrNUrMaaH

An fp  Aon+gn
(4-128)

A=l 17 (4.129)

oyNMWwAnrnuHy Kypammns. by ctaumoHap oToyTKasyBYaHINK-
HWHT y3rapuiumra xamaa HoctauMoHap POTOTOKHUHT YCuliu
Ba MacaiuluMra TabCcup Kypcatagu. by xoaua SHrM xapakre-
PUCTUK KaTTaNMK (hOTOYTKa3yBYAHAMKHUHT 3((eKTMB CTa-
UMOHap Awall BakKTU TylyH4Yacu kuputunagu. CrauuoHap
hOTOYTKa3yBYaH/IMKHU

BAMap K+ p)* (4.130)
ngpogacngaH, r™ Hu

_ Uxn + PpX

Tob Pn+Wp

O6unaH aHWKNaHUWKWHKU Kypamu3. CTauuoHap (POTOYTKa3ys-
YaHMKAaH TOMWATaH 3apsj TawyByYMaap fawl Bakrn ymy-
MWIA XONAa 3NEKTPOH, KOBaK fillall BaKrnapura, xapakat-
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Y3HAnKnapura 60FnmK. Arap ENUILKNL MapKa3napuHUHT KOH-
LeHTpaumsacu Knumk An«An 6ynca, ynapHUHI TabCUPUHNU
3bTMOOPra 0AMac/INK MyMKWH. Y xonga T A=Tr=Tp 6ynaau.
CrayuoHap (hoTOYTKa3yBYaHAMKHU YA4all ycynura acociaH-
FraHr HW aHMKNaW KypuamanapugaH 6UPUHUHT ynamacu 4.14-
pacmpa kentupunrad. Ogarga, hoToyTKasyBYaHANK CUTHANN
AV KNuYnK papaxanu uHxekumaga 00 « CO ynuaHagu. AV
HU Ynyaw WyHAak pexumaa YTKasuauwm Kepakku, OV ou-
naH [10 opacugaru 60fn1aHnIL Yn3nknm 6yncmMH. KOknama Kap-
WKUANK Ku HamyHa kapwunurun (OC+CO~r gaH katTa
KH>(AC+ C0O~16ynraHga, 3aHXupaaH OKaéTraH TOK HaMyHa
puTnnraHga xam ysrapmac caknaHagu. by yarapmac Tok (TOK
reHepartopu) pexumu feb toputunagn. byHpa HamyHajga
ynuaHraH AV 6unaH AC opacupary G0fnaHuLl YU3UKIK
OF-OC6ynagn. KOknama KaplnaMK KH HamyHa KapLivauru
(AC +0u)-1 gaH KMYMK 6YynraHga, $H AaH ynyaHraH Kyudna-
HULWW TYLWYBWHUHT y3rapuwu [V 6unaH (poToyTKasyBuaHINK
opacuparn 6ofnaHu xaMm 4Yusuknu 6ynagn. by pexumpga
HaMyHaHW épUTULL HamyHa Ba HOKNama Kaplwuauk opacuia
MyXMM fapaxafa KyuynaHuw (3nekTp MailfOHHUHT) KaiTa
TakCMMnaHuwnra onnb Kenmaiaum, 6uHoGapuH, HamyHara
KYAnnraH anekTp MaigoHW KOPOHFMAA Ba EPUTUMTAHAA XaM
y3rapmac cakfiaHagu. LLYHUHT yuyH y y3rapmac MaingoH (Kyu-
naHuw) pexunmun geé toputunagn. CtaunoHap QoToyTKasys-
YaHMKHUHT EKM 60LWKA (DOTO3NEKTPUK X0AMCanapHu ynyaru-
[la MHTEHCMBAWTU GYiinya TYFpyu Gypyaknm moaynsumsnaH-
raH EpyfIMK UMNYNbCUHWHT 4aBOMUAINTN OpaIFNAari Bakr
numpa HoTOo3NeKTPUK KapaéHnap cTaumoHap xonarra spu-
LWN6 Ba MKKMTA KETMa-KeT EPYFIUK UMMYIbCU Opacujaru Bakr
nynfa HamyHa TepMOAMHAMWUK MyBO3aHaT xonatura Kenmo
YATYPULLK Kepak.

By WapTHUHT Baxapuauwun yuyyH UMNybC 4aBOMUANUTM
Ba UKKW UMNY/bC OpannFmaarn Bakr hoToafNekKTpuK xomamca-
nap (apheKTnap)HUHI XapakTepucTuK penakcaumns sakru (,
’{pen gaH KatTa 6ynuMwn Kepak. JIeKMH 6yHaa EpyFnvK nm-
NYNAbCUHUHT KYyTapuauw, nacainuw poHTNApUHUHT Bakru-
ra Xed kaHgan yeknawnap kynunmangu. Arap yndawga cu-
Hycomga 6yiimya mogynaumsinaHraH épyfnvkpaH doipgana-
HUACA, YHWHI AaBpu LWYHAaR KaTTa OYNMWM Kepakku,
HaTwKafa uctanraH xap 6up Bakrga >apaéHnapHu Ksasu-
CTaunoHap Aeb xucobnall MyMKUH 6YNCMH. KynuHua AY
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4.12-pacMm. CTaumoHap (hoTOYTKalyBUYaH/MKHU Ynyall cxemacu;
V — BoNbTMETP, MX— MOHOXpamaTop; Y — Ky4antupruu.

YAFOTYBUN EPYFIMK UHTEHCUBAUTUHUHT ra HucbartaH

P
eTapin KNYMK MOAYNALMS YacToTanapuga y3rapyByaH CWUr-
Han Kyyaltupruunapu 6unaH ynuaHagu. by ynuaw >kapaé-
HUHU OCOHMAWTUPAAN, KUUYUK CUTHannapra CesrupanruHu
owMpagM Ba TP HM Ynuaw 4verapacuHW KUYMK Kuiimatnap
TOMOHra KeHraiitupagu. ETapnuua katta JaBOMURNNKAK
TYFpU Bypuyaknyu EpyFIMK UMNYALCUHU XOCU/T KWW YUyH
TYypAu mogynatopnap kKynnaHunagu. CekTopan KYypuHULaa
épuknapn 6ynraH AUCK ainaHraHga épyfiuk OKUMUHU [aB-
puii paBuWga AUCKHWUHT CeKTopnapu énué Typagu, YHWHT
WHTEHCUBAUTMHW MOLYnsaunanangm. (4.12-pacm): yHaa TyFpu
Oypuaknu pyFankK UMNynbCu Xocun kunmHagu. KysrycumoH
mMofynsaTopnapha anaHyBuM KysryfaH KaTraH épyFank Hypu
ONTUK TU3UM KMPULI TUPKULLIUHW Kecub yTnb, TyFpu Oyp-
yaknn EpyFaMK MMMYAbCUHU LIAKNNaHTMPaau. dNeKkTpoau-
HaMWK 3aTBOPAMN MOAYNATOp 3J1eKTp TOKM YTub TypraH fan-
Tak 6unaH MarHUT MaliOHHUHT TabCMpnalWnLWNra acocaH-
raH. Arap fantakuaH TOK MMMyAbCW yTKaswica, y MarHuT
MakfoHUAa CUMDKUIAAN Ba EPYFINK OKUMUHW TYycub TypraH
napAaHu xapakatra kKentupagu. by mopgynatopnap 6unaH
ONMHIaH EpYFIUK MMMYNbCAAPUHUHT KYTapuauw Ba naca-
1w BakTnapura HucbataH KatTta (10°4:10"5)C 6ynraHn yuyH
(hOTO3NEKTPUK XXapaBHNap KNHETUKACUHW YpraHuwra Kynna-
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HUMarkgn. ®oToyTKasyBYaHIMKHM Ynualiaa maHb6a Hypna-
HULWWHWUHT Kepaknu crnekTpan OpaiuFUHKN aXpatué onuuw
YYyH MOHOXpOMaTopiap wwniatunagn. 3apsg TawyBuuiap-
HW HamyHaHUHT GYTyH xaxmuia 6up Tekuc nango Kuamo
TYpULW YYyH ONTWK (uabTpnapgaH oiganaHunagu, ynap
épaammaa TUW KO3MPUUNEHTUHN KNYNK BYnaguraH xycy-
CUIA IOTUAULLI Yerapacura TYFpy KenaguraH y3yH TYnKWHNap-
HUHT TOp opanufu axpatub onuHagu. Amanga KynuHuya oy
Makcaf Y4YyH TeKwupunaéTraH HamyHafja ficairaH fpumyT-
Kasrmy MOALAHUHT Y3ufaH KUAWHIaH QunbTpnapgaH (oii-
fJanaHnnagun 8Kn xap Xun nasepnapHUHr HypnaHuwmnaax ¢oi-
JanaHunagm.

6. POTOYyTKa3yBYAHNMKHWNHT CNeKTpan 60fnaHuWngaH Spum-
yTKasrnynap napameTpaapvHU aHUKnaLl ycynnapu

®oToyTKazyBYaHNNK AC HUHT cnekTpan (EpyFanK TYIKUH
Y3YHAUIUra) 60fnaHnWmn OYANHUHT Y3YHAUTU &, SHUHUHT
Y3YHAUTU b, KAIUHAUTK ¢! faH KaTra a>b»c! 6yaraH nnac-
TWHA WakKIngaru HamyHa ctaumoHap (oToyTKasyBYaH/IMK
(4.113) ndogacura kupraH (4.114) 6unaH ndoganaHraH AP
HWHT TaxAnnu acocmja ypraHunagm. HomyBosaHat 3apsij Ta-
WwyBYmnap TakcumoTn Op (r) y3nykcmsnuk teHrnama (4.11)cu
HWUHT YerapaBuii waptnapu (4.120) HWM KaHOATNAHTUPYBUU
eynumMmanp.

HOTnanw KoappuumeHT (TYNKUH Y3YHAUTU) Xap XWi
6ynraH EpyFanK opkanu ApMMYTKasrMyHW yiRFOTUIL GUnaH,
YHUHT X@KMWUZa, cupTuga 3apsag TawyBUMAapHUHT guddy-
314, peKOMBUHaLMA KapaéHNapy yuyH Xap Xun LWapouT sipa-
TMW MYMKWH. Taxpuba HaTuxanapugaH, Hasapuii Tekwu-
punapiaH MabiyMKu, EpYFMKHUHT XYCYCWil IOTUANLW Ye-
rapacMHWHI KWYKK crnektpan opanmin AM”MO,1+0,2 3B fa
TUANW KO3 dULUMEHTN 30Hanap Tysunuwmura kapab 0 gaH
T0 105 cM-1 rava y3rapagu. EPYFIMKHUHT XyCyCWii OTUANLL
CMEKTPUHUHT KUCKa TYNKNH Y3YHNK coxacuia loTUAUL KO-
3 OUUNEHTN KaTTa, WYHUHT Y4YyH 3apaf TawyBUMIapHUHT
CUPTUIA TeHepauuanaHUWIK coaup 6ynagn. Xucobnawnap-
HUHT KYpcaTulimya a it » 1 6ynraHga, (4.114) ndoga

1
gor 1t 0 1+a2
a $2

"fL+ = clk—y I
i 22
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6uUnaH aHukKnaHagn. EpyFInKHM HamyHagaH KUCMaH Kaitu-
LWMHKM xMcobra onraHga reHepauyms Tesnurn £0=a/a(1-10//n'
KYpuHuwaa 6ynagm. HamyHa kanuH #i»2b 6ynca, (4>A2

eTapnm), ct— —1 6ynagn Ba (4.131)

a 1+51./b \ £ 1l+ab) n n

KYpUHUWAa 6Ynaan. EPYFAMKHUHE Kyunnm oTuauw a2> 1
coxacuga

ap=M -——- e 1+—-) (4 133)
a (X+3b/in) \ i a)

6unaH ndoganaHagn. AP LOTUANLI KO3DPULNEHTUHUHT Op-
TUWW 6unaH a ra 60FNMK GYnMaraH, NeKUH CUPTUIA PeKOM-
6uHaumsa Tesnurura 60FNUK 6YNraH acMMNTOTUK Kuiimatra
VHTUNaAN. a-»00 Aa

Ao/ N\ KPAP(0O)!=  ---mmmmmmmmmmmemeeeee /14 134\
b (1+wnb/O)

KYPUHULWHW onagu. Xycycuil IOTUANW CNEKTPUHUHT Y3YH
TYNKWHU Y3YHINK COXacuia TUanW Ko3aphuumneHTn a Ka-
Manuwmy Tyainm, ¢GoToyTKasyByaHIMK AC KECKUH KaMas-
an. WyHpaid kunn6, xycycuid lotuaun coxacmaa AC Makcu-
mymra apuwaan (4.13-pacm). (4.131) Ba (4.134) ugoganap
6unaH aHWKnaHaguraH cTauuoHap (oToyTKasyBYaHNUK AC

4.13-pacMm. 4,C(a)_ AC(oT)

HUCOATHUHT EPYFINKHN OTUANLL
KO3(h(pULMeHTUN a ra 6oFINKIUTN.
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HUHT ngogacn (4.113) ra TYFpuaaH-TyFpu GOTOH 3HEPTUSCK
EKN EpPYFNNK TYNKWUH Y3YHAUTWM KupMaraH 6ynca xam AC(b>)
Ekn AC(X) 60FnaHUL MaBXYLAUTUHU Kypamus. AC HUHT By
cnekTpan 60fFNaHULWIN EPYFANKHUHT OTUANLW KO3 (PULMEH-
TW a HK, 3apsAg TalyBUYMIap KBAHT YUKULL KOIPHULNEHTH

HW, EPYFIMKHWHT HaMyHafaH KanTuwl KoappuumneHTn Ky Hu
EPYFNVNK TYNKWH Y3yHAUTAra GOFANKAMTK Tydaiinn HamoéH
6ynagn. ®oToyTKazyBYaHIUKHUHT CNeKTpan GOFnaHuLK
AC(a) ékn O(7(A) HM yy coxara axpatuw MyMKWH. AC HK

a—6VIJ'IaH YN3NKN 60FnaHuLL coxacura AC HM aCMMNOTOTUK

KMiAMaT AC(oo) ra 3puLIMLL cOoXacura xamfa a HWHI Kamali-
MWW 6UnaH AC HM Kamaiinll coxacura axpatuw MyMKUH.

AC HUWHT a—6vmaH 6ofnaHnw coxacu (4.133) ndopara Kypa,

ACp | =A (4.135)

)

6unaH noganalwn MyMKuH. by 6ofnaHmwgaH A Ba §, = >

KaTTanvknap Tonunagn. BYHWHT yuyH EpyFInMK UHXEKLUs-
CUHVHT TETUWN COXacmuaarn xap Xun TYaKWH y3yHIUKLa Xap

XUN OTUANW KO3PhUUMEHTM a ga AC HKU Ynyab AC=/|—

60FNaHMLW Ym3mnagn. Arap HamyHaHUHr 60LWKa TOMOHMAA
CUPTUIA peKOMOUHALLWUSA Te3nurK 5r 6ynca, 6y TOMOHUHN épu-
TMwgarn oToyTKaszyBYaHANK

11
AC =R (4.136)

6ynagn Ba yHAaH H2Ba a2 KaTTanuknap Tonunagu. Tonmarau
Ap A2 a,, a2 Katranuknap acocmga anddysmoH y3yHInMK 2B

yT—-b-r @ansr>
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thopmyna 6unaH xmcobnaHagn. Arap Kapama-Kapliun TOMOH-
napmjaa 6ynca, y Xon4a HaMmyHa CUPTUra KKK XU WL-
nos 6epunagn. VIkky xun uwnoefaH yTraH HaMyHa (hoTo-
YTKasyBUYaHAMKAAH TONWAraH a2 a, KaTTaanknap opkanu 2 Hu

4T X 1* (4-138>

ngoga 6unan Tonunagn. Kanmu .7 » 1 HaMyHanapga KKu

xonarga xam

7 )4 !

M\Joy — 2/un £4_139)>
thopmyna 6unaH Tonunagn. By ycyn 6unaH 2B HM Tonuwga
AC HWU MyTnaK KUimMaTuHu Ounuw WwapT amac xamga 2 B Hu
xpucobnalwira Kepakny mabiymoTnap 6utta TaxkpubagaH onu-
Hagn. (4.133) Ba (4.134) thopmynanap acocmpga

----- NOM-——=  AP)— =£ (L+aX) (4140)
AC(a) - AC(oo)  AO/»(a) - AP(») 8 '

KYpuHuwigarn 60fnaHUWIHM onamun3. YHAaH toiganaHunil

YUYH Taxpumbaga aHuWKNaHraH (HoToyTkasyBYaHNMK ACKa)
Ae(00)

HUHT crekTpan 60fnaHuMWwunaaH HUCOGATHUHT

a ra 6ofnaHuw rpagpurn ymsmnagn. by 60FNaHULIHWHT roO-
PU30HTaN YK.6UNaH Kecullnw KecMacujaH b = ~— BepTu-

Kan YK GunaH KeculmlimngaH nap Kuiimatn Tonunagm

(4.14-pacm). LWyHpain knnnb, GoToyTKazyBYaHANKHUHT CNEK-
Tpan 6ofnaHuWINAaH 3apaj TalwyBUYMIaPHUHT UG (Y3MO0H
Y3YHIUTUHK, arap Anddysnsa KoahhuumeHTn Mabiym 6ynca,
CUPTWIA PEKOMBMHALINA TE3NUTMHN aHWKALW MYMKUH. EpyF-
JINKHUHT IOTUANW KO3PULMEHTUHWHT TYNKUH Y3YHAWUTWTA
60fNaHNLWM tONKa HaMyHanapHWHTr wapohank Kospdm-
UMEHTMAAH YTYaHULWMN MYMKWH. (4.135) 60FnaHULLAAH SPUM-

yTKasrmy napametnapuHnaHmknawaaCHUHT — rabofnaHuL
a
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rpaurmnga YHUHr Yn3nkin 6of-

NaHWLW xamza acCuMMTOTUK COXa-

CY MaBXyf OYNMWAnruHn, a, (4,

Ky napHu TeKwWwWunpunaértrax

CneKTpan coxacmga TYNKWUH

Y3YHAUTUTa, CUPTUIA ULLNOBUTA

Ky4cu3 6ofnaHmwga 6ynmwnm-

0 rMHW Hasapja TyTUW N03UM.
LLyHM 3acnaTnb YTULL >KOU3KMK,
toKopuaa éputunrad PoToyTKa-
3yBYaH/IMKHUHT cnekTpan 60f-
4.14-pacm. Conuwitmpma naHvwnpaH ApumyTKasruynap
Kapwnnury r=150 Om ecm n-tun - NMapamMeTpiapMHin aHUKall

KPeMHUWIA HaMyHacu 30Hanapuja _
arpunaHnl Knyumk (0) Ba KatTa yCy/nn HaMyHa Xaxminaa cupti

0,4 0.6 0,8 X MXM

(B) 6ynraHuaa [la 3NeKTP HeATpanIuK LWapTu
(hoToyncasyBYaHINKHUHT H6akapunaguraH xongarv crtaym-
CREKTPaN TakCumoTh. oHap (hOTOYTKa3yBUYaH/IMK Tax-

AUAWra acocnaHraH.

Bolwkaya aiTraHga, cMpTra sKMH coxagarm Xaxmuid, 3a-
pag 3apsag TawyBuunap pekomouHaumnsacura sa poToyTKasys-
YaH/IMKKa TabCcup KypcaTMmaiguraH, CUpTUIA xonat aca cup-
TWii pekoMbuHauma Te3nnrum 6unaH aHUWKNaHaguWraH xonat
KypunraH agn. CnpTuii peKoMOMHaLMa Te3NIMHN KNPUTULL -
fa cupTaaru 3apag Tawysumiap 6unaH xaxkmparu 3apsg Ta-
WyBYMNap opacufa KBasuMyBO3aHaT MaBXyj feraH apas
éTagn. OHAM BGab3n 6Mp xonatnapja HamyHa cupT coxacmja
naingo 6ynaguraH sHeprusiBUin 30Hanap arpunaHULLINHN ho-
TOYTKa3yBYaH/NMKHUHI CNeKTpan GofnaHuwmnra TabCupuHn
KYpainuk.

CuvpT akMHMAa 3apsag TawyBumnap sHeprusicupaH karta
6ynraH sHeprusBuiA 30HaNapHWHI ArpUaHNLLIN CUPTAArn Ku-
UMK UHTEHCUBAUKAArN PeKOMOMHaL WA XapaéHW MyBO3aHaT-
HUHT By3unuwinra Ba POTOYTKa3yBYAHAUKHMN cudaTuid y3ra-
puwinra onué kKenagu. SHeprusBuiA 30Hanap arpunaHuLmn
KaTTa 6ynraH xofua poToyTKazyBYAHAMKHUHT SIIOKC-amnep,
CMeKTpan, KNHETUK XapakTepucTmkanapmaa Myxum yarapuiu-
nap Kysatunagu. by xycycuatnapHu 3apaf TawyBUMAapHUHT
KBa3MMyBO3aHaTUra acociaHraH hoToyTKasyBYaHANKHUHT Ha-
3apuacK 6unaH TYWYHTUPUG 6ynmaiign. Ynap HamyHa cup-
TUAArM Ba XaXMWiA 3apsag coxacuparu 3apsag Tawysuunap pc-
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KOMOMHaLMA XapaéHnapuHu ysrapuwy 6unaH, AbHU 3apsj
TawyBUYNNAPHUHT 3P DEKTUB Awall BAKTUHUHT OpTULWIN 6K -
NaH TYWyHTUpUNagn. Xaxmuil 3apagHWHT 31eKTp MaingoH
EKM 3HEPTrUABUIA 30HANAPHUHT 3rpuiaHULLIMAAH X0CUn 6yraH
noTeHUMan TYCWUK acocuii 6ynraH 3apafg TawyBYMMAAPHUHT
cupTra Kenuwura TYCKUHAWK Kunagu Ba CUPTAA, XaKMWi
3apag coxacuia peKoM6uHauns UHTEHCUBAUTUHU KaMaliTu-
pagn. by >xapaéHnap 3apsg Tawysumnap 3dekTMs fAwall
BaKIMHW 3M1EKTP HERTPanIMK WapTu YpuHAN 6ynraH xonra
HucbaTaH oWwnwWK Ba hOTOYTKa3yBYaHNMNK Xoccanapura Tab-
cup Kypcatagm. Mabaymku, apumMyTKasrny HaMyHanapuHuHr
CUPTUIA KaTnamura iKMH coxacuja sHeprusiBUin 30Hanap ar-
punaHuwmn (M3rnb) CUPTHUHT Mabaym 6MP KUMEBMWIA NLLINOB-
napufaH, 3NekTp MaifoH TabCupMAaH, 3neKTponmTnapia
KyTOnaHWWAaH Naingo 6ynnwmn MyMKUH. DHeprusBuil 3o0Ha-
nap arpunaHuLLIN Katra 6ynraH KpeMHuiiga hoToyTKasyBYaH-
NNKHWHT CMeKTpan 6ofnaHuluMaa KaTra ysrapuwl KysaTui-
raH, XyCyCui RTUANLWHUHT KNCKA TYNKUH Y3YHAWUTK COXacu-
fa ofaTfarn Xycycuid TUAUW 4erapacufja KysaTunagurad
MaKCMMyMAaH KaTTa 6ynraH sHrM Makcumym naingo 6ynagu
(4.13, B-pacm). ByHW 3HepruaBuini 30Hanap arpuaaHuLLIN
MaBXyf 6ynraHaa cupT coxacupa pekomOuHaums Tesnuru-
HUHT KaMauwunwmn 6unaH, SbHU 3apsag Talwysunnap apdek-
TUB AlIALl BaKTMHWHI KaTTafawuwu 6unaH TywyHTUpWia-
on. ®oToyTKasyBYaHAMK AC HUHT cnekTpan 60fFnaHuLLImM Xam
4.12-pacmpa KentupunraH kypwunmagaH doiiganaHn6t ynua-
Hagwn. By epfa WyHW Hazapda TyTUL KepakKK, Xap Xun TYAKUH
Y3YHANKAA EKM xap Xun a ra moc KenraH AC HM ynuawpaa
YyNapHW O6Up XWA WHTEHCUBAMKAArW EpYFANK OKMMMUTa Ke-
TUpaam.

OC (X) HM ynyaw TapTMbu cTauuoHap POTOYTKasyBYaH-
NMK AC HW ynyaw TaptubugaH apk Kuamangn.

4.6-§0 HoMyBO3aHaT 3apsaf TallyBUMIap napameTpriapuHm
(hoTo3NeKTpOMarHuT xoamcacn (KukomH-HockoB athdeKkTn)
AaH holiganaHnb aHMKNaw ycynm

MarHuT MaingoHura XXohnawTupunrad SpuMyTKasrny Ha-
MYHaHW Kyunu fjapaxaga tTunaguraH Epyfiamk oKumu 6u-
NnaH éputuaraHga mMarHuT MaigoHu, EpyFIMK OKUMM iyHa-
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4.15-pacM. ®0T03NEKTPOMArHUTUK X0ANCACUHY 3M1EKTP OPUTYBYM
Kyun (3KOK) Ba KucKa TyTallyB TOKMHU Ynyall KypuaMacuHUHT
cxemacu. O — gnadparma; A — amnepmeTtp, B® — marumt
MaifoH UHAYKLUSA BEKTOPW.

nmwnapura TUK iyHanuwaa KyHaanaHr 3neKTp IpUTYBUN KyY
JKOK (KyHAanaHr noTeHUmManiap ainmpmacu) ByXyara Kena-
an, by xoanca KnkonmH-HockoB aghpekTn &ku (hoToanekT-
poMarHuT xoamcacu fe6 roputunagn. ®OTOHHUHT 3Heprus-
cn /ko>E% 6ynraH X YKu iyHanuwgarn épyFimk oKumm 6u-
NaH HamyHa épUTUAraHAa, YHUHT CUPTUIA KaTnamuaa Xocun
6ynraH opTK4Ya 3N1eKTPOHNAp Ba KaBaknap HaMyHa MYKapu-
cura TOMOH X YKu AyHanuwimaa gunddysmanaHagn. 7, YKu
AyHanuwnga MarHUT MaifoHW Naingo KunmHraHga gugdy-
3MsNaHyBYM 3M1EKTPOHMAp Ba KoBaknap JlopeHy Kyuu

Fn= -e[YB]; Fp= e[YB\ Tabcupuaa y YKn TOMOH Y3 iyHa-
nmwmpaH moc pasuwga B, Bp 6ypuakka (xonn 6ypuaknapu-

ra) ofagunap (4.15-pacm) Ba 3/1eKTPOH, KaBaKHWUHI MarHu-
Toauty3noH (xonn) Toknapu }ry,}  xocun 6ynagn. by Tok-
nap Y ykura TUK KYHAanaHr KeCUMAapuHUHT 6upumaa mycoar,
MKKMHYMCUAA MaH(UI 3apagnapHUHT TynnaHuwmra onné
Kenagu. YYku iyHanuwmaarn marHuToandysnoH ToK 3mu-
NUKNapK }ry, }py HAHT X0Nn Gypyaknapy opkann 60fFnaHuLIn

4 = n M (4N 41)

6unaH ngoganaHagn. by epga
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ApH' B THAPN  (4.142)

ByHaaru umNew pH— 3M1eKTPOH, KaBaKMapHUHI XONN xapakat-
YaHnMKNapu, un, u Apeid xapakaTyaHAMKNapu mMoc paBuLU-

fJa rH = Mu Ban omunn (YHUHr KuiiMaTy 6upra siKWH Ba

counnn MexaHusmura 60Fnuk). DNekTpoH, KOBakHM Tyna
MarHMToANMY3NoH ToK 3uunuru (4.141) Ba (4.142) napra

Kypa

y_yny+’/py: rl—h‘B (4L"n’}nx - U p’]px) (4143)
6ynagn. X Yku ayHanuwmaarn gudqysmoH Toknap 3Muank-
napu énuwuni Mapkasu 6ynmaraHga (An=Ap)

<4.14)

6ynagn, YyHKn Ya+ =0 neb xucobnaHagu. —athekTuB
andhdysuns KoahduumeHTn 6ynn6, MarHuT MaugoHn MaBxyq
oynraHga

Ap=(n+p) 1+07)~+(+8Y) (4.145)

6unaH noganaHagn. Kyycms marHuT maiigoHmaa, oFmw 6yp-
yarm Ku4ymk éynraHga

1£8r=6 = mBp<<1
1&0p- 0 = rHBup« 1

6ynaan. by xonga aekTne ancdysuns KoshpuuneHTn o6m-
KyTOuin guddysunsa kospduuymeHTura TeHr 6ynagn, abHU y
B=0 xonmgaru Kuiimatura TeHr 6ynagn. MacanaH, P — Tun-
v apumyTKasrnugap » n 6ynraHm yuyH (4.145) pax, 2)"=2),
n —Tunga ny>p 6ynraHn yuyH (4.145) gaH 0~=1) 6ynuL-
NMTUHKN KYpamus. (4.143) ra (4.144) Hn Kyiicak, Tyna MarHu-
TOANMDY3NOH TOK 3UUYANTUHUHT ndogacu

AA
),=1,%),= _FneBBam(”'n’L”P)',?;' (4.146)
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KYPUHWULIHK onagn. HamyHa éH cupTnapuga CMpTUid pekom-
6uHaunsa Te3nurm Knumnk, 6muHobapuH, &H cuptnapgarn pe-
KOMOUHaUNAHN xucobra oniMacink MyMKUH feb tapas Kus-
cak, 3apsj TalyBUYMIAPHUHT OPTUKYa KOHLEeHTpauuscu tha-
KaT X HUHT QyHKUmMAcK 6Ynagn. LLyHUHT yuyH (4.146) HK

4-147>

KYpUHMLWAA 31 MYMKWUH. 3aHXWp y3yK 6ynraHaa Tyna mar-
HUTOANGPY3NOH TOK 1 (ham mdogacu

***=p\ No * =-erHbBBaj(M+up)[Ap(1)-Ap(cl)} (4.148)

KYpuHuwga 6ynagn. MyBo3aHaT LiapouTuaa Oy TOK TallKu
3aHXuMpaa HoToMarHUTUK 31eKTP pUTYyBUN Kyd (DO K)HUHT
X0CWN KunaguraH Tyna yTkasyByaHIMK (KMCKa TyTallyB) TOKM
/c ra TeHr 6Ynagn. Arap oTomMarHnTtuk QHOK Hu (7dav 6u-
naH, Tyna yTKasyBYaH/INMKHM C=CO0+AC 6unaH 6enrunacak,
y X0nga Kucka TyTawyB (POTOTOKMHUHT mudogacu

‘a= ngmC0o+A O = -/dav (4.149)

KYypuHuw aa 6ynagn. HaMyHaHUHT MyBo3aHaTaarun (KOpOHFU-
nMKgarv) YTkasyBYaHAMru o : o '; 6ynagn. ®oto-
yTKasyBYaHANK AC 3MeKTPOHENTPANINK WapTn An=WNp 6a-
xapunraHga (4.113) ra kypa

be(//_+n )4
AB = —momemeee —/ A p(x)clx (4.150)
(o]

a

6unaH ngoganaHagn. CosaAC napHuUHI ngoganapmimn (4.149)
ra Kyinb, aHuknaHraH £ ngogacm

_ MAainfsbpr(A, + A, )[Ap(0) - Ap Ll
Y haM~ * (4.150)
a + «(/1,, +11.)}~Ap(X)%c
v 0

KYypuHuwaa 6ynagn. Kyycus marHUT maingoHumga (428 2« 1)
y3rapuwnap gakat 6up X Yku liyHanuwunaa coamp 6ynraHga
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KaBaKHWHI Y3NYKCU3NUK TeHrnamacu (4.118) kypuHuwiga
6ynagu. YHWHT cupTnapuja ypuHau 6ynraH YerapaBuid wapT-
nap (4.120) HM KaHOATNAHTUPYBUN €UUMUN EPYFSTIMKHU Kyusn
Japaxaga lTUIMWK Ky3aTuiraHga ak » 1 Ba HaMyHa KaauH
i » b p 6ynca,

_X_
e - e-aX (4.151)

KYpuHuwaa 6ynagn. KanuH HamyHaga puTruamMaéTraH cupTaa
Ap((1)=0 geb onnw MyMKWH. Y X0nga Kucka TyTallyB TOKK
/dam (4.148) Ap(0) 6unaH aHMKNAHWG,

r _ e(/1, +up)PB(\ - Ky)ab

pom (4.152)

KYyprHuwra kenagn. KOTuanw KoagphuunueHTn optné 6opu-
Wwn 6unaHal, >1 TEHrCU3NUK YpuHAK 6yna 6olinaraHaa KMcka
TyTawyB TOKM (4.152) toTunnw KospduumeHTUra 60FInK
6ynmaraH AOMMMWIA KMiAMaTra MHTUNAAW:

1ro(l- Ky

) 2
B(//,, 4.1
v eB(M+1p " eB(//,, + mp) @ + 52/B) (4.153)

HaMyHaHWUHT CUPT peKoMOWHALUACKU Te3NUrm Kuuymk
£ « — Ba MacT gapaxanu yirotuw An, Ap <n0 p0éku AC

<Co0pa (4.153) ndoga

KYPUHWLLHW onagu. HamyHaHUHT CMpT peKoMOUHaLmscK Tes-

AUTW KatTa 5 » ~ - Gynradaa,
‘P

~ham n Ne p
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oynMwAnruHn Kypamms. Taxpmnbaga ynuaHraH Kucka TyTallys
TOKM 6yiinya andgysmoH y3yHANKHU aHuknawga (4.153) Ba
(4.154) hopmynanap kKynnaHunagn. b HW aHuknawga, /davi B
NapHuW ynvalfaH Tawkapy, 3apsg TawyBUMIApHUHT Xapakart-
YaHANKNapUHW, EpYFINK MHTEHCUBAUTMHM Ba 6OLIKA KaTTa-
JIMKNapHM 60LKa TaxkpubanapgaH Tonuwra ékn agabuméT maH-
6anapuparn HaTukanapgaH dolfganaHuwra TyFpu Kenagu.
Arap 3apaf TawyBuuMnap Awall Bakru Ba CMPT PEKOMOGUHa-
LUMACK Te3NUTN AOMMUIA KaTTanuknap 6ynca, (4.154) dopmy-
na Kopu gapaxanu uHxekuus An, Op >n0, p0ga xam YpuH-
an 6ynagn. Kyunu gapaxanu uHxekuus On, Op >no0, p0ga
andaysmna KoahpuumeHTn (4.145) HKM 3apag TalyBuuiap-
HUHI KOHUeHTpaumsacmra 60FIMKIUIA TyXTaian:

2¢n °p

B ~ {\+eR)On+(\ +*1)Op (4.156)

LyHN Hasapfa TYTWLL KepakKu, HKOPW fapaXann WHXek-
uunsaga (4.154) qhopmyna 6unaH aHuKNaHraH AUQEY3nNoH y3yH-
AWK 6Up KUiiMaTaM mabHora ara 6ynagu, Ka4oHKU HamyHa-
HUHI MCTanraH Hykracuga, 8puTtuamaérraH cupTu AKMHMAA
X" An, Ap »n0, p0 6ynca. AKC xonga yWroTuLl [apaxkacu
6yiinua ypTanawTUpunraH KaHganamp kKuiimaTHuU 6epagw,
3HAM /dBV HM chekTpan 60fNaHMWIAAH APUMYTKa3rny napa-
MeTpNapuHM aHUKNALWHN KYpannnk. ®oToMarHUTIK TOK /dm
HUHT cnekTpan 6ofnaHnwunHM (4.152) Ba (4.153) udopanap
acocuga TaxiuMn KU MYMKWUH. EPYFIUKHUHT XyCyCMWii
ITUNLW Yerapacuia EpyFank TYNKUH Y3YHAUTUHUHT Kamali-
16 6opuwn GunaH LTUAMW KO3hPMUMEHTU opTaan Ba (o-
TOMarHMTUK TOKHWHT ycuwura onnb kenagu. J1IeKuH oto-
yTKasyBYaHINKKA HUcOaTaH (POTOMarHUTUK TOKHUHT YCULLK
KaTTa (POTOTOK 3Heprusacupa 6owinaHagM Ba TUKPOK Gynagu.
®OTOMarHUTO3NEKTPUK XOANCACUHUHT Nango 6ynmwm yuyH
HaakaT 3apaf TaWyBUUNAPHUHT FeHepaunanaHumium, 6anku
fHa ynap KOHUEeHTPaUMACUHUHI rpagueHTn nango 6ynuwim
KepaK. by (akaT €pyFnmMK HamyHa CUMPT coxacupga HTUAraH
xongarnHa kysatunagu. (4.152) Ba (4.153) dopmynanapgaH
KYpUHaOWUKKN, Xap KaHga cupT peKoMbuHauuacu Tesnurmga
ab=1pa K/NCKa TyTallyB TOKM a-*a farm KuimaTngaH MKKu
mMapTa KMYuK 6ynagn. ®OTOYTKa3yBYaHAUKHWUHT, /damv gaH
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thapknn ynapok, MKKM mapTa Kamaiuwmn 60lKa napameTp-
napra 60fnMK 6ynraH ab HW KuiimaTuaa Kysatunagn. TYNKUH
Y3YHAUTU Y3rapuiuy 6unaH LTUANW KO3MHULNEHTUHUHT
KaTTa y3rapaguraH CrekTp coxachja KanTui KoagduumneH-
TN Kr KBaHT YNKUL KOIPHULMEHTN TYNKUH Y3YHAUTUATA KyY-
cu3 6ofnaHraH. (4.152) ¢opmynagaH

- N
7¢)]§M e(&nt 11>)Bb p'l/ll'(\ Kr) \(M} a) (4,57)
o 1 1
OOFNMaHULLHW 0NaMu3. pr'aH KypuHagunkmn, ----- onnaH —

opacugary 60fnaHuw 4nM3nknu 6ynagn. TaxpubagaH ONWH-

raH HaTWXKanapHUHT /dav | KYpuHUWAAru rpauruHn ym-

316, ropmsoHTan, abcumucca yYknapu 6unaH KeculryHya ga

o 1
BOM 3TTUPUNA4M Ba Y FOPU30OHTAN YKHW KeculimgaH \~ ~~a

Tonunaan. ®OTO3NEKTPOMArHUT TOKKN /GBMHUHT crieKTpan 60f-
naHvwmnaaH AndgysnoH y3yHINKHN Yadall ycynm goToyTKa-
3YBYAHNNKHUHT CcneKTpan 60fnaHuWWmMaaH ynyaw ycynura
HucbaTaH aHUKPOK HaTuxa 6Gepaau, YyHKW HOTUAMLW KO3(-
hunumeHT KaTranawm 6unaH /davTes TylinHagm Ba /dav(a-1)
6ofFnaHnwu (4.157) a HW KaTra y3rapu coxacuga Ymankau
6ynagn. OHAM £dBv HWM Ynualira acocnaHraH ycynHu Kypaii-
nMK. KanmH <l » b HamyHa Y4yH, KUYUK CUPT pPeKoMObuHa-

uMacu Tesnnrm 0 « -? fa, NacT jgapaxanun WHXekuus

A C « O0Ekn Ap, An « 1 0,p0aa EPYFIMKHUHT KYUYnn IOTUAN -
KM coxach ab « 1, aii« 1 aa (4.150) dhopmyna

= e(yn+yp)Ba_ /?/,,(1- K~ N 158)

* aM 0(1 nv 4

KYpuHULWTa Kenagu. Arap t0Kopu gapaxanu yiFotuwga ho-
TOYTKasyBYaH/IMK [,C MyBo3aHaTgaru yTkasyByaHAMK OO0 faH
Katra [0 » CO0 6ynca, Kyynu KOTUAMLWI coxackga ab » 1
o6ynraHga (4.150) dopmyna
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6unaH noganaHagn. HamyHa tonka it « b 6ynraHga cupTtuil
pekoMOUHaLMA Te3NUTMHUHT Xyfa KaTTa 6ynmaraH Kuiima-
Tuga aHuknaHagun. by ndopanap xap xvn wapouTtga ynyaH-
raH Il. KuiimaTtu 6yiinya sSpuMyTKasrny napameTpnapuaaH
r, b, 5 HA aHUKNAW MMKOHWMHW 6epagn. LLIyHM Tabkmgnaw
Kepakku, (4.150) dopmyna 6yiinua aHUKNaHraH CUPTUIA pe-
KOMOUHaLNS Te3nnru fa épuTunmaraH CMpTHUKKU 6Yna-
an. Avannétga 3apsag TalyBumnnap swall BakrMHU aHMKnawaa
(hOTOMArHUTUK TOK Ba (POTOYTKA3yBUYAH/IMKHU, aHWKPOFHU,
ynap HUCH6aTUHM aHMKNaLLTa acocnaHraH ycyn Kynpok Kynna-
Hunagn. HamyHa éputnnmb, yHga CUpTWIA TeHepauus cogup

6ynraHga, sbHua b » \,ac 1 »\,a » — TEHICM3MKNAP YPUH-

nn 6ynraHga (4.134) sa (4.154) dopmynanapra kypa /qeWAC
Hucbat

(4.160)

6unaH ndoganaHagn. by (opmynara reHepauus Te3fUrMHU
aHMKNoBYM KaTTanuknap (/3, / , K) kupmaraH. Taxpunba yTka-
3ULL HYKTau HasapugaH 6y 6upMyH4Ya Kynaid, YyHKU EpyFink
WHTEHCUBAUTUHUHT MYTAaK KUAMATUHKU Ynuawl, KBaHT uu-
KUW KO3(PUUMEHTMHM O6unuw Tanab atunmaingn. byHpaH
Tawkapu, y CUpTUiA peKkombuHaums Tesnurura 60FaunkK amac.
LLyHMHT yuyH 6y nogaHn xap KaHAal nwnosgaru HamyHa-

ra Kynnaw MymkuH. FOnka HamyHanap yuyyH ~ * —» —TeH-
rCU3NuUK YpuHan 6ynraHga

A =aB5 (4.161)

cogga 6ynmb, y HamyHaHWHT épuTuaMaraH cupTugarn Huc-
6aT cUpPTUIA peKOMOMHAUMAHM aHMKMaLira UMKOH 6epaau.
P 0TO3NEKTPOMATHUTUK 3PPEKTUHUHT 3INEKTP HOPUTYBYU
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Kyun £4BmHN Ba KMCKa TyTallyB TOKM /qBMHK ynyawl Kypun-
MaCUHWHT Yynsmacu 4.15-pacMpa KenTupunraH. EpyFink maH-
6angaH EpyFiMK OkuMK, (MOHOXpPOMATUK) (POKYCMOBYM OnN-
TMK cuctema OC Ba unbTp ®© opKann HamyHara MyHanTu-
punagn. TYFpn 6ypyaknu nnacTuHa LlWaknuparn HaMmyHa
y3rapmac ToK maH6an TM y3rapyByaH KapLWanK Ba MUIIK-
amnepmeTp TA flaH nbopar 3NeKTP 3aHXupra ynaHagu. Epyf-
NVNK MHTEHCUBANIN KUYMK YacToTanapga MogynauusanaHagm.
HamyHagaH (hOTOTOK Ba ()OTOMArHUTUK TOK YTULIUAAH XOCW
6ynraH y3rapyByaH Ky4yniaHuL CEeNeKTUB Ky4yanTuprmy 6unat
Ky4YanTvpunagm Ba BONbTMETP EKu ocumnnorpad bunaH Kaig
KunnHagu. Kncka TyTallyB TOKMHMW YnuaéTraHga TawKky Kyu-
NaHuLW Honra TeHr 6ynagn. Arap HaMyHa Kaplwuauru LwyH-
YyanuMK Ku4mk 6ynca, Kucka TyTalyB LIAPTUHU GaxapuLu
MYMKWH 6ynmMaca, y xonga hotomarHutuk 9HOK ynyaHagm
Ba MarHUT MaligoHa XolnawTupuaraH HamyHa yTkasyBuaH-
AUTW YYaHafn Ba KWCKa TyTallyB TOKM

43H N3 MC (4.161,6)

faH Tonunagu. /damBa VdmvnapHuW ynyawja MOAOMUKKW XKa-
paéHNapHMHI CTaUMOHAP/MK WapTK Hasapda TyTunap sKaH,
EPYFIMKHUHT MOAYNALMSA YyacToTacu WyHaam 6ynnwmn Kepak-
Ku, otomarHuTnk SKOK umnynbc AaBOMUAANTM MuMgaru
BaKTAa MyBO3aHaT YpHaTWAMLLIWIA, MMMOYAbCMap opacuaaru
BaKrga Hosnbra Tywm6 ynrupuwmn kepak. (4.160) Ba (4.161)
MyHocabaTnap acocuga r, b, 8 napHu aHMknawga gotomar-
HUTUK TOKHW YTKa3yBYaHAUKHUHT (DOTOTOKM 6UNaH KOMMeH-
cauust Kunmo, ynuyawl ycynm Taxxpubaga 6upmMyHya Kynannmk
TyFaupagu. by ycyn 6unaH ynyaw TapTubuHM Kypannumk. NH-
TEHCUBAINTU MOLYNAUMA KUIWHTAH EpYyFInK BunaH &putun-
raH HamyHafaH OkaéTraH TOK YTKalyBUYaHIUK Ba KMCKa TyTa-
LIYB TOKNapu AMFNHAWCMAAH nbopaT 6ynaaw:

'=Ya«+A ([ C+Co) (4-162)

IIAG6 EpYFNIMK MHTEHCUBMIUIra 60FNNK 6YNraH HamyHa oTo-
YTKa3yBYaHNUIN TOKU (POTOTOK). YHUHT EPYFINUK OKUMUHUHT
MOAYNALMSA YactoTacy G6unaH ysrapuin OTOMarHMTUK TOK
/ g Kabu 6ynagn. TalWKy Ky4ynaHWULL ULLIOPAcK Ba KaTTanu-
FMHU LWYHOAA TaHnalw Kepakku, POTOTOK 6unaH Kucka Ty-
TaWwyB TOKMHU KOMMEHcauusanaw MyMKUH GYNCUH, SbHU:
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»

/o A-[,C=0 (4.163)

LyHAalk Kunmo, 0 HUCBArHM aHMKNAL YYyH HamyHafaH
)

OKaéTraH TOKHWHT y3rapyByaH TallKuUA 3TYBYNCK HOMbra TEHT
6ynraHn xonga HamyHara KynWunaraH ysrapmac KOmMeHcauus
KyYnaHWWWHW Ynyaw Kepak. Knumk EpyfnnK MHTEHCUBAU-
rmaa Ba Kyycus MarHUT MailfoHmaa KOMMeHcaUns KyynaHu-
WK VH oToMarHntTnk QKOK gaH aHya KaTTa 6ynagu:

LU_"=cO+ac =1+£f0_ (4.164)
paH AO AO

EPYFNUKHUHT KaTTa MHTEHCUBAWUIMAA KOMMEHCALMANOBYN
KyunaHuw goTtomarHntnk dKOK ra akuH 6ynagn. Ogataa,
thoTomarHnTMk KOK Knumk, 6upkaHya xonnapga 10~8: 10 9B
Ba YHAAH KUYMK BYnmium MymkuH. Ly cababnu, yHn ynyawga
IOKOPW Aapaxaga 6up XXUHCAK 6YNraH HaMyHa TaHnal xaMja
MarHuT MaiigoHn 6ynmaraHaa HamyHaHu puTraHga XaKMui
toto SHOK NYKNMIUMHM Tekwmpuw Kepak. POTO3NEKTPO-
MarHuT ageKkTU 3apsag TawyBumaap fllall BaKrMHW KEeHr
opanukua 10~4paH 170 10~9 ¢ 30—35% XaToNuK 6MnaH aHuk-
nawpa kynnadunagu. by ycyn, acocaH A3B5 Ba A“BB OUpUK-
mManapfa HOMyBO3aHaT 3apaf TallyBYMNAPHUHT KNUYMK ALlaLl
BaKrMHW aHuMKnawga kynnaHunagu. A3B5Ba AB™ BUpUKMa-
napga 6y ycynHu 4YeknoBum omunnap 6ynmb, ynapra ogumii
ApUMYTKasrmunapra HucbaTaH Karra KOHLUeHTpaumsanm énwu-
WNW MapKasnapuHUHE Xamja CUpPT KaTnamuparu XaXKMui
3apsf COXAaCUHUHI TabCUPUHU KYpcaTULl MYMKWH.

4.7 8. FApumyTKasrmy napameTpiapyHi HOMYBO3aHT 3apsif
TalyBYMNap TakCUMOTUAAH (TYFpPUaaH-TYFpu)
tholiganaHH6 aHWK/aLL ycyiapu

EpyfivK 30HAMHVHT KYy3faTunagurad ycynm

By ycyn HamyHaHuW y3yH, 3HCU3 (MHTM4YKa) (DOTOH 3Hep-
ruscu my>£ 6ynraH épyfnuk 3oHAWM 6unaH éputunraHga re-
Hepauumsa, pekombuHauns sa gupdysns xxapaéHnapugaH tosa-
ra KenraH HOMYBO3aHaT 3apsj TawyBuwuiap TaKCUMOTUHU
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ypraHuwra acocnaHraH 6ynub, y acocaH acocuili 6ynmaraH
3apsag Tawysumunap AMQy3noH y3YHAUTMHY ynyalaa Kynna-
HWNaan. BYHUHT yuyH HaMyHa cupTura MeTann 3oHg (TYFpu-
NOBYU HYKFaBWii KOHTAKT-KOMEKTOP) YpHaTunagn ékn nna-
Hap TeXHONOrMA 6unaH KWYMK t03anM p-n YTUL, LIOTTKM
TYCcuFn (bapbepyn) ONMHaAWM Ba yHra ényBun iyHanuuwga Tec-
Kapu KyuynaHuw 6epunagu, HamyHa ocTtura ékum éH cmpTura
l03acy KaTTa OMWK KOHTaKT onuvHagu. HamyHaga Epyfnmk
TabCcMpupa reHepauuanaHraH 3apsj TawyBuunap HamyHa
cUpTK 6YiiNab, NYKM TOMOH 6Yiinab anddysmsanaHagn Ba by
KOHTaKTNapra etné Kenmb, GUPMHYM AKMHIAWMLWAA acoCui
6ynmaraH 3apsj TalyBuMnap KOHLUeHTpaumscura nponop-
UMoHan 6ynraH GoTOTOKHK Ekn hoTo SKOK HU xocun Kuna-
an. Oemak, hoTOTOKHU KM (poTo SHOK HU EpyFNnK 30HAU
6unaH KONMeKTOp KOHTaKTU opacuparn xap Xun macoa X
fa ynyaHraH Kuinmatnapu Ap(x) HUHT TakCMMOTUHU ndoga-
nanan. KypunaétraH yCynHWHI Hasapusicn EpyfnnK 30HAM
6unaH reHepaumanaHraH 3apsj TawlyBumiap KOHLeHTpawuu-
ACM Ap(X) HWHT TakKCMMOTMHMW aHWKAO0BYM WU(POJACUHU TO-
nuWra acocnaHraH. BYHUHr yyyH HaMyHa f-Tun GY/CWH,
ApMMYEKCcU3 (Kyda KasnH) YHUHI 6Up TOMOHM ficCK CUPT-
faH nbopat Ba EpyFMK 30HAU 3HCU3, YEKCU3 Y3yH (MHIUY-
Ka) 6yncuH, Aeb (apas KUAMHIAH XONHW Kypainuk. Arap
EpyFAuK 30HAM €H cupTnapugaH (2:3) b gaH katta 6ynraH
macodaga xoinawraH 6ynca, éH cuptnapgarn pekombuHa-
LUMSHW xnUcobra onMHMakm Ba Macana up ynuamnm 6ynaau.
By xonga HoMyBO3aHaT acocuii 6ymMaraH 3apsj TawyBymnnap
(KaBaK) TakKCMMOTU UUAWHAPWUK CUMMeTpuMsa Oyiinya cogmp
o6ynagn. LLYHUHT yuyH y3NyKCM3NUK TeHrnama (4.118) HuUHr
UMTMHAPWK KOOpAMHaTa cucTemMacuga

=0 (4.165)

KYpuHuwaa 6ynagu. by epaa r épyFnvk 3oHAM (Yn3nFun)gaH
KOJINIEKrop KOHTaKTWraya 6ynraH (macoda) uunuHap paguy-
cu. (4.165) TeHrnamMaHWHr e4ruMnU HOAUHYKM TapTubaarm Mas-
XYM aprymeHTin XaHKen QyHKumacu 6unaH ndoganaHagm.

Ap(r)=Ap(0)1Ho(1r/2) (4.166)
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MacanaHu ymymuid xonaa, SbHu EpyFInK 30HAU Mabnym 6mp
yeknu yndyamnapra sra (y3yHauru /, aHu 1V) 6ynraH xon geb
KapanraHja, xucob6nalnapHUHI KypcaTuilmya, KoopAauHaTa

I HUHT 5H>< 1 < fmopanufnia yMyMuin e4UMUHUHT anpoKCcu-

maymsacu xam (4.166) 6unaH ngopanaHagn. r/b HU KaTra
Kuiimatnapmga XaHken pyHKuusacy yiia apryMeHTHUHT 3KC-
noHeHuMan gyHkumsacura ytagn. KoopauHata 6owmn épys-
NNK 30HAM GWNaH Ky3FanraHn yyyH HamyHa cupTuja r = x
fe6 kapab, KaiMH i » b APUMYEKCU3 HaAMyHa YYyH X HU

SH»< 1 <-£ opanukuaru kKuiimatnapu yuyH (4.166) dopmyna

Ap(x) _ exp(x/1)

AP(°) T1(x/b) (4.167)
(4.167) kypuHuwHKM onagn. KOnka HamyHa <l » b y4yH 3ca
HOMYBO3aHaT 3apsaf TallyBynunap KOHUEHTPaALUACUHUHT Tak-
cumoTu

Ap(x) = A/?(0)exp|- —

4.16-pacm. Acocuii 6ynmaraH 3apsig TawyBunnap ANGoy3MoH y3yHIUTUHN
ynuaw Kypunmacy cxemacu: (Banbgec ycynm): O — anactparma;
K — meTann 30Hf — KoNnekTop KOHTakTh; KH — loKknama KapLumivk;
Y — kyuantuprud; V—BonbTMETP.
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6ynagn. X HUHT Xap XUn KMnmatnapuHn onn yuyH 8pyfauk
30HAM KONINEKTOP KOHTaKTUra HucbaTaH Kysfatunagu (cui-
XUTUNaam) Ba ynuyall BakTuga EpyFvMK 30HAM TUHY xonatia
Typagu. Anddy3noH y3yHINK b HI Ynuall KypuamanapujaH
BUPUHUHT Yn3macK 4.16-pacmpaa KenTupuarad. EpyFink MaH-
b6angaH EpyFIMK OKMMK (DOKYCNoBYM ONTUK cucTema OC,
hunbtp @, mogynsatop M, Tupkuwnn guadparma [ opkanu
HamyHara Tywagun. Tupkuwnu guachparma [ épgamuga épys-
NVNK 30HAUHUHT KEHFNUTMHK 50 -1 500 MKM opanukaa y3rap-
TUPULW MYMKWUH. VIHTEHCMBAUTM 6Yiinya mogynsaumnsnaHraH
EPYFNNK YETW CEKTOP LIaKNN4a KUPKUATaH EKn jompa laknm-
Ja TeWNKIN AUCKHU alinaHTUpuw 6mnaH XoCcun KUanHagu.
MogynaumsanaHraH EpyFIMKHN KYiaw KatTa KoJIeKTop TO-
KnAaH HOMYBO3aHaT 3apsj Tawysunnap gnddysmacu Tydai-
Nn, to3ara KeiraH KWYuK KMCM (POTOTOKHW Kaing KMavw nm-
KOHUHU 6epaan. EPYFAUKHUHT UMNYNbCAN MOAYNALMUSA-
cuha UMNYNbCHWUHT AaBOMWWAMIM, 4YacToTacu xampa
MHTEHCUBAUTU CUHYCcOMAa GYinya y3rapyBun EpYFAMKHUHT
MOLYNALMSA YaCcTOTACU HOMYBO3aHaT 3apAg TallyBunnap KoH-
LeHTPaLUACUHUHT CTaLMOHapAUK WapTUAaH TaHnaHagmn. Nm-
NynbCAN MOAYNALMSAAA UMMYNbCHUHT 4aBOMUANUTA (LKYWAU-
Jarn TEHICU3/IUKHU

r2
Ba M>—; (>
407 % /)

KaHOaTNaHTUPULIN KepaK. EpYFANK OKUMUHUHT MOAYNsLNS
yactotack 504300 'y TapTMbuaa 6ynagn. Mogynaumsa yac-

TOTacM  ra HUcbataH aH4a KMYMK 6ynmMwn Kepak. KOkopu-

[a TabKuanaHraHura kypa, KONMEKTOP KOHTaKTura Teckapwu
AYHanMwaarn KyynaHuw Kynunagu sa KONNEKTOP 3aHXUpu-
ra ynaHraH roknama Kapwuamk KHgaH Ky4ynaHUWHWHTE Y3ra-
PyBYaH TallKW 3TyBUMCU OpKanu (HOTOTOK YnuyaHagw.

KH faH y3rapyBYaH Ky4jaHWLW TYLIYBU CENEKTWUB Kyuali-
TUPrUY OpKanu KyyanTupunagm Ba CUHXPOH [ETEeKTOp Ba
BO/IbTMETP OpKanu Kaing kunuHagn. CUHXPOH LEeTeKTOPHU
Kynnaw KypuiaMaHUHT ynyatl ce3rupanruHy owmnpagu. Spum-
YTKa3rmy HaMmyHa KpucTana TyTrudra KOTMpunagn Ba MaHu-
nynatop (MUKpomeTp) 6unaH EpyfFnnMk 3oHAMra HucbartaH
KONINIEKTOP KOHTaKTUHWHI Xonatu y3raptupunagu. Metann
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30HJ HaMyHaHWHI WUCTanraH >Konura ypHaTUAIMLWKN MYMKUH
Ba Y HamyHa 6unaH 6upra cumkuiign. KypunaMaHuHT LWIOB-
KWH JapaXaCWHW KamaTMpULl YYyH KOHTAKTHWHI TYpFyH-
NINTUHW OLUMPULL YUYYH KOHTaKTra TOK UMNyabCcu 6unaH umii-
nos 6epunagn. TOK MMMYAbCUHWMHT aMnnMTyAacu Kepakiu
CMUTHaN-WoBKNH HuUcbaTura spuiryHya owmnpmub 6opunagu.
YnuaHa8TraH CUrHaN KaTTaIury WOBKUH KyUYNnaHULLNIa SKMH-
nawryHya éku (4.166) nogaHn Kynnaw waptu 6y3nnryHuya
faBom aTagu. by ycyn, acocaH repmaHuii HamyHanapuga gndg-
(hY3MOH Y3YHANKHW Ynuyaliga KynanaHwaraH, YyHKuW repma-
HWiAda b aHya kaTra, 6yHgaH Talkapw, KucunaguraH me-
Tann 30Hf4 6vMnaH NoTeHUMan TYCUKNN KOHTaKTHU 0L HUC-
6aTaH eHrun. by ycynHW KpeMHWIA HamyHanapuga cupT
peKOMOMHaLMA Karra, LOBKUH JapaXacu KKOpW, KOMneK-
TOp KOHTakTnga BAXHW HOUM3UFWIA 6Y MWK, CUPT AKMHKAA
MHBEPCUOH KaTnam (X0Cun) BYXXyAra Kenuwm Tydanim Kpem-
HMAgAa b HWM Ynuawja KeHr KynnaHunmaraH. b HW yndyawpaa
NNoXun 6opuya CMpT PEKOMOUHALMAHU Xap XU WLLAOBAap
6unaH KamanTupuw Kepak. MacanaH, repmaHuiiHn M\0 Ba
M14 calikannoBun KyKyHnapga calikannawi Ba 30% nm H2 2
(Bogopog nepokcmanaa) KUMEBUIA ULWNOB GepuLl TaBCcUs 3TU-
nagn. Arap u-Tun repmaHuiiga ynyaw yTkasunaguraH 6ynca,
BOMb(PaM 30HAM p-TUNLA 3Ca KyMyLl KOTULIMACUHUHI 30H-
an vwnatunagn. by ycyn acocuin 6ynmaraH 3apsg TallyBum-
nap AngpdysmoH ysyHauruHm 0,1 gaH To 6Up Heya MUNAU-
mMeTpraya 6ynraH opanukaa 15—20% xaTonMK 6unaH ynuyail-
ra UMKOH 6epaan. Top 30Hanu SpUMYTKasruy Gupukmanapu
A3B51a KUk anthysnmoH y3yHAMKNapHK yiyall yyyH nna-
Hap TexHonorus 6unaH OnWMHraH p-n YTUWAN EKWN LUOTTKM
TYCUKNU HaMyHanap TaliépnaHagn. KysfanyBuyaH 30H[A YcCy-
nvra 4.17 6, B, r-pacmaa KenTupuaraH xoniapHu xam Kypca-
TUW MYMKUWH. By xonga acocuin 6ynmaraH 3apaf Tawysuu-
nap KOMMEKTopU BasuacuHu p-n yTuw ytanan. Epysnank
30HAM 6Mp TOMOHra HuMWwab éku wap wnudnapn 6yinunua
Ky3faTunagu. by ycynnapaa 3apsg TawyBYMAapHUHIP-n YTu-
WWHU AFAW KO3hPULMEHTH



6)

4.17-pacM. Andhy3noH Y3YHTUKHN KY3FaslyBYaH EpyF/IMK (3/IEKTPOH)
30HAM 6UnaH ynyaw ycynnapu: a) Banbgec ycynm 6unaH ynuawl coxacu;
6) p-N YTULWHWK; B) HUWAG chepuK CUPTAapHWU Kynnall ycynnapu.

ANPAHY3NOH Y3YHINKKA, EPYFIMKHU OTUW KO3 PUUMEHTN-
ra Ba 5/B Hucbatra 6ofnmk. Haszapuii xucobnalwinapHuUHT
Kypcatuwnya, Wwnng cupTngad Top-n yTuwraya 6ynraH etap-
nnya Katta (gMdpy3noH y3yHAMK b ra HucbaTaH) macoga

ja x a>\, x~b Baab>1 reHrcu3IMK ypuHau coxaga

ANFULL KO ULMEHTN exp|- — Xad bunaH aHuknaHagu.

239



60FNAHULIHUHT OFMWKNAAH ANGDNY3NOH Y3YHIUKHU

AN(/kr4/kr™ax)

opkanu Tonunagn. Arap KOniekTop Toku [p Katranvk 6u-
NnaH HOYM3MFUIA BOFNaHraH 6ynca, goumuia (yarapmac) oTo-
TOK yCynu KynnaHwnagu. by xonga HOMyBO3aHaT 3apsj Ta-
LWYBYMMAPHUHT TFeHepauuanaHuw coxacuja KoHLeHTpauus
L/>(0) EpyF MK UHTEHCUBAUTUTA YN3NKNN BOFNaHraH geb dapas
KWNWHau. Y Bakraa

6ynagn. LWyHpah knnmb, xap xun macogaga 6up xun ysrap-
Mac KONNeKTop (POTOTOKMHWM TabMUHAOBYMN EPYFANK MHTEH-
CUBAUTUHM 616G, b Ba I NapHW TONML MYMKUH. MacanaH,
NMKKMUTa macogaga 6up xun GoTocUrHannapHu Xocun Kunys-
yn 1M Ba /N BPYFNIMK MHTEHCUBNUKIAPUHUHT KUIAMaTUHN
éunraH xonga

Allyle 2 = Aliyle 2 = consl (4.173)
npopagaH AUPhY3nMoH Y3yHAUK b = S S 6unaH Tonwu-

nagn. Ap ékm /N napHu X ra 60fFNaHUWKUHUHT OFUWNAAH b
HW 6y ycyn 6unaH aHUKNawWga xXed kaHgan Kywumua napa-
MeTpnapHy 6uAnL Tanaé sTUAMangn. r H1U aHUKAAL YYyH /)
HW 6unuw Tanab KunmHagu. Amanvértaa EpyFank 30HAUHUHT
KY3FanyB4aH ycynu 6unaH gndysnmoH y3yHIMKHN /,>50 MKM
coxafga ynuaw MyMKuH. Ouddysuna koadhduumeHtn /) = 40
cMZ2C N-TUM KpeMHMWiiga, [awall BaKTMHUHIT = 10~6CeK Kuii-



matu TyFpu kenagn. KeiunHru nnnnapga épyFank maHéau cu-
thaTnga nasep HypnapugaH goiiganaHuamokua, MoKycnoBuu
ONTMK TWU3MM cudatmga mMukpockon (macanaH, MbW—11)
KynnaHvwnagw.

6. EpyFnuk Hypu (30HAWU)HUHT XapakaTnaHyBuu ycymm

ApuMYyTKasrnynap napameTprapuHn yndalHUHr 6y ycy-
NN HaMyHa ficcu cupTu 6yinab ysrapmac Te3nuk V 6unaH
xapakaTnaHyB4Yn (hOTOH 3Heprusicm HW>E§ 6ynraH y3yH,
MHTMYKa EpyFAnK (30HAM) HYpU reHepaumsanaraH acocuii
6ynmaraH HOMyBO3aHaT 3apsj TalyBUYUNAPHUHT TaKCUMOTU
Ap (x,y, I, 1) HK ypraHmwra acocnaHraH. o (x, y, r, () HK
Teckapy KyunaHuw 6epwaraH, TYFPUIOBYM APUMTYTKa3rmu-
meTann HyKraBMVl KOHTaKTK (30H,u,v|) KM KUYMK to3anu p-n
YTULW, WOTTKA TYCUFN OpKanu Kaiig kunuHagn (4.18-pacwm).

EpYFNVK 30HAMAAH X0CUN GYNraH HOMyBO3aHaT 3apsf Ta-
WyBUYMMIAp HAMYHaHWHT épuTuamaraH kucmura guddysus-
naHagu. EpYFAnNK 30HAVHWUHT xapakaTnaHuiay Tydaiinu, 3a-
psAa TallyBYMNAPHUHT (ha3odarkn TakCUMMOTKM HaMyHa 6Yiinab
EpYFANK 30HAN OwMnaH Kyumb topagn. Op (*, y, T, () HWUHT
Hasapuii MpofacMHU aHMKnawaa SpUMYTKasrny HaMmyHacu
N-TUN G6YNCWH, YHUHT 6Yin (a), 3HM (b) KaIMHAMTK & faH
KaTTa a>b>c! 6YNcuH, ae6 onamms. Y xonga HamyHa éH cmpT-
napugarn pekombuHaumsa xmucobra onMHManAM Ba HOMYBO-
3aHaT 3apsAg TalyBuMnap KoHUeHTpauuacy akaT MKKU X, 1
KOoOpAMHaTanap xamga Bakr yHKumsacu 6ynagu. HamyHa-
HUHT épuTUAMaraH coxacuga reHepauus teanuru# = 0 6ynra-
HW Y4YyH, acocuii 6YynmaraH 3apsij TawyBuyunap KOHLEeHTpa-

4.18-pacM. HomyBo3aHaT 3apsf TallyBuMiap napameTpiapuHm
XapakaTnaHyBYaH EpYF/MK 30HAM yCynu GunaH ynuaii
KYPWIMaCUHHUHT CXeMacH.
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UMSCUHUHT HaMyHa KOPOHFW KucMmmaarn TakcumoTu Ap (x,
r, 0

= OpMaraclAp) (4.174)

Y3NYKCU3NUK TEHTNaMaHUHT

= -5Ap

r=0

= $Ap(a) (4Nn75>
1=

Yerapasuil LWapTNapHu KaHOATNaHTUPYBYW e4NMI OPKaiu To-
nunagn. EpyFnuk 30HAWM GunaH Gupra xapakatnaHyBYM KO-
opauHaTa cuctemacuaa

I=X+Y/ (4.176)
n=1

HOMYyBO3aHaT 3apaf TallyBYMMAPHWUHI TaKCUMOTW BaKTra
60FNINK 6YNMainan, abHU cTaumnoHap 6ynagun. (4.174) TeHr-
nama SiHrM KoopAuHaTa cuctemacuga yarapyByaHnapHU ax-
paTu ycynu opKanu ednnagu, CYHr Kysfaimac KoOopauHa-
Ta cucTemacura ytunagu. (4.174) TeHrnamaHwmHr Kysfanmac
KOOpAMHaTa cucTemacmaa EpyFiMK HYPUHUHT YHI TOMOHU-
Jaru e4ymmm

/ X\
Ap(x, 1, 1)=C, exp — exp

\
= (32 5% r + Cosa,r)
Wi )

(4.177)

epyFNNK HYPUHWHT Yan TOMOHMAA

Ap (x,1,0=C2exp y-|exply?| 3T a2l +co3a?d)

(4.178)
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KYypuHmnwga 6ynagn. C,, C2— mHTerpannawl govMmuianapu

-1
; .2 K
\
\ p) ' I-Op
(4.179)
| \2 X
2_ \ . A\
= U
T ) - tOp
/l *L=b a1-2
da Ba a, KaTTanuknap
bp? (4.180)

ngoga 6unaH 6ofnaHraH. MHTterpannaw gouMninnapuHu To-
nuwpaa (4.175) yerapaBuid LWapTAapHW Kynnati

BM + - (4.181)

KYpuHnwgarn TpaHCLEHT TeHrnamara onnb kenagu. by
TPaHCAEHT TeHramMa a HUHT KYM uagusnapu anra ara, 6yHra
MOC KenraH baX /,, /2 napHWHI Xam Kyn KuiiMatnapy moc
Kenagn. by TeHrnama unguM3napuHUHE Taxauam Kypcatuiim-
ya, M Ba /21NAPHWUHT KNMAMATU N-0pTULLK BMNaH Te3 Kamali-
n6 (6opaan) ketagun. LLYHUHT yuyH /PBa /2aaH KaTTa Maco-
tana (4.177) Ba (4.178) KYypuUHULLAATM e4MMMN YPUHAN OYna-
AN, Xakmkataa, arap 8pyFamK Hypu x Yku 6yiinmya vangaH
YHITa Ky4yca, HamyHa CUpTuWra XolnawraH 6upop Hykragarm
3apsg TawyBuMiap KOHLUEHTpauusacu yHra 8pyFank Hypwu
AKMHNaWnWKn 6unaH optagn. by ysrapuw (4.177) gaH Kypu-

HagWKW, BakT JOUMUIACK — 6ynraH 3KCNOHEeHTa KOHYHWU
6unaH cogup 6ynagn. EpyFiuk Hypu y HykTagaH YTub Ketu-
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WK 6unaH 3apsag TawyBYMNAPHWHT KOHLEHTpauusacu Bakr
6yinya kamas 6Gownaian. Ap HUHT KamaliMwun Bakr Aou-

MUIACKU — OYNraH 3KCMOHEHTa KOHYHW 6unaH 6ynagn. Arap

ynuaw 30HAWHU, SbHW KOMEKTOP KOHTaKTUHU HaMyHaHWHT
KoopAuMHaTanapu [,  6ynraH Hykracura »xoinawraH ae6
Kapacak, HOMYBO3aHaT 3apsaj TalyBUYWNAPHUHT LY HYKra-
Jarn xapakatnaHyBuu EpyFInK 30HAWN XOCUN KUATaH KOHLEH-
TPAUMACUHUHT Bakr 6yinua y3rapuiwimHu (4.178) Ba (4.179)
napra Kypa

Op (X, r, 1) = courleexp (| (4.182)

Op (X, r, 1) = con3lee X p (4.183)

KYpuHuwgarn gopmynanap 6unaH ngoganawl MyMKuH. LLIyH-
Aain Kunno, HamyHa cupTu 6yinna6 Il Te3nnk unaH xapakar-
NaHyBYM EPYFINK 30HAM (HYpW) KoopauHaTtacu (x,y, o) 6ynraH
HyKrara >XoinawraH KO/JeKTOp KOHTaKTUra sKkuHaawraHaa
Op ra nponopuynoHan pasuwpga GoToTOK €ku ¢oto 94C
(roknama KaplMAMKKa TywraH y3rapyByaH KyuiaHuw) opTa
6opaan, KOHTaKTra eTnb KefraHga MakcMMymra spullagn Ba
VHAaH yTraHgaH cYHr kamas 6opaau. Lemak, 6y ¢oTocur-
HaNIHUHT BaKr Gyiinya y3rapuwmn MyalsiH 6enrunaHraH Hyk-
Tafarv 3apag TawyBumiap KOHLEeHTPaUnACMHUHE Bakr 6yiinya
y3rapuil KOHYHUATUHM KypcaTagn. EpyFnuk Hypu Tesnuru V
HW 6unraH xonga hOTOCUTHaNIHUHT Bakrra 6ofnaHuwmgaH
Ba /2Tonunagn Ba ynap opkanu gnhdysns KoahpuuneHTn

nEeney (4.184)

(hopmyna 6unaH xucob6nad Tonunagn. CupT pekombuHauuns
Ba AN PY3NOH Y3YHAUKHW aHUKNALW YYyH CUPT PeKOMOUHa-
UMACK Te3nuKnapn 6up xun 6ynraH MKKW Xnn KaauHamKaarm
HaMyHanapga ynuaw yTkasunagm Ba xap 6up HamyHa yuyH /,
Ba /2Tonunagn Ba Bp HU BunraH xonga
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5r

18ax(1 = 25
“pal, (4.185)

2- 52 )(8QQI7I2=25

°Paz2;

TPaHCAEHT TeHrnamanap cuctemacuiaH GUpMHYU UNAKU3Na-
pu a, Ba a2 xamja 5 Tonunagn. axBa a2 1XBa /2 nap Hu
éunraH xonga

1 1
A . ta.
Y2 (4.186)
11 143
4

ngpopanap opkann AndeysnMoH Y3yHANK xmcobnaHagu.
CunpT peKoMOMHaLMACK TE3UTU KMUYMK 5« B pa{ 6ynraHaa,
184, 6ynagn Ba CUpPT peKoOMOMHaLUMUACK TE3NUTK

(4.187)

AaH xucobnaHagn. TonunaraH 5 6yinnya gnddysnmoH y3yHANK

(4.188)
0= 1,002 - 2562
6yinuya xucobnaHagn. /) Ba  napHuM 6unaraH xonga 3apsaf

TaWyBYMNAPHMHT LAl BaKTU

(4.189)

o6unaH, GUKYTOMA AUGPY3NOH xapakKaTyaHIMK DHLWTERH
MyHocabaTmgaH
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(4.190)

Tonunagn. Arap cupT peKombuHaumacuHn abTubopra onmac-
NNK MYMKWH 6Ynca, macanaHuWHI e4ynmu copganaliau.
Xakumkataa 5 = 0 ga yerapasuin waptnap (4.175) gaH ¢oliga-
NaHuLITa X0XaT KoNMaiau Ba macana 6up ynuyamnu 6ynagu.
TpaHCAeHT TeHrnama ednmm a = 0 6ynagn. Y BakTaa and-
(DY3MOH Y3YHNUK

= (4.191)

6unaH, gnddysmna koahpuumeHTn (4.184) 6unaH, 3apag Ta-
WYBYUAAPHUHT AWwaw Bakrm 1= 1~2 dopmynanap 6unaH

xucobnaHagn. EpyFnuK HYPUHMHT xapakaTiaHyBuu YCynu
6unaH HOMYBO3aHaT 3apaj TalwyBuMiap napaMmeTpiapuHu
ynyaw KypunMacuHuHr umsmacu 4.19 a, 6-pacmpa Kentu-
punraH. MoHOXpoOMaTuK EpyFiMK OKMMUK 5, BA  KY3rynap,
TUpKUWAK guagparma [ épgammuga HamyHa cuptura iyHan-
TUpUNaan. EpYyFAnK OKUMUHUHT KeHraury 10-2 faH 10 1 MM
raya ysrapagu. EpyFivK HYPUHUHT HamyHa cUpTU GYiinab
xapakaTtu aiinaHyBuy Ky3ryfaH épyFanKHUHT KauTULLIN OpKanu
nango kunnHagn. Konnektop Tokura nponopuuoHan 6ynraH
Ky4ynaHuL toKnaMa Kaplnank KH faH KyyaidTupruy Y ra Ba
ocuunnorpadgra 6epmnagn. OcumnnorpamMma ynyaw 30HAM-
HW KOHTaKTNaHUL HyKTacuaaru 3apsag TawyBUnNIapHUHT Bakr
6yiinua (4.182) Ba (4.183) ndoganap 6munaH aHMKNaHaguraH
TaKCMMOTMHM KypcaTagn. OcumnnorpammagaH 1n Yi=/(() 60f-

CH PR
/\

3 % )

4.19-pacM. Konnektop 0010 SKOK HUHT 4M3nKIm (0) apumaorapupmMmk
(6, B) macwuiTabnapgarn ocuuanorpammacil.
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NaHULW YM3NNAAM Ba YHUHT TYFPU YM3MKAU BOFNAHUL COXa-
\ \ v
cMgaH — Ba  nap, epyFanK HypuiaH YHraa

Oing~ _ Alnfp _ V

WA
Ba EpYFNIMK HypuAaH Yanga

Alnyk _y_
Al ~ ]2

3KCMOHEHTaHWHT Bakr foumuiinapu tonunagm. HamyHa cuptu
6yiinab xapakaTnaHyBUM EpYFANK 30HAUHUHT TE3NTN V HK
aHuKNawW yyyH GMPUHYM KOMNEKTOp 30HAUAAH KaHpahgmp
mMacoa, UKKUHYW KONNIEKTOP 30HA YpHaTUNagn. VKKK 30HS
opacuparn macotaHn EpyFauk 30HAM 60cMb6 YyTraH Bakrra
Hucbatn V HK 6epagn. By ycyn ongnH repmaHuii, KeimHya-
MK KPEMHWIA, MHAWUIA, cypbMa (1n5b) Ba 60LWKa SPUMYTKa3-
rMY HamyHanapuHUHT NapameTpiapuHu yndawaa KynnaHun-
raH. Ynuaw gaBoMuaa WUHAWRA, CypbMa Ba FepMaHWUin Hamy-
Hanapuja énuwuw MapKasnapuHWHI TabCUPU KYUUPOK
HaMO&H 6YnraH. by mapkasfnap TOMOHWAAH 3PKUH 3apag Ta-
WYBYMNAPHUHT TYTUAULIN OCLMANOTPaMMaHWHT FTOPU30HTaN
YK 6unaH 6Mpo3 4y3nauwmnra Ba HUXOAT 3KCMOHEHTa Bakr
OOVUMUACUHUHT owunwinra onmb kenraH. LLYyHUHT yyyH oc-
umMnaorpaMMaHuHr By coxacura Temneparypa y3rapuwmnHUHT
Ba KyU4CU3 EPUTULLHUHT TabCupmn KypcaTunrad. KOkopuga my-
X0KaMa KWAMHTaH EpYyFIMK 30HAMHWHE KY3FanyB4yaH, Xapa-
KaTnaHyBuW ycynnapuaaru épyFnnkK 30HANHUHT YPHUTa anek-
TPOH 30HAMHU Kynnaw opkanu gugdy3noH y3yHIUrn KNYnK
o6ynraH A3B5 Ba APUMTYTKA3rnMy GMPUKManapuHu Tek-
Wnpnw Ba ynapfa AnQQysnMoH Yy3yHAWKHU Ynyall UMKOHU
TYFUAAN.

ONpDy3noH Y3YHANKHN 3N1EKTPOH 30HAM Yycynu 6GunaH
ynuawga, ofataa HaMyHaHWHT 3M1IEKTPOH 30HAMTra TUK EKK
napanfien cupTnapuga niaaHep TeXHON0rns bunaH KUYKK r3a-
A p-n YTuw KW WOTTKWM TYCUFW OSIMHTAaH CTPYKTypanap
KynnaHunagu.

DNeKTPOH KoHueHTpauuacu 10Tcm-3 6ynraH a-tun CiiTe
fa 3apsag Tawysuunap SUAQPY3MOH Y3YHAUTUHM Yayall yyyH
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HaMyHa cupTWra WOTTKW TYCUFU ONMHFAH Ba LIOTTKM TYCu-
fngaH 0,1-r-14 mkm Macodaga sHeprusicn 5: 25 k3B 6ynraH
3M1eKTPOH Hypu 6unaH acocuii 6ynmaraH 3apsig TawyB4ymnap
(kaBak) ynrotunraH. LWoTTkn Tycurmura 0,1 B gaH opTuk
6ynmaraH KyuynaHuw ynaHraH. by angdysnoH y3yHAUKHU
0,4 -+ 3 MKM opanukaa ynyaw MMKOHWHMW Gepagn. DNEKTPOH
30HAW YCYNUHWHT KeHr KYNNaHWLIWHW YeKnoBYM 6up Heuva
oMUNnapun MaeXyfa 6ynu6, ynapgaH myxumnapu cudgatuga
KyhngarunapHu Kypcatuwl MyMKUH:

1. DneKTpoH 30HAM 6GuNaH HOMYBO3aHaT acocuili 6ynma-
raH 3apsaj TawyBuunap reHepayusanaHul COXacu 3HUHWHT
Yyeknn 6ynuwn. dneKTpoHHM 5-H30 KB KyunaHuw 6unaH Tes-
NaHTpuAraHga 3apsg TalyBuMiap reHepauusnaHuil coxacu
0,1 gaH T0 2,1 MKM raya y3rapraH. 9NeKTPOH 30HAM YCynu,
EpYFNNK 30HAM YCynn Kabu, x>b ga axwun HaTuxKanap 6epa-
Au. By LapTHM OMKa anMTakcmMan Kataamiapia KaHoaT/aH-
TUPUL KWUIAWH, LWYHWUHT YYyH By X0N4a 3/1EKTPOH 30HANHUWHT
KY3FanyByaH yCynu KynnaHunmangu.

2. KeHr TakuknaHraH 30Hanu spyMyTKasrmunapHu, maca-
NaH, KPeEMHWUIHM CUPT coxacuaa mabiym 6up LwapouTha Kam-
bafannawiraH kM MHBEPCUOH KaTMAMHUHT Xocun 6ynuwn. by
X0naa XaXKMWUA 3apsf COXACUHWHI 31eKTP MailfoHM Ba p-n
yTuWra, WOTrKn TYCUFUra yNaHraH Talkn MailfloH cupT 6yinn-
Ya TapKaauLWKM MYMKWH Ba acocuil 6yMaraH 3apsg TallyBuu-
NapHWHT Apeid TalKun 3TYBUMCUHW to3ara KenTupagu, Ha-
TvKaaa ynyaHaétraH Andy3noH Y3yHINKHUHT OPTULLIMTA 01M6
Kenagu. byHAaH Tawkapw, p-n YTULWHUHT AUFYBYM HO3ACU-
HWHI OPTULINIA Ba, HUXOAT XMcobnawga XaTONUKHUHT OLWK-
lwmra onué kenagn. ATpo MyxuTHWU Y3raptupumo, cupTuid no-
TeHUMaNHU G0LKapULL OpKain By YeKI0BYM OMUJSTHUHT Tab-
CUPUHMN MYKOTMLI MyMKWUH. HaMyHa cupTmuaa “sccu 3oHa” éku
3apsig TawyBuMnap 6unaH Kyuycus 6oivraH pexxummmu amanra
olwMpuAnILIN Makcagra Mmyeoduk 6ynagu.

3. PeKoM6UHALMOH HYpAaHWLW Ky4in HaMOEH 6YnaguraH
TYFPW 30HaNWM ApPMMYTKasrMunapga acocuin 6ynmaraH 3apsij
TallyBUYNAAPHUHT KONNEKTOPU AKMHUA PEKOMOMHALMOH HYp-
NaHUW (OTOHWHWUHT KaiTa HTUIMLLIN.

by 6up Heua gudgy3noH ysyHaukgarn (6bupnamym aco-
CWiA B6ynmMaraH 3apsj TallyBuuiap TOMOHMAaH) to3ara KenraH
KWUYUK KOMNMEKTOP CUrHaNMAaH aHuknaHaguraH audqysnoH
Y3YHANK KNAMATUHWUHT opTUlLInra onuné kenagm (4.19s-pacm).
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Ky3ranyBuaH, xapakaTnaHyBuu 3NeKTPOH 30HAVHU ONuLLAa
pacTp/iN 3NEKTPOH MUKPOCKOMHWMHI UCTanraH TWNU uLia-
TUAWLLIN MYMKWH.

4.8-8. P-n YTUWHWHI Ba LLIOTTKM IYCUFUHUHI KUCKA
TyTallyB (QOTOTOKMHW y4allra acocnaHraH anddysmoH
Y3YH/IMKHU aHUKaLl ycym

By ycyn 6unaH onauH p-n YTy (3anuTakcman CTpyKTypa)-
HUHT TapKubuii KMCcMU 6YnIMULL anuTakcuan katnamga 3a-
pAL TawyBYMNAPHUHE AUPDY3NOH YIYHAUTUHW YNYaLluHU
KYpainnuk.

AHWKNNK KUPUTULL YUYYH -TUFBAArnM TarnMkKka KaauHau-
rm IV 6ynraH p-tungarn anutakcuan katnam ycTmpuaraH sa
HaMyHaHW 3nMTakcman Katiam TOMOHWAaH X=0 TeKUCcauru
(hOTOH 3Heprusacy /Mm>"6ynraH EpyFimk okuMmu 6unaH épu-
TUAraH 6yncuH geb onalinnk. YMymaH onraHga, Epyfank
OKUMW 3nuTakcuan kKatnamfa, p-n YTULHUHT XaKMUA 3apag
coxacufa, Tarnmkga HoMyBO3aHaT 3/EeKTPOH-KaBakK Xy(Tna-
PUHW TeHepaumsnainam Ba GOTOTOKKA xap 6up coxagarn Ho-
MyBO3aHaT acocuil 6ynmaraH 3apsj TallyBuunap Y3 xuccana-
puHW Kywaannap. LLUYyHWHT yyyH p-TUn anuTakcuan katiam
YYYH acocuii 6ynmaraH HOMyBO3aHaT 3apsij TallyBuunap
(3NEKTPOH) KOHLUEHTPaLUACUHUHT TakcumoTu [n HM Ba y
6unaH 60FNMK POTOTOK UOJACUHN TaxAUN KNNainnuk. P-tun
anuTakcnan katnamga peKoM6uHaUNoH HYpnaHWLWHU Ba YHM
KailTa HamyHaja TUAULWIWHKA XKUcobra onmaraHia, HOMyBO-
3aHaT 3NEeKTPOHHUHI KOHUeHTpauuacnm a>b»\\> ga o6up
ynyamnu

N - —+80~T =0
'u"4x ™ T

Y3NYKCU3/IMK TEHTNaMaHuHT

0 = £n(0)
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yerapasuu LWapTNapvHM KaHOATNaHTUPYBYM e4UMU OpKanu
Tonunagn. by xonga Kucka TytawyB POTOTOKM (hakaT p-niu
anuTakKcuan katnampga reHepauusiaHraH acocuin 6ynmaraH
3apsg TawyB4ymnap 6YAMULL 3NEKTPOHHUHT AUDEY3N0H TOK
3M4Nuru

AT = eBn q}:(n (4.193)

6unaH aHMKNaWWHW KYypamus. XucobnaluapHUHI KypcaTu-
Wwnya,} HUHT udogacu

(5 + aOmn)$eck(ml/bn)

, _ e?01n
-'K. 232

KTooa%k -1 W
v 5N —

(4.194)
2,
A (“nAn + 51km//br)

KYPUHULLHW onagun. Arap anuTakcuan Katnam KajauHauru
eTapanya KatTa, EpyFAUK Kyynu OTUACKH, CUPT PEKOMOUHa-
LUACK TE3NUTUN KUUYMK 6YNCUH aeb apas3 Kuacak, SbHU

avw>>b (4N195a)
a2>3 (4.1956)
.9=0 ,(4.1958)

fJa wapTtnap ypuHnu 6ynagn. (4.194) nhogaHUHT MKKUHYM
XaAuHN Tawnaé bopuw MyMKWH. Y Bakraa (4.194) cogua-
nawiagmn Ba YKT HUHT mngogacu

e(l - N.) I M\
Y, = — — 4.196)

KYpuHuwra kenagn. (4.195 a, 6, B) LapTnapHN apceHng-ran-
NWIA 3NUTakcuan Katnam muconupa 6axonab Kypannvk. 3nu-
TaKcKuan Katnam renmii-HeoH nasep Hypu T=1,963B (4=0,6328
MKM) 6unaH éputnunraH 6yncuH. EpyFAnKHUHT By TYAKWH Y3yH-
AUrNarn Xycycuin ITuanw KosgpgpuuneHtn a—4,4 « 104 cm-1
6ynagn. (4.194a) wWapTHM KaHOATNAHTUPYBYM anuMTakcuan
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Katnam KanuHaumru 1-rno mkm, (4.1956) wapTHU KaHoaTnaH-
TUPYBUU 3apsAf Tawysumunap ANPEY3MoH y3yHAnrn b > 1 MKm
6ynuwmn kepak. Arap (4.1956) wapT 6y3mnnb, b< 1 MKM,
ab< 3 6ynraHga / Kucka TyTawys (oToTokun (4.194) paH

2,2
a

(4.197)

noga 6unaH aHNKNaAHUWMHN Kypammns. CYIOKINK 3nuTak-
CUA TEXHONOrMACK BunaH YCTUpuaraH, kanuHamrn 1-e10 mkm
opanukua 6ynraH CaAs anuTakcuan katnamga bnHu ynuyail
HaTuXXanapw, YHUHT 3apsj TawyBumnap KOHUeHTpauusacura
60FNMMKNVITUHN KypcaTan. ACOCMIA 3apaf TawlyBumnap KOH-
LeHTpaunscuHuur /e=(1016. 1019 cm 3opanuFmga 2n0,1 gaH
TO 1 MKM rava y3rapraH (4.20a-pacm). CupT peKombuHauuns-
CV Te3NNTUHU KamalTupuw Mmakcagmpa ojatha snuTakcuan
KaTnam ycTtura wy Ttunmgarn CaAlll kaTnam yctupunagu.
TaxpubagaH aHWKNaHraH bnkuiiMatnapu yuyH (4.194) my-

[P, c*r 6 MMM

4.20-pacMm. a) OaAx anuTakcuan Kar-
namunfa 3/1eKTPOH-KOBaK AU dY3noH
Y3YH/IMKNAPUHWHT acocuii 3apsg Ta-
LyBYMIap KOHLUeHTpauumsacura 6ofna-
HUWKW. 1—repmaHuini 6unaH nerunp-
naHraH p — OaA$ y4yH, 2 — kanaii 6u-
naH nernpnadradH n — OaA3 yuyH.
6) OaAs3 nu p-N YT KUCKa TyTallyB
(hOTOTOKUHUWHT p-KaTnaM KaauHAnru-
ra 6ornaHnwmn. \-p=\,\ «10/%cm°,
£/=55MKM:2-/>=6,0 » 106 cm 3,
£n=200MKMm; B) LUoTrkn guoaun o-
TOTOKMHUWHT TecKapu cuFMmura 6orna-
HULLIN.
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HOCabaTHUHI Tax/UnuM WyHU KypcaTaguku, (4.195a) Ba
(4.1956) TeHrcusnumknap CcuUpT PeKOMOUHALUACUHUHT
5<104m/c kuiimaTnapuga YpuHAu 6ynap 3kaH. byHpaH
(4.1958) wapTHM 5< 104 cm/c 6UnaH anmawTUpULL MYMKUH-
nnrn Kypcatunrad. TaxpunbagaH bnHY aHWKNaLWAap-n YTyL-
HUHT t03acK 5 m10 4cM2 toKnama Kapwmnnmk 10m 6ynraH épys-
NVK MaH6an cuaTuga renit-HeoH nasepu KynnaHwnraH. bn
HW aHMKnawga Kucka TyTawys (POTOTOK YnualifaH Tawlka-
py, EpYFANK UHTEHCUBAUTUHW, EPYFIMKHU HaMyHajaH Kai-
TUW KOIPHOULMEHTUHN BUNULL N103UM. INUTaKCHUan Katiam
Ka/IMHAUTY Wwap ékn Kus (Huwab) wnund ycynu éunaH éku
TYFPUAaH-TYFPU PacTpAN 3NEKTPOH MUKPOCKOMN BMnaH aHuK-
NaHULIN MYMKWH.

AndhysnmoH y3yHAMK p-n YTULL KKUcKa TyTalys hoToTo-
KWHUWHT 3NMUTaKcuan Katiam KaimHanrura 60FnuKanrngaH xam
aHUKNAHULLIN MYMKUH.

ak>\ Ba ab>1pa p-n YTuw Kucka TyTawyB POTOTOKM
(4.197) paH

—Ke~M1]-] (4.198)

6ynagn. bByHpa KO3(h(PULMEHT:

G, F 1) (199

KanuHnnrn andgysnoH y3yHAnKAaH KaTTa H>>bn anuTakcu-
an katnamnap yuyyH (4.198) HWMHI GUPUHYN Xaau YCTYHNUK
Kunagn. LUYHWUHT yuyyH Y HUHT DK ra ynsmknm 60fFnaHuLL
rpapurngad bnHu xucobnawl MyMKUH. Arap HamMyHa KanuH-
v AU y3noH y3yHINK TapTuonga Knm yHaaH KWK A <bn
6ynca, Kucka TyTawyB hOTOTOKM 5/6nBa 1/2nnapra 60F1nK
6ynagn. by xonga TaxpubagaH aHMKNaHraH xampga Hasapuil
xpucobnanraH ykr (H") 6ofnaHMWNAPUHUHE 6up-6upura moc
TYWWULW WapTuaaH Koag@UUMEHT K-HW Ba Yy opKanum 8/bwu
aHuKnaHagn. £ HUHT KuiAMaTuHW p-TUN MaTepuanniapga
3N1eKTPOH XapakaTtyaH/Iuru opkanu 60fFnaHnLWLIN MyMKUH. By-
HWHT yYyH /bTUNAAry 31eKTPOH XapakaTyaHauru, wyHpaal
KOHUeHTpaumnagarn 3apsg talwyBumnapra ara 6ynrad n-tun-
[larv aNeKTPOH XapakaTtyaH/iurura TeHr fe6 kapanagu. SHAu
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p-n YTuaa Ba WOTTKN TYCUFNAA XOKMUI 3apsif COXaCUHWHT
KEHTIUTU ANPGY3N0H Y3YHAUTKM  TapTubuaa 6ynraH apum-
YTKasrnunap yuyH brnHu aHUKnawHu Kypainmk. KOkopyu Omnm
HaMyHanapfa OfMHraH p+-n, Kn n+p yTuwnap éku wwot-
TKN TYCuUKnapuanp. By cTpyKTypanapHUHT (OoTO3(hdeKT Ha-
3apusicura Kypa Kucka TyTawys (hOTOTOKM

a4 by T
N~ TrvanJ T > (4-20°)

6ynagn. by ndogaHn kynnab, bn HWM TaxpubagaH aHMKAaL
acocufa Kucka TyTawyB (DOTOTOKMHUHI XaXMuid 3apsg co-
Xacu KeHramrura 60Fnmknnrn 6tagn. MabyMKy, noTeHuman
TYCUKNN CTPYKTypanapfa XaKMUA 3apsif COXaCMHWHI KeHr-
NN YHra KYAUAraH KyuynaHuwra 60FauK. P-n YTULWHN Xax-
MW 3apsd coXa KEHTIMTMHWUHT KyynaHuw 6unaH y3rapuwin
Y3 HaB6aTMga noTeHuUMan TYCUK CUFUMWUHWHI y3rapuiimra
onnb kenagn. byHgaHp-n yTuw Ba LLIOTTKM TYCMKNapu KMCcKa
TyTawys (DOTOTOKNAPUHWHT X@XKMWIA 3apsaf COXacu KanuH-
nurura Kapa6 y3rapuwuHy noTeHUman TYCUKHUHT CUFUM Y3ra-
puLWK opKanu udoganal MyMKUHAMTA KYpuHagn. Tycukcu-
FUMUWHUHT X2KMWA 3apsg coxacu KeHrawru 1V 6unad

C(m) = — A 6ofnaHMwIga GYNMWAUTMHU Haszapja TyTcak,
' r EnA
(4.198) nq)o,anM ounaH TYFpy YM3NKNM GOFNaHMLWAA

oynMwnnruHn Kypammns. by epga A-p-n ytuw éku LLIOTTKK
TYCUFUHWHT 103aCUT —APUMYTKA3TUYHWUHT LU3NEKTPUK CUHT-
AUpyBYaHAMTM C(M) Xap XU KydnaHWwgaru TYCUK CUFUMN.

LyHpad kunnb, p-n YTUW Ba WOTIKA TYCUKMAPUHUHT
KUCKa TyTawyB (DOTOTOKM OpKanu ANDGY3NOH Y3YHANKHU
aHUKNALWHUHT MKKUHYM yCynuaa ynapra KyiuaraH xap xun
KyunaHuwnapga mp Baktaa 6up Xun UHTEHCUBANKAATW EpyF-
MUK 6unaH EpUTULLAAH X0CUN 6YnraH Kucka TyTawyB (oTo-
TOKWUHWHT CYHULL CUFMMMW YNyaHagu Ba YnyaHraH yKT HUHT

ra 6ofFnaHuwn ymnsnnagun. (4.20 B-pacm). by 6ofna-

HULLHWHT TYFPU YN3UKIN COXACUHK abcumncca YKy GunaH Ke-
CULWITyHYa AaBoM 3Trupub, y Kecma y3yHaurugaH gudaysn-

e e0A v o o
OH Y3YHNUK TOMunagu d = . byHpan ynuyalHmn yTKa-

3nWaa EPYFAMKHUHT am><\ TEHICU3NWUK YPUHAN BynraH
CMeKTpan coxacu TaHnaHagwW. ByHpaH Tawkapw, 3apajg Ta-
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WyBUYMMap fAALl BaKTU XaKMWIA 3apsaf COXACUHWUHT Apeid
BaKTMAaH KaTTa 6ynuwim Kepaknuru kypcatuarad. CaP yuyH
/op-10_12C. Cufum  C(M) HamyHa épuTtunraH xonatga 1 MI
yacToTaga ynyaHraH. KOkopuga nsoxnaHraHnapgaH KypuHa-
oukn, By ycyn anuTakcuMan katnamnapga HOMyBO3aHaT aco-
CWil 6ynmaraH 3apsg TallyBYMAAPHUHT KUYMK Anddy3noH
Y3YHAUTUHU Ynyall MyMKUH. Xamfa xap Xui wapouTia xap
XUN KaIMHAMKAA YTKasunraH Taxpuoa HaTmkanapu anddy-
3Ms KOIMOULUMEHTUHN, CUPT PeKOMOBMHALMACU TE3NUTUHN,
3apsg TawyBuMnap fwall BakrMHW aHUKNawra MMKOH Oe-

paau.



5-60Ob

HYKYP CATX/IN MAPKAS/NTIAP MAPAMETP/TAPVHN
YNYALWL YCYNNAPU

5.1-8. Yykyp catx/1 MapKasnapHUHI napameTpnapu

ApUMYTKa3rny matepuaniapuHNHr TakMknaHraH 3oHana-
puia 4Yykyp SHeprusa carx/iapuHu X0Cua KunaguraH Kpuc-
Tal NaHXapa HYKCOHMapu YyKyp caTxiu mapkas (TyTKuu-
nap) fge6 toputunagn. by HykcoHnapra Kupuwima atomaapu-
HW, pagnaLoH HYKCOHapHW, TEPMUK MLLJIOB XapaéHnapuaa
naingo 6ynraH TEPMUK HYKCOHMAPHN KypcaTul MyMKWH. Yy-
Kyp caTxiy Mapkasnap pekombuHauus mapkasnapu éku TyT-
KW4 Mmapkasfnapu kabu 6ynagunap. BupuHum xonga yykyp
caTxjlap 3apsaf TawyBUMNAPHUHT AlWall BakKrMHU, Auddysu-
OH Y3YHAUTUHW Kamalinwnra oMb Kenagn Ba ApUMyTKasruy
ac6061apUHMHT XapakTepucTuKanapura Kyuam Tabeump Kypca-
Tagn. Uykyp catx (UC) nap pekombuHaLMOH mMapkasnap cu-
(hatnga nasep Ba €pyfnnkK (CBeTO) AMOANAPUHUHT HYpPNaHWLL
WHTEHCUBAUTUHU KaMailTupagu. Yykyp caTx/vm mapkasnap
TYTKMY Mapkasnapu cudatuga 3apsg TynaaHuwumra tabemp
KMAMLWKW MYMKWH. Ha3opaT ocTuga KAPUTUAraH Yykyp cartx-
nm mapkas (UCM)nap 6up KaHua xonnapga spumyTKasruy-
napga Kepakivm Xycycusatnap Xocun KUamwmn MymKuH. Maca-
naH, apceHmgranaunii (CaAs) ra KUpUTUAraH XpoM Kupuima
aToMu okopu OM v (Kapwuamru katta 6ynraH) HamyHanap
ONMlIra UMKOH 6epagn. KpeMHWiAHW Tuana (Au), nnaTuHa
(P{) KmpuwMa atomnapu 6unaH nerupnab, 3apsg TawyB4yu-
nap fwall BakrmMHuM 6up Heya TapTubra KamamTMpullra spu-
WKAAN Ba Y HaMyHanap acocuja caHoatfa Te3Kop UMMy/bCe-
An Anof Ba TPUCTOpnap MiWMab yukapuw nynra Kynungw.
Oemak, apumyTkasrnunapga YCMnap makbyn Ba HOMakbyn
Xo4ucanapHu coaup Kunap skaH. LLYHUHT yuyH 4yKkyp caTx-
nap XoccanapuHu ypraHuil, TeXHONOIMK XXapaéHnapaa naii-
00 OYNMWAUTMHU Ha3opaT KWauw, ynap TabuaTuHU aHuK-
nawl ApumyTkasruynap gusmkacuga Myxum YpuH TyTagu.
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3apsg TawyBumnap 6ynIMuULL 3N1EKTPOHHM, KOoBakHM UCnapra
TYyTM6 ONryHYa, TyTraHgaH CYHI KaHjal 3apsgfnaHraH xona-
TMaa 6ynuwwura kapab, caés carxiap Kabu, 4ykyp mapkas
[OHOp €KY akuenTop xapakTepura ara 6ynMwmn MyMKuH. Yy-
Kyp caTtx/iap Xxoccanapu TakuknaHraH 3oHajaru xonatu Er,
KOHLEHTpauuacu Wr faH Talkapu, 3/1eKTPOHHMW, KOBaKHU
MOC paBuLUfa caTxUaH TEPMUK YMKapuLl Ko3hpuumeHTaapm
en, ep xamfa 3NeKTPOHHU, KOBAKHU caTxra TyTUANLW KecuM-
napu 5n 5p 6unaH aHWKnaHagW. ONeKTPOH, KOBakHW Map-
Kasra TyTuanw KoapguumeHTaapy yn yp TYTUIMLL KecumMna-
pu 5, 5 opkanu Kynmgaru

y =5V, y,=5,V (5.1)

MyHocabaTtnap 6unaH 6ofnaHraH. by epga: V — 3apag Tallys-
yunap ypradya Te3nurn 6ynmo, YHUHT Kuimatu

y=(KT/nTY» (5.2)

ndogagaH tonunagn. Mabiymku, 3apsag TawyBUMNAPHUHT E
caTxra TyTUANLW KeCcUMW YyKyp MapKasHWHI KaHgai 3apsij-
NnaHraH xonatga 6ynuwura 60fFnnK,.

3apsgnaHraH mMapkas Ky/noH TOPTULLML MapKasu 6ynraH-
fa TyTuamw kecumun 10 M CM2 KY/NOH UTapyBuM Mapkaswu
oynraHga TyTunuil kecumu 10-19cm2, mapkas HeiTpan 6ynraH-
faa Tytmnnw kecumn 10~16; KO-17 cm2TapTtubuaa 6ynagn. bab-
3aH, YUCMnapga TyTUInUW Kecumnapu kopuaa Kentupun-
raH KuimatnapugaH katra apk Kuamwu myMmkuH. LLyHaaii
KUNMG, YyKyp 3Heprus catxnapw Er, Wr, en, ep, 5n, 5p napa-
MeTpnap opKanu aHuKnaHap akaH. by napamMeTpnapHu ynuaiu
ycynnapn yctuga TyxTawjad oa4uMH ynapHUHT 60fnaHuLnia-
PUHWU aHUKNOBYM 6ab3n 6MP MyHOcabaTnapHM KYpub YmKaii-
NUK. ApUMyTKasruy n-tn 6YNCUH Ba YHAA Caé3 caTx/in KOH-
LeHTpauuacu JTO16ynraH 4OHOP MapKasufaH Talkapy KOH-
LeHTpauuscu TY, TakMKNaHraH 30Haja 3Heprus catxum Er
oynraH UCMnap 6yncuH xamaa 3M1eKTp HemTpananmK coxacu
(3HC)ga >4KT TeHrcusnuk 6axapuncuH. byHpaai Ha-
MyHanapfa 4Yykyp catxja 3/eKTPOH KOHLEHTPaLUACUHWHT
BaKT OYinuya ysrapuwura onmb KenaguraH >kapaéHnapHu
Kypainuk (5.1-pacm).
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5.1-pacM. ApuMyTKasrayd Yykyp caTxuaa 3/1eKTPOH KOHLEHTPaLUsCUHUHT
y3rapuiumra onu6 KenyBuM XapaéHnap (3NeKTPOH YTuLLap cxemacw).

L YTKasyBuaH 30Hafaru 3NeKTPOHHWUHT YyKyp caTxra Ty-
TnAnw xapaéun. by XapaéHpa catxuarm 3NeKTpoHAap KOH-
LeHTpauMacK owagn Ba YHUHT YCcull Te3nuru

2,=Yn(K-nnn (5.3)

6unaH aHuKnaHaau. By eppaa, nr— 4ykyp caTagarv 3/feKrpoH
KOHLUEHTPaUMACU, N — 3MeKTPOHHMHI YTKa3yBYaH 30Hajaru
KOLEHTpaumsacu: Hr~nr 3NeKTpoH 6unaH TynatunamaraH 6y
YyKyp MapKa3 KOLEHTpaumsacu, yn— 3/IEKTPOHHUHT MapKas-

ra TyTmamw Kos@guUneHTH.

2. UyKyp caTxuaH YTKasyBuYaH 30Hara 3/IeKTPOHHU Tep-

MUK YMKapuL >XapaéHuga Er caTxgarv 31eKTPOH KOHLEHT-
pauuacu nr kamasgu Ba YHWHT Te3nuru

r,~ =, M, nn, (5.4)

6unaH aHuknaHagu. by eppa, en — 3NEKTPOHHW caTxAaH
TEPMUK YnKapuw KoaduumeHtn LWoknm —Pupg ctatuctu-
Kacura Kypa, e=yn{ ndpogagaH Tonunagu.

nx — epMmn catxy £ 4ykKyp catx Er ra Moc KenraHza,
YTKasyBYaH 30Hafarn 3MeKTPOH KOHUEeHTpauuscu 6ynuo,
YHUHT KuiimaTtu

17- 55 237



(Ec-ET)
= exp - (5.5)

6unaH aHuknaHagu. by epga, /. — YTKasyBYaH 30Hajgaru
'ath(heKTUB X0NaT 3MUANTK.

3. DNeKTpoHHM EfcaTxfaH BaneHT 30Hara ytuw (Eku Ko-
BaKHMHI Er caTxra TyTuAuw) >kapaéHu. by xxapaéH caTxuaru
3N1EKTPOH KOHLEHTpaLUACUHN KamaliTupagu Ba YHWUHI Te3-
nru

m~y~nr (5-6)

ngoga 6unaH aHuknaHagu. by epaa, p — KOBaK KOHLEHTpa-
UMACK, Yy — KOBAKHUHTI caTxra TyTUInLW KO3PMULMEHTN.

4. BaneHT 30HafaH 3neKTpoHHU Er catxra (EKM KOBaKHU
Er caTxuaH Ba/fieHT 30Hara) TepMMK YMkapuil >xapaéHu. by
XapaéH Fr caTxgarn 3/IEKTPOH KOHUEHTpauusacuHu owmpa-
LW Ba YHUHT Te3nuru

8p=ep(Mr~nr}= YP\ ’ (M ~nr) (5.7)

ngoga 6unaH tonunagu. by epaa, P{ — 3anekTp HeATpanIMK
coxacuga depmmu catxu, Er 6unaH Moc KenraHga BaneHT 30-
Hajarn KoBaK KOHLEHTPauusAcU. YHWHT KuimaTu

P = Ayexp (ErK'T EY) (5.8)

ngpopagaH Tonunagu.  —BasieHT 30Hagarun agdekTnB xonart
anunurun. WyHpan kunn6, Er UC 3/1eKTPOH KOHLeHTpaumns-
CUHUHT Bakr 6yinya y3rapuw Tesnuru LWoknu-Pug cratuc-
TMKacura kKypa

=y, (Mr-nr)n-y,\r- yppnr+ypp ~ r- nr) (5.9)

Y3NYKCU3NUK TeHrnamacy opkanu ugoganaHagm. CrtaumoHap

xonarga l— = 0| 3M1eKTPOHHUHT CcTalMoHap KOHLEeHTpaLms-
u a1l o

cn (5.9) TeHrnamara kypa
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I N — BAu+Yp* = rn+l* ,510)

ryn(nc + M0 + Yp(Pc + P\) YnMfc + en + YpPc + ep

KYpuHuwaa 6ynagn. n{ Ba p{ KoHUeHTpauusnap (E-E) Ba
(E -E) 3Heprusnapra aKCcrnoHeHUnan 6ofnaHraH 6ynraHu Ty-
thaiinn, ynap up-6upmaaH kamuaa oup Taptnbaa hapk Kuna-
aunap. Opatga er» e p 6KW ep» e NTEHICU3NNK YpUHAU Byna-
an. Arap TyTuanW KoaguumneHTnapu ynea yp 6up-éupnaan
KaTTa (papk Kunmacanap, n-Tun maTepuannapfa TakuKiaH-
raH 30Ha APMUHWHT HOKOPW KMCMUga xoWnawraH Er caTx
YUyH e » e 6GYnaan Bay acocuii 3apsj TawyBUMIap yuyH TyT-
KUY mMapkas 6ynagu. Arap Er caTx TakuknaHraH 30Ha apMu-
HUHT Kyin kucmuga 6ynca, e » e noynagn sa acocuii 6ynma-
raH 3apsf TawyBumiap yyyH TYTKWY Mapkas 6ynagu. P-tun
MaTepuan yyyH 3ca TeCKapu TeHrcusnnknap ypuHnau 6ynagu.
YCHWHT 301eKTpoHAap bunaH TYNAUPUNTaHanK fapaXKaCUHUHT
y3rapuwu (UC)HU hoTomoHnaHuwm, abHU YC 6unaH yTKa-
3yBYaH €KW BaJIEHT 30Hanap opacugaru onTuK yTuiinap Ty-
tainm cogup 6ynuwm mymkuH (5,6-yTuwnap). by xonga
caTxuaH 3MeKTPOHHU Ba KOBaKHM OMTUK YMKapull Koagdu-
UMeHTNapyn €n= xnly &= Xpln Kuputunagm (xrkp — §oro-
MOHNaHWL KecuMK, /| — EpYFINK MHTEHCUBAWUTU) Y Bakraa
YNapHUHT Er caTxfaH YnKapuil Ko huuneHTnapy e°+enéku
gh+epra TeHr 6ynagn. LLyHaain kunnb, HamyHa OOTOH 3Hep-
rmacn Ny»AErépyFnnk 6unad éputunranga (5.9) ysnykcms-
NIMK TEHrnama

-T-=Y r-nnn-yhfar+y,p~r- nr)~

, 7 (5.10a)
- XAnrir+ X P(MIr-nniy

6unaH ndoganaHagn. MNact TemnepaTypanapga TepMuK yu-
KapuvLL Te3NWUry yHYa KaTTa 6yimaraH wapovTaa OnTuK YTuL-
napga Yvmkapuwl Tesnuru TemnepaTypara 60F1uK 6ynmacgaH
EPYFAMK MHTEHCUBAUTUTa GOFNUK OynraHnuru Tydannm
€°» enéKn e°» ep LapT OCOH Gakapunagu.

UC -- HWHI 3/1eKTPOH 6unaH TYNAUPUATAHIMK Japaxa-
CMHWM ONTUK ycyn 6unaH y3rapTupull OpKanu 4yKyp caTx
3HEPIUACUHU TYFpPUAAH-TYFpM (POTOH 3Heprusicm 6yinda
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aHUKMaW MYMKVH. ByHU YHUHT adzannuru cugatnga Kypca-
TUIW MYMKUH. LLyHAan kunu6, kakopuga KenTupuaraH nsox-
napgaH KypuHaguKu, uykyp Er caTxHu 3/1eKTpoHnap 6unaH
TYNAUPraHAnK fapaXKacu, caTXHUHI TaKuknaHraH 30Hajaru
Ba (hepMu caTxura HucbaTaH KaHfali BasusiTAa OYAuMLIMra,
mMaTepvan TUNura, caTxHu LOHOP €KW aKLenTop XapakTtepura
ara 6ynuwura, KoHueHTpaumsacn N ra xamga Tawky Tabeup
(Temnepatypa, EpYF/IMKHUHI (DOTOH 3Hepruscu Wr Ba WH-
TeHCcUBAUTN)ra H60FNNK.

5.2-§. P-n yTuwga yykyp caTxnapHUHI 3/1eKTPoHNap
6unaH ryngupuaraHIirm

OxucTa p-n yTuwga caés catxaM JOHOP Ba akuenTopnap-
[aH Tallkapu, aHeprusa catxu Er, KOHLeHTpauusacu 1Y 6ynraH
UCM 6yncuH, wy 6unaH 6upra, Yykyp Mapkas aTomu GUTTa
3M1EKTPOHHN Kabyn KUAUWN EKN Bepulun MyMKWUH OYNCUH
(6bup 3apagnu). by xonga xaxmuin 3apag coxacu (X3C)aa
UyKyp caTx 3/IEKTPOH KOHLEHTPaUUSCUHUHT Bakr 6yiuua
Y3rapulLInHN Kypannuk. dnekTp HeidTpannuk coxacn (9HC)-
fa, abHn X3C pgaH Tawkapuja Yykyp mMapkas KOHLUeHTpauu-
acu N caé3 mapka3 KOHLUEHTpauuscu IMB 6unaH 6up Tap-
TM6aa, NEKNH 6yncuH, aeb onainuk. P-n YTULWIHWUHT
n coxacuga J1 A ~-J1 N Bap — coxacmga Nc= NCA Nco 6u-
NaH aHWKnaHagn ¢ co — caé3 AOHOP KOHLeHTpauusacu, MGA
— Caé3 aKUenTop KOHueHTpauusacu). byHpaH Tawkapu, n
coxaHuHr OQHC pa F-E>4KT p — coxaHuHr QHC pa aca
E-F>4kT TeHrcmsnuknap 6axapunagn aeé kapanmus.
XucobnawnapHu coffanaliTupuil yyyH p-n yTuwira Kydna-
HUW kyinunmaraH (K=0) ga ctaymnoHap xonatga epmm cart-
XMOaH NacTa x>wd COXafa XoWnawraH 4ykyp caTtx Er Hu
3M1eKTPOH GuniaH TynatunraH, a gepmyu caTxupaH tokopuaa
x>H'0 coxaaa oiinawraH Er caTXHW 31eKTPOH 6unaH Tyna-
TuAMaraH ae6 kabyn kunammus (5.2a-pacm). P-n yTuiura tec-
Kapu KyunaHull ynaHraHga Er caTxua 3/eKTpOH KOHLUEeHTpa-
UMACUHWUHT Y3rapuwimHyu Kypannmk (5.26-pacm). P-n yTuLl
Teckapy Kyu/jaHuliga MyBo3aHaTAa 6ynmaca xam Er caTxHu
Teckapy Ky4iaHWW ynaHraH p-n yTuira EpyFank TyLumpun-
raHfa nr HA Kylwumya ysrapuwmra onmb Kena,iuraH kKyhnga-
rm ONTUK YTWLI >KapaéHnapu Kysatunagn. P-n yTuwra ¢o-
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5.2-pacM. OxucTa (paBoH) p-N yTULLAA 3HEPTreTUK 30HaNapHUHT
XOWMaHULWN Ba YyKyp CaTXNapHUHI KyuynaHuw Kynnnmarad L=0 ga (a)
Ba TeCKapy KyunaHuw Kyihivnran 11*0 ga anekTpoH 6unaH Tynuwin.

TOH 3Hepruacu E-E>kw >E e~Er6ynraH MOHOXpOMaTWK EpyF-
NVK 6unaH éputuaraHga Er caTxHW (POTOMOHAaHMLW >Kapaé-
HU coamp 6ynagu, AbHWM caTxdaH 3/1EKTPOH YTKasyBYaH 30-
Hara unkagn. LLIYHUHT yuyH Oy xapaéHfa caTxja 31eKTpOH-
HWHT KOHLEHTpauMACKM KaMasgu Ba YHWHT Te3/nru

r=-e°n =y 1 n (5.11)

n nr n & r
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6unaH ngpopanaHagn. by epga,xn—uykyp Mapkasgarv aneKT-
poHAa (DOTOHHU TYTUNIULL KECUMMU, HamyHara TylaéTraH
(hOTOH MHTEHCMBAMIU (Bakr Gupnuruaa, tosa upnaurura Ty-
WwaétraH KBaHTNnap coHu). ®OTOH 3Hepruacn E>UNw>E-E\
6ynraH épyfnnk 6unaH HamyHa épUTuaraHaa KoBakHu Ercarx-
[aH BaneHT 30Hara (EKu 3NeKTPOHHW BaneHT 30HajaH Er ca-
TXra) YMKapuLl >kapaéHu Kysatunagm, AbHU KOBAKHWHI (po-
TOMOHNAHULW XXapaéHu cogmp 6ynaan. by kapaéHaa catxia-
r'M 9NEKTPOH KOHLUeHTpauusacu optagu Bay

8P=-e;(Mr-r,)=xp(K-n)1, 5.12)

npopa 6unaH aHMKNaHagn. % — KoBakua (POTOHHWUHT TyTK-
M Kecumn. lemak, MOHOXPOMAaTUK EpyFnuk 6unaH épu-
TUAraH p-n yTuwra Teckapy KyuynaHuw KynunaraHga caTxua-
M 3NeKTPOH KOHLEHTPALUUACUHUHT Bakr 6yinya y3rapuwim
yHr TomoHnga (5.11) Ba (5.12) xagnapHu xuco6ra onraH (5.9)
TeHrnaMa opkanu ugoganaHagm. Teckapyu KyunaHuw Kyniui-
raH p-n ytuw éputunmaraH (/=0) pa Ba cTauumoHap xonat

= 0 pa carxuyarn afieKTpoH KoHueHTpaumsack nn xam (5.10)

ngogda 6unaH aHuknaHagn. P-n ytuw X3C HUHT Kuc-
MuUAa YTKasyBYaH 30Hafaru 3/IEKTPOHHUHT CTauMoHap KOH-
LeHTpaumacy n<n” 6ynagu. x>vep KUCMUAA 3Ca KOBAKHUHT
BaJIEHT 30Hafarn crauMmoHap KOHUeHTpaumsacm P<P{ 6yna-
AW, WYHWHT y4yyH X3C HUHT Mp<x< y/mkucmmaa (5.10) Hu
TaxMuHaH

nK = Mr— ~  ——-= (5 13)
1+ YpP\ +e, y

KYpuHUWga ndoganawl MyMKUH. Teckapu KyunaHULLIHWUHT
KaTTa kuinmatn K> Ykpaa (5,13) ndoga xamma kucMmuaa ypuH-
nn 6ynagn. (5.10) gayncBaypcxagnapHu Tawnab oo6opuLL-
NVK 3NEeKTPOHHU YTKa3yBYaH 30HafaH, KOBAaKHW BajieHT 30-
HafaH ErcaTxra TyTUIMLIWHWA MHOGATra 0O/IMac/MKHW aHrna-
Tagn. (5.13) ndogaHn

ennrc:ep( N -11)
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KYypuHuwaa wudopanaiMns. ByHgaH KYpuHaguku, cTauuo-
Hap xonatfa 3MeKTPOHHWUHI Er caTxfaH yTKa3lyByaH 30Hara
TEPMUK UYNKAPULL Te3NMUTU (enenr) 3NEKTPOHHWU BasieHT 30-
HaflaH TePMWK YMKapuwl Te3nuru ep(M -nr) ra TeHr 6ynagw.
Uykyp Er caTx yuyH e>ep TEHICU3NMK YPUHAM 6YNCcuH. By
TEHICU3NUK, IOKopUba KypraHuMusgek, ofatia TakumkiaHraH
30Ha APMUHUHT IOKOPM KUCMUAA XOnawraH catxiap y4yyH
baxxapunagn (Ka4oHKM ynBay nap Xypaa Katta apk Kuama-
canap). by carxnap yuyH (5.1) gaH nre« U r 6YANLLANTUHA
Kypamm3. AbHM x<m>ncoxaga YC gespnu 6yw 6ynagn. P-n
VTULLHUHT x>M>1 cOXacuaa caTx 3M1eKTpoHnap 6unaH 6Garta-
MOM TYnaTuaraH. e » enTeHICU3NWK 0gaTha TaKMKNaHraH 30Ha
KEHT TN SPMUHUHT Ky KUCMUAa XOnaluraH catxnap y4yH
b6axapunagun. by xonga p-n YTUWHUHT x>y/p coxacmpa (5.13)
[aH nKk— OYAULLIMHWK, ABHW By coxaaa YyKyp caTx 3/IEKTPOH
6unaH gedpnu (6atamom) TynaTwiaraH, X<mp coxafgaru catx
aca 6yw 6ynuwmnHn Kypamma. SHAN HOCTaLMOHap »KapaéHaa
X3C paru 4ykyp caTxuary 371eKTPOH KOHLEeHTpaLUACUHUHT
BaKr 6Yiinua y3rapuwmnHn Kypannmk. Mabnymku, p-n yTuu-
HUHT X3Cpha Kyunu 3fekTp MaingoHn MaBXyganuru Tydainu
Oy coxafia 3NeKTPOHHUHT YTKasyB4YaH 30Hagarv, KOBaKHWUHT
BaJIEHT 30Hafjarn cTauuoHap KoHueHTpauusnapu UC paru
3N1EKTPOHHUHI CTaLuoHap KOHLUeHTpauumsacmura HucbaTaH Tes
Kapop Tonagu. by yTkasyBuaH 30Hafarv 3NeKTPOHHU xampa
BasIeHT 30Hafjaryn kasakHu X3C fgarv Kyynu 3feKTp MaingoH
TOMOHMAaH Talkapu coxara Te3 ymkapub tobopuw 6GunaH
TywyHTupunagn. LWyHUHr yuyH X3C fa 3MeKTPOH KOHLEH-
TpauMAaCUHM n=nc, KOBaKHUKNHU p=pcaeb kabyn kunca X3C
fa Er catxfary 3MeKTpoH KOHLUEHTPaLUACUHUHT Bakr 6yiu-
ya y3rapuwm (5.9) gaH

“ = [Y,(nc+nD)+yp(pc+pNenr (5.14)

Y3NYKCU3ANK FeHrNama 6unaH aHUKAaHULWNHK Kypamus. by
epaa, Anr(1)=nr(!)-nk TEHrNaMaHWHI eynmMu

(6.15)



KYypuHuwaa 6ynagn. bByHaaH KYpUHaAAWKKW, CaTXHU 31EKTPOH
6unaH TyAUMPULL BaKT AOMMMUICK

*=[yNe +nX+yp{p+px]-' (5.16)

6ynraH 3KCNOTeHUMan KOHYHW 6Viinya 6ynagu. © CaTXHWHT
60LWNaHFNY xonaTaa KaHaam TYNANPUAraHanrnra, Yykyp map-
Ka3 KOHLUeHTpaumuscura 60F1uMK 6ynmaii, y ncBa pcnap Jira
60FNMK 6YNnraHn yuyyH KoopauHatara 60FanK. X3C HUHT YeT-
napuga T ypTa Kucmura KaparaHga Knunk, Bakr goumuiicu r
HWU CaTXHUHT TYNAUPULL penakcauuscy BakTu xam aeb ropu-
Tunagn. X3C HUHT yy>x>m> Kucmumga (5.16) ndopga

*=(Ymx+Y,pRy'=<,e +epY 1 (5.17)

KYPUHMLWHW onaan. KatTa Teckapy Ky4ynaHuLl aa (5.17)
ngpoaa X3C HUHT xaMMa KAUCMKUda YpUHNU 6ynagn. Arap uy-
KYp Mapka3 TOpTyBYM MapKa3 6ynca, Kyuim 31eKTp MaikgoHu
VHUHT aTpouaarn noTeHuman TYCUK (6apbep)Hn KamaiTu-
pagun Ba Yy 3/IEKTPOHHU TEPMUK YMKULLINHWN OCOHMALLTMPAAMN,
AbHU Myn-dpeHken aPdekTn t03ara kenagu. by xopmncaHu
MyBO3aHaTfaru cuctema CTaTUCTMKAcKh acocumpia OfIVHIaH.
(5.17) ngpopapa xmucobra onnHmaraH. y=0 ga YC nu guogra
Teckapu UC cTaumoHap TynatunaraH 6yacuH Ba em» e  6ynraH
KyuynaHuw ynacak, X3C HUHT [Ix KaTnammaaru catxjaH snek-
TPOH yTKadyBYaH 30Hara r=e~ xBaKT JOMMMWIACA BMNaH YnKa
6ownainan, CYHr ynap 3nekTp maigoH Tabcupmga SHC ra
KeTKa3nb tobopunagn. OkmubaTaa p-n YTULIHWMHT N — COXa-
cura xonnawradH X3C HUHr Ax, katnammaa YC HU noHna-
HAWW Tyaknu XaXMWin 3apag 3Muaurn Yykyp mapkas fo-
HOp €KW aKuenTop 6ynagumu, GyHAaH KaTbW Hasap opTaiu.
Bakr goumuiicn T=(ery 1= (ynxy xra (5.5) ugogaHn kyicak
Ba (5.1) HM Hasapfda TyTcaK YHU

T={5 No e)~ exp
(5.18)

ounaH ndoganaHMWNHK Kypamus. by epga, bn — SpUMyT-
Kasrnmy napameTpu, repmaHuii yuyH b =3,6 m102L cm-2 c"1K-2

264



KPEMHUIA Yy4YyH br+6,6- K021 cM~2 c_‘K"2 HU Kabyn Kunaau
(5.18) chopmynagaH KYpUHAgUKW, CaTXHWU 3NEKTPOH 6GunaH
TYNAMPULL penakcauus BakTW Temmepatypa owuwun 6unaH
KECKUH Kamas 6ownaingn. (5.18) HM norapmudmnab

In(rr2)=1n(ag +" ~ (5.19)

KYpUHULWITa Kentupammns. MapKasHUHT MOHMaHWL 3HEeprus-
cu (E -ET) HM Ba 3/1eKTPOHHWHI MapKasra TyTUAULW Kecumu
5nHW Temnepatypara 60FMKIUTUHK Xucobra onmacak 1n(7\)

HUHT GOFNaHNLLIN TYFPU YM3UKHW Gepagn. YHUHT OFULL

Bypuarn TaHreHcU YyKyp MapKasHUHI WOHNAHWULL 3Heprus-
CUHW, opAnHaTa YKMHWUHT KeCMLIUAaH Xocun 6ynraH -1n(isbs)
ra TeHr KecMa Y3yHIurugaH 3NeKTPOHHU TYTUAUL KEeCUMU
§n Ttonunagn. dHanm YC HuU TYngupuaraHaurn crauuoHap
Xonarra apuwraHgaH CYHr TecKapu Ky4laHWLIHW Hojarava
KamaiTmpraHga nr Y3rapuwuHu Kypannuk. KyunaHuiiHmu
yumpraH (y-»0) gaH cyHr /MM katnam coxacugarn YC rineakr
foumuiicn 6unaH Tyna 6ownangn. T HUHT KUAMaTH

TTE W W(E+ ML) Y 1= (en+ YAILY” <$5-20)

thopmyna 6unaH Tonunagu.

Bakr gonmuniicut>10'2-H10'% 6ynraHga rMM«TTeH-
rcmsnuk baxapunagu. bolwkayva anTraHga, Er caTxHW 3/M1eKT-
POH 6unaH Tynaupuw, caTxgaH 31eKTPOHHU TEePMUK YMKa-
puwra HucbataH Te3 cogup 6ynagu. JlekuH tokopyn OM nu
HaMyHanapfaH sicanraH guoanapga ynap 6up taptuoaa 6ynu-
WKW MYMKMH.

P-n yTULLra TecKapu KyunaHuw 6epunradgaH (0-* V) cyHr
p — COXafaru >omnawraH XaXmuid 3apsf COXaCUHUHI AX2
KMCMmaall ep» e n 6YnraH caTxHM r=ep-1 Bakr AOUMMIiCH
6unaH 3NeKTpPoOH Tynampa 6ownangn. by AX2 kaTnamga cat~
XHW LOHOP KM aKuenTop 6yAMwngaH KaTby Ha3ap XaXMuWia
3apag 3uunurv opTagu.

Bakr gommuiicn T=ep'=(yppX-1HUHT Kuitmatn (5.8) Hu
Hasapfa TyTcak,



bunaH aHuWknaHagu. by eppa b —ApMMYTKa3rny napameTpu,
repmaHuii yuyH b= 1,2- 102 cM-2 c-1 K"2 KPEMHWUIA Y4yH
b=2%*102 cm-2 c-1 K2 HOKopuaa kypunraHgek, (5.21) Hu
norapnmnab, yHaaH YC moHNaHWLW 3HEPruscKu (e-Ey) HU
xaMaa KoBakHM YC ga TyTUAULL KECUMU 5p HU TOMULL MyM-
KWH. Teckapy Ky4naHuLIHW YuupraHgaH cyHr OX2 katnam-
Jlary carxuaH 31eKTPOoH

**=[<1+P)yp"l= (ePrY MY 1

BaKr goMMuiAicu 6unaH Keta 6ownaingn (6olikava aiTraHaa,
caTx KoBak 6unaH Tyna 6owwnaingn). by xonga xamt\ccr 6yna-
an. KOkopuga nsoxsiaHraH ycyn 6unaH Er CATXHWUHI WOHNa-
HULL 3HEePruACKMHK, caTxua 3N1eKTPOH, KOBaKHWHI TYTUANL
KecMM/IapvHU aHuKalaary acoCuii XaTtonuk yNnapHUHT TeM-
nepatypara 6ofnuknmrndn (5.9) ga xmucobra onMacnunk Ty-
(hainnin cogup 6ynraH.

XMCOBNAPHMHT KypcaTuLLiMya, CaTXHUHT WOHNAHWULL 3Hep-
rmacn KT Taptnbgary xatonvk 6unaH 5nea 5 fapHuU aca
KaTrasmknap Taptmbugaru Xxatonnk 6unad ynyaHap akaH. Carx
3HEePrusACMHN aHMKNawWaa WyHU Hasapga TYTUL Kepakkwu,
Xap KaH4ah HYKCOH €KW KupulimMa aTomy TakukiaHraH 30-
Haga MKKuTa (BKM yHAAH OPTMK) CaTX XOCWU KWWK MyM-
KUH. By catxnapfaH Kaincm GUpuMHU HaMOEH 6YnuLIn (epmm
CaTXMHUHI BasmaTura 60F1nK. byHra mucon cudarunga Tus-
na Kupuvwma atomy 6unaH 57 HW nermpnaHraHja rosacura
KenaguraH CaTxHW KypcaTuLl MYMKMH. Y yTKadyB4YaH 30Ha
Ty6ugaH 0,56 3B nactga akuenTop, BaseHT 30Ha LIMMNMAaH
0,45 3B roKopuaa AOHOP CaTXMHW XOCKUN Kunagu.

5.3 §. Uykyp MapKasnu AMOAIapHUHT 6apbep CUFUMMK

Uykyp Mapkas (UM)nu anoanapHuUHI CUFUMK Xoccanapu-
HW p-n — YTULL MUCOMMAA Kypainuk. P+-n auou, 6asacu (aco-
cuaa) KOHLIEHTpaLMACK 6ynraH caés caTxaM LIOHOpLaH
TallKapu, 3HEPrUABMIA caTxM Er, KOHLEHTpaLMUACK 6ynraH
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5.3-pacM. KecKuH p-n yTuLiaa 3HepreTUK 30HaNapHUHT XonaHuy Ba
YYKyp caTxnapHu KyunaHuw KyiunmaraH £A=0 fa (a), Teckapy KyunaHuLl
Kyinnrad £/Ne0 fa 3neKTpoH 6unaH Tynuwwmn (6).

4yykKyp AOHOpP Mapka3 6yncuH (5.3-pacm). By uykyp catxua
e » e TEHICM3NUK GaXapuncuH Ba KeilHyanmk ATCBa
NnapHM Maxcyc Kaig KuanmHMaca KoopAuHaTara 60FnuMK amac
[e6 kabyn Kunamua. X3CpaH Tallkapuparv 3neKTp HenT-
pannuk (3HC) coxacmpa Fr-E >4 KT Ba MOHMALIraH Yykyp
[LOHOP KOHLEeHTpauuscu
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O\N n

U_ab

n bp)

5.4-pacM. P+-n yTulira Teckapu Ky4ynaHuw KyiunaraH xonarja
3HepreTUK 30HANAPHMWHT XoNaHuwK (a) Ba MOHMALITaH Kupuwma
aTOMNAPUHUHT TakcumoTn (6).

OYncUH. Y Bakrga p*-n ytuwra KynunraH teckapu Kyudna-
HUwaa X3C HUHr O<x<u>n kucmumga YC depmun catxupaH
toKopuaa 6ynm6, Tyna noHnawraH xonataa 6ynaan. by coxa-
[a NOHNalraH mapkasnap KoHUeHTpauuscu # cs Ba nap
AnFuHoncMra AvEMO+MmB X3C HUMHF HIKX KUCcMMaa aca
N =N 70 ra TeHr 6ynagn. /=0 ga gvoana TecKapy KyunaHuw
éYTn cakpab (KeCKMH) OWCKH. Y Bakraa X3C HUHI KeHrnu-
FMHU 1K ra, XA — Katnam KaaMHAUTUHA ra owmwura
onné kenagn. (5.4-pacm) <M KatnamaaH 3NEKTPOHHU KeTULL
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BaKTW MaKCBE/N BaKTW Tm TapTubaa 6ynaan, YyHKu Oy Kat-
namga xamma caés JoHopaap Ky4naHuw OLryH4Ya noHnawmno
6ynraH. Yykyp LOHOPNapHUHT <OYn Katiamuga MOHNaHWLLIN
3ca KyuynaHuW owiraHaaH cyHr cogmp 6ynagu. LLYHWUHT yuyH
Oy KaTnamfa 3M1eKTPOHHW KETWUL BaKTWU CaTXHWUHI TY14UPULL
penakcauus Bakrn 6unaH aHuknaHagu. (Hynkatnamga yykyp
[LOHOPNAPHUHT MOHMAHULWW Ty(anin XaxMUiA 3apsan opTa-
[ Ba Gapbep CUFUMUHUHT Y3rapuwmnra onmb kenagn. Opat-
[la 6apbep CUFUMUHM Ynyalwiga p+-n yTuwra AOMMUIA Tecka-
PU Ky4YnaHuWAaH Tawkapy CUHYCOMAANn KUYMK Ky4dnaHuLl
KyhunraH 6ynagu. p+-n yTull Ba LWOTTKW Anoanap 6Gapbep
CUFUMUHUHT noganapmHmn xucobnall ycrmaa TyxtaamaciaH
4yKyp Mapka3 napameTp/iapuMHU aHuKnawira kKepak 6ynagu-
raH Gapbep CUFUMUHUHE (POPMYynanapuHUHE 6ab3n 6up Xoc-
caflapyHu Tax/n Kunamnmk. CUHycongan KUYMK Ky4iaHuL -
HVHT NacT yacToTanapu cor« 1aa caTxHu TYNAMpuULL penak-
cauuacy BaKTUHWM xucobra onmac/iMk MyMKUH Ba Gapbep
CUFUMUHMN CTauMoHap 3apsafaH KydnaHuw 6yivya onnHraH
X0CWna opKanu xmcobnaHnLinm MyMKuH. Hazapuin xucobnatu-
NapHUHI KypcaTuwmMya, NacT yactotaga 6apbep CUFUMU

(5.23)

(hopmyna 6unaH aHuknaHagu. By eppa £a=eOc ApUMYTKas-
TVYHVHT aBCONOT AN3NEKTPUK CUHTAVPYBYAHNIU, 1Ik— KOH-
TpakT noTeHuuannap anmpmacu

(Fr-E r)H— KaTTanuK Fn-E r HAHT x=H garn kuiimatn (5.21)
[aH KYpUHaAMKW, NacT 4acToTa/li CUFUMHWUHI Ky4laHuLw
6vnaH 6ofFnaHUWIN Xypam 6asacuja hakaT caés JOHOp caTx-
nap MaBXyf 6ynraH xongarn C~2(Ll) Kabw, neKuH 6y epaa
C~2L) TYFPU YU3UKHUHT OFULW Bypyary TaHreHCU KMpWLL-
Manap KOHLEeHTpaumsnapyu MUFUHANCK ra Teckapu
nponopuunoHan. byHaaH Tawkapu, CUFMM opmynacugaru
£/. Hn YpHura (17-A[1K kupraH. KOkopu vactota a>T»1 fa
4yKyp LOHOPNAPHUHT TN \¥NTEKUCANTU AKUHUAA 3apAANHUHT
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Y3rapulnHn Xucobra o/IMaciMK MyMKUH, YYHKW ynap Kyu-
NaHnW y3rapuium 6unaH KaiTa 3apsanaHnt ynrypmainamnap.
X—H TeKUCAnrn sKuHuaa akat caés carx/v LOHOPIapPHUHT
3apaan ysrapagn. KOKOpU YacToTasiv CUFUM KUiimaTtu

c* = g) &-25'

thopmyna 6unaH xmcobnaHaaw. by epaa 8 p-n yTuLl to3acu, H -
XKMUIA 3apsifi COXaCUHUHT KeHrnuru. Hasapuin xucobnatu-
NapHUHT KypcaTuimya,

thopmyna bunaH aHuKIaHaLw.
(JT-H") —Katnam KanuHaurun

H-\y = 2ea (Fn-E r)H M)
e mNpgq

ngoga 6unaH xucobnaHagn. (5.27) faH KypuHagukn, (H- ")
Katnam KaMHaury Kydnanuwra 6ofnmk amac. (5.25) qop-
Myna caé3 KupuwmMa MaeXys 6ynraH p-n YTULWHUHT H6apbep
cuFummra yxwatl. Yykyp A4OHOpPNapHUHE 3apsign y3rapyByaH
KyunaHuLW y3rapuwin opkacuaaH KeTMa-KeT yiryposiMaca xam
X3CHUHT KeHrnura Ba HOKOPU YacToTain CUFUM CB ra Tab-
cup Kypcatagn. CH Ba CHB hopMynanapHUHI 6up-obupura
COMMLLTUPULLIAAH KYPUHAAMKW, KOKOPWU YacToTanu CUFM CB
nacT YaCcTOTa/IN CUFUM CH ra H1UcHaTaH KMUmnK CA< CH 6ynno,
y KyunaHuwra CH ra HucbataH Ky4CW3poK 60fnaHraH, 6y-

HWHT ycTura C~2(11) TYFpu Yn3nknn 6ofFnaHmga amac. Tec-
Kapy KyunaHWLLIHWHT OpTMLLIK 6unaH CB/ CMr H1cbaT yca 6o-
pn6 6upra MHTUNAAW. AbHU C~2((1) ra skuHnawagn. Ly
nainTraya Yykyp CaTxHM CTauMOHap TYNnavpuvllgarn 6apbep
CUFUMWHN KYPAUK, 3HAM KyunaHuw cakpab y3rapraHgaru
bapbep CUFUMWUHU TaxIun Kunainvk. Arap KydiaHuw cak-
pab owraHga, ynyaw ac606napuMHUHT Bakr AOMMUIACK IYH
caTxHW TYNAMpUW penakcauns BakTW T AaH KatTa (ryHr)
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Oynca, YykKyp MapKasfnapHu CTauuoHap Tynavpuwgarn cu-
FUMHUMHT (MacT €Kn KOKOpU YacToTagarun) KuiiMatu ynuaHa-
AN T «T TEHICU3NMK BaxapuiraH xona, YykKyp CaTxHM
TYNANPUATAHAUTVUHUHE BaKT 6Yinua y3rapuwinra moc ysra-
pyBYaH HOKOPWU YaCTOTa/IM CUFUMHUHT KaHAANAMP YTKUHYM
KuiimMatn C(() ynuaHaau. lMacT vacTtoTanM CUFUM KUIAMaTK
MabHOCKIa Kypa Xamma BakKT YyKyp MapKasHW CTaluoHap
TYynaMpuwaa ynyaHagn. Xakukatrga arap YC HuHr Tynam-
PUATaHAUTN Y3rapyBYaH KyunaHuw Y3rapuwin opkacupaaH
yArypca, y BakTaa Lak-11ybxacu3 y y3rapMac KyunaHuil y3ra-
pULLKN opKacuaaH xam ynrypaan. V = 0 ga Yykyp caTx cTayu-
OHap TynatunraH 6yncuH. Teckapy KyuynaHWW ynaHraHfjaH
(0 cyHr 6ownaHFny Bakr 1= 0 ga caTxHU TYNANPUIN-
UM, KalTa ynaHryH4ya 6ynraH xonatgarn Kuiimatura TeHr
6ynagn. AvHn /=0 ga X3C HUHI O<x<m>0 Kucmupa
M=M +MBs Ba Nea<x<k6 KaTnammaa X3C HUHT 60LL-
NaHFUY KeHIIUT Ba FOKOPM YacTOTa/IM CUFUMHUHT GoLUNaH-
FUY KMiiMaTnapu Kyinmngaru hopmynanap 6unaH aHMKnaHagu:

(5.28)
p _ $ea _ € eae ' ~CP o
> m T [ +OK-ACIKIA (5-29)
by epga
(5.30)

(5.29) thopmynaHun TaxamnuaaH Cax HUHT |1 6unaH 6oFnaHK-
LM anog 6asacuga hakat caés 4oHop 6ynraHaary Kabu akaH-
NMTUHW Kypamu3. C4@ (11) TYFPU YN3UK OFULL BypyarvHUHT
TaHreHcy J1 A ra nponopumoHan. byHaain 60fFnaHWLL 60LLNaH-
FY NanTAa KyYNaHWULWHWHE Y3rapumn 6unaH Yykyp Kupui-
Ma 3apsan y3rapmaraHnurn 6unad TywyHtupunagu. Craum-
OHap xonatga uYykyp AoHop X3C HUHI x>M>n KucMuga Tyna-
TMnraH 6ynagn. LLIYHWHT ydyH Teckapy Ky4ynaHuw ynaHuwmu
(0-*[/) bunaH OA katnampary catxfaH 31eKTPOH KeTa 60L-
naign Ba HaTwkaga by Karnampa XaXMui 3apag 3vynuru-
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HUHT owwnwinra onné kenagu. demak, X3C HUHT KanUHAN-
FMHU Ba CUFUMWHW Bakr GYyliMuya KamainuiumMra onno kKenaam
(Ax KaTnam kanuiinurn xam Kamasam). (5.25) Ba (5.26) dop-
Mynanap 6unaH aHWkKNaHraH HKOPU YacTOTaIM CUFUMHUHT
cTaymoHap Kuiimat CE HU Cadr Kuiimatu 6unaH conuwTu-
puwgaH Cce> CB OYNUWANTUHN KYpamua.

UyKyp caTx/IM KMpULLManapHWUHI CTauMoHap CuFnmMra Ba
JHC parn yTKasyBYaHAMrura TabCupuHn Kypaninuk. Karta
Teckapu KyunaHuwgia, CTauumoHap HKOpPU YacTOTaIn CUFUM
TaXMWHAH NacT YacToTa/in CUFUMra TeHr Cce = CH X3C HUHT
XaMMa KMcMuga vykyp LOHOpnap Aesp/iv MoHnawraH 6yna-
[N, WYHWHT yYyH By x0naa cuFum caés aoHopnap 6ynraH
xongarmaaH kKatta 6ynaan. JIEKUH 3NeKTPOHeRTpaninMK co-
xacu X>W aa uykyp foHopnap 6atamom 3neKTPOH 6unaH Tyna-
Tmnrad Ba AHC HUHT YTKa3yBYaHAMIUIa Tabecup KypcaTmai-
an. Yykyp JoHOpnap YyyH ep» e n TEHFCUM3NUK GakapuaraH
xofua vykyp goHopnap X3C HUHI Xamma KUCMWUAA 3N1eKT-
pPOH 6unaH 6atamom TynatunraH (A”+J17), LWYHWUHT YYyH
4yKyp AOHOpap CUFMra Aespav Tabeup Kypcatmainan, C L)
TYFPU YU3WK OFULL BYpYarvHUHI TaHreHcu M-'s ra nponop-
LmoHan bynagn. Yykyp AoHOpNapHUHT 6ynuwnmrn AHC HUHT
yTKasyBUaHAUIUTa Xam TabCMp KypcaTmaingn, dyHku 3HC
fa ynap 6atamMom 31eKTPOH 6unaH Tynatuirad 6ynagu.

[nopa 6asacuaa caés AOHOpAaH TallKapW, KOHUEHTpauu-
ACM Wi 6YNraH JYyKyp akUenTop Mapka3 6ynraH XOnHW Ky-
painuk.

1) Yykyp akuenTopnap y4yH em» e p TEHICU3ANK YPUHAN
OYNCuH. X3C HUHT Aespm Xamma KucMmaa Yykyp akLentop
caTx 3/1eKTPOH 6unaH TynaTuamaraH, SibHW MOHMalIMaraH
(HEMQ), WYHUHT YYYH YYKYP CaTXHWHI MaBXyZ/Mru cu-
FUM KMiAMaTura gespnm Tabemp Kypcatmanan. C~2[1) TyFpu
YM3UK OFULL BYPYArMHUHT TaHreHCcM M~'C) ra nponopuuoHan
6ynaan. NleknH SHC pa yvykyp akuentop 6op 6ynnwmn SHC
HWUHT YTKa3yBYaH/IMIMHU KamaiTmpaan (KoMneHcaumsnanam).

2) Uykyp akuenTop caTx Y4yH e>en OynraH xonga aca
X3C HUHT xaMma KucMmaa yYykyp akuenTop carx 3/1eKTPOoH
6vnaH TynaTunraH, AbHW WoHnawraH (JA~NTA-N17) 6yna-
an. LWyHWMHT ydyH OyHAal caTxHWM auopa 6asacuaa mMaBxkyq
oynuwn cuFnm xamaa 3HC YTKasyBYAHIMTMHWMHE Kamaiin-
lmra on1mMb Kenagw.
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5.4 §. FApumyTkasruunap Yykyp mapkasnapu
napameTpiapHn aHUKNALLHUHT CUFUM
CMEKTPOCKOMNUA ycy/inapu

Uykyp catxim Mapka3s (HCM)nap napameTpnapvHmn ynyatu-
HWHT CUFUM CMeKTPOCKOMUA yCynm acocuga p-n ytuw (Eku
LUIOTTKM 6apbepu)HUHT XaXKXMUIA 3apag coxacy (X3C)aaru uy-
Kyp catx (YC) napHu 3aneKTpoH 6unaH TYAuMpUAraHavK fa-
paxkacura, 6apbep CUFUMUIa, KyAnnraH Teckapu KyuiaHWL,
ynyatl Ky4iaHuw vactotacu, EpyFnK, XapopaTiapHUHT Tab-
CUpUAaH to3ara KefiraH KOHyHUATNapHW Kaig kyamw (Ynyawd)
éTagn. Xo3upru naintaa 6up-éupuaaH YCHU 3nekrpoH 6u-
naH TYyNgupuw, KambafannawTvpuw Lwapoutiapn 6unaH
(hapk KnnaguraH CUFM CNEKTPOCKOMMUSA YCYIMHUHT BUp KaH-
ya Typnapu MaeXyf. Ynapra CUFUMHUHT U30TePMUK penak-
cauusa yCynvMHW, UCCUKIUK OunaH paFbatnaHTUpuaraH cu-
FUM penakcauus ycynmHu, OTOCUFUM, YacTOTaBWIn YCYNHM
KypcaTuil MyMKWH. By ycynnapgaH 6upuHN Kynnab oKopu-
fa KYpunraH Tawky omunnap Tabeupugad cogup 6ynraH cu-
FUM Y3rapuULLIVHUHT YMYMUIA KOHYHWUATNQpWU acocupa 4vykyp
mMapkasra TyTWIWUL KecUMAapuHW, TePMUK, (HOTOUOHMAHULL
KO3(h(hMLMEeHTNIAPUHM Ynyall MyMKUH. By yCcynnapHUHT aco-
CUIA Kamuunur ynyaw yyyH maxcyc CTpyKTypanap, maca-
naH, p-n ytuwamn gvog: LLOTTKM 6apbepn €kn meTansi-gmas-
NEKTPUK APUMYTKa3rMuin CTPyKTypanapiaH OuMpuHu Tanép-
NawHN Kypcatuwl MyMKWH.

ApumyTKasruunapga Yykyp catx napameTpriapuHu aHuk-
NaWHUHT CUFUM CNEKTPOCKONUA yCynnapu, PUsnk napameTp-
NapHW CUFUM OPKAIN aHWKNAW YCYIMHUHT 6Up KYPUHULIN
OynraHn ydyH ynapra xapaktepnu OynraH xamma Xatosivk
MaHb6a1apu KKopuaary ycynnapra xam taainykaManp. Y nyat-
Jarv XaTtonmkHu 6axonawl WyHW Kypcatagmku, YUC HUHT Ta-
KUKMIaHraH 30Hajarn aHeprusBuii XonaTuHW, KOHLUEHTpauu-
ACMHWN aHMKNalwaarn xatonvk 10% faH owmMainam, Kupywma
NOHNAHULL KECUMWHWHT Y3 KaTTa/inurn Taptmbungarn xatonmk
6unaH ynyaw MyMKUH.

a. CUFVMHUHT U30TEPMUK penakcayusicu ycynum

by ycyn 6unaH UCM napaMeTpnapuHu YnvallHUHT u-
3K aCOCUHW KECKWUH p+-n YT &KW MeTann-n TUMn SpumyT-
Kasrmy cTpykKTypanu (LUOTTKM Gapbepu) MUCONnaa Kypamnuk.
By Tax/mn Teckapu Tvngarv auog 6asacyt ydyH xam yxuiall
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6ynagn. AHUKANK KNPUTULLL YYYH KECKUH P*-n YTULLAW ANO[,
N-TUNAarv ApUMYTKas3rmy HamyHa acocufa onvHraH. ApumyT-
Kasrmyga KoHUeHTpaumsacu MA6ynraH caés caTx/im AoHOp
OunaH 6up KaTopaa, IHEPrUABUIA caTxy Er, KOHLEHTpauus-
c 6ynraH 4ykyp catxm foHop 6Ynub, y TakuknaHraH
30Ha APMUHUHT FOKOPY KMCMUAA XKOinawiraH Bae> >epTeHr-
CU3NUK, AUOLHWHI 3NeKTp HelTpannmk coxacn (QHC)aa
Ef-E > 4 KT TeHrcusnuk baxapunagn. Auoara V teckapy Kyu-
NaHWLW ynaHraHjaH CyHr cTauuoHap xonartfa 3apaf TallyB-
ynnap 6unaH KambarannawraH (coxa) katnam (X3C HUMHI
KEHrIMrn) Yyerapacu Vt Hykrara Moc Kenuo, y KecKMHnalla-
an. depmMuy catxy Yykyp catxHW \¥c HykTaga kecagn. Craum-
OHap xonatfa Yykyp foHopnap 0<X< \¥c coxada epMun car-
XMAaH oKopyaa 6ynraHu ydyH ynap Tyna UoHnawraHd xonar-
Ja 6ynaan. by coxagarv noHnawraH Mapka3s KOHLEHTpaLuscu

K =" co+Mr0 (5.31)

6ynagn. 1Y<x<Wc coxaga Yykyp catx TYnaTunraH, LIYHUHT
yuyH Oy cOxafa MOHMalraH Mapkas KOHLEHTpauusacy UOH-
nawraH caés [OHOP KOHLEHTpauusacu 6unaH aHuknaHagum:

M=M @B (5.32)

Ba X= 1Y TEKUCNMKLA KMpULIManap KOHLEeHTpauusacu Kec-
KWH (cakpab) y3rapagn. SHAW CTPyKTypara Teckapy Kyuna-
HULW ynaHraH (0-*—V) ga ro3ara KefiraH HocTaLMoHap XapaéH-
[a vyKyp caTx TYNAMPUAraHIurHn, 6apbep CUFUMUHWUHT Bakr
6yinya y3rapuiinHn, SbHU ynap KUHETUKACUHU KYpainuk.
CTpyKTypara Teckapy Ky4naHull KyiunradHgad cyHr 1= 0 ga
XKMUIA 3apsf coxack KeHrainno, A(Q) ra etaam. Yykyp catx-
HW 3NEeKTPOH OWNaH KalOoKIaHWLW Te3/MIM yHYa KartTa
6ynmaraHun cababnu, 6ownaHFny Bakr (= 0 fa Teckapu Kyu-
NaHWLW ynaHraHAgaH CYHr XaKMWUA 3apsa akaT caés AoHop
Kupuwma noHm Acc bunaH tosara KenraH 6ynagn. Bakr yTu-
WK 6unaH 4YykKyp CaTXHW er=T~ TE3/MK OMMaH KalllloK/a-
HULLIM XXKMUWIA 3apsiiHA y3rapuinra onmMoé Kenagw.

UyKyp CaTXHWMHI MOHNawm6 6opuwmaaH yTkasyByaH 30-
Hacura YmkapunraH 37eKTPOHHN 3neKTp MaraoHn X3C aaH
Tallkapura Te3 ymkapub Tawnaingn. by aca 3neKTPOHHMHT
YyKyp caTxra kKavta TyTUAMW Te3IMrmHu Kamantmpagn. Ha-
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TWXKafa BakT YTULIM OWNaH XaKMUA 3apALHUHT CTaumoHap
TaKCUMOTW YpHaTUnaan. Teckapyu KyunaHuL ynaHraH4a XaoK-
MWIA 3apsa coxacu V/(() HUHT KEHranuwwm xam coaup 6yna-
AN, Y XaM BaKT YTULWW 6unaH Y3VHUHT cTauuoHap Mc Kuid-
maTura nHtunagn. HoctauymnoHap »kapaénga X3C HU yd KUCM-
ra 6ynmé Kypuw MyMKUH.

L /=0 pa cTpykTypara O aH Vraya 6ynraH Teckapu Kyu-
NaHWULW ynanmm3 y KeinHyanumk ysrapmangn. X3C HUHT 60L-
NaHFUY KaIMHAMTM H 6a3aHUHT KaIMHAUTKW | JaH KUYuK
6yncuH nebé kabyn kunamms. by wapt

Y (5.33)

TEHICU3NKK YpuHAn 6ynca baxapunagn. by epga —X3C
Jlarv MOHNaHULW MapKasHUHI GOLLMaHFNY KOHLIEHTpaumsacy,
tokopuaa KypraHummagek, />0 ga X3C HUHI 0<X<1Yc KuC-
MWUa MOHMALLIraH MapkKa3 KOHLeHTpauusacu

*E»a>+K» (5.34a)

6ynagun, 4yHKM 6y coxafa YyKyp AOHOpP caTx hepMu caTxu-
JaH roKopuia 6ynraHu yuyyH y Tyna noHnawiraH xonataa 6yna-
an.

2. \Y<X< Neb(1) coxala XaKMWIA 3apsg BakT YTuiLM Ou-
NaH 4YyKyp AOHOPHWHT MOHNaHMLWIN Tydainn opTno Gopaan.
X3C parn Tyna uoHNawraH Mapka3 KOHLEHTpauWsCUHUHT
Bakr 6yiuya y3rapuu

1-aexp - - (5.346)

opkanu ugoaanaHagn. by epaa a=./Y0/(/Y/+T'QA.

3. Ner(1)<x<k(() coxacuaa, YyKyp AOHOP caTxy hepmm cart-
XWAaH Mactha omnawrad 6ynunbé, y anekTpoH 6unaH Tyna-
TunraH. LLUYHUHT YYyH X@KMWIA 3apsg 3vYanrA- MOHNalraH
Caé3 [JOHOP KOHLeHTpaumscu GunaH aHuKnaHagu.

(5.35)
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BynapgaH KypuHaguku, cTpykTypa 6apbep CUFUMUHWHT
BakT 6yinya y3rapmwm X3C HUMHI \¥<X< Ne,(() KMcmmugarm
UyKyp CaTx1M AOHOPNAPHWHI WMOHMaHWLWW Ty(ainnm cogmp
6ynagn. by yd coxaHu ¥3 nunra onraH X3C HUHT Yerapacuga
MyaccoH TeHrnamacuHW WHTerpannabd, aHuKnaHraH KecKuH
p+-n YTUW noTeHumannap aivpmacu

V + 1k = P /OXM (x™)£c (5.36)

X3C HUHT KeHrnuru 1(() HY TonNuwira UMKoOH 6epasmn Ba yHM
ounraH xonga (5.25) faH Bakr Gyiinua y3rapyByaH Gapbep
CUFUMUHWHT hopMynacu Tonunaau. XucobnawnapHUHT

KypcaTuiimya, HUHT YMYMUIA ndhogacn OpKanm Tax-

pnba HaTmxanapugaH UC napameTpnapuHyi aHuWKMall aH4a
Mypakkab. LUYHWUHT yyyH 6Gapbep CUFUMWHWUHT U(OLACUHU
cogganawiTupyBum 6ab3vm 6Mp Xycycuil xonnapHwu Taxaun
KUnnanmiunk.

a) PA-m YTUL EKKU LIOTTKN Gapbepura KynunraH teckapu
KydnaHuw kaTtra £/>E/K Ba YyKyp, caé3 AOHOpfap KOHLEHT-
pauus Wcs, U napn KaTtanuru 6up Taptnbaa 6yncuH, y Bakr-
fa me<U; N>« Ba vt M 6ynagun, sbHK (5.34 6) MyHoca-
6aT X3C HUHr xamma Kucmmupa ypuHnu 6ynagn. by xonga
(5.36) HU nHTerpannab Ba (5.25) HW Kynnab, CTPyKTypa 6apb-
ep CUFNMK

6unaH aHuKNaHMWwuHK Kypamus (5.37) ra /-*» Kyiuob, cu-
FUMHUMHT cTaumoHap kuinvat CexmcobnaHagn. YHu Ba (5.37)
HWU KYnnab CUFUMHUHT

cl-c2(0 _ f )
cc2  =oexp|- -] (5.38)

KYpUHULLAarn opmyna 6munaH aHUKNaHULWKWHK Kypamus. by
nopaHn kynnab Taxpmbaga aHuknaHraH Ce-C 1) HUHT
BaKrra 60fnaHUWNAAH T — KUAMATMHU aHUKAAL MYMKWH-
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nrveamn kypamums (5,38) ra 1=0 HW KYMn6 KOHAeHTpauusnap
HUCOATUHWHT

(5.39)

6vnaH aHMKNaHWLWWHKU Kypamu3. by epaa Cg — HOKOpKU Yac-
TOTa/IM CUFUMHUHT 6ownanFnd  Y=0 garn Kuiimatu Cpg, Cc
NnapHW TaXXpubagaH aHWKIaHraH KuiiMaTnapyuHn unrad xonaa
(5.39) paH KOHUeHTpaums HWU ynyall MyMKWUH. ACB HK
aca C1 (V) 6ofnaHuWaaH Tonunagu:
6)  4yKyp caTx/M JOHOP KOHLeHTpauuacy Knumk J1~c 1 »

xamfa TecKapy KydynaHull KaTra 6yncuH V» F. Y Bakrga
(5.38) Ba (5.39) udopanap

(5.40)

- Ac (5.41)

KYPUHWULIHW onagunap. SHAWM CTPYKTYPaHWHT N-Tun 6asacu-
Jla YyKyp caTx/In akLenTop 6ynraH XO0nHW Kypannuk. YHUHT
KOHLEeHTpaumsacn WrAcaés LOHOP KOHLEeHTpauuscu Mco faH
KU4nMK MiicMQ. by xonga xam (5.34) (5.35) myHocabatnap
YpuHAN 6ynmnb, M Ba a nap

MiIC= K Q0 a=MTAH cs (5.42)
LU c(l-a)=McB-M n

ndoganap opkanu aHuknaHagn. CTpyKTypara KymunraH tec-
Kapii KyunaHuw KatTta V » K BaJ1”, A6up TapTn6aa bynraH
Xonga, VIrAHu Kuiimatu

(5.43)

6unaH aHuknaHaan. J1~-J1™ HuHr kuiimatn C_2K) 60fna-
HUWAaH Tonunagun. VvV » £ Ba Hia«M cs 6ynraH xonga aca, T,
MIA Kniimatnapm

(5.44a)
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- (5.446)

ndogagaH Tonunaaw;

B) UC yuyH e e p 6ynraH XonHu Kypaiinuk. CTpyKTypara
Teckapy KyudnaHuw ynaHraH (0-*- V) gaH CYHr CaTXHWHT
TYNaTuAraHnuK gapaxacu geapnu ysrapmanign, X3C HUHT
[OX, — tonka Katnamu 3n1eKTpoH 6unaH Tyna 6ownaign, y
[lespnn cuFMmra Tabemp Kypcatmaian. CatxnapHu Kaiita 3ap-
AANAHULLMHWN Ky3aTULWL YYYH CaTXHW (3NIEKTPOH 6unaH Tynau-
pyLL Macanacu TYFpU TOK YTKasull 6unaH) ynFoTul TyxTa-
TuAraHgaH cyHr catx (5.21) opkanu aHMKNaHyBYM BaKr A0Ou-
MWIACKM T GunaH Tyna 6ownanan. bByHaa xaxmuii 3apsag
34NN Kamasau. Y y3 HaBbatuaa Yykyp Mapkas oHop, aK-
LuenTop 6YnMwnaaH KaTbW Hazap CUFMMHUHI Kamalimiiura
onn6 kenaan. K» K 6ynraH xonga cuFnM penakcauusicuHu
Kypainnuk. Y Bakrga X3CHMHI xaMMa KUCMUAa YRFOTULL
TyXTaraHfaH CYHr, MOHfallraH MapKas KOHLEeHTPaunAaCUHUHT
BaKr Gyinya y3rapuium

(5.45)

6unaH aHMknaHagu. Arap Yykyp Mapkas oHop 6ynca, y xonga

Arap 4ykKyp Mapka3 akuenTtop 6ynca, y xonga

b=ki/(MC)M A & — KO3(hPULMEHT acocuii BynmaraH 3a-
pAf TawyBuMnap 6unaH caTxHW TYNAMPUATaHNNK Aapaxkacu
6ynmno6, y ii=1-/rp opkann ndoganaHaam. Byyep,qa 3apsg Ta-

LUyBYMAap Kyumm MHXeKumsnawaa, flp =, " TYFpu TOK
nTYyp

yTraHza caTxHu TyNAMpraHanK fapaxacu, TPaH3nCTop CTPyK-
TypaHu Kynnawjga €ku onTUK ycyn 6unaH yinrFoTuwpa

Pe
0=, "pl 6unaH ndoaanaHagn. Pr — KOBaKHWHI CTaLuo-
C

Hap KOHLUEeHTpaumsacu. Xycycuin xonga T3« r 6ynraHga i -\
6ynagn. (5.37) Ba (5.45) napHu Kynnab
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\» n
‘a7l = paexp (5.46)

(5.46) paH uykyp Mapkas arap foHop 6ynca,

(5.47)
YyKyp MapKa3 arap akuenTop 6ynca,
1=Q (5.48)

OYNMWANTHA KYpaMn3. Bapbep CUFUMUHUHT penakcaumscu
ONTUK YWFOTULI (EPYFNIMK) OpKaIM XaM Ky3aTUAUWK MyM-
KWUH. P*-n yTuwaa caés AOHOP Xamaa YyKyp [JOHop 6ynraH
XONMHN KYPannuK. AHUKIVK KUPUTULL YYYH em» e pBa V » Yh
6yncuH aeb onainuk. LLyHaan TemnepaTtypa ONnMHagnKkK, ca-
TXHVHT GOLUNaHFUY TYNaTUAraHIUIK Y30K MyaJaTaa cakiaH-
CvH. bownaHfFuy Bakrga carx ctauuoHap TYN4MpuaraHaInk-
Ka ara 6yncuH, abHU X3C HMHI xaMMa KUCMUAA 3EKTPOH
6vnaH gespnu TynatunamaraH 6yncuH, (= 0 ga AMoAHn HoToH
aHepruacn kwm>>E 6ynraH Epyfavk Opkain P* TOMOHMAAH
épuTamMu3. by Bakr AOMMMWIACK T3 6MNaH CaTXHW 3NEKTPOH
OunaH TyNMLmMra Ba HaTXaja CUFUMHUHT Kamaruniumra onvo
kenagn. X3C aa aneKTPOHHUHE Apeid Te3nurn TYANHULLIN-
ra spuLLIraHn ydyH ralkoopauHatara 60fFnukK 6ynvaiian aeo
Kapaw MyMKWH. Y Bakrga NA(1) Kyinvgarm umgoga

(5.49)

6unaH aHuknaHaan. (5.49) Hu
CUFUMHWHI BakKr 6yimnya 60FnaHuLLIN

(5.50)
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6unaH aHMKNaHWLWKWHK Kypamm3. TaxpubagaH aHMKIaHraH
/(()=c2()~ Cc 6OFNaHMLLAAH TI1HA TONUW MYMKWH Ba

OpKanu yn aHuknaHagu. by epga y — ToK 3uunuru, fp —
apeidy Teanurm Mro« M ) 6YnraH xXonaa CUFM penakcaLnsicu

(5.51)

6unaH ndoganaHagn. dHAM X>H'6COXa 3NEKTPOH BmnaH Tyna-
TMnraH 6yncvH. /=0 ga gnoaHn n-coxacugaH (HOTOH 3Hep-
rmsicu Wm/>Ee 6YNraH épyFnmkK 6mnaH éputunnca, CaTXHWU KO-
BaK " Bakr goumMmuiicu 6unaH Tynaupa 6owinainan Ba HaTu-
Xaja CUFUMHUHE owmwunra onmb Kenagn. by xonga Kosak
Apend Te3NUrMHUHT MaioHra 60FNUKAUTUHW, SbHUTN HUHT
macoara G0FIMKINTMHN NHOBATra ONINLL Kepak.

6. TepMuUK pafbaTnaH TUPWUATaH CUFMMHUHT penakcayms yeynm

Uykyp MapKa3 napameTpiapuHu YnyalHUHT 6y ycynu
LLIOTTKN Gapbep (TYCMK)AN EKN KECKUH P*-n YTULLAN CTPYK-
Typa (4M04) XapOpPaTUHUHT ownlin 6unaH 6apbep CUFUMU-
HUHT y3rapuiivHK Kaig Kunuwra acocnaHraH. bapbep cu-
FUMUHUHT 6y Y3rapuiin UCCUKIMK Tabeupuga YyKyp caTxHu
KaiiTa 3apsgnaHuiimMaaH coaup 6ynagn. by yCynHUHT Moxu-
ATUHW EPUTULLAA XaM SPUMYTKa3rnyaa KOHUeHTpaumscy Aes
6ynraH caés caTx/vM AOHOpAaH Tallkapu, TakuKIaHraH 30Ha-
[ia IHEPrUABUIA caTxy Er, KOHLEHTpaLmsCcK 6ynraH vykyp
caTx/im 0HOp 6YNCKH Ba Oy YyKyp CaTx YUyH er» e p TEHICU3-
MK 6axkapunagy geb kabyn kunamus. JMogHWM UCUMTULL, CO-
BYTWLL XKapaéHnapuga yHaaru Yykyp CaTXHUHT TYNAMPUraH-
NINTUHK Ba Y BMnaH 60FNNK CUFUMHUHT Y3rapuLLINHN Kypaii-
NuK. JlacTnab CTPyKTypaHu LiyHAain TemnepaTypa 7> ga
YLWNANMU3KW, YHAR YYKYP CATXHUHT 3/1eKTPOH 6unaH crauu-
OHap TYNAUPUAraHAUTN Te3 YPHATUACUH (T« T 7H) Ba <mr»l
TEHICU3INK GXXapWICKH. ByHa ynuaHraH cusM KOKOpK Yac-
ToTa/IM 6apbep CUFUMHUWHI CTauuoHap Cc KMiMaTUHU Gepa-
an. KeivH [MogHM TecKapy V KyuynaHWUW ynaHraH Xonga
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YyKyp CaTXHUHI GOLINAaHFNY XonaTAary TYNAUPUATaHINIn y30K
caknaHaguraH [, Temneparyparada cosytamus. by xapaéHaa
CaTXHVHT TYNAVPUATAHNIVK Japaxkacu [espnn y3rapmaigu.
LLIYHUHT y4yH CUFUMHUWHI TemnepaTtypara Kyycus 6ofnaHu-
ww kysatunagn (5.5a-pacm, 60fnaHuw). by 6GoFnaHuULL uy-
Kyp CaTXHWHI CTauuoHap TYNAUPUAraHIUrA nic Ba CTalmo-
Hap TYNAUPWAraHNMKKa MOC KenraH craluoHap 6apbep cu-
FMn C HUW aHrnatagy. SHAM Teckapy VKyynaHuw KyiunraH
Xonga AMogHn TxfaH 6ownab kusgmpamus. by >kapaéHparu
CUFUMHUHT TeMnepaTypara 60f1aHnwm xaMm 1-60FnaHnL Kabu
oynagn. CYHr AMOAHW, AHA KailTajaH TecKapu KyuiaHuw
KyinnnvaraH Y=0 xonga, I, TemnepaTyparaya COBYyTaMu3,
CYHrpa Teckapu Ky4ynaHull ynaiimmus. by TemnepaTypajga ca-
TXHUHT GOLNaHFNY TYNAMPUNTAHAUTA nn Ba YHra mMoc Cu-

5.5-pacMm. Bup 3apagin vyykyp mapkasu 6ynraH p-n ytuwga cufum (0), Teckapu
TOKHUHT () Temnepatypara 6ofnaHmn. 1,4 —TepMUK parbaTiaHTUpuIMaraH;
2,3 — TepMUK pafFbaTnaHTUpUAraH Yykyp caTx paspsgun 6YnaraH xXon y4yH.
Tunna 6unaH nerMpnaHraH p+-n yTuwnM KpPeMHUA [UOAWN CUFUMUHUHT
Temnepatypara 6ofnaHuwun (b).

~N=1,510H cm'3 ~=1,6-10Bcm 3 5=2,2 cm2 <7=20B, 6=1 K/c.

1 — TepMmuK pafbaTnaHTupuwl 6ynmaraHga YyKyp caTx paspsgu;

2 —aKuenTop caTxu parbaTnaHTUpunraHga Yykyp catx paspagu;

3 —TepMuK parFbaTnaHTUpUAraHaa 4OHOP CATXMHWN 3/1eKTPOH 6unaH TyamLm
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FUMHWUHT GoLlunaHFny Kuilmat C6 y30K caknaHagn. CEHUHT
kuiimath C ra HucbataH KMUYMK. DHAM Anofra Teckapu V
Ky4/laHVLW ynaHraH Xonja YHUHI TemnepaTypacuHu KyTapa
6opamu3. TemnepatypaHuHr I, faH TO opasMfFmaa CaTXHUHT
60LWWNaHFNY TYNOUPUATAHINTA CaKNaHULWN Tyqakinn CuFnm-
HWHT TemnepaTypara Ky4cus 6ofnaHuin coamp 6ynagu. Tem-
nepaTypaHuMHr TOAaH Tcrada GynraH opanmfFnga aca CTPykK-
Typa CUFUMUHUHE Te3 Ycuwmn Kysatunagn. by Temnepartypa
OpannFnga CaTXHUHT TYNANPUATaHINK peflakcaumns Bakrn Ka-
Masay Ba CATXHUHT TepMUK paFbaTnaHTUpUAraH paspagn (ca-
TXUAH 3M1EKTPOHHUHI UCCUK/IMK TabCUpuaa YMKULLN) Ky3a-
Tnagn. by Y3 HaBb6aTMaa CUFUMHUHT Te3 ycuwunra onmb Ke-
nagn. CaTxHWHI TepMWK pafbatnaHTMpuaraH paspagu
TyraraHfiaH cyHr, (T>Tcpa) 1- Ba 2-60fnaHuwnap 6up-6m-
pura moc Tywaan. CaTXHUHI TEPMUK paFbaTaHTUpUIraH pas-
PAAN Teckapu TOK penakcauusCMHU XaMm ko3ara Kentmpagm,
AbHW AMofua TecKapy TOK MMMYNbCUHWHE OKMLIMTa 0nmb
kenagn (5.5, 6-pacm). Temnepatypa OwWMLIN 6UnaH Teckapu
V KyunaHul Kyiunrad guoaua TOK KyTapuiaau Ba Mab/yM
oup Temnepatypaga MakcUMyMmra 3puiinG, kamas 6ouunaii-
an. CaTxXHUHI TepMUK paFbaTnaHTUpUAraH paspsgn Tyrawm
OunaH TOK ojatharn Ao CTauMoHap TecKapy TOKUrada Ka-
Masan. SHAM AUOLHWHI TEPMUK parbaTnaHTUpUAraH CUFUM
Ba TOK pefakcauusnapy opkaam Yykyp catx napameTtpnapu-
HN aHMKNALHW KYpainuK.

XKMUIA 3apsaHN XOCUIT KUTYBUM MOHMaP KOHLEHTpauu-
Acnm X3C HUHT XaMma KucMuga oup xvun 6ynravga, MoHnaLu-
raH mMapkas KOHLEeHTpauusacu

M(O=n7"+1 (0 (5.52)
6unaH aHuknaHagu. Ly 6unaH 6upra, MOHnawraH 4ykyp
A0HOpNap KOHLEHTpauumscu

(5.53)

KOHYHMAT GYiinya owagn, YHra MyBo(UK HeinTpan carx/iap
KOHLiEHTpauuscyn Kamasau
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nr(1) = U0 exp ~1c<)a,, {DcX(

MabnyMKuW, TECKapU TOK 3UUIATU YyKyp caTxuiaH YTKasys-
YaH 30Hara Bakr 6upnuruga YTaétraH 37eKTPOHMap COHMra

4ann
| nponopunoHan

yicroee T = ¢ A exp ~Senell = -e.(hnr(()-e

(5.55)

TepMmuK paFbaTnaHTMpUIraH Teckapy TOK KaHZauaup Tem-
nepatypa T Aa Makcumymra spuwiradm yuyH (5.53) gaH Bakr
6yinya onnHraH xocmna T=T [a HOMbra TeHr Gynaaw.

4 s u uy
| =~eT(e,(0'nX))-eF +é&'e— =0

* A ~Tnax * Twax

(5.56)

MOLOMUKN CaTXHUHI TepMUK paFbaTnaHTMpuIraH paspsigm
KMYMK Temnepatypa opanuFnga coaup 6ynap skaH, 6y opa-
NMKUA TemnepaTypaHUHT Bakr 6yiinya OWnLLNHN

T=T0+@(
KYPVHULLAAT YM3NKIN KOHYHUAT Byinda 6opagm feb xucob-
naw MymKuH. By epfa /3 —TemnepatypaHuHT YCuw Tesnu-
rMHW aHUKNOBYM KO3PdmuneHT Kc

(AT=IM1 (5.58)

6yNMwAnrMHn Hazapga Tytm6 Ba (5.18) ndopaHun Kynnao,
(5.56) paH 4yykyp caTx MOHMaHULL 3HEPTUACUHUHT

m\

Ta ' » +1nkl + 2K7Tax
I orax Kn£ -+ 1n[KAb§, L e (5.59)

ngoaa 6mnaH aHMKNAHULLIMHW KYpamua.
Amanvétga kyn xonnapga 2 KTtax<LE’. 6ynagn. Y BakTaa
(5.59) noga



KypuHuwra Kenagn. by dopmynaHu kynnab, TaxpubagaH
UYKYP CATXHWHT WOHMAHUL 3HEPrUACUHW aHWMKAAL YYyH
CTPYKTYPAHWMHI Xap XWI WUCUTUL Te3nuknapn /3 ga TepMuk
paFbaTnaHTMPUATaH TeCKapy TOKNapu Kailg KMAMHauy Ba TOK-
HUHT MaKCMMyMra 3puLlraH TemmnepaTypanapu opkKanwu

TA 1
1n( HNW —— ra 60FNaHUWM YM3UNaAN. YHUHT OFMULL
ax AE \ o \
bypyarn TaHreHcugaH i—d abcumcca Yku |—— 1 HUHT

KECULUNLL HYKracu OpKain Yb Tonuiagn. SHAM TEPMUK paF-
G6aTnaHTUpUAraH CUFUMHUHIE peflakcauusacuiaH dykyp cartx
WNOHNaHULI 3HEPTUACUHWUHT aHUKNAHULWINHU Kypannuk. By-
HUHT YUYyH OUOA TeMnepatypacu YM3UKIU KOHYHUAT GunaH
ycnb 6opaéTraHmaa YyKyp CaTXHUHT sipMurada paspsigiaHu-
LN YYyH KeTraH Bakr xucobnaHagu, sbHM MBA109=0,5

Hu (5.53) uopara Kyno6 Ba er=T~' NNTMHK Hazapda TyTuo,
(5.18) HM KynnaraH xonga 4YyKyp caTX MOHMaHWLI 3HEeprus-
CUHWHT

(5.61)

KYpUHMLLAArn Takpuouii ngogacnHn onamus.
by T05= TO+@ 105 wvw /=0,5 BakTgarn guon Temnepartypa-
CU UKKWUHYM TOMOHAaH 1= (056 faru curnmu

(5.62)

MyHocabaT 6unaH aHuknaHagu. T05 remnepartypa C((), C8
Cc nap Taxpuba HaTvKanapuiaH Tonunagu.
~co« ™o TeHrcmsnuk baxapunraHga (5.62) noga



KYpUHULWHWONaaun. by eppa 4 COMCON-Cp AC=C-C6-AC(IN)
CUFUMHUHT 1- Ba 2-60FnaHuLINapn aiiMpmacuHn ndoganai-
an. Hasapuii xucobnalunapHUHI KypcaTuilmya, YyKyp carx
MNOHMAHULL 3HEPrUACUHU TepMUK parbaTnaHTUpuaraH ToK
Makcumymn 6yinya aHuksawga (5.61) hopmynagaH goiiga-
NaHULW Xam MYMKWH, yHAa T 05 HW TTax ra y3raptupunagu,
Xonoc.

FOKopugarn mynoxasanapfaH KypuHaguku, TEPMUK paf-
6aTnaHTVpWAraH TOK, CUFUM peflakcaumanapun 6ynuya vykyp
catx napameTpnapuHu aHuknawyga T\1) HUHT Yn3nKn 6of-
NaHULLIAA GYNULIAMK LWAPTU GadKapuauwny Kepak. T(1) HUHT
4M3nKIM OOFNaHMLLIMIA KEHr TemnepaTypa opasuFuia aBTo-
MaTUK Kypunmanap 6unaH spuwimw mymkuH. Opatga, carx-
HUHT TEPMUK parbaTnaHTUpWIraH paspsgn KuYuk Temnepa-
Typa opanufuaa coamp 6ynraHu ydyH, 0y coxaga T(1) HUHT
HOUM3NFNIA 6oFnaHnwnHK (5.58) MyHocabaT opKain anpok-
crmMaumsanawl MyMKUH.

SHAM YyKyp caTx KOHLeLlpaumsacu HWU aHWK/IaLHK
Kypainnuk. CTpyKTypaHWHI 60LUMaHFNY xonartgarn Temnepa-
Typacu T6= TcBa yHra TecKapu V KyuiaHuw KyinnraH 6yncuH.
By xonga XaXMuii 3apsg COXaCUHUHE KeHraMrm WV, T), cu-
fumn C(K 7) 6yncmH. Teckapy KyunaHuW V HW caknaraH
X0M4a CTPyKTypaHu T{Temneparyparaya coByTcaK, yHUHr X3C
HUHT KeHrnurm WV, T{ Ba curumn C([/, T¥ 6ynagn. byHaa
X3C HUHT XaKMWIA 3apsag, 3udnnrn p=e(M cs+Mrl) caknaHa-
oW, TxTeMmnepaTtypaga CTPYKTypa TecKapy V Ky4JaHULLNHA
K raya kamantmpcak, X3C HUHT KeHraurn U(Yr T{ Ba cu-
v C(Yr T,) 6ynagn. byHaa XaXMuid 3apsf COXACUHUHT
KeHrnurn 6up myHya kamaagu. LUy 6unaH 6upra, 6y coxaga
YyKyp caTx 3apsau YTKazyByaH 30Hajaru 3M1eKTPoH 6unaH
KoMneHcauusnaHagn. Tx Temnepatypaja Teckapu V Kyuna-
HULLIHW V rava KaiTagaH TUKnacak, by coxa SHrMTAaH aco-
CUIA 3apaf TallyBumnap 6unaH kKambarannawiagm, NeKuH 4y-
KYp CaTx X&KMWI 3apsif 3uuimrura Tabeunp Kypcatmaniam, X3C
HUHT X@KMWIA 3apsf 3M4anrn p=eMcs OUiaH aHMKNaHa4W.
Teckapy V Ky4ynaHull KyuaraH xonga T, TemnepaTypagaH
6oLnaHFuy xonatgary Temneparypa Tcrava KyTapcak, y Xonja
CaTXHMHI TepMUK paFbaTtnaHraH paspsagu Tydannm, CTpyKTy-
pa cuFMmn xamga X3C HUHT KEHIIUIN Y31apUHUHT 60LNaH-
FUY KMAMaTnapu WV, T) Ba C(Y, T) ra Kaintagunap. Xmcob-
nawNapHMHE KypcaTuiimnya, tokopuaa KypcaTuiaraH LwapouT-



napga ynuadHraH C(K T), c(y, I), C(P,, TX curumnap
OpKa/IM YyKyp CaTx KOHLEeHTpaumsacu

= C2(K,, T)[C2(Y, T.,)-C2(Y, T)
r0 co C2(Y, TAC2A , T{)-C 2(Y, T)

thopmyna 6unaH aHuKnaHWWmM MyMKuH. Arap Y =0, AK>
I",)=0 Ba cTpykTypa curumnapn C(K 7) sa C(K T) HuHI
Kuinmatnapyu 6up-émpngaH Kam ¢apk Kuaca, y xonga

CY, T)- C(yY, T
0 co cyn}

6vnaH aHnknaHagn. LLyHW Tabkuanal Kepakku, Yykyp carx
napamMeTpaapuHy aHUKNALWHUHT TEPMUK paFbaTnaHTUpUraH
CUFUM, TOK ycynnapuHuHr YC napameTpiapvHun Te3 Ba Tak-
prubuin Gaxonawira Kynnaw makcaara myBoukump. by ycyn-
nap 6unaH YNyalwHWHT XaTOUITUHWA KaManTUPULL YYyH Cu-
FUMHUHI C(1) Ba TOKHUHI 1(1) 60FNaHuLLIApPUHN CTPYKTYpa
TemnepaTypacuHUHE xap xun yeuw tesaurn (/?) aa yndaiu
3apyp, NeKnH 6y 6unaH YCyNIHUHI acOCUiA HOTYFU, SbHU YyCyn-
HUHT coaUanMrn y3 MabHOCKMHM RNYKOTaau.

B. PoTOCUFUM yCYNn

By ycynga TekwmpunaguraH HamyHa MeTan1-apumyTKas-
rn4, p-n yTywnn (CTpyKTypa) ONTUK KPUOCTaTra XXonnawtu-
punagu Ba KyynaHuw kynmnmaraH 11=0 xonatja coBuUTUa-
AN, CYHrpa Teckapu KyunaHuw Kynub KupuwmaBuid HOTU-
NN coxacura MocC KenaguraH Xap Xun TYNKUH Y3YHIMKAAru
MOHOXPOMATUK EPYFNIMK BunaH éputuane, CTPyKTypa CUFU-
MK YnuaHagn. Kyinga ynyaHraH CUFUMHWHI CnekTpan 60f-
naHmwmaaH YC napameTpnapuvHn aHUKNALLHWUHE Halapwii
acoCcuHK Ba 6ab3v 6Mp nhoganapnHn Kuckada Taxann Kunain-
nuK. Opatga nact Temnepatypa (77K) ga 4ykyp AOHOp caTx
ErBAaH 3/IEKTPOHHMHT YTKa3yBYaH 30Hacu Ec ra, BaseHT 30-
Hacu £ KAaH YyKyp akLenTop caTx ErAra MCCUKINK TabCupu-
fa YTULWKW, SbHU TepMUK reHepauust Te3NMMIMHU KUYMK febd
Kapanagn. LUyHWHr yuyH 613 KypaéTraH xofiga CTPyKTypa
CUFUMUHUHT Y3rapuwm X3C garm YC HUHT (hOTOMOHNAHN-
wwn Tydainn cognp 6ynagn. byHaain xonaT TemmnepaTtypacu
77K 6YnaH repmaHuii, KpeMHW-apceHuU-ranninii HamyHa-
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napuaa noHnaHuw sHepruscu O.E>0,18 3B 6ynraH YC nap
YUYH Ky3atunagu. Mabnymku, anogHuHr X3C ga apkuH 3a-
pAL TalyByMnap KOHUeHTpauuanapy bosbumaH TakCMmoTH
ounaH aHuknaHagn. X3C gary anekTp MaiaoHW 3PKUH 3a-
psL TalyBuMnapHy Oy coxafaH Tallkapura CMKuM6 vmkapra-

HW YYyH YNapHUHT KOHLEHTPaUMsCU XXyaa KUYMK 6Ynaau.

Teckapy Kyiunrad Kyunanuw V > £ GynaraHga, nact Tem-
[

nepatypanapga X3C ga p=0 Ba n=0 ge6 onvHWWKN 6unaH
KaTra XaTonmkka nyn kyinmnmanam. LLyHuHr yuyH (5.9a) TeHr-
namagarv 3pKuH 3apag TawysymnapHu YC ra TyTUAULLINK
6unaH GOFNMK XaanapHW MHobaTra OAMac/INK MyMKWUH. Y
xonga UC parv 3neKTPOHHWUHI KOHUeHTpauuscMHWU Bakr
6yinya ysrapuium akaT (hOTOMOHNAHWLW Tydainm cogup
6ynagn Ba y (5.9a) gaH

A= [U%p-{Mf-nr) - Xnnr]ly (5.66)

KYpUHMLLAArN TeHrnama 6wunaH aHWKNaHWULWWHU KYpamua.
CrauunoHap xonar = 0 pa (5.66) paH YC HUHI 3/1EKTPOH
6unaH rynampunraHivK aapaxacu

xP(K) + x(K) (567)

6unaH aHuknaHaaw. (5.66) TeHrnamaHnHr?=0 ga N*"A”6oL-
NaHFUY LWAPTHM KAHOATNaHTUPYBUYM EYUMM, SbHU YyKyp A0-
HOP CaTXHWHI HOCTauMOHap >apaéHAa 31eKTPOH 6unaH
TYNAVPUATaHNNK AapaXacu

npe . r ™ X, (by)

- exp (5.68)
Mro X, (%) + Xp(") X, (") + Xp(by)

6unaH aHuknaHaam. (5.66) TeHrnamaHuHr /=0 ga n=0 6oL-

NaHFNY LWIAPTHU KAHOATNIaHTUPYBUYM €YUMM, AHHU YYKYp aK-

LIeNTOp CATXHWHT 3M1EKTPOH 6UnaH TYNANPUITaHINK Aapadkacu



6unaH aHuKnNaHagn. by epaa

*~1= \Xr(K1>)+XpNe XK (5-70)

(5.68) Ba (5.69) ndopanapgaH KypuHaauku, YC napHu on-
TUK KaliTa 3apsafnall 3KCMOHEHTa KOHYHUATU 6yinda 6up
XN Bakr goumuiicn 1 6unaH coamp 6ynagn. ®OTOCUFUM-
HUHT (DOTOH 3Hepruscura 60fFNaHMLWINHK y4yTa coxara axpa-
TULW MYMKWH.

1 ®OTOH 3HEPrUACUHUHI YC MOHNaHULW 3HeprusacuiaH
KU4mK GynraH b><AEr coxacu. by coxafja caTxHU KaliTagaH
ONTUK yTULWNap 6unaH 3apagiallHUHT UNoXKU 6ynmaingn sa
HaTWXXafa CaTXHUHT TYNAMPUATaHAUK JAapaxacy y3rapmaigu.

2. ©OTOH aHeprusacuHuHr AE</n'<€£-A£.coxacu. byco-
Xafa CaTXHUHI TakMKnaHraH 30Ha ipMuaaH HKopU éku nact
KMcMmnga konnaHuwmnra kapab, %,,Ne)><), xp(by)=0 EKu
XoUy>)>0, /p(/n™)=0 6ynaan. LOHOP 4YyKyp CaTXHUHI Tynau-
pUAraHnnK gapaxacu 6y coxaga X,,*0, =0 6YAULANIUHN
Hazappga TyTtcak, (5.68) gaH

- N zexp(-T1) 5-71>

6UNaH aHUKNAHULLMHN KYpamu3. YyKyp akLenTop CaTXMHUHT
TYNAMpUAraHnuK gapaxkacu (5.69) gaH 6y coxaga x >0,
Xn=0 OY/NIMINHW Ha3apfa Tyrcak,

(5.72)

Kenm6 unkaan. LyHaain kunmob, hoTOH 3HEPTrUACUHWNHT 3M1EK-
TPOHHN EB faH Ecra £ faH Eulra YMKapULWHWHE eTap/un
coxacuia CTPYKTYpaHW Y30K MyAaTav €puUTULLLAH YyKyp
[OHOP CaTXVMHUHT 3M1eKTPOH 6unaH Tyna KalllOoKNaHWLLK,
YyKyp aKLEenTop CaTXUHWHI TynuLwn coanp 6ynaam.

3. ®OTOH 3HEPrUACMHUHI E-AE<Wy<E coxacu. by
CNeKTpan coxaga MKKMUTa ONTUK YTUL, SbHU 3NEKTPOHHU
EpyFnK Tabeupuga EB gaH Ecra Ba £ pgaH Euvlra yTuwm
Ky3aTunagu. Y30K Myfaativ épuTuigaH CyHr, SbHU /-xoo Aa
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1» T 6Ynagn. (5.68) Ba (5.69) napra Kypa CaTXHWUHI Tynam-
PUAraHANK Aapaxkacu

- P (5.73)
»I Xsa(by) +Xp(by)
6vnaH aHMknaHagn. ByHAaaH KYpUHaWKWU, CaTXHWHT TYN4u-
pPUNTaHIMK Japaxacu (akar 3/1eKTPOHHW, KOBaKHM (hOTo-
NOHNAHWULL KeCUMNapu x n(b>) Ba Y/n") HUHI cnekTpan 60f-
NaHUWKM 6unaH aHWKIaHUO, y Ha EPYFIMK UHTEHCUBAUTUTA,
Ha CaTXHWHI 6OLINaHFUY Xonataa KaHdah TynampunraHnun-
rura 60FnnK amac. Arap AMOAHUHT p-Tun 6asacuga YC Ta-
KUKNaHraH 30Ha ASPMUHUHT HOKOPU KUcMuga ékn u-tun ba-
3acufa TakuKIaHraH 30Ha SSPMUHWUHE KyW KUCMUAA YKOW-
nawraH 6ynca, (hOTOCUFUMHY YNYallja yHU KaiTa 3apsg/iaLd
(hakaT MKKUTa Er-*Ec, Ey-*Er ONTUK YTULLNAP POTOH 3Hepru-
SACUHUHT Hr>(E-AE) coxacuaa MyMKWUH 6ynaan. byHpaai ca-
TX/TApPHX TeKWNpWLAaH ONAMH ynap acocuin 6ynmaraH 3apsf
Talwysunnap bunaH Kainta sapsgnaHagm Ba cyHr N~-/(1) 60f-
naHnw ynyaHagn. byHaaii ycyn 6unaH YC napameTpnapuHm
ynuaw nHAyKumanaHraH oTocusMm ycynm e oputunagu.
doTocuFumHM ynyawpga YC HM KaiTa 3apsgnawl ogatga
ONOA CUPTY 3Hepruscu /»>>£, 6ynraH épyfnvk 6unaH épu-
TULL OpKann amanra owmpunagn. by coxaga toTuamw Koag-
(hULMEHTN a » (4 —pamopn cMpTuaaH p-n YTUL Yerapacu-
raya 6ynraH macodia) 6ynagn. CTpyKTypaHu EpuUTULLIAAH XOCWN
6ynraH aneKTPOH KOBaK Xy(Tnapu p-n yTuL 4Yerapacu To-
MOH AundpysmsanaHagunap Ba X3C ga axpanagunap. X3C
faH (hakaT acocuil 6ynmaraH 3apsf TawyBuunap yraam. Xy-
cycuii lotunnw coxacnga YC HUHT KaiiTa 3apsgiaHuimaaH
to3ara KenraH Anof CUFVMUHK Y3rapuwimnra onné Kenagu:

9KCNOHEHLUMAN KOHYHUAT 6yinya ysrapagn. YC Hu Tyngu-
PULL YXapaéHUHWHT Bakr AOUMWIACK TA HW Ynyab,

(5.75)
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nogacniaH 3apsas TalyBUMNAPHUHT MapKasra TYTUIWLL Ke-
CYMU yn HU aHuKnaw MyMKuUH. OuddysnoH guopnapia aca
OuTTa YyKyp caT\ Y3yH 3/IEKTPOHHUHI XaM KOBaKHW TyTu-
NALW KecUMMapvHU aHuknaw MyMKUH. POTOCUFUM YCynu
6unan YC 3HI KMYMK KOHLEHTPaUMACUMHMW Kaing Kunuul,
ynuaw KypuiMacUHWUHE Ce3rvpurn LUOAHWHT Tyna CUFu-
MUra, CaTXHUHI (DOTOMOHNAHWUL Kecumura 6ofFnnkK 6ynmno, y
M30TEPMUK CUFUM penakcaumsacu ycynm Kabu

Mr=unun-~ - (5.76)

OunaH aHuknaHagn. TaxkpubanapHUHT KypcaTuwmya, CUFnmM-
HW ynyaliga ysrapyByaH TOK Kynpuru KynnaHwnraHga Ac

HUHT KnunkK Kuiimaty 10 2 10 3taptnbnga 6ynaan. Mogomu-
KW, HaMyHaga Kupulimanap yMyMWiA KOHUeHTpaumscn 108
cM'3 6YnraHga, Yykyp CaTXHWHI KOHUeHTpauuscu 101310n
cMm'36yncarnHa KysaTuw MyMKUH. bollkadya aiTraHga, to3a-
cn 0,1 cm2 X3C keHramrn 30 mkMm 6ynraH auvoaua 3° 108
3¢ 107 Taraya KApuULLIMa aTOMUHU Kailg KAWL MyMKUH. by
YCYNHUHT Kamunnurn cudgatnga UC HUHT hOTOMOHAHMLL
KecMMU 6unaH YeknaHraHIMrMHN Ba KUPULLIMaBWIA FOTUNLLIHA
EPYFNIMK UHTEHCMBAUTUTA OOFNIUKIUTUHIA KYPCATULL MYMKMH.
Y3/yKCU3 MOHOXPOMATUK EPYFNnNK CNeKTpiapu ofgarga uc-
CUKNNK MaHbGanapuHmu (rnobap, HepHCT wWTUGT) Kynnall
opKanu ONVHAAM. YNapHWHT WHTEHCUBAWUIUA HucbaTaH Ku-
ynk 6ynagn. Auon cupTura TylaéTtraH MOHOXPOMAaTUK EpyF-
NMK nHTeHcmBaurn 1055105 KBaHT/CM2-C gaH owMaiaw.
Arap x < 10Dcm26ynca, YC HM oNTKK yTuwnap bunaH Kaita
3apsgnaHuHE Bakr goumMuiicn 7> 10 1c 6ynagn. CUFUMHUHT
OyHaaln ceknH penekcaunsacuHm gakat YC HUMHI KaTTa KOH-
LeHTpaumacnga, Kypuama TYpFyH uwinaraHga yndaw Mym-
KUH. YC 3Heprua umoHmsaumscn (OTOCUFUM CnekTpuiaH
YHUHT y3rapuy Ky3aTuiaguraH aHr KW4mk ()OTOH 3Hepru-
ACK OPKAIN TOMUAULIN MYMKMH. YHUHT aHUK KUAMaTn Kypu-
naétraH carxja EpYfIMKHUHI HOTUAUW Hasapusacu bunad
aHuKNaHraH 6ofnaHuMWwbaH Tonunagn. ApumyTKasrnynapga
6ab3n OMp KMpumManap Kyn 3apsagnn xonatga 6ynraH TyT-
KUY MapKasnapHu X0CWn Kuiaan. Ynap Kpuctasn naHxapa-
[ia Xap xun xonarga 6ymwm Ba Komnaekcnap, atomnap Komri-
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NEeKCU XOCW/T KUMKW MYMKUH. By Xxonatga AMOAHWHE Tyna
(hoTOCUFUM CMEKTPU Xap 6up caTx, DOTOCHMFUM CMEKTPU WNn-
FUHAMCKgaH néopat 6ynagn. ®OTOCUFUMHUHI Y3rapuw Ta-
6raTtura Kapab, caTx 3Hepruscy ysrapyByaH 30Ha Ty6ura €Ku
Ba/IEHT 30Ha wwmnura HUCOATaH yn4yallHW aHukKnangm, bu-
PUHYM XOnga YyKyp CaTXHWHI KambafainawngaH XaxKmui
3apag 3vUnnrn opTUWK Tydainun, CTPYKTypa CUFMMKU ycaam
(cuFum y3rapuwwim mycbar), MKKUH4YM Xonga 4YyKyp cartxjaH
KOBaKHW Ba/IEHT 30Hara uvkapuwl Tydannm, CUFUM Kamas-
an. (Cusum y3rapyim MaHhuia.)

doTocHFM yCynu OunaH TYrkyy acocuii 6ysiMaraH 3apsij
TalyBYMAap YHWHI Mapka3 napameTpriapvHUHT aHUKNaHW-
UM YHWUHT acoCUiA HOTYFUaMP.

Tvnna KupuwManm KeCKUH n+-p YTULWHWHT (DOTOCUFUM
NMHAYyKUMnawraH (oTocuFnm cnekTpnapu 5.6-pacmpa Ken-
ThpuaraH. ®otocurnm, AvHM X3C fga MoHNawraH mMapkas
KOHLEHTpaUMsACcK 7Y HUHT GUPUHYM MOFOHACK ()OTOH 3Hep-
rMAcuUHUHT /n>=0,34 3B paH 6ownab Kysatunagu. Y 6oLika
ycynnap 6unaH aHuWKAaHraH Tuana KUPULLIMACUHUHE Kyiin
caTX¥ MOHMAHULL 3Hepruscura Moc Kenagu.

Wi HAHT Oy 3Heprusiga KeckuH ysrapuwu KypunaétraH
CaTXHUHI MyaisiH (DOTOMOHMAHMULL 3HEPruscura ara 3KaH-
nurugad ganonat 6epagu. ®OTOH aHeprusacuHu Jly>0,7 3B
coxacnga N HUHT SHIUTAaH OpTULWM Ky3aTunaguw. by crek-
Tpan coxaza Tuia KoKoOpU CaTxm OpKan UKKUTa ONTUK YTULL-
nap Oynuwmn MymKuH. (E->E_Ba E -*E). N (1) 6ofnaHuw Gy

catx yyyH — =/(by) 60fnaHuwra moc Tywaan. POTOH
aHeprusacuHuHr JIr>0,8 3B coxacuga N TYMUHMLLITA UHTU-

5.6-pacm. Tunna Kupuwimanm
n*-p QUOAHWHT (OTOCUFUM
cnekTpu (1) HAYKyuusinaHraH
hoTocuFnm cnekTpu (2).
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5.7-pacm. Tunna
KnupuManu n*-p JUOAHUHT
77 K parn qotocusmum (1),
WHAYKLUMANaHTraH hoTocuram
(2) cnekTpnapw.

nafn Ba Xycycuin épyFank b>>E( GunaH KaiTa 3apsgnaligaH
y3rapmaiign. by cnekTpan coxaga TWna HKOpK caTxy yuyH
XI~Xn 6ynagn. POTOH aHepruscuHn /n<0,8 3B gaH 6oLunad
Ky4ycu3 y3rapuwiu, Tuna Kynm catxum opkaim UKKuTa OnTUK
YTUW MYMKUH GynraHga LWyHW KypcaTaguku, 6y caTx yyyH
Xamx?» X TMyHocabaT YpuHan 6ynaaun. TeKwnpunaétraH au-
OLHWHI VMHAYKUMANaHraH (pOToCUMFUM crekTpu 5.6-pacMpa
2-60FNaHnW opKanu udodanaHraH. YHWHI Taxamnun Kypca-
TULWNYa, POTOH SHEPTUSACKMHM H/-0,56 3B BynraH kuiimataa
X3C fa voHnawraH mapkas KOHUEHTPALMACUHMHI KEeCKUH
KaMalinm XycyCcuin EpyfnankK Tabcupuaa 3M1eKTPOH 6unaH
TYNaTuAraH KKOpW TUANA CaTXMHUHI Kambarannawmim Ty-
(havinu cogup 6ynraH ae6 TyLUyHTUpUIaguW.

P*-n OUOLHWHI (hOTOCUFUM cnekrpm (5.7-pacm) n+p — au-
OAHUWHT (hOTOCMFUM CMEKTpU 6rnaH AaxLUIn Moc kenagu. by xoaua
N HUHI KECKWUH OpPruwmv UOTOH SHEPLUACUHUHT Hr-0,56 3B
coxacuga cogup 6ynagn. POTOH 3Heprusicu opTULLM GunaH
XAXPHUCOGATHUHT Kamailuwn Tyainnm,  Kamasa Golunangu.
NHaykumanaHraH pOToCHMFUM CnekTpu (2-60FnaHunLL)ga Tui-
na KyWn CaTXMHWHI 3NMEKTPOH 6unaH Tynuwn Tydainn co-
Anp 6YnraH NofoHa KysaTunagw.

B. ObT5 — CUFUMHWHT aBTOMaTNaLWraH penakcauunsa ycynm

CUFUMHWHT N30TEPMUK penakcaumns ycynm Auoara Kyius-
raH KyunaHWLLIHW, YIAFOTYBYM EPYFNIMKHU KYNaa 6up Kappanu
(mapTa) KailTa ynyawgaH aaBpuii KainTa ynawira yTuil opka-
NN TakoMunanrrupunné 6opunagn. byHpa avoara teckapu
MyHanMwaa ynaHrad KyynaHuw yctura Yykyp caTxHu Tynam-
PYBYM Teckapu KyTonu aaBpuid yactotacu/ —6ynraH Kyuna-
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5.8-pacM. KyunaHuwHu Kaiita ynaw 0 -»LlgaH cyHT xap xun
TemnepaTtypanapfa CUFUMHUHT BaKTra 60fFnaHuLmu
a-T=Tp 6-T=T2 B-T=T3 T,>T2>T3

HULLI MMNYynbeu G6epunagn. JlaHr TOMOHMAAH AABPUA KaiiTa
ynawl ycynv puBOXIaHTUPWAN Ba aBTOMATNALLTUPUATAH YCY-
NMHUHT Hasapwuii Ba amanunin acocu spatungu. by ycyn UC
HW CNEKTPOCKONWK TafKUK KUIULWIHWHT faBpuiA KanTa ynaL
ycynm B6b T5e6 oputnna ownaHan. LWyHaai knnmoé, bbT5
aBToOMaT/IalTUPUIraH U30TEPMUK CUFUM penakcaums ycynu-
anp. by ycynra Kypa HamyHa TeMnepaTypacuHUHI CeKUH Y3ra-
PULL XXapaéHuga TyNaupyBumn KyunaHuw xap omp kaita yna-
HULWIMAAH CYHI CUFUM penakcaumscugaH 6epunrad /=I, Ba
(=(2Bakrnapgarun C(/,) Ba C((2 curumnapHu (5.8-pacm), ynap

thapKnHK
AC2=C(/)-C(/2

Xamaa TemnepaTypaHu (MacanaH, TepMonapa MwnaTuaraHga
Tepmo SHOKHK) aBTOMATUK Tap3aa ynyab 6opaam BalCHUHT
Temnepatypara 6ofnaHuwm AC(T) Tonunagn. Ba (21apHu
y3rapTupm6, AC2 (T) HuHT “omnacn” (5.9-pacm) umsunagu
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5.9-pacMm. P-n tungarn OaAs gnogua N -»-Y ra Kaiita ynawgaH
cyHr C2(T) HMHT TemnepaTypara 60fnaHuLLIN.
1, /7=0,02 mc: /2=0,2 mc; 2. /,=0,05 mc: /2=0,5 wmc;
3. /,=0,1 mc: /2=1,0 wmc; 4. /¥0,2 mc: /2=2,0 wmc;
5. /,=0,5 mc, /2=5,0 mc.

Ba ynap épgamuia penakcauums BaKTUHWHI TemnepaTypara
60ofnaHnum T(7) aHuKnaHagn. by ynuyaHraH 60fnaHuULLINap
opkanu YC napameTpnapvHy TOMULWHN Taxna Kunanamk.

Uykyp catx (UC) yuyH e» e xamaa l1» K Ba MCB U T
TeHrcmsnuknap 6axapwncuH aeb kapainuk. by xonga cu-
FUMHUHI BaKr GYiinya y3rapuiim 0-*11 KailTa ynawigaH Ke-
nH (5.40) nopa 6unaH aHnknaHagn. by nogagaH C(() Hu
(=({ Ba (=(2 parn kurimaTun xampga ynapHUHI (apku
AC2(/)=C(I'2-C(I",) HM ynuaw opkanwu

- 1-
2HO) exp | exp (5.76)

aHVKNaHWLLIMHA KYpULW KuilnH amac. AC2/C Hwucbat Gepun-
raH ({ Ba 2napHu Kuiimatnga HamyHa Temnepartypacura 60fFamK
Ba Y KaHpaiavp Temnepatypa Aa MakCMMyMra apuLagmu.
(5.76) nthogaHm TemnepaTypa 6yiinya gnddepeHumannab, xocu-
NacWHW HOMbra TEHrNanurrmpmno, 61Mpo3 coauanallTUPULLAAH CYHT

M pR—
Tax In(/2/1,) (577)



6vnaH nhoJanaHULWLMHN KYypamu3.
BepunraH /, Ba /2 Baktnapgarn — = /(IN)6oknaHuw,

YHUHT T=TTax garn Kuiimaru, 7T1aX TemnepaTypaHuHr y3u
aca TaxpubagaH aHuknaHagn. CyHr /1ax, /, Ba /2nap xamga
(AC2C)Tax bepunraH xonpa YC KoHueHTpauuscn (5.76) ra
Kypa

N,0 = 2MQ@ - eXp (5.78)

Tnax

ndopanaH xucobnaHaau.

Opataa er ep 6yNraH Xxonga caTxHW TYnaupuliaa TYFpu
TOKAaH TecKapy KyunaHuwra (1rp~*Ll) Te3 Kaita ynaw Kynna-
Hunagun. by xonga YC yuyHy,,»yp6ynca, caTxHUHI 60LNaH-
FUY TYNAMPULL AapaXkacu

YUyH/=1 TeHrcmsnuk baxapunmangn. LLYHUHT yuyH

KalTa ynaw caTxHu TYNAUPUATraHInK fapaxacuHu Ba 'y ou-
naH GOFNMK CTPYKTYpa CUFUMUHW y3rapTupMmaiign, Golukada
aTraHga, CUFUM penakcauusacy Kysatunmanan. emak, e » e p
6ynraH 4ykyp caTx napameTpiapuHu BbT3 6unaH aHuknaw
YUyH /* 1 TEHICU3MK Baxapunuwn Kepak 3kaH. by p+n
yiwnam OaA3 anoamaa sXWwm HaMOEH GynraH.

[vop KoHueHTpaymsacn MJQ=5'-105 cm-3 6yaraH n-tun-
[arv apceHmng ranmingar scanrad. Auoaaa KyynaHuwHn 0-*
KaliTa ynawjaH CUFUM penakcauusacy KysatuimaraH.

I 1] KaliTa ynawpgaH CYHr aca WKKUTa YyKyp CaTxHM
TYNAUPULL penakcaumsacura 60FINK KKK XU TemrnepaTypa
OopanuFaa CUFUM penakcaumacy (CUFUMHUHT KamMaiuiin) Ky-
3aTunraH. [lemak, 6yHaaH KYpUHaAMKN, UKKK CaTXy4YyH erk e p
TeHrcusnuk 6axapunaan. AC2 HUHI TemnepaTypara 6ofna-
HAWW  Ba /2NapHUHT GelTa KuiiMaTuaa ONnHraH xap 6mp
60fnaHuWmMaaH 7, (5.77) GunaH aHMKNaHNG,r™ /(T 7))
O60FNAHWLLAAH CaTX/TAPHUHT 3HepreTuk xonatn £,=£+0,44
3B, E2=Ey+ 0,77 3B 6vnaH aHMKNaHULINHK KypcaTagn. N2T5
HUHT Kyn un3manapuga /Y/TY” Hucbat 6unaH aHWKnaHaau-
raH cesrmpnurn 10"4taptnoaa 6ynaan. Koppenaumsa ycynna-
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PUHU Kynnaw 6unaH YHUHT ce3rupnurudm /N/my?,--10~7raya
eTKasnLW MYMKUHUTW KYpcaTUraH.

Ob T5 ycynun 6unaH YC nap TyFpucmaa Kyn mabiaymoTnap
O/INLL UMKOHMTIa 3ra 6ynraHun yuyyH KeMNHru nnnnapaa ynap-
HUHT KyngaH Kyn 4yusmanapu spatunmnb, namuii naboparo-
pusnapga KynnaHut KennmHMOoKLUA.

5,5-8. MeTann-gnaneKTpuk — SpuMyTKasrny CTpyKTypa
napameTprapumn ynyaHuHr C—V yeynm

a. Npoean meTann-gnanekTpuk-apumyTkasrny (MAHA)
cTpykTypa C—V Tascugu

ApUMyTKasruynap cupTnaa, aHUKPOFn, AN3INEKTPUK-APU-
MYTKa3rmy verapacuga CuUpT X0narnapu, SbHU ApUMYTKa3-
FTMYHWHI TakKMKNaHraH 3oHacua pyxcar 3TWAraH 3Heprus
catx/iapu GysmaraH, AWINEKTPUK (MacanaH, OKCWZ, LWuLLIA)
KaTnammpaa KysfanysyaH (K, Wa, C8 noHnapu) Ba Ky3ranmac
TYTKMY MapKas3 3apsgnapu, 60Likaya antraHaa, CUpKULL TOKM
6ynmaraH, SpUMyTKasrny 6unaH Metann YNKULL UILIaPUHUHT
thapkn Honra TeHr 6ynraH MAOA cTpykTypa 6eHYKCOH (Mae-
an) cTpykTtypa aeivnagn. Wpean MAA cTpykTypacuaa spu-
MYTKa3rMYHUHT CUPT MOTeHLManM XaxXMuaarn noteHunanm-
ra TeHr 6ynaau Ba CTPyKTypara Tallky KyuYnaHull Kynunma-
raHfa apumyTKasruya aHeprussuin 3oHanapu sccu (Tekuc)
6ynagu. n-tun apumyTKasrny acocmaa onnHraH MAA cTpyk-
Typara TalKku Ky4naHul ynaHraHga KeyaguraH >kapaénnap-
HU KMcKada Tax/inna Kunamnuk.

CTpyKTypara mycbar cumkmw KydnaHmwmy (MeTann TOMo-
HUra y3rapmac TOK MaHOaUHUHT Myc6aT KyToW) ynaHca, apu-
MYTKa3rmy xaKMugaH 37eKTPOHMapHU cupT (AM3NEKTPUK-
APUMYTKa3rmy yerapacu) TOMOH TOPTYBYM 3M1EKIP MalfoHU
nargo 6ynagn Ba ApUMYTKa3rMYHUHE CUPT cOxacuga acocuii
3apsag Tawysumunap (3NeKTpoH) 6unaH 6onLWK Ky3aTunagu.
By coxafa anekTp HeATpanaukK wapTy 6y3nnaan Ba XaKMui
3apsg coxacn (X3C) coamp 6ynagn. X3C HMHI XaXMMWIA 3a-
PAAN APUMYTKa3rny-4UaNeKTPUK Yerapacuia cupT NOTeHUN-
/IMHVHT OPTULLIWIA, 3HEPrUSABUIA 30HANAPUHWHT 3rpUNaHn-
wura onn6 kenagn (5.10-pacm). X3CHUHT KEHIAUIK 3apsaf
TallyBuMnap 6unaH 6onnLL pexnMmmnaa eTapanyda Knumk 100A°
6ynaan, WYHWUHT YYyH Kyuynin 60AuULL pexmnMuaa cUpTuid 3a-
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"T £
KanbarannawraH MHbBpPCUSA
Katnam & —| wmaw

5.10-pacm. HykcoHcu3 (ngean) MOS$ CTpyKTypaHUHT 6oiunw (a),
Kambarannawwmi (6), uHBepcus (B) pexxmmparu aHepreTUK guarpammacu.

psa CUFUMK LWIYHAan Katta 6ynagnkn, MAA cTpykTypa cu-
FUMW LM3NEeKTPUK (MacanaH, OKCUA) CUFUMUTa TEHT Bynaau.
Arap KyynaHuwHy F=0 raya KamanTumpcak, acocuil 3apsj
TawyBunnap Tydainnm tosara KenraH cCUFMM Kamasagu. Apvm-
YTKa3rny Kumpuima aToMIapUHUHT KOHLUEeHTpaumsacu 104
105 cm"3 TapTnOMAa, ANSNEKTPUK KATNAMUHUHE KaMHAUIN
0,1:1 mKm yYamacupa 6ynraHga, cTpyktypa cusmmm (0,6-°0,9)
CO HM Tawkun atagu. Mytnak MAA cTtpykrypaHuHr £=0
Jarn cuFmmm gccu (Tekmc) 3oHanap cusumu Caeb roputu-
nagn. CTpykTypara HucbaTaH Katra 6ynmaraH MaH(uii cun-
UL KYYNaHWLIW yNaHraHga SpUMYTKa3rMyHUHT CUPT COoXa-
CW acocuin 3apag Tawysumnap (3NeKTpoH) 6unaH kambaran-
nawajgun, KommneHcauusnaHmaraH kKysfanmac mycé6art
3apag/iaHraH Kupuiima LOHOp MOHMAAH Talkua Tonrad X3C
narigo 6ynaan Ba okMbaTaa SHEPrns 30HaNapUHUHE 3rpuna-
Huwwn Kysatunagm (5.10 6-pacm). by epgarn X3C p-n yTuui-
ra Teckapv nyHanmxuaa Kynunrad KyynaHuiaaH xocun 6ynran
X3Cra yxwaiw 6ynaan. X3C HUHI CUFUMK 3apsij, TaLlyBUn-
nap 6unaH KambarannawiraH Kariam KeHrnurm >XK°sc 6unaH
aHvKnaHagn. PRQC KyiunraH KyuynaHuwra, spumMyTKasrmny-
HWHT NErnpioBYM KupuIMa aTtoM KOHUeHTpaumsacura 60f-
NNK 6YNn6, y cmpTaa NOTEHUMATHUHE OPTULIK BMNaH KaTTa-
nawaan. CupT COXaCUHMHI KaMmbafFannaluvl pexmmmnaa Kyu-
NaHWWHUHT opTuwn X3C CUFUMMHMHE Kamaluwimra onuo
Kenagn. KypunaétraH xongia acocuii 3apag tawysumiap (31ek-
TPOHAP)HN APUMYTKA3rMY CMPTUAA XaM, X&KMULA XaM yTKa-
3yBYaH/IMK 30HACKAa XapakaTnaHULWWHW Ha3apaa TyTcakK, yiap
ANDPY3NOH-apeiid MyBO3aHaTV YpHaTUAMLWK (MakcBesnn)
BaKT gommuiicu 10“2C 6mnaH CUMKULL KyYaHMLLIW M3naaH
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6opagun. LLYHWUHT YYyH CUPTHWUHT 3apsj Tawysumnap 6unaH
Kambarannalwmin, 60AnwnaaH to3ara KenraH CTpyKTYpaHuHT
toKOpK, nact yactotanim C—V xapakTepuctukanapy 6up-ou-
pura moc Tywagunap. (5.11-pacm, 1,2 ynsuknap). M Hguii
CUMKML KyYNaHULWWHW Karranawtupuo, SpuMyTKasrmyHuHT
3Heprus 3oHanapuja WyHgan sunaHuLra spuwnw Mym-
KWHKW, YHUHT CUPT coxacuia XyCyCcuin ApuMyTKasrny xocusn
KUIMW MYyMKUH. ByHaa ApMMYTKasrMyHUHE CUMPT coxacuja
xapakaTyaH acocuii Ba acocuii 6ynmaraH 3apsag Tallysuyuniap
KOHUEeHTpaumnsacu ouprannkga MUHUMyMra spuwagu. by
xonargaru cupT noTeHumanura moc pasmwaa MAA cTpykry-
paHMHT nacT Yactotanm C—V xapakKTepucTnkacu MUHUMYM-
ra apuwagn. MabyMKu, MaH(UIA CUMKMALL Ky4laH WK op-
TN 6mnaH X3C HUHT KeHramwunaaH Tawkapu, X3C HUHT
KEHIIMrngaH aHvya KMumk 6ynraH coxafga acocuii 6ynmaraH
3apaf TalwyBuMnap KOHUeHTpauusacu opta 6opasu.

Acocuini 6ynvaraH 3apsf TalyBuYMiap KOHLUEHTpaumsacu
acocuii 3apaf TallyBUYMNapHUKMAAH OPTULLIM BUNaH CMPT Co-
xacuaa YTKasyBUYaHIUK TUMKW Y3rapagu, SbHU YTKasyBUYaHINK-
HUHT uHBepcuacu kysatunagm (5.10 B-pacwm). ViHBepcuoH
KaTnam KeHrimrn X3CHUHT KeHTIUInAaH aH4ya Kn4mnK 6ynra-
HU Y4yH, By KaTNnaMHUHI CUFUMW XXyda KaTTa 6ynaau Ba Ha-
TXaja YTKasyBYaH/IMKHUHT WHBEPCUA coxacuia nact vac-
ToTaIM C—V XapakTepucTuka AN3aneKTpuk (OKcug) CUFnMu-
raya Te3 TynuHaam (5.11 pacm—1-uynmsnk). IHBepCWOH
KaTnam/a KOBaK YTKasyBYaHMIW MaBXy [ 6YNraHAnr Tydgai-
NN, KOBaKHM KyumiwmaaH ékun X3C aa reHepawlyoH-pPeKOM-
OVMHaLMOH >kapaéHnap Tydannm, katnam 3apsgu yrapuwiv
MYMKWUH. By >xapaéHnap HucbataH CEKWMH KeyaauraH >kapa-
€HNap, LWYHWHT YYyH 4aCTOTaHWHI ycuwun 6unaH acocuii
6ynmaraH 3aps TallyBymnapfaH naigo 6ynraH cMFUM Homnra
NHTUNaAMN.

Ky3aTuwnapHUHr KypcaTuiinya, reHepanms »apaéHnapm
KPUTWUK YaCTOTaHW aHWKnaingm. by yacToTa LyHAail YacTto-
Taku, yHAaH KaTTa yactotaga C—V xapaKTepucTuka HoKopu
yacToTa/lM XapakTepucTnka (2) HUHI KYPUHWULIWHW Onagw.
APUMYTKA3TMUYHUHT CUPTUIA CUFUMK, KambaFannawiraH kat-
nam cuFumugaH noopat 6ynaan. VIHBepCMOH KaTtnam naingo
6ynraHaaH cyHr X3C HWHI KeHraimwm TyxTaign. Acocuil
6ynmaraH 3apsag Tawysumnap MAA (MOH) cTpyKTypa cuFm-
MUra xucca Kylimaca xam, HKOpU 4acToTai CUFUMHU WH-
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5.11-pacm. HykcoHcus MOA
CTPYKTYypaHuHr C—V xapakTe-
puctukacu. 1,2 ynMsuknap Ba
xaknkuii MO$A cTpyKTypa Xxa-
pakTepucTtukacu (3 4u3nkK).
MacT (1), toKopu (2) yacToTanu
C—V xapakTtepuctukanap, (3)—
oKcuaaary Kysfanmac sapsagHu,
YUKULW nwnapn apKuHUHT
TabCUPUHK Xucobra onraHgarv
MO$#A HuMHr C—V xapakTtepuc-
TUKacK.

Bepcus pexumuaarn cuFum Cus catxuaa TYRUHULLITA 0116
Kenagn. KpuTtuk vactota ~ 1kIy Taptméuga, 6ab3n 6vup xonga,
yHAaH knumk 0,1 Ky 6ynraH KuimaTnapHu Kabyn kunagw.
Opanuk vactotanapga C—V xapakTepucTtuka MHBepcua pe-
Xumnga wyébxacms 1- Ba 2-xonatiap opacvHW arannaigm.
LLyHW acnatuwl »ousku, 6us tokopuga Myxokama KuraH
ngean MAA ctpykrypa, C—V xapakTepucTMkKacy oKopu nact
yacToTa/IM ynuawl CUrHaingaH CUMKALW KyYaHUWn ONMUN
€KW CeKnH (KBasnCTaTuK) y3rapuil KysaTunaguraH xonra (Ta-
annyKIMamp) Teruwanamp.

6. MNpean MAA cTpykTypaHuHr C—V xapakTepucTuKacu-
HW Haszapuin xucobnalu

Kyn xonnapga MASA CTpyKTypaga AWSNEKTPUK SPUMYT-
Kasrmy yerapacUHWHI NapameTpaapuHy Taxpmba HaTmxkana-
pu 6yiinya aHuknawgpa naean MAOA cTpykTypaHuHr C—V
XapakTepucTukacugaH goliganaHunagn. Maean MOA cTpyk-
Typa C—V XapaKTepuCTUKACUHN XMcobnall CTpyKTypara au-
ANEKTUPUK KaTnaM OpKaM TallKu 3/1eKTP MalfoH Kyuun-
raHga, ApMMyTKasrmd cupTn skuHnga coamp 6ynagmrad X3C
HUHT Hasapusacura acocnaHraH. X3C HUHI 3apsaguHy Xamaa
y 6unaH 60FNNK CUFUMHW aHUKNAL YYYH 1 - TUMN ApUMYT-
Kasrny cMpT cOXacu 3Heprus 3o0Hanapu guarpammacujaH Qoi-
fanaHaMum3 Ba

exp=E~Ef (579)

ndoga bunaH aHMkNaHaguraH 3NeKTp NOTeHUManu TyLUyH-
yacu knputunagm (5.12-pacwm). by epa Er—sapumMyTKasrny-
fa thepmun catxy E. — GepuniraH TemnepaTtypagarm Xycycuii
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APUMYTKA3TMYHUHT (hepMu

catxura Moc KenaguraH carx.

CupT coxacu aKMHuga aHep-

rMa 30Hanapuaa arpuiaHnLLIn

MaBXyp 6ynca, EcBa Eycarx-

_________ g Nlap T — KOOpPAMHATaAHWUHT

1 (GyHKuMsnapu 6ynagu. E.(1)

caTx Ba NoTeHUMan y (x) xam
X — KoopAauHaTara 60f/uK.

-X ApuMyTKas3rny cupTugaH

Y30KLa, 3Heprus 3oHanapuja

5.12-pacMm. ApuMyTKasrny cupt arpnnaHn 637n|\/|araH,u,a, E,

COXACUHMHT 3HEPreTuK caTx xycycvn7| ﬂpMMyTKangq_

“narpammacy. HUHT hepMm caTxu 6rnaH Moc

Tywaaun. MNoTeHUman \p(x) HA X KoopanHaTara 60fFnK Ba 60F-

NuK 6ynMaraH KKK xaafaH néopat geb kapawl MyMKUWH:

e%"'

Y(x)=%+<p(X) (5.80)

T — 3SHEpPrus 3oHanapuaa arpunaHul 6ynmaraH spumMyr-
Kasrny xaxmugarn noteHyman Apumytkasrud cuptu (x=0)
Aa noteHuman

~(0)=rp5

6ynaauw.

SHeprus 30HaNapUHMHT 3rpUNaHNLLN CUPT COXACcK AKUHN-
Jarn XaKMuin 3apsag Tydainm tosara kenrad 6ynmne, y nxtumé-
puii x — HyKTaga XaXMmuii 3apsg 3MeKkTp MalfoHu 6unaH
6OFNINK 3NEKTPOCTATUK MOTEHLMan <p(x) 6unaH aHMKNaHagu.
ApUMYTKasrny cupTmga noteHyman

<p(0)=<p5

6yNn6, CUPTHUHT 3N1EKTPOCTAaTUK NOTEHLMANNIa MoC Kenaam.

&p3 KaTTa/IMK CUPT COXACUHUHT 3HEeprus 30Hanapu arpu-
NaHWLWIMIa TEHT BYNMG, CMPTAA 3NEKTPOH SHEPTUACUHMN aHUK-
nangn. CupThaH nykapuga anekTpocTatuk noteHuman 48=0
6ynann. Arap cupTaa 3NeKTpoCTaTUK MOTeHLMan HOra TeHr,
SbHU 6=0 6Ynca, Y X0Nn4a 3HEPrns 3o0Hanapuaa arpunaHuL
o6ynmaign, 6y fccu 30Ha wapTu aeb toputunagun. Arap
pO)=tTp5=0 6Yy/ca, APUMYTKa3rMy CUpTULA XyCYCUiA ApUMYyr-
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Kasrmuavk LwapTy aManra owazimn Ba cupTaa epmm catxu E.
6unaH mMoc TyLuaam. .0

ARHUMaraH spMmMyTKasrnyga anekTpoH, KOBaK KOHLEHT-
paLMANapuHUHT x ra 60FnaHULWN rp(x) Ba <p(x) NOTeHLUuannap
opkanu

N(X)=A"cexp - E'fx~Ep|=n,.exp|M*=a90exp "]

*=ep£Hre ep( YY)
(5.81)

noganapiaH aHuknaHagn. by ndoganap TaxamamaaH Kypu-
HaMKuW, y5 Ba 0 6up Xmn nwopaga 6ynca, X3C aca 6oiu-
raH, xap xun vwopaga 6ynca, kambaranniawiraH Ba MHBepcu-
OH Kat/iamnap xocuni 6ynmwm MyMKuH. MabnyMKu, cupT co-
Xacugarm XaXMUA 3apsafHUHT, XaXKMUIA 3apsag COXaCUHUHT
CUFUMWNHW TTyacCcoH TeHrnamacu

NIyE ="-=— p(x) (5 82)

euynmmmn acocuga Tonunagu. by eppa £ — ApUMYTKa3rMYHUHT
OVANEKTPUK CUHTAMPYBYAHAUTIN, €0 — BaKyYMHUWHT LU3NEKT-
PUK CUHTAUPYBYAHUIUN, e — XKMUIA 3apsf COXaCUHWHT
3NEKTP MangoHu, p(x) — XKMUIA 3apsfd 3UUNnru.
[loHOp KOHUeHTpaumsic J1V, akuenTop KOHLEeHTpauusacu
6ynraH N-Tmn APMMYTKa3rmy cupTuiaH y3okua (Xakmu-
[a) 3NeKTP HeWTpanIMK LapTu

n-p=MO0O-MA (5.83)

6unaH ngoganaHagn. CupT coxacuga 6y wapT 6ysunaam sa
XOKMUIA 3apsif, 3UHIUTUA p(x)

p(x)=-e(n(x)+"A+e(p(x)+M" (5.84a)
ékmn (5.83) WapTHU XMcobra onraHaa,

p(x)=e(p(x)-p0- e (n(x)~no (5.846)
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6unaH ndoganaHaam, no, po — MOC pPaBULLIAA MyBO3aHaTAaru
3NEKTPOH, KOBAaK KOHLIEHTPALMSCH Li>(x) Ba <p(x) NMOTEHLMan-
NapHU ynuamcus noTeHuuannap

= Ux) = (5.85)

opkanu ugopanaHca, MyaccoH TeHrnamacy (5.82)

KYpUHULLTa Kenagun. by epaa A — kaTTanuk

\K

opKanu Tonunagu.
(5.86) TeHrnamaHn Xx-*« aa =0 6YynraH Jerapasuii
LWApTHN KAHOATNAHTUPYBYM GUPUHYN MHTErpanu

1F (X, m) (5.87)
6ynaan. by epaa F(X, u) QyHKUKS, Y /
F(X, «)=[A-'(e“-M-1)+A(e-nt«-1)] (5.88)

opkanu ugoganaHaan (5.87) TeHrnama n>0 ga Mycoat uLLo-
pa 6unaH «<0 ga MaH(WUA nwopa 6unaH onMHaaN. SHeprus
30Hanapu dlpunaHnium nacTra 6ynca, N HUHI ULLIOPACU MycC-
6at xmcobnaHagw.

. —y3yHNMK 6upnurngaru Katranmk 6ynmo,

_n*0KT\K

T ) (5.89)

OunaH aHuKNaHag4m, y Xycycuin ApuMyTKasrnyia anekrp mai-
DOHVHUHT [ebali akpaHnal y3yHnurn aeb oputunagn. Apmm-
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YTKa3rny KpucTanan cupTuaa anekTp MaifoH KyynaHraHam-
rm (5.87) ra kypa

<bp(x) =+271-"F{X,nb (590)
0 e

KYPVUHULLHW Onagwm.

OcTparpagckuii-I"ayc Teopemacura MyBoguK cupTra skmH
coxafaru t03a bupnurura KeNTUpUAraH CUpT 3apsan — 3NeKTp
MalfioH Ky4faHraHmrn E opkaim

0, = -e”0E = 2 — £0EYrY'(A, nb) (5.91)

MyHocabaT 6unaH Tonunaau.
MoTeHumanHWHT KoopauHatara 6ofnaHnwn (5.87) HM uH-
Terpannaw opkaim Tonunagu

I\ Ar
x(n)=+L,77T) <5.92)

xpucobnalnapHmHr kypcatuwmnya (5.92) TeHrnama 6ab3n 6mp
XyCyCcuin xonnapgarnHa aHaIuTUK ednmMra ara.

Tabpugra Kypa CTpyKTypa CUPT COXACK XaKMUIA 3apsaam-
HUHT anddepeHLman CUFUMM

c=% (5.93)

opKanu ngoganaHnWM MyMKUH. CTpyKTypara KyiunraH Tatu-
KW CUMDKWLL KYUNaHWULLN AM3NEKTPUKKA TyLIraH Ky4naHuwl
Y8 Ba CUPT 31EKTPOCTATUK MNOTEHLMANMN B ANFUHAMCUTA TEHT

6ynagm:

Y=¥B+<p5=" - + 46 (5.94)

MOSA cTpykrypa curummn C (5.93) Ba (5.94) napra kypa



opKanu aHuknaHaau. by eppga

Cco - Wk —AVSNEKTPUKHUHT TEOMETPUK CUFMU 6ynmo,

Y VIKKUTa MeTaNN nnacTHa (KOHTAKT) opacura ofiuHraH au-
3NEKTPUK XOCU/T KWUTaH KOH[EHCATOp CUFMMMUIa TEHT,

Cs = — CUPT 3N1eKTPOCTaTVK NOTEHUMANUHUHT y3rapu-

lWnaaH xocun 6ynraH cupTt cuFnMn. Y myTtnak MAA cTpyk-
Typa YYyH CUPT SKMHULATN XKMUIA 3apsag ()3= (PgaH to3a-
ra KenraH cuFmm Cx3 TeHr 6ynmo, y

c = K- A~ )

Np, 21 e~ - L)+ Xf(e™ - )+ (A- T Yu5/ 2 75'96)

6unaH Tonunaau.

LyHpari knnnb mytnak MASA cTpykTypara KyinunraH cun-
XU Kyydnanuwn (5.94) HUMHI 3/1eKTPOCTaTUK NOTeHumanra
6ofnaHmwnHn (5.91) Ba (5.85) gaH

AT Y aFyY * -usz-1) + e~ + U~ 1)/2 KT
e CO e 5 K ’

6unaH aHWKNaHULIMHW Kypamu3. HOKopuaa akTunraHuaek,
OUpPUHYM Xaan v >0 6ynraHga mycbar, mM<0 6ynraHga maH-
(nin nwopa 6unaH onuHagn. OManeKTPUKHUHE t03a 6upnu-
rmra KentTupuaraH reoMeTpuk CUFMK (opmynafaH Xmcob-
naHagw.

by epga:
e0 — AMINEKTPUKHUHT AU3NEKTPUK CUHTAUPYBYAH/IUTI;
— AM3NEKTPUK KaTnam KaMHAUIK.
TowY HUHI ApUMYTKasrnmynap Ba AM3NeKTpuKnap gu-
3MKacu KageLpacUHVHI WIMUIA Xoaumniapu, YKUTyBUMnapu
MIA cTpyKTypa XoccanapvHu ypraHuw 6Gopacuga ysnapwu-
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5.13-pacM. n-tungarn KpemHuii MAS cTpyKTYpacMHUHT 3HepreTukK
30Hanap fmarpammacu Mogaenu.

HUHT MYHOCMG XMccanapuHn KyLwmnoé kenvokaanap. Ynap MA4A
CTpyKTypa C—V XapakTepuCTUKACUHUHT xucobnawl undgoaa-
napuvHu 6upmyH4Ya copgpanawtupradnap. Cogganawtmpuil
acocmja rokopuaa nsoxnaHrad mytnak. MAA cTpykrypa yuyH
Kabyn KunvHraH apasnap xamga W-Tun ApumyTKasrunyja
N™«J1™ Ba HOKOPWU 4YacToTafa acocuii 6ynmMaraH 3apsig Ta-
LUIYBYMMAPHUHT XKMWUIA 3apafra Kambarannawirad, 6oiivraH
pexvmMnapga KylwaguraH xuccacu Kyga Kuyumk, mHobaTra
onwvaca 6ynagn, geraH ¢apas étagn. LLyHUHT yuyH TMyaccoH
TeHrnamacu (5.82) garv xaKMWUA 3apsig 3MUIunrm

p(x)=-e (n(x)-nQ=-e(n(x)~ JTQ

KYpPUHMLWWAA ONNHIaH 6Ynmn6, MyaccoH TeHrnamacu eumnraH.
XucobnalHy cogaanaiTMpuLL y4yH 3HEPTUSHUKT KOSb KUA-
MaTh KUAnMb epMm catxura MoC pexxumaarn sHepreTuk catx
Kabyn KWAMHraH Ba XMCOO MacT TOMOHra Kapab 0116 6opu-
nagn (5.13-pacm). MoTeHuman aca

<PO) = y>() + 9 (5.99)

KYPUHMLLAA ONMHFaH. By epia ep — 3NEKTPOH 3HEPruscy,
e — SAPUMYTKA3MY XKMUAATY 3N1EKTPOH IHEPTUSCH, eqb—
AVIBNEKTPUK SAPUMYTKA3rny Yerapacuaari aNeKTpoH aHeprus-
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cn. CupTga X=0 fa CUpPT MOTEHUMann ]=up+<pii ra TeHr,
OYNMLLANKHN Hasapda TyTCak Ba w=e*p$lKT ynyamcus cupT
NOTEHUMAIN KMPUTFaHAa XMCObNalNapHUHT KypcaTuiinya,
to3a upaurngarn cupt cuFumm C HKU, ABHU XaKMUIA 3apsj
CUFUMU

r, e (A"g - nO exp u5)

anT/CleOYYewr -n,- 1]H (5100)

OpKaNM aHMKNaHaam.

u,  —MycbaT (30HanapHUHI BOLLNAHFNY ArpUIaHMLLN Na-
CTTa KaparaH 6ynca) xamga maHguii (3oHanap arpunaHuLIn
toKopura 6ynca) kuimarnap Kadyn KUaMwm MyMKUH. Xax-
MUi1 3apsag cuFummnbmn (5.100) ndogagaH Mypakkab 6ynmaraH
anMalITUpULWAaH CYHT «>0 fa CUPTHU 3apsag TallyBuumnap
6vnaH 6olnwWw coxacmaa

MrG,4y__ enO(expm3-1)
CnakT/e™/r (expus-un,- \/2 101)
n <0 ga 3apsag Tawysuniap bunaH Kambarannainw coxacuaa
r(,u en0(1-exp(-u,)

(290K T/u v/ [u5 + exp(~u5) - 1) (5°102)

OunaH aHMKnaWmnWnHK Kypamus. MASA crpyktypara Kyiunrax
Tyna Ky4naHULWHWHT CUPT noTeHuuanura 6oFnaHmwm n >0 ga

TN fet + - 1P +~n5 (5.103)

n<0 pga

y = (2noKT\Y2[e-b+ur_ ¢ e¥o 5 LW :wur (5LU4)
\ e / A e

aHukKnaHagun. by epga: 5 — KOHTaKT to3acu; CO — AM3NeKT-
PUK (EKW OKCKA) CUFUMW.
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B. Xakukuin (pean) MAA cTpykTypaHUHr C—Y xapak-
TepucTukKacu

Mabnymkn, MOSA cTpykTypaga meTann-apumMyTKasrmy
YMKWL WLINAPUHUHT (hapku HoAAaH (bapK KunraHga YHUHT
nwopacura kapab, CTpyKTypara Talwku KyyiaHuw Kynnnma-
raHga, sSpuMyTKasrmy cupT coxacuia MaHguii éku MycbaT
Mwopann XaXMUn 3apsg naingo 6ynuwm mymkuH. Metann-
APUMYTKa3rMy noteHumannap apkuiaH xaKmuii 3apagiaH
to3ara KenraH a/eKTp MalfoHW CTpyKTypara KyWunraH Ta-
LKW CADKULL KYUNAHULWWHW XOCUN KUAraH 3M1eKTp Malifo
HUra Kywmnnagn sa Hatwkaga C—V xapakTepucTUKaHu Kyu-
naHuw yku 6yinnya cumkuwmnra onné kenagm (5.14-pacm).
[nanekTpuk Katnamga Kysranmac (MyaisiH xonatgarv 3apsg-
HUHT GY/IMLIN XaM XapakrepucTvKaHu LWYyHAan cumkuwnra
0Nn6 Kenamu.

LLyHV TabKmanaw Kepakku, Oy 3apsafHU MeTanni-apumy-
TKasrny YerapacumgaH kKaHgali macoaja >onnawraHm mab-
nym amac. LUyHWMHT yuyH athpekTuB 3apag TyllyH4acuiaH
thonganaHunaam, y WwyHaain 3apaaku, AManekTpuk (okeua) —
APUMYTKa3rMy Yerapacura >onawtvpuiaraHga KysaTuiraH
X0AMCcaHN X0Cun Kuna onagu. Aiccy 3oHanap Tabpudgura Kypa,
cupT noTeHuunanu >0 ga Accu 30HaNap Ky4dnaHuLn

y" =ee +1r (5105)

5.14-pacm. MeTann-ApMMyTKasrmy YnKu mnapu GapkKuHu, okcmaaaru
, Kysranmac 3apagHu MOS cTpytloypa sHepreTuk guarpammacura (a),
C—V xapakrepuctukacura (6) Tabcmpy ®M — MeTa YAKULL ULLN,
X — ApUMYTKa3rmy aneKTPoOHWUTra SKMHANK, YsK— oKcuguarm KydnaHui
Tywysu, EM~® -(x+Ee-E” MeTann-apumMTyKasrny YMKuL ULLTapUHUHT
thapku, (2h— oKcBg (AM3NEKTPUK)AArn KysrFasMac 3apsg.
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6Yynagn. by epia Esv — SpUMYTKa3rmy — MeTann UYnMKuL
NLLNAPUHUHT dapkn, 0ah — athheKTUB MyaisiH xonaraaru
(ky3Fanmac) 3apsg, Ces — AM3INEKIPUK (OKCKUA) CuFmmn. u-
3NEKTPUK KaTnamgarn myansH xonargarn 3apsg Mycoat xam,
MaH(pUn xam 6YAUWN MYMKWUH. SHAM CUPT XONaTNapHUHT
TabCUMpUHW Kypamu3. KOkopuga nsoxfiaHraHnapiaH KypuHa-
VKW, XaKNKnin (pean) cupT 6eHYKCOH (Maean) cupTaaH cvpT
xonatnapun ged HoMIaHyBYM 3HEepPrua carx/iapu MaBXya/mru
OwnaH hapknaHagunap. YnapHuHr tabmatu xap xun 6ynuno,
KPUCTaNMHUHT aXpanuil (4MaNeKTPUK-IpUMYTKasruy) yera-
pacua Kpuctani TY3UAUWUHUHT By3unnwwm Tydaiinm to3ara
Kenagunap.

CvpT xonatiapun acocaH ApumyTKasruunap 6unaH 60fnaH-
raH, YyHKW yNapHWHT 3apsgnap 6unad Tyauwm cupT NoTeH-
umanura 60FAnK 6yInM6 CUmMKMLW KyynaHUWn yrapuwm 6u-
NaH Kaiita 3apsggaHagunap. CupT XonatnapuHu XoCun Kun-
raH gudgepeHunan CMFUMM Cu ONAUH KYPUITaH XaKMUIA
3apag cuFummn Cv ra kywmnagu. CupT X0naTfapuHUHT MaB-
XYL cupT cuFMMuHnM Cea ra opTUWNAaH Tallkapu, cupT
noteHumannHn MOA CTpyKTypara KyhnnraH cUmMKULL Kyu-
NaHuMWra 60FNaHULLIMHKA Y3rapTupaamn, YyHKN CUpT xonatia-
pugarn 3apsgHu XOCW KUAraH 3/1eKTp MaloHM CUMDKULL
KyUTaHULLMHWHT XOCU/T KIANraH 3N1eKTp MaligoHn 6unaH au-
ANEKTPUKHUHT MyaiisH xonataaru 3apsj MaigoHu Kabu
Kywmnagn. JIeKMH MyaiisH xonataarv sapsguad gapknu yna-
POK, CUPT X0NaTnapuaarv 3apag CUpPTU NOTEHUUAIMHWHT Y3ra-
puwn GunaH y xam ysrapuwy MyMKuH. LLIYHUHT yuyH cupT
xonatnapu masxyp 6ynraHga, YNapHUHE aKpaHnaw Tabeupu
MaHnii C—V XapaKTepuCTUKaHM Mab/lyM coxanapuiarvHa
Hasapuin C—V xapakTepucTtukacura HucbataH

Ateyc,

KaTraimk Kagap cumkuwnra onné kenagu.

Axpanuu YerapacugaH 10A° gaH owmaraH mMacodaga au-
3NeKTpUKLA 6YNraH cupT xonatnapu ApMMYyTKasrmy GunaH
AXWKN 6oFNaHraH (AMANEKTPUK SPUMYTKA3MNY aXpaauw ye-
rapacmgarn noTeHuuan TYCMKLAH 3apsf TawyBUUNApPHUHT
TYHHENb yruwnapn Tydainun) ynap Kainta sapsgnaHuiliapu
MYMKWH, NEKUH aXpaiuwl 4verapacugaH macotaHuHr opTu-
WK1 6unaH WyH4ail anMatlys 3XTUMONININ KECKUH Kamasign
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Ba CUMPT x0natnapu 3apsanapHy Kysfasmac 3apsara yxuiaill
Tynnawra koaup 6ynagn. byHpain cupT XxonaTnapu ogataa
TYTKMY Mapkasnap feb toputunagn. CupT xonatnapuHu TyT-
K4 (Mapkasnapra) MyaisH xonargaru, 3apsgnapra 6ynnHu-
W Xxyaa waptanamp. MAA cTpykTypaga AnanekTpuk (oK-
cup)aa TYTKMY MapKasHM KaiTa 3apafgiaHuium, KysfanyByaH
3APAAHUHT KYUMLLK, ANM3NEKTPUK (OKCKMA) HUHT KyT6naHu-
WK Tygainnm CUmKAW KyYnaHUWWHUHT Xap XU y3rapyiim
nyHanmwmaa onnHraH C—V xapaktepucTukanap 6mp-6upu-
ra Moc Tywmaingn. by xogmca ructepesuc fe6 toputunagu,
ofataa 6y OKCUAHWHT TYpFYH amaciurugad ganonart 6epagy.
Xopuca HKopu Temnepatypaza Ba HOKOpU 3/1eKTP MaingoHu-
fa Ky4dasaauw.

r. KOKopu HacToTanm C—Yycyn 6unaH gnanekTpuk (OK-
cuf) —ApuUMYTKa3rmy yerapacu napamMeTprapuHU aHUKnaLl

1) CupT xonatnap KOHLUEHTpaLmMsACcK Ba enekKTPUHN aHUK-
nawl.

By kaTTanmknap Taxpmbada ONMHraH Ba Halapwii XmMcob-
naHraH C—V xapakTepucTukanapuHu 6up-bupura HmucbaTaH
KyunaHuw yku 6yiunua cumkuwn AK(C) gaH Tonunagu.
OnanekTpuk (OKcua) Katnammaary Kysraavac 3apsgn £apaan
Ba CUPT XonaTnapu 3apsanm  AaH coavp 6ynraH KyunaHuii-
HUHT CUDKMALWW Kyhngarmda ngoganaHagn:

AN(c)=-"(ep+ an) (5.106)
CupT xonatnapn KOHLUeHTpaymacu

(5.107)

6unaH xucobnaHagn. by epga: 5 — MeTaln KOHTaKT HO3acu.
(5.107) ndoga cnpT NoTeHUMann 6yiunda auddepeHumanm

_¢c0 9AV)

w5 s 4 (5.108)

CUPT x0natnap cnekrpuHun 6epagn. CupT xonatnap CnekTpu-
HK (5.108) ndoga opkann YnsmnLL Kyinmaarm Taptmbaa amanra
owmnpunagn (5.15-pacwm):



) LA xh o oo gm o T
,94)

Taxpnéa XpCO6(5,95) ¢hCO6(5,94) TakpuGa x1co6(5,95) xmpéaS
[
R ) Ty °
X1cob raxpméa
aimMpmLL
ain n
T - [U(<P.)
nye) |
AH D BPBH-
['_',_J—')ﬁ | |a/|/
avdpcpepen- Aaalp>,
u,malnnLum
4'"*>/0<P.

5.15-pacm. FOKopu vactoTanm C—V ycyn 6unaH C—V xapakTepucTtukaHu
YM3ULL Ba YM3MafaH CUPT x0naTn TaKCMMOTUHM aHUKNaL TapTnéu
(KeTma-KeTnnrny).

a) (5.96 Ba 5.97) ékm (5.101 :5.104) mndoganap opkanu
Hasapuil xucobnaHraH C—V xapakTepucTuKa Yn3nnagu;

6) Taxxpnbaga ONUHraH Ba Haslapwii xucobnaHraH C—V
XapakTepucTuKanapHu conuwtmpnb, AV(<p) 60fnaHuW TO-
nunagu;

B) Hasapwuit xucobnaHraH C\<p) épmammaa AK(C) 6ofna-
HUWAaH AV (<p) boFnaHuwra yTmnagu;

r) AY(<p) H1 anddepeHumannab,”5.108) ndoaa opkanu

CUPT Xxonatnap CrekTpu umsmnagu. HM C—V xapakTe-

PUCTMKaHN Hasapuii xmucobnamacgaH Xam Yu3nL MYMKMH.
By ycynHu xucobnaw taptnbu 5.15-pacMaa KenTupuaraH.

2. CupT noTeHumanu Ba OKcMAaLa MyaisaH xonatgaru (puk-

CUPOBaHHbLU) 3apsaHN aHUK/IaLL.

Hasapwuii xcobnaHraH C (<p) XapakTepuctmka bunaH Tax-
pubaga onuHrad C (V) HWU CONULITMPUO, UCTANITaH CUMKMLL
KyynaHuwngary cupT noTeHumanm

R <Py)

ONMHaAW. PavliaHKKn, CUPTHUHT MHBEpPCUS Ba GOWMLL COXa-
napuga cupT NOTEHUMANVHUHT YaYallgary aHUKANK KECKWH
Kamasgn. LLUYHUHT yyyH TalKW KyunaHuw KyinnmaraHga
CUPT MOTEHLMAIN MYXMM axaMUAT Kach aTagu, YyHKMN Y TallKu
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3NEKTP MalfoHN KyWhnnmaraHga axpaiuwl yerapacuHUHT
X0NnaTuHW Genrvnaign. Y okcnagarn Kysranmac 3apsj xamia
CUPT xonatnapugaru 6ownaHFny 3apsgiapn 6unaH aHukna-
Hagn. Opatga CUPTUIA 3apsa4fiapHU aHMKnawja fccu 30Ha-
nap KyynaHuwm ¥t kynnaHunaum. CTpykTypara ficCu 30Ha-
nap Ky4naHuwmra TeHr 6ynraH Talwkuy KyynaHuw ynaHraHga
ApUMYyTKasrny cuptnga X3C 3apsgvHUHE CUPT xonatnapu-
Jarun 3apaguHuHr ysrapuwndam (5.106) ra kypa,

y.c*=yn Cii= e 0a+A0,, (5.109)

KYpUHMLWAa ngoganal MyMKUH.

Oaa ~ KyunaHuw ynaHmaraHgarv X3C HUHT 3apsagn, SbHU
GoLunaHFy cupT noTeHuman fuugarn 3apsag, [(?a —cTpyk-
Typara Yt KyulaHuLra TeHr KyyiaHuw ynaHraHaaH cyHr cupT
xonatnapy 3apsanuHUHL Y3rapuim.

(5.108)  wudopa 0 paH x raya 6ynraH opanmkia UHTerpan-
nab Tonunagn. Yo Cs xamaa HK1 6unraH xonga (5.109)
AaH <beTonunaan. 0to(<p) HU XMcob/all oOpkanu GoLnaHFny
CUPT NoTeHUnan <pr Tonunagu. 0on AaH AUaNeKTpUKLaruv
Ky3fa/IMac 3apsfHu axpatud OfnwW YyYyH CUPT xonatnapu-
HUHI TaKWKNaHraH 30Ha 6yinya TaKCMMOTUHW OGUANULL Ke-
paK. LLYHWHT yuyH toKopy YacTtoTannm C—V XapakTepuctuka
6unaH TakMkKnaHraH 3oHa 6ylinya TakcumnaHrad cupT xonar-
napu 3apaguHn, AU3NeKTPUKLArn Ky3fanmac 3apsaiapHm ax-
patnb 6ynmanan. SleknH, arap C—V XapakKTepuCTUKAHUHT
LaKIM Ha3apuil xucobnaHraHra AKWH, SbHU YT AKMHUAA
eTapinMya TMK Ba Yt HMUCOaTaH KaTTa Oynca, CMpT xonarnap
3apPAAUHVHT Y3rapuvHU MHOGaTra OMac/inK MyMKUH. Y
Xonga Yo KysfaMac 3apsgnap 6unaH aHuknaHagu. AKCUH-
ya, arap C—V xapaKTepucTuka Kus 6ynca, ¥t noteHuman <a
faH 0 raya ysrapraHga, CMpT xonarniap 3apsavHUHT y3rapu-
WWHW aHMKNakan. Y xonpa O<<p<<pas opanvkaa J1"=consl
6yncuH ae6 hapas KMAno6, 6oLaHFUY CUPT NOTEHUUANN MHK

VC
A=A (5/110>

6unaH xmcobnawl MyMKuH. By epga N <p=0(V - V [a aHuWK-
NaHraH) cupT XonaTnapy KOHLEHTpaumscu.

FOKopwvza KenTypuaraH napameTpiapaaH Tallkapu, Kopy
yactoTanm C—V xapaKTepucTMKa OpKaan SpUMYTKa3rUYHUHT
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NErnpaoBYM KUPULLMA KOHLEHTPALMSCUHW, KaNMHAUK Y inYa
TaKCUMOTVHU, APUMYTKA3rMy TUNUHWU, OKCWUA KaTnam (ama-
NEKTPUKHMN) ANINEKTPUK CUHTANPYBYAHANTUHW, KAMHANTU-
HW Ba GOLUKA MapamMeTpiapuHN aHMKNalW MyMKUH.

5.6-8. CuruM cneKTpocKonust ycynnapu bunaH vykyp
caTx napameTp/apvHM ynyawl Kypuimacu

UyKyp caTx/M Mapka3 napameTpiapvHu CUFUM CreKTpoC-
KONus ycynnapu 6unaH aHukNawda HamyHa 6unaH ynuaiu
KYPU/IMacuHW TyTawwTUPyBYn Kaben (cumnap) CUFMMn xamaa
HaMyHa GOLUNaHFNY TYCUFU CUFUMK KaTTa OYnraH xonatja
P*-n YTULWAN ANOL €KW LIOTTKU AUOLN TYCUFU CUFUMUHUHT
KNUYMK Y3rapuiunHu ynyaw nosum 6ynaan. Opataa 6GyHra
TpaHChopMaTOpP/IN FOKOPW YacToTanm Y3rapyB4aH TOK Kynpuru
(MM-300) gaH (oliganaHnw opkanu apuwmnagn. Kokopunga
KypraHfapumusgaH KypuHaguku, CTpyKTypa TYCUFU CUFUMM
KYN omunnapra, macanaH, Temnepatypara, KyunraH Kydna-
HULWra, ynyaw KyuynaHuw 4yacrtotacura, HamyHa Eputusca,
EPYFNMKHWUHT TYNKWUH Y3YHIUTW, HOCTaLMoHap XapaéHnapaa
Bakrra 60fnMK. By G0fFnaHMLINAPHW CUFUM CNEKTPOCKOMMUS
ycynnapu 6unaH ynuail KypunmanapvaaH oupu 5.16-pacmaa
KenTupunaraH. Vnmuii Tekwmpuil naboparopusnapuga Kyn
Xo/inapfa TpaHchopMaTopan KOKOPU YacToTain y3rapyByaH
TOK KYMPUTUHWN Tyna YTKasyBUaH/IMKHUHT ynuall Kynpuru
MTI1-300 ra yxwartunb hnFnnaan. YTkasyBuaH TOK KYNpuruHu
TY3WIULLIL Xap Xun 6ynnb, ynap roKopW YactoTanut UMMy /bC-
NN KWYKMK ynvamnu TpaHcgopmatopnap (MAT-8, MUT-4)
acocuja MUFUIMLLIN MyMKKH. KOKOpuW yacToTaga auog 6apb-
ep CUFUMUHMN EKN YHUHT Xap Xu/ oMunnap Tabcupuga ysra-
pULWM Napanfen anamMawTupull Ynsmacu 6yiinya ynyaHagu.
Bowkaya anTraHga, Ao napainien ynaHraH CUFUM Ba Kap-
WMANKAAH nbopat (Ty3unuwl cTpykTypa) aeb kapanan. LLy-
HWHT YYyH Y3rapyBYaH TOK KYNpUruHWHT 6up enkacura yara-
pyBYaH 3Ta/IOH CUFUM Ba Y3rapyByuaH 3Ta/IOH KapLIUIuK yna-
Haaun Ba ynap opkanu CTPyKTypa 6apbep CUFUMU EKN YHUHT
y3rapuwn aHuknaHagn. KYNpUKHUHT WKKUHYM enkacura
HOKOPY aHMKNukKaarn y3arapyedaH C2 KiA.TeHcaTop y3rapys-
YaH  KapwWaMK Ba ynapra napannen TeKwupunaérraH amog,
ynaHagu. Ynap maxcyc gapaxanaHraH 6ynu6, 6ynuHuw aa-
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5.16-pacm. Aunog Ba MOA cTpykTypanap C—V xapaKTepuctukKanapuHum
ynyatl KypuiMacuHUHE CXeMacu.

paxacu 0,01 ndg ra TeHramp. /?, — Kapwwunuknap 6up
KaH4Ya KapLuuamknap acocuja nnFunuiim éku ynapra ysra-
pyBYaH TOK KYMPUIMHWUHI KapLWWAMK 60KN KYnnaHULWmu
MYMKUH.

MabnymMKkn, OGMpOHTa TallKW TabCcup OCTUAA CTPYKTypa
KapLWAnrn CUFUMK y3rapca, KYnpuk MyBO3aHaTUHW 6y3u-
nwmra onmb kenagu. Kynpuk MyBosaHatu 6y3unmwinjaH
X0Ccun 6ynraH KyydaTmpuaraH ysrapyByaH CUrHaa KatTaurm
y3rapaétraH cuFumra nponopunoHan 6ynagn. by curHanHu
ynyaw KyynaHuwmn vyactotacuHuHr 150: 500 Ky opannfuga
B-61 TMnuaarn cenekTuMB BOMbTMETPU OMAaH, YaCTOTAHUHT
10 : 150 KTy, opanurunga aca -582 tunuparv HONMb MHAMKA-
Top épgammaa Ky4antupné, y C1—68, C1—76 tunmaaru oc-
umnnorpag 6unaH kM AeTeKTopaHraHKuaH CYHr MKKU KO-
opavHatanm H—306 Tunuparu ysm €sruy 6unaH Kaing Kuim-
Haan. Y3rapyByaH TOK Kynpurura toKkopm vyactotanm r—4—94,
Ir 3—112 Tunugarn reHeparopgaH yactotacu/= 10500 KIu,
6ynraH HamyHara amnautygacy 10: 50 MB gaH owumaraH Kyu-
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NaHuw Gepunagun. by Kypunma gmog 6apbep CUFUMUHUHT Kn-
HETUKaCUHN Kailg KUAUW WUMKOHMHMW Gepagn Ba y OpKau
YYKYP CaTXHWHI 3M1IEKTPOH O6unaH TYnuW penakcauus BakTu
I HX aHWKNaw MyMKuH. Arap r>5c 6ynca, Kynpuk mMyso3sa-
HaTu OysunraHgaH xocun 6ynraH CuUFUM y3rapuwiura npo-
MOPLMOHAN Ky4ynaHuw (CUrHan) WMKKW KoopAuHatanu ysu
é3rny épgammga, arap r<bc 6ynca, r — MeTp YM3MaCUHM
KYnnaiu opkanu ocumnnorpadaa kaiig kmanHagn. byHpa cart-
XHVUHT 3M1IEKTPOH 6unaH TYNgupull penakcauus BaKTUHU
TYFPUAAH-TYFPU aHUKAaW Kepak 6ynagn. r MeTp 3apsignaH-
raH KoHfeHcatop C HM A3 Ba KAKapLIWAUKIAp OpKain pas-
pALNAHULLUIA acoCnaHraH Kypuama. 3apsgfiaHraH KOHZAeH-
CaTOPHUHI K3 Ba K4 KapliMavKnap opkaiv paspsggaHuiumn
K4 KapLumnnukaa Bakr JOMMUIACK Tke= C(K3+KA 6YnraH sKc-
MOHEHLUMaN KOHYHUAT GYiinda y3rapyBuaH Ky4dnaHuLl XOCWI
6ynagn, Oy KyunaHu ocuMAnorpadyHWHr ropu3oHTan YK
6yinya énnl KyyaikTMpruy Knpuiinra bepunagun. Arap carx-
HWHT 3N1eKTPOH BuniaH TyNaupuL pefiekcaunsa Bakru, CUFM-
HUHT (Ku+K4) Kapwuivk opkanu paspsagnaHvil Bakr Aou-
Muicura TeHr 6ynca, ocuunnorpad akpaHuga Kynpuk myBo-
3aHaTu Gy3unuwmngaH coaup 6ynraH Ky4iaHWWHWHE BakT
6yinya y3rapuium umnsmknm oynagu. demak, xap 6up carx-
HWHT GepunraH Temnepatypagarv r HV aHukiaw yyyH Ji3sa
C WwyHfain TaHnaHaguku, ocuunnorpag skpaHuga CUFUM
penakcaums Ky4naHUWWHWHE BaKr 6yinya yarapuiiy Yn3nkim
6yncuH. LyHn acnatmb YT Kepakku, I — MEeTPHUHI CU-
fuMn (C) uykyp catxHu Tynaupuw (F=0) ékun TYFpu Kyuna-
HUW nanTnga 3apagnaHagn. CTpykTypa 6apbep CUFUMUHU
ynuawija Teckapy KyynaHuwimn ynaHraHgaH 6owna6, r metp-
HW KOHAeHcaTopu (K3+K4) opkanu paspsifnaHub, y CUFUM
penakcauua KydnaHuwm u(() HW ocuunnorpad ropusoHTan
yKn 6yinya éagn. Yykyp caTx napameTpiapy aHuknaHagu-
raH CTPYKTypa KpMOCTaTra >XOmnawTupunagm Ba y Kepakiu
TemnepaTyparya coButunagn. HamyHaHu GenrunaHraH Tem-
nepatypaga TypFyH TyT16 TypuLl Xap Xu Te3nnkaa Yu3nkin
KOHYHUAT Gyiinya MCUTKL, COBUTWLL aBTOMAaTUK paBuLLja
bowkapunaguraH Kypunva épaamuga aManra owvpunagu.
TowkeHT [aBnat YHUBEPCUTETN KowMaarn amannii pusmnka
WHCTUTYTW XO4MMNapy TOMOHWUAaH 6Up KaHua Kynainimknapra
ara 6ynraH a3oT 6yfuaa CoOBUTMNAAMIAH KPUOCTaT Xampaa Ha-
MYHaHW Xap XWUn Te3nukga COBUTULL, UCUTULW TemnepaTypa-
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HUHr G6epunrad kuiimatkaa 0,0 C aHMKAMKAA TYpPFYH TyTa-
AUraH Temnepatypa ctabwnusatopu spatunraH. by kypwun-
MaZa TemrnepaTypaHu ynuyawl Ba OOLIKapWULL AaTynru cuga-
™mga gnog (K4, 105B), vcuTrmy aneMeHTU cudatmga TpaH-
auctop (KT—808) KynnaHunaraH. MicuTrmy maccacu KMUmMK
6ynraHn ydyH TemnepaTypaHUHI GOLLUKAPUAULLM Te3 coamp
6ynagn. HamyHa TemnepaTypacUHUHE Xap XWun Te3nukaa un-
3NKAN KOHYHUAT 6Yinya opTuLM, nacavin TEPMUK paF-
6aTnaHTUPUAraH CUFUM TOK YCy/napy 6unaH dyykyp CaTXHUHT
napaMeTpiapvHn Te3 Ba eTap/v aHMKAnKLUa ynvawl UMKOHM-
HK Gepaau.



PONAANAHUITAH ALABUETAP

1 H. &. KoeTaHtok, HO. A KoHLEBOW. V3mepeHns napameTpoB nony-
NPOBOAHWKOBLK MaTepuanos. N3g. “Metannyprus”. M. 1970 T.

2. J1.T1. MaBnoB. MeToAH onpefeneHnsi OCHOBHHX MapamMeTpoB Mnony-
NPOBOAHMKOBLIX MaTepuanos. M. “Bmcwas wkona”, 1975 .

3. B. B. batasuH, 0. A. KoHueBsold, HO. B. ®eaoposuy. 3mepeHue na-
pameTpoB Mo/ynpPOBOAHUKOBHX MaTepuasios 1 CTPYKTyp. M. “Paano 1 ceasb”,
1985 r.

4. 1. T1. Masnos. MeTogH nU3MepeHUsa napameTpoB NosynpPoBOAHUKOBMX
matepuanos. M. “BHcluasa wkona”, 1987 r.

5. KO. B. Bopo6beB, B. H. lo6poBonbckuii, B. . CTpuxa. MeTogH umc-
cnefjoBaHUsA NnosynpoBoAHUKOB. KueB “BHclwian wkona”, 1988 r.

6. B. M. Konewko, T. . KannoH. C—V meToAH U3MepeHus napameT-
poB MOIN cTpykTypH. O630pH NO 3N1EKTPOHHOI TexHuke. Cep. 3-MUKpO-
anekTpoHuka. BHn. 2/456/M. LIHNA, SnekTpoHuka, 1977 r.

7. V. H. KapnmoB. “BnusiHie BHELLHWX BO3AEWCTBUIA Ha CBOCTBA rpa-
HUUH pa3gene nonynpoBoAHUK-AnanekTpuk MAM —ctpykTyp”. KaHa. guc.
TawkeHT — 1986 T.

8. /1. C. bepmaH, A. A. JlebeseB “EMKOCTHas CneKTPOCKOMus ray60KmxX
LieHTPOB B MonynposogHukax™”. M3a. “Hayka” 1981 r.

9. Tertan 2. M. 801kl 8lale Eleclrouic3 1952, 5, 285.

316



1.2-8.

1.3-8.
1.4-8.

15-8.
1.6-8.

1.7-8.
1.8-8.

1.9-8.

2.2-8.
2.3-8.
2.4-8.

MYHOAPVXA

1-606. FIPI/IMS?TKASI_I/I‘;II'IAPLI,A CO/IMWTUPMA
KAPLWWNTMKHN YNYALL YCYNNAPU

. APUMYTKA3rMunM HaMyHaHUHT COMMLLTUPMA KapLUUAUTUHN YHUHT

TYNa KAPLUMUTUN OYANUA QHUKIIALL ...cocvevrieeieeeieiereeereneieseeieseseeeseseieseeenas 5
ConmuTvpma KapLvanKHy YadalHUHE 6Up Ba MKKW 30HANN
VOYTITAP ettt b ettt 11
TYPT B0KAIM YCOY ittt 20
HOnKa KaTnamnapga conmwTupma KapLnamkHn TYpT 30HAAN

YCYI OUNAH AHUKITALL ...cviieiiieie ettt sttt et 34
AnuTtakcuan, ANHPY3NoH KaTiamaapHUHE CoNmTUpMa
KapLWAUTUHW TYPT 30HAAN YCYN BUMaH aHUKLAL ..o 41
ConmwiTrpma KapLuankHu TYpT 30HAAN ycyn 6unaH
BYNTYALLAAT XATOSTUKIIAP covvveveiieteieieieieesteesseseessssesssssesssssssessissssssssssesesans 42

BaH-gep-May ycynu 6unaH convuTMpmMa KaplnankHy ynvau ... 49
ConMuTUpMa KapLUUIUKHA HYKTaBUiA KOHTaKTHUHT TapKairaH

(8linnraH) KapLWINK YCYan BUNaH aHUKLALL .....cooerereeenereireieens 59
ConmuwTpmMa KapLUWInKHU MeTann-spuMmyTKasrnd HyKraBuii
KOHTaKTUHWHT TeWNAnLW KyynaHuwm 6yiinya ynuai ycynm........ 67

2-606. SAPAL TALLYBYUNAP KOHUEHTPALMACK
BAXAPAKATHAHIUTNHN YNYALL YCYNNAPU

. Xonn ahcheKTn éppammaa 3aps TayBUNNAPHUHT

KOHLEHTpaLMACK Ba XapakKaT4yaHAUIMHN Ynyall yCynnaph............. 73
Xonn QHOKUHN YAUALL YCYNINMAPU ..cviviiieiieieiieieee ettt 81
XOSUT TOKM ottt bbb s 91

Xonn ToKNapyHM ynyail Ba y opKann apumyTKasruy
HaMyHasapa 3apsf TallyBYMNapHUHT KOHLLEHTpaumsacu Ba
XAPAKATHUAHIATUHU YITUALLL ..ottt 95



2.5-8. BaH-gep-May Ba TYPT 30HAAM ycyn 6unaH SpUMyTKasrny
HamyHanapfa 3apsj TawlyBymiap KOHUeHTpauusacy sa
XAPAKATUAHNUTAHN YITUALL ...ttt 100

2.6-8. Xonn apheKTUHM ynyalilarn MyHTasam (CUCTeMaTuk)
XaTONMKNAPTra TAbCUP 3TYBUN OMUIIIIAP ceeveiiieirieieiierenieesiesreneieniene 105

2.7-8. ApumyTKasrnunapia 3apsg TalwyBuniap KoHLeHTpaunsacn sa
XapakaT4yaHAUTUHW HaMYHaHUHT MarHUTOKapLwunanrn 6ymnnya
AHVIKTIALLL. .ttt b et 109

2.8-§. fApumyTKasrmunapga TakMkaHraH 30Ha KeHrIMrMHN, OHOp
Ba aKLENTOP KUPULLIMA aTOMMIAPUHUHT KOHLEHTpauusacu
Ba MOHNAHWULL 3HEPTUACUHUN AHUKNALL ..o 115

3-606. APVIMYTKA3IMYIAP MAPAMETP/TAPVHN OMNTUK
YCYNNAP BANAH YTUALL

3.1-8. ApUMYTKa3rMuNapHUHT ONTUK NAPAMETPAAPY ..covoveeieeeieiireeieeas 128
3.2-8. ONTuUK napameTpnapHn (KoOHCTaHTanapHu) Taxpunbaaa
AHUKALL YCYTIIAPM cvivineiniriieeeieee ettt 134
3.3-§. 3apsg TawyBunnap KOHLEHTPaLMACK Ba xapakaT4yaHanrnHn
YAYALHUHT OMTUK YCY ITAP .eviiiiiieieeeieieieieisieieisisseisseseiesesesssesenesns 140
3.4-8. DNINIUMCOMETPUS YOYITU vttt sttt 156

4-606. HOMYBO3AHAT 3APAL TALLYBUYWNAP
MAPAMETPIAPUHW YNUALL YCYNAPW

4.1-§. HomyBO3aHaT 3apsf TallyBUnnap napameTpriaph.......enneenns 166
4.2-§. HomyBo3aHaT 3apsj TawyBuunap 6unaH NHXeKunsanaHraH

HAMYHAHUHT YTKA3YBUAHIUT M.....oviiiiiiisisisises e 173
4.3-§. HomyBo3aHaT 3apsf TallyBuniap napameTpnapuiHmn

YNYALLIHUHT HOCTALMOHAP YCYINMAPU . .cieieiinieieiineie et 176
4.4-§. TOK UMNYNbCU UHXEKLMACKTA acocaHraH HoMyBO3aHaT

3apAf Tawysunaap Awall BaKTUHW aHUKNAW YCYNAaph.. ... 202

4.5-§. HomyBo3aHaT 3apsj TallyBuunap napameTpnapuHu

YAYALHUHE CTALMOHAP YCY TIAP ..ttt 213

4.6-§. HomyBo3aHaT 3apsaf TalyBuniap napameTpaapuHu
hoTOo3/1eKTPOMarHMTuK xoaucacu (KnkomH-Hockos
ahpeKTM)AaH PoJanaHNG aHNKIAL YCY MU .o 225
4.7-§. ApumyTKasrmy napameTprapvHu HOMYBO3aHaT 3apsf
TallyBYMnap TaKkcUMoTuaaH (TYFpugaH-TyFpu) coinganaHuné
AHUKALL YCYTTNAP .ttt 274



4.8-8. P-n YTUWHUHT Ba LLIOTTKM TYCUFUHUHI KUCKA TyTallyB
(hOTOTOKMHU Ynyalura acocnaHraH gnhdy3voH y3yHANKHN

AHUKIIALL YOYIIU ottt en e 249
5-606. UYKYP CATX/I1 MAPKA3JTAP MAPAMETPJTAPVHW
YNYHALWYCYNNAPU
5.1-8. Uykyp caTx/i1 MapKasnapHUHT NapaMmeTPAaP. ... rreeererreerenens 255

5.2-§. P-n yTuwga YyKyp caTxIapHUHT 3/1eKTPoHNap 6unaH
TYNANPUIITAHIIATI oottt ettt bbb bbb 260
5.3-§. Uykyp Mapkasnu AUOANapHUHT 6apbep CUFUMM ..o 266
5.4-§. FpumyTKasrnunap 4ykyp mMapkasnapu napametpnapuHu
AHUKNALWHWUHT CUFUM CNEKTPOCKOMUA YCYNNAPW .o 273
5.5-§. MeTann-gnaneKTpuK-apuMyTKasruy cTpykrypa
napameTpaapuHy YAUYAWHUHT C—V YCYMM ..o 296

5.6-§. CUFUM CreKTPOCKONUA ycynnapu 6unaH Yykyp cartx
napameTpiapuHy ynyawl Kypuamacw... .
DoNAANAHNATAH ALAOMETIIAP ...vieeiiiiieiree ettt e e ereeneaes




3ainHo6MaAMHOB CUMpO>KUAAWH, AKpamoB Xuaoin

APUMYTKA3MUNAP MAPAMETP/IAPUHW
AHUVK/TALL YCYJTAPA

Y36ek Tunuga

Baguwnii myxappup T. KaHoaToB
TexHUK myxappup Y. Kum
Mycaxxux, M. Ayngoliesa

KomnbloTepaa Taiépnosum E. MmabmyTanHOBA

Tepuwra 6epungm 6.11.2000. Bocuwra pyxcat atungm 6.06.2001.
Buuummn 84x10813r OdceT 6ocma ycynuga bocungu. Laptnm 6ocma
Tabofu 16,8. Hawp 1. 17,24. Hycxacm 2 000. bBytopTtma Ne 55.
Baxocu wapTHomMa acocuga.

“Y36eKNCTOH” HawpuéTu, 700129, TowkeHT waxpu, Hasonit kyuack, 30.
Hawp Ne 61-2000.

Y36ekncToH Pecny6nvkacu [laBnaT MaT6yoT KYMUTACUHUHT
1-60ocmaxoHacuga 6ocmngn. TowKeHT w. 700002,
CarboH Kyuyacu 1-6epK Kyuya, 2-yil.



