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CV3 BOIHIU

Ma3kyp AapCilMK XO3UpPrH Kymja Masxya 6yaraH, OCku
AACTYP AcocHaa €31Iral DA HAMIP KMIAKHTAH GU3NKA AaPCAUK-
aAapuaan (apkau Viapok, Yzbekucron Pecnybiamkacn Oani
Ba ¥pTa MaxCyc TabiaNM BASHUPIMIY TOMOHMWAH TaCAWKiIanTan
411rW YKYB JACTYPU acocHjia ¢3uiarad Oyamd, yuaa myai-
andaapinHy oaHitroxilapia y3oK Hnitap ykurali Mabpysajiapu
Xamila TYILaran Taxpuoatapuiad KeHr Goinataumiaran,

KinanMaga (pusMka KYpCHHMHI MCXAHHKA, DJEKTP Ba
DASKTPOMArHEeTHIM O¥anMIapura TCTMHMLIM MaTepuanriap
Xaakapo oupauisiap cucremacu (CH) aa 6a€n kuamnrart,

Yy KMTOBGHUNIT Makcain TazadanapHu QuankanuHr
ACOCHH Fosl Ba ycyJutapy Suian TanMIITUPHO, (hM3HKA KOHYH-
KOMAANAPKWAAH OHINIM pasuiiiaa dofiananuuira xamaa Keary-
cujla HM3NKATa acoCHaHIaH (PAHJAPHY SXUIM ¥3ilalTHpYILTa
kaparnrai, Tanabanap Vs1anrrupran OnAMMAAPHHK TEKILIUPHLI
yuyH xap Gup OGOGHMHC OXUPHIa TaKpopjiall caBoUIapH
KCNTHUPHIITAH.

YKyB KV:UtaHMa a10Ka TCX1THKa OUANM IOPTIADHUHUAHT My-
XaHAHC-TEXITMK UXTUCOCH OYitnua YKYBUM Taiadanapra My;pKat-
JayraH aroua KYLanMaarp. YHaaH Meaaroruka oairoxiapu
Tanadanapu ga (pU3UKA YKUTYBUMAAPH XaM (poiaatalimiiapu
MYMKHH, :

Myasiandaap KUTOD KYAE3MACHHM silala MyKaMmMail-
NAMWTHPHNLL MAKCaAKAA (hoManm MacHaxaiapy viayH pusmnka-
maremaruka Qarnapu jlokropy, npoeccop b. Mup3saaxmesonra
Ba Y3MA akaseMury P. BeKKOHOBra YyKyp MUHHATRAOPUYUIMK
6unanpanmiap. IHyunncaek, aapeiuk cudatuuy axudaanra
Kapatuarad Gapuya TaHkuAMi GUKp-MynoxazanapHH MHH-
HaTAOPUHAKMK Ouaan Kaby1 xuinaauaap.
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KUprPulill

(Ousznxa (1o1oHua phisis—Ttadbnar)—rabuar XaKkuMiaary
ymymuit Gaiidp. Ou3nka YpraHaanran o0bLCKTIAAD TApHX it
PHBOXI HAL XKAPAEHUHHHE TYPIN JABPAAPUAL TYPs1ut1a OVirus.
AHRHHKCA, XO3UPru 3aMOM (hU3MKACH Mypakkal® Ba Kyn
TAPMOKTM (parf OFAuG, ¥ SMATCPHs TYIH/ MU, XAPAKATHIHT
TYPAH WAKAJAPUHA, YIApuyNr Oup-upura ailslannimun,
HIVHIHACK MO/2 Ba MAILION XOCCATAPMEM VPraHalu.

dusuka Pany sKcnepuMenTas Ba Haszapuit gpusukara
OICIIM, DKCIEPHMCHTA (DU3HKA TaxXpHOaiap ACOCHIA SIHTH
MABIVMOTIAP OJARM Ba KAOY,1 KUAMHIAH KOHYHIaPDHHY TEKIIH-
paan. Hazapuii dusuka rabuar KonyHiapuiin tabphdaaim,
YPrAMLTAMTAH XOAUCUTAPHH TYHIYHTHP U BA 103 OCPUINN
MYMKIH OWIran XOAMCIApHH OLAMHAAH aliTHD Oepadif.
3aMonasnii duzuka 6up-6upu Gunan ysapo Gorany SViran
MCXAHHKA Ba 4KYCTHKA, MOJCKYASD (hU3MKA, DJICKTP, Marte-
TU3M, OHTHKA, aTOM Ba AP0 PUBHKACH KabW OVamMIapum ¥3
HUHra Onaiau.

DU3HKAHUHT PUBOXIAHMIEM XaMMa BakT Oouika TabuHii
tharnap Ouaan vambapuac GOrAMK OVAMG kearan. Ynuur
PUBOXCIAHHINM OrohU3nKa, KHMEBMI (u3KuKa, acTpodusuka,
reotusuka pa Gowka danaap SAPATUIMIINTA OAKD KeIH.
DIEKTPOH MHUKPOCKON, PEHTICHOCTPYKTYpa aH®IU3 KypHil-
Mastapuaan Goitaaianung OMoa0rusa Ra KUMEIA MOICKYIA XaMit
XyxalpaitapHu BU3yan Ky3aTuii, KPUCTALAAPHUHT TYIHIHLIH,
MYDPAKKA0 GHOJIOTUK CHCTeMAJAPHYU YPraHulIza KHMMarHaxo
MabilyMOTIapHH OJuura €paanm 6epau.

Xos3uprn kyHaa PecuyGaukamnz Daiiap akaieMmusic
KOWHAATH (DUIUKA-TCXHUKS WIMHN TAIKMKOT HHRCTHTYTIL, Hapo
(usukacy uuetutyTH, Y. O. Opudos HoMmarn ICKTPONHKA
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HAMHE TAAKUKOT HHCTHTYTH, BOHIKA KATOP HAMWH TEKIUKWPHILI
JMHCTHTYEIAPH Bl OMATOX1ap1a (PU3HKAHUHL TYDIIH MYaMMO-
JIAPHEH XA1 KUAUHIE OWL MAMME HULIAD 00 GOPHAMOK1A.
Va6ek oaHMAapH (PU3KMKATA OWI AAPCAHKIAP, WaMuil omMabon
acapiap. atamMaiiap JvraTu ga 0olilKa agabuéraap siparamiap.
PecnyOnukamMusia pusnka panuuin pHBOXIAHTUPKINLAA
V. 0. Opudon, C. A. Asumos, C. V. ¥Yaapos, F. E. ¥Yuapos,
M. C. Caunaos. M. M. Mymunos, P. X, Maanun, A. K, Oraxyxacs,
P. B. BekokoHOB Ba GOLIKA O HMIAPHUHI XU3MATIAPK KarTa.

Pusnka dannpunr rapakkuéru Guitan dapasap KaiaM
TAUNAGTITAH TEXHUKA OJHHroxjIapu rajadaiapu QU3UKAHMUHT
acoCHit KoHYHIIapHra oMl OWIHMIApHU [TYXTA STrALIanLIapu
wapT. Maskyp KVaiadMma OvHIA Mabilym Aapaxaia xuccea
KYLa)NH, Ac0 YMM1 KMaaMus.
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bUPHITTTH KHCM
MEXAHUKA

1-BOb
MEXAHHKRAHUATIT ®U3UK ACOCTIAPU

1.1. XOAMCAAAPHUHT V3APO BOFAAHHUIN
BA YJIAPHHUHI MOJENH

Vpranunaérran XOAMcaaap TYFPM MOACTANLITHPHATAH-
41HA MEXaHHUKAHUHI AHUK KOHYHJIAPH KUCM XADAKATHHUHI
aart mgpm maH3apacuiu aHuk wihoaanalb, T¥epu naruxara 0116
xaK’l’m Arap x0AUCAIapHHNT XAKMKUI Man3apacu Oy3uo
ke qtUIanTHPIIICa, Y xonggauu TAXUA KWAYBUYH MATEMATHK
(o XAD KaHua MyKaMvan 6§auuimra KapIMACaH, 1MKAPUITAH
vev! “IpUi Xyslocantap Kynoa XaToAUKIapra 00 Keaaay.
Hae 3\0,'114Laimnr TYFPM MOALAM YHUHT Orian Doliika xoancasap
SMMard dapua Mapxya Oyaran uwauku GoFnaHMIUHH y3U0
op andunu, XOJUCANAp OPACHAATH MYXMM OOFJIAHMILAAPHY,
Y Mmaﬁ OA&4H BA 1Y TApUKA XOAMCaHMUHT MOZCHHH sspaTub
axpmu. Arap XQUHCAHUHI MOJCIHHM MULAA0 UHKMUILA
fe plCaJIap Opacuaary acocuit GOFAaHKLL HIOTYFPH aHUKJIAMCE,
X0 lm Xarora Wy Kyisaaau sa OyHAal Moaeara acocianrai
PRasaiap Spoxens O¥and xonaan.
W'Wy dacanan, apTHANCPUSE CHAPSIIM XAPAKATHAAIW XOdMcanap
APACH XaKUAAH MaCaIara MypOXadr KHLULTMK. ApTUi-
sart CHAPHAH VYYASTraHAa CHAPSIHANT TPAEKTOPHICH 11OPOX
Jcpumuﬂr cudaTH Ba MUKAODUTA, TVIIMUC TY3HaMtUMIA,
p (AU yruasiiapura, XaROHMHT KapiMIHEMra, HamMon-
 AVHAMILMArA. CHRPEIHMHT LIAKTHIA, CHaPAAHMHT Vo YKH
m”;mna AHIANMID TEIIMTHTa Ba iy Kabu K¥pcatknuiapra
aTpe JK, Oynaan.
¢Y XOAHCAIUHF DOILLIAHFNY JAEMCHTAP MOASNHAA CHAPSA-
MOMIHH HYKTa» 260 0JMHCA, CHapsa TPAeKTOPHACH
HY Yosanan uOOPATANTY Keaud UKHKAAM. -
nap"ap Oy XOAMCAHUHI AHHKPOK MONEIHHN TY3MILIA XaBO-
Kapuir XHCODTa ONMHCA, CHAPSLAHWHT TPACKTOPUSICH
" m;ondaan (hapKIy IKAHIMTH Keub YuKais.

nap. 6
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T¥r1 CTROAKWIA CHAPSHHMHT BUHT HM3UFY GYithal afinanma
XAPAKATH XAM HA3APIa OJIMHCA. XOAMCAHUHT AHUKPOK MOALAH
xocua dVaanu Ba Xxucodaani mypakkadaauia dopaiu.

Slnaga mypakkad., OMpOK aH4YATMHA AHMKPOK MOJera
MYPOXaaY KHIMHTailAa, cHapsaiinyr OOIIANFUY TE3NUIH
OMIaH NOPOXHUHI MUKIIOPH XaMjia CH@ATH, CTBOJHWHI
Y3YHJIMIK Ba OOIUKA KaTTaIMKAap opacHaard OORnanuMuriap
IHTUOOPTA ONKMIIAAK. Bynaa MexanuKa KOHYHNaprRaan Tainkapu
Oo11IKa KoHVIDIap#an xaM ¢oitananmiura TYFpY KelaaH.

IUyHual Kuiaud, cHapsaa yyaérraHja coaup Oyaaguran
XOAUCALIAPHMHE XaKMKHH MOJSTH XyRa Mypakkadaup. by
AHTHATANAADIAN KYRMIATM Xynoca Keaud YUKAIN: XO/MCAHHHT
XAKMKATTA SIKHH MOAEAMHW XOCHA KMAMIIHMHI OMpaan-oup
Ayny ypranuniraérran MoJCIHHM KeTMA-KET MypakkadialTHpud
dopuuytad noopar.

XapakaTuH caBabcu3 TeKIIMpagurall MeXalUuKaHWHT
6¥numura Kunemamuxka ACHnIMD, cababusiTU OUAQH TEKIIUpa-
AUTan G¥iMura 3ca duinayMurka jeinaanyd. XapakatHuHr cadadu
MabayM Oyica, TeKUIMPUIIAETraH XXycMaap Kauaan MyBpo3aHar
X0AaTHIA OYAHUIMIMHM OUIMHAAH AUTHO Oepuul MYMKHH.
Kucmiaapnuur Mysosanaraia OVANMIMHY TCKIIUPATUTAH
MCXAHMKAHMHT OVIMMUIA cmamuka Aeiuiain.

1.2. CAHIOK CUCTEMACH. MO HYKTA
BA YUUHY KVUniin

Baxm ymuwu buaan scrcmuun hazodaeu sausmunune dowxa
Jeuesmaapea Huclaman yazapuuy WCUCMAAPUUHZ MEXUHUK
xapaxamu ded aimuaaou.

KUCMIAPHUHT XapakaTuHU TCKUIMPHUIAA, YIMHT Ba3Hs-
THHH OOMIKA XuUcMIapra ¢ku xeu OVamaramja. laprav pa-
BHIUAa Ky3raaMmac ncd® Kabya Kuauuran OUTTra XUCMHWHT
BU3USITMIA HUCOATAH aHHKIALT KCPAK.

Kucvmnapuuir pazojary BasHaTHHY AHUKIAWTA UMKOH
Ocpaanran kysraaMac xucM OmiaH OOFIaHraH KOOpAMHAT
cucreMacila gazosul canox cucmemacu jpeuam. Taniad
oauirai Hasosuii calox cUCTCMacHaark %ap Oup HyKranuHr
YpHUHN vuTa X, YV, Z koopdunama opkanu ndosanans MyMKHH
(1.1-pacwm). Koopaunara 6oluMaal HyKraraya iynairupuiran
KecMara paduyc-gexmop ACHWIAAN. PannyC-BeKTOp 7 HUHT
Koopaunartanapu X, YV, Z ykiapiard rnpockuusiapuaan
uoopar, SILHU:

F=ix+iy+kz (1.1)
7
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L.I-pacwu l.2-pacwm

6ynna f,j k — koopauHata yKaapu (X, YV, Z aap) GyitnaG
iVHaniad Supnuk BexTopaap 6YnuG, yiaap KOOpAMHATA OpTAApH
Aeinnaan (1.1-pacm). )

Paauyc-BekTOp 7 HUHI MOAYJWHM r KecMa GuiaH, iyHa-
AMUIMHU 3ca v Ba ¢ Oypuakiap 6Mnan ndopanals MyMKHH,
lynaait KA, XUCMHUHT BasuATHHY udOIaNoBIH 7, v,
© 1apra kymo6 xoopdunamanap cucmemacu nevivnanm (1.2-pacum).

Kyt6 koopaunaranap cucremacunan (1.2-pacM) nekapT
KQODAUUATANAD CUCTEMACKTA Kyiturnary wdhonasapray Horkrana-
HHUO YTHUL MYMKHH.

X = rsinvcos®,

y =rsinpsing, (1.2
Z=rcosu.

Hekapt koopauHaTanap cUCTCMACHAaH KyTh KoopavHatanap
cucTemacura Kyhiuaaru ndonanapaan domganann®d yruui

h!yW’K”H.
\
! v;c t y T

Z

CoS &= '__r—*-xz +y2+z; y (I '3.)

go=y/x J

Bakr yTviuu Gunan coaup GyraguraH XxapakavHM, Ly-
HHHINEK HCTAIraH hU3nk xoaucanyn udonanaw yuyH Gasopuit
CAHOK CHCTCMaNapMHUHF Y3W crapau 3Mac. bunobGapuH,

8
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SKHCMHUHT XapakaTy sHa Oup PpU3UK KaTTaTHK—BAaKT OWIaH
uonananaam.

Bakrthu ¥auaiauran acbod—coar OMIaH XHXO3AaHTaH
CaHOK, CUCTEMACHTA hazo-6aKm Canok cucmemacu aeius1aau.

YMyMuil X0ni1a peasiTiBUCTUK, SibHK KATTA TE3ANKIHA MeXa-
HUKAAA YIVHIIMK XAM, BAKT Opaanry xam HucOuiavp. Kiraccuk
MCXAHMKUIA Y3VIUTMK Ba BaKT OPAIMKIAPH abCoMIOT KATTa-
JIMKAMP.

1.3 XAPAKATHY KUHEMATUK PO IATANL MOUIMI ITYKTA

Kilaccuk MexaHukana ypraHwaajdrad 9HC cojAaa 00BCKT
MOADMH HyKTa XxucoOaaHanud. Modoui nyxma deé, mexuupu-
naémeart macodhaea nucbuman yasamu ycyda Kuuuxk Gynzan moddud
orcucmea aimuaady. TaduaTaa MOAAME HYKTANAD MaBXylL
aMacaup. Moaaui HyKra—pean XUCMIAPHUHT HACAUIALITAH
waksmanp. Wynnai kuaud, moaiuit 1rykra nucouit TyuiyH-
yaaup. Macanan, EpHunr Kyéin atpodmaary xapakaruia vHy
MOJLAMI HYKTa A0 OsIMLIT MYMKUH, ByHJa epHUIT OYTYH Maccacn
11y TCOMETPHK HYKTAAA MYXXACCAMANITAH J1EQ KApalll MyMKHH,
Jlekun epHUHF ¥3 VKM arpopuiark aiiaHMa XapakaTd YHH
MOAOMH HykTa aed dyamaitau. uynku Ov xonuga aiaaHMa
XapakaTt ManbHOora sra oyamalinm.

Arap M MoanKit HYKTAHUHT OUPOP CAHOK, CHCTCMACKIAru
PanAyc-BEKTOPN 7 OVaca, yRuRl koopaundtanapn X, ¥, Z
BAKT / HMHT (DYHKILHASICH KVprHHiLKAa udoaataHaaun:

F=ile); x=x(): y=yt); z=2() (1.3)

Xap kauaai xapakatHu ¥prajng yYyH TYpAM CaHOK
cUcTEMaIapHHK TaHAad oianMw MymkuH. LyHu kaia stvin
KECPAKKH, TYPJIM CaHOK CHCTEMaNapuaad aiHu OUD XHUCMHHWHE
XApAaKaTy Typarua 6y:1aau, AeKUH CalioK, CUCTCMACH LIAPOUTIa
kapa® tannasagyd. Macaian, xXucwMiaapHulr xapakatuHu Ep
6unaH OOFJaHraH CalOK CUCTCMACH €plaMwia VpraHuiai.
EpHuHr cyirnbuit H¥AAoHapH, KOCMUK KEMATAPHUAIIT XaPaKaTh
aca ky€ul 6uaaH GoFAMK OYArad reyivo CaHOK cUcTeMacuia
TEKLIMPHIAIN.

1.4. HYKTAHUHI KYYRIIIY, BEKTOPIAP
BA CKARAP KATTANUKIIAP

Mosuinit 1HyKTaHHHT XapakaT AaBOMMAQ KOAAMPraH 13ura
mpaexmopus acinaaau. TPacKTOPUSCHHUHE WAKAKCA Kapao,
XAPAKAT MYFpU YU3UKAU, QUAGHMA, Jepd HUSUKAU BA XOKA30

9
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7

1.3-pacnm

xapakariapra Oyanuaan. MojMid HyKTaHHHT XApaKaT TPack-
TOPHSICH HOMAbJAYyM O¥iraH xo.1apaa, YHHHI QolLTAHFRY
TC3/IUIM BA VTaguran AYTHUHE Y3YHIUIH MabiyM 03.1ca Xan
Oy HYAHMHT OXMPIYM BA3HATHHM, S'BIIM KOOPAMHATACHIIM
aHUK1a0 OVimalan. Dy x0iaa MOAAMI HYKTAHHHT Ba3MsITU
Ky'min 3¢6 aTanaaurad r Katraiamx Omaan ndoaaianaiy.

Papa3 kuaaiiuk MoaMit HyKTa SHPOp TpaekTopust 6§ itias
/ Hykragan 2 nykrara kyuran 6yacuu (1.3-pacy). Tpacktopsi
6yianad [ nykranan 2 nykraraua 6¥aran Macoda S VTsiran
Hyaman uGopart ckaiusap KaTTaMKamMp. [ nykraaan 2 Hykrarada
VTKaswiran TYFpY YM3MKIU KecMa Fio (1.3.-pacm) kyymin-
BEKTOD KATTAIUKIND.

Modduii nyxmanune Gowaanruy eazusmu Ousan xefunzy
GABUSMUNU MYMAUMUPYe . EYHUARMAN KeCMAzd HYKMaHuue
Kywuwu detiunadu. Kyumuira yxinam KaTraiMkiap, shiM XaM
MUKIOPH, XaMm HyIuiHIug Gu1aH TascHpIanyBIy KATTGIMKAApra
geKmop Kammaaukaap Aehunaay. Telauk, TeITanmi, Kyy,
HMIlYJIBC Ba my Ka(muap BCKTOD KATTAAHKIIAP XMcobaanagu.
Bekropaap Oocvaaa ityron xapd 6uaan (Macanan, Fi2)
Gesrunanamy. Eaysua oca BeKTOpRap YCTUra CTpeiika KYAnArai
xapduiap Ounan (Macasan, i, ) Gearwnanaan. Onnnit wpndr
Ounad €3naraH afiHan fyp LIy xapd BEKTOPHMIIMHIT MOZYIN
{(KaTTaArH 6KM KuiiMat)iiu udotanaion. Mojayann udoia-
U1 YAVH MKKHTA BEPTHKAIL YU3UK OPaCcHTa OJMHIAH BEKTOp
CUMBOAMAAH holipananunamm, soHu: [F | = .

BekTopHuHE MOnynm £, CKaasip KarTaauk 6yaub, y xap
JOMM MycOaT 6¥aagn. UnaManapaa peKIopaap Crpeakaiy TYFpu
YH3HKIN KecManap KYpHHHUIMAA TACBUPIAHANM, YHHHT
Y3YHJIHUIM MaciuTada BCKTOPHUHI MOAYNHHHU udGionaialid.
Dakar coH KMAMaTIapy OWsaH xapaxrepiaaHaiurad KaTTa-
JIMKIapra cKajsip Katrajuisiap Jcimnaau. Ckaayp karra-
AuKilapra iy, Bakr, Macca. Mul, KyBBaT Ba OOLIKAIAp MYCO
o¥na ostaan.

10
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1.5. TVEPH YUM3UKAH XAPAKATIIA TE3IUK BA TE3JIAHHII

Moaimil HyKTaHHHT TYFPHU UM3MKIH Xapakary (7) ¥praya
TE3NUK BA § OHUI Te3auK Ouaan tascudanaiu.

Mouuit HYKTA XAPAKATHHUHE A7 BAKT OPATHIMIATH ypraua
TEHIMK BEKTOPU (%) KYuMIl Af HUMHE KYyuul BakTH Al ra
Oyaran Hucbatura Teir;

- AF
() = vE . (1.4)

By (v) BekTop Kyuull AF OFinad iynajiraH.

Modduii nyxmanune ypmaua mezaueu deb, eaxm Gupaueu
uygudaey Kyvuuiea mMukoop scuxamudan mene 6yaezan usuk
Kammanukkda admiaaou.

Mosanil HyKraHulir [ MOMEHTAArKM 7 ONMH (XAKUKMA)
TE3JMIH BaKT opaiMry Af Hosra unrniaradgaru (1.4) udona-
HUHI JHUMUTHTA TCHI O¥nran GpU3UK KATTAIMKAMD:

m-—=—, (1.5)

bup Tomonra iVnanran, TYFpH UM3MKTH Xapakatna Af
Kyumil Ba GocuG yTuaraH iy As ycrMa-ycr Tyulaid. bynna
Ar BGKTOp, AS 3Ca CKaSIP KATTAJIUK.

Modduii nyxmanume onuii meznuzu (Kuckasa Moddul nykma-
HUHZ mezauzy) Jed Kyuuuidan eaxm GPuuua oaunean Gupumntqy
mapmubnu xocuraza menz 6ya2an (PUUK Kammaeayxxa alimuiady.
Yuunr moayan aca WysiaM pakr OVituua onunran SHpHHYH
TapTHOIKM XoCHIara TCHT, ShHM:

= s

Ll=z 1.
dt  dt (1.8)

{1.6) ra acocaH TYFpH UHM3MKIM WXTHEpMI XxapakaTina
yruaran iiyn § kyfinaary uojianan aHUKAIAHATN:

{
S I/r(t)clt. (1.7)

1t
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Arap Baxkr ¥Thuin Ousiay MOLUMH NYKTaHHHI TC3IWK
BEKTOPH V3rapMac, shHH 7 = const OVJcd. Xapakar TYFpH
UMUMKW TeKMC Xapakatian noopar 6Viaau. Y xoama (1.7) aau
TVIPH YH3UKIN TEKHUC XAPAKATHUHT TCHINIAMACH KEAND YMKAIN:

{
§ r-_fm’l = 4L, GyHian z'==l'-. (1.8)
[
Tesznuk «CH» OMPANKIAP CHCTCMACHIA—METP TaKCHM
CeKyH1a Y.TUaHAAN, SiIbHI:

b = E% = \/c.

-Acocuit OHPAMKIAPHMHT ¥3rapHinm X0cnaaBi Onupiankaap-
HUHI Y3rapuiura oand Keiaan. buiodapuu, acocuit Supank-
Aap yaraprasiaa OMpop xocuaapuit OMPAMKHHHI KaHjal
Varapuuiniy KypeaTyBiay Mynocadarra Wy KaTTUIMKHAHT
yauamnury (dimension) achnaann. Micranran QUMK KaTTaanx-
HUUT VITUAMAMTUHA KYPCaTHUL YUVH YHUHT xapd Ocarvin
KBaapaT Kapcaap Hunra oauHanu &kn «dims Owiay E3uaain,
WUxtuépuit xocuaaBuit UMK KaTranukHuHr Vavamanry 7 ta
ACOCHH (PUBMK KAaTTANUK EpaaMuila aHUKIAHAIH. ACOCHI QH3IK
KATTAAUKAAPHUHT KaOya kuaugiad Xaiakapo CTaugapr
yAdamMankiIapu: yaywimk— L, sacca~— M, sakr—7, TOK Kyun
— ['reMueparypa— 6 . €pvEIHK Kyan—J B3 MO1a MHKIOPH— N
Onaan Oesirmganraun yuyn oupop X xocuaasuit ¢huiuk
KATTAAMKHHHT ¥mamianry Kylinaary opayta k¥pminmunia
ovraau:

dimX = [oMBT 2 8gpJupNy,

byraa acocuil ¢u3MK KATTAIMK VIYAMAMIHHHHT Jlapa-
xanapu: «, 8, 9,8,¢, 1, » MycOar kn manduir, Oyrve ékn
VIYIiRay 6¥aninn MyMKMH.

o,

Macanan, 1€351MK F=% punr yavamaurd (dim) iiyn sa
BaKT YANAMAUTH HUCOATHIA TEHT:
dimp =938 = Lo 771,
dims 7
12
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Mominit HyKTaHWHTE Te3AMIM BAKT YTUHIM OMIaH ¥3rapa
dopca (/ const OY51ca), MOLIMI HYKTAIHHI Xapakaty y3rapys-
gail xapaxar 6¥naau. byiaal §3rapypuant Xapakaria Te3mMKHnMHL
yarapuiuu ypraya resiaanuni (@) Ba onuii Te3nanuur g Guaax
rapcuaanaam. -MoOLIUH HYKTa XAPAKATHHUHT A¢ BAKT
OPELIMFHIATY VPTAua TC3AAHNUI BCKTOPH (d) TE3NHMK V3TapUILK
AF HHHI A Bagrra oyaraH HUcOaTHra TEHMIMP, SIbHAC

A/'

{a) = N (1.9

Moddui nykmanune ypmava mesranuy 0ed, saxm Oupauzu
HYUGa ME3IUK GeXMOPUHIICS Y3apuuuza MUKdop Jeuxamuddn
mene 6yazan uznk Kammaiukka admuaadu.

Moaaui HYKTAHMIT § MOMEHTHAIM ¢  OHMIT Te3NaHuLum
(KM COANATMHA TC3JAHMUIK) BAKT OPaJUFU Al HOJATa
nHrrarangard (1.9) udoaaumHr AMMUTArA TSHEAUD:

4= lim éz~£ 1.10
Al-y0 AT dt (1.10)
éKu
- (Ifdr l d?F
(lt dr ! A (1.10a)

UlvHaai kMANO, onudi mesaauuu 6exmopu me3auk gekmopuoan
BaKM GYLNYA OMH2AH BUpUEU MApMUOaU xocuaa éxu Ky
gexmopudan sakm GYIYa OAUHZAH BKKUNYLL MAPpmUGAY Xocuaaoas
ubopamoup.

(1.10) Ba (1.10a) udonaanap ckasap KVpMHuiLMia Eauaca.
Ky#iugarn KYpuHMILra Keaaau:

[d&l  d'e s

|a‘=-—-———;/—-=d,2. (1.1D)

Arap Te3NaHMIN BAKT ¢ RMHT (DYHKUMACH a(t) cudpatnaa

depwitran Ba GOLAAHFHY MOMELT (t =0) Jaru TEIHTH &,
Mabaysm O¥1ca, Y X0Aa BAKTHHHT uxmepnu ! MOMCHTAATH #,
ressnru (1.11) naru nonagan Kyiuaarura TeHr oyaaau:

'
= Uy + ja([)dr. (1.12)
]

13
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Arap Tesnauuii YarapMac, spiu @ = const 6yica, 6yHaait
Xapakat Tekuce ysrapysuan xapakat Oyaaum. Texkuc
vsrapvsuan xapaxataa (1.12) dopmyna ypuiiau 6¥am6, yHaaru
a = const Oyaranu cabadau Kyiugarura sra 6yiaamma:

vy =v+at. (1.13)

Tesukuuur sakr ¢ 1a Oortannw QyHkuusacu (1.13)uu
(1.7)ra k¥HAMD, HOMIAH [ BAKT OpAITUFMrauad MHTErpanad,
Tekuc Y3rapysuad xapakamia yruwiran #ya yuyn dopMynanu
TOIAMHUS:

7

t 2
5= E')',,‘f([f = ;l;(?)o +a[)dt =l +£2{—. (1.14)

Arap >0 0¥nca, xapakar TEKMC Te3JaHYBUAH
O¥aanu, ¢ <0 Ovaranaa oca TEKMC CeKMHAAHyVBYal
OVIIaH.

1.6. AMTTAHMA XAPAKAT KHHEMATHUKACH

Monauit HykTadMHI aifinana 6¥iaad xapakaTh srpu
YUIMKAN XAPAKATHHHIT 3HT OJLAKI Typaapura KUpaau. Aitiana
6Yinad xapakar KUJIa8TraH MOMIMH HYKTAHUHY OHMN
Ba3UATHUHHW F PAAUYC BEKTOPDHMHI O6upop yarapmac OX
Aynanuil Suaan Xocua KMATaH @ Bypuary OpKaIM alMKIaLl
Kynaiump (1.4-pacm). By xosma Moiani Hyxra adaatimva
XapaKaTHHHHI KMHEMATUK TenrjiaMacu Oypuamnni dypuaru
® HUHT BAKT ! O¥iinua Gyuxnuusicuaan ubGopataMp, STLHU:
0=0().

Moyt HyKraiMur aitnanMa 6¥inald xapakaTHHy TVIUK,
Hpoaarawr yuyH Oypaiuwl 6ypyarn ¢ HUHI COH KuiiMaTu
Oinman aitnanmul YKUHU Ba 1y YK atpoduaary alknaHuil itvira-
AMINUHK XaM k¥pcaruin kepak. [y cabanu ¢ Bypuaknu ynra
MUKIOP XUXATHIAH TEHT alnaHu YKu 6yiinad, stcbHH MOAINIA
aHMaHAETral TEKUCIMKKA THK HyHauraH ¢ BeKTOp KYpUHMILLA

udoaaiaw MymkuH. bynna @ sexrop 6yitnab Kapairanaa (1.4-
pacM) MOZAMM HYKTaHWHT afiaamuium coaT CTPEIKacHHMHT
Kapuiy #ynasuiuy OHAaH MOC TYIUMIIM Kepak. Paauyc-BekTop

Gyparui Gypyaru Bekropu (T) HUIT WYHAIHUHMHEYA SSHA napMa
14
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A
& |

——
T 7%
& &
r LN
l.4-pacy 1.5-pacm

KOMIACH ACOCHA XaM aHUKIAUI MYMKHH: AGPSA OACmacuiune
adaauma xapardmu mo0ouli nyKkma atiaaxma xapakamu 6uian
MOC MYywica, yHuHe uacapuaanma xapakamu Uynasuwy sca §
gexmopruitz uynaaruwunu kKypcamadu (1.5-pacu).

Mowait HyKTa aiinana oVitsrab xapakaruHWHr bypuak
TE3JNMUK BCKTOPH () PAIMYC-BEKTOPHUHT Oypasimiu Oypuax
BeKTOpM (0 7aH BAKT / G¥ituua ondHran GMpUHYM TapTHEIU
XOCHUJIACHUTA TCHI

@© =%
Fr- Cku =g (1.15)

o=
Dypuak Te3:1MK ((I)) AIANMA XAPAKATHMHT XalajUIMTHHU
Ba YHUHI WVHAAMILMHK TaBcH(naknu. bypuaxk Te3nuk '
BEKTOPH (D HUHE HYHAAMILM XaM (@ HUIT HYyHaauuW Ounan
oup xun 6¥1u0b, y xaM napma KOMIAcH acoCHIa aHUKIaHAaHU
(1.5-pacum).
Arap = const ©6ynca, MOMIMH HYKTAHMIIT XapakaTu
TEKMC ainaiMa xapakaT oOynamud. By xonga (1.5) aud-
(hepeniman KYpUHUILIATY MHTCIPai KYPUHHILTA Kejlaau:

w=2 ¢=ot ‘ (1.16)

Texuc aiiraiMa xapakamuunz 6ypyax mesauzu deb, 6akm
Bupauzu uuuda paduyc-eexmoprutiz Gypuazyuea Muxoop ueuxamu-
Oan mene GYa2an UK KAMMAAUKKa aiimuaau.

15
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Bypuak Tes,mxnmxr «CU» naru oupauru pai/c 6yaud,
Vsuamsiuri oca 71 ra TeHT, sbHM:

1 _dimo _ 1 _ gt
dimo=pe==g=T

Xap kanjait TeKUC aiaalMa Xapakat aitanmi jgaspu T,
adaanMw yacroTacH v 6ugan rascudriaHaim.

Airanuw daspu ded, Gup Mapma myauk alisanuu saKmia
meie yacan usuk kammaaukia aiimuaadu. Arap r saxtina N
Mapra TVaMK aislagea, aiaanuin aaspn 7 tappudra Sunoan
KYHHAArHTa TeHT Oyi1aam:

T =4

L. (1.17)

Atiaqimu wacmomacu de6, eaxm Gupaucu uuudau ddnaruunap
Conuea meie OVacan (PU3UK KAMMAauKea aiimuaadu:

poa (1.17a)

r

(1.17) sa (1.17a) aan x¥punanukH, aasp T Ba yacrota v
TCCKApH .\1yn()ca6ama;1np:

T=21 &ku 1-=7L. (1.176)

Arap (L.10)1a r="T=1/p6fnca, o =21 OVaaanu. ¥ Bakmna
TEKMC aiIaHMa XapakKaTHUHT OYPUAKIIKM Te3nurd o aasp T kM
YacToTA v OPKWIN Kyituaarnua udofanasagu:

w=2n/T = 2z (1.18)

Bypuak Tesnuru y3srapmac 6ynMaran (i = mnsr) ABHU
yarapysuarr aii;laHma xapakat onmit 6ypuak Teanuru ® Gunan
Gup KaTopia OHMI 6ypuak Tezaanmiu f§ Guna xam Tasciich-
Janaan.

Onuit Bypuax mesnanu 5 9eb, Gypuax mesnux @ dan eakm
t Gyiiuua oaunean Oupunuy mapmudau éxu Gyparuut 6ypuazu ¢
dan saxm t 6yliuda oaunean UKKUIMY Mapmubay xocuaaza mete
Byazan (husux kammanukka alimuaadu, s’bHN:

o,
d

o (1.19)

A = ig-’.z ——
B dt d;z

16
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CKH cKalAp KYpuHHILAA:

=0 _doe (1.192)

ByHaai xapakataa t BakT OPATUFHAA PAUYC-BEKTOPHUHT
OGypwivin 6ypuarn (1.15) aawn:

0= [wlt)dr. (1.20)
)

By xapakaTHuHr Gypyak Te3TaHuLIM BAKTHHHT (yHKumscy B()
jJan uoopar 6¥in6, Goutnanruy momerr (t = 0) naru 6ypuak
TEXMK W, MabayM OYiaraHaa, t BaKraaH KeliuHIr onuit 6ypuax
Te3K o, (1.19a) nax anviknadca, Kyduaarvra TeHr 6ynaau:

o, =0, + B (1)t (1.21)
0

Arap ainanMa Xapakarga Oypuak TesslaHMuM y3rapMmac
B:const 6Vnca, Xapakar TeKHC y3rapysuan ainaHma
XapakaTaan ubopar OVaub, xapakaTHWUHT [ BAKTAAH KEHHITHA

w, Oypuak teanuru (1.21)pan KyHunarura texr 6ynanu:
w, =w,+3 ¢t (1.22)

Bymjan Gypuak Tesnanuuiv:

_b.) —U)g
g =2t (1.23)

Tercuc yazapyeyan alinanma xapakamuune 6ypuax menanuiy
0ef, saxm oupau2u u1uda GypHaK me3auKHUHE Y32apuiuea Mukoop
acuxamudan menz 6yA2aH GUIUK Kammaiuxkka aimuaadu.

Bypuaxk tesnaunw P nunr «CHsparn 6upnurn pan/c?
6yu6, ynuamanry aca 72 ra Teur:

B =l9rf_|.—_-‘la.§£=%%ﬂ-; dim § = dim|2f] = 7

Onnit Gypuak Teanuk o, HUHr (1.22) ndomacuin (1.20)
ra Kyiuo, HOARAH f raya BaxT OpIHMFHIa HHTErpatialll aMaity

2265 17
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>0 V> wy
PG _:‘ p<0
P &J-O
./% 7 <"z' 7
.15
a J
Lé-pacm

Oaxapwica, TeKHC ¥3rapyBuaH ailaaHMa xapakaraa Oypuiauin
Oypuary ¢ uu udonaniopuy Kyitngars opMyita KEand UHKaIu:

¢ = Im,dt =.[(m° +Bt)dr = Wy! +%. (1.24)
0 0

Arap >0 ©Oynca, xapakar TeKMC Te3MlaHYBYAH aiyanMa
xapakatr 6yaud, B <O Oynraijia oca TEKUC CEKMHJIaHYyBYaH
Ovaaau (1.6-pacm).

by (1.24) dopmyna épaaMuaa, XapaKaTHUHI HYHAIMILH,
s’ibHH OYpUAKIIM TE3JIMK @ HHHT HWOPAcH y3rapMaraHaarnHa
PaInyC-BEKTOPHUHI OGYpuiMil Oypuyar#iu aHuKJIal MyYMKVH.

Ajinana Oyina® xapaxariaHa€TraH MOALMiIT HYKTAaHMHE
UN3KKIK TE3AMIM 7 alnaHara YTKaswiarad ypueva Oyidnad
iyHanran 6yuob, 3 iyHanvimHy yanykeus yaraptupud 6opan.

Hyxra Teanury ¥ HMHT KaTTaaury oyp-

owr 4aK TEVIHK O ra Ba HyKTaHHHT aiIaHHLI
panuycH Fra OOFIMK,

®apa3 kualiIvK, MOIIHK HyKTa dt

s BAKT OPAIMFUAArH Kyuuil Macodacu—

EMMHMHT y3yHuury ds 6Ynaub, 7 paguyc-

BEKTOPHMHT Oypunuiu 6ypyary d¢ ra TeHr

1.7-pacwm 6yncun (1.7-pacM). ByHna ds €iuunur
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Y3VHAMIY aiaHMIL PARMYCH # Ba YHUHT MApKa3uid Oypuaru do

opKanH ds=rd¢ Tapauna GOFIAHTAH.
Y Bakrna MoAnmHil HYKTAHHHI OHMM UM3MKJIM TE3TUTH:

p=ds o TR
v=@="T=ra
STBHU:
= ro. (1.25)

Hlynpait xuanG, MoLMM HyKTa allflaHdll YKMIAH KAaH4a
y30Kaa €T1ca, HIyHvYa KaTTapoK YM3MKJIH TE3AUK OunaH
XapakaraaHap sKaH. (1.25) ¢popMyna 7, F pa @ BEKTOPAAPHUHF
MOJLYJIMHU OMp-Oupura 0ORI1ai/IH.

Mopauit Hykra |.5-pacMna TacBUpA4HraHack, Oup VK
arporua aitrana 6Vitnad xapakamiaraérraH GYICHH, YM3MAKAH
KYPMHAIMKM, @ Ba 7 1IKHT BEKTOP KYHANTMACHHUHT HYHAIUIIN

# Bexrop Guian 61p xuj1 6¥aran Ba Moayan ||dF] = rwsina ra,
STLHM & T2 TEHT BEKTOpAaH HGOpaTaAup:

5 =[©0F] CEku v =roesinc, (1.26)

Hynaa o 6ypyak r Ba o BekTopaap opacuuark 6ypuak. Hlynnai
ko, (o] xynafitma HVHANMIL BA MOAYJ XHUXATHAAH D
BexTopra TcHr. Arap o = 90° 6¥nca, (1.25) ndoganan v=wr
KeJAN0 YHKAIH.

Mogauit HyKTa r paznycau aitrana 6§ii1a6, MUKAOp XUxa-
THAAH Y3rapMac [7] = const Te3AMK OMJIAH XapaKaTIaHTalLia,
fiVHanMIy ailana HyKraiapura VTKasuiraH ypusMma oyitna6
AyHaNTaH X0:aMa y3rapa 6opam (1.8-pacm).

(®apa3 KAk, TeKIGUPUAAETraH MOAAMIT HYKTa Af BAKT
opainruaa A xonataan B xonarra ytnd, AB éitaan ubopar A‘s
Mmacotpany yreud (1.9-pac). B HykTasa MOALMIL HYKTA AT )
TE3AUK OPTTHPMACHHM 0IaJIM BA TC3IUK BEKTOPH KaTTAIHK
KHXATHAAN Y3rapMac-TeKMC aitianMa xapakaraa [#] = const

*) Ar X¥pHIIMIUEA E3UW MYMKHH IMAC, YYHKH TEKHC aillialma XapaKkaTad
Ap = 0 6ynaau.

19

www.ziyouz.com kutubxonasi



N
S

St

—

/8

1.8-pacm 1.9-pacum

6ynu6, A@ Oypuakka Gypwaagu: Oy OypuyaKHWHT KATTAIHrY
As Y3YHAWUTMAAry €#ra TasiHraH Mapkasuii Oypuakka TCHIAUD: .

ap=£2, (1.27)
OyHnma r—HyKTa aif;1aHMa XapakaT TPACKTOPUMACHHUHT 3TrPHIINK
panuycu.

Te3nuk BEeKTOPUHHUHI OPTTHPMAcH A7 HM Tonuul yuyH B
HYKTajlaTu BEKTOPHMHI OOWIMHM A HyKTara Kyuupuica,
yuuaarv Gypyard A@ ra teHr 6yaraH TeHT EHM yuOypuak XOCH
O¥namu. Arap A9 6ypuak Xyaa XWM4uK oynca,

A5 = zAp] (1.27a)
TEHIJIMKHHY €3uil MyMKHH (1.27)uu (1.27 a)ra xyiinica,

|a5|= vt (1.276)

xocun 6¥naau. Arap A7 ©yii1a6 fiyHanran GUpPIANK BEKTOPHU
n nebd GearunaHca, A7 BCKTOPHMHI MOAYIH IAEI OpKatu
Kylyuaaruda €3unaiu:

AF = |AB|A = v AL A (1.278)
Tekuc aillaHMa Xapakartina 7 TE3NMKHHUHI HYHaIMIUMHA

V3rapTHpPYBUM KaTTAIMK OYATaHU yuyyH G TE3AaHHIN MAaBXy/l
6¥nn0, y A HUHT Al ra TAKCUMOTHAAH OJIMHTAH JIMMUTIA TEHT:

= lim A2 = Jim 288 7 = 2 Jim &5 i 7
A0 AL Ary0 T ar” T A0 Al Ao
20
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Bynna v,r—¥y3rapMac XaTTaJuKJiap; lim& =y pa
A0 At

. -7 -
g}% n =n— OUPAMK BekTOp A HyKTara KyMuiaran Hopman

6yi16, mapkasra TomoH iyHairad. IyHuHT yuyH:

- 2=
a,=-=-n. (1.28)
By 4, Tearauuu TpaexTOpMara yTKasuiaran A Hopmai 6yitnua
Mapxasra TOMOH HVHairaHu y4yyH, YHra HOpMaJa €xkH
MapKaira MHTHIMA Te3NTaHUIU AeHUNau. YHHHT MOay:H
3ca KyiMagarura TeHr 6ynanu.

X

(ln’—-'

ﬂl“{_,

(1.28a)

(1.28) ra v nuur udonacunn (1.27) naH oaub kenud Kyiunca,

2 2
a, =% =w'r=2r=4ntvr. (1.29)
ra ara 6y1aMu3. :

IHynnait Kunub, Texuc aitmanma xapakar (= const)na
HOPMan-MapKasra HHTWIMa Te3iaHull altTaHull pajidycy rIra
NPONOPLHOHATAUP.

1.19-pacmaan KypuHATMKY, GUPAMK BEKTOp 7Ai=~L Gyaramu
yuyH (1.28)H4 siHa KyitMaaruya €3 MyMKHH: g

a’ =";i;l =_1£_£=-r2;’ (1.30)

OyHia MHUHYC MIIOPA HOPMAJ TE3NAHWUIUHKHI 7 pamuyc-
BEKTOPra KapaMa-Kapluy HYHajiraHJIMIMHUHT MaTeMaTHK

uhosacuaup.

1.7. DIey YUIUKAN XAPAKATIA TAHPEHIHMAI
BA HOPMAI TEJJIAHHULUIAP

Drpy YM3UKIM XaPaKaTJIapHY TEKIUMPHULIA KYTTMHYA HYKTa-
HMHT Te3jlaliyll BEKTOPUHY MKKHUTA TEOMCTPHK TalIKUI 3TYB-
YMapra: HyKTa TPAEKTOPHSICHIA YTKA3uIraH ypurma 6yiiiad
AYHA/IraH TaHTeHUWaa xaMAa HopMaj 6Vitnab HyHanmraH—
MapKa3ra MHTMAMa Te3JIaHULIAapra aXpaTull HUX0ATA]
KYJ1aRAUK TYFAUPpAIH.
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1.10-pacm

Mapa3 KWIaiiHK, MOAAWHI HYKTa DIPH YN3UKJIH TPACKTOPHS!
6yiu1ab Texuce y3rapyBuaH xapakar Kunaérran 6yacud (1.10-pacm).
OHIV TEKUC Y3rapyByaH arpy UM3HUKIN XapaKaTnaHaeTIaH
MOIIMI HYKTAHMHF Te318HYIUN ¢ HM TONHUITa KMPNILAWAKK,
Moaunii HykTaHHHT A7 BakKT opasiuruiaa A HykragaH B
HyKTaraua KY4uilnia TeMUrHHWHE OPTTUPMACH AP HH UKKHTA

A?)', Ba A}Fn TAlKW 3TyBunnapra axparamus (1.10-pacm):
AT = AB, + A, (13D

by A%, Ba A%, BEKTOPHWHTI HYHAIMUIMIAZ MOC KEJIral OUPANK
BEKTOpAapHM 3ca 1’ Ba #° Guaad Gearunaimus. By Tamwskua
STYBYWAAp MIYHAAW XOCHA KWIMHAWKHM, A HyKTanan As,
BCKTOPHUHI OXUpHraya O6yaraH mvacoda OOLLIAHFUY Te3HK
¥ HUHT MOAYJHMIa TeHT GYACHH. Y X012, ABT BCKTOPHUHI
MOZAYAHY TC3IMK MOAY;IM OPTTUPMACHTA TCHT O¥s1aau:

A5, | = Al5]=Ae.
22
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by snbopanyu ¥ OCHUPIUK BEKTOP OPKAAM KyitMAard KYpuHULLA
E3MI MYMKWH:

AB, = Do T (132)

Teanuk OpTTUPMACHHUHT HOPMAN TALUKHUA DTYBUHCH AT,
aca (1.278) udona 6uiaan aHUKIAHATH, SABHU:

C a7, =020, (1.322)

(1.32) Ba (1.32a)uu (1.31) ra kyimnca, Kyluparn xocus
oynann:

AD = AvT' + vi)-’i n. (1.33)

Mominit HyKTa 3rpy YUSHUKAM XaPAKATUHWHY TVa Te3naHu-
1Y TEe3AuK opTTupMacH A7 HUHT A! ra 6YnraH HucGaTunan
Ar — () Jard JTUMUTUra TEHCAUD:

e AT i ADHAD, . AD, . AD,
a=lim 8% = lim ————2 = limm —%+ lim ——-%. 1.34
A0 BT A0 At a0 AL a0 A1 ( )

Bynaary kyuidaysuu SUpHUHHYU TUMUTHY &, Ounax Geirunad,
(1.32)uu xucobra onutica, Kylingary xocun 6Vaanu:
- _ .. AD, "

d. = lim —% = lim 827 = lim ¢ lim 7*
T A0 A a0 AL Ar-30 AL a0

oyrna lim &2 =4 pa lim 7 =1 GYnraHu YuyH:
A0 A dt A0

- d . e _
g, = %% ixn a, —-‘C‘;—’,’. (1.35)

T

By @, Tesnauuui MOMIMA HYKTa TPAEKTOPUACUHUHT UXTUEPHI
HyKTacHld ypuHMa BYitnab HYHaaraHu yyys yHrd TaHTCH-
HMaAN Te3NaHULI JeHURaau. '

(1.34)aaru »KKu1IYY AUMUT MDOLd 3Ca HOPMAJT Te3TaHHIL
Ae0 arayByu d, TeanaHHLan ubopar 6§aub, (1.33)ra Gunoan
Kyiuzarura Teur:
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By epna hm—E=v Ba Ling A'=n 6ynarauM ydyH Hopmai
-

Te3NaHuIl Kyiuaarura Tenr 6yaanm:

a, ——’an €KH a, = : (1.36)

(1.35) Ba (1.36)1m (1.34)ra kyitnnca, Kyiiuaary xocun oyaanu:

=%

G=a, +3,=%F+ L] (1.37)
T dt

UlyHnait Kunu6b, TVAMK Te3naHMIU BEKTOPM d WKKM d,
TAHICHUMAN Ba 4, HOPMAal TE3NAHULI BEKTOPAAPHHHUHC
WuFuHAMCHUra TeHr 9KkaH. By Bektopnu 6upw (3, ) TpackTopusira
YyTKa3uiaran ypuHMma 6yitnab #yHanraH Ba MKKMHYHCH &” )3ca
U TE3NIMK BEKTOPHMIa NEPNEHAUKYASP, TPACKTOPHUS ITPUNTHUK
Mapxasura iyHanranaup. (1.11-pacm).

Yrymuit xoiaa, 1.11-pacMaan 1y1a Te3naHRILHUHT MOAYIN:

a=Ja? +a = ,/ f"')z (f:) (1.38)

Brpy YM3NKIM TEKUC Y3rapyB4aH Xapakar d, Ba @ BEKTOp-
Jlap opacugary @ Oypuak, Tyia Te31aHul @ HMHI RYyHanuimm-
4]
uu whonanainu 1.11-pacMnan o OGypuak cosq = 7:— ra TeHr
Oynanu, GyHaan

"Lil-pacm l.12-pacwm
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a= arccosfa— , (1.39)

€KH 1ga 'T OynaaH

- 4,
a =arctg 2 (1.39)
Xycycuii xomnap:
1. Arap r= const 0y;ica, MOAIUM HYKTa aitnana 6Yiiab Texuc
VarapyBuyaH xapakartaa 6ynu0, TanreHuuan (aT ) Ba HOpMan

(a,,) resnanuunap B Gypuax Tesnanum Ba o Gypuax TeITMKIAP
6miaH Kyiinaarn OoFnaHMiura ara 6ynanu:

a =4 =L(ar)=rd=rg (1.40)

=£“—-—0)2r— ATy = 4mrgtr, (1.41)

1.12-pacmaaH Ba (1.40) aaH KYpUHAIMKU, d; TAHTCHHHAN

Te3NaHuil BeKTopH [ Oypuyak Te3naHuil BEKTOPUHUHT r
paMyc-BeKTOpra — BEKTOpP KynaikTMacura TeHT, ABHU!

a =[3.7]. (1.42)

@, HODMal-MapKaira MHTHUAMA TC3NAHUWIN BEKTOPH F
PaAuyc-BEKTOPHTA KAPaMa-Kapiivu HYHAIMAHINMM YYYH YHH

KyHuaarnda ugonanati MyMKHIL:

- 7 2 - -
a,=-a,t=- l;r -7, (1.43)
2. Arap 7 =const, a =0 6y:aca, MOLIUIA HYKTA Y3rapMac

TEVTUK ([5[ = const ) Guian aitnana 6yiv1a6 xapaxatiasay. byHia
MOMJIMI HyKTara TesflaHMuMapaaHd ($akaT HOpMajn MapKasra
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MHTHAMA d =%T63)IGHHUJ TALCUP KUAAAH, SIDHH T)"uxa

Te3AaHHII HOpMA TeasiaHuuyian ubopar 6ynanu:
2
Y mm s =32 27
a=a,=—--r’=-r. (1.44)

3. Arap YM3MKJIM TE3AMK O HUHI HyHanuum yarapmac 6ya-
ca, Xxapakar TYFp¥ YM3HKAM TpaeKTopus 6¥ii;1ad coaup Oynaau.
MabiaymKy, TVFPU YUSHKHHHI DIPUIKK PALUYCH F = e O~

2

¢
rawirn yuyH d, =— =0 6ynanu. BUHOGApHH, XapaKaTHUHT

,
Tyna Te3naHUWU (aKaT TAHreHUKWal TediaHuuial ubopar
6YnIno Konaau, sibHU:

— — [t S
a=a =—‘—,—-ﬁ'- (145)

TAKPOPIAL CABOJLIAPU

I. Mexannxa ge6 numara ailTHaaau? Mexanuk xapakar HuMa?

2. Moaawuit uykra ae6 uuMara alruaaau?

3. Canox un3Mack 3e6 Humara aiitnaann?

4. Tpaexropus, Kyunul 8a Uyn 4e6 HuMara anTuaaau?

5. Kanjait xapakarra #arapiiaiMa Xapakar Jeiniasn? Alinauma xapaxart
Ze6 Humara afituaaau?

6. Ypraua Te3MK BCKTOPHHM Ba Ypraya TeITamuil BOKTOPHHHM, OHHMIl
TC3MHKHY Ba OHMI Tesaauvny Tabprdaaitr. Yaap Kaugai ityvanran?

7. Tekue aivtauma xapakar mel Kaujgail xapakatra aitunagu? Tekuc
y3rapysyan aiiaHMa xapakar aeb-yn?

8. Bypuak Teaauk Ba Oypuax TexnaHuin Aed Humara aiTr.iasu? Bypuak
Te3jaMK Ba Gypuak TesdanMml BEKTOpM Kandail Hinaaran? Yaapuuur
HYHAIMUBINYA AHHKIOBYH TTAapMa KOUIACHHY Tawpuduianr,

9. Yp3uKIM TeIMK, TE3AaHuLl pa Gypuak TCIIMK. Te3NaHHLELIap ¥3apo
Kougaik Gorauran? Ymapuunr CHU cucremacuiaru yauon Gipivkaapu
Katai?

10. Drpu uM3UKIY Xapaxk4aTA3 TAHTCHUM AN Bd HOPM AR TCHIAHMIIAD
HuMatn udofanalian? Ynap kanaail itfnairan? Yaapauiur Maremarux wdo-
Janapu E3uacun.

11, Drpu aM3UKIA Xapakataa TYAHK TESIAHHUIHHILT BEKTOP Ba CKaAp
KYpHHULIIAATY MATCMaTUK Hodalapy E3IUICHH.
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2-bOb
ANHAMUKAHUHT ®U3HK ACOCIJIAPH

2.1. KJIACCUK MEXAIIMKA BA YHUHF KYJUIAHUIN YETAPACH

JArMHaMuKa MCXaHWKaHMHI GUMp KUCMH ©OVInG, monauit
HyKTa €KY XMCMJIAPHUHI MEXaHUK XapaKaTHHM yHM 103ara
KEeJITUPYBYY Ba Y3alTUPYBuK (puU3uK cababu Ounan GoFIaHran
X0i1a ypraranu.

Knaceuk (éxu Hpioron) mexanukacura Hploton xawg
KWUaraH yura Kotyi acoc ki osnrHrad. Heloton Kouyunapm,
Oapya (GU3KK KOHYHJAp CHHIapH Taxpuoda HaTXAapuin
YMYMJIALITUPHIL acOCHila MaliIOHTa KeNraH.

HeloroH MexaHuKacu ¥3 jappuaa LyHAald KaTra Mypad-
hakusTaapra IpUBYIKKU, HCTaATaH QUMK Xonucanu HeloToH
KOHYHAApY acocuia TYLIYHTUDHIL MYyMKHH ae6 xucobnap
anustap. bupox GaHuuiT PUBOXKAAHUINM HATHXACHIA KIIACCUK
MCX4HUKA acocMua TyulyHtupud OyaMaisauran xoaucasap
anuKIaHau. By xomMcasapHy sITM HA3apyuara acoc/aHIaH
PCAATUBUCTUK (KaTra TEIIMKIIN) MEXAHMKA B3 KBAHT
MEXaHuKacH TYHIYHTUpUO Oepa osanu.

Pensrruucrux mxaﬂnxa TCHIAAMAAapy JIMMUTIA, SBHU
CPYFIMK TE3NUM ¢ = 3. 10 M/C AaH KHUMK TE3INKIAP v << €
YuYH KJIACCHMK MCXaHMKa TCHraaMasapura adjaHauu. Xyaau
INYHUHTAEK JIMMUTAA, SIBHU aToOM MaccanapuiaH Karra
Maccanap yuyH KBaHT MCXaHHMKa TCHITIAMANAPH XaM KJACCUK
MCXallHKa TeHraManapura akaaHaam.

[Iynpaii xuaud, pesiSTUBUCTHK Ba KBAHT MeEXaHuKaiap
KJIaCCUK MCXAHMKAHU UYKKA uuKapMmacaal, (hakaT yHHHT
KY/UIaHW I Yerapacy HeKiIauraHjiMiMiy KypeaTin. BuHobapuH,
HbIOTON KOHYHAAPHIA ACOCNAHTaH KJAACCUK MEXAHUKA KHYUK
TCINUKIM BA KATTA MACCAIH KUCMJIAp MEXaHHKaCUIMD.

Kyiinia HploToH KOHYHAAPHHUHT MasMYHU Ba yiap 6uian
6ornuy Gyiiran TymyHyanapuu Garadeunn Kapad unkamus.

2.2. HBIOTOHHHHI BUPHHYN~HNHEPLIUS KOHYHM.
RHEPLUMAIL CAHOK TH3MACH

HuioroH Tanuneit HHepuMs OprHIEMIMTA Ba ¥3 Taxpuoda
HaTuXxaiapura acocaHut, JUHAMUKAHUHE GUPUHYN KOHY-
HUHK Kyiuiaryua tanpudaanam:

Aeap ycucsea GouKa HeUCM MasCup IMMAca, y Y3UHUHS MUHY
xoaamuny éKu myrpyu MUIUKAU MEKUC Xapakam Xoaamunu
caaawed unmuAaou.
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XKUCMHUMHI TUHY XOJAaTHHU EKU TYFPH UHM3UKIU TCKHC
Xap4dKaTHHK caKjaall XYCYCHUATHMIAa XHUCMHMHI UHep-
nuscy Aediunany, MHEpuus MarepustHuHT 3HF ymymn#
xXycycuamiapuiaas oupuaup. bapya xucMiap kaepua 6ynuwmnas
KATbM Haszap, MHepuwmsAra sra 6ynmamu. Mynunr ydyys xam
HbIOTOHHUHT OUPUHYM KOHYHMFAZ HHEpLUUA KOHYHMU
Jernaaay. HplOTOHHUIT OUPUHYU KOHYHMHY SIHA KyHUnary4a
Tabpudaan MyMKHH:

Azap xcucsmea OowKa XuUCM mascup Kuamacd, y Vunune
UHEPUUAN X02aAMUHY CAKAQLOU.

Musykaga TabCUp KYUHU ndonasiaitay. bunodapun, tuya-
MUKAHUHI OMPUHYYM KOHYHUIa OMHOEH KY4 TdbCUP DTMaca

(f‘:()), XuCM YIMHANUT T (5 = 0) KU TYFPH YUBUKIH
TCKUC XapaKaT (5 = const) XOAATHHH CAKIAATH, sHHU:

» =0

? =const.

r =0{ 2.1)

by dopmyna HpioTOH BUPHHYM KOHVHMHHHI MaTeMaTHK
udonacuaup.

HpIOTOHMUAT OMpUHUY KOHYHHM XHCMTa O0LIKa XucM CKH
KYY TAbCUP HTMAran X0iiia Gaxapuiagm.

HpioroHMHUHE BDUPHHYH KOHVHH HaMOHWm OVAaiUraH
KUCMPA 3PDKHUH XUCM J1ed, YHMHT XapakaTvia 2ca 3pKHIl
XapakaT éxu HHepuus OViinua xapakar aed araianu.

Karpnit kiunnb aittranna, Ipkin XHCMAZP MaBXYA 3Mac.
LHyHUHT yuyH, yiaap Gu3nk abcTpakiids xucobaananu. Jlekuu
KMCMHHU TAlUKKH TAbCHUP MBOISIIUSUIAHIaH €KW TabCUpap
¥3ap0 KOMIICHUMSIAHTAH X0MUATHHA SPKUH XKUCM BR 3PKUH
€KY MHEPLUUOH XapakaT XaKKAa TACaBBYD KWIMLI MYMKHUIL.

HptoToRHUHT BuprHUM KoHyHunu Taxpubana Gesocuta
TCKIIMPMI MYMKHMH 3Mac, YyHK# arpodaard 6apya Xucu-
JIAPHMHT TabcHUpuHu TVI2 Gaprapad KMAMIU MYMKHH 3Mac.
AlTHIKCA OMP XUCMHUHI UKKUHYM XUCMIA UUIKATAHUIKUHY
Baprapad KunHl Xyna KHHUH.

XKMCMHIHT MHEpUMACH eTapiinuya Kywin 6yiraHjaruHa
HHEpLUUST XOAMCACHM XaMMa Bakr Hamoew Oynanu. Macanan,
XApaKamanaéIrad TpaMBaiiHMHI TCUIMIH TYcataaH Y3raprauia
HYNOBYMIIAP Y3AAPUHUHT MHEPLIMS XOTaTHHY CAK/IaLLINA MHTWIAAM:
arap TeXIMK Kamakca—oJldyHra, Te3IUK opTca—opKara, Tpamsai
yanra 6yprnca—ynr roMOHra oranuaap. by xonaa Hyacsuunap
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TYFPH UM3NK;1M TCKMC XapaKaT XonaTuHu cakiaiinm. WHepriaux
Ca6abH KUCMHUHT Xapakat TeITUTHHI OUp 01113 ¥3rapTHpub
OyaMaiiin.

KuHeMaTvKana CaHOK, CUCTCMACUHHU TAHIAIHMAHT aXaMUATH
YK 244, YyHKH Oapya CAHOK CHCTeMAIapy KHHEMATHK SKBU-
BasieHT xucoOmanaau. JuHaMukana aXxBoa TaMoMar 0ol11Kaya.
Arap OUpoOp CaHOK CUCTEMACKHIa XKUCM TYFPH YU3HKIIM TEKHC
XdADaKaTAQHCA, y CaHOK cucTemara HucOaraH Te3AaHMIULTU
Xajpaxat KunaérraH cucreMala 3ca TYFPY YM3UKIM TCKUC
xapakariaHa onMaiiau. buHobBapu, HHepLMS KOHYIUIapH 6apya
HMHepLHAT CAHOK, cHcTeMainapuia 6up xun 6axapwiMac 9KaH.

Huepyus xonynpapu myaa Gaxcapusaduzau 6apua canox
CUCMEMAAUPU2A UHEPUUAA CAHOK CUCMEMANapU dediaadu.

MHepuyas callox cHCTeMacH TYLWIYHUaCUHN MUcon 6uaan
TYWYHTUPaianK. BaroHaary xapakatHy TeKIUKpUIL YIyH Barou
Ba Ep 6unan 60FiaHral MKKUTA KOOPAWHATAIAP CUCTEMAIAPH
Sepunral OYICHH, NEHIUK. Arap BaroH THHY Typrax Oynca,
BAroH MUMAA TAUIMAHTAH XXMCM WKKaja KOOpAMHATa CHUCTE-
Manapura Hucbarau GUP XWil XapaxataaHaiy. Arap Barol TYrpu
YNIUKJIYM TeKUC xapakarianaérran Oyica, BaroH uuuiaru
KY3aTyBUM BaroHaarn XaMMa XucMaap HHEpUMsIcUra OuHoan
TUHY TYPraH. Ae6 xucob;1aiiK; 10KopHra OTUraH XUCM 3Ca
Ky3aTyBuMIa Beprukai 6yiiad kyrapuianb, KauTuob Tylrasuex
Tyionagyu. TeMup #Uyn €kacuna TypraH Ky3aTyBuM *3Ca BaroH
WYMAArM HApCagap XaM, IKOpUra OTHJIFAH XUCM XaM V3
HMHepuuMsich Ouian xapakatTiaHaérranuuu alttaav. Lyuaait
KHaub, MHepUUsT KOHYHH THHY TypraH BaroOHaa xam, TYFpuU
UKBHIIM TEKUC XapaKaTiaHACTratla xaM OMp xu:1 GaXapunanu.

Arap BaroH Te3jaHyBYaH €xku CeKUHIAHYBYAH EKy 3IpH
UM3KIKGIV XapakaraaHaérrau 6ynca, axpos TamoMaH Goumikaua
Gyianu: BaroH TesiaHypuaH xapaxariaaHaTraHja BCpPTHKAN
OTHIINAH KUCM XdpaKaTiMHT OPKa TOMOIMIA TYHIa/IM; CeKMHIa-
HyBYal XapakaTiana€Irania 5ca ol TOMOHIA TYLIaj i Ba 3rpH
UM3IMKJIH XapakataaHrania sca €H TOMOHra Tymanu. by
XOJJIapAa MHCPIMS KOHYHU HOTYFpH 6Y1m6 unmkanu. Japxa-
KMKAT, ICBOP Ba moaTa HUcOaTaH TUHY TypraH OyloMiap BaroH
KECKHH TOPMOMIaHTAHIA, Yiapra TallKyW Ky4 TabCUp 3TMaca
X4aM, TycaTnaH Raroira uucbaraH TCInaHHII OWIaH Xapaxkar-
JAaHaAKu, ABHU HHEpIMS KOHYUH Oy3uaalu.

By Mucoanan Kyiuaary xyiaoca Keaub 4ukanu.

HMHepumail caHoK cucTeMacura HUcOaTaH TYFpY YM3HKIH
TeKHC XapakaTianaéTrall Xap KaHjalk CaHOK CUCTCMAacH Xam
HHepLMaN CaHok cucremacy 6yna onaau.

29

www.ziyouz.com kutubxonasi



AKCHHYA, HHepLIMat CaHOK TH3MacHra HucharaH ysrapyn-
qyaH TYFPU YHM3UKIH KM 3TPH MHU3MKAM XapaKaTNaHaeTraH xap
KAHAAM CaHOK CHCTEMAlapU ICa HOWHEPIMAT CAHOK CHCTEMa~
napd GViami. Bowkaua Kuind alTranga, UHEPHMs KOHYHM
SaxapuaMaigurad CalokK CUCTeMAIAPH HOMHEPUUAT CaloK
cucreManapuaal ubopar Oyiaau.

[Hyny kaifn KW Kepaxki., KaifiCH CAHOK TU3Malapu
MHepuHal, KaACHaapy HOMHEPUHAS JKAHIUTUHH dakar
Taxpuba Yy Guinan aHUKIAHALM.

Texkinupuiu MacasasapuHur Tabuatura Kapad uncplma;r
CAHOK, CHUCTCMAapy TaHnad oiimyaan. Macanau, 1. Taxuneit
Ep 6uian GoF1a1ray CaHOK CHCTEMACUHKE 36CoNIOT HHEPIIMA
xucoOnarad. Keliuupox dpaniys opusuru Mvko §3 MasTHHIH
Gunan EpHunr §3 Yk aTpodmaa aiiauiniey anukaad «Ep»
CAHOK, CHUCTEMACHHMIIT HOMHEPILHAT SKAHMHU UCOOTILAH.
XUKMKATAH XaM TeKIIUPHILAAH MabIyM OV.LAMKY, 05Ly3-
JApHUMHT 9pKUL xapaxkaru Ep Ounan Gokiuk 6Viaran cHereMana
aljiaHMa XdapaxaTiad HoopaT GVaramy yyyH v MHEPUHA
KouyHura oyiicynmMaitan. [HyHuir yuyin Xam ¢p caHok cicre-
MACH 101Iv3aapra nucbdatad HoMHepUHan cucreManup. Yixan
Tamkapy Ep caHoK CHCTEMACHMHUHT MHEpIUa] 3Maciiuru
Epunur y3 yxu arpodpuna sa Kyéni arpodusary, abuu
Kouepuuk (Kyéur) cucremacura gucbarau Te3aaHBIIUIM
XapaxaTt Ouhan rymydtupisiany. bupox Ep ysuunnr Kyé
atpodiaarn xapakaryaa =30 MuH. yuuiIa @ =1’ j1aH 6Hpo3
op1MKpOK, €i1 ynsaau. by aca Ep opOuracuHUWHT arpuanry @5
Haxaap KuumK oxaiuruiu kypearagu. Ilyuudr vayi Ep 6uiaan
BOFAMK OYAMAral KOOPAMUATAIAD CHCTEMACHHMHT WHCPUHA
xycycusitrapura Epnuur xapakarud srpu HM3KKan 6iica-ga, Ep
Owan 6orNMK G¥51an CAHOK CUCTEMACH XYia K¥T XOnucatapra
HycbaTal Y3MHM aMaila WHCPUHA1 cMcreMa Kabu TyTdau.
bunobapnh, AMHAMUKAHUHE ACOCUNA KOHVHJAPUHU TEKUIU-
puia, EpHy TaxMUHaH HHEpHYall CAHOK CHCTEMACH 166 Kabys
KWJIHLT MyMKWH,

Arap Konepuyk (Kyéim) cucremacuad KoopauHaTa ygjapn
FaaakTukamusaard yura wianysra iynairaicinry caGabau,
FasiakTuka Ynuamura nucGatan Gyiiaait cycreMa XaM Taxmuiian
WHEPLIMAN CAHOK CUCTCMACH OVIHIUY MYMKWH. JICKMH OVTYH
TFanaktika éku 6P HEUTa ranaKTHKAIADHIKMHI XAPAKATHHH
Kapab umkiuiga OyHaas OyaMainy, 9LHM HOHHCPIMUL CAHOK,
cucTeMacura ailaaHub Konaau. Y BaKTAZ TYPTTA dCTPOHOMMUK
obnexkTaapuayd Goigaiannit MyMKuH, o0bexmiad Oupunnin
MAPRAIMHU KoopauHatra Goun aed xaby.1 Kusiuin, 6ouka yura
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o6beKTAAH 2C3a KOOpAUHATA VKJIAPUHMHI UVHATULIMHU
6esrunai yuyH (oiiaaiaHriagm.

Ulyinait kuanb, uHEPLiMAl CAHOK CHMCTEeMacH 3TaNOHM
TYFDUCHAA PaNTMPUATAHNA, Y Ouaan OOFNaHral XakMKui (pusux
oObeKTAApHM KYpeaTHill Kepak.

XO3Mpriu 3aMOH WHEPLHMA] CAHOK CUCTEMACH 3TAIOHMU
cudatuaa (koaaux) Hypaauuu (7=2,7 K) Moc kearaH KOMHOT
3/IEKTPOMarHuT HypAaHULWKH—HU30TPON OVIraH CaHOK cuCTe-
MacH Kalys KWIMHIaH. AMMO, Ke1axXaKia WHEpPUMaN CAHOK,
CHCTeMacCUMHMHT OollIKA ATAWIOHRAapY Naiao 6¥au-6yamMaciuru
HOMaDJIYM.

2.3. HbIOTOHHUHT HKKHHYHX KOHYHMH.
KY4Y BA MACCA TYUIYIHHYACH

Hb0TOHHUHT UKKUHYH KOHYHUAA MKKHUTA SIHTH (PU3UK
KATTAUIMK—KYY Ba Macca uvuTHpok »raad. Kyu Gepwsiran
KucMra BOILIKA XMCMIIap TOMOHNAAH KYpcaTuaaéTraH Tabeup-
HUHI MUKHOPY Ba HYHanKUIKMHKY Hbojanainu.

Kyu. KyszarnumapHyHr xypcatviumya, XuUcMmra Kypcaru-
nagTraH Tascup Oy KUCMIIMHT TC3MAHULL ONMIY TAP3UAArHHA
aMac, 0anku XUCMHUHE HcOpPMAUMAIAHMINN LIAKIIWAa XaM
HaMOGH Oyamuin MyMKuH. BUHOOApWH, KyuynlMu Kyduparuya
Tabpudan MyMKUH,

Ky 0eB, scucmza mezdanuut 6epa onaduean éxu degopma-
uusraiOuean usuk Kkammanukka aumuaadu. Tabnataa (akart
XUCMIAPHUHT ¥33p0 TALCUPU MaBXYARMp, AcKHH Oapua
X0.11apaa Oup XKUCM UKKMHYM XUCMTa TAbCUD KHilaau Ba YHUHT
XOJaTUHM y3rapTHpaau Jeiull YpHUra, COMUIarMHA KHiIMO,
KHUCMIA Ky4 TaLCHp KHMJLK, Aeiiunand.

XucMmaapHuHr Oup-6upura kypcataguradH TaLCUPUHUHT
Typilapy xyna Kyn oyiiranigas Kyw1apHAHT XaM Typaapy Xyaa
KYn 0y:Iub kypuHanu. JleKuH xakukatga sca, Tabvataary 6apua
Kyu4dap MKKM XM 3JCKTPOMArHHUT Kyunap Ba 6yTyH
ojlaM TOpTHIIMEL Xyunapuaad wbopar. Wynga#t xuauo,
fapua xyunap, Macalad, 3JIaCTHK Kyd4, MUIKAnaHull Ky4H,
3MSKTP KYUU, MarHMT KYYU Ba XOKa30 Ky4siap, 11y UKKH acOCHi
Kyd4AapHUHE TYPANYA HAMOEH OVTHIMAND.

KucMra TascHp KUMAETral Kyd TYFPpUCHIA TACABBYPId 3ra
OViuIU yuyH:

1) KyuHUHI KaHZai KATTAIMKAA SKaHWUHU,

2) KyUHHHr Kainah AyHaiuuina TabCUp STULINMHMA,

3) Kyu XMCMHMHP Kaiicu HyKTacura KyHuauniyHy 6unui
Kepaxk.
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HlyHpait Kuaub, Ky BEXTOP KaTTAAUKAUD. KUCMHUHT
daxart OMTTA KyY TALCUPIHIATH XapaKaTy KAMAAH-KaM yupaiiau.
Kynuunnk xo/mapaa xucmra Oyp BakrHUHL ¥3uua Gup Heua
KYY TabCHP KMAQIN. By KywiapHUHI TEHI TabCHpP 3TYBUMCH
BEKTOPRApPHURT KYINIL MNP acOCULa aHUKIAakU.

[lyiu anoxuaa Kaia 3THIL KePaKKy, Kywiap XapakaTHUHT
OupiiaMun cababuucu sMac, Ganku xapakatHy 6up XHCMAaH
WKKHAHYM XXUCMT2 Y33TYBYM BOCHTaaND.

KyuyuyHr KMiMaTH TYFPUCHIAA OPYXHHAHUHI abcommor
nedopManysicH KATTaaurura Kapad XykM UUKapril MyMKUYH.
TyK KolyHura OMHOaH NPYXWHAHUHT AePOpMaunsicu—
YY3UIMIL TABCHP KWIAETIaH Kyura npornopuyonai 6ynaau. by
NPYXMHaHMHT Y¥3WIMIIKMHT Kyy OMpAHIAa aapaxanad, yHua
Ky4H# VruoBuy acbod—annamoMeTpaa olinataimuiany.

Macea. Taxpubanan ManiayM OVauku, OUp XU Ky4 TabCu -
puaa TVPSIH XHJ XUCMNap ¥3 TEe3NHKCTAPHHKM TYpAUYa Varap-
THPAp vKaH. bowkaya KUaub aitrania, afiHy Oup XU Kyy
TYPJIHYQ XUCMAapra Xap xua resianui 6epanu. Byura Kyin-
Hard MUCOJJA UIIOHY XOCHI KMAMUL MYMKMH.

Dup xun teanuk 6unan xapaxarianud keaaérran OKIH
Ba I0KCH3 HKKHWTA aBTOMOOKIb OMp BaKTaa TopMO3iaHranaa,
KM aBTOMOOWIb ¥3 XapakatuHu I0KCH3 aroMoOmira
HucbaTan y30KpOK mabBoM ITTUputMua, Gunobapuu,
KAaMPOK Tea1aHuln OMIIaH XapakaTAaHI'aHJIMIMHY Ky3aTaMus.
JdeMak, XKCM Oral TeITaHHUIMHUHI  KaTTAJIMIU TabCUp
KMYBYH Ky4ra oMac, iy SuitaH 0dpra XucMaaphiuHr 6an3u
xoccacura xaM GOFAMK OVsiap 3kan. KucM Te3nUrMHUHL
y3rapMmiyra KapulMIMK Kypcataauran 6y xoccacura
MHepTIHK Acituiaaau. JKMCM HHEPTAUTMHUHT YAYOBMra Macca
newnnuG, ¥y m xapdhu 6uaan GearunaHauu.

Y3rapMac Ky4 TasCUPHAA KUUMKPOK, Te3AaHHI XXUCMHUHT
UHEPTIUIY, SbHU MACcCacH KATTapoK BA AKCHHYA, KaTT4pok
TE3NANUIL OJTAI KACMHUHI MacCacH KuUdxpok, 6Ynanyu. bu-
HODBAPHH, MAaccacH Karrapok, 6yaran XXUcM HHepTpoK AcHUIany.

THynpai KusinG, XiCMHHUHE MaccacH YHHHT V3apo Tabeup-
JIAHMIUWTA Ba KaHJAaM XapakamiaHuiura 0orank 6yamarax
XOCCACH MHEPTAKTHHH U@oaanaitau.

Typsiu XUCMAAPHUHI MacCalapMHM TAaKKOCHAL! YHYH
MOALRAHMHT 3UYIUTY AcO atlysuyy DHIUK KATTATHKAAH
doliaaiannain.

Moddanune 3unnuzu 0e, xamncst Gupayziea Moc Keazan Muc-
cacuea mMudop xcuxamoar menz 6yazan Qu3uK KAmMmaiuKka
aumusadu. '
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AN
A
(0) (o)

F=8

21-pacm

Arap XUCMHUHT MaccacH m, XaKMHU o 6¥J1ca, Y X0:y1a Xucm
MOARACUIIMHT UM P Tabpucdra burioaH Kyituaarvura TeHr
oynanu: '

p= L:’— 2.2)

Hetomonnunz uxxunqn xorynu. HpiotoH 0y KOHYHHHHHT
MareMaTuk uogacHild TONUILEA Kylingarn raxpubanapuu
$TKa3ub, ViIuanuiap 0aM6 60paM: Y CHANHK FOPH3OHTAN Crojl
YCTHAA XapakaTaaHaJMraH apaBadajaH oinananau
(2.1-pacm). ApaBaua A ra JUHaAMOMETP MaXKaMAaHIaH, AMHA-
MOMETPHUHI KKKWHUYY yuura b 6;10KiaH YTKaswirad UnHuir
Oup y4u yinadran 6yaud, MnHHHT MKKUHYY Yuura oca okitn C
najyiavd OCHIIraH. Apapayara Tabcup kuiaaérray £ KyuUHUHD
KaTTaaury /] IMHaMoMeT) EplaMuaa Yavaiaiay. ApasayaHdHr
m MaccacH aca WalMiian Taposu Epiramiaa yauaHanu. Arap
apapadara f¥3rapmac Kyd TabCUp KMIICA, Y TEKHC Te31aHyByall
XAPAKATNAHHO, YHUHT TE3TaHU LI

a= -2!-5- (2.3)
dbopMyiiaan aHuxKIaHany, oynna S—yrwirad iya, (—xapaxar
BAKTH.

HelotoH ¥3 Taxxpubasiapuia apeai apaBayallitHI MaccaCUin
Y3rapMac Kyuaub OAAM Ba yHra xap Xwi MHKpopaarn I Kyu
(10K) Aap TanCcUp >THO, apaBaAvYaAHHUHT OJITaH Te3AAHUINY ¢ HH
(2.3) dupmyia acocHia dHAKNATAHJIAH CYHT, TAbCHP 3TYBYH
Ky4 (10K) } Hy ¥3rapMac cakiab, apasayaHulr MacCacH m HU
¥3raprupy6 apasayaHMHT OJIaH Te3NaHHLUN g HY SIHA AHMKIAAH.
Kimma6 ytkasuiiran raxpunodaiiap acocuaa HelotoH Kyimaary
XyJOCANapin YHKAPIH:
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1. Xap xaHaai XucM Y3rapMac Kyu TabcupuMia ysrapMmac
Te3NaHUIU OuNaH XapaKaTiaHauu.

2. Y3rapmac Maccaau (m =const) XUCMHUHT OAraH
TE3MaHULIU TAbCHP KMIYBYM Kyu F ra npOnOPLMOHAN: SbHU
a-F.,

3. Varapmac kyy (F= const) Tabcupuiia XXUCMHUHT ofiral
Te3NaHUIIKM XHUCM Maccacy m ra teckapy IpoifopuUHOHal:

a ~—;—1. By xynocanapra acocan HbloTOH AMHAMUKAHUHI MK~

KHHYY KOHYHHHU OyHAaait tasvpudyiany;

Kyu mascupuda sxcucMuune o12an me3naHumy xKynea myspy
nponopyuoran Gyaub, dCUCMHUHZ Maccacuza meckapi nponop-
Kuonaadup, SHHM:

=F
a=i-. (24)
By nonana kyy Ba Te3iaHULI BEKTOP KATTATUK OYnraHu yuyH
Te3IAHUIWHUHT HYHANUIIN KYYHHHT HyHaimdwu 6ujgan Moc
TYWraHaurnaan (2.4)Hy BEKTOp KYpPUHMLLLA €311 MYMKUH!
i=F

m

. 2.4a)

By MyHoCabaTAaH XUCMTa TabCcUp KWIYBYK KYU aHUKaHCa, Y
F = ma. (2.46)

oynaau. by udosa xam HbIOTOHHUHT MKKHHYM KOHYHH
MarteMaTHK udonacy 6ynnd yuu dyHaait Tavpudaall MyMKuH.

XKucrea mascup KuayeHuit Kyu IUCH MAcCcack OUAGH 042aH
me3nanuiRurune Kynaimmacuza meie.

HBIOTOHHHUHT MKKMHYU KOHYHM XaM Xyddu OUPHMHUH
KOHYHH Kabu (paxaT MHepuyan CaHOK cucremalapiarnHa
YpruHAN OVianu.

AManaa xXucmra 6up BaKTHHHT ¥31aa OMp HCUYTa Ky' TALCHP
ITUIUM MYMKHH. Kyulap TabCUPMHHMHI MYCTAKWJIMK TIpHI-
LUMIIMIA 4COCAH KY'WIapHMHI xap Oupu Gouikanapura 60FIKK
GyaMaraH xo/aa XUCMra TasCcHp Kypcataau pa xap O6up Kyd
TABCUPHAA XHUCM HBIOTOHHUHI MKKUMHYM KOHYHM Ouiaan
aHUKJAHAAMraH TC3AaHMIN ONaAu. Y BaKTAA BEKTOPJIAPHM

a2

Kymui KoHyHura OunoaH, Kyhuaarnra ara 6ynamMua:

8
[}
)
+
_
N
+
+
8
i
3 i
+
+
+
e
i
I
I}
3
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Hlynpait kuiuo,

M:
I

N
3

(2.5)

L N
IE m

n
6yHua d = Y & —Ky'UIap TabCHPUA XXUCMHIHT OATAH HaTUXa-
i1

- oo
BUH TCIIAHULIM, F"'ZE’ 3Ca XUCMIra TabCHP KUJIYBUU

KYHAAPHKUHE TEHI Tabcﬁb ITYBYHCHAMUP. AIdp XHUCMra xed
Kaiiaih Ky4y tabcMp st™aca (F =() Te3naHMul 10Jra TeHr

(@=0) 6yaub, y=0 &xu % = const Gynaam, apuu HpioTol-
HUHT OUpUHUM KOHYHM KenuO uyuxaau. Ilyupail kuau6,
Hb0TOHHUHT OGUPUHYY KOHYHUM UKKHHYY KOHYHUHHHT
XYCYCHI XONuaup.

2.4. MACCA, 3UYJHK, KYYHIMHT VI4YOB BHPIUKIAPH
BA VIYAMJAMKIAPH

Macca acocuit Gpu3auK KarranuknapaaH oupu O¥auod,
XaaKapo kenuiuysra MyBoduK Macca oupiury KMan6 «CH»
Ja KunorpaMm (Kr) Kabyi KuanHra. MaccaHuHr yayaMiauru
M xapdu 6unan udosanaHagn, SIbHU:

,mLu =1xr; dimlm' =M.

(2.2) popmynanau 3uuank P HuHr «CH» naru ynuoB Gupaurn
Ba YiauaMaury Kyidugarura Tedr 6ynanm:

ni

]p]-—”"‘ kel m?; d1m]p|—d1m ML,

HploToHHMHT MKKMHUKM KoHyhu (2.4 6) udonacuaan kyu
F uunur «CH» naru yinuos Gupaury sa yruaMiury Kyitnaarura
TeHr 6yaaau.
|Fl=|ma|=1xz-1ulc? =1kemic? =1H;
dim|F|=dim|ma|=MLT"2.
35
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1 H (Horomon) 0e6, 1 ke maccaau rmcucmea 1 m/c? meznanuw
bepa onaduzan ky4ea aimuaadu.

AMaLIa KyYyHMHI Kyi#Uaary kappaau Ba yiylsu OuMpidk-
napunad xaMm (QoitianaHusanu:

1 MH (Meransioton)=10°H;

1 xgH (x1noHbIOTOH)=10°H;

iMH (MuaausbI0TOR)=10H;
ImxH (MuxponsioTon)=10%¢ H.

2.5. UMIYJIbC BA UMIYJIBCHUHT V3TAPHIII KOHYHU.
KYY UMITYJLCH

HbIOTOHHUHT MKKUHYM KOHYHUHM SIHA OOLIKA KYPUHHULLAA
udosanawaa XUCMHHHT UMOYALCH Ba KYY UMIIYIbCH
neb atanysyn GH3MK KAaTTaIMKAAp opacuaard SorraHMuiiau
thor fanaHuNaANy. /

XKUCcMHUHE uUMITyabCH AeO, XUCM MacCaCMHM YHUHD
TEITUTHTa Kynaﬁmacn 6unan ndojanananuray mr BeKTOpra

aiitunanu Ba y p xapdhu 6unan GenrunaHany;

p=n. 26)

Kyu umnyavcu 0eb, scucMea mascup Kuaaémean Ky4HUNZ
mascup eakmuza kynaimmacuza merne Fdr eexmop kammanuxka
afimuaadu.

Kucy uMITynnCu Ba KY4 UMNYALCH opackaary OOFIaHUILHY
aHuKaaW y4yH, HoloTOHHHHT UKKUHHYY KOliylH udonacunaru
TE3NaHMIHK TE3AUKAaH BakT OYiiMya onuHrad OMpUHYU
TapTUOAN XOoCHNacu (5 = di ) OunaH anMaluTupuica, Kyiuaary
xocun Oynaju:

m£ = F

Kilaccuk MexaHukaga macca ysrapMmac 6yaraHu cababnu
yiuu auddepeniiman 6IrucH OCTHIa KHPUTHIL MYMKHH:

dm) _ 27

di ’

OyHna mp = p - UMITyIibcnaH ubopar 6¥araHu yuyH:
36
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&_F. (2.7a)
lynaait KUIKO, cucs uMnyavCuHUH2 gaxm 0¥auia onunaan
BupuRHL MaApmubAU X0CUAQCH YH2A MABCUP KUAGEM2AH KY42a IMeHe.
By KoHyH xaM HbIOTOHHUHI UKKMHYK KOHYHUIAH nbopar. By
KOHYHHH Udonanosun (2.7) €xku (2.73) TeHInaMa XUCMILHHT
XapakaTaaHKWIll TEHrnaMacy geinnanu.
(2.7a) vy Ky#naary KYpUHUILAA XaM €3UL MYMKHH:

dp = Fdr. (2.8)

Oy TCHTAUK MOMIUHA HYKTA (KMCM) YUYH UMMYIKC V3rapuin
KOHYHRHMHT Hdonacu 6¥ynud, OyHaAil TabpudnaHaan:

KUcM UMRYRBCUHUNE P32APULILLE KYY UMNYALCUZA MEH2,

Kyu Tancupuna t, jan i, raya ¥TraH BaKT OpajiuFMAaru
HMIIYIBLC ¥3TapULUHU ('1}2—151) HY TonMUI YYyH (2.8) HM
AHTErpannaiiMus:

P - f = Jz Far. (2.9)

f
Arap XdCMI TABCUD KUAACTraH Kyy MHKIOP Ba HyHamHui
6Vitiya Yarapsac (ﬁ‘ = const) oviica, (2.9nau

P, D, =ﬁ(t: —tz) (2.92)

Kes G uukaau. JeMak, pseapsac Kyu mascupuoa ¥eucm Umnyno-
CUNUIt2 Y32apuuiu Wy Ky uMnyasclza meneoup.

2.6. HBIOTOMHUHI YYUHYH—~AKC TABCHPJIAP KOHYHH

HbIOTOHHUHAT YYUHYM KOHYHU XapakaTHUHI Ky4wjiap
TAHCHPH OCTUAA 103 GepyBUM Xap Kangai ysrapuiunapuna,
IUYHUHILEK KYWIAPDHMHI CTaTHK HAMOGH O¥nnuinia MKk €ku
YHIAH OPTHK XHUCMjapHUHT ¥3ap0 TabCHUPAALLYBH COAHP
OynuIKHN KYpcaTaan.

HpoTOH yuuHYH KOHYHWHYA TabpUQIaIINAH OJIAMH XUCM-
JIapHuUNT Y3apo TabcupuHu HQOLanoByr Taxpudanap acocuaa
KYUMAATH XyJocanapuy YMKapau.

1. UKxH XMCMHMHT ¥32p0 TabcUpialurinaa HaMotH 6yia-
JAMTAH HKKH Ky4 Wy xucMaapra kiiuaran (2.2-pacm).
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0y @
] i
f2 o
2.2-pacm

2. By kywiap OHp TYFpH 4M3MK YCTHAA €Tany Ba KapaMa-
KApIY TOMOMIa KyHanrau.

3. by kyunapHMHr abcoJtior KMiiMaTH TeHTaup.

Mucosiu Kapab uukainuk. Maccanapu m, sa m, 6ynrau,
TalIKy TAGCUPAAH M3OMAUMATIAHIAH UKKY XUCM (Macasan, xap
XUJl Muiopany sapajulanraHy ca®abaun) Oup-OupuHM ¥3apo
TOPTHMICHH (2.2-pacM). BupHHuM Ba UKKMHYU XKHCMIap

F, Ba F,, Kyunap TabCHpHaa MOC paBuiufa G, Ba d, Tedia-
HAULIAP 0NaAM. By TEMIAHMUHKIT KATTANUTH KUCMIADIUHT

MaCCaj1apyt M, Ba /i, Ta TECKAPH TIPONOPUMOHANAND: gz‘- = %
ByHaan KyWunaru TEHIUMKIAP Keand ynkanu:
ma, =|m2a2| eku F, =F,. (2.10)

YU3MalJaH KYpUHARNKK, £, Ba £, KYyWIapHUHT AyHaIAIM
KapaMma-Kapinaup. Ana wy raxpnda Xy, 10calapuiy yMymaai-
THpub, (2.12) Haszapra oaran xonga HbioTOH AMHAMWKAIIKHT
YYMHYHM KOHYHHHH KyHuiaruia taspudnainnu:

Y3apo mascupaanyeuu uKKu Jeucy MUKO0p HCUXamoarH mexe
80 Kapama-xapuiu UyHa12aM Kyvadp busan mascupaanadu,
SABHU.

- Fy = —F,. (2.11)

OyHaa F,z —~HKKHHYH XUCMHUHT GUPHHUM KMCMIA TALCHP KY4M,
F,, 3ca GUPHHYN XUCMHUHT UKKUHYM XUCMT2 TACHP KY'IH.

HeroTon xyunapnas 6upu 13"'12 HU Tabeup 10, UKKUHYUCH
132, HU aKC TabCHpP 1e6 aTaju Ba AUHAMHUKA YUMHYU KOHYHUH
(2.11) Hu sina Oywnai Tabpudaaau:
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Hrexu scucmuune y3apo mascup 6a akC mascCup Ky4Aapu
Mukdop sxcuxamudan menz 6yaub, xcucmaapru bupaaumupyeiu
myu wusuK 6yurab Kapama-Kapuu Uynaseandup.

[Hynu TabKuanamw Kepakku, Oy Mkku kyy F,, pa F,,

MKKHTA &I0XMAA XMCMIA KYHWITAHM YMYH YHApHU KY4JIapHH
KYLIMAII KOWACH acoCHIa Kylumil MyMKHUH 5Mac, OMHOGapuH,
ynapHu Oup-OUpHHM MYyBO3aHATIaRANIaH Kydnap 1eb OY.imainu.

HbIOTOHHUHT UKKMHYM KOHYHUra OurHOoaH OMPHHYM Ba
MKKMHYY XHACMHMHI OJraH Te3AaHMuiiapyd MOC paBuilia

£, E, .

d =-2 pa a, =;1-i—’ oyaaum. By udonastapnu (2.11) ra Kyiiu6,
i 2

KYHHarHHYA O;1aMU3:

4 _ im
PR (2.12)
Hemak, ¥3apo TapCHpiaaHyBYH UKKH XHCM Kapama-Kapuiu
TOMOHIA HyHajiran Ba Y3JIapyMHUHI Maccajiapura TecKapy
LIpOnOpIHHOHAA O¥Aray TesiaHuniLaap oxap skaH. byupan my
Hapca Keaub YMKAMKH, TALCHD BA AKC TALCHPIIAP Ky MKKaIa
KHUCMHM 6up Xui WyHaTMuga XapaKaTjIaHTUPa onmaitn. Yaapo
TABCUPNALIAETIAH UKKH XHUCM OHp HYHATMIIAA XapaKaTIaH K
yuyl ynap éxu ynapaaH OMpd y4MHUYM XHCM OMaaH V3apo
TabcUpilanniM Kepak. MacaiaH, 110e3a Barotuiap 6uaH ¥3apo
TAbCUpIaIIK cadabau amac, Gasku YIMHUHT PeIbC-TasiHY
6unaH TabCUpUUAH 103ara Kejaauran MILKAIAHAW KY4H’
Tyaitii BaroH:Iapiy TOPTAH.

2.7. MOJUIMM HYKTAJIAP CHCTEMACH BA HMITYIBCHUHT
CAKJAHMIII KOHYHH

Iy Bakrraya MOMAHM HykTa ¢ XUCOBAIHULIK MYMKUH
OY;Iran XUCMHUHT XapaKaTh Kapad YMKMIIM, DHIAU 4 Ta MOJULMI
HYKTaaH TawKHMA TONTaH cucteMalHd (YHH COMIATHK YYYH
XKUCMJIAp cuereMack aeb artaiiMul) Kapab uMKaiiauk.

Kyynap tancupuia cucreMagard xap Oup MomLmi HykTa
V3 XapakatMHu ysraptupagd. bunodapyH, CHCTCMaHMHT XapaKa-
THHU TEKUPHUIL YYYH, CUCTEMAJATH Xap OUp MOMLIMM HYKTa
VUYH TY3WITAH XapakaT TeHIIaMalap CUCTEMACUHY CUMIlE KEPak.
By MarteMaTuk amMai aH4ya Mypaxkkabaup. bynnait macatamu,
MOJLIMA HYKTanap CHCTeMa XapakaTMHM OYTYHIHMIMua TeK-
HMPHUG XA KMl MyMKUH. DyHHHr yuyH, MOLIMHA HyKTajiap
CHCTEMACHMHY XAPAKTEPAOBYUH SIHIM TYIIYHUZ1AP KUPUTAMU3:
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1. Momauit Hykranap cucremacuuunr maccacu (m,) ne6,

cucTeMagard Moauui Hykraiap maccanapu m;(i =1,2,3,---n)
HUHT 2/1re6pUK AUFMHANCHIA aHTUNAIM:

mc=’nl+m2+“.+mn=zmi' (2.13)

i=

2. Monauit HyKTajlap CHCTEeMAaCUHUHT Macca Mapkasy (Exu
MHEepUUsl MapKasn) ne6 MasKyp HYKTAaHUMHT BASUATUHYU KOOpP-
OMHata Oowmmra HMcOATaH KyHunaru paguyc-BekTop Owian
AHUKAAHANMTAH HyKTara aktunaau:

M=

n
e = = Emi’;
; = I+ Py -+ ey, = izl
[+ m+my et m . n
i n 2'”1

=1

m;

=5 (2.14)

?{

-~

Cucrema MHEPLMS MapKaiW PauyCc-BEKTOPH F. ITHHF

AEKApPT KOOPAMHATa VKjapura NpocKUMsLIapH 3ca Ky#Hmja-
THUAApra TeHr 6ynanu:

", & &
; mx; Zm,. ¥ mgz;
X = ixl Py, = i= iz = i=] (2]43)
¢ m(‘ ¢ m‘_ < m(‘

IUyHu Tabkuiuiab YTUII KePAKKH, CUCTEMAHUHT WHEPUHS
MAapKa3y¥ VHUHI OFMPJAMK MapKa3u Owian yeT™Ma-yCT TYIIa/IM.

3. Monanit HyKT271ap CUCTEMACH MHEPLUS MapKazsHHHUHT
F, paguyc-BCKTOpHIAH BAaKT OVitnya Oupymiyu TapTHOIM
XOCH/Id OINACA, MHEPU MUY MapKa3sUHUHT TC3NUTH Keanb
YUKAIH:

” —
Em L Zm,-v,-

5 =de i@ i 2.15
=g = = @19

by epma m;p; = p;, 3KaHUHYU xuCOOTra OTUHCA, (i.IS) udoaa

s
5 =id P (2.16)
¢ m‘, ”1
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KYpuHHIITA Kenanu, GyHaa P, —CUCTEMAHWHT MMITYJIbCH

0¥:1m6, cucreMazary MOAAMH HyKTaNap UMIYAbCAAPUHUHI
recoMerpuk (BEKTOp) MUFMHINCHIA TEHT:

P. =, B;- (2.17)

(2.16) nan Monauit HyKranap CUCTEMACHHHMHT J. UMIIYACH:

(2.18)

ByHaan HMX0sTRA KaTra axaMusTra ara OyiaraH XyJoCaHu
Tabpudaams MyMKHH. CUCHEMAHUN2 XaMMa MACCAAAPY YHUNE
Unepyust MapKasuea mynaaHean X000 XapaKamaanzanoa yHuHe
YMyMmuil umnysscu Kandai 6yaca, cucmemManurz myaa umnyavcu
xar wyndai oyaadu.

ILyHMHT y4yH XaM CUCTEMAHWHT UMITYAbCHUIA YHUHT UHEP -
LYl MAapKasUHUHT UMIOYALCU XaM aeiiuaanu. CucTeMa
HHEPIMS MapKasuHMHr umirtyiascunu (2.18) ra acocan
Kyiiuaaruda udosastaul MyMKHH:

— - bvd — - ul —
B.=mp =mp, +mp,++md, =Y m¥, (2.18a)

i=1
OyHAa 7 —CHCTEMaHMIT TYAUK Maccacy; 5: —YHHHT MHEPUMS

MapKasy TCIUTH; M, M,, -+, M _—YIaPHUHT TE3THKAAPH.

4. CucreManary MOJIMHA HyKTanap OPaCHAAIY Y3ap0 TABCUP
BA daKC TabCUP KYWIapMHM MMKHKH Kyujdap ae6 artamanu.
Macanan, cucreManarn /-xuMcMra 2-XMCMHMHI TabCHP
KYUYHMHH F,, 2 -XucMra ] -KUCMHUHE aKC TAbCHP Ky4MHU
3ca }521 Ounan GenrnwaafiMus, wy Ounan oupra HbloTOHHUHT
YYUHYH KOHYHMIa MYyBOQMUK }'U';,2 =— 17’2, éxn F, +Fn ={
Oynanu.

5. Cucremanan 1-, 2- Ba X0Ka30 17 1a MOJUIHI HYKT2 (KUCM)
Jlapra TaLCUP KMJIYBUM TAHIKM KywWwIapHM 3ca OMTTa WHICKC
Gunau, sibkm F,, F,, -, F. 6u1an 6earunaitmus.

6. OHAY MO HYKTATH MCXaHUK CUCTEMA YIYH UMITYJTbC-
HUHT Y3rapyill Ba CAKJIaliMiI KOHYHUHHU Kapab uukaiiik. Mapas
KM1ailIMK, MeXaHHK CUCTEMa 1 Ta MOUIMIT HyKTajapaad nbopar
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oy:icun (2.3-pacm). Mexauuk cHcreMaiaryl #1 Td XMCMHUHT Xap
Ooupu yuyt (2.7) ra duHoOaH XapaKaT TCHIVIAMACHHH €3aMHu3:

d = \_r o >

2(7("12 72 )" in + Fzs et 2n +F2’ Q. 19)
d - \_z - 'y

_J;(nTII U” - Pnl + F;I: + + ‘Frr(,,_,) Fn'

by TeHraaManapHy xanaMa-xaa KViiub, MUKH Kywiaap MoOC
paBHIUA2 TypyxnaHca, KyWMaard KYpuHMIAAry TCHIJIaMa
xocwi OVnanu:

I

—-
A
{

E(L/I?(mfvi)= (F:z +ﬁzl)+ (Fz + .u)+“'

't

ot (ﬁn(n—l)" + j}n(n-l))-*' >

1]

(2.20)

L
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Hb10TOHHHHT YuuHYM KOHYHUTA acOCcaH Xap OUp KaBc Muuparu
BEXTOP MWUFHHAY HOMra TeHr. JeMak, CHCTeMa HUKYM Ky'wIapu-
HWHT TYIMK BEKTOp MMFMHANUCH XaM Hosira TeHr Oynanu. ¥ xonaa
(2.20) TeHrnaMaHy KyiHugary KYpUHHIIAZ €3ULI MYMKMH:

f,—’,. (m3,)=YF, (2.208)

ixt i=l

By udonanrur yamn ToMoHuaaru m,.'?},. KYNaiTMa UMITYABC P; Ia

"
TeHr 6yauo, Zl’, 2Ca CHCTEMAHUHT UMNYAbCH p, Fa TEHI:

ixt .
i’c=zi’:=2ml~5r (2.21)
i=) =]

S"Hl‘ TOMOHJIAMCY ICa MEXAHUK CHUCTCMAra TabCUup KUIyBUH
TallKY KYUAAPHUHT TCHT TaLCUD ITYBUHH KyuudaH Mﬁopa'r:

F, =§Fr (2.21a)

(2.21) Ba (2.21a)um loKopuAa ypHura kyHuaca, Kyiuaaru
XocHa O¥naan:
t[[)r B
= F. (2.22)
IHynnait kuauG, momuauil HyKrasap CUCTEMacUHWHT
MMIY/ILCHIAH BakT OYHKYa QjIMHIAaH XOCHIIA CUCTEMAra TaAbCUp
KMIIYBYHM TAlIKY KY4IAPHUHT FCOMCTPUK MMFMHAMCHAAH ubopaT
Oynrad HaTUXanoB4YM Ky4ra TeHr. JeMak, uuxu kyurap moooui
HYKMANAp CUCMESIQCUHUHZ UMRYABCURK Y32aPMUDPA 0AMaiou
(2.22) Tenrnamara GuHOAH Kyiuuarun TeopeManu udomaiaw
MYMKHIL
Cucmemanunz unepuus mapkasu xyoou yrea cucmesaoau
bapua HCUCMAAP MACCACU MYyNCACCAMAQIWMAH 6Q Cucmemadazu
HCUCMAAP2A KPUUAZAH MAWKH KYLAAPIUHS 2C0MEMPUK {YFUH-
Qucuza mene Ky mascup Kuazaioex Xapakamaanaou.
By teopema maccanap vHEpPUMS MapKasUHUHE XapaKaTH
XaKuaary reopema Ach aranagu.
PeakTuB xapakaT. Arap Ky4WlapHUHI TabCUP KWW
BAKTH AABOMMJIA XHCMHMHE Maccacy yarapmaca, y xosa (2.22)
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MyHocabar HbIOTOHHUHT UKKMBYY KOHVHM TabpUbHra MyBO(UK,
KeJlaau:

p_da_d (mb) tf =
F i ket (O ma (2.23)
Bupok Tonmiran 6y MyHOCa0aT KyUHMHT 103ara KeAUNIBAaru

KKKHHYM UMKOHUSATHU XaM KYpcartagn — 6y Ky4 XHCM MAcCa-
CUHMHT ¥3rapuinyaan XaMm 103ara ke MyMxui. Macanay,

pakerajan rasnap U Tesuuk OusiaH OKMO uyMKabTraHia ras

MaCCACHHUMHI Y3rapyIl TE3NUTH %ﬁ;’— = M 6yacun. Y xo/Lia raanap
WMIYIbCHHIAL ¥3rapHIUM, [asjiap TOMOHHIAH PAKETara Tabeup

KMNYBUM £ KYYHHMHT Haiao Gyaummra cabad 0ynanu:

Fod_ dm) .‘—j}—_-ma 2.24)

by xyu peakTus Ky, YHUHI TALCUPH/A cOAMP BYnazmrax
XapaKaT 3ca PLaXTUB Xapakat AcHwianm.

1903 iin1na pye oanmu Ba uxtupouricy K. 9. Iunosnkosckuit
ITetepOypraa pcakTUB XapakaT IPUHILMIUIE ACOCNaHUE
KYpWiagurad yquIl annapariapd — caiiépaiapapo Kemanap
ApaTyiura GarMILIaHraH acapyWHM Halup KU/ Ba 6y acapny
Ep armocdepa uerapacunaH Ynkub KeTao;iaurall SrOHa yuui
annapaTi—paKkeTa 3KaH MU ucborad Gepan.

MUMmnyabcHUHr cakjauni KOHYHU. Arap Momwmit
HYKTa/1ap) CHCTEMACH TABbCHP KMIAETTaH KyuaapHyHI FeOMeTPUK

”n
MMFHHANCH HOATA TeMr, sbiu  F =2E =0 6¥ica, (2.22)
im]
@, .
udona —‘7} = () KypuHKLIra Keaans. MareMaTikaian MabayMKH,

OUpOp KAaTTAMKHHHT XOCHIACH 110:Ira TeHT 6yica, v xoa1a 6y
Karraauk ysrapmac 6ynaau. Ulyununr yuyH (2.23) TeHdrnamagas
KyAynary Ke;inb uMxanu,

P =P +P+-+P =const (2.24a)

by udoaa nMmnyisc cakiaHMUI KOHYHHHHHI MaTeMaTHK
upoaacu 6ynnd, Kyiuaaruua TabpudraHaiy.

Bepk cucmemadazu, ashu mawil Kyuaap mascup KUamMatiouzan
EKU MABCUp KUAYBuIl MAUKY KYUAQDHUHE 2e0MeMPUK Gurunoucu
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HOATra TeHr 6¥/raH CHCTEMAIaIH XUCMIAp MMITYJIbCAAPHHUHT
PEOMETPUK WHMFUHIMUCH Y3rapMac KONaau.

SHOH 17’0 # 0 6ynn6, ynunr Supop UyHanuuIHUra, Macaia,

X yKura npoexumnsacy HOJIra TCHT, sSSbHH “Z’;‘ =0 6¥aca, P =const

6ynud Konaau. By xonza, CHCTEMaHWHT HATHXAJIOBUH UMITY1bCH
P, #0 6Ymub, yHUHT X VKUIra NpOEKUMICH 3ca Yirapmac
caKaaHaiun. MacanaH, XXUCM DPKHH TYIUVILLA, HMITYJILCUHRHT
ropusoHTan X yKu AyHanuiuupary Takua atyBuu P =const
0ymub, BepTHKan V yKu UYHATMIMAAA TAIIKWT aTqun P
3ca Y3IyKcH3 yarapa 6opaau.

HMIIyAsCHUHT Cax;IaHnI KOHYHMIA aCOCJaHraH xoaucanap
MaBxynaup. Macanal, pakeTaJapHUHI Ba peakTHB ABUraTes-
JIAPHUMHI MUUIANI NTPHHIIANY LIYHa aCOCNaHraH, CHUWIFH EHray
BAKTAA XOCHJI GViIral raznap OKMMU PAKETAHHWHI COMHIOCUIAH
YMKWLUH HATYDKAcH;Ia YMKAETTaH ras/ap oraH HMIYJAbCUIa TEHT
UMITYILC pakeTara y3aTHiaafu.

Huepuuga Mapxasnapu cucreMacu. Muepuust Mapka-
3ura sra 6yarad XKMCMIAPAAH TALIKMI TONTaH €pUK CUCTeMa
XApAKaT/IaHraHAa, XXUCMIIaP HHEPLINS MapKas WMITYJIbCIApHHUHT
PCOMETPHK MHMFUHIU CHCTEMA MHEPTIHSA MAPKASUHWHT UMINYAbCHTA
TeHrAMruya xoiaau. Macanad, uyu murtpa yxnap Ounad Tyin-
JUPUATAH COMMA CHAPSLL TIOPTIaraH;Ia, UTPa YiJIap Xap TOMOHIa
counnul KeTauu, ACKMH NHUTpa VKIAPHUHS, STbHU CHAPSJIHUHT
MHEpLMS MapKasy TpackTopus Gyitnab xapakarianany (2.4-pacm).
byHna cuapsiiHMHI MHEPLMS MapKa3sHHHUHI MMITYJIBCH 1OpPT-
JANAH KEMMHIM NMHIPA YKIAD MHEPLUS MAPKA3IAPH UMITYSIBC-
AAPUHK PEOMETPUK AWFMHAMCHTa TenT GYnany.

24-pacm
45

www.ziyouz.com kutubxonasi



2.8. HOUHEPUHAIL CAIIOK CUCTEMAJIAPMH.
WHEPIIUA KYUYRAPH

Ly Bakrraya xapaxkariaap YeKCH3 K¥II HHEPLHAT CaHOK
cucreMaiapHuHF 6Gupopracrra HucGartaH tekumpuigu. [lyHn
Kala Ky Kepakku, HbioToli KoHyHaapy dakat nHepuuan
CaHOK cHcTeManapiaruHa Tyrpuaup. bapua uHepiman cucre-
Manapra nucbaran Oup Xun Ky' TabCUPYAA OJTaH Te3NaHWIIN
d Owp xun 6ynanu. ByHaait caHox cucremanapuia Xucm-
AAapHUHTE XapakaT TeHrnaMacy HbIOTOHHWHT MKKMHYH KOHYHU -
HY WboaanoBuM TeHIAaMagan uéopar oyianu:

ma,. = F, (2.23)
OyHua d ;. —KY3FajiMac MHEpUHa cucTemara HucbaTan
SKMCMHMHT OJIFdH Te3daHMIU., DHAU UXTUEPUI Tesaanuuiu
CaHOK, CHCTeMacuia XHCMHHUHI XapakaT TEeHTJIaMacy KaHaa
OViimimunu xapadb yrkaMus. by macana KJaCCHK MCXAHUKAAA,
SBIH HOPENATHBUCTHK (KMUMK TE3IMKIH) MEXaHUKala cod
KMHCMATHK Macana 6Ynub, Macoda B3 BAKT OpaiUKAapH
6up MHepUHAT CAHOK, cUCTeMacHIaH DowKa OUpP LIOnHepUHa
CaHOK cucTemdcura yruwmnra uucbaradH uupapuaur (6up
XUA)IMp. Xap KaHgall MHepLuan caHox, cucremara Hucbarau
UXTHEPUH TEIMTAHKLLIYM CAHOK CUCTEMacura HOMHEepUHas
CAHOK CHCTEeMacyu ACHUIAAN.

KHMCMHMHTI Xapakatd HOMHEpPIMAR CAHOK, CHCTeMacura
HucOatan KapadaérraH 0¥ica, HeioTOHUUHT GUDHIHYK Ba
UKKHHYY KOHYH/IdPUHU OllaTAArd Kypunuuria 1atoug Kuinb
Oyamaiian. By MacajaHyu Xail Kuivul yuyH, (papas Kuaaiiuk,
MKKUTa: Ky3raimac K uMHepHuuaji CaHOK CHCTEMAacH B3
Tesnanuuiy K/ HOWHepuMas caHoK cucreMacH Oepuiran
oVncun (2.5-pacM). bupunun K caiox CUCTeMacHra abconior
(MyTnaK) caHoOK cuctemMacy achunud, yHra HucbaTan
XapakarHu 3ca MYTiaakK XapakaT faciiuiagu. K' xapakar-
JaHYBYM CAHOK, CHCTEMAZA THHY TYPraH XUCM L1y CUCTEMAHHIIT
Kcucremara HucbartaH Xapakartiiaa MINTHPOK atand. Kuemuuir
€ku K'cuctemaHuHI OyHual xapakard KyuupMma xapakar
neiwiiapu. Hlyuaait xuiub, 2.5-pacMaaru unsMaaa M Momianit
HYKTA XOJaTUHU HPOaNoBYH PaAUYC-BCKTOPAAPHU MOC
paBHIIA KyHMaarv4ya HOMAAIL MYMKMH:

F = OM — MyT1ilaK pajsnyc— BCKTOp;

¥ = O'M - uncuit pPAUYC ~ BEKTOD;
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2.5-pacu

. = 00’ ~ K§MpMa PaLHYC~ BEKTOP;

By F—a6bconlor, r'—HucOUI Ba 7 —KyuupMa panuyc-
BCKTOp/ap BaKTUHUHT Xap OUp MOMEHTUAA

—

- _ 7
F=r+r,

(2.26)

6ornauuwra ora. by mynocabarnaH Bakr 6Viinya OGHpMHYH
TapTHOAY XoCcwia OAHUHCA:

i o dr 9%
Ut @ (2.27)

By udonanarn karranuiap M Moaaui HyKTaHMHI Xapakar
TENMUKAApH 0ynud, ynapra Moc paBuiljia —‘(’I—f- = 17‘,50 — abco-

o Lo dhy 5 y
mot, 42 =V, — nuchuit Ba T = Vg, — Ky4UpMa TESK-
jap acHMAann.
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LHlyngast kuaud, M Momiui HYKTAHMHI WATapUjIaHMa
Xapakatupa Kyiunaru ypuHin oynagu:

V_ =V +V. (2.272)

atc 4 nur K3,

Bymnan kypuiasuky, XUCMHUH adCOAI0T XapakaTH HUcOuH
B2 KYUUPMA XAPAKATAAPHHHT HHUFMILIACUATA TEHT IKaH.
(2.27a) jxan stHa GHp MapTa BakT O6YiHMua XOcHa OJIMHCA:

e _ AV . Wi
_ﬂmt = T (2.28)
&xH
dyge = Auye *+ axjm. (2.28a)

ADBCONIOT TCITAHULI dgyg. HUHT udoaack (2.28 a)nu (2.28)

ra KYiub, yHaa dyjy, KINTUPOK 3TTAH Xa/IHM VHE TOMOMIA VrKa-
310 0dopu.ca

mau.uc =F— 'ndl(ﬁu. (229)

xocut Oynani. by MyHocabat Mmo;yptil HYKTaHMHT K HOMHCp-
1IMa; CAHOK CHCTeMacula HMcdaraH Xapakar TelriaMacu
OYnud, yrra MOIHM HYKTa HHCOMIT XapaKaTHHMUHT TEHETaMacH
XaM Jeduaaan.

(2.29) HuHT VHI TOMOHWIATH (F - miiﬂ.") uponanu K’ —
HOMHEPIMAN CAHOK CUCTEMACH/IArM MOAIMNA HYKTAIA Tabheup
KWIYBYM KaHAAMIMP «HATHXABHHE Kyy» 10 Kapals MyMKHH. by
«HaTHXaBUH Kyus Oup-GHpHIaH KeCKiH (apk KUIyBUM UKKUTA
TALIKWI 3TYBYMMAH HWOOpaTaHD. BUpyHHUM TaiiKun sTyBuucy I
KUCMAAPHHHT ¥3aP0 TABCHP KVUH — «XaKUKiT Kyu» J1uD. Y oup
canoK cuctemacuiaan Ooutka 6up uxsuépuil pasuiLia xapa-
KamIaHyBYM CAHOK CHCTeMacura Yruuina VarapMmaiimi. boiukaua
Kusmb airrraigia F kyw mana ntyiaai vruira sincbarad HH-
BapHaHT (61p xwi) jaup. UKKMHYYM TAIHRICE STYBYHCH <— mﬁm »
aca OyryHaali Ooumkaua xapakrepra sra. by «—-m&m» KyY
KUCMIAPHUHT §¥33p0O TAbCHPH HATLKACKUILA HMAC, 0a'IKKU CAHOK
CHCTEMACUHHMIT TE3NAHMIILIM XapaKaTy HATHXaCHIA BYXYIFa
Kejany Ba Oy Kyura unepuus Ky'un peiiniaan. Ulyiwiad Ko,
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WHEPLIMS KyYy Xap KaHpai TC31aHWUILIM CaHOK, CUCTEMAacHaa
nango oynazmran Kyy 6Vaud, TesnaHHuUIHUHE HYKONMIM 61s1aH

Y XaM yKo1au. Arap TeKUIMPHIAETrad xoniaa K’ HoUMHepLMAai
CalOK CHMCTEMACHAArM XUCMra TAbCUP ITYBYU «XaKUKHIA

Kyusnap» — HbloTOH KywiapuHuHr itnFunancu F F =0 Gynca,
XKWUCMHMHI OFaH TE3NaHUIIM dypy , PAKAT MHCPLMSI KYuH

F,, HHIr camapacu cudariaa HaMoeH 6ynanu:
Fu = —mMdyy,, (2.30)

Ulynuait Kunub, TesnaHUUUIM CAHOK cucremacuiaary
MXTHEPUIA XXKUCMTa TABCUD KUAYBYY HHEPHHS KyYH HYHAIUIIY
CAHOK CHCTeMA Te3AaHWIM ( Dy ) HIHF HYHAMLINIE TECKAPH,
KYYHUHI MOJYAM 3Ca XUCM Maccacu OGunaH CaHOK cUcTeMa
Te3MAHULIMHUHT KYITAWTMACUTa TEHL.

WHepuusi Ky4TapuHHHI XOCCATapruHy Kapat dMKamu3.

1. CaHok, cucTeMacu y3rapMac Te3aaHuul (éi,cy., = const )
Bunan xapakarjaaHraga, 7 MacCaly XUCMIa TabCHP KHIYBRYU
HI epuMsl Kyud XaM ¥arapmail konagu.

2. Teanauuuiapy xap Xy 6yarai 6up CaHOK CHCTeMAacHIaH
fGolKacHlra YTUUIIA UHEPUUS KyWaapy XaM ysrapanu. bynpai
yruwira Hucbatan MHEpUMs Ky'iapyu MHRAapUaHT aMac.

3. WnHepuust Kywrapu HbIOTOHHMHT YYMHUM KOHYHU —
TABLCHP-aKC TAbCUPAADP KoHYyHura oyiicyHmaitau.

4. Huepumsl Kydgapu XUCMJIAPHH XapakKaT/MaHTUDYBYH
cucTemara HUChataH TaluKy Ky4up.

5. MHepuyst Kyunapu KaHZaWaup pean Kyd MaiJoHIapu
TOMOHUAAH XUCMAapra 6epunajiMrai TabCUpIapaup.

6. MHepuvs Kywiapu CTaTUK Xonaa 60CuM Kyud cudatuia
HAMOCH OVitanu.

HHepuusa xyunapuHunr Hamo€H OYAMUIMHK Xapakar-
JaHaGrraf noe3x Muconauiaa Kapab umkuiy MyMxuH. [loesa a
Testanmim OujaaH TCKUC Te3naHyBYaH XdapakaTiaaHadértrai
BaroK44ry HysoBunra foe3gHMHE XapakaTura KapaMa-Kapiuu
HyHairaH, noe3a TEKUC CEKMHIAHYBYaH XapakaTiaHrasaa aca
Xapakar iynanuwd 6Viiuda £, = —md dHepums Kyud Tabcup
KWi1agu.

Xymiu uiysra yxwaus, caMoa8T/IapHUHT KaTTa Te3JaHuIl-
Napy BakTUAa €KM KOCMMK KeMalapHUHT VYKUI BaKTUIA
yuyBuura €Ky (Da3orupra TabCHp KANaauraH yra 10K1aduiuiim
MHEPLIMS KYWIapy BYXYAra KeJTHpaiu.
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2.9. UXTHEPUA TEIJIAHHULIM HOMHEPLMAJ CAHOK
CHCTEMAJIATH MHEPLIUA KY'WIAPH

®apa3 Kunalinuk, K’ HOMHEPUHAT CAHOK cHCTeMacH Kk
WHepLHal CaHOK, cHcTeMara HUCOaTaH uirapunanma sa 'y
arpoduna 3ca aliaHMa Xapakar Kuaa€rtraH 6yiacuH (2.6-pacm)
Hounepuyan cauok cucremaHuHr 6yHaait xapakaTuHu UKKE
XWI: KOOpAHHATanap G6own O'HuHr ¥, GOwnanrFuy TCINUKIIH
TEe3AaHYBYAaH WIrapunaHMma Ba KOOPAWHAT OOMIMAAH YTyBuM
OHUU VK arpodupary ainaima xapaxkarnapra axpartuc
TEKBIMPUL Kynamaup.

Hounepunan canox cucreMacMHUHT Oypuakin Te3AHI1
XaM MHKIOPH, XaM ﬁ)“lugngmy y3rapyByaH 6yau0, KoopanHat
yigtapuHuHr optnapy L, J, K — 6upank Bextopnap 6yncHH.

By BeKTOPHHHT Xap Gupyu @ Oypuakny TeInVK GunaH aitiaHaau.
VaapHuHI Baky 6yituua XOCHAACUHM, KMHEMATHKalnary
V=4 - l@,7] popmynara Gunoan Kyituzaru Kyprauiiaa
€311 MYMKHH:

2.6-pacm
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=[5 k-4 =[5 7] 4 =[5 k] 2.31)

XapakatnaHaétrau M Moanuit HyKTaHHHT K’ cucreMa-
cupard HUCOUM paguyc-BeKTOPH 7 Ba KOOPAMHATARADH
x', ¥y 7' 6yacun, y Baktina

F=xT+y]+7k. (2.32)

By udonanan pakr 6¥iinua GupuHIY TAPTHOAN XOCHa OIMHCA,
Kyiuaaru xocun 6¥nanu:

@ = P—Hi’iﬂrk)[ S ASE AL A e

Bynpa 42 d, V,vy.f HOWHEPLUAT CAHOK CHCTEMaCHAari THHY

TypraH M MOIRMH HYKTailUHI KY4HIN Teurn 6yiub, 17”“0
HUCOUHM Teaiuru 3ca K’ cucreMa KoOpAavHar 6own O HUHT
HITApUIIAHMa XapaKar Te3AUrd V ra TeHraup;

72N 7 A . A I s
Ve =V, =i + L j 1 ok, (2.33)

Ba Huxosrt, (2.31) aax ¢oiinananud, (2.32)H4 Ha3apia TYIraH
xosiaa €3aMu3;

vt odliT) oAl

=[co (xi - y’j+z'k)]= [ 7]
Wynuait kuanb, M Momauil HYKTaHHMHC KYYupMa TEe3TUTH
Kyiivparura TeHr 6ynaau:

7, =V, +[s.7] (2.35)

(2.34)

M Monauii HYKTAHUHT KY4MpMA TEISTUTH Vrci« UKKY KHCMIAH
uGopar 6y1ub, KoopaAuHaT Goilx 0 HUHT UIrapUA3HMa Xapakat

reanuri YV, bunan, K'cucremanunr dowm 0 arpopynary

AMA2HMA XAPAKATHMHT YM3MK/IA TC3MUrM |05 )nan Tamxun
TONrauAnp.
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V Baxraa (2.27a) HM KyHuaary KYpunuinga E3ui MyMKHH:

=V AV =V, P +[a (2.36)

af e une

Mopaanit HyKTaHWHT aGCONIOT Te3MaHULIN d,5, HU XHCOD-

naw Te3nMKHY xucobnauira nucbGatal Mypakxka®Opoxawp.
AbcontoT TeanauviHuHr nomacu (2.36) aaH Bakr Gyitnua
GMpUHUM TapTHONK XOCKHAa ONNO TONAMH3:

dVaﬂc —_ anm' dV [(_1_9_ l
Ta - a Ta tles dl d (237)
Hounepunan canox, cucTeMacMHMHr OyHnait mypakkab

XapakaTunaa i‘%ﬁ Te3NAHUIMHUHT Kuitmaty (2.32) ndonanan

sHa 6up Gop BakT 6YiiHua Xocuna onuill Hyan GUAaH TONKWIAAM.
ynuur yuyn xam (2.36) ra yxwam xyhivaarn QopmyiaHu
€311 MyMKHH:

dv

—71'%£=amm+[w /mc]’ (238)

Oy epa xaM d,,,, Te3naHuw (2.33) ra yxmwawaup:

~d? a2y d2~
m;: = LrXdv+LL, (2.382)

dr
l
xucobiiab unukuil yyyH (2.36) ra acocan !-— v, ,,C+[m 7l
ngogacy ypHura Kyiwica, Kyiuaarura sra 6ynaMM3

b.2]-[6.6,. +[s.7N] <[5, e 5la 7l @39

(2.38) Ba (2.39) nap (2.37) ra Kyi‘finnca, Aug. abconioT
TE3/JaHUII yYyH Kyitnaary ndoaa Keaud uMKagm,

d,=a_+2a. 7 | +a,+[5 0.7 ]]+[f’w ¥l 40

By Teanannmmnap Tascudura Kapad, yu rypyxra axparuiuo,
KyMHAard KypuHuuaa €3nnany;

a.=a ,+(7W+&Ky,‘, (2.41)

@oc nue

(2.37) udosanary yunnuu K¥unutysuy [o‘; , ] KynaiTtManu
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by epaa

. —2 © VM , (2.42)
3y =3+ [5.[5,7] +[4,7]. 243
(2.43) na udopanaHran a. — Te3NaHUL BEKTOpH dakar-

ruHa K’ HoWHepiHan CaHOK CHCTeMaHuHT K uHepuuan CaHOK
cUcTeMara HUCOaTaH xapakarura GOFMMKaup. Arap Ky3aTyByuu

K’ cucreMana THHY TYpea, Y 11y CUCTEMAHUMHT KY4HPMA Xapakat
TEINAHNIIMHY XUC KMAanH. LLIYHUHT yuyH XaM  dyp, ra KyunpMa
TC3/IAHULI JCHKIANM.

Huxoar, 4,,, =2 {5 ,Vw] — Te3MaHUI BEKTOPH XaM,

KiyMpMa xapakarra XaM GOFIMKIup. By TeslaHuil TyluyHYacuHY
GupuHun 6ynud, dpanuys onumu Kopuonuc (1792—1843)
KUPHUTTaHH YUY Gyop A KOPHOLUC TE3NAHUIUY ASHWIALH.

HOxopuaa unkapunrat (2.43) ¢opmyaa Kopuoiuc teope-
MacHHMHI MaTteMaTtuk Hdoxacu 6Yanb, y 6yHmait tappud-
JlaHa)u: ModOuil Hyxmarune abcoarom me3aanuuiu Hucbul,
KODUOAUC A KYMUPMA ME3MAHUNAADHUNZ 2eOMEMPUK (eelcmop)
lurunducuza men2oup.

KyuyupMma TesnaHuil 21',0-q HM Taxuun KWinb unkaauk.
(2.43) dopmynaga @, — HOMHEPLHAN CHUCTEMA KOODAWHAT
Gowy O HUHI MArApWIaHMA XapakaT Te3naHuiuu. Konrau
pkxutacy K’ CUCTeMaHHHI ailJIaHWUIIMAAH BYXYAra Kejlaiu.
Ynapaan [@-,?’] =[{§,F’]=&r. TAHTCHLMAN TE3NaHNI 6YIHO,
Yy TEKMC TexTaHyBYaH aljaHMIAAH Kenud YuKanu. Ainanum
texuc (@ = const) 6yaranaa 6y Teanannw 6ynmaiind. Huxoar

[; [(;’,7’]] TE3AaHHWII MapKasra kapab HyHanraHu ydyH yHU
da,,, OniaH Geirwiald, Mapkasra MHTHWIMA TeJIaHUII AeHIanu.
ByHUHr y4yH F paguyc-BCKTODHMHM YHra napauien Fsa
NEPHEHAMKYASp 7 TauikKun 3TYBYMIAPra aXKpaTaMus3, SbHH
F=F+F xamia [5,}'"'] =0 Ba [5,?:] #0 O6ynum Hasapra
ONMHCA, KYWHAArH Keaub YuKaiu.
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AlilaHMa XapakaT KMHEMATHKaaaH MawmiyMKu, Oy dopmyia
MapKasra HHTW/IMa TeanaHuu ¢opMyiacuanp. bynaaru musyc
Hopa d,, MapKadra MHTWAMA Te3faHWUl BEKTOpU F —

paaMyc-BexTopra Teckapy HyHajirauaurnHu vdonananan.
Huc6buit xapakar tenramamacu (2.41) un (2.25) ra
Kyhnnca, HucOuil xapakar TeHrIaMacH Kkenud uuxanu:

=F-ma,,~mi,_, (2.45)

e

(2.42), (2.43) nappan Ggep BA Gy, TeanaHMUUIAPHUHT KO-

AapuHu (2.45) ra xyiunnca, HUCOuH xapaKaT TEHTJIAMACH
MYKaMMaJ KYpUHHUIIIA Kelagu:

8o =F-2m 5.7, J-ma, -m[a[ #]]-m|8 7] oasa)

Bynna xymunysu4M KyunapHu Zm[w 1% ] =—2m[V ,(,m]

nuc i

5. [5.7]] =027 ba ml|de "'] mlf 7] =ma xynait
KYypuHHIUra y3raprupub yp}mra Kyinnca, (2.45a) undoga
KyAuAary KYpyuHHLIra Kenaau:

)

ma,  =F+2m [17“"(,5 ] —mi,+mw?F —mi, . 2.46)

[lynnait KMnnG, HoMHEPLMAN CAHOK CHCTEMana Xapakar
TeHrIaMacuHHU €3UI Y4YYH «XaKMKHil» F Kyuyra MKKWTa
MHepUUsa Ky4u KYLIMAap 3KaH, sbHu KopHoauc kyuu:

F,,=-mi,, =2m [V w] (2.47)
Ba KYYHPMa MHEPLIUS Ky4H:
F, = —m&m =—md, + mw?*F —ma, (2.48)

Muepuusa KywiapuHUHT QU3HK MabHOCH LUYHOAKM, yaap
HORHEpLMaAN cucTeMara HUCOATaH TEKUC EKU TYFPH YH3UKTH
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XapakaTaaHaéTraH XUCMHHUHI ONMaH Te3IaHULIN — CAaHOK,
CHCTEMaHHHT TE3laHMULIN XapakaTu cababan HaMOEH Gynran
TedHUW Xucobura onagu. [y uHepumsi KywiapuaaH xap
OUMPHUHMHI TAOMATMHM Kapa® uMKaWIUK,

Kyuupma unepums kyuyu. Kyuyupma HHepUHA Ky4d

YMyMHH Xonna y:na: F,, =-ma, — VWIrapuiaHMa xapakar

MHCpUMS Kyuu; F = mw?F — MapKasjan KOYMpMa Ky4 Ba

E, = —md, — TeanaHUULTH afilaHMa XapaKaTaar¥ TAHTEHLMAT
VHEpLMsI Ky4nIaH TalKwi Tonrad. HouHepuman cucremaHunr

WIrapuJIaHMa xapaxarnia I—fun = —mﬁo — MHepuust Kyunapu Oy
CaHOK CUCTEMaHMHI Oapua HyKTanapupa 6up xuu 6ynu6,
KHCMHUHT yHra HUcOaTaH XapakaT Te3urura GOFIHK dMAcC.

KyuvpMma uMHepuUust XYYMHUHI UKKMHYU KYHIUAYBYU

Fy =mw27;' Kyura MapkKasaaH KO4YMa WHEPpHHS Ky4yH
€KM KMCKaYa MapKa3aaH KouMma Ky4 jeb arananu. Macanas,
XapakaTaary aBTtodyCc MuMjia Typrad ityaosuura asrobyc
OypuJIraH XOMllaH MAPKAasgaH KOYMa Ky4y TabCUP Kujai.
my?

Mapxaspan F, =—%5~ xouMma KyUHMHT TabCUPHra acocna-

HKO, MApKasgaH KO'UMa CyB HACOCHAPH, IOBWITaH KHUPJApHYH
KYPMTYBYM MapKa3fgaH KOuMa MallMHaAap, CYTHMHI KaiMo-
FHUHU aXPaTYBYM KYPUMA — CefapaTopjap siCaIraH.

Kyunpma uHepuUUs KYYHMHUHT YYHHYU KVIIUAYBYH
F, = -ma, HOWHepUHAl CaHOK CHCTEMaCUHMHT TEKKC Te3ia-
HYBYdH XapakaTHiuaH Kejiub yukagu.

Buam (2.47) KopHoONUC HHEPHUS KyYMHU Kapab YHKaiIuK.,
Kopuonuc Ky4u, aitnaHMa xapakaT Kuaaérrau (6')¢0) K

CaHOK cucTeMacuaa vV, HucOui Te3nnk GunaH xapakariaHa-

&TraH MOJIHMII HyKTara TabCHp KUNYBUH Kyyaup. buuobapuH,
CHCTEMAaHIHT afiiaHMa XapakaTuHUHT Oypuaknu Te3NUru @ €Ky

MOJIMH HYKTAHUHF HUCOM Te3TUru Vum HOMra TeHr oynca,

KOPHOJHC Kyuyd XaM Hojra teHr 6ymamu. Kopuonuc xyum
HaMo€l O¥maaural alipuM MUCOIANApHU Xapad yukainuk.

ABTO6YC Gypunaérrai BakTaa WYNOBYM aBTOGYC GYinab ¥

HHC

Te3auk GunaH xapakaTiaHaéTraupa, ywra F,,. = mw?F

KYUAAH TALUKADH, Fxop =2m [Vm,&;] KOPHOSTUC VIHEPLHA
KyuM XaMm Tancup Kuna Souwmnaiau. HIyHuHr yuyH xam asrofyc
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2.7—pécM

Oypunaérranaa Kuniaa 1opud Gopaétrai oaamra HuCOaTaH THHY
TYpraH OJAMHUHT Y3MHM yWwnal TypuUliu OCOHPOK, G¥anu.

Tupockonuk apdexT, aphuu aknanni YKuHy Oyprasmmumana
TMPOCKONMHUHI KypcaTaauraH Kapiuuinurd, THPOCKON TOMO-
HWAAH 103ara YKMKAPUAAETIaH KOPUONMC WHEPLIMS KYYHMHUHT
HAMOCH OYyauwMaup. Arap rHpOCKONHHHT CHMMETPUKIINIH
HA3apra CiMHCA, TMPOCKOIHUHT JNIeMEHTAP Maccanapy 103ara
KEeJNITUPTAaH KOPHONUC KYWIAPMHUHT UWMFUHAMCH, afjlaHuil
YKWIArN 371EMEHTAP MACCAAAPHIHT MHEPUNS Ky'wiapura yxiiaul,
OPHMEHTAUMSUTAHTaH XydT Kyunuu Oepanu (2.7-pacm). by xydr
Ky FMPOCKOIHUHT YKMHN GypMokun OVAraH Ky3aTyBYMHUHIE
_KYJ1Mra THpOCKOMN YKy KVpcaTaéTraH R peakuus Ky4ujiaH nbopar.
By peakumst Ky4yM rdpocKon ainmanuil YKuUHU Oypuanur YK
OuilaH yCTMa-yCT TYLUIUILITa MHTHITUPALU,

EpHuHr ¥3 ¥ku arpoduia CyTKLIUK adaanuvinnpary
KOPHOMHC Kyw1apy Ep ycTuna xapakar KuiraHaaruHa HaMoéH
O¥napgy. MacanaH, XuCMiap 3pKMH Tywaérrayga yaapra
KOPHUOJIMC KYUY TAbCUD KWIaAH, YiapHH BEPTHKAT YU3MKHaH
n1apKKa Kapa6 ornupany (2.8-pacm). By Kyy 3kearopaa aur
KaTTa Kuiimarra ara 6¥nub, xythnapna Hoira ainanann. Xy
INYHHHTAEK, MepuauaH 0¥i1ab yuub 6opaérran cHapsira exu
XapakaTnaHaéTraH XUucMra XaM KOPUOAUC KYud TabCHp
KWiagu, XymiagaH y WWUMOJNUNA gpuM JUapila XapakaTr
AyHanuKMra HUCBaTal YHITA, XAHyOuil apuM wapaa aca yanra
TOMOH TabCUp KMAAAH. By X012 n10uM NMIMMONKIA SIpUM 111apaa
NAPEAAPHUUT THI KMPFOFW, XauyOuli sSpuM 1apaa 3ca uall
KUPFOFY IOBWIALM.
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28-pacu

Kopuonuc nHepuusi Kywiapd TeXHMKaja Te3 aillaHyBYH
AUCKAApRA, FHAAMPAKIAPAA, MAXOBMKIApA3 Ba OOMIKA Kypua-
Masapaa MandayM poib Yitnaiiau. Temup fiyniapaa xopuonuc
Kyunapy WyAHMHC 3rpd KMCMAApWaa HaMoeu OYind. Tainxu
u3aa Beprukal GocHM KYYHHU OPTTHPaaM Ba MUKW H3na 3ca
KamaiThupauu. Harnxana Talnky 13 mykucnra hucbatan KynpoK
eMUPHIIAIH.

Dyko masrinrn. MasTHUKHUHT TeOpailniy BAKTHA3 HAMOEH
G¥naaurad KOpUOTHC KyUnHY PYKO MasSITHUIY MUCOIHAA Kapab
yukamu3z. Pyko MasTHUIH y3yHAMIrH [ = 67 M Oynrad -unra
ocunsal Maccacu m = 28 xr au wapgan uboparaup. Gpanuys
onumu ®yko OyHaait magTHUK Ousnan 1850 limama IMapux
obGcepnarophscnan Taxpuda yrxkazuG, Epunnr ¥3 xu atpoduaa
aiAanuuMHA GuprHYy 6YIN6 HcOOTIanK. Arap MasTHHK KyT6aa
TehpaHaéTran 6yica, YHMHr TeOpaHuI TEKMCIUTY acTa-CeKUH
EpHvur ailsianuunidra Kapama-kapiiun iyHaaumga 6ypuia
ooumaiay. TaxpuOaHUHI KypcaTuilnya, KyTO/la MasiTHUK
TEOPANUIL TeKHCAMKIAPHMIMHT Oypasmin OypYaKiM Te3Inuru
MUKAOp kuxataan Epuunr y3 ¥ku arpoduparu afnanuw

2 - Ipa;
OYPUAKITH TE3NUTU ==TE =132%% ra TeHr YMKKAaH, ShHH:
_Ag __ .Tpan
Wy A 15 coar (249)
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Arap masTHUK EpHMHr @ reorpacpuk KeHriuruga rebpa-
HaéTraH 6yaca, YHUHT Oypuakiy Te3uru

rpaa

@, =W, SnP= 15 coat

sing - (2.49a)
Oy.1agu. Arap MasiTHUK Tebpa-
w A HuwmHu Ep 6wian 6ortanrau
/ CaHOK, CUCTEMACHTA KYUUPUICa,
TeOpaHNIl TEKUCIUTHHMHT all-
JIAHMILK KOPUOJNUC KYYMHHHT
. HaMOEH OVJIMIU HAaTUXacUAMP.
C WyHnait kunud, EpHuHr ¥3
yKu atpoduga ainaHUWIM Cca-
6a6;im HamoOEH OynaguraH Ko-
PHONHC KYYM MASITHHK XapaKaT
TpaekTopusicunu 2.9-pacmaa
TacBUpsIaHTaHaex 6ypaau. Ha-
THXaja A HyKTaJlaH OOUUIdaHFUY
2.9-pacm TE3IUKCH3 KYHUO wbopuiran
maaTuuk B, C, [, ... Gypuan
HyKTaiiapvnas Oypwiub, 2.9-pacmaa TacBupnairas yxinaus Kyn
Oypyakyid Mypakka® 3TpH UM3MK Xocuil Kuaanu. PacmaaH
KYpHUHUO TYpUOLUKH, MASTHUKHUHI TeOpaHMIU TEKUCIUTH
Epra HucbataH coar crpeikacu 6yitna® 6ypunanu, OyHma y
6up cyrkana 6up mapra aiinaHaiyn. I'e;IMOUEHTPUK HHEPLUA
CaHOK, CHCTeMmara HucOataH axBoJi 001IKaya, MastTHUKHMHD
TeOpaHHIL TeKHUCAUIrH VY3rapmaitud, Ep sca yHra HucbaraH
6ypuaub, 6up cytkaza 6up Mapra atnaHagu.

Myngaét Kxuau6, MagTHUK TEOPAHULI TEKMCIUTHHHHI-
6ypanuiuyu EpHunr y3 ¥k arpoduaa aliiaHdIMMHUHT UCOOTH
3KaH.

EpHUHT ¥3 YKu aTpoduaa afinaHumMHY ucboTiawra Myi-
XaniaHraH MasTHukKnapra MyKo MasTHUIU Aelunany.
XKymnagan, C.- [letepbypraaru HcakueBckuilt COGOPHHMHE
rym6asura ocuiran y3ymauru [ =98 m 6yarad Pyko Mmadar-
HUTHHUHT TeOpaHMIl TCKUCIHIK XaM Xap 6up cytkaza Oup
MapTa TYJIMK aitnaHub Typuoau.

¢

TAKPOPJIALL CABOJUIAPU

I. Aunamuxa ach HuMara adrunanu?
2. HuloTOHHUHr OUPHHYU KOHYHHHHU TabpPHDAAHT.
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3. HolotoHnuur 6upniiay Koy udogacuuy Kalaai K¥puHuwga E3uil
MYMKHH?

4. XucMHvHT HiepuMsacy ach Humara aiTHaaau? |

5. Huma yuyi HblOTOHHKMHT GHpHIYM KOHYHHM MHCpuMst KOHYHU ach
atazaau? .

6. Kangaii cuctemMara vHCpUHan CaHOK CHCTEMacH fefinnann?

7. Kyy Ba macca acb numara afirisiann?

8. HploTonnulir MKKHHYY KOHYHMHM Taspudnanr sa ynuur dopmyia-
CHHM E3HHF.

9. HbIOTOHHAHT YHHHNH KOHYHKIH TabpU(AAHT Ba (DOPMYIacHHH E3MHT.
Tabcup Ba akc Tabeup HMa?

10. Umnyabc Ba UMAYACLHKHI Y3rapuill KOHYHHHH Tabpudaanr. Kyu
HMAYIbCH HuMa?

11. KmMnyane caknainl Konynunu Taspudnanr 8a GopMymacHHK E3MHT.

12. Kangaii cHereMara HOMHEPUHRT COHOK CHCTCMAapH Aciinnanu?

13. Muepuus Kywaapyu ae6 Kauagait kywaapra adtuaagn?

14. Uncpuss Kvutapy Kalaal xoccanapra ara?

15. Kyuupma, Mapkasgan KOUMa BA KOPHOJMC HHCPLMS KYWIAPHHHHT
Tabuary Kangaii?

3-bOB
M1 BA DHEPTHUA

3.1. MIlI, KYBBAT BA SHEPTUS

Varapmac Kysuuur 6axapran mus. Atpodumusnary 6apua
XKHCMIAAp MaLlyM Kywiap BOCUTACKMAA y3apo0 TabCUplallain.
YIapHUHT TAbCUPNAINYBH HATHXACHOA XUCMAAD KYUYMILK
MyMKuH. KyuyHuur kyuyuil 6uiaan OoFnaHUIIMHK udosanaul
YUyH MeXdHuKana v aeb ataiyBur QUIKUK KaTTAIMK TYLHYH-
yacu Kupuruiaamu. Kyuy TabcUpuaa XUCMHMHI KYudlIUAA
MexaHux v baxapvinaau. Typnu xonnapaa KyuHUHT GaxapraH
WK Typjivua 6ynaau,

BDHI cojiaa Xonaa, YarapMac Kyu (F = const) TabCUPHIA
KMCM Ma3skyp Kyu ﬁyHaJmmmxa Kyunmmusary baxapuarax
MIDHUHT KaTTAIUIM F KY4YHH Kyyuil Macodacy s ra kynair-
Macura TeHr (3.1a-pacum);

A:Fs’ (31)

Arap F ky4 KyuMiu BEKTOpy F ra HucOaran o Oypuyak octuga
iyHanran 6yaca (3.16-pacM), Y XONAA YHM MKKHM TalIKuI
3TYBUUTA KyuMil HyHasMwm 6yinua F; = F cos o TaHreHuman
TALIKW JTYBUYMLA Ba KYuMI HYHAIMUIKTA NEPneHaAnKyIsp
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r F
wmm 777

a g
31-pacu

6Vitnya F, = Fsin o HOPMaI TalIKWI 3TYBYMIA aXpaTaMus,

by xonga F Ky4YHUHT Gaxaprad MUY TAHICHLMAAT TAaHIKWI
3TyBYMCH F; HUHT YTWITraH UVl § ra KYNAUTMaCHra TeHr.

A= F;cosa (3.2)

By xonpma xucm 6up TYrpU uM3MK OYiNaG CHIXHIraHW YYyH
KY4MIN BCKTOPM 7 HUHT MORYN# iyra Teur: 7| = 5. Y Bataa
(3.2) dopmynanu siHA KYYULI BEKTOPH 7 OpPKaIM KyHuaard
KYpHHULUAA 631111 MyMKUI:

A= Fyr = frcosa 3.3)

-

By udopanarn Frcoso xaTranuk F Ba 7 BEKTOPIapHUHT
cKansp Kynaurmacu (F. F) nmaH ubopar Gynrauu yuyH (3.3)
OAaTAa Kyhuzaru KYpMHULILAR €3UNanu:

A=(F.F)=Frcosa. 34

[yHpait Kuau6, y3rapmac xy4 F HUHP XKHCMHU }F[ =5

Macodara kyuuuna GaxapraH Ay A MUKAOPaH Vina MKKU
BEKTODHUHI CKajnsp KynaitMacura Tenr Oyjiran cxausap
Kartanukaup. (3.4) nan 6axapuiarad HUIHMHT o Oypuyakxa
GORTHKINIY KYPUHATH.

1. Arap a=0 6yica, cosa=1 66, kyd Ba K¥uuin
HYHATMLUIAPpY YCTMA-YCT TYub, Makcuman uil baxapuiaanu:

A=Fﬂ=ﬁk=>max.

2. Arap 0° <t < 90° GViaca, coso >0 6Vnamu. By xonaa
MychaT uul Oaxapunanu, SbHU A > 0 6ynanu;
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3. Arap 90° < ot <180° 6ynca, coso <0 6ynn6, manduit
uw Gaxapunaau, apHu A<0 6ynamn. By Xxosnma A HMHr
WYHAIMIIM KYuMil HyHanumvra xKapama-kapwu oynanu.
XKymnanad, MIIKQIaHUL Ky4yy KY4uL AYHaJIMmura Kapama-
Kapmy OVaraHM yuyH, y MaHQuii uin 6axapan.

4. Arap a =90° 6yiaca, cosa =06ynanu. ByHna F uuur
HYHanMIM KyYuil HYHAIKILKTA NIepreHauKynsap 6yaut, 6axa-
PHATAH MIO HONra TeHr, siiu 4 =20,

Arap xucM OMp HeuTa ¥3rapMac Kyunap TabCcupuia
KyuaérraH Gynca, y Xxonna 6akapunraH Uil xap OMp Ky4HUHr
anoxuAa OaxapraH HUUIAPUHMHT &1re0panK HMFMHAMCHUIA TEHY
Oynanu: '

n no7_. n
A=Z|Ai =Zl(1'i'})=;}'i’icosai (3.5)
= 1= =]

Xankapo yn4oB OUDAMKIIAD cHMCTeMacuaa uii Gupsuru
kunué Xoyne (K) xabyn kuauuran: I Koyae deo, 1 Horomon
Ky4 mascupuda xcucmuu 1 memp macogaza kyuupuwoa 6axca-
punzan uwza alimuaadu, sS’eHU:

|| =|Fs| =1H.1m =1x.
WBIHUHT Ynyamnury sca;
dim{A| = dim|Fs| = 2MT2.

Varapyeuan Ky Gaxapras wni. DHAM Y3rapyBuaH Kyu
TabCUPHIA XHUCM 3rPU YUIUKIIU TPAEKTOPHs OYHnua xapaxar-
JIAHa€TraH yYMyMMit XoNIK Kapab unkamus. by xomaa xucMmra
TabCHP KWIYBYM Ky4 XaM, Ky4 6ui1aH Ky4ull opacunary 6ypiax
%am y3rapa 6opaan (3.2-pacm).

Y3rapysyaH KydyHMHI OaxapraH WIIHHW aHUKJIAL YYYH
YTHIraH AYJIHU xaénaH YeKCH3 KHYMK (3neMeHTap) ds Oynak-
yajiapra axparamus. DiaemMeHTap Uyn aaemMeHTap XKYUMILHUHT

MOJIyHra TeHr Gyaanu: |dF| = ds. Xap Gup anemenTap Kyauin
JABOMM/IA XMCMIa TABCUP KYYMHU Y3rapMac XMcobaill MyMKMH.

brHoGapuH, sneMCHTAP KYUniaa OaxXapwirad M KyYHHUHT
Kyuyull HYHaAMIIMra NnpoeKuUacH P; HUHT 1Y KYVUHII

KaTTaJIUTY |dF| = ds ra KynaiTMacura TeHr, STbHM:
8A = Fy|dF| = Fds = Fds cos a. (3.6)
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S S2

3.2-pacm

By epia o KaTTanuk F Ba JF BEKTOPIAp OPacHiar Oypuak

KY4MIll HEKCH3 KUYMK OVIraHy yuyH S84 — sncMeHTap Ml
Ac6 atanajy. Arap BEKTOP/IAPHMHI CKangap KyoaiTMa Tviuyu-

yacuaan (oMaanaHuaca, 34 saeMmeHrap Wl Kyd F HMHC
KYYUIIK dF CKaBip KynaifTMacura Teur:

84 = (F.dF)= F,ds. 3.7)

Hlyiu Kaika STMIN KEPAKKM, XUCMra Tabeup Kuaysynw F
Ky4y yura KoopauHartanap X, Y, Z HUHIr (pyHKUMACK OYnuo,
YHUHI WY1 8 ra 6yaran npoekuuacu F, aneMeHTap CHIDKMIL
dr BUHT iyHanuiidra Gorank 6ynaan. by xosma F kyymiur
aneMenTtap wninHuur (3.7) udonacy tynukmac anddepen-
HUaial uoopar dyaranM yyyH v 64 cumBoan OwiaH Geii-
rMJIaHaM BA YHTA TY B KMacC, sibHU Xycycuil aupdepelnt-
Uvan achunanm.

XKucMHM arpu YU3NKAM TPaeKTOpUs 6¥iinya | Hykrasan 2
HyKrara xyuvpvinaa F gy HuHr Saxapran HiUMHW TOMHIU
yUYH XaMma 3NiCMEeHTap KULiapHu Kyuiub, Gap4a 3j1eMeHTap
KYYHIU Y3YHIUMMHH HO/ITA, YIAPHWHT COHMHM 3¢a YEKCHITHKKA
WHTUATHPUO MMMUTTA YTIICA, KyHuIary KYpUIIKILLIAru uHier-
pajira ainaHanu:

A=1im 3 (E, a7)= [ (7,7, 3.8)

N0 1oy "
1
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3
t dA 2
(4} S
J3-pacwum
€KH
A"EE{{%FAS:M"S' (3.8a)

3

By unTerpan xucoGnaHuium yuyH £, HUHT S ra GOFIMKINTY
MabayM 6yauiuM kepak. 3.3-pacmaa opmuHara yxura F,,
abcuucca ykura sca s iya kyiuunraw 6yauod, F; = f(s)
(DYHKLMAHKRHT TpaUIK TACBUP/IARTaH. DiacMenTap AS Hinna
Saxapuiaran A4 = F,AS 21eMEHTap WLl IITPHXJIAHTAH BepTU-

Kal TACMAHWHT 103aCHIa MHKAOP XUXATAAH TeHraup. KUCMHU
S, Macoanas S, Macodaraua KyuMpHLLIA Gaxapuiran Uil

sca my opaukaarn F, = f(v) rpadmx unsnkHuHr abcumcca
YKy OMiaH XOCHA KMAIaH 103Ura TeHr.

3.2, KYYHUHI NOTEHLMHALR MAHJIOHU
KOHCEPBATHB BA HOKOHCEPBATHEB KYUJIAP

Ma3oHMHT GUpOp” HYKTacnaru XMcMm OoluKa XHUCMAAp
TOMOHMAAH MatiyM KOHYHUST GUiaH Y3rapub TypyBYM Kywiap
TancupKaa Gynca, XXMCM Kywiap MadnoHuaa Typubau nefinnany.
bunob6apuH, MaiaOH KywlapHH y3aTyBYKX MOMAWI MYXHUTAAH
nboparnyp. Macanai, Ep cuprura siKUH XOHJary Xucmra

OFUPIIMK KYYH, AbHU P = mg Tabcup Kuiagu. PasoHUHT xap
Oup HyKracunaru xucmra oupop O Mapka3 TOMOH HYHaiIraH
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6 34-pacu

Ky4i1ap Tascup Kuica (3.4-pacM), 6yHnai Kyyrapra MapKasH it
Ky4jap Ba ylapHy{ XOCWJI KWIraH MalACHHY 5Ca MAPKA3H Y
Mafinon pefwiagu. Mapkasuit KyYHHHr KaTradurs Qaxar
paanyc-BeKTOp 7 ra 6OmIMK Gynanu, avhn F = f(F).

OFUpNYK KYYMHHMHT MAiiJOHM XaM KYWIApHUHT MapKa3uii
MalJoHUra Mucoj 6yaanu.

Xucmea mascup kunyewu mapxaszuii xywaap ynune Gowka
xcucMmaapea nucoaman paszodazu eazusmuea GOFiuK 6yaub,
CUCMHUNZ me3an2uza bOFALK IMACOUD.

Hlynu Kain 3TMIN KepakkH, (hakaT XUCMHUHT BA3USTUA
OOEMK OVsiran mapkasuii KyysapHuHr GaxapraH Huim,
XKymiagaH, OFMPAUK KYUHHMHr OaxapraH wwy AysIHHHT
KypuHuwidra 6orauk OYaMacnad, GOUUIAHFHY Ba OXUPTH
XojaTura OOFIMKIUD. By Xoa4a Kyunap MaiooHura noTeH-
Hyax MaJoH, Ky4yIapHHHT Y3MHH 3Ca KOHCEDBATUB
Ky4ynap AcHuU AN,

KoHcepBaTUB KYYHHUHI XHUCMHM ] HyKTagaH 2 HyKraraua
Ky4upuuiaa GaxapraH vy A, , Xap KaHza#t, Xymjazan,
I—a—2 Ba [I—6—2 Tpaexropus OVilnab xapakaTiaHravuaru
Oaxapwiran A,  ,Ba A, ___, nuLiap ¥3apo Tenranp (3.5-pacM).
Koncepsarus KyuHMHr /—g—2 Tpacktopus Oitnua Gaxaprau
Huv A, nu Mycbar neb onunca, teckapn /—e—2 Tpaex-
TOPUS éjmwxa Gaxapran nuu A4, ,_,9ca MaHuit 1ed oanHanu.
HIyHUHr yuyd XaM KOHCCPBATUB KYYHU XUCMHUHD énnk L
KOHTYp O¥itnya, mMacanad, /—a—2—g— I Tpaekropusa 6yiti1ab
K¥MupHiuaars GaxapradH UM HONra TeHr oynanu:

) §(‘i"di)= Aat 4y =0 (3.9)
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3.5-pacMm

KucMaapHUHI OFMPIUK KYYH, 2JIaCTUK KY4H, 3apsi-
JAPHUHT ¥3apo TabCHP KYYIapH KOHCEPBATUB Ky4yaapra Muco:
6yna onagu.

AKuesmnu kjupuuda 6ascapuaean uw yanuie warauea 60K
6ynean Kywaapea HOKOHCepaamue Kyuaap dequaaou.

CyrouK KM Ta3na Xxapaxanialnagrral XXUCMra Kypecatuina-
AWTaH KAPLMIMK KY4H, 6UPODP KHCMIMHT OOLIKA XKUCM CHPTH
OYiiab cupnaHUINKA 103ara KeJaural HoIKalaiui Kywiapu
HOKOHCEPBATUB Ky4Ynapra MUcoi 6¥na olanu.

3.3. KYBBAT

bupop wHK Gaxapuill YMyH ApATUATAH MEXaHU3Map,
K{TiMHYa, ¥3 xoccanapy xuxaruian 6up-Oupunay ceaunapiau
dapk kuiaaau. MexanuaMJIapHUHT MId DaXapuly Te3AMIUHU
ndonanan yyyH KyBsaT TYINYHYACH KUpUTHIAAN. MexaHu3M-
HUHT KYBBATH ;10 BaKT GUpauruaa Oaxapuarai uliura MUKaop
XKMXaT/aH Tedr 6ynran ¢GU3MK Kattanukka aitrunany. [yunai
Kunh, A4 vmmuur ury v Oaxapunraw At BakTra 6ynraH
HuchaTura MexaHuaMHUHT N KyBBaTH ACHUIaIU:

N=4 (3.10)

Arap Oy karranuk Bakr yTiinm 6unaH yarapa 6opca. y xoa
OHMI{ KyBBaT Kyilugarura tedr 6ynaam.

N = lim 44 = 34 3.10)

a0 Al

By ndonana 84 osieMeHTAp WM, uty Wiy 6axapyBun F
KYYHHUHT 1y KyY KYWMATAaH HYKTaHUMHT df BaKT wuuiarn dr
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3JICMEHTAD CH/DKUILMIA CKAIAD KYllaiiTMacu OuiaH aHUK-

NaHaM: §A4 = (F, dr‘), by noonaaan doitnanaHub, KyBBaT ydyH
KYHnJIardHu TonaMm3s: .

N=3- M (7.7). (3.12)

6yHaa ¥ — Ky4 KYHMAIAH HYKTAHMHT OHMIl TE35THIH.

Arap F; = Fcoso xyhuiran KydHuHr KuuLi BEKTOPHIa
npoexuusicut 6ynca, (3.12) uu gna Kyidugary KYpHuAwaa €3niu
MYMKHH:

N=(ﬁ,l7)= FVcosa=FV. (3.13)

[UyHnai KUANO, MCXAHN3MHUHT KYBBATHHN aHUKJAI YUYH
XAPAKaTIaHyBYM KHCMJIADHUHI GUp-OMPHra TabCuUp Ky4M —
MEXAHU3MHWHT TOPTHI KYMHHY Ba YIAPHUHT KYYuN1 TELINTH-
HY OMAuIL Kepak.

CH pa Kkyssar 6upauru cudaruaa sarr (Bt) kaby:x
KuiiuHraH, 1 sarr 1 cekynna papomuia [ XKoy:ib min Gaxapa-
JIATAH MEXAHU3MHUHT' KYBBATHAUD, ABUU:

|N|= |—1 L —1Br.

KyBBaTHHUHT VIYyaMiInIru:
i = di A' = [PMT
dim|N| = dlmlr PMT,

Kjnynua MEXaHU3MHNHT TOPTHIL KY4Hl Ba XAPaKaT Te3IMru
MII Oaxkapuul xapaénuaa Y3rapuuUlapyHH Hazapra ojaMmai —
Yprada KyBBaT OMIaH TaBCUAIHAIM.

Sunu Epnan Maviaym Oup Gananmwimkia Myasinax, Typrad m
Maccam y pakeTaliMHT JBUIraTeNud KYBBAaTHHU XUcobnad kypaii-
VK. MabiiyMKH, Myaiuiak Typrait paKeTAHHHE TE3TUTH HOAl'd
TeHr Oynca XaM, YHWHI ABUTATENW KYBBATU HOAra TCHT
IMACIMTUHK aHUKRAaIw KUHWH 3Mac. By xoana asurarens
KYBBaTH PAKCTa COILIOCHAAN FasnapHu 4YMKapu0 Tauuialura

-

capbnadamm: GyHua Byxynra kearan F, peakras Kyd aknan

paKkeTaHW Myalak xonatiaa Tymm6 typaiud. Pakera myamnak

Typrauy cababan F, =-mg Gynaum. Pakera coryocuuan V
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f 2

-TL';' — —_

U O by

- —l _— .
) 3

3.6-pacwu

TE3NUK Ouial OTWIND YUMKKAH rasnapra TabCUp KU/YBUH Kyy

sca F =—F, = m§ rarenr 6ynann. Y paxtaa (3.12) popmynara
GHHOAH MYyaL1aK TypraH PaKeTAHMHE KyBBATH:

N = (mg?v) = mgv, 3.14)

6YHINA m — pAKETAHHHT MAacCacH, g — 3PKHH TyUIHIl Te3na-
HHIIK Ba » — COTUIONAH OTWIMO “MKKAH Fa3HWHT Te3JIUIH.

3.4. DHEPTAs BA DHEPTHAHMHT CAKBAHKMII KOHYHU

XKucM Ekp XUCMAap CHCTEMACHHKHT U1 OKapH KoOu-~
JAMSITHHM XapaKTepioBun (PU3KHK KATTATMKKA IHEPrust JCHUAAIH.
KucMaapHuHr xoaarnra Kapad SHeprisi MKKY Typra: KHHeTUK
Ba MOTEHLMAN IHEPTUsra OYauHaIu.

Kucka xunub altranpna, xunemuk 3Hepzus — xapakam
3Hepeuacu, nOMEeHUUAA dHepeus 3ca — Y3apo mascup, x04am
Inepeuscudup.

Kwnnernk oneprus. bupop Vreanuk Gunau xapakatnanaérrali
m Maccajlu XWUCMHWHI KHHETHMK 3HCPrusfcH W, Mukiop
KUXATAH YHYM TaMOMAaH TYXTATULIY Y4YyH 3apyp O¥nraH A wira
TeHr OYmanu.

®@apas xuaaauk, V teanuk 6unan xapaxariaHaérrad 1-
XUCM YpWIraH 2-XHcMra 17‘21 Kyu GWIaH TabCHUP KWICHH
(3.6-pacm) Ba YHHHI ds aneMmcHTap Macogana GaxapraH
eMeHTap Hiun 34 = Fids 6§ncun, 6ynna F, — UKKMHYHM KHUCM-
ra TabCup KUAYBYU 17'21 KyYHMHF § #yn #ynaamuura oynran
npoekumsacu. HbOTOHHUHT YYMHYH KOHYHUra OuHOaH
l-xucmra — F, Ky4 TabCHp KHAMOG, YHUHT § #YJ1 AYHanumnra
npoexuusick — F; aca | KUCMHHMHE TE3NUIMHY Y3rapTHpanm.
Y Baktnia HBIOTOHHMHT WKKWHYM KOHyHHra OWHOaH:
-F = m%. bynu 10Kopnaa ypHura Kyituiaca, Kyduiaarura sra
SynamMus:
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8A = -m %f-ds = —m %}dv = —mody. (3.15)

Y Baxtna, v Te3aux 6unaH xapkartaaHaérraH m Maccaiu
XUCMHUHI KUHETUK Hepruscu W, xucobura Saxaprax
A v (3.15) udonanan v AaaH 0 raya opasiMkKna ONUHraH
WHTerpasra TSHIAUp:

W, = d=—[ modp="L (3.16)

Jlemak, XUCMHMHFT KMHETHK DHEPTHACH XKICM Maccacu
OM1aH TE3MUTU KBaApaTH KYNaiTMACHHMHE SIPMUTA TEHT 3KaH.

(3.16) naH XypUHAAUKHU, Xap KAHAAH XUCMHUAIT KHIETHK
sHeprusicu Manpuit (W, <0) 6yna oamaiinu.

(3.16) cdopmyna, Xycycumit Xoiza MOMIMI HYKTAHUHT
KMHCTHUK SHEPIUSICH Y4YH XaM YDUHAKMAUD. Y BAKTIA UXTUEpUI
MEXalUK CUCTEeMaHU MOJINI HyKTanap CUCTEMacH Hed Kapalu
MyMKHH. LIVHMHI yYyH MEXaHMK CHMCTeMaHUHI KMHETHK
SHEPrysiCH YHHU TALIKWI KWIrdH # Ta MOLIMM HYKTallap Kute-
THK 3HEPTMSICMHUHT MUFHEAMCHTA TEHT OVIaau, sSibHu:

2 11 ) .2
W, = YW, = 25k, (3.17)

=} =l

OyHzoa m, Ba v, KATTATHKAAD i~-MOJUIMH HYKTaHMHT Maccacy Ba
tessturuanp. lynaait k6, cHereMaHWHT KMHETHK SHePIrysicH
YHIArd MOMIMH HYKTaJaDHUHF (Dakar Macca Ba TEIIMKIApH
OPKAIN aHMKJIAHTaHY YIYH CUCTEMA XAPAKATUHUHT X0AaT
dyHKUUSICUSIAH ubOpATAMD.

(3.16) pa (3.17) dbopmynanapaay KYpUHAIUKHU, XUCM EXKU
MEXAHUK CHCTEMAHMHI KMHCTHK 3HCPIMSICH YHHUHF XapaKaTH
TeKIUMPUITAETTal carlok, cucreMacura Sornukanp. lyuunur yayy
XaM CHUCTCMAHMHI KUHETHK DHEPTHUSICH Xap XHJN CaHOK,
cuctreMana Typimya Kuimarra ara GViagu. bBuHobapuH,
CUCTEMAHUHT KMHETHK DHEPTHSCH HUCOUU KaTTanukinp.

Wyxmait Ko, XXUCMHUHT KHHETHK SHEPTHsICH ¥ Xapakar-
JIAHAETIaH CaHOK, CUCTEMAacura GOFNHK/AUD, YYHKH XHCMHUHT
XapaKar Te3MIH TYPIU CAHOK CUCTeMaNapyuaa Xap Xun 6y:1anu.

Bapas kunadnuk, K abcomor (Thid) Ba K Hucbuii caiok,

— -/
CHCTEMACHMIATY TE3NHMK MOC paBMIIN3 7 Ba ¢ TIa XxaMmaa
KHMHETHK 3Hepruscy sca W, Ba W ra TeHr 6y;i1cuH. Y BaKria
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KJaCCHK MeXaHMKafaru Te3NUKIapHMW KYIMI KOHYHUra
bunHoau:

V=V=+U.

UIyHUBT yuyH, K cucTeMara HUCOATAH XXUCMHHHT KMHETHK
SHEPruscH: :

L) =Lm(3+f =Lm5? vt + Lmly"-if.

W, =W/ +m? + (5 -7), (3.18)

OyHia jp’ = mp — MOMIHI HYKTAHHHE K/ cycTeMalary MMITysib-
cu (3.18) dopmyna Momaui Hykra (OKMCM)IapiaH TallKun
TONIAaH UXTUEPUIt MEXaHUK CHCTEMA Y4YYH XaM YPUHAMIMP.
Bydra witony xocua xuauwl yyyH (3.18) MyHocabaTHu
CUCTEMAHHHI Xap OMp HyKTacH yuyH €3ub, cyurpa OGapua
Hykrajiap 6¥ituya HMFUHAUCH OJNHMHAIU:

N I n "
ZWRi = ZWI:: + E%mcuz + Z(ﬁ: ) ﬁ)

il il =l =1
€Kku
—_w i =7 =3
W, =W +oymu’ +-2L(p‘. ). (3.19)

6ynaa Wy sa W .— Mcxanuk cucremanuur K Ba K’ catok

n
cucTeMara HUCOaTaH KUUETHK 3Heprusicu, M. = Zm; — 3ca
il

CHCTEMAJIArd MOMIMIA HYKTa (KMCM) JIApDHMHI Maccacu,

n
-t -/
P. =Zpi — cucTeMagary MOJUIMH HYKTA (KHCM) JapHMHT
i=l
HaTUXAAOBYH UMITYILCH.
Arap K'cucreMaza uHepuusl MapKasd THHY Typca, sibHH

(p. =0) 6ynca, (3.19) MyHOCA6aT KyiHAarn KYpHHHIITA
KeNaau:

W, =W, + -;-mu2 (3.20)
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By tenrnmuk KEuuu reopeMacHMHMHI MareMaTMK H(onmacu
6yaub, Kylingaruua TasprudaaHanu:

K abcomom canok, cucmemacuea nucbaman Mooouit nyxmanap
MEXAHUK cucmeMacunune Kunemux swepauscu W, mexaHuk
CUCMEMAHUHZ UHEPYUS MAPKA3U2A MYMHCACCAMAQHEAH MACCAHUKE

w. 7 7
Kkunemux snepeuscu Wy xamda K' nucouii canox, cucmemanunz

4 mesauzu Ounan XapaKamaanHaémean UHEPUUA MAapKa3i

acousQuzan MAccaGHUHe KUHEMUK 3HepeuacuU -;—mcuz HUHe

durunducuea menzoup.

Motenunan sHeprus. KoHcepBaTMB Ky4 TabCHpHiA
Oynran cucTeMaary MOJIMIA HYKTanap €Ky XXUCMJIADHUHT Ul
6axapa OJMII KOOMJMATH NOTEHUMAN DSHEPTHA Ouaal
XapakTep;iaHanu.

Ilomenyuan snepaus 6eb, Y3apo masCupIaHya U HCUCMAAP EKU
HCUCH KUCMAGPUHUHE Bup-Bupuza Hucbaman boruk 6ynzan xoram
SHepeuscuea alimuaadu.

HyHuga# kuaub, Monauit HyKra (KMCM)HHHI ToTeHUHWaN
stieprusicuiy ¢akaTt WapTy pasyilia Tanaad onuuran 6upop
HOJIMHYM XojaTra HucOaTan aHukIam MyMkuH. bepunrad
XONaTAArM XXKHUCM EKH CHCTEMaHW HOJIMHYY XONaTra yTKasuia
Baxkapuiiran HIL XUCM €KW CUCTEMAHHHT OUPUHIK X0A4TNATH
NOTEHLIMAN DHEPrusCHra TeHr Oyiaaum. Arap cHcreManuir
HOJIMHYHM X0JaTH Y4yH 0 HYKTa Kabyn xuaunca (3.7-pacM), y
BaxTaa cucTeMa l-xosaraan (0-xonatra yrraHaa 6axapiiras
Uil A, CUCTEMAHUHT 1-X0aTAATH NOTEHUMA! SHCPIHICH Wa,
ra TeHr, spHu A = W,,I O6ynanu. Cucrema 2-xonatiaH 0-xonarra

yrranaa sca Ay =W, 6yaamu. Arap CHCTEMaHHHT HOJMHYM

XOJATAArW NOTEHIMAT IHCPTHSACH HOATA TeHr ByaMacian Oupop

7

3.7-pacm
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W,,o ra TeHr Oyica, y BaKTAa HOTEHIKMAN 3HEPIUs SHCPrust
YpHUra YHMHI MKKana XojdaTAard KUHMaTHUHMHI aliup-

Macy OaxapuiraH MUIra TeHI, SI'bHH A= W"‘ _W"o Ba
o =W, =W, 6ynanu.
UJyHuai/l KUNub, kaparaémean 8a Hoaunuu xoasamodazu
RONEHUUAN IHEPUSAAPHUIE QUUPMACH CUCMEMAHUNZ Kaparaémean
wﬂamdau HOAUHYY X0Aamed ymuw()aeu KOHCEPBAMUB KYHAQPUHIIHE
oaxcapean uwinea meneoup.
CucteMa /-xonatnal 2-X0aatra MXTHEPUI WyHasiul 6MiaH
yrrania KoHCEpBAaTHUB Ky'lapHHUHT Gaxaprai A, uiy - pa 2-

XOJIATHAIM J/ Ba J/ NOTCHLUUAL IHCPTUsl aHMpMAcKIa TEHT
" 1y

OVaanu: -
Ay =W, -W, 321)

S'BHU KOHCEPGAMUE KYHAAPHUHE OAXCAP2AH UMW CUCMeMd
ROMEHUUAA IHEPRUACUHUNE KAMAQUIUZA meH20up.

UKKuuM TOMOHAAH, KOHCEPBATUB KyUHMIT BaxapraH Wuim
A, CHCTCMA KMHETHK SHEPTUSI OPTTUPMACH sz - Wx, ra TEHr
Oyarann yuyH (3.21) HY KyluIard KypyRUIiLGa €3Mi MyMKHH!

W, -W, =W, -W, 32

CrcTeMa KMHETHK B4 NOTSHUMA JHCPTUsAADHHUHT ANFHH-
avcy Wi tyna sueprus ackunaau. Wynnai Kuom6, (3.22)
AaH KOHCEpBaTUB CHCTeMa Tyna SHEPrUsiCUHWNT Yarapmac
KOJMIUM KeJIM0 uuKanu:

W =W;~'1 .*.)',V"1 :—W;2 +I/V"2 =counst, (3.23)

By (3.23) 1eHINMK MeXalUKala SHEprusi CaKJaHHil KouHy-
HEHUIT MaTeMatuk ugroaacy 6¥au6, Oyiyiall TabpudnaHaam:

bepk, ssHU KOHCEPEUMUE CUCMEMAHUHE MYAQ MeXUHUK
IHEPIUACU V3eapMdAC KOAUD, CUCMEMA NOMERYHAA IHEPUACU
KUHCMUK Hepeusieq 8d akcunua aliaanub mypadu.

MexaHnKk 2HeprustHUHT OOUIKAQ TYpAard sHeprusaapra
altilanniumn Oy xosaa Ky3aTHaMaiay. AMaiia 9ca Xap KaHIdi
CUCTCMAja XaM, 03 Gynca-ia, SJHCprust AUCCUNATIMACH HAMOEH
Oynann. XKymimaaan, ¢HUK (KOHCEPBATHB) CUCTEMALArM
XUCMAAP OpacHiia WIIKAIAHUIT KYWIAPHUHT MAaBXYIAUTH
MEXAHMK SHCPIUSIHUHT BHP KMCMH MCCHKIIMK XAPAKaT SHCPII-
cura aililaduim cababay cucTeMa HYKH IHEPrUSICHMHUHI
optrHuIxra cadad 6ynanu.
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Lyrnait ka6, EnuK CHCTEMA MEXAHUK IHEPIUSICHHUHT
KMCMaH KaMafKIIY CHCTEMA UUKM S3HEPTUACUHUHT OPTHIIHIE
MOC KejIagy, JACKMH CUCTeMaHMHI yMyMUK KYpHIIHIAAry
3HEPrusiCH NOUMUIL Konaau. bunobapuH, sHeprusiHuHr yMyMuit
taKjaHuil KORYHWHH Kyiunaruua tabpuduialll MyMKUH:

Enuk cucTeManMHr yMYMUi KYPUHMIUAArH SHEPIUACH
yarapmac 0y1u0, dakaT 6up XypUHHUILLAATH SHEprusaaH bonixKa
KYPHHUILAATH 3HCPrusra afiiana bopaan.

Exu MaTepus Ba XapakaTHUHT CaKJaHUII KOHYHU KYPUHH-
uiKAa yHM siHa KyHHJIArnya tappudaall MyMKHH:

Ennk martepusi xapakaTHiUHT Gapua makiuit yrapuni-
JAapuaa SHeprua yarapMacian Kosiaau.

BADB3W OJJIUV XOJLIAP YUYH NTOTEHUHAN
BHEPTUAHN XUCOBJIALL

1. OFapaHK MaliiomRMard HOTEHUMAJ SHeprus. Arap A
Ganannuknary xucM (MOmMit HyKTa) HOIAMHYM, sbiK A=0
caTxra IpkuH TyiuM®G KeTca, OFMPSIMK Kydn A4 =mgh WiuHu
oaxapaay. bunobapiin, A basanpaukaary XUCMHUHT NoTeH-
LMaN SHEPrusicH:

W, =mgh. 324

OyHIa m — XUCMHUHI' MAacCaCH, £ — DPKHUH TyWIXHI Tesna-
HUILUH, A — KaTTUMK, A =0 carxjad ViadaHran Oaianjyivuk.
Iorenunan sneprust W, nusr xucod dommny uxruépuit
Taiad oavm MyMKMH OVAranugan KMCMHMNIT noTerimal
SHEPrudacy Manduil KHAMATAapra xaM ora 6ynviuy MyMKHIL
Macanau, arap Ep cnpTaary >XHCMHUHT NOTEHLHMAT SHEPri-
acy Hoira TeHr Aeh kabyi KwiHCa, A GAIAHUIMKIAIY XKUCM-

HUHI NOTEHNHMa oueprusicu W, = mgh > 0 mycbar, A, 4yKyp-
JIMKAATH MOTCHINAL 3HEp-

UAacH W —-—'ngh <0 aCa
Malipuii 6 oymum (3.8-pacm).
By epna myHM aiTu6 yruiu
VPHUHINKH, KUHCTUK 3HEp-
rus MaHduit xuitmatau 6yna

—D Wn=mgh>p

oIMainm.
YMyMmuit xonaa xueM h
W, =-mgh<0 ODaIaHLIMKIA ¢  TEe3IUK
3.8-pacwu Bunan xapakariauaétranga y
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XaM KHMHETHK, XaM [IOTCHLMAI 3Heprusial TaulKu TOIraH
TVa MeXaHWK 3Heprusira ora 6yaanm:

W =W +W, =2—120—2+mgh. (3.25)

ARUKPOK aitrranya, 6y ngoaa Ep—XucM CUCTEMACHHIMIT TV:1a
MEXaHUK SHEPrUsiCHIY ndosataian: W — cucTeMalluHr ¥3apo
noreHimai sueprusicn, W — KHCMHMHT KMHETHK SHEPIUsICH.

Arap cucreMa nTa XUCMIAH TALUKA TOIHTAH Gynca, YHUHT
TYAa MEXaHMK 2HCPrusicd GyTyH CHCTEMaHMUT MOTEHIHAN
SHEprusiCH GMAaH CUCTEMA KMHETHK SHEPIHMSICHAAH TaUIKWI
Tonaau; Oy KMHCTUK DHCPrus 3ca ¥3 HaBGaTHAA CHCTEMaHM
TAIUKIA 3TYBUH XKHCMAAD KUHETUK DIICPTUSIIAPMHHHI HHFUI-
JUCHIA TCHI:

7 W2
W, =W, + W, =W, + Y 20 (3.26)

Arap cucreMa €nuk (KoricepBaTup) OVica, CHCTEMaHMIIT
TY;1a MCXaHHK 3HEPIHSICH Y3rapMac Kosaiu:

mt;”
W, =W, +W, = +;} e (3.27)
[Uynmait kuamb, €nuK (KOHCepBaTHB) CUCTEMANATH XHUCM-
NapHUHY TYia MeXaHMK JHCPIHACK Y3TapMac KONaiu.

2. HedopManMsLIaHrad KMCMIHIX HOTCHUHAN IHEPTHACH.
KaTTHK XUCMIAPHUHT ACHOPMALMICHIA 103ara KejlafuraH -
JNIACTHK Kywiap MapKasuil Kyunapaair néopar 6yi1aau. bunoba-
puH, GyHaaik Kywap KOHCepBaTMB Kywiap O¥iaaau. Mucoi
TapruKacHaa uy3wirall, seiiy gedopMauMsuiaHral npyxvHa-
HMHT TOTEHIIMAT SHEPIHsCH XaKUia ranvupyil MyMKHH.

TIIpyXuHAHUHT JAePopMalHUIAHUNIKIA JMaCTHK Ky4
F = kx (Tyk xonyHuu) ra Kapliy Oaxapwirad A di Kyiuna-
ryra TcHr oynanu:

v2

A= jl’d\—fk\d =k (3.28)

by OGaxapuiarad v gedopManuanairas NpyXuHaHuHT
MOTCHIMAN JHEPrUACUTA altlaHanu:

W=kt (3.29)
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3. Vlkxy mojiunii HYKTAHMHr ¥3ap0 TOPTHIHHI Ky9M
NOTENLHAN 3HEPTHACH, KYCMIADHHHT V33P0 TOPTHILKII KY4y
YIApHYUHD TY3WIMIIUTE B2 KUMEBUI Tapkubura OOBINK oMac.
HbioToHHUHT OyTyH 071aM TOPTHIIMII KOHYHWra GHHOaH
TOPTHIIMIN KYYM MKKH MOMLAUI HYKTd MACCAaNapHHUHT
KyiraiiT™Macura T¥Fpu NPOWOPLMOHAN BA YAAp OpaCUAATH
MAacOMAHUHT KBaAPaTUTa TCCKApH IPOIIOPUHOHA:

F=yin, (3.30)

6ym1a Y — rpaBMTauBon jouMui, M Ba m — MoC pasuuIaa
OVpuHIY Ba UKKMHYH MOIUM] HYKTATAPHUHT MACCANADH, F~
MOJIIMH HYKTajiap opacijlaruy macoda.

Ipasumayuon doumuir Oeb, Gup-6upudan 1 m macogada
mypear Maccacu 1 ke 6Vacan ukku mooouli Ryxma opacudacy
V3apo mopmuwiuws Kynuea Mukoop dcuxamoan mene 6yirean Gusux
Kammanukkd atimuiaou. TpaBHTAHOH JOUMHUHUHT X03UPry
BaKI/Ia Yayainuiap acocuia TONWIaH KUUMATH Kyluiarura
TeHIAMP:

y =667-10" M2 = 667.10-1 M2
Ko K¢~
Topryiupu Ky4Yu XaM Mapkasuil kyuran ubopart 6yirauu
yuyH KOHCCpBaTHR Kyuaup. bunoGapun, Oy epaa notenunan
DHEPIUS XAKMIA TANUPHII YPHILTHAKD. By 3HCPrUstHR XUCo6-
Jauaa Maccaiapunan 6upy M uu k¥sraamac 1e6, MKKUHIHCK
m HH 3Ca I'PaBUTANMOH Maltgonga xyuaay aed xucobiaw
MYMKUH. Y Bakriaa m Maccaiy MOAIMI HYKTanH Macodazan

YEKCUBIUKKA (F —> o) KYuMpUInaa Saxapuiran ui

o[y Mmoo Mm
A-—j‘; 2 ar =y < (3.3

O¥naan. KoHcepBaTtuB CHCTEMAla MOTEHUMAN 3HCPIUSHUHT
Kamafiumm W, — W, xucobura A Gaxapuiain, SbHU:
A=W, -W,. (3.32)

Onaria YEKCHTIMK {# = o) 4a MOTCHUMAT J1eprust HOTa

TeHr Wy, = 0 neb oaunanu. ¥ saxraa (3.31) Ba (3.32) ra acocan
TIOTCHLWAN DHEPTHS

W, =~y iz (3.33)
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By marduit niopaHn OCOHTUHA TYIIYHTUPHLI MYMKHH, V3apo
TALCUPIIaHYBYM M Ba m MacCaly XUCM;1ap opackaaru Macoda
yexcus (r =oo) 6ynranga XHUCMJAAPHUHT ¥3ap0O NOTCHIIMAN
SHEPrUsCH HOJIra TeHr O¥AraH MaKCUMYM KyiMaTra 3pMILany
Ba Xap Kauzait 60iuKa XoJIapia y HOIOAaH KW4MK, ABHH
MaHbni 6ynann.

CAKJIAHHU I KOHYHIAPHU BA ®A30-BAKTHHHI
CUMMETPUAIINTH

(MDusmkaga CUMMETpHUS CY3U aHUMK anMaulTHpULiapra
nucOaTaH (MUK XOAUCANAPHUHT ¥3rapMaciaH CaxIaHui
(MHBAPHAHTINK) XYCYCUATHHU HGPOAANOBYN TYIUVHYAAUD.

Kop yukysH €Ky myanaraH ofina, Oapr €Ky rya, Kanaiak
Exy acanapy yscM, KpHCTaiap Ba OOwmKa TabMMil OMHLIAp
OODKH, YJ4APHUHI TY3MIMILKAA KAHAAWAHD MYyTaHOCUDAUK,
TapT6, KOHYHul TaKKOCAMK pYil Oepasd. MaHa myHuzai
OMHWINIAPHHHY KY3aTHAa OOPUITY CUMMETPMS TYIUIYHYACUHUHT
APATVIIMLIN BA PUBOXIIAHUNIMAZ MYXHM aXxaMHUaTra 9ra.

Kyuupuaum éku 6ypuianul MyxuM (asoBHH anMaliTi-
pywapaaHaup. Dazo cummempuacy WYHOGH ubopamxu, mypau
Kykmaaapda ea mypau Gynaauwaapda @azo xycycusmaapu
Yzeapmacoan caxsanadu. Typau nyxmasapda gaso xycycusam-
2apUHUHE Gup Xxuaauzuza HazoNume bup dcrucauauzu, mypay
tiynasumda hazo Xycycusmaapunune 6up xuaaueu2a 3¢d Qasonune
uzomponaueu OeluAaou.

(hazopary Kyunpuinil €k 6ypuamiura Huc6atan o6LexT-
HUNT CUMMCTPHUSACH uIyHjan ubopartky, y Kanpail Hykrara
kYuHpwiIMacHy Ba KaHpak HyHamiga OypuaMachH, o0bekT
¥3rapMacaal caknaHaiy. Macaiiad, aHuK WapouTaary oohexT
yerupa YTKaswractrad taxpuba ¢pasoHuHr kaficu Xoluaa Ba
Kaicu UVHaaMMAa KalTapuaMacHH, HaTuxa Xamuula oup
XWi OVIu0 IMKAIH.

Baxm cummempuscu wyndan ubopamicu, mypau Momenmada
eakm xycycusmaapu yzeapmacoan caxaanadu. Typau momenm-
AGPOQ BAKM XYCYCUSMAAPUHUNE GUD Xunauzuea 8aKkmuune Oup
aHcuncauruzU deliuiadu.

Bakr xiuupusMiunra Hucbarad oGbeKTHUHT CUMMETPHSICH
yHaan ubopaTky, aluK liapouraary o0bexT yeruaa daxapu-
naérrann taxpuba Kaiicy Bakraa Kahmpmnacnﬂ, HaTHXa
xaMuiua 6up xun 6§nud KosaM.

SHEPrust, KMIYALC BA HMILY;IbC MOMCHTHHMHI CakJlaHUIUL
KOHYHTapu $aszo Ba BAKT CUMMETPHIICKH OunaH BOFIMKIND.
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OHEPTUSIHUHT CaKAaHWIL KOHYHM BaKTHHMHT OUDP XUHC-
JIAAUTY CUNaH, UMITYALC (XAPAKAT MUKIOPH) HUHT CakjIaHMIL
KOHYHH (a30HUHE OUDP XUHCHWINTK OUNIAH, MMAYILC
MOMEHTHHHUHY" CAKJIaHMII KOHYHU 2c¢a (Ha30HMHT U30TPOTLAUIH
H6wian 6eBocHTa OGOFAUKIHP.

3.5. TPABUTALIMOH MAHIOH

Tabuaraaru Gapua XucMiap Opacuia, YAapHKHT Ty3WIN-
mura, KUMEBUH Tapkubura 6oriuK GVamarad, ¥3apo Top-
TR (FpaBATAIMOH) KyuW Kydugaru 6yTyH ogam
TOPTHWHI KOHYHMWRAH AHUKIAHAAM: ukKu moodul
HYKMaHUHe Y3ap0 MOpMUWUl Ky4yu MAccatapunune Kynaim-
Maclza myrpu nponopyuoHan 6yaub, yaap opacuoazu Macopanune
K8adpamuaa Meckapy nPonoPUUOHAAOUD:
ntymy

F=y—5*, (3.34)

;

OyHia Y — rpaBUTALMOH JOUMUIL, m, Ba m, — MOC PaBMILAA

OMPUHYY BAd HKKHHYM MOAIMIA HYKTIapHUHT Maccanapu, r —
MOIAWI HYKTasap opacujaru Macoda.

BupHHYM Ba UKKHHYY MOJI-

Z | AMi HyKrara Kyiuaran ysapo

& TOPTHIIMIL Ky4iapu F|, Ba

- ? F,, yaap opxain yryBus TyF-
2/ pu un3uK 6yiab fiynanraH-

? . amp (3.9-pacm). By xywrap-
2 HMHI MaTeMaTHK UdOJacuH1
3.9-pacwu (3.34) ra acocan xyuunaru
Kypunmuga €3ull MyMKUH:

£y, =-F U} il K-
F=-F b=ty - (3:35)

oy epna Fn — OUPUHYM MOJAMI HYKTAHHHT HWKKHHYUCHTA
TOPTUILMIU KYYH, r"l2 aca OUPUHYY MOJMIt HYKTAHKIIT UKKHH-
YUCHra HMCOATaH DAMYC-BEKTOPH; F, — UKKUHYM MOLIMH

HYKTaHUHT OUPHHUMCUTE TOPTUILMIN KYUH, T, 3Ca UKKMHYY
MOIMH HYKTAUKHT OUpUHYHCHTa HUCOATA PANUYC~BEKTOPH.
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3.10-pacm

Wynaait xunb, (3.35) dopmynanaH KYpuHaIMKH, ¥34po
TOPTUILULE KY4H XAp JOUM MaHPUHAUP.

3.9-pacMaaH KYpUHAIMKH, 7, BA 7, BEKTOpJAp ¥3ap0 Kapama-
Kapumt iyHaranu yuyn F, =-F, 6ynam, steii Hoiotomsusr
YYUHYM KOHYHMHIHT MaTeMaTHK UhogacH Keand YHKanu.

Arap ¥3apo TOPTMIIYBYM XHCMJIApHH MomaMit 1ykra aeb
XHCOD1a1 MyMKHH OV;IMaca, Oy XUCMIIADHH XatnaH Am Maccaiy
aneMeHTap Gysakuanapra axparwsiaam (3.10-pacwm). Y paxraa
OMPHHYM BA HKKHHYM XMCMIATA Am; Ba Am, Maccaiv MOIAUH

HYKTAIAPHUHT ¥34p0 TOPTULLMLI KyUH F}k KyHHardra Teir 6yiams:

= Am.Am,
Fy=—y i T (3.36)
3

GyHpa Fjy —2jeMEHTap Am; Ba Amy, Maccanap opacuaary
macoda, (3.36) #a k=1 paH k = N ravya WMFMHIM OIMHCA,
CMPUHYH XUCMJIArK Am; JICMEHTap MACCACHHHHI UKKWHYH
KUCMIA TOPTHULUMII KYUH KEAUD YnKaau:

- X Am Amk..
*Z (3.37)

Ba uuxost (3,37) vy i =1 aad /= N raua ssHa 6up 60p -

AUFUHIMCH OJIHHCA, MKKAaAa XHCMHMHT §3ap0 TOPTULUHMIL
KYYUHH ONAMMU3;

N Amam
e I e (3.38)
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Amaspa (3.38) MUPMHAWKK TONMULU HHTCIPALIANITE KEJITH-
pu;1aa¥, YMYMaH aifTraHia yHM alHKIall XyJda Mypakka6
MaTeMaTHK Macaiagup. Arap ¥3apo TabCUPNaLIyB4d XHCMJIAp
Oup XuuHCAW LwapiapaaH ubopar OVica, YyHHMHr Maccacu
MAapKa3ura Mmyxaccamiawirad ned, ynap opacuiaru ¥3apo
TOPTHILHIL KYYH

”1‘-'m2 -

N2 (3.39)

FIZ =7 ’iz
Oynanu, byHma .m, Ba m, MAPAAPHUHI MacCanapw, hs
YJIApPHUHE MapKas;iiapy opacuiaaru Macoda.

Myupait kuauG, Gup XuHCAW wiapaap ryé Maccanapu
Mapxasura Myxaccamslalirad MOgAMH HYKTajiapiuek ¥3apo
TaLCUPJIALIAP 9KaH.

I'paBuTantvon (TopTyLLMLI) Y3apO TALCHPHUHT XapaKTepaH
XycycusiTiapugan OHpM, y XUCMJAp BaKyyMmia Xoilialraq
Xoina xaM coaup O6ynapepasm. Bydra ca6ab, ¥3apo tabcupHu
Y3aTyBYM XUCMIIAP ATpOPUAA FPABUTALIIOH MAUNOHHHHT XOCHI
OSyiuwnnup. Maidon 0e6, xap kandaid mascupiu ysamyeévu
mo00uii myxumea aiumunsadu. Ipaeumauuon xyurap mascupu
ce3unaduzan Paso coxacuza spasUMARUOH MQUOOH éKci mopmuRLUML
Matidonu deliuaaou.

I'paBuTALIMOH MAWIOHHUHI UXTHEPHI HYKTACHIA KUPUTHI-
rall XyucMmiapra MafiIoHHH XOCMA KMWITaH XUCM TOMOHUTra
AY¥HaiATaH Ky4 TabCMp Kuiaagu. bunoOGapyH, rpaBHTaulMon
MaIOHHWHT XYCYCHUATUHU YHIA KWPHUTUIITAH <«CHHOB XHCM»
€pAAMUIA TEKLIHPHUIL MYMKMH.

«Cunog sxcucm» 0e6, Jauamu 6a MACCACH HUXOAMOQ KUMUK
Oyinean, xupumunean Madon xycycusmunu deapau yseapmup-
Matduean xcucmea aimusadu. KyRaiiuk yayH MaiaoHi M XOCu
KUJran XXMCMHUHT MacCaCUHM m OMAAH, «CHHOB XXUCM» HUHT
Maccacuny aca m,0uian GenruianmMus. DIAW rPaBUTALMON
Maii101iH1 nOJATOBYY aCOCHM KATTANMK IAp OMIIAH TAIMILKO
YUKaARNuK.

I'pasuraupon Maiaonuanr Kyunanramwaurn. Maccacu m
OyaraH >KMCM XOCWJ KWITaH MaiJOHHUHI OMpOp HYKTACMra
m, Maccanu «CHHOB XUCMU» KUpUTHIIFaH 6¥ncuH (3.11-pacw).
ATap m MacCcany XUCM XOKTauiraH HYKIauu KOOpAUHAT Ooiu
cudartnaa Kabyn KWIHMHCA, «CHHOB XHCM» XOWJaUIraH
HYKTAdHMHI pajMyc-BeKTOpHY F OVaaau.

- [pasumayuon maiidonnune 6upop nyKmacudaau KyHaanzanaux
0e6, MaiiOoHHUNZ WY HYKmMacuea Kupumuazaw maccacu 6up
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R

m

3.Hl-pacum

OUPAUKKA meH2 «CUHO8 JCHCM» 20 MABCUP Kuaaémean Ky4ea
MUK0op dcuxamoan mene 6ya2an HUIUK Kammarukka aiimuaaou:

G = ;%, : (3.40)
GyHna F — MaiifoHIIAHT M, MacCaM «CUHOB XUCM» [ TabCHp
KWTYBUH Kyy 6Yam0, (3.39)ra acocan Kyiuaarura reHr oyiaiu:

F:-yﬂr;;?iw. (3.41)

by udoaanyu oKkopuaa YpHMra Kyuusica, MalJOHHWUHT

KYWIAQHIAHAUTH ( MAHI0HHU XOCHJI KWITAH /M MacCa OpKATH
udonanavany, AHHU:

G=—17, (3.42)
€KH CKalsip KYpUHUHILIA é3mi1ca '
G=-v%.. (3.4 a)

Wiynnait Ko, sodouii nyxma xocun Kus2dn 2pasumayuon
MQUOOHNUHE BUPOP HYKmMacUOd2u KYHAAH2AHAUK YHUHE Maccacued
myrpu nponopuuonas 6yaub, ynoan salidon Ryxmacueava oyszan
Macoanune keadpamuza meckapy hponopuuonasdup. I'papura-
LIMOH MAiflOH KY'WIAHTAHIMIM G HUHT Macca m ra GOFTMKANTY
JKMCM MaccacH XaM MaliioHHU XapakTep,1oBYY DapaMeTiapiadt
BUPH BKAILIUIMHNA KYpCcaTalin.

HpbIlOTOHHHHT MXKMHYH KOHYHUAaH KEATHPUO YMKAPUITAH
Macca XMCMHUHT WHEPTAUK XOCCAUIApUHU OSITUAaraHy yuyH
YHH HHEPT MAacca JeHuarad 3ad. byliaaH Taiikapy rpasyra-
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ULHOH ¥3ap0 TALCUPHUHD VAYOBUHU OeArUnoBun UK
KAaTTaNHK — rpaBUTAIMOH (OFMPJIMK) Macca TYyWyHHacwu
KUPUTHIAAN. Y XOj1a, UHEPT MACCa BA I'PaBUTALMOH Macca
6up-6upunaH QapxK KuraguMmu, Jerad CaBoJl TYFUIdAM.
TaxpubanapHunr kypcatumuvua 0y MKKHA TyLIyHYa OpacHaa
MHKIOpHI apk HYKAHp. XakuKaTiaaH xaM pyc Pusukiapu
B. b. Bparunckuii Ba B. W, Tlonos Taxpudanapyiia rpaBuMTaLIION
B4 MHCPT MACCATAPHMHT 9KBUBAIeHTAMIY 1012 raya aHuKIMKia,
sibHH Hbroton TaBcugiaranm taxpubanutl aHUKIWMIAIAH
MHUIMADA MapTa KaTTa aHMKiIuMkaa ncbornaurad. HlyHpai
KWIMO, Xap KaHZAM Macca UHCPTIAMK BA TOPTHINMUL XOCWI
KUJIML XyCYCHMSITHIA 31d.

Maiipon Ky4 unsuKiuap. Ipaputalion MaliioHHK rpadux
paBuNia TacBMPRAll YYYH KYWIAHPaHAMK YHU3UKIAPH &K
KHCKa4a Kyd YU3UKIapUaad oiiiasiaHiianu.

Kyy wusuraapu 0e6, wiyndati sepu wUsuKKa aUinuacouki, yuume
Xap 6up HyKmacuda MatiGoHNUH2 KVHAGHEAHAUK 6EKMOPU YPUHMA
pasuwoa uynairean 6yaadu.

WkxkuHmaan, satidonnune bupauk wsacudan muk pasuuda
Fmaémean xyu wUUNAGP COHU, ABHU Kyd YUSHKAUPUHIHE cupm
BUHAUU MATCONIUHZ WY HYKIMGCUOARH KYYAAR2AHAN2UeA RPONOp-
yuorandup. 3.12-pacMaa Ky' 4M3MKIIap Ba Xap XMn cOXajaru
YAAPHAHT CHPT SWMIMKIAPH TacBUpIaHraH. Yuga A _Hykra
arpodugarn G |, KvwiaHraunuk B Hykra arpodmsiaru G, Kyu-
JaBFaHAMKIan KUMMKPOKAMDP. Moaauit 1yKra Xocu:a Kusrax
rPABUTALMOH MaWIOH KYY MU3UKRADU EKU KYYNAHTAHAWK
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BEKTOPNApU MOMIMI HYKTa TOMOH HVHanrax pagyian Tyrpu
YM3KKNIapRaH ubopar 0¥aamu (3.4-pacm).

Xap 6up myxmacu kyusaneanauzu eexmopu paduyc 6yinab
Maprasz moMoH [ynasean Maii0oHza mapkasuti Mauook
deliunadu.

Arap caHOK CHCTCMACHMHMHT KoopAuHaTa 6own 0 Moaanit
HyKra 6unan Moc Tyuica (3.4-pacM), v Bakraa Mapkasuii
TOPTHIUMIN MAHOHMHUHT 6UPOD HYKTACHIATH KYWJIAHTaHIUK

F PAINyC-BEKTOP OPKATM Kyiuaaru4ya aHUKIaHaau:

G=GZ, (3.43)

Oyepna G, = G,(x, y,z)-- BEKTOp G HUHF F — paguyC-BeKTOp

. s . - — n
iyHamnuMra 6yaran npockumsicu 6y;ms, G =-—y fz-

Azap Kyunanzanauk eexmopunumne CoH Kulimamu, gaxam
HyKmanuie paduyc-eexmopuea boraux 6yaca, Gyndai Mapiaul
Mmaudonea xynunua cipepux maiidon xam dedusadu. Chepux

MAXOH OUPOP 1YKTACHAArM KYYTaHTAHINIY — G Ba G, nap
KYAHUarura TeHr;

v m - nt
G,.=— 3 Ba G, =~ : (3.44)
Maitnonsnnr cynepnosua npuununs. Papas Kunaii-
AWK, TOPTHIMI (rPaBHTAlLMOH) MAaMIOHHUHI Maccanapu

My, My, My,---,m, OVIAraH s Ta MOLOMI HYKTajsap XOCHI

KUIran OyiacuH. Y BaKTaa MaWAOHIa XOMAaWTUPUITAH m,
Maccanyd MOIAMM HYKTara CUCTEMAHUHI i- MOAAMH HyKTa-

CHHUHT TABCUP KY4M F; Kyiugarira TeHT Gyaanm:

My m

F=—y 217 =m,G,, o (345)

,.3
Gynaa 7 — paauyc-sextop 6yaub, cucteManunr /- MomnuiA
HYKTACHIAH M, MaCCANM MOJUIMI HYKTrarada Oyiran Macooa.
éi- TCKIHMPHAACTIAN HYKTaJard A7 Maccaiy MOUIMH HyKTa
XOCHA KMITAH MAHJOHHUHT KyWIaHTaHJINEY.

Kyunap TancupuHHHI MYCTaKWIAMK NPUHUIMIUIA OMHOAH,
MalaOH TeKwyWpuiraéTraH HyKTracura XOoWaalTupuirau

m, Maccain MOMIMIA HYKTara cucTeManaru MOJUTUI HYKTaNlap
6265 8t
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TOMOHKHAAH TALCUP KUIYBYM HATHXaBW# Kyu F I0KOpUAard
f‘i KYWIADHUHT BEKTOP HUFUHAKMCUTA TEHT:

F=3F=m3G,. (3.46)
i=] ful
WKKHHYH TOMOHIAH

F=mG, (3.46a)

6yHaa G — MOINI HYKTaaap XOCHA KHUAraH MaillOHHWHT
KYWIaHTaHANuTH,

Oxupru (3.46) Ba (3.46 a) popMynanapnan KyiuaariHu €snu
MYMKUH:

G=30,. (3.47)

by dopmyna mailaoH cynepnosust (KVIUMI) NPUHUMITMHUHI
mareMaruk udonacu 6yand, y Kyilmaarnya TaspuduiaHanu:

Bup neua apasumayuon (mopmuauu) Malioonunune Kyuuiu-
wudan xocun 6yrzanm HaAmMuxicaeuil Maidon Ky4aaHzarAuzu
KYuwunyeu maidontap Ky4aauzanauKaapurune 8exmop Gurun-
ducuza menz. IyHy aliTUII KepaKKK, MAHZOHHUHT Cynepriosns
NpHHUMANTA GHHOAH 6P XMHCAW EKM 3UWIHIH panvan Gyiinya
P =pP\r) xoHyHusit 6¥ituvya yarapysuu, M maccanu Ba R
panuyciay apcuMOH XucMaap yuyH (3.44) dopmyianap
¥puHau OVaanu, abHu:

G=-yMFip G =~y A, (3.48)

OyHla r — 1APCUMOH XWCM MAPKasWAaH TeKlMpHaaéTraH
Hykraraua 6ynran macoga 63¥aub, »> R

Epunnr rpasyranuon maiinomd. Ep wmap maxiuaa smac,
Oanku aumMnconn Waknuaa 6yanb, yHHHT 2KBaTOpHal pagHycu
KytO panuycuian 21,4 KM optukaunp. JIekHH yHYanux xarra
aHUKIUK Tana® xunMmawaurad xucobnamnapna 6y dapxHu
FbTHOOpra onMaca xaM 6¥nanu. HlyHuur yuyn Epuu yprava
paanycu M =6371 kM Ba Maccacu M =5978-10% kr 6ynran
INapCHMOH XUCM ae0 Kadys KHAHHAIH.

Epuunr atpodunarn rpaButauMoH MallIoHNAAH TAIKAPU
Kyéuwi, Kyéur cucremacunary caii€panap Ba EpHuHr Tabunit
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Hnaomy — OUHUHT XaM paBUTAllMOH MaHIOHAApU MaBXyl
6y116, yiaap anuaruda saudaup. ldyHuur yuyd Ep cuptu
SAKMHUIATH NATHXKABHIA I'PaBUTALIMOH Maiinod EpHulr xycycuit
TOPTHALLUII MalgoHu xucobaaHau. bunobapuu, Ep cuptuna
6KM yHra Xyja sSskuH HyKTanapia rpaBUTALHOH MailaoH KyutaH-
rauaury (3.48) dopMyna acocuaa aHuKIaHaAW. YHUHT
MUKAOPHY 3Ca Kyitugarura teHr 6y1aau:

|Gy|=v L. (3.49)

6yuna R— Epnunr pagwycu. (3.49) nau xypunaauxu, Ep
CUPTHAAH Y30KAIITaH Capd (G HUHI KuitMaTi Kamaiinb 6opaiu.
Ep cupruaan kA anaisrmmkga YHUHT KMAMaTH

= lw -
¥ Reny (3.50)

udona opKaH aHUuKIaHAAU!
Ep cupruaaru G0 KY'WIZHPAHIMK MabniyMm OVnca, yura
HucOaran f OaIAIVLTHKIATH G;. KV'WIAHTAHJIUKHUHT KUWMaTU

(3.49) Ba (3.50) napuvHr HUcOATHAAH KyHularura TeHdr
Oyaaan:

h

G, =Gy (Rt )" =G, [+ &), (3.51)

Arap Texiupustaétran Hykra Ep cuprura axun (A<<R)
Xoitnawmran 6ynca, (3.51) udogany Katopiapra €inb, mxku
a7 AHVKIUIKIA OJTMICA, ¥ Kylugarn KYpUHHUINTA KeJaau:

G=G,{-24) (3.52)

EpHuEr TOPTHIINAL MaHAOHUATH XYCcM ¥3 xoaura KYino
wbopiica, Epuur F TOPTHIN KyaM Tabcupuia HblomoHHuHr
MKKHHYM KOHYHMIa OMHOZH 3PKUHH TYWHII Te3JAaHUIIHU
He ataiyBuYd £ Te3naHuit 64nan TeKUC TE31aHYBYaH Xapakar
kuau6, Epra ToMOH 9pKHH Tyiia Goummaim. Y paxraa (3.40)
ra acocaH KyHuaardHu E3uI MyMKHIL:

F=mg=mgG. (3.53)
byunax
=G, (3.54)
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Wynnait xuaub, Fp epacumaunon maidonutune 6upop
HyKmaoaau Ky4iameauaueu Wy HyKkmaoddeu 3pKun myuluu
meznanuuiuea merzoup.

[HyHu Tavkumiaml Kepakku, Fp cuprunuHr 6apya Hyk-
TANApHAA £ HUIT KWAMATH OMP XK dDMac. YHUHI JCHIU3 CaT-
xuna (h=0)rn kuitmatu g =9,7805 M/c? man (oxBaropia)
Goms—,8322 M/c? raya (xyxfi’napna) opaIukia ysrapanu Ipxun
TYUIBIL TESNAHMILUN g HHHT KRiiMaTinapuiaary oy Q)apK Ky#ujlaru
HKKH cabab Tydarnu BYXKYAra Kejaiu:

1. Ep cuptina THig €rrad Xap 6up KucMm ymmr CYTKAJIAK
XapakaTujia unITUPoK 3TUO, DKBATOPTA llapanien TEKUCIUKIA
&TraH xucmaap d, , - Mapkasra MHTUIMA Te3TaHMINra 3ra
6Vaanu. Dxparopaa Oy Te3laHMIl 3HT KaTTa KMiMatra ara,
KyTOjapaa y Hoara TeHr. 1y cabaiin dupop xucMun Kytojaar
3KBaTOpra KYYUPCAK, Y OUp 03 «¥3 OFUPHUTUHU HVKOTAAUS.

2. CyTkanuk ailnasy Hatwxkacuaa Ep wap waxiuna amac,
Oanku y4 ¥xiau annuncouanan unooparnup. Ipodeccop
&®. H. Kpacosckuii paxfapauruaa xucodiad uuxuiran Ep
NAUNCOUIAMHUHT 3HT aHHWK YiYaMiapu Kyiujaruuaaup:

Epuunr ypratda paadycu (xaxmu Ep smiuncowamuunr

XAXMUIa TCHI OV;iral wap pajuycu) 6371,118 xm.
EpuuHr xytogary CUKMIIHILN 1:298,3
EpHMHI 3KBATOPNATH CUKHIIHILN 1:300

OpKUH Tyt TesnaHuim g uuir Epaary xolHWHr Xxap
XMJI rcorpadGuK KEHITUKIAP YYYH TONMIITAH KUIAMATIApH
Ky#unaary 3.1 -xagpania KenTupiiray:

3. {-xcadse
) o, mic? ¢ g, Mic’
0 9,7805 50° 9.3108
10° 9,7820 60° 9.7192
20° 9.7865 00 9.8261
30° 9,7934 80° 9.8301
40° 9.8018 90 9,8322

Epauur ¢ = 45° reorpadmk KeHIIUIM 3PKHH TYWUII

TE3NAHUILFd «HOpMAaJ Te3nanuuls ACHKAMO, YHMHT COH
KuHMaTH: g = 9,80665 m/c2.

ZKHCMHHNT OFAPIINK Ky4s BA OFHPJMIM. EPHUHT TOPTHINMIL
MalJoHUIary XXUCMHEMHT OFHPIUK Kyuu P XUCMHUHI Maccack
m HH MaLAYM HYKTa1ard 3pKHH TYWWU Te3jlaHMlIu g ra
KynairMacura TeHIIUp:

P=mg. (3.55)
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XKucm EpHUHT TOPTHHIHII MAMIOHUHUHT MabIyM HyKTa-
cHiiary OMpop TasiHY CUPTAA THHY Typragja xaMm, OUpop urra
OCUIITAHZA XaM EKM NXTHEPHH Hynamui 6¥itad tVepi unusnxin
TeKHC {V = const JXAPAKATAAHIAHAA XaM YHHHT OFUPJIMK Ky4H
y3rapMac Koaaau.

KVCMHHHT OFMPAMK KYUM YUHHT Ba3HHM (OFUPANHTH)
ned aTanyBsuu xapakTepucTHKacuuaH Gapy KHIaLM.

Kucsmnune eazitu (orupauen) ded, ocmacd Exu masny cupmea
6yazan 6ocum Kyuuea aimuaadu.

OFMPIKK KY4M B4 Ba3HHW TYP/H XHCMAApra Ky#HAraHaup.
JKyMmagan, CTO/I0a TYpraH XUCMHUHT OFUPITHK KY9U P OKHCMTa
K¥inaran 6yau6, CpHUMHI MapkKasy TOMOH HYHAanraHiup.
KUCMHUHT Ba3HU (OFUPIMIH) BCa XKUCM TOMOHKAAH CTOJA
TALCUP KH:1YBUM Kyy OYaund, y cronra kyiuaranaup. by xonna
KMCMHMHT Ba3HM Ba OFUP.IMIH ¥3ap0 TEHIIMP:

Q=P=mg (3.56)

3.6. EPHUHF TOPTHIIIAIN MAWIOHWIATH MOIUA HYKTAIN
KYHUPHILAA BAKAPHJITAH ULl

EpHUHI rpaBMTAaUMOH MaHUOH KVYUHUHT m Maccaiu
MOIIUIT HYKTaHK KyyupULIary 6axxapraH SjaeMerTap uim dA:

dA = (F,dF)= m(G,dF) (3.57)

6ynaau, 6ynaa G — MailjloH Kyynauraumaru, |dF = ds| —

3IEMCHTap iy¥a, dF — 37AEMEHTAD CHUAXKIM BEKTOPK.
Maskyp Macasiajia CaHOK, CUCTCMaCHHUHT Koop/HaTa 0ot
EpHunr uapkasu 6uian ycrMa-ycT Tvuicud ae6 dapas
xunaitiak (3.13-pacm). '
By xonma Ep mapkasupan r>» R (bynna R — Epnunr

paanycH), Macodanari KYWIaHraHIHK BEKTopu G Kyiuaarura
TEHI:

G=—y &F, (3.58)

T E:

ByHaa MUHYC HIIOpa F Kyd BA F — paluyc-BCKTOpJap ¥3apo
KapaMa-xapiyd RyHanraisiMrtiy ugogaiamu.
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3.13-pacm

(3.58) nu (3.57) naru ypunra xyiunica, d4 =—y (F zfr)
I'

xocun Gyitajan, 6yHaa (r,d‘r')=5d(r,r)=5d(r )=rdr, Gyira-
HHU YUYYH 3JIeMeHTap OaxapuwiraH MuI '
dd=—y mM <& (3.59)

KYpMIKLIra Keaaau.
Ep TOpTHILMIL MaHJIOHHUAATY M MacCany MOMIMIA HYKTaHU

r, MacodanaH r, Macoparaya CHIXHTIIIA 6L XApUNTan il A,
(5 59) mbonaxm HHTETpaNab TONMIAAH, SSHHU:

2 2
= = dr _ l
A4, = _!'dA = —J.y mM 7’ =y mM(-};——ﬁ-). (3.60)

ynaai kunu6, EpHUHT TOPTHLIKLLE MaHIOHKMAA MOLINI
HYKTaHU Kyuupuiiga 6axapwiral Wil HYAHUHT Makiura
OorInK OyiMaciaH, KYYHIIHUHT OOIUNAHFUY Ba OXMPrU
XojaTura GOFIMKAMP. YMyMaH, OaxapraH HIUIM WYIWHUHT
uraisidra OOrnUK Oy iMarad Kyuyjapra XOHCCPBATHUB €XH
MoTeHNMAaNA Kyulap aedunaan. EpHUHT TOPTHLIMIE KY4H
XaM KOHCepBaTHB (MOTCHLMAN) KYWIup.

KoHcepsaTuB KyWIApHUHT /M MACCATH MOJUIKI HYKTaHUHL
€K KoHTyp [(r,=7,) O¥iinya Gaxapra MM A, HONTa TCHI
OYaanu, ALHU:

n
Ay =f(]«‘,d’r‘)= -y mM% =y mM(—:——-fl—)=O. G61)

l !
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éku F = mG HU Hazapra onud:
%%=f(0ﬂ7)=0 (3.62)

Enux / xoutyp 6yitnua onyMHrad MHTErpaLiap §(I:‘ ar ) B4
!

-

f(G,a'F)ra Ky4y BeKTOpM F HUHI Ba KYYIaHTAHJIWK BEKTO-
!
pu G HUHT €MUK KOHTYD OVitUya HUPKYAA UM ACY Aeiinaani.
[ynn aiTHIL KEPaKKK, Ky'WIAHTAHJIMK BEKTOPUHHHT €MUK,
KOHTYp 6yilMua LMpKYIALMsCH HoAra TeHr OynaraH xap Oup
MalIoHTa NMOTCHLUMAN MaHAOH AeHWIaau.
Myngain Kunu6, (3.62) naH rpaBUTAUHOH (TOPTHLUIHMIN)
MaMAOH XaM HOTeHUHUAal MalAoHIaH HOOPATAUIA KYPUHAMH.

3.7. TOPTUHIHIE MAMJOHUIATH MOJUMMA HYKTAHUHT
NOTEHIIUAJ DHEPTHACH. MAILIOH NNOTEHLIMATU

[MoreHuman Malimonma MOZOMHM HYKTaHM Kyuupuuiaa Ga-
JKAPUIAIUTAH ML YHUHT ITOTCHUMAN SHEPTUACUHUHI KaMaiin-
HIUra TeHI"

dA=—dW.

xn®

(3.63)

Y pakraa MOSIMH HYKTAHMHI l-HyKragaH 2-HyKTara Kyuu-
prmzia 6axapunrad A, ui:

A, =—AW =W -W. (3.64)

n2
6yuann. (3.60) Ba (3.64)uu y3apo teHTnaWTHPKO, KyHuaarura

Jra oy;iamus:
_ = 1_1
Wm an s mM(rl ’z )

Arap m MaccajaM MOMIMI HyKTa MaAOHUHY XOCHA Kuirad M
Macca MapKas3laH YeKCH3 Y30K, (r = oo)ua Gynca, yHMHE NOTCH-
UMan 3Heprusicu Hoara muythiaaam: lim W _=0. VY Bakria

rg-vee M2

MalIoOHHUHT 1-HyKracugary Moiuit HyKTauMHI DOTCHLIMA!

* KoHcepBaTHB XYYHHHI Oaxapran ajicMeHTap uiliu TYaux auddeper-
1Matan uoopar. 1HyHHHr yuyH SyHaan keluH yHH dA 6uaan Genrwialiauas,
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SHepruscu W, = -y m}! 6ys1anu. byHra acocaH MaliAOHHHHT
UXTHEDPUI HYKTACUAALH M MACCATM MOMAMHA HYKTAHUHT NOTEH-
LMan SHEPrusCHHHU YMyMHU Xonxa

W =— -"l:—”L (3.65)
KYypuHMIBOA €3l MYMKHUH. By dopmynagan xKypuHAIHKM,
MaigoHaaru MOQAMN HYKTAHWHI NOTEHIIWAN SHEPIrUACH
Maccacu m ra Ba MaMAOHHU XOCH KuiTald Macca M ra GOFTHK,
6YiraHy yyyH YHra TKKHW XHUCMHHHT ¥3apo noTeHuMan
IHEPrusCH Aehnianm.

Hicicu scucmuunz Y3apo nomenyuan 3Hepeusci Maccanapunune
Kynaimmanapuza myrpu nponopyuonas 6yaul, yaap opacudazu
Macogpaza meckapu RPOROPYUOHANCUD.

Xap KaHaail noTeHuUMal MalknoyiHM XapakTepiaalwl yuyH
noteHuMan necd aTtajyBuMu CKaasp KaTTranukidan ¢oiigana-
HWIaau.

Maidonnune uxmuépuii nyxmacunune nomenyuaau- 0eb,
MAUOOHKUHZ WY HYKmMAaCuea Kupumuazan Gup bupaux maccaau
«CUHOB HCUCMP» HUKZ NOMCHYUAA IHEPRUACUSA MUKGOD Huxamoau
menez 6yacan Quszux Kammansukka admuaadu, asHu:

W,
p==L. (3.66)

byura W, norcHunan aHeprusHunr udopacunu (3.65) nan
Kyhusiaca, MaBAOHHUHT BUPOP HYKTACHAAIM NOTEHUMAM @ HU
MalIoOHHM XOCUN KuAraH mMacca M opKany aHuKJIailira MMKOH
bepanurax .

p=-y L. (3.67)
¢opmyna Keaud uuKanu.

IHyHpait KUIuG, modduti RyKmMa xocua Kuszan MaldoHHUHS
Oupop nyxmaculaeu nomenyuansu yrune maccacu M 2a myrpu
nponopuuonan 6yaub, ynoai Hyxmazaua 6ynean macogaza meckapu
nponopyUoNaroUp.

INorenitnan MaAJOHHUHT Ky4 XapaKTEpUCTHKACH —
KYYNnaHraHiauk Bektopy G Ba 3HEPreTHK XapakTepUCTHKAcH —

NOTCHUMANL @ CKasIp KATTATMKIAp Y3apo GOFIaHuiura ara.
Mat1yMKy, NOTCHUXI MaljioHa OaXapuiIraH 31eMeHTap

uit dA=Fdr=mGdr MaiifioOHZarHn MOJUIHI HYKTa NOTEHIMaN

SHEPrHsaCHHUHT Kamalinuy — dW ra TeHr 6Ynap 244, SpHU:
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altz) y
mGdr=—dW, , 6yupa G = e a by TeHrnaMaHuHr yHr

TOMOHUWAATH —% udona (3.66) ra acocaH wmwy HYKTAHWHT

noreHUMand ¢ naH ubopat. LyHUHr yuyH, loKopuAaru
uponanu

G=-% (3.68)

dr’

KypuHminga €3uil MyMKuH. Bytnaru ;j—‘(;" — FpaBUTAIIUOH
MaifiOH NMOTEHLMATMHMHT panyc-BeKTopy (#) ityHanuwmaarn
y3rapuitl Te3nuruny uonanaiau. (3.68) HuHr yan TOMOHMAATH
(G BCKTOp KaTranuyk OViiMb, YHr TOMOHKHIAIM @ 3Ca CKaup
KATTUTUKAAH HOOpaTaMp. BexTop aHaIH3/1a BEKTOP KaTTINKHU
CKaagp Karraauk Owaan GOFI0BYM aMaira rpasiveHT (grad)
aeltvnanu. Y Bakraa (3.68) Hu aHa Kyiduaarnua Tabpudaa
MYMKHH.

I'paBUTALIMOH MalIOHHUHT OEPWIraH HYKTracHIary Ky«wiaH-
FaHiauK BekTopu ( noteHuman rpanMedtd (grad @) Huur
TeCKapH nwopaiu “doaacura TeHIraup:

G=-grad¢. (3.69)

bylia MUHYC MuIOpa KyyiaHraHjiuK BeKTOopu G MaijoH
NOTEHUHAJIMHUHT KaMaiull TOMOHMUIa HYHanranIuruHu
ndonanainm.

Hlyun aifTHiu Kepakky, Xap Kauaai ckansip GQyHKUMSHUHT
FPAJMECHTH BEKTOP KATTATHK OYNu0, YHUHI #YHATHIIN Ma3KYD
(pyHkuMS KMUMATHIIMHT KaMaiuin iYHaivumy OuinaH Moc
Tyilaay. buHoGapyH, moTeHUMAA rpanvedTy (grad @ Y)uunr
HYHaIMINM KYYNaHTAILIMK BekTopu ( HUHT WYHaIMwwHra
TeCKapuamp.

3.8. KOCMMK TE3IHKIAP

Kocmur mesaux deb, weucmnune cqiiépa ampogudazu opbuma
Oyiinab éxu caliépa mopmuwni Kyuu doupacudan wuKub Kemuuwu
yuyn 3apyp 6yn2an mesaukka admuaqdu.

Bupunun KocMuk Te3anK. Xucmuune Ep ampoduda paduycu
Ep paduycu R dan kam apx kusraduzan auaana opdbuma 6yisaé
xapakamaguuwu y4yx 3apyp 6yaean measux V, 2a Gupunqu
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L KocMUK me3auk Oeliunadu. ATap XaBOHMHT KaplUMJIHMIH Ba
6oun<,a KApWHAMKIap xucobra onuHmaca, Ep cuptunan A
oanaumuma OMPHHYY KOCMMK TE3JIMK (V ) Gunan xapa-
KaTjlaHa€TraH XUCMIa TabCUP KWIYBYM MAPKA3ra HHTHIMA KyY

-

vir, = gy KUCMHUHT Epra Toptunum Ky4u (OFMpAUTH)

F=mg, =y ——’—'!i ra TeHr 6§nanu:

(R+h}

mr), mM

®ReR) Y (Rany
0," = vty (3.70)

By udonanu xyaafi KypUHUITA KEATUPHLI YYYHR YHUHT
CYpaT Ba MAxXpaXuHM R’ra KynmalTupuiaiu:

2 M. _R_
7), =Y R2 (R+h)2 ’ (3.70&)

KM

bynna y-g% = g Ha3zapra OJuHCa, GUPHHYM KOCMHUK TEINHK-

HHMHT vdonacu Kyiuaarn KypUHKILTa Keaaan:

[ R
. 1 = 8RR (3.71)

Arap XucMHMHr Ep cupruaan Gananamuru A Epuunr R
paauycura Huc6aTaH KMYHK, abHH A<<R OVaca, A+R=R neitv
MyMKUH. By xonna (3.71) udona Ky#uaard KypuHHILTa Keyaau:

- v, = Jek. (3.72)

By ugpomara R=6,37-10°y Ba g=98Mm/c’HU K}itub,
OMpUHYY KOCMHMK TE3IMK v, HUHT KWAMaTHHM Xucobiab
YHUKAMM3:

v, =g = 9,81/ 2637100 = 7,912-10% st/ c = 7.9xn/ c.

Epnan 6MpuHYM KOCMMK Te3nuK OWilaH yYUpUITan Xxap
Kannai Maccanu xucmnap Epuunr cywsuit itynnown (ECW)ra
ali1annb xoiaau.

MIKKHINK KOCMHK Te3JHK. Xucmrunz Ep mopmuwuw xysu
Malidonu Odoupacudan wuxué kemuwu sa Kyéwinumnz cynovuil
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iyadowu (KCH) cuneapu xapaxamaanuwiu yuyr v 6ya2an meanux
D, UKKURYL KOCMUK me3auk deliunadu.
JKHCMHMHT OJITaH NKKBHYA KOCMHK TEIUIN 0, HY, XUCMIA

2
Ep cuptn (rl = R)na GepuiraH KMHCTHK SHEPIUSICH w, = Moy

YHU YEKCHIIMKKA (rz=°°) Kyuupuuaa OGaxapunranu

ni A o=y —”%i ra cap(paHralJIMIMIAH aHUKIAHATHU, ThHH:

”""ur2 mM 6
4=yl YHIAH

v, =2y 4. (3.73)

xesnb uuxkamm. Maskyp TeHraaMa YHr TOMOMMITMHT CypaT-
MaxpaxuHy R ra xynairupuica,

v, =2y R (3.73a)

xocua Ofaanu. bynna Yﬁ% = £ 3pKWH TYLIKIU Te3IalNIInAaH

uGopar 6yaranu yuyyH (3.73a) udoaasaH HMKKUHYH KOCMHK
TE3NUK

U” = th :-,,,\/;_1)1 =11,2-103,M/C=11,2K4‘W/c- (374)

oy1aam. UKKMIMM KOCMUK Te3auMK OunaH xapakatiiaHaérran
XHCMHUHY XapakaT TpaeKTopusicH mnapadojamaH mbopar
OVAraHyd yYyH UMKKHHYM KOCMUK TE31UKKa NMapadojuk
TC3JIUK XaM ACHMIAAU.

Vuunun KOCMHK Te3AMK. Kucmuune Kyéwnune mascup
doupacudan a6aduii yukub xemuwiu yuyn-ynea Epea nucbaman
bepuauwiu 203unm OYAean mesauk v, YHUHIH KOCMHUK TE3JIUK
defiuradu. YIMHYY KOCMMK TCHUIMKHMHT KATTAIMMM YHUNT UHA-
aviuy EpHuHr opOudran xapakatd MyHanuHiuMra Moc Kejca,
MakeuMman (p,™ ), KapaMa-xapmm OyAraHaa MuHUMAL

v ,””’i” 6¥nanu. YUMHIM KOCMUK TE3IHK vy, HU XMcobnain aiva
Mypaxkad OViiraHd y4vH YHWHT dakar con KMHMaTthuu
KCNTUPAMM3:

v, = 16,7 KM/cC; (3.74a)
vy = 12,7 RM/C; (3.746)
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TYpruuun xocmuk Te3ank. Paxemanune Kyéununz Gepuazait
nyxmacuea mywniy yuyn yrea Epea Hucbaman bepuuuiu 3apyp
Oyrean mesaur v, Ta TYPTHHYH KOCMMK Te3JNHK deduiadu,
YUHHT KatTaaury Kyéwl cupTHaarn TYWHL HYKTACUHUHT
XOAATHTA COETMKAMD. By TE3/MKHY XHCOBIalT YYMHYY KOCMHK
TC3AMKHU Xpcodnawra HucdaTan Mypakkabpok. IUynunr yuyH
XaM KyUujaa TYpTUHYM KOCMUMK TELTUKHUHYT Col KUMMaTHHY
Kejarupamus., KyEémHuHr Mapkasura kapaG paguai xapa-
KaTJIaHa€TraH PAKeTAHWHT TYPTHHYY KOCMHK TE3NTHIM MAKCH-
Mait (v,,™™) Kulimary Kyiugarura remr 6yaanu:

v, =318km/ ¢ (3.79)

Pakera Ky€m cuprura ypMHMa paBULIIa XapaxaTaaHuo,
YHUHI 3HI' OPKA HYKTACKIA TYUIMIUM YYyH 3apyp Oyaran Typ-
THHYM KOCMMK TE3TUIH MUHUMan (v,"'") KuiimaTra sra 6ynanu:

v, =292kml ¢, (3.75a)

,3-9. CAKNAHHIN KOHYHJAPHHUHI IIAPTIAP YPHIMILMTA
TATBUKH

WKKHM XHCMHUHT TYKHAUIMUIM HATHXACHAA Xdpakar
XONATUHUHT OUp OHAA Y3rapHILUTa YPUIHIH AeRnaa . Ypuium
BaKTW/la MKKaNa XUCMHUHI LIaKIK Y3rapany, sbHU aedopMa-
UMSUIAHAM. YPWIYBYY XUCMAADHUNIT HHCOM XapaKaT KMHETHK
SHEPrUSIAPU YPUIUIL BakTUAA AehOPMALMSHURT MOTEHIINAL
SHCPIUACUTA BA MOICKYNanap UCCHIGTHK XapakaT 3Hepruacura
aitnaHa Oopaau. Ypuiaupi ypuiaa€TraH XHUCMIAP Opacuia
SHCPrUSHUHT TAKCUMIRHUIINTA 0OMG Kenaau.

YMyMuit xoi0a YPWIALIHY MKKY GOCKMUTa aXPaTHILL MYMKHIL.
Bupunuu Sockuy JaBomMuia XXucmiap y3apo skuHaama 6opuo,
peakumna Kyunapura Kapiuy yui daxapuiny cadabam yaiapliuHr
KHHETUK SHEPrusiaapu HUCOU Te3AMKIAPH HONra TEeHT
6yuarynua kamas 6opann. Ulynaaw cyHr ukkunuym 6ockuyuna
XUCMAap ¥3 WakUTapUHU THKIal Gopaid Ba ¥3apo y3o0Kialia
Gouwnaitau. ByHna peakuust Ky'wapuHUHT 6axapran doaaru
MWK XUCODUra XUCMAAPHUHT KMHETHUK 3HEPTHICH OpTa
6opaau, HUXOSIT XucwIap Oup OMpuaan axpanany Ba ypwinil
XapaGuu Tyraiju.

KucMaapHUur ypuauwaad keiunru (v,—v,) HucOuit
TEIIUIHY, YpuauuIraya 6§aran (v,—v,) HUCOUI TCITUIMAAH Xap
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JIOHM KMYKK O¥MILM TCKIMPUIITIapaad ManayM 6. byura
¢abad, aMaIIA Xe¥ KAYOH Hiea T SAACTUK KHCMIAPHHHI MABX YA
SMACTHIUAUDP. KHUCMIAPHUHT 3AaCTHKIHK EKM HOINRACTHKIHK
Japaxacy K—Te3TMKHUHT TUKIAHHI KoXDPuLyeHTH OunuH
rascudiaiann.

TeztmKHUHr TKTaHui KoaphuimeT™ ged, Xxucmiap-
HHWHT YPUIAMWAAH KeHuHrd (v,—v,) HUCOMI TE3TUIrHMHUHI
ypwiniuraya 6yaran (v,—v,) HUCOMI TC3nUrHra Hucbarura
aliTHiIaum:

o~b
= (3.76)
1 "2
TeanMKHUHT THKIaHUIL KO3GDPHIIMEHTUHUHT KaTTATUIMHN
wapaap MapKasuidi ypuwIMLIHIaH aHuKIaL Kyaaiaup.
Kyitnaary xansasuia 6ab3uy XXUCM MATEPHAILIAPH YUVH aHUK,
yaualnap HaTiXacuaa Tomuarad K ra Te3sHuIdinHT THKIAHKIH
KO3PDHUACHTHHMHT KHHMATIApH KEITUPHITAH.

3. 2-wcadeu.

! Vpuiypun xvicsnap MogaacH K

| AMOMHHHE ATIOMIHHIATA 0,23
| Bponsa Gponzara 0.40
¢ Ui sfsuira 0,60
1 [ynar pyaarra 0,70
i Hoaucerpon rutacrmacca ninaira 0.95

Tezmruiuur  THIKCIanUMm xXoadduumreHTn K=0 Oynrax
Xucmjiapra aGcCcoJI0T HODNACTHUK (MYIIaK HO3IAACTHK)
KucMmiap peduanG, K=1 OVnran xucwitapra 3ca abConIOT
2J2CTHK XUCMiap feitunany. Acioyaa 6apia XXHCMIap YYyH
K xoadpdunmenrtiunr knidmatu 0 Ba | opaiuruaa éraau.

VIKKY XUCMHMHI TYKHALIMII HYKTACHAaH YTray Ba TYKHa-
WMIN CHPTHAPUIA YTKA3WATaH A HOpMa OYiu1al ityHara nusnK-
Ka (3.14-pacM) YP UM U YW 3UFM Jednaanu. Ypuauil YH3Uru
MKKHA XUCMHKHT MHEPHUH MapKasH/ial YITaH xorraMapKkasum
ypuaum neitmaanmn. Hlynu afituin kepakkyu, Ovp XUHCIH
Wapaap OpacHJard ypuiiMilL Xap AOMM Mapkasui Ojsiagy.
AMaynard ypwIMIIHY Kapad MMKMIUAR] YPHIUMIUHMHI UKKHU
yerapasui KypuHMIK aGcoaioT (MyTHak) DJacTUK Ba
abcomoT (MYTn4K) HO3AACTUK je0 ataldysBuM Mieajinaid-
THPWITAH YPUIHINIAH IOKOPH aHUKIMK Ou.1aH (poRAaanuill
MYMKHH.
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3.14-pacwm

Abfcomor nodaactak ypwiam (K = 0). AGcomor (Myniak)
HODJIACTUK YPUAMIUAA MKKWTA XMCM Oupraawul, GuTra
KHCMICK XAPakaTWHM HaBOM 3TTUpaAn. MacaiaH, MM,
ILUTACTHIAMH, KYPFOLIKILAAH SICAATaH APJIAPDHUHT YPUARIIGHA
abco0T HOZMACTUK ypuALlIra aHuaruHa siKMH 4e® xapali
MYMKHH.

Kucmiiap TYKHAIITAHAE aHYa Mypakkab xpsucanap coaup
Oynanu, SBLHHU XucMmaap JedopMalisiaHajM, 37acTUk Ba
HUIKATAHHLE KydY,1apy [aiao oyaaau, XucMJIapiaa MEeXaHUK
TeOpaHUIILTAD, TYAKUH IAD YilFoHanu. JIeKuH, HODIacTHK YpH-
auinna Oy xapaérnap 6opub-00pud TYXTATH BA MKKANA XKUCM
K¥minnd, Oup OyTYH XHCMIGK XxapakarjaHaid. AdcoawoT
HODAACTMK YpuIUMIIIa OyHaalt ¥aura Xoc XVCYCHAT COMMD
Oynanu: ypUAHINAAH KelinH aedopMauusa cakianaau, Jedop-
MAUMs HOTCHIIMAL SHCPIMUSICH BYXYAra KeiMmaian; xucm-
JAPHVHT KMHETHK JHEPIHACH OaTaMOM KN KMCMaH MHYKH
SHEPrUira aliialaii; ypUIKIUAAIl KeHUH XKHCMIED YMYMU#
Te3 MK OMIGH XapakaTaaHaiu €KY HUCOUHM TCIMTH HOITA TCHT
6¥s1a1M. AGCOITIOT HOBJACTUK YPUIRIIAA hakaT UMIYNLCHAHT
CaKJaHMIl KOHYHH Oaxapwmiub, MCXaHUK DHCPIHAHMHI
CaKNaHUII KouyHH Gaxapunamaiyu. Jlekun oHeprustiumur
"YMYMUHA CAKJIaHUUW KOHYHH, SbITH MEXAUMK Ba HUKH DHEPrusi-
J1Iap WMFUHIMCHHMEY CATAHUIN KOHYHH YpuHIM OYi1aau.

bu3 ropusoHTal TEKUCAMKIATA WKKUTA HODMACTHK 1ap-
JIAPHUIF MapKasWil YpHiaviun MUCOAWMHKM Kapal dukaliauk.
(Mapa3 Kwiaiiiuk, Maccajgapu m, Ba m, GyaraH HOJIACTHK
1apnap MapKasiapdHy GUpPIAlUTPYBYY ropusonTan Tyrpu
YM3UK O¥its1ab MOC pasuiuga 5, sa 3, TexMxaap Ouian xapa-
KarzauaérraH oyiacuH (3.15-pacM). [Lapaapnuir TYKHAWLMILIAH
KeHUHTH YMyMUil Te3.urunn ¥V ounar oesrunaiMus. Kunynsc-
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HOSAACMUK Ypumu

ypwwweava ypunuwGay KeduH
my - my+m,
3F A7
3.1 5- pacm

HHHP CaK/JaHHIU KOHYHHra OMHOAH l1apjiapHy YpHiHilraia
6ynraH UMNYALCAAPHUHT TEOMETPUK MUFUHIWCH YPHIMIIAAH

~

KEHMHIY UMIYABCHTA TEHIAUD, SHHIC m, 7, + M0, = (m, + m,)V.
OyHaa

V= migrmiy (3.77)

my+my
bynna ?51 B& ?52 BexTOpIap 6Mp TYFPH UN3KK 6Vitnad iynanrauu
yayn U BEKTOPHUHI HYHANMIUM XaM WIY TYFPH YNSMKHHHT

AyHanuwuy 6uaad ycrMa-ycr Tywiagd. Maskyp TYKHaluMwaan,
Ky#naary xyjaocanap Keaud unkanu:

1. llapaap KapaMa-Kapuy TOMOHra E7| Ba 7}2 Te3NUK Oujlan
Xapakariasca, ypuadligaH keiinH Xam U OHian xapakaTiaHaiu.

Jexuu Imﬁz’,l:lmz;}zf 6yi1ca, ypuauwaaH KeHuH Liapaap
XApaKaTHHU JIaBOM 3TTUpMaiian, abun U=0 6ynany;

2. lllaprap Gup-6upuMra xapaMa-Kapliy XapakaTiaHca, y
pakTaa U BekTOp m, Ba )112'17, UMIYJABCHUHT COH KMiMaTH
KaTTa;IMK KaTTa Oynrad sexrop 6yitaab nyHananu.

U BeKTOPHMHI MOAYAW Kyiuzaru ¢opmyna épaamuia

xncobaanaan:
_ |mE 2myty
| nyimy I’ (3.78)

OyHia 0, Ba U, TE3AUKIAP 7131 Ba 752're3nm< BEKTOPNAPUHMHT

MOJYIMAMD «+» WIIOpA D, BA U, TC3AMKIZp Gup TOMOHra

#ymHanrauyra Moc Keaud, «—» KlIopa 2ca KapaMa-Kapin
TOMOHra #YHaITaH XO0J1 YYYH MOC Kejaau.
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OJHEpPrusHUHI YMYMUH CakjlaHUIl KOHYHHra OUHOaH,
WAapNapHUHT YpUariuuraua oyaraH KMHCTHK 3HEPTrUsICH

2 2
, . .
312-1.+£"%— YPUAHINAAH KCHWHTH KHWHETHK 3SHEPTUACH
(ml +1hy )U 2
2
TCHIAMP, ABHU:
m,z)l2 + mzvgz _ (m, +mz)U2

7 7 = 3t

ounan gedopmaunsi KM A HUHT HUFMHANCUTA

Byuna aedbopmMauns vuiu A4 e Y AHMKJIACAK]

2 N
A =l g e 379

byunan U suur ypaura (3.78) nan kuiiMatn KyiAuamo, oup
KATOp MaTeMaTHK amaaaap Oaxapunca, KyHuparu Xocui
6ynanu:

4 = myp,? . P (m1 +m,) (gt mpe, 2 mm, (o, ~ o, F
aedy 2 2 2 (m1+ m, )2 2(’”1 +m, ) 2
(3.80)

by udoaann stHa 6yHIal KypuHKIIAa E3WIH MYMKHIL:

Lomn, ¢ 2 },{(, ,2)2 )
A"“"l’ T2 gy f(“1 - 1}2)1 s (380&)
Gynna M = W72 - mapiapiur KeATHPWITAH MaccacH,

(v,A+ vz) aca Hucbuii resnukiap. Llynpail kuaud, kywia kapiuu
Gaxapuwirad aehpopMalMs WM KEJTUPHITAH MacCaHMHT
BUCOUH TEINMK KBAAPATHTA KYITAATMACUHMHT SIPMUATa TEHT.

Arap TYKHaWaETIaH XuUcMAapaal 6upy xysranmac (3, = 0)
oyaca, (3.80) udona sna xaMm COMIAPOK KYPHHULITA KEadu.
n.-ot, ‘2 My  myry

Aup = 2(m,+n12) T w2 My + Wi (3.81)

bynna W, = 2 L —GUPUHYM XUCMHKHI YpUIMIIraya 6¥iraH

KUHETHK SHCPIHACH.
AMa1a HODIACTUK YPW/IMIL Kyimjaru Makcamia Kyura-
HunaM. Bupuiunpan, xucM wWakauuy yaraprupuin (aedop-
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MauMsIaNl) Makcaiuaa, Macajial, METaanapHu Tobail,
INTaMIIOBKA KWK, XUCMIApHM Maiinanaul Ba Xokaso;iapaa
Kisuranunanu. Oxopuzarn (3.81) ¢opMmynaaan kYpuHHoG
TypubiuKn, KysraiMac (7, = 0) XMCMIMHI Maccacu m,
yprityBum (3, = 0)XMCMIMHI Maccacu m, JldH aHua Karra,
(m,>>m,) 6Ynuuy kepak. UlyHHHT yuyH XaM caHaoH Xyaa
Ba3MHWH KWIKO sicayiaau.

WKKUHIUIAH, HODJMACTHK YPWIMIIAAH KCUUH XucMiap-
ITHHE CHJDKMTUIN KADWWAMK KYMUHU CHTHITINA SHEPrus capd
Oyna;u. Macaiad, KO3UKHU epra KOKWO KHPUTHIL, MUXHMU
KOKMILL, MOHAIIN KOKHIL Ba X0Kazonapaa. by xonaa:

Wy = Ay = Wit = Wir—22— = Wia—L— (3.82)

antny my+ my

sHeprvsiaH poinajiaHunaay Ba IMMyHUHT yuyH XaM Oy xoiua
xapakatcu3 (5, = 0)XMCMHUHT m, Maccack ypuaysau 7y = 0)
XUCMHHUHT Maccacu m, JaH Ku4uK (m,<<m ) OYuauim wapr.
AbcoJiioT J.’laCTHK ypwmam (K=1). Aoconm 3J1aCTUK
YPWIMILIA MKKMTA XHCM siHa SIKKA-sKKa O0LuKa Te3nukiap
OuilaH Xapakariana Oowaiau. Macaian, nyiar, nojmcTpo
1L1acT™Macea, U Cysiri Kabu MoaganapiaH scajiraq juapiap-
HUHT ypUIHIIY abCcoOT 971aCTHK YPHJIMINLA  XKYJa SKWH
Ooyaan. AGCOIOT NMACTUK YPMIIMIILAA WMKKaJla CaKJIaHUIL
KOHYHHU. UMIYJIBCHUHT CaKjIalivtl BA MEXaHUK SHCPIHSIHMHI
caKaIuIl KOHYHM Daxapunaau. .
Qapas kuwiaiauk, mMaccaiapu m, Ba m, Oynran wapsap
¥, Ba ¥, Te3MK OUTaH XapakaTialub, MapKasuit ypuimLIAaL

KeHun moc paBuupia U, sa U, Tesauxiap Ouilan xapakar-
JancuH  (3.16-pacM). UMIOynasc Ba MEXAHMK 3HCPIHSIHMHI
caKJaHunl KOHYHAapura OuHoan Kyhuparu udojanapHn
€3aMu3;

NACMUR  yYpunuw

ypwruweaqa Ypunuwdaw Keaur

7, —-> m, . m, -»

GE-GE-GE-(38
3.16-pacwu
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ms, +ms, =myU, + mU,, (3.83)

2 2 2 ;2
ma” | myty” _ mU” | Uy 1.83a
S+ % S+t (3.83a)
By MKKH TEHIIaMaaH 1apnapHHHT YPHUIWLIAAH KEHHIH Te3~
ankiapy U, sa U, nu tonuir MymxuH. ByH#HT yuyH (3.83a)
TEHITIaMaHU cKansp KypuHuuina €3mm Kepax. lapnap ropu-
30HTA1 TEKMCANKAA XapaKaT/laHAaéTraHu y4yH TE3NUK BEKTOp-
JNIADHUHUHI MOAYJIH !5x[=”1 Ba !52|=v2reur 6ynagu, Guno-
GapuH:

mp, +myp, = mU, + mU,. (3.830)
iyngait xnaud, Kydugary TeHrjaMajgap CUCTEMacHra 3ra
6yinamus

mo, +m, =mU, + mU,;

mo* +mypw,’ =mU,! +m2022. (.84
By TeHrnaManapHu KyHuliard KYpHHUILIra KeNTHpaMu3:

m (”12 - U\Z ): m, (Uzz - '”22)
HkkuHuy TeHTnamaHu OHpHHYMCHMIA XanMa-xan Oynuuca,
v,+U, =U, +v, xocun 6ynann. Hatnxana macata Kyivinaru
MKKHTA YH3NUKJIM TEHIIAMaNap CUCTEMACHHY eHULITa KeATUPH-
naam:

mU, +m,n, =mU, + m,v,;

o, +U, =U, +u,. (3.85)
By TeHrnamanap cucremacuuy euus, MaprapHUHT MapKasui

SNACTHUK YPWIHILAAH KeAuHTH Teumkiapy U, sa U, kyiinaarura
TEHTTMTMHU OCOHTUHE aHMKJIALL MYMKHH:

Ayl 2myy +(m, -, ):;l .
my+m, my+n, ?

U=-v+2

oyt 2”’1”1"’("’2 —1my )1)2
m+m, mtm,

U,=-0,+2 (3.86)

Babau xycycufl xo/uiapHu Kapab unkamMua;

|. Arap wapnapHuHr Maccanapu TeHr (m,=m,) Gyuca,
(3.86) dpopmynanan U=vp pa U,=v, xenub umukaau. MIyu-
Jau xuaud, OMp XMW Maccaay Lapi1ap Mapkasuil 21acTHK
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TYKHAUIMaHAa Te3NHKAApUHU anManianuiap. by xonaa wap-
JlapjaH OMpM, MacajlaH, MKKWHYYU 1ap THHY ?52 =0) TYpras
oy:1ca, y xonaa U=0 pa U,=n 6ynanu. lemak, 6upuiyu wap
MKKWHYU THHY (552 =0) mapra 1yKHawub, ¥3 TEINUTKIIN YHIa
y3atanam Ba ¥3u TYxTad xo1anu. MacaiaH, OyHasi ypuauwny
OMNIMAPA IUADIADHHNHT YPIWIALIMAA KYPHUIH MYMKHH.

2. Arap mapaapaau 6upi TunY (7, = 0) Typrau 6ynca, (3.86)
uhojayiad Kydiuaary Keamd yukaau:

U=p ™M, - 2m
1 Liptm,” 72 L +m,

(3.86)

JdeMak, MKKMHYUM LUApHMHT YPUIMULIAH KEHMHIKM Xapakat
TE3AMrY OMPUHYY LIap YPWIMILTE XapakaTjalrail TOMOHTIA
nyHanrargup. Arap 6y xo.4a, map.iapaaH OMpMHUHI Maccacu
MKKMBYMCHIA HUCOATAH HUXOHTIA KaTTa, ALK m,>>m, 6yca.

U=—s; U=0 (3.86)
6yaan. ByHpalt xon 3a4aCTHMK 1I1ap jicBOpra, SibHU paaMycu
YEeKCH3 (R=oo) OYnran mwapra vpuiranga coaup 6yna;u.
HIyHuur yuyn xam acsopra abcosi0T 2AaCTUK YPHITaH L1ap
TE3JIUTUHU MHKJIOP XuxaruaH cakiad, #yHa idimuMHu aca
TCCKAPM TOMOHIa Y3rapTupanu.

LaprapHusr abcoaioT 3aaCTHK ypuaniuy GaH, TexHUKA
COXacKa KaTra Kysutansinra ara. bywra suipo sappayanapMHUHE
V3apo TYKHAINMILIADMHY MUCOA KAJIUO KYPCaTHIL MYMKHII.
Kymajian, spo peakropiapu (K0O30Wnapu)al KaTTa 3Hep-
rustii HeiTporr (,#') napHunr yriepoi (,C'?) saposapu 6unan
abcoNT MACTUK TYKHAIIXNIIAPY aCOCHAA Te3UMKIapUHU
KaMaiTHpHO, HCCUKNMK HCUTPOHAIPHUIA ailllaHTUPDUAALN,

TAKPOPJAL CABOILIAPHU

1. Dueprua Ba KW TYWIYIMACKH 1IMMA GHAAN dapK Kuaaan?

2. VYsrapMmac i $arapyByan KyUHHIHT SakapraH nilii KaH1ait aunk;anam’?

3. M kanaail §avos Supamcrapuda Yrvanaan? Yuuur §auamiavru
Kangai? . -

4. Kyssat a¢0 HiMara aiktnagd. Yuunr GopMy;iacy HuKapuac sa Fiion
BupaukaapH, YayaMaurd suacun.

5. Kyseatuu 1acH(IOBYH KU Ba TCHIUK OpKa HOOiacy Kataai?

6. Dueprus Acd numara alTHIaIH?

7. Mexanug oueprua HHM:a Ba YHMHT KaHAal Typaapi Masxya? Ynapou
Tabpugaab Gepnir.

8. Kucmra k¥itsaran KyHunr Saxaprai finu 6U1aH KUHETHK DHEPrus
opacHia Kanaal Goraumw 6op?

9. Kyu 5a HOTCHUNA 3HCPrUs opackia Kaujaaid Goranni Mapxya?
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10. Kyu Gaxapran wn {iya wainra KaHaall 6oriuk? KoHcepsaTus Ba
1IOKOHCECPBATHR Kywtap ned Humara aiitnaaau?

L., Duepruanvur cacianiiy 8a 61p TYpral UKKUHYKM TYpra akxanuiu
KOHYHHHH Tabpudanr.

12. MexaHuk DHeprds cakiaHiHl KOHYHMHHUNN GROXAPHANILH YUYl 3apyp
Dyaran wapthap Kangan?

13. DnacTHK KyudHr 6aapraH siuy Humara TeHr?

14. Dnactux AchopMallUANAHIAN XHCMHHHT NOTCHIMAA SUCPTHACH
Humara tenr?

15. Mkkut Moaauii MyKTalUHr ¥3apo TOPTHWHIY NOTCHUKAR DHEPIHACH
HUMara teur?

16. Kanaall MaiaoHra rpaBUTaLMoON MaiiaoH Ackuaaau?

17. F'paBHTaLMOH Mal OHHMHI KYY1aHFAHAUTH noTeuuMany ach HUMara
AUTHNAIN Ba ynapHUHr QopMyitanapy E3WICUH.

18. Ipapyraton Mafiaonaa Gaxapuaral vl KeATHPUO uiKapusicu.

19. TpaBUTaIMOH MaifaoH KyWIaHTAILIATY BCKTODHHUMI HHPKYAALMACH
4¢0 numara aliTunagy sa y uMMara TeHr?

20. Kangait Maiaotira noTcHuMan Maiipon aciuaann?

21, I'pasutattion MalaoH KyUAaHTaRHAMIH B2 NOTCHUMANM ysapo Kanaai
Sornanvinra sra?

22. BUpHHYH, HKKHHYH, YIHHYH B3 TYDPTHHUHE KOCMUK TEIMHKIAp aeb
Kaiaal TesanMkka adTuaagu?

23, XKHCMAAPHHHT 27aCTHK B HOMIACTHK YPHANIIHIKN 1YIUYHTUPUHT.

24, YpWIHUIZATA TEITHKHUIT THKIAHMIE KodQDuitHeHTuHUIr hopmy-
aack Kawaal g y unmait ugonasaian?

25. Mapkasuit ypuwinw qe6 Kanaall ypuauiura altuiain?

26. AKHCMIAPHNNT HOJTACTUK BA DAACTHK YPHARIMHIAH KCHMITH TCIAUK~
Sapini xucotnant GopMynaapHin Kentupud UHKAPHHT,

4-50OB

KATTUK XUCMIHWHI ANJTAIMA XAPAKATH
MEXAHHUKACH

ADCOMIOT KaTTUK XUCM AcO Ky4 TabnCHpUaa aedopMaLns-
JNanMaitaurad Eky 3appauaiapMHMIT XORAAILMIIKM Y3rapMait
Konamurax xucemra aitunaau. byHaan xeimHrn MatHaapaa
COJUHAIMK yuyll abcojlioT KATTHK XUCMHH KHCKAQYa Kammuk
cucM 1eh 1pHTAMHU3.

KaTTvK KMCMHUHT Xap KaHnaait Mypakka® XapakatTuHu
OANMH: wiarapusiama Ba ailJlaHMa Xapakartiapra axparuo
TEKINMPpUII MYMKMH. Maskyp 6o6pa XHCMHBUT aiinanva
XapaKaTHHY Kapad UMKaMu3.

4.1. KATTUK XUCMHHHI AHJNAHMA XAPAKATH
KHHEMATHKACH

Karruk xucMHuHr aiinanma XApaKaTH 1ed, Gapya HyKra-
NApHHMHT TPACKTOPHSIIAPY, MapKa3w aiinanuwl yxuaa Erran
KOHUEHTPUK alinaHanapaal nbopar 6ViraH xapakarra aitiiain.
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Mdapa3 KMAAMNIMK, KaT-
THK, XucM Gupop O ¥k ar-
pochuna aiialMa xapakar
Kuiagrran 6yacuu (4.1-
pacMm). KATTHK XMCMHUHT
Xap OMp HYKTACHHUHI' pa-
AMYC-BEKTOpH # aiiaHuul
YkuoaH Ocpuiral Hykrara
VTKA3ZUIraH BeKTOp A/ BaKT
nunaa OGupnan-oup Ovpu-
Judm 6ypUuarura—KarTHUK,
KUCMHUYHE GypHimin Oypua-
'M A¢@ra dypuianu.

KarTuk XMCMHUHT Oyp-

vak MacodacH ckaisap Kart-
TAUIHK OYnu0, OYpUaKHUHL
K¥uumu aca yx 6Vivad #y-
HairaH A¢ BeKTOpAan Hoo- 4.1-pacy
pat maeb® xapalr MYMKHH.
Bypuak xjuuus BeKTOpH XakKUKUi BekTop DYIMaratijinry yuayi,
YHH TCECBOOBEeKTOpP (coxTa—BeKTop) aAch araiimui. by
BCKTOPHHHI' HYHAAWIUM NTapMa KOKAACH aCOCHNAA AHUKJIaHalU:
RAPMA OACMACUHNHEE QUAGHMG XAPAKGMUNUNS UVRAALILN KAmMUK
MHCUCMHUNEZ  GUAAHLI UYHAAWWU DUAAH MOC MYUICU, RADMAHUHE
UNRAPUAGMA XADAKAM HYHAAUUI OYPHAK KYuutd 6exmoptt A® HUH?
AyHanuwuny Kypcamadu. ByHiai BEKTOP XUCMHUHI alnauul
yKku OVitnad WVuanranv yuytl yHH 0ab3aH aKCKaJl BCKTOP
(YK BeKTOpH) Oel xaM aTalajiv.

Arap Al BaKT OPaIMFHJA KATTHK XUCMHKHT Oypuak Kfuuil
Oypuaru A@ ra TeHr O¥aca (4.1-pacsm), v Bakrma Af moira
HHTHATAHIATA AQ AaH OJHHIAH AUMUT KATTAIMKKA © OHUH
Oypuakiay TC3JIUK BEKTOP EKM copmarvHa KHanb 6ypuak
TC3JIMK BEKTOPU jeh araiafy, sabilu:

=~ e AQ _dy
w-—i}{%z;—:{;» 4.1

Oyuia © pekTop XaM A@ Kuby aKCHAI BCKTOPAMD.

di

Arap Oypuakii TC3/1UK BEKTOPMHHHI Moayin W= a?l
yarapmac (c')= consx‘) OVy.1ca, XUCMIUUL XApakaTura TeKuc
alinanMa xapakar Aciuiaasu. By xootma Oypuakau Te3MK
KyHiiarura TeHr 6ynaau:

m= (4.2)

~|e
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Iyinait kuaub, (4.1)ra acocan 6ypuak Te3AHKHM Kyinna-
ruva Taspudnainl MyMKuH. Tekuc ailrauma xapaxamuunz 6ypuax
mesaueu 0eb, eaxm upauzu wuudazu 6ypasui 6ypuaauza Muxoop
aeuxamoan mene 6yn2ar usuK Kammauxkka aimuaaou.

Texuc aftnanmMa xapakaT adaamuii gaspu 7 sa alaanum
yacroTacu V OWaH xam rascudaananu. Aiaannm gagpu T
neb, XHUCMHUHE GUp Mapra TYAMK alnauuIIM YYYH KETraH

BaKTI'a alTHiIaam, sbHu T = ﬁ , Oynaa r—xucMuuHr N Mapra
TVi1a ail1aHuuIM yuyH KETraH BakT. Aisanuw 1acmomacu V 0eb,
SuKM Bupauzu usudau myaa aUAGHUWAGD COHURA AUMUAQOU, SBHU:

v =¢)i =%. Y sagrna (4.2) ga =T oyaranna @ = 2n 6ynraum

yUyH Oypu4K TC3IUK:
W= -— =27y, (4.3)

Arap KATTHK XHCM 5,"3rapysl1au altlanMa Xapakar xunaérran-
(@ # const) 6ynca, xapakar Gypuak Te3NHUK BEKTOPUHUHI BaKT
Oyiiya Jarapuwy onui. Gypuak Te3aaHuIl BEKTOpPH Aeb

ATATYBYM KyHHUArH [ KaTrajivk 6unaH Tascudiaanany:

= do
= Jim = - 9

Bynna f§ —6ypuak Te37aluLI BEKTOPU GYpYak TC3TMK BEKTOPH
® HUHT HYHANMUIK GUIAaH MOC TYLIAIM, ShHHU B XaM akcuail
BEKTOPIUP.
Hlyun aifTuw Kepakku, 6yp-
YaK Te3;1MK Ba Oypuak TejlaHul
BEKTOPH YK Oyinal éhnanran 6y-
aub, yaapHuHr RyHanumM xam
rnapMa KOMJacH acocHia aHHK-
AaHaM (4.2-pacM). (4.4) udo-
aaHu (4.1) ra acocan xyhimuaaru
H : :

ga" Kypununuiaa 6332;(:[3 dz@
: B-41)-22. @)
Wryinan kunud, gemmuk
MUCM aliaanma Xapakamaanca,
oliull Oypuax mezaanumu Gypuax
mesnuk O dan saxm OYRu4a osun-
4.2-pacm 2ait bupunnu mapmubau xocusaza
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éxu Gypuaww Oypuaeu § dau eaxm OVAUMA OAUH2GH UKKUHUU
mapmubau xocusaza mene.

CU $syoB OMpaiMkaap cucreMacuua ¢ Ovpuak paavanjia
ynuaHraHy yyyH, ®© Oypuak Te3nAMK pan/c aa, B Oypuyak
Te3naHull 3ca paja/c? napia ynuaHauau.

AfinaHMa XapakaT KWriaétraH KaTTHUK XHCMHHUHI Gypuak
XapakTepucTHKajdapn: Oypuak, Oypuak Te3nuk Ba Oypyak
TE3IAHUIIM M2a3KYp XHCM aipHM HYKTaJapuHMHT YUIUKAM
XapaKTePUCTHKANAPH: EIf Y3YIIMIY, YUIUKJIIK TE3UK, HOPMaJ
Ba TAHPeHUMaN (YpHiIMa) Te3NaHUIIAP opacuia ODOFIaHUIUAAD
MaBxXynnup. by GOFraHMWINapH¥ aHUKAaWu y4yH, dapas
KIWIAMNUK, KATTUK XXKUCMHHUHT Ma3Kyp HYKTacH Al BaKT M4MJa
As y3yHAWKKa TCHT €iHU yTcuH (4.1-pacm). Iy Bakr uuuaa
HYKTa pafuyc BCKTOPH F HUHT Oypanuiu Oypyarn A 6yicuH.
V sakraa Ae paananfa udoiananca, ERHUHT Y3YHAUTH As

As = rA@ (4.6)

MYHOCA04TNaH aHKuKJIaHaau. by ndogaluHr HKKajla TOMOHUHHU
At ra 6ynub, xocun 6YnraH HUcOATNApPHUHT A7 HOMI'A HHTHI-
raiiaad JIUMHUT ONaMu3:

Ap
lim 45 =7 [im &2
a0 AL T A0 AT
by Tenrnamaia /{‘u_% Ar=vBa gzr_ﬂ) %‘9 = OYATaHU Y4YYH YHH
Kyliugaruua €3aMus:
v=ruw. “4.7)

[ynnait kuan6, ky3raamac YK aTpoduia KATTHUK XKUCM
HYKTAIAPUHHUHT YH3UKJIHY TE3THKIIapy OypuaK Te3IMKHUHT 11y
HYKTalap paluyC-BEKTODAAPHHUHT MOAYJIM KynaiT™macura
TEHTAUp.

(4.7) naun ¢oiizaranud, (4.4) a (4.7) dopmynanap
acocupa @, HOpMaJ Ba @; TaHreHUKWad Te3JaHUi) YYyH
Kylingard ubomaIapHi XO0CKHT KMAaMu3:

a, == -(—-L—w r=eo. (4.8)
gy =de = 20r)_ pdo g (4.9)
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K¥sranmac ¥K aTtpoduaa aihiaHaéTral KATTHK XHCM
UXTUEPHN HYKTACMHMHI Xapaxkar Xojara F palryc-BeKTopH,
® Gypuak Te3UK BEKTOPH, d, —lOPMasl Ba d, —TAHreHLHa
TE3;1aHUIN BEKTOp/Iapy GUWTaH TaBcH(bIaHrany yuys 10Kopuia
Kesrtupunrad ckandap xypunnusiary (4.7), (4.8) sa (4.9)
TEHTIAMAAPHUHT KyHrgary sekrop xypuuuuiiary adoma-
JIAPDKBHU KeJITpaMu3s (4.2-pacm):

7= |o,Fl, (4.7a)
i, = [6,5]= oo, 7], (4.8a)
=[8.7]. (4.92)

Ba HUXONT, KATTHK XHCMHUHI Ky3ranmac YK arpodunaru
XapakaTura TCriiWIn COMTa-XyCyCuil X0JLIapHY Kapab YMKAMK3:

a) Xapaxar TeKuc afinanMa (B =0, &= const) 6y;ica, YHUHT
XapakaT TeHrnaMaliapy w = ‘%, P=wi! KYpuHAILL2 6Vnaiy,

6) xapakart TeKHC YarapyBuan ainaHMa ﬁi: const) 6yica,
KyAnjary TeHrnaManap ounan TapcudnaHaiu:

xapakaTHuHr Oypuak resnanuium: f§ = i’i’-—!&,
XAP4KATHUHT OHUi OYPUAKIN TEIUIH: ©, = (g + PF;

. +

XAPaKaTHUIT YpTana Gypuak Tesnuru: < @ >= 2072 ;
, 6 . AU (h Br2 .

XapakaTHuHr Gypuaiu Macodac: ¢ = agf + 2

2 9.2
_ _ Wyt )
(p—<m>t————~2 t, o= F i

by epna. 0y, ®, —6oLITaHFUY BA OXUPIW BYPUYAK TEXTULY,
B —Oypuak Teananuul, @ —6ypyax Macoda.

IOkopuna Gagn KMAMHTAH KarTMK XHCMHMIT ainaHMa
Xapakar TCHITIaMa1apy MATeMATHK HYKT4M Hasapiaall Karapi-
JIaHMa Xapakat TeHriaManapu Oniaad OMp Xun KypuHHIura sra

Gyiranu yuyH, yAapHUHI §3apo TaKKOCIaHU1I Hamxaﬂapnun
KyHunaru 4.1-xanpaijia KeATUPAMHI:
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4. l-ncadsat
WirapuaanMa xapakat AflsanMa xapaxat
§ —'H3HKJH Macoda @ —Oypuaray Macoda
# —~YHIHKJIN TEIAUK (0 —Bypuak TemIUK
a4 —YH3INICGIA Te3fanil [‘3 —Gypuak TeaAaHul
<z >—-$¥pTaya UMBHKAM TCITHK < @>—§pTava Gypuak TCHIHK
Texkuc xapakar
— 3 (1]
7= =92
t w=.
§ =l ®=w
Texne ¥3rapysuan xapakarT
— %%, w, -0
aqd = T ﬂ = - T—-.
Py = ety w, =, + pt;
¥otoy W+
< p > 0 — !
v > 3 <) > 5.
2 2
= ars . o B |
§ =9t + 553 Q=g+
otV g + W,
s=<v>1=—°‘-é~'-t q>=<(o>t=-~’-°2't;
‘= 2,% -0y’ _ o2 -0g’
= ® 2

4.2. KY3FAIIMAC BOLI HYKTATA HUCBATAH KYY MOMEHTU

KaTTUK XUCM aii1aHMa XapakaT JMHaMUKACHHUHT acOCUi
KOHYHNApH UMITYJIbC MOMEHTH Bad KYY MOMEHTU TYIIyH-
yanapy 6unaH yambapuac Gormkaup. UMnyssc Ba Kyy BeKTOp-
JNAPHHMHT HyKTara Ba YKKA HHCOAaTaH MOMEHIapuHiM papKiaiu
3apyp. Yiapuu Gup-OHpH BIIAH aIMalITUPMACIUK Kepak. Xap
Kaujgai BeKTOpHHHI OMPOpP HyKTara HacOaTan MOMEHTH XaM
BCKTOP KATTLIMKIHD.

AHHM 1Y BEKTOPHUHT YKKA HACOATAH MOMCHTH VHUUT L1y
YKaa €TyBYM HYKrara nucGaray MoMeHTUHUHT Y¥KKa HucdaraH
NPOEKLIHICUAZH HOOPAT OYraHu yuyH ¥KKa HUCOaTaH BCKTOP
MOMCHTH BEKTOP KATTAJIUK 3Maciaup.

DM KATTHK XMCM OMpOp o HyKrackura Hucbaran kyd

BCKTOPU F HHUHT €KM MMIYJIbC BEKTOPH P HUUT MOMEHTHHH
Kapad uuxKaiauk (4.3-pacm). by HykTa 00111 HYKTa €KU KYTH
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43-pacym

Aed atanaiu. Kyy sekropu OuiaH yCTMa-yCeT TYIraH YM3NKKa
KYYHUHI TabCUD YU3IUFU Aciinnain. 4.3-pacMaa KyYHUHT
TALCUP YM3UFKM MYHKTUP YM3MK, GMaaH TacBupnaHrad. by 0

HyKTagah F Kyd4HMHT KYUMAMII HyKTacura WyHanraH Fra
paguyc-BeKTOp Aciunanu. Pannyc-BexTop F HUHT F Kyura
BCKTOD KyHnalTMacura Kyy F uuur uxTMEpUl K¥3ranmac 0
HYKTara HUCGATaH MOMeHTH M 1e6 aitTHianu

=7 F]. - (4.10)

Arap F xy4HNHT KYUWIKLIT HYKTACH KYMHUHT TALCUP YH3WFU
Oyiinua kyuupunaca, M MOMEHT Y3rapMac Koaaau. M MOMEHT-
HUHI ¥3rapMacnury YHUHE Moay:auaan 6esocuTa Keiud uukanu.

XakukaraH xaM. (4.10) gaH M HUHI' MOLYIIM:

M=|[F.F]l=Frsin(X=Fl=conSt. “4.11)

Bynma o karranuk F Ba F RekTopiap opacpaaru 6ypyak. ¥
BaKTAa Ky TabCUp YM3uFMAA O HyKraraya 6yira [ =rsino
Mmacodara F kyuHuur 0 HyKrara HUCGaTaH enkacy 46 araiaim.
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Xakuxaran xaMm, (4.11)
Hhona Xyu Tabcup ‘u-
surrga érran F Kyu-
HUIIT @ HYKTara Huc-
f6aTaH MOMCHTHM y3rap-
Mac KOJIalu.

Kyy MoMeHTH Ou1aH
YHUHI Moayanuu udo-
Aanosuu  (4.10) Ba
(4.11) dopmMmynanapra
Ooumikaua kypuHumnr Ge- .
puIll MYMKHIL. DyHuur : 44-pacMm
yuyH F Kyd4 BEKTOPHHM UKKUTA F PafiMyc-BEKTOp OUiaH KOsI-
mieap F, Ba F ra NCpHeHAMKYNsp HyHaaran F, Tauikui
STYBUMIAPra axpaTtamMus. 4.4-pacMaary YM3Magat KYpHHaIMKH,
F kyuruur F, Talikua 9TYBUUCH 7 paamyc-sektop 6yinab,

F_ TalIKu1 9TyBUMCH 3C4 XAPAKaT TPACKTOPHUSICUTA YTKA3UATAH

ypuHMa Oyilaab iyuaisran. lyswaait xunwo, F =]7'r + ﬁr

oynranu yuyd (4.10)uu 6yHnait kypuHniuia E3aMmus:
ulr F=[7F + F ]| =[7.E ]+ [

Bytina 6upuiun KYILHIyBUr [f, fr ] =0 Oyaamu, 94yHKH F Ba

F, BexTopiiapy y3apo napajuici _BEKTOPHAPAHP. HAewaxk, 0
HYKTara HucOataH Kyu MoMenTH M 1u

=77 ] (4.12)

KYpuHuLLia ¢3um MyMkuH: Bynaa 7 Ba ]: BEKTOpNap ¥3apo
neprcHankysp (o = 90°) oyarany yuyst M BCKTOPHMHE MOJY.TH

M=|[F,17: ]l = Frrsina = Fr (4.12a)

6yaanu. Arap (4.10) ma F = F, + F, --- F, 6¥n1ca, BeKTOp Kynaiir-
MAHHHT XOCCACMTa OUHOAH:

1‘2 =[7,ﬁ]= [F('El"'j}z +___+i,'~n)
[rEl Al [7F )
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éxu
M=M+M,++M, (4.132)

IHynpait Kunud, GMP HEYTa Kyuyjgap TEHI TabCUP OTYB-
YHCUHHHTI KATTHK XWUCMHMHI 0ol Hykracura HUcOaTaH
MOMCHTH KYWI4pPHUHI U1y HyKrara nucbaran xap Omp Kyu
MOMEHTAAPWHUHT FeOMETPUK (BCKTOp) HMFUHAMCHIA TEHT.

Kydt xya momentn. Xyhm xyu ded, 6up myrpu wusuxoa
émuacan, MukOop xcuxamoan mee 6y12aM, Kapama-Kapuu iyra-
2aH UKKU Kyveq aumuaadu. DHT comia Xosya 0 6o Hyxra pa
XydhT Kyunrap Oomurra tekuciaunkia rraH oyncun (4.5-pacm).

F, pa F, KyysapHHHI MOnynu Gup xua 6y;am6, yuu F 6unad

OearnaaiMus, sbiu IF,\=IFZ|= F 6ynamv. Xy®hT Kyuyduur

HaTWXasMil MOMCHTH M Ba YHHHI MOAYJIH KyHumarura TCHr
oynanu:

- s

M =’Q| M, = :vf;] +[72,1:'2H?1|=11,i7'2|=12, (4.14)

€xu
M =M, =My =|E|i, =|R[1 = 71, - £, =
Flt,=4)=F1. (*14)
A
L
—_—
M L‘I ~
A | ~
C e
Y,
A h
—.

4.5-pacm
Dy epaa /[—Ky4nap TanCHp YM3MKIADH Opacumary Macoda
0Viu0, y XYODT KYUHUHT €IKACH ACH MM,
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THynaah Kuand, XypT Ky4HMHI UCTAIIaH HyKrara Huc-
daral MOMeHTH M = F -] 6Yau0, yarapMaciup. By kyu Momenti
4.5-PacMHMHT OpKa TOMOHMTa Kapad jiyHanraH.

Duam 0 nykra, P; Ba F,‘, Xy(pT KywiapHHHT KYHRUAMM
HYKTanapy MXTUEPMI paBuiuAa Xo#nauran 6yncuH. By
HyKTa/ZlaH F Ba F Ky4jaap KYRW MW HYKTATapUHBHT pzumyc—
BEKTOpAapH 7 Ba 7 6yTICPIH (4.6-pacm). KydT Ky F HUNT
#YHaINIU HYKTaCHAaH F ra F,, BCKTOP YTKa3aMH3. ‘Iusucmau
KYPUHALNKH:

%, = F + Fp. (4.15)

i

|
— I
M —_
Z | B
] —
iz
4.6-pacm

XKy KyUHMHT MOMCHTH:
it =, + a1, =7 E e [5.E]

Bymunaru 7, HMHr ndogacnuu (4.15)ra kyitn6, Kyiuaaruuu
0J1aMu3:

it =] + 17 +7,05 =[5, 5+ 78+ [7,.8]

17 -F, Ofjraum Ba OUPUHUYM UKKHTA KYHUAYRYU
TN A NN p——
#=[,.5]. (4.16)
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nhoia keaud unkaay. Ulyuaail Kiuanb, xydr Kywiap MOMEHTH
Kywiap €IraH TCKUCAMKKA TIEPTICHAUKYISAp HyHanran 6yauo,
YHUHI COH KMAMAaTH KY4.1apJAaH UCTaIraH OUTTACH MOJLYSTMHHHT
€/IKacura KyirafrMacura TeHr.

4.3. KV3FATMAC VKKA IHMCBATAH KY4 MOMEHTH

Arap xucM Oupop 6oimr O Hykrara HucOataH aiianma
Xapakar Kumaérran 6ynaca, xucm  F kyd Ba (O Hykra €rrau
TCKHUCIMKKA NEePIeHAUKYISIp Uanran z yx arpoduna, M
Ocpwiral HykKrara HuUcGaraH KyyY MOMEHTMHUHI WHamdiuu
OuaaH verMa-yeT TyulyBuM VK aTpodguaa aitriaHMa Xapaxkar
Kuiaay. Ky MOMCHTHHHHI KaTTANUIY KYUHUHT XXUCMHY 11y
yK arpoduiaa asauTpyl KoOvsmsiTuHA Tapeudaaiian. 1HyH-
Rai kMaub, KyuyHHHr VK atpoduna aiiaHTupa oauiy Kodu-
JIMATH KYYHUHT YKKA FUchaTaH MOMeEHTH 1e0 aTatyBuy (UMK
KaTTa; UK O1aH udonaiananm.

F kyyuunr z ykka nucbataH MOMEHTH M, H4 aHMKAAIL
yuyt! 0 HyKrara HucharaH Ky MoMeHTH M Bexkropu 0 HyKrara
Kyitmnran 6yacun (4.7-pacm). Pacmaaru uusmana F,7 sa M
BEKTOpPAap OuTTa TeKKHcaukaa ErMaiinu, ned ¢dapas Ku1aiiuk.
0 HYKTa OpKany yIran z YKka Hucbatal M BeKTOPHU UKKHUTA:
M —¥kka napaiicn Ba M, — YKKa NEPEHAMKYISP TAlIKUI
OTYBUMNIAPIA AXKpaTaMuU3:

M, MOMEHTHUHI IEOMETPHK MABHOCHHHM AHMKJAI YuyH
F Ba F BEKTOpIAapHM Z VKKa HEeplIEHJIAKYIAP B4 Mapajici
TAIIKKUA JTYBUMJIAPTa axpataMus: F =7 +7; F=F +F
Y Baktaa M BeKTOPHU KyHHIary KypuMHUILAA €3aMus:

i =7 [(’ +’—-:')(}::J.+]::)] =[;i*fx]+

L RARTAN A

By ndoaa oxupry xaa L’;,F‘].-—ysapo nmapasinesl BeKTopiap-

HUHI BEKTOP KVIIAMTMACHIaH HOOpAaT OYJIraHH YYYH HOMTA TCHT.
Katra KaBc HUMAArM Ky MOMEHTAAP Z YKKA THK OYIH0, YHUHT
VKK HIPOCKLMSICH XaM 1Hoara Tedr. bunroSaputi. M BCKTOpHUIT
Z YKWUra napa:uies Svarali Taulkua TYBYHCH
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M,=F.F]. @.17)

oynaau. (4.17) noonanaru M, Kyy MOMEHTH F  KyuHMHr
KATTHK XHUCMHHUHT V¥K¥ arpoduna 6ypanuil KOOHIMATHHU
TaBcydaian.

YKKa HHcOaTaH Kyy MOMEHTH yuyH XaM (4.13a) myHocabar
YPUHIN, SABHU TEHT TACHP 3TYBYM KYUYHWUHT MOMECHT A7Iz
KYLIWIYBUM KYYJIApHUHT Vwa yxkKa HUcOaTtaH MOMEHTIapu

M MZZ’“'M

1z?

np HUHT TEOMETPUK (BEKTOD) HUFHHANCHIA TEHT:

M,=M, +M, + M, =21A7!iz. (4.18)
fx
2}
Fig
|
0.___...1____. d
|
B o)
Fri
47-pacm 48-pacum

Huykn xywiap MoMeuTHreur iHrumncn. COANQIUK yuyH
Maccaiapy Am; Ba Am, OY/iraH UKKKM JIEMCHTAD XKHCMHUHT

¥3apo TALCHP Kyusiapu 17‘& Ba f;, oyacuH (4.8-pacm), by kyunap

HuiotonHmur 111 xoHyHura GMHOAH MUKIOD XUXATAaH TEHT
BA KapaMa-Kapluy MyHajIraH. YaapHUHT ucranrad O HyKrara

HucOaTaH MOMEHT1apH: M, Ba M ,; MUKI0D XUXaTaaH ¥3apo

TCHT Ba KapaMa-Kapluu #iyHanrad, ILUyHHHT yuyH XaM HYKH
KYWIAPHUHT MOMeHTAapy Xydi-xydr 6§1ub, Gup-Guprm
MyBO3aHaTIAHIN, ABHY:
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M=M+Mg=0. (4.19)

[UyHaait KuanG, KaTTHK, XHCMIADHKHT UCTAITAH CHCTEMACH
yuyH Gapua HYKY Kywiap MOMEHTAApUHUHI HUFHHINCH J0UM
Hoara Teur 6¥aai, SIbHY:

M= >y 117/,.x =0 (4.192)

By udona 6apya wuxky KyWIapHHHI HCTAAraH HYKTAra Ba YKKa
HuchaTaH MOMCHTIAPUHKMHI AMFHHANCH YYYH YPUHIUAMUD.
Kyu Moment™d M HMHTr ¥a40B GMpaMry Ba yauosmurd (dim)
Kyituwarura TeHraup.

IM|=|F1|=1TTm;
dimM =dim|F -/|=MLT"2-L=I>M -T2,

4.4. MO)LIMIA HYKTAHMHI' WMHYJIRC MOMEUTH
BA YHHUHTI' Y3I'APHIII KOHVHH.
HMITYAbC MOMEHNTUHMHT CAKJIAHHLI KOHYIIH

Maccacu m ra TeHr 6VaraH MOLIHE HYKTA 77 TC3iMK OMARH
XapakariaHaéTraiga P uMIyancra ora 6ymaau. Maskyp so00uii
HYKma umnyiecu P Hune uxmuépuit kyzraismac 0 wygmaea
nucbaman umnyavc momenmu 0e6, F paduyc P umnyasc

BEKMOPAGPUHUIHS KYNGUMMACH2a meHz OYa2an U3UK KAMMAUKKa
atimuaadu (4.9-pacMm), SHHU:

49-pacm
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_[7.7] =[F-@s1)}=m[F.5] (4.20)

HMoynbe MOMEHTH BEXTOPH [ HWHT Aynanvwu napma
KOMJAACU aCOCHJa aHMKJIAHAiu: 7 paduyc P umnyasc
GCKMOPAGPU éM2aH MeKUCAUKKA hcpnendwcyﬂﬂp paeuwi)a 0
HYKMAza Holnaumupuizai napma dacmacunune alinanma UyHa-
A uMnyasc P nuwe lynaiuuiu Gunan soc myweanda ynuwe
UAZAPUAGHMA XADAKAM LYHAAUWU UMNYALC MOMENmy L nunz
Lyvraaanuny Kypcamadu (4.9-pacum).

(4.20) nan MMITYIBC MOMEHTH JRI MOIYIH Kyiuparvra
TCHT O¥;1anu:

|Z|={ 7.8] =rPsma=1P=imo. .21

HMnyasc MoMeHTH L nuur VaAUOB OBPAUIH Ba YIuaMAuIu
KyAURArura Teur:

|L| = |ime] = - ko = k2 -“%;
dim L =dim|lm|= LMLT"' = 2!MT";
DUAM MOJUIMM HYKTa UMIYJIbC MOMEHTUHUHT VY3rapuil

KOHYHMHHHI MeTeMaTHK Mdomacunu rommn ydyydH (4.20)
ndopanaH BakT O6Vitya xocuna osraitimk:

4l ) e

Byra 4 ‘f’ =7 na P F Gynratv yuyH (4.22)uu 6ynnail kypu-
HHLLAA esm.u .\lyMKMH.

L _ (5,54 [, 7] (4.23)

by MogasuHT YHI TOMOHMIATY OUPUHYH XaT [,‘,, ﬁ] napauiea
BEKTOPIAPHUHT BEKTOP KYIaiT™MacH cHdaTHHa Ho/ra TeHTAND.

IHynunr yyyn (4.23 a) udoaa
A [7 7 =41 (4.24)
8—265 113

www.ziyouz.com kutubxonasi



KYpUHUIITA Keaaau. byraaH

dL = Madt. (4.242)
by ndoja Moaauit HyKTa HMIyJILC MOMEHTHHUHT Y3rapuil
KOIIYHMHMHI MareMaTuk Mcomacu OVanb, Gyupait Tavpud-
NaHalU: MOOOUU HyKma umnyascunune 6upop Kyxmaza nucbaman
MOMEHMUHUHZ J3zapuwsil Wy Mo0o0ull HYKmaza mascup Kuaysdu
KYHHUNZ O HYKMA2Q HUCOAMAH MOMERMUNUNS UMRYAbCUSA MEHS.
Arap (4.24a) na M =0 6yica, HMNYIBC MOMEHTH CaKja-
HMLI KOHYHUHHHI MaTeMaTuK udonacu kenud unkamm:

dL =0, L =[7,P] = [F,mv]=const. (4.25)

By KOHYHHM KyitMnaruua rabpudiami MyMKWH: uxmuéputl
HyKma ampoguda atinanma Xapakam Kuaaémean Moooui kykmaza
Mmawgy Ky¥ MOMEHmMU mascup ImMaca, y V3UHUHZ UMRYALC
MOMEHMUHU MUKOOD 80 UYRAAUW HoUXamOaH Y32apmac CaKAaidu.

4.5. MOJJUIMA HYKTAJIAP CHCTEMACUHHHT UMIYJILC
MOMEHTH BA YHHHI CAKJIAHMIU KOHYHH

{apa3 KuAaHINK, # TA MOIOUH HYKTAfad TalllKui TOMraH
cucteMa ¢ HyKra atpobuaa ajiliauMa xapakar KuinagrraH
oyncuH. 2.7-Temana kapab YMKHIATAaHWAEK, HYKTalapia TaLCHp
3TYBUM KyUjiapHM MUKHU Ba TAWIKH Kyuwlapra axpatamus. Y
BaKIA4 i—MOJAMH HYKTara TabCUp STYBYM TalWlKy Ba HYKHM

KYYHMUHI MOMEHT/ApUHHM MOC paBHIAa M Ba M Wi GUNaH

ugponanaitmus. Y Baktaa (4.21) Teumamaﬂu anu KYy4YaapHHu
Ha3apra ojira Xojaa

i My M (=123, m),

K¥pUHAWAA €31 MYMKHH: By udona 6up-6upuiaH / MHACKC
6unad ¢apk KMAYBUM 7z TA TSHIAama TynyamMuaad udopat
oyaub, yinap oup-Oupura Kywmica,

Jj’—EL M +Z M (4.26)

i=l i=l
Oynanu. By TeHIIaMaHUHT Yan TOMOHMAATH HHFMHIK ndona:

=¥i= 1[r,,l”] S[7.6na,) (4.27)

il inl
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MOAAMN HYKTaJIap CHCTEMAaCUHHUHT OMpOp o HyKTara Hucbatan
WUMIIYJIBC MOMEHTHAHP.

(4.26) GOpMYNAHMHT YHT TOMOHANAIY MKKUHYHM AMFHH/IH

HYKH (Kapama-Kapuii) Ky'wlap MOMEHT/IIapHHUHT AHFUILIK-

n -

cupan uGopar GyAraHu yyyH Hoira TeHr: » M,

i=1

HYKH
=0.

Y xonpa, TeHrnaMaHu

- n
dL _ 1
7,;*_2‘M;~M- (4.28)
lex
KYpuiHiuAa €341 MyMKHH: Arap MOIAVIt HyKTajlap cucreMa-
CUra TAIUKY Kyd MOMEHTH TAbCHP 3TMaca, sibiu M =0 6¥nca,
YHEa#l cCHCTeMara M3O0JIALMsJIaHTaH €K1 €MUK CUCTeMA
neitunazn. HMlyuxait xuaub, énuk cucrema yyyH (4.25)
TeHINIAaMa KYIHAard KypuHuuIa Keaaau:

- - n o, n - n -
di=0&xnL =3 L=3[7.B] =3 [7.(n3,)]=const (4.29)
iwl i=l i=1

By ¢opMmyna Momudit HyKTanap CHUCTEMacH yYyH MMIIYJIbC
MOMEHTH CAKIaHUII KOHYHHHUHT MaTeMaTuk udonacu 6Vauo,
6yunai rabpudnaHanu: énux cucmemadazu Moddud Hyxkmanap
UMNYALC MOMEHMAGpU 2e0MempUK (6exmop) Uurunducu xap coum
Y3zapmac xoaadu.

DHAH XHCMHMHI YKK2 HHUCOAaTaH MMNYJIbC MOMEHTHHM
Kapab 4yukKaMu3.

Hmnyase P wune 7yxKa nucbaman momenmu de6, 0 nykmaza

Hucbaman [, UMHYABC MOMEHMUHUHZ Wy YKOQzu Maixus
omyeuucu L , za aiimusadu (4.9-pacm):

L ={7P]. (4.30)

Kyy F HUHr Z yKKa HUCGaTaH MOMEHTHHM H(OJANTOBYM
(4.17) dopMynaHH YMKAPHILAATH My/ioXaszanapHH Taxpopiaad
Ky#upgarura ara 6yiamus:

L: =[;.L’P]= [;J.’(m;;:)] =m[?1’;51]‘ (4.31)
ByHna F —panuyc-BeKTOp F HMHI I YKKA NEPHEHAMKYsAP
Tawkun stysuncy, P oca P BEKTOPHMHT 2 YK Ba nt MOk
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HYKTa OPKQIM VTYBYM TEKUCIAMKKA NEPNCHAHKYAAP TaliKMl
STYBYMCH, ¥, —MOMAUN HYKTaHMHT YU3UKJIA XAPaKaT TEIIUrH.

Kysranmac z YKka HucOatall UMIyabC MOMCHTU L_HUHT

BaKira Kapab ysrapuuidHu aHuxnaur yuyH (4.30) mudonanu
pakr 6yiinua nuddepernunaiad, Kylivaaruay 01aMus:

ZA SR IR SINESE

By udonana GUPUHYN KFUIMIYBYUCH hﬁl] =0, YyIIKH y 6up
XWUA AyHanran MKKW BCKTOPHHHI BEeKTOp KynaWTMacuiaH

udopar, -‘%Kaﬂanux HbIOTOHHHHT UKKMHUYW KOHYHUTE

OMHO4H %‘,1 XHMCMIa TaLCUP 3TYBUM F Kydra TeHT OYau6,

[rl 1’«"] 3ca Kyu MoMeHTH M ra teur. Iyaait KWnb, 10KopHaa-
1 ndona KyHuaarn KypuHMIITa Keaamu:
dL,

Lo frE] =1 @43

BHAM n Ta MOAANH HyKTalapaaH TAUIKMWI TOIaH CHCTeMa
OcpunraH OY¥acHH, y BakTAa GyHlail cucTeMa yuyH €3wiaraH
MOMEHT TeHIJiaMacH (4.28) HUHT Yan Ba YHT' TOMOHJIApHIArd
BCKTODAAPHWUHT Z YKU OViinya TallKua JTyBUWIAPHHU 0aud,
Kyiuaaru MyHocabaTHH €3aMu3a:

L n
= E (4.33)
Ulysy Kailn 5TMIN KePaKKH, MOJIMI HYKTanapra TabCHp
KMJIYBYH TallK¥M KyulapHuHr ¢ OGOl HyKTara HucOaraH
HATHXaBUH MOMEHTY Hosaal dapkin (/V[ # O) 6Y110, YHUHT

6UpOp z YKJAru TAUIKMI STYBMMCH M_HO:ra TeHr 6ynub
Koy MyMKUH. Y BakTaa (4.33) ndonara GUHOAH, UMITYILC

MOMEHTUHHHT 7 YK OYiMua iiyHasnran taikuin STyBUHCH .
y3rapmac ([, = const) KOTAiH.
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4.6. KATTHK XHUCM AHJAHMA XAPAKAT THHAMUKACUHHHT
ACOCHM TEHIIAMACH

VKKa nuc6atan MoMenTaap TeHrraManapu (4.30) sa (4.32)
1Y altlaHMa Xapakarra Kyuatimus. (Papas KulaiinK, KaTivK
KUCM z aillanMa VK atpoduna © Gypyaknu Te3nuMK Ousial
aiinayMa xapakar Kuia-
trran G¥ncuH (4.10-pacm).
[y KaTTUK XWUCMHHHT
alijlaHMa  XapakaTHHH
¢dukpaH 7 Ta IeMcHTap
oyaaknapnan ubopart
MONAMH HYKTajnapra ax-
patud Kapab® 4ukKamus
(4.10-pacm). Kartux

KHCMHHHT Am; Maccanu
leMeHTap O6yiakyacu
7 adianMit Ykuaan r

Mmacoana 6§sicuii, @ Ovp-
YaKad Te3nux Ounan ai-
JaHACTraH KATTHI XKHCM-

HUHT Am; maccaid 6y-
JAKMACUHHHT B; YM3UKAY TE3HUIHU BA P; MMNYIbCHHU

49-pacm

v; =wr; Ba P = Amp; = Amyrw.
Kypuiimiga Ssamus. Y BakTaa XKUCMHUHT [—3aeMeHTap OVaak-
yacu P uMIYJABCHHIIHT YKKa HMCOATAH HMIIVAbC MOMCHTH:

L;=Pr=0Mmror, ‘_‘Amiriz‘”' (4.34)

By udoaarnu 6apua wieMerTap OV:1akuagap 6¥ituua kb,
o YMyMHE KYnadtvBuuiu MUFMHAM OCTM/AH 4UKApuOb
1000puHICa, KATTUK XHCMHHHI 7 YkKa 1ucbatal HMNysbe
MOMEHTH XOCH O¥1anu:

5 7
L, = Am,rxzm + Amzrzzos +otAm o =<,>2Am,ri2 . (4.35)
{1

nn

by cpia HMFUHAY KATTHK XMCMHHHTr Oapuya 3aemcHTap
6yaakyanap Oyinva oaumuran OypyaKM Te3IMK o KATTHK
KUCMHIMHE Oapua Oyiakyanapy yuyH Oup Xun OYAraHd yuyH
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WHFMHAN WINOPACUNaH TAUKAPHUIa YUKApWIraH. By HUFHHAM

ocTHaard Am,.r,z udona maskyp Am, snemenrtap 6yaakya yuyH

ysrapmac xartajuk OViau6, yHra aseMentap OVNnakuyaHuMHT Z
aitnaHuil YKura HUCOATAH MHEPLUMA MOMEHTH Heiiunud,
I, xapdu 6unan 6earunaHanu:

I=amr? . . (4.36)
lynnait KWnuG, asemesmap 6yaaK4aruNZ T GlnaHRUl YKU2a

Hucbaman unepyus momenmu I, 0eb, yiune maccacu Am; nume

airanuw paduycu r, Keadpamu Kynaiimmacuea mene 6yazan usux
xammanukxa aimunsaou.

KarTuK XnCMHNHT z YKKa HHCBaTaH KHCPUKA MOMEHTH 1,
3ca, ynpary Sapya sseMeHTap 6y1aKuanapy HHCpUMS MOMCHT-
JAPUHKHT asirebpank KUFHHIKWCHTA TEHT:

n

1= X1 =Y 0my (437)

=1 i

-

KarTuk XUCMHMHT z §KKa HucOaTan uHEpUnsi MOMEHTH
(4.37) xucobra onunca, (4.35) Kyitunary KypHHHUIUra Kejaau:
L =lwéwm L =16 (4.38)
Iyunain kunub, kammuk scucmuune z aiiranuw Yiuza Hucbaman
UMAYALC MOMEHMU Zl wy ykxa nucbaman uxepyus momermu I,
Hune Gypuak me3nuk © 2a Kynatimmacuza menzoup.
I:Z nuHr (4.38) ndonacu (4.35) ra xyituica,

d, _d{1,6)_
Lot ). M,. (4.39)

Gynann. KaTTuk XMCMHUHT Z YKKa HUCOAaTaH MHEpLIUS MOMEHTH
I, ysrapmac Katranuk OViraHunaH, yHu xocuna Genrucupan
TAKAPHUTA YUKAPWI MYMKMH:

1,-da=p ~ (4.392)

Iynnait Kuanb, Kammux xcucmiure 7 adnanuw yxuea

nuc6aman unepyusn momenmu I nune %‘;l ={ Gypuax meznanuuiuea
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Kynaidmmacu mawgy Kysnunz uly Yxka HucoOaman Hamusxcacul
Kkyu momenmu M, ea mene:

IB=M, (4.40)

by dopMmyna xammux xcucy aliranmae xapakam duna-
Mukacukume acoculd meneramacy éxu ma=F menzqa-
Maza yxulqut 6yneanudar, 6as3an, Kammuk MUCH QlAaHMA
xapakamu yuyn Horomon ukxunyu Konynunune mame-
Mamuk ugodacu xam deliuradu.

4.7. MMIYVJIHC MOMEHTUHHHT CAKNAHHIT KOHYHH

FOxopunaru KaTTHK XHUCM aifnaHMa xapakaT OMHaMHKa-
CHIIMHT acockii TeHraamacu (4.39)

df, _d(1,@) _ i

dt ar 2"
ra Mypoxaar KwilalUiukK. ByHaa KaTTuk XUCMHUHT ainaHuLU
YKMIa HUCBATAH MMITYJIHC MOMECHTHHUHT Yarapuiuu d(/ z6)) KYY

MOMEHTU UMNYAbCH M df ra TeHr:

dl‘z = d([zw)z Mzdt (441)
Arap aitaHMII YKura ara 6Yarad KucMra Tauwlky Kyvdysiap
OyTYHAall TabCHP KUAMAcCa, €KU YIapHUHL TEHT TabhCHUp
STYBYMCHHUHF aiylanni YKura HucbataH ky4 Momenitu M, =0
6ynca:
di, = d{f )= M di=0.
MareMaTuKagaH MabiyMK{, OMpOp KaTTaJMKHMHI Y3ra-

pULIA di , HOJITa TeHT O¥:1ca, y KaTTanuk fz yarapMac KoJajiM.
Mynunailt Kuauo,

L, =1 0= const— (4.42)

By udpona uUMIyAbC MOMEHTH CakIaHWlll KOHYHWHWHT
MmaremaTuk vdonacu 6¥iau6, OyHaaik TanpudstaHaau: ataarnuu
PKuza sea Oya2an KaMmuK HCUCM2Q KYHAAD MAsCUup 3mmaca éxu
YAQpHUHZ QUAGHUW YKU2d HUCOamMawn Ky4 MOMEHMAGDUHUHZ
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turunducu rosza menz Oyaca, Kammuk HUCMRUHE aUAaHUW
Viuza Hucbaman umnyavc moMenmu muxdop ea Uynasuw
Heuxamoan y32apmac Koraou.

HNMnyase MOMEHTHHUHT CaJIaHKill KOHYHUHY HPOAATOBUN
Hab3u MUCOAAPHN KEeITUPAMK3.

KuceMmuuvHr z ¥KKa Huchatal HHepLHS MOMEHTH Y3rapMac
KOAraHaa, I, = const, Ma3kyp XucM ¥3rapmac Gypuax Te3amMK
@= const) GuIaH XapaKaTIaHa/LH.

KACMIMNT MHCPUMA MOMEHTH J, HMUT Y3rapuiliM YHWHP
Oypuak 1e3IMry O HuHr Y3rapuuinra cadad oysianu. XycycaH,
KUCMHUHT UHEpUMst MmomeHTH [ oprca, Bypuak Tesnnru & oca
KaMasity Ba akCHMH4a. ByHra mIapHKOMOUIMMITHHKUA 3PKHH
aisiana onamurad xypcen (KyKOBCKHMIT ckaMbsCH)Ha TypraH
raHTeIb yUIIaraH OfaM KyNoYnHu €3raHia CCKMHPOK alutatia
bouwaiin, Ky/Lapuamn KyKpardra 6ocranaa s¢a Te3pok, aiilaHa
oownadinu (4.11-pacM), HyHKH onaM K¥napuHu iiMrca, yRRHT
MNHEpUHA MOMEHTU KaMasu, abuu I <[ . Harvwxana 6ypuak
Tesauru opraum (0, > ®,). ¥ Bakraa (4.42) ra acocaH,

121001 = 1A26)2 = const. (4.42 a)

41l-pacwu
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MYHOCA0ATHH E3UIIl MYMKHH. SIHa OMP MUCON KeATHPAMMA:
KOHBKMIA YYYBUHM ¥3 TaHKTa TeIIalKIL Ocpuul yuyH Gouutanruy
TYPTKHY NaUTUAa KJi1 Ba OEKJIapMUY TAIIKAPUTa Y3aTaau, CYHrpa
TYFpHIaHU0, KYTapUHY TaHacKra CITUINTHPHIL Ba OEK;1apHITN
SupramrTHpUIll 6MNaR BepTHKAN YKKA HucOarall HHepLUst
MOMEHTHHM KECKMH KaMaHTHUPHIUM HaTHXACHIA XyIoM
«ITMAAUPOK»IeK aliiaHa OoLiaian.

4.8. KATTHEK KWCMHHWHI' MHEPIIUA MOMEHT.IAPHU,
MOATEHC — INTENHEP TEOPEMACH

XKucMHUHOT MHEPLMs] MOMEHTHHH XHCoDJal yuyH YHU Xydd
KMYHK dm MaccaiiM 4eKeH3 K¥n O¥aakuaiapra axparnb Kapad
UMKAMHU3. Y BaKTHAa KATTMK XUCMHUWHI Z aljgaHumy YKura
HUcGaTal uHepUHsI MOMCHTHHH Hdonarosum (4.37) gopmMysia
WHTErpajl KYpMHUMILTA Kejlaau:

LS 2
= ‘33,‘?30;’! Am=[r¥dm. _ (4.43)

KATTUK KMCMHHMIT MHEPIUS MOMEHTH YHHHI XaXMU
OViivya MacCanuHI® TAKCUM IAHWINIUTA OOF/ UK OVAraHM yuyyH,
dm MaccaHu MOAXAHWHI OHMM 3WWIMTU P OopKad wpona-
AatMus: dm = pdo.

By osnementap Macca dm HMHr udoaacuiin (4.43)ra
KyHAuica, CHMMMETPHK FeOMETPHK 1HAK:Ira ara OViIraH KaTTHK
XUCMIAPHUHT MAPKA3Uil aittanuiu YKu z ra HUcOaTall MHepLims
MOMEHTH J, HM OCOHTHHA XucoGaa1ra UMKOH Gepanurat

I, = [oredo (4.44)

dhopMyaa Keand yukaau: OyHAa r—KATTHK KUCMHUHI Z
MapKa3ui aiknaHuul YKWAaH dneMenTap Macca dm rada oy.rai
Muacodacu. :

KaTTHK XKHUCMEHHI MACCAIap MAPKA3K1an FTMAILIHIaH YKKa
HpcGaran Huepuus Momentd. Arap (4.44) dopmyna acocuia
Maccajdap Mapkasvian YryBuM Z ¥KKa HUcOATaH HIEPLMsE
MOMCHTH /, MabilyM O¥nca, y X014 yHra mapauics OysiraH

ucrasran z° YKka Hucbatan unepins MoMertu fun Fwoiirenc
—1drefiep TcopeMacH acOCH/IAa OCOHMIMHA AHHMKJALU

MyMKUH. By z Ba 7' ¥Kaap o Ba 0 nykratapuan yrnd, y3apo
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~z A Az!
am
— —_
4 r4d
0 07 XX
4.12-pacwm

napannea 6Vacun (4.12-pacm). By VKJIapHUHT Kodpﬂuﬂar
Sownapura Hucbatan dm 31eMEHTAp MaCCaHHWHI pamuyc-

BEKTOPNapyu MOC paBHlLza » Ba 7' OyiacuH. Y X044 yM3MagaH
F =¥ - d 6ynanu, 6y epaa @ — nexrop 00 pagnyc-BeKTOPHK
bunampann. ¥ saktaa (F'f =(F—-a R =r2 ~2(F - @)+ a? Bextop

aMaIVHY Daxapyin MYMKHH: ¥V xonza z' YKKa HUCOATaH KATTUK
XUCMHUHI UHEPLINUS MOMESHTH

1= [dm= [ [ ~2(@F)+ & dm= [ Pdm=
+ [ dm-2 (g 7dm)
oyaanu. by ucomaHUHT YHr TOMOHHAATH DUPUHUKM KHTErpail
KATTUK XHUCMHUHT Maccanap Mapkasu 0 JaH z ¥Kka nucbaran
MHCPLIMSI MOMEHTH Irzdzn = Iy i1 Gepany. OXUpIv MHTErPATHY

f Fdm=mR, xypunuwizaa é3min MyMkut. bByHaa R —xucminap

Maccajiap MapKasuMMHI pajauyc-ekTopu. lyHaait ko,
Kyiugary udoaa keaud yuxkanu:

‘1=, +ma? ~2ml@ R ) (4.45)

KaTruk XUCMHYHT Maccanap Mapkasu 0 HyKra (' OWiaH ycTMa-

YCT TYIMTaHJUIU Y4YH }'ér =0 OV¥manu Ba (4.43) dopmyna
OyHAaait KYpuHMILITA Keaaay:

{=1Iy+mad®. (4.46)
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by dopmyna Toiirenc-1lIteitnep (1796—1863) reopema-
CHHMHI MarteMmaTHK ndonaacu 6ynud, Oynnait Tasprdnananm:
Kammui acucMuunz 6upop yxia nucobaman unepuyus Momenmu I
YRUKZ Maccanap Mapxasuoan ymyevu nappaiien yxka rucaman
UHEpYUA MOMEHMU OUAAH ma’ Kammdasuxruuez Kyuuiuwuza
menzoup, 6ynda a —yxaap opacudazu macoga.

KatTeg xucMuHAr KoopauHar Gomm 0 ra X,V,Z yxnapura
HucOATAH AHEepUH MOMEHTHREHY Y3apo Gornanumy. JKucMHKHT
yKKa HucbaTtan uHepiUa MOMEHTUHY KYNMHYA YHUHT HYKTara
uucOaTaH MHEPLUUSA MOMEHTH OpKaIW OCOHTHMHAa XHcobnaiu
MYMKUH. XKucmrunz 0 nyxkmaza nucbaman unepyus momenmu I
0e6, XCUCMRYU MAWKUA KUA2GK Iaemenmap maccarap Am; nuie

yaapoan o nykmaeaua b6yazan 1, macopa keadpamu kynaimma-
AQPUHUNZ HUFUHOUCU2Q Qlimunaou.

I,=YAmr. (4.47)
i=]

Macca y3nykcu3 rakcumianran 6yica, (4.47) udoaa nHrerpain
KYpUHUIIra Kelaan:

I,=[redm. (4.47a) Z|

ABBaJiO COAAANUK YUYH,
KoopauHaranapu X,V,Z
Ba Mmaccacu m Oyiaran
MOQIKMA  HYKTAHMHI
KoopauHar 601y Ba VK-
Japura Hucbatan unep-
LMt MOMEHTJIADMHM Ka-
pab uvxaMus (4.13-pacm).
Moaauifi  HYKTaHUHT
KOOpAHHAT Houxraya Ba
X, V,Z yxaapuraya 6yn-
raH Macodanap: r, r,, r,
r, HUHT KBAaJApaTnapu
MOC paBubuga: 4.13-pacm

xY

rt =x2+y? +22;
2 2 2 .
— 2 2. — 2 2. JER 2.
1=yt o =Xtz ) = x4yt
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KopauHar 6ol Ba ViC1apura HUchGaTaH MOMEHTIAPH 3¢a;
I=mr® =m(x®+y°+22); (4.48)

I =mr2=m (yz + zz); I, = mfy2 = m(xz + Zz)>
I, =mr? = m + y7); (4.48a)

Koopaunar yx,uapma Hucbaran nHepuus MOMCHT.1ap 1, ] I
HM KY1uub 1obopusca

I+l ,+1,=m (y2 + z2)+ m(x2 + Z2)+ m(x2 + }’2)=

= 2m(x2 +y2+22). (4.49)

o6ynanu. Jlexun oy udoaaruur Yur ToMoHu (4.46) ra Gunoan
2 (xz +y2 422 )=2 1, oyaranu ydym:

14 1,+1,=21I,. (4.50)

by MyHocabar ¢akar GurTTa MOMIUI HYKT3Z YYyH 2Mac,
OaiiKK MXTHEPHUHN KATTUK XXKMCM YYVH XaM Ypurutmwiup, MyHxu
KATTUK, XHMCMHIH MOJUIHI HyKranap TyiamMu 1cd Kapaur MyMKyH.,
IlyHuaii kuinOb, kammurg scucsmuune dbumma HyKmaoa
KeCUtya i Yuma y3apo nepreHOUKYAAp YKaapza Hucaman uHepyls
MOMEHRMAGPUHUHE HUTUHOUCH MU3KYD KUMMUK NCUCMIUHE WY
HYKM@2a HUCOamMan HKKUAGH2AR UHEPLRUS MOMEHMU2d MeH2OUD.

4.9. TEOMETPHK WIAKUIN BAb3Y XUCMIAPHUHT UHEPLIUA
MOMEDNTIAPUHH XUCOBJIAIN

Xap KAHRAK KATTHK XKUCMHHHT MapKasHit ykura HUCGaTaH
MHCPpIHS MOMEHTUHH 10KOpHIA UMKApUAran

1= f prid. 4.51)

(hopmyna acocuaa OCOHrHIIa XHCOO 1Al MyMKHH. P —MapKasuit

ViJIaH - Macoalard XUCMHMHT 3UMIMIH, dp — XHUCMHUNTF
WICMEHTAP XaXMU.

1. Unruaka OMp XKHHCIW CTCPNKENHHHYr MApKa3Mi yKura
vucéatan nnepnus Movmenth (4. 14-pacy). CrepXeHHUHT YKAaH
r Macodana yaynury dr, XxaxMu de = sdr (6yHaa s—CTepKeH-

124

www.ziyouz.com kutubxonasi



HUAHT KYHAAJIAHT KECUM 103d) OYnraH aieMeHnTap O¥naxya
axpatu6 omamus. CTepxen OUp XuHCAHU {p = const) KaTTHK
Xucv OYITraHM YIyH YHUHT Mapkasuit VKKa Hucbatan maepivs
MOMEHTHHM Xucob1am aMany (4.47) HHTerpaTHM Xajl KWauira
oud Kesaau: :

+% +/
I, = J'przsdr =ps J‘rzdr—‘“ re e
.../ _/ %

=5 [(117“)1+ (%)3]“%{'[7‘ 12 p'(s{?'lz

HuxosT, 3MLIMK P HUHT CTEPXEH XAKMHU 2 = sl ra Kynair-
MACU YHHHI Maccacy m Ia TeHT, sibHH m = p s/ 6YAraHy yuyH:

I'=smi®. (4.52)

CrepxeHHHHT OMp yuupaH YTraH ¢y’ ykka HucbaraH
vHeplusa MoMeHTH [ uu TNoitrenc-1relinep teopemacu (4.44)
Jax doitnanaiiud oCOHriHAa aHUKIA MyMKuH (4.14-pacm). 00
'Ba Q¢ YKiap opacuaary Macoda a =//2 ra TeHr o¥iranu
yuyH (4.50) naH KyiuaardHy TONaMM3:

=1, +md® =mP+fml =dmP.  (4.52)

By udona (4.42) bopmysa acocujia OCOHTMHA YMKAPUIAIH.
2. 10nKa 6Mp XUHCAK AUCKHHHT MapKasuii YKura HUcOaraH

MHCPLMH MOMCHTH. BUp Xuscan (p = const) AMCKHHUHT TEKHC-

JAMIMra NCpneHauKY:sip Ba Mapka3uaaH yryeBun OO0 Vkka

0’ 0
azl z L/2 l
La=lp
o o
4.14-pacuM
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Q¢ a=R 0

dy

o 0
4.15-pacs

HucOaTaH MHepUWs MOMeHTH I HM Tomainuk (4.15-pacm).
BYHMHT yuyH AWCKHU dF KATHHIHKAATH XATKACHMOR KATAAMIa

6ynub unKamus. by KaTIaMHUHT XaXMH dota dy = h2nrdr, TeHD

6ynanu, 6yHna h—IUCKHUHI KammaaMid. Y Bakraa (4.42) ra
acocan auckHUHr OO §KKa HucOaTaH uuepuus MoMeHTH I
yuyH Kyiunaru ugoaa kenud YHKaaM.

1 -J'grzhz-: rdr_z-:hejmd-znhg 4' =2nho L.

ByHaa 3UWIMK P HMHT JUCK XaXMU ¢ = fmR2 ra kymait™acu
IMCKHUHI MACCACH /M Ia TeHT, AbHU M = pv = p/mR? 6yarauu
Y4YyH
2
1 =mR (4.53)

JMCKHHHT KUppacHaaH ¥Trad oo’ ykka HucOaTaH uHepuwms
momeHTH [ Hu Toitrenc-IlTeitHep Teopemacura GuHoan
OCOHTYHA aHUKJIalu MyMKHUH. 4.15-pacmaan kypunaguku, 00
Ba (') yknap opacujarn Macoda ¢ = R 6yaranu yyyH(4.46)
P2 acocal NMCKHMHT O'Q’ YKKa HucGaTaH MHEpUUA MOMEHTH

I=1I +ma* = -'ﬂ;- +mr? = -g mr? (4.53a)

Oynanu: Ba HUXOAT, MUCKHHUHT AMaMETpU OuiaH ycTMma-ycT
TywyByy X YKKa HucbaTan uHepuus MoMeHTH I Hu (4.48)
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4
p o

4.16-pacmM

hopmyna acocKia OCOHIMHA aHHKIaW MyMKUH (4.16-pacm).
Juckuuir OO0 HyxTanapaad yTyBuM Z ¥KKa HUCOaTaH MHEpPILHs
MOMEHTH

2
1,=1,=8§ rareur.

UKKHHIY TOMOHAAH, JUCKHUHT CUMMETPUSIIMTH ca6aban Ix=1),
6ynrann yayn (4.50)ra acocan I +1,+1, =21, udonanu
21, +1, =21, gk 21 = I, kypunmmLLIa 83V MYMKUIL. Byii-

gaH I HU auMK;1ab, HUHr Horacu ypHura Ky#unca,
JOUCKHUHT [(MaMCTpHU 61§rqua6 #yHanran X ¥kxa uucbaran
HHEPUUS MOMEHTH:

=mR (4.536)

4 2-xapsanga (4.44), (4.46) sa (4.50) dbopMynanap acocuua
YUKAPWITAH FeOMETPHK INAKUIM 0ab3d KATTHK SKMCMIAPHUHI
MHEPLWMSI MOMEHTJIApHHY Xucobnawl GopMylanapy KCATHPYITAH.
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4. 2-scadean
I‘.hxg KuCMHANT HOMA Vimnr Wricpuna
o Ba HIAKIH X0 MOMCHTH
I IMonnnit nykra Cummetpus 1=mR?
Ixu °
0
0£
2 [Fapaum CummeTpusi ’ I=mR?
¥
e
0
3 IBVHETEET Cummerpus _ mR2
VK I,= >
Auck _3 2
KHppacuiax I= f')_'mR
yiraH VK
AucKuuHr
SMAMETPH L 2
Oyitnua Ix 4 mR
#ynaaran yx
4 uruuxa crepxens CummeTpust 1 2
0 VK Iy =4mR
LLLLLY ELL
, [4)
0 C
TePXEHNUHT
0 Vrraw YK
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4. 2-mcadean (dasomu)

T, Qg. XKuCcMHHHT HOMM Vumnr Nuepuus
No Ba WAKIN X0NaTH MOMEHTH
5 {lapamicaenunex CummeTpus 1
yKu 10=T-2-m(a2+32)

6 [Ulap CumMeTpus 2 2
yKu I, =<£mR
0 05
9
7 [Ciepa CuMMerpHs
2 fku 1, =-§-mR2
4]

4.10. RATTHK XUCMHEMHI AFLIAHMA XAPAKATH/IA TAIIKHU
KYYHUHI BAXAPTAH HIIH

KarTtukK XuCM Ky3raiMmac z VK atpoduna aitmaHacrran
Oysicmin (4.17-pacm). YHuEr dm, Maccanu i aaementap 6yaax-
yacura 13 Ky4 TabCHp Kula€Tranfa, df BakT wW4uma i—
aneMeHTap O¥;1akya ds; = r;de macodauy yTcuH, OyHaa ri—
seMeHTap OYraKkyaHUHT aiatvul paguycu, do —3sca YHUHT
BaKT Muuaa yrran Gypyak macodacu. by macodana dm,

3jJeMeHTap MaccaHy KYuMpHullia F; KYYHUHT 0aXaprad uuin
dA, KyYHUHT Eu TaHTCHIMAS TALUKWI ITYBYMHUHT dS; Macodara
K¥raiTMacura TeHr:
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4.14-pacmM

 dA; = Fudsi = Fynde.

Bynna (Fyr;.) xatraauk F; KyqHUHT Z JKKa HucGataH Kyy

MOMEHTHHIHT MOAYIN IM z,—' ra TeHraup, demax:

dA, = 1|M,|do. (4.53)

AnemeHTap Oypunauul Oypuary do HY aKCHall BESKTOp 4§, SbHH
YK OViinab iyHanrad BekTop Keb Kapali MYMKWH: 4§ = ®df.
Arap Mz,. Ba dp BexTOp Gmp xua Hywaiaca, d4, mycbar
(dA, >0), xapama-kKapmu HYHanranga sca dA, manopuht

(dA;<0) 6ynaan. yuuur yuyH (4.53) Gopmyianu 117[2,. Ba do

BCKTOPJIAPHHUHT ¥3ap0 CKASIP KYNalTMacH KYpUHUIIMIA €3U111
MYMKHH!

d4, =¥, -d) (4.53a)

V xo0./1a XXUCMHUHI Gapua 3/1eMeHTap Maccajapura Kymuiran
Ky4JapHUHI OaxapraH jAeMeHTap MIUM dA, aiipuM Kyunap
Oaxaprad niiap dA4 HAHT anreOpauK AMFYHAUCHUIA TEHMINP:
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n n

dA=3 dd; =3 (-zi’dﬁ)) gﬂzi)d(p'

i=} i=1

n -
Vur ToMoHzary ZMz,. WHFMHIN XUCMra Kyhuuiurad 6apua
izl

VHUKHM wyynapiuHr z aliaHmi yxyura HucharaH HaTUXaBui

Ml Ky4 MOMCHTHHU Gepauu. ynunr yuyH xam:

dA = (11, - dg). (4.54)
Arap KaTTHK XUCMHHUHT altanum YKH Ky3ranamac Oyica,
A?Z Ba d BekrTOpaap ycrMa-yct tywanu sa (4.54) dopmysa
XHCOOMaul yuyH Kyi1ait KYpUHHIUTa KCnajn:

dA =M do = M, wdr. (4.55)

Yexom BakT opainriia 6axapmnran A uul, (4.55) udoaauu
MHTETPAIANI OPKAMA TOTIMAM:

¢
A =fM,W dt. (4.56)

Arap XUCMra TabCUp KUNYBYM KYWIADHMHI HATHXABUM

MOMEHTH A?z MOMEHTH Varapmac ( M . = const) koiica, (4.56)
dopMyaa Kyiuaard KypuHuiira Keaaiy.

!
A=szdt=M:¢. (4.57)

by ndoza niarapunadMa Xapakar BaKrugard ¥arapMac Ky
(F" = const) HUHT Gaxaprad uum A = Fs wojtacura yxinaiuaup.
Takkochamnap WYHW KYPCaTaanky, aiknaHMa xapaxaTr y4uyl
F Kyy Basudacuuu M KyY MOMCHTH, YM3HUKIK ds = pdf
macoda Basudacuny aca df = Odt Gypuakiu Mac;0(1)a Gaxkapap
IKaH.
131

www.ziyouz.com kutubxonasi



4.11. KATTHK XHCMHHHT AJUIAHMA XAPAKAT KHHETHK
YHEPIUsiCH

KysranMmac z ¥K atpoduaa aiinanMa XapakaT KWIa€rraH
KaTTHK XMCMHMHT (4.17-pacmra K.) Ovpop z-—anemcx{rap
MAaccacH m, HUHI KUHETHK 3Hepruscu: W, = Am‘ o’ , OyHnma
Am,_ Ba —MOC paBuilifla i—dJeMeHTap Gynaxqacmmm
MAacCacH Ba MM3HK/IM TEITHIH. YNSHKIH TEIHUK v, HUHT YDPHHTA
Oypuax TE3NMK co opKany M¢oaanaHraH o, =orn, KuiiMaTi

K¥iunca, W N-Am 2 HM XOCHN KUNaMH3.

Karrthk, )KHCMHPIHF KyaPaJmac Z Yxka HucDaraH alimaHma
XapakaT KHHETHUK SHEePrusacy Ly XUCMHUHT Gapua sneMenTap
Maccanap KWHeTHK 3Heprusinapu W, HUHT HUFUHINCHIA TEHT:

n n
?
M=121Wu=ﬂ§l§%mmz=%—, (4.58)

Gynna I —KaTTUK XUCMHMHI aWlaHMIn Ykura HucbaTaH
VHEpLHs MOMEHTH.

Idynaail xunnb, xysraaMac YK atpoduaa aimanaérran
KATTHK, XHCM KHHETHK SHEPrisAcH XUCMHHUHT aitiaHuil yKura
HUcGaTaH MHepLUS MOMEHTH ] HUHT Bypyak Te3anMK Kynair-
MaCUHMHI SPMHUIa TEHT.

YMyMHuil XONAa KATTHK, XHCMHWHI XapakKaTHHH MKKHTa-
WHepLMsl MapKasy v TEINMKIM WNrapujlaHMa XapakaTiaH Ba
MHEpUHA MapKa3uaaH yrraH Z YK atpoduia o Oypuax Te3nnk
DunaH alinaHMma xapakatfaH TaulKul TONraH geb Kapaiu
MYMKHH., ByHpaill xonfa KaTTHK XMCMHHHI TYIMK KHHETHK

o I, -o?
SHEPrHACH WIrapuiiaHMa L—z—) Ba ailaHMa |~ 3 KHHETHK

3HEePTUANAPHUHI AMFUHIMCKUrA TeHT OVnamu:

I o?
W, =W, + W, =2 2 (4.59)
Arap wirapuiaHMa Ba aiilaHMa XapakaT TeHINaManapura
Ha3ap TalrlaHca, YIap MarcMaTHK HYKTay HazapaaH 6up xwi
KypUHHLITa 5Ta 6110, alinanMa xapakar KMnaéman XUCMHUHT
MaccacH BasupacCHHM UHEPUMS MOMEHTU, UMITYTbCHHH-
UMIIY/IRC MOMEHTH, KYYHHHU—KYY MOMEHTH Gaxapaiy Ba myHra
yxwaul. 4.3-xaaBajiga WirapwiaHMa Ba aillaHMa Xapakaraapra
TETHIIIA aCOCUH KaTTANMK B4 TEHIaMATap TAKKOCNHAHTaH.
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4. 3-cadeua.

N HirapmwnaHMa xapakat AltTaHMa Xapaxart
I{ Macca: .. ........... m | HHCPLUA MOMEHTH
2 | P F M... .. KY'L MOMEHTH
3 . B = 7

Pvmyasc: .. .. .. p=my L = I . . ummynsc MomenTH
4 = — - -.

Acocult Tenrnamach F = ma M= . acocuil TeHrTaMacu

Fodp_ () ;#,_ )

dt dt

5| Umnynsc Y3rapuur KOHyHM: WMnyise MOMEHTH Y3rapHin

dp = Fdt . xonynu: dL = Mdt
6| MMaynbCHHHT caknali KoHyHd | MMIynsc MOMCHTH cakjlaHMil

5: 1 KOHYHH;

p; = 2,m;v; =const LR
=l il Z L =21,~m,~ =const
iml =)

Baxapmaray wu: A = F - 5. A = Mo Gaxapwaran nur,

8| KnHeTuk aHeprus: 2
~9 P W, =19% vunerux sueprus
W =m K 2
X 2

Ba HHXOAT IIYHH TabKHUIAW KepakKH, Kysraimac Z ¥k
ampoghudazu aviaanma Xapaxamuu maecuq)/zoslm bapya Oypuax

gexmop xammanukaap: d, &, B, M 2 L xap doum Yk 6yinab

ynanzan 6Yaub, yaaprune UyRaAuWU to:copuaa baén Kuaunean
napma koudacu acocuda aruxranadu (4.1-4.3-pacmaapea x.).

4112 DPKMH YKJIAP. BOII UHEPIUS VKIIAPU

AiinanMa XapakaT DMHAMMKACUHHHT aCOCHI TeHIlaMacu
KATTHK, XMCM/Ia MaBXya OYnraH xap KaHgaf YK arpodwmary
alanvur yuyH Ypuruimudp. bomrkaua kuanb aitrania, aiianma
XapaKaT IMHAMUKACUHHWHI' acocHil KOHYHHM acocufa aiiaHuLu
YKJIapUHUHT Kaiicu Oupy ad3awiuruHyu anuk1ad Gynmanpn.
Bupox aitiianypuy XUCMHMHT ainaHuI YU TasH4aapura 6yi-
raH TaLCHUPHMHMHF TaBcH(DUra Kapab Gapua ajbraHn yxjaapu
¥33p0 TCHI KYyWIM SMAaciurura MiOHY XOCH KHAULL MYMKHH.
bysaa MKKK Xoi OYnMny MyMKUH: SANMICOMA WIAKIHAATH
SKMCMHWHT aiiTaHui YKu Maccanap Mapkasu O AaH yrraH xonia
cumMmeTpus YKuia Ermaca (4.18a-pacm) O aitaHAETraH XHUCMTE
0, Ba O, TAAHWIAPHUHT &H TOMOHMIA HyHaNraH Xy(dT Kywrap
TABCUP 3TAAU. Arap XUCMHHUHI alNaHUII §KU CHUMMETPHSA
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P13
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e
0y
a J

4.18-pacwMm

ykunan yrca (4.186-pacM), 5UTHIICOMIHWHI GUP TOMOHMra
TaLCHP KWIYBYM MApKa3daH KOUMa MHEPLUA KY'WIap MKKHHUM
TOMOHI4 TAhCHP 3TYBYM MapKasiaH KOuMa MHepIMs Kywiapy
OWiaH y3apo MyBO3aHATAaIIaay. by X013 XXHCMHUHT ail1aHyi
yxnapu 0, Ba 0, TasiHYNapUra Ky4 TabCUp KMIManau.

Hewmax, aﬁnalmm yKM Maccajnap Mapkasupan yruo,
MHEpPIIMI KYYApHHUHT YKKA HUCOATaH HaTHXaBUH MOMEHTH
HO;IFa TeHT OYJica, aitjlaHa€TraH XXUCMHMHT YKKa TAbCUPH XaM
HOATra TeHI 0ynamu. ‘

AlaHMa XapakaTaa XHUCM aiaaHupl VKJIApUHHHT TasiHY-
Jiapura xe4 KaHnai Tacup KypcarMaca, yHIai VKj1apra 3pKuH
YKJIap €KMW 3pKUH altnaHUW YKJjapu gedunaau.

Arap XUcCM TVjia CUMMETPHS YKUra ora 6ynca, Oy cuMMeT-
pust YKU 3pKHH VK xaM O6yna osiaau.

Xap xaHaail xXucMAa, YHUHT WHEPLMs MapKa3u OpKaiu
YTYBUM yuTa NEpIICHAVWKY/AP AYHaIraH 3pKHH VK1ap MagXy/l-
aup. XXKUCMHMHI MHEPHUS Mapkasy OpKaly YTYBUM 3PKUH
yxaapura 6ow vMHepuusa VYxaapu ned atamaau. Macanau:
oup xuncan (p = const) napawienenunen yuyH (4.19-pacu x.)
Kapama-Kapuu erran Exaaputu kecub yrysun 0,0, 0,0, sa
0,0, spxuH yigiap 6ou uHepuus Yx1apy 6§1auu.

YMyMuit xonna XUcMHUMHT Gow uHepuust Yxiapura
HUCOATaH MHEPLUS MOMEHTIIApH Typnuya, sibHu [, = I, # I
6yrapu. bBynra mucon kunub 4.19-pacmiza TacsupaaHrad
nmapajulesIenuneHu Kypcatuin MyMkuH. CumMMeTpHs Yxura ara
Oyarad xucm (4.20- pacM) yuyH MKKHTA MHCPLUMS MOMEHTU
OMp XU KATTAJMKKA 9T, YIHHYUCH 3¢a dapK KHAaIM, ShHU
I # 1, # I;. Ba HUXONT, MapKasuil CUMMCTPUSUIH XHCM

' (Macanal, wap) yuyH ydana Goit muepuus ykiaapura uucbataH
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4.19-pacwu

s

HHEPLMsS MOMCHTIIApY ¥3apo Oup xu,
seiu 1) =1, =1, 6¥nanm.

KUCMHUHT 2l TaHUIT TYPEYHIUTH
Goll uueplUus VKIApHHUHAD KaWcu
Oupu TypFyH aittaHuin YKy 6¥nuura
DOFIUKIAHP.

Hazapust Ba TaxprOafapHuHr Kyp-
caTHuiMua XWCMITMHI BHF KaTra Ba
3HI' KHYMK MHEPLMS MOMEHTIIU YKiap D
artpoduaa alknauuiuy TypryH 6y, 2
¥praya HHepLUst MOMEHT YK, aTpodinia
alnaHKILM 9ca TypryHMac Oyap 9Kan.
MacajaH, arap Taék4any UnHUHT 6up
yuuira 60omsal, yHU Mapkasfai KouMma .
MalllHa EpaaMuaa Xyaa Te3 alraHTi-
punaca (4.21-a pacm), tadkya ¥3ura
KYHAQNAHI' THK AyHaNraH Ba yHU KOK YpracujaH yrraH VK
aTpodhuia TOPU3OHTAN TCKUCHUK O¥itnald aitraua Sommaiay.
By adzanum Yxpra HUCOaTaH Ta€KHAMHT MHEPLUMSE MOMEHTH
MaKcHUMan Oynany.

Orup rapauiu KM IACK XaM Xyanx ¥ina taékya kabu ropu-
30HTAN TEKHCINKAA alanMa XapakaTt Kuaaau (4.21-86 paca).

TypryH aiianyil YKU XaKHAATH TYHIYHYA TEXHUKaA4 KaTTd
AMATHEK axamusaTra sra. XKymnagas, typryl ¥K arpoduia
alinaHafTran MaulMHa KUCMIApUHU axwunab Myposadatiad
UL 3apyp, ake xoiyia YKxa Oyaran 6ocuM Kyuu, allHMKca
KaTra Te31MKlap/ia 3apapan HaTUXajiapra, XaTTo MautMHaHuHr
eMUPHARNIINTAYE ONNO Keauiyu MyMKIIL.
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421-pacm

4.12. TMPOCKOILIAP BA YJIAPHUHI KVIUIAHMILUW

Tupockon 0eb, Yaunure mypryu ow unepyus yxu ampoguoa
Kamma GypuaK mesnuk OUAaH QUaarysuu CUMMempuK, Maccus
xammux, ¥cucmea aimuaadu. _

HUMuyanc MOMEHTH cakaanuul KoHyHu L = /o = const ra
OMHOaH rupocKon ¥3 VKMHHWHIr UYHanuwuHu ¢asona yarap-
THpMall cakjalra MHTHIAnW Ba YHUHT HHepuMs MOMeHTH /
6unaH aitanmiu Oypyak Te3IMrd O KaHua Katra OVaca, y
WYHYa TYPFYHPOK, OVianu, sibHY allaHMIt YKUHUHI Y3rapu-
IIMra 1IUYyHYa KaTTapokK, KapWiWinK KypcaTaiy.

bapuara mawaym Oynran Sonasiap YAHHYOF—ITWIANPOK 3HI
colza MUpOCKOTra Muco Oynanu. Altanuu yxu arpoduaa
TC3 alNaHTHPHIraH MWIAMPOK ¥3 VKUHUHT YTKHUp YYMaa TYPras
X0Ji1a TYpFyH ailaHagu. [TMAZMPOKHH KapTOH Bapak, ycTHaa
ainaHTMpub 10060pub, ynu loxopura otnb obopuaranaa
MIAMPOK, (pa3oaa aitraHuIl YKUHHHT AVHANMUIMHYA cakaalinu
Ba YYH OMIAH KapToHra TyBiaiy.

I'upockon ¥xuny ¢a3ona UXTHEPKI HYHAnMIA OpHEHTA-
HMsfal YYYH  yd YKIM THpocKon—Kapiaan ocMaga ¢oviga-
nanunanu (4.22-pacm). byHaait rupockon 6Gup BakTHUHT Y3Kaa
¥3apo NepaeHAMKYIIP Xoialran yyra YKjiap atpodnia spKuH
ajulana onanyu. Kapaan ocmacu (4.22- pacMra K.) HKKM Xail-
KadaH ubopar OYnub, uuku Xaika BB’ yunap opkaim YTyBuM
«ropu3oHTa» YK atpodupa, TaWKW Xaika 3ca BB’ yxxa
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NEPOEHAUKYASIP HYHaNraH
DD’ yunap opxanu yTyBYU
¢«BEpPTUKAT» VK aTpoduna
JPKHMH ajinada ojauu. ['upo-
CKOMMHHUHT AA ait1anunr yxu
KapaaH OCMaHMIT MUKHK Xal-
Kacura tagHauu, Oy YHMHI
(ha3oza wctanran HyHaTuIaa
9pKUH Oypusia OJULI UMKO-
HUHM TabMuHnaiiu. ['upo-
ckonHuHr AA', BB’ Ba DD’
VKAapH KECHLIKII HYKTacH
THPOCKONIHWHI HHEpLUNs
Mapkasu (O pykKrara MocC Ty-
AN,

byHaait rupockon éppa-
MUZA KyHHIary KOHYHUSITAAD aHUKAAHTaH;

1. Ali;1aHa€TraH TMPOCKOIIHMHT OCMAaCcH MXTHUEPHIA TOMOHIA
6ypuiranna xaM yHunr AA’ yKu ¢asona ¥3 HyHanuimuHu
caknainu.

2. Tupockoil AA'yku atpoduna aitianaérra BaKTaa UIKH
XAIKACHIA TabCHP KWIMHCA, THpocKor BB sa DD’k atpoduna
aitnaga Gomnaiiu.

3. I HPOCKOTT AA’ 129 arpocbmxa KarTa Oypuak TC3AnK OHNar
aliTaHa€TraHAa, WYKM EKH TALUKK XaJKAT4 KUCKA BakT vuuia
KaTTa Ky4 TabCUp STWITaHIa Xalkajiapra bynanurad MMIysise
MOMEHTMHMHI TAbCUPM Ky4 MOMeHTM Md! Hu XyHa KM4MK
Mukgopra y3raprupany. LLyHHHr yyyH XaM TMPOCKOIHHKIT
L =J» uMmyinbc MoMeRTH aesipiu ysrapmaiiam. Hatuxana
aiinanHaéTrad rMpockorn aimanuiu Yxu AA4° dazona ¥3 iyHa-
TUMUHY CaKJIaliu.

4. AltanaérraH ripOCKOITHHHT A4 YKy bowinaa HyHa LM
XKUXATAAH MMIYAbC MOMEHTMIA MOC KEHaIu Ba KCHUH XaM Y
OuiaH MOC Kehagid Xxamjla (pa3oma AOMMHUH HYHATHIIMHY
caknaimu.

I'HPOCKOIHKHT I0KOpYAA Tabpudiarad ailaima KOHyHM-
SIT1apM TEXHHKAZa KaTTa aMuIMi Kysutanuira ora. CHapsn sa
YK XYIZIM I'MPOCKON CHHIapH XapaxkaTt WYL MummHy ¥3rapMac
CaKIaly YYyH, yjap CTBOA HYMHAIM BMHT YM3KWFHM OYitnab
ainarMa XxapakaTra KenTUpHiRajIn.

Paxeraitap XapakaTHIH OOLIKAPUILLA XaM paxem KOpIYCHU
MYHra THpOCKOILIAP XOWTalITUPUIIAIN.
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4.13. THPOCKOIMK DOPEKT BA THPOCKOIIMK KYWIAP

TupOCKOMHMHT aii1aHn I YKMHUHT (ha3oaary ByHAMHER
y3rapTHpull yYyH MMIYTbC MOMEHTHHHHI Y3rapuiu KOHRYHU
AL = MAfTa MOC paBMIIa YHIa TAIUKH Kyulap MOMEHTH
6unaH Tancup KoMl kepax. JKymnaaan, 4.23- pacMaa racsup-
AaHTaH I COME ITHPOCKONUMHT A4 ¥Kura Tux BB'YK arpo-
Juna Gypusmin yuyH Ykka k¥iunran F pa F "XyhT xkyuaap-
HWHT MOMCHTH M OuraH TabCUP KWIMHCA, THPOCKOITHMHE L
uMnyiabc MoMeuTW M OGunaH Oup TOMOHTra HyHajIraH
AL = MAt oprrupMa o;1anu. [MPOCKOITHUHT HMITYIIBC MOMCHTH
A7 BaKInau kedun L= [ + AL rarenr 6yaaau (4.23-pacyra K.).
1:, BEKTOPHMHI AYHANUIUM THPOCKOIT alNaHUuI YKUHHUHT AHTH
nynanumm OMNaH yeTMa YCT-TY1UaIu,

Tupockon yxu AA’ hune scypm kywiap momenmu mascupuoa
(4.24- pacmra K.) BB’ yku ampoguda aiinanuu ypuuza DD’ yxra
moMon Oypui xo0ucacuea 2upockonuk sgpexm detiuaadu.

Arap rHpOCKOl YKUra TaLCUP KHIYBYM XYDT KYUIapHHHT
MOMCHTH M Y30K BAKT HABOM 3TCd, THPOCKON YKH TaUiku
Ky4jap TabCHpuad coaup Oynrad_adiawmm yxu BB’ dunax,
STbHU [, BCKTOPHUHT HYHAIMIIM A BeKTOp MyHAMNY OHTak
YCTMa-yCT TYINUIIra MHTHIaAM Ba HUXONT YCTMA-YCT TYLHALH.
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TUpOCKONMHMHT ¥KMHY DYPHII BAKTHAA TUPOCKONUK adihexT
ca0abam rupocKkorn YKy ypHaiurai tagHwiapra TabCUp 3TYBUHU
«TUPOCKONMK Kywiap» Ach atajqyBuM Kyunap 103ara KeJaaiu.
Macanas, TUpOCKOITHUHT AA'YKy BB YK arpoduna MaxGypaH
oypunaranna (4.24-pacm) A4’V DD'YK atpopuna 6ypuianira
MITHIMUIY cababiin rMpoCKOnHMEY AA alinanmiu YKy Tasinu-
sapra F pa F 'xywiap OuiaH TabCup Kuiaanu. AftnaHaérraH
TMPOCKOIIHM OMpop VK arpotuia MaxOypal amnaHTUpULusia
'HPOCKON aWaanuul YKUHUHT TagHYNApra TabCUP KUIraH
KYWIapura r¥poCcKOI MK Kyunap aeiuaan. (4.24-pacM k.).

I'MpOCKONUK KywiapHy YKKa YpHATUATAH BCAOCHIICH FUA-
OUpaTMHMHT alaHuIl MHUCOIMAA SKKOM Ce3MIl MYyMKMH.
Kymnanan, ropusontai YK arpoduia KaTTa TeIMK OUNaH
aiiiaHa€TraH FUALUPakKHM OKopura Oypravga, yHUHF €H
TOMOHTA MHTHMWINK Ba KVira Ky4iu 3ypukuil OepHuIMHU
Nainkam MyMKHIH.

I'mpockonuk sdxhexr GaoTAa Ba aBMauMsga KeHT Kyiia-
HWIAAUTAH THPOCKOMMK KoMnac (rupoxomnac) 1ed atanyBum

/41
|

424-pacwm
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KypwiMara acoc Kunu6 onuuras. 'upokoMmnac Tes aiiaHanuran
nuagupokaan ubopar (Munyrdra 25000 mapra aitmaHagurad
TOK MOTOpPH) 6Ynu0, YEMHT aitnaHu VKU Xap KaHaali xonatoa
EpHMHr yxura napaiien Xoinamuiura MHTHNagu. EpHuHr
alflaHNILIKW THPOKOMIIAcra y3jIyKCU3 TabCHp Kypcatub Typrad-
auru cadabau, YHMHT VKM Mepuivan Gyitnab xoftnamagu Ba
OMIMA MarHMT CTPEJIKACH Kabu 1y BasusATAA KONaIM.

I'mpockomnappan kynyuHva crabunuszatop cudartnaa Goii-
JlaflaHuNIaAM. Yiap OKeaH f1apoxo/Uiapuia yallKanuiiiy nacai-
TUPUIN yuyH YpHaruiapu. Llynuuraex, oup usnu #yn
BalOHMHHMHI HYMra YpHaTHjiaid, Te3 alnaHyBYM MacCUB
rMPOCKON BarOHHW BEPTUKaN XOJaTAa yuuiab, armapunub
KeTHIIKMra TYCKMHIMK Kuiaaun. ['Mpockonuk crabunusa-
TOpsiapHUHr potopnapy | aan 100 ToHHaraya Ba yHOaH Xam
OPTHK GYNMIIIA MYMKHH.

CaMmonér, Topnejaiapia rupocKoIuK ac6obnap pyinHH
GOLIKAPYBYM KypwiManapra aBTOMaT PaBMILAA TAbCHP 3TUO,
caMOn€T Ba TOprieaaHu 3apyp OVarax hyHanuiu 6yitnad Tirpu
YH3UKIIM XapAKATNAHUILMHMA TAbMUHIAHIH.

4.14. THPOCKOIN HNPELECCHACH

I'ipockon yKura nepreHIuKyIsip paBUILa TAbCHP KHTYBUM
KY4HUHI MOMCHTH BaKT Oyilluya MMKIOP XUXATIaH y3rapMac
Ba THpOCcKOIl Yku Ounan Gupranukaa Gypuna dopea, rupockon-
HUHT ZI0XWA2 TYpAary xapakaTi—rnpeleccus 103ara Kenanu.

Xywragan, yku OO’ BepTuKainad 6upop Gypyakka orraH
XONAa, OFUPAUK Ky4H Mg TabCUpHOA LIADHUDP TasHINIAa
TFUPOCKOITHWHT aiijlaHMa XapaKaTH—IIpelecCusiial Moopataup
(4.25-pacMm). 'mpockonra KYWHITaH TAWKH KyYJapHUHT
MOMCHTH MUKIOP XMXaTAaH Kyiuoarura Tedr oyaamu:

M = mglsin o, (4.60)
OyHaa m—IUPOCKOIMHUHT MacCac, /—IIapHUpPAAH THPOCKOII
Hiiep1usi MapKasuraya 6ysirai Macoda, o —I'MpoCKOIl YKMHAHT
BCPTHKAN OWNaH XOCHN KuiraH Oypyak M Kyd MOMEHTH
[UPOCKONHMHI TasiHY HYKTACHIAH YTYBUM BEPTUKa]1 TEKHC-
JIMKKA [IEPIIEHNUKYASIP UYHANTAHIUD. .
M Ky4 MOMEHTH TABCUPHAA FYPOCKONHUHT L uMmryasc
MOMCHTH df BakT uuupga M Ounan Gup xua iyHanras
KyHuaaryya oprTpMa OJagH:
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dL = Mdt.  (4.61)

Bynnan kedimHru dr Bakr
nyuga L BexTOp ¥3MHMHT

SIHTM BasUsTHAA AHA dI, OpT-
THpMa ONlay Ba xoKa30. Haru-
XKajla THPOCKOIHHHI VKU o0
IapHUDP OPKANH YTyBYH BEp-
THKa VK atpoduaa TexKuc
aitnanub, yyumnaru b6ypuaru
20, Ta TEHT KOHYC YM3alH.
KOHYCHMHI ¥KH OpKaiu
VTYBUH TEKUCIHMKHHMHr aiina-
Hu 6ypyax Te3IMru:

o=% @46

OyHaa dp —BepTHKan TEKHC-
JMUKHHMHT dt BaKT HYWAarys
6ypanum 6ypuary, 4.25-pacm-

JarM umsMamad dp Oypyak,
dL ODTTHPMaHUHT MOAYIHM

4.25-pacMm

|dZ| Kylugarura TeHr:

do =zjg§a' =x£-—€.{a; qu= Mdt = mglsina.dt,

Oy epia »—THPOCKON aiilaHMa XapaKATHHUHT OypyaK Teanuru.

! sin adt N
By MxKkn uonanan dp Gypuax: do =T8I0 _ 1l gy gy

nanu. ByHAaH THPOCKOMN NpeUecCHSICMHUHT Oypuak Te3nury
o HH aHHKIafMN3:
o =% - 28 (4.63)

(4.63) man npeuecCHAHMHT 6ypYaK TEITHIY @ TUPOCKON
YKHMHUHI TOPU30HTAI OFM Bypyary o ra 60oriuk 6¥nmMacaad,
TMPOCKONHKBHI UMIIYIBC MOMEHTH [ 3 TeCKapu [poriop-
UHOHAIMIH KYpUHAaTH. '
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['ipockon npeueccusicuiin Epuuur ¥3 Y¥ku arpoduaaru
CYTKIMK aMIafdnily MMCONHMAa Kapab uukaMu3. MabiyMKH,
Ep wap wakinna 6¥aMmai suiunconua SKUH OYiIrasu yuyH
KyE€wHHUHr TopTHLHuin EPHUHTI MHEpLUHS MapKa3uhaH
YTMaiAMrad TeHTI TAbCHD 9TYBYM KYYHY BYXYHra KeJITHPaTIy.
bByHHHI HaituMXacuAa naiao OVaraH aiiaHTUPYBMM Ky4
MoMcHTH EpHunr aiinatinin YKMHHM YHUHT OpOMTa TEKMCIIUIUTa
THK Basusarra kearupuiura uutwaagu. Uy cadadnu Epuunr
aifNaHuIl VKU 1IPeLlCCCHOH XapakaT KMAKO, TaxMuHaH 25800
Awiaa 1¥na aimtaHub 4MKaim.

TAKPOP.IAUI CABOJIIAPH

1. ABCOMOT KATTHK XUCMap Ael Kangai xicMaapra aikruaam?
2. Texuc-Ba TCKUC Y3rapyByaH afinaHMa Xapakar AcO Kanaait xapakarra
aliTuranu?
3. Bypuax Tcsnux Ba Bypuak TeLaHuINY Tabprdaanr, ynapnuur yavor
OupanKaapy Kamaai?
4, bypuak T¢XIHK BCKTODPU Ba Bypuak Te3aHHI BEKTOPUHWHT HYHAnUDIN
KaHI14al anuKIatAIH?
5. Husuxau sa Sypuaciil KATTaIMKIAPHUHT V3apo GoETaHum :bopmynuapu
€31ICHH.
6. HUnrapwiauma Ba allilaHMa xapaxarT KHHEMATHKa TCHIAMaIupH
1aKkKocaab E3nacKHH.
7. Ky3rasmmac HyKTa Ba KY3raiMac YKKa HUcOaralH KyY MOMEHTHM aeh
npMara aitrgaaan?
8. KydT Kyt B2 yHHIr MOMCHTHM A¢6 HKRMara alTisiagn?
9. Kyy momenTHnnur «CH» jgatu Yayos GRpisry Ba FauaMianry Kayaait?
10. KarTuk »cMHUHT Ky3raiMac HyKra sa Kjsraamac YKKa nuctaran
MMAOYALC MOMEHTH, HMIYJhC MOMCHTHHUHT Y3rapuul Ba cakidanuul
KOHYILTAPMilH TabpHbaaur.
11. Munyabsc MomentHuir «CH» aaru {uvos SUpAKIu Ba yauir
YiuaMAMIY E3M5ICHM.
12, KarisK XicM aiDIaHMa Xapakar JHHAMMKACHHHHT aCOCHH TCHITaMacH
gawicun Ba TavpudaaticHH.
13. Katruk xucMHUHT Gupop IKKa uucbatan uucpums MOMeHTH aed
MiMara alitunanun?
14. DNodtresic-UTeitnep Teopemacy taspudnaHcuH.
15. Kartuxk XKUCMBKHE KoopaunaT 601uM sa Yxaapura HucGatan HHepIms
MOMCHTIIIPH ¥3apo KaiLiai Gornaunmra ara?
: 16. TeoMETPIK LIAKUI SXHCMIADHANT HUCPIMS MAPKa3UAaH YIran JKKa
HHCOATAH HHCPUHA MOMCHTIIAPH E31ICH .
17. Aitaanmd Xapakavia TAIKI Ky'HHHE Gaxxapl il My Kauaad gopMya
OHAGH aHMKiaHaTH?
18 AflanMa xapakariaHa8TraH KUCMHUHT KMHETHK OHEPIHACH
tbopmynacy €3u1cmy.
19. Vlnmpunamn Ba ailalMa xapaxamm{r AMHAMMKR KOHYHHAT QopMYy-
axapy Takkocaab éapacH,
20. M'pockoniap 1e6 numara ailTunaan?
21. I'npockonuk sdexT Ba rUPOCKONHK KYUNAp KiH1al noMoé 6§ namu?
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5-BOB
HUCBHILTUK HASAPHSICUHUHT ®U3UK ACOCTIAPU

5.1. TAJDUIER ATMALUTHPUIRLIAPY BA HUCBUANNK
MNPHHIIRIIN

Xap KaHuai xapakaTHy TaHiaa® oauiHran SUpPOp CaHOK
cucTeMara uuchaTaH TeKmupuin MyMkuH., bup xun kyparmm-
JATH XapaKaTHU Xap XM/ CaHOK CHUCTeMajtapuja TeKLUMpPUIN
Hatxanapy acocuya Oy CAHOK CUCTEManapuflaH UMTHES-
SIATMIMHY aHHKAA MyMKMH-MU, JIETAH Macafaiy Xal Kuauura
TYFPU KeJiagy., BYHMHr yuyH, Ky3ranmac K HHeEpuman casox
cucTeMacura HUchaTan ¥ TeILIMK OumaH TYFPM YH3IHKIH
Xapaxkatiaanaétrad K’ MHepIidaJ caHOK CHCTeManu Kapab
qukamu3. Kysranmac K Huepiiyan calok, cucreMacura abcomor
CaHOK, cncreMacu peiunn6, K’ caHox cuTeMachra aca HUCOui
CaHOK CHCTeMAcCH JieHIanu, '

Mapas Kunaiauk, Gonvianruy (7 = o) uxkkaia K 8a K 'CaHOK
CUCTEMAJIAPYHUHI KOOpAMHAT GOULNApH 0 Ba 0 HYKTa1ap ycTMa-
VCT TYWICHH Ba ! BakTaaH KeituH K’ cucrema K cucremara

tvcBatan 7, = il macodana xyuran 6ncuH (5.1- pacm). Tekuu-

4 /
ZAK ZM‘
-
/a
4 e
. )
X’
.
X

31-pacm
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pwiaérran M momamit Hykranuur K cucremasaru #(x,y,z)—
paxnyc-BeKTOpH abCONIOT paAMyc-BeKTOp Aeiimwind, K’
cucremanaru 7(x,y,z) paaMyc-sekrop HHCOMit paanyc-
BCKTOP Ba 0 KOOP;IMHAT OOIIMHUHT KYYMUITHHU KDOAATOBYK
T, =il 3cakyuupma paanyc-BeKTop Aeh arananu. Y xonna,
M Moaauit HyKraHUHI UXTMEPHIT BAaKTAArH pasuyc-BEKTOPHHH
B4 KOODAWHATAUIADMHY OUp CAHOK CUCTEMACHIIAH MKKUMHYUCHTA
ytdu, kyiiuaary Yasuneil aaMamTupuIAapu acocuaa
aManra OILMPUAAAU. -

5. 1-xcadean

K canok cucremacuaad
K' ciucremara Vi

K' canok cucreMacuiak
K cucremara yrum
F=F+ut,

’ .
xX=x=ult,
y=y+u {3
z=7+uf,
t=1;
m=m

F=F-ut
,_. .
X =x-ul
4
y=y-ul
I=z+vut;
t =1

m = m.

lanunedt amaiTHpuinapyuia HUCOMM CaHOK cUCTeMa-
CUHUHI Te3NHIUra OOFIMK X0aa4d ¥3rapraH KaTTAJddKAap
HUCOMA KaTtTaaukiap neiuwaub, ¥3rapMac Konaras
KaTTaaMKnapra 5ca abcoaioT KaTTaJlHKaap Aenunany.
XKymnagan, paauyc-seKTopiap, KoopauHatmaap HUCOuit
Katraauknap O0yaud, BaKTHUHI YT Ba Macca abcosoT
KaTTaTMKAUp.

5.1-xanBanjia xearupuarad Faaumacit anMamsTupuu-
JIADHHMHT aManjary TaTOMKI MYXUM Xyjaocanap UMKapuinra
UMKOH Oepajm.

1. Yaywmk. brpop cTepXeHHUHT Y3YILINIMHY uKkKana K-
abcomoT Ba K-HUcOUM caHOK CUCTEMACHAA aHMKIaWTuK.

Crepxennunr K cucremajary ywiapu (5.2- pacm) A'(x,, y,, z,)
va B(x,, y,,2,) 69:m0, K cucteMamaty ywiapu oca A’(x}, y!,z;)
sa B(x5, y;,z;) 6yncun ned dapas kuaainuk. CrepxeHuuur K
CUCTEMa/lary Y3yHAMTY Kviilaarura TeHr 6ynanm:

TN ey ey ey SR

K’ canok, cuctemacu 3ca K ra uucoatan U Te3iiMK Giviau
XapaxkaTrauaérraliu yuyH cTrepxeHb yunapu A’ sa B’ munr
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S

5.2-pacwMm
KOOPAMHAT/IApY MOC paBHinja 5.1-xaapaigar: x; = x, ~U,t,
Yi=wn-=Ug 2i=2-~Uti x=x-Ut y=y-Us
25 =7, ~ U4, 6ynagu. Harmxaza crepxeHuuur K’ caHog
cucreMacuIary ysyunury /' yuyH Kyiuaardra ara 6yiaMus:

r= \Kx; _x;)z +(,V; ",}’;)2 + (z’z—-z;)2 =
- \/sz ~Uxt)+ (xl - Uxt)]z + [(Vz "Uy’)+ (yz "ny)] 2+

+ iz, - Uyt)+ (zz——Uyt)]z =

=‘\/Zx2-x1)2+(yz-y‘)2+(7.2—21)2- G-2)

(5.1) Ba (5.2) nap raxkxocnaica, Kyunary keaub yukanu:
l=1. (5.3)
Tanmiaed anmamTupunLiapysa YarapMaid KoaraH KarraiiiK-
napra uasapuanT (dp. invariant—ysrapmac) feiuiuo, ysrap-
raHura sca sapuanT (¢p. variant—ysrapysus) aeiunanu. (5.3)

JaH y3yHIIMK, STbHM HYKTanap opacuaaru Macoda lanwieit an-
MAINTUpANUIApUIA HUCOATAH MHBAPHAHT 3KAHTAIMY KYPUHAIH,
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2. Teamuk. XapakaTnaHaérran M moauit HykrauuHr K sa
K'caHok cucTeMANapuaary Te3InKiapy opacuaary GComanm-
HY TONUI Y4yH S.1-XanBaifgaru painyc-BEKTOPHHHT y3apo
6ornaHral udonacusan Bakr 6yilMua xocuna onaMus:

& - JfT.)d ”";U' =4 0. (3.4)
ByHna £ 5’-’1 =7, (1: =7, 6ynranupan, (5.4) udona

V=Va+U. (5.3

KypuHuinra keianu. by ndosa Te3aukAapHUHT KV HIUAU LI
KOHYHH Oynub, Oyrnail Tavpudnananun: smoddui Hyxmanune
K canox cucmemacudazu measueu V,wy swyxmanunz K' cucme-
Madaeu meanven V ea K' cucmemanune K cucmemaza nuc6aman

meznuzu U nune zeomempux (6exmop) Uurunducuza mewe.
WyHnpait kKuaub, pagnyc-BeKTop, KOOPAWHATIAD, TE3NHUK-
Nap Ba N1y Ka0U KaTTANUKIAp BAPHAHT KATTAIMKIADAWD.
3. Teananmw. Arap (5.5) ndosanan Baxr Gyitnya siHa 6up
Oop xocuna onuunca, K 82 X' caHok cnc*remanapunam Te3sa-

HUULTIaPHUHT ¥33p0 GOFIaHMINY KeJIH0 YuKanu: %ﬁ + %L
OyHma U = const 6ysiraHyu yuyyH ‘J{ri =9 6yauo, ﬁywxaH:
a=a'. (5.6)

4. Kyunap. Hol0TOHHMHIN UKKHHYM KOHYHWra 6unoan, K
Ba K' CaHOK cucTeManapuiard m Maccaiy MOJUIMit HyKTara
TabCUp KMIYBYK Kyu F =mad Ba F'=mi’ 6yau6, (5.6) ra
acocaH:

F=F, (5.7)

LHynaai xuau6, (5.6) Ba (5.7) gaH Te3naHMIu Ba Kywiap
TFanuae#t anMamwTypyumapura HucOGaTaH WHBAPUAHT 3KAHU
KYpUHaau.

By uniBapuantnuk Mynocabarnapu (5.6) sa (5.7) ra 6unoan
Tanwiieit Y3MHUHT HUCOUIINK NpUILMITHHKN ByHaak Tabpud-
Jainou: Gapua mexanux xooucasap mypau UHEPKUAN CaroK
cucmemaaapuda 6up xun cooup byaub, xew kandai Mexanux
maxcpubanap épdamuda bepunzan UNepUUan CAGHOK CUCTMEMAHUNZ
muHy inypeansusunu Exu Myrpu YU3UKAU MEKUC XapaKkamia-
Haémeanauunu anuKaad 6yamaiou.
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By npuHLMNIaH KyHHAard MyxXuM xXyaoca Keaud UMKaIu.
Bup MHepuman canok cuctemacura HuchaTaH TYFpH YH3HKIH
ICKHC XapaKaTIaHyBUM XyAa KYr UHEPLHAI CAHOK, CUCTeMA-
napy MaBxywaup. FaauneffHUHr HUCOMMUIMK TIPWHUIMIIMIA
O6HI10aH WHepUMaT CaHOK CHUCTeMaNapHHHMHI Oapyacwuia
KJIaCCUK MeXallMKa KOHyHnapu Oup xujg Hamoér 6Viaanw.
bBuHoGapuH, Gapua MHepLHad CAHOK CHCTEMaNapyh TEHT
XYKYKJIM OVim0, yiapaaH WMTUESNMCHITU aXpaTHUl MYMKWH
InMac. ’

6. PMmuyasc. Coananyk yUyH m Maccany MOJIUH HyKTaHUHT
K cucremara HUCOATaH UMITYIILCUHHT

ﬁ=m5=m(6+ﬁ)=m§'+’mﬁ=i)’+ml7, (5.8)

Kypunuwaa €zamus, Oy epaa p’ = mp —MOMIMIA HYKTaHWHT
K’ cuctemara Hucbatan uMmnynbcu. Arap K cucTemasaru
UMIIYALC BakT VTHIUM OuaaH ysrapMaca (SSTbHM Ky4y TabCcup
Kkunamaca), uMmnayiasc K' cucreMaga xaM ysrapmail KOJalu.
bunoGapuH, MHepuUWsa KOHYHH Oapya MHEPUUA] CaHOK
CHCTEMAaNIADUAA XaM YPUHAUAHMD.

7. Kamernk sueprus. Momnuit HykrauuHr K uHepuuan
CaHOK CHCTCMACHIArd KHHETHK BHEepIMsICHHYU OyHaa# Kypu-
HULIJA €3UI MYMKHH:

-—i—f- (1, +u)2-ﬂ’§—+(mn +u)+ ”’gq

- 59
WK + (Pu)+ et (5:9)
Byuna W 2 —wommﬁ Hykranunr K' cucreManard

KHMHETHK 3Heprusacu. (5.9) Tenriama Oup mHepiyan cucre-
MazaH DoILIKacHTa YTraHjaa KMHEeTHUK SHEPrUgHUHI Kanpai
yarapdiiuHH uporanaiiu.

Arap moaami#t HyKra usonsmusianraH 6ynaca, yauur K'

CUCTEMARAIY B’ = mp’ MMIIyALCH YarapMainu. By x,onna MOAIHN
/2
HYKTAHHUHI HUCOUH KUHETHUK aﬂeprmcn W ’"’5 XaM,

abCosIoT KHHETHK dHepruscn W, = 2 XaM JOMMHI KONAJMU.

[ynpaii Kunaub, KHHETHK BHEPTUSITAHT CAKIaHMII KOHYHH
OMp uHepuMan CaHOK cHUcTeMacuaa Ypuuanu 6¥aca, y Gapua
MHepLNaJl CAHOK, CHCTeMallapia XaM YpuHIM 6y1aau.
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8. T¥nuk mexamMx ODHeprus. YMymuii xonga Momuuit
HyKTanap TYiamMu Gepuirad 6yncuH. Ynap opacupa ¥3apo
TabCUP KYUNAPH MABXYMIMIWMAAH MOAAMM HyKTajiap W;,
HOTeHIMa 3ueprusra ara 6ynanu. Mogauit dykranap 6up
WHEpUMAT CAHOK CUCTeMacuiaH Ooulkacura yrrania Wn
noTeHiuMan 3ucprug VarapMalou. VY sakraa (5.9) TcHIMKKa
W, notenuyan sHeprus Kywuica, TYAUK 3Heprus xeaub
YUKAIY:

Wy =W +W, =W, + (B0 22w, (5.10)
byrnan kypuHanWKW, KMHETUK Bd IIOTEHI{HAd IHeprussiap
HUFEHAKMCH Y3rapMaca, TVJIUMK SHeprus 0apya MHEpLKas CaHOK,
cucTemanapuaa xaM varapMmac oynaan. Wynaait xunuo,
SHEPTrUIHUHT CAKJIAHUW KOHYHHM XaMMa MHCPLHAT] CAHOK
CUCTEMATIADWIA XaM YPUHIMAND.

By aliTunrannapgal wiynaai xyaoca kenu® unxanu. bup
HHEPIMAN CaloK cucreMacupaaH Oomwxkacura YTusiranaa,
MMIYTBC, KUHCTHK B2 TYIIMK 3HEPTUs Y3rapany, INYHUHT YYyH
Y;1ap BapMaHT KarTTajuKI1apaup, OUPOK LIOTeHIMAN 3HEPIus,
Macca, BaKT, 1€31aHMWLI Ba Kyyaap—uHBapuaHTimp. yuuur-
JAeK, KMHETWUK, TYJIUK DHCPrUSHUHr BaKT yTuluu OuiaH
y3rapvinyg xaM UHBAPUAaHTAMD.

Olynzay Kuiud, AMHAMUKAHUHT y4uana KOHYHM XaMm 6apua
WHEpUMaT CAHOK, CACTEManapuia YpUHAHAUD.

5.2. HUMBITEAH NOCTYJATIAPH, JOPEHTL
AIMAIITHPUINIIAPH

«EpyFINKIM 2aTyBUM» MYyXUT, STBHU, «Ddup» nu Kyéra
OOF1aHraH MHEPLHAT CaHOK crcreMa jieb dapas KunuHraHaa,
epyrnuknuHr Epnarn te3nurn Tanuneit aaMalrupuiuiapyra
6unoan Epuunr adbupra Hucbaral Te3aurura SOFIMK Syauiy
Kepax.

Arap €pyFRIMKHMHT MyXuTra HucbaraH Te3nuru ¢ ra,
Epuuxy 3ca ¢ ra tedr GY;ica, y BAKTAA TE3NUKIAPHYN KYIUKLL
KoHyHHIA OutloaH €pyFaMkKHUHT Ep Xapakar iynaimmumnaaru
Te3MUru (c-v) ra, Teckapm UyHamwugard te3ury (¢ +v) ra
TEHT O¥/IMIUN Kepak. Mawyuxu Epuunr opGMTaA xapakar
tesaurn » = 30 km/c EpyriukHuHr ¢ # 3-10° KM/C TE3-
JMrupaH xXyna kudukaup. HiyHunr yuyn xam Ep xapakar
TC3NUTHHHHT €PYFIMK Te3NUIUra KypcaTaluraH TabCUPHIIN
Ky3aTdill Ba yilyaml aHr KAAMH MyaMMmonapiaan 6upu 6yiné
Kearan. byhmait MyaMMOHH Xajl KWAMLL, STHHU TE3NUKIAPHH
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KYITHII KOHYHHHY TeKIUMPHULI Y4YYH MYSIXKAIAHIAH Xyjaa
HO3HK Ba CC3TMp onTHK Taxpudatapiin Puzo pa Maitkenncon-
Mopau yrkasau. ®Pusze taxpubacuna EpyriIHK THHY CKN
XAPAKATIATY CYB OPKAIH YTrania YIUNT TE3NUIH Y3rapMacauri
{¢ = const) Xyza Karra aHUKIMK OujaaH McOOT;IaHraH.
Maiikeibcon-Mopiy raxpudanapuia sca EPYRIMK TE3NUIH
Epuunr Kyéun arpoduiary opburtan xapakarura HucOartaln
1¥YPII ByHanuMnaa yiNapral Ba Te3AMKHUNE Y3rapMai KosiraH-
M1 E ucGoTIIaHTaH,

HlyHnait xuanb, Taxpuda Ba KY3IAaTUULTADHMHI XaMMma
HATUXANAPMHH Y30K Ba CUHYUKI140 MyxoKamMa KWLl okuda-
THIA 0JIMIAP, EPYFAMKHMHI OYVUITMKAArK teanury {srapMac
KOJIMO, EPYFNMK MAHOAHIIHHI Ba EPYFINK KaOys1 KMIYBURHUHT
XAPAKAT TCINUTUIa GOF/IMK DMAC, [eraH xyjl0cara KejJauiap.

HeioTon Mexanuukacuna $azo Ba Bakr abcomior j1ed
KapanraHu cabadiy EpyRIUK TeSTMIMHHHT ¥3rapMac KOXWLITUHH
BA XKHUCM:1ap HUCOMI TE3AMTMHUHT CPYENHK TE3IHIHM € AaH KaTTa
OYAONIMACTMIHHY TYWUYHTHPUIL MYMKUH dMac, IHvauur yayn
xayM duzo Ba Maiikesnbcor-Mopay Taxpuba HaTwxanapuHu
TYIIYHTHpUIL Y4yH, HBlI0TOHEHWHT ha3o Ba BAKTHHHI a6COSTIOT
JCTAH TYNIYHYANAPHIaH BO3 KCYHLUra TYFPU KEJIIH.

SPYETUK  TENMUTHUHMHE ¥3rapMac TOKpKUOa HaTHXAtapura
acocyiadran A. Sinireit 1905 iuana daso Ba Bakr T¥rpucH-
jlary tacapBypiiapuu kairta xypu6 unxau. Pazo ra sakr
TYEPUCHIATH STHTH TabiUMOTIa DHHIITCHE MaXCYC HUCO N -
JUK PCAATUBHUCTHK HaszapHyacH jcd nom Oepan. Maxcyc
HUCOHIIHK PEISiTUBHCTHK HA3APUICH aCOCUAA DIUHIITCHITHUHT
KYHMJIATH MKKUTA NPUHIIMITY ET441.

. HucOuilnuk NpaBtuunu: 6apua unepuuan CaHok CUCIeAd-
Jaapyu mene XyKykaudup, 6y cucmenasapda mebuam xoducasapu
Sup xuada ymadu ea Kouynaap oup xua ugodasaiadu. bouava
Kuaub alimeanda, apua HuuK X00ucarap Mypau UREPUUAL CaHOK
cucmemanrapuda dup xua codup 6yauG, MeXAHuK, ICKMpoMacrum,
onmui aa wy kabu maxcpudarap épdamuda depuazan unepiyuan
CaHOK CUCMCMACURUNE MUY MYPAHAUZUHY EKU MYFPY MUBUKAU
mexuc xapaxamaanaémeanaueynu anuKaab 6yamadon.

2. EpyEauK Te3mrBnunr MHBaPHANTIHK ITPHUAMAING EPYFIUK-
HUHe OVWAUK (BuKyyM) dasu me3quen Gapia unepuyual CuHok
cucmemasapuda 6up xua 6yaub, Manbda eq Ky3unmyeuunune nucoul
xapaxam mesaueuea GorauK 3Mac.

Maxcyc HUCOHILTHK HA3APUACHHHITT OUPHHIK HOCTVIATH
Faielt HUCOUMAKMK LPAITITHITATA MYBO(DUK Kelaan Ba YHH
EPYRIUKHIUHT TapKAIAL KOUVHIAPUTA. XOPpHE 3THD, ymyMm-
JAITUPALH. AMMO HKKAJ2 NOCTYAATHY GUDP BAKTAArY TATOHKH
Fanuneit aTMaIITUPHIUIAPHTR 3UWLIUD.
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AMMO Oy MXKaya nocTynar 6apya skcnepuMenTail pakraap
OWIaH TACNHKAAHIAHH YYYH, OY 3WIIHAT NOCTYAATIAp opacuia
aMac, 6anku nocryiaraap 6wiad lanuaei aMalITUpULLEIAPY
opacumamup, UyHKu Tanuneli anMalITHpUIUNADUHU EPYF-
JHKHUHT TAPKANNIINTA Ba EPYFIUK TEXTUTHEA SKHH TE3AHKAATH
XapakaTtiaapra TaToMK 316 OyaMaitin.

IdftHiuTetH ($a3o Ba BAKTHHHI XOcCcalapW TYFPUCHAA
YMYMUH MyfloXasajapura acociaHnb LWYHIaH anManiTHPHIIL-
JIApH# TOIAMKHM, Oy aJMalUTMPHULLIAD MaXxcyc HHCOMUNUK
HA3apMSICHHUHT HKKAIA NOCTYJIATUIA XaM, OYJIapHMHT XyCycuii
xonyu OynraH (9<<c¢) Tanuieil anMalITHPULLIAPUTA XaM
MYBOMMK Kenagu. By ajMaluTHPpHIILIADHYU OJTMHPOK, JIopenTil
I03aKM TOTIFAH 3OHM, WYHMHI YYYH Oy aiMaulTUpHILIap
JNopedTu aaMawmTupvuinapy aed aranau.

Wynnain kuand, maxcyc HUCOMIIIMK Ha3apUSICHHMHT
MKKNUTA [IOCTYAAaTNapy KaHoaTjlaHTUpajiuraH, 6up uHepuuan
CaHOK, cucreMacuaaH OOLUKA WMHEPLHAI CAHOK CUCTeMacura
yrwirania KooOpAMHaTa Ba BaKTHU aIMAlUTHPHUIIra HWMKOH
6epajuran JIopeHTU aAMAlITUPHULTAPHHY Kapa® YMKaMIMK.
®apas Kuiainuk, coqtanuk yayH K—abdcomot sa K — Hucbuii
VHEPUMAT CAHOK cucTeManapu X yku 6yitnab 6up-Oupura HuC-
0aTtan 2 Tc3nuK OWNaH xapaxkariaHaéTraH Ba OOLUIAHFHY BaKT
{t=0) na xoopmunar Gouwtapu O pa O'ycTMa-ycT X = x" =0
TywicuH (5.3-pacM). ¥ BakTaa, Maxcyc HUCOMMIIMK Ha3apus-

CUHMHI 3aMHUHKAA ETyBYM JIOPEeHTU anMaWITHPMILAADH
KyHuuaru xypuluiinga Esnnamgu (2-xaasain):

3.2-acadeaa.
K - K K- K’

x = _Xvt X=Xz

167 Y=
y =y Y =y
zZ =2 z' =z
(= 1'+Uczx' e t+Ut2x

-0 N

JlopeHTU anMawTHpMLLIapy yHuBepcan 6yau6, xycycuii
X0Jna: HUICOUH Te3nUK v €PYFNHK TE3TUTM ¢ AaH XyIa KUYUK,
Auuu v << ¢ 6¥nranua Fanunedt arMamrupyiiapura aiianuo

Konanu.
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Z4K Z\ K

Y Y
5.3-pacwm

5.3. JOPEHTU AAMAHITUPUHLIAPUIAH KEJIUE YHKAJJUTAH
XYIROCATAP

Maxcyc HUCOMINUK Ha3apUACHHUHT acocK 6YnraH JlopeHT
AIMAWTUPULIUTADUHUHE TATOMKUAAH ¥3Mra XOC KATOp HaTHXa-
aap xkeau® yukanu.

1. Crepxenb y3yBaMruuuur mucOusimrn. Papas KUIawInK,
xapakatiaHaérraH K' nucOuii MHepuuMan caHoK cUCTeMacu/ia
X ¥kura napajwien Xoinalrad ysywiuru [, = x; — x; 6ynran
cTepX)eHb Gepuiran 6yiacun (5.4-pacM). Y Bakrtna K abeomor
WHEPLIMAN CaHOK CHCTEMACHOATH Ky3aTyBYM YUYH LUy CYEp-
XEHHUHT Y3YHIUTU [ = X, - X; Kaujga#t 6yanunnn JlopenTtu

zhx 24K
—
. Lo
L% X .
X X!
X, t Xz
(4 24
54-pacum
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ANMAIITUPHIIAADPHUTE aCOCAH OCOHTMHA aHMKAAll MyMKHH. K
CHCTeManaru Ky3aTyB4n CTEPXCHb y4Jlap KOOPAMHATIAPpH X
Ba X, HY OUp BaKT ! HUHTI ¥3uAa aHUKnaRau.

Jfopeﬂ TL AAMalUTHpUILTapyaan goiaananud (5.2-xansan-
ra K.) KyiuaardHu XOCHA KusiamMua:

[ , Xq —ul Xy -vl _ XX l
o =% - 7= 7= 7"
\/' G2 AN EA
byHaaH
1=1 i) (5.11)

ynnait kuan6, (5.11) xan kypuHaguxu, K cucremanary
Ky3aTYBYMTa CTEPXCHUUHT YSYHIUIH K’ cucremanarura
HUCOATaH KWUCKApOK OVnanmu.Bynra Y3YHJIMKHUHT JlopenT
KUCKapumy neb aranaiu. II]yHn AUTHUII KEePakKKH, XUCM
Y3YHIINTH Xe4 KAUOH KHUCKAPMaiin, YYHKH Xap 6up MHepuuan
CaHOK CUCTEMACcHIa XXUCMHHUHT Y3 y3YHAUTH Oyaamu.

IyHnait kKMaub, Typay MHEepUHaT CAHOK CHCTEMaTapuia
CTCPXEHHHMHT Y3YH/IUTH Y3rapap 3KaH, CTepXeHHUHT y3YHIUIH
nucOuianp.

2. Baxr yrummmur pacOmivmra. X' HucOuit uMHepuuan
CaHOK CHUCTEMacHJlarM TMHY TypraH HykKraaa 103 OepaérraH
OMpPOp Xapa€HHHUHI J14BOM 3THLI BAKTMHM Kapab uMKaluink.
byHna BaKT YTHILIMHY aHMK Al YYyH XapaéH OonIaHUILY Ba
OXMpWlary Coar KypcaTHIIapUHUUT DAPKHHU TOMUIL Kepak.
K’ Hucbuit MHepLHaa CaHOK CHCTEMACH YYYH MacajlaHi Xai
KWINW anya Kynaft, YyHKn XapatH OOWIAHUIINAZ XaM,
OXMPHIS XaM coart aitHu 6up X Hykrada 6ynauum na aiinu 6up
coar Oyitnua Oenrwianagu. Hlynuur yuyn xam K' cucremana
BaKTHMHT ¥THIMU Af, =1, ~1,, Oyuma t,1;,— Baktinap K’
CHCTEMA/lalr COAaTHUHT XapaéHHM OOLUH Ba OXMPHAA KYp-
carumm.

K-abcomoT miepiinan caHOK CUCTEMACH YUYH, KapaEHHUHT
GouuianuiuM X, HyKTana, oxupy aca X, HyKraza o3 6epanu. Y
Bakraa K cncmwa.aa Xapa€H 1aBoM 3Tmuu At =t, —1,, 6¥anb,
Ky3aruil HYKTacH aca X, — X, = vAf macodara CHIKUAIH,
OyHaa K cucreMaHMHT K cuctemara HUCOaTaH XapaKkaT TeXINTH.

5.2-xkajBansa KeATHPWITAH BaKTra Teruuniu JjopeHTu
anMalITUpUIIIapUra acocal KyHuuaaru MynocadbatHu €3aMHu3;

’L’Cz ’l‘;fxl (’2"’1)“;’&'("2‘&)

\/‘—(/)2 R
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Bywusa !, — 1, = vAt Ba (x, - x,)= vA? 6ynrany yuym

=Al(1—'?)% =At\/:@_);

Ba Huxost, OyHnaH K cucremManarm Xapa€HHMHT JIaBOM
3TUIL BAKTU Af Kyiiwaaryra Tedr Oynanu:
At=—do .
l_(2)2 (5.12)
[

By MyHocafaTtjiaH Maxcyc HUCOMILTHK Hasapusicuaa aifHaH
Oup BAKINA TYPIHM HHEpLHAT CAaHOK CHCTCMANlapHa BAKTHHHT
§THINY TYPSTH BaKTAa JIaBOM STHIUM KVpHUHAMU. boluxaya kuaud
aTraHna, xapakarnanaérraH K wHepuuan C4HOK CUCTe-
Macuaary coar KysraiMac K yHepuHa caHOK CUCTeMazaru
coarra HWCOATaH cexuHpoK lopa Oownaiiau by xoaucara
XapakKaTiaHAa€TraH CaHOK CHUCTCManapuia BakT YTUIIMHWHT
CceKMHnawuy Aeiuiaan. buHobapul, maxcyc HUCOHMIMK
HA3apHMACWIA BAKTHUHI YTHIIK XaM HUCOUitump.

Wynn aliTuil Kepakky, bapya HHepUMaT CAHOK CUCTCMA-
AapuAa COATNIap aHWK 10palH, JEeKWH YAapHUMHI KYpcaTHIIW
CONMUIUTHPMIITANNA XapakamiaHaéTrad K' yHepuman caHok cuc-
TeMacuiard coar oyiuya sakrHuHr yruium K crucremara Huc6a-
TaH CeKHHPOK, COAUp Oynamu. Maxcyc HUCOUIMIINK Ha3apUsSICH-
HUNT Oy Xyjocacy Taxprbaiapiaa 6eBOCUTA TaCAUKIAHTAH.

5. 4. TVYPT VIHYOBIU PA30-BAKT TYUIYHYACH. HHTEPBAI

Xap Kanpai GpuU3nK Boxca yy V.14oBaK (as3o sa 6up Yauosau
BaKT Ou1aH Tascudanaui. Knaccux MexaHHKafa yu YI4oBiu
$a30 KoopaMHATIADK X, ¥, Z Ba OUp Vil4OBIU BaKT KOOpUAHATH
t Gup-6upraaH MyCTaKia paBruiaa Masxyaaup. ILyHuHT yuyH
HuioToH MexaHukacuaa (puM3uMK BOKEAHW BAKTHHHT MIUITHPO-
KMcu3, (axaTt yd ynuorid dasosa anoxuaa Kapab quxum
MYMKHH. .

PenaTuBUCTHK Mexalinkaaa 3ca ¢aso (x, y, z) Ba Bakr (7)
6up-6upy Gunan Yamodapuac GoFlaHMIUTA 3ra. XaKUKATaH XaM,
5.2-xansanga Kejrupwirad JIOpeHTI, aiMalmTUpyIy TeHIa-
MaIapHuiIa BakT (2) TYPTHHUM TEHT XYKYKIW KOODAMHAT
cudarnpa wmrupok srapd. 1ynpail xuaub, pensTUBUCTHK
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MEXaHMKAHUNT Maxcyc HUCOMILIMK Haszapusicuua $aso (X, y,
z) Ba BakT (HHU Oup-OGupuaall MyTAako @KpaTHUI MYMKHI
sMmac. [yHuur yuyn TypT ¥iyoBau $as3o-BaKT TyHIYHYACH
acoCHAa PUKp I0pUTAMHS.

FeoMmeTpux VXxwatulugau Goipanauud, TYpT VI40oBAK
(a3oHUHT (UMK MABHOCHHH OCOHTMHA TYWYHHO oaMm
MymkuH. ['coMeTpusaa HyKTa yuTa X, y, Z KOOPAMHATANAD
OPKa1¥ aHMKJI2HUO, UKKUTa HYKT4 opacuiarn Macoda 3ca
KOOpAHHATAIap CHCTeMACUHWHT Typura 60rauK amac. Ulynaaii
kuaub, Typr ynuosau dasoga coaup 6yi1aérraH BoKea X, y, z
KOOpAUHAaTAap OWsIaH XapaKTepNaHyBuM, AYHE HyKTacH aeb
aTanysBuy HyKra Kypuunmvaa udonaianagy. BokeasuHr coaup
OV xapa€uM aca TYpT Yauosin dazona AYHE YHMIUFH
Jiel aTanyByY TYFPH YM3KK 1axauia Tacsupradaxy. Ukku sokea
opacvgary KHTEepBajk TyulyHyacH Ouiian Tanuimd yUKaMIMK.,

(dapa3s Kunaknuk, KysranMac K uHepuuan caHok cucreMa-
cwia OUp BOKEAHUHT AYHE HYKTacH KOOpAMHATAApH X,, Y, Z,,
7, BA UKKMHYM BOKEAHMHT AYHE HYKTacH KOOpAMHATAAapy 3ca
Xy, ¥yr Zy, 1,OVNCHH. Y BakTNa Oy MKKHM BOKealdp OPachIaru As
KHTepBai:

As = \/(xz - xl)z + (y; —)'1)2 + (zz—z‘)z -(.‘2(!; '—t;)z =
= JAx? + Ay? + Az2—-c2Af.
DHaM XapakaTaanyBuu K' MHEpLMan CaHOK CHCTEMACHAA

IOKOpMIATH HKKM BOKga opacuiary As' vHtepsan (5.13) ra
yXwau pasuga Kyiuunary KypuHuniga 6ynagu:

(5.13)

As’ = JAX? + Ay? + AZ? - 2Ar (5.149)

5.2-xaxBanga KkenTupwirad JIopeHTU aIMaliTHPHLLIApHATa
6uHOaH

Ar-2Ax
,  Ax—pAr , , Al = 2.
Ax =Tp—_4-; Ay '=Ay, A=Az, s
p
1—@)a “(Ejl

JtlapHu €3nm MyMkuH: By ndonanapuu (3.14) ra kyin6, yuya
Mypakka6 6ynMaraH MaTeMaTUK Y3rapTUpHiLiaH cy¥ur

AS = JAX? + AY? + AZ2— 2N
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nu xocua Kuaamui. By udomanmir yur romonu (5.13) ra
acocaH As MHTEpBaITra TEHI:
As' = As, (5.14)

Mynnait xunub, BKKHTa UMK BOKEAHWHT UHTEPBaAH
fapya MHepLral CaHOK cucteMaiapuaa 6up xuanp. bourkaua
KU 1M6 aliTraHga, MKKU BOKEa opacuparn WHTEpBai OMp
WHEPIIHAT CAHOK CHCTEMACHAAH YHra HUCOUN TYFPU UM3UKIN
TCKUC XapakaTiaHaérral UKKMHYM MHEPLIMal CAHOK CUCTeMa~
cura HucOar uHBapuaHTaup. By aca ¥3 nasbatupa, maxcyc
HUCOMINKK 11a3apHsICHIa TYPT YI40BIH (pa30-BakT TYHIYHUACH
00BEKTHB SKAHIUTHIAH Aaj10NaT Oepany.

5.5. PEMSTHBUCTHK MEXAHMKANA TEZJIUKIAPHH KYIIRII

JIOpCHTIL ATMAILTHPRILIAPIA ACOCHAHIaH, TE3IUTY EPYFINK
TE3NMUTHUTA GKUH OYNran xapakariiapin yprananyrai MexaHuka
PEASITUBUCTHK MEXaHUKA JEeHNUIAAM.

Kysranmac K npepuMal CaHOK CUCTEMACHIarH MOLIUMA .
HYKTa TE3NMUK BCKTOPUHUHT X, ¥, Z YKJapura npoekimsnapn:

_dx o 4 . _d

Ve =G0, = g U = (5.15)

XapakariaaHysun K' MHepuuan CaHOK CHCTCMAacHULark

MOOAMI HYKTa TC3JIHWK BEKTOPHHUHI X', y' z' YKnapura
npoekuMstiapuiu 6yunai GenrnnaiMus:
o d

v, = Sl S Ml o (3.15a)

5.2-xagBan OUpUHYM YCTYHUAArW ajiMaluTHUpUuLiapHu

mddepennunsLiab YHKaMH3:

@,
dx dx-&-bdt =dr dr ! . dy=dy’; dz=dz.

o +-de’ 1*-;;!1&

A

O/IAMHTH Y4Ta TCHIJMKHM TYPTMHYM TCHIJIAMKKA MOC
paBuuyia 6yaub Tawianca, Tesnukiap yuyl K' cucremanan K
cUcTeMara YTHIIFATH ANMallTHpUUl ¢opMynarapy Ke;iud
YUKAIH:
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,_ S\

dx _ Boso dy _ %\/"(p)z

. dz
dar

dt L @ pedx o dx
+(z‘fff’ W W

Ba nuxosr (5.15) sa (5.15a) napan nasapna ryru6 udona-
JJapHY KyHMAarM kKypuHUuiina €3amMus:

’ Y
IJ’ +r _yvl )2 ”: l..(.!:)'
.= x: ’ NS > . = {; . (5 ]6)
* l+-:2—-r;x Y l+(‘%u & 1+-c‘-’2~:)x )

By (hopMyaanap TezmMCIapHy K (RIMaIUTHP I HUHT
PEISITUBUCTUK KOHYHIHY ndonanaiiau.

Arap MOZUUA HYKTRHUMI TE3UTM BA CAHOK CMCTCMA-
JApHUHL HUCOUU Te3aury Epyrauk TesnuIrujaal KHYuK, ShHU
p << ¢ 6¥ca, HploTon MeXalIuKaCHAArH TCINKIAPHY KYIUHIU
KONYHH Keiaud uuKanu:

b=, v, =0; ¢, =0 (5.17)

11Ty Ounan dapua Te3naUKIAPHH KFIIHWUHIHT P THBUCTHK
Koty (5.10) HUCOMILIMK HABAPUSICMHUHT UKKKHHYH NOCTY-
jgarvra MyBOHK KeJaauraH HATUXajlapH¥ Xam Oepaau.

XaKUKATaH XaM o, = ¢ Ia Tenr 6yicuH Jieb dapas KuauHca, 2
yuyH (5.16) HuHr Oupunyu hopmyaacHaaH KyHUHArd TeHIIHK
KCinb YMKAAY:

4
v o= xtl ctr  _ gir
* i e 148
1 2% 1+('2 L

by HaTXa EPYRIMK TE3MUIY Bapia KHCPLHAN CAHOK, CHCTe-
Macy OuUp xun ne® ravpudnanysuy DHHWITCHIT HKKUHYK
NOCTYNATHHUHT TACIHKIAHNIUAKD.

5.2-XKaABAIHNUHY UKKHHYH VCTVIIMAA KenTupuaran Jlopesu
atMaTupHuiapuian doligananud, K cucremanarm resiuk
opxasn K' cicreMasiary resmkap yuyH Xanm Kyiinsarn wdoaa-
JJapHu OCOHTHHA KCITUPHD YUKApUILL KUMMI 3Mac:

- fr————

el s i‘) ]'ET)‘ R "'ZJ]—&.'

’
po=— _p = po= - .
x l--{; li:. b -‘___%"‘. s Uy - -L;U (518)
e 2 : -
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By dopyynranapHuur (5.16) aaru 6apya © TCIAMKIMHT
onAKAAard MHHYC MUIIopa OusaH ¢apk Kwaau, dyynkd K
cucreMa K' cuctemara Hucbata «-u» Te3MMK OMIaH Xapakar-
JaHUMKMAUD.

5.6. PEMATUBUCTHK DHEPIUSI BA MACCAHHII ¥3APO
BOFJAHHINH

Knaccuk MexaHUKaja XUCMHMHI MaccacH y3rapmac
(m = const) 6yaravAMIrEAaH KUCMINHT KHHETHK DHEPrUsiCH
axaT TeTUTHHUHT Y3rapriuy 6uiay ysrapaau. PesastuBUCTUK
MeXxaHMKaJa 3¢a XUCMHUHT MACCACH YHUHT TeTUIUTa OOFIHMK,
[(5.24) ra K.| GYyaraHd y4yH peSISITUBHUCTHK KMHETHUK DHEp-
FUAHUHT Y3rapriaa Macca Y3rapuuinim XaM Hasapra oiul
Kepak. buHobGapuH, xapakamiala€TraH XHCM MacCaCUHMHT
OPTHIIMHN Tax;IMi KWIMO, VIAAH XUCM KHHETHK SHCPTHSICHHH
MaccacH ¥3rapuium opkaiu nonaians MyMKUH. XKucs EpyrnK
Teznurugan xyiaa xkuunmk (p<<c) 1eaxiMK OMnaH Xapakar-
ygaHa€rranga (5.24) ¢dopmyaa Hrioton 6unomura &itnd
YHKUIALN:

1
_om, _ﬁ)z=( R )
m r”06 L.Z l—i 2(\2+8 c4+ (5.28)

4 8
By epna, -(”p fg- Ba X0K430 Xa11ap Kyda KHMUK KUiMaTra

ora 6V/raHHaaH, yaapHu Ha3apra OIMAaciiiK MyMKHH. Y BaKTi1a
(5.28) HM Kyltunarv KYpuHUNpia €3aMu3;

m=mo+%=mn + -{'TWA (5.28a)
By nogazan KMHeTHK DHEPrusL: .
W =mect-mc? . (5.29)
Bynpa mc? Hu W 6unan 6e;runab, (5.29) uu
W=mct=mc*+W,. (5.30)

KypuHuuina €samuns. by myHocabat Maxcyc HUCOMILINK HA34~
PUACHHUHT acocuit HaTHXaiapuaaH Oupu xucobnanauu. Y
DURWTEAH Kamid JTrad SHEPTUs Ba MACCAHUHT ¥3apo
OOFIAHNI KOHYHHHKHI MaTeMaTHK UhOoracuanp.

(5.30) naru W xucMHMHUr UXTHEPMIT XxoiarTuaaru TVIMK
PERSTUBUCTHK SHEPIUACKANP. Arap XHUCM THHY (v = () Xoia1ia
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6yica, YHHHT KMHCTHK 3tieprusicn W, noara Tenr Oynraivaan
THUHY XOJATAArd XHCMHUHI' SHESPrusiCH
W, =my.c?. (5.31)
6yans. JKMCMHUHI THHY XORaTAarn oHepruscy (5.31) maBxya-
JAUTUTA XUCMHHY MABIYM GUP NOTEHUHAN SHEPrst pe3epByapy
Ieb Kapall MyMKHH.
KUCMHUHT TVAMK PeJISTHBUCTUK DHEpTUACH, (Wx)m
pe;isituBMCTHK Ba (W), Ki1aCCHK KMHETHK SHEPTHSIApUHUHT
Teanniura GORTAaHMIY IPapUKAapH 5.5-pacMaa TACBHp;IAlTaH.

W A
| w=mc?
|
. | ,
| (Wi )pen,= me2-mmp €
|
m, C? ;
} 2
m
: (WK kn 2
I
0 i >
55-pacy

Hlynaa# kusinG, MyxuM Xynoca Keaud YMKARM: KIACCHK
MCX3HUKANA 3HEPrUS—XKUCMHKHT Wil Gaxapa onum KoOu-
JIUATH, MACCACU—HUHEPUMS YIYoBM 6:1p-6upu OUaan MyTiaKo
GoFnarMarad Katrajaukiap 6¥u6, pejsSTHBUCTHK MeXaHUKaaa
3Ca yaap ¥3apo GOFRaHTaH KaTTATHKAAPAUD.
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5.7. PERATUBHUCTUK DHEPTUA BA NMIIVIILC OPACHIAIN
: BOFJIAHHIN

PensatuBuctux sneprus W =mc? Ba uMnyiasc P = my
opacufaru GoFnaHuLINKY TONWW YYYH HUMITYIBCHH C (a KY-
najiTpaisiuk, CYHT MKKana noaaHu KBaaparra Kirapaiiiuk:

W2 =m?c?; p?c? = m*c*v?. Bupuiuu ndonafaH MKKHHYH-
CUNY ainpul, KYAMIANTHU XOCHI KHIaMu3:

W2 - p2c? = m2ct —nicv? = mict (1-—01’;)

Bynparn m ypnura (5.24) ubogacu Kyhunca,

W 202 my’ 4(1_92)__ 4
) D _(1_ﬁ)c ’c‘i'-”’o"
c?
xocus1 6¥nany. ByHIau peasTMBUCTAK 3HeprUs Ba uMnynnc P
HHHT ¥3apo GoFaHMIuKHY HdOLAI0BYM Kyindary Mynocabar

KENMO HUMKAIM:
W = Jpzcz +mlct = c‘/p’ +mc? . (5.32)

by GOoFnaHuMILRaH TWUHY XOjAaTgarM Maccara 3ra Oyamaran
3appayanap xaM (KymiauaH, HEATPOH Ba (POTOH) peisiTH-
BMCTUK 2Heprusra ara o¥amumm x¥punagu. byHgai 3appava-
JapHUHT THHY XOA4aTH4ry MaccacH my=0 Gynrayy y4yH,
PCAATHBUCTHK SHeprusacH (5.32) ra acocan MMIYALCH OMaan
Kyliunary Gornanumira sra;

W =pc (5.33)

By 600Hu sikyHaab® uryHaad MynoxasaxapiHu aiTum
MyMKMH: Maxcyc HucOulinux nazapuscu lammnei, HuioTox
Ba OOWIKA OJIMMJIAD TOMOHWHAH ACOCRAHTAH KJIAaCCHK Mexa-
HHUKAHMHI KOHYH Ba KOMAAJapWHW HHKOp KHiiMal, aKkCHH4a
yIapHH PHBOXIAHTHPANY Ba YMyMJIAWUTHPaAHM XaMAa KJIaCCUK
MEXaHMKAHKHT KYT1aHKIL Yerapaiapiuiy oearunad oepanu.

ByTYH pensiTHBUCTHK MEXalinkKa aMaTUi KYnan xuxariaH
MYXaHJIHCIIMK MeXaHWKacH XaM 6¥1u0 xonau. YHHHT EpAaMu
OwnaH aeMeHTap 3appalap TYKHAWMMNapK, PeasiTHBUCTHK
3appavasapHHHT Mojla Ounan ¥3apo TavCHPY Ba YMYMaH
EpYEAHK TEINUIUra SKUH Teanukaaru 6apua xapaéaap Taxiu
KUAUHaIU. 3apsnu 3i1eMenTap 3appavajapHuHr bapuya
3aMOHaBU Te3laTKUYIapH PeISITUBMCTHK MEXaHWKa acocuaa
pexanalITHpunany Ba xuco0:1ab yukunanu.
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TAKPOPJIAL CABOJIJIAPHU

1. Taanuaeil aaMAIITHPHIIAADHUHU CIMHT Ba MCXAHMK HHCOMIHK
NPUNUMNBHY TabPHOAAHT.

2. TanuneHt anmamTupHIAapuaad Kaugad MyxXMM xyrocanap Kenud
YUKaaK?

3. Knaccuk MCXaHKKafarh MHEPLUMaN CaHOK CHCTEMATapHIa MUMIYILS,
KMHETHK Ba TYAHK DHeprusnap ¥3apo Kauaait Gortanuwra ara?

4. Puao, Maitxenpcon-Mopay Taxpuba HatiKajapy Ba YHUHT MOXUATH
Kanaah?

5. Kanuoail McxaHuKa pCAATHBUCTUK MCXaHMKa Jeliiaau?

6. Maxcyc HHCOMMINK HaszapuscH A¢O Kangall Hasapusra awtuaaqu?

7. Maxcyc HHCORUANK Ha3apRACHHUHT acoCHit NIpBHIMIY. DitHinTed -
HUHF OHDHMHYY Ba MKKUHYY NOCTY.IATI2PH TabPUPNAHCKH.

8. PengTURMCTHK MexXaHUKaaard JIOpeHTH anMalITHPHILIADY E3UACHH.

9. Kamnaih wapoutaa Jlopentn anMamtnpuinapy Tanunelt aaMaurru-
pyuapura attnanam?

10. PeraTHBUCTHK MEXANMKAIA Y3YIUTHK, BaKT YTHIIHHUHT HUCOUMWINTH,
YAAPHHHT Te3AUK OOERABMILN E3uncun.

11. PeasiTHBMCTHK MeXdaHMKaAad TC3AMKIAPHH KYUIML KOHYHMHHHHT
udonacu Eauncun.

12, PCAATHUBMCTUK IMHAMMKAHHMHI acOCHH KOHYHM Xanaalt KjpHHHuIra
ara? JHeprua Ba HMAYILC-4K?

13. Macca Ba DHeprust $3apo KaHial GOFaHMIITA 313 B2 YHUHT DH3HMK
MabHOCH Kauaak?

14. PeasTHBHCTHK SHEPTUS Ba UMNYALC ¥3apo Kannall Gornannuwra sra?

6-50B
CYIOKJIHUKIIAP MEXAHUKACHU

6.1. CYIOKJIHKIAPHUHI YMYMHH XOCCAJIAPY

CylOKIMK—MOAIAHWHT KATTUK Ba a3CMMOH XOnariapu
ypracupary arperar Xoiaar. CyOICIMKHUIT 0ah3d Xoccaiapu
rasHUKWra, 6ab3y xoccanapyd KaTrTvK XHCMHHKUTa Yxiad
keraxy. LUyHuHT yuyH y ¥3ura xoc oKyBUaHJIHMK XOoccacy OniaH
Oup Karopra XaxMul TACTUKIHK Xoccacura 3ra. Y KaTTHK
KUCMIa §xiuad MabiayM XaxXMHU 3raviaiag, uaumra Kviimwi-
raHjaa 3Ca, ra3 CUHrapy WAKIL WAKTUHY Oladu.

Cylokauknapaa 6ocuM TabCUpuiaa HaMo€u Oyaamura
XaXKMUA 3MaCTHKIIMK XYCYCUSITH CHKWAYBYAHIUK KOYPDu-
uveHTH B 6unan nonanaHaiy:

~_1dr
== 7];" . (6: 1)
CYIoKAuKHUNE CUKUAYSHAHAUK KO3gxpuruermu 0eh, Gocum Oup

bupaukka ysaapaanoa CyIoKauK XanCMukune wucbul yseapuuiuza
MUKOOp HCuXxamoaH merz bynzan PuUuK Kammanuxxa aimuaadu.
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Onartna CUKHAYBYAHIMK KOIDODUMUUEHTUHHHT Teckapu
ndonacu K ra TeHr 6¥nran Gu3MK KaTTaNMKKA CYIOKAWKHUHT
XOKMUNA 3JIACTHKIAHK MOJYAYN AeUunau:

_1__,4
= ’é" = —UE. (62 )

CYIOKAUKHUHZ XAACMUTE SAACMUKAUK MOOYAU Oeb, yrune Huctull
XAHCMURY BUp GUPAUKKA Y32apmupuii Y4yH 3apyp Gyazan 6ocumea
Muxoop weuxamudan mesie 6Y20H UK Kammaukka aiimusadu.

CyIoKAUKIap Xyaa KMYHK CHKUTYBUAHINKKA 2Ta 6yaranu
yUyH alipuM XOJIapia ynap XaXKMUHMHT Y3rapuilliapuHM
MYTJIAKO XHCOGra OIIMACAHK MMKOHHATHHH Oepanu Ba Oy Xo/waa
HACAN CYIOKMK Aeb aranyruu abCoIOT CYIOKIMK TYWYHYacH
KHPHTWIALH.

6.2. CYIOKJIMKHMHL MYBO3AHAT BA XAPAKAT
XOJIAT TEHITIAMACH

Xap xanmaif CYIOKJIHKIapaa TaLCHp KHilyBYH KYyWidp o4araa
Macca (XaXMHIT) Kyynapra Ba CHPT Kywiapra oyauHanu. Macca
KY4H Y34 TabCHP KUAAETITAH CYIOKIMKHUHI J/IeMeNTap Maccacu
dm ra, GuHOBAPHH BIeMEHTAP XAXMHU dp ra TIPOIIOPLKOHAIIND:

dF = ddm = Gpdv = fdv, (6.3)

OyHma f —NpoNOpUHOHALIMK Koddduimentn 6yaub, ynra
Macca KYYMHMHI XaXMH 3uMynury 1e6 arananu sa y

Kylnaarura TeHramp:
F_dE _ = _d5
= ap =< P (6.4)

Oy epna: 4= %’li Te3Nanuw, dm = pdp CYIOKJIMKHUHT dy
XAKMHIA MOC KeJrall MaccacH,  —3Ca YHUHT 3UWINTH.
Macca KyYHHUHT XOKMHH 3HWTUIKE /1 CYIOKIMKAArd 60CHM
(KywiaHum) 6utaH Kyiudagaruya OOFAaHMUITA 3Tra;
F_dpy dp T app
f—dxl+dyj*‘dzk‘ (65)
Bexrop aHaIM3naH Maw1yMKH, (6.5)HUHT YHT TOMOHUAATH

BCKT0P HbOACH CKasp P HUHT rpaAneHTH Aeb aranany ba
gpad p opkaiu OenrgnaHany:
_dpr dp dpy '
gradP-—71;1+—d—y_/+dzk. (6.6)
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IyHnain Knau6, (6.5) sa (6 6)ra 6uHOAH, KyHugaru
TeHIIaMa Kejiunb YMKanu:

. gmd p= f . (6.7)

By dopmy:a CyioKIMK MyBO3aHaT XOJMATHHNHT, SIbHUA I'UIpo-
CTaTMKaHMHT acocuit TeHrnaMacu 6ynud, Oydnai tabpug-
JAHAMM:

Cyloxaux mysosanam xo1amoa 6Y42GHOG MaAcca KYMUHUHZ
xaxcMuld 3udauzy GocumunuHe epaduenmuza menz 6yaaou.

Hlyau aitmw kepakku, (6.7) wapTt Saxapuiarauaa
CYIOKIUKKA TABCUP KMAYBYM Ky4 KOHCCPBATUB KYUHAH, YHUHT
MajiIOHK 5¢a KOHCepBaTHB MaijOHAaH uGOpaT 6yianu.
BuHobapuH, HOKOHCEPBATMB Kyd4 MallAOHHAATH CYIOKIHKIAp
MYBO3aHAaT X0JIaTAa OV MYMKHH 9MAaC.

(6.7) Ppopmyna acocnia, CYIOKIHK Xapakaty XOMATHHUHT,
ABHUA THAPONWMHAMUKAHUHY aCOCHH TEHINIAMAaCHHM OCOHIMHA

YHKApHLl MyMKHH. MysozaHat (f -gpad p = o)gam CYIOKJMKKA
pad = [3%}’- XOKMHMHA 3UWINIYIE TEHr Ky4 TabCHP KWITaHOa, y
XApaKaTra Keaanyl Ba KyWnaaru TeHrnaMa ypunam 6yiaam:

p%l;’- =f—-gradp. (6.3)

By GOpMYTIa CYIOKAMKHUKHT XapaKkaT XoNay Tenraama-
cH €kM Diifep TeHramamacu xam aeb arasagi.

6.3. HAEAJ CYIOKJIMK THAPOCTATHKACH

IuppocraTukavuHr yMyMuit Basudacu MyBO3ZHATAATH
CYIOKJIMKHUHT MAMII ACBOPUTA €KY CYIOKJIMKKA TYLIHDWIraH
KUCMSIApra TabCUPHUHU, CYIOKIMK SrajllaraH.xaxXMaa rugpo-
cTartuK GOCMMHMHI TapKaauil KOHVIUJIAPHMHH XaMmia Xap Xui
KypHiMa 3MeMeHTapura THHY Typrad CYIOKIMKHMHI TabCHp
KYWIapyMH{ aHMK1alaad uobopataup.

1. Mackans (1623—1662) xouyms. Arap cylOKIMK (EKu
Fa3)HUHT OFUPIUTHA HA3apra CJAMHMACA, MAcCa KYYMHUHT
XKMHI 3UWIMIY MaBxyl OynMaitau, avuu f = o 6Ynanu, ¥
BakTaa (6.5)nau:

d/’ d _op - .
x 7&%—'&—0’
p =const.
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By dopmyiia cylouk Ba rasnap yuyH Ilackaiib KOHYRUHHHT
MaTteMaTuK udoaacu 6ynmud, SyHaal tavpudianan: muny
MypEan CyrOKAUKHUNE (2a3HUHE) Ucmaneat Holiuoa bocum xamma
[puaauwoa 6up xua 6§16, uiy Sunan Gupra CyIOKIMK (ra3)HUHT
6y1yH Xaxmu 6yitiab 6up xwi ysatuaamm (6.1-pacu).

—_
F

[~ f——
B S =
T TN — — =7 h
=S == =
N f
[ % — — —] a d 8

6.1-pacu 6.2-pacM

2. Cy10R1¥K YCTYRMEAHT GOCHMH. Arap CYIOKJIMK OFUPIUK
MAHACHHAA 8Y/1ca, Macca KYYMHUHT X2KMHUH suwiury f = pg
6ynann. Z YKHU BEPTHKAL 10KOPHUFa HyHanrTupaMu3. Y xosiaa
CYIOKJINK MYBO33aHAT XOAaTHHMHT (6.6) TeHr;1amacu

B _R 0 ag P
&= =08 =g

KYpHHULITA Kelany.
© CyIOKAMK YCTYHHHHHT Oananuinry h ra kapa® 60CUMHUHD
Y3rapyulMHy OXUPryY TeHIJIaMaHW MHTErpaanad oCOHIMHA

AHUK1a MYMKHWH!

P h
_[ dp=j9gdz: P, —P=pgh
. 7, 0
Bysna
P =Py +pgh (6.10)
By epna p, cyloiiMKkHUHE  z = h GanasTHrugary 6ocumy,
SBHM KoopuuHaranap GOLIM CYIOKIMKHMHI 3DKHH CHPTH/@ -
onuHran 6yica, y atMocdepa 6ocumMu Gynanu. Paxar cyokauK
YCTVHHM XOCHJI KMITraH P,, G0OCUMra rufpocTaTuk G60cuM
aenunany:

P =Pgh. (6.11)
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UlyHaai kuin6, pakaT CYIOKIHK YCTYHU XOCHST KHATaH 60CHM
CYIOKJIMK COJIMLITHPMA OFUDJNIHN (pg)HUHI OajIaHJUTHK h ra
KYNaTMACcUra TCHT 2KaH.

HUamw tyOura 6¥iraH GOCUM Ky4ura OMJ «IMIPOCTATHK
1apafoKcHu» (6.2-pacM) CyOKIUKIarn GoCcHM TaKCHMOTH
n30x;1a0 6epann. Moo Tyoura 6ynran GocuM xyun P nanuiiary
CYIOKIMK OFUPIIMIMra HUcOaTaH Xap xut 0yilagu. bocum Kyuu
VAMI MYMAArd CYIOKJIVK OFHPJIMIHAAH OPTHK OYIHUIH XaM,
(6.2,a- pacM), Teur (6.2,6- pacM) Ba KMYMK (6.2,B-pacm)
OYNMIIM XaM MYMKMIIL, YYHKY WAKLI TyOura Gyirat 6ocumM Kyun
P runpoctatuk 6ocuM P Gunan nam TyOHHUHL 103aCH S Ta
K¥naiTMacura TeHr:

P=p,, - S=pgh-S. (6.12)

3. Apxnmel KOHYHH. Arap CYIOKJIMKKa TAWKY KYY TABCUD
aTMACA, CYIOKIMKKA OOTHPIIITaH XucMiIapra Gakar riapocTa-
TUK OocuM rabvcup Kuaaau. CoANaMK YYVH WAHNIAATH
CYIOKJIMKKA TYFpH OYPUAKIIH 17aPALIEICTIUNCT IAKTHAATH XHCM
TYIIUPWIraH 6yncun (6.3- pacum). By XUCMHHMHT EH CHPTHIA,
LWIYHUHTACK OCTKH acocHapura THAPOCTATHK GOcHM Tanhcup

Kuiaaau. XKHCMHHHI CH €KJapura
1% TABCHP KIIYBUH CYIOKIMK 6OCUMIAPH
Y TEHT B4 KapaMa-KapLiy RyHaIraHaur
el B —t — | vyuys ynap ¥y3apo MysosaHaTiaHaam.
gk igpdll. ey Whegpdll XKUCMHUHT YCTKM Ba OCTKH acoc-
-2+ |5 5F 1h—]| . napura rabCUp KMYBYM TMAPOCTATHK

==] M =p,gh Ba p, =p,gh, Gocumiap

===V~ dapxu  p=p,-p =pglh,-h)

XXKMCMHHUHT OCTKH aCOCHAAH KOKOpUra

6.3-pacs HyHanran 6ocumaaH nbopar 6ysaun.

Y BaKTAA CYIOKJAMKHATU ACOCHHMIIT

K31 S 6YAraH XUCMIM IOKOPHMIa KYTapyrum ApxuMel Kyul
KyHuiarura Teur oyaanm;

Fy=ps=p,glh, - h)s =p,ghS =p,gV. (6.13)

6ynga p, — CYIOKTUKHHHI 3HYJIHTH, § — 3PKHUH TYIUUL T€3-
NAHHLUY, A, Ba h, KUCMHUHI YCTKH Ba OCTKM acociapura 6yaran
CYIOKAMK YCTYRIApUHUIT OaNaHLIMKIApH, A 3Ca XUCMHUHT
Gaslangaury.

(6.4) popmyaa ApxuMmen (dpamusaad oxaMuaru 287-212
Anulap) KOHYHMHHHT MaTeMatuk udopacu 6ynub, GyHnai
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cpiduIAlIaAN: CYloKAuK éKu 2dszq Gomupunzan xap Kamoad
wHCM2A WY HCUCM CUKUD HUKGD2aH CYIOKAUK KU 2a3napHUHE
WLUPANZURA MEI2 64 10KOpU2A UYHANAH KyY MASCUP Kuaadu.

CyYIOKJIMKKA OOTUPHIITAH XHCMIA MKKMTA Ky4Y. BEPTHKA
nacTra WyHanraH P OFMpIMK Ky4M Ba BEPTHKAl OKOpUIa
dywanraH F, ApxuMmen Kyyd Tancup Kuaaad. Y Bakiiaa 6y
KYUJAPHMHT TABCHUPUAA XKMCM KATTa Kyd TOMOHIA Xapakar
Kiaann. bynna xyimaary yv xon 6y 1M1y MyMKHH:

1) Arap xucMuuHr oFupauru P Apxumen xyyu F, aan
Karra (P> F\) 6ynca xucm F=P—F, mactra ny‘uanran
HATYDKAIOBYH KYd TAbCHPULA cymmnma uyKa Gomaim.

2) Arap XHCMHUHT OFUpIUrM P Apxumen xyuu F, ra rexr
(P=F,) 6ynca, XUCMIa T&bCUP KWITYRIH namx(anosqu KYy4
Hora Tenr F= 0 OWIraHy Y4yH XHUCM CYIOKJIMKHHUHT UXTUEPHH
AKOMMNa MYBO3aHATAA, SLHH MyaLIak xoaatna o¥naiau.

3) Arap XMCMHMHI OFMpiiurM P Apxumen kyun F, man
knuuk (P< F£)) 6ynca, xucm F=P~— F, HATHXKATOBYH
IoKopura “yHajIrad Ky4 Tabcupuia cyxomumau Kaaxkub
YK Ba cy3ud ropanu. CYIOKIUK 103Wj1a Cy3ub IOpyBRUM
KMCMHUHD OFMPIIMIH Oy XUCM CMKMO YHKapraH CYIOKJIUK
XOKMHHUHT OFUPIMTHIZ TCHF Oynanm.

6.4. HIEAJI CYIOKTHKHHHT XAPAKATH
BA Y3NYKCUSJIHK IJAPTH

Wnean cylokJIMK XapakatHHU KKKA XKil YCyI O11aH TeKIIU-
PHIL aCOCHHA XAPAKAT KOHYHUATAAPMHHN dHUJIAIH MyMKHH.

BupHHYY YCYA: CYIOKAUKHURE A20XU0a 3appada Xapaxamutu
Kysamuut acocuoa eaxmuure xap Gup momenmuoa 6y sappadanune
VPHURL 60 ME3AUSUHU, WY OUAGH CYIOKANK OapHa 3appauaaapuiiung
MPACKIMOPURAUPURU XAM QRUKIAUL MYMICUH.

JdekuH xyaa Kysaay OYiaraH UKKMHYM YCYIHA, CYIOKAUK
3appaqanapuny Ky3ammacoan (azonune aioxuda Hyxmaaapunu
KysamuB, wy HyKmaaapdan CyioRaux 3appaianapy Kanoai mesaux
dunan ymaémeanwiu Kaid xuaub Gopuuwt Uyau OuAaH CYIOKAUK
XUPAKAMUHUHE KOHYHUAMAGPUHY myuysmupuui sMymkun. by
yeyvaza Diaep yeyau deidfusaou. Arap ¢azoHuHr SUTTa HYKTacH
aMAac, OaAKKH Xap XMA NYKTajapun Ky3aTWANG, BakT Kaij
KHJIMHCA, CYIOKJIHK Te3NUKIapy TAKCUMOTUHUHT OHUHI
MaH3apacH—Te3NUKIapy Malnouu xocun Oynaau. Cywxk-
JHMKHUHT TC3NMK MAKIOHM OKMM MM3HMKIapH Hel aranysuu
unsuKap 6uiay Taceupiaanagy (6.4-pacM). Oxum qusuxaapu
del, wyndall s2pu uusukaapza aumuaaouku, ynuxe xap 6up
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6.5. BEPHVJUIN TEHTJIAMACH BA YHHHI TATBHKH

Pean CyloKJIMK Ba ra3jap XapakaTMHM TEKIUMPHIH Xyaa
Mypaxka® Macanammp. By MacajaHu CONRANALITHPULI YUYH
WYKU WIIKATAHKII Kywiapy xucobra oxuHMaWauraH ugean
CYIOKJIMKHHMHT XapakaTH MHcoauaa xapad uwkamus. Waean
CYIOKJIMKIA TALCUP KWIMILY MYMKHUH 6yiraH OupaaH-oup cHUpT
KYUJIapH XOCHJT KUATAH p GOCHMIOMP.

Wigeasn CyrOK/MKHHHT OMpOpP KOHCEpPBATHB Ky4 MaijoHu-
Aary, XymiaJaH OFMpPAWK MaigoHuaaru 6apkapop OKUMHHU
Kapab uMKaMu3. By OKyMIrd 3HePrusiHUHT CaxjIaHUIl KOHYHBHY
TaTOUK KWinh, M CYIOKAMKHUHT OKHM TC3NUTH Ba OOCHMH
opacuaary OOFNaHUIMHU aHUKIaHMK3. ByHUHT yuyH unean cy-
IOKIUKHUHT 6apKapop OKHUMKM MYMAa KYHAAIAHT KECKM 1031apH
5, Ba 5, 6yaran okUM HaMMHU axpaTnd ONaMH3 (6.6-pacwm).

6.6-pacm

) S, Ba S, xecumIap opKatu df BaKT AaBoMuia Hah 6¥iia6
YyTTaH CYIOKNWK 3jICMEHTAap Maccajapy MapkKa3u Oupop
FOPU3OHTAN caTxall OanaHUIMKNApK Moc paBMinna k, sa A,
6yacuH.

Comnanuk yuyH apa3s Kuiaitiuk, cys OKMMHOA HCCHKMK
aTMalYBY MaBXyjl OYIMacuH, sibHu dg = 0 6yncuH. Y BakTna
T =const 6Yau0, CYIOKIMK HYKH SHEPTUACHHUHT y3rapunim
du =0 6ynagu. By X0/10a SHEPIUSHMHT CAKIAHUIL KOHYHHFa
GuHOaN df BaKT OpaNMFMAa OKUG FTraH CYIOKTUK TYINK SHEP-
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[MACHHHHT V3rapuwin dw, = dw_+ dw, Taliky KYYHHHT
faxapran K § A ra TeHr 6yaanu:

dw, +dw, = 54 6.17)

By epaa CYIOKTMKHHMHT dm Maccacura MOC KelraH KWHETHK,
DOTEHLMAN 3HEPrusAcK Ba TAUKM KyYHMHTI OaxapraH Wiuu
Kyruaard KypuHuiira ara;

2

_ _dmw,?  dmwf Q’l.( 2 2)
dwx—dw‘2+dwx1———7~ — =, -y

(6.18)
dw, =dw, ,+dw,, =dm-gh,—dm-ghi=dm-glh, - h,)

dA=dA, —dA, = Fdl, = Fdl, = p,s,n,dt - pspdr.  (6.19)

CylOKITHKHUHT Y3NYKCH3 IIAPTUrAa OMHOAH 0,5, =0,S,
O6yAraHu yuyH oxupru udonamaru osdt KynafitManu

spdt = s,0,dt = dv = 4‘;!'- (6.20)

KypuHuiaa ¢3ui MyMKuH. (6.19) Hu (6.20) ra 6unoaH GyHuai
KYpUHHILAAZ €3aMHU3:

A = p, B~ p 4 = 4 (p, ~ p1)- (6.21)

ynaait kuanb, (6.18) sa (6.20) ndonanapuu (6.17) ra
K¥itunca

iéﬂ'(vzz _012)+ dm-g(h2 —h1)= (pz - P1)4é'""

ucona kenmnb yukaan. by noganu oy 6y116, MoC pasuiLaa
B

OMp XM MHAEKCITN KATTAIHKIAPHY OMp TOMOHIA ¥TKasuica,
pv,? piy’
: 21~ +pgh, + p, = —% -+ pgh, + p, (6.22)
MyHocabar xocu1 6ynanu. by MyHocafar oKuM HaifMHUHT
MXTUEPHI KECHMNIAPH YUyH XaM Ypuuamuump. Y Bakraa (6.22)
dopMyTaHn yMyMHUH KYpUHKUIAA €3UMIIT MYMKHH:

%i + pgh + p = const. (6.23)
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By mynoca6arra Jdauusa bepuyivim (1700--1782) renrnamacy
ne6 atanany. ByHra @ —CylOKIMK 3UYAUIH; & — OKHUM TE3NUru,
h— OKMM YM3UFUHUHI GHPOpP carxaan OanaH/UIMry.

BepHyU TeHIaMacK/Iary KYIBWIyBHH XaLIAapHUHT QU3KK
MabHOCHHH dHMKIANINK:

I. YuuHYn KYUIMIYBUM P KATTAAMK CYIOKIKWK WYKIAru
OOCUMHH AH[IATAAN. YHI2 CTaTHK GoCHM Aeitunaan.

2. Ukkunuy kywmnypun pdh = p,,. TUAPOCTATHK GOCHM
gennnanu. 2

3. bupuHuy KYIIHAYBYN %—- = P 308 AMHAMUK GoCcuM
Jeiuiain. ‘

Y Bakrtna Depuysin teHrnamacuny Oyrpait Ttabpudiann
MYMKMH:

Hdean cyloxauk bapxapop okumudazu myaa bocus OuHamux,
eudpocmamux 6a cmamux BOCUMAGPUHUNS HUTUHOUCU2A meN2.

Kynnad mypaxka® macananap bepryiiu teHriamMacu (6.23)
HUHI TATOMKH aCOCHIA OCOHTUHA Xaj KWIMHALK, XyMAagaH:

1. Arap OKUM YM3MFM NOPU3OHTAT O¥iIca, (6.23) TeHrnamMara
OuHO2H CYIOKIIMKHMHI TYAa 60CUMU p, AMHAMUK Ba CTATMK
OOCUMIIAPHUHT HUFUHAUCHTA TEHT OYaamu:

2
po=5-+p. (6.24)

QPa30HUHT MaBIIYM HYKTACH/A CYIOKIMKHUHT TYAa GoCHMu’
P, UM Ba CTATUK 6ocuM p HM ¥14ad, CYIOKJIMKHHHI Iy
HYKT20ar¥ TeJIMruHM Xucobaa0 Tonuw MyMkuH. Tna Gocumun
yayaws yuyH Murto (1695—1771) Haitu uumiatdaann. Iuto
Hally—HUHTHYKA OYKWIrad MaHOMETPHK Halt OVIHO, ouHK yun
Ou1aH CYIOKITMK OKMMHTA Kapiny YpHatunanu (6.7- pacm). [Tuto

I

N
{

|l

| —

Jm. —_— T
U H R m———
6.7-pacm 6.3-pacwu
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nafvra WYHajiraH OKMM YM3WKJIAapH CYIOKIMK THHY OYnraH
woiuaa Tyrannanann. IysHudr yays xam [Turo Haituga xocun
OY:raH CYIOK/AWK YCTYHUHUHT OajlaHj/UIMIy T¥ia 60CHM p, HU
K¥pcaranu.

Tyram Myxtoad noopar G¥;iraH KyBYpHAaru CyB OKHMMHU-
HMHI, CaMONET aTpodulary XaBo OKUMHHIHT T¥a 60CHMHU p,
ITwro Haity OunaH YnuaHca, cTaTuk 60CUM paca 30HUM HalH
Je0 aTajlyBuM MKKMHYHM XU MAHOMETPHK Hail OusaH ynuaiany.
3oun Haiu (6.8- pacm) xaM [Muro wvaura Yxwain 6¥nub, onn
KHUCMM KaBilIapjaHraH Ba €H AeBopu/ia KMUMK jAapyacu 6op.
Amanna T¥na 6ocuM p, 1 Ba cratuk 60CHM p HU Gup BaKrAa
Voryaw yyyH Iuro Ba 30HA Haitunu 6upra kymud, 6.9- pacmaa
TACBHPJIAHTAHACK KY1IF Hait kypunuuinia scastaan. bynnait Ky
saitua Npampreny (1875—1953) Hakiv ned aranaau. by nan

2
xypcarran Gocumnap Gapxu p, - p = %— JaH TyTanl MyXUT-

HUHI OKMM TE3/JUTH ¢ HY OCOHTMHA aHUKIall MYMKUH.
IHyHyu aifTHIL KepakKK, 3pKHH CHPT CYIOKIMKKA, XyMiaa-
naH jpapéra tymumpuiarad Iluro wady aumHaMuk 60CHM
2
P = ‘% KypcaTtany, yHaa TYFpwIat-TVFPU OKUM TE3JIHTH
¢ 111 OCOHTUHA aHMKJI2ll MYMKHH.
2. Arap x¥uiajaHr KeCMM 1034 Xap XWi Hail ropusodTaln,
STbHU A1, = h, 6ynca, bepHyinu TeHrnamacu (6.22) kyituparu
KVPHHWIIHY O513[U:

2 2
P+ 3‘2—‘- = p, + 22 = const . (6.25)
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Wymad xuaub, (6.25) pan KYpHHANUKHY, CYBHHUHI OKUM
Te3IUIK KaHya Karra 6{nca, CyIOKAUKHUIT cTatuk Gocumu
LIYHYa KHYMK OVaann Ba akCuHyYa. CYIOKIMKHUHT YIUIYKCU3IUK
wapri (6.10) ra acocan s, > s, 6yaca, v, <, 6Y;ub, p, > p,
Oyaaau. bouikavya Kuiiu0 aiTranaa HAkHUIT TOP XOoHKIA TeITHUK
opTca, 6ocuMu KaMasjin. 6.10-pacmaa KecuM 1034 Y3rapysuaH
FOPH3OHTAN IMMIIA HAHIa BEPTRKAN Haljuanap KaBliapiaHraiu.
By uaftuanap marometp sasudacuuy yradigw. Halizau cys
1o0opuica, Top xoitaa 60CHM 3HI KHUHK, OKUM TE3AMTH DHT
KATTa Ba aKCUHYA, KEHT X013 OOCHM IHT KATTd, OKHM TE3THIH
3¢a 3Hr KWYMK 6¥aaau (6.10- pacMra K.).

TiT:7
[HHHA

)

-
08

»
HH
®

thih

nnuhLLZLnnN

LILIY
150

6.10-pacwu

CyloKiuK 60CUMH p HUHT OKMM TC3RUIH 2 ra GORIaHHIIH
TeXHMKaRa KeHl Kymwianmnagu. Xymianay, nyiibBepusartop,
Kap6toparop, cys ya14yor acbobH («BogOMEP»>) BA LIVHIrA YXuianl
ac6obiap sicajiraH.

3. Topuyennn popmynacu. Macan CUKUIIraH CYIOKIHKHNHT
KEHT UKL JCBOPUIATY EXY TYOUAArH KiTUHK TCIMKYaaH OKUO
YHKMILMHK Kapab yukamud. CYKIKK 3appadanapy KyHAaAaHr
AYHaMIapaa Te3IMKapra sra 631~
ran XoJjja TEeUMKKA SKUHIaIub
keaxanu (6.11-pacsm). CyloKIHK KHUKMK
TEINKKAAH OKUO YHKMINNIA OXHM
YU3MKIIAPY DPKUH CHPTTA SKUH XO#H
(¢ =0) nay 6omaanud, Temnkya
opxaau yrand. Mabiymku, bepuynau
TEHIJAMACH X4p Kallad oxum uu-
3UKIapHY YYyH Vpnimwanp. Y sakTiua

N <
BepHY;IM TCHINAMACKHHM 6MpOp OKUM
uu3urK A Ba B Hykranapra Tatbuy
6.11-pacu KuaaMus (6.11-pacm). A wykrana
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Jappava Te3TMrK Hora TeHr 6¥ub, B Hykranarucu ¢ 6VICHH.

2
Y Baxraa bepuy:iu TeHraamacwuaw:  p, +pgh = p, +%—,
OyHia p,—armocdepa 6ocumu; h—CyB OKa€TraH TeHIMKAaH
IPKMH CUpTrava Oyaran 6anaruivk. bylinaH KyWHAard HaTHxa

Kejnot YuKaau:
v=2gh.

(6.26) hopmyaanaH KYpUHAIUMKA, WKL TyOMAAry TEWMKIAH
OKMO YMKAETraH CYBHMHI Te3iurd ¢ (6.11-pacmra K.}, h—

DaTaHMAMKAAH OPKUH TYWAETraH XUCMHHHT v = 2gh.
TE3JIUTHIa TeHT.

6.6. KOBYIIIOK CYIOKJIHUKIAP FHAPOIMHAMHKACH

I'uapoavaMuka CUKHIMAMIMTaH CYIOKJTUKIIAD XapaKaTUHU
Ba YJIAPHUHI' KATTUK XHUCMIap OMsiaH ¥3apo TALCUPHHM YpraHa-
[MraH TUAPOMCXAHUKAUWHT Oup OViaumu. [mapoanuamuka
MacanagapyiM Xan KWIMIIIa MCXaHHKaHUHT aCOCUM KOHYH-
Japu Ba ycyanapuaad doiganannwiany.

Peaj cylokux1apaa HopMan 60CUM KywJapuiaaH TatKapy
XapaKarjlaHyBYM CYIOKJINK MICMCHTIAPK Uerapaiapuia Muku
WIIKQUTAHUILHKHT €KY KOBYIWOKJIMKHHUHT TaHreHIIMal (YPHH-
Ma) Kywiapy xaM Tabcup Krianu. IIyHRHT yuyH xaM CYIOKTHK
KaT/laMiapuHMHT OMp-6upura HUCGaTall XapakaTAaHU LI Xapa-
€HMIA YAAp OPACHMAA MUKM MIUKATAHWMUI, ’bHH KOBYHIIOK/IHK
Xocus Oyianu.

Wyku mimkaianuu, XYYUPUIMLL XOAUCATApAaH OHpHu
OVinG, nxTHEPUH TyTal MyxuTaa Kysatiiany. CvioKJIHKIapaa
WYKH HIHKATAHULIIHUHT XocHa 6¥nui cababnapuium ruiponu-
HAaMMKa Ba MOJISKYIH]) KMHCTHK 11a3apus aCOCH1a Kapab YHMKMIN
MYMKHH. CYIOKIUKHUHT KOBYWOK/JANUIH CYIOKJIHK MOJIC-
Ky;1aTapUHAIIT OUp KATIAMUGH MKKAHYM KATIaMIa HMITY/IhC-
HY KYunpu6 yruium acocuia xocun 6ynain. CYIOKTHK MOJCKY-
Jlanapy ra3 MoJieKyJAanapy Kabu DPKHH Xapakar Kyia oaMan/ v,
yaap TedpanMa xapakar Kuamd, Bakru-BaKTH OusiaH Kyvanu,
OyHIa CHIXKII MacodacH yilapHMHT Vivamiapy tapruduna
oynagy. CYIOKIUK 3U4IAIY KaTTra OVaraiuru cababiin Mojeky-
JIATADHMHIT WAITAPHIAHMA XapakaTH yeksianranamp. Iacr remne-
paTypana CYIOK;THK MOJICKY/IAIAPUHMHT cakpab Kyuuiy Xyia
cuiipak Oynramiaury cadadiv, CYIRKIUKIMHT KOBYUOKIUIY
raz[apHUKMra HucOatal xyga xarra 6¥nanu. CyIOKIUKHUHT
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S oy

6.12-pacwum

KOBYIIOKJAMTY TCMIIEpATYpara Ky4:u 60minK 6y1n6, remMnepa-
TAypa opTHLLIMY OuaH Te3 KaMas Gopanu.

CyioKjIMK Xapakariatrasja YHHHT Kariamiapy opacuia
103ara Kerat UKy HIIKATaHHul Ky91apy KaTiaMaap tesnuk-
JIADMHY TEHTHATUPUIITa KOTUAANKM. DY KyYRapHHHD 1034ara
KeJAHIMMHH KyHKHJaruuya TYulyHTHPHIN MYMKWH: Xap XHi
Te3mKnap OMJIaH XapakaTaayBYH KaTjlaM MOJeKyaalapyHUHT
TAPTUOCH3 XapaKkarH HATHXACHAA CeKUIPOK, XapaKaTiaHyBYH
KaTnamMra HMITy;1bC Ky4aid. By 2ca uMIIYALCHHHT Y3rapuilura
cabab 63'51&1114 V3 ypHuna MMITYBCHUHT dp ysrapuuy Kyd
UMIYJILCU Fidt ra TCHF, SSBHU dp = Fef OYNraHu yuyH,
KaTiaMaapapo napained XolnaumTHpUArad TeKHCIMKKA

YPHHMA paBua iiHaiiran MUKy HInKayanuil KyyH me\

Xocun xuaaaM. Taxpndasan aHugi anran HewoToH KOH)’HHl'd
OMHOaH MKKH KATHRaM opacuiari MUKy MK/ AL KYYH (6.12-
pacm):

Fro = —NE v 2 As, (6.27)

OyHIOa AS--CYIOKJIMK KATJAaMJIAPUTA Mmapajuien XoinaniraH

o3a4a, s: TC3JMHUK IPAAHEHTH, M~ NPONOPUHOHANIKK

KoadunncHT 6¥1ub, y CcyIoKiIuK TaDHATHIA, X0jlaTHra Bsa
XapopaTtura 60FauK OVANO, v iuku uwuxasanui ko3pduuueHmu
EKU KOGYWOKAUK KoXpuuenmu, éxy KUCKAYA Kuaul@ cyiok-
AUKHUKZ KOBYWIOKANU2Y XaM AeHWIAM, «—» MUHYC viopa F,

WYK# MLUKAIaHMI Kyuu CYIOKJHK KATHaMMITUHI XapaKkatura
TeCKapy UYHaANTaHARTKHY ndonanainy.
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(6.27) naH CYIOKTUKHWHI KOBYIHOK/AUIH MHKIOP XHAXAT/AH
KYWMIArura TeHr oynagu:

i = T~—;’,‘z".’2, : (6.28)

Arap (6.28) na ©=1pa As=16yaca, In| = F,,,, GYyAraHAMrMAAH
dz 3

CYROKJIMKHUHE KOBYIUOKJIMTH Kyiinnaruua tabpudiaHany:
CyroxauKnunz Koeyuloxauzi ded, KamaaMaap mesauk pacu-
eHmY Oup Gupauxka meuez 6yaeanda, Kamaamaapapo cotrauizan
103a GupaucHea YpUHMAG pasudn mascup Kuryeu iKY LuKala-
HuW Kyqu2a Mukoop xcuxamoan menez 6Ya2an Qu3UK kammanukxka
alimunadu.
Kopymokaukuuur CH pary yadon 6upauru:

_|A &’ = _—H .14
hlm _l(%:l"A“'Lu T el a2 c=lla-c

KOBYHIOKAUKHUHT YIT4aMAUIH:

. . F _“‘
dimp| = dim| = T = T

Tyrair MyxuT (CYIOKAUK)HUHI XapakaTiaHaérran XucMra
TAbCUP KOHYHHATHHY OWATAH Xoilla, YHUHI KOBYWOKJIHK
k03D PHIMEHTH M HH AHUKJIAIL MYMKUH. Arap r paavyciu
IApYa KOBYILOK CYIOKIMKIA Y3rapMac Te3 11K Ouiad Tynaér-
ramHjla yHra TabCHp KMJIYBUH HYKH UIHKATAHUIL KYuM:

Fu =6mrm. (6.29)

CyloK/MKIa TeKHC (3 = const) XapakaTnaHuG TywmagTrad
1apuara nacrra TOMOH HVHANTaH J —OFMPIHK KY4H, JOKODH

TOMOH HYHajaraH ﬁA —ApXHMMCI Ky4Y4d Ba WIap XapakaTura

Kapama-Kapuu HyHairan F,, —W4KM MIIKZTAHUUT KY4H

TabcHp Kuaanu (6.13- pacM), sibHH IAPHWHT OFUPIUK KY4YH
ApxuMel B MYKHM MUIKATAHUIN KywIiapy OMiaH ¥3apo Myso-’
3aHaTAAIAAM:

P =Byt Fu (6.30)
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DyH/a [IADHUHT OFUPIIMTY [ BA YHIA TAhCUD KWIYBUK ApXHMeEn
KYUH F , Kyfiujarura TEHLAUD:

P=mg=pVg=%mrpg; Fy=pogV =§nrpg. (6.31)

By epaa p— ap MOAJACHHMHT 3UWIMIH, P ~CYIOKJIHK
3UYAMTH, F—IUAPHUHT PAIMYCH, §—3PKHH TYILHMLL Te3TaHHIIH,

(6.29), (6.31) pan F., B, F; xywiapuuHr udonanaputu
(6.30) ra K¥ituiaca, %7{ r3pg=—§-1r r’pog+6mn ro gxu

O rv= %nﬁg(p - po) oynagu. Ba HUXOST, OYHIAH CYIOKIHK-
HUHT KOBYIIOKJIHNK KOIPDUIIMEHTHHI aHUKIACAK:

n =%-£§)—"£rlg. (6.32)

by hopmyna wiapya xapaxarura UAMIL ACBOPHHUHI TAECHPN
OysamaraH, srbHY Hapya YiauaMmura Hucbatal MU JICBOPHHU
YEeKCH3 y30K,1aiuran faeb xapaiwr MyMKMH OyIraH Xoi ydyyH
VPUHIIHAND.

Wkxuiun ToMoHaan, CTokc ¢opMyaacHaard HYKH UlIKa-
Jandin Kyw.iapy, paxar, CYIOKAUKHUHI JIaMHHAP OKITMH
yuyHruna Tvrpuanp. Javunap (aam. lamino—xamaam) oxum 0eb,
CYIOKAUK EKU 203 KAMAGMAAPUHUHE Gup-Gupuza nucbama
cupnanma, OowKa4a Kuand abdmeanda, Kamaiamau oxuMuza
aamuaadu. JIaMHHAD OKUMIA CYIOKJINK (BKM Ta3) KamiaMiapu
$3apo napauiesl CWIXMitan. JlamuHap okyumaa BakT OVitnua
OKUM YU3WFM Y3rapMaralHJIurujan y CTauMOHap—OapKapop
xapakargad noopat 6Ysann. Lynaait kuam6,(6.32) Gopryaa
CYIOKTMKHUNT 6apKaApOp XapakaTuia TeTHNIWANY.

6.7. KOBYINOK CYIOKJMKHUIIT HAHJAH OKHIH.
MYA3EMIb DPOPMYJIACH

KOoBYLIOK CYIOKIMK FOPH3OHTAN LMIIMHIPUK TPpY6a GVitnab
OKKAHJ1a, CYIOKJIMK 3appausaap Te3JIMKiapu TpyDa VKiira
Aapassien AYHAINaH UM cababan KOBYIIOKAMK KywiapH Hal
VKUY IYHATHINKAA TAbCUP KHNaan.

KOBYUIOK, CYIOKTHK Y3rapMac KeCUMIN FopU3oHTal TYIpH
Hafinan Sapxapop okpiny cabab.ny, yHUHE Xap OGUp KyHnaianr
KecuMIaruy 6ocuM Gup X, GUHOOAPHH OKMM MH3UKJIADH
Haiya yxura napannena Hyvuanran OyaanM. Arap OyHnai
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6.13-pacwm

GV;IMaraH/a 54M, YHila OKMM YM3HKIApH aruirail 6¥nap €xu
najtyara KYHOAIaHT HHaAral OKYUM 103ara KejiraH 6yiap aau.
CyIOKAMKEMHI AOMPABUH Haiua aepoprapura siKMH Typran
XaMMa 3appavanapy Haiyara €nvinuob, yrapHUHT TE3/IMIY Hoira
TCHT; ys1apra SKHH Typrali XaIKacuMOH KAT/IaM CHMMMETPUs
wapriapu Tybaiinu 6ytyH ainanHdin 6¥itab 6up xui Te3uKKa
3ra GYNMIIM KepakK. AMMO KaTilaM TCIIUIHM Tpyba YKM TOMOH

oma 6opaau. IUyHuHT yyyH XaM, OKUM TE3IMIM » Haidya

yKMraya 6y;ran r panMyCHUHT (DYHKIMSICH, S’IBHU v = f (r)
JeHnul MYMKHH.

Haijtuagan okaéTraH CYIOKJAMK XaXMHIAA PAJIMYCH r,
yaymsury di ra teHr wwtasap (6.13- pacsm) axpatudb ojaMu3
Ba XapaxkaTiaHULl KOHYHUSTHHU Kapad umMKaMmu3.

Bupununias, CcyloKIMK okuMmu Sapkapop O¥iraHu yuyn
aXpaTHO ONMHIaH UMAKHAP acoCUra TabCUp KutyB4n 60CHM

Kyau df (6.13- pacmra x.) dF = [p(l)- p( + di)}ds ©Ynanu: Gyu-

na p(i +dl)-p(l)= —f};—dl BA LWIMHAD ACOCUHMHT 103U § = Tr’
OyaTaHy yyyH 60CHMM KYUM KyWHAArd KypyHulira Kejpaau:

dF = ..%[;__dl . nra = -qir? —{g(ldl (633)

UKKHIYKIAH, DeMeHTap IWAKHADHUUT €11 cupTura
YPUHMa paBMLA TAbCUP KMWIYBYM MYKM HIIKAIAHKWL Ky4h
clF, . (6.27)ra acocan Ky#uarura TeHr 6¥naum (6.14- pacm):

dy
RIZTIRI TSRS IRILS SN Y
R ) 3 Z >\ .
[~
IIIISTRITIL SRR IAIESLPIIAIOII LY
6.14-pacm
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dF v ds.

HINK, = —‘n_ﬁ; [1R4

OyHaa ds,,—37eMEHTap UMAMHAPHUHI EH cupth OYnub,
ds, = —2nrdl 6ynranu yyyH:

w

dF,,, ==2x rn%dl (6.34)

KK

By epia N-—cyloKAUKHUHT KOBYWOKIHK KOdhGHULHEHTH,
paamMyc OpTraH Capy Te3iAMK KaMasi OOpraHnury yuyH MUHYC
HUaIOpa KYHUraH,

Cyroxauk Dapkapop okunaa 6y uxku: 6ocuM Kyuu dF Ba
HYKM MIIKAI3HUIW KYYH df’mu,< V¥3apo MyBO3aHATAA, S’bHH

YAAPHUHT WWFUHAMCH HOJAra TEHT OYIMiM Kepak:

—qr2 e o gy
nr? d,dl 2nrna,;’dl—0,

OyHaa

]
o= r L (6.35)

bynna ¢ (r)—Te3nux, %;’-— Te3TU rpaaueHTy /~—HUHT y3ra-
puura OoranK amac, SuHoGapun %1,’ XOCHUNa XaM ¥3rapmMac,

SIBHHU % = i’-?—','—p—' = const 6ysmwy Kepak (OyHaa p,~CylOKauK-

HUHT TpyGara kupuingar¥ 60CUMH, p,~3Ca YHKMILAATH
ocuMu), I—TpybaHuHr y3yHauru. Haruxana (6.35) ndonaHu
Ky¥ujary KypuHuiuaa é3uu MyMKHH:

Bty (6.36)
AbHU
dp = ~ f—’z%;’—’- rdr . (6.36a)

MabayMKy, UMIMHAP ACBOPHM SKMHHAR OKUM TE3/UIH
o(R) =0 Ba v(r) =v 3kauuuu xucobra onnd, (6.36a)uu r pan
R raua wxTCrpasnanca:

0

R
_fdu:—p‘T;‘;?—J.rdr
14 r
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By unrterpanuu xucobsaab TonamMus:

v=H2E2(R2 - r2). (6.37)

Tpybauuur yxku (r= 0) 12 OKUM Te3IUrH MaKcHUMail 0yaub,
ICVTHKHUHE KUAMATH TPYOAHUHT nuameTpy OViinya napaGosuk
KOHYH acocuIa TaKCUMaaHaau (6.14-pacM). Makcuman Te3uk
Kyiunaruya 6ynamu:

R-F

Vo = 4n 12 R%. (6.38)
Arap Tpyba puamerpy 6yiinab cyloxaMK KariaM Te3lurd-
HUHI TAKCMMOTH MabliyM OVnca, CylOKJIMK capdHHM, SIbHU
TPYGAHMHI KYHUAJAHT KECHMH OpKaIM BaKT OUpnurv uyuia
VIT4H CYIOKIUK XaXMHK @ HY TOTIMLI MYMKHH. BYHMHT yuyH
paidycu r Ba 1034 ds=2nrdr Gynran (6.14-pacMmra k.)
XaJIKACMMOH KAT/1aM OPKANY BaKT OMpJIHTM WYMaa oKuO yrra

CYIOKJIMKHUHT XaXMHU:

dQ=4Y/ =Lds=v-2nrdr = 2mordr, (6.39)

Oynanu, 6yupa v = % — OKUM TE3JHUIr¥, YHUHT MDOJACUHU
(6.37)man (6.39)ra Kyitnica:

dQ=2n & ”2 (R2 =r2)rdr =n *”*2—:",’2-(1(2 ~r)rds.  (6.39a)
By ndonganu 0 IaH R raua opajiukjaa HHTErpaad, xucobaaw

amany 6axapwica, TpyOaHHHT OYTYH KECUMH OPKAIH CYIOKTHK
capcbn Q HM TOTIAMH3: .

o :
Q= f p.—p2 (R2 - r?)rdr =n p'Z;I;Z ’!(R? = )rdr =z ____1’;;:'72 R4.

(6.40)

yunai xunub, cyroxaux capgu mpyba yunapudazu bocumaap
Qapkuza, mpyba paduycunune mypmuruu dapaxcacuza myrpu
nponopuuoxan 6yaub mpybanuite y3yHauzu2a 64 CYIOKAUKHUNE
KOBYUOKAUK Koppuyuenmuza meckapy nponopuuoHandup.

By xonyuusar 1839 itmnza 'ared ToMonuaan pa 1840 iiunna
bpannys onpmu [Myaseitth TOMOHHIAH 9KCHEPUMEHTA A4COCa
Oup-6upUAaH MYCTAKMJI paBUIINA aHukiaHraH. [aren gaxat
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CYBHMHT TpyOatary XxapakaThHy TeKwmnpras, Iyascivib yMyMuit
XOJda CYIOKJHUKNAPDHUHT KAlIMAASApAaH OKMIIMHM TeKIIUp-
raHnury yuyH (6.40)ra Ilyaseitns Gopmyaacu meitmmany.
CyIOKIMKHUHT KOBYIUOKIMK KO3DDUUMEHTUHN AHHK/IALLIHUHT
SKcnepuMenTan ycyiapuiad 6upu Ilyaseilno dopmynacu
(6.40) ra acocnaHrau.

Myaseiuvs Gopmynacu (6.40) cyrokaukHuHT QaKar JaMuHap
OKMMsIapy yuyH Ypuriauaup. OkuM Te3uri yHY2 Karra 6ynma-
ranza KOBYIHOK CYIOK/IMK OKMMM JamMuHap 6ynub xonazu. Oxum
Te3/IATY OPTUIIK OWiaH, Hail ywiapuuari 6ocumiap (hpapKuHHHT
opTHUIUY OWIaH OKUM XYCYCUSITH Y3rapali Ba 0apKapop JaMUHap
OKMM TYpOyJicHT (yiopMand) okumra aitianamu. TypOyaeut
oxumtapra ITyaseins dopmysacuiy KyViab 6yaMaiton.

6.8. TWIPOJMHAMHUKAHUHI YXINAIININK KOHYHH

WKk OKMMHMHI MeXaHMK YXIMAWIHTHAAH OKUM Tapa-
MEeTpJlap¥ Ba CYIOKJIMKIAPHU TAaBCU(JIOBYH 3UYIHK, KOBY-
IHOKJIKK Ba BO1IKA JIOMMHANTAPUHHI TAKKOCHAIU MYMKHH. Arap
¥XWauLIHK MaBXyR Oynca, GHPMHYM XHUCM YUYYH OKUM
MaH3apacyH¥ OMIraH X0J4a YHIa FeOMeTpUK yxiuam oyaran
fowKa XUCMIAp YYYH CYIOKJIHUK (rasnap) OKMMHUHUHT OUp
KMAMATIY NapaMeTPAapMHM ONAMHAaH aiTub Gepuu
MYMKMH. YXIIQIUTHK KOHYHH KCMa Ba CAMOJIETCO3IMMKIE KATTa
axamustra ara. XKymiiagaH, Kema Ba CaMOJNIETHap ypHMra
YIapHUHT KRUPAUTUPUATaH reOMETPHUK YXniall Mozennapu
CHHOB/IAH VTKasuJlaay Ba Kaitta Xxucobnalu iynu 6unau pea
cUucTeEManapra oua Xysaocajaap MHKapuiaiam.

By macananu ymymui k§pununiia xkapab ynkamus. Cyiok-
AMKAAry ¥xuam xoinalwrad HyKranap Kyiuaaru Karrasinkiap:

F — HYKTAHUHT PagUyC-BCKTOPH, 7 — OKUM TE€3IMIH, O —
SHYWINTH, M) — KOBYLIOKIMK KO3(DODUUNEHTH, v, — OKUMHMHI
YEKCUIIMKAAH HyKTara eT0 KeJiraH XapaKTepau Te3fuKiIapu

6unan udonanananu. CylOKTMKHUHT CUKWIYBYAHIUTY B HUHT
Y¥pHHUra TOBYLIHWHT OepUIraH CYIOKJIHKIArH TAPKAIMAL TE3IHIH

¢ AdaH ¢oiinananuiy MYMKHH, YYHKH Cz':[lﬁ" CyoKauk
p

OFMPJAMK Ky4M MaifnoHuna okaé€rras Oysnca, Spkull TYIHHIU
TE3NAHUIIN ¢ XdM OKMMHMHT aCOCHil KaTTATHKIIapiiaH Gupura
ainauvagym. Arap oxuM HocTauMoHap (Oexapop) O¥yica,
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OKMMHUHT / Macodagard Te3TuruHy MQORATOBYHN XapaKTepau
TBAKT TYIIyHYacy Kuputaagu. LyHnan kuans, ymyMuit xoina
CYIOK/INK OKMMMHMWHI TEHINaMacH Ba o, 0., 7, [, p,n, ¢, 1T
KaTTaluKap y¥3apo GYHKUHOHAT GOFaHuiUra ara oy;ianu. by
KarTanykiapAal OJITHTa 3pKIM Vi4aMCU3 HMcODaTinap XOocu:
KMAMUran 6ynau6, ynapnad TYPTTacH TaBCUS! KWIIFaH OJHUMIIAD
HomH Omian Gexrwianran. by cownap kyitunaru 6.1-xaasaiga
KEITHPUIITAH.

6. I-aicadean

Te3nuk COHM = %0 N (6.41)

Y3YHIIKK COIH V= ;, , (6.41, a)
Peitoabac conu Re =pl % , 6.41, 6

2

®pya comn F=%% o (6.41, 1)
Max coHn M= 001 (6.41, r)
Crpyxais cOHM S=v,Y 6.41, n)

ViMamimk Kouacura GUoal XaaBanaard COHNapaal 6upu
KOJAraHAapMHUAHT GyHKUMsICH 6YAaIu, XYMJIAaH Te3JIMK COHU:

T=E”°=—f(YaRe,F5M:S)7 (642)
&ku
7 =0, f/(Y,Re, F,M,S). (6.42a)

by ngoxa oxumiaap YXUIAWAHIU YMYMHU KOHYHMHUHT
MmateMatuk udoaacu 6¥and, y Kyiunaruya taspubiaHaim.

Azap onmuma yauamcusz xapaxmepau conrapoan Gewmacu
UKKUMA OKuM yuyH Oup xun 6Yaca, oamunuucy xam 6up xua 6yradu.

VXIIADUTMK YMyMUH KOHYHUIa OYHCYHYBYU OKHUMIIApIa
MEeXaHHK EKM ruApOAMHAMUK VYXWAMTUK Aciunanu.

6.1-XaaBasiaa KENTUPWITAH YIYAMCHU3 COHIAPAAH: TE3JIHK,
Y3YHAMK, Max Ba CTPyXaib COHapu Oup Xua KaTTajiHKIap
uucbatuaad ubopar 6YIraHu yuyH yaapra U3OXHHHI X0XaTH
iyx. Jlexnd PeitHonsac Ba Ppya coHnaapu Mypakkabpok
KYpuivira 3ra 6YAraHy yyyH YIapHUHT (PU3UK MabHOJIApUTa
TYXTAIUO YTaMU3.

Peiinonbac coHU, Re CYOKIMK KHHCTHK YHEPrHIACH

W, = 2pl3v2 ~ p/30} HuHT xapakTepiu y3yWIMK [ ja Wyku
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HMIIKanaHUL KYyYuHHHE 6axaprad miun 4 .n 1;01 2 ra 6ynran
HHUCOATHTE IIPONIOPIMOHANAND.

W oPw_phy o

A ~7] 1)012 - n - (6.43)

Mytnai kuaub, peiiHOABAC COHM CYIOKIUK MHEPUMSICH
OuiaH OKMMIATH KOBYUIOKJMIMHMHI HUCOMH poaMHU aHUK-
Jlanam. Peitnonbac coHu Karra OYraHaa HepliMs acocuii posb
VitHailam, Knyuk 6¥araHiaa aca KOBYIWOKJIUK MYXUT aXxaMUATIN
6Ynaan. IlyHu akrviu Kepakku, PeitHosbac conu Re HuHT
TaxXMHUHUH KMHMAaTH TONUIAAK, YYHKH XapakTepiiu [ y3yHAurun
Ba XapakTCP/IN v, TE3NMKHH aHUK ynuab 6ynmaiiim.

®pya coun Fxam PeitHosibac coHyra yxiai MabHOra ora.
®pyn conn F CyloKAMK KHHETHK 3HEprusicd W, HUHr Xapak-
Tepay [ y3yHAMKKA TeHr macodana OFMPAUK KYUYMHUHT
6axaprad uwura 6ynrad nuc6aruu uonanaiiau. Opya coun
KaH4ya karra 0¥nca, MHEPUMSIHUHI OFMPAMKKA HucbGataH
axaMusITH WyHYa Karra 6¥nagy Ba aKCHHYA.

Craumonap (6apkapop) OKMMIIap XapaxkTepiu T BakT, ¥
ounnan 6upra CTpyxaih COHHM XaM YEKCU3ANKKA alIaHalH, SHHY
T=o0B2 § = co Oynann. Y Baxraa (6.42a) udoaanan Crpyxaib
COH# § TYHIMO Konagu. UKKMHUMAAH CUKWIMAC CYIOKITUK YYYH
Max conm Honra aitnaHaad. IUyHuai KIWm6, CHKUaMac CyIokK-
AUKHUHT 6apKapop oxumy yuyH (6.42a) Kyiiyaary xypuHumra
KCany:

5 =9, f(Y.Re, F). (6.44)

Peiinoanac sa @pyn counapu OMp XUt GVraHaa oKuMiaap
yxuaumup. By xonna caMoseéT MoAeIMHM YXIHalIMK KOHYHM

acoCcya TCKIMpUL MyYMKHH.

6.9. TMAPOANHAMMK BEKAPOPJIMK BA TYPBYJEHTIIHNK

Jlamutiap OKHMHMHT MYXHUM XYCYCHATIApUAAH GHPY YHUHT
6epxapopauruaup. JlamuHap oKuMIa CylOKIMK KU ra3 3ap-
payanapy Oup-6upsra apanaluMalt/luran Kariamaap Tap3una
6utra HyHasmmuaa Kyyanu. JlaMuHap oKaéTraH CYIOKJIMK Cku
rasra Gakar TabcUp KIIyBYK KYWIapHUIT KM TAIUKY LIApOWT-
JJapH¥y Y3rapTUPHII HaTWXACHJIAarvHa BakKT yruumiu OGunal
OKUMHHWHIT DapKApOPIMIHHM ¥3rapTUpHII MyMKUH. XKyMIaiaH,
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CYIOKAHK €KUM a3 OKMUMHHUHI TC3JIMIMHU Oliupa 0opub,
KPUTHK Te3JIMK e atainysuu v, Te3auxaan 6omab namunap
OKMMHHHT GCKapop OKWUMra auIaHuIuH cabadiu OKUMHUHT
KaTraaM xos1aty Oy3mrand Ba CYIOKJIKK (€KW 1a3) JIapHUHF
4ApaialIMacH, ibHU TYPOYICHTINK XO/AUCAaCH coaup Oyaaau.

TypOYACHTIUK — CYIOKJIHMK €KY Fa3lapHUHT KYMUUIHK
OKHUMIAPH/IA Ky3aTuianurad xamiaa 6y OoKuMIiapra Typiau
VTuansT XKyfla KVIutad yropManap xocui Oynaauran xouuca.
by xoauca Tydaiin ruapoadHaMudK Ba TEPMOIAHHAMHUK
XapakTePUCTHKAJAP: TC3AHMK, OOCHM, Xapopar, 3vuiMKiaH
nOopaT KATTAIMKIAD BakKT YTuwin Owuian Te3 Ba TapTUOCH3
Varapu® Typajid, SbHU QIYKTYaUMAIaHAIN,

TypOyeHTAUK KY3aTHIAAUIaH CYIOKAUK OKUMUTa TYpOY -
JCHT OKWUM Aciiuiaym. ByHaait okuM/Ia CYIOKIUK Ba FasHULT
3appavanapd TapTHOCU3, HOTYPFYH XapakaT Kuaald XaMid
VIIAPHHUHT Xajan apaiaulyBura oaud kexanm.

Kyl TOF OKWMJIApHIary, luapiluapaiapiars Eku Tes
Cy3a8TIaH KeMaHMHr KyWPYFU/IAH XapakaT, 3aBojulap Tpyba-
AdpuaaH YMKAE€Tran TYTYHHUNT aijlalyBuy Xaixailap Kypu-
HUIIMAATH XAPAKATH BA 1Y Kabunap TypOyJIeHT OKMMIa MUCO,1
6yia onaau.

IHynnalt Kuaub, TypOy/IeHTIMK MabiyM 1apoOUTIapha
JAMHHAD OKUMIIAPHHMHI TMPOAHMHAMUK OCKapopiurd OKU-
Baruia 1o3ara Kenagu. TypOYJACHTAUKHUIr X0ocuil O¥aniumaa
KOBYIOKAUKHHHI XHcCacH XaMm Karraxup. KoBylokiuk
KY'LIAPH CYIOKJIIK KMHCTHK SHCPIMSCH, SbHI OKUM TE3NHTHHU
KaMalTUpHO, GeKAPOPNUKHUHT PHBONCTAHULINTA KAPIHMINK
KWIKO, NMaMuliap OXUMHMHP GeKApPOPJAUK COXJACHMHM Topail-
TUpU6 Gopaan.

OKKM TE3IMIY OpTHLIM OWi1aH JaMUHAP XapaKaTt TypOyIeHT
xapakarra adnaya Gopaay. CYIOKIUKHHHL JIAMMHAD OKAMM
TypOVIEHT OKUMIa VYTHMINUAAIU OKUM TE3IUI'MId KPUTHUK
Te3J UK acHmianu. Dyunalk Tteanuk Yprura jokopuna 6agH
KWIVHTAR $IyaMcH3 KaTTajiuk — PefiHoiabic conu Re naw
doiiananyi Kyjlanadp. XakMKaTaH XxaM MabiayM [HapouTra
Moc Peifnonbac ConuHuir Re, KpUTHK K,wmunma JJAMHHAp
OKUM TYPOYICHT OKYMIa ainanaan. Tu JIPOHAMHUK ¥XIUAnLmK
KOHYHHAa 6aén KMJIHHIaH MYJIOXa3aiap TYpOYJACHT OKUMIa XaM.
IUYHHHIACK JlaMUHAp OKUMIau TypOyaenT OKMMIa YTuIl
pexuMura XaM Ternurauamp. byura acocan Peitnouabac
KYAHIAIH KOHYHHKW Tabpu(diaiv; ceoMempux cucmemaiapoa
AAMUHAD OKuMHuHZ mypOyarenm okumea ymuwu Peiinoandc
conunune bup xun Re,, kuimamaapuda codup Oynadu. Re,, HHT
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KMIMATH CYIOKNUK aitjlaHUO YTaérrad XXUCMHUHT 1MaKoIMIa Ba
NaMHHAp OKUMHMHI FajaCHAaHHI Japaxacura GOFNMK.
XymnazaH, BOZOIPOBOATa YJAAHTAH ONAMI UMIHHAPUK
Tpybagarn cyB OKMMH YYYH KPUTHK PeliHOabAC COHH
: /s

Rckp =—pn—=1000. Hesopnapu CHILIMKJIAHIAl, UKKMHYH YYH
LyMQJIOK KaWTapWwiraH HaWHW KaTTa MEWILJIATH CyBra ynab,
yHIaru cyB MyBo3aHaTH cakiab Typuaca, Re,,=25000 raya
JaMUHAap OKMMHU caknab Typulll MYMKHUH.

OxuM KaTiam-KaTiam (namuHap) 6ynranjga, HILKTaHuII
kyuu Crexc dopmynacu (6.29) ra acocaH, TE3NUKHMHT
OUpHIIYM fapa)kacura TponopuMoHain 6yinaau:

F 6an rv (6.29)

wmx

OyHAa N — CYIOKJIUKHHHI KOBYIIOKIMK KOIMDMULIMEHTH, r— |
CYIOKJIMKIA TYILa€TTal IapuyaHuHT PaJIHYCH, v — LUaPYaHUHT
CYIOKAMKIAIM TYWINII TE3NAUIrY NPOMOPUHOHAN OYnagu. Arap
OKUM yiopManu (TypbyneHT) O¥ica, WIIKanaHUII KYyYH
TE3IMKHUHI KB3JIpaTvra TYFpY nponopuvoHan 6ynamm:

_ CpS»?
F, .= —5 (6.45)
Gyina C — nponopuuoHaLiuK Ko3dhruMenTy 6y1ub, cyok-
JIMKIA XapaKaTnasatTraH XUCM 1akKiura 00FAMK,

6.10. JKHCMJIAPHMHI CYIOKJIMK BA I'A3JIAPJATH XAPAKATH.
YEFAPABHI KATJIAM

Karmux XUCM CYIOKIMK KM raziapiia Xapakarianranna ynap
opacHila TabCup Kywiapu Mapxyn 0ynamn. HlyHuur yuyH XaM
KaTTHK XXMCM CYIOKJIMKAA XapaKaTTaHUIU XKapd8HHIa Kapuiu-
JIHKKa yuypauiu.

_ CyloKiI1MK OKUMH TOMOHMIAH XUCMIa TABCHP KWIYBYM Ky

F 1w oxum nyHamuuaarn F, Ba OKMMra liepneHguKyasp

F, Taiuxus1 3TyBYMRapra axparui MYMKHI1 (6.15-pacm). F“,

Kyyra — neiioHa KapWWiuK Ky4ud, F, Kyyra 3ca kyra-
pyl Kyuyu ned atanaiu. .

Tlewona kapunuk xyun F, MKKU XWT Ky4aaH: XKHCMHUHT
OSLIMIIFY BA OPKAar CUPTIAPUFa TabCUDP KMNaéTraH GocrumIiap
(hapkuiaaH Ba KOBYIIOKAHK HUIKAJaHULI KywIapuiaaH ubopar.
Teanuk xarra dynranga, sibHM PelHONLAC COHM Re KaTTa
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N 6.15-pacum

6y¥nranna 6ocuM papKy YCTYHIUK KHicd, KHYUK TEINUKIap/a
KOBYIOKIMK KYWIapH YCTYILIMK KMAalK.

Jacriaab wacan CYIOKIMKHMHI JIaMMHap OKMMMHU Kapad
UHKAMMU3.

OKUMHHMHY CUMMETPUS YKy OVitnat Xoitalurad CUMMEIprK
XUCMIApra OKMMHMHI KYpCaTajuraH TapCup Ky4d (axar

1eHIOHa Kapwiuk Kyud  F,  naH ubopat 6yiu6, 6y xomna

KyTapysuu F, Ky 3ca HOJNTa TCHT 6yanu.

Ilewiona KapUIMIMK Ky4M XUCMHUHI JIAaKJAA Ba yn4yam-
JIUI'UTA, OKUM TE3JTUTUFa BA CYIOKIUKHKHI (DUBUK Xoccacuid
6oFuKaup. TaxpubaHHUHI KYpCaTHILMYd, TICINOHA KApUIHIIUK

Kyuu F, CYOKJIMK OKHMUHUHI THAPOLMHAMUK GocHMHU

2
Pen =9-,‘;’— HY KUCMIIMIIT OKHMTa IepHeHauKyssp Oyiirad

RYHanuIIHMTa IIPOCKUMACHHHHTL 1031 § ra kynadTMacura
NpOIOPLUHOHAIAMD:
n
= s=C P : Y
F, —pgw,.S =C, 5 S. (6.46)
bynna C — XMCMHUHT 1HAKIH, 4aMiaInrura GorInK 6¥nran
NponopuMoHauiuk KoapduitneHTn 6Viaub, yura ieuoHa
KapiuWIKuK KoagdbuueHTu aeitunanm.
YMyMaH aifTrania, XUCMHHUIT MEeIOHA KapLUMIKMK KO3(h-
duuuentu C, Peitnonbac conu Re ra SorinK OyaraH. y3rapmac
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6.16-pacm

T KATTANMKAHD, 6.16-pacMia map fCINOHA KAPMHAMK KO-
Guumerrrn €, uuHr Pefinonbac conwn Re  ra Sorranuiy
rpapuru €, = f (Re) tacsupianran. I'padpukaas KYpUHaaiKH,

" I
Peiinosbic conn {Ke = —‘%) OKMM TCIIHTHTA JIPOTIOPLMOHL

Oyarannuruaan Re nunr O jpan 100 ra O¥aran KuiiMartu
OPAJIMTARA l1eIMOHa KAPUINMIKMK KYul }';x OKHM Tesnurura
IPOHOPUMOHA pasuIuaa V3rapu®d, keduuri Re nuur 100 xax
~15-10° KuUliMaTIapy opaiuruia NEWoHa KAPUILTHTH KYYH
l‘iox@m TEXTMIMHWHT KBaipaTHIa NPONopuHoHai 6ynaiu.
Re =15-10° Kudimarra spuiuraiid C KodPOULHCHT KCCKMH
KaMaituh, Keiina aespin yarapmadé koaanu. [lyunaét xpiub,
Cy=f (Re) rpapiKIa ¢ CoXa — U3MKTH CORIaHMIN COXACH;
6 — coxa — Supuiuy Ksanparik Sormannu coxacu (C=0,4)
6—COXa-—MKKHI'IM KBAAPHK Goraanuui coxacy (C=01-0,4).
[Teiona KapuwinK kyuu F, iMHT Kaizial mapouTaa Xocus1
o¥anmnyy Kapab umkalauk. Arap XHCM KOBYIUOKAUIY
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p—o Al )8
6.17-pacwm

Oynmaran CYIOKJIWKAA XAPAKATAAHCA, OKUM CUIINIMK KHCM
(11ap)HM aiIaHKG Ba OKUM Hail1apy apra HUcOaTaH MyTaaxko
CHMMETPHK XoMnawanyd. KoByulokauk Kyunapy Oynmaranu
YUYH HIapHUHT cUpPTHUra akar CTaTuK OOCHM KY4YH TahCeup
kunaau. OKMM LIAP ONAMAA Ba OPKACHIA CHMMETPHK OYraHu
yuyH Oy HyKTasjap/aa Te3nuk XaM oup xun, 6ocum xaM Gup xun
6yaamu (6.17-pacm). buiiobapus, Maea] CYIOKJIHK OKMMHIA
TYPraH 1apra TabCHUp KMJYBYM HATHXANOBYM KYY HOJTA TEHI
oynaau. ynnak xuanb, viean CUKMIMAc CYIOKIHK TaMuiiap
OKMMUIA EKM OYHARN CYIOKJIMK MUMAR TEKHUC XAPaKaT KUAaeT-
ranjia neilona KapilwinkK Kyau Hosra Tedr 6ynanu. by xynoca
y3 nappuaa HanamOep (1717—1783) napanokcy HOMMHH OJIFaH,

_.-_/\B OOOO

A A B
>0 %(pOOOO

X

6.18-pacum
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OxkpuM Te3uTy Karra 6¥aradaa MaHzapa Tybaan ysrapagu
(6.18-pacM). JKUCMHUHT OPKa TOMOHKAZ YIOPManap XOCH:
G¥nagy, ynap BakTu-Bakry Ounal ysunub typanu. Oxum 6y
yiopMastapHy oa1ub keruwu cababny yiopmanapaai udopar iin
xocua Oynaun. KucMmuan aHya y3okKia yiopManap iykonuo,
OKMM gHa JaMuniap 6yau6 Kosanu. ByHHHT HATHXXACHAA XUCM
OpKa TOMOHMIATM YIOpMaiyu COXa OOCHMHU P, OJAMHAAIH D,
naH xuyuk 0ynapu. HIyHuHT yuyH 6y xonna, Hacai CYIOKAUK
TOMOHWIAH XUCMIA ISTHOHA KAPUIHANK KY4U TABCUD KUIAMIU:
Oy KaplIWInK YIOPManu KaplHInMK xaM jieb arananu.

KucM KOBYWOK CYIOKIHKIZPHA XAP4KaTAAHTaHAA 2ca
001IKaYapOK XOMUCa Ky3aThiaany. by Xomaa xya 1011Ka Cy10KiIHK
KATAAMH XACMHUHT CHpTHTa CHULILO 0,130 Ba y OmiaH OGupra
xapakarnaniub, Huparu Kariamaapra MiiKaTaHummy cabadnu
oprawnd ketaau. ZKHMCHUHT CHPTHAAH Y30K;1alia 6opraH capy
CYIOKJIMK TE3MHrY XyHa Te3 yca 6opauun. by 1e3 yeuw cupr
AKUHWIAMY CYIOKITUMKHKHT IONKATMHA KaT/ilaMUAa coaup OVnuo,
Oy KarnaMra yerapasuit Kariam Jelunaiu.

Yeeapasuii kamaam 0ef, CYIOKAUK 3appayaiapuHuie mesaui
HOM2Q MEHE KAMMUK HCUCM CUDMUOAR CYIOKAUKHUNZS OKUM
me3anuzuza mernz OYA2an Kamaameadd, Sshu mesfuK zpaduenmu
masxcyd bynezan kamaasea aiimuasaon,

YerapaBuit KaDIaMHUHE KUIMIDIMIY 8§ HY TYAA Ba KATBHK
alKK1ab 0ynMaliy, yyHKY KaTIAMHMHET CYIOKITMK TOMOHUIATH
yerapacy KeCKMH axpanmaraHiaup. Yerapasuit KatiaMaa KoBy-
IHOK;IMK Kyuaapy OunaH GocuM QapkyaaH Keaud YMKagurax
Kywiap Oup xui taptubia OYiavnHu 3bTHOOpPra ONMHCA,
yerapasuit KAaTAAMHUHI KUIMHJAKTH § kyhugary dopmyna
4COCHIAa AUMKJIAHMIUNK MYMKHH:

8= 7= (6.47)

Oyuna /— XUCMHUNT XapakTepau ynayamu, R — Peitnonnac
COHY. YerapaBu#l KarTiaMid MIIKIANMIL KyWIdpH MaBXyA
O¥nub, HaTUXxana ynap HelOHA KaApIUWIUIMHY 103ara Ke;Imi-
pany. [Hysaait xunub, KOBYNIOK, CYIOKAMKIATH KHUCMHUHI
neuona KApLWHnMry yyu caéadra kypa naitno OViianu: a) Kosy-
IHOKJIMKHUHT YpHHMa Kywiapn, 6) OKMMHUHI XMCMIaH
axpaiymy Tydaian GocuMIMHr KaliTa TaKCUMIIZHUIIM, B)
KUCMHUHE OPKACHAA YIOPMAJNIADHUHT XOoCcwyl OyauumiaH
GocUMIIMHT TeOpaHBINapH.

Ky#uaary 6.2-xausania Typiu WAKUIH XUCMAAD YYYH
Pclinonb/ic COHUra MOC Ke/AraH nelioHa KaplumiuK Koddhopu-
IXMCHTIIApUHUHT praya KuiMaTIapy KeATUPUWIraH.

188

www.ziyouz.com kutubxonasi




6.2-mcadsan

HMewona
xf{ﬁ?; XKucMHUHT waKkm Ba Peitnoanac KApHIMIHK
HOMH OKUM H¥HAKUIM COHH Koodduiu-
enti, Cy
Huck —_— H 0+5.106 1,11
1 @ 1,35+1,40
pUM o ,35+1,
cepa 04310 0.30+0.35
— g
— QO
2-10%+2,5.10% 0,40
Map 3.10547.106 | 0,10+0,20
— QO
Cyiipg | —> >
WAaKAAH 1,5-10546.108 0,045
0,100
R

6.2-xanpangad KYpUHaIMKY, MellOHA KAPLUMAMIY XUCM
OpKa KMCMHK lIaKAula Ky4wid OOFIMKIMKRMD. JKymiajan,
TYMILUYFM TYMTOK Ba OPKA TOMOHM OMp XMW TEKHCAAHTaH CyHpH
INAKJIMIATH XHCMHAHT MENIoHAa KAPIMINIY 3HT KMYKK 6¥116,
aKCHHYA, YWIM TOMOHM OKUMra Kapatub xViuiranna Oy
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XUCMHMHT NEllOHa Kapumurd Karra 6¥aamy. IUynuHr ydyu
XaM CAMOJIETHHHI KAHOTY, THPIOBUYH, IWWYHUHTAEK OKHM TABCHP
KWiaurad KUCMIApH CyipH HIaKIIHia sicanaiu.

6.11. CAMOJET KAHOTHHMHI KYTAPHII KVYH

XaBo OKUMHHMHI XHUCMJIapra TabCUDH MyXUM aMmaiui
axaMuaTra 3ra 6¥im6, yHy caMon€T KAHOTUMHUHT KYTapuill Ky4H
MHCONMAA Kapab YMKaMu3.

Xasona xapaxkatnaHa¢TraH XHUCMJapra TabCHD 3TYBUM
Kyuyjapra aipodunamik Kyvaap ReirnaiIu. Arap a3poaHilaMuK

Kyd F xapakaTra Hucbarar 6upop 6ypuak octuia (6y Gypuakka
XyXyM Oypuaru peitmnaau) #Ayuanran 6ynca, yHu Fy
HODMAJT Ba ELIOHA KAPWMINK Fx KYY — TAHTEHLMAN TAIIKKA
3TyBUMAAPra aXpaTuii MyMKUH (6.17-pacum). CaMOn€T KaHOTH
XapaKaTjanrai BaK1a [03ara KellaZulaH HOpMan Talkui
3TyB4M Jy Kyuu CaMONETHM XaBoja yuriab Typaauras
K¥TapyByu Ky4IaH udopaT 6ynanu.

Camosér kanord KyxoBckuit npo¢uny acd araiysdu, omn
TOMOHU IOMATOK, Ba OPK2 TOMOHY MHPHYKATAWIUG KeTraH Y3ura
XOC CYIpH 1aKira 5ra 6yaaau. KaHoTHYHT KyTapyBuy Fy Kyuu
OWilaH newloHa KapuWwiMK Fx KyuW, YHHHT XapakaTAaHHIY
NATIDKACHA 103ara KelraH YIopMaiap CHCTEMATapUHMHL KAHOT

OWlaH ¥3ap0o TaboUpIIALUraHd BaKIAd XoCHUR GYnaau.
Hazapuit Ba aManuit TeKIIUpHIIZAH MAbayM 6¥aauku,

KYyTapyBud Fy KyY Xapakar Te3IMIM 7 HHHE KBAJpaTHra,
CaMOJNET KYTAPYBUM CHUPTHMHMHTI 103ack § ra Ba XaBOHUHT
SUYAMIH P ra NPOoNoPHMOHANAND, v (6.45) ra yxmam popmyna
OunaH aHMKIaHanu:

Fy= Cy-e;—zS (6.46a)

Oynaary C,— NpoNOPUUOHALIHK ko> dunuerura Kyrta-
PYBYH Kyu KO3 PUUUEeHTH Oehnian.

CaMOIET KAHOTHMHMHI NEIoHa Kapummnurd 3ca (6.46)
GopMynaaaH TOMUNANM, ABHU:

X X

F =C %Z-S. . (6.46)
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Hasapuii ity 6unan C »ma Cy koappuneHTIAD TYPAK
mangary kaHomiap yuyyH Kykosckuit Ba YanauruH tascus
KHIran ¢opMmynaiap €pAaMula cTapiyu aHUKAUK OuiaH
XHCOB126 YUKAPHAKIIA MYMKHH.

1HyHaait kauG, caMONETHHHT KYTapyBUM KY4i BA Nappax
(BUHT)HUHT TOPTUII KY4Y¥ HA3APUAAAPUMUHT ACOCUUCH
Huxonait Eroposuy XKykosckuitamp. ¥ caMonérHu kyTapyByu
KyY KQHOT NpOOUANHMHT YEOMETPUK 1IAKANTa GORTMKAUTHIN
AHUKJIAraH.

TAKPOPAAUI CABONTIAPH

1. Kangait moaaaiapra cylokIMK 8a radiap jicd aitruaaau?

2. Cy10KIHK Ba razAapHHH KATTHK XUcaapaan dapky Humana?

3. MexaHuk Kywiaii Ae6, HuMmara airrmaaau? TanrcHuHMan Ba HOpMan
kywian 2e6-un? Yuuur « CH» paru yauos 6upaurd Ba VauaMmiurusg E3unr.

4. BocuM e niumara aittuaaan? bocuM kyin ae6-un? BocuMHHHT Va4oB
OupankiIapyn Ba FANAMAUTHHW E3UHT,

5. CyloKAMKIIMHT CUKMAYBYAHAUrY ac6 uuMara aiituaagu? Xaxmuii
21ACTUKIIHK MOAYAH 1eG-uu? .

6. CyIOKIMKHUHT MYBO3AHAT X0JAT TCHIIAMACH Ba XapaKaT X044t TCHI-
JaMAIapUHU €3MHT.

7. TMackaanr Konyliunyn tabpudiaasr. CYIOKAHK B2 ra3 yCTYHHHUHT
BocHmuin MPOAANOBYH DOPMYAZHH CIUHT.

8. Atmocdiepa Gocsmi 3¢ numara alitunaan? Armochepa HoCHMMRInRT
Kauisai yn4oB OMpAMKIADUHH OMASCH3?

9. CyloK/MK B3 raxiap yuyH ApXHMER KOHYIIHHH Tabpudaanr.

10. ApxyMesi KOHYHHHHHF TaTOUKMIa ¢anl Ba TCXIiMKajall MUCOLIap
KCATHPUHT.

11, CylokIuKIaTv XHCMIHIF MYALIaK CY3u6 I0DHILY Bd UYKHI LWAapT;Iaph
KaHau?

12. Cylosgmk €xki ra3 GOCHMM OKMM TEIIHT 1T Kaiaai Dormk?

13. Bepuynnn dopmyiacniy €3MHP Ba YHMHT XQUIADH Kanaait (usux
MabHOra dra?

14, Cyloxankaars HMKy HUIKJIAHUL XOJHCACH Kauaall HWiapouTaa COAUp
6ynaan? Croke dopmyaacity E3umr.

15, CYloKaMKHHHI KOBYIIOKIHK (MMKM Hinkadanuur) xod$PUuenTy
ae6 nuMara anruaanu? Yeunr yados 6Upavru pa Yauamanry Kaigain?

16. KoBywok, CyIOKAMKHHUT TPYGaarn oKumnitd ndogaitosuy [yaseins
dopMyaacuiun ¢3uur.

17. TuapoanHaMHMK VYXIAUAMK KOHYHHIIKR TYWYHTHPUHE BA YHMIT
MareMatuk uosacuiny E3uur.

18. Mamnuap sa TypOYACHT OKMM ICO Kangai oxumra aiitunaau? Oxum
xapakrepunn udonutosuy Pclinonbic counnuur Ou3nk MabHocH Kauaai?

19. Xaro oK¥MY TabCHpHIA NELIOHA KAPUIMAHK KYUU Ba KY¥TapHil KydH
Kamgait Xocua 6ynaan? Yaap uumara Gorauk?
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HKKHHYH KHCM

BJIEKTP BA MAI'HETU3M

7-50Ob
SHEKTPHUHIT ®UIUK ACOCNIAPH

XO3upry BakTUA 3ACKTP XOAMCACH Ba KOHYHIAAPUHMHI
3aMOH (hali TEXHUKACHHM YpraHuiifia Karra axaMusTra 3ra
HKAHIUIMHY MHKOP Kiu0 6fnMaiau. LLynuur yuyH xaMm Typiu
XWjl 3AECKTP MaluMHa Ba acO001apuHUHE HLLAITHHY TYLIYIUG
OJIALY, DIEKTPHUHT XYCYCUSITH Ba KOHYHIapUHHK 03 Oyica xaMm
Ouaud osnuin mapt.

DJICKTP IOHOHYA <«3AEKTPOH» CY3UNAH OuMHTaH 6¥aHb,
Kaxpa6o gemaxamp. KymiiaaaH, MyiiHara vinkaranran kaxpaso
Ta€KYAHMHT 11aT, KOFO3, COMOH O¥jlakyacu, COY Ba IIIVHTA
YXwanl eHrusa XUCMAApPHM ¥3ura TOPTHILNMHU 3paMHu3faH
onauuru 640—3550 ituiiapaa snuarad rpex Qaitiacygpnapu
Ky3arraH sauaap. by xoauca 2000 fvn japoMua VpraHwiMaiu.
Ba uuxosr uHraus spaud Xuudepr 1600 itunm uapmra
HIIKAJZHIaH wunia Ba Oup xarop OOuika Mojauaiap xam
myHAaR xeccara sra OYnub xosimiuuM ToHu6, 6y KaipUETIIH
AHaga KeHraTupay. byiail xomaTra Kerupuwiras XucMiapHu
3jIeKTpRauran ¢Ku <«kaxpaboaanratly XuUcMJap jgeb ataiay,
YYHKH IEKTPOH Y31 Kaxpabo pemakuup. KucMiapHUHT ¥3apo
TOPTUILUNTA KUCMNAAPHHHT 3AEKTPOMATHINT TACUPY NeilUiIH.
KyCMAapHUHT 3ICKTPOMATHUT TABCMPHHY AHHKAOBUH (UMK
KATTWIMKKA 2ACKTP 3apaan JCHHAQMU. DIeKIP 3apsyii ¢
xapthu dwian GearnnaHau,

DICKTP 3apsUUIaPUHUHT Y3apo TABCHPHIZ Kapab yiap Tvpau
xun (apassnap GMALH TVIUYHTUPUIANU. DAEKTP 3apARUHUHT Gup
TYypr—Mmychar, UXKUHYUCH~—MaHDUIT ael.

3apsuutap MUIOPACMHM QHMKJIAIL YUYH JUApTiM paBruyia
yapMra MUIKajanrad Wixdina raékyana xocHa OyAraH 3apsii
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MmycBar pedriivG, myiinara wukaiadrai aGonur TagHana
Xocua O¥Iran 3apsiHu sca MaHduil Aed Kabys1 KUIUILIN.
TabuaToa MaBxKyil OFs1raH XUCMIAPHAA Xap JOUM y3apo TeHr
MUKIOpaa MycOar Ba . MaHbuii 3apsuiiap 6V;1ud, yiap Helirpan
xoaatna 6ynaau. busra MabayMKy, XaMMa KHACMAAP aTOM €KH
MOJICKY,1aJ1apiall TAlUKWT ToUraH. ATOMHHHI ¥34 SIPOJaH Ba
YHUHT aTpothuia xapakaTiaHaéTraH 3JeKTPoHIapaaH noopar.
DACKTPOH—IHT KHUUK MaHuii 3apsisLi 3appaya 0y.1ub, YHMHT

sapsun € =1,6-1071 K1, maccacu =91-10 3! r.

HMuikaranmmn Haruxacuga Oupuiaal MKKMHYHCHTA dJeK-
TPOIIAD YTHIUKM XUCOOMI'A OHPHHYM KHCM MYCOAT, HKKMHYM
KHCM 9¢a Manduit sapginanand. Hartuxaia ukkana XucM HKKH
XMA WUIOPazK 3apsin GUaaH 3apsuuiaiajd Ba Xap OMpHIMIT
JapsaaM g = ne OViaau.

Tabuatauur acocuit KonyHnapuiain 6upu oyaras 3apsiji-
nunr cakigauum KonyHuHu 1843 ifusiua Taxpuba acocuna
M. Papaneit kamd kuran 6yaub, v Oynaait Taspudysianaau:

Enuk (anekmp usoaayussanzan) cucmemaddazu 3apaorapuune
aaeebpauk Uurunoucy xap ooum yseapmac koaaou.

Arap ClIMK CUCTeMAaaru 3appadanapuuur sapgmuiapu q,,
q,, . .. q, 6¥nca, 3apsANMNT CaKJIANMII KOHYHHMra OMIIOaH
KyWuaard uosaiy €3um MyMKyH;

n
g,+q,+-+qn=const&xu ¥,q, =const 7.1)
il

[Hyuu Kalta kUi Kepakku, EndK CUcTeMaJaru JieMer-
Tap 3appavaiap OUp-OMpUla alaHuUIM, SHIMIAH 1aiRuo
6yamwu Ba daxar, sapsanap xygr-xydru Ouwnan fiyHaaumm
(AaHHMTHISLIMAIAHUIIM) MYMKUH OYIraH Xoaap/ia xaM 3apsul-
JapHHOT caknaHuw konynu (7.1) 6axapuianu. by KOHYH
BJEKTP 3aPSULIADUHUNT XOCCAsIapUaaH Oupuanp.

DaeMenTap 3apag A 3aPATHUNT JHCKPETININ.

DneMeHTap 3appaya Matepusi TYSHIMUWIMHUNET DouriaHrudy
GynunMac 3Hr Knuuk 3appavacuianp. Manduil 3apasiu
aneMeHTap 3appava CKTPoH (¢) 1ed atanasu, yiin 1897 dnnu
uurus oaummn XK. Tomcon kawd wKuirad, 1919 dinia
D. Pesepdopa aroM sypocuaan ypubd 4ukapuitaétran 3appa-
yanapHd Vpranuuuyia Mycdart 3apsijii (€7) v Ba Maccacu
25TeKTPOH Maccacunalt 1836 Mapra Karra 6VAraH nporoH p HY
Kauh KAy, DJICKTPOR Ba MPOTOHHKHI 3apsiLiapd KaTTaNINK
XUXATWIAH TEHT, MIIOPATapH 3ca KapaMa-Kkapiuianp. LIHyuyur
YYYH XaM 3jeKTpOH (€KMW NPOTOHJHHUHI JIEKTD 3apsiMHA
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dMeMcHTap 3apsil jed arasalu, YHHHT COH KuilMatu
e=16-10"Y K, ra renr. Tekmupuwiapian xap KaHaap
3appavaHunr 3apsin jtuckper (aar. discretes—Oyauiras,
Y3AYKIM), SIBHE Y3AYKIH KHitMatiapra sra O§iraisiuruaal, xap
KaHAAM 3apsl KBANTIAHTAICIMIW ManiayM OV, 1lywaai
KWn0, MycOaT ékH MaH(uil 3apsyLIaHIal XUCMHHHT 3apsaau
KBaHT;1AHray 66, nportoil (6xu 2.1eKTPOH) 34psiaM € HMHT
Kappain KuitMaThra TeHr Oy:aju, sbiim:

g=1te, £ 2., Ne.

Manduit siaeMcHTap 3appava—2.eKTpoH 0apya KUMEBHit
ICMCHTIAPHMHT TapKUOUTa XKUPHIIK B DPKUN SILIANR OJUIIN,
sMeTasiapaa Ba BAKYYMIa Xapakatlaudium OujIal dACKTp
TOKMHH J03ara KSTITUPHULEM Mah;IYMIIUP.

1932 dwia 3apsaauHuBD KATTAAMTH JJIEKTPOl 3apsyidra
TCHI, OHUpOK Mmiopack mycdaT B4 MACCACH OJJEKTPOHHUHI
MaccacHra Teur 6§iarad Ho3uTpol JIed aTayBUK 3NCMEHTAp
sappaua kamdg kumuau. Mawiym 6Viuinimga, no3urpoxiap
neKTpoNapaan (hapkiu JIapokK Y30K siuai osMac SKali:
LIO3UTPOI HACKTPOH OKiIaH Oupaaud, eitrpannallap, sibHu
AHINTHNNWMSNANAD 3KAH; OYILIA XYAa KUCKA TYIAKHH Y3yH-
JUKIATM ICKIPOMArHUT HYPIIHHI Xocu. 6yiaaan.

ATOM SLUPOAPHHKMIIT MYCOAT 3apsLutapy 1eMcHIap 3apsit
(e) ra Huc6Batan Kappaau O6VInG, IeMEHTHHHT AaBpuil
XKaapangaru Taprud HoMepu sgapoaary aycbar djleMCHTAp
3apsuuIap-NpoToOHIap CORUIM HboaLaitu.

KiaccHk 3.eKTPOIHHAMHKA—IICKTP 3apsa1apuiiuHT
Xapakary Ba YJIApUMUHT ¥3apo rabCHpUHU DACKTPOMAriTuT
MalIOH BocUTacKia Vpranveum (BhH3nKaHuHr oup OYIHMM.
Kiraccuk »aexrpoannanmika HKKn Kuemra 6ymnany. 1. Kaac-
CHK MAKPOIACKTPOAMHAMHKA—MAKPOCKONHK DACKTPOMATrHUAT
XOJNMCANAPHHUTIT KAACCHK HA3APUSCHUHII BA YHMHD KOHY-
HugsIapuy MakceseLiHuHr sudiepenman rTeHraaManapu
OpKATIM Hoataiiin; 2. K1accuk MUKPOXIEKTIPOIMHAMUKA—
MUKPOCKOMNUK IICKTPOMATHUT XOAUCAJIAPHUHI KAACCUK
HasapusicM Ba YHHHT KoHyHuaTiapuuuw Maxesena—openu
Jnddepeninval TCHIIAMAIAPK opKaall H(poIATalAM,

SJCKTPOAMHAMHKA DICKTPOTEXHHUKA, PaIUOTEXHUKA Ba
JIEKTPOTEXHUKAra O Holuka (ansapHUHT Ha3apiil acocu
xucoOnanaiu. Kiaccuk anek1poantaMuka Omian 6Mp Karopia
HHCOMMANK  11a3apusiCHTd  acocianral  XapaxkaTaaHyBYu
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MYXHUTA4D FTEKTPOAUMHAMUKACH XapakaTIaHVBUM CHUCTCMasapaa
pyi Gepajiurall JIEKTPOMAriiMT XOAUCAIapHH YpraHaau.

dazosa nailgo OYnraH 0OKOpYM YACTOTANM, SILIM XKyia
KHCKA TYIKMH Y3YHIAMKIH ¥3rapyBuau 3JIEKTPOMArHuT Mam-
JOILIAD  Y3AYKCU3JIMK XYCYCUSITUHM MyKOTaau, UyHKH Oy
epia YXLIYKIMIUK XYCYCHHUTH acOCUN YPUHHM draniaiay.
V3ayKCHU3IMK XyCyCUST/IapUra 3ra OYJIraH 9acKTpOMaruuT
MaljoIapiu KBaHT IACKTPOIUHAMUKa YpraHaiy.

JIESKTPOUMHAMHUKA KY3FasiMac sapsiaiap ¥3apo rabCupu-
HUHT XyCycHil Ba 3HT COUIa X014 CHATHAA DIEKTPOCTATHKAHU
§3 UMY OJIAIH.

7.1. DAEKTPOCTATHKAHMHT ACOCHH KOHYHH —
KYJIOH KOHYHH

DHIM 3apSH/LTAPHMHL 3,1eKTPDOMATTIUT ¥3ap0 TabCHUPIAPUHK
MUKJIOPHIT TOMOHAAH Tascudaalull KOHYHJIApPUHK Kapad
YUKAKINK. 3apgiulaHiad XUCMIIAPHMHT ¥3apo TaLCUpIapuHu
KY3aTHIIAAH OUp XK1 UINOPATH 3apsyLIairad X1UeM.iap y3apo
UTApUUIKO, Kapama-Kapiid yuiopaiiv 3apsiUiaHrad XXucMmiap
sca ¥3apo Gup-Oupu OMnaH TOPTHLIMINKY MavayM 6Yaau. 3apsit-
Jalirad THHY TYPraH XUCMIAPHUHI Y3ap0 TABCUMPH XKUCM-
JIADHHMHI HIAKINTA Ba YuaM;iapura OOFIMK OViiralmnauryian
¥3apo TabCUp KOHYHMHM aHMKIauyia HYKTaBUi 3apsajriap ico
aTanysuy 3apsiapian doiatanunnanu. Hyxmasuii 3apsd deb,
Yauamaapu yaap opacudazu macodaza nucbam kuvui Oyaean
3APROAAH2AR HCUCMAADEA QUMUAAU.

Hkku HyKTaBuil 3apsiaHuHT §¥3apo Tab-
cup xouyHuK 1785 iinina dpanuys usu-
ru HI. Ky:iou (1736—1806) Taxpuba ityau
Ou.1aH aHUKJIAraH.

Kynou Gypanma taposu (7.1-pacm)
€époaMuiia 3apsuTapliMBL ¥3apo TabCUPUHK
TCKIIMPUD, KyHMAAIH HATUXKATAPHN aHMK-
any:

1. 3aps;uiap opacuzary ¥3apo TAhCUp
KY'Iapy MapKasu#t Kywiap, AbliM 3aps/i-
JIAPHY TYTAlITHPYBYM TYFPH UK3HK OViinad
uytaaraHaup. ’

2. 3apsypiap opacumaru macota y3rap-
Mac (r=const) dyaranaa yJIapHMHI ¥3apo
TabcHp Kyuu F sapsgnaap kynakTsmacu
¢y - G, Ta TYFpH IIPOHOPIINOHALIIND. 7.1-pacy
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3. 3apsuutap MuKmopu YsrapMac (g, = const, ¢, = const)
Gynranjia yIapHUNUr ¥3apo TabCcHp Kyuu £ yiap opacuparu
Macota » HHHI' KBaAPATHTa TECKapU MPOTNOPIIMOHULIMD.

Mlyupa#t kunuG, Kyaon kouyuu OyHaalt tabpudyiadaiu:
BAKYYMOA2U UKKYU HYKMAUGUH 3APAORUHE Y3aPO MABCUD Ky1U 32D50
KammasukadpuUrute Kynaimmacuea myrpu, yaap opacudacu
Mmacoanunz xeadpamuza meckapu RPOROPUUONAAR GYAuB,
3apadaapHu Mymawmupysuu myrpu wu3uk 0yiaa dynaszandup.

F=x 20, (7.2)

OyHia: ¢, q) HYKTABUH sapsjiiap, r—3apsiuiap OpacHiard
\xacmba ~—TPOHOPUMOHALINK KOdDduuunenT 6ynud,
614pnm<frap CHCTEMACHTa Ba MYXUTHHHT XYCYCHSITUIA OOFAUK,

Bup xua umopanu 3apaaiap (g, > 0 Ba g, >0 éku g,<0 Ba
4> <O) yYYH ¢;-4> >0 Ba F>0 oyaub, 3apsmiap ysapo
UTapyaiy. AKCHHYA, Xap XM UHIOPAId 3apsiiap (z]1 >0
Ba g, <0 8kn ¢, <0Ba g¢,>0) yuyn ¢,-¢,<0 Ba F<0
6¥nnd, 3apannap ¥3apo TOpTHILATA.
Kyion xouyHuHUHT (7.1) MateMaTuk UOJACHHE BEKTOP
KYPUHHMILUIA €3MI MYMKHH. ¥ BaKTia ¢, 3apsilra Tabeup KuiyBuH

F, xy4

Fooplho.pg 94 By
Fop=F-f=K == 2 (7.2.2)

1 ’2
6Vnanu, 6ynua: £, —OUPHHYM ¢, 3apsiiaH MKKMHYH ¢, 3apsyira
#yHaran pajuyc-sekTop (7.2.a-pacM) 6Yimo, Fy| = r,lFa| = F
Xyanu IYHWHTACK, ¢,3apsira TabCHp KWIYBUM Fo, Kyy

3ca
F,=FR-k 245, 03
- -

Fiz o (27 - O 22 o FZI,'
g0 90 g0 g0
a g
7.2-pacu
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Kypunuaa 6yaaam, OyHaa Fy =-F, 6yaub, g,3apaanan g,
3apsara Wyraiaran paadyc-nexropsaup (7.2-6 pacm).

Iyny aHa 6up O0p Kaiia Kuiui kepakku, (7.2) éku (7.22)
Ba (7.3) dbopmynanap, ¢axkar BaKyymjiard HyKTaBui 3apsiuiap
VUYHTUHA VPUHIUIUD.

Texmpu Ba Ky3aTyiniap TYPI MyXUTIATH 3apsUIapHAHT
¥3ap0 TaBCHUP KYYM MYXUTHMHT JIUIIEKTPUK XYCYCUATUTA
OorIMK 3KaHuHU Kypcarmu. Ly Omaan Oupra MyXUTHUHI
JUONEKTPUK XYCYCHATHIIMNT MaBXY/UTHIH 3apA/UTAPHUHT Y3apo
TAbCHP KYYUHM KaMaUTHPap 5KaH. JKyMIafaH, 3apsyUIapHUIHT
§3apo TabCHP KY4M BaKyymjarura HucbataH KepocuHaa 2
Mapta, cysaa 81 Mapra xkuuuxaup. [Hyuunr yuyn Kynon
KOHYHHHH Hbopainosun dhopMyaara MYXUTHUHI TAbCUPHHU
xucobra 0ayBuH KodHOUIIMEHT KUPUTUNUINY JI03UM. MyXUT-
HHIIT 3NEKTp XoccacHuyu TaBcurioBun Oy kodpdulmcHrra
MYXUTHHUHT HMCOMI JIM3JIEKTPUK CUHTIUDYBYAHJIUTH Ach
aTasaiy Ba € —3MNCIWIOH Xapdu Ouian Oearunanagy. Y BaKria
Kysnon xouynunuur (7.2) gopmynacuaaru K, Hu Mmyxuira
6orauk 6Y¥nmaran K nponopunonanank kosdhdbuuvenTu
opkasin OyHaail ndoaanan MyMKUL:

KI ='§'s (74)

6yraa: K—uponopunonanmk kosdgduumenty 6§10, y dakar
KYAmaHWIagTran yavor GUpIUKAap cucrteMacura GOENUKIND.
Myinay kunud, (7.4) ra acocan KynoHn xoHyHu (7.2) Hu
KyHHJIAry KYpUHMULLA E3UIT MyMKUH:

F= K(f—"r%?- (7.5)

BakyyM (g =1) na 6up-6upmnan r macodana Typras g, Ba
¢,34pAAIAPHY ¥3apO TabCup Ky'um (7.5)ra acocaH

94,
F,= Kl’,_zz' . (7.5a)
oystanm: (7.5) Ba (7.5,a) ¢opmysasiapnaH:
, e =lo, (7.6)

7

Nlyupait Kunu6, syxumruune nucOuii OudsaeKmpui cune-
dupyguanauzyu 3apadaaprune 6epuszar Myxumodeu mascup kyu
gakyymoqauea HUCOQmMan He4a Mapma KU4UK SKAHAUSUHU
uhodanoeuu pusux KammaauxKoup.

197

www.ziyouz.com kutubxonasi



7.2. DUEKTP KATTANMKIAPHHUHT BUPIUKIAPH CHCTEMACH

Ky10H KOHYHUAATY NTPONIOPHUOHALIMK KoapduuuenTn K
HU aHUKIIAI y4yyH aHUK OMp OUpPAKKAap CUCTEMACUHH TOMHUIL
KCpak.

CH cucremacuaa 3iiektp 3apsn oupavru kyinou (Ki)
XOCHJIOBUM OMPJIMK 03110, ¥ TOK KYUMHHHI OUDAMIM aMIlep
(A) opkanu kyiuaaruuya aHuk;IaHagun:

I =gqt, 7.7

Oyuna J—rox KyuW, f—TOKHHUHT yruin BakTu. Y Bakriaa
sapstnHuir CH cucremMaaary GUPAMTUHN aHUKIACcaK:

\r], =l 1), =4-c=Ka

Kyaon (Ka) deb, IA mox ymuG mypzan ymraseuuHune
Kyndanane Kc'cu.waaau Ic uuuda ymean 3apsd muxdopuza
aamunadu.

CH cucremacn CI'C3 gan ynaa d5ekTp KOHYHJIAPHHUHT
dopMyranapy CONANAIUTUPUITaH LHAKIIE E3WIHINKA OUTaH
dapk kunaan. Mopmyaanapiy parvonamtamwrupun Kyiaon
KOHYHMIaH DOLIAHADH.

KyJIOH KOIUYHM pauMoOHajialuraH 1aKiara ara OViauinn
yuyH, yuusr (7.5) dopmynamarn K npornopuuoHauIuK
ko3dhoduuuenty CHU na Kvitmjarura TeHr SVAMILN Kepak:

]\f~l

=Tx (7.8)

4re 0

OyH)a: €,~0ACKIP AOUMUICH j1e0 aTaiyBuu, MawiyM ViT4oB
6upnm<1<a ora OynraH karranukaup. Y sakraa KyjioH KoHy-
HunuHr CH paru marematuk udronacu:

F=g-t2 (7.9)
(7.9) Hu Bexrop KypuHummuga é3uaca (7. 2-pacmra K):
Fo__ L Wi . o 1 4hEy
12 4’[8 6 & rz ’ €Ky PZ] 4?;;_ 0 € r" r (7'98)

9}1CKTD noumuiicyuuuar xuimarn. CHU na e Huur
KHMMaTl/lHH ronul KuitnH avac. Mapas xKunainuk, an-
Supunan r Macodanaru HKKH HYKTaBUHK

g, =¢, =lkr=3-10° (TC? (CM% r%c") 3apsiiap BakyyMm
(8 1) Ja rabcHpnanicuH.
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By 3apaniap Tacup kyuu F Huir kuitmatuiu (7.9) dopmyaa
ACOCHIIA XUCODIAD uMKAMUI:

( 310° cm%ryzc~-| I

F=
l-(l()2 cm)j'

o I
=
b

=9-10"”—:;'¥(;m)=9-10" A

Feod 2% 1 1K
iwert Ame gy MM

By kyunap ¥3apo TCHITIMP, sibHM:

1 Kt _¢ 9
3= 9-10° H.
Y M
bynian 31eKTp souMuicy g HIHT CON KWUMATH Kyiina-
rura teHr O¥nain:
— Ka2 [ & e K2 (@
g =—t_ K [£1_gRs5.jp-r R [P
? 4 910° H-M"(J!) | Hoam (M (7.10)
Llyuu kali kuan® yramuske, gan pa vexuukasa 1960
Muwirzad Gonutad, daxkar CHU cucrtemacuaans doiananuns
TaBcwsi KMAuHrai. IyHUur yuyn 6yHaan KCHHH 3ACKTP Ba
IEKTPOMArHMTH3M Kotynustiapyuininr dopmyviatapn CH na
paLMOHATIAITUPHATaN TTaK I Oepud dopuitaiu.
3apsTaHrad XKHCMAAPUMHT TABCHpU. Japaaianraii

MaKPOCKOUMK XKXUCMJIAPHUHT ¥3apo Tancup Kyun F, 1u
AHHKIAUT YUYH XKUCMIAPHY Ag¢ 3apsuiy n aseMeHTap Oyiax-
yamapra axparud (7.3-pacy), yrapra Kysiod xonynu (7.9a)
TATOMK, OTHIA/IH:

A N e
L I .11

7.3-pacm
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Bynaan, Ag; —OupuHuM XHUCMAard i—ementap 0y1aKyaHHY
3apsiiy, Ag, —UKKHHYM XKUCMUArY Kk—oneMcHTap OViIaKyaHUHI
3apsaM, r, —UKKY Oysakdanap opacularu paguyc-sekiop.

(7.11) ra acocan OUPHUIIYM 3apsiljlaHraH XUCMHUUT
WKKUHUM XKUCMAATH Ag, ACMCHTAP 3aPsiAra TALCUP Kydu F N
KviAumarura TcHr oyiianH:

Fe=lmm = 0 (7.11a)
X
Y pakraa sapsiaHrad OMpHHYM Ba MKKUHYM XKHUCMIap

opacujlaru ¥3apo TAbCUP KY4YH I'nv HUXOAT Kylinjarnda
Oynaau:

_:—nn___nn—*l Ag,: J_
DI B et AP

Dynnait Kuivub, 3apaosauean ukKu HUCMHUHE J3apo mascup
Ky4u, yaapoueu 2aeMceHmap 3apaoaap mdascup KyvAapuiiune
2e0MempuK (exmop) turunoucuza mene.

3. BJIEKTP MAHAOH

JAeKTP APAMIAPUHKHHT ¥3ap0 TabcupH KaHaah oynuiun
BA KaHAad y3aTHAMUIN XaMaa Oy Tabeup, GAaKAT UKKUTA 3apss
MaBXxya oyaranjiaruHa XoCua O¥rauuMuK ICTaH MyaMMo Oup-
Gupura kapama-kapuy Oyiran KyWuHAard MKKWTa TabCup
HA3apUACH acOCUNa TYLIYHTUPUO KEAMHIMU:

1. OsucaaH TaALCUp KWini Hajapyscura GuioaH )KIACMnap
DOLIKA XXUCMTAapra Xap KaHaal Macogagard TabCup Kywiapy
MYXMTHBUYHI ¥IITHPOKKCH3 Oup oHaa y3atunanu. By Hasapusira
6uroai GUTTa 3apsn Mapxyl, 6Yiaca, YHUHT aTpodunari (pasona
Xed Kawnai ysrapum cogup 6¥nMac skaH.

2. AKMHIAH TabCUD KWTULI HA3apusicura BUHOAH, XHCM-
DNaPHHUHT ¥3apo Tabeup Kyuwiapu Oy xucMiiapHu ypa® onraH
OMPOD MYXUAT OPKAJIM YEKIAHTAH TCIHK OMialt y3aTHIIap DKaH.
By nasapusira acocan srona 3apsn OyiaraHaa xaM, YHH ypad
oiaray ¢asofa Manaym Yarapuuuiap coaMp 6ynap 9KaH.

XO03UPrU 3aMOH (DUIWKACUHUHT PHBONCIAHWIUM ONMCNAH
TAHCUP KHIAHI HA3apUACUHH HHKOp 9THO, SKHHAAH TabCHDP
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KWIMIL HA3apusACHHUNT TYFPH IKAHAWTMHEK TACHTHITIAIAHN.
Mauwixyp unrnus osmMu K. Makceeit (1831—1879) sikun,ian
TALCUP KUJIMLI [HA3apUsiCMHU MATCMATHK HYKTAM HasapiaH
acoc;1ad Gepi.,

Wynaait xunub, mabuamoa 6up onda mapraiyssu mascup
GYamazanaueudan, Gyndan xeiun xap -kandad mascup aKundan
MABCUP KUAUW HA3APUSCY acocudd Kapad suxuiadu.

bBab3u xo;uapaa Tabcupsiapiy y3aTuin yuyn MOLIMH MyXUuT
OynuIuK apr. Macasiad, TOBYII TAbCUPH MO;IIUHR MYXUT (XaBo,
CYIOK/IMK, KATTUK XHCMIap)la y3aTuiud, XaBocud OYILIHMK
(BakyyM)ja aca ysaTriiMaiiuy. Boluka xosriapna Mo/Uta TALCHPHHA
vaaTuinaa Gepocura karHamMaii. Macaran, Kvéunan Epvrink
Lpra xasocus daso opkaing i kenamu. Jemak, Marepust daxkat
MOLIa KYPHHUIWIG DMAEC, sSHa TABCUPIM Y3ATVBUK Maijpoin
KYPUHHUIIKAA XaM MagXxViLinp.

Maiidor deb, scucmaap mavcupunu xammo xasocus pasoda
xam yiamyequ molddud smyxumeua aiemuaadu. WyHARK Kuaad,
Marepusi MOJUIa Ba Maiinon k¥puiinumia Mapxyianp. Tabeup
KYWIApHHMHI 1abHaTira Kapad, Mai/loHaap Xap X1 Kypu-
HUMWAA OVsMmu MyMKUH. BYTYH 0.aM TOPTHIIMIU KYYMHH
y3aTYyBYM Maijoura TOpPTUW HIT (IrpaBdTaltHoH) MAafa0H,
3apsULIAp TABCUPHHIA Y3ATYBUM MAHIONIA 3Ca 3JCKTPOCTATHK
€KM 3JICKTp MazoH Aciiuaamm.

Taxpuba HaryuxaIapHiIan MabayM OVJIAMKH, Mal;1on
OPKAMM Xap Kauaail Tascup (Qasoxa EpyFAMKHHENI YCKIH
C=3000 000 KkM/C 13 TCHI TApKAUIH TCUIUTH OWIAH y3aTuiauu.

Dnextp Maiiiton (aKaT MCKTP 3apsiLIapUTA TABCUD KHIAIA.
THyHuRT yuyH XaM ¢ KY3FLTMAC OJeK T 3apsan atpoduaa xoci
O¥NIraH 21eKTP MAMIOHH «CHHOB 3apsiay» 160 aranysu ¢, 3apsi
EpHaMMin TeKHINPHAATH.

«Cunos 3apsidus (g, ) 0en, mexwupuinémean IeKmp Mai-
dontune XYCYCusimuiil Ce3uaapay dapaxcada yieapmupmaiduean
WYOd Ktk Mycbam HYKmasli 3apadza aiumuiaon.

7.4, JIEKTP MAFJAON KYWIAHTARIHMIN

DACKTP MaliaoH Kv4 HYKTau 1a3apuiad KydaaHTIaHIHK
BEKTOPHM AcO aTasryRull PU3UK KaTTamK Owial Tancugrianain.
Dynyiir ydyH ¢ 3apsil XOCH: KMIran 2eKTp MafA0oHHuHL
UXTHEPKI CUPOP HYKTACHIA ¢, CKLHOB 3apsylMHY KHPHTAKINK:
(7.4-pacm). by cuyoB 3apsiura Maiaon TOMOHWIAH TABCHD
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™ STYBUM SICKTP KY4 Kynon

4 Z’ g Ba g, 3apsiLIap OpacH-
Jaru y3apo TabCUp KYy'UH-
7.4-pacM naH ubopar, sIbHU:
T 9y I
F —Z;re—o 2 (7.13)

Oynga: 7 — MAWIOHHU XOCHMN KWilraH ¢ 3apsigaan g, CUHOB
3apsij KMPUTIATAH HYKTara #YHAIraH paaunyc-BeKTOPUp.
Arap MaWjlOHHMHT TEKIUMpHAACTraH HYKTaCHra

Qo> Gos* > qo("), 6ViiraH CHMHOB 3apsLiapu HasBaTma-HaBbaT
KWUpUTHICA, YAAPHUHT Xap Oupura MaltfOHHMHI KypcaTlaH
TabeUp Kywiapu (7.13) acocan kyimgaryra Tenr 6ysianu:

(7.13a)

By (7.13), (7.13 a) dopmynanapaat KYypuHAOUKH, 1EKTP
MafnoH OMpOp HYKTacHra KMPHTHTAH CHHOB 3aps/jiapura
TAbCUP KUNYBUK CKIP MAWIOH KYYIAPMHUHT MOC paBullaa
CHHOB sapsulapura Gyaran HUCOATH DIEKTP MAHIOHMHUHI
Oepyiiran HyKTacMHM KyY HYKTaW Haszapu}aH TasCHQIOBYH
jarapmac (bnsux KaTTaINKAUD:

N 0 N B W 4
Pt “U Gz, o (7.14)

by xarrasvx anekTp Maino 6CpUNIrad HyKTaCHHUHT Kyd-
JAHTaHIVMTY 1eb aTajianu Bay E xapdu dunan GearuiaHaly.
Y Baxroa (7.14) ra acocaH, 3JeKTp MaWJOHHUHT GUPOp
HYKTaCHAAryd KyWIaHTrannury £ yMyMuif KypuHmuna Kyiuaa-
ryura Tenr oynamu;

-4
E-q—o- (7.15)

By (7.15) udopara acocan 2aeKTp MaliOHUHHKHI OUPOP
HYKTaCUMAArM KyUSJaHTaHAWIUMHM Kyiuaarmua Tabpudiani
MYMKMH:
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nexmp MaiooHRruIE GUpop HYKMacUdacy Kyuraneaniuzu des,
Wy Hykmaza xupumuazan oup bupaur mycbam cuuos 3apacuza
mascup Kunean Kywea MUxdop xcuxamoan menz 6yacan (pusuk
Kammaaukka aimuaaou. .

Arap 3;1eKTp MaljioOHIM ¢ HYKTaBH 3apsii XOCWST KWIraH
Oynca, yiugaH y Macoaiary 3/eKTp MaRIZOUHUUI Ky'wWIaH-
raianry (7.14) ra acocan Kyuaarura TeHr OY:aann:

= 4 7

E=g 81, S (115
by (7.152) KOHYHUSTHY Tabpudiam yYyH, YHH CKaaAsp Kypu-
HuLAa udoranalys Kepak, ssbHU:

r~ 1,9
E TAne, g’

lynpaik Kunub, Hyxmasuil 3apsid xocus KUA2AH IACKMp
Majdornune Gupop HyKmacuoau Kydaaneaiauen 3apsdea myrpu
sa 3aps0dar wy nykmazada 6yazan Macoanune keadpamuea
meckapu nponopyuoHaa 6Yaub, mMyxumnunz OUdSACKMpPUK Xycy-
cusmuza 60 FAUKOUp.

7.5. DAEKTP MAMJIOHHHUHT CYHEPHO3UIINA (KYINULI)
IIPHHITUIIH

DHAM JJeKTp MaWJOHMHM OuTTa dMac, Oup HedTa
9> @p>7"> 4, 3APSA XOCHA Kuarad 6yicnt. By xomua sackrp

MAMIOHHUHT KYWIAHTAHAUTH E HY aHuKaa yuyH Ocpuiirau
HYKTacHra ¢, CUHOB 3apAiuIa TALCUP KWlyB4#M Kyd Xap Oup
3apsii MYCTAaKMJI XOCHJI KMIral MailOHHUHT CHHOB 3apsiira

TABCHP KUATAK F,, Fy,---, F, KY'WIADHAHT [€OMETPHK HUFHILIN-
CcHTa TEHT:
I’:'=F'+E‘)+...+F”_ (716)

By udopanuHr yan Ba YHI TOMOHUIKN g, CHHOB 3apsINIa
6ynus Tamnaca, SACKTP MAUIOHHKIT Ocpuarai HyKracuiuarn

KYWIAHTAWIMIN E KCuD YMKalu:

- % F FE F F
E=_£=~_1+—2.+—z-+u- 2, (7.]62‘)
9 9 90 o 9o
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By TeHrnamMaHUHI YHI TOMOHWIAIM XaLMap 4y, q,. " q, 3a-

PSULTap MYCTAaKM:l XOCHJ KIITaH MAHIAOHIApIuHT E,, Ey K,
KY'IaHTQHJAWKITapUInp;

E=E 1B+t E, (7.17)

by dopmyna 2jiekTp Malaouaapy cynepiosvuns (Kyiwn)
HPUHIMIIMHUIT MATCMATUK Hogacu 6Yianb, oynaait tabpud-
Janaiu:

bup neuma 3aps0 xocua Kuiear saexmp MaluooHHUHE KYyHAGH-
eanau2u QAOXUDA 3ApaA0Aap XOCUA KUAZQH MAROoHAQp KyMAaH-
CURIUKAAPURUNE 2eoMemPUK (Gexmop) lurunoucuza mexzoup.

BNEKTP MAOILTAPHMHT CYNEPIIO3ULIMSE TIPHHIUMITHHY
OusIraH X0Tia Xap Kauaai ek Tp 3apsuuiapyu CUCTCMACH XOCHIT
KWAray Maiaon Ky'wlaHraHjMrHHU XUco0s1ail MYMKHYH.

Di1eKTp MAfIOUHUHT Ccynepno3uums (KYIWKIU) TIPRHIK-
[11ra MMCO;1 TAPUKACHIA 3JCKTP AOHIOJIM MAWAOHMHM Kapab
YUKAMHUS:

DIeKTp AMTIONM Oe0, MUKIOP XMXAaTAaH TCHI, KApaMa-
Kapmu viuopaity +g Ba —g (¢>0) 3apsiuid, Xyna KUuMK /
(/<<r) Maco(aza xoTalirad MKKMTA 3apsiuiap CUCTEMacura
afitianu (7.5- pacm). Maniaym OVaulivaa, pajayo Ba Tejeari-
TEHHANMAPU XaMAa JULICKTPUK MOIEKYIaIapy XOCUi KHIrau
JIEKTP MAaiJIOHJIAPUHUNT XYCYCHATIAPHU 3JEKTP AUNONH
MAaiIOHMHUHT X0ccasiapy OUNan aitHaH OUp Xua OViraHy yuyH
AUTON MaLIOHU KYYNAHFaHIMIMHUY aHUKIAll KATTa aMaivi
AXAMUAITTA 9ra.

DJIEKTP LMITONHN KYHIary TYIUYVHYA BA KaTTaTMK 1ap Guan
TaBCUGNAHANKU: DJCKTP AUNOAMHMHIT +¢ Ba —g
3apsUuIapy opKaau VTYBYH YKKa AU NOJHUHT VKU Acitunany.

) J Mo HUHT 3apsuuIapy Xoi-

- +q —»-  lalural Hykraapra JWToj-
Y HUHT KyTOnapu aeimniam.
¢ Aunonuuur yxu 6¥inad
Manduit xyroaan Mmycbar
KyTora ityHanras [ BCKTOpYa
JUTIONHMHF efKacy geiiu-

Aaxu. Junosanunr Mycbar KyTou 3apaau ¢ HUHT eaxack / ra

KynadT™Mac# P, Ta JIUMOJHUHT 3EKTP MOMEHTH Aeiu-
Jlaau.

—p

L

7.5-pacwm

P =ql. (7.18)

www.ziyouz.com kutubxonasi




JHnoith DACKTP MOMCHTH BEKTOPHH I—’e HMHI' HYHAIMIIIH €JIKACH
[ HMHI WYHANMITM GKIAII MOC TYIUaLH.

DACKTP MAUTOHHUTIT CYTIEPIIO3UUMS IDUHLUMIIKIA OUHOAH
9ICKTP AUMOTMHUIT NXTUEPHUIA HYKTaNlary KyJ$1aHTaHAUTH F
xap oup xyr0 3apspuiapu (g Ba—g) HUHT MYCTaKuil XOCH.X
KWIran MaifAaoH KYWIaHIaHIRKIapy £, Ba £ IIHHT TEOMETPHUK
WVFUHIUCHUTA TCHI:

E=FE +E (7.19)

Kyviinaarn xomnapuu xapab YnKaMus,
1. Texmmpunaérran A HyKia aMionb yxuaa ercud (7.6-pacm).
By xos11a AMIONHHHT +¢ Ba—¢q KyT0 3apsLiapy XOCUd KWIraH
3IEKTp MAMIOHHMHT A HYKTacHmaru £ Ba E Ky4jJaH-
_raisidkiapy Yk 6¥iinab kapama-kapinu HyHanrai 6¥1ud, yiap
KyiAuaarura TeHr:

E =_l—.-ls—F BaE =

+ 4ne, - 4w

.

—‘% F. (7.20)

o
Gynna: s Ba 7 —qunosaHKHT MycOar Ba Maudui KyT61apHaaH
A Hykrarada 6ynras paadyc-sekropaap 0y:u6, yaap 7, = (r - -‘%)
Ba =(r+f2-) ra teur (7.6-pacMmra ). F. Ba F.pajmyc-
BEKTOPNAPHUHT HYHANMIIY / BCKTOPIMHI HYHA MINM OHAAH

MOC Tywranu yuys 7, sa 7~ nexropnapuu F, =r, & = ( r— 12—}1[-
\

Ba ro=1
(7 20) mboua

= [
4mo ofr- ?T’ E. _71%8—0 olr+ 4F T (7.20a)

N!\l

+%j17 KYpUIMILiA €31l MYMKHMIL. Y Bakiia

— ’ - -
¢ 1 +g £E- A &
e T wavcsncin.
md Legs
7.6-pacus
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-

Kypunuwra keaaau. Exu (7.20a) uu (7.19) ra kyituica, aunonb
YKuIaru A HyKTagars S5eKTp MaiaoHHUIUT KYSIaHTAHIMIH [ "

Kyitunarura tedr 6yaaiu.

r 1 [ 1 2g1 r
E" 4q 9

L 1.1 =
= dne, ¢l [(r—%)2 (r*%)zjl 4z, J,.z_%f © (7.200)
1 J

by udonana qi = P, DUEKTP JAUTIONHUHI DACKTP MOMEHTUNAH
nbopar 6¥sraHn yuyi

T dne, g(ﬂ_%)z : (7.21)

N 2
Arap r>>/ 6yaca, IT HU #? ra HucBaTaH Hasapra ojiMaca

i‘: 1 2P,

xaM oVsiaau:
- 25,
Ey = g (7.22)

&y Oy ndoga cxaasp KypuHuLIAa €3usica

2P,
Ey= T,-];;: =k (7.22a)

&r
LyHual kuamo, srexmp dunoaunune Yxuda émean Hykmasapdazu
Maiidon kyuaanzanaueu Ey ounoanunz anexmp momenmu p, 2a

myrpu ea Qunoab Maprxasudar Hykmazaya 6yazan macoda r nune
Kybuea meckapu npOROPUHOHAAOUD.

2. DHnu Tekinupunaérrad B HyKTa Auonb MapKasy OpKaTu
YKHTa NnepueHAUMKY.Ip ytran AyHanuniaa érran OViIcuH
(7.7-pacM). By xosma xaM B Hykranarv AMIIOAHUHT +g Ba
—g 3apsLIapH MYCTaKMil XOCMJ KWITAH 3NEeKTP MaWoH

Kywranrauaurn £, xam (7.19) dopmyiia acocuna aHUKIaHAAM.

B HyKya AUNOAHKIT KyTOnapuaan 6up xun: r,2 = r? = (r + %2)2
Macopaia OYAraHu yuyH:

E

+ = |E| - #W (7.23)
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7.7-pacM;iad MadsoHHKHT Ge- E
pwiran B nyxracuaaru kyu- *

JAHTAHWIMK  BeKTOpH F -/

- E & B
JMIOEb DJNEKTP MOMEHTH BEK-
TOpM J, Ta Kapama-Kapiuu F\/h
AYHasarany yuyH, vau 6ynaai \

E3UNT MYMKWH: ?/ -
Foo- P» o -/ f\zf-
=k, Lo g 2 02 / .
/ \

dunosn :meKTp MaUJOHHM-
HmHr B nykrazan nanmxasmii _ o, L) .y
KYWIaHIaHAMK ~ BEKTOPH g 2/2 Ly 119 [2
E =E +E_ 6yau6, yuunr ‘
Karraauru (7.6-pacmra K.): 7.7-pacu

] —-—QT(,OSC(.
7t E(,u (7.25)

E,=E cosgt+k cosa=

4

/S

[

E=1 2(1_%:1_/}

o) (gt 020

7.6-pacMua cosc = O6YAraHy yUuvH:
r +

Arap r>>16yica, sibHu 1% 1y r?ra HucbartaH 1asapra oiMaca
xaMm Oynanu. ¥ Bakrna (7.30) 6yHgall KYpUMHMILTA KEnaau:

E =t (7.26a)

+ 475!' gr3

7.7- pacMAaH KYPHHATHKHY, El Ba p, BEKTOpJIAp ¥3apo Kapama-
Kapwu yHanrasu yayir (7.26a) udona sekrop KypHHHILIA
Kyhnnaruua o¥nanu:

E =-5L1 -2 (7.26 6)

ZE)
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By x0:1:14 AKTI0Ab 3CKTP MaiinoH Kywianrammry £, 6upunun

X0,14ary [y 1 MKKH Mapra KW inKaup.
3. Ba usxosiT, yMyMui xoanu kapad unkamus. Dy xoaxa
TeKIIMpWadTran C HYKTa JMI0ib MapKasy O HYKTOIaH YHUHT

7.8-pacym

yKMra HucGataH ¢ Oypuak OCTHAR HYHLIrAN KecHMUAa STCUR
(7.8-pacat).

- Junonuunr kvronapunn Caykra 611an NCra MC nyskrip
YU3HK OPKWIM TYTAIUTHpamMu3 Ba M HykTuaan NC UU3HKHMHTD
K11yKTacHm nepHeHAHKYSD TYInpaMa3. K HYKTL aunoss Ma -
AOMMHHN Y3rapTHPMAIA IMraH JIIOAITHHT KYTO 3apsa;uiapHra TeHr
+q B4 —qg 3apsiiiap xohaawtupaMus. Y Baktaa M, Nea K
HyKTajgapiaaru sapsuapay skkara WV sa MK avnoscap a2e6
Kapaur MymMxiu. dunoiupur ! esikacu r ra nicdaran xyaa

KHYuK (I<<r) 6yxnranu yuynw <CNM =@ Jeinill MyMKHUH.

LUYyHMHY y4yH OMPHHYM BA HKKHHYY AHUOAHMHT 35€KTp
MOMENTH:

P =FcosQ F, =P, sin ¢ (7.27)
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by PL_" Ba P BekTopaap ¥3apo I1epneHAWKYAp -HyHanranm
YUYH YHra MOC KejraH 3iekTp Maijoutiuur C HykTtanaru E I

Ba E_ Ky4ynaHrannauksiapu (7.22) Ba (7.26 6) ra acoca Kyiiu-
jlarura TeHr oynaau:

Pl 2P -5 __ 1 B
b" 4nc, e’ El dze, e’ (7.28)

Hdunons 2;1exTp MaioHUHUHT C HYKTaCKAard E'" Ba E_L
KYYJaHTaHIMK BEKTOPAAPH XaM ¥3apo MCPIICHAMKYASP HYHaT-
TaHW YYYH HATHXABUI KYY1aHTAHJAMKHUHT COH KMHMATH

2
E=yE2+F? =-1—. L (213. ] +(2PJ)2 (7.29)
Il

dne, g3
6¥naau. By popmynanarn P, g Ba I, HUHT udronanapuuu (7.27)

k¥wica, MN aunommunr C HyKTagard Kyynaurapnuwru E

KeInud YuKaau:
E=gk L oot ol (7.30)

YMmymult xoauu udogasiosuy 6y dhopMynanal XycycHit xol-
. apaa oxopuaary dhopmyaanap Keaud uuKaau. XakukatiaH
T

xaM, ¢ =0 Oyuca, (7.21) dopmyia @ =7 Oynaranaa sca
(7.266) dopmysia xenud yuxanm.

7.6. DAEKTPOCTATHUK MAKIOHHVHT I'PAGUK TACBUPH

DackTp MaAOHHM KyWIaHTaHINK BeKTopU F opkaiu rpa-
(ux paBuuyia udoganamt Hoxynait, YyHKM MalilIOHHUHT Xap
XMl HyKTajapuiary [, BEKTopiap 6up-6upu Gunan Kecu-
w#b, TylyHapcu3 yaakai mansapa xocusa 6ynaau. Iy ca-
0abayu ostexTp Mahgonuu M. Papaauit TaBcus KWiraH Kyd
UM3UKIApY (KyWJIaHraHJIWK 4U3HKAapu) Ouian Kyprasmaiu
TacBUPJIANl MYMKHH.

Kyu wusuxaap 0e6, xap 6up nykmacuda Ky4aanzaniuK eex-
mopu ypuHMa pasuiida UyHanean sepu wusukia atimuaadu (7.9-
pacm). Kyy YM3MFMHMHT AYHATMIUM YHHHI Xap OMp HyKTa-
CHJArY KYYWIaHTaHNUK BEKTOpU E HUHI AYHa1MIUM GunaH
oup xu Oyaanm. Xap KaHaai TYFpH YH3UK KaGy ypuHMa Xam

14265 © 209
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7.9~ pacn

HKKH ¥33p0 Kapama-xKapmu iynaivmuny ndosanainam, my-
HMHI YYYH XaM KYWIANTAHAMK UM3UFUra MabiIyM Hynaanm
Oepuiagy, yiu uusmMana cerpeaka Gunan dearunanaiu.

Kyuy uusukiiap €paamuja daxar HyHaiui sMac, Gajiku
MallOH KYWIAHTAHIMTMHUHE KaTTWIMIMHY XaM TacBUpianl
MYMKUIH, YYHKM Ky YH3MKIAP TYIIYHYACHUIa ACOCAN DUEKTP
MAlAOHHUHT OEPUTaH qu JAHTAHIMI Y KyHuaruia Tabpud-
JAHAIN:

Daexmp matidonnure 6upop nygmacudazu KYUAaneanAUeU MuK-
dop ocuxamoan MaliGOHIUNE uly HyKmacuoazu 6up GUpUK i3u-
dan muk pasumoa Ymaémeaan Ky4 HusuKAapuURe CoRU2d, AsHU
Y4 HUBUKAGDHUKE CUDIN 3UMAUcH2a meneoup.

BaekTp MAWAOHUHM KyY YM3IHK]IAp OpKadu udonanad,
VIHHI TYPAY KUCMII4PHAArK KY4JaHIQHIHTH KATTAIUIHHE Ba
(azoaa xaujait yarapuuniiu KyprasMau udoaaiopdn SackTp
MAaWJIOHHHHT I'PaUK TACBUPU Xocus O6¥aanu.

A#Tuaranaapaal MaHAOHHHHT Xap Kaujai HyKTacH opk-
amu daxar GMTTa Ky4 YU3HTH YTKA3UIl MYMKUIDIUMH Kejud
yuKadd. MalaOHHUHT Xap KAUCH HYKTACMia KYWIAHTAHAMK
BEKTOPU MabAyM fHyianuuira sra OVaranun yuyHn Kyd 1Msukia-
PU xed Kaepaa ¥3apo KecuniMaitau.

Kyitnaa mucon cudarnga OYuLMKIary Sxkka sa xyu 3a-
psfUIap CUCTEMACK XOCWI KMAIAH 3CKTP MalfOHHMHT Kyd
YMBMKTAPMHU Kapad unkamus.

1. HyKTaBuit 3apsiavMnr Kyy yusuxaapu. Hykra-
BMN 3apsUUHMHT KyY YM3KKIapy 3apsa Mycbar 6§1ca, 3apsyyian
upKyBsum (7.10 6- pacm) Ba 3apsit MaH(Rit 6Yaranna 3ca 3apsra
kupysuu (7.10 ©- pacMm) paxuan TVFPU YM3MKIAAPAAH uoopar
OViaaau. buHoGapuil, MychAT 3apsiIHiM KyY YM3HKHUHT GOULTA-
HMLU XONM, Man(huit 3apsiHK 3¢a TYTatil Xoiu Jch Kapaur MyM-
ki, Ilykrasuii sapsiyians 6dpop r Maco@ana Kyd UMsUKIap-
HMHT 3M'WIMTH 3apsifiiad YUKYBUYH Kyd UH3UKAap COMM N HUHF -

pauuycau chepa cupt S=4nr? ra nucbarura, Soim N/ 47r?

TEHIraup. y XaM MaiioH Kyyiagranauru K = 4"2!8 --~,-— Kabu
Akg &r-
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a d

7.10- pacm

3apsUl Y30KJAIUFaH Capd MacO(paHUHT KBalIpaTura Teckapu
IIpOITOPLMOHAA paBuilyia KaMaitu® dopaiu.

2. UKKU HYKTABHH 3apsAHMHT KYY UM3MKIApU.
7.11,a-pacMua TeHr Ba GUp XM UHIOPAJM UKKUTA HYKTABUI
3apsaHuHr, 7.11,6-pacaia 9ca coH xuxatiad Oup-obupura TeHr
TYP:IM MINOPATH UKKUTA HYKTABUM 3apsLIHMHT, ibBHU O0oniKa-
ya afiTrania, RUIMOAHUHE KY4 YM3UKJAPH TACBUPIIAHIAH.

Maitzonnu rpaduk ycya OusiaH TacBUpianyia Kyiumaru
wiapTaapra puost KW Kepak:

1) kyu uusuxgapu oup-oupy OMIaH Xeu Kaepaa KCCHLu-
Manaun:

2) xy4 unsMKiap Mycbar 3apsasigaH (EKu UCKCHM3IMKIAH)
oonuiatany Ba MaHMA 3apsiuia (EKM YEKCH3IHKAa) TYrailau.

3) Ky4 UM3HMKIAD 3apsILIAP OPAIMFUAA Xed Kaep/a y3wi-
Maiu.

7.11- pacm
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3. BUp XHWHCIM MAWIOH Kyy YHU3UKJIApPH. IICKIP
MAWIOHHUIT 0apya HYKTI4pHIa KYWIAHFaHIMIY MUKIOD Ba
UyHaIMIL XUXAT/IaH Y3rapMac, SbHU Ky MU3HKIAPUHHHT CUPT
3UMIMTU ¥3rapMac KojraH MalaoHra OMp XMHCAW Mak-
JOH Neluaain. Arap OJCcKTp MARIOHHUHT KY'WIAHI'AHIMIH HYK-
Tafal HykTara y3rapud OopaauraH, S’bHY Xap XM Xoitlapaa
KyY YUSHKJIAPHMIT CUPT 3WWIMCH Xap XU O¥arad Majiaonra
3¢a6up Xuucau 6YyaMaran Mamaon AcHunai.

lyHaait xunub, 3;1eKTp MaiaOHHKMHT TpaduK TacBUPH-
JaH-Ky4Y YM3MKIADHUHI XKOWJALIMILEK Ba LIaK;iura xapab
NEKTP MAMJIOHHUHI XYCYCHSITUHM aHMKIall MyMKuH. Maii-
AoITapHu Oy yCy/lna TacBUpJALW anva KYprasmaay oyaranau-
YAl 3JEKTPOTEXHUKANAa KaTTa aMaiuMil KYLIaHUIIra Jra.

7.7. OJEKTP HHAYKIIHA (CHJIKHALL) BEKTOPH BA OKUMH

bywunukaary 3apsyUIapHuHT, AbHA 3PKUI 3apSTAPHUHT
MaUJOHUHU UDOAaNOBYM KYYJaHTAHIUK YH3UKIAPH Y3IIYK-
cu3 XxycycHsTra ara 6y.au0, nuaAekTpuKiapaa 3c¢a OyHuayd
6¥.1mMaiinyn. Macanan, qUIICKTPHKAAPHUHI 6VIKHAIL yeTapa-
cuaa GOF1aHIaH CUPT 3apsuiapy BYXXKYAra KC1aiUu Ba Kyyiall-
I'AHUIMK YU3BUKIAPMHMIT OUpP KHCMM L1y 3apsiajapaa Tyraiian
£xu ynapaatt 6ouriananu. Iynaai ku:mb, OUp XuHCAM OYIMa-
raH JUIEKTPUKITApAA KYHIAHTaHAMK UM3HK/IapMHUHT Y3iyK-
CHU3NHK 1ApTH DaxapuaMaiau. UIyHUHT yuyn xaMm, uxruc-
puit KYPUHMILLATH OUDCKTPUKIAP UYHIArd MalfJOHHU TaB-
cudranl yuyH, YHUHT GYaMHKUI yeTapacHIa y3nyKCHu3 YTanu-
raH ssHrM D BekTOop KaTTaiuk Kuputuiaaan. By Bekrop Karra_
JIMKKA 3eKTP MHIAYKUMS (CHIKMIL) BCKTOPH AeHMIAIN.
DAEKTP UHAYKUMS BEKTOPH [ MYXUTHMIT AMDICKTPUK XYCY._
cusTUra OOFAMK OY¥IMaCIUIy, SBHU WHAYKUUS YUSUKJIapH
UXTHEPUI MYXMTIA Y3NYKCH3 GYAMILM YYYH, E Ky4lauraH_
JTUK BEKTOpH OMaH KyiHniarn Myiocabatia GoriaHraH 6y«
1M 11APT:

D=¢gE. (7.31)

HykraBuil 3apsit XOCMA Kuiran MalZOHHUHT Kyy,laH-
rauauru E Huer udogsacy (7.153) uum (7.31) ra kyiiuica,

[N

— A\
D= F. (7.32)

A
az
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6¥s1aM. VIHAYKLMAS BCKTOPY [} HHMNIT 7 pagMyc-BEKTOP HVHa-

JAKIIATA APOEKUMACH, AbHU (7.32) HUHI CKAIIP KYPUHM-
mugard udonacu:

1)=#'—r‘12—. (7.32a)
Ulyuaait kMuaub, uxmuépui myxumoa wykmasui 3apsd X0cua
Kunean MUdooHHUHz OUpop HyKmacudazu uHOyKYUs uy 3apsdeaq
myrpu 6a 3apsd wykmacuza Oyrzan macoga keadpamuza mecka-
DU RPOROPUUOHAAOUP.

UlyHu sina OMp Oop, TabKWUIAI KEepaKKH, OUp XXMIICIH
OViiMaraH AMIJCKTPUKIapAa KYWIAHIaWAKK YU3UKIADH YI1YK-
i GYnud, MHAYKUMSE YM3HKIAPU 3Ca Y3JIYKCU3 YHM3UKAApAAH
ubopar 6y:aam.

DNEKTP MHIYKLMS BEKTOPU ) MUKIOD XUXATAAH GUp GUp-
JIMK 103a34H TUK paBUuiIa yra-
ETrai MHIAYKIIHMS YUSHKIAPUHHA,
S’bHM MHAYKUMS “MM3UKIapu-
HHUIT CHUPT 3WUIHTUHK udoga-
faitian. ¥ Baxraa OHp XKMHCIH

2,1eKTp Maionn ()= const)
nard uxtuépuit S 103a opxain
THK paBuMuiia yraérraH UHAYK-
LM YU3BUKJAPUIa HILIYKILUS
oKuMIApH aeitunanu ra N xapgu Ouan bearnaanany (7. 12-
pacMm):

7.12-pacu

N=DS=DS =DScosa, (7.33)
Oyuna: D, = Dcos o, —MHAYKLHS BEKTOPU D HuHr S o03ara
YTkasusran A ra Gyaran npoekumsicn, S, =sing sca S, 03a

S HUMHT ] BEKTOPra TMK KyHATULIZATH NPOCKUMACH.
Arap sstexTp Maitnon 6up xuican 6yamaca (D =const), y

xoana ds 3;eMenTap 1033 COXacHaary MailloHHH SUp XUHCIN
xucob:1aiu MyMKuH. Y BakTaa (7.33) k¥punuisgaru udoaa
dN = D,dS = DdS, = DdS -cosa (7.33a)

audxepeHuran KYpUIMira Ke1aiu.,
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Uxtuépuit S cupraait YTyBUM 3jeKTP UHIYKUHS OKAMU N
YCKCH3 KV WIYIai aMeMeHTAAp 2JeKTp MHIYKIIUS OKYUMJIa-~
pu dN HUHT HUFMHAUCH OwiaH, SI’bHA

N = [ D,ds = [ Dds,
" + (7.34)
s S
UHTerpas OUAaH ndojatanaau: Oyina .§ 6¢cjiru UHTCrPATHUHT
S cupr OVitnya OAMHUIIMHH K¥pcaTaiu.

7.8. OCTPOTPAJCKUIH - TAYCC TEOPEMACH

HyxTaBuit 3apsianap CUCTCMACH B4 3apsi/LTAHTAH XHCMIAP
XOCHMJI KMJITaH DACKTP MAMAOHHY CYIEPIIO3ULIUS NPUHLIKIIN
acocuaa xycobnail MaTCMaTUK HYKTaW Has3apiaH Xyaa My-
pakkab 6y;ub, alipuM xoswlapaa XarTo xuco0.1a6 OyiMaiam.
bynaa#t myamMony Octporpaickuii-laycc TeopeMacu 0CoH-
riiHa Xas KHJIUIUra MMKOH Gepaau.

Octporpanckuit-Tayce TeopeMacu 0epK CUPTAAH MHKAET-
raH 3CKTP HHAYKUHS OKUMUHY XUcobnaigan udopariup. by
TCOPCMaHMHI MaTeMaTHK HM(DOAACUHY YMKapUIL YYVH, dapa3
KHAARIMK (] 3apsin UXTUEPHH €Nk S cUpT HUMAA Ko TaluraH
6yacun (7.13-pacM). DiexrTp MHAYKUUS] BeKTOpUHUHT (7.32)

dopmynacura Kypa, D BEKTOD 3apsia XOoWaauraH HyKraaaH
YHKYBYM F paauyc-BekTop 0Yitnad iynanran. HIysunr yuyu,
i HopMan Guwian /) BekTop opacuaaru do ¢GasoBuit Oypuak
ds Ba ds, cupraap opacuuary 6ypyakka TCHraMp. Y BakTiaa

7.13-pacu
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(7.33a) Ba (7.32) bopmyinazapra 6uIloaH sneMenTap ds cup-~
TAQH YMKAEITAH DIEKTP UHIAYKLIMSt OKUMM:
= N W A A
dN = Dds,| ‘Z;';z"["_v . (7.34)
by epra ds / =l — 3jcMcHTAp (Da3oBUil BYpPUAKKA TEHr

r
OYATAHU YuyH:

dN = %dm (7.35)

[Hyai Kuinb, 91eMeHTAP ds CUpTiIall UNKAETTaH 2ACKTP
MUY OKMMK dN 3jCMCHTAp ds CUPTHUHI 3apsid XO#-
Janiran NnyKrajan kypuHaaurad (asosuii Gypuaru dw ra npo-
nopinoHa1aup. Maszosnii 6ypuak o 1uHr KuiMaty 0 aax 4n
raya ¥3rapaau. Y pakria KK S CHPTAAH YHKYBYY TV LICKTP
MHAYKIHMS OKMMH N UCKCH3 KV 9i1eMEHTAp INEKTP MHIAYK-
1M OKUMIapu dN HUHT fiUFUHIMCUra TeHr O6yand, vHu HUH-
TCrpaLIal OmiIal LTMAITUPHLL 3apyp, STLHU:

4=
dN = § Dds, = hi_dm =q. (7.36)
o "

by udoaa xycycuii xoaaaru (6urra 3apsia yuyn) OcTporpai-
ckuii-Iayce TeopeMacutinir MateMaTiK Udoaacu 6y;1ubd, Oyu-
nait TabpudriaHaiu:

R CUPMOGH YUKAEM2AH JACKIMDP UHOYKIUS OKUMU WY CUDM

unudaeu sapadea mene.

IOHjn (14.36) dopyyaaHu €MUK CUPT MUMIA ¢, G, ... 4,
3apsiuIap CUcTeMacH BYuIral XosIra YMyMIaW THPHIT MYMKHH.
Xaxkukarai XaM, Cyneprio3MuUus NpuHUMnMra ouHoan ¢,
@y - + 5 4, 33PSLLIAD XOCHL KWITAH MAAJOHHMHI HATHXABHH
HHAYKIHA BeKTOpU D xap OMp 3apsuIHUIT MYCTaKUI XOCH.
KWITaH Maiiitonn MIJLYKIUS BEKTOPIAPHHYHT HHFUHAMCUTA
TENr:

m

D=D+D,4-+D, =D, (7.37)
i=1

Y BaKTja D BEKTOPHMII CUPT HOPMaNH # ra 6¥araH npock-
UHSIAPUHUHT aarc6pank HUFUIIMCHTA TCHT:

Dn = Din + ‘DZn et l)nm = ZDin ’ (7.37a)
=1

215

www.ziyouz.com kutubxonasi



'V BakTaa uuMaa g, g, . . . g, 3apaand O¥araH MXTUEPUH €Uk
CHUPT S OPKAJIM YHUKACTIAH SNEKTP MHAYKINSA OKUMH Kyiiniaa-
THra TCHT:

n n n
N=§Dds=¢> D, ds=D§D,ds=Yq,.  (7.38)
s s =l ial'g i=1
By dopmyna Ocrporpaackuii-T'ayce TeopeMacCHHUHI YMYMU I
KYpyUHHIIIArY MaTeMaTUK udonpacu 6Yiuob, oyuaail tabpud-
STAaHANM:
Enuk cupmoan wuaémaan 3nexmp UHOYKUUA OKUMU Wy EnuK,
cupm uvudazu 3apsoasaprunie aneebpaux duruHducu2a mene.
Xycycuit xonnap:
1. 3apsan énuk cupTaal TawxKapuaa 6yacuu (7.13,a-pacsm).
by xonmza § cupTra fiyHanraH 3;1eKTp MHAYKLUMS OKUMMHU
«—N’» Manouit xucoG-

Jab, s” cupTaal yuKaér-

/ A" ran «+N"» un 3ca MycC-

ge ﬁ 6aT xucobnana;m. Dnexrp

MHAYKIHUSA YHU3UKJIApH-

HUHT Y3AYKCUBAHIU XY-

cycusTHMra 6141109.}1 CHUpT-

7.13a- pacu ra xupysyu N’ Ba cupr-

JaH unkyBuu N° 3jexTp

MHAYKIINSA OKUMIAPDU MUKIOP XUXATAaH TEHIAHMD, SBHU

N’ = N~ oynagu. IHyHUHT yayH XaM, S =.5"+ .57 €0k cUp-

TAAH YMKAETraH 3JIEKTP MHAYKIIHS OKUMM Kyliuaarura TeHT
O6ynanu:

N=§D,ds={D,ds+§D,ds=-N'+N"=0. ;355

Jemak, 3apsin €NvK CUPTIaH Tauikapuaa 6y;aranaa, wy cupr-
laH YUKAETraH 3/IeKTp UHAYKHUA OKUMH HO;Ira Teur oynap

3Ka5’.’ Enux cMpr vuuaa MHKAOp XHUXATAAH TEHT Ba Kapama-
Kapiid umopanu ¢,= +q; q,= —q 3apsiiap Xoiiaira
oyncuH. ¥ Bakraa (7.38) ra acocan ENUK CUPTAaH YHKAETraH
CKTP HHAYKUMS OKuMHU N Kyiiuaarura TeHr 6ynamau:

N=¢Dds=q +q,=+g-q=0 (7.386)
s
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by X054 xaM, €MUK CUpTIaH TUKACTIal SICKTP WHAYK-
LMsT OKMMH 110;Ira TeHT OYi1ap sKau.

7.9. BJIEKTPOCTATUK MAWIOHIA 3APSI/IHN KYYHAPHIILA
BAKAPW.ITAH M1

Xap KaHaai maiinon Ba my MafMOHAd KYYHHKMHT TabuaTi
OaXKAPHATaH HINITHHT KYPUTIKILIM OM1aH aHMK1aHaid. Kymia-
JaH, Oaxapuiran il _AYAHUHI  mmakadra GOFIMK O3:11iuu
¢KHM OVIMACANIH, KVU Ba MAI0H TaOUATUHHIIT MC30HU OVINb
xusMat xiaaan. Iynunr yuyn xas, 3;JCKIPOCTATUK MaiiOoNl-
4 3apsiIHY KYyYMpULLAA OaXapuilraH MIIHK aHUKAA KaTra
aMUTUH axaMUusTTa 3ra.

Arap ¢ 3apsijt XOCHA KWIraH MalJIOHHUHT KyWIAHTAIMIY

E Gynran HyKracura g,3apsil KUPUTKIICA, YHIa F= qu KYU
Tabeup Kuaaiu (7.14-pacs). by F Ky4yuuHr ¢, 3apsiHu df sa-

codara kyuMpuuia Gaxapran djieMcHTap MWK dA Kyinia-
rUra TeHr oynau:

da =(F.di )= q,(E.dl )= g Edicosa. (7.39)

(7.39) na o —6ypuak Eva dl BEKTOPSAP OPACHAATrH OypUak.

7.14-pachary ynamana di coso = dr 6yam6. E = 31— -4

Aree 72
oynranu yuyn (7.39) umn

= 4% . dr (7.39:
dA—z-moE g (7.39a)

KYpUHUILAA €311 MYMKKWH, Oyuna; r — Mafi0nHH1 XOCHI1 Kuil-
TaH ¢ 3apsafaaH g, 3apsurava 6y:ran Macoda.
-—>

E

%Co/: \
dl

-
K4

7.14-pacx
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3ap;1)1 g, Hu MdMJ_IOHHI/IHI‘ ] nyxracuaan 2 nykracura Kyuu-
pumna daxapuirau A, vy (7.39) ndosann unrerpaiiad
AHUKTAHAIU:

A, =Ll dr_ -0 ]

dis e 12T e e of r

i f

Bynaa rBa r,—MainoHHK XOCHI KWITal ¢ 3apsfUiaH MaiiloH-
HUHT / Ba 2 HyKTacuraua ©yarau macohanapu.

(7.40) ndosanaH KypUHaIMKHA, OUp XWI MILMOPAIH ¢ Ba

g, 3apAJUIAPHMHI ¥3apO WTapUll KYYM TabCUPHIA 3apsii-

Aap y30Kaaub, mycOar vl Oaxapuiaaau, SKMHIALLAHAa

aca MaHhuil uw Haxapwiagd. AKCHHYA, X3p XU HHIOpAIH

3apsLIAPHUHE TOPTUUIMIL KYYW TabCHUPMIA ¢ Ba g, 3apsyi-

JIAPHUNT SIKMHJIAIMUIHAZ MycOarT Uil Baxapuaud, y30K-

JlAntHIuK A 3¢ MaHQui M Gaxapuianu.
DJIEKTPOCTATHK Maii-
jolina 3ap>um1mr Kyuu-

'2_ 49, (1 _1
T e e(?] rg)' (7.40)

[

uinuuHI (7.40) udoxna-
cudad Oy I HYaHuHT
uIakaura OOFAMK 3Mac-
adry Kypuuasy. BuHo-
Gapuii. ¢, 3apsany a sa
¢ iynanumaa 1 nykragan
2 nykKrara xyumpuuaa
Oup xuJl Ul DaxapHia-
1 (7.15-pacm):

7.15-pacm

A=A, =A,=4,. (7.41)

Wiyknai kuaub, arexmpocmamuk mMaidon Kysunune baxcap-
can unti WHIHLHE WaKauza 60FAUK GYaMazanlt Y4yn 21eKmpocma-
muk Maidon Ky4u Korncepsamug hyudup

Arap MaiioHHu OuTTa smac Oup Kanua ¢, ¢, ...q,
3apsil xocua  kuitra  6yaca,  Maknonxarw ¢, sapaara

F= E + F2 4o i" KV4 TAbCHP KHi131M. BY Haruxalosyyn F
KY4HHHT OaxapraH A Ml Xap Oup Ky'L1ap MycTaku 0axap-
raH AuLIapuUnir ajgredpauk Anrvuancura TeHr 6ynaau:

n Il
A=A+ A+t d, =D 4i=Y ""q"(-‘—"’-} (7.42)

i=l =1 47?5{:06 i T2
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n
OyHza: r, B2 I, — MalIOHHHM XOCHJI KUirall 2(1, —3apsn-
i~
aan Maiaousuur 1 Ba 2 Hykracurava Oyiaran macodanap. by
X012 XaM TYJIUK OaxapwiraH wil HIHUIT WaKiimra 60F1MK
6ysrMacauru siia 6up Gop 2JeKTPOCTATHK MAMIOH KYUUHUHT
KOHCEPBATUB Ky' SKAHJIUIHMHM TACHAUKAANIN,
DJIEKTPOCTATHK MANHIOHHUHT TaOMaTHIM Udoaalial yuyH,
Oup OUpIMK 3apsiaHy ENKK KOHTYP OViinua xVuupuinaa 6axa-
puarad uuiHu (7.39) ugona acocuaa xuMcod1ad HHKUICA,

4o i(ﬁ:,di). (7.43)

ovnaau: by dopMynanuur YHr TOMOHMAArM E11MK L KOHTYD
GyitnYa OTMHTaH MHTErpan Kdosa §(]?,df)ra 9ACKTPOCTATHK
L
MaNIOH KY'LIAHTAIIWIKH BEKTOPUIUHE UK Kouryp O6Vitnua
UMPKYSILMAsICH aekinaanu. (7.43) dopmyaanaru uuterpast oe:-
rucH 3apsiiiy €umk L xoHTyp OViinua kyuupmijary 6axa-
puitran v 6ynu6, (7.40) dopMynara acocati Hosra TeHr 6ya-
M. XakuKaTaaHn XaM, E11MK KOHTYpJda MaiOHHUHE 6ouLiaH-
FU4 Ba OXMPI'M HYKIajlapu YCTMa-yCcT TYUIaAH, S’bHU 1, =1,
6ynanu. Y pakraa (7.40) ra dunoaH:

—fag- T {L_i _
Ah_fdA_4ne(,«-: ; ’E)r—r =0. (7.44)
- 2 1

byunan ¢oitananus, (7.39) vy yudy KypHHULIAA E3UTT MyM-
KHH:

f(ﬁdlj: 0 (7.45)

Maiidon Kyuaanzanauzu eexmoputune énui KOHmyp Oyiusa
UupKyasyusacu Honea mene 6yaean Maudoniaped ROMEHYUAA Mad-
doxaap detiurub, Hoaza menz ByamMazan MaudoRAAP2a Ica HONO-
menuuan Matidonaap detivaadu.

Wyunait kunu6, (7.45) aaH KYpUHAIUKK, SAEKTPOCTA-
TUK MaRAONI MOTEHUWAT MaiHAOHAHD.
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7. 10. DIEKTPOCTATMK MAWIOHAATH 3APAIHNHT
HOTEHIHAT SHEPTHACH. HJITEKTPOCTATUK MAH1I0HIIMHT
NMOTEHINAIH

Arap Maiijion NoTeHUMal Maiaonaan ubopar 6yica, no-
TeHIMal 31eprus W HKWHT KaMailuiny Xxgcodura nil Gaxapu-
JTa/IH, S'bHU:

dA=—dWw. (7.46)
bynjlan: g, 3apsaiin 34EKTPOCTATHK MAWIOHHUHT | HyKTacu-
AaH 2 HyKTacHra KYuupuiljia 6axapuiaral A, Miu 3apsyiHuHT
my HyKTaslapaa noTeiiuuai 3Heprustiapu (apkKura Teur:

A12="AW=_(W2—W|)=M_I’V2' (7.47)
by upoaanu (7.40) dusian TakKoC1a6, ¢ 3apsia MaWIOHUHHHT
| Ba 2 HyKTanapuiary g, 3apsIHUHT MOTCHLIMAT SHCPIHSLIAPH

a Wy =1 9%. - 1 9% oyna-
W, Ba W, soc pasmuia W, = 1= £80 W, = o120 Gyna

au. Byiian, 3;eKTpocTaTnk Maiionunr SUpop HyKracuaaru
3ApSIHMHE MOTCHLMAT SHEPryusacuHy HboIailoBUM dopMysa-
HHA, YMYMUIA X0NIa Kyiuaard KYpuHyiuga 63un MyMKHH:

W= g L2 (7.48)

By uonajsau 9;1eKTpOCTATHK MAMNOHUAIN ¢, 3aPSLAHUHT T10-
TCHUHAT JHEPrudac W mMailonHu XOCHA KUITaH ¢ 3apsiara

Wt

bup xur vwopo-
s 30,0.95.”02'00

~v

Xap Xun vuwopo-
M 3apsdnap

7.16-pacm
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xaM OOFIMK OYNraHM yuyH YHra 3apsuUTapHUHT ¥3apo 1oTeil-
1IMAJT DHEPTUSICH XaM JeHWIAIH.

Ilyupait kunud, ukxy 3apsdnune y3apo nomenuuas uep-
2uACU 3apacAap Kynaiimmacuea myrpu 6a opaiurudaeu mucoda-
2a aca mecKapu nPOROPIUOHAIOUD.

Arap g Ba g, bup Xwi miopaM dyiica, yiapumHr ¥3apo
UTApUIll TIOTCHUHMA;1 3Heprusick W omycbar (W > 0) 6¥aub.
SIKMHIIAUITAH capy olnna 60pain. AKCHHYA, Xap XMl HILIOPATH
3APAIUIAPHUHT ¥3ap0 TOPTMIN HOTCHUMA S1EepTUsCH MaHdUN
(W< 0) 6ynuod, ynap Oup OMPHAAH YEKCH3IMKKAYa Y30K-
Jamrrasaa noarada onn® 6opaaun. Mkku Hykrasuit sapsanap
¥33ap0o noTeHUMAN dHCPIUsic W HUHT yaap opacujaru » Ma-
cothara 6oraanun 7.16- pacmaa raceupianrail.

Arap 3nexTpoCTaTHK Mai;10HHH GuTTa DMac, OMp KaHua g,
qy -+ - q,3apsLIap XOCHI KUALaH oV.iica, Maittonaaru g, 3a-
PSLAHUHI HOTCHUMAS HEeprsic W xap Oup 3apsaHuHI MycTa-
KM XOCHI KHJITAH MaWJOHAAIM TOTEHIlMaj;i AHEPrUustiapu

Wi(z'=1,2,---,n)nm{r anredpauk WHrHIpiMcura Tenr oynanu:

n M
l’V:[/Vl-*-l’V2 +'--+W"=zll/V’. =q0214ﬂz;”‘_, (7.49)
il i=
Oyiuta: #, —MaiIOHHK XOCHT KMATaH g, 3apsia Guian Maiiaon-
ra KMUPUTHIIaH g,3apsaiap opacuiaru Macoda.

IHyrait Kuau0. ¢ 3;1eKTp 3apslHUHT W MOTEHHAT DHEPTU-
SICH DJCKTPOCTATHK MAIIOHIari XoAaTura 6orIMK OViiranm yuyH
IHEKTPOCTATUK MAMHOHHHMHT HYKIATAPH BHCPICTHK TIYKIaKW Ha-
3ap;1aH MOTeHUMNAT Ae0 aTANYBYM CKAIP KaTTannK Onnal ndyo-
AAHAHANH.

Daexmpocmamurx Magdor Oupop yKmacuuuite NOMeHuall
0e6, MabddonHunz wy HyKmacuaa Kupumuiear Oup Gupau syc-
6am cunog 3apaduza MoC Kerzan HOMEeHUUAA Iepusiea MuxJop
xeuxamoarn menz 6yacan (pu3UK KammauKka aimuiadu, Sbiu:

_
4y

(7.50)

By (7.50) udoaara 3apsLaHUHT HOTERLMAN dHeprusick W uuur
KuitMaty (7.48) mau oaud kyitusica, 3apsiAHHHE XOCUT KM=
FaH AEKTPOCTATHK MalNoIl HYKTACHHUHT LIOTCHUMAIN ¢ Ke-

nub YUK

W __1 94 c
¢= 4y dmey e’ (7.51)
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Ulyiinail kusml, vyxmasud 3apsio Xocua Kuaean 2aexmpocma-
mux Maiudonuune Gupop HyKmacuoa2u HOMEHYUAAU 3aps0ea myFpu
80 3apA0OUN HYKMAza4a Macopaaa meckapu RPOROPUUONAIOUD.

Arap 2MeKTpOCTaTUK MaWAOHHU OuTra sMac, Oup Heyra
9y Gy - - . G,38pAIAP XOCUT Kuuran 6yaca, madaonunur oun-
pOp HYKTACMHMHI 1IOTEHIMaAH @ Xap OMp 3apsyl MyCTaKWi

XOCHJ KHMraH MaiIOH HOTEHIIHa1apm (p(i =I.2,---,)1mm‘ an-
rebpank HHFUHIIMCUTA TEHT:

n I q'

= R o = L=y el
P=0 9yt =20, %47:60 e (7.52)
9,, % + y By (7.'5'2_) mi?(m? TYpIY
=  IUAKIJard Ba Xap X
yiauamiu sapssiaHrad
KUCMIIAP 2TEKTPOCTA-
THK MalJOHJaPHHUHL
MOTCHUMAAAPHHHA XU-
codaamra UMKoH Gepa-
. KyMilagaH, anekrp
AUNOIN KyT0;1apH XOCH1
KWIraH 3JeKTPOCTATHK
Ml I0H noTen A Iapu
¢, B4 Q. YMHI HAFUH-

7.17-pacy
17-pacu avcura tenrmp (7.17-
pacum);
= 4.1 9. 4_%72™%
=g, t0_= 471’L , & Adme, e 4meE nr (7.53)

Arap I<<rojnca, ip ~1=Icoso Ba ry-r, = r? 6y1anm. ¥
Bakraa (7.53) ndomauu
=9 Jeosa . 4 P
¢ dne,e g2 47:90 e cosa. (7.54)
KYPUHILLIA €310 MyMKUNL. By epna p, = ¢ /—aunon s;1exTp
MOMCHTHHHHI a0CO:0T KMITMATH, o —IuNoN 31EKTP MOMCHTH
Po ftyHannium OWaaH TCKUIMPHIAETTAll MaiIOH HYKTACH pa_
IMyC-BCKTOPKH 7 — Opacuaary Gypuax. )
DJICKTPOCTATHK MAWIOHHUHI NOTEH AN SHEPreTHK Xa-
PAKICPUCTUKACH OYAranyu yuyH 3apsjlHM KYMMpHULLIA SEKT-
POCTATUK MalIoN KyYMHUHT GaxapraH wuiv xaM MaiioH I1o-
TeHLHAU1apu Ouian ¥3apo DoFnanvwra sra 6ViiMiuyd Kepax.
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Xaxkukaran xaM, 6upunyuiian (7.47) ra 6unoan A ,=W,—W,

oyaud, ukkunuuaai (7.50) udona acocujta W —W,= 4, ((Pl - (1)2)
O:1rany yuyH, 31€KTPOCTATUK MaKAOH KYUHIMHT ¢, 3apsiiu
I myracmaan 2 nykrara Kyumpuuyiary 6axapran wimm A,
MalioHaary noteHimaiiiap dapku (@ —9 ) dusan Kyiu-
aarnya voaaianaim:

Ay = ‘10((91 - (Pz-)' (7.55)

IUynpait kuaub, s2exmpocmamui Malioon Kywaapunutie 3ap-
AOHU KPUUpUMOa 6axcapean uwiu MuKoop dcuxamoan 3apsd Kam-
maauzuny Uyanumne Gowaanruwy 6Q oXupau Hyxmaaapuoazu no-
menyual1ap adupracuza Kynaqumaacuea meue 6yaud, ayanune
waxauza borauy 6yaman, yrune Gouaanruy ed oxupeu HyKma-
AApuiuHe sasusmuea 6orauoup.

Arap 3apsaduHr Kyuuw #ysim 6epk 6yiranaa yuunr 6oi-
JAHYHY Ba OXMPr¥ HyKralapud yCcTMa-ycT Tyuirauia
9 ,—0,xamua (7.55) ra xypa A, = 0 OFaanu, srbHN 3apsiau
Oepk Hys OYiiaad kYUuprIIig 9JICKTPOCTATUK MaiioH Ky'Lia-
PH GAXAPIdAH WINMHMHL HOJI'a TEHIIUIK siia Oup dop Keiud
HAKAAM.

(7.35) dopMyIazaH NUCKTPOCTATHK MAWAOHHUIT HKKHU
MYKTE OPACKIATY HOTCHLIMAIIAD alUpMach:

I |
0—0,=4 (7.56)

(7.56) ra acocaH HOTeHLUULLIAD alUpMacHHK KyHHAAIH-
ya Tabpudaal MYMKHH: 32CKMPOCMAamui MaidouHune UKkl
nygmacuoaey nomenyuasadp auupmacu ded, 6up bupaux myc-
6am 3apsonu Gupuruu HyKmaoan UKKUR1U HyKmaza Ky1upuuoa
Gusxcapunean uwza Muxoop xcuxamaoan mene 0yazan ou3ux kam- -
maaukka aimuaadu.

Hykrasuif 3apstiiu D1eKTPOCTATMK Mai0H KYSYHHUHT Be-

PHALAH HYKIAIGH MEKCHITUKKA {fp = ), SbHU NOTEHIMAIN

e =19 20" sunpe U ,
HO.1b ((92 = Ane] o 0}' Bynran Hykrara xyuupuuiaa 6axap-
LN

rad A = 460y 6¥naan,
Ao
9 °
Wyt Kuaub, 31eKTPOCTATUK MAIOH HOTCHUMAIMHH
ana 6yHaait Tabpudiiall MyMKHH:
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Daexmpocmamux Maudornunz 6upop Hyxmacuddeu nome-
yuaau ded, areKmpocmamuy Magoon KyuunuHz bup bupauk Myc-
fam 3apsony wy HYKIMAOAQH nomeHyuasu nosea meuz 6yrean
HeKCURINKAQPY HYKMA2a Kyuupumda daxcapzan uuiuza MuKoop
acuxamoan meue 0¥.acan GUINK Kammarukka aumuiady.

7.11. DJAEKTPOCTATHK MARAON KYUWIAHTAILIMIH BA
NOTEHIHATIN OPACHJIATI BOFIAIIMIINM. DKBUIIOTEHL HAL
CUPTIIAP

IIEKTPOCTATHK MAKIOH KY'WIAPMHUHT 3aPSAHU KY4upULL-
nary 0axkapran MNiu Kyusalraiivk OpKaiy XaM, MaiiioH HyK-
TAJAPUUMHT TIOTCHUHATIAD alMpMacH opkaan xaM ndona-
JAHMIM KVWIAHTAIUIAK Ba HOTEHUMaAIapHy ¥3apo OOFIaHu-
WMHYA AHUKIANITa UMKOH Bepaan.

[Oxopunary (7.39) wva (7.46) dopmyaaisapaan xypunaim-
KH. 3ICKTPOCTATHK MAHAOHAIA ¢ 3aPSUIIM KY4HPULILLA TOTEH-
LMAA JUCPTHUSCHUKHT KaMaituin dW xucobura d4 siaemen-
Tap uin OaXAPWIAAU, SiHHMH!

dA = gy Fdl cos( r}/\ =-dW.

ey S .
Uxkunum Tomonaan (7.51)ra acocan: dW = gydo. byHias:
{

A __' A
g Ldl cosl E dl }=—q”d(p éxu Edlcos| E ,dl |=-¢¢ Tenr-

JHKHH €311 MYMKHH.
OXHPI'Y TEHIIMKIAN XICKTPOCTATUK MAIOH KYWIAHTAR IS
- do
E=- ————'—ﬁ . (758)
dl-cos: E di |
]

\ ;

7.18-pacMaan xypu-

— HUAMKH,

E ( )
? di-cos! E,di |=dr

7 L)

L -7
b0l ot £ KYY YUSHFUHMHT I8~
4 MEHTAP Y3AYKAUIH-
Ian ubopar 6yaraHu
7.18-pacy YUVH:
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= (7.59)

By ndoaa 35eKTpocTaTMK MaiJI0H Ky4 YA3IHFH HYHanuiInza

[MOTCHUMAIHMHT Y3raprii Te3 iy ndonaiaian.
Wysaait xuaub, sisexmpocmamuk MaUOOHKUHZ KYHAGH™
2aHAUZY 0e6, KYY YUSUFUHUHMZ VIVHAUK Bupaucuza Moc Kenzaw

nomenuuosap aliupmacuza Muxdop xcuxamoan menz Gynzan
gusux Kammasuxka aimuiaou.

(7.59) TeHSIMKHUHT Yan TOMOHM BEKTOD, YHI TOMOHH 3ca
CKaJIp KaTTadukiaH noopar. BekTop aHau3aa, BEKTOP Kar-
TATVKHA CKAANDP KATTANUKHUIL Y3rapriy opKaid NpOAANOBYN
cuMpoara rpaaueHT (grad) ne6 Hom GepuaraH.

Hxmuépuii cxassp kammaauk a Hune 2paduenmu deo, Uyna-
AUWY O KAMMAIKKHURZ OpMu EyRanuuiy OuAaH Moc mywaou-

ean A sexmopea avimuaadu:
A=grad a. (7.60)

By BEKTOPHUHT MOAYIN A 52 a—CKATIPHUHT OPTHLE HYHAIHU-
1IKAa OMp OUMPAMK Y3YH/IMKIATH Y3rapyliyra TeHIAuD, SIhHU:

A=lgrad 4= 4. (7.60a)

AlTWiaratnapaan, dJeKTPOCTATUK MalfOHHWHI KydyjaaHran-

MUK BeKTOp E TOTCHUMan rpaaucHTd (grad (p) HUYHT TeCKa-
pw umopanu udoaacura TeHr:

E=-grado. (7.61)

Bynaa «MuIyc» MIOpa KyYIABTaHIMK BEKTOPU E MOTeHLH-
al ¢ HWHI KaMalHWIl TOMOHHMIa WyHanraHuH#A udomanainsm.

YMyMHit X0513a, 9MEKTPOCTaTHK MaHIOHHUHT OUPODP HYK-
TACHAATH NOTEHIIUATM P 1Ty HYKTa KOOPAWHATIAPUHHUHT PYHK-
LUMACUIAH UOOPAT OYIraHK YYyH:

dep+  dp=  dor
gradg =221 + 5+ k. (7.612)

HIyHunr ydyH XaM 33eKTpocTaTuK MaOH Ky4aaHTaHI1-
' BCKTOPH [ HMHT KOOPAMHAT YKAapHra OY/IraH npoeKuusi-
aapy MadoH noreHuuany 6unad Kyiuaaru GOFIaHKILTA 3Ta:

d
Ex= dq,'E)’:—-d_g; Ez=--(§§-; (7.6!6)

~o
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DNEKTPOCTATUK MAKIOHHHWHI UKKK HYKTaCH OPacHJiary 110-
TeHLMaA1ap QpapkKu ((p1 — @, ) Hu (7.59) Hyu MHTErpaLIab ALK~
JIaaIu;

”
0 -9, = fEdr (7.62)
]
1lyiail kUMb, 31eKTPOCTaTHK MAMAOHHUHT TTOTEHIIUA -
S HYKTA/aH HyKrara yarapu0 Typysur Gyskuusidp. bupok
UXTHEPUN KYPMHULLIATH 2ACKTPOCTATHK MaiaoHaa 110TCH-
uMaapy Oup xui OV.iraH HyKrajiap MasxXxymiup.
Morenuuastapy 6up xuit OVAraH HyKTalapHUHI reoMeT-
PUK YPHUIAaDKBUHOOTCHUMAN cupTaap Aeitmnaim le-
MAK, IKBUITOTCHUMA/ CUPT YUYH KYHMUIAry TeHIsiaMa YpUH-
AMAUPD:

@ = const, (7.63)

DKBUNOTCHIIMAN CUPTIAPHUHI DACKTPOCTATHK MaiaoH Kyu
YU3MKIapura Hucbatan xoiaanuuinuy (7.58) udonanan
OCOHIMHA AHUKAAN] MYMKHIL. DKBUIOTCHIHAT CUpT yuyii (7.58)
udoaa

A

do = Edi-cos| E.dl |=0. (7.64)
/
KypuHuinaa 6ynaan: bynasa, F# 0 pa dl # 0 Oyaranu yuyn:

A A
cos| E,dl |=0éxu| E,dl |=90°. (7.642)

AeMak, 37eKTpOCTaTK MalI0HHMHE KY'DIAHTaHIMK BeK-
Topu E 3KBHIIOTEHUMAA CHUPTITA TIEPUCHAMKYIISIp Wynanrax-
aup.

IHyHnait KU, Kywaaueanaux YU3LUKAGPU IKEUNOMCHLUAA
cupmaap oulacuza Hopma.l (opmazonon) tynarean Gyaadu. Xap
Kaligai Majilona YeKCH3 KYI SKBHTIOTCHIIMAT CUPTIap 4u-
3UUI MYMKHH. :

DKBUNOTCHUMAT CUPTIAPHMA OUATAH X044 Xap AOHM Ma3-
KYP MaMJIOHHKMHT KY4 YH3HKAGPUHY SICAll MYMKKH Ba AKCHHYA.
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7.19-pacm

Wynaait Kunud, 2,1eKTPOCTATUK MARAOHHU KYY YM3HK-
napy épaaMuiia Kypradmany Tacnupaaii kabu, dKBHMIOTCH-
HUail CHPTIapy EpaaMuia XaMm rpapmk KypuHuLIa TaCBUp-
Jlall MYMKHH.

Bup X1 AQ OpPTTUPMANM SKBUITOTCHUMAN YM3HK, (CUPT)-
JIADHUHT 3HYAWIH MAXAOH KYWIAHTAHTUIHIE [IPOHOPIMOHA
G¥:1any, stbHH MAHIOHHHHT KYUIaHTaHARIY Kacpaa xatra 6ynca,
V4 epAa KBUNOTCHUNAN YM3UKAAP OUP-OUpUra sIKiH KO-
naany. 7.19-pacMia MycOaT HyKTaBnHi 3apsil (a)HMHT, AKITOS
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(6) uMHr Ba OMp XMW1 MIIOPATM MKKMUTA HYKTABMIU 3apsil (B)
HUHI, 7.20-pacMia >ca y4IUI'M Ba OGOTHUKJIMIU OVIIaH 3apai-
JIaHraH METALT UMIMIZIDHUHT XOCHI KWITaH 3JeKTPOCTATHK
MAAJIOHMHUHT 9KBUNOTEHIIMAA CUPTIApH (TyTaul 4M3uKIap)
BA KyY YM3UKapy (HYHKTHD YM3HKIap) OPKAJIM rpadmk Tac-
BUPH KEATUPWITAH. YHJaH KYpHHAAWKU, SKBUIIOTCHIINAT YU~
3UKIAp MAMI0H KY'WIHMPOK, XOII1ap/ia 3HYPOK, Ba MaMIOH Kyy-
CH3POK, KOMiapia 3ca Cuiipakpok xoiiairad. 7.20-pacmaa
TACBUpAANTaH 3dpsyiianrall MCTa DT IMINHAD 3KBUNOTCHIMA
CUPTIAPH (YUIMKIAPH) XOMIAIIMINUAAH Y44 XOi SKMHMIA
MalIOH Ky4iau, GOTHMKIM XOHAA KYUYCH3 BAd HHX0AT KaBaKiIu
XoMapia Ho OYIMINMHY AaHUKAALL MYMKUH,

7.12. OCTPOTPANCKHH-TAYCC TEOPEMACUHMHI
TATBUKH. OJIHUN SJEKTPOCTATHK
MANIOHJAPHU XUCOBJAI

Ocrporpaackuii - laycc TcopeMacuHuHI TATOMKHUHMI Kapab
YUKHILIZH OJAMH, 3APUTAAPHMHI XaXM, CHPT Ba YH3UKIM
3UWIMK TYIWYyHYa apuuy kupuraMus, Colianuk ydyH Kyiiu-
Jaru sapsiiap 6up TCKUC TAKCHMIIAHTAH XO0.UIapHU Kapab
YUKAMUS:

Sapadaapnune xaxemui 3ugaueu P ded, wcucmune o6up bup-
AUK XAHCM2A MOC Ke2ar 3apadea MUKOODP HUxamoan menz 6yacan
QusuKk KammarukKa aumuaaou, SIbHU.

0 ={j~, (7.65)

OyHIa, g—XUCMHUUT V XaXXMHUIa MOC KenTaH 3apsiIi.

3apsdnunz cupm sumaueu 8 deb, weucmnunz 6up bupaux cup-
maa MOC Kea2ar 3apidza MUKOop scuxamoarn meHe usuk Kam-
MaruKKa aimuasadu, SHHU:

5= é’e , (7.652)
OyHAa, g—XMCMHHUHI S 103aCUra MOC Keirat 3apsam.
3apadaaprune Husukau 3uMauey 1 0e6, HCUCMHUHZ YIYHAUK

bupaueuza moc Kesean 3apsidea MUKOOP HCUxamoan meHe PuauK
Kammaukica aimuaadu, siu:

=9, (7.656)

OyHIA: ¢—XUCMHHUHT [ YIYHIINCUTA MOC KCITaH 3apsSLiy.
228
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7.20- pacM

Ocrporpasckusi-Tayce reopemacu (7.38) Ba noreHituaj-
Jap anupmacu ((p1 - (p2) HY ndoganonyu (7.62) bopmyaaiap
acocupa (7.63) — (7.656) napuu Hazapaa 1Tyru®, kyiuaaru

OMAMI DNEKTPOCTATUK MAMIOHAaPHUHI uuayKimscy D Hu,
KY'WIaHTaHiInrM £ Hu Ba noTeHUMaLap akupMacu ((p1 —qoz)
HU XMCO0120 YHUKMIL MYMKUH:

[. Bup Tekuc 34psJIAaHTAH YeKCHU3 TEKMCIMK
MaiaoHu. Papa3 KuIalinK, YCKCHI TEKUCINUK 3apsSLIHHHY
CHPT 3UWIHIH +§ G1iian Oup TeKuc 3apsnannan 6¥ncuu (7.21-
pacy). by maitionra Ocrporpajickuii-1'ayce TeopecMacHHH Tar-
OMK Kuamill YYyH MaijioH rpapuk pasuinia taceupianca,
2IEKTP MIIYKLH YH3UKIAPH TEKHUCIMKKA NEPTIEHAUKYISIp Ba
TawKapura kynatran 6yraou. by umsuiap rekucimknan doni-
JIaHnG MKKATa TOMOHTA UCKCU3 HABOM STaaM.

Ocrporpajckuit-Fayce TeopeMacuaaru 6epk (ErumK) cupt
cudaTuia 3apiamIanral TeKMCIMKHUHD Xap MKKajla TOMOHH~
EaH acocjJapy OnstaH yerapailanral TYFPU IIMAKHAD axparHd
oM kyAainup. byija uMANITAPHUHT HKKA1a acocH S, Ba S,
rekmupuoiaérran A Ba B uyxranapaan ¥Tu6, sapdanasran Te-
KHUCIMKKE Hapaties xoinaurad, Huaduap uauparn 3apsii
g = 5.5 6ynanu. LlwiuHap sicosunnapy MHAYKIUS YU3KKIApHU-
ra napaxien OVIrany yuyH, MANMHIPHAHT ¢H CUPTHIAll Yu-
KYBYH ;1CKTP MHAYKIIASI OKUMH HOJIa TeHr. 3apsiiianras re-
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7.21- pacwm
KHCJIMK MalAOHMIMHT A Ba B HyKrajlapunary MHIYKUMS BeK-
TOpAApH [), Ba [32 MHUKIOP XHUXATHaH ¥33po TCHTr BA KapaMma-

Kapun iynairan: D=~ D,; D, = D,=D .YV BaKkma €K
HWAWHAPHUHE CH CUPTHIAH YUKAGTraH TYa UIYKLIHA OKHMH
N yunnr acociapunat ynkaérran N, = DS, sa N,= D,S, vn-
AYKIAA OKUMIRPUHUHT HUFVUHIMCUTA TEHT OV1aau:

N = DS, + D,S, = DS + DS = 2DS. (a)

WKKHHYY TOMOHIAAH €MUK CUPTHAH YHKACTIAH DIEKTP HH-
LyKUHMst oKUMU N, Wy €nuK CUpT (UWIMHAP) HYUAATH 3aps
g =385 ra Tenr, AB-HU:

N=§DdS=q=3S. (6)
A

Lyrnai kw0, (a) Ba (0) HM TeHIJAAMTHPUO

2DS=58S (5)

HU o01aMu3. ByHian Oup TCKUC 3apsLIAHTaH TEKUCIHK DJeK-
TPOCTATHK MAMACHHMHI MHAYKIMSICY D Ba Ky'wiaHrawiury £
Kyunarura Tesr oYaanu:

D=

[S3{~%

) (7.66)
2%
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7.22- pacm
SN ) N
L= ™ Seg | (7.662)

Ba HUXOST, 3apsULIAHIAH TCKUCIUK Malizonununr I 5a 2

HYKTaJIapU OpacHiaru ((p,—(pz) HOTeHIIMALIAD alUpMacK
(7.63) dpopMynagan Kyiluparura reur 6yiagu:

15

n
. = |Fdr={-0—-dr=-0_(r ~ )
O -0, = 'r]?dr —-[2806 dr= T (r2 N} (7.666)
Y U
2. Xap xuj umopany 3apsgraapuudr -+ sa —8
CHPT 3HYJIMIY OuaaH 3apuaiallrad HKKHTA f1apa-
A€ TEeKMCANK MalgoHH. by Xom@a xap Xua dwopaiy
3apaanap 6uaaH 3apsianral MKKHTa TeKUMCAUK MafloOHUHK
reoMCTPHK KYIUMLE MYaM OMIaH euVMHY XOCHI KWL MYyM-
KHII.
7.22-pacMnard auimanga Mycdart sapsiuiapian YuKacrraH
KYY YHIHKAApY TyTaui. Mamdui 3apsiiaHraH TeKUCIUKKA
KMpagrran Ky'u UHM3HKJIApW 3Ca NYHKTUDP uu3ukiap Ounax
TACBMPAAHTAH 0V.110, Xap MKKAia TCKUCIHUK Opacuaary Maii-
JIOH KyynaHrahivik:apu £_sa £ Oup Tomolira nynanraiaup.
demax, 6y KyWIiaHTaIUIMKJIAPHUHT [COMETPHK HUFUHIMCH
apupMeTHK HWUFUHUCUTE TeHT OVAa)u, abpiu.
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E=E, +E =8 +-8 =38 (7.67)

2658 26,8 EE

-

ByHjaH 2/1eKTp MHAYKUMS [) HHUHT COH KMMMAaTu:

D =gy eE =3. (7.67 a)
Ba Huxosat 6up-6upuaan ! Macodaga xoinawmrax
TeKUCANKIAp opacuuary (¢, — @, ) NOTCHUMAIAP afiupMacH:

r )
0~ 0; = | Edr f;‘s- =2 (o-r)=L 1. (167 6)

f
ByHOaH 3apsiIHMHT CUPT 3UWIMIK § = % OyuraHu yyyu:

_ 4
0 -0, =2 1= 5L (7.67 1)

3. bup TekuC 3apsgANaHraH 4YeKCH3 Y3YyH
HUAUBRAP Maiaonu. Paauycu R OYnrad yekcH3 y3yu M-
JUHAP 3apSOHMHT YM3WKIW 3UWIMMH +1 OWiaH OGup TEKHUC
3apsyianrad OyacuH (7.23-pacm). By xomia énuk cupr cH-

daruna 3apsalaHrad HWIUHIP aTpo-

| >0 duna éu Tomouu A HyKTanau yramu-
,’\‘F b( raH y3yHauryu / 6yarad r>R paguycnu
3 ;‘} IWWIKHAD axpaTud onamu3. CuMmer-
| i Is pHUs TynIyH4yacura OMHOaH, MHAYKIIUS
L { YUSUKNApY HMIHHIP YKUAAH THK pa-
A8 v 5(4 Mai pasuiuga ityHanrad 6¥mub, uM-
L2

ausap Yxunas 6up xu1 Macodanapaa

>

MEKTP MHLYKIIASL D Ba xyunaHraH;mx
E BCKTOPJIAPUMHMHI. COH KMliMaTia-
pHY OHp Xux 6Vnagu. Y BaKTaa LIUAMH-
OPDHHUHT €MUK CUpTHAAH YMKASTran
SNEKTP HMHAYKUUA OKUMH N, YHUHT
€H cupti (cosa=1) man vuxaérran
N, =DS, cosa=DS, 3neKTp MHAYKUHS
oxguMma TCHT Gymum HWunyxuus un-
3MKJIapH LUWIMHIP aCOCHIA Napasie
H¥nanranu (coso=0) yuyH acocnapu-
NaH MHKAETraH JEKTP WHAYKUHSA
okumu N = DS=( Gynaanu.
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Hlynaaii xuan6, r paanyciid UM IMHIPHUHT MUK CHPTU-
JlaH YHKA&Tral 2JCKTP WHAYKLMS OKMMMU:

h =4 IS=N=D-§5. =

S ch!S N=D-§; =D2arl. (a)
s

OyHaa: Sg, = 2mr —LHHAMHAPHHHY EH CUDPTH 103aCH.

Hxxuiuy toMonaan Octporpajckuii-Fayce reopemacnura
OrHOAH E1TMK, CHPTAAH YMKACTIAH ICKTP MHAYKIIMSA OKUMHU

N, 11y CHUPT MYMIAIH UMAMHAPHUHT | y3yHiMrura Moc Ken-
raH g = ¢/ 3apaAnra TeHr:

N=¢DdS=g= (6)
3
Illynpayt kuoud, (a) Ba (6) TeHIamITHpKIIca, KyHuaaru
XOcH:1 Oynanu:
D2mrl =1l (B)

ByHaaH Gup TCKMC 3apS/UIaHTall IMAMHID AaH 7 Macodanari
NEKTPOCTATUK MAMJOUTIMHT MIAYKHUsICH D Ba. Kyu1auraH-
jiry E xyiiunardra renr 6yiauu:

D=z (7.68)
- D y
E= FOL(' = Preger (7.683)

Ba HMXOAIT, 6Up TEKUC 3aps;LIaHTALl YEKCH3 Y3YH IHAMHAD

XOCHII KANTAH MAWIOHHMII UKKM HYKTACH opacuiari ((ﬂl - (p:)

norennuaiap aiinpmacu (7.62) dopmynanad) xyiuaarura
TeHr O6Vnagu:

r2 12
—0. = [Edr=[=——2— & =_1 2
0,-¢, = [Edr=[ st STy (1689
rn n

byHard 3apsiiHUHD WH3NKAM SHWANTH T = 5} OyaAraHIIaH:

I
PO =3 . (7.68 B)

www.ziyouz.com kutubxonasi



4. bup Tekuc 3ap-
sajaiaaHrad cepa Maii-
Adotiu. Paguycu R 6ynran
chepa CUPT 3UUIATH +T
3apsaf OuIaH 6Up TeKUC 3a-
psuLtanran oyncut. Cepa
CUPTHHMHT YMYMU 3aps-
m g=05=8-4nR:. Cumumer-
pus My;a0xasarapura Kypa
3apsiaHral cpepaHuHT
3JIEKTPOCTATUK MaHJOH
HIJIYKUUS YH3UKIAPH pa-
JIMan pasuuLIa MyHalraH-

aup. LyHUHT yuyH xaMm .

7.24- pacu™ MAaWJOHHUHT WHIVKUHS

BEKTOpY ) BA KYWIAHTAHIMK BEKTOp E HUMI COH KUIHMATH
cdepa Mapkasuaan 6apodap Macodanapaa Oup xua oyrnaau
(7.24- pacwm).

3apsuUiaHral cpepauunr Tamwky (# > R) Ba nuku (' < R)
5,1EKTPOCTATUK MaH,I0HUHHU Kapad UHKaMu3.

3apsyanrau cepa Mapkasyaan r > R Macodanaru 4 HyK-
TAHU TeKiMpamu3. By HyKTagaH GpuKpaH Mapkasu cepa map-
Ka3uia €TTaH # paIuyCciy cepuk cupT Yrraszamus. By S =45 r?
€NUK CUPTIAH YNKAETIaH 3JEKTP MHAYKUHHA OKUMU:

.\'=47er

N=¢Dds=D [ds=D4nr. (a)
s 0

Wixkunuy tomonnan Ocrporpaackuii—Iayce teopeMacura
K¥pa, ENUK CUPTAAH YUKACTIAH 3JICKTP HHAYKIIA OKMMHK N,
1ty €HMK CHPT WYMAATH 3apsid g = d4nR? ra Teur:

(6)

(a) Ba (0) aapHy ¥3ap0 TeHISIAMTHPUO, KYHMA4rHHK Ola-
Mu3:

N= i: Dds = q =4nR?.
s

4nr®D = g = 4nR%S (®

byHnan 3apsiiv cdepa 21¢KTpOCTATUK MafIOHMHUHT
234

www.ziyouz.com kutubxonasi

l




puayknysacy D Ba kywiaHravaury E HuHr kuiiMati g Ba
§ opKaId UdojatapuHu aluKI1alMU3;

D=-4_ (7.69)

€, 4me, gt (7.69 a)

Iyuxait xunuo, (7.69) ra (7.69 a) dopmydanapaan
KYPHHAAUKHN, MeKUC 3upioranean cihepa mawkapucudazu
anekmpocmamuk Mavoonnune undykyuscu D ea Kyuianean-
auen E xyoou ynune 6apua 3apsd mMaprazuoa Myxcaccamaaul-
2andek, Hykmaeuii 3aps0 Maldooiu cuneapu XUcobaanap Kan.

3uaM 3apsiadrad chepaHyur Muuaa <R Macodana
érraH B HyKTaHu TeKmupaMu3s. by xonaa xam B HyKra opkasiu
MapKasy 3apsiiaHtaH cepa Mapkasuna étrail s =4m? cbe-
PHK cHUpPT yTKasamMu3 (7.24- pacM). by €nux s cupT nunia
3apan 6ynmaranu yuyyd ¢=0. Y paxraa Octporpaickuii-
Taycc Tcopemacura OuHoaH €nux s CHpPTAAH YUKAETraH
IEKTP MBIOYKUMS OKUMH A = 1)’ XaM 1101ra TeHI O¥aauu:

. s'=4m?
S=¢Dds= [D'ds=D'4m"™ =0.
s 0

ByHnaH, 3apsiLiaHrad cepux CUPT HUUIard Maiion HHIYK-
uysicu D’ Ba Kyunanranauru E7 xyitugarura Tenr 6yaanu:

D' =0 &ku E'=%=o. (7.70)

Wlynnail xunub, mekuc 3apadaanzan cepurx cupm unu-
Oazu 6ap4a HYKmMaaapoa saeKxmpocmamuk Madooniuiez unoyr-

yuacu py , Gunobapun Ky4aaHzanaue E’ XaM Honza merzoup.
By KOHYHMAT 3apsAiaHIaH UXTUCDUI KYpUHMLILATH
€MUK CHPT YYYH, XaTTO 3apsiaHran yTkasruwiap yyyu
XaM YpUHIWIMD.
Ba HuxoAT sapsmnanraH cdepa MapkasugaH r > RBa
r, >R HyKTazapuiard MOTEHLAALIAD aiupmack (9, - ¢,)
Hu (7.62) dopmyna acocuaa aHUKJIAHCa,
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I
(pl—-(p2=iﬁdr: g4 _.dr q (.l._l]z

4re,e 1 4”503k’| n

i j
(7.71)
—_9 .57
4me,€ nr
Oynanu. Arap TcKIUMpHU.Iaérral HyKTa chepa CHpTHIA, SBHU
r=RBa 5, =co0¥ica, chepa CUPTHHMHE TOTEHLMAIM:
=—9 _
¢ dne R (7.71a)

ByHjlaH KYpUHALMKM, 3apamilaHrad chepalldiur cupry OUp Xy
MOTCHUIMAINY HYKTaJaPHUHT TeOMETPUK YPHU OYNrany y4yH,
y DKBUIIOTCHIIMAJ CHPTAan ubopar Oynamu.

lyns Tabkupaan kepakku, gakar sapsananrad cepux
CHPT SKBHUIIOTEHIMAT cUpT OYAMaciaaH, s3apsiiuiaHrai yTkas-
IAWIAPHUHE Xap KAHJal CUPTIIapU XaM 3KBUIIOTEHI{UAIT CUPT-
AapnaH uoopar oyaaunu.

5. bup Texuc XaXMHUl 3apaiAnaHrad WAapHUIT
Maiaonu. Panuyeu R6Yaran, xakmM 6yitnua sapsyuiaiia ojla-
JUraH Niap 3apsyiHiAHT XaXxM 3uuadru p >0 Gunad 6up Te-
KMC 3apsiitaHral o¥acuu (7.25-pacm). Dy xosu1a 3apsuvtaHras

TalKHU §r>R)ua nuku (¥ < R) KMCMJIApHAard MailOHHHU
xucob;14b6 ynKaMu3:

a) Oup TCKUC XaXXKMMI 3apsiiadrall UWAPHWHT TALIKH
(r > R) MalinoHward A 1lyKraHu Kapab YMKaMu3.

Wapgary yMyMmuil 3apsl ¢ 3apsiHUHT XaXMUH 3UWIHIU
Kyiujarura TeHI O31aiu:

3
g=pV=p%aRr". (7.72)

By xo.ma xaMm, xaXMull 3apsjuiaHrad IHApHMHE TAIUKH
(r> R) MaIOHN XaM, xy@Liu cdepajarnick, dapua 3apsaiap
MapKadra myxaccamiaalnran HykKTaBu#l 3apsiji Malioonmnex,
(7.69), (7.69,a) Ba (7.71) dopmysanap acocuaa XMCOB1aHAIM:

-1 .49.; =P R.
D=g--4: éxu D=4 {32- (7.73)
b - 1 . / T ; —Lz P . 3 R ,
E= ;% T Anz, ﬁf’ CKH L= e = B ﬁ" (7.73a)
— — q .Q'-r - os - I 1) = ~
01 =P = e 2L, BKUM Q=@ =gl TN (7.736)
236
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6) oHiIN OUP TEKUC XAKMHK 3apALIaHrall WapHUHT MYKH
< R) Maitionmaarn B uyktanu Kapab unkamus (7.25-pacMm).
by xojuu Kapab MKy
YYyH. 1IIap MapKa3ugaH

¢dbukpan (r’ < R)panuycnw
chepa yuzamus. by ciepa-
HUHT 6ap4ya HyKTajsapu-
Aaryd ICKTPOCTATHK Mait-

AOHHUHT UHAYKUMACH D
Ba KYWIAHTAILIMTY F HANT
COH KMIMaTAapy Oup XUi
Ba pazuail 0¥nnd, MyKY
chepagaru g 3apsyua 60F-
aux, Uuxu r’ paauycnu

chepanary g’ 3apsil 3apsii-
HUIIT XAKM 3UWIACM O OpKaau Kyitaarnya uhogaianaimu:

7.25- pacs

q=p'=pim®, (7.74)

oyiaarn @, (7.72) aa p = -4 Bynranu yuyn
yuaaru P, ( )A«r%nRay yu3

(=g 5" =qlz). (7.74a)

[Hyuzait kuaub, ¢° 3apsanu OyHAa#H anuKIan MyMKUH:
g = pi%m' 3= q(fﬁ) . (7.746)

3apsignaHrad WApHUHT § = 4mr’ W9KA €NUK CMPTUAAH
YUKAETraH SAeKTp HHAYKIHA okumu N’ , Supurunnan:
am™
N’'={§Dds= [D'ds=D4m"™. (2)
s o
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Wxknnuunad, Ocrporpanckuit-Tayce tcopemacura 6y-
Hoak 8IIMK CUPTIAH YMKABTTaH 3JICKTP HHILYKLUI OKUMU N7,
1y CHMK CHPT UMHUIATH 3apsaa g’ T4 TeHr:

’’_ 2 A SNy S N 7 3
N —f’Dds—q——p:;n‘r —q(R). )
)
Wyuirain Kuaub6, (a) Ba (6) HU TEeHTAALITHPUO XOocHi
KWJIaMH3;

D'4m? = ,of;—fcr’-3 = q(frl)z. : (B}

ByHzIau, XaXMIit 3apsUUIAHIAH WapHUHT nuku (# < R) KucMu-
JArH 3J1eKTPOCTATUK MAMIOHHUHY NEKTp MHAYKIMsAcH D’ Ba
KYYSAHIAHINTY £ HHHT COH KMHMMATH:
’ J. 7 e ’ _ q (_,-_'-)’¥
D= 5 or' Exn D =i (7.75)

E = F’,); = o txn B =L =-—i’—("-)J (7.752)

3g,¢ £, 47;3057’2 r

XaxMHH 3apAAIANTAH IAPHANT WIMAATH MKKY HYKTACHHUHT
NoTeHNMALIap alupMack (@, — @,) uu (7.58) dopmyna aco-

CHIE aHMKIIaHAN,

% 5
0,0, = | Ear=[glorir =g =) 76

’ o
A i

KU

A
0 -, = jiE'dr = f 4”:11)&3 rdr= 87:8(:5"3 ("2’2 "’i-) (7.77)

5 5

7.26a, 6 -pacMiapila CUPTKM 34psifnatrad cdepa Ba xax-
MU 3ApSIGIaHTal LIap XOCHA KWITdH DACKTPOCTATHK MaiifoH

Kyusanraniukiapy E Huar Macoda rra 6orntammw £ = f(r)

238

www.ziyouz.com kutubxonasi



l 1
! 1
g R 7 0 R z‘
a g
7.26- pacy

rpadwmry Keatupuaran. 7. 26, 6-pacMmaary rpapukiaH Kypu-
HAAMKM, WAPHUHT cuptH (r = R.)Aa MaluoH Kyw1anraHauru
yaunmmra sra. Bynra ca6a6 wap (¢) Ba ynuur atpoduiary
Myxur (g) HMHr € BAa € HMCOUI AMIJIEKTPUK CHUITIMDYB-

=

YAHJIUTUHMHP Xap xun o¥annimaup (7.26,06-pacy e<g’ xoi
VUYH YPUHAWIHP).

TAKPOPIALL CABOJLIAPH

1.DnckTp 3apaam Ae6 ummara afimiciagn? DNEKTP 3apAaMHMIN MKKH
TYPH KaHaall Kaly.l KuiiHain?

2. 3apaiiapUHHT CakIaniil KOHYHHHU Tabpidaanr Ba VHIZ MHCO]
KCATUPHHT.

3. 3apaAUHT AHCKPCTIMTH HUMati Hdorataian? DacMeHTap sapsa
nyma?

4, DACKTPOCTATHKANKMII acOCHit KOHYHH— KyIIoH KOHYHUHH Tabphd-
JIIr pa MateMatik ngoaacuuy E3mur. Japsaddur CH aaru o 6upiuru
KaHaaif?

5. MyXMTHUHT HHCOMIT AH3NCKTPUK CHHFABPYBYSIGIMIK RO HUMara ail-
THAaIM?

6. 3apsL1aHraH HKKU MakpOCIIHK XHCMHHHE ¥34p0 TabCupHUH Hdoda-
a0BuM Qopmynany EIMHT Ba TYWIYHTUPHO Gepuir.

7. Oaucaad Ba SKUIAH TabCup KM HAa3apHa1apuiy gapxy Kaii-
xai?

8. Maition aeG iMmara aTHIaIH? IAeKTPOCTATHK Maitaon aed-un?

9. «CHHOB 3apsiin~ 1ed KaHaait 3apsiura aifTHiaan?

10. DaeKTPOCTATHK MaHIOHHHNT Kywianrawinry 16 HuMara aliTiaa-
An? Hykrasuil 3aps XocHT KHATAH MAfMONHUHT KYWIAHTAHAUTH HHMara
60raHK?

11, DaexTp MaldoUHKHHC CYIICPHOIMUHS (KVIIHUI) APUHUHIHHY Tab-
pud.taiir pa MaTeMaTHK HdogacHu ¢ sHr.

12. Daextp aunoau Hrma? JdNOIHHHT ICKTP MOMEHTHHHA Ba MICKID
MaILIOHMBKIT KYWIAHTALIHIKGHY udotanosun GopMyiianapum E3uur sa Ty-
wyHTupuG Gepuur.

13. Back1p Kyt 1n3nKiapk jicl nuMara aituian?

14. DackTp UIAYKUHA (CHIKHLL) BEKTOPH Ba OKHMH iach nusara aifru-
naau?
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15. Ocrporpaackuii- Fayce TeopeMacyii taspudaanr sa HopMyaacuiH
éanur,

16. DierTpocTaTHK MAKI01A0 3apATHHET XY4ulunaa Gaxapuiran M
HEMara 60rHK? DACKTPOCTATHK MAMIOH Kyuyn Kanpait kvi?

17. DanekTpocTaTHi Mail:loH KYWIaHFAILTUPY BCKTOPRHMHUL ENMHK KOHTYDP
B¥imua uupky.siisgcy ae6 numara afiTiiaan? Y unMara TeHr? Daexkrpo-
CTATHK Mailaon Kawiak maivion?

18, MalaoH1ary 3apsiIHIHT NOTCHINHAA DHEPrusicy AcO HuMara alTH-
Jaan? Maitonuune noreduuazu ge6-uu?

19. Mailpon Kyyjanral;dry Ba noreHuHaIy ¥3apo Kallah bortanum-
ra vra? Motenunas rpaauentn vumann udoaaraian?

20. Bup TCKHC 3apsaIianlaH TeKUCIUK, Napailie] TCKHCIMK, WWIMHIP
Ba IHAp MUHAOHIADHHMHT KYWIAHTAIGIMKIAPH Ba MallioH WoTeHLHALIap
aifupmanapuny 1Qoa10BIH hopMysiaaap E3UACHH,

8- bOBb

DIEKTPOCTATHK MAWIOHIATH YTKA3THUY
BA TUDJIEKTPUKIAP

Mogaaiap 21eKTp Xyeycustaapura Kapad §rkasruy, u3o-
JIITOP Ba SIpUM VTRasritapra Oy anHaau.

3apsuIapHy 2PKUH Y3aTa OJLjIMran XXucMiIapra ymiasauy -
aap ACHHTAH, 3apsiaapiy ¥TKa3a oAMapaural xxucMiapra
3ca uzoasmopaap EKu r)uo,zezcmpzm.qap seituiaan. Vrkasruunap
Oumpunuy Ba kKM Typ VrKasruugapra 6ynuuany.
Bupunun typ yrrasriuiap €ku coplarnua Yrkasrudaap aed
3apsULIapHUHT KFUHIIMAQ MACCACH Ba KUMCBMI TapKubu Y3rap-
MAc KOMaauran xiiemiapra antiiaan. bapua Meraiuiap Ou-
PHHUM TVD ¥rRasrywlapra mucosn Oynanu. MeTainapuyur
NeKTP YTKazyBiaH O¥auinura ¢abab, yH/1arn Oup KUCM dlex-
TPOHAAPHUHT HPKUH Xapakartaa Oynummanp. bynnai snexr-
powsapra dpKHH KM ¥TKA3YBYAHJIUK 3JICKTPOHJAPH
Jenusiany.

Mxxunun Typ $rkasryysiap aed, 3apsiaapuHulr Kyanimna
Oy VrrasruynapHuHr domka Yrkasruy 6uiaaH Terud TypraH
KOWEPHIA MOGIAZAPHITINT TAIUKWT 3TYBUMAApUTa axpana-
Ad1aH, SbHH KHMEBMH Ysrapaauran Mogjanapra airuiaiu.
Ku3iupud apirriiirai Tv3snap. XaMua 1v3, KUCHoTa Ba MIKop
IPHTMAIADH—DACKTPOIUTAAD UKKUHYH TYP YTKasrvusiapra
mMucoa 6¥aanu.

'-)1c1<'rp 3aps MUY YTRasMaiiiuray MOIasiapra JIUsNicK-
TPUKSIap EKM H30AMTOPITAP JCAKAAU.

AMdaexTpuKIapra MIcoi Kuino, tys KpMCTadepH €rrap,
XaBo. Hmna, MMM, >00HHT, Kayyyk, Kaxpabo Ba iuyHra
yXuian MoAIanapHit KVpcaTtvul MyMKHUH,
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XO3upry BaKTARA SIpUM YTKA3TrUUaap aed ataTyBun aio-
XUIa MOJLAIAD XAM MABXYauup. SIpuM VTKasryuap—sMerai-
Jjlap OWs1aH AMDSICKTPUK (M30A5TOP)Iap OpPAIMFMIAIY MOAna-
Japaup. SpuM FTKASTHUWIAPHUHT MYXMM XOCCANapU 1HYHAAH
nOOpaTKH, yiapad 3ACKTP TOKMHY YTKazuuLan MaHdui sap-
SIATAP — JIeKTpoILTap OunaH Oapua KMHAMAaTH 3JICKTPOH 3apsi-
AMIa Tenr MycOaT 3apsuLiap — KOBAKIAD XaM KaTHALIAM.

YTKasruy, sipuM YTKA3ruy Ba JAMDICKTPUICIADHHAHT 2IEKTP
VYTKasyBYAHIMIHHH 8. 1 - K4/ IBi11a KCITUPHITaH COMMILITUPMA Kap-
IIVCIMKIapHUIT KUidiMaTaapu Kypraavanu wdoapanad 6cpauu.

8.1-eadsan.

Momxiatap | Vrkasruewiap Apny Vikasruwaap | HHanekTpHkaap
p,0M. M 108 — 14 10-4 — 10° 10¢ — 1913

8.1. YTKASITHWIAPTA 3APSLTAPHUIIT TAKCHUMOTH

KaTTHK MeTALT YTKa3ruuiap atoMaapaan Tysuiran 6y:uo,
ATOMHUUIE TAPKMOMI KMCMH 3Ca MyCOaT 3apsLUId sAPOLAH Ba
MaH( Uit 32ps;UH 3ACKTPOHIAPAAH TY3WATAHIMP. Xap Kanj1ai
MOIAHMHT aTOMY HEUTPaiaup. UyHKM aToMaIrn XIeKTPOH-
JIap COHNM SiAPOAArU MPOTOHIAP COHMIA TEHT. YTKa3rHUHUHT
APKUOMIArH MyCOAT Ba MaH(U 3apsIV 3appajiapy TeHr
O§:1ca, OyHaal YTKasruu sapsyLiaHMarat Jenmiajin.

YTkasruyjia 6Mp Xua MIHOpAIM 3apsara 3ara Oyiran die-
MCHTAp 3appayaiiap opTUK 6yaca. yTkasruy sapsisiarran 6yia-
Itd. YTKasrua sJcKTpor/Iap HpoTotiapian kv 6yaca, y MaH-
$uit 3apsjvianajK. 2NEKTPOHIAD eTHIUMAraHaa 3ca Mmycdar
3apsuLTaHanu. 3apsyuianrai VTKasrHyaa aca, 3aps/uiail yeyliu-
HAH KATbM Ha3ap, MycOar Ba Manbuit 3apgaa1apHyHT TEHEAU-
v Oy3unran 0yaanu. YIKasruuaard 3apsLuin sappadaiap Xyia
KHUHMK KYY TALCUPH OCTHIA XapaKaTAaHMIIY HATHXACH/A 3ap-
A1aP KakTa TakCUMAaHaau. Arap OMpop VTKa3ruwaa 3apsi-
JlAp MYBO3AHATIA OV/ICA, VTKA3rHY HUHMary HCTaan HyKra-

Ja MadoHHUHI Kywianratpiry E 14k Hosra tedr 6ysianm:

E = { (8.1)

HYKH >

[UyHzal KUAM6 3apsiaHral rkasrueiap xakuaa 6yHiail
XyJ1OCUTAD KEeAUD YUKAMH:

a) 3apSATAHTAH YTKA3TMY MUUAATH MAMIOH KyWIAHaH M-

ru E=E, =0 6y1ud, TAIUKM CHPTHHUHT UXTHEPUI HYK-
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TACHNA KYWIAHTAMIMK BEKTOPH HOpMan HYHajraH, AblK
E=EL . OV1a1u.

6) 3apx1manran YTKA3rMYHHUHT 6yTvu XXM IKBUIIOTEH-
umait (¢ = const) 6¥1aan. XakuKaTaH XaM, 3apsi,u1aHraH yTKas-
MY XaOXXMUHUHT MXTHEPUH HyKTacuaa £ = 6Virany yuyH
do

,(7._._5 o L d[\ 0 éku o = const 6y1any.

HUKH

B) Japﬂmauran y*xéasmq cuptuwia ypunMma 6yii1ab iyna-

raH KyulaHradauru Fr=0 Oyamwuy wapt, ake xomia [t
TABCUPHA 3APALHMHE MYBO:}aHaTJIM TAaKCHMOTH Gy3uaraH
oynap aau.

) YTKasruwiaru ¥3apo KoMueHcauMsilalMaras sapsiaiap
(aKaT yHUHT TAWKY CUPTHIA MYBO3aHATIM TARKCHMaIanagu. Y
sakmita Octporpajickuit-Tayce teopemacura Omuoau YrKas-
THY UYKHA KUCMHUHU YpOBUM § CUPTARH YUKYBYM DACKTP MH-

AYKLHSL OKUMH N = 551)",, -ds = q, =0 6ynagu. Ulyunaii
S

KWiInD, 3apsiasiaHrad YTKasrMMHUHEC MYKKM KHCMM MaiiaoHu
HOJIA TEHT.

) 3apaIaHIaH YTKa3rud CUPTH SIKUIAIATY 3CKTPOCTa~
THK Maitaon Kyunanrawanruiu Ocrporpaickuii-Tayce Teope-
Macy acocuaa aHMKIaitMu3. DyHUHT y4VH 3apsiianrail yTkas-
rMY CUPTHAA 3apsUld d5 dieMeHTap I03aHu aXpaTid 01aMu3

-(8.1-pacvm). By 103amaru 3apstHMHT CHPT 3W'LIMTK § Gyaca,

8.1- pacu
242

www.ziyouz.com kutubxonasi




——

YHIaTH 3apsil dg = § ds 6ynaau. Pukpain. ds 103a;1an dagana-
JIHIY dl, ACOCNIAPUHMHT 103acy ds” Ba ds” OYIraH HUAMHIPHU

TUK paBHINja YTkaszamus. by xona ds= ds” sa ds = ds” 6yna;jm.
VTKasruy CUPTH SAKMHUAATH 31€KPOCTATUK MAMIOHHMHT Uii-

Aykumsicn "D pa Kywiaurawidiu E, Bekropiapu yTKasruu

n
CUPTHFa NepneIyiuKy.aap hyuaaran 6Vaanu. Ilyuuur yuyn,
UMIMIDIDHMHI €H CUPTHIAH UMKQIUTaH 3JEKTp MHAYKIIUS
oxuMM Hoxtra TeHr 6ynann. [lmHiapiivmr uiku acocuumuHr
ds” 103aCHAAH YUKAETrAl SMCKTP UHAYKIIAS OKUMU dN” xaM
HOJra TEHI BYaany, YyHKM VTKA3TUGIUHT WUHIATH MAaiioH
HoJIra TCHrAup. bunobapuH, IWIMHAPHUHT €MUK CUPTHIAH
YUKAETTAH DJIEKTP HIUIYKUMSI OKMMH LWIMHAPHUHT IOKOPH

CHUPTH ds’ 103aCHilaH YHKANMIAH OKUM dN'ra TeHraup:
dN =dN" = D ds = D, ds. . (a)

byHaa D, —VTKasruy cuprara HopMal HyHairalh 3HexTP
MHAYKUUSICH.

Hkxuiuu tomongan Ocrporpagckuii-layce recopemacura
OMHOAH, IACKTP MIDIYKLUUS OKUMHM CHUK HIUHAPUK CHUpT
WUMIATH 3apsii dg ra TeHT:

dN = dg = Sds. (%)

(a) Ba (6) HHHT 4am TOMOHAApPY TEIr oynrdHn YUVH yiap-
HHUHI YHI TOMOH/IApH XdAM ¥3ap0 TEHTAHNP.

D,ds = 8ds. (B)
ByHaa 3aps/LIaHraH CUpPT SIKMHUJAIM 3ICKTPOCTATHK Mai-

- -

JOHHUHT JICKTP HHAYKUMSICH D, Ba KyyiaHrav:imrn E, Muk-
0P XMXATAaH Ky#uaarura TeHr 6viaam:

. _ D 5

D=8 E =53 (8.2)
ILlynpait xvnud, sapadaanean ymaseud cupmu sKUHUOGU
DAEKMPOCMAMUK MAUJOHHUNS KYUAAH2aNAUY J(lpfl()lluﬂz cupm

3unaueuea nponomuonwzdup
MypaKKaG wakiaary yrkasrnyia (8.2- paCM) 3apsa Tag-
CUMOTH TATOMK KUAHHTAILAA 3apsiHKIT CUPT 3UYIIMTHA TYPIIU
HYKTANapUa TYPIIMYE 2KAHIAWMTY MabiyM O¥Iau: uyKypiaux
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8.2~ pacm

MMUE Y HOMTA SIKMH (8 HYKTA), VTKHp y'WwWIin APHI yYula SHT
KarTa KMiiMaTra ara (B HykTa) Ba €H CHPTHIATH HYKTaNapaa
(D cuUpTHA) OpasIMK KMAMATI4pra ara 6y1anu.

(8.2) ra ouHoOan MEKTPOCTATUK MAWAOH KY'WIalTAILIHIU
E 3apaaHunr cupr suuaurura nponopurouatup. [lyiumy
YYYH XaM Mypakkab IAaKUIM YTKA3CWd CHpTHAa MaiioH
KY'WIAHTAHIUIY XaM Typanua 6¥naau. Y srpuiauk patuycH Xyaa
KUK O¥Iarad yyacrkanap siKMHWAQ, s’bHY YWIN Xoitiapaa
XKyfa KarTa 0y;1a/1u.

By MeTajs1 yunHKiaa 3apsiuiapHaHL ¥3dra Xoc 0KMG YuKu-
Y xonucacura 0an6 Kenanun. byuuHr cabadu wyHaaku, yu-
MK atpouia MaiIoH KYWIAHTAHIMIM XKyaa Karra 6ynaau.
YTKA3rdYHUHT YTKUP YYMAATH KYWIHM DACKTP MaiIOIH, YHHHT
¢HMIATM XaBO MOJICKYJAIAPY KYAA KATTA JJAEKTP KY4aapH Tab-
cupuaa Mycdar Ba Mainbuil HoHapra napyalaHaau. YTkas-
ruyra Hucbatan KapaMa-kKapuiy sapsguianrall mowsiap yrkas-
ru4ra Terud Hejirpaslianlagy Ba acTa-CeKMH YTKA3rU4HH 3a-
psiicusnaiin, Vrkasruy 6unan OMp XKW MIWOPAIX HOILIAP 3Ca
VTKUp YWIAH v30KNamap 3KaH «3eKTp IIaMOIUHK» 103ara
KeATupaau. By wamon, MacasiaH, ¥TKUP yyra siKM HJ1alUTUDHIT -
raH IaMHUHT &1aHracuHy oFaupuiiy (8.3-paca), €Ku eHTuI

N

8.3- pacm 8.4- pacu
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MeTaln nUpiHpak (PpaHK M NUPIIMPATU)HY PeaKTHB KyY
alsTaHTHPULIY MyMKuH (8.4-pacn).

Yiiu FrKasruErapiiHr Kapab YiKmIrad Xoccanapu aMamia
TYPJAK KYPUAMAIAPAAH 3apsLLIapHy YuKapyo 1odopuLna ¢oi-
Jananuaaay. KOKopy Ky'wiaHvil ocTuiaa yliaiadran dapya
acb0b Ba MawMnaaphad 3apianjapirHT OKUO KEeTUIHIIMHT
OJI/IMHK OJIMIH YUYH METAMI CHPTAAPH CHILIMKIAaNaju, Me-
Ta CTCPXCHHUHT VUIADUIA WApUaiap XOWialTupUIaiU.,

DACKTPOCTATUK TCIHEPATOP. JapsilLiapHUHI Qaxar
YTKa3THUHMIT TAUIKY CHPTHIATMHA TAKCUMIAHKAILHN X0AMCACHIaH
Kyda I0KOPHM KYUAaHUHIra MYIKAJIIAHTaH 3NeKTPOCTATHK
redeparop:iapaa Goigataiuiran. JapsuLiapHUHI Xap A0UM YTKas-
PMMHUNT (DAKAT TAUIKYM CHPTHUATHHA TAKCHMIAHMLL XOUMCACH-
JAH I0KOPH KyWwiaHuI osrdinra umkon depajturan Ban-aep-I'pa-
aQHUUT JTCKTPOCTATHK TEHCPATOPH KYPHIMINUIE MOXMPIIMK
oWwIaH (poRAANAHWINAH. YHHHT HULIANT NPUHIMITY KYAWarnsa:
14 6YII IAPCUMOIL YTKABIMUHMHT HUMIA OCPMIITaH Xap KaH4ya
3apsAn’ yoia 30X0THEK TalllKy
CUPTHIA YA (1. DIACKTPOCTATUK
reiepaTopila XyAdd LIyiai 4000000 B
XOAKCA aMATa OLHPIWITaH G- + *
jtud, y KyHMIarnua Ty3u.IraH: +
Y MUK KaBAK KATTA [113PCHMOH

yrkaszruy 1 aan woopar 0¥1ub +
(8.5-pacaf), M30ASIMSAOBYH +
unanHap 2ra Yypratwirad. Un- +

JUILID HUMIAA pe3uiiasiaHral
Marepuanian KuIMHrau uek-

13 TacMa 3 MKKHYa 1iKuB 4

Ouuan aknanMa xapakatiaa

oyiaaau. Tacma y4wiaukK cuc- -
temacu § EpnaMuama sapsi- |
aaHany. Pesnna tacma map 7

ANANARERANANAN (NNANANNNRNANNNN Y

Y ANANNVRANINRY NNNNNNNANNNNNNN YA

I -
GHIan yIaHIall Y4IMK1ap cuc- { 400008
TeMacu 7emnuaan ytud, keatu-
pwWiTay sapsuplaphu yHra Ge-  _L/777R7T7ITTITITITITITIITY

pajiv Ba Oy 3apsLap UIAPHUHT
TaliKy cHpTura T¥aa Yranm.
AMajia 11apia XOCHN Ky-
JMIL MYMKHH OYIraH Makcu-
MaT NOTEHLIMA 3aPSUTAPHHHT MAPAAH CAPKUIUK (XaBOHKHT
womstanmIiny tydaitau) ouan anniadaad. Bakr Oupiuru
MYMIA TACMA KCITUPAETIAH 3aps/iap—TacMa TOKH CHPKMIL
Ty(aian HYKOJIraH 3apsiit —CHPKUIIL TOKKIa TCHE 6YJIMG KO-
ranfia wap HOTCHIIMAIMHUHT OPTUINK THxTaiau. [LyHUHT yuyn

8.5- pacM
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XaM, aMajlga UMKOH DopUYa TaCMa TOKMHU OIIMPHUILra Xapa-
KaT KWIMHAIH.

XO03Upry BakTAa JNCKTPOCATHK releparopiap epiaMuia
3-4 MWUTHOH BOMALITAMA KYUWIAHWIL ONUIL MyMKMH. ByH;1ait re-
HeparopsiapHunr danatiiurn 10-15 m. [Hapsapuunr auaMcrpu
4,5 M raya etaay. babzan 31eKTPOCTATUK FellepaTop:iap CUKIWI-
TaH a3l KaMepasiapla XOW amTHPHIAAN, YyHKHY I'a3 60CHMH
OPTramia Karra NOTeHUHAN1A CUPKKIU TOKH XOCH.T B6Viaau.

4 siH. B notcHUMaLap papkMHH OJTHHITa MMKOH Oepaii-
rad Ban-pep-Tpaad rexeparopn 1936 finnga Xapbkos wmax-
puaa YKpauHa (pU3MKa-TCXHUKA MHCTUTYTHAA KypHITrau.

8.2. DHEKTPOCTATUK MAHJJOILIATH YTKAZIA'JIAP,
DIEKTPOCTATHK UHAYKIIUA BA MAWIOHIIMHY
AEQOPMALUMAIAIIMILHA ‘

Xap Kawaait yrkasruaiu MILKAIAHUIUCKS BA YHU 3apsiuin
OollKa XMCMIa TEKKM3MacdaH, €HURA TYPraH 3apsilaHlaH
SKWCMHUHT KYpcaTraH Tabeupu OMIIaH XaM 3apsiUiall MyMKHH.

Arap 3apsyLlanrat YTkasruy Talky 3IeKTPOCTATHK MaiI0HTa
XOMIALITUPIICA, SACKTPOCTATHK Ky4 TALCUPH/LA YTKA3IMYary
SPKHUIT DACSKTPOHIAD MalWIOH KY'WIAHTAHSMPMHKIIT BEKTOpU £
ra xapasma-Kapum rtomoiira cuwpkuiau. Hatnxana, yTkasruu-
HUHI UKKH TOMOHMJA Xap XM MILOPAH 3apsyuiap xocun 6y:ia-
AM: ICKTPOIIApH OPTUKYA YUY MaHbUi 3apaLiaHaid, J/1eKT-
POHNAP CTHIRMARMMIAH YUl 3ca MycOaT 3apstUIaHa;in.

Hlynaait kuau6, rawki 5;1CK pOCTATHK Malaon TabCHPH-
Ad YrKasrvyla Ba MaBXxya OyiaraH, MUKAOP XXMXATAAH TEHT
Oyaran MycOaT Ba Manduil 3apsanapra aXpaTrlll XonMcacura
QACKTPOCTATUK HHJAYKUMS EKM TabCHPp OPKaNH
3apsasiau gedunaau.

. - — — —
—_——t— \\_—_—’

™~ - //,’——‘

— e

—_——— e ——

e ol —_—— — —

— i T R e e
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— Y —— e
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DSICKTPOCTATUK MAMIOHFA KUPUTHATAH YTKA3TUYIarn uH-
AYKUMSTIAHTaH 3apsyptap MalIOHHUHT MAH3aPaCHHU V3FrapTUPaLN.

8.6-pacMila OUp XUHCAU (£ = const ) 31eKTPOCTATHK MalIoH -
ra KUpUTWIrall 3apsiIcu3 MeTA WapHUHT Oy MAaMIOHNY jie-
thopManMsinalIM TACBUpAAHTaH. 8.7- pacMad 3ca HYKTaBMi 3a-
PsUL XOCHIT KMSIraH 2ICKTPOCTATUK MaiJIOHFa KUPUTHATAH YTKa3-
ITMYHAHT Oy MAlIOHHH jiehopMaLMsUialiv KYpCaTuillaH.,

DJIEKTPOCTATHK MaMI0HTa KUPUTHATAH YTKASTUUHUHT KHU-
YHUKPOK, NOTEHUHALIM HYKTATAPHIAH KATTAPOK, NOTCHIIMAI-
Y HYKT@IAPUTa 3PKUH jICKTPOILIAD XapXoa oka Donuaigm.
Harrxaga YVrkasruyHUHI CHPTH 3KBUIIOTEHLIMAT CUPTra aji-
JaHaay Ba KyY YM3HKIAPH YTKA3I'WY CUPTUra My1airai Basu-
SATHY OJIAAU. YTKASTHYIa KUPYRUM KY'U UM3HKAAD COIM YHAAH
YMKAETIAN KYY YH3MKTAP COHMIA TeHr OVAraHu YuvH, ¥TKa3-
I'MY MUMAArd 3apa/L1apHunT aredpamk AHFMHAMCH HONIA TEHT,
0MHOOapuH MaIOH \iM HO;Ira TCHIIAUP.

Tawxu saexkmpocmamur Maudorea KUpumuiean ymeazuy-
dau um)yxuumaueau 3APA0 KUCKA GAKIN UHUOQ WIVIOQH mAKCUM-
aanadurxu, YmKazeuy uuoaeu Hamuicasui MaloonHuHe Kyuaai-
2aHAuU NnoAza meMe Oyazandazund, 3apsSOAdpHUMZ YKA32uY
oyu1ab xapakamu myxmaudu.

[yHaait Kuaud, 3apssviaHrad yYTkasruy Ky 3JeKTpoCTa-
THK MaiROHIAIM VTKA3rdy KYHaa MAWOHHUHD OVimMaciurura
acocat! 3MCKTPOCTATHK MyX0(asa sipaTwirai. Arap xap kawinai
¥iuoB acoobu Meraut Fuiod) MuMra XKOMMAWTUPUICA, TALIKU
JICKTP MaHIOHAapH FWTOMDHUHY uumMra YTMaiad, sibHu Yia4os
acOOOMHMHT MILLIZLIY BA KVYPCATHIIM TALLKY SACKTP MAKZOHHUHI
MAaBXYJIALUIA BA YHMUHT Y3rapuilinra 60FHK 6ywzm,m

JneKTpocTaTuK Myxodasa xosucacuuu oupuiiyu 6y.1u6.
1836 tiunm Mapaneit raxpndaja HAMONMLI KWaraH. Y Xyaa
IOKOPY VUKYIUIM KYUAAHHIITAYA 3apsiUIaHIal METa KATak
_(d)apa.-'Leﬁ Kadacu) uumiIa TYprasaa xeu KaHaai MaiioH Tab-
CUPHHH Cce3Maratl.

8.3. DJIEKTP CUFUM. SKKASIAHTAH VTKAIrMYHUHT
DJEKTP CHFMMU

MabyMKH, 3apsSanalrai XXUCM Ba YTKa3ruuIapHuNT 1an-
CUpHAal XOouu OVAraH, SIbHM SIKKAJAAHIaH YTKA3rud 3apsil-
Jlalca, CHPT aKaura Kapab 3apsid Xxap XUi CHPT 3HUAury o
Ou1aH TakcuMIaHaau. [ynuir vuyd xaM yreasruy xap oup
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HYKTACUIArY 3aPsiITHUHE CUPT 3UWUTHIY LY HYKTAJIAary 3apsai ¢
ra nporopUHOHATIND, SDHU:

&= kg. (8.3)

OyH/a: k—yTKa3ry'l CUPTHAArY Kapad ynxuaaérran HyKra Ko-
OpAMHATACHMHUHT OUPOP DYHKIIHSICHAUD.

3apsanatran yrkas-
I'UY 9KBUTIOTEL{IIHAN CUD-
TUHHHT @ ITOTCHIHANTMHY
AHUKAALI YYYH, YHUHT S
€1HK CHpTMHH 3apsdiiu
dg=38ds ra Tenr 6ynrau ds
3JIEMEHTAp K3auajapra
axparud Kapad unkKamus
(8.8-pacm). Xap 6up GyH-
Jlaii 3apsinHU HYKTaBU#M
3apsa Aed  Kapaul MyM-
KMH. ¥ BakTha dg 3apsa-
Jiad ¥ Macodagaru Mai-
JOHHWUHI" HOTCHIMANN

8.8~ pacm

aney er 47t£0 e’
G6ynaan. (8.4) naru & uunr udonacunn (8.3) ra kyitnnca:

_ kqd,
47:500 (8.4a)

By nooaa €nuk S cupr 6¥itnua MirerpainaHca, saps/uiaHraH
VYTKA3ruy CUPT NMOTCHUHANM @ KCAHO YMKanu:

d = § kgds _ ’fkdb
4morr 4}[&01- (8.5)
B e $kds , & Ve aan
YH/4; . nHTerpan udboaa, OcpunraH YrkasrUUHUHE
WAKK Ba reoMCTprK YiryaMura CorInK OYaraln ysrapMac Katra-
JUKIUP.
(8.5) dopmynanan KypHHAIUKH, SKKanaHrad yTKasruu

HOTEHUMATM @ YHUHT 3apsyly ¢ 4 NPONOPLIHOHANAND. YTKA3-
THYHMHT 3apsiivd ¢ HY CUPT NOTCHIMIN @ ra O6YaraH HuchaTtu
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yarapMac KaTrajinuk 6ynub, y Gepuiran YTKABMM Ty sapsia
TYILIALL XYCYCHATUIY ndonaiad, yura iKKatanray yoqs.
FHUHUHT 2NEKTP CHMFUMM ACHMIAM BA C Xaphy Guar
OcArnnaHaju:

=4 () & = )
C—q’ (a) ékn C % (8.6)

[ynpait KUTUO, AKKAAAH2AR YMKA32UHHUte DACKMP ¢4y et Oe6.
YHUHZ NOMEHUUAIUNY Gup OupauKKa y3eapmupuit y, ., 3apy1;

Gynean 3apadea MukIop scuxamoan menz Oyaean Sy eamma-

aukka aimuaaou. .

(8.60) JaH KYpUHaAMKK, Xap Kailiai SKKaMlrgy yryas-
PMUHMHT 3IEKTP CHFMMY, (DAKAT, YHUHT MAKIH, peoyerppk
yrgaMu Ba y TYprat MyXUTHUHT AMBACKTPHK XYCYCUgrira GOE-
TUKAMP.

SIKKaaHTaH YTKa3ruy JIEKTP CUFMMMA MHCOMNYG 1y ry
3JIEKTP CHMFHMMHM KApab YHKAMH3. ®apas KMngiipk. R
panUyCI SIKKaIaHIaH J1ap ¢ 3apsil Gu1anl 3apsitiatryy 65;3(;’”“.
VHMHI CHDTMIATH HOTEHUMAmd ¢ XYW HYKKagyy sapgn
XOCHM KWITrall MaiIoH [IoTeHIUaMHH XHCOBAA Qo pvacy
¢= 4mZ,eR (7.55) acocuma anmkanand. TloTellng e 6y
udonacuHu (8.6 a) ra Kymumca, AKKAAAHTAH WaPHKy - 5pekTp
CUFUMH Keaud YUKau:

g ghmegeR e
C=0="3 =47EER. 8.7)

Wlynaait Kuaub, sikkaiatral IHAPHAHT DIEKID cprvn C
JIAPHMAT PajiMyCHIa Ba Typrai MYXMTIMHE THMCKpy e capir-
AUPYBYAHAMIU E Ta POIOPIAOHALMD.

(8.7) naH 3nEKTP HOUMHUIHCH € KYUWIATHIY Ty 6ynanu:

€ = ek (8.7a)

DReKTp CHPHMHMHT d)ap;iucﬁ (@) 6upn‘um Kyna KaTTa
ymyop GupnuK O6¥ud, yHU Ky3 OIMIa KCHTHPRI yyyy oy~
rumu C =10 Gynrau BakyyM (& =|)paru map'mmr PALUVCHTA
R, 1u (8.7) ra HuHOaH xucodaad UMKAMH3:

-1
=_C —..1.(1..)_ 1 .([_). = .9.10%u=
RN’ T amee 4::-1( 479109 M 4r-9-10°x 9108 kM.
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Lyrnait K6, P curuman wapiuur pamyen R, =910° kv
oynud, y Oin ouran Ep opacuiaru s=3,8-10° km Mmacodanan
23 Mapra KaTrajup. buroGapuH, (apana xyaa xarra V4oB
OUpaury OVaraHMAaH aMmania ¢papagaHulr KyHumard yayil
OHPAKKIAPH MILIATHIANMU:

1 Mukpopapaza (Mxd) =10 @;
1 nantoapaga  (HQP) =107 ],

| nukodapasa ()= 1012 P;

8.4. Y3APO DJEKTP CUFUM. KOHJIEHCATOPJIAP

XKyna xarta ¥ndaMra ara OYnran sikKadadrait yrkasrua-
JJapHU aMa1A JIEKTP CUFMMU cHudatuga uuinatud 6¥nmac-
JIMTU. CHFUMM KaTTa, KMUUK VAUAMIM 3ICKTP CHUEMMIIapu-
HUNT SpaTIAINGG OAUG KiK. Arap g 3apsiiiv A $rKasruy
arpotura B yrkasruu kolnauiran 6ynca (8.9-pacM), yHRHT A
VTKA3IKHUYra sskuH CMpTHAA ¢ 3apsiiTa KapaMa-KapIuu HuIopa-
A MULYKUMSITaHray 3apsia xocua o¥anG, v xam ¥3 ypuuaa
Marpony 6unay A YTKa3ruyHUHT @ NOTeHUHaAUHN KaMalTh-

pULI HaTUXacya YTKasruy-

Jlap CHCTEMACHHUHT DJAEKTp

curuMu C KecKuH outné Ke-

Tanu. AMasia oup-O6upHIaH

JIIEKTPUK Oustay axpaTui-

TaH, MHK- AOpP XHXATAAH

4 % © TCHI, Kapama-Kapulg HINo-

pasiu 3apsiuiap Ounari 3apsii-

JIAHFAH UKKHUTa YTKasruyaap

CUCTEMACH XOCHJI KWITal CHEMMIa ¥3apo 9;IeKTp CHFUM

nefimianyi. Arap 0y MKKU YTKa3ruuniap opacuialy noTes uuas-

Jap aidupMacu (Q,—0,) Ba yjaap/ary 3apsuilapHUHT abeosioT

Kuiimatu g 6ynca, (8.6a) dopmyiara 6ui0an WKKKM YTKas-
TMMHUHT ¥3apo onekTp CMFUMu C Kyiuparura Teur G6ysaam:

8.9- pacm

-9
€ =5t (8.8)

by udonara 61rHoaH ¥3apo 31eKTp CUFMMHY OyHaal TabpUd-
Jlall MYMKMH:
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Hrrcu ymraszumnune y3apo saexmp curumu 0ed, yaap opacu-
0azu NOMeHUUAAIUp adupsmacuny bup bupaux yseapmupuui y4yi
Oup ymrazeuvdan UKKuHaucued 0aub ymuiean 3apadza Mukdop
xeuxamaoan menz Gyaean YUK KAMMatuKKa aamuiadu.

MKy YTKa3rHUHUHT ¥3ap0 JICKTP CUFHMH ACOCHIA HJIEK-
TPOTEXHUKA Ba PANMOTCXHMKANA KCHT KYLIAHMIAAMIAH KOH-
JeHcatopaap Ae0 arajiyBuUM KYpHUIMaiap sicaarail.

KoHacHcaTop noTulivua condinco cysufian oaunran 65.1uo,
TYIIIOBYH, KVIOKJIOBUM MAbHOCHHU aHTAATAAM.

KoHReHCATOp ¥3Ura OepuiraH 3apsaHid TVILIOBYM BA Y30K
BAKT CaKJIOBUM KYPHIMAMP.

Komencaropiiapra Mucon KHIu0, CuMEFoUIapaa TOPTUI-
TaH WKKH T1apajuics CUMAAPHHM, KYProllinl OMlal KOMjIAHTaH
Tes1edot kabessapHy, ¥3apo Napaies Kolaurad MKKHy 1ia-
CTHIIKAHY Ba Wy Kabuaapuu k¥pcatun Mymkui. Kotjexca-
TOPAAPHU XOCHJI KMATAH YTKa3IMuiaapra KOHACHCATOPIHHHI
KonaaManapu Aeiduianiu. KonaamMatapuuir Wakiura Kapad
KOHAEHCATOPAAPD SICCH, CHCPHK BA [MIMILIPUK KoHaeHca-
TOpAapra OY;Iunaiu,

1. Slcen koszencarop ieh, Kontamanapu Oup-Oupuaan 14-
SNEKTPUKSIap OUIIaH aXpaTUATAll HKKWTA Napaiiea riacTuii-
Kajtapaaul ubopar 6yaram Kougercaropra aitunaan (8.10-
pacMm).

Ocrporpaickuit-Iayce TeopeMacUHUHT TATOMKWIAH, ¢ Ba
—¢ 3apsiaap 6uIanH 3apsaianrai, ¥3apo napauies MKKu ac-
THHKaJaH ToTcHuuan ¢apku (7.678) dopmyiara 6UHOAH

p77//777///4

8.10- pacu §.11- pacwu
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o9, = ;% d 6Ynud, yuu (8.8) ra Kyiunca, sCCH KOHMCH-

CaTop 2ICKTP CHFUMMHUHIT (GOPMYIaCH KCIUb YUKAAMK:

4 (8.9)

OyHNa S—KOHIEHCATOP KOTLIaMaCHHHUHT 13U, d—KOofiaMa-
jap opacuaaru Macoa, € —KOHAEHCATOP KoHAaMaj apy opa-
JIAFWIACH MYXUTHRHT TTUCOUN ANBINCKTP CHHIANPYBYAIIHTH.
2. Chepuk KOHACHCATOP AcO, KOolaManapy Oup-oupusian
JHDACKTPUK BUal AXpaTUATaH MKKUTA KOHUGHTPHUK cdepa-
JapgaH ubopar 6yaran KojaeHcaropra aitunanu (8.11-pacu).
Octporpanckuii-l'aycc TeopeMaCHHUHT TATOUKHAAH, + ¢ Ba
—g sapsuL1ap 6Wian 3apsiiulalital, paauycnapu r, sa r, 6yiran
¥3ap0 KOHICHTPUK XOUJalIraH HKKurta cdepasiapiary noteH-
uuawiap dapky (7.71)ra GuHoan Kyiinaarnda oynamu:

—_ e ] rz"r
O —9, = dngges  nn
C = q = q = 41"“,8 g_rli‘
Oy 9 (’z-f;) 0 H=h (8.]0)
Arege ey

Xycycuii xonnapaa Kypud UHKaMu3s:

Arap r,—eo 6§1ca, CPEPUK KOHAECHCATOPHHHT MUKHM KOII-
JJaM4cH SIKKajlaHraH wapra aisiaHud Konanu, XakMKaral xam
Oy xo:11a (8.10) paH ssKKanaHTall WAPHUHT JICKTP CHFUM (op-
MyJlacH Keand uMKaau:

C 4nse 471:587——|, e =AEE R (8 10a)
i

Arap r~n=1<<r Oynca, r,=r Exu r,-r=r> peimu
MYMKUH. ¥ BdKT}la (8. 10) AaH SCCH KOHJIEHCATOPHUINT DNEKTP
cHUFUM (opMysracH Xeaubd yuKanu:

C =t cpdul _seS, (8.106)
Cepuk KOHIEHCATOP KOIIAMATAPH OPATHEMAATH 31EKTPO-

CTaTHK MAfAOH MAapKasni CUMMCTpUSIra ara Oyaraniurujart,

yAap Kyaa aHUK WIMMA TAIKMKOT Muiapyia KYL1aimiaiu.

252

www.ziyouz.com kutubxonasi




3. Unanuapuk KouacHcaTop ach, konaam-
napu dOup-Oupmial JIMINCKTPUK Onilan axpa- @L\

THATAH HKKATA KOHUCHTPHK WCIMHAPHKAAP- (]
. ar AV it Vﬂ
JaH nbopar Oy.araH KOHACHCATOpPra aiTu1aau
(8.12-pacm).

OcTporpaackuii-l'aycc TeopeMacUHUHT _Zz_
TatOuKuaaH +¢g Ba ~-¢ 3apsa OuaaH 3apsii- [2)
JAQHTAH, pajguycilapu r, Ba r, Y3yHauru [

O¥aral UKKUTa KOHUEHTPUK HAAWMHAPAATH 110~
teHuMaviap dapku (7.68 B) dopmyna aco-
CH/Ia aHUKJIAHAIH: L
4/‘_'\>
-
@~y =21—In2 ‘J
Vo¥2 " meel U R

By udoaann (8.8) ra xyiinnca, wnunapux 512 pacu

KOHIEHCATOPHMUHT 3IEKTPHK CHFMMU dopmynacu keaunbd yu-
Kaau:

Ce=9 - q =277.‘l-,‘0£1. ,
et dne Iy Inry /4 @.11)

e

. . Iz H=-H

Xycycunit xoapa, d=(r,—r,)<<r, Oyaransa lnr~2==~1r—'—

[ [

6ysnG, (8.11) mam siccM KOHAEHCATOPHUHT SAEKTP CHUFUMM
¢dopMyaaACHHYU OIAMHK3: .

2repel-ny _ gpc2mnd  geeS

B-n d T d

C = 8.11a)
Oynaa: S=2rr,'/ —KOHIEHCATOP KOILIAMACHHUHT JO3M, d=(r,—
1) — AMIICKTPUK KATHAMUHUHT KUIMHIUTH.

Hucouit AMSACKTPUK CHHEAMPYBYAIIMKHY Yiam. DyHuHI
VYYH SICCH KOHAEHCATOPHUHT KOILIaMa1apy Opacura An3aeK-
TpUK (€) INACTUKKA KYHWATAHAArKM ICKTP cuFuMu C HU Ba
KOILTAMAIAP OPACHTA JANDJICKTPHK KYMMIIMATAHIATH DACKT] CH-
UMy C, HM ¥nual, yHunr uucbatugan (8.9) gopmy:ia aco-
CHAa MOAAAHMHT HUCOKI NMUDACKTPHUK CUHTAUPYBUALUIUTH £
AHHKIATAIH;

(8.12)

£ =

Sl

KouencaropHunr aMa/ia Ky IaHuaaanras vypaapn. Basu-
bacHra Kapat KORIACHCATODIAPHUHT TYIWIHILK Xap XK1 6¥1a-
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+ B

8.13- pacwum

Au. Koross kouacHcatop — Oup-Oupujiai rapaduH 1M -
prJITAll KOFO3 OMNaH axpaTtwiral WMKKUTa aIOMHUHMK (3ap)
JcHTadaH HboOpAT 6V/INO, akeT IHaKnuaa 3uy KUanb ypanran
O¥na;M Ba YHHHI cxeMagary kypuouinu 8.13,a-pacmjia rac-
BUPJIAHTAH.

JACKTPOJAUT KOHACHCATOP—KOBYIHOK NEKTPOIUTHK
IPUTMA OMIAH KOHTAKTAa aMOMUIIKIA OKCHUAY KATHAMH JAN3-
JIEKTPUK OVAMO XM3MAT KMAaMIal KOHACHCATOPHUHT K¥pH-
tnuiun 8.13-06 pacmaa Tacsupaanray. BUTTa KaTiiaMu Metau,
MKKHHYUCH DJCKTposivtaatl ubopar 2ACKTPOIMT KOH/ICHCA-
TOp KYIWIral Ky':IaHHLI Mab;IyM KyTOIM O¥araH;1a KaTra co-
SAMIUTUPMA cHruMra 3ra OV, NCKTPOIUT KOHACHCATOPHUHT
asekrp curumu 0,1—1000 mx® ra renr 6Vaanu. IacT 4acto-
taan ([1Y) anextp duiarpaapiaa jJOMMHIT EKKM IyabcauMsi-
AaHysuu 600 B ravya Ofaran kywianmuaapaa Ky:iiaHnianm.

Y3rapysuaH KOHUCHCATOP—HUKKH MCTALT TLIACTHHKA-
J1ap CUCTEMACHAH Tysu:raH 0yau6 (8.13B8 pacMm), yHMIT j1ac-
‘TaCK OypHiiralja miacTHHKanapiAaH OUPH MKKUHYHUCUIA KHU-
pub, 2aeKTp CHFUMHUIM Y3rapaauran KonacHcaropup. byu-
Jal KOHACHCATOP;1apAa AUMIEKTPUK YPHUH;IA XaBo OViaagH. Yira-
pyBYall KOHAECHCATOPJIAD PAAMO-3IECKTPOTEXHUKAJA KEHT
KY1aHUWLIEE Ora.

Kouneicaropaap cxemaruk pasuinga, 8.13-pacvia rac-
BUPAANTAHAEK WKKUTA Hapalici] YUIUKIAAp KYPHHHIUKAA
6enrusnaHanuy.

8.5. KOHZEHCATOPJIAPHH YAII

Bab3an Kepaxiy 25eKTP CUFMMIAPUHYA XOCHI KMIIMIL MaxK-
cajauia OMp HewTa KOHUCHCATOP Y3ap0 Mapasies Ba KeTMa-
KeT ynaHuD, KOH/AcHCATOp;1ap 0aTapesiCH XOCHI KWIMHAaAN.

1. Konaexcatopirapuayu napaiine; yaam cxemacu 8. 14-pacuv-
Ja Tacsupiladran. Ilapanne: yiaayran KongeHcarop:ap 6atape-
Acuila xap GMp KOHACHCATOPHUNI MychaT Ba MaH(Uit 3apsil-
JlaHrai Komaamanzapu MOC pasuiuga y3apo ynanrad Oyaamau.

Konpencarop.aap napanaen ynauranga (8.14-pacm) Gapua
KOHJgHCcaTopAap KomsiaMalapuaary noTeHuyaLiap aitvpmacu
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-4

kg .lﬂ' ";Lq’a =L- ﬂ_@n
g, “ -Tg T%C !' ;——an’”

I||+

+
8.14- pacy

(9,—¢,)6up xun 6ynG, GarapesHUHT YMYMHU# 3apsan q ai-
PUM KOHACHCATOPAD 3aPALIapU ¢, Gy, G5 - - -, , HUHT Ak~
FUILTACHTA TeHr 6¥aammu: ¢=qtg,tqt ...+ ¢ . by epra

7=C,(0,—9), 9,=C0,—¢,), ¢,= C,(9,—,), Ba x0Ka30 6¥.1a-
A (Bynaa: C pp—1APAILICH YAAHIAH KOHICHCATORAP Bara-
pesicuBuHr vsextp curumu; C). C,.....—alipuM KolLaCHCA-
TOPAAPHHHT 9JEKTP CUFUMIAPH. ZIew.K:

Con(9,—0,)=C(9,—0 )t C(9,—@,)+ = + C (¢,—9,).

By udoaaiuur yan sa VHr ToMouunu (9, —@,) ra KUCKapTH-~
~ - i 2

pHO napasinies yJIaHran KoHjcHcaTopiiap 6aTapessCHHRHT YMY-

MUWI CUFUMU C“ilp HY TOHAMH3!

n
Cnap=Ci+(’2+“'+(’n=§;Cl' (813)
1=
Wynnadt xuanb, napasaen yaanean kowdencamopaap 6a-
Mapeacunune IAeKmp CUFUMU xap bup Kordescamop daexmp ci-
FUMAAPUHUKZ aA2e0pauK GuruHoucuaa meie.
Ardap napainen ynanraH n Ta KOHICHCATOPHMHI 3NEKTP
curumiapu 6up xun pa C ra teur 6yaca, (8.13) ra Gunoan
Cop=1C, (8.13a)
SBHY MApaLien yAaHray n ta Oup XWit KonaeHcatopaap dara-
PEACUHMHT 2AEKTP CUFUMH OUTTAa KOHACHCATOPHUNT DJIEKTP

CHFMMMJIAH # Mapr4 KaTta Oynap skan.
2. KomwieHCaTop.1apHy KeTMa-KeT yaaliia OfaMHIy KOHIcH-
CATOPHMHI" 3aPSUUIAHTAH KOIIaMacH KCHUMHIMCUHUHT Mychat

255

www.ziyouz.com kutubxonasi




AS"f A;’n |

8.15- pacum

3apsjliaHTan Konnamacy Sunau ynaurad KouacHcaTopiap 6a-
Tapescy xocua 6ynaau (8.15-pacum). Kerma-ker yaatrad Ko-
ACHCATOPNAP KOMIaMAJAPHAArY 3aPARJIAD MUKIOPH XKHUXATAAH
¢ ra TeHr Ba OMp xui OYaub, KolaeHcaTop;1ap O4aTapesiCHHUHT
ywilapHiary noTeHUHaL1ap aiiupMacu Ag xap OUp KOHJICHCA-
TOP YWlapWiaru noTeHIMaLIap aidMpManapu Ao, A, ...,
AQ,, IVHI AUFAHAMCHTA TCHIT AQ=AQ tAQ,+...tAQ , Oynaa

4 yira-
A(p (’k-k ! A‘P. = y‘, ’ A(pz = %2 LIRS A(‘:',,, = %m ’ 6ynra
HU Y4yH: %M + %, + y +et U - Byuaa:

S SO R il
Cor l+ G +...+C X (8.14)

m

‘_
."_M=

Iyuaait xuitub, xemma-kem yaawean xoudencamopaap
bamapescu IeKmp CUrMURUNE MECKAPY UPOOUCY dI0XUOU KOH-
JeHCamop 21eKmp curumMaapu meckapu uhooasapunune urun-
ducuea mene. (8.14) jpan XYpMNAUKU, KemMa-Kem yaanzan
Konderncamopaap 6amapescuniine IAeKmp CUFLMU YAGH2AH IACKIND
CUFUMAAPHURZ IHE KUMUSUCGH XAM KUMUK BYrap JKau.

Arap KeT™Ma-KeT YJIaHTaH M Ta KOHIeHCATOPSIapHM 3AeKTp
curnMaapy 6up xua Ba C, ra tenr 6¥ica, (8.14) ra 6unoain:

G

Cklk = ’ (814 a)

3]

ADHU KEeTMA-KET VaaHran m ta OUp XMa KoHieHcavopaap Ga-
TAPCSCUHHHT ICKTP CHFUMH GHTTA KOHACHCATOPHUHT DNEKTP
CHFUMMIAH /M MapTa KWUHK Oys1anu.
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$.6. DIEKTPOCTATUK MAWJIOH DHEPTUACH

Kucmnap cucteMacuHu 6Up xun MLopain 3apaanap 6m-
JIaH 3apsLUIAlLIA, 3aps/LIapHUHT ¥3apo utapuw Kynod Kyuun-
{4 ENTUIILIA TAlIKY KyY HiF GaKapajiv. SHeprusiiimir caxkia-
HMIY KOHYHMra OUHOaH, cuCTeMara TabCHp 3TYBUM TallkM
KyssTapHUnr Gaxaprai WY CHCTeMa dUEPTHACHIIMNT Y3ra-
puiumra capd 6yaazu. MyHaait kunnb, sapsiiUlaHral XUCM-
AP CUCTEMACH MAbJIYM BHEprusira ara 6ynaiu.

Mucon Tapukacuaa 3apsiaid sIKKaraHraH YTka3rud Ba
3apsUUIM KOHICHCATOP SHCPIYsLIapruiu Kapad YMKaMus,

1. 3apsaiau sixkKajlaHran YTKa3Tuy SHCPTUACH.
Mapas Kuaadauk, g 3apsia OuaaH @ noTeHuuanraya 3apai-
JJAHTaH YTKa3ruyura YeKCUINIMKAAH dy dieMeHTap 3apsiiiHi Kesi-
TAPHUIN yuyll 3apyp O¥iran dA4 winnd xucobdaaitmus. by dg
3APS KYJIA KAYMK OYAraHM yuvH, YTKA3rM4HWHE NOTCHLHA-
JIMIM Jesipan YarapTupMaiian.

[IIyHrHT yuyH XaM dq 3apsidHM NOTCHUMAIM HOA Teur
oyaran 4eKCH3IMKAAH @ TOTCHUMAIM YTKa3rH4y CHUpTHra
Kyuupriaa Gaxapuiran dA Wil 3apsUIHUHE NMOTEHUHA1Ap
aliMpMacu xyriaiTMacura TeHr, SbHU:

dA = (¢ -0)g = gdg (8.15)

V Bakraa gkkajanran yrkasruund 0 nad ¢ noreHiuanra-

qya sapsinauga Gaxapuwiran A v, snemedHTtap dA uiiap-

uunr durunavcura, sbau (8.15) udopanan 0 nan @ raua
OJIMHI'AH MHTCIPAIra TeHT:

@ o
A= [dA <[ odg, (8.152)
4] [

Oyiina: ¢ =cQ 6yarauy yuyH, A nuiHuHT ndogack KyrHularu
KYPWHRILTA KeIaau:

© ¢
A= [ ¢d(co)=[ codo. (8.156)

[ €
Axkanamran Jreasruaaunr sextp curmymu C 10MMuii Kar-
TATHK OYIIrAlH YYYH, YHU HHTErPAIAaH TAIKAPUIE YuKAPHD,
HHTCrpaIan aMain baxapunca,

? 2
A=c[odo="- (8.16)

0
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O¥naan. by Daxapuiaran uin 3aps,uTH sIKK4JaHran ¥TKasruy-
HUHr A= W, sueprusicuim 6uianpany. Y sakria (8.6 a) Hu
Ha3apra osrall Xo514a, 3apstiiy aKKalaHiaH yTkasruy We stiep-
IUSICH KVITMATMTA TEHT:

_ 9 _ g0 _ ¢

We==5-= o= 8.17)

XKaaBa;ijlaH KYPUHAAKMKH, SHEPTHSIHUHL Y.1MOB GUPIIMTH—
Koya (2K) kylinaary MyHocabariapra TeHr:

2

lc=1¢-18% = llo'r-lB=l%—

Ulyny aifiTu6 yTuill Kepakku, 3apsiiv aKKajladraH yTkas-
TMYHUHI aneprusacu (8.17) yHMHT X0CHA KWITaH 371eKTPO-
CTATUK MAallJIOHW DHEPTUSICHIAH ubopar.

2. 3apsipjyiaHrald KOHACHCATOP BHCPTUICH. XOCH.I
kuauuran (8.17) dopmyaanu q 3apsy 6usail ((pI -(pz) 110-
TeHLUAIraya 3apsyianrall KOHJIGHCATOPra yMyMialthpuu
MYMKUH. buHoOapuH, (8.17) dopmynazard ¢ HuUHI yplura
((p, - <p2) HOTeHUHaNAap aifHPMacH OJIMHCA, 3apsiuialral Kou-
JeHcaTOpHUHT aueprusick We Hu nbopanosiu GopMyaa Ke-
and urxann:

w, = ool _dore)_ g (8.18)
3apsajutaHral KOHJIEHCATOPHMHI 3Hepruscu We yHBHr
KolJlaMalapy OPWIMFHAA MYXAacCaMIalllaH NCKTPOCTATUK
MaRIOHHUHT aHeprusicuaad ubopar. IIyHuHT yuyd xaMm (8.18)
(hopmyiia ICCU KOHJICHCATOP dHeprusicu We Hu KOHHEHCATOD
KOMjlaManapu opacHiary 31eKTpoCTaTUK MalIOHHU TaBCH(-
JIOBYM KaTTa/MKIAp opKanu udoaanaumra uMKoOH Gepanu. by-
HUHI Y4YH CCH KOHEHcaTop KollnaMasiapuaaru ¢ 3apsi ou-
JlaH KolraMasap opacuari NMeKTpoCTaTHK MaifioH Ky'1aH-
ransiury (7.72) acocaH KyMuparura TCHI:

" = _ei. = __q.__
£ CE A (a)

OyHiaa =-qs- KOHAEHCATOP KOTLIAMAIAPHIATY 3apsUIaptiuHT
CUPT 3UUAUTH, § DCa KOMJIAMAl IMHT 1031, VIKKUIIYK TOMOHIaH,
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E xywlaHrawiMK KOIIAMIApAard NOTCHUMALIAP alupMacH
(0, - ©,) Ba Konnamanap opacunary d Macoda buIaH Kyiu-
jlary OOoraauyilra ara:

E=%"% (6)

(a) nan q =eefS Hu, (6) aan ((p1 —(p2)= E.-d un (8.18)
HUHT MKKUHUM udojacula Kyiuica, Kyiuaard xocun 6yianu:

. ‘1(01""2) _ 2ot ES-Ed _ eoek? ¢ C
W, = = 5 = L5 Sd. (8.19)
(8.19) ¢opMyna 3apsaiaHraH KoHAcHcAaTop dHeprusicu We
HUHI' KOIUIAMAAPH OPAacuaaru 9AcKTPOCTATUK MARAOH Kyu-
nanrapanru E opkany mdojaianuium, Oy 2HEPIUsl DAEKTPO-
CTATUK MAMI00 dlieprusichaad nbopaT SKaALIUTMHM gHa Oup
00p Tac/ MK 1AM,

- Iynpait KMo, dAEKTPOCTATUK MAKNOHHUHT SHEPTUACH
We, v sramiarad (GasoHMHE XAKMU ¥V =g5.4 ra nporiop-
UUOHALAUD, SbHU

WﬁmT-E_Zs.d:mZ_Fiy, (8.192)

slcey KOHjIGHCATOP KOILMaMasiapi opacuia Xocu:1 6ysray
OUP XUHCAK (E = const) 2;ICKTPOCTATHK MaH0H stHa OUp Oup-

JIMK XAXKMTa MOC Kellrail QHEPIHsi—3HEPIHSIIHIT XaXM 3U4-
aury We Guian xaM taBcuduiaHaau:

_We _ BatE? (8.20)

We=7p 2

by dopmyna uxTuépuii K¥pUHUDLIATH 3ICKTPOCTATUK MaAi-
JOH Y4VH XxaM YpuHIuanp. XAKMKATaH xam, OUp KUHCAH
6ynmaran (E' =c0nst) MaigOHHU dV 251eMCHTAD XAXKM COXa-
cuaaru MailaoH Oup xuucau ach xucobiain MyMKuH. Y BaKT-

Ha dV anesmenrap xaxm yuyn (8.19a) dropmyna Kyitunarn kypn-
HUUITa KEIajlU:

dw, = e bl gy, (8.21)
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bynnan Oup XMHCAU OYaMaraH »;1CKTPOCTATUK MaiROHHUHT
OMpOP HYKTACHJIATH SHCPTHUSIHUHI 3MLIATH:

2
e dWe 82 BT (8.21, a)

dv 2 7
OyHua F—MalgoOHHHANT YHeprusi 3ULIMIH XucobiaHadrral
HYKTa,1aT MAMAOH KyWIaHTaH UTH.
bBup XuHciau 6yIMaran aieKTpOCTaTUK MaKAOHHUHT YeK-
JIM Xaxsaard aueprusicu We, (8.21) nan Oytyi xaxu V o6yiivua
OJAMHIAH MHTErpanra TCHI:

v )
s E-
W =J.—-———€ 5 dV. (8.22)
0

e

by dopvynasan doilaananud, sapsurianran xap xasjpai
YTKASTUYHUTIT FICKTPOCTATUK MAKIOHMIM XHCOD 1111 MYMKHH.

DAEKTPOCTATUK MAMJIOHIMHT DHCPrUa 3uwiurutun (8.20)
udoaacy KyunaHraunuk £ sa viaykims D opkanu Kyiiuaaru
KYpUHHUIIIAA E3unaln:

2
. _eEY D2
H'e——-"-z—————:):——zs o (8.23)

LlyHpa#t Kuanb, uxTuépuil 3jCKTPOCTATHK MARIAOHHUHT
Oepusiray HYKTACHIATH MalOH DHCPIUACUHHUHT 3UWIHTHE Wy
HyKTaJary MalaoH KYUAAHTAHAMIMHUHI KM HHILYKIMSICUIIHHT
KBajIpaTura TYFpu NnponopuuoOHaIIUP.

8.7. DJEKTPOCTATHK MAMAOHIATH JIUDIEKTPUKJIAP

Ouanexrpuknap OyTyHuua 0and Kapaaraiiga Helrpaj Mo-
ackyna (€ky atom)uapaaH Tysuarad. Mosiekyna (€xu arom-
Jap) MycoaT 3apsany AUpOAaH BA MaH( MM 3apsaIv YAEKTPOH-
napaait TaHIKW TonraH. ATOMHUHT MycOar 3apsaay sapocuiia
TYaHran oyaub, sjMeKTpoOHaap 3¢a YHMHI aTpoduia Xyra
KATTa TC3IMK OMAaH XapakaTaanaau. JACKTPOHHHHT 8;1po aTpo-
(husary ainanun aaspu 7T=10"%c¢ 6Vauo, r=10%c akr Hunia
MUW/LIMOH Mapra akiaanud uwukanu. by xon Mandwmit s3apsia-
JIAPHMHT TAKCHMMOT MapKasu Mychar sapsuany ssapo OuiaH ycr-
Ma-yCT Tynlaau, neb xycodiamra nMKOH depanu. Jlekuy axgon
XaMMa BaKT xaM wWyHaal Oyiasepmaiun. Andsektprx Mo.1e-
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KyJlajapuaary Mycbar Ba MaH(MMU 3aps,piap Mapkasd MocC
Kearad +¢ Ba —q 3apsianap oup-Oupuian / Macodana xoi-
nauiran O¥nunmt MyMkuiL. 3apsiutapHu 0yryHuAva oaub xapai-
raH, HeitTpaa 6yaran OyHaait cHCTeMa Y1eKTp AUNOIMAAaH Hoo-

par 6ystanu (7.4- pacmra k.). 7.5~ OaHAMAH MabIyMKu, P = gl
JICKTP MOMCHTIH JIMIIONL AICKTPOCTATUK MaHJOHHH XOCH.
KHIraluian, AACKTPUKHKIT Oy1iaai MOICKYaaIapy XaM art-
poduaary $asona 2J1eKTPOCTATHK MARAOHHU XOCKT KWilaldu.

AitpumM aussiekrpuiciap (uiepr rasnap, H,, N,,-O,, CCl,
Ba GouIKaiap) MOJACKYITapUaaru IEKTpoILiap sjipo arpo-
(braa cUMMeTpHK Xolaawran 0¥.,1aaM Ba Talxy 3J1eKTpOCTa-
THK Maijion 6¥amarania mycoar Ba Manduii sapsuiap TakCu-
MOTHHHHT MapKa3y yCTMa-YCT TYLITaH MOJIeKyaaapra Ky10o-
CU3 MOJleKy:iajap JACHUIMO, JUIICKTPpUKIAPra 3ca MO-
JleKkyjacy KyTOceu3 AudIeKTpUKIap Achuiaim.

Kyrynauk amsnextpuxaap (H,0, CN,, HCl, CH, CI,
CIIUPTIap Ba OOINKAIAP) MOSEKYAa1apuaaru IeKTpoH:Iap
siipo atpohraa CUMMETPHK Xofnawran O¥1aiM Ba Taliky
ICKTPOCTATHK MalijloH 6ViiMarania Xxam Mycbart Ba maHpuit
3apaiap TaKCHMOTHIMHE MapKasy yeTMa-ycT TyuIMaiiiuran
MOJICKy/lajiapra Ky T MOACKyTaaap ACHUAND, JMINEK~
TpUKJIapra 3¢a MOJCKYy1anapu KyTOau AUDIIACKTPUK-
adp aeiuaaan. AuMaIeKTpUKIapHUHE KyTOMM MOACKYIallapy-
HY 3/1EKTP AMIIONHN jte© Kapail MyMKHUH.

Onaraa 2ACKTP AUNOLIAPH «KATTUK» Ba «IOMHIOK» OViIaiIn.
Arap 3ICKTPOCTATHK MAHJOH KY4H TABCHMPK OCTUAE MOJEKY-
NP aMnosuiap akat Mabiym taprubaa xoiiawud, yiap-
HMHT 3JCKTp MOMCHTHM ¥3rapmaca, OyH,1a1 AunojLiapra xar-
THK, TUTIONAAp ACHMNaau. ATap dAEKTPOCTATUK MAWIOH Ky4K
TabCUPUNA HUHOINAPHUHKT 2ACKTP MOMEHTH Varapea, dyiian
JUMIoIApra IMINoK CKH KBAIUINACTHK AUNIONAAD Jiekunam,

f&;_ A~ -
I — — u "8 E

8.16-pacu
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JHAM TAIUKU SIEKTPOCTATUK MAHAOHHUHI AUSICKTPUK-
JIap MOJEKY.,1acHra TAbCHPUHY Kapad unKaiauk.

1. Arap AMDICKTPUKHUHY KyTOCU3 MOJIEKY.IACH TALlIKY 31€K-
TPOCTATUK MaiJ0lra KUPHUTUICA, MAAON TAhCHPUIA MOICKY-

Aa P, 2j€KIP MOMEHTIH JIMIIONb MILIYKIMAIaHaM. Moseky-
NanapH KYTOCU3 JIUBNEKTPUKIAPAH SHI COjU1A TYIWIHILTA 31
6ynran BOJOPOL MOJCKYNACUHUHI aTOMMHM Kapab uMKaMM3.

Tauky 2o1eKTpocTaTiK Maigon 6ysiMaraHma (E = 0) BOAOPOA

aToMuiary OUTTa 3NCKTPOH /1o atpohuaa rpaavycau opbu-
Ta Oyfinab xapaxarnanaérran 6¥icuH (8.16 a- pacM). byuaa

2
JIEKTPOHNMHT SiApora TopTwiMi KynoH kyuu F, = 47[‘2 3 Map-
0

Kasra MHTISIMA Kya  F, = mo?r nan uGopar 6Viaau, sibHu:
M. ”
2

q

4neor?

OyHaa: m—oACKTPOHHUHT MACCach, O —yHUHE opbura 6Vit1ab
Gypuax Te3Nunry.

Arap 6y atoM KywlaHraiaury £ OYNraH 2;IeKTPOCTATHK
Maiinotira kupuruica, 8.16 6- pacMaa racsupaHralcK 3IcK-

= maw*r, (8.24)

TPOH OpOHUTacH AcopMauusinaiinG, £ —BCKTOPHUHT HYHAIN-
lMra KapaMa-kapiy Tomonra Al Macodara cumxuitan. byH-

a3, F,, = mo’r MapKasra MHTUIMa Ky TEHT Tabeup Ky Faan
ubopaT 6YIHMO, IIEKTPOCTATHK MAMIOHHUHI DICKTPONTa Tab-
CHMp Ky4u F, = e£ Ba DNCKTPOHHUHT ALpOTa TOPTUIALL KyuH F,
J1aH uﬁopaT Oynauu. 8.16 6- pacMi@aru yudypyaksapHUHL yxuxalu-

JIMTMAAH Ari = IT EKM Lf _ﬂ_ MynocabaTHy €3amMu3. ByHia
’ molr

MONCKYaj1a mmyxuumanmu AUNOANUHT CNKACH A/ Kyiuaa-
rura TeHr 6ysaau:

M=tk (8.25)

wr
By Al —cuaxum sagactuk aedopMauusira yxwain Gyaraiu
yuyn, atomaa MHAYKUMAIAHTAH IHN0Ara 3 1aCcTHK AW O
HeHuaann.
Y Bakrna (8.25) ra OMHOaH 3NACTHK JAWIOIHUHT JICKTD
MOMCHTH P, Kyluaarura TeHr 63711'(11111:

P =eAl=—<_F. (8.25a)

m(u2
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Arap (8.24)nan mo? = Z £ __ uu (8.254) ra kyimica, auiion-
e r-

HUHT 3ICKTP MOMeHTH P, Kyuaard KYpUHUILHY ONa/Nn:
P =d4ng rPE=ga E (8.256)
(4] [
Fxu Bexrop kipuuniaa :
P=¢xF. (8.26)

Wyiaai kuaud, Kyrbeus MoaeKyiajta uHAYKUMIaHraHd 351a-
CTHK JIMTIONb DNCKTP MOMCHTUHUHT P, BCKTOPHM TAWKM jICK-

TPOCTATHK MaliAoH KyunaHramsurd £ ra uporopuUmoHas
OynuG, YHUHT AYHaIMILKM OWIIAH MOC TYHIaM.

(8.26) ha o —nponopHUOHATIIUK KoagduuueHTH 6§1u0,
VIR AaTOMHHWHT KYTONAHYBUYAHJIUT MW JIEHWIAAM Ba Y
KYUHJAAIUra TeHTIup:

o= 4neord =3 -i‘3‘-m‘-‘ =3V. (8.26a)
OyHla, V = .%nr-‘*-—a"rox\muﬂr KAKMU.

JleMak, amomituie KymOIaHyGaHAUU UNOMHUNE YHAQH2UH
xaxemuea mene Oyazan QuLK Kammaukoup.
2. Mapas kunai;iuk, Oup

SKMHCTH (E =consl) TAIIKM
3AEKTPOCTATHK  Mainonra
XOMNALWTHPHITAH BUIICK-
TPUKHMHT KyTOTH MOTeKyna-
CH, SIbHU AHAMNOIHUHT DIEKTP

MOMGHTH BCKTOpH I, Maii-
ZOH Ky'WIalFalIMFH BeKTO-

+
puE ouaaH 6 Oypuak xocun R
kwicuu (8.17-pacm). Pacmna-
[H 4M3ManaHn KVpUHAIMKU,

aunonma F, = gE va F,=—E
XKYGT XYY TABCHP KUAAjI.

8.17-pacm

By Xy(hT Kyuaapluunr MoMenTd M HUHT cOM KuimaTy:
M=F.l =qflsing=PEsno, (8.27)
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(8.27) TenraamMaHMHr dan ToMouudarn noona P, sa E

BEKTOPJIAp BCKTOpHAT KYHAHTMAaCH [12 . E] HAHT MOAYAUTa
TeHI OY;IraHU YYYH y BCKTOD KYpHHHUIIIA Kyiinaaruya 6ynanu:

M =[p - E] (8.28)
M sexmop P Ba E aex-
mopaap émean MmeKucauK-
Ka nepnexduryasp Oyaue,

yHuHe Uynasuw P, Oan E
2a MOMOH 3H2 KUCKa Uja
buasan napma woudacunu
Kanoamaanmupaou éxu

M eexmop 6yiinali kapan-
8.18-pacwm 2anoa 13‘, dan E ea sne

Kucka iyas Guaan coam
Muauiune Uyraauwu 6uaan moc mywadu (8.18- pacm).

KydT ky'unap MoOMCHTH M IUDONHUHT 3IEKTP MOMCHTH
BCKTOpH P, TAIUKK 3ICKTPOCTATHK KYUNGHIAHJIMTH BEKTOPH

I ©WaaH Moc TyuiryHya Taseup Kuiagn. Hatmxkana Kyt6im
MOAEKVAdap (AMHOAAAP) TAIKY 3MCKTPOCTATHK MalJIOH
Oyitaad Aynatanu. IUyHHUHE YYYH AUUOIHUHT 318KTPOCATHK

MalioH O¥Hnab iynamumnra AMIIONHHUHT KYT6AaHHU -

WK KU OpHEHTAUUOH KYTONAHUIIKW JcHwiauu.

Arap aunon OMp XUHCIKU GVimMaraH (1": ¢const) 3IeK~
TPOCTATUK MaMJOHI'a KUPUTHIICA, JIMTITOAIA Al 1aHTUPYBYY KYY

MOMEHTIaH TalKapyu F Ba F, XywlapHHHT BEKTOp HUFUH-
A¥cUra TeHr 6ynran F Ky Tabcup KWIaan:

F=F+ E=q(F+E) . 829)

Oyuna, £, Ba E, 1unoaHuHr Myc6ar Ba MaHpwmit Kyronapu-
Jlary NEKTPOCTATHK MAMIOHHMHE KyUIAHTAIUIUTH],

Vpraua KuitMaT XaKuaard Teopemara GHHOAH: E‘ ~-E, =
=] (%), OyHna |—aunojiHMHL Y3YHIUrd, d%lmnnnon yKu
6¥inab Ky'laHralAUK BEKTOPHHUHT Y3YHIUK SUPIUrura Moc
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Kearan yarapminny udonasanam. Y sakraa (8.29) HY Kyiu-
JaTH KYPUHUIIAG €3MIL MYMKWH!

F=gl (f-’,’;i): P (%) (8.29a)

By udonany gqua ckapip Kypunuuiaa ¢3aMus:
F=4(5.E) (8.30)

6yHa, (P,E) udona f{ pa F BCKTODJIAPHMHI CKaasup

KynartMacuaad HoopaT OViirauu VYYH CKQISp KaTTaiauk, F
KYY 3€a BEKTOp KaTTaAuKAMUP.

BexTop anayu3aa BCKTOP Ba CKASIP KATTATHKIAPHHUHL ¥3apo
oortanumu rpaavenrt (grad) ne6 atasiypuu udoga opkain
Ocarnaanajan, SbHu:

F= grad (é, b) (8.30a)

IyHaait kuaub, Gup scurcau GpaMazan 39eKmpocmamur Maii-
00HDa2y Junosza masCup KUAYel 34eKmpocmamux MaliGoORHURS

' kyu gexmopu (11 -E ) HUuHe epaduenmuza meHaoup.

By Ky4 TabcupMIa 3pKUH AUIO;1 OUp Xuucnu OyaMaran
IEKTPOCTATHK MANNOHHMHI KYWIAHTAILIMIH JHT KaTra Kui-
MATIIHA COXACHTA CHXHIIH, Bynra Mucon Kuiuo, sapsiaianrad
KHCMTa HIEKTPOCTATHK MaMIOHIATH HUAYKIMSIAHIAH 3aPSULIH
CHIW/I KOFO3, YaHT, TYTYH Ba Wy KaGu zappadaiap AWNC.LIA-
PUHUHI TOPTUINTUHY KYPCATHII MYMKHH.

8.8. JUDIINEKTPHKTIAPHHHT KYTBJAHUIIA.
KYTBJIAHU BEKTOPH

DACKTPOCTATHK MAMNOHTa AUDNCKTPUK KMUPUTUICA, K3 -
JIGKTPHK KYTOAaHUIL Jed aTayBuy X0N1ca cogup oViasu.

Moitekynaiapu KyTOAM JU3IEKTPRKIAPIUAT KyTO 12aumn.
Kyt6au Monekynanapnan ubopar 0¥sraH KaTTWK, AUAOLIH
JIMBAEKTPUKIIAD IEKTPOCTATHK MAla0H TabCHPUIa YupaMa-
FYHY4 AMTONAPUHMHT 3eKTP MOMCHTH BCKTOPIAPH TAPTHO-
cy3 xoiuamuran 6ynany. 8.19a- pacmna JUINCKTPHKHAIH IAEKTD
JUTOAVHUHT Maitnol Gyamarangary (L = 0) xoisnammwm rac-
BHpAAHTaH, ByHIA JHIOAHUHT MyCcOaT Ba MaHhUH 3apailapy
MOC paBMUING KOPa B2 OK Joupadanap OW:1aH e, ryianra-d.
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/4
E=0 E#0
P S e 1% :%’
£ Po Rl Rojo~do™|%pds | 2
-0 (o oo e e o
PR PP obd
7 > Il
&0 &0
a
8.19- pacum

I ynaalt kuamd, tamxku 3j1eKTp MalijloH OVaMaraHia ama-
JIEKTPUKIATY MOSIEKYJILP AUTTONIAP BACKTP MOMEH TIIAPHHUIIT

BEKTOP UMFHILTMCH HOIA TCHT, SbHU 2 P,=0. [Hynuur yayH
XaM. TANIKY DAEKTPOCTATUK MaAI0H TAbCUP KUiramngarumHa
JUDICKTPUK MUMMAATA MONCKYSISP JIHIIOIAp MaiiloH 0ViL1ab
TAPTHOAH Xoinawa 6opajmn (8.19 6- pacm).

AVIeKTPUKIAp MONCKYIISIP AMMOATAPUHUHT 218K TPOCTATUK
Maitrouiary oynuai raptuay Xoamuiuura opuetHTaum -
OH KyTO,21aHun CKH AMNOAAN KYTONaHUWIN JSHKIAAH.

Mosiekyaanapy Kyrocus MK TPUKIAPINNT Kyr0Janumn.
AMsneKTpUKHUHT KYTOCH3 MOIEKYAICH DICKTPOCTATUK MaAil-
JOH TABLCUP ITMATYHYA KYTO/IaHMAAH, SILITH 2JICKTP MOMEHT-

-l -

E=0 E#0
ojojoljojolo 0000 6-00-0 0000/
ololojelo]o 000-0 00000000~ 2
Oojojojofo]jo 000-0 0-00-0 00a-¢|
Q100 jojo}o 10-0 0-0 0-0 0-0 -0 00

- ”*

ﬁe—() L%;g:ﬁ"'o

a o

8.20- pacwm
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s

ra ora oyaMainy, IyHMHr yuyH XaM Taiky 2JeKTPOCTATHK

MaoH OyaMaraHja (E:O),nmnex'rpuxnmu‘ KYyTOCH3 MO-
JICKYNQjIapy  XY;LIM HeHTpad MOJIeKY.1a CHHTapH XOM1aliran
oynaau (8.20 a- pacwM).

Arap OyHaa#il AM3AEKTPUK TallIKKA 3JICKTPOCTATHK MaldoHra
KMPUTKHIICA, YHHUHT KYTOCH3 MOJEKYIGIAPH MaiiloH TabeHpHaa
MycGar 3apsuutapyHUHT Mapkasy (8.20 6- pacmila Kopa aovpa-
J1ap) MailaoH ﬁynanuumﬂa. MaH(ui 3apAiLTap MapKasu (oK,m-
upajiap) sca Maiiolra KapaMa-Kapily HyHaMuiaa CHIDKUAAY.

Hudaexmpur Morexyransapudacu Goraranaan mycoam, Mangpuit
3apA0Aap MAPKA3AAPUHUKE KaPAMA-KAPUU MOMOH2A  CUANCU-
wuea dusaekmpurkiUne Kymoaanuuiu deauaadu.

IlyHaai Kuaud, TaluKM ZACKTPOCTATHK MAMJAOH TabCHUPH-
Ja KYTOCH3 MOICKYJIA KYTO/aHaAM Ba VHMHIE 3JICKTD MOMCHTH

P (8.25 a) ra OMHOAH KYTOJIOBYM DJICKTPOCTATUK Maitiou-
HUHT Kywtavratury E ra nponopunonat 6¥iaand. duaiiext-
puKiary 6apua KyToNnalraH MONCKYIUIapHUHT D1eKTP MOMCHT-

Japu Pc HUAHT dyHanuum oup xun 6¥:aub, £ ra napaiiel
O¥aanu. by KyTONanuil 3;1eKTpOH OPOUTAIADHHH AAPOra HKc-
Oartan cumxuIu (spiy aedopmaums) cabadau coaup o6¥suan-
Jiuruaal 6ynaai Kyronanuvuira gedgopMauusan Kyrbraa-
HUUI KU DACKTPOHNU KYTOAAUKIU ACHMIAH.

Kytonanum sekropu. JUIASKTPHKHUHT KYTOHMAHTAHAMK
jJapaxacrHy TaBcudaall viuyH KyThiaHMi BCKTOPH Aed aTa-
JayByy GU3UK KaTTANMK TYIYHYACH KUPUTWIALH.

Kymbaanuw gexmopu (P ) 0eb, dudAeKkmpuKHuite Oup Hup-
AUK Xaxemdazu 6apua OuR0AIAp IACKMP MOMCHMAUPUNHIIIZ GO -
MOp RUFUHOUCU2a MUKOOD JHCUXAMOaN mene Gyaean husuk Kam-
masukka aiimuaadu.

Tavpudra SMHOaH, Ky10a1iraH JAUIACKTPUKHHIHT SCMEH-
Tap XaxMu (AV)narv i1 Ta JUIOAHMUHT 3CKTP MOMEUTAApH

no_
HUFUHJINCU ZPC,- HU AV xaxmura 6yarad uucbarura Teur,

=t

i=}

SbHU!
=
P(,—z‘,;%f’w-- (8.31)

oyina: P —KYTOJIaHraH [ MOACKYJIAHUHT DICKTP MOMEHTH.,

Arap K)’T60M3 MOJIEKY. 1AM U30TPON AUIICKTPHKIAAP OUP K-
CJIM 3/EKTPOCTATHK MaiaoH;1a 6yica, AMIOSTHMHT ICKTP MO-
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MeHTUH P 2 6ap‘1a MOJIEKYAIAp YUYH OMp XWJ1 OYITalIUIHIaH
(8.31)un OyHuait KypuHUILAA E3UI MYMKHUH!

p o—_1_
P«‘Ar

M:

P‘,,=—&”7P(, =n.P,. (8.32)

KX

i

Oyrjia, #,—AUICKTPUKHUHT OUP OUPIIMK XAXMIATH MOJIEKY-
JlA1apy CONH, sibHU MOJICKY A TaDHMHT KOHIICHTPalHsCH.

K)"I‘ﬁCI/IB Moadexkyaaga MHNYKIWAIAHTIAH JAUNONHHHT JACKTp

MOMCGHTH ﬁe HUHT uodogacuHu (8.25 a)aan (8.32) oaru ypHura
Kyimiaca,

P =ngoE=¢exE,. (8.33)

Xocua 6yaaiau, Oyuaa xv' KO3(PULMEHTIa TUBJCKTPUK

Kabys KuaAyBYyaHiauk Aciub, yHu (8.26) uu Kyitunaa-
't KYPUHHILAA €3UDT MYMKHH. .

’

R, =n a=4m’n,. (8.34)

¢
[Nynnaih xkuub, dussexmpux kabya xuaysuanauk 0e6, dup oup-
AUK XaNCMJIa2u OuINeKmpuUi MOAeKyAd (Exu amom)AapHune Kymo-
AanyeqarAueied MUKOOD Muxamoan menz Oyazan usux xam-
masukka agmuaadu,

(8.34) panr xypuHanmku, Kytocus Moncxynanu IM3NeK-
TPUKHUHT JU3MEKTPUK KOyl KHIYBYAHINTH x, 9JEKTPOCTa-
THK MaitaouHMHTI Kyanaurawaury £ ra sa xapoparn T ra
6oraux amac (8.21- pacMm).

Mosekysianapu Kyrony auanekTprKiap yuayd (8.33) dop-
smynaa, 11, deGaknwmur Kypcammw;a (haKaT Kyycus JICKTpO-
CTATHK MailIoH YUYHTHHA ¥puiuTu O6Y:iub, ANDTICKTPUKSIAP YUYH
AUDISKTPHK KAOYN KMILyBUAHIMIK xe'x.apopa'r T ra Teckapwu
nponopunuoHanaup. JeCalHUHT aunKianIdya, MOJICKYIacH
Ky10M AUDICKTPUKIAPHUHT AUDICKTPHK Kabyn Kusysuari-
SIMTH KyAnjarn KVpUHHIITa STajup:

RO A
e =3px7 (8.35)
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X

0 %
8.21- pacm

OyHaa: L —KarTuK MITOJHMHT 2ICKTP MOMeNHTH, K =1,38-10%
X/x —PBosuMan Joumuitcn, T—abcosoT xapopat, n —~Mo-
JICKYAAHUHT KOHILCHTPAUMSICH,

&4

Ry

-
0 I3
8.22- pacm

Mosiekyaacy KyTo:u AHJICKTPUK YYYH 1EKTPOCTATHK Maii-

AOHHMHT KywiauraHauru E 1oxkopu Ba xapopary T mact
Oyiranaa Kyroaanuut BEKTOpH P, HURT E ra bornanuiu KoHy-
uuaTy (8.33) Gaxapuamaiinu.

Mosieky1acH Ky10;14 ANDASKTPUK KHPUTHIAIAH 3ICKTPOCTA-

THK MalZOHHMHE KyWJaHTaHaury [ OuIMpHU.IA fopca. KATTHK,
ANnoniap MainioH 6¥i1ab oprenTauusiaHa 00patu B HHXO0AT,

«TYAMHUI» (P )xonam 103 Gepaau. JusnexTpux P Pe,t ra
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aputaid (8.22-pacu). 8.22-pacmnary P, = f(E) rpadukuunr
FOPU30HTAN KMUCMMU TYRHHMUTHUHT KyTORatmm sektopu Ly ra
MOC KCHAJIM.
"
8.21-pacmaarn R, = f (%) rpaMKHMUHT KOOP;AMHAT DOolIM-

BaH VTMACIurH, pean MOSICKYASD AUNOLLIN JIUICKTPHKIAD-
J4a xaM IeKTPOHIM, XaM AUNOSLIKM KyTonanuiu coaup 6yaaau.
Ulynuir yuyn pean MOJCKYISAP AMUOLIA AUDICKTPUK YUYH
AMIAEKTPUK KaOysl KWayBYaHINTH

4 ”

R, =R, +X, . (8.36)

O¥nanu, ¢xun (8.34) Ba (8.35) ra acocam:

03
R, = n,0+ 520 (8.36 a)

Kyr0aanran 3apsuuir cHpT 3HwWIMIA, Arap U30Tpon Ju3-

JEKTPUK OUp XUHCHY (E = const) DACKTPOCTATUK MalOHIa
Xolilamran 6yaca, y xaM OMp XMHCAM KYTONAHAaW, SALHU
YHUHT UXTUEPHI HyKTacua KyTO:1aHUL BEXTOPH 150 Oup xui
Oya;1m.

- Auosexmpurcnune Kymobaanumuda 8yxcy0ea Keazan cupm éxu
Xaxemui 3apsidaapea Kyméaanean (éku 6oraaneais) sapadaap de-

uaadu. bapuwa kymoaanuw xooucacuea borauK byamazan 3apao-
AAP2a IPKUH 3ap0Aap deituradu.

Kyrb.ianum sektopu P, Guiall AM3ACKTPUK UYerapacuia
BYXYIIa KeNaauran, KyTO:1aHrat g, 3apsUIapHUHT CUPT 314 -
aurn O, opacuia onauit GOFAaHKII MaBXyLiup.

d'%\ as
e;.!-oe—oo—-o - } P
"6 < +6’
8.23- pacM
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by 6ornanuiiy 91eKTPOCTATHK MAMIOHAAFH OMpP KUHCAK
KyTOAAHran napasiiaesielMict Mucoim/a kapab uukaMus. Puk-
pat Ly Napauic/IelIMIeIaH SICOBUMAApY [ ra Iapasuie, aco-
CUHMHI 1034 ds Ba Y3VIDIMTH [ Ta TEHT O¥ATal LIMAMHAP axpa-
T16 onamu3a (8.23-pacsm). UMAKMHAPHUHIT YHT TOMOHWIAIH aCO-

CHMHUMHT ds 103aCHTa ¥TKa3uAran A HopMai P, BexTop 6usiaH
o, 6ypuak TalKuT KHICKIL AMaaexTpuk KyTonanuul HaTuxa-
CYAa WWIHIDIPHMHT WYKH KATaMMIard MaijioH UyHasumm-
JIArM KYIIM JMIIOHIAPHUHE KapaMa-KapiiM 3apsuiapu oup-
OUPHHY Heltrpadiaiyin. JICKUH IHIMIZIPHUHT Yan TOMOHH 13-
W CHPTHIA XOMIANITaH JMITOIapHUHT Mathui 3apsay Ba
YHT TOMOHMIATH CHPTHAA XOanraH auno;mvar mycdar

3apsiAM KoMIleHcanmsIanMaiiy. Hatnxaia, IIIMHAPHUHD Xap

fup acocHa MHKIOP XuxariaH dg, =3;ds ra Teur Gokian-
raH sapsyulap xocuil Oynanu. by NWIMIAPHY eIKaCUHUHT
V3YHIUTY [, 3apsiiun d‘/x ra TeHr OysaraH Kartra JMI0Ab 1e0
Kapan MyMKWUII. YHUHI JAMIIOJHWUHT 3JeKTD MOMCHTH

dF, =dq, -1 =d.lds ©ynmamu. bynnan Ao IeKTPUKHUHT KyTO-
JAHWI BEKTOPUHUHT COH KUAMaTH P, anuKIaHaI:
ar 8, lds
D _ e . %% .
Fo=2=—p> (8.37)
oyina: dV = lds— 1 THHAPHUHT XaXMU OYnb, ds = dscosa

J

s

~—UHMAMKADP acocH 3ack ds HHHT P, HUHT TUK HYHa Minura
NPOCKUMACH. ¥ BAKTAA LMAMHAPHUHI xaxMu dV = ldscoso.
oyam6, yun (8.39)ra k¥itnica, Kyiujiaru xocua Oyiaiu:
_ _ddds _ 3,
e kfscosa  coso’

oyiua:
P.cosa=3,. (8.38)
By epiia P, cos ¢ —KyrBiaaHuIn BeKTopy P, HUHI HOPMI Tall-

KW DTYBYHCH/IAI MOOpaT O¥itraHu yuyu KyrGaaHramn 3apsit-
HHHT CHPT 3UWINTH:

3, =P, . (8.38 2)

Wiyunain kuinb, xyméaanean (boraanzan) 3apaciaprune

cupm 3udaueu S, coH dcuxamoar KymOAGHULL BEKMOPUHIINZ
HOpMUA MAWKUA Imyeuucued menzoup.
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By xyaocaaan myxum HaTika keitmb uukaan: (8.33) gop-
Mysiara Gunoan 1-", KYTOAAHULH BEKTOPH DNEKTPOCTATUK Mail-
JOH KYWJAHTAH;IMIM BCKTOPH E ra MponopuyoHalaup, oOu-
nobapun, (8.38) dopmysara acocan KyTOaalTraH 3apslHUHI
CUPT 3MYIUIN O, HACKTPOCTATUK MAMJIOH KYUJaHTAHIWIH

BEKTOPUHMIIT HOPMAT TAWIKUA 3TyBuucH E ra npomnopuuo-
HAT IKAHIMIM KCIUO YUKaIM:

6,. =€, xpE,f. (8.39)

Hsotpon ausackrpukiiap 6up Xusciu Kyrdonanranaa 6of-

aadran (KyTOnaHran) 3apsiLIapHUHE XaXKM 3HYIUIY Py KyT0-

JIAHMII BEKTOPH f), jlaH OJIMHI'AH TeCKapu MUIOpaiH AUBEP-
renuus (div) ra redraup:

o, =~divP. (8.40)

) . = dP,_ dP,. 4p_
Oynaarn div Pe=7:;—'—+—d;—+ df_' —KYTONAHHII BEXTOPH-
HHAHE AHBEPTCHIIUSACH CKU TAPKAIUIIY NedUAAIn.

Wynaan ko, (8.39) Ba (8.40) dopmynanap amonexr-
pUK KyTOIaHIaHA4a HHAYKUMSIauTras OOFAQITAH 3apsuiapHUHT
CUPT Ba X4XM 3M'LIMKIAPHHU TOIKUITA UMKOH Gepajiu.

8.9. JIMUDIEKTPUKJIATH DJAEKTPOCTATHK MAMJIOH YYVH
OCTPOIPAICKMUH—IAYCC TEOPEMACH. DAEKTP UHYKIIUSL,
KYWIAHTAHJIMK BA KYTBJAHUI BEKTOPHMAPUMHUHT
Y3APO BOFIAHUIIK

AMIAEKTPUKIA XOCHI OYJIraH 2JeKTPOCTATUK MANLOHHU
Kapab uukuinta OOFJaHTaH (g,) Ba apxuH (4,,) 3aps-
Japum GapkK KUaIud oAl Kepak.

A3AeKTPUKAArH DACKTPOCTATUK MAUOOHHUHT WHAYKUMS
pektopu 1. daxaT spKHH 3apsia (q,,,)ra Gorauk 6y1ub, xyu-
JaHFAHAMK BCKTOPH 3Ca 3PKUH (q:mx) Ba Goraauran (g,) sa-
psiutapra OOFTUKIIUD.

Mapas Ku1aiiIuK, H30TPON JUBICKIPUK 3PKIH s3apsa 61-
JAH 33pSUTAlIraHd napajsied niacTHHKaMdp opacuiaaru Gup

KHHCAH (Ea = const) JIEKTPOCTATUK MAAJOHTA KUPHTWITAH
6¥icun (8.24-pacm). AuanekTpuKIaa XOCUA 6YAraH 3;1eKTpo-
CTaTHK MalIOHHU XaMm WHAYKUMS BekTOopu D OpKaiH, xaM
KywlaHrawiury £ opkain Xapab yuKaMmus.
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90538\ *Px ~F3pk

4 30k '%PK + ] ~
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1 = 2
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8.24-pacM;1a JAU3AEKTPUKIATN MANAOH MILLYKUMS YU3UKIa-
pH OpKa1y racsupianran 6.6, v daxar g, —3apsiara O0F-
JMKANP. BuHoGapHuH, Ocmorpmcxm«—l’aycc Tcopemacura K¥pa
S EnuK cHpTIaH YHKACTrall DNCKTP HHAYKIMSI OKUMH Y CHPT
MUMIard OPKUH 3apsuiap ¢, ra TeHF (8.24-a pacMra k):

§Dd.s_ (8.41)

q)px

Hkxunuu tomonnan Ocrporpaickuii-Tayce teopeMacura
Ounoal ¢NUK CUPTAAI! YMKASTTAH KYWIAHTraHIMK OkuMy iy
EnuK CUPT HUMAAIY ¢, —DIPKHUH B3 g —QoFr1anrau 3apsaiap-
HUHT HUFUHAUCUTA nponopunonaﬂ;mp (8.24 6~ pacMra K):

f F dS" (qua q};)’

OyHuaH
feEds=q,,~q,, O (8.42)

byuaa boraanran 3apsiil g, 1M 3aPSUHKIT CUPTH 3UUIKIK S,
OPKLIH KYHMIAMH KYPUHMLLIA S3UL MYMKHE:

g, = §8~ds.
$
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Ba nuxost, (8.38a)ra 6unoan 9§, = P GVaraHu yuyH:

P § P(,”ds (8.43)
Ky

§,x— OPKIH Ba g —OOFAQHraH 3apsiiuiapHiHT nboaaiapiiy
(8.41)ra kyinaca Kynmmm XOCcUA OVaanu:

%snEﬂdS = f D,ds -f P ds (8.44)

Bynaa uHrerpan octnaary ndoaanap y3apo TeHr OVaIaHIuru-
JaH;

D, =¢FE, +P

en?

(8.45)

oyuaa: D, E Ba P, xaTTaIukiap nHAyKUus D , xywitau-

raimk I Ba KyrGaaHuiu 1“", BCKTOPJIAPHUHT HOPMa Tali-
KW 3TYBUMAapy O¥arany yuyH, (8.45) udoaa sexrop kypu-
Husa Kyiuparvya 6ys1aau:

5=5<|E+}”’,. (8.45a)

Hlywnaak xunub, (8.45a) MyHocabaT AUIICKTPUKAATH
37EKTPOCTATUK MARJOHHUHT BHAYKLMSICH D, KyWIaHIaHJn-

u E Ba xyraanuui P, BeKTOPNAPUHUHT ¥3ap0 OOFMAHHILH-
Hu ndogataling. Arap AMaseKipuKk uzoTpon Oyi1ca, Kyrbia-
HUUI BEKTOPH P, Ba UHIYKLUS BCKTOPH D awa: IEKTPUKAATH

MdM}lOH Ky4JairaH;uri BeKTOpY E ra uponopumonan, abHu
P =g R E Ba D= £, eE Gynagn. By ndopanapuu (8.45)ra

Kyiwica, £ ek = eosE +g, KPE xocun 6¥aanu, Oyraan

eE=1+R . (8.46)
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iynaait xuiud, usompon dussexmpuriune nucouli ousaexm-
UK cunedupyeuanauey € OUdACKMpUK Kabya Kuayeudanauu

R, dan 6up Gupaukia kammadup.

bapua MOJAAIAPUMHI AUYIEKTPUK KOyl KWIyBYAILLITUIU
MycOaT KaTTaHKIMD, XAMMA MO;LIAIaPHUHT HUCOUMI JIM3/CKTPUK
CHHIIIMPYBUAHINIH OMpIaH Kartaaup. Makar pakyyM yuyH € = |

Ba R, =0 6yararmpan Bakyymiaa Kyrdianuw coaup 6yamaiiu.

Z)rlempe'mdp Daexmpemaap 6ed, 3ap;z()fmueauxmamunu V30K
gaxm (Gup newa KyHOaH Man qua)eana cakaaidueak 6a ampog
pasoda xaznum magdonu xocua Ku. 1aduean dousul Machumeda
VXA HIeKMPoOCMamux. MaldoIY 10320 Keamupyeuu ousaex-
mpuk sxcucsea aiumuaacu.

KH3upu0 spuTiIrall alpuM AUDICKTPHK KyWIM JICKTPO-
CTATUK Maﬁ}mn;[a ACTA-CCKHUH COBHUTHMIIIAHAQ dAUINICKTPUKHWUHD
CUDPTIIIA MHAYKLMsIAHTaH OOFIANTan 3apsiriap y30K BaKTraya
CAKJIAHMIIL XYCYCHsITHIA 2Ta O¥:1ran 3ICKTPEIIapla ail1aHaau.

Bupunyu aackrpert 1922 finauga sion Gusnru Eryau 1o-
Mouuaan rauépaanran.

Xo3upIy KyHia pICKTPeTIap MVM, CMOJIa. HHOAMMEDPIAPp,
OpraituK, aHOPratuK, SIPUM KPUCTAIA JIMICKTPUK, KA
B4 1y kKabu MoLaasapiaan 'raﬁépnauaﬂn

Kywin 2J1eKTpocTatikK MailloH;1ary Mo; LATAPHI COBUTHLI
Hynu Ounau—TepMOMIeKIpeTaap, epymwk ouan Hyp:iaT no—
thorozsickTpeTaap, paTUOaKTHB HYp DUiaH HypJlaTHD—paauno-
DACKTPETAAP, MATHUT TALCHP OUIaH—MArHUTOVICKTPCTIAP,
KATTHK, MMIICKTPDUHKAAPHI KY\WIH DACKTPOCTATIK MALIOH Tab-
CHUpHAA KYT01a8—9ICKTPORASKIPETIIAP. 10JIMMEPIapHu M-
XaHHK ACPOPMALUIAD—MCEXAHOICKTPETIap, HUIKIAI {yan
OunaH—TPUOOIIICKTPETIAP BA TOXIHM PASPSL TALCUPHIA—KO-
POHODACKTPETAAP XOCHA KIIMHAAM. DACKTpeTIap ¥3rapuac
TOK MaH0aK cudaTuila KaTra aMaani KUlaHuIura sra.

DIeKTPCTIap afioKa coxacuiaa—Mukpodo, reacdon,
Teserpadyia, ICKTPOTEXHUKA COXACKAa—FEHCPATOP, ICKTPO-
METP.IaP, CTATHK BOJILTMETPAAP, XYAa CE3rup J03UMETP, Mbe-
304aTYMKIEAP Ba ras GuibTaapuia K¥uramraau. doro-
BICKTPOHAAP 9Ca OAMHTAH PacMHM Yiia 3aXoTuék, Talépiad
6cpa onanvray ackTpodororpadMsiia Xas KYIaHKIran.

Cerneroauiexrpukaap. Ceenemossexmpur.iap de, fup kamop
axcodul dudsekmpuk xoccarapea dea Gyaean, mawku mMauoon-
Cuz y3-yaudan daexmp Kymoaanuig Xycycusimay Kpucinain modoa-
Aaapea aimuaadu. BUupMHuM MapTa Gy xoccaiiapuu (pU3nK 011M-
Jap M. B. Kypuaros Ba T1. T1. Kobexo ceruer 1ys NaKC /.04 H,0
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— BUHO KHUC/IOTACHIIMHI UKKHAAHTAH HATPHUIA — KATMIAIY Ty3H
KPUCTAUIAPWHM TCKILUPHUIILAE aHMKIaran 2auaap. Ana mwys-
jlait xoccaaapra ora OY/1IaH JIM2ICKTPHKIAPTA CETHETO 3 EK -
Tpukaap Homu 6epuum.

Cerner Ty3uHUHT KyHUaard aCOCHH xoccaliapy aHUKAdH-
ram: '

1-xoccacH — CEerHeT Ty3H KeCKHH, AHM30TPOILUIMK XyCy-
CHSITUTA 3.

2-x0ccacH — aHUK OHP XapopaT OPa:MFUIA YHWUHI HUC-
Ouil AMBICKTPUK CHIITAMPYBYALLANIH Xyaa KarTta 6y, xui-
smary 10.000 ra sxuu 6Vaaam.

3-xoccacu — DNCKTP MHAYKHUS BCKTOPH [}, sibAW M-
SICKTPUKHHHI HUCOWHA CUHIJIMPYBYAHIMIM TAWIKH MailOH
KywJalTalaMid £ ra nponoplMoHan 6yimaian. By Goria-
HEULW TYPIM CErHCTODMEKTPHKITAD YUVH TYPAUMAIUD.

~ler

8.25-pacm

4-xoccacu — CErHCT Ty3MHMHT Kyfaatum BCKTOPU }3‘, HUHI

KMMMATR MaMIOH KyWIAHTAIUIMTKY E HUHT KuiiMardra JMac,
OATKH IeKTP KyTOJAHUIUIMHL OLAMHIY X0AaT KMiMaThra
OOFIMK OYynuuuaAnp. By X0iHMcara AU 1eKTPHK THCTEPE3UC
(roHoH. hystercsis—keunkuim) pedmnaaun. Kyréaanuu pexro-

py P, HWHI Ma#AOH Ky4iaHraH:mry £ ra 6oriadniun 8.25-
pacMa racBMpianran KVpMHMiLra asra oViaau. Maiinonnu
7AcCTAa0KY OPTTHPHW/IA P, HAHT YCHLIK OTPH YH3UK TAPMOFH
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| Bu1an racBMpIalaay Ba TYUUHUIL (P . )ra opuiasm. Keituir

3AeKTp MAKA0I KaMaWTyupuIica, P HHHT KAMAWUIIY 3TPY K-
3HK TapMOFM 2 OVHU4a JaBoM s1aan. MaijioH 10JTa TCHT
(E =) oyaranaa. KyTOJIaHMIN BEKTOPH Pe,', ra TCHI'—KOI-
K Kyroaanuis 6¥iaau. Komwk kyr6aanunr (P, Jun dyko-
THLU YUYH KO3PHATHB KyY 4¢0 aTainyBuu, TCCKAPH HYHANUIN-
Aard E o OGICKTP MAMIOH KyWIAHTAILIMIY KVAWJIMIMY Kepak.
JICKTP MAHAOHIMHT OYHAAH KeHUITY LUKIIMK Y3rapuiuuia-

Pd P, BN YOrapuily XankKacu MO 3IPU UM3UK—~TUCTEPCIUC
XUIKACH OPKAIM TaCRHUPIIaHaIM.

by xoccaaap ¢akat cerHeT Ty3u yuyH omac, DAIKK xaMma
CCTHETOXICKTPUKIIAP VUVH XaM TAALTYKANAMUD.

CerHeroaIeKTPUKIAPHMHT XOCCAIAPH Xapoparra KyWw.lId
SorinK. CerteToaICKIPHK XOCCACH UYKO M0, OIUN JMaJeK-
1PUKKa aiadamran T, Xapoparra Kropu mapadpura Kiopu
xapopatu ¢xu Kiopu HyKTdLH neiunaan. Kopu vykracu 7T aan
IOKOPUPOK, Xapopar;iapaa Mo1-
JAIAPHUHT CCTHETOXICKTPUK
xoccanapu wyxonauu. bab3u
CErneTOAEKTPUKIApIa yIap- ® f - l © /
HUHI RKOHUO XOCCaIapH Xa- 7
popar 6Vilnua XaMm 10KopH, ‘ @=eE f (O] o
XaM nacrThaH  verapajyaHra
ukkuta Kropu HyKTACH MaB-
Xyia. Macanan, cerner ty3u

te, =22,5C pa 1, =1.5C

Ka

8.26-pacu

UKKHTa KIopy HYKTLIAPH OPAIMFIIA CETHETODIEKTPUK XOC-
casapura ara 6yaa;nu.

Cerner Tysunan tamkapu, KH,PO, (xamit docar)
KH,A,O, (xaiuii muiubsiry), BaTiO, (Odpﬂld MCTATHHATH)—
qmnexrpnx MOJUIATIAD XaM ccruﬂoanempux xocca-
Japira sra.

AMatita karTa amaamit axamusitra ara 6yaran BaTiO, Kwopu

uykracu 7, =80°K ra sikun 03au6, HUCOH I TUDICKTPHUK CHHI-
zmpyisuammmmur MakcHMyM Kuimary 6000-7000 ra eraam.

CeruerovAekTPUK XOCCAIapHIIIHI BYXYAra KejUInra ca-
0ab, kpucraLria 6up XxW1 UFHAIMLLIY JMNONL MOMENTIApTa
ora O¥iraH KHYMK coxXaiap ¥3-V3uiaan Byxyiara kenanu. Yaapra
JloMmeriap Jeiunani. Aipum MOMCHITAPHUHT JIMIOAL MOMENIT-
sapy tacoauduit  paBMIda 1wyHaal OPUCHTAIMSLIANATHKH,
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OYTYH KPUCTALTHUHE HATHXABUI 2NCKTP MOMEHTH HOATA TCHT
oynanu (8.26-pacn). PakaT TaWKY £ 3AEKTP MAWIOH TabCH-
puaa SOMEHHMHT 3JICKTP AUNOLIAPU BCKTOp OYHaab Tyauk
OpHEeHTAalMSLTIAN UG Kolaau. Y3-Ysunan Ky161aHuu coxaiapu-
AOMEIUIAPHUHT GYAMIIA CCIHETODIEKTPUKIAPHWHT DHT yMY-
MUIT Ba aHUK GeATHIADUIHD.

CEerHeTolIeKTPUKIIAP MYXHUM AMaIUK axaMusTra ora. Cer-
HETORICKTPHUKAAD acoCH1a MypakKad TapKuOIM JUDACKTPUK-
Jap taiépilauud Ba ysapra TYpau apajamManap Kyiuo,
CUFUMHM KATTa, ¥iyaMmiapd KU4YKHK OVAraH 10Kopu cu-
darnd KoHJicHcaTOpIIap sicaTali.

Inbezoonckrpuk adexr. [lvesosaexmpux sggheicm ded, cust-
Mempusl PKueq 3ea 03Aean KPUCmAaiiapitu Mexanux deqopmauus-

2a2AHOd, SIbHY UY3HITAHAR €KUM CUKMITaHA

2 CUPTWIa KYTONIAHTaH 3apsLLIAPHUHIT XOCH
. oo xonucacura altuaanm. Ilbesoaiekr-
pux ohdexkr 1880 itninaa aka-yka I1nep Ba
Kan Kiopuiap ToMoHuiaaH xauidh Ky mH-
rad. byiia# xpucrainapra kpapu, TypMa-
AHH, CCTHET Tv3M, Kana. Cds.ZnS kpucran-
Japy Ba Iy KaGuiiap Mucon Gysia onaam.
Cerver Ty3u KPUCTATHAQ DHT KaTTa 5peKT
KY3aTUAAIM, aMAjla JCa aHYaI'MHA MYCTaX-
A3
X1
%

KaMpok O¥1raH KBapH KpUCTAAJaApH
WHLTATHHATIN.
HIyHHHT VUyH XaM 1TbC30DJICKTPUK -
hekTinr xoccanapusn xsapn (SiQ,) kpuc-
TALT MUCOM @ Kapab unkasua (8.27- pacm).
— Ksapil KpHCTANIAPH TYPIH KPUCTAILION-
%.27-pacw padgmk MoauHKALMLIAPAA Yupail;in. AMas-
Ala Kyjiauunira sra 0iran KsapuHuir Tpu-
ranan Kpucraniaorpadik cHCTeMacH (oc - xnaplt) 8.27-pacu-
JI4 TACBHPAAHTAH HIAKAA 9ra. Y UKKHTa HMpaMuiia 6uian vera-
pazaurad O¥aud. ontu EKM HPH3MAHU ICI4TdAH. AMMO SHa
Karop KyuuiMua €xilapra ara. byinai kpuctamn ¥ku Gunad
TABCHWIAHUOG. yiiap KPUCTALT HYMAATH MYXHM BYlHanuLiap-
i udogataiind. by Fciapaan Gupy KpUCTALIMK IMpaMuIa-
HHHT YHAapHHY OUPIALUTHPYBYY ZYKKA KPHCTARIIHHHT On-
THK ¥KM AeAMand, OATH KM HPU3MAHHUHI KApaMa-Kapuin
Kuppanapuiu OUPIAWTUPYBYH ¥, )y Vs, X, X,, X, YKAAPra
HCa WICKTP YKI1apu einaaau,
X 3iekrpuk YKiIapaaHd OUpHIa nepreHaHKyIsp Kb Kup-
KWIraH KBapill MIacTUHKalim Kapa® unkaMu3 sa X ¥Kjgapra
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8.28-pacy

nepneHauKynagp Oviran YKHM P OpKajaH OcarugaiMus
(8.28-pacwM). Arap Oy macrusika x, y pa z yksap oVidlinua uyyaud
€Ki CUKMO geopMalMsiaHTala KyHyaard xysioca keaub uu-
Kaiau:

1. ITaacTuika x YKy 6¥iinua uysuaramnyia nepneHanKyssip
oynran ABCH sa A'B'C' /I éxnapujia Typiy MUIOPaRW 3apsiil-
JTApHUHIT Xocu: 1 6¥AuIM XorucacuradVitiaHMa TYFpH libe-
303eKTpUK 3ddekT acitnnany.

2. IMaacrtuuka y yxku 6viiaabd cuxkuirauna xam ABC/H Ba
A'B'CT Exnapvina gHd TYPAU HIIOpaATK 3apsiiapHMHT XOCHT
oYMy Xonucacura KYHIaRaH! TYFPHU NMbHC302ACKTPUK
spdexT neitusnanu.

3. Arap ruiactdHka x YKy z Yxu O¥iuua aedopmaiids-
JAHTAHJA 1BE3OMICKTPHK 3dexT cojiup o¥amainu.

5.29-pacwm
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4. Haactunka z ¥xu O¥iinua sedopManvsiaHrania nibe-
3031ICKTPHUK 2 deKT conup 6¥amainu.

KBapiyia 116€30033eKTpUK OPPeKTHUHY Naino 6yaniuu
8.29-pacMaa cudaT XuUXariad TYIHYHTHPHIaH. YiHaa Z onTuk
YKKa THK O¥;1raH TeKMCIMKaa si Mycbar HOHiap (1NTpuxiIan-
rayg joupavanap) sa o Mauduilt vomap (UITpUXIaHMAaran
JOUPAMANAP) HUUT LIPOSKIMANAPY CXeMATUK TacBMp.laHTaH. by
pacM KBapLIIMHI 3JieMcHTAp sA4YcHKajgaru MoHaap-
HUHT XaKUKH i Koupurypanusicura Moc kelaaum 8.29a- pac-
Maa Achopmarusialivaran siMeiKa Tacsupnanran. X, ¥xu 6yiu-
4a CUKM:IraH,I (8.296- pacuM) saeMeHTap sUCHKa Aed)opwa-
uMstiauuo, Mycbat MoH 7/ Ba Mauduii Hon 2 sueilka W4ura
60T M, HaTuxkana A 1acTuhKa Mandwui Ba B nnacruika
sca Mychar sapsyuiatiain. X, yku 6vitaab yyswiranaa OyHUHE
Teckapucu OVaanu (8.298- pacM). -byHna / Ba 2 siuciixajaH
«UTapuiaaind» Ba A €kia Kyinmua Mycbar sapsan, B ¢kaa aca
MaH@Ui 3apsid Xocua OViaanu.

ITbe302:1ek1pUK 3hdexT dhakat 6up ToMoIL1aMa 4y3H I~
JarpnHa coaup O¥amai, owiku cuaxuin achopManvsiaapuia
XaM coaup OVaamu.

ITbes300ekTpUK shhexr KBapIyiat TaWKAPY, A3BPUH CU~
creManuir 2- ga 6-IypyXJIapuaard ieMeHmTiapiuir Gupux-
Manapu (CdS; ZnS), mynunraek 6olika KUMEBUI GUpHUKMa-
Jlapiia XaM Ky3aTunras.

Teckapu nvezodaexmpur dtphekm 0eb, kpucmann Ou-
INCKMPUKAAP, HCYMAQOUN KEADY NAdCmUHKACU (nbe30K6apy)
SACKMP MULOOH2A KUPUMILIZAHOA YHUNE emapuda xym6fzauaau
3apsACAApHIHS UHOYKHUAIGRUME cababay Pruamaneunune ysaa-
puw xoducacuea anmuaadu. Nse30amekTpuKaa xaM 6yiiama sa
KYHJAQIAHI TCCKAPH NbC30AUTEKTPUK xpeKT Ky3aTunagu. Arap
nbe30KBapil X yxku 6yifnad ifHanran anexyp MaMaon iyuan-
TUpMiIca, Miacrunxanunr X yku oVidaad conup Gynran nc-
opmauusira 6¥yinaMa TECKapH Nbe30ITCKTPUK 3 -
dbekT aciunud, Y Yxu 6¥inad xocun Oyaran nedhopmanusra
aca KyHjpajgaur rnm\apn NMhC303JEeKTUPUK 3D PCKT
JCHMIATH.

Teckapu TIHESOONCKTPHK apdhexT MaliHOHINHT HYHAIMIUN -
ra 60FIMK O¥aubd, MalinoHHUHI Wyuanviu ¥3rapranga ne-
(OpPMALUSTHUHI AVHAIMBIM X3M KapaMa-Kapuiv TOMOHTa ¥3ra-
pamu. Teckapu 1bC303ACKTPUK IPPEKT YUIUNKTH, STHHH Maid-
JOH KYWJaHIQHAMIMHMIT OUPHHUY JapaXacura nporop-
1HMoHAN 6Vaub, daxaTr 0ab3u JUMICKTPHKIAD (NMLEe303.1eKT-
PUKIAp)Aa Ky3aTiIagy.
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1lpe303aekTpHK 3P PeKTHHHT Ky auHun. TYrpy 1ILC30-
MEKTPUK ODGEKT WICKTPOMEXAIIUK VIrapTIuyiapa sa Vidall
annaparypajapuiia Keur kyriandinra sra. Macanan, nbeso-
ICKTPUK, MUKPOGOH Ba TCachHOH MBC3IOWICKTPUK A alTep
(KBAPIl ILIEACTHHKACH-1IbE30K BAPI) MUMKPOMETPIIApP, Wy Kadu
yruaryuiaap Ba 6owWKanap wysiap KyMmIacHaaigiup.

Teckapu mbe3oaacKIpuk adipekira acocianran 1be30KBapi
MIACTUHKANAD TCXHMKAAa, OMOIOTHSAA BA MCARIIMHAN], 11Ty~
HUHPICK K¥nTuHa UMK Ba GHU3KK-KUMEBUI TAAKMKOT K¥ilita-
HAJAANIAH KY'WIM YABTPATOBVII TYAKWH HypAaTrHYu—KBapu
HYPJIATTHM K Ba wy Kabuaapaa kVianuiarad. Paguo ega s.1ckr-
POTEXHUKAIATH TEHEPATOP;TAPHUHT YACTOTAIapUHK DapKapop-
JIAULIA TThe30KBapll MIACTHHKAJAPUHUHT TeOpaHuiuiapuaan
doinananuaray.

TAKPOPAAL CABOJINAPH

1. YTKa3ray Ba AMAICKTPUKIAD Ach Hymara afiTHna;in?

2. Slpum YTKasrdiMap Aed uumara aitiuaanu?

3.Daexrp 3apsmiapn §TRasryaa Kaugal takeusiranagn?

4. 3apsaiulaHraH VTKasIHy clpTH SIKHHHAATY MARLONBUHE HILYKILSICH
Ba KVWIAHTFAHAWTH HHMara TeHr?

5. -DACKTPOCTATHK FCHCPATOPHHHT Tyswauunt, dan Ba TeXHHKajlarn
axaMusITH Kailaai?

6. DexrpocTaTuK Maiisouny Kadai gedopMauysiiam MymMi?

7. daekrp curuM el numara apruiaasu? [dap oaexrp CHFUMHHHIE
HOPMYIACHHH C3UHT,

8. Yaapo anexrp curum jed Humara adrunaam? Kowuaencaropaap jed-
qu? Accy, UHTHHAPHK B2 ¢HePHK KOIJICHCATOPIAPHUHT 2CKTP CUFHAMIA-
putin ndoganosiu Gopmyaarapiid E3uir. .

9. KOHICHCATOPTADHI YJaK! TYPIaPH B2 YHHHT (HOPMYIAIAPHITY E3HHT,

1), DacKTpOCTATHK MANAON 3HCPISICHHY Hdoaaiopust hopMyna Kati-
mait x¥punsuiura sra? BHp XMHCIAK 3TKTPOCTATHK MAIfI0H SHCPrHACKHHHT
3wrIary HopMYAACUITH E3HNT.

L, JIMoneK puiapinir TypaapH Kauaai? KyrGens MojueKynain And-
JICKTPHK aTOMAHHES KYTOJIAHMIIN, AMNNO b MOMCHTH BA aTOMHHNT KyTi.Ia-
HYBYAHAHIY HHMara 60FTHK?

12. Kyr6au MOTICKYJIANK IMDJAGKTPHK ATOMUHHIT TAWIKY Mmaiizontiza
KaHA2i oprenTalusatagi? Yim aioiasrrupysyay Ky MOMRIITY 1iMara Teir?

13, JAuonex TpUKEpHUHT KYTO1anuul seKTopi 2¢0 BuMara altiuaan?
AU2ACKTPUK KabY.l KHMAYBYAHIKIH jicB-yn? ¥ nuMara 60E1NK?

14. AUICKTPURAATY 3ACKTD HHAYKIUA, KYWIAHMAWIMK Ba KyTOIaHi Ll
BEKTOpIApH ¥3apo xauaalt Gortaysinra ora? JBacKTpukiir kabya Kisvs-
SAIMIM NHCOHI AMDUCKTPHK CHHTAMPYBMAILIMIH Owian xangail Gorraii-
ran?

15. DieKTpeTNAD Ba CCPHCTOONSKTPUKIAP A¢D Humara alkTuiaann?

16. Tyrpu Ba Teckapu nhesoaddekT Aed Kaiaait xoqucara atunaan?
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9- 0D
V3TAPMAC DJEKTP TOKU

9.1. DJUEKTP TOKU BA YHULIF TABCUOU

DCKTPOCTATHK MAMJIOHTa KOHNanrtupuiran Yreasru4a
MANIOH TABCUPUIAL XAPAKATAAUIAH 3APS;LTap YHUHT CHPTH
IKBUNOTeHLMAA OViAryHua Takcumnanany. bynnait ¥rkasruu-
HUUT MUKK Maliionu HOMra TeHy Ofnany.

Arap YTKasIMUHANIT UKKH HYKTACUAATH HOTCHLIMALIAD aiup-

MACH HAOUMUI ((pl—(p, =const) CaksIaHca, YTKasrud M

D 0) MaioH xocut 6¥aaau. By nuku
MaljIOH YIKA3I W1 3aPsLLIapHUHT y31yKeud TapTubiv xapa-
KaTviK 103ara KeATHpaiu. by xoi1a smycdar 3apsunap Vrkas-
FUYHAHT KATTa NOTSHUMLTEIN HyKTacilall KHUMK LOTCHITNANIH
HyKracura xapakarianu®, smanduit 3apsaaap sca aKCHH4YaA
XapaKaTIaHaiIu,

Daexmp 3apadaapunune mapmudau xapaxamuea éxu 3apA0-
Aapuune Kyuuwy ouaan O0FIUK OYA2aH 2AeKMD MAROOHNUHE
mapKaaumiea daekmp moku el aumuiadu.

DUICKTP TOKH METAN1ap1a SPKUH SJIEKTPOHAapHUTIT Xapa-
KaTW, CKTPOITIAapa MycOaT Ba Mat(hHil MOHAAPHUUT, Ta3-
Japaa nca MycOar, Mauduil domiap Ba 3ACKTPOHIIAPHUHT
X4paKaTMHU X0CH Kunaau. Bupok kdpama-kapiuy niopanu
sapsira ora Oyaran kyia K¥n 3jekTpoi Ba aTOM sAposiapH-
Aal TAMKUI TONTAH XUCMAap TapTUOIH XapakaTaalraiila X4
BAKT JICKTP TOKH XOCH.1 OVAMalH, YYHKM Mychar Ba MaH-
$huii 3apsatap ¥3apo KOMICHCANMIAUNIIY HATHXACKIA Xap
Kamnai 103a opxaau yraérran tVauK 3apsiil HOATA TeH! OYaa-
s, HIynusr yavii XaM DaCKTP TOKK yMYMUIT kVpununiina Gyn-
Aait Taspudnatianm.

Daexkmp moxu Jes, KOMREHCQUUAIANMUZAN OPMUKHa mycbam
EKU MARDUI 30PACIAPHUINZ IMAPMUCAU XAPUKGMUSA aimulaoy.

Vinkazeusnapdaeu IpKuH 3ACKMPOHIUPHUNS WSKH DAEKMpP Mati-
don mascupudazyu Mapmuiau XapaKamuza YImkasysaniuk moxu
Exu saexmp moxu detuaaou.

3apsiaHran Xucaiiap (EMFUP TOMUMHCH Ba LIy KaObHaap)
HUHT (PA30JATM TAPTHOAM XapakaTH/aH XaM 1EKTP TOKH XOCHII
Oyaaam. ByHaait Tok 6owka ToKIapIaH Gapkau PaBUILIA KO H -
BEKLHUOH TOK Jied atanaiu.

ToxkuyHr HYHAIMIIY YUYH TUaPTIY paBuniaa Mycoar sapsii-
HUHE xapakaT BVHa My Kadya kuauiran. Toxnuur Oyniaai
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1

iyHainiura TexHux Bynanuw aciunagn. [HyHunr yuys
XaM Mar(hHI 3apssusiap €KY AICKTPOHAAP XOCH KHIIrad TOK-
HEHE IVHAIMIIMIA XapaKaT AVHa MUK KapaMa-Kapiny #iiai-
rad oynaam.

. by fobna 6u3 ¥TKasyBYalUIMK TOKMHM Kapal UMKAMM3.
VTKA3yBUAHANK TOKMHH XOCHA KHIMaH 9PKHUH SACKTPOLLTap-
HUHT XapaKaruiy desocura ky3atud Oyiimaiin. JIekun ¥rkas-~
PHYAArd TOKHUHI MaBXYLLIMITMHU YHUHI TAbCHPH €KW XOCHA
KJlral xoaMcatapra Kapad Kyiniaruaa anusan MyMKHH:

1. Tok ¥raérrama ¥TKasruy KU3Hiam (MCUTIHY acbobiap,
yyEAaIIMa jlaMilaiap, caxjlarduiap).

2. Tokiuur arpouia MartinT MaH;I0Hm XocuT 6¥aay (ToK-
JM VTKa3ruy arpoduaard MarildT MUAUMIIMHT OFMIIKM, JICKT-
POMArHuTIM Teserpad-reneon).

3. Dutextp ToKY Yrranjaa KHMEBUI TapkuOM ¥3rapayn (Kuc-
J10Ta, MIIKOP BA TY3HAD IPUTMACH—3SICKTPOAMT MOAZa1ap-
HUHT aXpaauiun).

KKy aCOCHI KATTAMHK: TOKIHT Ky4U BA TOKHUUT 3UWLIATH
KT TOKMHUHT MUKAOPHIT TABCUH OVIUD XM3MAT KU ruH.

Tok Kyun. Tok Kyuu 0ed, YInKaseuunuie KyRoaianz Kecumu
H03udan sakm bupaucy unudu Ymedi daeKmp 30psaoues MuKoop
srcuxamoun menz 6yA2an QUK Kammaaukka aumuaadu, sonu:

_
I=4. O.D

OyHaa: dg—3apsyl, dr—BaKT ckajgp OYiraHmu yuyH, J—TOK Kyun
XaM CKaIsp xarraiukaup. Tokruse kysu 8a uynaluwi gaxm
Pmuwy Guaan Aoumuti K0AaduaH MOKKA P3eapMac mok deiiaa-
ou. Y Baxrna anddeperunan kypunmuary (9.1) udoxna un-
Terpat KVpUMHHIUIA Kelagu:

I = -‘,i (9.2)

OVHIA: g—VTKA3IMUHIHT KCCHM 1031 .S j1ai £ BaKITa yTraH 3apsil.

CH cucremacuia oK KyyrMuir SUpiury acocuit SUpARK
oynnb, amrnep (A) Owian VavyaHaau.

Tok Kyur aMiepMeTp OWiaH ViuaHaau. AMICPMET)
3AMKUPHUIT KYHAATAHT KCCUMUAAH BakT GupiIuryaa yrrai 3a-
Py Vauaiam, MYHUHE YUYH 38HXHPIA KeTMa-KET YAaHAAM,

Tox Kyumuunr 3HLIMCH, TOK KY4Y 3MWIHTHHUHL ¥TKa3ruy
KYHAAIAHT KCCUMUHUHT Xap XU HyKTanapyia TakcusriaHu-
WIHHYE HOIATAIT YUYH TOK KY4M 3ULIMIMHHHI BEKTOPH Ach
atanysyy QU3HUK KATTAAKK TYIDyHYacH KUPUTHAAAMW Ba j/
(«itom») xapdu Ouitad Oearuaananu.
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TOK KyuH 3UWIMI'M BCKTOPUHMHI HYHAJIMIIKM MychaT 3a-
PAAIM 3appavaHMHI XApaKaT KYHAIMUIU OuIaH MOC TyuG. y
AVHAIMLLITE NEPICHAMKYIIAD 3ACMEHTAp 103ajian yradrray df

JICMCHTaAP TOKHUHI WY 1034rd dS; ra HuCcOATUra TEHT:

= l” df
J= T dscosa’ (9‘3 )

Oyriza o Oypyax ds 1033 Gunan yura yrka: 3MTaH n HOpMAJ

opacuaarn 6yp4ax.

by (9.3) ucdoaanan YreasruuiueT UXTUEPUI $ 03Kual YTa-

éTrai TOK Kyuu:

I= J'jdsl =_[jcosads. (9.4)
s N
IDHAK FIKASTHYHUHT KVHIAIAHT KeCUM I03UHHU Kapab uu-
Kamu3, Oy xoada ds, = ds 6§umd Koaanu. Y xosiaa

1= [ jds (942)
N
Arap ¥rkasrywian yarapmac Tok Vraérrai oyiaca, Tok
Kyud | FTKa3ruHuHr KYHIMAHT KCCHM 1034 OV itnua Oup XuJ
TAKCUMAGHATH, SILHKU J = const O¥:taum. Y Baxria (9.4 ayuu 6y1-
Jaf KYPULIHLLIA E31I0 MYMKKHIL

1=Js. (9.5)
BYHJI'dH TOK KYYHHHUHT 3UYIHUTH! -
j=L. (9.5 a)

{lJymmﬁ KWIMO, mok kyvunune 3uvauen 0ed, ymrazewdnuine
Bup Gupauk KyHOAAaNS Kecum 103U0ar ymean moxk Kyquza Mukoop
yeuxamoait mexe Opacan QUIUK KamMmMaukKa aimuiaou.

Tok kyun [ unnr udoacuny (9.2) aan (9.5a)ra kyiuica.
Kyitunaru xocu 6y:;1aau:

i=d -4
j=4=%L. (9.6)
9.2, META/NIAPHUHT DAEKTPOH YTKA3YBYAILIMIMHYA
TACARKA0BYH TAXKPHBAIIAP

1. XX acpHuHr Gowsapuia TOKHH XOCHT KUTYBYM 3appa-
Ya;iapHUNT TabUaTUHU aHUKIalll MakCcaanaa O;MMIdp ¥3apo
KETMA-KET YjaHra, 6up xul paauycin MHC, AliOMUHUHI Ba
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Al Cu

9.1- pacu
AHa MHCIAH M()opa'r yura NWIKHAHPUK METALT CHCTCMAaOdal

=1 Hua gasomuaa ¢,=3,5mau Ki sapsn YTrasaunap

(9.1- pacM). by yuta MeTaLiapuuilr Maccaiapy Karra aluK-
JIMK OMIIan YoIYaHau, YIApHUHT MacCacH Ba KMMEBUIT TapKu-
6u yarapMaraiciurd MabayM OVau. BymaaH, Merasmapiunr
ICKTP YTKA3yBUAILIMIUIIM Oapua MeTaliap yuyyH Oup XHi
OysiraH «3apsyIapHU TAYBUK» 3PKUH XapaKaTiana ogaaiu-
ral 3apsa/Iap XOCHA KWIAIM, jlerall Xyaoca KeiiHO “UKAM.
bBunobapuil, MeTaLIapHWHI DACKTP YFTKA3YBYAHIMIH MCTULI
ATOMJIAPHHUHT KYuMInura DOFNKK OViMai (pakaT SpKHH 31eK-
TPOHJIAPHUHT XapakaTura SOFTUKIRD.

2. MeTamuiapaary ToK 3pKUH IeKTPOHIAPHUHT XapakaTH-
JaH BYXYAra Kesnimy Taxpubasiapaa TaciukIaHTraH.

by Taxpudasap KYHULATH rosra acoctanurai: 6upon o, Tes-
JIMK QWA XapakatslaHaCTral MCTALt CTepXeHb (9.2-pacu)
OMp oHJa TYXTATWICA, YTKA3rUy MUKWIATU IPKUH DAEKTPOll-
Jlap uiepuusicn 6¥itiia taptubiayn xapakataazHub, yTkasruu-
Jia { TOKHW XOCUI KIf1aaH. by TOKHH XOCWIT KHraH ¢ 3apsiitiu
CTEPXCHHHHI UKKHM yuura yiadraun (9.2-pacmra k.) G rain-
BAHOMETD OPKa/ i aHMKIaHaaM. byHaa VIKa3ru4y1aru 3pKuH
2JIEKTPOILIAP &, OOaNruY Te3NHK OWan ¥TKasryura Huc-
DaranH ¢ TCIIaHUI OA)IU. DACKTPOHIAPHHHT YTKa3rHyrd HUC-
fatan XapakaTuaa 3JeKTPOHTa TALCHP KHIAYBYM F =ek Kyu
¥Hra g Te3J1aHUIIHY Oepanu.

yuzaii Kuanb, UKKMHYY TOMOHAAH MCKTpoHra F=eF
Ky4 TabCup Kuaaau. buuodapur:

Uy —> 7=0
Wb‘—’aoz mﬁﬁ—?m
a g
9.2- pacum
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F=elF=ma,
Oyian, YTKasruygary JICKTP Maiaon KyvjiaHraiury:

E=ma, 9.7)

Oynasua: OYHAA: m—3JeKTPOHIMHI MaccacH, e 3ca 3apsii.
Arap YTKasruuHUHI y3yHAMI'M [ 0§7ca, ¥TKasruy uuuga
QJICKTP MANIOHHHMHT MaBXya OyaulIM yUyH YHHHI YWIapuaa
O -p,= El ra TeHr HOTCHUHMALIAP aRKPMAcK XOCH:1 OYaanu.
Y opakrtna £ uuur (9.7) dopmynasary kuiiMatunn Kyiuo.
YTKA3I'HY y4daapuparu HoTeHiMaIap aitmpMacu ((p, (pz) HU
TomamM3:
O ~9,=Lli=2al (9.8)
IUyrigait xuiaub, S1eKTPOHAAPHMIT YTKA3TUM KPHUCTALL
HaHXapacu TYIVHUTA HUCOaTaH KVUMILMAAAH XOCH O3IraH Tok
Kyuut I, OM KOHYHHTa OHHOZH YTKA3IMY ywiapuaara ((p, - (pz)

HOTCHUMALIap altnpyMacura TVFpu, YTKasIMUYIMHI Kapliuin-
FU R ra TecKapyu nponopudolLyin, sibHu:

] = ‘mR% = ._;g_/ (9.8a)
By cpaa a =42, Gyaranu yuyn (9.82) uut sma J = ?1’?%

éxkn Jdt = —’ﬂ va db, k¥puHuinna €3amus. byuua fldt = dg 6¥n
rany yuyH:
dq=L”~-Ld0. (9.9)

By tediamany o) Aad 0 rava nirerpaiiad, TopMosianranna
ra;monomem;lau YTraH ¢ 3apsiyIHY aHUKJIaHMH3:

=
]
I3
o~
s
il
o L.

L
R® (9.10)

DNCKTPOH 32PA/M € IIMHT MACCACH M Ta DMCOATH — I'a BNEKT-
POHHMHT COMNITUPMA 3apS/IN AcHUAANH.

(9.10) dopmysiazan kKypuHauuku, oKud yTraH 3apsia
MHUKJOPU ¢ $TKAZrvuuuur y3yHjaury [ ra Ba yrkasrduiuuHy
GouitaHFuY TC3IAUTH U, I'd TIPOTIOPLIMOTIATIAND. burobapun,
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Youab OYaajmran ¢ 3apaanu XoCWI KIGIMIN YUYH 2, TCIAMK
MYMKMH Ka/1ap KaTTa Ba JTKAIHU MYMKHH Kaap y3vi 6¥im-.
M KCpakK:

I
% = _?}%' {9.11)

3. Tesaamrrupuaran yTKa3rugga 3;1CKTPp TOKHHUHT XOCH
OVimuuHw GUpuHud MapTa pyc ¢dwsukiaapu Jd. . Mau-
aeavmitam 83 H. J1. Tanazekcn 1913—1914 itysurapaa Kysa-
THIITAH. Yiap y3yH cMM ¥paarall raatak oiud, VHUHT YUMIa
Teachon yaauirad (9.3-pacwm). Faxrak 00 ¥ku atpoduna Kyd-
T Gypama TedpanMa XapakartaauTypyuAarania ¥Tkasruyaa yara-
pPyBUaH TOK XOCHN OVAraHIMIUHH TeacOHIaH MUKKAH Y3ra-
PYBUAH TOBYII TACAWKIIAP 93U,

IUyHaa# kunuG, 0y Taxpnda YTKasruuaapiary IpKHH
ACKTPOHHHUHT WHEPUMAN XAPAKATH;IaH XOCH.T OFATaH TOKHH
cuaTt HyKTaM tiazapmaan ndomiad,
TOKHHHI Teschonia XOCH, 1 KWaral To-
BYIHH SMIUTHIUG TOKHHUHT WYHAIHUIN-
HU Ba MUKIOPUHH AHUKIAlLIIa HMKON
depaaH.

4, 1917 ttuan T. Crioaprt Ba P. Toa-

Med Maneabinram-llanaiekcu rax-
PHOACHHH TAKOMMIIAIITHPUO, yHAArH
Teiae)OHHM CE3rHp raibBOHOMETD OH-
ctan aMamrtupuui, Cum Ypairay ran-
TAK KATTa TE3IMK OMjIaH AUNAHTH
puino0, TOpMOIIAaNTaHa YTKasryiaa /
TOKHM XOCHA KHATAH q 3apsSIHUHT MUK - 9.3- pacwm
JOPU TAILBOHOMETP €pAaMuaad aluK-
JadraH. by tTaxpuba ¥TKazruuaarn TOKHU MaHd Ut 3apan-
Jap BYXyIAra KeNTUPUHIMHHA KYPCATaan Ba ¢/ HUCOAT YUyH
1,6-1()”% kufimar keand unukmm. By kuiiMar aaekTpoHaap
yuyH OOWIKA yCys OH/IaH OAHMHIAH KUMMATTa SIKKHAHD.

CoauninripMa 3apsian ¢/m HUHT X03Up aHUKIaHTal KMii-

e _ iV Ky
MaTH: 57 =1,758-10" 2

Myveaait k6., MannesiswtaM-Tanancken sa Crioapt-
Tonven TaxxprGa HATHXATAPH METATIAPHHHI SAEKTPOH VTKa-
IYBYAHAUTIVHY OyTKYI TacAUKIad, METANLIADHKUHI KIaCCHK
3ACKTPOH HA3ADHSICUHUHT SIPATHIMIIIATA 3COC OVIM.
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9.3. METAJUTAP DJIEKTP YTKAJYBUAHJIUTUHUTIT KIACCHK
DJIEKTPOI HA3APHISICH

MeTzumapHmn‘ 3JIEKTPOH yTKHBle’dHJlMK HA3APHUSICHHH
oupunun 6¥aub 1900 fiwau nemuc ¢pusury I1. Ipyae sipatran
oynu6, viu keitnuuaiuk I, Jlopenn pusox:iantipral 51m. by
Hazapysira OUHOAH MCTALIAPlary 3pKHH MICKTPOHIap MCTA1
11AapYACH CUPTH BMIaH YCrapaIaHraH XaKM1a 3pKUH XapakaTia-
HajiM. Yaapuuur 0y TapTUOCH3 XapakaTH wical ra3 MoJeKvia-
SIAPHITHHT Xapakatit Owian Oup X1 6¥araiy yiyi OpKuit dlek-
TPOHAAPIa <«3ICKTPOHAap rasu» ach HoMm depuarad. 1Lly ca-
0a0a¥ XaM, DPKUH DJIEKTPOHAApra, 3JCKTPOHJIAp ra3ura oup
ATOMIM KICAT 'a3 MOJCKVALIAPY YUyH VpHHIH OVaran Ty-
UIyHYA1ap B3 KOHYHUSIEIApHY Kulaln MYMKHH.

IHynunr yyyH XaM, DfekTpoHdap TapTHOCH3 Xapakatu-

2
HUHT ¥praya KUHETHK DHEPTIICH W, = i‘z'—- Fa3 MOJCKYMACH-

"HHHT WITAPHIAIIMA XApaKaTHHHHT UCCHKIMK YpTaya KMHC-
THK SHEPTIsICH W, = %kT ra TCHF. S’bHU:

el o 3kT (9.12)

Ovila m—3ACKTPOHHHHI Maccacu, #2 —yprada KBaapaThk
" . 33 K «
Tesaury R=138-10~ & - boasuman aonMuicu. T—abeo-
JHOT Xapopar.

Byiuian apkui JNeKTPOIHUHT TapTHOCH3 Xapakarh Ypra-

qa KBAAPATHK TCIAUTH Uke = \/ U2 Kynujlarara TeHr oynanu:

o = AL (9.13)
Vit xapoparu (1" =300" K)na opxun snexrpon: (m =9, 1- 10°r)

HANT TapTHOCH3 XapakaTit YpTaua KBAIPATHK TCIIHTH D, HU
Xucobh1ab uHKuIca:

= (kT _ 313810738300k )
Ve = AL = /300K =118-10° %/
V m 4

9110k
JdeMmax, Metaanapaaru OpKuIl 1K TpOHIaP HCCHKIMK Xapa-
K4TUHUHI ¥PTaua KBaapaTuk TEIIUIY, WY WAPOUTLE ra3 Mo-
JCKYJANapH XAPAKAaTUHMHT VpTada Te3jiuiu ~105 —f‘ TapTH-
Ounary xarraaukaad ubopar 6yap 3KaH,
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SICKTPOIIAPHUHT TAPTHOCUS HCCHIGIMK XAPAaKATH JJIeKTp
TOKHHU XOCH1 KMAMaHaIH. Arap raluku manda épiaMuia Mc-
raan yuuga kyunanranadra E o¥aran anekTp MaiioH xocua
KWIHHCa, 6y MalL10H TabCUPUAA DTEKTPOHIAp MaiIOH Hitia-
JIHUIMTA KapaMa-Kapiny dHajirad waapaKaT TEILIMTUrA 3Ta
ovnaan.

J1eKTpoIap HYHAITaH XapakaTHHKHL ¥pTaua TC3IMIMHT
D Ounal GenrviaiiMus. Y pakria TesIMK HYHATUUIMIa THK
oVaraH OUPAKK 10341aH BaKT OUPITUTH MUMda VITaH BIEeKTPOoIil-
JJap COHU noTJ oynanH. Dy COHHH ICKTPOHHHUNT 3apsiIM ¢ Ta
K¥MauTupuiaca, 3JEKTP TOKH KYUHHUHI 3H'BIHIHK / KCAWO UH-
Kaau:

Jj=en T . (9.14)

DHIM MeTALT YTKA3THHIAPiIa 9ACKTP TOKH XOCHT KWITaH
SPKMH DNCKTPOILIap TapTHOAKM XapakaTd YTpava Te3auru L
HUHI KMAMATUHY MUC YTKasruwilaH YTaéTralt ToK Muco.IHia
Kapab uynkamuis. Texuupunuiapial MabiAyMm OV;LIMKH. MUC
YTKA3THY YUYH TOK KYHHM SHUAUTUHWHL KYHHIMILNA MaKCUMal

KHiMaTH =11, = 1106 A ra Teur 3Kkan. Muciaru op-
My2 Mé

KHMH /1CKTPOILIAP KOHUEHTPALWICH n) = 8.5-10% -L ra, anek-
M

TPOH 3apsUIMHMHI KHiiMaTH oca e =1.6-10 YK ra Teur. ¥
BAKTila OV INAPOMTIA DICKTPOHIAPHUHT MUcAArH TapTidin
XAPAKATMHMHT YpTaya Teturv ¢ HH (9.14) dopmynairan
xucob;1ad yukuiaca,

. 111054
p=d = ) /,\42 =8.10% My =()*8my_ 6vn:
ne 85108 )/ 1610 PKx e ¢+ 6yaaan.

[UyHna#t xuaud, MeTaUIapaa TOKHU XOCH KMIT4H 3pKHH
IAEKTPOHJAPHUHI TAPTUOAM FPTA'A TERIMH £ TOIT KMYMK
VA0, yit XxapopaTHIard ACKTPOHAAPHHIT TAPTHOCHS HCCHK-
JIVK XapaKaTy Ypraua KBaapaTuk TC3NUIK »  J1aH XYad KHUTHK
(v<< V,,) 3KaH. Jlexun yrkasruyu 6yii1ad oacktp toku Oup
Jaxzaia Tapkaiaay. bynra cabab McTawpiap HMHIATH SACKTD Mak-
JOHMHMHI, S'BHU TOKHUHT TAPKLIHIN TEIMIHHIHN ¢ = 3. 1(% ,%

— EPYFIUK Te3JIUIWra TeHTUrHAND.
19—265 289
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9.4. OM BA 2KOVJb-JEHII KOHYHIAPUHUHT
AVMOPEPEHUHAT UPOIAIAPH

1. OHaY MeTaTapHUIT KIACCHK 3ACKTPOHIIAP HA3apHACHU-
Aan doiaananu, taxpuéa acocuia Kaurdy kusaunran Om sa
Koynp-JleHU KOHYHUHMHT Auddepennan KYpUHUIITIATH
“gponacuiM Kearupud yukKapaiiuk. ToK XOCii1 KHAYBYH 3p-
KMII 3;IeKTPOHJIAPHMHT KPUCTAT MAHXapa TyryHaapu (MoH-
Jap) OwIaH UKKHM KeTMa-KeT TYKHALIMinKY opacwiiaru X Ma-
copanu, abHM YpTaua SpKUH W¥aHu Vpraya YTvil BakIH 1
GYncuH. Y X033 £ BaKT A HUIT 31eKTPOH TAPTOCH3 UCCUK-
JTHK X4paKaTHHWHT YpTayd Te3;TMTH # I'a HUCGATHIA TEeHT:

T=

(9.15)

iy

DJICKTPOH KPUCTAILT MAHXApa TYTYHUIa ypuiranian xei-
MH TC3JUIY HOAra TEHT OYIMO KOJMAJIM BA METANT MUMIATH
31eKTP MaljloH TAaLCHpHIA ¢ Te3NaHWIT OWIAH TeKHuC Tesna-
HYBYM XapakaTiaHuG, ssHa KPUCTALT 1IaHXapa TyTyHMra v,
MaKCHMast TCHIMK OMNaH ypuiagu. by v tesuk:

mnax

v_o=a-T (9.16)

max

By udopara g HuHT KuiiMaty (9.7) JaH Ba T HUHT KuiiMaTi
aca (9.15)aan Kyituica:

=a.%=_e£.[2‘:&, (9.16a)

DACKTPOHHMHT ¥TKA3TMY MYKIATH TapTUOIN TEKHC Y3rapys-
YaH XapaKaTHHWHT YpTava Teanuru » Gouranrny (v = 0) sa
OXUpTH 0, = ¥, JTE3NNICIAPMHMHT YpTava apudmcTuk ndo-
Jlacura TEeHT:,

= D,+0, 0+ v

P = = max, — max
2 2 2 7

byvaarm o suHr udosacu (9.16 a) nan ypHura kyinaca:

p=-th F. (9.17)

2m
290

&1

www.ziyouz.com kutubxonasi

|




“MICKTPOH TapTHMOAM XapaKaTMHUHT YpTaua TCIIUIM ¥ HHHT
imhoyacu (9.14) ra xyitunca, yrkasruugal VraérraH ToK Ky-
MHIMHT 3WYITUTH

R
j=enp=52 k. (9.18)

kypunmiura kemam. By dopmynana £ 2 Kynai’mmm xap 6up

VIKa3rdy YUyH JOMMUIt OVaus, y ¥ xdp(lm owian 6esaruiaa-
HAN:

= £t (9.19)

By ¥ KaTTaluKka MeTain YTKasTHYHUHIT COTUIITUPMA DNEKTP
YTKA3YBUYAHAUTY SEHHITAIN.

HIyrjait KNnno, sMemaiinumne COAUMUPMA IACKMP YMKA-
3YEHAHAUZU IPKUI IACKMPORIUNE KOHUEHMPAyUsiCU n_ 2a, ypma-

4Q IPKUN UYAuHUHE Y3YHAUU A 2a myEpu nponopyuonan 6yaub,
mapmubeus UCCUKAUK XAPAKAMUNHUHZ Ypmaya me3aucy U 2a

meckapu BPOROPUUOHANIUD.
MeTasla COMMIITUPMA IeKTp YTKasyBUalIUTHHUHLE TeC-

Kapu udonacu P = % VTKA3IMWIADHHAHT COTHUITHPMA
Kapmuanry aciumaaad. Y Bakraa (9.18) vu (9.19) mazap-
ra ONraH XoJjIa ymidy KYpuHUINIA &3V MYMKHH:

J=YE=lE. (9.20)

by dopmysia OM KOHYHUHMHT AuddepeHman KYpUHLL-
Jary MareMatuk Wopacu OYnud, OyHaall TabpupraaHagu:
ymrazeuuoan ymaémean mox KYHuMUHZ 3UMAUIU YMKA32ud co-
AUMUPMA INCKMP YMKA3YSUARAUSUHUNZ YIKaA32u40a2U 31eKmp
MaliOon Kyuaanzanauey Kynaimmacuea menzoup.

YTKasrMugary aJeKTp MailloHHMHT KYWIAHTaHIUK BEKTO~

pH E B3 TOX KYYMHUIIT 3HWINTH BEKTOPH ] Oup xun ityrHan-
rasu yuyH (9.20) Hu BexTop KYpMHMILAA €3MLL MYMKHH!

=

=1lE. (9.20 a)

. 1
J=YE =y
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[Hyuaai xkuau6, OM KOHVHM siHa KyHKaarnua tabpudaa-
Halu: ymeaseuudai ymaémean MoK Kyuu 3UMIMUNUNE 8EKMOPU
J aaexmp maudon Kywaaneanaueu E ea nponopuuonan 6yaud,

VHUME UPHAAUMU KYYAaReanauk eexmopy E nune aynaanui ou-
AQH Moc myuwadu.

2. MeTannapHuHE KIACCHK 2ICKTPOH HasapHAcH acocuia
XKoyan-JleHir KOHYHUHUHT auddeperiiman K¥pUHHULATH
MaTreMaTuK UOIACH XaM OCOHTHHA 'TMKAPH.Iadu. X aKUKaTaH
XaM, ICKTPOHHHHI KPUCTALT Narxapa TYryhHura TYKHalin-
HIW/aH OAJIMH DPUINTAH KYIHMMYa KUHETUK SHEPIUSICH:

2
AW, =TT (9.21)

Ypuiun BakTHAAQ KPUCTALT TYrynua GepuiaraH Oy aHeplus
METALT 1IaPYaCHHMHT WYKH 9HCPTHICHUHY OPTTHPAIH, HaTHXa-
Ja Metarn napuacu ucuitan. demak, (9.21) ndoua xap 6mp
HOHA JICKTPOHHMHI MCTALT KPHCTATT HAIDKApa TYIYHUIA v3a-
THATAH 3HCPUIUACUIMD. bepuaran Metaiiaa OyHaai aaeKTpoH-
JIapAaln MCKCU3 KVIT Ba V30K, BaKT TYKHANIMIIM MYMKHH, SHHH
OyH/Aa y3aTHAraH JHCPTMSTHM YMVMaH Xucodgad G¥iMaiau.
IIyHUHT VIYH XAM, RAKT OUPAUIH UIUAS YTKaSrUUHMHT XaXM
OUpIUrUra y3aTHIrAH 3HCPIHS W HH XMCODIIA0 YHKAMMS,

By oHeprusiHu TOIMII yyyH OMTTA 31SKTPOHHMIIT METAMI

KPHCTALT ManXapa TYTYHWTA y3aTrai KUHeTHK sHeprusicn AW,
HU DNCKTPOHHUHI KOHUUCHTPAUUSICH 1 I'a Ba BAKT Gupauru

WYMAAry ypTaya TYKHALIKULIAp conm = =% ra KynafTupuin
KCpaK:
— — u mll'znm
w=nz AW, =n £ T 9.22)

By epaaru v awHr udoiaacunn (9.15, a) x¥iwnca:

jiiHEY

o p2F2 R2 eALR s
=y HmetEl AL _ S A
W, A2 m: @t 2mu £ (9.23)
enk . .
(9.23) na Ty KYMaHTYyBuH (9.19) dopmysara MyBoQHUK

METALTHUHT COMMUITHPMA SNICKTP YTKA3YBUaHIMTUM ¥ j1aH ubo-
paT OVJIraHu yuyH:

W=y E?. (9.24)
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by ¢dopmyiara XKovab-Jlenn KonyHunuur anddeperiinan
K¥PUHUTILIATY TCHITTAMACH JCHMIaIU.

Bakr Supaury Muugary YTKasruiHHr Oup OUPIUK Xax-
MUIA AXPATHITAH UCCHKIMK MHUKJIOPH W I'd iHa TOK MCCHK-
JIHK KYBBATHITHHT XaXM 3HWIHIM JICHMIaN. '

[Hlyunait ko, 2Koyap-JlcHIl KOHYHM KyHWiaryua Tab-
pudyIaHAAN: GaKM DupAUuH UMHOU YMKA3UMHUHE XAM OUpaU-
NOU AHCPAIZGH UCCUKAUK MUKJODU YMKA3UMdAey 29eKmp Maid-
don Kydadneananeuiiumne Keaopamued RPOROPUUONAA0Up.

(9.20) ra acocan j = +v[ 6yaranu ywyH (9.24) uu auia
OvHaal KYpUHHUILAG €3ULL MYMKHH!

w=j-E. (9.24a)

Hlynaaly kusud, MCTALIAPHHHI KJAcCHK 2iCKTpolLiap
naszapusicy OM Ba 2Koyiib-Jlenin KOHYH1apyuHy Hazapuit M30X-
Jab oepa oI,

3. MeTaniapiuHr KJacCuK 2ACKTpOH Hasapuscy siiia Oup
JKCHCPHUMENTAN KOHYH BuiieMan-Ppanil KOHYHHHI Ha3zapuit
H30x,1a6 Gepay. by xonyn 1853 isma xanup xuwimsran 6ynud,
y Oyiiait TappUBnanain: yreapasac xapopamada dapua mema.-
AQP UCCUKAUK YMKA3YGUAHAUK KOIPPURUeHmU R HUH2 MOC Q-
GUIUOG COAUMUPMA DNCKIMP VIRKAIYEUAILIUK KOXDhuyenm
2d HUCOGIMU Y32apMAc KamMmMaAUKOup, st

F=c (925)
Keinnuanuk rekwnpuil Hatuxacnid J1. Jlopenit Buaeman-

Y
(Dp’clHlvl KOHYIWHH y:uymnam'mpm’). "‘} Huchar MYThaK Xapo-

paTra TYFpH NPONMOPLHOHAIIATUHY KVPCATIH, ABHU:

S=qr. (9.26)

MeTainap K1accux aaekTpoH Hasapusacy (9.26) KOHYHUST-
HUHT MateMatuk vdogacuny sa C AOMMUAIMK KUKEMATUHK
TOIIMILTA UMKOH OCDIH.

JApYACHUHT slazapuacura OHHOAH «3IeKTPOH Tasu» GHp
ATOMIIM MJean radra Yxiam OV.IFaHAMIM YUYH, DJIEKTPOH-
HHUHE HCCHKIHK YTKA3yBU4HAMK KOIQPUIUACHTH XaMm OHp
dATOMIIM 'A3HHUKH CHHIApH

R=Lkn i 9.27)
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dopmyna ousan Oup xunnnp, Gynaa: k—bosbuMan AouMuil-
CH, A —MCTaLIapiark 3pKHH JJICKTPOHJIAD KOHUCHTpauua-
CH, A —3JIEXTPOHHMHT Ypraua dpKUH WVAM yIyHWIuru, 4 —
IPKHH DICKTPOHHUUT TAPTUOCU3 UCCUKIMUIU XapaKaTHHMHT
Vpraua Te3nury.

® Ba v kKoobduuueniapHuur (9.27) na (9.14) popmyna-

Jlapupary udoganapuiaH goitiananub, *; HUCOATUHU TolA-
MU3:

;‘ ~lcn A -%l",’—’%——fz-muz (9.28)

llpy'le Ha3apHsACHTa OMHOAH OPKUH J1EKTPOHHUHT TAPTHO-

CU3 HCCHUKJIMK XAPAKaTUHHHY ¥pTaua TC3Murd ¥ Yprada KBaj-

PATUK TEITUTH D,, Ta TCHT, ibHH W = D, OYiralu ydyH, ap-

KMH 2/IEKTPOH KHHETHK sHepruacn W myriak Xapopar 7T ra
nponopuxonan 6yiaiu:

~ miat _ mo 3
W/c = - = -—241'- kT .

Bywna: mii®> =3kT skauauruuu xucobra onud, (9.28) Hu

X =3k 1. (9.29)

KYpuHMIuga €3 MyMKuH. By dopvyna Buneman-Ppani axce-
HEPUMCHTAT KOHYHUHUHT Hazapuil ucboTu 6yaub, yuu (9.26)
6unay Takkocaanca, C, AOMMUHHUHT Horacy

¢, =3ty (9.30)

6ymaau. by ndonararu k =138-10-% 21}( ~ boabumMan roumuii-

cu Ba e=16-10"1"Kn —3JeKTPOHHUHI 3apAAu y3rapMmac
Oynranu yuyH xam VarapMmac KuiiMatra asra;

kY -3 1’38"0_23‘3'('(')2_ -8 K2
C = 3(}7)= W'“’Kn/ =223:10 kg (930

Cl HUHT Toniinral 0y Rasapui KMitMaTu 3KCiePUMEHTAN KHif-
MatHaaHd Oup MyHua dapxK KuIaam.
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4. MeTa/lIapHMHT K/IaCCHK 3ICKTPOH Haszapusicu OwiaH
JIKCIIepUMCHTAJ Opacula HOMYVBOQHUKIMK MaBXyn. bynra ca-
0ab, MeTaLIap KIACCHK 3MEKTPOH HaszapusiCd KaMYILTUKIaH
XONY DMACTUTUAND.

pyAcHUIT METANLIAD KIACCHK 3AEKTPOH Ha3apuacuia ap-
KHI 9JCKTPOHJIAPHUHI HCCHKIMK XAPAKaTU TE3MUTH OUp XU
J1c0 Kadysn KWAMHIAH. ACIMAa 3ca 3eKTPpoHiap rasd Makcnes-
HUHT TC3AMKIap OyiiMua TaKCUMOTHIAa OViItcyH 0, TCIINKIapH
Xap xua O¥naan. by KoHyH acocuzpa JlopeHi McTaiapHUHT
COMUIUTHPMA DICKTP YTKA3YBUAHAMK KO3(HpUIIMEHTHU yuyH

(9.31)

_2. eln,
3 m

zilvi

upoJaHn KeaTMpUG unkapaiu, Oynna: ¥ —3pKUH 2AeKTpOH-
JApHUHT TApTHOCU3 HCCHKIUK XapAKAT Te3IMK IapUHUHT YpTa-
ya KMHMaTH. ¥ BaKTaa JIOPCHU TaKOMW;DIAITUPWITAH MeTaN-
JAPHMHI KJIACCHK DACKTPOH HaszapuACH acocuma BuieMan-
MDpaHil KOHYHA

%:2(’2)2 T=147-10%-T. 9.32)

K¥pHHUIITa Kenany. byHiaan Taimkapu Jpyae-Jlopeni Hazapusi-
cH Taxpubama Ky3aTHaiuTaH KATOp XOAucalap HaTHXala-
pUHH TYLIYHTUPUD Bepa onaau:

5. Taxpuba KCHI XapopaT OpaIMFHAa YTKasTHWIapHUHT
COAMLITUPMA DJICKTP YTKa3yBUYAHINK KOIDDUIIUEHTH Yoo MYT-
JaK xapopat T ra Teckapu TNpPONOPIUHOHANLIMIHU, SIbHU

Yoxe ~~7l= 3KAHNMIM aHukianrad. by 6ornavuvwmr dpyae-Jlopenu
HasapuACHHHHT (9.19) QopMysacunarn TapTUOCH3 UCCHKANK
“ — T e 1
XApaKATHHWHT Ypraua Te3nur i~+T GyraHu yuyH Yuo™ Nid
6ynanu. Taxpuba Gunan Hazapusl opacuaaru Oy IUATHSITHU
Gaprapady kumum yuyH, (9.19) aaru e’ n, xynaT™MaHu MyT-
JIaK XapOpaTHWHT KBaIpaT WIAKU3UIA TCCKapH MPOIIOPIHOHA
Ae6 dapa3 KunuLIra TYFpHU KCiaaM, jJekuH Oy dapa3Hu acoc-
Jlalll MYMKHH 3Mac.

Iynaai Kinb, MCTaATapHWHI KiTaCCHK 3JIEKTPOH Hasa-
PUACH MCTALIADHUHT COJMIITHPMA JMEKTP YTKa3yBYallJIUru
KO3} PULUMEHTHHHUHT Xapopatra 60FIaHHIl KOHYHUSATHHU
aHuK;1a6 Ocpa onMany.
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6. MertamapHuir HCCUKIHK cuFuMubn Jlpyae-flopenit
Ha3apusic acocHjla Xucobiaut siHa xaM KUHWB'UMANKKE AyY
KCIIH.

Apvae-Jlopenil nasapusicura MyBO(hUK METATTAPHUHT MO-
Jp UCCHUKIMK CUFUMH C KPUCTAA NaHXapaHWHT MoJsp He-
CUKIMK CHFMMH  C,= 3R BWiIaH 3CKTpOH Ta3HUITUHT MOJISIP

HCCHKIMK curnMu C, = 2 R nuur wnrudancu C=C, +C, =
153 D)

=3R+ % R = 2 R ra Teur 6yaap axad. Bupox Taxputa acocH-
da qaukapuaran drogour-1Try Konynura 6MHOAH Meramiap-
HUHT MOSBID UCCHKMK curumMu C = 3R,

By HOMYBODUKAKKIKN DakaT KCHUHYAAUK Kapad yuKuia-
JINraH KBaHT MeXaHMKa acoCUAA TYIIYHTHPHIN MYMKHH.

9.5. V3TAPMAC TOK KOHYILIAPY

Vpra maktadaa Garadeun Kapa® umkuaran yarapmac Tok
KOHYHIAPH ACKTPOJAHHAMWKAHY Ypranuniaa Myxum oyiaran-
AWKl ylapuu sina 6up Gop 5ci1ad yramus,

Jamupunnr 6up KucMH yuyd OM KOHyHH. YTKa3riu 6yitiad
3APAIAPHMHT XAPAKATAAHUIIN YUyH YTKA3TUYy yunapuia ro-
TCHUMALIAP alupMacHitMiI O¥aniuuM, Soumikada Kuaub anT-
raHaa, VTkasruy uiuga Maiiioy Oyviuy wapr. YTkasruy vu-
Napuaary norelnmaiap aiinpmacu (¢, — ¢, JHU 3MEKTPOCTa-
THKaZaH (apKAH paBulLa Kyswauuu acivaanm sa U xapou
O1u1al OCIrMaaHa M.

Vinkazeuu yunapudaeu xyuranuw 0ed, dup Gupaux smycbam
3aps0nU YMKAzud GYIIA0 KYHUpUoa YImKaseuy uiudac 31exmp
Maudon KYHUNiie BaMCapean uiueq Mukoop weuxamaoan menz
Oy.2ean QUMK KamMmaIuKKd aamuaaou:

=4
U= (9.33)
bynsan Gepusirad YTKasrwl yunapuiarw Kydjdauuil Ounan
YrKasrHwiad yraérran 1ok Kyuu | opacuia GOFJIaHUUI MAB-
KYA OVAHLIM KCPAKJIMTH KYPUHANH.

Arap KaTTuk, CYIOK Bd Ta3CMMOH YTKA3TMYHWHI XOMaTH
V3rapuuicus Kosca (YHHHT XapopaTH Ba X. K. jap Yarapmaca),
Xap Oup ¥TKasruy yuyH velapkra Kyiiorran { KkyyjaHnul sa
yHaard | Tok kvuu opacusia oup Kuitmaray [ = f(u) Bora-
HAM MABKYLIHD, 6yHaai [ = f(UU) 6ormanmmra 6epuiran
VTKA3TUUHHHT BOJBT-aMIICP XaAPAKTEPUCTUKACH
Hehunannu.
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VrkasruugaH YTaéTral TOK KOHYHMSITIAPUHK $praHuulia
BOJILT—AaMTIEp XapaKTePUCTHKACUHU Ouinul Karra aMaauii
axaMmusTra ora. by 60F1anui 6apua MCTa LT YTKasruwiap viuyH
9.4-pacMaa TacBUPAAHTAIICK DHT COAJa KYPUHUIITZ 3ra
OVanO, yiyd OUpUMHUM MapTa Taxpuba iyan 6uaan 1826 iuan
nemuc Qusury Teopr O (1784—1854) anukaaran. YTkas-
I'MYHMHT BOXTh—AaMIICP XapaKTCpUCTHKACH 9.4-pacMaalt KYpu-
HAMMKY, ymiazzuddar ymaémean mox kyuu [ Kywianuuw U ea
RPONOPUUOHAAOUD, STHHN.

l=GU, (9.34)

Oyna, G—YTKa3rMyHUKHT MOAJACUIa Ba rCOMCTPHUK ¥YiruaM-
aapura 6oravk oynral QU3KMK KaTTaiuk 6Vaub, ynea ymxas-
CUHHILNE SACKMD YMKA3YGHANN -
cu ICKWTan. .
bepuaean  ymrxazeuunune I
2AeKmp YMKA3YBHaAHAULY Y32ap- .
Mac  kammaiauk 0yaud, ymeai- - —— e
euudan ymaémean mok kyqu 1 2a
myrpu, kywaanuut U 2a oca, mec-
Kapu nponopyuonaiIoup, aeHi:

b e e s s e

G=§. (9.35) "’
V- —_ ) ’ 17
TKa3IUMHHUHT JICKTP YTKa3yB- 9 4-pacat

YaHJNTY 10Kopu 6¥:1ca, Oepui-
raH KydyaaHuiyia yrkasruyian mvn‘m KaTTa TOK VraId.

CHU 3ncKTp FIK43yBUAHAUTHHHHT OHPINTHU YUYH CHMEHC
(CM) Kadyit KWIMBIaH.

I cumenc (Cat) 0e6, yuiapuda [ B kyusranuw 6yazanda I A
MoK ymaduean ymxaseudHune JAeKmp Ymkasyguaniueuea ai-
munadu.

Onatna, aManuit Xucobaauzapiaa 31eKTp YTKasyBuaHANK-
HUNT TecKapu udoaacu oViran Karraiukaad Goijaiadmiia-
JM BA YHIa VTKA3THUYHWHT JJA€KTP Kapuiuiauru JAcitu-
nanu:

R=. (9.36)

MexaHNKaaa HIIKGIGHULL XXUCMHURIIT XApaKaTura Kapiiu-
UK KYPCAaTraHAcK, ¥TKasruuHUHI 2JCKTD KAPILKAKUIU XaM 3a-
PA/IADHUHN TAapTHO/IM XAPAKATHIA KapIIWIMK K¥pcaranu na
INEKTP IHCPTUSHUAT YTKAIIHT HUKM DHEPTUsACUTa ailiianuiuu-
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Hrt Oesrmnadam. (9.36) ra acocan (9.35) "M gHa KyHuzarn
K¥pUNnILAa 31N MyMKHH:

1=4. (9.37)

by dbopmyaa saHXUPHUHT OUp KMCMU YIVH OM KOHYHHHUHT
MareMaTuk Hdoaacu 0¥nud, OyHaan Tawpuduianan:

Sanacuphune oup KUCMUOUH YMaémean MOKHUNE Ky4U YmKa3-
Uy yHAapuoazy Kywaauuuiea myEpu, YRIKaseuMHune 31eKmp Kap-
wuAUUa 3¢a MeCKApU RPONOPUUOHAAOUD.

YTKasrduHUHT JIEKTP KAPWHAWTH AeG, YTKATUYHMHT
HYKH TY3WIMHINTA B YHIATH KPUCTALIMK TYFYILTApUWHUHT Te0-
panMa xapakatu cababam o3ara KCIajuraH 3JeKTp TOKMIA
KAPWY TABCUPUHK UPOTANOBRY M KATTAIUKKE alivriany. ]

(9.37) paH ¥rrasruauvHr Kapimuanrg R xywsanwm U ra
TYFPH, TOKHUHT Ky4M | Ta oca reckapi nponopuyonas; »ka-
HH KVpHHAIU:

R=Y (9.38)

CH cuctemacu anexrp kapnmwiury Ov (OM) xucobuxa
YIYaHa/H.

I Ox deb, ynaapuda kyuaanuw [ B 6¥acanoa, 1 A moic ky4u
yma 02aduan Ymxa3eutHuHe JAeKmMp Kapuuaueuaa aumuaaou.

[conmeTpuk niaxaaary YTKasrHYHUHI JIEKTP KAPIIWAHIH
R nu oconruna xucodsnaur MymMkut. XKyMiaagzan, KYHianaur
KecuM to3acu S Y3rapmac Ba ysyuuury { oVaran YTkasruu-
HHUT 2JCKTP KAPUITUTH

R=p &, (9.39)

Oynany, Oviia P —¥TRa3THY MOANACHHUHT TYPU Ba XONATUTA
(amBanu xapopatura) Gorauy OYaran xarrannk oynus, yura
VTKA3TUYHHUHAT COJHMIITUPMA SUEKTP KAPWHIAMIH
Aeinsan. (9.39) aan ¥TKarMYHUHT COMUIUTHPMA 3CKTD Kap-
LIWJIMIH KyHujaarura teHr oyiaanu:

p=£3 (9.39 a)

Wynpait xuanb, YTKAa3rHuHUHT COJNMIUTHDPMA
ONEeKTp KAapWHAUTH Ael, Y3YIUIUTH Ba KYHIaNaHT Ke-
CcHM 1034 6Mp OUPIMKKA TeHT OViran VTKasTMYHHHT Kapiud-
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JHTHIa MHKAOP XUXATAaH TCHI OVaran (pM3MK KaTTaaiuMKKa

aifTuaany.
CH cucreMmacuna COMHUINTHUPMA  ICKTP  KAPHUIMIMTH
t p=0Mm-M XucoOMAL VIUAHAIN.

DAEKTP KAPUWHAMKIHMHT XApOpaTra Oornanmmu. Y1Kasruy-
HUHT COJMIUTUDMA 3JAEKTP KapHIMAUTH MOJUIACHHUHT TYpUra
Ba XONATHCA, XyMilagad xapoparura xam dorauk 6¥aanm. Co-
JMUITUPMA CKTD KapIIMIMKHUHI XapopaTra GOIIMKIMIH
MOAJAa KApUIWIMTHHUHL TeMIrepatypa (xapopar) Kos(pdu-
LMCHTH JI¢6 aTaIyBuy o (PU3MK KaTTAIMK Ouiaad Tapcudaa-
HAIH.

Bepuaran Mosia yuUyH KapiiMaIuK TCPMUK Ko Pu-
UMEHTH o TYPIAU XapopaTilap YUyH TYPJIHUa, S’bHU COAMUI-
THPMa DJICKTP KAPIUIKHIMK XapopaT ¥3rapuiiny Ouiad Un3HKin
KOHyH O¥iiuya Varapmaiau.

HAIKM YHra aHajga Mypakkad _f\
OOFauMK 6Vnaau. Bupox Kynru-
Ha MCTaUl YTKasruyaap yuvH
Xapopar ¥3rapraHaa o Koad-
(HMIIMEHT Xyxa 03 y3rapuo, co-
JUITHPMA NEKTP KapIIWIUK A L

P HU Xdapopar / ra IM3HKIH A
boramk (9.5-pacm), 1ed xucob-
Taw MYMKHMH. Arap £,=0°C
XapopaTtiarv COJMUITUpMa Kapumuauk p,Oynca, rC aaru
VHRHT KHIMaTH

9.3- pacu

P, =P, +a) (9.40)

dopmyaana annKaaHay. KapiunainkHuHr xapopatr Kos¢gu-
nueHTH o MycGar xam (o >0), manguit xam (& <0) 6y:nm
MYMKHH. Bapua Merannapaa xapopat opTHIUK OMial Kapiiy-
AvK opta Oopaau. JlekuH SUpHHIH Typ VTRasriian 0an3uia-
py (Macanan, KYMHUD) YUYH TECKapuchH Ky3aTwiailu, dbHU
XapopaTt OPTUNIM GW1aH VAGPHHHT KAPUIMAWTH KaMas Gopaau.
Huxoat, meraiiapiad $apkin VIapoK. XaMMa 1eKTPpoiuT-
nap KU3AUPHATAHAA KapUIMIWTH KaMasin, ynap vayn «<0.

Bapua cot MeTainap YYyH KapUWIKKJIAPHHHE Xapopart
Ko3dphuImenTy (1=-2~'7~3- K1=367-104K"' ra, avuu ras-
HUHT Keuraiuim xosdduumenTnra akue 6yxaun. Kyiunaary
XKagpamia 0ab3u MOLAANED YIYH L HUHT KHHMA/Iapy KeATH-
PWITaH:
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9. {- mcadsa:

[ Moaaa L t°, C W, {':’V .
| Kymyin [ 0—100 ! 40-10-*

C Manc ! 13 4310

| Mnarvua 0—100 ! 38-10 ¢

'1 Koncrantan 18 ] —4-10 0,110
‘ K¥wnp 18 ‘ 510~

" Tluina 100 i -0,1+-0.2

i
t 10% na.\quﬁ 18 7 *Q.OZI

Bab3u KoTuManap, Macanan, KOHCTAHTAHHHWHT COJUII-
THPMA KapITWINTK P Xyaa xuunk 6¥aaan. IHyaunr yoyn xam
KOTUIIMAAAD KAPINWAKKITAPHHUHT AHUK, HAMYHAJIapH (9TAIOH-
nap)Hu Tafiépaaiiga MULIATUAGAK,

MeTana KaplIWAMKHUHT XapopaTra GORIaHKIIMAAH Y1408
achofaapuia, aBTOMATUK kypuamanap;a dofgatavaanu.
Yiapaan SHI MyXUMH KapUIMIHK TCPMOMETPUAMD. Y IL1aTHHA
cuMjlal HOeopaT OVaaiu. UVHKM ILIATHHA YUYH KADUTMIMK-
HHHT TEPMIIK KO3DMHIHMEHTH KEHT XapopaT OpalUFUaa XaM
JonMui Konwiu. LIYHHHT yuyH CHMHMHAT KAPUIMIUIHIH XKY1a
AHUK ¥1uam MyMKUH, Kapiutsinkin tepMoMeTpaap éplaMuia
Kyaa NacT. IYVHHHTACK XYA2a 0KOPH XapopatiapHyu yoriai
MYMKHU. )

1911 fivaaa rosuiana oanmu X, KaMepauHr—OuHee Xyaa
NacT xapopariaa CUMOOHHHI VTKA3YBUAHIAMIWHK VpraHasTud
AKOHHO xoauca—VTa YTKa3yBUAHAMKHH Kaid Kuiaam. Y cu-
MOOHH CYIOK I'e/IMAd COBHTTAHIR YHUHT J71CKTP KAPIUW.IMTH
acra-cexXMH KkaMmanud, c¥HIpa xapopar aHUK OUp KPUTHUK HVKTA
T.= 4,22 K ra etranaa HUpaHHra HOATa TEHT 6Y;IM6 Koarak-
JIMTUHY aHuKIaad. XU TIYHUHTACK. P, Kanail, Kypro-
1KH Ba Dab3K DolKa METALNap XaM KYHd [ACT XapopaTraya
coBuTiirania, 2-8 K xapopdaria 1ycataaH 2;eKT) Kapiluau-
T HoaTa aivtaHK®, YTa yTKazyBIaIMK XveyeHsaThra ara dynu-
UIM aHWKAAHTAH. YTa §TKa3yBUaHIMK Xoaucac 23 Metauia
Ba KVIUMIMK KOTUIIMAZApaa 103 Ocpully auugiIaHran. Me-
Tajan COBHTA OopuiaraHna MeTtanl TVcataan VYT1a YTKasyBuaH
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Oynud Koaaauram Xapopar '1"K ra Vra yrkasrgura auaamil
HVKTACcH jeimnaay. 9.2-xagsanna 6ab3yd METa:inap yuvH yra
YTKa3rMura AHIalunr HYKTIapH KeATHPHITAH:

9.2-oradsas

Moja T K Mozaia T, K
Texneuwuit 1.7 Pyx 0.88
tluotuit 9,22 [adpsnis 0.35
K¥prowmmu 7.26 Batbdipam 0.01 |
lFanTan 4.50 Kotuuima (Ni-Ti-Z,) 9,70
Bauaguii 4,30 Koriwma (N-T}) 9.80
Cumob 4,22 vali, 14.50
Kiuit 3.69 Ne3Sy 18.00
Ypan 1,30 NG 2240
ATIOMMHUHA 1,14

Ban3n MeTaiap Vra YTKasrnura aliaaHuin HYKracHraya
COBUTWITAHAA COJMHIUTHPMA KAPUWIMAMTUHHHT Y3rapHiuin
9.6-pacMaa TaCBUPAaHrau.

Yra ¥Tkasruyra aitianaiuran Metaiap yi xapoparuia y
Kajap sxmy Vrkasryu O31a onmMailiin, AKCHHuA, 3HT AXIH
VTKA3ruy O¥ATaH KYMYLL. MUC, ONTUH adCOII0T HOATA XyNa
SIKUH XapopaTraya COBUTH.JIFaHMTIa Kapauai, yiapja yra
YTKA3yBUYAHIMK XOJATH alMKIaHMaran. YTa YTKasyBUAILIMK
X0AMcacH KYMUUIHK KOTHmMainap (9.2-xajisajira K.)jaa xaM

AHUIKIATITAH.
Om-m
L
9107%
re
Ho 7N /
107
Ca
] 26
' | 1 1 [l 1 2 ——
2 3 4 5 6 7 8 X
9.0 pacy
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VTa YTRA3YBUAILTIK XOJMCACH ACSPIIM SIPHM acp JaBoMi-
aa Tviynapeus oynubd ke, Makar 1957 itunnaruna AMepu-
Ka ¢pusukiapu XK. bapanu, J1. Kynep, XK. Illpudep Ba pyc

auMu H. H. borosaio6os jra §rkasypuaH;IMK 1Ha3apUSICHITH
apaTuitira MyBadpax O Iunau.

Arap yTa ¥TKasruvra JouMHR MarHuT SKUHIAITHPHICA,
YHHHT cupTH 6Vitnad ciHmac ®yko Toku oKa Gontalau sa
¥TKa3IrMuaary MariuT MaljloHHK 3KpaHaahan. Jlenu kouga-
cura 6MHOaH (PYKO TOKMHHHT MATHUT MalIOHK ZOMMUIA Mar-
HHUTHHHT YTKa3ruura sSsKMHIAWKIINAraG KAPILWIKK KYpPCaTaiu.

- Hyruny yayH xaMm oMMuil Mariut Toxay ¥1a YTKasTHHRHT
YCTHAA MYAUIHK TYpuO Kosaun. By ¥ra §TkasyBuaH maruur
0CMA TIPUBIIMITH SKCIIEpUMCHTAI TCMUp iyanapna goiiiana-
HUAAM, XYMIaMaH 6y HpUHUMIAA SINOHMSIA KypUWIraH Te-
MMP AP TTOCIAMHMHT TE3AUTH # = 516 KM /COAT ra Tenr O¥iran.

Vra VTrasruwiap acocuaa sipaniviran YKUI—§Ta yTKasyn-
YaH KBAaHT MHTCHEPECHHHOH ACTeKTOpJap HMHAYKIIMICU
~10'8 Ts1 marnur Maiiaon sa 108 B_,rzma KY'WIaHWLI ¥I4ailra
UMKOH Sepanu. Kedtunrn sariapiaa YK/ tnéduit—Guonorvk
TAIKMKOTAaPAa KeHT K¥UIanuiIMoKia. Yaap épiaMu;ia 6MoToK-
JJAPHH, 10paK Ba MUs daosmsaTyia naiao O¥1agurad MarHur
MaiIoH apiy Yidaumra UMKOH TYFTIM. |

Hynramu ¥Ta §TRKa3IMIAH 9CATTaH 3JIEKTPOMATHUTAAD V30K,
MYJIAT JaBOMUAA JHEPI U capduanMacial MarHuT MalaoHu
xocuit Kuaia ostapn, Hynky ¥ra Vrkasruu  ayaramiga 2Koyib-
JleHUt HCCUKIHUTH axpaavaiau.

XO3UPIH BAKTAS 11ACT XApOPaTiau ¥ra YTKasyBuaH YrKasru-
Jlap COJIMHOWLIapAa Ba xyucobaanl MailiMHatapUHHUHT XOTHpA
KYPHIMAIADHLQ KY'JIM MArHUT MARAOH XOCWI KW/IHIU YYyH
KY/UIaHHAMOKIA.

Vra ¥TKa3yBUAH ICKTPOMATHUTIAP DIEMEHTap 3appaya-
JIAPHM Te3JIAUTHPYBYUM KypHAMAAapaa., MariuTOTWIPOANHA-
MUK (MTI]1) rerieparopaapia winnarunaan. MI—reneparop-
JIAP MarupT MaIoHUIATH I0KOPH XapopaTid UOHITAlITaH ra3
OKMMHHIHT MEXAHUK DHEPTUSICHHY IEKTD SUCPIusrd ailiaH-
THPAUraH KYpHIMajiup.

HOkopu Xapoparad V1a yTKa3yByaH YTKA3ruwiap spaTil-
FAHDA 314, DJIEKTP SHEPTHUSICUIIN CHMIAP OPKAIM UCPOdCHU3
V3ATUHLIEK XYAd MYXHM TEXHHK MYaMMO Xajl 3TWiaran oyaap
M. JIeKUH OY rarvTapHyHT XaMMack Xo3upya op3y. 10KopH xapo-
pamini ¥Ta YTKa3yBuaH YTKasrMwiIapHy B3Iaul JaBOM 3TMOKa.
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9.7 pacwu

YaapHUHT TONMIUIIN XYIa VAKAH TeXHUMK MHKMI00ra 0aub
KCJIMIIH MYMKHH.

VYIKAMAAPHE YA, JKBUBRICHT KAPIIHAMK. DACKTD 3aH-

XUPUHUHT KKK HYKTaCH opacura kapwwmikiapu R, R, R, .

. R Gynram Oup HeuTa YTKA3rHuIap Xap Xu! y;laHraf oyaumm
uyMKMH Sarcuprute ukKu Hyxmacy opacuoazu 6apua Ymrazeu-
AGDP YPHULA YAAHRAH MOK KYYil 60 KVMAGHUWHY Y3eapmupsatiou-
2aN KApuuatK R 2a ymrazoudaapune 5K eu8aienm Kapuiu -
Auey dequaaou.

YTkasruuaapuu KerMa-ker ynam. Kemma-xem yaauwi def,
0ACUH2Y YMKA3SWMHUHS OXUPULA KEeRUHSU PMKA32UYHUHE OOUIUHY
yaaw yeyauea aiumuysaou. Oapas KWIainuK, KapluGIMKIapy
Moc papuuia R, R,,. ., R O¥nran n 1a ¥Tkasruunap ¥sapo
KETMa~-KeT y,lamau oy,lcnn (‘) 7-pacyM). bynaail vaauiia Tox,
KYWIaHuil, KapiuiminK Ba YTKA3YBUAHIMKIApHH xncnﬁndm
KyHMaary KOMAAIap acOCHia aManra oluprian.

I -kouna. Kemaa-xen yrauwoa 3anuxcupiune bapua Kucmaa-
pudan ymuémean mox Kyuu Oup xua 6yaadu, sasnu:

[‘:[2=---=[ =I‘ (9.4])

n

by X0i1a TOK KYYMHHHI ¥3rapMaciuri 3aHXupaa 3apsuiap-
HHHT XoCH,1 O¥AMAc/IMId Ba HiKoaMacauru 6winan TYHIYHTH-
pyiany.

2-xouna. Kemma-xem yaauioa 3auMCUDHUHE y»mapu()aeu
Kyuaanuw QupuM Ymraseudaapoaet KyuAQHUAGPHUNS U rui-
ducuea mene, SHU:

U, =U=U,+-+U, (9.412)

KerMma-Ker yilaHraH YTKasrHUIapHWHT SKBYBAIEHT Kaplin-
jnruay R Ouaan Genrniab, Om KOHYHIIA acocaH Kyiinaa-
TIIapHU £3aMu3;

= IR U =IR; U, =IR; U, =
303

www.ziyouz.com kutubxonasi



By ndonanap (4la)ra Vitunca, IR, =1IR + IR, +-- + IR,
uoaa xocun dOyaaxu. OyH;1aH:

n
Rk'.x =R2+R2 ek 1{;; =2Ri' (941 6)
i
By 3-xoumanuHr MateMaTuk ndpoaacuanp.

3-xonna. Kemma-xem yaanean ymeazeuuiaprune 3Keuea-
ACHM KADUINAUSY QI0XU0A YIMKA32UMAAD KAPIUIRKAQPUREHE (.1~
eehpaui Hurunducuea mene.

Arap xap OUpUHUNT Kaputwinrd R Oyaran n ra yTrasrud
¥3apo KeTMa-KCT YJaHraH Oyica, 3aHXHPHUHT 3KBHUBAICHT
Kapuwuauru (9.41 6)ra acocan R, =R + R+ + R v+ R+
1 R, = nR, 6¥nanu.
bByHaan

R, =nR, (9.418)

Hlvijait kuand, keTMa-keT yaaHranR — KaplWIMK 1 Ta
YTKAasrM'WIaH TY3WITaH 3aHXUPHWUHT IKBUBAJCHT KapIUMAMTH
Xap Oup YTKAsTHYHHHI KAPINWINTH1aH /1 MapTa KarTa 6ynanu.

Yrrasruwiapuu napaiae: yaaw. Jlapaiien yraue 0ed, ymeas-
2UMAADHUNE OUD YUt MYyeyned, UKKUHYY YHIL ICa O0wKa myeynea
VAQHSQH YMKA32M4AA) CUCmeMaciea aumiuiaou.

Papas gialuk, xapuwaviapn R, R,,. .. R o¥iran
m Ta yrkasruwiap ¥sapo napasuien yiaHral oviacuH (9.8-pacm).
bapua napaities vaasran yrkasrywiap OHpraaykiaa TapMoKJia-
HHUWIHH XOCHJI KHIa/IM, YJIAPHUHT Xap GUpH aca TapMoK j1ed
aranany. YTa3rvuiap HapajiiesT IAaHTaHAa TOK KVUH, Kywia-

L &
|

I A —— B I

9.8- pacs
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HHII BA KAPHIMAMKIAPHH XyUcoDianina ssHa KViruaary Komaa-
Japaad doitanaHuaany;

1-kowuna. lapaiiear yaawoda xap 6up mapmoxdaeu ea dy-
myn mapsoxaanuoaey Kyvaanu 6up xua oyaaou:

U =U,=-=U,=U. 9.42)

By Xoaaa Ky4;IaHUUIHWHT IOMMHUI KOAUIIY DHEPTUSITTHIIT CaK-
JAHMII KOHYHH aCOCHAd TYHIVHTUPIIAMM,

2-kouaa. 3auxcupda mapmoxaanuuweaua oyaean MOKHUHS
kyuu I mapmokaapdazu R, R, ,. ., R kapwusukaapoan yma-
émean mok kywaapu 1, 1, ,. ., I nune aacedpaux durunducuea
menz:

[=1 41,41 . (9.42 2)

OM KOHVHMIA acocaH, OVIVH TAPMOKIaHMHLIAN Ba Xap
~ o =Y .7 =L.
OUP TapMOKMAH YTaCTraH TOK Kywiapu R VTR
I =-,§§2----1m =-,(2: oysiaam. By udposanapuu (9.42a) ra
U UL U U .
KRy#uica, Ry R Ry R, Xocui oys1anu.

by ndosanndr pkkasla ToMoHH U/ ra KMcKapTupuica:

I

n
1 _1 1 - 1
T TR THTR T LT (9426)

Bynra acocan 3-xouiann OyHjai tabpudiiall MyMKUilL.

3-xounaa. Yaapo napanries yaanean ymeazeuyaapoai my-
3UNCAH 3AHHCUPHUHE IKGUBUACHM KAPUUAUUNUNE ImecKapy upo-
dacu xap bup ymkazeud Kapuusukaapu meckapu ugodarupu-
nuie aseebpauK RUruHoUcU2a mene.

MKKHHYM TOMOHIAH, ¥TKa3THY KapLIWANTMHUKT TECKAPH
udoaacu G = % YHUAHI VTKasyBUaHaurnaan wdopar 6y:1radn
vayn (9.426) g siHa KyHuparn kypundiga E3uin MyMKUIL

n
G=G,+Gy+--+G, =2(;,. (9.42 B)
=

4-xouna. Ysapo napasaen yaanean Ymkaseusaapiune ymy-
MUL YMKAIYEHAHAUU XAP OUp YMKA32UM YMKA3yeHaINAuKAapy -
HUuHe aieebpauk QuruHUCU2a meH20up,
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Arap 3amXupra m ta 6up xu R KapiuvinkIm yTkasruyiiap

¥3apo mapa.uien ynanran 6ynca, (9.420) ra acocan 'Rl_ = —R!T +

nap

.._L aes _1_,_-—._|~ : _1_ ree —l =1/ J v,
+ l_ 4.+ - + et IH—L) XOCHII 6)/']&31’!,
OyHnaH
-— 4
R, = L:«I (9.42 r)

[ynaait kuanb, ¥3apo napamnen ynanral R Kapiuivink-
JM m Tta VTKA3TUUJAAH TY3WMATaH 3aHXUPHUHT SKBHBANEHT
KAPIIKSIAIY Xap OUP YIKa3sTHY KapuivIuruIan n MapTa KUIuK
O¥;1anu. YTKasrdunapHy KeTMAa-KeT Ba Napajuiel yiaall XatTo
¥nyai coxacua XaM KaTTa aMaTuil axaMusiTra ora. KymiaaaH,
KaTTa KyWwIaHUWNK Yiayauma pesuerop (1at. resislo—kapuiu-
JUK) BOJBTMCTPra KerMma-keT yiaHub, yHra KViuiuMua pe-
3UCTOP ACHUNAIN; KATTA TOK KYYWHH YI4alll YUVH pe3nucTop
aMIIepMCTpra rnapamiesl ylaHafay Ba yHra Wy H T JAcHrIaIu,

I A K I R g
Uo Ux
| I
v -
9.9- pacu

Pesucmop 0eb, mox kywu 6a Ky4aauuuiinu 4exaaul 6a yaapHu
POCHAQU YHYH SAEKMD 3aHMCUP2a, Ya408 acdobrapuza yaanadu-
ean Kypuamaaapea aqumusadu. Pe3adcTopiiap €aHOaTga KEHT
KAy, JKyMmi1agaH, yaap paanodsieKTpOH KypHiIManapy
Gapua jIeTAGIAPUHUHT apMUIAH KYTIPOFHHI (~ 80% ) TALIK M
ataau. CaHoaTiaa MIWIAG YMKAPW/IAAMTaH PE3IUCTOPAAPHUHT
NEKTP Kaplnink kyudMaTti 1 Oum gan 10 M Oum ravua Gynanu;
KAPILMIMKHMHI PyXCaTt 3THITAH HOMHMHAA KMiiMaTaal OFMIKY
0,25% — 20% opanukza Eramm.

Kyumamua pesucrop. Kapuivwsinry R 6yiran BoasTMeTpaap-
HMHT KYpcaTUill Kyyianuum U, uu n Mapra (U= nU) xjuai-
THUPUIN YYYH YHTQ KCTMA-KET YJIaHAIMIaH PC3UCTOPHUHI R
KAPIIMAUTUHH XUc0051a06 yukaiimnk (9.9-pacMm). YauaHuiuu
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Kepak 0yaraH A Ba B Hykradapaarn UkywiaHu R, pe3ucrop-
narn Ba R KyurmaMya pesucropaaru Ky‘{'ldHHUUIdeMHI‘ Ty-
mysu U Ba U}ldeMHI‘ WHFMHAUCUTA Tcm' U= g+ U, OMm

KoHyHura 6uHoan 1 = R(, sa U, = IR, R GyArany yuayn:

R
=U,+U, =U, +U{1 + R—;] (9.43)

BynnaH KymiyMua pe3vcTOpAM BOJALTMCTDHMHI Heua Mapra
Ky KypcaTuitd (n) Kyiunarura TeHr 6yaaan:

n=t=1+3% (9.43a)

Ba HUX04T, BOATHMETpra yIaHMIIM Kepak 6yiiran K¥umMm-
Y4 PE3UCTOPHUHT KAPIIMINIU:

R = R,(n-1) (9.436)

Mynr (qur. shunt—rapmox),

yavam TEeXHUKACHAa—IJIEKTD A ]o B
Vayaur acbo6ura yAaHaIUIaH ——s—— A
PE3UCTOP KAPIMIKK; TOK KY- R

M, KyBBaT, SHEPrUsLTAPHUHT w

yaual yerapacuiy KCHrauTu- 1t
paau. JKym;1anaH, yruaHaaurau . Ruw

TOK KYYHHUHT XaMMacWHH V- 9.10- pacss

yaus ac6ooun OpKa11 YTKasutl
KMitMH Oyiiranaa €k Makcanra MyBoduk, G¥nMaras;ia nuwa-

THIAZH.
Kapunadra R, 6YaraH aMnepMeTpHUHT KYpcaThlim I, nn

n Mapra (/= nl) K}“'namnpmu yUYH YHIa napauien Knnn6
R Kapmimiavkau PE3UCTOP-IIYHT Y,1aHTaH 6yncun (9.10-pacm).

AMIIEpMCTP B4 LUYHT V3ap0 napasuicyl yaaHranu cababnu ToK
TapMOKJIaHaau, sibHut: /= I +1 . 3arXup TapMOKIapy y1apu-
Aarn Kywranuunap oup xun 6yaaamU = [ R =1, - R, €xu

1,=1, 7%- bynu 1oxopunary udoaara kyiunca:
I=1,+1, =10+10—,§9—=10(1+T§°—). (9.44)
i w
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ByiLia aMricpMeTpHMHT Heua Maprta KYil K¥pcaTuiim:

R,
n=f=1t g (9.44a)
Ba Huxoar aMmepMmerpra yaaHran IWYHTHUHE KApHUIWTHEH:
R, =% (9.446)

6. DJAEKTPTA ET KY'WIAP BA DJIEKTP IOPUTYBYH KYY

3apsuLIapUHUHT MILOPATAPH KapaMa-Kapuid OViran Mk-
KHTa MCTal1d XHCM cuM OuilaH yiaHca. yHIa Xyaa KHUCKa
MYAIATAN OJCKTP TOKM Haliio O¥aaim, JKueMmiary 3apsiaiap
KOoMIleHCAMAIaHMD FTKasrMuHKMHr 6apuya HyKT&I1apuia io-
TCHIMAAAP TeNTJIalaId Ba HACKTP
MATIOH KVWIAHTAHANIH HOATQ TCHT
6yaub Kosaan.

Yrkasruuaa s5eKTp TOKU KaHaak
NAKI0 OV XaKHAa MY.I0Xa34 I0pH-
TalanMK. OM KOHYHUHMHT adddrepen-
unast uolacuIan KYpUHaIMKY, VT-
KasruuHUNT uuniia Kyjnou kyuu xocua
KR.Iran MaifIonHHur KVWIaHTaAHIMIH

., YTKa3THUHANT HKKY YUHAATH no-
TeHUHALIap QapKH HYKOIryHUQ 3JCKTP
TOKYU Xocua OVaaau. deMak, 3aHXUD-
14 Y3JIVKCH3 y3rapMac TOK ¥Tub Typu-
HIM YUV 9pKHH 3apstutapra Kyaom Ky-
YHAAR TAUKAPH [HODASKTPHUK Ky'H:iap
XaM TaLCeup KiviMuig wapt. byH:ai
KVWIapHu 3JeKTpTra éT Kyusjdap Jed atailMn3, DekTpra €1
Ky'sIap Y3AYKCH3 TOKHW TabMUHJIA0 TypHIIM YUYH. Xap Xuil
MIOpaiy 3apsiiapHy aXpaTud Typuliy cadadau ¥Tkasruy yu-
JIApUAa NOTCHIMATLIAD hapKUHY JOUMUIM cakiIad TvpaIH. DackK-
Tpra €T KyW¥JJapHUHI 3aIDKMPAAry K¥IHMYA MAKIOHRHY Max-
CYC KYPHIMA JCKTP IHCPIUsl MaHOanapH (TVIbRAHUK 31c-
MENTHAP, AKKYMISATOPAAD, JICKTP I'eHEPaTopaapH) XOCH.!
KWIATH. Dnekrpra €T Kyunap MalJIOHMHUIT TabCHPUAA Mal-
OaHKHI MUKMAA 3apsLUIap JAEKTp MalkJoHMIa KapaMma-Kapiiu
TOMOHIA XapakaTiaHaan (9.11-pacwm).

DnexrTpra €T Kyuaap Naiino 6yaaanran xap KaHai KypHi-
MAIapraTOK MaHOanapu jieiniaan. Manda uamna €1 Kyy-
JIAPHHMHT MUl Daxkapuiumy HaThXacuiaa y €Ki Oy dHeprus TypH
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VICKTP oHeprusira ainanam. Hlynaai kuand, ramky 3aH-
Anpna Ky:ioH KyduHHHT Gaxapran vy Manba nuumaarn &r
Ky'iap BOocHMTACKHAa Oaxapuiap dKaH, Manda1aru €t KySHuir
laLCHpH 21eKTp ropuTyBun Kya (DIOK) sed atanysuu €
KATTATHK OMIaH TapcHg1aia .

ManGanuur sieKTp IOPHTYB'IK KYUH (DKOK) ned, dup
(mpnux MycOAT CHHOR 3apsyIMHU ClIMK 3aHXHD OYiinad KVau-
pHnLIa T Kyu Gaxaprai Hinsra MUKAOD XAXaT1aH TeHr 6¥arain
u3mk KaTTANHMKKA alTHIIQM:

£= f (9.45)

Man6anuar KK (€) sanxup ouuk OVAramia, yHUHr Ky-
TOIAPHIATH TIOTCHIIMAILIAD alinpMacura TeHr O, Wynnnr
vuyH XxaMm JHOK noreHumanaap aitpMacu kadu poant (B)
xucobuia Viuadaay. SFOK Sup OUpPIIMK MycOaT 3apsLiiy KY¥un-
PULLL HUTKACOTMINTHPMA HILLTaH nOopar OIraHu yuyH v cka-
A9p Karruidk 6yand, uuopack Mycdar exu Manduii 6¥iauimm
MYMKUH.

3anxapHHHr OHP KUHCHK OFamaran kucMu yuyn OM gony-
au. Om konvHuuubr auddepeiuman kypuuuizara (9.20a)
HUDOLACH 3AHXKHPIHT OUP KHHCTH. sibHU DHOK Tancup Ku:1-
Mailgurai KUCMH YUyl VpUHIHAKD.

Mapa3s kuaaik, DOK avapxyn 6¥araH 3aHUpHIHT BUp
KRBHCAY OYamarar Kiemu Sepuaran 6ymcun (9.12-pacwm). 3an-
KUPHHHT OyHaai kucMuna Kynon Ba ér kywiap rancup KHaaiu.

By xomta Ky-IoH Kyun MalaouHuHr KywiaHraHaurniu £, .
CT Ky4 MAiIOHM KYWIAHTAIHI U Dca F,,,,, Ouan Gesiruiai-

" MH3. Y BaKTiAa YTRA3THY UIKARTH HXTUEPHR HYKTaga Maiinon-
HUHTI HATIDKATIORYM KY'WIAHTAILIUMK Bektopu £ Kynon Ba ér
KyYU MalblOH KyUJaHIalLIMK BCKTOP;IADHUHI TEOMETPHUK
HyrvMHAMCcHra Tedr 63saan:

E=F +F . (9.46)

KV em

By udosa (9.20a) ra kjiinica:

7= (Y )E,. + Ea) (9.47)
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By n¢ogatuHr nkkana ToMonuHn df va xymaituput6 sa J = {z

IKAHJUTMHH Ha3apra 0aub, yHU Ip‘g = Emdl- + E, dl xypu-
HHly1a €3aMu3. OXUPTH TEHTAWKHU, TOK Ky4M | HM y3rapMac
YTKA3STUUHUHT Y3YHJIMTHHY [ 1eD XUco6;1a0, | Ba 2 HykTa opa-
JIMFMIA WHTCrpaanad 1MKaMus:

2 2 2
Ij.p%,l =.’- —:K)'Jd_. +J-E"""'di ) (:48)
1 1 !

by udoiaaarn 6apya xautapHuHT GU3MK MABHOCUHU Kapab
YUKAMMU3:

BupuHun MHTerpast yrkasruyHuir | Ba 2 HyxTanap opa-
JIMFUIATH 3ACKTP KapuuwiuK R aaH ubdopart:

R=

LIRS

p (9.48a)

—y, N3

WkknHuy vHTerpat aca | Ba 2 HyKTa1ap opack/Ia NOTeHIIM-
annap gapku (@, — @,)ra Tenr:

2 -
¢, ~@,=[E,,-d. (9.486)
1

Ba nuxosit, yurH4YM UHTErpan YTKasrHYHUHE | Ba 2 HYK-
TANMap opacura yinauran Manb6aHudr 910K € pau ubopar:

2
€= JEﬁlrrdl (9488)
|
(9.48a) (9.4806) Ba (9.48B)napHn (9.48) ra kyiinnca,

IR=(p,-¢,)+e (9.49)

KenHub uMKaau. by TeHTnaMa 3aHXMPHUHT 6Up XUHCHK BYIMa-
raH KMcMu yuyH OM KOHYHHUHUHT MaTeMaTuk udronacu 6¥nub,
OyHnail Tappuduianaau:
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N _”é e T +[|€ I _R
4 - Y2 % Rz
IR=(4-4)+6 IR=(%-)-&
a 2

.12 pacw

Sanxcupdan ymaémean mok kyqu I nune 3anocup ucsunine
Kapwuaueu R ea iynaiimatacu, wy Kucsoasu nomenyuaiiap ap-
ku (@, -®,) Gusan yndaeu mox manbaunune 0K € nune
lurunducuea meHe.

(4.49) dopmynanu KeaTUpUO HUKAPULIAA 3aHXKUP KUCMU-
jdary OIOK € HuHr mycbar muopacu 0auHAn. B3IOK € Huur
MIIOpAcH KyHularuya aHuK1aHa;ut: arap T Kyy MaiflIoHK Kyu-
JAHTAHINTH E, WMIIF, SBHM ManbaHuHr MaHbri KyTduaaH
MycOaTvra HYHaaIMIIMA KyJIOH KyYH MaiJOHH KYWIAHIAHINTY
E,,, Hudr W¥Hnanim Suxad Moc tywea (9.12a-pacm), 310K
€ HUHT Hopack MychaT 0auHaAN, aKCHHYA, KapaMa-Kapuii
nynanramaa oca (9.126-pacm) SIOK
€ HuHT u1nopack MaH(puil OSIMHAIH.

bepk 3amkup yuyyn OM KouyHu:
TapMoxIanmMaran ¢MuK 3arXHPHHAI
UXTHEPUI KecnMm wisaculan Yraérran
TOK Kyuu [ y3rapmac 6¥nanu. byHnail
¢nuK 3aikup | Ba 2 yunapu TyTawy-
PWIraH Oup XuHcAu OFaraH 3aHxup
KucMuaaH udopataup. by xonna @ -
¢, =0 oysrany yayn (9.49) kyiuaa-
' KYPUHUIIFA KEIadu:

9.13 pucw

IR=E, (9.50)

Oynpa, € —énuk sarxupiary IHOK napHUHr anredpauk in-
FUBAKUCUTA TeHr OVAUD, R—3aHXMPHUHI YMYMHNA Kapiuu
JIATH,

dapas kunaitank, Enurk samxup D10K € Ba uuky Kapuin-
JIATH # B6FITaR TOK MaHbauiaH, IWYHKHHTACK, R TAWIKH Kapiiy-
aukiaaH Tanikua torran 6¥aca (9.13-pacM). SaHXHPHUIT YMY-
Muit Kapumauru (R +r) 6§aranu yayn (9.50) aan toxiuur
KyuH:
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€ .

I = e (9.50a)

by hopmyna S1MK 3aHXUP YuyH OM KOHYHMHHMHI MATCMaTHUK
ndogacu 6yuo, 6yu,u<m TabLpUQiaHaLn:

Enug; sanxcupdan ymaémean moxnune Ky manbanunz 10K
2a myepu, 3aHMCUPHUNZ MPAQ KAPWUALcUen MeCKapu Bponop-
yronaadup. :

Manba Kuckuwiapuaarn noteHuyaLap Gpapky 3aHxup-
HMHT TAIUKH KUCMUWAATH KY'LIAHMINTA TCHI, SBLHHK:

0, ~¢, = IR =€~ Ir, (9.506)
OyHaan
E=IR+Ir=U,+U, (9.508)

Illynnait kunud, mandannur D10K Taumky Ba MUKH Kapiim-
JIMKAATH KY'WIAHUHITAPHUHT HHFHIIACUTA TEHTIUP.

Kupxvod xounanapu. 3arXUpHUHT OUp XuHCAM GYnva-
rat KMCcMM yuyH uukapunran (9.49) OM xoHyHM Xap KaHaai
MYpaKKa0 3aHXHpHU XHcoO:1anira MMKoH 6epanu. bupox tap-
MOKJIAHTaH 3aHXHps1apHy BesocuTta Xucod.ram MypakKabd Hiu-
IMp. By knitwHusiaMKIY 1847 iwana Hemuc dusurn IT'. Kupx-
rod (1824—1887) TOMOHIIaH s#paTWIraH WKKWTa KOMAAIaN
donaa1aHud, OCOHTMHA XAl KMANII MyMKHH. Xap KaHzai Tap-
MOKJIAHTaH Mypakkal 3aHXup KucMiaapunaH yraétraH Tok
KY4Japy, KUCMIapMHYHI Kapumaukiaapy sa 0y KucMIaru
310K 6usan Tascudianaan. by xarratukiap oup-oupu 61~
S1eH Y3apo OoFIanTaH Ba viiapHan Oupura Kypa dowkanapiym
AHUKJIALIE MYMKHH.

Kupxrod gomnanapuny anoxuia xapad 4uKaMus:

KupxropHuHr 6upuHun xouiacu: Kupxrod-
HUHT OMPHHYH KOWIACH JIEKTD 3aHXHPHHHHI 3HI KaMuia
y4Ta YTKA3FWUM TYTAINTAH HYKTACH-TYTYHWUTA TaaLTyK/IM
0Vnud, v OyHaan tabpudnanaiu:

J;leij) SAHACUPURUHE MY2YHUOQ YHpQuiear MOKAAPRUHE dl-
2e0pauK UureHOUCH HOA2A mene, S6HU:

n
21;=0 (9.51)
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ByHaa n—TyI'yHaa yudpalral TOKJIAplIMHI COHM 6¥nub,
n > 3.0aarna TyryHra Kcaaérran Tok:;ap Mycdar viopa ou-
JNaH, Ketaérrannapu aca Mandu# Hiuopa OHJIAH OJHHAIM.
Xysmianan, 9.4-pacyiiard OJCKTP 3atDKHUPUHUIT A HYKTana
yypamral Tokap yuyH Kunpxrod Oupraun kouiaacu (9.51)

. L+l,+1,-1,~-15=0

€Ku
L+l +1;=1,+14 (9.51a)

KypuHuina é3uaaan: by udonara dunoan KnpxrodHusr ou-
PUHYM KOWIACHHM siHa OvHialt TabpH(IAW MYMKHH:
BAeKMpP 3AHMCUPURIINE MY2YHed KEAYEHU MOKAAPHURS aaeel-
DAUK GUFLHOUCH MYEYHOGH KeMy 84U MOKAGPIRIE AACOPGNK L1 -
FUHOUCU2a menz
KupxroQsuur HKKHHYH
Kownacn: KHUPXroQHHHT HMK- If

KHHYH KOWAACH TApMOKAHTall A L
3AHXHPHUHT UXTUEpHUE CnHK 2

KOHTYPU Y4yH Taamiykiau 6ya- z
M0, YHHHI MaTeMaTuk uoma- o 5

CYUHH 3aHXHPHUHI OUD XHHC-
An O¥aMaran KueMu yuyH Owm
KOHYuHHKOTr (9.49) ndonacu-
jian dotaiaHud OCOHIHHA UC-
dormaw MyMkuH. ®apas KILIAHIHK, TAPMOKIAHIaH Mypakkad
3aHXHPHUHT 6upop ABCDA Enux xoHTypH GepHaran oyIcuu
(9.15-pacwm). By énuk xoHTypra Onm Koty (9.49) 1y k¥u1anyia
KyiMiaary mapriapra puosi KWIHII Kepak.

[. Enuk 3aHXup KACMEHHHT TVUHK KAPUIWIHTA K HU Taul-
KM B2 MYKK KAPUIAKKIAPHUAT WHFHILIMCHTA TCHT 4O XHCcoO-
Janany.

2. Enux 3AHXUP KUCMIIAPHJIATH TOKHIHE HYH2IMUIN KOH-
TYPHHHT afiaHuul IVHATMINY 61IIaH MOC TYHICA, TOKHIE MyC-
Gar, Teckapy iynaaramiapy sca Manduil xucobdiavaau.

3. DACKTP 3aAHKHPHIATY TOK MAHOLIAPUHUHT MaH(pHi KyT-
Ouilan MycOar KyTonra TOMOH HYHL MK KOHTYPHUNT alina-
HUIIK Guaad Moc Tymica, ManbunuHr DHOK Mycbar uiuopa
Ouian, ake xomaa oca MaHQui uimopa OUWIaH OaMHAaIM.

IWyumair Kumud, OM KoHyHU (9.49) HUM ENMK 3AHXUD-
HUHT KyWIJ@ary KucM;1api yuyH €3aMus?

33
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Y 1, Ri & %

9.15-pacum

ABxucMun yuys: IR =@ — @, + E;;
BCxuemn yuyn: LR, =@, -, +¢ ,;
CD xnemn yayn: LR, =@ ~ @, +& ;;

DA ey yuyn: [,R, =, -9, + €, +E;.
By TenrnamManapHUHT Yan Ba YHT TOMOHIAPH MOC paBHIL-
Aa Kymub wodopuica, KyHumarn xocua oynanm:

ITR‘ + 12R2 "13R3 —'14R4 =81"'82 +83 “84 +85. (9.52)

by nbona Kupxrod HKKMHYN KOMBACHMHUHT XYCYCHIt Xon3a-~
'Y MaTeMaruk udonacu 6Yau6, yru yMyMuit kVpuHruia ovH-
aai €3y MyMKUH ‘

n 1
ZJfR: = %8,- (9.52a)
i= I=

UlyHnait Kuaub, KupXxrodpHHr MKKMHYY KOMAACHHY BVH-
Aal Tabpudiail MYMKYH:
314
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Tapmokaanzan 3nekmp 3audxcupyuiiuiie uxmuépui énux Kom-
mypu KucMAQpuOazy MoK KYYAAPUHY MOC PAGUIIOA KAPUIYAUK -
Aapuza Kynaummaaapunyne aseedpauk Huruioucy wy Konmyp-
dazu 0K naprune aszebpaux uurunducuea meie.

KupxrodbHuHr ukKana KOMIaCUHHU TapMOK1aHTaH MypaK-~
Kab 3aHXUD YYYH TaTOUK KWIUO, HOMABIYM TOKJIAPHU 8HHK-
Jalira UMKOH BepauraH TCHrIaMasiap CUCTeMAacH TY3WIAaau.
Byiiaa TyausialiMran TelriaaManap o HOMab/lyM TOKIap co-
Hura TeHr oysuiun kepax. IHyHuHr yuyn xam KupxrodgHunr
MKKasa KOWOACH TAPMOKJIAHIaH MypakKab 3aHXupra TCruil-
Y MacajianapHu YMYMHMHM cUMIN YCYNTUHU OCpaau.

9.7. DJEKTP TOKMHUHT MI1IH, KYBBATH
BA UCCUKJIHUK TABCHUPU

1. DuleKTp TOXMHUHT HINY Ba KyBBaTH. VTKasruugaH anexrp
TOKM ¥TA€TraH 3apsaiap MOTCHIIMAIM KaTra 6yiraH nyKragaH
KHYMK TIOTEHUMAJLIM HyKTara Kyua Gopaau. YTKasru4 yuaa-
puaary noTeHUMaNIap alupMacu-kKywianuw U ysrapmac Kosn-
TaHa q 3apSOHUHT YTKas3ruy 6yitnad k¥uuuivaa 6axapuaraH
uit A Hu q ((p1 - (pz) dhopMyTadaH TONUI MYMKKH:

A=qU. (9.53)
BupoK, YTKa3srHUHUHI KYHALTAHT KECUMWIAN { BAKT Uurla OTH0
yTwiras 3apsaa g = It vu (9.53) ra g¥iiunca:

A=1Urt. (9.53a)

By dopmynain Om koHyuu [ =% saH qoitaanaHud, Tok-
HUHT YTKasruugard 6axaprasd MM A yuyH
) :
A=qU=1Ur=PRi=Y1. (9.536)
KypuHnMuart GopMynaiapHi OlMUl MYMKHH.
Mynaait kunub, 3apsa Kynown (K1) aa, kywranui Bosabt
(B) ma, toxuunr kyuu Amnep (A) na, kapuiauk Om (Om)

Ja Ba BAaKT cekyHA (c) na ynuauca, Gaxapunarad ui Xoyab
(K) na ymuanagm Ba (9.530) ra acocaH:

1>1<=1Kn-1B=1A-1B-1c=|AZloM-1c=]‘-g2—1c.
M
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AManuéraa vin ysyvi Oy OupsiMkaap/ial Talkapu 0olka
OupanKiIap XaM kymuianwiaam. Uwmur 6y Supauksapu cuc-
TeMara xupMaray oupauknap 6¥,iu6, yaap KyHugarniapanp:

Leamm - coam = 1Bm-coam=36-10°Bm-¢=3,6 10°X;

| eexmogamm - coam = 12Bm - coanm =3,6-10°Bm-¢ =
=36-10° X

1 kuaveamm - coam = 1k Bm - coam = 3,6-10°Bm . ¢ =
=36-100K; °

| srecosamm - coam = L MBm - coam =3.6-10°Bm-c =
=36-10°K;

Hiundir Gaxapyaniu Te3auri Kvspar jacl ataiysuy gn-
3WK KaTTaduK OMIaH TasCH(pAaHa U, DACKTP TOKHITHHT KYB-
BaTH N TOKHUMIT OaXxapray Uiin A HA TOKHHHT YTHIH BaKTY |
ra HUcOaTura TeHr:

N=4, (9.54)
By udonara acocan kyBraTHH Kyiuaaruua tabpudiiant Mym-
KU

Qaexmp mokunune Kyesamu ded, eaxm dupaueu uMuoa mox-

HUH2 DUXCAP2an umuea Muko0op scuxamoan mene 6piazan Quauk
Kammaaukka adimyaadu.

~ Toxuunr 6axaprad uiin A HuHIr uposacuuu (9.53) mau
(9.54) ra x¥itnaca. saeKrp Toku Kyspaty "N vuyi ymoy dop-
MYJaTapHn €341 MYMKHH:

N=d=2ofy=1R=U2 (9.54a)

[Uynaait xuand, saekTp TokuHKHT Kyssatn CH satr (Br)

Japaa ¥avauul, yau (9.55a) Ounoan Sonika Supankiap op-
Kasn Kyiiunaru KVpyUHHILAA ¢3HLIT MYMKHH:

B =LK = 1B =) 4B = 142100 = 182
¢ e 10
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2. Tox MandauHNHT DAXKAPraH WY BA KYBBATH. TalllKy TVD
OHEPTHs] XUCOOHTIa OJIMHIAH 3CKTP 3HEPTUsl KATTATUTHHH
voaanopan €T KywiapHUir Oaxaprad TYIMK v A ou
(9.536) mviiocabatiary kKywiaauum U vy II0K € Ounan,
KApUIMAKK R vy ymyMuit kapimauk (R + ) 6uwaan asimai-
THpHD aHHUKIAll MYMKHH, SBIIM:

. £
A . =gE=1E=T*(R+r)t=-"—1, 9.55
T=4 ( ) R+r ( )
6ynia: € —wmandanunr 310K, r 5ca YHHHT MMKY KAPUIHIHTH.
Tok MaHOaWHVHT KysBBard N xaMm BakT OUPAUTH HuuiA
Qaxapuiral HIUTG MHUKJIOD KMXATHAAH TEHr OVAranM VHYH
(9.54a) ra MoOHAH/ paBHLUAA KyHuaarura TeHr Oynaan:

Ny=lL=Cofe=p(Rer)=E£L. (9.5

3. TawkH 3anxupjaru Kysnar sa Tox Mandawnuur GHUK.

BIOK € Ba uukH Kapuwiaury r 6ynrad toxk Manban R
KApLIHAMKIM TAlIKK 3aHKKpra yiaanran 6¥acuH (9.13-pacan).
Y BaKTAa TAlIKMA 3aHXUPIQ KPAAral KyBBaT:

N=IR=¢2 (R*r)' (9.56)

ByHnan TallKy 3aipKUpAa OaMIl MYMKUH 6¥1ran MakeHMal
KVBBATHH TOMMII yuyn (9.55a) aan kapmuimk R 6§nda oMu-
raH OMpUHYK TAPTHOIM XOCKIAHIL HOArR TCHIIAWTHPKD, MaK-~
CHUMa KYBBATTa MOC Kcarad R = HU QHHKJAL MYMKHH,
STBIIH:

Mas

aN _ d]e2 R ] cer R g
I (UL.\+,)~

ByHaaH KyAuaary mapr Keanb duKaiu:

Rl (9.57)
IHyiaaki KuwMd, mawkn sauxcupuune Kapuiuauey sManba-
HUHE WMKU Kapuiliiieued mene ayreanda, mawku 3aiicupia Mar-
CUMa Kyeeam axcpaiacy.
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(9.57)ra acocaH TalIKM 3aHXHUPAA aXPAITaH MaKCHUMas
KyBBar:
-2
N = ﬁ;. (9.57a)
bupox Tok ManOaiapuaan amanui doitjananuiuna da-
KarT KyBBaTTMHA MyKuM OyaMai, ylapHuHTr doitaaam wmin
kKoopdpuuneurn (PUK) xaM Myxum axaMusiTra 3ragup.
Tox manbaunune otidasu ww xoaghhuyuenmu 0eb, baxcapun-
2an (hotidanu uwinune Manbaiunz myaur daxcapuizan wiyea Huc-
6amuza aimuiadu:

T T P(Rery T R (9.58)

Tox MandauuuHr PUK 1 v saHxupaary TOKHUHT Ky4y
I ra 6ornannmy M= f(J) Kyiuaary X¥puHuLITa sra:

3awxup ouny Oyaranna (/= 0) manGauunr GUK sHr katta
KHMaTHUTa 3pUIlaay, sibHU N=1 6¥1a11, CYHIPa TOKKA HUC-
faTaH Yu3MKIM KOHYH OViiuua kamaiubd Gopub, Kucka Tyra-
wys {/_, =§ Aa Hosira afinadagy (9.16-pacmra k).
Xyaam wmyHUHIAeK, Golaany Kyppar N¢ HUHT TOK Kyuu [
ra GoraHuUIN Nq,= Sy kyituaarn KYpyHULIra aragnp:
Nd, =N,-N, =JE~-rl? (9.59)

= pfi_ - .
Oynna N, = rl?—wanba nuuna capd Oyaran Kyssar.

2, MNA

1 p=f Mp=fer)

N=£8)

f
!
I\

: z
Lmoxr= _zé.;— Igr= %

9.16-pacu
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Doitiain Kyssar N¢, T¥auK KyssaT N, sa PUK M nunr
10K Kyud 1 ra 6ornanum 'V =f(), N =f(l) Ba n=7())
1pachukaapy (9.59), (9.55a) Ba (9.58) (I)opmy’!zmap acocuaa
Y.16-pacMaa Tacsupaadrau. 'paduxaan kYpuHaIuky, ¢oii-
A20M KyBBaT N MAKCUMAasT KUiMar N =N, ra 9pMIIraH ToK

Kyam [, = ¢ l‘a pa DK oca n= -L (exu 30%) ra TeHT 6yaap

yKaH, Man6anunr UK 1 6ldpld SKUH OyaraHaa ¢oiaanm

KYBBAT N MaH6a vpuIlia Ofauran Makcumai Kyssar N, ra
mpar(m:.la KWYHK OV1a1m.

KHCcKa TyTainys Xosiia, 10Kopyia Kapad YMKWiIraHaary
Kabu, doitaanu KysBaT N = () Ba Mauda KYBBATUHWHT XaM-
Macu MaHOa wuuna ampzmazm By sca MaHBGAHWHT HUKH KHCM-
NApMIK KU3AMPHUIUHM Ba YHH MILLIAH YHKAPKUILKA MYMKHH, [Lly-
HUHI YYVH KHCKA TyTaliyBra iy KVAMacIuK Kepak.

4. ToXHMHT BAa TOK MAHGAHHHNT 3HEPrUsiCH, DHEPTHSIHUHI
CaKJaHUI KOHYHHMra OMHOAH TOKHHMHT OaXapral WINW Tek-
mupunaéTran SICKTp 3aHXUPY KUCMIAPUAATH SHEPTUSHUHT
Y3rapuiuyra teHr oynuwm Kepax. ILyHUHr yuvH TOK MaHOau
(TOK TCHCPAaTOpH, TAIbBAHUK BJCMEHT, aKKYMYISITOD BA 1LY
KaOM)AaH MCTCHhMOSIUUIa TOK y3aTadTrad YTKa3ruuyja Ba 3aH-
KUPHUHT aHKuK, OUp KUCMUIA aXPATraH SHEPrusi TOKHUHT Oa-
xapran uHiura aisanaad. bUHoOaprH, 3A€KTp TOKMHUHF Oa-
sKapraH uiy (9.536) MUKIOp XKHXATAAH 3aHXHPAA aXpaJiraH
(poitaanu 3Heprus N¢ ra TeHr 6yaanm:

W, =qU =1Ur=12Rt =%t (9.60)

DIOK MBa MYKKM KAPILKIWULK r OVAraH TOK MaHOMHHHT

TV.1a SHEpruscu Wi xaM MUKIAOP XMXaTAaH MaHOaHMHI TYia
Oaxapran uum (9.55) ra tenr 6ynanu:

. e 2
W,=qc=1Ic¢t=1Rt = ?%t. (9.60a)

TokHuHT 3HeprusacH W xam xyaau v cuirapd CH na
Koynp (K) napaa ViuaHagn.

5. ZKoyap-Jlen KOHYHH. DHEPIUSHUHT CAKNaHULI KOHYHHU-
ra OMHOAH, 1CKTP BHCPTUACH BoluKa TypilaTH, MacanaH, Me-
XaHUK, UCCHMKJIUK, KUMEBMM, MaruuT MaiioH, epymnK Ba
iy Ka(m aHeprusnapra aitaHagn. YTKasraunaH ToK YTaér-
FaHia SPKUH dAEKTPOHIAp KPUCTAUI NaHXapa TyryHjaapuiaru
WMOHAap GMial TYKHALITAHAA yaapra KYnpoK 3Heprus y3atuo,
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KAMPOK JHCPIMS 01411, DPKUH 9ACKTPOIJIAP SHEPTHSICHHUHT
KaMaliniM SJeKTp MalifoH 3Heprusicy xpucobura THKIIana 60-
paay. Hatvxana 3pKHH 33CKTPONNAD 01N KPUCTALT 1aH-
Kapa TYrywIiapuaard HoOHRap ¥pracuialy UCCUKIMK MYBO3a-
HATH OY3MAAM Ba ¥TKa3IMUHUHT Xapopary opra bopajm. bu-
HOOAPU I, TOKAN VTKA3MUY KM3Kiiian.

Pyc oaumu . X. Jenn (1804—1865) Ba MurIH3 O;THMMU
XK. H. Koyt (1818—1889) 6up-Ooupuian xabapcus Xos11a ToK-
HUHT HCCHKCIMK TALCUPHHY MPONAAOBUY KOHYIHEN OUPHITUM
Mmapta 1843 iunja sKenepHMEeHTa TCKIMMPUUI HATHXAIAPH
acocuna kamd knaumnau. by konyH Xoviab-JleHI KOHYHH
Actiand, Oyiak Tavprbianaan:

Ymrazeuudan mox ymeanoa axcparud YuKKan HCCURAUK MUK~
Oopy MOK KYuuiiie Keadpamu OuAan YmKaseuy Kapuuaue ea
PRt GUKMUIING KYRQUMMACUG mene:

Q=1%Re. (9.61)

ByHaaH KVPHHAIMKH, YTKA3MMWa aXPIrald NCCHIGTHK MUK-
JOPH TOKHHHT 3aHXHDP OHpP KHCMIZA OaxapraH uniy A ra Tenr
OKAH.

TokuuHr Gaxaprad uu (9.536) dopaty:iara GuHOan Typau
KVpUHHIITA 3ra SKAHIUPHHH Hazapra oaud, Koy:in-Jlenn
KOHYHHHUHT MateMaTHK H)OACHIY gHa KYiuaary K¥punnug-
A2 G3MI MYMKMLL:

Q= /2Rt = qU = [Ur =L 1. (9.61a)

Henkok muknopu CH aa nui. suepritg cunrapu 2Koyan (K)
Japaa nQoadIaHIU.

TOKHHHI MCCHKINK TALCUPHIRH SJACKTP HCHTTHY achob.a-
pH, u¥rnaHMa JaMIaiap, IpPUTYBYH CAagTaruuiIap, 37ICKTp
¥auop acGobdaapi Ba Iy Ka0uaapHy sicania doibasanuiray.,

JaMosapuit u¥FaanMa aMraaap Karop OTUMIAADHHUHT KVHT
611aH 0AW0 DOpran YioK MYIAATIH MILTAPHHHHT HATHXACH -
Jwip. Yyrnanva Jamnamisr Tapakpériaa A, H. JJoaurun (1847—
1923)HUHAT HULIAPH KATTA axaMusitra sra. ¥ 1972 itunna 6u-
PHHYM K¥MMDP TOJAIM UyraanMa CpUTHIN JaMIaHKP Kanigh
Kkuin0, 1873 dtumpack IMerepbypria 1ypay XWianalryd naMiia-
CIApHH OYMK HamoRuill Kiuiau. 1890 fnara xenud, Jdonuruu
KHIHT apuiiaMran Meraiiap: BojinppaM. MoaubiaeH sa 6oL-
KaJlapiaH sicanran 1odanu qVEIanMa JaMIIaiapHu paTili.
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TAKPOPIAIL CABO.UIAPH

1. D:1eKTp TORU Aeh HAMaTa ailTaaan? YIRAa3yBuaHNVK BA KOUBCKIMO
TOK HuMa?

2. TOKHUHT MaBXYLTHIAHMN HPORANOBYK Kaldal X0AucatapHyu 6utacus?

3. TOKHHHT Kyd4H Ba TOK KYMHHUHI 3uLturH 1¢6 numara aiTiiaau?
Viapuunr CHU aaru yavos dupavkiapu Kangai?

4, MeTa;iapliHHI 2aeKTPoH YTKasypuaiiury MaunacaswraM-llananex-
ci Ba Crioapr-Toamen Taxpubainapuaa kKaildail tacauxiauran? 5. dnek-
TPOHHKMHAT COANIITHPMA 3apsin AcO HuMara alTHARAK, YHUHI COH KHMa-
TH HuMara tenr?

6. Mertawiapinir Jpyge-JlopenTti K1acCHK 3AEKTPOH 1Ha3apHACH 1HMara
acocaaran?

7. TOKHU XOCHA KWAIAH DPKUH DIEKTPOILIapHUHT TapTHOAM xapakat
TESAUIrHIHK Kangalt xucoG;iam MyMkuH? McTanaapas TOK Kavaal Tesaux
Giaan xapaxariaiaau?

8. McramapHHIIT KIACCHK DJICKTPOH Hasapuscy acockza Om Ba XKyo:lb-
Jenyy Kosyuaapuuunr audideperumnan Teuviamanapuunir udosacy uKa-
piicH.

9. MeTaLiapHHIT COAXIUTHPMA DACKTP YTKa3YRUAIITHIY HuMara GOFnuK?

10. Merana HCCHKAMK Ba 21CKTP $TKa3yBUAlUIMIMHMHI §3apo 6oria-
nuinuny nponanonin Buaoman-Opanii KOHYHWAY TabPUPIANT Ba YHURT
MaTeMaTHK Hgoaacuny ucdoraaur?

11. ¥srapMac Tok 1e6 Kan:iai ToKka aitruiaan? 3anxHpIHIT BUP KUCMHU
viyH OM KOHYHU TabPHAIAHCUH B2 YHHHT MAaTeMaTHK Mgogacy E3uacuil,

12. YTKaarwnmnr 3JeKTP KAPIMIUTH Aed HUMara aliTuaay Ba y HUMa-
ra GOEIHK, VIKasrHUIMIIr CONMIWTUMA KAPIIMAUTY Ae6 HUMara alTHAagu?

13. VIKasruuluir KapuWHARTY XapopaTra Kanaait Sornanran? Vrkazys-
YaHAHK X0AHcacH acd Humara aiituiaaan? Kaniai frkasruviaap ¥ra yrkas-
ruynap ;1¢6 aranaan?

14. ¥3apo KeTMa-ker Ba mapaiiel yianuran YTKasrmuiapHiir Kapuim-
JCH Karaast xpcobaanu?

15. DaekTp 0PUTYBUM Ky4 HUMa? Bup XHIICAH OYIMarad 3atDKHPHMHT
6up xkucMmu yuyn OM KOHYHWHHHT MatcMaTHK udogacunu E3uur. Enuk
3aHxup YTIVYH OM Konvuuiy tabpudiaanr sa GopmynacuHn €3unr.

16. Tapmoxaauran zapxup yuys KupxropHunr GUPUHUM B2 HKKHHYH
woudacui Taspudrant xamMxa GopMynaiapuip S3unT.

17. TOKHHHI KK Ba KYBBATHHHET dopMyanrapu ¢3uans, tTavpudnat-
cuH. YaapHuur-CH aaru {1408 Gupankiapy Kanaait?

18. Toxuuur sxepruacu pa 2Kovib- TCHI KORYHHHHHT opMynaiapy-
1t €3muT

10-bOB
CYIOKJINK BA TA3JIAPJIIA BJEKTP TOKHM
10.1. HJIEKTP YTKA3YBYAHIHMK

To3a CyIOKAMIGIAapHUHT KYHUMINIHM, XyMIajaH, MyTIaKo
TO3a CyB, KepocuH, MMHepay CF1ap Ba lly Kabusiap 3/1eKTp
TOKMHM €MOH YTKasyBumiapiaup. bupok Tysiaap, kucnoranap
Xamua MUIKOPIAPUMHT CyBAAry Ba 6ab3u 601Ka CYIOKINKIAp-
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Jard 3pMTMAaIapyu —yIEKTPOINTSIAD NIEKTD TOKUIIM SXIUKM VTKa-
3anu. MacatiaH, AMCTMAIAHTaH cysra 03ruHa ol 1y3u (NaCl)
TalriaHca CKH OUp Heua TOMYM cysihb$haT KMCIoTa TOMUIWICA,
CYB SIXUIY YTKa3ruy 6Yaub KOJaau, MYHKH KYIUMIKK KKUCIO0-
Ta, HUIKOP Ba Ty31ap IPUTAHIAA YIAPHHHI HEHTpail MOJEKY-
Janapu Mycbar Ba MaHbME 3apsLIM HOHAAPra AXpaitaiy.

HeitTpail MOJIeKyNAIapHIHT HOHAAPIa AXPaJMIL XOAHUCa~
CHIa 3JeKTPOTUTHUK AUCCOUMAUUS Heluaaay. Ypra
MaKTabjlaH MabLIyMKH, SIEKTPOAUTIAPIAH TOK YIrallna snex-
TPOIapila LIy MOAJANap TapKUOMIl KMcMiuapra axpasiai.
Ulynnait Kuanb, Tok ¥rranma KHCMIIapra axXpaiauraH yTkas-
ruynapra 1Kopuaa anTuAraHaeK, MKKMHYM TVp ¥TKasruyaap
€KUM SJIEKTPOAUTAAD ACHIING, YIAPHMHI YTKa3yBMaHIH-
FUIQ 2CA DACKTPOAUT YTKA3YBYAHIAUK AcHMaau.

Arap 3JCKTPOIUTAArM OUp XMl MLIOpaNM 3apsiara osra
O¥araH MOHJIAPHUHT KOHUCHTpaUMsACH n =n,=n Oynca,

EKTPOINTAAH YTAETIaH TOK KYYMHMHI 3UMIMIH | Myc6ar
Ba MaH(MIT HOHNAP XOCKT KWITAH TOK Ky41apH 3UYIMKNapu
j . Ba j_ HUHI HWUFMHIMCHUIA TEHT:

J=Jj,+j_=ens, +eni_=en(p, +5.) (10.1)

Oyuaa: ¥, Ba v_—MycOaT Ba MaHbUI 3apsULL HOHNAPHUHT
TapTubnawran xapakar (apeitd) Tesnuru. DAeKTPOIUTIArd
MOIUIAPHUHT Apei® Te3NUTH 7 MaHIOHHWHT Ky4/alTrailiury

E ra nporopLuoHaIIND:

3 =uk, (10.2)

Oyilna u—HOHHMHT XapaKaTYaHIUIH,

Honnaprune xapaxamuanauzu de6, snexmp Maidon Kyuaan-
2anaueu dup Oupauicka mene 6yazanoa, UoOHAAPRUNE Oreal Opeligh
meanuzuza Mukdop xcuxamoar mene 6yazan HUIUK KAmmauy-
Ka atimuaaoy.

Y pakraa (10.2) ra 6unoan (10.1) uu Kyhupary Kypu-
HHLLAA €3ULI MYMKHKH:

j=en(u++u_)l§=y E (10.3)
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by ¢dopmyna snekrpoiyraap yuyn OM KOHYHHHUHI MareMa-
IHK nhojacy 6Ysmb, ssexmpoaumdan ymaémzan mox Kyvu-

nunz 3udAuzY ] onekmp MQEOOH Kyuaawzanauzu E ea
NponopUUOHA0up. DNCKTPONUTHHHT COIMIITHPMA SICKTP YTKa~
TYBUAHIMTH Y MOHJIAPHUHI KOINIEHTPAIKSICH ;1 Ta Mychar Ba
MaH(UH HOHJAPDHUHT XaPaKaT4awIurg u,, u.ra SOFIMKAMP,
SITBHU:

y =enlu, +u_). (10.32)

HoHaapHUHT KOHLEHTPALMSICH 1 9PYBUM MOJLIA MOJIEKY:1a~
JAPUHMHT TYMK KOHUEHTPAIMSICH 7 12 1PONOPUMHOHALIAP:

n=on,, 10.4)

6yHpa: o —mnponopiuuoHa vk koddduumentu 6yaub, viira
auccouuauns koshduunentn aeiimiam. (10.4) nu (10.3) ra
Kynmiaca,

¥ =eno(x(u++u_)E =y E (10.5)
oynaau. byHaa 3AeKTPOAMTHUHT COIMUITHPMA YTKa3yBUalLIATH:
¥ =en0a(u+ +u__). (10.5a)

BONEKTPOIUTAArH ~3pUrad MOJAa DKBUBAJIEHT KOH-
neHrTpanus jeb aranysyu M Kartaiik GWHIaH XaMm TaB-
cuduianany.

DPpUTMAHKHT SKBUBAICHT KOHLUCHTPALIMSICH T 3pUrdaH MOI-

Jla MOJICKY/IACH KOHLEHTPALMSCH n, HUHT ABOragpo couu N,

n,
ra HucOaTHra, SpHU M =W"; ra teur. HoHHMHT 3jIeMcHTap
3apsyin e MHT ABoranpo cony N, ra kynaitMacu sca Papa-

neit cot F=eN,rateur 6yaanu. bynapaan, n=nN, sa ¢ = Tv[;
gapHu (10.5a) ra xyiuica:
) j=Fralu, +u_)E=yE. (10.6)
O6ynanu, byHza: | --
v =Fnofu, +u_). (10.6a)
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R >
0 50%  fooy
19.1- pacu
(10.6a) myHocabaraal KYPUHALUKU, DJACKMPOAUMHUHE COAUUWL~
mupma Inexmp ymrasysuanauzy ¥ duccouuauus kodgppuyuen-
mu O 2a UOHAGD Xapaxamuanaukaapunune durunducu (u .+ u )
20 RPONOPYUOHAAUD.

Aucconmaums KOOGPHUIIMEHTH O SPUTMRHHUHL 3KBUBAICHT
KOHIICHTPALMSICH 7 1a GORNaHUINY Mypakkab xapakrepra ara. Tosa
OPUTYBYM CYIOKAMK VYYH COSIMIITAPMA HASKTP YTKA3yBUaH UK
Y =0, YyHKM HKBUBAICHT KOHUCHTPAUMSA T X4M HOAIa TEHT
Oyaaimm. Cyurpa, M opra Gopras capn ¥ xasm opTa Gopub. 6u-
pOp MakCUMYMIa 3pUILAM Ba VH;1al KeIUH siHa KkaMast Dopaiu.
10.1-pacmna cyangar xucioracu (H,50,) HUHT cysaarn apur-
MACH YUYIL ¥ HUHT M 1a OOFIanvni rpabHry KCATHPHITAH.

DHEKTPOAUTIZP SKBUBAICHT COMMIITUPMA YTKAZYBYAHITHK

1ed aranysuu % =A xarTanuk Guian xaM rapcudiasagn. Y

xoina (10.6a) TCHDIMKHY siHA KyWHaarn KVpuHMILAR 83
MYMKUH:

A= Folu, +u_) (10.7)

(Papaaeii couu ' Ba Gepusirad HICKTPOIMTAAD YYYH MOH-
JTAPHHHI XAPaKaTUaHAMTH U, ¥ Jap JIOMMUI KarTaauk oynra-
uy yuyu, (10.7) ra Guuoau:

A=Caq, (10.7a)

OyHj1a C—O0epuiral ICKTPO;INT YUYH Y3rapMmac KaTTUTUK-
Aup.

ynaail KWIHO, 20eKMpoAUMHUHE IKBUBUACHI COAULMUPIA
Jaexmp ymrazyguanaueu A SUccoyuariin Kodppuuuenmu o, ea
RPOROPUUOHAAOUP.
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Arap 2;IeKTPOANT Xyild KyucH3 dpuTManaH ubopar 6y.ica,
o= 1 06m0, X = C-Oynaum, sibliv Xyaa KydCU3 DPUTMA YUYH
JKBUBATIEHT KOMIIEHTpalMst A ra OORMMK OVIMal KoaaM B
JKBABAICHT COJNMIUTHPMA JICKTD YTKA3yBUAHJIMKHUHI Oy

¥3rapMac KUMMATUHN Ao OMiaN Oe.ruaab (10.7a) HU Kyitu-
MArd KYpHHHILIA E3aMH3:

o= (10.76)
(10.7) Ba (10.76) ra OMHOAH Ao HMHT KUHMATH MOHIIAPHUHT
., 4 XapaxkaTyaH.IMKIIapu Ouilan Kyiuaary OOFIaHUILTA Jra;

hoo = Flu,+u) (10.8)
IyHaak KuiIno, Xyua Kyucu3 KOHHEHTPALMAIN JIEKTPO-
JTUTHHMHT COAMIITUPMA 9KBUBAICHT 9ACKTP YTKA3yBUAHUIY -
nu Vauad, (10.8) dopayiiazan HoHAAp XapakaTdyaHauKIapu-
HUH urnHiucy (u, tu) [ TOMUMUL MyMKMH.
TaxpudaHuHr KYpearuimia, dACKTPOAUTIAH DAEKTP TOKH
VTraHia DMeKTPOoAIapiia MOAJA axpasiap okaH. byrnai xoau-
cara 3;1eKrposin3 AcO 11oM Gepuarai. JjIEKTPOAUS YUVH TAXK-
pubaiap acocu/a aHMKIAHIaH KONYHIap anemenTtap gpusmka
KYpPCHAaH MabiyM OViica xaMm siHa 0up 6op acnatud yramus.

10.2. ®APAAEMHUIT DJEKTPOIN3 KOQHYHIIAPU

FOxopHaa Kapab YUKILITaH TUCCONNAIMSLIAHUIUHUHT TEC-
Kapu XapaéHUIa pexoMOMHaus KM MOJNIU3ALiMs JCH-
waaan. Kyycus spurMaiapia AMccolinalus X0aMcac Moiu-
3aUMA XOAUCACHIAH KYUIUPOK OVA/IH. LIYHUHE YUYH XaM Ovil-
Na¥ OpUTMasiapia Xap JOMM HOILIAP MABXYUIUD.

DACKTPONUTAA TALIKK 3ACKTP MaizoH OVIMaraHaa Aucco-
UHAHSLIAHMIN HAaTHXAacKaa X0CH;1 O¥/1raH MORIAP XaoTHK (Tap-
THOCKU3) Xapakatiaa Oyramu. Arap 2ICKTPOSMTrA TYLIMPUITan
K —karon Ba A — aroj goumMuil ToK maHbGaura yaaHca
(10.2-pacM), MajiloH TabCUpWJIAa HOIIAD TAPTUGAM Xapakar-
JaHa OOULIARAN BA 3JICKTPONMTAA F1CKTP TOKH XOoCH OVnaau.

Mycbar 3apsi;Lii monaap Maidguit snekrpoa — xaron (K)
ra TOMOH XapaxkaTiaHl'aHyW YUyH yjaap katvoiuiap 1e6 ataiub,
MandUit sapsyuT MOHJIAP 3Ca MYyCOAT BICKTPOA — anoa (A) ra
TOMOl XapakaTjanraHy YMVH y.1ap alinOHNap ACHMIAIH.

Hounap teruinng aackrpojira 60pub eTraHiaH KCHUH yHra
OPTUKYA 21EKTPOHUHM OGepany KU YHAAH CTMaraiuHM 01M0
HCHTpas1 aToM €KM MOJeKvy/ara aiianaim.
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DJNCKTPOIUTIATH MOLIAIAPHUHE BIEKTP TOKH TAbCUPHIIA
axpaaub YUKULI XapaGHUIa 3N eKTpoJu3 Ach aramaam.
Mucost Tapukacuiaa, muc xiopua (CuCl,) TYSUHMHT 3pUT-
MacH OpKailu 3JIEKTp TOKU YTraHma pyit 6epanurad XapacHHU
Kapad YMKaMmu3. DpUTMaga MMUC XJIOPHI MOJIEKYNacH HKKH
Kappa Myc0aT 3apsjulaHraH MUC aToMMHUHT HOHM Cu** ra sa
6up kappa MaHbuU 3apguTaHrad KKKuTta xaop noHu 2Cl ra
JHUCCOLMALUSIaAHANY:

CuClIsCu™ +2Cl-,

YV BakTna 3pKMH JEKTPOHHHM € OpKanu Genrunab, Xaton sa
aHO/JA YYpaluraH WOHNAp Y4YH Kyiiuaard KYpuHHIUAATH pe-
aKUMsIJIapHU €3ML MYMKHH:

Cut* +2¢=Cuy,
2CI~ -2¢=2CL

Hemak, Muc vorn Cu'* KaTOIIAH UKKHUTA DICKTPOHHH 05110,
HeHTpan Muc atomu Cu ra aiaHanu, xaop uonu Cl- aca
aHoara 6urra 31eKTpOHHM Oepub, HeiTpan xnop atomu Cl ra
ailiaHanu.

Iiyunait KUnuG, asekmponus sxcapaénununz begocuma na-
mudxcacu dMexkmpoonapoa 3neKmposumuure Kuméeuli napyara-
HUW MAXCYAOMAADUIHY MYNAGHUIUOUD.

1833 jtmsina wHrM3 onumu M. Qapazei (1791—1897)
Taxpubaiap acocua 2IEKTPOANHUHT UKKMTA KOHYHUHY Kald
KHiray 6ynu6, ynap Papaneil KoHyHAapy Ae aTanaau.

Dapaachnuir GUpUHYY DAEKTPOIN3 KOHYHM KyHuAarnya
TaspudiaHagm:
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Daexmponuz eakmuda Haexmpoorapia axcpanzar Moooanune
MACCACYU IAEKMPOAUM OPKAAU Jmaemearn 3apad Muxdopuea myrpu
nponopuuonan:

m = k. (10.9)

OyHaa m—3aexTpo/Uia aXpanud YUKKaH MOANAHMHI Macca-
CH, @—D3JeKTPOJIMTIAAH YTraH 3apsil MMKIOPH, k—mponop-
UMOHATIUK KO3(pPpunmcHTy 6§1ud, y 2NEeKTPOMIAPHUHT IWaK-
JIAra XaMm, TOKHHUHI KYYHra XaM, XapopaTra xaMm, 00CHMra
XaM OOFIUK 6ym1ac,uaH TYDP/M MO;LIATap YUYH Xap Xuil oynuo,
VHIa MOAHAHMHT 3JCKTPOKHUMEBUN 3KBUBAJNEHTH
Jieiuiiani.

(10.9) bopMy:tanan MOJLIAHVHT DIEKTPOKUMEBUI DKBUBA-
JIEHTH KyUnaarura TeHr oynaau:

k=7 (10.10)
by ndonara acoca MOJJIAHUHT 2AEKTPOKUMEBHI SKBUBAJICH -
THHY KyiMaaruya Tabpudiall MyMKHH:

Moddanunz snexmpoxumésuil sxeusanenmu 0eld, anexmpoaum-
Oan 6up bupauk snexmp 3apsdu ymeanda onexmpodoa axcpaszai
Moodanuite Maccacuzq MUKQOp Hcuxamaar mene 6YazaH Qusuk
Kammuanukka aimuaradu.

Tommn'r Kyun I = —‘,’— daH ¢ = It Hunr ndonzacruu (10.10)

thopmyaara k¥imica, Mapaneit GUPUHIA KOHYHHHUHT MaTeMa-
TUK Hdojac ywidy KypuHUINTa Kejlaau:

m=klt (10.11)

VY xon ®apajeiiivHr OUPUHYKM JICKTPOIH3 KOHYHMUHHM $SHA
Kyiujarmya taspudaa MyMKHIL

Daexmpoaus saKmuda s1eKmpoorapda axcparzan MooOaHuH2
Maccacu moKHuInR Kywuea 6d yrhune saexmpodoa ymlu eéaxmuea
MYFpu RPOROPUUOHAA0UD.

®apaneHUHI MKKUHYK AEKTPOIU3 KOHYHU MOMIAIIMHT
IEKTPOKUMEBUI IKBURAICHTH & Buiall AMCCOUMALSLIAHY B~
4¥ MOJIEKYNA TAPKWOMZATH aTOMHHUHI KUIOrpaMM—aroM A

HMHI BaJICHTIMK Z ra HUcOaTy -f— MOJAAHHUHI KUMEBHIA
DKBUBAIEHTH opacy1aru ¥3apo GoraHuIHy ndosaiaim.
DapagcHHUHT UKKMHYY DACKTPOAN3 KOHYHM OyHAal Tat-

pudriananu:
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Moddanapruiiz 31eKmpoKUMERUIT IKEUSAICHIMU YAAPHUHE KUM-
éguil axeusasenmuza nponOpUUONHGA, SIbIIN:

k=C4, (10.12)

Oynna, C—lpONOpHHOHAUINK Ko3hduumuenTn 6¥in6, 6apua
MOIU1a YYYH OMp XHj1 KuiiMaTra sra. Arap C uponopiuoHasi-

JIUK KOO PHIIMEHTHHHN % ounan 6¢srunanca, PapajseitHUHT
MKKUHUY INCKTPO;IN3 KOHYHUHU SHa OyHAA# E3UlI MYMKUH:

k=44 (10.12 2)

byaparn F karranuxkka Papageit conn JACHUNaNHA.

Dapadei conu ded, 24eKkmpodaapoa 6up KRAOZPAMM IKEURA-
AeHmM MOA0U adCPANULE YUYH DAEKMPOAUMOQH Ymean 3apsiceq MUK-
dop acuxamaoar mene Oynean puauk kammaaukka aimuaadu.

XKaxoHaaru oHr gxuH aabopaTopusiaapia VTKasuaraH
K¥ynruHa yauamaap Hatxacusa Papaseit CONUHUHT KyHu-
JArK KMEMaTy TONWIraH:

- - 7 _K
F =9648309 a—fﬂ—ﬁ = 9,65-10 EI'«%IT:,
Qapageitnnnr ukxana (10.11) sa (10.12a) xonuymiapuHu
6rpnamTHPCaK, NCKTPOJIU3 BAKTH 2 DACKTPOUIADAG aXpa-
U0 YMKYBUM MOJIAHMHE MACCACHHY KYMHUAArM TCHIAAMAAaH
TOMHNII MYMKUH:
I I |
m——p--~z—lr. (1013)
By dopmy:;ia @apancii Gupialiral KOHYHUHUHT MaTeMa-
THK udojacu Oyanb, y Kyiuaarnya tabpudpianaiy:
DNexmpoau3 GUKMUOA ICKMPOAAPOa AXCPUALAH MOOORRUN2
Mmacecacu KUMEGUN 3KGUGAIeRMUS, MOKHUNZ Kyuued 8Q YHuHe
ymuut eaxmued nponopytoHaoup.
Gbapaneit CoHM F ancMeHTap 3apsa—3iICKTPOH 3apsiin e
HMHT ABOTaapo COHH N, ra kynaitrMacura TeHr:

F=eN. (10.14)

ByHpaH 3/eKTPOHHUHT 3apsiy KYHWAATUra TCHT SKAHIMTY
KCAMO yukanu:

= F_ _ 96485309Kn-xvon~! _ .10-19
€= N = 50221367105 ragonnT = PO0217733-10°° K
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DI1eTpoH 3apsIMHMIT 1Y YCyi1 OMIaH TOIMHIATAH KuiMaTu 3a-
MOHABUN TOIMJAIAH KUAMATHIA TVFPY KEI1all.

10.3. DJIEKTOPIA3ZHUHT TEXHHKAIA KVILIANMIMANIN

[.TanpBaHOCTCI U . DJICKTPOIN3 EPiaMuia MeTaLt Oy-
IOMIapHU GOHIKA METAUIAPHUIIT I01IKA KATIaMKu OMJIaH KOIl-
Jamra raiiseatocrerus aed aranagmn. Kymsajas, 6yoMiapHu
3AHIIAIAAH cakaan ¢ yIapHUHE MYCTAXKaMAMTHHU OLIHPUIN
Ba 0ab3aH yjaapra caikail Ocpuin MakCaauia YIapHu HUKCI-
A, OATHH EKHM KYMVHUI CYBWHU I0PUTHINL, XPOMIALI BA 1YL
YXuawap ralbBatocTerds My Ouian amaira olMpuiIaNy,

2. TaxbpBanoOnNacTUKa. BylOMIApHUHT LWIAK/IMHU KaiTa-
Jiall THKIAI YUyH OUp 1HeYa MUWLIMMETP KATMHINKIATA MeTAM1
KaDIaMJIAPHK XOCH:T KWIMIITE TUIbBAHOILTACTHKA ACHUIAIN.

1838 itnnna pyc akagemurn b. C. SIko6u (1801-~1874) pe-
abe@in OyioMiap (Melah, TaHra Ba 1y KaGHAap HYCXaiapu-
HUHT aHKK TACBUPUHY TR THBAHOIUIACTUKA YCY:IU OMIalt ONMIH-
Hu rakaug xuaraH. by yeyit Oustan Oyiomnuir Gasosuit rac-
BUPHHY KM HYCXACHIW OTHTI YYYH MYM €KUM TMIICHAH YHUHT
HUK HycxacH sicanani. Hycxa cupru 9aekTp $TKasyBuan 6} 11~
I YUVH YHT2 rpaduT KykyHiiapy cenunanu. Hlynnan kehun
OYIOMHHHI HVCX4CH KaTOA CU(ATHIA TCrMULTA MCTWLLY TY3H-
HHUHI 3pUTMACU COJIMHIAH DACKTPOJMTHK BaHHAla TYIIIHAPK-
Jlaau. DIEKTPOIN3IA DIEKTPOIXHTAAH MeTaUl OVIOMHUIT HYC-
XACH CHUPTH/IA aXPatajiy Bd OYIOMHMHT METRJEI HYCXACH XOCK1
KW THHAIH,

3. Mcrastnapdau padQuiaant. ICKTPOAU3 ilyau Ouitan
KUMEBUH XKMXATAAH TO3a MCTAINAPHM ONMINTA METaniap-
HY pabuHAaw acd ararans.

DHCKTPOTCXHUKANA KVN xoiuiapna cod MUcC AILIaTyiira
TYFPH Keaaau. DyHUHT yuvH TO3ajaHMaraH MUC KyHIAArnya
padunaanaan: Maccacu 150 pan 200 xr raya 6yiarau tozaran-
Maratl MEUC aHo} cU(BaTHIA OIMHANH, DJICKTPOSIMT cudaTria
aca Muc kynapocH (CuSO,) uuur cynngar kuenora (H,50,)

Oard SpPUTMacy OJTHHAH. ¢ upTH GUp o3rHHa Molinanal 6k
MYMJIAH1aH I0IIK3 MUC 1L1aCTHIKAIapH KaToA cudaThaa onu-

Hanu. Cyurpa ssickrpoauriad J = 950—-2- IaH OLIMalMraH
M

{arapmac ToK Yrrasunaau. Codr MUC KaTo/aa TYIL1ANMD, atoa
3ca dpuitay, Gomka Moada apalaliMaIapy 3Ca FOBaK TYKUMa
XOCK:I KUAKO, acTa-CeKuMii BallHa TyOura uykaau. bynaai yfkma-
Ja Gab3an HOAMDp MeTanjap, Macaian, 3% onrud, 30% raua
KyMyui Ba fowka meramiap Gysiamn. By yevit funan osuny,
KyMylu, Kanai, pyx sa Gomka Me1aifap xaM papuHIaHa M.
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4.D0eKTPOJUTUK CUIIHKIAIN. DICKTPOININA aHO!
OYmus XM3MAT KHITYBUM METALT TOK 3UWIMIK DHT K¥u 6ynran
XO1apaa Kyt 3puifjIu, TOK 3HYTATH 3Ca ACKTP MAHIO0H KyY-
JAHTAHJIMTM 31T XaTTa 6¥:1ran xoitiapaa Kkarra 6yi1aau. YTkas-
THY CUPTHHUHI AVHT XKO.1apU DHT KaTTa KY'WIaHTaHAMKKa, 00-
TUK, XKOMIAPH 3Ca 3HI' KUUMK Kyyiauralmkka sra 6ynaau. Hy-
HUHT Y4YH XaM aHOJ/l CUPTUHUHT AYHT XOUIapuiary McTail
Te3 CMUPpHANG, BOTHK XOMIapHIarHcH 3ca AeIpiud eMUpHII-
MaWIin, HaTUXaaa aHoa OVaud xusMar KuinaérraH MeTALIHUHY
CUPTH CUJLIMK;IAHUO KOoaaaH.

5.0Fup cyB oauw. Boaopoa aToMnapu ypHnIa a1oM
MAaccacy 2 ra TeHr G¥aradH BOAOPO/ M30TOIM A, gbHu AelTe-
pui ATOMIApH 6ysray cy—D,0 ra orup cys Aciiniaan. Ojani

CyBZIa XaM OMpOp MUKILOp/IA omp cyRr O6ynanu. JAeitrepuit norn-
gapy A" Bosopoa wounapu H* ra nuc6aran 2 6apobap opTHk,
Maccara sra Oyarany y4dyn Xapaxardaliaury KUuuK OViiaau.
THyHUHT yuvH 3ACKTPOIU3AA 3XPAITaH ras3iaa eHrui BOJOPOa
oV1ub, suex'rponuma 39Ca OFMp CYBHHHI' KOHUEHTPALUSICH
opTud dopanu. bHHOﬁapl/IH 1eKTpoau3 Wyau 6unan 4,0
MOISKYIIapy KYI OVaran cys xocust Oyiasu.

6. BitekTpoMeTasLTyprud. TySIapHUHT CyBIalry 9prTMAa-
JIADUHHMHT 3NEKTPOIM3U GuilaH OUpP KarTopia CYIOATUPHIral
TY3nap 1EKTPOIU3H KATTA CAHOAT axaMusiTura 3ra. Cyioiru-
puwirai yioBuy Ha'rpm‘il (NaOH) pan raxmunan 330°C xapo-
paTtaa 24eKTpoau3 Ouian rarpuil (Na) onudand. Xyuiu wy-
HUHIACK, CYIONTHPHIIAH MgCl, Ba CaCl, rapnan marnumi
XaMaa KasibItMi OJKHAI.

Maarynpok (ALO,) Hunr xpuoaur (Na,AlF,) naru spur-
MacuiaH jekTposn3 AViIK 6unan asoMuuui (Al) osmng ai-
HUKCA MYXMMAKD.

7. AsloMuH KU oxcuaiai, Arap Gupop MoLIa KUCIIO-
TacH OwiaH aMMHaK apajaliMacKiaH Koopar 3puTMara Ty-
WHPHATaH &GHOMPHHIR aHoa OHIAH 3NeKTPOJIU3 KWINHCE, Y
X0JJ1a aHOAEA aXPATHD YHKYBUM KUCIOPOA AlIOMUHHUHK OK-
cuanalb, YHURE CHPTHNA MEXATIMK Ba AMIIEKTPUK MYCTaXKanm-
siru wKopu 6¥nran Al,O, HMHT 1011Ka WHILIACUMOH [lapaa-
CHHHM XOCHJI KUTaIU.

Mivupait Kuand, amoMUHUNEY 2JIeKTPOIU3 #yau buian
OKCH/UTALl KHUMK VidaMyiv, OUPOK KaTTa CHFMMIAM KOHIEHCa-
TOPSIAP SICaI UMKOHWUHM Depan.

10.4. FAIBAHHUK SJEMEHTIAP BA AKKYMMYJISATOPIAP

1.91exTpoa noTenuMnanu. Arap Kangaimp 1-typ
yTKasryy, Macasial, METaLT JCKTPOJUTIA TYWMPUICA, Me-
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TWLJIA BA 3AEKTPOSUTAA KapaMa-Kapilli MILOpaily 3apsiuiap
aino 6ysmaj M. byHma METAL JNEeKTPOAMTra HUCOaTaH Mab-
JIYM 3JIEKTp MTOTEHIMAUra Jra 6yianu, ana wy JI¢KTp 10-
TCHIMAIM 3IEKTPOI IIOTCHHIIMALK jIcd aTasialu.

DACKTPOMIHANT IpHUTMAra Hucbatan OMpop NOTCHUNAIMA
UOHIAPHMHT Xap UKKana OKUMU Oup-6rpura TeHr 6¥aub Kosa-
JIM B4 DI€KTPON OUJIAH IPHUTMa OPacHIa DICKTPOKUMEBUIA My-
BO3AHAT YPHATWIAAM. AHA LY MYBO3aHAT [IOTCHILMATH METal-
JHMHI Ma3Kyp OpUTMara HucOaraH DJeKTpol NOTCHUMAIU-
JUP. DAEKTPO HOTEHIIUATA IPUTMAHUHT KOHUCHTPAUMACHTA
GOFIUK. BYHMHT YUyH HOPMajl KOHUEHTPAUULIH 3phT-
Mara HuchaTaH ICKTPO;L NoTeHIMATH OjinHaau. Hopsaa kou-
uenmpauuaau spumma de6, Im? spummada 1 kmone uon Gyaean 1
2 0a 1 mons uow 6ynean spummaza aimusadu. bynoait apumma-
dazu mysozanam nomenyuaruea ad0COIKT HOPMAaX DJICKT-
poi moTeniuuanu ackuiaazd. bab3u Moaiap yuyH Hop-
Man snekTpoa noteHuHay 10. |- xaasayia kearupuarant. Uly-
HUHINEK, XaaBajid DICKTPOA Ba IPUTMA Opacyuiard aima-
UIVE/IAa MLITHPOK STAAMIAH MOHIAD XaM KejlTUpuirail.

10. I-wadsan
AnexTpoa 0, B Baexrpoa 0,B ek rpoa ®,B
Li Li* 30 | Gd Cd* | -04 Hg | Hg't | +0,85
Na [ Na* -27 | Pb Pbtt | 0,13 Be | Br +1.0
Mg | Mg** | -2,4 Hj ) ce | cr +1.3
Al APt 11,7 1 Cu Cum | +034 | F2 | F~ +2,6
Zn | Zn*t 1076 | Ag | Ag' | 080 i

Bupop 2JCKTPOMHMHE HOPMaN NOTEHUMAIMHM Ouaran
X0/Aa YHUHT UXTUEPUH KOHHCHTPALIMAJN 3pUTMara Hucda-
Tad MOTEHUHANKIM XHcoDiaid MyMKHUI.

DAEKTPOR aTOM HOTEHUMANMHUHT XOCHA OYAMILIUHK Ty-
LIYHTUPUI YHVH IeKTPO:L aTOM TY3HHHHT CYBJArd SpuTMa-
CHIa TYHIMPMIran MeTauadl udopat 6YATaN DHT COALA XONTHU
Kapab uukamuns. XyMaanzaH, pyx cyasdar vy3u ZnSO, HuHT
CyBHArM IPUTMACHTA PYX (Zn) NMrACTUHKACH TYIUKMPH/IIaH
6yacun (10.9 a-pacM). Bynaa apurma—pyx uerapacuga Zn™~
Ba SO, MOHJIAPHUHT MONU3ALIMY BA aKCHHYA, AUCCOLMAILMS
peakuuscy coamnp O6¥na;u, spiiv

Zn*t +80;” 2ZnS04
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10.3- pacwm

by xapa€u HaTiKacuaa Zn™* MOHIapH Y3IAKYCH3 PaBHILA
ACKTPOANAH IpUTMara Yraiu. PyxHUHE apulitK cabad.im Zn="
HOHM 3pUTMara +2e MycOar 3apsaa oaud yTanu Ba Merainga
- 2e 3apsAiHU XOCUS KUJIAAH.

AKCHHYA, WICKTPO:HTAA OWiTaH Zn~~ UoIiap NCCUKIMK
xapakaruja pyx (Zn) saexrpojra ayd kejaain Ba yHiaa yrupud
KOnany. bynaa oaekTpos1 MycGaT 3apsiiiana; i, DPUTMaIa 3Ca
KoMIleHcauusrlanMaran SO~ HOHAAPH KOMaiLH.

Arap Zn' VOHIAPUHUHI 3JCKTPOLIAH 3pUTMATA Yruul
OKMMHU MOHIAPHUHT TECKapy OKUMUIaH KKuKk 6y;ica, ek~
PO Mychar 3apsiataiiul, spurMa Mandul 3apsjuraHain Ba
10.3 a- pacmaa kypcaTHAIAHIEK KYiI HOIIAP KATIAMHM XOCH;l
O¥aaid. KV KaraM dJekrp MaiioHH Xap MKKAAa OKUMHHK
TEHTHATUPUIITA WHTHTTA.

Arap Zn”" HOWJAPMUHMHT MEKTPOIAH IPHTMATA YTl
OKHMMM HOILIAPHHHT 3PHTMa1al IeKTpoAra FTHI oKMMHIaH
Karra Gysica, metaan mandpuil sapsiianibd, apuTMa HCa Myc-
Oat 3apsyuianaiy (10.3 6- pacm). by xoaza xav k¥ Hoinap
KaTj1aMy Xocun OVaa;ul. )

Kyur nonnap saexrp MARAOHMHHHT XOCHT SVIHILKIA KHM-
EBUIT BHEPIHS DACKTP BHCPrUara aiiiaHa 6opanau. Arap aium
OHp TYpRard 3puTMAara HKKM XWi METALT IacTHHKANAD Ty-
HIMPpWIICA, J7eKTP MAaHAOMMHKM XOCHI KW.IaJgHTan 1oTecHLU-
aiap dhapku xocus Oyaanu. bunodapun, 6y yeya Guaan kat-
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Ta MUK/OD;1a JJCKTP IHCPrUACHHU OIMHIra UMKOH Oepajin-
ray TOK Man6ajapu, SbiH FaIbBAHAK JICMENT;Iap Ba aK-
KYMYISTOPIAPHH XOCHT KIIMIL MYMKHH.

2. FTaapBanuk sacmcHTHap. KuMmésuil sHeprusiiuu
ACKTP IHCPruyra afaaHTupud GepaiauraH ToK MaHOasapula
FaAbBAUMHK JAEMENTAAD AeHIIAIN. '

1799 iimaxa uranus oauMu A. Boswra (1745—1827)
TOMOHU1aH GUPUHYY FTATLBAHWK 3ACMCHTHUHE Kaiiidy KuiIu-
HUILH JTKATHYWIAPAA $3rapMac TOKHH XOCH.1 KWTHLL Ba ¥3rap-
MAC TOK KOHYRJIAPHHHU YpraHUulIra HMKOH SIPATIH.

Boabsta sxaementu (10.4-pacy) cvindar Kuciora
(1,8O,) uuir kyucus opur-
MacHura TyNIMpUIral Mycoat
sapsupianaidrad Muc (Cu)
Ba Malduii 3apsuIaHaMran
pyx (Zn) msacTHiIKadapu-
A2l Ty3Wral KypuIMamip.
By naacrunkaliap opacuia-
ry HoTeHuuaLiap alupMma-
CH, sbHN BoabTa 37eMCHTH-
HuHr DIOK raxmunrau 1,1 B
Fa TCHr. XaKUKATaH XaM.
BoibTa ooieMenTraa apuTMAa-
HUHI  KOHUCHTPaUUsICH
Mebhlpuaa 0¥nca, y xojga
10.1-xaaBaira MyBodUK, 10.4- pacw
snemeuTHnnr IOK kyiu- :

Jarura TeHr ovaaau:
€=¢, -0, =034B-(-0,76B)=1,1B

HIyHM KaWT KWIMI KEPAKKH, rayMbBAHKUK J1CMECHTHUHI
BIOK MAACTHHKAHUHE KATTAIMIUIA BA 9PUTMAHUHT MUKIO-
pura Gorauk s3mac. demeutiunr IHOK, daxar Tox Mandau
HITAETTAIIA COAHp O¥aMran KUMMEBHUi XapadHra 00Uk,

Daexrpoanuyr Kyroaanuiu. Arap Boibra anemcH-
TH TYTAIITHPUICA, 3AIDKUPAArH TOKHUHT KVUYH BAKT YTHIIM
Gwian kaMas oopaiud. by xoiancanur cababy myHjiaxku, sie-
MEHT WHLIAraH BaKIia BoJOpOAHHHT H™ MycBaT HoH:1apH pyX-
Jai MIcla Xapad XapakatjiaHain Ba MUC 2AEKTpOLA TVILIa-
HaJu. DIeKTpoa CHPTrUid TViIanrad BOJOPOA MCTAapri
§x1uab, ¥3 »otlapiiin dpurMara oepuiiy cadad:m daeMenT-
uuur DIOK € ra kapama-kapinu iyiaaran Kyroaanuw 310K
ned aratysuu €  xocua 6¥iaam. Wlynuur yuyn xam Bosbra -
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DJIEMEHTH V30K BaKY MUIAAranfa, YHHHI MUC 3JEKTPO/IM BO-
AOPON DIEKTPOAMIA akaanud Koaaam.

Hlynaain xuud, spumsadan mox ymeanda saekmpod cup-
munun2 60dopod GUAQH Konaanuwu cadubau spexmpod nomen-
UNAABHUNE Y32apuuinea J4eKmpoonune Kymoaanuuu defiuraou.

DAEMCIHT JICKTPOUTAPH BA SPUTMATAPH TAPKUOHHM KepaK-
JUTMYa Y3rapTUpuo. Ky10MaHUIIHWHE 3apapiIy TAbCUPUHH OMIH
OJIMHULIM MYMKHH. 2KYM1a/[aH, [ANBBAHUK 3IEMEHTIApAA KyT0-
JaHUIUY AYKOAUIM YUYH YILIAH axpaiaéTtrad ra3 6uwnan oup-
JIAMIAINTAH MOLIAHM KUPUTHIL KepakK. ByHaa#l mojaa Kyro-
cusgaryy (ICHoAIPU3atTop) Aed arasiany, KyToCUus1al THpHITaH
IEMEIITIap 9ca KyTh1anMaiauran ax1eMeHmap aeiunaay. byu-
Jaii aeMeHTAAp eTap;imya TYPryH unriainau. IyHunr yuyn xam
Oyniai sgeMenTIap aManuil KVUIAHUILrG 3ra.

c

/ .

?

; NH,CE

At B Zn

Mn O ]I 1 g

A1 "

g1 -

5 '..: | 194 WU”bm

A1), .

L 3 K003

)/I[/IIII”/I//”A

10.5- pacM

KyrOnanmalinuran 3JeMCHTHUHI WUInanl UPHHILMNAHU
JlegaHie 3;3CMeHTYH MUCOIMIA Kapal ynKamMus.

3. Jexsanuie snementH (10.5-pacm). Jlexaanume
DNCMCHTHHUHT MaH(UHA KYTOM pyX ITACTUHKAAAH, Mycar,
KyTOH aca rpadur cTepxensan ubopar. Hosmaaun (NH,CI)
HUHT CYBAArH DPUTMACH ICKTPONMAT XU3MaTHHK Yraviau. ['pa-
GuUT XyKyHu OMiaH apanawTHpWHaH Ba rpaduT crepXeHb
arpodura karra 6ocuM ocTuna 3uuaanray Mapradey (IV)=ox-
cui (MnQ,) oca xKyrGeusiarny sasudacunu 6axapann. Map-
raterr (IV)=oxeuan Kyyau OKCHILIOBYM OYiIraly yuyH ax-
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panaétrad BoAopod GMAaH pCakiMsara KUPUILAIH Ba OYHUHT
HATHXACKIA CYB MOJIEKYilanapyu xocua Oyiaau:

2H+MnO; — 11,0+ MnO.
[OyHaai kuiub, rpadut cTepXXeHaa ras axpaiManan. Man-
¢buit Kyrbaa XI0p aXpaIMILM KepaK 34H, JeKUH XI0p Hollaa-
PY PYX WOHJApH GuMaH KyAsiaru peakiiHara KUpUIagu:

2C1 +Zn** — Zn(l,,

STeHU MaHdHUi Kyroaa pyx xaopu xocua 6¥aaau. JdeksiaHiie
asieMmcHTHIMHT DHOK 1,5B ra reur. Kypyk Jlekaatine siemer-
TUra CYB KYMHMIIIA 3XTUEX HUYK, YVHKM YiIa KpaxMall OM1aH
KYIONTUPWIIAH HOBIIAAWT spuMacuial ubopar raép snexr-
ponutian cdoitrasianuarart.

il |~ napogus
== cusy, ’
Cusy, 9504
HoCd -~ q
K?Z‘ 57)

106- pacu

Kypyk JIckaaniie Gatapessiapy paxyoaliapariapHuir aHoa
3aHXHWPUHU TOK OMNaH TabMUHJIAILIA KEHT KYIJlaHunagu.

Jlaboparopusi aMaanéruiaa JIUOB KYPUIMANAPY YUYVH
kynuHya 10.6-pacm;ia TacBup;Ianran BeCTrOHHUHI KaaMuitnu
HOPM1 JIEMCHTIIapy UIIIaTHII4/1M.

4, AKKyMyasTopaap. Yaap aNeKTPOJIUTUK KYTOsaHMII
AKKYMY;ITOp 1apyaa €xu 0011Kaua aifTraHaa, MKKWIaMyu ae-
MEHTIIApAa MYXUM TeXHUKABUH KYsnaHuuira sra. AKKyMysis-
TOpNap 1YHAQM rIbBAHUK 3IEMEHTNAPKY, YAAP/aH TOK OJIMH-
ranja capd 6¥;ragMraH Moaaa nactnad 2j1eKTposiM3 HaThXa-
CHIIA JICKTPOUIApAA TYTLIAHAIM.

Idynnatt xuomd, mok ymkazuazanda 2aekmp JHEPSUs MaH-
oauza auAGHAOUUH KYPUAMULQ GKKYMYAAMOPAAp EKU UKKUAAMHU
aqemenmaaap oel amanaou. AKKymMyasmopaap opxanu mox ymea-
3uwea 3apadaau deliuaadu, ynoan swepeus manbau cugamuda
otidasanuwea axKymyasmopiy 3apadcuzaau deluradu.
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Axxymyasropaap @UK, curnmu sa 210K Oweian tascnd-
STAHAIM.

Axkysmyasmopnune hoddasu uui Kospuyuenmu oeb, ax-
Kymyaamop 3apsocuzranimuca ynu 3apsoaawoa capgaanzati
DHEPRUANUNS KAUYA KUCMURN Depuiny uhooaaoeuu conzd ai-
mustadu:

W
n=t, (10.15)

H
oynaa: W¢—6epmnu MYMKHH O¥itran hogain sneprua W —
AKKVMYASTOPHY 3apsimialll DHEPIUsiCH.
AKymyasmopirune curumu 0ed, sapsocussanaémean eaxmoa
3audcup OPKAIU Yma oy MyMKun Oyazan die Kpn onexkmp
3aps0 Mukdopuea aumuaadi.

g=1-1. (10.16)
AKKYMYISITOPHUHT CHFUMM aMaI1a aMilep-coaTiapaa y14a-
A '
lg| = I A-coar = 3600 K.

AManna KVprolvHay akKyMaIsiTop (VARpHU KHCAOTA I
AKKYMYIITOPIap Ac0 XaM 0pUTHIAAM) BA TCMUP-HUKCIIU
EKM MTIKOPIM AKKYMYSITOPAAP KeHT KYsuanuaaan. bupniru
K¥proutuuaun akkymynsitopiu 1860 finana ¢paniuys ousury
[MaanTo (1834—1889) uxtupo xusrait. Mimkopiin akkyMyna-
TOPHUHT OupuTidy Hycxacuny 1903 finpa aMeprukanyuk Kau-
duéruu T. Daaucon (1847—1931) sparran 2am.

K¥promui (€k¥ KucCg0TANH) aKKYMYISTOp CyAL(haT KHc-
sota (1,50Q,) yuHr cypaari dpuTMacura GOTUPWIraH HKKUTA
k¥prouni (Pb) dsiekTposuan ubopar. DnekTpoiiap spuT™a-
ra Sotupwirania yaapina PbSO, k¥promwn cynsdar Tysu Xocu:
6¥1any Ba puTMa ana iy Ty3 OujiaH 0olMitau. AKKyMyJIsi-
TOPHHM 3apsiiLiauia MandanuHI MychaT KyTOM GMiaH ylnaHraH
IAEKTPOLIA KYPFOUIUH OKCHLTAHKO, Ky prowvl (IV)=okcuun
PbO, ra aiinananu. AKKyMyIsaTopHrHT 6y XONaTHHY Kyiinia-
Iua MhoARTAI MYMKHIL

sputMa...H,S0,
a —
Pb(-) {r¥¥uuran P PbO, (+)

i SO S
FICKTPOA [DpUTMa JICKIPOA
Mt - e e
JICKTPOAUT
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AKKYMYASITOPHHU 3apsIACU3AaHTMPU LI (paspsiiUTal)ia YHUHY
MychAaT KyrOHM acTa-CeKMH OKCHACHU3MAHAIM Ba YHia KaltTta-
nau PbSO, xocun 0y.aa 6ouinaiinu, 6y manduit ssnexTpoana
XaM naiao 0yaa Gouanam.

AKKYMYASTOPHU 3apsiUIaLl Ba 3apsUICU3NIaHTHPHILAG Kyiiu-
JIary peakuus dopaau:

2PbSO, + 2H,0 = PbO, + Pb + 2H,S0,
paspraiaiy

AKKYMYIATOPHY 3apsiUlaliiia KMCAOTAHMHI KYiluMua
MojlexyaalapH naigo oyiaagu, OunobapuH KUCAOTaHUIHT
KOHIIEHTpaLMsICH OpTalu. PaspsaiiaHuiuia 3¢a KUCAOTaHUKT
KOHLeHTpauusacy kamasiny. KYprowWyHAN aKKYMYAHTOPHUHD

sapagnauununa sur karra DI0K €, = 2,7 Bra apuwaau.
Pasp-s/nanuuina sca 10K, qactnad € =2,2B ra sa cyHrpa

Xyja CeKMHIUK OUIaH 3HI KW4MK KuitmMar €, = 185B raua
nacasiam,

LyHu aittub YTHIU KCPaKKH, AKKYMYAATOPHY OYHAAH Kef-
MH paspaiialil MyMKHH 3Mac, YYHKM OYHI4 YHUHT 2IeKTPOA-
sapy KuinH spuiindran PbSO, Tyannuur KandH xariamu 6u-
an KONJaHaiy Ba aKKYMYBITOP HIJIAH YHKAIH.

KIprolnuny akKyMyJIsiITOPHHHI CHUFUMUHH OPTTUPHLL
YUYH YHUHI DI€KTPOIUIAPHHU acasiapuiap ysyajiapH CUIrapu
KYH COHMM YsIYa/IM TUIACTHHKANAD HIAKIIMAA HIILIAHAAM BA ysua-
jlapra KYproMIMH OKCHWIAPH 3UYJIaHaH.

BTy aKKyMYSISITOD 2J1eKTPOIAPHHUMHE CHPTIAPHAA FOBAK-
AAp XOCHJT KWL YuyH, y OMp HCYa Mapra 3apsyuiaHalu Ba
paspsianaay. 3apsyiaigal KeHuH akKyMYJSITOpHUHT MaH-
huii daexrporu To3a Kypromu (Pb) xoaura kafiramam, myve-
Oar anexTpoan sca PbO, Gunan okcuuiaHaiu. .

DUUCOHHMHT MUIKOPAM AKKYMYIATOpHAa Bup 2ieKTpoan
temup (Fe)nan, UkKkuHYKMCH 3ca HUKea (Ni) maH sicanraH
o¥anod, saexrponut cudatuna ywsuu Kaaui (KOH) nuur
21% nu 3puTMacuial doiaaranusany. 3apsuiaHras xoiaaria
WUHIKODIM aKKYMYSISITOPHUHT MycOaT aextpoian cudarmia
Ni(OIl), uukenn oxcuust ruapari, Manhuil snekpoan cu-
darnua aca TeMup (Fe) xusmar kunanu. Muikopiu akkyMmy-
NATOPHM 3apsuLIALL BA PasPSAIaHUII xapaSHaapuia Kyluaa-
¥ peakuus ypuuan 6yianu;

Fe(OH)+ 2Ni(OH), = Fc+2Ni(OH),.

—--
paspIAI
22--265 337
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PaspsjuiaHuiyg BaKT/1a TCMUP OKCUIVIAHAIM, HUKEIIh NICPOKCH -
AU 3C3 KWCMaH TUKIAHAAKW, aKKYMYISITOPHM 3apsiiiall Bak-
THA2 TCMUPAATH OKCHMILTAD KalTa TMKIAHUO, SHrUA3H HH-
KeJIb NIepOKCHIM Xocua Oyaaau, 3;1eKTponT y3rapMaiiayn. M-
KOPAK aKKYMYJISITODHUHY 3apsjUuiaHuInvaary Makcuman S0K

€ = 1,8 B 6¥au6, uuun DIOK € = 1,2 Bra Tenr, paspsa-

JanuuiHuHr MuHumasl 10K €, = 1,1Bra teur.

XO3Upr¥ BaKIAa MIUKOPAM aKKyMYJsITOpaapaa MaHbpui
NEKTPOA YPHHUAA TEMUP OKCUIM apajauiMacy OV;raH Kaj-
MUA HIaThiaanu; Mychar asektpod Vpiunaa rpadut apanaiu-
TAPUAraH HUKEAb TMAPOKCHIN MIIATHIANN; IACKTPOAUT CH~
¢atnaa >ca 10841 HaTpuil €KUM VIOBYM KUTMITHUHT SpUTMacu
vtinatunany. Minkopiu akKyMyasiTOpIapHMHLD 21eKTpOIa-
DH JEKTPOIUT YTHO TYPUILH YUYH TCWHMKYanapy 6yiaraH rac-
Ma xajiTaya KYpuHULIMIA sIcaiaiu. Daekrpoanap oup-6upu-
nair 300HUT cTepXeHb OMNIaH M30aAUUsSANIaHN0 HUFUNaau.

Winkopnu akKkyMy;ISSTOpAapHUHT ad3ajilIuTi: yaap eHI,
KMCKA TYTALIWLLAY KMCAOTANM aKKYMyaTopaarura Hucbarau
KaTTa 3apap €TKasMac/iuru Ba ¥3-y3ujaH HOpMain paspsiia-
HULY oviura 15% aan oprMaiiny. AKKyMyasTopaaptiuur Gou-
KA TypJaapy Xam MaBXxyll.

10.5. TA3JIAPAA DJIEKTP TOKH

1. TasnapHUHTI VOHJIALIMHINA BA 3JIEKTP YTKa3yBUAHIUICH.
Fa3napna xam 2neKTP TOKM, EKTPOAUTIAPAArY Kabu HOH-
JIADHMHT MaHAOH O¥iinad kyuuumat xocu: oynagu. lasnap-
Jary 2JIEKTP TOKMHUHT JICKTPONUTAapOarH TOKAaH KCCKHH
dbapkyt myHinaH HWOoparku, rasiapiaa TOK xocMa GVamuiniaa
INICKTPON3 coanp 6¥aMailan. buHobapuH, raztapHUHT HOH-
NnalMILKMAE BAKUIGATY MONEKY/1aiap KUMEBUI HOWIApra ax-
paiiMainn.

IMa3HUHT HOHNAINMILH—HEHTPAT MONCKYIAAAH ECKTPOH-
HUHT aXpanuiiMiaH €Ku 3PKHUH DJICKTPOHMApHUHT HEHTpai
MOJIeKyJiajap Ba aToMJlapra Oupukuinmjian ubopar.

DACKTPOHY axpannd YMKKaH MOJICKYJIa MycOaT HOHTra ait-
JIaHUO, 3IEKTPOHHH OUPUKTHUPHO ONraH MOJIEKYNla 3¢a Maili-
buit voHra altasanm.

Texivpumuinapaan MabiyMm 6YannKu, HHEPT rasjap Ba a3oT
ra3y MoJjieKynanapuaal MaH@Ui MOHJApHH XOCHA KHIuD
6ynMac skaH. Heiitpan monexyina €KM aTOMHU HOWIALUTH-
Pyl YUYH MOHJNAMITUDPHIL DHEPIrusacHu aAcd ataiyByu
SHEPrUsiHKM capd KWL Kepak:

338

www.ziyouz.com kutubxonasi



W=eU, (10.17)

6y epaa: Usapsau e =16-107"° K1 21ekTpoH 3apsavra TeHr
HOHTA KOHNALIMII SHEPTUICHUHHU OepyBUM 1IOTeHUIMAIIAap al-
HpMacu ac¢b, yHra MOHAAWKWIL NMOTEHUUAAU Heiu
eV B

10.2-xanpanga 6ab3U MOJCKYJIA Ba aToM:ap yuyH mycdar
Ba MaH(hUil HOHAALININ HOTEHUHAUIAPH KEJATUPUATAH.

Taznap Typsiiy Xxooucanap Harvdxacuaa uonnamajau, Oy
XOMcaiapiia ra3 MOACKY;Ia1apy éxy aToMaapura HoHIaliui
YYVH KCPAKSIM 3Heprusl Gepuauiuy apr.

10.2-xcadean

Mo.!cxy.na BA ATOMHHHI HOHAALIRI NOTCHUHATH

Howsmir U ormmnr u Hotmmur u
xocnn Gyanum | “G'7 | xocun Ggauum | "G | xocun Gyamun | "
H-H* 13,5 | Na—Na* 5,1 |H-H 0,76
H,—H,” 154 | K-sK* 4,3 |00 3.8
0-0* 13,5 | Hg—Hg?* 10,4 | FF 4,03
0,-0,’ 12,5 | Co—Co* 14,1 | Cl-Ci 3,74
N—-N- 14,5 1CO,—»CO,* [14,1 |11 3,30
N—-N,* 15,8 | H,0-H,0* }13,2 | S—§- 2,06
He—He* 24,5 | NO-NO* 19,5 [CC 1,37
Ne-sNe* 21,5 | NH,-»NH,* | 11,5 | Hg—Hg 1,79

PenrreH Ba ¥ HypJAapH 3HT gXWUM WoHU3aTopaapaup. [a3
MOSICKYJIUIapH XYAA T€3 XapaKaTiaHyByal 3appavaiap — Kop-
nyckysjganap OmnaH «dDoMOapAMMOHR» KMAMHTAMEE, ra3 vH-
TEHCUB HOHAAWALN. XY/LIH WYHUHTAEK, yabTpabuHadhwa nyp-

aap (Zy_,; =107 M+1.107 M), 6anhan KUMEBKMIL peaklinsisiap Ba
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HHTEIHICHB KU3AHPHIU (T =104 K) XaM Tasjapiy HOHAILTH-
paiu.

["a3ti MOHNAIUTHPUILIHUHI StHA OUP MYXUM Typu Gop. DAICKTp
MaHOHKIRA TE3NATUATAH JIEKTPOH €KH MOH MOJIeKylIa GuiaaH
TYKHAUIUG, MOAEKY/IaHH HOHMAITUPMACIAH YHU «YHFOHTaH
X0J1aT»Ia KeATHPULIW, S'bHYU MOIeKyAa OHaa GOFAaHTaH d/eK-
TPOHJIap XapaKATHHH OMPO3 YIrapTUPHILK, aTOM SAPOIAPHITH
BUOpaUMsIatiM Ba yMYMaH, «MOJIEKYIaHW I0KOPUPOK 3Hepre-~
TUK Japaxara» KYyTapuni MyMkuH. HypaaHUIIHMHY Xyaa KaT-
Ta Te3AMKIA TAPKANMIIKM HATHXACHNA Ta3HUHT Oyiaai Muky
(POTOMOHITAIIMIIIY PA3PsIVTAHKII OPUTHFUAArK TA3HHHI 3ICKTD
YTKa3yBYAHIUTHHN 10KOpY GYsMmiura oaubd Keaanu.

%

£ 4
f

-2

10.7- pacmu

2. Tasznapnaru pa3psaiHUHT Typaapu Ba 6opumn,
bBapya raznap HOPMai MAPOUTAR AXILUH N3OIATOPAHD. BYHMHY
cababu, ys1apia SpKUH XapaKaTiaHyBYM DNEKTP 3apsUIapHHHT
wyxaurvaup. Arap U30HH3aTOPIAD €pAaMMia rasgd HOHNap
XOCH1 KWIKHHCA, ¥ ¥TKasruura ainaHaau. 1'a3 opkaiy 3aexkTp
TOKH VTHII XOAMCAaCHra I'a3 paspsaiy achuiagu.

IOkopuua aiiTu® YrraHuMMHU3ICcK, TAUWIKH 3ACKTP MAal/lOH
6yiraHuza MoHNAlITaH ra3zaa MychatT xamua MaH(ui uoH;ap
Ba SACKTPOHAAPHUHT TapTuOiy XAPakaTu DAEKTDP TOKMHH
XOCHT KMNQJIN.

Tamky omunnap (kusaupuwt éku «, B, Y, peHTICH, YibTpa-
dunada Hypnapy) TAbCUPKAA BYXKYra KEIHIHW HATHXACK-
Jla rasgg Ky3aTWIIaIUraH 3JeKTP TOKHHU HOMYCTaKuU a3
pPa3spaAAu AeNuinaiu.
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Kyuny DaekTp MalloH TahcHpraa ra3na y3-yaunan noii-
namuu SCowaHany, OYHUHT HATHXACHIA UOHTH3ATOp OVamMa-
TaHJA XaM razjiapiaH 3eKTp TOKH YTHINKM MYMKWH.

DNCKTPOAIAD OpacK/Iari 3JeKTP MaRZOHN TAhCUPHA BY-
KYHIA Kejaguran 3apsii TaluyBuuaap Tygaiiun KysaTuiaaiu-
FaH Fasapiary MMCeKTp TOKUra MYCTaKM;l ra3 pasps-
an gedwsianu. Wynaail xwmub, HOMYCTaKWI Ba MYCTaKMA
¥a3 paspsAapHUHE Ky3aT MM KATOA Ba aHOA OpPacujiaru
KywiaHuwra OOFInKaup.

Fa3 paspsi;tnaary 1ok Ky4d f HEHT 2JIEKTpO/ap opacuja-
r'd Kywianuil Vra GOsmaHuMniMHy TeKwupyit yvayd 10.7-pacm-
Jla CXEMATHK TACBUPIAHTAH KypuaMajiaH doigananamus. Man-
¢buit K Ba MycBar A sseKTpoutap opacuiary ras 4 uoinsa-
TOPHMHT pelTred Kypyu Tabcupwia 06¥cuH. K Ba A 251eKTposi-
Jap opacuaaru Kyunamunui /7 noredumoMeTp Epaamuna 6oiu-
Kapusnb, VeonsrMeTp Ovaan Yoruadainu. I'a3 pa3psyg Toku xyna
KUUMK OVirann yavi cearup I rainBasoMerp 0unan yirganaau.

7h
J

F———————0

0 -
H 2 3 4 (/4
10.8- pacm

10.8-pacMaa raspard TOK Kvyu [ HUHT 3JICKTpoO1ap opa-
cuparu Kywianum Vra Somanum rpacduru 6epuiran. Fpa-
(PUKIAH KYpUHAAMKH, KYYAAHHMIU YHYa KaTra OYiiMaranaa (Kyu-
JAHUILHUHE 1-coXacu) HOMYCTAKUI Ta3 paspsiy XOCH:a
0ynub, raznary TOKHUHT Ky4d XyJQIU DAEKTPOMTIapAaruiex
KY'WaHutra nponopLruoNasLiqp.

10.6. HOMYCTAKMI I'A3 PASPAH BA YHUHI
YTKA3YBYAHIHMK HA3BAPUACH

HoMycTakui ra3 paspsiiMHUHT YTKa3yRUYaUIMK HAa3apusiCH-
HE MEKTPOIMTAAPHUKUTA YXuanauriaan Qoitpananub Kapad
yuKamu3. Papas KW1alianK, KOHU34TOP TabCUPHUAA Ta3HUHT
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XaXM Oupauruaa BaKT OUpanMry numia xap 6up HILOpamTH Hot-
Jlaprad An, noHa xocus 6§acun. Teckapu xapaén — woHaap-
HUHT MoJiM3aumsicu (KM O0ab3u/la aHTUAKMIIMYA UOHAAD pe-
KOMOMHAUMACKH) XaxM Oupsaurunarn MycbaT HOHMAP COHM
n, raxaMm, Matbuii Molnap COHM A_ ra XaM 1pONOPUHOHAN
oVnanu.

MabnyMKH, raziapaa MUKAOD XUXATHaH TeHT MycBaT Mot -
Jap xocui Oyaranu yuyn n, = n_ = n, 6yncuH. By xonaa Bakr
Gupauryn nunaa OMpIMK XaXmaa MOIU3ALUNANAHYBYM HOHIAp
COHU:

An =Ba.n_=pn?. (10.18)
6yiiaam. byHna: B — monusauua xoxpduunenrtu. (10.18)aan
Ia3HUNT XKM OUPIUTHAErd OMp XU HLIOpaJIM HOHAAD COHH
n, Kyivzaarura TeHdr oynagu:

n, = B (10.19)

I'as paspsiainaa anexkTpotapra eTnd KearaH HOHAAp yaap-
ra y3 3apsapunan Gepany Ba velrpannadagn. [ynnaid xunnb,
MOHJIAP COHY HeWTpwUIaHMIWK Xucobura xaM Hykosna Goin-
qaian. Y BaKTaa, TOK YTHIIM HAaTHXACHIA BAKT Ba XaXM Oup-
JUTHAA HEWTPANAAIITAH MOHIAP COHM An Kyiuparmra TCHIL
OVnanu: )

”
ang =L =L, (10.20)
Oyuja: [ — TOK KyuM, j— TOK KYUMHUHT 3HWIMTH, ¢ — HOH
3apsiiy, S — IACKTPOL MAACTUHKACUHHHT 1034, | — 3AEKTPOI-
J1ap OPATUAFU.
Arap raszaary TOKHHMHI Kyuyu AouMHH Koaca (I=cost),

An, = An) + An). (10.21)

MYBO3aHAT 1uapTy 6axapuiaanu. (10.18) »a (10.20) un (10.21)
Kyiunca:

' An, =pn2 + L. (10.22)

By teurnama /=f(U) rpaduk xyyaaHuwmupur 1, 2, 3 —
coxajsiapura TerHnmuaunp. ByHaa uMKkuTa derapasuil XONHU
Kapad YuKaMus.
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Bupunuu uerapasuit Xxon. 'a3 pa3pas TOK KyYuHUID
SUYINTY j Xyla KMYdK OVsicun, byHua

'eLi << Bn?. (10.23)

waprt daxapunaaau. By Xo/aa ras paspaau TOKMHHUHE XOCHII
BYNIMIIMIA INEKTPOLIADAA HeHTpaIallirad MOHIAD COHUHMU
MOSM3alUA HaTHXAcHAa HYKOMa&€TraH MOHIAp COHMTa IIHC-
OaTaH Hasapra ojiMHManoH. Y xosa 613 sna (10.18) Ba (10.19)
TEHTIMKKA 3ra 6ynamus Ba n =const 6ynaau. Arap mycbar sa
Manbui MOHIApHUHT TeXTMKIApU v, Ba v Oyiaca, BakT 6Gup-
JIMTMAA 31EKTPOHNIApra Kejirad WOHJIap COHW MOC paBMuyia
n,U,§ Ba B U_S ra TeHT Oynaugn. Y BaKTAa ras paspsiau ToK
KYYMHHHT 3UWINTH:

J=Js+ i, (10.24)

a3 paspsinuaary HOHIAPHUHI MYBO3aHATNAHIaH Xapakar

TEUIUKIAPY v, BA U_ MaWIOHHWHI Kyunanramauru £ ra npo-
NOPIUOHANIAUD:

v, =U.E, v_=U_E, (10.25)

6ynna U,, U_— mycbar Ba MaHQMI MOHNAPHUHI Xapa-

KAaTHaHAUT U AeHUAAAH.

HonnapHuHr xapakaTtyanaurd 2e®, Maiion Kyyiaanurai-
AT Oup OUpITMKKa TEHT ByIranaary HOHJapHUHT ONiTaH Te3-
JIMTHIa MUKIOp XUXATHaH TeHr 6ynraH (U3UK KaTTanukka
anTHiIaIu.

(10.25) uum (10.24) ra Kyituica,

j=en(U, +U)E (10.26)

xocut 6Vaaau: Bywna U, Ba U_ karranuknap AouMui 6§1uo,

i HU 3Ca KUK TOK 3UMTUTH YUYH Y3rapMac xucobnaitmus. ¥
naK;ma(lO 26) tenrank OM KOHYHUHUHT auddeperuuan ndo-
Jaculiad ubopar 6¥i1aau:

j=vE, (10.26 a)

OyHAA: ¥ —rasHUHT COJTMIUTHPMA YTKA3yBUaAHAUIU 6Ynubd, y
Kyiinjarura Teur;

y=en (U, +U)). (10.27)
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MyHpait KuauO, ras paspsji TOK Ky4u 3UUWIMIM Xylia KHYHK
oyarangarnia OM KOHYHU YpUHAU OViap 9KaH.

HMxkkunum gerapasuit xoa. by xonna ras pazpag ToK
KYYMHHUHT 3UWIMTY j Xyaa Katra OyiraHna, MOHIapHUHT VK
OynuuIM amMalaa yIapHUHT 3ACKTpoAnap 6unan o0earunaHuo,
KOHU3ALKS HaTHUXacKAa HYKOMUIUMHY Xycobra ojaMaca XaM
oynamu, sibhiu; '

Bn? << 4, (10.28)

y BakTaa (10.22) TeHrnuk

An, << L (10.29)

el?

KypuHuilura Kenaau: By TeHrnuk rpaduknia ras paspsig Kyuna-
HHULIMHUHT 3-coXacHra MOC KeIUO, TOK KYYUMHHIIT 3UYWIMTH
6unaH OearunaHaii:

j'['yﬁn = Anoel. (]030)

Jﬁ'llu

ToxkHMHT 3u4AUTH f, MaNfOH KyunaHrauwaurd E ra, 6uto-
Oapun V kyunanuira Gorauk OyaMacnaH, my wapout (6e-

punaTar An,, e¢ Ba / jap) ia MyYMKWH 6¥raH MakcuMas Kmit-

MataaH ubopar GVaraHu yyyH yHra TVAMHULII TOKMHUHT 3HY-
sury gednnany. (10.30) paH KypUHAAUKN, 3AeKTpORIap opa-
aurn | karra 6yiraHaa, HOHAApHUHT YMyMUI COHM Kymasiay
Ba HatMXxana [ -~ TYHHHWL TOKU XaM ycanu.

KypHb YMKKaH uerapaBmit xo/aapra HUCGataH OpaTuk, Xoi-
fAap (KyWIaHMIIHUHE 2-coxacu) aa / Tox Kyuu U kyyraumiu
opruum 6unan OM KOHYHMra Hucbaral CCKMHpPOK Ycagu. By
coxana ras paspssn voku [ r¥iiuHum Toku [/ yin HMHT KuiimatTu-
ra sputuapu. TYARHNLE TOKK HYIUTH j, ° HU Ynuab, MOHN-
3aTOPHUHT aKTUBJIMLY An, HM QHUKJIALI MYMKHH.

10.7. MYCTAKHIJI T'A3 PA3IPAIH

10.8-pacmnary rpadpukaan KYpUHHINMYAE, DAEKTPOLIAp
Opacyiary KywiaHuul XyAa KarTa (KyYylaHMIMHUHT 4-coxa-
cy) Oyarasaa, «npoGoit» — Teiuuaui pyi 6epub, rasz pas-
PAId TOK KYYH KecKUH opTUD Ketaau (rpapuK YHU3MKHUHT cd
KUcMK). BbuHoGapuH, saeKTp MaiJOR Kywin 6ynraHu y4yu
rasja UOHU3ATOP XOCUI KMJATaH MOHNapAaH TaluKapy SHa ¥3-
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V3ujay MOHIAINKL GOULIAHAAM Ba HOMYCTAKMI I'a3 pas3psiiu
MYCTaKWA ra3 pas’psaaura ainaHaiy.

Mynnait Xunub, uoruzamop mascupu myxmamuazanos xam
dasom smaduzan 2a3 pazpaduea MycmaKua 2as paspadu dedunadu.

Paspsin TpyOxacHaary rasiap TYpH Ba X0jiaTaapura, snek-
TPOANAPUHWHT MATePUA I, IHAKIY, Yauamiapy Ba ¥3apo Xofi-
NAWKIIM, WYHHUHIACK 3ieKrpoanapra GepuaraH Ky4laHUI
KarTaayrura Kapab raznapia MyCTAKWI PaspAHUHT Xap Xuii
TYP/iapUMHU KY3aTHIU MyMKUH. Macajad, &akun (Taeowmmit)
paspsaj, 3AeKTp €iH, YUKYHIM paspsyuiap Lynap XyMIacu-

namml% .
1. Exgun paspan. EakuH paspsit culipaknaiiuraH rasiapaa
103 Gepapn. By paspsaHy Ky3aTHIl YYyH UKKH yUura KHUMK

MCTI IAACTHHKAIAD KYPUHMILKAA DACKTPOARAp TaiBaH/i-
AQHIaH Y3yH UM Haik ondHub, 3NEKTPOLIAp IOKCAK Kyu-

f@:: ==

|
|
I
]

I
I
I
|

I w 4

10.9- pacm .
JanuuiaM (6up HeEuwa 103 BOALT) MaHOara yaanaau
(10.9-pacm).

Haitnarn xaso 6ocumu atMocdepa Gocumura TeHr Gyarat-
1A KYWUAraH KyYNaHKIura MOC MaiiIoH4a 9pKUH 3REKTPOH-
Aap sa 3ap6 GunaH woHNawuIl Tydaitim xocun 6yAray vou-
JIap COHU 03 O¥nraHauruaay EnKuH, YUKYHIU paspsjt Kysa-
TUAMaKAU. BUPOK KyunaHuIHY Y3rapTHpMacaaH Hacoc ép-
JAMUJA XABOHMHI OMp KMCMH 4UKapub ro0opuica, TamlKu
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HOHM3aTOp MyT/aKo GyaMaraiia xam €aKuH paspaa 6ow-
JaHanu.

Enkui paspsa BaKTuia aTOMA2pHUHT 3IEKTPOILIAP Ba HOH-
J1ap Owian TYKHanKiM rad arToMIapuHy YHEOTANU B Y ra3HUHE
TabuaTura Kapab MabayM paHraa EpyriHK unkapa Gounaitan.

Arap ras paspdas TpyeKacH xasogan fouka ras Guaan tviu-
pwica, rasuuHr KuMEsnii Tapkudura 0OFIUK X051a YDA paH-
rv xap xui 0yaanu.

EAKuH paspsyInuir KYpuiuig ras 6ocumura kapaot ysra-
pa Oopaau. a3 paspsji TpyOkacHaard XaBOHUHI OOCHMMIM
y3rapTupuiil YUyH HacocC €paMuia yHaaH Xxasouu cypud ona
ourafiMu3s.

a) XaBo 6ocumu P =100 MM. CUM. yCT.ra SKMHIAILTAHAA
AEKTPOAIAp opacHaa NyMTH-Ounadina paHTIa HyplaHyBY#
HHI'MYKA TacMa KYPUHUULIWIA ra3 paspsiiu xocua oynanu.

0) XaBo cypub ONMHIAH CAPU HYPAAHYBUK TacMa HYrom-
Jawa dopaay Ba HAWHMHT KYHAATAHT KECUMUUY TYUIHPAIH.
bocum 10 MM. cHM. yCT.Ta eTrana Hailgaru HYpJIAHyBYY yC-
TYHHUHT Y4U KATOMJIaH aXPananu.

B) bocum Pz(] +2) MM.CHM.yCT.ra sIKMHJIalasga €1-
KMH paspsit 10.9-pacM;la K¥pCaTUAraH KYpHHHUIIHMU OAa;IH.
10.9-pacmaa Hait yku 6¥it1ad @ MOTEeHUMATHUHI TAKCUMOTH
KCATUPUIITAH.

Eakuu paspsy 10.9-pacmaa tacBupnanramiex, Kyiuaru
coxayapiad Tawxua Tonrad: 1 xaton KopoHryauk dasocu, 11
€IKKH Hypnanuii coxacu, Il dapaneit xopoHryiuk coxacu
Ba IV coxacu EpyFank CONYBYM aHOA YCTYHU—MYCOAT Hypia-
HUILL OO atajiajiu.

Enxun paspsaauuHr Myc6aT HypJIaHUIIUAAH EPYEIMK MaH-
6an cudparuna (MHepT rayiap TYAAMpUATAN ra3 — EPYFIMK
TpyOxanapu) doiigasranunanm.

r) bocuM p=0,1 MM.CUM.yCT.Ia TeHr 6yaranaa, aHoa yc-
TYHH K¥NHHYa OUp-GUPHHU &IMAIIYBYM AT0XMUAa-AT0XHEAE EPYF
Ba KOPOHFY nojiocanapra — crapraapra oynunaan. By xonna én-
KMH pa3psii Katnamau paspsaj neb wpurunaan (10.10-pacwm).

¢) bocum p <0,01 Mm.cuMm.yCT. BYaraniga, KATOA KOPOHTY-
JuK dasocH, spHY KpyKe KOPOHFYAMK (a3ocy HaffHUHT OyTyH
KUCMUIa TapKa’1aay Ba rasfaH TOK YTHO TypuuIMra Kapamad,

/R
—UEZ =u= EE = Zp-
10.10- pacMm
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Hyp:1aHum OyryH:aaf tyxrailnd, Tekimpuuyias Mabiyy 6§:im-
KM, KOPOHFY (POHIA KATOA CHUPTHAAH HOopMaa OVilnya yuka-
€rrad Ba arpod)rary rasra Hucbaran dbutada Tyc 6epaétran
HypIap nactacyd MaBxyl vkait. by Hypiaapra katoja Hypiapu
ac6 HoM Gepuara.

KelinHyaank KynynIvK oaumiap, ainlukKca UHIN3 Gu-
3urn Kpykc ToMOHM/Ial KaTOA Hyp/Iapy XyAa KaTTa Te3MK-
nap 6HaaH xapakarTiaHa€rrad 3MCKTpOHAap OKMMKUOaH ubo-
par 3KaHauru HCOOTNaHaM.

2. Eii paspaan. Ta3 paspsaMHHHE TYPi1api HMHIA aMATUI
XUXaTAaH Kyda MyxuM Oyiiranu éit paspsamanp. Armocdepa 6o-
CHMHMTIA sIKUH EKM yHat Karra bocumiiap/ia, KaTra paspsijt TOKH
UMW, KMYMK Ky'Ulaitniga 6op-nyru HUrMpMa-¥ITU3 BONLT
Oyaranna &i paspsinu xocuit 6¥aanu. By xwt paspsassn OMpuHIn
mapra 1803 #wim [TerepOyproarn MeayunHa-xupyprisi akane-
MusiciHuHT npotheccopu B. B. [Netpos ToMotnan xanig kuiani-
ran 6ynu6, yuu anexrp €kn Ilerpos €in acitmiann.

Eit paspsiiu — IMerpos ¢iiM MKKMTA KYMUD 3NEKTpOAIAp-
HU OUMp-OMpUra Tern3nd, CYHrpa y3oKIaTUpUAraHia Xocu.
O¥naau. byHaa MKKana KyMUpP JIEKTPOAIAD YUIApK Opacuaa
OMpHaHuIa KY3HM KamaluTHpapau Aapaxana Hyp CoOuyBuUM €M
xocua 6¥1ann. Eil xocui 6¥aranaa Marbuit anekrpon VTkup-
namaau, Myc6aT aca uyKypaawagy (Kparep Xocui 0yaann).
Myc6ar kymup asexTpontuir xapopard 3900°C raua, man-
uit KyMup aaeKkTpoaHuKkK 3ca 2300°C raya etaau.

ITetpos &iiy Gupunyy Mapta [1. H. S10101KOB TOMOHMAAH
K¥uanaphu épuTHula doitiiasaHuIrad; Xo3upru kyraa Ier-
poB &ty Kyunu EPYRIHK Manban cupatriia npoxeKropaapia,
KMHOIIPOEKIMOH aurnapariapaa, Masgkiapiaa sa 21eKTp naii-
BaHANAA KYNAGHWIAAN,

3. Yukyn paspaaun. YukyH paspsiiu atMochepa documuna
JAEKTPOUIAP OPACHAATH JJICKTP MAHAOH KYYNaHraHIMIH Xyaa
Karta (E =3-10% B/v yamacuaa) 6ynran HacT Xapopariy XaBo-
aa xocun 6¥nani. YUKyH paspsau — 2IEKTP YUKYHH paBiliaH
€pyr OepyBUM HHIUMKA 3MI3ACCUMOH XyAa KV TapMOKAaHTal
Hypaap kypunuwmnaa 6¥nanm (10.11- pacm).

YyKyH Hypiapu paspsa opaiuruHu €pub yruina uanu
Ba gHa naiigo 6y1anu.

+

10,8} - pacs
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Yukyn paspsiitd XoCWsl OVIMUINEA Ta3HHUHI 3ACK1pOILIap
3apOuiaan MoHaamuuiy GuiaaH OUMp Karopia, TasiiuHI YYKyH
HYpY TabCUPHAAH XOCHa O¥aanyral MOHJALIMIIK XaM KaTTa
posb YilHaM M.

YukyH paspsjaan KaTTHK, KOTHIIMANApra nuiioR depuiu-
Jia. YUKYH1aH Keckud Ba niapma cudatiaa Qolinananmaany,
YukyH paspsaavHuir GOUINaHKINY rasHUHT «Hpobou» crda-
TH/IA, T23/14 MOH:IAP COHMHMHI KYIOHCHMOH VYCHILM HATHXA-
CHAA Ta3HUNL HICKTP YTKA3YRYAH BFNUO KOJTUIIUAUP.

MyaiisiH Kywianyiaa npo0doit pyi 0epraiiary 21eXTpoa-
Jap opacuparu macodara YUKy opatury icluaaau.

4. fumn pazpaan. Siuue paspsyin HUXOSITAA KATTa YUKYH-
JIM paspsiira MUCOJ 6¥and, y mycbar pa Maudui 3apsaiau-
aH OynyTnap opaamruia xocun OVaaxu. Mycbar sapsiuin
OynyTaapiaH Ky'uiv SMrup Crud, Matguit sapsianu Gyayrnap-
IaH aca éMFup cexwn €rFaau. Bywuaft sapaisid OynyTaapiad
SIMIT XOcHil Dynmaian. STiuuH Xocua Kuaaauran oyavriapra
MOMAKAJAAUPOKIHW OyityTaap aeunand.

MoMmakaiiaupoxan Oyiyraap ocTHla KYMuiva MaiioH
KY'WUIAUTAHIUIY HynanuuiM Teckapd — eplal Manduid 3a-
psUULM OyAYTHHHI HACTKM yeKkacura uyHaarann 6yiaau.
SuinH paspsay oiaauiaali ep SKUHMIAZ MalIoH KyuaaHram-
aury E=(2-105 +7-105)B/M 6¥1u6, MoMakangMpokiu Gy-
JYTaap opacumard Kyusnanuw V=10% B ra, 6anzan V=10° B
(Munanapia BoabT)ra cranu. K¥nuuua s Marnduii 3apai-
Ay Oynytaan yakuaiiay, Shuuinianr yayuauru 6up Heya K-
JoMerTpra teur 6ynaan. Armocdepaia | cyrkaaa ypraua 44
MMHITA, Xap OUp MUHYTRAa OHp HeuTa sSIuH 4YakHaIM.

10.8. IIJA3MA XAKHIA TYILYHYA

ADCOII0T HOJITa 9KMH Xapoparia XaMMma MOAALIAp KATTHK,
xohaTaa OVaaau. Ueranran Momza KATTHK XoaaT/Aail CYIOK
XoJarra, YHAAIl KEHMH 3ca 1a3 XoAaTHura ¥ra oi1aau.

Erapiivda 10KOpM XxapopaTia XyJa KaTtra Te3iauk Guaan
XapaxKarjaHaérran atoM ¢KM MOJICKYJIUTapHHAHT TYKHAILYBM
XHCcOOHTa a3 TYAWK MOHJIAIMMUEY MYMKUH.

{lrazma ded, snexmp weuxamadan Gymynaaii netimpan, 6upox
mene MuKoopda pkun Mycbam ea Mawpuii 3apsorapu Gynean
MOOOaHUNZ MYPMUHYY Xoaamuza didmurady.

Azap modoanune bapua MoACKYAGAAPU EKU amMOMAQPU UOH-
Aauiean 6Yaca, yHu myaa UOHAQIUSAH RAA3Ma deduaadu.
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Xapoparu taxmunan (20000—30000) K 6ynran Moaaa t¥aa
HowjIaLray HaasMa Xo1atuaa 6ynaau. Tabuataa yupainurari
Gapya MojIaNapHH ¥3uwia Myxaccamaawrupran Kyé pa dotu-
Ka I0Iy31ap IOKOpY XapopaTiy naasMaruir yakan Tyria-
Muaan noopatraup.

ArMocdepativHr 10Kopy KarmiaMi (MoHnocdepa) KucMaH
WoHIalIray masMagan tamku ronrasd. HIviuHr yayn xam
JACKTP TOKHHH YTKa3YB4H 1'a3 XaM KMCMaH HOHIaMrax nias-
Mara Muco 6yia onain.

McTraniapiary 3pKui JICKTPOIIap Ba KPUCTaLl HaHXa-
pa TYTYHUra XOHARIUTaH HOHIAD XOAXTHIA KATTHK, XHCMAAD
151a3MacK NeHMTa 1N,

Oaatnary 11asMaaan Gapkiv Viaapok KATTUK KHeMiap
1sasMacuaary Hopnap 6yTyH xucuM 6¥itiaad Tapkaia oMaiau.

1. Mnasmanunr xoccanapy. TlnazMaunHr ¥3ura Xoc KaTop
XOCCaNapH YHH MORJAHUHT MAxXCyC TH¥PTHIIMM XONATH el
xycobnanira YUMo 0cpaau.

FInasMaHMHT HOILIApY — 3apsiUld 3appavaiiapu SNCKTP
Bd MArdyT Mainoinjia OCOHTUHA Ky4a ONa/in,

[Tnazma noxnapy ¥3apo Kynou xyynapu tascupuia 6yia-
Jid, HATIDKana xap 6uMp 3appaua ¥3u arpoduparu xysa ki
3appayaiap OWIaH TabCUp.lallajiu.

IMnazmana Typian xma Tebpanuil 8a TYAKHH.IAD OCOHIMHA
XOCH:1 KUITMHAM,

IOKOpH XapopaTiid IUIa3MatM Ul ACKTP YTKA3YBUAHIUTH
$1a YTKA3yBYAHINKKA SIKMH OYTaau.

2. Iuasmaaunr amaiaa Kaamwmmn. Fasznapaa kysaruo-
raH paspsLIHHIr XaMMd Typilaps €aKMH paspsiia, €l paspaiu,
YVUKYH paspsii¥ Ba X0OKasojapAa KMCMAaH ras [uiasMacy nanio
Oyiauu. byrjait naazMara ras paspsul 11a3MacH JeHuaau.

a3z paspsin naasmacu kyn acbobnapma, MacanaH, €pyr-
JIMKHMAHY KBAHT MaH0an OViaraH ras Ja3epapuia ULUIaTH.IAAM,

SIXMHAA Tia3Ma OKUMUHK XOCHI KMIYBYM M1;1a3MaTPOH
ACG aTaayBuu achod sipatuaan. Thiazmarpolr XOcH:a KWarau
1143Ma OKMMM TCXHUKAHUHT TYPAW COXTapHia, METVLT KUD-
KHilI Ba nadpalaliia, KaTTHK TOF KHHCAApPH Ba KYAVK
Ka3uuria pa wy xadu uumapaa Goipananniany.

Bowkapuaajiural TePpMOAAPO PEAKUMIAAPHIIM XOCHI
KIUTUNIIA XapopaT YH MWLIMOH rpaaycau LlasMajan hoi-
JIATAHUMIUHMHY MeruKOOoapy KaTTa 0V.aub, Oy coxana Xaual
TAAKUKOT HILIAPYU OJMO OOPUIMOKIA.

By MacanaHWHr Xl KWIMHHUIUM MUHCOH KY;1Mra OuTMac-
TyralmMac sHeprus MaHGaunu Gepanu.
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10.9. TEPMOJJIEKTPOH BMHCCUA

DJIEKTPOHIIap MeTALIIAH TalIKapura YUKUWK yuyH A=eV
UMKUL HUIHHY Gaxapuiuy wapTt, Yit xapopatuia Metasinapaa-
I'Ml JIEKTPOHNAPHUHT KUHETUK SHEPIUSCH YHHM METLLAAH yuub
YUKMIUM YYYH A UMKHIY MIIHHY OaxapuIura etapay 3Macimp.
XapopaTt KyTapuaras capy Te3 9;1eKTpoHiap, Gunodbapui, Mc-
TAUUIAH YNKYBYH INCKTPOHMAAP COHM Xam owa 6opasy.

10xopu xapopamoa memanidaun 2.1eKMpOHAGPRUH2 axCpanud
YHKUW XOOUCUCU MEPMOIIEKmPOH SMUCCUs deliuladu.,

MeranaapHuHr KUHETHK~9MEeKTPOH HA3APHACUTa acocaH
INCKTPOHIAP METAIAPAAH YU YHKUIIM YYVH METAIA ATOM-
JAPHUHT UCCUK TapTHOCH3 Xapakar SHEepPrusicura Moc Kena-
JAMFaH xapopaT Xyaa karra (7=15000 K) 6¥smum kepax.

Xakukaraa sca saexrpouaap T=(1000+3000) K rapTubu-
JAATU XApopaTiapaa ce3uaapiin MUKIAOPLA METAULIAH YUHD MK
Gomnaitau. bynra cabad, MeTA1AarN 3ACKTPOHAAPHUHT BHp

K A I I

) X
=514

10 {2- pacm

KMCMY YpTaua JHePrUsiall aHya KaTTa 3Hepruara ara 6yaunim-
aup. Uy anexTponnap xucobura sMuccus bBouiaHanm.

TepMoaNeKTPOH IMUCCUSI XOAUCACHHH KAaTOX Jamia €p-
naMuia ypradui Kyaaismup., Katoa namna ykKuTa DJaeKTpon-
cuMm K¥punmtingary K Katol Ba AMCKCUMOH A aHOLIAH Ba
HWuujIaH xaBocH cypub onuHraH Haidgad ubopat (10.11-pacm).
By namMnanuHr BoasT-aMnep xapakrepuctikacy (10.12-pacm)
Owm xoHysrura O¥icyHMaiianran rpapukaan uGopatamp. Ha-
3apuit XUCOBNAINAPHUMHT KYpCAaTHILMIA [, TOK Ky4u Kywia-
HUWHUHI 3/2 napaxacura nponopuyuoHaNaup:

i, =aU”% . (10.31)

(10.31) ¢opmynara borycnasckuii-Jlenrniop copmynacu
Neiuaaiu. byHaa o — DNEKTPOIADHUHT 1UAKIMIE Ba yaap-
HUHY ¥33p0o Ko#nauinra 6oruK oyiran xoadpuiluenT.
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U xyunannu U, KUWAMATra OpUIITAHAAQ, TOKHUHL KeAHHTH
youmy TaMOMMIIA TYXTalaM. ByHIla ToK TyAuHMIN TOKU KUt~
Marura spuiiasd, 6y xuitmarra 10.126- pacmaary rpaduk-
HWHTF TOPU3OHTA KMUCMHU MOC KCJIAdu.

Taxpuda HATHXAIAPUHHHT KYpCaTHIMYa, TYHWHUIL TOKU
KYYH KATOJ XapOpaTUHUHT OPTHINU OuiaH FOAT Te3 yca 6o-
paay. TYHHHMII TOKU Ky4H [ HHHT 3JIEKTPOH YMKAPYBYU Me-
TaU1 Xapoparura 6oranuuin 10.128- pacmna rpaduk pasruwaa
KeSTUPUIITaH.

KsanT nasapuscura acocas TY#1HULI TOKH [ Ta MOC KCi-
rai . TOK KYYMHUHI 3UIIHIU:

jy=BT?., (10.32)

byiia 7—MeTa/ll KaTOAHUHI abCoNIOT Xapopatu, A—4uKuii
HUIH, Kk—bBoabuMan ouMuitct, B—TypiK METAL1ap YUyH Typ-
nuua 6Ynray JOUMMNA.

ABCIIOIT TO3a MCTANNap YYYH B HUHTI Haszapui xuiMaTy

B=120 —'a;%(—z— ra TeHT.

XakukaTaa aca B HMHr KUHAMaTH TYPSIM METannap yuyH
Typinya 6§16, MeTaapHuur Tosanurura 6ok, 10.3-xan-
BA1Aa TYpsy TO3a McTaiuiap Gomrka 6Mpop MOILAHUHT 011K
uapnacy Gunan KonnaHraH poabdpaM yuyn B aoumuii sa A
YUKHII WIUWHUHT KAAMATIApY KEJATHPHITaH.

10.3-xcadgan

N, -
DMUCCHAENOBYN Bc,.ZKl A, sp | Imuccus- nculxl A,
CHPT AOBYN CHPT 2B
Pt (unatrHa) 32 5.3 W(Cs) 3.2 1.36
W (sonudpan) 60 4.5 W (Ba) 1.5 1,56
Mo (Moaubacu) 55 4,2 W(Th) 390 2,63
Th (topwit) 70 3,4 BaO 1,18 i,84

Amania TVAMHAL TOKMIWHT 3U4IMIUHYM Ya4al, 4 uuKuir
K Tonuaaun. bynuur yuyd (10.32) udonanu norapudpm-
a6, XOCUNl KMJIaMHU3:

Inj, =InB+2In7 -4 (10.33)
E€KH’ .
Inj. =const - % . —71- (10.33a)
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hsir

A

7
T
10.13- pacum
Arap opaunaranap yxu O¥ituua In j;, abcuuccanap yxu 6¥iu-

ua —7': k¥iinaca (10.13-pacm), Oy GORIAHUIN TYFPU UM3UKIAH
ubopat OVaanu. Tyrpu yusukuMHI abcumcca YKura 6yVarad

oruiy Oypuaru ¢ HUHT TanreHcu (10.33a) ra Guxoan Jf o.t-
anaard KoxpPUITHEHTTa TCHEAUD, SbHH:

:ga=§}. (10.34)

bynaaH xarog MarepUaIMHMHT A UMKHU HINY KyHHaardra
Teur 6viiauu:,
A = kigo. (10.34a)
TepMOBIEKTPOH SMUCCHUST XOUHCACH XO3UPIH 3aMOH 21eK-
TPOTCXHHKACH Ba PAJHOTEXHUKACHIA FOST KATTA Posib YHtail-
an. Kenorponnap, KyualiTHpruy saMnanap ga uty kaosiap-
HUHT MUAAIUUM TEPMOICKTPOH IMUCCHS XOJIMCACHIra acoc-
JNIaHTaHAUD.

TAKPOPJIAI CABOJUIAPH

1. DpurMa Bunan JaeK1poIUT opaciaa Kangai dapk 6op? dackrpoan-
THK AHCCOHMAUNS UMAa?

2. Mouaapunnr xapakatiauauris aed numara afimmaagn?

3. Houuapnimir xouuenrtpaunsicy Ae6 numara atirmaaan? Jucconud-
st kondduunenT ae6-uyn?

4. DpHUTMIIAHr MOAP, SKBUBAACHT KOHUMCHTpaUMsCH Jch miMara aii-
Tagu? )

5. DNEKTPOTHTAAPHHET COAMIITHPMA 3TeKTp YTKA3yBURHIMTH Kangalt
KaTianiknapra SoranK? DACKTPOAUTIHIHT DKBHBLICHT COANITHPMA XIeKIp
FTKa3yBYaHAHIH-1?
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6. Daexrpoans ;icd xanpall xoaucara aiitaanu? Karyon sa aHuounap
.A¢6 nuMara aiiTuaagu? PapaneiiHHHT AACKTPOSIM3 KOHYILIAPHIIK TabpuIaur
Ba opMyUIapHHK EsHLIT.

7. ®apaneit coun acb ummara aiiruiiaan?

8. DACKTPOIM3 XOAMCACHHUHT TeXHUKAAAK Katjlall K¥asaHsuIiapuiny
Gunacus?

9. FUTIEBAHYK BACMEHTIAD BA AKKYMYJISITOPITAPIIMHT TYMAUIOH Ba WL
UPHHIHNKHY TYWYHTHPKE Ocpunr. HopMmaa SACMEHTHHHT TY3WIMUIM
Kannait?

10. ARKYMYJASTOPHUHI CHFUMH HuMany udopanafinn na y Kasaai
6upaukaa Yadanan?

11, Tasaap »ackTp VTKasyBHALUIMIH 3JICKTPOIUTHHKUAAH Kanuafi
daprraranu?

12. MojekyaasapHusr WOHMAIINIU SHCPIUACH Ba MOTCHUMATH HHMANK
nuogaainy?

13. Kannait xonvreara ras paspsam jaeiduaaau? HoMycTagun Ba MycTakMA
ras paspaad JeG kanaalt xogucanapra ailtuiaaan? YiapHMHD Typaapura
MHCOLTAP KEITHPHET.

14. Ta3 paspgaHuuur YTKasyBUalIUK HAZAPWACUHUHT TCHIIAMACUHHU
€316, TaXAWT KWIHHT,

5. Moazanur Kannad xoaaTura nnasma je6 aifrwiaan? Yuuur acocui
XOCcanapuiy TYwyHTHpub Oepuur, [Inasma amanga Kaunail Kyouranuwra
ora?

16. Tepmosiekrpon aaccua Je6 Kanaat xoaucara aifmwiaan? Boryce-
nasckui-jlcurMop GopMytacuim E3mG, usoxaaur.

17. TepMo3AeKTpOH 3IMHCCHS TVIHIIMIW TOKMHHMHI 3MWJAMH Kaliai
ropryna Guaan anuKiatagm?
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YYHHYH KHCM
SJIEKTPOMATI'HETHU3M

11-BOB .
MATHUT MAMJIOHHWHT ®U3HUK ACOCJIAPH

11.1 MATHUT MAIW/JIOHH BA YHHHI TABCUOHU

DNeKTPOHNIAD BA HOHJIAPHHUHT XapakaTH O6EBOCHTA KYPHH-~
Maiisu. bupok 6y xapakaTt yHra yaMOapuyac OOFJIaHT4H TYpaAH
XOAHCANAPHHU 103ara KCATHPAAH, YAApHU TEKUIMPUD TOKHUHT
MABXYUTHI'Y Ba YHHHT TALCUPH TYFPUCHIA DUKD YOPUTHNARHU.

ToxHMHT MarHuT Tabeupu. 1820 Hwnna danus dusury
[anc Xpuctnan 3pcren (1777—1851) Taxpuda acocHaa MarHut
CTPENKACHHUHT YCTHIA NapasLIeN XoWTalITHpWIraH YTKa3r{vgatl
(11.la-pacm) Tok ¥rranjia, MarHuT CTpeJKaCMHUHI JACTIa0KH
BASUSITH/IAH OFI'AHM Ba YTKA3rMyra IepreHIMKY/Isp XKoma-
raHaury aHukaanny (11.10-pacM). Arap ¥TKasruyaaH TOKHUHT
VTULIIM TYXTATWICA, MATHHT CTPEJIKACH SHA JIACTNa0Ku BasHsITHIA
KalTaau.

Dpcrel TAXPHBACH ONMMIAPDHH JIEKTP TOKH YTHO TypraH
yTKasruy arpoduaa MarHydT MAalgoH Xocwil Oynanu, AeraH
xynocara oaub xemad. Xymuiy 11y MaifioH MariuT CTpesixacura
TABCUP ITHO, YITH OFANDAIH.

THynnait xunub, Ky3ranmMac JeKTp 3apsuiapy atpodunard
dhasoga a/eKTp MafIOHH, XapakKaTMaHyBUM 3apsaiap, SLHU

. I N
———y —— »
S N
9
a g
S
N
6
ll.1-pacMm
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2eKTP TokH arpoduaa dbaxkat MArHuT Maitnoim xocua oyiap
JKalL.

Yrkasruu arpodmaa (pakaT yHAAH TOK VTraH naitiaarmHa
MATHUT MAlZIOHHMHT XOCUA OVIHIM MarHUT MAMIOHITHT MatiBau
TOKOAH UOOPAT IKAHANUIMH U TACAUKIAAAM.

[Hyunait kunu6, Iperen xaudbuéru dusmka daduiuur
PUBOXUIANMLIMAA KATTA TYPTKWIApAAH OupH 6Yaub, y DIeKTpo-
MAIHCTH3M COXACHAATH MYXMM Katl(bUETIapuuHIr oMM MU
cabab oV,

«CHIIOB KOHTYDPH» Ba MAMJONHHUHL HHAYKLHS
BEKTOPH. DNEKTPAAH MABIYMKW, JASKTPOCTATHK MaljIOHHH
wPONANOBYMN KATTATHKIIAD: KYWIAHTAIUIMK, NOTCHITUAT SHEPTHS,
ITOTEHLLMAT BA 10y KaOM KaTTRIMKIAPHHM aHUKTAILLIA HYKTAaBUE
«CHHOB 3apstii» TyliyHuYacuaan doiaiannaran 34, Xymiu
LIYHTA YXHIALL MAFTHT MAA0HHY TEKUIKPHIIUIA «CUHIOB 3apsiIn»
Ba3sHQACHHN «CHHOB KOHTYPpHU» jIe0 aTANYBUK TOKIHM EIUK,
KOHTYp Oaxapain. AiGatTa, Oy «CHHOB KOHTYPH» TCKIUPHIIAcTal
MAHAOHHUNE XYCYCHATHTA TABCUD KUIMACTHIM YUyl YHMHT
yagasiapy MYMKHH Kauap kuauk O¥muum mapt. «CuHos
KOHTYPH»HHHT (ha303aryd Ba3UsTH YHUHT CUDTHTA YTKA3HATAH
sMychaT Hopmait (ﬁ ) HHMHT {IVRanMd Ousian aHuKIanagu, i
Mmycoar HOPMAANUHT AYHANHIIK KOHTYPArd TOKIMHE HyHa-
JIMUIAra OOENANTaH X0Ja HapMa KOWAACH ACOCH1A AHUKAAHNLY:

Tlapma dacmacuitunz aiinanma xapakamu GYHAAUWY KOHMY] -
dazu mokHuHe Gynasuwiu 0u1aN M0C MyWca, YHUHZ UAZGPUAHMA
xapaxamy UYHAQIUWN 3¢a KOKMYP 103uea mywupuizan mycfam
Hopmaanune EYHauuny hypcamadu (11.2-pacs).

«CHHOB KOHTYPH» KOHTYPHHHI MATHUT MOMCHTH A¢O
ATATYBUM P, BEKTOP KATTAAMK Gyaan TaBcudaanam.

B
. |

n I

" op’” I

-

\& I,

11.2-pacwm 11.3-pacu
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Konmyprune macnum momenmu ( 13”,) 0eb, Koumypdau
ymaémean mox xywu I nunz konmyp 1o3u § ea kynaiimmacuea
menz 0yA2axn QUIUK KammanuKka aimusadu, AsHu:

P, =IS. (11.3)

KOonTYpHMHT MarHMT MOMeHTH P, BekTop Karrtaauk 6ynub,
YHUHFT HYHATUILUN KOHTYP CHPTHIA YTKa3wira Mycbar HopMan
A HHAHT BYHAIMILMTA MOC TYWITAHIUTH YUYH:

P =18 © (11.32)

OyHpa n —Mychat Hopman HyHaIHIKIATH GUPINK BEKTOP.

Scaarma. «CHHOB KOHTYpH» CHMIAH HXTUEPHIT TYpTOYpUaK éku afinana
WAKIIAA SCAATaH KHMMUK SCCH KOHTYpIaH ubopat 6ynub. yHuuHr ypamiap
COHYU Xap Kauva O¥IMIM MYMKUH.

Arap MarHuT MallOHra «CMHOB KOHTYPU» KMPHUTWICA, YHId
MaIOHHUHI alIAHTUPYBYY KyUH TabCUP KHAUD, KOHTYPHUHT
MYCOAT HOPMATH 7 MabiyM HYHATULLIA OpUeHTALMA IaHamy. By
AyHATKII MATHUT MalIOHHWHT TEKILUPHIAETIaH HYKTACKHIATH
AyHanMy aed Kadys1 KuanHaad. MacamaH, atpoduia «CHHOB
KOHTYPH» XOMWIALWTHPWITAH YTKA3TMUj1aH TOK YTKA3WICa, KOHTYP
TEKUCIUTWIA YTKA3IUY XOMIAIIrYHYa «CHHOB KOHTYpH» Oypiuia
bopajn (11.3-pacm). Arap yTKasruygaH yTaérraH TOKHHHT
HyHanMIun Y3rapTMpUiIca, «CHHOB KOHTYpH» 180° Oypuakka
OypHIaIH.

Illynpai kunnbd, MariuT MaidOHM TOKIH «CHIIOB KOHTY-
purra MabiayM HyHanuiga Xolixallagyrad Tapsfa TabCup
KypcaTtaau.

Xap 6up «CHMHOB KOHTYpH»T'a TAbCUD KHNYBYM MaKCHMan
AMIAHTUPYBYM Ky4 MOMCHTH M| HIHT KOHTYP MATHHT MOMCHIH
P_ ra HMCOAaTH MAarHMT MaiIOHHMHT TEKIUMPHIAETIaH HYKTaCH
YUYH ¥3rapMac KaTTOIMKIUP, SIbHU:

ﬂ‘gl;i’L:const. (11.4)

By karranuk MarHuT MalnOHHUHT MUKIOPHIT XapaKTePHCTHKACH
0ynub, yoraMaruuMT MaiJZOHHHHT HHAVKHHS BEKTOPH
Aeiinaany sa B xapdu Ounan GeArniaHaay, SbHU:

B = Ypu., (11.4a)
ir=[7 B (11.46)
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1l.4-pacm

Ulvhnait KMau6, MarHUT MalIOHHMHT nHayxuusicn 8 CHna Ta
(Tecia) OMsal Ya4aHap 3KaH.

(11.4a) udonara OMHOaH MArHHUT MAMZONHMHT UHAYKIINS
BCKTOPUHH Kyfiuparuua Tabpudaaill MyMKHH:

Maenum maiidonnune bupop vyxmacudazu undyKuus 6exkmopu
0e6, MAUOOHHUHE WY HYKMAacy2a KUPUMUA2AH MULHUM MOMEHMY
Gup bupaurxxa mene OyA2anoa «CUHOE KOHMYPU» 2@ MasCup KuayeHu
MAKCUMAL QUAGHIMUPYSYU Ky MOMEHMUSA MUKOOD JHCUXAMOAH MEHZ
Oyazan usux kammanuxkae aimuaacu.

MarduT MaMHOHHMHI KYYJNaHTAHAUTU. Maruur
MaiioHHM TaBcrdyuialina MariuT MailaoH HHAYKUMICH B dunari
OupraguKIa MarHUT MAHOOHHHUHY KYUJaHTalLINTK 1ed
aranysuM H ¢u3Mk KartTamkiaan xaMm doinananmwiaay. Arap
GepHiraH MyxuTAa MarHUT MaliTOHHHHI OMPOp HyKTacHaaru
HHAYKUUACH B 6jZJrca, Y X0/11a 1y HYKTaia MAarHuT MAIOHHUKE

KywiaHrawnauru H

=5

o €xu B =y, uH (11.5)

6ynanu, 6ynaa B —MyXUTHHHT HUCOMM MartinT CHHIAUPYBYaH~
JNTY; B 3ca MarHuT goumuit 6Ym6, ynunr CH sarn kuiimary:

. u,,.~.'4n-1o-7ﬁg(éxu{g)=12,56-1o-7%.
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Marnur mafigounuur rpadux rtacsupu. Marnur
Maiinonny rpapuxk KYpMHMIIAA TAaCBUpAAll YUYH MAriur
HILIYKUMS YM3UKiiapyaal pofaananuiang.

Maznum undyKyus wusuxaGpu 0ed, wynoaii 2epy HusuKaapea
aumuAaouKU, yrune xap Oup Hyxmacuda Maznum UHOYKYUs 6exmopu
VPUHMA pasuoa UyHaa2aroup.

Mariur BHAYKIMS YU3UKIAPHITHAT 3HWINTH, SHHU MardHuT
WMHAYKHHS BCKTOPHIA TIEPNCHAMKYJISIP JKOMAauiram oup oupsimk
1032 OPKAJIX YTYBUU MAPHUT MIYKUM UH3UKIAPUIIMHT COHHM
MAMIOHHUHT yuIBy COXACHAATH MAarHUT HHAYKUHNS BEKTOPHHH
MUKAOD XUXATIAH TaBcudaaian. buHobapun, MarHuT Maiaon-
HUAHT rpa]huK TACBUPHIATH MAarHUT HHAYKIIUS Ky YH3MKJIapy-
HUHT 3UYAMIHIR Kapad, MaiAoOHHMHI MHJAYKLMSICH Xakuaa (UKD
IOPUTHLI MYMKHH.

Toxan yTkazruyu arpoduia xocun O¥inrad MaruuT Maiaon-
HHHT IpadmK TaCBUPUHHU Kyhniuarn Taxpuba acocujia Kv3aTHiul
MYMKHH. ATap TOK/IY YTKA3ruy arpoduiaaru MarHuT MailJIoHra
TCMUP KYKYHIApH Cenwica, TEMMP KYKYIUIAp¥ MarBuTnanus,
KWYKMHAQ MarHMT cTpeakacura ainaHud xonaanu. By marHur
CTPCIIKACH, SILHY MAFHUT AUTMOJIMHUHI IKACH 1Y HYKTajaru
MATHUT MaiJIOH HHAYKUHYS YH3UKTApHHUHT RYHTHIIY OnnaH
MocC Tywanu. LLHIyHMAT YYyH XaM MariuT MaiIoHHIaru TeMup
KYKYHJIaPHHUHT XOaaliMiid MaRIoHUAT rpauk TacBUPHHU
ndoaasanan. by yeynnau doitnananud, TVFpH Ba alinaHa ToK
XOCWJI KMJIraH MarHUT MAHIOHHUHT IPaUK TACBUPHHH XOCH,
KWIMII MYMKMH.

Arap TeMup KYKYHJAPH CCHUATAH KAPTOHHHHT ¥pracHaaH
TYFPH TOKJIY YTKA3IHY YTKA3HIHO, TeMUD KYKYHIAPH aCTa-CeKHIl
CWIKATWICA, TCMUP KYKYHJAapH TOKAM YrKasruu arpoduaa
TapTHOCHU3 9Mac, OasKM KOHIIEHTPHUK aifnananap 6yiuad xoiia-
miaay (11.4 a-pacsm). Xymam IyHMHIICK, alifialia 1HaKiugary
TOKIIM YTKa3IuY arpoduaaru TeMup KYKYHAAPH KONIEHTPUK
alfrana 6yiinat xoitaniMaciaH, 6epk €nuk, YM3HK1ap OYitnad
xoinawanu (11.4 6-pacm).

Hlyiaal xuauh, TeMUp KYKYHIAPUITWHT MATHHT Moy~
J1a XOCH1 KWIITAH 3a11KUP;1apy MAarHUT MalIoH MHAYKHMSL YH3HK-
JIAPMHUHT rpachuK TacBUPHHM ndogaiaran. ToK XOCHT KuiraH
MarHnT ManaoH HHAYKIIHG YM3HKJIAPH 1Y TOK VTadtraH
¥TKasrMuHM ypal ojral €NUK 9rpH HU3NKIaH Hbopat. Maruur
MARIOH MHAYKHKSA UUBHIGIAPHHMIT HYHATHIIHHA WHETUS OJTHMHA
Keitme Knepk Makceean (1831—1879) tascust KuMiiraH nmapMa
KOM/IacH EpIaMu/Ia aHMKTALl MyMKHIL
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Aeap napsariude uneapunanma xaparxamy ymrazeuioaz MoxKHuNe
UyHaauuu GURAH MOC MYUICA, napMa OACMACUHUNE QUAAHUWY MOKAY
Ymrazeuy ampoguoazu Mazrum Matioon UHOYKUUS HUUKAGDUHUHE
uynanumuny kypcamadu (11.4 a-pacm).

Alnana TOKHWHE MATHUT Ma#zoH MIIVKIUA TU3UKJIapHHHANTD
HYHAUIMIIIMHY XaM NapMa KOMJAACH 4COCHIA AHUK 1Al MYMKWH.

Aezap napma dacmacunune aiiaanuw dynasuuin Gliaana moKHume
Eynaauiu Guaan Moc myulca, RAPMAHUNS UAQPUAGHMA XapaKamu
alinana ymxaseuy ududaeu MazrHum Matioon UHOVKUUS HUBUK-
aapunune gynasuuunu Kypcamadu (11.4 6-pacm).

Mlyinait kanb, xap KaHAAK LIAKIIH TOKAM YTKA3ruwaap
atpoduaa XOCH OYIral MarlMT Maif;Ion HHAYKUMSI UM3UKJIapH
S1vMK YM3UKIapAaH uoopar 6yaanu.

DIUM, UWIHHAPHK CUpTTa Oup-OuputaH U30ASIMSLIAHTaH
xonja ypanrad cumnapaad ubopar OVAraH TOKIHM FaiTaK-
coneHo# KM Kapab yuKailiuk. CoaeHomiaaaH yraétrad Tokiap
YMYMHI VKKA Ora OYIran ainana Tokiap cucremacunay noopar
0yan6, yuuHr marHut Maiiponn, 11.5-pacmjia MHAYKUMS
yu3MKAapH OHAaH TAaCBHJIAHTaH MaH3apanai ubopar 6ysany.
CONeHOUAHHUHT HMYKM KMCMMAA MArHMT MailioH WHjyKLUuMs
YH3UKJIAPH COACHOUN YKHra napauiesi 4MsuKiapan ubopar
Oynmb, yHuHr Hynanuuy ailnana Tokaaru Kaby napMa KoMaacu
acocuia annkyiaHani. CONeHOMI MUKM KUCMWIATY MarHMT Mail/ioH
WHJIYKUMSL UM3UKJIAPMHMHI 3UWIHFY, SBHU MArHUT MaijgoH
HHAYKLIMACH B §3rapmac GYAraHaury YUyH COJMCHOMMIMHUT MUKK
MarHuT MafoHH GUp XHUHCIU MalaoHaaH nbopar Gyiaaan.

ConeHOMI yWliapura SiKMHJIaluraH capd MarHuT Maitnon
HHIYKLMS YM3HKJIApY 3TpU YM3WKjapra ainana 6opagy Ba
COJICHOUANWHT TALKAPHCHA Y3apo TYTAILUO ENMK, YH3UKapra
aivTatany.

yHpai Kb, MarduT MaAOHBUHT aCOCHit XoccatapuaaH
OrpH MHAYKUUS YUIUKJTAPUHHHT €MUK OVJMUIM MarHur
MaRAOHHUHI YIOPMaIYM MaiIoHAaH WOOPATIMIHHH Ba YHUHT
«MAarHUT 3apAiii» MaBXYyd 3MacjMruHu udonanaitau.

11.5-pacm
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11.2. MATHUT MARJIOHHHUHI" TOKJIH VTKA3ryY
BA XAPAKATJIAHAETTALL 3APAJIIIH 3APPAYAJIAPTA TABCUPU

MarHuT Ma#kJOHHUHT TQKAM YTKa3ruura TabCHP
Kyuyn—AMmriep kyuu. Onexkrpaan amanna doilpananuura
MATHUT MAaHZOHMHMHT TOKKA TAbCUP Ky'wiapyaaH ¢oiiananui
KaTT4 pOJIb YifHaAM. baban xo/u1apaa y Ky'wiap ToK yTaéTrati Ba
MArHMT MalJQOHMIa XOUNAUITUPDUATAH YTKa3ruunapra TabCup
ITYBUM Ky'iaap KYpUHHIIKIA HAMOEH OYnamu: OOLUKa Xonaapaa
MarHuT MafiioHH TOMOHMIAH BaKyyMIAry 3apsuii 3appadaiap
(3meKTPOII, NPOTOHJIAD Ba Wy Kabwnap) okMMHKIa GeBocuta
TARCUP KWIAIUIaH Kywiapaan doiaatanuiany.

MaruuT MaiaonKUaa XOUNATaH TOKAY YTKAa3rnyra Maijion
TOMOHHAAH TABCUP 3TYBUM KyY 1Y MaKACHHMHT MArHuT
HHIYKUMSICH B ra, ¥TKasarMuyHMHI TeoMeTpHK YiuaMu / 1a pa
vHaan yraérraH ToK KyuM J/ ra Gorauxauruuu 11.6-pacmiia

S
ﬁ h b'_ A"‘
+M
- — N
1 |
N
I1.6-pacwu

TACBHpNIAHIAH KYPUIMA €paaMmia Ky3aTHiil MyMKHt. YHAA Oup-
Oupura mapaynen XoHaallirali MKKMTa MeTaul YTKasruuyiap
YCTMAA Y3YHJIMIU { Ta TeHr OVIrad HMJIMHIPCUMOH YTKAa3rHy
OyMananmod wopa ojiadn.

PacMia TaBuMpnaHraH YTKa3TMy OpKIM CTpeinka Ounam
Kypcarmuaﬂ ﬁfmannmna { Tok yTaérran 6yiacuH. Arap ¥3apo
Napauies YTKasruyiap €rral TEKHCIMKKA IepreHAnKYIap
AVHANUUIIA MHAYKUMAICH B 6ynran 6up xuHca ( B= const)

MArHMT MaitzoHu TabCUp KWIcun. Y xonna ab yrkasruura F
Kyd Tabcup Kuaa Ooiminab, Oy Kyu Tabcupuaa ab )“rrxaaruq
XapakaTtra xenaau. by F KYHH CEITHP IMHAMOMCTP épramuna

yauam MymxkuH. TaxpubaaaH I' KYYHHHT B wa ! étrau
TEKHUCAMKKA NEePIeHANKY ISP MYHAMTAHAUIMHY KypamMu3. Maruur
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MaHJIOHUHHMHT TOKIM YTKA3rnura TabCHp 2TyBuM Kyvd F, uu
QHHUKJAAUTAH KOHYHHM 1820 itmipa ppannys dusurn Amricp
aHuKaran 6ynud, v kyfinaaruya Tm,pmb'lanmm

bup xeuncau Mazum Matconucazu moxkau Ymasautea mascup

Kunyeuu F ", kyt ymrazeunudan ymaémean mox kyxu I ea,
ymiaseuunune yaynaueu | ea, macnum maudonnunz UHOyKUS
gexmopu B 2a¢a B eexmop Guaai ymrazeuy opacu()aeu 6_}7[)‘{(1/\
Cunycuza myrpu npOROPUUONAAOUD, THHU:

F, =lIBsinc. (11.6)

By dopMyaa AMiiep KOHYHHHMHE MateMaTHK udogacuamp.
VYMyMmuit xonna, ssbHU HXTACPHI WIAKAAard TOKIH YTKA3rHy
6up xuHcAu GynmaraH ( B # const) MarHuT Maiilon/a xoiinati-
rad G¥aca, YTKa3rMUHMHI KMUMK 3JICMCHTH dl XOMiawraH
coXagarn MarHuT MaHJIOHHMHT MHAYKUMSICM B HM yarapmac

i1e6 xpcoliiail MyMKHH. By xo51a ¥TkasrHaHmMHr dl 31eMCHTHI
Tabeup 3TyBuu dF, xyu (11.6) ra acocan

dF, = IBdl -sin| d,” B |. (17

Kypumsmnuga 6Vaany. bynna o Oypuak— dl Ba B BEKTOpPJIAp
opacuaarv dbypuaxkuup.

- N .

(11.7) na Bdisine = Bdlsin| di, B | wndona uxxura d/

Ba B pexTopsiap BeKTOpHan KYNaHTMACHHMHI MOMYJIMIA TCHT.

\[47 Bs| = Basin| T, B

Bbynra acocan (11.7) Hu BexTOp KYpUHHILIK/IA E3U1CA,

dF, =1|di,B]. (11.8)

KypuuuLlra Kkeaaan: Mariur MalIOHHUHT 3leMeHTap TOKIH
YTKA3rH4ra TabCHp KHiyBUH Oy dF Ky«ra Amriep Kyyu Aeb
xam atanaan. (11.8) naru dF R di sa B pexrop 11.7-pacmaa
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0 TACBUDJAHTanaeKk HyHanras

il [ ! 6Y1m6, dF, Ky4HMHT HyHAM-

dF 1 {_' 1IM Ky#Haara gam Ky xouna-
B CU/1aH aHMKJIAHAIH:

= O4ux wan Kya xaghmuea
WHOYVKUNS! KYd YULKAGPU MyHia-
o ¢meanda, kypcamiuy bapmoxaap
moxnune ynaauiiu 6uaan moc
1{.7-pacwm myuica, bow 6apMoK Ica MoKl
ymKazeusza mascup Kuayedu

Amnep Kyvurune ynaswwunu Kypeamadu (11.8-pacm).

XO03UprH 3aMOH 31eKTp ABUFATEAA2PUHHHI ULLTAILK AMIIep
KY4Mra acociaHraH. JBHFATE;IHUHT aiflaHyBUM KMCMM (KO-
PH)HMHT YYJIFAMEIAH 2JIEKTD TOKH YITaHAa, XOCHT GYIIran Ky*iy
SACKTPOMATHUT MAMJIOH TOKIM YTKa3rHura TabCHp KUIHO,
YNApHH Xapakamiantupaau. Maxcyc kyprwiManap (KOJLIeKTopaap)
TOKHY dyJAFaMiapiaH HIyHIah AYHAIMIIrA JTKa3Uuira HMKOH
Ocpaankyn, OyHna MarduT MaWJIOHHUHI TABCUPH SKOPHH

MYTTACH1 ailnanTHpuO Typanyran
KYw1ap MOMEHTHHM XOCHIT KHTAIH.
Margur MARIOHHUHT
XapakaTjJdaHyBYHW 3apsjara
TabCHP KYUH—JIOpeHI Kyuu.
ManixymMKn 3apSUIAPHUHT
TapTHO/IY XapakaTH ToKAan ubo-
paT OYnraHuaaH, MarHuT MaitaoH-
HUHT TOKITH YTKA3HYTA KYPCaTrad
TabCHUPUHH, YHHHT Xapakaria-
HYBYHM 3apsLiap TyIiiaMura Kkypca-
Taguran TahCHpM HarTywxacu 1ed
xucobnaw tabuuinnp. LyHHHY
" yuyyH XamM AMIICp KOHYHHHHE N(o-
nanosuu (11.8) nau doitnananud,
11.8-pacu 3apaara Tascup stysuu F, Jlo-
PeHU KYYMHM TONMIN MYMKMH.

BunoGapui, TOK KYYHHMHT

=49 _ gdN_
AT AT T dr
udonacuuu (11.8) ra Kyitnica,
r~ dN 7 =] T3
dF, =%—[dl,BJ= qu[i‘Z—.BJ, (11.8a)
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KCUO YMKAIH, OYHTA g—3appataHuHT 3apsaM; dN—TOKIHY XOCiu

KWITaH 3aps,riap COHH, -‘(% =7 OYAMO, 3appauatMir XapakarT

TEIAUTHND. Y BaKTa d N—3appauajiapra TabCHp KIyBur AMitep
kyuu (11.8a) ra acocaH

dF, =qdNf5.B] (11.9)

6y;1anu. Bynaan 6uTra 3appavara TaLcHp Kuayeuu Jlopeuu
KY'IMHHHE KYAWAary BCKTOp KYypHHHuyiard udonacu xeimd
UHKARH:

&:%:g[ﬁ.é]. (11.10)

(11.10)na11 JlopeHi Ky4MHUT cCKIap Kinaiirmacuaaru udonacu

F =qvBsina (11.10a)

-

KypuHunga 6ymanu, Oynua ¢ % TEXIMK BeKropu OuilaH B
MAI'HUT MHAVKLMS BEKTOPH OpacHaari oypuax.

By Jlopenu xyum 17J xaM ¢ Ba B Bekropnap éTran
TEKHC/IMKKA NePRCHANKYINSp iyianran 6yau6 (11.9-pacv) ynunr
AYHas MUY Yiua yai K31 kougacu Gui1an alHukjiaHaau.

Aeap 4an Kya kagmuea MacHUM UHOYKUUA HUIUKAAPU
mywaémean 6yaca, Kypcamxud 0apmoxAap mycoam 3apAoHuUHS
dynanuu Guaan Moc myuica, 6o 6apmoxK, 3apsidea mascup Kuayeuu
Jopeny kyuunune yHasuuuni Kypcamaou.

11.9-pacmaa mychar (¢ > 0) Ba manduit (g <0) sapsiira
TabCUP KHAYBYHX JIOPCHH KYUMHHHT HVHaIMIIU TAaCBUP-
JIAHTaH.

Bup XHMHCAUM MarHuT Maljonwnarv 3apsi’iu
3appavaHUHT XapakaTu. JlIopeHIl Kyun F; mur udonacu

(11.10a) maH, 3apsyuin 3appayaHuHr oup xuuciu ( B = const)
Maruur Mi‘lﬁﬂOHHﬂ&l‘l’l XapakaliaHul KOHYHHUATIIADHHN aHHKAIIL
MYMKMH.
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1. 3apsiany 3appaya MarHUT MAaHIOH HHIYKUMS YH3HKIAPH
6yinad xapakar KwiMacuH. Y xon3a 3 Ba B BekTopnap opacHiaru
o Oypuak 0 éku m ra teHr O6ysmd, sing =0 6yaraHu yuyH,
(11.10a) ¢popmynanaru Jlopcnu Kyuu £ =0, ssbhu 3appadara
MarHMAT MaijloHu TabCUp KuiMailay. buHoOapuH, 3appaua
MHEpLMSICH OYIiMYa TYFPH YH3HKJIH TEKHC XapakaTjlaHaiu.

2, 3apsu ¢ ra TeHI OYarad 3appaya MariyT MakioH MHAYKLIMS
YU3MK/IAPUIa NCPTICHAMKY AP pasuiuga | = 5 ) xapakatnanu6b

KupcuH. by xomaa F, jlopenu Xyuu 7 Ba B BekTopra
nepnenankyastp Wywanran (11.9-pacm) Ba (11.11a) nan y
Kyluaarura teur oy;iaam:

— il B
2 5 %o =
po T [
FAVY
a 1)
119-pacm
F, =|qjvB. (11.12)

MexanrkajsaH MabIyMKu, (Hhakar, MapKasra MHTHIMA Ky
TALCHPHAA XKUCMHHHT XAPAKAT TPaCKTOPUACH KYYIa NepreH/in-
Kynsp #ynaiirad Oynagu. Hlynudr yays xam 6y xonaa F, Jlopeny

o]
kyan F, =" pap u6GopaT MapKasra MHTHIMA KY4ZaH

R
uGoparaup:
Iq'vB = l"kﬁ-

bynpa m — 3appayaHuHr maccacu, R — sappaya xapakar
TPACKTOPHICHHMUHT SrpUIHK PanuycH Ba GyHaaH:

R R:

FIvE (11.13)
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(11.13) xa B=const 6yiK0, D — TEIMMKHUHI COH KUIAMATH
y3rapMac OyJIraHH YUYH XApaKaT TPAaeKTOPUACHITUHT STPUITHK
palHycH xam y3rapmac Kos1aau. [lyHHHr y4yH 3apsULIH 3appaya
B BexTopra nepreHauKyasap Xonarad TeKUCINKA PAHYCH
R ra tedr O¥nraH ajinaHa 6yiinab xapakariaalap 2KaH.

Jlopenu xyun F, nu udopamosuu (11.10) Ba_(11.10a)
opMynaiapial 3apsuUid 3appayaluir Oup XuHen# ( B = const)
MATHUT MafIOHKAR XaPAKATAAHUII KOHYHHUSTIAPDHHU aHUK1alll
MyMkuH. F, —JIopeHi] Ky4M TabCUpWIia 3appayaHuHI Xapakar
HYHAAUIIN 3apAAKHUHT ’
Huwopacura GOFAMKAUD.
[1.10-pacmaa  mycOar
(g > 0) Ba manduit (g < 0)
3apsUTA 3appavaliyHr Oup
KHHCIHU ( B= const)
MarHHUT MaHZOHIATY Xapa-
Kar TPACKTOPUSACH TaCBUP-
JaHraH.

Bup XuHCIM MarHuT
MailJTIoHATH 3apsIUIH 3ap-
payaHMHT TCKHC aiialiMa
XapakaTUHUHr T naBpu
(11.13) dopmynanan Ky-
ingarura TeHr 6yaaan:

11.10-pacwu

=2aR _ 2zim
T=2E B’ql- (11.14)

(11.14) pan x¥puHaOMKY, 3appavdalMHT afJIaHVI JABPH MATHUT
MAAOHHUHE MHAYKIWSICH B Id, 3appauyaliMHI COMMEITUPMA 3aPsiii

l-,g,; ra TeCKapH IpoNOpuUMOHan OYiMO, 3apsyTHHHI XapakaT
TE3NUIH v ra GOFIMK IMac.

3. YMyMu# X002 3apAIIH 3apPaYaHUMHT $ TE3TUIH MariimT
MaMnoH HHAYKUMSICH B ra HucOatas o Oypuax ocTvaa HyHanrad

~ 6yncun (11.12-pacm). By xoama 3 Teanukuu B Gyinya AyHatras
v, Ba YHra NEPHEHOUKYNAP HYHANraH ¢, TALUKMI STYBUMIApra
aKparaMu3:

9, = vcosa.

. (11.15) -
v, =vsina.
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ByHaa ¥, MUKIOp Ba HYHAAMLIY XUXATIAH Y3rapMail Koiud,
i. TAIKWJI DTYBUM 3Ca MUKIOP XUXAT/aH VarapMac OVmu0,
AVHasKMUIM ca aitnana 6Yiab yarapuo Gopauy.
3appaua OUp BAKTHHHT Y3UAA UKKHTA XAPAKATIA MILTHPOK
KMAQIM: 3appada TeLIMTHIMHEL o, TAHIKWT 3Tysudcy Jlopemit
KYUWIa TCHAILAM Oaraiv yuayR y aitstana 0¥itnal xapaxarianud,
viHr paauyeu (11.13)ra acocan

%!nglgzl%u (11.14)

Ba appata MalAOH WYHWIMMINIA ¢, = vCOSQ TC3NUK Bunalt

o

uilepumscy oyiuia te-
KMC XAPaKaT Kynanu. by
WKKH XAPAKaTHHIT KY-
LWIIHLIM HaTwAacyaa
sappava |1.11-pacmaa
TACBUTAHTAHMCK CITH-
paip  sunT Gfitnua
Xapakariasub, civpais
BHHTHHHY  KajdaMu
h=uv,T =Trcosa 6y-
aaau. bymia T supr
Vpunra yuunr (11.14)
udonacy kyiunca, Ky~
Pi.dl-pacwm Huaary xocHs Gynanu:

R=

h= ‘q‘vcosa (11.15)

TesaarTruuaap. DieKTp B MATHUT MAIOHIAPH TALCHPHAA
3APALIAINGH 3appadaiapia Te3HK 0epa OlaanTaH Ba yIapHu
DOL(KAPA OXATTAH KYPHIMAIAPTA TCIIATTHIAP NEHILIAIN.

3apsiiM 3appavaiiap Te3IalTr HIAPHAAH YM3HK M TC3,1aTT Y.
UHKJIOTROM, (Da3OTPOH, CHIIXPOTPOH, CHUXPODA30TpoH Ba GeTar-
POWAPHNIE TYSHAMIIA Ba AHLTAUN NPUHUMILIADMBEY Kapal
YHKAMHN3,

Py unsukay re3aarrdya. Yusuki TCRaImauimiEr cxemacy
11.12-pacm1a TacBrpaariad. CXeMaary ¢ KaMepaia Mol XOcHa
KIWIHHAIM, MBCOSi YUYH ICKTPOH @ KAMEPARan A UMAHMHAPHNNT
WMHTa KUPHO AB aniekTpojulap opacHian YTranaa TesjiaHuni
OJaH, YHHHI TCIIHIH OpTaaH. f = 12— BaKTHAM CYHI 9ICKTPOH
BC onexpoiviap opackpan VTHitg YuvH B sackTpouapimnnr
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p L o <o)

11.12-pacwm

V3YHJIMIM A ra nucbartaH y3yHpok OVnamu. Daexkrpoasiap
yarapyBuaH TOX MaHOaura ylaHraH, YHUHT yacroracu v 6ynca,

t —1:=-- OVaaM, DNEKTPOHHMHT O JIF3aH TCIJIUIM XaMm UIyH-

‘laJlHK Ka’I'rd Oynaau. bymjait Teanarruunap sappauasiapra
~10 M3aB 3neprust Oepa onanu.

_2) HMKAOTPOH. 3apsjuUid 3appavyalapHMHr Oup Xuiciu
( B=const) MarHuT Mailponuixary adinaruw gapu T yHHHT
Tesnurura Gorauk smacauru (11.14-gopmynara KapaiacuH)
HMKJIOTpOH HE6 aranyByu 3apsA/NaHT3H 3appavyajjapHUHT
PE30HAHC/IH UMKJAHK Te3JlaTTHUra acoc KMAud ONUHIaH.
HuKI0TPOH AYaHT el aranyBuUM MKKMTA SICCH SpUM AOHpa
Kypunuiunaru D, sa D, anex-
TPOJUIApPAAH TAWKWI TOUTaH
(11.13-pacm). lyasrnap Ky4-
JiM JIEKTPOMAarHUT KyT0Napu
OpacHra Xoilaluras, XaBsocH
cypu6 onMHraH KaMepa uuura
ypruarwnaau. Jyantiapra rcHe-
PaTopiaH I0KOpH HaCTOTa N
yarapyByaH KyunaHull Oepu-
namy. bynpa gyantiap Has-
farMa-HaBbaT rox Mycbar,
rox MaHGui 3apsuUtaHub Ty-
paau. DiekTp MaiaoHu ¢akaT nyaHTiap opUIMFHIA Xocui O¥ajiu.
Tesnaruwm no3uM GYATaH 3apsUyly 3appavanap xyanriap
opacunarn C HyKTara Maxcyc Kypwima €pJlaMu/ia KHPUTHAAY.
3appaya zapxoa MaHQUH 3apawiatrad RyaHT TOMOH Xapa-
Kartnanaay, JyauTinap vunnary $azo sKBANOTeHIMan oyiralfry
YYYH 3appauya y epha (akaT MarHMT MaillOHM TabCupHia
Te3jIUrura mponopidoHan 6yarad pamuyc [(11.13) ra k]
GyiiMua aitnana 6yit;1a6 xapakarnadagu. HyauTnap opacuaaru
KYWIaHMILHMHT Y3rapull 4acTOTAaCH LIYHOAN TaWIaHaIHKY,
3appaya ailAaHdHMHI SPMHUCHHH YTUO, AyaHTiNap opacuiaru
6VIIIMKKA KejraHaa yjaap opacuiary noreHumainap dbapku
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HIIOPACHHY Y3rapTupul, aMIAUTYIa KUHWMAaTUTa IPUUIraH
Oynuniiy mapT. Y BaKTia 3appava sSiurnaan Teaiatuaral oynamm
Ba GyHjia OMpMIIYY XosjarHra HUCBATAH HKKHM MapTa KaTTa
SHEpUa OMaad MKKUHUM AYalTra XUpuO Keaagu, Hathxana
KATTA Pagnyc.iu (R ~ u) aiiana 6¥itnad xapakaTiaHaam.

Ulynaait kuaud, ayanriapra Gepusiagvrai Ky LIaHHIIHIRHT
yactotacu (11.14) gopmy:a Ouan aHUKIAHAAUIAH AABpra Moc
pasMiLia YIrapTUpUICa, 3appava xap rat DyanTiap opacuaan
vrranga qU ra TeHr OVaraH sHeprus nOpLMHSACHHA 0OHO,
CHHPAICUMOH TpaeKTopyd OVitHua xapakatnaHady Ba HUXOAT
3appava KaMepa AeBOpH SIKMHWAAH Maxcyc KYpMiMa OpKajin
TanIKAPUra YuKapHo 100opuiaiu.

KywlaHHmnunr ammmtyaa kuiivatn U= 100 kB au
re’eparopia 3ra 6¥araH LMKI0TPoH EpgamMuaa npotoliny W= 219
MboB sneprusirana, oaexrponnu oca W= 0,51 MaB oueprusraya
Te3NAHITHPHILL MYMKHH 3Kau. Llukaorponna xyaa xarra
SHEPIMSLTH 3apSLTA 3apPAUIAPHY OJIKLT MYMKHMH DMac, YVHKH

MACCAHUHT TCINUKKA OOFnaHuILY: M= —~—”—%= HAMOEH OVIuO,
7.
4
3appavaiap xapakaru OwiaH Te3alTHPYBUYM MaMOHHHHT
y3rapruinaary CHHXPOHIUK OYy3UAAIH.,

TOKopu 3HEPrHsLIN 3appatanaphin OV YIVH CHHXPOH/IMK-
HUHT OY3WIHMIIHAAH CaKaall Kepak. bByHHHT yuyH AyaiitiapHu
TABMUHJIOBYY KYYNAHHUIHHUHI YACTOTACHHU EKM MATrHUT
MaIOHHUHT UHAYKIMSICHHH V3rapyBUaH KMIUHAIN.

3. CHHXpPOHIUKHY TABMUILIOBUM [EHEPATOP KY'WIaHHMLIHHT
YACTOTACHHH jIaBPHIA PaBHILAA Y3rapTHUPYBYN KYpUIMa Oulian
TAbMHIIAHLAH IIMKIOTPONTA CUHXPOIMKAOTP O Eku pa3or-
pon aAeitnnanu. PasoTpoHAa [IPOTOH, MOWNAD BA O 3appavyanap
10 13B sueprusraya Te3AaurTupHIIHIINE MYMKKH.

4. bepuitran YacTOTaM KyuaaHmu Ommian UIIOBYM HHKIO-
TPOH/A CUHXPOHAMKHY TabMHUHIALAa m/B uucbart y3rapMac
KOJ/IMWHK KepaK. DYHHHT yuyH MAarHUT Mali/ion MHIYyKWsicH B
HH AaBpUil pasBuiuga y3rapTUpub TYpYBYH KypuaMa OunaH
TabMUHIAHTAH HUKAOTPOHTA CUHXPOTPOH JICHWIAIM. By Tvpraru
TessarrHaIap acocay anckTpounapuy 5-10 I's3B oHeprusraya
TC3TaTAIH.

5. CunuxpodazoTpon neb aranaguraH Te3aTriwia XaM
TEHIATYBYM KYWIaHMLL YaCTOTACH, XaM MarHuT Mail0RMHUHT
UIYKUMACH NaBPpUit paBulliaa yarapTipuiany. bynaaii reznar-
rnuaa Te3naHyByYy 3appaJaiap cnupan oyiinua oMac, Y3rapmac
pafuycayu alnaHa Tpackropuack O6¥inal xapakarnaanaji.
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3appadyaHUHT TC3AUTH » Ba MAaccacH m opra OOpraH capy Mardur
MAWTOHHUHT MHAYKUHACH B HY ILIYHAaH OPTTHPHO DOPILIATHKY,
(11.14) dopmyna 6unad aHuKaaHaaUraH R paguyc xap AOMM
yarapmaii Komagu. byHnaa 3appavyaiuur aitaimin gaspu 7 HUHT
yarapuiun Macca m Ba MHJYKUMA B HUHTI OpTHIUM XHMcoGura
ovaaau. CuHxpoda3oTpoHaa AyaHT O¥nvacaaH, 3appadaiapim
Te3IATHIL Y3rapyB4YaH YaCTOTANM TCHEPATOP XOCUI KMIFaH HICKTP
MaltaoHn OWIAH TPASKTOPUSHUHT alipuM KUCMIAPHAA CORUD
ovmaan. Cunxpodasorpoitza acocan unporowaap 500 B
3HEprusraya Te31aTuiaay.

6. beTaTp o —UWKIMK MHLYKLMOH Te1aTruy 6Van0, yHaa
V¥3rapyBuaH MarHMT MakJAOHH XOCH KWITAaH YIOPMAIH 3JIEKTD
MaiIoHM €praMM;iia SICKTPOHIAp Y3rapMac paguyc;iv ailnana
GViLiab CHHXPOHM3ALMACHS TeanaiTupuiagyd. beratporiaa daxar
anekrporiap 100 MaB aHeprusraya TesnaluTHpWIaau.

Xoan s dexru. 1880 iwna amepuxkaiux omum 3. XojLil
(1855—1938) ¥3 HoMM OUIaH aTanyBYM XOAMCAHH, Kyhumaru
Taxpuba acocuia aHUK K. Y OTTMHIAH SICAITaH NapaLIe;e iy -
¢l waxamaary yrkasruvigal / tok yTkazub, YTKasrduHMHI
6uTra Kynmananr kecummaa érraH 4 sa C HyKralapuaarg

notenuuaiap dapky Ae Hu Vavanu (11.14-pacm), Oyriaa

AQ = @, — ¢, =0 6yiraH. Arap ILIaCTHHKAHHHY €H TOMOHW/IaH
HYHaJIraH KywId MardHyT Maitmolin TabCcup kuawnHca, A Ba C
HYKT&,1apAAry HoTeHHHALIAP Xap X1 6ynraH. by xoaucara Xosui
ahdexy geiunagy. Yavaupanw mMawiyM OVaaMku, A éa C
Hykmanapiazu nomeHyuairap dapgu A , ymraseuudan ymaémean
moxnune kyun I za, maznum mabddonnunz undykuuscu B 2a myrpu
6G RAACMURKAHUHZ KAAUHAUSH 6 20 MECKapu RPOROPUUCHIAOUD,
STHHU!

A9 =0, -0 = RLE, (11.16)
Z Jai
I lM = _[
¥ A
-
~ ) G -
0 X g
11.14-pacm
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OyHaa, R—Typau MeTannap y4yH Typauda 6¥iraH npomop-
UHMOHALIHMK KobdHiUucHTH 6Y1mb, yHra Xoan gouMuiicu
JICHWAIAIH.

Ke#iunyanuk TCKIIMPHILAAPAAH MabayM 6ynaamku, Xoan
a¢exTH Gapya MeTannapaa pa spuM YTKasruuaapaa Ky3aTunap
3KaH.

Xonn sdhhexTHHY 3AEKTPOH HA3apHsCH acOCKAA XKyna
OANATUHA TYIBYHTHUpWAARK, Dapas KunaiiuK, IIAcTHHKalarn
TOKHM XOCUA KWIYBUM ¢ 3apSAHUHI KOHUEHTpauwscH 1, Ba
ypra TapTHOAM Xapakar Te3suru » 6yica, YrKasruaas yraérrand
TOK KYUMHMHT 3UMAMIH j KyWMAarura TeHramp:

J=qny, (11.17)

oyHna g > 0 6ynca, 3apsiaHHHT XapaKar Te3NIUru 7 MyHanuium
j HUHT WyHanvum dunad Moc tywanu, g < 0 6ynranna aca 3
HUHT AYHanugu ] HMHT HyHATMIIMra KapamMa-Kapiny 6yaamu.

(11.17) nan, KyHDAnaHr KCcHUM 03acH s=a-g bGyurad
ACTUHKAAAH YTARETTal TOKHUHIL KYUH:

I = js = gn vas. {11.17a)

Tlnactunkapary MarHWT MailioHMaa » Te3nuk Ouiad
XapakariaHaéTrai q 3apaara F, = quB JlopeHu Ky4yd Tabcup
Kuiaaay. by Kyy TabcHpHIa IJIACTHHKAHHMHT I0KOPH KMPpacHTa
q > 0 3apsg TYIIaHuO, NAaCTKH KUppacKuaa aca g 3aps/l CTHll-
Maiuy. Hatwxana MycOar 3apsiiJIaHIaH IJIaCTHHKAHUHT I0KOPH
KMppacuaad MandUi 3apsaiay NacTKy KMppacura ByHanraH,
Kywianrauauru £ 6yirad KyuuMua 3eKTp MalIoHH XOCHI
Gynanu Ba 6y MadinoH g sapsiara Kynon xyun F, = gF tapcnp
Kwiamu. [ractuHKanaH YyTaétraH TOK Ky4u / TypFyHaalliranaa
Kapama-Xapuiu #yHanrad Jlopesn Ba Kysnon Kyunapu MUKIOP
XHUXaTaaH V3apo teHr 6VnuG xonaau: ¢F =qgvB, OyHna
IUTaCTHHKAAA KyUIMMYa XOCU OYiray 2ieKTp MaiaOHHWMHT
KywiaHrawaura £ =08B.

KVummmmua noreHuuaiap ¢apky AQ ByXyiara Kejramp
ITaCTHHKA KUppanapy opacuaard Macoga a ra tenr Gyica,
NOTCHUKA IPAAMEHTHIA ACOCaH AQ KyHMJIarura TeHr oynaau:

Ap=9, -0, = Fa=0vBa. (11.18)
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bynra (11.17,a)npan v= HM KYinO, Xocmi KuiaMua:

I
gngas

=4 . L8

A¢=B-aq,,oae pr (11.19)

Arap 6yHna

R=;’n;, (11.20)

ne6 dapas kununca, (11.14) udona (11.16) 6unan Moc Tywany.

IWynaait xuau6, Xonn poumuitcy R HU ¥auab, TOK
TAWYBYWIAPHUHT KOHLEHTPALMSICH /1, HH BHUKIAL MyMKUH!

ny ;’,3 (11.20a)

MeTaanapHuHT MyXHUM XapaKTepUCTHKanapugaH 6upy Tox
TALIYBUMIIAPHUHT XAPaKaTUaHAUIH U = %5 6Ynus, y METAUTHUHL

COMMUITHPMA SJICKTP VTKaszyBuUaHAuru Y OuinaH Kyhuagaruda
6ornanuuIra Ira:

Y =qnpi (11.21)

Xonn govmuiich R H¥ Ba COAMUITUPMA 3JEKTp VTKa:
3yBYAHAMK Y HH aHMKna0, (11.20) sa (11.21) dopmynanap
OyitMya IIaCTMHKAIATH TOK TAUTYBYMWIAPHMHT KOHLCHTPALUSICH
H, RM Ba XaPAKATYaHIMIH ¢ HH TONIMIU MYMKHH.

Xonn 3 dekTHHA ApHM yrxaarmmapzxa TeKLIHPHD, bynaa
adpexT uiopacura Kapad, IpUM YTKA3THUHUHT 7- €KUM p-Typra
TErHUUTH SKAHJIMIMHHK aHUK/TAW MYMKHH.

11,3, BUO-CABAP-JIAIUIAC KOHYHU

1820 imaun ¢ppanuy3 onumnapu XK. Buo (1774—1862) Ba
®. Capap (1791—1841) y3rapmac TOK XOCWI KWIFaH MarHuT
MaliIOHHHY XHCOoOMallra UMKOH Gepanurad (bopMyJIaHy aHUK/1al!
MaKcaanaa Kyiuaard TaxXpubany YTkasuimany. Yiaap y3yR TYFpH
TOK/H YTKA3THY XOCWT KHJIFAH MArHUT MAifIOHHH «CHHOB KOHTYD»
€pnamuaa Texiumpuiy (11.3-pacm). Taxpubana MarHuT MaiIoH
MHAYKUMECH B HUHT WWHANULIM BA KATTATUTA MarHuT MOMEHTU

P, ManryM OV/IraH «CHHOB KOHTYPH»Ia TabCHp 3TaéTTaH Kyd/ap
MOMEHTH OPKaIM aHUKJIaHraH, YyHkH (11.46) ra acoca TOKIU
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KOHTYPHH aiilaHTHPYBYX MOMCHT A{ MAarHUT Mai{loH HHAYK~
imsick B ra nponopumoHanaup. «CHHOB KOHTYPHSHMHI MarHUT
MOMEeHTH P, =const 6ynranma, yHra TabCHp KWIYBYH Kyu

MOMeHTH M HMHI KMIIMaTH YTKa3rMygaH Yra€TraH TOKHMHT
Kyuu / ra NpONOpUMOHANIMIY Mawiym Gymm. BuHoGapun,

Maznum MaliOOHHUHZ UNOYKWuscu B wy malidonnu xocun
Kunaémaan mox Kyuu I 2a nponopyuonardup, SbHU:

B~1. (@

MKKHHYMAAH, «CHHOB KOHTYPH»HH TOKITH AB yTKasruupgaH (11.3-
pacMra K) Typau r Macodanapra XonnawTHPWIrania KOHTypra
TAbCHP KHUAYBYM KYY MOMEHTH M HMHI, SbHM Maruut
MalJOHMHKHT 18y HYKTaard MHAYKUMACH B HMHT KMitMaTiHH
rMacodara TeCKapu MpONOPLMOHATUIMIT aHVKIAHIH, SShHH:

B~1 (6)

Buo Ba Capap 6y Taxxpuba Harmxanapi — (2) Ba (6) acocnaa
TOKJIM YTKA3rMY MArHWT MaiJOHMHH Xuco0jalra MMKOH
GepanuraH HOpMyAAHH YMKAPA ONMILIMALH, YYHKH YJIap olraH

Taxpuba Hatxanapu Gakat TYFpH TOKJIM YTKA3THY YYYHTHHA-

VPMHIY SOU.

Kelinnuyanuk, buo sa Capapuuur raxmdura 61MHoaH,
YAAPHHUHT TAXPpUOA HATUXATAPUTa ACOCAAaHraH Xonaa Pppaniy3
¢(usnru pa Marematuru I1. Jlamnac (1749—1827) uxmmépuix
IAKAAATH TOKIN ¥TKa3ruy atpodbuaart MariuT MaiilOHNHUHT
MHIYKUHMSACH B HY aHWKJ1all HMKOHMHH Gepaauran dopMynanm
xenTupub unkapanu. bynna Tannac MaAOHHUHT cynep-
nozuuusacH (Kylunir) npuHuunyaan doiaanaiay. by npun-
UMTHA AaCOCaH, UXTHUEPMHA LIAKIIary TOKJIM VTKa3ruy XOCHI
KMATall MarHuT MaiaOHMHHUHT OUPOP Hitqracrmam HHIYKIMACH

B, yHuHr snemenTap toknapu— {/dl ) Xxocun Kuwirair MarHuar

Ma¥IOHIADUIIMHT 3JIEMEHTAp HHAYKUMACH d B, IAapDUHUHT reo-
MCTPHK (BEKTOP) WMFHHAMCHIA TCHIIND:

- - - n —
B=B +B,++B =Y B,. (11.22)
i=l
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Jlaruiac xap Gup 3neMeHTap TOK (ldf ) XOCH,T KWITaH MarHuT
maiinoHu yuyH (11.15-pacm)

dB =k’d‘”_T'FL, (11.23)
r

(hopMyNaHH TaBCHA KWiAH, OyH-
Aa K — Myxurra OOFIHK 6i-
TaH MPONOPLIMOHAIUTMK KO3(hu-
UMeHTH, I—Tok xyuu, 4 —ToK *
yTa€Trad TOMOHTA yHaRraH ane-
MEHTAp YTKa3ruy y3yHiury 6y-
au6, Idl ra snemeHTap TOK
JeMwiamy, F —aieMeHTap TOKIaH
MATHUT MHOYKUHUSACH aHMKIal-
AWTaH HyKTaraya #yHaaran
pagMyc-BEKTOp. k' Hponop-
UMOHALTHK Ko3bduurertn da- 11.15-pacy

KAT VJ140B DUpAMKAap CUCTEMA-

cura GOEBIMK 6VAraH K npoNoOpHHOHAIHK KOXMpPUIMEHTH
OPKAH

k' =kp. ' O (11.24)

GoFaHHMIUTA 3ra, OyHaa U —MYXHTHUHI HMCOHI MarHuT
cuHranpysyariuru. Y Bakraa (11.23) udonanu

d§=kudi‘d- (11.23a)

A

KYpUHHMILAA €3MII MYMKHH. ByHjaarn & mponopuUMOHaUIHK
ko3¢ duunentunnar CH paru ndonacu:

k =%g;. (11.24a)

ByHna, Mo —aHTH ynuoB GHPIHICIH QUMK KaTTatmK Gynub,
YHra MArHUT AOUMHUMCHU AcHUIaM,
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Ba nmxosT, (11.24a) ra acocaH aeMeHTap TOK (Idf) XOCH1
KWITaH MAarHnT MaiioH MHAYKUMsicH dB Ba KywiaHraHauru
dH xyimnparura tesr 6ynaau:

d1§=—4“°;t‘i1@, (11.25)

7~ dB 1 1l
dH = a3 (11.252)
By myHnocabarnap Buo-Capap-Jlannac KOHyHMHHHT MaTe-
Matuk Hposacy 6ynud, ynu Taspudiall ydyH cKanap KypH-
HUIIA E3aMU3;

dB=%9;'li-1’§lsinoc, (11.26)
dH =7417“(,“§L5i“ . (11.26,a)

Hlynnait kuau®, buo-Casap-Jlaniac KOHYHUHH KyHWjiarnga
TabprIIalll MyMKHH.

Inemenmap moxAGp XOCUR KUAZAH MAEKUIM MALIOOHURUHE Gupop
Hyxmacuoazu UHGYKUUACU EKY KYMRGH2GHAUSH 2NEMEHMAp MOKKA,
ymicazzuy 6unan paduyc-eexmop opacudaau GypHaKHUKZ CUHYCU2A
My rpu 8a ymxa3seu4dan mMaiioox Hykmacuzaqua ynzan macoarnune
Keadpamuza meckapu npoROPYHORAAOUD.

11.4. TOKJIAP XOCHI KUJITAH MACHMT MAHJIOHHH
XHCOBJIALI
buo-Casap-Jlatnac kouynu (11.26)naH doinaianut, Typan
IHAKSIAATH TOKIIM YTKA3rHY XOCH KMAral MarHUT MaiIOHHHHAHT
6MpOp HYKTAaCHAArH MHAYKUUSICH EKM KYWIAHraHIHTHHU
xucobnai MyMKHH.
Toxsap Xocws1 KuiaraH MarHMT MaZOHHMHMHI GUpOD

HYKTaCHAary HaTHXaBHi WMHOYKUMsCH B Hulr Kuimaru

3NEMCHTap TOK (Idl ) HWHT XOCWI KWITaH MarHWT MaWAOHAHMHT

U1y HYKTanard MHAYKUMAAapy dB HUHr THFMHAKCH cHdaTHaa
AHUKJIAHAIN:

B=|dB= MI g .

JdB=2r1 [ sine (11.27)
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Y3yHAMrK 4YeKAaHTaH TYFpH
TOK MATHHUT MaWAOHUHMU XUCOD-
aaw,

Dapa3 KWIAWIUK, Y3YHIHTH YeKIIaH-
TaH Ba yuiapu o, Ba o, Oypyak ocTuia
KypuHanurad [ Tok YraérraH TYFpH
yTKasruy Gepunrad 6yacuu (11.17-pacum).
By TOKAM yTKa3ru4 Xocuj KHJraH
MArHuT MafiJOHMHHUHC OMpOp HyKra-
cuparv Muaykuuscu B uu (11.27)
dopmyna acocuaa xucobnal y4yH yHaa-
T r Ba dl napHu MycTakun o Gypuaxk
opxany udonanaus kepak. 11.16-pacmparu
yu3MagaH GoitganaHut, aHUKIaAMH3;

11.16-pacm

AAOC pan sing = 6y1man r=="=;

sina’
OCDE pausino = -"—j%, OyHzaa
Jl = 1 roda
sina ~ sina

Wlynnait Kninuo, r Ba dl HuHr 6y udoaanapusu (11.27)ra
Kyiu6, o, GypyakmaH C, raya OpaTMKIa HHTETPATAALL aMATHHH
faxapamu3:

rdo
B= “WIJM v % sin a—”"” f—Jsma do=
2% %

“"” —’-(cosocl ~cosa, )

Llynpat meG ysyxmum yerapajaHral TOKJIM YTKa3ruy
MATHHT MalAOHMHUHT OMpPOp HYKTacHMIaru MHIykuusicu B sa
kyyaaHranauru M kyingaru dopmynanas aHukK/IaHap SKaH:

B= 4nr(cosoz‘ —COSaty ), (11.28)
H= ZB;I Z%i(cosal—cosaz). (11.28, a)

By epna /—yTKasruuaaH yTaérrat TOKHUIIT Ky4H; £;— Y TKasruy-
JIaH TeKIUMPHIaETraH HyKraraua oyarad macoda; o, Ba o, —
$rKa3uy yWIapHilaH HyKTaraya Oyirad 7y Ba 7, paauyc-BeKTop/iap
OunaH YTKA3rkuu opacuaard 6ypyak.
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Xycycuii xonna MN yrxa3ruy uexcus y3yn 6ynca, a, =0°

(cosO°=l)Ba o, =7 (COSn =_—1) teur 0ynuo, (11.28) ma
(11.28a) napiaH KyAunaru ndonanap kemod uMkanu:

B=2.2, (11.29)
H=g-2, (11.29a)

by (11.29) Ba (11.29a) udonanap buo-Casap raxpudacu
HATHXUIAPUHYN TACAHKIANIU, SBHM TYFPH TOKIN YTKA3IUY XOCH
KHJraH MarHyuT MaitIOHMHUHT HHBYKUHSICH EKM KYWIAHTaHIHTH
YTKa3ruan VraéTrad TOKHHMHT Ky4uH J ra TYFpH Ba YTKa3rHYaH
HyKTaraya oynras Macoda 7 ra TeCKapi NponopuroHaIup.
[Mapannen TokjgapHuHT y3apo Tabcupu. Bup-6mupu-
J\aH r, Macodana XomaluraH MKKMTa y3yH napaules TOKIH
yrxasruwiapHu Kapab uukamua (11.17-pacm). Taxpubana
TEKIMMPHUIUIADAAH MabiyM OVAAMKHM, HKKHTA napauien
yTkasruuaapaal yraétran I Ba [, Tokiap 6Mp TOMOHra
HyHasTaHaa ynap y3apo topruuiaau (11.17-a pacMm), Kapama-
Kapiuu iiynanranaa ysapo urapuuraau (11.17-6 pacm). IMapannen

-——— —— Lt TP ot N

< >N 7 /*\ - N
/ AT A T L
{ F; y \‘ = I -\
\\ 4 a 2 /I \ / /

\\\B~. -f\><_—’// \\‘—/ \5_/_/

a g
11.17-pacm

TOKJIAPHMHI' ¥32p0 TABCHP KYYMHHM OHPDUHYM MapTa dpatinys
onumu AMnep aHukaarad 6ynm6, yau (11.17)ra acocan xentuput
YHKAPHIL MYMKHH. Y Baktaa [, TOK YTaéTral MKKHHYM
YTKasra4HMHT dl anemeHTHra GUpUHYH | TOKIH YTKa3rig MaruuT
MaiiJOHMHUHT Tabcup Kyum dF, (11.17)ra acocan Ky#unarura
TERTAUD:

dF, = 1,B,d! . sin[di, A E‘) (11.30)
376

www.ziyouz.com kutubxonasi




6ynna B,—6upuHYM yekcu3 y3yH I, TOKIH YTKaSTHMIIMHE 7,
uacod)‘ma XOCWI KWIraH MarHut MaHJIOHHHHHI uﬂnyxlmﬂcn
6ynu6, (11.29) ra 6uHoan:

B =Yt 2L (11.31)

4n

BupuHUH TOKIM YTKA3rHY MAarHUT MatIOHUHUHT MHIYKIMS
UM3NKIAPY MKKUHYH YTKA3IWY d] Y3YHJIMIHra HeprieHanKynsip

[ B, |=90°| #tyHaxranmum yuys six{di , " E,] = 16y1m6,

Il 31) nm (11.30) ra kyiunca, Kyiiuaard Kesnb dHKaau:
21
. dF2=.'}";-—;o—1d1. (11.32)

Xymmn wyHgait Mynoxasa acocuaa SupunuM I, TOKIM YTKa3-
TMYHMHT dl 3MEMEHTHIA MKKMHYH [, TOKITH YTKA3rHd MaruMrT
MaIlOHMHUHT TALCHP Ky4M dF, XaM KyHHAATH KYPHHHLUAR KeJIHO
YHKAAH:

21,1
dF, = %ﬁ'ft‘--—;?ldl. (11.32a)

Oxupru (11.32) Ba (11.32a) MyHocabaTnapoaH KYpUHaauKH,
rapajuieN TOKJIH YTKa3rHIapHUHT 3neMenTap dl yaynnurura
TabCHP KHJIYBYM Kywnap ¥3apo TeHr OYAraHJUrd y4yyH yHH
yMyMHit KVPUHHLLIR €311 MyMKHH:

I
dF:%“_:_.E_L.I_Z_d[ (11.33)

L]

[Mapansen TOKAN YTKA3IHWIAPHUHT [ y3YIUIMIMTa TahCHp
KuayBu¥ xy4 F vy tonmm yuyd (11.33) um 0 gan [/ raua
HMHTCTPAJUIAHCA, KYHUIAru Keaud ymkamu:

F=%.2_1;°1a1, (11.33, a)

ByHaa I — MyXMTHHHI HMCOMI MarHMUT CHHIAMPYBYAHJINTH,

Mo ~ OUPAMKIIAP CHCTEMACHHMHT TRHIaHHMLIMIA OOFIMK OYiran
MarduT pouMuiicn 6vnu6, yuunr CH naru kuimaru:

o = 47107 44 (orow £4)= 12,56 107 44 foxcn 45).
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yHaait kb, napamie TOKIApHHHT ¥3apo TAahCHP KYYMHU
udonaropun (11.33a) KoHyHMATHM Kyiinparuda Tabpudnai
MYMKHH!

Tlapaasen moxaaprune y3apo mascup ky4u ymraszuudan
ymaémean mokaap Kywusure Kynagmmacuea, YmKa3cudHunz
y3yHAuzuza myrpu 6éa yaap opacudazu macogaza meckapu
RPONOPYUUORAAOUD.

Tok xyumuuur CHnaru yuor 6upauru amnep (A)uu
[apauieN TOKJIAPHUHT ¥3apo TAbCHUP KY'H 2COCHIA Tabprdial
MyMKHH. Arap (11.33, a) ma ;=1 M, I=1 M Ba [,= [, =]A
6yaca, F=2-10"7 H 6ynaau.

[Uynnatt xunud, 6ywauxda 6up-6upudan 1 m macogada
Heolinauieain 4eKcu3 y3yH 64 Yma UHSUMKA UKKUMa napanien moxkau
ymxasauunune xap bup mempu ysyuauey yzapo 2- 107" H kyy 6usan
mascupaauaduean ymraszuuoazu moxkrunz Kyvuea 1 amnep (A)
Oef alimunadu.

YMyMmuit xoma 6MTTA TEKMCIMKAA €TMaraH, SbHU ¥3apo
napa:uien OyaMaran (11.19-pacm) ukkura: ILdl, Ba Idl,
9AEMEHTap TOKJAApHHMHI ¥3apo TabCUp KyuH dF,, HUHT
nGoNaCHHH KeITUPUE YHKAPAMHS.

Bupunum anementap Tok I,dl, HUHT XOCKI KMJITaH MarHut
MafJIOHU/ary MKKUIaMuu 3eMeHTap Tok [dl, ra Tabcup

KWIYBUYM AMHOEDP KyYH dF,z (11.33) ra 6uHoan

dF, = 1.|di, 4B, . (11.34)

KYpHHHULIAA EKH CKATSAp KYPUHHULLIA:

dF,, = 1,dI,dB, sin(diz, Adﬁ,] = Ldl,dB,sine,. (11.34a)

oynna 0, —MKKHK dl Ba dB BCKTOpJIap opacuiaru Oypyak,

dB —OupUHYY 3s1eMeHTap ToK 1, dl HUHT 7, Macodana Xocun
Kmlra}r MATHUAT MaWAOHWHUHT WHAYKIIUST BCKTOPH GYnn0, Buo-
Casap-Jlaniac KoHyHM (11.25) ra acocan:

- 1:ldl, 7,
dB, = ‘—jgl—%d (11.35)
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éxu 6y ndoaanm ckansp KypuHuLIaa €3aMuU3:

- A .
dB, =‘—f},’$i}§lsu{dl1, ﬁ2)= %%M%&- (11.35a)
bynna 06,— dl, Ba r;, BexTOpNap opacuuaru Gypyax.

(11.35) Ba (11.352) ndonanapuu (11.34) Ba (11.34a)na
YPUHIapura KyHwica, MKKUTA 3IEMCHTAp TOKHUHT ¥32p0 Tabcup
Kyun dF,, uyn ubonasopun AMnep KOHYHMHMHI BEKTOp Ba
CKalsp KypHMHHILIATH MaTteMaTHK Hdoaanapy Keiubd unkanu:

> il sl
dF, = %ﬁl‘%—ﬁﬂ (11.36)

B4

ot 1dl T dl, sin6 sin,
dF,, == = (11.362)

By udoaanap anekrpocrarukagary KynoH KOHYHH CHHrapu
IAEKTPOMArHECTU3MHUHT aCOCHY TEHI -
naManapnuaH 6upu xucobRaHanH.

Ali1aHMa TOKJIU YTKA3ruy
MapKa3uaaru MarauT MaioHM
(11.18-pacm). By xon1a YTKA3NYHUBET
6apua snementnapu d! paagmyc-
BEKTOp F TIa NepneHONKyasp
a=90° apHu sino=1 6¥nub,
r =R 6yncun. IUyHUHr y9yH XaM,
(11.27) uy xyhingary XYpHHHIILIA
g3ub6, 0 aam 2nR  opanukna
uHTerpannad, ailnaHMa TOK Mapka-
3HJArY MarHuT MadiloHd MHAYK-

Huscy B Hy anvxnaliMus: I1.18-pacu
2nR 2nR
= JIL_MJ_ =Mt 1 = Mokt 2n]
B = T I 4n Rz J.dl 4nR22nR 4n R

Mynnah xuaub, ailaHMa TOKTHM YTKasruy MapKasuiaru
MAaTHHT MaliIOHMHUHT MHAYKUMscu B Ba qunaﬂrawmm H
KYAMIarura TeHr 2KaH:

B=1ig. 2u, (11.34)
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H=Fk =2 (11.34a)

Hemak, aiinanma moxau ymraszeun Mmapxaszudazu MazHum
Matidornune undykuuscu B éxu _kyuaaneanauzu H ymxaazuudan
ymaémean moxnune kywu I ea myrpu 6a aiinananune paduycu R 2a
mecKkapu nponopyUORasdup.

AiliiaHa 11aK/IMAAarH TOKITY KOHTYPHHHI MarHUT MOMEHTH

P, =IS= InR® = nR] (11.35)

oyaranu yuyH (11.34) Ba (11.34a) 1apHy MArHHT MOMEHT OPKATH
€3Il MYMKKH:

2
B=bh 28l - Lo 2, (11.36)
. H=E-LE (11.36a)

AitnanMa TOK/IM YTKa3ruy MapKasuiark
—_ MarHuT MaHIOHHMHI MHAyHMSICH B,
8 Kyutauraunury f{ Ba MarHMT MOMEHTH
P» BexkTORMap VKM OVitnab #iywanran
I 0ynub, yrapHUHr HYHaIMIIK IOKOPHAA
6aéH KunHIraH «napMa xomgacu» (11.19-

z pacm) acocuaa aHukaaHau. Iyuuur yayr
f . xam (11.36) ma (11.36a) ndoaanapnu
BEKTOP KYPUHUILJIA E3UIL MYMKHH:
~—_
11.19-pacum

- 2[") .

B=Yr =, (11.37)
- 2 p

H=z‘;-73m.’ (11.37a)

AliaHMa TOKHHUHT YKUAArYM MAarHuT MakaoH. DHau
R paguycnu F'Tox ymaérran aiviaHa yrkasrud yxuaa érrau, afinasa
TeKHCIMIHAAH A Macodana xoinamrad A HyKTagar MarHpT
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MalJOHHUHT WHAYKUUSCH B HHu
xuco61a6 unkainuk (11.20-pacm).
Aiinana ytkasruuyduuHr Idl —oane-
MeHTap TOKJapWHHHT A HyKTajaa
XOCWI KWIraH MarHUT MaiIOoHU-
HHMHT MHAYKUMSICH d B MUKIOp XK~
xataan 6up xun, HYHanuILIapy 3¢a
xap xua 6ynaau. 11.20-pacmna aii-
JIAHMA TOKHUHT IUaMETPan KapaMa-
KApUIX XOHJAalraH 3JaeMeHTap
TOKHHHI XOCHJA KWIFaH Maijo-

uunnHr dB, BadB, wMuayxkuMsia-
PH TaCBHpNIaHIaH. DJiEMEHTAP TOK-
nap (Idl') HuHT A HyKTagary uH-

11.20-pacwm
OYKUMACH dB HHUHT KMAMATH OHp
Xun OYnajiu, SbHU:
dB=dB,=de=%%1r%Lsina. (11.34)

PacMAa YTKa3r HUHT 3;IEMEHTap y3yHIHIU dl 6unan 7 paauyc-

- A
BeXTOp opacugarn 6Gypuyax [dl, F)=90° Gynranu yuyH

sin(di, AFJ = 1 6ynamu. ¥ pakraa (11.34) uu

dB =51 (11.34a)

47tr

KYDHHMIL/IA E3M1 MyMKHH. dB, nadB, BEKTOPAapHHM HKKHTA
TAILKWJ 3TYBYMIADIA aXKPATAMHU3: OX ykura nepnecHANKYIAp
Oyaran 4B, padB, xampa OX jxu Gyiina6 wynanran dB,,
Ba dIB'Z,r TALUKWI 3TYBYMIapra axpaTaMu3. by BekToprapHHHT
MOAYMJMapH TEHI OyaraHM y4yH dB, = -dB, , Exm
dB, +dB, =0 6ynub, dB,, = dB,_ éxu
dB, = dB,, = dBsinc. Bunobapun, OX YKHra NepresIHKyIsp
OyJrad dB ', TAIKWIT 3TYBYWIAPHUHT WMFMHIHCH HONIA TEHT,
ABHU J‘dl*i‘L =0 O6yaraHd yuyH A HyKTajard MarduT
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MAJIOHHMHI HATHXKANIOBYM MHAYKLIMS BEKTOPH B HMHI MOIY/IH
0X yKu 6yitab iyHanran dB Tauikuil 3TYBYHIADHHHT HHFUH-
JMcura TeHr 6Vnaau, srbHU:

23R

B= { G W sing = 208 sin o (11.35)

Byupa r=vR*+# pa SiDC =§= R Y Bakima
(11.35) udoaa Kyliunaru KypUHHILIHY OJaqH:

=Bl 2nRY _ Kok
B T T Y, (11.36)

by myHocaGaTHuHr cypatuparu g R?J udoaa KOHTYPHUHT

MAaruuT MomeHT™ P_fian, sibhu P = nR? [ 6ysranu yuyH (11.36)
(hopMysa NEKTP THUNOAM YKMAArd JJIEKTp MAKOOH KydaaH-
ratwturn yuyH é3wirad (11.37) udopara yxwaw KypuHHLITra
dra Oynanu.

Mt 28, pp 28,
B=- ==y e (11.37)

AianMa TOKHMHT Ykuzarn B Ba P, BeKTOpNapHHHT iyHa-
JAINH MOC TYLITAH/IMIY YYyH (11. 37) HM BEKTOp KYpuHUUIAA
KyHuIaruya €3uia MyMKHH:

=2?‘,T=‘17T_‘(R2+h2%- (11.37a)

Wynnait kw6, (11. 36) Ba (11.37a) ra acocan aitnanma
TOKHUHT YKUna €1TaH A HyKragary KyuaaHraiink H Kylimparura
TeHr O¥namu:
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=B - 1 2mRY _ 1 _2nR
H [TRTRY TR 41:(R2+h2);{' (11.38)

-

=_E_=_J_2P -1 2P .
H= i =a 4"—-m7(32+h22' (11.38,a)

w

LKnoab 3neKTp MaHAOHHHHT YKHAa €TraH HYKTaCHAaru ieKIp

= 2P “ o
WUHJYKLHAS] BEKTOPH D=-317;--—{— ra yxuau OYNraHjiury yudyH
r

aiIaHMa TOKHM LIApTIN PaBULLZA «MarHUT AUNOIH» 1ed Kadyn
KMAMHAIU. XAKUKATAH XaM «MarHMT AUTOAn» Ba JOMMHt MATHHT
MaMIOHNAPVHHHT MHAYKLUA YusvKaapy 11.2]1-pacMaa raceup-
JIaHTaHAeK, OMp X1 KYPUHUILTa 5ra. ByHAa «MarHuT OJUNOI»-
HHHT WHUMONUI KyTOu cH(aTHaa Ky4d YU3HUKIapH YHKAETTaH
TOMOH OJIMHHO, XXaHyOui KyTOHra 5ca Ky4 YH3MKJIap KUpagTraH

TOMOHH OJAHHAIN.
— —~
pm Pm

11.21-pacwm

V3yunury yerapajnauraH COJACHOMA VKuIaru
Mardur mainonu. Coarenoud 0eb, mapxazaapu ymymuii yxoa
émyeuu, 6up-6upu 6unsan Kemma-xem yaanzan N ma aiinanma
moxaapdax ubopam 6YA2an CNUpatCUMOH YmKasau4ea aimunaou.

Papas xunaiuk, ysynaury L, ypamnap conun N, ypamiap
paimycu R 6ynran J TOKaM cosicHOUA yKuaa ¢trad A HyKracu-
pary uHaykuuscu B uu (11.36) dopmyna acocuna xuco0:1al
uyuxamus (11.22-pacm). ConeHong dl y3yHnurura Moc Keiarad

dN = —% dl = ndl (6yHaa n—cCoNneHOWIHMHT Y3YIUIMK OUpAUrura

TYFPH Kesiran Ypamnaap coHn) pamiapunad yraérraii [ TOK Xocui
KWATaH MArHuT MailoHHUHr A HyKTagaru wHOyKuusicn dB
(11.37) dopmynara GuHoan Kyiuaarnya ubonanaHanu:
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dB = BdN = Y. BRI pgp. (11.39)
b (R2+h2 2

11.22-pacmaaru AAHC mau [ = Reigo 6§nub, dl = -—ﬁ‘gl Ba
S| 44
r=VvR?+#? = & oxawmrwin Hasapra onuG, (11.39) nu

2082 o podo Y _ -
dB = _Q'B_ 2z : nk RsinguJ_ sHoinl sinodo (11.39 a)

s o

11.22-pacwMm

KYpHHHIILIA €31l MYMKHH. by udomagary §3rapysyaH o
COSICHOMAHMHE 0, 0, VM Ba F pajlUyC-BEKTOp Opachaary Gypuax.
Yy coneuomumnr éomnanmq Ba OXMpIY ¥pamiap yYyH Moc
pasmuia o, Ba o, KuiMaTiaapura ara 6ynaau. IHyHuHr yuys
(11.39,a) vy o, nan o, raya 6yrad MHTEpBA A HHTEIPALIA0,
TOK/TY COJAEHOMAHHHT A HYKTACHAAIH MAarHuT MaitioH HHayK-
lmzcu B Hy Tonamus:

B= ?(IB 3 Uoln f sina- do = Jpg In (cos @, - cos ).

1

Ulyuna#t kpind, TOKAM coieHonn YKMHWHI MXTHEpHiT A l
HYKTacUAaru MarHuT MaiZOHWHUHI HHAYKUMACH B Ba KywsaH-
rananrd H xyduaarura TeHr Gynain: ,

P

=+ it In (cose, —coser, ) Gynaa a, <@, (11.40)

= = dn (~ —c
H ——W;Lu—-zﬁ {cosa, —cosa, ) (11.40 a)
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11.22-pacmvuaH KypHHaAUMKu, 6ypuaK KOCUHYCHapu KyHu-
Jlarura TeHrjIp:

: = e 1 COS @, = = —
cos a, vk 08 0L, FNTY (11.41)

(11.40), (11 40 a) Ba (11.41) TteHrnaManapaaH KypHIaIUKH,
TOKJIM COJCHOM;| YKHMHHUHI uxmcpuﬁ HYKTaCHAard MarHuT
MARIOHUHUHT WHAYKUMSICH B €ku Kydiaanranaurd H coje-
HOM/IHMHT Y3YHIMK OMPJIMTHIA MOC KEJIraH ypaMiap COHM # ra,
TOKHUIT Ky4M [ ra, COJNICHOM]L YpaMapUHUHI paguycu R ra,
Y3YHAUIYN L ra Ba A HyKTAHUHT XonaTura OOFMHKIHP.

Arap texwnpuaadtran A HyKTa COJNCHOMI YKHHUHI Ypracu
(1 = %) Ja xo#aaiiran 0ynca, Sypuak KOCHHYCIapH

Y L. - % L
R T AN X A T

Oynanu. by xonna, coneHOUR VKUHUHT ypTacuaary A HyKTala
MATrHUT MaijOHHMHI MHAYKUMICH B Ba Kyumanrauauru H
MaKCHMaJl KUHMATrA 3pyiUaju:

B = L L = I L ,
“hlty (J4R2+L— \/4R2+L2) Hott N s (11.42)

. .
Hoa = i = Il (11.42a)

+12

Arap CONCHOMIHHWHT Y3YHJIMTH YpaMjlap panuycHIaH Xyaa
katra (L >> R) 6y:ca, CONCHOM/IHM HEKCH3 Y3yH ae6 xucobrall
MYMKMH. By x0onaa coseHOMI YKUIary UXTHEPUI HyKTaIap y4yu
o, =7 Ba o,=0 6ynaau. Hatuxana, (11.40) Ba (11.40a)
topmynara 6MHOaH, UCKCH3 Y3YH COJIEHOMUD YKM/Iaru
MarHuT MaMIOHHUHT WHIyKuusich B Ba Kywianrawauru 7
KyAWarvra TeHr oyiaaau:

B=pop3 (cosO —-cosn) pou In; (11.43)
H=28=1In (11.43a)

XKHHCIH (B = const) 6¥nanu. Wynuudr vuyn xam, (11.43) Ba
(11.43a) Gopmynanap CONCHOM WIHAATH UXTHEPHIL HYKTa YuYH
YPUHIUIMP.

25—265 385
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Arap A HyKTa CONICHOWAHMHT yWiapuaaH OUPHIA XoluTaliirad
oynca, 11.22-pacMaaH KYpHHAANKH, O, = % Ba a,=0 (yan

yuu) €ku o, =7 Ba o, =% (YHr yun) 6ynaan. By xycycwmii
xonama (11.40) ma (11.40212) dopMynanapgan TOKJIH Y3YH
COJICHOM/IHUHT OUP YUUAATH MATHUT MaFIOHHUHT HHAYKLMICH
B Ba kywranrannury H Kyfinaarnya 6ynaau:

B=uou1'lsa11=1ﬂ. 11.44)
2 2

TOKNAH CONCHOMAHMHT MArHUT MomeHTH. Toxan
CONICHOMAHUHI MarHUT MoMeHTH P, Xap 6Mp YpamiIn MarHuT
MOMEHT/IapPUHHUHI TEeOMCTPUK AWFUMHIMCHTa TeHranp. Bapua
ypamiaapyiari TOKJIAPHMHI KY4YM OMp XWI, Ypamyiap Kecuum
H013PY ¥3apO TEHT Ba YPaMIapHUHI VKJ1apH COJICHOMA YKH OMnaH
Moc Tyitany. HIyHusr yuyH XaM TOKIIH COSIEHOMIHMHT MariuT
MOMEHTH BEKTOPHHKIIT COH KMiIiMaTH

P_=NIS =nL-IS, (11.45)

Oyi1aamu, 6yHaa S—ypamaapuHMHr xecuMm w3u, N =nl—
CONIEHOMLIATY YMYMHIA YpaMJIap COHH.

XapakaTiaard 3apSAHMHI MarHUT MoMeHTH. FOKo-
puaarn A. ®. Hodde Taxpubacuaan MabayM OYLIMKHM,
XapakarianacrraH 3apsyl arpoduaa VarapMac TOKHAHT MardHuT
MaW/IOHK CHHTapH MaitlloH X0CW1 OViap 5KaH. by MailnonHuHr
uHayKuuscu B, Ba kywranrananmy I, 1in buo-Casap-Jlanac
KOHYHHHHHT

B Ldl,r
dB =5 J (11.46)

r
MaremMaTuk nboaacugaH OCOHTHHA aHHKAaHTaH. ByHHHr yuyn
TOK KyuM | HHMHI 3appavyaHuHr 2JIEeMEHTAp 3aps/id ¢ OpKaiu
(11.9) udonpacunn (11.36) ra xyitnnca:

»_ MM gdN [ I 7 _ MM qdN| gi - dl =

dB= " p =an a | | Oynma G=7
- u ndieg ’

6yiaranu y4yn dB:'T";?-qu [’g—] Bynman § Teanuk OMiaau

XApaKaTAaHAETaH ¢ DAICMCHTAP 3apsIHMHT XOCWI KWITaH MariuT

MalAOH HHAYKLUHACH f?q Ba KywiaHrawnru H Kyiujaarnia

KypuHHUIaa 6¥naau:

= dh _ Mt qliFl
Bq_m_ﬁ--lﬁ—. (11.47)
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—1-—”1]. (11.47a)

a= D}L 4 3

By MyHoca6aTnap ckasip kypuhiviuga €3unca:

. - N

B, ='_‘%‘!‘_.%sm[v, r), (11.48)
L g2 gnl 5," 7

H, =3 %sin 3,7 | (11.482)

Wynnait kb, xyapaxamaanaémean 3apad X0Cud KUazau
MOZRUM MAUOOHUKUNZ OUPOp HyKmacudazu UHOYKUUsCU Bq éxu
KyMAQH2aHAUU H 3apadnune kammanuzu q 2d, YHUH2 Xapakam
mezaueu vaa, meanux Guian paduyc-eexmop opacudaeu OypHaKHune
cunycuza myrpu ea 3apadoan Kyxmazava 0yaean macoha r nume
keadpamuea mecxapu RPONOPUUORAACUP.

Maruur MadIOHHMHE MHIYKLIMSICH B Ba qunanraxmnm

Hq TE3NUK 7 BA PAMVC-BEKTOp F opacmmm Oypuakka BOFHK;

A
(v, F]=90° 6yica, Bq Ba Hq MakKcHMaa KuiiMarra;

S

A
7, F] =0° 6yaca, B,=0, H =0 6yrami.

ILIyHH Kaia KHAKLI KCPAaKKH, XapaKaTIAHAETTaH 3apsSaiivHr
MariHuT MaiIoHu HOCYMMETPUK MaaoH OVaub, THHY Typrad
3APAHUHT WICKTPOCTATHK MAIIOHU 3Ca CHMMETPUK MAHHOBAND.

11.5. MATHHUT MAHJOH KYWIAHFAHJAMK BEKTOPHHHMET
ENHUK KOHTYP BYMHYA HHPKY.LHIMACH
(TYJIMK TOK KOHYHWH)

DNEKTPOCTATUKALAH MALIYMKU, DACKTPOCTATHK MAKIOH
KyulaHraHjauK BeKTopH F HUHr €nuk KonTyp OViinua
LHPKY/ISILMSCH HOMA TEUr:

§(E,aT)=0 (11.49)

By Mynocabar »AeKTpOCTaTHK MalJIOoH IOTeHUHal MaijoH
SKAHIMIMHHY ndoianaian.
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MartuT MaitIoH KaHAaH XyCyCUSITra 3ra 3KAHAUIHIY asuKfans
YUYH TOK XOCHJ KHJITaH MarHWUT MaiIoH KywlaHTaHJIMK

BEKTOPUHMHT €MUK KOHTYp OFitnua UHPKYASLUMACH §<E,a’1 ) HH

(4
Xxuc06:1a0 ukamu3s. Xycycuit xonna 1 ok yraérral YeKCHs yuyH
TVFPHU VTKa3rny atpouaary MarHuT MaitnoHy Kapab YMkamus
(11.23-pacm). ByHuHr yuyH, TVFpU TOKHMIT aTpodHaa HXTHEPHI
KYpUHMIaary  EnukK KOHTYPHUHT aitIaHHL #YHATHIIIN napMa
KOWJACK OMAaH anUKJaHral TOK MArHUT MalioH Ky4 YHM3uK-
JApUHUHT HyHanMwK 6uaan Moc Tywaar. KoHTyp sneMeHTH
dl  xolnawraH HyKrajarh H MariuT MaloOHHMHI Kyy-
sanranianry H 6yncun. Y sakraa 11.23-pacMaaH Kyitnaarutu
€3UUI MYMKUH:

11.23-pacwm

(@, )= Hat co{ i, dl ] = Hd, (11.50)

- A
6ynna di, = dl co{H , dl ) - KOHTYPHHHT 3IeMEHTAP Y3YHIMIH

dl vnnr H iypaninvra npoekuMscy 6Yiius, yau aillaHaHuir
anemMeHTap € OWian anMauITHPHIL MYMKHH, ShHH: df, = rda,

Oynaa do. —KOHTYp 3NEeMEHTH df, HUHT Mapkasuit Oypyaru. By

dl, xuiimaTunn Ba (11.34a) nan H = Eﬂ% nu (11.50)ra x¥iiu6,

- . AL :
(H-d1)=Hd[co H, dl =§1-—rd(x=—1—da HH  OJIaMM3.
nr 2

bynaa o Oypuak 0 gan 21 raya y3rapdulMHu Ha3apra onuo,
YHM MHTErpailab KyHuIaruHH olaMm3s:

388

www.ziyouz.com kutubxonasi



Hemaxk,

(11.51)

1yHaait KuAKG, KyHMaars Hatwxa Keaud UMKagu: mox
XOCUA  KUAZAH MAZHUM MAUOOH KYHUAGHZAHAUSN GCKMOPUHUNS
uXmMuepuil KOHMYp 6YIuUta YUPKYAAUUACU KOHMYD uMudarn ymaémean
mMoKKa menzoup.

Ymymuit xonsa Iy, 1,,... I, TOKnap XOCHA KMIIraH MarHut
MAWAOHMHUHI HATHXAaBHH KyWlaHIaHAHK BeXTOpM H
CYNepro3Muys npuinnnura 6uHoaH xap 6Up TOK/Iap MYCTAKH
XOCHJI KWITaH MarHuT MailaoH Kywiatrawawisiapy H, H,,.. I,
HUHI TCOMETPHK WMFUHIMCHIA TEHT:

— — - - " -
H=H,+HZ+...+H,,=2H,. (11.52)
i=1

Y Baktaa H sexropHuur uxtuépuit L €nux konryp Gyiuua
LIMPKYTALMSCH:

$@r-d)=f| Sl |=§ 3 (dr)=3, §(@,d0)

e i=]

By TeHraMKHMHC JHI TOMOHMZATH f(ﬁ',dl) o (11.51) ra
4
OuHoaH I Grian amMalUTHPHLL MyMKHUH, SThHU!

f(ﬁ'di)=ﬁl‘h (11.53)
P

e

Bytpaa { unjieke KOHTYP UIKAAH VTyBUM TOKIAPra TerHWIKAMD.
(11.53) dopmynara TYIHK TOK KOHYHHHHHT MaTeMalHk Mdonacu
neiinnuo, y 6ynaail taspudaaHagm;

Toxaap xocua Kua2eH MazHum MaudoHu KYYAQHEAQHAUK
BeKMOpUHUNE UXMUEPUE énuK KoHmYyp OYliuua yupryayuscu wy
KOHMYp uqudan ymaémeaan moxaapuune aneebpaux duruHducuza,
ADHU MYAUK, MOKKA meH20up.
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by xonyH (11.53) sia TOKHHMHI HUIOPACHHHM aHHKAAILLIA AapMa
KoupacupaH (poljalaHnIaNy, Si’bHKM NMapMAHMHT JAacTacH
KOHTYPHHYHT alinanmu AyHaMuimaa Oypairaisia napMaHHHT
WITapUIaHMA XapakaTty MychaT TOKHUILE HVHATMIUMEY KYPCATaIH.,
Teckapy WyHaMwaarH ToK 3ca Maddgui piopa dS1UnaH O TMHALH.

IAnexrpaall MabiIyMKH, IEKTPOCTAaTHK MAKWAOH KyulaH-
FAHTHK BEKTOPHMHMHI KOHTYD OYitrua LIMPKYISIMSICH HONI'R TEHT
OVAraHJWTH YYYH y noTrcHliMan MadaoH 6¥an6, yuu @
noTeHIya 6uiiad Tapcubaaiu MyMKHH 9au. Maruut Maitaon
KYWIaHTaHIUrY BEKTOPHHHUHY €nuK KOHTYp O¥itnuya umnp-
KyMsiuMsiCH HOJATa Tenr OynraHjuru ydyyvH Oydiail Maition
HOLOTEHUMA, THHHK YIOPM AU MailJoHIaH Hbopar.

DNCKTPOCTATMK MaMAOHHMHI KYWIaHTaHJIMK YH3HKJIApH
sapsngall Gourianu®, 3apanga Tyraiid, MarliuT MaiioH Ky
UM3UKAAPK 3Ca Xap AouM EnMK YU3uKaaH ubopar 6Vnanyu. by
3ca TabHaTaa MArHMT 3aps/IADMHMHI MABXYA 3MACHHTHIM
Kypcaraiu.

I°. Tyauk TOK KOHYHHHMHT Tarbuxu. TYnuK TOK
KOHYHM, KYMUYIIMK XYCYCUH X01ap/ia MAarHUT MaMJOHBHHHT
KYWIaHIaHARTHIM OCOHIMHA TOHHIITA UMKOH GepaiH.

11.24-pacm

[.YekcHu3 yYyH TOKIJIHW CONCHOMU MArHMUT MaWIOHMN-
HWHI KyuAadraHauru. ®apas KuIainuk, coJcHOMI
HWIHHAPHK KapKacra Ypairdd CMMaapian TaIKKW Tonrat 6¥icuH
(11.24-pacm). Toxan coneHoua ¥3u XOCHI KMJArAH MAarHuT
MAH/I0HA XnXaTnaal yMyMHit ¥kKa ara 6¥iraH afiaHMa Toxiap
CHUCTEMACHTA IKBUBAJICHTAUD. YHUHT MarHUT MaiaoH Ky'uaaH-
TAHAMPHHY xpucobsiawl yuyH, TYFpu Gypuakiy 1-2-3-4 KoHTypHH
axpaTu® onaMus, 1Ly KOHTYp OVitu4a MarHuT MainoH KyunaH-
rAH/IMK BEKTOPHHUHI LMPDKYISIHMACUHN KyiiHaaruva é3uu
MYMKHH:

§ (7.d7 )= T(f/ ) } (7T J+

¢

(1;"d7)+ (f?"ﬁ) (11.54)

G S, P
NG W—
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EKH

-2 3
§(7 -7 )= [ Hall cosay, +] Hal cosa, +
e 1 2

4 1 11.54a)
+ I Hdlcosa, +IHd1 cosay, ( '

3 4
By ndonaHuHr TYpTTa MHTErpIMIaH MUKKHHUH (az =§) Ba

TYPTUHYHU (a4=%n) CH HOJra TEHr, YYHKH cosa, =0,

cos o, =0 O¥nanu. Y4uHYM MHTETPAN 3¢a CONEHOMUIAH TALUKH
KucMra (Oy epaa MaiaoH KywiaHradnurd H=0) teruuum
Gy/iraHy yuyH y XaM Hoara TeHeaup. Llyruur yuys xam (11.54a)
uhoganan:

2
§(H-dl)=del=Hl, (11.55)
e 1
6y epna H—cojiCHOUA YKMHMHT [-2 KUCMMAArH MarHur
MAMIOHHUMHI KY'WIAHTAHAMIHY, {(—10Y KHCMUHUMHT Y3YHAUTH,
HMkkuH1YM TOMOHAAH TYIMK TOK KOHYHHTa OMHOAaH MariuT
MaiJIOH KYYJaHIAHIMK BEKTOPHHUHT €nuK (1-2-3-4) KoHTYp
6yiinua UMPKY/BSILMACH Ly KOHTYP MYMIAH YTYRUM TVIMK TOKKA,
SbHU TOKNApHUHT HUFMHAucH NI ra Ttenrawp (6ynaa, N—
KOHTYD MYHAArH TOKAAP COHU) SAbHU:

§li-dl)=N1.

e

(11.35a)

LUynpa#k xuau6, (11.55) Ba (11.55a) acocuaa Ky#uaaru Kkeanot
YHKADM:

Hl=NI. (11.56)
byHaaH:

H=I4<n. (11.56)

Oy cpiaa, 0= % ~COMCHOMAHUHT GUPTHK Y3YHIUIMIA MOC KEITaH

ypamnap coHM, |—coicHOHMAIarn TOKHMHr Kyud. ByHnan
KYypuHaauky, okopuaa buo-Casap-Jlaniac KoHyHH acocuia
aHya KHHMHYMARK OHtaH yukapwiran (11,56) ndonany tyauk
TOK KOHYHH acOCHAA OCOHTHHA OTHHAAMN.
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2. Topous YKunaru MariUT MaiaoH KYUJaHTAHJAHTH.
Topoud de6, mapxaznapu alirana 6yiinab xcotinawean bup xusdazu
ailnanma moxaap cucmemacuea admunadu (11.26a- pacm). Toxkan
TOPOMAHMHI MAarHMT MaiAOHU (aKAT YHHHT y3aruaa Myxac-
caMaanIraH 0ynub, Talikd KUCMMKIA MaBxyl O¥amaiau.

Toxny TOpOHAIMHT MAarHUT MaIOHMHM Xucobnaiu Gopmy-
JIaCHUHM KenTupud uuKapuill yuyH, ¢dapas kKuwiaiinuk, ypaMm-
JapAard TOKHUHT Ky4H [, ypamnap couM N Ba TOPOMA ¥3aK
KCCUMMHMHT MYKH Ba TAIUKK paiuyciapuHu R, Ba R, Gunan
Genrunaitmus (11.25-pacm). Cummerpus Mynoxasanapura 6ui10as
MarHuT MaiJOHHMHT Ky4 1H3UKJIAPH CHMMETPHK aifjIauMa CNuK
uu3uKaapaaH ubopar 6yaub, ynapHMHr Mapkasiapu TOpOHI
Mapkasu 0 HyKTaaH TOPOMUA TEKHCAMIMIA THK PaBHILAA YTraH
ykaa érany. bunobapuH, 6uTTa KyY YHM3MKJIAPWIATH MATHMT
MaNAOHHUHI KyyJaHrawiuru H xam Oup xun 6VMwy Kepax.
Ilyuunr yyyd, 6upop r paamyciay alinana Oyitnab mMaruut
MailloH Ky4laHTaHJIMTU BEKTOPH FJ HHHT UMPKYJIALMICH
Kyluiarura TeHT:

11.25-pacum
-\ 2= Y24
§A.di)=[Ha=H [@=2ntr. . (1157,
e 0 0

TVuK TOK KOHYHHTa GHHOaH, aiNaHaHMHT XOJIATH, SbHHU 1
pajgnycura Kapab Maruut MaitioH Ky'wIaHraHJIMTMHUHT IHPKY-
NAUMACH KyHHUOArura TeHr OYynmum MyMKHH:
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Arap r < R, Gyaca, r panuycny / aiinaHa uyMiaaH TOK

N

yr™aiinu (11.256-pacm), GuHoOapuH z I, =0 6y;mb, (11.57)
il

Oy xonga Hojira TeHr 6ynanu:

§(8.dT )=2nHr =0 stoun: 1 =0.

e

(11.57a)

Arap r> R, Gyaranga xaM r paguyciu [, aiiana namaad [
ok 2N Ypam yranu. 11.7-pacmnan kypunaavku, N 1a ypamaa
TOK OHp TOMOHTa MyHairaH 6¥aud, Konran N ypamia aca Kapama-
KapIiii TOMOHIA HyHaNraHy yuyH aitiaHa MUMAaH YTaéTra TYIIMK
TOK siHa HOATA TeHr OVJjlaau, SbHU;

2N iN

Ell =Z(+ Ii)+ ’ ("'11)

1=l i=] i=

0.

By xoaaa (11.57) kyingarura Tenr 6ynanu;

f(f] . d7)= 2aHr =0,9%un H =0

e

(11.576)

[ynpait kywiub, TOKJIM TOPOMA Y3arujaH TalUKAPHUCHIA
MArHUT MaiiloHK Marxya OVJIMAcAMIu Keaud YuKaau.

ToxKJIH TOPOMAHUHT MArHWT MaiJMOHM YHUHr ¥3aruna
(R, < r < R,) MyXaccamAalraHiHr¥ y4yH TOPOM MuMaard /
ailtana wynpad froxnu N ypam yramu. HlyHenr yyyH Oy xonaa
(11.57) xyiimparura TeHr 6ynanu:

§(@ -dT )=27Hr = NI

44

(11.58)
byunan:
H =4, (11.59)

HiyHpa# Kunub, Topoua uuMaary MariuT Maitiol KyuiaH-
ranavrya 0 Mapkasaax y30K1allUraH capu MakCUMal KuiiMariial

MHHHMAT KUIAMATIaya y3rapai, SibHH:

Hoae = 500 B8 My = 50 = 5l (11.59a)
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Oyiina, d—TOpOHIAATY YPaMITHHT IHAMCTDH TOPOMIHMHI MATHUT

MaIOHY YKHOArH gr =R = %&) MAarHuT MaiioH KywiaH-

YAM
FAIIMTY OMIaH TaBCU(IaHATU:

H, =1§-7!Q/Tl”=1n, (11.596)

OyHaa: n—TOpPOW/L Y3aK YKUHUHT Y3YHIMIUTA MOC KE/IraH ypaniap
COHH.

Arap [/ » d 6ynca, TOPOMIL YEKCU3 COACHOWITA aitaaHUb,
y3arunary MariuT MaitioHn GUp XUHCIK MaitaoHra aivtauub
KONajIH.

11.6. MArSMT HIVTYKLIHA OKUMH. MATHUT 3AHXUPY

MarHuT MHAYKUHUS OKKUMU. MabiyMKH, MATHUT KyY
UU3HKIApH Epaamy OWAaH MAMIOHHHHT HYHATMIIMHH TACBHP-
JIALLITMHA 3Mac, 0a1K1 MAMA0H MHAYKUMACH B HUHT KaTrasiuriim
XxaM udoaanaiu MYMKHH. Mariur Ma#ZoHHUHT Gepwiran
HYKTACH/IATH BEKTOPH B MMKIOP XUXATIAH GUp GUPIMK 103a1aH
THK pasiua ¥TacTrad Ky4 YMIMKIAPHHUHT COHUIA, SbHH Ky
YUINKJIAPUHHHT CUPT 3UWWIMIHIa Tenr Gyarad (bu:;m( KaTta-
Jjup. Hynuur yayH, MaruuT MaliloOHHHHT MHAYKUMSICH KaTTa
OyaraH xoina Kyd YM3UKIApH 31 Xoinaiiran 6y1aam, akcuHa,
MaikAOHHUHT MUHAYKUHACH KHUHK OysaraH xoifaa aca Ky
YH3UKJIApH CHitpaK xolalany.

Hlvhaai Kanb, Kyu YHSHKAAPUHBHMHI KUTHH-CHIPAKITUIK
MAarHMT MaifOH HMHAYKIIUACH BEKTODHHHMHI KATTANKIUHU
ndonanaca, Kyy UM3HKIAPUHUHD AVHATHIIM 3Ca MHIYKI(MA
BEKTOPUHUHT HYHATMUIMHY KypCaTaau.

Hudykywsicu mypau Hykmaaapda xap xua 6yaean Maium
maiidonuea bup ycuncau 6yamazan maidon deluradu. Xymaanai,
TVFpH B4 alJIalIMa TOK XOCHJ1 KW/ITaH MarHUT MakaoHN, TOKIU
KHCKA Y3YHJMKAATH CONEHOMIHUHT TAMIKAPUCHAATH MaiIOH,
JOUMHMIA MArHUTHUHT MANIOHY Ba Uiy Kabuhap OHp XHUHICTH
6ViiMarad Mailposaup.

Uuaykumsicy xaMMa HyKTanapaa Oup xwt 6VaraHn Mardmr
Maitnora 6up XKUHCTM MaiiaoH e atanany. Byuaai Maitnorra
YEKCM3 Y3YH TOKIIH COJCHOU XOCHWI KHITaH MarHUT Maiaony
Mucos 6yna os1aaum.

Gepunran ozanaH yraérraH MartiuT Ky4 YHM3MKIapu COHM
MArHHT MHAYKUHUSA OKHMHU €KH KUCKAYA MATHUT OKHMHU
J1e0 arailyByH cKaasp PU3MK KaTTAIMK OWIaH TaBcHdriaHasy.
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Bepunzan anemenmap ds 103a
OpKaal YMAEmean MazHum undyx-
WS 6eKMOPURUNZ OKUMU (Ma2ium
oKumu) deb, aremeHmap ro3aua
nopman i nune idynasumudacu
B wunz npoexyusicu B nu ds
w3a4aea Kynaimmacuea mene
Qusux xammanuxka aidmusadu
(11.26-pacm), sonu:

11.26-pacwum

— A - -
d®d =R dS = BdScos| B, ii |=BdS, = (B.dS), (11.60)

OyHaa ds,—oneMeHTap ds I03aHVHT B wwur MYHAIMILKAIA THK
nyuannm OVitnua nipoekuusacH, ds = nds — saemenTap 103a ds
nunr Bektopd. by ndoaa S oyitnua uHrcrpaiiaica, S—iosa
OPKAJIM YTYBUM MATHMT OKMMH @ KCIMO YnKanu:

@ =B ds-[Bds, = [(B.45) (11.61)

s

Arap MaiaoH Oup XUHCIH (B = const) 63nub, S 103a ssccu
Ba Ky YM3UKJIapHTa TUK Xoinauran 6ynaca, (11.61) kyiinnaru
KYPHUHUIUT Keaauu:

& =BS. (11.612a)

Marnut okpmy CHua Bebep (BO) napaa ynuananu.

Maruut mafigonn yyyn Ocrtporpaackuin-laycc
TeopeMacu. MxTuépuit EinK CUpT OPKATU YTYBYHM MArliuT
OKHMU HOJIra TEHT, S'’bHU:

I(‘édg)z,[ BndS = IB([SH =0. (l 162)

5

By Teopema, TaGuartia MAarHuT «3apsULUIADHHHAHI» MaBXYA
BMACITATHHY TACAMKAOBYM MAaTEMATHK ndoraaup.

MabiyMKi MarHUT MaliioH MHAYKLMS YU3NKIAPU XaMMa
BaKT €nmMK OVaraHu yuyy HUXTHEpHit €nmK CHpIra KUMpyBUH
MHAYKIHS yusuiaapy \@ ) yHaan 4uKaérran HHYKUMs
uusukIapy \@, ) ra Tenr 6§16, EnUK CHPTAAH YUUKAETIAH TYINK,
HHIYKINS YU3UK/IAPH, b MarHHWT OKMMHA HOMra TeHr 6yaauu.
By xynoca (11.62) ndomaumur MaHTMKHit ucGoTHIaH HGOPATIHD.
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MaruuT 3auxupu KodyHunapu. Maznum 3anxcupu oeo,
MAZHUM MAUOOHAQPU MYNHCACCAMAQWAN (ha30 Kucmiapuea
aiimuradu. XKymianaH, TOKIH TOPOWH Ba YEKCH3 Y3YH TOKIH
COJMICHOM I XOCH OV/JIraH MarHUT MaM/IOHH 3HI CONAA MArHUT
3aHXHPH OVitanu. KyanaHuinra kapab, MarkiT 3aHxXupH HUCOui
MACHWAT CHHTAMPYBYAHAKIY W Xap XM MOAAAPAAH SCANARH.
Kyuuuua 6y Makcaaga Vaak cudarian TeMup miarunaiu,

Bi1ekTpAaH Gapki1M paBHuLIa YpaMiapaard ToKnapra, ShHH
IN—amrtep ¥pamiap MarHUT 3aHXHUPHUHAHE ManGau xucoOaanaiu.
MarHuT 3aHXMPUHUHIE ACOCHIT KHCMIIAPH XHCODIaHA/AMMAH J/1EK TP
MallWHajdap Ba KYmuwink 3/ektp Kypuamaigap (Tpanchop-
MATOPAP, MICKTPOMATHUTAAD BA U1y KaOWIAP)HU XUCOONIAIL KaTra
AMATHIA aXaMUsITTa rajup.

Xap Kaugai MarauT 3aHXAPUHM TYIMK TOK KouyHH (11.53)
Ba Ocrporpaackuii—aycc teopemacy (11.60) acocuaa ocoHrnua
XHCOBAaHA M. ‘

Mucon rapukacupa [1.27a-pacMaa TaCBUpsaHTaH TOPOUI
MArHHT MaiaoHuuu Xucodaad unkaMus. Papa3 Kuaaliuk,

B
X0
222

11.27-pacwum

TOPOMAHMHT ¥3ard HHCOUN MariuT CHHTANPYBYAHIUIH U, Ba
Uy, Y3ywiiurv / Ba [, 6ys1ran 1 pa 2 kemaad ubopart 6yacuil.

Ocrporpanckuit—layvee TeopeMacH acocuia TOKIM TOpoO-
VAHRHT X3P XM MOAAAIADAAH SCATFaH ¥3aruaa MaTHuT Mailnon
MHAYKUMSACH B HUHr KHAMATH OMp XW1 OYNHIIKMHENA OCOHIMHA
ucboTaait MyMxuH. Byuuur yuyH. 11.276-pacMaa xypca-
THATAHIEK, MKKW XHJ MOJUIAIH TOPOMH ¥3arMHUHT KMCMHHMU
ek, AOCC'O’'C’ 1puIHAPUK CeKTOp OMian ypab onamMus, ¥
BaKTAQ Oy ENUK CHPTAAH YNKAETIaH MariuT MHIAYKIINA OKHMH
(11.62) ra acocan 110152 TEHLIUD, HBHIM:
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$B,dS=0 (11.63)
s
Y BakTaa, €nukK LWIMHAPUK CEKTOPHUHT dakatr 40’4’ Ba
COC’C’ panman S, Ba S, Cuptiap OpKaIn YTaéTraH MarHut

oxumnapk @, Ba @, Kyituaarura TeHr 6ynaau:
( 2 %2)
@, = [B,dS=[BdScos B, ﬁ,)=BISl

5 5

5 5

| A 11.64
@, = B,,ds=f32dSco{Bz, 52]=st2. (169

- A A PU AN
OyHpa [B,, ﬁ1J=O° Ba (Bz, ﬁz)z'n, By udonanm (11.63)

Fa acOCaH KyHHIArMua €3uL MyMKHH:
B+, =0 éxn B, =—D,. (11.65)

(11.64) nan @, Ba P, napuuur ndoaanapunu (11.65) ra Kyiub,

S =8, =5 akanauru nasapra onutca, B, = B, Kenub dnuKalM.
BunoGapun, 6up scuitcau 6yamaear mopoud y3azunune uxmuépuil
Kecu ro3acuda sacrum undyiuuacu B 6up xua 6¥nadu. Iynunr
yuyH xam Oyuman Kelui ¥3aK opKaay YTa€Tran MATHUT OKUMU
YMyMHH KYpUHHKLLAR KyAngarnua 6ynanu:

d=R-S. ’ (11.66)
Toknu Topoun YKaarn MariuT MaiIOHHMHT HHAYKIMsACcH B Hu
TYIINK ToK KonyHu (11.53) nan oitnananud tonamus. byuna
ENMK, KOHTYp cudariia TOPOMIHHHT €MUK, ¥3aK YKM | Hu onamu3
(11.27-pacm), sbHH:
f(H df )= [j Hodl + [j Bdl=Hl+ Wb, o
| 2

Oynga [Ba l,—MarHuT 3aHXMpU GUPUHYH BA MKKHUHUM

KHCMAApHHHUHT y3yHaukaapn. UKknnunpan, THANK TOK KOHYHH
(11.53) ra acocan (11.67) HuHr yan ToMOHM | €éNUK KOHTYD
HYUAaH YTa8TraH TVauK ToK NI ra TeHraMp, sibHU:
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Hb + H,l, = NI (11.67,a)
by epjia: J—ToK Kyus, N—Topoun uylraMuiarn couu, H,
Ba H, a1 B opkanu ndonanaiimus:
=L
H, e H2 R

by H, a H, unur ndoaanapuuy (11.67a) ra xy#u6, ynjaan B
HU TONAMHK3;

B g BN
#ulln oty
Exu (11.68)
___IN
B-———-——’ T
i pie

Bynu (11.66) ra k¥iniaca, Topoui V3ary opKain YTYBUM MATHUT
UHAYKUMS OKUMK @ HRUHT KyHHuaary uoaacH Keano YynKamm:

__L_JL+.._1__II ’ (11.69)
Hty S oty S

MaruuTt 3aHXupu yuyn €3unraH 6y MyHocabaT YIWHMHT
KYpUBMIIM 6MaaH 3ACKTD 3arDkupd yYYyH OM KOHYHMHHHT
matemartuk udopacn =% ra Yyxpan 6VIaHauIMaag, yHu
sHa KYHHAATH KYpRHMILAA €311 MYMKHH:

P = eIV —_gﬁ
ah, 1 h R, (11.70)

muxS Moty S
OyHi1a Sm —MAarHuT IOPUTYBYY Ky, R —3aHXUpHUUT
TYAUK MATHUT Kapuivaury gcinnul, yuap xyiuzary
KYPUHHIIITA 2ra:

E =IN;R, -“1; TSHFIuTS“ (11.70, a)

LlyHpait kuanb, mardur saipkdpy yayH éswirad (11.70)
MyHocabarra 'ofmHUHCOH popMynacH aekinnaay Ba y Gyiiaaii
Tavpubnatiany.

LHUK MASHUM 3AHICUPHOGH Ymaémean Mmazuum oxumu @
sanxcupdaeu maehum axexmp wopumyeuu kyy € za mymu eu
3AHACUPHUHE MPAUK MALHUM KOPUUIUR R 2a meckapu
nponopyucHanoup.
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Arap MAarHuT 33HXHUPH OUDP KMCMMHHMHT y3vHaury [ Ba
KyHAQIaHT KeCUMU S, HUCOMH MariMT CHHIZIMPYBUAHJINIU [
6ysca, YHHHT MarHuT Kapuaury R xyhunarn kypunmmra
Kenaau:

Ry =5 % (11.71)

Arap MarHuT 3alXMPHHUHT Y3YHAXTH V3rapyByaH 6yiica, YHUHI
MarHuT Kapuwuinry R Hu nHterpaniab xucobaananu:

{
Rm=J‘EgH.‘§dI (1171 8)
0

V3apo KeTMa-KeT Ba napa/ulesT YIaliraH MarHUT 3atKHPUHUHE
YMYMHI KAPIHIATHA XYARH SNEKTPAArHIeK Xuco0aaHaau.
Kerma-ker ynanrasaa:

R = le + R/nl et Rm Z i * (1 1.72)

nRixs

Napannen yaanranaa:

N
| S 1
= -——- + ._._... +eendt ! . .
Rmnap »u Rmz an 2 Rnn‘ (1 1.72 d)

Kupxrod xoumanapu. TapMOK;lanraH MAarHHWT 3aH-
KUPAApH VuyH xaM Kupxrohuuur Kyigari MKKU KOMIacH
VPUHINAUD: -

KupxrodHutir OUpHHUN KOMIACHU! MAZHUM 3AHICUDUHUNE

MyeyRUOa yupawean MazHum OKUMAAPHUKE arzebpaux BuruHoucU

HOA2a menz;

2“” =0. (11.73)

Byhnna oxum Tyryura Kcnaermu Oynca mycbar uiopa 6uaH,
TYTYHJIaH KeTa&TraHK 2ca Matdhmil nirnopa 6unaH oiMHann.

Kupxro@HUHr MKKMHYH KOMAACH: MAPMOKAQHSAH MUSHUM
SAHHCUPHURZ UXMUEPLI EnUK KORmMYpU Kucsaapudan ymaémean
MA2ZHUM OKUMUHUNZ MOC DABUIOG MAZHUM Kapuwuaukaapuea
Kynaiimmaiapurumz anze6paux UFUHOUCY wiy KOHmMypogau Mazium
opuMyauu KYyMAGPHURE AAzebpaux durunducuea mexe;

n
ECD i = 2 E i (11.74)

i=}
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OyH/1a n—EMUK KOHTYD KHCMAAp COHU. Arap MarHMT okuMy @

HMHT Ba MarHUT IOPHTYBYM Kyd €, HUHT HYHATMIIN KOHTYPHUHT
afTaHMIINra MOC TyLICa, yaap MycOaT Hulopa OwiaH, KapaMa-
Kapiuy OyaraHaa 3ca MaHguit MLIopa 6u1aH OMTHUHAIM.

TAKPOPJIAIII CABOJLIAPU

1.9pcren TaxpubacuHu TYWIYHTUPHO GepHHT.

2. «CunoB KOHTYpH» Ac6 HMMara adtuiaau?

3. KottTypHHHT MaruiuT MOMeEHTH 1c6 HUMara aiiTisiagn?

4. MarunT MalIOHHUHT GMPODP HYKTACHIArM HHAVKUNMA BeKTOpH fch
nuMmara atuaaau sa CH ynuoB Gupanry Kadiai?

5. Maruur MaiAaoH HHAYKUHMACH BAa KYWIRHCAINIMIY ¥3ap0 Kauaaii
GoF1asran?

6. Maruur MailloH Ky4 MH3UKIapK Ae6 HuMara aiitMaaaM Ba v Katiaii
#yuanran? Kvu du3suiCIapHHHr #YHATHBIMHY HOILTOBYH «[1apMa KOWIACH»
TabPHEIAICHHU,

7. Maruur MallIOHHHHT TOKTH VTKa3rH4Ia TAbCHpP Ky4d—AMIep KY4HHK
TaBPUQIAHT.

8. Maruut MaliloHHHHI' XapakaTiaru 3apsiara TabCHP KHIYBYH Kyq—
Jlopesu KyWHHU TabpHQALHT.

9. 3apsaau 3appavanap TCIJIATIUWIAPU. UMKIOTpOH, (Ha3aTpoH,
CUHXPOTPOH, CHHXPoda30Tpoll Ba GCTATPOHNAPIMHI TYIMTHIUN Bad HILLTAUS
DPUHUMITHHM TYILYHTUPHO GSepHHuTr,

10. Xo.1a odubexru A6 Kangail xoaucam afTUAZAM Ba YHUHT MATCMATUK
HPosacu Kaugai?

11, bro-Casap-Jlannac koHyHHHH TabpUG.TAHT Ba (QOPMYAACHHH G3HHI.

12. V3ynaury ycrapasatrad Ba MCKCH3 Y3YH TOKTH YTKa3rHY XaM/a aiLaHa
TOK MapKasy Ba YKWIarH MarHMT MAMGOHHHMHI MELYKIMACH BA KywIal-
raHRHrBHY Xpcobnaw gopmysianapu E3uacun.

13. Mapanien TOKIAPHUHT BA UKKH JJICMEHTAP TOKJIM JTKAITHY1apHunT
$3ap0o Tabcup Kyuu Hgoaacy E3NICHH.

14. Tox kyuMkHHI Y08 GupiaurH—amrep (A) TaspuIatcHi.

15. Xapaxartnaru 3apaiHHHE XOCHI KMATAH MATHUT MalilOHHHHWHT
HELAYKUMACH Ba KYWIRHTAHAKTUUY Hoaa10BuN QOPMYILTAp E3WICHH.

16. Tyaux TOK KOHYHH TabpHbIaHCHH Ba dopMyaacH E3UACHN,

17. Maruut maitgoru yuyd Ocrporpaackiii-bayee 1eopeMack Tabpud-
JIAHCHH.

18. Marnut 3amxupy e Himara aitrisanm?

19. MaruuT 10pUTYBYM KYH BA SAHXKHUPHKHT MArHUT KApUBLIHTHHHK
udogaiopur dopmytanap Eanncu,’

20. Enuk Marnut samkupyu yayn Tomkuucon QOPMYTRCH €3UACHH na
TabpUQIAHCHH. '

21, MarauT KApuITUKIapHH yaail Typiapi Kangaiu?

22. Tapmoxjasran MartuuT saixupu yuyd Kupxroduuur 6apmium  pa
HKKHHIY KOUAQIApH TABPHPIAHCHH.
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12-BOB
DJIEKTPOMAHUT HHAYKIINA

12.1. PAPAJEHHUHT BJEKTPOMATHUT UHIAYKIING
KOHYIIH

DReKTPOMATrHUT MalAOH XaKkujaa TyllyHua. Maruur
sMajinon Ba yura xucOataH Ky3raiMati TypraH 3jeKTp 3apsal
§3apo 6up-OMpr OHAar TabCHPIaUIMaiIY. BUPOK JNCKTP 3apsiin
MATHUT MaigoHHra HUcOaTan XapakariaHral 3aX0THEK yaap
opacuia y3apo tabcup naipio oynanu. Maruwt MalJOHHMHT
XapakaTianasTran 3apsuua tancup Kyus Jlopeuiy dopmynacu
Oraan, TOKKa Tabcup Kyud 3ca Amnep ¢opmynacu 6unan
aHukKIaHany. byiial Tabeup Mariut MalaoH 8raal xapakar-
Jgauaérral 3apspMHr 8xu TOKIIUNT arpoduna xocun G¥nran
MArHMT MAMTOHIAPHUHT Y3aP0 TALCUPHAUD. JACKTPOMarHuT
MANRJOHNMHT KYU YH3MKIapy 3apsn €k TOKHMHI Xapakar
ASHIMLIMHY KOHIICHTPUK aitaanaiiap KYpuunumaa ypab oaran
6¥namn. Kaepaa 251eKTp MAaoH Ky 'UIaHTaHIMIMHKNT Y3rapuiiig
pVit Gepea, Yia epia uy 3axX0THEK MArHWT MalI0H 11aia0 6fitaam.
MacanaH, XaBo KOl/ieHCATOPHAAH Y3rapyByal TOK Yra€rranja,
‘TOK YTagrran yTKarny arpodiiaa xaM, KOHJACHCATOP KOTUIaMataph
OpacHIa XaM MarHnT Maiaoy xocun 6¥naan (12.1-pacm). Baektp
MARJOHHHHT V3rapuiliy TUXTAaranua, AbHH Y 3JeKTPOCTaTHK
aaitonra alinanranmnia Oy MariuT Mailjlon “YKoaiM.

Tain_yoy

< l

=
!

{2.1-pacwu [2.2-pacwm

baén xuauuran Oy Januanap S0eKTp MalnoH MarHut
MAMJOHHM BYXYAI'A KEITHPAD 3Kal, JJEKTP MaltioH xaMm V3
HasbatHaa 6eBocUTa 3apsiLiap Tydaiiny smac, Carku Martur
MAHZOHHMHI ¥3rapHUIMAAH BYXYLra KeIMINuHK udoaaiaian.
Maruut maiijioH yarapyiny TyGainy WHIAVKIMSIIAHTAH S/ISKTP
KYY YHIMKAapUHUHT §owuK Ba Oxupu OViaMaiau, sbpHU yaap
3apssLIapra OOFAMK 3MAac, WHJAYKUUSAAHTAH JEKTp Kyd
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YM3UKJIApH Y3rapyBuyaH MartuT Ky4 YM3MKIApMHHU YIOPMa
Kypunininga ypab onagn, Kymnagan, [2.2-pacmaa Tacsup-
SIAHTAHACK, IOMMHIA MArHHUT KYTONApH SKMHIAUITHPpWIranaa,
yaap opacumarn ¢dasoga yiopMa kypUHMILMIA BJACKTP Ky
YM3MKAAPH UHAVKIMSNAHALY,

MaruuT MainoHHUHT Yarapyinaasd Xocua 6y1aauran 3;1eKrp
MAJIONTa A€ KTPOMATHUT Mala0OH AeHKIALM. DACKTPO-
MACHUT MaliIORIA 2eKTP Kyuaap MAaTHHT Kyuaap OuiaH y3Buit
Boritanrad Ba ynap (asoHMHI UXTHEPHMIT HYKTACHAA MarHuT
KYWIAPHHUHT V3rapHUIHAa BYXKYATa KEaiH.

DnexTPOMaTNHT MaHAOH MOXMSITH KHUXATHAAH MATCPUAHNKT
JIEKTP Ba MAriiuT MaiIoH acocuaa €TraH HIaKJIMHUHAT OMp
KYPUHHILIWAAD.

DapajgeMHUHT 3NEKTPOMATHUT NHAYKIIUS KOHYIIH.
IACKTPOMATHUT MAMIOHHUHT MABXYTMITH HK MHITAS (DUIHTH
M. Dapaneit 192] #manan 1931 fnsmap naBoMuia yrkasraf
TaXpUbAIapy aCOCHAA Y3MHMHI DiEKTPOMArHUT MHAYKIHMA
KOHYHMHY Kawidh kpaam. JnexrpoMarinT nuoyKiius xoamuca-
CHHMHT Kalu( KWIKMHTAHAUTUTA 103 AAUK WHAlaH OPTUK BakT
VIMIHra KapaMai, S1eKTpoTeXHUKAHUIT 6eKnéc PUBOXCTAHHIIN
caGabiin Oy xoauca XO3MPru KyHAa sSHAAa MYXMM axamisiira
sraaup. XO3UPrU 3aMOH 3HP KYBBATAW 3AEKTP DHEPTHSI
rCHEPATOP/IaPK XYiUIH LY XO/Mcara - acoCAalraINIHU SNEKTpo-
TEXHHKA yMYH 3AeKTPOMAriUT HHAYKUMS XOAMCACH MYXHUM
IKAHTACHHWHE JaTWIAKD.

3NeKTpOMATHHT Malgosiary yTkasruyaga xocuil OyaraH
TOKKa MHAYKILIMOH TOK #eb atananm.

(DapaneHUHT HHAYKLUHOH TOK X0CHA OYAMIL LIapTIapuHU
AHMK/IaraH TAXXpHOaNapHU Kapal unkainuk.
©[. Arap aouMMil MarHuT Taéxua ranbBaHOMETPra yaalray
FAITAK MUWTA KUPUTHIMLLKMAA €KW YHAAH YWMKApunaéIraHia
(12.3-pacM) KOHTYP/IA HHAYKLMOH TOK Xocua 6ynaau: OyHaait
X0/A2 raThLBAHOMETPHMHT MUIM OMP TOMOHIA OFaIM, OHHODAPHH
MHAVKIHOH TOKNHHT AVHAIMIIY Y3rapiiv.

S’ N —_—
[f%ﬁ E‘j‘g‘fi“]
12.3-pacm
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Xyjoca: [OUMHI MArHUT KAHUUTHK KY'UTH, YHUHT XapakaTH
KZHua Te3 Ba FANTAK ypaMjaapy Kamua kyn 0ysica, MHAYKIIHOH
TOKHMHI Kyuy MIyHYa KaTTa 6Vaaau. Arap FOITaK B2 JOMMHH
MarHuTra Huchartan tuia 6yica, HHAYKIMOH TOK XOCHA OYa-
Manau.

2, TvHY TypraH JOMMHI MargHIra YUIApUra raibBaHoMeTp
YAAHTAH FATTAK SIKMHIIITUPUATALLA €KY Y30KIAIITHPHATAI A
XaM FUITAKAQ MHIYKUMOH TOK xocua ovaaau (12.4-pacm). by
XOMLA XAaM XV/LEH OMPHH' M XOiLArHACK. KUTTAK YpaMaapHiK Kecud
VINGH HHAVKITMOH TOKHAHTE XOCH:T OVIuMra cadbad 6viaau.

5N
I I

12.4-pacw

3. Euma-8n KYHWiran MKKY FUITAKHUHT GUPUHUHCH PEOCTAT
OpKasin Oarapesita yaHumb, MKKMHUMMCH 3Ca rajJbBAHOMETPFa
yiadran 6ynacuy (12.5-pacm). Buprud FuITakaary TOKHUHIL
KYuM pecocTaT Cp/laMmiia Y3raprupuiliad. BUpHH YU rastakiary
TOKHUHT KYYi ODTHLUMIA XaM, KAMAHMHINIA XAM HHIYKUMOH
TOK X0cH OVaanM, OUPOK, VHUHT HYHA MKW ¥3rapajin.

I

12.5-pacum

o 4. Arap rITaKAap HUMra TeMHUP Y3aK VpHATIICA, MIULYKIIMOH
TOKHUHI xocu1 05 odrbekTn Kyuastay. Hartvxana MKKuHIM
FANTAKJIA KY'WIHPOK TOK MHAyKuusinavaau (12.6-pacm). by
TXPHOUAH, UHAYKIIMOH TOKHH MArHKT KywiaHrasinru H amac,
Oanky MarnnuT MalinoH UBAYKUMSICH B HUBT Y¥3rapuiny Xocui
KWAMIIA Keiub unkKand. XakukaraH xaM. MarHuT mafiaon
MHIYKHUAACH B MOZAAHMKBT HUCOMH MArHUT CUHTAMPYBYAHAKIH
W ra 6OFAMKAMP, AbHN
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I
I IrrgoD

L e e o0 4

i

12.6-pacm

wrweewrweerw

B =p il (12.1)
3. },3“13“6"9"1121!{ H30MSLIMSAIAHTAH TOPOW Y3aKKA ypHaTHiran
VIKKM ypaM cum onuHran (12.7-pacm). bupunun ypam K xaauT
Opkanu b Gatapesra ynauran 6y1u6, nkkyHuM YpaMHUHT yIapy
3Ca (5 FaIbBOHOMETpra ynanrad. Bupunuu ypamaan yraérraH
TOK ¥3rapmac XOnraHuaa MKKMIMKM ypamaa xe4 Kawmai TOK
ByXynra keamaiam. Jlekun GupnHYM ypaMun Tok ManGaura yaail
Ba y3uLL BAKTUAAR UKKHHYM YPamMAa MHIYKIMOH TOK XOCIT OY/IraH.
Kanwtuu ynauwina 6upuiin ypaMoar Mariint okMMU HOIAH
Supop kuitmarraua Yarapagd. AKCHHuUA, KAIWT Y3UATAHAA 9CA
MATHUT OKMMU HOJFAYa Kamasan. By Yarapysuad Marut OKUMH
MXKMHYM YPaMaa MHAYKIIMOH TOKHH XOCH KUAALH.

Hlynaait xunu6, rokopuaa GaBH KuuuiraH taxpuba
HaTWXanapuaaH Kyiujary xenuG uuxams: GHpop KONTYD
aTpothuia MarHMT MalinoH Yarapranaa (Oy y3rapyiu Kanpai ycyll
Gunan amanra owmpwnnuMaan Katby Hazap), 6y KOHTYPAA
VIEKTP IOPUTYRUM Ky \E, ) MHAYKIMsaHALK; arap KOHTYP GepK
OYxca, yuna unaykumon Tox xock 6ynanu. By xynoca acocuaa
Dapaneit 31eKTPOMArHUT MHAYKIMA KOHUYHHHY Kautd) KWIIH.
By KonyH kyitunaruua Tabpuduiananu:

N, K I

BV

T £

12.7-pacwm

Konmypoa xocun 6ynzan undykuuon 310K wy xonmyp buras

“ezapananean 103a opKaau ymaémaean mMaznum uHGYKUUA OKUMUHUNS
Yieapuw mesznueuea npoONOPYUOHAN, SLHN.
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i
£ =KL, _ (12.2)

6yHaa K—nponopunonaink koadhduuuenTy 6y1ub, yHUHT COH
Kuiimatu 6y opmysnara KMPYBYM KaTTAAMKAADHHHI VJIYOB
Oupankiapura GCOETUKINP.

Uuaykumnod TOKHUHT HyHanuinm. Jlenil Kowpacu.
Fanrak ypamaapuga Xocun OVAraH vMHAYKUMOH TOKHMHI
UYHATMILIMHN IU1bBAHOMETD MIWIMIIMHE OFMINUTA Kapab aHMK 1aill
MYMKHH. BYHHHI yuyH FATTAKKA YpairaH CUMAAPHUHT YWIapHra
¥3ap0O KETMA-KET VIAHIAH [ANbBAHOMETD, KYLUHMYa KApUIMIHKIIH
raIbBaHMK JICMeHT YIaHUO, TOKHUHE HYHAAUIIIMIA MOC KeraH
raIbBAHOMETD MITHHHHI OFMIL HYHAIMLIN dJeMeHT KyTOna-
pura Kapab aHUKIaHALHU.

IneMeHTHH oMb KYitnG, PapaneiiHubr GUpUHUM TRXpUGacH
TakpoOP/1aHAJIK BA Xap I'ajl 3aHXHUPAATH TOKHHUHT #YHATHILWUHY
AHHKJIA0, FAITaKaa XOCU 6Varali MarHuT MaitaoH Kyd UM3HKIApH

AN AN
5 S /, z
é
l2.8-pac.~|

#ynavuy (Kyroaapy) napMa KOMAAcH acocHaa aHHK/IaHAIH.
12.8-pacMaa TaxpuGaHU T TYPAN BADHAHTIIAPH TACBHPJIAHTAH.,
oMM MarHMT KYTOMHHU FAITAKKA SKHHAAIITHPHIINA FATTAK-
HHMHI MAarbuTra sikg yumaa wy kKyto OunaH Oup xun Kyrd
xocus o¥namu (12.9 a, B-pacMiap); AOMMHH MArHUT Kyrou
FaITaKAaH Y30KAAILITUPHJITaHAA 5Ca FATTAKHHHT KyrOra sKuH
yUKAa KapaMa-Kapiy viopaiy Kytd xocun oyaann (12.86, r-
pacMiap). Fasrrakna 6yHi1ait MartiMT KyTOHIHT Xocki 6¥amiun
UHJIYKUHMOH TOKHMHI MartuT MalJoHH AOMMMI MarHUTHHHT
XApaKaTHUIa KapIUWIMK KYpcaTHiiinuy udoaanaiau.

by Taxpubanapum 1834 itnnaa TlerepOypr akaaeMury IMusnb
Xpuctuanosuu Jleniy (1804—1865) yrkasun. Taxpnba HaTHXKa-
JIAPUHM YMYMIALUTUPHO, Y HHYKUHOH TOKHUAHT HYHAIMIIUHY
AHKUKAAL KOMAACKHHH sipatad. by koraa yHUHT wapadmia JI e H 1t
Kouzaacu neb atranus, y Kyilnaaruua tabpudnaHajiu:
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Enux konmypoa undykuuon mox wynoaii dynasuuida xocu.
Oyaaduxu, y Y3unine Maznum Matioonu GuAaH yHu X0Cud Kuaye4u
MAcHum MadooHRUNS Y32apuuiu2a KapuuaAuK Kypcamaoy.

Jleny, kowjlacura GUHOaH, KOMTYPAArH MHAYKUMOH TOK
MATrHHT Mali10HU YIIH 103aIa KeJTUPYBUH MArHHT OKUMUHHHT
y3rapyilumra KApWMIKK K¥pcaTaiid. Bynaa konTypiard HHAyK-
IIMOH TOKHMHI MATHUT MOMCHTH P, YHM XOCHWJI KUIyBUM
MATrHHUT MalilOH Ky4 YM3uKjiapu OwinaH yTkup Oypuak Xocud
kuica (12.9a-pacm) €; >06yau6, yrmac Gypuak xocua

kuarauia oca €; <0 xucobaananm (12.96-pacu).

gt >0

5220
%‘ ﬁ% %
* Pn

12.9-pacm

Wyrnaai KinG, nuaykuuod JIOK uunr MareMaTHkK
udoaacy (12.2) uu Oy wapTra MyBODHUKIAITHPHIL YUY YHHAHT
YHI TOMOHMAATH MGOAaHK TCCKAPH MLIOPA GMUNAH OTULI Kepak.
Y Bakrna 6urTa Ya4oB Gupanksiap cuctemacuia Jlenu Kounacy
Hazapra onuuca, (12.2)-dopmynagard nponopiHOHaUIMK
koappuumenty K= -1 ra Teur 6y1au, soHu:

—_d
€ = —(% (12.3)
by (12.3) dopmyaara dapaneii-JleHit KOHYHUHUHT
MatemaTuk uoiacu feHuand, y Kyimaarnya rabpugaasain:

Enux coumypda xocun Gyaean undyxuuon 30K xoumyp
YezapanaHzak 103a 0pKanu Ymaemaan MazHum UnoyKuus oKumy
Y3eapuiu mezsueUitune meckapy uopacuza mexe.

Arap EnuK KOHTYp OMTTA aMac, KeTMa-KeT YAaHrait n T4
OMp xuy1 uynraMaapaal TAaUIKMA TOMraH Oyiaca, yHiaa XOCH:
Oyaran ymymuit nHaykipon 3I0K kerma-keT yiaHraH ToK
maHOanapy cuHrapu, ourra yysravaary DI0K gan uxynqa Mapra
Katta Oynanu:
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€ =-ndl. (12.4)

DAeKTPOMATHHT MHAYKUHA Komymumunr ucboru. Enuk
KOHTYPA2 MHAYKLIMOH TOKHMHT BYKY/IA KCAMIIIMTA U1y KOHTYPAA
y3rapyBuYaH MarduT OKWMHHUHT Tabeupuaa unaykimon 310K
Xocu! 6yaniu cabad 6ynanu. Mapaseit ToMOHKIAH Taxpuba
acocuua Kaiy xunuHran (12.3) mynocabarnu Hasapuit
KHXATAAH OCOHIUiA UCOOTIaHI MYMKUH.

1. 1847 stwau nemuc Qusurn T. Teanmrossy (1821—1894)
SHEPIUSHUHT CaKJaHULI KOHYHM acocuna uHiayKiinon DI0OK
HuHr MateMatuk udoiacu (12.3) Hu KyiHaaruia HCOOTNANM.

Maruur Majjiosura xoinatrrupuiran AC KueMmu Ky3rayBuu

kontyp DIOK € 6yaran Tox manbawra yaarran 6yacun (12.10-
pacMm). By maubGanunir dtf Bakr umuuna Saxapray TVAUK HIIH

12.10-pacm

dA=[E dt HUHT GUP KUCMM KOHTYPIMHI KApWmanuru R 6yarax
AC xnemuna XKoynp-lenu meenkanrn d Q = [, Rdt raga F, avniep
KYYU TALCHPHIA TOKIH YTKA3rHYHHHT MATHUT Malitonuaa 4t BakT

nunpa 6axaprad miin dA = Idd ra capd 6Vaaam, sbHu:
. P i

IEdt = I*Rdt + Id. (12.5)
by Tenrnama Idt ra 6yauiica, Kyituaaru xocun oymaau:
6=1R+{T<f. (12.5, a)
bByHaaH MarsyHT MaBJIOHKIATH KOHTYpIaH YTadTrak TOKHHHE KYUH:
£-de
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By Teimamany nuk sasxupra teruun Ou Kouynu 1 = £
O6mnan Takkocaanca, yMymuii DI0K BazudacuHM MKKH xamL:

(IQ) "

anbBaHMK temeuTHUHr DIOK € Ba "- KaTTanuk udosa-

JIAMNA.

1ynnan Ko, ‘M’ Xall KoHTyp OMiaH derapananraH

1033 OPKANY YTYBYU Mamm HILIYKLMS OKHMUHHUHI ¥3rapHiiy
HATMXACKAA Naiio Gynran KymyrmMua viaykuwon 10K €, nan
nbopar:

E =42 (12.7)

By myiiocabar Dapaieil KOHYHHHUNT MaTeMaTiK Mdoaacuaup.
2. DNeKTPOMArHUT HH-

/41 AVKINA KOHYHHIHHT MaTe-
matuk udomacu (12.3) uu
METAJTAPHMHT  KNaCCHK
ICKTPOH HAZAPUSICU ACOCH~

[1a XaM ocoHruHa ucboriam
MyMKHH. Papas Kyaaiiink,
yayHnuru [ ra teHr 6yaran

AC yTKasrug OGUp XKHUHCAH

. B = const) Maruut Maiigo-
HUAA KyY YHIHKAApUra tmK
paBuilAa p Te3auMK OGunian
Xapakatnanaérray 6yacui

\ (12.11-pacm). ¥YTkasruu
12.11-pacw 6mwiaH OMpraMkia yHHaru

OPKHH 2JICKTPOHIIAD XxaM o Te3NuK OMi1aH TapTMOiu Xapakar-
navagu. Lynmur yuyH Oy saekTponsiapra Kyiujary JIopeHu
Kyun F tabCup s1aam:

F, =eBe, (12.8)

OyHaa ¢—3JIeKTPOHHHIT 3APSITH.

JlopeHLt KyYH TabCHMPHAA DPKHH DJIEKTPOLUIap YTKa3srHUHMIIT
A yuuaau C yuura TomoH cwixuian. Hatnxana /IEKTPOIVIAPp
eruuvaran A yuu Myc6ar sapsananu®, »MexTporiap Hynianran
C yuu 3ca MaHbwii 3apsiUTanany Ba YTKa3ruyaa qu,laumwmru
E 6ynran snckrp Maiaou xocua 6ynaad. by snextp maiigon
TOMOHAH jlopetil Ky'un F) ra 9KBUBAICHT GYNrad 3/eKTp Kyun
F, TABCHP KIIA/IH. ’9ncmp F Ba Hopenu F, Kyunapu Kapama-
Kapum yHajiraH, MUKJIOD )Knx'lmaﬂ yaapo Teurnup; £= - F,
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€xkn eE = - ¢Br. Bynnan YTKasrHwia MHAYKLMSUIANTaH SJEKTP
MAIUIOHHMHT KY'WIAHTAHANUIH

E=- B (12.9)
OYnanu. By Maltiod Ky41aHIaHIUTH E HyHr yTraszruy 6yiinua
1MpPKYssiMsIcH HHAyKLvod DI0K &, ra tenr 6ynanu:

{
€, ={Edl = [Edl = El =Bl

{ 0
By udonmanu df ra kynaitupu6, 6yaus oGopunca,
=_Rldt _ _pldx _ _ Bds
8" =-B dt B dt dt’ (12.10)

Oy epaa ds =ldx = lpdt YTKasrMuUHWHr df BakKTAA MarHur
MHAYKUMS UH3HKIAPUHKM Kecub YTraH 103acu.
(12.10) popmynanaru Bds kynaittma yTkazruy xecud yrran

MATHHMT HHAYKLHS OKUMH ¢ Ta TeHr BYATAHH YYYH:
" {4
€ = o (12.11)
By xoaaa xam, unaykipgion SI0K yrkazruuimuHr MarHur
OKMMUHY KeCUO VTHII Te3IMIMIa TEHT 3Kall.

Tyrpu YTKasruwna xocwn OVaral UHAYKIMOH TOKHHUHT
HyHaJMLIM VHI KYJI KOWAACH aCOCHI AHHKJIAHAN:

Ouux yne kyanune xagmuea B
UHOYKHUS BEKMOPU MYUaemeanda,
Kepunzan Gow Gapmox ymxaz-
2uMRUIe XapaKam Hynaauiu 6utan
Moc myuwica, mypm Gapmox sca
ymrazeundazu UHOYKUUOH MOK
UPHaanwuny Kppcamadu (12.12-
Pac).

Xycveuit xonaapaa uH-
AykuyuoH DIOKHHUHT Xocua
oyanu. PapajclHUHT DJICK-
TPOMATHUT MAYKIHUS KOHYHH
(12.3) nan dofinananund, Kyhu-
Hary Xycycui XxoanapHmu kypuo
YUKAMMU3,

I. bup xuHcau (B:const)
MarHut MaiaoHza o Oypuak 12.12-pacwn
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Te3IMK GHaaH TCKUC ail1aHaéTrad paMKala MHAYKIMIIaHran
DIOK €, Hu xuco6.1a6 ymkamus.

Dupas Kuiaiink, DOUTAHFUY (r=0) MOMEHT/IZ PaMKa
MarHUT MHLYKIHS] YHSHKIAPUTA IEPNCHANKYISIP XOHAaWraH,
ALUM PAMKA TCKUCAMTHIE YTKA3WITaH A HOPMAT HHIAYKIKS
TMBHKJapUra napananen Wysaiaras oyncuH (12.13a-pacw).
bonanriy BasusTIa paMKa uerapaiarat S 103a opKaid yraérran

MarHHT HIIVKIDISE oKM@, Kyiuaarura tenr 6Viaam:

12.13-pacM
O, =B-S. (12.12)

Y BAKT/Ia paMKAHMHT /1 NOPMASIH 7 BAKTAAI KCHMH V3HHUNT
OonwnairFuy #yHaIHLM 6uraH @ = o/ Oypdak (12.136-pacm)
TAMIKMII KWIraH Basuataa § 1033 OpKaaM YTYBUH MArHHT
HHAYKHUHS OKUMH (D KYANUZArura teHr 6y 1aam:

& = BS cosp =coswt - (1212 a)

by udwoaa (12.11)ra kyinica, mmymmm{ SI0K &, yuyn
Kyituaary mynocaGar Kesund unKans:

€, ==42 =0 _sinor. (12.13)

(12.12a) Ba (12.13) MmyHocaGarnapiaH KYPHHAAHKH, 1032 OPKAJIH
YTYBUM MarHWT MHAVKUUS okuMn P Hoara tenr Gyiuranna

|qo=a)t=(2;<+l)-’2-‘—, oyHaa k=0, 1, 2, 3, . . . ByTyH coHJiap]
wiaykuuon JIOK €, makcnman kuiimMarra s3puiunG, oxum @
OHT Karra KuiiMaTra apuuiranga [ @ =wt=21<%] 3Ca UHAYK-

unon 0K &, noara teur 6ymami. 12.14-pacMaa Maruut
MHAYKIHA okuMK O (MyHktip yu3nK) 6inan neaykimon BI0K
€; (y3nykeus uM3HK)HUHY paMKa aitianuw Gypyard @ ra xkapab
V3rapuii rpapHiiapy TaCBUPLIAHTAH,
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\\ \ // \ (4
T
5 \ / %_ﬂ 27 \%j[ y

~

12.14-pacu

MarHuT MaiaoHa aiialyBuM paMKa ypaMuia HILIYKIIHOH
BI0K xocua 6¥numii XoaHCacH IMHAMOMAIITUHA TY3K/IMUHTE 4C0C
KHAHO OMHIAH.

2. Bup xuucn (B = const) MarHHT MaiJIoHMAa alnanaéTran
MeTa auckaa xocun 6yaran DIOK €, num xucobnabd Ymkamms.
Mapa3 KHAalMK, MATHHT MAHAOHHHHT MHAYKIIMS YH3KKIapUra
NEPCHANKY NP KUK YpHATHATAH METal1 AMCK MapKa3uhaH
yrysunt oo’ yK atpodhmiia © Oypuak TeanMK Ouilal TeKHC
aiinaHaéTral g Ba ¢ CUPIIAHYBUM KOHTAKT BOCHTacHjaa aeca
Gepk 3aHXUp XocHa KynuHran 6yacun (12.15-pacm) Xocna
6yarai MHAYKIMOH TOK YHT KYiT Konaacura 6unoal auck 6yiiab
6 KOHTAKTAAN @ KOHTAKTra HyHanrad Oysanm.

Juck yexcn3 KHUMK do Oypuakka, pajiuyc Xam do Oypuakka
Gypanné, ds =%R2dcp 103aHd yu3daay, 6yHaa R—IUCKHHNT
pasnycu. llly to3agan ¥TyYBUM MATHUT MHAYKIIMA OKWUMM
dd = Bds ynuur y3rapyiu Te3NurH

@_Bd{ BIR2 =
JlallH.

ByHle d[ =@ JMCKHMHT Oypuakiu
TEUIMHU I6TUOOPra OIUHCA:

ra Tenr 6y-

dp _1 p2
oA 2R Bo.

by udonanunr kuimarnam (12.11)
ra xyiunca, uuaykimon DHOK HUHT
COH KuitMaTy Kyiunarura TeHr 6ynanu: 12.13-pacm
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|€]=LR*Bo. (12.14)

Kapab yukpiran 0y KypuiaMa oM A1MHaMOMallHHAHWHT
MO LYSTAIHP.

®apaneil 3JeKTPOMATHUT UBIYKUUA KOHYHUHMUHT
AMAAUN TaTOHMKU. DIEKTPOMATHUT MHAYKIIMS KOHYIIMra
OMHOAH KOHTYP/IA HH/IYKUMSUIAHTAH 3apsa g HY Ynual, MarHuT
okHMu D Hy anuknamra MMxoH OepajuraH KypuiMma—
daoxeMeTp scanrad. OMOKCMETPHUHT  aCOCUH KMCMM
PATHBAHOMETPIA YaHTAH CHHOB KOHTYPHIMP. Arap rasbRaHOMETp
BADKMPUHUHT KAapuIMAKEKM R G¥aca, ¥ Bakilla YHAQ MHAYK-

£ . .
UMSUTAHTaH TOKHMHT Kyan ], =7€L ra teur 6ymu6, €, =IR
oynranwsuru yuave (12.11) ra 6unoan:

I[R= —--‘57‘?, Synnan d=-1 Rdt

Oxupry ndoaann HHTerpaiaad, Kyitnaarura sra 6¥;1amna;

{ ! t
® =1 Rdt=R[1dt=R[dq=Rg. (12.15)
Pe) o 14

(12.15) paH kVprHAAUMKYK, MATHKT MaHAOHMIAIM CHIIOB
KOHTYPIWIA MHLYKLIMSIAHTAH ¢ 3apsiiiiy TIbBalloMeTp CpiramMuia.
¥1uab. MaAOHHHHT MAarHUT OKHMH @ HK aHHRKTAL MYMKHH
»KAH, AMangd OyHIai duiiokeMeTp riLBaHOMETPUHYHT Kpca-
tHmy Kyaon (Ka)uu OM sapaa udoganaHral Kapiuiyivrura
kymairrMacu (Kor- OM) ra tenr 6¥aran Bedep (BG) sap 6unan
Japakanadran oyaaiu.

12.2. V3MHAYKUUA XOAUCACH

DNEKTPOMATHUT HHAYKIMS XOAMCACH YTKA3IHY uerapanaH-
FaH 1032 OpPKaAy YTYBUH MArHHT MHIYKIMS OKMMM Y3rapran
fapua xoanapua coanp 6yaaau. by MarHHT HHAYKUUS OKHMH-
HHHT KaLLai iy Ouian Yarapuitnira GoFaurK aMac. Arap 6upop
KOHTYPJIAH YTa€Tran TOKHUHI KV4H ¥3rapca, TOK X0CHT Kyaran
MATHUT MAUZOHHUHT OKHMM XaMm Yrapyeyan 6Ynaan. Maruur
MHAYKUMS OKHMMHMNHT V3rapiin 2ca ¥3 YpHMaa Xyaau wy
KOHTYpUMHT Y3uaa ninykuuor DK nu xocr kunanm. Hlynaai
KWMO, KOHTYPAATH TOKHUTT Y3rapHIid HATHKACKIA KOHTYPHHHT
V3uaa mpaykuwod SIOK Hunr xocun 6ynauiu xoaucacura
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VIMHAYKUMA XouucacH acininG, uuaykimon 20K ra aca
Y3INHAYKUMOH 3AEKTP IODUTYBYM KY' JefiHIanu.

Vanuunykimon JIOK Hyumara GOFTMKIMIYHY KYpUO YnKaii-
AUK. MariuT MafIOHHMHI UCTaMaH HYKTaCHAArd MarHMT MIYK-
UMICH B HHHI KATTaAWUTH, ShHU MarHHUT OKHM 3HWIHIH
KOHTYpAaH YTagTrad TOKHUHT Ky4d [ ra nponopumMoHaiaup.
BuHOOApHH, LY KOHTYPHH KecHO yTaérran Y3 MarHuT oKMMH
@ Xam ToK KyuM [ ra nponopuuntan 6yaanu, Sun;

o=LI (12.16)

Oynaa, L—KOHTYPHHHT IWAKIM Ba VIMAMAKIY XaM MYXHTHUHT
HUCOHH MArHUT CHHIIHPYBYaAHAKIMIa OOFIHK 6Yaran nponop-
UHOHAINK KO3DGULMEHTH 6YIHO0, YHIR KOHTYPHHUHT CTATUK
MHAYKTUBJUTH Aeitwiann. Y Kylvaarura TeHiraup:

L=% (12.16'a)

Wuayxrueauk «CHU» TH (renpn) Ouaan YinuaHamm.

(12.16a) mynocaGatra acocaH CTATHK MHAYKTHBAMKHH
Kyiuaaruia Tabprdaall MyMKHH:

Koumypnune cmamur undyxmueaueu 0e6, Kormypoax 6up
Oupaux mok ymaémeanda KOHMYPHUIZ 1034CU OPKAAU YIMAaémaan
MAHUM UHOYKUUA OKUMU2Q MUKOOD Xcuxamoan mene 6ynean usux
Kammanukka aimuaadu.

Vaunnykuus xonucacura DapajielHMHr 2ACKTPOMATHUT
UHAYKUUA KoHYHK (12,1 1)K TaTouK Kunub, y3nnnykums 0K

8;,, (KOHTYPHMHT MHAYKTUBIMIY y3rapMac OYaraH xon) yuyH
KyHuuary HpoiaHy onaMus:

> =P
€y =—%

1 dl
L& 0 (12.17)
Bytia MHHYC M1II0pa TOK OpTaéTraH @,{- > 0) /13 Y3UHEYKLIHS
DIOK TOKHUHT HyHaNHUIY KapaMa-KapIili, TOK KaMasieTraiiaa
(%f— < O) 3ca TOK HyHanuiuu 6umian 6Up ToMOHIa HVHaAraH-~

JIMTHHH KypcaTau.

LHyipait KWinb, YTKasrMuia Xocun OYarad y3uHAyKuus
DIOK yTKa3ruuaaH YTaéTran ToK KyYMHMHT Y3rapMil Te3Urura
TIPOTIOPLMOHALIHP.

(12.17) paru L— y3uHnyKums KoxppuiiueHTHra AMHaAMH K
HHAYKTUBAKHK Aeiiunanu. ¥ Kyitvpardra teHr 6yaauu;

L=-22%. :
Wy (12.17a)
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(12.173) ra acocaH AMHAMMK WHYKTHRIMKHHE KyHuiaruga
Tabpudsa MYMKHIL

Koumypuune ounamux undykmusauau 0ed, KoHnypoan ymaémear
MOKHUKZ Ky 8axm Gupaueuda Oup dupauxka yseapeanda uty
konmypoa xocua 6yacan undyxkuua 30K ea muxdop mcuxamoan
mene Gyaean (U3l Kammarukka aumuaaou. |

CONIEHOUAHUHE WHAVKTUBIUTH. YIUHAVKUHS XOUU-
cacuaant doiaaiannd, COJICHOWIHMHY WHAYKTUBAWTM L Hu
XHCOONa0 unKamank., Papas kuaaliiuk, Vpamaap conn N,
YpaMAapPHUHT KVHIAIIT KECUM 1031 S, V3YHIMTH [ BA MUKH
MYXUTUHMHI HUCOHI MarH{T CUHIIMPYBUAHAUIM R 6Ynrad
cosicHoua Gepuiran 6yncut. Arap conenons etapamya yayH Oyica,
YHIIT MUMAAIY Maion OHp XUHCAH OViIMG. HHAVKUMACHT

acocall B = poput Ll‘i ra TeHr o¥aanu. CoaeHoOMIHUHr Xap 6up
YpaMysan ¥Tacrran Marvt oxumy b = BS ra, conesonannir

N ypam Ouaan ryrauirad, sisbHH TVAa MarHut okumu P aca
Kyitrnarura renr 6¥naau:

&y = N = NBS = Ntoul .5 = popr 225, (12.18)

Arap (12.18) udopann (12.16) Gusan coamurrupuiica,
COJICHOMMHWHIT HHJYKTHBAUTH L xyiiuaarura reur 6yaan:

L = popd fl;-?'-S = Yol eV, (12.19)

GyHaa n = J-’}i ~ CO;ICHOMAHMHT Y3YHIIMK GUPAMIUFA MOC KEAraH

{pazsiap couu, V = S/ 2ca COACHOMI XAXKMHU.

Wynaait kuanb, coaenoudnune unoyKmugiuzy YIyHaux
Oup.uendaz Ypamaap CORUHURE K6AOPAINUSA Ba COACHOUD XaXemuza
aponopyrtona sxan. MHAYKYWBAKK, YHURE Tabpudura OHHOaH,
yyAFAMAArH TOK Kyunra OOFIMK 2MAac; GUPOK COACHOWIHITHT
¥3aru PeppomMarsuT MOAAAIAH sicaral 6¥ica, YHUHT IHCOUM
MarHHT CHHIAMPYBYAHAMTY b MATHAUT MaMIOHHMHT KYY1aH-
ranaury H ra ga acMak, TOK xyum I ra Soraux oyaaau. bymai
xo:viapaa L ounan [ opachaary GoFanuin aHda Mypaxkka0 6vaanu.
LLIyHHHE yuyH XaM ¥3aKiH CONCHOWUTAPHHIT HHIYKTHBAUIHIN
xucobaawia p = f{/) GOFMaHMILHK FLTUGOPTa OTHIL Kepak.

Viauuw Ba y3uaAUUI IKCTPATOKIApH. 3aHXHUPHM TOK
ManOaura yaall €xku y3WlAA 3aHXHpIA XOCHa Gynaguran
KYIIMMYa V3MHAYKIIMOH TOKKA YAQHUM €KV y3uauw xcmpa-
moxaapu aeiunaan. Papas KUaalaukK, 3aiKMpaary L Miviyk-
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THUBAMKHHUHT KAPLWWstury R 6Vacun. Vjiykrupiukka sra 6y:;1ran
3aHXHP TOK MaHbaura yl1aHaeTral €Ku y3unaéTrama 3aixup-
nary ToKHBHT Kyuu [ (12.6a) dopmyiaanan aHuKIaHaIu:

day E-LUY, ¢ L (12.20)

R R Rt~

3aHXupIark TOKHUHI BAKTTA Kapab Y3rapuiliMHy aHMKaaLL
YUYH OXMpry HdogaHy HHTerpaLtad Kynai KYpyinuyga é3aMus:

dl___R
A dr. (12.20 a)
Dapas KunaiinK, 3aHXHPHU AKKYMYASTOpAap batapesicu
b ra ynaut éky y3uun xxapaéHuga 3aIDKMPJIATH TOK [, nan [rava
yarapcui. Y Bakriaa (12.20 a) HyM uHTErpaUiad, Kymularm“a 3ra
6ynamns:

J.de exu In % =—-Kt

—‘7 1%

Oxupru ndonanu sorapudM acocuaan Kyrkapuaca:

—_i//’;—-l M oan 1-£=(r, - &)

ByHian 3KCTPAaTOKHUHI BakTra OOFIaHUILN KYHHAaru Kypu-
Huuaa 6ynagu:

-R ~&
=17t +%(1~1 l—’} (1221)

By dopMyna R xapuivauk Ba L MHAYKTHBIMKKA 2ra Oy;iraH

sanxupun JI0K € 6yaraH Tox Manfanra yirauua Ba yHaaH
Y3ULIAR 3aHXUPAArk SKCTPATOKHUHT BAKTra GOFTaHULI KOHY-
HUATHHHY aHUKAALLITE WMKOH Gepaan.

I. 3aHXUpPHU TOK MaHBaUIa ynalaa OOLUTAHFMY TOK KY4M
1,= 0 6ynanu. ¥ pakraa (12.21) aan ynanuw skerpatoky f,
BaKT ! ra Kapab xyiiuaaruua ysrapa 6opauu:

_R
1 =%(1 e L') (12.22)
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o '3
) 12.16-pacm
by d)opM(ymuml-t TOK ManbayHM yjlalpla 3aHxupaary ]yﬂ TOK

KY4YMra % Oupiaumnra sMac, 0ajJKKW acTa-CCKHH 3PHULLMLI

KYpHBAI. YAaHHIE 9KCTPATOKHIHYT BaKTra Oorianmil rpacuru

1.= ftt) 12.16-pacMaa TaCBMPAAHIAH: % HAcOAT KAHYa KaTTa

OyIca, TOKIKNT OPTULIM HivHYa Te3 O¥itaaM. By xoaucann [2.17-
pacMiia TacBMPJANTAH TaXpHOa cxeMacH EplaMmIa HaMOHMUI
KIGIMIT MYMKMH. By epia uxkura uapasien yiaanraH TapMoK,
030, yaapaa OHPH UHIYKTHIIIUIHM OMp Heua YH redpy Gistran
L, razirax (10KopH Ky'WIAHUILTH TPatCHOPMATOPHHHE HKKHHYK
HYAFAMU), MKKUHYNCH ICa FATTAKHUHT Kapiiuawru R ra Teur
Oyaran R, KapuiMaukaan noo-
pataup. J, Ba J,—0oup xun
y{FraHMa JaMraiap sca jie-
MOHCTPAILMOH aMITICPMETP pO-
JIMHY Yitnaiau; JI—nepekino-
sarens 0yansd, Tok HyHamu-~
UIMHHK Y3rapTUpMuira MMKOH
Bepann, b—akKKyMmynasiTopiap
Barapescy. 3akup daTapesira
viiauranga J, namia 6up oHia
¢wanm, JI, nmamna aca ynaw
IKCTPATOKH TACHPHAA aCTa-
CEXHMH, MabiIyM Bakr (Teck.
TapTHOaa) AaH KeitH OupuH-

.._.I ', — _"_ |y aMnazek paBiad SHULIMHH
5 KY3ATHLI MYMKUH.

Barapes T¢3-1e3 yia0-y3u6
Typuiranaa JI, mamna my

’

12.17-pacw
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Lo
R K.
L § -2

¢

12.18-pacm
BAKINAp MUNAA EHUO YATYpPa 0jIMAaK BA VUMFIANIAYA KOJIIN.
2. 3aixXHpHK TOK MaHOau b aau yauuaa £ =() 6ynagn. Y

pakrua (12.21) aan y3uAUW S3KCTPATOKH 1),_‘mer BaKT  ra
KAapaod yarapuuiu

_R,
1,=1e"L", (12.23)

KOHYHUMSIT acocujla Daxapusaam: by tenrnama SI0K y3ud
KYHHATAHIAH KK TOK KY'UU 3KCIIOHCHUMAT KOHYHUST OWNaH
KaMaiiuuiuny Kypearagu. byHna % KaHua Katra Oyaca. ToK
KYUH HIYHYA TE3 KAMASIN. YIHITUIL SKCTPATOKYU Kyuu [, HuHr
BaKT / ra OOFAaHMUI rpa-

burn I, =f1) 12.18- . &

pacMIa TaCBMpAAHraH. ¥Ysu- (g) '
AR 2KCTpaTokHu [2.19- ==

pacMad KYpCaTsIrad Tax- ISK(:J

puﬁa“cxcmacu EpilaMniia I L |

HAMOMMIN KMAHIL MYMKHH.

By epna MariMTooneKTpUK |
cuctenmacunaru G ranbpa- _[0

HOMETpP Ba KaTra MHAYK- _ K
TUBJHMKKA 2ra OyaraH L l—— 10
FAITAK aKKYMYIsTOpAap b

ODarapesicura ¥3apo napain-
nei ynanran. K kajaur 12.19-pacw
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YJIAHIAH X014, FbBAHOMETD Ba FAITAKAA TOK $HirmaH vanra
ToMOH H¥Ranrad O¥nam. Arap K xanut y3unca, L rarrakiaa
acocHi TOK Ouaan Oup XWa HyHajaray  y3uwauil 3KCTPATOKU
FILBAHOMETD MWIMHK ualra cuaxuraan, CxeMaga y3wimil
IKCTPATOKMHUHT HYHAIMILHN AYHKTHD MUK OHAAH TACBUPIIAHTAH.

3. D1 3aIHKAPAA DKCTPATOKHM XOCH KisiTad YannayKiws
DIOK &, 1u ok ManGannnur JI0K € Gusial TakKoc aiMu3.
(Dapa3 KMNaHINK, IKCTPATOK XOCH;I OYIHIIMAA 3aHXUPHMHT
Kapuimanrn R nad R rasa ysrapcun. Y pakraa /, =RL
124

OKAIIMIHIN Hazapra oau6, (12.21) Hu Kyituaarn K¥puuuiLaa
E3aMu3:

_R / R
=€ oL E 1~ 4
I—Ruc ! +RL1 [ L )
Bynnax yaunayxuus 910K 8)-,_, HH XHUc00,1a0 UMKAMU3!
_R R _R
s =g dl g R ‘. dogl B A
8).,3— Ld( 8R01 L'~E] i 8(&’ l)l L,

Ba nnxost Oynaan:

8}.'3 - (%u_l)
R (12.24)

by dopmynanan kypuHagukH, Karra L UHAYKTUBAHKKA 9Ta
OyaraH 3alKMPHM TOK MaHOauaaH y3UILAAQ YHHMHT KAPILMANTH

Kyjla KarTa % >> 1) Oyau6 KOMMIIM HATHXACKIA 3a1DKMPAA

mandaunnr 30K € ra uucharan Kypa xarra Y3uHAyKIWs
I0K 8.;:., xocus 0¥naan. LLyHHHT yUyH XaM HEAYKTUBIMKKA

ara 6yaran alipum Kypuamaiap (npHEMHHUK, TeACBU30p Ba WY
Kabuaap) OMp oHAd TOK MAaHOAMIAH Y3WITAHAR 3aHXHPIAAQ XOCH
6Varay Xyasa katta xuiimatan yauuaykuys OIOK € I
KYPWIMAHH HILARH YHKAPHINM MYMKUH. 3a1DKHPAA XOCH Gysiran
xXyaa Karra xuiimMatau ¥aunaykiuus DIOK yaruu kaaur
KONTAKT/1apH OPacHiIa YYKYHHH EKH Eif paspsiiy XOCHa Kb,
KT apuTHO 1obopuimy Mymxkud. Yauuaykuus DI0K
WHCHPUIAH MyXodasa KWIHW YUyl Y3rii KUTHTT KOHACHCATOp
MAPALICH YAAHALY. SaHXHP KUTHT OPKLIH Y3UArAH/I2 3aHXNDIA
XOoCcHi OYnran xarra Kuiimaran yauHaykuns DH0K kouaencarop
OPKAIM Pa3psLUIaHMG, YIKYH XOCH OViaMaiau.
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K¥uruna Makcaanapia, KApUiIMKIap sficauiia, Xymiaanan,
y3rapyBuaH TOK Y/luaHaiuraH FaNTakHy SICauIaa MHAYKTUBIUK
HI0XM Boprua KnuuK 6¥nunium Kepak (L — min 6§avium Kepax).
BYHHHI yuYH, HHAYKTHBCH3 FAITAK SICALI YUYH MKKH OyKuaraH
CUM OJIMHAAM Ba XOCK/ OVIIra KYUI cUMAaI dyJIFaM Tait€priataiu.
Bynaii k¥ Toaany (GUdHAP) FAITAKNAPHM KapaMa-Kapilu
TOKIM MKKHMTA FaTak aeb Kapain mymkui. Bynjpait ragrak-
JAPHUHE MATHUT MaitIOHU AesipAK HOATa Telr OyaraHauruian
YIAPIUHT AHAYKTHBAMIN KYIa KUUKK O¥nagu.

12.3. ¥3IMHAYKUMS XOANUCACU. TPAHCOOPMATOP

I. Vauunaykuus xoaucacu. Yaundykyus xoducacu ded,
y32apyesan mokau KoHmyp skurudaeu Kenmypaapda undykuusn
INOK nunz xocua Syaumu xoducacuza aimuaradu.

MPapa3 Kuaaiuimk, 12.21-pacmia Taceupaanragmnick, /; sa
{,Toknap yraérran 1- Ba 2-xonTyp 6epuiran 6yacun. buo-Casap-
Rannac xonynura Oyioan |-KOHTYP XOCUA KWArail MarHmt
MaioH HuAyKuuscy B yraaH Yraérra TOKHMHI Kyud [, ra
NponopuHoHaMp. BHHOGAPHH, -KOHTYD MAITIUT MAMAOHANUIT
2-KOHTYpHM KecHb Yrran 4y, MarHuT MHAYKIMS OKHMHU /| TOKKA
LIPOTIOPLIMO Hail OYalH, ShHK:

B, = M, 1. (12.25)

Oyuia, M, —OMpHHIM BA MKKUHYM KOHTVPHHHI FCOMCTPHK
WIAKAKM, VAUMaMaurtH Ba YAApHUHT ¥3ap0 XoiaalnMiura,
JIVHUHIIEK, YJap XOHAAIITaH MYXUTIHWHI HUCOMM Maruutr
CUMHIAMPYBUYAHAMIHUra DOFIMK OVATraH IPONOpuUHOHALINK
KoadhuineHTH O6¥An0, yHra MKKHHYYM Ba OUPHUHUHM
KOUTYPHHHT Y3MHAYKTHBIUIU JISHHIALH.

XYL 1HYHUHTACK MYJIOXA3L1AD 10pUTHO, 2-KOHTYD MarHuT
MAHAOHHHUHT [-KOHTYPHM KeCHO YTraH @,, MarituT HHIYKHKs
OKUMHM XaM [, TOKKA HpOnOpHHOHALIMD:

12.20- pacwn
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By = My, (12.25 a)

Oy cpaa, M ,—6upuHun Ba MKKHHUM KOHTYPHUHT §3apo
HHAYKTHB/INIY.

(12.25) sa (12.25 a) dopmyaanapgard M, Ba M, nponop-
uHonaAIMK KO duiiHeHTIapH GUP XKA, SIPHH KOHTYPAAPHUHT
V3MHAYKTHBAMTH TeHraup: M, = M,,. byHra nwon4 xocun
KMJIMUL Y4YH Xap OMp KOHTYPHM OEPHUIraH HYKTagaH YSKCH3-
JAMKKAUQ, sibHH MARWJOH HOJIMA TEHT HyKTara KyunpHuia 6axa-

puarad uuuiap A, Ba Azm HU XUCO0Na0 URKAMUI:

1300

Apos =1, (q)u —0)‘: LM\, 15

4 =]2(d)21 "O)=12M2|]|'

Xap 6up TOKIM KOHTYPHH HKKMHUHCHIA HUCOATAH YEKCH3-

JIMKKaua Kyuupuuiia Gaxapuarad 4., Ba 4,,,, miunsap yzapo

TCHI, abhin A.,=A,., 6Vnaan. Y saxkraa (12.26) man
IM,I, = I,M, 1, Tenrank xkeaud unkaan. bynaan

Mp=My=M. (12.26, a)

(12.26 a) naH KYpVHaAAMKH, KOHTYPAApHUIF ¥3apo
WHAYKTMBANTY Oup xua 6yarany yuyn M, Ba M, ra KoH-
TYPAAPHUHI ¥3ap0 HHAYKTHBAUIH AchMiaNY BAa HHICKC-
cu3 M 6unan Gearmnanam. Wynunr yuyd (12.25) Ba (12.25a)
HH Ky#ugard KYPHHHLIAG E3HTAIH:

(12.26)

%00

P, =MI;
>, =MI,.

(12.27) gaH WMKKY KOHTYPHMHT ¥3apo MIAYKTHBIMIM KyWn-
J1aTHTa TEHTAND:

(12.27)

<
M=Tp=In (12.27,2)

IyHnak kw6, uxku konmypuune y3apo undykmueaueu deg,
bupudazu moxkHune Ky4qu bup Gupaukka mene Oyneanda, UKKun-
YUHUHE KCCUM 103UOQN YMeGH MA2HUm UHOYKYUA OKUMUA MUKOOP
Jeuxamaan mene 6ynean QuUUK KAMMAAUKKA aimuiacy.

OHAH, YMYMHI TOpOMAAN TEMUD Y3aKKa ypanraH HKKUTa
FUITAKHUHT Y3ap0 MHAYKTUBIATHHY Xtco6.1a0 uukainuk (12.21-
pacM). MarsuT MHAYKUUS SU3NKAApY ¥3aK Hunga xodnai-
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r.d
1t B 1
. rd
(‘{ n

P

" &
D>0; Mix>0 Dix<05 Mix<0
a .
12.21-pacu

FAWJAUTH YUYH MarHHT AHLYKIMSICH Y3aKHHHT Gapda HyKraaph.
6up xua 6ynaau. Xap Oup Fantak uyaraMIapura TYTairai Tyiamnk
MarHUT OKMMH O GOLLKA FAITaKAArK TOK [ ra 1ponopiuoHaaup.
Y OuMpuHUYM Ba MKKMHYM FajTaKiAap yyyH MOC paBuilLia
Kyituaarura TeHr Oyaanu;

D, =M, [, Ba D, =M, 1. (12.28)

HMKKMHYM TOMOHAAH HKKHMHYY FAUITAK YyaFaMIapura Tyraluratl
TYAUK MATHUT OKMMMU!

©, =N, b, =N,8 5 =N, uoull, S.

bynaa N,—MKKuHYN yyiFaMm ypamiaap COHH, D, —HKKHHUH

«yAFaM YpaMuaaH Yra€Tran MariuT WHAyKuus Okumi, H, aca
OMPpHHMM FAITAK XOCH KWITaH MAaTHUT MAHAOH KY'WIaHraHAMIH

6y1M6, TYIMK TOK KOHYHUIa GHHOAH H, = [ n = 1, ﬁll (Gynna,
{ = Y3aKHMHT Y3yHIUIH) OYATaHu yuyH:

®,, = N, potl, S S =pou NN, S1,. (12.289)
By udoaarn (12.28) 6unéu CONMWTUPHMO, KyIHHMAATUHH OAMHM3:
My =pat NN, 5. (12.28 6)

2. BupuHuy qynraM OGUAAH TYTALIMAH MACHUT WMHAYKHYSA

OKHMH (D,2 HU Xycobnab, MKKUHYK YyJIFaMaat YTaéTraH TOKHY
I, ne6 dapas kuimnnca, M,, y3apo MHAYKTHBIMK YYYH XaM
(12.286) udoaanu onamus, abHU

My, =pp NN, 5. (1228 )
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Wynuait kuanb, M, Ba M, y3apo uBLAYKTMBAMK GUp XK.l
OVitraHy YuyH ¥3ap0 WHAYKTHBIMK HIASKCCH3 €3UNANH, SIBHH:

M =pop NN, -, (12.28r)

WyHnait Kuanb, UKKKU FANTAKHUNHT ¥3ap0 WHAYKTHBAMIU
ypamaap coun N, , N, ra, y3ak kecum io3acu S ra TYFpu
HPOITOPLHOHLIMND.

3. Kourtypaapaan Oupuaa 1OK ¥3rapca, Mapauneitiimur
DNEKTPOMATHHT MHAYKLUA KOHYHUra OMHOAH MKKUHYH KOHTYpIA
Vsunaykums IOK xocun Gynaamn. Arap J-KoHTtypaaru 1, ToK
BaKT OViiMua y3rapca, 2-KOHTYpAa XOCHA OyaraH Y3MHAYKINA

JKK 82 Ky¥irjlarura TcHr oyaaau:

D, ] dl
€ ===l (yr)=-MmZL. (12.29)

Wynra yxwam 2-xontypaaru /, Tox ¥3raprawia 1-konrypaa
unaykuusinanrad yaunaykuus OI0K €, xam kyiunaruua
6ynanu:

&b I dl,
€ =_7}2.=_.[£I;(M12)=— =2, (12.29a)

(12.28) Ba (12.28 a) ¢dopmynanapaas MKKH KOHTYPHHHI
¥33p0 MHAYKTHBIWIH KyHULarura Teur 6ynanm:

M= 82 — 82

d%/ (Ilz/d, (12.296)
(12.29)ra 6uHoan ¥3apo MHAYKTUBAWUKHHW SIHA Kyiuaaruua
TaLPUDIALL MYMKHH:

Hxru konmypiune y3apo undyxmuenuzu 0e6, KOHMYpaapHune
Oupudazu moxknune kysu eakm Gupauzu uvuda 6up Gupauxka
Y3eapeanoa urxrxunuu konmypoa undykyusranean 10K 2a muxdop
scuxamoarn mene Oyaean (PU3UK KAMMARUKKA AUMUAQOU.

Tpanchopmartop. Tpancgopsamop deb, ysundyxyusea
acocAan2an, y32apyeuan Mok KyHAaHuwiu 8a Kyuunu y3eapmuput
bepa onaduean Kypuamaea aimusadu. Tpanchopmatopiiv 61pyUHIH
6y:110 pyc anextporexuuxnapu I1. H. S6aouxkos (1876 i.) Ba
U. ®. Yearun (1882 i1.) apatran pa aMaiia Huviatrad. DHr
cojaa TpaHchopMaTOPHUHI' KaThuit cxemacu 12.22-pacMaa Tac-
BUpAaaHraH. bupaamMuy 4y IFAMHUMHT ywiapy (Ky'IaHHIIT KUPULLH)
TALMUHIOBYH Y3rapyBud TAPMOKKZ, MKKWIAMYM YYAFaM y4iapy
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(YHKHIIH) 2JEKTP 3HEPIMH HCTELMOMUMWIAPUTA VAaHAAU.
MikxuaaMum uywiramaa naio oyaaauras yamuaykusst 310K
VHJIAI'Y YpaMiap COHMIA LIPONOPUHOHAT GYaraHm yuyn ypamsaap

COHMHU Y3rapTupub, TpaHCHOPMATOPHUHI UUKUILKIATH
Kywlanui U, uu yerapana y3rapTHpHiL MyMKHH.

DHAK Kupmu KYUJaHUIY U BA UMKMIUIL Kywiauuumg U,
¥3apo Kaujai OOFIaHTAHKHK K,apaﬁ YHKAMTHUK. 'lpauubop-
MaropaapHuHr OUK okopy 6yanbd, 99% raua eraam, UyHKU
TpaHCPOPMATOP V3aK HYMAArd MATHUT HMIJIYKUHS oKumu &
vKKaaa y3akHu Kecud yraau. bupnaMun uyaramna naino 6yna-

aunran Yaurykuns DI0K €, Ky#uparura Tenr:

> N 4%

€ =-N, i (12.30)
UKKMIAMUH HYIFAM/IATH )“faax 30K aca:

,=-N, 4 (12.302)

Oynna, N, sa N,—6upramuu
BA UKKWIAMYW SYAFAMIIap- 'r FF::L%'E,_%‘} |
Aaru Ypamnap coHu. TpaHc- ] 4 [
dopmarop gyaramnapura l
BIOK 6ysran sawxup 6up Uy TN A,’gi
KMeMy vayn OM KOHYHM
TaTOMK, KHIHHCA, KUPHII-
Aarn U Kywianuui

-----.,
MQ

12.22-pacum
= — D
U=LR-E=1R +N, t"dT (12.31)
ynkulLIarn U, Kyunaumi sca:
U,=1,R, - =L,R +N, 42, (12.31 a)

By epaa, R, na R, —OupraMuy Ba HKKHIAMUN YyAFAMIADHUHT
K,apmmum 1, Ba I, —ynapaard TOK Ky“H.

bus (bdeT HKKINAMUM ounk Gynran xon Gunau yerapa-
JaHAMU3 Ba WYHHHT yuyll [, = 0 6¥raan. Mkkunyuaan bapua
TeXHUK TpaHcopmaropaap yayH [} R, << &€, uiapr 6axapunaiu.
ymunr yuayn (12.31) aa /R, hu Haszapra oaMacgaH, OXUpru
HKKHM TCHIJAMAHM Xaama-xan 0¥amno, Kyinaarn Hucbatimn Xocui
KUNaMu3:

K=%f;=i,‘%‘ ' (12.32)
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By1parn K:%Z. Hucbarra Tpanchopmaumnsa kKoahopu-

HUHEHTH Jl.cf'iHﬂa}lH.

Tpanchopsauus kosthpuyuenmu e, mpancphopmamoprui
UKKUHYY YYAFQMIt UK OPAANOa, SBHU Caam WMAGUI DEXCUMUOR
HKKUAGMYN HYAFaMOacy Kyyaanuw Guprasmuu yyaramdaeu Kysaa-
HUOAH Hesa mapma y3eapuuiuru uodarosul Kammaaukka
atimuaou.

Xosnpru 3amoH TpaHchopMatopiapuaa ucpod 2% nau
OMIMAIAHAMIH YIYH OMPAaMUH Ba MKKHIAMYM YYJIFaMlapuiaa
AKpAIAAMIaH KyBBaTaapHA OMp-Gupura Tedr aed xucobal
mymkun: U, =1,U, €ku %%=;—2 Y wakraa (12.32) uu

Ky#unars KYpMHRILAa €3aMU3:

K=i,§’,1&=%1l=,’—2. (12.33)

Arap K = %’2' > 1 Oyica, %% >1 OVau6, yHnai tpaHcdop-
varopiapra Kyuaiitu pveum aedmiu6, K = %11 <1 6Viaranaa,
%2. <1 €Kn —;1 > 1 0Vmb, Gynstait
rp’zmccpopmaf()pnapm nacatu-
pyBuM €KH TOK TpaHcdop-
MATOPH JICHHIAIN.
bavin tpancdopmarop oup-
JaMuy YyAFAMHUHKHT OUP KMCMHU
WMKKMIaMuu uyiraM 6ynub, ¢ku
AKCHHYA, UKKIIAMYH MyJAFAMIIMHT
oup Kucmi Gupaamuu 6¥and xus-
Mar Kuwiaau. byHnai kipunviam
rpatcpopMaTopiapra asToTpatc-
(hopmaropnap peiunanu (12.23-
12.23-pacm pacm). AsTtoTpaHcdopMmaropiap
KONTKTARPAHMIT OUPHHN KINNHYA CHIDKHIINTAH KWINHAAM,
Oy HCa YUKHLI KYWIAHUUIMHH TEKUC Y3rapTHPHLL WMKOHHHU
6epaiin.

12.4. MAPHUT MAIJIOH DHEPIUACH

ToKHUHT MarHuT MalJioH 3Hepruacu. 3aHXHUPAAH
Y3rapMac TOK OKa€Tranaa MaHOAHMHT IeKTP 3Heprusicd 2Koyab-
Jlenn uceuganrura capd 6yaann. 3anxupaan yarapysyan, yeud

424

www.ziyouz.com kutubxonasi




BoOpyBUM Ba Kamaiiub 0opyBuKH TOK/IAp YTAETrHIa axBoa Dy Ty1Liai
Gouikaya 6§nanu. Arap 3aHXHPAATY TOK OpT4d DopraH (1(% > O)
a GupaaMuK TOKKA KapaMa-Kapiily dVHajJImH Y3HHAYKIMOE TOK

xocua o6ynaan. bynaa ok Maubau DHOK Saxaprad MuiminHr
Bup kneMuriia XKoyne-Jlenn necumrira capg 6¥stann, xosnoc.

AKCHHYA, 331DKUpIAry Tok Kasast Gopran %IL < 0) aa, Gupramun

TOK 6WnaH OUp XU HYHAATaH V3HHILYKUMOH TOK XOCH I OFianG,
BSuipnamun ToK Kyuasiin Ba ZKoyab-Jlein HCCHKIITUTa Kaparaiaa
KYHPOK MCCHK MK aXPpaNIn0 HHKALHK.

IUyHnait kuaub, Tok opra€rraHaa 3anxupia Gaxapaanran
OpTHKMA KW OWpop Typaark dSHeprusira aitnaHanu, Kamasaér-
ramia 3ca Oy 9Heprust Kairtnh 3atxupra y3arunanau. TOK KyuH
OPTHILM OHMAAH YHHHI MATTIMT MAlIOHM XaM Kyuasyin, OHHOGapuH
Oy XOCHJ O¥IraH SHEPrust MArtUT MAaNHIOH SHEPIHUICHIUD.

MarnuT Maiiion 3HEPrusicMHN Xucobaan yuyH HHAYKTHB-
Jmrn L, Kapuiyauryu R 6¥aran xoiTyp HoCppoMariuT U3oTpon
MYXHTaa XOH1auiran 6VACHH.

KonTypna ok kyuu 1ostaH 6upop uekin I kuiimarra opra

Gopranaa yriaa yauisyknms 10K n € = ~L {-‘,Lnaiwo 6ya1anm.

By xonaa 3askupian Yraérrad ToK kyuu / OM KonyHura 6HHoan

£, E+€, €-LY
I= ;":——F)—J-z R{”' (12.34)

oynaam. 3”, —yMymuit 10K, € —rtox manbannnur DIOK,
€ ,;—V3MHAYKUMS SI0K, R—zarxupunnr Kapunanru (12,34)
JIaH £ aHuKIaNnca:
E=IR+L4L
ot
byHAan ToKk MaHGanHMHI ymMyMuil OaxkapraH 3/iCMENTAp HIUM
(lA},7 = JEdt Ky#hnaarura teHr oyaaam:

d/‘y,, = [€dt = 12 Rdt + LIdI. (1235

IHyHaait KuinG, ToX OpTaéTranaa ToK Manban daxapaérran

Awkur 6up Kuemu d Q = 12 Rdt —Xoynb-Jlenu uceuxiirura
Ba KOJTaH KHCMU 3Ca

dA = LidI. (12.35a)
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wira caph Oynapn: Tok MarHur MalZOHMHMHT JHEPTHY
3axupacu W, KOMTYpJarv TOK HoaflaH Oupop | kuiimartrava
opTramjia xocua OViran y3smiAyKUMf TOKWHW CHTUuiAark
Baxapuiarar wwn A ra, sibHy (12.35a) aad noapan 1 raua
QJMHIAH MHTEIPAITra TCHAMD:

!
W, = [ Lidl =L, (12.36)
! 2

ToKaM KOHTYP 1034CH OPKAIM YTACTIaH MarHWT HHIYKLUKI

OKHMU ¢ = [/ DKaAHIACMNY Hasapra oauHca, (11.36) umu
KYHHUIarn KYprHuuyia 83 MyMKHIL:

LR _ o _ 92
wm_l-z__ =2 (12.36, a)

Ulynaaii Kuaud, TOK MaruUT MaHAOHITHHT SHEPrUbICH W
CU Koysb (K) napaa yyananu; (12.36 a) ra Ounoan:

UK =1/3-A2=14-B6 Bf,f

(12.36 a) ndonaa TokIM KOHTYP V3uaa TVILIARAUIAH MArHUT
MaiNoH SUCPTUACHIAK uoopar GYnmmmm YUYH YHFA TOK-
HUHT XYCYCH BHEPTUACH XaM JeHIIaiu.

3aHXMPHY TOK ManGanial y3uil BaKTMAAQ AYKOTTat MartiuT
maiiod aueprusick (12.36) xucobura y3winil 3ACKTPOHIADH
ni BGazxxapazu.

COoACHOMA MAIrHUT MAKIOH DHCPIrUSICH BA SHEP-
rust suuauru. CosleHOWAH TOK yTaéTraHaa YHUHT ¥3arnuna
MyxaccaMIatmd xocun 6¥arad MarHiT MaijIoH SHEPIrUACH XaMm
(12.36) popmyna acocuia aHUKAAHAAM, SBHU;

2

, w, =42, (12.37)

OyHaa L—CcosetiomfIHuI AHAYKTHRIUIH, F—YyHaaH YraéTraH TOK
KYUH.

CorncHounsa ¥3ariaa Xxocui Oyaran GUp XUHCAK (B = const)
MarHUT MaHAOH aHeprysicu W, Hu mainaoH Kyuradrawiuru
Ba MHAVKUHACH B OpKaan utbommam MYMKHH. BYHHHT YIVH,
(12.19) ra 6UHOAH COACHOMAHMHI MHIYKTHRIIATI:

L = poun?V.
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OyHiaa V--COACHOMANMHT XaXMHK, 1—CORCHOWA Y3YHAMUK Oup-
JINFUTa MOC KeNnral ypamjaap CoHM, Ho—MarHuUT AOHMMIACH,
N —CcONeHOUA, V3aruiarvi MOAAAHMHIY HUCOMI MariinT CUHT-
JAHPYBUAHJIUTH.

byHIaH TaUiKapy TYIMK TOK KOHYHMra GHHOaH coscHon
Y3armaary MafifioH Kyunanrawimrk H = in, Oynsa [ =~’;§-

HHAYKTMBIMIMK L Ba TOK Kyuu [ napunsr ndoaanaprnu (12.36)
ra K¥MnG, KyiuaaruHu TOHAMUS:

W, =42 = %'i v (12.37)

tKku popuf = B axkansmruum uasapra onu®b, (12.37) Hu sua
OyHaait KYpuHULILIApAa G3MIL MYMKUH!

v _ LI2 _ HouH? 118 _.B
W, = =3 V= V= 7/1le (12.37 2)

Maruur MaljIoH JQHCPIUACH XaM Gapua TYpaars SHEPTUsi-
nap cunrapu CH Xoy:iap (OK) 6unan yauanagu, apHu:

UK=Un A* =141. (A-)M" =14.Ty. 18 =l:ll,:“l,w3
M At M %’

YekcHs y3yH CONCHOMARHMHT MArHuT Mak20Hy OUP XXHUHC/IK
B= const) OYnransury yuyH y Gakar CoaeHOMI MUMaa TYILIAH-
ran 6yaaam. demax, (12.37) aan xypunanmiku, Marnnt Maiiaon-
HUHT SHEPTHSICH CONCHOMA XAKMH V OVitHua DHEPTUSHHNT XOKM
auyanrn W, Busan 6up texuc takenwianaau. Mlyniait kuan6,
XEKM onp;mrma MOC KCfaH MATHUT MaliZIoH SHEPTHSCH, STbHH

DHEPTUSIHUHE XKM 3UWINIM KyHHAArura teur 6ysiaam:

w, =S Il 8 B (12.38)

m= Y 2 2 2pou’

Iynuait kuaub, MarsuT ManaoOH SHEPruACHHUHT 3UYIHIH
Y HYKTaarK MariuT MaigoH Kywiauraward {7 sa My~
UMSCH BB HUHT KVITAUTM3aCHHUMHT IPMUIQ TEHIJIMD.

Arap MarHuT Maiizon Oup Kuncnn G¥inmaca, MalaoHHNHY
KMUMK 3iaeMeHTap dV xaxvuaa B uu éxu M uw Y3rapmac 1e6
XHCODsIa11 MyMKIR Oynauu. Y Bakiua (12.38) (popmyna sncmenTap
XAOKMAATH MAHHT Mal0H SHEPrUSICHHHHT 3UMAMIMHH HhoJa-
Aanau, AbHU:

w = _HB

= (12.39)
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By x0a1a versi V xaxM uuuIaru aneprust

nt

=[w,dv =[£LEav (12.40)

oynaxu. By epaa unterpan Vxaxsm G6yitnua onuHran.

Toxnap MaruuT MaiigjoHu 2HepruscH Ba TOKJIap-
HUHT ¥3apo sHepruscu. Ymymuiixomaa /,,1,,..., [, Tok-
aap ¥raérrad N Ta KOHTYpAap XOCHA KH/raH MarliMT Maijio-
HUHM Kapad yukamus. Tokiu KOHTYPAAD CHCTEMACH MArHHUT
Maiaon sHeprusick W xap 6up xontyp aHeprusiaapu (12.37a)
HUHE anreOpankK ARFUHAMCUTA TCHE:

N

= . |

u/m = Wm1 v l’VmZ et Wm,V =7 2 Iid)mi (] 24!)
i1

by epita & ; —KOHTYPJIAPHYUHI / CHra TYTAIraH TVAKNK MATHUT

OKHMH 6ym46 y ysuH,uyKuun MarHuT OKUMHU (D, ), B2 YHUHT
KOATaH TOKIH KOHTYpAap Ouaias TyTauran y’smmyxuml MAruT
OKIMU (D, ), .. HUHT HHFMHAKCHTA TeHr 6ynanu:

d)m('-__((‘bmi )9)+ (‘bm:)

By kyunayBiM MariMT oKMM.1ap MoC pasuuina (o, )9==

L Ba (@, hapo = Y Myl 6ynaam, 6ynna Li Karranuk i—
KOH' TYPHUHT MHAYKTHRIMIM, M, 3ca i—kouTypuu K= 1.2,.. ¥,
KoHTypnap ouaan y3apo mmyxrumum Oxupm mbouanu
(12.41) ra kyituiaca, TOKAGPHUHT Marini MailaoH SHepruscy
Ke;H0 YnKaau:

Faupo

A

.
21‘12 ‘%2 Mlk][ (12.42)

:1 =9

By TeHrAaMaHMHr YH TOMOHHUAATM DUpHHUK KYLLWTYBuM Hboga
TOKIN Dapia KOHTYPNADHHHT V3WHAYKLHS MATHMT Mailionyu
IHEPIUSACHAND:,

lv
W, =33 LI (12.43)

i1

KouTtypaard TOKIapHIHHT 31 XOCHN KHAraH Oy sHeprusira
TOKJAAPHHUHI XYCYCUN SHCDTUSICH AcHWIANHN.

Ba HMX0sIT, MKKHHYM KYUIMAYBYK 3HCPIUSATA 3¢a TOKAAD -
HUHT Y3apo dHepIruacu Aeinaanu, SbHU:
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hi
Wi = iZM,-JJR (12.44)

lll—l

LyH#i Kaljl KMAKUT KepaKKHA, HKKU KOHTYPHHUHT y3apo
HHOYKTUBAMTA M, MycOaT xam, Matduit xaM BY MM MYMKHH.
Arap | —KOHTYP 103aCHra yTKa3uica, HOpMan #; HUHT iHyHa-

v K| KOHTYPHUHT MarduT Mailonn uiaykuuacy B, nunr
AyHanmmuy OWAaH  MOC Tyilca, y3apo MHIYKTHBIMK MycOar
M. > 0 Gynanm (12.21a-pacm), akcrunua Kapama-Kapum 6y:aca,
Man(bun M,_< 0 6ynanu (12.21 6-pacm).

TAKPOPJIAIL CABOJUIAPH

1. neKTpocTaTHK, MartiuT Ba JACKTPOMArtiHT Maiidousap jae6 xaiail
saiiaonnapra ajfitwaaan? Yaap gaunait wapontaa xocua G¥naamn?

2. Kangait Tokxa MHIYKUHOH TOK Aciunaan? MHIYKIUMOI TOKHITHT XOCHA
iy wapTiapHiK Kangail raxpudatap acockaa udoaaaus MymkiH?

3. (papaaciiitHr SAEKTPOMArNUT HHAYKUMS KOHYHUUK Tabpudaaiir Ba
matemaruk uonacium &aunr.

4. Unaykunoir Tokauir fiuaanusmy wdoaatosun fleny konaacuHy
Taspudaanr.

S. Mapagc#i-Jlent KOHYHHHK TabpHMbARHT Bl MATCMATHK HQOaacHIH
E3HHT.

6.apagcit DACKTPOMATHUT HIAYKLUMUS KOHYHHUIHHI DIEPIrHsHHHT
CAKNANINIL Ba METUIAAPIMHT KAACCHK DACKTPOI HASAPHSICH acockaa MehOTHHN
TYwysTupib Geprnr.

7. Tyrpy $TRasrduiz Xocha 6¥aran MHAYKUMOH TOKHUHE HYRAAKIMERN
ndoaatosun YHP KYA KOMIACHIU Tabphpaant.

8. Maruut maliaonna aiizanaérrany pamka Ba AHCKa XocHa GVaran
uunykunon DIOK kanga#h dopmyaagan anuxaanaan?

9. Mapancii DACKTPOMArHHT MHAYKUMA KOHYHHHHHT Kalgad aMaaui
TatOuKy Mapkya? DAOKCMETPUNIT TYZHAMIUKM BA MULIAW APMHLKHIHN
Kataai?

10. Vaunaykuus xoaucack ae6 numara alituaanu? YaHuaykumon snekrp
topuTysum Kyu nc6-un?

1. KoHrypHHET CTATUK Ba AHIRMHK HHAYKTUBAMIM ae6 numara
aitTaaan? MudykTHeinuMk Kandait oupaukia Vauvasagu?

12. CoaeHonaniir HHAYKTHBINMHM HuMara GOFTHK, Kauaaid dopmyas
ouian aHuKIanaau?

13.9xcTparokaap 4e0 KaHidalk Toktapra adTwiaan? YiaHuiu Ba y3uauw
IKCTPATOKIAPK BAKITa Kapab Kanaall ysrapaau?

14. Karra MHAYKTHBAMKCIH 3aDKUPHH TOX MaHOAMAAH yIMILAR XOCHH
6¥aran t’3mmy KUHOH DICKTD IOPHTYBYN KYIHUHT KaTTATUIY HHMara bor.mk?

15. Yauuaykuus xoamcacs cb numara afithaain? Y:sapo HHAYKTHIRTHK
Ae0 Kaugail karmavkka adtiaaaun? Y Kasgad Gopmyna Grutatl anuiiaiain
Ba Kauaall Owpanxkaa Yauaaaun?
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16. Kapmait kvpuamara tpatichopmarop aciinaaan? Tpaucdopsmarop-
JAPHHIP KalLJalk Typaapu MaBxya?

17. Tpancdopmarnst koaddrnuenriapi acld Hisvara ailtuiaau?

18. Tox MarnuT MalJonHHUHE DHEPUUs 320ACUHM UDOIATOBUL
rapMyrani E3unr Ba yiu usoxaab oepuir.

19. Tok Maryyr MailaoHMIUHT SHEPTHA LMY Kaunait dopMyaaian
atIanaan?

20. Toxrapinr §¥3apo s1eprisicit H¥Mara SORIHK Ba Kaniak gormaaaan
aNBKAaHaIu?

21, Toxkaapuuur xyeyeui sa $3apo sncprusicd snmaiapra Goriux?
Yaapuuur Matemarvk HgpoaatapuHn E3unr,

13-50B
MOIIATTAPHUHI MATHUT XOCCAJIAPH
13.1.MOJIEKYASIP TOKJAPHUHT MACHUT MOMEHTIAPH

Oaamiiry 6006:31ap/a MYXHTAAIH MArINT MaMJIOHUHMHT TOKIH
VTKA3rMura Ba XapakaaaiacTran 3apgany 3appaitaiapura TabCHD
KYUMHH upoaaioruu Amnep sa Jlopenii KyuisapHiu xapa0
UMKKall MK, By Ky'WwIapHuur MyxuT marint XyCyCHsTHra
OOFNHKIUTI MYXUTHHIIT HUCOMU MATHMT CUHIAMPYBUAHAUTH U
ou:1aH ndosananHras Dau.

MomnanapHHHE MATHNAT XOCcaiapH aTOM Ba MOACKYIanapH
MYH;a CHUK DACKTP TOKARPU—MOUEKYISIP TOKAAPHMHBUIIT MaB~-
KVIUTUTHAKD. By TOKAADHUKT (DH3HK TaDHATH Kaniai 3KaILu -
Ml Kapad YUKAMU3,

bapua aromiap Mychar zapsiLianran sypofan Ba YHHUHI
arpoduaars oporajiapiaa Ba xapakarialyBud 25eKIpolaapaan
TY3WITAH. ATOM/1ATU SLAPOHHHI MYCOAT 3apsLiH QJICKTPOIAPHUHT
Manduil 3apsiiMra TeHr, WyHHHE YHYR HOPMAT X0AaT4a aToM
2CKTP XHUXaraal HeilTpan O¥aaam.

SLitpo sapsan, OMROGapUH, aTOMIATM JEKTPOHAAD COHH
DJIEMCHTHHHL JIaBPHIT cMCTCMadar TapTub HOMEPH Z ra TCHEAUD.
Arap saeMcHTHHHT TapTrO pakaMH 2, 3ACKTPOHHUHI 3apyiM ¢
Oy:;1ca. si/ipo 3apsiay + ze ra TCHr OV.IMG, aToMa Z Ta DACKTPOH
O¥naamn. Macanan, sosiopoa (H) arosmu (z=1) arury 6nrra
AeKTpoHra sra, Harpuit (Na) atomn (z=11) 11 Ta
oaekTponra, ypat (,,U) atoMu (7= 92)aca 92 Ta anekiponra
3rA.

MaruuT xoaucanapHiy TYLVHTHPHILAA NICKTPORIAp KySlu
CHCTEMACH IIaHeTap;iap KaDy (aTOMHMHT ILTAHETADp MOJETH)
s.Apo aTpoduila jloupasuil GKM TTUITTHK OpOuTAIap OVitnia
ai1anaiu aed xucolaan: MyMKHH. ATOM DJICKTPOHAAPHHHHT Xap
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OupH ¥3 xycycuil opbutacu OyitMua xapakariaHajiH, TYPJIH
IACKTPOH OPOUTAIAPH TYPIU TCKUCAHK/IA ETAN.

I. 3aexTpOHHMHT OpOMTA] MArHUT MOMEHTH,
Op6uTa OVitnua aitsmaHaéTraH 3AcKTpPOHAAD €1TMK DJJEKTP
TOKAapuaaH uoopar Ba aitHaH MaHA UIYJApHUHT Y34 MOJACKYSIP
TOKAapaaH ubopaTiaup (AMNEp xaM MOJEKYIstp TOKIApPUMHT
MABXYLTHrMHK hapas Kuwiirad 2au). By Moseky:sip Toknap moitna-
JAPHUHI  MArHuT  xoccamapuHu
Oearunaitav. ByHaal Mojgekysip- .

OpOMTANT TOKAAP MATITHT MOMCHTH e Pm I

aTaayBuM P_ KaTTaIMK OWilaH TaBcHd- p—

naHaan. Papas KWralAnK, Taliku m
MarHuT MailoHH Takeupuaa OyaMaran, y
U3ONHIMANRHTAH aTOM;IATH DIEKTPOH A7
paaMyciau noupapuit opdbuta 6yisiad »~ —_
Te3AHK Gunan xapakamiatiaérrad 6YIcuH Le
(13.1-pacm). Af;TaHMA TOKHHMHT MACHUT

MOMEHTH Tabpudura OMHOAH ek~ 13.1-pacm
TPOHHHKHT OPOMTAT MarliuT MOMEHTH P,

MUKJIOpaH KyHuaarura Tedr 6vi1aam:

P, =1

L] o

S =1, mr, (13.1)

OyHAa § = 2 —3i1EKTPOH OPGHTACHHUHT 1031, [ —3/IEKTPOl
OpOUTAN TOKHHUHT KYUH. Arap 3/iCKTPOHHHHT opbuTa 6¥ii1a0
afaamm yactorack v 6yica, opbutan TOKHHHI Ky [
KyHuaarvra TeHr OViiajiu:
- - _L
[ s=ev=est, (13.2)

Oy cpaa e—a3eKTPOHHUHAT 3apsian. by ndonanun loxopuaaru
TeHMaMaaa ypHura Kyiuica:

Po=1 ¢ -t =e§%m2 =i%L o (13.3)

HUkxuHum ToMOHAAH, M MACCAH 3ACKTPORHMHT F PAIHYC-
JM opbuTta 6¥itnab » TE3MUMKIM XapaKaTH L, MMNYALC MOMCHTH
L, 6unan ndonananann:

L,=mur. (13.4)

By ndona aromnarn UXTUEPHIT KYpuHUULIArY OpOMTaAa
XapaxKaTNaHAGTraH ACKTPOHAAP YUYH XaM YPUHIMIMD.
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(13.3) vunr (13.4) ra Hucbary yarapmac 6yaub, asekTpon
HHUHI OPOUTAN TEIUIKM £ Ta XaM, OPOMTAHMHI PaiMyCH I ra
XaM DOFAMK OYnMacaall, YHIa 3JIEK TPOHHMHI THAPOMATHH 1
nuchatu aeiunaaay Ba g xapdu 0uaan Scarunasany, abHu:

(13.5)

Ja
RN
!'n

[3. [-pacMaaH K¥prHAIUKH, DACKTPOHHKIIT OPOUTAI MATHUT
MOMEHTI! BEKTOPY £, Ba OPOUTAN MMITY;ILC MOMEHTH BCKTODY
L, afmanni Yru 0Viinal kapamMa-kapiy #YHUIraimmeg yayH:

5 (e Ve _ 7
Pm - (._ )Lc - th “36)

3. ATOMHHHI 0pOUMTAA MATHUT MOMEHTH. ATOMUMHAL
opbuTAN MarHuT MOMCHTM P, 1ch, atoMiapaark DIeKTpoH-

JTAPHUNHT OPOHTAT MArHHT MOMEHTHADH p,, HUHF TEOMCTPUK
ifiurutaMcura aifTunaau:

[3”1=Invt+P +- m:,=zﬁml (137)
isl

OyHaa z—aroMaary mexkTponaap coiin Oviand, y Mennenees
JABPHE CUCTEMACHAATH DJACMEHTHUHT TAPTHO HOMEPHIA TCHI.

Xyiuti HHYHMHIACK, ATOMHUHI OpOUTAIT HMAYILC MOMCHITH XM,
aroMaary 6apua DAEKTPOHAAp OPOHTAT HMNYILC MOMEHTapY

Lﬂ HUHT BEKTOP HHFUHIAMCHTA TCHI:
L=l +L++L,=YL,. (13.8)
i}
(13.6) (13. 7) Ba (13.8) ian (hovmd,xauno ATOMSIAPHUHT MArHUT

B UMTIYS1bC MOMCHTIAPH P,,, Ba L yuyH Kyisaars Mydoca-
6arHu E3aMus:

B,=-{s) L= (13.9)

LUyrait kuaud, (13.6) sa (13.9) gaH KYp.tHATHKM, 21€K-
TPOH BA ATOMHUNT OPOHTL TMAPONATIINT HUCHATH ¥32p0 TeHr-
Aup. Opburas ruApoMariuT HUCGATHHIT MaTEMATHK UOAACH
(13.5) noupasmit opouta Mucoanaa Kapad unkuuM, Opouran

IMApOMaryuT nucbar g = 2m opGuTa PAKYCH £ ra BOFINK 6Ya-
MAraivTUry YNVH Y 9;UIGTTUK OPOUTAIap Yyl XaM YpUIHAKMaup.
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13.2. MATHUT MAWJOHMUIATH ATOM

DIIM TAILKY MAarHUT MaiiAOHHWHI aTOMIAArU HNEKTPOHHUHT
OpOVTAN XapaKATHIA KaHal TabCUp KIIUMILIMHN Kapab YMKAIWIHK.

IOxopunaH ManayMKH, WHAYKUMSICH B OynraH MarHut
MALJIOH NOMpaBUM TOKKa, XyMilajlaH 3JCKTPOHHHMHI OpOUTAN
TOKHIA AIUTAHTUPYBUYHM Ky MOMCHTH M Owian TabcUp KUIanu,
ABIMU:

1\7!:[}3’".3] ¢ku M = P _Bsina (13.10)

oynaa Pm —3JIEKTPOHHUHI OPOMTA MArHUT MOMEHTH, o 3Ca

f’m Ba B BexTOpap opacuaary 6ypuak.

DNEKTPOHHUHT OpOMTa1 XapaKaTH NMUAIMPOKHUHI YKH
atpodmpary afnaHMa xapakaTvra yxwawl OVArawiuri yuyH
AWNAHTHPYBYH Ky MOMEHTU M TabCHPH OCTUAR INEKTPOH XaM,
XYAZH TTHIUTAPOK CUHIapH, TIPCIECCHONR XapakaT KHIaAH, bl
MMIIYJIBC MOMEHTH L, Ba opOUTAT MArHUT MOMEHTH P, BeKkTop-
nap B pexkTop atpodmna w, Gypuak TEXVTMK GUNaH XapaKaT KMAAIH
(13.2-pacm).

Ipeueccunan xapakat Gypyak
TeIIUIH ®,; HU OCOHIMHA XHcobaaln
MYMKHMH:

SnekTpoH opbuTan Xapakataa
UMAYJIbC MOMEHTHUHT Y3rapuiiu
dl, Kyd MOMEHTH UMNy/IbCH

Mdt ra Tenr:

dI, = Mdr &xu dL = Mdt
(13.11)

dI, BeKTOp Xyanu M BeKTOp CUH-
rapu L, BekTop &Tral TEKMCAMKKA

MepncHAUKYIsip iyHanraH 6ynuo,
yhunr moaynu dL, uu (13.10) u

Hasapra oJifaH xojij1a KyHhuaaru -
KYPUHHILZA E3ULT MYMKULE AV —_
Al
dL, = Mdt = P, Bsinodt. (13.11a) 13.2-pacu
28—265 433
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HMxknHun tomonaaH (13.2-pacMra K.), UMIYILC MOMEHTHHMI
yarapniun dL, Kyligarnra TeHr:

dL, = L, sino-do= L, sinc-o, -df, (13.116)

Oynua do = w, df —umnynsc MOMEHTH L, ETTaH TEKMCAUKHUHT
B Bextop atpodmnary Gypaauniu Gypyard; o, —npeLecccHoM
XAPaKATHUHT OypyaK Te3NMUIHU.

(13.11a) Ba (13.116) ndonanapuy y3apo TeHINaWTUPAMHI:

P Bsinadt = L, sinaw,dt.

ByHnan npeueccusnyn xapakaTHUHE Oypyak TE3NUTH w, HK

P
TOnaMus: ®, = —ﬂB

by udoaara (13. 5) JaH NCKTPOHHUHT OpOUTAN MarHUT MOMEHTH
Ba opOurag MMAYABC MOMCHT/IApPH HMCOATHHHUHT KUIMaTH
Kynunca,

P

L= B (13.12)

ByHnaH KYpUHaAMKH, NPELECCHsHUHI GYpuaK TEITHIH o,

OPOMTAHMHI OpHCHTauMsicura, s P, pa B Bekropnap
opacuzrary 6ypyak o ra 6Goruk amac. (13.12) dopmyna Jlapmop
TEOPCMACHHMHTF XYCYCHii Xx0a1aru MareMaTrk ndoaacu 6yaunb,
y OyHaai tappuduiaHanu: mazwum Maiddonnunz amomdazu
anexmpon opbumacuza 6updan-oup mascupu 34exmpon-opouman
maznum momenmu P, nune amom adpocudan ymean B sexmop
ampoguoasu Kywumua ,; OGypHax me3nuKksu npeyucCUOH
xapaxamoup.

Maruut MaiinoHmaru 3neKTPOHHUHT ®, GypYaK TE3THKIM
npeueccusicr opoUTan ToKHYU Yaraprupu6, Kyummua opéuran

TOK Al 5 HH XOCHA KHUIamH, SAbHU:

w

2
AlopﬁzeYL-:e%:Zﬁm?B (13.13)

By TokhuHr iAynanumm 13.2-pacMaa tacsupnanras. by Tok y3
YPHHIA SNEKTPOHAA KYIIMMYa OpOUTa/i MATHUT MOMCEHT AP, Hu
XOCHI KHIaAJIH:

AP, =Al,, S, =234 B. (13.14)
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OyHaa S, —3neKTpOH opbutan 1o3acu § HUHT B BEeKTOpra
NCPACHAMKYAD HyHAMILAary npockuusicu. UHaykuumstnaHraH

OpoHTANl MATHUT MOMEHTH BEKTOPH Af’m HUHT HYHAUTHLLIN MATHUT
MHAYKLMS BEKTOPU B ra Kapama-kapiuu Gyaranu yuys (13.2-
pacm):

- e2s -
AP, =-m‘~ B. (13.14a)

MarHuT MaitIOHMAATY ATOMAA Z Ta INEKTPOH OVAraHu yuyH
aTOMJId MHAYKUMSITAHTaR OpOUTAT MArHUT MOMEHTH AIS,,, xap
OUp 3neKTpoHAa Xocwia OynaraH Kywumuya opOUTan MarHur
MOMEHTAAapH AP"". HUHF FEOMETPUK UHFUHAUCUTA TCHT, SibHM:

- = 2p
AP,,,-_-EAPM:_{WB iSu (13.15)
] i=l

AroMpaary 3feKTpOHMap OpOMTACH MPOCKUUSIIAPH S, ; HUHT
ypraya kuitMaTi < S, > TyLIYHYaCHHW KUPHTAMU3:

=1
<S8 >= Z ,E_, S
VY Bakrna
5 _ 2 Si> 3
AP.-——ZE‘;[—mlB. (13.16)

byHaa z —aroMaaru 3jJeKTpoHiiap COHM 6ynub, y Men-
Jenees AaBpUil CUCTEMACHMIOATU VICMEHT ATOMWHUHI TApTHO
PAKAMMIA TCHF.

Hlyniai kunnb, Tatiky MariuT MaifiaoH TabCUPHIA ATOM-
Jiarv 6apya AEKTPOHJIap MabTyM OUp OYpUaK TEINUKIA 3ACKTPOH
OpOMTALTAPHHUHT Nperieccusacy Xock 6ynap 3kau. by npetieceus
V3 ¥pHKAA aTOMIA MHAYKLUAIAHTAH KYLIMMYa MaTHUT MOMEHTH
(13.16)114 103ara KenTUpaLHU.

13.3. MOJAJAJJAPHUHIT MATHUTJIAHHMIIIA

Marnetrukaap. Oaaunry naparpadia kapad YHKHIraH
aTOM/IAa MHAYKUMWSJIAHTaH KYLUKMMYa OpOKUTAN MarHUT MOMCHTH
(13.16) uxTHépuii Moaaa atoMy yuyH Ypurauanp. LUysunr yuayn
Xam, 6apya MOUIANAD TALUKY MATHUT MAAOH TAbCUPHIIA O3DOK,
€KY KYNPOK MATHUTAAHANH.
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Talxu MardHuT MailoHHAa MarHUTAAHAAUIaH MOAdanapra
MarHeTHKaap AcHWIALH.

MaruutaaHu BEKTOPHU. MoaanapHyHr MarHUTAaHH
JIAPAKACHHY XapaKaraall yiyH MarHUTAaHH W BEKTOPH /b
aranypum (pU3HK KaTTAAUK TYUIYHYACH KUPHTUAAIH.

Moddanunz maekumaanuw sekmopu j 0e0, 6up 6upaux
XAHCMUOUSU GMOMAAPUO UHOYKUUSAAH2AH Kywum4a opbuman
MazHum MoMeHmaapu A Pmi HUHE 2e0MeMPUK U FUHOUCH2A MUKOOD
Jeuxamoan meme 6ynzan (u3uK Kammanukka aimuaadu, SsbHu:

N 3 AP (13.17)

Arap MarHMT MaiAoHMJAar# M30TPON MOJAA aToMJapuia
MHAYKLMSAHTaH OpOUTaN MarHuT MOMEHIJIApH MMKAOD Ba
HyHanuIL XXUXaTaaH oup xui (rAf’m = const ) 6Vica, (13.17)un
KYHWIarn KYpuHyLga €3ul MyMKHH:

j= _17 APri= —”VAP"— N APa, (13.17a)

..M~

6ynaa n, = <y —MOIA ATOMAAPHHMHT KOHUEHTPAUHSICH, THHH

61p 6GMPIIMK XaXKMIATH aTOMJIAP COHMU.

DduaMarHeTukaap. ATOMH TapKHOMAary >AeXTpoliap
OpOUTAT MATHHT MOMECHTAAPUHMHT FEOMETPUK WHFMHANCH HOJITa
TeHT OYIran aTomn1apra XyCycHi OpOMTas MariWT MOMCHTTA 3ra
6y:umaran aroMnap ae® Hom Gepamus.

Xycycuti maziium momenmuea 32a 6ynmazan amomayu modoasap
mawKu Mmaznum maddonuda maddonea meckapu Gynasuwda
maznumaanuw xoducacuza ouamacnum Ihpexm deduaud,
Moddanapea sca Ouamaznemuxaap oeliuaaoy.

Arap AP HUHT Udojaacy (13.16) uu (13.17) ra k¥yitnca,
Auamamemwmpunnr MATHWTJIAHHKLI BCKTOPM KYITMIarura TeHr
6ynann:

j=nab = BisSioh (13.18)
Bynna «—» uuiopa j Ba B BeKTODJApHHHT KapaMa-KapLi
Wynanrarwmrnemn ndoaanaim.

JHaMardeTHKNapHuir iMcOui MarHuT CHIITIMPYBUAHAMTH

| ra skuH OYATaH: MY yuyH aManaa p =1 6ynaanu. bunobapus,
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AMAMAPHCTUKIAD Y4yH B = W, H IKAWIMIMHM Ha3apra oaub,

(13.18) HH MaiAOH KYWIAHTAHAMTU f{ OpKaaM Kyiugaru
KYPUHHLLA €3ML MYMKUH:

2

i n.e“z<S, > oy 'y

j:—.Lm—‘—-unH =me, (1319)
’

by epga Xm —AWaMarHAT MOLJAHWUHI MATHUTNAHMLI XYCYCHs -

THHU MPOAVIOBUM YAUAMCH3 KATTAAMK OVAMG, yHra MarHut

Kabys1 KMAYBUAHIMK Aeiinaaam Ba y KyHuaaru KYpUHULLITa ora:

X, =~ ne2z<S,>p, ' (13.20)

4num

Ouamarneruxknap yuyyH Xm < () DKAHANUTH, TAWKA MATHUT
MaliloHMAAa RAMAMArHUT MOMAjap MaitgoHra Kapama-kKapiiu
HYHATHIN/A MATHUTIAHUILKMHK Udoranaitnm.

(13.20) dopmyaa hakar IHaMarHCTHUKAAP YUYHTUHA YPUHIIN
9KAHMHHM TABKUIIAN KepaK.

HuamarnieTuxeiapra MHEPT rasiaap, alpyuM opraHuk OupukMa-
J1ap, METAJLIAPOAH: BUCMYT, UMHK, OJITUH, MMC, KyMYLl, CHMOD
Ba Gomkanap, KarpoH (cMona), cys, ilHiia, MapMap TOLLIap
Mucos 6iaa oaanu.

Joumuit Maruut Kytonapu opacura xXoitiawiTUpuiiraH
JMAMATHETHUKIIAD MATHUTHUHT OMP XWA UCMIM KYTOU SIKWHHUAA
AMAMATHETHUKHMHT XaM OUp XWJ HCMiIM KyTOaapu xocui
OyAraHAMIUIaH, yaap KYUCH3 MATHWT MalioH coxacura
WTapHIaaM.

HonMHil MarHuT Kytrhjapy opacura XoHaauTvpuira
JIMAMAIHCTHKAD MATHHTHUHI Ky101apH AKMHWAA IHAMATHUTHUHT
6P XKUA HCMTH KyTOM XocH;1 6¥.1aau. LLIYHHHE yuyH XaM Mardut
MaROHWIATH JJHAMATHCTHKIAP KYYCH3 MArHWT MaKIOH COXacura
UTApPWIAIH.

Macasan, JMaMarHuT MOJUIA—B UC MY TA d H Tanépaanran
CTCPXCHb MarHuT KyThiapu opacura ocwranaa (13.3-pacm),

13.3-pacwu 13.4-pacw
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MarHuT MaHAOHHMHT HHAYKLUMS BEKTOPH B ra nepnenaukynsp
xoinawsub xogamu. Xyaiad HiyHra yxuramt JOMMuii Marsmi
KyTOnapu opacvaary ¢asofa ataHra €H TOMOHTA WTapyaanu
(13.4-pacm), UyHKH aTaHraHU TAIUKKUIT KMATAH rasnap aMaMar-
HETHUK/IND.

4. TTapaMarHeTukaap. XyCyCHit MarHUT MOMEHTH HOMIAH
(apKan 6¥iraH aToMiIIM MOJUIANAP TAlIKM MATHUT MaiZloHK
OVitna® MarHMTIAHMINY X0 MCACUTa napaMarHMT 3§ dekT
ACHWAMOD. MOJlanapra 3ca napaMarHerukKiap aciunang.

—

B=0 B0
ga‘adg Cdedcdd s
Q

“© o

3 o
<O
0 G-

"
B
e

PR

&
6~ 06- G-
C CNL

a d

13.5-pacmM

IO B
PPP

MojzanapHUHT mapaMarHUT XOCCANAPY aroMJIapuia HOJLIAaH
(hapk/i1 OYraH Xycycuit OpoUTa1 MarHMT MOMEHTTA 3ra OY/THILIN
OunaH TymyHTHpuaagyn. Talky MATHUT MaHHgoH 6Y¥aMaranaa,
[1ApAMarHETHKAAIY ATOMJIAPHUHI XYCYCHI ODOMTA MOMEHTIIapH
AP, neceukimk Xapakartv cababau TapTubCu3 xolvtalras 6ytanu
(13.5a-pacM). LLIyHuHr yuyH XaM, TallKy MaiaoH GyimaraH

(B = (0} na anOXUa aTOMIIAP XyCYCHi OpOUTAN MAarHUT MOMEHT-

AAPUHMHT FCOMETPUK HUFMHIANCU HOJITA TEHT EA =0},
i=t

61HOoOapHH, NapaMarHiT MOAAA MarHUT/IaHMaraH Gyaau.

Arap rapaMarHMT MOIA TauIK¥ MarHUT MAIOHKTA KHpH-
TUACA, YHUHT Xap Kalcu aromura XydT Ky Tapcup Kunnb,
ATOMJIADHUHIT XYCYCMit OpOMTaN MATHHT MOMEHT/IApH MalIoOH
Mynanvimra napamsien xoittawnwra yHrdaaan (13.5-6 pacu).
Hatuxaga, 6y napaMardeT¥k vuuaa Houal dapkin 6yiraH,
TAIKM MarHUT MaHAOHIa napawiesn HyHajiral KyuMuMya Mariur
MangoHu xocus 6ynanH.

[JapamarHeTuk atomiapy Y3MHMHI TY3WIMIUM Ba TalUKU
MAFHUT MAHAOH A OPUEHTALIMSUIAHUILMIA KYPa H3NCKTPUKHUHT
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KyTOiM MOJIEKYAVTApHIa YXLUALAMP. Bylia imanck ipHKIapinar
KyTOMaHMLUM yuyH aTOMJIAPHHHT 1EKTP MOMEHTHapU P, Myxum
6yica, napaMardeTHKIApHMHI MarHWTIaHUIIK YUYH ICa
ATOMJIADHUHT XYCYCHMit OpOMTAN MArHUT MOMEHTILAPH P,
MYXHUMAMP.

1905 itunna dpanuys ¢pusury [Moas flanxesch (1872-1946)
TOMOHMAAH SIPATIITAH NMapaMarHCTU3MIIMHT KJIaCCHMK Ha3apusi-
cHra GHHOAH TAlIKY MarHUT MaiOH KyWwiM Ba Xapopar XyAaa
act OysMarana, napaMarHiT;1ap yuyH MarHUIJIaHU1L BCKTOPH
7 XaM TAlLKH MarHUT MaH/IOH qunaumﬂ,mm H ra nponopiixo-
HaLup:

J=x.H, (13.21)
s et OyHaa 37, — [lapaMarHeTmK-
NapHUHT MAriaut Kabyn

KunyBuaHnru 6y:1u6, Jlan-
SN | >XCBEH Hazapusicura Ou1ioaH:

N=—| >

M-%%H(Hn)

[TapamarseTukiIap yuyi

13.6-pacum . .
X, Kuimarn  Myc6ar

(%7 > 0) 6yau6, y 105 — 10~ opaaukaa Eraiu.

XKyna Kyuau marHdT Maizoit Ba nacT xapopariapaa
APAMATHCTHKIIAPHUHT MATHUTIAHUIL BCKTOPH j HHIT MaiIoH
KYWIAHrILMrd 4 12 IPONOPLHOHATHIH 6y3inaau. XKyMiaiaH,
H opTta OopHiK Owiad ] BEKTOPHUHI KUIMATH CEKUH OpTa
copaau, Ba HHUXOAT, TYHHHHIN X0AaTH 103 Oepub, ]=const
oynub Konagu.

%) @
(@)
[3.7-pacwm
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Kucnopoa, a3oT, a30T OKCHilH, XaBO, S00HUT, ATIOMHHNI,
IU1ATHIHA, CYIOK, KUCI0TA, HILKOPHIA CP METAJUIADH Ba 11y Kabwiap
napaMarseTUKaapra Mucos 6yna onagu.

Honmuit Maruur Kytéaapyu opacura XoiaauiTpuiaran
napaMartuT MoAaaAap WyHIA MarHUTAAHAAWKH, MYCOAT MarHyT
KYTOH SIKHHMIA YHUHT MaH(ui KyTOm 6ynaam. Hatuxana, raiiao
o¥araH xap Xxua ucMiIn Kyrosaap Y3apo TOPTHILANM.

Talky MarHuT MafICHUAATH NAPaMATHETHKJIADHHHT MAMIOH
6¥it1a6 MarHUTAAHUMILMHY TAXpUbaaa OCOHTHHA KYPUILI MyMKHH.
Macasian, 10MMUJI MATHUT KYTOAapH OPacHaa Mnra oCUAran
napaMarHeTUK CTepXelib MarHAT MaWAOH MHAYKIMS UM3UFH
Gyitnab xoinawaan (13.6-pacMm), mapaMariuT CYIOK/JAMK 3Ca
KYUaM MaWdOH TOMOHTa, sSibHM MarHMT KyT0/iapu opacuaaru
(hasora TOpTHAAIN.

Ulynnait Kunub, 10KOpUAA alTHITaHAapHM YMYMIALUTHPHO,
Oup XM MoJnaiap AnaMarHuTaap, GoLIKanapy 11apaMariuTaap
OVAHLINNY TYIHYHUO OAUUIMMH3 MyMKyH. MartHuT maiinonyaaru
Xap KaHna¥ aTtoMHMHr Oapua anektpounapu JlapMop npeir-
HecCUsicura Ay KearaHy ¢abatiiy aToMHMHT JMaMartimT XOCCacu
MABXYA OVaaan.

13.7-pacmua, amamariut (a) Ba napamarnur (6) Mouia-
HUIT MarHuT Kabyia KWIyBYaHIMIHA X, HHHT XapOPaTHWUHP
Teckapu uonacy 1/T ra SornaHuin rpadpury KeITHpHITaH.

Ulynu Kalp knuayi Kepakky, MarieTukaap Sup BakTHUHT
V314 XaM IMaMArHHUT, XaM NapaMarduT xoccara ara OVraiiuru
YUYH YMYMMIl X0,12a MOUIAHUHT MATHUT KaOy/i KMIYBUYAHIHIH

Y. WKKM KMCMIAH TAWIKAN TONraH 6yaaam:
X = Xom + Xop» (13.23)

OyHna Am B2 Xs —AMAMATHHT BA NapaMaruyT MOLIATAPHUHT
MArHUT Kabyn KunysyaHauru O¥nu6b, yjap Moc DaBHUIAA
(13.20) Ba (13.22) dopmyaanapaad aHMKIaHAIH.

Arap MOAAQ ATOMHHMHT XYCYCHit OpOUTANI MaTHIT MOMCHTH
KW4HK 6Yaca, yHUHT AnaMariuT Xoccanapud Kyyau oVaamm sa
MO/ AMaMarHeTHMK OViaaaM. AKCHHYA, MOJIA 4TOMMHWHE
Xycycuii opOMTan MATHMT MOMCHTM KarTa 6yica, YHUHF
NnapaMarHuT Xoccanapu AMaMariiuT XxoccanapuaaH Kyyiu oynaiu
Ba MOIa MapamarsieTuk Oynanu. XKymaanaH, 6apua nHepT ras
ATOMIAPMHUHT XYCYCHIl OpOUTAT MATHHT MOMEHTIAPU HOJITA TEHI
OVarawinry yuyH yiap ¢akar iMaMarHeTUKiapaup.

Marnutomexanuk 3¢ dext. apamarneTHKHUHT
aToM (€KW MOAEKYJIa)JIapHUHT TAUIKY MarHUT MaitIoH; 14 Maiiion
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Byitnal opHCHTALUMSUIAHWIIM Cca0abNH MArHKTIAHUL COAMP OYTanu.
ByHaa napaMarHeTHKHUHT XyCYCHit OPOUTAT MMITYILC MOMEH-

- N
TH BekTopu L = 2 L, acocuii ponHu Vitnab, y opOuran MarHur
|

» N N
5 5 _ 1
MoMettTH Bextopy P, = Y P, Guran YL = "g‘EP mt BOFIa-
=1 inl f=1

Huura ora; 6yHga N—imapaMarHeTHKHHHT AV xaxMuaaru
aTOMJIAP COHU, g—MPOMATHUT HUCOAT.

3nemenTap AV XXM uerapacuia Tallky MarH1T MaiiIoHm
Gup xurcau xucobaa6, (13.17) sa (13.21) ¢opmvnanap acocuna
napaMarHHuT XaXMHUHT UMnyasc MoMeHTH [y (6ynza I;—
KUCMHMHT HHEPLIUS MOMCHTH, 0 —VHWHI OYPUaK TE3/IMIN) HU
KyHHAard KYpUHUILAA E3U1IL MYMKHH:

N _ N . _ P
]Oca:-;L‘.=—é§Pmi=%j=é§K,‘{mH (13.24)

[MapamarHeTMK aTOMMHHUHI TallKM MarHdT ManooHIZa
OpUENTAUHIAHNIN XAapa€HUAA UMITYIhC MOMEHTHUHL CaKaa-
HHIU KOHYHH Oaxapuiaany. [LIyHHHT yuyH, rTapaMartiur XucM
TAIKK MAardHUT MaidgoHOa MArHWTIAHFaHJA YHUHT MMILYALC
MOMCHTH JOUMHI KOMHIIM Kepak. HaTuxada, mapaMartidT XHUCM
I 0(1') —HMMNY;IbC MOMCHTI2 312 OY;IMILM YYYH MarHHUT Maiiona
® Oypuak Te3MuK OHUsaH ainaHMa xapakar Kuaaam.

[Tapamazrnum xcucMHURE MawKy Maznum Malidonda atizanma
xapaxamda OVauwu xoducacuea MacHumMoMexanux dgdexm
detiunadu.

Taxpubana, [,, AV Ba
JouMuiiniapuy Guarad xoswa H sa
w Hu ynuad, (13.24) dopmynagan
THpOMarHuT HUCOAT g HY aHMKJ1aLl
MYMKHII,

MarnuroMexaHuk 2 GheKTHI
1915 #unga OupuHuK  GYnub
DitHmreitH pa e Xaac Taxpubana
KyszaThiirad. By taxpu6ana yHua
Karra Oyjamaran TeMHp UHMJIHH-
IPYaHM MHIMUKA KBapll Tojara
0OCHO0, CONCHOUN MUMTA XOoMlalil-
Tupuarau 214 (13.8-pacm). Cone-
HOWAJAH Y3rapMac TOK ¥TKasub,
WIWIHMHAP MATHUTIAHTRH8 Y OypH- 13.8-pacm
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Ja GouLaiam, MarHuT MaiIOHHUHT RHYHATHIIN Y3rapTHPHAraHaa
afTannIL BYHAnMUIm xaM yarapaau. LIniMHApHUHT OYpHAULIA
Tonara Maxkamiab Kynwiran K kysryuanag Kaiutran Hyp LywiacH
épramMiuaa 11KajgagaH aHukianany. byHna jozara kenapurad @
Oypuak Te3nux Xyaa knunk Oyaram. Macanan, anamerpu Oup
Heua MuwiiMMeTp Oynaran Temup umanuap K =10* A/M
Kyusanuuing maiiaonna o= 103 pan/c Oypuak Te3nMKKa 3ra
ovaray, xonoc. LIyHMHT yuyH Ky3aTuaaaurad MarHUTOMEXaHuK
3¢dpekTHN KyualTupuw yyyH DitHiuteliH pa e Xaac MexaHnk
pEe30HaHC Xoaucacuian QoinanaH1IIM, YAAp CONCHOMOIHY
YACTOTACH LIWIMHAPHUHT PE30HAHC TEOPAHKLI YACTOTACHIA TCHI
OV;1raH yarapyByaH TOKKa yaalliaM.

Wynnai xnand, tTaxpudanan OJAMHIAH MabayMOT/Iapra
OMHOAH r'MpOMArHUT HMCOAT & HY AHUKAAD, YHHHT Hasapuii
yukapuaran kuiMartuan (13.5) OunaH TakKocaal MyMKUH.
Taxpuba HaTMXKanapuiaH ManiyMm 6yjmm<u &, HHHT DKCrepu-
MCHTa1 KnitMatH Hazapwmii (13.5) kuidmMaTHaIaH HKKY Mapra KaTTa
OKaH, SbHHU:

g =28=2%. (13.25)

ByngaH TEMHUpHMHI MAarHMT X0CCajapH 3AEKTPOHHMHT
opOHTan MarHMT MOMEHTH P, ra aMac, 0aaky Xycycuit MariuT

MOMEHTH P, ra GOFIUK, AeraH Xynoca Keaub ynKauu.
[Lynnait Knanb, 3j1leKTPOHHHHT XyCYCHit MAarHMT MOMEHTH
P XycycHit uMIlybC MOMEHTH [, Ia NpONOPUHOHANAND:

P, =-glL,=-%L, (13.25,3)

es

HactaBran >neKTpoH XYCYCHil MATHUT MOMEHTH P, wvHr
MABXYIUIMTHHH, YHUHT ¥3 Y¥KH aTpodmaaru afiIaHULIHBMHE
HMITYJIbC MOMEHTU—CITHHHU (Spin—HHMN3YA AiJIaHMOK, ICMaK-
O1p) 6uwnaH TyLyHTMpMOKYM Oyaratiap. KeHnHYanuk CIMHHUHT
OyHaa MOJENH Oup KaTop Kapama-KapLifIMKKa 010 Keaau,
HaTHXAOa ¥3 YKy aTpoduaa «alnaHaETraH JNEKTPOH» XaKUIAry
TACaBBYPAAH BO3 KEUMLITA TVFPM KEIIH.

XO03Mpry BaKT/ia TEKINPUILUIADAAH MabiiyM OV/IIMKH, dJIeK-
TPOHHUHF XyCYCUH MMITyJIbC MOMEHTH-CITMHU Ba Y O1miaH GOFIMK,
OVJ/Iran Cn¥H MardUT MOMEHTH XaM, YHHHT MAcCacH Ba 3apsau
CHHrapy aXpaiMac XapakTepHCTHKanapuaaH OupH 3KaHIurK
Kya KaTTa MILoHY OUIaH MCOOTIaH/IN.

DJIEKTPOHHMHT CNIMHH, TbHH YHUHT XyCYCHIT HMTTyIbC MO-

MCHTH L; Ba Xycycuil Maruutr MoMeHTH P,, MOWIaIapHHUHI
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MAarHHUT XoccanapuiariHa HaMo€H 0¥nubrutHa Konmai, 6ouika
KYTl XONMcanapia, XyMiaajaH, ONTUK CREKTPAapHHHI Xocca-
Aapuaa Ba OpOMTada 3ACKTPOHHUNT XOMMAIUHINKAA HAMOEH
6ynann. DAeKTpOH CIIMH YHUHT KBaHT tabuarura sra Gyiarax
3JIEeMEHTAp 3appaya IKAHIUMIHHUHT ME3OHKAKD.

lllyudaii xuaub, cnun-keanm mabuamuea 32a 6yaean bapua
anemermap 3appanap (3AeKMpoH, NPOMOH, HelUmpoH 8a MblOH-
AGP)HUHE XYCYCUTE UMNYALC MOMEHMUOUD. -

3aMoHnasuii GU3NKAKA INEKTPOH CHMH L, HUHT abGCOIIOT
KUiAMaTH Kyiunaru dopmyna OunaH aHUKIIaHHUUIM UCOOTAAHTaH:

L =B r-diy (13.26)

OyHaa h=6,62-10% XK. c Inank nonmuiicu 6yau6, h = -2—’7% =

=105-10* X.c. ¥V BakTma 34€KTPOHHMHI CMUH (XycycHil)
MAarHuT MOMeHTH P, HUHT aBCOMOT KHItMaTH;

-

P=tl, =\3-£h=\3 (13.27)

dopmynanan anux1aHaau: bynaa gy karranukka bop marke-
TOHU HeHUAUO, YHUHT COH KUHMaTH:

Mp=5-h=0027.102 A.n?

[yHu Kaia KMAMLL KEPAaKKH, IEKTPON CIIMH MarHuT
MOMCHTH P, H{HI TAlKY MarHUT MaiJOH HHAYKUMS BCKTOPH
B nuur rawku tyHanuium 6yiuyga npoekumsicu (£, ), 6up bop
MArHCTOHM Ly Ta TEHT GYniauu.

DNEKTPOH CIUH L, Ba CIMH MOMEHTU P, HHMHI MyXMM
XYCYCHMSITH LIYHAAH WOOpaTKH, YIADHUHT MArHUT MaiaOHM a1
MPOEKIMSICH MAIHHAT MHAYKIMS B BeXTopura HucbataH MKKH
Xuwr 6yaaau: .

1. MarimT MHAYKLMS BEKTOpY B ra napaniei 6¥iraH xomiaru
CITHH Ba CITMH MAarHUT MOMEHTJIADHUHT NPOSKLIMSUIAPY KyiHK-
Jarura TeHr 6ynanu:

(Zes )y =+1 1, (13.28)
(Prs )y = 115 (13.282)
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2. MarHuT MHIYKUHs BeKTOpH B ra xapama-Kapiiu, SbHU
aHTHNAPALICS MPOSKLMSIAPH 2Ca:

(o), =—1n (13.29)
(Poss ), = +115. (13.292)

DACKTPOH CITMHUHMHT TAIUKH MarHMT MaliIOHHIArd UKKH
xun npoexkuuMsiianuium LrepH Ba Fepaax ToMOHMIAH TaXpH-
6aza aHMKJTaHraH.

13.4. MOJADANAP/IAT MAIFHHUT MABAOH

1. MarHuT Kabysn KHAYyBUYAHJIMK Ba HUCOHII
MATHHUT CUHTAUPYBYAHINK. Marumuxnapuam HaTH-
XaBUA MarHUT MaigoH MHAYKUMSACH B, VTKa3yBYaHAHK—
MakpoTOK [ HMHI BaKyyMAa XOCHUJ KWITAH TaliKW Mar{Hut
Mai{ioOH MHHOYKUMICH B , Ounax MOMEKYJISIP-MHKPOTOK I wvHr
XOCHI KWITaH NYKH MarHHUT MaifloH MHAYKIMACH Bu-nc HUHF
reOMETPUK MMFHHIUCHTA TCHT:

B=B,+B,,. (13.30)

Byepna B ,—BakyyM (i = 1) 1arv MarHuT MaiIOH MHIYKLMSICH
6y110, malinon Kyunanwrannuru H 6unan Kyilgaryua Gor1aHran:

B, = 4. (13.30a)

MarHuT MaliI0H MarHUTJIAaHHII BCKTOPH ] HHHI MHKDOTOK
I, ra GOFMaHMIIKHHK ¥3aru MarHETUKIAH ACANTAH YSKCH3 y3YH
CONEHOMS MUCORMJAH doinananrt OCOHIVHA aHYKIAI MyMKHH.
ConeHOMAMAH TOK YTraHaa MarHeTuK SUp XKHMHCIH MATHHT/IZHATH,
Cosneroua y3aruaaH noopar 6yaraH
MarHeTMKIary MarHuT MOMEHT/IapH
Oup xun WyHanraw MoJiexyaap-
MUKPOTOKIAp YHH Maruutaaitny. by
MONEKYAAP-TOKNAPHHUHT TEKHC-
JMKIapy UMJIMHAPCHMOH V3aK ¥3
ykura napajies MarHUTIaHM
BEKTODH J ra nepreHAMKyIsp Ba-
3UATHA 6ynanu (13.9-pacm). V3ak-
HUHI KYHA3NAHT XKeCcHUMHUaary 13.9-pacm
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MOIEKYJISID TOKJIAp HWYKU KHUCMMAa KapaMa-Kapuiy iysanrad
6yan6, Gup-6MpuHYU KomneHcauusuiaitay. Oakar uAMHIPCHMOH
y3aKHUHT €H CUpPTH 6Vitnab oxaauraH TOKNap XOCW KHITaH
MaNJOH/IAPTHHA KOMICHCALIMANaHMalt Konaau, Xosoc, by cupr
TOK/Iap CONEHOUAAAH OKAETTaH TOKKA VXwaiad. LLyHuHr yuyH
COJIEHOMI, UHIHMHAPHK Y3aArMHMHT YKMAA MUKDOTOKIAP XOCH1

KHJraH MarHMT MalJOHHHHI MHAYKUHSICH B e (13.30)
t¢opMynara 6GMHOAH Kyiinaarura TeHr 6ynagu:
B —-MOH Mo —— L "polo. (13.31)

6yHaa b = fi;':‘_ O¥nuno, yHra y3aKHUHF Y3YHINK OMPSIMIHTa MOC
KeNraH MEKPOTOKHHHI Ky4H €KY TOKHHHT YH3UKIU 3UJIHTH.
ByHaaH Monexynsap ToK aHKNaHCa:

Lu= B - (13312)

Y BaKraa [, MONEKYASD TOKIADHUHT MarHHT MOMEHTH

- vV
P I §= Bu-«x o "me E;’ (1332)
Oynanu, OyHaa ) = §/ —MAarHCTHK Y3aKHHHT X2XMH. Arap XaxXxMu
¥ 6ynraH MarHETMKHWUHI MardHuT MomenTH P, G¥rca, yHMHr
MarHUT/IalHL BEKTOPY j HM OCOHIMHA aHUKIALL MyMKKH:

Buu X

-_F
_!2?_--
J= o

ByHaaH HYKY MarHUT MAKAOHHMHT UHAYKIMACH:
Enqu = M°; €xu jimx = j- (1333)

IOkopunaru (13.19) popmynana j = y H 6yarauH yuyH:

-

B. =px,H. (13.34)

B, va B, nuur ndonanapunu (13.30) ra Kysimus:
B =p i +px.dl. (13.35)
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MarHerukKiaars HaTHXaBuit MATHUT MAHIOHMHUHT HHAYK-
uudgcH B MaitioH KyunaHrawjgura H 6unan B =p uH
6oFnaHMLLIra 3ra.

byHM 10KopuAaru TeHINlaMaia YpHura Kyiuica,;
puH =p H +ux,H Oynann.

Ba HuxosT, OyHaaH, MarHeTUKIAp yuyH HUCOMH MarbuT
CUHTAMPYBUYAIITMTH M HUHT MarHMUT KAOyn KWIYBYAHIMUIH %,
OunaH y3apo GOFTAaHKILKM KEaud YMKAIH:

p=1+%,. {13.36)

MarHeTHKHUHF HUCOMI MArHUT CHUHLAUPYBUAHAWUCKM WU
YIYaMCH3 KaTTaauk 6yaub, y MArHeTHKAArH MariuT MaiioH
BaKyyMm/JarMaaH Heya MapTa Ky'UDIaHTaHIMrMHY noganaiiu.

(13.35) man MarHeTHKAZpHUHT MarHuT Kabyn KWiIyBuaH-
JIUry.

Ny =H—1. (13.36a)

6ynaam. bapya MarHeTHKIAP YINapUHUHT MATHUT Kabya KuiyB-
YAIIMKJIAPUHUHT HLIOPacH Ba KMAMAaTaapura Kkapab xap xun
MarHUT XOCCANTAPHra 3ra 6ynanu:
Anamaruur momanap yuyn y, <0 Ba u<1;
[Tapamaraut Moasanap yuyH x,, >0 Ba p > 1;

Baxyym (6Yiimk) yayn x, =0 Ba p =1;

HlyHu Kaitn KMaMuw Kepakku, 6y MOMAANapHMHT HUCOU
MarHUT CHHTAMPYBYAHAWIM W TalKH MarHUT MalIOHHWHI
KyunaHrawaury H ra GOEIMK 3Mac.

bab3u MarHeTUKAap ydyH MarHMT KaGysn KiyBYaH IMKHUHT
KATTTUIY KYHUAATY XKABAIAE KENTUPHWITAH,

13. {-mwmadean
Auavarmeruk | km = (v’ 1 Mapamartictuk Xm =p=1
Bogopoa 0.063-10°% A30T 0.013-10-6
Benzon 7,500:10-¢ Xaso 0,380-10-¢
Cys 9,000-10-6 Kucaopoa 1,900-10-6
Muc 10,300-10-¢ B60HUT 14,000-10°6
Huwa 12,600:10-6 ASTIOMUHIH 23,000-10-¢
Kaapiy 15.100-10-6 Bonbgpam 176,000-10¢
Ot Tysu 12,600-10-6 [Tnaruna 360,000-10-¢
BucmyT 176.000-10-6 Cyiox kucnopon | 3400.000-10-6
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YunHuy Typ MOARWIAP YUyH %, >> 0 Ba p >> 1 6Yau0, sur
Kyn Tapkairan Bakuau temup (Fe-deppym) G¥araHanruaan
ynapra ¢eppoMarHeTnknap aeimnaan.

PeppoMarHeTHKIap—KYWIH MArHAT MOJAQIAPAND, YIapHHHT
MarHHTJIaHUIUM KYYCH3 XHCOOIaHraH Ana- Ba NApaMarHeTrk-
aapHukugad 10' mapraraya xaTranup.

2. MarHeTOCTATHKAHHUHT aCOCUil TeHTJaManapH.
Macnemocmamuxa 0eb, eaxmea 6oraux 6Y¥nIMaraH MariHur
MAaiJOHHM YprataiMral MarHeTM3MHUMHT OMp OYnuMHra aifTwianu.
MarHeTocTaTuK MailioH 1OMMMIA (CTalinoHap) TOKNAP TOMOHM/1aH
XOCHA KWIMHTAHK YYyH YNapra siia CTauMoHap MAarHuT
mMaliaoH neb HoM GepwiraH.

MarHHTOCTATUKAHMHT aCOCHii TEHTIaManapuHy Hoheppo-
MArH{T MOAIANIAPNIATH MarHMT Maiil/IOH MMCOANAA Kapad unkamua.
MarxeTHxk MoAaNApA MATHAT MAMJOHHH XaM YTKa3yBUaHAH~
MaKpPOTOKAAP, XaM MOJIEKYJISIP-MUKPOTOKNAP XOCHA KHIA/IM.
IUyHHHT yuyH, TYNUK TOK KOHYHHra GMHOaH, MarHeTHk
MOAAAAAr¥ MarHUTOCTATHK MaIOR MHAYKUMACH B HuHr Enuk
L xouTyp 6¥iinua uMpKyASUMSCH WY KOHTYD HUMAAH yTaérraH
MaKpO- Ba MIKPOTOKJIAPHHHT aireOpankK "UFHHAUCHHHHT W,
ra KynajirMacura TeHr:

f(B‘dl)=‘uo(I+]M), (1337)
L
Oynna [ sa [, —uxruépnit L xoHTYp Munnan yTaérran MUKpO
B4 MAKPOTOKJIAPHHHT a/1Fe0pauK MMFHHANCH,
MarHeTMKaaH UiMKM MariuT Maiaonu Kyunauraswarm H

HMHT EMUK KOHTYP O¥inua LHPKYJISIHACH MUKPOTOKIIADHUHT
a1rebpanK WMFMHAKCY [ Ta TEHTAMP, SHHU!

f(ﬁ'df)=lm‘ (13.38)

by ndouajsarn muku MarHuT Maiaon KyunaHrawnuru M

(13.33) ra acocaH MardHTJIaHULI BEKTOPH j ra TeHr 6ViiraH-
JIUTH YYYH YHH

§(/' d)=1,. (13.38a)
L
KYpUHMLIAA €3HLI MYMKMH: Y BaKT/1a Ho(heppOMartnT Mojyiasara
MariWTOCTATMK MAMAOH YYYH E3WiIraH TYIMK TOK KOHYHH
(13.37) kyiiupary KYpUHHLLITA Kenaju:
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Sf(f;-f )47 =1 (13.39)

By renrnamanuHr uHTerpan ocrujaaru (%*j) udoaacu

MAarHMTOCTATHK MAMOOHHHKHT KywiaHraHaurd H aaH ubopar-
JWMD, SBHU:

—

-B_3
A=£-] (13.40)

Y Bakraa (13.39) nan w0KOpHaA Kapa® YMKWAraH TYIHK TOK
KOHYHWHMHT HOAACH Keand uMKaau:

$l-di)=1, (13.41)

L

Oynaa /—yrkasyBuatMIMK MAaKPOTOKJIAPHUHE anrcOpauk MMFMH-
JUCHAAH MBOpaT IKAHAUTMHM si1ia Oup 6op TabKuaal yraMus.

Uysaait xuaud, woKopuaa kearupuiaran (13.37) aan
(13.41) raua 6ynraH GopMmynanap BaKrra GOFINK OyaMaraiury
YUYH yiapra MariiuTOCTATMKAHMHT acOCHH TeHTIaMajiapu
JeANIANN.

3.Yeraparuit mapraap. MailioH BEKTOPIAPMHUHT
WKKM MYXHMT uerapacujaru ysrapMUIMHH TaBCcHGaliauran
MyHocabats1apra ycrapapmit wapraap aed opurraaay. Yerapasuit
ILAPTAAP MATHWT MaWAOH, SIbHM YINYKCH3 GYyHKLNS YYYH
&auiran Ocrporpaackmit-Iayce TeopeMacn aCoCUAa OCOHIHHA

Bﬂz - 82
S
n
e ] e e e 3
h ~
Gy
} —
@ | |4 45
._LU__
13.10-pacwm
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TONMAAAN. AMMO HKKH MYXHT derapacuia GyHkums y3uanuira
yupaitiy Ba KYypUAa€TraH Macaiajaa iy y3wiruulapHy Hasapra
onuiura TVepy Kenaau, by amanra olunpui Makcaawia Hucbuit
MarHKT CUIITAHPYBUYAHANK U cakpab yarapaauraH UKKH MyXUT
4erapacuia I0MKa yTuil KaTiamia MaBXyR Ba Oy Kartaam
Kypuaaérran B, H xaTTaNukKnap Xyja Te3, aMMO Y3ayKCH3
pasulina y3rapauu ned xucobnaHaam.

Kepaxinn anMalutupuiunap 6axapuaraniaH cyHr yrTuul
KAIMHJIWFHHA HOAra UHTHATHPUO (h - O), WCTAIral yerapa-
BMii WIAPTAap TonWaaau. byHaaii urapTiu xap aouM 6axapuit
Kepak. AMMO MaTepHas1 6a€HUHN KUCKADTHPHMIL MaKcaau1a Ou3
xap cadap 6yHH Takpopaad yTUpMaitMU3.

13.10-pacmaa TacBHpAaHraH |- Ba 2-MyXMTHH aXpaTyBun Q
CHUPTHHHI HOPMATH 7 MKKHHYM MYXUT TOMOHTIR HYHIIaH OYiCUH.
VIKKYM MyXuT uerapacuna acoc;iapu S, Ba ,, 6ananiiuru 4 ra
TEHT OVJIraH erapinya KHUMK HWIMHAPHHY PUKPAH aXpaTaMus.
LM HAPHUHT XPATYB4YM TEKHUCIMK OWiaH KeCULLMLIMIAH XOCU.T
6ynrau 1031 S, €1 CUPTU 3¢a S, Ba IWJIHHIP YKMHUHT acoci1apu
GuaH KeCHIlraH HyKrafnapuia MarHUT HHAYKUHSA BEKTOPJIapH
B, Ba B, 6yncun. Acocuit makcan By Ba B, sextopaapiunr Q

. TCKUCAUK HOpMAanu HYHaNMUUIMAATH TAallKHA 3TYBYMJIApPH
opacuaarv 60F1aHMILHM TonUILAaH noopat. OCTporpaickuii-
[aycc Teopemacuaan Qoityiananuo, KyHHaarMHH TONAMU3:

§ BdS = [ B,dS, + [ B,dS, + IE(IS =0. (13.43)
s L] .Tz S@l

HMJInHAP acocrapura MOC KeJIyBUM BEKTOP 1032 3JeMEHT-

JIAPUHHHT dSl =-fdS,, d.§2 =—RdS, IKaHIUIHUHH, E,ﬁ = Bn,

Bzr'z = Bn, GymvinuHM 3pTHOOPra onud, (13.43) unterpamiu
xnco6;1a6 YHKAMMU3:

§ BdS = Bn,S, + Bn,S;+ < B,, > S, =0.  (13.43a)
LwiuHApHuHr 6atanaanru h Honra yuruaranaa (h = 0 ga)

S, = 8, S, = S,; Ss — S, Mynocabatnap ypuinm 6yaaau.
Y paxria (13.43a) nan, S, #0 O6yjaransmrun yuyH

(Bn, = Bn,)S, = 0. byHzan
B,=B, (13.44)
29—-265 449
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By yerapasuii tiapmimHr Matemaruk vonacu, (13.44) ra Guroarn
B, =pop,f1, Ba B, = pou,H,, 6¥nrauy yayH:
Wi =p,H,,p (13.44a)

(13.44) pa (13.44a) ndonanap verapasuii wapTiapumHr ndosacu
OY;110, yHHY OyHAa# Tabpudaalll MyYMKHH:

Hrxku myxum yeeapacuda MazHum UHOYKYUS 6eKMOPUNUNZ
HOPMAA MAUICUR DINYEHUCY Y3RYKCU3 GYAUB, MALHUM KYHAAH2ZAHAUK
eexmopu 11 nunz Hopman mawicun smysuucy 3ca yauauwea yupatiou.
MarHuT MailoH Ky'LIaHIaHAMK BEKTOPHIIMHI TalreHiyan
TALIKKI OTYBYMCH YerapaBHil ILAPTHIIM TONULY YUYH KYRWIAru
TYJIMK TOK KOHYHWIAH doinaiaHamua:

f(ﬁ di)=1. (13.45)
00’=Zo) 72=Z2 -— 2 45=t’
o,
1 2,
B
L, ¢
Loy Qg ! —10'
]
oL ]
4 Ji, Hrr 9
13.11-pacw

13.11-pacmaa TacBupsatiraH 1- Ba 2-MyXuTHH axpatyBuu Q
cupThiH L KOHTYp OniaH yerapasiaHraH S 10314 erapiauya KHUuK
TYprOypyak Gunan [ umsmnk 6yinad kecaMus. TypT6ypqar<Hunr
I- Ba 2—Myx.nr11aru romowlapu Moc pasuuijia [ Ba [, €H TOMOHH
aca /,, Gyacun.

Acocuit makcan Myxutaaru H, Ba H, BekTOpAapHMHr
AXPaATVBYM CUPTIa ypurMa O6yarad T Wynamnu 6ViiMua Taniku:l
stypumiapu H, Ba H,, opacunarn GornaHUILHK TONMILL

TV:mk Toxk KoHyHu (13. 45) ra ounoa 12341 Uk KOHTYp
VUyH KyiHAaru MynocabaTii €3aMus:
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2 3 4 1
f(H ~dl)=!thdl-'Z[H,,zdl—J;HT'dH!H,,'dl =Ie. (13.43)
GyHna [ —HMKKM MYXMTHRHI aXpaTyBuM cupt 6yinab oKyBuM
TOK KyuM 6Yaub, y maBxyn sMmacaup, abhu /=0. V Bakma
(13.45) nau Kyiwiaru MyHocabaT Keanb YHKAIU:

f(H dl)=H I-H, t, ~H, 1+ H, L, =0. 13450
TYypTOYpYaK KOHTYPHHUHT €1 TOMOHH HOAra uuTunratna J, — 0
6ynca, 4 — 1, f, - {, 6ynaan. Y Baktaa (13.45a) aan
(Hr, — Ik, )l = 0 MytiocaGat kemnb YMKanu.
byHian yerapasuii LIAPTHY OJIAMHK3!

H =H, . (13.46)

Y BaKTAa B BEKTOPHMIT TAHICHUMAN TAlIKKA STYBYMCH YYyH
yerapasmi apr

By By |
ne2 (13.46a)

6y1aau.

(13.46) pa (13.46a) hopmyianap xaM uerapabuii iapriap-
HHHI Matematuk ndomacu 6Vnnd, yHu xaM Kyiiuiaruya
Tabpudals MyMKHH:

Hrxu myxum vecapacuoa mazhum Kyuaarzanayey eexmopu-
HUHZ TAHTEH1MA;1 TAMIKHT STYBUMCH y3TyKeu3 0§amnd, Maruut
HHAYKUMA BCKTODHHMHI TAHI€HLIMAA TALIKMJI DTYBUMCH 3Ca
Y3WINLIra yYpanau.

IOxopuaa yukapuaraH 4erapaBdil wapraap 31eKTpoMar-
HETU3MHMHI aHPHM MaCAIAIApMHUA €YML HUIUIATIANH.

4 MarHuTHaHral MYXUTHHHT 2HEPIUs 3HYAUTH.
HodeppoMarHuT MyxuTaarn HaTHXaBMi MarHuT MalgoOHHMHT

2
3HCPIUA SUWIMIN W_= -(‘f‘—"—‘;L) ra 6uHOaH KyiiMaarura TeHr:

_ el g g
L O (13.47)

"HoteppoMarHuT MyXMTOArH HaTHXaBUi MarHuT MaiioH-
HUHI DHEPTHACH W_ BaKyyM (1 =1) naru sueprusicuzan Ba
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MAarHMTAAHTaH MyXUT (MarHeTMK)HUHT SHEPTUACHUAAH TALLKUI
TONraH:

Wy = Won(uar ) + Wm(_unm)’ (13.48)

m
Dynza w, .., —BAKyyMlary MarHuT MaiJOHHHUHI SHEPrus

3UYIUTH OVaub, y
2

o) =25 (13.48a)

KVpuHHiLTa 3ra. Y Bakraa (13.47), (13.48) pa (13.48a) acocuua
MArHUTIAHTAl MYXUT-MarHCTUKHUHE SHCPIUS SUUTUTHU W,
Kyiuaary popMynanat aHnKAaHaau:
, _ N /TR | (T T L
" m{aen) = Wy W mgax) — 3 - 2 ? (13.49)
By dopMy/ia MaTeMaTUK HyKTay HasapiaH KyrGjaHrau

JUSACKTPUK WICKTPOCTATUK MAKTOH SHEPrUSICUHMIT 3UWIUTHHK
HDOJIIOBH

= le-l)eo? (13.492)

wm(()u),v) - 2
(hopmyaa duat OUp XMWIIUP.

13.5. PEPPOMATHETHKIIAP BA VJIAPHUHI MATHHUT
XOCCAIAPH

I. DeppoMaruweTukaap. Taumky MarHuT MaifioH
OysMaraHia xaM MarHUTAAHULI XYCYCHATHra sra Oy:iras
MopVIApra (pEPPOMATHETUKAAD JeiWIaaH. by MOJIUIapHUHT
OuprHuY BakiwM—reMup (Fe—Ferrum) GYarannmry yuyH ynapra
deppoMardcTukaap acd HoM Gepuirau.

(DeppoMartieTUKIApra TeMHUpP, HHKEb, KOOAIbT, raJo.nu-
HUWI Ba YIAPHWHT KOTULIMAJIAPH, MapraHell Ba XpOMHMIIT deppo-
MartiuT 6¥amaran aneMenTnap Gutal oupnatimanapu: MnFICy,
GeTe Ba Gowikanap Mucos 6y1a onau.

2. OeppomarHeTMKIApHUIT MAFHUT XOCCaNapu.
(OeppoMarieTMKIApHUANIT MArHuT xoccaitapuHy 1872 iuaaa
OupuHuK MapTa Oyiox pyc pusuru A. I'. Crosteros (1836—1896)
IKCRCPUMENTAA TCKLUHPKUO aHMK 1araH. (DeppoMarHeTUK IapHuHT
ACOCUi MArHMT XOcCIapy KyRMaaruiapiaaH voopar.

I) ®eppOMarHeTHKIaPHUHI MarHUIIAHHMIL BEKTODY
maitton Kywiaurawawry H ra 6ornanmut rpaduru j = f(I7)
13.12-pacMaa TacBupnanrad. By rpadykian KYpunaniku, MaiIoH
KY'WIAHTaH MU {7 opTuK 6uitail MArHUTAANMIL BEKTOPU f
Aactiaad Te3 yea Gopaan, cyHrpa Oy YoMl cycas iy Ba HHXOAT,
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PEPPOMAHEMUK

NOPOMa2HEMUK

=’

Suamae Hemux
13.12~pacm

H yinur 6upop KuitmMaru [ AaH y Kal4a OpTMacHH ]r HMHT
Kuﬁmam ysrapmait konaau. by xoaucara MarHUTIaHUUIHHHT
TYAMHULIY ACHWING, j. rasca TYAMHUIN MAarHUTAAHUUI
BexTOpH jeitwnamy. By J = f(H ) GoFtaHULHMHT XapaKtepuiK
KyhHaaruya M30x1ali MyMKHH: 1acTnab H H4ur opra 6opuuI
OwiaH MOJIEKYJISID MArHUT MOMEHT P, HMHI MailaoH Oyiiab
OpPHMCHTALMANAHHUIL Japaxacu yca Oopanu, aMMO OpUCHTa-
HMsIaHMai KoAraH MoJIeKyaanap CoHM To0opa Kamas 6opanu;
HHMXOSIT 6apya MOJNCKYIAIap MarBuT MOMEHT/IapH Maiiou 6yi’ma6
opuexrraummamuﬁ 6y;iraHnaH KedMH j HUHI YUY TYXTaitau,
TYHUHULI XOAUCACH COAMP OYnany.

2) Maruut nigykiuscuy B 6wilaH MarHUTJIOBYM Mailjiod
KY\UIAHTAHJIUTH JI opacumarn GOEAaHMIIHK Xam B = f (!1 )
rpadpuk 6unan udonanaw Mymkud (13.13a-pacwm). I'paduk
KOOpAMHAT OoLIMNAH HXTHEPHI HYKracura YTkasuirad TYrpyu
UM3MKHUHI OFML OYpYarHHHHI TaHTCHCH (tga)-g— Hucoarra
HponopUHoHAI OYINU0, KyYnaaHraHauK [ HWHT 10y KUMaTHra
MOC KelyBuM HUCOMIA cHHIraMpyBYaHiiMiM W HH ndojaiaiam.
Maruuaosyu Kywianuni H HY HOJaH oprupa Sopuiica, OFMLL
Gypuary a apBaj opTagy (M) xamaa 2-HyKraja MAKCMMyMIa
apuuub, cVHI Kamasiau. 13.136 pacmpa U HuHr H ra SorIaHuul
rpadurn p= f(H) Gepunran Ba YHHaH KYPHHAMKH, M
MakcuMal KuiMaruia Tyiunuur H naan 6up MyHua aBBajipok
SpMIIAp 9KaH, p="T+x% =1+ J/H mbommam J HHHT j. J4H
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=Y

5 H

13.13-pacm

i = i -—'L)= 711"
OpTa O;IMAraHAUIH YYYH };mu }}_TE‘(H 77)="1 Gynanu, spHu.

H HUYHT dekens opTULIYM Ouiaad W HUHT KuitMaTh | acuMnToTuk
AKMHIAUIAIH.

CronetoB (heppomartervkiap yays B ga Wap dakar H nunir

dynkuusacu: B=f(H) Ba p=f(/) 6y1u6 xonmacnan,
dEPPOMATHUTHHHT GONINAHFUY MaTHUT XONAaTAApUIa XaM
OOFTMKAMP.

3) lNicrepesuc xomucacu GeppoMarHCTHKIAPHUHT KXY/ MyXUM
xycycustiiapunan oupuaup. GeppoMarHeTKIapaa rucTepesuc
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13.14-pacm

XOMMCACH ae0, MarHUT/IOBYH MAHIOH KYWIaHTaHIMIY KaMaitraHaa
Y312 KONIMK, MAarHHTJIAHKILHHY CAKJ/Iall XOCCACHIA Al TUIAAH.

TucTepesnc xoamcacuiiy udonanosuu j = f(H) rpaduxnu
Taxpubana onuil yayH N, ypamiin TOpOuA Humra eppoMarHuT
XOWIawrTupunann, 6upnamun N, 4yiraM amMnepMmeTp OpKaiu
aKKyMmynsitopsap 6arapescura ynaHaay. by 3aHKup/aru TOKHUHE
KYY4M R noTeHUHOMCTp opKanu yaraprupwnanu. TOKHHHT
iyHannwu fl—anMauimnat ynaruy (nepexiiodaresns) épnammaa
y3raprupunanu. ToponaHHHT MKKMIaAMUH N, YpaMiu dyaramu
GautMcTHK rasbBaHoMerpra ynaurad (13.14-pacm). Aunep-
MCTPHHUHT KYpCaTHILHAAH (epPPOMarHeTHK Y3aKaaru MarHmT-
JIOBYH MAMOOHHNHT KyYIaHraHanrd H Ba raibBaHOMETPHHMHT
KYpCaTMIIMAAH MAaTHMTIAHULI BEKTOPH ; HMHT KMHMAaTH
aHHK/IAHANH.

I\

[3.15-pacm
455

www.ziyouz.com kutubxonasi



13.12-pacmna Taceupnanran }/ sa J opachaard YM3HKIH
OyamaraH GOFIaHUILAH TAWKAPH PCPPOMATHUTAAD YUYH
rMCTEPC3UC XOJIMCACH XaM XapakTepinaup. Fuctepesuc xoauca-
CUHUMHI MOXMSITH LUYHAAH HOOpaTKH, MarHUTAaHMIL BeKTOpY J
HUHI KMAMAaTH MarHMTIOBUM MaiAOHHMHI aitHu naltaaru
Ky'wtanrauaury 1 raruHa 60FIMK OVIMO Koamacnau, Kyd-
AAHTAHIUKHUHT GOUL1aHFUY KHAMaTUIa XaM Gorukaup. 13.15-
pacmaa J 6unan [} opacuuary G6OFIaHMIl rpadburu KenTH-
puwiarad. Arap MarHuTiaau Tyinum ( Jr) ra erkasuaca (13.15-
pacmaard A HyKra) Ba MarHMT MaiifioH KyuiaHraHauru
Kamaittupa dopuica, J HUHT Kamaimiy actiabku OA 6yitnua,
oopmaii, AC yusuFn 6yiinua kamas 6opanu. Hatuxaaa Tauixy
MaiaoH Kyunanrannuru A = 0 6yaranaa MarHuT #yKoaMaiim.
OC kecma 6wian udonananysau J KOMNIMK, MariutaaHuil
CcakKJIaHWO Konaau. meppomarrlcmmam Oy KONIUK J HU sHa
KAMAITHDHLI YYH MaTHHT/IOBIM MaifoH Kywlaumwmm H Huur
HYHATMIMHK TECKapH TOMOHTA y3rapTupyiu Kepak. Kyunan-
FAHJAMKHUHT MabiyM 6up H=H xuiiMaTdla MarHMTIaHUII
iykonanu, avun J= 0 6116 x,ona,rm KyunaHravaukHuHr H
KuiiMaTura KoapumuB Kyu aeb arananu, Oy Kuimar 13.15-
pacmaa OC kecma Ounan udopananrad. Teckapu iyHairan
MarHMIIOBYY KyYnaHMAHAKK H opTa opraHia TeCKapy Milopaty
MarHHIAa U XocWT 6Vnanu. byHna xaMm GeppoMarHETHK MabIyM
oup A HyKrana tyiunanu. By TYiiHHUIW A XonataaH MarHuT-
JIOBIM MaiaoH KyunaHrawnauru H sina oprrupuna 6opuica, J
HUHI f ra 6ornanuu A 'C'I'A CHMMCTPHK 1P YM3HK, OKnaH
Tacsupnadany. Ulynnai kunub, MarHUTIOBUM MAIIOH KywIaH-

13.16-pacwm
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gl

P

rarwurn H vuvr optmy 6unan J = f(H) arpu ] sykranan
ioKopuaaruy A Hykra Ownam tvrawaay. bynna xocwi 6yaraH
ACIOA C'I'A —6epk 3rpu uusukaan wbopar. J HusHr H ra
6OF1aHHI! AXATPAMMACHTA 2UCMEPE3UC CUpmMOri J1IEHWIaan
(13.15-pacm). Arap MariMmIOBUM MAKA0H KYWIAHTAHIUIHHHUIIT
OHI KaTTa KWHMaTh FI ra TYAMHUIIHUHT MArHWTJIAHUILT BEKTOPH
MOC KeJica, yHIai IIMKNra MAaKCUMal THCTepe3uc CUpT-
MoOru peimnany (13.16-pacMaa SXIUT 9IPY UK3KKIK CUPTMOK).
Arap TYiMHHUIra erMaciaH énuk 1Mk Gonutaiica, ynjaai
CUMPTMOKKA XYCYCH I UMKAJNK CHPTMOK A6 atananm (13.16-
pacMaa NYHKTHP 3IPH UM3UKIK CHPTMOK). XyCycHil LMKILIH
CHPTMOK, ueKcH3 K¥m OVaud, yrap MakCUMal TUCTEpe3uc
CHPTMOK, MYKTA XOithalurays 6yaaau.

Typau deppoMarHuT MoOAAANAPHUHT TUCTEPE3HC 3IIpH
QU3UKIApM Typnuda Gyaanu. Texuukaza HilraTuaaauran
deppoMarHeTHKIIAp YUyH TYPIU XWTAar FHCTepe3ucaap Kepak
oynamn. OfaTaa MArHUT MaTCPHAILIAPD <IOMUIOK» —KOIPUMTHB
KY4YH KHUKK GYiran Ba «KATTHK»—KOIPUMTHB KY1H KarTTa 6yiran
¢eppoMarHeTuKiIapra axpaTuiagy. ['ncrepesuc CUPTMOFHHRHF
1034 (heppoMarHeTHKHHM KaiiTa MarHuTiall xapaéHuaa capd-
JAHIAH DHEPryara npomnopiuoHan 6ynap sxkaH. By sHeprus
eppOMArHETUKHUHT MHKU HeprusacHra aiavany. Lyumur viayn
XaM IaBpHii Kaltta MarnuTIausa peppoMarHeTHKIIap KU3uitau.
bunoOapu, kammuk deppomacnemuraap sucmepesuc cupm-
MorFunune wsacu xamma (13.17a-pacm), romuwor peppo-
MazHemukaapruku 3ca kusux oyaadu (13.176-pacm).

q [

oy Wy S —

_..___1 ~
a
13.17-pacm
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IOMwoxk deppomMarHeTuKiiap KaTopura: IOMLUOK TEMHP,
KPeMHuAM NYAaT, TEMUPHUHT HUKEJIb KOTUMIUIMATADY, «T1ep-
MAION», «THNEPHUK» Ba 1Y Kalu KOTHILUMAanap KUpaju.
[OMwoK deppoMarieTuxaap tpaHcHOpPMATOp V3aKAAPUIH
Acamaa MuiaTuaaau. ARpyM IOMILOK MAarHeTMxiap yuyH
MaKCHMa)l HUCOUH CHHTANDYBUAHNNK W ., , TYHWMHHUIL Mar-
HUTIAHKW BEKTOpM J, KOIpUMTHB Ky4 H_ Ba Konaug
MarHWTIAHUL BEKTOPU J, TAPHUHT KHiiMaTaapy 13.2-kansan-
2 KeATUPHATAH.

13.2-o1cadean
oMok A
deppoMarHeTHIGIap Hmax JoTs HK’Tﬂ T Ta
Bonopoasa kyit-
HHPHITaH cod TemMup 28.000 17,28-10-2 2,0 1,6:102
IOMutox, TeMup 8.000 172-10:2 | 40,0 6,72-10°2
Kpemuuitiy temup 10.000 20,0-10-2 56.0 12,0-10-2
15,000 16,0-102 28,0 4,0 102
240,0 8,0-10°2
Vriepom TeMup 3.000 144:10:2 | 368,0 3,2-10°2
Kyitaupwirad aysu 2.000 12,8-10-2 48 40102
(Tepmannoit 80,000 8.0-10-2 4,0 4,8 102
TuriepHyK 70,000 8.8-102
MNepvunnap
2.000 12,8-102 80 3,2:10°2

-

Kospuntns xy4 H, HMHF Ba KOARMK MarHMTIaHMWI
BCKTOPUHMHT KMiMaTiapy Karta G6ynran deppoMarseTuxiaapra
KaTTHK (eppomardeTuknap Aeiunaau. Karruk ¢deppomar-
HETHKAAPra yraepoain Ba XpoMiM NyAaT Ba, aHUKCA,
Tapkubnaa soasdhpam Ba KobansT OVAraH nNyaaT Ba Maxcyc
nynarnap (MacanaH, tapkuouna Fe, Al, Cu, Ni, Co 6yaran
«MAarHMTO» KOTHIUMANAP) BA Wy Kabuiap Mucos Oyna osanmy.
Karruk (GeppoMarHeTUKap OOHMUH MarHeTHKJap sicauia
AUUIATHIRAN. AHDPUM KAaTTUK (PeppPOMArHETUKIAPHUHT MYXHUM
XapaKTEPUCTHKACK KOIPUMTHB Kyd H, HMHI Ba Konamk
MarHUT/IaHHIl BCKTOPH JK HMHT Kuiimatnapu 13.3-xagsanga
KeATUPHATAH.
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13.3-ncadean

Karmix deppomarnetiknap Hy, A/m o Ta
Marseruk (FeO-FeyOy4) 4000 4,8
Yraepom nyaar (1% C) 3 200-4 800 7,2-5,6
XpoMmnu mysar (3% Gu, 1% C) 4 800-6 400 8,4-6,8
Bonsgppamnu nynar (6% W, 1%C) 4 800-6 400 9,2-7,6
KoGanvtan nynar (15:30% Co,

3% W, 5% Xr, 1%Mao) 16 000-24 000 7.2-6.4
Hukeap-amoMunuitn nynar

(25% Ni, 12% Al) 56 000 4.0
Turan-kobanbTiM niaar

(10% Ti, Co) ~ 72000 5,6

4) PeppoMarHeTHIIAP KH3JIMPHITAHAA TYIMHHLI MATHHT-
Nanvi Kamasan: Jo = f (H ) rpaguKIa IrpY UUSHMFUHMHL
(13.12) GaraHaIury, SHHE TYRMUHULL MarHT/IaHUUI BEKTOpH
J.. HuHr Kpiivati kamasiau. Kiopu HyKTacu nef arananuraq

T xapopaTra IKAHIAIUIAKA2 TYHUHNIL MATHHTIZHAILIM KECKMH

nacasuiy. By xapopar 0 aaH 10Kopu xapopatia geppoMarHeTMiap
OJ/IMii NApaMarHuT MO/1ara aiulauub Konauu Ba YHUHT MaruuT
Kabyn KunyByaHAur# %, Kyiugaru Kiopu-Beitc Konynuman
AHWKAAHATHU:

2, = ~T—_C;~ (13.50)
Oy (,~—K|opu jpoumuiicu, 6 —Kiopy Hykracu. XymianaH, TeMup

yuyn 769° C [T, =(769+273)K=1042K | xapopar Kiopu

HyKTacuaup. by XapopaTiaa TeMHPHUHE KPUCTAL TY3WIMIIN
y3rapaan: o.—1reMup  —temupra aibrananum.

Kiopn Hykracuaa Moaza deppoMariuT XoJaaraaH Nneppo-
MArHuT X0NarTa YTHLIA UCCHKTHKHMHT YHKUALLIY BA I0THAHIIN
xaMm KysarnmMaitan. Bunodapud, Kiopn HykTacuaa MKKMHYH
hazosuit yrmu coanp 6ynamu. Kyinaa 6an3u MerainapHuHT
Kiopi HYKTacH KeATUpUITaH.

13.4-wcadean

MeppOMATHETHKIAD 0°C @eppoMarHeTuxiap 0°C
DACKTPOIUTHK TEMHD 769 MaruceTnk 585
Bozroponna Kaitra Temup KoTHUIMACH

SPUTHATAH COP TEMHP 774 200
KoGasst 1140 lazonunuit 20
Hukean 358 )
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5). PeppoMardeTHKIAPHUIT MarHWTAANNIE XKapaGHuia
UM3URJIM YIYaAMIapyd Ba XaXXKMHHMHT V3rapuuinura MariuTo-
CTPHKUMA xoaycacy aeiinnany. By xoaucanu yrran acp ypra-
Japuaa wurans omimu 2K T1. Koy (1818—1889) kawdy xuwiran.
13.18-pacmiia MarHMTJIOBYM KywiaHranauk 0 gan 160000 A-m
radya ysrapraHaa nynaT, TeMHp., HUKedb Ba KoDabTAaH
Talépaalray cTepXelb Y3yHIUIMHMHI HUCOWi y3alivuiyu
Keamupuiarad. by pacsiaaH KYpuHAAMKY, HUKE/HLA OHT Ky'Win
MAFHUTOCTPHUKUMS XOAUCACH COUMD OV/IAp 9KaH. AMA1IA HHMKCTh
NAACTHUKAIAPH TAXIAMAaCH MarHMTOCTPUKHHNOH YILTPATOBYLL
HypJIaTIUyap SIpaTyiIran.

(DeppoMarHeTHKJAAPHUHT TaGuaT. X03UPry 3aMOH
GHEeppOMArHMTAAD HA3APUACH KyhWmuary Taxpuba aaauanapy
acoCKaa SIPaTHLIH.

bupyuHUMAAH, (DeppOMATHETHKIIAD KYYCH3 MAFHHTAOBYN
MalIOH TABCUPHLA XaM JeaApay Tyna TYUMHHLIa4Ya Mariur-
Jannminp. by Ounan deppoMarseTvkiap lapaMarderskaapaan
KEeCKHH (Papk KHAaaH.

UKkMNnuuaad, (GeppoMarHeTUKIIAP aTOMIAPMHUHT
OpOMTAN MATHUT MOMCHTNIADH XaM MapaMarHcTHKAApHHKH KabH
TapTHOAa OVanINY Ba yHuYa KaTTa ByaimMaran Marseroruap 6uiay
Ynuanvinanp. HIyHuHr yuys xaM ¢eppoMarieTukiaphin
NipaMarHCTUKIAp Ha3apHSICH aCOCHAA TYLIYHTUPHO OyaMaitay.

aih
A
0| x106

-

SN |

1 1 1
1060 2000
13.18-pacwm
460

www.ziyouz.com kutubxonasi



Vuuriyugan, eppoMarHeruiiiapia 91eKTpoH OpOUTaIapH
yUYH FHPOMArHUT HUCOATHHHI KMIIMATH KYTHIAIUIAH HAasapHit
KHMAMATTa Kaparalia MKk Mapta Karra 0¥,md. y 21eKTpoHIHHT
XYCYCHIM MATHUT Ba UMITYJILC MOMEHTIIAPUTA MOC KEIUILHUD.
by xos (beppOMarHETHKIAPHUIIT MATHMUTHAHHUIMTA caGal
JEKTPOHNAPHUHT XYCYCHH MarHHT MOMeHTIapu (2eKTpOH
CTIMILIAPH)HUHT XKy Te3 OPHEHTALSLIAHKLUHIHD.

{Hynaa# Kunuo, deppomMarHeTHKIIApAa UCCHKJITHK XapaKaTh
TALCUPHHH HIH0, SNEKTPOIIAPHUHI XYCYCHIE MarHWT MOMCHT-
JIApHHH TapTHOAM OpHeHTAlMSAnaAUrad KyWwIlapHHMHT MUKH
MalaoHK MABXYIIMIK Xakiiaard dapassu 1892 i pyc 0. mmu
b. JI. Poaun (1869—1933) aitrran aau, 6y dapas 1907 iusina
dpaintys guanrn 1. Beitc (1865—1940) Tomonnaan Tacauk.-
saian. Belic FOsiCHHM PUBOXGIAHTHPMD, KPDUCTaIT NaHxapa
TYTYHAAPUIA XOIaMral CrIMHIIap OMp-Oup OWaH ¥3apo Tascup
kb uuKH MalaoHHH Xocua xuaanu. by maitzon ¢eppo-
MAHETHK KDUCTALIMHUHT alipHM AOMERTIAp N0 aranyBun KUIMK
KHCMIApHAA Oapua cnutiapiyi 6up ToMoHra Sypaim, HaTUXaIa
Xap OUp HOMeH TYHUHHLrayd ¥3-Y3uaan—croHTal (6up otina)
MATHMTAGHHO Konaim ;10 Papas KuaunaaH. bUpoK Taluky Maiion
B6yIMaranva KpMCTasUiary EHMa-€H TYpral ZOMEHJIapHUHTD
MarHdTaimp ityHaadum 6up xv 6yamaiunt (13.19a-pacs). Yaap
uiyHaan dyHanranku, QeppoMarueTUKHUHT TY/AUK MAarHUT
MOMCHTH HOJIIa TCHT OV 1aay.

1928 itnana pyc ¢puauru 8. Y. ®penxens (1894—1952) sa
HeMuc dusuk-HazapueTancu B, H. Teitsenbepr ¥3-Y3una MarduT-
AAHHIIHUHT DU3MK cabaduHK TYIYHTHPUO GepulLut. Yiap
2IEKTPON CHMHAAPHHWHT KYWIN OpHEH TALMSIaHH K- 1Mal K~
HUMIM ¥3apo TabCUP KVWTAPH cadabad naiuo Oy

W W7 Y
72K } X

TN
NI ] 11
AN { /4 ‘
| W\ AN A
H=0 Hy>0 Hy>H, Hs =0
B=0 B,>0 B,>B B3>0
a J l3.l9-pac1\16 ¢
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KYpCaTHIIAM. ATMallIMHULL ¥3apo TabCUp Ky4waapH deppomar-
HETHKSIAPAATH IEKTPOH CIHHJIADHHH NAPaJLIC XOMIaLITHPAIH.
ASMalMHKLI KyWIapH XUCMHHUHT CTPYKTYpacura GOFuK, 6Viin6,
YIADHYHT 10341 KeITUPAAMIaH CAHILIAP OPUEHTALMACH Xap X
Xapakrepaa oynaam.

Tabuatna aHTU(hEPPOMATHCTHK e ATATYBYM MOmIanap
Magxyn 6¥nuo, yrnapaa snexrpoy cniuaaap xydr-xydr pasuuina
aHTHIIApaJUIeN OPHEHTAUMsIaHTaH 6ynaau. by MmomaaHuur
KPHCTa1 naHxapacy Sup-6upy Gwnal tyraumd KeTraH UKKUTa
naikapataH Tysunarad. ILyHHHT yayH xaM OMPMHYYM Ba MKKUITYH
TIaHXXapa CIIMHJIapy KapaMa-Kapiun iyHanraH 6ynaau (13.20a-
pacM). AHTH(EPPOMArHETHKIAPHUHT MasxXyUtnry 1933 iimina
J1. 1. Jlannay ToMOHHMIaH Hazapui KypcaTtnb yrunran. MapraHew;
XpoM, BaHHaauH Ba Gab3w OGupukmanap (MnO+MnS),

_,_

H’>0 H2>H, Hmax

Pl

13.20-pacm

(NiGr+Gr,0,), (V0) Ba my kabunap ¢eppoMarseruxiapra
Mucon 6yna onaau. Itact xapoparnapna oynaai MoaganapHHHY
MAarHuT Kalyil KiIyBYarUIuIy %, Kyjla KMunK 6ynaau. Xapopar
KYTapMAranaa 2€KTPOH CAMHMAPUHMHI KaTbdi XydT-XydT
aHTANAapasie/IUTY Oy3uaIany, HaTHXAda MaruuTt xabyn
KW1yBYIUIMry oprand. AumndeppoMarieruiciap Kiopu temitepa-
Typacufa MCKTPOH CHUHIAAPUHMHT ¥3-YInAaH (CnoHTaH)
OPMEHTALUSTaHUIL COXACH OY3WIHO, MaKCHMa MAarHUT Kabyn
KMIIYBYAHIHMKKA 2ra OGyaaau Ba autudeppoMarneTuxiap
napaMarHeTHKIapra ajraHaau. Arap aHTHhCppOMarHeTMKHMHT
WKKajia IAHKApaCUHMIT MarHHTAABMIIY KaTTANNK XHXAT/IaH
6upuai 6ymmaca (13.206-pacM), anTudeppOMarHeTHKHHIFR
* YMYMMI1 MariuT MOMEHTH HosiaH Gapkjiv OYInG, YHUHT Kuit-
MaTH (PeppOMaArHETHK MArHUT MOMCHTHUTA IKMHIAMNG KOIanH.
Bywai Monanapra geppomarHeTukaap ek depprriap acHniaaim.
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®cppurnap M,0 Fe,0, Tunuaarn ¢eppomarnut KUMEBHUIt
dupuxmanapuaa ubopar 6Vaagn, 6ynia Me (Mevan) kyitmaarn
Mn, Co, Ni, Cu, Mg, Zn, Cd, Fe napHyHI HKKH BaJICHTAH
KaTHOHRJAPHHUHT OMpH Eku bupukMacuaup. TeMup Ba 6o1uKa
theppomMarnuT Metaanapnal dapkin ynapok, deppuriap Mc
MAarHuT ApHM YTKasruuyiap 6ynub, yHHHI COAMIBITYPMA
Kapuwidry p = (1+10%) OmMm opanukaa €raam.
DeppUTIapHUHT Oy XYCYCHATIAPHU KaTOp PalHMOTEXHHWKA
MAaCUITAPUHNI SAHTHAYA Xall KUAMILTa MMKOH Ocpau.

DeppOMAFHCTUKIAPHUIIT MATHUTRATIULUI XapadH#u.
K¥nruna TanKkuKoTaap HaTHXacHia GpeppoMarHe THKIapHUHT
MArHUTAAHWU] XAPaCHUHUHT KYAMAAIM YMYMHI KOHYHHMHTH
aHHKNAHIaH,

Tauiky maiiioH 6¥nMaraHaa gpeppoMarHeTHKIapaa A0MeH-
napu (Viuamiaapy (103+107) cm uamacu 6Gynaau) uyHaan
XKoLrawran 6¥1a,iIMKH, HATHXXaBHit MaTTIHT MOMCHTH HOJITA SSKUH
6¥ann. 13.20a-pacMna cXeMaTHK PaBULLIa YD XK XKMIArH
yuTa JOMEHT TacBupiianraH. Dy poMcHaap TYHHHIYHIA Kagap
xap Oup AomeH deppoMarHeTHKHMHT ViaaH Supuia el 6yiiran
marauT MoMeHTH 1/3 x P ra Tenr 6¥aanu. Tawiku Maiigon
Oy.iMaranaa OMp XU 10321 AOMEHIAPHHUHT SHEPrHICcH OUp X1
OVaHO, TAalKK MAGIOH KYHIITaHAa 5Ca JIOMEHIAPHUHT S3HEPIHsICH
6up xuj 6YnMaif konanu. Arap MartiMTAdHUIE BEKTOPH MaiaoH
HyHanuu 6uaaH Yrup Oypuak XOCHa KUArat ZOMCHIAPHUHY
aHepruacy KHuux 6¥nuo, dypuak yrvac 6Vica, dlcprusicy Kartra
o¥aaau. Llynuur yayn xam maiion Kyucus 6yaran (H,) na
MartUTIOBYM MaiIoH UYHIMIUM OWaaH 3HI KHYMK Oypuak
XOCUWI1 KWIFaH, SihHH KHUKK JHCPIUSLUTH JIOMEIUTAPAAIH SNCKTPOH
cniuHiapy 6ypuna Gowsaiinu (13.206-pacum). SIHana Ky4ampox
Maiiion (H,) cnuuiapy MarHUTIOBYM ‘MayIOH AYHATMILNIA
SKUHPOK, OyAran aHru dynamvmra dypaau. Ba iyxosT, xKyiaa
Kywmm Maifgon (H_ ) Tacupuaa y3-ysunan (ClionTan) pasuuyia
mMaruvrianral 6apya JOMEHNAPHUHT MAHHT MOMCHTAPW MaltaoH
AVIIanUIIMaa OpUEHTAIMSLIAHTAHAA MAPHHT TYMMHHIL BYXy/ira
kestany (13.20-pacm). MarduTaaumisia aoMer1ap Sypuamaiiam,
fanku yHaarm 6apua comrviap Oypwiaau, OMpop jioMeriaari oapua
ciiuriap Oup Bakrna Oypuiagy, CNMHIApHUHT Oynnai Oypuiiam
nacTaald GuTra JoMenla, KeinH folkanapuaa coanp oynaau.
IHyunait kuind, GeppoMarHeTUKIAPHMHT MArlUTIaHHUIL
xapacuu Gockuriny 6¥nanm (13.20-pacm).

MAarHurocTaTMKa KOHYHJIApUHHMHT TATOHK M.

1. X03UpPru 3aMoH 3MEKTPOTEXHHKACH,1A MariUT OKUMWIAH
Kedr dodjanannaany. JeKTpoMaruuTiap, Kyuad 3A€KTp
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reHepaTopaapH, 3AeKTpoaBUTaTe;Uiap, TpaticopMaTopiap Ba
Kynruia ynyos ac6o0aapMHUHS HILUTAlIK YAapAa MarHUT OKUM
MaBxy/L O¥AHIIMIA ACOCHAIaH.,

2. Arap MarHy¥TIaHAINIAH XHUCM MYUIA HOXWHC apanaiiMa,
épuKiiap, Kosaknap Oyiaca, MarHHTAOBYM TaliK¥ MaiaoH
Aedopmanmsac (MarHUTOCTPUKLUMACH) I3 TAbCUP KYpCcaTaiu.
Dynna#i xxucMra TeMup KyKYHUHA CENU0 CHKHUTHACA, KYKYH
EpHK, KOBAK €KY OUDP XUHCAK 6VIMaral moaaa 6¥iran xoiljia
Tynaauaan. Onumaap MarHMTAaILHUHT By XyCYCUSITHIA 2COCIaHNG
MArHHUT Ae(HCKTOCKONTHAHUHT KYKYH YCYAUHM UXTHPO KHIHLLIH.

MarHuT AePeKTOCKOITHUSTHHHT GOLIKA YCYUTADHA XaM MaBXy/i~
aup. Kymnanad, teMup MY WU3apHd XOAaTMHH TeKIIWPHO,
yi1apaard jleheKTiiap aHuKAaHId. TeMup AV U3MHK MarHUTJIOBUH
DACKTPOMArHHUT XOMIALLIral apasa U3 OVitiiaG Fryanpa6 Gopaau.
Arap usna gedekT Epuraap MaBxyl OViraHaa, MailloHHUHT
Y3rapuiny XakHaa apToMaT CHrHan 6epanu.

MaruuroCTpuKLUHs XOAKCACH aCOCHIA HHKeNAaH yapTpa-
TOBYLU HYPAATTHYAAD XaM ACANITaAHJIUP.

3. bab3u peppoMarHeTHKIAPHUHT KY'WIM MATHUT XOCCACHOaH
HKKMHUYM XaxOH Ypyuiuaa Ky;iasHwirali MarHuT MyHanapiaa
(oitaanaHnaran 34, AHYa YYKYPAHKKA XOMIALUTHPWIraH MarHUT
MHBAIAP YCTHAANH Kema OeBOCHTA TerMait YTrania XaM NopTNaraH.
Kenma muna yerunan 10-15 M Macoda Yrranaa MUHRHHHT MariuT
pesiecd Ep MarHuT MalfIoOHUHHHT KeMa XOCWT KWITAH Mal/IoH
TabcHpuaa yarapuiny cababiay raabBalMK DJIEMEHTra TOK
3aHXHPHMHY VAWK, HATHXAAA 3al1ad NopThaiau, JeToHauus
Tydaisiy MyHa xam nopmiaitan. Hlaxcuit keManu MarHur
MHHaJIapAaH cakKjalu yuyH Kema napycura éTkusuirat Kkabess
OPKAIK ¥3rapMac TOK YTKa3u0 KeMalin MArHNTJIaHTHPMIAIN,

4. Aparuaran onuit HaB (heppOMarHeTHKIAPHMHT KV 1naHu-
Any cababnu 3EKTP MAUIMHAIAD, aBTOMATUK CHIHAIM3auus
acboOnAPHMHMHT WIlLIALUK AXIIHAAHAY, Teaerpad Ba TeaedoH
AN0KACH Y3aUTUPUIAK, KYNUMAKK YiuoB acOobnapu, Kymna-
JaH, PyAaIapHH MAarHHMT YCy/jla KWJMpHI acGoOaapuHUHT
CE3IMPMIY OLIAPWINA, TOBYILLIM KMHOATINAPATAAD TaKOMILI-
JIAILAM, TOBYLIHW MarHuT ycyasna 83Mil MyMKHH Oyiau.

5. [TapamariuT Moaganap XOCCacHNaH yTa [acT Xapoparia
SKHCMHUHT MarHuT ycyu OWIaH yTa coByTHIIAA oitaataliim,

Arap napaMarHeTHKIap Xyaa Te3d, SbHU anuabaTuK MarHuT-
cu3falca OMp 03 COBUIAH, YYHKY MaTHHTCH3TaHWHLIA SHEPTHs]
capd 6yaaamn. Illy cababam 1933 iunna xucMaapHu yra
COBYTMILHMHI MATHUT yCy/iu miwtab umkwiay. By yeynaa aGcomor
HONb TEMINEPATYPAJIaH TPANYCHHUHT MHHEIH 64p yyinraya ¢apk,
KWJIMHaAUIaH TeMNepaTypa OfIMHTaH.
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TAKPOPJIALLI CABOJUIAPH

1. Mosckyasp Tokiap Ach Kasiaad TOK1apra aHTHAAIN Ba YAapaa MarHuT
xoccanapn Kaumal Hamoén 6¥nanu?

2. DACKTPOHHKHI OpOHTAN MarRUT MOMEHTH Jc6® HHMara aiTHRAIH Ba
Kauaail auuxanaau? :

3. DAeKTpOHHHMHT OPOUTAT MarHKUT Ba UMITY.ThC MOMENTH 33P0 Kanaai
Gornanrra sra? TupoMarnuT uucGat ac6é Humara aliTaany Ba YUHHT
ndonacu Kargai?

4. AtoM opOuTAT MArHKT MOMCHTH ach HuMara ajiiTiwanu?

5. ATOMHMHT FHPOMArHHT HKCOATH opbuTa WwakanTa GOFAIKMN?

6. Marsut mMafiIOHKra KUPHTHIMAH ATOMHHHI MPENECCHARH Xapakati
KaMaal xapakataan H60paT Ba YHWHT Oypuik TCIAWTI HUMAra TeHr?

7. Mpciteccusin xapakataa khuumta opoHTan ToxHunr vdoaacu Kanaaki
BA YHMHI OpOHTAT MATHHUT MOMCHTH KaHAal auMKIainain?

8. MoaranapHUHr MarHUTIAHNM BCKTOPH Ae6 HuMara alinutamy sa v
Kauaait dopmyiaa Giial annkIanaan?

9, Kangaif Mojaapra AMaMarHeTHKCTIap, NApaMarHeTHIGIap Ba depponar-
HeTHRIAp deitumanu?

10. Moasatapuitir MariuT Kaby.l KTyBuaiuinrd Humany ugoaarahian
Ba yilMHT MaTeMaTHK ndogacu Kanna#n?

11. MoatanapHHHT MaruT Kabyml KWIVBYAHIUTH Ba HUCOMH MArHUT
CHHPAMPYBYAHAMTY Kaugal GoFrauwwra ara?

12. JuaMariuT, oapaMarHuT Ba deppoMarsut moananap e KaHaai
Moj1anapra ajrrmnaan?

13. MarucTocratika ac6 nmara afttuaaan? ManieroctaTukanusr acocsit
TeHrIamatapy €3uncuB Ba usox1alb GepuncHil.

14. IKKY MYXHT verapachia MarnuT Maiaoil HHAYKUHMS BEKTOPH Ba
KYWIaHTAHAHTHHHHT TaMTCHUNAD BA HOPMA TAWKWA OTYBHWIAPHUANT
¥3rapuw TabuatH Kailaai?

15, ®eppomMarucTiIapHuHr xoccatapuiis annrosu A. I, Croacros
HULTADHIKHE axaMUusiTH Kanaail? (PcppoMarHyT MOILanap yuyH MarHur-
JIRHMII BEKTOPH, MarHUT UHAYKIIMSE BEKTOPH BA HUCOMH MArHNT CHHIAHPYB-
YRAUAMKIAPURIUHT TAIUKY MariiuT MadfoH KyuyjlaHrapaurura Gorianu
IPAQUIGTAPKH YH3WICHH Ba H30XT1a6 Gepracui.

16. THCTEpPC3UC XAAKACHHMHT XOCH KUTHHWIUM Ba YHUHT (DHIUK
MabHOCH. [HCTEpE3nc XATKACKAA THHMHMIL BA KORANK, MArHHT.IAHULI BEKTOPH
Humaud udoganaiau? Kospuurue kywuu?

17. Kok, MariBTRalMLL BEKTOPHIMILT XapopaTra GOFTalHIuH Katiiai?
Kiopu HykTtack Huma? QeppoMarieTHiap Markut Kabya KuayBUAHIMTHHUHT
xapoparra Gortannwnen ndogatosun Kiopu-Beifc konynniuir MateMaTik
ihogaca E3nacuu.

18. (DeppomarteTHKIAD TAOMATUHMHL NIapaMATHHT Ba AMaMarHeTHKAapaall
tapxu xanaait?
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