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C¥3 BOUIH

Xo3npru KyHaa pecny6aukKajiard KyMuHJAHK Nelarordika
HHCTHTYTJIapuia <«Marematuka» xaMja «YMyMTeXHHKa
¢danaapu Ba MexHaT» HXTHCOCAHUIH GyHiH4Ya TaxCHJ OJYBYH
tanabanap (u3HKa (aHUHH VypraHdlija TeXHHK OJHH
VKYB 10pTyiapH €KH (PH3MKa MYTaxaCCHCJHTH y4YyH YHKa-
pHJAraH YKYB KyjaaaumajapujaH ¢odgasananuaap. AMmo
6y KyananManapaard MarepHaanaap (H3HKalaH XaJk
Ta’bJIUMH Ba3HPJHTH TOMOHHIAH TacAMKJAHraH HacTyp
MaTtepHaaaapuHe Tyamk kKampa6 oamaiigd. lyuunr yuyn
Husomnii nomau Towkent [laBiaaT memarordika HHCTHTYTH
¢u3nka kKadeapacHHHHr Kyn HUJJHK HJIMHH Ba MeJarorHk
v Ttaxkpubanapura sra Oyjaran ab3ojiapH HOKOpHAA 3HKpP
KHJMHFAH MYTaXaCcCHCJMKJAp YYyH MYJKaJjjdaHTaH VKyB
KYJIJMaHMaCHHHHI <«YMyMHH (H3HKa KypcHHHHr» <«Mexa-
HuKay Oyaumuap 1989 #uaga, «Mosekyasp ¢du3HKa Ba
TepMOAHHAMHUKA acochapu» Gyaumuuu 1992 fuapa Haump
KHJAAHpraH 3gunaap. Yuwly KyanauMma yMyMmai ¢H3HKa
KYPCHHHBT HarGaraaru «J7exTp Bd MeTdeTH3M» OyauMuaup.

KyananMana ox0opuaa 3HKP KHJHHTAH HXTHCOCJHKJAAP
YUYH MYJKaJnaHraH AacTypiard MaTepuHajap TYJIHK épH-
THAAH. TymaJuKHH TabMHUHJAALIL Makcaaujga afpuM Ky-
uI¥Mya MaTepHaagap xam kupurtmiarad. Makra6 odusnka
KYPCHAAH OJHHran OGuaumJjaap 3bTHOOpPra’ oJAHHHO, IaBo-
MHHAHMKHH cakJjalira HETHaAdK, LyHuHr  yuyH xam Gap-
ua MaTepuasiaap xaaxapo Gupaukiaap cucremacH (CH) na
6aéH KHJIMHIH,

Ywby kVaranMauupr kKViaésMacHHH VYKHO YHKHO, V3-
JIapHHHHI KHMMAatiaum (MKp Ba MyJoxasajapuun Gepran-
aukaapu yuyn Paproda Hassaar popuadbyHyHHHHHT H-
3HKa VKHTHII  METOAMKACHHHHr  MyaHpH, Tmpodeccop
A. Y. Paxumosra, Husomuit Homaum Towxkentr J[Hasaar
Nearornka HMHCTHTYTHHUHT (DH3HKA VKHTHIN MeTOAHKACH
kadeapacunuer mnpogeccopy B. Mmupsaaxmenos, yMmymuii
Ba 3KcHepuMeHTa] (usnka xadeapaCHHHHT MYAHDH, Jo-
near M. HMcmounos, snekTp Ba pajgHOTeXHHKa Kadenpa-
cununr pouentu C. Agues, TAJ ymymuii duauka xabenpa-
cUHHHT Katta VkuryBumcun P. IOcynoeB Vprokaapra wmy-
aanudaap VY3NapHHUHT HMYKYP MHHHATAODUHJIHKJIAPHHH
6uapupasnaap. Iynnnraex, ywby KyanaHMaHHHT KYJIE€3-
MacH OHjaH TaHHIIHG, Y3MapHHHHr (GHKp Ba MyJoxasana-
pPHHM Takpu3 opkand OuagupraH 6apua Xxamkacbaapra
TallaKKyp HM3X0p 3TaxuJjap.

Myararugprap
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KHPHII

¥3 s3amonacuja 1OHOH TYKyBYH  KH3JapH MOKHHHHP
yuyura ypHartuJraH Kaxpa6o TYKHII Kapa€HHA4 HI-TO-
MajJapura Terud MINKAaJaHHUIA HaTHXKAacHAa, V3ura €HrHJ
HapcaJJapHH TOPTHLI XyCycHATHra 3ra OYJuHO KOoArauHHH
cesuwrad. TyKysun Kuanap cesraH 6y XoaHca <KaxpaGo
XomucacHy ne6 HoMJaHraH O0VJca-ga, KeHHHUYAJHK <3IJCKTD
xXoxucas ne6 arana Gomianaw. MiuukanxaHuil HaTHXKacHAA
y3Hra €Hrua KHCMJAPHH TOPTHII XyCYCHSITHra sra GyJHiul
XOAHCACH, «JNeKTpJaaHuml» ne6, OyHmal XycycHATra 3ra
OyJraH XKHCMJAD 3Ca «3JEKTpJaaHran» (EKH SJEKTP 3apAle
ra ara) xucmJjap Ae6 oputuja Gomaanan. Taxpuba aco-
CHAa 3JEKTPJAHraH JKUCMJAPHHHT ¥3apo TabcHpH OHp-
OHpMapHHU TOPTHWIHII EKU HTApHIIHUI KYPHHHIUHAA Ha-
MOEH OYJHIUHM aHUKJaHTaH. Yiia HAaBpAa UKKH Typ 3apsi-
Jlap Oopaurd Kaia KHIHHUG, Tepura IUHIIA MHIKAJaHraH-
Ja, muwana xocua Oyaran 3apax apTjdH  paBHilija
«Mycbart», Tepuaa XocHa Oyarad 3apsai 3ca «MmaHduiy
ne6 onunrad. UlyHunrgek, »60HHT XKYHJIH MaTora HUIKa-
Jlanranjga 36oHUT — MaHduE, MaTo — Myc6aT 3apdAra 3ra
6Vaanu. Bup xua uwopasnd 3apsyiap y3apo HMTAapHLIHILH,
Xap XHJ HIIOpaJMJIapH 3Ca TOPTHIUHIIK TaxpHOanapaa
anuxaanrad. Kyn acpnap yru6 muxosar XVI acpaa uHrius
onumu B. Tunbnbepr kaxpaGopan Oomka 20 pam opTHK
MoJJa Vy3apo HIIKaJaHraHJa XaM TOPTHUI XOCCacHra
IPHINHUIIAPHHH aHHKJIAraH.

Opanan gapuii6 200 #ua Yrrau, B. Ppankaum,
M. B. Jlomonocos Ba I'. B. Puxmau (XVIII acp) V3 tax-
pubasapn GunaH armochepasa pyH Oepaaural «sLIHH»
3J4€KTP XOAHMCAcH 3Kauaurd wucbotr kKuarauaap. Huxosrt,
XVIII acpuunr oxupaapuna (1784—1785 innaap) II. Ky-
JIOH V3 scaraH OypanaMa Tapo3H ¢&plaMuia YrTkasra
Taxpubacd acocHla 3JeKTp 3apsiijap opacHxarH y3apo
TabCHP Kyuuuu HPpoaasopun kKouyHuu TtomraH. Ilynpau
CYHT, KefWHrH HKKM acp HuHja Kyl MamJakarjapaa Tak-
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KHKOT HILJIapHHK 0Jub GopPrad oauMJjaap V3JapHUHUHI Ky3a-
THILI Ba Ta)KpHOaJapH acocuia Ayd Kearaw SHrd Aaduiiap-
HH rHNOTe3a €KMW Ha3apust OMJaH TYILYHTHPHIIra yPUHICaH-
aap. Onnmaap, HyKTaBuUH 3JeKTDP 3apsaiaap, 3JeMeHTap
MarHuT KyT6JapH €KW MKKHTA napaJjuies 3JeKTP TOKH 3Je-
MEHTJIapH OpacHAardH Y3apo TabCHp KyuH MaBXKYAJNHTHHE
kysatrau, XIX acpHHHr HKKHHYH sIpMHraua HbIOTOHHHHP
6yryn OJsiaM TOPTHUIHII KOHYHHra TakaHJ KHIUG, y30K
Macodanan rancup Gop je6 xaparangaap. Awmmep, Ilyac-
coH, T'ayce, Octporpanckuii, BeGep, Kupxrod kabm onum-
Jap pacMHifi lWIaKJAAa MaTeMaTHK annapatial ¢oinana-
nu6, -Hasapui xucobJaaran Oyauminjapura KapaMah, y30K-~
JaH TabCHp OYIHUIUAHHHrT (PU3UK MabBHOCH OUHJIMAN KOJ-
raH.

DaeKTp Ba MAarHHT MafiloH Ha3apHACHHHHT 4COCUHUCH
Qapaneli KHCMJIAPDHUHT 3JeKTPJAHHIIH €KH MarHHTJa-
HHLMAa yaapHu ypab oaran s¢upaa saactuk Jgedopma-
1Hs Ba Oynra OOFJHMK TapaHrJauk Ba 6ocuM Kabu KaHzai-
aup Varapuul pyil OepHIIM acoCHAa MXKHCMJAPHHHT 3JeK-
TPOMATHUT ¥3ap0 TabCHPHHH TYUIYHTHPraH. ¥3apo Tab-
cup Kyunapm MaBXyn OyaraH 6y $asoHH 34EKTPOMAZHUT
matidon neb ararauiap.

OQapageit afiTraH 3JeKTPOMATHUT MaHAOHHHHT MaB-
KYAJMUTH XaKugard GHKpHHE opafan 20—25 fiua yrtrawy,
Maxkcsenn puBoKJaHTHpau. Maxcsenn taxpubanad. ToO-
OUATaH KOHYHAAPHH YyMyMJalITHpuO, ¥3 Ha3lapHACHHHHI
acocuil TeHIJ1aMalapuHu ojad. Dy TenrmaManap acocuina
JEKTPOMATHUT TYJAKUHIADHHHT MaBKYIJIUTHHH, EPYFIHK-
HUHT 3JeKTPOMATHHT TaOHaTHHH Ha3apHil Kaunp KuJIanay.
DNeKTPOMATHUT TYAKUHaapuu  Gupunun O6yau6 I'. Tepu
Taxpubaga onnH. DJAEKTPOMATHUT TYJIKHH MEXaHHK TYJI-
KuH Oyamall, Bakyympa 300000 km/c Te3nux GHIaH Tap-
KaJgyBUM TYJAKHH OVIH6, MaTepUSIHUHr MAXCyc HIakJH Kabn
MaBKyAAHD.

X1IX acpnuur oxupu Ba XX acpuunr 6olisapura xenus
Jlopeutn, Makcsens HaszapusicHHH PHBOXKJIAHTHPUO, KJaac-
CHK 3JIEKTPOH Ha3apHsira acoc COJIH.

lysmait kunub, xyo acpjap 7AaBOoMHIa, 3JeKTD Ba
MarHeTHsM XaKHJa Taxpuba Ba Hazapuil MabJAyMOT pH-
BOXK/1AHKHG, 2JeKTP Ba  MarHHT MaljloH  TylWlyHyanapd,
yaAapHUHT TabuaTH Xakugarn Gukpaap waksnana 60paH.
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I BOB. 3NIEKTPOCTATUKA

1- § JKHCMAAPHUHT NEKTPAAHHIUH, SAPAXHHHT CAKAAHHIN
KOHYHH

Tunu xonmaraa 6ynran sapsanap Ba yaap artpoduma
MaBXyd OVAraH »sJieKTp MadJoHHHHT V3apo TabCUPHHH
MHKJIOpUA GOFNaHMIL OHaaH ypraHyBuu GyauMra 34eKTpo-
cratuka Oedusadu. ABBajO, XUCMAAPHUHT  3JACKTPJAHH-
wMra oux 6a®m3u XoAucanapHH KYpuG uYHKaHIHK

DAeKTPJAaHHIIHA y4 ycysJ GuaaH  amaJjra OLHPHII
MYMKHH: HIUKaJMaHHIL HYJau OHJaH, TEeKKH3HII Hyau Guaau
Ba TAbCHP OPKAJH.

HMumikanaHdw EKH TabCHDP YCYJIH OHaaH aHpUM HHUCM-
Jap 3JeKTpJaaHrasia, yjaapiaad OupH Mycbat 3apsianaHca,
HKKHHUHCH MaHQHI 3apsiasaHagd Ba xaMMa BakT Oy 3a-
PAAJIAPHHHT MHKIOp.iapu y3apo TeHr O6yaaau. Bomxkaua
afTranfa, HedTpaa KHcMmiaari Mmycbar Ba Mandu#t 3apai-
JapHHHI MHKAODJApH XaMma BaKT Vy3apo TeHr Oynaaad.
Heura myc6at 3apsig OVica, Mauduil 3apsag xam LIYHYA
Oyaann. SIkKazaHraH cHcTeMajgard 3apsaaiap MHKAODH
BaKkT VTHIuu Gunan V3rapmaitnu. By xon 3sapadaaprune
CaKAQruu KOHYHYU ne6 IPHTHAALH

Xo3HUpru BakKrAa XaMMa Vpra MaKTaGHHHT, XaTTo
8- cund YykyBumsmapura xam Pesepdopx taxpHOaCHHHHT
KHHO1aBXACHHM KY3aTHLIAAPH :ACOCHAA OJraH OHAHMAApHU-
AaH Ou3ra Mabaymkd, 6u3 Guaran sogopox (H), renmit
(He), skymup (C), asor (N), kucaopoax (O) Ba X. k.
{Meunnenees xanaBaaugard) 100 gaH  OpTHK 3JeMEHT
atoMaapununr 10-%—10-3% M3 xaxxmaum saapocuaa macca-
Jlapu Kapuio 6up X MycOaT 3apAnad BPOTOH Ba 3apsl-
CcH3 HeHTpom/ap KoMjalurad 6yaub, YHHHr atpoguaa npo-
ToH/1ap coHd (MengeseeBHHHr aaBpHil cCHCTeMacHza 3Je-
MEHTHHHT TapTHG pakaMHHH  KypCaTyBYH COH)ra TEHT
3JeKTPOHAAD XapakaT Kuiaaiu. Xap Oup aToM Exku ymy-
MaH Xap Kaujgali XHcMJard 3JeKTPOHAAp COHH YHAACH
NpoTOHJAAap COHMrA TeHr 6Y.ca, ynap sur skuH (10710 m)
macopana OGup-GUpaapuHHHr Yy3apo TabcHpH OHJaH OOF-
naurad 6Vau6, arpodaard OoliKa MYyXHT 3apsaanaprra
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ce3ujiapyid TabCUp KuaMailiaw, OyHjaall XUcMJjgap aMajana
3JIEKTPJaHMAarad XoJAa OVJITaHJNHTH YUYVH Helrpaa Mucs
EKH HedTpan arom pefimnagu. Arap MabiayM GHD BOCHTa
€KH KyuJH HEPTeTHK TabCcup GUIaH JKHCMIA N JOHA 3JeK-
TPOH aXpaTHO OJIMHCA, YHIAArH 3JeKTPOHJap COHM 1 Tara
KaMaiiran Oynand, OyHAaH MHcCMHH Mmycbar 3apaananrad
KHcM neb IOpPHTHAadM, aKC ‘XOJ1a, S'bHH KHCMIArd 3Jek-
TPOHJIAp COHH, YHAArH MycOGaT 3apaijd NPOTOHJAp COHH-
Jan Kkyn 6yaca, 6y xucM MaHOHH 3apsananrad Aefdunaan.
Kynunya, Mmerannap TearnHa »JeKTPOHJapHIaH axpaaub
mycbaT sapsanasand, rassaap aca (Bogopoanan Oomga-
Japw), Mandui 3apagaanand, UIyHHHr yuyH Xam 3JeKTp-
JaHrWpga 6up XKHCM 7 goHa MaH(u#i 3apsiAHH HKKHHYH
KUCMIaH axparTub ojica, HKKHHYHCHIA N JOHa OPTHKYZ
mycbar 3apsanap Koaran Gynaan. Xamma BakT HeiflTpaJ
JKHCMJIapaard Mycbar Ba MaHdU 3apsaaadp COHH ¥y3apo
TeHr OyJaH6, yJaapHHHr anareb6paHK HUFMHIWUCH HOJra TEHT
gymagn. By xoua XaM 3JIeKTp MPIKB.ODPIHHHI‘ CakJaHHII KO-
HYHHHH Taclmmamm

Kyjon ¥3 KOHYHHHH amaJauil uc6orsap Guaan Taxkaud
9TTanja THHY XOJiard 3apsiajapHuHr macoda (y3ok) nam
Typub TabCUD ITHIUIHHYU acoc 3THO oarad, aMmMmo Papaneii
aca 19- acpuuHr Gomnapuiza 3apsaanapapo TabCcup OVIE
opanuk opKaau Vy3-yaupad VYTMalian, opanukna, anbarra
MaBXKyg 6yaran GuUPOp MYXHUT BOcHTacu OHjan pyit Gepa-
AW JeraH 34, KeHHHUaNHK 6y «MYXUTHH®> JEKTp Maiigon
Ae6 IOpHTHHIra ogaTtiaHub KOJMHHraH. XakukataH, Gymuait
MaTepus — MYXUTHHHI' 6op 3KaHJAMIMHM BakyyMmaaru Ou-
pop HykTta 3apsapg arpodura Gowka Gupop 3apsia KHpH-
THJATAHJA XaM Ky4 Tabcupu pvyii 6epHiny GHiaH aHHKJI4H-
ran. Majjgonnaru kyu yu3uxaapi Ba Oy Ky4Y YH3HKJIADH-
HHHI 3MYJNHTHra Kapab, YHHHT Xap OMp HyKTacupa pyi
6epyBUM TabCHP KYUHHWUHT MHKIOPH Xakuia XaM GHKD
fopuTa onamu3. Kamgait Bocura OuaaH 6VamacuH 00BeK-
THB OOPJHKHHHT XapakaT Wakau éku y 6unan pyit Gepys-
YH XOCCACHHHHI "OHTHMM3/la aKC STHIUH, TACBUP KOJIAHDH-
LM cesnjca, y marepus pehiunanu. Tavpudra xypa monaa
MaTepHsSIHHHr GHp Wwakaw OVyaranu kabu, MaliioH Xam
MAaTEePHAHUHT OHD MAKJIHAMD.

AHyK TeKmpHILNap MOJJa Ba MaiJOHHKHT TabwaTtu
6up xua 6ysnMaca xaMm OUpP Heya Xoccajapu YMYMHH, THHU
6up-6upura TYFpH Kearawaurugu kVpcaran. Monia o6b-
eKTHB (OMaMHMHT OHrHTa Gornug OVamaran) Gopauk, maii-
JOH XaM o6bekTus Gopauk. Mojana sHeprusira sra, Maii-
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JLOH XaM 3Heprusira ara, MOAZa Xa-
pakatr Ba ysrapuwr (aHdnaguur)
xXoccaJlapHra sra, MalJoH xam Xya-
OH wmyHpail Xoccasapra sra Ba
Xoka3o. Moana §3 tabuartu Ba Xxoc-
casapd 6unan 100 nan opTHK KHME-
BHIl 3JIEMEHTJiap l1akJaHJa yupaca,
mMadaoH xaM tabuat# TypJaH 6YJ-
rait rpaBuTauHoH (¥3apo TOPTH-
LK), 3JE€KTP, MarHuT, sApo Ba
X0Ka30 00'beKTHB GopauKaaH nbo-
par. [llyuunr yuyH xam MaiigoH

1- pacu, MaTepHAHHHF DIaKJaJapugau 6Gup

TYPHAUD.

bu3 suau Oup Heua XOAHCAHH Ky3aTaHJHK.

JKHCMHHHr 3JeKTPJIaHraH JKaHJHTHHH KypcaTyBuu ac-
600 3JeKTPOCKONMHHHI Tallku Mmapyacura (l-pacm) 6up
mapya Tepura HINKaJaHraH HIWIHa TAaéKYaCHHH TETH3CAK,
ac600 HuMAa KOHjaliraH MeTaJsds CTepXKeHb YUdura Emnuiil-
THPUJAT'aH l0NKA KOFO3 ANpoK4asapd GHP-OMPHAAH Y30K-
Jaliajy; arap Wy XoJjga, TaxpubGa yuyH, IOHMiia Taékua
ypuura 200HUT TaéKuaHu oJH6, YHH MOBYT mapyacHura
HUIKAJaHPaHAAH CYHC Luapyara TerH3cax, KOFo3 fNpoKya-
Jape aBBaJ 6Gup-6upura Tterub, sna OHP-OHpHAAH Y30KJa-
HIajH.

Iltatus enxkacdra OHP yuura IONKa KOFO3 NapuyacH
éMUIITHPUITAH HaK HMHH OCray, YHra Tepura HIIKajaH-
rag mwuima TaéKYacHHH SAKHHJAMTHPraHMMH3AA, ANpoKYa-
Jap torypu6 KeiraHuya IHiuara teru6 (2-a pacMm), yHHHT
3apsauaaH odray, yuiaan Kouapd, (2-6 pacMm), my xonna
mHula Taékya YpHHIA MOBYTra UUIKaJaHraH 300HHUT Ta-

2- pacM.

www.ziyouz.com kutubxonasi



8KYaHH SKHHJAAIUTHPCAK, IWIHIHAJAH KOUYraH sinmpokuaJap
s6onutra Ttoprtuaaan (2-8 pacm). By raxpuba suaekrtp
3apALNAPH HKKH TYDJH SKAaHJHFHHH KypcaTraHH  YYYH
UIapTJH paBHUITa IUHIUA 3apsAaH MmycOart (-+) Ba 36OHHT
3apagd MaHduit (—) wuwopanu ge6 KabyJa KHJIHHIaH,
Abau 6up umcMmad [paxkar (+) éku (—)] sapamnap Gup-
GHpHAaH KouaAH, HKKH Hcmad [(+) Ba (—)] 3apanaap.
Oup-GUPHHH TOPTALH, AEHHADAH.
Arap ajekTpockonl finpoKya-
Japd kKapmucura OUpop 3KpaH
VpHATHO, 3apSANHHHT 03-KYIJIUTH-
ra Kapa6 sinpoKuya OFHIUIHTA MOC
yH3uKJap uu3Hb Kyicak, y 6u-
JaH 3apAX  MHKAOPHHH YJauail
MymkuH 6Yaan. Bynaaii wkana-
JH  3JIeKTPOCKON  JAKTpOMeTp
(3- pacm) pe6 oputHaaau.
DnexTpoMeTp a oékuara Vp-
HAaTHJIraH HKKH TOMOHH OHHa Gu-
JaH OGepKHTHJAraH MeTaJsa rap-
Zam 6946, YHHHT HYHTa rap-
JULIAAH U3OJSAUHAMAHIAH X0JAa
¢ MeTaJs Ttaékya, Taékuara aca
6ypuna osiapuran Kuaub 6 ctpen-
Ka, TapAUUIHHAT NACTKH KHCMHU-
ra, yHH epra yJjau yuyH d
RaemMma VpHatuarad. OfiHauwur
GMp TOMOHU AaparkajaHraH.
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bu3 lokopupard Taxpubaga Linwia €kH 360HHT Taéx-
YaJapHUHT HIUKaJall HaTHXKacHAa 3/JeKTPJaHTaHHHH Kyp-
Jux. MertannapHy HulKajsaMacgaH €KM TermacnaH xam
aJeKTpJall MYMKHH. _

Helitpan xoapmaryg 3JAeKTPOCKON 1Iapuacura wmaundwui
3JIeKTpJaHral 300HHT CcTepPXKeHb SKHHjgawTHpuica (4-a
pacMm), llapyajfard 3JeKTPOHJap 3JEKTPOCKON SNPOKJIapH
OpKaJH xapaxkaTJaHub 1uapuagaH Yy3oKJamub 6opaid,
anpoxuanap OGup-Gupuaan xKouanxu, 6y manduit 3apsaanap
COHHra TeHr MycbaT 3apsjJjap wapyaga 300HHTAATH MaH-
¢duii sapsagnap 6usan OGorjgaHraH xonaza xonaagu. lly xoax-
Ia uiapyara OapMOFMMM3HH TerHacak (4-6 pacm) snpox-
yajapAard 3JeKTpouJap 6Ou3 opKajau epra YTHO KeTauH,
3/JeKTPOCKON SANpoKYasapu Tywmnb HeHTpasn Xoara Kejaaju,
0apMOKJTapUMH3HH OJICAK XaM, 3JEKTPOCKON 3apsax HyK-
JULHHY KVpcaTaad. JHAu 300HUT Ta&KyaHW 3JeKTPOCKON
mapyacHiaH y3oKJaluTHpaMH3, 6yHAa 360HHTHHHF MaH(UH
3apaanapu Gunan GorJaHraH Xoaja axpannb Typrad mMyc-
6aT 3apsAanapra SNpokK4yajapiaH 3JeKTpoHJap VTub, yHaa
Myc6ar 3apafnap axpaJaub KoaanHd Ba HaTHXKAaza 3JeK-
TPOCKON sANpoxuatapu orub, 3apax OGOPJMTHHH KypcaTaliu
(4- 8 pacm). Dy epna wapuagarn MycOaT 3apsajiapHHHT
6up-OHpUIaH KOUHMINM HaTHIXKACHAA, YJIapHHHT OGHp KHCMH
SIpoKuasapra YrraWjek ce3wgaid. Dy ycyama sapsapianm,
3aeKTp Tavcup (UHOyKkyusa) ycyauda sapadaaus ned 10pH-
THJadH, X03MpPYa HIOKOPHAA KHCKargHa alTHjrag Mabiy-
MOT OuJiaH uerapajaHaMus.

2- §. Kynon Konynu

JKHCMHH 3JeKTpJaHraH Ba HeiliTpad XoJjJa Tapo3Hia
TopTH6 KYpraHja xXam OFHPJHK (papKHHH Cce3HII MYMKHH
sMac. Dawausap HArapury 3aMoHJa 3JeKTp 3apsiid «BasH-
CH3 CYIOKJHUK» O6VJca KepakK, YHH OHp HAMWNJIAH HKKHHYH~
cHra KyHuu MYMKHH Ae6 Xam Vilsarasaap.

XVIHI acp oxupnapnpa (1785 #iun) ¢panuys ¢usuru
lapabs KyJon sexTpiaHrad XHCMJAPHHHT ¥3apo TabCHp
Kyun 03 8Ky Kyn OYynUIIMHH ce3nb, 3JieKTpJaaHraH XKucmia
SJIEKTP 3apsga MHKJIOPH 03 €KH KVn OVJHIIH MyMKHHJH-
THHH nafigarau, «3apsif MHEKIOPH» NeraH araMalu Hiujga-
TajH.

3apaanapuuar ¥3apo TabCHpHHM Vpranumr yyyn Ky-
JoH Maxcyc 6ypanma Tapo3H sdcab, y Ouwaau YTxasraH
taxpubanapd acoCHIa V3 KOHYHHHH Kalug 3Tras.
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KyJIOH Tapo3uCHHHHT Ty3HuU-
uig 5- pacMaa kypcaruaran. Mu-
THYKA 3JacTHK MeTaaa H cuwmra
€H[HJ1 Ba H3oJsUdsA aHrad A
waltdy ypracugad ocuaras 6y-
U6, YHHHT GHp Y4HAa 4 MeTaan
Iapya, MKKHHYH YUHAA MYyBO3a-
HATJIOBYUH TIIOCOHTH ¢ MOK4acH
6op. CHMHUHT 10KOPH yuH afiiaH-
THpUJIQJMIaH Ba Hewa rpajycra
OYPHJIHIIMHH  VJjauall onajgurad
AucKaJuK B pacrara GeprHUTHJ-
rad. Karranurn =xyaau wy a
wlapyaH{HT KaTTajdruua Gyarad
Ba H30JALUAJAHTAH CTePXKeHb
Y4Hra MaxXKaMJaHraH HYMra KH-
puTHarag Ba a 6ujgaH O6Up XHJI
6anaHANUKAA YpHATUATAH, @ Ba
b wapyanapun HXTHEpHE 3apsaa
MHKIODH GHJIaH 3JIeKTpJall yuyH
yJAapHHHT GHpUra yuuHdn 5
IH3JEKTPUK Jacta yyYdjard 3a-
PAAJAHraH MeTaJsll LapyaHu Te-
rH3aMu3. JHIH a Ba b wapuyanap
Oup-Gupura  Ter{3usICca, TeHr 5- pacwm.
MHKJAODAA 3apsiAJaHraH Wy map- '
yajap 6up-6upiapHHH HTapub, GUpOp Y30KJIMKAA MyBO3a-
HaTra Kesan6 TyXxTab KoJaau, yaap opacuiard macodaHx
ac606 mepopujgard Il mkama opkaawm Yuuam MyMKHH.
Keiinn ac606nunr B pgacracu opkaau CcuMHH 6ypa0, map-
yaJap opacuiarun Mmacoda kamaidTHpa GopuUJaajH Ba TYpPJH
6ypuaknapia mapyajapHdHr MyBo3aHaTAa Oyauun naiTuna
yJaap opacuaaru MacodaJsap xam yaya6 6opHJany.

MexaHukajgan OHJaMH3KH, 3JIACTHK JedopManusaga
Oypuaui Oypuard afAJaHTHPHLI MOMEHTHTa MYTAaHOCHO
6Vnanu, aBBaJjgaH Takpu6a KMJIHOG CHMHHHT GypHIHII ne-
dopmanusa KodpbunuentH (6ypunumn O6ypuak OHPJAUTHTA
TYEPH KeJraH KyY MHKAOPH) HH aHHKJa6 oaub, 3apan-
JapHHHT ¥3apo TabCHp KyuH (OYpPHAHII Kyd MOMEHTH Op-
KaJH) HH aHHMKJAa6 (aMaJjga 3apsiijH luapdyaJapHH MCTaJ-
rau macodara keatHpub MyBoszaHaTha cakjaal) yHra Tyr-
pu kejqran Macodbamd €3u6 ogarau, 3apANJAPHHHT Y3apo
TabcHp Kyun F wmacodaHHHr KBaJpaTHra TeCKapu IHpo-

11
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. 1
nopuyonaJs, sbHH Kyjon tonran F~ — XyJocara Keaa-

Mu3. Kyjaou sHa 6Gup kartop Taxpuba kKuaub sapsanap-
HHHr y3apo TabCHp KyYHd 3apsA, MHKAOpHra KaHja# Gor-
JHK SKAHJWTHHH aJloXHAa TekKwHpran. DyHHHr yuyH a
éku b wapuacuwra Terdul OWJsaH yHJAArH 3apAIHH  epra
yTKa3uO, cyurpa a wapua b mapyara Terusuica, OHP XHJ
MHKIOpAa KOJAHK 3apsfju lapdanap Gup- 6HpHI(aH Y30K-
Jawu6, MabayMm Macodana MyBozaHaTra Keau6, Txrab
KonaaH. By Xonpa wapuyanappars 3apsfiia MHKAODPH yJap-
HHHP Xap OHpHAa MKKH Mapra KaMaf#iranaa, llly macodara
MOC ¥3ap0o HTapHll Ky4Y TYpT Mapra KaMaHraHHHW TOMNTaH.
By rtaxpubana a Ba b 1wapuasapuaudr xap GupHaa 6u-
pHHuUHM Taxpubapma ¢ 3zapaamaH O6yara"pa, yJaap OpacH-
Jarn  Macoda r ra, TahCHP 3TYBYM Kydy 3ca F ra Temr

6ysaca, xap 6up Luapyajgary 3apsanap MHKIOPH —q— AaH

KOJNraH MKKHHUH Taxpu6ana, sma B pacranu 6ypam op-
Kaa{ llapyajap opacu my r Macodara KeaTHpHJATaAHAa
TaAbCHP Kyu 2:2 mapra Kamafiraw, 6y TaxpubajgaH 3apsi-
Jap opacugari ¥3apo TabCHP KyuH Iy 3apsagap MHKIO-
pura, S'’bHU 3apsiijap KynaitMacura TYFpPH TPONOPHOHAJ,
Jeran xyJjoca Kejgub uukKaid.

Arap b wapuaHW sapsagiaHMarad xXojjga @ lapuara
TernscaK, YHAaru 3apsii MHKAOPHHHHT apMH O ra YTub,
a Jard 3apsji MHKAOPH MKKH Mapra KaMmadaAH, HacTaHH
6ypam OujaH 3apagjap opacHgarn MacodaHu V3rapTup-
MaclaH, Kyd VyJayaHCa, YHHUHT KuUAMATH OUDHHYH TaxKpH-
Ganarnjgan TYpr Mapra kKamasad 3apancus b map Guaan
Xynau myHpai taxpu6anu (b ra termsn6) Takpopaacak,
6ynna xam b mapmaru 3apsj MKKM MapTa KaMmaiiraHuian
KVUHHHT siHa TYPT MapTa Kamajirauura uuionraH, GyHiaH
V3apo Tamcup Kyd a xamjaa 6 apuajap 3apsiaura Myra-
HOCHO SKaH/IMTM aHug OyaraH, sbHH Kyd F~q, - b,, yMymui
xonpa F ~ q,-q,. Macodara wHucOataH LWwapJapHAHT PaguycH
R — 0 papaxana xuuuk Gy/ca, yHaard 3apsigiapHM HyKTaza
TYNJanras, s’bHY HYKTaBHH 3apsAf je6 xucobsaml MyMxuH. DBy
XoJja ¢, Ba g, HyKrtapuil 3apsanap yuyd KyJoH gowyhura Ty-
OaBnary TabpuQEK Oepylll MYMKYH, HKKHTA HYKTAaBHH 3apafHUHT
¥3apo TabCcHp KYYH 3apsjjiap KymafitMacH-a TYFpH, yJap opa-
cplard macoaHuHr KBAJpATHra TeCKapy MponpoLuoHan Gyang,
yJAapHH GHPJAITHPYBYM TYFPH 4H3HK GYitMua HyHanraHpmp.

) Kynon xouynvHmur wmaremathk udojacusn Tty6apjarnda
€3I MYMKHH! ’

12
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F= k—"zr;—"% (1.1
€Ki BEKTOp KYpUHUMIHAA

1."-’12:,3 01 * 4 '%:—Fm' (1.2)

r2

— —

Fis Ba Fy; OUPHHUM 3apAJHHHI MKKHHYM 3apsAAra Ba HKKUHYH-
HUHT OupMHUMIAa TaBCHUP Ky4uw; & — 3apsj, macoda Ba Kyujap-
HY Ya4am yu4yH KalyJa KHJIuHrad OUpJMKiaap cHcreMacura GoF-
JHUK OYqran MyTaHocHOMMK Ko3hdHILMEHTH.

CH cucremacuaa (1.1) uponamaru k=
xucobra ogcax, (1.1) gy#ugaru

SKAH/IHTHHU
947}

Fep_ Ll . 900 (1.3)
4 71e, r2
WaKAa E3Uafd. €, - BAKKYMHHUHT 3J1eKTp JOHMuiich GG,
YHUHT KHHMAaTHHM auUKJall yuyyH 3apsij Mugpopaapy 1 K=
=3x10° CI'CY, 6ysran HyKTaBuH 3apsAJAPHHHT Gup- GUpH-
Jan 1 M macodana TypuO, y3apo TaBCHD ‘ITHI KyyJapujaH
doifinananamus. dugu CI'CD GupnukjIap CHCTEMAacHAard JuHa-
Jappa udopanaHraH 3apag1apapo  TaBCHP  STYBYUM  KY4HM
Holotonra aftnantupaiinmx:

. .10°-3-10°
F=9% __3:10°03:-10 guHa = 9.10" puna =
72 (102)2

= 210 —9.10° H. (1.4)
103

Sapaaun K nappa, macodanu sca M sapga udoganaraHumus-
ia, CH na

2 : 1 12
F=—9% _H gmm F=-—— 52 (15
4 ey r? 4 me, M3
(1.4) Ba (1.5) kyununr ukKM cucTemajgaru wudojacu Gyaranu
yuyH
° 1 Ka2
9-10° H= -,
47g, M2
OyHAaH 3/1eKTD NOUMAHHWHT KUAMATHHU TONAMHUS:

— [ K2 885 - 10_12 A.c-Kn _
4m-9.10% Hwm2 Hoewm

—885.107 X . gg5.1071? 2
B-m

M

0
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Bupop Myxut (musseKTpuk) jard  3apsapHHHT V3apo
TabCHP KYUH MYXHT Tabcupu OHjaH Bakyymra sHucOartad ¢ map-
Ta KaM 6yJaand, WYHHHT YuyH yMyMmud X013 KyJoH KOHYHH

(1.2)

F: d1 - gz L (1 6)
4ngge r? r '

mwakaaa €sunaau, 6yHaa &-—MYXUTHHHD HHCOMH IHSJEKTPHK
CHHI AUPYBUAHJIHTH.

3- §. Aaexkrp Maiipon. MaiaoH KyuJaHraHJaury.
Maiinonnap xymuavwu (CynepnosMuuscH)

IOKopuaa 27eKTp MalJOHHMHT HMMa 3KaHJHTHHH Ba
YHHHT TabpuduHu afitraw 3AHK, S3HAH MaHIOHHHHr Xocca-
JapyHH YpraHamps.

Arap 6u3 6upop O HyKrara -¢o 3apsiiHH XOHJAIUTHUP-
ral XoJaja THHUY caxna6, YHHHT atpojura kKanmadaup a,
6, 8 HyKTajapra CHHall YUYyH ¢y, {s, g3 Myc6art 3apsil-
JapHH KHPUTHUI GHaan 3pkKHH KVHUG 1060pcak, y -+ ¢ 3apaa-
Jan TYFpH un3HK O6Vinad (arap OJAMHTAaH HYKTaJjap TypJH
arpopaa Gyacanaap, paguan O6yHaalG) TO UYEKCH3JIHKKaua
yaoknawanu (6-pacm). Dy paauan uusugjap ¢o 3apsan
#Kofiamrad 0 HyKTanuHr XaMma artpoduHH TYAAHPHO,
yAapHUHT Kaficu 6upH HAyHaaumuaa OYAMacuH, HXTHEPUE,
HYKTA4CHra KeJTHPH/raH NadTHAA KaHIadAup KyY TabCHPH

MaBXYJ 3KaHJIMIMHH Kypamu3. Dynmai kyunap BektopJa-
PHHUHTI HYHaJHUIH — ¢ 3a-

psill XapakaTH TOMOH HY-
HajaraH ae6 kKaOysn KHJIHH-
rau. Arap 6upop dasona !
y30KJHKna +4 Ba —¢ 3ap-
Aaaap THHY TYpHub, Vyaap
opacupary Oupop HyKTara
KeJATUpHATaH +¢; 3apan
3DKHH KyHnO 1o6GopuJca,
6upop uu3uK Oyiinab +q
JaH —¢ TOoMOH Keaaan (7-
pacm). ¥YMyMuil xonjaa + g
3apANHHHT KYAMANI VpHH-
ra Kapab xapakaTr Tpaex-
TOPHACH (M3H) HHU Kypca-
TYBUH YH3HK TYPPHU UYH3HK
6- pac. 3Mac, 3CPH UHU3UK OVauIIu
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7

™y

o -~
*q ' 7 A

7- pacm. 8- pacm.

XaM MYMKHH. By 4YH3HKHHHI HCTaJraH HYKTaJapHaaH 3ap-
SIIra Ta’bCHP 3TYBYH KyY BEKTOPHHHHT HVHaJHIH 6V 3rpH
YH3MKHUHT 10y OJIMHraH #ykKracHaaHn (8- pacm) yrraH ypHH-
Ma yu3HK O6VyJaab #ynHanran O6Vaaam. ByHpaill uusHKJaapra
31eKTp MAUOOHRUHS KY4 4U3UKAQPY NEHUIaH.

Kyu unsugiapu OujaH TacaBByp 3THJATAH 3JEKTP XO-
AHCafia KyY TQBbCHPHHHHT Dy 6epullld, YHHHr caGaGuucH
cudaTtuga GHPOP MOZIHH MYXHUT GOPJMTCHHM OUIAHPANH.
AHa wy OH3HK peasisHK — GOpAuK GH3  allTraHm 3JeKTp
MaifilOHHHHHT {3ruHacH 6Vaub, y MaTepHs IMaKJIapHIaH
OupH xHcobaaHamm.

DNeKTP. MaHAOHHH XapaKTepjoBuH OHpP Heuya GH3HK
KaTTaJUKJap TYWIyH4YacH OujaH TaHMIIHG YHKAH/IHK.

Arap 6upop 0 nHykTaza
+ gy 3apAAHY YPHAWTHPHUOG,
VHIAH r Y30KJUKIArd HyK-
Tara qi, g, ¢s, ... 3apsAAaap- 0
HH HapbaTma-HaB6aT Kea-
THpcak (9- pacm), ymapra %
Typau Fi, Fg, Fs, ... Kyunap-

HHHT TabCHP STraHJHTHHH
KYpaMu3, aMMo Iy HyKTara 9- pacm,
KeJqTHpuJaras xap Oup 3a-

‘pAX MHUKAODH OUpJHrHUra TYFPH KeJaraH Ky4HH yJaYacak, xaM-
Ma KeJTHDHJTaH 3apsifjiap YuyH OHp XHJ KHHMarT keaub
YHKaIH, S'bHH

LB 56 (L.7)

91 U} q3
Xap KaHjai g 3apsaaHH  KeJITHPraHUMU3JAa XaM Iy HyKTa -
YuyH KaHpaiaup Ourra KuiimMar

e=fh_FR_  _£ (1.8)
q

Kenulb yHKagH.
15
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Dy E HuHr coH KHHMAaTH KYUY YH3HFH 6yViinya oJuHraH
TYPJAH HYKTaJap yuYyyH TypJjuua Gynagu. Daexktp Mmaiinon-
HUHT MXTHEPHH OHP HYKTacHAa MycGat 3apsij OHpJHTHra
TYFPDH KeJraH Kyd MHKAOPH OuaaH Vauauub, MaiJoHHM
XapakTepNoBUH (H3HUK KaTTaAMKKa MaiJIOHHMHr LIy HYK-
Tajarl Ky4JaHraHJaurd Jefiuaain Ba E xaphu Ouaad Gesruna-

F . -
6, FE = 7 wakana ¢sunagd. Kyu pektop 6Varanu yuyH
KYuJaHTaHJIMK XaM BEKTOP, BHH

-—

E=1 6yHnan F—:QE (1.9)
q

€3yBaal XaMm ¢oHaanaHuul MyMKHH,
Bakyym yuyH Kyjaon KcHYHMHHHT udoaacy

z 1 990
F = - 2 r xucofra CJHHCA,
4 mg, rs
rn >
E = LS (1.10)
4ne, 13

10- pacwm.

(1.10) ra acocan, HyKTaBHil ¢, 3apsj aTpopHUmarH 3JeKTp
MafiloH Ky4JaHTaHJWrH 1y 3apsaj MHKAOPUra TYFpH Ba Maco-

ta (opanvk) HHHI KBaZpaTHra TecKapH TPONOPUHOHAA Jera
XyJIoca UMKajM.

Arap 371eKTp MafilOHHUHT 7 y30KJHMKIA OJMHraH HYRTacHAa
—>

Kyuwlanrauiuk E 6Vaca, 27 y3oKk/auMKAa KyuJaHranamk 4 map-
Ta Kam Oynajy.

Kyu uusnnJiapi opKaau TacaBByp KHJHHIAH TYDJH 3JEKTp
maigon mausapajapu 10, 11, 12- pacmnappa Gepusras.
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a)

11- pacm.

Bupop ysogauxaa xoi-
Jawrad  -i-¢g, Ba -+ ¢q, 3ap-
siaJlapra HucHataH MXTHEpHi
0 nygrara --¢ 3apagHd
KeNTUpaMHi3, YHUHT OHPJIMK
MUKJOPHra TYFpH KeJaTaH
KY4Y- BeKTOpJap, ABHH Kyu-

~—
JIAHIaHIMK BeKTOp.1apH E; Ba
E, uxkura 3 paguan fhyna-
JUIIHAA  MaBKyjy — OyHO,

VJIapHUHT TeOMETPHK HMFHH-
JUCH TYJIRK MaHJOHHUHT Ky4-
—

JIAHTQHANK BeKTopu E Hu Oe-
pagu, SIBHH

G5

©
“ o oa %

13- pacm.

) 22778
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E=FE +E (1.11)

(13-pacm). 4 q 3apanHd -+ q; 3apsyy ysdjaH wurapaga (13-6
pacM), —4q, 3apaj sca yaura Topragy (13-a pacm). by ukxu
BEKTOP KyWJaHTaHJHK/Iap OHp BakTaa TawcHUp 3THO, ¢ 3apan
HKKajia TabCHPHHHI HaTHXKA/JOBYM TabCHPU OCTHAA Gynagu. AHa
wy yMyMu# HUFMHOY TaBCUDHHHUHT COH KHAMAaTH E, yjaap opa-
cHaard 6ypuak « jgeb osmnca, (l.11) pau

E=YV E?+2E,E,cosa + EZ (1.12)

— - -
TONUAMG, E BeKTOpHUHr Hyuamuuu £, Ba E, nap ycTura yu-
3WiIrad napajnjiesorpaMHHHT guaroHaau OyiH4a #yHadrad 6y.a-
© M.
Arap sapagnap KoHJawrad Hykrajgap Kym 6ysu6, y.ap-
- - —>

HUHr MXTUpuil OMPOP HYKTajard KyunaHraHjuxjaapu E;, E,,
—

E,,, ..., E, 6yiaca, AMFUHAN BEKTOP KyuJiaHaHJHK:
E=E +E+..... +E, (1.13)

HaTtuxapuil Ky4wIaHraHJIMK BEKTOPHHHHI TAlUOKHJ 3TYB-
YY Ky4JaHTaHJHK BEKTODJapUHHHT TeOMETPHK HHFHHIHCHTA

‘TeHr OYJHIUH Cyneprno3niHs APHHUHNM ReHHAaLH.

CHh na F=1H Ba g=1 Ka 6yaca, apuu 1 kyJjon 3a-
psAara 1 HpIOTOH Ky4 TabcHp 3Tca, Iy HYKTAlard KywiaHrad-
JHKHHHT KMAMaTH Ky4/JaHraHauk Odpsiurd ae6 xabyn KuiuHa-

H
, astiu CH pa E=1 ok

J
4-§. Ocrporpaackuit — Faycc reopemacn

By Teopemann yTHmigaH aBBag 6ab3d TYWIyHYajgapHH
acaatHb yraMus.

a) 3apARHHHT CHPT 3HYJHIH.

JKucmra anektp 3sapsan Gepuarauga 103a GHpJHrHra
TYFPU KeJTaH 3JeKTP MHKAOPH OMiaH {JauaHagurad kar-
TaJMK 3apANAIAPHUHT CUpT 3uuauey nednaagu. 3apAAHHHT

CHPT 3UUJHTHHH 6 OPKaJu GeJrHIafMHu3.
S 10331a ¢ 3apsn TEKUC Takcumuianran 6y.ca,

_ 4 :
o=1 (1.14)

6ynagu. CHPTHHHT WIakJAHra Kapa6, CHPT 3TPHJMTH TypJaH- .
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ya Oyaran xolJapaa 3JeKTP 3apAAHHHT CUPT 3UYJIHTH
xaM Typamua 6yJaand.

3apag cuprt OyHiMua TEKHC TaKCHMJaHMara xoJaa
CHPTHH XyAa MaHJa CHPT 5aeMeHTJapura O6yau6 umkah-
JHK. ¥ BakTAa xap OHp 103a 3JeMEHTHAA 3JeKTp 3apAAHH
TeKHC TaKcHMJaHrad gael Kapall MYMKHH. Dy eppa 103a
snemenTH AS ra Ag snexkrp 3apsii TYFPH Kejaca, 3apal-
HHHT ¥pTaua cupT 3HYJIHTH

<o>~—§ ' (1.14%)

6ynanu.

3apsi, CHPT 3HYJHTHHHHT CHPT 3JIeMeHTHra TerHuuIx
6upop HYKTaiard XaKHMKHH KHAMaTHHH OWUJIML YYYH CHPT
3neMedTH AS HM uerapasoBuH €MUK YM3HKHH 1Y HYKTA
6unad Tytaminb KeTryHya YeKCH3 KHYPaHTHPHILINMH3 Kepak:
y Baktaa AS ra Moc xesaraH 3apsiy Ag XaM YekCH3 KHupas
GopanH.

Hlynnaii kuaub, MaHa WYy uyekcu3 kuupaiin6 Gopaérranw
HKKH KaTTaJd#k/Jgap HHCOATHHHHr JIMMHTH HyKTajard 3a-
psija CHPT 3UUJMTCHHH udoxanaiiu:

o=lim &9 4 (1.15)
, AS—s0AS dS

6) 3JexkTp 3apARJAPHHHT XaXM 6YAuua TaKCHMJAHWIIH,

HKucmuunr (V) xaxm GUpJHTHra TYFPM KeJTaH 3JeKTP-
3apax (g) MuKIOpH OHJIaH  YJYaHAaJAHTaH “KaTTaJHKKa
INEKTp 3apAOHUHE XAXcMul 3udaueu  AeHUNafH. DJeKTp
3apAOHHHHT XaXXMHH 3UYJIHTHHH p OpPKaJH OerHjJaiJiuk..

Xyaan wy ka6, y3yHJAWK OWDJHrHra TYFPH KeJran
9J€KTp 3apsif MHKAOPH OGHJaH YJauaHaJHraH KaTTaJHKKa.
9JIEKTP 3apAAHMHT 4U3uKau 3udauzu pedunanu. Opatna,
3APSIAHMAT YH3HKJAHM 3HWIHCH v OpKajaH  OejrHaaHanH.
IOkopugarn wmyJaoxasajapaad doiinanaunb, Ty6Ganmaru--
JIAPHA €3MI1 MYMKHH:

—lim &9 2 gy p=iim 2 =L (1.16)
b= l\x-»OAV dv an All—>0Al di -’ (1.16)

By epra dV Ba dl—Moc paBufia OJMHTAH XaXM Ba Y3YHJIHK
3JIeMEHTJIapH.
Ocrporpaackuif — I'aycc TeopemMacu

1. Xycycuil xonma ¢ 3apsinHE ypa6G ojraH €mHK CHpPT
OpPKaa¥ VTYBYH MaiiloH KyWIaHFaHJIMK OKHMHHH KapaG-
YHKaiJIHK. DYHHHT YYYH' ¢ HYKTaBHif 3apsAlHH BaKyymiaa

19-
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a)

14- pacm.

panuycu r 6yaran cdepa Mapkasura ypHarcak (l4-a
pacMm), cepaHHHr XamMMa epHja MaHAOH Ky4JaHTaHJHTH
E =E{qz__ 6Yaaqd Ba paiuan ByHamMuia 6YJu6, HyKTa §
riegg )
3apAAaH TapKajrad KYWIAHTAHIMK Ky4 UUSUKJIAPHHUHT YHH
ypa6 osraH o3ajaH yTaérraH KHAMATH [KYYJAHTAH/JHK OKHUMH-
HY uboganafifd. LnuK KOHTYp HuYHAA oJiHHTaH 3apsi/IapHHUHT
3MeKTP MaljoH KyuJIaHTaHAMK OKHMH, KOHTYP LIAKjura GOF-
JIHK Gy./Imail, 3apsAnapHUHT anreOpavK HUFHHANCHTA TEHT, SbHHU:

NE=<J£EndS. (1.17)
by Tenrsamanu uHTerpmJlaraH;la

N,=§EdS=E fdS=—"T—dar*="2_ {(L1§)

4nree, €9
Myxur yuyH 3ca
N, ==L (1.18%)

£gg
6yand.

g 3apAiHui ypa6 oJraH €nMK CHPT HCTajaraH IIaKaga
Gynca xam, l4-a pacvparu S, S, § cupTiapgan yTyBuM
KyusjanraHidk oxkumu N, Varapmafiiu Ba xavMMa BakT q/e€, ra
TeHr O6yJafu.

Arap oauHrad CHPT HuHMIa 3apsajg 6YJiMmaca y CHPTHH
Kecu6 YTyBuUM KYyWIAHTaHJHK OKHMH Hojra TeHr OY/anH.
UyHky, HeyTa Kyu YM3HK KHpPCa, IIyHYa Kyd YH3HK YHKa-
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ou. Oemak, S; cuptra KHPYBYM KYUJaHTAHJIHK OKHMH OH-
JlaH YHKYBYH Ky4JaHTaHJHK OKHMH ¥3apo TeHr G6y.u0,
YMYMH# OKHM HOJIra TeHr.,

Arap énvx cupr wumuga Owp Heuta Gy, Gs, G5 . - - HYKT@-
vui 3apspaap 6yaca (14-6 pacM), y BakTia xap Ovp 3apaf
YUyH. KYWIaHTAHIHK OKUMH

Ny=2 N=L N=F N =
' e’ z g ’ g " £g
66, TYyaa OKuM 3ca _
Np=Ny+Ny+Ny+ ... +N, (1.19)
éxn . .
n n .
— q; q
%=ZM—Z—=; (1.20)
=1 i=] 0 (J

6ynanu. By epna ¢ — sapaanapHuur anreGpank HHFHH-
pucu. Iy Tonuiran HaTHXKa Xap Kanjai 3apsj Ba 3apsn-
Jap CHCTeMach YyuyH TYFpuAaMp. UyHKH Xap Kanzal 3a-
pPAAHM KyJa Kyn Maija KHCMJiapra axpaTub, yaapra
Huc6aTaH IOKODHJaTH MYJ/J0Xa3aJapHH OPHUTHII MYMKHH.

Arap énHK cHPT HuMAard 3apAAJapHHHr aJjreGpamnk
furaHaAHCH Mycbat 6Viaca, 6y BaKTZa KYYNaHTaHAHK OKH-
MH Talwkapura #ynanran G6yaub, wmyc6at  uiopa, arap
MaHpuit 6yjca, Ky4JaHTaHJAHK OKHMH Hukapura HyHaarad
6y110, mauduit niropa OUAAH OJHUHAIM.

Arap 3apsagnap €mHK CHPTHHHT Tallkapucupa G6yaca,
Ky4JaHTaHJIMK YH3UKJaapH 6y CHPTHH TypJH XKolijmapia Ke-
cub yTHILIApH MYMKHH. JIeKHH Ky4 UHBHKJApHUHT Xap
Oupu cuptra OUpP TOMOHAAH KHPHO, HMKKWHUH TOMOHJAH
unKagd. Un3uk kupranga MaHQuii oKHM Gepub, YHKKaHAa
sca myc6aT okuM GepraHjiurd yuyH 6apua TailKd 3apsf-
JapHHHT Wy €nMK CHPT opkaau Oepadrran yMmMyMmui Kyd-
JIAaHTaHJHK OKHMH noJra 6apobap 6ynanH.

5- §. Ocrporpapckuit — I'aycc TeopeMacHHHHT TaTbuKH

a) 3apsapnanrad siCCH UYEKCH3 TEKMCJHMKHHUHT 9JeKTp
MaHaOHH.

Ocrporpazckuii Tayce Teopemacugan dofinanasud,
3apsaa cuprt suuaurp & OujaH 3apagfaHraf sccu TeKHC-
JHK aTpodHAarH 3JEKTp MaHJOoH KYUYJaHTaHJHIHHH XU-
coGNafHK,

Dyupali TekMcAMKHMHr  XaMMa >KOHHAA 3apsig CHPT
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6 ~ 3uwiHTH (o) GUp XHJ KUi-
'~ Martra ara Oyad6, Ky4 4YH-
3UKJAPH LIy TEeKHUCJIHKKA
aS THK Ba HKKH Kapama-Kap-
6 IUH TOMOHIra 4YHKKaH 6yaa-
=~  a4. Macaaau, 15- pacmaa
¢ wmycbar 3apsiijadHrad Te-
KHCJIHK MaliOHH KyY YH3H-
FUHHHT HYyHAJHIUM KYpca-

E THJITaH.
DnexTp MaliAod KyunaH-
TAHJIHTHHH XHcoOaall yuyH
15- pacum. TEKHCJHKIAH OHP XHJ V30K
augaark A Ba B HykTa-
JlapaaH VTraH Kyd YH3HKJIapHra THK OJHHTaH KOHTYDJH
AS 103a ytkazaMus, 6yuna 6y uKkW alijaHa opacdsa AS
acoc/IH UHJHHAD XocHJa Gyaaau. 15- pacmaa acocu AS 6ya-
TaH UHJAHHAPHHHT €H ReBOPJaPH OPKAJH YTraH KyuJaHTaH-
JIMK OKHMH HOJIb O6YHO (4yHKH Ky4Y YH3HKJapH €H CHPTHTra
napajsen Ba CHPTHH KecMaBIH), XaMMa OKHM MHJIHHAD
acocnapdaad yragu. AS nap Kyu YH3HKAApra THK OYarauu
yUYH Xap HKKH TOMOHAA XaM OKuUMJap myc6ar Gy.iHG,

YMYMHH OKHM:

+ + + + +/
!

L
G+
| ‘

N,=N +N,=E-2AS. (1.21)

Octporpaackufi — [aycc Teopemacuzan MafijoH Kyuaau-
FaHJHTH OKHMH MYXHT YUYYH

9 _¢aAS
N,= - o (1.21a)
6yarann yuyd, (1.21) 6umam (1.21 a) HM TakKocnacak,
(o)
= T (1.22)

BY ONlaMH3.

Hemax, sapapnanran
TEKHCIHK 3JeKTp MaHIoH
KYYJaHTAHJAUTH YHT Ba val
TOMOHJapida 6up xuJa 6y-
au6, A Ba B HyKTanapHuHr
Y3OKJHIHra - GOFIHK O6fa-
ma#i, d¢akar 3apAAHHHT
CHDT 3UYJHIHUTA GOFJIHK.
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¥3apo napadajen Ba Kapama-Kapulg HIIOPanH 3JEKTP
6unay 3apsAlJjaHraH HMKKH SICCH TEKHCJIHK Gepujaran GyJ-
ca, OyHia yJjap OpacHIa Xap MKKaJacHHHHT 3JEKTpP Kyu
yu3uKJapn OUp ToMoHra #ynanras 6ynu6 (16- pacm), mai-
JOH KYURaHTAHJMTH YJADHMHr HHUFHHAHMCHUTA TEHI:
) 2] o)
E=—+t—=—, (1.23)
2epe 2808 €y
JIeKMH TeKHCIUKIapAaH TaKapupark YHr Ba vam TOMOHJapjaa
JIEKTP KY4 UM3UKJAPH Kapama- KapiH HyHaauaa GyJirasnuru-

g
Jan £ = A+ {— )= 0, aevak, Kapama-KapilH HLIO-
g€ 2ege .
pann 3apaAJiaHraH MKKM TeKHCJMK aTtpoduja 3ieKTP MainoH
Oyamaiinn.

6) 3apaafaHrad HHIHHAPHHHT 3JEKTP MaHmOHH. Y3yH-
JIHTH YekcH3 OyaraH Ba Msoasiuusiiagran R panuycnu
LUJAHHAPAA 3apAd TeKHC TaKCHMJaHras, ie6 xucoOnafinuk.
DaeKTp Ky4 UH3HKJApH 3Ca UHJIHHIAP }"f}gnra_)nncéa'raﬂ

paanan papminaa fiyHasran Gysamu. Ilysuar yuyd E BeKTOp-
JIApH XamMma epAa LHMJAMHID CHPTHHHHI HCTajraH HyKTacura
—

TYUIHPUATAH HOPMan n ra napaaien O6yanb, HHIHHAPHHUHT
XaMMa HYKTacuaa

E = const

6yaanH.
Yaynaury I, KYHAaJaHT KeCHMH 7 PajuyC/i TAllKH LMJIHAH-
JP KHCMHHM OJICaK, VYHHHT Ty-
61 B4 yCcTH OpKaTH YTajguras i
KyU/IQHTaHJHK OKMMH HOJIra TeHr I
; T -
O6yaand, uyHkd BekTop E TYO
Ba YCT HOPMA/HTA THK, WNYHHHE t
YUyH CHPTAAH YTaguraH KyuiaH- +
FaHJINK OKHMH R
=
EX
-
+

Ny=[EdS=0  (1.24)

6yJaaau.

3apsgnanrad  UWAMHAPHHHT & < ] . i
! ysynmikmaru €H cupTHAA ™ ’
q=2nRI6 snextp wmugaopu !
G6op, Oynupa R 3apsiajanran !
UWJIMHAPHHHT  paguych  (17- !
pacwm).
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Ocrporpasnckuit — 'aycc TeopeMacH OVHHYA KyunaHraauk
OKHMH

NE _ 9 _ 2aRlo ,
£t €8,
N 2nRla
E—tfo 2l
nurleg,
OyHpau
E=Re (1.25)
r €€, '
Oy1anH.

[emax, iokopumard wWwapTra MYBOoOHK 3apsAjaHral
UHMJIHHAPHUHT 3JeKTp MafiloH KYYJaHTaHJUCH Oy UHJIHHAD
VKuaan OGepH/araH HyxTaraya OGYJaraH opaJjuk 7 ra TeckapH
OpONOpUHOHAJ 6yiap SKaH.

B) 3apspananrad cepa — WAPHAHT SJeKTp MaHZOHH

Arap UIapHHHI CHPTHAA ¢ 3apAJN TEKHC TaKCHMJaHrau
6yaca, sapsAAHHHT CUPT 3a4JUTHHH O Oujan Gearusaao,
6u3 Kyhugard uponanu ¢3a 0JaMHU3:

q =-4n R%c, (1.26)

fyHpa R —iuap paguycd. DHAH
Oy 1uapHH paguycH r O6y.Jram
MKKHHYH KOHLUEHTPHK Luap CHp-
T GH/IaH Ypafisiuk (18- pacmaa),
Oy BakTja 1iy CUPT OpKamH yT-
rai Tyna MaHAOH KyuyJaHraH-
JIMK OKHMH

N, = § E,dS = 4n R°E;

— -
- Oysagd, uvakd E Ba n ¥3-
18- pacwm. apo mnapases. MKKMHYM TOMOH-
JaH Octporpaackuit — I'aycc
TeopeMacura Kypa KydysauraH/IuK OKHMH

Ny = quj
Ba
Np=4nrkE,
6yHaH:
E= in_fi? . (1.27)
24 '
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By ¢opMmynanap 3apsiaJiaHTaH LIAPHHHT Mapkasujiad
r macopapa 6yaraH MalAOH KyuyNaHTaHJAUCHHH Oepan.-

JapHHHr CHPTHAA TEKHC TAaKCHM.JIAHTAH 3aPSAJHHHT
MaififoH KyYJAaHraHJUCd 3apANJapHUHT Wy HIap -Mapka-
3MJa TYMJAHTAHAA XOCHJ STajuraH MaijoH KydJaHrau-
Jgurura Tedr. ByHjaaH kypunanuku, R pajguycian 3apsg-
JaHraH IapHUHT YHHHT Mapkasujaau r macobana 6y/ara
KyWwIaHrawIHK dlapHHHT pajauycdra GOFAHK 3Mac, Wy 3a-
pAx ¢ map Mmapkasuia GyJaraH XosaTHla XOCHJ OYJyBYH
MalaoH KyWIaHTaHJHIHHH Oepajd.

3apsignanran wap cHpTH Huupa (R>r’), r’ paguycnu
cpepa Hunzaa, 3apag 6VaMaraHd yyyH Ky49JaMTaHJIHK OKH-
My Ocrporpaickuit — laycc TeopeMacdra acocaH HOATA
TEHrAHP.

6-§. dunexkTp MaigoHHMHT GaxapraH MIIH. DaeKTp
MaHAOHHUHT MOTEHUHANH

ABBasi 3apAAHHHT 3J1eKTP MaBJOHAA KYUHIU HIIHHH
xuco6y1ab, CYHr VHHHC NOTeHIHaJu OWJIaH TaHHLUIAMHS.
Bupop sapsig anocpuna r y3oxJuKaa Oyarad sjektp Maii-

IOHJAru g 3apsiara (f dl ) =o OypyaK OCTHAA TabCHP 3TYB
ud f Kyu yHu dl macodara kyuupHb (19-a pacm) dA = fdl cos o
qUHKA Gaxapaid, 6ynaa f=q E 3Kadauru xucofra oJmHca,

——

£
N NG

+qz

aj

19- pacm.
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dA = qE dlcosc.

g, arpoduna r y3okJMKaa Oyaran q, 3apsa dl ra (19-6 pacm)
®Vuu6, dlcosa = dr, KynoH Konynura acocan f— —D 92
ger2dn
9192 dr
4mee, r2
HHHT AMSJEKTPHK CHHIAMPYBYAHJHIH. YMYMHH HuIHK XdcoGjam
yuyH 6y 3/eMeHTap HIHK HHTerpajfiacak,
> d
A:m,z]:ﬂﬂ_g_i_ 7 (1.28)

4 mee, r2

6ysraHn yuyH uui sca dA = 6ynanu, &-— Myxur-

By uHTerpaiHu 3apsaHu r, AaH r macodparaya KyyHpuiira TaT-
6uK sTcak, Gaskapuarad Wi

Az(_‘ltq.%--‘hq?) L _ 2% (L-_l) (1.29)

€ry er J4megg 4nege \ rg r

6yaanu.
. 1 o
Q, 3apsia Iy JaH YeKcH3JHMK (o) ra Kyuca, —— 0 6yauo,
r

Ay = -‘%- 6ynanu. By A, uu, g, sapsanaH r, Macodana-
v’ 0

TH g, 3apsilHd YeKCH3NMKKa Kyuniniga Ga)kapa OJIMIUM MYMKHH
Oyaran mu MEKAOpH OYsin0G, MaliOHHHHT ry Macogasa Gyarad
HyKTajaru IoTeHlUuas sHeprusichk W, Hu Hbopanaiiny, sbHA
Ay = W,, wyHuHraex r Macopaga A=W.

Arap g 3zapsg r, macodanan r macodara Kyuca, Oy r—r,
Macodaja 6axapral Kl NOTEHHIHAJ 3HEPrus KaMaduiuura TeHr

6yaani. YMyMan r—>oo Gyuranna W = —29%2 — 0 Gyaraun
4nere,
yuyH
W= (1.30)
4 eger,

Je6 éscak 6ynanu,
UekcwamikJaH ¢, 3apAi MadJoHWHUHr OHpPOP r HYKTacHra
g 3apapuu Kenrupumga (20-pacm) Gaxapuirad mw A . 6ya-

. A .
ca, 3apaj Oupjurura TYFpH KejdraH Ml MHURAopH =L G-
q

Ju6, Oy HHCGAaT KeJTHpHATaH

(g”__._'f___-_"____@o 3aps] MHKAopura OOFJHK
r g g7 6y/maii, MalJOHHHHT Wy r
HYKTacd yuyH Aoumuii 6yJaa-
20- pacm., Iu. Arap keJTHPHJIraH 3apsapn
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MHKAOPH 1 mapra kyn 6y.jca, ' "xam n mapra katta 6y-

JHG, ?" HHCOAT Warapury GHTTA KuiiMarra ara Gyaagu. Iy
HyKTara q,, q,, q, 3apsafiap keauumaa A;, A,, A, wiiap 6axa-

pumca xam —L = "L =2 = | = joumuil (KOHCTaHTa)
U 92 qs q

6yrann. Dy A KHHAMAaT MalAOHHH XxapakTepsall YUYyH KaTtra”
q

JHMK cudaTuia «tomeryuas Aed Kabya KUIHHraH:

Ay (1.31)
q

1
Bupsnik MycGat 3apsgHd YeKCH3JHKAAH MaiiJOHHHHT GHpOp
A
HykTacH (r) ra xeatupuinfa Gaxapuiarad =L HII MHKAOPH
q

ounad VydaHub, MafgoOHHM XapaKTepsoBYH KaTTalHKKA iy
Hyxkmanure nomeryuasy pe6 omuuran. Clina noTeHmHasHHHT
§/190B GUDJHTH KUIWG «BOMbT» KaGys keunran. | Ka sapsd-
Hu dexcu3auxdan dnrexmp matdonnuxe Oupop Hykmacuea K-
qupuwida 1 K wu Oaxcapuaca, wy Hyxmadaeuw nomeHyuan
Kulimamu 1 8caem Oeiiuradu:

A

(P = ——

q

6yHzaaH

1K

¢ 1 K
+4, @, #, ey xucobuamga A =
7 TTTEy = 9(@—¢y) dopMysianan ¢oii-
Aananamu3 (21-pacm). Amanza
643 TOTEHUUATHHHT  a0COMOT
21- pacw. KHiAMaTH OusiaH 3Mac, MUl Ba

3HeprusiBy Xuco6/amIja NoTeH-
1A aitMPMack H1 «/cytt/zauum» HOMH OWiaH @, — @, =U Hu
Ky Jnaimu3.

(1.29) dopmynanaH KypHHaAHKH, MaUJOHHHHT Ga)kap-
rau uum A, .r HAYIHAHC Wakadra GOFNHK 6yaMail, dakar
GOLINaHFUY Ba OXHPrH X0Jarra GOFJHK X0Jaxa O6HTTa KHil-
Matra 3ra 6ynamd. Ulynpaii wapreH KoHAHpYBUM Maii-
nounap norenyuanr maidonrap nehaunnanu, lyupain xunub,
HYKTaBHil 3apsIHHHr 3JEKTPOCTATHK MaHJOHH TOTEHI[HAJ
Mainon 6ysiu6 xucobsanaau. Arap O6uTra HYKTaBHi 3a-
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3 PAX ypuula Gup leura xapakar-
CH3 HYKTaBHH 3apsjjap CUCTe-
Macu 6yaranga, Bakyym €xku Ou-
7 2 POp MyXHTAQ,  Cyleplo3HUMs
NIPMHUMIIA acOCHAA 3apaAM CHC-
TeMa 3apAfura TeHr 6yaran OuT-
4 Ta THHY TypraH NyKTaBul 3apsan
b6unau oJHHCA XaM OVJaaH, neray
22- pacm. xygoca kKeaub uukagu. SbuH
YAApHHHT yMyMHHA MaWoHH Xam
noTeHUHan MaiigonaaH néopar 6yaann.

Xap kauaa#h MaitioH (TpaBUTALIMOH, 32JEKTPOCTATHK)
HHHT KYYH 6a)KapraH HWH HYJAHUHT (pakaTt GollJaHFHY Ba
OXHPTH XoJlaT HyKTacura GOFJHK OYJauO, TPaeKTopPHs IIaK-
aura Gornuk 6Vamadiau. DyHpail xyu norenyuas Ky peb
IOPHTHJIA H.

Arap snextpoctarHk Mafijonga 3apsin Oupop I HyKTajaH
22- pacMpa KypcaTuiraHya 8 HyKTa OpKaaH 2 HyKTara Kyuu-
puanb6, keiinH y Oowka #iya 241 opwany KaiTHO Kejca, Xap
HKKaJa X0/1a MAHIoH KY4JApHHHHF GakapraH Hiuiapu Oup XH.
6ynagn A,;, = A,,,. Dopumpa {6axkapunran wur  MycGar 1e6

onMHca, xaiiTHiiaa Manduil Gynamm. A, =— A, WyHusRr
yuyn Gepk #ys1 13241 Gyinua GaxKapujraH HII HCJra TEHI:
A4,—A4,, =A = 0.

132 241 13241

Arap srona sapsj srpu uuang GyinaC kyuupuiranga, Oa-
JKapuarad Ml YY4yH 5TpH UH3MK/M uHTerpan A= { Fdicosa
OJIHIUra TYFPH KeJafH, CepK KOHTYp YYYH KYYJiaHraHAHK BeK-
Top g Edl=0 éu 3apan pouvuit Gyarania

§ Edl =0 (1.32)

MaHI0H KYUJAHFAHJAUTHHMHT UHPKYyJAfLuAcH (afinanumu)
Hoab Oyaazu. (1.32) Tenrsama 3/JeKTPOCTATHKAHHHT aco-
cuii TenrsaManapunan 6yaunb xucobimananai.

7-§. Axsunorenuuan cupriaap. Ilorenunan rpapuenti

HykraBui 3apaiHHHr MaHAOH Kyu/aHraHJIMK BEKTOPH
Ba NOTEHHHAJHHH €3af/HK:
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/

\ I v+ 4+ ++++++ /‘

A S
~ -

~ Lo =TT~
=k e & AL
gt of gm i ] i gy
P B oy -4 -~
s 7 =4 A\
ettt '
23- pacm. 24- pacMm.

Byaapian KYPHHAIAMKH, MabJyM paauyciH chHepHK CHPT-
HHHI XaMMa HyKTaJlapuia [OTeHuMaJ GHP XHJAHP. DJIEKTp
KyY YH3HKJApPH 3ca pajuyciaap Oyfdnua #yuanaran. Hemak,
3JEKTP KYY 4YM3HKJapH OHD XHJ NOTeHHHaJjra sra 6yaran
CHpPTra THK pasHiija #yunaaran Oyaaan. DJEKTp Ky4 YH-
3UKJADHHK TaCcBHUPJOBUH  MaHIOH  KywiaHTaHJIHTHHHHE
fyHaJHMIIE DoTeHIMa  KaMalub KeTaéTraH TOMOHra Kapa-
THJACAHOHDP. XaMMa HyKTajapia HOTeHUHaNaapd GUP XHA
6y/araH CHPTNApHH IKEUNOTEeHHuaA cupTrap Ae6 aTanajil.

Earua oaunrag myc6atr Ba MaHH#l HYKTaBHH 3apsn-
Jap Mmabigouu, myc6ar Ba MaHQUN 3apsAajaHral MKKH na-
pannen NNACTUHKAHWHT OUD KUHCAH MaHIOHHHH TAaCBHpP-
JOBYH KYY YH3HKJapH Ba 3KBHIOTEHHHAJ cupraap 23 Ba
24- pacmsiapia xypcatuarai. DBy pacmiiapia 3KBHIOTEH-
HaJ CHPTJIAp IYHKTHP YH3HKJA4p OHJIAH TAaCBHUPJAHTAaH.

BakyyMpaa éxu H30TPON MHIJAEKTDPUKAA OJIHHIAH HYKTa-
BUH 3apsAj yuyH MapkKasujga Iy 3apsjg sKofjiauwraH cde-
PHK CHpPTJAp SKBHOOTEHIHAJ
cupriaap Oyaub xu3Mmar KH-
Jiagu. 3apsaJaHral TEKHCIHK
(macTuHKa) y4yH YHra na-
pajjiell TypraH TeKHCJHKJIAp
3KBUIOTeHUHAJ cHpTaap 6y-
aanu. bBomka  xonatnapga
MaH3apa flHAa XaM MypakkaoO-
poK Oyaumin MyMKHH {25-
pacM). Dby pacmaga wmychar ,
3apsjJaHraH KMYHK 11ap Mai- 25- pacm.
JOHHAA 3apsiiiaHMaran Kar-
Ta 11ap VpHATHAraHAa XOocHJ OyJaraH HatHXKaBHH MaiaoH-
HH TACBMPJIOBYH 3KBHIOTEHIHAJ CHPTIAp Ba 3JEKTP Kyu
YH3HKJAPH KYPCATHJIDNAH.

OKBUTIOTEeHIHA)1 CcHpT GyAnMua XapakaTiaHyBYH 3apan
Neu KaHmadl umumi GaxkapMmaiid, 4YYHKH CHPTHHHT XaMMa
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HYKTajlapHaa NMoTeHuHaa 6Up XuJ OYAradJuru yuyH 3apaxn
Kyununja norexHuuan papxu 6yamanan.

JHAH TOTEHUHAJHHHI TIPajHEHTH XakKuia Tyxtab Vra-
MH3. ’

DnexkTp Maijorga Oup- Gupura IKWH MKKUH HyKTajary To-
—
TeHnuaanap afiupMacH d ¢ Ousad KyuwlaHTawJauk £ opacujaru
GOFJIaHHIIHN KYHMJard TapTuOia KypcaTil MyMKHH. bupaux
MmycGar 3apaf Cup HyKTajaH YHFA XKYA2 SKHH MKKHHUM HYyKTa-
ra KyuMilna 3/7eKTp Kyd YU3HKJapH OViliad Xapakar KHJagH.
Jlemak, Wy HYKTaJaH 3KBHUMOTEHIMAN CHpPTra THK paBuiuia df
iy yrapd, Oaxkapwarad asneMeHTap mw Ed ! sca noTeHuuan
Kamainy — d @ ra TeHr GyJaau.
Edl=—dyg

JeMakx,

12 (1.33)

dl

Hemak, KyuJaHTaHJAMK  2KBUMAOTEHIHaJ CHPTIra THK
OJIMHTad Y3YHJHK OHUPJAHTCHTa TYFPH KeJyBuYH MOTEHIMAR
tTymnidra 6apoGap. DHp XuHCIM  3JeKTP MaHJOHHHHT
opaaurn d OYnraH WMKKH HYKTACHAArH NOTEHUHAWIAD
Ba g Oyiaca,

E=31"9 (1.34)
d
6yaanu.

VMyman, xap KAHOQE cKaaip KATTQAUKHUHZ Kamairiub
KeTaéTean TOMOHU2A KAPATUASAH XOCUAACUHU Xapaxrep-
20844 BEKTOP WY CKAAAP KATTAAUKHUHZ epaduenTu Oeb
ropurusadu. Hlyugait kuaub, saekTp MalAoH KyuyJaHraH-

—

JuK BeKTOpH E 3jeKTp MalijioH NOTEHUMANH ¢ HHHT Tpa-
JHEHTH 6VAHO,

E=— — grad @ (1.35)
LHIaKJaAAa é3naaiu.

8- §. 3aexkTp Madfigonaa yTKasru4jaap

Yrkasruy Moanana, acocaH Meraajapia, 3pKHH, KpHC-
TaJJ NaHxapa Tyryanapura GOraHK 6yJaMarad 3JeKTpOH-
Jap MaBXKyA, yJaap ras MoJekyjaasapd Kabu MeTajnn Huuu-
da TapTHOCH3 Xapakatia Gysnanu. Arap Oupop MeTann
OyJarMHH 3JIEKTP 3apAAJAaHraH JKHCM AKHHHra KejiTHpCak,
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yimam SJVICKTPOHJIAD 6Hp TO-
Mol yTu6, KaplwH TOMOHHAA
AJACKTpOHJIAD KaMasiau Ba y
MycbaT 3apsananand. Iy
X0J11& HKKH KMCMIra aXXpaTHui-
rag MeraJJaarui mycbar Ba
manduii 3apsaanapiu 6up-6u-
puiad  a}xpaTdlu  MyMKHH
(rabcHp OuJal 3apsanawl EkKd
JMEKTPOCTATHK XOAUCAHH 3C-
JIaHT), '

ApBaJ ukkuTa A Ba B Mme- . 26- pacu.
TaJa UHJMHADUAJADHH H30-
JSAUMST KUJAUHTaH TOPH30HTANM Xoaza (26- pacM) mrartdsja
Ypuatub, 'ynapHH  aloXuAa-aoXHAa 3JEeKTPOCKOIIapra
YpHaTaMHu3, DJAeKTPOCKON CTPENKajapd HOJHH KypcatHb
Typany, UHAHHADUYAJapPHH SKHHaamTHpub Oup-6Gupura Tte-
TH3raHMMHU3/la XaM 3JEKTPOCKOIIap HOJHH Kypcaralid,
Cyurpa Oupop 3apsaaJaHrad IIapyaHH SKHHAALITHPCAK,
Xap HKKaJa 3JEeKTPOCKON XaM 3apsin OOpJUrHHH Kypca-
TaAH, YAapHHUHT CTPEJKACH OFajH, WY XOJAa HKKHTA IiH-
JUHApYaHH Oup-GUpHIAH Y30KJAaUWITHPAMH3, JEKHH 3JieK-
TPOCKON CTPEJKACH OrraHuua Kosaau. By rtaxpnGa xiyp-
catanukd, Keatupuaran b urapua 3apsagu mycbar Oyica,
A Merads UHAMHAPYARHHT  MaH)UH 3apaanapH, SbHH
aJeKTpousiapu 5 TOMOH YTHG, MycGaT 3apsagapu sca B
IHJIMHAPYA TOMOH Kyyagu. B wunr siexrponsapu A uu-
JHHEPYAHHHT MycOaT 3sapsigra SsIKHH TOMOHHra Xyuub,
YHUHI Kapliy TOMOHHAAH KeTHInH GuaaH VpHHHH Mycbar
3apsAafanrau 3appanap sranaafizn. Kedun my xosnna Myc-
6atT 3apsaau b 1uapHH UHJIHHADPUANAH Y30KJIalITHPCAK,
Mychar Ba MaHOHI 3apAAaH 3/J1EKTPOCKONJAPHHHT CTpeJ-
Kajlapu OFraHWda KoJiagd. Dydmad KVpHHaZHMKH, MeTaJn-
Japaa SpKHH 3JeKTpoHjgap 6yaub, TallKH MaHgoH Ttab-
cHPH MeTaJJl-KpHCTaJa XKucMuarn wmycbar TyrynjaapjaaH
030/ XoJsiga Gyarad sJexTpoHsap, Manbuil sapsaanap OHp
TOMOH, Myc6aT 3apaajap YHra KapaMa-Kapuii TOMOHAA
Tynnaprad. 6Ymanu. Arap A Ba B umaunapuanap myc6ar
sapagnd b wap  y3oxjaawraniad CcYHr SIKMHJIAWTHPHO,
Gup-GHpura Terusuica, YJapHUHT 3apAinapH HeHTpajJa-
mKG, BJEKTPOCKON CTPEJKAanaPu HOJHH KypcaTaiH.

Hemak, merans1 (YTkKasrHu)Jjapia 3PKHH 3JeKTPOHJAD
MaBKyn 6Viu6, Tamwkd MafZOH TabCHPHAA MaHIOH Kyd
UH3HKJAAPH HYHAJMIIKADG KaplId TOMOH HYHaJaHIIxa Xapa-
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KaT KHJHLULIapDH MYMKHH. AMMO MeTa.1ara 6HMp KHHCAH
TallKH 3JEKTP MalAoH TabCHP 3TMaca, yJaap Tapkubuaard
IPKHH 2JeKTPOHTaPHHHT TapThlGcus xapakate rtydaitau
TOK XocHJ Oysamaiian. bup ucMman sapsianap (3pKHH 3J€K-
TpoHaap) OHp-OGupuAaH y30KJallajgH, Ba VJapHH MeTaJlJ-
HHHT CHDPTHra TYIJIaHAWra 0116 KeJaaH.
SuAH YTKasTHUJAap CHp-
THAA 3JICKTD 3apsajapH-
HHHT TaKCHMJIaHUIIHHY Ka-
palyuk. ByHHHr yuyyH H30-
JAATOP  AacTanu  MeTaJja
wapyanan d¢onganaHamus.
D wusonsatop ycerynyanaru
kKaBak AB makaparu Me-
TaJIJ ZKHCMHH YpHATHG, YHH
ajekTpaakimus (27- pacm).
Cyurpa usonstop pacrara
ypHaTHATaH Ba 3JeKTPoO-
- CKONTa CHM OpKaJu yJaH-
27- pacm. ran C wMeraan wWwapyaHu
WARLI  JEeBOPHHHHT TYpJiH
Koiaapura terusaMu3. Anoxuaa A ra €k anoxuiaa B Humr
HYKH KHCMHI'a TETH3HO, LIapYaHHHT TPYXKHHA-CHM OPKaJH
yJaHTaH 3JEKTPOMETP KYPCAaTHUIMAHM Ky3aTcak, KypaMu3kuy,
A na sapsam Kyn 6yarand yuyH cTpejka Kynpok Ba B na
3apaa KaM 6VJarasu yuyH cTpeska kaMpok oranu. Bynaaw
3apan suuaumrd A pa karra, B na sca KavaMru Ky3aTH-
Jajau.
Arap xucm 28-pacmaa kypcatusarad cHM TYp LIaK-
Juga 6yJca, TYPHHHT TallK® CHPTHZA 3apsaj 3HWIHTH

Q) d)
28- pacM.
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29- pacM, 30- pacM.

Katra, uuxkd (60THK) KHcMHAa KaM. JKHCMHHHI CHPTH
xamast Gopub, CHMHHHT yuu Kuuuk Oysca, 3apsajajaap 3Hu-
JIMId WyHAad Kynasiaukd, YHIAH 2JeKTPOHJap uerra yu4a
Gownaitay. Bynu ®pankawn mapparu (FaatarH) aisiaHu-
IIMaaH KysaTaMu3a (29- pacm).

Arap saekTpoMerpra yaauran cunos mapua C HH y3HO
oamacaaH (27- pacM) TaliKH cCHpPT Oyiaab cypHJca, 3jek-
TPOMETP KYPCAaTHLIH — NMOTEHLHAJ XaMMma »koifija Oup XHJI
9KaHJNTHHU KypcaTajH.

Beprukan YKHHHr HHrHYKa yuHZa OCHJATAH €HTHJI
DHAHHAPHUHT KapaMa-Kaplld TOMOHHIAaH SIKUHJAUITHPHJ-
ran MeTa/jJ YwlapHAaH 3apsajapHu YYHO UYMKHIIH HATH-
Kacula 3JeKTp LaMoJ XocHJA Oyyiub, LUHJIWHIPHUHT ai-
JIaHMa XapakKaTHHH Ky3aTtHw MyMkHH (30- pacm).

Bynapnan Tawkapu, MeTaJasl Typ Huula 3apsan 6yamac-
JUrH XOAWCACHAAH KY3aTyBUHHH éKH 6ab3u acb6objapHu
3JeKTPOCTATHK XHMOSl KHaulLiapaa 'GoiiganaHuul MyM-
KHH.

9- §. Jlunoar Ba YHMHr 3J€KTpP MAalAOHH

Bup-6upuaan XKylda Kuuuk Macopana xKoinauran Gup
XMJ 3apsaa MHKAOpHra sra 6yaran, Kapama-KaplUid HIIO-
paJH MKKHTa HYKTaBHH 3apsaajap cHcreMach dunoas pefu-

Jiagn.
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Junonb MycGarT sapsaaHHEM 3apsiijlap OpajHFura Ky-
nafirmacu OunoAb MOMEHTU Helinanu. Y 8eKTOp KATTAAUK
64aub, 3apadiapru OupAQUITUPYSUL THFPU HU3UK, ABRU
dunoas fxu 6§iuda dinarean 6radu:

p=ql éxu p=0b1l. (1.36)

-
6y epAa p— AMMOJHHMHT 3JEKTP MOMEHTH, [-— JUNOJHHHF eJ-
KacH (MKKH 3apsiji OpaluFH), ¢ — YHUHT MycGaT 3apsjd.

JlunoanapHn ypraHuiljaH -acocuil Makcan JAH3JEKTPHK-
JIapHH 3JeMeHTap AunoJuapaan ubopar neb Kapab, 3JjaekTp
XOAHCAJapPHHH YypradHwiuMy3ra acoc Oyxail.

JlusnekTpukaa xap Oup €Jru3 ONMHTAH KPHCTAMI TY
ryd (MOH)HH AMNOJb HdeidHuwl Mymkud. DBy xoaga AunoJi-
HOHT YMYMHI 3JeKTP MaHIOHH JeraHjia YHUHT XaMMa Myc-
OaT Ba MaHbuil 3apagnapu y3napuHuHr atpodumaru ¢a-
30la MYCTAKHJ 3JeKTPp MaHAoHra sra, UXTHEPHHA HCTaAJraH
HYKTaZa JUNOOJb MaiJAOHHHHHT KYYJAaHTaHJUTHHM AaHHK-
Jall y4yH Xap HKKaJjia Myc6ar Ba Manduit sapsainap maii-
HOHJAPHHHHT LIy aﬂnmanaérraﬂ HyKTajapjard KydJaH-
Fa’JuruHl Tomub, cYHT LCYNepro3uiyusA NPUHIHIATa acoCaH
KyUJ1aHDAHJIHKJIAPHHHT [eOMeTPHK HHUFMHAHCHHH OJIMUIra
TYFPU KeJIajH.

®apas sTailyuk, X yKu HyHATMIUMAArA y3yHaurd [ Gyarad
OHOONHHHT 3apajnapd -9 Ba —¢q OyJcHH, KOOpAMHATH
A(x, y) Gyaran HygTapga r
AyHAMMUIAATH Ky UJaHTaHIM-

ru £, Ba yHra THK HyHa-
et

JHNIZArH Kywiadrauauru E,
Gyacun (31-pacm). A HyK-
Ta KOOPAMHATA/MAp CHCTeMacH
folmian aHya y3okAa Jeb
Kapacak, Q Hykrasuil 3apsaj-
HHHT 7 Y30KJHKAard Kyy-
JIAHTaHJTUTH:
. P .
do 4:180 re

bus kyaataérran A Hyk-

Ta Bakyymja 6yJca, YHHHT

KYUYJIaHHUIIH:
U—_9 (1 __ L) =
4me, (r2 ry
S AN i (1.37)
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31-pacMpuan Takpuban ry—r,= lcosa; 1,7, =r* 1e6 OJC2K,
(1.37) gyfmaard KypuHUIIHM OJafH:

—glese P cosa (1.37a)
41eyr2 4meyr?

. oU
Kyunauui 6uaaH mafilod KyuJaHTaHJHTH opacHia E = >
r

OOF/N1aHHll MaBXKyJ OY/raHjuTd yuyyH MalgoH KyuJaHraHJurd-
HHHT 7 RYHAJINMIZATH TAWKHJ 3TYBUHCH:

EI:-———a—g:———’—)—coscz. (1.38)

or 2aeyr3
YHra Tk iiynaarang aca
E,=— ou____» sina (1.38%

roa 4meyrd

6yany.
Cynepniosuuust npuHuvnura acocaH A HyKTajard yMmyMmHi
KYyu/aHraHIuK

E=E, +E, (1.39)
YHUHT coH xuiiMaTh 3ca
E=VEFTE =—2—VT1TF3cos?a. (1.39")
! 4ngyrd

(1.39") nan kypunamux, osuHraH A HYKTa JHNOJb YH3HFH
6yiuua oJIMHraH TYFpH unsuk ycrupa Gyaca, o =0 6yau6,

E-——PA_ (1.399

2neyr’ ’
o 7
arap A HyxTa JIMNOJb YM3MFHHHHT ypracHra THK (oc = -2—) pa-

BHIIZA OJIHHTaH TYFPH 4M3MK ycTHaa GyJca,
E=—" _ (1.39%)

dmeyrd

xocua Gyaagn. JleMax, Auno/ib YH3HFH HyHAJHIIHAZ OJHH-
raH HYKTaAard MalJoOH KYWIAHTAHJMITH VHra THK YH3HK
YCTHAA OJHHTAH KYYJaHraHJHKNAaH HKKH MapTa KarTta
6Vnap aan.

10- §. daekTp Maligonga AHNOAL

Bup xuHcam (Kyy uM3MKJap napajniesn) 3JeKTp Mali-
JOHHUHT JHIOJNTa TabCHPHHU Kapalb uuka#auk (32-a
pacm}.
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Byupait matimon ¢dasoza HWKKHTa mapaiea Kapama-
KaplH HCMJH 3apsjgap OuJaH 3NeKTPJaHraH TEeKHCJAHK
opacuaa Gyauin MyMKHH., JunoaHuHr xap 6uUp ¢ 3apsanu-
ra gE kyu tabcup staau. By kyuaap ysywauru [ 6yaran
IHNOJNbL 3apfiljiapura Kapama-Kaplid HyHaJ uIIAa TabCHP
atH6 (32- 6 pacm), xydt Kyu momentn M xocua 6yaanm.
Arap Qunosb MOMEHTH TaUIKH 3JIeKTP MaHAOH Ky4YJaHraH-
JHrH OGHIaH MabAyM o 6ypuaK XOCHJ KHJICA, YHTA Tab-
CHP 3TYBUM Ky4 MOMeHTH (32- @ pacMian)Kyiuaaruua udo-
AajaHajgu:

M=Flsina =qElsina=pEsina. (1.40)

———
By TeHrnamagard p-- QUNOAbL MOMEHTH. o = (p E)— gunob
MOMEHTH Gu/aH KyuJaHraHJHKJIap opacujard 6ypuak, M — kyu
MomenTH, (1.40) Kyd MOMEHTHHUHI COH KHUAMATHAHD. YHHHT
BEKTOp lUaKJAa €3u/MIM KyHujaruua:

hacal ——

M=I[pE] _»(1.42
Yuudar  @yHanmuM  p Ba E
BeKTopJapra Tuk Gynub, nap-
MQA CUCTEMACUHU MAWKUA KU-
Jagy (33- pacwm).

Kydr kyu (F) aunoauu
Ky4J/aHraHJHK BeKTOpPH HyHaJ/IH-
WM TOMOH OypHWIIa HHTHJIAAU
(32-a pacm).

Junoaes GUp RuHCAH GYJI-
MaraH 3JeKTp MalfloHra KHpU-
THJIranJa, yHHHT 3SKBUMOTEHIH-
33- pacu. aJ1 CupTJap opacHIard 3HepPrHsacH
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W=-—q¢;+qo, =g (¢, — @)
6yu6, JMNOMAb Y3YHJMIHHH XYAa KHUMK ]ecadK,

d —
P2 — P = L an
dn

- N —
HH €3ut1 MYMKHH, 6y epna An SKBHIOTEHHMAN cMPTTa TYiIM-
puiran HopMaJb, GYHMHT coH Kuiimati (32-6 pacwm)
An=Ilcosa,

d d

E=——d2 HH XHcobra oncak, M =ql _dl’ cose BH M=p
n n
d " .
:12 coso f1e6 €sHm MYMKHMH EKH SHeprus
n

W =—pEcosa=—(pE) (1.42)

ra Tear Gynagd. Bup xuncam GyamaraH siekTp Ma#foHZA IH-
NoJMb MapkasH An  Macojara CH/DKHraHuja OarkapuiraH Hiu
dA, yHuUHr TnoOTeHUWa] 3HEPrUACHHHHT KaMajuwn — dW ra
tenr, (1.42) dopmynann muddepernuaniad saemenTap vm Hepo-
JacvHM XOCHJ KMJIaMH3:

dA=—dW = —pEsinada + pcosadE.
JUNOMHHAT  CU/DKHIIN - KYWIaHTaHAHK  HYHaaumuzaa 6Gyaradn
yuyH dE =dd—E dn Ba (1.40) nuM Xucofra oJcak, IOKOpHzaru
n
TEHIVIMK KYHUJarn KypHHMIIra KemaiH:
dA :-—Mdoc—l—p%é dn cos .
n
bynparn dA; = Mda Xydr Kyd MOMEHTH TabCHPHAa JAHINOJ-
HHHP alifaHummga Gaxapuarat, dA4, = p—d— dn cos 0. JUIIOJNHUHT
n
dE
Macca MapkasuHu dn ra F=p -;—cosu Kyu TaBCHpH OCTHJIA
n
Kyunwmiaa Gaxapwirad uu, o = 0 6yarania, um d4, =0,
dE
dA —— -—dl‘l,
2 =P in
Kyu
dE
F=p—
P dn
6yand.
lllynnaih kunub, 6up xuncauy 6ynamarad MafjaoHpa au-
37
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noab Oypuanb, MalJOHHHHT Ky4/JH TOMOHWra TOPTH/AXH.
Ju3neKTpuxk napyacugard xap Gup aToM (MOJEKyJa) Iu-
noafgad u6opat GYiuO, KydJlaHTaHJHK YH3HKJAApH TOMOH
MOHHA GVaULUIra HHTHAALHAAP.

11- §. JM3NeKTPHKHHHT X0CCajapu Ba KYTOJAHMIIM

a) HusrekTpukruHne TYsuLLLL,

Babau xucMmaapaa OGyarad 3apsjgjap opacHIaru maco-
dba aroM €xu MoJeKyJanap yauaMu Ttaptubuma 10710 m
€Kl dHa XaM Kuuuxk 6Vjca, yJaap opacuiaru sJeKrp Mai-
JOH KyuJaHrawaury Katrta 6ynaad. lysnail Tysunuuigars
KaTTHK XHCMJapHHMHT Oab3WjapHia KPHCTAAX TYTyHHTa
(sgpora) GorsaHMarad 3pKHH 3JEKTPOHJAp yupaiaH, Oy-
Jap MeTaJsJ HMuMaa UXTHEpPHH XaMMa TOMOHra 3pKHH Xa-
pakaT Kujaa oJafunap, OyHmalt mucMmaap greasaudaap
nefiunann. Dyaappag tamkapd, WYHAAH KaTTHK XKUCMJAp
60pKH, yJjapAa 3PKHH 3JEKTPOHNAp HYK HAeHHII MYMKHH.
Ynapaan VTraH TOKJapHH MaBXyn Gyaran yauoB ac6o6-
Japu opkKaJH Ky3ata onMaiMus. Bynma# y3ugmam 3/exkTp-
HH VTKasMmaidgurad 6xu €MOH VYTKa3aJAHUraH XKHUCMJIApPHH
Ouanextp (usoasarcp)aap peiiunagn, . Bynapra  rTauksm
9JeKTp MaljaoH OHJIaH TabCHP 3TCAK XaM YHIAr# 3Jek-
TpoHaap ¥3 YypHuaapuga te6panub, 3MeKTp YTKa3yBUaHIUK
pyit Gepmaifiam. Merasnapra HucOaraH [AHAJIEKTpHKIAp-
Iarn 3JeKTp yTkasyBuauauk 10%° mapraraua Kam 6yJsand,
abcomoT H3oasTop HYK, XaBo, cod CyB, CYIOJNTHPUJTAH
KYIU#JIHK rasjap, CYIOK XaBo, KATTHK JXHCMJapiaH 0JIMOC,
OJTHHIYTYPT, KBapl, cawoja, IIHWIA, pe3HHa, HIIaK Ba XO-
Ka30J1ap XaM H30JsTop XHCO6JaHalH.

Temnepatypa KyTapuauiln GHIaH METANNAPHUHT 3JIeKTP
yTKa3yBUaHJHIH KaMakHca, [IHIJeKTPHKJAAapAa aKCHHYa,
3JeKTp YTKa3yBUaHJHTH OpTaAH. Dy myHH kypcaramuky,
HOpMaJs I1IAapOMTAArH AMIJEKTPHKJIAPHHHT 3JEKTPOH :iBa
gApoJapH V3apo XKyJa KaTTa KY4JaHTaHJHK GHJIAH IIYH-
da# KaTTHK GornaHrankd, 6Gu3 Kyirad KyudjaHymra mMoc
KYUJaHTaHJAHK TabCHUPHAA 3JEKTPOHJAap V3 aToM 8KH Mo-
aekyjgacurzan axpaamaian. Iy myHnocabar 6unan gusaex-
TPHKHUHI 6aB3H XOCCAaJapHHH Kapab uMKaMH3.

6) HuszrekTpurtune KyTbranuwl.

Hkkura 6up- Gupupan d macodanga Vsapo rnapatien ypHa-
THJIraH MeTa/l MJacTHHAJap Myc6Gar Ba MaHbHii 3apsapJaHraH
Gy.1M6, M/IaCTHHAJApAATH 3aPSANHHHT CHPT 3UYIMIH O, Ba O_

6V.icud. Yaap opacHiard MyXHT BakyyM 6V.ca, myclar 3apdf-
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JaHTaH TWJIACTHHANAH 3JEKTP Maii-
XaMmacu

JIOH KyY UYH3HKJApHHUHT

+6
¥ &+ & * ¥ + + + +)
T

Manduii  3apspJaHraH  nJacTHHara d F
etub Oopany. By xonja Bakyymaaru ' ¢
3JIEKTP MaifoH Kyulamrahaurd E,—= [E=Z—-———=== “6]
g .. -
= — 6ynamu (34-a pacy). a9 .
0
Ymrazzuy mkaseuy
+6(F w7 -7 77 7] G FrT T v+ ]
T e s S B N R SR U Y3 S S B S |
Er|lE usnewmpur] | E, |2
R N +£+ s + ﬂ+ﬂ€1”£ ‘+k£a
P N TR T K 2 T T A iy ¥t ¢
) i
: Ymuaseuy Yimwazeud
0) 6)
34- pacm,

Arap BakyyM VpHupaa H30JSIMSJIAHTaH

MeTall VTKasruy

KUDUTAJICA, YHHHT B3DKHH S/EKTPOHJIApH O, JaH YMKKaH Ky4
YuauKJIapH OunaH GorJaanub, YTKA3THUHUHT O_ TOMOHAArH CHp-
TH Myc6aT 3apsijiaHagi Ba wly 3apaj/iap OPKatH ¢, JaH K-
KaH Kyd UuH3HKJ/apra TeHr Kyd YH3HKJ/IApH O_ TLIaCTHHKara
Gopu6 ertamu (34-6 pacm), MeTa/ul HUHAA MaiaoH GyiMail, o _

ra erran KyuJaHranmmk E = E,

Arap ypraparn Bakyym
VYPHURA JHU3JEKTPHK 6Va-
ca (34-8upaCM), TalKH
3MEKTP MaiiloH TA'BCHPHAS
JUJEKTPHKHH TAUIKHA
3TYBUYH aTOM E€KH MOJIeKy-
Janap Maiiod 6yinua cua-
Kn6 TapTHOAM IKoHJamia-
JH Ba YHHHT HKKH TOMOHH
Myc6aT Ba MaHpui 3apsan-
aananu (35- pacm). By xo-
aucara QuUINeKTPUKAQPHURE
KyTbranuwy nefinyiany.

O+ AaH UHKKAH Kyd 4H-
SHKJApHHHAT OHP KHCMH
IH3JEeKTPHKHHUHI TapTHbra

)

a)

2z 6yanu.
&

[——s L 4
:
-:': 2 //
—————
'3
35- pacm.
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Tywrall 3appaJapuHHHr MaH(pHA 3apsaanapu Guaan Gorga-
HHO, O_ JiM NJacTHHara Gopu6 eTmaiiau, GOFJ1aHMall KOJraH Kyd

YH3UK/IAPUTHHA MaH(pu# 3apsilaHrad mactydara Gopub erapd.
Husnektpukka GOF.1aHran Kyu uusukgaap E, ra Teckapu HYHa-

)
Juiga £ = — KyuwIaHTanJMKHH XOCHWI KHJ1agd. [IH3JeKTPHK-
[T

— — —_
Jary HaTIKABUH Kyu/laHraH ik E :EO—-EK 6ynagu. Hxk-
KHHUH TOMOHAAH O, JaH UYHMKKaH Xamma £, KyuJaHrauauk
9/IeKTPOCTATHK MHAYKUMSAra TeHr, €,£,==D, WyHHHT YuyH
E=E,—E, D :(E+EK)80.

Arap nussieKTp KoHJeNcaTop Kolljamacura Teruf Typca, o
Ba 0, O_ Ba O 3apsj 3UWIMK/Japn Oup- OupHra JKyja sKHH
OysaguKy, yJapHHHr OHpraTuKJard TabCHPH Y TKA3rHd —— Ju-
3J1eKTp OHup- 6UpupaH 0' =0 -—0, CHPT 3apsiji 3HWIHIH OuaH
axpaau6 Typrau 6yaapd. Dy 3suumukiap (3apsiiap) ra maxcyc
Homnuap Gepunran: o' — shextns €k yMymuit; o — Gorsan-
rau KM KytOJaHraH; ¢ — XakuKuH (ac/¥ga o3of) 3apsiy cHpT
SUYJTHTH, :

Dy epaa ¢’ HuFMHAM 3;eKTp MAHJOHHH AHUKJIAHIH, XaKH-.
Karau [UJMEKTPHKIArH XOcud Oy/agurad MadfioH Kyw/IaHrax
JIMTH:

!

gE=D—¢gE =0—0 =0

Hemax,
E=2, D=o. (1.43)

Arap MUSIeKTPUK IWIHHAPHMK IUaK/AAa OyJca, YHHHT 3Je-
MEHTHHHHT acoC 103HHH dS [eb, YyHAArd 3apajg  MHUKAOpH
dg = o, dS 1o3anard 3apsn OudaH y3yHJAHK (UHAHHAp GanaHn-

Jurd) [ BUHr KVmafitmackara TeHr fge0 OJMHCA, UMAMHAPHUHT
3]eKTp MOMeHTH dM;

dM; = dql=0,1dS

6yaaan. [dS =dV ummungp xaxkmu  Ofaramd  yuyH dM; =
=0, dV xaxM OupMrara TYFPH KeJraH 3eKTp MOMEHTHra
KYTO/aHHI BEeKTOPH p Ae0 IopUTH/IAfM:

M g (1.44)
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XaKM OHDAMIHra TVFPH KeJdTraH [pTHHAPHHHE 3.1eKTP MOMEHTH
COH KHXaTjaH KYTOJNaHHIIAArd 3apsiiJapHHHT CHPT 3UYJUCMra
Tenr 3KaH. Ulyupait xumu6,

E ,=0.,=p Ba D=¢gE+p. (1.45)
Ky myuink Au3/JeKTpUKJIap yuyH KYTOJaHUII BEKTOPH KydJaH-
raH/MKKa fponoputoxan p =x Ee, OyHaard » — 3JeKTp.a-
HU KO3(hdUUHeHTH 6Y/aub, YHUHT KHHAMATH JH3JTeKTPHUKHUHT

Tabuarura GOFJHK. KyTG/aHHII BEKTOPHHHMHI KMIMAaTHHU 3/1€KTD
cumxuiy D uojacura KHPHTCAK,

D=FEg+enE=¢y(1+%E - (1.46)
I4+n=¢ Ba D=c¢eE

o D 1
6ynapu. Dunamusku, & = = (1.43) xucobra ogamHca, — =
€ €

’

_&E
D
(o30m) ¢ 3apajpiapiaH Heua MapTa KaMm 3KaH/JMIHHH KypcarajM.

g
=—. DBy wMyxutHuHr sddekTHB 3apsau o' 3IpKUH
o

12-§. eKTp HHAYKUHS OKHMH

SnekTp MalAOH KYyUJaHTAHJAHK BEKTODHHH LIy MYXHT IH-

3JIGKTPUK CHHTAMpYBUYaHJMrura Oy/arad Kyna#iTMacH 3/eKTp
— —

uHAYKUHs BeKTopH D =g E ne6 aranamu.

HyxTaBuil 3apsaf yuyH:

q

4 7 r2

WKkH Typad MyxHTAa 3apAn Ba Macoda Gup Xua GyJ/rauia,
yJap y4yH

D, =g, E = -2 Ba D,=¢ep E=—1—.
! 1o 4mre 2 =0 4r

Hemax, D =D, 6ynanu, SABHH 3JeTPOCTATHK HHAYK-
UM AHBJEKTPHKHHHT TabHaTHra OOFJHK 3MAac 3KaH.
HMKkH aus/JeKTpHK uerapa cHpTJaapHaa Viapo GorJaaH-
ral 3apajjapHHHC XOCHJA OYJAMIUN TalTHaa 3JeKkTp Mai-
JOH KYUJIaHTaHJAHMK YH3HKJApH COHH KECKHH paBHIUjAa gH-
3JEKTPHK CHHIAHPYBUAHJHKKA TeCKapH IPONOPLHOHAJ
Xoa4a y3rapajH, sSibHH
L _ &
E, %‘
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By epna E, Ba E, uerapajomr OupHHYHM Ba HWKKHHYH JH3JIeK-
TPHKJAArd KYyu/aHTaHIuK 6ynb, €, Ba &, 3Ca YJApHUHT JM3JIeK-
TPHUK CHHIAHPYBYAHJIHKAADHIUD.
DJeKTP MaiiloH KYy4JaHraHJuKk BeKTOpPH OMp AM3/eKTpHKIaH
HKKHHYH JQU3MIeKTPHKKA VTHII uyerapacHia OyHpail KeCKuH ¥3-
—_—

rapuiinH - xycofra oJMIl YuyH HWHIYKLIHA BekKTopu D nan
tofinanananunap. N

Henykuus BekTopd D) HU TacBHPJIOBYUHM YH3VKJApHH HHAYK-
Iust uusukJaapy paefunaan. IOxopuzard TabpudgaaH  paBLgHKH,
JIEKTP HHAYKUUS UH3HKIADH BA JEKTP Kyd YH3HKJIapH 6up
XHJ HYHaJHIIra ra.

Hcranran 103a S opxaau yTyB!m HHIYKIHA YH3HKJ2-
DHHUEI COHH UHOYKYuUs oxumu neb aTajnan.

Kyu um3sukmapu MafIoHHHHT Xap GHp HYKTaCHIa Kyu-
JaHraHJHK HHEAYKUHS BEKTOPJAaPHHUHI HYHAJHIIHHH KYp-
caTany.

Arap 6u3 MaHJAOHHHHT GHPOP €DHAA KyY UYHM3HKJIapHIa
THK VpHaTHJAraH xap O6up M? 103afaH VTraH Kyd4 YU3HK-
JaDHHHHT MHKIOPH COH TOMOHHIAH Iy €paard Ky4JaH-
raHJHKKa TeHr jge6 oJicaK, 3JEKTP Ky4 UYH3HKJAapPHHHHT
3HUJIHKJapura Kapa6 (asona MaififoH Ky4JaHTaHJUTH Tak-
CHMOTHHH TacaBBYD KHJHIHHMH3 MYMKHH.

Xynaa wyngafl ycya 6unan
£ 9JIEKTP  HHAYKUHSICHHHHT XaM
dbasoxarn TaKCHMOTHHH Tacas-
BYP KHJAMH3.

WBpyknus uHsHKJapHra THK
6yaran dS 103a opkain VTYBUH
PHAYKIMS OKUMH 3emeHTH dN =
=DdS 6yaanu.

Arap io3ara TylHMPHJraH HOp-

—

Manl 1 MHAYKLHA YH3HKJ/ApHra
Hucbaran kusa ypHatwirad 6y.ca,
6y BakTja IUy l03a OpramM yTyB-
UH HHAYKIUA OKHMH KaMmpoK G6Y-
Janu (36- pacm).

dN =DdScosa =D,dS,

36- pacu.

6y epaa D, = D cos a,
ABHA HHAYKLHS OKHMH 3JeMEHTH dN WHAYKOHA Bek-

topu D uuur S 1o3ara Tywupuaran HopMaJ HYyHaJM-
Jard NPOeKLHACH OHJIaH I03aHMHI KyraliTMacHra TeHr. bu-
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POP CHPT OPK&JH 3JEKTP HHIVKIHS OKHMHHH TONHIU YYVH,
Y CHPTHH aipHM MaHAOH 3jeMeHTJapHra 6y.ub, xap 6Gup
3JIeMEeHTap 103a OPKaJid 3JeKTDP HHIAYKUHS OKHMHHH TOMHIUI
JosuMm, cYHrpa 6Gapya 3JeMEHTap OKHMJapHH HUFHOG uH-
KM KepakK., MaHa my HAHFHUHAM OKHM GepHJraH CHPT Op-
KaJd YTYBYH 3JIEKTP HMHAYKIUHSA OKMUMH GVaamu. Arap cHDT
3JIeMeHTJIaDH YEeKCH3 KYN Ba YHHUHT Xap OHPH YeKCHU3 KH-
yHK Aeifipsica, GU3HH KH3HKTHPAéTraH HUFUHIH OKHM TY-
Oaumarunda €3dJamaH.
N={(D,dS.

Enug cHpT opkaiu VTyBuM 3JIEKTp HHIYKUMS OKHMH 3Ca

n
N=§D,dS= ; 9%
Oynanu: MHAYKUMSA OKHMH €NHK CHPT OViiHya YTyBuH,
DHIJIeKTPHKAATH 3PKHH 3apsj/lapHHHT ajre6pank HMFHHIH-
CHIa TeHT.

13- §. daekrpodop Maunna

BonbTa MeXaHHK 3HEDPrHAHH 3JEKTP 3Heprusira aiaaH-
THPHUI YUYYH TabCHP YCyJaH OHJIaH 3JeKTpJall XOXHCACH-
nau ooiigaganrad., Manoui 3apagan IuaJeKTpHK (UHuIa,
300HHT....) 1aH sicaaran A gauckka ymaiijguras C gacranid
JU3JeKTpaaH ubopar B Meramyg OUCK SIKHH KeJTHPHJICA,
JapxoJ YHHHr MaHduil 3apsggapud macrta TOMOH uerJaHHO
Mmycbat 3sapsamapu A nparm mauduilt 3apamiaap OGuaal
6ornanagu (37-a pacm). Ly xonma GapMOKHH MeTasln
HHMCKKa Teruscak, B HUHr TalUKH cupTparu MaHduil 3apsi-
Jgap epra ytu6 (37-6 pacm) ¢dakar A ra 6oraaHraH Myc-
Gat 3apsanap koaamn (37-6 pacm). Iy xonpa (37-8

A

8 & T+++1] [EFxFr
A= (3 E=EFZ=//7{m =3
a) 0) 6 2)

37- pacMm.
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pacm) C pgacramu yumaaé,
B IHCKHH y30KJalUTHPCAK,
yHAarn wmycGar 3apapaap
3DKHH X0JAa a)kKpaJaraHuua
goaaau (37-e¢ pacMm). Tanb-
CHp ycyJau 6GHJIaH OJIMHTaH
VHAATH 3apSAAHHHT MaBXK Y-
JIHTHHH, YHH 3JEeKTPOCKOI
1ap4yacura TerH3raHHMHU3-
[a, 3JeKTPOCKOMN sNpoKua-
JAPHHHHT OFHIIMHH Ky3a-
THO TacauKaaiimus. Tabeup
3JIEKTPOCTATHK ~ MHAYKUHS
ycyJau OHJIaH 3apsij OJyBYH
0y ac6ob6 s3aexTpodop ne-
iunann. Uy ycynana 3apsan
OJIyBUH MAallHHaJjJapipaH GH-
pu  Yumwepcruune 2saex-
TPOOp EKU 34EKTPOCTATUK
mawunacudup (38-a pacwm).
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By MammnHa CHPTH We/JIaK JlaKik OuiaH O6YsaaraH mnjek-
cHraac, wuina, 360HHT Ba GoillKa H30JSUHsJIaHTaH HKKHTA
I Ba Il auckaau uGopar 6y.an6, ynap ropusoHTtas ymymuit
¥Kaa y3apo napaJJe] YpHaTHAraH XoJaXa KapaMma-Kapuiu
TOMOHTA aljaHaiu. Xap Oup [AMCKHMHI TaulK@ TOMOHH
1038ra IonKa Merasn snpoxuanapu (38-6 pacmia kypca-
THJAraHya) Tenr Macodana émumwrupunanu. Uy auck xup-
paJapHHUHI KapaMma-KapIuucuja HYKH TOMOHJapH appa
THUUIH WKKH YWIH BHJKa —a Ba 0 MeTaJlJl CTepXeHJap
H30/ALHAIANTaH XoJAa ac6o06 ypracupard ycTyHyama yp-
HATHJING YHUHT Oy THUIIHK y4JapH HKKHTA AHCKHHHT Tall-
KH TOMOHHIAH JAE€BOpHIa TerMaraH XoJiga sSKHH KOHJall-
ra: @ BuAKaHHHT D gacracHaark @’ HyKTafgaH OHJIHHIPHK
C. KOHIEHCATODHHUHI HYKH KONJaMacura, HKKHHYHAAH Yy
H30JALUsANAHIaH AACTaJd, YUHra mapya YPHATHIACAH CTep-
JKEeHra yJlaHras.

DJIEKTPOCTATHK YHMIIEPCT MAalIHHACHEY HILIATHIN YUYVH,
aBBajl, TUHY XOJaTAa MeraJJs sOpoKyanapaaH O6upop-
TacuHu MycbaT éxu MaHbuA 3apsan OHJAH 3JeKTpJaaul
Kepak, Mucosn yuyn / NUCKHHHT TAIUKH SIMPOKYaJgapHiarH
I- Homepaurunn MmycGaT 3apsignacak, y ¥3 TabCHPH GH-
JaH Kapummcupa typrau Il guckmaru 2- HoMepau Sinpok-
yagd MaHduil Ba Wy AHUCK TyY6H TOMOHAArm 3- HOMepJiH
Anpokyand Mycbar sapamaaiau, 6y J- Homepau wmyc6Gat
3apsaa Y3 TabCHPH OMAaH Kapuincunaa Typran [ guckparu
‘- HOMepJid SinpoKYaHH Manduit umopanu 3apsiy GHJaaH

AAJTARAH.

dunu 6y MallHHalxa 3apsif TYMaamWl yuyH xo3upua da-
T Il B (pacMAa wukapugarn) coar crpejkKacH Gyiuya
aiinantapa OGowafiank. DByHoa yHHHT xamMma SAnpokua-
Japu { puUCKHUHT I- HOMepJaH SNPOKYaCHAArH Mycfar 3a-
pax Tabcupuna Mandwuit  3sapsan  (saeKkTpoHsap) OusaH
/ekTpannb,  BHJAKA-CTEPXKEH THILIApH @ Traya errav,
KHcMaH cakpal, yHra yuu6 VTHimd GOUJNAH KOHJAEHCAaTop-
HHHP HYKH KOmJaMacHHH MaHbui sapsy OuiaH 3JeKTp-
Aangu. Iy II auckHuHr ocr TOMOHHAArH Myc6art 3a-
psaau 3- HoMepau Anpokyanap V3 TabcupH OHJIaH Kap-
wucHga typran [ puckpard  4- HOMepad  SINPOKYaHH
maHul sapsia 6usad snexrpaaiayn. By xonga suau 6us I1
JTHCKHH COAaT CTPEJKAaCHra KapIllh XapaKaTra KeJTHpaMmus,
yHaaray 4- soMepad sAnpokuasnapiard Maroduit 3apsanap
yma 6upurun Ca KOHICHCATOPHMHR ‘HYKH KOMJIaMacura
VJIaHraH BMJKAHMHI THULIH YUYHra eTHINH OHAaH KHCMaH
cakpa6, BuaKa TtHiiaapura yraaunap. lynpait xuau6,
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6upunuyn  C a. KOHAEHCATOPHHHT HUKH KONMJaMacH Xap HK-
Kaja JHCKOaH MaHoOHi 3apsainaap OHaaH 3JeKTpJaHalu.

KoHaeHCATOPHUHI HUKH KoOTNJaMacHAa TYNJAaHCaH MaH-
¢uit 3apsaanap OHJaH TAlUKH KOIJIAMACHHHHT HYKH CHD-
THAATH MycOat 3apAgnap Goraauub, Manduil 3apagnapnan
y30KJalraH yHra TeHr MaH¢HH 3apapnap Wy KomJja-
MaHHMHI CHPTHTrA 4YHKWG TyIiaaHand. Dy Tallku CHpPTAArH
Man¢pui sapaanap ¥3 tabcHpH OHJIAH 3HIM KOHAEHCATOP-
HUHT HYKH KOIJIaMacHra sinpokKuyaJjap OpKaJ/H siHa KeJHIIH
MYMKHH OVJarad MadHbHH 3apagnapHu HTapud, OpPTHKuYA
rynaannura kyiimafiou., Kowgencarop C, nard  Talwku
KOIJIaMaHHHT HYKH CHPTU Mycbart 3apsiananrad  6yaub
KoJaau-10, aMMo 6y mycOar 3apapnap 3 HaB6aTHIa KOH-
JIE€HCATOPHHUHT HMUYKHM KOIJIaMacHra BHJKA THIUIAAPH OPKaJH
Kyunb kearan MaHdbHil 3apagnaap OnJaH KOHAEHCATOPBHHI
KOmJlaMaJiapu OpacHJard 3JeKTp MalJoH opkaau OorJa-
HHO6, HeATpa/IIHK XOCHJA KuJaauaap. KoHaeHCaTOpHHHT
TAlIKH CHPTH ep OHJI&H YyJaHca, YHAArH 3JE€KTPOHJap epra
yTHO, sinpokyaJapaaH KejaauraH MaHQHH 3apsaajap, sHIH
TYCYBUH Kyd4 TabCHpPH OyJMaralH YuyH, HUKH KofJjamara
yrub Kynpok TVIJaaHa oJaauaap, Komjamanaap opacuia
3JEKTP MaHJOH KYUJaHTaHJIHTH siHaja opTanu. 3apsanap-
HUHT Kynasi Gopuiud OHJIaH Ky4JiaHMIO XaM OUp Heuya MHHT
BOJIbTJIapra KyTapujaiu. AMMO uekcH3 KyTapa OJMaiMHus,
KOHAEHCATOP KOMNJiaMaJjiapH OpaCHAAardH AHIJEKTPHK MYXHT
MoARaHuHr Tewuaumnraya 50000, xarro 100000 BoOAbLT-
raya KyTapHJHIUH MYMKHH.

Arap 6us [ auckHH Myc6aT 3apsAAJH sinpokyaaapu GH-.
JiaH coaT CTpeJIKacHra Kaplwi TOMOH a#HJaHTHpCAaK, y HK-
knHun Co  KOHAEHCATOPHHHT HYKH  KollamacH Oujaun
yaaHran 6 BHJKAa yuJapHIarH THULIapuradya SKHHJalInG
€TafH, THUJIApAArH 3JeKTPOHJAPHHHF OHP KHCMH cakpab
yuu6, MycbaT snpokyasapra VTHlIM Ty¢aiaum KOHIAeHca-
TOPHHHT HMYKH KomJjaMacH Myc6aT Huiopaju 3apsan Guaahn
3JeKTpJAaHalu.

Arap Gup BakTAaa Xap HKKajla JAHCK KapaMa-KapIUu
afiianTHpuAca, 6y KOHAEHCATOPDHUHI HMUKH Xomaamacu [
Ba Il pucknapparu MycGar 3apsiijd HKKaja TOMOHIaH
Kearan Myc6aT snpokuasapra 6 BHJAKa THLWJIAPDH OpKaau
JICKTPOHJIADHHH YUYHPHO, HKKH TOMOHJIama Myc6aT sjek-
TpaaHagH. By TynjaaHran 3apsianapHd MyBO3aHaTlna cCak-
damt yuyH Cg Jard MKKHHYM TAWKH KOMJAAMaHHHT HYKH
Ba TalKH CHPTHAA Myc6at sapaanap Tynaanagd. By Ce
KOHAEHCATOp TaWKH KONJIAaMaCHHHUHT TallKH CHPTHOArH
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myc6aT 3apsaaap ¥3 TOPTHII KYydJapH TabCHPHAA HYKH
KomJdaMajJaHd 3JeKTPOHJapPHHHr YYHO KeTHO, MYKH KOIJa-
MaHHHr Myc0aT 3apalJaHHIUHTA TYCKHHJIHK KypcaTanw.
Arap TallKH KOIUIaMaHHHI TallKH CHPTHHH ep OGuJaH yJa-
cak, 6yHIa yHra epaaH 3JIeKTPOHJap Keaub, Wy cHPTIAru
MycGaT 3apsiAJapHH MyBO3aHaTJalaH, KolJaMmajapaard
MycbaT Ba MaH(HA 3apsaiap HYKapHia y3apo GOFJIaHHIN
6u1ad HeHTpajjanumapu HatuXacuaa I sa Il guckaap-
Jarn myc6aT 3apsajiH SOpoKdyadapra KOHAEHCATOPHHHD
HYKH KOIJaMacHAaH 3JEKTPOHJAap cakKpal YHKHLIH OpTHO,
VHAArH 3JeKTp MalaoH TabcupH opra Oopaau. Uy 6uaan
fUp BaKTHa, KOILiaMaJjap opacHaarH  3JeKTp MaijgoH
KY4JIaHTaHJIUrd TO KOoIjlaMaJjap ‘OpacHiard JAU3JEeKTPHK
TeNIHJHUIHTaYa 3HT Kartra KuiiMarra spumazd. Mawmnna
JUCKNapuHH Wy Taprubpa alinantapa 6opu6, TYNIaHalu-
rab 34psiianap MUKIOPDHHM KYNAHTHPHIU YUYYH KOHZIEHCATOp-
Jap cucTeMacujaard Myc6aT Ba MaHOU# 3apsapaap y3apo
KATTHK OOFJJaHraH Ba 3apsIJapHUHT TYNJaHULIMUra TYyC-
KHHIUK KaM O6Vyauimiu Kepak. By Makcaara spHIIHII yYyH
9/iekTpodop MallWHACHAATH KOHEEHCATopJap TallKH KOM-
JaMaJIapHUHT TaWIKKM cupTiapuiard Mmycbar Ba Maubuit
3apsianap VTKasrHy OPKaJH TarJHKHHHI KOHJEHCATop SKH-
HHZA THK VPHATH/IraH HKKHTA KaJTa CTepxkeHra uly Tar-
JUKHHHT OCT TOMOHHAAH Keartupu6, yrxkasruu OGugan Oup-
6upura ynaHagu. Amanana 6y CTepKeHJAPHHHT TalIKapH-
Ta YHKHO TYpraH ywlapuaard TelMKYaJaphaH H30JATOD
RacTaq¥ HHIMYKapoK YTkasrmu K crep:KeHb OPKAJIH yJap
nerpannamrupuaany. Wysnait kuanb, ukkaja KOHIeHca-
TOpJ4p TAIIKH KOMJaMaMapHHHHr Myc6ar Ba MaHbuit
3apsAAaM TAlIKH CHPTH ¥3apo yJjaHHO HeHATpasaauranH,
xap GHP KOHZEHCATOpAAarH KOMJaMaJapHHHI HYKH CHPTH-
naru Mycbar Ba mauduit 3apagiap xaM Komjgamanap opa-
cHaary JHIJEKTPHK Oujad  axpaaral xojia Hedrpan-
Jawu®, yiaap opacujga KaTTa KYWIaHMII CakJaHaIH.
KonpeHcatopHuar anektp curumu C 11y KOHZEHCATOP YUYH
noumuit C =£p Ba OyHJaH AQ =—ic- 6yu6, TYanran 3a-
pAg Q oprrad caifuH KOHJEHcaTopJap OpacHiard TOTeHIIHal
aiiupMa A ¢ 6up Heua 10 MuHr BosbTraua KyTapuaanu.
Koupercatopsap yJiaHrad cTepKeHb 1Ilapuajapi opa-
cuparu Macoda | cm G6yaranma kywnawwuwr 30000 BosbTra
apuuica, yJaap opacuia AWHH (YaKMOK) XOcHJ Gyaamd.
IOKopunarn afitharannapra kymumua sjaekrpodop ma-
IIHHA [OHCKJIAPHHUHT Xap MKKala oOpKa TOMOH JeBOpHU
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AKUHUTA YY/JapH CHM IYETKAJAH HKKHTA MeETa/ll CTepXKeH-
Jap VypHatHarad. Jluck aWJaHTHPUJAraHuja yHAard sin-
poKuagap aHa Wy wuérkanapra Tternd Vraau. lan myH-
JaKH, OMCKHHMHI afJjaHuluuga YHHHT Mauduit 3apsaiian
SANpOKYaJapyd BHJKara sSKHHJalIlaHAa YHAArn 3J€KTPOH-
JaDHHHT XaMMacH @ BHJKa THIO4Yajapura cakpal yaryp-
MaiaH, 6Up KaHuya 3JeKTPOHJAap, S’bHH MaH(hHI 3apsapnap
Anpoxuagapaa Koaaau. Aua wy optu6 koJaran Mas¢ui
3apsjJsIapHu epra yJaa0 1o6opcak, 3apsag KoaMalgd Ba s-
POKYAHHHT 3apsiACH3 XapakaTH AaBoMm atuiunuaa I/ auck-
18rd MaHohUHi 3apsijgap Tabcupria Oy AnNpoKdanap 3HEH
Myc6ar 3apsanananu. lUywma#i guaub, [/ guck Y3HMHUHD
OHpHHYM SDPHM alJaHWLIKAaZ 4 THWMIYaJjapra opTHKYa 3JeK-
Tponaap Guian keau6, Ca KoHueHcaTOpHH MaHbUH 3apsi-
aaca, Cs KoHjgeHcaropra Mycbar 3sapan 6Guaad Gopub,
KOHJIEHCATOPHUHI HYKH KOIJaMacujaH 6 Tumlyasap op-
KaJH 3J3eKTPOHJapHu Vaura toptub ogaau, Cs KoHueHca-
TOPHUHT 3JeKTPOHJApH KaMalran HYKH KOIJlaMacH Myc-
f6aTr 3apsanaHran GOyaamu. DBy epaa 6Vaaauran Xxozuca
HaTH:Kacujga THWuYajgapaaH cakpab MycHar 3apaigau sin-
pokJapra KVHraH 3JiekTpoHjgap yHAar# xamma mycbar
3apsaaJjgapHy MYBO3aHAaTra KeJaTHpa oJaMaiiad, Mmycbar 3a-
PSIAJAPHHHT MabJayM OGHD KHCMH snpoKuasgapaa OopTuG
Kogaiud. By xKosaran mycHat 3apsim OHJaH XapaxaT JaBOM
aTca, 6y sillpokuatap To Mycbar 3apsadap UyKoJMaryHua
AnruAal MaHduii 3apan 6uaad saexrpaamaign. Koaran
Myc6aT 3apsiJlapHM €pra yJdacakruHa epiaH KeJraH 3JieK-
TpomnJjap ANpoxKuamarH KoJIuK Myc6at 3apsigjnapHi TYJHK
HeliTtpannab Geprady, KelimH xapakaT AaBoMHia Gy Heiir-
pan snpokyaJjgap TabcHp OujaaH MaHduil 3apaasaHald Ba
ODUCKHHMHP afiJlaHMII JAaBOMHJa 3apAMJaHHII »KapaéHH Tak-
popaaHa Gepajau. By MalIHHaHW UXTHPO KMJIraH YHMUIEpPCT
I [HCKHHHr KapaMa-Kaplid TOMOHJapujparu GHp TOMOH-
Jllall OpTHKYa MaH(pHH 3apAajapHH, HWKKHHUYH TOMOHJIaH
MycHaT 3apsullapHH epra yjall YpHHTa, OHTTa CTepKeH-
HUHT HKKH YUYHAarTH WYETKAJapH OpKaju snpokuajapiard
opTHKua Mmycbar Ba Manbuil 3apanapuu ynaab, snpokua-
JJAPHUHT @ Ba 6 THUIYajnap €HuAaH YTHII naitupa MaHQHi
3apAAaH WYETKANaH 3JCKTPOHJAP CTEPKEHHHHI HKKHHUH
yuujaru Myc6at 3apsanu muétkara ytub, ynapHu HAOH-
MHH HeliTpasaaHuinuid TabMuH Kuiaran. IdyHoal xnau6,
6y MKKH YUYH UIY€TKAJH cTepXkeHb MINKaJall GUJIaH 3JeKTp-
Jaw yuys smac, 0aJKu opTdKua myc6aTt Ba MaHQHH 3apai-
JapHH HEATPaNNaUITHPHII YYYH XU3MaT Kuaaau. By 1oko-
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puaa aiiTuaral xoxucaiap [ IMCK opkacuaa xaM aiiHaH
TaKpopiaaHaZH, aMMoO. WYETKaJAH CTEPXKEHJApHHUHT Ba3H-
dacu 6y epaa xaM Myc6at Ba MaHbUH 3apAAJapHH Heii-
Tpaanawgan unbGopar. By epaa nuikananum G6HaaH 3JeK-
TpJaaul XoaMca HYKJIHTHHH YHYTMacaHK Kepak. Maluuna
TabcHp (HMHAYKUHA) OHIAH 3JeKTpsaalira acocjaHraH.

Bynnai taxpubanapHu HUCOHII HaAMJMTH MYMKHH Ka-
Jap KaMpoK Ba MCCHKPOX ayAuTopusjapaa YTkaswul 3a-
pPYp. AKc Xosaaa TYnaaHraH 3apsiAnap XaBoja TapkKaJub
TaxXpuba yukMaligH,

14- §. O uanexrpukaap yuyH Octporpaackuii — Faycc
TEOpEMACH, YHHHI HHTerpat Ba maudpepeHnuaj Wakadapw

IOkopuna (4-§ aa (1.18) dopmyaa) yruaran Tayce
TeopeMacHia KYdYJIaHraHJAMK BeKTopJap OKMMH Oujan Ta-
HUuUITaHAa, [aycCHHHr BakKyyM YYyH HHTerpaj MIAKJAarH

] =4 = 2L :
Ny=¢EdS ” (1.46)

TeHrJaMacHH¥ Kyprad 3AHK. MyXuT Tabcupu xHcobra OJMHMA-
FaH 3AH. DHAH AHAAEKTPHK YuYH XaM IUy TeHIJIaMaH{ OJIMLI
MYMKHH, aMMO 3HIH Mal[OH XOCHJ KWIYBYHM § 3apsira JH3JeK-
TPHKHUHT KVTOJMaHmLM Tydaiiim xocus 6yJiaauras ¢, 3apsapiap

atpouuard Ma#JoHHH XaM xHcobra ovuira TYFpH KejafH,.
ABHU

_ 97
§ B, ds=1"1. (1.47)

0

KyT6nanum 3apsigyl AUTIOJAHHUHT 3J1eKTP MOMEHTH p XHCOG-
ra oJmHca,

gy =—¢P,dS=—{Pd3 (1.48)

6yub,
(e E+P)dS=gq
Keaub unkagu. '
(sof+ 3) udoja 31eKTP MHAYKLHS BeKTOopH jeb aranagy Ba
D opkaln GelrujaHaan:

- - >

D =¢,E+P. (1.49)

By xonza
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¢ D,dS =q. (1.49%)
OJeKTp Kyd UM3HKJIApH yTaéTraH lo3ara TYIUIMPUITaH TalIKH
HOpMani VKHHHT Mau@uil Tomonwura iyHasirad 6y.ca, GyHga Oy
cupTaan yTran E BekTop okumu — E (x)dy dz 6ynagu. Yura
Kapuld CHPT opkasH yTran okumHH £ (x + dx) dy dz pe6 &acak
6ymanu. Xap MKKala OKHMHMHT HHFUHIHCH

OF, OE,

[E (x + dx)— E ()l dy dz = —~ dxdy dz = == dV (1.50)

6ynagu. Bynpa dxdy dz = dV xaxu anemeHry,
(1.50) udopanu Gomwka dy Ba dz yknap Gyinua éscak, napai-
JleJlenuneIHUHT XaMMa k03aCcKaH YTraH YMYMHH OKUM HHFHHIHUCH

(G2 + 52+ 55 )av =divE-ay  (15))
6y.1u6, 6yHpard
divE = igf + %Eyi + ?65:-
3JIEKTP MalijoH xyqnaﬂramnannHr:aueepeequzcu neb onuHraH.
Y pagraa Iaycc Teopemacu 6yfinya Gepk CHPTAaH YTraH TYJIMK
OKUM 3ﬁE S = —3— 3apAIHH XaXKM Ba XaXKM 3HWIHTH OPKAIY

0
upofacuHy ONCaK, Iy OKHMHHHT Y3H

ai,, = %dv (1.52)
6yaamt (1.51) ra (1.52) napuu GupiawTHpCak,
div EdV = —z.—dV, (1.53)
6yHpan
divE =2, (1.54)
€

(1.492) teHryamMa audbepeHUMan waKaIga
divD =p (1.55)

€3U/MIIM MYMKHH, Oy epha P — 3pKHH 3apsIapHHHT X AKMHUi
BHYJIITH,
JemaK, Gepk CUPT OPKAZM YTraH WHAYKUUA BEKTOP OKUMH

D daxar spkHH 3apsjiap opkaau upopanaHap sxad. By (1.492)
TEHIVMK ~ QU3/eKTPHKJIApAard 3JeKTp MailjoH yuyd Ocrpo-
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— -
rpaackuii — [aycc Teopemacnnn udopanaiian. Bakyymaa E sa D
BekTopaap Cup xuJa udopara sra.

—

(1.49) renrnamagan D uunr guiimarunu (1.55) ra kyiicak,
divE = p —div p xocua 6yaamy. (1.48) Hu 3pTHGOpPra o.cax,
divE=p-+ Oy KYpHHUINZA €3I MyMKHH.

15-§. dnexTp CUFAM

bus 6upop yTkasruu mapuachHM 3apsj/iarasuMusfa Gy 3a-
psanap KyJsoH Kyun Tabeupu octhpa Oup- GupiapugaH ys3okJja-
M6, YTKASTMYHHHT capriaa Takcumaadagd. Aua wy KyJon
KY4IapHHH eHru6 ¢ 3apsijjapHu KYUMpPHII YYyH Kaupmaigup A
nuHH Gaxxapuiaad. Dy xoapa sapsin Gupaurura TYFPH KeJsram
ML MBKJIOPH Oujan yJauanagurad YTKa3rUYHHHT CHPT mMOTeH-

UHam @ = -~— wMaBkyj Oymagn. 3apsi MHKJAOPH Q OpTraH
q

caiinn yTKasTuy noTeHuuald xaMm opra Oopagu. DBy xomaucann
XapaxkTepJall yuyH d4eKmp curum Jeral TYHIYHYa KHPHTHA-
ras.

3apsaacu3 YTKasTHUHHHT noTeHuuamu ¢ — 0 GyJaca, yHra ¢
3apaj Oepu/iraHja yHWHT NoTeHuHadn A¢p >0 raua Kyraph-
Jiau, -f— HucOaT OW/aH YTKA3TUYHHMHI TNOTEHHMAIHHH HOTeH-

P

1Han 6upaurura KyTapuill Y4yH Kepak GyJiran sJeKTD MHKJO-
PHHVHI COH KuHMaTHHM OWJIaMHM3, aHa my f- KaTTaJlHKHH
¢

«aaekmp curum» — C n1e6 oauHTaH

=
C v (1.56)

YMyMaH afiTranma, 3J€KTp CHFHM VYTKa3THU KaTTaJdHTH-
ra, YHUHI TeOMETPHK LIAaKJHUra, XHCMHHHT GOLIKa XKHCM-
Jap 6HAaH V3apo XKOHJAWIHIIHIA Ba MYXUTHHHI JH3JEKT-
DHK XycycHsitura GofFqauK G6Yyau0, YTKa3ruu scajral Mojajna
tabuatura Goraug GyaMainu,

CH pna yrtkasruura GHp KyJOH 3J€KTp 3apai Gepua-
rasja, yHHHr uoTeHuwann Oup BOJbTra Kyrapuaca, Oy
VTKAaru3YHHHT 3JeKTP CHFMMH amaJuii 6upJHK 3TH6 Kabyn
KHWJIHHTaH Ba Oy GUpaHKHH GHp gapada (1 @) aeiliunany,
ABbHH

c=1K_ 10
1B
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SlkxanaAraH YTKasrmyra ¢ 3apsan GepraHHMH3Za VHHHT
NOTEHUHaJNH HOJNZAH MabjAyM OUp ¢ KHiimaTra KyTapu-
aagn. CuruMm Oupaurd cHbaTega amaaga MHKpodapaza
Ba Nnukogapagmanapaal dholganaHumagH:

1 MEP=10"% P,

1 nd=10-12 ¢,

16- §. Koupencaropaap Ba YJAAPHUHT CHFHMH

Cmanuort
- 7 ¥i
B=F X M
= '
U
I ' Napapurnanzak
K0203
Vv
/ 4

g
52
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oL
002 dnrip Sl
H-Z-€X

ded
&

i

39- pacm.

Konnescarop neb, 6up-GupHgaH AUJIEKTPUK OUIaH axK-
patuiraH HKKH JTKasrH4AaH HBOpaT CHCTEMaHM TyulyHa-
mn3. KonnencaTopsap sicCH, UHJMHIPHK (Macanal, Jleft-
jeH Gankacu), chepnk €kH OOlIKa XHJ WakKAnapia 6yau-
wiH mymkun (39- pacm).

Bynaan Ttamkapu, 40-pacMaa XypcaTHaraHjek vara-
pyBuYaH 3JIEKTP CHFAMJM KOHAEHCATOP XaM HIULIaTHJIAJH.

40- pacM.

a) SlccH KOHNEHCATOPHHHI 3JEKTP CHFUMHK
Slccn koHpencarop (41- pacM) TWIaCTHHaNapu opaaved d Ba
S 103141 NNACTHHAZATH IEKTP MUKAOPH ¢ =G S (6ynAard ¢ —

—- 3apANHAHT 1032 3HU/MrY), eg F=0 Ba £ = qig-@- 6yJirann
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YUVH O = &g, q";% , OyHpau g =¢gg,S L;—(E? 6ymm6, C =
= —%  teurnamara q wunr KuiiMata Kyiuiaca, CHpa
Pr— P2
S

xeau6 uyukanu. [lemak, RCCH  KOHACHCATOPHHHT 3JeKTp
CHFHMH IJIACTHHAJap KOMJaMaCHHHHI 103Hra, MYXHTHHHT
IH3JIEKTPUK CHHTAMPYBUAHAHIUra  TYFPU MNPOMOPHHOHA
6y.1ub, ynap opacuaaru macodara TeCKapH NPOMNOPIHOHaJ
6yaap skad.

6) Ulapuunz asektp curumu

3apapsiaHrad  1ap 30eKkTp MafIOHHHHAT KYUaHTaHJ M}

== q 3KAHJUCHHY I0KOpHaary naparpagaa kyprai 31Hk
4neer?
DyHaait maiifonHuHr moTeHUHaMd ¢ == _4__{;_ Ba HKKHH YH
PegEr

ToMoHdaH ¢ = C¢ GyaraHs yuyH:
C=4neeg,r. (1.57%)

B) Cgepux roundencarop-
AQPHUHE INEKTD CUFUMU.

Bup ymMymuil Mapkasra sra
GyJaraH TypJaH PagHyCaH Me-
TanngaH sicaqraH HKKH coe-
pHK cupr osaamus. bup cde-
puK cuptaa Mycbar 3apsaafnap
Ba HKKHHuUHCHAA MaHbuit 3a-
pSIANap TeKHC TaKCHMJIAHTaH
6yJacuH, yJjap opacumard
3JIeKTp MaHAOH Ky4YJaHTraH-

42- pacu. JIMK BEKTODH PaliHyc/aap 6yiin-
ya #yHanraw 6yaamu.

Konzencarop pajycnapu ry sa r, 6jaca (42- pacw), ysiap
opacunam 6upoHTa HUXTHEPHIL r pam{yc;m chepuk cHPT yuvH
—Zl = r— 6yu6, 6yapad E = d 1 E,. UkxunuH ToMoOHJaH d@ ==

| re
= Edr. by TeHrnavanu r; Ba r, opacuia WHTerpa/iacax,

rs

P2 2 r2
o= do=|Edr =E, (rl——) Elrlkl——)—_—
(1 rs "2 e

= Eir, 20 (1.58)
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6yan6, E, yp}mra — HH KYVHicaK,

—Qp =—"%(r;—ry). (1.58%)

ee,re
Hukn coepuk cnpraaru g sapsa sca g =ricd4n

(1.59)
6y1amm. (1.58) Ba (1.59) TeHrnamanapra acocaH 371eKTpP CHFMM
C=4mee, 112 (1.60)

Tre—ry
Fynanu.
Arap r;—oco 6yaca, (1.60) anektp curmMH Ky#iHjarsua
sipoananagu:

C =4 megyry, (1.60%)
BaKyymja 3ca
C=4agyr,. (1.600)
2) Huaundpur kondencamopuune sjek-

mp curumu

Paauycn ry 6yJran NWAMHIDHH papguy-.
CH r, 6yJraH MKKMHYM GHp LUIMBAD HYH-
Ja KoaKcuasd paBdilfa VYpHatHO, YJapHH
MabiyM MaHbuil Ba Mycbar mnoTeHIHara-
4a 3apsAAJacak, HYKH BA TAUKM LUJIHH- It
JpJapaa TeHT 3J1eKTp 3apajfjap TagkcumJaa-
Haan (43- pacwm).

CI'CO Gupimk/iapn cucreMacuja pajH-
yenap ry Ba r, OyJraH UMAHHIPHK CHPT —— ]
opacuga 3JekTp MaHJoH Ky4JaHTraHJIHIH-
HUHT noTeHuMan 6uiaaH GOFJARMIIN

Iy

E = _ 49 (1.61) 43- pacu.

6yn6, MKKMHYM TOMOHJAH y3yHaurd (GanaHpjurn) [ Gynran
UWJIMHAP YY9YH MaHJOH KyuJaHTaHJIHIH:
2 2

E=—=% -2 (1.62)

ggorl g€y T

q

6yaann, OyHiary n = n V3YHJIVK OUPJUIura TYFpU Kesrau

3J1eKTP MHMKJODHAMD, ABbHM Y3YH/IMK OYHHua 3apaj SHUJIHTHAMD.
(1.61) Ba  1.62) Tenrnamanapaan
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2
de =— =B g
€€y T
by udopaHu uuTerpassaml HatHKacujpa TONWIraH NOTEHUUAN
afupMa

Q2 rs 9
I PP Y
. Joegy 1 €€,y ry
Py ry
€KY )
@, — Py = —LIn 22 (1.63)

eey [ r
L#mMAAPUK KOHAEHCATOPHHHT 3JIBKTD CHFHMHJArA MOTEH-
uHan aliupmack ypaura (1.63) TeHrsiamapgard KHiAMard KyHuica,
C= (1.64)

eg, [

rs
2ln—
ry
xocus Gyamaan. HdeMmak, UMAHHAPHK  KOHAEHCATOPHHHT
3JIeKTP CHFHMH [IH3JEKTPHK KOHCTAHTara Ba KOHIEHCATOP
Y3YHJUIUIra TYFPH [(poNnopuHoHaa O6yaub, KOHAEHCATOPHH
TAIIKWJA 3TYBUM UHAMHAP  paauycaapH HHCOATIAPHHHHT
HaTypana Jgorapudmura Teckapu nponopuHoHaw Oyjaaiu.
CH cucremacuga sca

2nee,!

o (1.65)
"

1) JFaeKTPOAUTUK KOHOeHCATOP

by xougeHcaTop 3.ekTpoaH3 XogHcacuian Qoinana-
uub rysuaran. Mumga ammuax
(NH,OH) spurmacu 6unau 6op
kucaorac (HsBO;) apanamma-
cH OVAraH UMJAMHAPHK HAMUIAA
3JIEKTPOJ CH(pATHAA HKKHTA aJIio-
MHHUI niacTHHa 60THPHAKO, YH-
ra Gup 03 rJAUUEPHH XaM COJIHH-
rai (44-pacM). By kouaenca-
TOpra 3JeKkTp Tok wbopuaranja
aHojA CHPTH IOMKa aJIlOMHHHH
okcua nmapgacu GunaH gomnnaHa-
A, aMaala ToOK Ky4d HoJra
reurjamann. By mapaa 40 B ra-
ya MoTeHUHaJ afiHpMacHHH cak-

C:

In
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Jait onagu. DBy ac6o6 dxkkuta 6up-OMpuaaH aJIOMHHHK
OKCHJ mapiacu GujiaH axpajiran (O6HpH Myc6Gar 3JeKTPOA
POJIHHH, UKKHHYY MaH(pUH 3JeKTPOM POJHHH 3JIEKTPOJHKT-
IMHT §34 Yiinaiiiu) Konjaamid KoHaeHcatop 6Yau6 xosaanu.

Dyuaait kougencartopJ/siapjaa H30JALHAJOBYH TMapAaHHHT
KaJUHJHTH KyAa IonKa Oy/araHd yuyH CHFHMH XKyJa
karra OYyauG, yaap paiHoTexXHHKaka Kym KYJJaHHJIAIH,
AMMO YHHHI WINJATHJAHIIMAA KaTTa TOK YTHG, KYTOJaHHLI
HaTHJKaCHAa H3OJSIIUSJIOBYM TNapAa HYKonazu, KOHIeHca-
TOP MILJAH YHKATH.

17- §. KoHpeHcaropiapHM KeTMa-KeT Ba napajniesa yJaain

DJIGKTPOTEXHHKA Ba paJHOTEXHHKaga TYpJH CHFUM[A-
d KOHAeHcaTopsaapAaH ¢oilgajaHdll yuyH YJAapHH Typ-
JMYa yJaall opKasjdu CHFHMJIADHHH Y3TapTHPHIUIMMH3 MyM-
kHH. HIVHHHT yUyH yJapDHUHT YJaHHUWHHH Kapal YHKaMH3.

a) Kerma-ker yraw

Kouaeucaropaapuunr
KeTMa-KeT yJaHHWH 45- . 0
pacmja TacBupJaHrad. By 2 “ 5
yaamaa KoHAeHcaTopJap- ——{ I———| |———-——{ }————l I—
HHUHT KapaMa-Kaplid 3a-

PAAJH KoIslamaJlapH y3apo

y/naHub, KoHAeHcaTopJap-

HHHT XaMMa HNJacTHHaJja- 45- pacu.
puaa 3apsa  MUKAOpUH OHp

XuJ 6ynanu:

g =(p,—9) Cy,
q = (9, — @) C,,
q= (93— 9s) Cs,
g =(9,—5) Ly

By TeHriamajiap CHCTEMAacCHHH TNOTeHUHaJIap afiHpMacHra
pucbaTtan ey, cyHrpa Kyucak,

¢1—¢5=q(—+—+——~+cl—4),
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6ynanu. Kerma-ker yJaHran KOHIeHCATopJaap CHCTEMacH-
HHHT YMYMHH 34ekTp curuMmuuun € ne6 Gesarumaacak,

1__ e =P

c q
6ysrany yuyH
(1.66)

~-yL

1Ck

M::

1
c

ar
[

JleMak, KOHAEHCATOPJAPHHUHT KETMa-KeT YJaHHIIHAA YMY-
MHH 3JIEKTD CHUFHMHHHHT TeCKapH KuiiMaTH alpHM KOH-
AeHcaTopiiap I3JEeKTp <CHFUMJApH TecKapu KHiHMaTaapu-
HUHT HHFUHAMCUrA TEHr, AeMak, Gy yJjaHHIIZa KOHAEHCA-
TOPHHUHT COHH OPTHIUH OHJAH YMyMHH 3JIeKTD CHFHM Ka-
MaffHu, NOTeHIHaJ alupMa 3ca KynasiaH.

6) Ilapaarer yraw

Konpnencaropnapan napasiea yaaw 46- pacMaa Tac-

BHDJIAHTaH.
by yanampaa KoHIeH-

catopiiapHuHr  Mycbart

+ 3apalJM  KonJjaMmaJjapH

' 6up HyKTara, Maxpui

3apsAAJIH  KonJlaMaJiapH

s 5;4_1__04 iayca HKKHHUYH HYKTara

yAaHub, KonJjamaaapna-

rH MOTeHUHaJ1ap aiup-

MacH yJapHHUHT XaMMa-

CH yuyH Oup xua 6yna-

au. HIyHuHC yuyH Xap

46- pacm. 6Mp  KOoHZeHcATopAard
3apfil MHKIODH

g1 = (P —,) Cy,
g2 = (P —@,) Cy,
g5 = (P, —¢,) C,,
s = (P, — ;) Cy
6y/m6, sapsiAiap HHFHHIHNCH
q=¢q,+G+9+ g = —,) (C; + C, +C5 4 C))
Ba yMyMHH 3JIeKTD CHFMMH

€= q71—q—(P2 =G+ C+ G+ Cy

71’_—%

G 72+€z 93+

b8
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8KU
c=3¢, (1.67)

k=]

O6fnapu. Iemak, mapaajen yJaHraH KOHIEHCATOpPJ;apHHHT
VMYMHI 3/j€KTP CHFHMH Iy YJaHral KOHAEHCATOPJapHHHT
ailpuM-afipuM 3JIEKTP CHFUMJApH HHFHHAHCHra TeHr OV-
JAanu.

18- §. HykraBuii 3apsgjap CUCTEeMACHHHHT JHEPTHACH.
AaeKTp MaHAOH IHEPTHACHHHHT ZHUJUTH

AaexTpocTaTHK MaiJOHHHHT HEPrUSACHHU TYWIYHHIT YYyH
fICCH  KOHJEHCATOPHHHT 3apaAJIaHHILIHHH KYpHOG yTalauk.
Scen KOH/IEHCATOPHHHT
+4g Ba —q 3apsAJH KOIlJIa-

Majaapuuu Gup-6upupan d I

Macodara y30KJaUITHPHII it B
YUYH ¥3ap0 TOPTHUI 3JeKTP y

Ky4saapuHH enrnb A uwm 6a-

Kapumra TYEpH  KedadH bax
(47- pacm). Arap wy xosaa -q . I y

Kollamanap Kyiub 1w6o-

puJjica, 3HAH 3JieKTp MaMl-

JAOH KOHI[EHcaTOp KomJiaMa- 47- pacu.

JapHHH OHp-GHpHra SKHH

Keatupub, yma A uwHu Gaxapanu. Hemak, Gaxapuiaanu-
rad puira capd KUJHHAAUraH 3HEpPrusi xHcoOHra Konjama-
Jlap OpacHAarH 3JieKTp MaijaoH sHeprusica W xocua 6yaras,
IIYHUHT YUYH

W =A.

Karraquknapy Gup Xwj, JieKuH Kapama- Kapuu —3apsisjap
GunaH IeKTPJIAHTaH HKKH KOMJIaMa ODANMFHIATH 3JIEKTP Maii-
JIOH SHEPTHSCH 3apA/UIAPAHH AKPATHUI YUyH GaXKapu/rad Hiira

TeHr OyJaau. YMyMaH, Ky4JaHTaHJIHTH, E 6yJ1raH SJIeKTp Maii-

JOHra ¢ 3apsji KeaTHPUJICA, YHra MaiJoH F= qE Kyy4 GHJIaH
TAbCHP 3Taj, KYWIAHTAHJIHK 3Ca

E=-2

€€

Hkkunun ToMoHAaH ¢ = 0 S xucofra OMHHCA,
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F=gE=08-2 =8-2
£eg, €8,
3apsaananran A naactuHa 6y Kyu OujaH sapsiaganrad B mnac-
THHara TabCHP 3TANH.

Iy ka6u B nnactuna xam A njactanara Xyajgd IIYH-
hai Ky4y 6Haan TabCHP 3TalH.

PacMmaan KypuHajanke, NJacTHHajgap oOpacHupard Ty.Ja
HHAYKUHA OKMMH N=¢g Ba 3JeKTp HMHAYKUHA D=0 6yJ-
raHujad, Kyd yuyn KyHhuuard udojaann €3Hlll MyMKHH:

D Eq

F= 2 e, O'S:2— (1.68)

Erapiu pnapaxaga xaTra nJaacTHHaJap YyYyH V3apo
Ta’bCHp KYy4YH ILIacTHHAjap opacHjiarm macodajgapra 60r-
JHUK 3MacNHTHIaH, S'bHH 3J€KTP MafifoH GHD KHHCJIH SKaH-
JIMTHAAH, IJlacTHHaJapjaan OHPHHH HKKHHYHcHra HucOaTaH
d Macodara Bakyymaa KyuumpHiua Ga)Kapuiaral Mg

g —E1 44U
A=Fi="1d=2 (1.69)

éxu (1.53) tenrnamMa Ba D =0 ra acocan A =

2S
D4 (1,699
2¢g,
Gynanu. By M MMKAOPH KOHJEHCATOP KOMAaMajapH OpacHia-
I'H 3/eKTP MafiloHHHHT TVJ1a SHeprusicHHH wudonanaiau. bByi-
IaH KYPHHAIHKH, KOHAEHCATOD KOIJIaMasapH OpacHIArH 3JEKTP
MaNOHHHHT 3HeprusicH iy MaifoHHUHT V = Sd xaxwmura npo-
nopuvonan Gyjagd. Y BakTAa SHeprusi TtyGaHjarmua udoja-
JIaHAJH:
D2
W=—1VWV. (1.70)
280
By Teurnamamn D =g, E GyaraHd yyyH YHH Ty6adjariua
xaMm €scak Gymauu:

g, L2
2
ByHpan tawxapy, snextp MaiioH suepruscusnar (1.69) udo-
JlacH TYpJM Xuj KOHJeHcaropsapra TaTluK KHJMHCA OYJai,

YYHKH yHra akar xonjamajap OpacHIaru NoTeHLHasIap aiup-
MacH Ba 3apajl MHKJOPH KHpraH ¢ == CU Gyaraniurujan sHep-

2 -
rugn W = N ne6 €3ull MYMKHH.

V. (1.70%)

S o
flccu Konpgencarop yuyHn C =—%‘;— 31, UWIYHTa Kypa siccn
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S -
KojeHcatop sHeprusicn W= %071_ U? 6yaanu.

by aca TeHr Ba Kapama- Kapiuk 3apsaf GusaH 3JieKkTpiaaHran
Ba d macodara y30KJAIITHPHITAH KOMJaMatap OpacHAard aJek-
Tp MaHAOHHMHC 3Heprusick Gyaub xucobJaHajy.

XavMMa HykTanapuia noreHuMaau 6up xus1 Gy.rad g 3apsaj-
JW YTKA3ru4 3HeprHsCH:

1
1 i [,’
==Y Udg =4
W= | Udg==

0

6ynamu. C :(ij’- nan U :éi éku g = CU ne6 oJcax,

L O S 7 DL i
W=sgU=5 U= L (1.71)

HU Tomamu3., Komamanap opacujard noteHUMa€iap adupmacd
U, saextp curumu C Ba OutTa Konjamajard 3apsag g 6yica,
YHUHT MaiifoHuary sHeprusiHu (1.71) 6yiuya xucobuaam Mywm-
KHH.

Onektp sHeprusicuiu (1.71) man dofipananné KyuJdaHras-
muk E opganu xam wojasall MyMKHH, KeCHM 103M S Ba y3yH-

aurd [ [6yaran kyGuk ‘wakagard MaioHHHHr S xammpard
€,S
sheprusicuid Tonuuga U = El Ba C = Ll HH xucobra oo,

KyHUIar¥Hd OaMu3:

W:—é— CU2 = =8l y (1.72)

SHePrUsiHUHT XaMHra HucGaTH, SbHU MAbOOHHUHE  XaKMm
Oupaueudazu sHepeus MUKOOpL OUAQH JAYAHAOU2QH KAMMAIK

v W
SHepeus sudauen Oeliuradu: w = v Xaxm GUpaurujari sHep-

THs, ADBHH SJIEKTP Maﬁ}IOHHHIIHF SHEPrust 3U4JUTrH
_ g E?

w =" (1.73)

Gynany. DHeprusi Ba HEPrusi 3UWIMTHHM MYXUT YuyH Hpoxa-
nacak, (1.72) Ba (1.73) dopmynanap Moc paBuiIfa KyHHAard
KypUHHILra KeJaiu:

W= s (179 mow =RE L LD (173
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19- §. daexrTpocraTuk acbobaap

AaexrTpoctaTHK ac6o6/ap 3JeKTPOCTATHKA TPHHUHNIA-
pHTa aCoCJaHTaH,

duekTpocTaTHK acbo6sap cudarnia Kyaonnunr 6ypan-
Ma Tapo3ucH, ToMcouHHHr aGcoMoT 3JeKTPOMETPH Ba KBaj-
PaHT 3JEeKTPOMEeTpJap Xakujaa TyllyHua Oepamus.

1. AG6conor aaekTpomeTp. AGCONIOT 3JEKTPOMETPHHHT
cxeMacH 48- pacmma kypcaTHaraH. ¥ pHUariu Tapo3uaaH
w6opar 6Y1mu6, nasnanapugan OHDH QouMpa INAKJAHZA KOH-
IEeHCATOPHHUHT KomnaMackh B 6Yau6b, cakaosuun B xanxa
6unan ypab oaumuran Gymaau. Konnama A G6unau B xaaxa
opacujaa KMYMK Oup opanuyk Koxaamd, B xaaxka wMaiiaon-
HUHT OHp KuHCAM OVAHIIM  yuyH XH3Mar Kuaaiu. Kon-
nama B epra ynaurar 6ynu6, A konznama 3ca NOTEHUUAAH
yayanaaurad o KucMmra yaaHrad  6ygaad. Konnamaaap
opacHia TOPTHIIHII KYyUYH F uM Tapo3UHHHT HKKHHYH NaJ-
Jacura KVHuJArau TOWMHHHr oFupauru P 6uiaan aﬂmmau-
mu3. Konnamanuur y3apo Tabeup Kyun F = y _———"2"(1 S, Tow-
HUHT OFMpJHIH XaMm P 6yaraun yuydH £ = P, Gynpau:

U=V 2P 4 1/ 2P
eeg, S g€ S

:;::"

'f‘mlll

48- pacm.
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2. Keadpaum  asexmpomemp.  Hun
KoBak TyprTa Meramn S, S, S;, S, KBan-
pautsaap (49- pacM) Oup-GupuAan  KHYMK
opanuk KoJraH xo/ja OHUDKHTHJNG, Yy.Jap-
HHHI MYHIA HHCHYKA CHMIa GHCKBUTCHMOH
crpenka ocHb kydwnaran. CTpenkaHudr
VKM VpTaja BepTHKAJ pasuillla  YpHaii-
FaHU YYYH Y TOPU3OHTA] TEKHCJHMKAA
KBajpaHT/iap KOBarHja aitnaHa oJaiH.

Taxpuba BakTHLA aBBaJ CTpe/Ka
6upop norenliHajaraya sapagaananu. Mk-
KM Kapama-Kapui Typrad S; Ba S;
KBaapaHTaap O6Hp yTKasruy OHJIaH epra
ynauu6, xoJaraH S; Ba S, KBaJpaHTjap 49- pacu.
3ca MOTeHHHaJANap aHMpMacH YJIYaHHILH :
JO3UM OyJraH xucMra yJaaHafd. YTKasTHWIap OpacHAaru
cpenkaHuHr O6ypuauiin A ksapu unra énumTHpuaran B
oHHa épiaMu GuaaH KysaTHJIafM. DyHaait kBaapaHT 3Jek-
TPOMeTpJIapHUNT Yavyaw aHukauru 10—4 BosibTraua eTaju.

I1 BOB. Y3rAPMAC TOK
20- §. Toxk TyFpHcHAa TymIyHua

DNeKTp 3apsiiJlapHHHHT OHP TOMOHJAMa OKHMH 3AeKTp
TOKY nel6 OpuTHIaAM. 3apsAJapHHHT KalicH TOMOHra xa-
paKaT KHJHIIHJAH KAaTbhbu Ha3ap, 34eKTp TOKuHuue iijHa-
Auy wapray pasuwda mycbar 3apadiaprune xapakar
tjraauwuda deb Kabys KUAUHRAH + g Ba — o 3apapiap
KalcH TOMOH XapakaT KhJca XaM, OHPHGHD TOK MaBXYI
Oy1aau, aMMO YHHHT AVHaNHILH  KeJHUIHJAraH TOMOHTa
Kapal fiyHajranmaury KypcaTuiaaau. Macanan, spuTMa-
Japaa, ymyMmaH GHPop MyXMTAard — g, 3apsiijap Oup TOMOH-
ra xapakar kunu6 [/, TOKHH, 4 ¢, 3apsaajgap yHra kapama-
Kapiid TOMOHra xapakaT KHING /[, TOKHH XOCua Kuica, 6y
TOK/IapHUHT HyHamdmm GHp TOMOHJama Je6 oJuHaiH, AbHH TOK
XOCHJ KWJIajquran sapsmiap q =g, + (—g,) 3JMeKTp TOK 3ca
[ =141, 6fnanu (50- pacm).

Meranunapna 3pkHH 3JEKTPOHJAp TapTHOCH3 XapakKar-
Jgauagd, 6yHAa TOK XOCHJA O6YyaMaHad, 3JeKTPpoHAAp OGHP
TOMOHJIAMa XxapakaTjaaHrauHga Oy 3JeKTDOHJapHHUHT Xapa-

63

www.ziyouz.com kutubxonasi



\Ii ’/
_——!—-—«)- -+
L
L N
—— Al
Iz RE
50- pacm. 51- pacMm.

KaT MyHaJMIUHTra TECKapH HyHalraH 3JeKTp TOKH MAaBXYI
neb xucobaalimus.

Bbup raxpuba yrkazaiauk. Xap XuJ TNOTeHIOHaJaAap-
rauya 3apAlJlaHTaH HKKM MeTaJj1 OGuUp-OHPHra TEKKH3HJCA,
VJAapHHUHT OMTTAaCHJlaH HKKHHUYHCHIa KHCKA BaKTAa OHHI TOK
Vyragun, MKKHTa 3JeKkTpockonjaH GHPH @ HH 3apsijacak,
MOTEHNNAa] OpTHIIHra Kapa®, yHHHT SIMpoKuajapH GHpop
6ypuakka oraau (51- pacMm), HMKKHHUH § 3apAACH3 3JeEK-
TPOCKON ANPOKYAJAPH THHY Typaau. Ana wy xonga GHpcp
M usonsitop pacra ypuartuarad 5 Merann rtaékua OGuaan
0y HMKKajJa 3JeKTPOCKON LIapyajJapHHU Y3apo ynacak, my
OHAAEK 3apANJaHTaH 3JTeKTPOCKOMIaH HKKHHYH 3apsaicH3
3JEKTPOCKONra oHfgl Tok VTub, yHH 3apsiayafign, GyHHHT
SNpokKuajapy XaMm €an ofrH0 GUpPHHUHMAATH SNPOKJAap caj
Oup-6upura sikungawmwann (51- pacm, wrpux uyuswxk). by
epna xam b §Trasruu opkaam KihckKa BakTAa OHHI TOK
VTHO, v KeliuH yTMad Kosiaau.

Arap a pan 6 ra Al BakTna KaHua 3apsii VTIraHaa,
VHHHT YpHHra siHa WIyHua 3apsj KeJTHpHO 11y BakT HUHIa
6 ra Kejrad 3apsam oaub Typuwica, b yaarnu opraam TOK
y3aykcus yrap san. By Taxpu6amusga a HUHT IIOTEHUH-
anu Ua Ba 6 nortenumaayn Hoaman 6oi1ga6 a HHHT NOTeH-
HHaJN nacasiji, 6 HHHr TOTeHUHAJH opTta Gopub, yjaapHHHT
NOTeHUHaNH TeHMAWHWH 6HaaH Tok 6yamMait Konazau.
Hemak, 3JeKTp TokKM Oy UKKM HYKTajgard TNOTEHIHa/Iap
TYPJH, aMMO NOTeHuHaJsa afiupmacu ysrapMmail goumuit 6V-
aub Typca, wyHxargHa 6y HKKH HYKTaHW yaarag yrkas-
IHY OPKaNy TOK V3JYKCH3, ABHH HOUMHHA VTHO TYpap 3KaH.

Xynoca gunu6 afTraHza, MKKY HYKTagard IOTeHIHaJ-
Jap Xap XuJ, SbHH NOTEHUHasJ afiupMacu MaBXyx Oya-
ca, Oy HyKTaHH yJaral YTKa3rH4 OpKaJH [OTeHUHaJH
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I0OKOpH OVJraH HYKTajaH NOTeHHHaaH nact OV.JAraH HyKTa
TOMOH HYyHaJraH 3JeKTp TOKH yTald.

DJeKTPOHJapHUHT VTKasrHygaru OuUp TOMOHJaMa Xa-
pakaTH Y3JyKcH3 OyJMIIM YYYH YHAArd 3JeKTD MaHaoH
Ta'bCHPH XaM AOHMHUH OVJHUIM Kepak.

Opxun Mycbar 3apsAgapHHHT 3JeKTp MaljoHAArH Xa-
pakaTH, NOTeHUHAa U IOKOpH OYnraH HyKTajaH NOTEHIRAJH
KaMm OyJsrad Hykra toMoH 6V.iaad. Merasuapia 37eKTPOH-
‘@DHUHI XapakaT HYHAaIHIIH TOKHUHI HYHaJAHIIHra Tec-

1pu 6yaagH.

YrkasruuHMHT yuysapura MabJyM [MOTeHUHaaaap alup-

‘ajapu KVHUJTAH 3ax0TH 3J€KTP MaHAOH EPYFJIUK Tes-
JWTH 6uJaad YTKasruyjga TapkKajgagx Ba 6y Malifgon ¥3
HaBOaTuja VTKA3THUHHHT XaMMa xKofiuaa MaBxyn 6V/ral
3PKHH 3JEKTPOHJAPHH  KHYHK TOTEHNHAJIH KOHJaplaH
KaTTa NOTEHUHaJJH XKolsapra Kapalb xapakar KHJHIUra
MaxOyp KHJagH, HaTHXKana YTKasrHuy 6yiiab OHp TOMOH-
Jama #yHajguwga 3/eKTp TOKW YTa Oomwviafian. Jlekun
YTKa3THYAarAd 3PKHH 3JeKTpOHJAap MafAoH Te3nurH OHIaH
XapakaT Kuja oaMaiau. YTkasruyjaa s7eKTp MaHAOH Kyd-

Bo.pT
aangranaurn 100 Gynranja, 3MeKTPOHJAPHMHT  Xdpakar

tesaurn arurd 0,1 M/c ra skuH Gyaanu. .

DAeKTp fcTanuuaaapaaH OepHaaauraH TOKHHHT V30K .
Macodanapra GOpHIUH yYyH AHHAMO-MallHHa VpamJjapHuia
Ky3ranaran 3JeKTPOHJapHUHr 0eBOCHTA HCTEbMOJYHIa Ke-
Jub eTHLLIapH HIapT sMac, YTKa3rHYHHHT XaMMa epuiaarH
3IPKUH 3JeKTpoHaap V3 KoluaaH GHp TOMOHra xapakarja
GyNHIIM eTapaAuaup.

21- §. TOKHMHr 3HUAHTH. YTKa3yBYaHAMK

DJIeKTP TOKHHM MHKAOPHH  TOMOHAAH XapakTepJsiaul
YuyH TOK Ky<u pneran KaTTajdHkAaH ¢ofianannaaiu. Tok
KYUHHHMHT COH KHIIMATHHU Y/i4all YYyH VTKasTHYHHHT KYH-
JaJlaHr KeCcHM 103H OpKaJH BaxkT OHPJAMIH Hudia YTraH
3apsAl MHKIODW oauHraH. Arap Al BaxT HuMpa YTKasruu-
HHHT KVHAAJaHT KecuM 103 OpKaau Ag 3apsajg yrca, Tab-
pubuMusra MyBoGhHK Uiy NaiTAard TOK KyuH

- A '
I=— 2.1y

6ynagn. Tenr pakTsiapaa yTapuran 3apsp Muxkiopaapu Ag xap
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xun 6yaca, (2.1) ypHHAA TOK KYy4HHMHI YpTaua KHIMATHHH
OJIaAMU3 |

Ag 6up xun Gyuca, [ = const 6Ynagu. By xosza ToK KyudHn
(2.1) kypurutiga udoxasail MyMKHH.

Y TKa3rHYHHHT KeCHM I03H GHPJMrHra TYFpH KeAraH TOK
KyuH Ly TOK KY4UHUK2 3UdAUH fedHIann:

. 7 q
= — = - = nev, 2.2

= 5= (2:2)
f —3apsi], KOHLEHTPAUMACH, ¢ — 3/NEKTPOHHUHT 3apsiiM, U —
3apal Tes3JHrH.

DJIeKTPOTeXHUKAAA TOK KYYHHHMHI OHPJMIH Y4yH YTKa3rH4-
HUHI KYHIaJaHr KecuM 1o3H opkanu O6up cexyHiia 1 Kyion
3apAn YTHINHAA XOCHA Oy/iraH ToK Ky4d «amnep» (A) ne6 osuH-
K . -

=1 A é3yB xam yupaiiau (1 A Huur
c
CH cucremacujard xosupru Tabpudbu 58-§ na Gepuiiran).

Tok 3punUrHHUHT GUPJUTH 3ca | = l—;—.

M
Arap g ysrapysuaH 6V.ca, Xap OHAArH TOK KyuH 3HYJIHTH

Xap xua 6yamb, v j = i ae6 ésutagi. CH  cucremasa Tok
n

rai, apuu [ = 1

KY4Yd Ba YHUHT YJ140B OHPJAUTHHU Genrusani y4yH SJIeKTP TOK-
JIAPUHHHT MAbJAyM Y30KJHKZAH ¥3apo 3/MeKTPOJUHAMMK TabC-
pu acocuja OesruaaHaju.

Taxpu6Ga acocuga OM KOHYHH, s'bHH YTKa3rdu OpKaJu
Yraérran TOK Kyuu [ VYTKAsruygard 3JeKTp MadgoH Kyu-
qaurawaurd E ra npomopuuoHasa jge6 E3HII MYMKHH:

[=GE. (2.3)

By epra ¢ —3aekTp jrxkasysuaniuct YTKA3THUHHHI Ta-
6uatura OOFAHK, Xap Oup YTKa3rHy Y4YyH JOHMMHH KaTTa-
JHK.
SJeKTp TOKHHH, S'bHHU 3JEKTP 3apAjx YTHIIHHH 3JEKTP
3apamaap Kyudlid peb6 Kapacax, rasJapHHHI MOJEKYJdap
KHHEeTHK Ha3apMsCHAArd KYuuId XO@uCaNapH KOHYHM Kabu
Al y3ynauraaru yTKasTHUHHMAT Y4JapPHJIard NOTeHIHajiap
aiiupmacu U 6yica, yHuHr kyHjgajaanr kecuMm 03u AS op-
Kana Af BaKT HuYHAa YTYBUH KYy4yBUH 3apAJ MHKAOPH
Aq ryGauparuga ésusanu:

U
Ag = —G —— , 2.4
q o AS At (2.4)
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By Tenrnamanarn MHHYC Mmopa KyMJaHHUIHHHT JTKas-
THY Y3YHIHrH 6yiinua xamas GOPHUIHHH KypcaTaiH.
by (2.4) TenrnamanuwHr xap HKKM TOMOHHHH Af ra 6y.-

cak, [ = —iit =—20 —%— A S kemu6 umxkamy, Oynu [ =

OAS
wakauga ésub, o, Al, AS sapuuur guémard mwy YTKasruu

YuyH foummMu#i 6yamuMHH xucobra oaub, OM  YHH KApIMJMK,
SABHH
1 Al
—_ 2 = 2.5
c AS ) (2.5)

ne6 Gearunaran. Dy xosaa

| R ] | (2.6)
TeHrnama uMKaau. DyHparu R KaTTamMk §3 HaeGaruza (2.5)
TeHrnamara acocad Al, AS Ba o ra Kapa6 kxaTTa, KHYHK 6Y-
JIMILK MYMKHH. R katTa 6yJca, TOK KyYyd KaMasjd Jerad Xxy-
Jocara KeJMHajM, AeMaK, TOKHH KamaHTHpHG YHHHI VTHUIAra
TYCKUHJIMK ~ KypcaTajuraH KartatukHd Owm GUpHHYHM MapTa
«xapuitauk» 1e6 araras.

YTkasruugaH yraguraH TOK Ky4M YTKa3rdu ydjaapupart
KyWIAaHHIra TYFpH, YHHHT KapIIMJIHTHTA TECKAPH TPOMOp-
uuoHan geran (2.6) udoma Gup Katop TaxKpuGanap aco-
CHAJd TeKINHPHG TACAHKJIAHTaH Ba YHH 3awXKup Oyaaru
(6up gucmu) yuyn OM KoHyum 1ne6 KaOyJ KHJIHHraH.

(2.5) dopmynagaru sN€KTP YTKA3YBYAHAMK KOPPHIHERTH O

HHHT' TecKapH KHUMMaTH— = 0 COMUMUPMA KAPUILAUK JehH-
g

aanu. (2.5) Tenrsiamanan p = %R 6ym6, y3yHmurd 1 M

Ba KeCchM 103 1 Mm% Gyarad YTKasrHYHMHr KapUIMJINTHTA TeHr
6ysnG, YTRasrHYHMHr Tabuarura OorsMK 6ysrad KaTTaJMKRHp.

Wnrapn aiekTpoTexHHMKajga KyHAAJaHT KecHM lozu 1 wmm?
Ba Yy3yHaurH 1 MeTp G6ysraH YTKasrHYHHHI  KapUIMJIMTHIa

VHHHT COJIMIUTHPMA Kapiiuura Aehunand. ByHaa o nuer 6up-
MM2

Jury — OmM.
M

22-§. OM KOHYHHHHHT HHTErpaja Hdopacw

Tox mMauGau & ra R KapmMimK yJaaHranja 57eKTp TOKH
myc6ar Kyr6xan MaHHE KyT6ra TOMOH #yHaarad neb
IWapTAH Kabya KHIaMH3. YMyMaH, TOK 3HYJHIH YJaHTaH
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HYFOH CHMHHMHT KYHAA/JaHT KECHM I03H S HHMHT TYpJU HYK-
TajJapHaa Typauya GyadlId MYMKHH, aMMO HHruYka YT-
Ka3rHy 6yJaraHaa ToK KyuuHH

ne6 €3dir MYMKHH. 3apfiAHHHT CaKJaHHKII KOHYHHTa aco-
cad VTKasruu Oyilna6 XamMma KeCHMAaH YTYBYUH TOK KyYH
6up xua Gynamnu. Papas sTalinHK, YTKa3ruugary 3apsara
yeT KyuJap TabCHP ITCHH (rajbBaHHK 3JeMeHT Kabu MaH-
6a xaM yJaaHran OYJCHH).

YTKasraynard SpKuH 3JeK-
TpOHJIApra UKKHTA  Kyu:
BNIEKTP KyuH I, Ba ueT kyd4 £,
Jap HMFHHJIUCH TabcHp 3THO,
OyJTapHUHr ¢ 3apsara HucGa-
TH, SBHH KyunaHravaura E
Ba Er au Gepagu (52- pacm).
—f;- =E, 4 E, ng xucobra
52- pacM. osicak, OM KOHYHH j=0X

X (E, + E,) waknza upoga-

Januiii  MyMKHH. DBy Tenrnamanan

E=E,+E =L 2.8)

(2.7) Ba (2.8) pan ¢ofpananu6 MalLoH Ky4/aHTaHJMTHHH
aHHKIACcaK,

I
ASc

KeJub uuKai. '
(2.9) TenrnamMaHK y3yHJMK 3JeMeHTH dl rakymaiTupub, I
6unad 2 yerapaja HHTerpaniacax,

* dl
§5d1= Edi+ \ Ed=1 {-=L (2.10)
J . odS
1,2 1.2 1,2
(2.10) TeHrnamaHuHT GHPYHYM HHTerpasd MHoTeHuHan adupma-
CH, @, — ¢, HHM Oepca, MKKUHUYM uHTerpas [ Ba 2 HyKTanapia-
TH xosaTra GOFJHK 3Mac, ManOajaH Tamkapujaa GyJca, uarer-
panaw HYJUHHHT Kauga#d OopumMra xam OGoraMk smac. Mau-
OaHUHT XoccacuuH Hboaanaiiny. YHH WY 3JIEMEHTHHHAT JAeKmp

topumyeuy Kydu & = (E: d! né6 ropurunan. '

1,2
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Arap 1, 2 #iyn ranbBaHHK 3JeMeHTHHH  MaHObHAAaH
Myc6at Tomoun kKecub yrca, DIOK myc6ar, yura Kapuim To-
MOH VyTca, Manbuil geinnaau.

(2.10) TeHrJUKHH VHI TOMOHJATH HHTErpaj TOX Vyra-
érran VTKasraunu xapaxktepaaiigu. Hlyuunr yuyn y §7-
Ka3zuqnune Kapuiuiued 1e6 OpUTHIATHA:

ai ¢ odl
A 5 Pus
Arap yTkasrpu O6Hp XKHHCJAH Ba XaMMa epla KecHMH

6up xua G6yaca, 6y tenrsama OM KOHYHHHHHI OAAaTHard
aKJAHHY Gepanu:

)

Mlynpait xuan6, OM KOHYHHHHMHT yMyMJallral TeHTJa-
MacH:

¢1— @ +6=1IR. (2.10%)

By tenrsiama GyTyH 3aHXKHp YuyH OM KOHYHUHHHT HHTET-
paJ Wakaugup, 6yngaru R ymMyMuii, sbHH WYKH Ba TaUIKH
Kapluangaap HAurFuHAHCH. ToK MaHOaMHHHT KapIUHJIHTH
KyITHHYA 3aHKHMPHHHT TallKH KapWWIHTHAaH dapy KHaub,
uuku gapwusuk ne6 atanagu Ba r xapbu OGuaaH Gearn-
naHagu. I'eHepaTopia HMYKH KapUIWIHK Je€TaHAa YyAFaM-
JIap KapUIMJIHTH, TaJbBAHUK 3JEMEHTHA 3JEKTPOJHT 3PHT-
MacH XaMmjaa rasjzapia MoJieKyJaJjap Ba HOHJap xaMAa
JIEKTPOAJAPHUHT KapLIHJIUTH TYUYHHIAH.

Arap 53- pacmaa xypcatuiaran IOK manGaura tamxu
3aHXKHP yJaaHca, 6epk 3aHxKuUpAa TOK XocHa 6yaanu. Bepx
samkupuuur DIOKu ¢dakar wManb6a WunMzarusHa TabCHD
asrann. DIOKHHHT KHiMaTH 3aHXKHPAArH TOK KaTTaJHIHra
6orauk sMac Ba ouuk Mmanb6a Kyr6agapuiard NOTEHIHAJA-
Jap afiupmacura Teur 6Vaagu. :

3anxup owux 6yaranpa
DI0OK wmaun6a xgyr6aapujaru
noteHuMaggap adupMmacH Ou- ol 3 iy
JIAaH KoMIleHcauusijiaHca, 3aH- ____¢___.I|_:_4__
XHp Gepk O6yaraHpa MoTeH-
uMajanap aiupMacH nacasjH.
Ulyuunr yuyn manGa Hunpara !
TOK KyuYH, B3aHKHPHUHT OHp
‘kucmura  oux OM KOHYHHTa
MyBoMK Kyfunaruua udona-

JaHaju: ' 53- pacm.
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1=¢=U

r

1

6ysaa U samxup 6Gepk 6Yyarauga mauGanunr C Ba D
KyTO/MapHaaru Ky4JaHHLI.
3amKHPHUHT TAWKA KHCMUAArd TOK KY4YH 3ca

;= Y
R
6ynanu. By ukxku Tenrnamanan U wm Biygorub, saHxkup-
Iad YraétraH TOK KydYd YYyH Kyiuzarm udojaHH XOCHJI
KHJIAMH3:

I=_9%_
R-4-r
By dopmyna Gepk sanscup yuyw Om xonyrHunu uboga-
JIalAH: 3aHxcupdasy TOK Kyull MAHOQHUHZ 3AeKTp fopu-
TYBYU Ky4duza TYFPU 8a OYTYH IAHMUPHUHE KaApwUusuu2a
Teckapu nponopyuonas oijradu.
(2.11) dopmynanau DIOK uu Tonamus;

&= IR+ Ir. (2.12)

Magr6a kyrOaapugard KyyjaHumra Tedr Oyaran IR
KynafiTMa 3aHXHDHHHT TAalIKH KMCMHAa OUPJIHK 3apsiiHH
KyuHpumga 6Gaxapuiaral vl yadosd, [Ir kynmafirma sca
3aHXKHPHHHAT . HYKH KHCMHAA OHDJHK 3apSAHH KYYHPHLIAA
6axapuarad ‘Hil yaosud O6yaub6 xucobnanagu. Wlysuur
yuya (2.12) dopmynara acocaaun6, DIOK ra Kyfinaaruda
yMyMuit Tabpud Oepuin MyMKuH: Oupaux mycbar 3apaoHu
6yTyn 3anncup Gyluqa xijuupuwda Oaxcapurean uu 6u-
AGH adanaduean KATTAAUKKG MOQHOAQHUHZ  INEKTP 10OpU-
Tysuu Ky4u Oediuaradu.

3anxupaarn 1ok kyuyd IIOK ra, ramkm Ba Huku Kap-
wHTHKKa GOFaHK. Arap HUKM KapIMAHK TAWIKH Kapiln-
JHKKa HucbataH Kylaa KHUHK (R>>r) 6Vyica, Huke Kap-
IIHJHK TOK KYYHra ce3uJiapad TabCcHp Kypcatmaiiau. By
xonna Man6a Kyt6aapuaarn Kyuranuw JIOK ra Taxmmu-
HaH TeHT Gyaanu.

Bupok KHCKa TyTallyBAa, s'bHH TallKH KapLIHJIHK [e-
Apau Hoara TeHr O6ynranna (R—O) 3aHXHDIArH TOK Ky-
Yy MauOaHUHr MUKW Kapuujaurura GOFnMug Gymanm Ba 7
Kyna kuuuk Gyaran xoqanxa, DIOK 6up Heua BoabT uaMa-
cuaa OyaraHga xaM, TOK KYud XKyjaa OpPTH6 keTaiu. By+-
X0q[a CHMJap 3puO KeTuiid, MaHOaHUHT y3u Oy3Haub
Koguin ky3atuaaau. IIyHuar yuyH 3SJ€KTP SaHXHPHHH
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AWFHLI Ba yMYMaH TOK MaHGasapuH OulaH M Kypranna
KHCKa TyTallyBra xyja 3XTHET GYJHII Kepak.

23- §. ¥srapmac TOKHHHr HHIH Ba KYBBATH

DNekTp 3aHXKHUPUAA dHeprHs GuUp TyphaaH 6OlLKA Typra
6Hp Heua Mapta agaHaad. Tox Manbauga GHPODP XHJ
sHeprus (MacanaH, MeXaHHK, KHMEBHH 2HEPTHS) 3JEKTp
SHeprusira afijaHaau, TOK 3aHXKUPHUAA 3Ca 3JMEKTP 3Hep-
I'Msl 9KBHBAaJeHT MHKIOpAa 6oWIKa XHJ 3Heprusra aiJaa-
Hajad. DJeKTp 3HeprusiciHuHr OolIKka TYp 3HEpPrusiapra
aflaHuIuNra, 3J1eKTP 3apsiHMur 3aHXup Oyinab6 Xxapa-
KaTJIaHTHPYBYH 3JEKTP MaiJoH Xyd4JapUHHUHT Oaxapras
UK Ya4yoB GyJaau. DJIEKTP 3aHXKHPHAA 3aPSAAJapHA KyuH-
pHImIAa SJeKTP KYWIapUHHHT  GaxapraH MIIH TOKHUHMZ
uiuny ndonananmy.

3amRupHuHr GHp KMHCIM YTKasruuyjgan HOopaT MXTHEpHEH
KHCMUJaH ! BAKT WY¥iA ¢ 33psiil MEKJODH yTran 6y.acuH, ned
dapas gunainuk. YHaa smnektp Mmaiigonn A == qU uw Gaxapa-
ad, 6ynga U — samxup gucmpgarn kywiasnl, Tok Kyuw

] =
¢
6ysrany yuyH Oy M KyHHIArHra TeHr:

A=1TUt. (2.13)

SamkupHUHr OHP KHCMMJZa Vy3rapMac TOKHHHT Oaxkap-
raH WMIUH Wy KUCM ywlapuaard KyuJaHuw OGuJjaH yHAaH
Vraérran TOK Kyuyd XaMAa uly TOK YTH6 Typran BakT Ky-
naiTMacura TeHr.

Arap 6up XKUHCAH 3aHXKupHUHT GHp KucMmura oug Om
KOHYHHTa acoCaH TOK KYUHHH KYU/JaHHUII OpKaJdH €KH Kyu-
JaHWUIEM TOK KYy4Yd OpKajau HdoAanacak, TOK HIUIMHHHT
6up-6upura 3sKBHBaJeHT GynraH Kylimaarm udozasapuHu
TONaMHs3:

A=1Ut-——12th—%2—t. | (2.14)

VTkasruunap xeTma-ker ynaurasia /2Rt = A ¢opmynazau
cboﬁnaﬂaﬂnm KyJa#, YYHKH Oy xoaja XavMma VTKasrHuJapaaH
yTaéTraH TOK GHP XM KpHmarra sra 6ynaml

VrTKasruujap napanies yjadragia A= -R—t (bopmyanad

dolinananum Kyaad, YyHKH Oy xo/]a XaMMma yTKasrud yu.ja-
puaa. Kyujasum Oup Xua 6yaaiu. .
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Arap xyunawuul BOJBTJApAa, TOK KYUH aMIepJapia,
BaKT 3Ca CexyHJ xucobuga Yyauanca, umwunudr CHparu
GUPJIUTH

[A] =1B-14-1c = K.

OyAUILN Keaub THKaJH.

Aiinp 6up BakT MuyMAa TOK GHP HCTEBMOJNYHAA HKKHHUH
HCTEBMOJIYHAArura KaparaHga Kynpok Hiul G6a)Kapuiliu
myMKHH, LHyHunr yuyn Tok nmn Gunian GHp Katopjla TOK
KyBBAaTH TYUIYHYaCH KHPHTHJALH.

Bakr Gupaura uwunga TOKHHHTD GaxapraH uwH GuJual
YauaHagural KartTalHKKa TOK Kyesartu neiuaagu:

A

t

By udogazary uuinn yuuHr (2.14) dopmynagard Kuii-
MaTJapu OuJaH aJMallTHPCaK, TOK KyBBAaTH YUYH

P=IU=R="Y%
R

H}oranapHKH XOCHJ KHJIAMHU3.

3aHXHPHHHT GHP KHCMHAA TOKHHHT KYBBATH Iy KHCM
yusapuiary KyuJaHuul OunaH KHCMAAH YTaéTraH TOK
KynaliTMacHra TeHr 6yjaap sKaH.

CH cucremacuga KyBBatr GUPJHIH

[Pl=1A-1B =1 Br.

KyBBar 6upaurd BatT OYJraHJINrHI2H TOK HIIH (3JEKTp
SHEPrusiCH) HHHr GUPJHTH KyHuparpua Gynamu:

[A] = 1 Br-le=1)X.

Tok  Gamxapran Huwl Maxcyc aBTOMaTHK ac6obiap
(3.1eKkTp xHcoGaaruujapu) GugadH YJayaHagM, yJaap HUIHH
KHJ0OBAaTT-CoAT XUCOOHAa Kallg Kuaaiu.

DJIeKTp 3aHKHPHAATH KYBBATHH aMIilepMeTp Ba BOJBT-
MeTp épAammja yJayall MyMKHH. DByHHHTr yuyH KyBBaTH
yAYaHaeTraH 3aHKHD KUCMHra (MCTebMOJYHra)i ammnep-
MEeTpPHH KeTMa-KeT, BOJbTMETPHH 3Ca Tapaiien KHauO
yJaau JO3HM.

Tox KysBaTHHH 8aTTMerp ne6 aTajajuraH Maxcyc ac-
606 Gunan xam yauamt MyMKHH. By ac606 xam BoabTMETD,
XaM aMOepMeTp NPHHLUHNTHAA TY3HITraH,
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24- §. JKoyab — JleHi KOHyHH

Vrrasruugad TOK yTranga yrTkasrud Kusniign. By xo-
AMCAHM KyHHaarkua TYWYHTHDHLI MyMKHH. /¥TKa3ruuza
TOK OyaMaranfa YHjJard 3PKHH 3JEKTPOHJAp TapTHOCH3
XapakaTJaHagd Ba KDPUCTaJJ NaHXapaHHHT HOHJAapH O6H-
JaH TYKHALIHG, yaap OHJaH 3HEePTHsl ajMallaiH. IJpPKHH
3JIeKTPOHJIADHIHT HOHJapra GepaJHraH 23HepPrHACH ypra
xico61a HOHJAPHUHT JEKTPOHJapra My TYKHAWIHII BaK-
TH [naBoMujga OepaérraH asHeprusicura TteHr 6Vuiaau. DBy
X0Jja HPKHH IJCKTPOHJAp CHCTeMacH OHJaH NaHXKapa-
L4ard HOHJIAp CHCTEMAacH VYpTacHja HCCHKJIHK MYBO3aHaTH
103ara KeaagH.

VTkasruygan TOK yTaérraHma 3ca SJeKTpoHAap Tap-
THOJAH Xapakatra KeJaajH. IDJEKTPOHJAAp KpPHCTaNA MaH-
Kapajard HoHJap GHJaH KeTMa-KeT TYKHAUIraHga yJaapra
KYIIPOK 3Heprus Gepaju-io, JIeKHH yJaplaH KaMpOK 3Hep-
rHst oM. OJeKTPOHJAp 2HEePTHACHHHHT KaMaHHIUH
9JIeKTP MaHAOH SHeprusicd XHCOOHTra Te3ga THKJAAHAMIH.
ByHMHr HaTHMKacHAa 3PKHH 3JEKTPOHJAp CHCTeMacH OH-
Jay TaHxKapajard HOHJAap CHCTeMacH ypTacHAarH HCCHK-
JHK MyBO3aHaTH Gy3udanM, Y TKA3THYHHHT HYKH SHEPrHACH
opraau Ba YTKasruu OHiAaH artpodgardH MyXHT YpTacHAa
HCCHKJHMK MYBO3aHATH 103ara :
KeJIMaryH4a YTKasTHUHKHT Xa-
popaTtu KyTapusa Gopaiu. —}-1

Pyc onamu 3. X, JleHu Ba
uuraus  oxuMu  JKoyab 6up-
6upuzan TaMoMujaa Oexabap, |-
TYypJIH XoJuapia TOK axkpart- T
rai HUCCHKJIUK  MHKAOPHHH
taxkpubana yayab ronauaap.

Capdananran 3JeKTp 3Heprus ZW///I’A
Gunad axpaaub YHKKAH HC- H ]

CHKJIMK OpacHAarH MyHoca- i
OatHu VpHATHUW Makcajaxaa
cxemacH O4- pacMza Kypca-
THATAH KypuaMaga Taxpuba
VTKa3HII MYMKHH.

Arap To3a cyBaH kaJdo-
puMerpra C cnHpasb CUM TY-
LWIHPHO, aMIlepMeTp Ba BOJIbT-
MeTp GHJAH TOK KyUH Ba Kyd-
JaHuUl yJa4aHca, CeKYHIOMep " 54- pacm.

Lt

e
)"ll i
|

}
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épramMpla TOKHHAT YTHII BakKTH GeJrujaHca, TOKHHHT WIIH
(2.13) popmysiara acocan xHcobJaHalH:

A=1Ut.

Arap 3aHXKUPra 3JEKTP 3HepPrHACHHH OOLIKa Typ SHep-
ruara aiiaHTHpPYBUH Maxcyc ac6Gobaap (MacanaH, 3JeKTp
JBHTATeNb) YyJaauMmaraH Oy/ca, 2HEPrHAHHHT CaxJaHHII
KOHYHMra 6HHOaH TOKHHHI OYyTyH HIUH HCCHKJHK @Xpa-
JHUIATa KeTalH, ULIYHUHT YYVH

Q=1Ut
Je6 €3M MYMKHH.

CnupaHHHT Kapumird | R 6yJ/ca, 3aHXKUPHHHT OHp KHC-

mura oui OM KoHyHura acocaH U ==/ R Gyaranu y4yH

Q= I?R¢
ndonaun xocusa KuiaMus. By c¢opmyaa >Koyas — Jlesu
KOHYHHHH undoganaiiin: 3AHMCUPHUHe Oup Kucmudaw TOK
greanda asmpasud HUKKAH UCCUKAUK MUKOOPpU TOK Kydu-
HUH2 K6adpaTu GUAGH KUCM Kapuiuauzu 64 TOKHUH2 Oou-
mul caxranub yrean eaxTu Kijnairmacuza TeHa.

DJeKTp TOKHHUHT HIUHHH TypJu ¢opmynanap Ouiaan
Hpopanauwr MyMKHH 3KaHauruau [(2.14) ¢opmynara ka-
panr] nasapra oaud, YKoyapb — JleHn KoHyHMHH Ky{ugarm
KYpHHUILIADAA €3HIU MYMKHH:

Q = IUt = I?Rt = —Ug- ‘. (2.15)

Arap TOK Kyud ammep XHCOGHAA, KAPIIMJIHK OM XHCO-
6una, BaKT CEKyHJ XHcobuna VJiyaHca, HCCHKJIHK MHKJO-
pu xo0yab xucobuia ndonanavaam.

25- § Kapuwnaukuuur Xapoparra GOFAHKJIMIA

Taxpnbasapaan MabJyMKH, Xapopatr OpTHLIIH OujiaH
VTKa3THY KapUIWJAHTH OpTaAu, UYHKH IOKODH Xapoparaa
3JEeKTPOHJIAp HCCHKJHK XapaKaTH Te3JUTHHHHT OPTHLIH
6uiaH YJapHHUHT TapTHOAH CHIXKHUIIM KaMabhuwu Tydahau
TOK KYyY¥ KaMasiid, HIYHHHT YUYH YTKAa3THY KapIUIHJAUTH
oprran 6yaazu. Arap 0°C parm yTRasruy Kapwuaurd Ry
6y1u6, YHHHT xapopaTH AI° ra kjyTapuiaca, YHHHT Kap-
Wuadrd Moamauunr tabuatura OGorauy xoaga AR ra op-
Taau, 6y KapIWAMK V3rapuilu xapopaT ysrapumu OHJaH
aBBAJTH KapWIMIHKKa MyTaHocu® OVynaiu, SbHH
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AR = aR, A?,
R —aAr 6§16, xapopar 0°C nau £ rava yarap-

0
raHja xapimaiuk R, gaH R raya yarapraHjurujat:

R = Ry + Ry aAt. 2.16)

Amanna KapUMJIMKHM Xucobjaml yuyH TyGaHjard TeHIVIaMajaHn
dhoinaTaHUL MYMKHUH:

OyHAaH

R = Ry(l + af?). 2.16%)

By epaa a — KapuwuiukrHunz Tepmuk ko3gduyuentuy 6y-
au6, TypJaH MOAAaJap Y4YYH TYPJH COH KHiMaTura sra
“6yaanu. {° sca Ueabcuil wkamacuga xypcatuarad Xxapo-
paraup. (2.167) TeHrnaMajzaH KYPHHHO TypuGXMKH, Xa-
popar 0°C pgau nmnacas Gopca, YTKA3THYHHHT KapUIHJIHCH
KaMasaiu.

Kapwuaueu 6up 6upauxka teHz 6ijrcan §rrassudnunz
xapoparu 6up epadycea iszapeanda xocua Gjrzan Kap-
WUALK fj3eaputiuea COH cuxatudan Tenz Oifrcan Karra-
AUKKQ  KAPUWUAUKHUNZ Tepmuk Koapduyuentu deluradu.

Bab3u Meramiap yuyH 0 Typau MopaasapHHHT
100°C na « HuHr yprauva Kuii- 18°C npa OM-meTp O6ujiaH
matu (rpag —t éku K1) udojananrad -CoMHINTHPMA

KapLUH/IHTH
I-xagean 2-xangBaan
Temup 0,00625 Temup 8,6.107¢
Kymyw 0,00100 Amovurnit 3,0-10™8
Muc 0,00445 Muc 1,7-1078
Koucrantan  0,00004 Kymyur 1,6.1078
Amomuuun  0,00423 Koucraurau 50,0-108
Cumo6 0,00027 Manramuy 43,0108

YTKasruu XapopaTHHHHI nacas OopHWH OGHJIaH Kap-
LWIHJATHHHHT KaMas GOpHINY OJUMJIapHH KH3HKTUDIH. Arap
amanga xapopat Llenncuft urkasnacu 6yitHua HonaH KaMas

6opub, YHHHT cOH KHiMAaTH {*=—=-rpan. 6yica, [+eaf=0

69yau6, xapwniauk xaM R=0 6yamwu kepak. byHnra jra
JTka3ysuanaux XopMcacH Jjedunagu. By wapourtna yr-
Ka3rud OPKaJId XOXJaraHya KaTTa TOK KyYH ODKaJ/H 3JEKTP
SHEPTHSICHHH y3aTHII MyMKuH 6ynap sau. By yra yTrasys-
yaHJIMK XxoJHcacuHu Texwdpuwl yuyH Kamepauur-OHx-
HHCNAap aBBaJ MAacT xapopaTtra SPHILHII YYVH TaxkpHOa
kuaub, 1911 dna renHiHy cylOKJIUKKA alaHTHPranad, YHUHT
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xapopatn T=4,12 K 6yanb, 6y xapoparaa, CHMOGHHHT
KapIHJUry cakpaum OuJaH Hodra TeHr OVJHUIMHH Ky3arT-
ranjap. By xoamcanm 33-§ xa mydaccan kypamus.

26- §. Peoctar (Kapumaukaap)

Kyn Bakr TOx 3aHxkupura gouMuil €kM yarapysuaH
KaplIHJIHKHH yJaall 3apyp Oyaaau. bynpalt Kapuunank-
JapHH peocrariap pedwnaiun. YJaap TypJaH Ty3HARHIga
yupaitau.

1. Cupnarysuan  KOH-
TaKTAu (ofcuseusau) peoc-
raraap. Wsoasiunon mare-
puaanan scasran A Hail

A ycTHIa MabJdyM KaplUHJHK-

Ka sra O6yaraH JTKasruy
C cuM raatax kaGu ypasrau

6ynub, Merana cTepiKeHzaa

yJaaHral £ KHJTHY FajTak

6y#1ab, 5 nosvyanapu 6u-

55- pacu. JaH cu/ku6G 0paiu  Ba

YHHHT MabJayM KHCMJapH-

HH V3H cHpnaHub lopaguraH YTKasruu crepzKeHp (y3ak) ra

KeTMa-KeT yJjaian (55- pacM). E KHATHY 3KOMHHH Y3rapTH-

pub, OM3 FaJTAKHHHT Kyl € 03 KHCMHHH y.jarad 6yiaMus.

PacmaapaaH KYpHHAAMKH, YJAaHAMTra Kapal peoCTaTHHHT
BED, CEB 6ynakaapu dumud Kucmu 6yJa osaiu.

2. Kapuwurux mazasunu xam peocraTHure 6up Typu-

R - 7
( <y J\S / A
R, N\
i J 1
3
56- pacwm.
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dup. By tungaru peocrartiapaa €roY KYTHUAHHHT 360HUT
KONKOFHAArH MeTalJ THKHHJIAD OpKaJd MabjJyM KapLiu-
JHKKa 3ra OyaraH rajataknap — Gup-Gupura 56- pacmjia
K{pcaTHirangek ynaauran Oysnanu. Arap THKHHJApPHUHI
6upu yuKapub Kyhujaca, y BakKTaa TOK (pakaT Ly THKHH
OCTHAArM KaplIMIHK OpKaJdH VTaAH, KOJI[aH THKHHHHHL
KapIUMJAMIH HoJra SIKHH (KUYHK) OyJAraHd yuyH YHHHT
KapIIHJHTHEN XucoGra oaub yTHpMall, Tok ¢akaT THUKHHH
OJIMHI'aH KapLUHJAHKAAH yrtain Ae6 KYaKoaaMus.

Kapumaukaap ma-
rasvHH OJITH JeKaja-
Iau uGopar 6y.u6
-(57- pacm), 0,1 nmau
99999,9 Om raua kKap-
IIMJIMK ~ Yerapacuaa
yarapmac tokaa KyJa-
Aanuaagu. Xap 6Gup
dekana bell FaaTakay
cxema GyiiHua Ty3uJ-
raH 6yaub, pugaryu
yJaruy opKaju Kap-
WIMJHKHUHT Xap XuJ KHfiMaTJapHHH OJIMINTa HMKOH GepajH.

Kapmmiuk KONKOFMra TYpPTTa yjall HYKTacH YpHATHJI-
ran 6y.au6, 3apyp MHKAOPAArd KapIIWAUKJIAPHH OJHLI
MyMKHH. By BaxTzia MarasuHAard KaplinJHKAAH YTa€Tran
TOKHHHT 'MHKIOPH KyHumard 3-2KajaBajjga KeJTHDHIraH
KHHMAaTaaH OLIMACJHIH Kepak.

3-mansan

ngananap, OM [Ix0,11 9x1 {9%10 [9x100] 91000 | 9 10000

TOK KyuH, A 0,5 0,5]0,1610,06{ 0,016 0,005

27- §. Kapum/JHKIapHHE KeTMa-KeT yJjaul

AB, BC, CD xapumuk-
JapuHUHT 58- pacMia KerMma-
‘KeT YNaHUIK KeNTHPUJraH.
Byuna#t ynampa 6apua gap-
IIUWIUKIAH YTVBYH TOK KYuu
6up xu1 Gynanu,

by ynauran {yTkasruu- 58- pacm,
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JApHHHT  KAapIIMJMKJADH Moc papumia Ry, R, R, 6y.m6,
ynaapaan I ToK Kyun yTcHH, OM KOHyHura acecad (58- pacm)

] = P—F1 3P G

T — b

Ry Ry Ry
OyHaan
Go— ¢y = IR,
(P3'_"“(P2=-1R2 (2'17)
¢ — ¢y = IR,

(2.17) Tenrsamanap cucTeMacHMLaH NMOTEHIMAJ aHUPMaJApPHHHHT
BHFHHANCH @4 — @, = [ (R, + R, + R,) 6fnamu. YMymuit lgap-
wpury R peb onmHca,

R:R1+R2+R3

6ym6, OM KoRyHu @, — ¢, = /R KypuHumga é3unaiu.

(2.17) Tenrsiamanapiad KypHHaMMKH, VTKasrdujiap KeTMa-
KeT yJaHca:

1) 3aHKHpPHHUHT afipuM 6Yyaakjapu yuJaphjard TNOTEH-
unanjap aWupMacH 1Yy OJHHTaH KapUHJIHK KHIMarTura
TYFPX NPONOPLHOBAJ OYaalnH;

2) KapUWHUJHKJAapPHH KeTMa-KeT VyJaHHMIIHAa yMyMu
KaplIMAnK alipuM KapLUUJuKaap HHFHHANUCHTA TEHT:

R= R,

k=]

28- §. Kupxrod KoHyHrapu

1) MkkuTagan OpTHK VTKA3THUJAPHUHT YAAHHIU HYKTACHTA
myeyn neimnaau. Papa3 sTallaMk, yTKasruugaH Vraérran /
ToK Kyut b Tyrynna 1, 2, 3 Tapmoknap GyiMua TaKCHMJaH-
cul (59- pacM). b Tyrynra kemd kupraH Tok Kyuu [ my Ty-
FyHJaH TapMOKJaHHO YHKKaH
TOK Kyujapu I, I, Ba I, HuHr
alreOpavik HUFUHANCHTA TeHT
6ynanu. SbHM:

I=1+1,+ 1,
b rtyrynra kupu6 KenraH TOK-
HYM MycOar, yHAaH uYuKuG Kert-
ran TOKJapHH MaH(pu# feb Tannat
ONMUHCA, loKopuaaru Qopmyaa
KyfHjary 1aknja ugopananaiy:
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I+ (1) + (=) +(—13=0.
By ¢dopmynann HHFMHOH IIaK/1Ja XaM €3u6 KypcaTdur MyMKHH:

i/kz 0,

6y epla n — TapMOKJaHraH YTKa3rHuJapHHHC YMYMHH
couu. Iy dopmysaa Kupxzoprunwe OGupunuu KORYHUHU
HbosaNalii: TOKHUNE TAPMOKAGHUUL HYKTAcuOaeu TOK
Kyuasapunune aacebpaur durunducu noaza Tene. Jemak,
64pop TYryHra KHPHOG KeJYBUH 3JICKTP MHKIOPH Uy TY-
TYHAAH YHKuG KeTyBuYH 3JeKTp MHKAopura TeHr. Ilyumai
Kuiu6, Kupxropuuur GUPpUHUYM KOHYHH y3arapMac TOKJapra
HuCGAaTaH OJHUHCAH IAEKTD 3APA0AAPUHUNE CAKAQHUUL KOHY-
HUHUH?Z [32unacudup.

DyHaaH KypHHAZHKH, VTKasTHUHHHT Xed epuia 3apsn
TYXxTab KoAMafgu: Xap KaHaail TYryHra KaHua 3apsajn KeJa-
ca, Wy TYT'YHJaH HIYHYa 3apsaj YHKHG KeTaaH.

Tok 3amkupu OGHp
Heya KapUIWJIMK Ba Mau6a-
naH HbopaTr €nuK 3aHXKHUp-
nau ubopar Mypakkab 3aH-

xup 6ysca, Oy BakTaa xap I Ry

Kadcd KHCMHH aJoxHia 1 2

TeKMIUpULI Tajab KUJIHHA- I R, + -
nu. TapMoKJaHyBuYH TOK-

JapHUHI Mypakkal cucTe- 60- pacm.

~ macupa (60- pacm) uxXTH-

€puit pasumaa 1, 2, 3xgHCM—
HH a)partub rekwmupaiank. Papas srahiauk, 1—2, 23,
3—1 ToMoHsapmard TOK ManbajaapH (SJIEMCHTJIap)HHHI‘
DIOKnapu &, &,, €, ynaHran yTKa3rH4JIAPHUHT KapIIH/HK/IADH
R,, Ry, R; xamJa yJapHHHT Yunapujard noTeHiuajinap aiup-
MacH @, —@;, Q3 — @, Ba ¢y — @3 OYACHH. Ymymuit XoJa
3aHXUPHHHT Gab3d Gup kucMaapuia SIOK GyuiMaciuru éxu
3JIEMENT/Iap KapaMa-Kapuld VJIAHHUUIA XaM MYMKHH.

Kucmunapaaru tok Ba DIOK nap coart crpenkacu 6yitu-

ya HyHanaraH 6yJjca mycbat, Teckapucura HyHaaran 6y.-
ca, manbuii neé xucob6aanub, xap 6up KucMra OM KOHY-
HUHH TAaTOHK 3TCaK,

9 — @y + & = LRy,
’ (P3"(P2+52=12R2'
Py = @3 -}—é°3=]3R3
79

www.ziyouz.com kutubxonasi



Jap YHKajgH. Dy TeHrnamanapHuHr XxaaMa-xaa IHFHHAHCH
6y +£2 ‘Léad =R, + ]2R2 + lasz

YYHKH
(P — 1) + (5 — Pg) + (P — P3) = 0.
JleMmak,
2‘ 8, = 2 (IR),, (2.18)

k=1 k=l

6y epaa n — xucMaap coHd. Bepk xucmaarn DIOK nap-
HHHr aJjrebpaHk HHUFHHIHCH TOK KYYJADUHHHT TErHULIH
YTKa3ruu Kapluaukjaapura 6yaran KymaiTMaJapuHHHT HH-
runAMcHra TeHr. (2.18) rtenraama Kupxeogprurne uxxunuu
KOHMYHUHUHE MaTeMaTHK HpoLacHIup.

29- §. Kapmuaukjiapuu mapajjen yaam

Kapwnankaapan  na-
paanen yaauiia tok A Ty-
ryHaad yuku6 OHUp Heua
Kapmmankjaapra O6yJnHHO
TapKallaZll Ba s1Ha HKKHHUH
oup B Tyrywra keaub ky-
wHaanun (61- pacm).

Tapmoxaprars  yJiaHran
Kapmuauaknap R,, R, R,

61- pacm. 6yau6, yaappaan yTraH TOK

Kyuwnapu [,, [, I, 6yaca,

6yaapHHHT xaMMaci Xam A Ba B Hyxranapura y.aHrau 6ynra}m

YYYH yJapiard noTeHuuansap adupmacu GHp xua Gy.Jaiu. 3aH-
JKMDHHMHT Xxap OHp KHcMH yuyH OM KOHYHH:

I = D2 qu; [ = Pa— @y I C el 2 2.19
.T R 2 _"R'z"_' Ba [,= TR, ( )
yMyMuit Tok Kyud KHpXrodHuHr GUpHHUH KOHYHHra GHHOaH

I=htlth=(n—e) (g +5 +7 ) @20

6ynanu. Owm KoHyHHHH 61- pacmaaru AB cucTemara TaToMK
3THIICA,

I =(9,— ) (2.21)

1

R
GyHpa R — cucreManuur Kapumaury, (2.20) ea (2.21) 1euraa-
MalaphHu TakkocJacak,
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I (229

Kem6 unkanu. [lapannen ynaHraH XapuuujHkJgap COoHH 71 Ta
6yca,

éxH

= - (2.23)

(2.22) Tenrsamagad KYpHHaZUKH, NapaJjes yJaHraH Kap-
IWIHJHKAAD COHH KymnaWraH caluH, YMYMHH KapUIIWJIHK Ka-
Masin. '

(2.19) ftenrsamaul KYHHAArH KYpuHHLIZa é&3cak 6V-
nanu:

Py — @y = I Ry,
Py — @ = IRy,
Gy — ¢y = I3R;.

Bynaan /\R, = I,R, = I}R;,
ho_ R B _ R 5y Ri ©.24)
12 Rl’ 13 R2 i 11 Rs

(2.24) pan KypuUHAQHKM, YTKasruujaap napaJjJies yJai-
rasja yJjapjAaH yTyBUH TOK KyuJlapH HHUCOATH KapUIHJHK-
Jap HucGaTura TecKapd nponopuuonan 6yaap skaH. Me-
Mak, napaaJjes yJaHraH §TKa3rnuJapHUHT Kafich 6HpH KaT-
Ta KapuIMJHKKa 3ra 6yaca, yHAaH LIyHYa KaM TOK YTagH.

1II BOB. 3JIEKTP YTKA3YBUAHJHKHUHT
KJACCHK HA3APHSCH

30- §. Mefa.n.napna 3apaA TAWyBUHJAPDHMHr Tabuatm

Merangapna 3apdn TallyBuW  3appaHuHr TabHATHHH
aHMKJall YUYyH Kyfinaard TaxpHubajap KHJIHHTaH. .
1. PEKKe MKKHTAa MHC UHJIHHADP YpTacHra my aHaMeTp-
JaTd aJIOMHHMH UHJAMHIpHH KYVitn6, 6y cHCTeMa opKajau
V3JYKCH3 paBuuiga Oup #MHJI TOK VTKasraHjga, yJaapiraH
3,5:108 Ko 3apsan mugzopu yTran. AMMO UHJHHAPJIAPHHHT

6—2778 81
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62- pacM.

63- pacu.

padrud xam, MaccacH xaM ysrapmarad. ByHaaH KypUHaAHKH,
meraarapéa TOK TAwysuw 3appa UOH EKU QTOM 3MAC.
Yamap 6yarannapuna xyga OysaMaramga maccacd ¥yara-
pap aaH.

2. Merany 6ynakyacHHH OoJU0 YHUHT HKKH y4ydra Ket-
Ma-KeT paBHIUJAAa YJaHTaH raJjbBaHoMerp OnJaaH Oupra-
JUKAa ¥ Te3AHK OuaaH XapakaTianTHpadauk. bupra xa-
paKaT/aHTaHga raJbBaHOMETP cTpesakacH OFMalau. Me-
Tajn OGyakyacd KeCKHH TYXTaca €KH KeCKHH XapaKaTJaH-
ca, raJbBaHOMETp CTpeJKkacH oraid. Iemak, Tox Tauysuu
sappa 3apadea 3ea Ojruwmu 6usan bupea maccaza xam
sea sxarn, IyHHHr yuyH MeXaHUKAaHUHT WHHEPIHs KOHY-
HHra acocaH MeTa/ljl TyXTaranja XaM 3appa XapakatiaH-
mu (62- pacm). By taxpu6a roscu Manpeasbmitam Ba [la-
najgeKkcd TOMOHMAAH aiiThiaraH. ¥Yaap cHM Vypajaray Faj-
Tak ouaub, yuuHr VKu arpoduga Te6paHMa Xapakatra
KeJATHPHJATAHJapuAa Oepk 3awkup OVitmab §arapveBuad
97eKTp TokH xocua O6yaran. Cyurpa [. Jlopenty ymby
Taxpubauu Toamen Ba Ctioapt Kuarawm Kabu Oaxapub,
yaap OujaaH GHP XHMJ HaTHXa oJAraH. YJapHHHT TaxpH-
6anapu cxemacu 63-pacmaa kextupuiaraH. TaxpuGanH
VTKasuijga XapaKaTJaHaéTraH MeTaJyI CHMJa HHAYKIHOH
TOK XocmJ Oyamacnuru yuyw Ep MarHuT MafnoHH Tab-
CHPMIAH XOJMH XoJKa Taxpuba yTkasraumnap. ¥jaap yays-
aury 500 M 6ysran HMHTHMYKA CHMHH FaJTakKKa Ypab, cuM
VYJapHHH 3J1aCTHK. CHM OWJiaH rajJbpBaHOMeTpra yJaaraH-
gap. Cyurpa rFajqTaked y3 YKH arpopHja KaTTa Te3JHKAa
(raxmuHan 30 M/c) xapakanIaHTHPUO, KeCKHWH TYXTaTraH-
Jlapuaa rajbBaHOMETD CTPEJKacH KHCKAa BAKT OFTaHJUTHHH
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kysatraunap. Crpeaxka orMmu Manduii 3apAAHHHT Xa-
pakat HyHajaMiumra Moc KearaH. By {Tkasuaran Taxpu-
Ganap €puamMupa sapsadHuHe coauwmupma 3apaou (—;’l—) AHMK-
JanraH. XHcoGnamwiap 6y KaTTalHK 3J€KTPOHHMHI CONHILTHPMa
3apANAra Xyjaa sIRMH SKaHJAMruHH  Kkypcaragu. Llymmnr yayx
MEMAAAAPOA 3APA0 MAUYEHU 3aPPA IPKUH IACKMPOHAAD Oeliu-
Aa0u. DPKMH 37eKTPOHJIAP METANJIHMHE KPHUCTALJI MaHKapaja-
pUra JKOHJAUIraH aTOMAApPHHUHT BAaJIEHTJHK HOHJIAPHHUHT aXK-
pamb unkHmMAaH Xocusn 6ynamu. By 3JeKTPOHAAPHHHT KOH-
nenTpaunacu n = (10%® — 10%®) M3 ra TeHr.

By xomucanu wmaremMatHk paBumga udopazami yyyH CHM-
HUHr KecuMm 1o3u S, yayHaurda [ 6yau6, V =Sl xauMmHuHT
xap GHp OupJMrujaru 3apsj TallyBud /m Macca/H 3appanap co-
HH n, GyJca, v Te3JWK OHJaH XapaKaTNaHraH YTKasTHUHHHD
KMHETHK 3nepruscH (——d W) sueprusi xucobura kamaiu6, Xo-
yab—Jlenn uccHranry dQ@ ra aisiananu, GyHaa

—dW = Nd(K) =n,Sld (—m;—z) =nySlmvdv.  (3.1)

d .
Ukkunuunan, / =7;’ IKaHJAMrH xucobra onauHca, YKoyib—

Jleny, kouynura acocad, 6y sHeprus xucoOura ampainé yHx-
KaH HCCHKJIMK MHKJODH i
—dW = dQ = I’ Rdt = IR (Idt) = IRdq = n,SveRdg (3.2)
Gynaan. (3.1) Ba (3.2) dopmynanapHuHr Y3apo TEHIVIATHAAH
m ldv
dg = - R (3.3)

Xocun 6ynapu. By Tenrnamana m— 3appanuur mMaccacH pa g—

YHAarn 3apsg MugAopd, R — ! y3YHJIMKAA OJIMHTAH CHMHHHI
KAapLIMJINTH,

(3.3) TeHrnamaHu uHTerpa/ial, KYHULATHHH OJIAMH3:
. t l 0 ,
m m
= | dg= = [av="0. 3.4
9= | =20 [ =" (3.4)
0 v
Byunan
ol
eR
(3.5) Tenrnamara acocan 3apsii (g) HMHr Y3 Maccacura
HHcGaTH TonuaraH. Macatan, Muc yuyn 1,60-101 Kua/kr,

2
m

(3.5)
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amoMuru#  yuyd 1,54-10% Kua/kr, kymyw yuyd [,49.101
Ka/Kr 3KaHJMrH TonmJsraw.

OHT aHHK KeilHHTH 3JeKTD Ba MATHMT MAailoH/IapHia 3JIeK-
TPOHHUHI OFHMIIM aCOCHAArd TampuGanapiaH >SNeKTPOHHUHT CO-

" JMIUTHpPMA  3apsiaH 7‘;— = 1,77-10* Ka/kr yugkgaH.

31-§. Merannap sjekTp YTKa3yBUAHJIHTHHUHC
KJAACCHK 3JIEKTPOH Ha3apHACH

Xap KaHza#t MeTaJUIHEHI KDHCTaJJl NaHXapa TYTYH-
JIapHHM TaHIKHJ 3TraH aTroMmJyap, HOHJap OpaJHFHjia 3p-
KHH XapakaTtja OVarau 3JIeKTPOHJAp, rasjapHUHr MoJe-
KyJsap-KHBeTHK Has3apusicHua aHTHATaHAeK, TYKHamuuI-
Jlap HaTH)Kacuia xaoTuk (taprubcu3) xapakataa Gymanu.
By saekrponsap xap 6up MOMeHTAa TypJH HyHaJHIILA
TYryHJapra TYKHamiuG OGHp TOMOMTa HyHaJraH B3JEKTPOH
TYPYXH OViMaraHu YuyH VTKa3THYAAH 3JEKTP TOK VTHULIH
py#t 6epMaiiaH, SbHH TOK Gyamafiau. Arap my yTKasruy-
JIAPHUHT HKKH YYMHH NOTEHLHALJAPH @; Ba Qo 6YJaraH Tox
manbau KyTOJjapHura ynacak, MeTas 1 MHAa XOCHM 6yaran

SIEKTP Mai0H xaMMa 3JeKTPOH/apra F =¢E Kyu OuJjad Gup
HyHammaa Takeup 3THG, Myc6aT KYTG TOMOH TesJaHyBYaH Xa-
pakarra KeJaTupaiM, YTKA3rMUHUHI KYHIQJAHI KeCHM 'l03H Op-
Kanu BakT OWUPJIMIY MuMja yTrad sapsj MUKAopd [ = —;7- TOK

Kyu¥l VTHHIHra onub KeJany.

Hpyne — JlopenTuyiapuuHr  KJIacCUK Hasapusiapu  Gyiivua
TapTUOCH3 U Te3JUK OusaH Xapakarja GyJran 3jeKTpoHsaap Xap
OHp aTOMJIH ra3 MoJieKyJianapd KaGH MCCHKJMK Xapakar 3Hep-

. mu? o
TFHACH ~ ra sra 6yJHM06, KHMHETHK HA3apHusra acoCaH:

By tenriamanappa m=9,1-1073! kr, T = 273K,
k=1,38-10"% 21? KuliMatsiapaa Qoiigananu6, 3apsAHHHT HC-

CHKJIMK XApaKaTAard Te3HCHHH XWCOG/IAi O/laMH3:
v= Vﬂ= 10% m/c.
m
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SNeKTPOHHUHT 3PKHH IOTYPHII ypraua #iyuaM y3yHaur# (A)
o o A e
6yJica, SpKHH IOrypHiu ypraua BaKTH (T) = A 6y.naan.
v

AMMO 371eKTPOH yuyH (A) HUHI KU{AMATH HOBMAIYM, YHH NaH-
Kapa poumniich d aan Oup Heua ]0 MapTa KaTTa 1e6 osmul
MyMKHH.

ONEKTPOHHMHI TAHMKapa HOHNCPY OHIaH HKKH KeTMa-KeT
TYKHAMILH yYyH yrraﬂ BaKT HYHJATH TEIHK ysrapnum Hbioton

KOHYHHIa Kypa F {t) = mAT Ba F =eE 6yarand yuym:
A U= ——(T)= £ (1) E.
m - mn

3neKTPoH Apel(HHUHT TEJIHIH 3aHKHD YJAaHHUI MOMEHTAQ
HOJIb, TYKHAIUNII MOMEHTHa MakcHMan 6ynub, y

e
Uy = 71-' (T)E (36)
ra TeHr. T€3v’lPiKﬂapI/[HHHI‘ 3’1pTa l{HﬁMaTPIHPI aHuKJacak,
Up + Ux e
V)= —mmm— — . —— (T
() 2 2m( YE

6ynagn. Xucobaamapra acocaH, y Kyfiuparura TeHT:
{v) = 0,001 wm/c.

Arap Tox suuaurn dopMmyaacu j=nye{v) ra (v) HUHT

Hopacuun kyicak, OM KOHYHH Keymb uHkajM:
nge? (1T o .
= D B oy j=0oFE. (3.7
2m

By udonagan xypuHagMku, TOK SHUIHTH SJ€KTP MaiifioH Kyd-
JIaHTalJIurura Tyepu nponopuuonatd. By Om xorymunune oug-
Peperyuan ugodacudup.

Bynparu knaccuk sieKTpoH Hasapus acocupa uUMKKaH Co-
JIHIUTHPMA 3JIEKTP YTKAa3yBUaHJIUK

npe2(t)  nwe?(d) (38
2m 2m {v) '
MeTaNNaPHHHT XAKM 6Hmemaam SPKHIH 3/IeKTPOHJIAD COHHUTa

Ba ypTaya SPKHH JorypHII #Y/1 y3YHAMTHIa TYFpH NIPOTIOPIHOHA,
Amanpa kymuHua cOMIUTHPMA SJEKTP YTKA3YBUAHJHK O YpHH-

0 =

Ja YHHHT Teckapi KI/II/IMaTI/I — HH COJIMIUTHPMA KaAPUIHUJIHK O
. ag

éaunamd. (3.8) dopmynajan KYypHHAJHKH, arap 3JeKTPOH NaH-
JKapajard HoHjap OWjiad TyKHAIMACA, SPKHH IOTypHII HYJM
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YEKCH3/IMKKA MHTH/Ja[M, NeMaK, COJMHUITHPMA 3JIeKTP yTKasys-
YAHJIMK XaM YeKCH3JHKKa MHTHjarad Oysap 31u. n, HUHT ABo-

N 0. MeTan 3HYIHATH d HHHT aTOM
A

raapo coun N, ra HHc6aTd

d Ny
Mmaccaci coHn A ra HucGaTHra TeHr: A =5 =2 d, Ha-
A
THK j = o= 1 iA Y
aja [=ngev IaH U= —— = —5—— 6yaanu.
eny edN,

Kynunua Merammap yuyH 3u4lMK aTOM OFMPANTHHUHL 3UY4-
A o :
JIUKKa HHCOATH - = 10 gax oummMafgu. DHP MoJbaard HOHJAp

(371exTpounap) zapAAMHHHT  MHKAOPH ¢ = Nae = 6,02-10723
Moe. "1 1,6 109K 1=9,63:<10* Ks/Monba 10° Ka/monb. Arap
MeTasl1 cuMaal yraérrad Toxuuur suyauru 107 A/M* 6yaca, snek-
TPOHHHHI TapTH6cu3 xapaxar Tesqgurd 1073 m/c ra rteur 6y-
Jgamd. Hemak, Oynpait Te3. MK GusiaH Xapaxar/JaHASTraH JaeK-
TPOH KaHaali Ku/aub 3arkup yaanumy Ouian aHdya Y30KKa Tes
eTub Oopaau? Dy BakTiza 3/eKTpoH 3Mac, GankH y XOCHJ gu-
JaéTrad  9/71eKTP MaiJOHHHHT TapKaNHII Te3JHIHHA YTKA3ruy
Y3YHIMrH GYHUYA TAIKHA STYBYHCH KATTA Te3HK OWJaH, sibHU
3JEKTPOMAr#uT TYAKMHUHMAT Tesaurn 10° M/c GunadH Tapka-
JaajH.

Kraccux saekrpod Hazapuagau dofizananué JXoyan —
JleHU KOHYHHHH XaMm KeJATHpHO  umkapailiuk., Dysunr
YYYH 3JeKTPDOHHHHI TYIYHA4rn 3appara ypHJHII OJXHAAard
MaKCHMaJl KHHETUK 3HepPrusicHpard Tte3jauk YypHura (3.6)
HH KYHCak, KYHHAard XocHJa Gynajau:

m 1 23,2 e2(h)2
K= A E-SCRE 3y

7 m 2my,,

Y BakTla YTKasrHYHHHT OHPJIMK XaXKMHIArH 3/eKTPOH/1ap
— BagTZa Gup MapTa ypitiaiM Ba OyHHHI HaTHXacujla ILyH-
T

Ya MapTa K{n HCCUKJMK axpanaiu. Bam' Gupaury (Ic) pa ax-
panraH HCCHKJIMK MHKJIOPH!

Q=1 E. (3.10)

2m

(3.8) Hu xucobra oscak, (3.10) ndoza gyiujsarn KYPUHHIIHH
OJ1afH:
Q. _OEz_E ’ (3.109
p

By undona Koyab — Jeny  Konynunune Oupepenyuan
kypunuwuny ugodaasaiidu. JleMak, axcpaiérean Uccuk-
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AUK MUKGopu 3AeKTP MaUOOM KyuaraHeaHAUSUNUKE Keal-
paruea TYFPU RPONOPHUOHAN 3KAH.

By n¢omaHn cusra Tanuw Gyaray uHTErpan KypHHH-
wuga kdoxanam yuyyH YHH YTKasruy ys3yHjaurd [ ra, KVH-
JaJaHr KecHMH S ra Ba TOK yTHMIU BakThHra Kyna#itupa-
MH3:

Q=20,i8t = Eist=EDR, U 4yt
P R

Kennb uMKaaH.
32- §. Knaccuk Ha3apHAHHHI KHAMHUMJINTH Ba KaMUHJIHMIH

IasnapHuHr MOJIEKYJIAP-KHHETHK HasapHschia MCCHKJIMK CH-
anmm xucobnamga Oup aroMaM Ta3HHHT Xap OUP MoJeKyJacH

— kT = —;—2 sHeprusira sra OyaraHd KaGu, xap Gup 3iaek-

TPOH Xam —-2— kT sueprusira sra 6yamG, O6uMp Mosbjaru
X

K-moab
6VavIuM  Kepak, KpHCTANLl  MAHMKapajard  aroMJapHUHT

6yanG, MeTaaNHH TamKUa 971-

3
3MEKTPOHJIAD  MCCHKMK curuMH C = - R =125

MCCUKJ/IUK CHFAMH 25
mob - K

TraH 6yTyH ATOMJIZDHUHT HMCCHKJHNK CHFMMHM KJIAaCCUMK 3JIEKTPOH

Ha3apUACHTa acocaH 37,5—% ra TeHr GyJHImHM Kepak.
. MOJIb -

XagukaTaa 6y HCCHKJHMK CHFMMHMHHHT 25 —:T—Kra TEHT 3KaH-
MOJIb -

JUrMHH  Takpuba xam Tacaugnaapau. [emak, wmerannapparu

S/IEKTPOHJIAD METAJUIAPHUHT  HMCCHKJMK CHFUMHTa Xed - KaHua

xHcca Kywmaiian, MeTtammap Xyjamy KpuUCTa/T [usJeKTPHKIAp

kabn Iloaonr—IImh Konynura 6yicyHanu.

KnaccHk 3/71eKTpOH HAa3apHS acoCKIa MeTaJJIapHH SJeK-
TpoH rasjnapaaH ubopatr ne6 xKapab, GHp aTOMJIH Hueas
razjap KalGH HCCHKIHK YTKa3yBUaHJHK  xop(pduunertn
KOHLeHTpanusra O6orFiuK me6 KapaiMui., ¥ Bagraa Me-
TQJJIapHUHT COJNHLITHPMA 3JIEKTP YTKa3yBUAHJIUK KO3(-
buIHeHTH XaM KOHUeHTpauusara Goraugauruna (3.8) op-
Kanu udonagaHrat.

Bunpeman — Ppanu 3JeKTPOH rasjiard sJeKTpOHJIap GUp
XU Te3JHKKa 3ra 1e6 KaparaH, Merajqjiapiard HCCHK-
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JHK ¥TKa3yBUAHIHK KO3hPHUHEHTH (X) HHHI CONUHMITHPMA
3JeKTp YTKasyBUaHJHKKA HHCOATH
X __ 3o _ar (3.11)
(o} et
3KaHHHU aHHKJAAH, YHH TaXpuba Xam  TacOMKJiaraH.
AMMO ras MoJiekyJagnapu MoJiekyJsap ¢usdkana Makcsean
Te3JIMK/JIap TAKCHMOTHAA KYPraHHMH3LeK, Xap XHJ Te3JIHK
6usaH xapakariaHaiu. ¥ BakTAa ogKopujgaru (QopmyJa-
Aaru 3 kosbhduuuent YpHuHua 2 onagun. Dy TaxkpnGazna
TacAHKJaHMaigd. By dapKHH TymyHTHpHIN yuyH 3oMMep-
deaba 3JeKTPOH ra3 YUYYH KJIACCHK CTATHCTHKA YPHHIA
®epMu — JlHpaKHHHr KBAaHT CTAaTHCTHKACH KYJAaHHJACAHAA
(3.11) dopmyna Xocua 6yniran. '
BvH1aH TaliKapu, KJACCHK 3JEKTPOH Ha3apHs acocHIa
MeTaJJAPHHHT VTa 3JeKTp VTKa3yBUAHJHIH XOLHCACHHH
XaM TYMYHTHPHII KHAHH.

33-§. Yr1a yTKasyBuaHJHK XakuAa TymiyH4a

2-606 25-§ ma {TKa3rHy KapIMJIMTHHUHT Xapoparra
6OFJIHK IKAHJHUTCHHH Kapad yTraHuMH31a

R=Ry(l +at’)
EKH COMMUITHPMA KAPILHIUK
p=py(l +at’

. 3KaHHAH Kyprad 30dK. He-
MaK, KapIIHJAHK 8KH COJHLI-
THPMa KapLWHJIUK Xapopar
6uaH YM3HKJIH GOFIHK 51U
(64- pacmuary, 1). ®aH Ba
TeXHUKAHHHI DPHUBOXJAHH-

- WM MeTaasJ YTKasrduJgaap
XapopaTH MabJyM Xapo-
paraan nacr Oyaranga

7 7 KapwsJaHurd cakpab HoJra
Tenr 6yaanu (64- pacmaa-
64- pacwm. ru, 2). Kamepauur — Onu-
nec 6y XoAMcaHH anuKJa0,

VHH yTa §Trasys4ansuk ne6 artaran. Tekumpuuiiap HaTHXK a-

CHOa aHMKJIAHHINUYA, cod MeranasapHUAT YTa YTKasyBuaH-

aukka yTHm xapopatH 0,14 K Gunan 9,22 K opanuruzna,

KoTHWManapaa sca 6y xapopatr 18 K raua erazm. Bansy
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MoLJaJapHHHr ¥Ta  YTKA3yBUAHJHUKKA JTHLI Xapoparu
4.XafBasjga KEJTHPHAraH.

4-xagBauna

Moana T, K ‘ Moana T, K
Turan 0,4 Camob 4,1
Kagmuit 0,5 Banaauit 5,3
Pyx 0,38 Ky prownu 7,2
AmoMuHKE 1,2 Huo6ui 9,3
Kana# 7,3 Nb;Sn 18

Bynaail xycycusitra sra 6yaran mopaanapra §ra yrkasys-
yan fTRaseudaap pefiunagd. By xonmatia YTKA3THUHHHT
KapIIHJuTH Hojdra Ttewr 6yau6, ynma JKoyas — Jlenn wuc-
cugaury axpanmafiau, IHynuur  yuyn yta yTKasyBuau
Momiajapaa Oup OOp XOCHJ1 KHJIHMHTAH TOK MaHGauCH3
y30K BakKT Xocus 6Viud typaau. Mkkunuugad, MOAAA HYH-
Aa ¥YTa VYTKa3yBuaHJHK XOJMAaTHAAZ  MAarHuT HHAYKUHACH
HOJITA TeHr. ¥Ta yTKA3yBYAHJIHK XOJAaTHI'a YTHUIAA YHHHP
HCCHKJ/HK CHFAMHJAa caxkpaiu py# Gepanu. By 3ca HKKHHUH
Typ ¢asapuil yruwHU uHbozanahad. Arap yra YTKasys-
YaHJHKKA VTHIIZa €KH aKc XoJaTHIa MarHaT MaHIOHH
yarapca, 6y XonaTaa MOARAZA HCCHKJIHK a)KPaTuill €KH
IOTHII XoAucacu py#t Gepamu. Byura uxxkunuu Typ dpasa-
eudi yruw neftunann. Bynappan kypusanuky, VTKasrudia
HKKaJa Typjaarn $asaBu¥l VTHUI XOJ4aTHHH KY3aTHIIAMU3
MYMKHH 605'1J1ap 3KaH. YJaapraH TallKapH MOALaJapHHHT
HCCHKJMK YTKa3yBYAHJHUIH XaM y3rapany.

Yr1a YyTkasyBuaHauk Hazapusicueun H. H. BoromoGos
gpatagd. YHUHr GUKpHYAE, SJIEKTPOHJAPHHHI KPHCTAJI
mamkapa TYTYHHZATH aTOM €KH MOHJap OujaH xaMja y3a-
po TabCHUPCH3 XapakaTH HaTHXKacHAa VT2 YTKa3yBYAHJIHK
xocHs OVmap sxkaH. JieMak, 3/eKTPOHJap HIUKaJaHHIICH3
Ba TV CHKCH3 XxapakaTiaHap 3kaH. Kydr anexkrpornap
Wysaail xapakaTJaHaAHKH, YJA4pHHHT XapakaTh Tyhalan
XOCHJ OYATaH MarHuT MabhgoHsap OGHP-GHPAAPUHH KOMICH-
cHpJalH.

Arap ¥ra §TKa3ysyu XoJaTma yarapyBuaH, aHHHKCa,
IOKOPH YacTOTaJH TOK ¥TCa, YHHHT KapIUHJHTH HOJAaH
KarTa O6Vaamu.
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Kefiunrn Baktra 6ab3d SIPHM YTKasruwiap xam Vyra
VTKa3yBUaHJHK XocCacHra 3ra 3KaHJHK/JAapH AaHUKJIAHraH.

34- §. MeraanapudHHr KBAHT Ha3apHsacH XaKHAaa TyWyHYa

Kaaccuk cratucTHKafa Xxap 6Hp 3appa 6oullKa KVUIHH
sappajiaH Tamomuaa (apk »Taau Ae6 Kapananu. Maca-
JaH, ras3JapHHHI KHHETMK HasapuacHaa 3appa 3Heprud-
Japu Kabu yJapHH  XapakTepJoBYH  NapaMeTpJapHHHT
TAaKCHMJIAHHIUM XxaMm MaxkcBes TaKCHMOTH KOHYHH aco-
CHAa TYWYHTHpUJAAAH. AMMO KBaHT CTaTHCTHKacHla 3ap-
paanap 6Gup-6upuman dapk Kuamakauy, Oy epaa rasjuaap
KHHETHK Ha3apHusicH bose — JiiHmTedAn Ha3zapHACH acocHaa
TYISYHTHPHAKOG, macT xapoparia Maxkceena TakCUMOTHAAH
TaMOMHJIa (apK xKuiaagd. MacanaH, 6y Hasapua OyHHua

W 3appaJiap 2Heprusick xapopar
‘ 0 K 6yarannarusa amac, GaJ-
ku 0K naH IOKOPHPOK Xapo-
Vi ‘ partia xaM HoJab Oyaanu (65-
6 pacM). by HasapusiHH Tax-
, puba HaTHXKadapm xaM Tac-
g JAMKAaiian, aMMo GyHAaH XaM
0 T yersiapu pyit 6Gepaan. Pep-
MH — Jlupak craTHCTHKacHra
MYBOQHK 3JIeKTPOH IHEPTHSCH
abcosoT HoAxaH Gouwab aH-
ya JOKCPH XapopaT uerapacurauga xapoparra OOrJHK OV.J-
Maiau (65-8 pacm), i6y siirn Gukp MakcBeaJHUHT MeTan-
JIJADHUHT HCCHKJUK CHFHMHHH XHCOOJauiia 3JeKTPOHIAp
3HePrHsACMHH XHCOOJAall UIapT 3Mac, JilelaH KUHHHUHJIHKHUY
KaMaiTHpaJHd Ba yHHHT (UKpHYA, 3appaJgap 3HepTHSCHHUHT
xapopatra Goraukjgury 65- @ pacmpma Kypcatuarad. dep-
MH — JIlupak crarucrukacuga [layJMHHHT KBaHT CHCTe-
Maja, MacagaH, aToMjaa HKKHTa OHP XU 3JeKTpoH OyJiH-
MKW MYMKHMH 3Mac JeraH NpPHHOHNU XHcoOra OJHHTAH,
DJeKTPOHHH XapakKTepJaljuraH mnapaMmerpjiap, Macajas,
CUMHHUHT AyHaaumu xap xua Gyaumu kepax. DBy epaa
K4aTTHK KHCM (a30BHH KarakJaapra O6yauun6, xap OuHp
KaTakKja CNHH HVHAaJHIIH 3HepreTHK MabHOxa KapaMa-gKap-
mip (aKkaT WKKUTA 3JeKTPOH OVJIHIIH MYMKHH.

Katak xaxmu 53 ra teHr 1e6 OJHHCAZ XaM, FeOMETPHK
MabHo OepMali, sHepreTHK MabHora sramup (h ==6,62- 107343K - ¢).
QPazoBui Karakaa OMpH HMKKMHUMCHJaH ¢apy 3TMafmuran 6up

65- pacm.
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3JIEKTPOHHH HKKHHUM 3J1eKTPOH GunaH ajMallTHPHJICA Xam Me-
TaJJHUHT 3HePreTHK XoJaTH ysrapmainu.

®epmu—/JIHpaK 3/EKTPOHNAPHHUHT 3Heprust OYiiMya TakcH-
MOTHHH 2JICKTPOHHHHI OJATAArH M MaccacH YPHHra KPUCTaJLI
nauxkapana Gy/rad 3JI€KTPOHHHHI AABPUHl 37eKTP MaioHAaru
3pdeKTHB MaccacH m* opkamu Hpopanab, TyGangarn udogaHH
é3anu:
1

4

2 3
47(2mx) w
dn = 2T aw. (312
h3 W —npn
exp ———— —1
kT

2
h? 3nq 5 o o
Yuby p=—— S ) KOTTAMMK XuMumBHA MOTEKUHAT 6y-

m \ JT

0, 3JEKTPOH I0KOPM XapopaTia Kyjaa KaTTa SHeprusira sra
6yam6, sHeprusick W —p> 2 T 6y.araHpa (65- a pacm), Oy reur-
Jama MaKCBe/UIHHHT KJACCHK TakCuMoT opMyJsacura aija-
HajH.

35- § Metannap Ba spuM YTKA3rHYJNAPHUHI 27TEKTP YTKa-
3YBYAHIKIH

Mera/apHudr  COMMUITUPMA  3/IEKTP VTKA3yBUAHJIUTH  Xa-
poparra Gornug xonga 6-107° pam 6-107° Om™*-M~* raua
uerapaa Oysagy, COJMUIITUPMA 37MeKTp YTKasyByayurn 1078
nan 107190M .M raya 6yarad Moananap spum ymeaseus Ba
GyuiaH xam oxoph 107 nan Kuyuk 6ysran mopmanap oussex-
mpurxaap (€KW usonramop) Aeiimsnagd. by spuv yTRasyBuan
MOAANAp Ba AHJIEKTPHKJIAPAA 3JIEKTPOHJAP Ba HOHJAP 3apsj
ramysywiap Oyaanu. KarTHg s/ekrposuTiapia Ba my Kabu
(cyBcuz NaNO,, KNO,, HgNO,, SiH, NaCl) Ty3 Ba Ty3 3pur-
Majapd HOHJIAHraHAA  XaMm  3JIeKTPO,IU3  XapakTepuaa TOK
VTauu.

Meraaan Ba SpHM VTKasruujaap COMHIUTHPMA VTKa3yB-
YaHJIHTHHHHT xapopartra OOFJMHKJHrH cHpAaT TOMOHAAH
¢dapkaananu. Xapopar nacasi '6opub, a6GcoJOT HOJATA
SKHHJIAIICa, MEeTAJJIADHHHT 3JeKTP VTKA3YBUAHJHIH YeK-
CH3JIHKKA MHTHJICA, SIPUM YTKasTMUJapHHKH HOJTAa HHTH-
aub, AH3JeKTp Gyuau6 Kesaau. XapopaT kyrapuiaa 6opca,
apuM YTKasruy Merada Kabu XycycusAtra asra GyJaand.
ArtomJap opacujgary GOFJIaHHII cycailnb, 3pKHH 3JeKTPOH
Kymaiin6, TOK YTHIIM Kyuasgd. Mertaans artoMaapuHHHETD
TaliK{d BaJeHTJIMK 3/JeKTPOHJapPH AApo OHJIAH KYyuCHU3
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6ornanrad. Slpum VTKasruujapHHKH 3Ca aHYa KydJaud OOF-
Janran. Saposapaad ysuiaraH (axpaJdraH) 6yHAafd 3Jek-
TpoHJap 3pkKuH (0301) O6yaub, MeTaJJHHHI XamMMa TOMO-
HHJA XapaKaT KHJa oJaiH.

Slpum yTka3ruujapaa sca 3JeKTPOHJAap KyuJaH OOFJgaH-
ravy yd4yd OGynzail 3sMac, yJaapra HOHJAHHLI 3HEPrHsACH
nauXxapanu - Te6paTyBUH HCCHKJIUK, KHUCKa 3JeKTPOMAarHuT
TYJAKHH, I0TYPYBYH 3appajiap OKUMHU, KYUJH 3JeKTP MaiiioH
3Heprus 6epHur kepak. Ydpum YTKasrmUHHHr TypHura Kapab
6y sueprus 0,1 mad 2 3B raua, 6uTra aTOMHHUHT ypTada

3 o
HCCHKJHK 3Heprusich — kT=0,04 3B paun anvaruna kyn-

aup. UlynuHr yuyn gpuM yTKasruunapia 3pKHH 3JEKTPOH-
Jap KOHIIeHTPAaUHACH XKyJda 03, aMMO TeMIlepaTypa Kyra-
puJa 6opca, 3pKHH 3JCKTPOHJIAPHHHT OPTHINH GHJIAH peKOM-
6HHauMsl, ABLHH MycOaTt Ba MaHO®HUH HOHAADHUHT GUPUKHG
HeATpaJ aToM XOCHJ KHJHIIJIapH OPTHILIHTA Kapama#, xap
6Hp XapopaT KHAMAaTHAA HOHH3alHsl Ba MoJe3alHs KHi-
MatjaapH y3apo Tenr G6Yau6, AMHAMHK MYBO3aHAT HaTHXKa-
CHJa XapakaT4aH 3JeKTPOHJap COHH opra 6opain, HaTH-
Kaja 3JeKTp YTKa3yBUAHJAMK XaM KMcMaH oma Gopany.
Mertann Ba sgpuM YTKasruuaapaa OynaaanraH rkapaés-
JAapHH TYWYHHW YuyH yJapAardH BaJeHT 3JEeKTPOHJIap
SHEPreTHK CaTXJAAaPHHHHI TY3YJHIIHHH Kapab YHKalJuK,
Bupop axpasaranm xoama (fKKa) OJIHHTaH aTOMHHHT
HXTHEPHH Ba/JIeHT 9JEeKTPOHHHHHI 3JHEPTeTHK CaTXH CcXxe-
MaTHK paBuiga 66-a pacmaa KypcaTuaraungek Gy.aacuH,
OHr KaM &, 3HeprUsra sra-:O6yaraH caTxra Qcocuil éxu
YilFoHmaean, KoA2anw Xamma carxaiapu ytrosean neb ka-
panaau. lynnait atomaapaan N pgouacuhu Taunab ogaii-
JIHKKH, yJaap opacuzard Macoda kKaTra OVIraHd  yuyH
yJaap opacuaard TabCHD KYyWwIapuHH Xucobra oaMacnuk

— —_ = = P4 ;-’-_E"‘ET
e —_—— — —— — <<<S€£ A&
—_— —_— amomBoey  SNRTT————
—_— —_— — camsy, Se—t

‘ Kpucmanoaey
- &, _— —, 3ona
_—¢ —_— ———

3 & 67- pacm.
e ———— ’EZ — — ———— 52
—_— —_—
a) ’ o) 7 66- pacw.
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MyMmkdn G6yaagu. Cuctemagarn N Ta {3apo TabcHpaall-
Maiuran aTOMHH Ba BaJEHT 3JeKTPOHJAPUHH OJAHHTH
66-a pacmaa HdomamanraH IHEPreTHK CaTXH CHCTeMajga
HeuyTa aToM Oyica, wyHuya MapTa TakpopJgaaHagu (66-6
pacMm). duaud Oy aToOMJapHU. WIYHYAAHK SKUHIALWITHpPAM-
JIMKKH, HaTHKajga KPHCTAJJI NaHXapa XOCHJ KHjAcHH. By
X012 aTOMJAPHHUHT Y3apo TaBCHP KYUH HaTHXKAcHIa Xap
6up onauil sHepreTuk catx N JOHa oAAMil caTxra ampa-
Janu (67- pacM). DHepreruk  caTxaapuuHr NV kappaau
TYNIaMu SHepeeTUx 30HAHU EKH KPUCTAAA BOHACUHU XO-
cua Kuaaiu. Xap 6up acocdil 30Ha MapyajJaHUUIMJAH XO-
cus O6ynray N XappaJu YHAFOHraH 30Hajap HUFHHAMCHTA
acocull 3oMa paefimnazm DolKa xamma KoJaraH 3oHaJgaap
yironean carxaap soHaiapu gehuaagun, N XKyga xarra
Gyaranu yuyH OuTTa 30HAHMHT XYAAM IUyHAad 3oHaraua
6ysaran opatHrd XKyjda KHUMK, HIYHWHT YUYyH O3THHA 3HEp-
rust OuJIaH JIeKTPOHHH TaHJaraH 30HAHUHT OHD 3HepreTHK
caTx1aH MKKHHYHCHMra KyuMpull MYMKHH. AManana xap GHp
30HAHUHT SHEPreTHK caTxd Oup-6upn OuyiaH Y3JYKCH3
Gupsawranfex KypuHaau., Ammo Oomxa KYIIHH 3HePreTHK
catxnap Oup-6HpujaH  SHEPTHAHHHT UeK/JU HHTEPBAJH
6usaH uyerapanauran. By HHTepBanjIap TAKUKAQHEZAH 30-
Hasap pefiuaand. bymnali murepsasasapia 3apyp 6yarax
IHEPrUSAHU 3JeKTPoHJAap Kabysa KHJa oJMaraiH yuyH 3Jex-
TPOHJAP CaTX opandapuiau yra onamaiizn By TakugJIaHraH
30Hajapra Kapama-Kapiid XoJAa. SHEePTHSAHHHT eTapJtu
MYMKHH GVJHIL KHIIMATH pyxcar 3Turean 30Ha HeHHIaAH.
Merasaapna y4 XHa 30Ha GVJIaguH: 5pPKHH O30A 30HA,
‘TakKHKJAHTaH 30HA Ba pyXcaT 3THJrad 3oua Oyaamu.
Meraanapaa BaJieHTH JeKTPOHJAPHUHI ACOCHH 3HEp-
FeTHK 30HACH YHFOHHIN CATXUIAH YEKJNH KEeHIJIHKAA TaKHK-
JauraH 30Ha GuJaH a)XpaJdraHh XoJana OVJHIOH MYMKHH
(68- @ pacm). Tagugjaaurad 30HaHUHT KEHI[VIHTH HOJb
¥aM OyJHIIH MYMKHH, Y :
BaKTAa acocHil 30Ha caTxH
SKUHHAA Typral YHFOHHIO
CaTXAra TyTamrau €K yHH
KucMan GepruTrad 6y auiu
xaM MyMmxuH (68-6 pacum).
By xonna asBagarura yx-
ural, xap HKKH 30HA OUTTa
30Hara OupHKaAH Ba OXHUp-
THHH  acocuil 30Ha  1eb
onuur MymknH. Meraanap- 68- pacw.

SpKuK
/] % 3oma

DYxeam Smunean-
2) @ myna 3ona

makuknanean
3) D Jona
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Ja acocHii 30Ha XaMMa BayxT KHCMaH TYJHK 6Vaaau, WIyHUHT
YUYH XaM MeTajjap 3JeKTp YTKkasyByaH Gyaaiu.

sipuM yTKasruunapaa acocufi 30Ha YHFOTHArAH caTxX
30HaCHAAH SHEPrHSIHUHT UEKJAH KHHMaTH Ag GHJIaH axKpad-
ran 6yaaau (68- 8 pacm). By epaa apuM YTKa3THYJSaPHUHT
acocHl 30HAcH BaJ€HTAW 30Ha, 30HajgarH YHFOTUATAH
caTxjapra — [Tkasysuanaux 30Hacu peb Kabya KHJIHH-
rab, lynnnr yuyw abconlor Hosra SIKHH XapopaTha Ba-
JIEHTJH 30Ha 3JeKTpOHJap OuJaaH TyJaraH, YTKa3HII 30Ha
6y 6yaHO6, TOK YTMaiaM — RHIJEKTPDHK OYJHO KOJNalH.
Opartaard Au9JeKTPHKJapAa. TakHKJIaHrag 30HA Merapa
KeHrqiirn Ae xyfa katra (Jlpum yrxkasrnuaapaa Ae=25B
Gyauiy QU3JMEKTPHK XoJaTra TyFpu Keaangu). Xapopart
KyTapuaulipjia 3JeKTPOHJap KDPHCTAAJd HOHJApHIaH Ka-
puit6 kT sneprust onn6, 6ab3u JAeKTPOHJIAD BAJEHTAH 30-
HajlaH YVTKasyBuaHn 30Hara YTHO TOK yTKasa Gomnaaigu.
By xoa «remIHk» HOMHHH OJITAH. :

36-§. Sipum YTKa3rHuJapHUHT XYCYCHH Ba KHpHIIMAJH
3JEKTP YTKa3yBUaHJIUIH :

a) Xycycwii sipum yTka3ruuaap. MeHaenees kaiBaJiu-
uuur 1V rpynnacura KHPYBuUu 3JeMeHTap Oynub, yaap
TYPT BAJEHTJAHAUD. YJIAaDHHHT BaJeHTJHK HOHJAPH KpPHC-
TaJN NaHXapa TYFyHHAArH aTomjaap OnjaH y3apo HKKH-
TajaH 2J€KTPOH GHiaH Gornauran (69- pacm). Byura xo-
sasenTAuK OoFaanuur peiimnagn. Spum  YTKasruunapra
Taluky 3Heprusi GepHir opxaJu Oy 3aud OGOFJaHTaH 3JIeK-
TPOHJAPHH Y3HO 3PKHH  3JCKTPOHJAapra afJauTupuul
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70- pacu.

MyMKHH. By axpaJjarad sgextpon ypuu 6ywab gonaad. By
xofira «Tewuk» ned aranagu Ba YHH MycbaT 3apsiara ara
ne6 Kapasagd. SIpum YTKasruura TalKH 3JeKTPp MafaoH
TaBCHP STTHPHJCA, JEKTPOH Ba «TEIUNK» KapaMma-KapiuiH
UyHanuumigza xapakatnaHHO TOK Xocua xuaaau (70-a, 6
pacm). Uynku 6ymab KojaraH «TelHK» Ka KYLIHH Typrad
3JIEKTPOH VTaau. Dy 2/JeKTpOHHHHTr VYpHH 3ca O¥maimu,
Wy KabGH 3/IeKTPOH Ba «TEeHIMK» KapaMma-kKapliu nyHaauuiga
xapaxkatiaHaiu. BysnaH xKypHHagukH, spum jreaszzuusap-
8a Tok Tywysuu 3appaisap manpui 3apadiu IseKTpon 8a
mycbar sapadau rewux 6gaap 3kan. Arap Tamiku Gepu-
JaéTraH 3HEPTHsI OPTCa, 3J1EKTPOHJIAP Ba «TELIHK»1ap COHH
xaMm optu6 TOK Kynasau, SBHH 3JeKTp VTKasyBuaHJUTH
OPTanH.

SlpuM yTKasruujnard SJAEKTPOHJAP Ba TELIMKJAp KOHIEHT-
PALMACHHY MOC PaBHllia n_, N4 Ba XapaKaTYaHJIHIHHK b_
XaMa b,. Jlecak, YHUHI COAUULMUPMA SaeKmp ymrasysian au-
2i Kyhuaaruua chonanaﬁann

=0, +0~=enr b, +en_b_,

Cod erMHuﬁHnHr XOHa XapopaTHia 3JeKTPOH/ap KOHIeHT-
paunsace 1017 M™% comuwtipma yapumaurd 108 Om-m  gau
karta, ammo 1000 K xapoparaa konuenrtpamus 102 v 2 ra
etud, coammrHpMa Kapuuaurd 1073 Owm-M ra Tedr 6y.aay,
apHu  10° mapra kamasnn. [emak, xapopaT opriimid Ousad
IEKTP YTKA3YBUaH/IHK OpTap 3KaH.

6) Kupmuma.)m JIEKTP yTKasquaHnuK. Ipum yrkas-
ruytapra Y3ura KYWHA Oyaran y4 éxkd Gelll BaJeHTJHK
3JeMeHT aTOMJiapHJaH 3KyfAa O3THHAa KUPUTTaHHMH3[Ja XaM
YyJAApHHHD 3JEKTD YTKAa3yBUAHJHCH Kyjaa OPTHO KeTanH.
Macanaun, gkpemunit (Si) ra 0,001 ¢ous muxaopuma ¢oc-
¢op KHpHTCAK, XOHA XapopaTHRa YHHHT COJHLITHPMA
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gapuwinaura 6-1073 OM-M, SBHH cOd KpeMHMIAHIHT COapli-
THPMa Kapuimjurura Huc6ataH 10° mapra KHUHK Gyaap
skaH. [leMmak, sipuM  VTKa3rHYUMADHHHT 3JEKTP YTKa3yBs-
YaHJAUCH WwyHya Mapta opragu. IIyuunr yyyn KupHHIMaJau
SIDUM  VTKa3ru4jIapHH 3J€KTP VTKAa3yBUAHAHTHHHHI XYyCY-
cuii Xoanapuuu xapab uukaiauk. Dupunum  HasbaTid
0KOpHAa afiTrauuMH3AeK, XKyla 03 MHKIOPAA KPeMHHHTE
Maprumyu (As) xkupuTHJACHH. Map¥
rumyums GelUMHYH rpynna 3JeMeHTH
6ya1u0, el BagseHTAHKAUD. Mapru-
MYLI aTOMH KDHCTaJJ1 MaHXapaja-
FH KPeMHU# aToMJApHWHUHT GUPHHH
YpHUHH srannab, V3WHHUHT TYpTTa
2JeKTPOHH OuJaH KYIWHU TYpTTa
KpeMHHA atomu 6ujaH GoFaaHai,
OpTHKYa OelIHHUH 3JICKTPOHH NaH-
AKapaJsiap opacHia 3PKUH 3JeKTpPoH
71- pacm. 6yau6 Komaad. MapruMmyln aToMH
‘ sca Myc6ar HoHra a#jaaHanu. by
X0q4a «TelHK» XocHa OYyamadou (71- pacm). DBy xoaza
3apaj rawysuu 3appa daxar ajnektTpodgan Héopar 6yaaan.
IlynuHr yuyn OyHZafl KApMUIMajH SIPHM YTKa3ru4JapHH
9ACKTPOH §TKa3ysuax €KW n-Tun Apum jTkaseuy Aedugann
(negativ — manduit). Byniall KHpHUIMaaH aToMaapra (OHOP
dedunann. bynap TakukJanran 3oHapa YTKasyBuUaHJIMK 30-
Hacu SAKUHHMAA AOHODP cATXUHU Xocua Kuaaan (72- pacm).
Hkxunun xonpa kpemuuiira Gop (B) atommpan mxyna
03 Muggopaa kHpuTaiauk bBop yu  BajgeHTaH 6y.arasu
YU4YH KPEMHMIHHWHT KpHCTaJ i INaHXapa  TYryHJapHIad

gmxasyBaaHnux
Jomna

Y2 Gonop carmnmapu
(=
'k T 7 maKuKnanzan

Jona
o Banenmnuk
. AP Jona
72- pacm.
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6upura kohsaumragaa y3ujgarid yura 3J1eKTpoH OujaaH KYul-
HH yuTa KpeMHHHA aToMH OuaadH OOrJgaHajil, TYDTHHUH
KVIIHU- KpeMHH# aTomMH OujaaH OOFJaHMII -YUYH V3HUAaH
HapHpoxkaa TypraH OGOFJ@HULIZAar¥®  JEKTPOHHH TOPTHO
o6 y epra <«TelliHk» XOCHJ Kujaagu. By xonma Gop aro-
1M MaHOQui 3apsasanu6 MaHouit vonra aiinamagn (73-
‘acM). bysaafi KupuinMaan  SpHM. YTKasruura ‘sjaekTp
1aliIOHH TabCHp 3TCa «TeillMK» Y3 HasbaTuaa KYILIHHA
3JIeKTPOHHH  TOpTHO 02116,

MaRmoH HyHaaumuaa (apa- }

gmika3ebvennusx
JoHa

KaTJaHajAM. by xoamaru
3JIeKTP YTKa3yBUYaHJAUKKA «Te-
WUK> 3AEeKTD [JTKQ3YBHAHAUK
peliusanu. Slpum  YTrasruu-
Japra sca p-Ttun Aefimgagn [ T T |

aKyenmop camxnapu |\ maKuknorezs
¥ dgra

{positiv — myc6ar). Temnkuu : ~ -
XOCHJ KHJYyBUH KHpHIIMAra T — }5@?2,;7;”
akuentop nefinnaau. Bymap S i

TakHKJaHraH BaJeHTJAHK 30-
Hacura KHH aKyenTop CaTxu- © 74- pacw.
HH XOCHJ KMaanu (74- pacm).

Hlynpaii kuinb, 10KOpPH TeMnepaTypaJapia spuM Vr-
Ka3THUMEPHHHT 3J€eKTp §TKa3yBuaHAHrH KHPHIIMAJH Ba
XyCycuil YTKasyBUaHJAMKJAp HHFMHAHCHra TeHr Oysanu,
aMMO XYCyCcHI JTKasyBUaHJIMK acOCHit poJp ViHaAau.
ITact temnepatypana sca KHpHIIMAJIH YTKAa3yBUAaHJAHK aco-
CHIi poJsib VHHaHH.

37-§. Spum VYTKaarMuiapia KOHTAaKT XOAHMCacH

IOkKopuga Kypranumusjgek, MeTaJjaapiard Bapsj Ta-
IIYBYH 3JIEKTPOHJAp KoHUeHTpauusicu (1028—10%°) m—3
3ai. AMmo aHbdy3nsnanué Gup Meras1aH UKKHHUHCHTA
JTyBUM 3JIEKTPOHJApP COHH XKyJda KaM O6y.aub, Mmerajaap
opacuaaru KOHTaKT MOTCHHHaanap (apkd Xyla XaM KH-
yuK GVianm.

SIpum VyTKkasruunapia 2ca 3JeKTPOHJAp KOHIEHTpa-
nusc; (10'6—10%)m~3 6yaub, ynap opacHlard KOMTAKTIA
anekTpoHaap Taxmuuad 10-6 m wmacodaraua sipum JTKas-
ruy MyMra KHpHG Gopaiu. o '

Arap Oup XM TUOAArd SIPUM  YTKA3THY CHPTJIaPHHH
Gup-6upHra TErH3cak, y BakTAa MKKajJacuia Xam OHP XHJ
3apsj TamyBuMaap Gup-6upura yraaumaap. By xon meras-
Japaard KOHTakKT 'Xogucacura yxwaigd, LIysuur yuys
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TO3a SPUM  YTKasruura o3
2) n tHKAopAa Gell Ba Y4 BaJeHT-
- - JMK 3JeMEHTH HKKH TOMOHU-
’ daH KHPUTHO OUp APMH 3JeK-

h TPOHJN (n- THN) Ba HKKHHYH
e L ApMH  MycGaT TeWwHKAH (p-
. THHO) $IDHM YTKa3rHuJW NnJjac-

0 THHKA Taliépanand. By xocun
6yaraH nJjacTHHKA = HKKaJja

ApMH OPaJIHFHIA XKyAa IONKa
KaraaM xocua O6ynub, yHu
75- pacu. p—n yrum  pefiuaani. by

VTHIIAA 3JIeKTpoHJiap Ba Te-

mukaap  audQysusaaHagu.

Haruxkaga n-TtHnpa wycbar 3apspiap — TeWIHKAap, p-

THNAAa 3Ca MaH(pUHE 3apAxiIap — 3JeKTPOHJIAp Katiamaapu

xocusn G6yaagu (75- pacm). Temmkeuur 7n-coxara YTHIUA

YHIA MOTeHUHAJHHHI MycOaT KHAMATHHH OPTHUIH 3JeK-

TPOH 7HePrUsiCHHY KaMalHIOHra Ba TELIMK 3HEePrHSCHHH 3¢a

.oprumura ca6a6 6ysnaau. AKc Xo0/1a SIBHH. P- cOXara 3JieK-
TPOHHHUHI VTHILH 3ca yHAZa Manduii NOTeHUHaJHHHT Ba

3J1eKTPOH 3HEPTUSICHHHHT OPTHILINIra, TeIUHK SHePTHSCHHHUHT

sca kaMabumura ca6ab G6ynanu (75-6. pacm). p-coxa

YY4YH 3JIGKTPOH, H-cOXa Y4YyH 3ca TeWHK acocuit sapsan

TallyBYH' O6YIMaraH/HKJAapu Y4yH IOKODH 3HEPreTHK caTX-

IaH KyHu sHepreTuk carxra ¥yraau. DBy xoJsaTaa sHepre-

THK CaTX/Jlap Op&aCHRa 3apsAAHHMHT OKHMIUH HaTHXacuia

n- COXajaH p- coxara gyHaaraH TOK xocua Gyaagu. Dy Tokuu

Iy ne6 GenrumaiiMus. p — n- YTHILAA ACOCHH 3apAJ TALIYBYM-

JIADHUHT 3HEPrusiapd Y3aapH XOCUJ KWIraH TOTeHUHAT TYCHK-
HUHP GalaHpmurijad Karra Oyqamimd kepak. Dy Bakrma yJap

nubdysnsaaaHnb ToK Xocua Kuaagu. Dy Toxkmu [, Gunax Gen-
" runatiMus, Dy fokopuaa Kapanras xojuapia Taulky 3JeKTp Mmai-
JOH, Tabcup 3TMaraH xoaaup. DBy sagrama /[, =[, 6yuanu.
YyHKH yMymu#i TOK Gy TOK/MAPHUHT HUFMHIMCHTa TeHr OYiau6

HoJra TeHrAup:

+4
)
A

[=1,—1,=0.

By xon 3apsa TamlyBumsiap 3JeKTPOH GgaraH MertaJsuiap-
nag dapkaugup. YUyHke spum yTkasruuiapiaa 3apdal Ta-
WyBUHNap SJEKTPOH Ba TeWHKAaH HGOpaT.

76-a pacMaa ” — p-yTHliard TNOTEHNHAaJ  TYCHK Ba
acocuil (macTkd) xampaa acocuit 6yamaraH (yCTKH) 3apsn
TAMIYBYUJADHHHT 3SHEPTeTHK XoJaTaap# HdoaanaHras,
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EEE——

a) .8

76- pacm.

OHAU M — p- YTHIIHUHT 7- COXaCHHH MaHGaHuHr Mandui
KyTbura p-coxaHu 3ca myc6ar xyTéura yJnaraHumusaa Kaupai
xoauca pyi GepuiunHM Kypub umkaiiuk (76--6 pacm). By xoa-
Jla n- coXajaru 3JIeKTPOHHMHI Ba‘' p — COXaJard TeLHKHHHT
3Heprusijiapu opm() noTeHUMAA TYCHKNAH OCOHTHHa VTub, p
JaH n ra kapa6 HyHaJII‘aH TOK Xocun Oymapu: [=1,—1,.
By xonna acocuit OyiMarai 3apaj TaulyBYHJIAPHHHT )gocym
KWiran TokJapd (/,) yarapmac- KoJaaH. n-coxaHn Myc6ar xyT6-
ra, p- coxanu -MaHu#i KyTéra yJacak, IOKOpHAarwjapra Kapa-
raiza Gytynjail Gowka xopuca pyii Gepagu. By xomaraa no-
TeHUHaN TYCHKHHMHT GanaHjJuMry opTHO, acocuil 3apsj Tamlys-
ynjaap XOCHA KuaraH J, Tok KuuMK KufiMatra sra OyJanu
(76- 6 pacm), yTaérraH Tok 3ca acocHii GynMaraH 3apsj TaulyB-
YHJIap XOCHJ KHATaH TOKAaH HbopataHp.

38-§. Slpum YTKA3rMuAM AHOM Ba TPAH3HUCTOP

Slpum VTKasrHumapaan 3JEKTPOH Jamnanap cudatuia
Goiinananvaany. SIpuM YTKa3ruwin AHOX (HKKHM 3JEKTPOJ-
Ju jaamna) 6y n-— p- yTaura sra O6yaraH sipHM YTKa3ruy
KpHcTann Oynmb, YHUHr KapaMa-Kapily coxaJjapura 3aH-
XKHpPra yJjall yuyyH KOHTaktJap yaaurad. JuoaHmur yaa-
HHII cXeMacH 77-a pacMia kejntupwiraH. PacMpaH KypH-
HaAHKH, KPHCTAJJIHHHT 3JeKTpoH (n) coxach MaHOaHHHT
MchpuH TeIUHKJH (p) coxacu mycbGar KyT6ura yJaHHIUH
Kepak 3KaH.

Man6a wmafifoHn n — p- yTHIIAATH 3JeKTP Mafi1OHRH
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cycaiitupanu. Hartuxana

+Q7 — ,g -~ TOTeHHHAN TYCHKHHUHT Ga-
- . Janpourd nacasgd (77-6

| pacm). Tamku maliioH Tab-

1 :ap CHpHJA 3JIEKTPOHJIApP Ba
4! ,/';"‘.__ TELUHKJIAPHUHT HATHKABHH
I OKUMJIAPH ~KapaMa-Kapuu

4 TOMOHTra uyHaJaratJurijian,

J) VJIap XOCHJ KHJIAETraH TOK-

JapHHHT [fyuaaudiuu . 6up
Xua  6yaub, yMyMuidl TOK
yaAapHHHT fIHPHHAUCHTA
TeHr xamja Tallky Mad-
LOH OpTULIH OGUJaH TOK XaM
KeCKHH opranu. Arap Kpuc-
TAJJAHUHT yJaaHdu KyroJaa-
pPHHU y3rapTUpCak, IOKOpHU-
pa (37-§ na) xypraHuMua-
77- pacM. IeK XKyjla KHYHK MHKAOpAA”
acocuit 6yamaraH 3apsn
TallyBYUJAap TOKHM XOcHJa Gyaanu, 6y TOK TaliKHd MaiiaoHra
GorNMK 3Mac. DyHnaall yjnaHumra reckapy yaiarnuu Jehiunaa-
ou. demak, n —p- grutiau kpucrtasn 6up TOMOHAAMG GTKA-~
3YB8HAHAUKKA 324.

JIHOAHWHT BOJIBT-aMNep XapaKTEePHCTHKACHHH  OJHLI
yuYyd yHH 78-pacMmpa kypcaTiAraHiaex yiaaiiMu3 Ba TampH-
6aid oJHHradH BOJbTaMmep XapaKrepUCTHKacHHU (79-
pacMm) Kapa6 umgamus. Cxemagaru K xanutau I xonatra
ynal, KydJiaHHIUHH OpPTTHpPCAK, yHra OOFJHK XO0JAa TOK
Kyuu xaM optiad. Dy uusmagza Oa6 srpunukian ubopar
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6yiu6, YHHHr a0 KHCMH KyuJa-
HHWITA HHCGATaH TOKHHHT Te3POK
opTHwKHEM  Hponaaaiau. Oa
kucMaa OM koHyHHHHHT OGaxa-
puaaétrany KypuHagd. UYyHkn y
TYFpU uH3UKAaH HOGopaT. IHAU
kKaauTHd 2 xoJaatra  Tauaab
KyTOsapHu  ysrapTHpaMus. ¥
BaKTAa acocuii 6yamaraH 3apsa-
JIaDHUHT MaBXYAJUTH Tydahan
TeCcKapH TOK xocHa 6%aaau. Xa-
pakTepuctukana OA YHSHKAHD. 79- pacm.
KyunawHwen siHa opTTHpCAK,
AHON, TEWH/IHG rasnapia TOK Kabu KyuaaHuw opTamH OH-
Jal TOK XaM oprtaaH. By Hykra unsmana B uyxraaup. '
Tpansucrop — yu 3/IeKTPOJIH JaMna G6yaub, HKKHTa
p Ba Gurra n (80-a pacm), €k HKKHTA 2 GuTra p COXa-
dan ubopar Gyjaran SApHM VTKa3ruy MJIacTHHKagup. AMMo
fKKa coxa Vyprajga G6ymaan (80-6 pacm). Tpausucropaa
tolinananunagurad Kpucrajnap yura coxajgad wubopar

6yanagn: I— smurrep, 2—
2
A
, }
Z
7 }
i
]
;
f
{

N

KoaaekTop, 3— 6asa coxa-

Aapdup. IMUTTep — Gaza

COXACH' Yerapacuja Xocua i
6yaran  n-—p yruwra g
amurTep yruu, 6a3a — KoOJI-
JEKTOD CcOXac{ uerapaci-
Jaru n— p yrumra Ko.- 7

JAexTop yTuw: nefinnajy. 7
Opnataa 6asa 3/eKTpOI- E n

3

Hittt
AP

4

it

I

LY IRV TN
LAAARAAZ L)

an (n) éku Temmkau (p)
“YTKasyBuauaIuxkka sra G6V- |
gaan. basauunr rtyswau- - |
mura kxapad TPaH3KHCTOP- ;
Aap p—n—p ékd n—
p—n THnAa GYAHIIH MyM-
KHH. AMMO umjam IpHH- f
uunuaa papku AyK. |
Tpausucrop 81-q, 6 !
pacmaa kypcaTdarapaex b -
!
L

Q,

h—ﬁ
!
3

yJaHca, SMATTEP YTHIMHUHT
3JeKTp MaHAOHH KYYCH3/12-
HUO6, KOJJIeKTOP YTHIIHHHT
9JIeKTP MaHAOHH KydasijH. 80- pacw.

-

. — —— — —
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4

s
oA
B

IR

81- pacm.

Koanekropaaru xyunauuur ysrapmac Oy/raufa KoJJeKTop
TOKM OpPTTUpMAacH A [, HUHT SMHTTep TOKH opTrupMmacu Al ra
6yraH HuHCGATH TPAH3UCTOPHUHT Kydadmupuul Koappuyuenmu
neftunanu. By sca TpauaucTopsiapHHHT MyxuM [apamerp/apu-
Ja” OupUIHp. ’

SIpum yTKasruu Kypo/iapHHHT 3HI Katra MyBaddagu-
SITH YJAPHHHT MXYaMJIMTH, E€HTCHJJIHTCH, MYCTaxKaMJHTH,
ap3oHaurd Ba OouwKanap 6yaubd, ysaap padHOTEXHHKana
TOKJapHH TYFPUJalifa, IOKODH 4acTOTa/Jdd 3JeKTp Tebpa-
HMILTAPDHH XOCHJ KHJAMIIAa, 3JeKTP TeOpaHUILJIapHH Ky-
yalTHPHKII Ba TeHepalHagalliga, XHcobJall MaLIXHAJA-
pHuaa Ba GOlIKa KoiJapia HIIJaTHJIaAH.

39- §. DAEKTPOJHTAAPAA IJNEKTP TOKH

By naparpadaa cywK VTKaSCHUJIApHHHT XOCCaJapH,
y3rapMmac TOK XOCHJ OyaulunHE (H3HKA-KHMEBHIt KapaéH-
Japu 6HJIaH TaHHIIUG YHKAMHS. '

Yaudan snrexTp TOKuHU [JTKA3Y84U IPUTMANAP — IACK-
TPOAUTAGD EKu UKKUH4YW TYyp [TKaseuyrap 0e6 arasadu.

DJIeKTPONUTHK  3IPUTManapia TOK YTHLI KapaéHHHH
KyHdumaruua TYWYHTHPHUI MyMKdu. MacaJnad, THCTHIAIAHIaH
CyBra Ol TY3H KPHCTAJHHH Tauljacak, cyBla y 3IpHIIH
Ba YHHHI MOJeKyJanapH arTpoduH# -CyB MoJeKyJanaapu
ypab oaanu Ba 82- pacMia kypcaTusaraHiek MaHsapa pyi
6epub, SpyBuH MOALA MOJEKYJAaCHHHUHT MycOaT Ba MaH-
Gult sapagaM KUCMJAapuHu Oup-Oupuaad axpaTtub 1060-
panu. Haruxkana, owr ty3m 3sapsigmm Na*® Ba Cl- kicm-
JAapra, TbHE HOMJAPra napuananagu. By xoahcasm saek-
TPOAUTUK Juccoyuayua nefiunagu.
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Arap wy spuTMara HKKHTa MeTall
3JIeKTPOA Tymupub, ynrap TOK MaH-
6aunnHr mycbat Ba Manduit xyr6aa-
pura yJjaHca, HOHJAD 3JEKTPOAJAp
TOMOH XapakatJsaHa Gouwsailgu: Hat-
puliHuHr Myc6aT HoHJAapH MaHdui
3JIEKTPOR — KaTOAra, XJNOPHHHI MaH-
¢uit ‘Homnapn MycbaT sjaekTpom —
aHojra TOMOH Xapakar kuaaau. IHy-
HHHIT HaTHXKaCHAA 3PHTMA 3JeKTp yT-
Ka3yBYaHWJIMK XoccaJjapura sra 6yau6,
CYIOKJIMKAaH TOK yTa Ooluaafiju.

DJERTPOJINTHK JHCCOUMSIAHNII Ha-
3apHsch GuaaH. pactnab P. Appenyc
WyFyJAJaHTaH.

DpuraH MOAJaHUHT HOHJAHTaH MO-
JekyJaajgapi coHH (n;) HRHT 6apua Mo-
JeKyJlajJlapHUHT COHH (np) ra 6yaran

"Huc6aTH, ABHU yMymul monrexyiaaap
CONURUHE (Ng) KARYA KUCMUHL LONAAD
TAWIKUA KUALWURL KYpcaTysuu usux
KATTAAUKKA DAEKTPOAUTUK OUCCOUUS-
Aanuw dapasicacu (a) péfinnaiu:

. "

o

Jucconusaanmaran MoJjekyaasap 82- pacu.

COHH (ng) Ky#umaruda TOMHUJIAIH:
Ny =Ng—ny=ng—an, =n,(l —a).

Arap xamMma Moaekyjgaiaap JHCCOUHMSAaHraH GyJca
(no=ny), a=1 6ynann, ssbHE BaKT OGHPJHTH HuUHa XaxM
Gupaurnia MapxXya GyiraH Heua JOHA MOJIeKyJa AHCCO-
uuaaann0, HOHJIAp XOCHJ KHJca, Iy BakT HYHAA IUYHTa
TeHr MHKAOpAa HoHJap yTub yarypand. Xaxm GHPJIHTHAATH
HOHJIaD COHH JOMMHH Xoaja cakJ/JaHHD, TYXTOBCH3 TOK
YTub Typanu.

Arap n, ra Kaparaspa n, xyma karra Gyaca a=~0 6y-
aann. Bynpait spparmagan 10K yTMaiau. : .

DNeKTPOJHTIa TYWHPHUATAH MOAAA MoOJIeKyJaajapH aB-
BaJl 10KOpHAA aiiTHiaraH4ya WoHJaawra 60pub, 6y HKKH Xui
HOMJIH MOHJap COHHM KyNaHHIIH HaTHXKacujaa Myc6aT Ba
Man@uil Hodaap Oup-GMpPHra MabiyM Aapaxana SiKHHJA-
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wH GuAaH ¥3ap0o TOPTHIULMII KYYd TabCUPHAA KaWTanaH
HeHTpaJ MoJieKyJa XocHJa KHaaau. Dy xomucara mosexy-
Aararuue (mMoauszayus) pefinaand.

Bepuarau wapoutza BakT OHPJHTH HyHia HOHJAAPAAH
XoCH1 OV/aérrad MOJEeKyjajap COHHM Iy BakT JaBOMHAA
napuajgaHaéTrad MoOJeKyJsaanap COHHra TeHr Oyaub, Oup
BAKT/JAa XaM HOHJAHHII, XaM MOJEKyJadaHHIl TYyXTOBCU3
[1aBOM 3TCa, 3PUTMAHHAHY Xa)KM OUDPJNHTHAATH HOHJAp CO-
HU V3rapMafi kosanu. By xoaum OQuuamux myso3anar
Aeduaanu. .

Moaexynaaapu GataMoM JHMccolHsIaHAHTAH "3IEKTPO-
AHTAApPra Ky4au saekrpoaursap fe6 aranagu. Bynaai
3JEKTPONHUT yuyH =1 6Yyaaiu. ’

Kyuau -ajekTposutiaapra. MHcod KHIHO MHC KyIOPOCH
{CuSQ,), omr ty3u (NaCl), kymym uutpat Ty3u (AgNOs)
Ba XOKAa30JapHWHT 3PHTMa/JapHHH  KYpPCATHIL MYMKHH.
Kynunauk spurMajiapla KOHUeHTpauus kaM G6ysica xam
3pPHTraH MOJJAAJADHHHT XaMMa MOJIeKYJajapd HOHJIaH-
MaligH, YAapHHHI MOHJAHHUI napaxKacH xaMma BakT Gup-
JAaH aHya KWYHMK OYaaad. Dynnaii sputManap ky4cus siek-
TpoauTaap peitwnagu. Macaman, cupka KHCJI0OTa, TEMHP
dropun Ty3u spurmagnapu Ba Oomgagap. Kyucus asek-
TPOJHTJapAa HoHJap opacuaarn macoda karra GyuraHu
yuyH yaap Oup-6upnapura pespdam TabCHp KypcaTMalau
pefidil MYMKHH. YJap y3apo wyHgail saud kyu 'Gujiau
TOPTHLIAIHKH, 6yHaa MoJH3allHA :KapaéHH AesApaH OyJ-
MaiiaH, 6y xoJaa HOHJIapapo TOPTHIUYB Ky4JapHHH )guco6-'
ra oamaca xaMm 6VaanH. .

Amanna sjaektpoanT cudaTHia CYIOATHPUITAH 3PHT-
MaJjap ékH MAea] dpHTMa — KHCJIOTa, Ty3, HIUKOPAAPHHHT
cyBAary spuTMagaapu kyu kyanauuiagd. Ulyapait guau6:

1. SpyBuy Moxna SPHTYBUH MOAJA MOJEKYJaJapHHHHT
V3apo 3JeKTp TabCHpPHAa TapKuOHH KucMmsapra (uomJapra)
axkpaTtaiH.

2. DaekTposHTAapra TYIWIMPHJIATaH 3JeKTPoAjap opa-
CHIArH 3JeKTP MaHI0H Tabcupuaa wmycHar Ba MaHbuit
3appaJjiap — HOHJapHUHI TApTHOGJH XapakKaTH HaTHKacH-
Aa ToK xocua 6ynamu.

3. MoJekyaaaapaard TOK TAlIyBYH 3PKHH aJIeKTpOHJIap
BazudacHHu 3JeKTpoadTiaapia wonaap Oaxapanu. Hlynu
XaM afTHII KepaKKH, MeTasJJ BOJIOPOA aTOMJapHia 3JeK-
TpoHJgap OCOH' YMKHG KeTraHW Y4YyH MeTasds Ba BOAOPON
artoMmjapy wmycbaT HOHJIApra, KHCJAOTA HUWKOPH KOJIHFH
3ca Manbuli woHsapra aiiJaHagu.
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DJjekTp MaHIOH TabCHPHAA 3JEKTPOJUTAATH HOHJIAP
3JIeKTPOAJNAp TOMOH TapTHOAM XapakaTtra Kesaub, 3/eKTPOA-
Japia MOAAA axpaJull kapaéuu Gopaau. DBy xoaucara
8AeKTPOAU3 AeHUNaIN. DIEKTPOJIH3 XONAHCACHHHU 1836 fun-
na wHraus ¢usuru Papaneft mydaccasa ypraHiu Ba Kym{-
Jard KOHYHJapHH Kald 3TAH. . :

1) @apapefisuHr GUPHUHYM KOHYHH: 3JEKTPOARA axpa-
Ju6 YMKKAH MOAJA MHKZOPH 3JeKTPOJHUT OPKaNH YTraH
3apal MHKLOPUTA TYFPH OPONOPIUHOHAJIHD:

m = kg = xlt, (3.13)

6y epaa q—]t»—nomap { BakT WMYHAA OJMO YTraH 3apsaj
MHUKJOPH, M — axpasirad MOAJA MaccacH, k — MpoIopLUHOHAIHK
K03pduuneHTd 616, y MOLJAHHHT IJNEKTPOKHMEBHI 3KBHBA-
JEeHTH 1e6 aranaju.
g=1 Gyiranaa K coH KHXaTAaH M ra TeHr 6y.naﬂ.u
lleMaK 3JNEKTPOKUMEBUH 3KBHUBAJEHT 3IJNEKTPOJUT OPKaJH
- 6Up OupAMK 3apsf YTraHga axpajradH MOAAA MAacCacCHHH
ounaupanm.
CH cucremana

[m Kr

k] =—— =1
: [%] o] <
xucobuna Vauanagd. Amanga & numr mr/Ka 6upaury uw-
JlaTH/aaH. '

2) ®apajgedHUHT HKKHHYH KOHYHH MOIJZAHUHL 3JEKTPO-
KHMEBHII KBHBAJEHTHHH YHHHI KHUMEBHH 9SKBHUBAJEHTH
6unau Goraiau.

Con ocuxardan 6Gepuszan '3AEMEHT Mmaccacuz@ TeHe:
6yrean, epammaap (8xu Kuuorpammaap) da ugpodaranzan
Kumésud Gupuxmasapda 10078 zpamm (8Ku Kujgorpamm)
8000p00HUHe YpHuru Gocaduean Javamcus KATTAAUKKA
JNEMEHTHUHZ Kumésul axsusarenTu Oef araradu.

Kumépuit 6GupukManapjaa 3J€MEHTHHHT OHTTa aTOMH
OusiaH YpHUH aJMallHHaJHTaH BOAODPOJA 4aTOMJApH COHH
346 MEHTHUHZ 8aAeHTAu2Y n 1e6 aTamaiH.

Bup BaneHTH 3JieMEHT YUyH KHMEBHH 3IKBHBAJEHT
YHHHT aTOM OFMPJIHIH (A) ra TeHrgHp. K BaJEHTIH 3J&-
MEHT yYyH KHMEBHH 3KBUBaleHT A/f ra TeHr.

Maccacu -rpaMmaapra HQPOAAJNAHTaH, COH KHXATAAH
KHMEBU{ BSKBUBAJEHTra TeHr OyJIraH 3JeMeHT MHKIOPH
rpamMM-3KkBUBaJeHT (r-ske) ne6 ataaagu. Macanan A/n
KHJIOrpaMMra TeHr OyjaraH MOAZAa MHKIOPH mmoepaMM-
3K68UBAAEHT (Kr-3KB) nel arajajid.
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(PapasefHHHIT HKKHHYM KOHYHH KYyiuHiharuua Ttabpuo-
navaau: 6apua mo00arapHUHZ IAEKTPOKUMEBUL 3KBUBA-
ACHTAQPU YaapruHe Kuméeuid 3xeusarentiapuea TYrpu
RPONOPUUOHAAOUD: R :

A
k=C . (3.14)

n

ITponopunoHa ank Kosadduuuentd C 6apua Moiamanap
yuyH OMp XuMJ Kuiimartra 3ra 6yasamu. C poumwmiira Tec-
Kapn 6yaran kKarraauk Papageit conn F peitunann:

Fe=—
Hewmax, q)apanepmnﬂr HKKHHYH KOHYHHM $§iHa Kyiinparaua
udojananany:

1 A .
= . — 3 a
L (3.149)

HUHT KufiMatuaH (3.13) qndpMleara KY SIMH3:

1 A Alt .
F n 7= Fn ' (3.13)

By dopmyna Papadetinune 6upiawzan KoRYyHunw nbo-
panaiind. By dopmynazan KYpHHaAMKH, arap ¢ 3apan
con xuxaraarw F Papageii couwura TeHr 6Vica, y xosaxa
m Macca coH xHXatigad A/n ra Tedr 6yJaany.

Bynaan Kyfugaru xyJjoca Kequb HHKagH: 3AEKTPOAUT-
arapoa kumésuil sksueareHTU2a COH ocuxaroaw Texe 6ifja-
2an Mo00a maccacu axcpasub 4ukuwiy Yy4ysw 3AeKTPoAuT-
dan Papadeii conuza Tenz muxdopda 3apad yruuiy xeparc.

Taxpn6a iyan 6unan

F = 96500 — 1 — — 96500 —

F- 3KB MO.1b

9KaHJHMTY aHWKJAHraH, AbHH  2JEKTPOJH3 BaKTHAa ‘OHP
rpaMM-5KBHBAJIEHT MOAJAA aXpajullH YYyH anex'rponm-
aan 96500 kynon sapsanm YTHIUH Kepak.

40- §. daexrpoantaap yuyn Om KOHYHH

. . &

Mabaymky, MmeTaanapaa TOK 3UYIHTH (), s’bHH YTKasruu-
_HHHT KYHJAJaHr KeCHMH 103a Gupauru (S) gan xap cekyHAZa
yraétrad 3apsj MHUKIOPH (ABbHH TOK KYUYHHHMHI 3HYJHTH j =
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I ) o . » i
:_—S = gnv) Wy YTKA3THyjard 3JeKTp MaljoH Kyud/aHrawm-

d (E) ra TYFPH MPONOPLHOHAT; )
j =oE. (3.15)

Byunaru o — 34eKkTp fjrrasysuanaiuk Kosppuyuentu 6y-
U6, 6epn.nrau XapopaTtpa WY YTKas3ruay MOJULACH Y4YH
MOUMHH KaTTANUKAHP. DJIEKTPONHTIAPAAH TOK yTraH/HrH
yayh OM KOHyHHM KaHaall umdoaaiaHHIIHHA Kapal yuKaii-
JIHK.

‘SpuTMalard MojJaNap TOK MAHGAura yJaanuuwM GHJan 3pHT-
MaHuHr MycOat Ba Mauduil vounapu F, =qE KyJou Kyy Tan-
capu octuaa HoloTouuuur F == ma KOHYHHra acocaH Te3/aHyB-
yaH Xapakarra Kesdamd. By Kyusmap rawcupuja HOHHMHC Te3j-
TH OpTa 6opa1m AMMO HOH 3/IeKTPOJIUTIA XapaKkaT/aHaérraH
6ysrany yuyH yHra Te3/IHKKAa MPOMOPIHOHAT MYXHTHHHT Kap-
WHMMK Kyud F, = —kv Tabcup sragd. Harixaga y cekuia-
HyBYaH XapakaT Kuau6, Te3JaHHmH Kamasi Gopagu. Dywpgard
k — nKanauuur Ko3dhHUHeRTH 6§16, TP/ HOHJIAp YUyH y/ap-
HUHT TabHaTHra gapa® Typ/am xuiiMarra sra. K ysatum xapaéuu-
Ja wynpait xonar pyi# GepanvkH, HOHJAPra TabCHP 3TYBYH KY4-
Jlap ysapo TeHrviawub, HOHJIAP TeKHC Xapakar xuia GomaiH.
By. xo/na MycGar MOHra TabCHp 3TyBuM Kyumap F,=F  &ku
qE =k v, G6y/mb, OyHlaH TE3IHKHH aHHKIACAK,

v, = —* E=bE (3.16)

6ys1anu. Ulynunrgexk Mauguii HoH Te3murd v_—=b_E . JleMak,
3JIEKTPOJIUTAATH 3JIEKTP MaHJOH KyuaHraHnurd £ oprrau caitiy

HOHJIAP Te3JIMTH XaM opTa Gopaau Ba Ka‘lOH E=1 6y 11-
q

raffia Mycbar MoH Te3NHIH g, —-,—ki =b, 6yaanu. HIy HOH
+

q + Ba k, moumuii GyaraHd ydyH yJIapHAHI' HHC3ATH xaM V3
rapmac 6ynaau. By wapourpary tesnMk xap OGup HOH YdyH
VHHHT XapakaTHHH XapakTepJiCBYM KaTTaMHK 6ysnd, 6y Te3nuk-
JIapHH HOHHUHT «xapakamuanaueu» febd aranaan. HbHd saexmp
Madlon kyusaneanauew 6up Oupaukxa mene bijreaHOaeu UOH-
HUM2 me3aueuea yHuKe xapaxkamuanaueu deduradu.

DJNeKTPOJHTAAH YTaéTraH TOK 3HUWIHTHHH Kapab uu-
KaHJHK.

TOK KyUYHHHHT SHYJHIH SJIEKTPOJHTAATH 3JIEKTPoAIap
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opacuga 6yaran E asgekTp MallioH TabCHpHAA KYyuJaH-
FaHJHK HYHAJHUHra THK 6y.IraH OGUPJIHK 103a OpPKAaJaH GHp
CeKyHAAa yTaauraH 3apAAjap COHM OHJaH VJyaHaaurax
$OHU3KMK KATTANMKAWDP. 3apsii, 3apsili KOHUEHTPalHACH Ba
3apSAHUHT Te3JHTH OPKaJdd TOK KYUH 3HYJHTH HGOIACHHH
MeTaJjiapia 3JeKTP TOKHAa KYpraH 3auK. DHAH wmy tdoaa-
JApHH 3JEKTPOJUT YuyH €3cak MycGatr Ba MaHpuil HOH-
Jap MapXyd S5K4HJIUTHHH bTHOOpPra OJHHIMMH3 Kepax. ¥
BaKTHA TOK 3HUJIHTH

j=j tj_=gqnv  Ftgn_v_ - 3.17)
6ynann Ba 6y udogara Tesaukaapuu (3.16) naru KuiiMatapu-
HH KYHcak, XamJa SpUTMaHi GHHAp 1e0 Kapacak n, —n_ =
= an 6yaub,

~oF. (3.177)

KYPHHHIUHE oJaiu. DyHuaaH KypUHAaAMKH, TOK 3HUJHTH
JEKTP MalJoH Kyu/JaHTaHJHTHra TYFpU TPONOPLIHOHAJ
G6ymap aKkaH. Ilynunr yuyn 6y Xocua 6yaran udopara
sjexTpoanTaap yuyHn Owm. xoHyuu aehuaagi. (3.172) Q)op-
MyJlafard G 3JEKTPOJHTJIAPHHHT COJHIUTHPMA 3JIEKTP YT-
KasyBuaHauru Oyaub, Kyiliuparnua HpopasaHaau:

0=omq(b+ +b_). (3.18)

Taxpubaaap Kypcaraau-

KH, Xxapopatr opTumd Ounan

JIEKTPOJIMTHHHT 3JIEKTP yTKa-

3yBUAHJUTH opTagd. UYyHkH

6y BakTma JaHCcCOLHANHsjIa-

HHII, XapaKaTuaHJHK OPTajH.

/ SJIeKTpOJmmap.IMHr SJEKTP
/ yTKkasyBuanaurn  (3.18) nan
Y N KYDHHAJAMKH, HOHJAp KOHIleH-
' = TpalHACHTa TYFPH IIPONOPLH-

1 owan O6yau6, ynap opacuparu
6or.aauunr 83- pacmaa wdona-
aanraH. I'papuKkaad KVypuHa-
AMKH, TO32 PUTYBUHTA 2DYB-

ug momAa conmmﬁ OOlilTaHraHxa 3pyBiIdH MoJa MOJIeKy-
JajapH, Te3JHK OuJjad HOHJapra axpaaud, aJeKTp yTKa-
3YBYaHJHK KOHUEHTpaUusra (HOHJap coHura) GOFauK
X013 OpTHO 3TPHJIMK MaKCHMa/J KHAMarraua kyrtapuia-
AH, cyHTPa CONMHTraH 3PyBYn Moaja Goprad capH KaMpok
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HOoHMaHa OOpPraH capH -3JeKTp YTKa3yBYaHJHK KaMaiulO
fopann, Dy sca srpunukHHHr nacadnm¥gan KypHHaau.

41-§. DaeKTPONM3IHMHT TEXHMKaAa KYJJaHHAMIIH

IOKopusaru maparpadaapaa 3AeKTpOJHTAAPAAH TOK-
HHHT XocWJ OVJHUIAHM Kapal uyuKAUK. JHAH Oy Xoauca-
JapiaH TexXHHKaja Kaumal Maxcaajiappa (ofjgasaHdIu-
WHHE Kapab unKaiiuk. .

1. daexTpomeTranayprusi S5pMTHJraH pPyZAaJapHH 3Jek-
TPOJU3 KUJMIL HAyau OGHJIaH aJqIOMHHHA, HaTpHA, Martu#,
fepunnuili Ba GolUka HOAUP MeTaJJIapHH a)paTHO OJHII-
aup. MacajiaH, ,aJlOMHHKHA
OJTULI Y4YH XOM aweé cuda-
THIA THJAb TYNpPOKKa s3ra
6yaran  munepasa (Al2O;)
BGOKCHTJ/IAP XU3MAT KHJaIH.
daexrpodJap  cudartuna
KYyMHp TI1acTHHajap KyJa-
VIAHUATAH  3JIeKTPOJIHTHK
BaHHAra coJuHaznm  (84-
pacMm). DuaekTpoasap opa-
CUAall TOK YTHUIM HATHIKA-
CHJIA aKpaJraH HCCHKJIHK
xucobura pynanap spuras
Xxomataa ywnab TypHJIanH.

Hlynunraek, canoarna,
TexHUKaAa Kyn uuljgaThja-
JHraH T03a MeTajjap aco-
caH 3JeKTpoau3 épiamuna oauHagd. Dynmail ycyn OGunan
KHMEBHI KUXATAAH TO3a MeTajul OJHU pagurraur nebd
atanand. Macanas, 3/JeKTPOJHTHK MHC OJHMII YUYH 3JIeKTpO-
JHT cH(}AaTHAA MHC KYHNOPOCHHHHT CYIOJTHDHJAraH cyabdar
KHCJAOTACHAATH 3pUTMacu oauHaiau. IOnka MHC njaacTHHKa-
Japu sjaektpoguaap cudaruga umnatdaafd. Cyurpa ajex-
TPOJIUTAAH KAaTOMHHHT Xap Gup ksaapat merpura 250 A nan
ourMafiauran Kuau6 Tok yTkasusgaigd. Tos3a MHC KaToAra
yrupub Kosaau, aHon sca 6y Bakraa apub Kerand, Oynna
thakaT MUC 3pUiAK, apasaliMaapu 3ca FOBAK YYKMa XOCHJ
Kuu6, acTa-CekMH BaHHaHuHT Ty6ura uykamd. Ouarun, Ky-
My, pyX, Kajall Ba GoluKa Merajsap XaM 1Ny TapHKa pa-
tduHIanann. : '

2. TagbBanOCTErHs., DJjeKTpoaH3 épramujia merana Gy-
foMaapHEd OolIKa HOAMP METaJIHHHT I0NKa KartjaMu 6u-

b7 727

v st I, 7.
SYSY U SSH SIS

84- pacm, -
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JlaH KOIWIall rajbBaHoCTerus ne6 araJgain. MacaJgal, 6y-
IOMJIAPHH HHUKeJLJIZ1, KyMylljaall, OJTHH CYBH IOPHTHIL,
XpoMJall Ba LUIYHFa  yxXiWlalljgap raJibBaHOCTErHss HYaH
6uJlaH aMaJra ouwHpuaaad. DYHHHT yyyH 6GyIlOM 3J€KTpo-
JIUTra Katod cHbaTtHaa XoHJgawTupuaagu (85- pacm).
byloMREE KonJlaliguran,MeTalJ TY3HHHHT CYBAAard 3PHTMAacH
2JEeKTpoAnT BasudacuHun OGaxapaiu. DJEKTPOJHTIAH TOK
VTKa3ujaraija Mak3yp OYIOMHH KOIJall KepakK OyJarax
MeTaaa OyIOM CHPTHTA 1I0NKa KaTJaM XOCHJ KHJAHO YyTHPHO
KOJIA AH. '

3. FaanBanonnacruka. Pesvedn GyioMAapHUHT MeTann
HYCXaCHHH OJHW 2aabs8anonaactuka pe6 aranagw. Dy-
HHHP YYYH HYCXaCH OJHHAJHraH OYIOMHHHT CHPTH YCTHIa
OCOH 3PYBUH CYyIOK Merajn Ky#uaaau. Korrau, y O/HHanu
Ba OyHHa CHPTHHHI TECKapH TAaCBHPDH KYpHHHIIAATK HYC-
xacu xocua 6ynaau. Hycxara anya KHfHH 3pyBYH MeTanJ
9JIEKTPOJUTHK Ycysn OHJAaH KOIJVIaHAaAH, CYHrpa HYyCXaHH
3puTH6 106opuaasd. Ullynnak ycyn O6uaal, macaJjal, Me-
IaJib, TAHTAJAPHHHT HYCXacCH OJHHajaH, Tunorpadus Kju-
[mejiapd Ba X0Ka3oJap TaiiépaaHaiH.

4. daekTp 6uaanH cHaaMKAaw. Bynga Merann CHPTHHH
3JeKTPOJIU3 Ouaal cuanugjganagn. CUpTH CHANHKJIAHa-
auraH O6ylOM BaHHara aHoOA YpHuUJA XoHAalUTHPHJIAAH Ba
B4AHHAra OyIOM ficajraH MeTaJlJl TY3HHHHF SPHTMAacH COJH-
HaXH. DJeKTpoJH3 NafiTWAa 3IpHTMAara aHOJHHHT Faiup-
6ynyp Xofiiapuaad Kynpok moapaa 3pub keraad. UyHku
IOVHT JXojilapga MaiiioH Ky4JaHTaHJIHTH Karra OYyaraHu
yuyH (86- pacM) TOK 3HUJMIH XaM Katta OyiaanmHd, GOTHK
XKolsapaa sca axcuHua., UlyHuHr yuyyn spurmara GyloMm:

\\\

86- pacm.’
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HHHT AVHr XoHumaH GOTHK XoHura Huc6aTtaH KYIPOK
Metasas yragu. Hatuxana O6yloM CcHANHKIaHAW.

42- §. Kumésuit Tox maubGanapu

KuméBull sHeprusind TYFPHAAH-TYEPH 3JIeKTp IHEpPruara
Simaﬂmpné 6epyBUH KYPHAMAJIAP 2AAbBAHUK. 3INEMEHTAAD~
upl

Arap spuTMara pyx 3JeKTPOA TYWHPCAK y 3PHHAIH.
Myc6ar 3apAAIH PYX WOHJADH MJIACTHHKAAaH axpaaubd
spuTMara Yrtagu, GyHIa SJEKTPOJUT 3apsaganrad 6yiaamiy.
Pyx sjexkTpoAfa KoJraH 3JjIeKTpOHAap Myc6aT HOHJA-
PHHM Y3UAaH Y30KJaUIMIUMTa TYCKHHJHK KypcaTagu, Hy-
HHHI YuyH OyJap pyx NJacTHHKa aTpodusn ypab onanu.
Hartwxkaga snekTpos 6Hiam 3JEKTPOJHT OpPacHAa TMOTEH-
upantap ¢apke xocua Gyaagd. DJIEKTPONHT GHAAH 3JeK-
TPOX OpacHhard NoTeHUHaJdnap alupMacHHH Yyniuab 6¥.a-
mafigu. LIyHHHT y4YyH [MapTJH paBUIIAA 3JEKTPOJHT
noTeHuyananra Hucbatan sMac, 6aJKH CcTaHAapT BOAOPOX
9JIeKTPOX MNOTEHUHAJHra HHcGaTaH yauamr Kabya KHJIHH-
rad. BoZOPOAHHHT CTaHAAPT MNOTERUHANHHH IIAPTIAUX pa-
BHIIIA HOJTA TeHT Je0 OJUHIaH.

Bofopox 3JeKTPOA, FOBAK MJaTHHA 3JEKTPOLHH BOLO-
poara TYHHHTHPHIN OHTaH XOCHJ KMJIMHAJH.

Bupop Merasasn sJeKTPOAHH 3JIEKTPOJHTTA TYMIHPHO 3JIeK-
Tpoh OHJaH 3JEKTPOJHT OpacHjpard NoTeHuuawiap dhap-
KHHH VJYaMOK4YH OVJCcakK, 3JIEKTPOJAHTra BOAOPOI 3JIEK-
TPOAHH XaM TYIHPIDH6 3JIeMeHT KyTOJapuaarn TNoTeHIHamd- -
nap ¢apkueu Vyuauadfimus. DBysmait 6yaummra acocuft ca-

5-xanBaua

Ne Moaza wown Do P Rocan i, dapwn
1 ‘ 2 3 4

1 Cumo6 : 0,85 B Hg T+/Hg

2 Kymyw . 0,80 B Ag t/Ag

3 Muc 0,34 B Cutt/Cu

4 Boaopox 0,00B H+/ 0,5H,
-5 K yprommx ~0,13B pb T/ pPo

6 | Hukens . —~0,2B Ni tF/Ni

7 | Pyx —0,76 B Zn t+/Zn
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6a6, MeTaas CyBra, sS’bHM Iy MeTasaJ TY3HHUHT CYBIATH
9PHTMACHra TYUIWPUJATaHAa, Meradq-3pHTMa OpajIMFHAA
3apsiIHMHT KVLI KaBaTH XOCHJ 6Yyau6G, 6y MeTaas 3pHTMaA
gerapacufa MoTeHuyaanap GapgKuHd XocHJa KujaaiaH, by
norenuyannap ¢apge Merasniap tabuarura 6orauyg 6yanob,
TYpJH KuliMarra sra 6yJanu.

5-xanBaaga Oup KaHua MeradsapHUHT Y3 Ty3H 3pHT-
Macura (3JeKTpoJuTra) TYIUHPHJATaHZa Xxocua Oyiaaurad
9JEKTPOA MNOTEHLUHAAAapH (PapKH KeJTHPHJITaH.

DuexTpox OWJyaH 3JEKTPOJHT oOpacHaa XOCHJI 6yaran
6y norenuuannap gapkupan doipananub, TAWKH 3JAEKTP
3aHXKHPHAA TOK Xocua KHAuO 6yamalian. UyHru 6y Kysa-
THnaéTran XoJaTAard 3pHTMajka (axkat OWTTa 3JIEKTPOL
MaBXYVA. :

XakuKaTaa 3Ca 3JICKTP TOKH XOCHJ KHJAHHI YUYH 3JIeK-
TPOJINTra HKKHHYH 3JIEKTPOA XaM TymHpub, Gepxk 3aHxup
TY3HIl KepakK. Dysaa 3aeKTposHTra TYIIHPHJIATaH HKKHTa
3JICKTPOAHHHT TaIUKH Y4JapHHU VTKa3rHu Oujaun TyTam-
THPHJANOG, TOK XOCHJI KHJIHII MYMKHH.

Arap saektpoasap O6up XHJ Merasdngad uwbopar 6yaca,
yaap opdcuaa norenunasnap Qapgu Hojra TeHr Oyaand.
UlyHuHr yuyH TypJH MeTaangaH  HOopatr 3JA€KTPOAAAH
doiiganauntagi. DJeKTP TOKH OJHII YUYH CyJabdaT Kuc-
JOTa IPUTMACHra pyxX 3JEKTPOAAAH TawKkapH OollKa Mme-
traJiAal. TafépiaHrad sina GUp 3JEKTpoJ, MacaJgJaH, MHC
3JIeKTPOA TYIIHpCaK, pyxra. HHc6aTaH MHCHHHI' 3pHLI fa-
pakacu Kam GYJAraHH yuyH YHHHr 3apsiiJiaHHII HOTEHIIHa-
Jau iokopu 6yaann. Muc myc6ar, pyx manduil sapsanadran
aJieKTpojiap kabu 6yaub, ynap yrkasruy Ouian TyTaliTH-
pHJTaHia MOTEHHHAJH I0KOpH OyJraH MHCAAH TOTeHIHaJH
nact 6yaraH pyxra #AysaaraH tok Xocua Gynaau. bymna
noTeHuuaa mnacr OyaraH pyxX 3AeKTPOAAAH - 3JAEKTPOHAAD
TAaWIKH 3aHXHP OpKaJH MOTEHIHAJNH OKOPH OYJaran MHC
3JIGKTPOAra yTa Gouwnaiiid Ba y epia BOAOPOJ HOHJapHHH
pefitpannaflign. leMak, rajibpa-
HPK 3JIEMEHT XOCHJ KHJHII yuyH
3JEKTPOJINTIa MKKHTA Xap XuJ
3JIEKTPOA TYWIHPHII Kepak.

Kumésuii manGara MHCOJ Ta-
pukacvfa JlandH3ab 3JeMeHTH-
HU Kapacak, ypTacHiaH uverapa-
nab HKKH TOMOHHra PyX Ba MHC
cyabdar (ZnSO4 CuSO4) Ty3-
JIAPHHHHT CYBAATH 5PHTMAacH Ky-

112

www.ziyouz.com kutubxonasi



finau6, ynapra Moc paBHUIZA PYX Ba MHC 3JeKTPOAJIapHHHU
TYLUHpraHuMH3a 3pHTMa  OHJIal 3JEeKTPOoA opacuila KHME-
MUH peakuus KeTH6, 3JeKTPoAsap y3apo yJanranaa (87-
paCM) TYCHKAAH HKKaJaa sputMa YTHO apanamuo KeTryHua
TOK yra Gowsaiiin.

5- xanBaajgad Goiganannt, UXTHEPH]T HKKH MeTa Al
nbopar raabBaHHK 3JeMEHTAA XOCHJ OyayBYH NOTEHLUHAJ-
Jap (papKHHH, SbHH TaJbBaHMK 3JIEMEHT 3J€KTD I0PHTYBYH
KyYHHH XHcoOgalu MyMkHH. MacajgaH, MHC Ba pyX 3Jiek-
TpoAJiap KyTOJaapuiard noreHnya’ iap ¢apkH Kyidnazaruua
xucoGnaHaiu: '

U= ¢, —,, =0,34B—(—0,76B) = 0,34B + 0,76 B =
—=1,1B."

BYHllaH TOK MaHOGaunH OHPHHYH MapTa Bonb'ra spat-
ragun yuyn Boaera saementu aeb IOpHTHIIAAH. DiIeMeRT
V30K uiugamaca noreHunasnaap ¢apku 0,7 B ra rtymn6
KoaanH. Bynu 3.4exkTpoduune KyTOaanuwiy peiujanu. By
XoaHcaHM HUYKOTHIN yuyH KHUMEBHH  Jemoasipu3atopJiap-
Kucjopoara 6o# wmoaganaap. Kyaaanuaand. Iemoaspusa-
TOpHATH KHCJAOPON BOAOPOR OujanH KYUIHMIHG CYB XOCHA
Kuaand., Haruxaga ajekTpon CHPTH BOLOPON Ta3 KarTJaMH
6unaH KomsnauMmaiiau. Muc JIEKTPOJIa BOLOPOX HOHIApH
HediTpaanamaérran 6up ‘MalTAia pPyX HMOHJapH KHCJAOTA
KOJJHFH HOHH Ou/jan OHPHKHO pyX Cyab(daT TY3HHH XOCHJA
KHJ1aau:

Zn T 4+ 80, T = ZnSO,.

Xocun 6yarau pyx cyabdart HAHII TyOHra 4YyKajH.

Tawku 3aHxkup yaanryHua Oy xoauca 103 Oepmaliny,
YYHKH PYX HOHJIApH OPTHKYa 3JCKTPOHaapra sra OyJran
Pyx saexkrpoiara OoraaHunb TYpalu.

Pyx cyabgar xocna G6yauwinaa’ KeTraH HOHjap YpHHra
DYX 3JIeKTPOJAJaH SIHrH pPYX HOHJapH Kenub, yjap siHa
pyx cydbdaTr XocHA Kuja Gopaad. Arap TallKH 3aHXHD
ynaHrad Gyuaca, 6y xapaéH pyX 3JeKTPORHHHI XaMMacH
pyx cyabdartdra aifinanub 6YAryHra xamap AaBoM 3TalH.

"By BakTia MHC 3J€KTpojAa BOAOPOA TYXTOBCH3 #Kpanué
Typanu.

XHAMa-XuJ rajibBaHHK 3JIEMEHTJiap opacHia 1868 fna-
Aa HXTHPO 3THAraH MapraHel-pyX CHCTEMacHAaru 3sJe-
MeHTAap 3Hr Kyn Tapkaarad. Omatma 6y snementHu Jlek-
AQHWwe 3semenTu [e6 1opuTHAanu. Mapranenm — pyx cuc-
TeMacHla TrajbBaHHK 3JieMEHTJIADHUHT OUp Heua TypH
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Gop, ynap KypyK, CYIOKJIHK/IH
Ba MapraHel XaBO IHIINOJAPH-
3aUHANH 3JeMeHTJapAHp. YJjap
Oup-OHpUIaH KOHCTPYKIHACH Ba
3JEKTPOAHTAAPHHHT XonaTH OH-
JaH ¢apy KHIagH. |
Jleknaunule 3/71eMeHTHHUHT TY-
3uadmn 88- pacMaa KypcaTha-
rai. I— xymMup Taékua — 3JeK-
D04, 2— pyX CTakaH — HK-
KHHYH 3JeKTPoJA BasudacHHH
6axapaau. Pyx crakaura Ha-
watHp ty3un (NH4Cl) munr cys-
88- pacm. parg 10—20 ¢ousny s3puTMacH
(6) kyiimiran. MapraHell HKKH
OKCHJ (nyyHH) (4) Ba kyMup KyKYHH (3) conuHraH xaJ-
tTaya (6) ra KYMHD 3JeKTPOA MKohaawTupuaran. Pyx cra-
KaHHUHT OF3u (7) cMo/ia GWJaH GepPKUTHJraH.
DBy sneMeHTHHMHr uumlaur Xapaénu OGunad TaHMWUG uugait-
JIMK. OpuTMajard Hawardp Tysu ammonmii (NHY) ma xnop’

(Cl™) uonnapura axpanu,
NH,Cl— NH} +CI~

aMMOHHII Myc6aT HOHH KYMHpP 3J€KTpoAra Y3HHUHI 3apfi-
IHHY Gepaniu:
2NH, — 2NH, + 2H.

Xocua 6ysaraH BOIOPOA MOJIEKYJacH aMMOHUHHHHT Myc6aT
HOHJIapHra TYCKHHJIHK KHJIHO, KYMHD 3JIEKTPOX aTpodujia
MycOaT HOHJIADHHHI HHFHUJIHHIHFA UMKOH GepMmaiigu. AmMo
BOAODPOJX OHJaH MapraHell HKKH OKCHAM opacHAa KUMEBHH
peakuus KeTtHO BOAODPOJ MOJIEKyJajapUHH CyBra  aijaH-
THpu6 yJaapHH HyKorann. Hemak, Maprane ( 1V)- okcna
(MnO;) Kyund OKCHAJMOBYA OYJraHud yuyyH axpanaraH BO-
. IOPOIHH -OKCHIJIA0 CYB XOCHJ KHJIAaAH.

MnO, + 2H-> MnO -+ H,0,
9NH, - 2H,0-> 2NH, (OH).

¥

“ByHunr HatukacHjga -aMMOHHMH MycSaT HOHHHUHT KYyMHD
3JEKTPONra KeqHWHUra HMKoH 6VJaH6, KYMHp 3JEKTPOXL
Myc6aT 3apaniapHH Kadya Kuaub onangu. JlekaaHiue asge-
MEHTHHHHI MILJIailH WyHgafl kKuMEBHH peakuudra acoc-
JIaHT'aH.
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Ymymuit xonna JleknmaHuie sjaementHaa coaup Oynaju-
ray KuMEBHI¥ XKapaéumaap xKyluparu teHriama GuaaH udo-
Aanavanu: '

Ci{Mn NH,CI Zn (—).

(+)C|Mnoy NG | 70 ()

Iy #iyn GMaan KHMEBHil peaKuus 1aBOMHAa Maprasel

pyXx cucreMacHmard sJemenrtiaapaa 1,5 B ra skun 30K

xocun G6ynaan. TexHukapga OyHAaH TallKapu AaKKyMyJis-
TOpJapAaH XaM KeHr Gofijananuaany.

43- §. Axxkymyastopaap

Kncaorann €kM KYPFOIIMHJM akKKyMyJasTOpJap MJacr-
macca, 360HHT €KW lWKmIlagaH TaHépJaHraH MAHIN — GaH-
Kagas um6opar 6Vnaau. Oparpma yu €k oatd GaHKaJgH
aKKymyJasaTopsiap Huwiatunaad. HMawmnaunr - xap xaiicu
aXKPaTHJATAH XaxM. KHCMHTa 3JeKTPOJHT, S'bHH CyJbdar
gucaora (HeSO4) nuur guctunnauran cysparn 20—309%
JH 3puTMacH KyHuaub (3uuianrd 1,2-10° kr/m®), yura HK-
KHTa 3JIeKTPoJ TYWHDPHJIaaH. DJIeKTpoaJap cypbMa apa-
Jam KYprOWKMH TJacTHHajaH TailépnaHalu.

Myc6ar Ba Mauduii naacTHHansapHuHr GJOKJIapH aKKy-
MyJATOpJIap KaTaK.JapHra KOHMALITHPHANG, YCTH KOIKOK
6usan énnd KyiHuJaaax.

Kucka TyTaulysra iya KyfiMacauk yYyH xapama Kapluu
HLIOPaJH Xap Kaiicu Xy({T NJjacTHHA OpacHra H30JsUHsA
KaTJiaMJaapH ypnamna,uu YCTKH KONKOKHHHT ‘ypTacHpaa
3JIEKTPOJIAT KYHHIU Y4yH OHTTA, TOK YHKApHII CHMJapH
VYYH HKKHTa TEWIHK KOJAAMPHJIamH. DJEKTPOJUT KYHHJA-
JMTan TelIMKKa THKHH (npofka) THKHO Kyiamamu. AKky-
MyJaTopaapuu Oup-Gupura ynalb GaTapes XOCHJ KHJIH-
HaaH. Kypx—‘omuﬂ.nn aKKyMyJasTOpapAa CORHP 6ynapurau
KUMEBHH JKapaéHsaapnu Kapal YHKaHJHK.

HMxKana cHpPTH OKCHAJAHTaH KYPFOILIHH TJIACTHHA IIM-
. Ild WAHIIIArd CYIOJTHPHJAraH cyab(paT KHCJAOTa 3PUTMa-
cHra TymupuiaaM. By Bagraa '

PbO + H,S0, ~ PbSO, + H,0

peakuust cogup Gyaanu. [laaerunkanap cupTHAa KHHHH

9pyBUM KYPFOWHH cyiabdar Typr okcuau (PbSO,) xasartu
xocHa 6ynanau.

Axxymyastop TOK manGau OVJIHIIH Y4YyH aBBaJ YHH
3apApnaliMu3, STbHH 3JeKTPOAJap Ba- 9pHTMa OPKAJH JOH-
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MHH TOK ymasmca MaHbHi 3JaeKTpoala FOBaK KpromuH
TYPT OKCHEH XOcHJ 6VJaau:

Pb (SO,), + 2H,0 == PbO, + 2H,S0,.
Myc6ar sJiekTponsa codp KYproUlHH XOCHJ OYJaagu:
"~ PbSO, + 2,—Pb -+ SQe™ .

AXRyMyasitopjiap erapad jaapaxaia 3JIeKTpJIaHH6 6yJ1-
raHga YHMHr MaH(Qui NJaCTHHKacH FOBAK KYPFOUIHH HKKH
OKCHAH KaBaTH OHJaH, MycbaT mjacTHHacH 3ca cod -Kyp-
FOWIHH KaBaTH OuJaH KolJjanagd. Dy xapaéH HarHxkana
cyapdar KHCIOTAa 3PHTMACHHUHT KOHLEHTPALUHICH OPTajH.
AKKyMYJISITOp HCTEBMOJ 3aHKHMPHUIa YiaHCA, YHHHT Y3H TOK
MaHOad OVauO KoJajd, HAM AKKYMYJATOPLA 3JeKTPCH3-
JaHHI XKapaéHu 6yaaan. By xapa€HHHUHr HVHAJIKIIA 3J€K-
TPAAHKII 2KapaéHH HyHaJAWWIWra Kapama-kKapiu Oyaaau.
by xapaéu Baktuga cyJbdaTt KHC/JI0OTA 3PHTMACHHH KOH-
HeHTpalHscH Iacasiy. _

Kypromuuin akkymyJdasitopfa coanp Gynaguran 3apsi-
JIAHHLI (3JEKTPJAHHII) Ba 3apAACH3JAHHLI (3JIEKTPCH3-
JIaHHIL) jKapaéHNapHHA KyHu[IarH yMyMHil TeHryiama Gu-
JaH €3Hll MYMKHH.

- sapmwam{m

PbSO, + 2H,0 +PbSO, " Pb -+ 2H,SO,}+ PbO,.

sapajcusnanuur 4

JeMag, akKyMyJasaTop 3apsaAjaHMIl BakTHIAa HKKH Ba-
JICHTJIH KYPFOIUMH OHD. aTOMJH TO3a KYPFOUIMHra, siHa Oup
aTOMJIH TYPT BaJeHT/H X0Jarra YTaiH, 3apsaCU3JaHHII
BaKTHIA 3Ca TO3a KYPFOLUMH OKCUIJIAHNG HKKH BaJeHTJH
XoJaTra yTajnu, Aemax, TYpPT BaJeHTJIH KYPFOLIHH 3Ca
KaiTapuaub, y XaM MKKHM Ba/eHTIH XoJarra yTanu.

3apsaaaHdll BAaKTHAA AKKYMYJIATOPHHHL * KYUJAHHLIH
yarapanu, Kyuranum axkyMy/IsSTOPHHHT 3apsAJIaHHII OXH-
puaa 2,7 B raua spuinanu, sapsicHsnanuuiga resga 2,3 B
6ys1u6, v Y30K BaKT cakJaHaid. 3apAACH3JIaHHIIAA KyuJa-
HHUII acTa-ceKHH Kamas 6Gopagd. Axkymyasropuu 1,85 B
JaH TacT Ky4yJaHuliraua 3apfAcH3jaill  MaH S3THJAIH.
Arap 6yngaH TacT KywiaHHIUrauya 3apAnCcH3JaHCca, 3JeK-
TPOX CHPTH BOJOPOX MOJIEKYJanapH nyhaxyasapu Guaan
KOILIaHHG YHH Kalita 3apsuma6 Oyamaign. AKKyMyasTop
HIIgaH YHKaIH.

AKKYMYASATODHH XapaKTepaoBuu usuk KaTTannmap-
Hay GHUPH YHHHT 3AEKTP CUrumudup. AKKyMYJSATOPHUHT CH-
FUMH [0e6 VHHHT MabiyM KyudaHumuraua, ogatia 1,85 B

116

www.ziyouz.com kutubxonasi



-~

raua 3apsacH3ajadranja GepaiuraH xaMma 3JeKTp MHK- '

Jopura afTHAaan. AKKYMyJATOpJap CHFAMH KydHxaruga
aHHKJaHaau:

1=4
z.

G6yHaa | — sapsajcusiaaHHIll TOKY, ¢ — 3apsi/ICH31alu BakTh. 3apax

MUKJOpH 3ca g = [It. ,

Kynunua gVprolwHHau akKyMyJasITopJap CHFHMHE D aMnep-
coatnan 1000 amnep-coatraua 6ymamu. AKKyMyJsTopJap-
HUHT CHTUMH YHHHT IJlacTHHAaJapura KoiJjaumiraH aKTHB
Macca MHKAOpHra GOFJHK.

AXKyMyJsaTOpHH 3apsiifall Bakruia Kyuianum 2,7 Bra
eTraHjan KeHun TOK GepHIIHH NaBOM 3TTHPCAK XaM Kyu-
JaHWII OHIMaiAM, YYHKH KYPFOWMH cyjabdatad Mandui
9JeKTpPQAra BOIOPOH Keaunb KVpFOLUHH Cyabpar 6uaaH pe-
aguuAra KHpHWHG cynabdaT KHCJAOTA XOCHJ KHJIamu.

by peakuns Kypromiug cy/ab(par 3JeKTPOL TO3a KypPFO-
muHra afiganrysua pasom stapd. [yHgaw cyHr K{prownya
CUPTHIArH cyJdb(haT Tyraca xaM BOLOPOL KeJHIIga AaBOM
3TaBepajH,. 3JeKTPOA CUPTH BORopon nydaxkyanapu OGuaaH
Konnauus, nydpaxkuyasapra TabCHp sTaétran ApXHAMex Kyud
opTca, AKKYMYJASATOPHHHT 3PHTMa KVHHJIaAHTaH TEIUHKAAH
BOAOPOA Nyhakuanap (ra3) uyukapepagd. Dy XOAHCaHH
AKKYMYAATOPHUKE Kalnauwid ne® 1OPHTHIAAAK Ba 3apAanaa-
HULI XapaéHu oxupura eTAud neb xucobsanagi.

AKKYMyJSTOpPJIaDHH HILIATHII BakTHIAZ HOPMaJ KaTTa-
JUKAAH OPTHK TOK OuJjan 3apsjach3jaHudlira iya gyiimac-
JHK Kepak. ) . :

Kucaoraan akkyMyJaSTOPHHHT HOPMaJ 3apsAcH3JdaHHIL
TOKM aKKyMyJaTrop curFuMuHHHT 1/20 yaywura TyFpu Ke-
JIMIIH Kepak.

44- §. Tasnappa saekTp TOKH

Tas xkyMmaagan meraqana OyFJIapd XaM HOpMaJ X0JaTaa
3JeKTP HeliTpas] aToM Ba MoJexkyaanapaad nGopar 6y/u6,
y3anapupaH aaexkTp TOKHHH VTkasmahau, Pakar HoHsall-
rag rasjapruHa »JaekTp = YTKasruy 6yaa oaaau. HyHKH
yJiapila HelTpaJ MoJekysajgap Ba aTomJapiad TalIKapH
9JeKTPOHJIap, Mycbar Ba MaHOuA HoHgap xam Oyaand.
Honnap, rasaapia ~ 10KODH TeMuepaTypa, pPEHITEH Ba
yasTpalunadia HypJaaps, PaJHOaKTHB 3JeMeHTJap Ba
KOCMHK HYPJapH TAbCHPH OCTH1a4, ra3 aTOMJAPHHHT 3]€K-
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TpoHJIap® Ba GOLIKA KaTra Te3JdukkKa ara OjiaraH s3NeMeHT-
Jiap Ba aToM 3appaJiapd OuiaH TYKHaUIHILIAPDH HATHXKa-
CHJA XOCHJ OVauind MyMKHH. By BakTI2 aToM éKH MOJeKy-
JlaJlapHHHT 3JIEKTPOH KOOHFHAAaH OGuTTa éKU OHpP HeuTa
3JIeKTpOHIAp axpaau6 uukkKaH Oynanu. Bywma#t xapaéu
UuoHaanuw pefimnagu. by uousap Ba SPKHH 3JEKTPOHNAP
rasHd 3JekTp yrkasyBuad Kuam6 kKysau. XVIII acp oxu-
puaan.6omnab Kymaon (1785), Bo#ab (1889) nap xaso
ODPKaJIH 3JeKTP 3apsiaJapHHUHT KaMaifUIIHHH, pa3psij Xo-
IHCAJIapHHK TYWyHTHpa Gowaaguaap. CuHcrematuk Oy
xogucasapuu ypraumm XIX acp oxHpHma Xxam XaJH Ha-
3apHii acocaab GepuaMaraH.

Hounauuw mapoutr 6yaMait KondwH Ouiad Te3zxa
- Mycbat Ba Mandul wuounap OupJjauinbé HeATpaayaHaldH.
by xomuca uonaap pexombunayuscu ne6 ataarau. Pekom-
OHHAUHA HaTHXACHAa ra3 siHa 3JeKTP yTKa3Mait KOJIHLIH
MYMKHH. .

Honnap pekomBubauusick stHa Myc6aT  HOMJIAPHMHT
Manpuit . Hornap Ouian yupawimmiga XxaM pyi# Gepand.
Papa3 sTalIHK, XaXM OUPJHTHAATH ra3 MOJeKyJaadapHAaR
BaKT Oupanru wuuia m XKypr (Mauduit Ba Myobar) HOH-
Jgap xocun OVJCHH, peKomOWHauusi OyJaaHrad MoJekyJa-
Jap couu mycfaT HOHJIap COHH 7 Ba MaHbHH HOHJAD CO-
WU 7l ra, 9bHU n? ra nponopuuonan Gyaanu, HIYHHHT YYyH
XaxXM GUPJAHTHAArH WOHJApPAaH BaKT OHPJHIH HYHAA Ka-
MaséTran HoHJap coHm an? ra Tepr 6yau6 (o — woHJAp-
HUHT pekoMOuHauus kospdunuenTy), BaKT CUPAUTH NUHAA
KOJITAH UOHJIAp COHH

dn -
— =m —an?
dt

ra TeHr 6yaanu.
CraunoHap xosnaTAa (HOHJIaHYBYH Ba PEKOMOHMHALMAJIAHYBUH

. d .
MOJIEKYJNIANap CORH §3apo TeHriauica), 7’; =0 pa m=an® 6y-

JaJH. :
HounsoBun ManGa y3uica (onuuca), m =0 6yaub,

dn _ _ ain?.
dt

By udogann ‘1':— = —adf kypuHnAa €sub MHTerpaiacak,

n
1 |
— —— =of Keaub yugaau. -
n ne -
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n,— BakT, {, =0 Gyaran nairaa NV
Myc6Gatr Ba  Manpuii Xydr HoHmap S
KOHLIeHTpalusicH, n — BaKT ¢ 6yaran-
JarH Myc6ar Ba MaHuil XyQT HOH-
J1ap KOHLEHTpALHSICH.

By BakTna yraérran TOK KyYH
HOHNaHKII Japaxacura  GOrJHaK
Gynadad, YHHHr COH KHAMaTH Ky-
n¥HYa XyAa KMYHK Gyaanu.'

Fasnappa HOMyCTaKHJ TOK.

Hkknra siccl mJjlacTHHKA 3JI€K-
TPOJJaPHHH MabayMm O6up macoda-

JAa napasjen ypHatu6 (89- pacm), s &
yJap opacHpardi HOHJauIraH ras- - 4+
AaH yTaguras TOK HyHaaMild Myc-

6atr sJexkTpoaian MaHOHA 3JeK- 89- pacm.

TpOA ToMOHra #yHajaran OVaHO,
VHAATH TOKHHHT SHYJMIH § 3JEeKTPOJMUTAArd KabH

. . . . dn.
J=iy+i=nqo,+n g v_+q,D —=+

+q_D_-4= (3.19)

dt -
ImaKana udonanait onamus. By TeHrjaMaHMHr VHrHAarH Goui-
JIAHFHY UKKH Xaj S/IEKTP Mahnonn E TapCHpUAard xapakarra
GOFyINK 6y/1M6, KeHHHrH HKKH xanu HoHsap AuddpysusicHra 601-“-
JuK. Arap®g . =¢_=4q Ba JMHaMMK MYyBO3aHaT XoJija n,
=n_=n 1eb6 ojcak, Oynaad Tawkapu GyTyH Xamm 6y}mqa
MOHJIaD KOHIEHTpauusacH Oup xun Gy.ca, AUpPY3us TOKH HOM-
_ra uaTHaub, (3.19) HM 3/eKTpoNMTAapAard TOK 3uqum Kabu
Kyhuaarnya €sa osnamms:

j=aqn(b, +b )E. (3.17)

Bynparu b , Ba b_ Moc paBumiaa mycGar Ba MaHpUH HOHJAp-
HUHT Xapakaruausurd. ['as Gyaran xamepala MoOaekyiarap
MAWKL LOHACEHY MABCUPUON LOHAQHCA, [maémean mok Ho-
mycmakua pazpsd dediuaadu.

TasHHHT CTAUHOHAD XOJ4TAarH HOHJIAHUIIHAZ 3JeK-
TpoAAap TOK TAapMOFHra rajbBaHOMETP Ba NOTEHIHOMETp-
Ji 3aHXHD HIUTHPOKHAA YJaHCd, HOHIAPHHUHET TapTHOJall-
raH xapakatH TyQadisi TOK Xocusa OYJHIIMHH HHEHKATOD
(I') BocuTachHaa xysaTaMu3. DJeKTpPoanapra OGepHJIYBUH
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KyusaHuul noTenuuoMmerp (I1)
opKaJae opTtHpuaa Oopwuica,
Aactaad yHra Moc. TOK KyuHd
naMm opra Gopud Kydjaauwig-
imur oupop Ur KuiimMatugan
bour1ab  KyuwJaHuul — opTca
XaM UHAHKATOP KypCcaTHUIH
y3rapMmail KoJlagd, S'bHH TOK
Kyud KyuJlaHHWwra GOPITHK
6Vamait xoaanu (90-pacm).
Honmaunur  crauxoHap 6V4-
razja BakKT OHDJHIH HuHAa
xocua 0YyayBud KydT nousaap
coHM JOMMHIl cax/aaHub, HHAHKATOp KypCaTHIUM y3rapmac
KHiiMaTra spHWranga sJekrpogjaapra Oopub ypHJIYBUH
HOHJIAD COHH, HOHJalUyBOaH XOCHJ OVJAYBUH HOHJAP COHHTa
Teur 6yaub xonanu. Hatuxkana Toxk kydu DoMMHE 6§.uO0,
Ky4Jandul OPTTHPHIHIUM - Guaau Vy3rapmall, Kojgagd. Dy
BaKTIaru TOK oJaTia Tyiuruw ToKku neb atanaiH,

90- pacum.

45- §. Tasnapaa mycrakum Tok (pa3psag) Ba yHnHr
TYypAapu

T'as Monexkynanapun uoHsoBUM MaHOa 6Gyamaranga xaMm
3/eKTPOHJAD OHiaH TYKHAIIHMUI HAaTHXKACHAA HOHJAHHIUY
MyMKHH. Arap ras srajasiarad Xa:kmia 3A€KTPOHJAp MaB-
XKy 6Vand, 2JeKTpoA opacuaa 3JAeKTp Maiiion xam Oyica,
6y MallI0H TabCHPUIZ XaMMa 3DKHH 3JEKTPOHJgap Mmyc6ar
J1eKTpol TOMOH Te3.JaHyBUaH XapaKaTra KeJaiw Ba Hy.iga
yyparah aToM EKH MoJekyJjara TyKHawWajaH, Y3 3Heprus-
JapHHHHT OHD KHUCMHHEH Oepu0, yiaapHu uoHaainu. by uon-
JaHraH MOJEKYJNajaH ampaaraH JEKTPOH XaM 3JIeKTPOX
TOMOH XapakKaTJaHd0, KapIHCHAa yuparaH MOJeKy/1aHH
MOHJaiilH, YHUHT 3JEKTPOHUHM aXpaTud wGopajpu, Kedun
6y 2JeKTpoH xaM MycOaT 3JIeKTPOJ TOMOH Te3/laHYBYaH
XapakaTra Kemu6, iyanaa Tykaaluray 66liKa MoJexKyaanap-
HHHI 3JEKTPOHUHM YpuS uyukapaau Ba xokaso. Bopran
cailuH xap OUp SHTH 3JeKTPOH MycOaT 3/JeKTPOAra eTryHda
MoJeKyaanaap Ounas TYKHAUWIHO, ynapaaH 3JeKTPOHJMapHH
axparta Gopamu. Hartmwxaga to6Gopa kymas Soprayg siaex-
TPOHJIAP 3JEKTP MaligoHAa MycOar 3/1€KTPOL TOMOH y4yBUH
3JCKTPOHJAD rajJacHHH XOCHI KHAaaH. 3'IeKTpOHJIapHHHF
6up TOMOHJaMa Xapaxatd Tydailau Tok VTKasuil pyi Oe-
paad. By Tok gouMuit GYJIHMIIH Y4YH SJEKTPOH TYZACH
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anekTpoara OGopub HEHTpa/JaHrau SIHrHAAH >JEKTPOHJAP
TYyAacHHH XocHs1 KHIHO Typull Kepak. Bowkaua afitranaa,
rasjiargd MoJieKyJaaJlapHHHT HOHJALU XKapaéHH GUPOP BOCUTA
6uaan nasoM 3THG TypHILM KepakK. By Makcajra spummmpga -
MaHOUU 2JeKTPpoaAaH YudH® UYMKYBUM MKKHJI4MYHM 3JIEK-
TPOH 3MHCCHSI Ba UYKH (POTO HOHJALIMIL xoxucacHgaH ¢oi-
najaHaMus. AMMo 6y  afiTHArad HOHJaHHIIHHHT Xam-
MacHHH XucobGra osull KuiiuH. Bus 6y epaa TayHCens
Hazapuscuy OHJaH yerapanaHaMus.
By Hasapusi 6yiiwua XaxxKMuil Ba
CUPTAAH HOHJAHHIIHHHT GHP BaKT- /
Ia OyJdIl :KapaéHu MyCTaKuJa pas-
pAaara onu6 KeJjagH. ]
®apa3 3TalaHK, 3JEKTPOHJIAD
OKHMHTa TePHeHAMKYJAp TypraH
KaToA MNJAaCTHHACHHHHI 1032 O6up-
JUrHgaH BakT OHPJAHIH HuBia - e X —aydx
aHOJ TOMOH 1 IOHA 3JeKTpPoH yuub - i
TypcHH (91-pacm). ¥V Baxtaa xo-
cus 6YyJyBUM HOHJAP 3JeKTPOHAAp 91- pacu.
KOHILEHTPAUUACHHHHT dx Macoda :
OpalMFHUJArH y3rapHIl

h

S

dn = andx (3.20)

udonanananu. By epra o — xakMuit HoHaaHWLl Ko3(ddH-
nuedTtyt 6y.1mw0, coH XKHUXaTaaH OHTTa 3JEKTPOHHHHT KaTon-
nad aHON TOMOH Oopuuiuga OGup OupJauk Hyaura TYrpH
KeJraH ras 3appaJapi 6ugad TYKHALHIIKIA XOCHI KHJIraH
3PKUH 3JEKTPOHJIAP Ba MOHJAAP COHHra TeHr. ByHaan kefinn
Xocus OF/JyBUH HOHJAD COHHHH MaHIoH y3rapuiin Ounan
HeApJaHK Varapmaligu ne6. Kapacak, o KOd(QQHUHEHTHHH
xaM x ra 6orauk OVaMaran JOoMMHH nRe® xucobjaall MyM-
Kud. Dynga (3.20) Tenrsamanu wuTerpannab KyHugaruHu
oJNaMu3;

(11

0

Gyuna C — uurerpan poumuiicd. Karon €nuga x = 0 6yaran-
man=n, =C pa aiof ¢éuMla X —=d, d-—Kartol Ba adox
3jeKTpodap opaiurd Oyaub, aumoira TYWYBUH 3JAEKTPOHJIAp
COHH

S

n__
n

«

X !
o j dx, 6ynpan n = Ce™”,
0

n,=n_e* (3.21)
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ynKagu. (3.21) maH BakT GHPJMCH HuUHAA aHOX [03H OHp-
JIUTHra TYWITAaH 3JIeKTPOHJI2p COHHHH Tomull MyMKHH. Ka-
TOA Ba aHOJ OpacHAaru xaxm OHPJHrHAA BaKT GHPJIHTH
HuHOa SIHPHAAH XOCHJ OVJTaH 3JIEKTPOHJAap COHH

ad od
n,—n,=ne —n =n(e —1).
DAeKTPOH TyAacuaa MaBxXKyJ Oyjaran mMycOar HHOJApP COHH
xam wyHuya 6Vjaagu. Myc6ar vonsap Katoara ypuianb HKKH-
JAMMH 3JIEKTPOHJIAD OKHM 3HYJMFHHH XOCHJ KHJAHOG, y GHp-
JaMyH 3JeKTPOHJap coHHra OOFJIHK OYIranJuragat, yJjaap
opacHaard GorjJaHHII Ky#duparpya H¢opaJaHajgH:

Y1, (ead% 1).

byHaa y — MKKuJIavuH 3ICKTPOH 3MHCCHSIHM XapaKTepJIOBUH KO-
s¢p¢uuMent. Tamku HOHJIOBUM MaHOa 1, HOHJAPHH XOCHJ KHJI-
‘ca, YMYMMH KOHUEHTpauMs Kydujarnda Hpoaasatajgu:

n,=n,+yn (€ —1). (3.22)

By undoaazan karopnaH uyukaeéTraH 3jJeKTPOH KOHLEHTDPAIMSACHHA
TOMNCAK : '

g

n = ———— 3.22 a

, o=y E— ( )

xocua 6yaagd. (3.21) Ba (3.22) nappas doiinananué "anon oJ-
AMJAr¥ 3JIEKTPOH OKMMHMHMHI' KOH UEHTPALHACHHH TONAMH3:

od
noe .

n, = —w———rm—, 3.23

a [ — v (ead__ l) ( )

Axopma xocua Gysaérrad paspsj TOKHHH 3J1€KTPOHJAp Ta-

" upérran 6yaranu yuyH (3.23) HM 3J1eKTpoj 3apsiaura Kynai-

" THPHMLI OPKAMH aHO;l TOKHM 3HUWJHTHHH Kyi#Hjarnua udojanai-
MH3:

. %4 , e 394

==1_g == Nye = — . (3.
J a 0 l—y(e“d—l) ]0 1_? (C’ad—-]) ( )

Bapkapopnamras pexxumia raspa paspsaf 6yjagural  opadik-
HHHT XaMMacHia TOK SHWIHTH (j) 6up xua G6ynanu. by ymy-
MHH TOK SHUJHFM j 3JEKTPOH TCK 3UUIHIH [, GujaH HoHWJap
TOKHM 3HYMHK j, JADUHHHT AMFHHAHCHIA TEHI 3KaHJIHIHJau:

j: je +ju‘
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Mycrakua paspsa 6yaummia 'i‘amrgu HOH/IOBYH MaH6a 3hpyp
sMac, IIYHUHr y4yH Oy Xxoama n, =0 6yau6, (3.22) xyhuparu
KYPHHHLIHA OJIAJH: ‘

v —1)=1. _ (3.220)

o Ba Y MaiffioH KyWIAHTaHJHTHHHHT QYHKUHACH  GyJiand
(E oprca, o Ba Y Xam opTa opalH).

1. MuaTuaaama pa3- 6
paa. Dbyupaé Muatui- Hacocsa
Jgama paspsa 6ocum 0,1 i

MM  ¢HMOO  ycTyHHra A
SIKHH OOCHMAaarus ras-
Jappa kysatHaanu (92- +

pacm), A Ba K »sjek-
TPOAJIapH KaBliapJjaaH-"
raH HiMHIA Halya HYHAa 92- pacm.
Ky3aTHli 0cOH. Arap
Halvya YpTacHAAH YMKapHJTaH yyd oyduK Ha#iua (P)HH Ha-
gocra yaab, mungard xaBo GOCHMHHH eTapJd [papa)Kaiaa
KaMmaiiTHpa GopuJjica, KyuJaHHUI GHP Heya 103 BOJLT 6VJ-
ranjga Hafiya HuYMJard 3JeKTPOMJap VPTacHAa V3Hra Xoc
éputuamin pyit Gepaau. KaTton iosura sikHH TerH6 TypraH-
JeK KYYCH3 XaBOPaHT - éPYFJIHK KaTJaMH NappacH XOCHJ
6Yananu. YHHHr oapupa GUpHHuM KopoHrH daso (kKataam) ~
(1) (Kpyxcuuur Kopourd (dasacu) 6yaub yHgzad cVHr (2)
Ounadiua parrau mManbuil épyraanum kypunaaud. by épyr-
Juk (a30 KaTol TOMOHIA2H KECKHH uyerapaJjiaHH6 acra-
CeKHH aHOJA TOMOHra kapab Hyxosmazn. By mauduit épyr-
JaHUWAAaH CYHr HKKHH4YH Keur éxku PapanefiHHHT KOPOHFH
tdasacu (3) xocun 6Vaagu. HafiuanHHur KojraH KHCMH TO
4HOATa4Ya KH3WA Mmyc6at épyrnanum (4) Ousran Tyarau
6ynand. Kynuuua, 6y épyrauk ¢azona paBUIaH KYDHHIaH
KOPOHFH Ba €pyF KatTjJaMmJjap xaMm pyH Gepand. -

MunTtunnamMa paspsama  paspAdHH  CaKJIOBYH acCOCHH
)Kapaéuiap GuUpWHUM KOpPOHFH (asona Ba MmaHHK Epyr-
» JJAHWII COXAaCHAAa XaM KVIOrdHa TeKLIHpHILIap Ha#jgard
5JeKTPOAJAap OpacHAard MNOTEHHIHAaJ  TAKCHMOTH OuJaH
TYWYHTHPUIALH.

a3 paspagna NOTEHIMAJHHHT TaKCHMJAAHHUIHHA OH-
JMW yuyH Hafiua 6y#aalb YHUHr JeBOpHra KeTMa-KeT KaTop
WHTHYKAa CHMAAH 30HaJap nafiana kuaamus (93- pacwm),
cyur ysaaphHu Hapb6arma-HaBOAT 3JEKTPOCTATHK BOJBTMETP
opkanH KaToara yaa#imus, wyHaa 93- pacmaa TacBUpJaH-
rad HOTEHUHAJJIADHUHI TaKCHMOT 3TPH UYH3HFH (rp'acbﬂx)
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dJd uukaau. Taxpuba Kypca-
| TajAWKH, TNOTeHUHAaJ alup-

MACHHHHT KVMYHJIHK KHC-

Mil KOPOHFH cOxara aJjex-

Mangpui Mycéam TPOHJApDHHHT 3PKUH IOTY-

 wypnanuw  Heprasuut puul Hy.,a Y3YHJHTHTa TVF-
K == —:7‘——-_-':;;—'_%.4 pu  KeJaiu (Karqm no-

TeHUHaJJ  TYWHIIH).

[ToTcHUHAAHAHT KaTOA-
JaH CYHI TYINHINHHHHI aH-
4a 03 KHCMH MalJlOCHHHHT
Ky4JaaHrauaara 6Viaat uy-

93-paCM. 3uaud xerrad. Dy coxa-

HUHF KY4YJI2HHLUIH — KaToj

KYUJaHUUIM TYWHIWIHAAH KYA2 03 KHCMHHH TAlIKHI 3TalH.

Taxpuba xypcaTagWki, MNOTEHUHAJHHHT KaToJd KydJja-

HHUIH TYIIHMII XOHHJZa GHPHHUYM KOPOHFH (ha3o Y3YHJHIH

3/IeKTPOH/JIAPHHHT 3DKHH IOTYDHIIMra TYFPH Kedaiu Ba Iiy-

HHUHI YYYH XaM Yy ras 3uYJHTMHUHT Kamaluiuura Kapa6 yca
6opanH.

Xynaun wy KaGu, 370eKTP TOKH KHYHK OVarasja KaToi-
Ja MNOTCHUMAJHHHI TYWMIIKM (aKaT KaTOAHMHT Kaujaii
MaTepHanAaH sicaJHUINra Ba Fa3HHHT KaHaall MOAda SKaH-
JHrura OOFJHKJUTH Taxpubana aHHUKJIAHraH.

Haituaga rassuHr épyrnaHuil coxajaphjpa XOCHJA 6V.i-
raH MycOaT HOHJIap KaTOJ TOMOHra CHJXKHUH OOpHO 6H-
PHHYHM KOPOHFH (aszcga 3JeKTP MaHJOHHHHT KYYJIH Tab-
CHPH OCTHIA KYNPOK KHHETHK 3Heprus ogaad. Myc6ar
HOHJapHUHT 3apfanapu (GomOapiaMmonH XuUJANLIApH) Ha-
THXKACHAA KaTod CHPTHIAAH . 3JeKTPOHJap OTHAHO YHKaIH
(nkKHaaMui smuccusi). HMkxujamum 3sMHccHSI 3JEKTPOH-
JapHUHT CUPHHYH KOPOHFH (pa3oaaH orypubd -aHOJ TOMOH
VTHILJa OJraH KHHETHK 3Heprusick wMauduit épyraanuul
COXaCHAarH Ta3HU HOHJAHHIIKM YYYH eTapau Jjaapaxana
6yanaun. By epaa paspsiiHH cakJauwl yuyH MycGat HOHJap
Xam xocua 6yaani. .
© Muaruanama paspsang condp OyauIIBAa MOJEKyJanaap-
HHHI «YHFOHTaH» XoJaTAaH HopMaJ  Xo0JaTra VTHUIKAA,
WYHUHTAEK peKoMOHHaUHSIAHMIIAAA KYIHHYa K Ky3ra Ky-
PHUHYBYM EpYFAHK Tap3uia sHeprus uyuxuiny MyMmxuH. Illy-
HUHT YYYH MHJITHANaMa Paspaafa ras €pyrauK YHKapaiu.
By nypiaHUIDHHHT paHr¥ ra3 Tabuatura OGoruK 6yaaiH,

CuiipakaaHral rasja MOHJap KOHLeHTpauudcu, wWy-
HHHTZeK, HeHTpa/J MoJexylalap COHH KaM OYJAraHu ydyyH
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rasja axpaJjajurad 3HEPrusi MHK/JAOPH YH4Ya Karra OV.J-
MalgH, WYHUHT Y4YH Ta3HUHI HYPJaHHIIH COBYK XoJH4Ya
KOJa 4. ' ’

XO03Upryu BaKTAa MHJTHJJIaMa pa3psf TYPJIH ra3-épyrink
HaiiJlapuaa épyriuxk MaHOGan cHdaTHAa KeHr KYJ/JIaHHJAa-
4. Kydmysru épyrauk’ jiaMnajiapupa paspsii cumMob OyE-
Japuna OGymaad. CuMoO6 OYFHHMHT HypJaHHIUH HaRHHHT
HYKKH CHPTHra KOIJaHraH Maxcyc Mojajlanap KaTjaMHu
(momunodopaap) ToMmoHuaaH wotuaagd. Ktwiaran épyr-
JHK TabCHpHAA JionuHodopsaap EpyFaHK coua ‘Gowlnaiay.
Mogaann Taunaut éyam  Guaad HypJaaHaérraH  E€PYERJIHK
TapKUGHHH KYHAY3TH E€pYFJAHK TapKHOHra SKHH KCJATHPHILI
MyMKHH.

I'as épyrauk HaisapH, WIYHHHTAEK pekJaMa Ba JAeKo-
panusi MaKcaaJgapHaa xaM HULJIaTHIaLH.

2. daexrp &in. Paspsg Typaapd uuuga aMajgHd KH-
XaTAaH XKyla MYXHM Oyiradu 3JeKTp EHHIHD.

DnekTp €HH XOCHJ KHUJHII YYYH HKKHTAa KYMHD Taékua
oNnub, YAAPHHHT yujapH Oup-OHpHra SKHH KOH/JalUTHPH-
Jagu. Auaexrpoaaapra 40—50 B kyusanum Gepu6, aBBad
YJIApHUHT yujapH Gup-6upura Ternausann, cyHrpa Oup 03
y3okmalTHPHaaau. DyHia wuKKajsa  TaéKyaHHHT ydlaapH
opacuza GHpJaHMI'a KY3HHM KaMallTHpapJau Zapaxajia pas-
Wag apkupawm pvi Gepanu. Daekrpoanapsu 6up-6GUpunaH
caarnia axXxpartub, TOKHHHT 3JICKTPOAJAAD yYJapH opachia
yyrJaHraH XaBo OPKaJH Hyp couyBud €if Tap3Hma yraér-
raHuHU KYpun MyMkiH. Efl xocun 6Varanaa mandni snek-
Tpoja VTRUpAamand, Mmyc6aT 3JEKTPOJHHHF YUYH 3ca yy-
KypJjamagd (KpaTep xocus Gynamu). Mycbatr KYMHPHHHT
TeMmnepartypacH 3900°C raua erand, MaHQHH KyMHUD Taek-
yaHHHr TemnepatypacH sca 2500°C ra etanu.

By paspsgna acocuii -posHH Mau(pHH 3/€KTpoLLaH Ke-
Jajurad 3JeKTpoOHAap oKuMH Vinadau. Mauduil snex-
TPOAHHHI KaTTHK YYFJAaHraH Ydd XKyAa Kyl 3JIeKTPoHsap
yHKapaaHu, Oy 3JeKTPOHJap Ta3HH HOHJAMITHPHO, 3JeK-
TPOAIap OpacHAa TOK XOCHJA KuiaaiH. KaToaHuHr Temme-
paTypaci eTapsd jpapaxana lokopu 6yaub Typca, 6y TOK
nagoM sTagu, Arap Kartoj coBHTiIca, €it Yuub Kosanu.

Daextp éHu dakar KYMHP 3jaeKTpolJap OpacHiardHa
sMac, 6aJKu MeTaas 3JeKTPojaap opacHia xaM xocua G6¥-
Jaau.

dnexrp &ituun 1802 imnma pyc oammu B. B. Ilerpos
Kauld) Kuiras 6yam6, 6y éi xosmpru BakTaa Ilerpos éiu
(94- pacm) ne6 aranaiu.
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94- pacmM,

0120
Jpbt
363%

95- pacM.

IlerpoB é#u npoKeKTOpJapAa, KHHONPOEKLHOH anmna-
patnapjaa, MaékJgapha Kyuau épyrnuk Man6aum cudartuia
Kyanaauuaaid. Eii TeMneparypacuHHHr IOKOpH 6YyJIHILR YH-
IaH 3JEKTP MeTaJJyprusicuia  3JekTp GugaH mnalBaHX
KHIHWAa dolnananumira UMKoH Gepaad.

3. YukyH paspsax. Arap xasoaa VypHaTHArad HKKH
2JEKTPOATa eTap/u japaXaja KyulaHuul 6epuiaca, yxap
opacuja 34eKTp yukyn Xocua 6ynanu. ByHnail yukyH pas-
DAL KATTa TEe3JHK OusaH paspsij opajvrura yTu6 cyHauu
Ba sIHTHIaH-SHrH Xocua Gyaaau. SIpkHparam épyr HHrHuka
VYKYH KaHaJHW HKKH 3JeKTPOAHH OHpJawTHPHO, Mypakkal
woxo6buasapra TapMmokjgaHagd  (95- pacMm). YukyHaarr
épyFJIaHHUIL HOHJNAHMILHMHT HHTEHCHB XapaéHH, TOBYL
ypkuill  a¢dektn GuaaH GOpPHIIM 3ca TAa3HHHT KH3HL
(10°°C raua) tydaiinu pas3psag yrran xoidaapha OOCHMHF
opTHid (1037140 aTM. raua) HaTHXacuiup. Dab3u yur
paspsiagappa OHp 2KHHCJAH 3JIeKTp MaiJoHAArH KyuJa:
raHJuk Mya#isH xHiimaTHaa OollnaHajaH, ra3 3HYJIUTH .
KaHya KaTra 6Vaca, 6y Kyuaawrawawmk £ xaM myHua xar-

o E
ta 6ynaan ([lamduauar —; =consl KOHyHH) Ba Fa3HHHT

HOHJAaHHIIK LIyHYa KaM, 6ymnaan. - Hopmanm maponrtaarn
VUkyH paspsai Xxasoja Ttewuauw (npodoii (E=10° B/m)
oymwkaan pyit Gepa Gowaiau.

MaiiJOHHHHT 3/IeKTPOR SIKHHHAArH Ky4JaHTaHJIMTH CHPT-
HHHT 3rpUJMrura Gorug, WIYHMHT YYYH XaM LIap €KH siccH
3JIeKTpOAJapra HHc6aTaH KaparaHga paspsii MHTHYKa VT-
KHP Y4Ju 3JEKTpOLNap opacuja KaM KyuJaHHIAa pyH
6epa 6owiaiian. DaekTpoxy wWwakaura GOFIHK 6ab3H KHi-
Mmatyap 6- xxaasanga GepHJaras.
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6-)kansauJa

DaeKTpojnap map
- YUKYHHH YTKHD wakauga Oyaranjga Slecu anekTpoOA
Kyunasnut y4aap opacHaa 6 yaradra.
B XOCHJ 6Yjinii Ma- ynap opa.iu-
cobacs, M AuameTpy LHaMCTPH FH, M
0,05 M l 0,3 M
L, 2 3 | 4 I 5
20000 0,155 0,058 0,06 0,06
© 40000 0,455 0,13 e,13 0,177
100000 2,29 0,45 0,357 0,367
200000 4,10 2,62 6,753 | 0,753
300000 6,00 5,30 1,26 1,44 -

By gufiMartiaap 10KOPH BOJBLT/H YYKYH BOJBTMETpPJapHH
scalmrga xucobra oMHHALH.

46-§. INnasma TyFpHCHAA TylyHYa

a3 paspsgiHHHr TYPJAH IUIAKMJapHAa 6ab3aH KyuJH

HOHJALIraH ra3 XocuJa OYynaagu, 6y rasga 3JeKTPOHIAD
KOHLeHTpaluscH Myc6ar HOHJAp KOHUEHTpalHsACHra Tax-
MuHau TedHr Oynagu. Dupaaii KoHIeHTpanHsga TaKCHM-
JIAHC2H 3JIEKTPOHJap Ba Myc6arT HOHAapaaH HOOpaT CHC-
TeMa 3AeKTPOH —— YOHAU nAa3ma €KH OAJHE KHIHG naas-
ia xeb ataJjsanH.
~;, EAKMH paspaaHUHr MycGaT YCTyHHAa OH3 IJIasMaHu
-+3aTHIWIHMH3 MyMKHH. [lmasma lIyHHHrAeX YYKYH pas-
JAHHHr 6oLl KaHaJHMJa XaM XOCHJ O6ymaaau. .
4+ Ilnasmaaa sJ/eKTpoHJiap Ba HOHJAApP KOHIEHTPANHSICH
6uprail 6yaraHy yuyH yHJIa MeTajJlapiaTH CHHrapH XaX-
MHll 3apsg HoJgra teHr Oynanu. ByHaaH Taumikapu ras ce-
3HJapJH HOHJAIUraHAa NJAa3MaHHMHT 3JIeKTP yTKa3yBuaH-
Jurd XKyga xatra OVaagu. HIyHHHC yuyH V3MHHHE 3J1€KTP
VTKa3yBYAHJHTHra Kypa HOH NJa3MacH MeTajjlapra sKHH
6yaanu. '

Arap nnasma sJjexrp MaiaoHaa 6yJsca, ¥ XoaAa 1jas-
Maja 3JeKTP TOK XOcHJ OVJaau Ba HCCHKJHK axXpaJaid.
Byuga Mafiion sHeprusiuu Aactinab XapakaT4aHpox Oyi- -
rai sappajiap cudaTHga JEKTPOHJAP OJaAH Ba CYHrpa
TYKHaWyBJapAa MoJeKyJa €KH HoHaapra Oepaan. bBupog
TYKHallyBJAapia HUITHPOK 3TaéTraH 3appajlapHHHr Macca-
Jgapuia Kartta (papk GyJaraHd yuyyH 3JIeKTPOH HOHra Y3H-
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HHMHT XaMMa OSHeprusiciHH sMmac, 0OajJKu 3HePrUACHHHUHT
6up KHCMHHH Oepaaun. Kuumk OocuMmJaappa TYKHawyBJaap
coHd kKaM GVyaaaun. YyHKH 3JIeKTPOH/IaPHHHT ypTaya KuHe-
THK 3JHepPrusiJapd HOHJIADHHHI' YpTaua KHHETHK SHeprus-
cHian Katra Oyaaau, Eku  Oowikaua xuanb alTrasga
njasMaza 3JAEKIPOH Ta3HHHT XapopaTH HOH TAa3HUHT Xapo-
patHaaH KaTtra GyJjazM (HOM30TEpMHK IaszMma). By xapo-
paTiapHn OHaBocHTa MeTodsap OWJIaH yadall MYMKHH.
Macanan, G6ukcuMa paspsaiHuHr mycbaT ycTyHuaa 6ocum
0,1 MM cuMo06 ycryuu craptubupa OyJaraHuaa 3JeKTPOH-
JapHHHr xapopatd 10°K Ba yHzaH xaM 1okopu OyanIiud
MYMKHH, XOJOYKH MOHJAPHHHI ¥3H Oyaranaa xapopart OHp
Heua 103 IpajyciaH opTMaliy.

BocuMm opTraHza TYKHAUIYBJap COHH OpTHO, 3JIEKTPOH,
HOH TasjapH oOpacHAa HCCHKJWK aJMAallHHHIIH Ky4Yasnid,
yaapHUHT Xapoparaapu apxn kamaanu. ETapanua 10KOpH
6ocuMaapaa JeKTPOHJA&P Ba HOHJIAPHHMHT XapopaTjaapu
Gupaail Gynann (u30TepMuK miuasma). Msorepmuk niasma
xaMMa BaKT IOKOpH XapopaT épaamuja OYsajiurad HOHJA-
HHULIAPAA 103ara KeJaAu (MacasaH, YYKyH KaHajauiaa).

JlaGopaTopust lapouTnapuaa nJjasma (pakat ras3 pas-
pagadpaiaraia Xocua 6Vaub xonmaliav. O4/iKH 3NEeKTPOH
yTKasyBuaHIHKKa dra Oyaram KaTTHK JKHCMJIAp (metan-
Jap, SpHUM yTKasrpuzaap) 7a XapaKaryaH YTKA3yBUaHIHK
3JEKTPOHJIAD Ba YMYMHH XaXXMHil 3apsiiH HoJra TEHT
6varad xapakatcu3 wMycbar Hoiaap NaM aneKTDOH—
HOHJIH TyiasMa xucobjaHafH.

Bupok nnasma Kynpox KOCMHK JKHCMJapaa yqpam:m
IOxopu xapopat Ba TYpJd HypJaHHILJap TabCHPHIA KOC-
MOCAArd MOJJAajapHHHT aCOCHH MaccacH amaaga Tyaa
paBHlIla HOHJNAUIraH Ba Ky4JH HMOHJAWUTaK IJasMa XoJa-
THaa O6YyJaanu. Xycycan, Kyéwm OyrtyHnail naasmajgan néo-
patanp. ly xabu ep aTMOCd)eDaCHHHHl‘ IOKOPH KaTJiaM-
aaph (wonocdepa) xaMm naasManaH uoopar.

[TnasMa Kyu/in HoHJamirad ra3 6yJjaradu yqu onamam
rasnapra OupMyHua Vyxuiam Oyjaagiu Ba KYNUHJHK Tas
KoHyHJaapHura Oyiicynanu. Dupok nnasma G6Guiaan OfAHI
rasJap opacm{a TaMOMaH KapaMa-Kapliu dapxaap 60p.
By ¢apkaap afinnkca; MaruutT MailioH MaBXya Oyiaranuna
épKHH HaMoéH Oy.namn. BHpHHUM (apkH MarsuT MaiioH
NJaasMaHUHT 3appanapu (HOHJAPH Ba  3JEKTpoHJAap)ra
HeliTpaa aToMJap ra3ujpa OGynMaHAurad Karra Kywiap
(/lopeHTu Kyujgapu) Tabcup KuJdaau. 3appajap MariuT
Maiiaon 6Vyiina6 xapakataanranga 6y KyuJgap HOJla TeHT.
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Maruur Maliionra xyHAaJaHr xapakatjaHraiga 6y Kyu-
Jap makcuMaJa OyJ1anu Ba 3appaJjap XapakaTHra TYCKHH-
JHK Kuaajnd. UKkHHUK dapk WYHAaKH, NJ1a3Maja 3JeKTPOH-
Jap Ba HOHJap KYJOH KydJapH é€pZaMHAa ¥3apo KywiH
tabcHppa 6ynagdH. Dy HKKH X0 Ba Ky4/JH HOHJAWITaH -
1J1a3MaHHHI KaTTa 2JeKTP VTKa3yBUaHJHUTH OHpraJuxkia
3JIeKTP Ba MAarHuT MaiaoHjsap OYJaraHuga NJasMaHHHLD
Xoccaqapyu Ba YHHHI xapakaT TeHIJiaMaJjlapH ofaTrjaru ras
Ba CYIOKJHMKJAapHHHT XOccaJlapu Ba XapakaT TeHIJIaMaJa-
puAaH KecKHH Papk KHIUIIUHU KypcaTanH.

IlnasmaHUHI 5/eKTp VTKa3yBuaHJHIH KaTTa Oyjarax
anoxuja CYWOKJHK cHdaTHia KapajrasHiard xapakaT Ko-
HYHJapDHHH Vpradum Kynaab IOKOPH XapopaTiH KOCMHK
JKHCM JKapaéHJapHHH VpraHuluga KaTra axaMusaTra ara.

Ilnasma xoccasapHEM TaAKHK KHJAHLI XKyIa KarTa aMa-
JHA axaMusaATra s3ra, YyHKM nJjasMmajzad ¢oijanasum €p-
AaMuia ColIKapHJAYBUH TEPMOAADPO pPeaKuHsAdapHHH amajra
OLUHPHUIHUHT NPHHIIHNIHAJ HMKOHH OYHJraH.

47- §. DAeKTPOHHHHT YHKHIN HLIH

Merann HYHgard 3pKHH 3JIEKTPOHJADHHHT SHEpPrHsiCH .
Kartta 6VyJaaaM, WIVHAHT VUyH Oy 3J€KTPOHJapHHUHT Te3JIHIH
MeTaJJ CHPTHra TOMOH MyHanTraHAa, yaap MeTaJilaH Tall-
Kapura 4YMKHO KeTHIH MYMKHHAEK KypuHagu, BHpoK omar-
Jary TeMmneparypaJjapia. MeTa/iap y3-Y3ugaH 3JeKTpoH-
JapHH uHKapMaiiH. DpKHH 3JEKTPOHJIAP MeTaJyl HYHAa
TYTHG TypHJap 3KaH, AeMaK, METaJJHHHI CHPTH SIKHHHAA
3JIeKTpOHJIapra TabCHP
KHJYBYH Ba  MeTaJsJ e
Huvra kKapab #yHaAraH
Kyunap MaBxyn O6yau- e
M Kepak. By kyunap- )
HHHr TabuaTh Kanjgai
JKAHJIMFHHH  aHHKJall
yuyHn 96- pacMaa Tac-
BHpJIaHTaH KpHCTaMI
NaHXapaHH  TacaBBYp
KuiaMu3. Metana Huu-
JarH SpKHH 3JeKTPOH-
JjJapra Myc6atr HOHJaAp
TOMOHHAAH TabCHP KH-
JYBYH TOPTHLIHII Kyu-
Japn ypraua y3apo my-
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l— 1 o
J
Gs o= ==
b 1 - ———— X
70 ) 7
= S 1 H 7 = e()p
a) ) t
97- pacm. 98- pacm.

BosaHatsaawtaau. llly ca6aban 3JeKTpoHJap MeTaJs HUHAA
naHapa TyTyHJAapH opacHia 3IPKHH XapakaTJ/JaHa OJalH.
Arap 6upop cafa6G OGuJaH 3JeKTPOH MeTaJlJ yerapacuiaH
TalIKapura 4ukca (4, 6 CHPT OpKaJH), y XOoJja yHra
MeTaJsi CHPTHAATH HOHJapHHHF MyBO3aHaTJaliMaraH TOPTH-
HIMII KydyJlapH Ba 3JIeKTPOHHHHT KeTHWIH Tydalan xocun
6yairad opTHKYa MycOar 3apsAJHHHT TOPTHUIHLI KYYH Tab-
cHap kuaa Gounnainn. Uynka 6y BakTAa MeTaJaJ CHPTHAA
XYIIH SICCH KOHOEHCATOp KaT/jlaMJapH OpacHAa MaBXKYL
6Varan MalJOH CHHrapd HWKKWJaHraH 3JeKTp KaTJaMH
(97- 6 pacm) xocua 6ynanH.

Bakyymra nucbGaTaH MeTaJJIHHHI HYKH KHCMHJArH no-
TeHlnaJg Mycbar OYIHO, Yy U4KU NOTEHyuas jedunan.
OPKHH 3JIEKTPOHHHHI MeTaJlJl HYHJarH 3HePrHACH

W=eg (3.25)

6ynaau. Arap ¢>0 6yiaca W< 0 6yinwuu  kypuHuG Ty-
pubau. demax, 2JeKTPOHHHHT ~ NOTeHUHaJ  SHCPrHACH
Merasra Huc6atan maunbuiiaup. llyHaail kuau6, meramn
HUMJAard 3JeKTPOH «siccH TyGJd MOTeHUHaa ypa» HYHIa
(98- pacm) ne6 afiTHiMMH3 ~ MYMKHH. Mertanan ToMoHra
fiyHajrag HaTtHXaBHi F Kyu 3/1eKTPOHHH MeTaJiara Kai-
Tapand. MeTajJIHHHT CHPTH MeTaJ/IAaH TYXTOBCH3 OTH«
Ju6 uMgaérrad Ba yHra KaHTHO Kejaérrad 3JIeKTpoHJap-
XaH H6opaT Xyfa 3HU» 3JIeKTpoH OyayTh» (97-a, pacm)
6unan Kypuwaau6 konanu. Ilynpa# guaub, s1ekTpoH Me-
TaJJIHA Taiab, aTpod-MyXHTra KeTHIUIM YUyH yHH MeTaJl-
ra TOpTafiuranm KyuJapHH eHTHUI YCTHZA MabiyM HlI 6a-
XKapuild Kepak. Dy Hill 2JIeKTPOHHHHI METaMJIAaH “UKUW
wwu ne6 ataaaad Ba y Kyhuparu ¢opwmyJia GHIaH XuCOO-
aanagn A=eq. Typau MeTannap YuyH YHKHII HIIH KYHH-
jaru 7- xajaBajjga KeJTHPHITaH. '

MetanagaH 37eKTPOH YHKHIUH YYyH KYHHAArd Imapt
6akapuJHIUH Kepak:
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7- xansaa

MeTtannap u Km;;; . Merannap :lmm:'mx:B
1 2 | 3 4
Bousbdpam 4,5 Pyx 3,74
Topnit 3,41 Harpuii 2,27
Iaatuna 5,29 Bapuit 2,29
Temnp 4,36 esni 1,89
mv,%
2 = €@

M — 3JIEKTPOHHUHT MAacCacH, U, — CHPTra TYLIHPHJIraH HopMai
6y#nya 3/71eKTPOH Te3HTHHHHT NPOEKUHsICH,

UnkH MUK 3JeKTPOH-BOJbTJIApAa  (3B) Vauanaawm.
Bup sJeKkTpoH BOJBT 3JeKTpP MaHAOHHHHT MOTERIHANIAP
afiupMacH 6HP BOJbLT GyJraH HKKH HYKTAaCH OpPacHAa 3JeK-
TPOHHH KYyyHpHLIRa Ga’kapH/1ajuraH HIUra TEHT. DJEeKTpoH
sapaau e = 1,6-10 71 Ky 6yaranu yuyH

13B=1,6-1071Ka-1B =1,6-10 " 19K,

Uukum HoigHE 6aXKapuil YYYH Kepak 6yiaran sHeprusi-
HH 3JIGKTPOHJIapra Xap XHJ YCyANap: MeTaJJHH KH3IH-
PHII — TEPMO3MHCCHS, YHra EpyFAHMK OHJIaH TabCHP KH-
Juul — (poTOIMHCCHS, MeTajJJIHH aTtoMmJap &€ku wMychar
HOHJap Omyaad 6GoMOapAHMOH KHJHIUI — HKKHJaM4YH 3MHCCHS
Ba 1y CHHrapu ycyJanap OujiaH 6epHII MYMKHH.

48- §. KoHTakT noTeHIHaMIap aiMpMacH

Typan Mojna — ¥TKasruy xKucmjaap OHp-GHPHra Teru-
3uJca, yjaap opacHja NOTeHIMaJiap afiHpMacH XOcHa 6Yy-
Jaau. By norenuunanmap afiupMacH <«KOHTAKT NOTEHYUQAA-
Aap adupmacu» nefinaanm.

Dy Xo@HcaHM MeTajJapHHHT 3JCKTPOH Ha3apHsICH aco-
CHAa TYWYHTHPHII MyMKHH. MoJaekynsp ¢H3RKaZaH Mab-
JYMKM, Xap KaHAaH MeTajJyl HYKH TYSHJuIIH 6Hpop ¢aso-
BHI1 MaHXKapa cHcreMacHpa 6yianu. By nanxapana neapan
xap 6up atom (MOH) TYryHEZ Ba 3JEKTPOHJap 3ca
MeTaJJIapHHHT HyMza (KaTakia) KHCMaH 3PKHH XoJjaa
6ynn6, xap 6Hp aTOMra TaxMHHaH OHTTa 3PKHH 3JIEKTPOH
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Tyrpu kenaau. Ulynudr yuyn xam 1 Mm% xamxmparu sJiek-

TPOHJaPp COHM TYpPJIH MOAJaja TYpJHYa KHAMaTan Gynaanu,

5JIeKTPOHJIapHH Oy KHXaTAaH HAean ras MoJieKyJaiapH-

ra VyxwaTHul MYMKHH, Oy Xxo/naa YJapHHHr OOCHMH KOH-
LeHTpanudara GOFAMK XoJa4a TypJauuya 6ysaanu.

Arap 1v® xaxmaa Ly MoOmAajard 3/1eKTPOHJIApP COHH A,
-~

9/MIEKTPOH MaccacH M Ba ypTaua Te3qHIHHM <<v> 1e6 oJicaK,
ynap OepamuraH GocHM MOJIEKYJIsIP- KHHETHK Hasapusra aco-
CaH:

I >,
p= mn<uv>*=nkT,

6y epaa k — Bosbuman poumuficn 6yau6, k= 1,37-10—23 %(-
ra tetr, T — a6comoTr xapopar, p — MeTaJUIAArH 3JIEKTPOH- ra3
6ocumu. DBup- Gupura TeKkaH lo3ajiaDp Opacuilard KHUKMHA Kar-
JIaMJIaTH 3JIEKTPOH- ra3 Gocumiapu
p, =nkT Ba p, = nkT

6yaca, wy 6unad ny>n, Oya-
ranjia 6y MeTa/lap KOHTaKT/IaH-
I — raHja sjexkTpoHaap Auddysus-
' JAaHHIIMAAH BYXKYATa KEeJyBuH
: | 2| Gocumnap cdapku

7y
!
Py ¥ Ap=py—p, =(n,—n) kT =
= AnkT
99- pacm. 6ynanu (99- pacwm).

CranuoHap xosar 103 Gep-
ryHua KOHTaKkT MOTeHIHadiap aiupmacu AU = @,— ¢, Hoj-
han ¢apkad 6yau6, A% KaraaM opajHK OMpJHMrHra TYFpH Ke-

A o
rad MeTaJ/jard KyulaHraviuk E = v Oynanu;
X
KaTJaMHUHT 1M® KHCMWTra TYFpPH KeJral 3jekrpaapra 6y wa-
JLOH
f=eEnAx=enAU

Ky4 GHJIaH Tabcup STajy.
Bup- 6upura Teruswiran A Ba B yrkasruumapuudr 1M3 ga
6yJiraH 3JeKTPOHJIAD COHH

n,>ng

SKaHJauruaaH Gocum yarapumu A p >0 6yaub, yHHHT audde-
periman udomacu KyhAuparuya €sumagu:
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dp = kTdn = enEdx == endU.

Byngan dU = KT dn 67116, HHTérpamacax,
-4 n

n
A =¢p—¢, =5 In"A (3.26)
e nB )
xocHa 6Vaanu. Dy Merawnap HYuMZa OJHHray 103aja co-
Jup OysiaéTraHu yuyH UWHYKU KOHTAKT noTekyuasiap adup-

Macu pefinjanu.
Merannapuauir 6up-6HpHUra TeKKaH epJjapuja 3J1eKTpOR-

Jap GocuMu TypJHYa 6yaraHd yuyH TOTeHIMAaJ TYIIHUIN

kT ny
— a0

6yaub, Merannap MUMAA CHPTKH 3JEKTPOH KaTjiaM opacH-
Jard noTeHuHa/aap TeHrJala oaMaian.

Meransap cHPTHHHHT BaKyyM €KH XaBo GHJaH XOCHJ
6y.1ran gerapacuga xocua 6yayesum xomuca (100- a, pacm)
TQUWIKIL KOHTAKT nOTeHyuaaaap atiupmacy pednsiagd sa y
Ky#naarnya udozanaHagn:

Ay =—2 — —= ————, (3.27)

6ynpa W,, Wy —ungum munapu. A Ba b yTKasruuJapHHHr
yJanMarad yujapuaard yMyMuH INOTeHUHaja annupma:

W
Ap=A¢, +Ap, = ———— +— [In—=

100- pacm.

133

www.ziyouz.com kutubxonasi



6vanand. By konrtakr motenuuasa aimpmacu 1—1.5 poant
KHiiMaTraya spHuIanH.

BoJsbra Taxpuba acocupa 6Hp KaHua YTKasrH4YJapHH
WIvHAal KaTopra YpHATAHKH, KaTopaard GHpop YTKa3ruy
VaugaH uarapuru Gourka OHp YTK3rHYra Terusujica, Ma-
¢uit Ba y3umaH KeHHHrH yTKasruuyra Terususaca, mycbar
3JeKTpaaHaau. BosabTaHuHr KaTOPH TyGaHiarnya:

Al, Zn, Sa, Cd, Pb, Sb, Bi, Hg, Fe, Cu, Ag, Au, Pt.

Arap Zn 6unan Cu Hu 6Up-GHpPHTa Terusacax, TAalUKH 3aH-
KHpPAArH TOK HYHaJHIIH pyxjaaH MHCra TOMOH HYHaJjrad
6ynanu.

BosbTa TeKUHPHIUJAPHAAH MabiayM GVJIAHKH, GUp XHJI
temnepatypaga A, B, C, D Ba X0Kka30 MeTaJJapHHHT Gup-
6upura xerma-Ker Tteru® TYpDHUIHAa Xap HKKajaa MeTauJ
opacuga (100-6, pacm) xocua GysnaguraH KOHTaKT IOTEH-
UHay aftupManapd 3HI 4YeThAard MeTa/LIapHHHT $eBOCHTA
Gup-6Hpura Teru® TypHIUHAAH X0cua OYJiafuran KOHTAKT
NOoTEeHIHAJ afupMacHHu 6epaiu.

WIkku Gup- 6upura Terud TypyBuH YTKa3ruujaap oOpacuaary

. A9y A@ Aqy
KOHTaKT IMOTeHLHas alUpMacHHu —-, —-, —= opKalu Oes-
Ay, AQy Ay

ru/jiacax, é_CP_1+A$2 -4 A—(—Pﬂ#o 6ynapu. DyHra acocan 3Hr
Ag, Ags Ag@
yeTJarn Merajyap 6up xua GyJca,
A1 4 A9 8% 4 A0
A, Agy A9y Aq

HUrkku A, B merann cuptiapuHd Oup- Oupura TerusraHu-
musga (99- pacm) my xamoH MeTajdsl CHPTJIapu OGP XuA @, MO-
TeHuWaira sra Oysnagd. JIeKHH Xap KaiiCh MeTaJJIHHHE HUYKA
KHCMHAArd TOTEHHHak CdpPT MOTeHLMaad ¢, HaH AoTeHuHal
cakpawl ¢, Ba ¢, ua 1okopd Oysiaau. Ilynpai guaub, merams-
Jard WYKH INOTeHUHawIap @, +@, Ba ¢, +¢, Oynamu. @,
Ba ¢, HKKH Oup- Gupura Terusuaran A pa B meraiapHusr y3-
Jlapura XoC CHPT IOTeHIHa/d caxkpauwiapuaup. A Ba B wmeran-
JlapAard 3JeKTPOH ra3 3udjur, abHM 1 M® Jard ssekTpousap
conu r, Ba n, 6yacuu. Arap n, > n, 6yica, ¢, > ¢, 6ynanu.
By xonna B pan A ra xapa® 0307 37AexTpoHsap Auddy3usicH
Gownanu6, B MeTa/qHuHr moTeHLManu kynas Oopagu, A Me-
TaNJHHHT TOTeHLHanH 3ca nacas OGopaau.

By xapaéH HMKKH METa/JIHHHT HYKH [OTeHUHaJIapH
¥3apo TeHrsiaulryH4a AaBoM 3THO, CYVHI 3J€KTPOHJApHHHI
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6up ToMmomnama audpdysuscu xam TyxTakau. ¥V Xoana
Oup-6upHra TeKKaH MeTajJJjJap oOpacHAa MabjIyM MOTeH-
nHaa akdupMmacu xocua 6Yynaan. By noredumasa aiinpma
$a —@p Ta Tenr HVyany.

Arap saHXHp MeTaJJ Ba 3PUTMajapiAaH TY3HIRG, uyer-
Japugard Moppajaap (asiementsaap) O6up xua Oyiaca, y
BAKTAa 3aHXHP OXHPHAATH nNOTeHLHaJs alHPMAcCH Hojra
TeHr OyaMaciaury MYMKHH, JeMak, OepK 3aHXHpJAa TOK
naigo 6yaanu (ralbBaHHK dJeMEHTIAp).

49- §. Bakyympa anekrp TOokH. TepMoO3jeKTpOH IMHCCHA

Wkky saektpopan wHima naimga (10f- pacM) MycTakua
ra3 paspanu 6ocuM yHYa nact OyaMarad INapoHTAAarvHa
103 OepHIIHN MYMKHH,

T'as 6ocumu 0,0001 MM
cumMob ycTyHHAaH nacafi-
THpPHJCA HaH 3JeKTPOA-
Japupard KydJdaHHU HOJ-
haH ¢apkan Oyaran Tak- ?
AHpAA XaM paspan TYX- K S —
TalgH, SBHH TOK - HOJTra
TeHr Oynu6 xonamu. Yys-
K¥ ras cufipakjalliraHia
YHAArd aToMJap Ba MoJeKkyJjajap Kyaa Kamaiiub, sjek-
TPOH 3apOKAAH HOHJANIHII Ba HOHJADHHHT KaTOAAAH 3JieK-
TPOHJIAPHH ypub _UMKapHIUH XHcobura ToK YTuO TYpPHIIHHHA
Ta’bMHHJANR oNMaiaH.

Bocum simana xamaiiranpa cnupamamran ras 3JexkTp
Vrkasmaitnn. Haiigarn rassau cypu6 onasepub, ynaaru ras
3appaJiapUHHHI KOHLCHTPAUMSCHHH LIy Japaara eTKa-
3ull MYMKHHKH, OyHAa MoJekyhanap Oup-6upu On-
JdaH 6up Mapra XaM TYKHalUMa#H, HaHHUHr OUp JAeBOPHAAH
HKKHHYH JeBopHra era oaaad. Ha#imarn razuunr Oysnai
XoJlaTH eaxyym pe6 artanaad. deMmak, BakyyM SHr AXIIH
H30aaTOp GVIHG XHCOGJaHAMIH.

AMMO BaxkyyMia 3JIEKTP TOKH XOCHJ KHJIHLI MYMKHH,
GVHMHT VYVH BakyyMmra 3apsn TallyBYW 3appajnap Manbau
KHPUTHAMIIN Kepax 6Vnanu.

Byunaii manGauuHr uiyd KYN@HUYa IOKOPH TeMIiepary-
paraya KH3AUPHJIraH METajiJapHHHT 3JEKTPOHJAp 4YHKa-
pHII Xoccacura acocaaHaaH.

busra mMabayMkH, Xap Ka#zal MeTad] yHHHT H4Kla 3p-
KHH 3J€KTpOHJap Gyaumn OujaH XapakrtepjaHaiH, Oy
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IPKHH 3JIEKTPOHJIADP ¥3ura XoC 3JeKTPOH Tas3u XOCHJ KH-
a6, HCCHKAHK XaparaTuaa KaTHaulagH,

SJieKTPOHNIAD MeTAaMJNKaH TalIKapura YHKHIUH YYyH
YHKHII HIIHHM GaxapHIIH KepaK. Arap aJekTpoHjsapra
KyiiumMua »Heprusi Oepusca, yJaapia MeTaMJIHH Tallnab
YUKHII HMKOHH TYFMJaAH. DJeKTpPOHJaapra TypJd ycyJ-
Jlap MacaJ’ad, MeTaJlJIHU éPUTHLI, YHra TALIKH 3JeKTp Mai-
fou GepHll EKM MeTaNJHH KH3AUPHII ycymaapu OuiaaH
sHeprus GepHll MYMKHH. DJIEKTPOHJAPHHHT XHCMAAH YH-
KHIUI XOJAHCACH 3JAeKTPOHAap 3muccuscu peb6 atanaiu.
XKucm xuzdupusreanda 31eKTPOHAAPHURE YHOAH 4UKUUL X0-
ducacu Tepmo3neKTPOH smuccus Oeb arasadu, By xoauca
Daucow TOMOHHIAH Kauld >TH/raH. ‘

Bakyymaa TOK XOCH KHJHLIZA 3apsij TallyB4Y¥ 3appa-
JIapHU 103ara KeJTHPHIILA TEPMOINEKTPOH IMHUCCHALAH
dbofizananunagu.

By xoaucaud taxpuGaza

e yprasul y4yH HaH #H4ura
AN Katoj cHpaTHga HHTHYKA
‘ |
+

CHM KaBuIap/sab, YHHHT yu-

JIApHHH TallKapura 4ydKapuo

T KyaMmHu3. YHH aJoxHAa MaHGa

6, ! €&pramupa YYFAAHTHPAMHU3

L (102- pacm). CuMm uyraadraH

- 3aMOH aHOATA KaTOAra HHC-

! 6ataH Myc6aT mnoreHuuasa Ge-

> " puarad OyJjca, 3aHxupra
yJaHraH TraJbBaHOMETP TOK

102- pacu. fopauruan  kypcatagH. Cum
KaH4ya KYy4Jd uyrJjaHca, rajib-

BAHOMETP TOKHHHI XaM UIyH4Ya Kyn OyAHUIMHH KypcaTaa.
Hemak, uyraHTaH KaTOJ BaKyyMAa 3JEKTP TOKH BYXKyAra
KeJdliy Y4yH 3apyp OyJraum 3apsaj TaulyBYH 3appaJjap-
HUHT OVJHUIKHH TAbMHHJIANUAH, ABHY YVFJAHraH KaTof 3a-
pAn TawyBuH 3appanap Maubau 6Vyaagu. By sappaaap,
asn6aTTa, TEPMO3JEKTPOH IMHCCHA Tydakinu KaToAnaH yuub
YHKKAH 3pKHH 3JexkTpoHaapaup. Kartozgan uukKam aJex-
TpoH/jap aHOA OujiaH KaTojJ OpacHLard 3JeKTp MalaoH
TabCHPHAA aHOX TOMOH TapTHOJH XapakaT KHJAaAH Ba
TOK KYy4YM BYXKyAra KeJalH. XapopaTHH opTHIIH Gu/IaH
KM3IHDHJIAETraH METaJJAaH TIOTeHUHAJ TYCHKHH eHrud
BaKyyMra YHKa&rraH 3JieKTPOHJIap COHH XaM OPTaiH. DJeK- |
TPOHJAp 3apsiA TallyBYH 3appasap OYIraHd yuyd yJap-
HUHC 3JeKTp MaifiloH TabCHpHIa KaTOLAaH aHoara Kapaob
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OKHIIKM HAaTHXKacuaa 3jaekTp Toku optaau. Uly Gunan Gup-
rajuxia TYHHHHLII TOKHHHHT 3HYJMIH XaM Xapoparra xy-
da Kyund GOFJAMK Xoajga oprajd. By Hdboxanun maTeMaTHK .
pasnuiga Pdyapacod — [awmMen Kyfinzardya udoagasna-
ras:
e
kT
.=AT?e = AT?exp (— %), (3.28)

6yuza A — Gapua cod Merananap yuyH peapau OHP XHJ
6yaray xosddunuenr, & — BonbuMan goumuficH; ep—
MeTaAa cupTuOan saxyymea IAEKTPOMHUHZ AXCPAAUE 4U-
Kuwiy yayn sapyp Ofrean uul, GYHU 34eKTPOHHUHE YUKULL
uwu dedusadu.

TepMO3JeKTPOH 3MHCCHST XOAUCACH 3JeKTPOH JiaMmaJaap
tafiépaamina, 3/JAeKTPOH 3MHCCUS XOLHUCACHra acocaH HII-
Jgaiarad acGobmapHy Hmab uHkapumina QoiganaxuaaiH.

50- §. Anekrpon namnanap. Jdox Ba TpHOL

DNeKTPOH JaMNa HYHZaH XaBOCH CYpPHO OJHHraH Ba
6Up Heya 3JEKTPOMJIAD KaBHIAPJMAHTaH LIMIIA €KH MeTaJli
6annouman mGopar. Arap 3JeKTpoaJaap COHH HKKHTa GVJ-
ca, 6yHpall 3JIeKTPOH JaMmna — Ouod, 3JeKTPOAIap COHH
yuta 6yaca — Tpucd neb6 atajdain. IEKTPOILJAPHHHT COHH
yuyTajgaH OPTHK Oy/rad 3JEeKTPOH JaMraJjap XaM Kym HII-
JdaTHaagu. Dapua 3JeKTpOH JaMiajap MULjalliy TepMo-
3JIEKTPOH 3MHCCHS Tydaiaun XocHa Oyaanurad >3JeKTPOH-
Jap OKMMHHH GOIIKapHIIra acoC/AaHraH.

103- pacMaa JauoOxHHHT Ty3uJumiM KypcathiaraH. Kog-
CTPYKUHsICH O¥itHua. 3JeKTpoAJiap TYpJH INaKJgxa Taiép-
JlaHraH Oyauuin MyMm-
kud. Opnmit xonaa Ka- anod
TOJ HHTHYKAZ TYFPH TO-
Jla, aHOX 3Ca KaToAra
HHc6aTaH KOaKCHaJ IH-
JHHAD IIaKJauga Oynaa--
nu. 103- pacmaa puon-
HHHT KOHCTPYKTHB Ba
HIIYH CXeMacH Kypca-
tdarad, Oynga A —
anog, K — karog.

- wamnd
103- pacM.
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JIMOIHMHT MIal NMPHHUMNM GMIaH TAHMINHID YYyH cXeMa-
cu 104- pacMfla KeJATHPHJITAH 3aHXHPHH Tyaamus, Dy cxemaaa
b, — KaTOAHH 4yFnanTHpHIl yuyH ToK OepyBuM Garapes, Y
dijraanmupuls 6amapescu Retunagu; b5, — aHop 6unan Katoq
opacHia KYYaaHHIl XOCHJ KWJyBuH Oarapesi, y ancd Camapes-
cu JeHHNaln, 3MeKTPOAJap opacHiard KYulaHHUIEHM 35ca aHOd
Kytaanuwn . (U)) ne6 aranagn. Avon— (I} ranbeaHoMerp —
anoji, 6arapescu - kaToOAJian MGOPAT 3anXK''DHH AHOJ 3aHXKHPH,
Iy 3aHXHPAArn TOKHU 3ca arnod noku (/,) .26 atanagu. Ka-
TOM ~— UYFIAHTHpHINK  Oatapesicu/laH HOOparT 3aHXXMPHH uyFJja-
HHII 3aHXKHPH €KH KaTOJ 34HXKMDH Ra yHAAH OKaérraH TOKHH
ujraanmupuuws moxku (I,) ne6 aranaau.

Katon uyrnantapumr GatapesicH TOMOHHAAH XOCHJ KH-
JHHraH TOK OHaad Kusgupujaagu. Peocrar R; épaamuia
YVFJAHTHPHII TOKH KYYHHH GOHIKapuO, KaTOAHHHT UVF-
JIaHRII TeMNepaTypacHHH Y3rapTHPHLI MYMKHH. AHOA Kyu-
JIAHHIIMHAHT KaTTaduruud R, peoctar épaaMHua ysrap-
THPHO, y BOJbTMeTp €épaaMuAa, aHOA TOKH — rajilbBaHO-
MeTp épraMuia VidaHaiH.

Arap katom uyrjaaHumiiHH OHMpRaii  cakJjaradH XoJaaa
aHOJ TOK KYYHHHHT AaHOA KYWIaHHIUHra OOFJHKJIHUTHAAH
OMMHTaH, TyTaw 3rpu uu3HKk (105- pacm) Juodnune 6046T-
amnep xapaxrepucruxacu deliusadu,

AHOm XKyuJaHHLIM HOJra TeHT OyJaraHia TepMo3Jiek-
TPOH 3MHCCHA Tydaiin, KaToiAaH YuHb6 YHMKaeTraH 3Jek-
TPOHJAAP YHHUHI aTpodHia »JEKTPOHJAp OYyJAYTHHH XOCHJI
kunaay. Byura Kkapamacaan, ynua Xyn 6yaMmaran XKyAa Kart-
Ta KHHETHK 3Heprusara sra 6yJraH aJeKTPOHJap aHOATaua
yun6 Gopuiura mysaddak 6yaub, aHOX 3aHXKHPHIAAH Ky4-
CH3 TOK OKa Golunaiifiu. DJeKTPOHJAPHHHT aHOATa TYIUH-
IUHHA TYyJAa TyxTatHuml yuyH, AbHu Jo =0 GyJIHWH YUyH,

104- pacmM. 105- pacum.
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agol OWJaaH KaToOd OpacHra MabJdyM KaTTa/JqHKAard MaH-
¢uit Kyunauuin Sepuul Kepak 6ynand. UlyHusr yuyyn nuon-
HHHT BOJIbT-aMIlep XapaKTePHCTHKAaCH HoJjaxaH OoliiaH-
Maf, 6aJkd -KoopauHata OomHgaH O6up 03 4YanpoKAaH
Gomﬂaﬂazm

Arap aHox GHJ3H KaTOA OPACHAA 3JEKTP MAMAOHH XO-
cun guauuca, (Ua >0), y xoaga asjaektpoHsaap Oy.ayTu-
JlaTH 3JeKTPOHJap aHoAra Kapa6 xapakaraaHaau., Kyuaa-
HHII OPTHIUH OWJaH aHOAra TOMOH XapaKaT/JaHyBUYH 3JIeK-
TPOHJIAP COHH Ba YHIa MOC PaBHIIAA aHOL TOKH XaM OPTa-
au. Kyunanuimawar 6uapop Uar gxuiiMatuga adud wy (74)
xapopaTia KartonjaH yuyub uuKaérraH Gapuya 3/JeKTPOHJApP
anopra etH6 Gopaaun. KyunaHUIIHMHT KeHHHTH OpPTHIIH
aHOJ TOKHHH OPTTHPMAlIH, S'bHH TOK TYHHHHUII KHHAMATHra
spumanan. JMemaxk, THlunum ToKy aling Wy Temneparypada
Karod cuprudan Gupauxk 8aKT uxuda y4ub 4UKKAH INeK-
TPOHAQP COHU 6Guran arukaianalu. DunoGapuH, TYHHHHIN
TOKHHH OILIMPHII YUYH KAaTOAHHUHT UVFJAHHUI TeMnepartypa-
CHHH KyTapuil kKepak. 105- pacMaa KaTOJHHHI HUKKH XHJI
yYFrJaHHIl TeMhOepaTypacHaa [AHOAHHHT BOJbT-aMIEp Xa-
paktepuctukacu 123 Ba 1245 xypuuuuIIa 6ean1raH. ByH-
aa To>T,. Byuga TyHuHHIO TOK/IApH XaM TYpJH KHiMaTra
sra Oysaau. By srpuauknapiaH KypuHaJMKH, BOJbT-aMIep
XapaKTePHCTHKA YH3UKJAH 3Mac, JAeMak, JaMIaja XoCHJ
6Vnysun tok OM Kouymura 6ViicyHMaiinn. Uynku amox Ba
KaToj4 oOpacHAa MaBXKyX OYJAYBYH 3JekTpomiap (asoBuil
3apagnap 6yau6, xap NOHM JHOALArH IOTEHIHAJ TaKCH-
MoTHHH V3raptupulb typamu. lyuunr yuyn Tox dasoBufi
3apsaa GyaMaran XosatgarujaH KHYHK Oyaaznu.

Ouonna xocHa 6yaysud TOK [ aHox KyuJaHUIUIH GHiaH
Kyliugargua GOFJIaHraH:

[ = CU?", (3.29)

6yuna C — sjieKTpoisiapHUHr LIaKJura Ba Ysayamura Gor-
JHK GYaran koadduuuent. By ¢dopmynaa srpuaukuunr 124
KHCMHHH uponanab boeycarosckuld — Jlanemwop KOHYHH
8KH «3/2 KOHYHU> Ne6 OPHTHIAMH.

DNeKTPOH JaMIaHHHT UYFJaHraH KaTOAH (akKaT 3JeK-
TPOHJIAp UMKAPaJH, IIYHHHT YUYH JJAMNAHHHT KaTOAH aHOA
6atapesicHHHHT Maudu#l KyrOura yJaHraHjarusa aHol,
3aHKUPHAA TOK MaBXyA Gymanu. Kyliuaran kyuiaHHIIHAHTD
KyT6d VsrapTupHAranaa 6apua 3JeKTpPOHJap Karoira Kai-
tagd. Jlemak, Ouod Gup TomoHaama TOK YTKaA3uuL Xycy-
cuaruea d2a 6yaub, yHiaH Y3rapyBuaH TOKHH TYFpHJAIIfa
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106- pacm.

doiianannnand. Byngait makcag YuyH MyJKaaaaHrag
LHOL KenOTpow Jeb atananu.

DNEKTPOH JiaMNajaru 3JIeKTP TOKHHH GOILKAapHLl MyM-
KHH. DyHuHr yuyH JdMna numra 6Hp €ku OMp Heya KY-
HIHMYa MeTaJJl 3JIEKTPOoAJap KHMPHTHII Kepak. Kynunua
6y 2J€KTpojjiap CHM CHHpajap KypuHHwnaa Ttahépaa-
HajAH Ba KaTold OHJIaH aHOJ OpacHra XOHJalITHPHJIAJH.
By gymumua anekrponsapuu T4paap aefinjanm.

¥4 37eKTpOAJH JaMna EKH TPHOJ aHOl, KaTox Ba TYp
Kabu sJaekTpoanapra sra, 106- pacMma TPHOAHHMHT KOHCT-
PYKTHB Ba HMIUYH cxeMacH GepuaraH, ©Oyama T — 1yp
(yunnuu anexktpoxn). TpuoanarH siaeKTp TOKH (axaT aHoOZ
TIoTeHNHaNura sMmac, 6ankn TYPHHHr kKaToAra HHcbHaran
noTennanura xaM GOFJHK Gyyamu:

I,=fU, U,).

Typ OGunanm kKaToj opacuiarH KYuJiaHHUI T§p Ky4aanu-
wu (Ur) ne6 aragaau. Arap aHoara myc6aT Ba YHua
KaTta OVaMaraH kKyuaauuw Gepumica (6ynaa U>0) neb
XHCcoGaafMH3), Y X0JLa 3JICKTPOHJAp KaTOAHAH Te3POK
TopTHO oauHa Gomafinn. Ynapaan alfippMaapH Typra xam
Tymlagd Ba HaTHUXKajga YHYa kKarta Oyamarad Typ TOKH
Xocusa 6ynann. BHPOK 3/7eKTPOHIaPHHHT acOCHI KHCMH TYp
opxaJd yuub Vrub anoara etu6 Gopanu. llemak, yu aJjex-
TPOANH JdaMnaja XocHJa Oyirad TOX Typia Ba aHOALA XO-
CHJI 6VJ1YBYUH TOKJADHUHT HAFHHAHCHUTA TEHT:

I=1,+1,.

TVYpuuAr KaroAra SIKHH XoHJalUTaHJHTH Tydaiau TVp Ba
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KaToOA OpacHlard KyWIAHHIIHHHT O3THHA V3rapHiId xam
aHOAMAarH TOK Ky4Hra KaTra Tabcup KypcataadH. Uynku y
KaTOAAaH 3JIEKTPOHJIAPDHUHI YHKHIIM Ba XapPakaTJaHHIIHHH
Te3JjatajH.

Typ kyunauuwy (U: ) manduit 6yarauga asod TOKH
KaMasigH Ba erapJaHuya KaTTa MaHdHH KyulaHHIIZA TOK
TaMOMaH HyKonaiu — aamna bepx  xucobaanadu. Arap
aHOM KYYJaHHIMH y3rapmac OyJiradH XoJ Y4yH aHOX TOKH-
HHHF TYP KyuJiaHHIUHra GOFJaHHIUHAAH OJHHTAaH 3TPH
YH3HKKA TPUOOHuUHe T§p xapaxrepucruxacuy (107-pacm)
Ae6 arajgand. I'padukpan xypHHagHKH, TYP KyWIaHHUIHHH
V3rapTapu6 aHoJ TOKHHH KaMaHTHDHIN €KH KynafTHpuIl
MYMKHH 3KaH,

Ia
18
I' His
4“8
N R -J8
N 17 9
SAsh 1, 5
N 0 @
W,y g T
/ '§°/ s § -68
Y2 /1 .
2
- -
U208 -6 -4-20 +2 i
Bonsmnapda 100 zaol/a,B
107- pacm. 108- pacu.

JlaMnasudr TYp XapaKTepHCTHKACHAAH KYyPHHALHKH,
aHOA TOKHHH KYHHMIarH HKKH Xoaaa xam 1) aHom Kyuna-
HHIIHHA Y3raprupMafi TYp KyWIaHHIUMHH Y3raptupub Exku
2) TYp KyuJaHHUIHHH Y3rapTHPMAacAaH aHOJL KyWIaHHUIHHH
Varaptupu6 Oup XuUa KHAMATHHH OJHLIHMH3 MYMKHH G6Y-
Jap sKaH. Dynjgan aHO; NOTeHOWANWHHHT OPTHUIM GHJIAH
TYp XapakTepUCTHKACH MNOTeHUHan KaMaliumu TOMoHra
CH/IKHG, TYp NOTEHHHaaW V3rapHHmM OWJIAH aHON TOKH-
HUHT Y3rapHIlH TEJHTHHH Hpopanaiau. Bynra xapakre-
pucrukarune Tukaueu Oeliusadu Ba Kyiumaru dopmyaa
6uaau uboganananu:
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s=gm, (M) () e
AUz —»0 \AU.r Ua 0UT Ua.

JlaMnanuHr TYp NOTEHUHHAJHHH IOHMHI cakKJaab aHon
KyuJaHHIIAHE #N3rapTupH6 aHOA TOKH OHJaH® GOFnanH-
LUHHH OJICaK, Y4 IAEKTPOOAU NAMNOHUHZ  80AbLT-AMNED
xapaxrepuctuxacu (108- pacM) Xxocua 6yaamu. By xonaa
XaM Typ I[OTEHIHAJH OpTCa, '@HOK  XapaKTePHCTHKAacH
aHOJ KYUJNAaHHIUHHMHF KaMailHIll TOMOHHra Kapa® CHJ-
HKuhan.

By HKKaJa xapaKTepHCTHKAHH XaM YMYMHHA XO0JIa Ka-
pacak, OM KoHyHHra Oyficyumaitad. AMMO INYHAAN KH-
YUK KMCMHHM TODHII MYMKHHKH, Y TYFpH 4M3HKAaH HOO-
par 6yau6, ury kHcM yuyH OM KOHYHHHH TaTOHK KHJHII MyM-
KnH, 6y KHCM OepHJraH KyuiaHHIl (EKH TOK XKY4Yd) YUYYH
KapIHAHK MaBxyaaurunu udopanaitan. by kapmnankka
AAMNARUKE W4KU KapuwiuAuew pelWnaad Ba KylHzaruya
HdonanaHamu: :

R, = lim'(“’a‘) __.(a“a) o Ga

sa—o\al, ), o, |y

Huku xapwuaik TYp Kydaranuwu Gazapmazanda anod
TOKU f3eapuwin Ousan aHo0  KY4HAGHUWUKUHKZ  U3eapuus
Tesaueunu ugpodaraiiou.

Huxost, namnaun xapakrtepsioBuH (H3MK KaTTaJHKJIAp-
faH Oupu TYP XapaKTePHCTHKACHAAH AHHMKJAHYBUH AGM-
nanune Kysaitupuu Ko3gguyuentudup. ByHHHT YUyH WYH-
Jall HKKHTa TYP XapaKTepHCTHKacHMHH (HKKH XHJ aHoOf
KYYWIaHHIINAA) OJaMH3KH, aHOJ TOKJapH GHp XHJ KHIMaT-
ra sra OVicun. AHOO TOKAQpUHUHZ KULMATUHU §32apTup-
Maz2an xoaarda TYp Kyuranmuwu Gup soavTea f32aputiu
YuyH aHOO KY4YAGHULWIUHU KAH4YA2Q [j32apTUPUUL KepaKAu-
2UHW KIpcaTysuu KATTAAUKKA AAMNGHUHZ Ky4adTupuiwi Ko-
sppuyuenru dediuradu:

. AU U
p= lim (___1 ____.( 2 ) . (3.32)
AUL -0 AU, Iy oU, Iy

\ \

XapaKTepHCTHKAHHHT HINYH (TYFPH YH3UKJH) KHCMHHHUHT
THKJIMTH KaHya kaTta 6y/ca, Typ KyuJaHHUIH OPTraHAa aHox
TOKH XaM luyHua KecKHH opraad. Ulyuwunr yuys Tpuoanan
3aud TOK Ba KydJaHHULIAp TeOpaHUULIapHHH KydaHTHD-
THY cHbpaTtHaa (olifanaHHIl HMKOHMATH Tyrunazu. DBysm-
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Jlay TallKapH TPpHOAJAH Y3rapysyaH TOK Ba KyWJIaHHIIIADHH
redepanusiiall (yHFOTHIU) Xxamaa V3rapTHpHII (WIAKJIHHH

y3rapTUpHil) YyuyH (oHZaNaHHIl MYMKHH,

IV BOB. Y3rAPMAC TOKHHUHI MATHHT MAHOOHH

51- §. TOKHUHr MAarHHT MafAOHM

XapakaTcu3 TypraH 3JEKTp 3apfAlJapH OpacHAa XOCHJ
6yayBun y3apo TaBCHP Xap 6up 3apax atpodHaa MaBKYL
Pyarad 3JeKTp MaliloHH OpKaJH Y3aTHJHO, KyJIOH KOHY-

HH OHWJiaH aHHKJIaHAP 31H.

duau 1820 fiunnapra naHus-
JIMK OJHM JpCTel TOMOHUIAH
yTKa3uaraH, 3JEKTpP X0AHCaJja-
p4 GuUIaH MarHHT XOMHCAJapH
opacuaaru OOFNAaHHUIHH Kypca-
TyBYM Ta)kpuGanap O6unaH Ta-
HUIWIHG YHKaNIUK.

1. XajaKacuMoH  yTKasruy
o116, YHAAH TOK yTKa3aMH3 Ba
YHCA HIAK HOTa OCHJraH 3apsii-
jgagrad A cHHall LIapYacHHH
axudaamitupamMus  (109- pacm).
Mapuara xanka TOMOHHAAH
TABCUD 3TYBUH XeU KaHZall Kyu-
HH ce3MaiMu3s. JleMak, TOKJH
VTKA3rHYAaH TAlIKAPUAA 3JEKTp
MaiifoHn xocusa 6yamait, 6anku
YTKa3rH4YAaH yarapmac TOK VT-
ragjga XoCHa1 OYJAYBUH 3JeKTP
Mafiforsn OyTyHsaall  YTKa3rHY
HYHra }ofyauran 6ynap skaH.

110- pacm.
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2. MaruHr crpenka oaub, yHHHr YKH 6Vitna6 cHM TOpD-
rafiauk (110-a pacm). Cumagan TOK  VTraHga  MarHHT
cTpeskacH V3HHHMHT JacTJabKH BasuaTHAaH oFaxu (110-6
pacM). Arap TOKHHHT HyHaaHIUHHH Y3rapTHpCaK, MAarsuTt
CTPeNKACHHHHI OFMII HMYHaauwH xam §ysrapagd (110-8
pacM).

Taxpnbara acocnanub TOKJAH VTKa3ruu artpoduiaru
cbasolla MAarHHT CTPEJKaCHHH XapaKaTra KeJTHPYBUH KaH-
DaiAHp Kyujaap TabCHp KHJIaAH, AelaH XyJjocara KeJlaMmuas,

3. daacTHK cmMra
H30JAUHSAIAHTH CHM-
JaH KHJAHXHTAH FajTdk-
HH ocHO, yHIaH TOK yT-
KazaMH3 Ba YHra Mmar-
HUTHH SKHHJIALITHDaMH3
(111- pacm). Fanraknahn
yraétran TOKHMHT ¥§-

D

5 & Haauwura Kapab raJ-
— TaKHHHI MarHuIra TOp-
-— THAUWEHA  €KH  YHIaH

111- pacm. HTapHJAHLWIHHH KYpamus.

Taxpuba Maruur Ba

TOKJIH YTKAa3ruy arpodHaaru cpasona TOKJH YTKasrHuHH

XapakaTtra KeJTHPYBYH KaHJaHlaup Ky4uAap TabCcup 1<,mm~
LIHHH KypcaTagny.

4, VIKKHTa 3JaCTHK TYFPH CHMHH OHpP-GHpHra mnapaJ-

Jeq KHanO BepTHKaa papuimifa ypHatamus. Hly cumaapaan

112- pacu,
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TOK VTKascak, yJap OHp-OHpura TabcHp Kuaaiu. Arap
TOKJap KapaMa-Kapllu HyHaauwgapaa 63Jca, yTKasruy-
Jap wrapuwiagd (112-6 pacm), rtokjaap OHD #HyHandHwAa
6yJca, ysapo Topruwaad (112- a pacm).

5. Arap MeraJy YTKasruuJapHH CYIOJTHPHIraH KHCJIOTa
3pUTMacH OHJaH TYJIMPHJAraH IWIHIIA Ha&id OHAaH TYJaAH-
pu6, yura Merasq CHM TYWHPHO TOK yTKascak xamia
CHMJapHA yJAaHHII KYTOJapHHH ajaMallTHpHO Typcak, Hal
éuuaa TypraH MarHHT CTPEJKACHHHHT XOJaTH TOK HyHa-
JHIIM V3rapuluura kKapab Vyarapranaumrsud kypamus. [le-
Mak, 0y X0JjJ1a XaM MAarHuT CTPeJKacura TabCHp 3TYyBYH
Ky4 MaBXya 6yaap 3KaH.

6. AMnep ysyH TYFpDH CHMJaH ficairag FajTak (coJe-
HOHM/J) HH IIyHAal ypHATAaAHKH, yHTA TAlIKH TabcHp G-
ranja 3pPKHH CHJIXKHH oJaaH. ¥ COJNEHOHMAJ2aH TOK YTKa-
346, yHMHr OHp y4YHra TYFPH JOMMHI MAarHMTHHHI HIMMO-
Juil KyTOHHM SKHHJIALITHPCA, YHAAH HTapuiajd, xaHyOui
KYTOHHH SIKHHJAlUTHPca 3Ca SKHHJIAWTaHHHH, S'BHH TOP-
THATAHHHH Ky3araiH., Dy Baxriaa TOKJH COJIeHOMZ XYAILH
TYFPH MAarHHTAEK TabCHPJAlUTaHJIHTHHH Kypamus. Maiigon
AYHA MIIKMHE KefiuHTH nNaparpadpa KaHRad aHHKJAAUIHHH
KypaMu3. Tokau yTKa3rauJapHUHr §3apo Ta’bCHPHra fjaapo
MaeHUuT TABCUP Jetiuradu.

Jemaxk, 1oxopuaarn taxpnOajsapra acocaaHnb, TOKJIH
VTKasrnunap arpodpumard ¢asona TOKJAH YTKA3THUJIAPHH
XapakaTtra KeJITHPYBUH KaHAaHAHP Ky4/J1ap TabCHP KHJAALH
JeraH xyJjiocara KejqaMH3. '

By Ttaxkxpu6anapHuHT XaM-
Macd TOKJap y3apo TabcHp
3TraHAa, MAarHHUT TOKKAa €KH
TOK MAarHHTra TabCHP KHJI-
ranfa HaMmMoéH Oysanuran
KyyYJapHHHT Tab¥aTtH GHP XuA
JleraH xyJjocara oau6 Keaaji.
by xyunap maenur xyuaapu
AeHnaann.

Tuna xonmatpa  Typrasu
3JeKTP 3apsjjapud aTpodH-
har# ¢asoga 3JeKTp MaWAOH
xocun 6ynranu KaGH, TOKJap
arpoduiars xaM TOKJH VT-
Kasrgura TabCHP 3TYBYH Ma- |
TePHAHHHT  Maxcyc HIaKJH -
6yaran maenur maitdon Xo- 113- pacwm.
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cua 6ynaan. MaHa wy MardHuT MalijoHiap MarHHT Kyuja-
PUHHHT Maﬂéammp

By yrtkasuaran rtaxpubaaapaaH Kypm{anmm 3JIeKTP
TOKH, s'bHH XapaKaTJaHaéTraH 3/JeKTp 3apsAjapH MaBXya
6yjaran xaMMma epaa MarHuT MalxoHaapH xam OyJanu.
JleMak, 34eKTp TOKU OUAQH MOAZHUT MALOOHHU Oup-6upu-
dan ascpatu6 Ofamaridu. Maruur Maiizonnu Tok (xapa-
KarJaHaéTtraH 3aPsijll) XOCHJ KHJIaAH; MarHUT MaiZOHHHHT
MaBXYyJ SKaHJUTCH TOKKa (XapakaTjaHaéTraH 3apsapra)
TabCHPH OPKaJH aHUKJaHagd. by MarHHT MaAXOHHHHT
acoCHii XycyCHATJNapHAup. YTKa3THYAa TOK XOCHJ Oy.araH-
IardHa MAariHuT MafjaoH BYXKyAra KearaHHaaH, TOKHH KY-
NHHYa, MazHUr maidon manbau neb Kapajaid.

Maraur Maitpon Moaza smac, 6ajnki aloxHAa 3appa-
JapAaH My»KaccaMJaHraH MojajajnaH TamMoMuaa ¢apKiu
paBHLIZa MaTepUAHMHr $a3oja y3AYKCH3 MaBxkyn Oyaran
TYpHUIHD. ‘

Maruut Maiigon martepus 6yaraHH yuyH 3Heprusra
sra, Marnutr mailinoH sHeprusich (Qasoga Y3JYKCH3 Tak:-
cumnanrad. TokaW  JTKasTHYJNAapHUHT MarHHT MafizoHH
YeKCH3JHKKa éiuaanyu, 6HpoK Macoda opTHIIH GHJIAH Mar-
HUT KyuaapHd xyaa te3 3audaawann. Ulyyusr yuyn aMadn-
Ja MarHuT Kyd4JapHHHHI TabCHPHHHU TOKJAH YTKasruura
AKHH Macothanapaardiia ce3uill MyMKHH.

52-§. Maryut MaliloH HHAYKUHA BEKTOPH

diekTpocTaTHKaga OH3  3JEKTPOCTAaTHK MaHAOHHHHT
XOCCaJapHHH, HYKTaBHH 3apsii, AbHH YJayaMJapH wmy Maii-
JOHHH XOCHJ KHJaérraum 3apsijapraua 6yaran Macoda-
Japra HUcGaraH KH4MK OyJsraH JKHCMJapia TYmJIaHTraH
3apsan €paaMuaa ypraHZHK. MarHut MafgOHHHHT Xocca-
JApHHH 3ca Wy MaWAOHHHHT TOKJH GepK sCCH KOHTYprd
Kypcatajgurad tabcupura xapab ypranamus. Dynna#t kon-
TYyp pamka 0e6 araradu. By KOHTYPHHHT yJauammapd mar-
HHT MafJIOHHH BYXKYAra KeJTHPA&TraH TOKJap OKaéTrran
{'Tkasruujapraya 6yaras Macodara HuCOaTaH KHUHK 6Y-
JULIH Kepak. MarHut MaiifloHHH TeKIIMpHIW y4yyH O6ypa-
auil gedopManHsacHHH ce3a oJaauraH, HHTHUK2 3JaCTHK
cHuMra ocub6 KVAHAran paMKajgaH cponna.naﬂamna

Taxpuba, TOKJAH paMKa TOKJIH YTKa3rHy sIKUHUra Xo#-
JAIUTHPHIATaHAa TOKJAH VYTKA3rH4 XOCHJA KHJITaH MartuT
MafiloH paMKara OPHEHTHPJIOBYH TabCHD Kypca'mum Ha-
THXKACHIA YHH MabiayM Oypuakka OypHJIMIIHHH Kypca-
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114- pacMm. 115- pacm.,

TaiH. MacanaH, y3yH TYFpH CHM opkaad I TOox oxaérrau
6Yacun (114- pacm). DyHpafi cuM sikHHHra KeJTHPHJATaH
1y rox yraérran ABCD paMka Gypuaub, cuM ODKaJH yTYB-
un A,—ABCDD, rexkucank 6Yinaé xofsawmrad. DByHna
PaMKaHHHT OPHEHTHPJAHHIUM YHIATH TOKHHHI HVHAJRUIHTra
6orIMK GYsanu, pamxkajnark /; TOKHMHT HyHasauiuu yarap-
raspa pamka 180° ra Gypunazu. PaMkaHHHr MarHut ma#-
AOHRa MyaiifiH Tap3ia OPHEHTHPJIAHHII XOAHCACH MATHHUT
MafJOHHHHT y3H Xam #yHaJaplira sra 35KaHJHTHHH Guinu-
panu. Hemak, MardiuT MailOHHH XapakTepJjaWAMran Kar-
TaJHK BeKTOp Oyauuiy Ba 6y BeKTOPHHHT HYHAJHIIH paM-
Ka €KH MAarHHT CcTpeJKacH 3rajjialiaurad iyHajauiura 60F-
JUK OynHIuN KepaK. MarsHT MafijoHHH xapaktepJaafiiH-
ral 6y BEKTOp KaTTaJHK MacHUT UHJdykyus eexropu neb
atajafAy. MarHuT HHAYKUHMS BEKTOPHHHHT paMKa Typrad
XKo#parn HyHanaumu yUyH paMKa TeKHCJANTMra VTKa3ni-
raH HOPMaJHHHI Myc6aT >KOHJawiajaurad Hynaaumu xabya
KunuHrad, HopManuuHr yudaan KapajiraHaa paMKagard
TOK COaT CTPeJKacH XapaKaTHra TeCKapH HyHaJaraH xoJja
KypuHca (115- pacm), 6y HYHaIHIUHH HOPMAJIHUHT MYC-
6ar HYHaJHIUM Ae6 kabya KuaWHagd. boumkaga afitraHna,
HOPMaJIHHHT Myc6GaTt HYyHaAHUKM KUJAHO mapMa MAaCTACHHHHT
XapakaT HYyHaJHIIM DPaMKaaaH OKaéTraH TOKHUHI HyHa-
JHmy 6HAaH Moc 6yarad mapma (yHr BUHT)HHHF HJITapH-
JlaHMa xXapakaT HyHaJHWH KalOyJa KHJHHTAH.

Maiifion TabCupHia PAMKAHHHT OPHEHTHPJAHHIUK Mar-
HHT MalfoHAa paMKara XyQT Kyd Tabcdp KHIHIIHHEK KYp-
caragn. Taxpn6a 6y KydT Kyd MOMEHTHHHHT KaTTajHIH
Maraur MaBJOHHM BYXYAra KeJaTHpa€TraH TOKJapra Ba
yJapHUHT BasusATHra, WIYHHHTAEK, PaMKaHHHT Xoccaja-
pura: Vyauamjapu, OpPHEHTHPJAHHUIM Ba YHAaH Yyraérrad
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TOK KyuHra OORJHK SKaHJIMrHHH  Kypcataad. Maswnym
KaTTaJIMKAArd TOK yTaérraH paMKara VTKasuJraH HoOpMads,
marunt Malijon Gyiina6 fAyHaarampa paMmkara TabCHP KH-
aaérran XypT Kyu MoMeHTH HoJra TeHr Oyyanu. Pamkara
YTKasHATaH HOPMaJ MarHuT MaHZOHra MepleHIHKYJAAp
AYuanranga sca Kydpr Kyy MOMEHTH MaKcHuMaJa KuiiMarra

3pHLIAH.
Taxpubana Kyt Kyusap MOMEHTHHHHT MakcHmaJa KuiMa-

TH M, pavMkajard / TOK Kyuura Xamia paMKasuer S fosura
HPONOPLHOHA/ SKAHJHIHra HIIOHY XOCHJ KHJHLI OCOH, SBHH

M~ 1S.
Taxpu6ana tonuaran 6y  acocuil (aKTAaH MAarHeT
MaiiloHHN MUKAOPH#A XKHXaTAaH Xapakrtepjail yuyd ¢of-
JaJaHHin MYMKHH. XaKHKaTaH XaM

Mmax

B =
IS

(4.1)

HHCOAT paMKaHHHT Xoccajgapura GorsHK G6y/Mai asoHHHT aHUK
6up HyKTacHIa MarHHT MaiiJIOHHH XapaKTepsadmu. By kartanuk
Mazuum matidon undyxkyus eexmopu Neb6 artamagu. Dy karra-

—_
auk B xapdu Gunan Gearunasapu. Kyu MoMenTH Kyu OusaH
€/IKaHHHT KyNa#TMacura TeHI 3KAH/JHIHHH Xucobra ojcak, 6y
dopMmysasd Kyd opkand uboiajallMMH3 MYMKHH G6y/1aiu Ba

B,=} 77— Kypusmumin onazy. Arap yTkasruunuar dl sie-

MEHTap KUCMMHU 0/ICaK, YHHHT XOCHJT KUJIraH MaBJoH HHAYK-
IHACH xaM aseMeHTap 6yau0 yyhujaruua udomananagd:
dF

dB = ——.
1di

Maruur MalaoH HHAYKUHS BEKTOPH MAarHuUT MafiJoHHH
“TyJHK TaBcudrafaH, YyHKH (asoHHHr Xap OHP HyKTacu
yuyH 6y BEKTOPHHHI' COH KHAMAaTH Ba HYHAIMIIHHH TOMHIL
"MYMKHH,

CH cHcTeMacHga MarHHT MadJoOH HHAYKUUS OUPJUTH
KHAHO wyHOaid maeHur maidoHrune UHOYKYuAcu Kabyas
Kuaunaduxu, 6y matdonda to3m | Mm% bijrean pamkadawn
1 A rox yrzanda pamrxaza maiddon tomonudan 1 H-m mo-
MenT 6usan Tawcup xijpcaruaraldu. Maruur wMmafinoH HH-
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LYKIHSCHHUHT 6y Gupaurn Tecaa wapadura recaa (Ta),
ne6 atanaan. Ulynpaii xuano,
IH-m
lB = =
1A.-m2 MA
JneKTP MafIOHHHHI Ky4 XapaKTEepHCTHKacH 6y/iub MaiifioH
—

KYYJIaHTaHJUTHHUHT £ BeKTOPH XMcoOsiaHCa, MarHuT HHAYK-

—_—
uMa B  BEKTODH MATHHT MafOHHMHT Ky4 XapakTepHCTHKACH
6yau6 xucobnanany.
DJIeKTPOCTAaTHKAAA 3JICKT-
pocraTHK  MalAoH KyuwlaH- - -~

raHJMK YH3HKJapH OpKasiu 8 5
TACBHPJIAHTaHH KaGH MAarHHT ﬁ
MalJOHHH XaM MAarsur Mmail- % 4

JOH MHAYKUHS  YUSHKJAPH «

OpKaJa{d TacBHpJall MYMKHH. 116- pacu,

Maraur MalijoH HHIYKUHSA

UH3HKJAapu Jeb WIyHaad 4H3HKJapra afTHIaJuKH, yJapra

XTKaEsHﬂI‘aH yPHHMajap Mai[JOHHHHI Xxap OHP HyKTacuia

B Bektop Ounan 6up xun HyHaaran Gynagu (116- pacm).

ITapMma KouaacHian ¢dofimananub, TypJaH Xycycuii xoJ-
Japia MarduT MaiioH KydY UYH3HKJADHHHHT MaH3apacHHH
aHUKJAUUMH3 MYMKHH. MHucon TapHKacuia TOKJIH TYFPH
YTKa3rHYHHHr MarHHUT MafAOH = YYyH MArHHT HHIAYKUMS
YH3UKJAPHHH sicaliMM3: -arap NapMaHHHT HJArapHJaHMa
XapakaTHHH TOK OujaH OHp XHJ HYHAJNTHpCaK, y XoJdia
napMa JacTACHHHHT aiJaHMIl AYHAJAHIUM MAarHHT HHAYK-
UM YH3UKJAPHHHHAT  HYHaJAHMIOHHKH  Kypcatagu (117-a
pacm).

T{rph TOK MarHHT MaWIOHHHHHT HMHAYKIHS YH3HKJapH
MapKa3napH yTKa3rHy YKHAa XOHNalWraH KOHIEHTPHK aii-
Aanajaapaan m6opar 6yaub, 6y a#iyananap YTKasruu YKH-
ra nepneHAMKyJlsip TeKHCHAHKAa €rand. AfilaHanapra yTKa-
BHJTAH CTPeIKaJ¥ UH3HKJIAD MAasKyp Kyi UH3HKJIApHTd

ypuuma 6yaran B HHAYKHMA BEKTOPHHHHT HYHANHIIHHH
KypcaTagu. IJACKTp MaHZOH Ky4JAHTaHJIHTHHUHT YH3HK-
Japu KaGH MAarHHT HHAVKUHA 4YH3HKJIapH WIyHjai yTKa-
3UJaJAHKH, YJAPHHHT 3HUIMFH MarHuT MaiZoH HHAYKUHA
BEKTOPHMHHHT IUY KOHZArH KHHMaTHHH XapaxkrepaaiiH.
IOkopuaa KypcaTadrad ycya OuiaH afilaHMa TOKHHHI
(117- 6 pacm), conenoun (Tokaum Faiartak) uunr (117-8
pacM) Ba TOPOHZ (Mapkasjapu alinaHa GVitna6 xoinmaii-
ran 6up Xxua afilaHMa TokJaap cucremacu) muar (117-2

=1 Tecna = 1Ta.
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pacM) MAarHHT HHAYKUHACH
YH3UK/JIAPHHUHT MaH3apacCHHH
aHuknaw MyMmkuH, CoJjieHo-
HAHHHT HYKH KHCMHJa Mar-
HUT MaHOHHH OWP IKHUHCJH
pefiuiy MymkuH. TopoHAHUHD
MarHuT  MalgoHH dakar
YHUHT HYKH KUCMHAaZ My:Kac-
caMmaatrau Oynand.
CO/EHOHAHHHT ~ MAaTHHT
MaiijoHu (coJeHoug TawIKa-
pucuparu  MafgoH) OHJIaH
AOHMHI  MarHHT  MaHAOHH
opacudia  yxwawiadk  6o0p
(118-pacm). Ilaprau paBum-
da KyY UM3HKJapu FaJjTak-
HHHT OHMP y4YHHaH YHKHO, HK-
KHHUH yuura KupagH, je6
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118- pacm. ) 119- pacm.

xucobaaw MyMxkHH. J[OHMHH MarHHTHHHI Ky4 UYH3HMKJapH
YHKAJMTaH Y4H MarHUTHHHT wumorud Kyréu (6y gyt6 N
xaphu Oujan OedarunaHagf), Kyd 4U3HKJIADH KHPaaHras
HKKHHYH YUH 5ca scanybud xyréu (6y Kyr6 S xapdu 6n-
jgaH Gearunarangu) Je6 atanagu. Tokam Xxap xKaHZad raJj-
TaKHHHT XaM HKKHTA MarHHT KyT6u G6ynamu (117- 8 pacm-
ra kapadr), Fanrak ypamyapuaarn TOKHHHI HYHaAJIHIIH
MabayM OyJica, Mardur KytOJapHHH mapMa KOHAAcH aco-
CHIAa aHHKJAIl MYMKHH,

FaaraknuHr 6up yuwmra KapaaraHga raatak ypamia-
pHIarn TOK CO0AT CTPeJKacH XapakaTHra TecKapum HyHa-
JHiIxa oKaauran O6yaub KYpHHCa, FajTakHuHr 6y yun
wruMoaui kyr6 6Vaamm (119-a pacm). FaarakHuur HK-
KMHYH yuu )KaHyOuit kyr6 6ynu6, yHHHr 6y yuura Kapaa-
rasja TOK FaJITaK ypaMJlapHIaH COaT CTPEJKAcH XapakaTu
nywaaumpaa oxagn (119-6 pacm). Faaraksunr gytbaa-
puHH V3rapTUpHII YUyH YHAAr¥ TOKHMHAL HYHAJHUIHHU
yarapruprul kudos. Al Oup ailjlaHMa TOK HKKH Ka-
paMa-kapi# ToMOHA2H (6Mp TOMOHJNAH KaparaHja coar
cTpenKacH xapakaTH OVyiimua, HKKHHYH TOMOHAAH YHra .
KapaMa-KaplH OKYyBuUH Tox cHdaTHAa) TabcHp 3TagH. By
Mazaur Kyréaapu gaxar wypr xorda masxcyd OGisumunu
8a 6upop ycya 6usan 6UTTA KYTO XOCUA KUAUWL MYMKUH
amacauzunu 6usdupadu.

Toknan YyTKasrHujapHuHr atpoduga MarHut MaiAcH
MaBXKYA SKAHJAWTHHM TEMHP KYKYHJap épaaMHla aHHKJAll
MYMKIH, Marudr MafioHfa TEMHUDP KYKYHJIAapHHH TALUKHJ
KHJATAH TEMHp Tapuyajiapy KHYKHHA MarHHT CTpelKajapu
Basupacuun Gaxapaad. Maruur MaligoHra xKoljawTu-
pUJTaH MarHHT cTpeika WyHnalh BasHATHH OJajHKH, Oy
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BasHATAA YHHUHT YKH (KyT6GJapiaH YTyBuUH HyHaadur) wy
CTpesiKa KolJjalraH HyKrajgard MaigodH #yHaauwiy 6u-
aag Moc tymagu. Hlyaudar yuyd MarsuT MafifoHra KHpH-
THATAH TEMHUP KYKYHJADUHUHI KOHJAWUWH MaAAOHHHHT
XapaxTepHHu KypcaTalal.

Maenur unoyryusacu wusuksapunune myxum XYcycusru
WYHOAH UGOPATKU, YAAPHUKE OOUWAAHUULIL XAM OXUPU XaOM
6fjamaiiou. ¥aap xamuwa Gepx 6aradu.

53- §. Bno-CaBép-JIaml,ac KOHYHH Ba YHHHr KYJJaHHIIH

buo Ba CaBap yarapmac Tok yraérraH yTKasruu aTpo-
¢buna maruur MafiaoH GOpPJAUrHHH MafiKa® IpcTel TaxpH-
6acHga MarHur crpeqaka (koMmmac) KyTOnapura napaJjes
cuM ypHatuO TOK 1060praHia, MarHUT CTPejKaHHHT GypH-
JIRIIN XaMAa KOHHEHTPHK afijaHa BaTap uH3HK 6yinad yp-
HAaUHLJIAPH aCOCHAA MArHUT MaHAOH Ba VHHHI TabCHPHHH
YyKyp Vpranamaap.

Bakyymaa onuuran xap xaHpait HxTHépuil makamard yT-
KasruuHuHT d! guemura TYrpu KedraH [dl TOK 3/AeMeHTHHUHT
(120- pacm) ynaan R ysokamkigarH A HYKTaga MarHut MaijoH
uHAyKuusacH dB, my Tok snementu /dl ra Ba TOK HAYHaNHIM
OuslaH pajuyc- BeKTOp HYHAJIHILH OPAacHAarH o GYpPYaKHHHT CH-
Hycdra TYepd nponopuu#ona1 6yaH6, macodpa R HUHr KBajpa-
THra TecKapd MPONopUHOHAT, SBHU

o
dB =k —['22—— Mo SN X, (42)

By epna k nponopusonannuk kosbuuuentd, CH cucremaga
1

k= el Bexrop nbopacu
ys

120- pacu.
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-
Nd ! - Rl

dB = hp, = (4.22)

6ynany.
Po =4m-107 —M— — Marspr JouMHAIHK €KH BakyyM yuyH ab-

COJMIIOT MAarHHT CHHIJHPYBYAHJIHK.

Amanna é1ru3 oanmraH TOK 3JeMmeHTH [dl Hu anoxuja ax-
patub onub 6ysMaiinu (Tok ¢akar Gepk samxupiaruna 6ynanu),
ny ca6aGjd oNMHran YTKasrHYHHHT LWAKAH y9yH Oy KOHYHHH
MHTerpamial, YMKKaH XycycHil udopaiapHH TakpHOaza TeKiuu-
PHIII MYMKHH.

IHr opAMA MATHHT MAHAOH MHAYKUHS BEKTODJAPMHH XM-

cobnau.

. Tokan YTkasruu afinana wakaga Gysca (121- pacwm),

—

yHUHT Mapkasujard B e TyGanjaruya xucolsami MYMKHH,
AfinanaHunr xaMMma Hykranapu yuyyH a = 90° 6yiub6, sina =
=1, I Ba R 3ca poumuii KaTTanukaap, d/ HUHr §3rapumn ye-
rapacu 0° gan 2nR raua, Oy Xos yuyH

27R )
B=-p—“ s‘ Id] sina — pal 5‘ dl =2 (4.3
4n R2 4nR2
CH cucremaga Myxut yuyH
1
B = py,—. 4.3 a
P52 (4.3 a)

2. Xyna y3yH TYFpM uM3uK cuM opxanu [ TOK YTrauaa
YHIAH SHT KUCKA R YSOKJHKAATH
HyKTaJa MarHuT MaiJoH HHIYK-
LHA BEKTOpH, IBHH xaMmMa d! sje-
MEHTJIap XOCH/J KWIraH MarHur
MaltjioH HHIKIUS  BEKTOp/Iap -
FUH JUCHHH TONAMIHK. DYHHHT yuyH
122-pacMpan oiianaHamus.

YTkasruu ysynauru [+l 6§-
6, | =1, nebodacak, L B;=428%,
6y.1anu.

R
R =rcosf, Gyunan r-—c—oé—ﬁ_
Ba —l—=tgf} Ba [=RtgPp

R

122- pacm.
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R

cos? §

Ba cosp = —— jemak, sina =cosp. By onmuHran
r

6yau6, OGysaan dl = df. Pacmaan sma  sina =

TeHIJIaManap xucoGra OJHMHCA, Y3YHJHIH YeKCH3 OyJaraH yTKas-
THY 3JIeMEHTJIADHHHHT XOCHJ KWIraH HHAyKuua dB  JapuyHr
HMFHHIMCH, SITBHY MHTerpaJjy

B, B,
B= Mo I sinn dl = ol g‘ R cos P dp
4n r? 4 ) K2 s
—Fs —hs cosz B B

= Z—‘;’E (sin B, -+ sinB,).

JKyga yayn cum yuyn [ +1; > R Ba By =0, = % Zecak,
7
SR (4.4)

Iy ka6u xpcobrauwiapaa, aiiiaa TOK yKuzarn A HyKTa-
Jar¥ MHAYKIHUs BEKTOPH:

IR?
B = pow. (45)
Aiinana mapkasn yuyn d = 0 jeraHpa 1okopuaary (4.5) jaH .
YHK3]H.

B =y,

B =t | (4.3)

2R
buo-CaBap-Jlansac KoHyHHAQH IOKOPHAard xucobiaain
Ouslan YHKKaH MariHT MalJoH HHAYKUHACHHHHT HQoxaja-
PHHH Taxpuba OpKaJH aMajui TeKIUHDHII HaTHKajapH
TOKHHHT [dl 3J1eMeHTH yuyH TakKJAH] ITHAraH KOHYHHHHT
TYFPH 3KaHJHTHHHU TacAuKNaHIH.
3. CoseHOHA HUMJa MarHUT MafAOH HHAYKUHS BEKTODH:

B =y, —lN— = uoln, (4.6)

o 1
6ynna [ — coenoMpagad yTaéTraH TOK KYuH, 7 = -~ core-

HOMJHMHT OMDJMK Y3YHJAMIHra TYFPH KeJdyBuM Vpamiap COHH,
{ — coneHoupHHAT y3yHaurH, N — Gapua Vpamsap conn (123-
pacm).

4. TopoHHHMHT MarHHT MaiiloH HHIYKLHSI BEKTOPH:
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—w g ONRRRRNES
nR , 3

6ynna I — Topoupnarn TOK
Kyud, N —6apua ypamaap-
HUHr® CcOHM, R — Topoupan
XanKkaHuHar pamdycu (117-¢
pacMra KapaHr).

Topouauusr uunaa MarHUT MaiaoH GHp XHUHCJIH 3Mac,
YYHKY TOPOHAHHHT TYpJIH KecHMJapuia MarHut MaHJoH
HHAYKUHS BeKTOPHHMHT HyHanumu typauda. UIyHuHTr yuyH
6yTyH TOPOHA MaHJOHUHHHI GHP KUHCJIHJIUTH XaKHAA TAIH-
pHJraHja MarHHT MafJoH HHAYKUHS BEKTOPHHHHI' MOAYJH
Hasapia TyTHJIaAH.

By kypuaran xoanapra marHuT MaljoH HHAYKIIHS Bek-
TOpAapH (pakat BaKyyM yHUyH Kapab YHKHIAAH. Arap 6y
udonanapuu MYXHT yuyH é3cak, Gapua xucobaam dopmy-
JaJapHHUHT YHF TOMOHHHH MYXHTHHHT MAarHHMT CHHTAUDYB-
yucH (u) ra KynaNTHPHILMMU3 Kepak.

123- pacwm,

54- §. MarHuT MaliloH KyYJNaHraHJIHIH.
TyJa TOK KOHYHH

Oxopuaa kYpHO6 YTAHKKH, MArHHT MaRAOHW HHAYKUHS
YH3HKJApH GepK 3rpH Ydu3HKAaH HO0paT 3KaH, TOKHUHT
y3apo TabCcHPH 3ca yJaap KoijalraH MYyXHTra GOFJHK,
Marnur mafiJ[oH HHAYKUMACHAAH TallKapu YHH Xapakrep-
JIOBYH SIH[H (H3HK KaTTaJHK — MarHuT MafgoH KywiaH-
TaHJHTH GUAaH TAHHLWHUG YUKAHIHK. MyXHTBHHT HXTHBDHH
HYKTacuJaru MarHut MafifOHHH XapakTepJoBUM MalaoH
HHAYKUUS BEeKTOPUAAH TalUKaph YHU MATHHUT MadaoH Kyu-
JIAHTAHJHMK BEKTODH Je6 HOMJAHYBUH HKKHHUYH (hH3UK KaT-
TaJHK MaBxXyx 6Vaub, yaap y3apo kyhAugaruua GOrJaHMaH.

— .
—_—
H=-2 (4.8)
Bilo
OyHaa p — MYXUTHHHT HUCOMH MAarCHHT CHHMAHPYBYAHJHIH,
Maruur mafifion 6up XHHCAH MyxXHTAa KapasaérraH 6yica,
MariMT MafAoH KYWIAHTaHJHTH MYXHTHHHT MarCHHT Xycy-
cusitdra Gornuk GYJAMaciaH, KOHTYPHHHI [MaKJHra, YHAAH
yTadTran TOK Ky4yHra Ba MYXHTHHHT KaHCH HYKTaCHAAarH
MarHuT MalJOHHHU YpraHaérranuMuara GOFJIHKIHD.
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By xosmaraa marmaT Mmaii-
JOH HHAYKUHS  BEKTOPHHH
xHcobaall  y4yH  KeATHPHO
YHKapHjaran udopagaH TYJIHK l
doiinanannIAMH3  (TeHrauk- 7
HH JHT TOMOHHHH ppo ra 6y- a.ﬂ Wy
26 1060pran X0MaTAa) MYMKHH. Qb

Maruut mMaljoH KyuJaaH- .

TAHJHTHHUHT MYyXHM XYCyCH- .

SITHHH  YpraHHll yuyH 6up

JKMHCJIM MYXHT/A YCKCH3 y3YH 124- pacm.

VTKasru4 OpKaJdH TOK YTaér-

ran  6yacun  (124- pacm).

Tox yusMa TekucaMrura THK paBHIUAA YyTaérraH OYJCHH.
Marnur MaliloH KyuWlaHranjiHK HHPKYJSAUMACHHH KyHHOa-
TH HKKH KOHTYD YYyH XHCOOJaHJIHK.

1. Alinana mapkasuaaH ToOK JTaérran xojga yHH R,
paauycaM aijaHa 6ViHua MarHMT MafAOH KyuUJaHFaHJHTH
uupKyJsuusca (I') Hu xuco6aafank. Bynna uurterpannaiu-
HH MATHHT Ma#[oH KyuJaHTaHJNTHHUHT HyHaJMIIMAA OJHII
KyJaa#, s'bHH

= _,._)-'—1 = q" = ! . =
r~§ﬂdz_§?ﬂ,d1 H?dl s 2R, = 1.

by udonana mMarsur MaHloH Ky4YJaHTaHJHIH YPHHTa TYFpH
TOKHHMHT MarHMT MaiaoH KyWIaHTaHJAWK HOOLACHHH KRYii-
AuK. JleMak, MarHuT MaHAOH KYYJIAHTaHJIHTHHH GHJAMAarad
XONHMH3A XYAAM Wy KaGy DHPKYNAUUN OpPKanu MalaoH
Ky4JIaHTAHJIHTHHH XHCOG/IalIIMH3 MyMKHH.

2. Kourypnu wyrna#t Tannab oNaMH3KH, YHHHT HYHIAH
TOK yTMacHH. ByHHHT yuyH R Ba R; paauycJH KOHLIEHTPUK
aliyaHa MapkasuaaH TYrpH TokK Vraérran 6GYacun. lly
afinananapHudr édgaapunan ubopart II koHtypHu oaub, 6u-
PHHUM XOJJarHleXK MarHHT MaHJOH KyuJaHTaHJMTHHHHT
uupkyasuua (I') cuHH XucoBaaiIuK:

I I

I'=Hl,—H,),= gy aR, o,
by ukkana TearmaMa xaM yMyMuil xapakrtepra sra 6y.u6,
T§Aa Tox Konyhuwu npopanainu. By KoHyH xap Kaugpai
MYXHUT yuyH xaM VpHHAM OYiaub: maenur maidon Kyusranean-
AU2U BEKTOPUHUNHE YUPKYAAYUACU UHTEZPAALGUL KOHTYPU
uquda masocyd Ofjiean TOK KYuAQpURUHE aa2ebpaux UFuH-
ducuea Tene:
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n

<lfﬁ dl =1, (4..9)

k=1

By udonasa uurerpan octupan H uu umkapuf o6opuim-
MH3 MYMKHH 3Mac, 4yHKU OGHPUHUM OJTaH MHUCOJHMH3a XaMm
ajiylaHa v4yMja MafiaoH KyuJ/aHraHJux MOAYJHM GUp Xuad KHAMaT-

_— —p
ra sra smac. f1 6unan B (4.8) Gornauuwpa GysraHHgad, Gup
MYXHTHAH HMKKHHYH MyXUTra yTHiLja MaHjAoH Ky4/aHTaHJHIH-
HHHT HOpPMAJ TaWKW/I 3TYBUHCH y3uw/Hmira sra 6ysajgd:

Hin) v
Hy, 131

Hemak, MarHHT Ma{AOH Ky4YJaHCaHJAHK YH3HFH Gowma-
HHIIH Ba Tyraiiy MyMKHH. HIyHUHr yyyH MarHut MafAxoH
Ky4/JTaHTaHJAHTHHHHT YIODMaJIH XapaKTepAaJHIH XyCycHINuD.

Toxk kyun (asoza mMabJyM TOK KyyH 3HUYIMPH Oy#uua
TakcuMJaaHraH 6yaaad. LIyHuHr yuyH TyJa TOK KOHYHHHH
Ky#HJarnya €3HIIMIMHE3 MyMKHH:

= g s (4.99)
=]

€Ky OyHaH XaM aHHKPOK:
$HdT = g? 4s, (4.99
4

SIBHH MABAYM Gup KOHTYp GHiuua 0AUHEAR MASHUT MAIGOK
KYYAAHSAHAUK BEKTOPU YUPKYAALUACH WY KOHTYp2a TAAHUG
Typysuu uxtuéputi ro3adan fraduzan ToxrapHuuz (aszeb-
paux) durunducuea texe.

OH3HKa (aHHHUHT PHBOXKJAHHIIMAAH MabJyM GYIRHKH,
MarHHUT Ba 3JeKTpP MaHJOH KY4YJaHTaHJHKJIAapd Xap XMJ Xa-
pakTepaagup. DJEKTP MafiioH KYYIaHTaHJIUTH YIOPMAJH XY-
CYCHSITTa 5Fa 3Mac, MarHUT MaiiloW Ky4/JIaHTaHJHTH 2J1EKTPO-
CTATHCTHK MaHIOH WHAYKLHSCH Kalu XyCycHsITra 3ra.

55- §. MarHuT MaiaoH MHAYKLHS BEKTOPHUHHHT
YIOpMAJIH XapaKTepH

DJIeKTPOCTATHKALaH MabJiyMKH, 3JIeKTP MalJ0H KyuJaH-
raHJHK BeKTOpH MycGat sapsigal Oountanu6 manduni 3ap-
singa Ttyrap, s’bHU OOUIJAHWIIA XaM, OXHPH xaM Gop siu.
MarsuT MaHZOH MHAYKUHS YH3HKJApH TyTamt OYAraHauru
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YUyH yHHHT GOWJIaHWiM XaM, Tyrall HyKTachn XaMm HyxK.
HlyunHr yuyH MarHuT MafJI0H HHAYKUHSCH Yyropmaiu xa-
paxrepea sra HRefiupanu. bynra HKpop OFJanul yu4yH TYFpH
TOKHBY ypabd Typrad nxmépﬂﬁ KOHTYD QJIHO, VHAArH MarHHT

MalloH MHAYKIHA BeKTOPH B HM xuco0aaiaux.

@ Bdl.

OnuHrad Koutypra Huc6aTtaH TOK THK XoJaria Yyraérran 6y.-
cuH (125- pacm). IOkopuja KYpAMKKH, KOHTYDHHHT Xap Gup
OJIMHTaH HYKTaCHra MarHnT Ma#JoOH MHAYKUHS1 BEKTOPH YPHH-
Ma paBuIAa ByHasiraH Gynagn. Y BakTaa B,dl ckansp xynair-

maHun Bdlg Gunan  anmawtvpamus, OyHpa dig — 57 BEKTO-

PUHMHT MHAYKUHS BEKTOpHra Npoekuuacuaup. UusManan kypu-
Haguky, dlg = Rdo, TYFpH TOKHHHI MarHuT MafioH HHAyKUHA-

cH B = Bl
. 2nR

SKAHJHTHHU XHcobra oJicak,

125- pacm, 126- pacm.

do

— Bdl, =" S
B,dl =Bdl, = R Rdo = pg o
xocua 6ynagn. By ubopaHn Gepk KOHTYp yuyH €3cak,

1
@Bldl = Uy ——-Q—R'—'\Sv de. (410)

Kourypru ndoganopuu papvad TYFPH uMsuK (paguyc) xap
JOUM 6up XHa HyHatMwAa G§JraHd yuyH § da = 20 6yaany.
¥ BagTaa:

<§>B, dl = p,l. @.11)
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Arap TOK KOHTYpJAaH Tallkapuia oJusca, 126-pacMjal KypuHagu-
K, @b opaluKia papuan TYFpH uu3ug Oup fijuanuiuua, 6 ,a opa-
JHKJA 3Ca yHTa TeCKapu AyHaJMiufa xapakarjaadajd. . Haruka-
ﬂag; doe = 0 Gynaau.

KouTyp xap xaupail makara sra 6yjirania XaMm YHHHD
HYHaaH TOK yTca, (4.11) ypuuau Gyaany.

(4.11) udoaa Tok xap KaHxall wakapa Oyarania xam
VpUHAHAHP. Arap KOHTYp V3 nuHra 6up HeuTa TOKHH o4,
MariHHT MaHJOH BEKTOPHHHNT LHPKYJASUHUsSCH Xap OHp TOK
XOCHJI KWJIraH MaiJoH HHAYKIHS BEKTODJADHHUHI aJjrel-
pauK HuFuHAMCHra TeHr 6Vaanu:

$ Bl =uy X Iy = ol (4.12)
k=1

Tok #yHanMIWKHHK aHXKJaAlja napMa Kougacuial d¢oija-
JaHuJaau. JbHU KOHTYyp Oy#iMua xapaKaT YHI napMma KOH-
JacHra Moc kejca, TOK HYHaJumMHE Mycbar, akc XoJ1a
MaHduit ne6 onumHaau. IOKopmma Kypu6 YTHAraH KOHYH-
Kouaanaap (axat BakyyM yuyH ypuHauaup. Myxurtaa 6yica,
VHHHI HUHAAQ XOCHJ 6Y/AYBYH MOJIEKYJIP TOKHH XaM XHCOG-
ra oauul 3apyp GVaanu.

Arap IOKOpUAa KypraHHMH3EeK, 3JEKTPOCTaTHK MaHAOH
KY4/AHTaHAHK BEKTOPH HHPKYJSUHSCH HOJAra TeHr 6yaub,
3JIEKTPOCTATHK MAaHROH HOTEHUHaJ XapaKrepipa 3hH. Mar-
HHT MaiJ0oH HHAYKIHS BEeKTODHHHHI IHDKYJSALHSICH 3Ca
arap TOK KapaJaéTraH KOHTyp HuHAaH yraérran O6yJca,
nosapal papgmauaup. Ulynunr yuyH 6ynnait xoccara sra 6ya-
raH MaijoHra yropmaau xapaxTepoaeu matddon pefiniaai.

(4.11) Ba (4.12) nbopanapHu MarHuT MaiiloH Ky4JaH-
TaHJHUK BEKTOPH yuyH €3cak, KyHuAard KypHHHIUTa sra 6¥-
JajH:

$Hdl =1,
@mw=ﬁg_
h=I

By udonanap MarHuT MaHAOH KYYJNAHTAHJIHK BEKTOPHHHHT
HUPKYJANUACH XaKHAaru TeopeMaHu udoganaiau: masiym
-6up KoHTYpP Ofliuua 0AUHEAH MASHUT MALOOH KYYAQH2AHAUK
BeKTOPUHUNE YUPKYAAYUACU WY KOHTYP uquda magwyo 6ija-
2aH MAKPOCKONUK TOKAGPHUHE ar2ebpauk durunducuea
TeHe.
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56- §. Maruut MRIYKUHS BEKTOPHHHHI OKHMH.
l'aycc Teopemacu

MaruuTt Ma#ioH HHAYK-
= UHS BeKTOpH OHD KHHCIH

&y £ 6yJaran MarguT MaHaoHra
R fiCcCH 1033 KHPUTaRAHK
\\\\\\s\\\\ (127- pacm). 1y io3anan

VTaéTral MA2HUT oKumu
3 6KH Ma2HUT UHOYKYUSA BeK-
TOPUHUHE OKUMU Kyhnna-
rn ¢opmyna O6uaad Hdo-
AaJaHakH: '

©®=BScosa =B S. (4.13)

@ — 103ara YTKA3H/ITaH HOpMaJ GHAaH HHAVKIHUS BEKTO-
pH opacuaaru 6ypuyak, Bn, — HHAYKUHA BEKTOPHHUHT HOpMaJ-
ra oauHran npoexuusicd. Ilpoexuus ckansp 6yarauu yuyu
MAarHuT OKMM XaM cKaJsApaup. Mar#Hut oKHM OJIHHIaH 103a-
ZlaH TyJa yTaéTraH MarHHT HHAYKUHA BEKTOD UH3HKJAZPH-
aup. (4.13) nan KYpuUHAZMKH, MATHAT HHAYKUHMS OKHMH
myc6aT xaMm, manguil xam G6yIHIIH MYMKHH. YyHKH cosa=
=1 opacuna ysrapaau. LlyHHHr yYyH MarHuT HHAYKOHS
OKHMH MycOaT OYJIMIUA YYYH TOK HYHaNHIUWHY Tanaab oaH-

IIMMU3 Kepak.

Arap MarsuT MailoH MHAYKIHsCH GHD XKHHCIAH 6Yamac-
HaH 103a XaM siccu O6yJimaca, 103aHd WyHAa# saemMentap dS
6Vnakyajapra 6ynaMu3ky, yuAaH YTaéTran MarHuT MalaoH
HHAYKUHSICHHE GAp XuHCAM Aeb Kapam MyMKHH Gyaaau. By
6yaakyanaH YTa€Trad sjeMeHTap MarHUT OKUMH

d® =B _dS

6yH6, Ty1a MArHUT OKHM 3Ca

127- pacM.

o= {BdS  (4.14)
S

6ynanm.

Arap 6y udopanapna-
H MarHiT MadjoH UuH-
AYKHHSICHHHU Tecaana, 103a-
HH MeTP KBajaparJaapha
oncak, CH aa wmarsur
okuM 6upaurn sebep (B6)
128- pacu. 6ynaan.
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MxTnépuit verapananran 6epk cupT Oepusaran 6yaub,
VHTa THK paBHUIla TYFPH TOK yraérran 6yiacuH (128- pacm).
Hly cupraan yraérraH MarHuT HHAYKLHS OKHMHHH XHCOG-
JNalanK. ByHHHT yYyH CHPTHH wWyHAal sjeMentap 6yaakua-
Japra 6ynaMu3kH, Xocua O6yarad xanxa Hatt ABCD wuupna
MaTHAT Ky4Y YM3HKJAapH MaBxKyl 6yjcuH. By onuHran xas-
KaHHHT MXTHEPHH KeCHMHAAH YTYBUH OKUM XaJka Oyiinua
Varapmac G6ynaau. Halt oaunran S cupTHH xkydTt mMapra
dS; sa dS; cupranap 6unan kecub yragu. AMmMo 6y KecHM-
JapAaH YTaéTraH MarHUT -OKHMH Kapama-KapllH HUIOpaJH
6yarann y4yn ymymui XajkajaH VyTaéTraH OKHM HOJra
teHr 6yaaad. bynn 6ytyn S cupr 6yHnya yMyMaalTHpCaK,
6ynpall cUpTAAH yTaérraH yMyMHH MAariHT OKHMH HOJTa
TeHr. Jdemak, uxtuépuii 6epx cupToan YraéTean MasHuT OKuU-
mu Hoaeq Tewe ferad I'ayce TeopeMagH HCGOT GYJIAH. YHHHT
HHTErpaj KYpHHHIIH:

~

$ (B dS) =0 ' (4.15),
andxpepennan wax rma 3ca:
divB = 0 (4.16)

by ndomanap MarHut 3apAAHHMHI MaBXYyJA 3MAaCJHTHHH
KVpcaTans. DJeKTp 3apAnH MasXkKyh OYJAraHJHru yuyH Gepx
103a Oyinua 3JeKTp MaHAOH KYYJAHTaHJIHNTHHHHT OKHMH
Ocrporpanckuii-I'aycc TeopeMacHra acocaH

ﬁ (EdS) =L 4.17)
€o
dive = £ (4.18)
o
314. (4.15)—(4.18) dopmynanap xap KaHmali MarHHT Maii-
JOHJIAap yuyH YpHHIAUAKD. By TeHrnamasap MakcBesJ TeHr-
Jamajlap cHCTeMacHHHHT ACOCHHH TALIKHJ 3TajH.

Xamma époa Odusepeenyuscu Hoaza Tene Gijaean Ky4au
matdonea yropmasu (corenoudanr) mabdon peiinnanpu. Ie-
MaK, MAZHUT Maidon yropmaiw maidon 6§aub, ynu xocua
Kuaysuu manba 31eKTp TOKUOUPD.

57-§. Marnur MafJONHHHT TOKAH YTKA3rHYra TabCHPH.
AMniep KOHYHH

bus 51- naparpadaa Tok yTaérran HKKHTa §TKa3THYHHHT
Oup-6upHura TabCHP KHAHWIHHH KYpraH s3anK. By XoaucaHu
yTKasruugapAaH xap OHpHra TabCHpP KHMJAAMIaH KYYHHHT
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= HKKHHYH YTKAa3THYAATH

=1 TOK XOCH T lz/HJH‘aH MarHaT

= , malgonra Gorauk 6§-

gk cababau pyi Ge-

paan, ne6 TYWIYHHLI Ke-
pax.

. HlyHHHT yuyyH TOKJH
YTKa3TH4YHH MArHuT Maii-
JOHra, MacaJat, S’/§-
‘rapmac  MarHHT Malfi-
LOHTa JKOHJaWTHPCAK,
YHTra Ky4 TabCHP 3TaLH.
Bynu Kyhugard TaxpH-
6ana TtekwHpub KYpHIL
MYMKHH, .

Hkkura 9NaCTHK
CHMra KaTTHK YTKas-
THYHM, Y TaKaCHMOH
Mardut kytésaapu yp-
TacHga TypaluraH KH-

129- pacu. au6 ocub (129- pacm),
YHAAH TOK YTKa3raHHMH31a YTKa3rHUYHH XapakKartra KeJH-
IMHHA KypamMu3. TOKHHHT AYHaJHWHHH y3rapTHpcak, jT-
Ka3TMUHUHT XapaxkaT HyHaauluy ONAMHIH HYHAJAMUIHra Ka-
paMa-kaplin ToMoHra yarapraHmuruna kypamus. lllynra
Vxiwaw taxpubanap acocuia TOKHUHT HYHAJNHLIH, MarduTt
MaftaioH HyHaaumiy Ba YTKa3THYHHHr xapakaT HyHaJ HIUH
opacHaars MyHocabaTHH TONHUII MYMKHH.

Toxnu yTKasTHYra MarHUT MaHJOH TOMOHHEAH TabCHP
KUJIYBYH KYYJIapHH aHHKJall MacajacHHH OupuHuH 6y.HO,
- MauwIxyp ¢pannys onumu Amnep 1820 fiunja xaa KHArau.
AMnep maerur mati0on TOMOHUOGK TOKAU [TKa32uu2a Kip-
caruraérean F A TawCUp KYy4u, KarTaiuk. suxarudan I TOK

i ,

Kyuuea maznur maiidonnune B undyxyus sextopuea, jrras-
SUHHURE MAESHUT Malifondazu gucmunune | yaynaiuauza xam-
0a mazruT uHOYKYUs 8eKTOpurdne igrasumu 6uran I Tok-
HuHe djjnasuwy opacudaeu o 6ypwax cunycuza THFpU npo-
NOPYUOHAA IKAHAUSUKIL AHUKAQOU:

F, = IBlsina. T (419

Maruut MaiiioHAaru TOKJH YTKa3THura TabCHP KHJYB-
Yy Ky4 KaTTaJHTUHH anukJafiguran (4.19). dopmyaa Aunep
KonyHu neb, Fasca Amunep xyuu de6 atanagu. Amnep KyuH-
HH BEKTOD KYpHHHIIAA KyHuJaraua €3Hi MyMKHH:
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F, =1 Bl (4.190)

Amnep KOHyHHAaH MariHHT MafiioH HHAYKUHS BEKTODH
TOKHHMHT HyHaJMIIMra neprneHAHKyAsp Oyaranza Ammnep
Ky4YH 3Hr KaTra KuHMatra sra 6yaapn, jAeral XyJocara
KeJamu3. UHAYKIHS BeKTOPH TOKHHHT HyHaJMUIMra napajl-
aeq 6yaranpa sca Gy Kyd HoJara TeHr Oyaaad. By nanua
MarHuT HHAYKIHASICH BeKTOPDHHHHr ¢aKat I TOK KyYHHHHr
AYHaNMIHra nepneHAHKyJsAp HYHajiraH TaWKAA ITYBYH-
CHrHHAZ AMmnep KyYHHHHT
xocua . 6yauumpra cabab
Oynann, Ae6 alTHUWINMHU3-
ra acoc 6yaa onagu (130
pacM). AMoep KyYH TOK

e Ky4YH HYyHaJHIIHTa Ba Mar-
\ A HHT HHAYKUMA BEKTODHIa
A nepneHAHKyJAAp HYyHaJTaH.
VHUHr ByHaNAH «an K§a

- Koudacu Gunai aHMKJaHa-
a4, By Kouzma KyHHAarH-
nau u6GopaT: azap 4an Kfaumusnune xagruea UHOYKYUA
B8eKTOPUHUNHZ [JTKA32u42a neprnenduKysap Ofsean TawKua
ITyBuucu Kupaduzan KuUAub, o4uszan TYPT OAPMOFUMU3HU
.aca ToK diraasuwu 65itaab sodrauTupcax, y -xoa0a oua-
2an Gowr 6APMOFUMU3 (TKA32u4ea TaBCUp Kuayesdu'Amnep
Kysunune Ugynasumunt gypcaradu (131-pacm). Marsut

130- pacm.

131- pacm.
163
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Ma#JOHHHUHT TOKJH YTKa3ruura TabCHUPH TYPJAH KYypHJIMAa-
Jlapja KyaJaHHJaiu. -

58- §. Mapaanen TOKAApHUHT ¥3apO TAbCHDH.
Tok xyuu OGupaurun-amnep

Amnep KoHyHuZaH doiifananub, Bakyymia y3apo mna-
paJjJiesl KOHJIAIIraH HKKHTA YEKCH3 y3yH TYFpH YTKasruy-
JaH TOK YTraHja yJap opacHja BYXYAra KeJafuraH y3apo
TabCHP KywlapuHHHr HboRacHHH TonmHm MyMKuH (132-
pacm). YTkasruujaapjad YTaéTraH TOK KyusaapH I, Ba I,
yJap opacuaart mMacoda d 6yacHH.

I, TOKHHHI MarHWT MaiaoHHU

I, TOKHHHT [ Y3YHJHKAArd KHC-

‘MHra Kaugaii ky4d OHJaH Tab-

Vz CHD 3THUIHHH KypHO YHKaMH3.

' DyHunr yuyH /| TOKHHHT MarsuT

< : MaflAOHH HHEYKUHS BeKTOPH-

HHHT  YH3HKJAPH KOHLEHTPHK

' altananapaad u6opaTr SKaHJIH-

ruHd Ba arap I; Tok mactaaw

I0oKopura oxKaérran Oyaca, HK-

KHHUH VTKasrH4 ycTtuia éTtrad
—_— .

.132- pacu. HykTasnapna B, Bektop (nmapma

‘ Kougacura OHHOaH) KHTOOXOH-

Jau HAYyHaJraR sKaHIUrHHH Kaia Kuau6 yramus. By mar-

HUT HHAYKUHS BEKTODH COH xuxatnigau buo-Casap-Jlannac
KOHYHHra acocaH

aasacasl

It 5

P

Iy
2nd .
v

BHMpHHYM TOKHHHI' MAarHuT MaiJOHH TOMOHHMJAAH HKKMHUK
TOKKA KypcaTH/agurai F, TancHp KyYH KaTTAMMK JKHXATHAAH,
Awmnep KoHynura MyBOGHK KyHHpgarura Teur GyJaiu:

Fy =By,
- et

OyHpa sino = 1, wynku B, Bektop /, TOK HyHanummra mep-
nenaukyasp, aeHd o = 90°. By dopmynara acocan fOKOpHAAaru
—
B, nuur (4.20) xufiMaTHHH KeaTHpuG Kyiu6, F, Ky4 YuyH Ky-
Hufard MyHocaGaTHH XOCH/J KHJIaMHS;
Iy

< 2nd o
Xyanu wyHnal Myqaoxasanapra. acociaHub, [, Toxk Ba [;

—

By =,

(4.20)

-

TOKHHHT -{ KHCMH artpoduia XOCHJ KWiagurad B, uojyKuus
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BeKTOpH uM3Ma TeKHC/HMIHra NeprneHAHKYJsp Ba YH3Ma OpKacH-
ra piyHaiarad xoapa /, TOKHWHT [ gkucMH [, TOKKa TOpTWJajM,
el apTmit MyMKHH. Dy TOPTHIUAmI KyuMHHHL KaTTaJHr
oy ey ‘ ar
Fy=po 22— oo { 4.21%»
ra TeHT 3KaHJUTHHH HcOOT KHJIHI MyMKHH (6y HCOGOTHH
6aXkapyIIHH KHTOOXOHra XaBoJjia KHJIaMH3).
Iyupaf Kuanb, 6up TOMOH2A OKAET2AH UKKW napaiien
TOK 6up-6upuza topruwadu sea Oy TOpTUWUWL KY4sapu
J3apo Tene, meraH xyJjocara kenamus. (4.21) dopmynanax
KYpHHAIHKH, TapaJuiesl ToKJaap y3apo xap OHp TOKHHHT [
V3YHJMTHTZ TOK KYYJIaDUHHHT KynafTMacHura TYFpH Hpo-
NOpPIHOHAJA Ba yJap opacuaarH Macogara TecKapH npo-
nopuuonan 6yara _Ky4 GHaH TaBCHP KHJIAAH.
Xynnu wyHra yXmaum TeKWHpHUOLIAp KapaMa-Kapld
TOMOHJIapra HyHaJjaraH HKKHTa mapaJuJies TokJap 6up-GHpH-
. JlaH HTapHJHIIKMEY Ba 6y HTapHIIHII KYYHHHHF COH KuMMa-
™ Xam (4.21) dopmyna 6unan ndoaasaHHHIHHHE KypCcaTalH.
(4.21) ¢opmyna CH cucremana acocnit GupaHkIapAaH
6upu 6yaran Tox Kyuu 6upaucu amnep (A) HUHT TabpHOHra.
acoc Kuaul oJuHraH. ,
Amnep-saxyymoa 6up-6upudan 1 m macopada xoidraw-
2aM UKKUTQ 4eKCu3 Y3yw napasses YTKazzuvraprune xap
6upudan 6up xua muxoopda TOK [Teanda [Tkaszuviap
opacuda yaapruuz xap 6up merp yaynaueuea 2-10-7 H ea
TeHe 3apo Tawscup Ky4u eymcydea kearupaduzan TOK lcyrtu—
aup. :
- Hlynpa# yTrasrmusap 132- pacmaa Tacsupnanraﬂ 11e6 .
Xucobaanmus. ¥ xoana

dy=1,=1A, d=1m, | =1M, F=2.-107"H. .
By kuimarnapau (4.21) dopmyaara  xearupub KyAn6G po
MarHuT JIOMMHUACHHUHI COH KUAMATHHH TONaMHu3:
2nFd 2-10 —~7-1 : — H
= = e 41077
Bo= 77 AR T A2

59- §. Maruut MaMoHra KMPHTHJAraH TOKJAH PaMKa .

MatbayMkH, MarHuT MafJOHAATH TOKJH VTKa3ruura
MarHHUT Ma#iloH TOMOHHJAH aMIep KyYH -TabCHp KHJalH.
MaruuT MaliIOHHHHT TOKJH paMKa (TOKJIM $iCCH KOHTYp) ra
TabCHPH aMajja MyXHM poab ViHa#inu. I Tox yraérrau
ABCD 1yrpu 6ypuakiau pamka GHp KHHCAM MarHut Mail-
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133- pacm.

JOHJA KOHJAWTHPHUATAH GYACHH. Arap MarHHT HHAYKUHS
BEKTODH KOHTYp TEKHCJIHIHra napaJJien MHyuaaran GyJica,
(4.19) dopmynara acocan (Sina=0 Gyaranauru yuyH),
yHuHr AD Ba BC ToMOHJapHra Ky4 TabCHP KHJAMaHau
(133- a pacm). Pamkauuur AB TOMOHHTa aMIep KOHYHHTa
. acocal, pacMaaH kuTo6XoHra Kapa6 iynaaran Fi kys, CD
TOMOHTA 3Ca aKCHHYA, KHTOOXOHJAaH pacM TOMOHFa THK
HyHasran Fy Kyd Tabcup 3TaAH. AB TOMOHHHHHI Y3YHJIHTH
a ra TteHr 6yiaca, 6y ToMOHra Ta’hCHP 3TYBUYH Ky4 KyHuJaru-
ya 6ynanu:
F, = 1Ba.

AmmMmo Fy Ba Fy Kyunap coH XKHXaTHaH TeHr, JeKHH Kapama
Kapuiu HyHajaraH 6yaaau. Bynma#t xocun 6yaran Fy Ba

Kyunaapra sxcy¢r xy«aap nefinnapy. Ulynnan kuau6, pamt

Huur AB Ba CD toMoHnapura xy¢@r Kywaap TabCHP KHJ.

skaH. XXydt KyuaapHuHr iyHandmura 3pTH60p 6epap sKan
MH3, KyHHJarujapHH KypaMu3: XyQT Kydjap TabCHPHAA
paMKa TeKHCJHIH MarHUT MahIoH HHAYKUHACH YH3NKJapH-
ra nepneHAMKyJsp paBHLHAA INyHAAH KOHJAWIMIIra HMHTH-
NanukH, 6U3 MarHuT Maiinon AyHasaummu 6yHmab Kapacak,
paMKaJard TOK COAaT CTPeJKACH XapakaTd HyHaauwu Gy#-
na6 okaérran Gynand. bBomkaua xuan® a#Tranga, TOKJK
paMKa MarsHuT malfoHAA WIYHAad BasHATHH 3rajJiauira
HHTHJAaJHKH, GyHaa paMkKaJard TOKHHHT paMKa yKHIAa XO-
CHJI KUJAQKTaH MarHUT Ma#AOH HHAYKLUHACH TAlIKH MarHuT
" MalaOH WHAYKUHSICH OusaH Oup Xxua HyHaaran Gynand
(133- 6 pacm). ’
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PaMmkara tabcup 3TyBUH XKydT KYY/apHUHT  MOMEHTH
ymmamra TeHT:
M = Fb = IBab,

6ynaa b — pamxanuur BC TOMOHMHHHT Y3yHJNTH.

" Pamkagnan OKaéTraH TOK KyYH OHJIaH paMKa WO3HHHHT
KynafiTMacu paMKaHHMHI MAarHuT MOMEHTHTA TEHT 3KaHJIHIH-
HH I0KOpHJa KypraH 3AMK. PaMKaHHHT 1031 S=ab s3Kaunu-
THHH %Tﬂdopra 0JCcaK, Yy X0J4a KyHHAArHHH €3HII MYMKHH:

M'=p,B. @“. 22)
Pm = 1S — marmur  wmo-
MEHTH, BeKTOp KaTTaluKk Oy-
JHO, Yy KOHTYp TeKHC/Urura
YTKasu/ran Myc6ar HopMaJb
6yiuua iiynanras. TaxpuGa-
JIaDHMHT KYpCaTHillH4ya, Mar- o
HHT MOMEHTHHHHI COH '_xguﬁ- 134- pacu.
MaTH  KOHTYpAaH VTaérran

135- pacm.
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TOK KyuH OW/IaH yHHHI Kartaaurura OOFJHK GyJu6, KOHTYp-
HHUHT LuakJura .6oeqdy sMac (134- pacm).

Hlyupaft Kuau6, MAarHHT MaHAOHra KHPHTHJITaH TOKJH
paMKara MarHMT MOMEHTHra NPOHOPUHOHAN OYaraH Xyt
Ky4Jap MOMEHTH TabCHP KUJAaAH Ba 6y Ky4Y MOMEHTH paM-
KaHH YHUHT TeKHCJHIH MaiJOHra NepneHAMKYJIAp MoHJa-
wagurad Kuang 6ypaid. PaMKaHuHr MarHHT MOMEHTH 3ca
V3 HaBOaTHAa YHAAH yTaéTraH TOK Ky4YHra NponopuuoHaJ-
nup. By Xosnpad MarHHTO3JEeKTP CHCTEMaJarH 3JeKTp Y-
yoB acOOOJIapUHHHT *TY3HJAHLIHAA doiganaHnaaiu.

135- pacmaa raJsrard aijiaHaJdral raJbBaHOMETPHHHT
TY3HJHINH KypcaTuarad. Kyuad- oyjat MarsuTHUHT KyT6-
JgapH opkacura K teMup uuauHAp GHIaH yHra KMAJHDPHJI-
raH enruaruaa M amomuuuit pamMka Xodsnawrupuirad. by
paMkKara H30JAUHA KHJAHHTAH HHTHYKA CHMAAH FaJaTak
ypanaran. PaMka HKKHTa pUM YKKa MaXxKaMJaHTaH: OJJAHH-
ru sipuM VK adinanraH BakTAa B mkajna 6yitna6 opaauran
C crpenka 6unan Gorsanrau. Fajdrakiau paMKaHH MabiayM
BasHATAA HKKHTa P cOMpajb OpyXKuHA TYyTHO TypajH. ¥Ya-
yaHaJuraH TOK raJiTaKKa P ApyXHHajap Ba SipUM YK OpKa-
au Oepuaapu. Fantakpan Tok yraérraHaa FajiTak MarHHT
mafiionga 6ypuaaay, 6ynga mnpyxuHanap Oypananu, 6y
xon C crpeska épaamupa B mKasana ¥3 akCHHH Tomalu.
Tok KaHua Ky4wid 6yjca, paMKaHHHT OypHJHLT OYpUard xam
wyH4Ya KatTa 6ynaan.

By cHcTeMazarH raJbBaHOMETpJAp KyAa CesrHp, Xxyna
aHUK Ba LIKaJacCHHHHT OyauMuapH opacu Gup-6GHpHra TeHr
6yaanu. Fanrakaan yraérraH TOKHHHI HYHaJHIUH y3rapra-
HHJA paMKaHUHT aHJaHHII AYHaJHWHK XaM y3rapagH, uy-
HHHT y4yH MarHUT 3JEKTP ac6obaap S'rérapysqaﬂ TOKJapHH
yayaw yyyH spamafian.

[asbBaHOMETPHHMHT FajiTarura KaTTa KapUIHJIHK KeTMa-
KeT KHaAHO yjauca, 6y ac6o6 épaaMuia KyyJaaHHUAAPHH
Vagaw MymxdH. Karra KymuMya KapmHJAHK yJaHTaH rajib-

' BAHOMETP — 8046TMeTPIUp.
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I‘aanaHomeTpra WIYHT yJaHca, Yy XoJAa auua quJm»
TOKJIADHH JJYaul yuyH HIIJAATHNARHTAH ac606 — amnepmerp
xocun 6YynanHu. 136-a pacMzma amuepMeTpHHHT TY3HJIHLI
cxeMmacu, 136-6 pacmaa sca BOJILTMETDHHHI TY3HJIHII CXe-
macu kypcatuiaras. lllynt Ba KymuMua Kapunaukaap ac-
606J1ap KOPNYCHHHHT HYHAA KONMAIUTHPHIraH Gyuianu.

B0- §. MarHuT MafiloHAa TOKJIH KOHTYP

-  DHp XUHCJIH MAaTHHT 10

madiionaa - 137- pacmaa, :

Kypcaruarad HXTHEDHIL iR

HMaKJAa TOK yTadTran 6epK ’ Z N 5
KOHTYp — CHM  GepHJraH 4 ] 4 ?
6Vacuy. Marautr MailgoH A= Y, N
HHJYKUHMS BEKTODH KOHTYp  \ 1 i
cHpTHra napaiJen. Tokau \ | - /
KOHTYpHH ueKcH3 dl KHCM- \ T / -
yajap—aJieMeHTiapra 6y- ‘

Jama3. AMnep KOHYHHTa ~_ P

acocaun xap 6Hp TOK 3jge- 10«

meHTH Idi 2a )

dFy = Byldlsinay =Bydh 137 pacu.

Ky4 Tancup KuJIajH. Bynparu ‘dh =dl;sina,, o 3ca dl Ba

B opacugaru Gypuak. KOHTYpHHHr KapaMa- kapiid TOMOHXATH
ldl, Tox anemenrtura

Ky4 TabCHD STafH.

Yan gyn KOH[1acHra MyBodHK dF, Ky4 dF, Kyura Kapama-
Kapily TOMOH HyHanrad 6ynu6, yjap KydpT Ky4 XOCHJI KHJIALH-
Jap, Oy Ky4YHHHT MOMEHTH

" dM-=b-dF; = b-Byldh = B,IdS, (4.23)
b— 6y epaa ukkura dl,,dl, s/1eMeHT/Iap opacHzard Macoda..
Byupman tamkapu dS — KyulaHTaHJHKHHHT MKKHTA KYIIHH —4YH-
3uKJapu df/, Ba dl, sjeMeHTJIap opacuiard 103d, Oy XocHa 6y.-
raH HpofaHH KOHTYDHHHI Xamma 03 OViitnua HHTerpasa6,
TOKJIM KOHTYPHHHI XaMMACHTa TABCHP 3TYBUH MOMEHTHH TOMA-
mu3. Y (4.22) uu y3upup

M = { IBdS = BIS = Bp,,.
S
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By udonasn BeKTop KypHHMILHAA €3CaK, KyY MOMEHTH MHIYK+
LHs1 BEKTOP MOMEHTH Ou/JaH TOK MATHHT MOMEHTHHHHT BEKTOP
- KynajTMacHra TeHr:

M= [Bp,l. (4.223)

By epma p, = /S —GepK TOKHWHT MarHHT MOMEHTH. Arap
furra KouTyp——ypaM OyMat, n ypaman coJeHou] 6y.ca, co-
JIEHOH YKHHM MArHMT MaiJIoHra napajjies X0JaTra KeTHpUill
YYyH MarHuT Mafiiol TOMOHMJAH YHra TabcHp 3TyBuH aitnan-
THPYBYH MOMEHT

M =nBp, _ (4.29)
6ynaan. Arap MarHdT MaiJOH TOKJH KOHTYD CHPTHra THK.
Aynaaran 6yJca, aliJJaHTHPYBYH MOMEHT HoJra Tenr 6yJaub,
KOHTYypra amiiep Ky4/JapH TabCHpP 5TH6, MaiiJoH Ba TOK
hynannuinra Kapab KOHTYpPHH cHKajau €kd uysajiu. By Mo-
MeHT Ta’bcHpHAa KoHTyp OO’ VK atpoduna 90° ra 6ypuaann.

YarapyBuaH TOK TreHepaTOpH, ¥arapMac TOK ZMHAMHK
MalllMHAJapH, 3JeKTPOMOTOpJap Ba KYNMUUJHK 3JeKTPOJH-

HaMHK YJa4oB ac6006jiap MarHUTHHHI TOKKA €KH TOKHHHT
MarHHTra T@bCHPHI'A ACOCJAHTaH.

61-§. TokaH YTKA3rHUHHHI MarHUT MaigoHAa
XapaKaTJaHHWKAA OGaapuarad Hm

¥3rapMac TOKHHHI GepK 3aHXHPHAA 3apAAJAPHHHT KY-

YHUIH YuyH GAP TOMOHJAAH KYyJOH KyyH ca6ab Gy/ca, HKKHH-

YHIaH TOKHH ROMMHH Gyauum yuyH KaMmasa GopypuH MycGaT

Ba MaH(HH 3apsAAJapHHHT VPHUHH TYJAAupPYyBUH &T Kydaap

xaM cabab 6yaaau. By KyunapHusr 3apsan GHPAHTHTa TYFPH
- —

KeNYBUH KHCMH, S’bHH KyWJIaHTaHIHK/Iap 15’K Ba E, 6y16, Ha-

— =
THXANOBUM KyulaHrawmwk E=E -+ E_. 3amxkupsusr dl guc-

MHZIA 3apA] OHpIMTHHMHT Gepk 3amxup G6Vilnab - KyuHpHuija
Gamaprad wum ¢ (E, + E;)) dl 6yaap spu,

-~

Marunr uupvknpscu B ()Wrau myxutaa [/ TOKJIM YTKa3-
THYHHHT Xapakar 3THIIHHM KYpailiuK. MarHuT Maijionra Ku-
puTHAraH ysynumre ! OyJras TOK/MH yTKasruura Amnep xo-
HyHH Oyfinya MarHuT MaiijoH F, = [Blsina ky4 OuiaH Tab-

cHp 3THG, yHH b macodara Kyumpca,
AA =F,b=IBlbsina = IBA Ssina (4.25)
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HWw Gaxapanu. By TeHrjaama-
jard bl = A S — YTKa3ruyHHHT
MarHuT MAaRJOHHHH KecHO V-

—

rai 103a. Ukkuauupan o —B

6usian fopacunam 6ypuyak 6V-
Ju6, bl r03ara TyIuupuJIraH HOp-
—

"u”

MaJ dyHanuumaara B HuayKnus-
HUHT TIPOEKLHSICH (138- pacm)
Bp=Bsina xucoﬁra onuHca, dS - -
1032HM Kecu6 YTraH Mardul  feoo § —of
OKHMH

A® = B dS (4.26) 138- pacw.
S

ra teur 6yaaau. CH 6upianknap cucreMaja MarHHT OKHMH-
HHUHr GHPJIUTH KHAHG «Bebep» KaGya KuiaunraH. (By «BeGep»
6upauxkHuHr Tabpudn PapanefiHHHT HHAYKHHA KOHYyHUAA
alTHJIraH, IWYHHHIAEK MAarHHT HHAYKUHMA OHDJIHIH <Tecsia»
XaM Wy epaa KypcaTHJAraH.)

IOrgopH,u.am TeHrJaManapaa (4.26) Hu (4.25) ra onu6é
Gopub Kyicax, (4.25) Kyhunaruua HpoRananagu:

AA=IAD. 4.27)

JeMak, TOKAH yTKas3rdd MarHAT MafifKoHAa XapaKaTJaHraH-
da GaxapuaraH HuI TOK Kyudm OHJIAH MAarHHT HHAYKIHA
OKHUMHHHHT Y3rapHuIHra G0FJIHK 3KaH.

.V BOB. 3JIEKTPOMATHHT HHAYKUUS

62- §. ANeKTpPOMArHUT WHAYKUHA XOAHNCACH.
dapaneil naapu

Hanusauk ¢usux Spcren 1820 fuana TOKHUHT MarHUT
TabCHPHHU aHHKJAaraHiaH CYHT, HHMVIH3 ¢usurn Papaneit
6y kamduér GHIaH TaHHWray, WIYHAAH Xyjocara KeJauu:
MOJOMHKH, GepK YTKa3ruy 6yiaab oKaérraH TOK Mar{HdTHH
XapakaTra KeJTHpap 3KaH, MarHHTHHHI' XapakaTJaHHIIH
XxaM 6epK YTKa3ruyfa TOK XOCHJ KHJMIIM Kepak Ba Oy
xyJocanudr TyeEpuauriny ®apageit 1831 fiuana kym Taxpu-
6anap acocHia. TacAMKJaimd. ¥ MarHuUT MaHJoHAa cHUM
ypamin rantak Ba ranbBaHOMETpaH H6opar GepK KOHTYP
WIrapHIaHMa Xapakar Kuarahia €Kd Gypuirasia, UyHHHT-
AeK, KY3FaaMmMac KOHTYP MabJyM BaKT AaBOMHIAA Y3rapys-
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4aH MarHuT MaifoHAa TypraHufa KOHTYpPJapAa TOK XOCHJ
6ynuunun1anﬂ5nanu

MarsuT MaiOHHHHT Y3rapuimy Tydaiian 6epKk KOHTypAa
* XOCHJI GYJraH TOK uUHOYKYUOH TOK, Xx00ucauune §au aca
INEKTPOMAZHUT UHOYKYuR xoducacu Oe6 ataradu. Nupyk-
HHOH TOKHH XOCHJl KHJAYBYH 3JIEKTP IODHTYBUH KyY UHOYK-
yuon asektp oputysuu kyu (undykyua-310K) ne6 arana-
JUH.

®dapaneiHHHT HHAYKIHOH TOK XOCHJ GYJIMILIHHHHT WApPT-
JIADHHH aHUKJaumra AOHP TaXpubGanapHu Kypub unKaMHu3.

1. Arap MarHHT KOHTYp HYHra KHPHTHJCA €KH KOHTYp-
laH unKapuJjca; 6epk KOHTYpJAa TOK MHAYKIHAJAHAKH, Mar-
HUT FaJiTakka SIKHHJAMTHPHJraHia €KW FaJTaKk MaTHHTra
SIKUHJIAIITHPHJITaHa XaM TraJjibBaHoMeTp cTpeJsikacu GHp
TOMOHra OFaZd (FajJTaK HYHJArd MarHUT OKHMH opTa Oo-
paau), MarHUTHH FaJTaKJaH y30KJAIITHPHJraHAa €KH Faj-
TaK MarHAUTAaH y30KJaIITHpPHJca (MarHHT OKHMH KaMainb
6opanu) crpeska 6GolilKa TOMOHra OFajiH, ’bHH MAarHHT HH-
OVKLUHS OKMMHHHMHI OPTHINH €K¥ KaMaHuiuH OuJaH HHAYK-
LHOH TOK AYHAJHUINH OJIAMHIHM XoJaatjaH ysrapaau (139-a
6 pacm).

JleMak, MarHuT HHAYKUHSI OKHMMHHHT y3rapumu HaTH-
Kacnaa MHAYKIHOH TOK XOCHJ GyJaap axan.

MarHHT KaHua KyuYJH, YVHHHT XapakaTH KaHya Te3 Ba
FaJITaKAaru CHM ypaMJ/iapH COHH KaHya Kyn GyJjca, HHAyK-
IHOH TOKHHHI. KYYH XaM luyHYa Karra 6yjaau. Arap mar-
HHTHH GepK FajTak SKUHHra €KH XaTTO FaJTak HYHra >KOH-

222 AV e s L/Tﬂ"(\_\

It

e
a)
) (7))
I
l.fh"&‘lﬂﬂ_'
w__1_S] v__ 1 S
—~—————
139- pacM.
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JAMITHPCAK, MarHHT Ky3rajiMaraHla WHAYKUHOH TOK XOCHJ]
6yamaiiau. Bymnan myHRafl XyJdoca YHKaAHKH, Gepk KON-
TYpPOa UHOYKYUOH TOKHU XOCUA KUAUUL YiyH Oupzuna maez-
HuTr matddonnune ‘maswcyd Gyauwueuna erapau Gjamail,
6aixu masHuT MaliOoH fj32aputuu Kepax.

2. Ukku ranTakHu €HMa-€H KYHHO, HKKHHYH FAJTAKHUHT
V4JIapHHH TaJbBaHoMerpra ynab, GHPHHYH FAJTAKHHHT y4-
JIapHHH TOK MaHOaura yJa#lJuK. DHPHHYM FaJiTaKlard TOK
KyuuHd R peocrat Gunan Varaptupu6 (140-a pacm), éku
KaJHT €paamuja 3anxupra yjab-y3u6 typuaca (140-6
pacM), HKKHHYH FAaJITaKAa HHAYKLHOH TOK XOCHN GYAraHHHN
KypHl MyMKHH. By HKKana Xo/Za XaM HKKHHYH FaJTaKHH
KecHO YTYyBYH MAarHHT HHAYKUHS OKHMH V3rapaiH, 4yHKH
GUPHHYM FaAJTAK 3aHKHDPHIAA TOK y3rapaxH.

3. Bup raiiTak HKKHHYH FaJdTaK HUYATA JKOMJAINMLIN,
yHra SKHHJAMHIIY KM y3OKJaIuHilH MyMKHH (141- pacwm).
Kartra AmamerpqH FanTakKa raJjbBaHomeTp yaab, G6epk
3aHXKHD XocHA KHJaluk. Kuynk nuaMeTpid FaJATaKKa TOK
MaH6ad, peocTaT OpKasH yJjab 6epK 3aHKHP XOCHJ KHuO,
yHIArd TOK KyYHHH PEOCTaT OPKAaJH YyarapTHpcak &ku raj-
TakJapHH OHD-OHpHra SKHHJIAMTHPHO €KH Y30KJAaUITHPCAK, .
raJbBaHOMETP CTPEJKACH OFTAaHJHIHHH K{ypamua (YHHHT
OFHIUIM IOKOpHJArd Taxpubajapiard KysaTHUIra Moc KeJa-
Iu). . ' .

By raxpubasapra acocaH KyHHIarm xyJocara KeJaMH3:

1. FanTakHuHr 11akau y3rapMarai XoJfa MarHHT OKH-

. '
a} 3)

140- pa.CM.

141- pacm.
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MHHHUHI Xap KaHAa# ycyajaa yarapumd Gepk 3aHKupraru
rajgbBaHOMeTpP CTPeJIKACHHHHT OFHIIHra oJiM6 KeJagH. Xocua
6yaraH HHAYKUHOH TOKHUHT HYHaJHIIH MarHHT OKHMH AYHa-
JIMIIHHUHT Y3rapHmura GOFJIHK.

2. Fanrakparn cuM ypamjaap COHH KyN, MarHHT HHAYK-
IHA OKHMHHHHT y3rapHiuH Te3 Oyxca, nmlymmﬂ XOAHCaCH
Ky4JH OyaajH.

3. Arap rajarak HYHAa ¢eppoMarHuT xkucMm 6Viaca, 3g-
dext kyunan 6Yynaau. DyHpan MHAYKUMA XOAHCACH MarHHT
MalOH KyuyJaHraHjJudrura sMac,  6aJKu MarHHT MafiioH
HHAYKHHACHT @ GOFJIHK 3KaHJHTH KeJH6 YHKajH.

4. Arap »s0dexT Ky3aTHJaéTraH KOHTYPHHHT ¢aKaT
KapIHJHTHHHE V3TapTHPCAK XaM aJlbBAHOMETDP KYPCATHIUH
y3rapaau, spHH KapUHJAHMK OpTca, Y KHYHK KHAMAaTHH, Kap-
LIHJIHIH KaMakca, KaTTa KUHMaTHH KypcaTajH.

Hemak, xoaHca yTKasyBUaHJIHK TOKMra GOFJHK Gyamac-
naH, 6aJKH 3JeKTp HHAYKUHS MaAJOHHHHHT XocHa GYanin-
ra 6oraug Oynap skaH. By Kysatuiaran taxpuGalapHHHT
XaMMacHa XaM 3JIeKTp MaiJoH Ky4JaHTaHJIHK BEKTOPHHHHT
XocHn Gy KysaTunasntd, Oyaapra acocan ®apaneit
Y3UHHHT KyHHIary KOHYHHHH Tabpuuaiiln: Kysaruraérean
KOHTYp | 64lduua oaunaérean 3aekTp mailidou _Kyunaneaniu-
2UHUHZ YUPKYAAYUACU WY KOHTYPHU Kecub [Tysuu mMazHuT
UHOYKYUA OKUMUKUHZ [j32apuil Te3AuU OPKAAU AHUKAQ-
Hub, 6y yupKyrayus xomypda xocua 6jraérean uHOYKYUOH
JI0K ea rene:

. — »___@_ ._.____4_ ?
& = @Edl === \ BdS. .1)

Byl-mau MArHHT anyxumx OKMMHHHHT 6up.rmm sebepru
Kyfuaarnua tabpudaaur MyMKHH: azap 6epKx KOHTYD 6uran
ue2apasan2an 103 OpKaasu jraducan MazHuT UHOYKYUA OKU-
mu 6up cexynd uquda Hoazaua 6up TeKuc xamaiizanda KoH~
rypda 6up soaet undyxyus IIOK xocun 6ijaca, 6y maznur
uHOYyKyun oxumu 6up sebepea Tenz 6jradu.

IB6=1B-c.
R Kapumnauxka sra 6yaran xoHTypAa XocHJa OynaérraH HH-
LYKUHOH TOKHHHT OHHH KHAMaTH
: &
R
616, Ky3aTHII ZaBOMHAA KOHTYPJAAaH yTa&€TraH TyJa 3apij
MHKAODPH KyHHJarnua Hpopanananu:
174
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HeMak, 3apfil MHKAOPH MArHHT HHAYKIHS OKHMHHHHI
yarapaul- Tesiurura 60FaHK 6Yamai, 6ajJKkH MarHur ManmoH
HHAYKUHSA OKMMUHUHT y3rapuuinra OorauK O6yJap skaH.

63- §. JIeHUHHHT HHAYKUMS KOHYHM

3.X. JleHu MHAYKOHOH TOKHHHT HYHAJHIUHHH aHHKJall
YyYyH Kyn yTKasrad Taxkpubajapu acocupa Marait KyTGHH
FaJITaKKa SIKHHJIAHMITHPraHjAa FaJATaKHHHT MAarHuTra SIKMH
yuuda wy Kyr6 Ounan OHp XHaA KyT6 XocHA OYIHIUHHM
(142- a, 8 pacMJap), MarHUTHUHT KYTOHHH FaJTaKHAaH Y30K-
JALITHPTaHja 3ca FAJTAKHHHI MarHUTra SIKAH yuuaa Gomka
- HeMau (KapaMa-KapumH) KyT6 XocHy OYAMINMHH aHHKJaAd
(142 6, e pacmaap). Bynaau MHAYKIHOH TOKHHHT MAarHHT
MalJOHH YHU XOCHJ KHJAYBUH MarHAUT MalJOHHHHT Xapaka-
THra KapIlUHJIHK KUJHIH KYpHHALH.

Ta}Kpn6anap HATHKaJapUHH yMyMJIAWITHPHO Jlenn uH-
IVKIHOH TOK HYHAULIMHW aHWKJAaAH Ba YHHHT mapadura
Jlenu KoHyHH 1e6 atanaub, KyfiHoarudya tabpHdIAaHALH: XQP
doum UHOYKYLUOH TOKHUNZ MAZHUT MAO0H UHOYKYUACU TOK-
HUKZ BUHU 103020 KeATUP2AH MQ2HUT MAUOOH UHOYKYUA
OKUMUKUHE 32apuniuea Kapama-Kapuiy Tascup Kjpcaradu.

143- pacmna JleHH KOHYHHHH TacHAMKJOBYH TaKpHOaHH
HaMOHHMIN KuJajuraH ac6o6 kypcatuarad. Beptukaa V¥

. | C '
S S
;ﬂ} %m :
} A1 -
2)
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L /DAL

143- pacm.

144- pacM.

aTpoduaa 3pKHH afillaHa oJaJHraH KuWaHG JpHATHJTaH
CTEeDXKEeHHHHTI HKKH yuHra GHpH sixauT A, HKKHBYHCHHUHT yu-
JlapH TyTaiumaran B HMKKHTa aJIOMHHHH XaJka VpHaTHJ-
ran, SIXAHT Xaakara MarHuT SKMHJIAUITHPHJrapHia €ku
Y30KJAAWITHPHITAHAA XaJKajard 3pKUH 3JeKTPOHJap Taml-
KM MATHUT MaHJIOH TAbCHPHAA TAPTHOJIH Xapaxkartra Keauo,
OepK KOHTYpHAAH YTaéTraH TOK Kabu HHAYKUHOH TOK XOCHJ
6Vnagu. By TOXKHMHT MarHut MalJOHH YHH XOCHJ KHJaéT-
raH MarHuTHHHI MafijoHura Kapliy TabcHP KypcaTaiu Ba
H4THXajla CHCTeMa XapakaTra Kejaju.

MarHuTHUHT yujapu TyTalIMaraH xajKara sSiKHHJAaumtu-
pUJraHfia sca CHCTEMa xapakKaT/JaHMaf[H, YyHKH XajakKaaa-
TH 3DKHMH 3JIKTPOHJAp xapakartaa Oyarauu Oujal, OYHK
KOHTYpJlaH TOK yTMarauu Kabu TOK XOCHA 6yamakH.

¥YrKasrnuga xocuy 6yjaraH HHAYKUHOH TOKHUHT HYHaJH-
IMHK JHe Kja Koudacudan dolinananub anukananu. Aeap
JHe KIJAUMUBHUE mazhuT maiidoR0a MQ2HUT UHOYKYUS BEKTO-
pu kaprumusea xupaduean xuaub, 90° ea xepusrzan bowt
b6apmorumus aca jTrazsuuruMe XapaxaT UIHAAUMURL Kip-
caraduean Kuaub Tyrcak, y xoada ésusean THpTrTa Gapmo-
Fumus URGYKUUQH TOKHUHE dinaauwiuny rxypcaradu (144-
pacm).

JleHll KOHYHMHHM 5HePrHSIHHHI CakJ/JaHul KOHyHHAaH dol-
lanaHu6 YMKApHII XaM MYMKHH. DyHMHr yuyH 6up »XMHCJH
MaTHHT MalloHfa yHra THK paBHuja ! y3yHIMKAArH TOKJIH
YTKa3ruy amnep KyuM TabCHpHIa XapakaTiaHcHH (145- a pacwm).
YTkasruuupur dh Macodara cumKHWM Hatwxacuga A = [dD
nin Gaxkapagu. d® — yTkasruy xapaxard Typaiin kecub yTui-
rai HHAYKUHA OKHMH (d® = Bldh). YTKaaruy Kapum/ivKka sra
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145- pacm.

6y ITaHIHIH yéyH YKoyap—Jleis uccukmirn I* Rdt xocun 63~
Jand. YMymH#t xonga MaHGaHMHD df BakTAa OamapraH HUH
YUyH SHEPIMSIHHHI Cak/aHHUl KOHYHH KyHHAaruxad ubopar:

& 1dt =1*Rdt 4 1dD,

TOK KY4YHHH aHHKJNaCaK,

= __d ="k (5.2
6ynna &= 22 (5.3)

by nnaykuuon DIOK nup, 6y ugodadazu munyc uwopa-
cu undyxyuon 10K nune lgnaruuin Yynu xocur Kuaaéraan
3anxcupea yaanzan 30K eza xapama-gapuwu djnaszanau-
2unu kjpcaradu.

DHaRn 3anxupaary manbann oaub ypHHra raanaHomeTp
yJacak (145 6 pacM) Ba YTKa3rHYHH aMIep Ky4H Xapakart-
JanTHprad AYHaNHWAA TAIKH KYy4 TabCHPHAA XapaKaTJlaH-
' THPCAK, FaJIbBAHOMET] 3aHXHPAA OJIMHTH TOK HyHanummra
XapaMa-Kapiuu AyHaNHIIAA MHAYKIHOH TOK XOCHJ GyaraH-
JUrHHA Kypcaraad. Uynkn Oy BakTAa MarHdatT ManfioHAa
xapakaTNaHaéTraH JTKa3rud TapKHOHIark 3pKUH 3JeKTPOH-
aapra JlopeuTu Kyun Tabcup 3THG, Gepk KoHTyp Gyiinua
3apsAA XapaKaTaaHu6, 3aHXHPAAa TOK XOCHJ OYJIajH.
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64- §. Vaunpyxkuus Xoaucach. IKCTpa TOKAAp.
HHRyKTHBAMK

KoutypHi kecul YTagurad MarHdT OKHMHHHHT Y3rapuiiu
pyit Gepanuran 6apua XolHcasapaa 31eKTPOMATHHT HHAYK-
LU XoAHucacH pyh Gepann. . :

Kysathaaérran KoHTypaaH yTaéTran TokK KYYHHHHT ¥3-
rapHill KOHTYpJa KJIIMMYa TOK KYYHd XOCHJ KMJaJHraH
kourypaaru DOK uu xocua 6yauummra oanb kemagu. by
xondcara §3undyxyqus, yauuaykuuon DIOKuu xocHa Ku-
JIaAMraH KyuiiMua Ky4ra p3unOykyus akcTpa Toku Reiid-
JajH.

Yaupaykuus 30K u uumanapra GOraHK Ba y KaHnpa#
KaTTaaukaap 6unan ndonananann? Mxrtuépuit HyKrana xo-
cH2l 6YyyBYH MarHMT HHAYKUHS BEKTOpPH FaJTaKAaH yTaér-
raH TOK Ky4Hra TYFPH NpONOpUHOHAJ:

d=]L.

Byuna L — KOHTYpHHUHT uUNHOykTugAueu 6gaub, KOHTYpOaH
fup 6upauk TOK Kyuu freanda KouTypOa xocua Gjrysuu
MaeHUT UHOYKYUA OKUMUEO COR ocuxaroan Tene 6jarzan Kar-
TaruKOUp.

Yauuayxuus xo:mcacura (5.3) TenrnamManu TATOUK
ITCaK, :

d® -df
& . L " (5.4)

xocus 6ymaau. (5.4) nau K)"/pHHameH V3unaykous DI0OK
TOK KYYHHHHT Y3rapuil Te3JUIHra TYFpH HpOIIOpU.HOHaJI 6y-
Jdap skaH. (5.4) ZaH UHAYKTHBJMK

L=_5_ (5.5)
daljdt ‘
6ynanu. by nbonanan doinanannb, yHHHT GUPJHTHHH aHHK-
Jacak; KOHTYpdaeu TOK bup cexyndoa 6up amnepaa yszap-
eanda 6up goasrt yaundykyua 3F0K u xocua 6ijaca, 6y KoH-
TYPHUHE Gupausunu Gup eeupu Oediuradu:
I Th=—B8 1 Bc
1A/lc A )
Xap xanjaafi KOHTYPHH TOK Man6aura yJjaraH 3aXOTH TOK
KyUYH 3HI KaTTa KHEMaTra spumMaian, OyHUHT y4YH MabayM
BaKT ¥Taau. By BaKTAa KOHTypla yJAHUII 3KCTPATOKH XO-
cun 6ynann (146- pacMaard a YusKK).
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{ If\r
— \lJ
. A
A NS ;
e ’___/WVWY\—J
b . Y
’ ‘. L——’ — o f—
J
0 : L o
146- pacM, ~l47- pacuM. .
‘—ﬁl )
i=l(l—e ©). (5.5)

Byuna /,— TokHHHr 3pHUMILM 3apyp O6VJraH MaxkcuMal KHi-
MaTd, R — 3aHKup Kapudanry, L — HHLYKTHBIHK.

Kaaur ysuarataa sca TOK Ky4d HOJIra TEeHT GYAHIUH yUyH
fiHa BAKT Kepak. Dy BaKTZATH TOKKa Y3uAUW 3KCTPATOKU
neiinaann (144- pacmaaru 6 yu3uK). ¥ Ky#dnaaraua ugoia-
JlaHaJH:

i=1Ie * =Ie °. (5.6)
Bynpa 1= -% — 3anICUPRUNZ  Qoumui 8aKTY  HefHAanH

Ba Y TOK KYYHHH KaHuYa BaKTla e MapTa y3rapHIUMHH Kyp-
cataay. 3aHXKHPHHHT KapHIMaurd (R) xKaHua kuuuk 6yauo,
YHUHT HHAYKTHBJHTH (L) KaH4ya kartra 6yJca, 3aHXHDAartH
TOKHHHT KaMalOBH LIYHYa CeKHH Gynamu. DKCTPaTOKJIAPHHUHT
xocHs 6yanmuHu 147- pacMaa KeJTHPHATraH cXeMa acoCHAa
TYWYHHID MyMKHH. ByHaa kyn ypaman teMHp Y3akJH Faj-
TAaKKa NapaJjjie/ PaBHINAA FajJbBaHOMETP yJaHTaH. 3aHKHp
TOK ManbGaura yjaanranpa manb6a IIOK #yHannumra xapa-
Ma-Kapiuy fiyHajauiga FaiTakaa yaanuw HEaykuuon I0K
XocHa 6ynanu. By xoaparm Tok HyHanMWIH pacMAa TyTam
cTpenka OMyaH KypcaTHaraH. 3aHXHDHH ySHIIKa 3ca FaJ-
tTakAa HHAyKuHuAnanrad DIOK rantakpard TokHH aBBajrd
AVHaNHIOMHE CcaKJaHAH, aMMO 3aHXHP MaHOajaH y3uJran
6yarann yuyyH y3HJHLI 3KCTPATOKH TajibBAHOMETP OPKaJH
NMyHKTRP cTpeJKa GHJaH KypcaTHAraH HyHaJumpaa yraiu.
Fantak MHAYKTHBJIHIHHHM XHCOGJAMJIMK. YHHHr Y3YHJHrH [
Ba yMyMHil cuM ypamsap cowu N Ta GyjcuH. Y BakTaa Y3yH-'
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. N o
JUK OUPJIUrHAard ypamJap COHH n == T 6§16, YHLA XOCHJ
~6YJ1yBUH MarHHT MalloH HHAYKUHACH

. B = pp, In.
YTaétran oxuM: ‘

®, = BS = pp,n/S.
Tyrmmm OKHMHU!
D = N, = pp,n ISl

Vsmmyxum 310K ¥ 3ca)
dd

bs=—— —wonle —
6y.nn6 yHH (5.4) 6PIJIaH TaKKOC/IACaK, HHYKTHBJIHK
L = pp,n2 Sl (5.7

6ynann. By npopa Oup xaraaM [ypairan TopoHA €KH XKyja
y3YyH coJleHOM (FAJTaK) yuyH YpHAIHAHD.

65- §. ¥Y3apo MHAYKUHS XOAMCACH

Bup-6upunan mMabl1ym Macodaga KOHTaLIraH HKKHTa KOH-
TYp oJafiiMK. ¥YJapHuHr OGupura TOK MaHGad, HKKHHUHCHra
3ca rajhbBaHoMeTp yJiaHraH 6yscun (148- pacm). Arap GupPHHUH
KOHTYpJard Ka/HTHH YyJacaK, UKKHHYY KOHTYpJa HMHAYKLUHOH
TOK XOCHJ GY/TaHIMIHHH ra/ibBAHOMETDP CTPEJKACHHMHI OFHILH-
gaH Ounamu3. DByHga xocua
6ynran JIOK Tok Kkyud 3HT
KarTa KHAMaTUra  3pHIITyHuYa
opra 6opaad. .apaneli KOHY-
Hura acocan 6y DIOK &, Ou-
pHHYY KOHTypAa Xocus 6yarad
.MArHUT UHAYKOHA ogkumd @,
HHHP Vsrapuiuura TYrpu TIpo-
nopuuosas  6y/au6, KOHTYPHU
‘ ‘ Kecn6 YTagu. HMKkunuupan Oy
148- pacu. @, oxuM 1wy OHPHHUM KOHTYp-
JaH VTrad TOK Kyuura Tipo-

NOopUMOHAT 6YyJaad, SbHH

gy 6
= 638)

My — g3apo undykyus kosppuyuentu 6ynub, HKKaga KoH-
180 )

www.ziyouz.com kutubxonasi-



TYPHHHT reoMerpusicira 6orauk. Arap 6y KOHTypJaapiarx
Man6a OGHMJaH raJbBaHOMETPHHUHI VPHHJApDHHH aJMalUTHp-
CaK, y BakTAa OMDHHYH KOHTypAa XOCHJ OYJyBUH HHAYK-
- unon DI0K:
diy
dt
uan 6y KOHTypJaapHU Gup- 6Hpnra HucOaTaH YeKCH3JNHK-~
IaH r Mmacodaraya SKHHJAAWTHPARIHK. ¥ BaKTAa KOHTypJaap
6Mp-6GMPHHHHr MarTHHT MHAYKUHACHIAa KHPHIIM HaTHXKacuia
6akapran MULJIapu ¥3apo TeHr 6yaain. DupuHUHM KOHTYD
MafJOHMra HKKMHYK KOHTYP KHpraujaa OaxKapraH HuUIH
Ap =i, (0, —0) Ba akeyHya OMPHHYUM KOHTYP HKKHHUH KOH-
Typ malifonura kupraiga Oaxapuiaran um A, =i, (0 —0)
6ysagd. Y BagTaa

6 =—My — (5'88)

D, =i, D,. (5.9
OKHMHHMHT TOK KyuHra TYFpH TPONODLHOHAN 3KAHJUTHHH XH-
cofra OJCak,
@, =M, i Ba Oy =M, i,.
Y rakraa (5.9) xyfuaarnya wuQogasaHanu:
[y IgMyg =1iyi; My,
OyHzad
Mig=- g i
Keanb uyMKagH. Xap aouM 6y KoadpduuueHTIap ¥3apo TeHT
6Vaann.  (5.8) dopmynanapiaH KYpuHaAHKM, V3apo HH-
JAVKIHUA xoa(b(bnuueﬂm Xam HH,uyKTHBJmK Kabl TEeHDH
xucoBuna yayayanu.
Oaunean ukxu yTxaaeuqr-tuua 6upu6a TOK Kyuu 6Gup ce-
KYynOda Gup amnepea Tekuc fjazaputli HATUNACUOQ UKKUHYU

yrrazeunda 6up gorer IIOK undykyussanca, 6yndai uxxu-
Ta YTKA32udHuUHe J3apo uHoyKkyuacuea 6up senpu deliusadu.

66- §. Maraur MaiinoH sHePruaCH Ba YHWHI 3HYJIHCH

Arap yTkasruunal ysrapMac Tok Ytub Typca, GuiamMus-
KM HHAYKTHBJIHK KatTa Oyaranna xam sKoynap — Jlenu xo-
HYHUra MyBO(hHK VTKasruuja 1y TOK KYYHHMHT KBajpaTHTa
NPOTNOPUHOHAJ HCCHKJHK MHKAOPH — HYKH SHEPTHSI

6 ei==*Rdt - - (5.10)
axpaan6 Typanu. AMMO 3aHXHD yJaHHWH GHJaH TOK KyuH

N ,
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acTta-cekHH opta Gopca, YHHHT aTpodHAarn MarHHT MalaoH
OKHMH xaM kyna#n6 Gopanu, 6y OKHM ¥3rapHIUH HATHKa-
CHAa HHAYKUUS KOHYHHra MyBOGHK VyTaérraH TOK AYHa H-
LIHra Kapama-gKapliH HyHaJdrad HHAYKUHS TOKHHH XOCHJI
KHJIagu.

YTKa3rHugard 3/JekTp MaHJOH 3HEPTHSICH MAarHAT Mai-
IOH 3Heprusicura afnanaau. Vaaykrtusaury L 6yarad 3aH-
Kupjan yraérran 6apkKapop ToK yuyH -OM KOHVHH

dt
E—L—
i =—7
by nbopganu xap wkkana Tomonunu [Rdf ra Kyna#Tupcak,
i?Rdt = iédt —ilLdi
KeJaH6 unkagd. By HXTHEDUHA oMHraH 3aHKHpAA IHepaus-
HUHe caKAaruul KORYRUHU wgodasralidu. By upomazary
Lidi yarapmac TOK 3aHXKHDHAATH SHePrHAHHHT CaKJaHHLI
KOHYHHJaH dapKau 6yau6, HHAYKUHSA XoaucacH TOK OunaH
6oFrnuK OYAraH MATHUT HHAYKIMS OKHMHHHM XOCHJA KHJHIU
yuyH sacMeHTap OaapuiaraH HUIHK Hoonamaidau. Arap ¢
BaKT JaBOMHMAA TOK Kydd HojfaH [ raua §srapca, Oy
BaKTAa yMyMHUH GaxKapHJraH Hill
1

3 ]2 -
. A == j Lidi =L 5 (.11)
0

6ynaan. By Wil TOKHUHT MarHuT MadAOHHHH XOCHJ KHJTHII-
na 6axxapuarad Hwaxp. ToK yaaHrad BaKTla MarHdT Maw-
IOH YKOJNHG, :KaMFapHO oJHHIaH SHePTHs W=A samxkupra
3KCTPATOKJAAp, YUKYyH, €t Ba GolIKa SHeprus Kypnﬂnumnza

. . mv
Kalitapunagy. (5.11) GopMyJaHA KHHETHK SHEprui —j

dopmynacu 6GHMAH CONHIUTHPCAK, KHCM MaccacH PpOJHHH
HHIYKTHBJINK VAHASTraHAHTHHE KYPaMu3, AeMak UrJYKTUS-
AUK FNEKTD 3AHICUPUHUHE UHEPTAUK {fauo8u 6faub xucob-
aaradu. (5.11) pa sauxupIa TOK KyunHu Gapkapop Oyauum
yuyH JIOK capbnannwuna aXpam6 upkaguran )KoyJIb—
JleHI HCCHKAMIH XHCOOTa OJHHMAHAH.

MaiilonHs XapaKTepJIOBYH KaTTaJHKJIap OpPKaJH MarHut
MaiiIoH 3HeprusacHHY Honanafiiuk. DByHHUHT yayH Kyda
y3yH COJIEHOHA oJafiiuK. YHHHr HHAyKTHBJaHrH (5.7) ra
-acocaH : -

L = ppy n®Sl =ppy n?V,
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6ysna V = S/ conesonn xaxmu Ba H =n/ - JlapHa  xucobra
oncak (5.11) xyfupard KYpUHUILIHN Olajy:

W = pp, -ﬁﬁ V. (5.12)

OJanHraH - COJICHOMIHHHT MYHJard MardutT MaijoHH 6up
JKHUHCJHAMD, YyHKH y XKylda y3yH. lllyHuHr yuYyH MarHur
MaflOH 3HEPTHACH COJIEHOUA XaXXMu GyHHYa TEKHC TAKCHUM-
JNanran je6 Kapaur MyMKHH. ¥ BaKTAa MarHHT MaiAOH 3Hep-
THs 3HYJHPH '

H2
2

MarnuT Maiiflon Kyu/laHraHJurd Guiiad MajifoH HHIYKIHMACH
opacupari Gornanuunn (B = ppy H) swbTHGopra oicak, (5.12)
KyAHEars KypHudumwiapaa udonaiaHagu:

‘ __ BH = B .
2 2

By udponann 18- § na uponananran snekrp MaiioH 3Hep-
THS 3HYJMTH OMJIaH TaKKocJiacaK, KYPHHHIIH Ba Ma3MyHH
6up xna Oynub, 37ieKTP KaTTaJHKJAAap ypHHAA MarHuT Kat-
TaJHKJap HIWITHPOK 3TMOKJAA.

. Arap KysaTHaaérraH MarHuT MaiaoH yarapyByaH Gyi-
ca, MarHUT MalJOH 3HepTHACHHH XHcoOJam YyuyH (5.12),
(5.13) dopmynanapHH xaxkM G6yfinua HHTerpa/JiallMMH3
Kepak, AbhHH:

W = 5 wdV = jupo Lo (5.14)
v Vv

W
Wy =~ = Hho (6.13)

(5.139

Wy

VI BOB. 3JEKTP BA MAFTHUT MAWJOHJA 3APAIIH
3APPAJIAP XAPAKATH

67- §. Jlopen n Kyun

Tok yraérran yTKasrHdy, TOKCH3 yTKa3ruyfaH, yHja 3a-
PSR TallyBYHJADHHHT TapTHOJM XapaKaTH COAHP OYJHLIH
O6nnan ¢apx xuiaau. Bynna wMarHdT MaHAoHAArd TOKJH
yTKasruyra TabCHP 3TYBUH Kyd XapaKaTJaHYBYH aJloxHia
3apsaf (3JMEKTPOH) Japra TahCHP 3TYBYH KyuJapAaH HOo-
paT, 6uHOGapHH, TabcHp 3apsijapiaH yxap OKaétrah yr-
Kasruuyra OEpHJHLIM Kepak, JeraH XyJjaoca KeJub YHKanaH.
XapakaTnaHaéTrad -3apsjJjiapra MarHuT Ma#JoH TOMOHH-
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JaH GepuJaraH HMMNOVJIbLC TYKHAIOAII MafiTHAA MeTaJJHHHT
KpHUCTadJ HaHXapaCH HOHJAPHra €KW 3JICKTPOJHUT MoJie-
KyJajapura ysaTHjaaad. Dy xyJuoca 6Hp kaTop Taxpuba-
Jap acocHaa TacAuKianajgd. XycycaH, 3pKHH XapakKartJa-
HYBUYH 3PSIJIAHTaH 3appasiap JactacH MarHUT MalZoH Tab-
CHpHJa OFajH.

OHAM XapaKaT/iaHa€TraH 3apsAra MarHuT MadjoH TOMO-
HHAAH TABCHP KHJAYBYH KyYHHHT HPogacHHH TOMAHJHK.
DyuuHr yuyH amnep KonyHupan ¢oiipananamus. ToK KyuH
COH JKHXaTHAaH YyTKa3ruy KeCHMHAAaH BaKT OHpPJHTH HUHIa
yTraH 3apsg MHKAopura TeHr. Arap afipuMm 3apsiiJiapHHHT
KaTTaJUru ¢, YTKa3THYHUHT GHPJMK XaXKMHIa XapaKaraa-
HYBUYHM 3apfAiJiap COHH N, ylnapHHHr TapTHOJAH XapakaT Te3-
JHMrM U Ba YTKAsTHUHHHT KyHAaJaHr kKecumu S 6yJca, y xod-
Aa Tok Kyud [ =gnuS ra TeHr SKaHJIUrHHU KypHO YTrau
3HK.

Tox kyuununr Oy wuitmaranau (3.50) dopmynara KYVimo,
Ky#uaard udoOnaHd XOCHI KUJIaMH3:

F,=gnvSAlBsina,

6ynna A/ — yTKasrHUHHHC MarHAT MaiOHAArd KHCMHHHHT
yayusurd, o — Al 6ujan B HHLyKuus BeKTOpH opacujaru Gyp-
yak (149- pacM). YTKasruuHuHr Al y3yHJMTHAArd . XapakatJja-
Haérran Gapya 3apajanap couu N = nSAl F, sca wy 3apsg-
Japra Tabcup 3TyBuM AMnép Kyuuaup. DyHpan KypuHapukH,
XapakaTyiaHaérraH xap Oup 3apsiira MAarHuT MalfOHH TOMOHH-
JaH o

FA

Fp= T = quBsina 6"

L4 ° ® ™ ¢
8

® ) ) ®

[ ] ® d °

® ° ° °
F

° ® e - o ™

149- pacwm. 150- pacm,
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Ky4 Tabcup 3atafgd. By kyu Jopewry kyuu pe6 aramanu.
Jlopenry Kyun MarHHT MaifiloH HHAYKUHACH GUJIaH -T€3JHK
BEeKTOpJIapHra NepreHARKyAsap 6yau6 (150- pacM), yHHUHr
HyHaanum XaM 4an Kja Koudacuza acocaH aHHKJAHAMIHM.

Pacmpaa maiigon mw.ymmﬂ BeKTOpH YKyBUMJiapra Kapab
fyuanaras.

Aecap wan xyarumus Kagrunu ynea 3apad Tesaruzu v aa
nepneHOUKYyaap 6rcan MA2HUT MailOR UHOYKYUACURUNS
=

B seprukaa Taiukua 3TYsYUCUHUHZ wu3UKAAPU KupaducaH
Kuaub TYTub, éduarcan THpT 6apmoknu mycbar 3apad ijua-
atwuda (éxu manguil 3apad dijraruwuza Teckapu djHa-
auwda) owuaca, y xorda 90° ea kepurzan gom 6apmorFumus-

Hune tgrasumu 3apadea tascup srysuu Fn Jlopenty Ky4u-
Hunz difnasuwuny xkypcaradu (149- pacMra Kapasr).
Kysarnmaaérran 3JIeMeHTap 3apsiira MardT MallJOHAaK
TAIUKAPH SJEKTP MaHIOH XaM TabCHP 3TCa JlopenTn, Ky4u
ynu,uamqa udonanaHanu:

Fp=qE 4 quB = q(E +uB), . (6.2)
YHH BEKTOp KypuHHWMZA &3caK
F—=qE+qvB]. (6.2

JIopeHTI, Kyud Xap HOMM 3apsAJaHrad 3appaHHHr HyHa-
JMIHra NMepneHAHKyJIap HyHasranaup, WyHHHr y4yH Jlo-
PeHTI KyYH 3appa ycTaAa M Gaxapmakimn. [leMak, 3apan-
JIaHTaH 3appara ysrapMac MaruuT Ma#JoH ODKaJH TabCHD
79TH5 YHUHT 3HEepPrUsiCHHE ysrapmpuum MYMKHH 3Mac.

68- §. duexTp Ba MarHMT MaimoHJapAa 3apAAIH
3appaJnap Xapakaru ..

1. 3apspnu 3appa GUD KHHCJIM 2JeKTP MaHOHAa Xapa-
-naHaérrad GY/cHH. ODNeKTPOHJIAaPp OKHMH JAaCTaCHHH
A3 KHJYILL OCOH OVJI-

H YYYH  3JEKTpOH-~
«p XapakaTuHd Kapa#h-
JIMK.  DJleKTpOH  jac-
Tacura TAIIKH TabCHP
6§yaimaca,  Kapummcuia
TypraH sxpaHuHuHr 0
Hykracura 6opub tyuia-
an  (151- pacM).” Duau
3HEKTPOH JacTacH KoM-
JaM y3yHJaurd [/ 6yarax 151- pacs.
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3apsAAJIaHraH SiICCH KOHAEHCATOP KOIJaMaJjapH OpacHAaH
Y16 2KpaHra Keqau6 Tyuicud, By Xoaatza mMarHuT MatinioH-
HY ‘HOJra TeHT Aeb Kapaiimus. Kysatnn anuk GYauig yuyH
KOHJAEHCATOPHHHI YCTKH KolniamMacH Mmyc6aT 3apsiiylaHral
6y1u0, 3/MeKTPp MaHAOH KY4YJAHTAHJHTH KOMJaMaHHUHT YCTKH
KHCMHUOAH nacTra Kapa® HYHaJCHH, KOHAEHCATOp HUHAATH
xocus 6yaraH snekKTp MaHaoHHU OHD XUHCAU Nne6 Kapai-
mu3. KonaeHcaropaan sKpaHraua 6yJaran opanuk L 6YacuH.

KonpeHcaropra 3/eKTpoH/ap v, OOIIAHFMY Te3JMHK OunaH Ku-
—_

pHO, yHra 3JeKTp MaijoH TOMOHMAAH ef Kyu Tabcupuja V3

xapakar {yHanqunuiapusau & Vku 6yitMua {3raptupaxd. Konpen-

cartopiaH UYMKKaHJaH KelHH OJJHHIH HyHaamuu 6uiaH o Oyp-
—

ugK XOCHJ KWIraH xoJatia a Te3jlaHuul OWJaH TeKHC Te3sa-
HYBYaH xapakarjaHaad. YHHHI Te3/1aHMILM:

a=-2F.
. m

KoHnpencarop Huuja 3apsAHUHTI XapakaJaHHLI BakTH t=—l-
¢ ‘ . Up

6y1u6 1L . 1 e ( L2
d = —af!= — —|(— | E 6.3
) Y1 5 5 ™ Uo) | (6.3)

Macogara cHIKHO .
vy = at = £ . L.E
m Uy

Te3JHKKa. 3ra 6yJanu.
UuamagaH KypuHajuKH, 3appa OJAWHTH HYHAIHmM OuJjaH .

tga =20 Y _ ¢ ._;—E . (6.4)

Uy vy m g

6ypuak XOCWJ KuJajH. Y BaKTJa KOHIAEHCATOPAAH YHKHO 3K-
paHra etu6 kearyHua (6.4) HucGaTaH sHa KymmMMua :

elLE | (6.5)

muy,

Yp=Ltga=

Maccdara cwDkuiau. ¥ Baktaa 0 Hykrara HucGaTaH yMyMHH
cumxum (6.3) Ba (6.5) fnruHaucHra TeHr Gyaapu:

! l
Y=+ o= 62(71+L)E.

mug

By ndonanu (6.4) swrubopra ou6 kyinaarmua udopanacaxk
xam Gynamm:
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y—tga (14 D),

6y ucoragan KYpHHAZHKH, MaHJOHAAH YHKKAH 3appa XYALH
KOHAEHCATOD MAapKasuAaH OJIAHHTH AYHaauumra HHc6aTaH
(6.4) 6maan aHHKJaHaéTraH o 6ypuak XOCHJ Kujau6 xapa-
KaTJaHranjek 6ynap skag. -

2. 3apaaaun 3appa Gup XHHCAH MArHAT mMaiaonja Xa-
pakataancuH. By XOJIATAA" TAlIKW 3JIEKTD MafijoH HoJTa

Tenr. 3apslJiH 3appa U TE3JHK OWJiaH OMp XKHHCJAH Mar- -
HHT MaiifOH HMHIYKIUS BEKTOPHra THK HYHaJaulIaa KHPHO
Kesca, yura JlopeHTil Ba MapKa3jiaH KOuMpMa Kyd/Jap Tab-
cap 316, R paguycau afinama O6yiHya Kyiupzard Ttes-
JagHII OHJaH XapakaTJaHalu: T
a,=-2 — % uB. (5.6)
m m
Arap Teanuk daxar fijua-
aume 6yiduya ysrapca €ku
$axgat 3apaaHHHr HIIOPACH
yarapca  TabCHP ITYBUH
KY4YHUHI HyHaauum ysrapa-
Iu. Arap HKKanacH GupraH
ysrapca xyy #HyHajIuIH
Varapmaliaun  (152- pacwm).
MexaHHKafaH MabJIyMKH,
MapKasra HHTHJIMA Te3Jja-
Huw 6ypuak Te3JHK OpKa- -
a4

a,=w’R=uwv | (6.6%)

Kypunuuna udonanasap 5a4. By vkkana TEHIVIMKHHHT {3apo
TEHIJIMIHAAH Ba HMIIOPACHHH xucoOTra OJICaK,

© = — ' (6.7)

m

xocua GVinagu. DyHra yuxiux Exd aapmop Hacroracu
jefiunaau. (6.6) Ba (6.7) redraukaapiAan ¢oHnananub
COJIHLITHPMA 3apfAlJapHu XHCOOJaMIHMH3 MYMKUH.

Arap 3apsf Te3JMrd MarHHT MaH#oH HyHaJHIIK GHIaH
Kangafianp 6ypyak XOCHJ KdJca, y BAKTAa YHHHI' Xapakart
" TDAeKTOPHSCH CHHpaJfan ubopar Oynaiu.

187

www.ziyouz.com kutubxonasi



69- §. Xoan addeKTH Ba YHHHI KYJJIaHHIIHA

Xoaa Tok yTAa€TraH MeTass NJaacTHHKAaHH TOK HYyHaJHIIU- -
ra THK X0JJa MArHuT MalJoHMra yKoHJalTHPraHuaa nJaac-
THHKAHHHT TOKKA NapaJijies

’ 8 6yJarad TOMOHJapujia no- -
‘ %] / TeHUHa/1ap (apKHHH XO-
- I YV cusl GYArauuHy aHUKAAraH.
! 7 1 ByHunr yuyH wy Kysatnaa-
ol 1 . 7 érran ékjapura  cesrup
/‘7‘ ————— rajJbBaHOMeTp €KH MNOTeH-
1 .t yuomerp  yaauran (153-
/ 902] pacm). By xoauca ranabpa-

HOMAarHHT XOAHCAJapra Ku-
pub MeTaasn Ba SIpUM YT-
Ka3Tru4JIapHHUHT 3JIEKTP XOC-
CaJIaDHHHHI' MarHuT MaHJ0H TabCHPHAA V3rapHIIHHH Ho-
Janaijn, ,
by xonHcanu aHukK QH3UK MOXHUATHHH TACAaBBYP KHJIHII
yuyH KaJHHJHTH A GyJraH IJIAaCTHHKaJAaH j TOK 3HUJIHTHHH
yTkaszafnug, 6u3ra MeTajJapHHHT 3JEKTP VTKa3yBUaHJHK
Ha3apHsaAcHdaH MabJayMKH, TOK 3HYJHIH KyHuiaarnua udoaa-
, laHaju:

'_ 153- pacu.

j= —SI—~ = env, (6.8)

6yHna n — 3/1eKTPOH/Iap KOHUEHTPAIUsCH, U -— 3/eKTPOHJap-
‘HMHT ypraua TeaMnrd. Y BakTga 3JAEKTPOHra MarHMT MaiaoH
ToMonujan JlopeHtu Kyuu — £, = evB, ToMOHJap opacHja mno-
TeHLHaAnap GapkH XocHa OYJHIUM HATHXKACHAA 3JeKTp MaiinoH
TOMOHuJaH — F = e£ TMJaCTHHKA HuWja TOK Ba MATHUT Maii-
IOHTa KyHjalaHr Xo/ja Kywiap TabCcHp .3Tagu. Dy Kyuaap
MyBO3aHaTra KeJaraHujia, IJIaCTHHKajaa IoTeHUHasIap Gapku
eE =evB nan E =vuB '
- U=Eh=uBh

xocua GyJsagu. ByHra Teaauk wugogacunu (6.8) 1an o6 Ke-
Jqub Kyiicak,

j 1 .
U=Bh-L — —Bhj (6.9)
. en en .

Keau6 umkamd. (6.9) na mafiloH MHIYKUMS BEKTOPH, IIJIACTHH-
Ka Kajapnaurd, y1aéTrad TOK Kyud 3WUJIHKJApHHH Y3rapTHpH-

) 1 .
HIAMH3 MYMKHH. AMMO O/IHHTaH TJIaCTHHKA Y4yH R, = — V3-
en
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rapMaiinn. By karramikka Xoan Kospuyuenmu AeHHIand.
Y Bagtaa (6.9) Kyfunary KYpHHHLINE oJaaH

=R Bhj. (6.9%)
Xoan Ko3OPHUHEHTH KOM-

NMencauus MeTonH ¢pAaMH- @
Aa Yauanajgd. ByHHHr vuyH

2
TEeKIIHPHJIASTraH IJIACTHH-
ka K xoHneHcarop Ba rajn- -
BaHOMeTpAaH ubopart, 154-

pacMaa  KypcaTHiarasjaek b/
GepK 3aHXHD TY3HJIaAH.
Komnencaropra - njacTuH- .
Kaja XocHJ 6yJaérraH. no-
TeHNHaAnap ¢apKHra Tec- 154- pacu.

Kapd MINOPAJH MNOTEHILHaJ

Gepuniajs, TOKH TraJbBaHOMETD HOJHH KypcarryHua. By
BAKTAa KOMIIGHCATOP KypcaTral Ky4JaHuul XoJa >dpdexTu-
Ja XocuJ O6yJaraH KyuyJaHHIIra MHKIOP XKHXaTHAAH TEHT
6ynanu. Kyunannmue Guaran  xoaaa (6.9) dopmysnanan
tdoiganain6, Xoan xosdpduuuentu xucobaanaau. Taxpn-
6ana Xoan Kosb(HIHEHTHHA AaHUKJIAWl OPKaJH OJHHraH
IJIaCTHHKaAa 3apfAl TAUIYBUHHHHT HIIOPaCHHH Ba KOHILEH-
TPAUHACHHH aHUKJIAUIMMH3 MYMKHH. Arap TeKWHpHAAE€Tran
MOLLA VYYH CONHWTHPMA 3JeKTP YTKa3yBUAHJIHTHHH GuJI-
cak, 6y MoamajapAary 3apsi TallyBYHJAAPHHHT XapaKaTyaH-
JIHI'HHH XaM aHHKJgauwra HMKoH Gepamu. YUynku 6y kartra-
JUKJap opacupart GOFaHHIL

j=enb (6.10)-

ubopar 31u.

Kynuuauk wmeraniap yuyn (6.10) cdopMysna épramuna
aHHKJAHTaH 3apsd TAUIYBYHIAPHHHT XapaKatyaHauru (5.8~
~+5,6) 10-* M2 (c.B) -opanuruia sKaHJHrH Kyfiugary 8- xKan-
BAJIZKA KeJATHPHJTAH.

8-xapgBaJa

Meraaaap ‘Ag | Na [Be [ Cu [ Au In

Li lAl lCd

b, 1o~4_‘% 56| 48| 44| 35) 3019 |10 |7,9{5,8
S
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Byunali xHuuK GYAHLIMHUHT acocHit ca6abH, 3JeKTPOH-
Aap MeTaJlapHHHT KPHCTaJJl naHXapajaapu 6unan Kyn
TYKHaMagH,

Meraanapaa ypraHHnraHn ka6bu Xoan Koaq)qmunemnun
aHMKJall ODKAJH SPHM yTKasrHuaapaay 3apsii TaWyBYH-
JIAPHHHT XaM KOHUEHTPAauMSIJIaDHHH Ba yJapHHHI Xapakar-
YaHJHKJAPHHH aHHKJall MyMKuH. By iokopupa Xoan ad-
(PeKTHHH KJACCHK Ha3apHsl acoCHla OCOHTHHA HpoAananHk.
AmMo, 6y xomHca OyHYalqMK OCOH GV/iiMaciaH, YHH KBaHT
¢n3uxacu acocHJa MyKaMMaJ KapajaajH.

70- §. NeKTPOMArHHT MAaHAOHAA NAa3Ma.
MarnuroruapoaunamMuk (MI'J1) renepatopHusr
HWAam NPHHLKIN

Ilnasma xakuparu tylwynuanap Guaas 46- § na Tanmwuo
yrran apuk. KocMocnarn »HcMjap TypJaH HypJAaHHLLIAp
Ba IOKOPDH XapopaT TabCHPHAA KYYJH HOHJAHTaH MJaasMa
xojatipa Gynagunap. I'az 6uaaH naasma opacHjaa Kyhuaa-
ri ¢apK MaBXyaaup. bupnHuHgaH, MarHMT MaiAOH Ta’bCH-
pHAa mja3ma XKyaa Te3 Xocua Oymanu. UYyHkH, naasma
TapkHGHAAru 3appajiapra karra MUKAopaart JlopeHTu XyuH
TabcHp 3Taau. Dy ueiliTpan rasnapaa 6yamainan. Ukxunuu-
laH, nnasma TapkubHaard sJjekrpoHnap O6unaH HoOHJAAp
KyJioH Kyun TabcHpHaa y3apo Kylda Ky4YiH TabCHpAaWa-
audap. Ilnasma wyHHHT yYyH XaM IOKODM 3JIEKTpP YTKa3yB-
YaHJHKKa sragup. [lna3maHH, IOKODH 3JeKTP VTKasyBYaH-:
JIMKKa 3ra Gyaray MarHuT MaiAoHHAaH OKHO YTyBYH TyTall
CYIOK MYXHT Aeb Kapab ypra-
HYBYH acTPOQH3HKAHHHT Mar-
HATOTHAPDOAMHAMHKA COXACH

) ?:;

!

& : ouyunau. By Hazapusira acocal
+

2

=3

TR/ A MardHHTOTHAPOAHHAMHK TeHe-
patop ficaqaub, KaTTa MUKIOP-

-+
+._ ’
5 'Aa 37eKTp SHePrus XOCHJ KH-
+
+

JIMHraH. YHHHT Hliaw NpHH-
uund Ky#ugarupan ubopar.
[lnazmMa MmarHuT Ma#fioH HH-

AyKUHS BEeKTOpHra THK pa-
JV BHIIJA HOHJAITAaH CYIOKJHK

Kabu oxu6 yranu (155- pacm),
ByHHHr HuHMra HKKHTAa MJac-
THHKA  YpHATHAraH G6Yaub,
155- pacm. .yaap y3apo Taumk¥ TOMOHAAH
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yaaurad. Ilnasma tapkuGuaard Houjap 3JIEKTPOHJAAp Mar-
HHT MAadZOHH TOMOHHAAH XocHJ 6YayBun JlopeHTU KyuH
TabCHPHAA NJIa3Ma okuMuaard Mycbar Ba Maudui 3apaanu
3appaJjiap KapaMa-KapildH TOMOHTA XapaKaTJaHHO MJIacTHH-
Kajapra ¥3 sapsiajsapHHd GepuO, TalUKH 3aHXKHPAA IJEKTp
SHePTHSAICHHH XOCHJ KHJaAHJjap. Arapia Mariut mafioH
AYyHanHMIMHH ¥3rapTHpcak €KH NasMa OKHMH HyHaJHUIHHH
ysrapTupcak xaM NoTeHuHaJjaap (papKHHUHF HIIOpacH ¥3-
rapaj. )

71- §. Linkaorpon

LukaoTpoH 3apsipjianral 3appaJgap (3JeKTpoHJap, Mpo-
TOHJAp, aJab(a 3appanap Ba 6oWlKa 3appajap) XapakaTHHH
KaTTa (E€pYFJIHK Te3JIMIHra sIKHH) Te3JIMKJapraya Te3JaTHIIl
Y4YyH XH3MAT KHJYBYA KypHJIMA. bBynnait sappanap artom
ALPOIAPHHHA YpPraHWul, PafHOAKTHB H3OTOMJAP OJHIN BA
IyHra JXmam Makcajjaapia ¢oinaanaHuaany.

L MKJIOTPOHHHHT  MILLIALL
NPUHIMOUHY TYUIYHUII YYyH

—_—

6up XuHCAM B MaruuT Mai-

JOHJa ¢ 3apsi/IM 3appaHuHT

XapaKkaTHHH KYpHO uMKamH3.
—

By wmaiigoununar B uHIYK-
IMs BAKTOPH 3appaHuHr Goml- ﬂ
JIAHFHY U Te3/IMrura fepreH-
OHKYJAp paBuIuja #yHanrau
6y.cun (156- pacm). :
Maruut Ma#ioH TOMO- ~ 156- pacm.
"HHIaH TabcHp 3TyBUd Jlo-
PEHTL Ky4YH 3appa Te3JHTHHHHT MOAYJHHH y3rapTHpMa#nu,
4yHKH JIopeHTH Kyun 6y Te3JHKKa NMepHeHAUKYAap HyHaaran
Gyaranury yuyH wil GaxxapMatiiu, WyHHHT y4yH 3appaHHir
KHHETHK SHEPIHsCH y3rapMaitiu. JIOpeHTI KyYHHHHT KaTTa-
JIUTH 3aDPaHHUHT TE3JUIHIa Ba MarHHT MaHJOHHHHT MHAYK-
uusicura Gorauk € (6.1) dopmynara xapaur). By nkkasna
KaTTaJdHK ysrapmac 6yJ1raH.nnm yuyH JIOpeHTH Ky4YHHHHT
Moayad XaMm ysrapmaiiau. llly ca6abau 3appa Jlopeutn
KyuH Ta’bCHPUAA KATTAJNUTH XXHXATHAH y3rapmac 6yarau

a=2F 1 _ 948 (6.11)

n m m

efl
N
el 111 L5

|
|

) W
oy
&=

—
/
\

HOpMaJ Te3jlaHHmIra »sra GyaanM, OyHAa m — 3appaHHur
MaccacH y3rapMac HopMaJ Te3jaHum Oujaan Gyaaaurad
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XapakaTr a#naHa 6Vina6 Texuc xapakaTaan nbGopaTtaup. ¥
BaKTAa 3appa xapaxkaTJaHaéTraH aHJIaHAaHUHT PajHyCH HOp-
MaJ Te3JaHHW Hpopacu

2
“T R
¢opmynanan Tonunanu. by ndonara TeanaHHMIHUHT KHAMa-
taHn (6.11) dopmynanan kearnpub Kyhu6 xocua Gyaran
TeHrJaMaHH R ra Huc6artan eycax,

' m - v
R o ——— —m——
q B
HH ojiamu3. - HHCOAT CONMIITHPMA 3apAR JeHniajy.
m

Mynpaii xumo, v BEKTOP B BeKTOpra nepreHuKkyJap 6y.-
raH xoJia 3apsAfiaHraH 3appa aiilaHa Gyiia6G Xxapakar KHJanH.
Dynpa# afinanaHiHr paguycH 3appapiHHI Te3JHrHra Ba MarHuT
MaiIoOH HHIYKUYSCHTa GOFTHK Gynau.

3appanuHr OMp Mapra afilaHWiid Y4yH KeTraH BaKTHR TO-
nailink. ByHuHr yuyH 2Rnm  ajuiada y3YHAMFHHEM 3appaHuHr v
Tesurura 6ysnamu3. Harwkana Ky#nparvig onamus: -

T =2n

- (6.12)

3appaHuHr afinaHa 6yiyia6 afJlaHHIl NaBPH YHHAT Te3-
aurura 6orauK 6yamafi, ¢dakaT 3appaHHHr COJHIUTHPMA

\
)

¢yl

e L] LA

.a)

157- pacM,
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3apAAd Ba MaHJAOHHHMHI MarfiuT HHAYKIHACH OPKAaJH aHHK- .
JaHap skaH. By xon sapsaau 3appasapuu GHp KaHya UUKJ
laBoMHJa YyHYa KaTra OyJMaral 3JjekTp MaiaoH GHujiaH
Te3JauITHpPaJHraH KYpPHJMaA — YUKAOTPOH Acaillra HMKOH
Gepanu. LlnkaoTponnnnr npuHnunuan cxeMmacu 157- a pacm-
na TacpupJaanrad. by ac6o6 dJdyantsap pe6 atanysuu
HKKHTa yHYa GaslaHm 6YysaMaraH sipHM JoMpa wmakjadaard I
Ba 2 MeTaaJs KyTRya KYpPHHHLIMAArH 3JeKTPOAAaH HGopar.
XaBocu cypub6 oNMHraH KaMepa HYHMra YpHaTHATAaH Katta
3JIeKTPOMArHUT KyTOJapu opacura AyaHTJap JKOHJallraH.
DNeKTPOMAaruHT XOCHJ KHJATaH MaifoH GHp KHHCJH Ba
AYaHT/ap TEKHCAWIHTra nepreHauxkyaspaup. Kamepauuur
MapKasHia RyaHTJiap OpacHia 3apsnJjH 3appajaap MaHn6au
VpHATHJAraH 6yJ1a1m Jyantaapra 10KOpH uactoTajH y3ra-

pysuan U, bsm—t Kyunauum Gepunajau Ba 6y Kyda1aHu

LyaHTaap opacpmarn 6ymauKaa XyAQH WYHAAH YacToTaJaH
V3rapysuaH sJileKTp MallOHHH BYXKYAra KeJTHPHO 3appaJjap-
HY Te3JawTHpaad. TesnamiTHpUATaH 3appaJjap HUopacu
MycbaT 6yica, MaHuil NOTEHIHANIH AYaHTHHHT HYKH KHC-
MHra yuub KHpajH, Oy Kofija 3JeKTDP MaHAoH AespJH Hyk
(4yHKH AYaHT — MeTaJJl KYTHYaHHHT CHPTH 3KBHNOTEHLUAN
cHPT 6Yuub, 3JjieKTp MalHAoH dakaT ‘AyaHTJap opacujaru
6ywaukna 6ysnagu). 3apsiadu 3appajap MarHuT MaiiioH
TabcUpHAa ailyiana O6yHaab xapakataaHHO, ipHM aHJaHaHH
6ocu6 YTraHAaH KeifiMH fiHA AyaHTJap opacujaard Gymankka
yuku6 Kosaaau (157- pacm). JlyaHTtaap opacHmarn Kyudaa-
HHINHHHT Y3rapuul YacToTacH WYHAaH TaHJaHaJHKH, 3appa
apuM alfinanacunu yru6, AyadnTaap opacHjiard GYIINKKa
KeJraH BaKTAa yJiap opacHAarH TMOTeHLHajJ nap alHpMacH
HIIOPACHHH y3rapTupaad. ¥ BakTAa 3appa AHCHAAH Te3Ja-
tHaran 6ynaan Ba OUPHMHYHM AYaHTAA XapaxaT/JaHraHura
Kaparagia KaTTapoOK KHHeTHK 2Heprusi OujlaH HWKKHHUH
AyaHTHHHI HuYKH KHcmura yyun6 kupaad. Katra Te3nHKKa
sra OysaraH 3appa HKKHHYH JAyaHTAa KaTTa paiHyCiH
afinana 6ydnab xapaxkatnaHajy, GHPOK VHHHT SPHM ahja-
HAHW YTHII BaKTH acauua KoJjaeepaau ((6.12)- ¢opmyaara
Kapaur). lllynra kypa sappa AyaHTiap opacHra KHpran
BaKTAa yZap OpacHpard XywlaHHLI V3 HIIOpacHHH SiHA
y3raptupand.

Mynpaf kuau6, arap KyuJaHHIIHHHT Y3rapuul 4acToTa-
cHHH 3appanuHr- (6.12) ¢opMmyaa 6unau  aHHKJAaHaZHraH
aliJaHHII JaBpUra MOCAAMITHPHICA, Y XOMNIa 3appa Xap ran
AyaHTaap opacHpaH yrranna qUy ra Tenr 6yaran Kymmmua
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3HEPrus NMOPUHACHHH OJHG, cAupadra SIKUH 3TPH YH3HK
6yiina6 xapakatanadagu (U,— reHepatop vinab yukaprau
KyuJlaHulm aMnautyfacu). Hartxkana 3appa AyastaapHHHT
ueTHra JKyJAa Karra Te3JHKAa etd6 Kejald Ba yHIaH D
OFIHPYBYH 3JEKTPOJL TA’BCHPHJA XKyJAa KaTTa KMHETHK 3Hep-
raf Gunad udkaad. MacagaaH, UMKJAOTPOHZA npoToH 25 MsB
3HepruArava Te3NaTHJIRIIE MYMKHH,

VII 5O 5. 3NEKTPOMATHUT TEBPAHHILJIAP
BA TYJKHHJIAP

72- §. IpKuH NeKTPOMATHHT Te6paHdUIapHu
XOCHJ KHAKI

DNeKTp 3apAAH, KyYNaHHUI, TOK KY4H, WIYHHHTJEK,
376KTp Ba MATHHT MaiAOHJAaPHHHHT LaBpHH paBHmna“(eKu
IedApad NAaBDHH paBuInAa) ysrapub TypHl Kapa&HHra

sneKTpomacrutT TeBpanuuirap 1eb aranand. :
DJileKTpOMarHHT Tebpa-

HULIIApHH TeGpaHHII KOH-

N TYpPHIAA XOCHJ KHJHLI MyM-

| kuH. C koHQencarop sa L

L o= 5 c 4 UHOYKTUBAUK FAATALUOAH
a)

5:‘— TY3UA2AH 3ACKTD 3AHMUPU

: rebpanutt  KOHTYpu Odeb
by, araaadu  (158-a pacwm).
KoHTYpHUHT aKTHB Kapluu-
JINTH KyJda KHUYHK, AbHHU de-
sipJId HoJIra TeHr Ael Kapa-
: Jajy.

KonTypiia 3JIeKTPOMarHUT TeGPaHUIIIAPHHN XOCHJ KH-
JHUI yY4yH Jjpactaalb KOHAEGHCATOPHHM 3apsajalml  Kepak.
- Bynunr yyyn koutypuu IT Kalita yaaruy épaamuna b
Garapesira ynaiimus (158- 6 pacm). Cyurpa KongeHcaTopHH
6aTapesiiaH a)kparcak, YHHHT KON/IaMajJapuia MabjayM
MHKAODAA KapaMa-KapUid HIIOPaNu 3apsil TYMJaHald.

Kontypna xanga#t Kuau6 3/7eKTPOMarnuT TeGpaHuiuiap
103ara KeJIMUIHHH fKKOJIPOK TacaBBYP KMJIHII YUyH KOHTYp-
Jard TeOpaHHILIADHU TIPYKHHAJH MAsTHHK TeGpaHUIUIAPH
6nsan TakKocsab 6opaMus.

159- pacMaa teGpaHuwl KOHTYDH Ba NPYKUHAJMH MasT-
HHK TacBupgaaHrad. KoHngeHcaTtop 3apsamjaHMarad Ba KOH-
TypAa ToK OyJaMarad BaKTAa KOHTYDHHHT 3JIeKTD SHEPTHsACH
XaM, MarHUT HEPTHSCH XaM HoJjra TeHr 6yJsaxn. Mysosa-

158- pacu.
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I & I g
1 Lt +q
4 +9 T -g
=112 1,42 11 7,42 77
W=z19 i ze?’ 347 iz’
_ 7 4 - -7
W=Znx? Emyz E'M? ;muz I ex?
159- pacm.

HAT Ba3HATHAA THHY TypraH MasiTHUKHUHT MEXaHHK (MOTeH-
LHaJ B4 KHHETHK) 3HEePTHACH XaM HOJATa TEeHT 31H.
Baktauur pactnabkn fo=0 nafiTHga KoHAeHcaTopra ¢
3apsaanH Gepamua. KoHzeHcarop KonjgamajapH opacHia
3JIeKTp MalgoH XocHa Oyaagu (159- a pacm). DBy Baktna
KOHTYp KOH/EHCATOPHH 3apaijiam yudyH 6a)kapHjras Hin
6unad yAyaHajuraH Ba KOHAEHCATOPHH 3JIEKTP MaiAoH .

gg, E2 o
SHEPTHACH —o ra TeHr 3Heprus 3anacura sra GyJjagu. Kon-

JleHCaTop Kollamasapura 3apsii Gepuin TPYKWHaMM MasiTHUKHH
TallKH KYY TabCHpulia MyBO3aHAT XoJaTujaH uerra YHKapH-
JIMINM BA YHWUHT MYBO3aHAT XOJIATHAAH X OFHIIHra MOC KeJaJH.

kx2 o
ByHaa npyxuHa % ra Tedr OyJarad 3jacTuxk AedopMmauns-

HUHT NOTeHUWAN sHeprascHra sra Gynamu.

DByujan kefiuury naiitia KOHjeHCATOp FAJNiTaK OpKalH pa3-
pannana Gowaaiiau. KoHTypaa BakT yTHWM 6HAaH opTH6 6o-
pysun [/ ToK maiiio 6ysajy, FanTakja 3ca MarHWT Magzod
103ara Kenapu. KoHpencarop paspsisiaHraH cap YHHHT 3JIeKTp
Maiilonn 3audawangy, FaATaKHHUHT MarHMT MaiAOHH 3ca Kydasl-

4. Baxrteudr ¢, = —4T— najiTHga KOHAEHCATop TyJa paspsaia-

Hany, 3AeKTP MaiijoH SHEPTHSICH HOJTa TeHr GYJjajH, TOK 3HI
KaTTa Kuimarra spummb, MarHuT MadJoH SHEPrHscH 3ca Mak-
CHMa/l KHiiMarra sra Gysiap. KoHTypHHHr OyTyH 3eKTp Maii-
JOH 3HEPTHACH FaNTaKHHHI MarHMT MajfoH 3HEpruscuHian
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—11212— ubopar 6yaapn (159- 6 pacm). By Gockuu MasiTHHUKAA KBa-

3UJACTHK Kyu HOJATA TeHr Ba MaATHUK 3SHeprusicu Tydaisiu
XapaKaTHH JlaBoM STTHpHLIra MOC Kenagu. Dy BakTla MasTHUK-
HUHT SHepruAcH OyTyHsall KHHETHK JHeprusira apiasajnd pa

mu2
HEprus 5 npoaa opkalM aHWKAAHAAH.

Kounpencaropaaru zapsanap Hoara Tenr Oyadiuy Guniau
TOK XaM HOJIb 6y UM KepaK 34H, aMMO TOK HoJb Gyamanny,
6y mafiTna TOK y3uaraHiek Bokea 6Y/au6 HHAYKUHOH FANTAK-
Jard MarHAT Ma#JloH OKHMMH KaMas 6opaau. JleHu Koumacu-
ra acocaH TOK Y3WJHIIHAA 11y KaMalrad TOK fyHaaumuaa
3JIEKTP TOK — V3HHAYKUHS TOKM Xocua OyJjand, wWyH-
naft Kuiub MarHut OKMMH Kamasi 60paRH, YHHHT SHEprusicH

L2 o
HOJITa HHTHJAaAH. By HHAYKUHOH TOK OYAHIIHM yuyH

MaHOHui 3apsaad HoJab O6ynub KoaraH HeiiTpaa KonjaMajaau
siHa 3JEKTPOHJAP YHKHO, TOK XOCHJ KHJHIIHIAA AaBOM 3Ta-
AH, HaTUXKaja wirapd MaHdHuid 3apANNH KOIJIaMaAaH 3HAH
3JIEKTPOH YHKKAHH yuyH myc6Gat sapsipjap oprtukua 6yiu6,
y Myc6art, aBBaj MaH(pHH 3apsAAJAHraH Koljama 3ca 3HAH
MycGar xonnama O6y/iub6, KOHAEHCATOpP KoflamaJapiart
3apRanap TypH ajMalluHaiu.

BagrHuHr t2=—§ nafituga (159-8 pacm) KowmeHcartop

KoMJiaMaJapH KapaMa-Kaplud Huiopajd 3apsa Ounau tyaa
KafiTa 3apAANaHald, TOK Ky4H 3ca HoJra TeHr 6ymaaid.
Hartukazna KOHTYpHHHI MarHHT MalfoH SHEprHfcH fHA
KOHAEHCATOPHHHT 3JIeKTP MaHfOH 3HEprusicura aiinaHaji.
bupog O6yHma 3/exTp MaHZOHHHHT HYHAJHIMIHK YHUHT fg
nafitaard AYyHaJWIIHra KapaMma-kapwy 6yuaagd. BaxrHuHr
Oy mafiTHra TpYXHUHAJW MAaATHUKHHHT TeOpaHUUIIApHAa
VHHHT IOTEHIHAJ 3HEPrHSCH 3HI KaTTa OyJaraH sHr NacTKH
Ba3HATH TYFPH KeJdalH.

Wynpan keitnn xxapaén Teckapu taprubaa takpopaaHa-
on (159-¢, 0 pacm). Oxubar HaTHxKada {4=T nalTHaa KOH-
Typ GOWJIAHFHY X0JaTra KafTaju, MasgTHHK 3Ca 3HT IOKODH
Ba3uATra yTajaw Ba IOKopunxard kypub yrusaran xapaumaap
siHA TAKpOpJIaHA NN, _

Hlynpa#t kuub, kourypaa T naBpJin 3jeKTp TeOpaHuil-
Jap ByxKyAra Kedagd. IlaBpHHHr GHPHHUHM SipMH JaBOMHIAA
TOK GUp HYHaJWlUAa, LAaBPHHHT UKKHHYH SIDMH AaBOMHAA
3Cca KapaMma-kKapiuy #yHaJuliga oKanu.

KoHTypaarn 3jektp Te0paHumaap BaKTHAA KOHJeHCA-
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TOPAA 3JIeKTP MaHIAOH 3HeprusicH Ba HHAYKUHS FajITaruia
3Ca MarHHT MaNAOH SHePrHsicH ARaBpHH paBHIWIAa §3apo
6up-6upura ainanub typanu. By XyAau MasiTHHKHHHT Me-
XaHHK Te6paﬂum.napmla MasiTHHK TOT€HLHaJ Ba KHHETHK
SHEPTHAJIAPHHHUHT y3apo 6up-OMpHra aljaHMmiM CHHrapH
6ynann. Bbysnakh raxxocaampa MaATHHKHHHT JIOTEHIHAJ
3HEPTHSICH KOHAEHCATOPHHHT 3JeKTP MaHJIOH SHePTHsACHra,
MasITHHKHHHT KHHETHK 3HepPrHsicH 3Ca FaJTaK MAarHuT Maf-
JOHUHHHI 3HEPrHSCHTa, MafiTHHKHHHT XapakKaT Te3JHTHHH
KOHTYpA2rH TOK KyyHra yXwaTtHil MyMKHH. MasATHHK HHep-
"LHMSCH POJIHHH FAJITAKHHHT HHAYKTHBJHIH, MafTHHKKA Tah-
CHD KHJYBYH HIUKaJAHHII KYYH POJIHHH KOHTYDHHHI aKTHB
KapLHJUTH YHHaian.

TebpanyBun cHcTeMaHHHT y3uia naijo 6yJaajuraH Kyu-
Jap (KBa3HWaJacTHK Kyujiap) TabCHPHAA XOCHJ Gyaamurat
MexaHHK TeOGpaHHmIap Xycycuil Tebpanuunap Ae6 atanap
sau. XyAAH IWIyHra yXwai KOHTYpAa yHra GHpPop 3Hepruf
3anacu Oepranjga xocua GynaanuraH Ba KOHTypAa BYXKyAra
KelafAuran TOK GHJAH TyTHG TypHJaJHraH 3J1eKTPOMAarHuT
TeOpaHUIIAD XYycycuil éKu SpKUK 3AeKTpomazHur Tebpa-
Huwrap feb aranapn. By BakTha KOHTYDHHHT akTHB Kap-
IWIHJIHTHHH HOJb 1e6 KapanaaHn. MexaHukana spkuH Tebpa-
Humap rapMoHuk Oyaranu kabu 9pKuH 3JeKTPOMarHHT
Te6paHHIIAa 3apS] XapaKaTHHHHI BayKTra GOFJHKJHIH rap-
MOHUK 6y.1u6, Kyiingaru TeHraama Gunan HdolanaHaaH:

g =gy cos(® ¢t — ). (7.1
Hemak, 3apsaj MHKIODHHHHT RaBpHil Y3rapHUIH KOCHHYCOM-
nan éky cHHyconpas Oynanu, uyHKH Oy QvHKUMAAap V3apo
aAMaHINHYBYH QyHKUHSIAPAKP.

IOxopunarn MynoxasajiiapiaH KypHHaAHKH, TeOpaHMil
NaBOMHJA 3HePIrHs TYPJapHHHHT HHFHHIHCH NTOWMHE 6Yaanu.

MexaHuk cyHMac TebpaHHWIAA TYJIHK 3HeprHsl KHHETHK
Ba NOTEeHUHAJ 3Heprusaap HAMFHHAHCHTA TeHT

WV=W+W= m;Z +k%—const

6yJca, cyHMAac 3JeKTP TeOpaHHILA JEeKTP BAa Mar{ur Mai-
JIOH 3Heprusyap HUFHHAHCHTA TEHT:
g L2
2C 2
G6ynanu. AfpuM naiiTiappa, MacalaH, KoHjeHcatopaa g =0
6yJraH pakTAa, TYJHK SHEPTHs TOKHHHP MArHHT Maiion 3Hep-
2

rUACH 3 ra TeHr 6ysaau. Konjexcaropaaru 3apsi MakCHMyM
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s -
6ynrauga ([ =0 6ymub, g = q,) TYJHK 3Heprus Eqé_ 6ynanu.
Tebpanmu xapaéHuga 3Heprusiiap ¥3apo aaMaHHHO TeGpaHH:Ll
cyHMaiy. _

(7.1) pad BakT O6yAMya oJMHraH OHDPHHYH XOCHJACH ¢ 3a-
PAJHHUHT {3rapuwl (OPTHIIH KM KaMaiHiuM) TeaJurund Gepuo,
JTKA3THYHHAT KYHAAMAHT KECHM [03M OpKAaJ/IW BakT OMPJHruja
yTraH s/eKTp MHKRODHHM Hdopanaiiau, Oy Ou3UMK KaTTaluk
moKk Ky«u neb opUTHIALH, ShHU

(7.2) Teurnamara 3apaauuar (7.1) opkanu KuHAMaTHHU KViicak,

[ = 7;— [ cos (f —@)] = g sin (wf — @) ==
n 2
= I, cos (mt —¢ -+ —2—) (7.22)

yukaau. by udopazan éxu 160- pacMparu rpadHKiaH KypuHa-
IUKd, Xap HKKa/Jda KarTa/ldK 3apsj Ba TOK KY4H XaM KOCHHYCO-
HgaHu Gepub, ToK ¢asac 3apap  dasacupad % ra oJigdHja

Gopapu, apha { =0 6yuca ¢ =0, i =1, 6yaaau.
Xyanu 3apsiy Ba TOK Kyud KaGH, KOHIEHCATOp KoMJiamania-
pujarM KyuJaHuul XaM TapMOHHK §3rapaju:
U =—Zfl cos (@t — @) = U, cos (of — ¢). (7.25
Hemak (7.1) Ba 7.26) naun k)“/pnﬁanuxn, 3apfl Ba KyuJja-

Huw 6Mp xua ¢dasaga 6yaap skaH. By xakma «ysrapysuan
TOK» MaB3yCHIA KeHIpPOK TyXTajub yramus.

o0

160- pacm.
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73- §. dpknn aJleKTpoMaer TeGpaHuaap AaBpu
BAa WACTOTACH

Konznencatop KonnamaJapuiaard 3JeKTp 3apfiidH Ba Ho-
TEeHIHaJap aHHpMacH €KH KOHTYpAarH TOK KyuH KaTTaJHK-
JApHHHUHT V3rapHmiiapd afHaH 72-§ ma KypraHuMH3JeK,
KeTMa-KeT TaKpPOpJIaHHIIM YYYyH KeTraH aHHK OHp BakT
OPAJIHTH 3PKUN SKH XYCYCUL 3NeKTPOMAZHUT Tebparuwaiap
daspu (T) ne6 atanapgu. Xycycuii TeGpanuiuljiap RaBpH
KOHTYpPHarH CHFHM Ba WHAYKTHBJHK KaTTaJHrura GOFJHK
6ynamn. Ana my GorNaHHIIHA aHHKJIaNMH3.

TeGpannn xoutypugarn (158- pacM) Gepk 3avmup Gy./ranu
yuyH ynparn ManGanunr & OIOKu BasudacuHn &g Y3HHAYK-
uua DMOKu Gaxkapagu Ba y Kyiuparuua ndonanasap 3au:

di
Eg= — L —,
o dt
Jlexnn Koutypna C CHFHMJIH KOHjeHcaTop xaM 6op, YHAaru
KYUJIaHiIl KyHHAarura TeHr:
: q
Uc: T
By KyuaaHHI BaKT yTHIIN GujaH 3apALHUHI Y3rapHIIHTa
GOFJIHNK XOJAa y3rapai.

3amxupaarn y3unaykuusa JIOKu samxupparu kyuaa-
HHUII TYWIYBH KOHAEHCATOPAArM Ky4JIaHHLILIAD HHFMHIMCHTA
TeHT 6ynanu:

6s=IiR+ U,
€KH
LY _ip9.
L ~ iR + C (7.3

By Te6paHHII KOHTYpHAATH XapaéHJapHHHT acOCHH TeHrJa-
MacHAup. YMyMHH Xoana Oy TeHrJaMaHH eUHll JKyAa My-
pakka6, 6u3 TeGpaHMIl KOHTYPHHHHT KAapUIHJHIH JXXyAa
KHUHK, 'bHH IR Xaj xucobra osmHMaca Xam Gyaanuras
llapa)kajla KH4YHK OYJAran XoJHHrHHa Kypuul GHJIAH YeKJia-
namus. Bynna# xoana (7.3) tenraama coapanamu6, KyfH-
Jlaru KYpUHULIra Kejaajau:

i __ 4 a4 __ 9

y o 6ynaan . I (7.4)

By Tenrslava GunaH nNpyMHHANH MasTHHK TeGpaHHUMIAPHHHU

TaBCH(VIOBUH
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do __ __ kW
m yrii kx, OyHaaH 7Rl x = —opx (7.5)

TeHI1aMa -ypracuna Oedru/apuaad Tawkapd xed Kaupaait ¢apg
AYKAMra KypuuuG Typubau. Arap m mMaccauy L MHAYKTHBJIHK

v . .
SuslaH, —y TESNaHuUl TOK KYyHHHHAr FaKT OyfiHya Y3rapuiuH
di .
o 6usiaH, MPyMUHAKUHT & OHKPJHIHHU KOHAEHCATOP CHPHMHU-

1
ra TecKapy KarTajluk < 6unan aaMawrrupcak, (7.5) TeHrJama

ypHHra (7.4) TeHr/iamaHd XOCUJ KUIaMH3.
(7.4) Tenrniamanu L ra 6ynu6 ro6opcak Ba

1
®) = ——— 7.6
0= To (7.6)
neb Kalys Ku/Icak, KyHHAard TeHrjamMa KenuO uMKaju:
di 9
—m=4= W9

(7.5) TeHrmaMaja wo— MeXaHHK TeOpaHHIIJAPHUHT LHKJIHK
gacroracuaup. BunobapuH, (7.6) TeHrMaMajiaH TOMHJIaRH-
raH wo—— 3/JeKTPOMarHuT TeGpaHHUIJapPHUHT IUKAHK YacTo-
TacH, '’bHU 3apfAj, TOK Ba GollKa KaTTaJHKJapHHHT TeGpa-
Huiap yacrotacH Oynagu. ¥ BakTha KOHTYPAArH 3SPKHH
Te6paHHUITAPHUHT aBpU Kyifinaaruaa Honananaau:

T = 2 _ 9y VIC. (7.7)

@y

By ¢opmyna uuraus ¢usure B. Tomcon ToMoHHAan
1853 #tunpga nasapuit fiyn Guian GUPUHYM MapTa YHKapHJA-
rad Ba yHuHr HomMu 6unan Tomcon dopmyaacu ae6 arana-
au. (7.7) nmaH KypuHAaAHMKH, HHAYKTHBJHK Ba CHFHM KaHua-
JUK KHYAK 6Yyca, [AaBp IIYHYAJHK KHYHK, SBHH 3JIEKTDPO-
MarHuT TeGpaHHUIIIAp 4acTOTacH HIYHYAJHK IOKcak 6yxaap
3kaH. UyHKd yacToTa AaBpra TecKapu KHAMAaTAHup:
1 1
VY= =
T oy LC

74- §. Cyuysuu ajexktTp TeGpanum
IOKopuaa cyumac 3JekTp TeOpaHMIIHH TeOpaHMIU KOH-

TYpUAarH KOHJIEHCATOp 3apfAJHHHHI FAPMOHHK Y3rapHuIH
MuconHAa Kapab unkaAHK. KoHAeHcaTOpAArd 3JeKTp SHeprus
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g%/2C ponumuii 6yaran xosana Te6paHHIIHHET CYHMAaCHNUTHHH
KypauK. Duau Oepk teOpaHHII KOHTYPHZa MaBxXyd Oyarad
KapIIHJHKJIap xHcobra oJIHHCA, KOHJAcHcaTtoplaa pyi Gepa-
OMIaH KOHAEHCATOPHHHFT 3apAACH3JIAHHMIHHH {praHamus.
QuuHrad MHAYKUHOH FAJTaK CHMJApHHHMHT KaHXall Monaa-
JlaH sicaAraHHra Ba reOMeTpPHK yavamiiapura Kapab yJap-
HHHr Kapwuaurd (R) xam MaBxya. By Kapmuankaad Tok
Vrumuaa JXoyap — JleHw KoHyHHra MyBopHK VTKasrdujpa
HCCHKJIHK 3HeprHsicH axpaJnub typaau. Te6paHHIl KOHTYPH-
Ia XaM KOHJEHCATOPHHHI 3JIEKTP MafJ0oH 3HEPTrHsICH, XaM
FaJaTak arpoduiarn mMarHuT MaHAOH 3HEpPrufJapH acra-ce-
KHH KaMasi Gopanu. Kapmuauknap kuiiMatura Kapab y3oK
€KH KHCKa BaKT HUHJA 3apSA Ba TOK KyYJapUHHHT aMMOJIH-
TyRa KUAMaTIapH HOAbL Gyiaub, TeOpaHUml TyXTalnu, SbHHU
cyHanau. .

DyieKTp 3aHXKHUPHAA HHAYKTHB FaJTAKJIH TYJIHK 3aHKHP
yuyd OM KoHYHH Ky#iuaaruua HpojanaHanu:

di
jo Vet
R b4
OyHaaH
UC=iR+L%. (7.8)

By ‘TeHrJ1aMajard KOHJeHCaTop KOlijlamMaJ/JiapH Oopacyaaru KyuJa-

HHIIHM 3apAJ MHKAODH ¢ Ba 3jektp curum C opkam U, =
BA | HHMHT KHHMATHHH XaM 3apsiJ MHKIOPH OPKalu [=

—gsa =% _ 4 napum (7.8) ra gyiicak, y 3apsira
= 9Ba 7 =~ =q Japuu (7. KyHCaK, y 3ap
HcOaTaH |KYHAHJard WKKAHUYH TapTHOMM audpepeHIMaT TeHIa-
MaHH XOCH/ KHJIaMH3:

9% pdd 7.8

C dt Tt dt (7.89

éxu Oy TeHrJlaMaHMHT xaMMa XxaiuHH L ra 6y.u6, HHFHHIH
LaKAjga é3cak,

fa
[#o]e

dq R odg ! 6

w T dt+LCq~—0 (7.8%)

6ynaau. By udoxanaru __lz_ =20 Ba _Llc_ = nxe6 OGearu-
na6, (7.8%) ra onu6 Gopub xyiicak, Kyiupard xocun Gyaamu:
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d?q dg
de2 dt 0

q + 2[3q+w0q = - (7.89)

by uponanaru p = ?RL— mebpanuul KOAMYpPuHuHe CHHOupULL

Koagpuyuenmu Gyanb, KapUIMIMK KAHYA KHUYMK, WHAYKTUBJHK
KaHda kaTTa GyJica, Te6paHMII IUIYH4Ya Te€3 CyHaJH.
(7.8%) TeHrnaMaHVHT €UHMHHH

g=A4 (t)/e—'ﬂt (7.9

Iakaupa xan 3TH6 xypadauk. Byuwnr yuyw (7.9) Tenrna-
MaHM y3uHH, OHpPMHYH Ba MKKHHYH TapTHOAH audodepeH- .
uvannapuen onub (7.8°) ra KyiuG, MabjayM MaTeMaTHK
aMaanapHn OGaxaprauuMnsia A ra HucGaTaH KyHHaarx
HKKHHUH TapTu6JH Rdddepernnan Terraama XocHa 6yaanu
(xyanu mexanvkaaaru Te6panuw kabu «Mexanuka» 60- § ra

Kapanr)

—d—t; +(0f — B 4 =0, 8KH
A=— (0 —p) A =—a?A. (7.10)
Arap (w3 —P? > 0 6yaca, (7.10) HHHT eunMHHH
A = g, cos (0f — @) (7.11)

aK/xa €3 MyMKHH. Y Bagraa (7.11) mu (7.9) ra gyiicak
g = q,,e_’3t cos (of — o) (7.99)

xocun 6ymapu. (7.99) (7.8%) kypuHamzpary audxepeHnuan Teur-
JaMmaHn euuMH 6ysub, cinyeuu mebpanma Xapakamuu wndona-

Jaian. Yuparu gee P TefpaHuiaa  3apsi  aMILIUTYRACHHUHT
3KCIIOTeHUMaN KaMaHHIIHHH Kypcaragu. ¢, 3ca ! =0 6yJarau-
Jlarh KoHJeHcaTop KorJjiaMma-
CHJaru 3apsIHUHT MaKCHMal
kuiiMatiaup. (7.99) HuHT BagkT
Oyfinda rpadurdHy umscak
161-pacmparu xa6u unsMa xo-
CHl 6ynazm (7.10) nponanaru
o? =} —f2  KysaTuiara
SACKTPOMArmdT  TebpaHu-
HUHI  [JOWpaBHi YacTOTacH-
aup. Byugau Tebpasnm jas-
161- pacwm. PUHH TOIICAK,
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@ = Zn JaH
i T

Tc:%“—— 20 N T (7.11)

e VA Y
Ic (21.
(7.11) cijnysuu ssrekTpomaznur Tebpanuwiraprute daspu-
oup. ByHH 3pKHH 3JieKTpoMarHur Tte6paHum paspu (7.7)
6HJIaH TaKKoc/dacaK CYHYBYH 9JIeKTPOMAarHuT TeGpaHuuLIap-
HUHT faspH ToMcoH dopMynacy GuiiaH aHUKJAHTaH 3DKUH
3JieKTpoMarsuT TebpaHHW JaBpHLaH KaTTa G6yJnap 3KaH.
(7.9%) Hu pTHGOPra 0JCAK KOHAEHCATOP KOIMIaMaJapHia

KY4YIaHHIUHHHT BakTra GOFJMHKAMIH KyHHZardua ydonana-
Haju: :

U= —g— = %— e Pteos (wt — @) = U, e P cos (0f—g). (7.12)
Hemak, kyusaanum xam U, e P BaKT OViluua  SKCHONEHUHAT
paBiza yarapap skadH. By udomaga xam U, Bagr f =0 6ya-
ragjard KOHJeHcaTop KOmJaManapd opacupard Ky4JIaHHIIHHHT
MaKCHMaJl KHiMaTtuHy Hboxanaigy.
Kontypaan yTaérraH TOK KyuyHHH AaHMKJAcaK,

[ = —jj— = — gy e " [B cos (ot — ) + wsin (ot —@)] (7.13)
Xocun 6yaanu.

By (7.13) udonanu }/ of — 4 ~ao, ra KymaiiTipuG Ba

- ¢ B B
6ysu0, xocua1 6yaraH Hpogaga CosYP = — ————— N — —
yau6, X § bo L’ Vore o
xaMza sinyg = ——m——— ~ _®  3KaWJHCHHH XHcoOra oJicak,
Vﬁ’(z)"ﬁe @,
(7.13) kyfugard KypHHHWHY OMIAfH:
[ = o, e P cos (ot — @ 4. (7.14)

cos Ba siny > 0 sKaHIMrHAaH —121 <4 < ; opacuia - ysrapa-

4. By nboganu (7.2) TenrnaMa OJIaH Tagyoc/acaK, Xyaau
(7.2%) dopmyaa opxamd wudopasaHrTaH TOK KYUHHH Y3HHHHT
npojack skar. Jlemak, Oy xosza %aMm 3aHMKUPJA OMHK KaplH-
JUK Oy/MaraH 3/7eKTp TeOpaHWII KOHTYDPH Y4YYH TOK KYyUHHH
udogacy xocun 6ynagu.

CyuyBun TeGpaHHUINIADHH XapaKTepJOBYH (PH3HK KaTTa-
JUKJAapAaH GUPH CYHUWHUHE Aozapumuk JexpemenTy 6F-
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au6, TeGpaHMIl aMIVIHTYAaCcHBH KaMalHul Te3AMTHHH Hdo-
nanadingu, Bup-6upudan saxr wuxardaw Gup daspea dapx
Kuaysuu amnauryoasap rucbaTuruHme aczapupmu ciyHuw-
HuHe aoeapudmuk GeKxpemenTudup:

qoe—chost

A=Ind=In :
g2 q0e=P U+ cos o(t4-T)

luef =BT, (7.15)

CynyBud TeGpaHHIIHE XapaKTepJaoBUH (H3HK KaTTaJMKjap-
AaH AaHa 6upu TebpanuulL KORTYpUHUuHZ acaiueu 6Yaub, y
JOTapH(PMHK HAeKpeMeHTra Teckapu O6yiarax katTaauk O6V-
aub, KOHTYpHUKE Tiaa 3Hepzuacunu b6up daspda UifkoTean
aHepeuacuza Hucbaruoup:

=2 9 1)L o W (7.16)
A 28 R C AW’ ’
By kysaTHaraH xoJana TeGpaHHIl KOHTYPHHHHT KapUIHJHTH-
HU KHYHK J1e6 onlamMu3. Arap Kapuauk kartra 6yJca, 3jek-
TPOMarHut te6paHHl 6yAMacAaH, TOK XyJda Te3 HOJFa TeHT
6ynanzu. By xoara anepuodux rebpanuw Jediuradu. (Me-
xaHukana 60- § na xapab yTuaranu Ka6u.)

75- §. MaxO0ypuii asexTpoMarsur Te6paHuuLIap.
Pe3oHanc

IOxopuaa KYpAMKKH, Xap KaHAa# TeGpaHUIl CHCTEMACH-

Aa MabJayM MHKAOpPAA MNOTEeRUHAA 3HepruajH TebpaHyBUH
KaTTaJHKHH MYBO3aHAT XoJaTAaH Ky3ratub 0301 KyHHO
1060pHJca, y ¥3 Te6panum ZaBpu 6usaH 3pKHH Te6paHaiH
Ba MYXHT KapIIMJHMK KypcaTMaca, CyHMaclaH xapakaT KH-
JHIIH MYMKHH, aMMO aMajja MYXHT KapIIHJHMTHHH eHTHII
yuyH TeO6paHMa XapaKaT SHEpPTHSICHHUHT MabjyM GHD KHC-
mMH capd 6yau6, tebpaunm cyra Gomaakan. CHcreMana
cyHMac Te6paHMa XapaKaTHH XOCHJ KHJHII YYyH YHHHT
LaBpui paBumga capd KHAraH KaMaoOBYH SHEPTHACHHH TYJ-
Japub TalmKapHAaH 35Hep-

rust eTka3nb OGepub Typu

Kepak, Oynia TebpaHuil

» ; 2. L cyumaiiay, CHCTEMAHUHT
MYXHT KapIUHJUTHHH €H-

_E6~ rMiI HIGHHH TalKH Ky4 Ga-

< Kapub typagu. Xyanu iy

a) ) Kabu, 3JeKTp TebpaHHLl

) KOHTYPHHHMHT TNapamMeTpJa-

162- pacm. pH (CHFHM, KaplLIHJUK Ba
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V3HHAYKUHA) HH §3 BaKTHAa AABPHH V3rapysum 3Heprus
6unan Tyanupu6 TypHm kepak. Ulynunr yuyyn C curum, L
HHAYKTHBJIMK Ba R KapWHJIHKAaH HGOpAaT 3JieKTp TeGpaHHIl
KOHTypHra Kertma-ker KWIHG ysrapysuan 3JIOK (& = &, coslwi)
(162- pacm) yJsaHagu. Y BakTAa KOHTYp 3JeMEHT/IapHAard Kyu-
JaHuul TYUWYBJAPUHUAT HAHFHHAMCH my yaauran IIOK kat-
Taqurura TeHr 6GyJnapu:

Y SN - ST A
&=L ” +iR + c épcosawte . (7.17)

By udomann 3apax opkanu udojanacax, (7.8%) gyiumard Kypu-
HHWNA HdoralaHany:

g+2pg +abg =51 cosot. (7.179)
By ubona mexanukagaru Maméypni’i TebpaHMa xapakar TeHIJa-
macura yxwainy., Pagar yarapyBuaH KaTTaN#KJIap CH/IKHIL 3a-
psinu 6uiaH  anMamrad., UHlyruer yuyn (7.174) TeHrjamanu
eUUMHHH KYHUJArd KYpHHHIZA KHIAHPAMH3:

q = G oS (0t — @) (7.18).

Byunau g, ¢” napuu ronu6 xampaa (7.18) uu (7.17%) TeHrsama-
ra gysamu3. Cyurpa Oy udomagaru cos(of— @) Ba sin(wt — )
JIApHH TPUTOHOMeTpuK (opMyJiasap €paaMuua OuHG uHKHO,
cosw! Ba sin®f MIUTHPOK 3TradH XalJlapHH TIpymnnana6, yJap
oJaumard xocuad Oysarad KoshpHUMEHTIapHH HoJ/ra TeHIJiaii-
THpUO, UYHKH XocuJ OysiraH uboaa aiHAH HoJra Tedr Gy.u-
IUH VYYH 3apsiIHHHT aMIVIHTYJia KMHMATHHH

/L

Go = 7.19
7V (@) — o e pr @19
Ba MaOypuil TeOpaHuIap (pa3acHHH
tgp = — —2b2_ (7.20)
o o

tonamu3. by (7.19) Ba (7.20) TeGpaHuur KoHTypHAa Myxappap
6y/ran 3/1eKTp TeOpaHUIUTaPUHHHT AMIVIHTYAAacH Ba GOLLVIAHFHY
tasacu 6.6, Tebpanuiu (7.18) Kypunmmuga udbonananaiu.
(7.19) Ba (7.20) maum KypuHajuKH, aMILIATyAa Ba (asa TaWKH
KyAuarad mManba uwacroracd () ra Ba XycycHd TeGpaHHLLIap
yacTotacH (w,) ra Gorsuy GyJap sKaH.

205

www.ziyouz.com kutubxonasi



R
By (7.19) Ba (7.20) udonanapra w; = el afp= T
JlapHH KYHCaK, yJap KyHAuAard KYpPHHHILHH OJajM:
&
qg= - 2 = (7.199
R2 Lo— — '
© ]/ + ( ® Co))
Ba
tgg = ——— . (17.209)
———olL
by ndonanapaarn
L oL=0 (7.209)

oC

GyJsica, 6y BakTAa KoHTypra 6apkapop O6yJraH TOKHHHT KHHMa-
MaTH

[ = Z—‘: = — gy sin(wf — @) = /,cos{(wt — ¢ + —;—) (7.21)

6ynann. (7.21) Ba (7.199) um swvrubopra oJcar, TOK KYYHHHHT
aMIIHTyla KHAMATH

; é
Iy =gy0 = 2 T2
V R2 4 ((nL — —(?)
OyaanH.

bus KOHAEHCATOPp KolljlaMacHjaarH KyuJjaHHIUHH aHHuKJacak,

(7.22)

U, = Eci'-cos (0t — @) == Uy, cos (0t — @) (7.23)

6y ndopanaru
_ Y &,

©TC T ¢ VR2+ (wL_- __'_)2 7.24)

wC
KOHJI€HCATOD KONJIaMacHAATH KYUJAHHUIUHHHI MAKCHMaJ AaMILIH-
TyJa sHAMATHAHD.

Uacrorauudr (7.6) MyHoca0aTHH KaHOATJIAHTHPAJuraH KHii-
MaTHaa TYJHMK KapUIMK 3HT KHYHK KHAMaTra spuiiaj,
KYWwIaHHOl Ba TOK KYYHHHHI aMIUIHTyjacH aca (7.24) Ba (7.22)
(dopMmyJafaH KYDHHAJAHKH, MaKCHMal KHUAMATra SpUILajH:

Uee= oop’ (7.249)
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&,

=
CurFuM Ba HHAYKTHB/HKKA 3ra Oy/iraH KOHTYpA2H Ky4/aHHIU
Ba y3rapysuaH TOKHHHI VTHIU XOJAHCACH MeXaHWHKajarud pesc-
HaHC xonucacura yxwab Kerapu. TOK KyuHHHHr aMINIHTYAA KHite
MaTH yYacToTara OOFJHK Ba 4YacTOTAHHHT pe30HAHC Hacmoma
ne6 aranajuran MyailstH 6Hp ®, KMAMaTHA MakcHmani Gy.iaju.
®, HHHT KuiiMary (7.20°) ra acocaH KyHHparura TeHr

. 1 a
@, ]/ I | (7.6%)

Mlynma#ht Kuaub, KyHuaars xyJjocara kKeaaMmus. TeGpa-
HYLl KOHTYPHAA HKKH XHJI 5JICKTPOMAarHHTHK TeGpaHHIu:
KHiiMaTn (7.7) udponanan aHUKJaHARUraH NOHMHHN yacToTa-
aa xycycuil Te6pannu Ba yactoracH tamwku JIOK Huvr §3-
rapuu 49acToTacH @ ra TeHr 6yJaraH MaxOypuii TeGpaHHIL
6yaumm MyMKHH. Arap Te6paHHLI KOHTYPHHMHI XyCYCHM
9acTOTacH ¢ KOHTypXaru TabcHp Kuaaérran DIOK Huer
y3rapui yacToTacH o AaH KeckuH ¢apkK Kuiaca (wo > w® €KH
0K ®), Y X0AAa KOHTYpPAaH YTaérraH TOK KHUYHK Gynanw.
Xycycuit Te6panumwaap yacroracu tawku JIOK uacroracn-
ra sSKMH/JALIraHja TOKHUHT aMIJIMTYAa KHAMATHHHHT OPTH«
IIA Ky3aTHJalH, Xap HKKaJa @y Ba @ YaCTOTajJap KaTTaJduK
KUXaTnaH TeHr OyaraHia Toxk makcumana Kudmarea 3pu-
wadu.

Xycycuit Ba MaxG6ypH#t TeOpaHHIIAAD YacTOTACH TEHT-
Jalraija TOK KyUYHHUHFP OPTHIIHTA 34EKTP PE30HAHC Xo0u-
cacu neb atanaad. DHPOK wyHH afTHII KepakKH, KOHTYp-
HUHT aKTHB KapIIXAJUTH HOJATA SIKHH, éKH TeHr 6YyJraHmaru-
Ha wo Ba ® 4acTOoTajJap TeHrJIamraHga pe3oHaHC 6Yaanu.
Arap Te6panum koutypuna 6upop .aKTHB Kapiuujauk 6y.ca,
y xoqia GyHpaft KOHTYPHUHT XycycHH TeOpaHHIUAap 4acTro-
Tacu Kyfinnard HpoxanaH aHuKAaHAAH:

I, = (7.229)

o=1/_1 _ R (7.25)
LC 412

Y xoana (7.6a) Ba (7.25) dopmynanapHu Takkocaab peso-
HAHC XOJQHCacH KOHTYPHHHT TeOpaHHIUIIAD YacTOTAaCH o JaH
KaTTapokK @p yacrotaia pyH GepHUIHHH KypaMmus.

164- pacmma 6up HeuTa pe3oHAHC 3TPH YH3HKJAPH Tac-
BHPJIAHTaH, yJjap TypJaH akTHB KapIUHJHKJapra sra 6y.aran
KOHTypJaapra ternuwan (R <Ry<R;3). Kapmuauk kanua
KHYHK OyJca, srpu YH3HKHHHT MaKCHMYMH LIyHYa YTKHDPPOK
6ynanu. Jemar, xycycuii Te6paHHLUIADHHHT CYHHIUH KaM-
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ke

S . U ey, WY

€Y

163- pacm. 164- pacm.,

poK O6yaraHia, KOHTYypAard TOK KYYHHHHP aMIJHTYJa Kuil-
MaTH KaTTapok Ba Pe3CHAHC 3rPH YH3HFH JTKHpPOK 6yaap
skad. KaTTa xapliusaMkaapia pe3oHAaHC STPH YUBHFHHUHT
VTKHPJUTH KaMpok OYAMIIN pacMiaaH KYpHHHG TypuHOaH.

Pe3onaHc BakKTHAa TOK KYYHHHHr VCHIIH OHJIaH Gup
KaTopjla CHFUM Ba HHAYKTHB KapIIHAHKJIApAaru KywiaHuul-
Jap XaMm KecKHH opTafH. By kyunanumap kaTTajuk XKu-
XaTHJaH TeHrJaumub, TallkH KyuJaHHMJaH GHp Heua MapTa
own6 KeTalu. XaKUKaTaH XaM pe30HAHC XOAHCAcH pyi#
OepaérraH BaKTAa CHFHM KapIWHJHKIAArH KyYJIaHHHIHHHT
aMIJHTYA2 KHHMATH

! T

Ve =TRe=go =1 ]/ L (7.26)
npoaiaH, MHAYKTHB KapIUMIMKarH KyuJaHHIIHUHT aMIiMTyia
KHAMATH 3ca ’

Uo, = IR =Ty L=1, |/ L (7.27)
uonaan aHMkJaHaH. Arap SaHXHDHMHT aKTHB KapLUHJIUIH
R KaTTanuk »KuxaTHaaH V_é. ndoianaH XKyjxa KHUHK (R &
& ]/..é_) GyJca, y X01ia TallKH KaPLUMIHMKHHHT aMmIjIHTyla

kuiMatn U, = [,Z = I R nboaanan anugananu. bynaan U, .=
= U, > U, 3kau/urunn Kypcatnii MymkuH, (7.26) Ba (7.27)
ubojasiapHy TakKocnah pe3OHAaHC BaKTHAA KOHTYDHMHI CHFHM
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Ba HHAYKTHB KaplM/IMK/Iapy xam Oup-Oupura TeHr OYaAumuMHU
Kypamus.

Konrypaarn 3apsin Ba Ky4JIaHHUIHHHT qaCTOTa.napra
Gormukaurd (7.19a) (7.24) nam KYpHHHIIHAAH TOK pe3o-
HaHCH Kab#M KyuJiaHHNOI Ba 3apsijl pE30HAHCJADH XaM Mas-
KyAaup. By HMKKM KaTTaJHKHHHAT DE30OHAHC STPHJHKJApPH
6up xua (163- pacm).

D/eKTP 3aHXKHPHAATH pe30HaHc XyAa KaTTa axaMHATra
ara. Macajaan, pannoanoka akat pesoHaHc XoAucacH Ty-
¢daitauraga 6YIHIIE MyMKHH,

76- §. Jlamnaan reHeparop €épaamuaa
3AEKTPOMArHKHT TeGpaHUILNAPHA XOCH KHIHIU

Bna xosupraua kypn6 kearaH Max6ypuii 3JeKTpOMar-
HUT TeOpaHHMJIAp 3JeKTp CTAHUHUAJAPAA reHepaTopaap xo-
CHJI KMJIAfINTaH y3rapyBuyaH KyuyJaHHHI TabCHPH OCTHAA
nafino 6ynaau. byHnaii resepatopaap 1okcak (6up Heua
repuiaH OpTHK) uacToTajH TeGpaHuIJap XOCHJ KHJA OJi-
maiian. Paanorexnukaga sca 50100 xI'n man TopTH6 TO
10°=-10% kI’ rava 6yaran IOKCaKk 4acCTOTaJH Te6paﬂmn.nap
KyaIavnany.

1913 #uan yu sjekTpoann
3JIEKTPOH JaMna épaaMuia
IOKCAK = 4acToTaJH  cynmac
3JeKTPOMArHuT TebpaHuuIap
XOCHJ KHJAULI yCyJaH Kaug K-
auHaiM. By ycya 6uaan Teb-
PaHHIIJIAapHH XOCHJ KHJIHII-
HHHT OAAHH cxeMmacH 165-
pacMia KypcatHaran sa GyH-
dall KypHaAMa aamnaau 2ene-
patop ne6 ataaamu. JlamnaJnau 165- pacM.
reHeparop  ysrapMac  TOK
SHEPrUSCHHH y3rapMac aMOJIHTyda Ba IOKCaK 9acTOTaJH
y3rapyBuaH TOK 3Heprusicura aijautHpaad. Jlamnaau reue-
patop Kydularn KucmiaapiaH u6opaT: 1) 3JeKTpOMarHur
Te6paHMmIap XOCHA KHJHHAjauraH TeGpaHHuIl KOHTYPH;
2) koHTypAa cyuMac TeGpaHHwiap O6Y/aIHO TYpHIIM YYyH
3apyp Gyaran sHeprust MaH6au Ba 3) TOK MaHOGaMaaH KOH-
Typra aHeprusi GepHlUHH aBTOMaTHK pocTaab TYPyBYH Y4
3JICKTPOAJIA 3J€KTPOH JaMNa — TPHOA.

JlaMnanu reHepaTop HIUJAWH YUyH AHOA TOKH V3rapumy
HaTH)Kacuaa xocua 6yaysun DIOK Gunan Te6paHHmI KOH-
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TypHAa XocHJ OYJAyBUH TOKJAApHHHr a3anapd OUp XHJ
6yaMin mwapr. bus KysaraérraH cxemMaja HHAYKTHB FaJl-
TakHH aHoJ 3aHxupura (L,) yaam opxaau Mochaiimus.
AHox 3aHXHpUAA TeGpaHUII KOHTYPHHHHT Gyjaumura rec-
Kapo 6oFaanuul Kednany.

165- pacMaa Kypcatuarad cxema Gyiinda JiaMmoand reHe-
PaTOPHHHI HIMJIAIl NPUHUMNKHH KYHHZAaruya TYMYHTHPHIL
MyMKHH. Te6paHHII KOHTYpHTra TPHOL OPKaJu y3rapMac TOK
manbGau B, ynanran. JlamnaHunr TYpH Ba KaTOAH opacHra
TeOpaHHLI KOHTYPDHHHUHT L, FaatarH OHJIaH HHAYKTHB GOF-
JaHrax Lo ranarak yJaanrad. Uyrnatam 6artapesick By yaaH-
ranja Jjamnagal Tok yra 6omgafiam (aMna «ouuJsajpu»)
Ba aHOJ 3aHXKHDHJAA MabJyM BaKT KaBOMHIAa ¥cyBuH [y
TOK na#ino 6ynanu (165- pacMia TOKHHHT HyHAJNHINH CTpeJ-
Kajap Gujad kypcatuaral). By Tok, 6upurnqudan, KOHTYp
KOHIEHCATOPUHH 3apsianaliin, uxkxkunqudanw L, ranrakpa
MarfurT MaiJoHH XOCHJ Kuaaid. Dy MarHAT MalZOHHHHD
HHAYKUHSA OKUMH Lo FajTakuu xaM Kecu6 yraau. by maiigon
BaKT AaBOMHAA opraaurad GyaraHm yuyH JleHu Koumpacura
myBodHK L, Fanrakaa Iy Tokka KapaMa-Kapwin HyHaJara
I3 TOK MHAYKUHAAAHAAH. [; TOKM JJAMOAHHHT TYPUHHH MaH-
¢ui 3apaanafign (TOKHHHI AYHAJUILH 3JIEKTPOHJAp Xapa-
KaTé HyHaJuIIWMra KapaMma-KaplWi 3KaHAurugal I, ToxkAaa
3JIeKTPOHJAp Typra Kapab XapakaTJjaHalH, yHAa TynjaaHuo,
YHH MaH(UH 3apsAANaiiu), WYHHHT ydyH JaMmna «GepKuaa-
IH»,

Wynaat kuaub, JamMna KOHAEHCATOPHHU 3apsAAgaitau Ba
CYHI'DA aHOA 3aHXXHMPUHH V3ub KysanH, 6GHHOGAPHH, KOHTYp-
HU dHepruf man6au b, GarapesfaH y3uO KysaaH.

Konpencatopn 3apaanaHraH KoHTypha 72-§ ma kypub
YTraHHMH3JeK TapTHOIa 3JIeKTPOMAarHdT TeGpaHHIUAap Xo-
cuJs 6ysmaBepanu. J{aBpHUHI HKKHHYH YOparn AaBOMHAA TOK
KOHJEHCATODHH KafiTa 3apsianaiau Ba tyxraiijn. By Bakrna
L\ FajrakHHHT MarHat MafioHd, AeMaK, Ly FajJTAKHUHT XaM
MaruuT MafiioHd 3andJamajy, IYHHHT YYYH SJAEKTpOMar-
HHT HHAYKUHA Xoaucacura MyBoduk Ly TYp FanTardaaru Tox
aBpaJru AyHaJaumuAa YTHUIZA JaBoM 3Tand, OunoGapuH,
TVp KyuinMua Mauduit sapsx onaau Ba jamna «OepKIHUTH-
yay KoJaIH.

JlaBpHUHI MKKMHYH fIDMHJA KOHTypAa Teckapu (/i ra
Kapama-Kaplun) UyHaauumaa Tok yrand. /; aBBaj, RaBPHHHT
yUHHYM YOpArnia Kyyasii¥, CYHIpa, JAAaBPHHUHT TYPTHHYH
yoparuaa cycasan. llynunr yuyH L, Typ FalTakia TOKHUHT
AYHaJHIOIM XaM KapaMma-KapuiH TOMOHra y3rapaim Ba Typ-
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HUHI 3apaaM kamast Gowaian. JlaBpHHHT OXHpPHra KeJsinb
Oy 3apan tamoMm Oynam, JaMila «OoUHJaaJH» Ba JJaMNa KOH-
Aencatopgapuu 3apsanaiau. CyHrpa 6aéH KHIHHraH xXapa-
éH KaltaaaH GollaHanu.

Ilyngaft kuaub, aamna daspull pasuwda — rebparut-
Aaprune xap daspu bowuda KonTypea anod barapescudan
anepeun bepadu. Bynunz natuxcacuda KonTypda Cchynmac
2AEKTPOMACHUT Tebpanuuiiap 103aza Keaadu.

Te6Gpaunuw KOHTypHAa OJHHAAUTAH IOKCAK YacTOTAJaH
TOKJIap caHoaTAa KeHr Kyananuaaid. Macanan, Mkcax
YacTOTaJAM TOKJap ErOUHH KypHTHMWI, MeTaan OyloMaap
CHDTHHH YMHHKTHPHLI Ba 3PHTHII MeusapHia HULJIaTHJIAIH.
Okcak vacroranu TokJaap €pjaamMHAa MeTajJlapHH XyAa Te3
IPHTHII MYMKHH, Oy X0 0COH OyFJaHHO KeTyBYM MOAKajap-
HUHT KOTHUIMaJIaDHHH OJMIILA MYXHM INAPT XHCOGMAHAMH.

Xo3Hpr¥ BaKTAa IOKCaK 4acTOTaJH TOKJIap MeJHUMHANA
(anexTponnarepmus) MyBadGakUATIH KYJIJaHUIMOKAA.

VIII BOB. Y3IrAPYBYAH TOK
77- §. Y3rapyBuaH TOKHH XOCHJ KHJIHMII

Tyrpu TYpTOYpPUAK IWAKJAHAATH pamKa K?pmmumna yTKas-
rHY oAub, YHHHI MarHHT MaiiioH HHIYKUHMSICH B 6yJiran 6np

KHHCIHM MarduT  MaifjoHra
)Koftarupamu3 Ba yHu 00,

f
V¥ arpoduja @ Oypyak Tes- /
J

/.

JuK 6usaH TeKnC alJauTHp-
rasumusfa (166- pacm), pa- -

KaHHMHT H03aCHHH Kecub YTYE- N S
YH MarBuT MHIYKIWA OKHMH 77

103ara YTKaswIras HopMajira Z

HucbaTaH XaM  KarTajHrH, /\/

%aM  HyHaMMIUM  KHXATHAaH d

yanykcus yarapub Gopan, A

SIBHH 0

® =B Scoswt==BScosa, 166- pac.

(8.1)

HaTIXKaja 3/JeKTPOMArHUT MHIYKUMS KOHYHHIa acocaH, paMKaja
yarapypyan mnaykuus OYOK Byxyara Kenapu:

é’i:-——j;£~BSmsmmt =&, sin of. 8.2)
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By udonagma B, S Ba o y3rapmac 6ysranu yuyH BSew =&, 6y-
6, undyrkyus 0K nune amnaumyda xudmamudup.

SIOKuHHr uxTHépHR BakTAarH KuimaTuHu (8.2) ¢opmyaa
Oyiivua xuco6.1a6 Tommmn MymkuH. [yunar &; xarranukka
SIOKHunr uxtuépuii GepwiraH BaKTAATH KHHAMATH €KM OHul
Kudmamu peiduiialiu. '

Pamka yunapuparu xankara (166- pacm) kapuuaurd R 6y.-
raH YTKasrHy yJacak, YHZAH ToK yta Oowaiind. By Tokuu
OM xoHyHuaaH ¢oiifananud, aiiHH BaKTAa PaMKaJaH OKaéTraH
HHAYKIHOH TOKHHHI' KYYHHH XHCOG/a6 TOMHII MYyMKHH:

= én—’ = éﬁ sinwt.
R R

&
By dopmyaana —FQL KaTTA/HK MaKCHMal TOK KYYHra TeHr

Oyaub, mox xywununz amnaumyla suidmamy jediunanu. By
KaTTaJHKHH [, OW/iaH Geqru/ianu0, HXTHEDHH BakKTAarH TOK Kyd-
HH, ABHM TOK KYUMHUHT onull sudmamu yayH Yyhugara <op-
MyJIAHH €3UII MYMKHH:

St
$
N

N

167- pacm,
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{ = I,sin of. (8.3)

Arap xocua 6yaran TOK OHHH KHHMaTH 3aHXHD KHCMJapH-
HHHI XaMMa HyKraJjlapuja Jesipju OWp XHJ KuUiiMaTra sra
6ynca, OyHnall ysrapyBuaH TOKJIApra Kea3ucTaAyuoHap TOK
Ae#injann. bus KBasHucTalMOHAP TOK KOHYHJApHHHM Vprasa-
mu3. (8.3) dopmynamaH KypuHaiMKH, paMKa GHP MXHHCJH
MarHuT MalJoHAa OMp TeKHC aljaHraHupa, Xocua Gyarad
HHAYKIHOH TOK Ky4Yd CHHYCOMAAJ KOHyH 6yiinua yarapap
’KaH. ByHn xysatum Magcagupa abcd paMkKa YpaMu
yusnapura ocuusiaorpad yaaimus (167- a pacm). Ypam mar-
HHT MaHIOHAa IOKOopHAa aHTraHUMH3JeK TeKHC aHjaaMma
XapakaT KHJAraHHAa paMKaja XocHa OyJyBYM HHAYKLHOH
JIOK Ba TokHHHT rpadBri CHHyCOHJAA WIAKJIKAA 3KAHJHTH-
HY ocunorpadHUHr D sKpaHUa KypaMmua, 167- 6, 8 pacum-
ga Ypam Oup mapra Tyaa aiinaHra€Hfia HHAYKHHOH JIOK
HHHF XocHa OyaMmu KypacTHarad, YHAa paMKaHuHr ad
TOMOHHM MarHHT MafilOH MHAYKLUHS BeKTOpHra Huc6artan
KaHna#l xo#isamrauauwairu (167- 6 pacM) Ba HHAYKUHOH
310K rpaduru (167- 8 pacm)
KypcaTHJTaH,

168- pacmpa IDIOK 6uaan
TOK KyYHHHHT Baxkrtra OorJa-
HHII TpadHurH KypcaTHJAraH.
T'paduk cuHyconpapaH ubo-
pat. IOK Ba HHAYKUHOH TOK
KYYHHUHT TpadHrHAaH HHIYK-
HHOH TOK KATTaJIMrH XKH-
XaTHAaH XaMm, HYHaJHIIH KH-
XaTHAAH XaM V3rapHILu KypH-
HUG TYpHGIH, 168- pacm.

Karraaueu sa uwgjraauwu
ocuxarTudan (f3eapaduean TOKKQ fjaeapys4an Tok Oeiiunradu.
Karranurn Ba -HyHaJWII XKHXATHAAH CHHYCOHWJA KOHYHMra
MyBOQHK paBHllfa AaBpuUi y3rapajgMraH TOK cusycoudas
j3eapysuan TOK NefinyiajH.

PaMkanuHr MardiuT MalifoHAa alJaHHIIHHUHT o Oypuak
Te3JIUTHra TeHr OVJraH KaTTajHK j32apysuan TOKHUH2 dasg-
putt yacTotacu ne6 aranani.

Yarapysuan TOX KYYHHHHT Gup MapTa TyJja TeGpaHHIIH
yuyH Kerrad BaKT opanurn (T) HU f3eapysuan TOKHUHE
daspu neviunagu. Dup cexyHAZa y3rapyByaH TOK KYUHHHHT
TYJa TebpanuuIap coHH (v) ra j32apysuan TOKHUHZ 4aCTO-
Tacu pe6 atanaiy. By KarrtanHMkaap opacuiaa Ky#Hunaraua
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GOFJIaHHII MaBXYA:
2%

= 2nv. (8.4)

(8.2) Ba (8.3) dopmynanapaarn of KaTTaJHKHH §3ea-
pysuan Toxnune hasacu neb aTanafy, y BAKTHHHT HXTHEPHH
nafituga yarapysuan DIOK 6unan  y3rapypuaH TOK Ky4H-
HUHT KATTAJIUIHHHA aHHKJIaHIH.

YmMyMan ojraHfa, TOKHUHT TeGpanumaap dasacu SIOK-
HUHT y3rapHwr dasacH GUaaH TYFPH KeJHLIH IIAPT 3Mac.
UlyHuHr yuyn yMyMu#l xoana

i = Iysin (ot 4 @) (8.5)

KYpHHHIIAA E3HIIMMH3 XaM MyMkuH, 6y epla ¢ — TOK OH-
jgaH DIOK wunr re6panumnap daszacu opacugara ¢apk.

78-§. Tox Ba KyYJaHHWHHHT TabCHP ITYBYM KMAMATH

(8.2) Ba (8.3) dopmynanapnan kypunaauky, dIOK nuur
9HT KaTTa KUAMATHra TOKHHHT XaM 3HT KaTTa KHHMAaTH TYF-
pH Keaanu: 6yHuHT akcuya, DIOK woara teHr 6yaranga Tok
XaMm HoJra teHr 6yaann. By xonna 310K nune jaeaputusapu
busan TOKHUHe i32apuwaapu 6up xua asada 6Gjaadu, je-
HuJIagu.

Kyuaauun Ba Tok (pasanapu 6up-6HpHra Moc KeJaJuraH
VTKa3rHUHHHIN KapLIMWJIMIHTA aKTU8 KApUWUAUK Jeldnyiagu.
AKTHB KapUIMJIHKKA 3Ta OYJraH YTKasruyaa TOK 3HEpPTHsICH
Goumrka Typ sHepruara adjganaju.

Tok y3rapuwvHuer OHp TYJNAa AaBpH HYHAA TOK Ky4H
Xap xuJ mMafiTnapla KaHjaid KaTTaJHKIarH KHHMaTtjapra
3DHILIMACHH, VHHHT §pTaya KuiiMaTH Hojra TeHr Oymaau.
Hemak, y3rapyBuaH TOKHUHT KHAMaTHHH 6y KaTTajuk GH-
JaaH 6axonab 6yamaiiau. YarapyBuaH TOK KyYHHH GaxoJjaii-
la yHUHr HyHajumura OorJHK OVJAMalfMTaH Ta’bCHpPH,
MacaJjiaH, TOKHHHT HCCHKJHK TABCHPH TaHJaHamd. Iapxa-
KHKAT, arap MabiyMm OHp KapUIMJHKKA 3ra Gyjarad ytkas-
ruunan [ ToK yTca, yHAa YTKasruyfa aXKpajiraH HCCHKJHK
MHKJOPH TOK Ky4H KBajJ[paTHra IHponopuHoHan Oynaud,
S'bHH TOKHHHT HyHajaumura 60ranK 6yamainy.

Yrxaszuuda 6updail sakT uyuda jzeapysian TOK ampa-
T@ 02a0U2AH MUKOOPAA UCCUKAUK QXCPATA OAY84U fj32apmac
TOKHUNZ KulimaTuza Texe Gijacan ij32apys4an TOKHUHZ KUli-
MATU YHUHE Tascup 3TYys4u 6Exu aggexTus Kuiimaru d0eb
aTaaadu. "
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Cunyconaan ysrapyBuaH TOK yuyH TokHHHT /., 3(dekTHB
KHiiMaTH Oujad | aMninTyjga KuBMaTH opacujaard OOFJIaHHIIHH
TOMHII YuyH y3rapyBuaH Ba y3rapMac TokJap R KaplHJMKAaH
yTu6 BakT Gupsmruga Moyab—JleHil KoHynn Oyinua axpan-
raH HCCHKJHK MHKJAOPHHHHT TeHrJMIHAaH dQoiaataHamMus:

T

g i* Rdl.

0

By ndopagan ToK KyuuHHHI 5(Q§eKTHB KHAMATHHH TOMCaK

9 |

T
]sq;:» —1_1‘— gizdtz "l//,a];if sin? @ ¢d (@f). (8.6)
Y 0
sin*wt Ru % (1 —cos 20f) Ounan anMamITHPHG HHTErpaHUHT
V3UHH  XHCOOJANMHS!
T
\ sin® otd(wb)= —(‘—)21 — (—4%; sin? wt)oT
KaBCJlary n(;ona HoJTa TeHr, y BaktAa Hdozanu (8.6) ra oaub

6opub KViicax,
(5 oT I ®.7)

a4 T 2 Ve

Mlynpalt KuanG, cunycoudar moK Yy4yw MoKk KYHUHUHE
ahpexmug Kuiimamu amniumyda xudmamudan V'2  mapma
Kuuuxoup.

Xynoun wynuaraex IIOK Ba KYUJHHIUHUHT S(PEKTHB KHii-
MaTH XaM aMNIITyja KHAMaTHlaH V2 Mapra Kduyuk GyJaiy;
S . ’ Uy . 3
@ = %= )5 (8.79)

YarapyBuaH TOK 3aHXKHpJa-
pHlla TOKHH Ba KyUJaHHUDIHU yJ-
yam y9yH KYpCaTHILIapH TOK-
HUHT HyHaauiuHra OOFauK OyJ-
MaraH acGobjap HILaTUNALH.
Bynpa#t ac6obaapun uccugaux
fgavos acbobaapu neb arananu.

Hceuxauk yavos ac6obaap-
HUHT acocu#t kucMu CD cuMm ro-
Jgacujgan nbopar 6yaub, yHHHT 169- pacm.
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ypracura HKKHHYH MN an ynauran. By un O 6ok opkaan
T npyxuna Ounad topruau6 typanu (169- pacm). Biokka
cTpeska ypuartuaran. YJadanaaurad 1ok C Ba D xjemma-
Jgapra 6epusnn6, CD tosnanaH yTkasunamd. Axpajaaurad
HCCHKJHK Tabcupuia CD cuM Kusuiau Ba 6y KM3uw Tydaii-
Ju y3asad. CD cuwm y3aitrauga MN unuu T npyxKuua KYnpog
TOpTajxH, HaTHXKada OJIOKKa YpHATHJraH CTpeaKa 6ypuJanu.
CD cuMpan $TyBUH TOKHHHI Ky4H KaHya KaTra OyJca, CHM
IyHYa KYNpoK y3asgu Ba cTPeaka IyHYa KYIIPOK OFajH.
lynpait kuau6 wKanaHd TerHuliuda Jgapaxanab oJgrad,
ac6o6aay yTadTrad TOK Ky4uHHHd yavyam MyMmKuH. By acbo6ra
KeTMa-KeT KYylWHMMYa KapilHJHK yJa0 BoJabTMeTp cHparnna
HIULJIATHI MYMKHH,

79- §. VarapysuaH TOK 3aHXKHPHAA KaPUWHINK
MHAyKTHBAMK Ba CHFHMH XKyjAa KHUMK, XHcobra osamaca
XaM GyJjlagurad 3aHKHpra ysrapyByaH TOK TeHepaTOpHIaH
{ = 1,sin ot
TOK Oepu/iraHia 3amxupfia K141t XoAuca O iuiiuHy Kapab
ypgaiinuk. DBvaunr yuyn 170- pacMaa xeaTup wirad 3aHxup-
JaH Qofifananaimk. 77- § na Kyprauumusgex, IIOK 6Gunan

TOK Kyud Gupjex (asana, y BaKTAd 3AHKUDHHHT af KHcmA-
Jlard 3aHXKup Kapmwiurd R Oyarada KywlaudlUHWHT TyuiypH

24
r_______o_~.___

bl A

| t
N S
I
170- pacm. 171- pacw,
U=iR =I,Rsinot="U,sinof (8.9

6ynapu. By ugonanaru Up=I[R — Kyusanuwnune amnau-
Tyda KuimaTuoup. Kapuankiare TOK Kyud Ba Ky4IaHHWI
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te6paHuIIHH TpadHK pasuHmaa Hdoxanacak 171- pacmpaa-
rHIeK KypHHHuIra 3ra 6yaagu (R>1 6yaranma). By rpa-
duKAaH KYPHHAAHKH, KyWIaHHI KaH BakKTAa MakcHMaja
KufiMartra sra 6y/ca, TOK Ky4H XaM LIy BaKTha MakCcHMaJ
KHfiMaTra 3ra, Ba aKCHHYA, KyYJaHHII HOJra TeHr 6yJjras
BAK1Ja TOK KyYH XaM HoJra TeHrgHp. Mexanukana tebpas-
Ma XapakaTJapHH BEKTOp JAuarpamMmanappa HdomajaraHu-
MH3/leK, 3JIEKTpAa XaM BexTop AHarpammaJjapaan doina-
JaHAMU3., DYHHHT yYyH TOokAQp [jKU TYUWYHYacHHH KHDHTa-
mu3. TOXHHHT TeGpaHHINH Iy TOKJAAp YKH HyHaauld OGyiin-
ya MoC Tymagurad Kuau® Tannab onunaau. IOKopunark
Ky3aTaéTral XoJlaTHMH3[a4 TOKJAap YKH HyHaaumuza ¢asa-
Jap dapku 6up XHJ 6GysaraH KydlaHdl #yHajaraH Gyuaaiu.
Yuuur ammautyaa kuimata Up=IyR. 172- pacmaa udona-
JIAHF&H BEKTOD JHarpaMMmanup.

80- §. Y3rapyBuaH TOK 3aHKHPHAA CHFHM

Kapwuaura Ba HHAYKTHBJUTH AeSpJaH Hojara TeHr 6yJ-
raH yarapyBYaH TOK 3aHJKHpHra KOHAeHCATOp yJaHrad G6y.a-

—

. ’ SN
y ===~ ———
°T I N :
(=, da '
Ue
I
: A
i i
wl ! + -
i A u X l '
172- pacm. 173- pacu.

cud (173- pacm). ¥ Baktaa curumu C GyaraH KoHAEHCATOP
KONJlaMaJIapH OpacHia 3apsiiJIapHHHI KyuHmu py# Gepuob,
3aHXKHPJAH TOK yra OGomuaiau. bouwanumupa KonaeHca-
TOpP KONJaMacCHHUHT OMPHAAH 3apsal (2/IEKTPOH) KeTHLIH
6unan 6y Konsama Mycbart moTeHHHaJra, HKKHHYH 3apAAHH
Kabya Kujaérran Komjama 3ca MaH(HI NoTeHlUHaJjra 3ra
6y.M6, KOHAEHCATODHHHT YMYMHH MNOTeHIHAJH YyJAapHHHT
fiuFHBANcHra Tenr 6yan6 MakcuMaJ KHiMartra sra GyJjans,
6y BaKTha 3aHXKHUPJAH yTaérraH TOK HOJra TeHr 6yJjanu.
KoHgeHcarop Komiamajapraarg KywiaHuLl HoJara TeHr 6V.-
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ranga 3ca, TOXK KyuH Makcumana Kuifimatra 3ra 6yJajH.
UyHKR, yJdaHran y3rapysuyal TOK Mau6an GepaéTraH TOK

{ == I,sin wf, (8.9)
oku6 yTaérran 3apsi 3ca

g = 5 idi =1y | sinotdt =— >cosol  (8.10)
[a]

(%

ra tenr. KoHaencatop Konsamasapuiard KyuJaHHIL
’ 1 1 .
=34 2% cosot="sinfot——] (8.11)
C wC wC 2
6y1anu.
(8.3) 6uaan (8.10) mM TakKoCTacak, KOHTYpAarH KyuJa-

g4
HUIIHUAT TeOpaHHIIH TOK KYUYMHHHT TeOpaHMINHMIAH Y (asara

OpKaja KoJap sKaH. JleMak, TOK KYUHHHHT aMIVIMTYyja KHij-
MaTH KYWIAHHIIHMHT aMIJINTYJa KHAMAaTHIaH —— Jasp om-

; JuH xocua 6yaaau. UyHkH, ToK
A ' {max MaBJAyM BakTraya OHp HyHa-

aquiga GopraHga KoHAEHCaTop-

JAry 3apsas MHKAOPH XaM OpTHO

6opasu. TOK Kyyd MaKCHMyM-
- 1aH ytub kaMasi GopraHjga xam
3apsaa opra 60pub, MakcuMyMra
eTranja TOK KYy4Yd HOJIra TeHT
6yaanu (174- pacwm).

(8.11) nan KoHaencatop Kof-
JIaMacHAArH Ky4JIaHUUHHHT MaK-
174- pacm. cHMal (amMIIMTYyAQd) KHAMATHHH

aHHKJIACaK,

!0

oC ‘
By ugoaann saHxupuuur 6up KucMu yayH OM KOHYHH GniaH
COTHIITHPCAK, —~ KAPUM/MK POTHHK Vinap skad. Hlynusr

U, = (8.119)

yuyH 6y wudonauu ‘
R,= — (8.12)

CUFUM KapWUAUK Jednnaai.
(8.11) \nan xypuHAAHKH, KOHAEHCATOp KomJaMaJsapuia-
TH 3apfi]l CHFUMra TYFpH NponopuHoHaa 6yJaraH¥ ydyH, cH-
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175- pacm,

FUM KaHya KaTra OYyJca, 3aHxup Oyinab kjyuyBuu 3apsg
XaMm WwyHYa kyn 6ynaad. Yactora KaHua katra 6yica, KoH-
AeHcAaTop lUyHuYa Te3 3apsiijaHald¥ Ba paspasnaHaad. [e-
MaK, samwxkup O6yitnab BaKT OHPJHTHAA INyHYA KYN 3apsij
yraad. [IlyauHr yuyH 4acToTa Ba CHFHM KaH4a Katta 6yica,
CHFUM KapPUWHJHK WYHYa KHYHK 6§au6, TOK Ky yranu.

(8.9) Ba (8.11) uu rpadux paBumia Hdoaanacak, 175-
pacMiaru rpaduk xocus 6yaanH.

Oaudrad KarTaJquKkJapHd BeKTOp KYpPHHMIIZA H(ogaslacak,
Kyu/laHunl BeKTOPH TOK YkH OulaH Moc Keamaclal, y Guiad

176- pacMpa kypcaruarasiex ——% 6yp- e

~Is

YaK XOCHJI KHJIafH. Y

(8.12) ra CH cucreMacupa aas-
puit yacToTa Ba CHFUM OMPJIMK/IaPUHH
Kyficak, Kapmuauk Oupaura Om Ke-
a6 uuxkaad. Kougencatopaau yTaér-
raH TOK HCCHKJHKKa a#jaHMaérraf-
JIHTH YUYH CUFHM KapUIHJHTHra peak- 176- pacm.
TUBAUK KAPWIUAUK NeAHIa 1.

(5.11) ra CH cucremacua AaBpHH 9aCTOTa Ba CHFHM
GupaukJIapUHd KYiicak, Kapmuiank Gupaurd OM xenub uH-
Kaau. KogjaeHcatopial {¥TaérraH TOK HCCHKJMKKA ailiaH-
MaéTraH/JHTH YYYH CHFHM KapHIHJIHTHTA PeaxTus KApULUAUK
Hefiuiraziu.

!
U=Joaz?

81- §. YarapyBuaH TOK 3aHXHPHAA HHAYKTHUBJIHK

YarapyBuaH TOK 3aHXKHpHra ¢akKaT HHAYKTHBIMIY L
6y.araH rFajatak yaasraH 6ygacun (177- pacm). ¥ Baktaa 6y
3aHXKHMpAaH YTaéTran TOK CHHycOHZas Oyaub, xyiduparuda
HonamaHraHAND.
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lmax

- I I qmax -

/

177- pacm. 178- pacm,

i=lsinof, (8.3)

HunykrtuB rantaknan OyHAal y3rapyBuaH TOK JTHIOMAA

ysuunykuus IIOKu xocua 6ynamu. ¥V Kyiinparuua ndona-

JaHaJH: i '
dt

Y BakrTaa FasnTak ysnaHraH KHCMAArd NOTEHUHAJHHHT TYWIy-

By Xam wy QIOK ra mugiop xuxatujau TeHr 6yaaau. Arap-

Ja ToK HYHaJuUIH pacMAa KypcaTHiaraHiek Gyjaca, SuHH

e g di
==L (8.13)

(8.13) ra (8.3) ndpomann kentupub Kyicak, FajaTaKiard
KYYJaHHUIHHHT TeOpaHHuIl Hpoaacu Keaub YHKaiH:

U =L %— =[,Locosot = [y Lwsin (o3t+ —%—) (8.139)
(8.13%) 6unan (8.3) udogmanapHu Takkocaacak, IaHNKHPAA TOK

KYUHHHHT Te6paHHIIMaH HHIYKTHB/IMKAA KYWIaHHIHHHT Tebpa-
4
Hpmm —- tazara onauHaa Gopagu. YUyHKH KOCHHYC XOCHJAcH

KOCHHYC HOJra TeHT OyJranja 3HT KaTTa Kuilvarra sra 6yJa-
J 1, AMMO KOCHHYC MAKCHMYMTa »ra G6y/IHIIHAAH 4opaK JaBp OJ1AHH

YHHHT XOCWJIACH MaKCHMyM xuiiMatra sra Oymamu (178- pacwm),
3aHXUPHUHT OMHK Kaplimiurd (R— 0) xucobra onuHMarany
YYYH 3aHXKHD yuJapura Gepwirad KyulaHull HHAYKTHBJHKIA
xocua1 6yaran DIOK HHHr teckapu wiiopacH Ou/laH OJHMHIaH
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q
~&z=lqwZ
4/ =
z
(%) IR
wi —
X
179- pacm. 180- pacu.

. o . di
KufiMaTura TeHr 6y.ub, Oy TOKHHHI  y3rapuml Te3/HrH (—&?—>

ra Oorauk. IIyHHHr yuyyH TOKHMHT HOJ KuAMATAaH YTHIIMAA
SIOK makcuman guiiMaTra sra GyJajw.

(8.13%) wmdpomanan maxcuMan guiMaty Uy = (Lo ux Om
KOHYHH OwiaH TagkocJacak, Lo wudopa KapMiuk pPOJIHMEM
yiaiina. IIyHrRHT yuyH yHra undykmue xapuuauk nedAnnany,

R, =oL. (8.14)

(8.14) nan KypHHAIHMKH, KapIUWJIHK WHAYKTHBJIHKKA,
naBpuii yactorara TYFpPH npomopuuonan Gynap skaH. By
Hdponara WHAYKTHBAHK Ba uvacrora CH parn GHPAWTHHH
Kyiicak, KapWHAMK Gupaurd OM keau6 uunkagu. Ammo 6y
Kapuwiuauk xam Curum Kaptuuaueu xabu peaxrusoup, svHu
Tox jrutiu natumcacuda rasraxda XKoyasroe — Jeny uccuk-
Aueu aseparub wukmaiou.

(8.3) ra (8.139 nu rpadux paBumga unpoxaaacak,
yJapHUHT CHJDKHIJIapu 179- pacMia aHuK KypuHub Typub-
ou. OJuHran KaTTaJHKJIapHH BEKTOD HHATPaMMACHHH YH3-
CaK, VHAAa TOK VKMra Huc6aTay WHAYKTHBJIMKAA KYYJaHHII

. T
TyUyBHHHHT aMIIHTYAa KHiiMaTH —5- ra oJpuuaurs 180-

pacMaa kypHHaaH. MHAYKTHB KapUIHJAHKHH OPTTHPHLI Y4yH
6up-GupHlaH aXXpaTHIl YYyH JIAaKJaHTaH CHMAaH HGopar
TeMHp V¥3aK KHpuTHJAaAH. Bynnail rantakka dpocceas neiiu-
Naju.

82- §. YarapyBuas ToK yuyH OM KOHYHH

Ymymuli xo/a1a Gepusiran y3rapyByaH TOK 3aHXKHPHAA CHFUMH
C 6yaraH xkonjeHcaTOp, MHAYKTUBAWrK L OyJran rantak pa
R xapumsmknan uOopaT 3aHXKMpra KeTMa-KeT paBHIIAa ya3ra-
pyBuaH Tok MauGam |81- pacMpa kypcatunranjiex ysasras Gy.-

221

www.ziyouz.com kutubxonasi



!
! B8
i g
} g ,
I Up =ty (b - =
L0 ‘
oé .
] Uy"’a" A ()
).
I §
, f “ &g
181- pacm. 182- pacwm.

cu. By samxuppan VTa€TraH TOK IOKOPHAA KYPraHMMH3Zex
CHHycoupasa GYJICHH:
i =1,sinwt. (8.3)

3aHXupaarH yMyMHH KYuJaHHIDHHHT KHAMAtH YJiaHraH Kar-
TaJUKIAPAAry KYUJaHHUIHUHT fuFuHdcura TeHr. Ammo ynap
XaM OJI\MHTH Maparpadiapfa Kypranumusiek dasanapy Gunian
Gbapy KHIraH XoJaa CHHyCOHZAJ Y3rapajaunaap

U=U,+U,+U, =iR+i(Rg+R,) =Ua+U,

Dy xyunaHmiuapHu TOK YKHra HHCGaTaH BEKTOp JuarpaMma-
cuun uymacak, 182- pacmparn kypusMiifars  yubypuak XoCHJ
6ynanu. dnarpammaja Oy KaTTa/JHKJADHUHP aMIUIATyJa Kuid-
mariapu udonanauran. DBy udomamaru U, — R akTup xapuu-
JMKJArd KyuJaHHIIHHAT TeGpanniun 6Yaub, Tox YKHHHHT f1yHa-
. JMmMAa yHMHr amnumtyaacH [oR pan ubopar: U, = U +U,—
6y 3amxupia HCCHKJMK axpaiMaiauran Kuemu G6ymumb, peak-
THB KAPUIMJIMKJIAPAA KYYJaHHIHHHT TeGPaHHUIMHH HpoRaaiu.
Yaap y3apo Kapama-Kapiiu Hysanuiipa OyJiub, HaTwkaBHii TOK
yKura TuK #AyHajrad, YHHHEC amnjunryaaca /g ((oL -——IC )naﬂ
(0]
nbopar. 182- pacmaa monananrad BeKTop jHarpamMmajaH ¢oii-
Annauul, Tok VKM OunaH HaTHXKaBHii Ky4JaHmMiul opachaarn
6ypuak — cumkuil ¢asacuHd Ba 6y 3aHxup yyyH OM KOHYHH-
HH €3amu3. YuGypuak AOB Tyrpu Gypuakau yuGypuak Gy/mb
yHIaH ¢asa CHIXHIUMHH aHMKJACAK,

L — —
i MAB__“)___@E_, (8.15)
EY=—271 = R -
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[Tudarop Teopemacura acocad KydJaHWLl AMILIHTYIACH.

U5~V O AB =1, V/ & (oL — L. 819

16}
(8.16) nan TOK KyuyHHHHI aMMJHTyna KHAMATHHH TOMCAK,
Iy = — Yo Us (8.17)

VR2+( mL——a—:E-}g ‘

xocu Gyaanu. By gseapysuan mox sanxcupu yiys Om Ko-

HyHuxu ndopanafiny.
(8.17) paru

7 - ‘/ Rz_[_(mL——_(.o%r:VRz——{—R_i (8.18)

SaHxcuprune myaa Kopwiiaueu Reiunanu. byspa

1
R,= oL — _ (8.19)
peaxTus gapuusryxkdup. by ésunran udopanapra yarapys-
YyaH TOK reHepaTopH Xucobra ofHHMachaH ¢aKaT 3aHXUp
KHCMJIAPHTa YIaHraH KapIUHJHK, KOHAEHCATOp BAa HHAYKTUB-
JUK XHco6Gra oauuraH. Arap reHepartopHHHr DIOKH HH XH-
cobra oacak, (8.15) ysrapmaiipn, ammo (8.17) HHHP KYpH-

HUWHK Y3rapain:

é
== 8.17¢
=3 (8.17%)
Hemax, Kyunaanumr amnautygacu ypuuga DIOKuudr amnau-
TyLa KUHMaTH HIUITHPOK 3TalH.

83- §. VasrapyBuaH TOK 3aHXKHPHIA Pe30OHAHC XOAHCACH

AxrtuB Kapuwuauk (R), kongedcatop (C) Ba HHAYKTHB
rantak (L) Kerma-keT yaaxrad 3asxupra II0Ku
8 =4dysinwt
6yaran ysrapyBuaH TOK MaHGaH yJaHTaHAa 3amKHPIAH
yTyBuH TOK XaM CHHycouZa KoHynura (165- 8 pacm) 6yiicy-
HaJH:
i = [ysin(of —q)

By udonanzarn Tok KyuHHHHr amnauryaa xufimaty (8.179).
Gournanruy daszacn aca (8.15) opxaJau HpozasaHAH.

(8.15) Ba (8.179) ndopanappara KoupaBHil 4aCTOTAaHH V3-
raptupcak, 6y dopmyaanap Hbopasaral TOKHHHT aMIIATY-

223

www.ziyouz.com kutubxonasi



Ja KUAMAaTHHH, 3aHXKUDHHUHT TYJIa KapLUIHJAHIHHY Ba 60LJaH-
FHUY (a3acHHU XaM y3rapuiura oaunb Keaaiu.

Tox Kyuu aMILIUTYAAacd JOMpaBUH wacToTa KaMaNHWH
6unad xamaitn6 6opajfH. Arapaa yactotra Hoara (@ =0) TeHr

6ysica, CHFHM KapUIMJIHK YeKcH3 (Rc =700 ra TeHr 6yJa-

. Hatdxafna TOK Kyud aMImJIMTyRacH Hoira TeHr G6yaa-
av. By Bakraa Tok aoumuit TokaaH (@w=0) HGopat 6yaub,
y KOHIeHCcaTopAaH yTMafiau. Arapga NoHpaBHH YaCTOTAHHHT
opTH6G OOpPHIUHHH Ky3aTcakK, peakTHB Kapwiuauk, (8.19)
dopMysanaH KypHHaAHKH, OJAHH KaMaHu6 GopaiaH, HaTH-
XKaja TyJa KapLUHJHK XaM KaMaiin6, TOK Ky4H aMIJaHTyaa-
cu opt6 6opaau. lllynmali xojaTtraya yactoTaHH Y3rapTi-
paMJIMKKH, 33HXKHPAArH CHFEM Ba HHAYKTHB KaplUHJIHKJap
V3apo TeHr 6yaub kojacuh. Dy Baktna noupasuit yacrora

0)2:m02=L—C 6yu6, peaktnB kKapmuadk, (8.19) man Hoa-

ra TeHr Ba 3aHXHPHHHI Kapuaurd ¢axkat oMHk (aKTHB)
KADIUMJAHKKA TeHT O6YJan6, 3aHXKHPHHHT KapIIHJIHICH SHT KH-
MK KuiiMaTra sra 6ynaaau. By xoana DIOK 6unaH Tok Kyud
opacuparu ¢asa - cuKulIE Hoa (¢=0) ra tenr 6yaaan.
By BakTaa TOK KYYHMHHHI aMIIMTyla KHHMaTH MaKCHMyMra
eTanu. By xoagHucara xy«aanuut pesonancu aedunapu. Iou-
paBuil uacrora opra 6opaBepca (®>wo), PEAKTHB Kapuiu-
JIUKHUHT KBaApaTH opTHO 6o-

I pub, 3aHXKHp KApPILHJAATHHHA
oprrHpaAH. Hartuxaaza Tok
KYYHHHHT aMNJHTyda KHHAMa-
TH ACHMITOTHK PaBHIIAA HOJ-
ra uaTHau6 6opaau. ewmak,
b6y xoanda TOK  KYy4uHuHZ
amnauTyda Kuimary doupa-
suil wacroraza 60FAuK X040a

o .
W, @ gseapap osxan. Dynapunur
y3apo OGOFJaHHII STPHJIMTHra
183- pacm. pe3oHanc 3epuiuey AeHuNaau.

By arpusnuk MakcHMyMu Tam-
KH KapWHJIHK OpTHIUM OHJaH KaMafin6 Gopuiuu 183- pacm-
Na KeatHpuJaral. By xo/ana cHFHM, HHAYKTHBJAHK y3rapmac-
JHD. .
84- §. YarapyBuaH TOKHHMHT MILH, KYBBaTH
Ba YyHUHr doiigasn H Kod3(pPHUHEHTH

V3arapyBuaH TOKHHHT HIIH Ba KyBBATHHH XucobJamuu
OJRHH, ABHH 3aHXKHPAA daKAT aKTHB KapIUHIHK MaBXV]
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6yaran xoama doipananaiank. Uynkn 6y BaKTAa Kyuja-
HHUI B2 TOK KyuH 6up Xua $pa3apa 6ynanuaap: .

u=U,sinot Ba i = Iysin wt.

JKyna KHuUHK BakT HuH]a y3rapyBuYaH TOKHH AefApJH y3rap-
Mac Tok 1e6 kapab, yHUHI OHHMH KyBBaTHHH XHcobJiacak,

P, = iu = U, sin® wt. (8.20)

KyBBaTHHHr 6y OHHH KHAMaTHHHHr BaKT Gyiinya y3ra-
puut rpaduru 184- a pacmaa ndonananran. By pacmaa kyu-
JIaHHLI, TOK KyYH Ba KYBBATHHHT OHHIl KHiiMaTaapH ndoaa-
Jganrad 6yan6, yJapHHHT KHHMAaT/JapH Xap XHJ, Ky4yJdaHHII
B2 TOK KyuH MaH(puH KHHMartra sra O6yaranaa xaM oHHH
KyBBaT Myc6aT KHHMaTra araaup.

184- pacm.

AMMoO 6H3 yuyH KYBBATHHHI OHHMM KMAMATH 3Mac, 6aJKH
6Hp Heua NaBpPHH ¥3 HUMra OATaH BaKTAarH KYBBaTHHHI yp-
Taya KHAMAaTH KepakAMp. ByHHMHr yuyH my Ky3aTHaaérran
BaKTAa Ga)apuaraH Muwijan ¢olinamanaMns. ¥ BakTAa Ga-
xxapuaran um (5.20) Hu xmcobra oxcak, Kyfiuaarnua udo-
JanaHaju:

dA = P,dt = 1 U, sin® (f) dt (8.21)
bup naBpaa Gaxapuirad Il KyHHAard KYpHHHILHH OJNafH:
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T T
Ap= [dAI =1, [ sintwtdt. (8.22)
0 [}

by udonana
T T
\ sin® otdt = Y
‘0

3KAHIHIHHH XHMcobra oacak, (8.22) Kyimparuua wudosaiaHamu:

A, = % 1U,T. (8.229)
bup xaBpparu ypraua xysear aca
. Ay 1 . Ug
= L= (8.23)

Tok Kyuu Ba KyulaHuHHHT 3QQeKTHB KMAMAT/IapUHH YpHHra
Kyiicak, KyssaT

2
U3(b

P = ]3¢U3¢ = (8. 233)
xocua 6ynanu. By yarapmac Tok KyBBaTHHHHr Hpojacura
yxmannu.

Y3rapyBuaH TOK 3aHXHPHHH YMYMHH X0JAa OJIHG, AbHH
3aHXHPAA aKTHB Ba PeakTHB KapIIHJMKJIAD MaBXyA 6Vi-
raiaa 6a)apHJaagurad Hil Ba KYBBaTHH aHHKJaHJHK. Dy
X0JIia KyuJaHHULIap Ba TOK Ky4d opacupa dasanap dapk-
Japu MapXyJ 6Vaand. ¥YsrapysuaH TOK YTHIIHJAA aBBaJ TOK
Kyuu 0 naH 10 MakcuMym I, raua opra 60pu6, xap 64p Kuc-
Ka BakT/aap df [aBOMHAA, Ky4JaHHII Ba TOKHHHT L1y OHJap-
Aard guimaTura Kapab, yTkasruuaa axpaJnaraH sHeprus 6a-
JXapaJauraH 3JeMeHTap UIIH '

dA = iudt (8.24)

6yau6, dt,, dtf,, ... ounappa Gaxapuiran munap dA;, dA,,
. MHMKIOP KUXATHJAAH Xap XuJl Oyjagd. 3axupIard Kyu
JIAHHII Ba TOK KYYHHHHI OHHH KHHAMAT/IapH

u =U,sinot,
i = I,sin (of — @)
6yu6, df BaxT paBomuga Gaxapwiran wiu (8.24) ra acocan
dA = 1,U, sin (ot — @) sin wtdt, (8. 24?)
OHMiI KYBBaT 3ca
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P, = IU,sin (of — @) sin of.

Bua xosupua Gup nasp (7) naBoMuaa V3rapyBuaH TOKHMHT
Oaxkapran MUIMHH Ba ypraya KyBBaTHHH Tonmainuk. DBy naeppa
GaxcapuraH HIIRH aHHKJacaK,

T T
A= f[oUosin (0t —@)sinwtdt = IUy[cos ¢ | sin®otd? +
‘0 . (i}
T

+ sin (pJ sin @f cos ofdt] = 2 cos @ -+ 1ol o (0f —q)

xocun 6yaamu. MxkvHum KymunysuM Xxaguuur Gup jgaepiaru
ypraia guHMaTH HoJra TeHr. ¥ BakTAa Oaxapu/irad Hin

AT=% 1U,T. cos @  (8.25)

6)“fﬂa,uﬁ. Bup naBpparu yarapyBuaH TOKHHMHT KYBBaTH
' P, = ~;— 1,U, cos 9. (8.26)

@asza cumxuiud @=0 6y;ca, Tok Guaan KywiaHumw 6up
MomenTAa 0 €kH MakcHMYM 6Yau6, HCTaJran oHJaapAa yJaap-
HUHT KyNadTMAacH, SbHH KYBBAT BaKT YKHHHHI IOKOPH — YCT
TOMOHHAa MycOaT Kuiimartra sra Gynagu (184-a pacwm).

bupop naiitaa 0<p<90° 6jaca, Tok XyyH Manpui Kyu-
JaHull 3ca MycOat 6§aub, 6y oHra TYFpH KeJraH KyBBaT
Manouit 6ynub, 6y KyBBAT BaKT YKHAAH NAacT TOMOHra My-
HaJraH, ApHH MaHbui ToMoHaa XaM GYynaau (184- 6 pacm),
0y xonna Man6a KyBBaTHHHHT MaHduil KHcMH Gofifann A
6axapmaian. Bynnan kYpuHaauku, OHHH KYBBATHHHI TeG-
paHUIIM, HIIOPACHHHHr Vy3rapuuin Gugaad Gopap sKaH. By
BaKTAa IHEPTHAHHHI MabJayM KHCMH reHepaTop OHJaaH
TaIIKH 3aHXHP opacHaa Te6paHaau. lllyHuur yuyH ypraua
KYBBAaTHHHT KHiiMatu kaMasiiy. Arap ¢dasa cumkumu 90°
.6yaca (184-g pacwm), xap Gup SApHM AaBp MUYHIA BAKT V3-
rapuwyu 6unad Yopak JaBp Aasomujga OHp rajJ TOK KyuH
Kyuranumaas 90° ra cuiKuca, ynapHUHT ¢asa HyHaAHIIH
6up ToMoH 6Yau6, KyBBaT Myc6dT, HKKHHUK 90° ra cCH/KHIN-
Ja TOK Kyud OuJiaH Ky4wIaHWIIHHHT HYHAJHIULIApH Kapama-
Kapmu 6yaraHd yuyH (yJapHHHT KynafiTMacH KyBBaT) MaH-

_ ¢uii 6Yynann Ba BaKT VKHHHHT HacTuia ypHawaiau. by Bakr-
I1a 3aHXHPA2 YOpaK AaBp AaBOMHAAa WHAYKUHOH FaJTakia

- - L2 .
XOCHN GyJraH MartHuT ManjoH aHeerﬂcuT HH FanTaK y3ura
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0JCa, YHLAH KefiMHTH YOpaK JaBD MABOMMJA 1Y 3HEPTUAHMHT
yauHH TOK MaHGavra kadtapu6 roGopaau. by mansapa Xap sipum
A3Bp w4uga TakpopJiaHa OepuG ¢oiipasu KyssaT P = [y U, cos.
90° = 0 GyaaaH. ByHnau TOKKa @ammcu3 moK JNednIafd.

[ynpaft kuaub, ysrapyBuaH TOK wMaHGaura ymaurad
chacTeMasap oJaiauraH ¢oiifanu KyssaTH (a3a CHIKHIUHIA
60oFJIMK X0Ja HOJAAH MAaKCHMYyMraya GYJ/IHIUH MYMKHH.

Awmaunza, sJeKTPoTeXHHKaAa yYpafiiHraH y3arapys4aHd TOK
3aHXKHMpHJArd KyBBaTAaH TYAHK <¢oiifasannm yuyn ¢asa
CHJIKHIIHAra OOFJHK COS ¢ KHHMATHHH GHpPra TeHrJam y4yH
KypairaguJyap, aManja 6y cos ¢ y3rapyBYaH TOKHHHT hod-
daau Kysear Ko3gpPuyuentu neb pUTHIALH.

Tok Kyuu Ba KyuJIaHHOIHHHT 9q)cpeKTuB KHiiMaTJapu op-
KaJuu (8.26) vy Hpopanacak, KyBBar Kymmam ¢opmyaa
6unan aHUKJIAHAJH:

P=1,U, cosq. _ (8. 269)

HunykTHB Ba CHFHM KapUIHJHKJAApAa TOK KyuH OujaH

24
Ky4JaHHII opacHAarH (1)838 CHJ/I2KHIITH (P=i? ra TCHr 3ad.

Hewmak, (8.26%) popMyJsara acocaH, 3aHXKHPHHHI HHAYKTUB
Ba CHFHM KapIIHJHKJIAapHAAH TOK YTHO TypHIIHra Kapamac-
AaH, yJapia 3Heprds ymyMaH axpaJjub uugMmaimd, capd-
JJaHyBYH KyBBAT HoJIra TeHr OyJiafM, YyHKH KOHJAEHCaTopAa
3JIeKTP Ma#AOH XOCHJ KHJMLIra AaBpHH paBullfa capd
Oynaauran (KouaeHcaTop 3apsiAJiaHHIINAA) 3Heprus, Oy
MaHxoH HYyKoMHWKAA (KOHAEHCATOPHHHT Pa3pANNaHHIIHAA)
wydnafl gaBpHiaMK Ouian 3aHxHpra Kaifitand. Xyaau
LWIYHHHLAEK, Y3HHAYKUHS FaJTarHHUHI MarHHT MalJOHUHH
XOCHJ KHAHUIra (TOKHHHr YCHUI BaxTHAA) AaBpuii paBuil-
Ja caphaaHaguraH sHeprHa xaM 6y MalJOHHHHT HYKOJH-
wdxa (TOKHHHI KaMalHUIK BakKTHAA) 11y MHKAOpPAAa Ba
UIyHAAl AAaBpHUJHK  OHNlay 3aHXHPra KalTapujajH.
Gbakat aKTHB KapWHUAHK GyAraHfiardHa 3JeKTp 3Heprus y1-
Ka3THYHHHT HYKH 3HeprHsicHra adJlaHafHd, HaTHXKajxa yTKas-
a4 KH3HHIH.

85- §. Y3rapysuaH TOK reHepaTopH

Bupop Typaarn (HCCHKJHK, MEXaHHK, EPYFJHK Ba XOKa-
30) 3HEPTHAHHU 3JIeKTP 3HEPrusicira alJIAHTHPYBUH KypHJI-
Manap eeuneparopaap Reb atajaau. MacanaH, 3JeKTpocTa-
THK MalluHajap, TepMoGaTtapesnap, rajbBaHHK 3JIEMEHT-
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185- pacm.

aap, porosjeMeHTIap Ba Ly KaGHJAap TeHepaTopJap XKyM-
JIaCHTa KHpalH.

XO3HPTH BaKTAA JEKTp SHEPTHACHHH HILTal YHKapHuIAa
HHAYKIHOH TeHepaTopJiap 3Hr MYXHM poJb YitHafiau. By
reHepaTOpJapHHHI HILJALIH 3JIEKTPOMArHHT HHIAYKHUSA XO-
nucacura acocjanraH. MHAyKHuOH reHepaTOpJapHHHT XKyjia
KVII TypJapd MaBXyA. JIeKHH reHepaTopJapHHHT XaMMacH-
2 yJapHHUHT HULTAIIH YYYH XKylda 3apyp 6yaran OHp XuJj
yMyMH# KHcMJiapH 6op. Yaap Kyfinaaranaap:

1. Maruut MaHAOHHH XOCHJN KHJYBYHM 3JIEKTPOMAarCHHT
éku goumu#i MarHut. By KHCMH undyxTop ne6 aTananid.

2. fIkope neb arananuran KucMH. By xucM JIOK HrAyK-
HHSJIaHAJUraH yyJramaan ubopar.

3. Koasexrop pe6 aranajauraH KMCMH, KY3FaaMac 4yT-
KaJsiapra Teru6 Typajurat xaJjxaJap.

Bynapnau tamKapu reHepaTOPHUHT Ky3rajaMac KHCMH
cTATOpP, aflJlaHyBYaH KUCMH poTop neb atanaju.

185- pacmza yarapyBuaH TokK GepaaHraH 5HT cOANA eHe-
PATOPHUHT TY3HJIMII CXeMacH KyPCcaTHJTaH.

CxeMaja KypHHHO TypraHuiek, HHAYKTOp (HOMMHUH Mar-
HUT— ) MarHMT MadZOHHH XocHJ Kujaan. Tok SAKopb
(pamka —2) pma Byxyara kejafd. ToK TamKH 3aHXKHpra
KoJUIeKTOp (XaJKaJjap Ba uyTKanap —3) €paamuia yTajH.
UyTtkanap GusaH XaJdKajap opacHfa CHPNAHYBYH KOHTAKT
Gop, 6y KOHTaKT uyTKajapra yJaHraH Ky3rajMac yTKasruy-
JAapDHUHT afJaHVBUH SIKOpra AOMMO TETHO TYpPHIIHHH Tahb-
MuHJIalad. SIKOpb YyJFaMJIAPHHUHT YuJapu GHp-OupuAaH
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H30JALHAJIAaHraH XaJKaJapra yjaHrad. DBy renepatopia
HHIAYKTOp — cTaTop, SIKOPb — pPOoTOp Ba3HudacHHH YTahaH.

PamMka noHMMHH MariHHT MaHAOHHIA KOHJAIITHPHJraHAa
paMKa 103acHllaH YTYBYH MArHHT OKHMH

O = BS cosa = BS coswt = O, cos wt,

B — marumr MaiiRoH HHAYKUHACH, S — paMKa 103H, o — paMKa
I03Ura yTKasuaral HopMasi GHM/IaH MarHHT HMHAYKOMSI BeKTOPH
opacujiary Gypyak. DHAUM paMKaHd o OGypuak Teaquk OWnaH Te-
KHC aiiJlaHMa xapakaTra KeJITHpPraHHMH34a, paMKaJa WHIYKLHOH
OIOK xocun Gynapm:

é’i=——%=®0wsinmt=£osinmt. (8.27)

Arap pamka GHTTa ypampaaH smac, 6anku N Ta ypaMaaH
n6opar 6yuaca, uaaykuuss DIOKuuur ammautynacu xam N
MapTa Katra 6ynamu. Uynku, 6ynpa N Ta ypaMHH KeTMa-
KeT yJaHran N Ta paMka Ae6 Kapall MyMKHH, YJapHHHT
Xap 6upuia amnauryfack &, 6yaran IOK unaykuusnana-
au, Hatnxkasuil SIOK HuHr amnantynacu aca 8y fan N map-
Ta Karra 6yaanu. UlyHuHr yyyH amanna KyuaaHHIIHA OpT-
THPHLI YYyH paMiKara kynja6 ypamaap ypamagn. ¥Ypamaa-
pH afi;maHyBYHM Ba MarHHT cHcTeMacH Ky3rajamac OyJurax
6yHaall yarapyBuyaH TOK reHepaTOpH XKyAa KaM yupaHud.
Bynra ca6a6 6ynpaaii cucremajzard reHepaTOpPJapHHHT HYK-
coHyM O6ysmumaup. I'an mynpaku, cHpnaHyBYH KOHTaKTJap
€pAaMH[a reHepaTOpAaH OJIHHAAMTAH IOKOPH KyuJaHHILJAap-
HH OJIH6 KeTHII aMajila MyMKHH 3Mac, YYHKH CHPIaHYBYH
KOHTaKTJMapAa Kyd4Ju yukyH Xocua 6ynann. Bynu 6aprapad
KMJHII yYyH KyNUHauK YyarapysBuaH DIOK uupyxuusasaana-
JHraH SIKOpHH Ky3rajmac (CTaTtop) KHJAHHAaJH, yjapaa HH-
AyKTop (porop) aHsananH.

YMyMaH oJiraHJla, reHepatop XocHa Kuaaérran JIOK-
HHHT KaTTaJIUTH CTATOp YyJdFaMJapHHUHr Vjdamaapu Ba
XMJIHTa, POTOP MArHHT MaHJOHHHHHT KaTTaJIATHra XaMjaa
YHUHT aftjlaHAI Te3Jurura GoryuK Oymaau.

86- §. Y3arapmac TOK reHeparopu

Texunkama Ba TypMylljfa acocaH y3rapyBuyaH TOK KVJ-
Januaafd. Jlekun Kyn xoanapia ysrapMac TOK XaM Kepak
6yaann. MacanaH, caHoaTAa, 3J1eKTPOKUME COXaCHAA, 3JEKTP
TpaHCHOPTAA Ba alOKaAa.

Y3rapMac TOK KynuHYa TOKHH TYFpujaruunap ne6 ata-
JajMras Maxcyc KypHamanaap €éplaMHia XOCHJ KHJHHaIH.
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Xap Kanpaf TYFPHJATHUHHHT
HIIJIalmu ¢daKaTt MasiayMm Gup
HyHaNHIOKA TOK yTKasajaurax
3aHKHD KHCMJIapH XOCHJ KH-
JIMII MyMKHHJIHTHTa acocjiaH-
rad. MkKH 3JekTpolid naM-
nanap (auodJap) wyHaaft xy-
CyCHATra ra.

Y3rapmac TOKHH Maxcyc
TeHepaTopAa XaM XOCHJ KH-
JuIl MyMKHH. Dynunr yuyn
y3rapyBuaH TOK TreHepaTopu-
Jlard XaJKaJlapHH SIpUM XaJi-
KaJap OuJjaH aJMalITHPHUII
Kepak. By spuM xaaxanapra 186- pacm.
paMKa 4YyJFaMHEHHHT yuJaapu
MaxkamjaHagn (186- pacm). fdpum xankamap VYKKa Max-
KamjaHran 6ymau6, ypamjaap OuiaH OGuprajukaa aiaaHaiu
Ba GyHia Ky3raamac uyTkajnapra Teru6 ytaau. Ypamuaru
TOK y3 HYHAJMIIHHH Y3rapTHpraHia sipHM XaJjKajnap 4yTka-
Japuau y3raprupasu. HlyHuHT yuyH Taluiku 3aHXKHpa naino
6ynrad Tox xaMMa BakKT OUp XHJ Wynaanumijga Gysaanu, Ou-
POK YHHHT KaTTaJHI'H BaKT YTHIUM GujaH y3rapaad. Bynnaii
TOKHH nyascayunranysuu Tox Reb6 atanmagu. 187- pacmaa
yarapyeuan (a), Tyrpumanran (6) Ba nyJbcauuAJaHYBYH
(8) ToxHuHr rpadukIapu Kypcatuaran. IlyascauusananyBan

n
RY,

187- pacm,
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k; TOKAA TOK KyUUHHHI KaTTa y3-
4 rapuuliapuHy Gaprapad K-
JHII YYYH AKOPb UyJAraMaapH
P SRR Kyn FaJatakgaap (cexuusaap
I SN S k JaH TysuJaaad, yiaap 6up-Gu-
pUra MabayM 6ypuax ocruka
Kusd Kuaud xoliaiuTapuaand
¢ pa Oy cekUHslIap y3apo KeT-
188- pacw. Ma-KeT  yJaaHalun. DByuga#
yJaHraHAa TaluKd 3aHXupla
TOK KyYH HoJqrada mnacaiiub xkamafin6 xermafian., Cekuus-
Jap coHd Kynm 6yaraHfa TOKHHHI' y3rapHIUJapH XaM yHdya
Kyn 6yamanau (188- pacm). Opartza skopna 100 ra skuu
cekuHs 6ynanu. byuaalt kKoanekroprard spuM xajakagaap yp-
Hura Oup-GHpHIAH H30JALHUANAHTAH IJACTHHAJMAD YpHATH-
aaau. KonsekTop naacTHHAAaPHHHHT COHH CeKUHAIap COHU-
ra TeHr 6yaaan. Konnekropuuur xap 6up niacrunacura Gup
CeKUHSHUHT OXHDH Ba OyHAAH KeHHHTH CEeKUHSHHUHT yYH
yJ1anajgu. By xoama nyabcaunMsiiaHYBYM TOK 3Mac, Oafkd
IesipJH y3rapMac TOK OJTHHaIH.

87- §. Y3arapyBuaH TOKHMH TYFpMJam

bBua 50- naparpadia HKKHM 3J€KTPOAJH 3JIEKTPOH JIaM-
Na — AHOAHHHI HULTALl NPHHUHNH GUJIaH TAaHHIIHG YHKKaH
sauk. Illy cababam auopsad ysrapyBYaH TOK TYFPHJArHuu
cudatupa QoififanaHuil MyMKUH. Y3rapyBuaH TOKHH TYEpH-
Jauwja HIVIATHAAAHraH HKKY 3JIEKTPOMJIH JaMOanap KeHot-
porsap Ke6 atanaiu. 189-
pacMia y3rapyBYaH TOKHH
KelDTPOH €pJaMHIa TYFpH-
JAHUHT DPHHUHIHA CXe-

+ wmacu Gepuaras.
R Ls FaJTaKia y3rapys-
YaH MarHuT MafigoH XOCHJA
— Kujgaad, nemak, L; Ba L,
FajTaxkjapaa yarapys4yaH
189- pacwm. DI0K wnHaykuusIanagu Ba
3aHXKHpJAA y3rapyBuyaH TOK
BYXKYAra KeJajau. Ly FaaTaxk KaToAHH YYFIaHTHPUIL TOKH OH-
JiaH TabMHMHJAHAH. L, FasTak 3ca aHoAra y3rapyBdaH Kyu-
aandw 6epagd. AHozna katoiara nucbartadH MycGar noTeH-
uMan 6yaragujaa Wy ApHM AaBpAa JaMia Ba K KapUIMJIHK
opKaJau ToK Vraau. AHog MaudHll moTeHUHa ra ara 6yaras-
La jaamna 6epk GYnanu, namna Ba R KapUWH/IHK OpPKaJu TOK
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yr™adan. Illynnait kuan6, KapmwHAHre R 6y/rad yTKasruu-
LaH TYFPHUJIaTHYra KYyYIAaHHLUIHHHT Xap GHp MycOaT SpHM
laspy jaBoMmujaruHa Tok yraiu (187-a, 6 pacm). Pacmaa
BakT YTHWHN OuJaH TOK KyYHHHHT TYFPHJIaHTyHra Kaaap (a)
Ba TYFpUJaHTaHAaH Keliuu (6) yarapuul rpadux/aapu KeJaTH-
puarad. By Tok nysabcauHsiaHYBYM, KAaTTaJMK KHXaTAaH
yarapyBunaup. 187- 6 pacMaaH y3rapyBuaH TOKHH TYFpHJaLl
yuyH ¢akat 6uTTa sApHUM ZaBpurdHa (oijasaHHIASTraHH
KYpHHHO TYpHOAH. Y3rapyBuaH TOKHUHI HKKaJa SPHM AaB-
puaan QoHaasanuml yyyH OMTTa SIPHM AaBpPJIH TYFPHJIATHY
VDHHrA HKKHTa SIPUM QaBpPJH TYFpHJArHd KVJlaHHJaRH.
Hxkura sipuM AaBpJH TYFpHJIArHy cXeMa 6yiuya TYrpHaaml-
Ja UKKHTa KeHOTPOHAAH €KH MKKH aHONMY KEHOTPOHIaH (oii-
Ranannaans. 190- pacmaa
HKKH aHONJM KeHOTDOHJaH
TyFpHuaaruy cudarnna doit-
LaJaHHIIHKUET TPHHLHNHAJ

of

cxemacu GepuiaraH. L, rFaJ- Ry
Takuuur A Ba B uyKTanapu
opacujard xyuaaunuwi B Ba
C uyxTajnapu opacuiaru &+

KyuJaM:uura TeHr 6ygaaan-
rad Knaub TeHT HKKH KHCM-
ra 6yannran. Fanrakuusr 190- pacwm.

A pa C yunapu KeHOTpOH-

HHHT HKKH aHOJHWra yJjaHraH. A HyKraga myc6aT noTeHuHaJj
6ynaranpa C nykrana maHouit noteHnnan 6ynaau. by apum
JaBpAa aHOA 3aHKHPUAA TOK A HyKTara yJaHraH I0KOpDHTH
aHOJ OpKaJid yTaid, MKKHHUH spuM naBpia A Ba C HyKra-
Japiari NOTeHIHaJHHHT HIIOpaJiapH ajiMallnHajih Ba Oy
SIpUM JaBpAa aHoj 3aHXkupuga Tok C HyKrTara yJaHra
nacTKH aHon opkaju yraan. Tyaa naBp RaBoMHAA Y3rapys-
YaH TOKHHMHT HMKKajia SIpHM JaBpJiapHAa aHOJ 3aHXKHDHAA
TOK 6y nann.

Hkknta sipuM RaBpJH TYFPHJAATHUAAr¥ NyJAbCaUHAA-
HyBuM TOKHHMHT rpadurn 187-8 pacMaa kypcatuaran. By
TOK Maxcyc ¢uabTpaap €paaMuia akar AYHAJHII KHXa-
THAAH 3Mac, 6aJiKu KaTTaJHrd KHXaTHAaH XaM ysrapmac
TOKKa Keatupuaann (188- pacmra K.).

88- §. Tpancdopmarop

Kynruna sjekTp annapaTtiapHHH Ba ac606JapHHH HII-
JaTvIAa TYpJaH KyuJaHWIIRaH doliganaHHiura TYFpH Kena-
na. XaTTo afind GHpD 3JIeKTP anMapaTHHHHr Y3HAAa TOKHHHT
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Typ/d KyuJaHuUIapd kKepak 6ynu6 Kosaad. Macadsas,
paaHONpHEMHHKAA JaMIaHH YYFJAAHTHPHII y4yH OHp Heda
BOJIbTI'HHA, YHHHT Ky4YaHTHPIHYHHHHT HILJIALIH YUyH 3ca GHP
Heua [03 BOJIbT KyuJiaHuIm Kepak Oyaaan. BaxomaHku, KV-
NHHYa MXTHEPHMM31a MyaHsH KyulaHHIUJIH OHTTAardHa
Tapmoyg 6Vaaau. Uy cababau ysrapyBuaH TOKHH Yy3rapTH-
puwra TYrpu Kenaau. Adnu Gup wactoranuxe jauda y3ea-
PY8HaH TOK KYHUAQHWWU OUAGH TOK KyuuHu 6up saxrda fs-
2apTupuLl fjeapysuan TOKHU Tpancgopmayusrauw Oedura-
ou.

YsrapyBuaH TOKHH TpaHcopMauusanaiaurad ac6ob
Tparcopmarop pehunanu. TpaHcopMaTOPHHHI HULIALIK
3JIEKTPOMATHHT HHAYKLHKA XOAHCACHTa acoC/MaHraH.

Tpaucpopmarop  Oup-
6HpHIaH H3OAANHSIAHTAH

D= . nyJaT  nuacTHHajapAaH

% l‘ll" } 7 sdcanrau Gepk y3aK Ba yH-

o883 1 o, ra KHHAHPHJITaH HKKH FaJl-

! % N 19 TakjaH u6opar 6yaub, raJ-

| n ‘l'r__‘_g Takaap 6up-6upn OHJaH
e tyrammaiiga (191- pacm).

Y3ak Gepk pamka IIaK-

191- pacwm. auja 6yau6, Maxcyc nyJaat-

HUHT aJIOXMIa TJIaCTHHKA-
JIapHAaH HHFHJIA[AM, NYJaTHHHT 6y HaBH KafiTa MarHuija-
HALIJA KaM KH3UAJH. Y3rapyBuaH TOK 3aHXHDH yJaHaAMraH
Ly ranrak 6upramuyu wyAram, 3NeKTP SHEPrUACH HCTeBMOJ-
unJapu ynanaguraH L, ranrak aca, ukkuaamuu 4yiram ue-
fiunapu. bupaaMuyu gyJaraMmaH §raérran y3rapysByaH TOK
TpaHchOPMATOPHUHT Y3aruia y3rapysByaH MarHAT OKHMH
XOCHJI KHJaaH, Oy OKHM HKKHJaMUH 4yJramJa y3rapyBuaH
uuaykuusa IIOK uu Byxynra kenarupanu.

Arap GupJaMuH YyJFaMHH Ypamiaap conH N, KaM, HKKH-
JaMud 4YyJFaMHM ypaMmaap coHH Ny Kym KHaub oJnHCa,
HKKMJIaM4d 4yJIFaMJa KyuwIaHHII IoKcaaalid. By Tpaxcdop-
MaTop KCAATUPYs«u Tpanchopmarop Gynanu.

Arap 6upJaaMYH 4yJIFAMHHHT ypaMmJjap COHH Kyi, HKKH-
JIAMYH 49yJnFaM ypamJyap coHH kaM Kuan6 oamuHca (191-
pacmaarnjexk), HKKHJaMYH 4yJraMia KyuJaHHUI Nacasijy.
By tpancdopmarop nacaidrupysuu Tpancgopmarop 6ynanu.

TpauchopMaTOpHUHT HKKaJja 4yJFaMuHHM afHH Oup Mar-
HHT OKHMH KecH6 yTajH, WYHHHT Yy9yH VPaMHHHT KafcH
yyJIFaMra Ternmu Gyauiunra kKapawmait, xap 6up Yypamaa
6upnait JIOK Byxyara kenagu:
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dd :
&, =—N,— =N, 0®,sin (mt—- ?n)
_ dd ., . n
&y =—N, - = 1\/2(0(1305111((0[— ry )

[Mysgait kU6, yyaramiaapia Byxyara kendaguraa DIOK
JapHHHI HMCOATH 4yJram/apiard ypamJap COHH HHCOAaTHra TeHr
6yJ/ianu:

b M

&, N,
Gy epna &; —OupiaMud Ba &, — HKKWIaMyd 4yJFamJlapAaryd
SIOK 6yaau.

Bupiamun uysramra kyiwiaran U; kywiamdm GuiadH &,
SIOK iirunaucy GUpJAMUK YYJAFAMAATH NMOTEHIHAMHHHr TYLIH-
wyra TeHr GyJHIIM Kepak:

Uy + 6, =1Ry,

6y epia R, — uyiraMHUHr aKTHB Kapumiurd, J, — uysiramaa-
rd Tok Kyud. Oparja uyJFaMHHHT aKTHB KapUIMIMTH KYJa
Kuuuk GyJamd, wyHdHr yuyH [,R, XaguH Xucobra oJamaca
xam G6ysanu. Iy ca6a6an

U, = |&,I'= N, o ,sin (mt—- %)

TpauchopMaTOPHHHT HKKAAAMUYH TyJAFaMH ouuK GyJaraH-
na (6ynna I;=0 6ynann), yHEHT y49Japuiard KywiaHHI
Ky#unaarura TeHr:

Uy, =6,.

Bynapnan ¢ofinanaHu6, Kyhaaarn MyrocabaTHu é3uil

MYMKHH:
_u G M (8.28)
Up 62 Ny
S'bHE TpaHcPOpMAaTOPHUHI OHPJAMUH JpaMH ywjJapuAaru
KyUJaHHUIBHHT HKKMJIaMYd YpaMH ywiapuiard KywiaHHUI-
ra HucGatu GHUPJNIaMUH FAJTAK YpaMJiap COHHHUHT HKKHJIAM-
YM FaJITaK ypamJ/iapH coHura HMc6aTHIeK GVJap 3KaH.

K warranuk mpancgopmayus xoagpuyuenmu neb aranaid.
Arap K > | 6yaca, tpanchopmarop nacadmupyedu U, > U,,
K < 1 6yuca, roxcarmupysiu U, > U, Tpancdopmarop 6Vaaud.

TpaucdopmaTopHHHT MKKHJIAMYH YYJFAMHTa HCTEBMOJI-
YM yJaHca, SHepTHs GHPJIaMUH 3aHXKHPAAH HKKHJIAMUH 3aH-
JKHPra y3JAyKCH3 paBulifa YTHO6 TypaiH. ODHeprHAHUHT
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CaKJaHUIl KOHYHHra GHHOAH, HKKHJIAMYH 3aHXXHpPOArd TOK-
HHUHT KyBBAaTH OHMPJIaMuH 3aHXKHPAAarH TOKHUHT KyBBaTHra
TeHTr GYJHIIN KepakK, s'bHH
LU, =1LU,, éu P,=P,,

Gynpan

U 1

e L 3 (8.29)

U2 ]1
keqnb uukanu. Iewmak, Tpaucgopmarop épldamuda Kyuia-
HUW Heua mMapTa OPTTUPUACA, TOK KYydu wiyHuwa MapTa Ka-
maadu éxu axcuwua. (8.28) Ba (8.29) wmyHnocabatnapra
acocnanub, KyHHAarHHu €3HUI MyMKHH:

Iy Ny

Iy Ny

By ¢opMysanaH KypHHaOUKH, TPAHCHOpmaToprune 6up-
AQMHU 6@ UKKUAGMYU FAATAKAQPUOG2U HA2PY3KA TOKAADU,
wy FasTaksapoazu gpamaap coRuea TecKapyu nPonoPYLUOHaL
6jra0u. Uyaramnapaa Ba y3akila HCCHKJIHK a)pauu6 uH-
KHUIM Tydaiaud Ba 3HeprHsiHMHT OolKa XHJ HCpodaapx
MaBKyx 6yauun tydaiian (8.29) myHocabat traxmuHaH 6a-
JKapuyany,
Ky#uparn

(8.30)

_ P LU 8.31

=T (8.31)

MyHocabar tpaHcopmatopuuHr ®VIK wn Guamupazn. Xo-

3UPru 3aMOH KyIApaTJaH TpaHcopmaTtopJsaphuia 6y Koaddu-
uHent 94—99 donara eranu.

89- §. SNeKTP IHEPrUACUHR ONKCTA Y3ATHIN

dneKTp sHeprusicnHu GOIIKA XHJ 3Heprusjapran adsan-
JIUTH IIYHJAAKH, YHH OJIMC XKoHJjapra KyAa KHcKa BaKTia
y3aTHLI MyMKHH.

DJIeKTp 3HEPTHSACH OJIHC XKONJApra y3aTHATaHAA y3aTHIU
JUHHAJIAPHA 3HEDrHS ce3HJapAH MHKAopha Hcpod 6yna-
JM, 9YHKH TOK Y3aTHUI YTKasrHujiapH opKaaH yIraHia yaap-
un kusaupaid. Xoyap — Jlenn xoHyHura myBodHK, YTKas-
U4 CHMJI2ZDHHA KH3AMpHU! YIyH capd OynamuraH sueprus
MHKJIODH

Q = I*RT.

¢opmyna GusiaH aHuKAaHajad, 6y epaa R yTKasrHu Kapw-
JHTH. DJeKTDP SHEpPrHACHHH ys3aTHll (QoRnajupok 6YaHLIH
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yYyH YTKa3rH4JapHH KH3QHPHIUrA KeTajguraH MHCCHKJINK
SHeprUSHH MyMKHH Kajap KaMalTHpHw Kepak. JKoydb-
Jlent KoHyHn 6y MacajiaH¥ XaJ KUJAHUIHHHT HKKH HVJIHHH
Kypcatub 6epann:

1) sneprus YTKa3rHu CHMJIADMHHHT KapIUWJUTCHHH Ka-
MaHTHpHII KepaK. DyHUWHr yuyH HYFOH CcHMJap HULIATHIX
Kepak. JlexuH tTypMmymaa 6yuu amaara owrnpu6 Gyamaiiaw,
YYHKH YTKA3THYHHHI KapUIHJHTHHH Heda Mmapra KaMaiTH-
pHJICca, YHHHI MaccacH ulyHya MapTa opTaju. Kumwmar Ttypa-
AuTaH paHIVIH MeTaanapHu OyHuYaauK Kyn capdaawmra #yna
KyAn6 6Vamaiigu. Bynnan Tamwkapy, orup ciMJaapau Ganauj
MHHOpaJapra ypuatuul 6Haad Gorauk 6yJarad pa 6omka
KMANHYRINKIAD XaM TYFHJIAAH.

2) VYaatvin yTKasrHujgapHAard TOXK KyYHHH KaMaHTHPHIL
Kepak. AMMO TOK KyBBATHHM caKJaIll y4yH TOK KyudHH da-
KaT KYYJaHHIIHH OWIKpHII AYAM OHJaHTHHA KaMaWTHpHLI
MYMKHH.

DNeKTD SHEPTHSACH y3aTHW VTKA3ruujapH opacHIaru
KyuJaHHUW KaHYa 10KopH 6yJca, y WwyHuaan ¢oifann 6yna-
Ind, yyHRH P=1J/U kyBBar QopMyJacuiaH KypHHHIINUA, TOK
Kyu¥ IIyHYa KaMaflH Ba yTKasrHuJapAard Hcpod Tok KyuH
KaTTaJHTHHHHT KBAaJApaTHra NPONMOPHHOHAJ paBHLIAA Ka-
MAsifH.

88- naparpacdna kypranvMHusiex, Tpancdopmarop €paa-
MHa y3rapyBuaH TOKHHHT y3aTHJafiiraH KyBBaTHHH yarap-
THPMaraH X0/ila YHHHT KyUYJaHMUIHHH Y3rapTHPHII MyMKHH.
1ly ca6Gabau, X03UPry 3aMOH WIAPOMTHAA 3JAEKTD dHepPrud-
CHHH OJINCTa Y3aTHIDHH TPaHC(OPMATOPCH3 aMajara OLIH-
PHLI MYMKHH 3Mac.

DneKTp SHepPruACHHH OJIACTa Y3aTHIN CXEMAaCHHH KyWH-
Jlarvya TacaBByp KHJHII MyMKHH (192- pacM). DaekTp cran-

é ﬂﬂi; 110 k8 M0xB !

1
5808 g
Herrresmanvueq g.?.{wm? ! 35x8
2208 "9
192- pacm.
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LUSACHra IOKCAJATHPYBUM TpaHchopmaTop ypHaTuaand. IOKo-
DH Ky4YJaHHIIJIY TOK 3HEPTHACH HCTEBMOJYHra y3aTHJaLH.
Hetenmonun ospura mnacaliTUpyBuH TpaHcgopMmaropsap
ypHatunanu, Ulynpa#t KHAHO, HCTEBMOJYH 3JIEKTP IHEPTHA-
AaH Xaér yuyH XxaB(CH3 Ba H30JALHAHHHT MaxCyC ycyJaJa-
pUHH Tajgab 3TMalIHraH HopMana KyunaHHIugaH ¢oipana-
HaxH.

IX BOB. 3JIEKTPOMATHHUT TYJKHHIIAP

90- §. DNeKTPOMArHUT TYAKHHAAD
Ba 9JEeKTPOMArHHT MakaoH

Yrran acpHrHr 60- finanapuna MakcBeasn 3JeKkTp Ba
MarHHT XOAMCAJNapHHUHT SITOHA HAa3apUACHHH fpaTRH. By
HA3apUAHH 34EKTPOMAcHUT malidon xasapuscu neb arana-
IH. MakcBeast HasapuACHHHHT aCOCHIA 3JIEKTP Ba MAarHHT
MalIOHJIapPUHUHT y3apo y3BHil GOFMaHHIIAA 3KAHJIATHHH
H(pOANOBUH HKKHTA MYXHM FOSl éTalH:

1. BakTt naBoMHAa y3rapyBud xap KaHfai Maraur Mafi-
JOH 3JIeKTP MaNJOHHM 103ara KeJTHpalH;

2. Bakr naBoMHia y3rapyBuM Xap KaHzxafd 3JIeKTp Mafi-
IOH 3ca MarTHUT MafiIOHHH I03ara KeJTUpajy.

BHpHHYH FOSAHHHI TYFPHJIHIHHH 3JIEKTPOMArHHT HHIAYK-
IUSICH XOAHUCACH TacAUKMANIH.

Dusra MabJyMKH, 3JeKTPOMAarHHT HHAYKUHA XOHHCaCH-
ra 6uHOaH WHAYKIUHOH TOK BaKT Vruuy 6ujiaH y’arapannran
MarHuT MaHjoHIard Kysraamac KOHTYD 8Ku BaKT YTHIH
6unaH yarapMa@auraH MarHHT MaHAOHAa XapakaTAaHyBIH
KOHTypJa XocHs1 6¥aanu, ApHu HHAYKUHoH DIOK

é“i:—‘%’;-_-- des j(dB)dS (9.1)

6yau6, HKKHHYHAAH MafHJOH KyuJaHTaHJHK BeKTOPHHHHD
UHPKYJNSILHACHT A TEHT 31U:

&, = @Eldz. 9. 1)
I

_—
(9.1) dopmynanars B BakTra xam, KOOpAuHATATa XaM GOFIHK.
By ukkana udoma xam meEnykuuon SIOK HM udopanaraHd
YYYH YHIC TOMOH/IapH XaM TeHT:
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é’; E, dl = —j' (%3) ds. ©.92)

{9.2) Makxcpeas1 3JeKTPOMArHUT Ha3apHACHHHHT acocuil
TeHeAamarapudan Oupudup. ByHaaH, MarHuT MaiZOHHHUHT
y3rapuiuy 6UJaH KOHTYPAA 3JIEKTD 3apsAJapura TabCHP KH-
JIYBUH TAllKH KVYJIapHH 103ara KeJHIH Kypuaaau. By ramkn
KyuJap KoHTypaa py# GepHiid MyMKHH 6yaran KHMEBHH Hc-
CHKJIMK XKapaéHsapH xaM, Ba JIopeHTI Kyusaapu xaM Gyanuu
MYMKHH 3Mac. deMax, HHIYKIUOH TOK KOHTYpPHAA XOCHJ 6V-
JIyBYH 3JIeKTp MafloHH Tydaliu 103ara Kejaly, xamaa Kys-
FajJMac YTKa3THUAard 3JIeKTp 3apApnapHu TapTHbiau xapa-
KaTra KeJTHPYBYH 3JeKTP MalifoHHH GeBocHTa y3rapyBduH
MariHuT MafijoH spartaiu, ne6 afita odamus. DBupok 6y
3JIeKTP MaiJoH 6HM3 1y BaKTIraua THJra oJH6 KeJaraH sJjeK-
TPOCTaTHK MaHAaoHAaH ¢apk KHJaAH. DJIeKTPOCTATHK Maf-
IOHHH 3JIEKTp 3apsiiJjiapd XOCHJ KHJajiH, 6y MalilloH noTeH-
udan xapakrtephart MafaoH 6yjau6, YHHHT KyuJaHT'aHJHK
yH3HKJIapH 3apsaniaH GomaaHu6 3apsapna tyrap 3aH. Mar-
HHT MafloH V3raprasjpa io3ara KeJaJHraH 3JeKTp Maii-
JOH 5Ca MarHMT MaiAOHHHHT HMHIYKUHS UH3HKJAapHra Vx-
ramt 6epk yu3uKAapaup. (193-a sa 6 pacmaap) by maiinon
yropmasui ssexkTp maddon pe6 aranagd. [emak, saexrp
maiddon norenyuans ea yropmasull kjpunuwda xocur 6jrap
gxan. MaKkCBeNIHHHT HKKHHYH FOSICH, S'BHH 3JEKTP MaMAoH-

: B

a -

v

//:—“:\j\

|
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- 58
%)0 Z_t—>0
a N

193- pacum.
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HHHT BaKT YTHIUM GHJaH {3rapHuiN, MarHuT MalIOHHH 103a-
ra KeJTHDHIIH JIO3HMJIHMIH XaKujaru QHKpH xaM Xyla ca-
MapajH YHKAH. BYyHM 3JeKTpOMArHMT TYJIKHHJAaDHUHT OYH-
JIMUIH, 3JIeKTP MaHAOHHHHI BaKT YTHIUH OHJaH V3rapullH
MaTHHT MaHJOHHH K03ara KeJTHPHIUHH TaCAHKJOBYH acocuif
Paxropnarnad 6upRIHD.

YaapuuHr xapakat TeHrniaMacH Kyfinaaruua

E =Egsinot Ba H = fsinwt.

By maligon mamnym iyHanuna TapkaJaéTran GyJraHd yuyH
Yy ¥3 TapkajHil HYHaIMuMAA sHAa MYXHTHHHT HasaTlard HyK-
TACHHH XaM TrapMOHHK TeOpaHTHpaaM. YHHHF xapakaty O HyK-

X
Tara HHCOaTaH T = -—— BaKTra KeuMkaau. By Hyxrasunr xapa-
v

KXaT TeHrJiaMacH
E = E,sin (mt — %xﬁf) = Epsin(ot —kx).  (9.3)

Xyamu wy Kabu
H = Hgsin (of — kx). (9.3%)

By (9.3), (9. 3% Tenraamanap saccu mijiKun meneaamaiapudup.
k= -—;— — TYJKHH COHH.

JlaBpui paBmmpga yarapa-
AUTaH 3JIeKTPOMAarHut Maii-
LouHHHT Gasofia  TapKajul
Xapaénura  3AEKTPOMACHUT
T¢.arun Relunany.

2J1eKTPOMATHUT TYJKHHAA
9JeKTP Ba MAarHuT MafnoH-
JIADHUHI OHHH TaKCHMJIAHH-
mwH 194- pacmna wudopanau-
ran Dvyanapaan K?pnﬂagnxn,
9JieKTp Ba MATHHT MalJgoH-
JIaPHUHT IOKOPHAATH BakT GY-
finya y3rapuil KOHYHHATAAPH

194- pacm. 6Mp XuJ 5KaH, JAeMakK, yJaap
6un xua dbasaganup.

Hlynpait Kuan6, MakcBeas 3JeKTpP Ba MarHHT MaMxoH-
Jnap 6up-6upura yaMbapuac GOFJaHraHAUIHHH Ha3apHA #ya
Gunan acocnab Gepau. JaeKTp MaiAOH KYyUJaHTaHJHTHHRBAT

- dE . .
yarapum TesNHMrH —;— KaHua kaTta 6yaca, 6y snekTp Maii-

JROHra GOFJIMK paBHIIIa BY:XKYAra KeJlaiuraH MarHuT MaioH
XaM myH4a KyuJad 6ynanyu. XyAAu IWyHHHTAEK, MariHT Maii-
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o dB
AOH HHAYKIHSICH BEKTOPHHUHT Y3rapHull TE€3/IHI'u ar Kanya

katra 6yJica, MaruuT MaiiaoH 6unal GOFNHK PaBHINAA XOCHJ
6yArad saektp MaliloH XaM MIyH4Ya KyuJu Oyaanu. [emaxk,
j3zapysuan mazHut mailoon busan THrcan paso adnu saKr-
oa gazapysuan 3aexTp mati0on 6uran xam Tirzan b6gradu,
Hderad XyJjoca YHKaaH.

Jdaextp MafifoH OHJAH WMar{HHT MailfoH ypracHlaru
¥3apo GorjaHMUl Kamigp KHWIHHTAaHZAH KeHHH Oy MafigoHJsap
6up-6ApHNaH Xoau, OGHP-OUpHAAH MYyCTaKHJ MaBXynH GyJa
oaMacaury aéH 6yaub Koanu.

Y3rapyBuaH MarHUT MafJOH XOCHJI KHJIUHAD 3KaH, afiHH
6up nafitaa (asojga y3rapyBuaH 3JeKTp MalJoH Xocua 6Yi-
Mal HICKH AYK Ba akCHHYA, Y3rapyB4aH MAarHUT Ma#JOHCH3
yarapyBuaH 3JieKTp MalifioH MaBxyn 6yjaa oamaidau. By
HKKaJla y3rapyBuaH MaHAoH xamuiula 6up-Gupu GujaaH GOF-
ganrad 6yaub, yaap bupeaiuxda 31eKTPOMAHUT MAUOOHHY
TaWKHA KHAAAH.

J/eKTPOMATHHT MAHAOH YIOPMa XapaKTepra ara: BYKyA-
ra KeiTHpaérradH MaHJOHHHHT KyY YH3HKJIAPH BYXKYAra Ke-
Naétray MaMZOHHHHT Ky4Y YH3HKJAapu OHAAH KOHHEHTPHK
ypab oaunran. Hatrkana y3apo «ypanaraHy 37eKTp Ba Mar-
HHT Maliflounap cucreMacu xocua 6yaanu (195- pacm).

I. HeMak, sneKTp MailAOHHHHI KYWIAHIaHJIUIH 3JIEKTPO-
MarHiT HypJaHHml AYHAJAMdMmHra mepreHAHKyasp TtebpaHa-
IH.

2. MarHuT MalJOHHUHT Ky4J/IAHTAHJIHTH 3JeKTPOMArHHT
HypJaHuml AVHAJNIIKTA Ba 3J€KTP MalAOHHHHT Ky4JIaHTaH-
JIUTHTA nepneHuHKynﬂngépaHanu.

Myunait xum6, E, H Ba 31eKTPOMATHUT TYIKHHAAPHHHT
TapKAMI! HYHATAIE §3ap0 MepHeH UK yJIAp AHp.

. Eo - - .
3 3 £ E
i Y | -=
(j, Y G D
i T el
A A ;N AN
8y N N’ S N
185- pacuM.
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196- pacm,

3. DyieKTp Ba MAarHHT MaMiJOH KyY/IaHTaHJAHKJAapH Gup
xua (asaza Tapkajaand, sibHH Ga3oHHHr Ma3Kyp HyKTacHAa
6y MalJoH KyuJaHranaukJjapu OHD BaKTAa opTamu, Gup
BaKTAA KaMasiJih, XaTTO HOJITa XaM TeHr 6ynn6 Kosamu.

Iynpait KuAnb, 34eKTpomasHur Maldon asa sxcuxaru-
Oan MOC Kea2aH UKKU Tyaxunoadn ubopar xijrdarane 3aex-
TPOMAZHUT TYAKUR — 94eKTp (S'BHH 3JIeKTP MAfJOH KyuJaaH-
raHJIHTH TYJKHMHJAApPH) Ba MarHuT (MarduT MafAoH Ky4JaaH-
TaHJurd TYAKHHJAApH) TYAKHHJAApH KYpHHHIIMAA TapkaJa-
nu (196- pacwm).

91-§. CHJKHII TOKH

Yarapmac TOK 3aHXHPHAZ TOK OGYJHIIM YUYH 3aHXKHP
6epK Ba YHHHI XaMMa HyKTacHAa 3JeKTP YTKa3yBUaHJHMK
6yauIH Kepak. ¥Y3rapyBuaH TOKJap yuyH Oy mapt 6axapH-
JIHIIK IAPT 3Mac. DJACKTPOMATHHT HMHAYKIHA XOJHCaCHHU
KaparaHuMHu3ja MarHuT Maiiiod ¢asoia y3rapuum OHAaH
VIODMAJIH 3JIeKTp MaHJoH Xocua OYJIUIINHE Kyprad 3JHK.
MakcBeas s3/1eKTp Ba MarHutT MadAoHJAap opacHAa y3apo
TecKapHn GOFJAHHLI, SI'BHH 9JEKTp MaHA0R KaMafnuu 6unan
MarHuT MafiioH Ba akcHHYa, Xocua O6ynaagu peraH OHKDHH
afitanu. IOxopuna xyprannMu3sliex, yiopMaJju 3JeKTp Mai-
JoH Xocun Oyaniun 6usaaH AHSJAEKTPHK €XH BakyyMmia MaB-
}Kyn 6yaraH KonzeHcatopiap OPKaaH TOK yTaan. Dy TOKHH
MaxkcBean cuanus Toxu neb aTara.

CuirKuII TOKHHUHT XocHa 6Ynum Mexanusmunu A. A, Jii-
XeHBaJbl YTKasran Kyhujaar¥ Taxpuba acocHaa TyWYHTH-
pHII MYMKMH. ¥ Iu3JeKTpPHKAAH fcajrad C AHCKHH YHHHT
MapKa3ulaH yHTra THK paBHIUa YTKasuarad a 8 YK artpo-
tuna, 197- pacmMzga kypcaTHJAraHAex KapaMa-kaplid Ho-
pany 3apapnap Guaan sapsnnanran A, A’, B, B’ apum auck-
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°AN2 198- pacm.

1o
+ & -

197- pacm.

Jap opacHRa aijaHMa xapakaT KHaaad. Y Baktia A’ sa B’
sIPUM AMCKJap opacHja 3JeKTp MalijoH yHraad yamra #y-
najran 6yamaau. PacMaa kypcartwiran HyHaauumpa as yK
arpopuia C pucK afiJlaHTHPHATAHAA AUCKHHUHT @ 8 YKAaH
yruunaa C AUCKHEHT I0KOPM KHCMMHH Yal TOMOHH MaHGuH,
yHT TOMOHHU MycOar, YKAaH NAacTKH TOMOHAATH AHCKHHHT YHT
TOMOHH Myc6aT Ba yan TOMOHH MaH(Hil 3apaj GujaaH 3apaa-
nanub a 6 YK TexucaurHian yruwpa C puckparn Manopui
3apsjJap YHriaH uanra, Myc6ar 3apsinjap aca vanjaas
yHurra xapakariaHu0, AM3JEKTPHK MoJieKynajiapuiaru sa-
pPAAJNap CHIXKHUIMHE XOCHJ KHaaad, 6y sca ¥3 HasGartuaa
yanAaH YHITa OKYBUH CHJKHII TOKMHH XOCHJ KHJaAH.

DfixeHBaJbL CHJ/IKHLI TOKM XaM MAarHuT MalIoH XOCHA
KHJAHIIHHH Tampuéa}la dHHKJaras.

Cnaknwr TOKM y3rapyBuaH TOK 3aHXHDHIArH KOHIeHCa-
TOpAa xaMm xocua 6Vaaan. BynuHr yuys Kyiunara 198- pacm-
La KypCaTHATAH CXeMaHMHT HULIall NPpHHLUHNHE OHJaH TaHH-
mu6 ynkaiauk, 3awxupaa maunba (&), Kaiira yaarug (I7),
3aHXKHpPAA TOK 6Op-HYK SKAHJINTHHH Ky3aTHLI JaMIIOYKacH
(/1) Ba koupencatop (C) mamxyn. bupunuu nap6ataa 3aH-
JKHpTa HOMMA TOK MaHOauHH KaHya BaKT ynaal KyHcak xaM
Jgamnouka éumaitay. UyHkH, KoHAeHcaTOop OVJAraHJUrH yuyH
samKup 6epk aMac. Mxkun4u HaB6aTna KaHra ynaray €pjaa-
MHAAa TOK HyHaJuMHK Y3raprupub typamms. DBy Bagraa
3aHKUpa Y3rapyByaH 3/7eKTD Ba Mar{uT MaljoHJap XOCH
6Vaanu. Ka#ita yaaruyHg yjaraHuMu3fa yTKasrHuiaplaaf
KHCKa BaKT TOK VTUG, KOHIeHcaTop 3apfijjiaHajiu Ba KoIl-
JaMmajap opacuiia MeKTp MaHJOH HHIYKUHA BeKTOPH MaB-
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[ | |vevsa i Krino
vu
o 47-
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v
) &
199- pacwm,

*kva 6yaaau (199- a pacm). Konnencatop sapaananud 6ya-
raHfiad CyHr Kafta yJardHyHd HMKKUHYM TOMOHTa yJjacak,
KOHAEHCATOp KaKTa 3apaijaHud VTKa3ruy opKaJH siHa KHC-
K2 MYIJAaT OJIAHHTHrA TecKapH HyHaauwaa Tok yraau. Kaii-
Ta YJaruuny xap cadap ynaranuMH3fa YTKasruyja HMIyJbC
xocua 6Yaub, KHCKa MyAKaTAa JaMNouka €Haau. 3aHKHUPHHU
y3rapyByan Tok Mau6Gaura yJacak, JaMNOOYKaAaHHHT EHHO-
yunun ce3uamaf Konaau. Nemax, ¥srapMac ToK yTMaraH
3aHKHEPILAH Y3rapyByaH TOK yrasantH. UyHKH, KOHTYpHU xap
6up ysuruwuda xondencaTrop xoniamaaapu opacuda eaxT
6yliuua jaeapysin IAeKTP MALUOON EKU CURICULL TOKU XOCUA
6faradu. Wynnah Kuaub, MeTadn CHMAATH YTKa3yBHUAHJMK
TOKH BU3JIEKTPHKIATH CHJLRKHIIL TOKH GHJaH y/JaaHUO KeTaXH.
KoHaeHcaTop KonaaMmanapd SKHHHAA YTKA3YBUAHJIUK TOF
3UUJTUTH

g ) :
! S S dt \ S ( )
6ynanu. o = —‘;— —— 3aPANHHHT CHPT 3HU/IHTH.

CH/IKHII TOKH UH3HKJIApH XaM {TKA3yBUaH/HK TOKH UHM3HK-
NapH Kabu Oy/uiM yYyH CH/KHLI TOKHHHHI 3HWIUTH | = 0 6Y-
JHUIM KepaK. XakHkarga pauanektpuxjard D =g £ = o, yunad
D =0 uu (9.4) Gunan Takxocaacax,

j.=D. (9.5)

199- a pacMpan KYpHHAJHKH, Y TKa3yBYAHJIHK BA CHIKHII
TOKH 3HYJHMIH BeKTODJADHHHHI HYHAJHIIH 3JICKTP MaHAOH
MHAYKUHS BEKTOpU OujiaH Moc Ttywagu. 199-6 pacmaan
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KYypHHAJHKH, 3apAA HIIOpaJapH Ba YTKa3yBUAHJMK TOKH

Ba YHHHT 3HYJIHK BEKTOPJIADH vuwanigaH VHrra HyHajdra.

JeMak, HHAYKUUS BEKTOPHHHHET OPTHIUH Ba yHHHT HYHaJKIIH
—_—

XaM {TKA3YBYAHJIMK TOKH 3HUJMTY (f) BeKTOpH OusiaH MoC TY-
miagu. 199-8 pacMjaH KypHHafuKH, TOK HYHAMMLIHMHHHT ¥3rapH-
K GuJaH HMHAYKUMA BEKTODM MHKIOD ’KHXaTHAAH KamasjH.

HlyHpait kw6, D BekTOp YTKA3yBYaH/UK TOK 3HUJIHIH HyHA-
JuuMAa YHrjaad yanra kapa6 iysanras., Dyuara acocan (9.5)
HH BEKTOP Tap3dia E€3UIIHMMH3 MYMKHH:
—
-

je=D. (9.6)

CH/IKHII TOKH y3rapyBuaH OVJraHJaurd yuyH y y3 arpo-
¢una MarHuUT MaHZOH XOCHJI KHMaAH. 3aHXKHDAaH yTaérran
YMyMHH TOKHHHP 3HWJIHTH CHJUIKHII BAa YTKa3yBYAHJHK TOKH
3UUIHKAAPUHUET AHFHHAKMCHTA TEHT:

> > = = 3D
=j,+i.=J,+ R 9.7)

(9.7) nan TOKHH sixmiM YTKa3yBuH (MeTajnap) MoaAa-
JapRa Ba KHYHK 4acTOTaAa CHJXKHII TOKH 3HYJNHTHHHHF
BEeKTOPH XHcoOra oJIMHHMAacAaH, YTKa3yBYAHAHK TOKH 3HYJIH-
TH BeKTOPH KaTrTa 6yaH6, yMyMHH TOK 3HYAHTHHH YTKa3yB-
9aHJUK TOKH 3HYJMrufaH H6opaT f[e6 Kapaml MyMKHH.
OnekTpHH €MOH YTKa3yBUH MYXHTAAZ Ba IOKOPH 4acToraja
LUJKHUI TOKH acOCHH POJIHH YAHa#aH.

DynapaaH KYpUHAAUKH, CHJIKHII TOKM MaBXyJA OGYJHIIH
YUyH y3rapyBu4aH 3JIeKTp MaHAOH XocuJs .G6VJIHIIH Kepak,
CHJIXKHII TOKH 6yJica, y3rapyB4aH MarHHT MaHIOH XOCHJA
6ynanu. Jlemak, y3rapyBuaH 3jeKTp Ba MarHHT MafijgoHJap
Xap AOUM y3BUH papuiga GuUp-OUPJAPHHH XOCHJI KHJAAAH.
bynap dasoma Tapkanu6 3J4eKTPOMarHHT TYJKHHHH XOCHJ
KHJIanH.

92- §. MakcBeas TeHraaMagnapu

CH/DKHII TOKHHHHT OUHJIMIUK 3JeKTP Ba MArHHT XOJHca-
Jgapuuu udonanaUIHUHr AroHAa HasapuscHHHHr Makcsean
TOMOHUJAH ApaTHJIHUIAra KMKOH 6epaju Ba 6y acoCAa 3Jek-
TPOMArHUT XOAMCaJapHH H(OAANOBYH TEHIJIaMaJjap CHCTe-
MacHHH Hoaanaiy.

1. ®dapaneliHuHT 3J1IeKTPOMAarHuT UHAYKIHSA KOHYHH: BaKT
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6yfAHga y3rapyBuH MarHuT MaHnoH ¥3 aTpoduAa yiopMalrs
5J1eKTP MallOHHH XOCHJ KHJIaaH:

Edl=—2 YTéaE’. ©. 8
y/ ot g

2. Vixtuépufl énuk cupTaaH YTYBUM.MarHWT OKHMMH Xap HO-
HM HOJra TeHr:

VB a3 —o. 9.9

Dyuaan KypHHaiMKH, MarHUT Ma#JIOH HHAYKUHS BEKTCpH
yIOpMaJiu XapakTepAaAup (S'bHH MarHuT 3apsijii MaBXKYyA
sMmac). (9.8) Ba (9.9) Makceeaar Tenesramnarapurune 6upun-
- uy myGTy unteepas ugodacudup.

3. Tyna Toxk KOHYHHHHHT yMyMJaalurann (Amnep — Maxk-
CBeJJ1 KOHYHH): HXTHEDHH KOHTYyp OyHHYa OJIMHTAH MarHHT
MaifiloH KyYJlaHraHJANK adjanuuin (LHPKYJASHMSACH) IOy KOH-
Typ OHAaH YerapasaHraH UXTHEpHH 103aHH KecHO JTyBuH
TyJa TOKKa (CHJKHII Ba YTKa3yBYaHJNHK TOKJApH) TeHT:

— ->. - — ;- aB’ —_
g}Hdz =j'(,-y +7)dS = j( ]y+7) ds. (9.10)

Hkxunuupan, 6y udoga TOK 3JeMEHTH TYWIyHYacHAaH
dolinanannb, MarHUT MaigOH Ky4JaHraHJIHTHHH XHCO6J0BYH
buo-Copap-Jlannac KonyHugup. (9.10) TeHrnmama yTka3ys-
YaHJHK Ba CHJKHII TOKJAPHHHHT ¥3apo XaMia yJap XOCHJ
KMJaAural MarduT Maifon OusgaH OGoFJaHHIIMHH HpoOna-
Janay.

4, OC'ruporpancxuﬁ — I‘ayc“c Teopemach: Vixtuépuit 6epx
CHPTAAH YTYBUH 3JIEKTP MaHAOH MHAYKUHS BeKTOPHHHHT
OKMMH Wy CHPT MYHAA MaBXyph Oyaran sjekTp 3apaanap-
HHHT ajare6pavK HUFHHIHCHTA TEHT:

(DdS = gq=[pav., - (.11
's k=1 v
Gynna p = % — 3apAAHHHT XAXKMUI SHYJIHTH,

(9.11) nap KypHHaAHKH, CHDTAAH TAlUKAPHAATH 3apsif-
Jlap OKHMTa T@bCHP 3TMaiiH. DJeKTp MalAoH HHIYKIHA
BEKTOD YH3HFH 3apaanaH 6owmsanub 3apsgana TaMoM OYJIHINH
MyMKHHJHTHHH Homanadian. (9.10) Ba (9.11) Maxkcsean
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TEeH2ZAAMAAAPUHIUNE UKKURYL JcYTU unTeepas ugodacudup.
MyXHUTHUHT X0CCacH €KH 3JIeKTp MaHJOH Ba MATHUT MadAoH
Ky4/aHraHJHKJapHHHHr cakpab y3rapuwura cabab 6yaran
cHpT/apAa Y3WJIHII MaBXyA GyaraHaa MakcseJa TeHrJja-
‘MaJiapHHH HHTerpaJj KypHHHIINAaH pofjasannia 4.

Kyn xonsapaa ¢ha3soHHHr HXTHEPHH HYKTACHRATH 3JeK-
TpoMarHuT MadgoHHd Hdogasam yuyd (9.8)—(9.11) Makc-
BENJ TeurJamaJiapuHu auddeperyuHan KypuHawnaan $oi-
JajlaHH/ajH:

rotE=—38 _ _B, (9.12)
at

divB =o. (9.13)

By Maxcaean reneaamasrapunu bupunqau sydru ougpge-
peryuan kgpunuwu, (9.12) naH afTHIIHMA3 MYMKHHKH, ¥3-
TapyBuYaH MarHuT MailgoH y3uHu Ypab TypyBUM MyxXHTAA
3Mac, XaTT0 BaKyyMZAa XaM YIOpMaJld 3JIeKTp MaiJOHHH
Xocua Kunand. by ¥3 HaBGaTHZa AMAJEKTPHK €KH BaKyyM-
Ja CHJIKHII TOKHHH XOCHJ KHaAagH. CH/KHII TOKH 9ca y3ra-
PyBYaH MarHHT MafJOHHH XOCHJ KHJafH Ba my KaGu Tak-
popianaBepain. By GupHHUH XydT MaKCBe.HJI TeHIJiaMa-
Jlapnmmr (bu3HK MasMyHHIHP.

rotH = /y -+ D - (9.19)
divD = p, (9.15)

— - — —

D=eg,f BA j=EoO.

By Maxcseanr Teneaamarapunune uKKuR4Y scydTurnun2 dugp-
epenyuar Kijpununiu,

MaxkcBess1 TeHTIaMaslapuAaH KYypHHAAHKH, 3JEKTP Maii-
JNOHHHUHT MaH6au 3JekTp 3apannapu €kH Bakr Oyiinua ysra-
pPYBYH MarHHT MaigoH. MarHuT MafiJOHHH 3Ca XapakaTAard
3JIEKTP 3apsaniapu (3JeKTp TOKH) &ku BaKT Gyfiuua yara-
PYBYH 3JIeKTp MaHAOH XOCHJ KHJAAAH.

93- §. Opkun dazoparu 3JeKTPOMAarHHT MAHIOH YYYH
* TYJKHH TeHrJaMacH

IOKopuuam naparpa(b.uapna KYPAHKKH, 93rapquaH
3/1eKTP MaHZOH MarHHT MaHJAOHHH Ba aKCHHYA, ysrapysqan
MarHHT MaliIoH 3JIeKTP MafOHHH XOCHJ KHJIHG, Y3rapyBuaH
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MaiIOHJapHHHT XOCHJ OVJIHIIHAAH 3JEeKTPOMAarHuT MaiaoH
xocus OyaaaH Ba YHHHT TapKalHUIH HATHXKACHAA 3J€KTPO-
MarHuT TYJAKHH coaup 6ynanu. Suan MakcBes1 TeHTJIaMa-
Jap cucreMmacHfal ¢oiaananub TYJIKHH XapakKaT TeHrJdaMa-
CHHM KeJATHPHO uHKapaiJuk.

Maxkcpeasn TeHrjamacHHH OHp XHHCAH Heltpan (p=0)
ToK YTkasmafiguran (j=0) Myxur yuyn é3aiiaux:

0B oH oD oF
= Mo —— , (a) =egg—, (6) (9.16)

L dt
divB = ppodiv H, (®) divD =eeodiv E. (1)

By ndoaanapHuHr Gowka KypuHHIUM

rotf =/, 4D, (@ 9dVD=0 ()

9.17)
TOtE: . Q_E, (B) divB = 0, (I‘)
dt
SKaHJUrH Ounian Takkocsiacaxk,
rotf :——p.po ,» (@) div H = 0, ()
(9.18)

rotH = eeo , (B) divE =0, (r)

By ndoganapaary rot Genrucu audpepeHUHANIAL  KOOPAMHATA-
Jap 6yinua OysuiHHM udojanaiiiu. Y BakTaa
- -
rot(rot £) = — pp,rot (qd—]:—)

67110, rot%ti = %— (rot 71) 6u1aH compmirHpcak Ba  (9.18°)

HH Xucofra oJfcak,

rot (rot E) = — eequpto "—;g | (9.19)
Xyaau wmy Kabu
rot (rot H) = — g€olllly oazH (9. 20)

XOCHN 6YJanH,
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Ammo rot Ba grad sapHuHr y3apo Kyimparmya GOrJAHMLIIK-
- HH. XHcobra oJIcaK,

rot rotE = grad divE —AE

Xocun 6ynany. by ndopmana oprtupma smac, Galku KoopauHa-
Tajap 6yinya OJIMHraH HKKHHYHM TapTHGJIH Xycycufi Audipepe-
Luad

02 , 02
A= Ox2 - dy2 T 922
(9.182) ra (9.19) vu Hasapna TyTcak, 6y Xxocun Gyarau
ndojaa '

32E
A E =egup, ——
oltlo o

541
o:F 02E g¢E 02FE

x y z )
In2 - oy + P T

K{ypuHura sra 6yany.
Xynau wynuarpek, (9.20) Ky#uaarda KypHHHINHH ofajy:’
H, o, N o*H, 2H 999
= EE My ——. .292)
ox? + oy 972 LA P (9.22)

(9.21) Ba (9.22) pan KypuHafMKW, JI€KTD MaliloH KyuJjay-
rauaury OW/laH MarsuT MaifoH KywJaHraMJMTH V3apo  yaiyk-
cu3 Gorsukaup. Uyaku yaap (9.183, ®) dopmysanapian Keiu6
YHKKaH. ' N o
(9.21) Ba (9.22) pan kypunapnku, E Ba H Gup xun tya-
KHH TeHrsiama Ounan udopananap skad. IWyHuur yuyH 6y ra--
JIAéHNAHML SICCH TYJIKHHIMP. -

MexanuK TYJKHHJIAPHH KaparaHuMu3[a, YHHHT TYJIKHH Xa-
paKkaT TeHrJlamacu

Ple 4 Py 4 Pk _ 1 0 (3), xyceyemit xomsa & =
0x?2 dy? ¥ ut o ’ Ox2
. 1 02f
=——= 6) (9.2
—= 0023
Jan nbopar sau. Dy Tewrnamaga 4 TYJKHHHHHI MyxMTIa Tap-
KaJuill Te3/lHru 3gH.

Xap kaupait ¢ynxkuusHupar (9.232, 6) TeHIVIaManH Kawoar-

JAHTHPYBUH GYHKUMA — myakun  xapakamudu udomanaigu.
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02 Y .
at_f 01a4farn KO3hPHIUUEHTHHHT TeCKAPH KwAMaTuiad OJyHraH

KBajpaT WIAN3 m{aKunHuMne pasisud mesaueunu yudonanaimm.
Y BaKTAQ SACKMPOMACHUM MYAKUHRUNE ¢paszosuli me3auel

U o= —- — ! = ! " — ! (924)
14 Egplptp V' eoiy VT oen
Bakyym yuyn ‘
1  —————en
U [ TARIC g g M
V' e ‘ 47107 1 c

Jemax, emcyy)uda SNEKMPOMALHUM  MYAKUHAGPUHUHE MAPKQA-
AuwL me3auel EpyraukHune sakyymoaeu meszaucuea mexe GY-
Jap sKaH. Y BakTAa épYrauk Xam 3AeKMmpOMASHUM MUAKUH-
. Gan ubopamOup, nerad xyJoca KelnG uukagu. MyxurTia aca
aj6arta OyHZaH KuyHk OF./110,

‘ c
U= —— (9.243)
Ve
udogaiaHIH,
(9.24%) pgan V sn = < panm KypuHaaukd, Oy ndona
u

MYXHTHUHT a6CO/IIOT HYp CHHAHPHLI KpraTHLUPIHH udopanaiigm,

ABHU
n="Vewn.

By dopmynara Maxcsean xonynu peinnanu. By udona u
TYJAKHH y3yHJaurura GOrjMK OyJiMaraH KaTra TYJKHH Y3yH-
Jurura sra Oy/araH 3JeKTPDOMATHHT TYJKHHJAp y4yH YpHH-
JIHIHD.

94- §. DNEKTPOMATHHUT TYJIKHH SHEPrHACH.
¥YmoB — TMo#HTHHr BeKTOpH

DNIeKTPOMATrHUT MaHJOHHHHT MaBXVAJHTH, 3JeKTpoMar-
HHT TYJKHHJIADHHHT MaBXYIJHTH Ba 3JIEKTP XaMZa MArHuT
Ma#JoH KyuyJaHraHJAUKAADHHUHT ¢da3ofa TapKaJduIIHAaH
XOCHJ GYIHUINHY OKOPHAA KYPUO YTAHK. DJeKTP Ba MAarHUT
Ma#JOH KyuJaHTaHJAUKJaDHHUHT TapKaJuil TeHIVIaMacH

— - . . X
E =Eos1nm(t——‘-‘—),

ﬁ=§osinw(t—-i)

u
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Ba TYJKHH TEHIJaMacu

E up oH
ax ® o
aH OF
—— T &
Jax . ot

6ynn6, Tapkaanm te3nurn (9.24) nan u6opar s3au. By Tenr-
Jamanapaad doiinanancak, -

EOV&:: HOVI_L—P‘: o (9.25)
ndona xocua 6yaamu.

BJIeKTp Ba MAarHur Maﬁﬂ.omapu MaBXyA G6yarauna Oy
‘MaHJOHJIAPHUHT XaXXMHH HepPrus 3HWIHKJAAPHHH (]8 66- §
JapAa) KenTHpu6 YNKapraH 31HK, SbHH

eeyE2 H2

W, = B W, =y . (9.26)

SJlempomaer TYJKHHHHHT 3HEPTHS 3HYJMIH 3ca Gy aﬂep-
CHAJAPHHHT unmmmcnnan nﬁopa'rzmp

W=w, —{- @, = (880E2 + ppoH2). 9.27)

(9. 24) Ba (9.25) Hu a'bméopra oncak, (9.27) Kyiimmaru
KVDHHHLUHH oJagu:

w=—EH. (9.272)
u

DNeKTPOMAarHuT TYJKUH Mai-
JOHH Y3u OujaH 6upra 3Hep-
rus  onué yrtaguw. DBynuHr
yuyH At BagTaa A S o3ajaH -
OJMO YTWITaH SHEPrUsHH XU-
COOMAMIHK.  DJIeKTPOMArHUT
TyJIK¥H acoc 1034 AS ra | - vat '
Tenr OyaraH mnapassejenyn- s
nex Kuppajapura napasest
—

paBHIa ¥ Te3MWK GuiaH ]
Xapakar/iaHa€Tran napasnsesienunes Y3yHmurd [ =uAt 6ya-

cuH. Y BaKT/Aa sHeprus yTaéTran napanienenunern xaxmu (200-
pacm)

200- pacm.

AV =ASuAtcosc,

oo — AS 103ara yTKa3WwITaH HOpMa/b GHNAaH Te3NHK OpACHIarH
6ypuyak. Oumb YTHNa€Tran SHeprus:
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AW:wAV:wASuAtC'osa. - (9.28)

(9.27 @) un ypuura Kyiicak, 6y udoma KyHuparu Kypuumiira
KeJanu: .

AW =— EHASuntcosa = EHA S At cosa. ‘(9.285‘)
u

By At BagTia {Taérran sHeprusavp. BakT Gupaurugard suep-
rusHe xHcobJacak, ,

W _A¥ _EHAS cosa. (9.29)

ot At

I03a Gupaucudan yrnea mux paguwida eaxm Oupaueuda  (mye-
3u 3Hepeusiea SAeKMPOMAZHUM MYAKUH  IHEP2UACUHUNE  OKUMU
auuaucu Oediuraou: ‘

— -—;—-) —

p=IEHl =wu. (9.30)
By yuasa xaTTajuk, 3JeKTp MaHJOH KYy4/JaHTaHJIHK BEKTO-
pH, MaruuT Ma#AoH Ky4IaHTraH/IHK BEKTOPH Ba SHEPrHs OKHU-
MH V3apo HepneHRAHKYJAAp xKokjamrauaup. UyHkH sHeprus
OKHMH TE3JIHK }"{S’/Hannmnna fiyuanran 6ynanu. (9.30) ¥mos-
IloiinTune sexTopu nefinnany.

(9.30) awTHOGOpra ouacak, (9.29) Kyhuparu Kypmmu.um

onajH:

W _ p aS. (9.29)
ot
p ,— 3Heprus OKI/IMH SUWIMFHHHHT HOpMaib GyiiHya TaluKu/l

3TYBUHCH.
Tapxanaerraﬂ 9J1eKTpomaer Tymgnmmm' HHTEHCHBJIH-
THHY aHUKJAAW YYYH SCCH 3JCKTPOMATHUT TYAKUHHHU TAIKNI
3TYBUH JIEKTD MalIOH KyUJaHraHJHIH Ba MarHuT MaHJoH
KyYJaHTaHJAUKJIapUHHHT OHUH KMHMaT/JaapH.
E =Eosma)( t-———) Ba H = H,sinw (t————)
u u
naH dofigananamus. ¥ Bakraa YMoB-IIoAHTHHT BEeKTOpH MO-
LyJAUHUHT OHMH KuliMaTH KyHujaruua udopasananu:
. %
p = E,H,sin%e (t — —). (9. 31)
u
AmManpa sHeprusHMHI OHMH KuEMAaTH 3Mac, Ganxku Gup nasp-
Jaru ypraga guimarupal dofigananunagy. bup paepaa sin® o

(t ——i) = -—;— Ba (9.25) Hu xmcobra osicak, BaKyyM YuyH
u .
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SHEPrUsA OKUMHHHMHT 3UU/IMTHHHHT §praua guiMaTH 3JeKTpomar-
HHT TYJKHHHUHT MHTeHCUBJAHTMHH hdoaanab, (9.31) kyimparu
KVPHUHIIHE OJIaJH:

- Ly e o L o fp?
I = <P>=— VT 2= ]/THO. (9.32)

JleMaK, 3JeKTPOMATHHMT TYJIKMUHHEHT HHTEHCHBIHTH HXTHEPHH
HYKTaja OJIMHraH 5/1eKTPOMArHuT TYJKHHHH MXTHEPHUH TaIIKHJ
srypumsiapususr (Eg, H,) kBagparura TyFpu npolopitHoHana 6y-
Jap 3KaH.

By ¢uxpaapuu pouMuii TOK opxaiu oaub YTHIAZUraH 3Hep-
FHAJIAPTA XaM TaTOHK STHIIMMHM3 MYMKHH. Mabaymky, Om xo-
HYHUHHHT auddepenuuan udomacu E = jo, 6yHla p — COJIHII-
THPMA Kap'UWJMK, | — TOK 3HYJHrH. - Paguycv R Gyaran um-
JIHHAP CHPTHJA BUHTHHMHI VHT KOHYHM 6yiiMua #yHaards war-

HHMT MafijoH Kyuia"ranjurd H = Y BakTaa YmoB —

2nR
IolinTunr BeKTOpH pajnyc OyiiHya uuIHHAP HuMra xapab hyHa.-
ran Oynaqum Ba I1OKOPUAArH/IapHM XucoGra OJCaK, KyHujariua
ndonanaHagu:

Lo 1
P=FEH=jp~——— =—pR/? j —
EHf =jp 5= =—0R/* Gynna j

nR2

BakT OupIUrHaa y3ywiurd [ 6yaran wwimngd &1 cupria-
punan Kupaetrad sHeprus W = pS = p2naRi = pj*nR’l = QV,
GyHparn Q = pj? — xakm Oupsurngan axpaiaérran JKoyis —

Jlenu uccukaurugup. Ilemak, jmkaseuunune én cupmu opxaiu
JAEKMPOMARHUIM JHEPeUR Kupap IKaH.

95- §. IJeKTPOMArHUT TYJAKHHAAP Kajgacu

DIeKTPOMArHuT TYJIKHHJAAPHHHAT YaCcTOTAMAPH Ba TYJAKHH
Y3VHAHKJApH AHana3oHH XKyAa Kenr. Typau wactotanu ty.a-
KUHJAp XOCCaJapH KHUXATHAaH XaM, XOCHJ KHJHII ycyhana-
pH xuxatuaan Gapraunupaap. I. Ipeu 3 taxpubanapuia
TYPFYH 3JIGKTPOMAarsHT TYJAKHH XOCHJ KHJHLI OPKaJH TVJ-
KHH y3yHJHTH OHp Heua yH MetpiaaH 0,6 M rava 6yaran
tyagunaapuu, I1. H. Jle6enen 6-10-3 m raua, A. A. I'na-
rosesa — Apkajpsepasiap,10-% M raua 6ysran sjekrpomar-
HHT TYAKHHAAapHA Xocua kuarauaap. Uly xxuxatnan snekr-
pOMarauT TYJAKHHJAApHA OUp Heya TypJjapra OVaAHII 3apy-
PHSTH TYFUJATAH. DNEKTPOMATHHT TYJAKHHJIAPHUHT OyHAal
OYnMHUINN Ky#npard 9-xaasanga XKeJTHpHJaran 6y.ub,
INCKTPOMASHUT THAKUHAGD WKAAALU Nefnaann.
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9.-xkagBana

Taptu6 | Typnapunuar Tiagan  y3yu- Tynguu uacto- Hyparunm
HOMepH HOMH AHTH (M) Tacu (I'u) Manbau
1 2 3 4 5
1 IMact wacro- > 104 << 3-104 Yarapysuan
TajIM TYJIKHH- TOK reHepaTopy
Jap ]
2 Pagnor{.- 104 = 1071 | 3-10¢ - 3-1010 | TeGpaumu KoH-
KHHJ2D : Typu Ba Tlepu
: BHOPATOPH
3 (Yaerpapapmo-| 1071 = 10 —* | 3-1010=3-1012 | Sl1nu Tapkar-
TV IKHBIAD 4y
4 Hudpaguzua |10~4 = 7,7-107°71 3-1012 = 4-1014 JIaMnaJlaf)
RY piap
5 Epyenuk  {7,7-107 410 —74. 1014 =7 5.1014 Jlavnanap
HypJapH '
6 |Yastpabunap-| 4.10=7--10—¢ |7,5.10144-3-1018|  Jlamnanap
ia HypJap
7 Pentren 1078 + [0 —11) 3-10'¢ = 3-101% | Pentren
HypJapu Hahu
8 Tamma <101 > 3.1010 PanuoakTus
Hypaapu eMHPHJTHIL

——

JKansanna Kypcaruarad TYJAKHHJAPDHUHT YerapacH yac-

TOTaJapu Ba TYJNKHH Y3YHJIHKJIapH MabayMm  napaxana
WAapPTIAHAND. DNeKTPOMATHHT TYJIKHHIAPHUHT KVIUHH TypJa-
PH opacHja KeCcKHH uerapa GyaMmaitnu,
HHTepBaJiapu 6up-Gupura YTHO KeTaay.

yJIapHUHT 4acToTa

96- §. DaeKTpOMArHUT TYJKHHAAPHHU Kailj aTuul.
A. C. Tlonos TOMOHHMAAH PAAMOHHHT Kauid ITHAHUIK

AHTeHHaflaH TapKaJaluraf 3/JeKTPOMarHHT TYJAKHHJAAD

254
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KHHJap 6y yTKasruuaapia Te3 y3rapyBuaH TOK XOCHJI KH-
Jajan. By TOKJapHMHF dacToTacH YJAapHH BYXYAra KeJTHp-
TaH 2JeKTPOMarHHT MaWJJOHHHHT y3rapHil 4acToTacH OHJaH
6up xua 6ynaau. DyHza 3/ieKTPOMArHHT MafIOH 3Heprus-
CUHHHT 6UD KHCMH VTKasrduaapia ByXKYAra KeJraH IOKOPH
YacTOTAaAH HHAYKUHOH TOKJAPHHHI' 3Heprusicura ailjianand.
DJ1eKTPOMarHUT TYJKHHJAAD TabCHPHUAA IOKOPH UYaCTOTaJNH
yarapyBuaH TOKJjap yHroTaauran YyTxasraunaap xabya Ku-
AY8uU anTeHHasap Beb aTanajd.

Kabyn KuayBud aHTeHHaJaphaH ¢oiipanannG, 3JeKTpo-
MarHuT TYJKHHJAp YCTHAA KHJIHMHTaH TaxXpuHbajaap acocupa
atokgu pyc ¢usura A. C. [Tonos 1895 iiun 7 maitna nynéna
OnpuHuM 6yub pajHoHH Kauid KHUAAH. Y MeTalJl KyKyHJja-
PMHMHT I0KCAK YaCTOTAJH 3JeKTP TeOpaHMMIAap TabCHpPHIA
6up-GupHra €énumumyu Ba 6y 6HaaH V3JaPHHHHT 3J€KTP
VTKa3yBYaHJANTHHH OLIHDHLY XycycuaTunaH (¢oiaananuob,
OHDHMHYH 3JIEKTPOMATHHT TYAKUHJAPHN ce3yBUM Kabya KHJ-
THY SipaTAH. . .

- A. C. Tlonos 3 ta)pubacuia 3JeKTPOMarHAT TYJAKHH-
JlapHu TapKaTkyu cudaruna Epra yaanrad antenHagaH ¢oi-
Najanay. byHpalt TapkatkHyHMHF cxemacd 201- pacmaa
taceupjanran. Cxemana b GaTtapesifan TabMHHJIAHYBUH
V — Pywmkop@ raataru 6yan6, 6aTapes KyuiaHUMIWHH y3ra-
pPyBUaH 10KODH KyWJaHHIUra akyaHTUPHO OeRyBYH KyyaHTHP-
THYAMD.-

A A 9 A

202- pacwm.

201- pacm.
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Arap K xaaut ynanca, C yuaap opajurujia TtebGpaunuin
Kapaéuugan H6opar 6yaraH yukyH xocua 6ysnaan, GyHHHT
HaTHXacuaa A aHTeHHA 3JeKTPOMArHHT TYJKHHJIAD TapKaTa
Gowyaiign. by Tyakuuiiap KabyJ KHJIyBYH CcTaHIHAZarH A
aHteHuara etu®b Goprau (202- pacM), KabyJd KUJITHYHUHE
Epra ynanran antenHanad Ba I koreppepian ubopar 3au-
JKHPHJA 3JMEKTPOMATHHT TeOpaHUWIAPHE XOCHJA KHJIAAH.
A. C, [lonoB ameKTPOMAarHHUT TYJAKHHJAApHH 6eBOoCcHTA Ce3yB-
4yd HHAHKATOp cudartuia Koreppepaan ¢oigananran. Ko-
reppep Ilonos pagHOCHHUHT SHT aCOCHI KHCMH 6YJIH6 X1Co6-
JlaHajH.

Koreppep vum Merann KykKyHJap COJHHIAH MKKH 3JICK-

TPOAJIH IiHlia hafinan H6opaT. YHUHC HILJALIH 3JEKTp pa3s-
PALNADHHHMHT MeTayl KyKyHHra KypcaTaJaHraH TabCHpHUra
acochanraH. OQpatzard HIAPOHTAA MeTal KUPHHIHJADH
6up-6upura xunc énuuub TypMaiiH, wy cababiH korep-
PepHHHI 3JIEKTP KapLIHJHCH XKyAa Katra Oyaaan. Bynpait
KoreppepAaH I0KOPH YacToTajH TOK YyTKa3Hjca, KHpHHAKJAP
opacHla Xyjla Ma#fija yuykyHJaap xocuy Oyaanu, 6y yuKkyH-
Jap KApHUHAHJapHu Oup-Oupura xuncaab kysaum. Hatu-
Kafa KOFeppepHHHI JEKTP KAPIIHJHCH KeCKHH KaMasiiH.
Ac606 CHIKHTHICA, METaJA KUPHHAHJIapH OUP-GHPUAAH axK-
pajany Ba KOTepPPEePHUHT KATTa KapUIHAHIH sIHA THKJAAHAJH.
Ilonos xoreppepuu CHIKHTHO TypyBud MeXaHH3M cudaTtuaa
3JIeKTp KYHFUPOFHAAH doiifananand. SJNeKTp KYHFHPOFH-
HUAD 3gHKUPU BJEKTPOMArHUT TYJKUH Kejras nafitaa xo-
reppep OpKa/# yJaHalH. T}"/JH{HH KabyJa KHAHHTAHHAAH
KeAnH KYHFHPOK AapXoa TYXTa#lu, UyHKH YHHHT TYKMOFH
KYHFHPOK KOCacHra sMac, GallkH Koreppepra xaMm ypHjiaju.
Wyunan xkeinn gabya KUATHY SHA SIHCH TYJKHHAH KaGyJ
Kuaumra TAHép 6yaany.

Illynaa# gkuau6, Tlonos Kabys KHJATHYMAA 3JeKTPOMATHHT

TYJKHHIADHUKT FOATIA KHYHK SHEPrHACH KOPEppep BOCHTA-

culla Kalj KHJAYBUH anmapaTt — 3JeKTP KYHFHPOFHra 3Hep-
rust 6epyBun Manba — 3JeKTp 6aTapeﬂcmm GOLIKAPHIT YUVH
dofinananunanu.

Xo3upru paguo KaOyJNKHJITHYIApAa MaxaJuil sHeprus
ManGauHu GOIIKAPHIN YUYH Koreppep YpHUAA 3JeKTPOH JaM-
na ékd TPAH3UCTOP HIUNATHIAAU.

97-§. Xo3upru 3aMOH PajAHOANOKACUHMHI NPHHUUNJAPH

Xo03Hpru 3aMOH y3aTHIU Ba KaOyJ KHJAHUL pajHoanmapa-
TYypaJapUHHHT CXeMacH XKyla TypJHu-TyMaH Ba Mypakka6-
aup. Papuoajoka NpHHUMNAAPHHEE Yprasuwga O6u3 pajno-
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y3aTKHY Ba paJuHoKabyJKHJICHUHHHL 3HI' COJAAA CXeMaJapH-
HH KyPHLI GHJIaH YeKJIaHAMH3, -

busra mawsaymku, 6apya toByll TeGpaHMUIIApPH HACT
yacToTaAH TebpaHuwapAHp. UyHKH BakT OHpPJAHMCH HuHaa
y3aTHJAJAHMraH 3JeKTPOMATHUT TYJKHH SHepPrusicH yacroTa-
HUHT TYPTHHYH Aapaxacura nponopuuonanaup. Iy caba6au
nacT yacTotajd (TOBYWS YaCTOTaJM) 3JEeKTPOMArHHUT TYJI-
KuHJap mespJau Tapkanamaiiiu. IOkcak yacrorasd, Macanas,
JaMraJi TeHepaTopia TeHepauMsJaHAfHraH TYJAKHHJIAD
AxwH TapkKananu. lOxcak yacrorajH TeGpaHHULIAPHH TO-
Byl Te6paHuulIapura €kl 6Hpop OGouKa CHrHaJJapHUHT
TeOpaHHILJIaDUra MOC Y3rapTHPHIL XKapaéHUHH MOOYAAUUR
ne6 atanaad. MacagaH, OKcak yacrtoranad tebpaHHwaap -
aMIJMTYLacHHH TOByW TeGpaHHILJIapH OHJAaH Y3rapTHpHLI
amnautyoa modyrayuscu gefinnanv, 6yHaa MOLyJasLHsJIaH-
rai TeOpaHUILIJaDHUHT IOKCAK YacTOTACH 3ATY84U 4ACTOTA
Ieb aranany,

Mopayasinusianrad OKCaK 4actoTajH TeOpaHHIIAADAAH
Maxcyc yeya Ousiad Kabya KUJArMYAa siHa MacT 4acToTatH
TeGpanulinap xocua KuauHaan. CHTHAJIHY ¥3rapTHPUILIHHHT
6ynnai xapaéuu demodysrayus €xku deTexkTopraw neb arta-
Aaau. TeGpanulunapHu AeTekropJail 6Hp TOMOHJIAMa yTKa-
3yBUaHJHKKa 3ra Gy/araH Maxcyc Kypuamanaap €paamuaa

aMaJara Omﬂpﬂﬂaﬂﬂ. ,
A\f) ) ) ) Ya,

d)

>

203- pacm.
17—2778 257
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203- pacma paanoysaTruy Ba KaOyJ KHJITHUHHHL NDHH-
LHIIHAJ cXeMacH KypcaTHJaras.

Paauoysatkuunudr cxemacu (203-a pacm) aBToTeGpa-
HHLI KOHTYPHHHHT cXxeMmacHura (165- pacM) yxmampaup. Yaap
opacugarit ¢dapk daxkar WYHAAKH, Y3aTKUY JaMMacCHHHHT
Typ 3amwkupura T'p KyuyaliTHpyBUH TpaHCPOPMATOPHHHT HK-
KHJlaMud YYJIFAMH YJaHTaH, 3JeKTPOMaruuT TYJAKHHJIapHH
HypJafJHTaH OYHK KOHTYP 3ca A aHTeHHA Ba epra yJaHraf
L vupyxTnBs ranraru kypunumupa sicaarad. Tpancdopma-
TopHMHr OHpgamuyu uyjaraMmura 5 Gatapes Ba M kymup
KYKYHJH MHKpogoH yaaHraH. Arap M mukpodoHTa ToByll
Te6paHHUINAapH KeJMaca, Y X0JAa Y3aTKHUYHHHI KOHTYpHJa
y3rapMac aMmJAHTYZaJH oOJAaTAard 3JeKTPOMArHHT TeGpa-

- nuwmgaap 6yaaan  (204-a

! ) pacM) (pacmaa: I~ TOK
: KyuH, { — BagT). Arap Muk-

t podon Mem6paHacHra HYTK

€K My3HKalaH XOCHJ 6V-

a) JajHrad TOBYII TYJKHHJA-

7 pH  Tywca, MeMmOpana Gy
W TOBYII TYJAKHHJAAPHTa MOC
. - -t te6pana 6omnaiian (204- 6

&) pacMm). MeMm6paHaHHHT TO-

I Byl Te6paHuLLIIapH KYMHP
y M KYKyHJapHra ysrapysuaH

Hitl HEART ;, OocuMm 6epanu, GyHUHT Ha-

: 1 i'{"i HA v THXKacuja MHKPOQOHHHHT
KapUHJHTH, TpaHcdopma-

I3 TOPHHUHT OHpJaMyH Ba Je-
MaK, HKKHJaM4d YYJIFaMH-

~ &

i AaTH TOK KYYH XaM LiyHAaH
' TeOpaHamH. Hartuxana

i ‘ 3JIEKTPOH JIaMIOAHHKT TYpH-

|, I| | ] . Aa MeMGpaHaHHHT TOBYII

- TeGpaHHLIIApHra MOC V3-
s © TapyBuH KVIIMMYa KyuJaa-
HHUI 1o3ara Keaanaun. Typ

\/ KVUJTaHUWHART Te6pannn-

\ JlapH y3aTKHY KOHTYPHHHHT
3JEKTp TeGpaHHLIapH

aMIJIATylallapHHK  y3rap-

. ¢ upaau. Hlynunr V3u 1ok-
/ caK uacTtoTaju TeOpaHuuI-
204- pacm. Jap aMJIHTYAaCHHHHT nacT

~
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YacTOTAJH CHrHaun Ounan Moayasuusaawaup (204- 8 pacm).

Y3arkuu TapKaTaértral MOAYJALHSAJAHIAH FOKOPH 4acTo-
TaJd cHUrHaJ KaOyJKUJITHUHHHI aHTeHHacura erray (203-6
pacm), L; rasTakaa Ba y Oujad HHAYKTHB GornaHrau Ly Cp
IaH ubopat KOHTypla, y3aTKHY KOHTYpHIard Tebpaunyiuaap-
ra YxXwau 3JeKTPoMaruut tebpaHuIIap Xocua kuaanu, 6y-
HUHT YUYH KaOyaguarauHuur teGpanum xoutypu C, y3ra-
pysuaH KOHAEHCAaTOp €pAaMHJa, Y3aTCHYHHHI TeGpaHHIl
KOHTYpHI'a Pe3oHaHC KHIUO co3jaHHLH KepakK. Ly Cy KOHTYD
JaMIAHHHT Typ 3aHxKupura yaaurad. Ilywuur yuyH yuna
6ynaétran saekTp TeOGpaHHILJIAD JAMIOaHUHT AaHON 3aHXKH-
pulard TOK 'Ba KyuJaHHIIHU Gowmikapaad. Hatnxkapma aHom -~
3amKHpHAA TV 3aHKHPUAATH TebpaHuiaapra yxwatu, GH-
POK Ky4afTHPWJIFAH Ba TYFPHJAHTaH 3JIEKTp ‘TebpaHHILIAD
1o3ara Kejaau (204- e pacm). bus xypaérrad KabyJKHITHY-
Ida JeTeKTop BasudacuHu Tpuon Yralhau. JleTekTop 3aHXKH-
pUAa TYFPHJIAHTAH MOLYJISLHUAJAAHTaH IOKOPH YacToTaMH Teb-
paHHWJIApAAH MACT YACTOTAJ U TeOpaHHULIapHH axpaTHb
OJIHII YuyH AeTektop 3auxupuna T tenedonra Cs; KOHIEH-
carop napanjes Kunu6 ynaaHaau. KoHmeHncaTopAaH OKOPH
4acToTaNu TOK, TeJeoH YyJFaMH OPKAaJH 3Ca TOBYLWI 4Yac-
TOTaJMM TOK Yraau. DyHUHr HAaTHXKacHJa Tese(OHHHHT MeM-
6patacu MUKpodOH MeMOpaHACH XOCHJ KHJraH TOBYIU Te6-
PAHHWIJIADHHH, SABHH Y3aTKHY MHKPOQOHHra KeJaéTraH
TOByULJIAPHH 3HTTHPanH (202- 9 pacwm).

Tenedon paxuoanoKacu KapaéHHHHHT YMYMHH XyCyCHAT-
Japd WyHAaH u6opar. KabGya Kujarud aerekTopHjAa XOCHJI
KHJIHHTaH TOBYII 4acTOTaJH Te6paHHIITapAAH PaAHOKap-
HallJlapHH HIOra coJuil yuyH QolmaiaHHIl MyMKuH. Arap
Y3aTKHYHUHT MHKPOGOHH HKOHOCKON GuiiaH Kabysa KHATHY
tTeJlehOHH 3ca KHHeckKon OGWUAAH aJMalUTHPHUJICA, IOKOPHAA
KeATHPUJIraH y3aTKHY Ba KabyJi KHJATHYHHHT NPHHIHIHAJ
CXeMaJiapy TeJeBH3HOH PafiHOaJoKa YUYH XaM HIIJMATHIHIIY
MyMKHH.

X 606. MONIOAJIAPOA MATHHT XOIAUCAJAP
98- §. MoaaanapHHHr MarHuT MailpoHH

Illy Bakrraua 6u3 ypraHuaaérraH MarHHT MaHJAOHHH
BakyyMJa (kv amanga XxaBoja XaM XYAAM IIYHHHT Y3H
- 6yaann) MaBKyx ne6 dapas KHJIHO KeJNIHK. DHAH Mardur .
MaiifoHra MYXHT (moana) KaH,uan Ta'bCHP K?pcammuﬂn
KypHOG YHKaHNHK.
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HMkxkura 6up xun A Ba

A v S

/ ] C rajartakJapHd  0JHG,
”,W'Q“k%@ yjaapHu Oup-6upugan Oup
's NS W S 03 CHJIKHMTaH XOJ44 TOpH-
a) soHTaJg 00; VK Gylinua xoi-

A ¢ pawrupamus  (205- pacm).
OWQ CEE{L) , Fanrakaap opacura max-
s Y ST KaMJaHraH BepTHKan VK
! ° aTpoduaa XapakatJjaHa
% " oMaguraH KHJHO MaTHHT
CTPEeNKacHHH XoHJjJawmTHpa-

205- pacu. Mu3. Byryn Kypuamamu

MarHiuT CTpeJKacH FaJj-
TakJaap YKHra nuc6aTaH T[epneHIUKYJAAP Kofjawaguraq
KHJIHG ypHaTaMH3, CYHI HKKaJa rFajJTaK[AaH KaTTaJurd Gup
XHJI, JIeKHH HyHaJulIn KapaMma-Kapmu 6yaras TOK yTKa3a-
mu3 (205- a pacm). By BakTAa MareuT MaliZoHura xofinam-
THPHJTAH CTpeJiKa XapakaTra KeJMaHaH, YYHKH HKKaJia
TOKHHHT XOCHJ KHJTAH MarHHT MafiAoHu GHP XHJA MHKIOpAa
Ba KapaMa-Kaplud HyHajaraH 6yJranu y4yH rFajaTtakjap opa-
cuJarv Xaxmaa MarHUT HHAYKUHSACH HOJra TeHT OyJaiu.
HNkxana rantaknan yraérraH TOK KYYHHH V3rapTHpMa-
ral xonfa yJaapiaH OupuHHHT, MacajaH, C FaJITAKHHHT
HUYHTra TeMHp crepxenb kupuramus (205- 6 pacm). ¥V xoana
MarHuT cTpesKacH ¥3 XoJiaTHHH y3raptHpain. C faNTaKHHHT
MAarHuT MaHJOHH KyuyasiilH Ba FaJiTakjap opacHAarH HaTH-
KaBuii Mafijgon Honjan dapkaum 6ynaan. By xonna temup
crep:keHHHHT C FaJNTAKHHHI MarHuT MalaoHuIa MarHuTiaa-
U6 KoaMmuHN Ky3atamus. Bysnafi OyJHIIHHH X03HpTH 3a-
MOH (pH3MKacH KyHujaruya TymlyHTHpaau. Maruut maiaon
(hakaT TOK yTraHgaruHa Xocua Gynmacaad, GajlKH aTOM Ba
MoJlexyJajlap TapkHOHAArd 3apsifjii 3appajapHUHT Xapa-
KaTaanuwu tyda#ayn xam xocua 6yaann. DNeKTPOHHHHT ¥3
VK aTpoduma xapakaTH HATHXKacHAZ XOCHJA GYJAYBYH HM-
NynbC MOMEHTH 4K 8KH crun MOMEHTU Aelujain. JNeKTPoH
XaM, aTOM SIJPOCH XaM CIHHTa 3Ta. JAeKTPOHHUHZ IJ3 KU
arpoguda alranutiu cnunnu, opbura 6ijiiuta 20po arpogdh-
Oa aiiranuuiu aca opburar momenThU Bepub, UYKU MASHUT
matidonny xocunr Kuradu. YyHKM yJapHUNT XapakaTH Ty-
Gdadiau ToK Xocun 6ynanu. By TokHu AMnep mMoaeKkyaap TOK
ne6 araran. deMax, MoAfaJapHUHT MAariHTJAAHWIIN, SAPO
atpoduia 3JeKTPOHHHHT aliJaHMa XapaxaTH HaTHXKAcuia,
opbuman maerum momermuea (p,.s), UKKUHUUOGH, SEKTPOH-

HHHP XYCYCHI alllaHMa xapakaTtu EkH CNUBEM MaBXYIHrHiaH
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cnun maeHum momenmuza (p) Ba yuurdudax, aToM SRAPOCH-
HHUAL XYCYCHi ailjlaHMa xapakaTH €Kd CIHHY MaBXyAJAurH Ha
THXKacHga fne6 TacaBByp KunuHanu. Dy wMarsur momeHTsap
ATOMJIADHHMHT TY3H/IHUIMTA XaM OOFJHKIHD. ATOMJapHHHT SIAPO °
MATHMT MOMEHTJIADH 3JEKTPOHJaDHPHr. op6uTaJ Ba COHH Mar-
HWT MOMEHT/JapHAaH KyJa KMYHMK, YYHKH SJIDOHHHT Xapakar
1e3/IUTH TEKTPOH TE3TUrKAAH Kylda KHUHK.

IOkopuaa aRTHAraHumeK,
3JeKTpoH opbura (afinaHa)
6Vitnua v yactora 6unaH a#l-
JlaHMa XapakaTr KHJIraHuia
afinana 6yf#nya yHUHT Xapaka-
TAra KapaMa-Kapuid #HyHa-
JHIILA alllaHMa TOK XOCHJA
6y MHIMHHY  KeHHHDOK IHH-
wrefin Ba ge-Taas taxpuba-
CHIAa KypaMus.

DJIEKTPOH Xapaxatd Ty-
daftam  xocusm OyayBUH TOK 206- pacm.
i=ev 6§ynub,

Pops =€V S

opbHTa] MarHHT MOMEHTH XOCHJ Kunajad. Bynpa S — op6u-
Ta 03d. 206- pacMaa KypcaTWJraHHAeK, 3JeKTPOH coarT
cTpesikacy 6yiHya, TOK Ky4H 3ca cOaT CTPEJKACHTra TecKapH
Hynamimaa 6yaub, xocua 6YaaéTrad MarHHT MOMEHTHHHHT
ﬁ}“fﬂanumnnn napMma Koujaacura 6MHOaH aHHKJIacaK, acTAaH
IOKOPHIa HyHaJjrad 6yaanu.

Op6ura 6Viinua UMOyJILC MOMEHTH (1) sca

| = mor? = 2mvS,

6y XxaMm napMa KOHAacCHTa acocaH nactra xapa6 fdyuasnaraH
Oynapn. Jemax, 6y ukku 8exTop yaapo Kapama-gapiy iy-
Haazan Gjaap sxan.

Arap MarHuT MOMEHTHHUHT nMnyJIbc MOMeHTHra HUcGa-
THHH OJICZK,

—*_NA popﬁ' o [ ( e q)
= 228 o (10.1)
7 e 2 m .

xocus 6ynaaau. By udonara cupomaenur nucbar nefiunanu.
Byunaru MaHdHi nmopa MarHdT MOMEHTNIAPHHHUHT TeCKapH
ByHamumaa 6yaumuny ndoganaca, ¥3u CONMUITHPMA 3apsi-
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Hu udonanaiau. by udona opbura ait-
JavagaH ubopar Oyaranaa 23mMac,
2 3JJHMNC Wakafark opOHTAa YYyH xam
VPHHJHAHP.
MoJsiekyap TOKHHHT MaBXyJA KaH:
; 3 aurnnm aHMKJaW yuyyH DHnmiTeliH Ba
ae- ['aas uuauuap wakauna tremuap (1)
% omi6 YHH MHTHYKa KBapu HmHra (2)
p ocH0, y3rapyByaH Tok ManbaHra ynas-
) raH COJIEHOHJ, HuMra TYLWHPHJraH
(207- pacm). ConeHonpaaH ysrapys-
YaH TOK YTHIIH HaTHXKACHAZ yHAA Yy3-
207- pacm. pyBYaH MarHHT MalfoH XocHa 6yaub,
‘ TEMHD CTepKeHb OypuJaiu. YHH HOra
ypHaTuaran kysry (3) opkanau Kysatamu3. by epga Tok #y-
HaJIMIIH Y3rapHilH OGuJaH crepXKeHb GYPHJHRIUK XaM y3rapa-
an. Byvra maenuromexanux xoduca aehimnagn. Byngai 1e€6-
PaHUIIHUHT acocHi cababu TEMHDHHHT KaliTa MarHHTJIaHH-
wHARp. UyHKW TeMupra TalIKW MarHMT MafioH TabCcHp
5THWN GHJIaH YHAArHM 3/€MeHTap 3appaiapHHHT MArHHT MO-
MEHTJapH Mail0Hra napaJies paBHlliLa opHieHTalHAJanub,
aliaHTHPYBUH MeXaHHMK MOMEHT Xxocuj 6yiaaau. CucreMazaa
UMIYJbC MOMEHTHHUHT CakJaHWUI KOHYHH MaBXyjx GyjiraHu
VUYH SJEeKTPOHJAAP XOCHJ KHWJITaH HaTuKaBHH MoMeHTra
TEHI Ba yHra TeckapH HyHa/JHlZa UHJHHAPHH alNIaHTHPYB-
Y MOMEHT XOCHJ O¥au6, unra ocuiaraH UHJIHHAPHH GypaJ-
Ma xapakarra Keatupaau. (10.1) paH KypHHaZHKH, MArHUT
" MOMEHTH HMIYJbC MOMEHTHAAH KaTTa GyJULIHHUHT cababu
TeMHUpJa Mard¥TAaHHl X0AHCACH HMIYJbC MOMEHTH OPKaJH
IMac, 6aJKH 3JAeKTPOHHHUHT COMH XapakaTH Tydaiiud XOCHa
6YJIyBYH CIIHH MarHUT MOMEHTH TABCHPHAA Gfnap 3KaH.
N\ AToM €KH MOJIEKyJJaHHHI' YMYMHIl MarHuT MOMEHTH yJaap
TapKHOHparu 3/1eKTPOHJIAPHHHT op6GHTas Ba CMHH MAarHHT,
MOMeHTJIapHHHHI‘ HUFHHAMCHLaH HOopaT

) A= X Pops+ 3 P (10.2)

6yananu. IleMmak, MarHHT MailoHra xolnalTnpuaran Gapua
MOJAZAajlap MarHHTJaHHII XoccaJjapura sra O6yaanu, AbHH
MarnuTJAanajy, WyHHHr yuyH (Aactaabku) MaALOHHH Mab-
JyM Aapaxapa ysraprupagu. Maruur maiijloHra TabCcHp
KypcaraadraH 6yHiali MoOAAaJapHH MAZHETUKAGD fefuNait.
MopnnanuHr MarHAT/IAHHIUHHA XapaKTepJoBYH (PH3HK KaTTa-
JHKAapian 6HpH xawcm Oupaucudazu atom €xku MoaeKkyaa-
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AQPHUHZ MOASHUT MOMENTU Op-
Kaiu ugpodaranysuu mazHur-
AQH2AHAUK BeKTOpUudup:

— 1 —_— -
Y P (10.3)
AV

Y

Huaykuus 6uiaH MarHuT-
JaHYBYaHJHKJIAPHHHT  y3apo
GOFaHHINHHH  aHHKJAHJHK.
ByHHHT yuyH MOJIeKyJiaaapia-
T'H 3JIEKTPOH TOKJaPHHHT HYKH
MarHuT MaUJ0H KyUJaHT aHJH-

208- pacw. ru (H’) unm xucobaainux.

Amnep 6y¥inua MOAZAHUHT

. xap Oup MoJieKyJacH a#saHa

Tok 6yau6 xuco6ranamn. Uuamnap waxaugaru  (208-
pacMm) OMD JKHHC/IAH MarHeTHKHH KV3 OJAHMH3Ta KeJaTHpaii-
Juk. DBy MarndrgaHraH OUHJAHHADHHHF  MOJIEKYJISID TOK-
Japu UHAHHADHHHT YKHIa THK TeKHCJUKJIapAa XKOHJauiand,
®apasz srafiUK, MOJEKYJAAD TOKJApPHHHI HYHaJluIIM coar
cTpeJKacHHHHT ByHanuwu 6yiinya 6yicuH, 6yHIa MardHeTHk
KeCHMHHHHI HYKH KHCMJIADHAard KYIIHH MOJIeKYJsp TOK-
JapHHUHT HyHaJyuwu Gup-6GupHra Kapama-kapiuu 6yanG, my-
BO3aHaTra-KejMall, MyBo3aHaTJaHMaraH KHCMHTMHA MarHe-
THKHHHT TaWKH CHpTHAA 6Viaann. By TOKJapHUHr YH3HKJIM
3HYJHTH, S'bHH UHJMHADHHHT y3YHJHK OHDJMIrHAa TOK

n= —:— GY/ICHH, LMIMHAPHH XaMMa Y3YHJHIHAArH TOK [ =1/,

6y TOKHHHI MAarHPT MOMeHTH p = nlSp, =pmV, V — marse-
THKHHHD X2XKMH, GYHIa pon = T’;— — XamM GHDMIHHHHT Mar-

nut Momenty, 6y sca  (10.2) HUHT TakpHPHra MyBODHK Mar-
HETHKHMHI' MarHHTJIaHTAHJIHTHHH GepanH.
Hlynpakt xuano,

nue =1 (10.4)

sKkaH., MKKHHUKJaH, MarseTvkiaH ubopaT HUJHHAPHM OHp ypam-
au (n =1) conexoun pe6 yapacax, yHAAH YTYBUH TOK 3HYJIH-

H M = 692116, coseHOHI HYMAarH Maijon H' =
6ynéum. Mugrnemmam MACHHT MafiIoH HHIYKUHA 3Ca o
B =y, (A, + H)=p,Hy+ 1. (10-_5)
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Bynna Ho Ba po Moc paBHIIZA BaKyyMJarH MarHHT MalAOH
KyUYJIaHTaHJHMIH Ba BaKyyMHHHT MaruuT QouMHuiicu. Marne-
THKHHHT MarHHUTJAHTaH/JIHK BeKTOPH MaRJOH KyYJaHTaHJH-
rura TYFpH NpONOpPLHOHAJAND.

. I'= ypoH, ‘ (10.6)

% — MOJIaHWHI MarHHT KalyJ KHJIYyBUARJIHIH,
(10.6) up (10.5) ra gyicak,

B = poHy 4 oty = mofly (1L + %) = popHd (10.7)

Oynna
. (10.8)

W — MOAJAHHHI' MACHUT CHHIXUPYBYAHJIMIH.

99- §. JluaMarHeTHK Ba mapaMarHeTHKJap

Oagusru naparpadaa MonfaJlapHHHT MATHHT XyCYCHST-
Japuuu yprannwaa (10.7) sa (10.8) cdopmynanapnan ky-
DHHAAHKH, MarHeTHKJAaPHUHI MArHHT HHAYKUHSAJAapH yJap-
HUHT MarHuT KaOyJ KHAYBYaHJHK Ba CHHIMAHDYBYaHJAHK
Koa@pduurenTaapura 60FIHK 31H. .

Moddaraprune masHuT cuneOUPYB8HARAUK KOIPDDuUYUEHTU
(n) 6up xariam gpasrean coaenoud. xocua KuAaérean mae-
HUT OKUMU BUYAUEZUOAH MQSHETUKHUNZ MO2HUT -OKUMUNUNHE
jpTaua 3utauzu Hewa MapTa KATTa 3KAHAULUKY KijpcaTadu.

By marunt kabyn KuayBuanaurura Kapa® MarHeTHKJapHH
Ky#upara rpynnaiapra 6ynemus. Arap p <1 Gyata, OyHpait
Mopnajapun Ouamaenemuxaap, 6ynpa y < 0; p>1 6yaca,
¥ >0 6yimb, Gynaali MOpRAaNapHH napamaeHemuxaap, p > 1
6yaca, %> 0 Ba B =f(u) 6yaca, 6ynnaii mopuanapuu ¢epps-

- MacHemuxkaap DeMHNaAIM.

Jramarternkaapaa KabOysa KUAYBYAHJIUKHHHT MaHpui
Gyanumknra acocuii cabab MarHUTJAHFaHJHK BeKTOPHHHHT
MarHUTAOBYM' TallKH MarHHT MaHJOH HHAYKUHS BEKTODHra
KapaMma-kapwy #yraaumupazap (209- pacm). Tawkn mar-
HHT MaHJOH TabCHpPHAAa JAHAMATHHTHH TaWKHJI 3TYBYH
DUTIONJIADHUHT XOHJAWHUIIKM TecKapu Oyaaaw, sABHH Oup
JKHHCJH MaTHHT KyT6sMapH (AMIIOJb Ba TalIKH MaHJIOHAATH)
ylap y3apo HTapHuul ypHHra ysapo TtoptHmiaiu. Tamgn
MarHAT MafiloH TabCHPHAA 3JEKTPOH XapaKaTH y3rapajiu.
By BakTaa aTOMJapHHHI MArHHT MOMEHTJapH KHUYHK Gyj-
raHH yYyH MOAJAJapHHHI AHAaMarHeTHK XOCcaJlapH Ky4JH
6ynann. Heapau Gapya uHepT rasnap AMaMarHHT XycycH-
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- N
DA B AN
N PR
Vo \ s/
a) - 0)
209- pacw, © 210- pacwm.

atdra ara. JQuamaenuriapda Tauwkuy mMaldon TAHCUP 3TMA-
2aHda ATOMRUHZ MACHUT MOMENTU Hoaza TeHz Gijradu.

Mapamaenur sucmiapen TauKU MAZHUT MAi0OR TABCUP
ITMA2AHOA XaM QTOMHUKZ MAZHUT MOMEHTL HOACaH (apk-
audup. TallKu MarHHT MalloH TabCHPHAA ATOMJAPHHHT
MarHuT MOMeHTJapu MadAoH #YyHaJAHIUHra OpHeHTalusJa-
HaaH. AMMO OpHeHTAUVMAJAHHIULA aTOMJAPDHHHT XaoTHK
XapakaTaapH KapHauk Kypcataan (210- a pacm). Hlynunr
yYyH Xapakat opTHIIH OHJIaH MapaMarHHT MOAJLANAPHHHT
Kabyan KUAyBYaHIHTH KaMasaH.

Moana TauwlkH MarHHT MaHJOHTa KUPHTHJATaHAd 4TOM-
JapHu MadnoH 6yHHua opHeHTaHANall yYyH Xy(PT Kyuxaap -
TabcHp 3taau. HaTHxkapa Mojfa MuulIa aTOMJapHHHT Tap-
THGJH KOHJAWHIIA cOAHP Oyan6, MarHUTAaHHI, HOJTa
Tedr 6yamaiign (210- 6 pacm). ITapamaruuraapra xoc 6ya-
raH MarHUTAAHTAHJHK BEKTOPH TAUIKH MarHMT MaHloOH MH-
JAVKOHS BEKTOPH HyHaMMWuAA XKofnamann.

IlapamarHeTHk Ba gHamar-
HETHKJIAPHHHT MarHWTIaHraH- i
JIHK BeKTOPHHH TalIKH Mar-
HUT MaHIOH KYUJIaHTaHJUIHra
Gornukauru 211- pacMaa kea-
THPHJITAH. g

Arap KOOpAHHATA CHCTeMacH- "
HUHT OMp YKHTA NapaMarHeTuk-
HHHT KaOyJuaHJHTHHH, MKKHAuH -]
. 1 .o . )
ykHra — KVilcoK, TYrpH uH-
T yep 211- pacm
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3uK xKocus Gyaaau, 6absy napaMarHeTHKJaap YYyH Oy  UH3HK
KoopauHata Goummaad Yrmadnw. YUywku Kiopu anuksaras xa-

6y, KUTYBUAHIAKHYE § = — Kouymw ypHuIa

__C _ np2ps
x=7=  (10.9) C = e

Krwopu — Beiic Kouyuu ypunau 6yaagu. DBy konyugmaru C—
noumuitiiik, T — abcomoT Temneparypa, Q, — Kiopu nykTacH,
6y TeMneparypaja MOAAANAp Y3JapHHWHI MAarHHT XYCYCHATHHH
HYKOTaanAap, 7 — aToM KOHLEHTPALIHACH.

. Ky#iuparu 10-kagsanga 6ab3u AMaMarHeTHK Ba mapa-
Mar{eTHK MOAJAaJIaDHHHT KalyJ KHJYBYAHJHUTH KeJTHPHJI-
* rad.

¢ 10-xaaBsaux
IuaMarderyx %-108 TMapaMarde THK %-108
Asor — 0,0062 Kucaopoa 1,8
Cys —9 A momuuuit 21
Kymymw — 26 ITaatuna 300
BucmyT — 170 Xnopau temup 2500

100- §. deppomMarHeTukaIap X0ccacH Ba TY3WJAHILH

®eppoMarseTHkaap ANa- Ba NnapaMarHeTHK MOAAaJjap-
JdaH Y3JapuHHHT KaOyJsl KHJAYBUAHJIHK Ba CHHIAHPYBYAH/MK
KO3 QUIHEHTIapH Ba YJApHHHT TalUKH MarHHT ManJoHra
GoraMKJMIH OunaH ¢apk kuaaau. Iy xabu wHAYKUHS,
MAar{uTJaHTaHJIHK BEKTOPJIaDH XaM MarHuT MaHJOH Ky4JaH-
ravaurura Gorank. ®eppo-

: MarHeTHK/ap Kyd4Jd Mar-

I HUTJAHYBYH MOJJAJapiup.

p _ XarTo YHUHT MarHUTJAaHU-
ol IUK AHA- BA NapaMarHeTHkK-

Jgapra HucGartaH Oup Heua

<ix "
S . YH MuHT (10‘°)umaprau Kat-
o Ta O6ynaad. DAHWTEAH Ba
00 200 307 a0 = ne-T'aas raxpubacuaan Ky-
5 DbHHanWKH,  ¢deppomarHe-
: TM3MHH  3JIeKTPOHJAPHUHT
212- pacu, CIOHH MOMEHTJIAPH XOCHJ
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Kuaapd. Maruut MalfoH 6YyamMaraH XoJila MarHMTJaHHIL,
S'bUN CIIOHTAH MarHMTAAHHDI XoccacHra 2ra OVJraH KaTTHK
KUCMAap geppomazHeTuKiap Aefinyaiu.

BomaHruy xo0/aTAa MarHuT MOMEHTH HoJ 6yaran gep- .
POMAarHeTHKHHHI MATHHT/JaHTaHJAWK BEeKTODHHH TAlIKH Mar-
HHUT Malijonra Gornuxaury 212- pacmaa kearupuaras. I'pa-
¢ukaan KYpHHAAWKHM, MAarHHTJAHraHJHK MariuT MadaoH
KydjaHraujura oprumiu  Ouaan (10.6) dopwmynanan xam
KYpHHAAMKH, HOJgaH 6ouiaal te3 opra Oopaau, MabiayM
KHiimMaTra erraHjiaH xKefiWH MalJoH Kyu/JIAHTaHJHCH opTCa
XaM y ysrapMmaljH, S'’bHH MACHUTAGH2ZAHAUK 8eKTOPU Tyliu-
Huw xosaruea eradu. Hemak, 6y saxroa moddasapdazu
MQZHUT MOMEHTU 80 CNUH MOMEHT 8eKTOpAapu Oeapau THAG
opuertayuaranzan 6ijiadu. :

(10.5) opgaau udopananran MarHuT MaHAOH HHAYKUUA
BEKTOPHHHHT TAlIKK MAaBAOH KyWJaHTaHJHTHra GOFNHKJIHTH
Mypakkabaup. MaruuT/aHranjuK BEKTOPH TYHHHraHAA XaM
MarHuT MafJOH Ky4YJaHTaHJUTH XucoOHra MarHuMT MaijJioH
HHIYKUHSA BEeKTODPH opra Gopuiud 213- pacMmaa, Mopmaaap- -
HUHT TabuatHra OOFINKAMIU 214- pacMaa KeJTHPHJCAH.

DeppoMarHeTHK/IapHH XapPaKTepJioBuM 3apyp Srpwimuk Gy
CHHTAMPYBYAH/IMKHH TallKH MAarHuT MalAOH Kyu4JJaHTaHJNTHra
po= " Gornuganry. Bynn GMPHHYM MapTa IOMILOK TEMHP

o .
Gwnan - yriasuiran Takpubana A. C. Croseros anuknaras 6Y-
JH6, 215- pacmaa rpaguk pasHwifa Hudonananrau. Jlemax, Gy
3TPWIMK MAarHuT CHHCAUPYBYAHJIMKHHMT MablyM GUp KuMMaTH-
Aad Gouwtanu6, deppoMarHut XHCMA3p xam Kiopu Ba Kiopu —
deiic popmysiacura Gyicynaau. Makcumym KuiimMatra spHwra-

-

& s
M2
Bk Ml A —
18 [] ]m"‘,m,( ninam et
=== || gpeemf ST T [
74 pying NS0T
-2 -
]S 1.0 H3 _.L Lg:m et
- 0,6 > ooy
‘06 -
G4 [/
Aoz AL Eﬁ
. L1
0 20 30 0 H
213- pacwm. 214- pacm.
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M0 JaH CcYHT kamast Gopub,
“ ACUMIITOTHK pasuumiga
3 VHHHI  KuHMaTd. Oupra
sKyHJIamazd.  Kynuuiuk
N deppoMarieTuk/iapaa  of-
IH# Temneparypana CHHI-
M LUDYBYAH/IMK  KO3((DHLIH-
€HTHHHHT MaKCHMyM KHil-
Him N MaTd GHp. HEYa MHHT Gup-
7 : y . adK, 6ab3d Maxcyc Tai-
/ , €pJaHTaH  KoTHIIMasiapia
/ sca MHJVIHOHraya eTajiH.
] : ' deppomarHeTukiap-
0 20 40 60 80 100 M A  HHHT Kabya KusiyBYaH-
JIHTUHH TeMIepaTypara
6OFMUKJAUTH MypakKa6-
AHD. Temnepatypa mna-
cafiuiy G6unad  ¢deppo-
"MarHeTHKJIapHUHT KaGyn Igmyatxaﬂ.nnm Ba CHHIAMPYBYaH-
Jurd nacaliub, MarHHTJAHTAHAHK BEKTODHHHHT TYHHHHII
KufiMaTH KaMadanu. Mabsaym TemnepartypajiaH cyur deppo-
MAarHeTHK XyCycHATJIADHHH HYKoTamuaap. TeMuepatypanuur
6y Kuiimatura Kropu nyxracu pefiunana, y (10.9) dopmysa
6unan udonanananu. Kyhunaru 11-kagsanna 6ab3n dep-
poMarseTHknapuunr Kiopn TeMnepatypacH KeJTHPHJraH.

215- pacu,

ll-xanBaa
Mopgna Ty + K - Moana Ty . K
Ko6anst ' 1423 Huxens 633
Temup 1043 30 9% nepmoaoi 343
78% M nepMoIoR Tagoannuit 290
(229%Fe Ba 78 9% Ni :
KOTHIIIMa) 823

®eppomarHetukaap Kiopn xapopartHra kypa Xyaa KOpH
xapopatJapfla napaMarHeTHKJaapra afjasajy.
®eppomarneruknapuu Kiopu xapopaTnapnaaH nact xa-
popatAa oJilHca ¥3-y3ulaH, S'bHH CHOHTAaH MarHHTJAHraH-
JHKHH Ba (DeppOMAarHeTHKHHHI Xap OHpP MHKDPOKPHCTAJH
TYHHHHIIraYa MarHdTaHrad 6ynapd. By xon marHur maii-
HoH ¢deppoMarHeTHKKa TabCHP 3TMAca XaM YHHHI MarHHT-
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JaHnM y3apo Kapama-Kapiud 6VjaaaH. By Kapama-Kapuu-
JukHH B. Tosunr gyhuparuya xan stagu. Xap 6Hp MHKpPO-
KPHCTaJA CNOHTAH -MarHATJAaHHmIAa xaxmu 10-18 M3 raua
6yaraH, MarHHTJaHTaHAHK BEKTOPH TYPJIH HyHaiuwmaa 6ya-
ran mailpa G6yaakuasapra 6yawnHran 6ymand. By 6ymnakua- -
Jap domenaap AeiAnyiany. YJapHHHT MardHuT MaiJoH TabCHP
3TraHAAard HaTHXKABHil MarHHTJIAHFAHJHKJIApH HOJra TeHT.
JoMeraap xocua Gyaranfa KpHCTAJJI HYMAA AeAPJAH YHIAH
gUKMalJJHral MarHuT OKUMH Xocuy Gyaaau. By aca cnun-
JIADHUHT OpHeHTaUHAJAHHIIUIA HMKOH OepH0, TalrKH Maii-
JoH Oynmaranjia xaMm deppoMarHeTHkKJgap MarHuT XycycrA-
THHH cakaab KoJauiyra oand Kejaanu.
HoMeHnapHuHT 3Hr onAuH WaK-
JH KPHCTAJJAPHHHT Ky0 INAKJM-
‘ma  rtysaaummugup.  (216- pacm). —
J1. Jlannay Ba E. Jludmuuaap to-
MOHHAAH JOMEH TY3RJHIINHN HAeal
6up VKJH KDHCTaJJ HIaKkauja Ka-
parau (217- pacm). 217- pacmaaH
KYPHHAAHKH, JOMEHJAPHHHT ¥3apo ,
dYerapacu KyHHaaru Kypuuuwaa 6y-
JIHUIM MyMKHH: KVIOHH JOMeHJap- :
HUHT cnuHaapu ysapo 90° éku 180° 216- pacm.
6ypuyak xocua xujamd. Homenaap
yerapacu 30—40 aroM ' auameTpu KajJuHJARrEZa Gyaanu,
®eppoMarseTHkJap YUyH I0KOpHAa KYprad HOYusuk Gorjia-
HHWJapAaH TaWKapH eucrepesuc ¥00UCacuHure MaBXyIau-
TH AHafa XdpaKTepJaHaup. ,

‘)

L= —=

s sl -l -
ARERRY )
:— e e e
217- pacm, 218- pacm.
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Arap TeMHp HaMyHa OJAMHAAH MarHutjanMarar 6yiaca,
yHra MarHuT MafaoH TabcHp 3Ta GouijaraHia MarHHT Mai-
JOH UHAYKIMACH MaKAOH KYYJAHTAaHJMIMHHHT OPTHIUH GH-
JaH YH3HKJaH GornaHuwaa opragd (pacmaa OA yusHk)
(218- pacm). Cyurpa MafimoH Ky4/JaHTaHJIHTHHHHT OPTHINHA-
ra‘kapamai / Marsutjanuil ysrapmail konasepanu (A Hyk-
tafaH Keitun). By Baktaa maruvtaanmw tyiduHagu. Tyin-
Huiw 103 6epraHaa 6apua MoJjekyasap TokJaap OyTyHJaak
MaiAoH 6Y#nab KoHnamany, WYHUHT YUYH TAWKW MadaoH-
HHHI sIHaja opTHH Oujad Oy TOKJap XOCHJ KHJraH Mai-
nou Oouika y3rapmal Koxsaau. TYHMHHID XxoJlatHraya
MarHHTJAaHrad (peppoMarHeTHkja TaliKH MATHUT MalAoH
Ky4JaHraHJHTHHE KaMaiTHpa Golliacak, y XO0Ja MarHuT-
JIAaHHUI Ba YHra MOC DPaBHINRA UHAYKUMA XaM KaMmasijii;
6upol, v 3uAK rpadukna  Kypcatuaran AQ uu3uK OujaH
amac, 6anku Ab uusHk opKaiau KaMmasau. TallKH MarHuT
MaiiloH HoJTa TeHr 6yAranaa GeppoMarHeTUK TYJa MarHuT-
CH3JIaHMal, A'bHU MaTHUT HHAYKUHACH HOJra TeHr 6yamai-
I, Maruut HHAYKUMACHHHHT 6y KHCMHTa K0A0UK UNOYKYUS
aefinnann. by unsmana OB kecma 6me6 KOJIIHK MAarHHT-
JIAHHII CaKJaHHG KOJIT aHIHTHHH Kypcaralm Yuuur Tyna

PaBHIIAA MAarHATCHINAHHIIH  YUyH Box == —Bop ra TeHr
KapaMa-KapuH HyHaJHIIAArd TallKH Maiigod Gepuuw 3apyp.
Maruut MafiloH HHAYKHUACH HOJTA TeHr GYJMHUIM yYyH 3a-
pyp 6yarad Ma#jfioH KyuJiaHTaHJWTHra Ko3apyurus (Tixra-
Tysuw) Kyu neb atanmagu. Kapama-gapwu MalJoHHE SIHA
KyyadtHpuuiga dbeppoMarHeTiK KafiTa Mariutaada 6omiai-
AW Ba TYAMHKWITaya MarHurtIa-
. naan (E nykraraua). Bynaa xo-
’ +8 cuat 6yaran ABDE  srpuiukka
2ucTepesuc CUPTMOFUHUNE CYAH-
quru jpefinnagu. Cyurpa ¢eppo-
MarHeTHKHH $IHa MarHHTCH3Jall
Ba KalTajgaH TYHHHHUIraya Mar-
HUTJAW MyMKHH. Maruutiansus
Ba MOC paBHLIAa MalJOH HHAYK-
LUSCH Yy3rapHIH MArHHTJIOBYH
TAWKH MaHIoH Ky4JIaHTaHJUIH
ysrapuiiuaas  opkajga  KoJaap.
3KaH. Dy xomucara macnur euc-
- B repesucu ne6, ABDEFKA 6Gepk
3TPH YH3UK 3Ca 2ucrepesuc cupT-

R moru neb atananu.
219- pacwm. Kystywr »xkapaéHunia MarHur
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MafiloH MHAYKLOHUSICHHHUHT Y3rapHiiy, SbHHHE MarHYTAaHHULI
BEKTOPH HKKaJja HyHaaMiuga xaMm TyHHHHI KHAMaTIapH
opanuruaa 6yJyca, XOcCHJa 6YyaraH THCTepe3UC CHPTMOFHIA
maxcuman pedinyagy. Arap MHAYKUMS y3rapuiid YHAAH KH-
YMK KHfiMaTnap opannruga OyJca, THCTEPE3HC CHPTMOFHM
MaKcuMaJ CHPTMOK HuHAa Oyanb, yHu Xxycycui cuprmox
nefinnagu (219- pacm).

Typan xuv peppoMarHeTHKJIAPHHAT THCTEPE3UC CHPTMO-
PUHHHT IaKA¥ Typanya 6ynanu. CHPTMOKHHHI IIAKJH Ma-
TEPHAJNHHHT 2HT MYXHM MarHAT XapaKTepHUCTHKacH Xucob-
JaHajH. '

Tawky Malaon #YKoTuArdHHAa deppomarHeTukaap 6y-
TyHJaH MarHuTcHadjgaHMaiiny, 6aaKH KOJAHK MarHuT HHAYK-
UHACHHH CaKJalAH, 4yHKH HCCHKJHK XapakaTd OyHAaH kxyu
aTOMJIH TYNJIaMJapHi — NOMeHJapHH Tesaa OPHEHTHDPCH3-
Jgait onMaian. Uy caGaGau maruuT ructepesuc xocua 6yna-
nH. @eppoMarfeTHKHH MarHUTCH3JAIl YYYH KOSPUMTHB Kyd
Ta’bCHP 3THLIU Kepak.

Arap MarHWTHH MycTaxkaM MaTeDHaJAaH UHJIPHAD €KH
SICCH TaxTaya makauAa ojub,.yHH MarHuT Ma#[oHra xo#-
JamrHpub, MONJAHUMHT KOIPUMTHB KyuHAaH KaTTa Kydraya
MAarHHTA4raHUMH3[a OJIMHTaH XKUCMA2 MOALAHMHT KOJAWK
MarHHT MaiioH MHAYKUHICH HAMYHAHHHT KOJIJAHK MAarHHT
MafiioR MHAYKUHACHAAH aHYa KaTTa Oyarauy yuyH y Mar-
wuraanaau. Ly Tapsza oJauHrad MarHuTJasran  ¢eppo-
MarHuT XHcmJaapra doumud mazyur pefiunany. Yaap rabu-
aTAa Mard{T/AaHraH TeMup napuajapH cupatHaa yupaiy
MYMKHH, :

. 101- §. Ad’eppumap

daH-Ba TeXHHKAHHHT PHBOMKJIaHHIIN HATHXKACHAA KeAWH-
rH. HuajapAa SIpEM YTKA3THYJH (eppOMarHeTHKIap XOCHJ
KUIMHAH. DBynapra geppuraap éxu eppomazneruxrap
Heinnanu. Qeppuriap acocan OHp €KH HKKM BaJeHTJH
MeTaJul OKcHAY Guiiad TemupHuHr Fe,O, okchpupan néopar Kpuc-
TaM KaTTHK 3pHTMagup. PeppUTHUHT KUMERHE GopMyJacH ymy-
muit xoana (MeO), (Fe,O,),_, nar u6opar. Bynna Me — oaun-
rad Oup €K HKKW BaleHTIH MeTald,

JKyna malipanaHrad OKCHAJapHH AXINHAa6 apajaulTH-
pu6, 1180—1680 K xapoparaa nmuWIHpHUI OpKaJdd deppHT-
Jap onuHaaud. PeppuT pyx, KagMuil Ba Gowmxasapaan u6o-
par Gyaca, ¢eppomarnur OyiaMaiiay, HUKenb, HOAHP ep
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3JeMeHTNapH Ba Gowxajapsan ubopar 6yaca, dpeppomar-
HUT Oyaanu. -

PeppuTiaapuuir GeppoMardHT XyCcycHsITra ara Gyauinu-
uu Heen xyiimparmua rywyutupasun. Cnnusmapn  Kapama-
Kapilii MyHa/raH MKKH KPHCTaaJ mnawxapa Oup-Gupura
HUCOaTaH CHJIKHIaH GYJITaH/IHIH YUYH YJIADHHHE MACHUTIA-
HUIIH HONZAH apkiau 6Vaany.

Depputnap TapkubHHH Ba TEPMHK HILJIOB GepHUIHM V3-
TapTHPHII OPKaJH MAardHuT XyCYCHATNAapHHU Y3rapTHpHLUI
MyMKHH. Y xonaa (eppHTAArH KOIPHHTHB Kyd GHUp Heda
1037aH GUp (HuKeab pyX GeppHTHAA) KuiiMaTaal To (2~3) X -
X 10° A/m raua (kobanbtau deppuraa) yarapagu. Uapyk-
THBJUIH 3ca 0,30~-0,40 Ta, coruwTupma Kapwuaura 1107
Om:M opasurnza ysrapaiu. Byngan kipuHamuku, GpeppHt-
Japia AHAYKTHBJIAK KAUHK OFArauu yuyH ylopMa TOKJaapaaH
XOJIHAUP.

Kefinira BaKraa ruc-

}1 Tepe3uc  CUPTMOFH  TYF-
pu  TypTOypuakaan - (220-

pacM) ubopat 6ysaran mar-
unii-MapraseusH  (QeppHT-
~H -l #  gap rawd sTrAR4. Byaap
= puametpn (0,5—2)-10-3 M
6y.aras TOpOMANAD WIAKAH-
aa rtafiépaanub, 3JeKTPOH

~Ip|(0) xucoBaam  MaliHHACHAA
5JeMeHTAaDHH  XOTHpPaZa
220- pacst, cakjgab xoauul KypHiama- -

Jlapuja HiJjgaTuJaiu.
102- §. YN1eKTPOMATHHUT BA YHUHT KYTapHll Ky4H

TeMHp V¥3aKaAH YEKJIH Y3VHAHKAATH COJCHOHIHU SIPHM
Jonpa éxkM TaKacHMOH UIAKJHAA 3TCaK, XOCHJ 6YArau Kypua-
Mara 3jekTpoMarsut felnnaszu (221- pacm). Daexkrpomar-
HHUT SIKopu Aeb aTajiyBud TeMHUP IVIACTHHKAHH 3JeKTpoMar-
HHT y4Japura yHY TYAHK émaauran Kuaud TyTalITHPaMmH3.
SIkopHH ajeKTpoMarHutaa dh snementap macodara ampa-
THW  yuyH yHra ‘F Kyu KyaMua. Y BakTaa 3JeMeHTap
6axxapusray uur:

. dA=|F| dn. (10.10)

Slkopb GunaH 3JAEKTPOMArHUT OpAJMFH KyJAa KHYHK
ounaraH OYyAraHH ydyyH MAarHHUT HHAYKUHS OKHMH 3JEKTPO-
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IarHAT Ba $IKOPb OPKAJH
13ayKeH3 okub yraau. By-
IMHT HATHXKacuga OpaJikK-
12 xocun OyAraH sJeMeH-
rap MarHut MaljoH 3Hep-
“HACH

AW = w0, Sdh = -2

Sdh
Yo
(10.11)
xocua 6ymagu., Dby xocua
6yaraH  MarHdt  maiaou
HEPTHUACH SHEDPTHAHHHT
cakJaHHU Ba afijianuul KO-
Hyuura acocau (10.10) op-
KaJi MGhOAANAHIAH HIIra e
MHKAOp MMUXATHIAH TEHT, ]
ABHU! . F

B2
Fh = 2u, Sdh. 221- pacu.,

By ubomaman axpatud o1ysdM Kyu (MHKAOP KHXATHAAH JIEK-
TPOMArHHTHUHT [ K{TAPHII KYuHra TeHr) Hu Tomcak,

Z_s ‘ (10. 12)

Wq

1
F”‘:?o

xocua 6ymanu.

KyuHHHT MeXxaHHKajard TylWiyHuacuaaH doiiganancax,
S'bHU Ky4Y SHEPTUSIHUHT KOODAMHATA GViiHua onuHraH GUpHH-
yy TapTHOJH Xycycuil Xxocuaacu (audbdepeHIHaN ) ra TeHr-
auruaay, sead (10.11) wu padpdepennuannaiimus:

F=Y_1 B g . (10, 122)
. ol 2 W

(10.12) Ba (10.12%) mkkamacu XaM Ky4yHHHr 6up xua udo-
nacundp. by (10.12) dopmynanapaad KYpHHAAMKH, 34eK-
TPOMAZHUTHUNHE TOPTUWL KY4l MQLOOK UHOYKYUACUHUHE

Keadparuza TiHFpu nponopyuonan 6jrap IKaH.
(10.12) na udonananray KyuHUHr HGDOAACH SKOPH 3JIeK-
TPOMarHuTra énummb TypraHga xaM VpuHHIH. DjeKTpomar-
 HHTZArH TOK KVYH y3rapMaraH Xosaa sikopb GHaH 3JeKTpo-
MAarHuT opacujgard macoda uekjn O6yaraHza xaM MarHuT
MaffoH HHAYKOHACH xamaiiub, TOPTHIH Ky4yHHH XHCOOJall
mypakka6aamann. UIyHuHr yuyH 3JeKTpOMarHuTaap Kyra-
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paérran xucMm deppomarwur 6yauwn Kepak. Arap deppo
MarHHT OYJMaraH KMCMJapHH KyTapHul Kepak 6yaca, 6y
JKHCMJIapHU DeppPOMAarHuT SKOPbh OCTHTAa OCHJAIH.

DieKTpOMAarHutTaap 3JeKTPOTEeXHHKAa Ba aBTOMATHKA,
. 3JIeKTPOMATHUT pene, 3JeKTpOMy(PTa, K KyTapruunap.
THOOHETH A, HAMUA TeKWIMDPHIN HULIapKHaa Ba GolIKa XKoiiaap-
Aa duiaTuaaiy,
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* UCM BA ATAMAJIAP KVPCATKHUH

Akxymynmopﬂﬂur Katinamu 117
Amnep KoHyHH 161, 163

Bbuo — Carap — Jlannac KoHyHH
152 .

Bartmerp 72

Barrcus Tok 228

Bakyym 13

Boabsra sneMentu 113

BoJabpT-aMmep xapakrte-
pucTHKacH 142

TenepaTtop 209
I'enepaTop, namnaau 209

TenepaTop, MarHHTOrHAPOAHUHA-

mEK 190
I'upomarHuT HHcOat 261
T'ucrepesnc 269

Hemonynsauus 257 .

Hunamux mysoszanar 104

Junoan 33

Junoap MomentH 36

Howmensap 269

Huccouunanus 103

Juccounanusa papaxacu 103

Huanekrpux 38

JHaneKTpHKHUHT KyTOjaaHBuH 38

JH3neKTpHK KyTOMAHUII BEKTO-
pu 41

XKoyns-Jlesn KouyHu 73, 74

3apsas, cupt 3uwanrt 18
3apag, uH3EKAM 3HYnurd 19
3apan, xaxMuit 3nuiurn 19
3apsaa, coammrupma 40
3ona, acocumit 93

3ona, BaneHTn 94

3ona, pyxcat stuaras 93
3oua, Takuknanran 94
3ona, sueprernk 93

3oua, YTKasysyad-94

Hunyxunou Tok 172

Hugyxunon ok, JIOK 172

HounapHuuar XapaKaT9aHJHIH
107

Ksasucrauuorap Tok 213

Kupxro¢p xonyuu 78, 79

Kenotpon 140, 232

KosaneuTt. Gornanum 94

Kounencarop 53

Kosutakr noteduuainap aftnpma-
cu 131, 136

Kynou kKonyuu 10, 12
Kiopu — Betic KouyHu 266

Jleknanuie snementu 114

Jlenu Konyry 175

Jlamnanuur KyyaHATHDHI Koa(p
¢uunentd 142

Mar#ur MaliAOH KY4/aHraHJINTH
155

Maruur kyunap 145

Maruut maitaon 145

. MaruHT MafmOH HHAYKUMA Bek-

topu 146, 148

Maruut MafijoH HHIAYKIUA BeK-
TOPH y}opMamerH 152, 157,
159

Maruut MafioH sxeprusicu 241

<Maraur momentu 144

Makcsean KouyHH 246

MakcBeTHHHT acoCHH TeHrNiama-
Jaapu 246 .

Mouausanus 104

Mopyasuust 257

Mouaekyasip Tox 260

OuM Konynu 67, 85, 106

Octporpanckuii-IFaycc TeopemacH,
3J1eKTP MafdoH yuyH 49

Ocrporpaackufi-'aycc Teopema-
CH, AH3IEKTPHUKAAD y4YyH 50O

Pukke Taxpu6acu 81

Puvapacon-dawsmen ¢opmyaacu
137

Pesonanc xoaucacu 204

Pe3onanc, Kyunanuip 206

Cunxuil ToKH 242, 247

ConuluTHpMa KapIuiuk 67

ConHIITHPMA  3JIEKTp  ¥TKa3ys-
4aauk, Metaaiaapiaa 85, 88

Cnun mMomenTH 261 -

CyuumnuHr JorapudMHK HeKpe-
mentd 203

TepmosnekTpoH amuccua 135

Tok kyun Gupauru — Amnep 164,
165

Toxuuur sdpdextus Kuitmatu 214

Tok yku 217

Toabmen-Crioapt Ta)Kpnﬁacu 82

Tomcou ¢opmynacn 200

Tpancopmatop 233, 234

Tpanchopmatopunur PHUKu 236
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Tpanchopmauns Ko3(QPHUHEHTH
235 ) -

TpHOAHHHT TYP XapakTepucTHka-
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