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Cy3 6owmn

“YMyMUin Pu3nkKa KYpCu”HUHT UKKUHYN XUILU TEXHMKA
ONUIA YKyB tOpTnapura MysmkannaHraH 6ynub, onuii Ba ypta
Maxcyc Tab/M MyaMMOonapn UHCTUTYTH K.owmngaryn namunii-yc-
nybwuii bow 6owkapmacu ToMoHugaH 1996 iinnga tacagmk N aH-
raH U3nKa KYPCUHWUHT SHI W gacTypura MocnawTMpuaran xonga
caunrad. by ykyB kynnaHmacu 14 606aaH néopat 6ynunb, yHaa
(OU3NKAHWUHT 3/1IEKTPOCTATMKA, 3/1EKTP TOKU, 3N1EKTPOMArHeTu3m
KucMnapu éputungu.

YKyB KYyNNaHMaCUHWUHT 31eKTPOCTAaTUKA K;UCMU 3NEKTP 3a-
pAgd, 31eKTP MaifoH, AU3NeKTPUKNapAa 3NeKTp MailfoH, afekTp
maligoHgarn yTtkasruuynap kKabu 6o6napgaH TawKua TOMraH.
KynnaHMaHWHT 371eKTP TOKWM KUCMU y3rapMac TOK KOHYHNnapu,
MeTannapgarv yTkasyBY4aHIMKHUHT 3N1eKTPOH Ha3apusacu, Ba-
KyyMa 3/1eKTp TOKW, rasnapfa 3n1ekTp TOKW fe6 HOMJaHraH
606napra TakCMM/IaHraH.

ONeKTpoOMarHeTn3sM KUCMM 3Ca 3NEKTP TOKUHUHT MarHut
MainfoHu, 3apaanu 3appadyanapHUHT MarHuT MaingoHgaru xapa-
KaTu, MOAJAaNapHUHT MarHUT Xoccanapu, 3N1eKTPOMarHuT vH-
OYKUMSA, 3NeKTPOMarHuT MaioH Hazapuacu, aNeKTpoMarHuT
TebpaHuMLNap Ba 31eKTPOMarHuT Ty/IKMHNap kabw 606napra Tak-
CYMaHraH.

dun3nk xogucanap H1ucbaTaH cogaa ycynga émaraH Ba Tex-
HWKajaH, TabmataaH oNnHraH muconnap émnax 6oRTUAraH; Xoam-
CanapHUHI MaTemMaTUK YCTyKypmanapu acocnm Knnné Kentm-
pnb YnkKapuarax.

“YMyMuii Gr3nka KyYpCU”HUHT UKKUHYMN XUNAN TEXHNKA
0NN YKYB tOpTNapu Tanabanapw yuyyH TaBcusa aTunraH sa [las-
naT Tab/UM CTaHLAPTNAPUHUHT Kypuauw 6yiinya 6akanasp my-
Taxaccucnuknapu 054600, 054700, 054800, 054900, 055000
Xamfa TeXHUKaHUHT 6oLlKa coxanapugaru 6akanasp myrtaxac-
cucnnknapura Kynnrad tanabnapra TyqMK Moc Kenagw.



MaTHnapHu épuTull gaBomMuaa GU3nNK KaTTaJMKNapHUHT
6upnvknapu KentTupuaMaraH 6ynueé, ynap KyanaHMaHUHT 0XU-
puaa xajsan Tap3vaa 6epunrad. by ycyn 6unaH KynnaHMaHUHT
XKMUHWN KeHrahTupmaraH x.onfa u3nk xogmcanapHuHr Mo-
XUATUHN YYKYPPOK; OUMLLITa UHTUUK.

Myannneg AapcnMKHUHT Ma3MYHUHW SXLIKallra Kapatui-
raH xamma hMKp-mynoxasanapHu YyKyp MUHHATAOPYUANK 61~
naH Kabyn knnagw.



| kKucm. SJIEKTPOCTATUKA

1-6006
ONEKTP 3APAAL. SJIEKTP MAI7I,£I,OH

AneKTp 3apsLy3 TabCUPUHU MalioH OpKanu y3aTyBuM MoAda
\<naTnapugaH Gupnamp. AnekTp 3apsaMoALa TY3UAMLWMHHT NYKK
\()ccanapn 6unan 6GormmMk™ 6ynuG, y 6up >KMUCMAAH WKKUHYMCKUra
FTUWN KN XKUCMHUHT By TYH Y >KMW Byiinab Kyunwm MyMKuH. Y
\onga >KUCMHUHT 3apsagau y;onaTu WHAa to3ara kenaguw, fera
caBon TyTnaau. Ywoy 606 >XUCMNapHUHT 3apsaanaHno Koy sa
Ty >KuUcMnap aTpodumaa y;ocun bynaguraH 3neKTp MaifoH Xycy-
CUMTVHW ypraHnw macananapura 6aTLunaHraH.

1. 1-8. 3nekTp 3apas. 3apsagHUHT Cak;NaHULL KOHYHN

Mabnymku, gamma mogganap atomnapfaH TY3uraH.
ATomnap 3ca mycbaT 3apafgnaHraH A4po Ba YHUHT aTpoduga
Mypakkab opbuTanap 6yinab papakatnaHyBYM MaH(puin 3a-
paanu anekTpoHnapgaH mbopat. Oaanin waponTaa atomaaru
myc6at Ba MaH(hU 3apsagnapHUHT MUKAOPY y3apo TeHr 6ynub,
aToM 3neKTpHelnTpan gonataa 6ynagn. XXucm 3apagnapw iu-
InHaucn Ora TeHr gonatga 6ynuwun yyyH y 3nekTpHeiTpan
aToMnapfjaH Tapku6 TonraH 6ynuwmn no3um. bupop Tabcup
rycainm, macanaH, Tepura nwk”™anaHraH wuia taék,4a aToM-
NapUHWUHT BUP K;UCMMW WLWIK;anaHuw Tygainm y3 BaneHT 3nek-
TpoHNnapuaaH axpanub Konca, wuwa Taékvaga mycbaT 3a-
pag opTub;va 6ynm6 k™onagn. AKCuMH4Ya, Oy 3NEKTPOHIapHU
y3ura 6upmukTUpn6 onraHlJepupga aca, MaHgwuii 3apsag OpTUK,-
yanuru naigo 6ynagn. MykoTunraH éku Kabyn K,UAWHraH
3NEeKTPOHNAPHUHT COHMHM TYaeb 6enrnnaiinuk. ¥ fgonga, u-
KanaHuw Tydainm gap UKKW Xucmpaa nainpgo Oynrad 3apag
MUKLOPW Kylnparnya aHuk;naHagu:

n=+Me, (1.1)
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OyHfa e — 3NeKTPOH 3apsigura TeHr 6ynraH KaTTanuk. dnek-
TPOH 3apagu MUKLOpP XuxaTgaH e — —1,6' HO** Kn 6ynunb
X03upya aHra Mabym OynraH 3Hr KuU4uk 3apsagaup. [e-
MaK, Myc6aT 3apsif MOAJaHWHT HeliTpan y;onaTura HucbaTaH
3MeKTPOHNap eTUWMAaCAUTVHU aHrnaTca, MaHgpuil 3apsag 6y
X;onaTra HucbaTaH 3NeKTPOHNAp OpTUM;4a 3KAHNNTUHN Kypca-
Taan. Xap KaHfal g 3apaj aca 3/fIeKTPOH 3apsjura Kappanu-
avp (1.1. nchopara K-)-

KOKoprAaa KenTUpuAraH MUCONAarn NKKM XXUCM, SbHI LLnLLa
Taékya Ba Tepu 60LIKa XUcMnapgaH axpartuaraH 6ynca, ynapaa
MW KanaHWLW HaTuxacuga nango bynraH 3apsagnapHuHr abco-
NOT MUKLOPY y3apo TeHr 6ynagn. bByHaaH xynoca Wyku, n 1a
XUCMaH TalKua TonraH n3onauusanaHrad (Tawkm xxumcmnap
6rnaH 3NeKTp 3apsA4 aMallMHMangnrad) TM3UMaarv Xxucmnap-
HUHT 3apagn MyKonmamau. AKCMHYa, y3apo Tabcup Tydainm
ynap 6up-6upura )nrmd, MmaTnym MUKAOPAA KailTa TaKCMMAaH-
Wy MYMKUH. [lemak, nsonaumsanaHraH TMsMMaaru afnekTp 3a-
pPAGIAPHUHE anrebpank AUrMHAMCY y3rapMac K;onaau, SbHu

2qi= const. (1.2

/=1

DNeKTP 3apsAAIaPHUHT CaKNaHMLL KOHYHU e aTasyBuu yLoy
noga TabmaTHUHT YMyMUIA KOHYHNapuaaH rpugmp.

AnekTp 3apag 6unaH 60rnuMkK 6ynraH TabcupnallyBnapHUHr
MOX;UATUHN XN TYWYHU6 0NULW Makcagmia HyKTaBuin 3apsag
JeraH TywyHYa Kuputamms. 3apagiaHraH XXUCMHUHE yadyamu
3apsAfaH YHUHI TabCuMpu TeKLWMpunaéTraH Hyk”~arada 6ynrad
mMacoara HucbaTaH XXyda KWYMK Oysica, y HyuTaBuil 3apag
fevinnagn. HykTaBuid 3apsgmn Xyja KMYUK X@KMga TynfiaH-
raH MOAAuiA HyKTagmp.

1.2-8. 3apagnapHUHT y3apo TabCUpM.
3NeKTp MangoH KyunaHraHmrn

ANeKTp 3apAANapHUHT 3HT acoCUil XycycusitnapugaH 6mpu
YNapHUHT 6up-6upngaH 6upop macodaga Typmb ysapo Tabcup-
nawnwnanp. KynoH KOHYHMTra 6WHOaH Bakyymia Xoii-
NaliraH KK/ HyKTaBui 3apsagnap TabCUPMHUHE MUBLOPUIA KWid-
MaTu 3apagnapHUHE KynaiiTmacura Tyrpu, ygap opacvgarvu ma-
cohaHVHI KBagpaTtura TecKapy NponopLyuoHananp:
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pP= K . (1.3)

AnekTp Kyd [ 3apagnapHUHr Macca mapkasnapuHu éup-
AWNTUPYBYM TYrpu 4usuk, byiinab iliyHanran (1.1-paem). ByH-
A1 6up xun vwopann 3apAaanapHUHT y3apo TabCcupu utapu-
v (P> 0), x,ap xun nwopanu 3apsagnapHUHT y3apo Tabcupu

TOpTULWMLL 0) Kyum cudatnga HamoeH bynagn.
P
<
a, P<O
1.1-paem.

FOk,opupa kentupunran (1.3) ugogagarn nponopunoHan-
ANK KO3 huuneHTn K HUHT KMAMaT 6Upanknap TU3UMUHUHT
K,aHfail TaHnaHuwmra 6ornuk,. Xanak,apo 6upavknap Tusumuga
6y kattanuk K = 6ynnb, 6yHpa =/>85.10*A A
aneKTp pJoummuincu pebd oputunagn. (1.3) ndogagarn K
nu y3 kMitmatn 6unaH anmawTupcak. KynoH KOHYHUHUHT Xa-
NK,apo 6upnuknap TuauMugarun MoAacuHN XoCcun Knnamms:

c NN

(1.4)

By nthopa Bakyympaa xoinawraH 3apagnap yyyH YpuHu.

AiHaH wy @' Ba & 3apsgnapHu r macogaga LUINeKTPuK
MyXuTra Kuputannuk. TaxpubagaH ynap opacuparu tabcup
£ mapTa KaMalnuwnHN aHUKNakMmn3, AbHU

C »

MyXWTHUHT TabuaTura 6ornmk 6ynraH 6y KaTTanmk e —
MYXUTHUHT OU3INEKTPUK CUHTAMPYBYaHNUrn febd atanagw.



YHUHT Tabuatn 6uniaH KelumHrn 6064a TYNUKPOK; TaHMLLa-
MK3. X,031p 3aca 6y KaTTaMKHUHT (DU3NK MAbHOCUHU OYULL
Mak;caguga (1.4) Ba (1.5) hopMynanapHWHI HUCH6ATMHKM Onai-
nuk. by HucbatgaH

Az (1.6)

IKAHAUTUHN aHUK aimun3. [lemak, e KaTTanuk 6mup xun maco-
(haga xoinawraH Ba aiiHaH 6upgaii 3apagnapHUHT Bakyymaaru
TabCcmpu Myx trgaru Tabeupura HucbaTaH Heva mapTa KaTra 6ynu-
LWWHW KypcaTagu.

Kyu BekTop Kattanukgup. Ly 6oucgaH KynoH KOHYHU-
HU YMYMWUIA WaKnga AHa Kyiugarnya €3mw MyMKUH:

ry (1)

6yHpa rlr — 6upnuk BekTop. (1.3) KypuHuwpga ésmnrax
KynoH KOHYHWHU ymMyMuii hu3mka KypCUHWUHT | xungupa
KentTupunraH O6yTyH oflaMm TOPTUW NI KOHYHUHWHT

P=y KypuHuwmngarn ugogacn 6unaH Tak.K,0cnacak,

ynap 6up-6upura yxwawnnrnHu Kypamus. 30TaH, fap WKKK
Ky4 Maco(aHWHT KBagpaTura Teckapu nponopyuoHan 6ynué,
Mapkasuii Kyunap TypKyMura Kupagu. By Ky4dnapHUHT MaH-
6an 6ynmuw 3apsag €Ku macca y3 TabCUPUHWM MalifjOH OpKa-
nn ysatagu. 3apagnap TabCUPUHW y3aTyBUYM MOALWIA MyguT
rpaBuTayMoH MalifoHfaH hapk™M ynapok, 31eKTp MailgoH
neb atanagu. IneKTp MalnfoOHHWHT MaH6au 3neKTp 3apsg-
anp. Kysranmac anekTp 3apaj atpoduparu 31ekTp Ky4nap
TabCMpu cesmnagurad aso cogacu ywby 3apAgHUHT 3MeKTp
MaingoHn pgeivnagn. by maigoH, ogaTaa, 31eKTpPOCTaTUK
mMaigoH feb atanagu. byHga “cTaTMK” KywmmM4yacu mManpoH-
HWHT BaK,T yTULWIN 6UNaH y3rapmacinurnHu aHrnatagu.

By maigoH TabCupuHuM Genrmnaw Mak,cagnga HyKTaBuii
3apsag A 4OCUN KUTaH 31eKTP MalifoHra, g WapTHU KaHo-
aTNnaHTUpPyBYU",CMHOB 3apaf UHU kuputamus (1.2-pacm).
CuHOB 3apagun eb WyHAan Knumk 3apsag Mukgopura antuna-
AVKKN, By 3apAAHUHT Mail4OHW HYKTaBUA 3apAfHWUHI 31EKTp
MalioHUTa fespan TabCcup aTMalign. HykTaBuid 3apsag A HAHT
CMHOB 3apsigra KypcataguraH TabCup Kyuum P HM MaigoH-



nUUr KypunaétraH A Hyk,Ta-
CUHMHT (1.2-pacM) xapakTe-
puctukacu cudarmga onon-
mainmus. YyHku, (1.3) udo-
fara Kypa, 0Oy KYUYHWHT
KuiiMaTu Hadak,aT 4 ra, 6an-
Ku  ra xam 60oriuk;.
MaiigoH dak;aT g 3apaj-
ra TErnwnu 3KaHAUTUHN
lavknpgnaw makcagumga P
MUHT  ra HUCbaTMHU onuL
mMakcaagra mysogukaup. by

Hucoar 1.2-pacwm.

E =
" (1.8)

KypunaétraH HYK;TaHWHT 3/1eKTP MalAOH Kyu4-
naHravnuru paeivnagn. Arap g/t = +\ ge6 oncak, E —

6ynn6, MalngoH KyunaHraHAUTUHUHT GU3NK MOXUATU OYM-
nafv; MaliloOHHWUHI GepuiraH HykKTacura KuputuaraH mycéat
BUpNVK 3apsagra Tabcup 3TaéTtraH Kydra MWBAOP Xo/\aTujaH
TEHr Ba MyHanuwm 6}1inva moc 6ynraH KaTTa/IMK MaliOHHUHT
Wy HyK;Tacugarn KyuynaHrauauru fgeimnagn. KyunaHraHauvk
MaiAOHHUHT Ky4Y XapakTepucTukacugup. MalifoH KyunaH-

aHnnMrn ¢(mabnym 6ynca, MailfoHra KUPUTUATaH UXTUEPUA
HYKTaBWUii 3apaf  raTabcup 3TaéTraH Ky4yHu aHu nawm mym-
KUH

P=g,E. (1.9)

KynoH KoHyHWUra acocnaHu6, 1.2-pacmaa KenTupuaraH g
Ba  3apsjnap opacuaarv y3apo TabCup Ky4UMHU Kyhngaruua
é3annuk:

p:

Arap (1.8) popmynara KyuHuHr (1.10) ngogacmHu Kyicak,
MYKTaBWUI 3apaf [ HWHT 31eKTp Mail#foH Ky4naHraHAUrnHu
xucobnaw UMKOHUHW 6epyBYM TEHT/IMKHW XOCUN KUNamus:



E T AERY T- (bU>

BuHobGapuH, HyKTaBuli
3apAAHUHI Ma#foH Ky4naH-
raHnurn E maingoH maH6aun
[ ra Typpu, Wwy A 3apag é6u-
NaH 3N1eKTp MailfoH Ky3aTu-
naétraH Hyk,17a (1.2-pacm)
opacuparu r macoqaHuHr
KBagpatura Teckapu npo-
nopuuoHan 6ynap akaH. E
HWHT Macodara 6orfnaHumLw
rpagurn 1.3-pacmpa Kentu-
punraH. LWakngaH paBliaH-
KW, xed 6up 3apagr =0 HyK-
Taja HyK,TaBuid 6yna onmaii-
an. buHob6apuH, =0 pa
MalifoH Ky4naHraHAUTUHK
aHuK™MIalw MYMKWH 3mac.
MaigoH MaH6ampaH Y30K,-
nawraH capu mycoéat {g >0)
8k maHpuii {8 <0) 3apaa-
NapHUHT Tabeupu U/"K,0HYH
b6yiinuya kamalinb 6opagu.
[emak, Hyk;TaBuii 3apag-
HUHT 31EKTp MaingoHn map-
Kasuin manigoHaup. Ly xy-

cycuaTn 6unaH 31eKTp MalfOH rpaBMTaulMOH MailpoHra

3”cwawamp.

JMEKTP MalfoH Ky4naHraHAWIY BEKTOP KaTTanuK. Y HUHT
AyHanuiim 3apsgHUHT nwopacura 6ornuk. XycycaH, mycoat
3apAAHUHT MaifoH KyufnaHraHAuru 3apsgfaH KypunaétraH

éKkn mycbaTr 6upnuk +1)

3apsg KolinawraH Hy”Tara

yTKa3uaraH paguyc-sektop 6yiinab iyHanraH 6Gynca, MaH-
(hnidi 3apaLHUHT MakfoH Ky4ynaHraHAurnm paguyc-BekTopra

Teckapu iyHanraH (1.4-pacm).
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1.3-8. MaligoHnapHu >xxamnaw Tamoinimn

HykTaBuii 3apafg MaigoH Kyu4naHraHAUTUHWUHT

_ 1w
E= o T

mdomacn éppamupa MXTUEPUIA HYK,TaBwii 3apagnap Tynaamu
\ocun KuaraH MaifoH KyunaHTraHAUTUHM X.Mcobnaw MyMm-
KWH. DNeKTPOCTaTUKAHWHI acocuii BasuganapugaH 6upu x,am
UXTNEPUIA 3apsignap TUSMMWUHUHT (Pa3OHUHT GUPOP HYK,Ta-
1l|pa XOCMN KWAraH HaTuKaBuii MaifgoH Ky4YnaHraHaurnHu
MUKI“Op Ba MyHanuw XuxaTugaH aHukaawgaH mbopart.
HyKTaBuii 6ynmaraH UXTUEPUIA 3apsag 4 HM,
HYKTaBMWi1 3apsgnap TMsumMmu cudaTtumga kapaimums. 30Ta|-| 3a-
pAf cKansp KaTTanuK Ba HYKTaBWii 3apsgnapHUHI anrebpaunk
wmrnHancy 6epunraH 3apsig A4 ra TeHT, SbHU

=1

3apagnap TU3UMU XO-
CUN KUATAH 31eKTp Mali-
foHra "0 CMHOB 3apafunHM
Kuputaiinuk (1.5-pacm).
\ap 6up HyKTaBWin 3apsg
NMHoB 3apagmM  ra mycra-
\un paBuwpga Tabcup aTa-
an. CnHOB 3apagura Tab-
cup aTaéTraH KyunapHUHT
TEHr TabCup 3TYBYUCK Xap
6up HyKTaBWn 3apag Tab-
CUP KYUYNTapUHUHT BEKTOp
AnrnHaucy 6unaH aHuKNa- 1.5-pacm
Hagw:

" (1.12)

byHoa Fj— uxTuépuii /-HykTaBuin 3apsag 4. 6unaH cUHOB 3aps-
om opacujarv ysapo tabcup Kyuu. JlekuH (1.9) ra 6uHoaH

P ~ ,E1 = pon! >2 — >E3 ~ 20-"3 = Yo™n



3KaHAMTMHKM 3bTMbopra oncak Ba ynapHu (1.12) mngopgara
Kyiicak, A HyKTagarum HaTXaBUi MalfoH KydnaHraHauru

y4yH

1:1 (1.13)
TEHrnamaHu xocun Kunamus. femak, 3apsgnap TUSUMUHWUHT
A Hyw;Tagaru HaTU>KaBuii 31eKTP MaigoH KyunaHraHamrun >ap
6up Hy/ATaBuil 3apag Wy HyuTajga y;ocun /puaraH maifoH Kyd-
NaHraHNMKNapWHWHT BEKTOP nTHANCUra TeHr. Kentupunran
6y Xynoca anekTp MaigoHnap TabCUPUHWHI MYCTaK;Un-
ANTW EKN MalifoHNapHU Xamnaw (cynepno3uyuna)
Tamonnn n geiaunagm.

MaiifoHnapHN Xamiaw TamMOWWAUMHWUHT TaTouk.n cuda-
TWAA GUMNOMHUHT 3N1EKTP MalfoH Ky4naHraHAUTUHU Xucob-
na6 ymkannk. Munsgop »uT(;atgaH TeHr Ba 6up-6upungaH Ku-
ynK / macodhara y3oK;nawTmpuiraH MKk Kapama-"apLum mLlio-
panv sapagnap TusMMm gunonb aeb6 atanagu. by 3apagnu
TM3UM TylwyH4Yacu Wy 6unaH ag3anku, atoMm Eku ynapgaH
TalW KW TONraH xap 6Mp MonekynaHu Aunonb geb Kapaw Mym-
KWH. YyHKW, xap 6Up aTOM MWKZOPW TEHT, Mwiopanapu xap

Xun 6ynraH sapsgnap TU3UMU-
fLaH Ty3unraH. Arap 6y 3apsg-
NapHWHI Macca Mapkasnapwu
6up-6upura HucbataH CUMKMU-
raH 6ynca, aToMm &KW MONEKy-
naHy 1.6-pacmja KenTupwuaraH
3apagnap TMsMmu cudatmnga Ta-
CaBBYyp 3TUW MYMKWH. KenTu-
punrad Tusumaa, sapagnap opa-
cupgarn macodga / gunonb Map-
kasnpgaH (1.7-pacm) manpgoH
TabCUPU TEKWINPUNAETIaH HYK-
TAHWUHT YPHWUHW aHWKNOBYM T
macoara HucbataH Xyga Ku-
ynkamp (SvHKM |« rwaptu 6a-
xapunagun). MaHdunin 3apagaaH
mycbaTt 3apag TOMOH (amnonb

YK 65%nab) nyHanraH / gunonb

e/IKaCUHWHI 3apsj MuBgopura
1.6-pacm. KNaTmacu
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p,=q-1 (1.14)

OVNONb MOMEHTW Jeivnagw.

OHAM AUNONHWHI Macca MapkasupjaH r macogaga étrad
NyK Tagarm mMamgoH KydynaHraHAuruHu gucobnainuk. 1.6-
pacma KenTupunaraH wakngaH D Hyk,Tagarm HaTvKaBuidA mai-
[JOH KyuYfnaHraHauru mycbaT Ba MaH(pWUin 3apAgfapHUHT Wy
HYK,Tafa LOCWMA KUATraH Ky4YnaHTaHAMKNapUHWUHT BEKTOP Wu-
Inmancura TeHr:

E = + Eq.
BEKTOEJ KaTTaNMKNapH ynapHUHT Mogynnapu 6unaH an-
MaTTUpannuk:
E =E”cosa EgCOsa. (115)
ONUHraH HyKTa fap WKKW 3apsagra HucbataH CUMMeTPUK

W nraHmgaH Er=Epn. Y ponga, (1.15) 6unaH aHuWKAaHraH
HaTMXXaBUin MainaoH

E =2E”"cosiz (1.16)

TaknHu onaau. (1.10) ngopara 6uHOaH q mycbaT 3apsagHUHT
/) MyKTagaru mMaifoH Ky4naHraHauru

A —

" 4T-OE(£E>) -

6ynn6, byHga (BBY = /
(>ypuaknn yubypuak BCD paH:
112 /

ATA+INA  2drr+ 1A

(1.6-pacmra k.). Tyrpn

COSit- =

KentupunraH 6y uKku kuinmaTtHu (1.16) TeHrnamara
KMVAMG, HaTVOKaBUIA MalfoH Ky4YNlaHTaHAUTUHU aHUKAAAMKN3:

By nogaHu sHaga coafapok; wakara KenTupuw mak,ca-
anpa (/ < < rwapTra Kypa) /y4 pagHu Tawnab o6opamus. Y
\(Onga (1.17) Kyimgarn mxvyam KypUHWULLIHW ONagw:
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N = (1-18)

EKM BEKTOP KYpPUHWLINAA:

ngpogagarn (—) vwopa 1.6.-pacmfa KenTUpPUAraH HaTuxa-
BMI MalJOH KyYnaHFaHAUTUHWHT AyHanMwmn Aunosib MOMeH-
™ HWHT MyHanuwnra Teckapyu 3KaHAMTUHW KypcaTagw.

1.4-8. OneKTp MalfoHHWUHI rpadmK TacBupw.
DMEKTP Ky4 UM3UK;1apy oMU

Kyu Tabcupura ara 6ynraH afnekTp MaingoHHU rpaduk pa-
BMLWIAA TacBMpnaw Makcagmga Ky4d 4M3vrn feraH TylyHYa
KuputunraH. dapagein 6epraH Tabpugra Kypa Ky unsnrm geb
WyHAai AyHanMWan ymsnia ainTunagukn, 6y uYnsuK HUHT y;ap
6up Hyw Tacura yTkasuaraH ypuuma (1.7-pacm), wy Hy/ Taga-
MM Ky4naHraHnuk WyHanuwmra moc Kenuwu nosum. by Tabpud-
ra 6MHoaH, mycbar Ba MaH(PUIA HYKTaBUI 3apAgTapHUHT Kyd
Yn3nMKhapu paguan pasuwijga, mycbaT 3apagnapHuUKy 3apag-
faH yekcmsnukka (1.8,a-pacm), MaH(puii 3apagnapHuMKM aca
YeKCM3NUKAAH 3apsafra kapab nyHanraH 6ynagu (1.8,6*pacm).
LVNONHMHT KyY Yn3uknapu mycbar 3apsggaH 6ownaHmb mMaH-
thwuin 3apagga Tyrangm (1.9-pacm). Kyy 4m3MKnapuHUHE aco-
Cuil xoccanapujaH 6upu WyHJaiky, ynap x.edy kaepga 6wmp-
6upn 6unaH KecuwmMangu. 3otaH, xap 6uMp HykTagaH akat
6utTa KM Un3nrm yTkasuanwm nosmm. 1.8,a Ba 6'-pacmnapga
KeNTMpUaraH Kydy 4msnknapura Hasap Tallfanauk. InekTp
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a 1.8-pacm. 5
Kyd 4msumkyxapu 6up-6upm
(unaH yudpawmaingun, AbHM
0unK;. BYHMHI MabHOCHK
TyKWU, mycbat Ba mMaH(uii
hyt6nm 3apagnap 6up-6upu-
JaH MycTak™mn paBuwfja
MaBXxygd 6ynagn. AKCUHYa,
Kpsgnm Tu3um Aunonb 1.9-pacw.
WwakKnga onuMHca, 1.9-pacmra
()MHOaH 6y TU3UMHUHT Ky4 YM3nKnapu énuvk; 6ynagu.

Kyu4 un3npu ha3oHUHT UXTUEPMIA Bupop Hyk Tacmia HaMo-
im 6ynraH mMalifOHHWUHI AyHaNULWIWM XaMa YHUHT TabCup Kyuu
\ak,nga MabnymoT bepagu. MacanaH, Ky4y Ynsnknapu 3y XKou-
nawiraH 6ynca maiijoH Ky4nu, cuiipakxxoinawraH éynca, mai-
[LOH Kyucus peb xucobnaHagu. Lemak, 6up OGMPANK 03aHU
Kecnb yTaéTraH 3/IeKTP Ky4 UMUK apUHWHT COHWHWU MalifoH
KYYNaHTaHAUTMHWUHT MUKAOPUIA XapakKTepucTmkacu cudaTu-
fa oMW MyMKWH. UXTnépuii ~ to3afgaH yTaéTraH afekTp Kyd
YM3UK;NAPUHMHT COHW, 0faTAa, 3/eKTP MalfoH Kyu4naHraH-
NINK BEKTOPW OK;UMK felinnagn. PaBliaHKkum, afemeHTap to3a
Ky4 Yn3uknapura TMK ypHatunrad éynca (1.10-pacm), 6y cupt-
MM Kecub yTaéTraH OK;UM Makcuman K°viimatra spuwagn. by
XONn coaup 6ynunwWn yyyH MaingoH Ky4naHTraHAUTUHWUHTE RyHa-
Jwiwn 734 3nemeHTap 03 WyHaNUWWHW aHUKIOBYM M HOpMar
6unaH 6up xmn 6ynuwn No3uMm. Y xonpa.

LY~ (1.20)
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dSo KaTTaIMKHN MalfoH Ky4daaHraH-

AUTUHWUHT MWKAOPWUIA Xapak-

TepucTnkacu cudaruga onamms.

FOkopugarn ngogagaH dSg ane-

MeHTap t03aHU Kecub yTaéTraH

I X KYUYNaHTaHANK OK;UMUHUHT MaKCu-
Man Kuimatu

= EdS,. (1.21)

bynagn. YMymMuin gonga axpatuo
ONIMHTAaH 3MEMEHTap k03a Ky4 4u-
3nKgapura TUK 6ynMacanrm mym-
KWH. Hopmanu uxTtuépuii inyHan-
raH afemeHTap cupThaH yTaétraH
3MeKTP OKUMHM ancobnawga 1.11-
pacmpa KenTupuAraH wakngad
toliganaHamun3. ABC yubypuakia
AB = /), AC - | pe6 onainuk. ¥
jonpa # Hopman 6unaH E opacu-
garun a 6ypyakHu

1.10-pacm.

cosa =I!f=ji~r =N
I ldx ds

1.11-paem. .
nopasaH aHuknaimuni. byHpaH

HopMan iyHanuwmaa ypHatunraH dSg to3a 6mnaH Hopmanra
HucbataH a 6ypyak gocun kunraH dS t3a opacupgaru 6opna-
HUWHW TOMamms;

dSn =dS mos a. (122)

(1.21) TeHrnamaga kentupunrad ds" Hu y3 ngogacm 6mnaH
anMaluThpcak, Kyd uymsukgapura HucbataH UXTUEPUIA KO-
nawiraH afemMeHTap t03afaH yTaéTraH KyuynaHraH/jvK OKUMMU-
HW auco6nawl MMKOHUHW GepyBun udoaa focun bynau:

d0, = EdS mosa. (1.23)

KenTupunraH 6y ugofaHu WKKW BEKTOPHWUHI cKanap
KynaiTmacy Wwaknmaa é3ainnuk. BYHUHT yuyH dS anemeHTap
H03aHM COH KuitMaTu dS ra TeHr 6ynraH dS BekTop Ae6
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MHUMM3. N — HOpMan 6upnuk BekTop 6ynraHugaH dS = dSn
ii'iil jiMK ypuHangup. Y xonga E BEKTOPHMHI N HOpManra
Dlmpunrad npoekuunsacu = E cos a 6ynagu. Kentupun-
litm 6y n3oxra 6uHoaH kupuTunrad dS BekTop opk,anm (1.23)
W kyiingarnya ysraptupamus:

d0, =(EdS) = E,,dS. (1.24)

bynaaH uXTnépuii Enuk, S CUPTHWU Kecnb >TaéTraH 3nekTp
MMVIIOM Ky4flaHraH/IMK OK,MMUHW X1cobnall yyyH toK,opuga-
v n(1>0paHn 6y cupT Gyinyva MHTerpannaw f03MM, SbHU

@, = (f(idS)= fE,dS. (1.25)
S S

1.5-8. laycc Teopemacu

‘{apsgnap TM3nMuy xocun kKMnraH anekTp MalifoH KyynaHraH-
‘UM Xxncobnalwga mMaingoHNapHU Kamnaw Tamonnnm 6unad
W) katopga Maycc Teopemacu xam KeHr KynnaHunagu. byHga
nyl<,[ammin 3apspg atpodmaa xocun GynaguraH 3MeKTp MaingoH
I yynaHraHMrnHn aHuk™naw ngogacnad gapkam pasmwga ux-
In('puii Wwakngarn 3apsgnaHrad xxmemnap atpoguga xocun éyna-
/vinan aneKTp MafOHHW aHUKAAL MMKOHUATU MaBXys 6ynaau.
1y macanaHn aBBan COALAPOK, X0/14a KA1 6 UnK,alinuk.

WNyk,TaBuii 3apaf q HW paguycu [ bynraH cepuk cupt
nunam ypainnumk (1.12-pacm). By CUpT AM3NEKTPUK CUHTAU-
pynyamaurn £ 6ynraH 6up XUHCAWM MYXUT GUNaH K,0nnaHrau
|[Yncun. (1.11) Ba (1.25) hopmynanapra acocaH cpepuk cupT-
/A1 yTaéTraH 3NeKTP OK,MM Kyimparura TeHr

4aeoEr

R BekTOp 6unaH A Hopman 6up xun MyHanuwra ara. bu-
nobapuH, paguyc BekTtop T 6unaH n Hopman opacuparu
nypuak a = 0. Ly 6oucpaH paguycu r 6ynraH cepaHu ke-
cub yTaéTraH 31eKTp MaWfoH Ky4ufaHTaHAUTUHUHT OK,MK
CKM OAAUATUHA 3NEKTP OK;UMWU

=AAAN({ S

o, =tV ... KM
n J 4saEoe/' AMNO = Tyt <y

eoEj- « m

y. K. Hasapos 17



b6ynagn. Xocun 6ynraH 6y
npogaHn uxTnépuii b6epk
CUPT YUYH YMYyMAALITUPAMU3.

Mukgopu q 6ynraH Hyk Ta-
BUI 3apag uxtunépuii S 6epk
cupT 6unaH ypanraH Jennuk
(1.13-paem). CUPTHU 3afleMeH-
Tap dS 6ynaknapra 6ynainuk.
(1.26) 6unaH aHuknaHrad
OKIM ckanap KaTTanuk, fe-
MakK, 3fieMeHTap OK.MMmnap-
HUHT anrebpamk WWrMHAMCK
TY/MK, OK,umra TeHr. Ly 6u-
naH 6up kartopga, 1.13-pacwm-
[a 6epunraH S cupT 3fieMeH-
Tap 6ynak4yanapuHWHI Basu-
ATNapu ynapra yTKasunraH
HOpMannapHWHr NyHanuwna-
pv opkanu aHuk/laHagn. Cup-
TAAH 4YMKaéTraH Ky4 YM3WK-

napu yuyH Cosa > Oicr <y J
6ynun6, (1.23) ra 6GUHOAH OKUM
mycoéat 6ynagun. CupTra Knpa-

8TraH Ky4 4M3UKNapu YyuyH
aca  COS Ba
3N1eKTP OKUM MaH(puii. CUPTHUHT WaKnM KaHgan 6ynnwmngan

KaTby Hasap, CupTha ONMHraH xap 6up HyKTaHu 6uTTa Kyd
ymsurn Kecagu. MacanaH, 1.13-pacmga KentmpunradH S énuk
CUPTHUHT A, B Ba. C HyKTanapumHu 3neKTp Kyy 4ymsmknapu yu
mMapTa Kecau, feb apa3 kunahnmk. Asa B HykTanapHu kecu6
>TraH Ky4 YM3WKNAPUHWHT TabCMPU y3apo HelTpannawagu.
UyHKK, lOKOpUZa KenTupuarad mynoxasara 6uHoaH J/1 sa B Hyk-
TanapHu kKecub yTaéTraH Ky4 4usumknapu 6up-6mpuaaH uwo-
pacu 6unaH gapk Kunagn. EnNnk cupTHUHT C HYKTacCUHM Ke-
cMb yTraH Ky4y 4ymM3uru aca HeiTpannawmaignm Ba y uHobatra
onuHagun. femak, (1.26) ndoga nxTnépunini ENNK CUPT YUYH Xam
ypUHAN.
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IY'HAM ONUHraH HaTuxa-
MMPHW 3apagnap Tusumura
[[v Yvk, kmnainmk. N1"Tasa-
[njgnap TM3MMKU UXTUEPUIA 5
M)t 6unaH Kampab ONUH-
IMM 6yncuH (1.14-pacm).
(vp'rpa cl8 anemeHTap H03a-
M/ axpaTtnb onanmk. (13
LICMCHTap t03aHn gap 6up
M)ag [ocun KunraH mai-
NOMMOVHT Ky4 4YuU3nMKAapwu-
IIVH™ OKVIMA Kecub >Tragw,

1.14-pacm.
721117

® ,,=o{E db) = 2.

®,=n(E 115). 1

Yw6by ok MnapHUHT anrebpank ANTUHANCK 5 EnuK, CnpT-
JaH yTaéTtraH Ty/WK; OK,MMHUN Gepaau:

N Tec _ 10

H 11 (1.27)

By TeHrnamaga KentupunraH WATUHAM OCTUAATN WHTer-
panHu Kyingaruya ysrapTupamus:

F:Lll (Ec13) = 3 é(E:(lS) = $(15,:].LE: ] Ec15. (1.28)

ByHaa maiifgoHnapHu xamnaw Tamounm (1.13) ra 6uHo-
aH, gap 6up 3apsafg AOCWA KuaraH MaidfoH KyudnaHraHnvkna-
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puuu BekTop Wnruugucn ~E =E. E aca 1.14-pacmga
ﬂ L}

»afjlaMeHTap to3ara TyWupunraH ~ Hopman KyWwunraH Hyk,Ta-

fa XxaMMa 3apsagnap XoCcun K,uaraH mMaiifjoH KyunaHraHnamkna-
PUHWHT TeHT Tabcup aTyBumcuaup. FOk,opugarn (1.28) udo-
JaHWHT 4Yan TOMOHU TYAWK; OK,UM ra TeHr 6ynraHujad
(1.27) ra 6uHoaH 3apagnap TudMMu ydyH [aycc Teopemacu
Kyingarn matemMaTuK Lakara ara:

¢, =|(E&8)=~Eu, (1.29)

By nopara kypa, Faycc Teopemacu HU Kyihingaru-
ya Tabpudnaw MyMKUH: 3/1eKTP MalfoH Ky4naHraHJMK Bek-
TOPVHUHT 6UP XXUHCAN MyXUTAa OfIMHIaH UXTUEPUIA LLakngaru
énu™ cupT opkarm TymiN oMK Wy cnpT K ampab onraH 3a-
psagnap anrebpavk AMraHagncMHUHE BB ra HucbaTmra TeHr.

Bakyym yuyH £ = 1Ba 6y MyxuT yuyH (1.29) TeHrnama

= (1.30)

KypuHUwWra ytagu. [lemak, Bakyymza xonawrad énuk, cnpT-
HW Kecub yTaéTraH 3/eKTp MalAoH KyufaHTraHIUK BEKTOPU
Ky4y UM3MKNAPUHWUHT TYAUK, OK,MMU CUPT UYMAQ XKOoWnaliraH
3apagnap anreGpauk WMTMHAUCUHUHT €'Ta. HUCGaTura TEHr.

1.6-§. OneKTp MaiigoH MoTeHUManu.
MoTeHumMan rpagmeHTn

KynoH K,0HyHu (1.1)gaH MabnyMKW, 3/IeKTp Kyunm Mapka-
3uit Kyd. By Ky4y HaMOE&H OyniraH MaigoH aca NoTeHUMan mai-
OOHAUP. YHUHT Xap 6Up HyK,Tacu Ky4 Tabcupura ara 6ynuwm
6unaH 6up Katopha, aHepreTMkK xoccara xam ara. by xycycu-
ATU GUNaH 3MeKTP MaligoH rpaBMTaLMoOH MailgoHra >belianaw.

MaliJOHHUHT 3HEPrnsBMIA Xoccacm NMOTeHLUMan ferad
TyLWYyHYa OpK;ann aHuk naHagn. by KaTTanMKHWHT PU3NK Mab-
HOCMHMW 04U MakK,Cagmpa A HYK;TaBWil 3apsag XOCUA K;UnraH
MaigoHra  CUHOB 3apAAWHN KUpUTamm3. Xap MKKW 3apag
6up xun nwopanu 6ynca, CUHOB 3apAAMra UTapULLINLL Kydu
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un.cup Kunagu. dapas K.u-
ilijiHK CUHOB 3apaaun
MicKxp Kyuyun Tabcupupa
MUHOOHHUHT 1 6unaH 6en-
lnmnmrad HykTacugax 2 6u-
ILIl 6enrmnaHraH HykTacu-
la uxTuépnin TpaekTopus
(iViijia6 K)"cuH (1.15-pacm).
(1 cvHOB 3apAgHUHT 6y
|.yunwnga anekTp MangoH-
iimir 6a)xapraH MWWWUHMK
\|Xcobnaiinuk. TpaekTopusa-
WUAMT YeKCcu3 KNYunK bynak-
HapugaH 6upuHU axpaTtuno,
yun dl pe6 6Genrunailimms.
W)/ICKTP Kyumn 6axkapraH ane-

MEHTap ML
1.15-pacm.

dA = Fdl -cosa =g =E mdl mos a.

(iYnagw, 6y epga E HyKTaBMil 3apsag MalifoH KyudnaHraHanrm

Dymmb, YHUHT kuiimatn ~ =40 ~  ungopga 6ylinya aHuMKna-
Hagu. MyHanuwin aca p paguyc-BekTop W anuwimn 6unad moc

kenagn. LUyHunHr yuyyH 1.15-pacmpgaHi//cosa = dr 6ynuwn-
lIn aHnknainmuns. KyumpunaétraH 3apAagHWHI GownaHruy
\()natn ?| paguyc-BekTop GunaH, oxXupru xonaTu aca pa-
Lnyc-BeKTOp 6unaH aHMknaHagu. Y x;onga ¢* CUHOB 3apsafun-
HU | \onaTaaH2xonaTra Kyuympuaa snekTp KYYNHUHT TYAuK
(JakapraH MWy Kyinnpgarumya: aHuWKnNaHagu:
2

A= dA=gp K o4e (1.31)
\ocun b6ynrax (1.31) udpopara Kypa CUHOB 3apALUHU Ky4u-
pulLAa 3NeKTP MaWfOHHUHT GaxapraH uwu 6ocnb yTuarau
HynHWHr waknura 60rnumk 6ynmaii, y KyunpunaéiraH 3apsg-
HUHI 6OLaHTNY Ba OXMPrY BasuAaATnapu GunaH aHuWKnaHap
XaH. By Xynoca 3nekTp Mail4oH NOTeHUMan MaifoH 3KaH-
ANruHM ncbotnamgn. 3otaH, pakaTmoTeHUMan wmali-
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fLOoHpaarnHa 6GaxapwunraH ww 6o0ocmb6 yTunrax
AYyANHWHT waknura 6ornamk, 6ynmangu.

Tynny”mMH ngogacuga UWITUPOK 3TraH  CUHOB 3apagun 1-
HYK afaHYeKCU3NUKKaKyuYnpuncuH{™= co), ~ = — 3KaH-

nirn cababnu Gaxapunarad uuw N KypuHUWAA
6ynagn. by UWHWHT  CUHOB 3apagura HUcCbaTuHU onamus.
byHaa

” 4fo Al m

ndoparava kenamus. by epgaru  KaTTanvMK MaifloHHU fOCUN
K,MAraH J3apsjra Ba KypunaérraH HyKTaHWHT ypHuUra 60rivk
6ynu6, y n HYKTaBWii 3apsgHUHT 1 HYKTajarm noTeHyma-
N v peiunagn. YMyMaH g HyKTaBuii 3apsgHUHT Qa3oHUHT UX-
TUEPWIA HYKTacugaru noTeHuuanm

= (1-32)

thopmyna opkanu ancobnaHagun. emak, mycbat 6UpnvK 3apas-
HN MaiAOHHVHT GepuaraH HyK racaH YeKCU3/IMKKa KyuproBaa
3NEeKTP MaigoH 6akapaguraH v 6unaH ynyaHaguraH Kattamk
MaLLOHHMHT Wy Hy¥ acuaaru noTeHumanu geiunnagn.

MoTeHuMan opkanu 3apAgHN MallfOHHUHT 6UpP HyKTacu-
[JaH MKKWHYUN HyKTacura Kyuympuiwga 6axapunrad TYANK ULLHK
Kyiungarn cofua KypuHuwaa v MyMKUH:

A = (1-33)

b6yHaa <¥*Ba  MOC paBuWAa 3/1IEKTP MaNJOHHWUHT GUPUHYN
Ba WKKWHYM HyKTanapuparu noTteHuyuwannapugup. Opatga
—”2 noTeHUMannap aiMpmacu Ky4ynaHull feraH katrta-
NVK 6unaH 6enrunaHagn, SbHU © = ByHra acocaH,
(1.33) 6unaH aHMKNaHaguWraH MWHK AHaja CoAfapoK Kypu-

HUWaa €3UW MYMKWH:
A=na,u. (1.34)

DHEPrUsHUHT CaKMaHWW KOHYHUTra 6MHOAH 3apsfHu
Kyunmpulga 31eKTp MaifoH GaxkapraH uw 3apsgnu sappa-
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iimr KWHETUK 3HEPTUACMHM XOCUN K,uauwra capd 6ynagwm,
ML
qu = 7 (1.35)
MoTeHuMan 3nekTp MalfAOHHWUHI 3HEPrusBUIA XONaTUHM
HWHKAOBYM (DU3UK KaTTanuKaup. Arap noteHumnanm” 6ynraH
nyK;rara CUHOB 3apsign kuputunca, y \Y"= npoga
(wnaH aHWkKnaHaguraH MNOTeHUWan 3Heprusara ara 6ynagw.
“|lan 6y 3apALHU 3NeKTP MalgOHHUHT 6Mp HYKTacuMaaH uK-
KUnun Hyk Tacura Kyumpainuk. byHpaa 3apag noTeHumnan sHep-
InacuHuHT y3rapuwun cogup 6ynagm Ba y Kyimgarnya tonu-
unaw:

AX_ = 9012 - "M = 9o(dr - <Pi) <O (1.36)

By aHeprus y3rapuwu maHguin ((1.33)ra k;.). emak, (1.33)
(mnaH aHuknaHraH umw éky (1.35) 6unaH aHUKNAHraH KuHe-
TMK 3HEprusa 3apag MaidfoH noTeHuMan 3HEePrusACUHUHT Ka-
Malimwu xucobura to3ara Kenap 3KaH.

ANeKTp Ky4 HaMOEH 6ynraH maifgoHga noTeHuwanm 6up
XUn 6ynraH HyK,TanapHu TONuWw MyMKUH. By Hyk;TanapHm 6up-
NawTUPYBYM CUPT TEHT NoTeHUMaNNU EKM akKBUNO-
Tevuyman cupT pgeinnagn. XycycaH, (1.32) ra Kypa Hyk,-
ravuii 3apsagHWHT 3KBUMNOTEHLUMaN cupT cdepanapgaH nmbo-
pat. CWHOB 3apsaguHK 1.16-pacMmpa KypcaTtuaraH cpepaHuHr
/ HyK,TacugaH 2 Hyk,Tacura Kyuyupannuk. bynga 6axapunran
vlll A = -<Pi) = 06ynaan. WKKMHUYM TOMOHAH 6y ULIHNK
N =qJElcosa upopa op-

Kanu Xxam Tonuw Mym-
KuH. By uthopagaru 16u-
PUHYM Ba UKKWUHYWN HYK,- [
Tiuiap opacupgaru macoa. (

fmBa / HONjaH (hapkam
aHWK, KaTTanmknapaup.
BuHobapuH, nw Honra \
TeHr o6ynuwun  yuyH \
cosa=0 ékum "~y
6ynuwun nosum. [emak,

ANEKT 4 Yn3nkK;napu
P Ky P 1.16-pacm.
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JO/IMO skBunoTeHupal
cupTra TUK RyHanral
fe6 xynoca Kunuw
MYMKWH.
DNeKTp MaWpgoH
KyynaHrannurn 1.17-
pacmfja KypcaTtunrad
M>"anuuwra ara KynraH
1.17-pacm XO0N yUyH 6up 6upnuk
MycbaT 3apsagHU EnuK,
KOHTYp 6yiinad Kyumpuwga 6axapuaraH NWHW Xmcobnannuk.
dneMeHTap Kyumil ¢ HW ENWK; KOHTYPHWHT aiifaHunil nyHa-
NNWWHW KypcaTyBun anemeHTap LU BekTop 6mnaH anmawiTu-
pamus. clkyuunwiga anekTp MahfLOHHWUHT GaxapraH 31eMeH-
Tap clAnwn E Ba cH BeKTOpNAapHWHI cKansp KynaiTmacura
TEHTAUP, AbHYU;

clA = (Ecld).

Bup 6upnuk mycbaT 3apAagHU EnuK; KOHTYp 6yinab Kyuu-
puwaa 6axapunrad nw (1.31)ra acocaH Honra TeHrgup;

(1.37)
5

yyHkM +1 3apag noTeHuuanu <p6ynraH C HyKTajaH Ky4uo,
CYHrpa sHa Wy HyKTara kantub kengu (1.17-pacmra K-)- Ymy-

mMaH, " ) KypuHuw ga ésunagurad ngopa E BeKTOPHUHT

(i1 Kyumw BekTOpUra CKanAp KynanTMacMHWUHT ENWK KOH-
Typ 6yiiMya OnuMHraH wHTerpanu E HUHT uupkynauuacu ge-
Mnnagn. [lemak, aneKTp ManfoH KyuyiaHraHAUry BeKTOPUHUHI
NUXTNEPWUIA EHHLLLKOHTYP 6yiinab umpKynaumsicn HoMb 6ynap sKaH.
3apsag 1.17-pacmpa kentupunradH CBC énunk KoHTyp 6yiinab
KydraHga KOHTYpHMHT CB kucmuga Tawku Kyd mycbat 6up-
MUK 3apsafHN MafoH MaH6aura AKMHAAWTUpMG mycbaTt ul
(A > 0) 6axapaau Ba 3apsaf yhWroTraH 371eKTp MaigoH MOTeH-
Lman aHeprusicuHun owmnpaan. KoHTypHuHr BC kucmuga 6up-
MWK 3apsag 31eKTp mMaingoH maHbanfjaH ysokpawagn. SNekTp
Ky4Yn 3ca MaifoH MOTeHUMan 3HEPrusCMHWHI Kamainumwmu
Xucobura MMKLOP XnXaTAaH TeHT, NeKUH maHpuii nw (A <0)
H6axxapagm.
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3HAWM 3NeKTp MalijoH MoTeHuua-
M1 6MnaH KyunaHraHamk opacupgaru
[[OLnaHnwHM Tonanuk. MoTeHyman-
wapu YEKCU3 KNYMNKD KniAimatra gapk
KWNYBYN MKKNTA IKBUNOTEHL AN CUpPT
nnainnuk (1.18-pacm). PaBwaHku, 6um-
pnnyu aKBUMNOTEHLMAN CUPTHUHT NO-
mijunanu (p 6ynca, MKKUHYUCUHUKN
f -dip 6ynagu. CuHOB 3apagn  no-
milunanu <p 6ynraH akeuMnoTeHuman
CMpThaH, noTteHuwannu (p —dp
DynraH 3KBUNOTeHLMan cupTra
KAucuH. Ikkn cnpT opacuparm macoda dr Kyy umsvpu iyHa-
NHHWAa 6ynca, CUHOB 3apAAVHN KYYMpulLa 3N1eKTp MangoH

dA = ¢ Edr

1.18-pacm.

m)fiemMeHTap 1w 6axapagn. by nw anekTp malifoH NoTeHuman
W) NCPrUACUHUHT

dw? = qoi(* - di>~ fo) =-qod (")

Kagap KMumnk Mukgopra Kamawmwu gucobura cogup 6ynuwu
MYMKUH. Xap UKKU U(POJaHU TEHFNALLTUPULL OpKanu

P dp
dr (1.38)

EXaHNUTUHKU TONaMKs. ByH,u,a s INEKTP M&VI,IJ,OH Ky4dnaHraH-

MAMN yusupu WyHanuwmparn 6mp 6Mpnauk macogaja moTeH-
uman ysrapuwuHm ngoganangn. Oparga (1.38) KypuHuwgarm
y3rapuwl rpagueHT (grad) Tap3uga udofanaHagu, AabHU

E = -grad”. (1.39)

dnekTp MafoH Ky4ynaHraHauru 6unaH noTeHuman opa-
cumpary Maskyp 6ornaHul Kyingarn MasmyHra ara. 3nekTp
MainfoH NXTWEPUIA HYKTACUHWHT KYUYNaHTaHAUTN MAM GOp YK K-
jfamdaH wy Hyw Tagarn noTeHunan rpagueHTura TEeHr Ba YHUHT
Kamaiuwmu ToMoHura iiyHanraH. Jemak, (1.39) 6unaH aHuK-
NnaHraH 6opnannwga (—) uwopa MaikgoH KydnaHraHamk E
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JOMMO MOTEHUWNANMHWHT KamMaiull TOMOHUTa K,apab iMyHanraH
aKaHNUTMHK KypcaTagu. LUy 6oucgaH 6y 6ornaHuw anekTp
MaAOHHUHT UXTUEPUIA MKKW HyK,Tacugaru noTeHuuannap
alimpmacuHu xucobnawaa KynnaHunagu.

JNeKTp MalAOHHWMHI Ky4naHTraHaurn 6unaH YHWHT no-
TEHUManu opacmgarn 6ornaHuw ymyMuii gnsnka KypCUHUHT
OUPUHUM XUNAUAa KeNTUPWUATaH rpaBMTaLMoH MaigoH Kyud-
NaHTaHAUTU GUNaH YHUHT NOoTeHLMann opacuaarn 6ornaHuL -
ra yxwaw. XaukataH x.am, 0y WMKKW Typgarn MaigoHnap-
HWHT TabCMpPWU MapKasuil Ky4ynap OpK;aau ysaTunagu.

1.7-8§. JnekTp MmaigoHnapHn xucobnawra Faycc
TEOPEMACUHUHT TaToMK,

VXTuépuii 3apsgnaHraH XWCMHWHT MailfoOH Ky4naHraH-
NNTUHW Xucobnaw ycynnapugaH 6upu MaiifoHNapHU Xam-
naw Tomonmnmaup. JIeknH 6y ycyn Mypakkab maTemaTuk
amannapra acocnaHagn. ®UKPUMUIHUHT janunn cudatmga
oK opunga KeNTUPUATAH 3HT COAfda 3/IEKTP TU3MMM — AMMON-
HUHT 3/IEKTP MaAOH Ky4laHTaHAMTMHU Xnucobnaw ycynmHu
KypcaTuw MYMKWH.

Amanuii 3neKTpoTexHMKaga nwnaTunagurad yTkasrununap
CMMMETPUK Lak/ra ara Ba ynap 6up Tekucga sapsgnaHagn.
ByHpali 3apagnm Tuanmaap ynrotraHd sanekTp MaingoH Ky4ynaH-
raHnuruHn Maycc Teopemacy acocnpa xucobnaw xyga Kynai.
MacanaH, 6up Tekucpa 3apsagnaHraH 4Yekcus caTxinm Siccu
NNaCTUHKaHWMHT MaigoH Ky4YnaHraHAUrMHM xmcobnab vuk;ai-
NMK. MNacTUHKAHWHT y3yHaurn /'y 6unaH KypunaétraH Hyk,-
Ta opacmgarm macoa i ra HucbaTaH Xxyga kKatta (/ » ¢)
6ynca, y xonga 6y sccu TEKMCNUKHN YeKCcKu3 caTxim geb onuuw

MYMKWUH. TeKUCAUKAArN 3apsagHUHT CUPT 3U4ANTM 0 =" Te-

KWCMMKHWHT XaMMa KucMumpa 6up xun geinnunk. sccu Tekmc-
NVKAAH caTXu  Oy/nraH 3apsagnm anemeHTap H3aHu axpaTub
onamms. CupT éH atpodupa WyHAan MKKW UXTUEPUIA to3a-
NapHyW TOMWULW MYMKUHKK, (18 3apagnm CMpT XOCUMA KuAraH
Mal4oH Ky4y 4ymauknapu 6y cupTnapra Tuk 6ynagu. cl8 cupt
3apsAnaHraH NNacTUHKAHUHT UXTUEPMIA KNCMMAA BTULWN MYM-
KWH. BUHOGapuH, 3apagnaHraH YeKcu3 TEKUCAUKHUHT KyY Yu-
3UKNapu cupTra yTkaswaraH Hopman 6yivua WyHanraH 6y-
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HUTKM kKepak (1.19- E=consi
[lIkm). Kyd umsmnlylapu

nHpasnen OynraH maii-

[LOH, opaTpa, 6up +

millucnn 3nekTp
Maingown geb 3gHcobna-
Magn. by malifoHra xoc
\yTycuaTt wyku, daso-
iimir NXTNEPUIA HyKTa-
rian maikgoH Ky4dnaH-
IMMLWITUHWHT KMAMaTh
w HyHanuwm ysrapmac
|>¥Ynagm {E =const). [emak, 6up Tekucga 3apsgnaHrad nnac-
IMMKaHUHT aTpodmaarn mainfoH 6up XUHCIMAMP.

IMWK cupT cudartuga acocu dS, ACOBUYMCU KyY YU3UKNA-
pT a napannen 6ynrad unnuHap onammu3s. Kyd umsmk;napum uu-
HUWOPHUHT €H CUPTMHM Kecub yrmainguw, gemak, 6y cupt
MpKanu 3"aéTraH 31eKTP OKUMMW HONra TeHr. TYAMK OKUM
Ul LMNVHAPHUHT UKKW acocmpjaH YnkaétraH Kyd 4ymsnkna-
PAVMUHT ANTUHAUCK 6unaH aHMKAaHagu. by acocnapra yTka-
iMIMaH Hopmannap Kyd 4u3mkpgapu 6unaH 6up xun iiyHa-
MUTra 3ra. buHoGapuH, ENWK CUPTAAH YMKaETraH yMyMmui
Vicktp okummn d0” = 2EdS ndoga opkanu aHnknaHagu; 6yH-
nw EAS — aneMeHTap UMAWHAPHUHT 6MTTa acocufgaH 4Ynka-
(‘'mawn anekTp okmmu. Maycc Teopemacu (1.29)ra 6MHOaH ai-
wmu WY OKUM LUAUHAP nungaru sapaara 60rnmk 6ynmé TeHr-
nama 6unaH xam Tonunagu.

1.19-pacm

i/d)’\:—dq:e—oeods

JOemak: 2EdS =-a -d S . byHgaH, 6up Tekuc 3apsagnaH-
laii YeKCM3 TEKMCAN?CHUHI MalifOH Ky4naHraHauru

E =
o (1.40)

DY nuwnHn aHnknanmms.
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KyuynaHraHnumk
aHuk, 6ynca (1.38)
TeHrnamaga nnactTuHka
&H aTpogmparun Hyk,Ta-
NapHWHT noTeHuwuan-
nap anvpmacuHu au-
cobnaw MYMKWH.
MnacTtTuHkapgaH

Ba X. Macodhanapfa
8TraH WKKW HYKTa
onannuk (1.20-pacm).

By HykTanapgarvn noteHumannapHu moc pasuwga(*isay?” neb
6enrmnaiinmk. MalifjoH KyuynaHraHnuru 6unaH noTeHuwman
opacugarn 6opnaHuwra Kypa:

cip = -Ecbec = clx. (1.41)

2eh

By ndonaHu 6epunraH Yerapanapfa UHTerpannaiMmms:

»

X

Y ponga 6y MKKM HyK;Ta opacugarv noteHuuannap alipumacu

6ynagm.

(1.42)

ONIMHIaH HaTuXanapHu 3apsg cupT 3uunuknapu +0, Ba

Ev

1.21-pacm.
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6ynraH UKKW napannen
nnacTuHkara TaTtbuk aTaii-
nukK. by nnactuHkanap opa-
cumparn MawpfoH KyuynaH-
raHIMIMHW gncobnaw mak,ca-
avpa gap 6up nnacTuHKara
MOC 6ynraH Ky4y 4usuk;na-
puHK FrKaszamus. 1.21-pacm-
faH paBlaHku, 6up KyT6/M
3apsgnaHraH nnacTuHkanap
opacugarn HaTuXaBuii malii-
[0OH Ky4YnaHraHanru Kyinumaa-
rmya aHukgaHagu:



® +0
260E, o I

Nrapct, = 6ynca, nnac-
MWKanap opacugarum maii-
4mi ltonra TeHr 6ynub kona- o)
m (< = 0).

)K;opnga KenTMpunrau
T-.KW napannen nnacTuHkKa- —=
HWW 3apagiapHUHT CuUpT
M Dmrn y3apo TeHr, NeKUH
nwopanapn Kapama-kapLim 1.22-pacm,
nyncuH. By 3apsagnapHuHT
I'V!I ynsmknapu 1.22-pacmfa KentupuiaraH KypuHuura ara.
lynga maH(pwnii 3apagnapHUHT Kyd YM3NKNapu NyHKTUP 4m-
MHX 6unaH Kypcatunrad. Pacmga ukku napannen nnacTuHKa
npnampuga mycbat Ba MaHQuUid 3apAgNapHUHT 3NEKTP Ky4 um-
WKYKM 6up xun iyHanraH. Ly 6oncgaH 6y coxagarn HaTu-
WLUMA MaliJoH MKKana 3apsagfaHraH TeKMcnmk tydainnm By-
*yara KenraH MaifOHAapHUHT ANTUHAUCUTA TeHr:

_ 0O 0 o0
E =Ea I 2ece “ Ge

By nnacTuHkanap Tawk.apucmga 3MeKTP Ky4 YM3nKnapw
K.Mpama-KapLlim iiyHanraH 6ynraHugaH ywoy coanapgaru Ha-
TXaBWiA MalifoH Honra TeHr 6ynagu. (1.41) TeHrnamara 6u-
noau, naacTWHKanap opacugaru noTeHumannap anmpmacu-
m kyimgarnya xucobnanmms;

(1.43)

(1.44)

[»ymga — i nnacTMHKanap opacmparu macoda.

Kyn xonnappa 3apafiaHraH YeKCu3y3yH LUAUHAPUK
Y|'ka3rny E&ku 3apafnaHraH Tona X,0CUn KWUNraH
WCKTP MalfoH Ky4naHraHAUruHu xucobnaw xam MyxXum
[|?('wusatra ara. byHpali xonnapga 3apAgHUHT YM3UKAN 3UY-
AMIN ferad TyWwyH4Ya Kuputunagun. 1.23-pacmja 3apsgnaHrad
lona KypcatunraH. by Tonaga y3yHauru ik 6ynraH anemeHTap
(>Ynakya axpaTuaraH. TONaHWUHT WYy KUCMUAa WA 3apag Muk-
LOpu TakCUMAaHraH 6yncuH. Y xonga, 6up 6upavk yyHankaa
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>KonaluraH 3apsij MUKLOA
pvira TeHr 6ynraH KaTTa/nk
3apPAAHUHT YM3NULAN 3UYN-
rm pgeivnagu. Tavpudira
Kypa, YHWHI MaTeMaTukK
npogacm " N Kypu
Huwaa éynagu.

TonaHWHT 3apagnaHu
wu YHWHT gammMa Kucmu-
fa 6up xun gennuk, sbL
3apPALHUHT YM3NKAWN 314-
nuru ysrapmac (r = const'
6yncuH. '9'tkasrny ykngal|
r macogasa étraH A Ba |
HyKTanapHu onainuk. By"
HyKTanapgaH YyTKasruur;

napannen Kunubé uUAMHAP AcoBYMNApUHU yTkasammus (1.23
paem). LlunuHgp acocura 3TkasunraH Hopman 6unaH maingo}/
KyuynaHraHnuru opacugaru 6ypuyak J-=y OynraHujaH, um
AVHAP acocnapuHM OKWM 4M3nKnapu kecmb ytmaiigu. Lin
AMHAP éH cupTura yTkasuaraH HopMan i 6unaH anekTp k™
ynsnknapyn 6mp xun WyHanuwra ara. LUyHWHT yuyyH 6anaHg
nvrwn dh 6ynraH uaMHAP 6H KNCMUAAH YTaéTraH 3IeKTp OKUMP

dO, = EdS ,,

TeHrnama opkanu ngoganaHagn. LLUAMHLPHUHT EH CUPTU 3CT
ds™ = litrdh wudopara Kypa aHuknaHagu. [lemak UUAUHAP
HUHT éH CUPTUHU Kecub yTaéTraH OKMM U(OJACUHM

i/ = E- 2>xkrmdh

KYypUHULW Aa €31l MyMKWH. [Faycc TeopeMacuHu TaT6UK 3Tn6
Ma3Kyp ObJVUMHY TeHrnama 6unaH Jan

aHuKnain onamms. NdoganapHWHT YHI TOMOHWHW TeHrnaLl
TUpaMun3 Ba 3apsignaHraH TonagaH r macodaga éTraH HykTa
Jarv 3NekTp MalfoH KyuynaHraHAWrUHKU guco6nall UMKOHU
Hy 6epyBuM hOpMynaHu JOCW KUNaMU3:
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TtEQST * (1.45)

[cwmak, 3apagnaHrad LWAMHAPCUMOH YTKa3ruy éku 3apsag-
i.ilimi ToNa yiiroTraH anekTp MaigoH Ky4naHraHauru r maco-
| M1 Teckapy NPOMOPLMOHaN paBuLyLLa Kamaiinb 6opaan, SbHK
MpsA4aaHraH Tona atpogumaarn MaingoH 6up XXuHcan Gynmaigu.

'OnekTp MalgoH KyuysaHraHAurum 6unaH noTeHuwan opa-
mVarn E - -fm 6ornaHuwra acocaH, 3apajnaHraH LUauHap
YkngaH r*Ba  macodganapga étraH Hyk,Tanapfaru noTeHuu-

-dcp-Edrnrnn,

[y ndhogaHu GepunraH 4erapanapha WHTerpanna6:
2 2]
2908 I

KypunaéTraH HyKTanap opacujaru noTeHumaniap aimpmacu-
11 Tonamus;

(i -<P2 = 1nEg (1.46)

2-606
OANINEKTPUKNIAPAA S/IEKTP MAMAOH

DneKTp xoccanapura KypaXxuwcMmiapaunanekTpuknap,
MpuMMyTKasrmynap Ba yTtkKasruuynap kabutypnapra
(»YnuHagn. by TakcumoT wapTnu 6ynub, tokopu Temmneparty-
pmnapga €kKu Kyuynum 3nekTp MaifjoHga Oy XWCMAApHWHT
WH/ICKTP X0CCanapu ysrapuwm MyMKuH. XXymnagaH Temnepa-
lypa kuiimatu abconoT HoMra fKMHMawraHga AU3NeKTpuk
(»nnaH APUMYTKa3rMYHWUHT 3NeKTp Tabuatn 6up xun 6ynap
)|<aH.

Mogua Kalicu Typra KupmwmnaH Katby Has3ap, y atomnap-
fJan éxyn WKKW Ba YHAaH OpPTUK aTOMAapHW BGMpUKTUpraH
MonekyfnanapgaH Ty3unraH. ATOM Mapkasmfa X,&KMW aToM-
Wwnr xaxmura HucbartaH Munavapa mapTa KW4MK 6ynraH myc-
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6aT 3apAgnm A4po KolnawraH. Y atom mumga 10 B/m Tap
TM6Aa ynyaHaguraH yta KyuynumafekTp MangoH xocmn K,unmb
A4PO Ba 3NEKTPOHApPHUHT 66raaHraH TUSMMUHK to3ara ken'
TMpagu. ATOM TallK,apucugaru anekTp mMaingoH a4po Ba anek'
TpoOHNap 6uUprannkaa Xocun KWaraH MaifoHnapuHuHr
rMHAUCMAaH Tawkun Tonagu. Oaanii wapoutha atom aneK'
TPOHeWTpan 3KaHAUTWHW 3bTMOGOpPra oncak, >kamnaHra!
MaliJOHNapHWHT TabCUPW HONMTa TeHrgek Tyinunagum. Xat
KMKaTaH Xam, Tallku MaiifjoH TabcupugaH xonm 6ynraH gma'
NEKTPUKHWHT Tapkmbuaa anekTp MafoHn MaexXyanuru taxX'
pnbaga kysatunmaraH. LyHgai akaH, HUMa yyyH AnanekT'
PUKAWM MYXUTAA 31eKTP MalAOHHUHT TabCcupu e MapTa kamaag”
(1.2-8 ra k-)> geraH Tabuuii caBon Tyrunagu. Ywoéy 606 wy
mMacanaHu MabayM fapaxaja oumiira 6arvuinaHrax.

2.1-8. KyTt6nn Ba KyT6CU3 AU3aNeKTpuKnap

LnanekTpuKNapHUHT KYNYUAUTA KPUCTana Ty3uauwira ara
MogaanapHUHI 3MeKTp xoccanapu y3 atomnapu 6unaH 6or-
NaHWWWHN AYKOTTraH 3PKWUH 3NEKTPOHIAPHUHT 3UUUTU Op
Kanum aHuknaHagu. Arap yi xapopatmgaru yTtkasrmyga ap-
KWH 31EKPTOHMAPHUHT 3uuyaurm n ~ 10%° M~ 6ynca, KBapy,
TYpMannH Kabu AXWun ananeKTpuknapaarn sapkKuH 3neKTpoH
NapHWHT KOHUeHTpayuacum n~ 10" HU TalWKWA Kunagm
[emMak, AN3aneKTpUK Tapkmbuaarn 3pKUH 3eKTPOHAAPHUHT
3UYAUT MeTann Tapkubugarn 3pKWUH 31EKTPOHNap 3udau
rmaaH TaxmuHaH mMapTa Knyuk. buHobapuH, 6y xycycu-
ATra ara GynraH AW3NeKTPUK XaXmu Oyiinab 3pKuWH 3apsag
Xyfa éMOH xapakaTnaHaau Ba Y 31€KTP TOKUHU Aespan yTKas
mMangu.

ATomgaru 3neKTPOHNapHUHT TakCMMOrura Kypa guanek-
TpUKNap KyT6nm BakyTbcun3 Typnapra 6ynuHagn. MaH-
thuii 3apsagnapu mycbat 3apsignapra Huc6ataH CUMMETPUK TaK-
cumoTra ara 6ynraH atomnap (éxyfa Monekynanap) KyTocus
6ynn6, ynapgaH Ty3unraH mogganap Kytocus auanekTpuknap
pennnagn. byHpali Tysunuwra ara 6yaraH atomga mycbat Ba
MaH(Wii 3apagnapHUHI Macca Mapkasnapu 6up HykTaga étu-
wu nosum. K,apama-kapwu uwopanu 3apsignap macca map-
Kasfnapwu opacugarn macoda /ogatgaen Kk atgerinnagn. Kyrte-
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I (Il jlomnap yuyH / = 0. BuHo-

(Ih111 ynapHUHT AMNONL MOMEH-

m\'mM  =2/=06ynagu*. fe- 0
MIK KMTOCU3 AM3NEKTPUK AU-

[|[MT> mOMeHTU HONb 6ynraH /
mumMmnapgaH (xya Monekynanap- /

HUM) Ty3unraH 6ynap skaH. Ma-
111, sogopog (H?), asot (HY)
H1nl guanekTpuknap KyTtbcus \
M )ncKTpMKNap TypKymura Ku-
ajwl. Wy Typparn GUanekKTpuk-

(1 anekTp MalgoHra Ku- -

[Miraiinuk. 9nekTp malifoH Tab-

| Mupga 6ynraH aTtom Mmycbar Pe,
WPAAUHUHT Macca mMapKasu

MUHZOH 6yiinab, maHgpuii 3apa- 2.1-pacm.

MIWAT macca mapKasmn aca Mai-

nomnra Teckapu nyHanuwpga cumkuingm. ATom (KM mMonekyna)
|Ykacn HonpaH capkam (/' 6) (2.1-pacm) gunonra aiknaHn6
Lonagn. KentupunraH Mynox;asanapjaH paBlUaHKM, TallKoi
VHMCTP MaioH Tabcupuna KyTocnus ANaNneKTPUK atomnap MaH-
(hunii 3apagnapHUHT Tak,CUMOTK y3rapagn. ATom geopmayn-
WKMM6 chepuk WakngaH snAUNTUK Waknra ~agun. Tawk,m
MMIAZOH Ky4aliraH capy aTOMAapHUHT geopMaumnacy KatTa-
HMTM6, aTOMHWHT AUMNONb MOMeHTU ownb 6opagn. ByHpaaH,
MOMHUWHT ANNONb MOMEHTH TalK,M MalgoH Ky4ynaHraH-
wn'ura NponopLuoHa, AbHu ~ [leraH xynocara kKena-
M3, By nponopunoHaniIMKHW TEHITNMKKA ailNaHTUpULL Mak,-
cMaMda KO hULMEHT KUpUTanamk:

Pe, = (2 -1)

Wynpa a = — op6uTa paguMyCUHUHT YYUHUYM Aapaxacu-
LilcKy aToM X,@KMUra nponopuuoHan 6ynraH KatTanuk. TeHr-
nmmMagarv [ MHAEKC UXTWEPWIA [-aTOMHWHT TapTuG pasamu.
KyT6cu3 atomnapgaH Ty3wuaraH gU3neKTpUK KyunaHraHaurm

* JMeKTP ANNONb MOMEHTUHW MarHWT AUNofb MOMEHTMAAH dapK/aLl
MMKcaanaa 3neKkTp AUMNoAb MOMEHTU  GuAaH 6enrunaHaw.

Hasapos B



E 6ynraH Tawk;u Mmaii-
LOHTA KNpUTUACA, YHUH!
' [ -r 4-\ Y aTomnapu Kytb6naHub
n | r  konagu. Kyténu atomnap
I / Kuimatu (2.1) 6unawu
aHubylaHaguraH AWNosb
MOMeHTura ara. buHoba-
pWUH, KyT6nmM atomnap,
(1.19)ra 6uHOaH, gnanek-
TPUK nMunga hRyHanuwm
TalkKy 31eKTp MaingoH
E ra Teckapu 6ynrau
NYKN MalgoOHHMW XOCWU
Knnagn. by mainpgoH Ta-
WKW maigoH E HuHT
KyycusnaHuwura onné
Kenagw.

Tabuatga macca mMaH-
huin 3apagnap macca
mMapkasn mycbat 3apag-
nap mapkasu 6unaH yct-
Ma-ycT Tywmaihguran
atom Eku mMonekynanap-
faH TysuaraH mogganap
xam 6op. byHpa xap 6ump
aTOMHUHT (BKW MONEKy-
NaHWHT) AUMO/Ib MOMEH-

2.3-pacm. WH» (P 0) mabnym]
MyHanuwra ara 6ynraH gunonb Ae6 Kypuw MyMKuH (2.2-
pacm). Aunonb MOMeHTWUra ara OynraH atom EKuM MOJieKyna-
napjaH Ty3uaraH QUaneKTpuK Kyronm geiivnagn. by typra H”O,
KH3,HC1 CH3C1Ba wy kabu 6upukmanap kupagu. Ogauii
WapouTha Moaja Tapkubugarn 3appanap MCCUKIMK Xapaka-
TMAa NWTUPOK 3Tagu. Ly 6oncaaH KyT6/mM AManeKTpurK TaLl -
KW 371eKTp MaiifjoH TabCcupuaaH xonu 6ynca, YHUHT atom au-
nofb MOMeHTNapu 2.3-pacmpa KypcaTunraHgek, taptmbcus

Xolnawagu. Kyt6nu LUINeKTPUKHUHT HaTWXKaBuil AUMOSb

N -
MOMeHTHU 3ca Pe - /ﬁlP" = O 6ynagu.
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A KyTOAM AN3nek-
i< kyunaHranaurmn £
(jYwaH Tawk,m MaihgoH
Thli'puga 6yncuH. YHaa
cnMup 6ynaguraH ysra-
WM aHuMkKnaw Mak,-
| nwga alipm ONWMHraH
'MTONra 3/1eKTP ManfoH-
N TabCUPUHKU  Ky3a-
LIWWK [unons Kyu-
unmamnurn E 6ynraH
n|cklp maingoHra Knpu- 2.4-pacm.
Ilinca. AWNONHUHT MYyC-
Ik ma maHduii 3apagnapura kapama-K,apwmn nyHanraH UKKu
n (Esa =-pE napannen Kyd4 Tabcup Kunaau. by
lyunap Tabcupmuia AUNonab y3 yku atpoduaa ainnaHma x,apa-
I,T a Kennb, MaigoH Kyd 4YM3nKiapu WyHanuwmga >xonna-
unnnra MHTMNagn. 2.4-pacmgad 6yHaam Ky@gT Kyunap MOMeH-
nwmnr mogynm M, = gEbT<p = $Udh aKaHAUTUHN
[|.||IKaw KuiinH amac; 6yHga gMnosb MOMEHTHU BGunaH maii-
)0l kyunaHraHnuru opacujgaru éypyak. by uogaHn BekTop
T.Wunga \am €3ul MyMKUH;

M; = [Pe.E]. (2.2)

[emak, KyT6nM AM3NeKTPUK 3NeKTp MaifoH Tabcupupa
Uhca, YHUHT aToMm Aunonb momeHtnapu (p«- 0), 6y mo-
MMIlnap xoinawiraH TeKMCAMKKa MyHanraH yk atpodujga
nypuanwra >"apakat kunagu. Hatmxaga aTOMNapHWUHI Aun-
Moflb MOMEHTMIapW MaNAOoH Kyd 4m3nmknapu HyHanuwunga
n(»Unawnd Konagm (AMaNeKTpUK KyT6GnaHaan).

1.1-%. AnaneKTpuK K,abyn K;WiyBYaHINK
Ba YHWHI ?<;apoparra 60rmnkKamrun

[naneKTpuK Tal KW 3NeKTp MaingoH Tabcupuga bynca, gun-
(neKkTpuKha atom AMNONfb MOMEHTAapu 6unaH 60rankK UYKu
WCKTP MaifoH BYXyAra kKenagu. AHa Wy TallKW Ba WNYKK
maigoHnap opacugaru 60rf1aHUWMHN aHWKNAWANK. BYHUHT
yuyii MUKLOPaH y3apo TeHr, aMMO Kapama-Kaplu uwopanu
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3apAgnaHraH WKKyW napanne

naacTUHKa OnaiiiMK. ApKnH 3a'

-b pagnap JOCW KUATaH 3MeKT]
MaAOHHUHT Ky4naHraHIUTnHU]

M, pe6 6enrmnaiimus. by maii

LOHTra AN3NTIEKTPUK KUPUTARINK

Tawkn 3neKTp MangoH Tab'

cupuga gU3NEeKTPUKHUHT aTo\

AMMNONb MOMEHTNapu KaiTa Tak

cumnaHagu Ba 2.5-pacmpa Ken

TUPUNTAH 3apsaf TakKCUMOTU

pocun 6ynagn. AnanekTpuk nuu

fa KeTMa-KeT XoinawraH UKKu

KywHn katnam AnnonnapuHuH!

Kapama-Kaplu 3apsgnapu ysapo

HeTpannawmnwm HaTuxacupga

0? +6 for  ymymnii 3apsag Hosra TeHr 6yna

Av. OVN3NeKTPUKHUHT UKKWN

2.5-pacm. KapaMa-Kapwu cuptugarumHa
HeilTpannawmaraH 3apagnap tosara Kenagu. OpKWH fapakat
Kufia oflyBYM 3apsgnapgaH hapkan pasuwaa, ynapbornaH -
raH sapapgnap ge6 atanagu. by sapagnapHu guanekTpuk-
HUHI CUPTUAAH axpaTuw, AbHW MOMeKyna TapkubugaH ym-
Kapuw MYMKWH amac. bornaHraH sapsagnap katnamaapu opa-
cupary macogpaHu / aeb 6enrunacak, AUNoAb MOMEHTUHUHT
Tabpudura 6uHoaH V JOKMAN UINEKTPUKHWUHT 3/1EKTP MO-

MEHTUHM

Pe =fAbor-1 = «foa -*-1 = (2.3

npogagaH aHHkKganmmus; 6yHpa, — 6ornaHraH 3apag-
NapHWHT CMPT 3nunuru, 5 — 6ornaHraH 3apsgnap >kornaw-
raH CUPTHUHT 103U, V — 3ca AMNON enKacura TeHI KafnH-
NUKAATN OU3NEKTPUKHUHT BaXMUANP.

LV3neKTPUKHUHT KyT6NaHraHauK gapaxacuHu 6enrunawl
MaKcagnfa KyTOnaHvLl BEKTOpPW AeraH KaTtTanukK KUpUTWUN-
raH. bup 6upnuk y;a>kmgary 6apya aTom (Monekyna) Aunonb
MOMEH T IapHWUHT BEKTOP ANTHAMCKU LyTONaHUW BEKTOpPU Aeit-
nnagu. Arap 6Mp XXUHCAWU 31eKTP MalifoHra KyT6cu3 gUanek-
TPUK KupuTuAarad 6ynca, faMma atOMAapHUHI €KW MONeKy
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MHHPHWHT3MEKTP MOMEHTU BMpP XU Ba yNAaPHUHT XamMmMma-
1l maiigoH 6yiinabd TapTmbnun xoinawnb konagn. LUIyHUHT
VIMi tokopugarn Tabpudgra Kypa, KyT6cu3 guanekTpuknap-
Imll" HyTOGNaHWW BeKTOpU

4 =np, (2.4)

I "punuwga 6ynagn; 6yHga n — 6up 6UPNUK XaxXmaarn atom
'l I MOnekynanap COHM.

KyT6nu gmanekTpuknapfa aca xamma MoOfeKynanapHuHr
MHoNb MOMeHTNapu MaigoH 6yinab >xoinawud Konmww
"I'kyniwap 3neKTp MOMEHTAAPUHUHT MYHANULLIMN y3rapuo Ty-
pULIN MYMKUH. ByHpalh xonga YeKCM3 KUUYUK Xaxmpaaru
VU-KTP MOMEHT/TAPUHUHT BEKTOP WUTUHAUCUHUHT 6up 6ump-

NIK\axxmra kentupunraH
N
"Pei
P, =\\T 'A (2.5)

KUAmMatn ywoy onaneKTPUKHUHT KyTbnaHuw BekTopu 6yna-
m, MéyHga F xaxmparn Monekynanap COHMU.

KyT6naHuwW BEKTOPUHUHT AUINEKTPUK XOMNawTnpuaran
111lIKK anekTp MakfoH Ky4naHraHauru ra TyLWMpWUAraH
MPOCKLUMACUHN EKNM MOogynunHU (2.3) ndoga opkanu xam To-
it MYMKUH!

;7 - Y F (2.6)

Jemak KyT61aHNL BEKTOPUHUHT MUKAOPUIA Kuiimatm 6or-
yauraH 3apsaAnapHUHT CUPT 3MUAUTUTa TeHT Bynap akaH.

KOkopuga toputuaraH dukpnap acocupa AW3NeKTPUKIN
My\MTgarn HatvxaBuiA mMalifjoHHM xucobnainuk. 2-5-pacm-
AL MKKW 3apsagnaHraH nnacTUHKanap opacmparu Hatuka-
M MalifoH KyunaHraHanuri

E =Eq+E",

N Tawkn EA Ba MukM EM Maii4oH KyunaHraHauknap-
WMWT BEKTOP MMPUHAWCUTA TEHT O6ynagu. JIEKUH WYKN Maii-
[OH TalWKW MalngoHra Teckapu yHanraHnuru cababnu, Ha-
FHXaBuii MalfoH Ky4faHFaHAUTUHUHT Moaynu (Kuiimatwu)
Kylingarnya aHuknaHagu:
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TPUK CUHTAMPYBYAHAUK (2.12) TeHrnama opKanun gUaneKTpuK
Kabyn KunyByaHNuk 6unaH 6ornaHraH agu. LUyHWUHr y®
KyTOnM ONINEKTPUKIAPHUHT AU3NEKTPUK CUHTAMPYBYaHN!
rv )"am )“apopatra 60rnukuup, abHU }rapopar owraHga e K(
Masagu.

MaBxyf 6ynraH ras, CylOKNMK Ba KaTTUK xonatgaru wkl
NATOPNAPHUHT AU3NEKTPUK CUHTAUPYBYAHNUK KO3IQpuUT!
eHTM £=1-r10 opanuruga ysrapagu, xonoc. Auanektpn]
CUHTANPYBYAHANKHUWHT By KuiimaTnapu x"apoparra gespnv 6ol
AWK amac. bupok guanekTpuknap numga wyHgain 6up typn:!]
pv 6OPKW, YNapPHUHT AN3NEKTPUK CUHTAUPYBYAHANTUHN KW
MaTW MabayMm X,apopaT opanurupa 6up Hevya MUHIra eTuius
MYMKUH. By \oguca 6upuHumM 6op (paHUy3 JOpPULLYHOCY
A. CerHe Kawg atraH cerHet Ty3n (NaKC"H” e  «4H20)
Ky3atunraH 6ynn6, 6y xycycuatra ara 6ynraH kpuctannapcer
HeToa3NnekKTpuknap feb6 aranagu.

CerHeT Ty3u, bapuii TutTaHmnt (BaTiOj) kabu kpuctannal)]
HUHT AU3NEeKTPUK Xycycuatnapu pyc onumnapun N. B. Kypum]
T0B, b. M. Byn ToMOHMAaH 4yKyp TekwwupunraH. by uznm]
HUWNapaaH mabnymkn. Kiopm xapopatu feb atanysum x.apol
pat opanurupa, CerHeTO3/IEKTPUKNAPHUHT LU3NEKTPUA
CUHTAUPYBYAHAUTU Xy[a KaTTa Kniimatra ara 6ynagu. Macaf
NaH, CEerHeT Ty3un yuyH 6y XapOpaTHUHT IOKOPWU KMiiMaTu
298 6ysnica, XxapoOpaTHUHT NacTKW Kuimatu = 258/ 6yna|
an. Wy opanukua cerHeT TY3UHUHT GU3NEKTPUK CUHTANPYB|
yaHnurn KO*rava owagun. Eku BaTiO, KPUCTANUHUHT XapoH
patn Tt = 410A' 6ynraHaa, YHWHT AUINEKTPUK CUHTAWUPYB"
yaHnurm £=1500. Xapopat ra nacairaHga £=6000]
raya owaan. CerHeToanekTpuknapHuHr xapopatu Kropu xapol
paTu opanurujaH tawkapuaa érca, ynap ogauin AnsnekTpuk-]
napjaH Kam dapk Kunagm.

CerHeToaneKTPUK KpucTaniap Tapkuéuga gmnonb MoMeHT-1
napu 6up xun lyHanraH 6up Heya MWUAMOH MOMeKynanapHu]
6upuKTMpraH Tynnamnap maexyg (2.7-pacm). by Tynnamnap]
pomeHnap ge6 atanagn. CerHeTo3NeKTPUKAAPHUHT rainpuTa®
6unii xycycuatnapu wy fomeHnap 6unaH 6ornuk- JomeH-]
napgarn 6apya MonekynanapHuWHr AUNOAb MOMEHTU 6Up xun
MyHanuwpaa 6ynagn. AMMO xap 6Up BOMEHHWHT HaTuXaBuid]
OWMNONb MOMEHTU MCCUKAMK Xapakatu Tygainm taptnécms]
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mt||||MWgn. Tawk.m
111 maligoH 6ynma-
-111 iioMciuiap 3nekTp
........ . WWapUHWHT BeKTOp
‘Anmi/iiu:n Honra TeHr
i . =0). Tawku
ml.11| Mai'ulOH Tabcupu-
(V1 (Qup momeHparwu
n MUHOANAP XYA4u 2.7-pacm.

HW NNUoNgeK MaifoH
'tiMiimiiiHra moc paBuwAa Xonawagu. JOMEHHUHT 3/1eKTp
....... HU MOJIeKyna LMNofib MOMEHTU  ra HucbaTaH xyga
.11 M>Hm Ped»Pei waptn ypuHnu). (2.13) udogagaru
m /bl 6UnaH anmawTMpcak, CerHeTO3INEKTPUKHUHT AN3-

. JIvK kabyn KUnyBYaHINK KOIPHULUNEHTU;*; KECKWUH OLING

mill cababuHn TywyHWW KUnH 3mac. by KaTTanuk, ys3
mM|.|[mpa 4UaneKTpUK CUHTAMPYBYAHAUK bunaH (2.12) TeH-
.4UM1L opkanm 6ornaHraH agu. Jemak € KMAMATMHUHI X.am

. Mill opruwmn coanp bynaaw.

<11MCroanekTpuKnap Karra 3MeKTp CUTMMAN KOHAeHca-
...p'MpHU Acawfa, 3N1eKTPOMarHuT TebpaHuL YacToTanapu-
M| mMogynuumanalwaa KeHr uiwnatunagun.

YMyMaH, AU3NeKTPUKNapHUHT TEXHUKAHUHT Typ/u CoX,a-
Wini;ia KeHr KynnaHunaguraH WUMKOHWATAapu 60pKu, ynap
[[M/ZH KyT6CM3 AM3NEKTPUK 3NEKTP MailgoHra KMpuTuaca,
....... Tapkubugarv 3apagnapHUHr macca mapkasnapu cun-
HuwwW, By TabCcup HaTwXKacupa AU3NEeKTPUK aTtomnapu Eku
W K'Kynanapn geopmauuanaHunb, y3 WwWakanHu ysraptupa-
ml ")nckTpocTpukna ge6 atanysum 6y goguca Tydannm gma-
11 (PUKHUHT TEOMEeTPUK ynyamiapu y3rapuwin KysaTuaraH.

AKCUHYa, 6ab3n gUaneKTpuknap geopmanmara yuyparaH-
ml ynapfarv 3neKTp 3apAAUHUHT TAKCUMNaHULLK y3rapap 3KaH.

.|Il. rpuknap geopmaymuanaHraHia ynapHuHr cuptuga 6op-
i.imaii 3apagnap gocun 6éynuwmn MyMmkuH. By goawuca, ogat-
ii,b, NTbe303NeKTpuK popguca pgennagn. Mbe3oanekT-
H|| \()anca 6eBocuTa KPUCTANTHUHT TY3UAULWIKN 6unaH 60rnmk
' LlbnyMKW, HOKOpPUAA HOMAApPWU KeNTUpWUAraH Kpuctannap
A 10T ponunK XycycuaTra ara, SbHW YNapHUHT 3/IeKTP Ba
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ONTUK X0ccanapu Typnau nyHanuwnapga typnuya éynagu. |l
boucpaH Mbe303aNeKTPUK Xofuca aHU30TPOMUK XYCYCUX
Kyunu 6ynraH KpuctannnapgaruHa Kysatunagu. by kpuct:u
napfaH 6upu gethopmauusanaHraHga KpucTann naHxapaHu!
TYryHnapuga oiinawraH myc6atr sa maHuii nonnap kaill
TakKCUMNaHaHu6, KPUCTANNHUHT HONAAH (DapKu anekTp M
MEHTUHW t03ara KentTupagu.

Mbe303neKTPpUK Xycycuatra ara 6ynraH KpucTtannapgu
Mab/lyM MyHanuwga Kecub oNuHraH naacTUHKanap 4YacTtoT'
cn 100 A 10’ My opanurnga étraH ynbTpaToBYLUIapHM XOCH
K,MInMwga KeHr vwinatmunagu.

WyHpan Kunmb, U3NeKTPUKIapPHUHT GU3NK Xoccanapu
HW ypraHuw ynapjaH TeXHWKaHWHT Typ/iu coxanapupa ma
NyM MaKcagnapfa uwnatuiwa Myxum axamuatra ara.

2.3-8. CuvmknL BEKTOPMU.
VIKKM OM3NeKTpuK yerapaesjaru 3feKTp maiijoH

OpKUH 3apsagnap XOoCUA KWATaH 3NeKTp MaifoHra Aua
NEKTPUK KNPUTUACA, ANINEKTPUKHWUHT TallKW MaikfoHra HuC
f6aTaH WMKKW Kapama-kKaplu cupTnapuga 6ornaHraH 3apag
nap Xocun GynMWWHW ONAMHIW naparpapga Kypauk. OH[
3PKUH 3apsagnap Xocwun KuaraH mainjoHra An3neKTpuK Ku
putunraHga Faycc teopemacu KaHgain MasmyHra ara 6ynuuw
6unaH TaHWwWwannuk. by macanaHu xan aTuw makcagmgaa 6uy
TOMOHUW 6Up TekUcha 3apsafnaHraH fccu TEKUCAUK Onamu:)
Tekucnuk atpouaa KydnaHraHanru 6ynraH 6up XuHcn"
3NeKTP MalijoH XOCUN KWNWUHraH geinuk. by malifoHra gna'
NEeKTPUK CUHTLUPYBYAHIUTU 6ynraH 6up >XUHCAN AKNI
NeKTPUK XoinawTmpamms. Xocun bynraH TU3MMHMK 2.8-pacm
fa KentupuaraH 6”énuk cupT 6unaH ypainumk. Tusumpgar
HaTWXKaBuWii MalifoOH 3pKWH Ba 6ornaHraH 3apsgnap yirorral
MaiifJOHNAPHUHT BEKTOP MUruHaucura TeHr E ~ EA+ EN
By nthofaHnHT KKK TaMOHMHM €3 = ncl8 BekTOopra Kynai'
TMpun6, énnk 5 cupT Oylinya nHTerpan onamms:

h(Ec18) = d(E,c/8) + ¢ (2.14:
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liivec rcopemacura aco-
>/, okopugarn udopana
WNTPOK 3TraH Kyihugaru
iimri [)lui

ddMY) = & 2 2 sp-(2.15)

[[Mnum 3apagnapHuHr an-
I. I MVK inruHgmemra npo-
nHpuroncwanp. NKKuHYu

MA UM past
2.8-pacm.

rop* (2.16)

WM HTM aH 3apagnapHUHT anrebpank MUrMHAUCK OPKaIn aHuK;-
mvTuy. by ngopanapHn (2.14) TeHrnama Kyiicak, AU3NeKT-
DKM MyXUT yuyH [aycc TeopemMacuHUHT Kyingaru KypuHu-
WIMA onamus:

th(Ec/3) = ("9ap+1960r}- (2.17)

JcMmak, AN3aNeKTPUKAN MyX MTHU Yyerapanab TypraH UXTné-
IM@ CMUK CMPTHU Kecnb >raH 3/1IeKTP OKUM 3pKUH Ba 6orna-
nnl vapsgnap anrebpamk MUTMHAUCUHUHT 6" ra HucbaTura
WML FOkopuparn waknga ésunraH Faycc TeopemacuHu 6u-
pv i C;0LAPOK KypuHULITa KenTupaiinmk. Ly makcagua (2.9)
nmrnamaHu (2.16)ra tatéumk 3aTub, yHM Kyhupgarn waknga
* LIMK3:

§{E",dS) = -"§{Peds),
nymga (-) unwopa 6ornaHraH sapagnap AMnosib MOMeHTU [
MMM AyHanuim ynap X;0Cun KWaraH UYku mMaingoH EM HUHT
IVilLMWINra TECKapU 3KaHAUTUHK KypcaTaan. Bepunran mso)-
Il OknoaH (2.14) ndoga Kyhimaarn KypuHuwWra >raoy

Xe)



(2.1X

WHTerpan octugarn npogaHn ~ 6unaH benrmnanmms,;
b =ErE +

By TeHrnamagarn OHw (2 11) garn ndogacn 6unaH an
mMaliTupcak, y Kynmgarn KypuHuwra Kenagu:

b =r{\+Xx)E m"eE. (2.19

Kuputunran AH hun3nk KatTaiMK CUN XU LW BeKTOJ
pu peinnagn. by kattanuk opkanu, (2.18) udopga

(2.20)

KYPUHULLHW Onagu.
WyHgad kmnmb, cumkmw BekTopu yYyyH laycc Teo-
pemacu wudpogacuHu onguk. Jemak, CuaKuL BeKTOPUHUH(
UXTnépnin 8 ému/" cupTphaH yTraH OoWMu Wy CUpT umumgarm
3PKWH 3apagnapHUHT anrebpank iMpuHaMcura TeHr. 3NeKTp mai-
OOHHUHT 6upnamum mMaH6anm 3apKWH 3apagnapaup. Cumxuw
BEKTOPMW 3Ca IPKWUH 3apagnap ynrorraH 3fekTp MagoOHHUHT
Ky4 XapakTepucTtukacu 6ynub xusmar Kunagu. OpKWUH 3a-
pAagnap yiarotraH 3nekTp MalfOHHUHT Ky4 TabCUPUHW aHUK-
nosuyn By BEKTOp Tabcupupga atomgarn mycbat Ba maHdwui
3apagnap 6up-6upura HucbartaH
cumxkniign. Wy cababnm B Bek-
TOpCUAXUII BeKTOpwu geb
atanagu.
SPKUH 3apagnap X,0Cui Kun-
A % raH 31eKTp MalifoHra e, >
WapTHW KaHoaTNaHTUPYBYN WK-
£3  KuTa OUP XUHCAU ANINEKTPUK
KnputunraH feb ctapas kunaii-
nukK (2.9-pacm). Mai#fioH Tabcu-
pruia NKKU N3NEKTPUKHUHT Ye-
rapagow clprtnapuga cupT 3ud-
nuru Xap'xun  (a,5" Ba
6ynraH 6ornaHraH 3apsagnap
2.9-pacm. xocun bynagu. SpKuH 3apagnap

/\<502 = 6 .
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il rail anekTp maigoH 6unaH 6ornaHraH sapsgnap gocun
HI'l /A MaliLOHHUHT KYLWWANWK HaTmKacmga AUN3NeKTPUK-
1)|lII11 axxpaTnb TypyBYM CMPTAAH ~aéTraH 3/eKTp OK,MM y3ra-
|| lim ByHAa Kyimgaru MKKu gonat 6yaMwy MyMKUH:

| ")ACKTp MalifoH KyY YM3NKNAPU UKKN OUINEKTPUKHUHT
WMii|2pow cupTura TK yHanrad 6yncuH (2.9-pacm). bu-
MU AnaneKTpUKAa TapkKanaéTraH CU/MDKULW BEKTOPUHUHT
W VMU Yerapagow cupTaa y3 WyHanuwuHW Ba MUKLOPUHK
niprupmacial MKKuH4YM MyauTaa tapkanagu, AbHu

O =:2 ékun 6l =D. (2.21)

nurnuk 6axxapunagu. bupuHun myguTtgarm CUaXuLW BEKTO-
M = MKKWUHYN MYOUTAArN CUJDKULL BEKTOPMU

OBjEj 6ynraHugaH yerapasuin cuptga e'B* = RE. TQHT-
(I YpuHnuamp. ByHaaH MKKUHYM MyauTAarn maifoH Kyud-
UKUannrm

n2=1n1 (2.22)

| .MWUTMHY ToNaMmms. [lemak, 3neKTp Ky4 YM3MKIapu MKKK
WNwceKTpUK 6unaH YyerapanaHrad cuptra TUK bynca, 6up my-
Amlgan MKKMHYM MyguTra yTraHja MafoH KyuaaHraHauru
*MNYAOp XUAaThaH y3rapagu. Y nap opacmgarn Mukgopuin my-
TMm'abaT e/ej Hucbatra 6ornuk. XycycaH, f£] >£ 6ynca,
[1e [2 6ynagn. byHaa 6UpMHYN MyauUTAArW 3NEKTP OK,UM
N 11HYA myguTgarn anekTp o”umra HucbaTaH CUiAparpok;
nynagn.

2. ONeKTp Ky4y YM3UKNapW UKKW MYLUT Yyerapacupgarv cupT-
MYTkasunraH Hopmanra HucbataH uxtuépumii. Macanas, 2.10-
[lllcmpa Kypcatunran WyHanuwra ara 6yncumH. byHga fam
« mi2 ne6 onaiinuk. Y gonga MKKW AU3NEKTPUK yerapacupa
Aluiiji 6ynraH 6ornaHraH 3apagnapHUHT CUPT 3UUNUKNApPY
Al xmn Ba +0-Q 6ynagu. bornaHraH 3apsgnap focun
[[Mam 3neKTp MafOHHUHT Ky4Y YM3NKNAPU UKKW LUINEKT-
PUK Yerapacupgaru cupTra TUK yHanraH (2.10-pacm).

DUpUHUM Ba UKKMHYM MYAMTAArN 31eKTP MalijoH Ky4naH-
mm)mrn £m Ba .. HW HOpMan JaMmfa TaHreHuuan TalKun
HyH4YMnapra axxpatamus. bornaHraH sapsagnap yiurotraH maii-
m \ap MKKM MyauTaa TapkanaétraH Ef Ba .. maigoHnap-
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HAHI TaHreHuunan Ttawkun
3TyBUYMNapwW raTabcup aTmain
an (£71,= £2). Ammo 6y
Mali4oOHNapHWHI HopMan
TalW KW 3TyBUMNApU y3rapa-
an. Xap UKKNU MyxuTaa cun-
XU BEKTOPUHWUHT HOpMa)
TawWwkKun 3TyBUMNAPU

y3apo TeHr
6ynraHunpgaH, eEy,, =
TEHT MK 6axapunaan. byH-
faH (2.22) TeHrnamara
yXwaw TeHrnamaHu xocun
Kunamus:

Ei Job

-2n

or
2.10-pacm. w0 2.23)

Xap MKKW MyXUT yerapacuja tapkanaétraH CUIKUL BeK-
TOPNAPUHUHT WyHaNUWW Wy AUINEKTPUKIapaarn MaigoH
KyYnaHTaHAUKNAPHUHT AyHanuwura 60ranK, sbHU

*(2.24)

[emak, NKKU MyXuUT yerapacugary mMainfoH KydnaHraHaink-
napu kaHgan 6ypuak octuga cmHca (2.10-pacm), CUMKULL BeK-
TOpPU Xam Wy 6ypyak oCcTMAa CuHaAWU. JIEKUH CUDKUL BeK-
TOPNAPUHUHT HOPMa TalWKUA 3TYBYUCK BUP MYyXUTAAH UK-
KWHYUN MyxuTra yTraHaa ysrapmaingn {£)y,, = ¢ 2»)* AMMo (2.24)
TEHIINK 6aXapuanWmn YYyH CUMKULW BEKTOPUHUHT TaHTEeH-
LUnan TaWwKun 3TYBUUCU UKKU MYXUT yerapacupja ysrapuwiu
Kepak. VKKK MyxuT yerapacuga MafioH Ky4ynaHraHAnknapu-
HWUHT TaHTreHunan TalKna aTyBuMnapmn ysrapmac KonuwwmnHu
loKkopupaa Tabkugnarad agun. Ey = E®, TeHrnukka (2.24) TeH-
rnaMmaHu Tatbéuk saTnoG, CUMKULL BEKTOPJAPUHUHT TaHTeHL K-
an TaWKua aTyBYMNapu opacugarn 60riaHULWHU XOCUI Kununw
MYMKWH:

byHgaH Z2 =" = Dif\
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/1> £2 KaTTa 6ynraHugaH, Z2, <Z3, Kuuunk éynagu.

WyHpaidi knanb. 3neKkTp Ky4 YM3MKNapu UKKW My~ UT ye-
|.|ll;lcura yTkasunraH Hopman 6unaH 6upop 6Gypuyak Xx"ocun
(e.miiaii 6ynca, YyerapaBuin cMpTaaH yTaéTraH CU/DKML BEKTO-
N1 1) x;am, maiigoH KyunaHraHaurn E xam Mukgop sa iyHa-
UTN XuhatpaH ysrapagu. bupok, (2.24) TeHrnamara acocaH,
[ M)2KNW BEKTOPUHUHI UKKW GU3NEKTPUK Yerapacmpja OfinH-

iiiii MXTNEpUi Knumk AS 103gaH yTaéTraH OKMMM
A®, = (DAS) =D,,AS

(1)DKMW BEKTOPUHWHT HOpManra BynraH Mpoekuuacyu opka-
|l anmknaHagu. CumKULW BEKTOPUHUHT BY KMiiMaTn \ap NKKu
nn')nektpukga 6up xun (/>,,= bh,,). JeMak, CUMKMLW BEKTO-
jULIMHT HOpMan MyHanuwupa ONMHraH OKUMu 6up fuanek-
|NlkpaH MKKUHYMCUTA YyTraHfa y3rapmMac 3KaH.

3-606
QJIEKTP MAI7I,D,OH,£I,AI'I/I A"KA3SITMY AP

X0Ha xapopaTuja AN3aNeKTpuKnapgaH 31eKTp xoccanapu
(TnaH Ty6paH hapk KunyeuM yTtKasruunap typura MeHgene-
M nagpuii TU3UMKgarn X,aMma Metanjap Ba W KOPUA ep me-
TANapu Kupagu. YTKasrmy atomnapujarn BaneHT 3fnek-
|JoHnap OguanekTpuknapHukura HucbaTaH Kyuycu3 60rnaH-
wir. LUy 60onchaH BaneHT 3IeKTPOHNAP UCCUKNNK IHEPTUACH,
)ACKTP MaigoH Ba 60LWKa Tabcupnap Tygainm y3 aTomnapuHu
OCOHIMHa Tawnab 3pKWUH 3NMeKTPOHNapra ainnaHagn. 1 M~ x,ax-
mga 10 goHa aTom OynuWKHK 3bTUBOpPra oncak Ba xap 6up
mMTOMZa Kammpa 6uTTagaH BaneHT 3NEKTPOH MaBXypn fAeb
)ncobnacak yTkasrmygarn 3pKWH 3N1eKTPOHMAPHUHT 3UUNun-
m\am wy atpoaa, AbHU N ~ bynagn. MeTanaHuHr
(QyryH xaxmu 6yinnab apKuH XxapakaTt/iaHyBUM 3PKWUH 31eKT-
poHNap 3NMeKTPOH rasu fAeb Xam puTunagu. DMeKTPOH ra-
WVHVHT maH(pwnin 3apagn y3 BaneHT 3/eKTPOHIapuaaH ax-
p;niraH atomnapHuHT (ogaTtaa, ynap mycbaTt noHnap geb ata-
nagm) mycbat 3apsigura TeHr. Ogauii wapouTga xap KaHpgain
Yrkasruy anekTpoHeWTpan xonatga 6ynagn. JlekuH 5°kasruy-
nap afeKTp MalifjoHra Kuputuaca, ynapja LuaneKTpuknap-
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HUKUTa HUcbaTaH 6yTyHNa apk KWAyBYM fogucanap Kysa-
TMnagu. Ywoéy 606HHHI MasMyHUW LWy Macananapra 6arui-
NaHraH.

3.1-8. JnekTpocTaTUK UHAYKUUSA

DNeKTp MaigoH Tabcupuaa gactnab Helitpan 6ynraH Mme-
Tau1N 3NrKa3rMYHVHE yunapuia Kapama-Kapliy uwopanu 3apsaa-
NapHUHI nango 6ynuw gogucacm 3N1eKTPOCTaTUK WH-
AyKUuuna pehAnnagn. Bup Tekuc 3apsgnaHraH icCM Tekuc-
MUK atpougarn 6up >XXWHCAW 3NeKTP MalifoHra yTKasrud
kuputannuk (3.1-pacm). MTKasrnygaru 3pKUH 3/1IEKTPOHNAp
MaingoH MaH6aum TOMOH TopTUNagunap Ba “KasrMYyHUHr A
KucMuga TynnaHraH afneKTpoHnap yTKasrMyHUHr MmaHduii 3a-
pag OPTUKYANUTUHW to3ara Kentupagn. MTKasrmyHuHr 5 Kuc-
Muga aca 3MeKTPOHNAp KOHUeHTpauuscyu Kamaiinb, yTkas-
TMUYHUHT By KucMKU mycbaT 3apagnaHubd konagu. Lemak,
3NeKTp MalifjoH TabCcupupa yTkasrmy tapkmbuparn 3pKuH
3NeKTPOHNAp KaiTa TakCMMAaHagwu, YHWHT cupTnapga MaH-
thuin Ba mycbaT 3apagnap naingo 6ynagu. 5°Tkasruy numgaru
3NeKTp MaifoH Honra TeHr B6ynraHga aNeKTPOHNAPHUHI KaiTa
TakKCMMNaHULWK TyxTakam. Tabeup BocMTacmaa yTKasruy cup-
TMaa naigo 6ynraH mycbat Ba MaH(uin 3apsgnap 3pKWUH
3apapgnap feb6 atanagu. UyHKW, ynapHuM KOHTakT OpKanu
6owka yTKasrmura éku epra yTkasmw MYMKWH. Kentupun-
raH MynopgasanapfaH paBllaHKW, YTKasrMuyHu 31eKTpoCcTaTuK
WHAYKUMSA €KW KOHTAKT OpKanu 3apagnawl MyMKWH 3KaH

'YTKa3rmy 3nekTp MalijoHra Ku-
pUTUATaH4a 31eKTP Kyd YM3nKna-
Py YTKA3rMYHUHT MaH( Wi 3apsaa-
napupa Tyraé, mycbéart sapsagnap-
JaH 6ownaHagn. LWy 6oucpaH
yTKasrny atpompa 3nekTp Kyd
ynsnknapu 6up o3 geopmanmns-
naHagun Ba MalfOHWHWUHT 6up
XuHcnunurn 6ysunagn. Y TkKas-
rmygaH Y30KPOK HyKTanapga,
3N1EKTP MaifoH 6MP XUHCAUINK
3.1-pacm. XYCYCUATUHW caknangu.

48



")||an 3apagnaHraH yTkasrmy atpoduia dXonnawraH Hyk,-
MHTPAArn 3NeKTp MafoH TabCMPUHW aHWKAALL MacanacuHm
KMiiiQ yukainnmk. MycbaT 3apagnaHraH yTkasruy Gepunrad
[II'(Dmk. "YTKa3rny numparu anekTp MaingoH Honra TeHr (3.2-
[lI('m). 3apsig aca yTkasruy cuptu 6yinab Tak.CMMnaHagu.
" |[K113ruura AKnH 6ynraH UXTUEPUIA HYKTanapaaH 6upuHu ¢

nb benrmnainnuk. 3apsgnaHraH yTkasrumy cupTtugarm ds
MW'MCHTap H03aHW TaHMaliMM3 Ba acocu LWy Ko3ara TEHT, YK
(" HyKTagaH yTraH UmnuHap yrkasamus. LunnHApHUHT WK-
MMMUM acocu yTKasrmy nunga étagn. dnemeHTap ¢/5 to3agaru
[[PHGHWHT CUMPT 3MYANTM O BYNCUH. Y XO0Nga UNAnHAp 6unax
'MuyapcllaHraH cupT numgaru 3apsg MUKLopu

dgq=ads$ (3.1)

nynagu. Limnuuap acocura 5°kasuniradH Hopman n 6epk cupTt-
MH KCCMO yTaéTraH Ky4 YM3MKAAPUHUHT WyHanuMWwmnHu 6enru-
[ll1an. 3.2-pacmfpaH paBwaHKu, LUAUHADP éH CUPTUHU 3NEKTP
IVl unsnkgapn kecnb yTmangn. LiuAMHAPHMHT NacTKu acocu
ve(Tpan xaxm, AbHU B*Kasrny unumga XxonnawraH GynraHu-
imi, 6y acocfaH xam 3/1eKTp OKMMU ~n'mMaiign. [emak, axpa-
) onuMHraH UUAUHAPHUHT akaT HKOpPU acoCUHU 3NeKTp
I\ ynsmknapn Kecub yTuwn MyMKuH. JlekuH 6y acocra “Ka-
(unraH Hopman 6unaH MalgoH KyuynaHraHnmk 6up xun liyHa-
MTMra ara, AbHW ynap opacugarn 6ypyak a = O6ynagu. LLy-
WMHT YUYYyH KypunaétraH uuanHapaaH yTaéTraH 3neKTp OKMMu

d0, = EdS (3.2)

nogagaH tonunagn. aycc Te-
nl)umacm (1.30)ra 6UHOaH, 6y OKUM
UMAUHAP Wnumaarn 3apsj MUKAO-
| (3.1) ra TeHr:

EdS =-dS.
59)

ByHpaH 3apagnaHraH yTkKasruy
X1 aTpoupa étraH HykTanapgaru
MaiMOH KyunaHraHanruHy Tonamms:

== (3.3) 3.2-pacm.

| V. K-Hasapos 49



[emak, 3apsagnaHraH "kasrmu arpodugarn maingoH kyd'
NaHraHanry 3apagHUHT CUPT 3MUAUTUTA MPONOPLMOHAN 3KaH
By ngogaHn 6up 03 Ta\nun K,unannmk. bepunraH ytkasrmu-
HUHT 6UpOp k.ucmu Kabapuk, 6ynca, Wy K;ucMaarn 3apsgHuUHT
CUPT 3MYAUTU KaTTa B6ynub, yHUHT atpodugarn ManfoH Kyd-
nn 6ynagn. AKCMHYA, YTKa3TMYHUHT 60TUK; KUCMUAA 3apsaj-
HUHT CUPT 3MUAUTK KaMalinb, LWy KUCMUAArN 31eKTp MaiijoH
KyuycusnaHagu. 3apagnm >T'kasrmura xoc 6ynraH 6y xycycmartl
HU GapTapad KuauMw makcagupa 3apsag Tynnaw yyyH kynana®
HUMaguraH ~KasrmyaapHUHT CUPTY Xyda axwunnab cnnnmk-
naHagu.

Arap 3apagnM yTKasrnd gnaneKTpuk CUHITAUPYBYAH/NTN .
bynraH 6Mp XWHCAW LU3INEKTPUK 6unaH ypanraH 6ynca, YHUHT
8H aTpomparn anekTp MangoH e mapTa Ky4YCM3NaHULKN Ke-
pak:

£e (3.4)

3apsgnaHraH 5Trkasrnd skMHUra 3apsagu g 6ynraH HykTa-
BUIA 3apsf KUpUTARNWK. 3apsgnaHraH ~Kasruuy 6unaH Hyk-
TaBUiA 3apsAg y3apo 371eKTP Kyuyum BOCUTACMAa Tabcupraliagu.
3apsagnaHraH "akasruy cupTugaru 3apsagHUHT CUPT 3UYAUTH
cr Mabym 6ynca, y 6unaH HyKTaBuii 3apsj opacuparu Tab-

CUP KY4YUHU Ky|7||/|,u,arv|'-|a TONnamMmns:

E=nE= (3.5)

3.2-8. fAkKanaHraH 5°KasrMyHWHI 3/1EKTP CUTUMMU.
KoHgeHcaTopnap

3apagnaHraH yTkasruy arpouparn 31eKTp MangoHHUHT
XonaTura wy yTkasruy atpodupa 6ynraH 6owkKa HelTpan
>TrKas3rmy ékn 60w Ka UXTUEPUIA 3NEKTP 3apsf ce3unapan Tab-
CUP KUANWKN MYMKKH. Ly cababnm MmacanaHn KEHrpoK o4uLL
YUYYH facTtnab cofga xon — AKKafaHraH yTKasrmyHUHT 31eKTp
X0/laTUHU Ky3aTalnunk.

3apagnaHraH yTkasruyga 3apsg YHWHT cupTu Gyiinab Tak-
CUMNaHagn. YHuHr atpodwmga kuitmatyu (3.3) 6unaH aHukna-
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MUAWraH sNeKTp MalijoH mMaB-
nypg 6ynagn. by MaigoOHHMHT
M unsmkpapu ~Kasrny cup-
llIm Tuk W HanraHanp. S™t-
MWKy cupTura yTkasuarad
Hopman A 6mnaH MaligoH Kyu-
nunrainuru (3.3-pacm) 6up
HM liyHanuwra ara. byHpgaH
Hynoca LWYKKW, YTKa3rMYyHWHT
Ivpru noteHymanu (p 6unaH
MTKMaHaAUraH 3KBUMOTEH-
nman cuptanp. Tabuuiiku,
MKa3rMYHWUHT ¢ 3apsagm oLuca,
YHra MOC paBMLLAa YTKA3rnMy CUPTUHUHT NOTEHLMaNN fam olla-
. YTKa3rMyHWHT NOTEHLManN yHAAru 3apsg MUKLopura npo-
nopumoHan: 4~(p.by NponopuUNOHaNINKHW TEHTINKKA ainaH-
TPULW YYYH KOIPDULNEHT KAPUTAMU3;

q=Gp (3.6)

Kunpntunrad koadydmumneHT C hak,aT 6epunraH >rrkasrmuy-
WNNC ynyamura, Wwakaura Ba yHu ypab onraH MyaAuTHUHT Ta-
DnaTtura 60rnukK.. by KaTtTaiuK yTKasrMYHUHT 3TEKTP CHU -
rumu peiinnagun. KOkopupaarn ngpopagaH skkanaHraH yTtkas-
INYHUHT 3NEKTP CUTUMMU

3.3-pacm.

3.7)

Arap noteHunanHun » = +1 aeb oncak, C = ( TEHTTUKHU
\ocun knnamu3. JXeuaYi, yTKa3rMYHUHT NOTEHLManMHM bup bup-
MUKKa OLIMPULL YYYH Kepak 6ynraH 3apag Muugopu 6unaH ynua-
naguraH KaT TaaMK YTKasrMYHUHT 3NeKTP CUTMU geannagw.
'‘OnekTp CUrMM BepunraH yTKasrM4yHUHI WakKaura, yadamna-
pura 60rnuk.

Mwucon Tapukacuga paguycu R Ba 3apagu g 6ynrad ce-
PVIK YTKa3rMYHWHT 31EKTP CUTUMUHN Aucobnaiinmk (3.4-pacm).
KagnaHraH cpepuK yTKasrMUYHUHT noTeHUManm chepa map-
Kasnja XonnawraH HyKTaBuid 3apagHWHT NOTeHUManura ak-
MWBANIEHT:

T Ww.-w- <3-5)



/1

by utomaHm (3.7) ra Kyicak
CheprK YTKA3TUYHUHT 3N1EKTP CU-
rMMn

C = Ane"eK {3.9]

cthepaHuHr paguycu R ra, yHu ypa?
O/iIfaH MYXUTHWUHT AU3NEeKTPUK
CUHTAMPYBYaHAUT e ra 6ornvk
3KaHNUTUHW aHUKNaMK3.
CUTMMHUHT XanKapo Gupavk-
nap Tmumugarn 6upnurn apa’
(YHVHT Tabpumn KATO6 oxmpuia-
rv xageanga kentupunrad). ®apag (P) xyga Karta oMpank
Ba GyHV Kyimparn muconga Kypcatuw MyMKUH. Arap EpHu
chepuK yrkasruy cudatmga Kapacak (3.9) TeHrnamagaH yHuHr!
cUrnmu

C = 4n- 8,85 ml0-" 6,37 ml0' = 71 WQ"D

HU TalKWA Kunagu, xonoc. LLYHWHT yuyH pagnoTexHMKaaa,
3NEeKTPOTEXHMKAAA CUTUMHUHT KUYpakTUpUraH KatTaviK-
napu uwnaTunagu:

IMK® (Mukpodapas) = 10N &,
1n® (nukotapas) = 10" @.

Cvpum TyluyHYacura Taalyknm siHa 6up HapcaHu acna-
M6 yTalnnK. VIKKN YTKa3rMYHUHI CUpUMAapU Xap Xun, maca-
naH, C*< Cj 6yNCUH. YNapHUHT NOTeHUManapm 6mp xun
= () pevnuk. byHpaa, (3.7) Kypa, GUpUHUKM yTKasrnygarn o
3apsd, VKKMHYM 5T-Kasrmygary  3apsigfaH Kuamk @ < Y
oynagn. AMMO 6y YTKasrmuiapHu cMm 6unaH ynacak, MKKUH-
yn 5"KasrnugaH oupuHuMcKra 3apsg yTManam. YyHku, ynap-
HWHI noTeHumannapyu 6up xun kuinmartura ara. VIKku 3apag-
NnaHraH “akasru4 opacuga noteHumannap gapku (~,-"2)

Xya 6ynraHga, 6up yTKasrmygaH WUKKUHYMCUra 3apsig OKuo
yTagu. Y NapHUHT NOTeHUMann TeHrnawraHia aca 3apsgHuHr
OKULLIN TyXTanam.

AKKanaHraH 3apagnm yTKasrMyHWHT SIKMHWUra 6olika
yTKasrmy Kentupunran 6ynca, y sapsgnaHrad yTKasruyHUHT
Tabcupuga sapagnaHagu, OUpMHUM YTKa3rMYHUHT 3apsgn aca
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S pamwga kamasgu. Maigod no-  + (M ~("
M ULMaIn aBBaifN XONATUHWU ONNLLN
Ml 61prHUM yTKa3rMyHM factnab-
1 moTcHUpanrava 3apsgnatl 1o3vmM.
6vp nnacTUHKara napannien
I MMO MKKWMHYM NNacTUHKaHW ypHa-
iiilliHK (3.5-pacm). ¥YnapHu 6up-6u-
iuii a >xypa SKIH kentnpun6, ynap opa-
.Ta QU3NEKTPUK CUHTLMPYBYaHaru
() kauta 6ynraH AV3NEKTPUK KUpK-
[[[(zMMK. Y TKa3rmunapHuHr 6yHgan
MUUNMK sccu KOHAEeHcaTop feiunna-
Il >y Kypunmara noTeHumannap
|Mminacn Kyinnunca, yHUHT Koniama- 3.5-pacm.
TPY MUKZOP XXUXATAaH TeHT, NIEKUH VLLIopanapy K.apava-K.ap-
1NN ndpsgnap 6unaH 3apsgnaHagu. K,onnamiap opacugarm no-
irMupannap anmpmacuHm @ — = \J, ynapgaru 3apsagHuHT

iiiii'gjiioT MuKOOpWHN  [e6 onanuk. Y xonga KoHAeHcaTop-
HUHT 3nekTp O/PVIVA

c/

c = yﬂ_’;z = (3.10)
lOLa éppamuaa Tonunagm. Accn KOHLEHCATOPHUHT MOTEH-
nvasnap aninpmacu OYNMLLINHN Ba 3apALHUHT CUPT
WyamMrn aca = 4r 6mnad xucobnaHuwmnHm 1.7-8 aa KypraH
wmK. Bynapra acocaH, iCCU KOHAEHCATOPHUHT 3M1eKTp Cu-
v

M_ feoe N3

- T (3.11)

[eMaK, YHUHT cupuwmw K,OMNaManap ro3acura Typpu, K,or-
Yamanap opacuparn macoga d ra Teckapu nponopuuoHan
1KaH.

YTKa3rnuiapHUH Waknm cgepuk bynca, Chepuk KOHAEH-
nrrop, UANUHAPUK 6ynca, LWIMHAPUK KOHAEHCATop XOCWU
Hyfaa. By KOHEHCATOPNAPHMHT CUPUMUN XaM YNapHWUHT reo-
MLWPUK KaTTanvknapura 6ornuk. 3.6-pacMpa cepuk KOH-
[ICHCATOPHWHT Tapxu (cxemacu) KentupwunaraH. Metann crep-
/KCcHra ypHaTunraH LuapcuMoH yTKasruy épfamuga R pagu-
YCON MUKW CHEPUK YTKasrmy sapagnaHradga, paguycu
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oynraH T3LLKW cthepmk 3T-Ka3rny
3NeKTPOCTaTUK WHAYKUMS Ty*
thaiinn 3apagnaHnb K;onaaw.
Ynap opacugarvu noteHuuannal)
annpMacuHUHT

1
dgfoe p, A

npogacmum (3.10) ra Kyiicak,
chepukK KOUAEHCATOPHUHT
3NEKTP CUTMMU Y4YyH Kylimpar!
(hopMynaHn Xocun K,unamus:

c =l (312)

SHAN LMNNHAPUK KOULEHCATOPHUHT CUTUMUHW aHUKaw
(hopMynacuHu Kypainnuk. Pagnycnapy R* < LIAPTHU KaHO-
aTNaHTUPYBUN UM Byl MKKW LMAMHAPWK 5TKasrny, 3.7-pac-
Ma KypcaTunraHaek 6upn MKKUHYMCUHUHT nunra KUpUTu,

ca, UMIMHAPUK KOHAeHcaTop Xocwu|)
6ynagn. LUWNNHAPYK YTKa3rTMYHWUHT
noTeHymannap anvpmacu (1.46) 6unam
aHuknaHagn. A banaHjNukka ara
OynraH UANVHAPUK YTKA3MMYHWHT 3a:
PAAN 4 =TK U(oLa OpKain aHMKNaHa-
an, 6yHaa T — 3apAAHUHT YM3UKAM
3nunurn. buHobapwuH, (1.46) sa (3.10)
napra Kypa LMInHAPUK KOHAeHcaTop-
HWHT 3/1EKTP CUTUMUN YUyH

(3.13)

(hopMy/ilaHN XOCWU/T KUIaMu3.
KentupunraH udopanapiaH pas-
WaHKW, Xamma Xoffiapfa XaM KOH-
[LeHCATOPHUHI 3/1IeKTP CUTUMMU AMN3-
NIEKTPUK CUHTAMPYBYAH/INK € ra npo-
nopuuoHan. Konnamanap opacura
LAN3NEKTPUK CUHTAMPYBYAHINTA XXy

54



~ = const

3.8-pacm.

11l m 6ynraH 6apuii TUTAHUT, CETHET Ty3W KUPUTULL OpKau
mll nvm XXyaa kaTTa 6ynraH KOHAeHcaTopnap sicanaau.

KoHgeHcaTopnap TyniaMuWHW KeTMa-KeT EéKu napasnen
MIlII 6unaH 3aHXUPHUHT 3N1EKTP CUTMMUHM OLLUPULL EKK
| MMaiTVpULW MyMKWUH. MacanaH, curumnapu xap xun oynraH
/) ra KoHfeHcaTop 3.8-pacmpa KypcaTuiraHuiek KeTMma-Ket
yiiaiiraH geinvk. bolnaHrny Ba oxmpri KonnamanapgaH Tatu-
[\M)W opanukgarn gamma K.onnaManap Tabemp opkaauv 3apsj-
mmagn. Ynap 6mp xvn Mukgopgarun g 3apsgnapra ara. Mae-
1 Ky4laHuLWM ©n 3ca KOHAeHcaTopnapha YNapHWHr cupuM-
[lwwura moc paBuwga TakcumnaHagn. JIeKUH 3aHxupgaru
KyYnaHuwnap TYLWMWIWHUHE anrebpamk WArMHAMCK MaH6a
KYUYNaHULLNTA TEeHr;

[/ =[/+U2+u+..+(, =

=i[/,.
&

Eku (3.10) TeHrnamara acocaH, toKopugarn ndogaHu aHa
Kyingarmya ysraptmpamms:

c N=Q

ByHOaH KeTMa-KeT ynaHraH KOHAeHcaTopnap Tynjamu-
lIVH™ HaTwXaBuii cpumm
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(L=COnst

C 51
+-

(3.14)

oynagn. LLyHpalh kunmb, n Ta KOHAeHcaTop

A KeTMa-KeT ynaHraHfa, HaTuKaBuii CuUrum-

f- HWHT TecKapu KuimMaTh ynaHraH KOHAEH-
catop/ap cupumiapy Teckapy Kuiimatnapu-

C, HUHT AMPUHAMCUATA TEHT 3KaH. YnaHraH
KOHLEHCATOPNAPHUHT cupumu OUP XWN

9, | Oynca, HaTUXaBWUM cupum C OUTTA KOHAEH-
L Hdr CATOPHUHT cupumu C, AAH N MapTa KNUMK

~ 9/ oynagu, sbHM C =~ .
' KoHfieHcaTopaap napannen ynaHradga

(3.9-pacm) xamma KoHfeHcaTopnap 6utTta

Ky4ynaHuw maHb6aura ynaHmo, y3 cupumna-

pura moc bynraH 3apsgfiapHu kabyn kuna-

aunap. 3apsgHUHT caknaHuWw KOHyHUra

6vHoaH, MaHbGaga xocun bynraH q 3apag

KOHAeHcaTopfapAaru 3apsaiapHuHr anre6-
3.9-pacM. panK MUTMHAUCUTA TEHT;

4= 4i+42+Qi+---4n = A i
=

By udopgara (3.10) hopmynaHm TaTbUK 3TMO, YHU Kyilu-
farvya ysrapTupamus;

cu =uf,Cj, 6byHgaH C = "C,..
A =
(3.15)
[emak, KoHAeHcaTopnap napaiien ynaHraHza, Hatuxa-
BUI cupum C ynaHraH KOHAeHcaTopsiap CUrMMAapUHUHT a-
rebpamk nnpuHaucy 6unaH aHMknaHagn. Mabogo 3aHxupra
OMp XWN CUpPUMIN KOHZeHCcaTopnap ynaHraH Oynca, HaTuxa-
B cupum C BUTTA KOHAeHcaTop cupummn C, ra HucbaTaH n
mapTa Kartanawaaun: C=nC,.
KoHgeHcaTopnap pagnMoTexHuKa Ba 3M1eKTPOTEXHUKAHWHT
acocuii anemeHTnapuaaH ovpuanp. KoHgeHcatopnap MHTer-
pan Ba guddepeHumnan afekTp cxemanapga KeHr uwiatunia-
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1. LLIyHUHrgeK, KOHAeHcaTopnap y3rapyByYaH TOKHU y3rap-
MINC FOKKa ainnaHTUpWLLAA, TeGPaHNLL KOHTYpRapunaa, 3apsaain
(VppanapHUHr flapakaT TPaeKTOPUSICUHM Yy3rapTupuwa Ba
IMI1IKA MaK,Cagnapfa KeHr KynnaHunagm.

3.3-8. OneKTp MangoH aHeprusicn

Mab/lyMKW, HEATPa YTKa3rny ey KavoH y3-"\'3uaaH 3apag-
UT M6 K,onMaingn. IXTWEpuWin Lwakngarn yTkasrmy ¢ak,at Tall-
KN KYYHUHT GaxxapraH MW 3Basvra 3apsg/iaHuiim MyMKUH.
Y1, 6y 6axkapuiraH uw Kaicy Typaarv SHeprusiHUHL ysra-
PTUWHW t03ara KenTupaau, feraH tabumin cason Tyrunagu. by
[1IBonra >kaBo6 TOMMLLra Japakar uunaiimk. “NTkasrmy 6upop
ycyn bunaH + MuKgopraya 3apsignaHraHd oyncuH”™ 3apsj yrkas-
1 cnpTn Gyinab TakcumnaHagm (3.10-pacm). YTKasrudy cup-
m noTeHUnanm < bynraH saKemMnoTeHunan cuptamp. MoTeHym-
W1 3Ca 3NEKTP MalZOHHVHT 3HEPreTMK XapaKTepucTUKacu 3u.
Onay Talikn Kyd éppammaa Mycbat 3apsif +clg HM ~Kasruura
LUXVH/ALLTAPWOG, YHUHT 3apsavHn @ MUKZOpra oLumpaiiiuk.
bpagnaHraH yTkasrny 6unad g 3apag opacuga KynoH Kyuu
MaBXyf. By Tabcup y3 TabuaTy ugatnaaH MapKasuia Kyd 6ynme,
KomcepBaTuB Ky4nap rypyaura kupagu. [emak, Tawku Kyd
KYIOH Kyunra KapLum ¢4 = ~ oh  6unaH aHuKaHaguraH UwHn
WMKapWLLE N03UM. TallKN KyYHUHT By GakapraH Myc6aT milu
MpSLNAHTaH yTKasruny-
HUWHI noTeHUMan 3Hep-
InacuHu owmpuilra capg
(>Yram. UyHku, 3apsana-
llnw HaTwkacuaa 3apaa-
JM TU3UMHUHT NOTEHLN-
Lu 9+ W(p kagap owa-
V. ByHAaH YTKasrmyHu
[;1ppsagfawpa Tawkn Kyy-
HUHI GaxkapraH Myc6at
yum (C1A>0) 3apagm Tu-
VLLIHWHT NOTEHLMa aHep-
TMACMHW [OCW KUNLL
yuyH capdgy 6ynaam geraH
Xyriocara Kenamus, fibHU 3.10-pacwm.
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{¢A = 3HAM YOy 3Heprus K MiMatuHU >1cobnad W
Kainuk. 3.10-pacmaa noTeHUmanu (p 6ynraH Myc6at 3apsanm
yTKasruura noteHunanm  — GynraH Hy”rafaH (1a3apsg ken
TMPUAMOKAA. By 3apsiiHn KenTmpuwiga Tallkod KyYHUHT Ga
KapraH aneMeHTap MWK ndgogacu

(1A= {(p- = opclg = ~(1a

KypuHuwiga 6ynagn. byHAa 3apsgiv yTKasrMUYHWHE MOTeH
uvanm (p =~ opmyna opKann YTKa3srMYHWHT 3apaav 4 Ba
curummn C b6unaH 6ornaHraH. tOkopugaru nopaHu MHTer
pannaw épgammia

”c (3.16)
yTKasrmyHy OfaH 4 rava 3apsgialija TawKu KyYHUHT 6a-
XapraH TyNUK WWKHK Tomamu3. By wvw, y3 HaBb6atuga, 3a-
PAAAN TUSUMHUHT NOTEHLMAN 3HEPTUACHUTa TEHT, SIbHU

X, (3.17)

=1~

2C
FOkopupga kentupunraH (3.7)

+9 -$ dopmynara 6uHoaH By 3Heprus sHa
Kyingarn KypvHuwnapga eésvnagn

— N
B=con QR

e (3.18)

3apagnu yTkasruy y3 atpogmga
3NEKTP MaingoH XOCWN Kunagn. SnekTp
MaiiIoH 3ca noTeHUWan MaigoH. Ode-
mak, (3.18) 6unaH aHUKZaHraH 3Hep-
rMa Hahakat 3apafm YTKa3rMYHWHT,
6anKun y yiroTraH anekTp MaiaoHHUHT
Xam aHepruscugmp. by macanaHu sHa-
fa onhgmHnawTmpannuk. OnuHraH
YTKa3rMyHW 3apsgnm SicCu KOHAeHca-
Top 6unaH anmawTupamuns (3.11-
pacMm). By KOWAEHCATOPHWUHI MOTEH-
Lumannap awunpmacu M
3.11-pacm. 6yncvH. Y xonga (3.18) TeHrnamaga-
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lll noTcMumanHyu NoTeHuMannap akmpmacu 6unaH anmatlTm-
[[IIll, Accn KOHAEHCATOPHUHT 3NEKTP MalifoH NOTEHUMan aHep-
W'Y YYyH Kyimngarn nogaHn Xocun Knnamus:

v, =¥ (3.19)

FAccy KOHAEHCATOPHUHT 3/1eKTp curumu (3.11) ndoga 6m-

Ml Mia KypUHALLAA YTKA3annmK,;

eaeSU
IV. = g (3.20)

(liV ndhogaHn KenTMpMG6 YmKapuliga ypragarn KAAMaTHUHT
Ivpar Ba MaxpaxvHu d ra KynantTupamk xamga E = -j op-

Mynaum 3bTMbopra onguMk. V=S-d aca fAccM KOHAeHcaTop
|,njnamanapn 6unaH yerapanaHraH (PasoOHUHT XaXMW).
W)|<,opupary KaTTanmkHU V ra 6yncak, anekTp MaigoH aHep-
LUHCUMUHE 314U

(3.21)

| Ypyumwiga 6ynagn. by mndopaga maingoH maH6an 6GynraH
|.|pAg MWITUPOK aTMARAN. YHUHT YPHUAA 3apsaj, BYXKYAra Kes-
TPUAraH 9N1eKTp MalfoH KaTTa/IMIMHU aHUKYXOBUM 3/1EKTP
Ky4naHraHaurn MwTnpok aTmokga. (3.21) ndopa 6mp XuUHC-
wi Oy/IMaraH MangoHnap yyyH xam ypuHau. bup cy3 6unaH
||uTraHga, aneKkTp MalgoH Tabcupu MaeXkyp OGynraH (hasoja
wynmrn (3.21) 6unaH aHMKAQHagWraH 3eKTP SHEPruscu
\(cun 6ynagw.

Bakyymza »oinnawiraH apKuH 3apsg XoCWUn KUraH anekTp
MW'|IOH KyYnaHraHnMruHm — ae6 Genrunaiivk. bywnvk, yuyH
/1Y xonga, BaKyymfa >XonnawraH apkuH 3apag Xocus Kun-
Il 3neKTp ManLoH 3HEPTUACUHUHT X&KMUA 3UYINTK

12 (3.22)

)Ynagn. By MaifoHra AU3ANEKTPUK CUHTAUPYBYAHAUTU e
iiyjHaH 6up >XuHcAn mopaa KMpWUTCaK, HaTwKaBuii MalifjoH

KyuYnaHraHnMru —e mapta Kamasgn "~ — ir
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DPKWH 3apsg XoCuN KUAraH Ba MaifioH KyynaHraHnmru E,
OynraH aneKTp MaikgoHra 4MaNeKTPUK Xonnawtnpunca, Mai(
JOHHVHT 6MP KMEM 3Hepruscy AMaNeKTpuK Monekynanapu'
HU gecopmaumanalira éxyn anekTp AUMNONAapuHM Maiigo!
MyHanuwn 6yiinab xolnawTupuiigarn uwra capd 6ynaam
By v aca Kyt6naHraH AnaneKTPUKHUHE NOTEHLMaN 3Hepru-
scura annaHagn. KytbnaHraH AU3NeKTPUKHUHT BUPINK Xax
MuAa TynnaHraH SHEPrusiHN aHUKNannuk. JuanekTpuk cuH
rAMPYBYaHNK e KyT6MaHWLW fapaXacu x 6unaH Kyiugarnya
6ornaHraH: £= 1+ by ndogaHm (3.21)ra Kyiicak, y MKK1ra
akpanagu:

W = (3.23

By epgarn -5"— ugoga MaingoH KyunaHraHnuru g oynraH
BaKyyMmzary 371eKTp MalJOHHWHI 3Heprus 3uunurn. Tabu-
ninkn, E < Eg, n

VKKUHUN Xag — - 3Ca AV3ANEKTPUKHUHT 61p GUpInkK
XaKMmnaa TyniaHraH anekTp MaifgoH aHepPrnsacuHN nopanangu.

3.4-8. Y30KgaH Ba AKMHaH TabCUp KWIMLL Ha3apusinapH

Mapkasuii Kyunap TypKyMuUra KupraH 31eKTp Kyd Ba y
6unaH 60rNMK 3NEHKTPOCTATUK MalifiloH XOCCanapuHN ypra-
HULW Huxoscmaa, ByTyH onam TopTuwmiw Ba KynoH KOHYH-
napy ouunraHgaH KemuH ro3ara KenraH anpum Hasapusnap-
HUHT MOXMATU GMNaH KUcKava TaHULWNG YMKaAInK.

BUP XXMCMHUHT MKKVMHYM XXCM CUpTUra TermacgaH, Typuo,
Mab/lyMm Macodaga y3po TabCUpAaLLMLLNHA M30XN0BYN TOsA
Y30KAaH TabCUp KUAULW Ha3zapuscu peinnagun.by
Hasapusi 6yTyH OnaM TOPTULUML KOHYHW Kawd aTuAraHgaH
KelinH to3ara kenraH. XYT! Ba XIX acpnapaa swab yTraH
KYNUUIvK (OM3NK 0NIMMIap KOMHOTAArM 06 bEKTIAPHUHT Y3apo
TabCUPU KOWHOTHM Ba OYTYH MopgfdanapHu Kampab onrad
KaHfangup “acup” ge6 atanraH mMogfa opkanu ysatuiagu
[eb nsoxnawra ypuHuwrad sgn. KynoH ea 6yTyH onam Top-
TULLIWLL KOHYHNAPUHUHT yXLawnurungad, 6y Hasapusa Tapad-
fopnapy Mogganap Tapkmbuga HaakaT BasHCK3 “acup”, 6as-

60



Ill oKyBYaH 3/1EKTP Ba MarHUT MOAZanap Xam Oynuwn Kepak
||/l Mcocuaa anekTp Ba MarHUT XoAncanapHu acocnallra ypuH-
‘llavip. MacanaH, y3 masmyHura Tyrpn KefmaraH “sfiekTp cu-
IuM" TepMUHK Xam “OKyBYaH 3/M1eKTP” TyLLyHYacK 6unaH 6or-
Ve paBULLZA to3ara KenraH afun. Y30KaaH TabCup Hasapuscu
'Nvpmm XX aCpHUHT ypTanapuraya y3 XyKMUHU yTKasnb Ken-
Il TleknH pusnkagarn AHrM-aHrM KawgruéTtnap y3oKaaH Tab-
'Mp nasapuacy acoccu3 3KaHIUIMHU CeKMH-acTa Kypcatmo
|H p;| 6owwnagun. XycycaH, 6ytoK MHIIn3 uranrn Papageit Kawdg
Il M1 3NeKTPOMArHUT UHAYKLUNA XOAMCAcK 31EeKTP Ba MarHuT
ML"|aoHNMap opacua Yykyp 6ornaHuw 60p aKaHIMrngaH fa-
lluar 6epagn. By xogmcaHn y30K4aH Tabcup 3TULL Hasapus-
In acocnpa msoxnal MyMKuH smac. LLly myHocabaT 6unaH
"IMp;LLelt AK.MHAAH TabCUp I3TUW Hasapuacura
iii'oc conan. dapafeii aneKTp 3apsANapHUHT Ba MarHeTUK-
LUPUWHT TabCUpW YEKNW Te3NNK BunaH TapK,anyBunm Moaauii
My,\UT — 371eKTp Ba MarHWT MalijoHnap OpKaau y3aTuiaaum
M'ian Tyrpn ¢mkpHu nnrapu cypan. dapafein saK,MHAaH Tab-
1P 3TV Ha3apuACMHM fHafa PUBOXIAHTUPUG, MaiigoHNap
M TabCUPUHM Ky4 YM3MKLAPW OpKaiu y3atagn geb Kyd uu-
|ll<.iapra Tabpud Gepan Ba GUpuHYM Bynunb, by TyLlyHYanap-
Il pusmka aHmra KMpUTAN.

1865 iimnga MakcBenn sneKTpoMarHUT MalifioH Hasapus-
I|HM apatam. By Hasapus acocnaHraHfaH CyHr 3/71eKTp Ba
MANMMT MailgoHnap Tabvatha maeXxypd OynraH anekTpomar-
HUT MalAOHHUHI XYCYCUIA XONnapu 3KaHAUIN aHWUKLAHAW,
LW HMCOMiA Ky3ronMac caHOK TU3MMu (crcTemacu)ia ONnH-
LIl 3apsgHUHT 31eKTp MaifoHW xap KaHfai KysranyByaH
ciilioK TMsMmmnga aneKTpomarHuT MaingoH cudatnga HamoeH
W\nagn. [leMak, aneKTpoMarHuT MaliloH Kaicu caHOK TU3u-
MHra HucbartaH Kysatuivwura kKapab, y 31ekTp Ba MarHut
MUIALOHMap cudaTnaa HamoEH OYNULWIN MYMKWMH.

MaKCBeNIIHUHI 3/1eKTPOMarHMT MaifoH Hasapuscu Ba
KIAMHYanuK QWHLWITEAH TOMOHWUAAH spaTuaraH rpaBuTaum-
011 MaifoOH Ha3apuscu Y30KAaH TabCUp KUAULW Tab/MMOTU
WyryHnaid acoccu3 aKaHAUrMHM mcbotnab Gepan. KelimHua-
IHK AKnHgaH TabCup KWAULI Ha3apuscu acocuga MainfoH-
iiiip Ha3apuAcK to3ara Kengu.
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Il kuem. SJIEKTP TOK

4-606
Y3rAPMAC TOK K;OHYH/TAPUA

Mab/yMKy, 3MeKTp 3apsj y3 atpodupa 31ekTp MaingoH
XOCUN Kunagn. By MagoHHWMHT MXTUEPUIA HYKTacmra CUHOB
3apsAn KUPUTUACA, Y MaJOHHWUHT GMP HYKTacuaaH MKKWH-
UM HyKTacura Ky4yagu. InekTp MaiifoH 3apsiAgHM Ks‘mMpuL
Kobunuatura asra. Tabuatga, rOKopuaa 3cnatué ~nrraHuMK3
[eK, Tapkmbuaa 3pKMH XapakaTiaHyBuM 3apsgnn 3appaiapu
OynraH mopfanap Maexyd. MeTannap, aneKTpoONUTIAp LUy-
nap Typura Kvpagu. MacanaH, yTKa3rMuHu 31eKTp MaiifoH-
ra KMpUTCaK YHUHI Kapama-Kapliy cuptuga Mycbat Ba MaH-
(it 3apagnap xocun GYNUWINHK HOKOpuaa KypavK. Xyul. 6y
TynnaHraH sappanapHu énuk 3aHxup 6yinab KaHgan xapa-
KaTra KeNTupuw MyMKWH, AeraH Tabuunii caBon Tyrunagu. by
60OHUHI Ma3MyHU 3apsaanapHUHE TapTMOIM XapakaTu GunaH
60rnvK 6ynraH XoAncanapHu ypraHuiira 6apuviuiaHraH.

4.1-8. OneKTp TOK Ba YHUHI acocuii KaTTanMKnapu

3apspnv 3appanapHUHT xap KaHgain TapTubam xapakartu
3M1EKTP TOK Aennagmn. TOK XOCUN ByNNLLIN YUYH 3N1EeKTP Mali-
[OH MaBXy/ 6ynraH Myxutaa 3apsg Tallysyy 3appanap 6ynu-
LN LWapT. DNeKTp 3apsaj TalwyByy 3appanap posiMHU MeTas-
nappa 3nekTpoHNap, 3aneKTponutnapga mycbatr Ba MaH(puiA
NOHMap, rasnapia 3MeKTpoHaap 6unaH mycbar moHnap 6a-
Xapagu.

LIMNMHAPVK YTKA3TUYHUHT UKKKW yunaa NnoTeHUn-
annap ampmacuHu Xocuni Kunainnuk. MeTann xaxmuga no-;
TeHUMann Katta OynraH Yy), TOMOHZaH, MOTeHUMann Kuumk
O6ynraH TOMOHTIa MyHanraH 3MeKTP MaioH BYy)XXyara Kena-
an. MaligoH Tabeupuaa 3apsj TallyBYM 3appanap TapTvénm
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B _ N1/
Y, % > % %

4.1-paem.

\vpakatra kenu6, Tok Yoo K'wiag (4.1-pacm). SNeKTpoH-
UMPUMHT MaiifioHra Teckapy MyHanuuwgarn x"apakatu mycoar
YapsAnapHUHT MaiifioH 6yiinab x"apakatura aKBMBaseHT. TOK-
NI dyHanuwm KW mycbaT 3appanapHUHT “Mapakar iiyHa-
VHHLL K,abyN LASIMHIaH.

3apagnaHraH yTKasrMyHu Eku AN3NEKTPUKHU Mab/iyM
NYvammwpa cnmkmTnnca 3apsagnapHuUHr nyHanuwmn )"apaka-
Il to3ara KenuwM MyMKWH. by TOK YTKa3yBYaH/NK TOKUAaH
(MpKaM paBuLLa KO HBEKL WU OH TOK [feb atanaan. KoH-
HEKLUMOH TOKHWHT KUAMAaTU Xyfa KWYWUK Ba YHUHT ama/nii
|MTOUK, U TAYK;.

Tok >Tu >apaéHupa 4.1-pacMfa KentupuaraH yTtkas-
IMMUMHT KyHA@naHT KecuMn 5 fjaH Bak.T opanmruga ig 3apss
MUKIOPW OKWIO 5MCUH. YTKa3rMUYHUHT KyHAaNaHr KecumugaH
WnST 6upnurn opanupua oumb yTraH 3apaj muugopu 6unad
\">yaHaguraH KaTTalnK TOK Ky4n €KW oganinrmHa TOK fAeilun-
Kiu. Tabpudra 6UHOaH yHUHT K™iAMaTu

(4.1)

nhoga bunaH aHMKNaHaaW. Bak,T faBoMuga MUKLOPK Ba iyHa-
HWUMLL y3rapMaiigurad Toknap ysrapmac TOK fJeraH HOM-
1 onraH. By TOKHWHI rpagurn 4.2-pacMmia Kentupuarau
HMMG, TOK Ky4yu Bak,T yK.Ara napannen 6ynraH Tyrpu 4msmk,
|[||lnaH ndopanaHaam. Tok Ba Bak,T kecmanapu GunaH yera-
punaHraH TypTOYpYaKHUHI 1033 YTKasrnygaH yTraH 3apsg
Mueaopura TeHr; a4 = b. ByHAaH ysrapmac TOK KyYMHWUHT
|l vatn

(4.2)
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TOK Kyun ckansp kal]
TIMK. TOKHUHT YTKasru
Kecum to3n Oyinab TaK,
CUMTAHULLMHKL  6enrunaLy
Mak,cagnaa TOK 314iuru |
JleraH KaTTaiuk Kuputun|-
raH. Y BeKTOp KaTTajiuK,
TOK 3VYAUTUHUHT AyHaNn-
UM TOK YTaéTraH yTkasrmuy
KyHOanaHr Kecumura TuK
6ynnb, YHUHI MUKAOPU By KECUMHUHT 6up BUpnnK ro3ugan
yTraH TOK O6unaH ynyaHagu:

=% 4.3)

1.11-pacmfa KenTupuaraH Kyd umsvByrapura TUK ypHam*
TUAraH t03a 6unaH Oy uM3nK xapra HucbaTaH a Oypuyak
XA kunraH 03a opacuaa KyWuaaruda 60rnaHuLL

¢34 = c13+C08a (4.4)

6op akaHmmru (1.22) opkann Kypcatunrad agu. (4.4) vgoga-
HM (4.3) ra Kyiicak, y xonga ToK 3uuauru opmynacu

- EL
J cosa S

Oynagn. ®opmynagarny cosa HAy6unaH aimalLTpammns, SbH
7cosa = /,. by epija — yTKa3rMy KyHaasiaHr KeCUMKU (s ra
yTKa3unraH S HopMan MyHamwwmMaary ToK 3uLIMrn. y aca Hop-
Man 6unaH UXTUEpUIA a Bypyak Xocun ~NraH TOK 34NN,
(4.3-pacm). Oemak, UXTUEPUIA KecuMAaH yTaéTraH TOK Ky4u-
HUHT 3U47I1rN
di
Jn= ds

Oynné, YHAAH ONUHraH MHTerpan

[ =1 j,dSj (JdS) 4.5)

TYNVK TOKHW Gepaaun, 6yHaa dS = dSn .

Kecumu y3rapyByaH OynraH “akasruyfgaH yarapmac TOK
YTCUH. Y xonga 4.4-pacmpa KypcatuiraH uxtuépuin - Ba é°
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%
4.4-pacM.

I (Y'.mmwriapaaH OK™G yTraH 3apsg MUKLopapy Y3apo TeHT, SbHU
\d. 3apsg mukaopnapuHy ((4.2)ra acocaH) TOK Kyun 6m-
'liiii anvawTpamMmns. ByHAa TOK yTWLIM Bak, TV Xap UKKN Ke-

1M yuyH 6up xun éynradungaH /, =/ 6ynagun. Y3rapmac TOK-
imm' 3nunurn / ="3KaHAUTU 10K,0puia aHUK aHraH agu.

llly 6omcaaH 4.4-pacmaa KeNTupuaraH Kecumnaap yuyH Kymm-
M1 N TEHTNK YPUHAUANP:

(4.6)

byHzaH Xynoca LYK/, YTKa3rMYHWUHT KeCcUMU KaTTa by/raH
b,[ICMUAA TOK 3MUANTY KaMasgn. AKCUHYA KECUMU KNYMKaLl-
I kncmnapyaa TOK 3MUAUr opTaan. by xycycustu 6unaH
LLICKTP TOK CYHOKAMK 0™ MMmura yxwawamp. byHu acocaH (4.6)
nuMnaMaHn ysrapmac TOKHUHT Y3/YyKCU3UK K,OHYHU Cuda-
maa Kapaw MYMKUH. Y3YKCU3NNK KOHyHWUra Kypa, s'kas-
TUYfaH 3MeKTP TOK ~raHfa, YHUHI 6Upop KucMmuga 3apsis
rynnaHmé Konmaimgu. bupop yTkasrnd onvHUG, YHUHT yyna-
puga noTeHumannap awvpmacyu XOCUA KWAUHTaH GYNCKH.
YTKa3rMYHUHT UXTUEPUIA KeCUMUAA ONIMHIaH HYKTalapHUHT
Ho'reHUpannapn oup xun. LUy 6oucpaH 4.4-pacMaa Kentu-
puiraH S Ba  KeCMalapHWHI Xap 6vpy moc pasuumLia rno-
nupann @ Ba g 6ynraH aKBMNOTeHUMan cuptnapgmp. 3a-
PAL OKULLIW YUYH YTKA3rMYHUHT MOTEHLMAIN YHUHT Y3YHIUIU
1)yinab y3rapnb 6opuin Kepak. Arap dly3yHAMKaa NOTEHLYyK-
wn ysrapuwn df 6ynca, E 6unaH noteHuman ysrapuiy opacu-
parv (1.38) 6ornaHuwra Kypa Edl = —d(p TEHIIMKHU XOCWN
Knnamms. Y3rapmac TOK y4yH E =const GynraHugaH, HoKopw-
Jarv nofaHn MHTerpaniacak, KyynaHuw 6unaH KydnaHraH-
NMK opacugary 6opnaHuLL Kyimaarnya aHuKnaHagu:
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4.7)

[Jlemak, yTKasrnura KyiunraH KyunaHuw u Ba YTKasruy-
HUHT Y3YHAUIU 1 MabiyM 6ynca, YTKas3ruy numparsn maiioH
KyunaHraHIMKHU TOMULW MYMKMWH 3KaH.

4.2-8. Y3rapmac TOK KOHywnapu

4.1-pacMpa KenTupuaraH >"KasrmygaH y3nyKcms TOK >Tu-
WM YYYH YHUHT WKKW yudugary noTeHumannap anvpmacu
n = (py-(p2 HW HONZaH Papkanm KMMG Typuw f103um. Arap
Oy yunapgarv Ky4ysaHuw u oLlica, yHra MoC paBuLlfa TOK
Kyun | >av owagn. TOK Kyuu 3aHXWPHUHT 6up K™wcmura
KyivnraH KyynaHuwira nponopumoHan: / ~u . by unMsmkau
6opnaHnLWHN TEHTIMKKa ainaHTUpUL Mak;caguga Koadgu-
LUMEHT KUPUTANNNK:

/= oun, (4.8)

OyHaa O — YTKa3rMyHWHI Tabuatura 6ornvk, 6ynraH KaTTa-
UK, Y YTKA3rTMUYHUHT 31eKTP YTKas3yBYaHNUT U [elin-

nagyn. dnekTp YTKasyBYaHIMKHUHT TeCKapu K uiiMatn B = »
YTKA3TMYHUHT K,apWwunuru paeinnagu. by TyliyH-
yara acocnaHun6 (4.8) TeHrnamaHn Kyimaaru KypuHuLra Ken-
TMpaMu3:

(4.9)

By ntoaa 3aH>XXUPHUHT 6Up LLemMU ydyH OM LOHYHU Jein-
nagn. Bup XMHCAM )TrKasrnd opuanv yTaéTraH ToK Kyun 6y
5TKa3rMunuHr yunapura KyiairaH KydnaHura Tyrpyu HpoHop-
LMoHan.

YTKa3rMYHUHT K,apLUUIATU YHUHT Tabuatra Ba reoMeTpuK
ynyamnapura 60rvK, ynraH Kattaimk. XycycaH, 6up XUHC-
N UWANVHAPUK YTKA3TMYHUHT K,apLUUIMTA YTKA3TMYHWUHT Y3YH-
NNTW 1Ba TYTPW, YHUHT KyHJA/IaHT KeCUMU t03acu 5 ra Tecka-
pv NpPOMopLMOHa:

K=p~ (4.10)
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Y1Ka3rMYHUHT MaTepuanura 6oruk, 6ynraH KaTTanmkp —
INANWTMPMA Kapwunuk feb atanagn. YHUHrTecka-

lll |<wivatn ¥ - ~ conuwTupma yTKasyBYaHNNK-

I Gepagy. (4.10) ndogaHy 3aHXUPHUHT BUP KUCMK YUYH
11M K,OHYH/ undogacura Kuputcak, 6y K,0HyHHU sHa 6yHpaii

r nC
p;

liy ndogaga ~ =J TOK 3uunmru, j = E MalngoH Kyu-
'WAraHIMrn 3KaHIUTUHU 3bTUbOpra onannuk. Y xonga
tokopugarn ugoga J = yE waknHu onagn. Jemak, TOKHUHI
TUUIN 3NEKTP MaifoH KyudnaHraHamrura nporopLmvoHan.
S'miiir AyHanMWn Ky4ynaHraHink nyHanuwmy éunaH aHuk a-
VHOM:

J=YyE. (4.11)

Opatga, 6y noaa 3aHXUPHUHT GUP XUHCAN KUCMU YUYH
)M K,OHYHWUHUHT auddepeHumnan noogacu geb oputunagu.
YTKa3rMUHUHT K,apwnnry Temnepatypara 60rvK,:

(4.12)

nyHaa R,—yTKasrmyHuHdr 0° C garu K,apwmniru; R, —Tem-
reparypara Moc 6ynraH K,apLUManK; a— K,apnInKHUHE Tep-
MUK KO3MLMEHTN.

YTKa3rny Tapkmouaa 1aptmocms xapakar KMIaéTraH a/eKT-
pounap y3-y3uaaH TapTubn xapakatra Kenmainan. Y napHu tap-
I M XapakaTra KenTUpuLLAa 3NeKTP MakgoH A = gt — (p=

(jUbnnaH aHMKNaHaguraH UWHY 6axkapuwin Kepak. 3apss
MWedopn g HK, g = It ndoda bunaH anmalLTUpannnK. Y xonia
LLICKTP MaioH 6axkapraH Wi

A =1Ut

uKKMHA onagn. by 6akapunraH Wil yTKasrmy CMpTUAaH uc-
1I</MK cugpatnga axpanmb uik.agn. Arap U = 1R aKaH/IMIru-
W1 3bTMbopra onaamMraH Oyncak, toK,opuaary mdofda yTkas-
IMYMUHT CMPTUAAH t BaK,T MuMaa akpaand YvKK.aH UCCUK; MK
MUKOOPUHM uchoganangn, SbHU
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a = puw. @11),

YKoynb-JleHy, KOHYHM [e6 HOM o/raH Maskyp udgoga Ky-
Anparn masMmyHra ara: )TrkasrmygaH axxpaimné umBgaH MCCULL-
JMK MVBAOPU TOK KYUMHWHI KBagpatura, “KasrmyHUHI K™
LUMMrra Ba ToK yTu Bar™ura npornopumoHan. (4.13) udo*
JaHN 6Up XUHCAKM OynmMaraH 3aHXWPHUHT KUCMU Y4yl
yMyMalTUpainvk. by TeHrnamagarn ToK KyyduHu (4.9) 6u
naH, ytkasrud kapwunaurn K Hu (4.10) 6unaH anmawitmpa-
MW3. Y?lia roKopugaru TeHrniama

<« = pl
KYPUHULWIHW onagn. ByHaa V — y3yHAurn |, KyHZanaHr Kc-
cumm 6" 6ynraH ~KasruuyHWUHI xaxmu. by ndogaHn K-/ ra
Oyncak, YTKa3rMyHUHT 6Up BUPAMK XaKugaH BakT Gupauru
opanurnga axpaimdé YMKKaH 3HEPrusiHU aHUKNanMm3:

C-yen (4.14)

Jemak, YTKasrmyHUHr 61p GUPAMK XaxkKMUaaH BaKT ompnn-
r opaiMrnga axpamné YKKaH sHeprus MMBAOPY MangoH Ky4-
NaHraHMIMHWHE KBagpaTtura nporopuyoHan akaH. KOkopuaa-
T TEHrama 3aH>XUPHUHT 6UP XXMHCIN KUCMU Y4uyH KOy ib-
JleHU, KOHYHUHUHT anddepeHumnan ndogacump.

3aHXUPHUHT 6UP KUCMULAH aXpasvb YMKKaH MCCUKIVK
MUKLOPY aHWUK By/ica, 3aHXXUPHWHE WY KUCMU YYyH KyBBa-
TUHW aHWUKALW MYMKWH:

(4.15)

4.3-8. OM KOHYHVHWHI yMyMaLurad ndogacu.
ONEeKTP HOPUTYBUN KyY

Kapama-kapLun KyTonum 3apsignap unaH sapsianaHrad KKK
MeTa/IN Wapya cuM OunaH ynaHraHga yHAaaH Kucka Myagatnm
TOK YyTUWM KyNUYUANKKa MabiyMm. YOy XOAMCAHWHT N30XK
Kyinparmya: MmaHuii 3apsgfiaHraH wapyagarv opTMkya afek-
TPOHMap Myc6aT 3apsfnaHraH Liapya TOMOH XapakaT/iaHuo,
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M BUH Myc6aT 3apALHN HenT-

1 6ownaingn. bup 03 myga- ©—>

A1 blu KelMnH gap MKKK Lwap-

MNMAT NOTEHUMaNNapu TeHr-

1M, ToK yTnwm T>b(Taitom. T
|| *MK, yTKasrnuygaH y3nykcus

||']JJA]JJJ,qa TOK yTWWMW YUYH

Milnrunran 3apagnapHUHT Hoanek.
W'uunu Tynanpunbé Typuw no- Kky</.
mu! ].)OLLIK.aHa K,mnné altrat-

I, WNXWpHUHT wuxTtunépni 4.5-pacm.

[ nyk™Tacuga noTeHumannap aimpmacu GynuLn Kepak.

I OKyTuw xapaéHuga nyk,0TunraH 3apagiapHUHT YpHUHN
| 11;T|)Mw Mak“cagupa GepunraH yTkasruyga Myk,0TunaraH 3a-
|Anapwy aHa factnabkm “Huga Tynaupué Typyeum mocna-
;| ynaHagu (4.5-pacm). YTKa3rMUHUHT UKKW yumaa noTeH-
yn,|nnap aimpmMacuHmn TabMmnHNab 6epysun 6y mocnama, ofat-
11, KXX MaHOaun 1eb atanagn. TOK MaHGan KUPUTUATaH 3aHXnp
na 6epk 6ynagn. Tok MaH6Gamga GMpop Kyd EKU 3HEprus-
' 6akapraH UK 3Basura yHaa MKKW KyTtonu sapagnap-
mmt axpanuiim coamp 6ynaan, MacanaH, TOL, Ba TP3C
lINZa EK MNPUHUHT EHMWINAAH JoCcwn ByNraH UCCUKIUK SHEp-
WHIA ASC napfa A4ponapHUHE napyanaHuwmngaH [ocun
nynraH agposuii aHeprus, MIC napha cyB CaTAWHUHI KyTa-
|4l[mwwngan gocun 6ynraH MeXaHWK 3HEeprus, akKymynsrop
NMb6aTapesnapia XMMUABUIA aHeprus, HOTO3NEKTPUK MaHb6a-
(IM)za épyrnvik aHepruacu vwnatunagn. Kenaxakga Tepmo-
VMPOBUI peakums 3Hepruscu, CyHMaraH BY/K,0HMap Ba 60-
lk.a Typgarv aHeprusnapHu gam anekTp aHepruscura annaH-
TpULW Macananapu Te3Kopauk 6unaH fan aTunmMokaa. Tok
MMMGaM Myc6aT Ba MaH(uUiA 3apsaanapHu oup-bupuaaH axpa-
M HAKyy TabuaTtu XupaTuaaH 31eKTpocTaTuK KyyaaH (apk;
|,nnagn, YyHKM 3aneKTpoCcTaTuK Kyd TabCupuaa fap Xun KyTo6-
w 3apagnap 6up-bupura Toptunagn. LLYHUHT yuyH TOK MaH-
(TMga maBxyq 6yniraH KyUYHV HO3/IEKTPUK EKW TallK,1 Kyd 1e6
,naw ogar 6ynraH. TalK,M Kyd Aam 3apsafHu fapakatra Ken-
WpULLIAA Y3 XUCCACMHWN Kylaaun. TalK,y KyUYHWUHT MaliZioH
Ky4n1iaHraH Ui

(4.16)
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[e6 Genrvnaiinmk. Mabnymkn, MaifloH KyynaHraHanmk Myc(
OVpANK 3apsara Tabeup 3TaéTraH KyyHu udoganangun. Sy
MychaT GMPMINK 3apag HOMEKTPUK Kyd MaBxyf OynraH 3amk!
Oyiinab /1 macothara Ky4mpunica, X,ap KKK 31eKTp Ba Hoasc|!
PUK Ky4napHUHT Gupranvkga 6akapraH afiemeHTap uLn

clA= {EcM) + {E~1)

6ynagn. by nopaHn énuk, KOHTyp 6yiinab mHTterpannac;i|
MycbaT 6MpnK 3apsaaHK 6epk 3aHXup 6yinnab Kyumpuiigail
TY/WK, UWHW XOCWUA K,WNamm3:

A = ({Ecll) + B{E,cll). @1

ANeKTp MagoH Ky4naHraHIUTVHWUHT ENUK, KOHTYp Oyiin
umpkynauuacu  ¢{Ecrf) = 0 6ynap 3gn. AMMO TalKM Ky.
MaifoH Ky4ynaHTraHIUMMHUHE ENUK, KOHTYp 6yiinad uupky
NAUMACK HOMra TeHr aMac. TallK,\ Kyd Ly XyCycusaTn 6un;na
ANeKTP KyunaaH (apk, Kunaau. Talk,1u Kyd MaifoH Kydnam-
FaHANTMHWUHT €MUK, KOHTYP Oyiinad LUMPKYNSALUACU HOSNEKT
PUK KYYHWUHT 3HEPrusBuiA XapakTepucTukacu 6yinab xui'
MaT Kunaay Ba y ogaTha anekTp toputyBun Kyd (SHOK) ge-
ivnagn. by msoxra 6uMHOaH, tokopugarn ngoaaHmn

(4.18)

KypuHuLwra kentupamus. by ngopara kypa SKOK Kyiimgaru-
ya TabpuraHagn: mycéaT 6UPVK 3apsaHN Gepk 3aH>Knp Byiinab
KyumpuLlga TaLll, Ky4HUHr 6axkapraH vm 6unaH ynyaHaguram
KaTTaMK3NeKTp lopuTyBun kyu (3HOK) gelivnagn.
Bepk 3aHXMPHUHT Tapknbuga K,apumnuknap 6ynca, oy K.ap-
WNAMKNapaa KyynaHuw nacammwm cogup bynagn. Kyu-
naHu KOK Kabu 3aHXUPHUHT 3HEPTrUsIBUIA XapaKTepUcTu-
Kacu. BHOGAPWH, 3aHXMPHYHT N Ta K,MCMWAA KyUIaHWULL N a -
cCalmmnium Kys3aTunica, SHePrusHUHI CaK,NaHWLL K,0HyHuMra acocal”
Oy 3aHXUp Y4YyH Kyimgarn matemaTvk udoga ypuHanaup:

(4.19)
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1 WpHAraH 6y ngoaa 6epk 3aH- £

»L Viyii OM KOHYHWHWHT

N.MMMUHaH ndogacu 6ynne, y

, MM ma3myHra sra. 3aHxump-
4 HO1) 6ynraH Ky4ynaHvwiap
Ml IAMWINHMHT anrebpank
[AH 04U MaH6aHKHT SHOK ra
Jull  Xycycuin xonga 4.6 -pacmpga
B HHpUAraH 6epK 3aHXup YUyH
[ lvpnparn ndogaHn Kynngarn-
Im. wmms:

&= 1+ 1V, (4.20)

" IHVIR —TaLLKOI K.apLUMAnK; V— MaHOaHWHT UYKK K apLun-
sun  [ALKY Kapwnavk R = O6ysca, 3aHXupgarm ToK Mak-
uMi) KMIMaTra apuLLagmn Ba 3aHXMPAa KMCK,a TyTalllyB XO4u-
v cognp 6ynaan. TawK,W K,apLUWIMKHU YEKCU3ra TeHr

IM  00)aeb oncak, 3aHXMP 04K, Xonatga 6ynagn. Tabuniikm,
| thopmynara Kypa, 3aHxupgaH T(3K yTmaign. Ouuk,
lupknp yayH OM KOHYHMHM Kyiinaarnya y3raptmpmno ésamms:

6 = IR+ 9 ~ q0

oK Kyuun/= o0 6ynraHugaH, maHbaHuHr SHOK A
|¥'nga ¢ — (™ — maHb6a KyTbnapu opacuiarv noteHumanap
m [k Jemak, oumK, 3aHXUp MaH6a KyTbnapu opacujarm
UT'cHUMannap aiimpmacn IKOKra TeHr 6ynap 3kaH.

4.4-8. Kupxrog kouganapu

»UAN OM KOHYHWHWHT ymymnawraH (4.19) ndogacuHu
M|MKkab 3aHXupnapra TaTouk KAAULW Macanacu 6unaH Ta-
HUTNO YMKaNMK. Xap KaHdalk Mypakkab 3aHxupga bup He-
mlll yTkasruunap TyTawraH Hyktanap 6ynagu. by HykTanap
IyryH feraH HOM ONraH. 3neKTpP 3aH>KMPHWHT y4Ta Ba YHAAH
ApNnLLy TKasrmunap TyTaluraH HykTacu TYryH geivnagn. Ma-
1iyi;in, 4.7-pacMa KentupuaraH 7 1a “Kasrmy ydpawirad A
lyryiiHH KYpUb uymkainmk: 1,, 1~ Ba  TOKfap TyryHpaaH
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uskagn. Xap 6up TOK TyryH
MabayM MWUKAopga 3apag of
Kenmwn ékn 3apag onmb ketu!
MYMKWH. 3apagnapHuHr cak’y
HULW KOHYHUra OMHOaH Tyrym.
KenaétraH 3apaanapHUHT MK
py TYTyH[aH KeTaéTraH 3apsanap
mukgopura TeHr oynuwm wal|(\
ABbHU

4.7-pacwm. + <12+ 9,+ A6= H <r

Xap 6vp 3apsgHu, o = B hopmynara Kypa, y3 TOKura
OynraH KuiimaT GunaH anMawTtupamm3. byHpa ToknapHullf
TYryHAaH yTULW BaK,TW y3apo TeHr. ONMHraH TeHrnvkaa / Ha
K1CKapTnpmo

N+ b + b 7
TEeHrnamMaHu 0CUN Kunamus. BUHOGapWH, TyryHra Kenaétniu
TOKNAPHUHT anrebpank MNrMHANCY TYryHaH KeTaéTraH Tok-
NapHUHT anrebpank WUrMHAMCKTa TEHT 3KaH. kOK"opm,qanb
TEHrnamaHn siHa 6yHAain KypuHuWaa &3ainuk:

™+l + ]+, = Oékn 2/, =0. (4231

a

Jemak, TyryHaa yypalwaéTraH TOKNapHWHT anrebpavk i
puHaMcK Honra TeHr. by xynoca KUpXroHWHI 6upuL-
un Koupgacwu geimnagn. KupxXroHUHT GMPUHYN K,0Mgaii
cura moc bynraH (4.23) TeHrnamaHu Ty3uwiga TyryHra kenas
éTraH Toknap myc6ar wwopa 6wnaH, TyryHiaH KetaérraH
TOKNap MaHgpuin nwopa 6unaH OANHULIN NO3UM.

Mypakkab 3aHXVPHUHT TapMOKAapyAaH OK;aéTraH TOK/iapy
HY Aucobsialuia TapMOKAaHTaH 3aHXMpP 6epK KOHTYp/iapra axri
patunagn. Xap 6up KOHTYyp Tapkmbupa Oup Heytaraya TOK
mMaH6anapy 6ynuwy MyMKUH. ByHAal KOHTypnap yuyyH OM]
KOHYHVWHVHT YMyM/iaLlrad ndgogacu

(4.24)

waknga émnagun. by ngoga KNpXroGHMHI MKKUHUYM

Konpgacu pgeinnagn. Y kyhiungarn Tabpudra ara. TapMOK,-

NaHraH 31eKTp 3aHXupparn MXTMépuii 6epk KOHTypaa coaup)
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v ‘Ml KyunaHuLLiap na-
* «MULLMHVHI anrebpank I,
MHrHNAUCK, Wy KOHTYp-
Hu Capya SHOK nap-
HAVr MN'"cOpaviK ANrMHau- 0 M P
ML TEHr. r
KnpxrogHuHr | Ba 11 A _ B
InyumnapmMHn Tapmok,- -1
MLan 3aHxwupgaru
Il d, KoHTypnapra Tart- K O A
WK, KW ycnyom 6m-
1/ TaHnwannuk. 4.8- K
p.A'Mga TapMo”iaHraH H
s. TXUpnapgaH 6upwu
M'nuMpunaraH. AsBaso
e.UbKMpAarn TyryHnap 4.8-pacwm.
>Hp()rep 6unaH Genrvna-
||l:lun. B3 kenTupraH 3aHXxupga oyHaan TyryHnap ukkmta: A
IlU K TyryHnapra macnab TapMOKaHraH 3aH>XUPHUHT efika-
LLPMUN aHWKNAMK3. 3aHXUPHUHT 3/1eKTP ac6061apy KeTMa-
K'T'ynaHraH KucMme nka paeinnaan. EnkagaH gakar omp xun
IMHmargary Tok 3tragn. 4.8-pacMparv 3aHxupga 3 1a, SbHU
Ba enkanap Maexyg. [lemMak, TapMmoK,-
T aH 3aHxupgaH ak;at yd xun 1.,  Ba | TOKnap yTtuu
MYMKVH. By TOKNapHUHT AyHanUwy UXTUEPUIA paBULLAA TaH-
|[1) onuHraH. KOkopupa KentupuaraH Laptnapra 6uHoaH
| MpxrotHuUHT | Kougacura mocnab TeHrnamanap Tysunaau.
|lynpa TyryHnap conun n Ta 6ynca Ty3unaraH TeHrnamanap CoHu
\'||paH 6uTTa Kam, AbHM n- 1 Ta 6ynagn. 4.8-pacMpa 2 Ta
[\VlyH 60p. NKkn TyryHgaH 6uttacura, macanaH, A TyryHra
KUPXTOHUHT | KOMAacuHM TaToMK. aTCaK eTapamamp: |
| A KelinHrn 60cknya TapMo”™iaHraH 3aHXUpHU 6epK KOH-
|ypnapra axkpatamu3. 4.8-pacmparu 3aHxupja Ba
KOHTYpnapra aparuiil MyMKUH. KoHTypnapHuHr
VI|/|J'IaHVILU yHannwn aca XTUEpuiA pasmnwga TaHnab onnHa-
/. Brs TaHnab onraH WyHanuwnap 4.8-pacmaarn 3aHxupaa
J|(LnaHva cTpenka 6unaH KypcatuiraH. KoHTypaarn TOKHUHT
YHILLMLLM KOHTYPHUWHT aiinaHuw yHanuwy 6unaH Moc Kenca
|OK Kyun myc6aT, akcMH4Ya Teckapu 6ynca, TOK Kyuyn MaH(uii
Lunopa 6unaH onuHagn. TeHrnamaga uUILITUPOK aTraH JHOK-
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HWHT MLLIOpacy XaM KOHTYPHUHT aiinaHuw nyHanuwmra om
HOaH onMHaan. KOHTYPHUHT alinaHuw MyHanuwm (CTpenkacu
SHOKHMHT Kalicy KyTbuaaH umk™ca, Ly KyTOMHI umLiopac
SKOKHUMHI uwopacu 6ynagn. by Taxnunra kypa

KOHTYP yuyH KupxroHuHr Il komgacu Kynmagarmda ésmm

an;
+f?* + /22 ~ -
KOHTYp Y4yH 3ca
+/377] - = 63- 663

KypuvHUwgary TeHrnamara ara 6ynamus. LUyHpal K;unve
KupxrodgHuHr | Ba Il k,omganapuHm T1atouk; atné Ty3unral
TeHrnamasnap COHW efikanap, AbHY HOMab/lyM TOK/1ap COHWITI
TEHT By/IMLLIN Kepak.

KupxroHuHr | Ba Il konganapvHn KeTMa-KeT Ba Mapasi
Nen ynaHraH Kaplvnanknap Tynnamura Tatouk, aTaniuk.

Kapwunmknap KeTma-KeT ynaHraH oynca (4.9-pacm)
ynap 6uUTTa efikaHy TalKua aTagun Ba 6y enkagaH 6up Xun Tok
5Maan. Arap QKOKHUHT nukun Kapwummmrudm (= 0) geb on

cak, Oy 3aHXup ydyH KnpXroHUHT NKKMHYN K.omgacy (4.24)
- KypuHuiwga éunagn. by ndopaHn 6epk 3aHxun
ydyH OM KOHYHUM & = [7? 6unaH conmwitTmupmo,
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R—Ilﬁ’\ (4.25)

itVimiiiHHH Tonamus. lemak, keT-
4ii KeT ynaHraH KapLUVANKIapHUHT
Iwri/i/i uapmnurv R ynaHraH Kap-
Lid Tknap AnpuHaucnura TeHr.
K,apwmnvknapHn napannen
\'||1wmk. ByHAa MaHbBaHWUHT ymy-
mwH | Tokn 4.10-pacmgarn n Ta
|jMoK K.a axxpanagn. BUHo6apuH,
| 1) XrotHuHr GpnHYM Kpupacu
yHuparmnda é3nnagn: Vv

4.10-pacm.

(4.26)

TOK KyunapuHu 3aHXUPHUHT GUP KUCMK ydyH OM K,OHY-
m ndogacm 1 =7 6unaH anMallTMpaMn3. ByHaa Kapluu-

'WKnapfaH KyvnaHuwnap {JJ = const) ysrapmac K,ONULLWHK
H.TM6opra onamms. by mynopgasara acocaH (4.26) TeHrnava

w = @l Wwaknga ytagn. byHgaH

XXaHMMTMHM aHVWKNaMu3. [emak, Kaplminknap napaisen
ynanranga 3aHXUPHUHT YMYMUIA KapLuWAMrim R HUHE TecKapu
uMiAMaT ynaHraH Kaplwimkiap TecKapy K;uAMaTIapyHUHT
AMrHaMenra TeHr Bynap skaH. Xycycuid 1onaa napannen ynaH-
laii Kapwmauknap ysapo TeHr 6ynca, YMyMuiA KapLUWUInMK
WA'TTa KapLUWMKHUHT KuiiMaTura HucbataH n mapTta KM4uK,

HAM 77 = B Oynaaw.
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5-6006

METANNAPOAT N YTKAIYBYHAHNNKHWHT
S/TIEKTPOH HASAPUACHK

OnanHri 6064a KeNTUPUATaH y3rapMac TOK K;OHyH/Iapy Tax-
pnbagaH ONIMHIaH HaTukanapra acocnaHraH. buHobapuH, ynap
3NEKTP XOAMCANAPHUHT (DU3MK MOX;VSITUHW OUMLLITa 0XXN3aup,
Japxak,vK,aT, HUMa yUyH YTKasrny K,apLninkka ara éKu Huma
YUYH YTKa3rnygaH TOK yTraHfa yHaaH YXKoynb-J1eHu, nccmkam-
M axpanagn feraH macananap s*raH 606ga eynnmai Kooy
LLly 6unaH 6up KaTopaa TOK KYYUHWHT 3U4AUTW, CONMMLLTMPMA
KapLUMAVK Kaby KaTraimknap MOAAIAPHMHT 31eKTP Xoccana-
PUHUHT MaKpOCKOMWK napameTpiapuamp. byHaa yTkasruynap-
HWHT 3M1EKTP XYCYCUATapy KaH4ai KaTrannknap 6unaH aHuk-
NaHafu feraH CaBOHW Xa 3TULL XaM KaTTa Ha3apuil axaMmnsT-
ra ara. Ywoy 606HMHI MasMyHMW LY CaBO/TAPHUHT ednmunral
GapuwnaHraH. JIEKWH ynapHu xan aTuaaH onguH meTannap-
Jlarv TOK TalllyBY/ 3appanap KaHjai TabmaTra ara geraH maca-
NaHN Y3UN-KeCUN Xan KNUInb onannuk.

5.1-8. MeTannapgarv 3KasyBYaH/IMKHUHI 3/1EKTPOH
TabmaTnHM TacOuK;/1I0BUM Xogamcanap

IPKUH 3apag XOCWUN KUAraH 3MeKTp MaijoHra yTkasruny
KMPUTUNTaHAa YHUHT Kapama-KapLum TOMOH1apuaa xocun byna-
auraH MycbaT Ba MaH(Min 3apsaanapHN (akaT MeTann TapKu-
6vaa Maexyr OynraH 3pKWUH 3M1EKTPOHAP OpKasu mn3oxnai
MYMKVHAUTMHM 3.1-§ fa KypraH 3avk. Hadakar wy, 6anku
6oLKa KynrHa Taxpubanap MeTanngarn afekTp yTkasyByaH-
NK 3NEeKTPOHMAPHUHT Xapakatu Tygainm cogup 6ynmmHmu
ncbotnangn. MabyMKK, Xap KaHAain YeKcu3 Knunk 3apsg dq
3NIEKTPOH 3apA4Mra Kappain 3KaH/IMI aHUKIaHraH:

cla = e(1H. (5.1)
By uogara 6uHOaH yTrKasrmygaH okaétraH TOK Ky4YuHW
Kylingarnya aHMKnamnmms:

/ = (5.2)
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0
E O-*" 0 -> 0-*- | A :
-*- ©-> 0 -»- 107
o ~No Mo N vy
B
Y. Y,
5.1-pacm.

nynga iiM — YTKa3rMYHUHE KyHAanaHr kecuMn 5 fiaH dt Bak,T
vpuipuga ok,Mbé yTraH 3appanap CoHu. by Bak.T opanurupa
Tppanap UAIMHAPUK YyTKasrnyga ai macogaHn 6osevé ytagu
lcinmk. Y xonga kecumn 8, y3yHaurn 1 6ynraH UWAANHLPUK
YTKa3rMYHUHI XaXXMUAary xamma TOK TallyBuu 3appansiap
no'reHUmann™p 6ynraH KecumpaH ytmb noteHumnann” GynraH
Kceumra eTn6 kenagm (5.1-pacm). By 3appanap COHWHU KyW-
nparnya aHMKnaiMmus:

Wbl~n-ny = ns-inl. (5.3)

Maskyp TeHrnamanu (5.2) ugogara Kyamus sa. *=< un >
WK TallyBuM 3appanapHUHT TapTMOaM XapakaT Te3UruHW
Ypraua KUAMaTu IKaHNUTUHW IbTU60pra 0nmneé, TOK Kyum yuyH

Il =en<wun >8 (5-4)
n(DoAaHn XoCuN Kunamus. ByHaH TOKHUHT 3M4aUru
1=en<u>- (5-5)

[Jemak, MakpoCKOMNUK napameTp 6ynraH TOKHUHT 314nu-
I TOK TalyBYM 3appanapHUHT 3apsaamn /, Xaxm éupaurungarun
1appaniap COHW N Ba TOK TallyBuM 3appanap TapTnbnun xapa-
KaT Te3/IMTMHUHT ypTaya KWiMaT <u > OpKaiu aHuKnaHap
KaH.

MeTanngarv anekTp s*KasyByaH/IMK Xamma MeTanniap yuyH
YMYMWiA ByNiraH 31eKTPOHIap OKUMUAAH 3Mac, MOHNap OKUMU-
JaH néopart aeb tapas Kunannvk. byHaa KeTMa-KeT ynaHraH
Typv MeTaInapAaH, MacanaH, oONTUH Ba KyMyLUAaH TOK yTraH-
[a ONTUH aToM/iapy KyMyLLIra, KymyLl aToMiapy ONTUHIa yTu-
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U nosmum agn. Ly MAR
cagua KUAUHIaH KynruHn
TaXkpubanap Kentupuiram
(hapa3 acoccus aKaHAUru'
HW Tynuk, mucboTtnagu
Tunra ofiMHraH Taxpuba
nap metaingaru TOK Ta
LYBYM 3appanap 3/1eKT-
POHNApP 3KaHMrura Ly6\a
Kongupmacaga, 1916 nnm
Y. Crioapt Ba T. TOonMeH-
nap maxcyc Taxpuba yTKa-
316, 6y MKPHU MUKAO-
PUIA XungathaH wmcboTnab
Gepuwgn. by Taxpuba-
HUHT MoZenn 5.2-pacmfia Kentupuarad. Cum ypanraH rantak
00' YKaTtpodmaa yaa kaTTa Oypyak Te3nuK GunaH Tekuc
ailinaHMa fjapakaT KWCcuH. ByHpa 3aHXupra ynaHraH cesrup
rafbBaHOMeTp cTpesikacu HonHu Kypcatagu (5.2, a-pacwm).
PanTak TycatAaH TOpMO3/iaHca, raslbBaHOMETP CTpesikacu ornoé
3aHXupga TokK gocun GynraHnurugad gapak 6epradH (5.2, 6-
pacm). YyHK®, pasTak TOpMO3NiaHraHa yTKasrny Tapkmona-
M 3PKWUH 3apsagnap nuHepumacy Tydainnm y3 gapakatmHu ga-
BOM 3TTUpKOG, 3aHxupga Tok \ocun kumagu. T. TonmeH Ba
Y. CTioapT ranbBaHOMETP épaaMmaa 3aHXnpaa Kucka Myaoatim
TOKHUHI aocun 6ynuwiunra cababum 6ynraH 3apsj MUKAOPW L
HM ynuyawraH Ba TOK TallyBYM 3appaslapHUHT conmwiTapMa

3apaguMHM A N TeHrnama opKanu Amcob6naliraH; 6y TeHr-

namaga VvV — ranTakHUHT YM3NKW Te3nnru, / —ypanraH cum-
HUHT Y3yHAMIN, K — YHWUHT Kapwuaurn. PanTakka ypanraH
YTKa3rMyHN afiMalliTMpuLl opkKanu tokopuga tagemnotu be-
punraH Taxpuba fap Xun MetannapgaH TaképnaHraH cumnap

YUyH TakpopnaHraH. TaxpubagaH ONnHraH ConnLITUpMa 3a-
pag —= 1,7589 ml0* — pamma MeTansap ydyH ysrapmac Kos-
raH. YHWHT KUiAMaTtu bolika ycynniap unaH aHUKAaHraH anek-
TPOHHUHI conuwiTupma 3apagn —= 1,7588 « 10" — rageap-
NN TEHT 3KaHNUI1 ncbotnaHaw. LLlyHaali kunmnb, MeTannapaa ToK
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LUTYHYW 3appasiap BasngacHM 3PKUH 3MeKTPOHNap BaxkapuLum
Ml (kn'naHan.

5.2-§. MeTanngarv yTKasyBUYaHIMKHUHI 3/1EKTPOH
Hasapusacu

MeTtanngarn 3neKTp YTKasyBYaH/MK 3NEeKTPOHNAPHUHT
MpTU6AM ?(,apakat Tyainin to3ara Kenuwmra Lak-wy6x;a
HK, LyHaain skaH. Om Ba XKoynb-Jl1eHl, K;0HYHNapuHu Oy
LUppaNiapHUHI NapaMeTpiapy OpKanu acocnannuk.

Mabnymku, MeTann Tapkubuaa y3 atomnapu 6unaH 6or-
VHAULUMHN AYKOTUG KyMraH 3pKWH 3NeKTPOHMap MaBXys.
)ICKTpOCTaTNKa KUCMUHMHT 31-8 pa acnatmb yTraHumms-
MCK, 3/IEKTPOH FasHUHT 3ndnurn ~10"\W“ arpogmpagmp” Kyn
vippam By TU3UMHUHT Tabuatn Kyn XuxathaH wx'ean ras-
nmkura Sb(wai. XycycaH, MeTann \aXXmu 6mnaH yerapanaH-
mm pa3ofa IPKUH 3NEKTPOHMAPHUHT ?(,apakaTHM TapTuo-
cv3 feb Kypuw MyMKUH. ByHAaH Xynoca LWyKWU, 3pKUH 31eK-
| POHMap 6UnaH KpucTana naHXxapa TyryHnapuaa Xomnaturan
MOHMap opacujaryv TabCup Kyyu [espnv Hoara TeHr. Arap
)IEKTPOHHUHI Maccacu Mo/ieKynia maccacmgaH 6up Heva
MUHI MapTa KMYMK 3KaHIUTMHW 3bTU6opra oncak, uaean ras
KOHYH/MIapU 3M1EKTPOH rasn yuyyH }Yav ypuHau 6ynuwim pas-
LaHnawaan. 1900—1904 innnnap gasomuaa M. Apyae sa X. Jlo-
pCUTL, naean ras3 KOHYH/IapuUHU 3N1eKTPOH rasra TaTouk, aTuo
MeTanfary 3NeKTp YTKasyBUYaHAMKHUHT 3M1EKTPOH Hazapus-
CVHW apaTaunap.

a3 MoneKynanapuHUHE Te3nnK Oyinda TaKCUMAaHULLIN-
ra oug Makcsenin TaK,CUMOT KOHYHWra GMHOaH, 3M1eKTPOH
ra3 Tapknbugarn 3neKTPoOHNapHUHE ypTada apugMeTuK Tes-
mru

%KT

< V >

npogagaH aHMKAAHMLWIN MYMKUH; ByHaa K —bBonbumaH fo-
UMUIACK 6YyNnG, YHUHT Kniimatn k =138« /K , anekKT-
POHHWHI Maccacu =911 ml0"N/cr, T — KenbBUH WKana-
CUAA ONIMHTAaH X,apopPaTHUHT KniimMatn. KOKopuaa Kentupun-
raH ugopaga T = 273 K geb oncak, 3NeKTPOHHUHT ypTaya
apUOMETHK TE3NUTN TaXMUHAH <y>=\~"~m/c 3KaHIUTKU-
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HW aHuaiMmn3. Xyuw, WyHAal KatTa Te3nuk 6unaH Tap-
TMBCK3 XapakaTnaHyBYM 3/MIEKTPOH/IAP HUMa YUYH MeTan Ta-
LUKapucura Ynknb Ketmainam, geraH Tabunii caBon Tyruna-
av. Macana WwyHAaku, MaH@uid 3apsafiaHraH 3feKTpoH Me-
TaiN CMPTUAAH Y30K;nallraHaa Metani cuptuga mycoar 3apag
OpTUKYa 6yNn6 Konaawn Ba y30KnawaéTraH 3/1eKTPOHHU y3u-
ra Topragu.

LLyHuen axabnaHapnvku, (5.5) TeHrnamagaH aHUK™aH-
raH 3M1eKTPOHNAPHUHT TapTUG/IN \apakaT Te3IMIMHUHT ypTada
Kniimatin TapTnbCm3 xapakar Te3/IMIMHUHT ypTadya KuiiMatu-
ra HucbartaH Xyga xam Knuukgaup. MacanaH, 3neKTpoHnap-
HUHT KOHUeHTpauuacu n = 8,5 « 10™ M™ BynraH Muc yTkas-
rmygaH sununurn Y = 10" A/IM” 6ynraH TOK yTraHia, 3/1eKT-
POHMAPHUHT TapTMO/IM XapakaT Te3/IMTMHUHT ypTaya KUimaTm
<V>=8-\0r"'m/ ¢  TalKun aTagu, Xonoc. Y xonga wa-
Xap anekTp Tapmorn maHb6ara ynaHraHga McTebmonuuiapaa-
MM 3NeKTP UYMPOKNAPUHUHI 6Up BakTa EHWULIWHW KaHAaw
M30X/1aLl MyMKUH? 3aHXup MaHb6ara ynaHraHgac =3¢  / C
Te3NMK GunaH TapkanaguraH 3nekTp Mal[oH Xamma HyKTa-
nappa [eapnuk 6up BakTAa xapakartra Kenagy Ba yTKasruu-
farn 3neKTpoHNapHN GapaBapura TapTMbnM xapakarra Ken-
TMpagu.

TapTnbnn xapakar Te3Mru 3NeKTPoHap TapTnocus xapa-
KaTu Tyalinm KpucTana naHXxapanapgaru noHnap 6unaH Tes-
Te3 TYKHaLWmG6 TypuLImn HaTuxacua Kndvk oynagn. VIKKu ket-
Ma-KeT TyKHallyB opacufa 31eKTPOH KaHAaiamp macodaHu
3PKWH torypub ytaau. Monekynap usmka dynmmuga Kypuo
YTraHUMU3JEK, Kyn 3appaiv TU3UMAA 3PKUH orypul inynm
Y3YH/IMTUHWHT (hakaT yprada Kuimatu <s> tyrpucuga hukp
IOPUTULL MYMKWH. By mMacotaHu yTul yyyH KeTraH BakT-
HUHT ypTaya Kuiimatu

<r>="" (5.6)
<r?>
nfoaa opkanm aHuKnaHagu; byHga <u> —s3appanap TapTmé-
CW3 Xapakat Te3/IMIMHUHT ypTaya Kuiimaru.

Arap 5.1-pacMga KenTupunraH yTKasrmuyHUHT UKKU yuynia
noTeHUMannap avpmacy MaBxyq 6ynca, anekTpoH (5.6) 6u-
NaH aHUK/aHraH BaKT Opanry anekTp Kyd P —eE Tabeupuia
TeKWC Te3naHyBYaH XapakaTt Kuna 6owunangm. SNeKTPOHHUHT
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7> B3KT opanupuga
|Dvwrax TapTN6IM fapa-
KaT Te3/IMTMHUHT MaKCu-
Man Kniimatu Kynmparu-
ra TEeHr:

(.7)

(Oyvzaa —3neKTPOHHUHT

)NEKTP Kyd Tabcupupga

ONraH TesnaHuwun. Tes-

NVK 6UnaH <T> opacuaa-

M 4nM3NKIn BGopnaHnLL-

nUHr rpagurn 5.3-pacMaa Kentupunrad. Taptmbnu gapakat
|"\MnaéTraH aneKTPOH MOH 6WNaH TyKHaLWWLLIN HaTKacuaa y3
TapTUGIN aapakaTUHK yKoTagnm. AMMO MaiJOHHUHT TabCcu-
pv HaTWXKacuaa y KaintagaH TapTmoam fapakart Kuna 6ownai-
an. Mabiym MacodaHmn yTub 3n1eKTPOH MOH OunaH sHa TyKHa-
TaAu Ba [okKa3o. ["padmkaaH TapTmbny fapakart Te3NMMIMHUHT
ypTaya KMiMaTu yayH Kyimgarm ngogaHu onmw MyMKUH:

0+V|1 <[>
2Tax _ TE (5.8)

By nopgagarn <1> HK (5.6) ra Kypa anmMawiTupamm3 Ba
HbIOTOHHUHI UMKKWHYM KOHYHW Ta=eE faH Te3naHuw
a = qrg HW aHuknab, 6y ucogann gam (5.8) topmynara
KysiMn3. HaTmxaga 3NeKTPOHHUHT TapTubaM fapakar Tesnm-
TMHVHT ypTaya Kuimatu Kynugarmda ésmnagu:

<b> = ez??;;; 3 (5.9)

(5.5) TeHrnamaga MWTMPOK 3TraH TapTnbAM fapakar Tes-
NUTMHKU ypTaya KuitmaTuHun (5.9) KypuHuwgarn ndgoga 6u-
NaH a/MalTMpcaK, TOK 3UUIMTUHUHT KUAMATN YYyH

| = enn</1>
2T. <r?>

(5.10)

TeHrfiamaHn ocun Kunamms. OM KOHYHUHUHT gudbepeHLm-
an wakngarv ngogacu r = yE agn. by ndogaHu tokopugarm
(5.10) TeHrnama 6mnaH Takkocnab, conMwTpma yTKasyB4aH-
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NWKHWUHT Ha3apuil baMAMaTUHU aHUKA0BUM (hopMynara Kena-
MI3:

enn</1>

r = 2T/\</\>' (511)

ConuwiTupma 5TrkasyBYaHMKKa TeCKapy Gy/nraH KaTTaIuk

_ 1 _1T.,<i>
P=y = (5.12)
SNrKasrMUHMHE COMMLLITUPMA Kapluimaurmim bepagn. [emak,
K/TaCCUK Hasapusra Kypa IrkasrvuHUHE 31eKTp YapLumri
TapTNGIN ?"apakaT KUMaétraH 3MeKTPOHNAPHWUHE TyryHnapaa-
M mycbaT MoHMap 6unaH TyKHaLLyBW HaTmXacupa YNapHUHT
TapTN6M XapakaT Te3/IMMMHUHT NYKONMLLIM HaTuxkacuanp, 4ed

Kapall MyMKWH. JMeKTpOHMap MaifioH TabCupwpa ofraH
KylUMMyYa KUHETUK aHeprusicn HU KPUCTaNN NaHxa-

panapgarv MoHnapra ysaTagy Ba TapTUbaM X,apakaT Tesmru
HOMb ByNraH xapakar X;onarura Tywaaun. by >xapaéH <r> BakT-
JaH KelinH 5.3-pacmpa TacBMpnaHraHAek TakpopnaHuwo Ty-
pagun. YWy aHeprus y3atunuwmy tygainm atomaapHuUHL 1c-
CUKAMK XapakaTy Ky4ainuin Ba yTKasrmygaH UCCUbYTUK adkK-
panuwwun nosum. Oap”akuuat, Xoynb-SleHU, KOHYHU Oy
MYNOXa3aHUHT acOC/IN 3KAHUTUHW TyNnK ncbotnainan. LLyH-
Jali aKaH, >Xoy/b-JleHl, KOHYHVWHU XaM 3M1eKTPOH Hasapus
épaammnia Kentupuo yvMkapul MyMKUMH.

BuTTa aNeKTPOHHWUHI 6Up CekyHAda KpuUCTain naHxapa
TyryHnapuarn nonnap 6unaH T>T<Hamiap COHUHUHT ypTa-
ya KuinmatnHu (5.6) udogaaaH Tonannuk, SbHU

?
<7Z>- <r?>
<r> </1>

(5.3)-pacmpaH 3/IEKTPOHHUHT KPUCTa//l NaHxapara 6uTra
TYKHalLIMLWAa 6epraH 3Hepruscu ra TeHr. Xaxm 6up-

JMIMAAru n Ta 3NeKTPOHHWMHI KPUCTaNN NaHxapanapra 6up
CeKyHAA y3aTraH 3Hepruscy aca

X=n<Z>

oynagn. SNeKTPOHHUHT MaKCUMan Te3nru HU (5.7) 6u-
naH anmawTpainnuk. Y \onga rokopugarv TeHrnama
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1 T.

JV =

B <T>

WaKMHW onagn. a = 4 , < T >= ’31/>—VIdJO,D,aJ'IapHVI abTUOOp-
m 0nnb6 XKoynb-JIeHL K;OHYHUHUHT anddepeHuman ngoaa-
CYHW XOCUJT KUNTamMu3;

)‘K —_ ne'~<J1>

nen</j>

"yaa =

LLyHaan kunnb, 6us (4.14) wakngaru XXoynb-JIeHL, KOHY-
1M NPOJACUHIN INEKTPOH Ha3apua acocuia Kentupmnoé vmkap-
ONK™

YTKa3rMYHUHT OMPIUK XaXMUAAH BaKT Gupauruaa axpa-
M6 YMKKaH UCCUKNNK 3HEPTUACUHWHT 3UYINTN MaR[0oH KyuY-
NaHTraHNUIMHUHE KBagpaTura nponopuuoHan. by Tabuuii xon.
UyHKW, 3MeKTp MaigoH 3HeprusicuHuHr (3.21) wakngaru
nogac MabyM LLapouTaa 60LKa Typaaru aHeprusara aina-
MWLM MYMKWH. YTKa3rnyfaH 3fekTp TOKWU yTraHga 3anekTp
ManLOHHVHI NOTeHUMan 3HEPrusacyk 3NeKTPOHNAPHUHT Tap-
TWOM XapakaTu KMHEeTUK 3Hepruscura anaHagn. Y napHuHr
KpUCTaUIN naHXapanapy 6vnaH TykHawmwwm aca Koy b-J1eHdy
\ogucacu (3apheKTN)HU K03ara Kentmpagu.

5.3-8. BugemaH-PpaHL, K;0HyHA. ONeKTPOH Ha3apUSHUHI
acocuin Kamuunmknapu

YTKa3yBUYaHIMKHWUHT 3M1EKTPOH Ha3apusCcu KNacCUK Ha-
3apwvs 6ynnG, YHUHT 3amupuia HelOTOHHUHT UKKUHYW KOHY-
H1 éTagn. JIEKWH MUKpO3appanapHUHT 3HT acocuii Typna-
prgaH OynraH 3NeKTPOHHWHI XapakaTWHW OfLAMIA MexaHuK
XapakaTt Tap3uza Kypuwl JOMMO TYrpu aMaciuru Taxpubasa
TacauknaHrad. OMm Ba YKoy/b-J1eHL, KOHYHapUHU KacCuK
Ha3apumsa acocua XN TYLYHTUPKACaaa, KeMHYaInK 3neK-
TPOH Ha3apUSHUHT KaMUUAUKNApAaH X0 3Macanr aHuk-
naHaw.
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DNeKTPOH Hasapusa apaTUAnWmnaaH TaxMuHaH 50 inn un-
rapu, sbHn 1853 Winn BupgemaH Ba ®paHL, Jap xun meTan-
NAPHUHT UCCUK/NK Ba 3MIEKTP YTKa3yBUAHNMKNAPUHA Tek-1
Wnpn6, Kyihngarn KOHYHUATHM Kawd atuwgn. Kcenk™ mk ~
5"\Ka3yBYaH/IMK KO3IMMULIMEHTN % HUHI, COMMLLITUPMA 3/1eKTP
YTKazyBYaH/IMK KOS(PPULUMEHTN y ra HMCbaTu meTaniap yyyH m
y3rapmac 6ynm6, ¢ak;at gapopatra 6opnvk; 6ynap sKaH:

-cT, (5.13)
OyHaa ¢ — BugemaH-®paHuy, KoapduumneHTn. Kyiingarn xag-

Ba/lra Ky3 Talunacak, bepwiraH gapoparga 94 Y HucbaT Typm
MeTasiap ydyH 6up-6vpura xxyga sak,MH 3KaHIUTMHA Kypamns.

1->kapgBsan
MeTann Y ' KnrK MeTann "7 0K
T = 29U T = 29\K.
Mwuc 6,7M0->' Kagmnin 7,06-10-"
KymyLu 6,86-10-" KyppoLumH 7,15-10-*
OntuH 7,09-10-" Kanai 7.35-10-»
Pyx 6,72-10-" ANOMUHNIA 6.36-10-"

TaxpubagaH siHa LWy Hapca aHUK KW, 3pKNH 3MEKTPOHNapK
gespnn 6ynmaraH AU3NEKTPUKNAPHUHT WUCCUKMINK YT-
Ka3yBYaHNUTY MeTalapHUKMUIra HuchaTaH Xyaa Knyuvk. byH-
[aH 3N1eKTPOH ras MeTainapHUHT UCCUKANK YTKa3yBYaHNI -
HW 6enrmnaingn feraH xynocara Kenvw MyMKuH. Kentupun-
raH Mmynogasa Tyrpu 6ynca, 31eKTPOH ra3 MCCUKINK
YyTKa3yBYaHINK KOIPPULUNEHTUHUHT 3N1EKTP YTKa3yBYaH/INK
Koa(huuveHTura Hucbatn BugemaH-PpaHy, K,0HyHU (5.13)
[a VWTUPOK 3TraH y3rapmMac KaTTa/IMK c ra TeHr oynuwu,
ABbHU YHUHT KWAMATUHN Ha3apuii ycyn 6unaH gucobnall Mym-
KWH. ByHuM Kyinaaruya acocnaimmms.

DNeKTPOH ras y3 Tabuatu XugatngaH oup atomnm vgean
rasra Sb(wawmmp. LWy 6oucaaH ymymnii namka KypCUHUHT
1-XUngmaa naean ras ydyH Kentupuarad UCCUKAMK >Trkasys-
YaHINK KOIPHULNEHTK
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X = <X A>

(NICKTPOH ra3 yuyH xam YpuHANu; 6yHaa p = N1 — 371eKTPOoH
rasHUHE 3UYINTN; N —3PKUH 31EKTPOHAPHUHT KOHLeHTpa-
umsacn; <y> - 3pPKWUH 3/IEKTPOHMapHUHT TapTU6CM3 xapakart
TE3/IMTMHUHT ypTada K.uiAMatn; <A> — 3/1eKTPOH/TapHUHT 3p-
KVH HOTYpULL Wyn Y3yHAUTUHUHT ypTada KUiMaTn;  — 3/1eK-
TPOHHMHI Maccacu, —  3JIEKTPOH Fa3HMHT y3rapMac XaxXxm-
Jarn cConuIITUPMa UCCUKIUK CUPUMU  KyAUAAru KypuHuLl-
ra ara
/ K /1
2k . 3R (5.15)

byHaa / = 3 — 3NeKTPOHHMHT 3PKUHAUK Japaxkacu. a3
YHMBEpCaa AOMMMUIACKM A HUHT ABarapo COHU ra éynraH

HMc6aTu ,\§ =k —bonbumaH goumuiicnanp. ¢ HUHr (5.15)
M(})O,qacmra Kypa UCCUKITUK YTKa3yBYaHINK KOIDPULNEHTHU

X=-kn < X><p > (5.16)
LUAKMHW onagn. AHAnY HUHT (5.11) opkanu udoganaHraH Kui-

matugaH oiiganaHne, %'y ynraH HAC6aTUHM aHUKNANVK;

Kn

(5.17)

MoneKkynsip KMHETUK Hasapusra Kypa KMHETUK 3Heprus-
HUHI ypTaya Kuimatu Temnepatypa OunaH Kyhuparuya

GornaHraH =\kT. By noaa aneKTPoH ras yuyH xam

YPUHAN. BUHOGApWH, OKopMaarn TeHrnamaga T<b> - 3KT
aKaHurn cababnu kKymugarun

(5.18)
TeHrnamaHu xocun kunamua. by teHrnamanm (5.13) KypuHuLL-
farv BugemaH-®paHL, KOHYHW ugogacu 6unaH conuwtup-

caK, ujoaaaarn ysrapmac KaTTaank

C=n{". (5.19)
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3KaH. Bynpa k = 1,38+10%° . e = 1,610 ~Kn. Arap XoHa

xapopatu cupatnaa T = 291 K HM 07116, y3rapmac KaTTanuk-
NapHWUHI COH KuinmatnapumHu (5.19) TeHrnamara Kyicak,

~N=89 2 |/ Kn™ K OYNMWNHA aHUbyTalimMn3. by

KniimaT toKopuga b6epunraH xaasangarv KuiiMatnapra »ypaa
SKVH.

Hasapwuii K;uiiMaTHM Taxxpnba HaTukanapura sHaga SkuH-
nawTMpuw Makcagmaa, JIOpeHTL, 3NEeKTPOHAPHUHT TapTun6-
CK3 Xapakatura MakcBenn TakCMMOT KOHYHWUHW TaTOMK TG,
BuaemaH-®paHL, KOSPPULMEHTN YUYH

(5.20)

KwuiimatHu onagn. AMmMo JlopeHTy, KoadduuneHtn Cp (5.19)
ra HucbartaH, TaXpuba HaTwxanapu 6unaH MOC KenmManau.
[emak, Hazapus aHUKIUTK OLWraH capu YHUHT Xynocanapu-
HW TaXkpnba HaTvKanapy 6unad Moc Kenuwn éMOHIAWLMOK-
fa. By HaTmka KnacCuK 3/1IeKTPOH Hazapus Mab/lyM Japaxa-
[la JerapasiaHraH 3KaH/UIMHW Kypcatagu. ONeKTPOH Hasa-
PUAHWUHT MKKWHYM acoOCUI KaMUYuMnuMru Hasapusi Oyiuua
O/IHTaH KapLUWMKHUHT Xapopatra 60rmkinrn Taxpuoa Ha-
TyXKacura Moc Kenmacamrngup. TaxpubagaH MablyMKy, yTKas-
TMYHUHT COMMLLTUMPMA KapLUMIUIK X,apopaTtra NponopLymoHan
6ynné y p = /?a(1 + a() ndofa opkanu aHuKnaHaau; oyHaap
YTKa3rMyHMHr 0° C —xapopargaru comwiTmpma KapLumanri;
—a KapLWUAVKHUHT TEPMUK KOIPPUUneHTn. Kynunnmk me-
Tannap yuyH a ~ 3KaHUIMHKM 3bTUBOPra oncak, co-
NULITUPMA KapWUANKHUHT T Xapopatgarn KUimaTuHm

(5.21)

KypuHuwgarn ngogagaH x;ucobnal MyMKUH. XapopaTHUHT
Honra TeHr (T = 0) KuimaTnaa aneKTPOHNaPHMHT TapTMoCmn3
Xapakatu inykonagu. by xapopatra moc 6ynraH conuwiTupmMa
KapLUWAUK HOMra TeHr. buHo6apuH,/o(T) hyHKUUSHUHT Xapo-
patra 60rnvMK 6ynraH rpauruHn KoopgmnHata éolmaaH yrrau
T)™M 4YnU3UK OpKany Tacsupnatl MyMKkuH (5.4-pacm). Xakukar-
[a 3ca xaMmmMa MeTa/lTapHUHT COMMLLITUPMA KapLumamrn abeo-
NIOT HOMra eTMacdaH, abHn 3 10 K TycatgaH Wiykonagw.
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Via yTKa3yBuYaH-
vk pe6 atanysum Gy
M>ancaHu 3/1IEKTPOH Ha-
TpusA m3o™yrawra 0Xmu3-
anp. KKMHYM TOMOH-
OV, YTKa3rmuyHUHI co-
IwTnpma Kapwunanru
(ronocuta 3neKTpoHNap-
lIH TapTnbens papakat
In3nurura 6ornmk. AMMO
*JIEKTPOH/ap TapTubems
fapakaT Te3NUTUHUHT
Y|)Taua Kuinmatun keagpat
UNau3gaH 4YukKapunraH fgapopatra nponopLuoHan
(<& >~ n/T). PaBliaHKu, CONULLITUPMA KapLUUANK faM KBad-
paT UnamM3faH YMKapuarad gapoparra nporopunoHan 6ynu-
Tno3um agn. HasapusaHuHT 6y Xynocacu Taxpuba HaTuxa-
napn 6unaH HOMyTaHOCMG6Mp.
ONeKTPOH Ha3apUAHMHT YUYMHUM KaMUUIUTU LYHAAKW,
[0NOHT-INTY KOHYHUra acocaH MeTaNapHUHT MONISP UCCUK-

NINK CUTUMK OVANEKTPXHUKNLAAH Kam (hapK Kunagu Ba
C"= 3R (byHpa R =831 Fa3HWUHI YHMBEpcan JONMUIA-
cu). JleknH mMeTanngary UCCHKAWK YTKasyBYaH/IMK 3/1EKTPOHap
\ncobura r03 6epaan feb (apa3s Kuscak, YHUHT MONAP UCCUKMUK

CUrnMn KpucTa naH>Xapagari MOHNap Ba 3N1EKTPOH ra3 MCCUK-
JINK CUTUMNapUHUHT VIVIFVIH,EI,I/ICVIF& TeHr 6y}'IVILIJVI No3nM, AbHU

C,=3R +"R. (5.22)

ONEKTPOHHUHT 3PKUHAWK Aapaxacu / = 3 6GynraHupad,
MET/UTHUHT Ha3apuii MONAP UCCUKIIUK CUTUMU R j, Tax-

puba Hatmwkanapy (3 K)gaH 1,5 mapTa KatTa 6ynmb konagu.

HuposaT, (5.11) ndopa bunaH agucobnaHraH conuwTrpma
YTKa3yBYaH/IMK KO3WPULMEHTUHN Taxkpnba HaTvxKanapun 6u-
NaH moc/atl Y4yH 3/1eKTPOH 3PKUH HOrypuLL Mynn y3yHAUTu-
HUHT ypTaya Kuimatu (<A>)HM MKKM MOH opacuparn maco-
(hara HucbartaH gesapnm 100 6apobap KatTa feb o0/ Kepak.
By xynoca 3n1eKTpOHMapHUHT MoHMap 6uiaH TyKHaWUWWHA
TacBupnoBun rpadmkka (5.3-pacm) 6yTyHnak Moc Kenmaniau.
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KypcatunraH KamuunvknapfaH 3neKTPOH Hasapus MyT-
NaK,0 acoCccu3 feraH Xynoca Kenmo Ymnk,maingn. Mapum 6y Hasa-
PUS 3NEKTP X;04UCANAPHUHT MUKAOPUIA KMAMATNAPUHN aHWK,
aKc aTTmpmaca xam, ynapHUHI MOXUATUHU, MEXaHU3MUHW Ty-
WYHTMPULLAA KaTTa pofb YiHalan. 30TaH, 3M1eKTPOH Hasa-
pusa MeTannapfa TOK OK,WLL YXapaéHWHMW, HUMA YYyH yTKas-
rmunap K,apLnnvKKa ara 3KaHIMrmHW, MeTannapaaH TOK yTraH-
[a YHUHT CUPTUAAH UCCUKNMK aXKpanuLL XOAncanapuHm Typpu
Taxnn Kunagu.

ONEeKTPOH Ha3apUAHWHT KOKOpUaa caHab yTuaraH Kamuu-
NNKNAPUHWHT aHWK U30XN 3N1EKTPOHNAPHUHT TYNKWH Tabua-
TUHWM MHOGaTra ONyBUM KBaHT MexaHuKacuaa >3 akCuHM
TOHAU. By Myammonapra yMmyMuin hnsnka KypPCUHUHT YUUHYM
Xungmaa 6atayCMNpoKTyXTanamis.

6-606.

BAKYYMJA 3JIEKTP TOKW. TEPMO3JIEKTPUK
XOANCATIAP

DNeKTPOH HazapusgaH MablyMKU, METan XaKMu Oyiinab
XapakaTnaHaéTraH 3pKWH 3M1EKTPOHHMHI XOHa Xapopartuja-

rm yprada teanurn < n >« 10" | LLlyHaal KaTTa Te3nnKKa

ara 6ynraH aNeKTPoOHIap Y3NyKCU3 paBuLLia MeTasl CUpTU-
[laH Mabym Macodara y3oknawmé typagunap. AMMO y3 afek-
TPOHNapuaaH axpanaérraH Metann mycbar 3apsgnaHu6. Ky-
NOH KOHYHWUra acocaH, 31eKTPOHIapPHUHT Y3 cupTugaH 6ara-
MOM Yy30Knawuvwwura nyn Kynimangu. [emak, 3pKuH
3N1EKTPOHNAPHN METaN CUPTUAAH Y30K M alLTUPULL YHYH TaLw-
Kn Ky4y v 6axkapyiy n103um.

LLly 6unaH 6up katopga, Typnu meTtannapgarn Xaxm oup-
NNTNLATN 3PKUH 3NEKTPOHIAPHUHT COHWU N Xap Xun 6ynagu.-
By meTannap 6up-6upnapyu 6unaH KOHTaKTra Kentupunca,
naean rasfaru >xxapaéHnapra yxuatl, 3aneKTpoH ra3s sappanapu
6vp MeTanngaH MKKMHYMCUTA YTULLIM MYMKWUH. By Xogmca
coaup 6ynca, MeTaNlapHUHI KOHTaKT/aHraH KUcMuja KaH-
Jaii xopmcanap KysaTwnagw, AeraH cason Typunagu. Yweéy
606HVHT MasMyHW LY Ba LUy Kabu macananapHu Xan aTuwra
GapyLunaHraH.



6.1-§. Uil vum. KOHTaKT noTeHumanu

OPKWH 3M1EKTPOHMApP MeTail CUPTMAAH KaTTa mMacodara
y30y1alla onmanamnap. Ynap y3 KAHETUK 3Hepruscu X,uco-
6ura metail cMpTMAaH TaXxMUHaH ~10*“ M Macoharaya y3oK,-
nawm6 Typuwn MymKuH. MeTann cuptugaH 6y macodarava
y30byTallaéTraH 3/1eKTPOHNAPHN 3MIEKTPOH ByNyTV KM MaH-
(nin KaTnam cugaTnaa TacaBByp 3TULW MYMKWH. Y3 3M1EKT-
poHNapuaH axpanaéTraH MeTai CUpTK 3ca MycbaT 3apsi-
naHn6 konagn. Ywoy xoauca Tyainin metann y3 HelTpanin-
FMHU ca™naraHun Xonga, YHWHI cupTuja 6.1-pacmia
KypcaTuiraH MKKunaHraH myc6at Ba MaH(uWil 3apsgnapiaH
nbopar 3NeKTp K,ariamm to3ara Kenagu. [lemak, spKuH 3neKT-
poHNap Tyna MabHOAA 3pKWUH amac. Mycbat 3apagnaHné fon-
raH MeTaln CUPTU CUMPTAAH Y30KV1aWaéTraH 3/1eKTPOH/IapHM
y3ura TopTagn. MaHguii anekTp Katnamu aca meTanngarut
3PKVH 3/IEKTPOH/IAP YUYH MOTEHLMA TYCUK. BasndacuHu yTao,
YNapHWHI MeTa/ CUPTUAAH Y30K alumnwinra TyC MHANK K Wna-
an.

Opfataa apKuH 3appanapra “Kyinunrad” OyHpain Tycmk™ap
6.2-pacMfa KypcatunraH noTteHuman “ypa” opK.aim TacBup-
naHagn. Tabuuiiku, 6y ypa uumaa >oinaturaH 3pKWUH 3appa
y3-y3uJaH noTeHuMan ypa Tawk;apucura wika onmangu. ro-
TeHLMan ypa Tallkapucuaa aca 3appa 3pkuH 3appara ainnaHa-
an. YyHkn, 6y coxaga noTeHuman TYCUK;HUHT (AbHU MaHpuit
3apafnaHraH KaTfaMHUHE) TabCupu Honra TeHr {<p*= o) byna-
an.

WKKunaHraH anekTp Katnam atoM guameTpu TapTméugaru
ynyamra ara. LUy 6oucgaH 6.2-pacmpa KentupuaraH noTeH-
UMan ypaHu 3HepreTuK HykTau HasapaH Taxiun Kunannuk.

MeTannHUHT XapopaTu oLlca

MeTasIN TapKMbmaaru aneKTpoH

b + b + ra3HWHI XapopaTn Xam KyTa-

+ punagn. byHra moc pasuuiga

+ 3PKWUH 3NMEKTPOHNAPHUHI KK-

HETMK 3HEPrusACK XaM OLUafu.
Monekynsap usnkagaH Mab-
4 4 + + + 4 nymkn, atom KU Monekyna-
HUHT UCCUK MK XapakaT aHep-

6.1-pacwm rmsacy KT KaTTa/imknap Kynai-
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«3C.- 0 TMacu OopKaiv aHvKaaHagu,

MoTeHUMan YyKypINKHULL

TallKkapmcua sa noteHuuan

YYKYPSIMKHUHT FOKOPW, SbHM

6.2-pacMaa LUTPMX Ymsmnkaap

6unaH KypcatuaraH Kucmu-

[a 3N1eKTPOHNap K T aHepru-

AHUHTY3YKCU3 KWAMaT-

napvHu Kabyn kunagun. A6-

COMIOT Hon TeMMepaTtypaja

3NEeKTPOHNAPHUHT TapTUeCH3

A JlapakaTi inykonagm, Nnekum

YNIAPHUHT aTOM TalLKapucu-

Jarv apKNUHAUIK ykonmargn. by gongarn anekTpoHnap no-

TeHUMan YyKypP/IMKHUHT 3HT MacTKX KUCMUZA — SHEPrusicn

KBaHTNaHraH 3HepreTuK catAnapfa Xonawaan. KaHT ¢u-

3MKacy LY XyCycuUsTh 6unaH Knaccuk uankataH apk kuna-

An. ABCONMIOT Hon TeMMepaTypaja 3NeKTPOHIap srajiaraH aHr

FOKOPW 3HepreTuk catg ®epmm catam aeinnnagn. MeTannHUHT

fapopaty abCconoT HOMra opTraH capy (7> 0) 3PKUH 3/EKT-

pOHMap MOTEHUMaN YYKYPIMKHVHT HOKOPU KMUCMJIapura Kyda

6ownangunap. ®epmn catambaH HOKOpWAa XKoinawiraH no-

TeHUMan YyKYpPIMKHVHT KACMUAA 3HepreTuK cartanap 3unyna-

N6, CeKnH-acta KT HUHI YN3YyKCM3 KUiMaTnapura yta.

6.2-pacMja KenTupuaraH TapagaH pasllaHky, noTeHUman ypa-

Jarv 3pKWUH 3N1EeKTPOHNAPHU MeTai TallKapucura YnKapuL
YUYH TalKn Ky

A = -e{<p” -
OunaH aHWKNaHraH VWHY bGaxkapulum Kepak. MeTann Taw-
Kapucuparv noteHuman O6ynraHuaaH, YMKULW ULwn
A= -etph (6.1)

KaTTa/IMKKa TeHT 6ynagun. [leMak, MeTann TapKkubuaaru 3pkuH
3MeKTPOHHN MeTa CUPTUAATY UKKUNAHTaH 3M1eKTP KOT/aMm-
JaH (ExyA NMOTeHUMan TyCuKNGaH) Y30K; A TUPULL YUYH 3/1eKT -
pOHra GepunaguraH KyLUMMYa 3Heprst YMLLLL uv aeiannagn. (6.1)
TeHrnamafiaH UKKUIaHraH afeKkTp KaTnaMUHUHT NOTeHLManm
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(6.2)

Viira KOHTaKT NOTeHUManu jgeraH HoM Gepunrat.
KOHTaKT NoTeHUMann éKnM YAK.MLW MWK METANNIHUHT Typura
NOrwK,. (6.1) 6unaH aHWKAAHraH 3HEePrUAHU 3PKUH 3/eKT-
pOHra Xap Xun ycynnap 6unaH, xycycaH, MeTa//IHAHI Xapo-
paTVHM OLUMPULLI OPK,&/IN Y3aTULL MYMKUH. Arap 3pKUH 3neK-
FPOHNAPHUHT UCCUKAUK 3Hepruacu KT > A, SibHU UMK MWL
vwmra TeHr éku katrta 6ynca, ynap MeTain Tallk.apvcura
Kynnab umk,a bolwunainamnap.

6.2-§. TepMO3NEeKTPOH 3MUCCUSA XOAMCacK

KM3ampuLL HaTvKacuaa MeTasigaH 3N1eKTPOHNaPHUHT Kynab
WKINLIxoamcac TepmoaneKTPoH aSMUCCUS Y;0aucac Aeinnaau.
(6.1) TeHrnamMagaH pasLUAHKM, YMIAIL UK KUYMK ByniraH me-
'WiLBEpOa 3NEeKTPOHAP sMmncenacK Kydnugmp. Opatga, uik™w
MM 3neKTpoHBONLT (3B)napaa ynyaHagu. 3nekTpoH 1B no-
TeHUva/11ap ainpmacuHu ytraHaa 1aB aHeprusra ara Oynagw.
By Tabpudra kypa, 19B = 1,6m0°*Kn .\B = 1,6 ml0"'" K.

Amucenacn Kyynm bynraH metannapaad ovpwy uesmin 6ynno,
yHUHT WK nwm A = 1,89 3B TeHr. By MeTanfiHUHI 3pKUH
anekTpoHnapura (6.1) ndoaa bunaH aHMKNaHraH aHePrusHu
Gepuwga, KT = A TeHrnamara acocaH, YHUHI XapopaTuHu

A 1,89-1,6.10-5 4
N~ - T -..1;3810"3 -2-10 A

rava KyTapuil no3um. JIeKMH Taxxpubaaa LesniiHUHT Xapopa-
™ ~ 2000 K 6ynraHfa XxaM YHUHT CUPTULAH eTap/v gapaxa-
[ja UHTEHCWB paBuULLAA 3NEKTPOHMAP AMUCCUACK Ky3aTUnaguw.
ByHra cabab metasngarv anekKTpoH rasHMHr Makcsenn Tak;-
CUMOT KOHYHMra ByNCYHULINAMP. XaKuK.aTaH XaM, 31eKTPOH
ras Tapknémnaa KNHeTUK 3HEPTUACU KUYMK BYNraH 3NeKTpOoH-
nap 6unaH 6up Karopfa KWHETUK 3Hepruscu Katta 6ynraH
3NeKTpoHNap xam 6op. LUy cababnm HucbaTaH nact xapopat-
[ia XamMm TepMO3/IEKTPOH 3MUCCUA XOAMCacy Ce3nnapniv aapa-

Xaja coamp 6ynaauw.
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KQ 0 O evU_

<y>

6.3-pacM

TepMO3NeKTPOH 3IMUCCUSA XOAMCACUHM Ky3aTULLAA YKL
MWW Knumk OynraH MeTannjaH TalépnaHraH Kartof XaBocwui
Cypub onunHraH wwnwwa 6anoHra ypHatunagn. KatogHuHr Kap-
lwmenra MeTasin nNaacTUHKa XOMnawTmpamus, y aHog Basu-
thacvHn yTaram (6.3-pacm). 3aHXUPHMHE aHOA, K,MCMU MaH-
6aHMHr MycbaT KyTOura, Katof KMCMU 3ca MaHOGaHWUHI MaH-
(uii kyTbura ynaHagu. Munnvamnepmetp (TA) épgamuga
3aHXupgarn TOK, BONbTMETP éppammia Katog 6wunaH aHop
opacufarv KyuynaHuwHKW ynyarimus. 6.3-pacmpa Kentupus-
raH 3aHxupra R — peoctar KApUTUAraH. Y MOTEHUMOMETP
BasnMacuHN yTab, aHOA Ky4NnaHWULLIMHW Y3rapTUpULL Y4yH
xu3mat kunagu. KatogHu kusgmpmacfaH Typub Kartog 6u-
naH aHog MaHbara ynaHca, MWIINAMNEPMETP HOJHU
Kypcatagu. byHra caba6, kaTog 6unaH aHof opacuia 3MeKTp
MaligoH 6ynraHaa, ynap opacuaa TOK TallyBuM 3appanap, SbHU
3NEKTPOHAP Aespin 6ynmManign. KatogHW yHra ynaHraH
mMaH6a épaamunga Knsgupamns. byHaa KatoggaH YvK.K,aH anekx-
TPOHNap aHoAra TopTUANG 3aHXupHU ynaigu. Karog \apo-
paTuHKU y3rapmac (T = const) K.ongupwb, aHofd TokuM  ,6u-
NaH aHof KyunaHuwwy £/ opacupary 60rNaHULHN TeKLWK-
pannuk. 6.4-pacmfpa KenTupuaraH rpaukiaH pasLUaHKW,
aHO[ Ky4YnaHuwmn Honb BynraHAa aHoL TOKWM XaM Hojra TeHr
oynagn. Katog y3 aneKTpOHNapuHU MyKoTraHga y mycbar 3a-
pagnaHnt Konagu. YHAaH YmKaéTtraH 3/1eKTpoHNap KatognaH
y30byTallMal, YHUHT aTpotunia 3N1eKTPOH 6YyTHU XOCWN K.Ana-
an. MaHguin 3apsanaHraH 3n1eKTpoH OynyT KatoadaH 4uK,a-
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€TraH 3/1IeKTPOHNAPHN OpK;acura Kaitapagu. SNeKTpoH bynyT-
M1 aHoAra TOPTULL YYYH aHOAHW 3N1EeKTP MaHBanHUHT Mycbat
K TOMra ynaw nosum. Karog 6unaH aHof opacuparv anektp
MaifoH TabCcupuaa 3NeKTPOHNAPHUHT KUHETUK 3Hepruscu,

= e (7 chopmynara Kypa oMb ynap aHoara eTmé 6Gopa
6ownangn. KaropfgaH uuk,aéTraH 3/1EKTPOHNAPHUHT Tak"\cu-
MoTh \am MakcBenn Ta"CUMOT KOHyHUra 6yicyHaan. AHoa-
HVHT KAYUK KyufaHuwmaa akaT KUHETUK 3HEPrusick KatTa
OynraH 3NeKTPOHNaprmHa aHoara eTmé 60puLLIM MyMKUH. ByH-
[aH Xynoca LWYKW, aHOf TOKM aHOof KyunaHuwwura 60ramk
paBuLLAa own6 6opaam (6.4-pacm). YHua KaTTa OynimaraH aHof,
KyuynaHuwnapuia aHog Toku 6unaH £ opacuparn 6ornaHmL
Borycnaeckuii-JIEHTMIOP LOHYHM

1a = ocuy™ (6-3)

OpKa/M aHuKNaHagu. AHOL TOKWU aHog KyUNaHWWWHWHT 3/2
Japaxacura nponopuuoHan oynraHmaaH (6.3) mdoga 3/2
KOHYHM [e6 fam roputuiagn. TeHrnamagarn a — 371eKTpoj-
NApHUHT LLAKIMra Ba yNapHUHT y3apo »oinatumiimra 60rnvk
oynraH KO3aPULMeHT.

BorycnaBcknin-JleHrMiop KOHyHW 6.4-pacmpa Kentupun-
raH rpauKnapHUHr axkat OA KUCMW YUYyH YPUHINAMP. AHOL,
KyuynaHuwim  KuiiMatra eTraHfa KatogfaH 6upnimK BakT nyu-
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[a YMK,aéTraH ;“aMmMa 3/1leKTPOHMap aHoara eTné Kenuwm yuyiy
eTapnn OynraH KWHETUK 3sHeprusra ara 6ynmb Konaau

eu. = KaToggaH 4mkaéTtraH ?(avma 371eKTpoH apHMn!

aHofra eTmé Kenuwmn 6unaH aHKNaHaamraH TOKHUHE Kuiivay n
TyiMHUW Toku fevnagn. 6.4-pacMmpa TYWMHUL TOKUHUT
rpadmry aHoA KyunaHuWWHWHT yKUra napasanesn oynaraH Tyrpu
UBV/K 6unaH ndoganaHraH. KaTogHUHT MyaisiH X,apopatuaa

TYAVHULL TOKUHUHT KMiAMaTy y3rapmacamp (/* = const). Tyiu-
HULL TOKW Mabiym 6yrca, =y wudojafaH KaTogmaH 1 C

BaKTAa YMKAETraH 3/1eKTPOHNAP COHWHW aHuKaw MyMKWUH.
Arap KatogHWHr ~apopaty Kyrapuica, yHra Moc pasuLlja
TYAWHULL TOKUHUHT KUAMATK x>av y3rapagn. 6.4-pacMja ka-
TOAHWHT [, Ba  X;apopat/iapura moc 6ynraH TYAUHULL TOK
NAPUHUHT rpatuknapn Kentupuirad. TYWAMHULW TOKK 3U4/Iun-
TMHUWHT X,apopatra 60rnmknnrn PuyapacoH-AawmeH gopmy-
nacu

(6.4)

opKanu aHvWknaHagu. byHpa~ —katog maTepuanvra Ba cup-
TMra 60rnvK JOMMUIA; 1 — MKMW Uwn; K — bonbumaH fo-
UMnincn; T —KaToAHMHT KenbBUH LUKanacuaa OIMHraH )apo-
paTu. TOK 3UYAUTMHUHT )<;apopatra 60rNMKAnK rpadurn 6.5-
pacmaa KentupwunraH. FpagukgaH KypuHaguku, TYRUHWLL
TOKW 6unaH \apopar opacuja-

X M 60rnaHnLL HUX.0ATAA TUK.
Temnepatypa 03 MuUKAopra
y3rapraHga, TYAUHULL TOKM
Xyfa KaTTa KuiimaTtra owagu.
MacanaH, KaToAHWHT ) apopa-
™ 1000 K gaH 3000 K rava
KyTapuiraHaa, TYVMHULL TOKM
Tt 10‘«MapTa OWMnLIN aHWKNaH-
raH. PuyappacoH-[AswmaH

(hopmyacuiaH sHa Ly Hapca

T @HUKKW, YMKALW nwm 61pos

KamanraHfja xam TYRuMHWLL

6.5-pacm. TOKWUHWHT KUiAMaTh KaTTa

Ta
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MuKuopra owaaun. Ly 6oucgaH Katof UMK MW MWK KUYMK
iiiiali MmeTannapgaH TailépnaHraHn MabKyn. AHa Katof cup-
Il NTK.opuiA ep MeTannapn €kn Topuid GunaH K,onnaHraHga
MM )NIEKTPOHNAPHUHT YMK,MLL MLUX aHYa Kamanuwin aHuK,-

In)minnanraH katognap AeraH HoM onraHnap. HOk,opu-
Il (N.3-pacm) kenTupwnraH namnaga aHoA Katoara Xygaa sk;uH
M)uiawraH 6ynca, aHod Ky4ynaHuiiu Q 6ynraHga Xxav
|,|IPkvppa Tok xocun Gynuwm MyMKuH. ByHAail TOK K,u3aw-
[[||ln am kaTofLmaH YMKaBTraH 3NeKTPOHMAPHUHT KMHETUK 3Hep-
Inscyn Xypaa KatTa 6ynraHgarvHa Kysatunagu. KatogaaH uik’a-
I'iraii 9NEKTPOHAP Tapknbuaa GyHaain sHeprusanu an1eKTpoH-
nap >kyfa kam Ba 1/ = OO6ynraH Xon ydyH aHoL TOKM Xyfja
KMUMK KAAMaTHU TallKWI K.Wagw.

TepMO3/eKTPOH amuccuagaH Gapkamn ynapok,, MeTann cup-
TAArN 3NEKTPOHNAPHU SHA KYYnu 3N1eKTp MaifoH Tabcu-
prda Xam KNG onw MyMKKH. Arap MeTain cupTugarm mk-
KWUNaHraH 3MeKTp KaTNaMHUHT (6.1-pacM) KalMHAWUTUHK d
[eb6 oncak, 6y KatnamaH 3MeKTPOHNAapHU NG 0nLL yYyH
YICKTP MaliloH A = eEd vWHKW 6axkapuwy no3uM. By umw y3
HaBbaTMAa YNKULL ULIUFA TEHT:

eEd = eg™
ByHAaH MKKWNaHraH aMekTp KatiamaaH a/1eKTPOHHM 10n6
O/ILL YUYH 3apyp Oy/iraH Ky4/laHraH/IMKHU TonaMus:
(6.5)

a

VIKKMNnaHraH anekTp KaTtnamHUHE KaamHaurn ~ N KO'ev s
,e31A META/IMHWHT KOHTAKT noTeHymann @ =1,9.6 atpogm-
fa. FOkopugarun (6.5) TeHrnamagaH, Ue3MAHUHT UKKUNAHTaH
3NeKTP KaTnamMugary 31eKTPOHNapHU Nnd oNnW yuyH Ke-
paK GynraH 3MeKTp MaigoH KyuynaHraHarn £ =1,910°5 / m
HU Talkun aTagn. MakcBenn TakCUMOT KOHyHUra GuHoaH,
MeTaINg4a KUHETUK IHEPrUaCH Xyaa Katra 6ynraH afeKTpoH-
nap xam MaBXyf. YnapHu roKopuga KenTupunraH KaTtainkka
HucbaTaH 100 MapTa KMUYMK 3MEKTP MaifoH Tabcupuaa Xam
MeTaIN CUPTUAAH Y30KAAWTMPULW MYMKWH. DNEKTP MairgoH
TabCUpUaa 3NEKTPOHIAPHUHT 3PKUH XonaTra yTULW Xoamucacu
COBYK; amuceusa aeb atanagu.
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6.3-8. KOHTaKT moTeHUMannap anvpmaci

MeTanngaH anekTpoHs;

AN<AT HVHT YAK;WLL NN MeTasHA! U
+7- Typura 60rmmk;. Yk i vm
+ BaA”™ OyNraH UKKW MeTasHN

I KOHTaKTra Kentupainmk. bu-

PUHYN METANTHUHT YMK,UT
nwn N1, UIKKMHYM MeTaIHULL
YKWMU nwm AN jaH KU4YMK
OyncuH (A < AN). by wapt 6a-
XapunraHaa ) apopaTHuHr ab-
COMOT HOMMAa GUpMHUU MC-
Ta/IIMHUHT Pepmu car)yl, UK-
KUHYM MeTa/THUHT Pepmu
catgura HucbaTaH HOK,0pMpOK,
Xolnawagn. 6.6-pacmpia KOH-
TaKTra KeNTUPUIraH UKKW METUTHUHT MOTEHUMaN Yykyp ypa-
Napv KentupuaraH. TapejaH paBLUaHKKW, GUPUHYN MeTATUHUHT
WKKWNAHTaH 3/1eKTP KaTfaMugaru 31eKTPoHMap WKKUHYK Me-
Ta/I/IHWHT 3M1EKTP KaTnamura yTa 6owinainan. Hatmkana 6upnH-
4K NOTEHLMaN ypaga XXoinaluraH aNeKTpoHap arasiiaraH aHep-
reTuK caryiap nacasgy, VKKAHYM NOTEHLMan ypajarn anekT-
POHNap arannaraH 3HepreTuK caranap K>Tapunagu. Xap MKKu
noTeHLMan ypagarn sHepreTuk carytap TeHrnawraHga 6upuH-
4 MeTa/IIAaH KKUHYMCUTA 3N1EKTPOHNAPHUHT YTULLIN TyXTai-
av. By ytuw Tygainnm 6upnHuM MeTan Y3 3M1EeKTPOHNAPUHM
NyKoTMG MycbaT 3apaf/aHca, MKKUHYM MeTann 6y 3NeKTPOH-
NapHU Kabyn Knnmb MaH(uin 3apagnaHaguy. 6.6-pacmgaru tap\-
[aH YKL ULWNapPUHUHT aimpmacu

A - A2 = -e(pK\ + = e{<pr™ - (pK2)

6ynmb, OYHAAH WKKN MET/JIHUHT KOHTaKTra KenTupuara
Kucmugarn noTteHumannap aimpmacuHu

J2 =G, -2 A2 (6.6)

nthodafaH ToNuw MyMKUH. By noTeHumannap aivpmacu mK-

KWNaHTaH 3MeKTp KaTnamuaa »olnawraH 31eKTPOHNapHUHT

KaiiTaTAaH TakCUMMaHWLLKM Tydaiinu tosara kenagu. LLyHUHT
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Nvii YKOHTAKTHUHT TalkK;u noTeHUuuannap au-
npmacu [eb HoM osiraH.

OnuuraH MmeTanniapgaru 3pKMH 3NeKTPOHNAPHUHE Y'axm
Ovpymirugarn 3uununapy Moc pasvwga 1, sa  GyncuH. Ly-
vvall 6unaH Gupra x;ap MKKW MeTa/ITHUHT \apopaTtiapuHn y3apo
mlll pe6 onanuk. Mpean ras K,0HyHnapura Kypa GumpuH4Ym
Mnanngarn 3NeKTPOH rasHWHr 6ocuMmn = n/KT udogara
KM, MKKUHUYM MeTaiifarn 371eKTPOH rasHWHr 6ocummn  aca
by nKT ngogara Kypa >WicobnaHauw. Arap n, > KartTa
|I\'nca TEHrcn3nuK Gaxkapunagn. KypunaétraH VKKK
MCT&/UIHA KOHTaKTra Kentupcak, 3/EKTPOH ra3 6ocumnapu
opacugary hapk Tyainm meTannapHUHI KOHTaKTra Kentu-
punraH Kuemuga andgysua x ogucac cogup 6ynaan. byHaa
[[lIDMHYM meTanngaH MKKUHYUCKUTA YTraH 371eKTPOHNaPHUHT
NWYUIW /72 MKKMHYM MeTanngaH GupuHyncura ytraH anek-
|pOMNapHUHT 3nunur  JaH KartTta 6ynagu, SbHU ™ >
LwapT 6axxapuiagn. SPKUH 3NeKTPOHIAPHUHT BUP KUCMUHK
MYK,oTraH 6upyHUYM MeTann mycbar, Oy apKUH 3NeKTpoHIap-
HW Kabyn KUAraH MKKMHYM MeTann MaHpuii 3apsagnaHnbd Kona-
wt. By appekT Tabempuga x,0cun GynraH noTeHumannap an-
MPMacVHW to3ara KenTupuwLaa MeTani Tapkubugarn 3pKuH
)NEKTPOHNAP MLWTUPOK 3TMoKAa. LUy ytuw Tygaiinm \ocmn
OynraH noTeHuuaniap @apKUranykym KOHTAKT MOTEH-
umannap avmpmacu geb Hom 6epunraH. LLyHaain knnmo,
KOHTaKTNaHraH UKKW TYPAuU MeTA/ISIHUHT TY/IMK KOHTAKT no-
TeHUWannap anvpmacu Talwku Ba MYKU NOTEHUMannap anmp-
ManapUHUHT WMPUHAWCUTA TEHT,;

Yx-"" Kraur (M'nc-"P'N1uk (6-7)
SHIW NYKIA KOHTaKT NOTeHUMannap anmpmacu

HU aHUKNANUK. DNEeKTP MalgoH MNoTeHuuan MaingoHaup.
MoTeHuman MaigoHAarn 3appanapHUHr TakCMMOTKU 3ca
BonbLMaH TaKCUMOT KOHYHLra 6yicyHagn. VIKKu xun meta-
NVNHWUHT KOHTaKTNaHraH kucmmpa H 3uunukka ara OynraH
OVPVHYY METaNIHUHT 3PKUH 3N1eKTPOoHNapu”', NnoTeHumanra
ara OynraH anekTp MangoHaa anddysuanaHagn. LLUYHUHT yuyH

OVpUHUYN MeTanNbaH WKKUHYK Me%nnra AN dy3nanaHraH

3NEKTPOHMAPHUHT 3UYANTU N2 - e~ TeHrnama 6unaH aHuK-
NaHagu. AliHaH LWyHAalk mynox“asa acocupa M 3MUIMKKa ara
OynraH 3pKWH 3MEKTPOHNAPHMHT cp\ MOTEHUMANIN UKKUHYN
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MeTanigaH 6UpUHYM MeTannra gudgysmsa} " raH 31eKTPoH-
NAPHUHT 3UYIUTVHN aHUKAAMM3: =W, e . by KKK Uo-
pafa; K — bonbuMaH JOMMWIACK; T — MeTaNNapHUHT KeNbBUH

WKanacua onvMHraH X;apopaty. MeTannapHUHT KOHTaKTNaH-
raH KMCMWAa MyBO3aHATAM [0NaT 03 6epraHaa >'gp UKKU Me-
TanngaH 6up-6upunra yTaétraH 3NeKTPOHAPHUHT 3UUINTA Y3a-

po TeHrn@rya,qm: a1 n,,. BUHo6apwH, MyBo3aHaTaaru gonar
YUYH TEHI MK ypuHanaump. by ndogasaH Ha-
Typajl norapum 0n1ammn3 Ba 3PKUH 3/1EKTPOHNAPHUHT And)-

(y3vanaHuWn Tyailnm 13 6epraH MUK KOHTAKT MOTEHLU-
annap anvpmacvHn Tonamms:

FOkopuga kentupunrad (6.7) TeHrnamagarv TallKu Ba
MUKW NOTeHUmannap aimpmacuHn y3 ndoganapu (6.6) Ba (6.8)
6vnaH anmawiTpcak, UKKWU Typan MeTa//IHUHT KOHTaKT/aH-
raH KucMugaru Tynumk noTeHuuannap aimpmacu Kymmuaarmya
aHuKnaHagu:

/ I o (6.9)

TalKn KOHTAKT NoTeHuuannap Mapky MeTaISIHUHT Typu-
ra 6ornuk 6ynué, (1 ~ 10)B atpodmpa ysrapagn. N4k KoH-
TakT NoTeHumannap armpmacu Y'avm MeTanHUHT TabuaTtura
GOpUK. JIEKWH y TallKy NoTeHLMannap aivpmacura HucbaraH
aHya Knuuk Ba 10*"B aTpodmgary Kuimat 6unaH ynyaHagu.
LLly 6oucpaH KynruHa afiektp )‘oaucanapga y fespav abTu-
6opra onMHManon. AMMO TepMO3NEKTP )<;omucanapH1 ypra-
HULWAA UYKU KOHTAKT MOTeHUuannap aivpmacy xypga karra
ponb yihHamauw.

OnwvHraH (6.9) ndogaHN KOHTaKTMaHraH y4 Xui MmeTtain
YUYYH YMyMAALWTUPanIunK. 6.7-pacmaaH pasLliaHku, Kupxrod-
HUHT |l Kovpacura 6MHOaH, TU3UMHUHT TY/IMK KOHTAKT Mo-
TeHUMannap ainmpmacn KOHTaKT/iaHraH Kucmnaparn KOHTakT
noTeHuMNap aiupManapuHUHT AATMHANCATA TEHT:

= {<P- <Pn\w + - AMuK + (MK2 - <Ma)Taw +



Arap MeTa/iNapHUHT KOHTaK-
NMaHraH KucMiapugarv TeMnepa-
Typanap TeHr 6ynca, (6.6) Ba (6.8)
wmiofanapra Kypa, tokopuparu

< M 6.7-pacm.
TeHrnmamaHm Kyumupgarmya esuvd
MYMKWH:
A,-A: KT, n, /2-A
T, @ A-Ax KT 7 (6.10)
— —_= 0 —_ —_
+ A JJ'IUJ' o + A 1”[13'

[Jemak, y4y Ba YHAaH OpPTUK, XWU/4arn MeTainap KOHTakTra
KCNTUPWACA, TUSUMHUHT TY/IMK, KOHTAKT NOTeHumannap an-
MpMacu opasvsiarv MeTaslapHUHT Tabuatura GornmkK, smac
XaH. by apk UKKM yekkagaru MeTasiniapHUHT Tabnatn 6u-
naH 6enrunaHap 3KaH, Xonoc.

6.4-8. TepMO3NeKTpUK xoaucanap

VKKK Ba YH[aH OPTUK, yTKasrmunap KoHTakTnaHraHga (kv Kas-
MLUpnaHraHga), ynap opacuga (6.10) 6unaH aHuMKnaHaguraH nNoTeH-
unannap aWupmacu x,0cun 6ynagu. JlekuH 6y 6.7-pacmpa Kentu-
punraH yTkasruunapgaH TOK yTafu, feraH xynocara onmé kenmac-
nmrn no3um. [leBano wWyum YHYTManMK Kepakku, WUKKU Typaaru
MeTa/ll KaBllapiaHraHga, KOHTakT noTeHuuannap aimpMmacu KOH-
TaKTNaHraH Kucmnapjga tosara kenagu. MeTtannap uvuumja anekTp
MaioH Ky4ynaHraHIuru Honra TeHr. KoHTakTnaHraH K.ucmgaru no-
reHymannap aiimpmacu 6up meTanngaH UKKUHYUCKTa 3IEKTPOHNap-
HUHT OK,MWIW YYYH Yy3uUra Xoc NoTeHuMan TycuK, BasupacuHmn yraii-
an. 6.7-pacmparu 3aHxupgaH TOK yTMaciuruHu saHa 6up 6op uc-
6oTnaw makcagupa WKKW \nn MeTanngaH énuk; 3aHXup Ty3amus
(6.8-pacm). KupxrogHuHr Il k,ongacura acocaH, 3aHXupga ynroH-
|'aH QKOK 3aHxuppga cogup 6ynraH noTeHuuannap aiMpMacuHUHT
ANTUHANCUTA TEHT:

N= (KL- Dmaut (<P\-<P'2u  + ("k2- Pudfaw
+

KOHTYpHUHT 6.8-pacmfa KenTupuAraH anaHuw nyHanuwunga,
1 2Ba2” 1KOHTaKT K,ucmnapga Ba KOHTaKT noteHumnan-
nap ariupmacwy tosara kenagu. tOkopugarn wndogaga KenTupuaraH
TalWKN Ba MYKU KOHTAKT NOTeHUMannap aimupmacuHu y3 kuinmartna-
pn (6.6) Ba (6.8) 6bunan anmawITMpaMus:
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KT A A —
n n e e n =0
(6.11)
ByHpaa ~ bynra-

HUAaH oKopuaarn ndoga Homr
TeHr. OHAM 6.8-pacmpa Kentu
punray 6epK 3aHXUPHWUHT Kan

lwapnaHraH Kucmaapgarm x“apo
paTnap [, Ba  TeHr aMac Ba ynap
y3apo T >  WapTHU KaHoaT/ aH
TUpagn Aeinuk. By 3aHXuUpaa,

6.8-pacm. (6.11) ra 6mHOaH,

6.12)

6unaH aHnknanraH IO K ?ocun 6ynagun. lemak, UKKU Xun mMeTann-
fLaH Ty3unraH 6epK 3aHXVWPHUHI KaBllapnaHraH Kucmaapu \ap xun
>:apopatnapra ara 6ynca, 6y 3aHxwupga (6.12) 6unaH aHWKAaHraH
JKOK to3ara Kenap akaH. by JQKOK, oparga, TepMO3NneKTp
IOPUTYBYM Kyy geiimnagn. "~ A

KOkopupgarn ugopara ™ Genrvnaw Kuputannuk. Y
\onfga TepMO3NeKTP HOPUTYBYUM Ky4 KyiAugaru coppa KypuHWULLIHW
onagu:

8 =C{T,-T,). (6.13)

AbHM NKKWM XWN KaBLUapfaHraH metannap Tusnmugarm TCPMO
30K xapopaTHUHI y3rapuiwumnra Tyrpy rnpornopLyoHan 3KaH.

TepmMOoafieKTp opuTyBUM Kyd (6.13) TeHrnama 6unaH aHUKnaH-
raH tepmoanekTp \ogucacm 1821 iimnga T. WN. 3eebek TamoHupgaH
Kawd stunaraH. 3ebeek )(ogucacuHuHr (6.12) wakngarn TeHrnama-
CufaH pasllaHku, n, > Ba T > 6ynraH TakaupparvHa 6.8-
pacmpaa KentupuaraH saHxuppa snekTp Toku okagu. YyHku, ™ >
6ynraHga N, KOHLUEHTpaLuAnm 31eKTPOHNAPHUHT KUWHETUK 3HEPTu-
ACU, /i2 KOHLEHTpaUNanyU 3N1eKTPOHNAPHUHT KUHETUK 3HEPruacu-
paH KatTa Oynagum. BuHoOGapuH, 3NEeKTPOHNAPHWUHT 3aHXWUPHUHT
MCCUK TOMOHMAAH COBYK TOMOHMUTa TapTU6AM KyuuLwun Kys3aTunagu.
ONeKTPOHNAPHUHT By TapTM6Aarn OKMWM TepMOANHAMUKAHUHT 61-
pUHYM 60W KOHYHWra MoHaHgaaup. 3oTaH, [, xapopaTnu 3aHXup-
HUHT KUCMUTa B6epunraH UCCUKIraK MUKLOPY 3NEKTPOHNAPHUHT UYKK
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MW'PTUACAHN OWWPULLITA Ba 3NEKTPOHNAP OK,MMWHW WyHanuwnu
(pHKarra kenTupuwaa uw 6axapuiura capg éynagu. JiekuH 6y ycyn
1 UCCUKANK HEPTUACUHW 3NEKTP SHepPrusacura anaHTupuLl-
' Il ([jogaum nw kosgduuneHTn 0,1% faH owmaiigm. 3eebek x,0am-
I T a acocnaHraH TeEPMO3NEKTP reHepatopfaH ToK MaHb6an cuda-
luHa (1)oiifanaHuw amanuii a®aMmuaTra ara amac. JIeKuH Tabuunii aHep-
1ulh maH6anapu kKamailn6 6GopaéTraH XO03upru pgaBppa K,\yéuw
nn'pruscura 6ol bynraH ynkanapga 3eebek \ogucacu Kyunm 6ynraH
mnnganapgav (Apum yTkasruunapfad) apatuiarad reHeparopnap ama-
Il a*ammnaTHU Kach aTMokaa. by colaga Y36ekuctoH Ba Typkma-
UMC'TOH pecnybankanapy ONUMNAPUNUHT TEPMOINEKTPUK renepa-
IOpPNapHUHT caMapajopaurnHu owmpuilga onmb 6opaétraH namui
llnanuwnapn Axwun HaTuxanap 6epuin MyMKuH.

TemnepaTypaHn Ba 60CMMHM ynyaliguraH apum ynuos ac6o6-
WPAWHT Mwnaw Tamoinmnm 3eebek )(ogucacura acocnaHraH. by ac-
1)M)NapHWHT acocuii 3NeMeHTH TepMonapagup. ¥Y3apo KasLuapnaHraH
WKKM X1N MeTann (MacanaH, TeMUP-KOHCTaHTUH éKW nnaTuHa-nnaTu-
nopoawvin) XydTura TepMonapa geinnagn. Y napHUHr aHUKAukK gapa-
Xacy Kyfa tokopu Ba 10MNK 6ynraH Temnepartypa GapkKnuHu cesuwu
MYMKMH. 6.9-pacMfa MKKKN XYy(T TepmonapanapgaH 6upu Temnepa-
rypacu  HOMabiym BynraH Myx;utra Kuputunagn. KkmHuucm tem-
nopartypacy Xypga aHuK, ynyaHraH My>;utra TyWwmpunagun. 3aHxup-
parn Tepmo KO K HM ynuaiguraH ranbBaHoOMeTp X,apopatra mocna6
AnpaXanaHraH. YHUHT KypcaTuln opKanau HoOMabnym TemnepaTypa
YnuaHagw.

Tepmonapa épfamuga 3aHocu cypub onnHaéTras nauwaaru ras-
NUHF 60CMMK X,aM ynyaHagu. Tepmonapa Ky4ynaHuwy aHWK 6ynrau
KLKMpra ynaHagu sa ~aBocu cypu6 oNMHULWLN N03UM BynraH navwra
Kuputunagu. XaBo 60cMMM KamaiiraH capu Tepmonapa 6unaH wc-
CUKNNK anMawaéTraH MoneKynanapHuUHT COHM X,.aM Kamas 6oLunaii-
an. ByHpa TepmonapaHWHT Monekynanap 6unaH TyKHal WL AaH
MyKOTraH aHeprusacu kamaiinb, TepmonapaHUHr TemnepaTypacu KyTa-
pvnagmn Ba 3aHXupgaru ToK owann. TOKHUHT owmnb 6opuwln opka-
nm 6epk uagnwgarn ;"aBo 60CUMMHUHT KaMain6 6opuwn Tyroucuna
MabfyMOT  ONUHAAW.

NnyoB acbobuparun Tep- -[6(T)
MOTOKHWUHT KuiimaTtu 60-

cum bupnuruga papaxa-

NaHraH 6ynagw.

3eebek ?Mogmncacmmmn
Ky3aTuiura MyJpKannaH-
raH 6.8-pacmparm 3aH-

XUPHUHT KaBLlapiaHraH
KucMnapugarm temnepa- 6.9-pacm.
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TypanapHu TeHrnaw iun
pnob, 3aHXUpHM yar;|
Mae TOK MaHb6arTy
ynaiimus (6.10-pacm|
i Cob- Wkku xun metannguu
6up xmn ToOK ytranm,!
KaBLapnaHraH 6ynak
HUHT BGUPUHYUN KUCMM
NCUNJN, nkknHum K|1-
MU coBuingn. 3ecsci
xogucacura Teckapwu
bynraH 6y xoguca 18M
nunpa. XK. L. MenbTbe TOMOHWAAH Ky3aTUAraH.

ToK Kyum ysrapmac OynraH 6y Taxpubaga 3aHXMUPHUHT KaM
WwapnaHraH KecMMnapuaaH yTraH TOK TallyBYM 3appanapHUHT conu
6up xun. JlIeknH BUPUHYM MeTannfaH 3NeKTPOHNAPHUHT YUKUT
nwn Ap UKKWHYM MeTanngaH 3NeKTPOHMAPHWUHI YuK;uw uwmn J,
AaH Knumk (A, < A)). ¥ \onga 6MpuHYM mMeTanngarn TOK TallyBuu
3appanap KWHeTUK 3HEePruACUHUHI ypTaya Kuiimatn < > UK-
KWHYN MeTanngarv TOK TallyByu 3appanap KUHETUK IHEPTUAENHUT
ypTaya Kuimmatm > faH KaTTa 6ynuwim nosmm, abHU < X, >
> <lW>-

3HAM 6MPVMHYM KaBluapnaHraH kecmmra | Bak,T opanuruga s 3a-
pag MuKgopu etnb kenau, feb dapas kunanmk. 3apag MUKLOPU-
HUHT abCcontoT KMIAMaTW 31eKTPOHNAPHUHT COHM 6unaH /a/ = eM
ndoga opkanu 6ornaHraH. by aneKTpoOHNAPHWUHT GUPUHYN KaBLIap-
NaHraH Kecumra onub KenraH aHeprus oK;umu Kyimnuparnya:

P, =<K >p=< >eM.

6.10-pacm.

WNKKUHYM MeTannga >"apakaTnaHaérraH 3M1eKTPOHNAPHUHT XYA-
AW WY KecuMAaH 0NMG KeTraH sHeprus OK,MMu

e =Ll >eH.
Yy X0nja Wy KecuMgaH axpannbd YMK.KaH UCCUKIUK MUKLOPU
@=<X>9-< >p= >)N=HA

TeHrnamagaH tonunagu. byHaa a8 = K 3KaHAUTKM 3abTnbOpra ONuH-
raH. fy = (< > - < my >) KaTTanuk 1 2 ytuwgarn Menbtbe
Ko uumeHTn. AHaH WYyHAAA MynoxasaHW WKKWHYM Kecumra
TaT6MK 3TULW OpPKanum MKKMHYM Kecumpa LTUAraH UCCUKINK MUK-
LOPUHM TONamus:

ar=<72>9-<M>4 = {<y"r1>-<y~1 )/ =-A 2/,
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b M| > - < )X) >) kumimart, 2 -> 1ytunwpaaru Menb-
1 1.1))(Q)@Q)wuumeHtn. TeHrnamagarn (—) nwopa W2 < 9KaH-
u |y(Qalinm w3ara kengu. KentupunraH udoganapfaH aHUK,KU,
ML UKKW yTuwiaaru MenbTbe KoaphuumMeHTNapy y3apo TeHr. Yiap

(jnpugaH mnwopacu 6unaH apk, Kunagn. Oemak, 6y x,0amuca
SN\v Y| = “ Q2 TEHrNNK ypuHAu. TeHrnamagarn (—) nwopa aHep-'
Mill 10TUNULWLIVHW 3bTUbOpra onagn. by TeHrnamaHuUHr mMabHOCU
ilivhii, 3aHXXVUPHUHT NCUTraH K,MCMUAaH Talllapura KaH4a MUKLOpP-
[l vccnknuk ysatunaca, 3aHXUPHUHT COBUTaH K;ucMupa tallkapu-
Jlalwmw KoHyHuUra moc.

Wynn ano\mpga Tabkugnaw kepakku, 6.10-pacmpa Kentmpun-
llIn wHxuppa MenbTee xogmucacupgaH myctauyuna pasumwga >XXoy/ib-
'li iiu ahhekTn xam KysaTunagn. MacanaH, OUPUHYN MeTaNHUHI
1] |pTvnurn R,, UKKUHYM MeTa/I/THUHT KapLwuanru 6yncuH. 3aun-
I MPNVHT TAIUK Kapwunurn 6y Kapwuanknap MNTMHAUCUTA TeHr:
K R, + Rj. Xap MKKuM xopuca Tydaiinm zaHxuppaH axpanraH
iViihk UCCUKINK MUKAOPU

Qj = + "R - nAJt=/'(/1, + Rj)t

nynagn. Aemak, MNMenbTbe xoancacu XXoynb-J1eHU, KOHYHUHUHT Mas-
Mynura Tabcup aTmangn. MenbTbe NcCUKNUTU, XKoynb-J1eHL, KOHY-
nnganm gapknm ynapok, TOKKa nponopuyuoHan 6ynnb, atpod Mmy-
\MTra 6up Xua mMukgopga ysatunnagu sa yHAaH Wy MUKAopAa oTu-
HUaN.

lOkopunga kentupunraH (6.10-pacm) 3aHXWUPHUHT ucuiguraH
UMCMUHWN TalWKW MYXWMTXOHara, CoBMigmMraH KUCMUHW Kamepara
Ypnatcak, lMenbTbe xogmcacn KOMMNPeccopcm3 mMwnanguraH coBuT-
KN4y MawmHacura anaHagn. JIeKMH KaBllapsiaHraH Typau metan-
napaaH Ty3unraH 6y 3aHXWPHUHT caMapafop/avrn Komnpeccop ép-
namuga uvwnakguraH COBUTKWY annapaTHWHI camapagopnuvrugan
aHya nacT. YHAaH Tawkapu 3aHXupgaH Ky4au TOK yTca, TOK Ky4u-
ra nponopyunoHan éynraH MenbTbe XoAamcacu KyYMHUHI TOK KBaf-
patura nponopuunoHan 6ynraH >Xoynb-JleHy xogmcacu HaTuKacu-
fJa feapnu ce3vnmain Konagw.

MenbTbe xogmMcacy Ky4nun 6ynraH ApuMyTKasrmynapHuUHr Kawd
aTMAnWn 6munaH MexaHuK X~apakatcus uwnianguraH CoOBUTKMY an-
napatnapHu kKYPUVW nmkoHnATu pean 6ynuné kongun. By coxaparun
WIMWUI U3NaHuwWwnap SKUH Nunnapaa axwmn Hatukanap 6epuiln axTum-

Mo/ijaH y30K amMac.
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7-606 *
FA3NTAPOA S/TEKTP TOKW. MNA3MA

MabnymKK, rasnapfa UCCUKAUK yTKalyBYaHMK, Andgy*|
3151, UUKN ULLK Na/TaHWLL Ba LY Kaby MoneKyaflapHUHT UCCUK,'
NIMK YNapakatu 6unaH 6ornuk, bynraH 6oLk a xoaucanapaa ackK-
TpHEeNTpan atoMiap Xxamaa MosieKkyanap ULTUPOK aTaan. Aral)
raz MosieKynanapHUHI 6Up K,MCMW WOHMNaHraH Oyrica, rasHUHr
xoccanapu ysrapagu. [asHM MOHMaW yyyH ras Ttapkubugaru
aTomnap Ba MOMEKya/TapPHUHT 6P KNMCMULAH 3/1eKTPOHIapHU
ypuo umkapuwl Kepak. [leMak, MOHMaHraH ras Kkamuga y4 xwi
3appasiapfaH AbHW 3MeKTPoHNapgaH, Mycbat uoHnapgaH
HelTpan atomnapgaH (EKn mMonekynanapgaH) Tawkua TonraH
6ynagn. Aripnm x;onnapga 3/eKTpoHAapHU 6UPUKTUPUG onraH
Monekynanap — MaHguii noHnap xam 6ynuim MyMKuH. NoH-
NaHraH rasHWHr 371eKTp KasyBYaH/IMK XocCa/lapuHU TEKLLN-
pu yui6y 606HNHI acocuii Mak”~cagnamp.

7.1-8. VIoOHNAHWULL 3HEPrusic Ba NOHMAHWULL Typiapw

MabnyMKK, rasnapga sneKTPoHIapHUHT Y3 aTomnapun 6um-
NaH y3apo TabCup Kyunm GUpMyHYa KaTtTa. I/IeKTPOHAApHU
atomnapgaH axpatué ofivwl yYyH TawK,u Kyd

.o A = ef<p. — (pJ
6unaH aHuKgaHaguraH WUWHW 6axkapuiin fo3num. AapoHUH!"
aToM TallK;apucugarm noteHumanu O 6ynraHn cababnm
TalKN KYUYHWUHT 6adkapraH ULIWHK AHA Kyinaarvnya é3a ona-

MU3:
(7.1)

By v, mnoHnaHnw Wwwun geinnagn. bByHaa g —uoHNa-
HUW noTeHumanu. LyHn Tabkmgnaw nNO3UMKW, Typan ras
aTomnapu 6up-6upmngaH MoHNaHULW NoTeHUMann 6unad gapk
Kunagn. MacanaH, Bogopog yuyH (p. — 13,5 B 6ynca, renwuii-
HWUHI WOHNaHWMLW noTeHunann (p. = 24,5 B.

X0oHa XxapopaTupgarum ra3 Mofiekynanapm karra Ku-
HeTUK 3Heprudara asra. Wy 6oucaaH Monekynanap ysapo
TyKHawraHga H1uMma y4yyH 6up-bupnaaH afneKTpoHAapHu ypno
yMkKapa onmMangu, feraH Tabumin cason Tyrunagn. SHeprusa-
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imiii' cakgaHMw KOHyHMra acocaH, aTOMAAPHUHI KUHETUK
UAN'PIrmsic NMOHNAHULW nwmnra TeHr ~KT = e”j bynraHga ysa-

po TyKHallraH atomnap 6mp-6vpuaaH 3fneKTpoHNapHU ypub
11kapuwm mMymkuH. Kentmpunran udogagaH MOHNaHUL
nK'prusicura moc 6yaraH BOAOPOS aTOMWHWHE Temreparty-

puln

Zg’\/ 21,6-10" *~-13,5

3-1,38-10~™ (7.2)

VHWKUN 3Tagun. [emak, XoHa X,apopatuia ra3s Mosiekynanapu-
imiir KNHETUK 3HEepPrusacyn ypunaétraH MonekynanapHm NOH-
umn yyyH etapsm amac. AMMO ra3 TeMHepaTtypacu 6up Heua
MMIr rpagycra KyTtapwsaca, MakcBens Tak;CMMOT KOHYHUra
[lhwaH, ras Tapkubuga KMHETUK 3HEPTUACU aToMIapuHU
vonsawl yd4yH etapnuv bynraH atomnap Ba Mofiekynanap mMmas-
XyA 6y MWLM MYMKWH. Ta3HUHI TeMHepaTypacu oLraHu capu
lili mMonekynanapHUHI MOHAAHULW 33 TUMOIUIK X aM oW N6
(topagn. MonekynanapHUHI UCCUKINK 3HEPTUACK Tabeupuga
HIICH 6ynraH MonekynanapHu MoHMNall >XapaéHW TepMOMOH-
wunupuw geinnagn. byHaa voHNaHraH Mosnekynanap sapsg
WNNyBM MycbaT MoOHMapra annaHagunap.

a3 x;akMugarn 3apsg Tallysym 3appanapHu KynanTnpuil-
VUUT MKKUHYWN YCYN Tasan MyX;UTaa Kyusim 371eKTp MaifoH-
m By)Xyara KentupuwgaH ubopat. Helitpan ras »axmmaa
>xyga 03 MuKgopga 3apsgiv 3appanap 6ynuvi sagTUMoNNnru
iiop. By 3apsignn 3appanap Kyunu 371eKTp MaliioH Tabcupuja
c:)nawTnpunca, ynapHUHIN KUHETUK 3HEPrUAcU MaioH Kyu-
mil lmwmra mytaHocu6 (nponopumoHan) pasuwga owmn6é 6o-

pMay, AbHU EF\I/J\ =eU . Arap aneKTp MaigoH KydnaHraHau-
M eTapnn gapaxkaga tokopu 6ysca, 3apagnn 3appasapHUHC
KWHETUK 3HEPTUACK >eU: MOHMAHUW uMwuWra TeHr ékun
yngaH Katta 6ynm6 Konuwu MyMKUH. By wapTHM KaHoaT-

WMITMPYBYM X.@p KaHAaW 3apsiasiv 3appa HeliTpan atoMm éku
Mosieky/a 6unaH TyKHawraHga yHAaH 3/1eKTPoH ypub ymka-
p'@M Ba rasHWHC 3/1eKTp 57KasyBUYaHNIUTUHU owunpagn. by
ly])JBv MoHNaHTMpULW COBYK MOHNAHTUPULL Aennagn.
HWpoAaT rasHn MoHNaHTupuwga«-,y3-,y- HypaapgaH, peHT-
reH, ynoTpabuHaglia Ba KOCMUK HypnapgaH fam dorgana-
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HUW MYMKWH. 30TaH, 6y HypnapHu TallKui 3TraH 3appanap-
HUHT KNUHETUK SHEPTUSICU MOHMaHTUMPUL UWINAAH aH4ya KaT-
Ta 6y MyMKuH. By maH6anap, ogatga, uoHnaruy geé ata-
nagn. Tawku areHT (MoHMarnd) Tabcupuga Kysatuniaguran
VOHMaHTUPULL TallK,M WUOHMAHTUPULL Aeinnaan.

7.2-8. MycTak?ln 6ynmaraH paspag

Ma3gaH sNeKTp TOKMHUHE YTULL XKapaéHu ra3 pas3pagu
0e6 atanagn. MoHnarny tabcupu My~oTUNraHgaH CyHr rasga
TOKHUHI YIMwM WAonaguraH 3ieKTp yrkasyBYaH/IMK MYcC-
Takun 6ynmaraH psaspapg Typura kmpagu. bByxungarm
paspsagHu TeKwupuw Makcaguga Tap\m 7.1-pacmpa Kentu-
punraH KypunmaHum wnurannuk. Luwa 6anoHgarn rasHuHr
MosiIeKy1anapm UHTEHCUBAINTU y3rapmac 6yiraH peHTreH Tpyo6-
KacugaH kenaétraH Hypnap épgamua noHaaHtTupunagn. Tok
MaHb6aura ynaHran noteHuymomeTtp (K) épgammpga katog (K)
Ba aHog (A) opacumpgarn KyyaaHWWHW owunpamus. PeHTreH
Hypnapu Tabcupunga atomnapgaH (MonekynanapgaH) ypmé um-
KapunraH 371eKTPOHAap aHoara TOpTUAMG 3aHXWUpHU ynaii-
An. AiHW Wy Bak,T opanmMrnga mycoaT noHnap Karogra TOMoH
TopTUnaan. [emak, myctak™Mi bynmMaraH paspsguarv anektp

P. Tp.



I Myc6aT MOHNAPHUHT KaToAra Ba 3/1eKTPOHMapPHUHT aHoAra
PTUNULLIK Tygainm to3ara Kenap skaH. Ly 6oucgaH (5.5)
u'nrnamara acocaH, 6y Typgarv yTkasyB4aHAnK ydyH OM KOHY-
MU ivHI gandpepeHyman ngogacnHm

J=qgqMU,-U _)E (7.3)

waknnga ésamuns. byHaa Ba U_ moc paBuwga mycbaT Ba
MaH(MIA 3appaniapHUHT X;apakaTtyaHnurn; E — katof Ba aHof
opacugarv aneKTp ManfoH KydnaHraHamru; n — mycbat NoH-
HapHWHI KOHLEHTpauudacu; g2 — mMycoaT MOHHUHI 3apsaaun.
TOKHUHT NyHanMwmn Knnub mycbaT 3apsgnapHuUHr TapTmbnu
\al-)akar MyHanuwn Kabyn KWUAMHIaH.

[fanbBaHOMeETp épaamMmpa ynyaHraH ToK acocuga MoHnaH-
rMpyW TOKUHUHT Ky4yiaHuwra 6ornaHnuwm rpaurmHn Ym-
w6 onaMnuk. byHaa 7.2-pacmpa KentupuaraH arpu 4umsmk
\(ewn 6ynagn. M'padnKHUHT OA KUCMULA MOHNAHTUPULL TOKN
PDwian KyynaHunw opacugarn 6oranaHuwl umsnknmgup. Fpa-
PUMKHMHT 6y Kucmu (7.3) dhopmynara TynmK moc kenagn. Kyu-
MarLL Mabslym 6Up KuimaTra eTraHiaH KelMvH yHU siHa oW u-
pa 6opcak, 3aHXupgarn NoHAaWTUPULL TOKK y3rapmaii kona-
an (/. = const).

ByHUHr cababu KyWnmnpgaruvva: WHTEHCUBAUTW Yy3rapmac

(iynraH peHTreH Hypfapu ras xaXxuuja CoOHW aHuK 6ynraH
VIOHMapHU YNoCUN KUANWK MYMKUH. KyynaHuw Kn4uk eynraH-
[a aToMmnapfaH ypub dmkapwiraH 3feKTPoOHNapHUHT dakaT
YP KUCMUN (KUHETUK 3HEeprusicu karra OynraH 3/1eKTPOH-
nap) aHoara etn6 kenagn. KyunaHmw Ll kvimaTra etraHaa,
noHnarny ypmé ymkap-
raMm X,amMma 3/1eKTPOH-
NapHUHI  KMHETUK
"\weprusicm aHogra etmb
KCANLW Y4YyH eTapnu
6ynn6 konagn. Mlonna-
rmd 6Up ceKyHza opasnu-
[voa yiirotaH wnoHnap
COHUHU N g,e6 6enru-
nacak, TYAUHULL TOKM
/g = €jV TeHrnama 6u-
NlaH aHWKNaHaguw.
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7.3-8. MycTalgan paspsg

Tawlw noHnarny TabCUpU TyXTaTWraHgaH KelnH aam
3/1eKTP MafoH MaBXyf 6ynraH rasnm Myamitaa TOK yTulm
[aBOM 3TaguraH paspsif, MycTak;un paspajg Jfelivnagw.
a3 Tabmat K;aHgan 6ynuwngaH K.arbh Hasap, 7.1-pacmga Ken-
TUpW/raH Ba wWunwa 6asioH nuura ypHaTuaraH sfnieKTpognap
opacmgarn KyusaHULWHU siHaga owwmpcak, Telwnanw coamp
6ynn6 mycTak,un 6ynmaraH paspsj MycTak;un paspsigra yta-
an. AbHM ra3 oganii yTkasruura annaHagu. by Typaaru
yTKa3yBUYaH/MKAA pas3psg TOKUHUHE KyudnaHuwra 6ornaHuu
rpacurn 7.2-pacmga BC arpu umauvk, 6unaH TacBMp/iaHraH.
Pa3pag TOKUHUHI TycaTAaH KeCKWH owuwumra moc 6ynaraH
Ky4ynaHuw paspsgHn ék,uu noteHuyuvanun pgein-
nagn. SnekTpognap opacmparv KydnaHuw 6y k™miiMarra et-

raHfa 3/1IeKTPOHMAPHUHT KUHETUK SHEeprusicu =elf,"

thopmynara Kypa aHMK/AaHagu. YHUHI KWAMaTM MOHNAHTU-
puyULl 3Hepruscura TeHr ékn yHaaH opTuK. By/INwmM MYyMKUH.
BuHo6apuH, gap 6up 31eKTPoH aTom (EKM Monekyna) 6unaH
TYK,HallraHaa yHn MoHNaHTupagu, SbHU YHAAH 6UTTa 3nek-
TPOHHW ypub uMK,apagu. AHrugaH ypuoé umk™apwiraH MKKa-
NnamMuun 3neKTpoHMap 3/1eKTp malifoH Tabcupuga Tesnawumnb,
Myn-ynakai 60LWIK,a aToMNapHM WOHNaHTMpaan. a3 gax-
Muarn TOK TallyBYM 3appaslapHUHr 6y Typaaru Ky4yKucu-
MOH owWKn6 6opuLIN paspss TOKHUHI KeCKUH owuwunra ca-
6abun dynagn. MycTtak,un paspsgHuHr 6y Typu 3ap6gaH NoHN-
NnaHvw genvnagun.

DHAN cuiipaknawTMpuaraH rasga KysatunaguraH paspsg
6unaH TaHUWKG YnK,aiNnK. 7.1-pacmpa KenTupuaraH wuwa
6anoHgarn raz 60CMMUHU 6Up Heya MM CUMO6 yCTyHUraya
nacanTupamMms. IMeKTpogaap opacuaarn KyudsaHul paspsj-
HW KW noTeHumanura TeHr 6yncuvH. byHpa rasga é KM H
paspaj HOMUHW ONraH MycTaBwu/i paspsag cogup bynaau.
By pa3psagHUHI ByXXyara Kenuwl TacmaoTun  Kynugarnya:
ras jaxxmmga Maexyf 6ynraH mycbaT noHMap afeKTp MangoH
Tabcupuga Tesnawmnb, MaHUin noTeHUManra ara 6ynraH Ka-
ToAra TopTMNaan Ba yHAaH 3/1eKTPOHAapHU ypurb umk;apa 601w -
naingn. Ywo6y aneKTpoHap 3nekTp MaingoH Tabcupuga bynra-
HM cababsin KaTTa KMHETUK 3Heprusara ara 6ynagn. AHog To-
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w1l xapakaTt K;unaetraH ok”™opu Barl
Licprusinm 6y afieKTPoHap HelTpan
JPMnap 6unaH TykHawraHga ynap-
M acocuin xonatgaH yWroTunrad =p
\(1natra yTKkasaau, — 3Heprusanu 7.3-pacm.
yUrotunran atom Hi) = Eqx—Eg
LcprusiHn Ynkapmb (7.3-pacm), sHa EM— aHeprusanu TypryH
\)natra Karitagu. ATOMAapHUHT By Typaarn yTuwinaa aHep-
lvv axxpanuwn Tydainm rasz HypnaHa 6ownanan. HypnaHmw
ymcToTacu (EXyn HypnaHull padru) ras Typura 6ornvk,. a3
AVDKMUAAH @XKPasnG YMK,K,.aH HypaaHULL 3HEPrusicn aHyarnHa
KMUMK Ba LY cababnu ras coByKamrmya K,onaan. EnkuH pas-
1yl aTomap xonatga MaxyZ OynraH MHepT rasnapga >kyaa
MXWK Ky3aTUMwun MyMKWH. By rasnap 6unaH Tyngupunrad
namnanap Kyya Ba yihnapHu épuTuluga, peknama Mak;caania-
pHOa To6opa KeHr uwnatunamokga. YUyHku, rasnm namnanap-
WWHT ToNa/In namnanapra HucbaTaH aHeprus capu aHya Kam.
MycTaknn paspsgHM Ky3aTull Mak,caauaa OfIMHraH rasHm
wma 6anoHra KUpUTULW WapT aMac. TOXAWU, YUK,YH-
nu, éncumoH Kabu MycTak,un paspsgiap ogunii atmoc-
IDopa wapontuga xam Kysatunagn.'
JnekTpocTaTtnka 6ynuMmungaH Mab/yMKW, 3apsganaHraH
yTKa3rn4y arpoumaarv afieKTp MaingoH KyydnaHraHauru sapsag-

MUHT CUPT 3uunuaurura nponopuuoHan: E = ® arpu-

nvrn KatTta 6ynraH 3apsigfiaHraH ytkasrnd atpogpuga Hucba-
TaH Ky4uau 371eKTp MalifioH yiiroHagu. Arap 6y yTkasruy aTpo-
(Dvoa 3apsanun 3appa maexkyp 6ynca (aTmocepasga oMMO 03
MUKAOpAA 3apsanu 3appanap 6ynaawn), yniap anexkTp MaigoH
TabCcMpuaa XXyaa KaTta Te3/IMKKa apmajn Ba atom 8Ku mone-
Kynanap 6unaH TyK,Hawm6, 3ap6an MOHALLHU XOCU K,Wunaauq.
SBapsigfiaHraH yTKasrmy atpodmaa sca TO X KypuHAWugarm
MyCTak,un paspsg to3ara kenagu. YTkKasrud xkyga saxwunab
CUINKAAHTaH bynca, TOX pa3psf >Kyfa Kyusv 3fekTp Mai-
JOHNap TabcupugarnHa nango 6ynmuwm MyMKUH.
ATMocepa LaponTUaa O/IMHIaH HK,0pY KyU1aHULLIN UKKU
yTKasrmygaH 6mpu mycbat, MKKUHYUCU MaHUin 3apsagiaH-
raH geiinvk. By yTkasrnunap opacuja yuyk,yHIun paspsajg
Ky3aTunaau (7.4-pacm). dnekTpognapaaH 6UpNMHUHT aTpodmaa
Xocus1 6ynraH KaHannap Ae6 atasyBum Kyrn TapMOKAW MHTUY-
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Ka Hyp fgactacu, MKKWH4YU 3NeKTpoara eTraHga iykonaam
Bupo3gaH CyHr, siHa SIHIM YUYKyHNW paspsag gocvun oynagw
YUKyHNN paspag Kyyam TOBYLW Ba KarTa MUKAOpPAA 3Heprus
apanuwmn bunaH 6owk™Na paspagiapgaH apk. Kunagn. Ha
M/IMK KaTTa 6ynraH 6ynyTnn KyHnapga cogup 6ynagmrad siiumm
YUKYHAWN pa3psag Typura kupagu. byHga 6ynyTt 6uniaH ep opa
nurnga gocwun GynraH noTeHumnaniap anmpmacm 100 MUIVOH
(10*) BonbTrava, KaHannapgaru Tok Kyum aca 10MA rada eta-
an. KaHannap ysyHAuUru 6up Heya KuaomeTprada 4vysvamim
MYMKUH. KentmpuiaraH kattanvkiapgaH KypuHaguku, yra
KYUnn AWWHAAPHUHT KyBBaTtu TaxmMunHaH 10 BT HM Tawkun
Kunaaw.

ElicnmoH paspsap 1802 iiunga B. B. MeTpoB ToMmo-
HMgaH Kawdg atunraH. KymupgaH TaépnaHraH Ba KOHTaKT-
NaHraH UKKW 3NeKTPoAHWN Ky4unv TOK MaHbaura ynab, KelnH
OUPUHN MKKUHYUCMAAH KNYUK Macoara ysobyTallTupcak,
ynap opacuja éi waknugaru y3sykcus paspsg gocun oyna-
an. Ei kaHanugarn gapopat 5000—6000 K raua KyTtapuniagm
Ba WHTEHCUB TEPMOMOHNAHULI Tydansin paspagHUHE Y31yK-
cU3NUrM TabMuHNaHagn. KartoggaH aHog TOMOH MyHanraH
371EeKTPOHMAp fJactacu aHog CUPTUHU Kyunu 6ombapAvMOH
KWWN HaTtmxkacnga aHog cuptuga Kpatep Aeb Hom onraH
yyKypyanap nango 6ynagu.

1881 wmnga H. H. BeHapgoc anekTp éNVMHU MeTasiapHu
Keculwja Ba Kaswapnawja ninatmw MyMKUHIUTUHN Kypca-
Tn6 6epan. 1890 nnga H. . CnaBsHOB KyMupan 31eKTpoa-
napgaH 6UpMHK MeTasin 3NeKTpos 6unaH anmallTUpuLL aco-
cufa yHU 3putub, MeTasilapHM KasLlapnawl ycy/IMHU sipat-
an. H. I'. CnaBAHOBHUHT YLLOBY YCYNM KaBLlap/al TexHuKacura
acoc cosiraH.
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7.4-8. Mna3ma. MNna3vaBuii TebpaHMLLIAp

JIMIOMIAPUHUHE @COCUM icucmu €KW Y;aMMacy MOHMIaHraH Moaaa
\YHlILM Nna3ma fgennnagn. (7.2) TeHrnMkka Kypa mMoguaHuHr
Nlopatn ~ HO*K ra eTraHga ra3 nnasma \osiaTUHUK arannawim
MyMKUH. LLIy HykKTau HasapgaH niasma MmogfaslapHUHI KaT-
iiiis, cylok, Ba ras \onatnapvgaH KelinHrn siHa 6up Xx,onaravp.
Mvasva aHT Kyn Tapk.anraH mogga x.onatnapugaH 6upu.
MacanaH Kyéw Ba tonay3nap 3ny4amru Karta nnasma x,0naru-

rpra SKVH HyKTanapga noHnaHraH rasgaH Tawkua Torn-
hui noHoctepa, yHAaH HOK.0PUPOK, HyK,Taniapga marHuTocde-
ll vae>xya. MarHutocdepa Ep marHUT mangoHu ywnab K;on-
LIl roBopu 3Hepruanun 3apagnaHraH 3appanapgaH Tawkun
fouraH.

Onumnap nabopaTtopusa LwWapouTnja sSwaw Bak M ~ 1c,
Tyaurn 10~ — 10™ cm“” temnepatypacm 10K 6ynraH nnas-
Mam XQOAT K™ i co\acmga Mabsiym MyBadhab;usTra spuLL-
/Tnap. Ywo6y nnasma 6owK.apuiaguraH TepMosigpoBuii pe-
1KWVHHH ékunpucngmp. by peakuua amanra owimpunca UH-
[0Jmat skonormk T03a 3HeprusAra ara 6ynagm Ba sHeprus
ravkucnurngaH abagmim KyTtynagw.

Mna3ma Tapkubuga HeWTpan aTomsap COHM >XKyda Kam.
YnapHuHr nnasma \onartmra KypcatraH TabCcupu gespnuv Hoara
1dT. BbuHobapuH, NAasmMaHMHI acocuii xoccasiapu mycéart
Ha MaH(UIA 3apsaanaHraH 3appaslapHUHC ysapo Tabenpu 6u-
NaH aHVK™NNaHagu. AMMO Mnasma HelTpan xonatga 6ynraHu-
JaH, yuiby 3apsaanm 3appasiapHUHC 3UU4ANTU Y3apo TEHT, SbHU
/I, = n_.

Ncenknunk xapakatn Tyainm nnasma tapkubugarn anek-
TpoHMap MycbaT moHMapra HucbaTtaH cumKuca, yIapHu My-
nosaHat xosilaTura K" aitapyBun 3feKTp Kyd naigo 6ynagn. by
KYUYHUHT KWAMaTUHN aHUKZal Mak,caguia niasmagaH KasinH-
vrm 16ynraH KNCMUHU axkpatnb onamms (7.5-pacm). (1.43)
nogara acocaH, K.apama-K.apLn 3apsgnaHraH UKKW Katiam
opacugaruv 3/eKTp MangoH Ky4daaHraHaviru

E= (7.4)



AXpaTnG 0NIMHIaH K;aTNIaMHUHT 1031
HM 8 [ecaK, X Ka/IMH/MKKa ara 6yniin
Katnamgarn 3apsigHUHT CUPT 3U4Urm

(7.5)

ngopa 6unaH aHmeyTaHagn. byHaa N

3/TIEKTPOHMIAPHUHT 5”7 X XaXKmaarv CoHuU;

n_ — XaXkm bupnurugarn anekTpoHnap

HUWHT 3U4STUTU; € — 3/TIeKTPOHHWHT 3aps-

ON; X — KatnaMHUHI KanmHairn. (7.4)

7.5-pacm. ndogagarn 3apAgHUHT CUPT 3UYTUTUHN

y3 nogacu (7.5) 6unaH anmaITmpamms.
Y xonga 7.5-pacmga KenTupuaraH K,ariamiap opacugarn maii-
OOH Ky4naHraH/mk

(7.6)

TEHI MK acocmpa aHmknaHaan. (7.6) ndoga 6unaH aHMKIaH-
raH MaigoH KyusaHraHavkK xap UKKW uvwiopanu 3apsgnapra
Tabcup atagn. Bupok, myc6aT MOHHWHI Maccacu 3/1eKTPOH-
HUHI MaccacujaH >kyga katta. LUy 6oucgaH y y3 >onuga
Konnb, aneKTpoH yHra HucbataH xapakar K;uiagw.

OnnHraH HaTwKanapHW € KaJIMHAMKAAru 3neKTpoHnap-
HUHT K,aTnammra TaTouk, aTalinvk. By xaxmaarn 3neKTpoH-
NapHUHr coHn N = n_8 ml. Y xonga 6up 6MPINK 03ga >Kon-
nawraH 3apsg Mukgopu 9 = en_l. ByHaaH 6uMpnuk to3ara
TabCUpP 3TaéTraH 3MeKTpP Ky4HW Tonamus:

E = {en_1)E = 1% M
= {en_1)E = -en_ o ©

Ndogaparn (—) nwopa mycbaT MoHNap K,atnaMMHUHT MaH-

7.7)

hnii anekTpoHMap K,atnamura TabCcup KUWINWKWHU 3bTuUbopra
0NN YYYH Kuputunarad. (7.7) TeHrnamara K = 6en-

rmnawl Kuputamnuk. Y xonga MexaHuKa KypcufaH Mab/iym
OynraH K,aluWK;oKINK (31aCTUKNNK) KYYUHUHT mndogacura
yXwawl dopmynara Kenamms:

P = -KkX. (7.8)
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Acmak, w asmagarn anektpoHnap (7.8) 6unaH aHMK™NaH-
Il xkyv Tabecupuga mycbat moHnapra HucbataH TebpaHma

\ | Darar kmnap skaH. By Te6paHNLLIHUHT YacToTacu 0) = 'A|\|/|(_
. Bupnuk to3aga >onawraH 3NeKTPOHIAPHUHT COHW
n 1 6ynraHngaH 6y to3agarv aNeKTPOHJapHUHI Maccacu

JY =rrignj 6unaH pgucobnaHaan. oupaBuii 4acToTaHWUHT
lI(IKpacvra k Ba M napHu y3 mndoganapn 6unaH anmalutTup-
11K, 3/1IEKTPOH TebpaHMa fapakaTUHUHI LUWK/UK YacToTacu-
Il aHnKpoBUM MogaHN JOCUA KNNaMA3:

0 'ﬁ‘n = 1Bnll _ 1/V (7.8)
£0 | T
\(cvn 6ynradH ndgoga nnasma TebpaHUWNHMHE UMKINK YacTo-
Tacu geinnagw.

Jemak, 3neKTpoH ras mycbat WMOH rasra HucbataH cusi-
Xuca, anekTpoHnap (7.8) 6unaH aHMKNaHaguraH 4vacrtoTa
YunaH TebpaHagunap. TebpaHuw JaBomuga ynap mycéar
voHnap 6unaH TykHawaawunap. LWy ca6abnu anekTpoHnap-
HUHI nnasmvann TebpaHunapn CyHyBUYMAUP.

MNoHocthepa opkanu pagvoTyNKUHMAapHU Tapkartuwja
nnasmaBuii YacToTaHM 6UNUL XKyaa KaTTa ajamuaTra ara.
| BoaH TapkanaéTraH pagnoTyIKMHNAPHUHE YacToTacu MOHOC-
(DcpannHr nnasmaBuii YacToTacugaH KWUUYMK 6ynca ynap
noHocthepasaH Epra kalitagunap.

Wy ypuHaa acnatnb yTuLll >XOU3KU, AP0 KyposinapuHu
aTMocthepaga Kynnab noprnatvuwl MoHocepagarn 3apsanim
yappasiap KOHLEHTPAUUACUMHUHI owunimnra onmb Kenagw.
(7.8) TeHrnamara 6MHOaH, MOHOCEPAHUHI MNla3MaBuii Yac-
ToTacu owmb, YHMHr yactotacm KNéwaaH KenaétraH Hypnap
yactoTtacura TeHrnawmé kKonuwm MymkuH. By pon 03 6ep-
raHga, KyéwgaH kenaétraH HypnapHUHr 6up kucmum Epra
Kenma KomHoTra Tapkanimb ketaan. byHpa Epgarn papo-
paTHUHI ypTada kuiimatm 30 K ra nacaiimb KeTuwin Auncob-
nawinap acocmga mcbotnaHraH.
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7.5-§. Oeb6ain pagnycn

HeiTtpan nnasma (7.8) 6unaH aHUKyTaHaguraH UMKIWK
yactoTa 6unaH TebpaHagn. YHUHr TebpaHuw gaspu

-1/72

© X9 «r

MnasmaHUHI MyBO3aHaT XonaTugaH 3HM YeTra YMK.ULL Bak™U
JaBpHUHT 4yoparn 1-1 6unaH ynyaHagu. QHAU HeWTpa/IMK

O6y3nNMWM MYMKUH B6ynraH sHr KM4mMK macoaHm xmucobsab
YnKanIuK.

KoHueHTpaunanapn 6up xun U+ =a_) 6ynraH niasma-
Jaru 3apsiainm 3appaslapHuUHT 6Up Typu — 3/1eKTpPOHAap Tap-
TN6CN3 XapakaTtu Tygaiinum / macodara CUMKUCKH (7.6-pacm).
K.anuHnvknapu 6mp xun 6ynraH Kapama-KapLin KaTnamsiap
opacupa, (7.6) ra acocaH, MaigoH KyuyfaHraHaurn

=—enl (7.9)
«0
6unaH aHMKNaHaguMraH anexkTp MarifoH By>Xyara kenagu. byH-
fa | — 6up xun Typgaru 3apagnapHUHT KaiMHAUTU. SNeKT-
POHNApPHW KyunaHranairn (7.9) 6unaH aHUKIaHaguraH Maii-
OOH 6yinab / macodhara CUIHKNTULLAA 3/1EKTP Ky

A = EbleEl =

6vnaH aHMKNaHraH UWHW 6axkapaau.
B A XA A1 OJIeKTP Ky4YuM KOHCepBaTWB Ky
bynraHnurngaH, yHuUHr 6axkapraH

+ 4-4- MWK xmncobura 3NeKTPOHMAAPHUHT
+ + 5 NOTeHLUMan 3Heprusicu

+ 4-4- - - -

4-+ & - == AE=A =~PnJ»

+ 4-4- - - ~ ©

4- + 4 KuiimaTra opTagu. Y3 HasbaTnaa sneK-
4 4 -f - - pounapHMHr noTeHuMan sHeprusicy
+ 44 - YNapHUHF KUHETUK 3Hepruscura aii-
+ + 4l naHagu:

7.6-pacm.
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(7.9)

Mna3mMaHWHT HENTPaNIINIY (aKcax UCCUK/TUK XapakaTu Ty-
thriinu 6y3nnun MyMKMH. SpKNHANK fAapaxkacu / = 3 6ynraH
LLUEKTPOHNAP 3/IEKTP Kyd Tabcupuaa TebpaHmMa xapakaT Kuna-
avnap. TebpaHmMa xapakaTaa MKKW Typgaru — noteHuman Ba
KHUETUK 3Hepruanap masxyf. Ly 6oucgaH sNeKTPOHHUHT
KUNETUK 3HEPTUACUHUHT ypTada KuimaTtn <E"~>= = KT 6yna-
JIl. By mynoxasara acocaH, (7.9) TeHrnamaHm Kyimngarmya
YvapTupamus;

NeY INNKT.
«@ -

By niopara e = benrmnall KUpUTULL opKanwn, aebaii
paguycvH/ Tonamms:

-
Ko = e (7.10)

[e6ait paguycn nnasMaHWHI acocuii xapakTtepucTukana-
pugaH 6MpuanMp. Y WUCCUMKAUK xapakatu Tydaiinm sapsgnv
BAppaNapHUHr 6up-6MpmnaaH Makcumasa y3oKaalwull Maco-

(DacuHn KypcaTagu.

7.6-8. TnasMaHWHI 3/1eKTP YTKasyBYaHAUIU

lOkopuga (7.3) TeHrnamaga KypraHMMU3LeK WMOHJ/IaHraH
rasHWHI CONLLTUPMA 3/1EKTP YTKa3YBUYAHIUTU XaDKM 6Upn-
rmgarn 3apagav 3appasiapHUHr COHU N ra 60rink. VIoHNaH-
raH rasHUHr 31eKTp yTKasyBYaHNUIM Oy XycycuaTu 6unax
MeTa//igaru 3/1eKTp yrkasyByaH/IMKKa aHuya yrcwail. BuHo-
6apviH, MOHNaHraH ra3HUHr 371eKTP KapLnanrn 3apsagnm 3ap-
panapHWHI HENTpa Mofiekynanap unaH TykHawmnwm Tydaii-
nn 3ara Kenagu. MNnasma, MoHMaHraH rasgaH apkan yna-
poK, Y3 Tapknbmuga Helitpan monekynanapra ara amac. LLyHaan
3KaH, MaasMaHWHI 3MeKTp Kapwuinryu KaHgah sara Kena-
an, geraH Tabunii caBon to3ara kKenagu.

Mnasmagary 3apagnn 3appasiap MCCUK/INK Xapakatn Ty-
(>awwm 6up-bupungaH Oebai pagunycura TeHr 6ynraH Makcu-
Manl mMacoaradya ysokgalimwim MyMKWUH. WoHnaHraH rasga
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aca 3apsganm 3appasiap TapTubceus gapakat Kuiaay Ba MKKUM
3apann 3appaHuHI TyKHaLlIMWK HucbaTaH KaMm cogmp Gyna
avuraH pgogucagmp. Mnasmaga 63 6y AO0AMCAHUMHI aKCUHU
Kypamus. NnasMaga aipym ONVIHTaH 3apsijv 3appa paguy
cn gebaii paguycm ra TeHr 6ynraH cepagarnm gamma 3a
pagnu 3appaniap 6unaH Tabcupiallagu. Jaxkmparu 3a
ps4n 3appanap CoOHWM 3ca

=y nndl .

ByHaa N — 6UMPANK gadkmparn 3appasiapHUHr COHU. Xucob'
nawnapra Kypa, 6y kaTtanuk >kyga katta (N K ~»!1). Al gakwm-
farn NXTUEpuiA 3apagnn 3appa Wy AadKMAArn n Ta 3apsagim
3appasiap 6unaH KynoH KoHyHura 6uHoaH Tabcupnailuagu,
Bolwka 3apsagnn 3appanapHUHT 3/1eKTp MalgoHuga gapakar
NaHaéTraH 3apsagnu 3appa noTeHuuan aHeprudara ara, Ly
6unaH 6up BaKTda Yy MCCUK/IUK gapakatnga fam MLWTUPOK
aTagm Ba KT 6unaH aHUKIaHraH aHeprusara ara 6ynaawm, Ly
6ouncaaH nnasMaHWHE 371eKTP YTKasyBYaHAUTMHU Aucobiall
Mypakkab matemaTuk macanagump, by 6opaga onnb 6opunram
n3naHuwiapaaH MabayMKy, NasMaHuHr 3/1eKTP yTKasyBvaun-
N Kyn >xxugatgaH Temnepartypara 60rnvk. XycycaH, JlaHg-
CX0) MNsIa3MaHUHI COMULLITUPMA 3/1EKTP YTKasyBYaH/AUTUHN
ancobnab, Kynugarm mdogaHu AOCUA KUITaH:

y = 1,5-10-~A"/71n7Y, (7,11)

6yHaa T — nnasmaHuHr KenbBUH LIKanacua ynvaHraH Tem-
nepatypacu; nJ1"— 3apaanuv 3appasiapHUHT [adKmparm coHu
N = ~nnKg gaH onmMHraH Hatypan norapugm. Mnasma y4dyH
6y KaTTa/IMK geapnu ysrapmac 6ynmb, TapkubmngaH /= 1o,
By kuiimatra acocaH naasMaHWHI COIMLLITUPMA 3NEeKTpP yTKa-
3yBYAHAUIN

M«1,5-10-~T /™) (7,12)

WakIHU onagn, ByHaaH nnasMaHWHE COMMLLITUPMA KapLuu-
NN Kylimaarura TeHr:

21032 (Om mw). (7.13)
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\o3upru nartga Temnepartypacu 10* K 6ynraH nnasmaHu
VICID kummw MyMKnH. By Temnepatypagarv nnasmaHuHr
InumwTMpMa KapLnanrmHu 6a”onannvk;

p =1 =7-10"10-=7-10-""(Opk-1I<).

DY KaTTa/IMK 3HT SAXWN YTKa3rMYHUHE CONULLITUPMA Kap-
wwmrn (~10-FOM-M) AaH yH mMapTa KUYUK.

KentupunraH (7.12) TeHrnamagaH pasLiaHku, nnasMaHuHr
(onuwITMpMa 3NeKTp YTKasyBUAHMUIN X;@KM bupnurngaru
LIpAAAN 3appaiapHUHE COHW M ra fespsn 60rnivk, amac. Ba-
\oflaHKW, MOHMAHTaH rasHWHI CONULLITUPMA 3/1eKTP YTKa3yB-
y;nnurym N ra nponopuwvoHan. byHgaH xynoca LyKu, nnas-
MauUVHI 3MeKTP KapLWAUI 3NEKTPOHNAPHUHI noHnap 6u-
W TabeuprallyBu Tydanin to3ara kKenagu. TemnepaTypa
LmraHn capu 3apagamv 3appasiapHUHT UCCUKITMK Xapakatn Ky-
UMIAMG, ynap opacuparu 3nekTp TabcuprallyB Ky4dcu3naHu-
LM cababnn nnasMaHuHE TemnepaTypacu KytapuiraHaa YHUHr
COMMLUITUPMA 3NEKTP YTKa3yBYaHNUTX axLunnatlagn.



Il kncwm. SJIEKTPOMAITHETU3M

8-606
ANEKTP TOKVUHWHI MATHNT I\/IAI7I,£I,OHI/I

DNeKTP TOKUHWUHT yTUWK 6unaH 60rnvk, xoancanapHu Tek-
WnpuLaa TOKAW YTKa3rny KUpUTUArad gasoHuHr 6Up >KUH-
CAVUNNTN, N30TPOMJINTU XaK.uparun MacasaHu OuuK, K,0f-
ANpn6, 3rrkasrny numnga 3 bepaguraH >KapaéHnapHUHE Gu-
3UK MOXUSATUHU O4YMLLITA XapakaT KNNAuK. JIEKUH Tyrpu y3yH
CUM LakIngarn WKKU MNapasiien yTkasrnygaH 37eKTp TOKU
>TKa3wusica, ynap 6up-éupura Tabeup aTULLN TaXKpMbajaH Mab-
nym. ByHAaH Myxymm xynoca LYKW, TOK/IW yTKasrny atpogu-
garn aso xyaaum anekTp 3apsg atpouparn gaso Kabm Kyd
Tabcupura ara. buHobapuH, 6y maigoHHN TeKWNPULL KaTTa
amMa/inii Ba Haszapuii axammaTra ara. Yoy 606 Toknm yTKas-
TMUYHUHT atpoduga mMaBxyfs O6ynaguraH MarHUT MarkfOHHUHT
TabnaTuHU Tekwmnpuwira ea 'y 6unaH 6ornuk; 6ynraH xogmuca-
NapHW ypraHuira 6armwnaHraH.

8.1-§. MarHuT mangoH.
MarHuT mMaiaoH UHOYKUAUS BEKTOPU

1818 nnga ganmanuk onum X. K.9pcTeg TOKAM yTKas-
rmy atpoduparn dasora MarHUT MUIUHU KUpUTULWL 6unaH
wy hasoga MarHUT MUAMra TabCecup 3TYBUU Kyysap MaBXXy[-
JINTUHU TeKWmnpuLra My/mKaanaHraH TaxxpubanapHm amanra
owupaaun (8.1-paem). by m3naHuwnapga mMarHUT MUAN TOK-
NV yTKasrny atpoduga gactnabku xonatura HucbaTtaH Mab-
Nym RyHanuw 6yinat »onnawmé K;onuwuvHn Kysatan. Mar-
HUT MWW XONMaTUHUHI 6yHAal y3rapuwim ysrapmac mMarHuT
Tabcupgarn oypunuuira abiHad yxuwawl 6ynraHugaH 3pcTeq,
TOKJ/IM YTKa3rm4y atpounaa MarHUT MangoH MaexXyf sKaHanru
Xak;uaa Xysnoca Kunagw.
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Y3rapmac MarHUTHUHI KOM-
VHCUWHI MarHuT mMuamira TabCu-
pM KagnmgaH Mab/lym. BU3HUHT
(pamn3gaH 6Up Heya acp uarapm
Xuto, KOHOHUCTOH, XWHAWUC-
1011 AeHrM34Yunapu mMarHut Mu-
MANNHE N>WANULWLIK Byinya Kema-
NapHWHT gapakart iyHanuvwnapu-
mwa 6enrmnawiraH. by 6mnaH ynap
Yinapu 6unmaraH gonga Ep kat-
la MmarHMT sKaHAUTMHU KcboT-
NnawiraH sawu.

MarHuT MUAVUHU YHUHT Mac-
i;a MapkasugaH >raH yKKa Huc-
(jataH magkamnab, Ep kyppacu-
HVH gap xun HyKTanapwura »oii-
nawTupannmk. Xamma pgonga
\amM, MarHuT MWIN [espan reo-
rpacvk mepugamnaH 6yinab >oi-
nawmb KoMraHWHWM aHuk,naim-

Mn3.8.2 Ba 8.3-pacMmnapga marHumT

MWANHUHI KUANUK bypyarmn (p
6ynraH rapbuin (8.2-pacm) Ba
[napkuii (8.3-pacm) oruwnapwu
KypcatuaraH. MarHUT MUAVHUHT
numonra TOMOH lyHanraH y4m
wumonuin Kyté N (MHrnusva
North cy3smHuHr 6ow gapgun),
KaHy6ra TOMOH WMyHasaraH y4u
»KaHybuii kyr6 S (MHrnmns4va South
CY3VHUHI 60w gapdwn) aeb 6en-
rmnaHraH. MarHuT MUWAWHUHT
6Up XN ncMNm Kyrénapm ysapo
UTapULLINLLVHK 3bTMbOpra oscak,
MarHUT MUSTMHWHT Y)KaHYOUi KyT-
61 Ep WapUHUHT XaHybuii KyT-
6UHM KypcaTuLmn pasLuaH bynagun.

Ep MarHUT MangoOHUHUHT Ta-
6uaTtn haHra Ty/ MK, Mab/lym amac.
JleknH, Ep aTmocdepacugaru
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SRS =

8.4-pacwm. 8.5-pacm.

MoHocepa, MarHuTocepa K,aTnamiapyHHE MaBxXyanuru, Ep
Kabpuga MarHUTAu mogdanapHwHr 6opnuru, Ep agpocmaaru
ApManu TOKNapHUHE YAroTraH MarHuT MarigoHnapy Ep mar-
HUT MalgOHUHN XOCU K,MNuwaa acocuii omun 6ynca Kepak
JeraH TaxmuH 6op.

Y3rapmac MarHUT MariAoHHUHT Kyd YM3NKAapyU WUMONIA
KyT6aaH 6oLwi1aHnb, >kaHyouii KyToaa Tyrangu. DneKTp 3a-
PAAHUHT Ky4 uyM3MKpapujaH hapkanm ynapok,, MarHuT mai-
OOHHUHT Ky4 YM3mMKnapu oMo énuk, (8.4, a-pacm). IneKTp
AVMNOMTHUHT Kyd 4nM3nKnapu xam (8.4, 6-pacm) ysrapmac mar-
HUT KyY um3uKyxapy Kabu énuk;. LLIy 6omncaaH y3rapmac mar-
HUTHW MarHuT gunonu geb xmcobnaw ypuHnu éynagn. Lapt-
NN paBuLwAa LWAMOAUA KYr6HM mycbaT, XKaHybuii KyréHn maH-
hunin marHUT 3apsan gebd onnw MyMKuMH. MarHuT MangoHHM
ypraHuLl >kxapaéHmga, 3feKTp 3apsanapu cUHrapu, peas mar-
HUT 3apAgiapHUHT MaBXyanuru Tyrpucmga Kyn 6axcnap
6ynraH. MarHuT 3apsagnapHn Tonuw 6opacuga KAUIraH Tak-
pubanap 0y 3apagnapHn iyk; Ae6 TaxMuUH KWUavwra MMKOH
bepaan. Xak.MK,argaH xam, y3rapMac MarHUTHUHE LWWMOMNIA
Ba >XXaHyb6ui KyrbnapmHm axpaTull Makcaguja yHWU K,aHuya-
JNIVMK KN4unK Bynaknapra ynmannnk, yarapmac MmarHuT gunosi-
nvrnya K,onagn. LLyHn yHyTMacnuK Kepakkuy, aNeKTp TOK mar-
HUT MalAOHHUHI Ky4 Yn3nMKnapu xam énuk,. Mucon Tapuk,a-
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I'llm 8.5-pacmga Tyrpy 4YmM3nKAN TOKHWUHT
MHFHAT Malf3sH Kyd 4YM3uKiapu Kentmpun-
Ull TyrpyM UYmM3uMKNM TOKHUHI MarHuUT mai-
JOH Ky4 4m3vByxapy Mapkasu TYrpm ymsmnkga
eTraH alinaHanapgaH néopart. AlinaHanapHuHTr,
IMIN KyY YMBUKNAPUHUHT AyHanuwn nap -
Ma Koumpgacura 6WUHOaH aHMKNaHagw (8.6-
prcm). MapMaHUHE nirapuiaHMa y;apakaTi ToK
MyHanmwmra moc 6ysca, napma gac TacUHUHT aii-
"Xua y;apakaTy Kyd UisuAVIapuHUHE iyHann-
U KypcaTagn. by K,omgaHn 8.7-pacmaa Kes-
Tpuarad amnaHMa TOKHUHT 6UTTa TEKUC/INK-
[n 8TraH UMKKU KuUcmura TaTtbuk, aTalinuk.
uyHAa alinaHMa TOKHUHT MarHUT Kyd YM3KK,-

8,6-pacm.

nMpy 6Mp TOMOHAAH UMK,M6 UKKUHYM TOMOHAAH KUpPagTraHu-
MA Kypamuns. ANNaHANK TOK MarHUT Ky4 YUN3UKIAPUHUHT Tak-
CUMOTU y3rapMac MarHMT Ky4 YM3MKIAPUHUHT TaKCUMoTuUra
Yxwaul. Ly 6oucaaH xap KaHgak TOKIM KOHTYPHW AMM0/b

MOMEHTWN

(jynraH ysrapmMac MarHUTra Takkocnall MyMKMH.

@.D

DNeKTp AUMOSTHUHT MOMEHTU Kabu MarHuUT AUMOSTHUHT
MOMEHTW XaM BEKTOP KaTTa/IMK. YHUHI hyHanuwm napma
Konpgacn acocupa aHnknaHagn Ba 5 to3ara yTkasuaraH Hop-
MasIHUHT AyHanuwn (8.8-pacM) 6unaH benrvnaHagum:

P.=15 (8.2)

(OyHoa 5 BekTOpM ” t03a-
MWHI HOPMaslb MyHaNULLIN-
Jb16mpnuk BekTop i ra

=5n KynahTmacura
TEHr. Y3rapmac MarHuTt
MUINHUHI MarHUT MOMEH-
™ wnMonnii KyT6 iyHa-
nuwunga onnHagn (8.9-
pacm). [emak, MarHut
MaiJOHHUHT Ky4 TabCupu-

m Ha(*)aKaT MarHUT Mmman 8.7-pacm.
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8.9-pacm.

6vnaH, yHra sKBMBasieHT BynraH TolL
KOHTYp 6unaH xam aHuK™all MyMKUWH.
MarHuT ManfoHHUHT 6UPOpP HYKTa-
Jarv Kyd TabCUppy MarHmMT Mangom
MHAYKLUUWSA BeKTOpWU 5 pJeraH
KaTTa/iMK 6unaH 6enrnnaHagn. MIHOyK-
umsa BeKTopu B 6ynraH Hyk,Tara Kysras-
Mac YKKa MaxkKamnaHraH marHuT Munu-
HW Ba JOMUPaBUNA TOKAIN KOHTYPHU KU-
putamuns. FOkopuaa Kang aTraHMMN3aeK,
MarHUT MWIWHU Ba [OMPaBUA TOK/U
KOHTYPHU MarHut gunonnapu Ae6
Kypuwl MyMKWUH. MarHut mMaigoH xap
VKKW AUnonra LwyHjan Tabcup ataam-
KW, YNAapHUHT MarHuUT AUMNoAb MOMEHT-
napwu MarHUT ManfoH WHAYKLUUS
BEKTOPWU £ HUWHI NyHaMwuga >orna-
wnb konagu (8.10-pacm). InekTp Ba
MarHMT ManfoHNapHUHI y3 gunonna-
pura KypcatraH Tabcupnapm 6up-6m-
pura xypga yxwaul. BuHobapuH, anekTp
MalgoH YYYH YpPUHNWM b6ynraH (2.2)
ndogaHN MarHUT MUAUra éKuU TOK KOH-
Typura xam TaTouK 3TUL MYMKUH:

M = P78 (8.3)

Avnosib MarHNT MOMEHTU BEKTOpU
HUHT HAYKUUS BeKTopu B rabynraH
BEKTOP KynamTmMacu MarHUT MaigoH ai-



HIl rrvpyBYX MOMEHTUHMWHT BEKTOPUIa TEHT. By MOMEHTHUHT COH
KuimaTtu

M = P~Bsma (8.4)

rcurnama 6unaH Tonunagu. ByHaa a 6ypuyak — BEKTOp-
NUUr MyHanmwmn 6unaH B BEKTOPHWUHI AyHanvLiM opacuja-
Il 6ypyak. (8.4) TeHrnamara Kypa, MarHUT MOMEHTUHUHT
HCKTOpW VHAYKUUS BEKTOPU B ra TUK >XoWnawraHga
MarHuT MaiOHHUHT aiflaHTUPYBYN MOMEHTU MaKCUMasl KUii-
MaTtra apuwagn. ByHaaH MarHUT MalgoH VHAYKUUSCUHUHT
KnimaTtun

A ax _ Max

1S (8.5)

uJopara Kypa aHvknaHagu. (8.4) udgogagaH aéHku, P» Ba
/I BekTOpnap 6uMp Xun WyHanuwra ara 6ysca ainaHTMpyBUn
MOMEHT Honra TeHr (M = 0). Jemak, MarHiT MafoH Ky4 Tab-
CUPVIHU aHVKAaLa ce3rny cugatnga KUpUTUAraH MarHuT Mu-
JIMHUHT €KN JOMPaBUA TOKAN KOHTYPHUHI MarHUT MOMEHTU
MarHuT MaiigoH UHAYKUMS BEKTOPU MyHanMwnaa >xonawraHga
\ap VKKV AVNoNb MyBO3aHaT BasuSITUHW arasiiaign.

8.2-§. AMnep KOHYHWU

OnanHrn naparpaHUHr MasMyHugaH Mabsym 6ynauku,
TEKNN yTKa3rnmy atpodumpa naingo 6ynraH mangoH 6y mait-
[OHra >XonawTmpuaraH MarHuT mMunniapura 6upop Kyd 6u-
naH Tabcup Kunagn. JlekuH Taxxpmnbaga 6y AOAMCAHUHT Tec-
Kapucu Jam Kys3aTunuwum MyMKuH. MacanaH, Amnep yTKas-
raH Taxxpubanapga / y3yHAUKAarn yTKasrmd MHAYKUUACK
y3rapmac (B ~ const) 6ynraH MarHUT MaAOHHUHT Ky4 4un-
‘LKMapvra TUK ypHaTtunam6, yHaaH / TOK yTKasuaraHga, mar-
IIVT maiigoH 6y TOKAW yTKasrmyra

FALI-B-1 - (8.6)

Kyd 6UnaH TabCuUp KUAUWIK aHuknaHraH. | 6unaH B opacu-
fary 6ypyak a ra TeHr 6y/sraHga, Ky4YHWHT KuiimaTu ysrapa-
N Ba toKopuaaru TeHrnama

F = IBlIs\na (8.7)
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XX =const

7/\
Ul .

X -

8.11-pacm. 8.12-pacm.

waknHu onagn. by ndoga AMNep KOHYHUHUHI MaTeMarLly
KypHUWnaup. (8.7) kypnHuwpga ésnnrad Amnep KoHyHu (I);ii
KaT 6P XXMHCAN MarHUT MaigoH YyYyH YPUHAN. MarHuT kyd:
yM3nKIapu napannen 6ynraH marigoH 6up >XUHcAK Gynagn
N MaMgOHHUHIE UXTUEPUIA HyKTacuga WMHAYKUUSA BeKTo])!
B Mukaop Ba MyHanul >XuxaTgaH y3rapmac konaam (8.1
paem). Bup >XnHCNM MarHUT MaigoHra 6epuaraH ywoy n3oN
OaH KeluH (8.7) KypuHuwaarm Amnep KOHyHwuUra Tabv
pudg 6epainnk. BUp >XUHCAM MarHUT MalijoHra KpUTwiraH
TOK/M yTKasrmura rabcup 3TaéTraH Kyd yTKasrmyjaH yra
€TraH TOK Kyuu | ra, marHUT UHAyKUMscM B ra, yTkasrud
y3yHnurn | ra Ba yTKasrmygarn TOK Kyuu yHanuwm 6unaH vH-
AyKUMA BEKTOPWU opacuparn GypyakHUHI CUHycura Typpu npo-
nopLoHaU.

OHAM (8.7) nogaHm 6Up >XMHCAN BynmaraH MarHUT Maii-
OOHra TaTouk aTanuk. ByHga Idl Tok 3neme HTu pgerali
TyWyHYa KUpuUtuiagn. Y ToK WyHanuwiunja ofIMHraH Bek-
TOp KaTTaNuK, AbHU jj/ . TOK 3/1eMeHTN TOK OKaéTraH yTKas-
rmyga xaénaH O/IMHraH 4Yekcu3 KuUYMK bynak4da 6ynun6, 6y
3N1eMEHT MHAYKUUA BEKTOpWU ( Yy3rapmac 6ysraH MarHuT
MaigoHaa kornawraH geb dapas kunamms (8.12-pacm). (8.7)
TeHrnamara 6MHoaH, TOK 3NIEMEHTUTra KyiuaraH AMnep Kyuu-
HWHT 3/ieMeHTap Kuimatu.

dF = IBdl sin a .

ngogara Kypa aHuknaHagu; bByHaa a — TOK 3/1EMEHTUHUHT
Idl MyHanuwn 6unaH MHAYKUWA BEKTOPU ¢ opacujaru bypuak.
HOkopmaarn nofaHn BEKTOP LUaKNnga Kynugarmya é3amms:

dF =1 dIB. (8.8)
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VKK BEKTOPHUHI BeEK-
v kK manTmackn 8.13-pacm-
Yl KypcaTuaraH yHr BUHT
YUMTUHU XOCWUJT KUNagu.
(nniobapmnH Amnep Kyuu
L1 va £ BeKTOpNap xXocusn
wliiraH TeKUCMKKa TUKAMP.

MarHuT ManWpgoHHWUHT
HM.cUpMHW bGenruvnawga 8.13-pacm.

JIMnep KYUUHWUHI NyHanu-

wmMnM aHubyTall no3mm 6ynagn. byHaa Amnep Takindg aTraH
l.0umaHn kentmpainuk. KysaTyBum MHAYKUUSA HAyHanvwimga
»KonawraHga SbHU ManfoH YHUHT O0pK;a TOMOHUAAH 0nf To-
mMonura yHasca, TOK YHUHI oépugaH K1pub 6olunaaH 4mk;ca,
KY.LU'TYBUYMHVHI YaH e/iIKkacy Ky4 AyHa/MLmMHK KypecaTagn. Xo3up-
lll BakTOoa MyHaNUWHK aHMK Nawga 4van Kyja Koupgacwu
Kynaii kenagn. Arap énunraH 4van Kyn KadTtura B BekTopu
Kupagurad 6ynca, napasnien 4 ta 6apMOKHU TOK AyHanuwim
HunaH mocnacak, ounnraH 6o 6apmMoK KyYHUHT MyHauLwn-
M Kypcataau.

AMnMep KOHYHU 6unaH aHuvK;laHaguraH 3M1eKTpoMarHut
KydHn Ky/ioH KOHYHU 6unaH udoganaHaguraH 37eKTp Ba
HbIOTOH KOHYHU 6unaH TonunaguraH rpasutTauus Kydniapu
6unaH conuwiTupcak, ynap opacnga apk 60p/iMrMHN aHUK-
naiiMns. JneKkTp Ba rpaBuTaums Kyunapyu MapKasuii Ky4dnap.
Ynap y3 TabCUpUHU MalgoH Kyd 4u3vknapu iyHanuwmga
y3atagn. AMNEepP KYUMHUHT TabCMpWU 3Ca MarHUT MalifioH Kyd
unsnkKnapura TUK MyHanraH. byHaa MarHUT MalioH 371eKTp
narpasutaumsa MaiigoHnapu kabw noTteHunan MamgoH amac-
NN xaknga KenmHpok UKp putamuns.

8.3-8. buo — CaBap — Jlannac KouyHu

Y3rapmac MarHUTHUHI TOK/W yTKasrmyra KypcatagumraH
TabCUPUHU TEKLLINPUL OpKanu 6y MarHUTHUHT WHAOYKUUS-
CUHN AMMep KOHYHUra Kypa aHMKAall MyMKUWH. JIEKVH, TOKAn
yTKasrm4y arpougarn MarHUT ManfoH WHAYKUUSACUHU KaH-
Jali aHuKnaw MyMKWH, feraH caBos rypunagn. By caBonTHUHT
eunmMmM Wy 6unaH Mypakkabkm, MarHUT MalgoH 3NeKTp Maii-
[OH Kabun y3 3apsagura sra smac.
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1820 nnga dpaHuy3 onnmniapn XK. bro
Ba ®. CaBap marHut munm épgamunga N|l
XU/ WaKngarn TOKAapHUHI MarHuT man
OOHNapHN TeKWwmnpuwaan. Y3 Taxpuba
Napvra acocaH ynap TOKAW yTKasrm4y mar
HUT MalJOHWHWUHI TabCupy 5 Kasrnygam
yTaéTraH TOKKa, YTKasrm4y ysyHaurura w
waknura, yTkasrmd 6unaH manfoH Tabcu-
pu TeKWMpunaéTraH HykK;Ta opacujarv ma-
cotpara 60rnuK, sKaHAUTMHU Ky3aTULAW.
OnvHraH HaTwxasiap acocmaa ynap UxTué-
puin Wwakngarn TOKHUHIE MarHUT NHAYKLUU-
ACUHWN aHUKAall WMKOHUSATUHW 6epyBun
thopmynaHu TonuLira MHTUAMLITaH. AMMO
Oy M3MaHULWIap HaTWXKacu3 TyraraHugaH cyHr 6y MKKW oM
6yloK (hpaHuy3 matemaTuku . Jlannac épgamuga ywby maca-
NaHu xanatnwan. MacanaHm xan aTuwga TOKAN yTKasrny uk-
paH YeKcn3 KNYMK TOK 3/IeMeHTIapura axxparmnagun. 8.14-pac-
MAa TOKAUM HIrkasrnyga MKpaH axkpatwiraH TOK 3/1eMeHTNa-
puaaH 6upn bll kypcatunraH. JSlansac 6y TOK 3/1EMEHTUHMU
MarHuUT 3apgara KMec atagn. ®asoHMHr A Hy”‘racuga bll Tok
3/1EMEHTN YWroTraH MarHUT MaliJOHHUHT 3/1IeMeHTap UHAYK-
umsa BekTopuHu (1B neb benrvnainuk. Tabuniiku, A HykTaga
Hathak,aT 613 axkpaTunb oniraH TOK 3/IEMEHTU, 6a/IKM TOK/IN yTKas-
rmyga pMKpaH oiMHraH 60LLK,a TOK 3/1leMeHTNapu X;am y3 mar-
HUT MaJOHNHN X;0cun KInaan. buHobapmH A HykTajarm Ha-
TKaBUIA MHOYKUNA B UYEKCU3 KNYUK TOK 3fIeMeHTapu yunr-
0TraH 3/eMeHTap WHAYKUUSA BEKTOP/apHWUHI BEKTOp
ANTUHANCNHA TeHT:

8.14-pacm.

B= clB (8-9)

Tok anemeHTU bll HUHT

clB = dst (8 .10)

wakngarn anemMeHTap MHAYKLUWUS BEKTOPU YUYYH 4YmKapuiraH
6y ndogacu buo-Capap-J/1lannac K;0OHYHW HOMWUHU
onraH. byHaa  -- mMarHuT goumMuiicu; U— TOK KUpUTWUAraH
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MyXV THUHT MarHuT CUHTAUPYBYAHANTU; T — M1 TOK 3/1eMeH-
W/ KypunaétraH Hyk,Tara )irkasuiraH pagunyc-sektop. buo

("aBap — Jlannac K,0HyHU 6unaH aHWKAAHraH afieMmeHTap
MHAYKUMSA BeKTopn (B HWHI mogynu:

dB = qu\/l_ldél sino: (8.11)
r

limm a — ToK anemeHTN bll 6unaH paguyc-BeKTop ropa-

Ingarn 6ypuyak.

LWaptan paBuwga marHuT 3apsag geb onuHrad ldl Tok
HIOMEHTUHUHI MarHUT MHAOYKUWUA BEKTOPUHWU HYK;TaBuii 3a-
PS4 9M1eKTp MaraoH KydnaHradHamrn (1.11) 6unadH conuwtu-
pallvk. ByHaa ynap opacmaarn HOMyTaHOCUOBIMK SK.KON Ky3ra
wTnaHagn. Ynap opacmgarv npuHuunman gapk, (8.11) mndo-
Haga UWTUMPOK aTtraH di sin ip anemeHTUTAAMpP. By anemeHT
VHAYKUMA BEKTOPU J HUHT Kyd 4Yn3mkgapu €nuvik, sKaHMIn-
I MHU KypcaTagu. ByHpaaih anemeHTAaH Ma)dym 6ynraH £ Bek-
IOPUUHT Ky4 YN3UKNapU 3ca OUMK.. Xap UKKU BEKTOP MYXMUT-
MHNr TabmnaTtura 60rnuk, Ba 6y xycycusatnapm 6unaH ynap 6up-
|)vpnapura yxwauw. JleKUH B_ MYXUTHWHI MarHuT
I'HHrAMPYBYAHAUIMHUAN Ta TYTpU, E 3ca MyX;UTHUHT 3/1eKTP
CUUTAVPYYaHIUTA € ra TecKapu nponopumoHan.

MalAOHHUHI Ky4 XapakTepucTmkacu cudarmga UKKUH-
"l PU3NK KaTTa/IMK — 371eKTP MalifoH Ky4ynaHraHanrm Ku-
NN nraH, Y MangoH MHAYKUUS BeKTopy B 6unaH B =~uH
K)oga opK,a/m 6ornaHraH MarHUT ManfoH KydnaHraHamrm
/I Toknap xocmn KunraH MaiAoHHUHT Kyd TabCUpUHU 6en-
wnangn. buHobapuH, 6y Kan'a/MK ToKAap XOCWU/T KuaraH
MarHUT mMangoH (asocuHU Tynampub TypyBUM MOALAHUHT
MarHUTAaHraHAnrnra, SbHNU MoAAaHUHI MarHUT CUHTAUPYB-
Yablnuru X ra 60rnvK, amac. MarHuT ManaoH KyysiaHraHauru
N BekTOp KaTTa/IMK. YHUHI AyHa/InMwmM MHOYKUNA BEKTOPU
B HUHI MyHanmwu 6unaH aHuk,naHagu. By kentupmnraH
ii;joxra Ba buo — CaBap — Jlannac K,0HyHura 6mHoaH bl
TOK 3M1IEMEHTUHUHI MarHuUT MalifoH Ky4dnaHraHauirm

1 1[dIr]

dH = an p (811,3)

n(dogapaH xmcobnaHagm.
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Buro-CaBap-/lannac K,0HyHUHWHr (8.11) Ba (8.11,a) wak-
nuparu udoganaprHn y3apo Tak,K,0cnall opKanau MarHuT mai-
[OH MHAYKUVS BEKTOPU 6UMaH MarHUT MalgoH Ky4iaHraH-
nurn opacugarun 60pfaHUWHU TONULW MYMKWH, SbHU
clB = 11p(1M1 '&on B = pLp . (8.12)

Buno-CaBap-J/lannac KOHYHUHUHT (8.11) wakngarn udo-
Jacvpa Ba (8.12) chopmynaga MoggaHWUHE MarHUTAaHTaHNT K-
HN 6eNrnnoBYM KaTTa/IMK/r-MarHUT CUHIAUPYBYaHINK NLWITU-
poK 3TraH. By KaTtTanuk 6esocuTa MOAAAHUHI atom Ty3uau-
wu 6unaH 6opamk- Ly 6oucpgaH [N HUHT UMK MOMMATU
MOAAAHUMHI MarHmMT xoccanapura 6apuwnaHraH 10-6o6ga 6a-
Taceun éputunraH. Bakyym yuyH™ = 1 Y xonga (8.12) ndoga
B = i" kypuHuwaa é3unaan. KOkopuaa Kentupunrad dop-
Mynanapga gm3snK KaTTa/IMKNapHUHE ynyoenapn “CUAN” Tn3n-
MU ONVHFaHAUr Tydainm ynapga MarHuT 4OVUMUIACU WLLI-
TUPOK 3TraH. YHWHI COH KuiAMaTtu 8.6-§1a KenTupuaraH.

8.4-§. buo — CaBap — Jlannac K;OHYHVHUHI Typau TOK/n
yTKasrmunap y4yH tatouvk,m

Brno — CaBap —Jlannac KOHYHUHUHT (8.10) wakngarn ngo-
[acuHU Typ/v Xycycuia gonnap ydyH TaTomk stannuvk. By udo-
Ja TypAu Wwaknigarn TOKW 3T'Ka3rMyunapHUHE MarHUT MangoH
VHAOYKUNACUHU Xmcobnalwl TeHrnamacu cugatnja KeHr Kynna-
HUNaaW. SHI Kyn TapKasiraH TOK/W 3b-Kasruwiap Typpy Yn3nk-
Knu ékn aiinaHMa Wwakniga 6ynraHnurun cababnu, wy KypuHuLL-
Jarv TOKNapHUHT MarHUT MHAOYKUUSNapUHU >Ncobalinmk.

1. TYTPU TOKHUHI MarHuUT MalgoH MHAOYKUMACUHN 2 Mco€
naw. 8.15-pacmga énuk 3aHXUPHUHT TYpPpY YN3UKIN KUCMU
KentupuaradH. M TOK 3N1leMEHTHUHI A HyKTagarun afsiemMeHTap
VHAYKLUMACK

TeHrnamagaH Tonunagu. lNapma kKoupacura acocaH, Tyrpu
TOKHUHI XaMMa TOK 3/1IeMeHT/apyM A HykKTafa Kuiimatu 6up
XU Ba uM3Ma TeKUcamrura TMK MyHanuwira ara éynraH ane-
MEHTap MHAYKUMAnapHu yirotagn. (8.9) ndogagaH A HykTa-
Jarv Hatmwkasuii MHAYKUMA 3ieMeHTap MHAYKUUSANapHUHT
anrebpank MUPUHANCUTA TEHT:
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B - an (8.13)

Toknu yTkasrmura A Hyk,TafaH TyWwMpuaraH TUK YU3UK,-
MMMI Y3YHAUTUHU a aeb 6enrnnanink. YTKasrMYHUHE MKKU
UXTUEPUIA M Ba  HyK™TanapuHu A Hyk™a 6unaH 6uprawiTtu-
[m6, M47YyubypyakHu )ocnn K™ namns. J1/Ba Hyk,Tanap OA
Kcemara HucbaTtaH/1 HyK.TagaH”, Ba —MM0ypyak octuza Kypu-
Magun. ~2 BypuyakKHUHT (—) uwopacu bunaH 6y ypuak OA TUK
MBVKHMH™ nactupga étmnwim
Y>Tubopra onuvHraH. Tyrpu
rokgaH ldl ToK afieMeHTUHU
(DvkpaH axkpaTnb onannuk.

YUNHT yunapuHu .4 Hyk;Ta 6u-
Nav 6upnawTupamuns. Y »onga
11lToK anemeHTN A HyKTajaH
il{) bypyak ocTnga KypuHaau.
X.15-pacmgaH dl — BC. AC
KecMaga AB ra TeHr kecMaHu
axkpatnb, BD CTyppn 6ypuak-
S yuybypyakHU XOCU K,una-

Mu3. By yubypuakaaH

BD 8.15-pacm.

sina

dl=BC =

(8.14)
BXaHIUTMHY Tonammn3. VIKknH4m TomoHgaH BD kecmaHu map-
Ka3n A Hyk,Tafa étraH, paguycu r ynraH ainaHaHuHr élinra
TeHr geb onuw MyMKWH, SbHU BD —r - fap. (8.14) TeHrnama-
farn BD HM y3 KWiAMatn 6unaH anmalutupumo,

dism(p = rd(p (8.15)

3KaHNTUHN aHKNTaivm3. T jAn 6ypyaknu/ 4  ydybypyakgaH

AB=r= 2 (8.16)

cos(P

oynaagn. (8.15) Ba (8.16) TeHrnamanapHu (8.13) ra Kyiicak, y
Kylingarn KypuHULlaa Kenagw:

B = Cos<p-d(p = ~ (sin o, + sin®oj.

>3
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Arap yTKasruy 4ekcma ysyH 6yrnca, "~y
6ynagn Ba toKopugarn TeHrnamajaH 4ekcms y3yH Tyrpy TOK-
HUHT UHAOYKLUNACK

(8.17)
3KaH/IUTVHX TonamMms.

UeKkcn3 y3yH TOKN YTKA3rMYHU XOCU/T KU MYMKUWH
amac Ba 6yHra 3apypusT hykK,. Arap yTKa3rM4yHUHI Y3YHIUTU
/ yTKa3rnu 6mnaH KypunaétraH Hyk“ta opacuparu macodara
HucbaTtaH aH4ya kaTTa (1 » a) bynca, 6y Tyrpy TOKHUN YeKCcu3
Y3yH Ae6 0NunL MyMKWH.

Typpy 4YM3UK™M 4YeKCU3 Y3YH TOKHUHT MarHuUT MaljoH
Ky4YnaHraHnarmHm xmcobnawpga (8.12) TeHrnamagaH goriga-
NnaHamu3s:

Ho (8.18)

2. AlnaHma TOKHUHT MapKasujarn MarHUT UHOYKUNSCUHY
?(ncobnawl. Pagnycu R 6ynraH ainaHMa TOKHUHT UXTUEPUIA
MKKN CUMMETPUK KUcMugaH bll TOK 3fieMeHTNapuHU axpa-
Tanuk (8.16-pacm). ToK 3anemMeHTNapura napma KomgacuHu
Tatbuk; 3TM6, ynapHUHI MHAYKUMANapW ainaHa mapkasugaH
6usra Kapab yHasiraH 3KaHJAUTMHW aHUKAAMMn3. TOoK ane-
MeHTNapuga TOK WyHa/mwmn 6up TomoHsama. BuHobapuH,
XaMMa TOK 3M1EMEHTNIaPUHUHT VMHAYKUUSAapuM Xxam 6up xun
MyHanuwra sra. Paguyc 6unaH TOK 3/IeMeHTU opacujaruv

bypyak a =y .Y xonga (8.13) TeHrnamagaH ainiaHma TOK-
HWUHI MarHUT MHAYKUUSCU

N = (8.19)
65'nagn. Ekn (8.12)ra acocaH, aifiaHmMa TOKHUHT MarHUT Mai-

AO0H Ky4aHraH/Inrun;

H= < (8.20)
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Ly ypuHpa Ep macui-
wbéura HucbaTtaH YHUHT
MLU'HUT MaliJoHN Hak;agap
KaHNMUTUHU KypcaTunb
Yiannuk. AinaHma TOK
Mapkasuga Ep marant maii-
OOHU  Ky4djaHraHamru
Il = 55 A/m 6ynraH mar-
UNT MaWpoOHHWN XOCWUN
KWANW  YYYyH 3KBaTop
>yiirab oNMHraH yTkasruu- 8.16-pacm.
7 -10*N TOK yTKasuw nosmm {RN =
6,37-10« ™).
(8.2) TeHrnamara Kypa, aliniaHma TOKHUHI MarHuT Mo-
MeHTU

P=/5=InR"

(>ynagn. ByHaaH TOK Ky4YMHM aHukK™ab, (8.19) TeHrnamara
KACaK, MarHUT MHAYKUNA BEKTOPU 6UNaH MarHUT MOMEHTU
opacugarv 60psaHULLHN XOCUJT KNaMU3:

a- W p (8.21)

TOKNMN KOHTYPHUHI MarHUT MOMEHTU 6unaH YHUHT WH-
OYKUMSCU 6Up XM WyHanuira ara.

3. V Te3nuk 6mnaH x\pakart wWaéTraH 3apsgiv 3appa-
MUHI MarHUT NHAYKUUACUHW >™Mcobnal. MarHuT MangoHHUHT
MaH6an BasnacuHU acnuaa TOKHU BYXXyAra KenTupyBuu 3a-
psaoan 3appanapHUHE TapTubnn xapakatu 6akapagu. BuHo-
6apuH, 6up Xun rNhanuwra ara bynraH 3apsagam 3appanap
MarHuUT MaigoHNAPUHUHE cyrnepno3nymsacu (YMyMnin MATmnH-
OWCN) TOKHUHT MarHMT MangoHu cudatnga HamoéH Gynagw.
'ONeKTpOH Hasapusra acocaH, bll TOK 31eMEHTUHU yHra 3K-
WMBaNIEHT OynraH TOK TallyBuYM 3appasiap CoHW 6unaH an-
MaLTUPULL MYMKUWH, SbHA

Idl =jS =di = qunSdl =qV'dN, (8.22)

6yHAa g — TOK TallyBYM 3appaHuHT 3apsian; Vv — TOK TallyB-
umn 3appaHuHT xapakat Te3nimrn; dN — 3appanap CoHu.
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Buo — CaBap — Jlannac K™ orymm
(8.11) parn Idl ToK 31eMeHTUHN
(8.22) ndopga 6unaH anmaluTupcak,
V Te3nnK bunaH X,apakat/fiaHaétrail 4
3apsaann 3appaHVHE MarHUT MalgoH
WHAYKUUACUHU aHUKyTalW MMKOHUA
TUHU bGepaguraH udofaHU X,0cum

K,1namus;
£- dB_ AthvSlna
w

(8.23)
Jemak, )(@pakaTgary 3apsafn 3appaHvHr MarHT ManigoH
VHAYKUMACK 3appa 3apsagura, Tesnurura, Tes/iMK unaH nHoykK-
LUMACU aHUWIaHa8TTaH HyK, Ta YPHUHW GenrunioBun pajuyc-Bek-
TOp opacugary 6ypyakHUHI cuHycura Tyrpu, ynap opacmgarv
mMacoda r HUHI KBagpaTura Teckapyu nporopumoHas. Xapakar-
jarn 3apsgHUHr MaliioH MHAYKUUS BEKTOPUHWHE MyHanu-
WM x,.aMm napma K,omgacura 6uHoaH aHukgaHaau. LUy k.oupa-
ra kypa 8.17-pacmga KentvpuiaraH gapakarjarv 3apsagHuHr
VHAYKUMS BEKTOPU YM3Ma TeKUcnmrngad 6msra ToMoH nyHas-
raH. MaHuii 3apsag aliHaH Wy WyHanuwpa ><;apakar/iaHca,
YHUHT MHOYKUMA BEKTOPU 6U3faH um3ma, TeKucamrura K.apab
MyHanraH 6ynagn. (8.23) TeHrnama 6unaH aHwWKJlaHraH WH-
OYKUMSHUHT BeKTOp mdogacu

B = 'S-"s{vr] (8.24)
Lwaknmga esnnagu.

8.5-§. Tyna ToK K,0HyHn. CosieHOUz, Ba TOPOUAHUHT
MarHUT MaifioH MHAYKUUSCUHW Aucobnalu

Buo — CaBap — Jlannac K,0HyHUra 61MHOaH MarHuT Ba
3/1EKTP MarAOHNAPHUHT Ky4Y Yn3mkK”™apm 6unad 6ornuvk, bynrax
npuHuMnman apkK,HU sitHa 6up 60p Myx,0Kama aTainuk. Mo-
TeHUMan MaiifloH 6ynraH 3/1eKTpP ManfOHHUHI Ky4 YM3UKyTa-
py OYUK,. DMEKTP MaMfOoH Ky4Y/laHFaHJAUTUHUHE UXTUEPUIA
énuK, KOHTYp 6Oyiinab uupkynsaumsacu sca, (1.37) TeHrnamara

acocaH,0 EdJ™=OEdlIcosa = O6ynagn- E BeKTOpHU ..BEK-

|
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Im] |[QwiaH anmawwTupcak, mar-
mwl MaiigoH MHOYKUUSA Bek-
NPUHUHT LMPKYNALUACK KY-
Milm kypuHuwiga éynagu:

fl(] = i)Bdlcosa.  (8.25)

MarHmt mangoH y3 Tabua-

1M xn~atgaH noTeHuman
LLCKTP MargoHaaH apk, Kmna-
mi Ly 6oucgaH toKopuaaru
(H.25) nHTerpan Honra TeHr
mac. by mMHTerpasiHM xmcob-
[IM6 unkainuk.

Tyrpu 4n3mknam ToKKa TUK bynraH Tekucamkga (8.18-pacm)
VXTUEPUIA LWaKNgarn r KOHTYPHU yTKasannank. Tyrpy 4msuk-
M TOK 4M3mMa TeKucnurura TMK MyHanraH. lNMapma Kompacu-
Fl Kypa, Tyrpn 4mM3MkKAM TOKHUHI MarHuUT Kyd 4n3ukiapu
coaT MUAU MyHanmwmn 6ynnab yHanrad aiinaHanapgaH n6o-
Par. WynapaaH 6utTacu 8.18-pacmpa KenTtupwuiraH. r KOH-
iypoaH dl anemeHTHU akpaTanuk. NHoykumsa BekTopn B
ryrpy TOK MarHuUT Ky4 ymsurura ypuHma 6ynmé yHanraH. Y
\ornga nHAyKUna~BekTopn B pagnyc-BeKTOp r ra TMK WyHas-
raH 6ynmo, y 3NeMeHTap BeKTOp 6unaH a 6ypyak Xxocun
Kwiagn. WakngaH

(Sil/l) - Bdcosa (8.26)

3KaHANTMHU aHUKNariMn3. /| KOHTYpPHUHT dl 3ieMeHTUHN TOK
Mapkasu / 6unaH 6upnawTMpammns. 8.18-pacmpaaH paguycu r
6ynraH annaHa énn 6unaH ycTtMma-ycT TywraH kecma di HUHT
y3yHaurn dl kecma y3yHAurn 6unaH Kynmgarmya 6ornaHraH
dig = dl cos ip. IKKUHYX TOMOHAAH dig KECMAHUHT Y3YHIUTU
pagnycu r 6ynraH ainaHa éinra TeHr. dip mapkasuii bypuyak-
Ka Mmoc 6ynraH dig EMHMHI y3yHNUITMHN alinaHa pagunycu op-
Kanm anmknaiimms: di™ = rdf. KentupunraH mynoxasanapra
Kypa, (8.26) TeHrnamaHm siHa 6yHaaii 83ull MyMKWH:

Bdl) - Bdlcosa = Bdl"™ - Brdcp (8.27)
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Typpu TOK Bakyymaa ofiMHraH 6ysca, MarHUT CUHTAVUPYBY;T
kK (I = 1 6ynn6, (8.17)ra acocaH, Typpy TOKHUHI MaTT

MHayKumacn B - N waknnga onnHagn. by ndogaHn (8.3
TeHrnamara Kymmb, yHun énuk, KOHTyp byinya wHterpanin

MU3;
§(|\/|) = = (8.2X)

[Jemak, MarHut ManfoH WHAYKUUSCUHUHT ENUK, KOHTYp
Oyiinab UMpPKYASUUACU KOHTYPHUMHT LWakniura 60ravkK, am:u
3KaH. MarHuT MalifoH VHAYKUMSICMHUHT Enuy, KOHTYpP Gyiinao
O/IMHFaH LUMPKYIAUMSCU KOHTYP M;ampab onraH TOK Ky4uun | HUHF
MarHUT JOVMMUNCUTa KynaiTmacy 6unaH aHus iaHagn. Envk,
KOHTYp 6Mp Heya TOK/MapHWU K,ampab onraH 6ynca, oKopuga-
m ngoaa

= (8.29)

KYPUHULWWIHW onagn. by mndogaHn, (8.12) TeHrnamara 6MHO-
aH, MarHuUT MalioH Ky4laHraHaurm yyyH x.am é3uml MyM-
KUH;

WyHaark Knamb, MmarHMT ManfoH KyynaHraHanrmHUHE Ervk®
KOHTYp 6yiinad oNnHraH UUpKynsaumscn KOHTYp bampab onraH
TOKMapPHUHI anrebpavk nuHgmMcura TeHr. byHaa KydnaHraH-
NNK AyHanMwmn KOHTYPHUHI afiaHuwl hyHanuwura moc
6ynca, Toknap MmycéaTt uilopa 6uniaH, akcmH4a, Teckapu 6ynca,
ToKNap mMaHduii uwopa 6unaH onnHagwu.

MarHuT mMarfoH WHAYKUUACUHUHT KU MarHUT MaifoH
KyY/llaHTaHIUTMHUHT éNUK KOHTYp 6yifiab uupKynsuuscu
Xakmgarn KoHyH, ssbHM (8.29) Ba (8.30) TeHrnamanap, ogat-
Ja, Tyfa TOK KOHYHWUW felnnagn. Tyna TOK KOHYHUHU
3MeKTp MalgoH UMpKynaumsacu 6unaH conuwiTmpcak, ynap
opacugaru apk SKKos HamoéH bynaan. by thapkaaH xynoca
LWYKWU, MarHUT MaifoH anekTp mMaigoHAaH apkan ynapok
noTeHUMan MangoH amac. MarHNT MaWfOHHUHT Ky4Y YM3vKVia-
py fovmo énmK. XycycaH, Typpu TOK MarHUT MalfgoHWUHUHT
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r>VI un3nKOapW annaHanapgaH néopat 6ynnb, TOKKa SK™MH HyK,-
bUTPAa YNapHUHE 3UYAUTU 0K OpY Ba TOKAAH Yy30KMiallraH
| KyY YN3UKXapPUHWUHT 3U4Inrn Kamanmnoé 6opagu (8.5-pac-
hi.i K.). Ky4d 4nsnk”™apuHuUHr 6yHaan Tak”CMMOTWU ra3 Ba Cy-
HA,IMKNapHUHT yiopmMa ok™mvmnga Kysatunagu. Ly 6oucpaH
MW HUT MalifoH yiopMaBuii MangoH aeb atanagu.

'ONeKTpoTEXHUKaAa Tyna TOK K,OHyHW Typnu wakngaru
VDKMTAPHUHT MarHUT MaioH MHAYKUUSACUHN )Mcobnatl ycy-
lll cnbatnaa keHr kynnaHwnagun. LynapaaH aipuvmiapyuHu
1 YV6 4mK,alinumk.

1 CONeHOUAHVHI MarHUT MaigoHUHM X;ucobnall. Y3akka
XXiraH ST cUM Yynramiapu coneHoug feiivnagn. Y3yHnu-
In / y3 gnametpn d ra HucbataH aHuya Katta (/> >d) 6ynraH
loncHOMAHU 4YeKcu3 y3yH fAeb )™mcobnawl MyMKUH. YHUHT
YpamnapugaH 6up xun Tok )Magu. Xap 6up ypam >hocun Kun-
NT MaigoHNap >amiaHu6 coneHoug MarHUT MaligoHUHU
lo'iara kenTnpagn. VMIHAYKUMSA Kyd YM3MKyrapy cosieHou  numaa
napmsen Ba >yga 3ud (8.19-pacm) >koiinawiraH 6ynu6é cone-
noug nungarn mMarHut maingoH 6up >xuHcnmngup {B = const).
(‘oneHonpg Talwkapmcnga aca MarHUT Kyd 4nsuk”™apm xap 6up
KeTMa-KeT YPaMHUHI. MarHut MangoHu 6up-6upura Huc-
OataH Kapama-K,apLm nyHanuiwiga éynraHu mangoHnap 6ump-
(wpvHKM cyHavpagn. By mynogasara acocaH, YeKCU3 Y3yH
TOK/IN COMEHOUA YUYYH Tysia TOK K OHYHVHU

ANl =11V

o

Taknga é3aMm3. byHaaH cosleHoMA nungarn \axkmga 6up xun
KMiivatra ara 6ynraH MarHMT MaiigoH KyuiaHTraHAUrMHUHE
ngogacmra Kenmil MyMKUWH:

.19-pacm.
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H=— =1n, (s 1

6yBaa N —ypamnap coHu; /| m
NneHonpg y3yHNuru; n — ovpu
y3yHnmkaarn ypamnap coHm i
6unaH B opacmparn 6ornaHuLl
(8.12) ra Kypa, cosieHOMAULIN
| MarHnT MaloH VHAYKUNACU UK
Kyhngarnya aHukKyTall MyMKUH

B = (8.1']
[emak, coneHoug numMgary MarHUT MaifoH CcosieHoWMYH

yTaéTraH TOKKa, GMP/MK y3yHAUrugaru ypamsaap CoHura m
MYOUUTHUHI MarHUT CUMHFAMPYBYaHAMUIAra nporopumoHast aKaH

2. TOPOUAHWHI MaramtT MangoHuUHW ~umcobnaw. Pagmycn K

6ynraH xuAifa wakmgarn coneHong (8.20-pacm) Topoug deiiit
nagn. ToponafaH /ToK yTca xap 6up ypam X0CUsT KWIraH M
HUT MalifoH Topoua numga >kamniaHagu. Topoua paguycu
HUHT ypTada KuiiMaTu TOPOUAHWUHI UYUKM T Ba Talwku R pi

anycnapy ANTMHANCUHUHT ApMUCUTA TEHT, AbHU < R>=
Y xonga Topov YKUHUHT y3yHaurn | =2n < R>. By y3yu
NMKHKU (8.31) TeHrnamara Kyiicak, Topong nuyvgarv ysrapmac
MarHuUT MaigoH KydnaHraHamrm
_w IN
H=71 =2K (~"3)
TeHrnama 6unaH aHuknaHagu. (8.12) TeHrnamara acocaH,

TOpoua mMungarn 6up >XMHCAN MaRAOHHUHT MarHUT UHOYK-
uUMsicn Kyungarura TeHr,;

B = (8.34)

In<R>

3. 27 GynraH UMAMHAPUK TOK/IM YTKa3rMUYHUHE Mar-

HUT MaliloH MHAYKUUSCUHUN X1cobnall. 8.2 1-pacMaa KenTupuni-
raH UMAVHAPUK TOKAN YTKA3rMYHWHI MarHUT MaligoHUHU
xucobnawpga, Mapkasv UMAuHAp ~“mnpa éTtraH alinaHanapHu
yTKazaMmm3. VUK KOHTYp Kampab osiraH TOK Hosra TeHr. bu-
HOGapWH, UWANHAPHUHT WUYKU KUCMWUAA MarHUT MangoH
oynimaiian. TalKM KOHTYPHM Kampab onraH Tok aca | ra TeHr.
(8.30) TeHrnamara 6uHoaH, pagmycm K 6ynraH KoHTyp 6yiinab
MarHUT ManAoH KyulaHraH/AUTMHUHT LUPKYASLUscu
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InR =0

/ o]

W'wan. ByHaaH UWMANHAPUK TOKAW
»1111 W'MYHWHT TallkK.apucugarn MarHut
stiiiifioli KyunaHraHauru
_
A= - (8.35)
INl®m J1— unnnHap ykngaH Kypuniaér-
nn C wyk;taraya 6ynraH macoda. (8.12)
n'wnamanmn (8.35) ra kyiinbé, C Hyk,Ta-
4l marHnT ManfoH MHAYKUUACUHN b
nTby(alimmna:

\Y

8.36 8.21-pacm.

B = onr (8.36)

nynga X — uynnanHApUK TOKAN NKas3rnd KUpUTUAraH MyxuT-
1mmnr MmarHUT CUHTrAnpyBYaH/INT .

8.6-8. Mapannen TOKMApHUHT y3apo TabCupu

Amnep Ba Bbuno—CaBap—J/lannac KoHyHfapugaH Kenunbé
MUKNaguUraH HaTwxkanapgaH 6upu 6UMpop TOKHWUHI MarHuT
MalrgoHUra MKKUHYM TOK KUPUTUAraH4a ynapHUHI y3apo
Tabcupnawmwnanp. ®MKpUMU3IHUHT Jannan cugarnga na-
pannien TOKNapHWHI y3apo TabCUP KYUUMHU aHUKNIaiuk.
MKk1 napannen ytkasrmygaH 6up xun iyHanumwpa /, Ba
ToKMap okaéTtraH 6yncmH. bno — Casap — Jlansiac KOHyHUra
acocaH to3ara KenagumraH MarHUT ManfoHHUHI WyHanuwu-
UM Ba LY MarHUT ManlgoHra KyWiwuraH TOKAW yTKasrmura
KypcaTuaraH TabCuUp KYUYUMHUHI AMMep K;oHyHura 6uHoaH
MyHanraHNUrvHW acnacak, ysap y3apo TOPTULLIMLLIMHWN aHWK,-
nainmmns (8.22, a-pacm). Amnep Ba bmno — Casap — Jlannac
K~ OHyHNapura Kypa (8.36) TeHrnamagaH TOKHWHI YHAaH a
Macoada ETraH HyKTagaru MarHuT MaifoH NHAYKLUACK

0 _ WA
- 2T
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-.1S,

1+

8.22-pacm.

ngoaa opk™anm xmcobnaHaaum. Mapma K;ongacvHM TaTouk, sTum
[ vHAyKumMsa BeKTOpM 6M3gaH KMTO6 Tekucmrura TMK pa
BMLWWIAA WyHausIraH aKaHAUTUHW aHMKNanmui. Amnep Kouga
cura Kypa, /ATOK MarHUT MaiJoOHHWHI  TOKKa KypcartraH
TabCMp Kyun 8.22,6-pacmpa KypcaTtuiraH MyHanuwira sra
AMMep K;OHyHUra 6uHoaH 6y KYYHUHI KuimaTu

p -1 Pl - |

OyHAQ  — WKKUHYM TOKAN YTKA3rMUYHWUHT Y3YHAUTW.
Xypow wy yeyn éunaH  TOKHUHT YHAAH a macoajga éT-
raH HyK;Tagarm WHAYKUUSACUHU aHUK aiMns:
B.

2na

By MHAYKUMA BEKTOPU KUTOO TekucnurngaH 6usra k,apab
ryHanraH. LWy 6oncgaH  TOK MarHUT MalifOHWUHUHT /, TOK-

Ka KypcaTraH Tabcup Ky4u HUHT AyHanmwm KYUYHUHT
nyHanuwura Teckapu 6ynagn. By KYUYHUHT KuiAmaTtu aca
B _ 1D, ™Mti,

TeHrnamagaH aHuk ™ aHaau; 6yHaa /, — 6MpUHYKN TOKNU yTKas-
TMUYHUHT Y3yHAUrn. Arap Jap MKKana yTKasrmd tabcmprialla-
8TraH K,MCMNapWHWHI Y3YHAUKNapu y3apo TeHr (N = =)
6yrica, MKKM napasisien ToKap opacmaarv y3apo Tabemp Kyud-
napn xam 6up-bupura TeHr 6ynagu;
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N-N2=121 = opa

)lI-Mak, KKM napasinien yTkasrmygaH okaétraH Toknap 6up
Il vyvanuwra ara 6ynraHga ynap 6up-6upura TopTunap
HVL, JIKCUHYa ToKMap K;apama-K.aplim inyHanuwiiapaa ok,ca
IN wknn yTkasrmunap 6up-6upmngaH wutapunagm (8.22, B-
Mw).

1)K.opngarn mndodagaH 6up 6UPNUK Y3yHIUKAArN TOKAN
M1iMruura Tabcup aTaéTraH 3/1eKTPOMarHUT KyYHUHT KMAMaTU

(8.37)

Ly ndoganaH ToK KyunmHuHr CUW 6upnukniap Tusnmuga
>N kunuHran 6mpnnrn — amnepHUHr Tabpucn Kenmb
1lkam 1 amnep (A) wWyHAah yarapmac TOK Ky4mMKu, y BaKyyM-
™ 6mnp-6npugaH 1 M y30K/IMKAA XKonaluraH YeKcus y3yH NKKM
VHpasvien yrkasruunapaaH ~raHga, ynapHuHr ~ap 6up y3yH-
MIk6ypnurura ysapo 2 «FONH Kyd 6unaH Tabcmpnallys Ky4u
wllra kenagn. ToK Kyun 6UPAUTMHUHT 6y TapTubaa aHUKNa-
UTUMAA 3/1EKTPOMArHUT TabCUPU XKyda Kyucu3 Ba amasivii
Mak,cagnapia fespau vwnatunmainan.

Amnep TabpudugaH ¢onganaHndé MarHUT AOUMUIACK
NUHI KUAMATUHW Ba BUPAUTUHN aHUKNAWNK. BYHUHT yuyH
I, = *=1A pe6 onammni. Toknap opacmgarm macojpa a = 1m
Myrnca, (8.37) TeHrnama

2n-1M

KypuHuwaa é3vnagn. ByHaaH mMarHUT JOVMUACUHUHT K,Ui-
MaTtn Ba 6Gupnurn =4n ml0"
3KaHMUIVHN aHWKNaliMn3.

8.7-§. MarHmMT MalAOHHUHI TOKNW KOHTypra Tabcupwu

JnekTpomarHeTusmra ong 8.1-§ ga ysrapmac mMarHuMT Ba
TOK/IN KOHTYP MarHUT MaigoH Kyd UM3NKNAPUHUHT TaKCcu-
MOTMK 6UNaH TaHULWIraH 3auK. ByHaa MarHUT MaiaoHra ToKAu
KOHTYp KUPUTWU/ICA, YHFa ailNnaHTUPYBUN MarHUT MOMEHT Tab-
CUp KWnaawu, geraH xynocara Kenguk. dHAM, AMNep KOHYHMW
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(4674

&
N
a 1
0]
-+
q -
5
£
8.23-pacm.

#\'l

Ba Kompgacu 6unam 11
HULWIFaHUMU34aH keH/m
6y XxynocaHu uvyKyp|mpL
Taxnun Kunannumk.
MarHutnaHmw Xm

cacura ara 6ynmawm
TypTbypuak waknmga (y
KUAraH ~Mrkasriy Ky3xom
mae O HykTara 8.23;]
pacmaa KypcaTuaraHfick,
un 6unaH  ocCUArMM
6yncuH. ToMoHMapu
y3yHaurun “a” sa “/)"
6ynraH 6y pamKaHuLl
TYpT TOMOHUHMK 1,2, 3'1
TapTnbga Genrvnannuk
TOKCU3 KOHTYpP WVHAYK
umsicm B 6ynraH yarap
Mao MarHuT MalgoHrm
Knputunca, y nxtmépnii
BasusTnapaaH 6uMpUHNK
srasangn. Pavka y3rap-
Mac TOK MaHb6auvra ynaH-
raHga yHaaH / Tok ytagu
Ba BasuAT 6yTyHNali y3ra-
pagn (8.23, 6-pacm). Am-
nep KOHYHWUra acocaH,
KOHTYPHWHT xap 6up To-
MOHUTa WMHAYKUUA Ky4
unsmkgapura TUK iyHa-
nmuwga aneKTpomMarHuT
Ky4ynapn Tabcup 3atagwu.
byHpa [, Kyusiap aii-
NnaHuW yKn 00 ' 6yiinab
yHanraH. by kyunap-

HWHT alinaHTUpyBYM MOMEHTW HOJIra TeHr. Ynap pamkaHun 00°
rMyHanuweaa geopmaymanaingmn, xonoc. Ba /[l Kyunapra
Kescak, Kyd 6u3gaH 4ym3ma TeKucnaurura TUK MyHasraH.
A3 Kyd4 3Ca uYm3ma TekmcnurugaH 6us TomoHra iyHasaraH. Xap
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Il 11 Ky4 K,apama-K,apLum MyHasraH napannen Kydynapamp. by
M'lJiiip Tabcupnga pamka anaHa 6owwnanan. Amnep K OHy-
MiIllL Kypa, 6y KyunlapHUHI K \iimMatn

=F~ = IBa. (8.33)

MHayKunAa BeKTopn B paMKaHUHI 1Ba 5 ToMOoHMapu-
bl TUK WyHanraH 6ynca, kyd enkacu | = b 6ynagn. by
LT 6axkapunmaraH k™onraH gonnapga KyYHUHr efnkacu
H B- pacMja KentupuaraH waknra 6uHoaH tonunagw.
| Iyvoa pamkaHUHT 1| TOMOHMAAH OKaéTraH / TOK yM3ma Te-
I ncnurngaH 6usra K;apab yHanaraH 6ynca,  TOMOHAAH OK,aéT-
1m [ TOK 6u3gaH Ynama Tekucnimrura K;apab yHanraH. KoH-
iVpiiHHr marHuT mMomMeHTHN MHAYKUNA BEKTOpU 6unaH a
Ib)yak nocmn kunagn. Wy 6omncaaH Fj Ba P KyunapHUHT
Kyd enkacu / = ¢ sin a. Y xonga 6y KyusapHUHI ainaHTu-
pynus MOMEHTU

M = F™al = IBabsma = ISBuUna (8.39)

(»ynagn. byHpga S = ab KOHTYPHUHT 1031. KOHTYPHUHT mar-
HUT MOMeHTM PT = IS ndoga opkaJ/lu aHUK aHraHujgaH,
(8,39) TeHrnamaHu siHa 6yHgan €3mw MYMKWUH:

M = P,,5sina. (8.40)

By UhofaHVHT BEKTOP KYPUHULLM
P,rB (8.41)

waknra ara. FOk.opuga kentupunraH (8.40) TeHrnamagaH Kyi-
vugarn xysnocanap Kenué umkagu: 6upuvHUMgaH, KOHTYPHUHT
arinaHTMpyBYn MOMEHTU M , KOHTYPHUHT LwWaknmra 60rauk,
aMac: MKKUHYMAaH ainaHTUPYBYN MOMEHTHUHT TabCPU LLYH-
fJai yHanraHku, 6y MyHanuw P, Ba B BeKTopnapHWHr 6up
XUn NyHanuwiga >ohnawmwmHn TabMUHNANAW; YHYUHUMEAH,

Ba B BekTopnap 6mp xun ékn K,apama-K;aplum nyHanuira
ara 6ynraHga annaHTMpyBYM MOMEHT HOsra TeHT 6ynagn. AMMO
pamMmka y3 nHepuusacu Tyaim gapakat K;uimnb HongaH dapk,-
nn alinaHTUpYBUM MOMEHT TabCMpU MaBXypn b6ynraH colara
yTagn. [lemak, TOK/IM pamKa y3rapmMac MaifoHra Knputuaca,
y aiinaHa 6owinaiaun.
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8.8-§. MarHuT mMaiaoH MHOYKUNS BEKTOPU OK;UMU.
MarHuTAn 3aH>xHpiap

DMeKTp Ba MarHUT MalfoHNapHW Tak,K;ocnawl acolKT
KUPUTUAraH KaTTanukiapgaH siHa 6upy 6unaH TaHULWannT.
Y VHAYKUMSA BEKTOPU OK;UMU EKW O4ANATMHA Mar ULl
OKUMMWN pgeb ataniagn. ManoH OKUMUHUHT YMyMUiA mdon.!
cn (2.24) ra acocaH 6UpP XXUHCAXM MarHAT MaigoH Kyd 4m3T,
napura TUK ypHaTunraH 5 cupT opkanu yTraH MarHUT OKUMU

®. =B5

dopmynara acocaH aHukniaHagu. 8.24,a-pacmaH pasLLAMKK,
5 cupT MHAYKUMSA Kyd um3amknapura TUK bynraHga, 5 cupi
HUWHT 03 TOMOH X0NaTUHWU GENTWMN0BYM M HOpMasT MHAYKLUN
BEKTOPUHUHI MyHanuwunga 6ynaga. 6" cuMpT KUAMATUHUT
HopMasira 6y/nraH KynanTmacMHn 3 =5 -N BEKTOP KYPUHUT
Aa oW MyMKWH. Y Xonga okopugaru (8.42) TeHrnama MKKu
BEKTOPHUHT CKansap KybnaiTmacy waknuga eé3nnagu:

o, (8.43)

OnuHraH 6y ndogaHn 6Mp >XUHCAN ByniMaraH MarHUT maii-
OOH YUyH ymymaawiTupamus. Arap MarHUT MangoH 6up XKnH-
cnn 6ynmaca, yHAa MarHUT OKMMW 4YeKcm3 Knuumk (15 tosara
HucbataH xucobnaHagn (8.24, 6-pacm). (j5 anemeHTap cmpT-
HUHT YXXOMMALNLIMHN @aHUK/I0BUX M HOpMan VHAYKLUS BEK-

8.24-pacwm.
a
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Il (wnan a 6ypuak xocmn kunaraH 6yncuH. (8.43) TeHrna-
tMiii VIHWoaH i/53nemeHTap CMpT OpK,a/IM yTraH MarHUT oK™ MK

Mo, = (w ) = BcosadS =B,dS (8.44)

Il lllnama opKann aHKNaHaaw.
byvan VHAOYKUNA BEKTOpU
/Il nmmur Hopmanra 6ynraH
npkekuusacugup. A HopmMm
iiiidiali HOyKUns BekTopn B
npacmgarn 6ypyak a HWHT
LllavaTura kapab cupT opka-
|[nytraH marHuT oKMMKU myc-
mm (P > 0), Hob (P = 0)
tKi maHuii (P~ > O) byna-
(. BY mynoxasaHwu 8nunk
1MpT YYyH TaTbUK 3Tannmk
(H.25-pacm). Enuk cuptra Ku-
pacTraH Ky4 4n3vkiapu cupT-
1ayTKa3uaraH HopMasira Teckapy myHanuwiaa 6ynmiwm MyMKUH.

LLy 6omncaaH cupTra KupaétraH MarHUT OKUMW AOUMO MaH-
uin (@™ < O) bynaan. CnptaaH 4YnkKaéTraH Kyd ymsmknapuv
HOpMasib MyHanuwnga 6ynraHuaH, CUpTAaH YMKaéTraH mar-
HUT OKMMU mycbaTt (PN > O). ByHgaH Xynoca LWYyKU, UXTUE-
puiA ENUK CUPT OpKan yTaéTraH MarHUT OKUMUWUHWHT Ty/INK
Kuiivatun

8.25-pacwm.

(8.44)

MarHuT mMangoH yydyyH [aycc TeopemacuHu umdoganosym
6y opmysia MarHUT 3apsan MyK 3KaHAUTUHWU mncbotnaman.
Maycc TeopemMacHU YyKYpPPOK Tax/ina KUNmw makcagmaa enmk
CUPTHN 6”KecUM 6uaH MKKUra axxparamms. MarHuUT okmmu 5
KecM 6unaH TyTawraH 5, Ba 3 cupTaapHmM Kecmb yTcuH (8.26-
pacMm). 5 KecuMmra yTkaswuaraH Hopmanra HucbataH (8.44)
ngogaHn 8.26-pacmpga KypcatuaraH Ba 5 cuptnap 6ynmua
MKKUTa axkpatamus:

/ B,dS=-j B~3+/ B,dS=0.

51+57
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8.26-pacm. 8.27-pacm.

ByHfAaH Kyiimaarn TeHTIMK Xocun 6ynaaw:

(8.45)

ml m2

[emak, 5cnpTra nnawraH MarHuT Ky4d unsn”napum 6y cupt
6unaH TyTawraH WUXTUEPUIA EnuK, cupThaaH yTagu. "~3rava
K,Mnb anTraHaa, énuk, CUPTHUHT UXTUEPUI KecuMUaaH yTram
MarHuT OK,MMW y3rapmacgup

@, =const. (8.46)

MarHuT ok.mmHUHr By XYCYCUATU Kyn >KMX,aThaH yTKas-
rmygaH 5"aétraH y3rapmac ToKka “wall. Arap MarHuUT Kyd
UM3UK,NapU ENUK; IKaHJIUTMHW Hasapra o/1cak, YHU énuk, KOH-
TypAaH OK,aéTraH 3/1eKTP TOKKa yXwaTtuil MaHTUK,in 6ynagun.
ByHAaH énukK, MarHUT Ky4 YM3nKNapuHu K.ampab onraH mar-
HUTN 3aHXupra OM K,0HYHWHU TaTomK, 3TM6 MarHnT oK;uMu-
HW Xucobnaw MMKOHUATU ounnagn. by macanaHu Topowup,
Muconnaa Kypmé UmK,ainvk.

TOPOUAHUHT T, K,MCMW MarHuUT CUHraupysdaHnaurm [r,
6ynraH, K,MCMW 3Ca MarHUT CUHTAUPYBYAHINTU 6ynraH
6Up XXUHCAM y3akniap 6unaH K,onnaHraH, Aennvk (8.27-pacm).
By 3aHXumpra MarHMT MangoH LUPKYNALUACUHU MO[AanoB-
um (8.30) TeHrNamaHu TaToMK, aTANUK;

IH,dl +3HAdI = H,I, + A 22 = IN.
! 12

MarHmuT maigoH Ky4dnaHraHnmrm éunaH MmarHuT ManiioH WH-
aykuusicn ysapo B = ilquH TeHrnama 6unaH 6ornaHraH. Ly
6oucaaH tok,opmgarn ndogaHun siHa byHganm waknga é3amms;
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A = +B. =T. (8.47)

TOPOUAHUHT UXTUEPUA KeCcUMUpaH yTraH MarHuT OK;uMu
9'rapmac bynraHnurugaH, B = TeHrnamara acocaH, lK;opu-
omrn (8.47) ndgogagaH MarHUT 0MMUHU aHUK N aiiMna:

L (8.48)
UG5

By TeHrnamaHwHr MaxpaXkujaru KaTTaauvkiap, y3 Liak-
nvra kypa, UWAMHAPUK YTKa3rMYHUHIE K,apLimnmrm
ra >bcwall BuHobapuH, Topona GUPUHUYM BynarMHUHE mar-
TN K apLUIAIrA , UKKUHYUN GyNarviHUHI mar-

wmTAam K apwmnrn [?2t ~ [T - 6enrnnawnapra 6MHoO-

A1 TopougHWHE yMyMUA MarHUT K~ apumnmri 6ynaknap mar-
WNT KNapLUNANKNAPUHUHT MUTUHAUCK 6unaH aHuKMaHaaw,
VbHN Y xonpa, (8.48) TeHrnama kynugaru
coffia KypuHULUra yTaju:

iz

P ™

1Cpk 3aHXXUP YydyH OM K™OHyHMra >yga pcwaw 6ynraH 6y
n@dogara = W 6enrnnawl KMputamma Ba MarHUTAW 3aH-
XUP YUyH OM K,0HYHWHU XOCU K NIaMm3:

o = (8.49)
6yHaa — MarHuT IPUTYBYMN KyY. YHUHI KuiiMatn amnep
Ypamnap coHn LU ra nponopunoHan. MarHuUt OKMMUHU

)Mcobnaw UMKOHUHK 6epyBun (8.49) TeHrnama MOMKWH -
COH hopmynacu gehinnagn.
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8.9-8. TOK/M YrkasrmyHy MarHuT MangoHaa
K \Mpuwga 6akapuarad v

DNEeKTPOMarHUT KyYHUHT TOK/IM YTKa3rmura MexaHuK Tab-
CUpP KypcaTullgaH caHoaT Ba TEXHUKAHUHT Typ/au coanapuga
KeHr opanaHnnagn. Xap 6Mp Ky4HUHT apheKTUB Tabeupm
y 6akapraH uvw 6wnaH 6GenrvnaHagu. S/eKTOMarHUT Kyud-
HUHI TOKAW YTKa3rMyHW MarHuWT ManjoHga Kyumpuwiga 6a-
>KapraH MLWWHN aHUbyXaivk. MacanaHu cogfapok, KypuHULL-
fa Xan aTuw y4dyH 8.28-pacmMpa KenTupuaraH 3aHxkumpgaH
thonganaHamns. Y3yHnuru / 6ynraH MM yTtkasrud AB Ba C
>TrKasrmyiap yctuja 3pKUH cupnaHaguraH 6yncuH. VHayk-
LUMS Ky4 uMsmMKnapu 6usgaH umisma opTura Kapab yHanraH.
K kanut ynaHm6, / yTkasrmygaH ymsmaga KypcatuiraH nyHa-
nuwiga Tok yTea, / TOKNM yTKasrny amnep Kovgacura 6MHoaH
umamaga KypcaTtuaraH yHanuwga xapakartra kenagy. by xapa-
KaT Tycainm ToKAIM yTKasrnmy /X macodara cUMKUCUH. TOK-
nn NKasrmvyHu X macoghara Kyumpuwiga 3aneKTpoMarHuT
KYYHUHI 6akapraH 3afieMeHTap vLn

(1A = PcIx (8.50)
6ynagn. TOKHUHI MyHa/ MWW MHAYKLWUSA BeKTopura TUK
6ynraHnurngadH. Amnep KyuYnHWHr kuimatn P = 1Bl kypu-
HUwaa onuHaan. KOkopugarn TeHrnamagarm KyyHu y3 ngo-
Jacn 6unaH anmaluTupcak, asieMeHTap Ll

dA = 1BLLIX
& M _ M
-1
y X X x1
X 1 X X X X1
r n =
X ‘r x
/ X X X X!
————————————————————— c—
Y- aM



KypuHuwra kenagu. byHga

Mx=ds B Bds = dg™

MNynnb, anemeHTap WLWHMN

siHa Kyhugarmya aHvkNiail d x
MYMKWH: 8.29-pacm.

dA = bldn (8.51)

Ky [uw dx Kyy MyHanuwun 6unaH a ypyak xocun KuniraH
(8.29-pacm) xonga xam anemeHTap uw (8.51) TeHrnama ép-
Jamunpa xucobnaHaan. fapxak.mk.ar, 6y xonga snemeHTap vl
Kyunw HyHanuwuja Tabeup sTaéTraH KYUYHWHI KuimaTtu
6vnaH aHVKNaHunaan, AbHU:

dA = Fdxmosa »
FOKopuaa KenTupuaraH Liapxra acocaH,

dA = IBdS cos a = blon

6ynagn. UyHkun, Bdscosa = d®,, . BuHobapuH, (8.51) udgoaa
MarHuUT MargoHga WUXTUEpPUI paBuiga >KonawraH TOKAU
YTKa3rmy yuyyH ypuHAnamp. TOKAW yTKasrvy xapakatra Kes-
raHaay 4MsraH H3aHu Kecub yTaéTraH MarHUT OKUMUK y3rap-
raH xap KaHpaw xonfa xam MexaHuk nw baxapunagn. (8.51)
TeHrnamagaH 6y UWHUHT TYSINK KUAMaTn

®T
A=11!d0, - 1{®2n,-dyn) = 1P, (8.52)

Oynagn AbHW, TOKM Yy TKa3MMYyHU MarHnT ManfjoHaa KyuympuLL-
fa 6a>kapunraH MW TOK Kecub yTraH to3garn MarHiT o0™MMm
Y3rapuWMHUHE TOK Kydura KynaiTmacy Opua/n aHuu1aHagw.
(8.52) TeHrnamagarn @™ oknm M/Y TOKNN YTKa3rMUYHUHT 60LL -
naHrny BasuaTura moc 6ynraH sa BCKMB KOHTYpHU Kecub

yTraH MarHMT OKUMMN, 3ca MM TOKHUHT KelnHru xona-
ivra moc 6ynraH J1/'5 KOHTYpHWN Kecnb yraétraH marHuT
oKMMUnanp.

OHAN TOKNU YNIKasrmy y4yH ypuHau éynrax (8.52) ucoga-
IIVHM aManuii axaMusiTu KaTTa Gy/iraH TOK/IM KOHTypra xam
raai/lykim 3KaHAUrMHM Kypcatmb yTainmk. TOKNM pamka
6vnaH 4yerapanaHraH CMPTHU TallKX MarHUT Ky4 4YM3MKIapu
6unaH 6Up KaTtopaa KOHTYPHUHT XYCYCUIA MarHUT OKUMWU Xam
Kecmb ~agun. By OKUM MUKAOP >XuxaTgaH y3rapmac 6ynuo6,
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KOHTypra Tabcup 3TaéTraH ok,umra @o, K;agap Xxucca Kyliagu
ByHu Hazapga TyTu6, (8.52) TeHrnamagarv MHTerpan yerapu-
CUHW y3rapTupamus, sibHu

A="18B=1{0, +@., - .- ®. =D, - ®,).
AXTHIOT

WyHaaih K,unub, énvk; TOKINU KOHTYPHU MarHUT maigovan
K'\mpnwpga 6akapuiraH Tymu]™ v Wy KOHTypgaH "aétram
TOK KYUYVHVHI LLY KOHTYPHU K;ampab o/iraH MarHuUT OLLMH y3ra-
pyLiMra KynanTMacura TeHr.

Bu3 kentupraH mMuconsapia KoHTYp KW TOKAW yTKasrmy

TallK,M y3rapmac MarHut malifjoHaa = COM5/NKyUnpuIan,

AmMMO (8.52) TeHrnama 6unaH aHuUK”™aHraH TynWK, MW TOK
MaH6auHWHI 3Heprusacu gucobura bGakapunagn. MacanaH,
MarHuUT maiifoH TabCcupugaH Xonm bynraH s™KasrnygaH ToK
yTraHga MmaHbaHuHr 6axkapraH mwn (6owk™a Typgarm aHep-
rma capm bynmaca) yTkasrunygaH axpanraH >Koysb UCCUK,-
nvrura capg 6ynagn. AlHaH Wy TOKAW >"Kasrud MarHut
MangoHaa \apakar K'Wica, 3/1eKTPOMarHUT UHAYKUUSA XO0AM-
cacura acocaH, yTkasrmygaH ytaétraH TOK Kamasgu. OHep-
TMAHUHI cCaKAaHULL K.OHyHUra 6uHoaH MaH6aHUHT 6Mp KMcM
3HEeprusicu TOKAU YTKA3rMUYHW MarHuT MaigoHga Ks“mpuil-
fJa 6akapunraH mwra capg 6ynaan. LWy 6oucgaH 6y xoauca
YUYH SHEPTUAHUHI caK™MaHUL K OHYyHU

eldt = PRdt + M, (8.53)

KypuUHMLLAA €3nnagn. Y3rapmac MarHuT maigoHaa >konialu-
raH TOKAM KOHTypAarn TOK MaHGauHWHI 6adkapraH uliuv
yTKasrmugaH Uccuy MK axkpaantg umk™Miumra Ba TOK/IM yTKas-
rMYHN XapakaTra Kentvpuwra capdg 6ynaawn.

9-606

SAPAONIN BAPPANNAPHVHI MATHWT
MAVNOOHAOAT N XAPAKITU

OnguHrn 6068a MarHUT MaMgOHHUHI TOK/W yTKasrmyra
KypcaTraH Tabcupu 6unaH 60rnuvk, bynrand gogmcanapHu Kypub
unMBAMK. JTIEKUH 371eKTP TOK Typ/iv MyaUTNapaa, MacasiaH ras-
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fijwiii x,av xocnn 6ynagn. by myxutnapgaru 3apsgsiv 3appa-
i.i]iiimir OKVIM/ NKasrmnugaruv afieKTpoHnap ok,umura Hucba-
im |pKUH.

)PKUH 3N1EKTPOHNAP OK™MMK EKKM BoLLK™Na Typaaru 3apsgin
Mppasiap OKVIMA marHuT mManfoH Tabcupuga bynca, ynap y3
\|Imar liyHanuwmgaH orvwn >xxyga Kyn Taxkpubanapaa Ky-
I'liiidiraH Oemak, mMarHUT MaligoH Hadak,aT TOKAIM YyTKas-
M'iia, 6ankun mabnym Te3nuk 6unaH xapakaTnaHaétraH 3a-
1"} 3appanap ok,uMmura €kKm ampum ofIMHraH 3apsagan 3ap-
Jiiia xam Tabeup Kmnagn. Maskyp 606HUHT Ma3MyHU 3apsan

, LUppaniapHUHr MarHUT MaifoHAarn xapakaTmHu TeKwmpuwira
bill MwnaHran.

9.1-8. JlopeHy, Kyuu
Jivnep KOHYHUAaH MabiyMKW, MHAYKUMsicn B GynraH

MaTuT MagoH Idl Tok anemeHTuUra

dF = IdIBsina

W] 0o 6yinya aHMKNaHaguraH Kyy 6unaH Tabcup atagu. Jle-
11u Idl Tok anemeHTV Te3nurm v BynraH TOK TallyB4ynm 3ap-
panap OK™MMUAaH TallKwu TonraH. bowk™Nada Kunmnb amtraH-
1, (8.22) TeHrnamara acocaH, ldl Tok anemeHTU 3apagu q,
1ICIVTNYV 6ynrad dN . 3apsaav 3appara aKBMBasieHT, SbHU

Idl = qvdN.

KOkopugarn MKk ndogagaH v Te3nnMK unaH xapakatna-
naétraH 6muTTa 3apsagv 3appara MarHUT MaliAoHHUHT Tab-
i;iip Ky4mHn aHnknaimus;

F =72 = gvBsina. (9.1)

By Ky4 J1opeHL, Kyuun aeb atanagn. JlopeHy, KYYUHUHT BeK-
rop ndogacu

F=qvB (9.2)

waknga 83mnagn. J1opeHL, KYUYMHWHI WyHaniwu, v w B
NEKTOPMIapPHUHI BEKTOP KynarTmacy opKasiv aHuknaHagu. Ly
6oncgaH, JlopeHuy Kyun F, v B BekTOpnap Xocwusa KuaraH
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r-
/
r; \
\\ | I
9.2.-paem. -

TEKMCIMKKA TUK. XycycaH, My(
6at 3apsag W Te3nuK unaH v

aykumsacm B 6ynraH manumm
MalifgoHAa MarHuUT Kyd 4u3uK,
Napura TUK WyHanuwpa papa
KaTnaHca, JlopeHy Ky4du 9.1,a
pacmaa KypcaTtuiaraH iyHani 11
ara 6ynagm. Mycb6at 3apsag!'t
MaHuin 3apag 6unaH anmMal
TUpCaK, KYYHWUHT HAyHanuumuw
y3rapagn (9.1,6-pacm).

MarHumT mangoHaa x apakar-
NaHaétraH 3apsaanwm sappaHuHr
X;apakar TpaeKTopusacu Kyn X1
)<argaH 3appa Te3nurn 6unam
VHOYKUMA BEKTOPU opacugaruv
6ypyakka 6ornmk. MacanaH, 3a-
pagn s 6ynraH 3apsanu 3appa

VHAYKLUUACU y3rapmac
{b = con5/] bynraH marHuT maii-
JOHOa XapakaTnaHcuH. ByHpa
(9.1) TeHrnamara Kypa, Kyhuga-
rm x,0onnap 6yanwm MyMKUH:

1. > Ba 5 BekTopnap 6up

XU EKU K,apama-K,apLum ryHa-
nvwinapra ara. Ynap opacugaru
Obypyak a MOC paBuliga Homra
€k N ra TeHr. (9.1) TeHrnamara
6nHoaH, 6y 3apagnu 3appara

MarHmT Mal7|,ﬂ.0HHI/IHF TabCUP Ky4n gap KKK gosiga X,am HOJ1b

bynagw.

2V Ba B BekTopnap ysapo Tuk (A4xBy by
)(;onga ynap opacngaru éypyak « =y 6ynm6, (9.1) TeHrnamara
acocaH, J1opeHL, Kyun aHT KaTTa K;uMmatra apuiaan. J1opeHy,
KyuWn 3appaHVHI XapakaT yHanuwura TMK 6ynrad gonga sap-
para Mapkasra MHTUMa TesnaHuw 6epagn. JIopeHu, Ky4n 3appa
TE3NUTMHU hak,aT nyHanmwmn byiinya ysraptupagn. LUyHUHT
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ynyn J1opeHL, Kyun b6akapraH MW Hoara TeHr. MarHuTt mai-
ol MHAYKUMSA BeKTopu 9.2-pacMfa KypcaTuiraH ymsma Te-
Wionurura Tvk yHanrad 6ynca, maccacu T 6ynraH mycé6ar
wWvym 3appa paguycu 1 6yniraH annaHa 6p(nab xapakar kuna-
nn. JTopeHL, Ba Mapkasra MHTU/Ma Ky4YiapHU TeHr1awTnpmo.
MM1M

I(NOmara kypa 3apsann 3appa YvsraH ainaHa paguycuHu To-
MMK3;

- (9.3)

oymaga P = Ty — 3appaHUHT UMMY/bCU.

Wy ypuHga acnab > >XO0U3KMK, nnasmara baruviiniaH-
mu naparpadga, Homaapu Tuara ofiMHraH uoHocepa, mar-
HUTOCepa KaTaMapyHUHE ByXKyara Kenuvw cababnapun 6e-
MocuTa J1opeHL, Kyun 6unaH 6ornmk,. 3epokn, EpHUHT map-
KasugaH r macodafa éTraH HyKTanapgaru MarHut maiifoH
Jesipnv ysrapmac. Te3nMK BEKTOPU MarHuT MHAYKUUSCU 6u-
naH 90° 6yyak X0ocuna KunraH KocMuK 3appanap (9.1) 6unaH
aHVKMaHaauraH Kyd Tabcupuga paguycu r 6ynraH opbuta
MYSireb xapakaT Kunaguniap. YNapHUHI ainaHull faBpuHU
Kylingarmya aHUKIaimmus;

2nr _ 2ar  _ 24ar

IF~TaX LW ~X"

3. V Ba B BekTopnap y3apoa 6ypuyak xocunkunagun. Tes-

JIMK BEKTOpPUHU V 9.3-pacMpa KypcaTuUiraHgeK, MKKW Tall-
KU 3TyBUMUra akparamms:

=wusrta, y|=ycoza A
TEe3/IMKHUHIN,, TAlLWKUT 3TYBUU-
U NHAYKUMA yHanuwmga 6ynraH-
nurnga J1opeHy, KYYMHUHT YHra
KypcaTraH TabCUpU HOra TEHT.
J1opeHL, Kyuun Te3/IMKHUHT X Tall-
KN aTyBUUCUra Tabecup 3TKUO, 9.3.-paem.
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YHUHT AyHaNMWuHW y3raptmpaan. BuHobapuH, 3apsanm 31

pa uMsraH ansiaHaHUHI paguycu 6y Te3NIMKHUHI KuiiMmaTtuLy
60rnK,:

TnsiMna

B ©.23

3appa Te3nMK 6unaH 6uTTa annaHa 4nsraHga, Tel
nuK 6unaH

fh=yvar= A% s a (9.6)

Macodara cumKknunan.3appaHnHrTpaekTopumscm pagnycu (9.5)
6unaH, K.agamu (9.6) 6unaH aHMKMaHaguraH cnvpasngaH noo-
pataup.

3apsanu 3appanap 6up Bak,THUHI y3uaa 3/1eKTP Ba Mar-
HUT Ky4ynapy Tabcupuia Xam Xapakat/iaHuwim MyMKUH. 3ap-
panapHuUHr 6y UKKU MaigoHAa XapakatnaHuwin UMUK HyK,-
Tan HasapfaH >Xyfa KaTTa axamusaT Kacb atagu. Mwucon Ta-

puyK,acnga UMK/JI0OTPOHHWHT nllnall NnpruHUnMnn 6unaH TaHULWNG
YNKamMmms.

9.2-8. UuknotpoH. Ml [-reHepaTop

LIMKIOTPOH 3apsianu 3appanapHuM KaTTa Te3fiMkKKada Tes-
naTuWl UMKOHUATUHM 6epyBYUM UMKAUK Tesnarrnygup. bu-
pyHYM umknoTpoH 1930 nnga JloypeHc Ba 3aedceH TOMO-

HUAaH KypuaraH sgu.
Kyn yTmai 6y onumnap
JINBUHTCTOH 6unaH
6uprannkga UWKAOT-
POHHM amanuii mak;cag-
Oa, XycycaH, 3apsgnm
3appanapHu TesnaTuLl-
fa Kynnaw MYMKWH
3KaHNUTMHN ncbotnab
6epnwgn. LINKNOTPOH-
HUHI acoCUil k.umcmn-
Ky4/IM 31eKTPOMarHuT-
avp (9.4-pacm). dnek-
TpOMarHMUT KyTbnapm
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upMeMaa iccu LWAMHAPUK BaKyyM Ka-
Mepa >KornawraH. KamepaHUHr nuu-
nm kecumnapu 9.5-pacmpga KypcaTun-
ik Ba AApuM polipa wWaknura ara
(lyjiran nkkn 3anekTpoA- AyaHTtnap
Ypuatunagn. lyaHTnap HK;0pu 4acTto-
wwm reHepatop (FO4YIM)ra ynaHraH. INe-
HepaTop épAamuja gyaHTnap opanu-
Inga y3rapyByaH 3/1eKTp MaifoH gocun
Knnuwaan. AyaHTnap mapkasura
MuatnnraH noHnsaTop épgammga sca
Myc6aT 3apsagnu TypryH 3appanap
\(cun K,mnuHagy.

Kamepara kuputuiaraH mycéar 3a-
psgn 3appanapgaH 6upuHUHE \apa-
K(rrvHM Ky3ataiinuk. MycbaT 3appa 3/1eKTp Kyuu Tabcupuga
(= — Te3naHuwWw 0116, MaHhUin 3apsagnaHraH gyaHT TOMOH

rcanawagn. JyaHTHUHT UUU 3M1EKTP MaiAoH TabCupuaaH Xo/u.
AyaHT nunga 6up >XMHCAU MarHUT maigoH {B = const) maB-
xya. By mMarHMT MalifoHHUHT VMHAYKUUS BEKTOpU 3apsanm

YyappaHWHI Te3nurura TMK. byHaa 3appara J1opeHL, Kyun Tab-
cUp K.mamb, yHu 9.5-pacmaa KypcatuiraH apum goiipa 6yiinab
\apakar K,uamra maxkéyp stagu. 3appa bupuHUYn gyaHT, N4n-
JaH VKKW OyaHT opa/iurmra YvK.K,aHia, UKKUHYU AYaHTHUHT
| ~T6n y3rapmn6 K,onagn. 3appa sHa MaHU 3apagnaHraH gy-
antT TOMOH Te3NnaHyBYaH gapakat KUAmb y3 Te3NUIMHU O n-
pagn. BUHO6apUH, UKKUHYN AyaHT nuuja fapakat K,unaétraH
W)appaHVHI Te3NuUru 6MpUHYM AyaHT numaa sra bynraH Tes-
JIMKKa HucbaTtaH karTagup. (9.3) TeHrnamara acocaH, 3appa
6y fyaHT nuuga pagumycu ONAUMHIUCMra K,aparaHja KaTTapok,
6ynraH spum gonpa uMsagn Ba UKKW AyaHT opacura 4ymkagw.
3apaanv 3appa Wy ycynaa y3sykcus tesnawmnb, MarHuT man-
[OH yerapacu TOMOH éiuaraH cnupasn Wwaknmgarn TpaekTo-
pus 6yiinab xapakatnaHagn. [yaHTnap opanrnga OfiMHraH
3Heprus oOpTTUPMaNapUHUHT ANTUHANCK 3apsann 3appaHuiHr
NaTKaBUM 3HEPrUSACUHU TallKua 3Tagu.

FOkopugarn Tadcunotn 6epuaraH LWKAOTPOH, odartga,
y3rapmac 4actotasin LMK0TPOH Aednnagn. YyHKW, mMarHut
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MalifoHfa xapakaT K,unaéTraH 3apsiaau sappara Tabeup at;u-l
raH SlopeHL, Ky4u BakTHVHI UXTUEPUIA MOMEHTUAA MapKa H/
VHTUAMA Ky4ra TeHr:

hY- TR

ByHga T Maccann 3appaHuHI UMMNYNbCn
P —Ty= gBr (9.7)

6ynagn. Wdopaaa VWITUPOK 3TTaH 3appaHUHT 3apsagu g w
MarHuT MaligoH MHAYKUUsicn B ysrapmac KaTTaMKnapavp

BuHo6apuvH, 3appa MMMNYALCU OLLIraH capuy, 3appa Xapakarn

HUHT arpuanuK paguycu r xam ownt 6opaau. ETapnu papm

»KaAa KaTTa UMMNYNbCAM 3appa onLL yY4yH MarHuT KyTénapwm

HU KaTTalalWwTupuw no3um. (9.7) TeHrnamagaH LVKIOTPOH

Ja Te3nawTUpUAraH 3apsigiv 3appaHuHr Te3nnru

y="Br.
T

3appaHuvHI aiinaHuwl gaBpu aca

p _ &nr _ 2 T

AbHN 3appa mMaccacUHUHI 3apagura HucbataH m/g ra npo-
nopunoHan. byHaaH xynoca LyKu, 3appaHuHr ainaHmw naB-
pu 3appa Te3nurura sa opébuTtan paguycura 6ornmk, asmac. by
wapouTaa LUUKNOTPOHHUHT mnwnawl pexxMmMHN TabMUHNaLU
YUYH 3appaHWHI alifaHuw 4acToTOoW 21y HWU AyaHTnapra
KylinnraH lK,0py 4acToTain reHepaTOPHUHI AoMpaBuii yac-
TOoTacu 6unaH 6mp XuUn K,unmb onuLl Kepak:
2n 1B
(or= 2ny = L (9.8)
ABHN TEeHEPATOPHUHI LUKIUK YactoTacu Knnmatnapu
y3rapmac b6ynraH 3appa 3apaam A ra, 3apsf maccacura ba
MarHMT MalkgoH MHAyKumsicura 6OrnuK;.

YacToTacu y3rapmac 6ynraH LUKIOTPOHAA 3appaHuHT aHep-
rMACUHN EKW TEe3NUTMHU XKyja KaTTa MuKgoprada owwmpuLl
MYMKWH 3amac. wnab TypraH UMKNOTpoHAap épgammaa npo-
TOH Ba AeATOH 3appanapHu 20—25 M3B aHeprusirada Tes-

nawtupunagn (1sB = 1,6- 10 “)K). UyHKU, HUCOMNNUK Ha-
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fl | luscyHmHr acocuii K,0HyHM 6GynraH macca 6unaH Tes3nuk
vpucugarm N ~ 60rnaH1LW LUUKNOTPOHAA 3appanap-

U’ Te3IMTMHN AHa4a OLWMPULLHN Yerapanangu.

Te3nuk owwraHga 3appa MaccacMHUHI ownwm 6unaH 6or-
WM BynraH pensTUBUCTUK IPEKTHU Typnu ycynnap 6unaH
| MMneHcaumanall MyMKuH. MacanaH, CUHXPOLMUWUKNOT-
poH pfe6 aTtanyBum Tednarrmyga MacCaHWHIr owuvwiura moc
p.TUWAA KOKOPU YacToTanu reHepaTopHUHI yactoTtacu, (9.8)
n'Mrnamara acpcaH, CeKmH-acta Kkamantmpumb 6opunagn. Poc-
I naga nwinab TypraH CMHXpoUMKAOTpoHNapgaH éupuga npo-
tonnapHu 750 MaB aHeprudaravya tesnawitTmpmil MyMKuH. by
TUNOOTHWHTI YNKaHAUTMHW KypcaTull Makcaguga Kynmparu
p;lK,amMmnapHn kenTvpamMus. CUHXPOLMKAOTPOH MarHUT KyT6-
VMPVHWUHT AnamMeTpu 12 M, MarHUTNapHWUHI YMYMWIA macca-
cn 7 « 100 ToHHa Ba ynap 0,1 MM aHUKYTUK 6unaH ypHaTuaraH.
ONeKTPOMarHUT KabenmHuHr y3yHnmrm aca 500 Kwm.

YTa 1oK,0pN IHEPTUANU 3apaaInN 3appanapHy XOCUN KANLL-
M CUHXPOLUUKIOTPOHNAPHN KypULL MKMMCOAMI XKLWaTaaH Yek-
naHraH. YyHkKu, 3appanap yTta loopu aHepruarada tesnalutm-
pwnca, ynapHUHI opbuTan paguycm >Kyga Kattanawmné ketagw.
by paguycra moc pasBuLlga KaTTa MaMeTpnv 3NeKTPOMarHuT
KyrénapmHu 5dgHaTtiw nosum 6ynagm.

CnHxpodasaTPOHHUHT Kawd 3aTuanwm 6y K,uinH-
YNIKNapHW GapTapad 3TUW UMKOHUATUHU Gepan. CUHX-
pochasaTpoHAa 3apsgnn 3appanapHuUHr éinnraH cnmpancu-
MOH XapakaTu y3rapmac paguycnu govpasBuii xapakaT 6unaH
cumMawTmpuirad. CnHxpodasaTpoHga MarHuT Kyrénapm hyk,.
YNnapHWHT ypHUra Katta paguycimn XxalkK.aCUMMOH MarHuT ypHa-
TunraH. 3appanap xapakar K,unaguraH BaKyyM Kamepa xam
ra/Kk.aCMMoH Laknga éynagw.

Paguycu ysrapmac 6ynraH 3apsgin sappaHvuHr UMNynbCcu,
(9.7)ra 6UHOAH, MarHUT MaioH MHAYKUuAcUra 6ornvk. 3ap-
PaHWHI MMMY/bCU OLUraHW capyv yHra Moc pasBuLllga MarHmT
MalfgoH MHAYKLMacK xam ownb 6opagm. CnHxpodhasaTpoHga
3appa ysrapmac paguycnn opbuta 6yninab xapakaT K,unagw.
Xap 6up gaBpda 3appa uusraH arnaHaHWHE Y3yHIUTM Xam
y3rapmac bynagmn. emak, 3appaHunHr Te3Nnurv owraHga yHMHr
aifaHuW aBpu KuU4uknawagm, yactoracu aca owagun. Wy-
HVHT YyYyH CUHXpOda3aTPOHHUHI Te3naTyB4yu HOK,0pM 4YacTo-
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Tann reHepaTOPUMHUHT YacToTacy 3appa alinaHma gapakat ujl
cToTacura moc 6ynraH gonga owunb 6opagw.

PoccusaHuHr ly6Ha Ba CeprnyxoBoO LWagapnapuga rnporton
napHu 10 Ba 70 Muanuapf 3NeKTPOBOJMbT 3Heprusrada Tc.
nawTmpmnb 6epaauraH Tesnatrunynap vwnaé Typubaun. Ynup
éppamuga Aapo uankacura oung myaumm macananap \an
KMMNMHMOKAA. 3apagnn 3appanapHu 10 munnmapgs aneKTpoH
BONbT 3Heprudarada TesnaTtyBuUM CUHXpodhasaTpoH Jank™acu'
MOH MarHUTUHWHI AvameTpu 60 M, MarHUTUHUHI Maccacn
3,6 10" T.

3apsaanm 3appanapHuUHr MarHUT mMangoHgaru xapakatu
MarHutorungpognHammk (MIO) reHepaTOPHUHT
vwinaw TaMmonuam (MpUHUMHM)ra acoc KMMmb onvHraH. Mrj
reHepaTOpPHUHI MOHWM3AUWOH Kamepacumga HeuTpan rasHuUHr
TeMHepaTtypacu 2500—3000 K raya K”~apunagu Ba y nnasma
Xonatura yTkasunagmn. MarHmtcus mygutga nnasmajgarv 3a-
pagnu 3appanap TapTubcms xapakaT k™Mnagu. Nnasma mar-
HUT MaiigoH Tabcupuga b6ynca 3apagnv 3appanap TapTméam
XapakaT K,unmb, 3appanapHUHI NCCUKMK 3HEPrusacn nnasma
OK™MMUVHVIHT KWHETUK 3Hepruscura avnaHagn. MIA-reHepa-
TOp nnasma OK“MMUHUHI 3HEPTUACUHWN 3NEKTP 3Hepruscura
y3raptupaau. Wy Hyk,Tan HasapgaH MT [ reHepatopun wuc-
CUKMMK ABUraTtelMHW OGUPUKTUPraH 31eKTp MalunHacugump.
By reHepaTOpHWHI camapagopiurn maexypn 6ynraH FP3C
NapHUHI camapagopamrngaH aHdya tok™opy Ba 55—60% HK
Tawkun Kunagn. NleknH MTA-reHepaTOpHW OMMaBuii pa-
BMLLAA KYpPULL YeKnaHraH. YHUHI KOHCTPYKUWMACK 60LLK,a
Typ4arn afeKTp MalnHanapHUHI Ty3unmiura K,aparaHga aHya
Mypakkab6. Xo3upru Bak.Tga uiMui mak,cagnap ydyH 6up Heva
coataa 10—20 MBT aHeprusa 6epaguraH Ml A-reHepaTopnap
AapaTtuiraH.

9.3-§. Xonn ™Moaucacum

TOK TallyBYM 3appanapHUHI MarHUT maigoHgarn \apakarm
6unaH 6ornuk, bynraH 6y )“oguca 1880 nnga 2. I'. Xonn TomMo-
HUAAH Kawd aTuaraH. ANeKTp yTKasyByYaHIUIU AXLWKW 6ynraH
ONTUH, KyMyLl KU MUC NMnacTUHKacupaH TOK yTkasnb, nnac-
TUHKaHUHT UXTUEPUI KecumMunia ONMHIaH WMKKWU HyKTagaru
noTeHymnannap anmMpmacmHun yndannnk. MarHuT maigoH Tab-
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M 6ynmaraHa, Taxkpmba 9.6,a-pacmga KypcaTuiraH Kecum-
nuur 1 Ba 2HyK,Tanapu opacmgaru noTeHymannap anmpmacmu
Ho/Mra TeHr 9KaHAUTMHN Kypcatagn. by Tabunin
\(n. 30TaH, TOKIN YTKA3rMYHUHT UXTUEPUIA KECUMU IKBUIO-
rcugman cnptamp. TOKNM nnacTUHKa UHAYKUMA BeKTopu B
TOK MyHanMwura TUK éynraH 6up >XMHCAM MarHUT mMaigoHra
KuputunraH éyncuH (9.6,a-pacm). byHpa 1 Ba2HyK,Tanap étraH
| ckncnnknap opacmnpa noTeHuwnannap ampmacu tosara Kena-
an. UyHKuM, mycbart TOK TallyBum 3appanap rniacTMHkaga xapa-
KaT K.uiraHga ynapra 6mp Bak™gay3apo TUK O6ynraH afekTp sa
MarHuT Kyunap Tabcup atagu. 3appanap 6y KyYnapHWHE TEHT
Tabcmp 3TyBUMCU MyHanuwmpa \apakat K,uimb, nnacTuHKa-
Uunr ok opn kucMmnpa TynnaHa Gownaiau. Myc6aT 3appa-
napHuHr 9.6,6-pacMmpa KypcatuiraH waknga TynjaHuwm nna-
CTUHKaHWHT MacTKn KucMmnaa MmaHuii 3appanapHuUHr Hucba-
raH optukya 6ynmb konmwura onm6 kenagn. BuHobapuH,
MNacTUHKaHWHE / Ba 2 HyKTanap >kKoinawraH cuptnapu opa-
cupa KyynaHraHamrun 6ynraH aneKTpocTaTUK MaigoH t3a-
|a kenagn. By MaWAOHHUHI 3NEKTP Kyuu NlopeHy,
Kyyura TeHr — B 6ynnb KonraHga 3appanapHuUHTr Typpwu
UM3NKOU MyHanMWNAaH opuw v TyXTaign. lemak, MyBO3aHaTt-
nn o)(onat y4yH Kynmngarm TeHIUK YPUHANGUP:

= amB ékun = bB, (9.9)

6yHAa N — TOK TallyBUW 3appaHUHT 3apsigu; Y — YHUHT Tap-
TNGNU X;apakaT Te3Nuru.

DNeKTPOH Haszapuisira Kypa, TOK Ky4YMHW TOK TallyBuM 3ap-
panap TapTuéan X,apakatm Te3nuru 6unaH 6a”onawl MyMKWH,
AbHU
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Wi 1=l

|1 - JS = gnvab. (9.10)

6y epAa a — nnacTUHKaHUHI 6anaHannrmn; b — nnactuHka
HUHT 3HWN; N — 6Up GMPNNK XaxKMAarn ToK Tawys4yu 3appa’™
NAapHUHT COHU; S = a b3 1B 2 HyKTanap >Kounawran
KECUMHUWHT t03n. HOK;opugaru (9.10) TeHrnamagaH TOK Ta-
LYBYM 3appanapHUHT TapTn6M xapakart Te3UrMHN aHvbyTaii-
NNK:

V= gnab (9.11)

Te3nnk wndopgacuHn (9.9) ra Kyamms3 Ba noTeHumannap
aivupmacu 6unaH mMan[oH KyudnaHraHank = EMaTeHr-
nama opkanu 6orfaHraH aKaHAMrMHW 3bTubopra onamus. Y
xonga noTeHuwannap arknpmacm y4dyH

1Ba
V2 ~ gnab (9.12)
1
TEHrnamMaHu Xocun Kunamms; 6y epgarm R =~~— Xonn
KoadhpunumeHTn pgennnagn.

Jdemak, Xonn apchekTn xoancacmnga KysatuaraH rnoteHuu-
annap anvpmacum nnacTUHKagaH yTaéTraH TOK Kyuura, mani-
[OH HAYKUMScUra Tyrpu, niacTUHKaHWHIE 3HUra Teckapu npo-
nopuvoHan aKaH. YnyaHraH noTeHuuannap ammpmacum, ogat-
ba, Knuyuk b6ynaaun. MacanaH, OonNTUH nnacTuHkacupaH 10A
TOK YyTKas3mnunb, yHU MaiigoH KydnaHranauru 10MA/M 6ynraH
MarHMT MaWfoHra >KoinawTupuaraH nnacTUHKa cupTnapu-
ba 7 <10 B 6ynraH noteHuuannap ammpmacm Xocun 6Ynran.
LLyHra kapamail XOOMCaHWHI >Kyda KaTtTa amannii TaTbuku
MaBXyn. Xonn koadpgpuuneHTU épgamuja metannapgarm ap-
KWH 3/IEKTPOHNAPHUHT 3NYINTU, ApUM yTKasrnygarn mycoar
Ba MaH(MWin TOK TawyBYM 3appanapHUHr KOHUeHTpauuscu
aHuknaHagn. LWyHuHrgek, noteHuwannap annpmacuHUHT
viopacu opKain ApuMm yTkasrmygarm TOK TalluyBuu 3appanap
3apAOVHUHI KYTOUHU 6enrvnawl MyMKUH.
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HO-606
MOAOANAPHUHI MATHWNT XOCCANAPU

OneKTpoMarHeTusMm OYIMMUMHWUHT 6OLINaHULI KUCMUga
MarHeTUKNapPHWHI MarHuUT xoccanapu ogamnapra TOKHUHT
MMrHUT Xoccanapura HucbataH aHya warapu mabnym oynra-
ninMn TabkugnaraH 3auK. JIEKUH M30XMMU3HUHI Aasomuja
MarHeTUKNapHUHI 6y a>koiunb xoccanapu 6unaH TaHULWIWLL-
Jan aBBaNl YKYBUMAPHUHT AWKKAT-3bTUOOPUHU TOKHWUHT
MarHuT maiigoHm 6unaH 60rnMk 6ynraH xogucanapra kapat-
MK BUHOGapuH, mMabnym cababnapra Kypa, mMarHeTmknap-
IIVHM TabnaTuHM TeKWwmpuwga Madkoypuii YeKMHULITa Hyn
KYAOUK. XakmkataH xam, TOKHWHI MarHuUT XoccanapuHu
6unmacgaH Typmb moaganapHUHI MarHUT xoccanapuHu Tek-
Wnpniws mymknH amac 3au. TOKHUHT MarHUT xoccanapu 6u-
naH TaHuUWraH4aH KeWwH, sHAW MoAfanapHWHI MarHuT Ta-
6UaTUHN ypraHuwHY 6ownamnmMmms.

10.1-§. ONeKTPOH Ba aTOMHWHI MarHUT MOMeHTapu

Tabmnatga maexayg 6ynraH mogganapHu mMarHuUT xoccana-
pura Kypa guamarHeTmkKnap, HapamMarHeTuknap,
hbeppomMarHeTuknap KkKabwu Typnapra aXpatuwl MyMKUWH.
MogganapHUHI 6y y4 Typra 6ynnHmnimn 6esocuta moaganap-
UM Tal KW 3TYBYX aTOMAAPHUHT Ty3unuwmnra 6ornmk. Knac-
CUK Hasapudara Kypa atom mycbar 3apsag/iaHraH a4po Ba YHUHT
aTpomnpa bepk opbutanap byinab xapakaT KWUIyBYWU 3NeKT-
poHnapgaH Ty3wuaraH. DneKTpoHnap A4po arpodumaa yactoTacu
-10'~ alin/c 6ynraH 6ypyak Te3nMK 6unaH aiinaHMa xapakaTt Kuna-
avnap. 3NeKTPOHNapHUHI op6uTan xapakaTuHU [oupaBuii
TOKKa yXwaTuwl MyMKUH. Arap 3apsagnin 31eKTPOH (hasoHUHT
6upop HyKTacuHu 6up cekyHaga V mapTa Kecumb yTca, TOK
KYUMHUHT Tabpudm (4.1)ra acocaH, 3MeKTPOHHUHI opbuTan
XapakaTtura Mmoc 6ynraH TOK Kyuu

ey =, (10.1)

6ynagn. JlekuH 6y TOK 3NeKTPOHHUHI ainaHMa xapakatura
Teckapu WyHanuwga okagu (10.1-pacwm). MNapma KougacuHu
TaTtbukK 3TN6, AOMpPaBUIA TOK MarHUT MOMEHTUHUHT yHanu-
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LUWMHKU OCOHTMHa Tonamms. Oplul
TaHWHr paguycu r o6yncum \
x"onga opobuTaHUHr o3 8 = (I
6ynnb, 3NeKTPOHHUHT op6iri.i i
MarHUT MOMEHTM

- T P

TeHrnamagaH aHuUkKaHaau; 6yH/m
CO0 — 3/IEKTPOHHWUHT 6ypyak TC |
AaMrn. MarHuT MOMEHT 3/1eKTPOH
raTernwnn aKaHAINIMHN 3bTMGoP
ra onMw Mak,cagnga MarHUT MOMeHT 6enrvucu “e” mH
LEKCUHUN KYRAVK.
Opb6uTa byrnab Tekuc ainaHma )apakart K,unaétraH ane K
TPOH MMMY/NAbC MOMeEHTUra Yam ara. IMnynbC MOMEHTUHUT
Tabpudura acocaH, YHUHT K™MiAMaTy Kyingarmda aHnK aHaH:

=Tyr = rn(or® (10.1)

HOk,opmga kentupunraH (10.2) Ba (10.3) TeHrnamanapHUHr
HUcbaTuHM onamnunk:

(10.4)

ONeKTPOH MaHMUi 3apagnaHraH 3KaHANTUHW nHobaTra
onvw Mak,caguga 6y mdgoga ongura (—) mwopa KyWunagu.
TeHrnamaga MWTUPOK 3TraH — 9NeKTPOHHWHI Maccacwu.
(10.4) TeHrnamagaH 3n1eKTPOHHUHI op6uTan MarHUT MOMEH-
TWU YHUHI MeXaHWK MOMeHTM [l ra Teckapu iyHanraH aKaH-
NNTUHN aHNKNaliMn3:

(10-5)

(10.4) ndogasa UWITUPOK aTraH y = N ngona sne kK

POHHUWHTI TUApPOMArHMUT HMUcb6aTK pgenmnagn.
FfvapomarHUT HuUcbat yHU ynyaw 6mnaH 60rnamk, 6ynraH
TaxkpubanapgaH bupuga, A. DriHWITeNH BaA. ge-Xaaca aXXonmb
HaTwkara ara éynuwraH. TaxxpubagaH OfMHraH MarHumTome-
XaHUK Hucobat (10.5)aa MWTUPOK 3TraH HUcbaTaH K;aparaHga
ponna-poca MKKM MapTa KatTa Gynmiwn aHnk™ aHraH, SbHu
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vs = (10.6)

()nvHraH 6y Hatmyka Hatpak™aT MogAaHUHT MarHuT JO'cycu-
W'MPUHN TeKWnpmwiaa, 6ankm mn3nKaHWHT, alHUK,Ca KBaHT
PUTKACUHNHT PUBOXNAHULLIMAA KaTTa ponb yhHagn. Xycy-
||1I/I, 6y XxynocaHu acocnaw makcaguga, 4. O .YneH6ek Ba
I 1MygcMnT aneKTpoH opbuTan MexaHuK MarHuT
MUMCHTIap 6unaH 6up Katopga, XyCyCuii MexaHWK MOMeHT
7, Wl ara, peran pukpHu unrapu cypuwan. LWy myHoca6aT
niiiiMii 3NeKTPOHHWNHT XyCyCUi MeXaHUK MOMEHTU — CMUH (UH-
| nnya “to spin” — annaHMOK) Aeb atanraH. ONeKTPOH Xy-
"Vi'liiM mexaHUK MOMeHT 6unaH 6up Karopga ys sapsgura moc
W/TlaH MarHuT momeHT p/r. x,am ara. (10.5) Ba (10.6) napra
wineaH 6y MKKM MOMEHT y3apo Kyihugarmvda 6ornaHraH éynum-
M no3unm;

Ps ©m 4. (10.7)

Xap 6up 9neKTpoH (WYHUHrAeK 6olKa Typgarmn MUKpPO-
Lppa) 3IPKNH KM 6ornaHraH éynmwimnaaH Karby Hasap mac-
Y 3apsg 6unaH 6up KaTopga Xycycuii mMexaHuk /-,Ba Xycy-
Hili marnuT MOMeHTNapra ara. BuHo6apuH, CnuH xyaam
HH'KTPOHHUHI 3apsagM Ba mMaccacn Kabu YHUHT axkpanmac
uy(! cusTUAMP. Y OpKanu Knaccuk husmka moSylallra oxums-
1IK kunran Xyaa Kyn ousnk x,ogucanap y3 nso”*ura ara oynau.
XycycaH, 3NeKTPOHNapHUHT 3HepPreTuk carxgap byinya >kowi-
"MKNWLLN, 3NIEKTPOHapPHUHT atoMjarv TakKCUMOTU, MarHuT
MarigoHAa cneKTpan YM3UKNapHUHT aXkKpanuwin, MarHuT Mai-
Jonpa napamarHmiT Ba heppoMarHUT MogaanapHUHT MarHuT-
wmmnam Ba 6ollKa wynapra yxwau Hoéb xoaucanap 6eBo-
| Ta aNeKTPOH cnuHU 6unaH 6ornmkK. CnmH 6unaH 60rnnkK
iiyjiraH rokopupgarun x,ogucanapra 6us “Ymymuii dvsmka Kyp-
I'V’ HuHr 111 kucmunpa 6atadcun Tyxtanamms. Xo3up aca xed
KMUgaidi McboTCcU3 9NeKTPOH CAMHMHUHE abconioT KuiAmMatun
ymyn Kyingarn mndogaHn éamms:

- (10.8)

ily epga 1 — TlnaHK OMMMIACU. YHUHT COH Kuiimatn h =
1,05 «10-3"K (10.7) TeHrnamara acocaH, 3/1eKTPOH CMWH mar-
HUT MOMEHTUHUHI abconoT Kuinmatu

\-y.K- Hasapos 161



(10,

eH
6ynagn. by ngopganarn 6
HeToHMW aeb atanagn. Y CrivuH MarHMT MOMEHTUHWHT yn4youmn

cuhaTuga xusmaT K Wiaan.

ONeKTPOH CMUHUHUHT aKOMNG XyCycUsiTU LWyHAaH M60 -
paTku, y MarHuT mMaiigoHza dak.at MKK1 MyHanmwira ara 6yna-
an. MacanaH, CnuMH MaK™ MaigoH MyHanuwura napannen
6ynca, Wy iyHanuwira TyLIMpUAraH CNUHHUHT MPOEKLMUSICU

(10.10)

(10.7)ra 6MHOAH, CMINH MarHUT MOMEHTUHWHT LYy AyHanML-
Jarn npoekuymsacu
Pes=-Mb (10.11)
6ynaau.
AKCWHYA, CMWH MarHUT WHAYKUUA BeKTopura napainen
amMmo, WyHanmwun Teckapu 6ynca, CUH Ba MarHUT MOMEH-
TUHUWHI WYy WyHanuwgarn npoekumsanapyu Moc pasuvwiga

(10.12)
(10.13)

K,uimatnapra ara 6ynagw.

ATOM sgpocu Tapkmbugarn NpoTOHNap Ba HenTpoHnap
XaM crnuHra ara. JIeKMH rnMPoTOHHWHI Maccacu 3NeKTPOH Mac-
cacngaH ~1850 mapTa kKatTta. (10.9) TeHrnamara Kypa, npo-
TOHHWHT CNWUH MarHNT MOMEHTU 3IEKTPOHHUHI CAWH Mmar-
HUT MOMeHTMAaH ~1850 mapTa kKuumk. Ly 6oucpgaH aTom-
HUHI MarHUT MOMEHTU aTtoM TapKubuaarn 3nKTPOHNAPHWUHT
opbutan [, Ba cnuH MarHUT MOMEHTNapUHWUHI BEKTOP
AurnHgmcu 6mnaH aHmk™NaHagu, feivwl MyMKUWH:

(10.14)

b,aT= 1 Pel + 2Pe,

By NMnuruHpgm Honb E€Kn yHAaAH dhapk”™m 6ynagn. Vdogaparun
PeT — 6UTTa 3NeKTPOHHUHI op6uTan Ba CUH MarHUT MO-
MEHTNAPUHUHT BEKTOP MUTMHANCUHU U Oo[anoBUYM BEKTOP.
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ATOM MarHUT MOMEHTWU HoAnra TeHr PuaT= O6ynraH aTom-
wipgaH Ty3un:'aH mopfanap AmMmamMarHwuT  TYpyxXHU Tawl-
Livl aTaau. By rypyxra cys, mMapmap, X,amma WHepT rasnap,
HpraHnkK 6upukmManap, metannap (ONTUH, KyMyLl, BUCMYT,
pyx, cMmMo006) Ba 6oLiKanap Kupagy.

MapamarHuT Ba heppoMarHUT rypynytapra KvpraH mogaa-
mp aTtomiapu éKnm MOoneKynanapuHUHIC MarHUT MOMEHTapu
Hipnra TeHr amac {PLaT™ 0)- JIeKUH UCCUKNNK XapakaTu Ty-
(I>alim aTOMNapHUHT KU MONEKynanapHUHI MarHUT MOMEH-
rmapy mogga nuuga tTaptubcus yHanraH. LWy cababnmn mar-
nMUTCU3 MyXuTaa 6y rypyx BakKUMNapUHUHT HaTWKaBUi mar-
HUT MOMEHTUW HoOJra TeHr 6ynagwn.

10.2-8. AnamarHnTnapHUHI MarHUTnaHnLLIn

OHAM aTOM MOMeHTU Honra TeHr (PwaT~ O) 6ynraH guva-
MarHuT (“gua” — rpekya cy3 6ynmb, KyHAanaHr geraH mMab-
VWOHW 6ungmpagmn) MoafaHUHT Tallkyu MarHUT MaigoH TabCu-
puga MarHUTNaHWWWHW TeKwupannmk. By macanaHun xan
) |'viiupa AaMarHUTHUHE 6UTTa aTOMUHU (PUKPaH MarHuT
MHAYKUMsAcKn B 6ynraH malijoHra KUpuTtamms Ba O/UMHraH
naTmkanapHu xamma atomaap 6yimya ymymnawitmpaMmmns.

ATOMHUVHTI Ty3uanwngaH mab/lyMKW, 3N1eKTPOH A4pO aT-
podmaa Mmapkasuii aMeKTp Kyd Tabcupuja MyBo3aHaT op6uTa
(Oynna6 xapakaT kunagn. byHaa KynoH Kyun mapkasra WH-
runma kKyd 6unaH myBoO3aHaTnawiraH 6ynm6, ynap y4dyH Ky-
Muaarn TEHMNUK YPUHANANP:

F, = T™\olr (10.15)

Ny epga «0 — 3NEKTPOHHWUHI XYCYyCWUIA AOoMpaBuii YyacToTacu;
r — MyBoO3aHaTAu op6_mTaHWHI paguycun. KysatunaétraH atom
VHAYKUUA BeKTOpU B opbuta Tekucaurura Tuk éynraH 6up
XXMHCAW MarHuUT MangoHra kmputunran 6yncuH (10.2-pacm).
)NeKTPOH 3neKTp Ba Jlo_peHy, Kyudnapun Tabcumpupa Xxapakat
Kua 6ownaiign. Arap B 10.2-pacmga KypcatuaraH WMyHa-
nvwira ara 6ynca, aneKTPOHHUHT Xxapakatu y4yH HblOTOHHUHT
1 KOHYHWHW Kyhugarn waknga é3amms:
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Pe-P. =TEMi=T ,N =T"r (10.K1

KynoH kyun P_,Hu (10.15) 6unaH, JlopeHy Ky4duHu (9./1
6unaH anmawTupannnk. KO™opugarn (10.15) TeHrnama Ky!!
vaarn KypuHuLIra Kengu:

T,(0lr - ea>B= TM”r (10.17)

6yHaa, B — Talwku MarHMT mMaifoH MHAYKUMACU, 00— Mmar
HUT mMaigoHAa gapakaT KunaéTraH 31eKTPOHHWUHT govpasiu!
yactotacu. Jemak, aneK'
TPOH MarHuT MaiigoH Tall-
cupuga 6ynca yHWUHr go
vpaBuii yactoTacu ysru'
pagu. By u4acTtoTaHu
aHMKnaw Makcagmamn
N (10.17) TeHrnamaHn/mn/tm
6ynammni Ba m ra Hucba-
TaH KBagpaTuK TeHrnama-
HN XOCU/T KNNaMms:

—aon = 0.
By TeHrnamaHWHr edaumugaH

eB ' eB
2T, ] 2T.

6y!'II/ILLI NMHN TOoNamMus.

ONeKTPOHHUHT XyCcycuii gompaBunii yactotacn dg - 10 M<

eB eugH
6ynraHn \onga " ra moc 6ynraH 4yacToTa X03upru

3aMoHga 3puwnwl MymMkKumH 6ynraH H~\O"MA/mM  MarHmTt

MailigoHaa HWN TalKun aTa-

an. LWy 6oncaaH nngms octuaarn UKKNMHYM XagHU «0 ra HUC-
6aTaH nHo6aTra onMariMmna. Y xonga MarHUT MaioH Tabcupu-
[a 37eKTPOH alinaHMa xapakaT 6ypyak Te3IMITMHUHT y3rapuiim

eB eu&H

on —m = 5T, T, (10.18)
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TeHrnamagaH xmcobnaHagn. ngns-
MUHT UKKWHYUN KUAMATU  coAO
6ynraHugaH 4acTOTaHMWHT y3rapumwmn
KysaTunmangu. WyHaan K,mnmb,
MarHUT MHOYKUWSA BEKTOpU opbuta
TeKucnmrura HucbartaH nacrtra €xkun
K)K.opyra MyHanMwungaH K.artbn Ha-
Tap, 3NeKTPOHHUHI opb6uTan xapa-
Katuga (10.15) 6unaH aHUKAaHaau-
tan yacToTa y3rapuwim cogup 6yna-
an. Arap 3NeKTPOHHUHI op6uTan
MarHUT MOMEHT BEKTOPW PeTTallK.m
MarHUT MangoH UHOYKLUA BEKTOPU
B 6unaH a 6yp4yak XOCW/ KuUAraH
6ynca (10.3-pacwm), (8.4) ucogara
acocaH, opbuTa 6yiinab xapakat Kuna-
cTraH 9NeKTpPOHTa KnmmaTm

M = sina OynraH annaHTU-
pyBU/M MOMEHT Tabcup 3tagn. Ha-
T'WKaga BEKTOPHUHT MHAYKLUA

10.3-pacm.
BEKTOPU g arpocmaa nporeccruoH

xapakaTtu By>Kyara kenagu. p”, BEKTOPHUHT NPOLLECCMOH Xapa-
KaTUHUWHI 6ypyak Te3nuru (10.18) TeHrnama opkaay aHuKAa-
lw6, y Napmop uactotacu geinnagu:

eB _ eupH

0., = 2T. 1T,

(10.19)

Jemak, 3M1eKTPOHHMHI MarHWT MOMeHTMU dhasofa KaHaawn
oMnawmwmaaH KaTby Hasap, Tawku MarHnT MalgoH Tab-
cMpuga 9n1eKTPOHHUHT oporTan MarHMT MOMEHTU S4p0 mMap-
KasujaH yTraH yKKa HucbaTaH oo — fgompasuii yacToTa 6u-
NaH NpoLeccuoH y;apakaT kuiagu. by xynoca Jlapmop Teope-
Macu feb atanagwu.

Tawkn mMarHMT MangoH Tabcmpuga OynraH aneKTpPOoH aii-
NaHMa XapakaT JactoTacuHuHr (10.19) wakngarn ysrapuium
Wy vactoTara moc bynraH A/ ainaHma TOKHU yirotagn. by
TOK 3ca, (10.2) ra acocaH, Tallkn MarHUT MaigoHra Teckapm
MyHanraH Ba KuimMaTu Kyhngaru
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rper = O Ao)= - Jar (10.20)

TeHrnamafgaH x;ucobnaHaguraH KyljyM4ya MarHUT MOMEHT!T
VHAYKuusnaian. By ndogaHmn BEKTOp KypUHULLWTa yTKasaiink:

Aan

BUTTa 3/1eKTPOH YUYyH YPUHAM 6ynraH oxmpru udgoaaHu,
Z 3neKTPOHra ara GynraH aTtomra ymyMnaliTupamms:

e - (10.21)

6y epga r paguyc — H BekTopra TMK 6ynraH TeKUCAMKKa
npoekuwusanaHraH opbutaHWHr paguycun. Opatda, y bop pa-
onycn neb atanagw.

KentupunraH mynox;asafaH pasLUaHKW, AnamMarHuT Mof-
[a Talk™M MarHUT MaligoHra KupnTuaca, YHUHr x,.ap 6up artomm
(10.18) 6unaH aHMK71aHap,V|raH KyLwiMmya MarHMT MOMeHTUra
ara 6ynagn. By marHMT MOMEHT y3 HaB6aTmaa Tawk™ MarHuT
MalgoH Ky4ynaHraHaurmra teckapu nyHanraHavuru Ttydannm
YHU Ky4dcmsnaHtupagn. MarHmT ManoH Tabcmpuja mMogua-
NapHWHT MarHUTnaHmb K,0nMw xoccacuHW Genrunawl Mak,ca-
OVnja MarHuTnaHWW BEKTOPW JeraH TyllyHYa KUpwu-
TUAraH. ¥ 6mp 6upnmnk x,axkmgaru atom MarHUT MOMeHTIapu-
HUHTI BEKTOp AUrnHamucu 6mnaH ynyaHagnu:

s= A (10.22)
6y epga /BeKTOp ATOMHUHTI KyllnM4ya MarHUT MOMEHT

BEKTOPU; AY — MarHETUKHUHI MarHUTNaHULL BEKTOPU aHUK-
naHaétraH Hyk“a aTpodugarv anemMeHTap )axm. Bup >KUHc-
N gnamarHeTuk yuyH (10.22) ndogaHu, (10.21)ra Kypa, Kywi-
vaarnya €M MyMKUH:

J= = NAPMYT = (10.23)

6yHAa N — GUPAUK PadKmaary atoMaap CoHU. MarHuTnaHuL
BEKTOPUHUHT By K MiiMaTura
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X-  ar (10.24)
(K-nrmnawl KMpuUTcak, y cofua KYpPUHULLHW onaau:

/ = xs. (10.25)

vy ndogaga X< Bay yndamcum3 KaTTamk. Y gumamarHut-
MMnr conmwTmpmMa MarHmT K,abyn K;unyBYaHNMW-
rn ge6 atanagn. AvaMarHUTHUHI CONULWITUPMa MarHUT K,abyn
KunyByaHAUrn HongaH KUYMK 6ynraHupaH, 6y mogna Kupu-
TAraH MarHUT MargoH KyycudnaHaaw. JleKMH mogganapia
onamarHuT adohekT >Kyda Kydcms. MacanaH, (10.24) udopa-

farn ysrapmMac KaTTaluKnapHuW y3 yuiamatnapu 6unaH an-
r 2

MaLTnpuo, 3KaHIUTMHN 3bTubopra onamnuk
A * "

(/. — Bop pagnycu, YHUHT K,uiiMaTun = 5,292 «10""n«).

Iy ysraptupnwunapgaH KeluH gnamMarHUTHUHE conmiTupma
MarHUT Kabyn KuayB4YaHAUMIM 6eBocuTa aTOMHUHI THAPTMO
pakamm Z ra 60rnMk pasuwjga y3srapagu, SAbHU

= 10""Z.ATOMparn aneKTpoHnap coHm 7 =1 ~94 arpo-
(I>mp 6ynagn peb pgucobnacak, AvamMarHUTAAPHWHE CONULL -
TpMa MarHUT Kabyn KunyBYaHaurn x ~ -(KO‘w K™Y kunii-
MaTnap opanuruga ysrapagm, el MyMKUWH.

AnamarHnTt acphekT xamma mogaanapga Kysatunagn. fe-
KVH napamMmarHuT, peppomarHuT adpdpekTnapra HucbartaH, av-
UMarHUT apPEeKTHUHT TabCUPU XKyaa Kydcns. By apekT Tem-
vepatypara 6ornmk amac. YyHku, 6y xogmcaga Talkyu MarHuT
MagoH aTtoM Tapkubmgarn 3neKTPOHNAPHWHI XapakaTtura
EraLcvp Kypcatagu. TemnepaTypaHUHI KaTTa opanmruja atom-
NapHWHI UCCUKNNK XapakaTu aToM 3/eKTPOHapUHUHI op-
6uTan xapakarura gesapnm Tabcup aTmaingn.

10.3-8. MapamarHUTNapHUHT MarHUTNaHULLIN

ATOM MarHUT MOMEHTMU HondaH dapkou [p,, ar” o) éynraH
aToMNapHUHIr 6ornaHraH TuUsMMuM napamarHiT (“napa” —
rpekya cys 6ynu6, 6yiinab geraH mMabHOHW aHrnatagum) mopa-
panap rypyxvHuv Tawkun Kunagn. by rypyxra kucnopog, anto-
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MWHWIA, NnatvHa, WLWK,o-
puii xamga UWLIKOpPUIA ep
mMeTannapu kumpagu.Mar-
HUT MOMeHTU P, .. 6yn-
raH napamarHMT aToMHU
hUKpaH HOYKUNA BEKTO-
pn 5 6ynraH MarHUT mai-
AoHra kuputannuk. On-
OVHIrKM naparpadga Tab-
pudnaHraH Napmop
Teopemacura acocaH, y
aTom agpocugaH yTraH Ba
B BekTOpra napannen yk,
atpothmpga npeueccmon
xapakaT Kuna 6ownangn
(10.4,a-pacm). ATOMHUHT
6y Typaaru xapakatu nu-
OUPOKHUHI MexaHWUK rpe-
LeccuoH xapakaTtura
yxwaiingn (10.4,6-pacm)
MnnonpokkKa OrMpamk
Ky4un TabCcup 3Tca XaMm, y BepTukan yK; 6unaH XoCcun KuiaraH a
6ypuakHM cakfiaraH xonga Ky3ronmac TasH4Y HyKTajaH yTraH
00' YK atpodmga ABA aiinaHaHu umsagn. YyHKU, NUNAUPOK
YKUHUHI MPeLeccMoH XapakaTu OrMpAUK KYUMHUHI alinaH-
TUPYBUYUM MOMEHTW TabCcupuga to3ara KenraH. TasH4Y HyKTa
6unaH TEKNCAMK opacuiarm MkKanaHull Ba XaBOHWHI Kap-
WNAVK Kyynapu Tabenpuga nuignpoKHUHT NpeLeccuoH xapa-
Katn TyxTanan. DHePrusaHUHI cakfaHWLW KOHyHura 6MHoaH,
NMUIAVPOK MPOLLECCUOH XapaKaTUHUHT KUHETUK 3Hepruscu
TYIMKAUTUYA UCCUKIUK 3Heprusacura ytagn. Nungmpok aca
OrMPANK Kyuu Tabcupuga nnkunagu.

MapamarHMT mMogga TawkKu MarHuT MaigoH Tabcupuga

10.4-pacm.

6ynraHga xap 6up aTOMHUHI MarHUT MOMeHTU M = uB

avnaHTUpPyBYM MOMEHT TabCupumia MNpeLeccuoH XxapakaTt
KUnn6, maigoH 6yiinab >konawuwira vHTUNagn. MarumTt
MargoH Tabcupuga 6up 6MpPAMK xXaxkmgaru n Ta atomaaH
pakaT A N1 Ta aTOMHWHI MarHUT MOMEHTW MaWaoH 6yiinab
XKoWnawiraH 6yncuH. Y xonga MarHUT MaiigoH 6yinab >koii-
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nawraH 6Mpna UK X.aKvgarm MarHUT MOMEHTAapPHUHT HUCOUIA
AW D D [¢]

aoHN eh LwWakngarv anfiaHTUpyByYM MOMEHTra npo-
nopumoHan 6ynaan. Eku 'B kynanTma Y3 HaBbaTuga
MarHUT MaliioH 3HeprusicuHn benrunamgn. bBuHobapuH, °

Huc6aTt mB kYnaritmMa 6unaH aHMK”™NaHraH MarHUT mai-
[OOH 3Hepruscura nponopuuoHan. LWy 6unaH 6up Bak;Tha
aTOMNApPHUHI UCCUKAMK X apakaTi MarHUT MOMEHTNapHUHT
MPELLECCUOH X;apaKaTVHW KYYCU3NaHTUPUG, ynapHUHT Maii-
[OH 6yinab >konawuvwuvra TyCK,MHAUK K,unagn. Ly 6ownc-

Jan — HucbaTt KT 6unaH aHMK™NaHraH WCCUK;TUK 3Heprus-
cura Teckapu nponopumoHan. KentupwunraH mso)(,ra acocaH
MarHuT MangoH 6yiinab >kohnawraH 6up 6upnmk )l.axkmgarn
MarHMT MOMEHT/IAPHUHT HUCOMIA COHU YUYH KyAugarn TeHr-
naMaHun €3amus:

ymoa L(a) — JlaH>keBeH Talrcumot hyHKUMACKM eb atanagu.
Y MarHuT moMmeHTnapHuHr uccnlyluk x;apakatu 6yiinua Tak,-
I'nmMoTrHM 3bTMbopra onagu. YH4a wk opy GynmaraH TeMm-

HcpaTtypaga JlaH>keBeH TakK~cuMOT (pyHKuudacum La) =i
(PYnraHnurngaH, okK,opygarn TeHrnama siHa 6yHgan waknga
I' lmnagn:

An _ PmiaTB _ PmiaTt"oH (10.26)

JQHAM NapaMaTHUTHUHT MarHUTAaHULW BEKTOPUHU aHUK,-
AMAMVK. BUTTa aTOMHUHI MarHUT MOMEHTU ra TeHr.
\aXm 6upaurugarv n Ta aTOMHUHI MarHUT MOMeHTNapu-
imiir x,ammacu magoH 6yiinab >koinawmnb K;onraHga, napa-
MMIHUTHWUHT MarHuTaaw Bektopu J = n- 6unaH aHuK,-
navraH 6ynap sgu. Acauga X,2km 6upaurngarn 0 Ta aTom-

WVHI (haK,aT — K;UCMUITMHa MarHUT MaiigoH 6yiinab »konnawinb

Konagn. LUYHWHT y4yH napaMarHUTHUHT MarHUThaHuL BeK-
Tpu (10.26) ra acocaH, Kynmngarmya x;ucobnaHagu:

An
/=« Byp Ul — Wr— xH (10'27)
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ByHpa
TPwaT

N e (10.2K)

KaTTa/MK napaMarHUTHUHT CONMMWITUPMA MarHuT K;abyn
KunyByaHanrn peinnagn. Y x;aMm ynyamcus KaTTanK, NeKu
HongaH katTa. CoMuwTMpMa MarHuUT Kabyn KuayBUaH/INT.
ndogacngarn yrapMac KatTaMKiapHu

NP\at

C =/

[e6 6enrunacak. Kopu KOHYHVUHU XOCU/ KUNamus:

X =Y (10.30)

Jemak, napamMarHUTHUHI conuwTupmMma marHnT liabydl
H;WyBYaHUIM TemMnepaTypara Teckapu nponopumoHan. by Ta-
6uunii xon. 3oTaH, Temnepatypa owraHga aToMJapHUHI UC-
CUKNIUK XapaKaTtu Ky4darnnbé, ynapHUHI MarHUT MOMeHTNapu-
HUHT TallKn MarHuT mangoH 6yiinab >konawmbé Konmwium
KuiinHnawagn. AMMO >Kyga nacT TemnepaTtypanapga Kropu
KOHYHMOaH 4YeTra YMKWULL Xonnapwu Taxkpubaga KysaTtunran.
Kiopu KOHYHW rasnapga, MeTaniapHUHr HomeTannap 6wunauv
XOCUN KUnraH 6upukmanapmnga axwy taxapunagu.

TaxkpubagaH siHa Wy Hapca MablyMKW, cod MeTannap sa
YNapPHWHI KOTUWManapu, nwkKopuii ep metannap Kiopn KoHy-
Hura 6yihicyHmalign. By xogmca Hasapuii ndoganapHu Ken-
Tnpnb umkapuwga 6ms acoc KnMnmb oaraH Knaccuk Haszapus
XKyAa aHUK Hasapus amacinrnHm siHa éup 6op ncbotnaingw.

Knaccnk Hasapusira Kypa, MeTannap 3/eKTPOH rasra sra.
OPKWH 3MEKTPOHNAPHUHI TapTMbCcu3 XxapakaTu Temnepaty-
para 6ornnk. TemnepaTtypa owraH capyv 31eKTPOHNAPHWUHT
XaoTUK XapakaTu Ky4yaiinb, ynapHUHI MarHuT MOMeHTnapu-
HUWHI TallKM MarHUT MaigoH 6yiinab >koWnawmb Konuwu
cycammwin nosum. Taxxpnbaga aca MeTaNapHUHI CONULLITUP-
Ma MarHuT Kabyn KunyBYaHNUIU TemnepaTtypara [espnvk
60rMMK amMac aKaHIUru aHmknaHraH. Knaccmk dusmkaHu
MHKOp 3TyB4YM 6y xoauca 6eBocuTa 3NEeKTPOHNAPHUHI Cnu-
HW 6unaH 60rMMK Ba KBaAHT MeXaHUKaCMHUHI KOHYHnapu
acocupa Taxamn KUamHagw.
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MapamarHUT XycycuaTan MogAanapHWHI conmwTupma
M‘||‘1LUT K;abyn kmnyByYaHAmMrn (%) HucbataH Kn4uuk Ba (10.28)
lll acocaH, 10" opanupugarn KunmatnapHa TeHr ynm-
Il mymkuH. LyHra kapamai, napamarHUTNapHUHE COMULL -
TpMa MarHuT K,abyn KunyBYaHAUTUTU AnamMarHUTNapHUHT
rommwTMpMma MarHuT Kabyn KunyBYaHaurmra HucbataH 6uvp
Meya YH 6apobap katTta. MogganapHWHI coauwiTMpma mar-
HUT Kabyn KWUIyBYaHAUTM yn4aMcu3 KaTTanmk. Y gonga (10.25)
NI (10.27) TeHrnamanapfaH MarHUTNaHWULL BEKTOPU Ba mar-
HUT KyunaHraHnmk f HWHT ynyoB 6upnurn A/m ga anniyia-
Il i Tonamuni. Jemak, MarHMTnaHuwl BeKTopu 7 Y3
MO\MATK XXugaTugaH napamarHiT EKN AuamMarHUTHUHE X,av
(vpnmrngarn atomnap MarHUT MOMeHTAapUHW YIroTraH mar-
HUT MalgoHAMp. Y3rada Kunmb anTtraHga, MarHuTnaHuul
MCKTOPU Xa>KM bupnurngarun atomnap Exkm monekynanap tap-
Knbugarn TOKNapHUHI MarHUT MalAoH Kyu4naHraHAurngup.
Illy 6oncgaH MarHMTNaHWLW BEKTOpUra MarHUT MagoH Kyu-
NanraHnnK BEKTOPUHUHI LUPKYNALNA KOHYHU (8.30)HK Tar-
(mK aTamns:

(10.31)

6y epaa — aTtom éKnm Monekyna Tapkubungarm 3apaanm
YappasapHUHI op6uTan xapakarura 3KBMBaneHT GynraH mo-
NeKynsp TOK.

MapamarHnT Bakyymaa MHAYKUMACU B EKM MarHUT Kyu-
naHranamrn H 6ynraH Tawkym MarHUT maigoHra KUpuTu-
|'aH 6yncnH. By MKKM BeEKTOP y3apo Kyhugarunya 6ornaHraH:

Bo =

MapamMarHUTHUHI MONEKYNSAP TOKAAPUHUHT MarHuUT MO-
MeHTNapu MaigoH 6yiinab >oiinawagn Ba TallKWM MarHUT
MailoH TabCUPUHU Ky4yaiTupagu. MapamarHUTHU guamar-
UnT 6UnaH anMaluTupcak, AMamMarHUTHUHT MOJeKynsp TOK-
NAapPUHUHT MarHUT MOMEHTNapyu TallKU MarHUT MaifioH iyHa-
AvwMra Teckapu >kolinawimé, TalwKy Mai[oH TabCUPUHU
KydcusnaHTupagu. JIeKMH xap MKKU Xoija MoaAaHUHT UYKU
MarHUT MalifoH VHAYKLUMSICU MarHUTiall BeKTOpWU OopKanu
aHVKNaHaan, sSbHU
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Cur = oA (10.32)

WyHW anox;uaa Tabkugiaw Kepakku, TalK,Mu MarHuT maii-
[oHra 61Mpop Mogua KUpUTUACca, MarHUT MaiioH MHAYKLUUS-
CUHWHT K,MAMaTV y3rapagu, MarHUT MalifjoH KyufaHraHavru
3ca ysrapmac K,o1agu. MarHUT MalifjoH KyufaHraHanru
H MaiigoHra KupuTuaraH MoAuaHuHr TaémaTura 60rnmK, amac.

Jemak, TalWk,M MarHUT maigoHra 6Upop MarHeTUK KUpU-
TUAraHga MHAYKUUA BEKTOPW TallK,M Ba MUKW MarHuUT malii-
OOH WMHAYKUMS BEKTOPNAPUHUHT WUrMHaucura TeHr Gynagw:

5=4 + =u,H +yaH =Adl+ x)H. (10.33)

By ngogara = + x) 6enrvnawl KMputamums Ba 3NeKT-
pOMarHeTU3MHUHI 6olnaHnLW K,ucMuga xed K;aHgam ncboT-
cu3 KmputuaraH (8.12) teHrnamaHu X;ocun K,Mnamms:

B = jndpH.

WyHpain K,Uamé MyX;UTHAHT MarHUT CUHTAUPYBYAHIUTA L,
MoAua TapkMbmaarn aTomMnapHUHT CONMULLITUPMA MarHUT K;abyn
K,unyBYaHAUIN % ra 60rnvk,. JleKUH gunamarHuT Ba napamar-
HUTNAPHUHT CONULITUPMA MarHuUT K,abyn K,unyBYaHAMKnapu
TaWK;n MaigoH Ky4dnaHraHnurura 6ornvk; amac. by mogua-
NapHUHT MarHUT K;abyn K;unyBYaHAMKNapu HuUcbaTaH KUYUK
KuiMmatnap 6unaH aHuknaHagu. LUy Tydalinn HapamarHuT-
nap >"yH MarHuUT CUHTAUPYBYAHINK” 6UpaaH 61Mpo3 KatTa (M
>1), guamMarHUTNapHUHT MarHUT CUHTAUPYBYAHAUTU GUpaaH
61po3 KN4UK (M < 1) 6ynagu.

10.4-§. ®eppoMarHUTIAPHUHT MarHUTNaHULLW.
AHTUpeppomarHuTnap

Tabuatga MarHUT CUHTAUpPYBYaHIMrn A (Ekn %) Tawk;u
MarHuT MaligoHra 6ornuk, bynraH mogganap maexxys. by 6or-
naHuw 6mpunH4ym 6op Temup (FerraT) ga KysaTuiraHanrm yyyH
6y xycycuaTra ara 6ynraH mogganap cdeppomarHutnhap aeb
aTanraH. ®eppomarHuTnap TypKymura Temup, KobanbT, ra-
OONVIHNIA Y\aMaa yNapHUHT K,0TULIManapu Ba XUMUABUA 6U-
pyKMmanapu Kupagw.
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JN=const

100 Hi. 200 300 400

10.5-pacm.

deppoMarHNTNAPHUHT MarHUTNaHULWNHN GUpUHYM 6op
MockBa yHUBeEPCUTETUHUHI Hpodeccopn A. T. Ctonetos
1872— 1879 nnnap gasomMmaa YyKyp TekwumpraH. CToneTos-
MWHT TadkpubanapungaH 6Uupn TEMUPHUHT MarHUTNaHULL BEK-
Top / HWHT TallKu MarHUT MalfoH Ky4dnaHraHauvrm 4 ra
6OPNUKANTUHN TeKwupuiira 6apuiunaHrad. Temmp yyyH /
6unaH #A opacugaru 6ornaHULWIHUHI rpadurn 10.5-pacmga
KentupunraH. FpaduvkgaH paBlUaHKW, KyuCU3 MarHuUT mai-
OOHAa TEMWUPHUHI MarHUTAaHUWWM TUK 3rpu 4msuK, byrinya
OpTNG, KEMWUH MarHUTAAHULL 3rPU YNU3UTUHUHT TUKINTKN 6U-
po3 kamasgu. MarHuT MalfoH Ky4dflaHraHAuru TaxMWHaH
-100 A/M ra eTraHga, TEMUPHUHI MarHUTNaHULL BEKTOpWU

7 = conb/] y3rapmac konagu. MarHuT MagoH KydnaHraHnm-

rm fy- KuiimaTra eTraHga TeMup aTomiapyv MarHUT MOMEHT-
NapUHWHT MaigoH 6yiinab >konawinbé Koamwm TyxTalngu.
MarHuTnaHuwl BeKTopu 7 TyWWHULWI XxonaTtura spuvllagu.
ByHaa MarHUT MaikfoH MHAYKUMACK TallKu MarHuUT maigoH
6UNaH TEMUPHUHI MarHUTAaHUWMAaH Xocun ynraH mManaoH-
NapHWHT ANpUHAMCUTA TEHT:

B = /104 +
NKKNHUYM TOMOHAAH 6y MHAYKLUNSAHU
B =

TeHrnamagaH \am xmcobnawl MyMKUH. By WKk udogagaH
MarHUT CUHIAUPYBYAHINK YUYyH Kyhiungarn mngogaHun Xocun
KNnamms:

=1+, (10.34)
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By 60rnaHULWHWHT
rpacurn 10.6-pacmga
KenTupunaraH. Kyucus
MangoHga / HUWHT
K,uimatn H ra Hucba-
TaH >Xypa kaTtTta 6y-
nagn. /TyRMnHnL K,Wii-

H Matura etraHga mar-
10.6-pacm. 0 HUT CMHIANpyBYaH/INK

Y3NHWUHTI 3,Ur KatTa

Knimatura spuwagn. MarHmntnaHull BeKTOpPU = COI’lStj

y3rapmac KonraHgaH KelimH A HuW siHa owumpa 6opcak, /1 ce-
KMH acTa Kamannb 6opagn. ®deppomMarHUTAap y4yyH L, HWHT
Makcuman K,MiAmMatu geppoMarHUTHUHI Tabmatura 6OrnvK,.
XycycaH, TEMUPHUHI MaKCcuman MarHUT CUHIAUPYBYAHINTU
50; Tapkmnouga 3,3% KpeMHWin 6ynraH TEMUPHUHT MakK-
cuMan MarHUT CUHTAupyBYaHANT KO % Tapknubnga 78%
HUKen Ba 22% TemMup 6ynraH NepMONOMHUHI Makcuman mar-
HUT CUHIONPYBYAHINTU 10® HX Tallrna K,unagu.
deppoMarHUTAAPHUHT UKKUHYN aXXO0Nnb Xycycuatm —
YAAPHUHT TalWwK,M MarHUT MaigoH Tabcupuga MarHUTnaHuo
Konuwungmp. MacanaH, TEMUP Y3akKHW COMEHOWU[, Uuunra Ku-
puTannnk. PeocTaT épgamuga coneHomagaH yTaétraH TOKHU
CeKuH-acTa owunpmob, TEMUPHUHT MarHUTAaHULL WHTEHCUB-
mrn (anpum xonnapga MarHuTnaHuw BeKTopu / MarHutna-
HUW WHTeHcuBAUTKM feb gam atanagmn) 6unaH TOK XOCUN K;un-
raH MarHUT MaoH Ky4dnaHraHnmru opacugarvm 6ornaHuLwHu
aHVKNariMm3. TEMUPHWHT MarHUTnaHuWw nHTeHcusnauru 10.7-
pacmpa kentupunraH OA unsmk, 6yiinab optagu. H HUHT Mab-
nym 6ump Hj Kuiimatmga TEMUPHUHI MarHUTAaHULI MHTEH-
CUBANTN TylinHaan Ba / = const 6ynagn. HAHUHT Wy K,uiima-
TugaH 6ownab, TOKHW CeKMH-acTa KamalTupcak, MarHuTt
MarAoH Ky4YnaHraHaimru TOK Kamammwmra Moc pasBuwija Ka-
Maaann. JIeKnH Temmpgarm MmarHuTnaHnil nHteHcmenmrn OA
UN3VIK byiinab amac, 6ankm AC arpu 4m3mk byinab kamasgwn.
A = O 6ynraHga, y3ak ndoga 6unaH aHMKNaHraH
KONAVWK MHAYKUMAra ara 6ynraH ysrapmac marHeTMKKa anna-
Hagn. Tabuminkn, ysakHU TYIUK MarHUTCU3NAHTUPMULL YYYH
y3aKKa KuimaTm ra TeHr 6ynraH Ba Teckapw MyHanmwigaruv
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MarHuT MalfoH KyunaHraH-
amrun 6mnaH TabCcup Kunui
nosum. Teckapu yHanuwga-
M MarHuT MangoOHHWHT
Ko/ \MaTn KoapuaTtwus
(Tycn6 TYpyBUM) Ky4 [eb
aTtanagu. Teckapu yHanuiu-
Aarv MarHMTnI0BYM MargoH H
HY owmpa 6opcak, y3aKHUHT
MarHUTAaHUWN ANarpun ym-
3uK, byrinab cogup 6ynaau.
BunHo6apuH, MarHMTnoBYU
MarHUT MalgoH MyHanuLWnHW WYy Tap3fa raamMa-rangaH ysrap-
TUpCcaK TEMUPHUHT CUPTMOK; LWaKIngarn MarHuTnaHvw rpa-
PuUruHn xocun kK™namms. by énuk, arpm umsmk, rmcrTepe-
3nc (“rucrtepesmnc” — rpekya cys 6ynmb, opk,aga K,onuul ge-
Makgmp) cupTtMorun aeb artanagn. Fmcrepesnc >“ogucacu
heppomarHUTnapHn TaHnawaa xxyga KeHr KynnaHmnagn. Ma-
canaH, y3rapmac MarHuUTnapHu scawlfa rnMcrtepesviCu KeHr
6ynraH “kKartmvk,” ceppomMarHutnap onmHagun. AKCUHYa, re-
HepaTop, TpaHcopmaTop, AUHaMOMalUMHaNapHUHI y3aknia-
pn rUCTepesncu WHInYKa, KO3PUUTUB Kyun KUYUYUK, Mar-
HUTNAHULL MHTEHCUBAUTU TUK GynraH “rOMLUOK,” deppomar-
HUTnapgaH TalépnaHagwu. 30TaH, TOK MaH6anm MarHmTt
rMcTepesncuHM >ocwi K,unmwga mabsiym vl 6axkapmb y3 aHep-
rMACUHN MyK,0Tagn. SHEPTUSAHU UK;TUCOA, KWL HYyK,Tau Ha-
3apunaH rmcTepesnc CMPTMOrM KNYmMK 6ynrad “roMLIok,” dep-
pomMarHuThapHu mnwnab ymk,apvil Ba Kallud aTULW KaTTa ama-
nMia aammatra ara.

Fnctepesnc ~ogmucacuga Konguk, MarHUT MHOYKUUACU
HUHT X,0cn 6ynniumn peppoMarHUTAapHUHT MarHuT Ty3unm-
wn gva- Ba napamarHUTNapHUHT TysuamwugaH 6yTyHnai
hapK, K;unuwmnpaH panonat 6epaau. MacanaH, deppomar-

HUT y3aKHUHI A = O xongarn MarHUT CUHTOUPYBYAHIUTU
B ]
yekcuara TeHr u = ="KA 6ynn6 K;onagn. Bax;onaHku

10.7-pacm.

10.6-pacmpa H = O6ynraHpa// yeknn K;uimatra ara 6ynagw.

By HaTmka (hmn3mka HyK;Tanm HasapfaH raiputabuuii >;onaup.
By xynocaHwu hak;ar dheppoOMarHUTHUHI Ty3nauwm acocmupa
nsoxgaw MyMKUH.
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paHuys dumsunrm IN. Belicc nnrapu cypraH Hasapusira K>fr
eppomarHuTnap yndyamm 10” —10" cm opanurunga étraH ml
MWHINaé aToMnapHu y3 numra onraH goMmeHnapgaH Ty3v;n m
Xap 6up gomeHgaru atoMaapHUHE MarHUT momeHTnhapu (U|(
XUn WyHanuuwra ara. JoMeHHU y3-y3ugaH TYHUHULW Xonall
radya MarHUTNaHraH MUKpoMarHuT aeb TacaBByp KUIULL MyM
KVH. TalKyn MarHUT ManfoH TabCcMpugaH xonu bynraH my
X,UTAa AOMEHNAaPHUHT MarHUT MOMEHTNapu TapTmbcns NyHan
raH. Ynap mMarHUT MOMEHTNApPUHUHI BEKTOP WUTMHANCK 3C.)
Honra TeHr. Ogunii waponTtaa heppoMarHUT MarHMTcm3 xona |
HW 3arannanan. ®eppomMarHUT AOMeHAn Tapkubra ara skaH
ANTUHN aHWKNaW makcaguga eppomMarHUT Ky4dnm aninaHw;!
xapakatra kentmpuiaraH. bByHga 6up Knem gomeHnap avnaH
Ma XxapakaT MyHanuwmga >Komnawmnb kKonuwm 3axTumongaH
Xonn amac. Taxkpuba 6y mynoxasa ypUH/IN 3KAHINTUHN TYNINK
Tacguknaman. AbHW anaHma xapakatra KentupuiraH dep
pOMarHUT MarHuTnaHmb Konagu.

MapamarHUTNapHUHT MarHUTIaHUL XOAUCaCUHN TeKLUIMp
raHMMun3sga ynapHuUHr conuwTmpma MarHuT Kabyn KunyByaH-
nmnrmnx (10.28)ra acocaH TemnepaTtypara 60rnimMK aKaHINTNHA
KypcaTtnbé yraH 3auk;

T\aT

XK= gyt

By ngoga peppomarHmTiap yuyH xam ypuHan. dakaTt aTom-

HWUHI MarHUT MOMEHTU P,,Aa_l—HVI AOMEHHWHI MarHUT MOMEH-

™ 6unaH Xaxkm 6upnurngarv atomnap COHUHU AOMEH-

nap 3vuaurn - 6unad anmMawTUpuLl 1o3MMm. Y xonga deppo-
MarHNTNapHWHIN connwTnpmMma MarHuT Ka6yn KnnyB4aHInNrum

N W (10.35)
wakngaru TaxmMuHuii ndpoga 6unaH aHMknaHagn. PaBLuaHku,
XaKM bupnmrmngarn AomMeHnap COHW aTtomiap 3nvnurungad
Knumk (™ < n). JleknH (10.35) TeHrnamaga [OMeH MarHuT
MOMEHTUHWNHT KBagpaTu ULWITUPOK 3TraH. Ly 6oncgaH dep-
POMArHUTHUHI CONULUTMPMA MarHUT Kabyn KunyBYaHIUIU
napaMarHUTHUKUra HucébartaH -10" mapTa KatTa. Xakukar-
JaH XaM napamMarHUTNapHWUHI conMwTmpmMa MarHuT Kaobyn

176



I nmynyannurn 10 KO** opanurmnga é€traHn xonga, Temup-
HUKN X = 101,2, HUKENbHUKN X — 44,7, KOBaNIbTHUKN X =
nn. (10.35) TeHrnamara acocaH peppoMarHUTNapHUHI CO-
'HHMATUPMA MarHUT K;abyn K,1iyBYaHIUrn temnepatypara 6or-
'llk. Kiopn Hyk,Tacu (T geb atanyBum aHuK, 6up TeMHepa-
v pnga deppomarHuT ogauii napamarHmTra annaHagn. Tem-
||rp.TrypaHV|Hr 6y Kuiimatu Temup yuyyH 1053 K ra, HuKenb
Mymn 623 K ra, nepmonon yuyH 823 K ra, kobanbT yuyH 1423
K Iil Tenr.

Jemak, napamarHuTiap yuyyH Kentupmb umnk,apunrad Koopu
»(Juyrn (10.30) dheppomarHuTiapga TemnepaTrypaHUHT Mab-
mhm opanurnga y3 KyumHu caknanam Ba Kiopu KOHYHM

X = T-T, (1036)

KYPUHULLHN onaan. ®deppoMarHUT HaMyHaHWHI TemMmrepary-
prken I Kiopn TemnepatypacugaH nact 6ynca {T < YHUHT
INWTUPMAa MarHUT Kabyn kKunyBdYaHnuUru Kiopu KOHyHUra
| 1Y(‘cynmaiign.

AomeHnn Ty3unuw dakat peppomarHmTiapra xoc 6ynraH
Ayecyemataup. BuHobapuH, HUMa y4yH deppomMarHuTnap Ao-
Mennu Ty3uauLira ara geraH tabunia cason tyrunagmn. Knac-
CUK (hnsmkaga 6y caBoNHM Xan 3TUWIN MYMKUH amac. CaBorf-
MUHI e4nMU KBaHT hmsmkacu opkanm xan bynagun. by Hasa-
pUAHWHI Mypakkab matemMaTuK annapaTtu yctuaa TyxtanmaraH
y»naa AOMEHNAPHUHT Xocun 6ynuuw cababuHu Tapxumii (cxe-
MaTuK) paBuwga Kysatannmk. MacanaHn aBBaji BOAOPOA, MU-
connga Kypub, deppomMarHUT HamyHa y4yyH ymymnawutupa-
Mu3. Bopgopog atomm mycbaT 3apsapnaHraH npoToH Ba YHUHT
uTpodmaa 6epk opbuTa 6yiinab xapakaT KUyBYUYM 31EKTPOH-
Jan TysunraH. VIKku Bogopof aTtoMmu 6mup-6mpura sKnHnall-
wpwnca, MaHgpuii 3apagnap opacmpgarn KynoH wmtapywiul
Kydn mMacohaHWHI KBajpartura Teckapu nponopuuoHan pa-
Hiwaa owaaun. LWyHra kapamai MKKW BOA0poA atoMu 6mpwu-
K16, 6uTTa BOAOPOL MONEKYynacMHW Tawkun kunagn (10.8-
pacm). UyHKW, 3neKTpoOH opbuTanapu ycTma-ycT TywiraHga,
*IEKTPOHMAp opacuja KBaHT TabmaTra ara 6ynraH anmalumiu
Kyuu to3ara kenagn. by Kydra moc 6ynraH aHeprusa anMalum-
WML 3Heprusacu geninnagn. AnMaliMHULL y3apo Tabecup Ty-
(I>alim NKKu BoA0pPOA aToOMU 6UPUKNG, 6UTTa Bogopoa Morne-
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e r KynacuHn XOON k;unagn. Byn
— ha bup aTOMHUHT 31EeKTPOHM ji i

/ \ opbutacngaH 4YvMK,M6 MKKUHUU
@ ( | © aToOM 3/IeKTPOHHUHT opbuTacu-

\ / ra, UKKMHYN aTOMHWHI 31eKT-
K pOHM 3ca y3 opbuTacugaH uu-

K.Mb6 6BUPNHYM aTOM 31eKTPOUn-
HWHI opbuTacura ytné Typagu.
BaneHT anekTpoHnap y3 opbu-
Tan X,apakatnapuHui 6y Tap3gn
anmalimb TypuLmn HaTwkacmga
ynap myctax"kam KoBasieHT 60r -
NnaHunLW opk,ann 6ornaHagu.
KentupunraH mynoxasaHwu
heppomMarH1UT HamyHara TaTouK,
sTalinmk. PeppomMarHuUT Kpuc-
Tann naH>kapacugarm atomnap
6up-bupura >kyaa siK,uH >Xoi-
nawraH. Ynap opacumga Ky4nu
anMaWwmnHNW TabCcupnawysm
l03ara Keimwm MYMKUH. By
TabCMpnawyBs, acocaH, Ba/leHT
3NIeKTPOH Xucobura coamp
6ynagn. bup-6upura SAK;uH
10.9-pacm. KomnawraH KK aToM BaneHT
3NEKTPOHNAPUHUHI opbuTana-
py ycTMa-ycT Tywunwun Tydainm ynap y3apo 3n1eKTpOoHnapwu
6unaH anmalmHNG Typagunap. Tabcupnaluys >XapaéHuaa By-
>KyAra KenraH anMalimil Kydnapym atom MarHUT MOMeHTnapu-
HN Bup-6upura napannen ékn aHTunapanien >omnnawTupm-
W1 MyMKWH. BUpUHYM xonga HamyHa heppoMarHnT, UKUHYA
xonga aHTudeppomMarHuT Tysuauwira sra 6ynagu. LWyHpan
K;unmb, heppomarHuT 4OMeHNapn atom MarHUT MOMeHTnapu
6up xun MyHanraH Ba 10.9-pacmpa KypcaTtuaraH Kpuctann
naH>xapanapHWUHr TynnammgaH noopat. AHTUeppomarHnTra
Keficak, ynapHuUHr xocun éynuwnuuv M. A. NaHpay Ba /1. He-
enb Hazapuii yn 6unaH 6awlopaTt K™MmwraH sgn. KelinHuya-
NNK aripyum Moguanap aHTUeppPOMarHuUT XycycmsaTra ara sKaH-
Nrn aHnknaHagn. AHTUgeppoMarHUTIapHMHE eppoMarHnT-
napgaH dapku, ynapHUHI Tapkubnga ys-ysungaH MarHuTnaHrad

10.8-pacm.
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OOMeHNapHUHI Nyk™Nwmrngagup. by xycycmatu 6unaH aHTu-
dcppomMarHUT napamarHuTra yxwawgmp. JlekuH aHtTndgeppo-
MAFHUTNAp Y4yH Héenb TemnepaTtypacu geb atasyBun KpUTUK
P TemnepaTtypa MaBXypn 6ynu6, 6y xapopatga aHTudeppo-
M:H'HUT NapamarHuTgad 6yTyHnai gapk. K,unagn. XycycaH aH-
I licheppomMarHUT HaMyHaHUHTI Temnepatypacu T < LapTHU
KavoatnaHTupraHga yHUHI CoONUWTUPMa MarHUT Kabyn KunyBs-
Yannurm KeckmH owagn. AKCUHYa, aHTUgeEPPPOMarH1T Ha-
MyHaHWHr Temnepartypacu T Héenb TemnepaTtypacujaH karta
(ynraHpa {T> T, y napamarHuT Tabuatra ara 6ynné k,onagn
| Kiopn KoHyHwura 6yinicyHagw.

deppoMarHUTNApPHUHI TEXHUKajarn poav Xunama Xun.
10)k,opnga acnatub yTraHUMmn3gek, TpaHchopmaTop, reHepa-
TOp, POTOP Ba 60LIKa 3NEKTPOMArHUT KypuUiManapHUHI y3ak-
Mapy MarHmMT CUHITAUPYBYaHIUIM KaTTa 6ynraH “rOMLIOK”
(DcppomarHuTnapgaH Aacanagn. KOKopu yactotaim UMMynbec-
)]ap apum5~Kasrnunm eppomarHuTnap (pepputnap) éppa-
Muga ynrotunagn.

M-606
QNEKTPOMATHNT MHAOYKLUWA

MabnymMKu, MarHui maingoHaa >xonawuraH 6mpop 5 cmptnum
KOHTYPHW XapakaTtra Kentmpcak, 6y cuptgaH )T-aétraH mar-
vt kyy unsuknapuHMHT okuMK y3rapaau. [apxakukaTt, 8.9-
§ Ja 9PKWH XapakaT KWIyBUYM TOKAM YTKa3rmy €KuM KOHTYp
MarHuT MaigoHra KnpuTuaca, y xapakarra KenmwmnHn Kypca-
TNG yTraH sgukK. ToKAn 5°KasrM4yHm marHuT maigoHga Ky4du-
puwga 6axkapuaraH U MarHUT OKUMWHUHT y3rapuwimn 6wm-
naH aHUKnaHagu. AMMO MarHUT MaigoHAa TOKAM 3aKasrny-
1 Kyumpuwiga 6axkapmnrad M TOK MaH6anHWHI 3Heprmsacu
?™mcobura to3ara kKenagm. Arap 6y mwira akeBmBaneHT GynraH
m)/eprms UCCUKINK 3Heprmuacura anaHmaca, y Humara capd
6ynmwnHn 8.9-8 aga >kaBobcm3 KogaupraH agmk. Ywoy 606-
VMHI Ma3MyHU lOKopuia KyWuunraH caBOfiMapHUHI eyMura
6apuLuiaHraH.
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ANeKTPOMArHUT UHAYKUUS ?(oamcacu.
VIHOYKLUNS 3N1eKTP HOPUTYBUMN Kyd

1831 innga nHrams gumnsnrn dapagein Kyn NMNNNK Tagk,n-
KOoTnap HaTwmkacmga 3M1eKTPOMarHUT MHOYKLUUA XOAMCaCUHUN
ounw wapadura mysiccap 6ynan. Y marHut mangoHga baxka-
puaraH MexaHuK vl xmcobura 3M1eKTP TOKUHU ONULL MYM-
KUHINTUHN ncboTnab, Xo3mpru 3aMoH 3feKTpoTexHMKacura
acoc congu.

dapafeiHUHI 3NeKTPOMarHnT MHAYKUNS X;ogucacura 6a-
rywnaHraH TaxxpubanapuHum yy rypyxra 6ynmi MyMKUH.

1 Cum ypamnapgaH Ty3uiraH rantakka ranbBaHOMeTp ynai-
mMu3. Ysrapmac MmarHutHu  yK'l 6yiina6 11.1-pacmpa Kypcatun-
raHfZiek >xonawTmpainuk. Y3rapmac MarHuT xapakarcus bysnca
EKN YHUXYKAIHUHT Myc6aT Ba MaHduii yHanuwm 6yiinab x,apa-
KaTra KenTmpcak, raibBaHOMeTp MUAM HONHW Kypcatagn. Mar-
HUTHN Y YKVH/H maHduii iyHanmwinga, ssbHU BepTUKan nacT-
ra kapab xapakartra KenTupaunmk. bByHza ranbBaHOMeTp MWW
orn6, 3aH>xmpga TOK Xocun 6ynraHuHuW 6ungupagm. MarHuT-
HWHT XapakaT WyHanmwiun ysrapca, Mua TecKapu MyHaauwiga
oraguv. Y3rapmMac MarHUTHUHT Xapakar Te3/IMrMHN oLumpcak, M-
HUHT ornw 6ypyary xam owagun. flemak, rabBaHOMETP XOCUN
6ynraH TokHUHT |glMaTi, y yKUHUHT Myc6aT Ba MaHbuii iyHa-
nmwn 6yiinya xapakat KunaéTtraH ysrapMac MarHUTHUHT xapa-
KaTt Tes3nurura 60rmvK;. Ysrapmac MarHUTHU KysraniMac Kongu-

pn6, yHra HucbaTtaH rantakHu y
YKVH/HI myc6aT Ba MmaHuia iyHanm-
wmga xapakatnaHtupannmk. anbBa-
HOMeTP Munu AHa Oxonatura Hucba-
TaH yHrra €Ky yanra CUm»KUnau.

2. Y3rapmac MarHUTHU TOK MaH-
6avra ynaHraH UKKMH4YUM rantak 6um-
naH anMawTupainnuk (11.2-pacwm).
Xap WKKW rantak TUHY Xonatga
6yncuH. FanbBaHOMETP MUAN HOMHU
Kypcatagu. JleKuH ynapgaH 6upuvHun
BepTuKan ykK, 6yiinab to~opura Ba na-
cTra kapab xapakart K,ungampcak, ranb-
BaHOMETP MW HOMb XofnaTura HUc-

11.1-paem. 6aTaH cumKnngn.
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3. Xap VKKU paiTakHn 6uTTa y3akka
Yp|Tammb, 6UpHYN panTakH raibBaHOMeT-
Dla VKKMHuUM panTakHW peocTaT opKanm
Y3rapmac TOoK MaH6aura ynanmuns (11.3-
pacm). IKKUHYM rantakgaH ydrapmac TOK
OKCa, ra/bBaHOMETP MWUIU Y3 BasUATUHU
Y3rapTypmarign. PeocTtaTt épaammaa MKKUH-

UM ranTakgarn TOKHW y3rapTupannuk.
1'MbBaHOMETP, TOKHWHI 6y y3rapuwimra
MOC paBuwlga, HONMb xonatura HucbaTaH (
CUMKNAAN. TOKHUHT y3rapuwum Tesnawica,
|'anbBaHOMETP MUAMHUHT opuw Bypyarm

\am KaTTanawuagu. 11.2-pacm.

Yy -
B
11.3-pacm.

KentupunraH Taxkpubanapra sikyH sicab LWyHW aiTi MymM-
KWHKW, ranbBaHOMETP ynaHraH 3aH>Xupga X,0cun 6ynraH Tok
MarHMT MangoH MaH6aMHUHI TabuaTura 60rnMkK. amac. 3aH-
XMpaa xocun 6ynraH TOK raibBaHOMETPAM ranTak ypamna-
pUHN Kecunb yTraH MarHUT OKUMWHUWHT y3rapuil Te3nurura
nponopuynoHan. Tabcup opkKann xocun 6ynraH 6y TOK, WH-
AYKUNSt TOKK Ae6 HoOM onraH. TOK TallyB4YM 3appanapHn énmk
KOHTYp 6yiina6 xapakaTra KenTupraH Kyd WHAYKUUS 3N1eKTp
PUTYBYM Kyd Aeb aTtanaan. Ly KYUHWUHT BY>XyAra Kenmwim
6unaH 60rnMK OU3NK XKapaéH 3NeKTPOMarHNT UHAYKUMSA Y;0aU-
cacu geimnagun. FOkopuaa TaBcugun 6epunraH xogmca 6mutra
EMUK KOHTYP YUYYyH XaM ypuUHAMAUP. ~ap Nangai wakngaru
6epK KOHTYPHU H ampab o/iraH MarHuT OMMMUHWUHT y3rapuium
WWiiMaT Wy MarHT oW MU y3rapuil Te3nurn 6unaH aHm ™ a-
vaguran.
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T ‘ﬁ‘r (11.1
nHAyKumsa SHOKHU yiroTagn. By xynoca ® apapgevi-Mak
cBeNn N K,0HyHun Ae6 atanagn. (11.1) Ndopagaru (—) viopu
WHAYKUMOH TOKHUHT WyHanuwmn 6unaH 6ornukanp. NHAayk-
LWOH TOKHUHT WyHannwmnHu JleHy, Taknud aTraH Komga aco-
cuga aHmbyTall MyMKUH. VIHOYKUMOH TOK AOMMO LUyHAal iyHan-
raH 6ynagnkm, 6y TOK yHOCWT KWTTaH MarHU T OLWMHU, VHAYKUN-
OH TOKHW YAroTraH MarHNT OLLLMUHUWHT y3rapyiumra TYCLUHANK
wmnagn. MacanaH, WHAYKUMOH TOKHW BYXXyAra Kentmprad
MarHuUT OK;/M oLlca >0), (11.1) TeHrnamara acocaH, UH-
OYKUNS 3N1eKTp puTyBuYM Kyd e,<0 6ynagn. BuHobapwuH,
WHAYKLUMOH TOK YWroTraH Xycycuii MarHMT MangoH OK™MMU
LWy TOKHU t03ara KenTupraH Talwk.M MarHUT maigoH OKUMU-
HUHT owWwuwunura TYCKUHAIUK Kunagn. AKCUHYaA,
6ynraHga nHaykuma 3K K > O 6ynaau Ba MHAYKLUUS TOKMU
YAroTraH MarHUT OKUM TalKW MarHUT mMaigoH OKUMUHWHT
Kamarimwnra TYCKUHANK Knnagu.

NeHy kompacura acocaH, ®apageii-MakcBenn KOHYHUHU
YMyMAaWTUPMG, aNeKTPOMarHUTUHAYKLNA XOoA4MCaCKU-
HUHT acoCcuUi KOHYHWHWN KyhAngarndatabpudnammma:
6epK KOHTYp 6unaH yerapanaHraH cupT K;ampab ofiraH MarHuT
Ol/MVH/MT >;ap KaHgal y3rapyiimn KOHTYpAA MHAYKUNOH TOKHM
to3ara Kentmpagm Ba YHUHI XyCyCUii MarHUT MaigoHn WHOYK-
LIMOH TOKHW YIroTraH MarHUT OKUMWUHWHT y3rapuiimra TyCKUH-
NVK Kunagu.

Taxkpuba xynocanapura acocaH ésunraH (11.1) TeHrnama-
HW Hasapwui yn 6unaH xam ncbotnawl MyMKuH. 8.28-pacmaa
KeNTUpuAraH ToOKAM yTKasrmd MarHuT maingoHga K~ mpwunca,
MarHUT MaigoH TOK MaHGauMHUHI Xucobura v 6axkapaaw.
(8.53) TeHrnamara acocaH, yLiby afemMeHTap KULL MaBXy/,
6ynraHn yuyyH 3HEPrUsiHUHI cakKAaHWLLl KOHYHU Kyhngaru
KypuHULUTa ara:

&ldt = PRdt + bl®,, .

TeHrnamaHuHIr MKKM TOMOHUHUW Idt ra 6ynmné KoHTypaaH
yTaéTraH TOKHN aHWKNanmMuns:
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Oynaan

o — Y%

Jemak, MarHUT MangoHra KNpUTuaraH TOKIN yTKasrmyHu
Kyumpuiiaa MaH6aHUHI MyKOTraH 3HEePrusaCUHWHI 6up K,uc-
MU MHOYKUMA QKO KHU xocmn kunuwira capdaHap akaH.

OHAW yTKasrmy mMarHMT MangoHga MexaHUK Kyd épaamu-
[a KydyupunraHga xam (11.1) TeHrnama 6unaH aHuUK”™aHagu-
raH nHgykuusa KK xocun 6ynnuwimHu KypcaTamnmk. by
MacasiaH 3N1eKTPOH Hasapusa acocuga xan Kunamms. Xank ara
ocusiraH /yTkasrmy MHAYKuUmMA BekTopn 11.4,a-pacMga Kypca-
TUAraH MarHuT MagoHga X myHanuw 6yiinab  Te3nuk 6u-
NnaH xapakaTt K,WICUH. YTKasruy 6unaH 6upra YHUHT TapKu-
MNugarn 3pKNH 31eKTPOHNap xam Wy MyHanuMwja xapakat
Kwiagn. MarHmt mangoHga  Te3nuk bunaH xapakaT K™wia-
é'rraH aneKTpoHnapra JlopeHy, Ky4dn TabCcup 3atagun. Yan kyn
K,0MJacnuHN TaTbuk aTub, JIOpeHU, KYYUMHWUHT AyHanuLWnHN
Tonamus. By Kyd 11.4,6-pacmMpa KypcaTuiaraH yTKasruyHUHI
M kuncmmgaH N KUCMU TOMOH KyHanraH. (9.1) TeHrnamara
acocaH JlopeHL, KYYMHWUHT KniAmMatu

_ _ In
p=-bB —-eB)K

11.4-pacm.
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‘w,

6ynaan. INeKTPOHNAPHUHT JIOpEHL, Kyun MyHanuwimaaru xapa-
KaTu TecKapu WyHanuwigaru 3neKTp TOKHU yirotagu. Myc-
6aT 3apsanvM TOK TallyBuYM 3appanapHu TapTu6an xapakatra
KeNTUPYBUM 3M1EKTP Ky4un JlIopeHL, Kyuura TeHr. JIEKUH yHra
Teckapu MyHaraH:

6yHgaH E =-B # (11.2)

(11.2) 6unaH aHUKAaHraH 37eKTP MagoH Ky4dnaHraHnuv-
M r ysyHamMkgarn YTKa3srmdHuHr M w N Hyk;Tanapmga
(v ~®dm - El 6unaH aHlknaHaguraH noteHuuannap annpma-
CUHWN XOCUN Kunagn. E Hu y3 kuiimatu (11.2) 6munaH anmarl-
TMpammni Ba B 6unaH | HU guddepeHuman 6enrmcm ocrtura
kuputammni. KoHtyp yuyH (Ptf ~(Pm = 6, 6ynraHupgaH, 6epk
KOHTypAa ynroHraH nHaykums 3K K

6ynagn. ByHga 1-x = S — MarHMT MaigoHpa >koMnawiraH
KOHTYPHUHI NM = /KMCMMW 4mn3raH y3rapyByaH 103a; —

Ly t03aHU Kecub yTraH YsrapyByaH MarHUT OKUM.

Jemak, xap WMKKM Xucobnaw ycynum 6unaH uymkapunrad
9MEKTPOMAarHnT MHAYKUNA XOANCACUHUHI acocuii TeHrnama-
cu 6mp xmn KypuHuwra ara. FOkopuga kentupunrad (11.1)
TeHrnamaHn KeTMa-KeT ynaHraH MTa KOHTYp YYyH ymMyMnall-
TMpamms:

& = -N (11.3)

~X

LyHn anoxmia Kaiig aTull Kepakku, roKopuaa KentTupun-
raH Taxkpnbanapga KOHTYp €Ku rantak UHOYKUUSA TOKUHWU ce-
3yBUM Kaig KUArny sasmgacuHm yramokga. Japxakvkar, Y3ra-
pyBYaH MarHuWT MaligoH maBXypn 6ynraH dasora 6up-6upn
6unaH 60rnMK GynmaraH xap Xvn paguycnu KOHTYpnapHu Ku-
puTcak, ynapHUHI xap 6upunga MHAYKLMOH TOK YiAroTraHauv-
r’MHN aHnknammuni. byHAaH Xxynoca LWyKW, Y3rapyByaH mar-
HUT MalgoH maBXypn 6YnraH dasoga Kyd udusmknapm 11.5-
pacMga KypcatuiaraH ylpmMaBuii 3NeKTp MaligoH By>kyara
Kenagn. By MalfoHHUMHI Tabcup gompacura Kupub konrad
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m)/ickTpoHnal) mailigoHra Teckapwu
MyHanuwga TapTnban xapakat K.mna-
O/ Ba MalAoH MyHanuwngarm NHAyK-
LMOH TOKHW Xocun Kunagn. By xyno-
(*jMWHr TYrpyv SKaHAMrura WLWoHY
\ocun Knanw makcaguga ysrapyByaH
MarHuT MargoH MaBXyg 6ynraH da-
lora xankacumMoH HeoH namnanapuHm
Kuputainuk. HeoH namnanapga pas-
psg cogmp 6ynmnb, ynap HypnaHa 6owu-
nangn. 3pKUH 3NeKTpoHNapAaH Max-
pym 6ynraH nHepT rasga paspagHuHT
Yocun 6ynuin y3rapyByaH MarHuTt 11.5-pacm.
MalifoHAa ylopMaBuii aNeKTp MaifoH
MaBXyZ 6ynMLnHN TYNIMK ncbortnangn.

ONeKTp PUTYBYM Kyd ENUK KOHTYyp 6yinab MyHanraH
)NeKTp ManoH KyYNaHTaHAUTUHUHT LUUPKYNAuMacura TeHr
o (4.18) ra K)- Wy 6oncaaH MHAYKLUMOH 31eKTP HOPUTYBUMN
KYYHW YIOPMaBUii 31eKTP MafoH Ky4dnaHraHamrm 6unaH Kymn-
ngarnya 6ornarimmns:

(11.4)

YiopmaBuii 31eKTP MangoH KyUYnaHraH/AUMMHUHE E€nnK; KOH-
Typ 6yinab umpKynaumsacn nHaykumsa KO K ra TeHr.

YiopMaBuii aneKTp MalgoHra AxanuT yTKasrmy Kuputau-
LUK, YTKasrmugarn 3pKMH 3NeKTpPoHAap YpMaBuiA aneKkTp
MalgoH MyHanuwiura Teckapu hyHanmwiga Taptmbnn xapa-
KaT Kunagunap. YTKasrmy tapkubmpa aca 3nekTp ManoH
6yiinab MyHanraH yropmaBunin ékmn dyko Toku pgeb ara-
NYBYN MHAYKLUMOH TOK YUroHagu. AXAnUT yTKasrmyHUHI Kap-
WNANTU KNYNK BynraHamrngaH, ®yko TOKM eTapan gapaxka-
Ja katTa 6bynagun. YTKasrmd kusmb6, yHgaH 9 6unaH
aHukKnaHaguraH >Xoyfib UCCUKINTU aXpanagn. dneKTpomar-
HUT MHAYKUMAHUHT By xOoccacu TexHuKaga axauT geTtannap-
ILIHM yngaMAAMIMHKM owMpULI Makcaguaa ynapra TepMuK
nwnoB 6epulga KeHr vwnatunagm. MHAYKUNOH nevynapHuHL
vwnaw ApUHUUNW 31eKTPOMarHuT MHAYKUUS Xogucacura
acocnaHraH.
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ANEeKTPOMArHUT UHAYKLUNSA XOAMCACUHUHT canbuii Tomon
napu xam 6op. ConeHOUAHUHT €KY TOPOUAHMHT Tapkubmaarun
y3aknap qiyKo ToKu Tyhaiinm k;usuniign. Arap 6y xogmca abTu
f6opra onMHMAaca, MarHuUT 3aHXupgarn cum ypamiapuHULL
n3onsAumsicu Kyimno, Kncka TyTyLlyB coamp GynnLmn MyMKUH,

11.2-§8. Y3anHAOyKUMA xogmcacu

MabnyMKU, TOKIN KOHTYPHUHI &KW CONeHOUAHWHI mar
HUT MalfOHWN YNapHUHT YKU 6yiinab myHanraH. Y3yHauru /
KyHAanaHr kecumn S Ba ypamnap coHu N 6ynraH coneHouga-
JaH /y3rapmac TOK yTca, [OMKWMHCOH dhopMynacura acocaH,
cofeHouA yKu 6yiinab ryHanraH MarHUT MaiAOHHUHT OKUMU

WilS-N
Rr= (11.5)

TeHrnamagaH xmcobnaHagn. By OKMM CONEHOUAHMWHI Xamma
KncMunga ysrapmac karranmkgmp. demak, (11.5) 6unaH aHuK-
naHraH okmm 11.6-pacMpa KentupwuinraH CONeHOUAHWHT Xap
6up ypamuHun kecub ytagun. Arap coneHomng N Ta ypampaH
Ty3unraH 6ynca, nHaykums SHOKHW yUroTtyBuM WMHAYKUMA
okumu, (11.3) ra acocaH, N mapTa KatTanawlagu:

N

6yHoa n =y 6up 6MPAUK Y3YHIUKAArM ypamnap COHU,

V =S ml — y3yHaurn /, kecumn S 6ynraH COneHOMAHUH!
Xaokmn. KOKopupgarn mndopara

L =

6enrvnaw kuputannuk. By L katTa-
NMNK CONEHOUAHWHI WHAYKTUBAUTK
6ynn6, y CONEHOUAHWHI LwWaKiura Ba
ypamnap coHura xamga MYyXUTHUHT
MarHuUT CUHIAUpyBYaHaurura 60rnnk
bynraH kKartaamkaup. VHAYKTUBANK
TyllyHYacura 6uHoaH, KOHTypra mnatu-
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diii MmarHuT OKVM (11.6) HU Kyhunpgarn cogga KypuHuULira
KCATUpamMms:

(Nn.6,a)

MarHuT OKUMUHUHT 6y uUosacuHN 3NEKTPOMarHUT MH-
OYKUMS XOANCACUHUHI acocuii TeHrnamacu 6ynraH (11.1)
(Dopmynara Kysiinuk:

di

= -L oy (11.7)
I, — 6epuaraH KOHTYP Y4YyH y3rapmac KatTanuk bynraHugaH,
y anddepeHuyman 6eNrMCUHUHT Talluapucmura YmkK,apunagu.
KoHTypaaH okaéTraH TOKHUHI Xap K;aHJal y3rapuilin Ly KOH-
rypga Kuimatu TOK y3rapuwimra nponopumoHan 6ynraH WH-
pykumsa DO KuHM yiirotagn. By xoauca y3smHayKuusa pneb
atanagn. MacanaH, 11.6-pacmpa KentupwuiaraH peoctar ép-
JamMuga 3aH>XunpgaH okaéTraH TOKHW ys3rapTupcak, rantakga
MyHamwn JleHU kKompacum acocmja aHuKyTaHaguraH MHAOYK-
LMOH TOK yiroHagw.

ConeHowupg, Topoug Kabuy aneMeHTNapHU 3aHXupra ynawiga
UNXOATAA IXTUETKOPNUK 3apypaup. 30TaH, KanuT ynaHraHga
ToK OfgaH/ravya ownb, TyTa lWly B Y3IUHAYKLUNSA TOKMNU
y3mnraHga Tok / gaH O rada Kamaiimé y3amnuwm Y3 WUH -
AyKUMA ToKwu nango 6ynagn. By ToknapHUHr y3rapuvil
KOHYHUATNapUHU Xxucobnab umkannmk. 11.7-pacmga Kentu-
puvnraH KanuT ynaHraHga, KupxroHuHr Il kongacura aco-
caH, MHAOYKTUB rantakgarv Ky4laHULIHUHI nacannwin

IR — ¢+ ¢~ 6 L g

6ynagn. by udogaHun R ra 6yncak, 3aHxXupparm Tyna TOK-
HUHI KNAMaTUHWU aHUK[O0BYM udo-

OaHN XOCUN KWU1aMus: LLI/IVI-M

n o~ - "si” (11-8)
6yHAA — WHAYKTUBAUTU L ra TeHr
GynraH ranTakHUHIT OM KapLiuanru;
/, — 3aHXupiaH OKULLIW MYMKMH .Nj
GynraH TOKHWHI 3HI KatTa K,uiima- K

™; 1™ — y3nHAyKuuAa xoaucacu Ty-
11.7-pacm.
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chaiinu to3ara KenraH MHAYKLUWOH TOK. 3aHXXUPAaH OKaéTraH
TOK WKKU TOKHUHI AnrnHaucupaH wéopaT. YnapgaH 6upw

/u = 7" 6unaH aHuK™NMaHca, MKKUHYUCK BakMTra 60rnuK, ify}
BULWIAA Kyhnaarn

J ciT
1~Hr

ndoganaH Tonunagn. by ngogaHn

waknaa ysraptupué, yHu nHTerpannanmuns;
in/,. = -47? + 1nC.

Ba 6y TeHrnamaHun norteHuepnacak:

/[, =C/ N e
TeHrnamagarn C — y3rapmac KaTTalMK. YHUHT KuiAmatu
6ownaHrny LwapTnap acocuja aHuknaHaau, avHu | = O ga

C = /u = ~ . ONMHraH HaTwXKanapra acocaH, KaiuT ynaHraH-
[a 3aHXUpaaH oKaéTraH TOKHMWHI y3rapuil KOHYHUSTUHWU

Xocun Kunnamuns:

By vdopgaHnHr rpacdurn 11.8-pacmga kentupunraH /4mn-
3nkgaH neopar. Kapwwnnurn K, nHayktmeamru | 6ynraH co-
neHompg ysrapMac TOK MaHb6aura ynaHca, 3aH>XupAaH OKaéT-
raH TOK Y3VMHUHI Makcuman /o = © KuiAMatura r BaKTAaH
KeNH apuiagu.

AKcuHYa, KanuT y3unraHga (11.9) TeHrnamaga MLWITUPOK
aTraH HOK Honra TeHr (8§ = 0), 3aHXunpgarn ToK

r- b

N~ ~KK
KOHYH 6ylinya y3srapagn. HOkopuga KentupuaraH xmcob6nawl
YCYAMHU TaTbuk 3Tnb

188



(11.10)

*KaHIUTUHWN aHVbyTaliMn3. Y3MHAYKLUUS Xoaucacu Tydaii-
N1 3aHXXUpAa YIUroHraH y3aMHAYKLUUS TOKU 3aHXUpaarn Tok-
HUHI 6Mp oHAa yKonuwinra TYCK,VHIUK K \nagu. 3aHXXup-

Jar TOKHUHT Makcuman K,MAMaTn j-j' K.OHyHWN Gyilinua
K;waiiné r BaTaaH KelnH Y3WHUHT HOMb KuiAmMaTtura apu-

waan. Kanut ysnamwmnparm TOKHUHT y3rapmwn 11.8-pacmga
2 3rpn umsunk, 6unaH KypcatuiraH.

NHAYKTUBANTN KaTTa 6ynraH cofieHoug éKu Topoup nact
KydnaHuwnm maHb6ara ynaHraH 6ynca, KOHTakTra Kentupuil
»KapaéHunaa ynroHaguraH ysmHaykumsa 3O K katta K,uimat-
ra apuwimnG, KOHTaAKTHU Kyianpub o6opuil xaBOuHN Typau-
pagn. TexHUKa xaBCU3NNTN HYK,Tau HasapujaH, UHOAYKTUB-
NINK KUPUTUATaH 3aH>XXWUPHUHT KOHTaKTUra napanien pasuwiga
KOHZeHcaTop ynaHaau. HOK,0pn KyunaHULAnM mMaHb6anapHUHT
KOHTaKT/1apn Maxcyc mocnamanap OpK,anm coneHoug €xKu To-
poug KUpUTUATaH 3aHXumpra ynaHagwn.

Y3UHAYKUMA X;0amMcacu yrapyByaH TOK OK,aéTraH cumiap-
Ja, yTKasrnunapga xam Kysatunagn. CumgaH ysrapyByaH TOK
OKKaHAa, yHU Kecub yTaéTraH MarHuUT OK.UM y3rapaju Ba y3uH-
AyKUUSA xoaucacu Tydannu yopmaBuii ToKnap yihroHagwu.
MyHanmwunm fleHy, K.ougacy 6unaH aHMK aHraH ylopMasuii Tok
y3rapyByaH TOKHUHI owwmLunra TyCK,MHINK K,unaan. Hatmxka-
[a YTKasrMYHUHI nuujarv K,aplmnmk cuptaarn Kapliuink-
Ka HucbataH 6up Heya 6apobap owann. YTKasrmMyHUHT YK
6yina6 KWyHanraH
y3rapyByaH TOKHWHT |
3UYANTU cUpT Byinab
OK,aéTraH TOK 3N4nu-
rmgaH aHya KWYUK
oynagn. CupTt a3 -
hbekTn pe6 atanys- b R
um By xXoamca KaTTuK,
ypunuwnapga wvwina-

Tunagurad petannap-

ra TepMmMK mLINoB 6e-

puywpa KeHr KynnaHm- \Y t
nagn. Nwnos 6epuil 11.8-pacw.
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nosum 6ynraH getanfaH HOKcaK 4yacToTasiM TOK YyTKasuawT
CupT athpthekTn Tydanm geTafHUHT CUPTUAAH OKaéTram
Ky4yalinG, YHUHT cUpTW Ku3niign Ba yHAaH dXXoynb nccnklr
rm axxpanagu. letTanHUHI MCCUKMKKa bapaowl 6epuLu K.O(Ml
NNATN AxwWunaHagn.

11.3-§. ¥Y3apo mnHaykums ~Mogucacu

Alipum )onnapga 6Mp KOHTYPHWHI y3rapyByaH mawvnn
OKVM/M HadhaKkaT Ly MarHUT MaiifOHHW YyIroTraH TOKAN KoM
TYPHUHT KECUMUHUN, BanKn KyLIHU KOHTYPHUHI KecuMnmu
X,aM Kecub yTmwm MyMKUH. MacanaH, UKKuUTa KoHTyp Cc
puaraH 6yncuH (11.9-pacm). By KOHTypra yTkKasuiraH Hop
Mannap ynapHUHI MapKasuHW 6upnawTupyBuun YK; Gynn.url
yHanraH ge6 dapas K,unanvk. BUpPMHYN KOHTYpP TOK Maum
barira peocTtaT opk™am ynaHraH. PeocTtart épgamuga 6upunum
KOHTYpAarn TokHun (Il ra ysrapTmpcak, KOHTYPHUHI MarHLu
MarigoH OKVIMA Yam ysrapagu, sibHU:

do2. = -bncA

By y3rapyBuyaH MarHUT OK,UM 6Mp Bak;THUHT y3uga 1 Ba
KOHTypnapra mnawm6é, 6UpuHYN KOHTYpAa Y3UHAYKLUUS, UK
KWHYN KOHTYpAa Yy3apo VHAYKLWS X;04MCaNapUHUHT coaup
Gynuwinra onn6 kenagn. Arap MarHUT OK,MMaHWHT y3rapuLin



] Mkt opanupuga coamp 6ynran ae6 dapas K,uncak, HoK,0pu-
||/]M ngoa ywoby KypuHuLlra ytaau:
_.T N

1y TeHrnamara aneKTpoMarHMT UHAYKLUNA )OANCACUHUHT
N Ocvii udbogacrum (11.1) HU TaTOUK. 3TUO,

i
X
1Kl)gop époaMmmnaa MKKUHYM KOHTypaa yiroHraH KO KHU aHuK,-
nuimms. By ndogagarn — NKKNUHYN KOHTYPHUHI GUPUH-

Il KOHTYpra HUcé6aTtaH NHAYKTUBANUTIA.

Y y3apo uMBAYKTUBAUK Aeb6 atanagn. ~3apo MHOYKTUBAUK
KOHTYPHUHI FeOMEeTPUK LWaKin, YHU ypab onraH My~ MTHUHT
MarHuUT CUHTAMPYBYaHIUIN Ba KOHTYpP/IapHUHT 6up-6upura
umncbataH >konawuvwura 60orvk,. XycycaH, \Lp> MKKU KOH-
rYPHUHI HOpMannapu y3apo TUK TeKUCAnKnapaa >koinawuraH
("?nca, ynapga y3apo MHAYKUUA X~ogucacn KysaTunmangu.

Y3apo MHAYKUUS ~ogucacu CUMMETPUK Tabuartura ara.
NKKWHYM KOHTYPHU peocTaT opk™am TOK mMaHb6aura, 6UpuH-
UM KOHTYPHU rasbBaHOMeTpra ynab, loK,0pmaarn TaxkpubaHu
rakpopnacak, 6MpUHYN KOHTypAa K,uimatm

" Trgo 5

6unaH aHMKNaHaguraH nHAaykuma KO Ku vHaykuuanaHagu.
BbyHpa [,,2 — BGUPUHYY KOHTYPHUHT MKKUHYX KOHTYpra Huc-
6aTtaH MHOYKTUBAUTN EKU BUPUHYUYN KOHTYPHWUHI y3ap0 WH-
ayktmsanrngmp. WyHaan k™Mamb, 6Up KOHTYPHUHT y3rapyByaH
MarHUT o/™MMN WKKWUHYM KOHTYPHU Kecub yTraHia, MKKUHYM
KOHTYpaa NHAYKUMA SHOKHUHT NHOAYKUUANAHULLN Y3ap0 VHAYK-
uMa )Hogucacu geivnagn. Ysapo MHAYKUMS Xogmcacua KOH-
TYPNAPHUHT Yy3ap0o UHAYKTUBIUKAAPW TEHT 3KaHINTUN TaXKpu-
6a acocupa Ba Hasapuii yn 6unaH ncboTnaHraH:

Ur - e
DNeKTPOTEXHUKAHUHT 3HI acocuii afemMeHTAapuaaH 6upm
6ynraH TPaHCOPMATOPHUHT ULLNALL NPUH\YUNU Y3UHAYKL NS

Ba y3aponHAyKUusa Yoancanapura acocnaHraH. groHa ysakka
6up-6upn 6MnaH 6opnaHMaraH KK Ba yHAaH OpPTUK;4Yynram-
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- nap KUpUTWUIraH aneKTp 3am
r »wupraTpaHcdopm aTo p acll
unagn. Mucon Tapuk.acual

7 r j
’ I 8 Y. pkkn yynpamnum TpaHchopma
\w\ TOPHUHT MLWNaW >kapaénu
our 1 6unaH TaHuwannmk. BupuH
4n 4yynpam ysrapyB4daH TOK
M.10-pacw. mMaH6aura ynaHaaun. by uynl

am XOCWU/ K,unraH ysrapyByaH
MarHMT OKMM Yy3aK OpK,ann X.g0 KKK YyfiraMHW Kecub yTaam,
BnpuHYM yynkamaa y3vmHayKuma ?ogucacy Kysatuica, MKKNUM-
UM ypamja y3apo HAYKuus ?<,0gucacu cogmp 6ynagun (11.10-
pacm). BUHo6apuH, GUPUHYN YYyITaMHUHT Y3UHAYKUUA SHOK
MaH6aHUHI KydynaHuwiura TeHr, abHU &, = C/,. KKNHYH
yynramgaru ysapovHaykuua 9O K wmnctebmonuura ysatuna-
AVraH Ky4dynaHuw 6unaH ynyaHagu: 62, = . BupnrHun uynp-
amgaru ypamnap coHun N 6yncmH. VIKKUHUM vyynramgaru ypam-
nap COHWHU ra TeHr geb onannnk. SNeKTPOMarHUT WH-
AYKLMA X,04UCacMHUHT acocuii Tenrnamacu (11.2) ra kypa,

cld, nNo

n ~on
TeHrnamanap épjamMmmia aHukK;naHagu. Xap WKKW YyaramHu
y3rapuwl Tes3nurmn 6up xmn 6ynraH MarHUT OK.UM Kecub jnrraH-

NMrnUpaH, KyydynaHuwnapHUHE y3apo HUcbaTn ypamnap COHU-
HUHT HucbaTura TeHr 6ynagu:

", N.
" - M
N.
6yHaa — HucbaTt TpaHctopmaumsa KoadpnumeHTN aenn-

naan. IKKUHYKM vyynramgaru ypamnap cCoHwu 6UpUHYN yuyn-
ramgarmn ypamnap coHungaH karra (N~ > 6ynraHga 1> W\
6ynn6 k;onagn. By LwwapTHMW KaHoaTnaHTMPYBYM TpaHcdop-
MaTtop lKcanTupyB4du TpaHchopmaTop p[eb arta-
nagn. MacalTnpyBYm TpaHcKhOPMaTOPHN X0CUN
Knnnw yyyH MKKUHYM yynramgaru ypamaap COHUHUN GUPUH-
4y yynramgarm ypamiap coHura HucéartaH Kuumk iNN < J1°)
Knnn6é onmw no3mm. By wapTt 6axkapwuiraHga ncrebmonuura
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Y'krrmiaraH i/j KydnaHuw maH6a kKyunaHnmwmn UM gaH Ku4unk
(/A< U) bynauw.

TpaHCPOPMaTOPHUHT MLIawW >XapaéHuaa 3HEPTUAHUHT
Cak\TaHVLL K"OHyHU By3unnmarign. Ogataa, YynramnapHuHr Om
K.:(bwumnurn abTubopra onmac gapakaga KMUYmkK K.namb onm-
vagn. YnappaH axkpainraH >Xoy/b UCCUK™XUTU X.am HU?™oAaTaa
KU4mkK bynagu. LWy 6ouncpaH Yap UKKU YyiraMHUHI KyBBaT-
napv

I"UN = 12U2 = const

y3rapmacgump. ByHpaH xynoca wyKu, oKcanTupyBUn TpaHc-
(1>0pMaToOpHUHI MKKNHYW YynpaMuaH oKaéTraH TOK Ky4u Ly
yynramgarm KyuYaaHULWHWHE owuwivra Mmoc pasullga Kamas-
an. MacarTupyBumn TpaHcdopmaTopia UKKUHYM Yynramgarm
Ky4laHuw Kamaiiunb, yHAaH OK.aéTraH TOK Ky4u oLuau.

TpaHcopmaTopga y3rapyBuM MarHUT OK™MMM Hadak,at
yynramnapHu, 6anku 6y dynramnap ypHaTtuaraH ysakHu )\am
Kecnb6 5Magn. Ysakpga aca MHAYKLUMOH TabuaTtura ara 6ynraH
(liykO Tokwm to3ara kenagn. Arap ysak axnuT jh-kasrnygaH Tai-
épnaHraH bynca, ®yKo TOKM KaTTa K.uiimatra apuLumo, ysak-
naH katta mmkgopga XXoynb UCCUKUIMU axKpanmin Ba y3ak-
UM KU3GUPULLIN MYMKWH. TpaHCOPMaTOPHUHT K.U3ULLNHU
KaManTUpuLl Mak~caguga y3ak axauT >Nonga amac, 6anku 6up-
6upuaaH nlonaunsanaHraH nnacTMHKanapgaH nrmnagn. byH-
fa PYKO TOKUHUHT \ocun 6ynnuin KeCcKUH Kamasgu.

11.4-8. MarHnT MaligoH 3Heprusicu

®a30HNHT 6Upop KMcMMaa MaBxXypg 6ynraH MarHUT mai-
L0OH 3HEPTUACUHM XmcobnawgaH onguH TOK MarHuT Mmai-
OOHHWHT 3HeprusicuHu \mncobnab ymkainmk. MarHuT maii-
OOH Ky4 Tabcupura ara. 8.9-§ ga aintmné ~o'vnraHngek, TOKNu
>T'Ka3rmy MarHuT MangoHra Knputuaca, MarHUT MailoH yHra
TabCcup Kypcatagu. TOKAM YrKasrMyHu MarHuT mangoHpga
Kyuympuiiga 6akapuiraH umil

= (11.11)

ncofa 6unaH aHukgaHagn. ByHga — TOKNM >TKasrnu-
HUHI X,apakaTra KenmwmaaH Xocun 6ynraH MarHUT OK,UMu-
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HWHT y3rapuiun; clA— anemMeHTap ULl, TOK MaH6amHuw wm |
rusicm )Y™mcobura 6akapunagn. Ly mnura skemBaneHT OYMbT
aHeprua aca nHAyKumsa K0 KHn x,ocun 6ynmnwmnra cap(]) (n* '
on. MHoykuma SKOKaga TynnaHraH aHeprua MmarHuTt maliwr
sHepruscu cudatmga HamoéH 6ynagu. Ly 6oucgaH MamuH
MaigoH aHeprusicu (11.11) 6unaH aHUKAaHaguraH 37CMLU
Tap vwira TeHr.

= Mo~ ar 1

MarHnT mManfoH OK,MMWHWU Hadlak™aT TeKAN KOHTYpUK
Xapakatra KenTupuw, 6ankm 3aHXuphaH OK,aéTraH TOMT
y3rapTmpuil opk™anv \am ys3raptupuvil MyMmKuH. (11.6,a) rnH
namagaH TOKHMUHI y3rapuvwmra mMoc 6ynraH MarHUT OKHM
HUHT y3rapywn {P~-becl. Yw by udogaHn ok;opugarn TLu
rnamara Kyihcak, cll ToK y3rapuwimra mMoc 6bynraH manuu
MargOHHWUHT 3HEPrusa y3rapuwmHuU aHuK anmmns:

ai.iwum

NHaoykTmBaurm b 6ynraH KOHTYp KanuT épgamMuja 3au
YKMpra ynaHcuH. ByHfa TOKHUHT KuiiMaT OgaH /rava yslm
paan. 3aHxnppga aca Haykuma 3K K Yrocun 6ynagn. by SHOK
Ja TynnaHraH mMarHuT maigoH 3HeprusAcUHU aHuK ™ all Mak,
cagmpa ok,opugary ndogaHu Ly yerapaga nHTerpannanmm r
ByHaa TOK yiWrotraH MarHUT ManAOHHWUHT 3HEPrusicm y4yH

(11.14)

TeHrnamaHu \ocun K,unamms. Kentupunran ndogagaH pas-
WaHKW, VHAYKTUBAMKKA ara OynraH KOHTypAaH TOK yTraHaa
6y TOK )ocun lounraH marHUT MaiigoH (11.14) 6unaH aHubyra-
HagwuraH asHeprusAra ara 6ynagn. byHpgaH dasoHUMHr 6upop
K™cMnaa MmaByKy, 6ynraH MarHUT MaifoH aHeprusra ara amac
geraH xynoca Kenué uuk™mMacnurm nosmm. 30TaH, y3rapmac
MarHuT atpodumga \am MarHMT mangoH MasXXyg. Xy, 6y mar-
HUT MafoH 3Heprusara ara amacmu, geraH Tabumii cason Ty-
runagn. deppomarHuTnap maes3yura 6arvwnaHraH 10.4-§ naH
Mab/lyMKW, DePPOMarHUTHN MarHuTiawaa sM1eKTp TOKU Mab-
nyMm v 6adkapagu. Ysrapmac MarHUTHW MarHuTnawga 6aka-
puaraH 6y U MarHuT MaijoH aHeprusicura aMnaHagn. ~Msrap-
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M. MarHuT MangoH aTpodmgarn MmarHUT MaingoH <avMaHepru-
M1 ha Jemak;, (11.14) TeHrnamaga UWLITUPOK 3TraH UHAYKTUB-

OK MarHMT MagOHWHUHT 3HEPTUSACUHU TYNNOBYN EKM
+aMI0BW 61p kK~ mnma BasudbacuHu >nramokga. By xycycusi-
Il iituian HAYKTUBAVK 3/1IEKTP 3HEPTUACUHUN XKaM/I0BYN KOH-

i.flicaropra yxwarugnp. KoHgeHcaTopaa akKyMynsiLusinaHraH

' CMA /\|
| 'KTP 3Hepruacu TeHrnamagaH ?”mcobnaHagn. by

HdoJaHN MarHWUT MargoH SHEePrusicMHU aHuk™NoBuM (11.14)
Mll nama 6unaH conmwiTupcak, ynap 6up-6mupura pcLuall aKaH-
Muvmn aHnk~aiimnz. Nekuw KyynaHnw U noTeHuwmannap
Il lupvecn opk™am aHmk N aHagu. MoTeHuuan aca 3neKTp Mai-
m)lllll/IHr noteHuuan 3HEPrusaCUHN xXapakTepnoByn KaTTa/lvK.
tiicKTp MaiiloH 3HeprusacKu y3 Tabuatu >kv) atmgaH noTeHun-
.])1 SHeprmagmp. MarHmT maifoH 3Heprusicu aca TOK Kyuu
I M6rm )NapakatngaH néopat 6ynraHuaaH, MarHUT MaioH aHep-
o/ TabraTtn »ml,atmaaH KUHETUK aHeprudara yxwaul. Mar-
HUT MangoH SHEPTUACK LY XYCYCUATU 6unaH anekTp MangoH
.Hepruacugad dapk. K,unagw.

OHAM ha30HUHT UXTUEPUIA KMCMUOA MaBXKys 6ynraH mar-
HUT MafoH 9HEPTUACUHN X,ncobnab umkannmk. by macana-
MM Xan aTull Mak,caguga MHAYKTuBaurn L = 6unaH
anuk™NaHaguraH coneHoup onammni. by coneHougra marHuTt
CUHranpyBYaHAMrn/x 6ynraH peppomMarHeTK y3ak >ornatu-
rmpavnvk. Y xonga CONeHOUAHWHI VHAYKTUBAUTU L, MapTta
ownb, y L = 6ynagn. by coneHomgHuW TOK MaHbawura
ynacak, CONEHOUAHWHT V )<;akvnba K,uimatm

LP

TeHrnama 6unaH aHMKgaHaguraH MarHUT MaufoH 3Heprus-
cn x;ocun 6ynagn. Bup 6Mpavk > axvga TynnaHraH MarHuT
MalgoH SHEePrusACMHM aHUK™aLl YYyH OK,0pmaarn TeHrnama-
HU V )Nadkvmra 6ynamms:

- =22 (11.15)

By KaTTa/IK MarHUT MaWfoOH 3HEPTUSCUHUHT
3MUYNUTU faelnnagn. DHEPTUSHUHT 3UYIUTUHU MarHuT
MaliloH Ky4ynaHraHiurMm Ba MarHUT MalfgoH VHAYKLUUSICU
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opk,ann udoganall MyMkumH. (11.15) teHrnamaga H - il
B = u~un! 3akaHAMIMHK 3bTMbBOpra oncak, MarHUT mManigmm
IHEPTUACU 3UUNUTUHWUHT

= 1-BH = 1,— (11.K)

KYPUHULL TeHrnamanap opkK,ann aHUKaHULWWHU TonamH !
KentupunraH udoganapgaH pasBLlaHKW, MarHUT MaigoH
9HEPTUACUHUHT 3UYAUTU MarHUT MalgoH MaHb6aMHUHT T™
6uaTura Ba LWakKnura 60rnvMk. amac. By aHeprusi MarHuT mai
[OH MaBxyn 6ynraH asofa TynnaHraH Ba Mabaym Luapou'l
fa 6olwKa Typaary aHeprusira, macanaH, 31eKTp 3Heprusicu
ra annaHagw.

12-606
OQNEKTPOMATHWUT MAIZ,EI,OH HA3APUNACU

dapageii TaxxpubanapugaH Mabnym 6ynavkm, ¢aszoHuH!
6Mpop K.McMmga y3rapyByaH MarHUT mMaigoH masxxyp 6ynca,
ha3oHUHT Wy K,McMuga Kyd Ymsuk”™xapu énvik, bynraH yropma-
BUIA 3NeKTp MangoH ByXyara Kenagu. Y3 HaBbatuga, ysra-
pyBYaH 3/1eKTP MaigoH aTtpodmga )am Kyd 4ynsmk”™apun énvk;
6ynraH ylopMaBuii MarHMT Mar[oH to3ara Kenuwim N03UM.
3oTaH, Tabmnartgaru xogmcanap CMMMeTPUK 6ornaHuwra ara.
By macanaHn MHrAn3 unsnrn Makcseenn Hasapuin iiyn éunaH
acocnagn Ba 3NeKTPOMArHUT MaifoH Has3apusaACUHWU apaTau.
Kyinga MakcBenn acoc CofiraH 31eKTPOMarHuT ManaoH Ha-
3apusicn 6unaH YyKyppoK TaHWLIannnk.

12.1-§. MaKCBENNHWNHI NHTEerpana TeHrnaMmanapw.
CumKku ToKu

M3rapmac TOK K,0HyHnapura 6armwinaHraH 4.3-8 ga 910K
HUHT (13K Mo)MATn oumb GepunraH aan. TawK,nm Kyd Kyd-
NaHTaHANTUHUHT ENniN KOHTYpP 6yinab UMpKynaunusacu anekTp
IOPUTYBYM KydHW Gepagwu;

= p{Erc11].
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NEKTPOMAarHMT UHAYKUMA >;0gmucacngaH MabllyMKW, WH-
ma DKOK (11.1) MarHUT OKMMWUHWHT y3rapuil Te3nmrun-
JonopuyuoHan. by 9KOK y3rapyByaH MarHuUT OK,uMu aT-
lna yiiroHaan Ba Kyu umMsmMk™apu 6epk 6ynraH yoopma-
aNeKTp ManfoH Tabcupuga to3ara kenagu. Ly 6omucaaH
maarn mndpoga ysrapyByaH MarHUT MalfoH YYyH KyWn-
KypnHuwiga ésnnaau:

g=n~(M) = 9P (12.1)

larHit ok;um MarHUT WMHAOYKLUUSA, BEKTOPWU
lnaH KOHTYP 5 BEKTOPHUHT ckansip KynaiiTMacura TeHr.
Irn6 ytaiinuk, » BeKTOpP MUKAOP »UX aTgaH 6UPNVK BeK-
nHopman WyHanuwmnga onuHraH 6°r3ra TeHr, AbHU
5n-

aKT yTuwun bunaH UKKM KaTTanuK y3rapuiy MyMKWH.
IH 6U3HMHT Menox~asaMm3 MarHUT MalifloHHUHT y3rapu-
S5unaH 60rnnk. LWYHUHT yuyyH 7/ KOHTYp 6unaH uyerapa-
aH 8 t3aHu y3rapmac geb onannuk. Y )(,onga (12.1) 6u-
WKAaHraH Tynnk gudpdpepeHumnan gak.ar MHAYKLUUsS BeK-
HUHI BaKT faBoMuga ysrapvwim 6unaH 6ornmk, éynrad
CUii X,ocunara ainaHagu Ba (12.1) TeHrnama

h[Ed) = 4 (12.3)

WwuwHnM onagn. By mndopga MakKCBeNNHUHI WHTerpan
njgparm 6upmnHYM TeHrnamacu ae6 atanagn Ba 'y Kyhumpgaru
jora ara: / KOHTYp wu3Tmépuii énuvk, Byiinda yropmasBuii
TP MaingoH KyYNaHTaHAUTUHUHT LUPKYNAUUACU KOHTYP
H uerapanaHraH cuMpTHU Kecu6 3nraH MarHUT OLLM y3ra-
Te3NMTMHUHI TecKapu mwopa 6unaH OAnHraH wimatumra

MaKCBEeNHUHI MHTerpan wakngarv MKKMH4YM TeHrnama-
N KenTupmb umk,apullgaH onguH Kyhugarn Taxpubara
pKaaT aTannuMk. Bakyympa >koWnaluraH ficCM KOHAeHca-
[MHr Kk.onnamanapu K kanuT opkam ysrapmac Tok MaH-
a ynaHraH (12.1-pacm) 6yncuH. fAccm KoHpeHcaTopgaH
/TraHviHu 6enrunaw mak,cagnaa saH>xmpra cesrmp O rasb-
)METP KupuTunraH. K KannTHu ynahnnk. anbBaHOMeTP
N HOMHW KypcaTtagn. By Tabuuin >,0n. KoHAeHcaTopaaH
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y3rapmMac TOoK >"maigu. 3”3rapmnc
TOK MaHb6au épgamuga kKoHpgewc;!-
Top K~onnamanapu 3apagnaHagn,
xonoc. Konnamanap opacuga G|
6up >kuHcnu {E = comsl” aneKT))

MangoH xocun bynagu. Faycc Teo -
pemacu (2.20) ra acocaH, K;onnama-
nap 6wnaH 4yerapasnaHraH CUpPTHN
Kecub yTraH aneKTp MangoH oK™MMM
K,onfamanapgarn 3apsg MUKgopu-
ra TeHr:

1

ByHpa KaTTa/InK B BEeKTOPHWHI
n Hopmanra 6ynraH MpPoeKLMACU.
AHAn 12.1-pacmpa KenTupuirad
K kanntHun kywkannt {K,K) 6unaH
anMawTupannuk (12.2-pacm). Kywkanmt KoHAgHcaTop K,omn-
namnapuga TynnaHraH 3apsagflapHUHr KyT6MHW gaBpuii pa-
BULLAA Y3rapTmpuwl MMKOHUHW 6epagn. KywkanuT épgamu-
Ja KoHaeHcaTopaaru 3apsagnapHUHE KyTOUHW 0aBpui paBuLL-
[a ys3raptupcak, rabBaHoOMeTp MWAM MyBO3aHaT X;ofnarura
HucbaTaH yHr Ba 4yanra orm6, saHxmpga y3rapyByaH TOK ) ocun
6ynraHnurnpgaH gapak 6epagn. Xywl. TOK TallyBuu 3appanap
GynmMaraH MyWMTaa TOK X;0CUn GyMLWUHU KaHgaii n3o)ylaiu
MYMKWNH? KoHfAeHcaTop K,onnamnapu 6unaH 4yerapasiaHraH
hasoga KWiMatm E 6ynraH 3anekTp Ky4ynaHraHamrun ékm y
6unaH B = MyHocabaT opK;ann 60rnaHraH CUDKULL BeK-
TOpW y3rapuwiyi MyMKWUH. [lemak, CUmMKULL BEKTOPUHWHT Bak,T
JaBoMua y3rapuwmn 3aH>Xnpaa aneKTp TOKUHW yirotap aKaH.
MakcBenn 6y TOKHU CUMXKXMLW TOKW feb aTtaraH.
MakcBen CUMKNLL BEKTOPUHWUHI Bak,T fjaBoMuaa ysra-
pywngaH ToK ?ocun ByaMwnHWM MatemaTuk ycyn éunaH acoc-
na6 GepraH. INeKTp Ky4Y umsmk;napu Kecub ytaértraH K,on-
namnap t3uHW ysrapmac geb onahinuk. Konnamnapgaru sa-
pAANapPHUHT ylopacKy y3rapraHga anekTp Kyd YN3nK apuHUHI
MyHanMwmn x;am ysrapagu. DNeKTp Ky4 uusmk™apu nyHanu-
WVWHWHT gaBpuii pasuwiga y3rapuvwmngaH )~ocun 6ynraH mm-

12.1-paem.
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nynbC CUMKULL TOKU cucpatnga HamoéH 6ynaan. bByHaaH xy-
floca LWYKW, CUMKNLL TOKUHUHT KUAMaTWU 3N1eKTP Ky4d UYM3UK,-
napy OKUMWUHWHT y3rapuvil Tes3nurmra nponopuuvioHan 6ynu-
M no3um. By PUKP yPUHAN 3KAHAUTUHU MCGOTNALL MaK,Cca-
ovga (12.4) TeHrnamajaH Bak,T Gylimya x,ocuna onamus:

(in _ oo™ _
- -1r YV = (12.5)

MdogaHWHT 4an TOMOHU TOK Ky4MHW 6epagn. TOK Ky4dun Ba
TOK KYUYUHUWHT 3u4nmrun Y , ysapo (12.5) TeHrnama 6unaH Ky-
Mnpgarnya 6opnaHraH,

By MKKU uHTerpan octmgaru mndoganap ysapo TeHr. 30TaH,
X,ap MKKU MHTEerpas K.MAMart >ku) atgaH TOK Kyun / ra TeHr.
MHTerpan octngarn ndoganapHu y3apo TeHrnawTnpub, cun-
KULL TOKN 3UYAIUTUHWHT HopManra 6ynraH npoeKuusicn cun-
>KULL BEKTOPUHWHI HOpManra 6ynraH NpoeKUUssCUHWUHT y3ra-
puLll Te3nurmura TeHr

y (12 5)

3KaHMNTUHU aHuK;nammms. Y x"onga, (12.5) ra acocaH,
CUMKULL TOKU 31EKTP MalfoH OKMMUHWUHE y3rapuil Te3num-
rmra nponopumnoHan 6ynaau;

/ = =T (12.7)

Bakyympga ?(,ocun 6ynraH cu/mKULL TOKU TabmaTu >Kuxatum-
AaH 6oWK,a ToKnapgaH, XycycaH, yTKasyBYaHIMK TOKuAaH
drapkK; K nvaign. Y xam Buo-Caap-/lannac KoHyHu (8.10)
ra 6yiicyHn6, y3 atpohmga marHuT MangoHHW yiirotagn. bu-
Ho6apuH, Tyna TOK K,0HyHU (8.30) HU CUDKULW TOKWU YYYH
TaTouK; aTUL MYMKWH:
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y3rapmMac TOK yTManau. Ysrapmwl'
TOK MaHban épgammpa KOHAeLu-a
TOop K,onnamanapw 3apagnadHagn,
(|)(3 xonoc. Konnamanap opacuga aca

6Up XUHCIN (W€ = 3aneKkTp

MargoH XOO 6ynaagn. Faycc Teo
pemacu (2.20) ra acocaH, K orava
nap 6unaH 4yerapanaHraH CUPTHN
Kecunb yTraH afieKTp MagoH OK™MMI
K,onnamanapgarn 3apsig Mukgopu-
ra TeHr:

M o ®, = S(bds) =SD,Ds"=A az»

ByHpa KaTTa/IMK B BEeKTOPHWUHT
A Hopmanra 6ynraH MpoeKuUsACU.
SHAn 12.1-pacmpa KentmpuaraH
K kanntHn kywkanmnt (K*K) 6unaH
anMawiTupannnk (12.2-pacm). KylikannT KOHAeHcaTop K,omn-
namnapupa TynnaHraH 3apsglapHUHI KyTOMHW JaBpuii pa-
BMLLAA Y3rapTupuwl MMKOHUHW Gepagn. KywkanuT épgamm-
Ja KoHAeHcaTopaaru sapsagiapHUHT KyTOUMHU gaBpuii paBuLu-
Ja ysrapTupcak, ranbBaHOMeTp MWW MyBO3aHaT }onartura
HucbaTaH yHr Ba yanra orn6, saH>xvupga ysrapysdaH TOK )~ ocun
oynraHnurngaH gapak 6epagu. Xyw. TOK TalwlyBuu 3appanap
6ynmaraH My\utaa TOK X;ocun OynuWwMHW UaHgai msaoyxall
MYMKUH? KoHAeHcaTop K,onnamnapu 6mnaH 4derapanaHraH
hasoga kuiimatn E 6ynraH anekTp Ky4YlaHraHamrmn éku y
6unaH 3 = e”E myHocabaT opKanu 60rnaHraH CUmMKNULL BEK-
TOpW y3rapuwy MyMKWUH. [lemak, CUMKULL BEKTOPUHUHT Bak,T
JaBoMMga y3rapmwmn 3aH>Xmpaa anekTp TOKUHN yirotap aKaH.
MakcBenn 6y TOKHU CUNXuMW TOKW fAeb araraH.
MakcBenn cumKuw BEKTOPUHWHI BaKT JaBomuja ysra-
puyuwmngaH Tok X;0cun 6yInwmnHn MatemaTmnk ycyn 6mnaH acoc-
na6 GepraH. 9NeKTp Ky4Y umaMk”™apm Kecub yTaértraH K;on-
namnap l3vHWM ysrapmac Aeb onannmk. Konnamnapgarun 3a-
pAgNapHUHT Uwopacy ysrapraHia afekTp Kyd YN3UK;NTapuHUHT
MyHanuwmn xam ysrapagu. 9neKTp Ky4 umsmk”™apu WyHanm-
WWHWHT AaBpuii paBuluja y3rapuvwngaH x;ocun éyaraH vm-

12.1-pacm.
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nynbC CUMKNLL TOKU cudaTnga HamoéH bynagn. byHaaH Xxy-
noca LWyKU, CUMKUL TOKUHUHT KMIAMaTU 31eKTP Ky4d YN3KK,-
napn OKVMVHVHI y3rapuwl Tes3nurura rnponopunoHan 6ynm-
Il nosum. By OMKp YypUHAN 3KAHIUTUHU KUcboTnall Mak,ca-
ovaa (12.4) TeHrnamagaH Bak,T Oylivya Kocuna onamus:

30e
T ~Tr T ol o= e (12.5)

MdhogaHWHT yarn TOMOHW TOK KyuuMHU 6epaan. TOK Ky4du Ba
TOK KYYUHWHT 3uunuru J», y3apo (12.5) TeHrnama 6unaH Ky-
Mngarnya 6ornaHraH.

By MKKW MHTerpan octugarv udoganap ysapo TeHr. 30TaH,
Xap VKKU MHTerpan K.MiAmMat >Xux;aTaaH TOK Ky4uu / ra TeHr.
MHTerpan octuaarn udgoganapHu y3apo TeHrNawTupus, cun-
KU TOKU 3UUUTUHUHT HOopManra 6ynraH npoeKumacu cun-
KU BEKTOPUHMHI HOpManra 6ynraH NpoeKuMsiCUHUHT y3ra-
puw Te3nurura TeHr

(12.6)

al

3KaHNUTUHU aHuUKnarmus. Y xonga, (12.5) ra acocaH,
CUMKULL TOKWN 3NEKTP MalfoH OKMMUHUHE y3rapuil Tesnu-
rmra nponopumoHan éynagu:

(12.7)

Bakyymga xocun 6ynraH CU/MKULL TOKW Tabuatun >natu-
AaH 6owK,a ToknapgaH, XycycaH, YTKasyBYaHIMK TOKUAaH
dapk, K,unmaingn. Y xam Buo-CaBap-/lannac KoHyHu (8.10)
ra 6yicyHn6, y3 atpoduga MarHuT MaiiloHHW yirotagn. bu-
HoGapwuH, Tyna TOK K,0HYHU (8.30) HW CUDKULL TOKWU YYyH
TaTouK; 3TN MYMKWH:

199



By ndoganarv cumknil TOKMHKW y3 ndogacn (12.7) 6unnm
anMawTnpannnk:

9

Kentupunrad 6y ucdoga MaKCBENNHWUHT uWHTerpan
LaKruarm MKKMHYKN TeHrnamacwu peb atanagn. Y k/-
Mnpgarn Tabpudra ara. MarHUT MaigoH KyudnanmraHauruHULL
UXTNEPUIA / KOHTYp 6yiinab LUpPKYnAauUscKU Ly KOHTyp 6unaH
yerapanaHraH CUPTHU KeCcub6 yTraH 3MeKTP OKUMMUHUHI y3ra-
puvLL Te3Nnrmnra TeHr.

Bakyympaa ~ocun 6ynraH cumkuwl Tokmaa XKoynb uccn-
rn axkpanmvanan. 12.2-pacmga KentmpuaraH Taxxpmbaga Tok
MaH6anHWN y3rapTupmaraH xonfga Konnamnap opacura Ama-
NeKTPUK Kumputammni. byHaa K~ onnamnap opacujarn 3nekTp
MaijoH e MapTa Kamasgu Ba (2.19) TeHrnamara acocaH,

CUMKNLL BEeKTOpWU
b=£E+4

6ynagn. by epga p— KM\TOnaHUWL BeKTopu. KylikanuT ép-
JamMnja CU/mMKULL BEKTOPUHW AaBpuii paBuvllga y3rapTupcak,
3aHACMpAa fiHa CUMKNLL TOKU Xocun 6ynagn. CvKHCULL TOKWN-
HUHT 3NYINTU BakKyymaaru CUNICUL TOKUHUHT 3UY4nnrn 6m-
naH ANaneKTpUKAarn CUMKNLW TOKU 3UUYIUTUHUHT AUTUHAN-
cv 6unaH aHuk™laHagy;

J aE ~oP

By xonga y3rapyB4yaH TOK 3HEPTUACUHUHT 6UP K,uCMU oN-
3NeKTPUKHWM KyT6nawira sa gap ran KyténaHuw mMomeHTnapu-
HU 180° ra 6ypuwiga v 6adkapuvwira capgnaHagn. BuHoba-
PVH, CUMKULW TOKMHUHI BakKyymgarn K™MAMaTu AU3aneKTpuK
KnputuaraHga x;ocun éynraH clumcuil TokmgaH 6mpos karra
6ynmwin nosnm. bByHAaaH xynoca LUyKU, AU3NEKTPUK CUNKUILL
TOKVHUHT yTUIUra K,aplinink Kypcartap skaH. OuanekKTpuk
KUPUTWUATaH KOHAEeHcaTophaH y3rapyByaH TOK yTraHaa yHAaH
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ooty Ik akpanagn. Jemak, CUMKNLL TOKUHUHT NCCUK MK
wbcmpu 6op. By Tabecup XKoynb-JleHL, KMoHyHUra byiicyHanw.

12.2-8. OneKTpoMarHUT MarigoH

MakcBeNHUHT MHTerpasa TeHrnamanap TUsnmMu

30,
<)

CUMMEeTPUK LUAKAra ara. Ynap xXycycuii xocmnanap ongmparuv
vwopanapu 6unaH dapk. K,unagunap. by vwopanapHUHr uy-
Kyp hn3mk mabHoCcK 60p. MacanaH, y3rapyByaH MarHUT oK™MM
y3 Ky4 uunsmk”™apura TUK byaraH TeKUcAnKAa nyHanmwun yan
BUHT Komgacu 6unaH aHwunaHaguraH ylopMaBuUii 3NeKTp
MalAoHHK xocun Kunagn (12.3,6-pacm). Y3rapyBuaH aM1eKTp
MalaoH yAroTraH yropMaBuii MarHUT MargoH Kyd uymM3vkpga-
PUHUHI WyHanMwun YHI BUHT K~omgacura 6yiicyHaan (12.3-
pacm). WLy 6unaH 6up KaTopaa y3rapyByaH MarHUT mMaigoH

N ylrotraH ylopmaBuii aneKTp MalAoH €KW y3rapyB4aH
3NeKTP MalgoH BY>KyZra KentmpraH yropMaBuiA MarHuT

MalrgoH, y3 HaBbGaTuga, wy MaigoH MaHb6anapu kKabu yara-
pyBuYaHgoup. ByHAaH MyxuMMm Xyfnoca WyKW, ylOpMaBuii mar-

,El't I bbb

12.3-pacm.
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HUT MaligoH y3 TeKUcaurura Tuk ynraH TeKncnmkaa yropma-
BUI 3NeKTP MalpoHHW Tyrgupca, ylopMaBuii 31eKTp MaiigoH
y3 TEKUCAUTUTA TUK TEKUCINKLA YIOPMaBUiA MarHUT MaiifoH-
HW yirotagun (12.4-pacm).

Jemak, asoHUHr 6upop KMCMUIOA X,0CUN KMMINHIaH y3ra-
pyBYaH 3/MEKTP €KMW MarHUT ManoH y3apo TUK TEKUCIUK-
napga yiopMaBuii 3neKTp Ba MarHUT ManlgoHnapHu )(,ocun
Kunap akaH. Xocun 6ynraH 6y maigoHnap gaspuii paBuwiga
6Up-6UPVHN Typampub, MagoH MaHb6au 6ynMULL TOK EKu
3apsagfaH MycTak;un paBuvwlga MaBxyn 6ynagu. Ysapo Tuk
TeKUCNMKNapha ysrapyByaH ylopMaBuii 3NeKTp Ba MarHUT mai-
OOHNapHWHI 6Mp BakZa MaBXXyZ Oynuiwmn 31eKTpPOMarHnT
ManaoH genvnagn.

DneKTpoMarHUT MangoH Tabwatga maBxXyg 6ynraH maii-
AOoHnapaaH 6upnamp. neKTp Ba MarHUT ManaoHnap aca anek-
TPOMarHUT MaMAoOHHUHI Xycycuii x;onnapmgup. MacanaH,
9NeKTp 3apsag 6unaH 60rnmMkK, 6ynraH caHok, TU3MMU Kysran-
Mac 6yNncuH. 3apsagHuUHr 6y caHoOK, TU3MMuaa ymrotraH mani-
OOHUW 3NeKTp MalioH cudatnga HamoéH bynca, 3apsag UXTu-
€punin Ky3rasyByaH CaHOK, Tusummra HmcbaTtaH x,apakatga byna-
OV Bay 21eKTPOMarHUT MangoH maH6aun 6ynné xmsmart K,unagw.
XyAon WYHWHTAEK, y3rapmac TOK 6unaH 60rnvk, Kysraamac
CaHOoK, TU3UMWN TOK MarHUT MaWdoHHMW yiirotagn. by marHuTt
MalngoHHW )“apakaTnaHyBYaH CaHOK, TU3MMura HucbaTtaH
Ky3raTcak y 3afeKTpoMarHuT maigoH cndarmnga HamoéH byna-
av. Odemak, 3aneKTpoMarHUT MangoH TUHY X;onatgarn CaHoK,
TU3MMNapuaa anekTp €Kn MarHuT MargoHnap cudartnga Ky-
3aTunagu.
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12.3-8. MakcBensIHUHT guddepeHuman TeHrnamanapu

12.1-§ pa 3aneKkTpomarHuT MmaiigoHra omg MakCBENIHUHT
uHTerpan KypuHuwpgarn (12.3) sa (12.8) TeHrnamanapu 6u-
NaH TaHMWANK. JIEKWH 371eKTPOMarHuT mMaingoH éunaH 6or-
MWK, X;oaucanapHy Ta>ylun stuwaa 6y TeHrnamanap etapau
mvac. MacanaH, 371eKTPOMarHuUT MaigoH K,aHgal Tapk,ana-
Ou, peraH casofira MakCBe/UTHUHI WMHTerpan TeHrnamanapu
»KaBo6 Gepa onmaiign.

MexaHnKa KypcuAaH MabiyMKW, MOALAWIA OOBLEKTHUHT
\apakaT TeHrnamacu 6mpop wakngaru. guddepeHumnan TeHr-
namaHu eyunll opkann aHuk aHagu. MexaHunkaga 6y gudde-
peHuMnan TeHrnamanap ?"apakaTHu to3ara KenTupyBuYM Kyura
HbIOTOHHUHT UKKWHYM KOHYHWHU TaT6MK, 3TULL OpK,ann To-
Uvnagn. TebpaHma Ba TYNK,\H }<;apaKaTNapHUHT X,apaKaT TeHr -
namanapu Ly ycyn 6unaH TonuaraH agu.

JNeKTpoMarHUT MailfoH 3eKTp Ba MarHUT MalfoHnap
KyunaHraHnnknapyu sektopnapu E ba H 6unaH xapaktep-
Hagu. by E Ba % BEKTOpnap opacuparn 6ornaHuLl Ba ynap-
HUHT KOOpAuHaTanapura, Bak,7ra 60rnvK, paBullja ysrapu-
Wy MaKkCBeNNHUHT auddepeHyan TeHrnaManapu opk,anm
ndoganaHagn. Ham 6y TeHrnamanap K,aHgah KypuHuiura ara
3KaHNIUTMHN aHWK;NalinnkK. by macanaHu Yan atuil yuyH (12.3)
Ba (12.8) noganapfa WUWTUPOK 3TraH MarHUT Ba 3MEKTP
OK,MMNapuUHWN ynapHWUHT y3 udoganapyu bunaH anmawitupa-
MU3. MarHuT BekTOpy B HUHI ~amfa CU/DKULL BekTopu B
HUHF 6UPOp EnuK, cMpT Byinya OK,MMWU MOC pasuLLja

ngopanap opK,aiM aHUK aHUWKWHW ONAUHIW Naparpadnapga
KypcaTub ytraH aguk. by ndoganapHu (12.3) Ba (12.8) TeHr-
namanapra Tatouk, aTcak, MakCBeNHUHT UHTEerpan waknja-
M GUPMHUYN Ba NKKMHYM TEHr1amanapm

B (M)u-o ok g ®{W) =0

(12.10)
Wwaknnapga esunagu.
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DNeKTPOMarHuT MaoH MyCTaK,un TapK,aiuw XycycusTu
raara. 9NeKTpoMarHuT MaingoH mMaBxys 6ynraH co™aga anek! p
3apsAamn Ba TOKNapumHr éynmwn wapt amac. CUMKULL BEKTO-
pn D Ba MHAYKUMS BEKTOPU B NapHUHT UXTUEPUIA EnuK,
cupTnap 6yiinya oK MmnapnHU aHMK™oBYM ["aycc Teopemacu

fi(3ds) =4 Ba ~(;ds) = O (12.11)
i ]

Moc paBuwaa, MakCBENTHUHT UHTErpan Waknaarv yYnHum
Ba TYPTUHUM TEHrnamanapw gernunagu.

MaKCBe/ITHUHT guddepeHLMan TeHrnamanapyHn X,0cu1 KUuLwaa
loK,0pnga kentupunarad (12.10) sa (12.11) teHrnamanapra CToKc Ba
OcTporpaackuii-laycc TeopeManapuMHn TaTbUK sTamus.

CToKC TeopeMacu 1 énuK, KOHTYp 6°inab onuHraH wHTerpasn-
HUN S cupT 6yinya ONMHIaH MHTerpaira annaHTUpUL MMKOHUHU

6epagu. by Teopema Kylhimgarnya TabpudaHagn: A BeKTOPHUHT
UXTUEPUIA ENUK 1KOHTYp 6ylinab uMpKynaumnsacK LWy BEKTOp poTa-
umsicm rot A HuWHr 1 KOHTYp 6wnaH 4erapanaHraH cupTgaH yTraH
OKMMUTA TEHT:

SACHl  (ro/AdS)

Arap A BekTopHu £ Ba ff BekTOopnap 6unaH anmawiTmpcak,
MaKcBeNnHUHT uHTerpan wakngarn (12.10) TeHrnamanapu

B (ro(£ds)=-" (1213)

¢ (roll )= it (12.14)

WHTerpan TeHrnamanapra annaHagu. (12.13) Ba (12.14) ndoganapHu
siHa 6yHpaali ysrapTnpnb ésamma:

dS=Qu (]) rotH ------

rotg +
®, dt, 3

KoHTyp 6unaH yerapasaHraH S 103a UXTUEPWiA paBULLIAa TaHa6
onuHagu. Ly 6oucgaH wHTerpan octugarv ndoganap ak;ar Hoara
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TeHr 6ynraHga ynapfaH énuk, cupT Oyin4da ONUHraH WHTerpannap
Ho/ra TeHr Gynmwn MyMKWH. BuHobapuH (12.15) ga kentupwaraH
WHTerpanniap octugarv ndoganapHu Honra TeHrnawTMpamms:

o (12.16)
ByHpaH
(12.17)

39KAH/IUTUHW aHuK,naimMms. Maskyp ugoganap MaKCBENNHUHT 6U-
pUHYM XYDT AnddepeHuman TeHrnamanapuaup. MakcBenHUHT
KeliMHIn guddepeHuman TeHrnaManapu yHUHT UHTerpan waknga-
r'M y4YnmHYM Ba TYpTUHUYM TeHrnamanapura OcTporpaackuii-aycc
TeopeMacuHu TaTouK; aTuwW épaamupa Tonunagn. OCcTporpaacKuii-
Faycc TeopemMacu KOHTYp 6unaH 4erapanaHraH 5 énvk; cupT 6yiin-
ya ONIMHTaH WMHTerpasiHy Wy cUpT Kampab onraH V xaxm 6yinab
O/IMHFaH MHTerpanra ainnaHTUpULW MyMKUHAUTMHK nc6oTnanan. Te-
OPEMaHUHI Tabpuun Kyhngaruya: A BeKTOPHWHT 5'énuk, cupthaH
yTraH OK,MMWU Ly BEKTOP AWBEPreHuuacKM dy A fgaH cupT K,ampab
onraH V xaxm 6ylinva ONnHraH UHTerpasra TeHr:

(12.18)

By nHTerpangarm A BeKTOpHW MOC paBulija B Ba B BeKTOp-
nap 6wnaH anmawTupcak, MaKCBeNMIHUHT WHTerpana Lwakagaru
(12.11) yumHuM Ba TYpPTUHYM TeHr/1amanapu Kyihingarvnyda éamnagu:

® (M 9)=/ Ba & CUYM Y
5 \% » ”

(12.19)
JleknH (12.11) ra 6uHOaH 6y MHTerpannap Hojara TeHr, AbHU

/| (MyblY =0, / (HyMY = O (12.20)

By nHTerpannap Honb BYNULLIN YYYH UHTerpan octmaarn noga-
nap Honra TeHr 6>?mMwm WapT, AbHU

(HyB = 0O Ba cyB = O (12.21)

SNEKTP MaoH KyunaHraHaurm £ 6uiaH CUIKKLL BEKTOPU
opacuga B = e”eE GorfiaHulI X;amMga MarHWT MaifoH KyufiaHraH-
nmru 6unaH MHAYKLUS BeKTopy B opacuga B = X*hH 6orna-
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JNeKTPOMarHUT MaifoH MycTak,un TapK;anuw xycycus ivn
raara. 9NeKTpOMarHuT MalijoH MaBXxyq 6ynraH coBaa a/ckK ip
3apsAau Ba TOKMapUUHT 6ynuwy wapT amac. CUMKMLL BEKLU
pn D Ba MHAYKUUS BEKTOPU B NapHUHT UXTUEPUIA CUT
cupTnap 6yiinya oK,MMIapuUHK aHubytoBUM Maycc Teopemacu

~(3ds) =g sa d (M) =0 (12.11)

Moc paBuwaa, MaKCBENHWUHT UHTErpan Wwakgarm yunmym
Ba TYPTMHYM TeHrnamanapu geinnagu.

MakcBeNTHUHT gnddhepeHLMan TeHr1amMmanapyHu XoCua KUaMTan
IoK,0pnga kentupunrad (12.10) sa (12.11) teHrnamanapra CTOKC wmm
OcTporpaackuii-lraycc TeopemanapuHn TaTbuK aTaMms.

CToKCc Teopemacu 1 énu»; KOHTYp 6/N'iinab ONIMHTaH WHTerpai-
KuUn S cupT byiinya oNMHraH vHTerpanra annaHTUpuW MMKOHUMU
6epaun. By Teopema KyWugarnya TabpudnaHagn: A BEKTOPHUAT
UXTUEPUI ENNK, 1 KOHTYp 6yinab LMpKynauusacK Ly BeKTOpP poTa-
umacm wfA HuHr | KOHTYp 6MnaH 4yerapanaHraH cMpTaaH yTraH
OKMMWra TeHr:

¢ Ac// (~ro/AdS'j
/ S

Arap A BekTopHu E H BekTopnap 6unaH anmaluTupcak,
MakcBennHUHr nHTerpan wakngarv (12.10) TeHrnamanapu

%) (rotEds)=-t it (12.13)

Cb(rOLU 3):(b /(;t/\dS\ (12.14)

WHTerpasn TeHrnamanapra ainaHagn. (12.13) Ba (12.14) ndofanapHu
siHa ByHpan y3rapTupué ésamms:

b dt dSZOBa(*S@ =dS=0

KoHTyp 6unaH YerapanaHraH S 103a UXTUEPUWIA paBULLAA TaH1a6
onuHagu. Ly 6oucaaH vHTerpan octugaru ngoganap gakar Honra
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K'nr 6ynraHga ynapgaH énuk cupT Oyin4da ONUHraH WHTerpainap
Ho/Mra TeHr 6y MW MyMKUH. BuHobapuH (12.15) ga kentupwaraH
WHTErpanniap octugarn ndoganapHn Hoara TeHrnawTMpamms:

(12.16)

byHaaH
o (12.17)

WKaHAUTMHU aHuKyTaiMus. Maskyp udoganap MakcBenHUHT 6u-
PKHUM XyDT anddepeHunan TeHrnamanapuamp. MakCBeNHUHT
KeNnHrn guddepeHuman TeHrnaMmanapu yHUHT MHTerpan wwakija-
M yuymHun Ba TYpPTMHUYM TeHrnamanapwura OcTporpagckuii-Iaycc
rcopemMacvHu TaTouk; sTuw épgamuga tonunagn. OcTporpascKuii-
laycc TeopeMacu KOHTyp 6unaH 4yerapanaHraH 5 énuk; cupT Gyiin-
Ya ONIMHraH WHTerpasHyM Wy cUpT K.ampab onraH V x;axv Oyinab
O/INHraH NHTerpanra ainaHTUpULW MyMKUHAUTUHWU ncboTnaian. Te-
OpeMaHWHT Tabpugun Kyingarnda: A BEKTOPHUHI 5 énuk, cupThaH
yTraH OKMMU L1y BEKTOp AMBepreHumsicn dy A fgaH cupT Kampab
onraH V xaxm 6yinya ONMHraH MHTerpaira TeHr:

(12.18)

By uHTerpangaru A BeKTOPHM MoOC paBuwfa 1) Br B BeKTop-

nap 6unaH anmawitTvpcak, MaKCBe/IHMHT MHTerpan Lwaknjaru
(12.11) yumH4UM Ba TYpPTMHYM TeHrNamanapu Kynugarvya €smnagu:

A (Dds)= MdivDdV Ba ® (8ds)=f divM V
3 Y * 3

(12.19)
JleknH (12.11) ra 6uHoaH 6y MHTerpannap Hoara TeHr, SbHU

[ dVoV=0, pheV=0  (22)

By uHTerpannap Honb GyNULIN YYYH UHTErpan ocTugaru ndopa-
nap Hosra TeHT GY/IMLLIM LIapT, SibHY

dv)=08 5=0 (12.21)

JNeKTP MalfOH KyunaHraHamru £ 6uiaH CUKULL BEKTOPU
opacmga B = e”eE GornaHuw x;amga MarHWT MaifoH KyunaHraH-
nnru 6unaH MHAYKUMA BeKTopu B opacuga B = 6orna-
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Huwnap Maexypn. by 6opnaHuwnapHu abTuboopra oncak, Mwuu
BEJ/UTHUHT BUPUHYN XYPT AndchepeHLMan TeHrnamanapu

_ £B — _fin]y AH
rotE =- ot rote = -fi*lx ot

eKn
divB =0 divH =Q

KypuHMLAapaa éaunca, MakcBesIHUHT UKKUHUM XYDT auddepcu
uman TeHrnamanapu

rotH =- dcl:t) rotH LS

eKUn .
divD =0 divE = O

Lwaknnapga esvnagu.

HOk™opuga KentupunraH MakCcBesIHUHT auddepeHLman TeHr
namanapv 3neKTpoOMarHuT MaigoH Ba 3apsanv 3appadvanapHuw’
X,apakatn 6unaH 6ornuvk; >(,ogucanapHu Taylun atagn. BuHobapuH
MakcBenmHUHT andepeHLman TeHrnamanapu 3neKTpoiuHamMmmKa-
HUHT acocuii TeHrnamanapuaup. XycycaH, MakKcBeNnHUHT auddge-
peHUMan TeHrNamanapu épgamuga 37eKTPOMarHuT ManfgoH 3neKT-
poMarHuUT TyNK™MH cudaTuja TapKaIvwm Ba YHUHI BaKyympia Tap-
K, Te3nurm ¢ = 3«10 aKaHnMrun ucbotnaHraH. by macana
14.1-8 pga 6aTadcun épuTunrad Ha Wy naparpapa MateMaTnk aman-
nap éynmuw rot Ba div NapHUHI 0UNK KNPUHULLIAPU KENTUPUTAH.
Oemak, MakcBennHUHr andepeHLman TeHrnamanapy afieKTpomar-
HUT MafoH XapakaTu 6unaH 60rnvk; 6ynraH TabuaTt K;oHyHMapuHU
TaBCU 3TyBUM MaTeMaTUK amannapaup.

12.4-8. 2neKTpOMarHUT MaifOHHWUHT TapK;amLl
TE3/IUTN Ba YHUHT 3Heprusacu

MakcBenn 3neKTpoOMarHUT MaifoH Ha3apUACUHUHE 3HT
MYXMM KOTYpU LWYHAaKW, By Hasapus 3MeKTPOMarHuT Maii-
LOHHUHT ?Mocun 6ynuw >KapaéHWHW TacBupnaw 6unaH 6up
K,atopga, 6y mMangoH K,aHgan Te3nukK 6unaH TapK anuLnHK
\am Kypcatn6 6Gepagn. MacanaH, AU3NEKTPUK CUTHAMPYB-
YaHANUTU £, MarHWT CUHTAMPYBYAHAUTW L, BynraH 6up XUHC-
M my?™wtga U, 3apsf  Te3nuk 6unaH X;apakaT K,uncuH. (8.24)
TeHrnamara acocaH, 12.5-pacmpga KenTupwuiaraH sapsj ysu-
faH T macoaga éTraH A HyKTafa KydnaHraHamru
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Yor

(»NnaH aHWbyTaHaAMraH MarHUT maii-
[OVHK yilpoTagn. I BEKTOPHWHT MO-
AY/MHA

H = sl L, (12.23)
4Tr

Taknga >am é3nw MyMmKuH. [Mapma
KongacvHu TaTbumk aTn6, A HyK,Tagaru
H BEKTOPHUHT A anuiu 613 TOMOH-
[laH YM3mMa Tekucaurura khapab n”an-
raH 3KaHAMIMHW aHUK aimuns. 3apsag
alHW WY HYK,Tafa 3N1eKTp MaingoH Y'am 12.4-pacw.
\ocun Kanagu. By MaiiloHHUHT KyunaHraHaurn E pagumyc-Bek-
Top 6"Ywab MiyHanraH. 3apsg HyK,TaBuil OynraHAUrngaH, y ymr-
OTraH 371eKTp MalijoH KyunaHraHAUTUHUHT K AMaTK

1 1
4af(
TeHrnamagaH tonunagu. by TeHrnamajgad
aHMK"ab, yHu (12.23) ndopara Kyiino, H 6unaH E opacmpaarm
H6opnaHULLIHK ) ocun K™MNamms;
H =e"eEY"&T(Y'E). (12.24)

By TeHrnamaHu BEKTOP KYpUHMLLTA yTKascak, y

YoE (12.25)

lwaknga ésmnagu.

A HyK,Tara ukpaH MycbaT 6UpPAnK 3apsaHN KNpUTaRInuK.
By 3apsa 6up Bak,TAa MailfjoH KyunaHraHnuruHm E 6ynrad
MaiiIoH Ba MarHuT WHAYKUMs BeKTopu B = jndCIN 6ynraw
MarHuT MaiioH Tabcupuaa 6ynagu. MalifoHNapHUHT Mmycoat
OUPNMK 3apaara KypcatraH HaTUXXKaBWil TabCUP Ky4u 31eKTp
Ba JIOpeHL, KyUYNapuHUHT BEKTOP WWPUHAWUCUTA TEHT:

B (f0=+1)
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Ka/nLl Te3MUTMHU aHMK ALl UMKOHUSTUHMN GepyBYM TeHINa-
MaHu )NoCun K;Unamma:

= "™ (12.32)
by TeHrnama MakcBenn TeHrnamacugup. (12.32)
TeHrnamagaH paBllaHKKW, 3/IEKTPOMarHUT ManfoOHHUHT My-
WwTanaw Tesurn MyXUTHUHT AUINEKTPUK CUHTAUPYBYAH-
AUTUTA HA MYX,MTHUHT MarHUT CUHTAWPYBYaHaMrura 6ornuk.
by kaTTanuknap 6upgaH katta. Ly 6oucpgaH anekTpomar-
HUT MalfOHHUHT My)Tgarn Te3nurn V 3MeKTPOMarHmT
ManQOHHUHT Bakyymparu te3nuru cfaH kumuuk (V <c).
(12.29) Ba (12.30) TeHrnamanapHWHr y3apo HUCOATUHU
0Nmn6,

(12.33)

TEHIIMKHW X;0CUN K,MNainuk. by TeHrnamaHWHI UKKW TOMO-
HUHK 2 Byncak

(12.34)

ONANHIM 606napga }ocun K;unanHraH 3nekTpoMaligoH Ba mar-
HUT MalfoH 3HeprusnapuHuHr 3nunuknapm (3.22) }avmp
(11.16) HmM xocun Kunammus. [lemak, 3neKpomarHut mMaiifoH
Tapkmbugary 3feKTp Ba MarHUT MaifoHnap aHeprusnapu-
HUHT 3WYIUKNAPWU Y3ap0 TEeHr 3KaH. YNapHWHI WUKUHAMCU
3M1EKTPOMArHUT MaiijoH SHEPTUACUHUHT 3UYAUTUHN Bepagu:

Nl —2— = = FoeE™ (1235)

By aliHnATnapa KBagpart Uan3 YMK,apamms; =y[é"E.
OnuHraH HatwxaHu (12.35) TeHrnamara Kyicak, 31eKTpo-
MarHUT MaiioH 3HEPTUSCUHUHT 3UYINTK

X ="ereydpEH (12.36)

KypuHuwra ~tagn. (12.36) TeHrnamara acoca, =y
oynraHnurngaH, ok,opugarn (12.36) TeHrnama Kyiimaaru cog-
[a KypuHuLUTa 3ra:
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ify = EH. {n.b1)

Pyc qusnrn Ymos (12.37)
TeHrnamaHu y3yHauru V, Kkecu- 3=
MU Bup BUPNMK to3ara TeHr T
6ynraH sHeprus ok,umun cuda-
TMAa KypUWHW Taknug 3TraH
(12.7-pacm). TMOATUHT 3ca Ke- X
CUM 1033 WYHa/IMLIWHW aHUK,-

noBun Hopman Te3nuk Aywanu- 12.7-pacw.
Wwnga 3KaHAMITMHKU 3bTUbopra
0nmno,
3 =1¥% (12.38)

6enrvnaw kmputrad Ba (12.36) TeHrnamaHm

EH (12.39)

Laknga ésnHn Taknug atrad. Ly 6oncaaH ~ BeKTOp YMOB-
MoNTUHr BekTOpM Aeb aTanagn. YMoB-MoATUHT BEKTOPW MUK;-
[Op XuxathaH 6upnvk r3agaH bup cekymaga >TrraH 3/1eKTPo-
MarauT Ky4d YM3MK;IAPUHAUE OK™M 3UYIUTMHK KypcaTagm.

3NeKTPOMarHUT MaitfjoH TapKaIMLLMHUHT BaKyymMaaru Tes-
anrm ¢ = 310*n//c curHan y3aTULWHWHI YerapaBuin Te3nu-
rmamp. HUCO6Min TUHYNMKLA ONIMHTAH CaHOK, TM3MMMAA MaB-
Xyf 6ynraH anekTp €KW MarHUT MaioH Xap KaHfal Kysra-
NyBYaH CaHOK TU3MUMMUTa HucbaTaH 3M1eKTPOMArHUT MaioH
cupaTnga HaMoéH 6yNMLWINHK loKopuaa acnatné ytamk. Ab-
COMOT TUHYNMK Xonat Tabuatga iyk, [lemak, afnekTp Ba mMar-
HUT MalgoHNap acNMHW onraHpa Tabuarga mMaeBxypn 6ynrad
3N1eKTPOMarHuT MalfoOHHUHI Xycycuii xonnapugup. buHo-
6apvH, CaHOK TU3UMapyW Ky3rasiMac €Ku KysranyeyaH 6ynu-
WMAaH KaTbW Ha3ap, BaKyyMja >XolnaliraH Kysraamac Ba
Ky3paslyByYaH CaHOK TU3MMapaa, 3/1eKTPOMarH1T MaingoH 6up
XU € Te3NNK 6unaHr Tapkanagu. ONEeKTPOMarHuT MangoH-
HUHT TapKanui Te3NUrnm caHOK TUSUMUHUHT Te3nurura 6or-
nuk amac. Ly 6oucgaH 3neKTpoMarHUT MalJOHHUHT Xapa-
Katura Fanunein anmawiTUpuNapuHn Tagbuk atné 6yn-
manau.
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JNleknH By Kyunap TabuaTu »W?<aTdaH WYKK Kyunapavp.
Y NapHUHT BEKTOP MUTMHAWUCU HONTa TEHT:

E+ YoB =0.

By TeHrnamanapgaH 3n1eKTp MalfoH KyynaHraHaury 6mnaH
MarHWT MaiioH MHAYKUWUS BEKTOpM B €KW MarHuT maiigoH
KyunaHraHamru H opacugary 60rnaHuWnapHn 4OCUA K;uiamms:

E=- KB KH (12.26)

DneKkTp 3apsg S yAroTraH 3nekTp MaigoH 3apag 6unad
buprannkga  Te3nWK 6unaH Xx;apakat K,unagn. BuHobapuH,
A HyKTaja KysaTuaraH 3fekTp MalfoH y3rapyByaH Mai[oH-
AMp. Y3rapyBuyaH 3/1IeKTP MalfoH 3ca 3/1eKTPOMarHuT Maii-
[OH MaH6aun 6ynnb xm3mat K,unagu. INeKTpoMarHuT MaigoH
6owWwkK,a mMagoHnapgaH dapk™v ynapok, 6yHEn 6ynraHgaH
KelinH MaiijoH MaHbamfaH MycTauun paBulifa Bakyympa c
Te3NNK 6unaH Tapkauw” xycycuatura ara. by mynox,asa my-
NMT YUYYH J;aM YPUHAU. Y3rapyByaH 3/1€KTP Ba MarHut mai-
[OHNap y3apo TUK 6ynraH TekUcnuknapga oup-oupuHu 6up
BaK;TAa TypAMpmMG, 61p XXMHCAN My\UTAa 3NeKTPOMarHmMT mMaii-
LOH cudatmga Te3nnk 6unaH Tapk anagun. (12.25) Ba (12.26)
TeHrnamanapga UWTUPOK 3TraH 3apAgHUHT Te3uru HW
3M1EKTPOMArHMT MaWgOHHUHT My?<;uTga Tapk,amw Te3nuru V
6unaH anmawiTupcak, 31eKTPOMarHUT MalfOHHWHT TapKu-
6uit kucmnapn 6ynraH E Ba A BekTopnap opacuparu

H = fof YK (12.27)

(12.28)

6ornaHuLWNapuHN YMocun K;unamus.

[emak, 3NeKTpOMarHuT MailfoH 3/1eKTp Ba MarHWT mali-
poHnapaaH daplylu ynapok,, hasoga TynnaHraH €ku nokan
)onatga maBXyg Oyna onMangu. Y 3neKTpoOMarHuT MaifoH
MaH6anHWHT )apakart ) onatnga Typunmné, yHaaH MycTak,un pa-
BULLAA TapKanagu.

Ok opuga kentupunrad (12.27) Ba (12.28) TeHrnamanap
6up-6mpunaaH ysrapmac Kuiimatnapra gapk; KuaraHm xonga.
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OVp WakngaKk WKKWHYW Laknra

ytagn. bByHaa)! xynoca wyku, E ,

W T V BekTopnap ysapo TUK.

(12.28) TeHrnamagaru (—) uwopa

6y y4 Bektop E~ H Tap-

TMOWUAA XKONaLWne, YHr BUHT TU-

3MMUWHM X,0CWT KUIMLIWHK Kypca-

Tagn. MacanaH, 12.6-pacmpa ken-

TUPWUATaH N BEKTOPHWHT ypHUra

E BekTop Kyuca, H BekTop na-

cTra Kapab yHanagu. JlIekuH V , 12.4-pacwm.
Te3Kop BekTopu E BaH BekTopnap XOCWI KUATaH TeKuc-
NINKKA JOUMO TUK Bynagu. Y4 BEKTOPHUHT y3ap0 TUKAUTUAaH

Buw(KE) =$T1(Kks) - By =1

TEHINMKNapHU xocun kunamms. Y \onpga (12.27) sa (12.28)
TeHrnamanapHUHI MOAynapu

H =e"eYE; (12.29)
E =LouYH (12.30)

waknga ésmnaan.

JNeKTPOMarHUT MalfoHHWHI Tapkanuw Te3nurun V Hu
Tonuw Makcagmpa, (12.29) TeHrnamaga MWTUPOK 3TraH E
Hu (12.30) TeHrnama 6unaH anMaliTMpaMmns3. Y xonga anekT-
POMarHMT MaWfOHHUHT TapKaauw Te3/Urnm yuyH

_ |
y= " (12.31)

TEHrlaMaHu 0NN MYMKWH. By Te3/1K 3feKTpoMarHuT Mai-
[0OH TapkanaétraH MyX.MTHUHT TabuaTtura 60rnuk. XycycaH,
Bakyymga e =ijr=1. buHob6apuH, Bakyymja TapKanaéTraH
3M1EKTPOMArHUT MalifOHHUHT Te3/uru.

c=y= ! ! W m10*1/ / C
y3rapmac kKattanukgup. (12.31) TeHrnamaga MWTUPOK 3TraH

y3rapmac KaTTaavknapHu ¢ 6unaH anmawTupainuk. byHpaa
3N1EKTPOMArHUT MaifOHHUHT BUP XXWUHCAW MyXuTgaru Tap-
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13-6a6

KBA3VICTALIMOHAP 3/IEKTPOMATIHUT MAWAOH.
SNIEKTPOMAIHNT TEBPAHULUNAP

SNeKTPOMAarHUT MainfoH HazapuacuiaH MabiyMKU, 3NeKTp
KM MarHuT Mal[OHHUHI Xap K,aHdail ysrapuiin 3/1eKTpo-
MarHMT MaigoH cudaTuga HamoEH 6ynagn. Arap 31eKTpo-
MarHUT MaWAOHHWHI Yy3rapull Te3nurun HucbataH KUYUK
6ynca, 6yHgain MaldfoH KBa3uMcTauuMoHap 9M1eKTpPoO-
MarHuT MangoHgerinnagn. KeasuctauumoHap 3/1€KTPO-
MarHUT MafoH AXAWUT ONUHIaH YTKasrMyHu Kecub YTraHga
yTKasrnyga dyko TOKM Xocun 6ynuwn EKn yTkasrmygaH Tok
yTraHga cupTt (CKuH) adhekTn to3ara kenuwm 6unad 11.2-
Ba 11.3-88 ga TaHUWING YNKAUK. DHAN KBA3UCTaLMOHAp 3MeK-
TpOMarHUT MaifoHra oup aipum xogucanap 6unaH Yykyp-
POK, TaHWLLANANK.

13.1-8. ¥Y3rapyByaH TOK. VmnegaHc

KBa3ucTaumoHap 31eKTPOMArHUT MaidgoH YWroTraH TOK,
ofaTha, Y3rapyBuaH TOK Ae6 atanagu. MacanaH, MHAYKUUS-
Cn B b6ynraH 6up XXMHCAM MarHUT MailfoHra to3acu S, ypaM-
nap coHu iVoynraH pamkaHu kupmutainnuk (13.1-pacm). Pam-
Ka H3MHU = NBS ecosa uoga 6unaH aHMk aHaguraH
6Vp XMHCAN MarHUT OK,MM Kecub yTaan. ByHAa a UHAYKLMS
BEKTOPU B GuNaH KOHTYPHUHT 103 TOMOHMHM aHulyl0Bun i
Hopman opacupgarun 6ypyak. PamkaHu v 6ypyak Te3nunk 6u-
NaH aiinaHMa xapakatra KenTupcak MHAYKLUS BEKTOPUHUHT
HOpManra HucbaTaH BasWATMHMW aHWK;10BYM Bypuak a = oot
6ornaHuw 6yiinya BakTa 60rNMK; paBullaa ysrapagu. Pam-
Kagarn KOHTYpfapHW 3ca KBasucTauuoOHap 31eKTPOMarHuT
MaligoH Kecnb yTta 6ownaign. YyHkW, pamkagaH yTaéTtraH
MarHnT CKVM

0" =NBScost (13.1)

KoHyHM OyiiTya y3rapagu. By ndogara 3neKTpoMarHuMT WH-
OYKLMSA XOAUCACUHUHT aCOCUIl K.OHYHU (11.1)HuM TaT6UK, ITail-
NuK. byHga 13.1-pacmpa KenTupuaraH paMmKaHWHT KONnek-
TOp Aeb atanyBuM  Ba  yunapuga
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17

13.1-pacM.

g = - A(iv sscos(ot) = 7vsswSiNcoi (13.2)

K,OHyH Oyiuua ysrapyBunm nHAykuus 3HOK to3ara kKenagu.
KOk opuparn ndopara £ = NBSco 6enrvnawl KMputannmk. Y
xonma (13.2) TeHrnama Kyiugaru cogfa KypuHulira >Tagu:

61 = £, sin cot

6yHga Eq — vHAYKUMoH JKOK HMHI amMnanTyga K.miAmartu.
[JemMak, KyHfanvK TypMyLwa uiwnatunagurad ysrapyByaH Tok
TabuaTu Xn) aTugaH reHepatopga AOCUN K,WAUHTaH UHAYK-
UMOH TOK 3KaH. BuHOGapuH,ucTebMONYMra ysaTunagurat
TOKHWUHT Ky4NnaHULWW AaBpuii 6ynn6, cuHyc éKn KOCUMHYyCnap
K;OHYHW 6yiinya y3rapagu:

K = KosSinili, (13.3)

Oy eppa Y — Ky4naHWLWHUWHT amnauTyga KuiAmatu. Arap
\fKasrnunapHuHr aktus (haon) K,apwunmruin R ne6 6enru-
nacak, UCTebMONYMra y3aTuaraH ysrapysuaH TOK Kyuu

[/ ="sincot - /o sinco (13.4)
6ynn6, KyunaHuw 6unaH 6mup xun w — hasaga gaBpuii pa-
BMWAA y3rapagn (6y epga  — TOK KYUYMHWHT amnauTyga
K,uiimatn). KOkopuparn ndogagaH YHUHT K,MiAMaTu

ékm Vo-1,R. (13.5)
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KentupunraH 6y MKKW TeHrNama y3rapyByaH TOKHUHT aMm-
nanTyaa K,uiAiMatTnapu yuyH OM K;OHYHUAMP. Y3rapyByaH TOK-
HUHT OHUI KuiimaTnapu Kga / Bak;T faBoMufa ysrapub Typa-
an. Ynyo acbobnapn épgammpa 6y KaTTaamknapHu yndauw
MYMKWH 3mac. Ly 6oucgaH ynyoB ac606napy KyynaHuil Ba
TOK KYYMHUHT 3hheKTUB (MW OGakapyBuu) K,MiAMaTUHU
ynyawira mMocnawTMpuarad. YsrapyByaH TOK KyYUHWHT 3d)-
(hEKTUB KUNMaTU LUyHAAl y3rapmMac TOK KuiiMaTuira TeHrKM,
>(@p KKK TOK { KapLuWavkiaH }\raHga 0y KapuinmnmnkiaH ax-
panraH VOOAYIVK mugopw 6up xun 6ynagn. TOK KYYUHUHT
3 PekTUB KUAMATUHMHI aHuByxawl mak“caguga (13.4) wdo-

JaHn kBagpart owupamus: P =11 LLl Ba ynapHuWHr yprta-
Yya KniimaTuHU onamus. byHga < ybynraHugaH, ToK

KYUYUHUHT 3 (PEeKTUB K;MAMATW TOK KYUMHWHT amnanTyga
Kuiimaty 6unaH Kyinunpgaruya 60rnaHraH:

By uogaHUHT MKKM TOMOHWHU K ra Kynantupumo, Kyu-
NaHUWHWHT 3)PEKTUB KUAMaTW 6unaH YHUHT amMnauTyfga
KwuiimaTy opacugarn 60rfaHuWHN XOCU KUNamms:

r

Y3rapyB4yaH TOK 3aHXupra UHAYKTUBAUIKM b 6ynraH ran-
Tak Kupntunb (13.2-pacm), 3aHxupga xocun 6ynraH TOK Kyuu-
HW aHWKYyTaIMK. Y3rapyB4aH TOKHW YAroTraH Keasucraumo-
Hap 3NeKTPOMarHUT MalfoH ranTakHu Kecub yTraHga ran-
Takfa y3MHAYKUMA xofucacu Kysatunafu. JleHy K;omgacura
acocaH, y3MHAYKUNSA TOKM acOCUIA TOKHUHT 3muLwnra K;apLum-
NVK KypcaTagu Ba YHUHT Oy TabCUpWU ranTakHWHT MHAYKTUB
Kapwuamru cugatuga Hamo-
éH 6ynagn. PantakHUHr Om
Kapwwnmrn K Hu sbTubopra
0/IMaCNUK fapaxaja Kn4uk aeb
onannuk {A ~ 0). byHaa ran-
Takaga YWroHraH WHAYKUUS
SO K MUKAOp XnxatnaaH ran-
Takgarm KyynaHuiwira TeHr.

4

13.2-pacm.
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AbHN - b"O 1 KOHyHMra 6uHoaH U"maH6aHWHT Kyuna-
MUK OPKain aHUBYXaHaau:

=n"?,TL.

by nopga opk;anm rantakgaH “aétraH TOKHW Xucobnaii-
MU3;

= /]
6yHAaH TOK Ky4u

I=~fsm(otdt=-"cos(0t =/08u (co/-y)(13.6)

3KaHNUTUHU ToNamms, 6yHAa b - »  ~ TOKHUHI aMnAnUTy-

Ja Kuiimatu. YHu (13.5) TeHrnama 6unaH COAULLITMPaMMU3.
PanTakHWHT MHAOYKTUB KapWWanrm LUMKAUK YactoTa m 6u-
NaH UHAYKTUBAUK b HUHT KynaiTMacura TeHr:;

Tapkubmaga C curamy KoOHAeHcaTop 6ynraH 3aHXWPHUHT
(13.3-pacm) KapLUMAUTMHK aHUKNainnnk. KoHgeHcaTop y3rapys-
YyaH TOK MaHb6aura ynaHca, KOHAeHcaTop Konnamaapu opacuaa
KBasucTalMoHap 3MeKTpPOMarHuT MaifoH to3ara kenagu. by
MalijoH TabCcupuaa KOHAEHCATOP KOMAamaapu CU/DKULLI TOKWM
opKanu 60rnaHnG, 3aH>xmpaaH ToK N a 6ownaingun. [lemak, ysrap-
Mac TOK ydyH 6epk 6ynraH KoOHAeHcaTop y3rapyByaH TOK YYyH
OYMK 3KaH. CUMKMLW TOKMHUHT (12.6) wakngarn ngpogacmHm

(13.7)

6ornaHulLnapra Kypa, Kyinugarnya ysraptmpamms:
|:8-a~ 31—119& (13.8)

6yHpa C = —SICCY KOHAEHCATOPHMWHT ¢
cupumu. KOkopuparm ugogaga UWTUPOK

3TraH MU Hu y3 Kuinmatun (13.3) 6unaH an-
MallTMpaMun3 Ba YHAaH BakT byinua kocuna
0M1aMm3:

I = (oCw”™ CO8ii)/ = Jo 8L (OF + . (13.9) V
13.3-pacm.
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by nogaparun =coCu™ — 3aHXupgaH ytaéTraH TOK-
HUHT amMnAnTyga K™MiMatun. TOKHUHT amMnanTyga K,MiMaTnHu
(13.5) TeHrnama 6unaH Tak,K,0cnab KOHAEHCATOPHUHT K.apLiu-
nmru

=2 (13.10)
3KAHNUTUHU aHmnlaTaiimMms. (13.9) 6unaH aHMKNaHagurad ToK
KYUnHU n = ;7(,8Ti)? 6runaH aHUMK aHaguraH Ky4ynaHuil 6u-
NaH CoNULITUPCaK, KOHAeHcaTopAarn TOK KyUMHUHT (asacu
Ky4YnaHUWHWHT (hasacura HucbataH y Kagap onguHaa byna-
AW, AKCMHYa, MHAYKTUB rantakgarn TOKHUHT (13.6) ¢hasacw,
KyulaHWWHWHI (ha3acugaH - y K.agap opk“aga K“onagw.

WHAYKTUB Ba CUTUM K apLUUANKAAPHUHT ndoganapuaarm
YMYMUAANK WYHAAH nbopaTky, ynap gak,aT y3rapyByaH TOK
3aHXupuia tosara kenagu. XycycaH, @ =0 6ynca, MHAYKTUB
K™apLumnank O6ynagun, curuMm K aplIMAUK Yekcusra
(Xc = m)ainaHagn. emak, ysrapmac TOK UHOYKTUB raatak-
JaH yTraHu k¢onm, KOHAeHcaTopAaH yTmaigw.

JHAM KyunaHuwuy (13.3) 6unaH aHUK;NaHaguraH ysrapys-
YaH TOK MaHbGaura kapwunuru K 6ynraH yTKasrmyHu, curu-
My C curumm 6ynraH KOHAEeHCaTOPHW Ba UWHAYKTUBAUIW b
OynraH ranTakHu Kupmtannuk (13.4-pacm). by Typaaru 3aH-
Xup Juc -3aHxupu geiAnnagun. 3aHXUpHUHT fap 6up ane-
MEHTMAA Ky4ynaHUW nacannwuv cogup bynagn. dnemeHTap KeT-
Ma-KeT ynaHraH 6ynraHugaH, ynapgaH amnantygacu sa asa-
cu 6up xun 6ynraH, aaBpuii yarapyByaH

I = lo5in(w/ - (p)

TOK Kyuu 3T-agu. NHOYKTUB K™ apLun-
NuUKga cogmp 6ynraH KyuynaHuil-
HUHT amnautygacn 1%a>b ra, cu-
MM K,apwunnkga Kysatuarad Kyu-
naHuu nacavuwMHNHT

amnautygacn /e o ra, Omuk
K,apLUWIMKAArM Ky4iaHuwWw nacai-

nwu TuA ra TeHr. KentupunraH
13.4-pacu. Ky4YynaHuw amnanTyganapuHu am-
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NAUTyJa-BeKTOpnap opkanu
TacBupnanimMas, AbHU ,

1{a m€)-'m (13.6), . n.
(13.9) TeHrnamanappaH pas-
WaHKN, MHOYKTWUB rantakjaru
Ba cUpuMMarv KyudnaHuiinap-
HUHI aMnanTyga K vuiimatnapu
K,apama-K.apwu thasanapja éta-
an. WyHWHryuyH 13.5-pacmpaa
6y aMnnnTyLanapHUHT BEKTOP- 13.5-pacm.
napu 6mp-6upura Teckapu yHanraH. K kapwuamkgaru Kyu-
NaHuw nacainwm (14.3) HAHT asacy Tok asacu (13.4) 6u-
naH 6up xun. JlIeknH 6y KydnaHULWHUHE asacl KOHAeHcCa-

TORNW 3aHXMpAa +Y K;afap onauHra, HAYKTMB/IN 3aHXMPAa
Kagap Opkaja_ K'onagn. Ly 6omcpaH i_o a amnautyga
BekTOp [¢1 , 10 CY amnnuTyfja BeKTopnapra TUK iyHan-

raH (13.5-pacm).

Xap 6up anemeHTAarn KyuynaHuwnap nacakvwuUHUHT
ANPUHANCU 3aHXMPra KUPUTWUATAH KyuylaHWwra TeHr
oynuwun kepak. 13.5-pacmfa KentupuaraH guarpammaga

HaTUXXaBMI KyUYNaHWULIHWHE aMnnMTyha BeKTopn 6ynuo,
YHUHT Y3YHAUTU HaTUXaBUIA KyYNaHUWHUWHT K,uiAMatura
TeHr. b 6unaH aMnauTyfa BEKTOpnap opacuparun <p
bypuyak, TOK Kyuyn 6unaH KyynaHuw opacupgaru dasa Cun-
Xuw 6ynagn. 13.5-pacMfaH YHUHT K.MiAmaTu

(bl ¢)

wb- .
tgp = ~ﬁ4c (13.11)
oynagn. By pacMaaH Kyu4laHULWHUHT aMOauTyaa K;uiAMaTu:
1
wCy m

ByHAaH TOK KYUYMHUHT aMnauTyaa K,uiimatu
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3KaHNUTMHW aHWK;naivMn3. by ngoaa Tapkmbuaa Kapwmnuk,
MHOYKTWUB panTak Ba cupum b6ynraH RLC 3aHxup yuyH Om
KOHYHMaunp. KOKopugarn uogaHn TOK KYUYUHWUHT 3gek
TUB KUAMAaTU YYyH E3ainuk:

n. = 0

By uogaHnHr mMaxpaxugarn Kyimgaru

1

Z= (oL-
auc

(13.14)

KaTTanuK rjc 3aHXWPHUHT TYAUK Kapwuanrm 6ynub y
mMmnepgaHc pe6 aranagu.

13.2-8. TebpaHul KOHTYpWU. CyHYBUM 3N1EKTPOMArHUT
TebpaHuwnap

fAccn KOHAeHcaTOpHY y3rapmac TOK MaH6an épaamuja 3a-
pagnannuk (13.6-pacm). YHUHI Konniamanapu opacupaarm

(hasoga 6Up XKUHCAW 3MEKTPO MailgoH E = const® to3ara Ke-

nagu. by asofa KBasucTauMoHap 3/ME€KTPOMarHUT MalgoH-
HW XOCU/ KUAWL YYYH Konnamanapjarv 3apagfapHuHr KyT-
OUHW [aBPUIA paBULLAA Y3rapTMPUO TYpPULL N03UM. 3aHXUp-
ra MHAYKTUBAMIK L 6ynraH rantak Kuputamus sa kanut K Hu
“a” xonaTgaH “6” xonatra Kydmpamu3s. C KoHAeHcaTop Ba L
rantakfaH TalWKua TONraH 3aHXUp TebpaHULW KOHTY-

p n geb atanagun. 13.7,a-pacmga KenTupuaraH TebpaHuil KoH-
TYpU HOMYBO3aHaT X0NnaTHW arannaraH. 30TaH, KOHAEHcaTop-
ha 6unaH aHWKNaHagWraH 3MeKTp MagoH 3Hep-

ruscu maexyg. byHaa — KOHJEeHCATOPHUHT 6oLnaHpuy
xonatgarn KydnaHuw. Ly 6unaH 6up kKatopga KOHAEH-
CaTOPHMHI MaHuin 3apsgaaHraH Koniamacu HelTpan xonat-
ra HucbaTaH OpTMK4Ya 3NeKTPOHNapra ara GynraHn xonga,
MycbaT 3apsafgnaHraH kKonfamaja 31eKTPoHNiap eTulimangun.
KoHgeHcaTopga TynnaHraH 3afekTp MaingoH aHepruscu tabu-
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aTh Xux;aTBhaH noTeHLMan aHep-
rma kabuanp. LLUYHWHT y4yH KOH-
[LEHCATOPHUHI 6y J0NaTUHU My-
BO3aHaT X;onaTugaH 4YuK,apunraH
mMaTeMaTuk TebpaHruy (MasTHUK-
Jra 3bcwatiw MyMkuH (13.7,a-
pacm). KoHfeHcaTop rantak opk;-
anu paspsgnada bolunaraHja 3aH-
Xupgarv Tok OgaH  radva optagu.
TOKHUWHT y3rapuw 6unaH 60ramk
OynraH ysrapyB4YaH MarHUT Maii-
[OH XanTakHU Kecunb 5"aau Ba ran-
Takga y3mHaykuma SKOK Hu yii-
poTagu. 3aHXwuppaH 6GepuaraH
n>"anuwpga ytaétraH Tok (13.7,6-
pacMm) Y3UHWHT MaKcuman 1y Kl
matura apuwiraHfja KoHgeHcaTop

TYNWK; paspsgnaHn6 6ynagun.
YHUHT ngoga bunax

aHWK” aHaguraH anekTp MalgoH
3HEPTrUACUHN TYIMbYTUINYA Mar-
HUT  MalpaoH 3Heprusacu

ra avnaHagu. MarHut

MalijoH 3Heprusicn BYXyAra Ke-
nnw cababura Kypa KUHETUK
aHepruara 5t(waw. Ly 6oucaaH
TebpaHWLW KOHTYpuAaa 3NeKTp
SHEPTUSHUHT MarHuT MainpgoH
aHepruacura aiinaHu mexaHus-
MWUHW TebpaHrMy noTeHuMan
SHEPTrUACUHUHT KUHETUK 3HEepru-
Ara anaHuL >xapaéHum 6unaH Tak-
K,0Caw MyMKVH.

/c
c
. o
— " (o}
13.6-pacm.
. ihan
13.7-pacm.

[emMak, yopak gaBpAa 3/EKTP MaifloH 3HEPTUSACK T>VIK-
NMrnya MarHuT MarfoH aHeprusicura annaHagu. KeunHru

(4 r 14opak gaBpfa rantakga )“ocun 6ynraH yanHaykumns SHOK

KOHAEeHcaTop K;onnamanapuvHu Teckapu Kyr6aa 3apspgnaii
Gownaiian. ByHAa MarHUT MaiAoH 3HEPTrUSCUHWHE 3MeKTp
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MailloH aHeprusicura annaHuwmn Kysatmnagm. ToK Kyun =
O ra TeHrnawiraHia KOHAEHCATOPHWMHI Ky4naHWLIN MaKCK-
Man  Kuiimatura apuwagd. MarHuT MaihfJOHHUHT 3Hepru-
Acyn Honra TeHrnawmb (\Y = 0), anekTp malifoH 3Hepruscu

aBBa/ITM KuiiMatu N ° ra apuwagn. KoHpgeHcaTtop-
HUHT OyHAal Ba3usATU TeGpaHTMUYHWUHT TecKapyu nyHanuwiga-

rM 3Hr 4yekka BasmATUra moc (13.7,a-pacm).

KeiinHrn Apum gaepga tokopupa TaBcuUgW entupuaraH
XapaéH Teckapu WyHanuwga TakpopnaHagn (13.7,r,4-pacwm).
LLUyHaali Kunub, anekTp Ba MarHWT Mai[oH 3Heprusnapu-
HWUHT AaBpuiA paBulLga 6uUp-6upura aiinaHMLWKW 3NeKTpomar-
HWUT TebpaHuwnap geinnagn. N3o0™m GepmaraH anekTpomar-
HUT TebpaHuwwNap ByXyAara Kenuw cababnapura Kypa spKuH-
aup. MexaHnka KypcufaH MablyMKW, Kapwuink Ky4u
Tabcupuga bynraH x;ap KaHga 3pKWH TebpaHWLl CyHYBYM
6ynagn. TebpaHWUL KOHTypugaru TOK yTulwuwmnra cababum
YTKa3rMyHNHT OM KapLnanrn Kapwuank Ky4u BazngacuHm
yTaingn. Pean wapouTia Xap KaHgah TebpaHull KOHTYPUHU
[?1C-3aHXnNp cudaTmaa Tacempnawl n103uMm. 3aHXxupgaH ToK
yTraHga K — kapwunukga >oynb-J1eHy xogucacu Tydaiinm
NCCUKNWK 3Hepruscy axpanagm. BuHob6apuH, KoHgeHcaTopra
TaWwkn maH6a épgammpa GepunraH 6upnamym sHeprua Te6-
paHuLl faBOMUAA UCCUKNUK 3Hepruscura arinaHagn. Tebpa-
HULWHWHT amMnANTY4acu CeKMH-acTa nacainnb 6opagm Ba Mab-
NYM BaKT opanuruja KOHTypAarun 371eKTpoMarHuT TebpaHuLL
cyHagu. [emak, 613 KaillTmac >XapaéHHW KysaTraH 6ynamus.

JPKUH 3NEKTPOMArHUT TebpaHuLl Ky3aTunaérraH KOHTYp-

fa Kuimatn & = 6unaH aHMKnaHaguraH WMHAYKLMWS
JKOK wmaxypa. LUy 6oncaaH TebpaHuLl KOHTYpKU yuyH Knpx-
rogHuHr 1l KompgacmHu Kyhugaru waknja é3amus:

é, + LU éku =N +

by ngogaHn b ra 6ynm6, A "N anmawTMpuw KuUpuTa-
MU3. Y xonga tokopugarn ugopga

" T U (13.16)

waknra 5*agn. by TeHrnamara xam
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§ = = (13.17)
Wwakngarv anmawitupuinap kuputub (13.16) TeHrnamaHu

o+ 2pa+ o)l =0 (13.18)

KYpUHMLLTA KenTupamu3. By TeHrnama MKKUH4YM TapTuenn
andepeHunan TeHrnama 6ynmb, YHUHT e4nuMn MexaHuKa
Kypcuaa KentupunraH. LUy 6oMcAaH YHUHT e4UMUHK

Mw - ()= sm{cot - (p) (13.19)

KYpUHULLAA oNuLl MYMKUH. KentupunraH TeHrnamaga ge~"
3PKWH 3M1eKTPOMArHUT TebpaHULIHUHT aMnauTyga Kuiima-
TW. By Te6paHULWIHMHI aMnNAnTygacy BakT aBomMuia 3Kcno-
HeHUMan KOHyH byiinya kamainn6 6opagu (13.8-pacm). CyHys-
YM 3NIEKTPOMarHWUT TeBpaHULIHUHI LUKAUK YacToTacu

0

KOHTYPHWUHT UHAYKTUBAUTU b ra, KONWGEHCATOPHUHT CUTMU
CraBa Om ‘K,apwunuk K ra 6ornvk.. KOk opugarn dopmynaga
KenTupuaraH oo K,apwmnnurun /2 = O6ynraH KOHTYPHUHT XycCy-
Cuii vactoTacu; /3 — Kapwuaurn HongaH gapk™m (K ~ 0)
6ynraH KOHTYPHUHT CYHMW KoathduumeHTn. XycycaH,
>0 Ekn n ! WwapT 6axxapunaca KOHTyp-
Jary 3neKTpoMarHuT TebpaHuW AaBpuii GynmaraH (anepuo-
AVK) TebpaHuwmnra ytagm. byHaa KoH-
Typfarn 3Heprus xampapmacu oup
TYNUK, TebpaHull coaup K,uamain uc-
CUK/ MK 3Heprusacura anaHagu.

KenTupunraH mynoxasajaH pas-
LAHKW, UHAYKTUB ranTakHUHr OM Kap-
wunanrn J1 Knypaiirad capu 3feKTpo-
MarHUT TeOPaHULIHUHT CYHULUN Y30K,-
pok faBom 3atagu. Arap K = Oobynca,
CYHYBYM 3/M1eKTPOMarHuT TebpaHuL
CYHMacC 3/1eKTPOMarHuT TebpaHuLura 13.8-pacw.
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ainaHagn. AnbatTa, 6yHzan TebpaHULLHM COAUP KWW MYyM-
KWMH 3Mac. JIEKMH Hazapuid xm)aTgaH* CyHMac TebpaHULLIHUHT

XYCYCUI OMpaBUin YacToTacMHM 2 Mcobnab Kynuwl mak;caara
MmyBotmK,. (13.17) TeHrnamagaH, 6y Typgarn Te6paHuULWHUHT
XyCyCuil ponpaBuin yactotacu L = . By nthopga opk,anm
C)“HMac 3/1eKTPOMarH1T TeBPaHNLIHUHT aBPUHW TOMULL MyM-
KWH;

(13.20)

by ndoga TomcoH Gopmynacu paeb atanagu.

TebpaHuW KOHTYypupAa dak;at 3apsg Mukgopu amac, 6an-
KW y 6unaH 6ornuk, 6ynraH TOK Ky4u Ba Ky4naHuil )'am fas-
pUil K,OHyH Byiinya y3rapagu. by KaTTanMKNapHUHT aMniun-
TyJa K;uimaTnapu aKCnoHeHunan K,o0HyH 6ylinya kamainmnb 6o-
pagu. MacanaH, KOHAeHcaTopfarn Ky4laHULWHWUHT OHWiA
KnimMaTtu

n R

A= (W + = (i) + (p) (13.21)

n

TeHrnama opK,ann aHuK;naHagu. byHaa Ky4aHuL -
HUHT amnauTyga ékn 6ownanruy kuinmaTtu. LUyHUHI4ek, TOK
Kyun ?%am

| = cos{o)t + (p) =

o (13.22)
=148 esinfd + M+ )

CUHyCnap K;OHyHu 6yiinuya ysrapagn. byHaa lg=goo  TOK
KYYMHUHT amnauTyga K,uiAmaru.

FOk;opuga kentupunrad (13.19), (13.21) Ba (13.22) TeHr-
namanapHu y3apo Tak“ocnainnuk. byHga 3apsaj Ba KyuiaHuL
6up xun asaga, TOK KyYMHUHT hasacu sca ynapra Hucba-

TaH  ra CM/DKWraH Xofja y3rapuinmHU aHWByTaiiMu3. YMy-
MaH ofiraHfa, KydnaHuw 6unaH TOK Ky4uu opacuparu asa
CUMKUWK  >=-] Oynuwum yyyH 6y TebpaHuwinap cyHmac
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6ynuwmn nosumMm. Pean wapouTaa Xap KaHfaih apKuH Tebpa-
HUW c)wyB4YyaHaup. BuHobapuH, (13.11) TeHrnamara acocaH,
KydnaHuw 6munaH TOK Kyumn opacugaru gasa cumkuwm » >y
bynagn.

MexaHWK TebpaHULLIAaPHUHT CYHULL TE3UTUHUN aHUKNALL
Makcagmaa CyHULHUHT NorapuPMuK JeKpeMEHTU feraH Kat-
TaNK KUPUTWATaH 3au. by KaTTanMK 3/1IeKTPOMarHumT Tebpa-
HULLAP YUYYH X;aM YpuHau. KeTMma-KeT KenraH Ba 6up-6upu-
[aH 6up faBpra papk KunaguraH MKKW aMnanuTyfaHuHT HUC-
6aTugaH OnMHraH norapum

A (13.23)

CYHWLLUHWHT NIorapumMuK aekpemeHTn geinnagn. Kentupumn-
raH nofafaH aHUKKN, KOHTYPHUHT OM Kapwwuaurn K ow-
raHW capu KOHTypAaru 3MeKTPOMarHWT TebpaHWLLNapHUHT
c5?HNUTK Tesnawagn. CYHUWHWMHT NorapuPMmnk LeKpemeH-
TUra Teckapu GynraH KaTtTanuk TebpaHu aMnanTyAacuHUHT
e MapTa Kamaiuwm y4yH n103um 6ynraH TebpaHuLLnap CoHu-
HW KypcaTagu, SbHW

(apa)

13.3-8. Maxb6ypuii aneKTpomMarHuT TebpaHuLunap.
Pe3oHaHC xogmcacu

TebpaHWLW KOHTypuaarn UHAYKTMB rantak R Om Kapiu-
NWKKa ara 6ynca, >Xoynb-JleHy, ahgekTn Tydainnm x,ap yo-
pak AaBpfa WyKOTUAraH 3Heprus

4

6ynagn. By sHeprusaHu Tallky Kyd épgamuga Tynaupué typ-
caK, TebpaHuL CyHMac 3/1eKTPOMarHuT TebpaHulura ainaHa-
an. TalKu AaBpuil y3rapyBYaH KyunaHuW Tabcupuaa Kysa-
TUNaguraH TebpaHULl Ma>KOypuii aNeKTPOMarHnT TebpaHuLl
[e6 atanagn. by TebpaHuMWHM Ky3aTuw Makcagmga, RLC -

3aHXmpra



n = Ugsincot (13.24)

,K,OHyHW Oyinya y3srapyByaH Kyuna-
HUW 6epamus (13.9-pacm). RLC~

3aHXupga cogup bynaguraH tebpa-

HUWHN npopanosunu (13.18) Tenr-
1/ nama Maxb6ypuin TebpaHuwga

13.9-pacm. Kyingaru KypuHuwra snrag:

o+ 2°q+ (dlg = i/g sincD/ «

Bup XuHcnm 6ynmaraH MKKUHYM TapTmbam By TeHrnama-
HUHT e4MMUN MeXaHuKa KYPCUHWUHT TebpaHMa }<apakar 606u-
fa batagcmn KypunraH.

RLC -3aHxupga cogmp bynaguraH Maxoypuin anektpomar-
HUT TeBpaHULLNAPHUHT (PUNK MO)<;UATUHU OYULL Mak"Cagmaa
13.9-pacmfa KenTUpuAraH 3aHXnpHU y3rapyByaH TOK 3aHXW-
pu (13.4-pacMm) 6unaH Tak,K,0cnainvk. byHpa fap WKKW 3aH-
XUp aliHaH 6up-6upura "Wwaw 3KaHAUTUHU aHWUK aliMu3.
BruHoGapuH, y3rapyByaH TOK 3aHXUPU YUYyH UMK apuarad
K>"TMHa uoganapHn Maxoypuii 31eKTPOMarHUT KOHTypura
X;aM TaTbuK, 3T MYMKUH. KOHTypAa 3feKTpomarHut Tebpa-
HUWwnap 6ownaHraHga ranTakHWHE y3nHaykums SHOK maH-
OGaHWHT gaBpuin y3rapyByaH KyynaHnwun U = U”Gnat 6unaH
YAryHnawmo, 3aHXupaa K,apop ToMraH 3MeKTpOMarHuT Teb-
paHuwnap Kysatunagn. KoHTypgarv TOK Kyuu

/= I(, Sin(fty - ()

K,OHyHW 6yiunua y3rapu6, (13.13)ra acocaH, YHUHT aMMAnTy-
Ja K,uiAmatu

coL-

TOK Kyun 6unaH KyynaHuw opacugarn asa CUMKULLIN-
Hu (13.12)ra acocaH ~ucobnainmms:

coL- .
wp=
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KentupunraH ugoganapgaH paBllaHKU, MaXKOypuii 3neKkT-
pomarHuT Teb))aHuLga KOHTYpaaH 0”aéTraH gaBpuil y3rapys-
YaH TOK KYYMHUHT amnautygacu /,, thasa cumkmwn <p Hada-
kaT K, I, CHa  napra, 6anku ysrapyByaH Ky4naHWULIHWUHT
UMKNMK yacToTacu XK ra xam 6orauk. HOk.opuga caHanraH
KaTTaNMKNapHW ysrapmac K,0ng1painnk Ba gonmpasmnii 4acto-
Ta (§ HN CeKUH-acTa y3rapTupunb Gopainnk. Y MabiyM K;wii-
marra eTraHfa  HWHI ugogacuga KenTupuaraH Kyiugaru
KaTTanunk

(oC

Oynn6 K,onagn. 3aHXmpaarn ToOK KyYMHUHT aMnanTygacu aca
3HT KaTTa K,uiiMaTura apulagu:

(13.25)

by xonatra moc 6ynraH yactotaHu (13.24) myHocabaTaaH
aHVKyranmMms:

(13.26)

[Jemak, gaBpuil y3rapyByaH Ky4IaHULIHWHT UUKAWK Yac-
TOTacu KOHTYPHWHI XyCyCcuii YyacToTacura TeHraliraHaa 3aH-
XupgaH 0”aéTraH ysrapyB4yaH TOKHWHI amniuTygacu Mak-
cuman Kuiimatra spuwagn. by xogmca pesoHaHc feb aTana-
an. Pe3oHaHC xogucacu KysaTunafguraH LUKAWK 4vactoTa
(13.26) pe3oHaHC yacTOTacu geiunagn. Pe3oHaHC xogucacu
cogup 6ynraHga tg jp HUHI TeHrnamacura acocaH TOK Kyuu-
HUHT (hasa cumxkuwm N = O 6ynub, KyunaHuw 6unaH TOK

Kyun 6up xmn tasaga, abHu | = SiN®/ K,OHyHU By K-
ya ysrapagu. TOK KYYMHUHT Makcuman K,uimatu A

Kapwunnuk R ra 6oruk,. K,aplumnnk Kknupanrad capm ToK Ky-
YUHUHI OPTULLX Te3nawaan. AMMO MaXOyp 3TYBUM KYUHUHT
LWMKAWK 4acToTacuM pe3oHaHC 4vacToTa fKkuHnawraH (13.10-
pacm) TOK KYUYMHWHT aMnauTyda K,MiAMatu TycaTaaH KeckuH
KyTapuiagu; pe3oHaHc xogucacu cogup bynagu.

OMm K,apwmnuk R ra ara 6ynraH Te6paHul KOHTYPUHUHT

XyCyCuiAi yacTtoTacu (y:yichl: - ﬂj ngopa opK,ann aHuk,na-
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Hap 3gun. by yactota OM Kapwmnuru
1= ObynraH TebpaHnLLl KOHTYPUHUHT
XYCYCWiA YacToTach «o = A aaH Ku-
ymk. LWy 6oucpaH pean KOHTypha
Pe30HaHC xofmucacu g = im0 YacTo-

Tafla amac, 6askun yHra HucbaTtaH Ku-
! <n

yac-

13.10-pacm. TOTada Ky3aTunmwm myMmkuH. 13.10-
pacmga /u 6unaH  opacugaru 6ornaHmw Om Kapwwunurn K
Xap Xun 6ynraH TebpaHuLL KOHTYpiapu yuyH kentupunraH. K
KMUYMKNALWraHn capu pe3oHaHC 3arpyM Yusuru Tuknawmé 6o-
pagu. [ = Opa TOKHUHT aMmnanTyja KWAMaTy YeKcusra MHTu-
nagn (/o =°°).

Pe3oHaHC xogucacmaa KoHeHcaTopaary Ky4naHuw nacai-

WWWHWUHT aMNanTyfa Kuinmatm

m/lc
&  (OpC OTax * Crax NOrax’C m

WMHAYKTUB rantakgarn Ky4yaaHui nacaMMWWHUHT aMnan-
Tyga KniimaTun xam KOHAeHCaTopAarn KydynaHUWHWHT aMmnan-
Tyha KuimaTtura MWUKAOP XNXathaH TEHT:

OrTax 17]I_C rOTax = /l—()TaX'E]’:

Bupok npogagarn (—) vwopa ynap asacu xu\atgaH 6up-
ovpugaH y ra apk KAAUWWHW 6ungupagn. Y NnapHUHT iun-
puHamcn  (NYoc + =0 byHfgaH Xxyfoca WYKWU, pe3oHaHc
xogucacuia Kaplmnanmkaary KyynaHuw nacaimim maHba Kyu-
naHvwn 6unaH TeHrnawagm:

nr=T1 = « K51IMLU = £/0,3x

KyuynaHWWHWHT aMnanMTyaa Kniivatum aca Yorax = 4Oex m®
6unaH xucobnaHagun. by xoguca KyynaHuwwpesoHaHcy aeb ata-
nagw.

TebpaHuLl KOHTYpUAa 3HEPTUSHUHT KaM €KW Kyn RyKo-
TUAULIN YHUHT toKcaknurn O 6unaH 6enrunaHagn. KoHTyp-
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farv TyNVK, SHeprus  HUHT 4opak faspfa MyKoTUIraH
I.
iiR ®j 3Hepruara 6ynraH HUCOATUHMWHI S Fa KynanTmacu

LIl 2nL

R-2njLC (13.27)

TebpaHWLl KOHTYPUHUHI OKCaknurn ne6 atanagu. PaBliaH-
Kn, L! C y3rapmac K,0fraHfja KOHTYPHUHI HOKCaKIUIK K,ap-
WIMAMKKA Teckapy nponopumoHan. K,aplwmnuk kKamanraHm
capu XXoynb-JleHu goaucacy Tydaiinu K,ainTmac xapaéH co-
anp 6ynné MCCUK, MK 3HEPTUACUHUHT aTtpod Myx,utaa Tap-

K,amm Kamaiinb 6opaaun. (13.27) TeHrnamara Ba
P =-—~YTeHrnamanapHu TaTbuK, 3TCaK, KOHTYPHWHI HOKCaK-
arn Q =jp  WaknHu onagn.Jemak, KOHTYPHUHT 0KCaKIun-

rM pe3oHaHC 4acToTacu CYHULW KO3(MULUEHTUHUHT UKKU-
NaHraH K,uiAMatura 6ynraH HucbaTura TeHr 3KaH.

TebpaHWLL KOHTYPW PagnMoTeXHUKaHUHT acOCUI 3N1EMEHT-
napugaH 6upugmp. Typau mamnakatnapga vwnaétraH paguo-
CTaHUManap mMabflyM YyactoTara Mmy/mKannaHraH afneKTpomMarHuT
TyN»;UHNapHK Tapk,atagu. MpuEMHMK aHTeHHacura \amma yvac-
TOTafarn 3neKTpoMarHuT TebpaHuwinap etné kenagu. JlekuH
NPMEMHUK Tapkmbugarn TebpaHnLl KOHTYPUHWUHT WHAYKTWB-
amrn L Hu 8kn KoHgeHcaTop curummn C HX y3rapTupumLl opK,a-
NN TaWK,M y3rapyByaH Ky4laHULIHWHT Kepakau vacTtoTacura
mMocnawunagm. Pe3oHaHc gogmcacu Tygaidam mocnaliraH vac-
TOTafarn UMNynbC €K CUrHan Kyvarimb yHW 6OLLK,a YacToTa-
napgarv curHannapgaH axpatué onamus. MpuEMHUKHUHT Te6-
paHWLL KOHTYPU 3/M1eKTPOMarHuT TebpaHulnapHu axpatmo
6epyBuYM cenapaTop BasndacuHU 3T angu.

14-606
INEKTPOMAIHNT TMNK;UHNAP

MeXaHunKa KypcuiaH MablyMKW, KalWLK,0K; (31aCTUK)
MYXUTHWUHT 6MPOp HyK,Tack TebpaHMa x;apakaTra KenTmpusca,
YHWUHT TebpaHuLinaaH gocun 6ynraH nMnynbc TYNKUH cuda-
TUAa KyWwHW 3appanapra ysatunagn. MakcBenn 3nekTpomar-
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HUT MaIoH HasapuscMaaH LWy Hapca aéH BynanKK, Bakyymaa
yiApoTUAraH 3n1eKTPOMarHUT MahfgoH ¢ = 3¢10*m/c Te3nuk

6unaH Tapkanuwm MymkuH. Ly 6unaH 6up K,atopga yTraH
606a KBa3McTaLMoHap 3NeKTPOMarHMT MaligoH 6unaH TaHu-
Wn6 YnkamK. TebpaHULL KOHTYpuUaarn 3apagHuUHr KyTou nas-
puii paBuLLda y3rapca, KOHAEHCATop K,onfamanapuja sanekT-
pOMarHuT TebpaHuwnap Kysatunagu. JlekmH 6y ¢a3o anekT-
POMArHWUT TYNK.MHNAPHWUHT MaHb6au 6yna onmaingu. YyHku,
K;apama-K,apLuv 3apsigiaHraH KyT6aap Xocun KuaraH Ty/K.MH-
nap K,apama-kapwwu asaga 6ynuné, ynap 6up-6upuHn cyHam-
pagun. By Mynoxasa UHAYKTUB FanTakHUHT Xap 6up ypamu yuyH
XaM ypuHAu. [lemak, hak,aT ouvK, TebpaHuUL KOHTypuaa t3a-
ra KearaH afieKTpomarHuT TebpaHuwinap asoga anekTpomar-
HUT TYNK,MHNap cudaTuia Tapk.aimwm MyMKuH. by 606 anek-
TPOMarHUT TYNK MHAaPHUHT XOCUA GynuLl xapaéHura Ba yniap-
HUHT Xoccanapura 6arviiiaHra.

14.1-8. SneKTpOMarHUT TYNK MHHUHI Xapakat
TeHr1amanapu

12.3- Ba 12.4-§ napHUHI Ma3MyHUAaH Mab/lyMm 6YNANKU, 3/1EKT
poMarHuUT mMaifgoH OyHEA sTuaraHgaH CyHr MaigoH maHbampaaH
MyCTaKuUn silatl xycycmaTura ara. Bakyymga 6y maiigoH ¢ = 3 <100
M/c Te3nuk bunaH Tapuanagn. AHAM MaKCBeNNHUHT AuddepeH-
unan TeHrnamanapura 6uHoaH 6y mMalifoH 3/1EKTPOMarHuT Ty'NIKUH
cuaTuga TapKanmwmHyU acocnannuk. (12.22) gaH MaKCBeTHUHT
OMPUHUY XYDT TeHrnamanapuHu

rOiE
(14.21)
MNyE =0

KypuHULLAa 0flamu3. By TeHrnamanapuvHr MasmMyHWHU siHa 6up 6op
acnatainnk. ®asoHUHT 6GUpop KucMmpa maeXyp OynraH Ysrapys-
YaH MarHuUT MalifoH (Das3oHWMHI WYy KUCMUAA YHOPMaBWUA 3M1eKTP
MalfoHHU yiirotagn. By MKKM malifoH 6up-6upuHU 6Up BakTAa
yiiroTn6, MaingoH maHbamgaH MycTauun paBullfa 3/1EKTPOMArHUT
malifloH cudaTuga Tapkanagn. E BeKTOPHMHI Topopu 3aca 6y Bek-
TOPHWHI YyOpMaBuiA xapakaT ouMMUHWU udoganangn. E BEKTOp-
HWHT poTopu
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e, wy

rolg = ay or " A o x 1t % K (14.2)

wiakngarn marematmnkK VI(*)O,CI.a opuann aHuknaHagu. MarHuTt BekTopu

H HUHI Bakr 6yliMua ysrapuiln YHUHT KoOpAuHaTa Yiirapu 6yinua
OIVHTaH TaWKWA 3TyBUMAp OpK,a/n Kyiinaaruya ngoganaHam;
H,. -
- A (1.3)

By (14.2), (14.3) wudoganap ysapo TeHrAurugaH 6UpPNNK Bek-
Topnap /,_/ Ba  onguparvy vudoganapHu TeHrnawTupaMums, SbHU

af, By aH,
B B AHy

al (14.4)
AEY

ONeKTpoMarHMT MaWfOHHWHT MaigoH MaHb6avmgaH MycTak;un

pasuLlfa TapK;amLm
X -N 43T - (144, a)
LWAPTHUHT 6axapunuwm 6unaH aHUKNaHaum.

ANeKTPOMarHUT MalifioH Hadak;aT MarHUT MaioHHWHT y3rapu-
WK 6unaH, 6ankn 3fEKTP MaliJOHHUHT y3rapuwn 6unaH Yam to3ara
kenagn (12.3) gaH MaKCBeNHUHT UKKUHYN XYDT anddepeHuyman
TeHrnamanapuHm

row = Ege~, WyH = 0O

waknga onmo, oK, 0pugary KentupuaraH myso”asanapHu TeHrna-
Manapra TaTOMK, aTaMUn3, ABbHU

aH” _ aHy AEN

oy ar a/,

aH. 34r LEy

X - al;

nl n (14.5)
H H.
ARy IIE:U'E—A.

aX ay

LLIYyHUHT ek,
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iy = Aax + N+ ABz =0 (14.5,a)

ANeKTPOMArHUT MakfOHHUHT TYNK.MH cuaTuga TapuaamwnHm
ncboTnalwl yyyH HoKopuaaru TeHrnamanapgaH TYJNKUHHUHT ~apakar
TeHrnamacuHM XoCun KUAUW Kepak. by macanaHu xan aTuw mak-
cagmga (14.5) TeHrnamanap TU3MMULa KenTupuiaradH 6upuHYn ngo-
fajaH BaKT 65?nya siHa 6Mp MapTa Kocuna 0/1aMms:

{sH" BH a (aBn B (BAA
By ar ay[BL) ar B

o4
By ndogagaru ar‘ Ba a:f;l’\nale/l (14.4) TeHrnamanap TU3n-

Muga KentmpuaraH Kuimatnapy 6unaH animawTupcak,
1 (BE™_pETN\ (BEy_pE"
32 ax ay  Bx By

BE BEM™

o - ay al

KypuHULwgaru gudepeHyman TeHrnamaHm \ocun kmnamums. (14.5,a)

BEy AF, BEM
TEHrnamagaH 3KaH/INTMHK TONKo, toKopuaaru

TeHrnamara KY'iicak, Kyiimgaru Ty/qKUH TeHrnama \ocun 6Gynagu;

BE, a4y, " ad ~
BOEPON I~ e

by TeHrnamaHu gHaga cogua KypuHuLlra KeﬂTMpaVIl’lMK;

REnr=s efiofln (14.6)

. arE, gd,
6yHpa 6enrmn {inEN = b Jlannac onepatopu fe6

atanagn. Xyaaw wy ycyn 6unaH H BEKTOPHUHT TalLUKWUA 3TyB-
UMCUMHUHT TY/IKUH TEHT/IaMacuHU XOCWU KWMIAMU3:

Arr

BAPH
A4, =£«EyMo-M-A (14.7)

KentupunraH 6y TYNKUH TeHrnamasapHu MexaHuKa Kypcuga
uMKapuaraH TY/IKUH TeHraama
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6unaH TakKocnanmk. ByHAaa xap MKKW KypuHUwgarn audgepeH-
unan TeHrnamanap aiHaH 6Up XWn TabmaT/iv 3KaHAUTUHU aHUK;-
naimms.

Ynapga WWTUPOK 3TraH Ko3aphuumMeHTNapHU 5?3apo TeHr/aLl-
TUPULL OPKann 3N1eKTPOMArHUT TYNKUHHUHT MYXUTAQ €KW BaKyyM-
[aH TapKa/ul Te3/IMTUHU aHUK™NaW MYMKWH:

1

Bakyym yuyH ¥ =Cbauy = e = \. buHob6apuH, Bakyymia 3neKT-
POMarHUT TYNKUHHUHT TapkKanuw Tesnurm C= 2 3KaH/IUTK

Kennb unkagn. by ndogasa MWITUPOK 3TraH = 8,85 10 h/m
= 49 «10“"H/M KaTTaMKNapHU y3 Kuimatnapu 6unaH an-
MalTUPCaK, 3NeKTPOMArHUT TYNKUHHUHI BaKyymiaru Te3sinuru

¢ = 3+10* M/c 3aKaHWUHW TOoNamu3. DNEKTPOMArHUT TYNKUHHUHT

MyxmTaarv Tesnurn Vo = 6unaH xuco6naHagn. ONIMHIaH Ha-
Twkanap 12.4-8 pa KenTUpUIraH Ba 3/1EKTPOMarHUT MaifoH ydyH

yMKapuaraH udgoganapra aiHaH yxwauw. Ly GoncgaH aiiTul Mym-
KWHKW, 3/1eKTPOMarHuT mMaiijoH BakyyMaa Ba MyxuTaa a/eKTpoMar-
HWUT TYNIKWH cutaTuia Tapkanagu. By TYNKUHHUHT X,apaKaT TeHrna-
macu

=E"- KX + )

H = 81n((y/ - kx + < (14.8)

2n
wlaknga onnHagu. Ey TeEHrnamagaru n TYNKUH COHWU; P —

6ownaHruy asa. KOkopugarn TeHrnamanapfaH UKK1MH4YM Taptménm
xocuna oncak, (14.6), (14.7) wakngarv TyNKUH TeHr1amanapHu Xocun
?;unamms. (14.8) pary MKKW TeHrnama ox MyHanuwija TapkanaétraH
3MIEKTPOMArHUT TYNIKMHHUHT XapakaT TeHrsiamachu. AL aneKT-
POMarHuUT TYJIKUHHUHT TapKnMouin kucmnapw 6ynu6, Ly BeKTopnap-
HUHT TebpaHNLWNLaH 3NeKTPOMArHUT TY/IKUH t03ara Kenagu. JnekTp

Ba MarHuT BEKTOpnapHUHrte6paHnun (14.1-paem) Ty/NKNH-
HUHT TapKanuw iyHanuwm x ra Tuk. byHgaH xynoca LyKu, anekT-
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POMarHUT TYNKWUH KyHAaaHT TY/K;WUH-
OVp. DNeKTPOMarHUT MaifoH 31eKTpo-
MarHuT TYNKWH cudaTuga Tapk.asica,
3M1eKTPOMArHUT MalifoH YYyH YPUHAU
6ynraH \amma KaTTa/IMKap s/eKTpomar-
HUT TY/IKUH Y4yH Y'am Taannyknu. Xycy-
CaH, 3/IEKTPOMArHUT TYNIK;UH 3Heprus-
CUHMHT 3uunurn (12.36) 6unaH, bupnamnk
to3agaH 6up cekyHpga onubé yTunrad
3Heprmsa ok.vmu YMOB-TTONTUHI BeKTO-
pn (12.37) 6unaH ndoganaHagn.

14.2-§. SneKTpoOMarHUT Ty MHMapHU HypaaTuLL

MakcBenn HasapuACMHUHT GYIOK HOTYrn WyHAaH nbopar-
KW, 3N1eKTPOMarHuT TYNK,MH Xanu Taxpunbaga KysaTuamaciaH
TYpU6, YHUHT PU3NK MOX,UATUHU GeKamu-KycT n3o)ylaé 6ep-
an. Makceenn KawguétugaH 3 inngaH KelinH Hemnc usn-
rn I". Fepy, 6UpnHYM Gop Taxxpmbada 3NeKTPOMarHuT Ty/K,UH-
HW Ky3aTuw wapagura myaccap 6yngu. (13.20) TeHrnamagaH
paBLlaHKuW, TebpaHWUL KOHTYPUHUHI pe30HaHC 4actoTacu

V=y ~ *NoB[6HCaTOpHUHI curummn C gaH Ba ran-

TAKHWUHT UHAYKTUBAUTU b flaH YnK,apunraH Keagpat wigusra
Teckapu nponopuuoHan. KoHfeHcaTtop K.onfamanapuHUHT
HO3UHN KaManTupu6, ynapHu 6up-6upugaH y3ok nalitumpcak,
KOHAEHCATOPHWUHT CUTUMKU Kamasau. PanTakHU TYrpu yTkas-
rMY Wakmna onmed YHUHT MHAYKTUBAIUTUHN MUHUMYMTa Kefl-
TUPUL MYMKKH. Bup cys 6unaH anTtraHga, énvk. TebpaHuLl
KOHTYPUHU OUUK, )<;0fiatra yTKascak, KOHTypJarn tebpaHuLl-
Nnap 4yactoTacu 3HI HOKCak fapaxaraya Kytapunagu. Ly 6o0-
nchaH o4mK, TebpaHmLl KOHTYPU 31eKTPOMAarHUT Ty/K;uHnap-
HW HYpaTyBuYM Kypuama BasugacuHu ytanau. byHgan tTusmm
Bubpatop pAeb atanagu. epy Kawd aTraH 6GUPUHYM BUO-
PATOPHUHT Tap?M 14.2-pacmpaa KenTupunrad. Enuk, KOHTypaa
371eKTPOMArHUT MalgOHHWUHT 3HEPrusicM KOHAEHCaTop K,omn-
namanapu éxya MHAYKTUB rantak 6unaH yerapanaHraH ¢aso-
[la TakcumaHraH 6ynca, KOHTYp o4vK, \onatra yTkasunraHgja
6y aHeprua KOHTYp Talk,apucuaa Tak cumnaHagu. Arap ¢aso-
HUHT LY K,UCMUJA 3NeKTPOMarHuT TebpaHmLl yipoTtunca, yHaa
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MNHnyxTOop Bué6paTtop PesonaTtop

14.2-pacm. 14.3-pacm.

X;0cun OyfnraH 3Heprus ysrapuiiy 371eKTPOMarHuUT TYNKUH
cugatmga Tapkana bownainan. epy, BUGPaTOPHUHT CUPUMU-
HY 6VPO3 OLIMPULL MaK™caauaa YHUHT YYnapuHU LWap LWaKam-
Ja fcaraH. WapnapHu, kyuynaHmwmn HKO*B aTpodmga bynraH
y3rapyByaH TOK MaHOGau-uHAyKTopra ynanmms (14.3-pacm).
LLlapnapHUHI NOTEHLMaNK eTap/in fdapaxaja katta oynraHaa,
ynap opacuja YYKyHnu paspag ?7<ooan 6ynaan Ba BubpaTop-
HUHT X.ap UKKana wapyacu ynaHagu. Lllapuyanap 6up Heua
MapTa KaiiTa paspsgiaHraHfjaH CyHr TebpaHulinap cyHagu.
30TaH, Wapnapga TynnaHraH anekTp aHeprus 3MeKTpomMarHuT
TYNKWHAAPHW HYpAaTuLLTa Ba XOoy/b uccuk™nrura capg éyna-
an. KeiinH nHankaTop BMOPaTOPHU iHa K,aliTagaH 3apsanaii-
NN Ba XapaéH TakpopnaHagu.

SNeKTPOMArHUT TYNKMHAapHU Kaiig KN Mak;cagnia
pe3oHaHc )<;ogucacugaH oinganaHunraH. bByHuHr yuyH epy
BMbpaTopaaH / Macoaga MKKWHYN BMOPATOPHWU YypHaTraH.
Arap 6MpUHYM BMOPATOP 3NEKTPOMArHUT TYK,MHAAPHUHT
MaH6aun 6ynunb xmsmat K™Mica, MKKMHYKN BUBpatop By TynK,MH-
NapHyW Kaiig KWunyBuM NpUEMHUK BasudacMHW yTaraH. Uk-
KMHYMN BMOGPATOPHUHT XYCYCWIA YacToTacu GUpuHUM Bubpa-
TOPHUHT XYCYCUI1 yacToTacura TeHI KWanb onuHraH. by Bn6-
paTop pesoHaTtop pAe6 atanagn. Bwubpatop Hypnatrad
3M1EKTPOMArHuT TYNK,MHAap pe3oHaTopra eTnb kenraHga y Bu6-
paTop yacToTacuga TebpaHa 6ownaingu. Lapuyanap opacuga
XOCUN By/nraH YYKyH/IM pa3psf pe3oHaTopra 3/IeKTpoMarHuT
TynMHnapu et KenraHmaaH gapak 6epraH. epy Bubpato-
puaa yVIPOTUAraH anekTpomMarHuT Te6paHNLINapHUHT YacTo-
Tacm V= 5¢10 Iy aTpogmpa bynraH. by kaTTanuk acocuga
pe3oHaTopra eTno KenraH 3neKTPOMarHuUT TYIKUHHWHT TY/KWH
Y3YHAUTUHKW Cc = A-r udogaga x;ucobnaiimms (6yHaa
¢ = 3+10* m/c, 3neKTPOMAarHUT TYTKUHHWHT BaKyyMaaru Tes-
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nurn). KentupunraH Kuimatnapra acocaH 6upunHum 6op ~ocun
I<;unuHraH aNeKTPOMarHUT TYNKAMHHUHT TYNK,UH Y3YHAUTU
A =0,6 m atpodhmnga 6ynraH. Keinnuanuk M. H. fle6eaes 1906
Mnnga V« 510 'y yactoTa 6unaH TebpaHaguraH Bubpa-
TOop Acab, TYNK™WH y3yHnurn s = 6 M0 6ynraH anekTpomar-
HUT TYNK,MHNaPHW XOCUNT KM MMKOHUATUIA ara 6ynagu.
1922 iinnga A. A. naroneea-ApKaabeBa yactotacu 3« 10" My
OynraH 3n1eKTPOMarHuUT TYNK,MHAApHU HypnataguraH subpa-
TOp AcaraH 3au.

lepy TaxpubacugaH Kyn yTmai 1895 iun 7 maipga
A. C. MonoB 31eKTPOMArH1UT TYNK.MHNAPUHN amMmannii Mak,-
caffa, XycycaH, CMMCWU3 anok"aHu y3atuiija UinaTtuw Mym-
KWH 3KaHAUTUHK ncboTnangn. 1896 iimnm 6y Taxpuba pagno
SWNTTUPULL fJapaxacuraya K nrapuiau.

KatTa-kKnumk Bubpatopnap €Ku aHTeHHanap Tapk“artagu-
raH 371eKTPOMarHuUT TYNK.MHAap pagno TYNK,MHNap ge6 ata-
nagy. Y napHUHT TyNkALH y3yHAMKNApU KEHT AnanasoHaa, SbHu
A= 10" 4 HO* M opanurnga ysrapuiim MyMKnuH. YMymaH on-
raHza, 3/IeKTPOMarHuUT TY/IK,MHAAPHUHT TYAK.MH y3yHaurn O
[laH Jekcusraya 6ynraH opanukga étagu. MacanaH, KBasu-
CTalMoHap 3M1eKTPOMArHUT MaifoH XOCWUA K,UAraH, SbHU y3ra-
pyBYaH TOK Hyp/iaTraH 3/IEKTPOMArHUT TY/IK HAAPHUHT TYNKUH

y3yHauru A= = 6e HW Tawkun atagn. by

TYNKUHHW Bupop NPUEMHUK épfamn 6unaH Kabyn K;unuLl
MYMKUWH amac. [leMak, KBasucTaunoHap 3neKTpomMarHuT mai-
JOHNap Tapknbuaaru TyNK,MHAAPHUHT TYNKUH Y3YHIUTY Xy[a
KaTtTa. BUHOGapuH, KBasucTaLMoHap 31eKTPOMarHUT MaifoH-
NapPHUHT TYNKUH Y3YHAUKNAPWUHUN ~T-a Y3YH TYNKUH Y3YHAUK-
nap AnanasoHura Knputamus. Y xonga paguo TyaKuHnap 2-
XajBanga KentupuaraH 3n1eKTpoOMarHuUT TYNKUH LUKanaHWHT
(hakaTt 6Up KUCMUHW TaLLUKWA 3Tadu, Xonoc. PagnoTynkuHnap
épfamupa paguo SWUTTUPULLHK, PajgMoasioKaHW YpPHATULL
6unaH 6up katopga, ynap épgamuga TacBUpnapHW y3aTwLL
(TeneBmaeHue), y3okaa >KoinawiraH 06bLEKTNApHU Kuaupuo
Tonuw (pagunonokaumnsa) MyMkKuH. 50-innnapga KynruHa ta-
pakkuit atraH mamnakatnap (AK.LU, dpaHumns, AHramna Ba
6ol kKanap) Aa 5ma Kyunu aHTeHHanap KypuaraH sgu. Pagumo-
aHTeHHa Ba paguoTeneckonnap épfamuia KOMHOTHUHT Xyfa
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Y30K; HyK;Tanapuga >koinawiraH o6beKTNapHW Pajuo3oH[
KoUMW Ba y;[apaaH KenaéTraH TYNK,MHAapHU KNaGyn K,unuw
VIMKOHUATN OYUAN.

14.3-§. QMMONHUHT HypnaHWLLIN

JNeKTPOMarHUT TYNKUHHUHI MaH6an 6ynnb, Hadak.at
BMOpaTop €KW aHTeHHa, 6ankn TebpaHMa )(,apakaT KunaétraH
AMNOoNb KW Te3NaHULLM HOMAAH (hapKIn 3pKUH 3apsagau 3ap-
panap )(av xm3mart Kunagu. MacanaH, MUKAOP Xun) aTugaH
TEHI, NeKWH Kapama-K.aplwu 3apsgfaHraH 3/ekTp AUNosu
HypfaTraH s1eKTPOMarHuUT TYIKUHHUHT X;0c1n BynuLl xapa-
EHMHWN Kys3aTailnvK. [uMnonb MyBO3aHaTAM )MonaTHU 3ranna-
raHfa >@ VKKK 3apagHUHr Macca mapkasnapn 6up HykTaga
€Tagn Ba AUNOSIHWMHI enkacu Honra TeHr (/, = 0). buHobGa-
puH, Oy BasusATharn aunonb (14.4,a-pacMm) 3M1eKTPOMArHUT
TYNKUHNAPHW HypnaTMmaian. Ounonb BepTukan yk Oyiinab
TebpaHMma )apakaT KuWcUH. ByHAa AMNofb MOMEHTU

(14.9)

KoHyH 6yinua y3rapagu. Aunonb Tapkuébupgarn mycéaT Ba
MaHpuin 3apsgnap 6up xun p™ = amnauTyga 6unaH Teb-

paHM6 Kapama-Kapliu paszara ara 6ynagu. Yopak faBsp-
Ja mMycb6aT Ba MaH(UA Kyrénm sapsagnap 6up-ompmuaaH mak-
cuman jomacodhara ysoknawagu (14.4,6-pacm) Ba y3 aTpogu-
fla yHAaH Yy30KpOK Mmacodanapfa y3rapyB4yaH 371eKTpo
MaingoHHN YIPOTagn. KeiinHru -T BakT opampuaa 3apag-
NapHUHT 6Up-6upura aKMHAAWKUWK Kysatunagn. Kyd ymsmk-
napu aca 3apsagnapfaH ysok;nawa 6ownangn (14.4,8-pacm).
Apum gaBp 2™ opampuga 3apsgnap ys3apo KomneHcauus-
nawm6 Konaau Ba Kyd 4Ymsmkgapu ys-ysmgaH énunumb aunon-
fJaH axpanagu (14.4,r-pacm). LLyH1 yHYTMacnmk Kepakku,
AVNONAAH axpanraH TYNKUHAa E H BekTOopnap maBXyf.
3otaH, E BekTOp 3apsg TOMOHUAaH yihpoTunraH 6ynca, 3a-
PALHUHT >;apakaT H BeKTOPWHW t03ara Kentupagu. by nkku
BEKTOp Y3apo TUK Tekmcnapaa xoinawraH (14.1-pacmra). Teb-

PaHULIHUHT UKKUHYN SPMU JaBpuAaa AUNOMb YIATOTraH anek-
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(r>- L )

nT

14.4-pacm.

TPOMarHMT MaifioH yYHAaH y30K”MalWwunb, mMaigoH MaHG6GanaaH
MyCTak™n dwakign. AMMo 6y gaBpaa Annonb KNTonapn ysra-
pn6 konagu. Ly sapum fasp opanvpuga tok,0puga Kentupus-
raH >kapaéH aiiHaH TakpopnaHagu. Aunonga wWwakny OngnH-
rucura Sb(waraH, NeKMH Teckapu MyHanuwra ara 6ynraH sHru
3NeKTPOMarHMT MaiigoH naiigo oynagn (14.4,4-pacm).

AneKTpoAnHaMMKa K,0HyHNapura acocaH AMNoJb Hypna-
HULIMHWHT OHWIA KyBBaTW

c'p.

6nC

ngpopa opk,annm aHMByTaHMWKM McboTnaHraH. byHaa c-3nekT-
POMArHWUT TYNKUHWHWHT Bakyymfarun Te3furu;  — MarHuT
poumniicn. (14.9) TeHrnamagaH Bak.T GyiiMya UKKUHYM Tap-
TM6K >locuia onainnk:

By ntopgaHn oKopmaary TeHrnamara Kyicak, AUNOAHUHT
OHWI KyBBaTK

N = (14.10)
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WaknHu onagn. Kentupwn-
raH ugofafaH pasLUaHKMW,
ONNONb HYPNAHULWMHUHT
KyBBaTU XaMMa hyHanmwiga
6up xmn amac. 14.5-pacmga
Ounonb HypnaHuun! aHepru-
ACUHWHT AyHanuwra 6or-
JMYIVK guarpammacu Ken-
TMpUAraH. AkKanaHraH AuNoJib HypnaHULWKN aHTeHHa Hypna-
HULWWra 3KBMBaNEHT. ByHaH MyXuUM Xynoca LYKKW, BEpPTUKan
YPHaTU/raH aHTeHHa BepTWMKan MyHanuwpa 3M1eKTpoMarHuT
TYNKUHNApHW HypnaTMmaigu. [opusoHTan MyHanuwpja aca
3N1EKTPOMArHUT TYNK MHNAPHUHT HYPIATULW UHTEHCUBANTU 3HT
KatTa. 14.5-pacMfa KenTupunraH guarpammagarv HypnaHuwl
OKMM/H/MHT aHeprusicn (12.37) TeHrnama opk,anv ugoganaH-

raH. YMoB-MMOATMHI BEKTOPU S HUHI AUNOAb YKW 6unaH
X0CUN KunraH 6ypyak 0 =y 6ynraHaa, Y MoB-ITOATUHT Bek-
TOpW 3HT KaTTa Kuimatra apuwagu. LUy 6oncgaH 0 =j 6yp-
YyakK ocTufa MyHanraH 31eKTPOMarHUT TYNKWHNap 3Heprus-

CUHUHT OKUMM 3HT HOKOpPUAMP.

Ma3Kyp KYPCHUWHI 3feKTpocTaTMKa Kucmupa mogpanap
Tapkmbugaru atoMaapHuW AUNosb LWakanga TacaBByp KUauLL
MYMKWUHAUTUHW KypcaTub yTraH 3guk. BuHobapuH, atom
Tapkmbugarn 3NeKTPOHMapHUHI MyBO3aHaT/IM X0flaTura Huc-
6aTaH Te6paHNO TypuWwKM aTOM HYPNaHULIWHW BYXYyAra Ken-
TMpagu. ATOM 3/1eKTPOHU LUKAMK YacToTach @ amnautypga-
cu = el* 6ynraH Te6paHMa xapakaT kunca, (14.10) ra aco-
CaH, aTOM HYpAaHWLIMHWHT ypTaya KyBBaTu

<Jv>=T#

Oynagn. YyHKM, sin «t HUHT ypTaya KuiAimMatu sipMura TeHr,

AbHM < sincoi (nhopaparv e — 3NeKTPOHHUHT 3apsgn).

Tawkn Tabcup OynmaraHga, aToM 37eKTpoHNapu akart
NCCMKNNK \apakaTu Tyainu TebpaHuwmn MyMKuH. Mogpa-
farn atomiap ysapo 6ornaHraH Ba ynap UCCUKIMK X;apakatu
Tabcmpuga ;MaHepruaHu oTagun. by sHeprus aTOMHUHT NYKK
3Hepruscura aitnaHnob, aTOMHUHT BaneHT 30HacKAa »Xoinat-
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raH sNeKTpoHap opacuia Tak,cumnaHagu. Hatwkaga BaneHT
3N1EeKTPOHNAPHUHT KUHETUK 3HEPrusacu owagn. 3NeKTPOH-
napHuHr )(,apakatugaru 0y ysrapuil aTOMHWHI Te6paHuLLn
cugpatnga HamoéH 6ynagu. LUy ypuHAa, KUHETUK 3Hepruscu
OWTraH 3/IeKTPOHNap aToMAaH uik™6 KeTMalanummn feraH ca-
BO/ TYTUAWUWN MYMKWUH. DNEKTPOHHM aTomfaH y3ub onuvwl
YUyH ed, = [l. 6MNaH aHUKLAHTaH MOHM3aUUsa MWKHK Baxa-
puw no3um (7.1-8 ra K,apaHr). Oaunin wapouTaa aTOMHUHT
NCCUKANK X,apaKaT 3HEPrUACK MOHM3ALUSA ULINLAH aHYa KK-
ynk {KT << A). ATOMHUHT Te6paHULLIN Xyfda K;UCKa, TaXxMu-
HaH 10 *paBomufia Kysatunagu. by Bak,T opanuruga y totraH
SHEPrUACUHU 3NEKTPOMarHUT TYNK.MH cudatuia Hypnatagu
Ba MyBO3aHaT/NM X;ofatra yTafu. Y TapkatraH 3fieKTpomar-
HUT TYNKWUH 3ca aToMfaH ~3 M Macodara y3ok;nawagu. ATom
6owka aTomnap 6unaH 6ornaHraH 6GynraHuWaaH, y siHa Wc-
CMBYXMK >"apakaTia ULWTUPOK 3TWG, toK,opuaaru xxapaéH Oy
aToMja KaiTa TakpopnaHagu. [emak, Temnepartypacu abco-
NOT HOMAAH HOK.0py BynraH X,ap K,aHgai moaja Tapkmbuaaru
aTOMJIapPHUHT TebpaHulWKAaH X;0cun 6ynraH sneKTpomMarHuT
TYNK MHNap MoAada cUpTUAA UCCUK;IMK HYpRaHUWu cudatnga
HypnaHm6 Typagu. Mogua Tapknéuga “mnccuk;” atomnap 6u-
naH 6up K,atopga “coByk;” atomnap Xxavm 6op. BuHob6apuH,
mMojfda cupTuiaH TapkanaéTtraH 3/1eKTPOMarHuT Tynk“vHnap-
HUHT TYNKWUH Y3YHAUIW XKYJa KeHr AnanasoHga ysrapagu. Mact
Temnepatypanapga mMogfa cuptuga HypnaHaétraH 31eKTpo-
MarHuT TYNK;UHAAPHUHT TYNKWH Y3YHAUTN KaTTa Ba ynapHu
o44niA Ky3 6unaH ce3uw MYMKWH 3mac. LUYHWHT yuyH Oy
Hypnap 2-xajBanja KentupuiaraH 3/MeKTPOMarHuUT TYNK;UH
LWKaNaHUHT UHPaK™ 3NN KUCMUHW TallKUa aTagu.
MogaaHuHT TemnepaTypacy Mab/iym 6up Kuiimatra eTraHga
YHOaH TYNKMH LWWKanaHWUHT Kysra KypuHaguraH k;ucmuga ét-
raH 371eKTPOMarHuT TyNK™MHAap HypnaHa 6ownaingn. NMHCoH-
HUHT KY3U TYNK;UH y3yHaurm A=7,6m - 3910 opanu-
puga éTraH aneKTPpoOMarHuT TY/MHNAPHU ce3nLl KOBMAuaTura
ara. Temnepatypa Xyga toK,0pn 6ynraHga Mofua HypaaHuLun-
HUHT CNeKTpUaa Ky3ra KypuHaguraH Hypnap éunaH 6up katop-
[la KypULL YyerapacMHUHT 10K,0pucuia éTraH Ba yibTpabuHadLua
Hypnap fe6 aTanyBuM 3NEKTPOMArHUT TyNK MHMap Xxocun byna
bownaign. HUXoAT, TabCUpKW Xyda Kyunu OynraH peHTreH
Hypnap 3apsagnm 3appanapHuHT Kyyiv TOpMO3NaHuWmnaa, Tab-
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cupwu yra Kyunu 6ynraH ramma Hypsap aca A4poBuid napyana-
HUWga to3ara Kenagn. Xynoca Kuaué antm MyMKUHKM
KaHfalh HypnaHuL, y KaHgai Tabcup HaTvXacuia tosara Kef-
MacuH, 3/IeKTPOMarH1T TY/NKWUH TabuaTtura aragup.

TynkvH
Hypnaxuw Typu Y3YHUTaHVHT
ananasoHun (M)
YTa y3yH 3N1eKTpoMarHuT

TYNKUHNEp 0 gaH > K*
Y3yH paguo TynKuHnap HOor- 10
YpTa paguo TynLuHnap 10 - 100
Kucka paguo TynkuHnap 10™- 10
YnbTpaKkncKa paamno

TYNKNHNAP 10 - 10-’
MHdpakmsun Hypnap 10-’ - 7,6-10-~
Kysra KypvHaguraH

Hypnap 7,6-10-> -3,9-10-"
YnbTpabuHadwa Hyprap 3,9-10-7-1,2-10-"
PeHTreH Hypnapu 2-10-* - 1,2-10-»

Mamma Hypnap 4,66-10-"" Ba 10-”

2->Kajaparn

YactoTtanmHr
AvanasoHun (IMu)

< 3-10%
3-10%- 3-10"
3-10" - 3-10«
3-10n - 3-10°
3-10° - 3-10"
3-10" - 3-HO™

4-10"'- 0,8-10~
0,8-t0™ - 2,5-10«
1,5-10"*- 2,5-10“
6,4-10""Ba > 3-10



WTOBA

SNIEKTP BA 3JIEKTPOMAIMHETU3SMIA O ®UN3UNK
KATTANNKNAPHUHTE XANK;APO TU3UM (CU)OATU

BUPINKIAPU
DU3NK Bupnnkka  ®u3NK KatTainmk
KaTTa/IMK Ba acocg 6ynraH 6upnurn Bsa Empnm;:ﬁggv?msw
YHUHT 6enrucum noga ynyamm
|
3apag 1Kn=1A- YTKasrnygaH 6up
Mukgopn*[9] (T-A) cekyHaga 1 A (amnep)
TOK yTraHga yTKasruu-
HUHT KyHfanaHr Kecumu-
faH OKMb6 yTraH 3apsag
Mukgopu 1 Kn (KynoH)
A fevnnagn.
MoTeHuman 15 = lﬁ(n
bl 1 Kn 3apsigjHuU MaifjoH-
(B"MT-"A)  HuHr 6epunran Hyk;Tacu-
[aH YeKCU3INKKa K™NK-
puLwga anekTp Kydnapu 1
X vw 6axkapca, ManfoH-
HUHT WY HYKTaCMHWHT
noteHumnanun 1 B 6ynagw.
MoTeHunannap
ainpmacm éxkm 1Kn 3apagHun malifoH-
KyunaHuLL (B'MT-A)  HuHr 6up HykTacuaaH
1o -(P3 = um\ WKKWNHUYM BUp HyKTacura
KyumpuLga 3neKkTp Kyd-
napu | XX nw 6axapca,
0y WKKW HYKTaHWUHT Mo-
TeHunannap alimpmacu
(kyunanuw) 1 B (BONbT)
nelivnagn.
neKTp E=\8
° M g_,\ .
MalifoH — LyHAaW y3rapmac
Ky4naHraH - (bMT-"A-Y) o
m [£] 3M1EKTP MalfoH KyunaH-
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raHaurukm, 6y maigod
Ky4 UYUBUKNAPUHUHT
AyHanuwmnpga onuHrad



3apsAgHUHT
UM3NKYLLI
3nunurn [1]

3apsAgHUHT
CUPT 31M4AUTN
M

3apsAfHUHT
Xeaokmui
munurn [

3nekTp ®. =E3
MalifoH
Ky4naHraHamk
BEKTOPUHWHT
oKMMU [De]

1
x

Cumknw B
BekTopwn [/)]

ONeKTpo
avnonb

Pery1

16 — Y. K. Hasapos

(b-4UA)

T=

&-4A)

P. =
(1-4A)

P =1Bwm
MMT-"A>)

(b-"TA)

p, =1KnM
(bTA)
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[Jasomun

WKKW HYKTa opacupgaru
Macota 1 m 6ynraHpa,
ynap opacugarv noTeHuu-
annap alimpmacu 1B ra Ka-
Masign. ByHpai maigoHra
Kuputunarad 1 Kn sapsagra
anekTp maiigoH 1 H kyu
6unaH Tabeup Kunagu.

1~ —6up MeTp YM3NK;-

nm ~tkasrmdga 1 Kn 3a-
psg MUKZopu 6up Tekuc-
fla TakcuMnaHagu.

, Kn

M2 — CcuUpTU CUNIKK-
NlaHraH siccu naacTUHKa
(YTKa3rnuy)HuHr 1 M 1o3u-
fna 1 Kn 3apsg 6up Tekuc-
fa TaucumnaHagun.

Xaxmm 1 M bynraH sx-
NINT YTKA3rMYHUHT BYTYH
3Naxvn 6yiinab 1 Kn 3a-
psg 6up Tekucaa TakcUm-
NaHraH aKaHAurnHyu 6un-

aupagu.

1B M —3neKTp Ky4 4un-
3UK;lapura TUK ypHaTui-
raH 1 » 3gaH 1 B/M
KyY/aHraHAvK Yvsvk™Nnapn
yTraHUHKW Kypcatagu.

Kn
My — 6up KBagpar

MeTp to3ara 1 Kn 3apsag
)MocLul KPnraH Ky Ymnsmk,-
nap TUK yHanraH akaH-
NUTUHN Gungupagu.

Musgopnapu 1 Kn pgaH
bynraH Ba 6up-6upugaH



1
MOMeHTa
Pe

DNEeKTp cUrnm

[Q

Tok kyun [/1

Tok 3nunuru

B

OneKTp
Kapwunuk [/1]

Conuwirnpma
3N1EKTP
Kapmnmk

P

QneKTp
yTKasyBYaH-
nvk [O]

Connwtnpma
___3MeKTp

C=«
8

I. -

P=nr
P

_\B
I‘OM—\A

(b"MT-")

p=\0M-mMm
(b’MTAAY)

\Cm = léll\;

(b-"M-PA-2)

[asomun

1 M y3oKnukga TypraH
MKKW kKapama-kKapLu
KyT6nun 3apagnapHuHT
MOMEHTMU.

AMTKasrmdra 1 Kn 3apsag
6epunraHfayHuHr NoTeH-
umann 1 B ra owca, 6y
YTKa3rMYHWUHT 3/1eKTP CU-
rmvn 1 @ (chapag) gelin-
naupm.

1A HUHT Tapugm xansa’(-
ra 6epunraH nsoBga Ken-
TUPWUATaH.

1 A-bl 1ok kyun
YTKa3srMyHUHr 1 ™
KyHAaMaHT Kecumu 6yiin-
ya 6Up TeKUcha TaKcUM-
NaHraH 371eKTP TOKHUHT
3Munuru.

VIKKV yumngarn Ky4naHui
1 B 6ynraHga, 1 A ToK
yTaguraH yTKasrmMyHUHT
Kapwwunurn 1 Om geim-
nagw.

KyHganaHr kecumm 1m
y3yHnuru 1 m 6ynraH Ky6
LWaKIUgary yTKasrmyHuHr
CONULLITUPMA 3NEKTP Kap-
wunurn 1 Om mm gelin-
nagu.

K,apwunurn 1 Om 6ynraH
ANTKa3TMYHUHE 3M1EKTP
yTKasysdyaHnurun 1 Cm
(cumeHc) peiinnagw.



1

yTKasyBUaH-

nuk [yl

DneKTp
IOpUTYBYUN KyY

Marant
MHAYKUMsCH
[B]

Maraunt
MaiifoH
KyunaHraHnm-
rm [H]

TOKNN KOH-
TYPHUHI Mar-
HUT MOMEHTU

MarHut
oKumMn 19T]

=A7[E,di
B=
P.-1-S

= DS

\Tn =\ M
MA

(MT-"A-%)

(L-A)

P,=1A-M"
LA

\Bb =\Tnm
(UMT-2A)
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[asomu

TomoHnapn 1 M pgaH
bynraH Ky6 Lwaknugarn
YTKasMYyHUHT  31eKTp
yTKasyBYaHAUrn peiunna-

an.

1 Kn 3apsifiHu1 TawK;n Kyy
KnputunraH 6epk 3aHxup
6yiinab Kyumpuiiga Tail-

Ky4 15K nw 6axapca,
6y Ky4HW y3 nuura onraH
TOK MaH6amHuHr 3OK 1
B 6ynagu.

1Tn (Tecna) ne6 wyHaak
y3rapmac MarHuT MaiifoH
WNHAYKUMsicura anTunagu-
Kn, 6y ManfoOHHWUHT Kyd
ynsnnapura TUK ypHa-
TUAraH ytkasrnygaH 1 A
TOKYTraHfa, MarHuT maw-
[OH By YTKa3rM4HUHT 3;ap
6up meTpura 1 H kyy 6u-
NaH Tabcup aTagu.

Paguyem V= 05 M
6ynraH govpaBuii KOHTYp-
faH 1 A TOoK yTraHga,
YHUHI MapKasuga Xocun
6ynraH MarHuT MaigoH
KyynaHraHnurn 1 A/M ra
TeHr bynagu.

1AM — 1031 1™
bynraH cupTHu Ypab on-
raH KoHTypgaH 1 A TOK
YTraHgarv MarHuT MOMeHT

MarHuT nHgykumsacu 1Tn
bynraH mMalioOHHUHT Ky4
ynsnk~apura TUK YpHa-
TunraH 1M o3aHu Tewwmb
YTraH Ky4 UN3nKnapuHuHr
okumn 1 B6 (Bebep) 6yna-

an



Jasomu
1 2 3 4

VHOYKTUBAUK b -

. di/dt /e

Tok Kyun 1 cekyHgua 1
(MMT-3A-2) A raysrapraija 1 B uH-
aykumna SHKOK xocun
1?lnagmraH KOHTYp (cone-
HOWA)HUHT UHOYKTUBAN-
rm 1 H (reHpu) bynagn



MYHOAPVKA

1 kvem. SJIEKTPOCTATUKA

1606. INeKTP 3apAf. DNEKTP MAMMOH .ottt 5
1.1-§. 3nekTp 3apag. 3apALHUHT CaK;NaHULW KOHYHW ..o 5
1.2-8. 3apsgnapHVHT y3apo Tabcupu, INeKTp MaiijoH

KYUNAHTAHINT W e .6
1.3-8. MaiifoHnapHy XaMaall TaAMOMUIIM ...ocvevrerieererieinieieieinieieisieeeeas 1
1.4-8. OneKTp MalAOHHUHI rpauK TacBMpU. DNEKTP Kyd

UMBUKNMIAPU O KM P ittt 14
1.5-8. TAYCC TEOPEMACH...c.cuiirieiiieieerieiete e W17
1.6-8. OnekTp MaifoH noTeHuuwanu. MoTeHUWan rpagueHTMU.......... 20
1.7-8. 3nekTp MaigoHnapHu )mcobnawra Maycc Teopemacu-

HUHT TATOUK Mo 26

2-606. AM3aNeKTPUKNAPAa 3MEKTP MAMGOH ..ot 31
2.1-§8. KyT6/n Ba KYTO6CU3 AUINEKTPUKIIAP .coicieieeiieireeieenireeierearenenens 32
2.2-8. [InanekTpuK Kabyn KunyBYaHAMK Ba YHUHT Xapopatra

BOPITUK NI Mttt e 35
2.3-§. Cumkuwl BeKTOpU. NKKU OM3NMEKTPUK Yerapacujarn snekTp
MATLLOH ettt 42

3-606. DMEKTP MaNfOHAATMN JTTKABTUUMIAD. c.cuiviuerirererererenereseneseseeeseseeeseseeeseeens 47
3.1-8. 3NEKTPOCTATUK MHAYKLMS ..ot 48
3.2-§. fAKKanaHraH yTKasrM4HUHI 3/1eKTP CUTUMU.

KOHOEHCATOPMAP vttt 50
3.3-8. DNEKTP MaANLOH FHEPTUSCU oot 57
3.4-§. Y30K[aH Ba AILMHAAH TabCUp KWL Ha3apuUsanapH.......... 60

Il umem. SNEKTP TOK
4-606. Y3rapMac TOK KOHYHJITAPM...c.couiururuiririeieninesiesesesieiesesesseeseseesesesisseesesses 62

4.1-8. DneKTp TOKM Ba YHUHI acoCU KaTTaIMKNAPW....cccovrrereeeenens 62

245



4.2-8. "M3rapMac TOK KOHYHIAPM ..ccucuiiieiiiiieiiisisie st 66
4.3-§. OM KOHYHUHWHT yMymawiraH udogacu.

ONEKTP HOPUTYBUM KY U ottt 68
4.4-§. Kupxrodh K,omganapu...

5-606. MeTannapgarv yrkasyBYaH/MKHUUT 3/1eKTPOH
HABAPMIACK et ettt e en e s 76

5.1-§. MeTanngarv yTKasyBUaH/IMKHUHI 3/1EKTPOH TabuaTuHm

TACAMKIOBUMN \OLMCANAP cecueeverriiieierisieieiesesieseesesie st 76

5.2-8. MeTanngarv yTKasyBYaH/INKHUHI 3/1EKTPOH Ha3apuscHu....... 79
5.3-8. BugemaH-®PpaHL, KOHYHW. SNeKTPOH Ha3apUsHUHT

ACOCUNA KAMUYMUKIIAPM . ..oviiiiieiaiereieeeeiesesesasesesssesesesesessesesesesens 83

6-606. Bakyympaa anekTp TOKW. TepMO3NeKTPUK <COANCRNIAP. ......covvererenene. 88

' 6.1-8. Unkmw nwn. KOHTaKT MOTEHLUMANMN .o 89

6.2-8. TepMO3/IeKTPOH 3MUCCUA XOJUcCaCHU...

6.3-§. KOHTaKT noTeHuuannap anmpmacu.. ..96
6.4-8. TepMO3NTEKTPUK \OLMCAMAP c.cvveieriiririeiririsisisieieisieies sereiesenesesesenas 99
7-606. aznapfa 3NeKTP TOKU. TTNMA3BMA. ..o 104
7.1-8. VIOHNaHWLWW 3HEPrusicn Ba MOHNAHUL TYPAAPU...ccoererrerenne. 104
7.2-8. MycTak;un 6ynmaraH paspsaj
7.3-8. MYCTAKUIT PABP AL eceeiriiiiirinieienisieiee sttt sees s eeesenesessesessessenes
7.4-8. Mnasma. MNnasmMaBuii TEOPAHMLLIAP .ccciiimierireeereeeneneeesenenas 111
7.5-8. [eb6ali paguycu . 114
7.6-8. MNasmMaHUHT 3MeKTP YTKA3YBUAHIUIM M. .couvuiiireriiiieieenenieieens 115
W knem. SNTEKTPOMATHETW3M
8-606. DMEKTP TOKMHUHT MArHUT MAMOHM . ...c.cvrureiiiriieieieieisieie s 118
8.1-§. MarHuT MaigoH. MarHuT malijoH MHAYKUUSA BeKTopw......118
8.2-8. AMMEP KOHYHMW.cooviiiiiirieiicienne ... 123
8.3-§. B1o — CaBap — J1annac KOHYHWM .....ccccveveurieieinicieneiciniencnienes 125
8.4-8§. buno — CaBap — Jlannac KOHYHWUHWHI Typ/u TeKau
YTKA3MNUNAP YUYH TATOUK; Moo 128
8.5-§. Tyna TOK K.OHyHW. CofleHOUA Ba TOPOUAHUHT MarHuT
MafoH MHAYKLMACUHUN X;ACOBMALL ..veeieecrieeiersieeienne

8.6-8. lMapannen TOKNApHUHI y3apo TabCUpWU.
8.7-8. MarHuT MaiijoHHUHT TOK/IN KOHTypra Tabcmpu
8.8-§. MarHuT MaliijoH UHAYKUUS BEKTOPU OK.MMW. MarHutnm

BAHMKUPIIAP coireieiiiiiee et 142

8.9-§. ToknM yTKasrmyHy MarHuT maiijoHaa Kyuupuwija
BAKAPUIITAH VLU 1ottt 146
9-606. 3apsanv 3appanapHUHT MarHUT MaiigoHaaru ~apakaTl........... 148
9.1-8. JIOPEHLL KY UM ottt 149



9.2-8. LUIMKNOTPOH. M [-TEHEPATOP .cvovreerireririeinieieieresieeesesie s 152

9.3-8. XOJT LOAMCACU coviieiiieieieerietett ettt 156
10-606. MopganapHUHE MAarHUT XOCCAMAPM .cueurrreriieeeeereeeeresieienens seeeeas 159
10.1-8. ONMeKTPOH Ba aTOMHWHI MArHUT MOMEHTAAPU...ccccvvrvcvnnnen 159
10.2-8. OAuamMarHUTAGPHUHT MATFHUTAAHULN. ..o 163
10.3-§. MapaMarHUTAaPHUHT MAarHUTAGHUL M. ..ot 167
10.4-§. deppoMarHUTNAPHUHT MarHUTAaHULLN.
AHTUDEPPO-MATHUTIAP cveeeeiiriirierisieeeiesesieesesesie e sassesesesesseseenes 172
N1-606. DNEKTPOMATHUT MHAYKLMS . ...ovviriicirieiereierereisiere e 179

11.1-8. 3neKTpPOMArHUT UHAYKUMA X;oaucacn. NHAYKLMA 31eKTp

FOPUTYBUM KY U oottt e 180
11.2-8. Y3NHOYKUNA 2NO[MCACK. ....ceeeeiciinieieieiesieie e 186
11.3-§. "3apo uHAyKUMA ?(;ogmcacu. .. 190

11.4-§. MarHuT MalifjoH 3HePrusicu...
12-606. DNEKTPOMATHUT MAMAOH HABAPUACH .ccines v 196

12.1-§. MakKcBeNIHUHT UHTerpan TeHrnamanapu. CumkuLl

TOKM ettt 196
12.2-8. DNEKTPOMATHUT MAMFOH oo ...201
12.3-8. MaKkcBeN/IHUHT fuddepeHuman TeHrnaMmanaph. ... 203
12.4-8. 2NeKTPOMArHUT MalAOHHUHT TapK;a/iLW Te3/IMru

Ba YHUHT SHEPTUACK .c.ociiiriiieieeteieeteres e 206

13-606. KBasucTaumoHap 3/1eKTPOMarHUT MaifioH.

ONEKTPOMATHUT TEOPAHULLIIAP .cverieiirierieiieieresie et 212
13.1-8. ~M3rapyByUaH TOK. VIMMEAAHC. ... 212
13.2-§. TebpaHuw KOHTypu. CyHYBUYM 3/1EKTPOMArHuT

TEOPAHULLITIAPD ovviiiiiitieietieie bttt bbb 218
13.3-8. Maxbypuii aneKTpoMarHuT TebpaHuwinap. PesoHaHc
XOAMCACU 1.ttt ettt 223
14-606. 3NEKTPOMATHUT TYNIKNMBIIAP ..ccveuirieieiieeieesisieie et 227
14.1-8. 3neKTpoOMarHUT TYNKUHNAPHWUHI XapakaTt
TEHTIAMANAPU . c.viiiiiiiii s 228
14.2-§. OneKTPOMarHUT TYAKUHAAPHU HYPAATUL ..ot 232
14.3-8. OVNOMHUHT HYPNAHULLM oot 235



"Tknp Kyduoposuy Hasapos

YMYMUN ®U3BNKA KYPCU
11 xung

Bagunii my3™appup X- Mey”MOHOB
TexHuK my2;appup Y. Kum
Mycsaw, H. Ymaposa
KomnbtoTepga Taépnosun 3. Kum

Tepuwra 02.11.2000 ga 6epungn.Bocmwra 18.09.2001 i, fa pyxcat
sTunan.bnunmn 84x 108722 “Taiimc” rapHuTypaga ogceT 6ocMa ycynuaa
6ocungn. Waptnm 6. 1. 13,02. Hawp 1. 9.82. 2000 Hycxaga yon aTUNAN.
Bytoptma Ne 173. Bax;ocu LwapTHOMa acocupa

“Y36eKNCTOH” HalpuéTn,
700129, TowkeHT wastpn, HaBounii k™acu, 30.
Hawp. Ne 112-2000.

Y36eKncTOH Pecnybnukacu fasnaT mMatbyoT xymmTtacu
TOWKeHT KNUTOB-XXypHan (abpukacunga 6ocungm.
700197, TowkeHT, KOHycobog ganacu, Mypogos K™acu, 1.



“Y3BEEKUCTOH”



