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CV3 BOIUU

Ma3kyp Aapc/iMK XO3UPIrM KyHAa Maskyn OyaraH, 3ckH
[ACTyp acocuaa E3UraH Ba HALLP KMIKHTAH DH3KMKa NapCiTHK-
napuaan ¢apkiM ynapok, Y3bekucton Pecnybaukack Oamit
Bd YpTa Maxcyc TabIUM BA3MPIHMIHM TOMOHMAAH TACAHKAAHIAH
SHIM YKYB OACTYpW acocHaa €3uiraH oynubd, yHma asyan-
AudaapHUKHT OTKIroxIapaa y3ok Huanap yKMrad Mabpy3aiapu
XaMmaa TYMJIaraH tTaxpudanapuaad kexr oliaanaHuiray.

Kynnanmana ¢M3uKa KYPCHMHHHT MEXaHMKa, DAEKTp Ba
NEKTPOMAFHETHIM O IMMIapura TerMuiin MaTepuaniap
xankapo Gupaukaap cuctemact (CH) na 6aéH KuiAMHraH.

Yily kMTOOHMHI Makcafii TanabajlapHu QH3MKAHMHT
ACOCHUHI FOST Ba YCY1apH BMAaH TAHMWTHPHO, (PHU3HKa KOHYH-
KOMAAJlapuaaH oHrau pasuiuaa doiiaanaduiura xaMna Keary-
cuaa u3nKara acocnaHrad GaHAapHKM SIXLIH Y3naluTHPHIUTA
Kapatwirad. Tanabatap y3nawruprad OMAMMAAPHHY TEKLIHPHIK
YUyH Xap Oup OOOHMHI OXMpHIA TAKpopAall CaBoIJapH
KENTHPWITaH.

VKyB K¥nnaHMa anoka TeEXHUKa GUInM IOPTAaPHHEHHT My-
XaHANC-TEXHUK MXTHCOCH O¥Huua YKyBUM Tanabanapra Myaxan-
NaHTaH SIroHa KymianmMagup. YHaaH rnefaroruka oaHiroxaapH
tagabanapy Ba Gusnka YKUTYBUMIapu XxaMm doiaataHuaapi
MYMKWH.

Myannudnap kutod KYJIEIMACHMHHU SHANA MYKAMMAI-
NalWTHpPULL Makcaauaa hoiaann MacnaxaTaapy yayH (pu3nka-
MatemaTuka (annapy 2oxtopu, npogeccop b. Miipsaaxmenosra
Ba V3®A axanemuru P. BekxkoHOBra 4yKyp MHHHATIOPUHANK
ounaupaaunap. HlyHuHroex, Japcnuk cudaTHHH AXUIHAALITA
Kaparwiran 6apua TaHKMAME QUKP-MYyTOXA3ATAAPHH MHH-
HATAOPUMAMK GuniaH Kabya Kunanunap.
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Kupuul

®u3nka (1oHoHuas phisis—Ttabuar) —Tabuat Xakumary
yavaitii pananp. ®u3nka ypraganurad 06LEKTIAD Tapiixuyii
PHBOAIAHH L KAPAEHUHURT TYP/M JABPIAPHIA TYPAHYA BV ring,
AJHHKCQ, XO3MPTH 3aMOH (H3uKacH Mypakkad pa Kyn
TapMOK/H (haH 6YANG, Y MATEPUS TYIMAHIWIMHH, XAPAKaTHU KT
TYPAN WAKARADHEN, YAAPHUHT Oup-OMpHIa airanulimmy,
WYHHHTAEK MOAJA Ba MaHAOH XOCCATapUHH ypranamu.

®usika Gany IKCMepUMeHTaN Ba Hazapuit u3mkara
ovaHHann. DkenepumenTan Guauka Taxpubanap acocuaa siury
MabAYMOTAAP ONAAH Ba Kaby/n KHINHTaH KOHYHIAPDHH TeKuiy -
paan. Hazapuil pH3uKa TaBuat KOHYHAApHIIM TabpHDaalinm,
YPraHMAAANTAH XONAHCANAPHYU TYLUYHTHDAAM Ba 103 Gepuiun
MYMKHH GYIT4H XOAMCANAPHM OAAMHAAH aliTMO Gepamn.
SasoHasuit (mavka Gup-6upn Bunan ¥3apo GOFANK GVnray
MEXAHHKA BA AKYCTHKA, MOMEKYAStp DU3NKA, MEKTD, Marke-
TH3M, ONTHKA, ATOM Ba PO (u3uKack Kaby OynuMAapuy y3
HYHIA ONAlK.

Du3iKAHMHT PUBOXIAHMILK XaMMa BakT OOUIKA TaBuuiy
dannap 6unan yambapuac 60FIMK 6Ynub kearaH. Yuupur
pUBOKIAHKILY Grodu3mKa, KIMEBHIT QU3KKa, aCTPODU3MKA,
reodu3vka Ba GOWKA daHnap spatuaMWKTa ONME Kennu.
IMeXTPOH MHMKPOCKON, PEHTTEHOCTPYKTYPA aHAIH3 Kypui-
Matapuan (oitauTaH!LL BHONOTUS Ba KUMEA MOMIEKYSA Xamaa
XVAKAAPUIAPHY BU3YANl KY3ATHIU, KPUCTAUIADHUHT TY3UAMWIN,
Mypaxxab OHONOTHK CHCTEMANAPHK YPraHHLILA KHMMaTHaxo
MabAYMOTAAPHY ONNLLITa Epaant Gepau.

Xosupru kyHna Pecnybankamus Dannap axazemuscy
KOUIMAark (pu3HKa-TEXHNKA WIMHA TAIKHKOT MHCTHTYTH, Slapo
tpuaukacy ureturyt, Y. O. Opuchos Homuaari INEKTPOHIKa
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HIAMHI TAAKUKOT HUCTATYTH, BOLIKY KATOP HIMMH TEKLLHPHIL
HHCTUTYTIAPH Ba OJIMIATOXAapaa (PUBHKAHHHT TYPIH MYAMMO-
JADHHM XAJl KHAWIITA OMiL HIMUIE HuTap oMb 60pHIMOK,LL.
V36ek oaHMIapH (PUIMKATA O APCANKAAP, HAMMIT oMAafon
acapiap, atamanap aAyrati Ba Gowka agabueTnap sipataniap.
Pecnybnukamusna pusnka haHMHY pHBOAXAAHTHPHILIAA
Y. O. Opudhos, C. A. Azumos, C. Y. Yvapos, F. E. Ysapos,
M. C. Cannos, M. M. Mymunos, P. X. Mauimir, A. K. Otaxyxaes.
P. B. BexoxoHoB Ba GOUIKA ONMMIAPHUHT XM3MaTI2py KarTa.

Pu3nka GaHHHUHT TAPAKKHMETH OMIAH Oapapap Kaaam
TALLAETTaH TeXHMKA OAMUroxaapH Tanabanapu hU3MKAHWHT
ACOCHI KOHYHIapHra oMa BHAMMIADHH NyXTa 2ranauiapy
wapT. Maskyp Ky/uaHMa OyHra Mabiym Aapaxkaga xucca
Kylaan, ae6 yMMA KUAAMU3,



SHPHHYH KHCM
MEXAHMKA

1-60b
MEXAHUKAHUHT ®oU3uK ACOCJIAPI/I

1.1. XOAUCANAPHUHT V3APO BomAuuum
BA YAAPHUHT MOJEJIN

mopena LIJTl‘lpMﬂl'il}

Vpranunagrran xonucandp TYFpH
AKaTHHH]

DA NEXGHHKAHAHT aHnK KOHYH/13PY KHCM Xap
:le:‘md ':a*‘i*apacnnn anuK nonal a0, "E'YFP{’: l;i;?uaxéz;ra&:
MOJIEIU\‘am;ap XoamcamapHHHT XaKHKHH 1\}1; Bll;vipmaTeMaTl
feerim --I“D.“nca" y xoaucari Tax K.lfl Cy"H ot
.Ha.aap.““t)v( 43 MyKaMMAT Gynnnra Kap“ma [AH,
yaocaap Ky XaToinKIE ra 0An6 xenaat,
UPZ\)ch?nﬁ:rCSHémerp” MOZEAH yHUHT ?wna% gsllﬁﬂil :ilo::c;g
B . g "q:m Gopnanninap
a’KP'r\TMG r;l:nonnf:aﬂap OPaC”ﬂ"‘m Mnyl' \lO}leﬂ‘HHH ﬂpilT
Bepany, AnH Ba L1ty TAPHKA xoaucaHMHT | one T
Xomticanap o‘p XoAncaHnHr pogenHy H LIS i
Ko xﬁ.mr{;\a_c[man} Excocm i 60FJ1€1HmiJ HOTYEPH quuK;l‘m[
NYIOKazanap :3’“ KyitagH B2 GyHnait MOAEH ra acoch
Macanay §°KCM3 fynub Kosaan: -
Manmpacn)éi PTIHANEpHSA cHapAlH xapa’ganm‘ r v,i X ﬂA ‘T;
e cHapy, Kzart macaara mypoxadl KAk, p
3“D5\mmu£y M yuacTranpd cnapasuHi’ _TpaeK'ropzmcu noj
CHIPARHUKp E'qu" Ba Mmqlopmra, T_VnHMHr Ty3H JIALLH
HHkr i&yﬂw‘{um“ﬂapum, xaBoHUHT KAPLLAINTHIE, wam
atpodumy arm;m' CHApSILHHMHT aKInra. CHap_ISllIHMHI‘ V!
6(;;,“;&6%“"“»1111 Teanurura Ba WY Kabm kypcaTKHwia
¥ Xomie
Hi «ﬁc}ﬁi:? Hltnr Bownanruy 21eMENTaP Moeniia CHap
napuﬁonan,d” :ﬁ/Kra» 1e0 oJuHCa, cHapALl TDHCKTopm
T4p by xo Sopataury kenu6 uMKaLH-
Huur Kapmlihy#"wﬂi‘llif AHUKPOK MOHEHViHW Ty3UILAR X3
napabosanan ¢>: XHcoBra onyica, CHapAAHHHT rpaeKTOpH
DK SKaauri Kesub JHKaLH:
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Tyn crsoumyia CHAPAIMMIT BHHT YH31FY 6YiUIad aiijanMa
XAPAKATH XAM HA3APrd OJIMHCA, XOAHCAHUHT AaHHKPOK MOJICAH
XOCHJI OVAaM Ba XHCOOAI MypakKabiaira bopan.

Anapa Mypaxkkad, OMPoOK aHuarMHa aHUKpOK MoJesira
MYpPOXAaT KWJIMHTANMA, CHAPMIHMIT OOUITAHFUY TCINHIH
OUAAH [OPOXHMHI MHUKIOPH XaMja cHpaTH, CTBOJHHHT
Y3YHJIMIHM Ba OOLUIKA KaTTAJIHKIAp opacugary GOFIaHHILIap
bTHOOpPra oNinHaan. byHia MeXxaHuKa KOHYHIApHIAH TalliKApH
BOLIKA KOHYHJIApAaH XaM (hoiinaaHmira TVrpy KejtauH.

[Oynaait kuaud, cHapsia yvyaérranaa coaup oOyaagurau
XOAMCANAPHUHT XaKHKHH MOJENM Kyna Mmypakkabaup. By
ANTHATAHIAPAAH KYNHAATH XY10Ch KCAHO YMKAAU: XOACaHHUHT
XAKHKATrA SKMH MOOENUHW XOCH/ KIIMLIHHHI GUpaaH-OHp
VAN YPraHUAAETTaH MOJIEIHM KETMa-KeT MypakkabialuTHPHO
fopuluaad nbopar.

XapakaTHy cababcu3 TeKIUMPAAWTAH MeXaHHKaHMuHE
OyAMMMTa Kunesamura nenauo, cabadusTn OunaH TeKIWHpa-
JMras 6yanMHra 3ca dunamurxa aeiunagn. XapakaTHuHr cadao
MabayM 0yaca, TeKIUMPUIAETTaH XXMUCMAAp KAHAAN MyBO3aHaT
XoJaTvuaa OYAMWHMHK ONAMHAAH aHTUO OepHIl MYMKHH.
KuemaapHuHr MyBo3aHaTaa OYNHIUMHKA TeKLWIMpaaurad
MEXAHMKAHMHE OVIMMUTA cramuKka RERUNAaH.

1.2. CAHOK CHUCTEMACH. MOAZUM HYKTA
BA YHUHTI KVYUIIU

Bagm ymuwu dunan sicucsmuune hazodasu eazusmunune Goura
JCUCMAapea HUCOAMAH Y3eapuuiu JNCUCMAAPHUHE MEXAHUK
xapaxkamu 0ed atmusady. -

KHCMAAPHUHT XapaKaTHHU TEKUIMPULILA, YHHHT Ba3si-
THHU Gouika xucmnapra €ku xeu OyamaraHaa, WApTAH pa-
BHILtOA Ky3ranmac ge® Kabysn KUAMHraH OMTTa XHCMHHHT
BasMATHIa HMCOATAH aHUKNALL Kepak.

KucsurapHuHr dhasofari BasMsTHHW AHHMKIALITA JMKOH
OepaiiraH Ky3ramMac XHcM OuilaH GOFNAHTAH KOOpAMHAT
CHUCTEMACHTA (ha3osuil canok cucmemacu Aeiiunany. Taraad
osinHran Has’oBHil CAHOK CHCTEMACHAATH Xap OMP HYKTAHHHI
ypHuRM yuTa X, Y, Z koopdunama opKanu HGOQANALL MYMKUH
(1.1-pacn). Koopiynara Golunaas HyKTarada HYHANTHPHATAN
KecMara paduyc-geicmop Aciivaaau. PamnMyc-BEKTOp 7 HUHC
Koopauuaranapu X, V, Z yknapaart NpoeKuMsUTAPHAAH
nbopar, ALHU:

F=ix+iy+hz. (1.1)
7



l.1-pacm l.2-pacwm

Oynaa 7,],/2 — XoopauHata Ykaapu (X, V, Z nap) Gyitnac
HyHanran GupAMK BekTOpNap Gynub, yiap KOOPAMHATA OPTAAPH
peivnanu (1.1-pacm).

Panuyc-BekTop F HUHF MOLy/IMHM r KecMa OunaH, iyHa-
JHIIMEK 3ca v BA ¢ 6ypuaiuap 6unaH udomanail MyMKHH,
[yHnait kUMb, XUCMHMHT Ba3sHATHEM MQOJATOBYH F , v,
¢ napra Kymé koopduramanap cucmemacu neiivnanu (1.2-pacm).

Kyt koopanHatanap cumcteMacupax (I.2-pacM) Jdekapt
KOOpAMHATanap cucreMacura Kyiuaaru noxanapaaH goiaana-
HHO YTUILI MyMKHH.

X =rsinvcosq,

y = rsin vsin @, (1.2)
Z=rcoso. ]

JlexapT kKoopavHaTaNap CHCTEMACHAAH KYTO KoopaMHaTanap
cucTeMacura Kyiiunarn uonanapaan ¢oiaanaHub yruw
MYMKHH:

r=yx24+y2 422,

_ Z
“““‘g:;;?l_ (1.3)

gop=y/x

BakT fruwm Guaad cogup Gynaguran xapakarH, Liy-
HUHTIEK UcTaIrad QU3NK Xoancany udopanall y4yH (hasoBuH
CAaHOK CMCTEMafiapUHMHI 3y eTapax 3Mac. GyHobapHH,
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KHCMHUNT XApakaTy 41a Oup (hU3UK KaTTATUK—BaKT ouraaH
ndoaanaHaau. '

BakThy Ynuaiipuran ac6o0—coaT OunaH xnxgananrau
CaHOK, CHCTEMACHIA (JU30-6aKNI CAHOK cUcmemaci ACHHIaIU.

YMyMHUi xonaa peasiTHBUCTHK, S'bHMU KATTa TE3MUKIIN MEXa-
HUKAA Y3YHTUK XaM, BAKT OPAJIMFH XaM HHCOMianp. Kraccuk
MEXaHMKAZa Y3YHAUK Ba BAKT OpaaMK1apy aGCoioT KaTra-
JMKAND.

1.3 XAPAKATHN KMHEMATHK UDOJANALL. MOJIUNA HYKTA

Knaccux MexaHukaga YpraHmnaguraH 3Hr cofna oObLeKT
MOMIH HyKTa xucobnanann. Modduli nykma 0eb, mexwupti-
Aaémean macogaca vucbamar ynuamu xcyoa kuuux 6yaean moooud
Jcucmea avimunadu. TabuaTtaa MOAAMI HYKTalap MaBXYI
amMacaup. Moanui HyKTa—pean XUCMIApHUHI WAEaJIaALUraH
waknuanp. [yngai kuiud, MoAaMi HYKTa HUCOMIT TYLIYH-
uaaup. Macanan, Epundr Kyéu atpodrnaru xapakatyaa yHi
MOAANA HyKTa Aed ONuil MyMKIHH. ByHaa epHUHT BYTYH Maccacu
L1y FeOMETPUK HYKTala MyKaccaMaluras aed Kapall MyMKWH.
JlekuH epHubr ¥3 yku atpodmaary ailijlaHma xapakatu yHU
Mot HyKTa Ae® OVnmakau, uyHKM Oy xofaa aisaHma
XapakaT MabHOra 3ra SyaMaiam.

Arap M Moiauii HYKTAHUHT 6GUPOP CAHOK, CMCTEMACHAANM
paguyc-BeKTopHM r OWica, YHMHr KoopauHaTtanapu X, V, Z
BaKT ! HUHF QYHKUMSCH KYpUHMIIKMAA UDOAMTAHANU:

F=F); x=x(1); y=y(t); z=2z() (1.3)

Xap KaHaah XxapakaTHW YpraHull yuyyH TYp:Id CAaHOK
CUCTEMANIAPMHU TaHnad onuiy mMymkuH. Ilynu kafa aTuiu
KEPAKKU, TYPJIIM CAHOK CUCTeManapuaa afiHM OUpP >KUCMHIHT
XapakKati Typinya G6yaany, 1eKMH CAHOK CHCTEMACH 1apOHTra
kapa® TannaHamy. Macatad, KUCMIADHUHI XapakaTUHW Ep
GunaH OOFIAHTaH CAHOK CMCTEMACH Epaamilia YpraH Iai.
EpPHUHT cyHbMiA HiYN101UNaPH, KOCMMK KEeMaTapHHHT XapaKaTH

3ca Kyew 6unar GOFMMK OYAraH rejiuo CaHOK CHCTeMacuaa
TeKIUNPUIALN.

1.4. HYKTAHNHT KYYUL1Md. BEKTOPJIAP
BA CKAJIAP KATTAJTMKJIAP

Monnuii HykTaHuHE XapakaT AaBOMILAA KONAMPrak Hu3Hra
mpaexmopus gennnany. TpaeKTOPUSCMHMHT LHAKAKMIa Kapao,
XapaKaT myrFpu HUIUKAU, QUAGHMA, 22PU HU3UKAL Ba XOKa30
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l.3-pacm

apaxamapra 6yanHany. Moammit HYKTAHHHE XapakaT Tpaex -
TOpIACH HOMabAym OYilraH xonmapaa, YHHHT 6owmnanryy
TE3ANTH BA YTAAMTAH AYTHMHT Y3YHANTH MabayM 6Yica xam
OV IVIHHHF OXHPrM BasHATHHH, S'’bHM KOODAHMMATACHIiK
aHnKaab 6ynmaiian. By xonma MomaMit HYKTAHMHE Basusry
Ky'uu 1e6 atananurad » Kartanuk 6utan udonananan.

®apas kunainuk Moaauit HyKTa 6HPOP TPacKTopus 6¥iinad
[ Hykranait 2 nykrara Kyuran 6yncis (1.3-pacst). Tpaektopiis
OVinad [ nykraman 2 "ykraraya 6aran macoda S YTuaran
1iynaan ubopat ckansip kaTrannkamp. / HyKranaH 2 HykTaravua
YTKA3UAraH TYFPH YM3MKAM KecMa 7y, (1.3.-pacar) kyuumu-
BEKTOD KaTTAHKIMP.

Modouii Hyxmanune 6ownanruy easuamu Gunan Ketiuneu
BA3UAMUKY MYMAUIMUPYEHY UYHAAUWAY KeCMA2a HYKMAaHuHe
Kyuuwy dedunadu. Kyunira yxiaul KaTTaqukiap, SbHU Xam
MUKZODH, XaM HYHanKLK OwiaH TascudraHyBUi KaTTaIMKIapra
gexmop Kammanuksap Aevnaand. Teannk, Te3NAHMLIL, Ky,
HMIYIbC Ba Wy Kabujap BEKTOP KATTAMMKIAD XHCOGMIHF}HH-
Bekropiap Gocmana iiyron xapd Guaan (Macamad, 7'yp)
penrnnanany. Esysna sca sektopaap ycTHIa CTpesiKa KY HHNITAN
xapdaap 6unan (MacanaH, Fq,) Genruaanait. Omnuit WpHphT
OunaH €sunran aiiHan r, wy xapd BeKTOPHHUHIT MOLYMM
(KaTTAMUIIA EK1 KMitMaTy) K udonanaian. Monyann ndoma-
3l Y4yH WKKHTA BEPTHKA)N YM3MK Opacura ONMHTaH BEKTOp
CHMBOAHAAH (oiinanaHunann, SbHI: [Fia| = fi2- »

BeKkTOpHHHF Mofyiu 1y, CKANAp KaTTAIMK oynuo, Y Xap
JOHM MychaT 6ynany. Yusmanapaa BekTop/ap CTPE/IKaNH TyFpH
YHINKAM KECManap KYpUHHINKAA TAacBUPAAHALM, YHHHT
Y3YHAUTN MACLLITABNA BEKTOPHMHI MOAYNMHM H(odanainu.
DakaT cOM KiiMaTNapu Guad xapaktepiaHamiran Karra-
AMKIApra cKansp Karranuxiap aciunanu. CKanap Karra-
AMKNapra i, BakT, Macca, uil, KyBBaT Ba GOLKAIAD MUCO
Oy1a onma.
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1.5. TYFPU UU3NKAU XAPAKAT/IA TE3JIMK BA TE3JIAHWLI

Moaauit HYKTAHHHT TYFPH UM3MKJIM XapakaTy (p) ypraya
TE3NWK Ba y OHUH Te3nuK Bunan tacudaaHagM.
Monnuii HyKTa XapakaTHUHUHE A7 BAKT OPUTMFMAACH ypTada

TE3NMK BEKTOPHM (v) KYUMLL Ar HMHI KYUMIU BakTu Ar ra
OynraH HucbaTHUra TEMr:

ek, (1.4)
Al

By (#) BekTOp Kyumnil AF 6Vinab iysanrat.

Modduid nyxmanune ypmava meznueu Oed, eaxm oupau
uuudazy kyquwea mukdop scuxamudan meHz 6ya2aH QUILK
Kammaaukka aimuaaou. ‘

Monauit HYKTaHHHT ¢ MOMEHTAATM 7 OHMIl (XaKUKHIT)
TEINUFY BAKT OPUINFU At Honra MHTWIrangaru (1.4) udoaa-
HUHT IMMATHTA TEHT OYNiraH PU3NK KATTaAHKAUP:

p = lim — = —, 3
PN A T @ - &)

Bup Tomonra fiynanran, TYFpU 4M3MKIM Xapakatga Af
KS"_‘{HUJ B2 60CMO YTunran iy As ycrMa-ycT Tywaas. bynna
Ar  BekTOp, As 3ca CKaIsIp KaTTaluK.

Modouti nyxmanunz onuii mezauzu (KucKaua Moooull HyKma-
HitHe me3nueu) .0e6 xyuuwdan eaxm Gyliuua oauHean GUpuH4U
mapmubau Xocusaza mene 6yaean uztx Kammanukia aimiiaol.

YHuHr monynu aca Hynaan BakT 6yinya oauHraH GHpHHYH
TapTUOAM XOCWAara TEHT, SILHM:

o= = [l _ ds.

=1 (1.6)
dtdt

(1.6) ra acocan Tyrpu umamukIM MXTHEPHIL Xapakaraa
yrunrad ityn S kytiuaary ndoganad aHHKJRHALK:

)
s =folt)dr. (1.7)
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Arap BaKT YTnumt Ownan MOMMMIT HYKTAHHHT Te3jyk
BEKTOPI Y3rapaac, sibHii r = const  OyJIca, Xapakar TYFpH
YHIHKAH TeRKC Xapakataan wbopar 6ynaan. Y xomnna (1.7) gan
TYFDH BHK AN TCKHC NAPAKATHIHT TEHLAAMACH KeNHE unkan:

!
s=_| #dt = vt; Gynman I’=*;'-. (1.8)
?
Teanuk «CH» Supankiiap cUCTEMACHAL—METD TaKCHM
CERYHALA VANAHAIN, STbHA:

M:H = M/fe.

AcocHit GHPAMKIAPHUHT Y3rapuLLty XoCKIaBHit SUpnuknap-
HIHE Y3rapHiuura onub kenaan. buHoGapyuH, acockil Gupauk-
Aap yarapranga 6npop xocunasui OMPAMKHHHI KaHLakl
Y3rapHWMKHK KYpcaTyBuM MyHocabaTra 1y KaTTATHKHUHT
ynyamnury (dimension) gefunanu. Mcranra Gn3nK Kattanux-
HUHT YMYaMAMTMHM KypeaTuin yuyH YHUHT xapd Gearucu
KBAApaT KABCAAD MYMTA OnuHaaM Exu «dim» Ounan €3unann.
Wixtuepuil xocunaBuit QUMK KATTAIRKHUHT Ynuamnuru 7 ta
acocHit (MM3UK KATTANTMK EpRammuaa aHMKIaHALH. ACOCHH (u3nk
KATTANMKAAPHUHT Kabyn xuaunraH Xalkapo CTaHaapt
VA4aMAMKIapH: yaynnuk—L, macca—M, BakT—7, TOK Kyuu
— [Temneparypa— 9, épyFank kyuu—J Ba MOAIA MUKIOpU—N
ounan Genrunanraun yayd Gupop X Xocwiasuil dusnk
KATTAMKHHET Yiyamaury kyiiunarn Gopmyna KypuHuLmaa
oynanu:

dim X = Lo MBTV[90PJRNY.
bynna acocuit dusuk xarranvk YruaMaMrBHUHT Aapa-

Kanapm: «,8,9,8,0,p, v Myc6ar Ekn Manpuit, OyTyH Exu
VAYUITH GYAMIIN MyMKMH.

Macanan, Teanink =f HUHE YnyaManri (dim) #yn Ba

BaKT YIYamaNTH HUCBATHA TEHT:

dimp=dims - L - [T\,
dimi 7
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Momanit HyKTaHUHT TE3AMrM BaKT YTULIW Ounar y3rapa
fopca (F const BYNCa), MOJUIMK HYKTAHMHT XapaKaTu y3rapys-
4aH xapakat 6ynanu. bynnaii yarapysuat Xapakaraa Te3AMKHUHE
yarapuium YpTaua Tesnanmiu (d) Ba oMU Te3naHuLl g OujaH
TaBcuaanagn. MoAAKIH HYKTa XapakaTUHUHT Af BaxT
OpPANMFUAATY YPTaua TEITAHIIL BEKTOPH (@) TE3NMUK y3rapuiuyt
A7 HMHT Af Bakrra 0ynran HucbaTtura TCHramp, sLHU:

AR
(@) =71

Modduir nykinanue ypmaua mesaanuwiu deb, eakm dupauzu
uHuda me3nuK GEKMOpUNIIe Y32apuuued MUKoop Jcuxamuodn
mene Gyaean (PUIUK KAMMAAUKKAQ aitmuiadu.

Moaanit HYKTaHUHT { MOMEHTAATU ¢ OHMWU Te3JTaHMLUY
(kM copparMHa Te3jJaHMUIM) BAKT OPanuFH Af HoJra
uHTHArangary (1.9) ndonavir AMMHTHIA TEHTAWP:

(1.9.)

SR s
Al -0 Af dt . ( s )
EKu

e '(ﬁ"l d*F
a= = ~-

T E o (1.10a)

Wlynnait KunnG, onuii meznanuu 6exmopu mesnux eeKmopudan
BAKM OYUUHA ONUHEAH OUPUHMU MAaPpMUBAU X0CUAQ KU KyHul
8exmopudan eaxm OPtiuea OALUHaH WKKUHYY mapmubau xocunradau
ubopamaoup.

“(1.10) B:}I(I.IOa) udonanap cKisIp KYpruHMIIMAA €3uaca.
KYWUAaru KypuHMUIra Keaanu:

5 =!ﬁ] - ]i'v‘_\ » d'v i d?s

@~ dr )

Arap Teanauuil BaKT £ wMHr dymkumsack alf) cndatnaa
Gepunran Ba HOWIAHFUY MOMEHT (t =0) parut Teanuru Vo
Mabnym 6Ynca, y XoNaa BAKTHUHT UXTHEDPHIL ¢ MOMEHTAATH Uy
Teamuru (1.11) naru ndonanan Kyifugarura TeHr oynanu:

r
8, = by + Ia(t)dt. (1.12)
)
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ATap Te3NANM V3rapaie, SbH1 d = const Gynca, 6y paii
NAPAKAT TEKHC y3rapyBuaH xapakaT 6Ynanu. Texuc
varapysuan Xapakataa (1.12) dopmyna ypuran 69nu6, yumpary
d =const O¥Aarany cababan Kyiimaarura sra oynamua:

o =v+at. (1.13)

TeannkHuHT BakT ¢ ra 6orTanmm GyHKumMsicu (1.13)upy
{L.7)ra KYilHO, HOMMAH f BAKT OPANMFMIAYd MHTErpaja6,
TeKIIC Y3rapyBuaH xapakataa ytuarad Mya yuys dopmynanu
TOMaMN3:

i 1 2
S:jéj;df=-[{f)n +(”}'|"f =€‘cf+f2r—. “14)
0 0

Arap 4 >0 6Ynca, xapakaT TeKMC Te3JaHYBuaH
ovaand, a<0 OVnraHna sca TeXKUC CEKWHNAHYBYaH
OVaanu.

1.6. ANIAHMA XAPAKAT KHHEMATHKACH

Moanuil HykTauuur aiinana 6yitnab XapakaTu arpu
YH3NKAN XAPAKATHUHE SHF O TYyprapura Kupaau. Afinana
OVitnab xapakar KuaagrraH MOAAMH HYKTAHWHI OHUI
BA3WATMHA F paaMyc BeKTOpHMHT 6upop y3rapmac OX
Hynanvi 6san xocun Kuaran @ Gypyary opKany aHUKIaLl
kynaitanp (1.4-pacm). By xonpa Momauii HYKTa aillaHwva
XAPaKaTHHKHT KMHEMaTUK TeHrmaMac Gypuauut Gypyaru
® HUHT BaKT ! 6yitnya pyHkumsACHIaH HMOOPATAHD, SAbHMU:
9=0(). )

Moanuit HyKTaHUHE aiinanMa 6Yinab XxapakaTHHY TYIHK
ubonataw yuyn Sypanuin Gypuary @ HUHI COH KuiimMaTu
61naH ailiaHLL YKUHA Ba Ly YK aTpohraark aiilaHuLI HyHa-
JHLIHEY XaM KYpcatuin kepak. Ly cabatn @ 6YpuakHu yhra
MHKJOP KUXaTHAAH TeHT aiinatuu YKy 6yiinad, sbHU MOLIMi
aiinanaéTran TEKMCANKKA THK fyHanTaH ¢ BEKTOP KYPUHHMILIA

ndonanai MymkuH. Byrna § sexrop 6¥ina6 kapairaHaa (1.4-
pacM) Momauit HYKTaHMHE afiaHuinu coaT CTPEJIKACHHUHT
KapLiy HyHanuy 61MaaH MoC TyLIMLIN KePakK. Panuyc-BexTop

6ypanuul Oypuary BEKTOpH (0 HUHT HYHATHWHMHH SHA TapMa

14



Q*
S

& &
P N+
l.4-pacm [.3-pacym

KOMAACH ACOCHIa XaM aHWKJIALL MYMKHH: napma dacmacunune
alinama XapaKkamu mooouli HyKma aiaanma xapakamu ouaan
MOC MYWCG, YHUNE UAAPUAGHMA Xapakamu Uprasiwy ¢a @
gexmopruie tynanuunu kypcamadu (1.5-pacu).

Monpaui HyKTa aifnaHa 6yitna® xapakaTMHHHr Oypuyak
Te3NUK BEKTOPH () PafiMyC-BEKTOPHMHI Oypanuiut Oypyax
pekTOopH () daH BakT ¢ GYiiMua onMHraH OUPUHYM TapTHOMH
XOCHJIaCHra TEHT:

~ _ fip T _dp
w= ar " CKH W= i

(1.15)

Bypuak Te3nuK ((I)) afiaHMa XapaKaTHUHT XagannuruH
Ba YHUHT HYHaIMliKMHKW TaBcudrnaian. Bypuak Te3nuk
BEKTOPHM O HMUHT fifHanmMIM XxaM () HUHT iiYHanuwy 6uiaH
6up xui 6¥aub, y XaM mapMa KOMAacy acocuaa aHHKIaHaaK
(1.5-pacm).

Arap @ = const Gynca, MOLOMWNA HYKTAHMHT XaPaKATH
TeKMC aiinanma xapakat OYnanu. by xonga (1.5) mud-
depeHLMan KYPUHHIIMAIY HHTEMPAN KYPUHMILTA KeaanH:

m=?. ¢ = wt. (1.16)

Texuc alinanma xapakamuute Oypuax mesaueu ded, saxm
Gupaueu uuuda paduyc-eeKmopHitie Bypiazuea sMux0op Jcuxamu-
Oan mere 0yAeaH U3UK KAMMaiukka aimuaau.
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bypuak resmukiunr «CHy gari Snpauns pag/c Gynug.
vasavanm aca 77 racrenr, s

dimw = S = .

NP KAHAQIT TEKHC AiiNaHMa XapakaT aiflmanmus faspu T,
QiAW YacToTaCH v BHAaH TascHudaanaH.

Attaanuie duspu ded, Gup mapma myaux airanuw eaKinug
mene 0V12aH (UK Kammaauxka aamuaadu. Arap ¢ Baxtoa N
MapTa TVIHK aitnadca, afiianuus naspu T tavpudra 6MHoal
Kviiiaarira tenr 6ynagu:

T=4. (1.17)

Altranuw yacmonact 0ed, 8ukm Oupauey unudazu alinanuwnap
coluea mete OVaean Qu3uK Kammantkka aimuaaou:

; n=4 (1.17a)

(1.17) Ba (1.17a) mau kypunamuku, masp T Ba wacToTa v
TECKApM MyHocabaTaanmp:

T=1 &m r=1. (1.176)

Arap (1.16)na 1 =T =1/v 6ynca, ¢ = 2 6ynaau. Y BakTaa
TEKHC ARAIHMA XAPAKATHHHT Oypuakiy Te3nurk o masp 7 Exu
YacToTa v OpKIM Kyiuaarnua udopanaHaon:

w=2n/T = 2nn. (1.18)

Bypuak Tesnnrn yarapmac 6ynmaran (o # const) ) Abhu
§3rapysdan aiinaHMa xapakat onuji Gypyak Tesnury O GHaan
6up katopaa oHuil Gypyak Teananuw f GuaaH XaMm TaBcHd-
J4Hamu.

Onuii Gypyax mesnanut §§ de6, Gypuax me3nux © dan eaxm
t GPiiua oaunean Gupunsu mapmuGay éxu Gypanuuw OypHacy 0
Oar 6aKim 1 6Piuda 0AuNeaH UKKUHYY mapmubau XocuAdea mene
Oya2an Qusux Kammanuxxa admuaadu, STeHN:

_do (1.19)

- gy
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EKH CKanap KYpUHULLAA:

= _do _d%
b= = (1.19a)

ByHaaik xapakataa t BaKT OpafiMFuia paauyc-BeKTODHUHT
6ypuanul 6ypuaru (1.15) nan:

(p=jm(t)dt. (1.20)
0

By XapakaTHMHT 6ypuaK TeanaHuiuy BaKTHUHT byHKumscy Bf)
naH ubopat 6ynu6, 6outaHFMy MoMeHT (t = 0) maru dypyak
TE3NMK 0, MawnayMm 6ynraHaa, t BaKTIan KEMUHIM OHKit Bypyak
Teanuk , (1.19a) man anuktauca, Kyiiunarura TeHr 6ynaau:

w, =w,+[B ()dt. (1.21)
0

Arap ainaHMa xapakaraa Oypyak Tes3jlaHUIIM y3rapmac
(ﬁ:const) Oyaca, xapakaT TEKHUC y3rapyBuaH aitiaHma
xapakaTaaH ubopar 6Ynub, XxapakaTHUHT ¢ BaKTAaH KEHWHIH
o, Oypyak Teanuryu (1.21)naH KyAuparura TeHr 6ynanm:

w, =w, +§ L (1.22)
ByHzan 6ypyak Te3naHMILU:

=
{+

= L, (1.23)
Texuc yzeapys4aH alinaHMa XapaKamuurz 6ypuax menanuuu
ded, eaxm Gupaueu u4uda Gypuar me3nuKHUHE y32apuiiuea Muxkoop
acuxamuoan meHe 6ynean QuU3UK KAMmMaiukka aimutacu.
Bbypuak Teanauuil P HUHT «CU»garu 6upnurn pan/c?
6yau6, ynyamnuru aca T-2ra Teur:

(ul

T—2.

|B|=\_‘_Eﬂf£= P21 dim B = dim|

Onuit 6ypuak Teanmk w,HUHr (1.22) udonacunun (1.20)
ra Kyiub, HongaH ¢ raya BaKT OPAIMFUAA HHTETPALAQL aMatu

2-265 - 17



f—>
> 1., wy
-~ } o,
7 7
A
a 7
l6-pacm

Gaxapunca, TEKMC §arapysuaH aiinaHMa Xapakataa Gypuwu
ypuarn @ uu ndonanosyn Kyiuaarn HopMyna Kenub unKau:

!

<P=fw,dt =
0

2
(0o +Br)dr = ot + B

Ot

(1.249)

Arap >0 6ynca, xapakaT TeKMc Te3NaHYBYAH aHNaHMa
Xapakar 66, <0 6ynraHma aca TEKHC CEKVHIAHYByYaH
6ynanu (1.6-pacm).

By (1.24) dopmyna épnamupa, xapakaTHMHT MyHanMuwM,
AbHKM OypYakny Te3NMK @ HMHT MILOPACH y3rapMaraHparuHa
Panuyc-BEXTOPHUHT Oypuamil GypyarnHy aHUKAAL MYMKHH.

AitnaHa 6¥ii1a6 xapakaTaaHaéTraH MOIIMH HYKTaHMHT
YH3MKIM TE3NMIH 3 aiinadara yTkasunraH ypuHma 6Yiinab
iiyranran 6Y6, Y3 iifHanMumny yaIyKeu3 Y3rapTnput Gopany.

HykTa Teauru o HHHFE KaTTaauIy Gyp-

o YaK TE3NMK @ ra Ba HyKTAHWHT aifmanuin
paguycH Fra 60FTHK.

Dapas KwiaimK, MOJANHA HYKTa df

s BaKT OpaMFAfard Ky4uul Macodacy—

EfMHUHT y3yHIuTH d5 6§M0, F paanyc-

BEKTOPHUHT Gyprimiu Oypyarn d@ ra TeHr

I.7-pacm 6yncun (1.7-pacm). Bynna ds Efumnr
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Y3YHJIMTH dRNaHKIL DAIMYCH £ Ba YHUHT Mapka3ui Gypuaru do

opKany ds=rde Tapauaa GorNaHraH.
V BakTaa MOMAMU HYKTAHMHI OHUIH YN3UKIU TESTUTH:

_ds _ rdp _
!J—‘Jf- = —a.r——!'().),
ABHH!
vV=Fo. (1.25)

Ulynnain kuand, MOLAWA HYKTa allaHMIU YKUO4H KaHua
y30Kaa €Tca, luyH4a KaTTapok, 4YM3MKJIM Te3NUK OuaaH
xapakarnaHap 3KaH. (1.25) dopMyna o, F Ba @ BEKTOpAApHUHT
MOAYANEK OUp-OupHra GoFnaiaun.

Mopnauit Hykra 1.5-pacMpaa TacBuUpnaHraHaek, 6up YK
aTpotuaa aitnaHa 0yinab xapakatnaHaérraH OYICHH, uM3MalaH
KYPUHAOMKH, ® Ba /' HWHT BEKTOD KYMAWTMACUHMHI HYHATHILH
v BekTOp OGunan 6up xuy 6yaraH Ba MoAyIH [[dy.r' }l =rwsin« ra,
SAbHY v Ta TEHI BeKTOpAaH HOOpaTaMp:

v =[0.r] €k v =rwsina, (1.26)

byHaa o 6ypyax r Ba @ BekTOpsap opacunary 6ypyak. [lyHnaii
Kunub, [0y] K¥malT™Ma WyHaTMW Ba MOOYN KUXaTUOAH o
BexTopra TeHr. Arap o = 90° 6ynca, (1.25) udoganaH »=wr
Kenubd YuKanu.

Mounauit HyKTa r paguycin ainaHa 6yinab, MUKIOP XiHxa-
THIaH y3rapMac {7] = const Te3nuk GuiaH XapakamlaHraiia,
WYHaIHILY aijlaHa HyKTanapura YTKa3unraH ypuMHMa 6Viinat
Hynanrax xonga y3rapa 6opanu (1.8-pacm).

Dapas KuiaitnuK, TeKWPHIAETTaH MOAAMI HYKTa Al BakT
opaiMFuaa A xonataaH B xonatra y1ud, AB itnan uGopar As
macodani yTeur (1.9-pacm). B Hykrana mMonpadit HyKTa Ap)
TE3IMK OPTTHPMAcCHHHU OJIafH Ba TE3/IMK BEKTOPH KaTTaNHK
KUXATHAAH Y3rapMac-TeKUC aillaHMa xapakartna (7] = const

*) Ay KYpHHHWIIA E3UIL MYMKHH 3Mac, YyHKH TEKHC aiilaHAQa XapakaTaa
Ay = 0 6ynanu.



S
St

St
S

1.8-pacwm [.9-pacm

6y116, A¢ Oypyakka Gypunanu: Oy OypHaKHUHI KaTTajluUTH
As Y3yHIUrunary €iira TagHraH Mapkasuii 6ypuakka TeHIAKP:.

OyHOa r—HyKTa ailflaHMa XapaKaT TPACKTOPUACHHUHT STPUNMK
palnycu.

Teanuk BEKTOPUHWHT OPTTHPMACH AD HM TOnui y4yH B
HYKTAJary BEKTOPHHHI OOMMHM A HyKTara Ky4upuica,
yuuaru 6ypyari Ag ra teHr 6¥ran TeHr EHIM y46ypuaK Xocui
Gynanu. Arap Ag Bypuyak Xyma kuuuk 6yica,

|45 = vAg) (1.27a)
TEHMIMKHK E3uw Mymkun (1.27)uu (1.27 a)ra Kyiunca,
|ad]=ols. (1.276)

xocun 6ynamd. Arap A7 6Yiinab iyHanras OMPANK BEKTOPHU
n' ned Genrunanca, A7 BEKTOPHMHI MOAYIH |A5| OopKaaiu
Kyiuaaruua esunagu:

85 = |8t = 088 ¥ (1.278)

Texuc aitnaHma xapaxkarga 7 Te3NUKHUHT HYHATUIIMHA
Y3rapTHpYBYM KaTTalMK Oyarany ydyH 4 Te3NMaHUIL MaBXy.
6§16, y A HUHr AfTa TAKCUMOTHIAH OJIMHTAH JIMMHTIA TEHT:

. n . = —~
a= |Im.@i: lim .!J.Ll_‘.ﬁjzﬁ ]n-n.é“- limn
a0 A g M I At=3l) At pr—0
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Bynpa v,r—y3rapmac karrtanuvkiap; lim%ﬂ) Ba
At—0

Z1\in})ﬁ'=ﬁ— Oupauk BekTop A HyKTara KyWuiraH HopMan
f—)
6Ynub, Mapka3ra ToMoH iynanras. LyHuHT yuyH:

el

a,==-n. (1.28)
By a, TesnaHuw Tpaekropusira YTKa3uiraH n Hopmai Gyituua
MapKasra TOMOH WYHalraHu y4yH, yHra Hopmajl €KW

MapKa3ra MHTUJIMa TE€3NaHU U AeHUAaIH. YHUHT MOAYIH
3ca Kyiuaarura TeHr 6ynagn.

~ %
=i

a" =

(1.28a)

(1.28) ra v uuHr udonacuuu (1.27) nax onub keaud kKyiuica,

i _4n 2
a ———mzr—%r=4n-vzr. (1.29)

n I
ra sra 6ynamus.

[lynaait kunu6, Tekuc ainauma xapakar (@ = const)aa
HOpMaJl-MapKa3sra MHTU/IMA Te3NaHUII aifIaHUIL paguycH rra
NPOTIOPUMOHATAUD.

1.19-pacmaan kypuHamvku, GUPIMK BEKTODP A=—L GyIraHu
yayH (1.28)HU siHa Kyiuoaruya €3yl MyMKHH: 2

_—_ﬁi—_-l‘
A=-LL=—rF, (1.30)

HyH1d MMHYC MIIODa HOPMAan TE3NAHUIUMHMHI F paigHyc-
BEKTOPra Kapama-Kapy HYHANraHAUTHHUKT MaTeMaTHK
vdonacuaup.

1.7. 3IPU YUIUKIU XAPAKATIA TAHFEHLIUAJL
BA HOPMAJ TE3JAHMULIAP

Brpu YM3UKJIM XapakaTJaapHy TEKIMUPULIAA KYTHHYA HYKTA-
HUHT T€3IaHU1I BEKTOPUHY MKKHTA EOMETPUK TallKH 3TYB-
yMnapra: HyKTa TpaeKTopusicura yTKasuiran ypuuma 63iinad
AyHanrad TaHreHUMaT XaMpa Hopman O¥inad iiyHanran—
Mapkasra MHTMJAMa TE3JIaHWULIApPra aXpaTHil HHXOATAA
KYy/AaWJuK TYFAMpPanu.
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1.16-pacM

(Bapas Kuiainuk, Moit HyKTa 3rpy YMSHKIIH TPAEKTOPH s
6¥iinab rexuc YarapyByan xapakar kunagra 6§ncu (1.10-pacm).

SHIM TEKNC Y3rapyByaH 3rpy YM3UKIM XapaKaTiaHagtrau
MOMIMIL HYKTaHUHY Te3faHuIY d HY TONMHMLITA KUpULainuK,
Momnuit HykTanuur Al pakT opanuFuna A HyKtagaH B
HYKTara4a Ky9uinnaa TeATUIMHUHT OPTTHPMAc A% HU MKKHMTa
A, Ba Av, Tawkun arypunnapra axparamus (1.10-pacm):

A% = AB, +4,. (1.31)

By A3, pa A%, BexTOpHUHT iyHANMIINTA MOC KEJITaH GUpanK
BEKTODNAPHU 3ca T Ba i’ Guian GenrunaiMus. By Tamikun
3TYBYMAAD WYHAAN XOCHA KUIMHAMKM, A HYKTagan Ap,
BEKTODHUHT OXMpHraya GynraH Macoga OOLIAHFUYM TE3aMK
b HHHT MOAYAMTa TeHT GYicHH. Y X0NMa, A#T BEKTOPHMHT
MOJIYAW TE3NUK MOAYNM OpTTMpMacura TeHr Gynann:

A5, |=Al5] = Ae.
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By udoganu ¥ OMpAMK BEKTOP OPKATK KyiKaary KYpuHuUiLa
€311 MYMKHMH:

Ap = An-T (1.32)

Te3NMK OPTTHPMACHHUHT HOPMAN TALWKWUI 3TYBUUCH A7,
aca (1.278) udoaa dwiaH aHMKJIAHALH, SbHU:

AB, =0 =20 (1.32a)

(1.32) Ba (1.32a)uu (1.31) ra kyitmnca, Kyitmparu Xocun
6ynanu:

AD = AT’ + v%‘- n. (1.33)

Mogauit HyKTa 3rpy YM3UKIU XapaKaTUHWHT Tyna Te3jlaHu-
UM TC3TUK OPTTHPMacH Av HMHF Af ra 6YaraH HucOaTHAaH
A7 — 0 Bary AUMUTUra TEHPAWP:

. AD_+AD AT, AT, ;
= {‘n‘f = T
a=lim &~ =lim——* = lim —*+ lim —*. 1.34
Ay At a0 AL At AL A0 A ( )
Bynuaru xyuiunyBun 6MpUHYIKM AUMUTHY @, Ounak 6enrunab,
(1.32)Hu xucobra onuHca, Kyduparm Xocun Oynanu:

= 5 63 Al =¢
a.=lim—=F=lim —-—1‘ lim &% lim 77,
T a0 AL Ao A m—.u L‘u’ Al—D
6yHaa lim A2 =42 g3 lim ¥ =7" Gynranu yuyH:
A1—30 A 4 A0
= S £I_Q = dL’ -
a, =&% &m e =4 (1.35)

By a, Te3naHui MOLIMI HYKTA TPAEKTOPHACHHHUHT HXTHEPHIT
HYKTacuaa ypuHMa 0yiinad ityHanraHd yuyyH yHra TaHTEH~
UMan Te3naHHl gelunanu.

(1.34)naru MKKUHYM TUMUT UOAA 3Ca HOPMAN TEITAHHIL
neb atanyByu Zz" Te3naHuaax mbopar 6ynuo, (1.33)ra SHuHoaH
KyW#Hjarura TeHr:

A, -
= lim —2 = lim& 2‘ =2 lim & lim 7.

n A0 At r A0 AL arap
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By epna hm-&=n Ba lelmn =7 6ynraHy yyyH Hopman
-0

TeanaHu Kymmarnra TeHr Gynamn:
—_ ern
a=Lneékua =% (1.36)

(1.35) Ba (1.36)nm (1.34)ra xyiunca, kyituaaru xocun 6ynanu:

d=d +a,= j”ﬂ” (1.37)

[lynpait Kuanb, TVAMK Te3NaHWI BEKTOPH 4 MKKH 4,
TaHFEHUMAN BA d, HOPMAN TE3NAHUI BEKTOPNAPMHHHT
HvEMEIMCHra TeHT 3KaH. By BexTopHM 6upn (@, ) Tpaekropusra
yTkasniran ypurma 6¥iina6 iyranraH sa ukkunumucu (@, Jaca
v TE3NMK BEKTOPMra MEepneHAMKYAAp, TPAeKTOPHs SrpUIUK
Mapkasura ityHanrasaup. (1.11-pacm).

Ymymuit xonaa, 1.11-pacmaaH T¥1a TE3NAHALIKKHT MOAYH:

a= g = (L) +(2] 0.3

Orpy YN3NKH TEKKC YarapyBuaH Xapakar @, Ba 4 BEKTOp-
Jn1ap opacuaark ¢ Gypuak, TyNa Te3laHMill 4 HUHT HyHaRHILK-
tlr

Hy udonanaitan 1.11-pacmuan 0. Gypuax COSQL=-" ra TeHT
6ynanu, OyHman

“LH-pacm l.I2-pacm
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a= arccos%, (1.39)

€KM tga = o , OyHnan

a =arctg 2 (1.392)

Xycycuis xonap:
1. Arap r = const 6¥s1ca, MOLIUIA HyKTa ail1aHa 6yma6 TEKUC

yarapyBuaH xapakatna 6Ynu6, TaHreHuMan (ar) Ba HOpMal

{a,) Teanarmuinap B Gypyax TeanaHnw Ba o Gypyak Te3TUKIAP
©uaaH Kyitnaary OOFTaHulra ara 6ynanu:

a zf‘;l;:‘—':(wr)=r$ =rp; (1.40)
Y UL S | R Py
g, = S =gk 4miy’r. (1.41)

1.12-pacmaan Ba (1.40) nan xYpuHaguKkH, G, TaHTeHLMaN

Te3NaHUW BekTOopH P OGypyak Te3naHUIl BEKTOPHHUHI r
paanyC-BEKTOpra — BEKTOP KYMaWTMacHUra TeHr, SbHU:

a =[g.,7]. (1.42)

t_l" HOpMa/l-MapkKasra UHTHAMA Te3JlaHUU BEKTOPH r

PafMyC-BEKTOpHUra KapaMa-Kapli¥ HYHaaraHjiurd y4yH YHW
Kyiuaaruua nonanawt MyMKH1H:

_F - _2F
T =0 (1.43)
2 Arap 7=const,a =0 6jnca, Momnuil HyKTa y3rapmac
TEVUK (|D| = const ) GunaH aitnana 6¥it1a6 xapakamianann. Bynna
MOANMIT HyKTara Te3fnaHWLLIapAaH (hakaT HOpMan MapKasra
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HHTHIMA a"=’—:-'re.3nuﬂum TABCHP KMAAZM, ABHU TYna
TE3NAHHI HOPMaJl Te3naHuwaas ubopar 6Ynanu:

a=a,=-27" =-u'F. (1.44)

3. Arap YH3HKIN TEINUK ¥ HUHI HYHANMIIK Y3rapMac G-
€4, XapaKaT TYFpH YUINKM TpaeKTopus 6yiinad coaup 6ynanu.
Mabaymk, TYFPU YU3MKHUHT STPHANK PAAYCH I = oo oy~

bl
=
raHnuni yayH a, =—=0 6ynann. Bunobapun, xapakaTHuur
r
TYNa TeafaHumM HakaT TAHreHUMAl Te3NaHULIAAH nbopar
6yni6 Komany, sbHU:

= =t (145)

TAKPOPJIALL CABOJUIAPH

1. Mexannka ne6 Humara aittrnagu? MexaHuK xapakar HiHmMa?

2. Monauit nykra 1e6 HuMara alTAaaH?

3. Canox, 4naMacy 1e6 HuMara aTHnAaH?

4. Tpaektophs, Kifuuus Ba iyn de6 HitMara aitTwiaau?

5. Kannait xapakatra uarapuiiaHMa xapakar geiunaan? Ainatima xapakar
1eb HHmara ajitinanu?

6. Ypraua Teanuk BeKTOpMHM Ba YPTayd TEINAHHUI BCKTOPHHU, OHMiH
TEINHKIK B2 OHMUi TeaTaHHULIHY TabpHGAAHT. YAap KaHaai fiyHanran?

7. Texuc aitnauma xapakar geb KaHa Xapakatra aidtvaazu? Tewuc
Yarapysyan aiinanma xapakat ae6-um?

8. Bypyak Teanuk Ba Gypyak TCINAHMLI feh meara aﬁmnaﬂ_u? Bypuax
TeIRUK Ba Gypyak TcanaHMM BeKTOpH Kaumall #ynanran? Ynapumur
HyRamtwmy IHUKIOBYH NAapMa KOWIACKHH TabpiidiaHr.

9. Yu3uKmH Teauk, TeanaHuil Ba Gypyak TEHK, TeXMANULED Y3apo
Kannaii Gornanran? Yaapuunr CH cucTeMacuaary ynuos Supnisknapy
KaHzajt?

10. 3rpn yn3nkan xapakataa TAHTCHLUMAA B2 HOPMAA Te3nanuwnap
HUMaHY uehoganaitau? Ynap Kauaai fi¥Hanran? YiapHHHT MateMaTHK fiho-

Aarapu Eauncuy.
11. 3rpi suanknm xapakataa TYAMK TEMNAHHWHHHT BEKTOP Ba cKansip

KyPHuniwpary matematik Hpoaanapi E3HACKH.



2-LOB
AUHAMUKAHUHT ©HU3VIK ACOCJIAPH

2.1. KIIACCHK MEXAHMKA BA YHUHT KYJJIAHUUI YEFAPACH

OuHaMuka MCXaHWKaHWHT OHMp KucMmu OYaudb, moalMH
HyKTa €KW XMCMJApPHUHI MEXaHWMK XapakaTHHW yHW lo3ara
KEJITUPYBYHM Ba Y3nalWTUPYB4U HH3KUK cababu GunaH GoFTaHraH
X0JAa ypratanu.

Knaceuk (éxu HbioToH) Mexanukacura HeiotoH kawd
KWJIraH yuTa KOHYH acoc KuinO onuHraH. HeioToH KoHyHAapH,
Gapuya GUM3KK KOHYHNIAp CHHrapy TaxXpuba HaTu:KanapHHH
YMYMNAWTAPMIL aCOCKIA MAIRLOHTa KeNraH,

HpioTOH MexaHMKacu ¥3 naBpuaa WyHOai katra myBad-
({akuATAIPra IPULIAKKH, HCTaNraH GU3nK xoaucaHu HewotoH
KOHYHAapy acoCHAA TYWYHTUpWII MyMKWMH 0e6 xucobmap
saunap. bUpoK GaHHUHT PUBOXIAHMLUM HATHKACKAR KIACCHK
MexaHMKa acocuia TywyHTMUpud Oynmaiaurad xoaucanap
aHMKIanau. By xooucanapHu sHIM Ha3apuAra acoCAaHraH
peNATUBHUCTHK (KaTTa TE3AMKAM) MEX4HMKA Ba KBaHT
MexaHMKacH TYWYHTHpUO Gepa onanu.

PeasTUBMCTMK MEXdHMKA TEHT/IaManapM JMMHTAA, HBbHU
EPYFIMK TE3JIUTH ¢ = 3 108 M/c B2H KWYMK TETHKIAP v << ¢
yuyyH KIacCHK MEXaHWKa TeHrnaManapura ainaHanu. Xy
IWYHMHTAEK JAMMUTAA, #bHHM aTOM MaccanapuiaH KaTTa
Maccaiap YHYH KBAaHT MEXaHuKa TEHIJIaManapH XaMm KjaacClik
MexaHuKa TeHraamallapura ainasany.

Iynnai kuand, pensTUBHCTMK Ba KBAHT MeXaHuKanap
KNacCHMK MEXaHuKaHu HYKKA unmkapmaciaH, $axkar VHHHC
KYAnaHyil Yerapacu MeKIaHraHIMTMHY KYpcaTan. Bunobapun,
HpioToH KOHYHAApUTa aCOCNAHIaH KJAaCCUMK MEXAHMKA KHYHK
TE3AMKIIM Bd KATTA MACCaNy XUCMAAP MEXaHUKACHAHD.

Ky#inaa HbloTOH KOHYHNARPUHUHT MasMyHH Ba yaap Guaan
GoEnuK Oynran TywyHyanapHu 6aradicun kapab unkamus.

2.2. HbIOTOHHHHI' BUPMHYN—~HMHEPHNA KOHYHH.
MHEPUHAJ CAHOK THIMACH

HuiotoH lanuneil wHepuMs npMHUMRUTA Ba ¥3 Taxpiba
HaTHXanapvra acocjaaHud, NIHMHAMUKAHWHT OHPHHUYH KOHY-
HUHKY Kyiinaariua Tabpudnanan:

Aeap dicucsea 60wKa JcUCh Mascup dIMmaca, ¥ V3uHuHe muis
X0AGMUKU KU MYFPU MUSUKAU MEKUC XAPaKam XodamuHu
cakaaea unmunaou.
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XHCMHIHT THHY XOAATHHU EKM TYFPU YH3UKIM TEKHUC
XapaKaTHHU CaKAall XYCYCHSTHra XUCMHWHI MHEp-
uusacu geitunann, MHepuns MarepusHUHT SHC YMYMMU
XycycusTaaphaaH Gupuanp. Bapua xucmnap Kaepaa 6yaMiuuaaH
KATbM Ha3ap, MHepuusara sra 6ynagu. IIyHWHT ydyH Xam
HbIOTOHHHHT OUPHHYM KOHYHHMIa MHeEpLUMS KOHYHHU
aeiinans. HbIOTOHHMHT OMPUHYYM KOHYHMHY sIHA Kylinaarnya
TabpiaLl MyMKHH:

Aeap wcucmea Gowika ycucym mascup Kuamaca, y Y3uHuHe
UHEPUUAA XOAAIMUKY CaKAaUOU,

(Du3MKama Tabeup KyuHu udonanaiou. buHobapuH, AMHa-
MHMKaHHHT OUPHHYM KOHYHMra GMHOAH Kyd TabCUp 3TMAaca

(17=0), XUCM Y3UHMHT THHY (5 = 0) éKu TYFPU YM3MKIH
TEKHC XaaKaT (p = const) XONATUHU CaKIaian, SbHU:

v=0;
g =0{_ @1

By dopmyna HoloTOH OMPUHYM KOHYHHMHHHI MaTeMaTHK
utonacummp.

HpIOTORHMHT BUPHHYM KOHYHM XHCMra GOLIKA XHCM EKI
Kyd4 TabCUp 3TMaraH xonaa 6axapunaiu.

HBIOTOHHUHT 6MpUHYM KOHYHHM Hamoiiuu 6ynaguraH
XUCMra 3DKUH XHCM A0, YHHH XapaKkaTHra 3¢a 3PKUH
XapakaT ékM MHepuus G6Yiuya xapakart aeb atanaau.

KaTbuit Kunu6 aiftraHia, 3pKUH XUCMIAp MaBXYa osMac.
[IynuHr yuyH, yaap ousuk aberpakuus xucobnananu. Jiekuu
XMCMHU TalIKY TAbCHP M30IALMANAHTaH €KW TabCHpiap
y3ap0 KOMMEHUMANAHTAH X0/ AarHHA 3PKHH XKMCM Ba 3PKUH
¢KH MHEpLHOH XapaKaT XaKuaa TacaBByp KMJIULI MYMKHWH.

HEOTOHHMAT GUPHHYM KOHYHMHM Taxpubaga Gesocuta
TEKIUKPHLI MYMKUH 3Mac, YyHKM aTpodmary 6apuya xiicm-
JIADHMHT TabCUPUHM TYna Gaprapad) KMIMIL MYMKHMH 3Mac.
AliHukca OMp KUCMHUHT HKKHHYHU XHCMIa HILKATAHMIIMHI
6apTapad) KWAHLL Xyda KHAKH.

XKHCMHHHT MHepUHMsiCH eTapiuya Kywid 6ynraHmaruua
MHEpLHS XOAMCACH XaMMa BakT HamoéH 6ynaou. MacanaH,
XapakaTnaHa€TraH TPaMBaHHMHI TE3NMTU TYCATAAH y3rapraHma
AYN0BYWIAD YUIAPUHMHT MHEPLIMS XONMATHHM CAKAALUITA MHTINANK:
arap TeaTHK KaMaica—oNnauHra, TeHK opTca—OopKara, TpaMean
yarra bypunca—yHr ToMoHra oragunap. by xonaa itynosyunap
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TYFPY UM3MKJIM TCKUC XaPAKaT X0i1aTUHY cakaaiau. MHepTiuk
cababiy XUCMHUHT XapakaT Te3NUruHy 6Up oHaa YarapTrupubd
oynMaiiau.

KuHeMaTHkana caHOK CUCTEMACHHM TaHIAIUHUHT aXaMHUsTH
AYK 304, YYHKM Bapya CaHOK CUCTEMaIapd KMHEMATHK 3KBU-
BaJIEHT XUcobsiaHaau. JuHamMukana axpoa TaMoMaH 6olukada.
Arap 6MpOp CaHOK CHUCTEMACHUAA KHUCM TYFPU YU3UKIH TEKUC
XaJvakaT/laHca, y CaHOK cucTeMara HucbaTaH Te3jlaHWUUIH
XapaxarT KUAAeTraH cucTeMaga 3ca TYFPU YMU3UKIAH TEKUC
XapakariaHa onMainon. buHobapyH, HepLng KoHyHTapy bapya
WHepLUMal CaHOK cucTeManapyaa 6up xui baxapuaMac 3KaH.

Huepyus xonywaapu myna 6ascapusaduean 6apua CaHox
cucmemanapuea Unepyulan CanoK Cucmemanapu dedusadu.

MHepunan caHOK CUCTEMaCH TYIIYHYACUHM MKUCO/ GuiaH
TyLIyHTMpainvK. BaroHnary xapakaTHu TeKIMMpyil y4yH BaroH
Ba Ep 6MnaH OOMIaHraH UKKUTa KOOpAMHATANAp CHCTEMAnapu
Oepuaran OyiacuH, BEHNUK. Arap BaroH TMHY TypraH Oynca,
BArOH MuYMAA TAUUIAHTAH XWUCM MKKana KOoOpAMHaTa cHcTe-
Manapyvra HucbataH 6Up X1 XapakamiaHaan. Arap BaroH TYFpH
YU3MKIY TEKUC XapakaTiaHa€TraH Oynca, BaroH MYMAaru
Ky3aTyBUM BarOHA4rd XaMma XHUCMap MHepuuscura GMHOAH
THHY TypraH,1e® XuMcoGnaiiu; IOKOpUra OTHAraH XHUCM 3¢a
Ky3aTyBuMra sepTuxan 6yitnab kytapunud, kaiTub TylmraHmex
tytonagu. TeMup #yn €kacuaa TypraH Ky3aTyB4M '3Ca BaroH
WYKAATH Hapcalap XaM, IOKODHUIa OTMATAH XHUCM XaM V3
MHepuusicM OunaH xapakataaHaérraHuuy amtagu. LyHnoadi
KWinG, MHEepUUs KOHYHM TUHY TypraH BaroHaa XaM, TYFpH
YU3UKIM TEKUC XapaKaTaaHaéTraHaa xam 6up xun Gaxkapuiani.

Arap BaroH Te3jaHyB4aH EKM CEKMHJIAHYBYaH EKH 3IPH
4YM3UK/AM XapakaTnaHa€rraH 6ynca, axpon tamoMmaHn Ooluxaya
6ynanu: BaroH Te3JlaHyBYaH XapaKaTIaHAETraHAa BEpPTHKAN
OTWJITAH XMCM XaPaKaTHUHT OPKA TOMOHMTA TyLIafK; CEKItHIa-
HyBYaH XapaxkamlaHa€TraHja 3¢a o] TOMOHIa TyLIaAH  Ba 3rpH
YM3MKJIM XapakaTlaHraHAa 3ca €H TOMOHra Tywaau. by
X0JJ1apaa MHEPLMS KOHYHH HOTYFpY Gyaub uukanu. Hapxa-
KYKaT, ACBOP Ba nojra HUchbaTaH TMHY TypraH GyioMuap BATOH
KECKHH TOPMO3NAHIaHAA, ylapra TaillKW Kyd4 TabCHp 3TMaca
XaM, TYycaThaH BAarOHra HUCOATaH Te3NaHuil OUIaH XapakaT-
JIaHaAH, STbHU WHEePLMS KOHYHU Oy3wianm.

by Muconaan Kyiunary xynoca xenuo 4HKann.

WNHepuman canok cuctemacura HuchataH TVEPH UH3HKIU
TEKHC XapakaTlaHa€TraH Xap KaHaah CaHOK, CHCTEMACH Xam
WHEepLHaNn CaHOoK, cucTemacu 6¥na onanu.
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AKCHHYA, HHEepLHaAT CAHOK TH3MAacKHra HucbaraH Yarapys-
YaH TYFPH YHBUKAHN EKH 3UPH YHIHKJIK XapaKaTiaHAETraH Xap
Kan[ait CAHOK, CHCTCMANApH 3¢ HOMHEPLHAT CAHOK CHCTEMA-
napu Gynanu. bomikaua Kunub aittranpa, MHepLUWst KOHYHU
BaxapuaMaiHraH CaHOK CHCTEMaJapd HOMHEpLMal CaHOK
cHcTeManapiaaH ubopar 6ynaan.

HlyHH K2l KWIKMLW KepakkKW, Kacu CaHOK THU3Malapu
HHEpUHan, KAMCHNADH HOMHEpUHaN 3KaHAWTHMHM dakar
TaxpHba #ynK OrURaH aHMKIAHAAM.

Texwuprl MacanalapuHMHT TabuaTura Kapab MHepuuan
+CaHOK CHCTeManapu TaHnab onuuanu. MacaiaH, I. Fannnen
Ep 61nax 60FIaHraH CaHOK CUCTEMACHHH aBCOMOT HHepLIal
xucobnaraH. KeitnHpok dpaHuys dusuru @yko y3 MasTHUIK
6unaH EpHuHT Y3 YKy aTpoduaa aitnaHuiinay anuknat «Ep»
CAHOK CHCTEMACHMHWHF HOMHEpUMAN 3KaHUHM MCOOTIalH.
XaKMKATaH XaM TEKUWIMPHUILAAH MabiyM OYIauKH, 0aLy3-
JIAPHUHT 3pKMH XapakaTtu Ep 6unaH 6omink 6yarad cucremMana
aiilaHMa xapaxkaraad ubopar 6yaraHM yyyH y uHepums
KoHyHMra 6yitcynmaitan. LyHMHT yuyH XaMm ep CaHOK CHUCTE-
MAacH IoN1y3napra HUuChaTaH HOMHepLKaR cucTeManup. YHaad
Tawkapy Ep CaHOK CHCTEMaCMHWHI MHEpUUal 3Maciury
Epuusr ¥3 yxu atpoduna Ba Kyéw atpodunaru, sbHH
Konepuuk (Kyéw) cucremacura nHucbaraH Te3naHUILIU
Xapakaty 6unat tywyntupuaamu. bupox Ep yaunuur Kyem
atpoduuary xapakatuaa r= 30 MuH. Muuga ¢ =1 aa- 6!4003

OPTHKPOK €t ui3anu. By aca Ep opGHTaCUHUHT STPUIHIH \ 7

HAKanap KW4MK IKaHTMTMHK kypeatany. Hlyuunr yuyH Ep 6unan
DOFMMK O§nMaraH KOOpAMHATANIAp CUCTEMACMHUHI MHEepUMa
Xycycustaapura EpHUHT xapakatu arpy umsukiu 6yica-ana, Ep
OunaH BORIHK GYraH CAHOK CUCTEMAcH XYAa Ky Xoaucanapra
HYCOaTaH Y3UHM aManga MHepluan cucteMa Kabu TyTaln.
biHOGapHH, AMHAMUKAHKHT aCOCHH KOHYHNAPHHU TeKUIM-
puiaa, EpHi TaxMyHaH MHEpuUMan caHOK cHCTeMacH Ae6 Kadvia
KWAHL MYMKUH,

Arap Koneprnk (Kyéur) cucremacuna koopauHata yKiapu
TanaxTvxamMu3mark yyta lojmysra AyHaarasaury cababiu,
[anakTika ynyamura Hucbatan GyHaait cHcTeMa XaM TaAXMMHAH
MHEpLUKAN CAHOK cucTeMacH GYNMIUM MyMKHH. JlekuH BYTYH
Tanaxtuka éxu GUp HEyTa raIaKTUKATAPHUHE XapaKaTMHU
Kapab yukuiiga GyHaak GynMaiiay, SbHM HOMHEPLUAT CAHOK,
cucTeMacura aitanud Kostagy. ¥ BakTaa TYprTa aCTPOHOMMK
0bbexTIapAaH doiiaanau MyMKUH, OGBLEKTAaH GUPUHIIHT
MapKa3uHu xoopayHara 6own Je6 Kadya Kuanw, 6omka yura
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00BbEKTUAH ICA KOOPAMHATA YKAADUMHUHI KYHANMIUKHU
6earuaall yuyH doiganaHuianm.,

Hlynpait KM, MHEpLMal CaHOK CUCTEMACH 3TaIOHH
TYFpUCHAA FallMPUITaHAa, Y OunaH GOFIaHTaH XaKHKnit (pU3nK
00beKTHAPHNA KYPCAaTUIU KEPAK.

X03upry 3aMOH MHEpLMal CAHOK CMCTEMAacH 3TalOHH
cudatnaa (Konauk) Hypaanuw (7=2,7 K) Moc xenraH KOWHOT
3JIEKTPOMArHUT HYPRaHUIIK—HU30TpoN bynran caHoK cucTe-
Macu Kabyn KMJIMHTaH. AMMO, KejlakaKia MHepuuan CaHoK
CHCTEMACHHMHT OOLUKA 3TaJIOHNapH naino 6Yaui-6ynmacniru
HOMAaBIYM.

2.3. HBIOTOHHUHF UKKMHYH KOHYHH.
KY4Y BA MACCA TYIHYHYACH

HLIOTOHHUHT MKKUHYM KOHYHMOA WMKKUTA SHTU (DU3KK
KaTTaIMK—KYY Ba Macca MWTHPOK sTanu. Kyuy GepuiraH
JkMemra DoLIKa XKUcMiap TOMOHUAAH KYpcaTHnagTral TabCyp-
HWHF MHKZOPY Ba HyHaNWKMHY ndonanainn.

Kyu. KysatnuinapHyUHr KipcaTyuinua, XucMmra KypcaTtu-
J1aétraH Tabcup Oy XKMCMHUHT Te3NaHWULL OJIULLKM Tap3KaaruHa
3mMac, Ganku XUCMHMHT JeOpMAUMANAHULIEM HIAKITHAG XaM
HaMOEH GYyNuiuM MYMKMH. BMHOBapuH, KyuHM KyHumaruua
TabpHUGpaal MyMKUAH.

Kyu ded, acucsea mesnanuw Gepa onaduzan éxu dediopma-
yussatduean usurk kammanukka aimusadu. Tabuatia ¢axat
XUCMAAPHUHT Y3ap0 TabCHUPU MaBXYLAMP, JEKUH Dapua
xoJnapaa 6up KHUCM UKKUHYK XUCMTIR TAbCUP KUNadK Ba VHHHE
XOJNaTHHM Y3rapTUpaau felMll YpHura, compgarvHa KHamo,
KMCMTa Ky4 TabCHp KMAOW, AeHUNIagu.

KucmnapHuHr Oup-0upura KypcaranuraH TabCUPHHUHT
TYpnapu Xyfa Kyn 6ynraHuiaH KyYnapHHUHT Xam TypAapy Xyaa
kyn 6¥anb xypunanu. JlekuH XxakuKataa aca, Tabuataary fapya
KyuJap MKKH XWJl 3JIEKTPOMAarHWT Ky4hnap Ba OVTYH
onaM TOPTHWHI KyynapuaaH ubopar. tlyHaai kuaud,
0apya Kyunap, MacajaH, 3AaCTHK Kyd, MIUKAjIaHULL Kyui,
3JI2KTP KYUH, MaTHUT Ky4M Ba X0Ka30 Kyusap, Wy UKKH acocHil
KYYNapHUHT TypAMya HaMOEH OYNuIIManp.

ZKnemra Tapcup KMIAETraH Kyd TYFpUCHIA TaCaBBYpra 3ra
OYAWLL YUYH:

1) KyUHUHT KaHAalf KaTTanMKaa 3KaHWHU,

2) KY4YHMHT KaHZai MyHanHmiaa TabCHp STHILWHIM,

3) Ky4 XKMCMHUWHT Kaicy HYKTacHra KYHHAHWHHK i
Kepak.

31



WyHpait kKuanb, Kyu BEKTOP KaTTANMKAMD. XKHCMHUHT
aKat OUTTa Ky4 TabCHPHAArK XApaKaTi KaMAaH-KaM y4apanau.
Kymunnuk xonnapaa xHcmra 6up BaKTHHHT y3uaa OuUp Hewa
KYY TabCHp KHAanHM. By KyunapHUHI TEHT TabCUD 3TYBYUCH
BEKTOPAAPHUHT KYIIHLU aMaiiapy acocuia aHUKIaHamu.

[LyHn anoxuna Kaia sTUIL KepakKU, Ky41ap XapaKaTHUHT
Gupnamum cababuucy amac, Ganku xapakaTHu OUp XUCMOaH
HKKHHYHM XUCMIa y3aTyBYM BOCHUTAAMD.

KyuHHHT KMiMaTH TYFpMCHAA NpyXMHaHUHT abcoforT
ReOpMALMACH KATTATHIUra Kapab XyKM YMKapHIl MYyMKHH.
Tvk KOHyHWra 6MHOAH NpyxXMHAHUHT AedopMaLUsICU—
YY3WIHIL TabCHP KUIAETTaH Ky4ra nponopunoHan 6ynanu. by
NPYXHHAHHHT YY3UTHIINHY Kyd Oupauruaa napaxanab, yHoaH
KY4YHH Ym4oBuM ac606—nnHaMomerpaa donaanaHunanm.

Macca. Taxpubanan Maniym 6Y1auKH, GUP XU Kyd TabCH-
pHO@ TYPAM XUJ XWUCMIap ¥3 Te3NMKIapUHK Typauya ysrap-
THpap 3KaH. Boiukaya kunub aiiTranaa, aiHuW OMp Xun Kyd
TYPIMYA XUCMIAPra Xap Xun TeanaHuw Gepagy. byHra Kyitu-
Jar¥ MHCOJLAA MILOHY XOCH KHNMLI MyMKHUH.

Bup xun Te3anuk 6unan xapakatnaHuG KenatTraH 0KIu
Ba OKCH3 NKKHTA aBTOMOGOM.1b 6Mp BaKTAA TOPMO3aHraHaa,
IOKINM aBTOMOOMIbL Y3 XapakaTHHH IOKCH3 aBTOMOGMATA
HUcHATaH y30KpOK AaBOM 3TTUPHWUHM, OMHOGApUH,
KaMpOK Te3JaHULI OUNaH XapakaTnaHraHAUIMHN Ky3aTaMu3.
JeMaK, XWCM ONraH Te3NaHUWMHMHT KaTTAAMTH TabCeHD
KHIYBYH Ky4ra aMac, wy 6unaH 6xpra XUCMAAPHUHT 6ab3u
xoccacura xaM GoEnuK Gynap axaH. XKucM Te3NMIMHMHT
ysrapuinura Kapwuinux kypcatapguran 6y xoccacura
MHEPTIMK Aeliunany. XXucM MHepTIMTMHUMHE YI40BHTa Macca
Aedunub, y m xapdu 6unad GenrunaHagm,

Yarapmac Kyy Tabcupuma KHYMKPOK TEZNAHHUIU XKUCMHUHT
MHEPTINIH, ABHH Maccacu KaTTapok Ba aKCHH4YA, KaTTapok
TE3NAHULI ONFaH XHCMHMHI Maccac KHYMKpPOK 6Ynanu. bu-
HOBapuH, MaccacH katTapok 6YnraH XXMCM HHEPTPOK Aeiuiany.

Iyrnai Kunub, KUCMHUHE MACCACH YHUHT ¥33p0 Tabcup-
JaHULIKrA Ba KaHgall xapakatnanuwdra GOFIMK 6YnmaraH
Xoccacy HHEPTAMTMHY Moaanaimu.

Typan xucmaaprunr maccanapuHyu TaKKOCHall y4yyH
MOLA2HUHT 3uuauru aeb atanysud (pU3MK KaTTalUKIaH
(onganaHunany.

Moddanunz sunueu ded, xanew Gupaueuaa Moc Keazan mac-
cacuea mukdop scuxamoan mene Ojinean QUIUK Kanmaluxka
admunady.
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PR A Y

2l-pacm

Arap XXUCMHMHT MaccacH i, XakKMHU » 6ynca, y Xojaa XK1UeM
MOJOACHMHMHT 3MYJIUTH P Tabpudra OMHOAH KyHHUAarura TeHr
oynanu:

p=_L. (22)

Huvromonnune uxrunvu xonynu. HblotoH 6y KOHYHMHUHT
MateMaTHK U(OZACMHM TONHUILAA KyHupard taxpubdanapHu
YrKa3ub, ynuauwtap onud 60pAK: y CHIUIMK TOPH3OHTAN CTON
ycTMAA XapakaTjaHaauraH apaBayafiadH ¢doiaanaHiu
(2.1-pacM). ApaBaya A ra IMHAMOMETP MaxKaMJjlaHTaH, I1MHa-
MOMETPHMHI UKKUHYHM yuura 5 6J10KIaH YTKa3WIraH UITHHHT
6Up yuu yaanrar 6¥AnM6, UITHUHT HKKMHYH yuura 3ca 1okau C
naanaya ocuiraH. Apasayara TabCUp KUAAETraH F KYYHHHT
kartanury J aunamomeTp €paaMuaa YnyaHany. ApaBadaHHHLD
m Maccacu 3ca WalMHIKW Tapo3u €paamuja ynuaHaow. Arap
apasavara £ y3rapMac Ky4 TabCHp KWCE, Y TEKUC Te3NaHYBYaH
XapakaTnaHub, YHUHT Te3laHUIUU

=
=45 (23)
dopMyNnanaH aHukiIaHany, OyHaa S—yrunran Wyn, r—xapakar
BAKTH. - ’

HeloToH ¥3 Taxxpubanapuaa aBBal apaBadyaHUHT MaCCaCHHHU
y3arapmac Kuinb oniM Ba YHTa Xap XMJI MUKgopaard F Kyu
(10K) n1ap TabcHp 5TUO, apaBayaHMHT ONTaH TE3NAHUIIN @ HU
{2.3) dopmyna acocuia aHUKNAraHAAH CYHT, TACHD STYBYM
Ky4 (oK) F HuU y3rapMac cak1ab, apaBayaHHHT MaccacH m Hit
y3rapTvpy6 apaBayaHUHT OJITaH TE3NAHMIUM @ HH STHA AHUK/1a14.
Kynna6 ytkasunrand taxpudanap acocuna HeloToH Kyiinmaru
XYJA0CAAapHU YUKAPIU:
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1. Xap KaHpaii XHcM Y3rapMac Kyd Tabcupuia y3rapmac
TeanaHHI OintaH XapakaTiaHaax.

2. Yarapmac mMaccanu (m =const) XKMCMHMWHI OJITaH
TeNAHUIUH TALCHP KHAYBYH Kyd F ra nponopuuoHal: sbHH
a-F._

3. Yarapmac kyu (F= const) Tabcupuia XUCMHUHE OJraH
TE3NAHUIUM XMCM Maccacd m ra Teckapu nporlopLUHUOHA:

9~-I' By Xynocanapra acocaH HyioTOH AMHAMUKAHUHT HK-

m'
KMHYH KOHYHUHH OyHaai Tavpudiany;

Kyt mascupuda dcucmuunz onean menanumiy Kyea myrpu
nponopyuoran GYAuG, HcuckHuHe Maccacuza meckapu nponop-
K{UOHAN0UD, ABHMU:

= £
a=+. (24)
By ndonana kyu Ba TesnaHu1l BEKTOP KATTANMK OYIraHy yuyH
TEINAHUIIHUHE HYHANMILM KYYHMHT #ifHanuy 6uiaH Moc
TYWraHIATAAaH (2.4)H1 BEKTOP KYPUHMIIAA E3NLI MYMKHH!
a= 2.4a)

EdpcT

By MyHocaGataan XucMra TabCHp KHJIyBYM KydY @HHKJIaHCa, Y

F = ma. (2.46)

6¥nanu. By ugona xam HbOTOHHMHT KKKMHUYM KOHYHH

MaTeMarix Uoaack 6§an6 yHu GyHaail Tabpudaam MyMKHH.

Kucrza mascup Kunyeuu Ky sicucs maccacu buiaH on2an
Me3NAHIMUHURE Kynalimmacuea mee.

HLIOTOHHMHN MKKMHYM KOHYHH XaM XyAOy GMpMHUYM
KOHYHM Kabu (pakaT uHepuuan caHoK cucTemanapaaruHa
Yputnn 6ynany.

AManza xucMra 61p BAKTHHHT Y31la BUp HeuTa Kyd TabCup
STHWH MyMKHH. Kyunap TabcupyHHHI MYCTAKWTHK TPUH-
LMHTa aC0CaH KYYNAPHUHT Xap bupy bowkanapura SOFIMK
6¥nmaraH xonna xucmra TabCUp KypcaTranu Ba xap Oup Ky4
TabCUPHAA XHUCM HbOTOHHMHI WKKMHYW KOHYHM OunaH
dHUKNAHANMTAH Te3NaHuil Ofafd. Y BaKTAa BEKTOpJapHH
Kyl XoHyHura 61uHoaR, Kyiuaarura ara 6ynamMus:




Ilynpait kunub,
a=Ya ==L (2.5)

1
6yHoa a = Zr_:r. —Kyunap TabCUPHAA XXMCMHUHT OJITaH HaTHKa-

i-1

— n —

BUH TE3JaHMLIU, F=EF,~ 3Ca XUCMTra TabCUDP KHAYBYU
KYYNIAPHUHT TEHT Tabc’ﬁb 3TYBUYMCHAND. Arap :XKuMcMra xey
KaHAail Kyd TabCHp 3TMaca (ﬁ:o Te3/IaHULI HOJIra TEHr
(@=0) 6ynm6, »=0 &ku v = const 6Ynam, sbHu HblOTOH-
HUHI GUpHHYKM KOHYHM Kenub uukamu. lynpa#n xKunuo,

HbloTOHHUHT GUPHHYU KOHYHU MKKHHYM KOHYHMHMHT
XyCyCHii XOnuamp.

2.4. MACCA, 3UWINK, KYYHUHT YJIYOB BUPJUKIAPUA
BA VIIYAMIIMKIIAPU

Macca acocuii GUM3MK KaTTanukiapaaH Oupu 6940,
XanKapo Keauinysra Mysoduk Macca OUpaury Kuaub «CH»
Aa Kujorpamm (Kr) Kabyn kuamHrad. MaccaHUHT Ya4aManru
M xaphu.ounad udoganaHagyu, SbHU:

|m|:u =lxr; dim|m|=M.

(2.2) dopmynanaH 3M4NMK P HUHT «CH» nard ynuos Oupauru
Ba YAYAMIMIH KyWUAarura TeHr oynamm:

|o|=|2|=txe/ % dim|p=dim{|= pr-2.

2

HbIOTOHHUHT MKKHHUM KOHYHU (2.4 ©) nomachaan Kyy
F HuHr «CH» garu $n40B 6Gupnuru Ba YayaMamri Kyiunarira
TEHr Oynaau.
| F|=|ma|=1ke-1m/c* =lxenfc? =1H:
dim|F | =dim|ma|=MLT2.
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1. Xap Kanpail XucM yarapmac Kyu TabcHpuaa yarapmac
TeanauuL GuNaH XapakarnayaaH.

2. Yarapmac Maccanu (m =const) XHUCMHKHT OJFaH
TEINAHULIM TaLCHD KHAYBYM Ky4 F ra mponopuuoHat: sibHU
a-F.,

3. YarapMac kyy (F= const) TabCUPUAA XUCMHUHT OJFaH
TE3NaHHIUK KHUCM Maccacu m ra Teckapu nporopiUOHaT:

::..;%. By xynocanapra acocan HploTOH AMHAMUKAHMHT MK-

KHHYH KOHYHUHW OyHaait Tavpudnany;

Kyt mascupuda scucmnune onean meananuuu Kysea myrpu
nponopuUonan BVAuG, JcucmHuHe Maccacuea meckapu nponop-
{UoHanoup, SbHY;

=F
a=L (24)
By ucbonana kyy sa TeanaHuil BEKTOP KATTANMK 6YnraHu ydyH

Te3NaHUIWHKUHT i{yHanMIIM KYYHUHT #yHanuum 6unan Moc
TYWTaHAXTAAAH (2.4)HU BEKTOP KYPUHMLIAA E3KLU MYMKHH:

: 2.4a)

[1:

E3RT

By mMyHocabaTaaH XucMra TabCHp KHAYBYM KYY aHMITaHCa, Y

F = ma. (2.46)
6ynamn. By ndosa xaM HbIOTOHHMHT MKKMHYM KOHYHM
MaTeMarHk udoaacy 6¥nub yHu 6yHaai Tabpudnaim MymxuH.

Kucmea mascup Kuayequ Ky4 dcucm maccacu 6usan 04a2aH
Me3NaHUmuURYHRE Kynadmmacuza mexe.

HbIOTOHHUHT MKKMHYM KOHYHH XaM Xyaau 6upuH4H
KOHYHY Kabu (hakaT MHepUMal CaHOK CHCTeManapaarMHa
Ypunim 6ynanu.

AManna xucmra 61p BAKTHHHT ¥310a BUP HeuTa Kyy Tabcup
3THUWHM MYMKKH. Kyunap TabCUPMHMHT MYCTaKMINUK MmpyH-
ILMITHTa 4C0CaH Ky4aapHMHT Xap 6upy 6owmkanaprra 60rinK
6yMaraH xonna xucmra TABCHP KYpcaTanu Ba xap Gup Ky
TabCHPHAZ XHUCM HbIOTOHHMHI UKKMHYM KOHYHM GuaaH
GHUKNAHAIMTaH TeanaHuil ofagu. Y BakTia BekTopnapHH
KWK KoHyHura 6UHOaH, Ky#uaarura sra 6ynamus:



Iysnai xuauo,

a= Ea-=-“—— ‘1 (2.5)

n
GyHna @ = ¥,d, —KyWIap TabCUPHAA KUCMHUHT ONIraH HaTHKa-
i-1

— 4] —_
BUM TE3MAHHLUM, F=ZF" 3Ca XUCMTa TabCUPp KHJIYBYH

KYYJIapHUHE TEHT Ta’bC'V—Ib ITYyBUMCUAUD. AFap AMCMra Xxey
KanJai Kyd TabCcUp 3TMAca ([:”:0 T€3/1aHWIH HOJIra TEHr

(@= 0) 69116, p=0 €xu v = const GYnagu, AbHU HbroTOH-
HUHF OUPUHYU KOHYHU Kenub uwmkanu. LlyHpait Kunuo,

HplOTOHHUHT OMPUHYU KOHYHM MKKUHYM KOHYHHUHWHT
XYCYCUI XOAUOMD.

2.4. MACCA, 3UWIHK, KY'UHUHT VJI4OB BUPJIUKIAPU
BA YIYAMIIMKIAPH

Macca acocui#t pu3uk xarranuknapaaH Gupu OYnuo,
XaJKapo kenumysra MyBoduk macca oupnury xunué «CHs»
Aa kujnorpaMM (Kr) Kabyn KMauHras. MaccaHuHTr ¥14aMianru
M xapdu. 6unan udonanaHaou, SIbHH:

|m!cu =1xr; dimlm|=M

(2.2) hopmynanan 3uynvk P HUHF «CH» paru yn4os Gupauru
Ba yauamauru kyiunarura TeHr 6ynagu:

ol <[ =beel s dinlp|=dimft = a1

HbIOTOHHMHT MKKMHYKM KOHYHY (2.4 6) Mdomacnaan Kyy
F unnr «CW» naru ynuos 6upiury Ba YI4aMIMry Kyitinarira

TEHT 6ynanu.
| F|=|ma|=1ke-1n/c* =1ken/ ¢ =1H;
dim|F|=dim|ma|=MLT=2.
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1 H (Hoionion) de6, 1 ke maccanu scucmea 1 m/c? mesnanuw

6epa onaduzan Kyea atmuaadu.
AMaa KYYHHHT Kyillzary kappany sa ymywnu 6UpiuK-
napwiaH xam doinanaHunanu:

1 MH (meranbioton)=10%H;
1 xH (xunonbioToH)=10°H;
IMH (Munnamusiotor)=10"H;

IMkH (MuxponbioTon)=10° H.

2.5. UMIYJILC BA MMITYILCHUHT V3TAPHII KOHYHH.
KYY UMIIYJLCH

HbIOTOHHUHT MKKWHYY KOHYHHHY 51HA 60llKa KYpuHuLuAa
Kdofanaiia XUCMHUHT UMNYJIBCH BA KYY UMNOYNbLCHU
1e6 atanyBun GH3uK KaTTaIMkiIap opackiarn GoFnaHulLaaH

- toinananunamy. /
XucMHMHT uMnyancH Ae6, XUCM MACCACMHYU YHUHT

Te3NUrHra KynaitTMacy 6unan udonanaHagurad mp BeEKTOpTa
aiTunany Bay p xapodu 6unan benranaHany;

p=no. (26)

Kyu umnynocu 0e6, wcucmea mascup Kunaémean Kyurunz
mascup akmuza kynatimmacuza mexe Fdt eexmop kammanuxxa
aiimunadu.

2KvicM MMIyIIbCH Ba KyY WMITYAIBCH OPacHaary GOFnaHuILuHK
aHuKIal y4yH, HeloTOHHWHT MKKMHYHM KOHYHW ndonachaari
TE3NAHUWHK Te3NuKAaH BakT OYiMYa OJMHraH GUpHHYHU

TapTHOMH XocHack ( i= —~} OunaH AIMaliTHpUCa, Kyiuaaru
Xocun 6ynamu;

m%ZF.

Knaccuk mexannxana macca yarapMac 6ynranu ca6abnu
yHU muddepenuan Gearucy 0CTUTa KUPUTHLL MYMKMH:

i) _ QN

dt v

OyHna m7 = p - MMIynbcAaH nbopat OYNraHu yuyH:
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dp _ 5
i H. (2.72)

[ynaait KUau6, Jcucm UMnyascunune eaxm Gyiuda onurean
Gupur MapmubAU XOCUAGCU YH2a INATCUP KUAGEM2GH Ky4ed MeHe.
By KoHyH XaM HbIOTOHHUHT ¥KKMHUYY KOHyHUIaH uGopat. By
KOHYHHU Kdonanopyu (2.7) €xu (2.7a) TeH1amMa KUCMHUHT
XapakaTHaHUlW TEHTJIaMacH Aeiutauy.

(2.7a) Hy KyAugary KYpUHULIZA XdM C3ULU MyMKHH:

dp = Fdt. (2.8)

Oy TEHIIMK MOAOUM HYKTa (XKUCM) YUYH MMIY/IbC Y3rapuil
KOHYHUHHHT nonacy 6ynunb, 6ynnai taspudnaHau:

JKucx umnynvcunune y3eapuwu Kyu umnyascuza meiie.

Ky4 tabcupuna t, OaH t,raya yTraH BakT opajuFunary
uMIynbe yarapuiiu (o — p;) Hu Tomuw yuyH (2.8) Hu
UHTErpannanmua:

” f
PP = Id[) = Ith. 2.9)
B I
Arap >XMCMFa TabCHMp KMNAa€TraH Ky4 MHKIOp Ba HVHaIHIU
Byiinua yarapmac (}5 = const) 6ynca, (2.9)1aH

Dasine F(tz _’:) (2.9a)

Kenno uukann. Jlemax, y3eapmac Kys mascupuoa iwcucm urnyab-
CUHUHZ Y3eapuuuil ULy Ky4 UMnyascuea menaoup.

2.6. HBIOTOHHUHI YYUHYU—AKC TADCHPJIAP KOHYHH

HBIOTOHHUHT YUHMHYM KOHYHHM XapakaTHWHT Ky4nap
Ta>CHPH OCTUAA 103 OepyBUYM Xap Kanjai ysrapuinnapuia,
WYHUHTACK KY4JIAPHUHT CTaTUK HAMOEH GYIMINMIA MKKH EKH
VHAQH OPTHMK XHCMJIAPHUHT ¥3apo TabCUPNAllyBH COMMP
OVIRLIMHY KYpCaTaaH.

HbloTOH yYnHYM KOHYHUHM TabpudIalufas OMAHH KHCM-
JIaPHUHT ¥3apo TabcuprHy Udoaanosun Taxpubanap acocuua
KyHuaaru xyjnocanapHu YMKapau:

1. XK XMCMHUHT ¥3ap0 TabCUPAALIKILMAS HAMOEH Byna-
AMraH MUKKY Kyd Wy xucmaapra kyiunrad (2.2-pacm).
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a4 a,
Er- B
m’ 112 Fé)f mz
22-pacwm

2. By Kyunap 6up TYFpu un3MK ycTHAa ETagy Ba Kapama-
Kaplwy TOMOHTra MYHaIraH.

3. By KydnapHuHr aGCOMIOT KMIMATH TEHTAND.

Muconkn Kapab unkaitnuk. Maccanapu m, Ba m, 6yaraH,
TalIKH TabCHPAIAH U30NSLUUSNAHTAH UKKH XUCM (MacaiaH, Xap
XHJI MWIODANU 3apsiNaHraHn cababnu) Oup-OupuHu ¥3apo
TOPTUWICHH (2.2-pacM). BupuHyM Ba MKKMHYM XUCMIAD

F, Ba F,, Kyunap TabcHpuja MOC pasyluia @, Ba a, Te3na-
HMILTAD ONaAY. By TeanaHMIIHKHT KATTANNMIY KUCMAAPHUHT

4 o
Maccanapu m, Ba m2 ra TeécKkapy rnponopuuoHanaup: 'ﬁ;‘ = ;—n; .

ByHaaH Kyituparu TeHranuknap Kenub Ynkamm:
ma, =’m2a2! éxu F, =F). (2.10)

YM3MaaH KYpUHAINKH, fu Ba F, KyWIapHUHI fiyHanmuy
KApama-KapLimaup. AHa wy Taxpu6a xyl1ocanapiHy yMyMnal-
THpHO, (2.12) Hazapra onrad xonaa HbiOTOH AMHAMUKaHMHL
YYUHYHM KOHYHHHW KyHuaaruya tabpudaaian:

3aP0 MABCUPAGHYEHU UKKU HCUCM MUKOOD JICUXamoan meHe
60 KApaMa-Kapuwu Uynasean ky4aap busar mascupaanadu,
SBHMU:

Q.11

ByHaa F,, —MKKMHYM XMCMHUHT GMPHHUM XUCMTa TAbCHP KyuH,
F,, 3ca 6YPUHYY KUCMHUHT MKKHHYY KHCMIa TABCHP KY4H.

HyioTOH Kyunappat Gupu F,, HY TabCHP A€6, HKKMHYMCH
F,, it aKc Tancup fe6 aTanM Ba AMHaMUKA YIMHYU KOHYHM
(2.11) Hyu aHa GyHnait Tabpudnanm:
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Hicrkcu scucmnune y3apo mascup 6d ake mascup Ky4aapu
MuKOop dcuxamudan menz 6yauf, JHcUcMaapHy bupaaumupye4it
myFpu wuzuK 6yinad Kapama-iapui gynaszanoup.

[LlyHyu Tabkuaiaul Kepakku, 6y MKxkuM kyd F,, Ba F,

MKKHTA A10XUIA KUCMIA KYAWATaHW Y4VH YAapHM KywiapHu
KyLuML] KOMIACH acOCHIa KYLUHIU MYMKUH 3Mac, GUHODApUH,
y1apHy G1p-0upyIn MyBO3aHaT Al AMraH Kyusiap Aeb by1manan.

HbOTOHHUHT MKKWHYY KOHYHMrd GuMHoaH BupuHYH Ba
UKKHHYH KACMHHUHT ONITaH Te3faHUWAapU MOC paByLIAa

-F|7

s ST 63’113[1“ By udonanapru (2.11) ra Kyiuo,
KYHUAArHHH ONAMM3:

o H]'J
T e (2.12)

Jemax, y3apo TabCUPAAHYBYH HKKM XHCM KapaMa-Kapiun
TOMOHTa HYyHaNraH Ba Y3NapUHMHP Maccanapura Teckapu
nponopuvoHan 6yiaraH TesjlaHuuIIap ofap skaH. ByHaaH 1y
Hapca Kenub UMKANUKM, TAbCKP Ba aKC TABCUPIAP Kyuy UKKATa
XKHCMHH OMD X1 HyHanuuiaa NapaKatTIaHTupa onmaitnu. Yaapo
TabCUPAILAETTAH UKKK XHUCM 61p HYHANMUIAA XapaKaTaaHMILH
Y4yH ynap €Kd yjnapaan OGupu yUMHUM XUCM OMAaH y3apo
TapCUPIAHUILM KepaK. MacanaH, noesn Barounap 6unaH §3apo
TabCUpJaHuiuy cababnau amac, 6anKu Y3MHUHT pelbc-TasHy
funaH TaLCUPHMAAH 103ara KejaaauraH UIWIKANAHMII Ky4M
Tydaitny BaroHaapHu TOPTaau.

2.7. MOAIMU HYKTAJAP CUCTEMACH BA UMITYJILCHUHT
CAKJIAHUII KOHYHHU

Hly BakTraua MOAAMH HyKTa ae0 XMCOORAHMIIU MYMKHH
GyAraH KUCMHUHIE XapaKaTy Kapad UMKWIAW, 3HIM # Ta MOAAUH
HYKTafldH TALIKWJI TONrAH CUCTEMAHW (YHU COLAANMK Y4VH
XUCMJIAP cUCTeMacH 0ed aTalMK3) Kapad YMKAHNMK.

Kyuaap TabcupyAa CUCTEMAnary xap Oup MOLAMM HyKTa
3 XapakaThHu y3rapTupani. brHOGapyH, CUCTEMAHMRET Xapaka-
THHU TEKILUPHLI YUYH, CUCTEManard xap 6up MopaHMH HyKTa
YUYH TY3WAraH XapakaT TeHIIaMatap CUCTEMAaCUHM €UNLL Kepak.
By maTemaTiik aman aHya Mypakkabaup. ByHmaii MacanaHu,
MOAAMIT HyKTanap ChcTeMa XapaxaTUHU OyTyHnuruya Tek-
WYPUE Xan KMAWit MyMKUH, ByHUHT yuyH, MOIUIMI HYKTanap
CHCTEMACHHM XapaKTEePAOBYM SSHIY TYLWIYHYANAp KHpHTaM3:
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1. Monauit HyKTanap cucTeMacKHUHE Maccacu (m,) neb,

cHCTEManarH MOANMit HyKTanap Maccanapu (i =1, 2,3,.--n)
HUHT anreGpuK HHFUHANCHTA aliTMnaay:

n
mo=mtmy e tm, = Yom;. (2.13)

=1

2. Mopau# RyKTaap cHCTEeMACHMHMHT Macca Mapkasy (Exu
MHEDLHS MapKa3K) 2e6 MasKyp HYKTAHWHL BA3UATHHU KOOP-
AMHaTa GouiMra HMCOATaH KyWmparu panuyc-BeKTOp OuiiaH
aHHK/IAHAAMIaH HyKTara afTWiIamm:

Fo= Mitmbtemly
[ Mt mp et m, m. 1 (214)

CucTeMa WHEPUMS MapKasu paluyc-BEKTOpPH 7, HHMHT

AeXapT KOOPAMHATA YKjapura mpoekuusnapy 3ca Kyhuaa-
THIapra TeHr 6ynanu:

n
ijxl.
— =]

1.y g 4
E:J,}r : L mn!, i : (2'143‘)

< m, Ye= m, ¢ m,

X

[Myny Tabkuanab YTullr Kepakku, CUCTEMaHUHT BHEPLUUS
MapKa3y YHUHT OFUPJIMK Mapka3u Owiad ycTMa-yeT TyHIanu.
3. Moaanit HykTanap cucreMacd MHepUMsT MAapKa3HHHMHT

F, paguyc-BeKTOpuWIaH BakT 6yiinya GupuHuu TapTHbIHM
XOCHJIA ONIMHCA, HHEPLHA MAPKA3UHMUHT TE3NUTH Keanb
YHKATH:
. & o
N Em-‘T: _Sj,lnrft.'f
i=

1 ——t=il
o dt m, m,

(2.15)

By epaa m;t; = p; ®KaHMHM Xucobra onuHca, (2.15) ndona

5_=E_IPL:£ (2.16)

s
& m, m,
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KYpUHUWIra Kenagu, GyHaa p, —CHCTEMAHMHI MMMYIbCH

Oynub, cucTemMagary MOAAMHA HyKTaiap WUMMYAbCAapHHWHT
reoMeTpuK (BEKTOP) HMFUHIAMCKIA TEHT:

P.= 2B 2.17)
i=

(2.16) naH MOAAMI HYKTANAp CUCTEMACUHUHE P, MMITYJICH:

P.= mrI",. (2.18)

ByHIaH HUXOSITAA XaTTa axaMusATra sra 6yaraH xyjaocaHu
tabpudna MyMKuH. Cucmemanune Xamma Maccaiapu yHuHz
UHEepUUA MAPKA3UZa MYRAGH2AH X0A04 XAPAKAmAGHaaHOa YHUK2
yMYMUl Umnyavcu kauoai 6yaca, cucmeManunz myna umnynscu
xam wyndaii 6yaadu.

[LyHMHT YHYH XaM CUCTEMaHUHT UMIYJIbCUTa YHHHT MHEp -
Uus MapKasMHHUHT MMOYNbCHU XxaM aeMunagu. Cucrema
MHepUMs MapKasMHUHT umnyiscuHu (2.18) ra acocan
Kyituaaryua ubosantam MyMKHH:

n
p: = mci}c = m1'1)1 + mz’t)z 7000 7 m2‘1)2 = m‘-z)i, (2183)
=1

GyHia 171, —CHCTEMaHWHT TYIMK Maccac; E, —YHMHT UHEPLIHS

MapKasy Te3JIMIU; M, 1L, --=, M —YNapHUHT TE3NUKIapH.

4. CucTemanard MOAIUM HYKTalap OpacHiary Y3apo Tancup
Ba aKC TRBCHP KYyUJlapMHM M4YKM Kyunap neb artaianu.
MacanaH, CUCTEMAfaru I-XWCMIa. 2-XXHCMHUHL TaBCHP
KY4uHU F,, 2 -XucMra ] -XUCMHUMHT aKC TAheMp KYYHHM
3ca ]:‘2, Oounan GenrunaiMu3, wy 6unaH o6upra HeloToHHHHLD
YYMHYM KOHYHHUTA MYBODUK I"u=—172‘ €xu sz +FZI =0
6ynanu.

5. CuctemanaH 1-, 2- Ba X0Ka30 # Ta MOAAMIt HYKTa (KHCM)
Jlapra TabCUp KWIYBUM TAllKY Ky4JapHM 3ca OMTTa MHIEKC
OunaH, sTbHU F. I:’ ---, FGunan Genrunanmus.

6. DHAN MOANUI HYKTAIH MEXAHHK CHCTEMA Y4YH UMMNYIbC-
HUHT Y3rapyill Ba cakJlaHuill KOHYHWHH Kapab uyukainuk. Mapa3
KHAaK, MEXaHUK CHCTEMA h Ta MOAAMI HyKTanapaaH uGopat
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6yacin (2.3-pacs). Mexanuk CHCTEMARArH 1 Ta XMCMHHHT Xap
Oipu yayH (2.7) ra GHHOH Xapakar TCHRIAMACUHYM £3aMU3:

(2.19)

[~ &= &=

=

By renmnamanapuu xanma-xapn xyumub, vuky Kyunap Moc
paBHLIAA TypyXjaHca, Kyiugarn KypMHHILAArk TeHrjama
XocuI. Oy nanu;

2:,’,( )=(F +F) (I~—‘”+F]l)+...

(2.20)

s [ﬁ.{(..-q"* Rk SF

23-pacM
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HLIOTOHHMHT yUHHYY KOHYHMIa acocaH xap 61p KaBc nunaaru
BEKTOp MUFUHAM HoJra TeHr. Jemak, cucTeMa MUK Kydnapm-
HUHT TYIMK, BEKTOP HUFUHIOYCY Xam HoMra TeHr 6yraay. Y xonaa
(2.20) TeHMNIAMaHKU KYAMOArK KYPUHUILOA €341 MYMKHH!

%Z@QJ=EE (2.20a)
i=l i=l

By uchonaHUHT Yan TOMOHUIATA 1.0, KYNaitTMa uMNyAbC p; ra

TeHr 6Ynb, 2P aca cucTeMaHuHT uMmyIbCH P Ta TEHI:
i=1

=P =2mp, 2.21)
i=l =i

VHr TOMOHAATHCHY 3Ca MEXaHUK CUCTEeMara TabCUp KWAYBYM
TAIIKK KYYJJAPHUHT TEHT TAbCUP 3TYBYM KyuUMAaH ubopat:

E=§ﬁ- (2.21a)

(2.21) Ba (2.21a)H1 10KOpKHA2 YpHUTA Kyhuica, Kyiumard
xocun Gynamu:
t{n
Tl

-“‘n
—
e ]
L )
'
&

Mlynpait kuanb, MoaaKWi HYKTAanap CUCTEMACHHHHT
UMIYNbCHAAH BAKT GYAKi4a OIMHIAH XOCHIIA CUCTEMAra TabCip
KWIYBYY TAWKYU KY4NaPHUHT T€OMETPUK HMFMHAUCHIAH HEOpaT
G§NraH HATMXAOBYY Kyura TeHr. JeMak, uuxu Kyuaap Mo0duil
HYKMQAGp CUCIMEMACUHUHZ UMAYAbCUHU Y32apmupa oaMaiidu
(2.22) TeHrnamara OMHOaH Kyiuoaru TeopeManu udomamau
MYMKUH:

CucmeManuHz UHepuus Mapkasu xyoou yHea cucmemaodazit
Gapua JICUCMAGD MACCACU MYJNCACCAMAAWIAH 64 Clcmexmadalu
JICUCMAGP2A KYUUAAH MAWKU KYMAQDHIHE 2e0MeMPUK (1 FUN~-
ducuza mene Kyy mascup Kuaeandex xapakamaanadu.

by Teopema maccanap WHEpUMS MapKasHHHHI XApaKaTi
XaKnaard teopema acb atanamu.

PeakTns xapakaT. Arap KyyaapHHHI TabCHD KitAHil
BaKTH AaBOMMWIA XXMCMHMHI Maccacy yarapmaca, y xoaaa (2.22)
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MyHocabar HEIOTOHHHHT HKKHHYY KOHYHH Tabpydyira MyBoGKK,
Keaami:
= _dp _ d(n) dp -
===l = :
E - = a (2.23)
Bupox ronunran 6y MyHocabat KyMHHHT 103ara KeJIMLMIArH

HKKItHYM HMKORMATHH XaM Kypcaraau — 6y Ky XucM Macca-
CHHHHT §3rapHlIuIaH XaM jo3ara Kenuly MyMKUH, MacaaH,

paKeTafad ramnap {/ TeaMK OunaH oxub YMKaTraHga ras

MAaCCaCHHUHT Y3rapiiil Te3NUri %’,ﬂ = M 6yncun. Y xonga raziap
MMIYABCHHUHE Y3rapuIly, ra3iap TOMOHWAAH paKeTara TabCcup
KUAYBYK F KYYMHMAT maiino 6ynuunra cabab 6ynanm:

dt dr

By kyd peakTuB Ky, YHUHT TABCHPULA COAUD GnanuraH
X3paKaT 3¢a peakTHB XapakKaT AcituIain.

1903 itunna pyc onumu sa uxtupoumcH K. 3. Lnonkosckuit
[letepbypraa peaktus XapakaT NpUHUMNUra acocnaHub
KYpHIaIuraH yyuun annapamiapy — caiépanapapo kemanap
ApaTuilira 6aFdIlTaHraH acapyuHy HAIUD KWW Ba By acapaa
Ep aTMocdepa yerapacvaan UMKu0 KETAONANUIAH AFOHa Y4 MLl
annapaTy—pakeTa akaHAMrHHM ncbomiab 6epay.

MMnynbcHuHr caknaHuMui KOHYHH. Arap mopiiuid
HYKTA/Iap cUCTeMacH Tancup KHNAETraH KYWIADHUHT reoMeTprK

F=g o) mi‘%—! =mi (2.24)

HuFMERMCH HoMra Tewr, spin  F. = 3, F =0 6ynca, (2.22)
i=l
ap, .
Hgoza Z = 0 xypurra kenagy. MareMaTHKanan Matiymxu,

OMpop KaTTanukHuHT XocHTack HOJra TeHT 6¥ca, y xonma Gy
KaTTanuK Jarapmac Gam. [LlyHuHr ysyH (2.23) teHrnamanas
KYMHAATH Kenub unkaiu.

}_>(=13I+}32 +.--+ P =const. (2.242)
By utona umnynee caxnanuw KOHYHMHWHT MaTematuk
udogacy 6Y1u6, Kyjingarnda TappudIaHamn.

_ bepk cucmenadazu, ssHu mauu Ky4Aap MBSCUP Kiuiariouzan
exu mascup Kunyeuu mawku quﬂapmme CEUMEMPUK Uy runducu
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HoJIra TCHT O¥araH cucTeMalary XUCMaap UMNYJIbCIaputig
reOMETPUK MUFMHAMCH y3rapMac KoJauu.

SHOU 17"0 # 0 6ynub, yHUHT OMpop HyHanuiumra, Macana,

X yKpra MPOEKLMUSICH HOJIIA TEHT, SIbHU %’;‘- = 0 6ynca, P =const
6inu6 Konanu. By Xo/na, cCHCTEMaHMHT HATHAKATOBYK HMITYJILCH
ﬁc +0 6ynub, yHUHTr X YKHUra npoekiMsicCM 3ca y3rapmac
cakiaHany. MacanaH, XXMCM SpKHH TyLIMILAE, UMOYTbCHHUHT
TOPU30OHTAT X VK1 UYHATHMLIMAATH TallKUI STYBYU P =const
6ymub, BEpTHKAT YV YKM HYHANMIIMAArd TALKWI 3TYBUY P,
aca y3NyKcu3 y3rapa 6opaiu. ,

WMIyAbCHMHT CaKJIaHULI KOHYHMIa aCOC/IaHraH Xoaucanap
MaBXyLaMp. MacajiaH, pakeTajapHUHT Ba peakTHB ABUTATEN -
JAPHMHT MILUTAL NTPUHLIMITA IUYHT2 aCOC/AHTaH, EHIWIFY EHraH
BaKTAA XOCHJ OYNraH rasnap OKHMM pakeTaHWHT COMAOCHAAH
YUKMILM HaTHXXKacKa YUKaETraH razjap ofraH UMITYTbCHTa TEHT
MMIYAbC paKeTara y3aTUNagy.

WHepuus Mapkasnapu cucteMacu. MHeplms Mapka-
3ura sra OyaraH XUCMJIApAAaH TAlIKMA TONMAaH €PUK CHCTeMa
XapaKaTIaHIaH[a, XUCMIIAD MHEPLMS MapKa3 UMNY/IbCAAPUHHHT
reoMETPUK MUFMHAN CHCTEMA HHEPLMS MaPKA3HHMHT UMITYNLCHTA
TEHIMMIMYa Konagu. MacajlaH, uuu nutpa yknap 6unan tym-
JVPWIraH couMa CHapsJ OpT/iaraHaa, MTpa YKIap Xap TOMOHra
counnnb Ketaau, JIEKMH NUTPA YKIAPHUHT, SBHU CHAPAMHMHT
MHEPLsT MapKa3y TpaexTopus 6§itnab xapakamiaHany (2.4-pacas).
ByHpa CHapsIHMHE MHEPLMS MAPKA3MHUHT WMOYIBCH MOPT-
JAUYIAH KEHWHIU NUTPa YKAap MHEPLMS MAPKA3NapH MMIYTbC-
JIapUHHM TEOMETPUK MMFUHIMCHIA TEHr Oynanu.

TI7 7777777747777 7777777 7777727277777

24-pacwum
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2.8. HOMHEPUHAN CAHOK CHCTEMAJIAPM.
HHEPLIUA KYYJIAPH

Wy sakrraya Xapakainap yekcus Kyn MHEPUMAT CaHOK
cucTeManapHuHr Oupopracura sucbarad Tekiuupuaay. [ynu
Kalia ki kepakikH, HuloToH KoHyHnapu dakar uHepuuan
CaHOK CHCTEeManaplaruHa TyFpuamp. bapua MHEpLHan cucTe-
Manapra HucbataH 6Mp Xu1 Kyy TabCHpUAA OJIraH Te3NaHuUIM
a 6ip xun 6ynamu. Bywgait canok cucTeManapuua Xucm-
JIAPHHHT Xapakar TeHrIamMack HbloTOHHMHT MKKMHY M KOHYHHU-
H1 HPONANoBYY TEHMamanaH ubopar 6ynau:

’naaafn :F, (225)

byHna 4, —Ky3ranmac mHepuman cuctemara HucGataH

KHCMHUHT ONTAH Te3NaHUWK. DHAM UXTUEPHUIA Te3JaHHILIK
C4HOK CHCTEMACUIA XMUCMHUHT XapaKaT TeHrJaMacH Kaxgai
OynuIMHY KapaB uyrKamu3. by macana knaccuk MexaHukana,
HbHU HOPEMATUBHCTUK (KMUYUK TENUKIIM) MeXaHWKaaa cod
KHHEMATHK Macana 6ynu6, Macoda Ba BaKT OpATHKIApH
Oup uHEpLMaN canoK cHcTemacHaaH 6olka OMp HoMHepLHUAN
CaHOX cucTeMacura yTuwiMra nuc6ataH uHBapHaHT (64D
xun);lllup. Xap Kanaait unepuman CaHOK cucTeMara HucOaraH
MXTHEPUI TE3NaHUINU CaHOK cucTeMacura HouHepuMdal
CaHOK CHCTEMACH melunany.

XKHCMHUHT XapakaTy HOMHEpLMAN CAHOK CUCTEMAacura
HUCOATAH Kapanaérran 6yinca, HbioTOHHMHT BMpUHuHK Ba
MKKHHIH KOHYHAAPUHY ojaTaark KYpUHULLAA TATOUK KMING
bynmaiiau. By macananu xan kunmum yuyH, $hapas Kunaiing,
MKKUTA: KY3FanMac K uHepuuan caHOK CHCTEMAcu Ba
Teanannwiny XK' vonnepuuan CaHOK cucTemacH OepHJiraH
oyncun (2.5-pacwm). Buputuu K canok cucremaciura a6conioT
(MYTnak) canok cucremacu Aeiunud, yHra HucbartaH
XapakaTHH 3ca MyTnak Xxapakat nedunann. K’ xapakar-
NaHYBYM CAHOK CHCTEMANA THHY TYPTaH KHUCM LY CHCTEMAHUHT
_I_‘( CHCTEMAra HUChaTaH XapakaTuaa HILTHPOK 3TafH. AKUCMHUHT
eku K'cucremanunr OyHpait xapakath kyuupMa xapakat
Aeutiunagu. Ulynnait kunu6, 2.5-pacwmaary unsmaza M moaamit
HYKT2 XonatuHu udonanosyu paguyc-BexTopaapHyu MoC
PAaBHILAA KyAMAArHYA HOMAaLs MYMKHH:

r = 0M - mymnax pagnyc~ BEKTOP;

r'= O'M - Hucbuii Pafunyc — BEKTOP;
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2.5-pacm

;; =00’ — KYunpMa paninyc— BEKTOD;

By 7 —abconioT, r’—HUCOMIA Ba r —KYYMpMa paiHyC-
BEKTOPJap BAaKTUHUHT Xap GUp MOMeHTuaa

F=ri+, (2.26)

pornaHvra ara. by myHocabatnadH BakT 6yiivua GHpHMHYK
TapTUOIM XOCHNA OJMHCa:

& _ dp . dn (2.27)

dt dt dt -
By udonanarv Karranuknap M MOMIMA HYKTAHHHT NGPaNET
Teanuknapu 6ynubd, yrapra Moc pasuuiga T‘E = l — adve-

F ; o di; :
TIOT, %,’;- = Viwe — ucouit sa 21 = Vg, — KPHPM2 Textin-
Jlap aeinnany.
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Wynnait Kunu6, M sominit HyKTaHMHT WirapunaHMa
XapakaTiaa Kyiuparu Spusng 6yanu;
V_ =V +V

wie nue K.

(2.27a)

ByHuan kypHHALUKH, XUCMHUHT abCOMIOT XapaKati HUCOMI
BA KYYUPMA XAPAKATNAPHUMHT HUFUHAMCHIA TEHT 3KaH.
(2.27a) nan siHa 6up Mapra BakT 6YHMuA XOCHJIA ONHHCA:

Vs _ Ve Vi 298
= 2

€M
ye = gy + Ay, (2.28a)

ABCORIOT TE3NAHMI a4, nuHT udonack (2.28 a)uu (2.28)

ra KYi#H6, YHIA dyjy, MINTUPOK STIAH XALHM YHT TOMOHTA YTKa-
316 106o0puica

m‘juur = r = max)‘"r. (2'29)

xocun 6¥nanu. By mynocabar Mot HYKTAHUHT K’ HOWHEP-
UMan CaHOK CHCTEMacura HucGaraH XapakaT TeHIJlaMacu
6§16, yrra Moaauit HYKTa HHCOMH XapaKaTHHWHT TEHIIaMacH
XaM fAedunany.

(2.29) HuHT YR TOMOHMEATK (F — méﬂ.q) uponaHu K’ —
HOMHEPLIMAI CAHOK CHCTeMACHIArH MOAOMIM HYKTara TabCUp
KWIYBYY KAHAAMHAMD «HATHKABMH Kyy» 1e6 Kapail MyMKuH. By
«HATWXABUK KY4» BHP-OMpUAAR KecKuH (apK KUAYBUM HKKHTE
TaLIKWI 3TYBYMAAH MBopataup. BUPMHYM TALLIKUA TYBUMCH F
AKUCMNAPHUHT Y33PO TALCHD Ky4lh — «XaKUKHE Kyu» aup. Y 61p
CaHOK cuCTeMackian Gowka 6up WXTMEPMIA paBuiuga Xapa-
KariaHyBuHM CaHOK CrcTemacura YTiiLaa yarapmaitnu. boukaua

Kumi6 aittranaa F kyy Maa wiympai yTvira HucOaTak MH-
BapuaHT (6Mp xun) aup. Mkkuuuy Tatkmw ITYBUMCH «—Mid  »
3ca GyTyHnaii Golikaa xapakrepra ara. By «—md, > Ky
KUCMIAPHUHT Y33PO0 TABLCHPH HATUXACHLA IMAC, BATKM CAHOK,

CHCTEMACUHHMHE Te31aHUUITH Xapakarit HaTuXxacuia Byxynara
Kenanu Ba 6y Kyyra unepuus Kyun gedynanu. Wynpait kunuo,
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MHEpLIMs Ky4u Xap KaHIail Te3jiaHULUAY CAHOK cHCTEMacuaa
naiino 6ynanurad Ky4 6ynu6, Te3iaHUILH AN HYKOAULUM OUTaH

y XaM HyKonanu. Arap TekMpunaérrad xonna K~ HoOMHepLHa!
CaHOK, CHCTEMacHiaryt XucMmra TabCuUp ITyBUM «XaKMKUM

ky4nap» — HbIOTOH KYWIapUHUHT lMFunauck F F =0 6yica,
KUCMHUHT ONTaH Te3MaHULIM Gy, , PAKaT UHEpUMsl Kyqu
F‘WHMHI‘ camapacu cucaTuaa HaMOEH Gynanu:

Fun = — My,

(2.30)

WMyHnail xuand, Te3NAHM LAY CaHOK cucremacumaru
UXTHEPUI XKMCMTA TABCUD KWJIYBUKU MHEPUMSI KYUM HYHaTUILIN
CaHOK CHCTEMA TE3NAHM N { Dy ) HUHT HYHAIKILMTA TECKAPH,
KY4HMHP MOLYH 3C2 XWUCM Maccacu OunaH caHoOK, CUCTEMA
TeaMaHMWKMHHHT KYNaiTMacura TeHr.

Wuepuyst KY4IapAuHHUHE XOCCATapMHU Kapab uMKaMums.

1. CaHOK CHCTEMAacH y3rapMmac Te3faHuil (dyjy, = Const )
funan XapakaTlaHraHaa, #1 Maccany XHCMra TabCHp KUIYyBYH
Wik epLMsE KY4H XaM y3rapMati Konaiu.

2. TesnaruWwIapy xap Xui Oy/irad 6up caHox, cHucreMacuaaH
GOIKACHIA YTUUIAA HHEPUUST KyYiapu XaM y3rapaau. byHzait
yTuIITa HKCOATAH MHEPLMS KYYapH MHBADWAHT 3Mac.

3. Wuepuns Kyunapy HplOTOHHHUHI y4MHYM KOHYHU —
TabCUP-aKC Tabcupiaap KoHyHHra oyicyrmaiiau.

4, MHepumst Ky4siapu XuCMJIapHU XapakaTaaHTHUpPYBYH
cicTemMara HUCHaTaH Talky KyYaup.

5. Minepuust Kyunapu kaHnaafaup peas Kyd malifioHAapH
TOMOHMAAH XMCMAapra Oepuaaaurad Tabcupiapaup.

6. Mrepuns Kyynapy CTaTHK xosga 60cum Kyuu cudartHia
HamoEH Oyaanu.

Wuepuusi xyynapHHuHI HaMOEH OYIMIUMHU Xapaxkat-
JaHaETraH nmoesn MHcouaa Kapabd yuku MyMkuH. [loesa a
Te3faHKll OMAaH TEKMC TE3NaHYBY4H XapakaTjaHaéTrao
BArOHJary MYNOBUMIE [TOE3NHUHT XapakaTura Kapama-Kapuii
AYHaIraH, MOe3A TeKMC CeKMHIAHYBYAH XapaKdTNaHraHaa oca
Xapakar ByHaininy 6yiunya I, = —ma MHepumsh Ky'®it TaLCHp
KHJIALH.

XyooM WyHra YXudi, CaMONETNIAPHMHT KaTTa Te3aH It~
Japy BakTHAAZ €KUM KOCMUK KEMAJADHMHI YYMLL BAKTILAL
ydyBuura €ku Qasorupra TabCup KWnaguran yTa I0KTaHIiuiHi
MHEPLMSA KYWiapyu BYXXKYAra KeATHUpaaH.
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2.9. HIXTHEPHM TE3NAHMIIAN HOMHEPLHAIL CAHOK
CHCTEMAATH MREPLIMA KYYIAPH

®apas Kunaiinuk, K’ HOMHepUMAR CAHOK cucteMacu K
MHEDPUMAN CaHOK, CHCTEMAra HUcHaTaH uarapunaHma Ba 2’ K
aTpodkaa 3ca alinaHMa xapakar KunagtraH 6yncuH (2.6-pacm).
HouHepuman caHok cucteManuur ByHnai xapakatiHU WKKH
XHN: KoopauHatanap 6oy 0 HUHT 170 GOLINAHFUY TE3NUKIH

TE3NAHYBYAH WITApUIaHMa Ba KOOpPAMHAT GOlIMAaH YTYBYM

OHHMi VK aTpoduaaru aiinaHma xapakaTiapra axpartub
TEKIUMPHMIL Kynaiaup.

Hourepuuan caHoK cucTeMacMHUHT OypyaKiiv TE3AUTH @
XaM MHKIODH, Xam WyHanuin yarapysuaH 6¥116, KoOpAXHAT
yKnaputiuHr opmiapy L, J, K — Gupnuk sekropnap 6¥acHH.
By BEKTOpHMHT Xap 6Mpu @ Bypyaknu Teannx GuiaH aiinaHaiu.
YnapHuHT BaKT O¥iinua XocuaacUHM, KMHEMATUKaAAarw

V=%_7-=[5J',F] dopMmynara 6MHOAR Kyduary KYpuHMILAA
€311 MYMKHH:

4

Z) K
| ] —
/ a
_»
077 X

2.6-pacm
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Eol=rld =514 [ &
—[m,k].?;-=[m,j].-{m—=[m,k] (2.31)
XapakatnaHaé€rran M Momaui HyKTaHUMHr K’ cucrema-
cugard HUMcObuil pagmyc-BeKTOpM F Ba KoopAuHaTtanapu
X,y 7’ 6¥ncuH, y BakTaa
F=xT+yj+7k. (2.32)

by udonanax Bakr 6¥itvya 6MpuHYM TAPTHMGAM XOCKTA OJIMHCA,
Kyhuzary xocun 6ynaau:

- Lonmhy 3 de £ 2 di i P
%{.:%’;—H-T’;j +-ﬂf—{k)+(x &y Ttz %J (2.32a)
Byl«ma 42 V.5 — HOMHEDLIMAN CAHOK, CHCTEMACHIark THHY

Typrad M MOANMHA HYKTAHMHT KY4ML TE3NUIH 6ynuo, 17”“
HUcOMi Tesnuru aca K’ cucrema koopauMHat 6owm O HUHT
MArapuIaHMa Xapakatr Te3nuru ¥, ra TeHTAUP;

7 = =X 7 ay = 4
I/Jm.t' I|'] dr e 7, it + dr k. (2'33)

Ba HuxoAT, (2.31) nan doitpananu6, (2.32)HKU Hazapaa TYTraH
xonga é3aMu3:

S e e By o

= [w (x Feyf+zic)=[o7]

Ulyngait kuau6, M Moanui HYKTaHMHI KY4WpMa TE3NUTH
Ky#ugarura TeHr 6ynaam:

17 I/ +[m :] (2.35)

Ky

(2.34)

M MOAAMI HYKTaHMHT KYYrpMa Te3nuru Vg, UKKKA KMcMAaH
nbopat 6yanb, koopauHart 6oy 0 HUHI MIrapuAaHMa XapakaTt
tesnury ¥, 6unad, K'cucremaHuHr Gown O atpodunaru

aiNaHMa XapakaTHUHI YU3UKIU TE3AUTU [(I),F’}naH TaALIKUI
TONMTAHAUD.
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¥ pakraa (2.27a) Hu Kyiuaard KYpUHMIDAA €3U10 MYMKHH:
’7116r Vm«‘ + VAyv I7nm' + I70 + [(; ’F'] (236)

Monnuit HyKTaHRHT a6CONIOT TEINAHMILM a5, HA XUCO6-

falWl TE3NWKHM Xucobnalira KucbataH Mypakkabpoxaup.
A6GconioT TesnaumHKHr Mopacu (2.36) naH BakT 6¥inya
GUpHHYH TapTHOMM XOCHAa 0MG ToMaMu3:

dl?urft_dymrc dﬂ] dr. [.fw ]_
2w T a [ di'] ” (230

HoMHepunan caHoK CHcTeMacMHMHr OyHnadt Mypakkab

XapakaTHaa %ﬁ TeaaHMIUHMHT KuiimaTy (2.32) ndonanan

AHa 6up 6op BaxT 6¥inya xocuna onuuu Hiax bunaH Tonuanu.
Ulynur yayn Xam (2.36) ra yxwaw Kyingarn Gopmynanu
€311l MYMKHH:

%zauuc-*-[w ,mc]' (2.38) I

6y epra xamad,,, TeanaHmw (2.33) ra ¥xwawanp:
R e A s I 8
B = g + 7 d+ 7 k. (2.38a)
(2.37) ndonanary yumHSH KYIWMAYBYH [w J KynaiTMaHu

xucobnab uuknw yuyH (2.36) ra acocaH 71’,— Vmu [ﬁ’ F ]
ngonacy YpHura xyimica, Kyiugarura ara 6ynamus;

G.2Ge, + 7)) o7, .71 239

(2.38) pa (2.39) nap (2.37) ra xyiunca, dy abconioT
TEINaHHUI YYYH Kyhunars udoaa Kenub yukanu;

g, =i +2s 7 ] va,+f5 fo. 7]+ [;‘,—rl (2.40)

vBy TeanaHuIuAap TaBcuura Kapab, yd rypyxra aXxpatniuno,
KyAuaary KYpuHUIIAR E3unanu;

auﬁr - aum + a + ax}"t &

(2.41)
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By epaa

s e (2.42)

) e

d, =a, +[o,[6,7] + [%‘;L;] ] (2.43)
(2.43) na udonanaHrax (7”5,,‘ — TealaHU1l BeKkTopH (dakar-

tiHa K’ HOMHepLUMAaN CaHOK, cucTeMaHUHT K MHepLMan CaHOK,
cucTeMara HHcbaTaH Xxapakatdra GOFIMKAUD. Arap Ky3aTyB4M
K’ cucremaia THHY Typca, Y 11y CHCTEMAHUHT Ky4HpMa XapaKaT
TeNAHUIUMHK XUC Kinamy. LUyHUHE y4YH XaM @y, Ta Ky4upmMa
TeanaHML AEHWIIAAU.
Huxost, &, =2[(S,17W] — Te3NaHMII BEKTOPU XaMm,

KjuMpMa XapakaTra xam 6orTHKAUp. by TeanaHuil TyLUyHYACHHY
oupunyu 69116, dpanuys onumu Kopuonuc (1792—1843)
KMPUTTRHU Y9YH Grop TA KOPUOJIMC TE3JIaHU LY AeHMAanHN.

IOxopuzaa yukapuiaraH (2.43) dopmyna Kopuosnuc reope-
MAaCHHWHF MaTeMaTHK udomacu 6ynu6, y 6yHaail tabpud-
JaHaau: Modduil Hykmanuune abcomom mesnanuwu Hucbul,
KOpUOAUC 80 KYMUPMA MEINAHUWNAPRURE 2e0MempuK (8exmop)
{iuFunducuza menaoup.

KyynpMa TesnmaHHLL FZKP,, HU TaxJIMN KWINO YMKAHIHUK.
(2.43) popmynana 50—- HOWHEepLUHXal CHUCTEMa KOOpAWHAT
Gowy O'HMHT WirapuWiaHMa xapakat TedsaHuuu. KosraH

ukkuTacy K’ cMcTeMaHMHr allaHUIIMAAH BYXYAra KeJlaau.
VnapaaH [i“;-,?-’] =[§,?’]=&r. TaHreHUHAN Te3naHuw 6¥1nb,
y TEKUC TE3NAHYBYAH aMIaHUIUAAH Keanb YMKaau. AmaHuil
Tekuc (@ = const) 6ynranaa 6y TeanaHuiu 6yamaiau. Huxosar
[u',[u‘,";*]] Te3NaHull MapKasra Kapab HyHanraHu y4yyH YHU
dy,, Ounad 6enrunab, Mapkasra MHTUIMA TEIMaHUIN AeTHIanu.
ByHMHT yuyH 7 paauyc-BEKTOPDMHM YHTra mapannen 7, Ba
NEPMERAMKYAAD 7, TALUKWJI 3TyBYMJIapra aXpaTaMuW3, SbHU

F=F+F Xamaa [,,,,Fﬂ'] =0 Ba [&r‘] #0 OGymuum Hasapra
OMHCa, KYHHIaru Kenub YyuKagu.
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AlinaHMa XapakaT KMHEMaTMKanaH MawiyMKH, Oy ¢opmyna
MapKasra MHTHIMA TeananuL opmynacuaup. bynaarn MuHyc
Wiopa d,, MAapKasra MHTMAMA TE3NaHMIU BEKTOpU F —
PalHyc-BEKTOPra TECKapy HYHANraHANTHHN npoaartainm.
Hucbuit xapakat TeHrnamacu (2.41) vu (2.25) ra
Kyinnca, HUCOMI Xapakar TeHramMacu Keaub uvkaian:
a,, =F- ma,,, —ma, (2.45)
(2.42), (2.43) napnau Gygp B2 8y, TeananuLIapHUHE ucona-
napuuy (2.45) ra kyhunca, Hucbuii XapakaT TeHr1amacy
MyKamMMall KYPHHHILTA KeJlamu:
miy, =F-2m (5.7, |-mia, ~ma[s,r]]-m|22. 7] @ase)

nuc LT

bynpa Kvamthm KYYJIapHH 2m[(,, 1% ] :—2m[I7".“r,<3 ]:

nuc

:[6.[5,?"]] =—?F’ Ba m[‘g—';’,?]wn[ﬁ,?] =md_ Kynail
K¥punmra ysraptupu6 ypuura K¥itmnca, (2.45a) udoaa
KyHWIard KypuHuiira Kenanu:

ma,, C—F+2m[ ] —may +mw’F —ma_ . 2.46)

[llynaait Kuanb, HOMHEPLMA CAHOK CHCTEMajla XapaKat
TEHINIAMAaCHHN E3MII YYYH «XaKUKMil» F Kydyra UKKHTa
MHEpLUs Ky4u Kywunap 3kaH, sibHu Kopuonuc Kyuu:

W

F, Zm[V m] (2.47)

my nuc,

Ba KY4MpMa HHEpUUs Kyqu:

S B
Fo= ma . ==maq+me’T - ma, (2.48)

MHepuus KyunapuHUHT GuanK MabLHOCH MYHAAKH, ynap
HOMHEPLMAT CHCTEMAra HUCOATaH TEKHC EKH TYFPU YM3UKIU
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XapaKaTnaHa€TraH XUCMHHUHT OJIFaH Te3JIaHU1UY — CAHOK,
CHCTEMAHUHT TE3IaHNLIIN xapakaTu ca6abiy HaMOEH GY¥nraH
TeIaHUII Xucobura onaau. Ly mHepuus Ky4ynapunoaH Xap
GMPUHUHT TABHATHHYU Kapa® YMKAHIUK.

Kyunpma uHepuus kyuu. Kyuupma nHepuusi Ky4yu
yMyMUii Xonaa yuta: 1'7MH =-md, — WArapujaHMa xapaxkar
uHepUuA KyuM; F, . =mw?r’— MapkasaaH KO4YMpMa Kyd Ba
F, = —ma, — Te3NaHUWLIY aWTaHMa XapakaTaard TaHreHu1an
WHEpLMA KyYraaH Talikun tonrad. HouHepuuan cucreMaHuHD
WIrApMIIaHMa Xapakatuaa F, = -ma, — WHepumMsa Kywiapu 6y
CaHOK CHCTeMaHHUHT Gapya Hykramapuma 6up xun 6ynuo,
XUCMHMHF YHIa HUCOATaH XapaKaT Te3nurura 6OFIHUK 3Mac.

KyynpMa MHEpLIMA KYYMHUHI HWKKMHYU KYIIMIIYBYH
Fuk = mo’F’ Kyyra MapkKasjflaH KOYMa MHEDPLUUS KYy4H
KM KiiCKaya MapKa3faaH KouMa Kyd aeb atananu. MacanaH,
Xapakataary aBTobyc mumaa typraH iynosuura asBToOycC
pypuiraH XoilaH Mapka3llaH Ko4yMa Ky4y TabCHMp KHJadH.

2
Mapkaspan £, =—% KOYMa KYYHHHI TabCHUPUra acocja-
HUO, MapKa3gaH Ko4YMa CyB HACOCJapH, IOBWJIrAaH KHPJIapHH
KYPHTYBYM MapKasgaH KOYMa MallMHanap, CYTHUHI KaklmMo-
FUHH @XpaTyBYM KYPUIIMa — cenapaTopJiap sicajiraH.

KyuupmMa uHepuus KYYHMHUHI YYUHYH KVIIHUIAYBUHU
F, = -ma, HOMHEpUMAN CAHOK CUCTEMACHHHMHI TEKHUC Te3jia-
HyBSAH XapaKaTHaaH Kenaub uyMuKaau.

SHau (2.47) KOPHONHC MHEPLIHS KYYWHY Kapab YMKANIHK.
Kopuonnc Kyuu, aiinanma xapakaT kunaérran (@ = 0) X'
caHOK cuctemMacuaa ¥V, HUCOMHA Teanuk 6unaH XxapakaTjiaHa-
€TraH MOJIMH HYKTAara TabCHp KUJYBYM Ky4uaup. BuHoGapuH,
CHCTEMAHUHT alNlaHMa XaPaKaTUHUHT OYpYaKIU TE3JIUTH O EKU

MOROMH HYKTAaHWHI HUCOHUI Te3muru I/—'mlc Hosra TeHr 6yica,

KOPMONMC KYYH XaM Honra TeHr 6ymaau. Kopuonuc kyyu
HAMOEH OYNaguraH aMpuM MHUCOUIApHY Kapa® 4YUKaRIuK.

Arobyc OypunaérraH Bakraa UYIOBuUK aBTOOYC 6Vilnab 17““(
137K OunaH xapakatnaHaérraHga, YHra F"‘.“g = mo*r’

KYYlaH TallKapw, FmP =2m [Vmc,u—)
Ky4u XaM Tabeup Kuia 6outnaitan. LIyHUHT yuyH xam asTo6yC
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27-pacm

Oypunaérranna nunna ropub 60paéTraH ofaMra HucGaTaH THHY
TYPraH ogaMHUHT Y3MHY YInab TYpUILM OCOHPOK Oynaan.

Tpockonuk agdekT, SbHu ainanum YKuHy GypraHnmMH3na
TUDOCKONHMHT KYpCcaTafuraH KapLIHAWTK, CMPOCKON TOMO-
HWIAH 103ara uuKapWIaETraH KOPHONHC WHEPLMsI KYyYMHUHT
HaMoEH Gynuiupanp. Arap THPOCKOMHMHI CUMMETPHKIIWIHU
Ha3apra onnHca, TMPOCKONHMHT 3IEMEHTap Maccanapy 103ara
KENTHPraH KOpMOMMC KYYN2DMHUHT WUFMHAHMCH, aiaHMLl
YKugary anemenTap MaccanapHHHI MHEpUMS Kyyniapura yxiuaLl,
OpMeHTauusnaHraH XydT Ky4HH Gepann (2.7-pacm). By xydT
KY4 THPOCKOMHUHT YKHHM OYPMOKYM 6YnraH KysaTyBUMHMHE
K¥nura rupockon YKy KypeaTaéTraH R peakuus KyunnaH nGopar.
By peaxuus Kydu TMpOCKON aHAZHKIL YKUHK OYypruTHIL YKH
61nan yerma-yer TyWMLIFA KHTHATHPANHY.

Epnunr ¥3 yxu arpoduia CyTKanHk ainaHuuinaary
Kopromic kyynapu Ep ycTuaa Xapakar KuaraHaarpHa HaMOoeH
OYnanu. Macanan, KuCMNap 3PKMH TywasrraHga ynapra
KOpuonuc kyyn Tabcup KHIALH, YIapHu BEPTHKAN YU3HKAAH
lapkka kapab oraupany (2.8-pacm). By kyy sxBatopaa HT
KaTTa Kyitmarra ara 6ynub, Kyrbaapaa Honra aiinanaau. Xyanu
WyHunraek, mepuanan 6Yinab yuub 6opaétran chapsiara EKu
XdpaKatnaHa8TraH XWUCMIa XaM KOPHOAUC Ky4yM TabCHP
KMnany, xympagaH y WHMOAMM sipuM apga xapakat
HyHanumumra HucbataH YHITa, XaHybuit apum apaa sca yanra
TOM.(')H TabCUp KWIAMH. By X0/112 ROUM LUMMONMIT ipUM LIAPA2
Aapenapuynr §HI KMPFOFH, XaHy6uii apuM uapaa aca yarl

KHDFOFY 1oBUNARN.
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2.8-pacm

Kopuonuc MHepLisi Ky4yiapy TeXHHMKAAa Te3 aijgaHyB4YII
QMCKIapaa, FUAMpaKiIapaa, MaxoBpukjiapaa Ba OOLLKa KYpPHil-
Maiapia MawiyM poas ViiHaiau. Temup fiyinapaa KOpUOAHC
Ky41apH MYIHWHE 3rpy KUcmiapuaa HaMo€H OYnu6, TaluKH
¥31a BepTvKal 60CHMM KYYMHH OPTTUPaaM Ba HMYKH u31a 2ca
xamaitHpaayn. HaThxaga Taliky M3 HuKMcura HucGaraH KVNpox,
eMUPHNANH.

Qyko masTnrd. MasTHUKHUHE TeGpaHUIL BAKTHAA HAMOEH
6yanural Kopyonuc KyunHiu MyKo MasgTHUTH MMCOIKAa Kapas
yykamu3. DYKO MAATHUIHM Y3YHAUTH [ =67 M OYnrad unra
ocuraH Maccacu m = 28 Kr au wapaaH uboparaup. @paHuy3
omumu @Pyko Oynaai masTHUK Gunan 1850 iuana I[Mapux
obcepsaTopusicuna Taxpnba yTkasus6, EpauHr ¥3 Y arpoduaa
ainaHuLLIMHY OUPHHYM 631116 ucboTnaau. Arap MasiTHMK KyTona
TehpaHaérray 6yaca, YHMHI TeOpaHUIL TEKMCIHUIM 4CTa-CeKHH
EpHuHr aiinanvuiura xapama-kapuiy lyHanumna Sypusia
gownaidan. TaxpubaHuHr KypcaTMiuvya, Kyrdoma MasiTHMK
Te6paHuIl TEKUCIAMKIAPDUHUHI Oypanuil 6ypuakiay Te3NUru
MHKIOp XuxaTaaH EpHMHr ¥3 yku arpodmaaru ainaHwMiu

2 rpa,
Gypuakiay TEIMUMH w =“T—" =15;§".—? ra TEHI YUKKAH, SHHU:
_Ap . rpan
S At ulscoa'r' (249)
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Arap MasTHUK EpHuHr @ reorpadmk xenrmuruaa tebpa-
HaeTran 6ynca, yHUHr Gypyakay Te3nuru

_n . s rpaﬂ .
w, =0, sm(p-lSE&—T-sm(p (2.49a)

Oynanu. Arap maaTHUK TeGpa-
HuwuHe Ep Ounax GornaHraH
CaHOK cUcTeMacura Kyuympunca,
TeOpaHULlI TEKMCAUTHHUHT ait-
JIAHULUN KOPUOJUC KYYWHUHT
HaMOEH OYNMII HATUXKACHAMD.

lynnait xunuod, EpHuHr ¥3

yKW aTpoduaa aiinaHuLK ca-

6abnu HamoEH OynaguraH Ko-

PUONHUC Ky4u MassTHUK Xapakar
TpaexTopuacuHu 2.9-pacMmaa

TacBUpiaHranaex 6ypanu. Ha-

THXaga A HyKTajaH 6oLNaHFuY -
TE3NUKCU3 KYiiub 1000puiraH

MasTHUK B, C, [, ... Oypunuiu

HYKTanapunax 6ypunu6, 2.9-pacMia TaCBMpNaHraH yxiar Ky

6ypyakmM Mypakka® arpu 443MK Xocul Kunaad. PacmiaaH

KYpHHMO TYPUOAMKK, MasTHMKHMHT TeOpaHMULI TEKWUCIUTH

Epra Hucbaran coar cTpenkacu 6yina6 oypunanu, GyHna y

Oup cyrkana 6up mapra aiinaHany. [enuoLeHTPHK MHEpLMAL

CaHOK cuCTeMmara HHUcGaTaH axBont Oolkaya, MassTHUKHHUHT

TebpaHuw Tekucnury YarapMmaiiau, Ep aca yura HucbaTaH

OypuuG, 6up cytkana 6up MapTa aiiaHagu.

Hlynpait kunnb, MaAsTHUK TeOpaHMUIU TEKHUCAUTHHUHT

Oypanuiuy EpHunr ¥3 YKu atpoduaa aitiaHunHUHT 1cOOTH
3KaH. ;
EpHUHT V3 YKu atpoduaa alinaHuIMHY ucGoTnawra Mya-
XannanraH MaaTHukiapra Oyko MaaTHUrW AeiMIafM.
XKymnanan, C.- Metepbypraarn Wcakuescknit coG0pMHHHT
rymbasura ocuiras ysywaurd /=98 M 6ynran ®Pyko madat-
HUTHHUHE TeBpaHUIl TEKUCAUTH XaM Xxap 6up cyTkama 6up
MapTa TVuK, aitnauub Typuban.

2.9-pacum

TAKPOPJIAUI CABOJLTAPH

1. lunamuka ge6 Humara afrinany?
2. HplOTOHHHHT GUPHHYH KOHYHHHH TabPHQIAHT.

58



3. HoloTommsnr 61psng Konvits BQOIAC s N3 Ny e
MymKiH?
4. KucMHIHT BHepIICH 306 Hivary airrvesasn”
SIS AHY (LS

AvHMIRNL

atananm?
6. Kﬂ"{lﬂll CHCTeMAT BHCPUHAT CIHON T TOMIS:

7. Kyy Ba Macca 2e6 nimar aitTiain?

8. HBIOTONNHHE HKKHHME KOHYIHHNI TR0
CHHH E3HNT,
9. HBIOTOHNKHT YUHMUH KOHYHHHIF TABDHQIAHT K SOpny sal L

TabcHp Ba aKC TAbCHP HHMa?
10. MMnyabc Ba HMAYNCBHIHT Y3CAPHIL KOHVHITHH TIROMGUS Nys

ESIRS SO

HMnyAbCH Hina?
11, MMAYALC COKNIHAW KOHYHHHI TabPIuiaHT B (ROPANRAACHH I 31

12, Karmaii cHcTeMara HOMHEPUHAN CAHOK CHCTEMAIGPH ICHILTA)
[3. Unepunsa kyunaps feb Kanaaii Kywiapra aisriaaan?

14, Mkepuns Kyunapu Kangail xoccanapra ara?

15. KyupMa, MapkasaaH KouMa B3 KODHOAHC HHEPLHA KMUAAPHHIHE

Taiark Kawnak?

3-BOB
HIII BA DHEPTUA

3.1. U, KYBBAT BA DHEPTUs1

Varapmac Kyumnr Gaxkapran numm. Atpoymusaarm 6apua
XicMIap MabiyM Ky4nap BOCHTacuia y3apo TabCHpJalllajiu.
VRapHUHT TabCHpPRALlyBM HaTHXacula XUCMAAp KY4Yuiuu
uyMkH. KYYHHHT Kyuuil 6uaan 60FnasMIuMHU Mdonaiawn
yiyH MeEXaHWKaaa M Jed aTanysyy GpHU3MK KaTTAIWK TYLIYH-
yach kupuTHaagH. Kyd Tabcupuia XMCMHHHI KY4YHLIUMIA
Mexanuk HiL Baxapunanu. Typay Xomapaa Ky4HUHT 6axkapraH
Juk TypAn4a 6¥nagu. ;

JHr coaga Xonda, y3rapMac Kyd (F = const) TabCcUupuiaa
XIHCM Ma3Kyp Ky f[YHanumuﬂa KYunminnaru 6axkapunrad
HUIHKHT KaTTaMre F KY4HW Kyl Macodacu s ra Kynamur-

wacura TenT (3.1a-pacm):
A= Fs 3.1)
Arap F Ky KYuMW BEKTOPHM F ra HUc6aTan o Oypuyak ocTiaa
fiyranran 6ynca (3.16-pacm), y Xonga yHM HMKKH TalLUKuI

3TyBYHra Kysui MyHanuwm 6yiinya F; = F cos o, TaHTreHuuMan
TAUIKIN STYBYMTA BA KYYMll AYHANMIIMIE MEPREHAUKYIISAD
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3.1-pacm

6yitmua F, = Fsino. HOpMan TAaIUKMW1 3TyB4YMIa aXpaTaMHs.

Byxonta F KY4HUHT 6aXapraH MUl{ TAHIEHUMAT TAUIKMAI
3TyBunCH F; HHHF YTiuiras iy s ra KynanTmacura TeHT.

A= F;coso. (3.2)

By xonna xucM 6up TYEpH uM3MK GYirab cUIKHTaHU Y4YH
KYYMIUI BEKTODM 7 HUHT MOAY/IU HUYAra TEHI: [rl =s.Y PaKTﬂa
{3.2) dopMmynanM sHa KYuMII BEKTOpH F OPKALH KyHuiard
KYPHHMLIAA E3M1H MYMKHH:

A=F,;r=Freoso. (3.3)

By udonazarn Frcoso, Kartaink £ Ba F BEKTOpIapHHNL
CKaAp Kynaiimack (F.F7) AaH uGopar GynraHu yuyH (3.3)
ONATAA KYMMIATH KYPUHWILAA E3WIaau:

A=(F-F)= Frcosa. (3.4)

[yrnait Kuu6, §arapmac Kyy F HUHE KHCMHH [/ =5
Macodara Kyuuuina 6axapraH iu A MHKaopaH ¥ua MKKH
BEKTODHMHT CKaNfAp KYymaiTMacura TeHr OyiraH ckaiip
KaTTanukanp. (3.4) gad Gaxapuiarad MUIHKAHC o Oyp4yakka
GOEMHKIIUIH KYPHHATH.

l. Arap =0 6ynca, cosa=1 6ynub, kyd Ba Ky4uil
HYHANMIIADH YCTMA-YCT Tyumb, MakcHMa ML Gaxapuiaii:

A=FJ| = Fs = max.

2. Arap 0° <o < 90° 6ynca, cosa>0 6ynanu. by xouna
Myc6ar uiw 6axapunagm, seau A >0 6ynanm;
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3. Arap 90° < o0 < 180° 6ynaca, coso < 0 SyiHb. randiii
nw 6axapunagu, IbHU A<0 6¥ynann. By xonmma A HuHU
AYHAaAMIIY KYuMln HYHanuimura Kapama-Kaplws Oyiadsi.
XKymnanaH, HIIKANaHUIY KyYd KY4ul AYHANTMIIMIR Kapasa-
Kapiy 091raHu yuyH, y manduil n daxxapani.

4, Arap o.=90° 6ynca, cosa =06ynanu. ByHaa F HuHr
HYHATRIUM KYYMIL HYHAIMILKra IEPHEHANKYIISP O6ynuo, 6axxa-

HITaH HUI HONTA TEHT, SbHU 4 = 0.
Arap XHcM Bup HeuTa ¥3rapmac Ky4yjgap TabCHpHOA

Kkyuaétran 6yica, y xonna 6axapunraH Hil Xap OMp KyYHHHT
anoxuaa baxapraH MUUIapMHUHT Ire0pauk HUFHHANUCHIAa TEHTD

Gynanm:

n L "
4=34,=3(F7)=3 Fr cosa, (3.5)
i= i i=l

Xaﬁxapo yn4oB Gupnuknap cucreMacuaa M OMPAUTH
kunn6 Koynb (K) Kabyn kunuHran: 7 Koyae de6, 1 Hoiomow
Kkyu mascupuoa wcucmru 1 memp macogpaza kynupuwoa éasica-

PlAZan Weq aumunadu, sSIbHN:
IA[=]F:.‘I =1H.lm=1x.

WWHAHT YI9aMIIMTH 3ca:
dim[4| = dim|Fs| = 2 MT 2.

Varapysuan Kyu Oaxapran mm. DHAuM Y3arapyBuaH Ky4
TAbCHPHAA XKHCM 3TPH YH3HKIIM TpaeKTopus 6yitrua xapakar-
JAaHaéTIaH yMyMMi XOJIHHW Kapa6 unkamus. by xonma skmcmra
TabCHP KWTYBYH KY4 XaM, Ky4 6M1an Ky4uu opacuaary 6yp4yak
¥aM yarapa 6opaau (3.2-pacm).

VarapyBuaH KyYHWHI GaxkapraH MIUMHM aHMUKJIAll Y4YyH
{Tunran HYTHY XaénaH YeKCU3 KMYUK (31emMeHTap) ds 6YVnak-
yanapra aXpaTaMu3. BaeMeHTap YA saeMeHTap KYUYUIUHWHE
Nogyaura Tenr Gynamu: [dr| = ds. Xap 6up anemeHTap Kyumi
JABOMUIA XHCMI2 TAbCHP KYYHMHU Y3rapMac xMcobsiail MyMKWH.
burobapun, sMeMeHTap KyYniia 6ackapuarad Uil Ky4UHWHT
Kj4M AYHAMMLWINTA NPOEKUMACH F, HUHF 1Ny KY4uln

XATTAMIH |dF| = ds ra KynajiTMacura TeHr, SIbHM:
84 = Fj|dr| = Fyds = Fds cos o. (3.6)
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3.2-pacm

By epia « Katranuk F Ba 4F BekTOpnap opacuaary 6ypyak
KY4HIL YeKCH3 KUYMK OYnraHu yyyH 84 — snemenTap MU
ne6 atanany. Arap BEKTODIapHMHT CKalAp KYnmaiTma TyLuyH-
vacunan Qoiifananunca, 84 sneMeHTap uw Kyd £ HUHLD

KY4nWK dF cKansp KynaiTMacura TeHr:
84 = (F,dF )= Fyds. 3.0

1lyny Kain TN KEPAKKM, KUCMIA Tabeup KuayByn F
Kyd yuta KoopauHatanap X, ¥, Z uunr dyHkuusicu 6ynu6,
YHUHF #tyn S ra 6Ynran npoekuusicd F snemeHTap CU/LKUL
dr HUHT MYHanumura 6oruK, 6Ynaau. By xonna F Ky4HMHT
/leMeHTap MIWMHUHT (3.7) udonmacn TyaAukMac AugpepeH-
uManpad ubopar Gynranu yuyH y 84 cuMBonu GinaH 6ei-
THNaHA[K Ba YHTA TYIMKMAC, AbHU Xycycuil nudpepeH-

uuan Aedunagy.
KucMHu 3rpy YM3MKAM TpacKToOpUa 6¥iinya 1 HyKTadaH 2

HyKTara Kyyupuuna F kydHuHr Gaxapras MiiMHU TOMMIL
YUYYH XaMma 3/eMeHTap MunapHu Kyiub, 6apya sneMeHTap
KY4HLI Y3yHTUTUHY HOJF, YIapPHMHT COHMHM 3Ca YeKCH3AMKKA
WHTWITAPUO TUMUTTa YTHIICA, KyHURAry KYpUHULIAAGrY HHTET-
panra anaHaau:

AP0 iy

A=lim 3! (£ 47)= f(Fa'/) 3.8)
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Gy 0~
G 5
5 .
Kyunap Tabcup Kuica (3.4-pacu), GyHnait Kyunapra Map Kasuh

KYYAap B2 YNapHM XOCKI KWIraH MajiloHHH 5¢a Map Kasun
MalIOH hefiunagu. Mapkaauit KydHUHI KarTaiuru ¢axat
DaNuyc-BEKTOp © ra GOEMHK 6Ynamn, abHH F = ViIGE =

OFHPAMK KYSMHHHT MajifoHM XaM Ky4iapHHHT MapKa3uH
Ma#ooHUra Mucos Gynaau.

JKucmea mavcup xunyeuu mapkasuil Kywnap yHuine é?“”“’
Jcucmaapea Hucbamar pazodaeu asusmuza GOFUK ynud,
JHCUCMHUHZ Me3nuzuza BoFaUK IMacoup.

WyHy ka¥n st Kepakky, Gaxar XUCMHUHT Ba3usTIira
HOFMMK OynraH mapkasuil KyunapHMHT OaxapraH uiH,
KYMAAfaH, OFMPAMK KYYMHMHT GaxapraH MLIM HYAHMHT
KypunuMra Boruk 6yamacaaH, OolAaHFud Ba oxXupru
Xonatvra Goenukaup. By xonga Kywiap Mai#noHura noTeH-
quan MaupoH, Ky4YlapHUHT Y3UKM 3ca KOHCepBaTHUB
Ky4nmap aedunani.

Korcepsatie KyuHuHr xucMHu | HyKrajaH 2 HykTaraid
Kyuyupuufa Gaxapran wwm A, , Xap Kanna, KymnaiaH,
I—a—2 Ba ]—g—2 TpaexTopus 0iinab XapakaTiaHraHuarm
Baxapuiran 4, ,BaA, . nuinap y3apo TSHTAMP (3.5-pacm).
Korcepaatus xyununr | —g— 2 tpaekropus Oyiinya daxapran
uum A Hu mycBar g6 onuHca, Teckapy /—6—2 Tpack-
TopiA byitnia 6axapran ywmm A, 3ca MaH(Hit 1e6 onMHAIM.
LLIyHUHT yayH Xam KOHCepBaTHB KydHM XMCMHHMHT EMNK L
KouTyp Gyfinya, macanan, J—g—J—e— I TPAEKTOPHS 6yitnabd

KY4HpHULIark Gaxaprad kiuy Hosira TeHr Gyaan:

fEldih =0 09
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3.5-pacm

XKHUCMIaDHUHT OFUPJIMK Ky4YM, 3JaCTUK Ky4dH, 3apsil-
JAPHHMHT ¥3ap0 TABCUP Ky4WIiapy KOHCEPBaTHUB Ky4Jlapra MUCOJI

6yna onaau.
Kucanu KyMupuuoa 6asxcapunean ult UYaHURE WAarKAu2a S0FAUK

GyneaH Ky4Aapea HOKOHCEpEamue Ky4aap deliunraou.

CyioK/IMK EKM ra3ja XxapakamiaHa€TraH XXxycMmra KypcaTHiia-
JMraH KAPUIMIHK KY4YH, 611pop XHUCMHUHT OOILIKA )KMUCM CUDTH
Gyiuiab cupnaHnLIMAA F03ara KENanuraH MIUKAJIaHH I Ky4lapH
HOKOHCEPBATHB Kyyjlapra MHCOJI 6¥/1a oanu.

3.3. KYBBAT

bupop KMIHM 6axapuill y4yH sipaTWITaH MeXaHu3miap,
KyMiHYa, Y3 XOCCANAPM XUXAaTHAAH GUp-OMpUAAH ce3unapiiv
(apK Kitann. MexaHu3MIZpPHMHI Ml Haxxapuiu Te3IMTHHU
jilojaNaLll yIyH KyBBaT TYILyHYacH KMpHUTUIaau. MexaHusm-
HUHE KYBBATH A€0 BaKT OMpaurina 6a>kapHjirai UlIra MUKIOp
XixataaH TeHr 6yiiran hu3uK karranukka aitunanu. Hlynaai
xii6, AA MHMHT Wy ui 6axapuiarad At BakTra 6yaraH
upcbaTura MEXaHU3MHUHT N KyBBaTH meiiusiaau:
_ A
N = . (3.10)
"Arap By KaTTaNKK BaKT YTuiuW OunaH y3rapa bopca, y xoaaa
OHMY KYBBAT KyAuaarura TeHr 6ynanu.
N =limdd -4
A[,'_'ﬂ;At dr* (3.11)
by uonaga 84 sneMeHTap M, 1wy wWwHM 6axapyByu F
KYMHUHT 1y KYY KYWMATAH HYKTAHUHT df BaKT Muugary dr
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3NCMEHTAp CHIIXMIIKIA CKAIAP KyraiT™MacH 6unan aHuK-
Nnavanu: 84 = (F, dF). By 1dopanat doitauiaH 1O, KyBBaT yHUYH

Ky HAarHHU TOTIMH3! 3

fyHoa ¥ — Kyd KYAMIIaH HyKTaHUHT OHMIT TE3/UIH.

Arap F, = Fcosa Kyiiuarad KyyHMHT KLl BEKTOPUId
npoekumscy 6ynca, (3.12) vy sHa Kyinaaru KYpMHHIILAZ €3KL
MYMKHH:

N =(F,P)= PV cosa= FV. (3.13)

Iyrnai Kunn6, MexaHU3MHUHT KYBBATHHI aHuKAall Y4yH
XAPaKATAZHYBYM KHCMIAPHUHT Gup-Gupura Tapcup KY4u —
MEXaHH3MHMHE TOPTHLL Ky4MHMU Ba yIAPHUHT Kyduill TE3HUIH-
HH Gunuui kepax.

CM na xyssat 6upnura cudaruaa BaTT (Bt) Kabyn
KunnHraH, | BarT 1 cexyna pasomMupa | Koy il 6axapa-
RHWTaH MEXaHU3MHUHT KyBBaTUAUD, SABHK!

[leH‘: e _1Br.
KyBBaTHHHT Ynuamnury:
dim|N| = dim|4| = 2MT".

KynuHua MeXasn3MHUHT TOPTHIL Ky4H Ba XapaKaT Te3IUIH
Ui Gaxapyut XapaéHuaa YarapuuwiapuHy Hasapra oIMan —
YpTaya KyBBaT 6unaH TaBcuGIaHANH.

Buan Epnan Mannym 6up GananmmMkaa Myalax Typram
MACCAIIM PAKETAHMHT [IBUIATENH KyBBATUHH Xnco61a0 Kypait-
K. Mabaymku, MyaiiaK, TypraH pakeTaHWHT TE3INIH Honra
TEHT Gynca XaM, yHWHr gBuratenn KyBBaTH HONra TEHT
SMACAHTHHY aHMKIAll KWiuMH 3mac. by xonaa ABurarefb
KYBBATH PaKeTa COMIOCHAAH raanapHy 4MKapnO Talnalura

capdmanzmn: 6yHﬂa BYXYyAra Kenras Fp peaxkTHB Ky4 aiiHaH
PaKeTaHu Myalak Xoxatia Tyt6 Typanu. Paketa Myajlak

Typranu ca6abnm ﬁp =-mg 6ynagu. Pakera COMJOCHAAH 4
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3.6-pacm

TE3NUK OUNNAH OTUAMG YMKKAH rasnapra TaLCUp KHILYBUM Kyd

3ca F = —ﬁ,, = mg raTeHr 6ynaau. Y saktaa (3.12) dbopmynara
OuHOaH Myaniak TypraH pakeTaHWHI KYBBATH:
N =(mgv) = mgo, (3.14)

OyHoa m — pakeTaHUHT MAacCac, g — 3PKMH TYLIMIl Te3la-
HUIIK BA » — COTIOAAH OTUIHO YMKKAH [a3HUHT TE3JIUIH.

3.4. DHEPI¥sl BA SHEPTUAHUHT CAKJJAHHAIU KOHYHH

ZKueMm EKH KUCMIap CUCTEMACHHUHT M1 Gaxapuil Kobi-
JIMATHHY XapaxKTepnoBYM GU3UK KATTATHKKA SHEPrys AeHUIany.
KucmnapHuHr xonatura Kapad Heprust MKKHM Typra: KHHETHK
Ba MOTEH L Hal 3HEpPruara GyIuHamm.

Kncka xuau® anTtraHpa, kunemurx SHepzus — xapaxam
SHepeuAcy, NOMEHKUAN 3Hepeus Ica — y3apo mascup, xeaam
3Hepeusacudup.

Kenerux aneprusi. Bupop V'Teanuk 6uiaH XapakaTiaHaéTrax
m MAaccali XUCMHUHT KHHETHK 3HEprusicd W, Muxaop
XKMXATAaH YHWU TAMOMaH TYXTaTHIUM Y4yH 3apyp OynraH A uiura
TeHr 6ymanu.

Qapas Kunaitnuk, V Teanuk 6unaH xapakatnaHaérrad I-
XHUCM YpUATAH 2-XHUCMFa F,, Ky4 OMIaH TabCMP KHICHH
(3.6-pacM) Ba yHUHr ds aneMeHTap Macodana 6Gakaprad
9JieMenTap ity 84 = Fods 6Yncun, 6yHna F, — UKKMHYM XKHCM-
Ta TAaLCHP KMAYBUYM F,, KYYHMHT 5 Hya HyHanuuura 6yaran
npoexkuusic. HbIOTOHHUHT YYHMHYM KOHYHHra OHHOAH
1-xucmra — F,, Ky4 Tabcup KMAKG, YHUHT § By HyHAmMiuMra
npoekuusicd — Fy 3ca | -KMCMBUHT TE3NUIUMRK Y3rapTHPaIH.

V Baxrtna HbLIOTOHHHMHT MKKUHYK KOHYHMra OHHOAH:
= .= ’”%' byHU I0KOpHAA YpHHKTa KYiluica, KyiMaariira ara
oynamus: =
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L
84 = -m%ds =-m %dv = —mody. G.L
Y Baktaa, v Tearuk Gunan XapkaTnanaé€rraH /m mMaccan
KUCMHUHT KUHETHK 3Heprusicu W, xucobura Gaxapral

A wun (3.15) ndonanan v gan 0 rawa opannkaa ONMHTA
MHTErpaira TeHraup:

H’;:A:—J‘umydy=£§£, (316)
)

JleMaK, XUCMHMHT KMHeTHK SHEPrusacH >XXHCM Maccacy
O1naH Teauri keazpaty KYNafTMAaCHHUHT SpMHUTa TEHT 3KaH.

(3.16) nan kypunamuxy, Xap KaHmai XUCMHWHI KHHETHK
SHepriAcn Mandnit (W, <0) 6yna onmaiiau.

(3.16) dopmyna, xycycuii xomma Momamit HYKTaHBHE
KHHETUK SHEPTUSICH YuyH XaM YpuHAKAup. Y BAKTAA HXTHEPHI
MEXaHHK CHCTEMaHN Moanuii HyKTanap cucremacy Aeb Kapatll
MYMKHR. IIyHUHT yayH MexaHuk cucTeMaHMHT KMHETHK
SHOPIHACH YHY TALIKMA KUTAH /1 Ta MOAMI HYKTaiap KMHE-
THK SHEPTUACHHMHT MMFMHIMCHTA TeHT Gynanu, AbHU:

W= 3, =5, (317

i=1 fal

byrna m, Ba o, KATTATMIIAD /-MOLIHI HYKTAHMHT Maccackl Ba
Tesmruup. [lynnait kw6, cucremanuur xuHeTHK SHEPTUACH
YHIATH MOMIMI HYKTANApHMHT (hakaT Macca Ba TEAMMKIApH
OPKAIH AHWKNAHNAHY yuyH cHCTeMa XapaKaTHHMHT X0aT
DYHKUMACHRaY uboparaup. 5
(3.16) Ba (3.17) opmynanapian kypusamuxm, xucM Ekn
MEXAHHK CHCTEMAHMHT KiHeTHK SHEPrUsCcH YHMHT XapaKaTti
FCKUIMPHAAETTaH CAHOK CHCTeMacHra BoruKap. LLTyHHHT Y4yH
XaM CHCTEMaHMHT KupeTny SHEPIHACH Xap XM/ CaHOK
CHCTEMana Typnuua Kuiimarra sra Gynagu. BuHo6GapuH,
CHCTEMBHUHT KiHeTHK SHEPTHACH HHCOMH KaTTAMTHKIHD.
LYHIAH KWITHG, XuchHuyr KHHETHK HEpPruscH Y Xapakar-
@HACTTaH CaHoK crcTemacura OOFTHKAMP, YYHKH KHCMHHHT
XBPAKAT TeAHrH Typny CaHOK CHcTemanapuna xap Xun 6ynanu.
Papas kunaiimux, K abeonioT (tuny) Ba K? HucOuii caHok

CHCTEMacHaarn teanp MOC paBuwma 7 pa § ra Xamaa
KHHETHK SHepruscy sca W, Ba W, ra tenr 6yncun. Y Baktaa

68



KJIACCUK MEXaHUKalaru Te3JIMKIapHU KYWHL KOHYHMra
OUHOAH:

V=v+U.

myHMHl" yuyyH, K cuctemara HuUcHaTaH KUCMHUHI KMHETUK
JHEPrUacH.

-%m(ﬁf =%m(717+17)2 =-£—m52 + mu? +%m(z7’z?)z

3
W, =W, +mi? +2(5 i), (3.18)

OyHna p’ = mi — MOLIMI HYKTaHMHT K’ cHcTeManary WMIy/b-
cu (3.18) dopmyna mMomouit HykTa (KMCM)JIapaaH TaulKui
TOMIAaH UXTUEPUN MEXaHHK CHUCTEMa YYYH XaM YpUHIAAMD.
byura uimoHy xocun xumaum yuyH (3.18) MyHocabaTHM
CUCTEMaHUHT Xap OUp HYKTACH YYyH €3u6, cyHrpa Oapya
HyKTanap 6yitnya MMFUHAUCH ONVHALW:

SW, =3, +Shma + 35 2).
=l : i=1

i=l =1~
(54

W, =W, +%mcuz +%(ﬁ:ﬁ). (3.19)

Bynoa Wy

(3

Ba W,.— MexaHuk cucteMaHuHr K Ba K' caHOK

n

cycreMara HuCOaTaH KMHETHK dHepruscu, M. = Em. — 3ca
i=l

cucTeMajard MOSAMH HYKTa (3KMCM) JApHUHT Maccacu,

N

=t -
P. =ZP‘. — cucTeMafard MOAOMK HYKTa (KUCM) JIapHHHT
=1
HaTHXAIOBYH UMIYALCH.
Arap K'cucremaga MHEpUMA MapKa3d THHY Typca, SThHH
(p; =0) 6¥nca, (3.19) myHocabaT Kyiumaru KYpuHMIUra
KEJaIu:

W, = W:r +-%mu2 (3.20)
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By tenmauk KEéHuu TeopeMacMHMHr MaTeMaTHk Hdogacu
6¥116, Kyitunarnya tavpudnanan:

K abeontom carox; cucmemacuea nucbaman modouti nyxmanap
MEXQHUK cucmemacunune Kusemuix suepeuscu W, mexauuk
CUCTEMAHIHE NNEPYUS MAPKA3USA MYHCACCAMAAH2AH MACCAHUH2
kunemux 3nepeuncu Wy xamda K' nucbuil canox cucmemanine
U Imesaueu Guaai XGpaKamaaHaémean UHepYUS MAPKA3U
HOUAAWRAN MACCAHUHE KUNemUK 3HepeuaAcu %m‘.u2 HUuH2
durunducuzq meH20up.

Moreruuan sHeprus. KoHceppaTMs Kyd TabcHpuia
6ynraH cucTemanaru MOAIMI HyKTanap €KM XUCMJIADHHHT M1l
Gaxapa onuw KoBunuATH NOTEHUMAN dHeprus Ouna
XapaKTeplaHalu.

Tomenyuan anepeus de6, Y3apo MasCUpAAysHU Jcucmaap ek
JHCUCH KUCKAGDUHUNE Gup-Bupuza HucGamar 6oFuk, Gyazan xoaam
SHepeuncuea atimusadu.

Ulynnait Knau6, Mogani HykTa (KHCM)HMHT MOTEHLMAN
SHEPrHACHHY aKaT wapmiy paBuluAa TaHiab onurraH Gupop
HONMHYY XONaTra HucOaTaH aHMKIALl MYMKWH. Bepuirad
XONATAATY XUCM EKH CHCTEMAHM HOJIMHYM XONATra yTKasuuaad
6aXapunraH i XucM EKM CUCTEMBHMHE GUDUHYM XonaTaaru
NOTEHNNAN 3HeprusAcura TeHr Oynanu. Arap CHCTEMaHMHT
HOIMHYY XONaTh yayH o HyKTa Kabyn1 KuiuHca (3.7-pacm), ¥
BaKTAa cxcTeMa 1-xonmatnad O-xonatra yrranHaa 6askapmara
ULl A, CUCTEMaHUHT 1-XonaTnard HOTEHLMAN SHEPTIIsCH Wi,
TaTeHr, AHu A, =W, Gynanu. Cricema 2-xonataan 0-xonarra

yranna aca Ay, =W, Gynamu. Arap CUCTEMaHMHI HOJIMHYH
XONaTiary NoTeHl1an sHeprusacy HOra TeHT GynMacian 6Mpop

3.7-pacm
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W,,“ ra tenr OYJca, Yy BAKTAZ MNOTEHLMaN 3HCPTUS IHEPrUs
YpHUTA YHUHI MKKaja Xonarjgaryt KMHMaTUHUHC aiup-

mMacy Oaxapuiarad Muiura TeHr, AbHU A=W -W Ba

II, ’1“
Ay =W, ~W, 6yramm. _
[iynnait kunub, xaparaémezan ea noaundu XoAamoazu
ROMEHYUAN DHEP2UANAPHUNS AUUPMACH CUCHIEMUHUNR KAPAIaEMeaH
X0AQMOanH HOAUHMU X0Aam2da YmUdoeu KOHCEpEamus Kyaapuriine
Gasicapean uwuza meneoup.
Cucrema /-xonaraad 2-xonaTra UXTUEPHI HyHamuw 6uaaH
YTraHAa KOHCEpPBATHB KYUNapHUHT GaxapraH A, uuu /- sa 2-

XonaThary [/ Ba [/ [OTEHUMa] JHeprus aiupmacura TeHF
"m 1y

6yaanu:
AL, =W W 321)
i}

2 i A

SIbHUM KOHCepeamug Ky4AapHUHe 0ancapeaH uuiu cucmema
HOMeHUUan IHepeUsCUnUHe KaMaduwuea me1edup.
UKKMHYH TOMOHAH, KOHCEPBATUR KyYHUHT GaXapraxs Huli

A, cucTeMa KMHETHK SHEPrkst OPTTUPMACH [/ —J/ Ta TeHr
i Ka Ky
oynranu yuyn (3.21) Hu KyHuaard KYpMHULIAE €3MIL MYMKUH:
YV W =W 2
W —He =W (3.22)
Cucrema KMHETHK Bd NOTEHLUA SHEPIMSUIAPUHUHT HIHFUH-
aven W tyna aHeprua aeiunagu. UlyHoai kunuo, (3.22)

OaH KOHCEepBatWB CHLTEMA TS‘/na SHEPTUACHHUIT yarapmac
KONULIM KeauG HKKaau:

W = u/xl + [/V”l = [/VM + I/V”’ =const. (3.23)

By (3.23) TeHrnIuK MexanukKana 3HEpPrus CakjaHUILl KOHY-
HVHUHT MaTematuk Mdogacu 0Ynub, dyHaai tabputraHam:

bepr, aoHu Koucepeamue cucmemakiitie myaa MexaHux
SHepeUACU Y3eapMac KoAub, cucmema ROMeHKUAA IHepeuAcl
KUHEHUK JHepausea 8a aKCUkHa auaanub mypaol.

Mexanuk 3HEPrUsTHURT GOWKA TypAaru SHeprHsiapra
ainanuy Oy xo/ga Ky3arnaMmaian. AMania 3ca Xap KaHaait
CUCTEMA/A XaM, 03 Dynca-aa, SHEPryA AMCCHNAUMSICH HAMOEH
oynaau. JKydiagan, €nuk (KOucepBaTHB) cuCTeMauard
XKUCMJIAD Opacyia UILIKAAAHWII KYYIapHUHET MaBXYIUTHTH
MEXaHHK 3HEPrUSHMHT 6UP KUCMH HCCHKJIMK XAPaKaT SHeprisi-
cura ainanuiuy caGabmu cucteMa HUKHM IHEPTUSICHHHHL
opTHWra cababd oynamu.
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Wyngait kKuano, ENUK CHCTEMA MEXaHUK YHEPTMSICHHUHT
KUCMaH KaMaililiK CUCTEMA MUK SHEPTHSICHHIHT OPTHILMTA
MOC KEnagM, JIEKMH CUCTEMAHWHT YMYMU#I KypUHMILAArd
SHEPIUSICH JOMMHIT Konani. BUHOBApHH, SHEPTHSHUHT yMYMHId
CaKJAHHLI KOHYHHHH Kyiinaarnya TabpuQiall MyMKUH:

EnuK cHCTEMaHMHT YMYMUH KYPUHHILUIArM SHEPrUCH
yarapMac 6Y1u6, dhakat 61p KYpUHHILIArKH SHEPTHsIaH Oouka
KYpUHHLIAATH SHeprusra aitnana 6opaan.

Exut MaTepus Ba XapaxaTHUHT CaK/IaHUL KOHYHH KYPHHU-
WNIA YHH fiHa KyiMugaruya Tappu@nail MyMKUH:

EnuK Matepus XapakaTMHMHr 6apya luakjiui ysrapuil-
JIapHAR SHEPTUs Y3rapMacaad KOMaau.

BAB3U OIMH XOJUIAP YYYH NMOTEHLHAJ
SHEPTUAHU XHUCOBJIALL

1. OFHpAHK Maiijonnaars moremuuan smeprusi. Arap /i
DanaHAMKAATM KuCM (MOAAMI HYKTa) HONMHYM, SILHU h=0
CaTXra 3DKHH TYIMb KeTca, OFMPNMK KydM A =mgh WLIHA
Daxapany. bunobapun, h GanaHmiuKaard XUCMHUHT OTEH-
UMan SHepruscu:

W, = mgh, (324)
OyHna m — XUCMHMHF Maccacy, g— 3PKHH TyLUMLI Te3Na-
HUWY, h — KaTranuk, h=( carxiaH yAuaHraH GananuIMK.
Tlotenuman aneprus W Hunr xucob Gownvtu nxTHEPUN
TaHNab oMM MYMKMH 6yiranuaaH KUCMHMHI NOTEHUMAT
SHEPTUACH MaH(UI KuitMaTnapra XaMm 3ra Gynuiuy MyMKHH.
Macanan, arap Ep cuprunary XncMHUHT IOTEHLIMAT SHEPTH-
ACK HONra TeHr ne6 Kabyn KunuHca, f GanaHATHKIATH KUCM-

HUHT NIOTeHLMAn SHeprusicu W, = mgh > 0 MycOar, /1, 4yKyp-

JMKAATH [OTEHUMAN 3HEp-
Wo=mghs0

ruacH I =-—mgh <0 ¢4

MaHpuit 6ynann (3.8-pacm).

Wh,=0 §y epha WyHU aiTud yrum

YPUHIMKY, KUHETHK 3HEp-

rusi MaHwWi KuitMaTIy 6yna
ojmaiau.

YmyMuit xonga xucMm A

fanaHAIMKOA © Te3IUK

38-pacu OnaH xapakatiaHaérranaa y
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XaM KMHETHK, XaM [IOTEHIMaN SHEeprusijaH TaulKWI TOMIaH
TYNa MeXaHnK aHeprusira ara 6ynanu:

I)1

(3.25)

AHUKpOK aitTraHaa, oy mbona Ep—;KMCM CHUCTEMACHHHHT TY1a
MEXaHMK SHEPTHUsICMHK ndopanaiian: W, — cucteMaHuHr ¥3apo
noTeHUMal 3Hepruacu, W, — KICMHUMHT KMHETHK SHEPTHSICH.

Arap CUCTEMa 1 Ta XUCMAAH TALIKWI TONTaH G¥ica, YHUHT
TYJIa MEXaH{K 3HEPrusacy OYTyH CUCTEMAHMHI MOTeHUMA
3HEpruacy OunaH cucTeMa KUHETHK 3HEPTMACUAAH TALIKMI
Tofany; 6y KMHETUK 3Heprus 3ca ¥3 HaBGaTMaa CUCTEMAaHM
TaLIKWI STYBYM XHUCMIIAp KUHETUK SHEPTrUsiNapUHUHT HHFHH-
RUCUTA TEHE:

my .|‘z

W, =W, +W. =W, +E
=

Arap cucTeMa €nuK (KOHcepBaTHUB) Gyica, CUCTEMaHMHT
TY1a MEXaHMK 3HEPTUSICH Y3rapMac KOnamu:

(3.26)

Jﬂ .“

W =W +W =W, + - (3.27)
..l '-
Mynnait kuanb, €nux (KOHCEPBATHB) CHCTEMAaLarH XHCM-
AAPHMHT TH12 MEXaHUK 3HEeprUsICcH Y3rapMac KOoJnanu.

2. JedopManuaianrad KUCMHHHT NOTEHUHAN 3HEPrusicH.
Katruk kuMcMIapHUHT AedopMaiidscuia 103ara KenaguraH
31aCTUK Kywiap Mapka3uil KyunapaaH nbopar 6ynagu. burobda-
pyuH, OyHIal Kyunap KOHCepBaTMB Kyunap 6ynamu. Miucon
TapUKacuia uysunaraH, sbHU nedopMauusiiaHrad NpyXHHa-
HUHT NMOTEHUMAN SHEPrusiCh XaKyia ranipull MyMKHH.

IMpyxuHaHUHT AedhopMalUSIaHUMIMAG 3NACTHK KyY
F = kx (I'yk KOHYHH) ra Kapiiy 6axapunaraH A uiu Kyiuna-
rura TeHr oynanu:

A= J.Fdx—.[kxd,\ —:,- (3.28)

by 6axapusran ww pedopmauMsaaHraH MpyXHMHAHHHT
MOTEHLMAA DHEPTUSICUTa alinaHaaun:

W, =k2 (3.29)
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3, UkkH MOAMWH MYKTRHHHT Y3apO0 TOPTHINKLI KY4YH
noTentuan dnepruacy. XKHCMAAPHMHT Y3ap0O TOPTHILIMIL KYYH
YAAPHMUHE TYIUMILICA B KHMEBMM TapKubuIa OORINK 3MAC.
HBOTOHHUHT BYTYH 0J1aM TOPTHLIMUI KOHyHHra GuHOaH
TOPTHIMMI KyYH HKKA MOALMHA HYKTa MACCATAPUHUHT
Kynaiirsacura TYFPH NMPONOpUMOHAT Ba yNlap opacuaaru
Maco(aHHHT KBAPATHIA TECKAPH MPOIIOPLHOHAL:

Fomy . (3.30)

Gymaa Y — FPAaBUTALHOH ouMui, M Ba m — MOC papuilia
fupuHYN Ba WKKIHYH MOLTUH HyKTanapHUHT Maccanap, /' —
MOUIHIT HYKT&JIAP OpacHiary Macoda.

[pagumayuon douMgzZ deb, Gup-oupudan 1 » macopada
mypean ataceacu I k2 6Ynean uxiu modouil Hyxma opacudaey
TRap0 MOPMIHGLLE KYHU2a MUKOOp Hcuxamdan ineuz Oyaean Qusuk
gmmaaukka aimuaady. TpapuTaoH JOWMUAHUHT XO3HPTH
BAKTIA ynyaiiap acocuia TonmiIrad KMAMaTH KyiMaarura

TEHTAMP:
y =667-10EM _ g 6g 11 M
K& ES:C

Toprriy KYIM XaM Mapkasuii kyygaH uOopaT GynraHu
1 KOHCEPBATHB KYUIMD. buHoGapuH, 6y epra morenzuan
aHeprHs XaKnia TafMpuiL ypurnuuup. By aHeprusany xicob-
Jaina MACCANAPHAAR BUDH M riy Kysrammac 16, KKuidMCH
a rpaBUTALHOH Maljponna kyyagu e6 XucoGnall
AVMKHE- Y BakTha m Miiccarm MOLRMY HYKTaHW MacogazaH
yeKCHATHKKE (r— ) KYSUPHIIaa Gaxapuarad uig

A= ‘I-y ‘—:&ﬂ- ir =y Mm :
i r

yay

(3.31)

KOHcepBaTHB CHCTeMa1a MOTEHLUANA DHEPrUsiHH{HT

oynaqH. W =
xanaiHiH Wi =¥ X1COOUTa A Gaxapunany, sumu:

A=W,  _

e e (3.32)
CUATHK {r =

OaTid 9K V' =) na morenuyan sweprus Honra

_ 0 ae6 ondnany, V p, 1
renr Ws JHepris AKraa (3.31) Ba (3.32) ra acocan

poTeiH
Wn = —y ﬂ:_



By Manbmii MILOpaHH OCOHIHHA TYHIYHTHPULI MYMKHIL. ¥34po
Tancupnanysun M pa m Maccasin JKUCMIIAp Opackaari macoca
yekeu3 (r = o) 6YrarHja KMCMIAPHUHT $3ap0 MOTEHUMAR
3HEPTUACH HOJIIA TEHT GY/IraH MAKCHMYM KMMMATTa SpULIanH
Ba Xap KaHmail GOoWIKa XO/Iapia y HOMfaH KMYHK, SIbHM
MaHouit 6ynagu.

CAKJIAHWUII KOHYHJIAPU BA ®A30-BAKTHUHT
CHUMMETPHUAINUT A

Dusukana CUMMETPHUS CY3M aHUK aIMalITHpUULIapra
HUcOaTaH (PM3MK XOAMCANAPHUHI y3rapMacAaH CaxlaHWLl
(MHBapHaHTIMK) XyCYCUATHHM MQOAANOBYN TYIUYHHAAHP.

Kop yukyHM 8xm MysnaraH oyHa, 6apr €kM Iy, Kanaiak
€KW acanapy ysicM, KpMcTayuiap Ba GOwIKa Tabuui oMuiIap
00pKH, YAAPHUHT TY3UJIULIMAA KAHZAROUp MYTaHOCHOIHK,
TapTib, KOHYHUI TAaKKOCHMK pyit Gepagu. MaHa iyHha#
OMMJITADHYIHT Ky3aTHa 6OpH LI CHMMETPHA TyIyHYaCHHUHT
SpaTHIMIUY Ba PUBOXJIAHMILKWAA MYXUM axaMMsATra ora.

Kyunpunnu éxu 6ypuavur myxuM (asoBuid anMallTH-
puiaprananp. @azo cummempuacy wynoax ubopamiu, mypau
Hykmanapda eéa mypau HyHaruwaapoa $aso Xycycuamaapu
Y3eapmacdan caxnanadu. Typau nyxmanapoa azo xycycusin-
Aapurune 6up xuaiueuea pasonuHz 6up HcuHcausu2u, Mypau
dyranuuida paso xycycusmaapununz Gup Xuaaueuea 3¢a GaonuHe
usomponaueu delivaadu.

Mazonary KYYyMpuUINiL EKM GYpHIMLUra HUCGAaTaH OBBEKT-
HUHT CUMMMETpPHUSICH WUYHAaH MOOpaTKH, Y KaHAal HyKrara
KYYUpHUAMAacHH Ba KaHAait iiyHanuinga GypuiMacHH, oObeKT
Y3rapmacnan cakiaHaau. MacanaH, aHWK, ApOUTAArd 06beKT
YCTHIA YTKa3unaérran Taxpuba a3oRUHT KalcH XOWHKIa Ba
Kajcu HyHamdiuupaa KaiTapuIMacHH, HaTMXa XaMHiia Onp
XWI OY1u6 yuxanu.

Bakm cummempuscu wyndan ubopameu, mypau momenmoa
6aKm xycycusmaapu yzeapmacoar caxaanadu. Typau momenni-
Aapoa axin XycycusmaapuHuKe Gup Xuaauzuea 6aKmHune Oup
HCUHCAUAURY Oeliuaaou.

Baxr kyunpuaninura HucOaTaH OGBEKTHHHT CHMMETPIACH
HIyHIaH MOOpaTKU, aHKK, IIAPONTAArH OOBEKT YCTHAA BakapH-
na€TraH TaxpuGa Kalicu BakTAa KaiiTapuIMacHH, HamiKa
XaMuina 6up xua 63m6 Konamu.

DHeprusi, UMMYIbC Ba YMIYJIBC MOMEHTHHUHT CakIaHHLI
KOHYH/apu $a3o Ba BaKT CUMMETPUSICH OHIaH OOFIUKAMP.
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DHEPrUAHUHT CAKNAHUI KOHYHM BaKTHUHI OMp XUHC-
JUNKUrd 6UnaH, UMNynse (Xapakar MUKIOPH) HUHT CaKAaHMLIL
KOHYHY Ga3OHUHI OMp XMHCIWUIAUFM OuMNaH, MMITyNbC
MOMEHTHHUHT CAKJIAHU 1L KOHYHH 3ca (Pa3OHMHT U3OTPOTUIUTH
OunaH 6esockTa GORTUKAMP.

3.5. TPABUTALIMOH MAIIOH

Tabuatgark 6ap4a XuMcMmiap Opacufa, YNapHMHT TY3WIH-
WIKFa, KMMEBMIX Tapkubura GORTMK OynmaraH, y3apo Top-
THIMMIN (CPAaBUTALMOH) KyuyM Kyiunmard OYTYH ousam
TOPTHWHIW KOHYHMAAH AHUKNAHALW: UKKU MOOOuUl
HYKMAHUHZ J3ap0 MOPMumiui Ky4u MACCAAGPUHUHZ Kynaim-
MaCi2@ MEpU nponopuUonas 6yaub, yaap opacuoazu Macopanune
Kgadpamuza meckapu NponOPYUOHANOUD:

mym
F=y—zt, (3.39)
GyHaa Y — rpaBUTALMOH NOMMUIA, m, Ba m, — MOC paBMIIa
GUPUHYM BAa HKKMHYM MOJLIUM HYKTANADHUHT Maccanapu, r —

MOINKI HYKTanap opacuaard Macoga.
BupuHYM BA UKKUHYU MOJA-

'z" Iuit HyKTara KyAniran y3apo
L 122 | =
TOPTHWIMII KyuNapy F,, Ba

F,, ynap opkanu yTyBuu TYF-
pH 4n3uK 6¥itnab iynanran-
aup (3.9-pacm). By xyunap-
HUHT MaTeMATUK UPOIACHHH
(3.34) ra acocaH Kyiuparu
KYPUHUILAA E3HL} MYMKHH:

I h TG =

=
T
|

-
|
i

Jd

Fy=-Ffe 25 (339)

6y epaa ]:j,—ﬁnpqum MOAINM HYKTAHMHI UKKHHYMCUTA
TOPTAWIALI KYYH, §, 3¢a OUPHHYM MOLIUIH HYKTAHMHI MKKHH-
qycura HucbataH pamumyc-BEKTODH; F,,— UKKHHYHM MOIAHi

HYKTaHUHT GMPUHYMCHIA TOPTULUMUI KYYH, % 3C2 UKKHHYU
MOJMUINIt HYKTAHMHT GUPHHYMCHTA HUCOATaH paRuyC-BEKTODY.
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3.10-pacm

WyHnai kunu6, (3.35) dopMynanaH KypUHaAMKH, ¥3apo
TOPTMIUMII KY4M Xap JOMM MaHOUAOND.

3.9-pacMpaH KypuBamKu, r, Ba 7, BeKTOpNap ¥3apo Kapama-
Kapu ityHanranu yuyn F = —F, 6ynamu, sbHu HbIOTOHHUHT
Y4HHYY KOHYHWHUHT MaTeMaThK Hboaacy xenvb YnKalu.

Arap §3apo TOpTMINYBYM XKCMIApHM Mopgauil HyKra neb
xucobnai MymKiH 6ynmaca, By XnCMIapHH XaélaH Am MacCaiin
3lIeMEHTap GYnakvanapra axparmiamy (3.10-pacMm). Y Bakria
OMPMHYM Ba UKKMHYM XuUCMIArd Am; Ba Am, Maccany MOLAMH

HYKTATAPHHUHT Y32pO TOPTULLMIN Kyuy Fj;, KyWMunarvra TeHr 6ymamy:

- Am, Am, _
Fo=—y =T (3.36)

Oynpa ry —anemenTap Am; Ba Amy Maccalap opacuiaru
macoda, (3.36) na k=1 man k = Nraya HMFMHOM OJIMHCA,
OHPUHYM XMCMAArd Am; 21eMEHTAp MAacCACUHMHI UKKMHYH
XUCMTa TOPTULIMLI KY4U Keanb YnKagu:

N Any; Am&
Fo=—Yy = Er. (337

k=l rr.(

Ba Huxoat (3.37) Hu i =1 pan i = N raua sHa 6up 60p
AVFUHANCH OAIMHCA, MKKaJla XXWUCMHHUHI V3apo TOPTHIUMIL
KYy4UHM OJIaMU3:

- S Am Amy i\mk =
WO e (3.38)
i=l k=1 ik
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Amanna (3.38) AMFHHAMHH TONWLL HHTErpaIaLIra KC
yia MypaKKab

puianM, YMyMaH aHTraHia YHW anukail X
MaTeMaTHK Macananup. Arap y3apo TabeupJauyBar Kucmiaap
Gup XMHCAH Wapiapian nbopar 6ynca, yHUHT maccaci
MapKa3ura Myxaccamnauiray 4e6, ynap opacuiaard {3apo
TOPTHLIAW KY4H

m; -jm2 7o (3.39)
. 0

LTt |

Gnaan, GyHia m, Ba m, wapnapuuHr Maccanapi, fi

yNapHUHT MapKaaNapy opacunary macoda.

Illyngait kUMb, 6up xuucnu wapnap ryé maccaiapd
wapKasura MyXaccaMmialran MOARMi HyKTanapaek y3apo
mw"pnamap 3KaH.

T'paBuTallMOH (TOPTHUIMIN) Y3apO TabCMPHUHT XapaKTepH
XyCyCHATIAPUARH OMpH, y XucMrap BakyyMmaa komnairat
Xo/L1a XaM colup 6Ynaeepanu. Bynra ca6a6, y3apo TabCHPHM
y3aTyB4H KUCMAp ATPODMAR FPABUTALMOH MaHAOHHHHT XOCH]
Gynuuzup. Matidon Je6, xap xandai mascupnu ysamyeti
Mo0Ouil myxumea aumunadu. [pagumayuon Kyuaap mascupu
ceaunaduart fﬁa30 CoXacu2a epagumayuon MatiooH €xu mopmuiduil
naiidonu Oedunadu.

[paBUTaLMOH MAUIOHHUHT UXTUEPUI] HYKTACHTA KUPUTHII-
raH XHCM/IApra MauIOHHW XocHA KMAraH XMCM TOMOHMIA

jiyHanrad Ky4 TabCUD Kunanu. BuHoGapyuH, rpaBHTALMOH
MagOHHUHT XYCYCHATHHU yHra KupuTUaraH «CUHOB XXHCM»
gpraMuna TeKUJMDVISU MYMKUH.
ucms ded, v

) «CW;?Z ﬁ; s ;agg'mmu 64 mMaccacu HUX0AMOa KUHUK
oyazat, P iiots ol OOH Xycycusmunu O0esapau y3zapmup-
Maiiduzan Hell wradu. Kynaiinuk yuyn mai 11

nraH KUCMHHHE Maccacyyy % oy XOR
KK R M BUNTaH, «CHHOB XXMCM» HMHT
MmaccacHt (] o 2€nrunanmMus, B
i HPOINOBH acocyy . DHOM rpaBUTALMOH
) KaTTanuisap 6unad tarHuub
HiKaRIRe H Mait
ABHTALHO) HIOHHTH

5)_}}1:}'“ e XOEHT Rouitai :{ ;ﬁmanrannnm. Maccacu m
i MBCCM” «CUHOB XHUCMU» KUpuT, OHH“HF,. 6HPOD HyKTacura

J accal XHCM Xoii PUTHIIraH Gyncun (3.1 [-pacm).
Arap mM HNaliray pyeer,
ok Kabyn KHlithea ) TAHH KOOPAMHAT Go1uH

et ' "VHHOB XuCM» XoMnawrau
HyKTAHHHT PA) OPH F Ginany,

WOH MAUGoHHY,
i aﬂfg:f;um?- wy Ffl"};:ri; Oupop nykmacudaeu KKy'aanearui
del, Mai 2 CU2a Kupumuncan Maccacy ﬁa':
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3.1i-pacm

OUPAUKKG MEH2 «CUHO8 JCUCM» 2a MABCUp KUAAEmMeaH Ky4ed
MUK00p dcuxamoan mene Oya2an QUIUK KAMManukka admuiaou:

G =L (3.40)

g *

6yHna F — MAlLOHHIHT m, MaCCAIN «CHHOB XHCM» T TAbCHD
KuayBuu Kyu 6yn1u6, (3.39)ra acocaH Kyitmaariura TeHr 6ynanu:

F-= -y"‘%f. (3.41)

By udonann wxopuaa ypHura Kyliunca, MaildZoHHHHT

KYYIaHTaHAWTH G MalflOHHY XOCUN KUJTaH /1 Macca OpKali
udomanaHaaH, SABHHU:

G=—y5%F, (3.42)
€KM cKasisip KYpHHUILAA €3unca
G=-v5. (3.4a)

[lyHnait kU0, MOOOUL HYKMA XOCUA KuAedH 2DAGUMALUOH
MaldOHHUHE OUpOP HYKMACUOA2Y KYHAGHEAHAUK YHUHE MACCACURA
MYFpU nPOROPRUOHANR 6YALG, yHOaH MAROOH HYyKmacuzaua 6y.12ax
macoghanune keadpamuea meckapu nponopyuorardup. Tpasuta-
LUKMOH MaifioOH KYYJaHTaHIWIKY ¢ HUHT Macca m ra OOFAMKANTH
KMCM Maccacy xaM MallJoHHY XapaKTepioBYy NapaMeTIapaaH
BUPH SKAHIUTMHU KYpCcaTamu.

HEIOTOHHMHT UKKMHYY KOHYHUAAH KENTHPHO YNKAPUATAH
Macca JKMCMHUHI MHEPTJIMK XOCCAIapHHK Oenrunarany yuyH
YHW HHEPT Macca AcHuwnrad 3au. ByHaaH Tainkapu rpaButa-
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UMOH ¥3ap0 TALCHPHHHI YNUOBMHM OenruaoBuu (pusius
KaTTaluK — rPaBUTAUMOH (OFMPAMK) ‘Macca TyllyHuacy
KUPHTHRAOK. Y X0J1a, HHEPT Macca Ba TPaBMTAL[MOH MAaccs
Oup-OupunaH ¢dapk KujnagMMu, ZeraH caBoJl TYFHJIAILH.
TaxpubatapriHr KypcaTHiunya Oy MKKH TyLlyHYa Opacyja
MuKaopui $apK HYkanp. XakMKaTAaH XaM pyc (pH3HKIapH
B. b. Bparunckuii Ba B. W. TTonos taxpubanapnia rpasUTaLldod
BA MHEPT MACCANAPHUHT 3KBUBANEHTAUTH 107'? raya aHUKIMKAS,
abHH HBIOTOH TaBCH(naraH TaxpuBaHWHT aHUKJIUTUMIAAH
MHJUHADA MapTa KaTTa aHMKIMKAa ucbomiaHrad. LHyHnai
Kb, Xap KaHoal Macca MHepTIMK Ba TOPTHIIMIL XOCHI
KHJTHUI XYCYCUSTHrA 3ra.

Maiizon xyy 'wznKaapn. [pasuTaLuoH MaRIOHH M rPApUK
PaBULIAA TACBUPAALI YYYH Ky4IaHTAHAHWK YH3MKJIApH EKH
KHCKa4a Ky4 YM3MKIapuaaH QoiinanaHuaain.

Ky wuzurnapu 0e6, wiyndaii szpu wusuxka admunaouic, yHume
Xap bup HyKmacuda MatidoHHUNE Ky4AaH2AHAUK GEKIMOpU YPUNMA
pasuuda Uynaszan 6y2adu.

Wxxunannan, maidonnue Gupauk wo3acudan mui paguuda
ymaémean Kyt MUSHKAGP COHU, ABHU KyH HUIUKAGPUHUHZ CUPM
3Sunru2y MaddoHHUKe Uy HyKmacuoazu Kyuaaneanaueued nponop-
yuonasdup. 3.12-pacMaa Kyy um3MKRap Ba Xap XM COXafaru
YIapHUHT CUDT 3WYNUKNApH TaCBMpMAaHraH. YHaa A_HYKTa
atpodunard G, KydnaHrauik B Hykra atpodmaarn G, KyH-
JaHTAHIMKAGH KMYMKPOKAMP. Moaauii HykTa XOoCcHi KHTraH
TPABUTAUMOH MaHOH KyY YM3MKnapu €ku Ky4djaaHTIaHJIuK
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BEKTOPJIapU MOJUIMI HYKTa TOMOH HYHanran pagual TYFpU
yusukaapaasd nbopar oynaau (3.4-pacm).

Xap 6up nyxkmacu xyunanzanaueu cexmopu paduyc 0yinad
Mapkas moMoH Upnaaszan matidonza maprka3ul MaudoH
dedunraou.

Arap caHOK CUCTEMacCHHMHI KoopaWHara Gouwiy 0 MoaAKH
HykTa OunaH Moc Tyuwica (3.4-pacM), y BakTAa MapKasui
TOPTUILNLI MAKIOHMHUHT GUPOP HYKTACHAATH Ky4JaHIAHIHK

F Paguyc-BEKTOD OPKAaAW KYHUIATHYA aHUKAAHAOW:
G =G, .’;- (3.43)

Gyepaa G, = G,.(x,y,z)— BEKTOP (G HMHT F — pajuyc-BeKTOp

. P el m
fiyHanuwmra 6ynrad npoekuusacy 6ynub, G=—y 2
Azap kyuaan2aHaux BeKmOPUHUHE COH Kudmamu, gakam
Hykmanune paduyc-eeicmopuea 6orauk 6yaca, 6yndali mapkasul
maiidonea kynunya cepux maiidon xam detiunadu. Cohepuk
MafiaoH 6Mpop HYKTACHAArM Ky4YJIAHTaHIMTY — G Ba G, 1ap
Ky#uaarura TeHr:
= m =1 m
Gyo=- 58 G =v4. (3.44)

!
=

Maijtponnunr cynepnosusa npuununu. Papasz gKunai-
AMK, TOPTHAMII (rpaBUTALIMOH) MaMIOHHMHT Maccanapu

My, My, Mg, ,m, 6yiran n Ta MOAAMI HyKTanap XOCHI

Kuarad OyncuH. Y BakTAa MaiiloHra XOWNalTUpHIraH m,
Maccalli MORAMH HyKTara CUCTEMAHMWHT /- MOINAMI HYKTa-

CHHHHT TabCHP Ky4u I“, Kyhuaarura TeHr 6ynaau:

= My m;

IF. = = r r. = ,nll G.: 1 (345)

OyHna r; — pagnyc-sekTop OYnMB, CUCTEMAHUHT i- MORAHIT
HYKTacHmaH M, Maccany MOMIMH HyKTaraua 6ynrad macoda,
G',»— TEKIIHPUAACTIaH HYKTARAIM M; MACCAIN MOLIMiE HYKTA
XOCHJl KMAIAH MAHIOHHUHT KYYJNAHFAHJINUIHU.

Kyunap rabcupiHuHE MyCTAKUIIUK TPHHUMTNI GUHOAH,
MaWAOH TCKWHUPUAACTIAH HYKTACUTra KOMHAAWTHPHATAH

M, Maccajit MOAIMIA HYKTard CUCTEMAAAr MOMMKI HYKTAIAD
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TOMOHHAAH TALCUP KWIYBYM HAaTHXABUM Kyd F loKOpHAaru
F} KY4napHUKT BEKTOp HHFUHAUCHTA TEHT:

F=YF=mYG,. (3.46)
il =1

MKKMHYH TOMOHNAH

1?' =m, 6" (3463)

GyHna G— MORAMH HYKTanap XOCHn KMAraH MaigoHHMHT
KY4AaHTaHHMTH. y
Oxiipry (3.46) Ba (3.46 a) popmynanapaaH KydngariHy €3uLl
MYMKHH:

G=36,. (3.47)
=l

by Qopmyna MaiinoH cynepniosust (Kyuuu) MPUHUMMAHKHT
MaTeMaTHK udopacu 6yaub, y Kyiuaarnya rabpugaaHani:

Bup newa zpasumanuon (mopmunuus) MaliGoHURUKE KYWUAU-
wudan xocun 6ynzan Hamudicasuli mMaidon kKy4aaweaHauey
KYUuAyeHu Maiidonnap KyuAaHeaHAUKAGPUHUHZ GeKMOp WU FUH-
ucuza menz. [LlyHy aliTHIl KepakKy, MaiiAOHHMHT Cyeprno3us
ﬂpHHL}MHMl‘a OHHOAH 6P XUHCIN KN 3uYNMrK pagrat 6yianya
P=p\) Komyrusr 6fitnua yarapysun, M maccanu Ba R
PAIMYCIY WAPCUMOH XMcMIap yuyH (3.44) ¢dopmynanap
YpuHAY 6Ynanu, spHY:

G=—y »:v_;'; g2 G =-y er’ (3.48)

OyHAA r— IIAPCHMOH XMCM MapKasWiaH TeKWHPUIAETTaH
HyK1ara4a 6ysraH macoga 6ymu6, r> R .

Ephunr rpasurauson maiizonn. Ep uiap waxiniga amac,
Ok SUIMTICONA WaKnKna 66, yHUHD 3KBaTOpuan paninyCcu
KyT6 paguycunan 21,4 km OPTHKAUD. JIeKHH yHYaJIUK KaTTa
2HUKINK Tanab KuamaiouraH xucobnauumiapaa 6y dapkHU
3pTHOOpra onmaca xaM 6ynanyu. Ilynuur yayn Epru ypraua
pamnycn M= 6371 kM Ba Maccacu M =5,978-10% kr 6yaran
LI2PCUMOH KUCM 2eb Kabyil KuiuHamu.

"Epmmg atpodmaary rpaBUTALMOH MaliOHMUAAH TalIKApH
Kyéw, Kyéw cucremacunaru caiiépanap sa EpHuHr Tabumit
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fiynpotiy — OUHUHT XaM TPABUTALMOH MANHOHIAPU MABAY/I
6ynu6, ynap anvyarnna saudaup. [lynunr yuyys Ep cupTH
AKAHIAATY HATHXKABMIA TPaBUTALMOH MaitaoH EpHUHT xycyciit
TOPTUIUMLI MalIOHM xucoGiaHamd. BunobapuH, Ep cuprnaa
€KM YHTa Ky[a sIKUH HYyKTanap/ia rpaBUTALMOH MalA0H Ky4YilaH-
raunury (3.48) dopmyna acocuna aHuUKIaHagW. YHHHT
MUKIOpU 3ca Kyiuaarura TeHr oyisagu:

G, M 3.49

=y S (3.

6ynna R — Epuunr panuycu. (3.49) naH kypuramuxit. Eo
CHPTHIAH Y30KAAIUTaH capu (G HUHT KMHMaTH Kamaitud fopatu
Ep cuptiaan # OaaHAIMKIA YHHUHT KHHAMATH

6 e s
(R+h ) =
noaa opkanyu aHUKIAHAIK:
Ep cuptumaru G0 KYWIaHTaHAUK MabiayM 0371ca.
HHcOaTaH A GanauUIMKIaru G/. KYWIAHTaHIMKHMHT KIJEn

(3.49) Ba (3.50) napHWHr HucGaTUmaH KyhHnarura
oymanu:

Gi= (;”(R‘%i: ] :Gn(] 4 ;ﬂ _ (3.5]

Arap TeKluMpunagTraH HyKTa Ep cuprtura saxuH (A<<R)
XoinawraH 6ynca, (3.51) udonsanu Katopnapra EiMud, MKKH
Xal aHUKJIUTUAA OJIMHCA, Y KYMHOArn KYpUHUIUTA Kenadu:

G=Gu(l—2%). (3.52)

EpHUHT TOPTHILKII MARTOHUIATH XHCM Y3 Xonura K3iin6
o6opunca, EpHunr F TOpPTUILI Kyuu TaAbCHpHAa HbIOTOHHITHT
MUKKUHYH KOHYHMUra OMHOAH 3pPKUH TYWMUII TE3AaHMHLIU
Le6 atanysyuy g TeanaHMIU GUIIAH TEKUC Te3aHYBYAH XapaKaT
Kwiu6, Epra TOMOH 3pkuH Tywa Gomwmakiau. Y saxkraa (3.40)
ra aCO0CaH KyHMaaruHu €3uil MyMKUH:

F=mg=mgG. (3.53)
byunau
§=0. (3.54)
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Wynnait kunu6, Ep epasumayuon malidonunuwne 6upop
HyKkmaoaeu kKyuaaHzanaueu wy Hyxmaoddzu 3pKuH mywuu
Me3naHuIL2a meHeoup.

Ilynu tapkuanain kepakku, Ep cupTvHUHT Dapya Hyk-
Tanapuaa g HUHT KHitMaT GMp XW amMac. YHUHT ACHTHU3 caT-
xmla (h=0)ru xuitmatu g =9,7805 M/c® gaH (3KBaropaa)

=9,8322 m/c? rava (KYl‘g}lap}ld) OpANIMKIA Y3rapaiy. prm-{
Tyumm TE3NAHHILN g HUHT KuiimMaTiapiaard 6y ¢papk KyHUaarH
HKKU cabab Tyaiinu Byxyara Kenauu:

1. Ep cupTiaa THHY €Tran Xap 6Up XUCM YHHHT CYTKalnHK
XapaKaTWAa MIUTUPOK 3THO, 3KBATOPra mapaies TeKUCIMKIa
€TraH XUCMA3p @, , — MapKasra MHTMIM2 TE3JaHMLUFa 3ra
Oynamu. DxBaTopaa Oy Te3laHMIL SHT KaTIa Kuiimartra ara,
KyT6:1apaa y Hosra tenr. Ly caba6iu 61Mpop XKHMCMHH KyTOAaH
3KBATOPra KY4MpcaK, y OUp 03 «VY3 OFMpAMFMHM HYKOTanHu».

2. CyTKanm( alinaHuiu Hatvxackza Ep wap iakinna aMac,
Banku yu yxnu sanuncouanan ubopataup. Ilpodeccop

®. H. Kpacosckuil paxpaprurnia xucobnab yukuiran Ep
SIUTUTICOMAMHYHT 3HT aHMK Ynuamiapyu Kyinmarnyanup:

EpHuHT YpTaua panuycu (xaxmu Ep 3mIMNCOMAMHWHT

XaKmura TeHr 6ynran wap pannycu) 6371,118 kM.

EpHuHr Ky161ar CHKUIHLIN 1:298,3

EpHUHT 9KBaTOpIark CUKMIKILK 1:300

OPKUH TYWKIU Te3NaHUII g HuHr Epnard XOMHUHI Xap
XHI reorpaMK KEHrAMKIap y4yyH TONWIFaH KUHMaT/apu
KyAnzary 3.1-xagsanna KeaTHpHIIraH:

3. I-owadsan
'] g Mfc* 1) 2, M/ic l
0 9,7805 50° 9,3108
10° 9,7820 60° 19,7192
20° 9,7865 70° 9,8261
L 30° 9,7934 80° 9,8361
40° 9,8018 90° 9,8322

Epuunr ¢ = 45° reorpadux KeHraurn SpKMH TYLUIMII
TE3AaHMIITa «HOpMall Te3NaHWl» AeHMIiG, YHUHI COH
KiliMath: g =9,80665 nM/c2.

ZKHCMHHHT OFHDAMK Ky4H BA OFHDHIH. EpHuHTr TOpTMLUKLI
MAMIOHHAATH XUCMHIHT OFUPIMK KY4H P KMCMHHHI Maccacu
/M HU MablyM HYKTAgdar¥d 3pKUH TYWHIl TEe3NaHUIWM g Ta
KYNanTMacura TeHLaup:

P=mg. (3.55)
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XKucm EpHuUHT TOpTHIIHMUW MAHAOHUHWHI MabilyM HYKTa-
cuaary 6Mpop TasiHY CHpTAa TMHY TypraHiaa xam, bupop uira
OCHNITAHAA XaM €KUM UXTUEPUI IMyHAIMLI 6Vitnad TYFPY YU3UKIN
TEKUC ([7 = const JXxapakaTjaHraHAa XaM YHUHI OFUPANK Ky4u
y3rapMac Konaxu.

XMCMHUHT OFMPIIUK KyUYM YHUHI Ba3HU (OFUPIUTH)
Jeb aTanyBUY XapakTepucTUKacuaaH dhapK KWIaaH.

Kucmuune sasnu (orupauzu) deb, ocmaza éxu masHy cupmaa
bynean bocum Kyuuza atimuasadu.

OFUpIMK Ky4Yu Ba Ba3HU TYDJIM KUCMIIapra KyuuaraHaup.
XKymnanat, ctonaa TypraH XUCMHHUHI OFUPAKK Kyyu P KucMmra
Kyiiunran 6ynu6, EpHuHr Mapkasu TOMOH {YHajlIraHaup.
XucMHUHT BasHU (OFUPAKUTM) 3Ca XUCM TOMOHMIAH CTOAra
TabCUP KUJIYBYU Ky4 6ynub, y cronra Kyitunradaup. by xonaa
XUCMHUMHT BA3HU Ba OFMPJIWUTH ¥3apoO TEHLUWP:

Q=P=mg (3.56)

3.6. EPHUHT TOPTULUKI MAMJOHUJATY MOAXUIN HYKTAHM
KYYMPULIIA BAXAPWIITAH ML

EpHMHT TpaBMTaUMOH MaWAOH KYYMHHHI m Maccaiu
MOV HYKTaHM KY4yupuiaary 6axapraH ajieMeHTap UIUK dA:

dA = (F,d)= mlG, dr) (3.57)

6ynagu, 6yHoa G — MaldOH KyulaHraHIWCK, [dF = ds| —

ANEMEHTAD MY, dF — 3IeMEHTAp CHJIKHIL BEKTODHU.

Maskyp Macanana caHOK, CUCTEMaCUHMHI KOOPAMHATA BoLwiu
EpHuHr Mapkasu OunaH ycTMa-ycT TylcuH ge6 dapas
Kunainuk (3.13-pacm).

by xonza Ep mapkasugan r> R (6ynaa R — EpHunr

paguych), Macodanaru Ky41aHraHAMK BEKTOPH G KyduIarira
TEHT:

G=-y 7. (3.59)

Bynaa muxyc uiiopa F Kyd Ba F — panguyc-BeKTopaap V¥3iapo
Kapama-Kapluy iMyHanraHJiuruHu udogaianau.
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3.13-pacuM

(3.58) 4 (3.57) marn Jpusira xyiunca, dd =—y " (7,dr)

Xocun 6Ynanu, GyHna (F,dF): —;—d(r',F)= %d(r2 )= rdr, 6ynra-
HH Y4yH 37eMeHTap OaxapunraH K
A=~y mm & (3.59)
KYPUHHLITA KENANH. .
Ep TOpTHLIMLL MaiAOHKUARTH /M MacCATH MOAANH HyKTaHH
r, Macodanan r, Macoaraya CHKUTULIAR G6axXapuaraH Hil A,
(3.59) udonany uHrerpawiab TonMaanAd, SbHU:

2 2
4,= IdA =—_[y mM‘—f_’—=y mM(é —%] (3.60)
1 ry
Myunait kunu6, EpHUHT TOPTHWML MaRIOHMAA MOMIMH
HYKTaHH KYYMpuilJa GaxapuiraH Ml AYTHUHI LUAKANIa
OoFnnK 6ynrMacoaH, KYYMITHUHT GOlJaHFMY Ba OXMPIH
Xonatura GOFAMKAMD. YMymaH, GaxapraH WM HYTWHHHT
1aKnura GORMMK 6YIMaraH Kywiapra KOHCepBATUB EKH
NOoTeHUMAN Kyynap meiunnanu. EpHMHT TOPTHLIKMII Ky4H
XaM KOHCEDBATUB (MOTEHUMAI) KY4YHD.
_ Korcepeatns kyunapHuHr m maccanu mMonaui HyKTaHUHT
€MUK KOHTYp .(rz=r,) 6yitnya Gaxapran vmu A, Hoira TeHr
6ynanu, abHY:

1
Ay =f(F,dF)=—;{~r ”’Mi?:YmM(%";T):U' (3.61)
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éku F = mG My Ha3apra onub:

%=f(é,(ﬁ)=o (3.62)

Enuk / koHTyp 6Yitvya oNMHraH WHTerpaniap §(ﬁ ,dr ) Ba
!

f(G,dF)ra Ky4 BEKTOPM F HHHI Ba KyWIaHTaHJIMK BEKTO-
I
pu G HUHT €MUK KOHTYp 6Yiinya UMPK YIS LLUACHU feHpnanm.
[llyHyn afTHLI KEPAaKKH, KYYJIAHTAHIUK BEKTOPUHUHT EMUK
KOHTYp G¥iiMYa LUMPKYASIUMACH HOJra TeHr 6ynraH xap 6up
MalgoHIra MOTEHUY AN MaWAOH AeHUIadM.
MyHpait kuaub, (3.62) xaH rpaBUTALMOH (TOPTHILMIU)
MalOH XaM MOTeHUMa MalAOHAAH WBOPATIANUIY KYpPUHAIH.

3.7. TOPTUIM I MAMIOHNIATY MOJAUN HYKTAHHUHT
MOTEHLIUMAN SHEPTHACH. MAMIOH NNOTEHLMAIIK

[otenuran MalinoHaa MOAOMHA HYKTaHW Kyuyupuiaa 6a-
XapuiagyraH MIU YHUHT [TOTEHUMaN S3HEPTrMsICMHUHT KaMaiu-
ILMIa TEHT:

dA=—dW,

xn"

(3.63)

Y Bakroa MORAHMII HYKTAHUHI l-HyKTajgaH 2-HykTara Ky4i-
puuina 6axapunrad A, uoL

Ay =AW =W —W (3.64)

n nl

6ymanu. (3.60) Ba (3.64)uu Y3apo TeHrnawTUpub, Kyiunarira

3ra 6ynamus:
¥ = $) gy
W P w e mM( s J

Arap m Maccany MOLOHI HYKTa MalOOHMHU XOCUN Kuiran M
Macca MapKasfaH YeKcus y3oK, (r = o) na 6¥1ca, YHUHT noTeH-

IMan SHeprudacyu Hoara uHtTWIaou: lim W =0. VY saxrtaa

11-
= 2

MaHIOHHUHT |-HyKTacumaru MOAAUN HYKTAHWHT MOTEHIIMA

* KomcepBaTHB KyyHUHT GaXapraH 3ieMEHTap MM TYNUK Tiddepet-
unangaH nbopar. LlyuuHr yuyH 6yHAaH Keitul yHH dA 6uaan Genrinaiizus.

87



HeprAcU W, = -y ﬂ‘rﬂ 6ynany. byHra acocas MaiqOHHRHI

HXTHEPWUH HYKTACMAATH M MACCANIY MOAMHIA HYKTAHWHT MOTEH-
LM SHEPTHACHHH YMyMHii Xonaa

W, =~y % (3.65)

KYPHHHIAZ €3ul MyMKuH. By dopMynasaH K¥puHaauky,
MajiOR0arn MOAAMH HYKTaHHHI NMOTEHLMAl IHEPTHSCH
Maccach m ra Ba MaiiOHHM XOCH KuaraH Macca M ra 60FIHK
OYaraHyu yuyH yHra HKKM XHCMHUHT §3apo MOTeHLHMAT
SHEprusacH Aeiunanu.

Hyxu ocucmrune y3apo nomenyuan IHepelac Maccanapurute
Kynaimmanapuza myspu nponopyLonas 6yaud, yaap opacudazu
Macogaza meckapu nponopRUOHAIOUp.

Xap Kaupai noreHuuan MaigoOHHH xapakTepiaul Y4YH
NoTeHUMAN Ae6 ataiyBuM cKanfgp KaTTaIMKAAH (hoidana-
HUNaaH.

Maiidonnure uxmuépuid nyxmacunure nomenyuasu 0eb,
MAAGOHNUNE WY HyKmacuza Kupumuneay 6up Gupaux maccanu

. CCUHOB HCUCMPHUHZ NOMERYUAA SHEpeUACH2a MUKAOp Heuxamoan
nien2 6ynzan Husuk kammarukKa aimunadu, AsHU:

W,
Bynra W notenuman smeprusnunr ndoaacuuu (3.65) Aad
Kyituica, MaliIOHHUHT GHPOp HyKTacHiari NOTEHUNATM @ HHU
MaHIOHHM X0CU KWraH Macca M opKany aHMKJIAILra HMKOH
Bepanuran

Gopmyna Kenub uyukany.

Wlyrnait xunuG, rodduti Hyxma xocua Kunzan MaiiooHHUNZ
Oupop Hykmacudazu nomenyuasu yrunz maccacu M ea mypu
nponopyuonar 6yaud, yuoar Hyxmaeaya 6nzan macogaza meckapi
nponopRUOKAAUp.

HoTenunan MaiimoHHuHr Kyy XapakTepMCTUKACH —
Ky'WIaHMAHTUK BeKTOpK G Ba 9HEPreTHK XapaKTepUCTHKACH —
TIOTEHUHA! @ CKajlsp KaTTanuKiap ¥3apo 60FnaHuLra 3ra.

Mawnymxu, notenuuan maigoxna OaxxapuiraH 3seMeHTap
nw dA=fdr=mGdr maitnongary Moguil HykTa MOTEHLMAN
SHEPrUACHHMHT KaMalulin — dW, ra TeHr 6Ynap aan, sibHHU:
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(%
mGdr=—dW,, 6ynna ¢ = - ”.Er:_")_ By e it

4

TOMOHMAAru %;’- ndoaa (3.60) ra acocant 1y Hy«inian
noTeHuUManu @ pau ubopar. Wlynunr yuyn, joxopapians

HdouaHH
G = ---Ili. (5 (l‘/,/

dr

3 g : dip ; ot 1D O
KYpuHMILAA €3MWl MYMKMH. ByHuaru -o& — rpasuratnois

MaWJOH MMOTEHLMAIMHHHT PaAUyC-BEKTOPU (r‘) RYHANILN AT A
yarapHiu Te3nurHU udonanaiau. (3.68) HUHF yar TOMOHMIAL 7
G BEKTOD KaTTaluK O6Yaub, YHr TOMOHUAArn @ 3ca Craiip
KaTTanuKaaH nooparaup. BexTop aHAIM3Ua BEKTOP KaTTAIMKHA
CKansip KaTTanuk GunaH GOFNOBUM amanira rpaaucHT (grad)
geimnaau. Y Baktaoa (3.68) HM aHa kyhuparuya Tabpudiail
MYMKKH.

[paBUTaLOH MallIOHHUHT GEepHATaH HYKTACUIATH KyYlaH-
raHAuK BEKTOPM G noTeHLMAan rpaaMeHTH (grad 9 ) HUHr
TecKapu Hiopanu ndogacura TeHIAUP:

G=—grad . (3.69)

ByHga MHHYC MliOpa KyunaHraHJIUK BeKTOopu G MafioH
NOTEHUMANMHUHI KaMalMll TOMOHMIa HYHaJATaHJAMTHHH
npoganainau.

[MyHn alTHLE KEPAaKKY, Xap KaHAal ckansp GyHKLMSAHUHT
TPaIMEHTH BEKTOP KATTAIMK OYANO, YHUHE MYHAIMOIN MA3KYD
QYHKUWA KMIAMATMHHMHE KaMaWuis AyHaaumy OuilaH MOC
Tywaau. buHOGapHH, noteHuuan rpaaueHTy (grad @ YHUHT

WYHaNMIIM KYWIAHTAHIMK BEKTOpWM G HMHE AYyHanura
TECKapuaup.

3.8. KOCMMK TE3JHKIAP

Kocmux mezaux de6, scucmrnunz caiiépa ampogudacu opSunia
oyiinab éxu caiépa mopmuiuu Kyu GoUupacuoan HukUuo KemiuLii
Y4yH 3apyp OYaean me3auKkkd aimuaaou.

Bupnnun KocMux Te3nnK. SKucmuuine Ep ampoghuda padiyes
Ep paduycu R dan kam gpapy kusaduzan atirana opduma Gviciao

Xapakamaanuwiu y4yi 3apyp oynean mezauk ¥, ca Gupus
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KOCMUK me3nuk defiuradu. Arap XaBOHHHT KaplLIWIMIH n;a
Gollka Kapuunukiap xucobra onMHmaca, Ep cuptuiaH fi
GanaHiUKaa OUPHHYKM KOCMMK TE3JTUK (V,) buian xapa\‘-l
KATNAHABTEAH XUCMTa TAbCUP KUYBUM MapKa3ra MHTHIMA Ky

K =%ﬁ;* XUCMHMHT Epra TOPTMIMIL KYy4H (OFMPJUTH)
M, +h
F=me, =y-2M_ ra renr 6ynanu:
S =Y (RenY -
nml,1 — M
(R+1) (Ren)
€K1
0 =Y Theg (3.70)
By uQofaHu Kynaii KYpuHMIIra KeaTupuil y4yH yHUHT
Cypar Ba MaxpaxuHu RZra KynadTupuaain:
UI? =Y£_Rz__ (3.703)

Rz (R+h)? '
Byhna Y%{f £ Hasapra ojipHca, OMpPHHYH KOCMHUK TE3JIUK=

HUHE WboAAcY KyAnAaTH KYpUHUILra Kelafn:

2
=\ TRe) 3.71)

Arap XucMuunr Ep cuprupan Ganaupuary i EpHHHD ulf
panuycura Hucatan kuuuk, oy A<<R 6yca, A+R=R ﬂe"“w
mymku. By xomna (3.71) udona Kyitumars KypuHuMILITa KEIaIH:

v, = ER. (3.72)
By ubonara R=6,37 10°u pa g=98m/ciHu Kyiuo,

OMPHHYM KOCMUK TEINMK o, HUHT KUAMATUHM xuco611ab
YHKAMU3:

0, = JER = 981/ 637105 m = 7,912 10% mi ¢ = 19Ka/ .

Epnan Gupunum kocmux Tesnuk GuwnaH yumpuiraH Xap
Kaunait Maccau xucmnap Epuunr cynsuit iyngown (ECH)ra
aitnanub xonanu.

IHKJ{HH'{II KOCMHK Te3nmuK. Kucmuune Ep mopmumuul Kysu
Maidonu doupacudan uukub xemumu ea Kyéwnunz cynsud
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padoum (KCH) cuncapic Napan am et vy 1 Gy s s i
Dy UKKUNHU KOCMUN metiun detitadu

PKHCMHITHD QTN BRI KOOI (0 i 1 1 #pie e
Ep cuptut (t; =R COPIUTAIE KHIE T e u S
YHH YEKCHITHAND (r. --'\f IR TTEY TN T RTF N YR PN K
A A SY="% m.r‘;‘l A COp UL NG b it i /

mun Yg.__\_’_ . GvHian

. e M e
% 2 5714
i
Keau® yuKaan. MasKyp TOHRNAMA ViU TOMOMIIIG Gypai
MaxpaxiHH A ra Kynanripuica,
f=2.ydLR (3.7%3)

xocua 6yaanu. byHaa '}% = £ OPKKUH TYHIMIL TCHIAMAIIAIZ T

ubopar 6ynraHu ysyH (3.73a) ndonanann MKKUMHYM KOLLLL
TE3NUK

,,=\/h;'_R=\[2-v,=11,.'Z~103A//c=ll,2/w/c. (4.74)

6ynann. MKKMHUYYM KOCMMK TE3NMK OuiaH xapakarjaHasr
XUCMHMHT XapaKaT TpaeKTopusacH napabogajdH ueor
OyaraHu Yy4yH MKKHHYH KOCMHK Te3JIMKKa napados
TE3NUK XaM Aeiunanu.

Yuunus Kocmuk TeznuMk. XKucmuune Kyéwnune maecugp
doupacudan abaduti wuxué kemuwu yuyn ynea Epea nucéaman
Gepunuii no3um 6yN2an Me3nuK v, YAYU HUHW KOCMHUK Te3IMK
detiunadu. YUMHYM KOCMMK TEITMKHUHT KATTAMIY YHUHT A Ha-
JviK EpHMHT opbuTan xapakaTu HyHaIuiuura Moc Keica,

ma.

Makcuman |p, ™), kapaMma-kKapwu GynaraHaa MUHUMan
vy ) 6¥nann. YIMHUM KOCMMK TE3NMK 2, HU XMCOBNAIL aHYa
Mypakkab OyiraHM yuyH yHMHr (paxaT COH KUHAMATHHU
KENTHpaMu3:

" =16,7 km/c; (3.742)

Uin

vy = T2,7 KM/C; (3.746)

1
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TYprumuu kocmuk Tesnuk. Paxemanune Kyéunune epunzan
HyKmacuza mywuwiu yuys ynea Epea nucbaman 6epuauuu 3apyp
Oynean meanux v, ra TYPTHHYK KOCMUK Te3JIMK dediuradu,
YHUHT Karranurd KyEmr cHpTHAard TYWIMII HYKTaCHMHHHT
xonatra 6ornMKaup. By Te3nuKHM Xcobnam yYUHYH KOCMUK
Te3MKHH Xucobnauura Hucbatan Mypakkabpok, LyHuHT y4yH
XaM KyHufa TYPTMHYM KOCMHK TEJTMKHMHT COH KMUMATHHH
xeaTupamu3. Ky€mwHuHr Mapkasura Kapab panuan xapa-

KaTIaHAETTaH PAKETAHUHT TYPTUHYH KOCMUK TE3NUTH MaKCH-
Man (v,™) KWAMATH Ky#unarura TeHr 6ynamu:

vy =318km/c. (3.75)

Pakera Kyéw cuprtura ypunma pasuiiga xapaKaTnaH!fﬁ,
YHHHT SHT OpKa HYKTACHTa TYWIHIUM Y4yH 3apyp 6y.1raH Typ-
THHYY KOCMMK TEINHTY MUHUMAT (v, ™") KNAMATra Sra Oynanu:

v, ™ =29 2km/ c. (3.75a)

f}

3.9. CAKJIAHMUI KOHYVIHJIAPUHUHT LIAPJAP YPUIHIIHUIA
TATBUKH

WKKM XMCMHUHD TYKHAWIMIUKM HaTHXacuda Xapakat
XOMATHHUHT 61D OHAA Y3rapULLNTa YPUAKIL Aeinaany. Y PUITHIL
BaKTUIA HKKANa XXHCMHUHT Wakiy Y3rapany, sbHU AeopMa-
UMsIaHany. YpHnyBYM XHUCMIADHUHT HUCOUIT XapaKaT KMHETHK
SHEPrUsNApH YPWIMLL BAKTHAA AeOpMALMAHHHT TOTEHLHAT
SHEPrUsCUra Ba MoJieKylanap KCCHKIMK XapaKaT SHeprusacura
ainaHa Gopagu. Ypumuii ypunaérraH xucmiiap opacuia
SHEPrUAHMHT TAKCUMIAHUIINTA ONUO Kenamu.

Ymymuit xon4a ypunvuisy ukky 60cKHHra aXKpaTHLL MyMKHUH.
Bupunys 6ockuy napoMuna xucMiIap y3apo sikurnaiua 6opuo,
peakuus Kyuaapyra Kapiuy Uil 6axapuiy cababau y1apHUHT
KWHETUK 3HEPTUsIap¥ HUCOMI Teanukiapy Hojra TEHT
OYnrynya kamas Gopanu. Ilynaan cyHT MKKMHYM GOCKUYAA
JKMCMIAp V3 IIaKTapUHU TUKNal Gopagu Ba Y3apo y30K/1alua
Gownainu. ByHua peakuus Kyunapunudr 6axapraH doiizamm
MM XUCOOMIa XUCMIAPHUHT KHHETHK SHEPTMACH OpTa

6opzu}u, HUXOST Xucmnap 6Up 6upuaaH axpanaau sa ypuiuil
KapaéHu Tyraiau.
KHUCMNAPHUHT YPUIHILAAH KeHAMHIU (v,—v,) HuCcOUH
TESIUTH, ypUIHLITada 6Yaran (v, —v,) HUCOMI TEANUTUAAH Xap
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JAOUM KMUHK OVTHIN TCRIUM Pt A it aoovityid Soyrjeee by

€a0ab, aManIA NCY RAMOH FOLCHI ARG TUE 4t BRI e
SMACTHPHAMP. PRHCM AP ITE VAT e C3 i ati (b
JAPAXACH A—TeRTHKNHMHT tra it wosfeferee i 1
TaBCH(TAHATH.

TeznuKHBHE THRTAHRIL N WD ety i g
HHHE ¥PHAHIIIAH XTRENUIL () SR ey I R T A R Y
YPHIHIUT A4S SS;‘.R‘;’.H LY e onal T e el e
afTiIaTH:

A - (5 /1y

TeaTHKHKT THATIRILL NOODD IS VB s b b

PUTSAEL QLN TAN Y ity

lapnap Maprasiiil
Kyiiiiaant sKagsa1aa Oanail MHOM MANSPIGULTPH Yy aiiny

YYalILIap HATIDKECHIE TOMRMATIN A L vCR NI (it i
KO3DHUHEHTHHIHT KiIAMITAPH Reilrupinran

£ aedurtn

K

YPAIYBUH XHCMTAD MOLIICH

ANIOMHHHEE AMIOMHUHIDITE 0,213
Bposa 6ponsara 0,40
Y¥aH yysHra 0,60
[Tynat nynarra 0,70
TonucTpon miacrTmacca ny:;atra 0,95

TeanurMHUKRr TUkKjIaHuil KoadbduumuertHn K=0 6yarad
Xucmnapra ad®coli0oT HO3MacTUMK (MYIWIaK HO3JACTHK)
xucmnap jpenmim6, K=1 6ynrad xucmnapra 3ca abconoT
3MaCTUK XUCMAap neiinnaau. Acauaa 6apya XXHUCMIIap yuyyH
K xospduumentHuHr Kuitmaty 0 Ba | opanuruna éranu.

UKKM XUCMHWHT TYKHALMLI HYKTacuJaH YTraH Ba TYKHa-
WKL CHPTAApUEa YTKA3WITaK /1 HopMan 6yiinab HyHaliraH YMsuK-
Ka(3.14-pacM) ypUI M 1L YW 3 U FU AcHWiand. YpuanIlu YM3UFU
MKKH JKMCMHWHT MHEPLIMAS MapKa3uaaH YTraH XoiraMapKas3 u i
ypuaum penunand. HIyHu afTuin Kepaxky, OUP >XUHCIH
wapnrap opacMaary ypuiaMil Xap JOMM Mapkasui Oynamu.
AManmarn ypuIMIIHM Kapa® YUKWUIUAA yPMIMWHWHI WUKKH
yerapasuit KYpuHuLKM abGconoT (MyTnak) 3JacTHK Ba
abcomor (MyTnak) HoO3aacTUK Ae6 ATAAYBYM Mieajiialli-
TUPWIITAH YDUIUIIIAAH I0KOPU aHUKINK BriiaH dofiaanaHmiu
MYMKHH.

93



3.l4-pacm

AGcomor noanactak ypuanm (K = 0). AGconior (MyTAaK)
HO3MACTHK YPUIMIIAA MKKUTA XHcM bupnamn6, 6MITa
XHCMIEK XapakaTHHM NaBOM 3TTUpaan. Macanax, MyM,
TUIACTHIMH, KYPFOLINHAAH SCAITaH MApJIaPHUHT YPUIUILMHH
abCOMIOT HOSMACTHK YPUNKLITA aHYarMHA sIKMH Ae6 Kapail
MYMKHH.

Kucmaap TyKHaniraHaa aHya Mypakkad xoaucarap COAHp
O¥nagy, AvHM Xucmiap aedopmauMsiaHaiu, 3JACTUK Ba
MUIKANAHKID KyWiapy maugo oynamu, Xucmiaapaa MEXaHHK
TebpanuuLIap, TYIKUHIAP YitFoHaau. JIeKHH, HOR/1aCTHK ypH-
Jumaa 6y xkapa€Hnap 60pu6-6opu6 TYxTalaK Ba MKKaIa XHUCM
KyWwunnb, 6up GyTyH XucMuek xapakaTaaHaad. ABGCONIOT
HO3NACTUK ypunuiLZa OyHAal §3ura xoc xycycusiT Comup
OAamt: ypUAHILLAH KeH1H neopMaLis cakaaHanH; Aepop-
Ml MOTEHUMAN 3HEPIMSICH BYXYAra KenMaumu; XHUCM-
JIADHHUHT KMHETUK SHepruscu 0aTamoM €ku KHMCMaH HMUYKHU
3Heprusra aiilaHanr; ypUAMIAH KEeiMH Xucmiap YMyMHI
TE3NUK OMIAH XapaKaTJaHaau KM HUCOWIl Te3 Uy HOJIra TeHT
Oynanu. AGCONIOT HO3MACTMK YPUAHLLAA AaKAT UMITYALCHUHT
CaKJaHMUI KOHYHH Oaxxapunub, MexaHMK PHeprHSHHHT
CaKJaHu KOHYHU Oaxapunmainnu. JIeKUH SHEPTHSHHHT
YMYMHUH cakiaHuIl KOHYHH, STbHY MEXAHMK Ba HYKH 3HEPTUsI-
JIap HAFUHAMCHHWHT CaKNaHUU KOHYHH YpUHIM OY1amu.

BH3 ropusonTan TeKMCAMKAATH MKKUTA HOZMACTHK LIap-
JIADHMHT MapKasuii YpHIMIIM MHCONMHU Kapab 4MKaiauK.
Mapa3 kunaiinuk, Maccanapu m, Ba m, OyaraH HO3JACTHK
L1ap;1ap MapKasnapHHW OUPAALUTHDYBYM TOPU3OHTAN TYFPH
4H3KK OYii1ab Moc paBniga », Ba 5, Teanmxiap GuiaH xapa-
KaTaaHa€Tran 6yncuH (3.15-paca). HlaprapHuHr TYKHALIMIIAAH
KEHMHIT yMyMult Te3nuruHn ¥ 6utan Geiarunaimuz. WUmnynsc-
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Ho3nacmux ypunuwl

ypunuweaya ypunuGar KeduH
m =
8F G-~
3.15-pacm

HWHT CaKJaHMLI KOHyHMra 6MHOaH luapfiapHy ypuiauiurada
fynraH UMNyABCAAPHUHT rEOMETPUK MUFUHAWCH YPUJINIILAAH

KEHHHTY MMIYILCHTA TEHTONUD, AbHW: m. b, + m,0, = (m1 + m, )V.
OyHna

V= MyPy+ My By (3.77)
my+my <4 %
byxma El BA 52 BEKTOpJap 6up TYFpM YU3MK OYiNab nyHaiaraHu
yayi U BEKTOPHMHT MYHaNMIUM XaM LIy TYFPU YUIUKHUHT
HyHanuiY 611aH yeTMa-ycT Tyuianyu. Maskyp TYKHAIUMILIIAH,
Kyiupary xyjaocanap Keamd Yukamm:

1. llapnap Kapama-KapLuu TOMOHIa v, Ba 0, Te3MUK GHIaH
XAPAKATIAHCA, YPUINILAAH KERKH Xam U 6uiaH xapakaTnaHanu.

Jlexun |ml§||=|mz§2l O6ynca, ypunviugaH KeWuH luapaap
XAPAKATHHYM NABOM STTUPMANAN, AbHM U=0 G6¥nanu;

2. lllapnap 6up-O6upura KapaMa-kKapluy XapaxaTrjaHca, Yy
paktaa U BexTop MmP, Ba m,0, WMMYJALCHMHI COH KHIMaTu
KaTTaMK Katra 6ynraH BekTop OYina® iyHanaau.

U BeKTOPHMHI MOAYJIW Kyiluzaru dopmyna €épaamuaa
xucobnaHanu:

. vy, U,

(3.78)

l71l+l772
Bynia o, Ba v, Te3anMKJap ¥, BA U, TE3AMK BEKTOPIAPHHMHL

MOLYAKAMP «t» mMuopa '151 Ba '172 TE3NUKIapP 6UpP TOMOHTrA

iiyHatranura Moc Kenmb, «—» uUIOpa 3ca KapamMa-Kapilu
TOMOHIa MYHanraH Xon y4yH MOC Kenauau.
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DHCPIHAHUHT YMYMIH CaK/aHuul KOHYHMrA 6uHOAaH,
LADNAPHUKT ypHAKIIMFaya OyaraH KHHETHK 3Heprusicu

2 3

iy iy
11 22
+ 2

YPHAKIUAAH KeHIHrY  KHHETHUK IHEPrusacu

1+ JUT .
(—-‘—,ﬁ—— Gunan nedopmaums WK A HUHT AMFUHIAMCHTE

TEHIIUP, ADHH:

) 9
iy X maty” (ml +y }UI
7 B i 2 neid”

= & L

Bynga tehopmauus uium A | HY 2HHKJIACAK,

2 2 2
A=y ___(_fﬂ**_""z)_u’ (3.79)
aedy 7 Pl ol

Bynnan U uumr §prura (3.78) maH Kuiimati Kyitumb, 6up
KATOp MaTeMaTHK amannap GaxapHica, KYHUAar XOCHJ
oynanu:
A _m\n;" nzzpz"’ (In1+m ) (it sy Tt

= + = o) (metmeg B _ ™ (, —p, ¥

a2 2 2 [y +my )2 [+ ) .

(3.80)
By udonanu ana 6ynail kypuumia E3uir MyMKHH.
_ by 3 Mf.-!— ", }7
A= m(u‘ - ”z) = —‘—2—'—"'—— (3.80a)

Gyuga M = -Ti% _ ,
T i AP apHUHE KeATHpuJraH Maccac,

(”l + ”z) 3ca Huchuit Teamtinap. [lyHpait Kunub, Kyura Kapuin
Gaxapiunran neopMauMs MWK KeNTMPWIraH MacCaHuHL
HHUCOUIA TEITMK KBaNpaTHra KYMaiTMACHHMHT pMUra TeHT. |
Wné\afap;gmgmaérrau XHCMIapIaH GUPH KYSFUIMAC (v, =0)
» (3.80) upona siHa xaM cOXRApOK KYpHHHLUTA KeJain.

My iy 2 my Myt _ My oy
=, K

(3.81)

aup =i e | o i “
2y} 1 myvim, 2 iy + Mg u

Bynza W, =0 )
yrEA W == —Gupurum sucmuunr ypuniwrada 6yiral
KIHETHK 3HEpruscy,

AMAAa HONACTMK ypumuy Kyiiigary Makcanna Kyiia-

HILJ ] :
iiafit. BupuHunnan, xucm wakansy yaraptupuu (aedop-
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MALMAAAIW) MAKCAMMOA, MACATAM, Moo o

WTAMMTOBKA KWIHLL, XHCMITAPHIL MATL Lt o= Nt

kimnanunagy. fOxopuaaru (3.81) Hoovn

TypuBAMKY, K¥3Faamac (7, = 0!

ypuyBuH (F5 = 0 )XHMCMHHHT Maoosow

(m>>m,) Gyjlnum kepak. Hivaaess ysys Naw o

BAIMUH KIUTHO sica1ann.
WKKHHYHIAH, HO3J2CTHN 47

HHAHE CU/DKHTHIL KaPLUETIR Ry =

fynanw. MacanaH, xesitnsn T

KOK}L, MOHAHH KORKIIL 33 \ORIX.

KHCMHHHE MACCaCii /s Z2= =0 = < —~ 2
AbcoMOT 3JaCTEE Ypmiwm  K=1 L

YPIIHLLIA HRKHTE S500w ==2 oy -

macTMacea. @it oy
HHHP ypMmy afc :
ynans. AGcoaroT == =

CAKIAHHIL KOHVFHI

apa3 KLt
i, 83 7, Team1x Gic
Keifun Moc paBuuizz [ =
naHeuH  (3.16-pacw). ¢
caKNaHuI KOHYHKIaph 2
E3aMu3:

NACMUr  Ypunii

ypuniweaya Ypunuwiaon Ke

mf y mz — ,"‘"I, . "—__.

7-265 g7

ST M b



mp, +myp, =mU, + mU,, (3.83)

bl el ol 2
" omes”  mUs | maUsy”
T e (3.83a)
By kK TeHIaManaH HapIapHUHT YPUAULUAAH KeHUHIH Te3-
nvxnapy U, Ba U, iy Tomui MyMKuH. Bynuur ydys (3.83a)
TEHIIaMaHH CKansp KypuHuuiaa é3uw xepak. lapnap ropu-
30HT1 TEKHCNUKAA XapaKaTNaHAaETraHn YYyH Te3JIUK BEKTOp-
napunuKr Moynn [5|=v, Ba[v,|=v, Tenr 6ynanu, Guso-
DapuH:
my, +mp, =mU +m,U,. (3.836)
Illynaait kuanb, KyHupard TeHMIaMaiap cucTemacura ara
6ynamMun3
mo, +mv, =mU, +m,U,;
2 P 2 2 (3.34)
mn? + ) =mU” +mU,".
By TeHmIaManapHy KyiAnaark KypuHUILTA KEITHPaMU3:

2 2 2 2
mx(”l -y )=mz(U2 9 )
WxxuHuy TeHrnamaHu GUpHHYMcMra xagma-xan GyauHca,
4, +U =U, +v, xocun Gynamn. Hatixana macaia Ky#naara
MKKHTA YU3UK/IY TEHIIaMaiap CHCTEMACHHM €4MLITa KeITUPU-
NajH:
mU, +myv, =mU, +n1202;]l B
y+U =U, +v,. \
By Tenraamanap cucteMacMHM eyub, mapnapHWMHT MapKasui
MIACTHK YPUUUIAAH KeitnHry Teamuknapy U, Ba U, Kyitunarura
TEHIIATHHY OCOHTMHA aHUKJIall MYMKHH:
mytnnts _ 2mt, +(m| = ).'J[ :

UI ==y, +2 = :
my iy s

mprmyl, 2myp) +(m2 ~ny )”2
my+m, 1wy +im, :

U, =—0, +2 (3.86)
baw3u xycycuii xonnapuu xapa6 ynkamus:
1. Arap mapnapHuHr Maccanap TEHT (m=m,) 6ynca,
(3.86) dopmynanan U=v, Ba U=v, xenu6 yuxamu. lyn-
nai# Kuinb, Oup Xxun Maccanu liapnap Mapkasuii 1acTHK
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TYKHAWrAHA TENMICIAPHHM ATMAIAL AP, By N
napian 6upy, MacanaH, MKKHHYM Wwap Ttk 0
Bynca, y xonpa U=0 pa U,=p, Gyaann. deman, Gupiins
wkkiian THHY (5, =0) wapra TYKHAIHG, ¥3 TOX I
y3aTaly Ba Y34 TYxTab Komanu. MacanaH, OyHian ypi
GsuMapR WApMapMHUHT YPHITMILIHAA KVPHILL MY MK

2. Arap wapnapaas 6upy Tury (£, =0) 1ypran 63 wea, (388
uhosasaH Kyiuaary Kenub yukamu:
U = ml—m!; T 2y 1 (3.86)
I I my i, 2 Uy +on,

TE3MMTH GUPMHYM LIAD YPUAMIILA XAPAKATIAAHTAH TOMOL
jijHanrangup. Arap 6y xonna, wapnapIaH GHPHHEIHT MACCAl]
HKKHHYUCHTA HUCOATAH HUXOATIA KaTTa. ABHY 71, o 03103,

O=—i; U=0

TESMHIHHY MUKIOp X3INaTiaH caxtzd.
TECKAPH TOMOHIA V3rapTHpaziL.
lapaapruHr adcoa:0T 3
0X4CHAA KATTa KY.LTaHHLITE
{9ap0 TYKHAWHLLIEPIEL MIIS0T
Kyswnanad, 21po peaxT
THANH HENTTPOH ( 71 ) 2
abconioT 3TACTHK T

1. Mexany suepries sz == - : -2t —
Tavpipaab Geprusir.
8. Knewra i
0pacHaa KaHaak §o7Taz
9, Kyy Ba noteri



10. Kyu Gaxapran nur iifn waxknura kaunaii 60rank? Koncepsatun pa

HOKOHCCPBATIB Kyunap Ac6 numara afitunann?
11. DHepruaHiHr caknaHiw Ba GUP TYpoaH MKKHHUM Typra ainanuil

KOHYHHH TabpHRanr.
12. MCXaHHK 3HEprist cakiaHiIU KOHYHMHIHE GaXUpHAHILY Yy 3apyp

6yaran waptnap xauaai?
13. BnacTix Kyunnir 62XapraH HIUK HHMAara TeHr?
14. SnacTik AedopMaUMANAHTAH XHCMHHHI MOTEHLMAN SHCPIHUACH

HHMAara Tenr?
15. MIXKM MOMAIIT HYKTAHHMRT ¥33p0 TOPTHILKIL MOTEHLWAN SHEPTHACH

HitMara Teur?
16. Kannait MajiloHra rpaBuTaLnoH MaiiloH aciinnann?
17. [paBHTALUNOH MAIAOHHMHT Ky'IAHTAHIUTH BOTEHLHANM neh HuMara

aliTinamy Ba YIApHUHT QOpMynanapy €3uacHH.
18. CpasnTaunoH Maigonaa baxapunran nue KeATHpHE YHKAPHICHUH.
19. [paBHTAUNOH MAIOOH KyYNaHFaHNUTH BEKTOPUHHHI UHPKYISILUUACH

1cd HUMara aiiTHAAIN Ba Y HHMara TeHr?
20. Kanaail MaiiioHra noreHuHan Maliion aeiinnanu? |
21, TpaBHTALMOH MailIOH Ky4/IaHTAHIKTH Ba OTEHLMANH y3apo KaHAaH

Gornannwra ra?
22. BUpAHYY, HKKHHYH, YYHHYH B3 TYPTHHYHM KOCMHK TC3TMKIAD neb

KaHnaii Teatukka aftrunagn?
23, KuCMAZPHUHT 31aCTHK B2 HOIRACTHK YPWIKIIMHH TYIWIYHTHPHHT.
24. YpUMItAarK TeanMKHKHE THKNAHHL KO3(POUUHEHTHHUHT HOPMY-

JiacH Kaupail sa y HuMahu nonanaian?

25. Mapka3uii ypunnw 1c6 Kanaai ypuauwra adrtuaagn?

26. X)iCMIaPHHHT HOINACTHK Ba 3/1aCTHK YPUAHLINAAH KCHUHIH TC3THKS
Aapitun xucobnaw dopMynanapuuu KeATHPHO MHKADHHT.

4-BOB

KATTHK XU CMHHHT AMTAHMA XAPAKATH
MEXAHHKACH

ABCOMIOT KaTTHK X1cM J1e6 Kyd Tabchpuaa aeopmaLus-
JaHMaiaurad €Ky 3appayajapuHMHT XOHnaluuiny y3rapman
KOnaguraH Xxucmra airunany. byHaan keiimHru mathiapaa
COMIANMK y4yH abCOMOT KATTUK XHCMHM KMCKaya iammuk
JHeuem 1e6 10puTaMu3.

KarTik XuCMHMHT Xap KaHmai Mypaxka® xapakaTHHH
OLOMI: MArapuiama Ba alilaHMa xapakaTjapra axparh0
TEKWINPUII MyMKWH. Maskyp 60642 XMCMHHHI aitnaHMa
XapakaTHHY Kapab yMKaMm3.

4.1. KATTUK XHCMHHUHT AHJIAHMA XAPAKATH
KUHEMATHKACH

KatTuk XUCMHHUHT afinanMa xapakaTu ae6, Gapua HyKTa-
JNAPHHUHT TPAEKTOPHUSIApY, MapKa3u ainaHull Ykuiga €rraH
KOHUEHTPUK afiaHanapaan ubopat 6ynraH xapakarra aiiTuinanH.
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Papas KWIaURUK, Kar-
THK XucM G6upop 0 VK at-
podupa annanma xapakat
kunaérran OyncuH (4.1-
pacM). KaTTuk >XUCMHMHT
Xap OMp HYKTaCMHUHI pa-
AUYC-BEKTOPU F aMJIaHULL
ykunaH OepwiraH HykTara
YTKasunraH BeKTOp A/ BaxkT
nwyuaa OupaaH-6up Oypu-
auu Oyp4Yarvra—KaTTHK,
XUCMHUHT Oypuinul 6ypya-
M Agra bypunaigu.

KaTTukK XXUCMHUHT Oyp-
yaKk MacodacH CKasip KaT-
TANMK 0Ymu6, OypyakHMUHI
Ky4MILY 3ca YK 6yinad iny-
HanraH A@ BEKTOpAaH HOO- 4.1-pacu
pat Aeb6 Kapalml MYMKMH.
bypuak Ky4ulU BEKTOPU XaKHKHI BEKTOp OViIMaraHIury y4yH,
YHU NICEBAOBEKTOP (coxra—BexkTop) AeG araiimMui. by
BEKTOPHMHT MYHAIU UM 1TapMa KOMAACH acocMAa aHUuKIaHaIm:
napma dacmacuHuke aUAGHMa XAPaKamuHune UYHAAuuu Kammux
HCUCMHUHZ AUAGHUW UYHAAUWU OUAaH MOC IMyuca, NapMaHuHe
Un2apuAaMa Xapaxam UyHanuwy 6ypuaic Kyuuul 6eKmopu AQ HuHz
upraauuiuny kypcamadu. byHnai BEKTOp XUCMHUHT aiIaHM LU
Yk 6Yinab iMyHanraHu yyyH yHM 6ab3aH aKcHuajJg BEKTOP
(Yx BekTOpH) 16 XaM aTanagu.

Arap Af BakT OpalliFUlia KATTUK XXUCMHUHT OypyaKk Kyduui
Oypyary A@ ra TeHr 6ynca (4.1-pacm), y BakTma Af Hosra
MHTUITAHAATU AQ JaH OJIMHIAH JIMMMT KaTTAIMKKa @ OH MU
Oypyakay Te3JIMK BEKTOP €KM coaardHa KMnuob 6ypyak
Te3JUK BEKTOPHU 1e6 aTtanaau, sibHU:

= . Ap _ d
W= BI)}U T (4.1)

OyHoa O BEKTOp Xam A( Kabu akcuall BEKTOPAUP.

Arap 6ypyaknu TE3NMK BEKTOPMHUHF MOAyIu ©= |

yarapmac ((I)zconst) Oyaca, XKUCMHMHF XapakaTura TeKuC
aillaHMa xapaxaT aeHunagu. by xonpa Oypyakiu TE3IAHK
Kyuoarura TeHr oyiaau:

o=—. “4.2)



Lilynzait kuaud, (4.1)ra acocan 6ypyak Te3NMKHU Kyinaa-
TiYa Tabpucna MyMKuH. Tekuc airanma xapaxamuune OypHak
mesauz 0ed, sakm bupaueu wiudazu Gypaniu Gypuazuza MuKoop
xcuxamdan mene 6yAean UINK KAMmMAAUKKA aimuaaoy.

Tekuc aitnanma xapakar aiylanMiu nappu 7 Ba ainaHuLL
4acToTacH V Gunan xam Tascudnananu. AfinaHui gaspd T
£e6, XKUCMHHHT 6Hp MapTa TYNMK aiinaHMIIM YYyH KETraH

BaKTra aitunamy, sshn T = # , ByHaa f—XHUCMHMHT /V MapTa

TY712 3iiNAHULUN Y4yH KETraH BaKT. Aizanuw vacmomacu V 0e6,
8aKM OupAu2 wyudazy Myaa alirGHUUIAAp CORU2A aiiminadu, S6HY:

Sa] “ v
v="-=" Y pakraa (4.2) na =T 6ynranga ¢ = 21 GyAraHu
Y4YH Oypyak Teanuk:

2n _
==L =2, (4.3)

Arap KaTTuk, xucm yarapyBuaH aiinanma xapaxar KujacTraH
(‘D # const) Gynca, xapakar 6ypuak Teanuk BEKTOPHHWHTI BaKT
Oyiiuua yarapumm ommit Gypyak Tesmammw BekTOpH A€6

ATANYBUM Kyitnaaru § KaTTanuk 6una TascuQnaHamu:

B= AI/ITO%(;, = ’d—fu. i 4.4)

léyuua B —6ypuak Teananum BEKTOPH Gypuak Te3/MHK BEKTOPH

© HUHF HYHamnwy 6unaq Moc TYWANN, SpHK f xaM akcHal
BEKTOPAMD.

Wlynu atitmu kepaxxu, 6yp-

4K TE3NMK Ba Gypyak TeanaHA
BEKTOPH YK 6¥/iina6 iiynanraH 0-
Ju6, ynapHuHr iyHanMILIM XaM
NapMa Koupacu acocuaa aHUK-
NaHany (4.2-pacm). (4.4) ndo-
A2Hi (4.1) ra acocan Kyitnnary

==  KyPHHuina é3amus:

ar

- d{de)_ 4%
B= dir z/(f)= e (42
Ulynnait kunu6, xammuk
HUcH adnauma xapaxamaanca,
ORUL Gypyak mezaanuumu GypHaK
4.2y mesuic © dan gaxm GPiua orun-
2aH GUpunu mapmubau yocunaza
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éku Gypusuiu GypHacu © Oan AN OVILE QRSN BRI
mapmubau xocusaza meke.

CH $a40B GHPAMKIAD CHOTCMACILLY 1 OVPLL it nn
JIYaHTaHM y4yH, © Ovpuak Tesamk py/c o, J8 Gy
TeAHUIL 3ca pan/c? napaa Yauatu,

AlNaHMa XapakKaT KwIa€Tral KATIHE SKRUCMUr Oviriak
XapaKkTepuCTHKanapH: OVPUAK, OVPUAKR tehiitn aut byproar
TEMAHHIUK MA3KYP KHCM JHPIM HVKTUPHIIC g
XapAKTEPUCTHKANAPIE: € V3VHANTIH, HHINKA TCATHK, HOPAI
B3 TAHTEHUMAN (YPHHMA) TETAHHILLIAP OPACIIA QORI
MaBXymaup. By GOFAaHHMUIAApPHH aHHRAAW yayu, hpat
KWIAWIHK, KaTTHK XHCMHUHT MasKVp HYKTACH A7 BIKT nn/in
As y3yHnMKKa TeHr €fiHH YTcuH (4. 1-pacm). Ly Bakr wanaa
HYKTa paliyC BEKTOPH F HHHT Sypamiiu Oypuart A¢ Oyncui.
Y Baktaa A panianaa ndozanaHca, SHHHUHE V3VHIMUH AS

As = rA@ 4.6)

MyHocabataaH aHUKIaHaaH. By HPOnaHMHT HKKaNa TOMOHMHH
Atra 6Ynub6, xocus GViirad HHCOATIADHIHT A/ HOATA MHTHJI-
rAHUIAH AUMUT OJIAMH3:

lim &€ = [im =2,

Ar—0 Ar : Ar—( A

By Tenrmamaza lim 2% =y sa lim 22y OVITaHW YYYH YHH
Ar—0 Af Ar—0 Al

Ar—0 A
KykHzarpya €3aMu3:
V=rw. 4.7)

Wynpait Kuaub, k¥sraimac yK atpoduaa KATTUK XKUCM
HYKTATAPUHMHT YM3HKIH TE3IHKIAPU OYpYaK TE3NUKHHUHT LIy
HYKTaNlap paguyCc-BEKTODP.IapPHHUHI MOAYJAM KynalTmacura
TEHTAUD.

(4.7) nan doiizatanud, (4.4) sa (4.7) dhopmynanap
acocuia a, HOpMail Ba 4. TaHICHLIMAJ TE3NAHMILE YUyH
Kyiugary MPoaiapHy XOCK. KW.IaMU3:

£ i) e i 19

dp=—=———=w"r=wi. 1.8
= af

— dv _ ditor) gy . 5

== ~Ta="h ()



Ky3ranmac yx arpoduaa aitmaHaéTraH KaTTHK >XHCM
MXTHEPHIT HYKTACKHKHT XapaKaT XO/aTH 7 Pagnuyc-BeKTOPH,
® DypyaK Te3nMK BEKTOPH, d, —HOPMaJl B d, —TaHTEeHLMaN
TEIAHHIU BEKTOpIapy GMNaH TABCU(MIAaHTAHM y4yH I0KOPHAA
KEATHPUIraH ckansap kypunuwaaru (4.7), (4.8) Ba (4.9)
TEHIIAMANIADHUHT KYHHAArn BeXTOp KypuHuwaark ndona-
AapUHH KenTHpamus (4.2-pacM):

7 = [,7], (4.7a)
, = 03] 6.,7], (4.82)
i, =[a7. (4.92)

Ba RUX0AT, XATTMK XHCMHMHI Ky3Fanimac VK atpoduaard
XApaKaTHra TETHILIM COLIA-XyCYCHii XOIUIapHU Kapalb YMKamu3:

a) XapaKaT TEKHC aitanma @ =0, D= const) 6ynca, yHUHT
XapakaT TeHIIaMaATaApU w = 9 > 0=wt KypUHHMLIAA OY1aaH;

6) Xxapakar TeKic yarapyByaH ainaHma (ﬁ = const) Gynca,
Kyiingau TeHrnamanaph6unan TaBcudiaHamm:

XapaKaTHHHT Gypuak Teanamumu: P =0 ;

XapAKAaTHUHT OHMIl BYpYaKiIy TESNTUrH: O, = 0 + BF;

“ iy
X3PaKATHUHT ypTaya Gypuak TEINMUTH: < © >= ﬂz--—’ :
2
XapaKaTHUHT Bypyakiyu MacodacH: ¢ = wyf + E’2~ ;
iy + 10, w20, 2
P=<w>r= % t = _’_E.I}L. i

By epna, ©g,0,—GOLBIAHFHY Ba OXUPTH GypyaK Te3/rH,

B —6ypuak TeanaHuw, ¢ —6ypyak macoda.

IOxopuna 6aéH KunuHraH KarTMK XHCMHUHT aiinaHma
Xapaxar TeHINIaMalapy MaTeMaTuk HyKTau Ha3apdaH MiIrapu-
JIaHMa XapakaT TeHIIamMalapy 6uiaH Oup Xui KypUHULLra sra
OynraHu ydyH, yNapHUHT ¥3apo TaAKKOCTaHH L Hamx(anapmm
Kyuparyt 4.1-kagsanga KenTHpaMu3;
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Jerid !
3¢
1>

Aflnanma xapakal

KBT
1 =HIRKIN Macoda @ —6ypuakns Macodia
£ =R TEVIIK W —Gypuak TeINHK
& =BG TEINBM ML B —Gypuak Teananmy
€ p 2= FpTann HINKIH TEINAHK < @) >—§praua Gypuax TeamiE
Tekuc xapakart
=4 =2
0 D=
s=ul o = wr
Texnuc §arapyruaH XxapaxarT
S w, —t)y
J= 7! ﬁ:—', 2
l';=fn +ﬂ,; ﬂ]f :mo + ﬂrq
ot +
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Kapab yMKaiLTIK (4.3
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43-pacMm

Ze6 atanagy. Kyy sekTopu GwiaH yCTMa-yCT TyLITaH YU3HKKE
KYYHUHT TabCUpP YHU3MFU feiunany. 4.3-pacma KyuHHUHD
TabCUp YM3MEM MYHKTHD YH3UK, OWNaH Tacsupnadrad. By 0

HyKTanay F KyqHUHT KYHWIMW HyKTacura iiyHairaH 7ra
Paauyc-pexTop neitunany. Paanyc-sexrop F Hudr F xydra
BeKTOp KYmaéiTMacura Kyd F HuHT UXTHEpMI Ky3raiMac O

HyKrara Huc6ataH MoMeHTH M ne6 alitunanu

w-lr.7]. 410

Arap F kyqHUHT KYAMUITHIL HYKTACH KyYHMHT TAbCHP YM3MFH
63iinua Kyuupuica, M MOMEHT §3rapMac Konagu. M MOMEHT-
HHHT ¥3rapMacjiuryt YHUHT MOIYTMAaH GEBOCHTA KETHO YMKAIH.

Xakukatan xam, (4.10) aH M HHHT MOLYIH:
M=”F,}7“H=Frsina=F1=const. 4.11)

Bynpa o xarramuk 7 Ba F sextopnap opacpmarn Gypuax. Y

BaKTA2 Kyy Tavcup uM3urMaa 0 Hykraraya 6yaran /[ =rsino
Macogara F KyyuuHr 0 HykTara HucOaTaH eaxacy neb atanany.
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Xakukatau xam, (4.11)
HGOIA KyY TABCUP 4M-
wrdna Erran F xyu-
HUHT 0 HykTara HUC-
fataH MoMmeHTH Varap-
Mac Konaau.

Kyy momerTu 6mstax
YHRHT MomynuHu udo-
lanoByn (4.10) Ba
(4.11) dopmynanapra
Bowkaua k§punuw Ge-
PHill MYMKUH. ByHuHT

44-pacm

yiyn F Ky4 BEKTOPUHU NKKUTA F panuyc-BexTOop 6ujan KoJ-
nHeap F Ba F ra TepneHauKynsp HyHairaH F TalKiJjl
3Iynqvmapra axparamus. 4.4-pacmaary umMaMaaaH KprH'umKM
Fiuuusr Framknn stysuncn 7 paamyc-sexrop 6yina6

F_ Taunoin sTysunen aca xapakar TpaeKkTopusicura yrkasuaraH
YPUEMa 6Yina6 ynanran. lyHpait kuaub, F ==I:’, + I‘:t
Oynrany yuyn (4.10)1u GyHnain KYypuHULWIIA E3aMU3:

Ml FllFlF + £ 1) =(r.7 ) [7.F )

Bytna Gupurum kYunnysun [,‘f] =(Q OYnanu, YyHKM 7 Ba
F, Bextopnapu Yy3apo mapannen pextopnapmup. Hemak, 0

HyKrara Huc6aTaH Kyu Moment M Hu

m=\rF]. (4.12)

KypHMIIAA 3 MyMKMH: Bynna F Ba_l_i BeKTOpJap ¥3apo
nepnermukynap (o0 = 90°) Gymrany yuyn M BEKTOPHMHT MO

M=|[F.E ) =Fosina=Fo (4.12a)

Bnanm. Arap (4.10) na F = F, + F, --- F, 6ynca, BekTop Kynair-
MaHUHT Xoccacura OMHOaH:

it =[P =G+ B F) =

n

AN B AN o 413

"
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eKut
M=M+M,++M, (4.13a)

Wlynnait Kuan6, 6Mp Heura Kyd4nap TEHI TabCHp ITYB-
YUCHHMHT KATTMK XHMCMHMHI GOl Hykracura HucGataH
MOMEHTH KYWIADHHHT iy HykTara Huc6GataH xap O6up Xy
MOMEHTIaPHHUHT FeOMETPUK (BEKTOP) MMFMHAMCHIA TEHT.

XKydr kys momentn. XKygm wyyu deb, 6up myrpu 'tuffllfaa
émutazan, MuKdop scuxamoan mewe 6y12an, Kapama-Kapuiy UyHan-
2K UKKN Ky4ea aumuaady. DHT copna Xonaa ¢ 6ol HyKra Ba
XyOT Kydnap GMTTa Texucaukaa €TraH 6yiacuu (4.5-pacM).

F Ba £, xywiapuusr momymu Gup xun 6yaub, ynu F 6una

OenrunaimMms, sbLHU 'El=,Fz’=F 6ynann. XKypr KyyHMHT
HAaTUXaBUK MOMEHTH M Ba yHMHT Mofynd Kyiujarura TCHT
6ynanu:

M=M1+M2=[’—i’il] +[’§’}?2];”:;’:[|',’—;J=12’ I8

€Kn
M =M, ~ M, =|F,|1, ~|F[}, = F1, - F1, = (4.14a)
F(l,~1)=F1.
A
L,
—
M 1'1 =l
—th
P e
A \2 ~
4
—_—
1 Fé
4.5-pacm

By €pia /—Kywiap Tancup YH3MKIapK opacuaary macoda
6Y1ub, y Xy(dT KySHUHT enKacy aeiany.
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noua kenn6 uuxanu. Ulynnait kuanb, Kygr Kywiap MOMEHTH
Ky4nap STraH TEKUCAMKKA MepneHauKyasip HyHairaH 6yano,
YHITHE COH KMAMATH KyunapaaH ucTanran 6MTrac MOAYJTMHUHE
eaKacura KynatirMacura TeHr.

4.3. KV3FANMAC YKKA HUCBATAH KY4 MOMEHTH

Arap xucM Oupop Gow O Hykrara HucbaTaH ainaHMa
Xapaxar kuaa€rran 6ynca, xucm F xyu Ba O HyKTa €TraH
TEKHCINKKA NEPMEHAMKYAp iyHanraH z YK arpoduaa, sbHH
Oeputran HyKrara HyucOataH Kyy MOMEHTHHHMHI HyHamlLH
Ouian ycrma-yer Tywmysuy §K atpoduma aiiaHma XapakaT
Kitam, Kyy MOMEHTHHUHT KaTTaliuryd Ky4HMHT XXMCMHH 1LY
YK atpodiia ainaHTipuin KoGuIUsTHHY Tascupianan. LUyH-
Aalt Kuaub, KydHUHT YK arpodupa aifnaHTMpa OJIMLI KOOM-
AMATH KYYHHHT YKKa HuCOaTaH MoMeHTy ae6 atatyBuy sk
Karranuk 6unan udonanaHamy.

F kyununr z YKXa HUcOaTaH MOMEHTH Mz HM aHuK1all
YUyH OHykTara HucbaTaH Kyd momerTd M Bextopy 0 HyKrara

K¥ituiran 6§acuH (4.7-pacm). Pacmpary unsmana F,7 sa M
BekTopniap 6uTTa TeKMCnnKaa ETMalinu, 1eb papas KMaHIHK.
Onykra opkanu ¥iraH z yxka Huc6ataH M BEKTOPHH HKKHTA:
rﬁ‘, —YKKa mapannes Ba M, — ykKa nepneHauKyIap TauKni
STYBYHJIApTa aXPaTaMu3;

/\7!1 MOMERTHUHT EOMETPUK MaBbHOCHHH aHMKjall y4yH
FeaF BEKTOPIapHH Z YKKa MeprneHAMKyIap Ba napajied
Talwkun sTyBUMIAPTA aXpaTaMu3: F =7, +7; F= 7 e
Y Baktna M BekTophu Kyitunaru KYpHMHUIIAA €3aMU3:

#-FAL[t
R AR EA A

By Homa oxupriu xam [/,1?7 '] —¥3apo napamien BekTopsap-

Hunkr gexrop kynaiTMacuaax HOOpAaT OYATaHku YYYH HOJITa TCHT.

; ATTa Kapc HYMAATH KYY MOMEHTIAp Z YKKA THK OYIHG6, YHHIHT

3'$Ka I1poeKuUACH XaM Hojlra TeHr. butobapun, M BeKTopHHHT
YKura napanaen 6yaran Tawxmn styBumcH

1o

i fF £ =FLE

1]
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M= My + M,y = 0. 4.19)

Wynnai kunu6, KaTTHK XUCMIAPHUHT MCTAITAH CUCTEMAcH
Y4YH 6apya uukn Ky4rap MOMEHTIAPUHUHT HFUHINCH JOUM
HOMra TEHr Oymanu, SLHM:

=33 i, =0 (4.19)
i=] k=1
By utona 6apua uuxy KyynapHuHr uCTANraH HyKTara Ba yKKa
HUCOATaH MOMEHTNIADHHMHE HMFMHAMCH Y4YH YPUHIMIND.
Kyu Momentit M HuHT Ymyos 6upaury Ba Yryosaurd (dim)
KyHuaarura tedraup.

|M|=|F -1]=1Hom;
dimM =dim|F-1|=MLT-L=1*M T

4.4. MOJIMA HYKTAHUHT MMITYJIbC MOMEHTH
BA YHUHI Y3rAPHII KOHYHH.
MMITYJIbC MOMEHTHHUHT CAKJIAHHULI KOHYHH

Maccacu m ra TeHr Gyiran MOAIMI HyKTa p Te3MUK OGuan
XapakaTinaHaéTraHza P MMMyJbCra sra 6ynanu. Maskyp Mo00ul
Hykma umnyascu P runz uxmuépui ky3raimac 0 nyxmaead
Hucbaman umnynsc mMomenmu 0e6, F paduyc P uMnyaec
6eKmopaapunune Kynaimmacuza mene 6ynear Quauk kammanurka
aidmunadu (4.9-pacm), ABHU:

4.9-pacm
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L=[r.P] =7 (mo1)}= m[7.5] (4.20)

KMnynec MOMEHTU BEKTODM L HuHr ByHanumun rnapMa
KOMIACH acoCMpa aHWKJAaHauu: 7 paouyc P umnyasc
8eKmopaapy émean MeKUCAUKKA *hepneHOUKYAAD pasuuioa 0
HyKMa2a scolinaumupunzan napma 0acmacuiune aunanma uyna-
Ay umnyabe P HuMe UyHaauwu 6uaan mMoc myuteanoa YHUHE
UreapuaarmMa xapakam GyHasumr UMRYAbC MoMeHmu L Hune
Wraauwuny Kypcamadu (4.9-pacm).

(4.20) naH ¥MNyAbC MOMEHTH [, HUHI MOAY/IW K¥iiuaarura
TeHr 6Ynanu:

~£1=HF,F‘]‘ =rPsmo =[P = Imy. (4.21)

UMRynsc MOMENTH [, HUHT YIY0B GUPAVIY Ba YIUaMIIUTK
KYMMarura TeHr:

\L\ = \lmvl =m-K2M = ke ’”% :

>

dim L =dim|lmo|\ = LMLT ™ = I2MT";

SHIY MO HYKTA MMIY/AbC MOMEHTUHUHL Y3rapMill

KOHYHUHUHT MeTeMaTuK udonacuHM Tonmuiu yuyyH (4.20)
4onanat rakT GYitMua Xocwia ONaMINK:

- dlrp)le 7] + 7 22} 422)

Byina % =7 Ba %_‘% = F 6ynranu YuyH (4.22)H1 OyHIal KYypu-
HUIIA E3U10 MYMKUH:

4L - [5.2)+[7.F] (4.23)
By ndoganunr YHr ToMoHUzaru OUpUHYM Xan b ia] napasien

BEKTODJIApPHMHT BEKTOP KynanuTMacK cudaTuia HoOIra TEHrAUp.
Mynunr yuyn (4.23 a) ndona

A _[7F| =m (4.24)
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KYpUHHITa Kenany. ByHnax
dL = Mdt. (4.242)
By 1idona Moaauii HyKTa UMIYIC MOMEHTUHHHY Y3rapui
KOHYHHHUHT MateMaTHK Hoogacy 6¥nub, GyHpait Tabnpud-
JaHANN: MOOOUL HYKma UMnYAbCURUHZ Bupop HyKmaza Hucoamay
MOMeHmuHuKe P3zapuuiu uty Moooul HyKmaza mascup Kunys4u
Ky4HUK2 0 HYKma2a HucOaman MOMERMUHUNE uMnyAbCUu2a meHe.
Arap (4.24a) na M =0 6ynca, MMAYIEC MOMEHTH CaKJIa-
HHIWI KOHYHMHHHT MaTeMaTvK Mdoaach Keaub ynKamu:
dL =0; L =[F,P] =[7,md]=const. (4.25)
by KoHyHHM Xyiiunaruuya Tanpunaml MyMKHH: uxmuépud
Hyxma ampoguoa alinanma xapakam xuaaémear Modoul Hyxmaza

maugy Ky4 MOMEeHmU mascup 3mmaca, y Y3uHunz umnyabc
MOMEHMUHU MuKOOp 8a UPRasUIL HeuxamoaH J3zapmac caKaaiou.

4.5. MOJAAMIA HYKTAJIAP CHCTEMACHHMHI HMITYJIBC
MOMEHTH BA YHUHI CAKJNTAHHMII! KOHYHH

®apa3 KHIaMIUK, n Ta MOZAWIA HYKTafaH TAlIKWI TONTaH
CHCTEMa 0 HykTa atpoduia aynaHMa XapakaT KWnacTraH
GyncuH. 2.7-TeMana Kapab YHKUATAHUAEK, HYKTajlapra TabCHPp
STYBYM KyWIaPHM MKW Ba TAWKK Ky4lapra axpaTamus. y
BaKTAa /—MOMAWI HYKTara TabCUp 3TYBYM TAalUKH Ba HYKH
KYYHHHT MOMEHTJIapMHM Moc pasuiia M, sa M, "™ ounaH
uonanaitmus. Y Baxraa (4.21) TeHrIaMaHH, HYKM KyWIapHH
Hasapra oiraH xoaga

dL' =M+ M"™, (i=123,..,n).

KYpunuga €3uin MymkuH: By ndoaa 6up-orupunan §/ MHAEKC
6unan dapx KunyBYM 2 Ta TEHIIAMa TYNaaMuaaH u6opaT

09116, ynap 6up-6upHra Kywmunca,
N N e
@ EL =2M,+ XM, (4.26)

Oynaan. By TeHriaMaHKHT yan TOMOHMAArY AMFUHAN ndoaa:

i=3L =3[2]=3[F.0n7 ) (427

1=l i=l i=l "
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MORAMI HYKTANAP CHCTCMACHHHHT DHPOP @ HYKTAvQ nitchaat
IMTYABC MOMEHTHAMP. .

(4.26) hopMyNAHMHT ¥HF TOMOHIIAIT IKKHINW T HIUIN
ik (KapaMa-Kapiui) Ky4aap MOMCHTIRPHEMHE Wit

H o IR
ciiaH ubopat OYAraHH YYYVH HOIrQ TCHL: E‘\!r 0.
=l
Y xonna, TeHrnaMaHK

n

Y M, = M. (4.28)

L5
KYPMHUIAE E3M1 MyMKIHH: Arap MO HYKTIap cucreMa-
CHra TALIKM Ky4 MOMEHTH TAbCHp 3Taaca, seunn M = 0 Gynca,
yHIaH cucTeMara M30MSUMATAHTAH 6K ENHK CUCTEMA

meitnagy. Mlysnaii xuaud, Enpx cucrtema yayn (4.25)
TeHIMaMa KyHrpary KYpHHHUra Kelaau:

d

[

4

(=

T

1
-4

@=0exuL=%L=Y [7.2] =3 [7.(3,)]=const (4.29)
i=l

i=1 i=1
by dopmyna sommumit HVKTa71ap ClCcTeMacH y4yH UMITYJIbC
MOMEHTH CaiIaHMII KOHYHHUHHHT MaTeMaTHK udoxacu 6¥nuob,
bynnait Tasprdnanany: énux cucmestadasu moddull HyKmanap

WiHYABC MOMEHNLAApU 2e0MemMPUK (8eKnop) HuUFUHOUCU Xap OOUM
Jyseapaac Koaadu.

SHIM KHCMHUHF ¥KKa HICOaTaH MMIYJIbC MOMEHTUHHU
Kapab YHKaMu3.

Hunyaoe P Hune 7 PxKa nucbanmaun Momernmu 0e6, 0 kykmaza
Hucheman [ umnyasc MomeHmunune wy Vidazu mauixua
amyssucy [, ; ea aimuaadu (4.9-pacm):

L =|rPl. (4.30)

Kyy F HUHT Z VKKa HucbHaTtaH MOMeHTUHM udosanosuin

(4.17) dopmynanm uMKapuLIar MynoxasagapHu TaKpopaad
Kyuujarura ara 6yiamMu3s:

I-_: =[F._,f’]=[FL,(;i1??: ) =m[i~'l,7}l], .30

Byna F, —PaAWYC-BEKTOP F HMHI Z YKKa HCPICHAURYIND

TAUIKWI ITYBYMCH, P, 3ca P BeKTOPHMHI Z YK Bil m MO
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HYKT2 ODKafM YTYBYM TEKUCAHMKKA MEPMNEHAMKYJISP TALIKWI
3TYBYMCH, v, —MORIMIA HYKTAHMHT YU3HKIM XAPaKaT TE3NUTH.

K¥sranmac 7 yKKa HucbaTaH UMMyasC MOMEHTH L_HMHT

BaKTra kapab ysrapumimHu anuxnam yayH (4.30) mdonanu
BakT Oyitnya nudepenunannad, KyWHAaTMHH OJaMU3:

dL, _ i d}—,] o e
& [ P] [d,: }“[47 =[vu‘1]+[ﬁfil,~
By udonana 6upunun xymunysyucu [;1}3:] =0, YYHKHU y Oup
XHN HYHairaH MKKUM BEKTOPHMHI BEeKTOp KymaiTMacHuiaH

nbopar, ZKa‘r‘rannK Hbi0TOHHMHI MKKHHYM KOHYHMIa

6uHOaH %}E XHCMIa TALCHp 3TyBYM F Kydra TeHr 6ynub,

[’1 }7“] 5ca Kyd MomesTH M ra TeHr. LllyHpai Kpun6, 10KopHa-

rv uboaa Kyiiuzaru KYpUHMLITA Kelanu:
dL. [- = ~
L _[r.] it 2

BHIM 1 Ta MORZMIA HYKTANApAaH TALIKUI TONIraH CUCTEMA
Gepuiran 6yncuH, y BakTaa GyHAaM cucTeMa yuyyH €3WJIraH
MOMEHT TeHrnaMack (4.28) HUHT yan Ba YHT TOMOHJapuiaaru
BEKTOPNADHUHT Z VKM OYifnya Taukun STYBYHIApMHU 0116,

Kyiunarg MyHocabaTHM €3aMu3:
dL. & - =
=M, =M. (4.33)

IyHu xaitn aTHI KepaKKW, MOAAMIA HyKTanapra TabCUp
KUNYBYW TalIKU Ky4IapHMHT o Gowml Hykrara HMcbHaTaH

HATHXaBUif MOMEHTH HOJMAAH (PapKIN (M # O) 6Y116, yHUHT
6Mpop 7 YKmaryu TAKUA 3TYBYMCH /t7[__ Honra TeHr 6yaub
Konuum Mymkus. Y Baktaa (4.33) udonara 6uHoaH, MMITYILC
MOMEHTHHUHT Z YK OYiirya HYHAIraH TallKMI 3TYBUUCH l—,__
y3rapmac ({: = c()ns[) KONaH.
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4.6. KATTMK AKUCM AMJAHMA XAPAKAT JUHAMUKACUHUHI
ACOCHI1 TEHTJIAMACH

VxKa HucHaTaH MOMEHTIAp TeHIaManapy (4;30) Ba (4.32)
HH aiilaHMa XxapakaTra Kyiaimus. dapa3s KU1aninK, KATTHUK

XueMm z alinanma YK atpoduga @ Oypyarkin TE3JMK ouiiaH
allaHMa xapakar Kuja-

€rran 6yncuy (4.10-pacm).
Hly xaTTux XuCMHUHT
alilaiMa XxapakaTUHMU
(QUKpaH n Ta 3MEeMEHTap
Oynaknapman wubopar
MOANMI HyKTanapra ax-
patub xapa® uyuxammns
(4.10-pacm). KaTTug
KUCMHHUHT Am; Maccaiun
3NeMeHTap OGynaxkuacu

Z aimaHW YKupad 7

Macodrana GyncuH. ® Gyp- ‘*———"é
HaKJIM Te3NnuK OmsaH afi- A D=na e
JdHACTraH KATTUK, XKUCM- il

HUHT Am; Maccany 6§-

JNAKYAaCUHUHT Fi YU3UKJIU TE3JIUTU Ba P‘,' UMITYJbLCHHU

v; = wr; Ba P = Amy; = Amriw.
KYPUHMINAA E3aMK3. Y BAKTAA XKMCMHIHT i—3neMeHTap OynaKk-
yacy Pi UMNYNbCUHMHT YKKA HUCOATAH UMITYJLC MOMEHTH.

L =Pr=0mper,= Am,r,2 . (4.34)

By udonanu 6apua aneMeHTap 6ynakyanap 6yinya Kyu.n‘iGé
® YMyMUIW KYynaATyBUYMHM HHUFUHIM OCTUIAH yyKapH

1ofopusca, KATTUK XMCMHHUHT Z YKKa HuUcbaTaH UMITYJIBC
MOMEHTH XOCcwn Oynanu:

L

2 2 2 2 +

L =Ampo+Am,n e+ +tAmr o =0y, Amr . (4.35)
1=l a

By epia AUFMHAM KATTMK XHCMHMHr Gapya 3nemeHTa[{

6ynaxuanap 6yinua onuHraH Oypyakin Te3AHK KATTHK

KUCMHMHT Gapya GYaKk4anapu y4yH Oup Xui GynraHy YUyH
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HHFMHAM MILOPACHAAH TAlKAPUTa YMKapwiraH. By iAurnmmpan

OCTHAATH Aml.r;.z ndona maskyp Am; anemeHTap 6ynaxya yuyH

yqrapbiac KarTanuk OYnu6, yHra aneMeHTap GynakyaHMHI Z
alinanu ykura HUcGaTaH KHEPLU U MOMEHTH JAeiHUIub,
L, Xxapou 6unan Genrunanam:

IazAm‘_riz . i (436)
Wlynnai kuanb, anemenmap 6ynaxuanune Z adnanuwt yKuea

HucOaman unepyus momesmu I, 0e6, ynunz maccacu Am, Huse

aunarum paouycy r, keadpamu Kynaimmacuza menz 6ynzan guzuk
kammanuxxa aimunaou.

KaTTHK XUCMHUHT Z JKKa HUCGATaH HHEPLWSt MOMEHTH [,
3Ca, yHaary H6apua aneMeHTap Oy1akyanapy HHEpLUUs MOMEHT-
JIAPUHVHT anredpank KMFUHAMCUIA TEHT:

L,=31, =3 my. @37
i=l =l -

KaTTHK, XHCMHHHT Z JKKa HMCOATaH MHEpLUHMs MOMEHTH
(4.37) xucobra onuHca, (4.35) Kyiinnary KypyMHMIUra Keaaau:

L =1o0éu L, =10 (4.38)
UlyHnait kunu6, xkammux xcucmrunz Z atiranuut yxuza Hucbaman
UMRYAbC MOMeHmU 1:1 wy yxka rucbaman unepuus Momenmi 1,

HuHe Gypwax mezuk’ ® 2a Kynaimmacuea menzoup.
L, nunr (4.38) ndonacu (4.35) ra kyinunca,

dr, _d(ie)
Cr=tleM,. (4.39)

5)"’11&1114. Karrix kncMHMHT Z YKKa HUCOaTaH MHEPLIMS MOMEHTH

I Y3rapmac kartranuk 6YIraHuAaH, YHH Xocwia GearMcuMaaH
Talukapura YuKapyil MyMKHH:
g

‘(.- dt Mz

Ulyunait kunuG, xammux XcucMuunz . atirnanuwl yxuza

(4.39a)

hucoaman unepuus somenmu I, nurz .%i;*— =@ Oypuax mesnanuwnza
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Kpnatimmacu mawKu Ky4nune uly yKKa Hucbaman Hamuxcagui
ky4 Momenmu M , 24 mene:

Ip=M, (4.40)

By dopmyna kammuk wcucm aiiranma xapaxam una-
MukacuHuHne acocuii menenamacu éxu ma=F menana-
Mg@ea yxwaw 6yn12aHUOGH, 6aB3AH, KAMMUK HCUCM QUAaHMa

Xapakamu yuyn Hboromor uUKKUHHU KOHYHUHUH2 manme-
Mamuk ugodacu xam deiiunadu.

4.7. UMNIYJILC MOMEHTMHUHI CAKJAHUIL KOHYHH

IOKopunary KaTTuK XucM ajUlaHMa XapakaT AMHaMUKa-
CHHUHT acocuit TeHrnamacu (4.39)

di, d(I,®)

dt dt M,

fa MypoXaaT KMNManauK., ByHoa KATTUK, XUCMHHUHT aijJaHull
Yxura HucGatan umnyabec MOMeHTUHUHT Yarapumm d(f,®) ky4
MOMEHTH UMITyIbcH M df ra TeHr:

dL, =d(I )= M d1 (4.41)

Arap ailaHul YKUra 3ara 6YaraH XXMCMra TallKy Kywiap
OYTyHNal TabcMp KMIMaca, KU YJIADHMHT TEHP TabCHp
TYBYMCHHIMHY AlIaHKUIL YKUTA HUCHATaH Kyd MOMEHTH M ,=0
6ynca:

dl, = d{J )= M,dt = 0.

MareMaTukanatH MablyMKM, GUpOp KATTANUKHUHT y3ra-
pHY df , HONTa TeHr 6yrica, y KaTTanuk I ., ¥arapMac xonaiau.
yHnait kunuo,

I:Z = [, = const— (4.42)

By udona uMnynbLec MOMEHTM CakNaHUI KOHVHWHIHT
Matematux udopacu 6YnuG, Oynaai rabpudnaHann: aiLiaqud
YKuea sea 6yf2an KAMMUK JcUCM2a Kywadp imascup smmaca ext
yaAapruH2 aiaanuw ykuza Hucbamau Ky4 MOMeHMAAPUHUHS
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Lurunouc Honza mewz OPACA, KQIMMUK JHCUCMIURE GUAGHUN
YKuza Hucbaman umnyabc Momenmu mMukoop ea HyHaAuu
wuxamaar yaeapmac Koaaou.

WMnynse MOMEHTHHIHT CaK/IaHMLL KOHYHMHM H(OAATOBYN
0ab3y MHCOANAPHH KENTHPAMK3.

JUCMHUKT Z YKKA HUCOATAH MHEPLIMA MOMEHTH Y3rapMac
Koiranaa, /, = const, Maskyp xucwm yarapmac Gypdax Te3nuK

@= const) OMnaH XapakatiaHamnu.

KHCMHHHT MHEpLUS MOMEHTH I, HUHT y3rapyi YHUHT
Ovpuak Te3NUrK @ HMHT Yarapuura caba6 oynanu. Xycycat,
XHCMHHMHT HHepUMs MOMEHTH [ opTca, bypyak Te3nuru o 3ca
KaMasmy Ba aKCHMHYa. DyHra 1apuMKOMOALUMITHMKAA 3PKUH
aiimaHa onmaguraH kypcd (2KyKoBCKM¥ cKaMbsicm)la TVpraH
raHTeNnp ylUlaraH ogaM KyTOYHHM €3raHfa CEeKMHPOK alilaHa
Ooltnaiian, Ky/apuHy KYKparura 60craHaa 3ca Te3pok, aniaHa
Downaitmi (4.11-pacM), YyHKH ofaM KYJUTapUMHM ituFca, YHHHE
HHEepHUA MOMEHTH Kamasiau, aviu /,,< [ . Hatnxana 6ypyak
Teannru opragu (w, > w,). ¥ BakTaa (4.42) ra acocaH,

I o =71 = const. (4.42 a)

0}
z1 1 72 k2




MyHocaBaTHY €3ui MyMKuH. SHa OuUp MUCOA KENTUPaMM3:
KOHBKMUA y4yBYM Y3 TaHuWra Te3naHul Gepuil yuyH 6oUUIaHFUY
TYPTKY MAfTHAA KY)1 Ba OEKIAPUHYW TallKapura y3aTaiu, CYHrpa
TYFMNAHKO, KY/apUHY TaHACUTA ETTMILTUPHMIL Ba OEKAapHHM
OupramiTvpuin GrnaH BepTuKan YKka HUC6aTaH MHEPLUA

MOMEHTHHY KEeCKWH KamMaWTUpUINM HaATHXKacKIa XYAOu
AIUAGMPOK»ACK altiaHa Goumnanau.

48. KATTUK XKUCMHUHI VHEPLMSA MOMEHTIIAPH.
IOMTEHC — IUTEVMHEP TEOPEMACHU

KHCMHUHT MHEPLMS MOMEHTUHE XMCOONAIU YuyH YHU KYOa
KHYMK dm Maccany yexcus Ky Gynakuyanapra axpatud Kapad
YMKaMM3. ¥ BakTHa KATTHK XHCMHMHI Z ailaHMULI YKUTra

Hucbatan uHepuMs MoMeHTHHY udonanosuu (4.37) bopmyna
HHTErpan KYpuHMILra Keaaau:

"

= 333“2;}2&;1 ={r2dm. (4.43)

vKaTng XUCMHHUHI WMHEpUMUS MOMEHTW YHUHI XaXMWU
B¥iinua MaccanuHT TakcHMMIIAHMIOKTA OOFAUK OYNraHu yuyH,

dm Maccak¥ MOILAHWHT OHWI 3UWIMCKM P OpKaNM udoma-
nauMua: dm = pdv.

by snemeHrtap macca dm uHuHr udosacuuu (4.43)ra
KYHUICA, CHMMETPHUK TeOMETPUK 1HAKIIra Sra OVJIraH KaTTUK,
KUCMIADHUHT MapKa3uii aliaHul VKU Z Ta HUCHaTaH UHepLIMS
MOMEHTH I) HY OCOHTMHa Xucofnalura UMKoH GepagvraH

1, = [pr2dv (4.44)

dopMyna xenu6 uyukKamu: OyHAa r—KaTTHK XMCMHHHT Z

MapKasuii alinaHum YKUAaH 31eMeHsTap Macca dm ravya 6yarasd
Macodacu.

KaTTig ucMHUHE MACCANAD MaPKA3UAAH YTMARANTCAH YKKA
Hucbaran maepuun Momeutu. Arap (4.44) dopmyna acocuna
Maccanap MapkasugaH YTyBuM z YKKa HucOataH uUHepuus
MoMeHTu [, Mamnym 6ynca, y xonama yHra napannen Gyaran
ucranraH z' Ykxa HucHaraH vHepuus MOMeHTH f HU TtofAreHC
—IlteiHep TeopeMacH acocuaa OCOHTMHA aHUKJAL

MyMKuH. By z Ba z' yxiap o Ba 0° HykTanapaas ¥tub, y3apo
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z! jz'
A
Z v
0 o' X,x!
4.12-pacum

Napannen 6yacuu (4.12-pacM). By ykaapHAHT KOODAMHAT
Gownapura HucOaraH dm sneMeHTAp MacCaHHUHI paauyc-

BEKTOpNIapK MOC paBKuIAa » Ba F’ 6yicuH. Y Xonaa yu3MaaaH
F'=F - a bynanu, 6y epaa @ — sektop 00° panuyc-BeKTOPHHU
Gunmpann. ¥ sakraa (F'f = (F—a)2 =r? —2(7 - @)+ a? BeKTOP

aMan1Hy Gaxapui MyMKuH: Y Xonaa z° ykka HucbaTaH KaTTHK
XHUCMHUHT WHEPLUA MOMEHTU

1=[r%dm=| [#~2(a.F)+ ] dm= [ Pdm+
+P[dm-2 (af m)
Gynanu. By uchomaHUHT YHT TOMOHMAArM GUPHHYM HHTErpa
KATTHK XMCMHYHT Maccanap mapkasu 0 naH z yxka rucbaraH
MHEDLIUS MOMEHTH f r2dm = I, Hu Gepagu. OXUpril MHTErPATHA
,[ rdm=mR, KypuHuuiga €3uit MyMKuH. Bynaa R —xucmnap

Maccanap mapka3sMHMHT paguyc-Bektopu. Llynnait xunu6,
KYHUnary ugoga Keauod yuxKamu:

I=1,+ma*-2mG R, ) (4.45)

Kartuk xucmuunr maccanap Mapkasu 0 Hykra ()’ 6uraH yctma-

YCT TyMraHauru yayn R =0 6Ynann Ba (4.43) dopmyna
OyHAal KypuHuIra Kenamy:

I=1I,+ma*, (4.46)
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By dopmyna Tioitrenc-irelitep (&

CHHMHT MaTeMaTuK Hdoxacu GYnd, Oyvivial

Kammuk HcUCMHUHE GUPOD TR HucOaw

JHUH2 MACCAABD MAPKA3UOTH YIVesii il T
UKepUus MoMeHniu OGLAAH M3~ KOPiTiin
menzdup, 6yHoa @ —ya.1ap opacudal:
KaTmug KucMHBHT KOOPAMHAT Gon 0 N
mﬁam HHEPNHA MOMEHTHHHHT \ 3ApO CQFIIHHIIR \\ TN

(ORI

YKXa HiCOaTaH MHEPLISA MOMSHTHHIL AV !

HAcGaTaH MHEpLMA MOMEHTH OpPXAn
MYMKUH, Xucsrune 0 Hyxmace sucd
06, HCUCMHY MOWIKILT KILIeSH 2120e
yaapdaw o kykmazaua 6312a% 7 Mo
AapuryKe duFuHOUCU2A QUIMIIGCi.

Macca yanyxkeus Taxenet
KYpHHMIITa KeTadn:

I,= _[rzdm . (4472)
ABBano commaTiK VuyH.
KOOpAMHATATADH X,}_.Z
Ba Maccac m OVirau
MOAAMI  HYKTAHUHHT
KOOpIHHAT OO B VK-
fapura HHcOaTaH MHep-
A MOMEHTI2pHHH ¥a-
Pab umxarm3 (4.13-pacy).
Momauit  HvkTanuHT
KOOpIIHHaT Douniraya g2
XY,Z Yxaapuraya 8ya-
TaH macodanap: r, r_, r.
T, HHHT KBagpaT.iapi
MOC paBwiLia:

2 2 1o
r, =y +zi

r
I

4.13-paca

acobaa

YN \apm ]

2+y2+7.2;

= x* + 7%,
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Kopauxar Gouin Ba ykaapira HuchGaTan MOMEHTAZPH ICA:

IL=m?=m(x*+y> + zz); (4.48)

2 2 .
Io=mr?=m(y? +2%); I,=mr’=m (x2+ 22);

I =m’=m (XZ +y2); (4.482)

Koopautar ykrapura Hucbaran nxepuys momentinap I, [, [,

HHU KVIUKG robopunca

Lo+ L+ 1, = m(y? + 22)+ m{e? + 22)+ mx® + y?) =

= 2m(x2 +y% 4 zz). (el

6ynann. Jlekun 6y ubogaHuHr YHr ToMoHH (4.46) ra 6uHOAH
2111(.\'2 +yr+27)=2 I, 6ynranu yuyH:

Io+I,+1,=21,. (4.50)

by myHocabar ¢akar 6uTTa MOaOMit HyKTa y4yyH 3Mac,
OaIKH MXTHEPHIT KATTHK XMCM YUYH XaM YPHHIMAUD, YYHKH
KATTUK XXMCMHM MOJINI HyKTanap TynnamMu 1e6 Kapalt MyMKHH.
[UyHunain kuaub, xammur scucmuHunz Gumma HyKmaa
Kecuuyssu y4ina y3apo RepHeHoOUKyAap YKAapea HUcOaman UHepUHs
MOMEHMAGPUALHZ GUFUHOUCYH MA3KYD KAmMUK JCUCMHUNE WY
HyKmaea HUCGaman uKKunanzawn UHeDYUA MOMeHmUea meHedup.

4.9. TEOMETPHK IHAKNIA BAL3U XHUCMJAPHHUHT HHEPL{MA
MOMEHTJAPHHH XHCOBJIAHI
Xap KaHmai KaTTHK XHCMHUMHT MapKasuit Yxura HucbataH
YHEPLMS MOMEHTUHHM J0KOpUIA YHKADUITraH

1= fprzdv. (4.51)

Gbopmyia acocnaa OCOHIMHa XUCoBIal MyMKHH. P —MapKas3Hid
yKaaH r macodanarst XKMCMHUHT 3HWINUTH, dv — XWUCMHHHT

INIEMEHTAP XaXMMU.
1. Wnridka Gnp KUHCHI CTEPIKEUHMIT MAPKa3Hii yxura

1nuc6aran nuepuus moventy (4.14-pacs). CTepKEHHMAT YKHAAH
r Macodana y3yHauTy dr, Xaxmu dv = sdr (6yHaa s—CTepxeH-
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Sl y RENAR
apnif onamna. CrepRen Sup it COM AN N
SN 6JNaHK YOYH YHHHT Mapradnd Y\ N o
YOMSHTHHN Xjico6am amatit (4.47) e AN
a6 kenam:
+h - s
I = _[przsdr =ps \ ridr :— Fi
- I 7 g :
2 =
ol LT (L‘_!:E.S_.‘Ez;1 o)
3“‘2 +:JJ 3 a4 1Py
H“XOﬂT, SMWIHK P HHHT CTPXSH NaxMu o = s/ ra xyoall

MACH YHMHF Maccacy m ra T2HT. SbHil 71 = 0 &7 OVIITAHI YUY HE

]

I= T%ml . (4.32)

CrepxeHHunr Gup yunman STrax 0’0’ ¥Kxa HucdaTtan
lHepums MomenTH 1 1y Trofirenc-1lITeitnap Teopenac (4.44)
It DOMKANAHME OCOHTIHA AHITKIALI My MKLH (4. 14-pacym). OO
B 0'0" Yknap opacunari macoda a =//2 ra TeHT OVaAraHu
YiyH (4.50) gan kyfumarHU TOMaMITs:

= P i i 2 .1 2 _ 1 2 (4.52a
I=I+ma —12mI -z ml 3ml " f )

By nepona (4.42) dopmyiaa acocua OCOHTMHA YU KaAPUJIAAN.
2. 10nxa 6Up KUHCIW ANCKHMHT MapKasuil Ykura HucGartan
HHepUYs MoMeHTH. Bup xuHeau (p = const) AMCKHUHE TeKUC-
THTHTa MEpNeHAUKYASIp Ba MapkKazuaad yTyeuu OO0 yrKa

o' o




4.]15-pacm

HucbaTaH MHepuMs MOMeHTH [ HM Tonmaitnuk (4.15-pacM).
BYHUHT yuyH quCKHU dF KATMHIMKIATH XUTKACMMOH KaT/1amra
691116 ynkaMu3. By KATIaMHUHL XaXMU dora dy = h2nrdr, TEHD
6¥nanu, 6yHma A—AMCKHUHT Kamutiurd. Y Bakraa (4.42) ra
acocan AMCKHKHT OO YKKA HUCHATAH HHEDLMS MOMEHTH /,
YUYH Kyiuaaru ncoaa Kendoé Yyuxau.

R o
=2n hp -
o

R R
1 =‘[_ r2h2n rdr =2n ho J'rer =2r hp —'41

DyHna auunuk P HUHE AMCK XaXMK = A R? ra KjnanTMacH

AVCKHUHT Maccacy i ra TeHT, AbHK M1 = pv = phR? 6ynranu
yuyH
I :%_ (4.53)

o

RucKHMHT Kuppacunan YtraH oo’ Ykka HucbaraH MHepLUs
MoMeHTH | Hu Toitredc-IlITeliHep Teopemacura 6MHOAH
OCOHTH#HA aHMKJIaW MyMKKH. 4.15-pacMaan kypunaguku, 00
Ba ('’ Yxnap opacuparu macotha @ = R 6§iurann yuyH(4.46)
ra acoCaH AMCKHUHT O’()’ YKKA HUCOATaH MHepUMS MOMEHTH

I=1 +ma®= % +mr? = %mr2 (4.53a)

Oynand: Ba HUX0AT, AMCKHMHI AMAMETPH BMIaH YCTMAa-yCT
TYillyB4YM X YKKa HUCOATAH MHEPLMS MOMEHTH [ Hu (4.48)
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4.16-pacm

$OpMy/Ta aCOCMAA OCOHTMHA aHMKAAll MYMKMH (4.16-pacm).
Ivckuunr 00 nyxranapnas yTyBum z Yixa HucbaTaH MHEpPLVS
MOMEHTH

2
I,=1,=28 rarenr
MKKHHYM TOMOHIAH, AMCKHUHT CUMMETPYSUIMTH ca6abnu [ =/,
bjaranm yuyn (4.50)ra acocan I, +71 +1, =21, ndonanun

A +1 =21, §xn 2], = I, xypunvna €3 MyMKuH. ByH-

Iai I nu aumxna6, I, HuHr mdonacu Ypuura xKynwica,

IMCKHUMHT ouaMeTpu ©Yina6 iyHanran X yKka HucbaTaH
MHEPLMA MOMEHTH:

3 536
(=2 =R (4.536)

42-xanpanna (4.44), (4.46) Ba (4.50) dopmynanap acocrna
YHKAPWITaH TEOMETPHK WAaKIUIM 0ab3nl KATTUK, XMCMIIADHWHE
HHEPUMSI MOMEHTIIApMHM XUcobnalu hopMmynanapy KeaTUpUiraH.
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4. 2-xadean

Tﬁg. KICMHIHT HOMK VKuuur Wuepupst
: B WAKAK - XoJlaTH MOMCHTH
1 |Monauit HykTa CumMMeTpHS [=mR?
yku 2
0
Oi
2 {[apau CHMMETPHA [=mR?
iE ¥Ku
o
3 [Wwnnp CuMMETpHS [ =m R2
0! Yku 0" 2
1
0 .
[uck _3 2
KuppacuaaH Je E’”R
0 yirad yK
X JuckHuHr
LHAMETPH = g
6yitnua I_\- =4 mR
AyHanran ¥K
4 |AHruyka cTepxeHs CummeTpus 1 2
0 }’KM I 0 - Z'J"J'IR
LLLL NI T
gi L
a
1 CrepxeHHUHr
all 6Hp yunaan I= %”IRZ
- yTran ¥
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4.2-wadean (dasomu)

Tﬁg. KHUCMHUHT HOMH Y’Kmmr Mucpiiva
J 82 LIAKNK XonaTu MOMEHTH
S [Mapannenenunes CHmMMeTpHa
{ w5 2 2
yKu I =—=m\u‘ +¢6 )
0 0 12 (
~ ! —
f >k [
e |~/ /
|
§ |lilap CrMMeTpHs 7 2 mR2
yRu =g mi
o S
7 Coepa CummMeTpus f 2
K1 I, =5mR-

4.10. KATTHK JKUCMHUHI AMJIAHMA XAPAKATHMAA TAIIKH
KYYHUHI BAXKAPTAH MW

Kartuk xucm kysranmac z Yk atpodupa annaHa€TraH
6yncun (4.17-pacm). Yuunr dm, maccain i anemeHTap 6ynak-

yacura F, Ky4 TabCMp KMJaéTraHna, df BakKT uuupa i—
aneMeHTap Gyiaakya ds; = r;de ™acodaHu JTCHH, OyHAA ri—
3NeMeHTap OYynaKuaduHT afialnll paguycH, do —3ca YHHUHT
BAKT MuMAA YTraH Gypuyak Mmacodacu. By macodana dm,
9JIEMEHTap MaccaHu Xyyupuuina 15‘, KYYHUHI GaxkapraH Hiil

dA, KyYHUHT 1«;, TaHTEeHLMA TAUIKUI 3TYBUMHUHT ds, Macogara
KYNIalTMacHra TEHT:
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4.14-pacm

dA; = Fyds; = Fyridg.
Bynna (Fyr;.) xartanuk F, KydHuHr Z yKKa Hucbaran Ky4

MOMEHTUHHHT MOAYAH ’M,,I ra TeHranp, deMak:

dA, = il]f{z,,d(p. (4.53)

AnemenTap Gypunvi 6ypuary do Hu akcHan BekTop d , TbHH
¥ 6¥inab #yHanran sextop ne6 xapain MyMKHH: 4§ = adt.
Arap M, Ba dp BekTop GMp xun iiyHanca, dA, MmycbaT
(dd, >0), xapama-kapwu iiynanranga aca dA, MaHHH
(dA;<0) 6ynaau. Ulynunr yuyH (4.53) popmynann M, Ba d@
BEKTOPAAPHHHT ¥3apo cKansp xynaiitMacy KYpuHUILKAA E3UIL
MYMKHH:

dA, = (i1, - dp). (4.53a)

Y Xonfa KUCMHUHT 6apya 3/IEMEHTAp Maccanapura KyHuiraH
Ky4IapHUHT 6axapraH snemeHtap uimm dA, aiipum Kyunap
6axxapra uuwnap dA, HuHT anre6pank HUFMHAMCHTA TEHTAND:
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dA= id”i =i ("":"zi*dﬁ’) E M'ﬂ Jd(p‘
1= i=1

i=l

>, " =5

Vir Tomongary Y, M, iMFMHAM KMcMra Kyitwirad bapua
i=l

TallIKH KYWIApDHUHT Z aiiaHul YKura HUcOaTaH HATHXABHAHU

M, kyd MomenTuHY Gepany. LLIyHUHT yUYH XaM:

dA:(MZ -d@). (4.54)
ATap KaTTUK XUCMHUHI ainaHuin YKy Kyaranmac 6ynca,

M,Ba d§ Bextopnap yctMa-yer Tywanu Ba (4.54) dopmyna
XMcobnawr yyyH Kynait KYpUHULITa Kelagu:

dA =M do =M odt. (4.55)

Yexnu Baxr opanuruna Gaxapwirad A uu, (4.55) nponaHu
MHTErpansian OpKanu ToNIanH:

!
A=[Mwadt. (4.56)

Arap xmcMra Tabcup KMJIYBUM Ky4TApHWHT HaTHXaBUH

MOMEHTHU ]\-lz MOMEHTH Y3rapmac (M . = const) KoAca, (4.56)
dbopmyna Kyugary KYpUHMUIUTA Kelaau:

A=M_[di=M_o. (4.57)

By udopa unrapunaHMa XapakaT BaKTUAAry y3rapMac Ky
(F E const) HIIHT GaxapraH uiny A = Fs udonacura yxmaiuaup.
Takxocnaumap MIyHU KYpcaTaiuKy, ainanMa XapakaTr y4yH
F xyu pazudacuuu M Ky4 MOMEHTH, UM3UKIU ds = ¢ drs

Macoda BasudacuHy 3ca d§ = ddr Bypuakin Macoda daxapap
9KaH.
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4.11. KATTMK XMCMHUHT AIITAHMA XAPAKAT KMHETHK
DHEPIHSCH

Ky3ranmac z yx atpodpuga aitnanMa XapaKaT KUIaeTraH
KaTTHK XHCMHUHT (4.17-pacmra K.) 6upop {—3]IeMEHTap
| Amy vy oy

MACCacy m, HUHT KUHETHK 3Heprmsicu: W, =——, Oy

Am  Ba z--MOC paBHLIfA i—3neMeHTap GYNaK4aCHHUHT
MaccacH Ba YH3HKIH Te3nury. YusuKIM Te3NUK ¥, HUHT y}mnra
Oypuak Te3nK o opkamM MdoanaHraH s, =7 KUAMaTH

2 2

Kyitinca, W, =4-Am, ;" nu xocun Ku1amu3. i
KaTTHK XHCMHHHY KY3FaTmac z YKKa HUCOATaH aum:;zm
X8PaKaT KHHETHK SHEPTUACH wry KUCMHUHT 6apya 3nemeTeH rp
Maccaap KUHETHK 3HEprUAnapy W, HUHT HAFMHIMCHT2 :

I n 02
%:E”ﬂa:%?'zﬂ’”r’f:%’ (4.58)
i=1 i=1
OyHIa [—KaTTMK KMCMHMHT afinamuw YKura HuMcGaTaH
HHEPUMST MOMEHTH. N X

Ulynnat kunnb, xysranmmac ¥x atpoduna anIaHacTran
KaTTHK XICM KMHETHK SHEPrUsICH KHCMHUHT aﬁnaﬂmu_‘ yKura
HUCOATaH UHEPLUS MOMEHTH L HuHr Gypyax TE3MNK Kynaur-
MACUHUHT SIDMUIA TEHT.

YMymuit xoma KaTTHK KMCMHHHT XapakaTHHM MKKMTa-
WHEPIHUA MapKa3y v TEIMMKIIW WITADHIAHMA XapakaTiaH Ba
MHEDLMA MapKa3uaay yTrau z yx arpoduga @ Gypyak Te3NMHK
GunaH ainamMa XapakaToad TamKmi TOTTAH ne6 Kapailn
MYMKMH. ByHnai xonaa KarTuk sKUCMHUHT T)"JIMI\T KUHETHK

s : [ w?
SHEPIUACH Wirapunanma (ﬂfi) Ba afIaHMa i,_"ﬁ_j KHHETHK

SHEPIUANAPHUHT HUFUHIUCHTA TeHT 6ynamu:

—m? Lo’ (4.59)

T

I/Vx = I/V;umz + n/;‘alln
Arap wirapmianma pa aiflaHMa XapakaT TeHrIaMalapura
HAa3ap TalllnaHca, ynap MareMaTuk HYKTal HaszapaaH Oup Xun
KYpHHMINTA 3ra 6Y1u6, aitiauma X2paKaT KWIaéTraH JXUCMHUHT
Maccacu asuacuHu wHepums MOMEHTH, UMITYJAbCUHHU-
HMITYIbC MOMEHTH, KYUHHU—KY4 MOMEHTH 6axapagy Ba IyHra
yxwau. 4.3-xanpanna WITaPUIIAHMA Ba aijlaHMa Xapakar/iapra
TErMUUTH aCOCUI KATTANTUK Ba TEHIJIaMalap TaKKOC/IaHTaH.
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of, Fewcatdeann

M Mnrapunanma xapakat AILIAHMa XapaKaT

I[Maccas .. .o v .. m o ctomd HHEPIGIL MOMCH T
ESER & o o S F M..... Ky MOMEHTH

3 Amnynee: ... ... ]-7 =0 l‘, =Jo .. Hmnyjn,c-|\|0MCH'I‘II

? Acoculi TeHTTaMaci F =ma M - ]B . . ACOCHIT TCHIUIAMACH

f:%é:i(;:_s) A drL _ d(fi)

dr dt
3| UnMmynibe Yarapuiu KoHyHM: MMnyabe MOMEHTH y3rapuil
dp = Fdt xouynu: dL = Mdt
6 ”M“YHBCHHHF CaRJIall KOHYHH NMIyABC MOMEHTH CaKIaIBtL
n n

z_" E 1 5 KOHYHH!

b = 2,miv; =const . .0 =

i= = Y. L=Y I;0; =const
1=} i=1

Baxapiiran nut: 4 = F - 5. ‘ A = Mo 6axapuaran ui.
8] Kunetnx sneprus:

W o—mp?
® 2

KHMHETHK DHEeprus

Ba HuxoaT wiyHu TankutAl Kepakku, KY3raimac zZ YK
ampogudaeu aiinanma xaparxamuu mascugpnoguu 6apua Gypuax

éexmop kammanuxaap: do, @, B, M,, L, xap doum YK 6yinab
Upnanean 6ynu6, yaapHune dynasuuiu 10kopuda 6aéH KUAUHZAH
napma koudacu acocuda anuxnanadu (4.1-4.3-pacmaapea K.).

4.11* SPKUH VKIAP. BOIL VIHEPIIVSI VKIAPU

AfinaHMa xapakaT OMHAMUKACMHUHI ACOCMIA TeHrnaMacH
KATIMK XHMCMIA MaBXYA OynaraH xap KaHAait YK arpoduuaru
AWIAHWIN YuyH YpuHnuavp. Bolukaya xunnb anTraHaa, alaaHMa
XapaKaT IMHAMUKACKHHUHT aCOCUN KOHYHM acoChja aiinaHmil
YKIADUHMHT Xalicu Oupu ad3aUruHM aHukaab 6yiamMaiinm.
Bupok atimanysuyt XXUCMHMHT aliaHni YKU TassHunapura 6yi-
MAH TaLCUPMHMHT TaBcudura xapad Gapuya alinanul yxkaapu
¥3ap0 TEHT Ky4/ik SMaCAUTHATA ULLIOHY XOCHMA KUJIMII MYMKHII.
ByHza mkxy xon 6YIMuUIM MyMKUH: 3JUIMIICOMA IUAKIIIJIANH
XUCMHMHT ailaHuiu YKU Maccanap Mapkasu O gan yrirad Xoua
CUMMETpUA Yxuna éTMmaca (4.18a-pacM) O ainaHagTraH Xicatr
0, Ba O, TagHUYNAPHUHT €H TOMOHMIa HyHaran XydT Kywip
TabCUP ITAfV. Arap XHMCMHUHE allaHum YKM CHMMETPis
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4.18-pacwm

yKkuaan yrca (4.186-pacM), SAAMNCOMAHMHT OUp TOMOHMIA
TaLCUP KUAYBYM MApKa3faH KOYMa MHEpLMS Kywiap HKKMHYA
TOMOHT2 TabCHP ITYBYM MapKa3faH KoYMa MHepLUs KydJIapH
Bunan Y3apo Mypo3aHaTIaWwamy. By xo/1aa JXHCMHHUHT ai1aHMIL
YKnapu 0, Ba 0, TasiHuNapura Ky TabCUp KUAMaNaH.

Hemvak, aMnaHul YKM Maccaiap MapKa3uaaH ¥Tub,
WHEPUMSA Ky4JapMHUHF YKKa HUCGATaH HaThXapHii MOMEHTH
HOJITa TEHT 6Y/ica, allIaHAETFaH XMCMHUHT YKKA TabCUPH XaM
HOJIra TeHr 6ynany.

AiinanMa Xapakatia XHCM ainaHuul YKIapuHUHI TasHY-
Jlapira Xey KaHaai TacHp KypcaTtMaca, yHiai yknapra 9pKHH
V¥Kiap €ku 3pKUH alinaHWLL YKaapy geiunanu.

. Arap XucM Tyna CMUMMETpus Ykura ara 6¥ica, 6y CUMMET-
pus Yku 3pkun VK Xam 6yna onagu.
_ Xap xaHjail XMcMAa, YHMHT MHEDUMsS MapKasn OpKanu
YTyBYM y4Ta nepleHAUKYASp AYHANIraH SpKUH Yiiap MaBXYA-
Anp. XuCMHUHT MHEpLMS MapKasu OpKaiu yTyBUM SPKHH
yKkiapura 6o MHEpUUS YKIapu 1e6 aranagu. MacaiaH:
6up xuncnn (p = const) mapamienenunes yuyn (4.19-pac K.)
Kapama-Kapiuu €TraH €KIapHHK Kecub YTyBun 0,0, 0, O, Ba
0,0, 3pkun yxnap 601 MHepIWs YKAapy Gynany.

)F/MyMHﬁ XO0NAa XUCMHUHT Goul unepuus yKnapura
HUCOATaH MHEPLIMS MOMEHTIADH TYpiikua, sivum [, # 1, # I3
6ynagu. Bynra Mucon kunu6 4.19-pacmpa TacBUpJAHTaH
TapanenenumesHy KYpeaTui MyMkuH. CummeTpus YKira 314
Oynran xucm (4.20- pacM) yuyH MKkura HHEPLIMSI MOMEHTH
OMp Xun KaTTaayKKa 3ra, yYMHYHCH 3ca dapk Kunanm, SbHU
I, # [, # [;. Ba HUXOAT, MapKa3suii CUMMETDUSANIN XKHUCM
(Macanan, iuap) ydyH y4ana 60U uHepuus Jxnapura nucbaraH
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4.19-pacwu
HHEPIIMA MOMEHT 1P ¥3apo Oup Xati.
_mhn [ =1, =1, 6¥nanu.

KUCMHUHT alfTaHHil TYPEVELTIT
fowr unepia YKAGDHHUHT Kaficu
BMDK TYPEYH atinaniny YK OVIHIIMTS
foenukaup.

Hazapus Ba TaxpubatapHiHT K3D-
CaTUIMYA XMCMHMHI 3HI KaTTa B2
3HF KHYMK UHEPLIHS MOMEHTIII VKIap
aTpodiiaa aimaHKI TYPEVH OVaus.
Yprava MHepLHs MOMEHT VK aTpodiiia
AWIAHMIIY 3Ca TYPFYHMAC B371ap IKAH.
Macanan, arap TadkyaHn KIHUKT 84D
yuura 6ornal, yHY MapKasizas Kouuia
MalliHa €pAamiiaa Kyaa Te3 ai1asTii-
punca (4.21-a pacsm), Tadkya ¥3ura

‘ ‘ e

./C-,\_ﬂ
- // i
N | P

ﬁ_./l
% k)

2

§s
[

KYHAANAHT TUK WVHATIraH B2 VHY KOK VPTACHIaH yTraH YK
aTpoQuia TOPM3OHTAT TEKHCIMK Gyiit1ad aitdana Soluaainjin.
By aitnanumm Yxura HachaTaH TAEKYaHMHT MHEPLIUA MOMEHTY

MaKcuMan Oyriami.

OFup rapauit €KY AKCK XaM XyAau Yiua TaZyHa xabu sopn
30HTa TEKMCINKIR aiianMz XaparaT vuidanau (4.21-6 pacm)

TYDFYH ajUIaHVIL YKU XAKMIArH TYLWIYHYA TEXHUya/ia aria
aMamuit axaMuaTra sra. KyuoiagaH, Typri/si yr arpodhuin
AMIaHABTIaH MALUMHA VMCMIARUHY AZINVIa60 Mynosaiiiind

OIWIL 32pYDP, aKC Xo:11a yrra i

sral BOCAM vydu, aliiinren

KaTTa TE3NUKIapAa 3apapiy HaTUAaapra, 221750 4arumn (R RS RN
EMUpUAMILINTAY2 OIND KEIALUM MYMYH
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4.21-pacm

4.12. THPOCKOILIAP BA YAAPHUHTI KYJLJAHUIHUA

Tupockon ded, Yaunune mypryH Gow unepyus yiu ampoguoa
kamma 6ypuax meznuk 6usan alNarYsHU CUMMEMPUK, MACCUE
Kammux wcucMea aiimunaony. =

Hmnynue Momenn caknanum konynn L = Id = const 12
BMHOaH rupockon ¥3 YKuHUHT HyHanumuHy ¢daszona yarap-
THPMall CaKauira MHTMNAMM Ba YHMHT MHepLMs MOMEHTH [
Ounan ainanmu Gypyak Teanury @ KaHya Karra 6yica, y
WYHYA TYPEYHPOK 6Ynanu, SbHu ajinaHuil YKUHUHT Y3rapH-
uira wysda Karrapok KapUIMINK KypcaTaiu.

bapuara masnym 6yaran Gosanap yiHHYOFH—TUIAMPOK SHL
onna rupockonra Mucon 6¥aanu. Ajiaduim yxu atpoduia
T€3 AWIaHTUPHITaH NIMNANPOK ¥3 YKMHUHT YTKUp yunzaa TypraH
XO/Ia TypryH afinananu. Munaupoxuu KapTOH Bapak, yCTHA2
aHAAHTUPHE 1060pK6, YHU IoKopura oTHb 6opuiraHaa
MAIANPOK (ha3ofa aimanum YKMHUHT HYHANMIIHY caK1ailau
B2 YuU Ounan xapronra Tymagy,

'mpockon YKMHM (azona MXTHEPHIT HYHamMuIIa OpHEeHTa-
UMSRAUI YYVH  yy fikay TMpOCcKONn—KkapaaH ocManaH ¢oina-
JaHunanu (4.22-pacwm). Bynpnaji THPOCKOII 6Mp BAKTHHHT Y3444
Y3200 NEPrEHRUKYNAD Xoiinatran yuTa yKnap atpocuia 3pkKuH
ainana onany. Kapnan ocmacy (4.22- pacmra K.) uxxu xaiu-
Kanan ubopar 6y1u6, uwukn Xainka BB'yuynap opkanu yTyBum
«TODH3OHTAN» YK atpo¢mna, Tawmku xanka sca BB’ yKKa
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NEPNEHANKYNSIP MyHanrax
DD" yunap opxanu VTyBYM
“BEPTUKAN» YK atrpoduma
SPKHH aitnana onaamn. Fupo-
CKOMHUHT AA afinaumin Yku
KapAaH OCMaHUHT HYKK Xan-
KdCura TtasHagu, Gy YHMHr
dasona ucranran WyHanuuga
SPKVH Oypuia onuin UMKo-
HAHU TabMUHManan. Tupo-
CKONHUHT A4, BB’ Ba DD’
YRIapu Kecuimin HYKTacH
TUDOCKONHUHT  MHepuus
Mapkasu O nyxrara Moc Ty- 422-pac
many.

ByHnain rupockon €paa-

MMAA Kylugaru KOHYHUSITIAD aHUKJIaHraH:

1. Aiinanaérray THUPOCKOTTHUHI OCMAacH MXTHEPHIT TOMCHTZ
Oypunranna xam YHUHT AA' yku dasona y3 HyHa1HLu=:H
Caknamau.

2. Tupockon AA’yxn atpoduna ajinanaétran BaKria Mated
AUIKacura Tabeup kunumxea, rupocxon BB’a DD'yK atpodiiaz
ainaxa Oowmnainu. 3 ,

3. Tupockon A4 'YK aTpoduna karTa Gypyak TEITHK GHIEH
AMNanatTratma, uukn Sxu TallKKU Xa1Kara KHCKa BakT i4iiIiz
KATIa Ky4 TabCUp ITUATAHMR XATKANAPra 6ynanuraH HMIYasS
MOMEHTVHUHT Tabeupy Kyy momenTu Mdr Hu Xyaa KHYHK
MUKAODPra Y3raprupanu. Hlyuwumr YYYH XaM THPOCKOTHIfHI

=1 umnymsc momertu nesipny yarapmaiiny. Harmoxaia
AANAHAETraH rMpOCKON ainanmut Yy AA’ dasoma V3 fivHa-
JIMUIMHY caktaiiny. ~

4. AitnaHaéTral rupoCKONHUHT AA'Yxu Gotunna AyHaTHILHN
KUXATNAH MMIYALC MOMEHTUTA MOC KeJaanl Ba KEHHH XaMm ¥
Bunan moc Kenaad xampga ¢aszofa OOMMMA HYHaIHLIHHH
Caknauan.

Tupockomumur JOKOpHAa TabpUdraraH aniaHMa KOHYHH-
ATNApY TEXHMKANA KATTa aManuit KYIIaHMra ara. Cljapﬂll Bi
YK XYZIM TUPOCKON CHHTApH XapakaT HyHANAILIMHY y36r?‘3“‘§6
CAKNAMM yuyH, ynap CTBOA MYMAard BMHT YW3HMFM OYHI
aiinaHma Xapakatra KeJITUpuIaiH, .

PaKeT:ngp xapaKamuE BoluKapHILLIA XaM PAKETa KOpMYCH
W4UTa r’MPOCKOMIAP XOUNAIUTHPUIALH.
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4.13. TMPOCKOMUK DPOEKT BA THPOCKONHK KY'JIAP

THPOCKOMHMHT aliTaHIHIU YKMHUHT (ha30ard #yHATHIIHHA
Y3rapTHpHUI Y4YH HMIYALC MOMEHTHHHHI y3rapuiy KOHYHU
AL = MAtta Moc paBMlLa YHId TalK{ Kywjgap MOMEHTH
GunaH Tabcup KHAKL Kepak. XKymnanau, 4.23- pacMaa TacBUp-
NaHraH 3MT COMIA THPOCKOMHUHT AA"YKura THK BB'yx atpo-
duna GypunmMw yuyk YKKa Kyiinaran F Ba F' “RydT Kyd4rap-
HUHT MOMEHTH A OMJIaH TaLCUpP KHIMHCA, THDOCKONHURAE L
UMNynbc MoMeHTH M Gunan Oup TOMOHTa fiyHaRraH
AL = MAt oprtipMa onamy. THpOCKOMHMHT HMITYJIC MOMEHTH
At BaKuUIaK KeituH [ = [ + AL raTenr 6ynany (4.23-pacMra k).
L, BEKTOPHUHT HYHATULIMA THPOCKOI aiIaHMIL YKUHUHT STHIU
MYHANHILIM OUNAaH YCTMa YCT-TYLUAIH. :

Tupockon yxu AA' Hune acym Kyuaap Mosmermu mascupuda
(4.24- pacMra K.) BB’ Pxu ampoguda aiaaruu ypHuea DD’ yxxa
MoMon Gypu xoducacuza 2upocKonuk dddekm oetuaaou.

Arap rMpoCKOIl ¥KMra TahCHp KHIyBYH Xyt KywiapHUHD
MOMEHTH M 30K BAKT JABOM 3Tca, TMPOCKON YKM TalllK
KyWiap TAbCMpHAA comup GYaraH aiinmaumw yxu BB’ ounad,
SbHU L, BEKTOPDHMHT HYHAIMILIN M BexTOp HYHAIMLIM OuaH
YCTMa-YCT TYLUMIITA MHTWIAAA BA HUXOAT yCTMA-YCT TyLUAH.

423-pacu
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THPOCKOTIHMHT YKMHM GypUIL BAKTHAA THPOCKOMHMK d(berT
cababnu ritpockorn YKu ypHalraH TasiHujapra TabCUp 3TyBUH
«TMPOCKONMK Ky4siap» [e0 aranysyyd Kyujaap rosara Kejajid.
Macanan, rupocxonnuur A4 yxu BB'yK arpobuaa MaxoypaH
Oypunranna (4.24-pacm) A4’ yx DD’ Yk atpoduna Sypuinira
HHTHIMLIY cababiu THPOCKOTNHMHT AA afnanuiu YK TasiHY -
Japra F Ba F 'kyuiap 6unan Tabcup KuIalu. AitlaHa€rraH
THPOCKOmHM Gupop YK atpoduaa MaxbypaH aiiaHTUpHILIA
THDOCKON ailaHMI YKUHUHT TasiHYnapra TabCUp KHIMaH
KYWIapura rTHpOCKON MK Kyusap Aeitunanu. (4.24-pacs K.).

Tupockonuk xyunapHu YKkKa YpHATUITAH BENOCKIIEA FiLi-
AMPArMHUHI aWNaHUIU MUCONMOA SKKOJ Ce3Wll MYMKHH.
)lSyMJxaz.x.aH, ropusoHTan YK aTpodmaa karra Te3iukK Ouian
aMIaHACTraH FUIAMPAKHW IOKOpUra OypraHiaa, yHMHI €H
TOMOHI2 MHTHIIMIUY Ba KYJAra Kyuylnnd 3YpUKULE OepuILMHM
MafKalt MyMKUH.

Tupockonuk adidext dnoTna sa apwauusaa KeHr K¥lia-
HWIANMTaH TMPOCKONKK KoMNac (rupokoMnac) ned aTalyByH

424-pacwm
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KYPUAMAra acoc KHAub onMHraH. I’upoxogmac 133 ::;:;l::uﬂ: ::::
TMMpOKAaH uGopar (MunyTura 25000 Map el ‘0 e
TOK MOTOPM) GY/u0, YHHHT aiaaHMil YKH Xap K; anu )é e
EpHUHT VYKura napamien >XOMmaliHiira WHTHI all”.G = D e
alinaHuM THpoKoMnacra y3nyKcH3 Tabcunvp'l%ypf: T ' yppl o
JIUTU cababnu, YHUHT YKI MepuauaH 6yitnad xonnawan
OVt MATHKT CTPENKACH KabK Wiy BasHATAA KOIIa'llM. .

TMpocKOMIapiaH KynuHya cTabunusarop cudaruia o
HanaHuany. Ynap okeaH napoxoiapHaa YauKaTMITHK ﬂacﬁ o
THPHIN YYYH YpHaTWiaamu. LIyHMHIACK, 6Up M3NU }yB
BArOHWHHHI MYyura ypHatunagu, Te3 auilaHysdH MaCCM6
THPOCKON BAaroHHW BepTHMKaN X0JaTia ywnab, aFléaPHHM_
KETHIINTA TYCKMHIMK Kuiaaad. | MpOCKOMUK CTabunusa
TOPJApHUHT poropnapy | mau 100 ToHHaraya Ba yHAaH XaM
OPTHK DY MyMKHH.

. Clz(m){méT, To);?:lenanapna TUPOCKOITHUK ac6obnap pyIIH6M
OOLIKAPYBYM KypuiManapra aBToMar paBulLAA TabCHP 311D,
CaMORET Ba TOPNeNaHM 3apyp GynraH HyHamuiu 6Yitiab TyFpy
YH3UKAU XapaKaTAaHUIUMHY TAbMUHIAMIN.

4.14. THPOCKOII NPELIECCUACU

['pockon YKura nepneHauKyssap pasULILa TAbCUD KUIYBYH
KYYHUHT MOMEHTY BaKT OVii4ya MMKIOP XMXATAaH y3rapmac
Ba [HPOCKON YKy Gutak Gupraankaa Gypuia bopca, TMPOCKOI-
HHHT aloxyaa Typaary xapakatd— ipeieccus 103ara Keganm.

Kymnana, yku OO’ peprukangaH 6upop GypyaKKa OFraH
X012, OFUDIUK KYYH Mg TaLCHpPWNa WADHUD TasH4YMA
THMPOCKONHMHT ailaHMa XapakaTi—NpeLeccusiaal uoopataup
(4.25-pacm). Tupockonra KYMUITaH TawlK¥ KyuJapHUHT
MOMEHTH MUKIOP XMXaTAaH KyAHAArHTa TCHT OYiami:

M = mglsina, (4.60)

OYHIa m—rupockonHUHT Maccacy, /—mapHupaaH rupocKorn
HMHEPLWS Mapkasuraua Gynrak Macoda, 0 —TMPOCKOMN YKUHUHE
“BEPTHKAN OHNaH XOCHT Kuarau Gypuak 3] Ky4 MOMEHTH

TMPOCKOMHMUHT TasiHY HyKTacupgan VTYBYM BEPTHUKAI TEKMC-
/IMKKA TIeprieHAUKysIp ﬁyHanraHnup.
M Kyy MomeHTH TabCUpy,

MIa THDOCKONMHUHT L UMITyNIhC
MOMEHTH df BakT Wuupa M 6

& UnaH Oup xun HyHanrau
KYHHIaru4a opTripma onagy:
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dL = Mdt.  (4.61)

ByHpaH keiiMHrTH df Bagr
wyuga L BekTOop Y3MHUHT

AHTY BasuATUIA s1HA 4L OpT-
TMpMa 051a01 Ba Xoka3o. Hatn-
Xafa TMPOCKONMHHHI YKH 0
IIADHUP OPKAIH YTYBUI BEp-
TdKan YK atpoduna rtexuc
aUnaHmd, yumgarn Gypuaru
20, T2 TEHT KOHYC YH3an.
KonycHunr ¥xu opranm
YTYBYM TEKMCIUKHMHT aiina-
HAWI Oypuak Te3Nur:

=% (462

OyHma do —BepTUKaNn Texuc-
JUKHWHT df BaKT W4MAarmu
Gypanuiu 6ypuary, 4.25-pacm-

Aarv 4yMsMajgaH d¢ Oypuak,
dL OpPTTHPMaHWHI MOAYIN

.df:l KY#MIaTHra TeHr:

doo J8 _ o1

4.25-pacuM

T T ‘df] = Mdt = mglsin . di |

Oy epa o —TrupoCKON ainaHMa XapaKaTHHHHE OYPYaK Te3ai

By uxxu udonagan do Oypuak: 4@ =

mgl sin adi
Tosin

Jlanm., By}maH TUPOCKOIl NPEHECCUSICHHINT 6)’[.“{;1& TSRE

' HU aHUKJIAAMU3:

(4.63) maH mpElECCUSIHUHT OypUaR TeIii w
VKAHKWHE TOPM30HTAJ OFMIL Gypuark o i DOETIK O} M o

THPOCKOMTHMHI MMITYJIbC MOMEHTIH

LIMOHAJUINTHA KYPUHAIU.
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Tipockon npeuccctmcuﬂua E%;ggzlﬁam; ﬂﬁ;i?;ﬁfgj
CEyntxve:wma;gﬁ;ug;mm? gﬂ:ﬁm;\counra SIKUH GYJIraHu y‘ly:
Kglémguﬂr topTHMwy EpHIHE ""ep}l"‘zrﬁgﬁfxﬁu.
YTMaiUraH TCHI TabCHP STyBUH eVl Béjl*\gmupyaqu o,
ByHWHr HaTMXacuaa naigo oynraH am ety bk
MOMEHTH EpHUHT aitnaHul YKUHY YHHH{‘I?P et B8
THK Ba3HATIA KEATUPHILra UHTHIALH. %/ s
AINaHNIL VKW NPELEeCCHOH XapakaT KWInO, Tax
HUNda Tyna aiilaHub uuKaay.

TAKPOPJIAUI CABOJJIAPH

i ox irynanu?
|. AGconoT KatTux KUcMaap ncq KaHIOaH 'x\ucn‘maperg a::na ;nxapaxaﬂa
2. TekKe Ba TEKMC Y3rapyBuat aiiaHMa Xapakar Jed ki
aimimann? . HENTCE
3. Bypuax TeanuK sa Gypyax TCITAHHIIHH TabPU(AAHT. YiapruHr ¥4
6upnuiiapn Kaunaii? 1 _
g 4, By;qax TC3AMK BEKTOPH Ba GypuaK TEINAHHII BEKTOPHHUHT HYHAIN
o it 9
KaHaait aHikaHanu? 3 = A
5. Yu3nK 8a 6ypuaknu KaTTANMKAAPHHUHT ¥33po GOFIaHML) Qopmyaa DY
E3inenn. . m
6. WUarapunanma Ba ainaMMa XapakaT KHHEMaTHKa TeiTiamasap
TakKocnab E3nncuH, . 6
7. Kyaranmac nykra pa Kysranmac yKKa HHCOATAH Kyd MOMCHTH A
HiMara afrinami? : ),
8. Kyt Ky Ba yHUHT MOMEHTH 1e6 HuMara amlma_.uu. 7
9. Kyy MoMenTununr «CH» garu ynuos 611pnur_§1 Ba YIaMIIUTH K2 ﬁﬂTa}.{
10. KaTTik xucMuuHT Ky3ranmac HYKTa B2 KY3FanMac yKKa Hic L
MMAYIBC MOMEHTIl, UMNYAbC MOMGHTHHWHI y3rapiul Ba caxjaa
KONYHA2pHItK Tabpudakr, L
L. Umnyase momentuuuur «CU» garu YA40B BUpPJHry Ba YHHI
ynuasaurn éauncun,

12. Karmi Xiewm alinanma xapakar qMHaMMKACHHUHT 2COCHI! TCHTIAAMACH
CIWICHH Ba TabpudAANCIHH,

13, Karruk KucMumur Gitpop YKka HMcGaTal MuCpUMs MOMEHTH ach
HHMAra aftriunaow?

14, I‘xoiircuc-LLl'reiiHcp TeOpeMacH TabpHpIaHCHH.
15, Katrux ucmxr KOOpAMHAT GOWH Ba YKAapura HuchaTaH HHEPLNA
MOMCHTAPR Y3apo KaMpaii 6oFnanmuira ara?

16. Teometpuk waknny KUCMNAPHIHT HHEPUMS MapKa3uaaH YrraH YKKa
HHUCBaTaH uHepuus MOMEHTNapH E3uAciH.

17, Alnanma xapaxatna TAWKKH KYUHUHE GaXapran mum Kasgai dopmyna
Ouaat anuKanan?

18, Ainanma AAPAKATIAHACTIAN KHCMHUHT KUHETHK JHEprHAcH
tbopuynacy mneny

19, Marapinainim sa afinay
JIATAPU TaKKOCNa6 E3uscuyl,

20. Fupockonaap ae6 HUMara afitunagn?

21. T'itpockonuk adexT Ba rupocko;

M3 X3PaKaTHUHT IMHAMUKA KOHYHUAT hopmy-

TIUK KYMAap KaHaail HoMoE K B¥nagn?
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S-BOB
HUCBHIUTHK HASAPHACHHHHT @HIHNK ACOCIIAPH

5.1. TAMERN ATMAHITHPHIILIAPH BA HHCBHIUIK
NPHHIIHITH

Xap xaHmait xapaxkaTHM Tannad onvHran OHpoOp CAHOK
CHCTEMAra HuchaTaH TEKIIMPHIL MyMKHH. BUp X1 KYPHHMLI-
J3fK XapakaTHW Xap XHJI CaHOK CHCTeMalapWAa TeKiuMpHil
HATHXanapyu acocupa Oy caHOK CUCTeMajiapHaaH HMTHE3-
THINMHHY aHUKAM MYMKWH-MM, J€FaH Macanant xajl Kuaiuira
TYFpH Kenanu. ByHMHr yuyH, ky3raamac K HHepuual CaHOK
CHCTEMacura HucGaTaH p Te3NMK OWiIaH TYFpHU YHM3IUKIU
XapakamiaHagTray K’ MHepuMai CaHOK cUcTeMaHu Kapad
uukamu3. Kysranmac K nHeplinan caHoK, crcTeMacura abcosioT
CaHOK cucTemacy gennm6, K’ caHOK cHTeMacura 3ca HHCOuin
CaHOK CHCTEMACcH IeMunaau.

®apas xunaitnuk, Gowwnanrny (f = o) nkkana K sa K'caHox
CHCTEMANapUHIHT KOOpAMHAT 601LIapH 0 Ba 0 HYKTajlap ycTMa-
YCT TYBICHH Ba f BakTnaH kKeiuH K° cuctema K cucremara

HUCOaTaK T, = 1! Macodana kyurau 6yncuH (35.1- pacm). Texui-

/ /
—
74
= /
— 2{ -~
7 - L
%779 x
0 —

S.-pacwm
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punaétraH M Mommuit HyKTaHUHT K cucreManaru r(x, y,z)—:'
paaMyc-BekTop abconioT PaaMyc-BEKTOD aeitnnnb, K
cucremagaru F(x, 2) paznyc-BeKTOp HH cbuit paguyc-
BEKTOP Ba 0 KOOPAMHAT G60MKMHMHT KyMHILMHN udoaaioBum
T, =il 3caKy4upMa paguyc-BeKTOD neb atananu. Y xonaa,
M MOnAUit HYKTAHMHT MXTHEPUHI BaKTIArK Pajnyc-BEKTOPUHH
Ba KOOPAMHATANAPIHMU G1p CAaHOK CHCTEMACKHAZH MKKUHYMCNIA
yTHw, Kyliwpars Tannjgeit aaMaliTHpUuUliapyn acocuia
aManra OLNPHIALU.

5. I-xcadaan

K’ caHok cicremacuaan K caHok cuctemacuian
K cneremara $rum K' cucremara yTH1L
F=rtuan 7 =F—iil;

' p 1
X=X =ul X =x-ul

’ ’ o = "
y=y +u_vl’ y=y uJ_{‘
z=z2'4ul, Z=z+ul;
1=r, r=t
m=m n' = m.

Famunedt anManrrupriniapusa HUCGuit caHOK cucTeMa-
CHHYHT TE3NNCUra OOFIMK XONa ¥3rapraH KarTajaukiaap
HHCONH KkartTanuknap aeiiuaub, yarapmac KojraH
KaTTajukiaapra 3ca abconoT KaTTalukiap Aelunagy.
XKymnanaH, panuyc-BeKTOpiap, KOODAMHATAAp HUCOUM
KaTTanuknap 6yn1ub, BaKTHUHr YTHIIKM Ba Macca aBCcoaioT
KaTTUIMKIWP.

S.1-xamBajiia KeATMpUAraH lanuneil anMalTypyu-
JIAPUHUHT aMajifaark TaTOMKM MYXMM Xyjocanap YyMKapulura
HUMKOH Oepamy.

1. Yayiraus. Bupop crepxeHuunr Y3YHAMTHHY HKkana K-
abconiorT Ba K“HucOuil cakox cucTemacuaa aHUKRANANK.

Crepxertunr K cucremagary yunapu (5.2- pacm) A’(xl, Yis 11)
B2 B(x,, 5,2,) 69146, K’ cricremaar yunapu sca 4°(x}, y/,2;)

Ba B(x;,1%,25) 6yncun 1e6 $apas xunainux. Crepxenuuur K
CACTEMANATH Y3YHNMIM KyRUIArMra TEHT bymanu:

1=\/(x2—x1)2+(yz—y1)2+(zz—z1)2. (5'1)
K' catog, CHCTeMac aca K ra Hucbatau [/ Tesnuk GUnaH
XapaKkamIaHACTIAHH YuyH CTepskeHl ywiapy A’ Ba B’ HMHC
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2. Teannk. Xapakaraana€rrad M Mopmid HyKraHuHr K Ba
K’canox cuctemanapyuary TeaMKIapH opacuaary 6oma1:mu1-
HU TOMMIL y4yH S.1-Xanpanmard paxMyc-BEKTOPHHHI y3apo
6ornanraH udogacuaaH BakT 6Yiinya xocuia onaMn3;

& POl _ g7 4 7 (5.4)
g1~ il dt

Gynna & =7, 4 =7, Gynranuna, (5.4) ndoxa _
V=v+U. (5.5)

KypuHHLwra keaagu. by udopa resnuxiaapHHH I‘VKS’U-IHJIHUI
KOHYHH 6Ynub, Oynnait TappudnaHanu: Mo00uil HYKmanke
K canox cucmemacudazu mesnuzu V,uty ryxmanune K’ cucme-
Madazu meznuzu V sa K' cucmemanune K cucmemaza nucaman

mezueu U Hune eeomempu (Gexmop) duruHoucu2a meue.
Iynnait Kunn6, paauyc-BexTop, KOOPAHHATIAP, TE3HK-
J1ap Ba Ly KabU KarTanukiap BapuaHT KaTTanuKIapanp.
3. Teanammm. Arap (5.5) ndosazan BakT 6¥iuya sHa 6up
Gop xocuna onuHca, K Ba K’ caHOK cHCTEManapuiaru Te3na-
dv _ dv L dU

HULTAPHUHT §3ap0 GOFNaHMIIK KeAnb duKanu: Fr = S + 5.

Gynna U = const GynraHu yuyw %{_‘1 = 6ynu6, GyHoaH:
a=da. (5.6)
4. Kyanap. HbloTOHHMHT MKKHHYM KOHYHHTa 61{3HoaH, K
Ba K' canok cucTeManapyjary m Maccaly MOAAWM HyKTara
TabCUP KWIYBYM Ky F =ma Ba F =md 6ymu6, (5.6) ra
acocaH:
F=F, (5.7)

Wynnait kunu6, (5.6) Ba (5.7) maH TeanaHuin Ba Kywiap
Tanuiedl anMauTupuuapura HUC6ATaH MHBAPMAHT SKAHH
KYPHHARHU.

By unBapuantnk Mynocabariapu (5.6) Ba (5.7) ra 6uHoan
Tanmneit Y3MHUHT HUCOMItAMK NPUHUMIMHY 6yHIal Tabpud-
nainu: Oapua mexanuk xoducanap MYpAU UHEpUUAan Cawok
cucmemanapuoa bup xua codup 6yaub, xew KarOai mexaHux
maxcpubanap é;paaMud_a Gepunzan unepyuan canox cucmemariunz
MURY MYPeOHAUSUHU EKu mYFpu_ Musukau mexuc xapaxamad-
HAEM2AHAUZUHY QHUKAGD GYamatidy.
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By NpUHUMNAAH KyAWIard MyXUM Xyjoca Kenub 4nKamu.
Bup unepuman canok, cucTemacura HYcbaTal TYFPU UM3UKITH
TEKMC XapaKAaTNaHyBYM KyHa KYn MHepLuas CaHOK CucTeMa-
Napi MaBxysanup. TanuneAHWHT HUCOUMAMK TIpUHUMITMIA
OMHOaH MHepuMan CaHOK CMCTeMaJApUHMHI Oapyacuia
KIACCMK MEXaHMKa KOHYHJIapy Oup Xui HaMoEH 6yiald.
bunoGapun, 6apua MHepuman caHox, cuUcTeMajgapu TEHT
XYKYKIu 6Ynub, ynapgaH UMTHEINIMCHUHM aXpaTuil MYMKHH
amac. '

6. Umitynse. Copnanik yuyH m Maccaiy MOAIMM HYKFaHUHT
K cucremara Huc6aran nMmynbscuRY

i)=mu=m{$3+(7)=m75'+m(7=[7’+m(7, (5-8)

KYI'DHHm.una €3aMu3, Oy epaa p’ = mp’ —MOADUA HYKTaHWHT
K’ cucremara Huc6aran umnyabcu. Arap K cucremanaru
MMIYILC BakT YTuiuM Gunan y3rapmaca (bHH Kyd TabCHUP
Kuimaca), umnynse K' cucremaza XaM yarapMail Konamu.
Buno6apun, WHepuuss KOHYHH Gapuya MHepLuanl CaHOK
CUCTEMaNapuia XaM YpruHIUAUP.

7. Kunernx smeprus. Momuuit HykTaHuHr K uHepumnan

C2HOK CHCTEMACUlary KMHETUK SHEPTUSICUHU OyHnait kypu-
HHIIA €3UL11 MyMKWH:

e L SRl Se

Wx' + (i;’u)+ "’;2 .

2

’ ! - .
Bynna W, = ’"; —mMoaanit HykraHuMHr K' cucreManaru

KHHETUK 3Heprusicu. (5.9) TeHrnmama 6Up uHepUMal CUCTE-
Manan Gouikacura YTramiga KMHETHK 3HEPTMAHMHI KaHAaH
ysrapuuiviu udomanaian.

Arap Momanii HyKTa M3oJsLMsAnaHraH Oynca, yHuHr K'
CHCTEMAmary p’ = mp MMNYIIbcU YarapMaltau. By xonna Moaauit

v & f”l-"2
HYKTAaHMHT HMCOMM KMHETMK SHeprusicu W, =5— xam,

2 .
abCoNIOT KMHETUK Heprusicu W, = % XaM JOUMMIL Konaln.

Wynpait kunub, KMHETUK SHEPTUSIHUHI CAKJIAHULE KOHYHH
OUp MHEepLMan CaHOK, cucTeMacuia YpuHnu 6¥ica, y Gapua
MHepUWa)l CaHOK cucTeMallapia XxaM YpuHiIu 6yaanu.
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8. TYuuK Mexauuk sueprus. YMyMH# Xxonza MoaAHit
HyKTanap tynnamu Gepuarad Gyicum. YJ]ap opacuaa y3apo
TABCUP Kyunap¥ MaBXYAJUTHAGH Mozuum“ nykranap W,
MOTEHUKAN 3Hepruara sra 6ynagu. Monaui H_}’KTaHaP oup
WHEPUHAN CAHOK CHCTeMacHiaH bolikacura ytranma W,
NOTeHUMaN SHeprus Yarapmaitou. Y Bakraa (5.9) TEHrIMKKa
W, notexuman sHeprus xymuunca, TYAMK IHEPrus xejnud
YHKAAH:

Wy =W, +W, =w.+(5,0 )+ 285w, (5.10)
ByHmaH KypuHamuMxu, xuHeTMK Ba MOTEHUMAT SHEPriaiap
HHFHHIMCH YarapMaca, TYAuK SHeprus 6apya MHEPLIMAT CaHOK
cucTemanapuaa xam ysrapMac oymagu. LlyHzaail xuaub,
SHEPrHAHWHI CaKnaHWIl KOHYHM XaMMa MHepLan CaHOK
CHCTEMANIapKa XaM YpUHAMAKp.

By aliTunrannapnan mynpaii xynoca kenu6 uuxanu. bup
MHEpLUaI CaHOK cUcreMacupaH Oolikacura YTHITaHAa,
WMIYNLC, KUHETHK Ba TYIMK SHEPTUs y3rapaiy, WIYHUHT Y4yH
ylap BApMAHT KaTTanuKilapaup, GUPOK MOTeHLMan 3HEPrus,
Macca, BakT, Te3NaHuIl Ba Kyuiap—uHBapuaHTaup. [HyHuHr-
ACK, KHHETHK, TYNMK SHEPTUAHMUHI BaKT YTHILKM OusaH
Y3rapuly XaM MHBAPHMAHTAND.

Wlyunai Kunub, ZUHAMMKAHMHT yuana KOHYHM Xam 6apya
MHEPLUAN CaHOK CHUCTEManapuaa YpHHIMLHD.

5.2. BUHINTENH TIOCTYJATIAPH, JIOPEHTI]
AIMAIITHPHIIAAPU

«EpYRIUKHI 3rTyBUM> MyxuT, SHHM, «Bgup» nu Kyéwra
OOFnanraH nHepuuan CaHOK cucTeMa aeb dapa3 KUJIMHIaHAA,
CpYPNMKHUHT Epparut tesnurn Tanueit anMalTMpuLUTapyura
buHOaH EpHunr adupra Hncaran TE3NUTUFa GOFNMUK GYAMILM
Kepax.

Arap EpyFTMKHUHT MYXWTra HucbaTaH Te3nuru c ra,
EpHuxy sca v ra venr 6¥ica, y BakTAa TeanuknapHU Kyl
KOHYHMra 6MHoaH EpyRnKHuHr Ep xapakar i#yHanummmar
TEnrK (c-v) ra, Teckapy WyHanumgary teanurn (c +v) ra
TeHI 6Ynu1M Kepak. Ma IYMKY, Ephuur op6uTtan xapakar
Tesmrn v = 30 KM/C EpyEnukmunr ¢ = 3.10° KM/C Te3-
JTI:;M;?H KYNa KUMUKIMp. LU)’HIAHE yuyH xam Ep xapakar
! WHUHE EpyRiuk Te3nurura kypcataguraH TabCHPHUHH
Kgm;ﬁmssa YIHaW 3HT Kuituy MyamMosapaaH 6upu 6ynub

- DYHIAH MyamMMOHM xay KWL, SIbHU TE3NUKIAPHU
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KYIIMIL KOHYHILHIL 1ON:
HO3HK BA CE3THP ONTiIN T
Mopnu yrrazan. Quzo
X3PAKATAArH CVE QPN \ W YHN SN N LA A e
{c= const) Xyaa Kavra MU A GG oo
Maitkenbcon-Mopai TaMPUOI AP G v PV T
EpHunr Ky afpo HOODOMTE L NAPANTATI g i
TYPAH MYHAAMUITE VANAHDAN 83 1O VTHREITRU VAL b o
NP ueboTaanras.

Llykmaii kpail, TaxpHea B2 NYSQUHLIAPHIGT R
HATHXANADUHM V30K B2 CIHUMRIIO MYNORIMA REITN ordite
THAA OfMMAAP, EPVEIMRHILHT OV LTI 1At

138 %

VN MV ARG AATAN . YR
&+ (ST RV S H3 Nt it
WL HGACARA SHRVERTR VWM SR

QAT VPR
KOMHO, EPYFIIK MaHSANHIHT B2 SPVEIITN KOV KV 01
KAPAKAT TE3MUTHIA DOFIIN 3MAC. ACTAH \YAQCATE Keuap.

BIOTOH MeXaHiikacuaa haso Ba BAKET dvcomotr ach
Kapanraku cabaB:1ii SPYFAMK TRITUTITHMHT V3UapMac KO
B XMCMIIAD HHMCOMIT TSSTUIHHITHT SPVETIIN TCINNUI € S KT
69nonmacirimm TYLWYHTRPHLE MyMKHH OMac. Wy yuyu
XaM Du3o Ba MaiikeabcoH-Mopmit TaxpHda HATIKAIAPKITNT
TYWYHTHPHII YuyH, HBIOTOHHIHT Ga30 Ba BAKTHHHT aBCOIIOT
ACTaH TYHIYHUATapHIaH BO3 KeYHILTa TYFPH KeJlau.

EDYFIIMK TesmiruuuHT v3rapmac TaxXpHda HaTHXalapura
acotnanrad A. BiiniuTeiin 1905 inna gaso Ba BaKT TYFPUCH-
A3TU TacaBBYpIapHH Kaiita KYypud uuxau. da3o Ba BaAKT
TYEDHCUIATH SHTH TABTHMOTra SIHIITENH MaXC yC HUCOMIA-
AUK PENISTUBMCTHK Ha3apusicu ned Hom Gepau. Maxcyc
HHCOMINMK PErATHBHCTIHK HA3APHACH acOCUIA DHHILTEHHHUHT
KYHMAATH MKKHTA MPUHUMNIY ETaON.

1. HucOuiinuk npununnu: Gapua unepuuan canokx cucmema-
Aapu men2 XyKykaudup, 0y cucinemaaapda mabuam xoducaiapu
bup xunda ymaou ea KoHyHaap 6up xua ugodananadu. bowkaua
Kunub aiimeanda, 6apua usuc xoducaaap mypau UHEPLUAL CAHON
cucmemaaapuda 6up xun cooup 6yaub, Mexaruic, IACKMPOMUASHUIN!
onmuK 6a wy Kabu masicpubarap épdamuda Gepunean LHeP:
CAHOK, CUCMEeMACUHWHZ MUHY IYDAHAUUNY CICU INYEPU ISR
MeKuc xapaxamaanaémeaaHaueuty anugaad oyamaadu.

2. EpyFIitk Te3IMIHIMHEE HHBAPHMAKTIMK NP Cov el
Hutte 6ywaux, (saxyym) dazu meszaveu Gapua WHEPRUAL CEHON
cucmemanapuda 6up xun 6YAUG, ManHA 8a ICYIAMYPEHUINING HICOL L
Xapaxam me3auzuea 60FAUK IMAC.

Maxcyc HUCOUIUIUK HA3aPUACUHMIE BUPHIEIL 1100 Lt
Tanunen HUCOMMAUK NPUWHLUIIMEG MYBO(IHK KCIUL B Vi
EPYFIUKHITHT TapKaliuil KOHYHJIapuia, KOPIHEL DTIOL. VAL
NAWTUPAIM. AMMO MKKaTa HOCTYJIATHIE OUP IHICEITI LTI
Tanunei anMaliTMpULUIapura 3ujuip.
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AMMO By vKKana noctynar 6apua skcricpuMenTan (Gakriap
OHNaH TaCAMKIaHTaHN ydyH, By 3UARMAT MOCTYATIap OPACKAA
aMac, 6anku nocrynamap 6unan Fanuneit anMawTHpULLIAPH
opacuaamnp, yyHkn [anuneil anmawTHpHULIapDMHYA EpYF-
JHKHWHT TAPKATULIATA BA EPYFNIUK TEUIUIUTa SIKWH TETHKAArd
XapaxkaTiapra TaTouk 3TH6 G6ynmanau.

SlHTENH $a30 Ba BaKTHMHT XOCCanapy TYFpUCHAA
YMYMMI1 MyIOXa3anapura acocnaiub yHaamn anmMaluTHpHLI-
MapHH TOMMNKM, Oy anMauITMpULLIAD MaxcyC HHCOUAIMK
Ha3apUACKHUHT UKKANA NOCTY/IATMra XaM, OYyIapHUHT XyCyCHH
xonn 6ynran (v<<¢) Tanuneit anMamTHPULLIAPUIa XaM
MYBOGMK Kenaou. By anmamtupunmapsu 01auHpoK JIopeHTi
103aKH TONraH 34, WYHHHT YYyyH Oy anMalTUpuuLiap
JlopeHTu anMawTupumnapy ae6 aranmy.

WlyHpait Kunnb, Maxcyc HUCOMHNMK Ha3apUSCUHMHT
WKKUTA IOCTYNAaTAAPY KAHOAT/IAaHTHMpaOuraH, 6up vHepuvanl
CaHOK CHCTEMAacHIaH 6olKa MHeplMaa CaHOK CHCTeMacura
YTHIrania KOOPAWHATa Ba BAaKTHM AIMAIUTHpHUIUTa MMKOH
Oepanran JIopeHTH anMaluTHPULIAPUHU Kapab YMKaiIMK.
®Dapa3 KUNainK, Colranuk yayH K—aGeonior Ba K— Hucbuit
MHEpLMal CaHoK cucTeManapu X Yxu 6yiia6 6up-6upura HuC-
BaraH o Teanuk GMnan xapakaTiaHagTra Ba GOLUIAHFUY BaKT

(t =0) A2 KoopauHaT Gountapu O Ba O'ycrma-yer ¥ = x' =0
TYHICKH (5.3-pacM). ¥ BakTaa, maxcyc HUCOMIIMK HA3apusi-

CHHMHI 3aMMHMAa EryBuM JlopeHTH anMaluTHpUlLIApH
KyAuzaru KypuHuiLna ésunany (2-xansan):

5.2-xadean.
K' = K XK 5 K’

52 =_x'+vl'1 . X=Xzt -

-6 I-077
y=y5 ¥y =y;
2=12 z' = z;

1 u,

I+ x , -'+A:x

JlopenTy anMamTHpunapy yuueepcan Gymu6, Xycycwit
XOJL1a: HUCOMIt Te3NUK v EPYFINK Te3NMTH ¢ JaH XKYyNa KUYHK,

AbHAM v << ¢ 6Yaranaa Tanunei anmawTHpHIINapyra aiNaHUG
KONIanm.
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53. JIOPEHTILE ATMANITHPULLIAPUIAH KEJIVIB YUKATUTAH
XYIJIOCANAP

Maxeyc HUCOuILTNK HA3aPUSICMHIHT acocH 6¥irad JIopeHTIL

UMANTUPUIUIADUHMHT TATOMKMAAH Y3UTa XOC KATOp HAaTHUXKa-
nap Kenub unKamy.

1. Crepiens yaynamrunmnr nucOmiviars. dapas xunaiiuk,
fapakatnaHaérrad K’ HUCOMM MHeplLuan CaHOK cucreMacuaa
XYkura mapanesn xoinaran ysyuauru [, = x5 — x| 6yaraH
Ciepxkens Gepuiiran 6Yncun (5.4-pacwm). VY Baktaa K aGecosor
KHEDUMAN CAaHOK, CHCTEMacHOArd Ky3aTyBUMW YUYH 1LYy CTep-
KEHHMHT Y3YHIMIM | = X, — X, KaHnait 6ynumnau JIopeHTi

EM 24 1’

Lo

X’f

= i L F)

54-pacwm
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UIMAIUTHPULLNAPHTA 3COCAH OCOHTMHA aHUKIAW MYMKHH. K
CHCTEMAJIarK Ky3aTyByl CTEPXEHb Y4MapH KOOPANMHATIApU X,
Ba X, HW OUp BAKT ! HUHF ¥3uaa aHMKIARIN,

OpeHTH anMalITMpHiLAapuaaH doiaanannd (5.2-xansan-
ra K.) KyiHMIarHHH XOCUN KHJIaMK3:

’ ’ .\‘:—m’ X—w X=X

/i
l'—‘ = T S = 2 °*

bynaan

1=1 700 (5.11)

HlyHpait kuau6, (5.11) naH KYPUHAIMKH, K cucremanaru
KY3aTyBUMIa CTEpPXEHHMHr y3yHaurd K' cucremanarura
HucGaTaH Kuckapok, 6ynamm.ByHra y3yHAMKHMHT JlopeHTy,
KUCKapuwy neb6 aranaau. [Iynu anTuil KEpakKKM, XHCM
Y3YHJIUTH X€Y KaYOH KUCKapMaiay, Y4yHKH XaP__GWP MHEpLHAN
CaHOK, CUCTEMAcK/1a XMCMHMHT 3 y3yHaury 6ynanu.

[lynpai kuaub, Typnu MHEpuMan caHOK, CHCTeEManapyaa
CTEPXEHHUHT Y3YHAUIY Y3rapap 3KaH, CTePXXEHHUHT Y3YHIUIU
HUCOMIMp. g,

2. Bakr yruummwmur mucOwitmrn. K’ HUCOMI vHepuuan
CaHOK CUCTeMacHaarm TMHY TypraH HyKTraza o3 Gepagrrau
OMpOp XapaéHHUHT JaBOM 3THLI BAKTMHM Kapab uMKaiIuk.
Byuna Bakr yTuiunnm anuktam yuyH xapagH 60OIUIaHHILK Ba
OXMDHAATH COaT KYpCaTUIIADHHUHT (PADKUHU TOTIMIU KEpaX.
K’ nucbuit nnepuman canok, cucreMacu ydyH MacanaHu Xan
KW aHYa Kynal, 4yHKH XapaéH OoLuIaHMIIKga Xaw,
OXHpHIA XaM coaT aifHu 6up X Hykraza 6ynaam Ba aitnu Oup
coat Oyitnya Genrunanagy. IyHuHr yuyH xam K’ cucremana
BaKTHHHT YTvum Af, = f; —f;, ByHma f;,l,,— BakTiap X'
CHCTEManary COAaTHMHI XapaéHHM OowHM Ba OXMpHUAA KYp-
CaTUILH.

K-a6comor uHepuman canok, cHCTEMACH YUYH, XapaéHHUHT
bolmanuuy X, MyKTana, oxupH 3ca X, HyKTaza 103 6epaqu. Y
BakTaa K cucteMana xapaén naBom sTHIH At = 1, — 1, 6Yanb,
KY3aTHll HyKTacu sca x, - x, = vAf Macodara CUIXMIIAN,
OyHna K cucremanunr K cuctemara Huchatan XapakaT Te3JIUTH.

5.2-xansanna KEeATUpHAraH BakTra teruwau JlopeHTy
ATMaLITUPHILIADUTa acocaH KyHHAArt MyHOCABaTHH €3aMU3;

h=5% (t=1 }‘f}'(-"z -x,)

I~y

At

el R s
J1_(%)1 J"(F’f)l \’I‘—Wf
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Bynma t, - 1, = vAt Ba (x2 —x1)= vAf ByiraHu ydyH
2 L "R
Arn:m—ﬁniu zm(r‘i‘a‘LA, (l—%}lé — Arf1— (r)
J“(?)' [1—’**

Ba nuxosat, 6ynmad K cucreManari >Kapa¢HHUWIT JABOM
MM BAKTH Af KyliMparura TEHT Oynanu:

! e e

\f’l‘—tizy‘ (5.12)

By MyHocabataan Maxcyc HHCOMIIMIK HAZAPHSCHAA AbaH
OMp BakTaa TYPAY MHEPLIIA CAHOK, CUCTEMATAPHAR BAKTHHHT
V{mun TYP)IM BaKTAa 1aBOM-3THIIN KypuHami. Bomkaua ki
diTranna, xapakataaHaérran K nHepuuan CaHOK CHCTe-
Macupariy coat. Ky3ramnac K liHepiian caHoK cicTeManarm
coarra HucHaTaH ceXHHpOK opa downaiinn By Nonucara
XdpaKamnaHa€TraH CaHOK ClHCTeMalapHAa BaKT YTHIUWHKHL
CeKMHAAmIMIIY gefinaani. BuHodapuH, Maxcyc HHCOMMINK
HA3apuscuna BaKTHUHT YTHIIH NaM HUCOMITaup.

Mlyny afiT Kepaxky, 6apua WHEpPLMA CAHOK, CHCTEMA-
Japuaa coatnap aHMK iopanu, JIeKMH YIapHUHI KypcaTuiiu
COMMUITUPUIITaHAa XapakatnaHaétrak K' uHepimasn caHoK CUC-
TEMacuaary coat 6yinua BakTHHHT VTHiur K cuctemara Hucoa-
TaH CEKMHPOK, connp 6¥i1any. Maxcyc HUCOMMHNIUK Ha3apUsCH-
HUHT By Xynocacu Taxkpubaiapaa 6€BOCUTA TACAMKIAHTAH .

(¥

5. 4. TYPT VIIMOBIM DA30-BAKT TYHIVHYACH. IHTEPBAJ

Xap KaHpait QUMK BOKEA Y4 YI4oBIM $a30 Ba Gup YiuoBIM
BakT OunaH TaBcudnaHany. Knaccuk MeXaHUKana y4 yiadaoBin
$a30 KOOPAMHATAADH X, Y, Z Ba GUD YAYOBIM BAKT KOOPAMHAT
1OMp-GupuaaH MycTakun pasuiiga Mapxyaup. IlyHune yuyn
Hrioton Mexanuxkacupa GU3MK BOKEaHU BAKTHUHI MIITHPO-
KUCU3, dakaT y4 Yn4oBau ¢asofa anoxujia Kapad qmkuu
MYMKWH.

PenstusrcTHK MexaHUKana 3ca da3o (x, y, z) na nar (1)
Gup-6upu 6ynan uambBapyac GOFIaHMINTA Dra. XA N,
5.2-XanBanfia KeNTHpWIraH JIOpeHTIl ajmanrruprin reurian
Manapuaa BakT (f) TYPTHHYM TCHI XYKYKIIL KOopRrittiat
cudarnaa vmTupok 3rtaau. Hymjan kuanh, peasieineing
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MCXaHUKAHUHT Maxcyc HUCOMinMK Halzapusicuaa ¢aso (x, y,
Z) Ba BakT ()HM OMp-OMpUAAH MYTIAKO AXPATHII MYMKMH
amac. lllyHuHr yuyd TYpT YnuoBnK ¢a3o-BakT TYLIyHYAacH
acocuaa GUKp OPUTaMK3.

Teometpuk yxmatupan doiaananub, t¥pr Yryosnu
$a3oHKHHT HU3MK MABHOCUHH OCOHTHHAE TYUIYHHOG OJNMIL
MYMKUH. [eoMeTpHsiZa HyKTa yyTa X, y, Z KOOpDAMHATaNap
OPKa/H aHUKNaHUO, MKKWTA HyKTa opacupjaru macoda 3ca
KOOPIUHATANAP CHCTEMACHHMHT Typura 6ornuK sMac. [lynpain
Kunu6, TYpT Ynyosnu dasona coaup 6ynaérrad Boxea x, y, Z
KOOpAMHaTanap GWIaH XapakTeprasyBuu, AYHE HYKTacu 1eb
ATATYBYH HYKTa KypuHHIUMAA ndogananany. BokeaHUHT copup
6y xapa€Hu 3ca TYpr Ynuosnn dasoma AYHE YM3UFH
Je0 aTanyByM TYFPU YM3NK, LIAKITMAA TacBupiaHann. MKku Bokea
Opacuiark MHTEpBaJl TylllyHYacu O6WiaH TAHKIUMO YUKANIHMK.

®apa3 kunainuk, Kyaranmac K uxepiiuan caHOK CUCTEMA-~
cia 6Mp BOKEaHMHT AyHE HYKTacu KOOPAMHATIADH X, V), Z,,
I, BAa MKKMHYY BOKEAHWHT AYHE HYKTACH KOOPAMHATIApH 3Ca
X,, ¥y, Z,, ,0¥ncun. Y BaKTaa Oy MKKM BOKeanap Opacviaru As
WHTEPBAT:

Bs = e, - x, Y + 05 -9, F + -2, -2~ 1) =
= JAx? + Ay? + Az?—c?Ar.
SHAM xapaxamianysud K' yHepuMan caHok, CUCTeMacyaa

I0KOPHIArH MKKH BOKea opacumard As' uHtepsan (5.13) ra
yxwaw paBunia Kyiugard KYpuHMLIaa 6ynanu:

(5.13)

As' = JAX? + Ay? + Az% - AL (5.14)
5.2-XanBanga Kentupuiran JIOpeHTL a/IMaLITHPHLLIAPUTa
61HoaH

¢ Ax—vAr ; 3 o 2
Ax' == 2. Ay'=Ay; Az'=Az; M

0 R

NapHHU €3uw MymkuH: By ndonanapuu (5.14) ra x¥iu6, yHya
Mypakkab 6YnMaraH MaTeMaTHK Y3rapTUpUIILAH CYHT

A5’ = JAX? + Ay? + AZP— CPAL
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Hif Xocun Kunamui. by udomavuur Yur tomoHH (5.13) ra
C0CaH As MHTEpBAITa TEHT:

As’ = As, (5.14)

Wykpaii xunu6, uxkuTa HU3UK BOKEAHMHI WHTEpBasyd
bapya uHepuWan caHok cMcTeManapuaa up xunanp. bowukaya
KHIMO aiiTranga, MKKM BOKea opacujard wHTepBaa OuUp
HHEpUHMAN CaHOK, CHCTEMACUIAH YHra HUCOHit TYFpH YHU3HUIKTH
TERMC XapaKaTIaHAETraH MKKMHYH MHEPLMajl CAHOK CHCTEMA-
CHTa Hucbar uHBapMaHTIup. By 3ca y3 HapbaTtuga, Maxcyc
RHCOMINNK Hasapuscuna TYPT Y1uoBnM $azo-BaKkT TYLIyHYACH
06BEKTHB IKaHIUTMAAH NAsioNaT Gepany.

35, PEAATUBUCTUK MEXAHUKAIA TE3JMUEKJIAPHU KVUIHIII

JlopenTi anMaimTMpuILTapra aCOCHAHTaH, TE3AUTH EPYFINK
TeIUrIra AKMH 6YAran xapakariapiu YypraHaauradH MexaHuka
PETATUBHCTMK MEXAHMKA ACHUAANN.

KysranimMac K unepuuay caHOK CHCTEMACHUAATM MOLAUMA
HYKTa TE3NIUK BEKTOPUHUHT X, Y, Z YKJapura NpoeKkuusiaapu:

=, L R AR 4
= d Uy T A Ve T g (5-15)

XapakaTiaHyBuu K' MHepuUMas CaHOK CHUCTEMAaCHUAaru
MOMIMM HYKTa TE€3NMK BEKTOPWUHHUHT X, y’, z' Yyxnapura
NpoeKUMsANapuHu OyHpai GenrvnaimMus:

v

f=dd Ay g
¥ "2 %= dt’’?

5.2-XanBan GMPMHYM YCTYHUAATM ajMalUTHPUILIAPHH
mbdepenumsinad yuKaMus:

(5.15a)

de=desvdl _ gy d' - gy =gy’ dz=dz’.

(e} -z

e dt +—;de =

R

OnauHIY y4Ta TEHTAMKHU TYPTUHYUM TCHIAMKKIL MOC
pasuiuna 616 TauuviaHca, Teanukiaap yuyr K' cucremman K
cucTeMara yTUuiaary anMawtTupyiul GopMyltaiapn Keano
YHKAIM:
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P A < R D ]

dz _
T pLdyt ¢11 2.dy] ’ _dl_“ T e
l"".z dr H 2 dr s

Ba unxosT (5.15) Ba (5.15a) napHu Hasapaa Tyt udona-
JIAPHI KYHHAArM KYPUHMILIAA €3aMU3:

ote W ”l@ (5.16)

X 1-!-;%!_‘ e l+f+u 2

By dopmynanap TeanuknapHy Kyuuim (ATMal THPYLL) HHHT
PEIATHBHCTHK KOHYHUHY Kdoaanann.

Arap MOZOMI HYKTaHWHI TE3JIMTH Ba CaHOK CHUCTEMa-
JIADHUHT HUCOUI Te3nMry EpyFmuK Te3NUrnaaH KMYMK, gbHH
¢ << ¢ Gynca, HhloTOH MeExaHHKACHAATH TE3TUKIIAPHH K LIUII
KOHYHI KeTHb YyuKaau:

v, = U, + v,=0; »,=0. (5.17)

[y 6unak 6apya TeaMKiIapHy KYIUMILIHUHT PENITUBUCTHK
KOHYHM (5.16) HUCOUMIIMK HA3APUACHHMHT MKKUHYY NOCTY-
fAaTura MyBOMMK KeJajlTaH HaTUXalapHH Xam Oepanu.

XAaKMKATaH XaM v, = ¢ .[a TeHT 6yicui ge6 Qapas KUJMHCA, 2

yayk (5.16) HuHT GupuHYH hopMynacuaaH KyRyaaru TeHIIHK
KeJIub uuxanu:

By Hatipka Epymink Tesnmry 6apya HHepLyan caHOK CHCTe-
MacH Oup xun neb TabpudnaHyByu DHHIITENH UKKWHYH
MOCTYNATUHMHT TACAUKIALULLMIUD.

5.2-XaBaNHMHI UKKHHUM YCTYHIAA KeaTupuaran JlopeHut
aIMalWTHpMIapuaad doinananud, K cucreManary Te3nux
opxany K' cuctemanary Teanukiap ydyH XaM Kyituaars ngousa-
JAPHY OCOHTHHA KENTHPHD YMKAPULL KUIMH 3Mac:

‘lli ~(ﬂ}1 l— -t'
= % o L c
L /)
5

: f’ (5.18)

e




mf—

By dopmynanapuunr (5.16) marn Gap4a ¢ TE3NHKHUHLD
OMMIArH MMHYC Minopa OmiaH (apK KHAALM, HyHKH K

ciictema K' cuctemara HucbaTaH «-¢» Te3nHK OHJIAH Xaparar-
NAHHUIWINP.

5.6. PEISTUBMCTUK DHEPFUAS BA MACCAHHHI Y3APO
BOFJIAHNIIN

Knaccuk MexaHuKaga XMCMHMHEC MaccackH ¥3rapmac
(m = const) 6yiraHIMryAas XHCMHMHT KHHETUK SHEPTHACH
DaKaT TEMUTMHMHT Y3rapyiuy OuiaH y3rapan. PessiTHBHCTHR
MEXAHHKA/12 3¢ XKUCMHUHT MACCACH YHHHT Te3THTHIA OOFTHK
[(5:24) ra ] 6ynran; yuyH peasTMBHCTMK KMHETHK 3HEp-
TAHMHE y3rapuiupaa Macca Y3rapHuiMHHM Xam Hasapra OSTHILE
Kepak. BunoBapuH, XapakaTnaHa&Tras >KHCM MaccaCHHWHL
OPTHINMHK TaXTHI KUIKG, YHAAH XKMCM KHHETHK DHEePTHACHHI
MaCCack Yarapuinm opkay udopanaiy MyMKIH. JKucnm EPYFIHK
WIMIHAAH XyAa Kuuuk (v<<c) Teanuk OunaH xapakKar-

lanaétranma (5.24) dopmyna HploTonH 6MHOMIITA Eiud
YHKWIaau:

d B
m 3 - -
m= = ﬁ__'.)"z(l l;_.+i;'_-+...) .
A iz (5.28)
&
‘ -~
By epaa, ';7 UF Ba XOKa30 Xajiilap XKyda KMuMK KHiMaTra
ana Gyiranuaan, ynapHHy Hasapra oMac UK MyMKUH. Y BaKTaa
(5.28) Hu Kyitumaru KYpuHMILAA €3aMM3:

-

n=

=m, + W' (5.28a)
by upopanan xuHeTHMK 3H6pm5{.
W =mc* —mc* . (5.29)
ByHna mc2 un W 6umian 6earunad, (5.29) HuU
W=me =mc+W . (5.30)
KypiHuILpa €3aMu3. by MyHocadat Maxcyc HUcBHUAIMK Ha3a-
PUACHHMHF acocMil HaTwkaiapuaaHd oupy xucobaaHaun. Y
JiiHTeRH Kamid 3TraH 3HEeprud Ba MACCAHUHI ¥34po
GOFIaHMI KOHYHMHMHT MaTeMaTuk udogacuaup.
(3.30) marn W kucMHMHI UXTHEDUN xoiaaTuiary TYIUK
PENTMBMCTIK SHEPIMSCHAUD. Arap #ucM TUHY (v = OF Xosatia
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6ynca, yHMHF KHHETHK 3HeprusicH W, Honra TeHr 6ysirannaan
THHY XOMATAATH XMCMHUHT 3HEPIHSACH
W, =mgc?. (5.31)
Gynamu. KHCMHUHT THHY X0ONaTAary 3HeprusicH (3.31) MaBxya-
JIUTHra XUCMHH MabayM 6up NOTEHUMAN 3HEPTUST PE3EPBYapH
1e6 Kapall MyMKHH.
KHCMHHHI TYJIMK PENSTUBUCTHK sHepruacu, (W),
PeNSTMBUCTHK Ba (W), KNACCHK KMHETHK SHEPrusiTapuHUHT
Teanurura G0ETaHMIIK rpadukiapy 5.5-pacMaa TaCBUpiaHraH.

W J
|  w=mc?
|
| 2
| (Wk)pep= M- €
I

m, C? ;
|
| mi?
I (Wx)ﬁ}f 2
|
!

0 c 7
5.5-pacm

Wynaatk KUAUG, MYXUM Xyloca Kennb 4MKami: KIacCHK
MEXaHMKa/la SHEPIHA—XUCMHUHI Ul Gaxapa oiui KoOH-.
JIMATH, Maccacu—UHEpLIKs YTyoBH 6up-6upy 61wiaH MY TIaKo
GoF1anMaraH Karranukiaap 6Y1ub, pensTMBUCTUK MeXaHHKala
3ca ynap Y3apo GOFNAHTaH KaTTanyKiIapaup.
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57, PEISITUBUCTHK DHEPIMA BA MMNIYJILC OPACHIATH
BOFJAHHNILI

PenaTuBMCTUK SHeprusi W =mc® Ba umnynsc P = my
opacufiary OOFIAaHMIIHM TONHMIU YYYH MMOYJIbCHM C Td Ky-
Naiitepainuk, cyHT nxKana ndoJaHy KBagparra KyTapauink:
We=mct; pc? = m2c?v?2. Bupunuu ndonagaH WKKMHYH-
CHHY ainpub, KyMMIATMHY XOCHII KURaMM3:

2
W2 — p2c? = mc* —m?c?v? = m*c* (1 = ?)

Byinaru m yprura (5.24) ndonmacu k¥itunca,
my? 2
W?2-p2c2 =—0__ ¢4 (1 = :_—z)z myc

(-

Xocun 6ynany. ByHnaH pensaTUBUCTMK 3HEPTHS Ba MMOYAbC P

HHHT ¥3apo BoFnaHMIIMHY nBOoaaoBYKX KyiiKkaarn myHocabat
Kenub yuKanu:

W = Jp’cz + m02c4 = c\/p2 + muzc2 . (5.32)

By Bornanunipan TuHY xomatmaru maccara sra 6ynmMmaras
Jappavyanap xaM (KymiagaH, HeUTpoH Ba (OTOH) PessiTH-
BUCTMK SHEPrUAra sra Oynuiny KanHa}m byHnat 3appaya-
JADHUHT TMHY XonaTnaru maccacu m,= O OynraHu y4yH,

PEITUBUCTUK 3Heprusicu (5.32) ra acocan UMIYJAbcH Ounau
Kyiinnaru GomiaHumira 3ra:

W=pc (5.33)
by 606Hu skyHna® mywaai MynoxasanapHu alTHIO
MYMKHH. Maxcyc HUcOuMnuk Hazapuscn Tanuneit, HrioToH
B2 DOlIKa ONIMMJIAP TOMOHMIAH ACOCIAHrAaH KJIACCHK MeXa-
HHKQHUHT KOHYH Ba KOUJalapMHM WHKOD KUIMal, akCHMH4Ya
YNapHM PMBOXIAHTHPAAY Ba YMYyMIIAINITHUPAAU XaM/Ja KJIacCUK
MEXaHMKaHMHI KYJUIaHMIL YerapanapuHu Genrunad depanu.
YTVH PENIATHBUCTUK MEXaHW KA aMaiiuil KYall XXUXaTaaHd
MYXaHAMCIMK MEXaHHKAcH XaM OYImb Konau. YHUHT €épaaMun
Diian 2ieMEHTap 3appalap TYKHalIMuLIapy, PesiTUBMCTHK
3appayafapHUHT Moapa ©unaH ¥3apo TabCUPW Ba yMYMaH
EPYRIMK TE3NUTMIA AKMH Te3NUKAAary 6apya xxapacHnap TaxaInt
KWIVHagu. 3apsiany 3JleMeHTap 3appavdajapHuir Oapua
32MOHABUY TE3NATKHYIapY PEISITUBMCTMK MEXaHliKa acocuna
PEXAIAWTHPWIAAM BA XHUCO0JIab YHKMIAAM.
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TAKPOPJIALL CABOJJIAPH

1. Camyicit ATMAITHPHLUIAPHHE €3UHI Ba MEXaHHK HUCOHMUIHK
MPHHLIIMHK TabpHQRAKT. <
2. Canuncii anMAWTHPHIWIAPMAAH KaHAAK MYXUM Xynocasap KeJuno
quKan?
3. KnaccHK MEXaHWKALArM MHEPUHA CAHOK CHCTEMallapiia KMIYAbC,
XUHCTHK BA TYAHK SHEpTisUIap ¥3apo Kawnail GoFnaHHLITa ara?
4. ®uso, Maiikenscon-Mopan Taxpiba HaTHXanapy Ba YHUHT MOXUATH
wauzait?
S. Kannail MexaHuKa PelIMTUBUCTHK MCXaHHKA nevinaaau?
6. Maxcyc HHCONIUTHK Ha3apusick Ae6 KaHaai Hasapuara atirunagn?
7. Maxcyc HHCOHILIMK HA3aPUACUHKHT ACOCKIH MPHHLMNK: Difnwrenn-
HHHT GUPHHUM Ba MKKHHYH NOCTYNATAApY TabPUGIAHCHH.
8. PenaTMBUCTHK MeXaHukanaryt JIOpCHTL anMalITUpHILapy E3MICHH.
9. Kawgaii wapoutaa JlopeHtn anMawrupuutapy [anuneit anmarri-
pHLLTapura ainaHagu?
10. PenATHBUCTHK MEXalKaNa Y3YHIIHK, BAKT YTHINHHUHT HUCOUIAIMIH,
YAAPMHHT TEMIK GOFTaHKHIIM €3MICHH.
11. PeasTHBUCTHK MCXaHMKAZAa TE3NMKNAPHH KYIMHIL KOHYHHHWHT
ndonacy €auncuH.
12. PensiTMBUCTHK AMHAMUKaHMHT aCOCHMif KOHYHW KaHZail KypHHMIUIA
3ra? DHEpria Ba UMMNyAbC-4u?
13. Macca 8a suepris y3apo Kanzail Gornanmwra sra Ba yHuHT GUIHK
MaBHOCH KaHmai?
14. PeasiTMBUCTUK SHEPTHA Ba WMNYNLC ¥3apo Kanaali Gornanuira ara?

6-505B
CYIOKJIMKIAP MEXAHUKACH

6.1. CYIOKIMKJIAPHHHT YMYMU#MA XOCCANIAPU

) CylOKTMK—MONIAHUHT KATTHK Ba [a3CHMMOH xoJsaTiapu
ypTacupary arperat xonaT. CyIOKIMKHUHT 6ab3M xoccalapy
Ta3HUKKUTA, Gab3y XOCCamapy KaTTHK KUCMHMKMra yxiab
ketanu. IyHuHT yuyH y ¥3ura xoc OKYBYaHIMK xoccacu Ori1aH
Oup KaTopaa XXMM 3MACTHKINK xoccacura ara. Y KarTHK
XHCMIa YX11a0 MabiyMm XaXMHU raynangm, uauiura Kynui-
FaHja 3ca, ra3 CUHrapy MOUII WAKIMHU ona’nu. i
Cyroknuxnapna 6ocum TabCUpUAA HaMOEH GynamuraH

XaXMUH INMACTUKIIUK XyCycH
STH CHKHIyBYa -
unenTH B OHnan ubosananagy: KHJIYBYAHIMK KO3DbU

iy (6.1)

Cyiokaurrunz cusunysuanmic x
bupauiica yizapeanda
MuKdop dcuxamoan

e 03@puuenmu de6, 6ocum Gup
§ 37 5fgnwc XadkeMutune nucbuil yseapuwuea
1eHe OYnean Gusux kammanukka abmuaady.
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Onatga cukunyBYaHIUMK KO3MOHUMEHTUHUHT TecKapu
igonack K ra reHr 6yaran QUMK KaTTalIUKKA CYIOKJIMKHHWHT
ADRMHI IMACTHKIIMK MOAYNIM JEVMITAI:

_1__ dp
—E——-—HE_ (6.2)

Cyioknuxrunz xaxcmuti snacmuiaur mMooyau 0ed, yHUH2 HUCOUL
JoxcMuny Gup Gupaurxcica yazapmupuw yuyH 3apyp 6yazan ocumza
JukGop MuxamudaH menz Gyaar QusUK KaMMAAUKKG aimuaaou.

CYIOKJluKnap Xya KHUNK CUKMIYBYaHIMKKA 3ra OynaraHu
VijH alipuM XoJtapda yiap XaXKMHHUHT y3rapuiuinapvuHU
MYTNaKO XCobra onMaciuK UMKOHUSITUHY Gepany Ba Oy Xosna

lnéan eyoximk fed aTanyBuM aOCOMIOT CYIOKJIHUK TYIHYHYacH
KIPHTINANU.

6.2. CYIOKIMKHHUHI MYBO3AHAT BA XAPAKAT
XOJAT TEHIJIAMACH

Xap KaHa# CyIOKTMKIIAPHA TABCUP KMITYBYU Ky<Jiap ogataa
M3cca (xaxMmit) Kyuiapra Ba cupT Kysnapra 6yauHanu. Macca
K4 Y3y TABCHP KITAETTraH CYIOKIMKHUHAT 3JIeMEHTap Maccacu
dnta, GiHOBapHH 37EMEHTAp XAXMU dv TA NPONOPLMOHATIAND:

dF = ddm = apdv = fdv, (6.3)

fynza f—nponopunona.nnm( Ko3dduumeHT Oynns, yHra

HACCa KYYMHMHY XaXMHU#H 3uYiIuru Ael aranangy Ba y
Kyiigarira TeHTanp:

IP (6.4)
by epaa: a= L0}

o TESMaHUIN, dm = pdv CYIRKIUKHUHT do
XUKMIIra MOC KeJITaH MaccacH, P —3Ca YHUHT 3UUWINTM.

Macca KySMHMHE XaKMUI SUMIUMY £ CYIOKINKIArH GOCHM
(kywnauuui) OuraH Kyhugaryya GOFMaHyNIra ara:
| F_dp> | dp dp -
= -’+a{v"+u‘zk'

Z (6.5)

Bextop aHanM3aaH MabayMKU, (6.5)HUHT YHT TOMOHMAAC
pekTop udofiacH cKanydp £ HUKT rpaAde HTHU jAeb artajanu Ba
gpad p opKany GenrunaHany:

_dp> . dp  dp g
grad P = piedl +d—y_]+Ek.

(6.6)
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lynnaik xunu6, (6.5) Ba (6.6)ra GuHOoaH, Kyiuaaru
TEHINaMa Kenuod uuxanu:

grad p = f 6.7)

by dbopMyna cyloKIMK MyBO3aHAT XONaTHHUHE, SbHU rMIpO-
CTAaTUKAHMHT acOCHi TeHTnamacy 6ynu6, GyHaak Tabpug-
JaHaaM:

Cyroxauxk Mysozanam xoaamda Oyszanoa Macca Ky4uHuHe
Xaxcauil 3usauzy 6ocuMunune epaduenmuza mexe 6y1adu.

Wlysu aittum kepakku, (6.7) wapT GaxapuiaraHia
CYIOKJIMKKA TAbCUP KUNYBYM KYY KOHCEPBATHUB KYYNaH, YHUHT
MalIOHM 3Ca KOHCEPBATMB MaifoHaaH nbopaT 6¥mamu.
BuHo6apuH, HOKOHCEPBATHB KydY MaMzoHWAAry CYIOKIHKIAp
MYyBO3aHaT xonataa 6yaumy MyMKUH 3Mac.

(6.7) dopMyna acocuaa, CyIOKIMK XapaKat¥l XONaTHHUHT,
SBHU THIPOAMHAMMKAHMHE acOCHi TeHIIaMacMHH OCOHTHHA

YUKApHIL MYMKHH. MyBo3aHar (f —gpadp = o)naru CYIOK/IUKKA

pa = B%{- XOKMUIA 3MYIMIMIra TEHT Kyd TabCp KMITaHAa, y
XapakaTra Kejiafiu Ba Kyiuaaru TeHriama YpuHan 6ynaou:

pD = f-gradp. (6.8)

by dopMyna CyIOKIMKHUHT XapakaT X0JaT TeHr1aMa-
cy €kM Diijiep TeHrnaMacH XaM aed atanaim.

6.3. UAEATl CYIOKNIUK F’HAPOCTATHKACH

FunpocTaTukaHUHr yMyMu# Basugacu MyBO3aHATAATH
CYIOKNMKHUHT UAMLL NEBOPUra €KM CYIOK/IMKKA TYLUMPHIFaH
XKHCMIapra TabCUPUHH, CYIOKJIMK 3rajUlaraH.XaXmaa THApo-
CTaTHK GOCHMHMHI TADKAIMIL KOHYHJIApMHM XaMAa Xap XWI
KYPHUIIM2 SfIEMEHTIIADUTa TUHY TYPraH CYIOKJIMKHUHI TabCUD
Ky4napMHH aHMKJIalufaH ubopataup.

1. Hackam (1623—1662) xonynmn.-Arap cyloKIuK (Eku
ra3)HUHT OFMDNMIM Ha3apra ONMHMAaca, Macca KYYMHWHr
XDKMHUA 3UWIMTK MaBXyn OynMaiiau, sean f = o 6ynagn. Y
Bakraa (6.5)nau:

L-2-2-g)

p =const.
162

6.9)



By hopMyTa CYIOKNMK Ba rassiap yuyH Fackank KonyHWHHHT
Matematuk ndopacyu 6ynub, OyHman Tanpgcbnananu: muyH
MYpaan CYIOKAUKIUNE (2a3KUHE) UCMAN2aH COTU0a Gocum xamta
Upkeauwda 6up xua 6¥116, Uty GUNaR Orpra CYIOKIMK (raz)HuHT
ByTyn xaxmu 6¥itna6 6up xun ysatwiagu (6.1-pacm).

—

I !
lllillll

L]
'S

o,
o

6.1-pacm 6.2-pacm

2. CYORAMK yeTyRRHENT Gocvnii. Arap CYIOKINK OFUPIHK
MANOHNMAA OYJica, Macca KyYMHUMHT XXMMt SUWIHTH f = pg
6V1apm. Z Ykru BepTHKAN I0KOpUMTa iyHanTtupamus. Y xosnxa
IOKIMK MyBO3aHAT XOnMaTHHUHI (6.6) TeHIiamMacu

dp _ dp _ dp _
o —oy 0B85z =P8
KYPHHHILITA Keamu.

Cyoxmx yetynununr 6ananminry h ra Kapab 60CMMHUHT
YIAPUIIMHK OXMPr¥ TeHrIaMaHu UHTErpannab OCOHIMHa
BHUKA2IN MyMKHH:
p kL
[ dp=fogdz: p, - p=pgh.
p, o

Bynpa

P = p, +pgh. (6.10)

By epna p, CYIOKIMKHUHT Z =/ GanaHAIMrMgari 60CHMH,
ABHH KOOpAVHAaTaslap 601M CYIOKJIMKHUHT 3PKHH CHUPTIAA
ONMHTaH 6yica, y atMochepa documMu 6ynaau. Pakar cyloxnik

YCTYHU XOCWJl Kuiarad p,, 6ocuMra ruapocTaTik 0ocCiiM
IeuMnanim:

D, =Pgh. (0.1
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[yraait KUnuo6, bakar CyloKIMK YCTYHH XOCHI KuiraH 6ocum
CYIOK/IMK CONMITHPMA OFMpnurn (pg)HuHr GanaHuink h ra
KYNaiTMAacHra TEHT 3KaH.

WUpum Tybura GyaraH 60cMM Kyuyura oMl «TMOPOCTATHK
napagokcHi» (6.2-pacM) CylOKIMKIArH 0OCHM TaKCHMOTH
u30xy1a6 Gepanu. Mani Tybura 6ynraH 6ocum Kyun P uauiigard
CYIOK/IMK OFMPJIMIHra HuchaTaH Xap xui 6ynanu. bocum Kyuu
WML MYMAATH CYIOKJIMK OFMPAMIMAAH OPTHK OVIMIIM Xam,
(6.2,a- pacM), Tenr (6.2,6- pacm) Ba xu4uk (6.2,B-pacm)
GYMMLIM XaM MYMKHH, UyHKM WAL Tybura 6§iran 6ocum Ky4u
P ruppocTatik 6ocum P, 6unan uamil TYGUHMHT 103aCH S Ia
KYaTMacura TeHr:

P=p,,-S=pgh-S. (6.12)

3. Apxumen KOHYHH. Arap CYIOKJIMKKA TAlUK¥ Ky4 TabCHP
3TMaca, CYIKINKKa 00TMPHITaH Xucmaapra ¢hakaTr ruapocra-
THK 6ocuM Tabcup Kuiamu. CoaaanukK ydyyH MAMInAarv
CYIOK/IUKKA TYFpY OYpyaKiy napaaienenunen wWakiuaarid XucM
Tywupunrad 6ymcu (6.3- pacm). By XUCMHUHT €H CUPTMra,
LWIYHUHIEEK OCTKM acocjapura ruapocTaTik O0CHMM TabCUp
kunagu. XuUcMHUHr €H €kjapura
TabCUp KWIYBYH CYIOKIUK BocHMIapy
TEHT Ba KapaMa-Kaplluy HyHaIraHaury
y4yH ynap y3apo MyBO3aHaTJiaHaIH.
JKMCMHUHT YCTKM Ba OCTKM acocC-
JIapyra TabCUp KMMYyBYM TMIPOCTATHK

Dy =p.gh B2 p, =p,gh, Gocumnap

bapku  p=p,-p,=p,glh, - H)

JKMCMHUHT OCTKM aCOCHAAH IOKOpHUra

6.3-pacm WyHanraH 6ocumpaan ubopart Gyranu.

Y BakToa CYHOKJMKAArM ACOCHMHMHI

1031 S 6Y/IraH XMCMHH IOKOpHra KYTapyBuM ApXMMEN Kyud
KYAMAATHra TeHr OYnanu:

Fy=ps=pglh - h)s=p,ghS =p,gV.  (6.13)

6yHna p, — CyIOKIMKHMHT 3UYIMIH, § — 3PKUH TYLIMLI Te3-
JIaHULIM, A, BA h, KUCMHMHT YCTKHM Ba OCTKM acocaapura 6yaraH
CYIOK/IMK YCTYHIapUHHUHT BanaHanuKiIapy, A 5ca XUCMHUHT
banananuru.

) (6.4) dopmyna Apxumen (3pamusamar omauHru 287-212
MMILIAD) KOHYHMHMHT MaTeMaTHK udopacu 6ynub, GyHmaii
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noas
ap ¥4 une
urpidnaHany: cyrokauk €xu 2asea Eomupuﬂzq:yxzwﬂ (g),‘fu
:;uwea Uy HeUcM CUKUG “uKapear cyroxaik :c_up K aTH xalt
ipilieiza mene 8a lokopuza yHanean Ky4 M4 Ly BeP ' ira
CylokTuKKa GOTMpMIITaH XrcMra MKKUT? < an 10KOF gy
lactra WyHanran P OFMpIMK KYYM Ba BCPTMK\/ BaK‘TﬂA ar
ianran F, Apxumes Ky4M Tabcup ka2l ra xapa*
KY4IaDHUHT TabcupHaa XucM katTa Kyd T MOIH' H
Kitnami, ByHna Kyitupary yu xon 6ynuiuu MYMK“'— . £y Aa
) Arap xucmuuar oFupnury P ApxnMEA o pyHal
ema (P> ) 6ynca xucw F = P—F, 02670 qaitiid-
HATHKANIOBYH Kyy TabCUPUAA CYIOKIMKAA YYK2 Du E -
IDEJFATKQ)KHCMHHHF orupiuru P Apxumest ¥ ye goBuM X
v ) 6¥ica, xueMra Tabcup xuypuu HETVU uxTHEP 4
Hamea TeHr F= 0 6ynraHy yuyH XUCM CyloKIIVK 2 M.
XOli}';ﬂ:rh;yBoaaHama, ABbHYU MyaJUiak, xonaTid yﬂiﬂ E,
D XMCMHHMHI OFH e
Ksink (P< F,) 6yica, xv?gn]:m;?zf;p—)fnﬁ Ha T o0
WKOpMra MiyHanraH Kyd TabCcHpUOa cyoKJIY £ }op)’Bq”
SHSAMH Ba cyaub ropamy. CylOKIMK 103und cy3HB oKIMK
AUCMHUHT OFUDNUTU Oy XXMCM CUKHUO qVIKapraH o
\UKMUHUHT OFMDANTHTA TEHT GYIamm.

6.4. WIEAJ CYIOKJIMKHUHT XAPAKATH

BA Y3IYKCH3JIMK IIAPTH
PUlaH TCKLUH_
111 MyMKI‘! H.
xapalcamqul
3appal{aﬂllﬂe
auanaputihe

Wiean cyloxnmk xapakaTiay MKKY XU yCYTI 6
PHLI ACOCUAA XapaKaT KOHYHUSITIIAapHHU aHUKI2

Buputium yeyn: cyroxauxnune anoxuda 3appaio
Kyamu acocuda 6axmHuNe Xap 6up Momenmuda 6y
Jphuru 8a meanueunu, uty 6unan cyroxauk 6ap4a 36PP
MPAEKIMOPUANAPUHI XAM AHUKAGQUL MYMKUH.

Nekun xyna Kymaii 6ynraH mKkumun ycyind, ¢ gt
ppavasapunu Kysammacoan gazonune aroxuda HYK! Faiupge
Ky3amub, uy HyKmaaapoax CyrOKAUK 3appavanapit Kanoail me3nur
furan ymaémeanunu kaiid Kuau6 Gopuw: idysu Guaat cy HOKAUF
JAPAKAMUHUHZ KOHYHUAMAGDUHU myurynmuput mymrcun. b
yeyaea iinep ycyau deliusadu. Arap cdazoHuHI 6MUTT2 HyKTacy
Mac, 6anku xap XuWA HyKTajapu KysaTHiamnO, BaKT Kai
KWIMHCA, CYIOKIHK TE3NUKIApK TaKCUMOTMHUWHL OHH i
MAHIADACH—TE3NUKIApY MaifoHu xocui 6¥aaau. CYIOK
TMKHUHT TE3NMK MAKIOHM OKMM uH3ukgapu AeO aTailyBl
UHIKIAD 61:maa TacBUpnaHanu (6.4-pacMm). Oxum HUSUKAAD
del, wyndaii 32pu wuzuKAapza alimunaduku, YHuHe Xap Oy
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6.4-pacm

HyKkmacuda me3nuk eekmopu 3 ypunMa pasuwida UyHasza
6ynadu. OKUM YHU3NKNApK EpraMua Te3NUK HyHANHIIMHATHHA
3Mac, YHUHT KHAMATHHHM XaM udoaanaw MyMKuH. CyOKInK
OKHM JYHANMWINIA MEPNEHAMKYNSp OYAraH Gupaux 103a0aH
Ymean OKUM HU3NUKAGDUHUNE COHU, IBRW OKUM HUSUKAADUHUHZ
Cupm 3unAuzH CYIOKAUK 3appaua mezauzuza nponopuUoHaa 6yaaou.
JeMak, OKMM YU3HKAADMHMHI CHPT 3MWIMTM KaH4a KaTTa
6yaca, TE3NMUKNAp MAWAOHM UIYHYA KY4IH, ABHH CYIOKIHK
3appaua Te3NIUCK WYHYa KaTra Gynagn.

Sitnep ycyrura 6uHoaH MXTUEPHIL XapaKaTaa CYIOKINKHIHT
Xap 6HMp HYKTagars Teannry ¢azo HyKTaCHHMHL KOOpAyHaTa-~
napy Ba BaKTra 60rmnK 6ynanu:

5= f(F.1) (6.14)
€KH
Ux =fx(x1y1 & ’); % =-fy(x1y1 Z1") v, =f;(x,y1 Z l‘) (6.15)

CyloK/IMK XapakaT KouajapyHi Kapab YnK1LaaH onauH,
CYIOK/MK OKUMHHM M(DOAANOBYM alipuM (U3MK KATTaJlHKIap
Ba XoAMcaap 6WIaH TAHUIIKG YUKaMu3:

I. C)’IOKJMKHP!HF OKMM YM3MKIapy OWnaH uerapajiaHraH
KHCMMTa OKMM Haliyu Deiiunany.

2. CyloKTHKHUHT (a30 HyKracuaary Te3nuri Ghakat Koop-

nyHatagapra 60FIHK, SbHU 3 = f (r) OynraH oKMMra TYpFYH

(6apkopop) OKUM Jeinnaau.

3. Arap OKuM KaTiamnapy Gup-6upura apanalimait, 6up
KaTiaM MKKUHUHCHIA HuchaTaH cH/DKMETraH Gynca, ByHaait
OKMMId TAMUHAD OKUM Jeitunamn.
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4. Cyikankna Xocun OYnraH yiopManap KarjiaMiapHWHT
Hp-ONpHra apajaMLIM HATHXKACKAA BYXyAra kKemaaurat
KUMFa TYpOYEHT OKMM Jedniaau.

3. Peart CyloRIMKIap opacuaa XOCHI GYIa€TraH MIIKAIAHW L
VIPa KKK MIIKANMAaHUI Ky4y fed aTanaau Ba y CYIOK-
WIKHWHT KOBYIIKOKAMTHHYM udosananim.

6. Karmu xucM Ba mpean CylOKIMKHUHT CUKUIU I K03hdui-
WEHTHHUHE XyHa KAYUK OYIUIIM, Aespiv HONra MHTHAJIW LM
6inaH Gup-Gupura YxilIaca xam, abCOMIOT KATTHUK XXUCM Y4YH
CDKHI MOLYTH YEKCU3TIMKKA MHTIWICA, HACATl CYIOKJINKIapaa
H1Honra TeHr GYnanu.

SHIM CYIOKIMKHMHT Y3yKCUIIMK 1IaPTMHY KApad YyMKaMu3.
Cyoxmg 33pPAYANAPUHVHT TEITUKIIAPY OKUM YN3UKITAPDUHMHT
jiiiManapu Gyinua #YHanraHnurmaas (6.5- pacMra K.)

WOKIMK OKMMMOA OKMM HAMMHMHT €H CUPTHHM Kecud yra
anarm.

6.5-pacm

CylokMKHNHT 62pKApOp OKMIL BAKTMOA OKMM HAWMHUHT
HITEPH# KECUM 1031 OPKany df BaKTaa OKUG YTYBYM CYIOKIIUK
yaccacy Oup xun Gynanu, XymiagaH S, sa .S, kecumnap yuyH
in=py,sdt = pv,5,df. ByHgau

0,8, = 0,5,

(6.16)
WyHocabat kennd unkanm. by udona nnean cyroxamxnap yuyt
VAYKCUANMK TEHTTTAMACUIUD.

Nemak, cukuamac-udean cyloKAuUK YHyn oKum Haliu KyHdarane
KECUMU HO3UHUKE WY KECUMOAH YMaémaan CyroKauiK OKUMUHUHE
meatueuza Kynatmmacu y3zapmac kammanukoup.
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6.5. BEPHYJUIH TEHIJIAMACH BA YHHHT TATBUKH

Pean cyloxauk Ba raanap xapakaTuHM TEKLIMDHL XyAd
Mypakkab macanagup. By MacanaHu COEHM&IPTHPMUJ yuyH
WYKM HWIKATAHUL KYyrapu Xucobra OJIMHMAadAMraH unaean
CYIOKTUKHIHT XapakaTti Mucoauga xapa® unkamus. Haeu
CYIOKJIHKAA TabCHP KWIMILK MyMKUH 6ynran 6upaaH-oup cypt

JIapY XOCUN Kunran p 6ocuManp. .
qul/lzfean CYIOK,IIMKHHHf 6Mpop KOHCEepBaTUB Ky4 ManlOHH-
Aard, XyMJIafiaH OFMPINK MaiiJoHMIarH Gapxapop OKUMHHH
Kapab ynukamu3a. By oxumra SHEPTMAHUHT CaKJIaHMIl KOHYHIHH
TaTOMK KUMHG, nuean CYIOKJIMKHUHT OK{M TE3JUTH Ba 6OCIMH
opacuaaru OoFTaHMLHK aHUKJIaMU3. ByHUHT Y4yH uaeas cy-
OIIMKHMHT 6apKapop oKUMI Mymaa KYHADTAHT KECUM I037apH
5, Ba 5, BYnran oxum naituuy axpatu6 onamus (6.6-pacM). -

Ml irrrrrrrrrrrrrr g i rdisa 7=0

6.6-pacm

du =0 6Ynagy. By xonna SHEPrUAHUHT ¢
6MHoaH dr BaKT opanuryga OKHO VTray ¢
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TIACKHWNHT Yarapuiud dwy = dw, + dw, TALWUKY KYUHIHT
faxapran uwm § A ra TeHr 6yaanu:

dw, + dw, = 34 (6.17)

by epia eylokMKHUHT dm Maccacura MOC KeJraH KMHCTHK,
NOTEHIMAN BHEPTUACK Ba TAlUKW KYYHWHI OaXapraH nun
KYHHIArH KYpyUHUIITA 3ra:

© dmp?  dmeu? 2 ]

2
o, =dw,, +dw,, = dm - gh, — dzm . ghi=dm-glh, — h,)
dA=dA, - dA = F,dl, = Fdl, = p,s,v,dr — p.s,p.dt. (6.19)
CYOKIMKHUAT y3iyKCH3 IapTUra GMHOAH 0,5, = 1,5,
OYranm yays oxwpru ndomanary vsdf K¥naiTManu
st = s,0,dt = do = 4. (6.20)

KIpUHMIINE E3M11 MYMKHMH. (6.19) Hu (6.20) ra GuHoaH GyHnam
KpuHMIAa E3aMus:

dA = p, %t — p, 4 = 4 (p, - p,). (6.21)

Ulynnait kunu6, (6.18) sa (6.20) udonanapuu (6.17) ra
Kyitmnca

'dﬁl(vzz —"12)+ dm'g(hz ~h)= (pz - 171)%

hoa kenub yukaau. By udoganu dTm ra 6ynud, Moc paBRuLLLIA
BUp XM MHIEKC/IM KAaTTANMKIapHU GMp TOMOHTa yTKasuica,
ui 5 2
EE‘—+ pgh, + p, = ‘—? +pgh, + p, (6.22)
MyHocabaT xocun G¥nmanyu. By MyHocabaT OXMM HAIIMHWHD
WXTHEPHMIA KECHMNIapK YUVH XaM YpuHnuaup. Y BaxrTaa (6.22)
(OPMYNaHN YMyMUI KYPHHMIIAA €3MLI MYMKHH:
% +pgh+ p = const. (6.23)
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By myHnoca6atra Jlanuan bepuynnu (1700—1782) Tenrnamacu
Aeb atanaay. ByHra P —CyIOKJIMK 3UUWIUTH; v — OKHUM TE3JUTH,
hA— OKMM YM3MFUHWHT OUPOP caTXAaH GanaHUIUIHU.

BepHyniu TeHrinaMacuaari KyuviyBYy XautapHUHT QUanK
MabHOCUHM aHUKJIANIUK:

1. Yuunyn xywunaysuy p xatrajuk CYIOKIMK MYWAard
GOCHMHM aHTJIATAAU. YHra CTATMK 0OCUM AeAWIaIN.

2. Ukkunuu kjruvnyeum pdh = p,,,, TMAPOCTATUK BOCUM
ACUUNATH.

2
3. Bupnnuu kyumnysun £2- = p e 2Ca DMHAMUK pocumM
Herunanu. i 2

Y Bakraa BepHyanu TeHrnaMacuHM OyHpait Tabpudaul
MYMKHH:

Hdean cyoxaux 6aprapop oxumudazy myna 6ocum OUHAMUK,
2udpocmamux 6a cmamux 60CUMAGPUHINE [HUFUHOUCY2 MEHe.

K¥nnab mypakka6 macananap beprysnnu teHrnamacy (6.23)
HUHT TAaTOMKM acoCHIa OCOHTHHA XaJl KUJIWMHALU, KyM/lanaH:

1. Arap OKMM YM3uFK ropu3oHTan 6¥ca, (6.23) TeHraMara
OHMHOAH CYIOKJAMKHUHT T¥na 6ocuMU D, AMHAMUK Ba CTaTHK
GOCMMNAPHNHT HUFMHANCHIA TEHT GYIaIn:

Py =%+ p. (6.24)

DazoHMHT MaLIyM HYKTAaCHA CYIOKJIMKHMHE TYia BocuMu
P, HU Ba CTAaTUK OOCHM p HU Ya13a0, CYKIMKHHUHI Ly
HYKTafari Te3IurMHu Xmucobiad Tonuil MyMKuH. Tyiia GocumHn
ymyaw yuyH IMurto (1695—1771) Haiiu munaruaagu. ITuro
Hallu—uHIrn4Ka 6yKuiraH MaHoMeTpUK Hall 6Y1ub, O4MK yin
Gulan CyIOKTUK OKMMMIa Kapluy YpHatunaau (6.7- pacu). [uto

- .
KLl’.ﬂﬂl}ﬂdl{i}l:l.rﬂ

6.7-pacm 6.8-pacm
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Halura #ynanran oxum YN3MKAADU CYIOKNUK TUHY Byaran
X0UUAA Tyrannanany. [ynmnr yuyH xam Muto Haiinaa xocwa
ﬁﬁnraﬂ CYIOKIMK YCTYHUHUHT 6aiasanury T¥na Gocum p, HH
K¥pcarany.
Tyraw MYXTHIaH W6opar 6yiran KyBypmaru CyB OKMMH-
HUHT, camonér aTpoduaary XaBo OKUMUHUHT T2 6OCHMH 7
HTO Halty Gunan Viluanca, ctatuk Bocum poca 3o0HA HaHH
A6 aranypyy MKKUHYU X1l MAHOMCTPUK Hait Gunad Ya4aHalH-
3onn naiiu (6.8- pacMm) xam futo Haitura Yxwaw 6y:116, 014
Knemu XaBllapnaHraH pa éx AeBOpUIa KMUMK gap4acH oopa-
':“Ma"ﬂa TVna Bocum P, HX Ba CTatux 6ocuM p HU GUD BaKTﬂa
YINA yuyy TTyto gg 3OHI HaitMHu Gupra Kywue, 6.9- Pfjct‘{‘:u
TACBUPNaHrannex kyy yai KYpuHUIIMaa scanagu. byHaan KY i
Haa Tlpaunrens (1875—1953) waiin ge6 atarand. BY H3

Kypcarran Bocunnap dbapku Po—P= Ez’i IaH Tyraul MYXHT~

HHHT okppm TE3MUMY » U ocowuriiHa aHUKaall MyMKHH- AT2"
VH“ aAHTHLY KEPAaKKH, 3pKUH CUPT CYIOKJIMKK, Xg)c" M
AaH napéra TYUiupunran FuTo Hafiu guHaMHUK
2 "
— w : " e3JIHl
Py = "2 K¥pcatanu, yupan TYFPUAaH-TYFpyu OKHM T

¥ HU OCOHruHa auninan, MYMKHH. OoHTA
2. Arap k§unanayr KECHM 1031 Xap xun Hail rop¥ ?muaﬂ‘
SHK b = 6Ynca, Beprymin Tenmamacy (6.22) KY
KYPUHUILHY onany:
25)
o ot 6.2

Py t-=p+ 5 — = const .

6.9-pacm
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lyHnait kunu6, (6.25) aaH KYPUHAAUKHK, CYBHHUHT OKHM
TE3JIHTM KaHYa KaTTa Oysica, CYIOKAMKHMHT CTaTUK HocHMMH
IIYHYa KM4MK 6Ynany Ba akcuH4a. CYIOKAUKHUHT y3AyKCU3NUK
waptk (6.10) ra acocau s, > s, 6¥nca, v, <o, 6y146, p, > p,
6Ynanu. bouikaya Kuiub aiTraHna HaitHUHT TOp 2KOIIHIA TEVIHK
oprca, 60cuMN Kamaanu. 6.10-pacMaa KecuM 1031 Y3rapyByaH
TOPM30OHTAN WHIIA Halira BEpTUKAI Haifyanap KasliapyiaHraH.
By Haituamap maHomeTp Basudacuuu yraiinu. Hakiman cys
10bopiinca, Top Xoaa 60CHM BHI KMYMK, OKUM TE3IMIU 3HT
KAaTTa Ba aKCHHYa, KEHT XO0#aa 60CHM IHI KaTTa, OKUM TE€3IUIH
3Ca 3HT Ku4uK 6Ynaan (6.10- pacMra K.).

6.10-pacm

CylokiuK 6OCHMK p HUHT OKUM TE3JMIH 2 Ta GOFTaHUILH
TEXHUKANa KeHr K{mnaHunagu. JXymnagaH, myJjbBepu3aTop,
Kap6iopatop, cys Y140B ac6o6u («Bonomep») Ba LIyHra YXiaul
acbobnap sicanran.,

3. Topuuennu dopmynacu. Mnean cuxuiraH cyrloKIHKHUIT
KEHT UL JEBOPUAATH KU TyOHIArH KIHMK TeluMKYamraH OKHO
YUKHIUMHH Kapab ynkamu3. CyloKIMK 3appadyanapy KyHaalaHr

AYHANMMULTapAa Teanukiapra ara 61-
raH X0JOa TeHWKK3 AKWHIAUM6
Kenagu (6.11-pacm). CyloxavK KHIHK
TEWHUKAZH OKUDO YMKUWHAZ OKHUM
YM3HKIAPH SPKUH CHUPTra siKMH JXOH
(v =10) pan 6ouutaHub, TewWHK4a
opxany ytann. Mabvaymxu, bepHyiinu
TEHITIAMacu Xap KaHaahk OKUM YH-
3UKJIAPU YYYH YpuHAMaup. Y BakTiaa
3 bepHynanu TeHrnamacuHu 6pop OKMM
4u3UFH A Ba B HykTanapra taTbuk
6.11-pacw kunamu3 (6.11-pacMm). A HyKTaga
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1pPa4a TEANUIM HOJIrA TeHT 6Y1ub, B HyKTagarucu v GYJICHH.

2

T
¥ paktaa BepHynau TenrnamacuiaH: p, +pgh = p, + ‘; ;
Oyiia p—armochepa 6ocuMu; A—CyB OKa€TraH TEIIMKIAH

3PKHH cHpTTaya 6YiraH 6aaHmwinK. bynnad Kyduaar HaTika

KeAHG yukamu:
= J2gh.

{6.26) dopMynazaH KYpUHAEMKM, VAW TYOMIATH TELIUKEAH
OKHb yukaérran cyBHUHTr Tesnuru » (6.11-pacmra x.), h—

banaRmIMKnaH 3pKMH TYWIA&TTaH XMCMHMWHL o = 1/2gh.
TEINHIUra TeHT.

6.6. KOBYLIOK CYIOKJIMKJIAP TMAPOJIMHAMUKACH

TunpogMHaMuKa CUKMIMARINTAH CYIOKTHKITAp XapaKaTHHU
B3 YIADHMHT KATTUK, XUCMIap 6unaH y3apo TaLCUPUHU ypraHa-
MIaH THADOMEXaHWKAHUHT ©up Oynumu. 'maopoanHaMKka
MICAMANAapUHM X1 KMAMLIAA MEXaHMKAHUHT aCOCUH KOHYH-
712p¥ Ba yeyuiapugaH GoimanaHvnanm.

€4/l CYIOKIMKIIapAa HOpMan 60CHM KyunapuaaH TaulKkapu
WPAKATNAHYBYM CYIOKJIMK INEMEHTIAPU yerapajapuiaa UUKH
HUKATAHUUSHUHT €KM KOBYWIOKIMKHMHT TaHreHUMan (ypyuH-
Ma) Ky4naph xam Tabeup Kunany. LIIyHUHT yYyH XaM CYIOKJINK
KEUIaMNapUHIHE 6Up-Grpura HUCHaTaH XapakaTnaHWILIM XKapa-
EHIIa ylap opackia WHKKM MIIKANAaHHKI, sibHU KOBYHLIOK/IHK
xocun Gynanu.

Wykn mmkananu, KYYMpUIMIU XoAMcanapaaH 6upu
Oymub, uxTrepnit TyTau MyxuTaa Kysatunaan. CyroKaukiapaa
HIKH HKATAaHMILHWHT Xocus OYauil cababnapyuHu ruapoaU -
HaMMKa Ba MONEKYJIAD KMHETUK Ha3apusi acocuaa Kapa6 YU KH11L
MYyMKMH. CYIOKIMKHHUHT KOBYWOKJUTH CYIOKJIWUK MOJEC-
KYIATADMHUHT O¥p KaTnaMIaH MKKUHYY KaTIaMra UMIYyNbC-
it Kyuupud YTHILK acocuaa xocun 6ynany. CyiokKJINK MOJieKy-
JIallapH Ta3 MoNeKyaanapy Kaby 9pKUH XapakaT Kujla ofiMaimm,
ynap TebpaHMa xapakaT KWiInO, BaKTHM-BakTU OviaH Kydanu,
fyHna cupkuin Macodacr yNnapHWHT yauyamiaapu tapTubuna
6ynanyu. CyloKNuK 3MMIHIK KaTTa OyJiranury cababinu Mosexky-
NANAPHMHE WIrapuiaHMa XapakaTu yexkaHrasavp. Iacr remne-
paTypana CyioKJIMK MOJIEKYlaJapUHUHT cakpad Kyduliy Xyna
cuiipak Oynrarvivru cababnu, CYIOKJIMKHMHI KOBYLIOKJIWIU
rasnapHukura HucbaraH xyxa karra 6ynann. CyIOKIMKHWUHT
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6.12-pacwm

KOBYUIOKJIMTH TeMneparypara Ky4win 6oFauK 6Viub, TeMrepa-
Taypa OpTHLLY OuNaH Te3 KaMas Gopanu.

CyloKNuK XapaKaTjaHraHZa VHHHI KaTnamiapy opacHiad
1033ra KejiraH M9Ky MIIKATaHUI Kyyapy Kathamiap Te3MdK-
JIAPUHHY TEHINAWTUPHIITa UHTUIaaM. By kyunapHuHT 103ara
KeMIIHHE KyHnaarkya TYLWUYHTUPUIL MYyMKHH: Xap Xl
TE3MUKNAp O11aH XapakamIaHyBYl KATAAM MOJCKYIanapHHAHT
TapTHOCH3 XapaKaTit HaTMXKACHAA CEKMHPOK XapaKaTnaHyB4d
KaT/iaMra UMIyJne Kyyajau. By 3ca uMOynbcHUHT Y3rapyiunra
cabab 6yna,un V3 ypHuAa MMOYALCHUHY dp Y3rapyIIH Ky4
MMIYIbCH Fdr Fa TEHr, sbHUM dp = Fgr OYnravu YuyH,
Katnamiapapo napauien XKoHmamTHpuURraH TeKMCIMKKA

YPHHMA paBunIfa HyHanrad MuKM MIIKAIaHMIL KyuH F"m,\

Xocun kunanu. Taxpubagan aHMKnaHran HbloToH KOHYHMFa
OHHOaH UKKHM KaT/laM OPACHAATY MYKI HiiKaTaH M Kyuu (6.12-
pacm);

F . =-nas (6.27)

n fl"'
OyHna AS —CYIOKMK KamlamMiapura rnapajiien >XoHjaalraH

103aua, :712"1'63)1111\ rpagMeHTH, M~ NperopUHoRalinK

KO3D@UUMeHTH 6YInb, ¥ CYIOKIUK TabGuaTHra, XOiaTura sa
Xapoparura GOENNK BYNNG, y uuku wkanaHiiu /\oagb(j)l'uuemnu
€KU KOBYIIOKAUK /caatpd)m(uemnu i KucKaxa Kuaub CyroK-
AUKHUHE KOGYMIOKAULY XaM HEHUIIAIN, «—» MUHYC HIIOP& Fy.
VHKYM MuKaiaHMW Ky4y CYIOKJINK KATNaMuHNHI XapakaTura
TCCKapy MyHasraHaurdHu neosanaiinm.
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n(6.27) OaH CYIOKIMKHUHI KOBYIUOKAKFY MUKAOP XHXATAaH
Kynyjarura Teur 6yianu:

G
Il =2 (6.28)

Arap (6.28) na %=1 Ba As=1 6ynca, |n| = F,,, 6yaraHnurnoan
CYIOKIMKHUHT KOBYINOKTUIU KyHuaaruya TabpudnaHagu:
Cyioxnurnunz Kogyuoxauzu 0e6, Kamiamaap mesnux zpaou-
ERmu 6up GupauKKa mene 6yneanda, KamAamMAapapo #ounauzar
103a Gupauzuza ypunma paguida mascup KunysHll UKy UKana-

HUw Kcywuea mukdop dicuxamoar mene Gynzan QUIUK KAMMAAUKKA
atimunadu.

Kosymoknykuunr CH narn ynuos 6upnuru:

Al =

KoByuokaukHuHr Ynyamanru;

Fm.ux H H
m‘- =— ——16‘—”{1'(

Ml A

o

g . | F o
S|~ T T

TyTalw MyXuT (CyIOKNMK)HMHT XapaKamIaHaETIaH XHCMIa
TaAbCUD KOHYHMATHHU OMIraH Xoipga, YHUHI KOBYIHOKIHK
KOSQ@HUMEHTH M HU aHMKRAL MyMKMH. Arap r paguyciu
1apya KOBYMIOK, CYIOK/IMK/IA Y3rapMac Te3nuK GunaH TyLaeT-
TaHAa YHTa TABCUD KWJIYBYM HYKY MINKANAHKLL Ky4M:

F . =6mrm. (6.29)

MWK

CYIOKJIMKAZ TEKUC (5 = const) XapaKaTnaHW6 TyWagrraH
liapyara nacTra TOMOH iyHajiraH p —OFMPJIMK Ky4H, IOKODH
TOMOH WMYyHanray FA —ApxuMel Kyud Ba 11ap Xapakarura

Kapama-Kapuy iyHanran F,, —WYKM MIIKATAHUI Kyuu
Tabcup Kuiaanu (6.13- pacM), sbHY LAPHMHT OFUPAUK KY4H

ADXMMEN Ba WYKYU MIIKANAHMII Kywiapy GunaH ¥3apo MyBO-
3aHaTnalagun:

P=F,+F

LT

(6.30)
175



ByHaa (apHuir OFUMPIAUTM P Ba YHIA TACHP KWIYB4M ApXHMEL
KY4H FA KYWMZArura TEHTIUp:

P=mg=pVg=2%nrpg; F, =pogV = $mr’pg. (631)
By epna P — wmap MOANACHMHMHI SHWIMTH, P —CYIOKIHK

3MYIIHTH, —IADHUHT pa,unycn £—3PKVH TyIHVLI TC3MAHHLIHN.
(6.29), (6.31) nan F,,, P F, xywiapHusr ngonanapiHi

A

(6.30) ra Kyitunca, in r3pg=-'i-7r r3pog+6m 1w éxu

Orny rv = 47Tr g(p pu) 6ynanu. Ba Huxoar, OyHIOaH CYIOKIHK-
HITHI KOBYIHOKJIMK KC3MMUUMEHTHIIN aHUKIacaK:

5, e 2Dy 2
n = 2

(6.32)

Va3 (]
g

By dopmyna mwapua xapakaTura MaHMiI ASBOPHHUHT TALCHPH
6ynmaraH, stbHM DIapya Yauammura HMCOATAH WAMIN JEBOPUHH
YEKCHM3 Y30KTAUITaH 46 Kapall MymKHI GYsraH X0l YiyH
YPUHNHUAUD.

Hxxknuin roMoHaaH, CToke hopMyacHaard HYKU Hilka-
JlAHWLW Ky4daapy, (axaT, CYIOKJIHKHWUHE JaMHHAp OKHMA
YUYHTHHA TYFpUIUp. Jdamiusap (aain. lamino—gamaan) ok deb,
CYIOKAUK €Ki 203 Kamaamaapunune Gup-Gupuea Huctumar
cupnanma, Oowraia Kuaub aidmeandad, kKamAaaMau OKuMuza
atimuaady, JTaMUHAp OKUMAA CYIOKIMK (Exu ra3) KaTiamiapH
V¥3apo napanaen cwbxuiini. JlamMudap oxMmaa BakT Oyiinya
OK}M YM3MFU y3rapMaradjiMriaaHd y craiyoHap—06apkapop
xapakatnai udopat 6yaamu. LyHaad wiciuo,(6.32) dopmyra
CYICKJIMKHHHI 82pKapep XapaKaTHrd TerHLUIRAKP.

6.7. KOBYLIOK CVICKJiIKHWHT HANJIAH OKHINK.
TIYA3EILLL <POPMYJIACH

KoByIoOK CYIOKNUK rOpH3IOHTan HMAHHAPUK TpyOa yiliab
OKKAHOa, CYIOKJIIK 3appauanap Tesjukiapk Tpyba yKkura
MapaJuie;l HYHAATAHTHIT cababnu KOBYIIOKTHK KydaapH Hait
VKM MYHaAMIIWAA TRRCUD KHIagH.

KOBYILUOK, CYIK/MK Y3TapMAC KSCHMIiH TOPH30HTa TVpH
rafinan 6apxapop oxuuid ¢abadit, YHUHE Xap OMp KYHIaRaHT
KecHuMAari 6ocuM Oup Xip1, OMHOOApHH OKHM HHM3WKAApH
Haltuya yKHra napauien Wynanran 6ynagd. Arap Oyraak
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— Pt at)
dt

6.13-pacm

67{”‘31'3“113 90U, YHIA OKUM YM3MKJIApU 3ruiraH 6ynap €xu
Halyara KYHpanaur iyHanraH OKUM lo3ara KesiraH 6yiap sav.
Cytoknuxnmnr [OUpaBuil Haitya AeBopiapura siKHH TypraH
XaMMa 3appayanapy Haiyara EnuILuG, YIapHUHT TE3AMTH Hora
TeHT; ynapra SIKUH TypraH XalkaCHMOH KarjiaM CHMMMeTpHA
WapTaapu tydainu 6yTyH aitnandii 6yinad 6up xun TeTMKKA
9ra Oynumm Kepak. AMMO KaT/iaM Tealury Tpy6a JKu TOMOH
owa Gopamu. [IyHHHT y4yyH XaM, OKAM TE3NUTH ¥ Hafiya
Ykuraya 6ynram r pagnyCHMHT (DYHKIHMSCH, SBHU 0 = )
ASHVI MYMKUH.

Haluagan okaéTran CyIOKIMK XaXMUla paiuycu r,
Y3yHnur# d/ ra Tenr uniunap (6.13- pacm) axpaTub ojaMu3
B2 XapakaTnaHuul KOHYHUSTHHU Kapab 4MKaMu3.

Buprnuugan, cylokink oxumu 6Gapkapop OynraHu ydyH
aXpaTn6 ONMHraH HMIMHADP ACOCHIA TAbCHP KMIYBYM DOCHUM

KY4H df (6.13- pacmra k.) dF = [p(t)- p(/ + dI)]ds Gynamn: GyH-
2

ma p(l +dl)- pl)= —Z.—’j—dl Ba LMAMHIP ACOCUHHMHT 1034 § = X

Oynrann yuyH 60cuM Kydn Kyiugard KYpUHMILTA Kenand:

dF = - g1 .qr? = —nr® & dl. (6.33)

UKKUHYMAAH, 3eMEHTAp LMANMHAPDHUHT EH CHpTHTA
YPHHMA paBMILLa TAHCUP KUIYBUM UYKM MIUKATAHMIL Kw.“,
elF,.. (6.27)ra acocan Kyinaarura TeHr 6ymanu (6.14- pacs):

HIIK
xa’ z

G.l4-pacwm
12—265 177



dF. do

k%, == dr e

Gynpa ds, __3jleMeHTap UMAMHADHHUHT €H cUPTM 6Ynub,
ds. =—2mrd/ 6yaraHy yuyH:

o

dF,

WK

2 ry & dl (6.34)

By epaa 17 —CYWOKINKHUHT KOBYHIOKIUK KO3(hDUUUEHTH,
paniyc OpTra capu Te3AUK KaMasi GOpPraHauryd yuyyH MHHYC

Hiopa KyAuIraH.
Cylokuk 6apKapop OKH1IMIa 6y ukku: 6ocuM Kyuu dFsa

WYK{ MIUKAIAHULL KY4H dF...,,K y3apo MyBo3aHaTHa, ABHU
yIapHHHT WMFMHOMCY HOMra TEHr 6YnuluM Kepak:

P g1 ds gy _
—mr?rdl -2nrng2dl =0,

d
oyHIa
di _ dp
2n T;‘; =r—- (6.35)

ByHpa v (r)—Te3N¥K, %ﬁ- ~— Te3JIM TpaAUEeHTH /—HVHT ¥3ra-

puinnra 6OFIHK sMac, B6uHObapuH % XOCHna XaM yarapmac,
dp _ PamP\ _ const 69n
ABHU 7 = =7 YUY Kepak (OyHOa p,—CyIOKIuK-

HMHT TpyOara kumpuingaru Gocumm, P,—3Ca YUKMLIAATH
6ocumu), [—Tp)’GaHMHI‘"}'S)’HJmFPL Harnxagna (6.35) ndonanu
KyAnzara KYpUHHLINA €3RI MYMKUH:

__ P1 P
Y=Lty (6.36)
ABHU
dp = - —-—p‘z;f 2 rdr . (6.36a)

MabiyMKy, UMIMHOD OEBOPH AKMHWAA OKUM TE3UTH
o(R) =0 Ba v(r) =v 3KaHMHHU XHUcoBra onub, (6.36a)Hu r nau
R raya nHTerpannasuca;

0 R
SR
fdp_ 50l Ifdr

v r
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By uHTerpanuu xuco6nab Tonamus:

PP
et ) (6.37)
Tpybauunr yiu (r= 0) na okuM Te3uru Makcuman 6yaubd,
TSUHMKHUHT KUAMATH TPYOAHUHT AMaMeTpu 6Yiin4a napabonnk
KOHYH acocuza TakCumiaHaau (6.14-pacm). Makcuman Te3nuk
Kyingaruya 6yaanu;
_A-B p
o _WR , (6.38)
Arap 1py6a quamerpy Gyitna6 CYIOKJIMK KaT/iaM Te3JIUIru-
HUHT TaKCHMOTH MabiyM GViIca, CYIOKIMK CaphHHHU, AbHU
TPYGaHUHT KYHAANAHT KECUMU OPKATH BaKT 6upnury Uuuaa
YIran cyloKauk Xaxmu Q HM TONMII MyMKMH. BYHHHT yuyH
bajuycu r Ba 103U ds=2nrdr 6yaran (6.14-pacmra K.)

XJIKACMMOH KaT/IaM OPKafM BaKT GUPNIMIK UMUAA OKMD YTraH
CYIOKJIMKHUHT XXMM

dQ =4V =Lds = .- 2mrdr = 2mordr, (6.39)

Oynagu, 6ynna » = %-— OKMM TE3JIUrH, YHUHI UdoaacuHU
(6.37)nan (6.39)ra Kyiuica:

=P, 2 __ P P(p2 _,2 .
dQ:ZTt '*{MI—IZ-(RZ =7 )l'd"—T[ z—nl—'(R r )rdv. (6 393)
By ndonanu 0 gan R raua opanukna MHTErpauiad, xucobnau
amManu 6axapuica, TpyGaHuHT 6yTyH KECUMU OPKaX CYIOKANK

cappu O HU TOMaMu3:

R -—
Q=j£n %(RZ _rz)’df =n p'-{:l ‘[(Rl —rz)rdr_=n PP ps
? 0

2y 8!
(6.40)

UlyHpait Kunnb, cyroxaux capgu mpyba yusapuoazu Gocuaap
dapxuza, mpyba paduycununz mypmunuu dapaxcacuza myrpu
nponopyuonan 6yauG mpybanunz ysynaueuza 64 CyOKAUKHUHE
Kosywoxaux Koagpuyuenmuza meckapu nponopuuona/taup.u

By xoHyuusar 1839 Yiunma Faren TomoHunan sa 1840 junna
dparuys omumu Tlyaseitys TOMOHMAAH SKCTIEPUMEHTAN acoCaa
Bup-6upuaan MycTakun pasuiuza aHMKIaHraH. Fared Qakar
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CYBHHMHT Tpy6anaru XapakaTMHu TeKiuupraH, Iyaseins ymMymun
XO/2 CYIOKJIMKIAPHUHT KaNWUIApAaH OKMIUMHM TEKIIUP-
raHnury yuy (6.40)ra flyaseitns dopMynacu aenunam.
CyIOKIHKHUHT KOBYNIOK/IMK KO3thUUMEHTUHY aHUKJIAIHHHT
JKCMEpHMeHTan ycynnapupad oupu flyaseitns dopmynacu
(6.40) ra acocnaHraH.

Tlyaseiinb dopmynacy (6.40) cyloKTMKHHUHT (akaT 1aMHUHap
OKHM/IapH yuyH Ypurauaup. OKuM Te3NUry yH4ya KaTtra 6ynma-
raHa KOBYLIOK CYIOKJIUK OKMMH JJaMUHap 6y1u6 xonaau. OKuM
TE3/IMTY OPTHILY 6unaH, Hait yunapuaari 6ocumiap GapKMHUHT
OpTHILIHK BHIaH OKMM XyCycUATH Y3rapanu pa 6apkapop 1aMuHap
OKUM TYpOYyNenT (ylopmanu) okumra ainaHany. TypOyneHT
oxyumaapra Ilyaseins dopMynacunn Kyanad 6ynmaiiau.

6.8. TMHAPOAUHAMMKAHUHT VXIMAIINMK KOHYHHU

MKKn OKMMHMHT MeXaHHK YXINALIMIMAZH OKMM Mapa-
METPJIapU Ba CYIOKIMIUIADHU TaBCUGDJIOBYM 3UYIUK, KOBY-
LIOKANK Ba DOlLIKA JOUMHILIAPUHU TAKKOCAAl MyMKHH. Arap
yxmwauiik MaBxyn 6ynca, GHPHHYM XUCM YUYH OKHM
MaH3apacMHY OUMJIraH Xona yHra reoMeTpyK yxiuam 6¥nraH
6011Ka XUCM/IAP YYYH CYIOKIHMK (rasnap) OKUMHHUHT OHp
KUAMATIM MapaMeTpnapMHy ONAMHAaH aiTub Gepuiu
MYMKMH. YXIUaILIMK KOHYHH KeMa Ba CaMOJIETCO3NMKAA KaTTa
axamusTtra ora. JKymnanan, kemMa Ba camonériap VYpHHra
YAapHHHT KMYPAUTHPWITaH eOMETPUK yXuiail MOAEIapy
CHHOBLAAH YTKa3unaay Ba KauTa xucobnaiu uyiv 6unaH pean
cycTeManapra Ouj xyjocanap YWKapuianu.

By Macananu yMymuii k¥punuiaa kapad unkamus. Cylox-
JIMKOAry YX1an Xoinamran HyKrajaap Kyiuaary KarTaiuknap:

F — HYKTQaHUHI painyC-BEKTOPH, 7 — OKUM TE3JIMTH, O —
3UWINTH, 1) — KOBYLIOKJIMK K03 dULHEeHTH, v, — OKHMHHHT
YeKCU3NMKIAH HyKTara eTHO KeJIraH XapakTepiy Te3IWKIapH
6unad udonanaHany. CyIOKIMKHIHT CUKWTYBYaHIUTM B HMHT

{pHKra TOBYLIHUHT OEPUATaH CYIOKJIMKAArH TapKAINLL TE3NUTH
¢ naH GoiifanaHnl MyMKMH, YYHKH ¢ = _15 CyloKank
; P

OFUPJIMK Ky4d MaiimoHuna oxa€rran 6ysca, 3pKuH TyLIMUI
Te3IaHMIIM § XaM OKMMHMHT aCOCH# KaTTaIMKIapuaat onpura
ajtnaHanu. Arap OKMM HocTauuoHap (6ekapop) Oyica,
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OKUMHUHT / Macodanary TeanuruHy MoaanoByy XapakTepiu
TBaKT TyWyH4Yacy Kuputwiany. Llynaai kuaub, ymymui xonaa
CYIOK/IMK OKMMUHUHT TeHrIaMac Ba v, v,, £, [, 0, 1, 6, T
Karranukiaap ¥3apo GyHKLUuoHan 6ortanuiura ara 6ynanm. by
KaTTaNHKIapAaH OJNTUTA IPKIM Yimyamcu3 HuUcOaTiIap XOCHI
KuiuHraH 6yaub, ynapaaH TYpTTacy TaBCHUA KWIraH oJMMIap

HOMM GunaH Genrunaxran. By connap kyiuaary 6.1-kansania
KEJITUPUJITAH.

6. 1-cadsai
Teanuk coun T=1 vo; (6.41)
Yaynnux conu Y= 7, 6.41, a)
Pefitoneac conn Re = pl/‘f/ 5 (6.41, 6)
®pya couu F= ”5'/;’/1’ (6.41, B)
Max coun M= 001 ! 6.41, 1)
CTpyxanb coHu S=uy, % (6.41, 1)

Vmuamnnx Konpacura 6UHOAH XaBalfark Colapaan Gupu
KONraHIapiHUHT QYHKUMACK 6Ynamm, XKymlafaH TE/MK COHH:

T=%n=—f(Y,Re,F.M.S)‘ (6.42)
EKu
% =0, f(Y,Re, F,M,S). (6.42a)

By ndoga oxumiap YXIALIMIH YMyMMH KOHYHMHMHT
MateMarux udopacy 6ynubd, y Kyinnarnia TappuIAHALML.
Aeap oamuma Yauamcus xapakmepau connapoan 6eut'macu
UKKUMA oM YHPH OUp xun 6yAca, OAMUHHUCY XaM 6up xun 6ynady.
VXimammuK yMyMuii KoHyHWra GyitcyHyBdM OKnMAapra
MEXaHWUK EKM TMAPOAMHAMMK YyXIMalINK IIEHHMH“-’
6.1-xanBaNa KENTUPHITAH YI4aMCH3 COHNApIaH: TE3NHK,
Y3YHIMK, Max Ba CTpyXalb COHIapu GUp XuJl Kanmn@ap
Huc6aTUIaH MGopat GYNIraHK ydyH ynapra M30XHUHT XoxatH
#yx. Jlexun PeiiHonbac Ba @pyn cOHNApH MypaKkabpox
KYDMHMIITA 372 GYNraHH Y4yH yTapHUHE QU3MK MABHONAPHTA
¥XTanuo yraMus.
TnyeﬁHoynbnc COHU, Re CYIOKJIMK KUHETUK 3HEpTHacH

Wy = 2pl3v} ~ pl3p% unur xapakTepi y3yHIHK | ma WuKM

181



HWKanaHuw KySMHUHT 6axapran uwn 4 v v,/2 ra oynrad
HUcHaTHra MPONOPLUHOHANAMD.

W, pPvd ply
i S Re (6.43)

[ynaait KWNUO, PEeRHONBAC COHM CYIOKIUK MHEPLMSICH
Ounan oKMMAATH KOBYWOKIUTMHUHT HUCOMW DONIMHU aHUK-
nanau. PeiHonbAC coHu KaTTa GYiranaa MHEpLMS acocuii pontb
yitHaltay, KKK GYaranga aca KOBYIIOK/IRK MyXUT axaMUsITAN
6ynann. LyHu aUTHIl KepakkW, PeiiHonbac COHM Re HMHT
TaxMHMHHIH KUHMAaTH TOMUNANN, YYHKY XapakTepny / y3yHIuru
Ba XapakTepiu v, TE3NUKHN aHUK Yi14ab 6YimMaiin.

®pya conn Fxam Peitvonbac conura yxiuain MabHOra ara.
®pyn coun F cyloKIUK KMHETHK 3Heprusich W, HUHT Xapak-
TepaAu ! y3yHJIMKKa TEHTr Macodana OFMPIUK KYyYUMHMHT
OaxapraH uwura 6yaran uucbatin udonanaiau. Gpyn conu
KaHya kaTra 6ynca, MHEpDUUSHMHT OFMpIMKKA HucHGaTaH
axaMUsITH IIyHYa KaTTa Oy1aaM Ba aKCHHYa.

Crauuonap (6apkapop) OKMMIIap XapakTepiau T BaKT, Y
6unan 6upra CTpyxaib COHM XaM YeKCU3IMKKA ailaBani, SsbHU
T=c0Ba 5 = o OVIaOH. Y BakTaa (6.42a) udonanan Ctpyxaib
COHM § Tywnb Konaay. UKKMHYMAAH CUKUIIMAC CYIOKINK YYyH
Max conu Honra ainanagu. LlyHnain kunub, cHkunMac cyioK-
JIMKHHHT 6apKapop OKUMU yuyH (6.42a) Kyiiunaru KYpHHUIIFE
Kenanu:

v = rJnf{FnRes F} (644)

Peitnonbac Ba Ppyn coxapy 6uUp xun GyaraHaa okuMnap
Vyxwawaup. By Xonaa caMosET MoAENnHY YX1IALUTHK KOHYHH

acocuaa TeKIMMpHUL MYMKHH.

6.9. TMAPOAUMHAMMUK BEKAPOPJIMK BA TYPBYJEHTJIUK

JlamMuHap OKUMHUHT MyXHM XYCyCUSITIapuaaH 61py YHUHT
Gepxapopauruoup. JlaMuHap okumaa cyloxiMK €ku ras 3ap-
pauanapy Gup-6upura apanamiMaiguraH Kariamiap Tap3uia
OuTTa ityRanuaa Kydaau. JIaMuHap OKagTraH CYIOKIHK EKH
rasra (paat TabCHp KWIYBRH KyWIapHUHT €K1 TalIKY LIAPOUT-
JapHM Y3rapTHUpUll HaTHXAacuiarMHa BaKT yTuiun 6Gunau
OKJMMHMHT 6apKapOpJIUIriHY Y3rapTpHi MyMKMH, 2Kymnana,
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CYIOKJIMK EKM Ta3 OKMMMHUHI TE3IUIMHM olrpa 60pub,
KPHTHMK TE3NMK Aeh aTanysyy v, TeIMKaaH 6ouiad namuHap
OKMMHMHT ©€Kapop OkuMra aufnaHuwy cababiy OKUMHUKHI
KamiaM Xonatu Oy3unagu Ba CYIOKJIMK (EKM ras) napHUHT
apanaumMacH, sibH1 TYpOYNEHTIMK X0AMcacu Coaup 6ynaau.

Typ6yieHTINK — CYIOKJMK EKHM rasaapHUHI KYMUUIUK
OKHMMJapHaa Ky3aTHaWraH xamaa Oy okumiaapaa TypJiH
ynyamnu Xyna kynna6 yiopmanap xocusa 6ynagurad xoauca.
By xonuca Tydaiian ruapooMHAMKK Ba TEpMOAMHAMHK
XapaKTePUCTUKANAp: TE3NMK, OOCUM, Xapopar, 3uUYAMKAZH
MOOpaT KaTTajlMKIap BaKT YTUIIM OMIAH Te3 Ba TapTMOCH3
Y3rapu6 Typany, sibHH QIyKTyalusanaHagy.

TypOyneHTnMK Ky3aTUnaguraH CYIOKIUK OKUMUIA TypoOy-
JIEHT OKUM Aeinnany. Bynnai okuMaa cyiokiuk Ba rasHuHL
3appayajapy TapTUOCKU3, HOTYPEYH XApaKaT KWlaiM Xamaa
YAAPHMHT XXafajl apaiallyBura onub Keaamu.

JKYIUKKMH TOF OKMMJIADMAATH, lapliapanapaary éxu res
cy3aérraH KeMaHWHT KYHPYFUIAry XapaKaTH, 3a8ouiap Tpyoa-
napuaay 4uMKaE€Trad TYTYHHMHT aiinaHyBuYM xankanap KypH-
HMUIMAACY XapaKaTH Ba 1y Kabunap TypOyleHT OKMMra MHUCOT
6yna osagy.

Iynnait Kb, TypOYJEHTIUK MabjiyM LIAapOMTAApIa
JAMUHAD OKMMJAPHUHT FUAPONMHAMUK GEKAPOPIMIH OKH-
BaTuia 103ara Kenaau. TYpOYAeHTIMKHWHT Xocun Oyaviuuaa
KOBYLUOK/JIMKHUHT XMCCAcH XaM kaTragup. KoBymoxiuk
KY4Napy CYIOKAUK KHHETUK SHEDPTHSICH, SbHW OKUM TE3MUTHHU
KaMalTUpUO, GEKAPOPIUKHMHT DUBOXIIAHMLINIE KAPIIMIUK
KWIKO, JaMWUHAD OKUMMHMHI OEKapOp/KK COXACHMHM Topaii-
THpUG Gopanu.

OKMM TE3AUTYA OPTHILK GUIaH TaMUHAp XapaKat TypOyJneHT
xapakatra afiaHa Gopaan. CyIOKIKKHUHT JaMUHAP OKHMM
TYPOY/IEHT OKHUMra YTUIUMAATH OKHM TE3NMrura KpUTHK
Te3NuK Aehinnaany. ByHnal Teanuk YpHura rokopuaa HaéH
KWIMHrad YauaMCcH3 KaTTanuk — PefiHonbic coHu Re AaH
doiipananuit Kyraidaup. XakuKataH XaM MabiyM IIapoMTra
MOC PeiiHONbAC COHMHVHD Re, KDUTHK KuiMaTuaa jaMuHap
OKWM TypOy/IeHT oKMMTa aiinananu. apoanHaMuk yXwauuiiK
KOHYHUIA DaH KMJIMHIAaH MynoxXas3anap TypOyNeHT OKMMIA XaM.
IUYHUHTACK JAMWHAp OKWMMAAH TYypOyJeHT OoKMMIa YTl
pexXuMHTa Xam Teruunuaup. byHra acocan PeiiHonbAC
KyHMOarn KOHYHHM TabpudAaau; seoMempii cucemaiapoa
AGMURAp OKuMHURZ MypOyAeHm oKumza ymuuu Peiinorbdc
conunune bup xua Re,, Kuiimamaapuda codup Gyaadu. Re HMHT
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KHIMaTH CYIOKIHK aiiaHnb YTaéTraH XXMCMHUWHT 1UaKJInra Ba
NaMMHAp OKMMHWHT FanadHNaHMIU Aapaxacura GOFIHMK.
Kymnagan, BogONpoOBOAra yAaHraH OAAMI LMIMHADHUK
Tpy6agaru cyB OKMMH Y4YH KPUTMK PeliHONbAC COHM

Re,\,_tr
AYMaNoK KaWTapuarah HaWHM KaTra MAMILIAATH CyBra ynab,
YHIArK CYB MyBO3aHaTW cakmab Typuica, Re, =25 000 rava
JIAMUHAp OKMMHU Cakjiad Typull MyMKHH.

OxuM KaTiaM-KatiaMm (JlaMMbap) 6ynranHma, MiikaiaHu
Kydd Crekc dopmynacu (6.29) ra acocaH, TE3NUKHUHT
OGUPMHYM Aapaxacyra NponopuUMoHayi o6ynamu:

F..=6m ro (6.29)

1T,

=E‘_"i=1000.,[1enopnapu CWIIMKJIAHTaH, UKKMHYMA Y4U
Ll

O6yHaa T -— CYIOKIMKHUHT KOBYLIOKJINK KO3DHULIMEHTH, r —
CYIOKIMKIA TyIUAETraH WapYaHUHE PAIMYCH, v — IUAPYAHMHT
CYIOKJIMKIArK TYIUMIU TE3AUCH RPONopuUuoHan 6ynanu. Arap
okum yiopmanu (TypbyneHT) Gynca, vmukanaHuil Kyyu
TE3MMKHUHT KBajpaTura TYFpU NponopuvioHan 6¥naau:

Fope =250, (6.45)

OyHna C— NponopUUOHAMINK Ko3dbdULMenTH 631nb, CyloK-
JIMKAA XapaKaTIaHa€TraH XUCM LIaKiaura 60FIuK.

6.10. XXMCMJIAPHUHT CYIOKJIMK BA TA3JIAPIATM XAPAKATHU.
UYETAPABUI KATJIAM

Karruk x1eM CyroKInK €Ky ra3napaa xapakaraHrania ynap
opacKza TabCUp Kyunapu MaBxyn 6ynamgu. HIyHuHT yuyH XaM
KAaTTHK XWCM CYIOKJIMKIA XapaKaTJaHUIl XapaéHMAa Kapuin-
JIMKKA y4Ypanau.

_ Cyloknuk OKMMH TOMOHHMIAH XKMCMIa TAbCUP KUJIyBYH KY4
F ny okum iyHanmumaarn F, Ba oxpMra reprieHAMKyasp
F, Taukun aTyBYMIapra axparuiu MYMKUH (6.15-pacm). F,
Ky4yra — NenIOHa KapWMWIHK KyyW, F, Kydra aca xyTa-
pull Ky4yH 4eb aranagu.

MewoHa KAPIMAMK KYuu F, MKKM XMl Ky4AaH: XXUCMHHHT
OJIIVHIM Ba OpKaJary CUpTiapura TabCup KunaérraH 60cuMiap
(hapKMIaH Ba KOBYIUOKJIMK MIUKANAHMLI KyuysapuaaH nbopar.
Teanuk xarra GynraHna, sbHu PeiiHonbinc coHM Re xatra
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6.15-pacm

6ynranga 6ocum dapKy YCTYyHIIMK KiiIca, KH9uK Tessaukaapaa
KOBYLIOK/IMK KyuNapd YCTYHAMK KIWIAmu.

Hactnab unean cyiOKIMKHMHT TaMHHAD OKMMHHM Kapab
YUKAMU3.

OKHUMHMHT CUMMETpHsA YKy 6yitnab xomunawrad CAMMETPHK
JKNcmiapra OKMMHUHT KypcaTaguraH TabCup Kyuu oakat

MEIOHA KApIIMAMK Kyyd F, pgad ubopar 6ynub, by xonna
KyTapyByi 17“y KYY 3ca HoJra TeHr 6ynagu.

[euiona KapUIMAKK KyuM XUCMHMHT WIAKIM Ba YMuaM-
JIUTMra, OKMM TE3NTMIUra Ba CYIOKAMKHUHT OM3MK XOccacura
GornKanp. TaxXpubaHUHT KYPCATHLIMYA, TIEMIOHA KAPUIMIHK

Ky4Yd F, CYIOKNMK OKXMMUHMHT THIPOJMHAMHUK OOCHMI

HU XHCMHUHI OKMMra MepreHauKynap GyiraH

AYHanuWnra NpoeKUMACHHMHT 1034 S ra KymaHTmacura
TIPONOPUNOHANUD:

.
= -c P, 6.46)
Fx—pgu"S—Cx 2 S. (
Bynna C, — KMCMHUHT mwakny, yayamaurara GoFIHK 6Yaran
NPOMOPUMOHANNKK KO3GdHUMeHTH 6Ynub, YHra neuona
KapiMank ko3hduumeHTn neiunany.

YMymaH afTranna, XMCMHMHI NELIOHa KAPIHIHK Ko3d-

ouuventy C_ Peitnonsac conn Re ra 6oEnuk 6yaran y3rapmac
185



Cx)

1001

o,;'“————T'————lL-——T_

el | = | :
L 0° 10| 02 10°70% 105 106 | ke
T T 5 )

6. 16-pacm

KaTTanMKaup. 6.16-pacMaa Lap NemoHa Kapliunuk Ko3d-
¢uumenty C. HuHr PeilHonbac coHM Re ra GornaHMIL
rpacuru Cy = f (Re) Taceupnanran. Tpabuxnan KypaHaIuK,

! _ vl
Peitnonbac conu (Re =2 ") OKMM TE3MUTHMra [PONOpLHOHA

oynranaurugad Re uuur 0 gadn 100 ra 6yaraH KuiMaTu
OpajiHFMLA MEUIOHA KAPWHIMK Ky4M F_ OKMM Teanurura
TNIpONOPLUUOHAT paBHLIAA Y3rapus, KeduHrH Re HuHr 100 pan
~15-10° KWIMATIAPY OPATMFUIA MELIOHA KAPLIMIKIH KyIH
17‘ OKMM TE3NWFUHMHT KBafpaTHra nponopLyoHan OynaaM.
Re =1,5-10° Kuitmatra apuiranaa C, Ko3(p@HLMEHT KECKHH
Kamanu6 KeitnH nespny yarapmail KOnanu. Hlynnai kuauo,
Cy f(Re) rpadikaa @ coxa — YM3UKAN GOFIaHUL COXACH;
6 — coxa — GupHuM KBaapaTUK Gornanu coxacu (C=0,4)
6—COXa—UKKMHYH KBagpuk Gopntanuw coxacu (C=01- 0 4).
TleioHa KapLiManK Ky4u F)r HUHT KaHAai WapoMTaa XOCHI
GYAHIWIMHN Kapab YMKahIuK. Arap XHCM KOBYWOKJIHTH
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6.17-pacwu

- 6ynMaraH CyOKIMKAZ XapaKaTnaHca, OKMM CHJIHK KHCM
(i1ap)Hu aitnaHuG Ba OKMM Haiinapy wapra HucbaTaH MyTAako
CUMMeTpUK Xoinawany. KoByWOKIMK Ky4rapy Giamaranu
YUYyH WapHUHF CUpPTHUra ¢akar cratik GOCHM KyyM TabCup
Kunany. OKMM HIap o7AMAa Ba OpPKacHIa CUMMETPUK 6¥araHu
Y4YH Oy HyKTalapaa Te3JIMK XaM GUp xui, 6ocuM XaMm 61p xui
6ynanu (6.17-pacm). BuHOGapuH, MAean CYIOKIMK OKMMUAA
TYpraH 1apra TabCHp KW1yBYH HaTHMXAMOBYM Kyd HOJTA TEHT
6ynaau. Iyuaai kuinb, naean cUKUIMAC CYIOKJIHMK JaMUHAP
OKHMMMIa EXY OYHAAMN CYIOKIMK UYMIa TEKUC XapaKaT KUIagET-
raHga neluoHa KaplUyJIMK Ky4H Hofra TeHr 6ynanu. By xynoca
y3 naspuna Janambep (1717—1783) mapaqokcy HOMHHHM OAFaH.

‘“1

OOOo
<pOOO°

6.18-pacm
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OKMM Te3nurK Karra 6yaradaa MaHsapa tybéaan yarapatu
(6.18-pacn). XKHUCMHMHI OpKA TOMOHMUA YlIOpMalap XOCHI
GYnanu, ynap pakTH-Bakru 6GwraM ysunub Typamu. Oxum 6y
yiopManapiy onub Kertuin cababny yiopmanapaaH ubopar Hya
Xocun Gynamd. JKucmaad aHuya y3oKma ylopManap Mykonub,
OKHM s1Ha JaMHHap 6ynn6 Kogagu. ByHUHT HaTHXACHAA XKHUCM
OpKa TOMOHIAArK yiopManu coxa GOCHMU p, ONAKMHOArH P,
naH Kuyuk 6ynanu. [yHuHr yuyH 6y xonaa, naean CyroKJIMK
TOMOMM/IAH XUMCMTa NELIOHA KaPUIHINK KyYH TAbCHP KUJIaau:
Oy KapluMnMK yIopManu KapuiMjauK xam ned ataianu.

JKHCM KOBYIIOK CYWOKIMKIApAA XapakaTNaHTaHAa 3ca
DOWKAYapoK Xoauca Ky3atunagd. by xoiina xyaa 10nka cylokIMK
KaTaaMu XXMCMHUHT CUPTUTa EnuIuub onamu Ba y 6unaH 6upra
XapaKamIaHu6, EHMAAr KaTilamiapra MiikajiaHumy catabnau
3praiud KeTamu. ZKMMCHHHT CMPTIAAH y30Kjialla 6opraH capy
CYIOKJIMK TE3AMIU XKyna Te3 Yca Gopanu. By Te3 youiu cupt
SIKHHUAArH CYIOKJIMKHUHT IOMKArHHa KaTjaMuna coaup 6ynuo,
Oy xaTraMra yerapaBuii KaTaaM gedunany.

Hezapasuli kamaam 0e6, cyroxauiK 3appavanrapuniune menui
HONleA MeH2 KammuK JICUCM CUPMUOAH CYIOKAUKHUHE OKUM
me3anueuza mene 6ynean Kamaamea4a, AsHU mMe3nuk epaduenmu
Mmascyd 6ynean Kamaamea atimuaaou.

Herapasuil KATHIAMHUHT KaUMHINIM & HM TYJ1a Ba KAThyl. |
aHMK1a0 BYIMaiau, YYHKH KATIaMHUHT CYIOKIMK TOMOHUAATU
Herapacu KeCKMH axpanMaraHaup. Yerapasuii Kariamaa KOBY-
LWIOKITHK Kyunapu 6unan 6ocuM dapkugaH Kenud yuxaauraH
Kyynap 6up xun taptmbaa GYnuLIMEK 3bTMOOpra oJMHCAE,
yerapaBui KaTIAMHUHD KQIMHAMFY & Kyihiunpard ¢dhopMyna
acocuia aHUKNAHULIM MyMKYIH:

8= (6.47)

OyHma /— XHMCMHMHT XapaxTepan ymuamu, R — PeiiHosbac
coHu. YerapaBuit KaTnamia MWKANAHWIL KyulapH MapBXyld
6yn1ub, HaTuXana ynap newoHa KApUIMAMITMHM 1o3ara KeaTH-
pagu. llyHpaii Kunnb, KOBYLUOK CYIOKJIMKAArM XUCMHHHL
newoda Kapuuanry yy cababra Kypa naiao 6ys1aau: a) KOBY-
WOKJAUKHUHT ypUHMA Kyulapu, 6) OKMMHMHI XHCMAAH
axpamviuy Tydainn 6OCUMHUHE KalTa TAKCUMJIaHMILH, B)
KUCMHMHI ODKAacHAa YiIODMaJapHUHT XOoCHJ OynuwiniaH
O0CUMHUHT TebpaHvLLIapH.

Ky#iugarn 6.2-xagsanga TYpiau LIAKUIM KMCMAAD YYYH
Pef{HONBIC COHMIa MOC KEraH MEOHA KapWHIHK Koaddu-
LMXEHTJIADMHUHT YpTaya KUiHMaTiapu KeJaTHPHIraH.
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6.2-xcadsan

Kiem- b MMewrona
—— Kucmnuur waxau sa PeitHosnac KapLMINK
PR OKUM HYHanuuu COHM Ko3dduum-

entu, Cy

Iuck —_ U 0+5-106 1,11

————
Apum @ 0+5.105 1,35+1,40
cepa i 0,30+0,35

—J

O 2:103+2,5-105 0,40

Rr 3-105+7-10¢ 0,10+0,20

)
Cyiipn |~ = @ ; 0,045
WAKSH 1,5-103+6-106 01100

_—

6.2-xafBayIaH KYpUHAAKKM, NELIOHA KAPIMINUTA XHCM
OpKa KMCMHM WaKiIura Kyynu Gormvkiukaup. JKymnaaad,
TYMIMYF¥ TYMTOK Ba OPKa TOMOHM OUD XU TEKUCaHTaH cyiipn
LIAKJIWAATY XMCMHUWHT MMEWOoHa KAPLUMIATK 3HT KU4YHMK 6y116,
aKCHHYa, yWIyd TOMOHHM OKMUMra Kapatn® KyiunraHaa Oy
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AWCMHUMHT NelIoHa Kapluuiuri karra 6ynami. ILyHMHr ydyH
XaM CAMONIBTHHHT KAHOTH, TAPIOBAYHM, IWYHHHTAEK OKMM TALCHP
KWIAIMIAH KUCMIApH CYHpH LWAKIIHAA SCANAIH.

6.11. CAMOJIET KAHOTHHUHT KYTAPHUIL KYYU

XaBO OKMMHHMHI XUCMJIApra TabCUpU MYXHMM aManuig
axamuatra ara 6yaub, yHi caMONET KAHOTHHUMHT KYTAPHIL KY4u
MMCONTHAA Kapab yuKaMu3.

XaBoia XapakaTAaHa€TraH XUCMNapra TabCHp 3TYBYU
KYWIapra a3poouHamMuk Kyuaap peinnany. Arap aspoadHaMuK

Kyd F xapakarra HucGartan 6upop Gypyak octina (6y Oypyakka
XyXyM Oypuaru medunagu) wyHanras 6ysaca, yHu Fy
HOPMAJI B MEIOHA KAPUIMIMK Fx Ky — TAHTEeHLMAN ALK
3TYBYW/IAPIa aXPpaTuill MyMKMH (6.17-pacm). Camonér KaHOTH
XapakaTnaHraH BaKTAa (03ara KelaguradH HOpMan TaillKui
STYBYH Fy Kyyu CaMONETHM XaBoja ywnab TypamguraH
KYTapyB4¥ KyulaH ubopar 6ynaau.

Camonér xaHoti XKyxosckuit npodwuiu 1e6 aranysyu, ong
TOMOHH IOMaJIOK, B2 OPKA TOMOHH MHTHYKANZIUK6 Ke1raH Y3ura
Xoc cyiipy 1iakira ara 6ynany. KaHOTHUHT kyTapyBuu Fy Kyun
GunaH MenoHa KapuuinMk Fx Kydu, YHUHU XapakaTiaHWIM
HaTHXacy/a [03ara KenraH yiopMaiap CUCTEMAAPDUHMHT KAHOT
6unaH ¥3apo TabCUPAALIraH BaKTAA Xocu 6ynanu.

Hasapuit Ba aManuii TeKIIMpYIGAH MabiyM OYIAWKH,

KYTapyBun Fy Ky4 XapaKaT TE3NMHIM  HUHT KBajpaTUra,
CaMOJIET KYTapyBUM CUPTHHUHI 103aCH S ra Ba XABOHMHL
3UWIMFY O 2 NPOHOpHMOHANAMD, ¥ (6.45) ra yxuwaru dbopmyna
OWNaH aHUKJIaHAOHK:

Fy= Csz”—' (6.46a)
Oyszary C, — MpONOpUMOHANIMK Ko3bduumeTura KyTa-
pyBu U l\yq KOS OUUMNEHTH ACHHNANU.
; CaMONET KAHOTHHKHI MelioHa KapuiHaury aca (6.46)
dopmyaanaH TOMNNANH, STbHHU:

=C BLs. (6.46)
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Hazapwuit #1yn 6unan C Ba CJ KO3 (pUUMEHTAAD Typan
Waknpary KaHotnap ydyH JKykosckuii Ba Yanauruy Tascus

Kuiran (opmynasap €ppamupa erapay aHUKAMK Guaan
XMC06J146 UHKAPUIUIIN MyMKHH.

Hlyngait KuAn6, camonéTHuHr KYTapyBYW Ky4M Ba nappak
(BMHT)HMHT TOpTHIn KYY¥ HA3apUsiTapUHMHT aCOCYHCH
Huxonai Eropouy Xykosckuitaup. Y camonéTHy KyTapyBun

KY4 KaHOT NPODUNMHUHT FeOMETPHUK WAKINFA GOFTUKANTHHH
aHUKaraH.

TAKPOPAALL CABOJISIAPH

1. Kannah Mopnanapra cyjokuik pa rasap neb airitagm?

2. Cyjoxnik Ba ra3lapHUHE KATTHK XHCMAapaaH (apku Husaaa?

3. Mexauuk Kyynanui Ae6, Himara aitiraan? TaHreHuran sa HopMad
Kywnanni 2e6-n? Yuunr «CH» aaru yauos GUPANTH Ba Y4aMITHHI €3H1IT.

4. Bocimv ne6 Humara aiTHaaan? bockam Kyus ne6-un? BocuMiHr Y108
SHpnuknapy Ba YnuaMATURN E3nr. _

5. CyIOKAMKHHHI CHKMAYBMANNMIN 16 Humara ajfiTinaan? Xaxsi
SMACTHKINK MoAyay me6-uu?

0. CyIOKAMKHUHI MYBO3AHAT XO/IaT TCHIIAMACiH Ba XapaKaT X0naT TeHr-
NaManapuHn €anur.

7. TMackanb KOHYHHHM Tabpubaanr. CYIOKMHMK Ba rad yCTyHBHMHD
Bocumuiin 1donanosun dopmynauu E3UHT.

8. AT™Mocdepa Gocumu neb uumara aiinagn? AtMocgepa GOCIMHHIHT
Kangai yayos GupaukiapuHn 6unacna?

9. CylokauK Ba ranap yuyH ApXWMMeA KOHYHUHH TabpHOIaHT.

10. ApxHmen KOHYHHMHMHT TaT6WKura (ad Ba TEXHHKANAH MHCOLIap
KCNTHPHHT.

11. CylokauKaary XHCMHHHT Myainak cy3:6 1opHLus Ba 4Kl LWapTaapH
KaHzais? -

12. Cyloknus éxp ra3 GOCHMI OKMM TEIHIMIa KaHaail BormK? .

13. Bepiyanu (GopMyTacCMHM E3MHT Ba YHWHT XaanapW Kanaan [1{RIHN
MabHora 2ra? b

14. CylokAMKAATH HYKH HILKATaHHILI XOAHCACH KAHAAH UWapOHTAa COIND
bynaan? Crokc Qropatynacuuu E3unr.

i5. C)’IOMIS»)(H?AH)I" KOBYIIOKAMK (MK MUIKANallil) KoODdHUNEHTH
Ae6 HiMara aitTunaan? YHHHP ya4oB Gupnyri Ba ynuaMiairy Kahdai- o~
4 16. KOBYILOK CYIOKAHKIHUHT TPyGanariH OKHMUHI ugonanonyn fiyase

OPMYTacHHit E3MHT. X

17. TuapoanuaMuk yXmWwalWInK KOHYHHHH TYWYHTHPHHE Ba YHUHT
MaTeMaTHK HMdogacuHmn E3HHT. . o ey

18. Jlamuniap pa TypByneHT oKMM €D KaHaai OKHMIA annmfmu.' }‘;;nl
XapakTepuii 1oaanonuM PERHONLIC COHMHUHE PHINK MABHOCH KHLEEC

19. XaBO OKHMHM TabCHpHAA MCUIOHA KAPWMAMK Kyl B2 KYTapHiL kX
KaHak xocun 6Yiaan? Yiap Humara GOR1HK?




HKKHHYH KHCM

DJEKTP BA MATHETHU3M

7-b0OB
SJIEKTPHUHT ®U3NK ACOCIIAPU

Xo03upry BaKTAAa 3NMEKTP XOAUCACH B3 KOHYHJIAPHUHUHT
3aMOH (haH TEXHUWKACUMHMW YPTaHMLIAA KaTTa axaMUsTra ara
SKAHIUTHHY MHKOD Kunub 6ynmaiiau. ILyHWHT yayH xam Typnu
XWJI 31EeKTp MallikHa Ba acOobIapUHYHT UUUTALIMHY TYIIYHUG
OJIMLI, 3JIEKTPHUHT XyCYCUSATH Ba KOHYHNAPUHM 03 GYnca xam
OUIHO onML 1WapT.

DJIeKTp I0HOHYA «3JIEKTPOH» CY3UIAH ONMUHTAH 6F1ub,
Kaxpabo gemakaup. 2KymianaH, MyiHara MInKanaHraH Kaxpato
TaEKYaHWHT NaT, KOFO3, COMOH G¥nakyacu, coy Ba LIyHra
yXiam eHTUN XUCMIapHM §3Ura TOPTMIUMHK 3PaMMH3AaH
osauHrK 640—550 Hunnapaa swaraH rpek aitnacygaapu
Ky3arran aguiap. By xoauca 2000 it naBomuaa YpraHuaMany.
Ba uuxosT unrnus Bpauut KunGept 1600 itunu yapmra
HIUKanaHraH Wuila sa 6Mp Katop Holuxa Moanxanap Xam
LIYHAAK Xoccara ara 6ynub KonMIMHY Tonub, Oy KauhHeTHH
sIHafa KeHTaRTUPAX. byHaait XonaTra KeJiTUp1IraH )XUCMIApHH
JMEKTPJaHTaH €KW «KaxpabojaHraH» Xucmnap 1ed artaiiM,
YYHKH 3AEKTPOH C¥31 Kaxpado geMaknup. 2KucynapHuAr ¥3apo
TOPTUILKMTA XUCMAAPHUHT 3N1eKTPOMAarHUT TabCHpy TeHHIIIN.
KucMnapHUHT 3MCKTPOMATHHT TALCHPHHY aHMKI0BYN QHIHUK
KaTTaNMKKa 3JEKTp 3apsiu OeHwiagd. DJeKTp 3apiiu ¢
xapthn Gunad GenrunaHany.

DjIeKTp 3apAILTAPUHHHT ¥32p0 TaLCHpHTa Kapab yiap Typau
Xut hapasnap GuiaH TYLIYHTHPHARIN. DNEKTP 3apARUHYHT GHp
Typyu—MychaT, HKKHHYKCH—MaHQuH nefiniam.

3apsiap MLIOPACHHM aHMKJIALI YYYH LWIAPTIM pasHILIA
yapMra MILKATaHTaH WwHuia Taékyana xocusi OynraH 3apij
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mycbar jeuunub, Myinara MIIKanaHraH a0ouut taékyana
XOCHJI OIraH 3apsimisn sca MaHbUit 1eb Kadyn KUjnHau.
Tabuarna MasKyx 6YaraH KUCMIApIA Xap LOMM ¥3apo TeHT
MuUKaopia Mycoar sa maHhuit 3apsianap 6yaub, yaap HelTpai
xosnaraa 6yyanu. busra MabiyMKH, xaMMa KUCMIap aTOM GKU
MOJIEKyJ1anapfaH TauIKui TONraH. ATOMHUWHT Y34 sipoaaH Ba
YHUHT aTpodpuia xapakaTiaHaETraH afekTpoHaapiaH nbopar.
SNEeKTPOH—3HT KMYMK MaHhuil 3apsiaiy 3appaya 69116, yHUHT

sapaay e =1,6-10-Y K, maccacyu =9,1-1073! kr,

NiikanaHuIl Hatvxacuaa OMpMAaH MKKMHYUCHTA 3JIeK-
TPOHJIAD YTHIUU Xucobura GUPUHYM KUCM MYycBaT, UKKHHYH
XKUCM 3¢a MaH(Ui 3apsamiaHany. Hatxana MkKaiza KUCM HKKH
XWI MUI0panu 3apgn GunaH 3apsyuiaHagu Ba Xap OMPHUHKHHC
3apsiau g = ne 6ynamu.

TaGuaTHUHT acocuit KOHyHMapuaaH Gupu 6ynraH 3apst-
HUHF cakJlaHWIl KOHyHuHM 1843 fiunpma taxpuba acocuna
M. ®apaneit Kauwd xKunran 6ynu6, y 6yHaai TabpudnaHanu:

Enuk (3neicmp usonayusnanean) cucmemadazu sapadaaprune
aneepauk UuruHducy xap 0ounm yseapmac Koaaou.

Arap EnuK cUcTeManary 3appadajlapHUHT 3apsiuiapu q,,
q,, - . - 4, OYyiIca, 3apsSIHUHL CakIaHMI KOHYHHUIa 6HHOaH
Kyiiugarn Uoaanu €3NI MyMKUH:

H
q,+q, +---+qn=const é&n Y g, =const (7.1)
1=

yHY Kalo KUK KEPAKKU, EMKUK CUCTEMANATH 31EMEH-
Tap 3appavajap Oup-6upura alnaHMLiM, AHTMAAH NaHao
6ymiim Ba dakar, 3apamuiap Xygr-xydru Ounan nyHanuumn
(aHHUTKJISILUMANAHM M) MYMKYH 6¥/IraH X0NJ1apAa XaMm 3apsi-
NapHHHT caxjaHu KoHyHu (7.1) 6axapunagu. By koHyH
SREKTP 3apsULIapUHKHT XOccanapuran Oupuaup.

DiaeMeHTap 3apal Ba 3apsANHHIEF UCKDETIHIH,

DaeMeHTap 3appaya MaTepys Ty3WJIWIUMHUHT GOLIaHFHY
GynMHMAc 3HT KUYUK 3appadacuanp. Mandui sapsniu
JneMeHTap 3appayva 3aeKTpoH () 1e6 atanany, yau 1897 inau
nuran3 oaumu K. Tomcon kawmd kunrad. 1919 itunna
9. Pesepdopa atoM sipocuaaH ypub YMKApUIAETraH 3appa-
yajapHu ypraHumpa mycbat sapan (e') nu Ba Maccac
9MeXTpoH Maccacyaan 1836 mapra katra OYiirad NpoToH p HU
xawd Kuaayu. DIeKTPOH Ba NPOTOHHMHT 3aps/UIAPH KaTTATHK
KUXATHMIAH Teilr, Mllopanapu 3ca kapama-kapuuauvp. yHuar
YYYH XaM 31eKTPOH (EKM TPOTOH)HUHT BNEKTP 3apsiadHH

13265 193



sneMeHTap 3apaa Aed arajgajM, YNMHT COH KHHMATH
e=16-10"1 Kn, ra TeHr. Texmupumaapnas xap Kadgan
3appauaiHr 3apaan Juckper (nat. discretes—OyauiraH,
yaNyKII), 4bHI Y3TYKIN KHliiMaTiapra ara GYraHiMraan, Xap
KaHail 3apan KBAHTNAHTAHAMIU MabayMm OYaam. LUynnai
kim0, rycGar €Ki MaHOUI 3apsiiaHraH XXUCMHUHT 32psau
kBaHTAaHraH 6Y1n0, NPOTOH (8KM SEKTPOH) 3apsiayv € HUHT
Kappani KiiMaTira TeHr 6ynanm, snHu:

q =te, 2e,"',i Ne.

Manduii aneMeHTap 3appaya—3JekTpoH 6Gapya KUMEBHMI
3MEMEHTAaPHUHT TADKUOUra KUPHLIN BA OPKUH AL1AM ONULIH,
MeTannapia Ba BaKyyMIa XapakaTnaHMliu GuiaH 3neKTp
TOKMHM 103212 KEATUPUILIM MabIYyMAMD.

1932 itunpa 3apAAMHUHL KaTTalMIM 3JIEKTPOH 3apsaaura
TeHT, BMPOK HIIOPacH MycbaT Ba Maccacu 3N€KTPOHHUHL
Maccacura TeHr 6Y1raH IO3UTPOH Aeb aTanyByM 3/EMEHTap
3appaya Kaiu( KWIMHIKW. Mabiym Gyaniuyua, no3HTpoHNap
aneKTpoHNapaaH Gapkin YiIapok y3oK, siiuail 0JMac 3KaH:
TMO3MTPOH 3NEKTPOH Ouiian 6upnawmnb, HeitTpainaiuap, SbHU
AHHUIMIAUMATIAHAD BKaH; OyHIa Xyja KMCKA TYAKUH Y3YH-
JIMKIArY 3NEKTPOMATHUT HYPJaHMIUI Xocu Gynanu.

ATOM AAPONAPUHUHT MycBAT 3apsanapu a1eMeHTap 3apsan
(e) ra HucbataH Kappanu 6Ynub, sneMeHTHUHI AABPUI
XanBajifard TapTud HOMEDHU sxponaru MycbaT 3neMeHTap
3apsUIap-NpoTOHNap COHUHU udoaanainm.

Knaccnx 3JeKTPOAMHAMHKAa—3/IEKTP 3apsAiapUHUHT
XapakaTd Ba YJApHUHT ¥3ap0 TabCHPUHU 3NE€KTPOMAaCHUT
MaiIoH BocuTacuia YpraHyBuYM (U3UKAHUHT OMp OYIUMM.
Knaccuk anexrpoaiHaMuKa HKKH Kucmra 6yaumHanuy, 1. Knac-
CHK MAKpO3/1eKTPOAMHAMHKA—MAKPOCKOMMUK 3AEKTPOMATHUT
XOVMCANAPHUHT KJIACCUK Ha3apusiCUHH BAa YHHUHI KOHY-
HuatnapyHu MakcBeJUIHHHT auddepeHiman TeHraaManapu
opraiu udonanaitny; 2 Kilaccux MitKpoIeKTpoOMiHAMUAKA—
MHMKPOCKONMHK 3NEKTPOMATHHT 3 o4, T KJIaCCUK
Hasapuscy Ba YHMHT KOHyHusaTaapuuy Makceenn—JlopeHn
audipepeHLMaN TeHIamManapy opkalu vdboaanaian.

DnexTPOAHHAMUKA 3JNEKTPOTEXHUKA, PAgWOTEXHMKA Ba
37eKTPOTEXHMKAra O 6olika (GaHnapHUHT Ha3apHi acocu
xucobnanany. Knaccuk snekTpoiMHamuka dunad Gup Karopaa
HHCOMIUIMK Ha3apyusiCHra acoCnaHraH —XapaxaT/iaHYBYd
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MYXUTIIAD 3/IEKTPOAYHAMMKACH XapaKamiaHyBuu cucTeMdnapaa
PY# Bepapvran a1eKTPOMArHUT XOAMCalapHy ypraHamu.

(Dazczlla Nnaino OYnraH [0KOpY YacTOTANM, SABIM Kyda
KUCKa TYNIKMH y3yHAMKAYU Y3rapyBuaH JJIEKTDOMATHUT MaM-
AOHNAD Y3AYKCU3NHUK XYCYCUATHHM HyKOTAdW, YYHKH OY
€DIa yITYKAMIMK XYCYCUATH acoCuit YPUHHY Brajnaimu.
y3{1chu3nnK XyCycusiTnapura ara 6yaraH 3JeKTPOMAarHuT
MAaUNOHNADHM KBAHT 3JEKTPOAMHAMMKA YpraHaiu.

SHeKTpOLIMHaMMKa KY3FajiMac 3apsianap y3apo TabCHpH-
HUHT XyCycuit Ba HT Cofia X0/M CHpaTHAA IeKTPOCTATHKAHN
Y3 U4HMra onagu.

7.1. BAEKTPOCTATUKAHUHI ACOCUH KOHYHH —
KYJIOH KOHYHH

Snau 3apsUIApHUMHT 3IEKTPOMAaTHHUT ¥3apo TabCHPIapHHI
MMKOODMI TOMOHzZaH TAaBCH(IAHUI KOHYHIAapHHM Kapad
YMKAWIMK. 3apsiUlaHraH XXMCMIApHUHT ¥3apo TAbCHPIapHHH
Ky3aTuuinan 6up xu1 MLIOpaIK 3apsUlaHraH XrcMiaap y3apo
WTapUIIKG, KapaMa-Kapliy WIIOpaIK 3apsUTaHIaH KHCMIIap
3¢a Y3apo 61p-6Gupy HunaH TOPTHLIMILM MabAyM 6YuIK. 3apsal-
JaHFaH THHY TypraH XXMCMJIADHUHT ¥3ap0 TabCHPH KMCM-
JADHMHT [wakaura Ba ynyamiapura 6OFIHK OYIraHMIHrHIaR
¥38p0 Tancup KOHyHMHM 2HUKJIALWAa HYKTaBUid 3apsiiap ne6
aTalyBYY 3apsianapaad QoifanaHunaim. Hyxmagui 3apsd 0€0,
Yaamaapu yaap opacudaeu macogaza Hucoam xuuuk Gyacan
3apsidnanean wcucmaapea aimunaou.

Wkky HyKraBuit 3apsHMHT Y380 Tab-
CHD KoHyHuHy 1785 jiunma ¢ppaxLy3 PH3u-
i 1. Kynou (1736—1806) Taxpuba Ay
Owran anuknaray.
~ Kynon 6ypanma taposu (7.1-pacM)
€PAAMMIA 3apAUTapHUMHT ¥3ap0o TabCHPHHH
TeKINWpPUG, KyfMaary HaTHXaTapHH aHMK=
Nanu:

1. 3apsiunap opacupar y3apo TabCUP
KyWiapu Mapkasui Ky4iap, sibHW 3apsii-
JAPHM TYTAIITHPYBYH TYFPH YU3HK OYHIIA0
WYHamranaup. }

2. 3apannap opacuaary Macoga ysrap=
Mac (= const) Gynranpa yaapHuHF y3apo
Tabcup Kyun F sapapnap KynaHTMacH S

4, - g, ra TYFpyU NMpOMOPHHOHAIAND.
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3. 3apsaniap MMKIOPH Yarapmac (q1 = consl, ¢, = const)
GynaraHia yAapHMHT Y3apo TabCHp Kyun F yjnap opacuuaru
macoda r HUHT KBapaTHra TeCKapH MponopuvoHalinp.

[HyHnai Kuanb, KynoH KoHyHH GyHuai TabpudiaHau:
8aKYyMNAa2l uKKN HYKMAsutl 3apA0HUHE Y3apo mascup Ky4u 3apsao
KaMMAAUKAGPUHIKS Kynadmmacuea myrpu, yaap opacudazu
macopanune keadpamuea meckapu nponopyuoran 6yaub,
3apAOAAPHI MYMAUMUPYsHI MYFEPY HU3uK 6YLinab UyHaseanoup.

F=K, ”',—" (7.2)
OyHma: ¢, q,— HYKTaBU{ 3apsinap, r—3apsiiiap opacuiark
Maco®a, K —nponopuHOHaNIMK KodhdULMEHTU BYIMB,
OUPNUKIIAP CUCTEMACUTA BA MYXUTHUHT XyCYCUSTUTa GOFIKK.
Bup xui1 niwopanu sapaanap (g, > 0 Ba g, >0 éxu g, <0 Ba
g <0) yuyn 4,-¢,>0 Ba F>0 6Y2n6, 3apannap Y3apo
WTapuIUAIK. AKCHHYA, Xap XM uwopanu 3apsuap (g, >0
Ba g, <0 &n ¢,<0Ba g,>0) yuyn ¢;-¢,<0 Ba F<0
6110, 3apsamnap ¥3apo TOpTUINALM.
Kynon KOHYHUHMHT (7.1) MaTeMaTHK uQOAACHMHU BEKTOP
KYPMHHILIA E3UL MYMKUMH. Y BAKTAA g, 3apsiara TabCUp KUlyBY#

F, xy

: B M T
F,=Fi=g &% b (7:2.2)

6ynanu, Oynua: r, —OUPUHUY g, 3apANNaH UKKMHYH g, 3apaara
ityuaran panuyc-sekTop (7.2.a-pacm) 6116, (Fy| = r,|R,| = F.

Xysnu WYHMHTIEK, g,3apAAra TabCUp KWIYBYM F, Kyd
aca

ﬁn:F%'L:Klg{il'%l" (7.3)
- -
z 27 5
Fiz - 2 _o o 22 oGl
> > 5 g >
>0 Lo 80 %0
a Ja
7.2-pacm
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KypuHWLINA 6Ynanu, GyHaa 7y, = —r, 6Yau6, q,3apsaaak g,
3apsara #yHaIraH panuyc-BeKTopanp (7.2-6 pacm).

Ulyiiu sina Gyp 6op Kaix Kuaui Kepakku, (7.2) 8k (7.2a)
Ba (7.3) dopmynanap, dhakaT BaKyyMAarn HyKTaBHit 3apsiiap
YYYHTHHA YPUHIWIMD.

Texwmpniu Ba Ky3aTHLIIAD TYPH MYXUTAATH 3aPSUIAPHHUHE
¥338pO TaBCHUDP KYYu MYXUTHUHF AM3NEKTPUK XYCYCHSTHIA
OOFnuK skaHMHM K¥pcatau. Iy Gunan 6upra MyXUTHUHT
AMINEKTPUK XYCYCUSTHHUHT MaBXKYUTUTY 3apSLTADHUHT ¥3apo
TabCUP KYYUHM KaMaiTupap 3kaH. KymianaH, 3apslapHuHT
¥3apo TabCcUp Kyud BaKyyMmAaarura Hucbatad KepocHHaa 2
MapTa, cyBna 81 mapra kuumkaup. IyHuHr yuyyn KyiaoH
KOHYHUHHK H(oNanoBuu Gopmyiara MyXUTHUHT TAbCHDUHH
Xucobra osnyBuu K03(hGhUUHEHT KUPUTHIMIIK T03UM. MyXuT-
HUHT 3JIEKTP XOCCacUHM TaBcudIoBYM Oy KOG)de)HUHCHTFE
MYXUTHUHT BUCOWH AW3NEKTPUK CUHTAMDPYBYAHIUMH nHed
aTanany Ba € —3TICHIOH Xapdu GuiaH GearunaHany. Y sakTia
Kynon koHynuuuur (7.2) dopmynacumary K, HM MyxuTtra
60rnnK 6ynmaran K npomopuUMOHAIIMK KOIDDHLUMEHTH
OpKanu 6yHaai udoganal MyMKHH:

K =K, (1.4)

£

ByHna: K—nponopuuoHaniuk Ko3dguunueHT 6ymub, y paxar
KyAnaHunaéTraH ya4oB OUpauKIap CUCTEMacHra GOFAUKIND.-
Wyknait kuaub, (7.4) ra acocan Kynou KoHynu (7.2) Hd
KYHWIary KypuHULULA E3MI MYMKHMH:
F=xi% (1.5)
ert
Baxyym (e = 1) na 6up-6upunaH r macogana TypraH g, 2
g,3apsimnapHy ¥3apo tancup Kyuu (7.5)ra acocaH

ﬂzKﬂ#. (7.52)
2
Gynanu: (7.5) Ba (7.5,2) opmynanapaat:
=5 (7.6)
, ENE

7 /] eKnIPUK CUHE=
MlyHnai UG, MyxumHunz Hucoul ousa ‘
nties saps O H Myxumoaeu mascup kyHu

dupyeuanauzu sapsdsaphune bepunea

v u2uHl
éaKyymoazuza nuc6amax Hewa MApma Kuiuk dKana
ugpodanoeuu usuk Kammasuxoup.
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72 9JIEKTP KATTAJIMKJIAPHUHT BHPJHKIAPYU CUCTEMACH

Kys10H KOHYHHAATH IIPONODUHOHANINK koadpduuuentd K
w1t aHnKAal y4yH aHHMK 6Mp Bupnaukiiap cucTeMaciHy TONMKIL
KepaK‘

CY cHCTEMACHAA BNEKTp 3apsn Gupnuru KynoH (K
xocHn0BHH 6upvK 6Y116, y TOK KyuMHNHT GUPIUTYA aMnep
(A) opKalH KYAWIATHY aHuKaHanM:

I=q, an

gynpa [—TOK Ky4M, /—TOKHWHI YTWl BaKTy. Y BaKmIa
3apsAHAHT CH cuctemanary GUpAUriHHY aHYKIACaK;

[ = 4 o = xn:

Kynon (Kn) 0eb, 1A mok ymu6 mypean ymraseusnune
xpudasanz Kecumudan Ic uuuda ymean zapnd mukdopuea
aiimunaou.

CH cucremacn CI'C3 nan yuna snexTp KOHYHI2PUHUHD
¢dopmyialapi COMNANANTAPWITAH INAKIAA E3UNMILY OHnaH
dapk Kunain. Popmynanapan paumonannawTapun Kyion
KOHYHWI2H 6ouuiaHann.

Ky/loH KOHYHM DauMOHaialraH iakira 3ra OyiIuu
yuyH, YHUHT (7.5) dopmynanaru K nponopuuoHamimk
xospuument CU na Kyiiuparura TeHr GYIMLIA Kepak:

e
4re ° (7.8)
Gynaa: €,—3NEKTp AOUMHAACH jieO aTanyByi, MahiyM §iM0B
GUpNAMKKA 3ra 6yiarad Kartanuxkaup. ¥ saxraa KynoH Kony-
guHuAr CH pard Matematux udonacit: :

F= e ot 19)

(7.9) HK BeKTOp K¥puHMinnaa €3unca (7.2-pacMmra K):

Fol Sk

12 dns o g 1

o UF =1L S
KM 9= 4pe oert I

(7.92)

DNEKTP AOUMHHCUHUHT KUUMATH. CH pa e HuHr
KHHMATHHH TOMUIY KUHWH 3Mac. (Papas KUnaniuk, Oup-
GupHAaH r macodanaru WKKH HYKTaBHi

LN 3/ S
g, =q, =lk1=3:10°CI (,.’Bq (CM/l r/ic ‘) 3apsAmIap BakyyM
(e=1) ma TabCUpJAIUCHIL
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By sapsyutap tacup kyuw FHUHE KuiMaTHem (7.9) bopmyia
acocuia xucobrab yukaMmua;

F=2% —L=9.10" LM (7y)=9.10° A
er I-{] ig (:\1]' L
1 %% _ 1 1K
F= e g e r? dme g, lm?
By Kyunap ¥3apo TeHraup, sbHu:
1 Kr® _g.10¢H.

dne ;M2

BynpnaH anextp noumuiicu €, HUHE COH KUHMAaTH KyHHUAaa-
rvra TeHr oyaangu:

g, =—L Ko (£)=s,ss .02 K2 [i‘i} (7.10)

47-910" Ha? | a0 Ha? | M

Wiynu kaitn Kunu® ytamusku, dan Ba Texuuxaza 1960
Winaan Gomnab, ¢pakar CU cucremacugaH doiaananuiy
TaBcusn KuiauHrad. LyHUHr yyyH OyHOAaH KEHMH 37EKTp Ba
3/EKTPOMATHUTU3M KOHYHMATAapMHUHT Gopmynanapu CH na
pauoHANTAILTH PUITaH Liakiaa 6epub Goprranu.

3apsaanaHrad XKMCMJIApHWHT TabCUPH. 3apﬂzma_HraH

MaKpPOCKOIIUK KHCMAAPHUHT ¥34p0 TabCHp Kyyu F HH
AHUKJIAII YYVH XHCMIADHHM Ag 3apsulii n sneMeHTap Gyaak-

yanapra axparu6 (7.3-pacm), ynapra KynoH xoHyHu (7.9a)
TaTOMK ITUIA/M:

ey ank W (7.11)
—
Fxi
-=F s

7.3-pacm
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ByHzaH, Ag; —GMpHHYM KUCMAATH i—3nemenTap Gynak aHnHE
3apsimi, Ag, —HMKKHHYH XHCMAATH K-~3JIeMEHTAP By1ak4aHnHT
3apany, r, —HKKH 6YnaKyaiap opacuiard painyc-BeKTop.
(7.11) ra acocaH OMPHHMM 3apsiAflaHTaH XHCMHMHT
MKKMHYH XHCMAArH Ag, 3EMEHTap 3apsira TabCup Kyuu 17‘m

Kyitiaarira TeHr 6ynaau:

o _ ] . =X 1
F.-.-—E_TF S (7.11a)

Y Bakraa 3apsiniaHTaH GMPMHYM Ba MKKMHUYM KUCMIIAp

Opacuary y3apo TanCUp Kyum F,, HUXOST Kyiuaaruya
6Ynaau:

W E e T (7.12)

yHaait Kxununo, 3apaoaanzan uKKu WCUCMHIUHS y3apo mascup
Ky4u, yaapogeyu daeNeHmap 3apaofap mascup KyvaAapuHuH2
2eomempux (gexmop) Aurunducuea mene.

7.3. DJEKTP MAWJOH

SNeKTp 3aPATAPMHUHT §¥3apO TabCUpH KaWAail GYIULIU
Ba KaHaai y3aTuiMIiK Xamaa Oy Tabeup, GakaT MKKNTa 3apsd
MaBXyn Oy/IranfarMHa Xocun G6ynaaumu Nerad MyamMmo Gup-
oupura Kapama-Kapuw OyaraH Kyiumiaarn MKKWMTa TaBCUP
HA3apUSICK aCOCHIA TYIUYHTUPHG KenuHau:

1. OmicaaH TabcHp KWINIL Ha3apUsiCHIA OMHOAN XHCMAAp
BolKa KuCMIapra Xap KaHaai Macodasaru TabCcup Ky4napu
MYXUTHUHT WILTUPOKMCK3 OUp OHAR y3aTwiaau. by Hazapusra
61HOaH OUTTa 3apsyL MaBXyA Gyica, yHuHr arpoguaary dasona
Xe4y KaHAai yarapuil coaup 6ynmac akau.

2. AknHAaH TaLCUp KMIIMLL Ha3apusiclira OMHOAaH, XUCM-
JQapHUHT ¥3ap0 Tabcup Kywnapi Oy >xucmaapHu ypad onraw
6UPOP MYXMT OPKATH YEKIIAHTAH TesAMK OHIaH y3aTilap 3KaH.
By Hasapusra acocaH siroHa 3apsn Gynranaa xam, yHu ypab
onraH (azona MabjyM y3rapuuoiap consup 0¥1ap 9KaH.

X03UprH 3aMOH (M3MKACUHMHT PHBOXUIAHMIIM ONMCAZH
TABCHP KWIMIL HA3apiACHHU UHKOP 5THMO, sIKWHIAH TabeHp
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KHANUI HA3APUSCUHUHT TYFPU 3KAHJIMCHHU TAC/HKAAM,
Mauwixyp uniriuz onumu K. Makcsenn (1831—1879) sikurjan
TaLOMp KW/IMIL HA3APUACMHM MAaTEMATHMK HYKTaW Hasapian
acocnab oepan.

Wynnait kutub, mabuamoa 6up onda MAPKANyBUI MAsCUp
6yamacanaueudan, byndan Keiun xap Kandai mascup AKuHdan
mascup Kuauw nazapuscu acocuda Kapab yuKusadu.

Bansu Xonaapaa taneupiapu y3aTrir yuyH MOLAMI MyXiT
6ynmum wapt. Macanax, ToByiL TabCUPH MOLIMI MYXHT (XaBo,
CYIOKNIMK, KATTMK JKMCMiap)ia y3aTtuiub, XaBocu3 GyLLinK
(Baxyym)na aca ysatunMaiioy. Bowka Xo/j1apaa MOLIa TAabCHPHH
y3aTuiuna 6eBocuTa KaTHaiumaiiay. Macaian, Kyéusan Epyriuk
Epra xasocus dazo opKanu eTU6 Keaaun. Jdestak, matepus dakar
Molna KYpUHMLIAA 3Mac, SHA TAbCUMPHM Y3aTyBYM MaUIOH
KYPMHUILMAA XaM MaBXymanp.

Maiidon deb, acucrnaap mascupunu xammo xagocus gasoda
xam yzamyeru Moddui myxumea admusadu. Ulynnain Kuang,
Matepyss MOAJA Ba MalIOH KYPUHMUIIMAA MaBKYAIUD. TabCUp
KyYylapyHUHT Tabuatvra Kapab, MaiioH;ap Xap Xul KypH-
HUga Oynumu MyMKWUH. BYTYH oaM TOPTMIUMUI KYYHH
y3aTyBYd MaliloHra TOPTHIHIMII (rPaBUTALMOH) MAfil10H,
3apAUIap TALCUPUHM y34TyBUYM MalIOHTa 3¢a 31EKTPOCTATHK
€KM 2AEKTP MalLoOH AcHUIANN.

Taxpuba HaTHXKAaAapUIAH MabIyM OYJIAMKH, MAilioH
ODKaj1M Xap KaHAail Tabcup dazona EpPyFIMKHHHT YeKIIH
C=3000 00§ kM/c ra TeHr TapKaIMLL Te3NTHTH GUNaH y3aTHAAIH.

DNeKTp MAKACH (PAKAT MEKTP 3apALTApUra TABCHP Kil1ank.
LyHUHT yayH xam g KY3FanMac JeKTp 3apsas arpodiiia Xocil
O6YAran 3neKTp MaitIOHK «CHUHOB 3apsiin» ae6 ataayBylt g, 3apsl
€pAaMnIa TEKIHHPUTARH. N

«Cuos 3apsdu» (q, ) deb, meKuupuaaemean d1eKmp Mau=
donture xycycusmuni ceauaapay éapasicada Jaeapmupmandueait
Acyda Kuwuk aycBam Hyknaguil sapsdea atimuaaou.

7.4, BUEKTP MAHACH KYWJIAHTAILTHTH

DReKTp MAfAoH Ky4 HYKTau Ha3aphIdd Ky4ldHTatCTIk
BEKTOPY 1e® aTanyBuM (pn3HK KATTAINK OUNaH ‘rancyffp.naﬂaux\.
BYHUHr yyyH g 38psil XOCHJ KHJITaH 371CKTP Atallnougmu_'
MXTUEPUI GUPOP MYKTACHIA g, CHHOB 33paanHy KHPHTAILIHE
(7.4-pacm). By c{HOB 3apsaura MaiffoH TOMOH:LAAH TABCHP
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— 3TyBYM JeKTp Kyu KynoH
T =,
O O 7 KOHYHU (7.9a) ra acocan
Q i;' g Ba g, 3apsiap opacu-
1ary ¥3apo TALCHUP KyYH-
74-pacm [aH udopar, sTbHU:

Re_ 1 04 F

FE e, et (7.13)

OyHia: F - MalIOHHM XOCHN KWIFaH g 3apsiiiaH ¢, CUHOB
3apAId KMPUTHITaH HyKTara RYHanraH paguyc-BeKTOPAMUP.
Arap Ma#BOHHMHI TeKWMPHUAAETraH HyKTacura

g5 g qD("). OynraH CMHOB 3apsiulapu HaBGaTMa-Hap6ar

KUDUTHJICA, YNADHMHT Xap OMpura MaifOHHMHT KYpcarrad
Tabcup Kywiapu (7.13) acocad yimparura teur 6ynanu:

Fro_1 9% F. fm__1_ 9%

= e
4ne, er? 1’ 4ne, €2 r’ ?

For_Lad? 7o .13

4me er? kg

By (7.13), (7.13 a) dopmynanapnaH KYpuHanuku, JNEKTp
MaHAOH OMPOp HYKTacura KMPMTMJITAH CHHOB 3apsiUiapura
TAbCUP KUIIYBYM SJIEKTP MANIOH KYUJapWHUHI MOC paBMilga
CMHOB 3apsjiapura OYnrad HUCOATH 3EKTP MAHIOHUHUHT
fepuirad HyKTaCHHM Ky4 HYKTAW HA3apHiaH TaBCHGIOBYM
yarapmac QUMK KaTTANHKIUD:

VLI A S T
% % PO (7.14)

By karraivk sneKkTp MaiioH Gepuirad HyKTaCHHMHT Kyd-
JlaHrasnury aed atanaau Bay E xapdu 6unan GenruaHagm.
Y Bakrna (7.14) ra acocaH, 9eKTp MalRoHHWHr Gupop
HyKTaCHAary KywlaHTaHauru £ ymyMui xKyprHulLaa Kyiuia-
rHra TeHr oynanu:

ey of =
E= " (7.15)
By (7.15) udomara acocaH dJeKTp MaliTOHUHMHT Oupop
HYKTACUAATy KyuNaHTaHJMTHHU KyHunarnua Tabpuora
MYMKHH:
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Inexmp maiidonnune 6upop Hykmacudaau Kysaaneannuzu oed,
wy nykmaeza upumunzan 6up bupauk mycbam cunos apsdued
mascup Kunean kKy4ea muxkdop xcuxamoar mene 0ya2an Uk
KammanukKa admunadu.

Arap 371eKTp MaiilOHHH g HyKTABMIA 33pAl XOCHI KHIFaH
6ynca, ynoaH y Macodapary 3JICKTP MaUAZOHHUHI Ky'UIaH-
raumury (7.14) ra acocan Kyituaarura TeHr 6yaamu:

i SRR 1 2

E prr e (7.15a)
By (7.15a) KOHYHMATHN TabpUDnals yuyH, YHH CKATAP KYpH-
HMLIZ2 HoaaNalln KepaK, SbHU:

Bl dn

47!80 a? i
Wlynnait xunub, uyxmaegui 3apA0 Xocun Kuasean anexmp
M@aiddouUNE GUPOP KyKmacudaeu Kyunaneanauzu 3apadea mymu
6a 3apaddan wy Hykmazawa 6Gynzan macoanunz ieadpamuea

MecKapu nponopyuonan 6yaub, MyxumnuHz Oudnexmpux xycy-
cusmuza Goraukoup.

7.5. DJIEKTP MAIOHHUHT CYIEPIO3ULIMSA (KYILIMIIT)
NPUHUUIIH
BHOM 3MeKTp MaiJoHMHM GuTTa 3Mac, 6Up HeuTa
qs 45+**= ¢, 3apaA Xocwi kuiaran 6yicuH. By xojga 3:aexTp
MaMACHHUHT KyYlaHTaHIUIN E uu aHyKyal yuyH Sepuirad

HyKTacura ¢, CHHOB 3apsiura TabCHp KUJIYBYM KY4 Xdp 6up

3apsil MYCTaKWJI XOCUI KMIraH MaiMgOHHUHT CHHOB 3apsaHra
TabCHDp KWITraH E, 17‘2, Fn KYYNAPHUHT I'eOMETPUK HIFHHIN-

cyra TEeHr:

F=17"1+}7’2+-~-+F,,. (7.16)

By utoganuHr yan Ba YHr TOMOHHHN ¢, CUHOB 32pAaHTa
6116 TalNaHca, 31eKTp MAHIOHHUHT GEpHITaH/HyKTACHAArH
KYYWIAHTAHIUIY E Kenu6 yukaou:

Il P
Py e (7.162)
9 40 90 o 9o
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By TeHMaMaHITHT YHT TOMOHMAArW Xaap ¢y, ¢,. '+ 4, 34
PSAAAAP MYCTAKIUT XOCH KHJITaH Maifpodnapuuur E E, o, E"n
KYYJIaHrAHIUKIApHAND,

E=E+E++E, (7.17)

By cdopmyaa 3AeKTp MalaoOHNapu cyneprnosuuysi (Kyuuui)
NPHHUUIMHIHT MaTeMaTHK ndonacu 6ynub, 6yHaail Tappud-
NaHaH:

Bup neuma 3apad Xocun Kuaean snexmp maiooHHUHS KYUAaH-
2aHAU2U AA0XHOA 3QPAONAP XOCUA KUAZGH MAU0OHAAD KY4AGH-
CAHAUKAGPUHUK2 2eOMEMPUK (8exmop) duFunducuea menzoup.

OneKkTp MaWAOHNaPHUHT CYNEepNO3ULUMS NPUHLUITUHY
Oiutran X012 Xap KaHoan aJIeKTp 3apsiiiapy CUCTEMACH XOCUI
KMJITaH MaWAOH KyYNaHTaHIUTHHU XUCOBaall MYMKYH.

S/eKTp MaWZOHHUHT CYMepno3uums (KYLUuin) NpUHLM-
THra MHCON TaPMKACUIA 3JIEKTp OOMOJY MaWMIOHHMHM Kapab
YUKAMHU3:

dnekTp aunonu Ae6, MUKIOP XWXATAAH TEHT, KapaMa-
Kapliy HUIopanu +q Ba —q (¢>0) 3apamnv, Xyga KU4MK [
(/<<r) macodaga XOWIAWIraH UKKMTA 3apganap CUCTeMAacura
afitunanu (7.5- pacm). Maniym 6ynumuua, paguo Ba TeleaH-
TEHHa/IApU XaMIa OUIJIEKTPUK MOJEKYNanapu XOCHUJI KUITaH
OJIEKTP MAHIOHIADMHUHI XyCYCUATNAPH DJIEKTP HAUNOJIM
MdHIOHUHMHT Xoccanapy 6yaH ailHaH Oup xun GYIraHy yayH
JMI0N MAHAOHH KYWYIaHTaHNWTMHM aHMKJIAll KaTTa aMaiuid
axaMusTra ara.

SeKTp AMNOAU KYIAUAATY TylyHYA Ba KaTTaIMKIAp OUnaH
TapcuGaaHaayu: 2JAeKTp AUNOJWHWUHT t+g Ba —¢
3apsiapi OPKAM YTYBUM YKKA AMTTOAHWUHT VKK JeHNIANN.

JUNONHMHT 3apsiiiapy Xoi-
=4 +a —  JAlraH HykKrajapra Qunoj-
o= T, S wf]  puHrKyTGAapR AcHMNAmU.

t Ourionuuur yKu 6yHnad

maHduil Kyrbnan Mmycbar
KyTOra UyHairan / BexTopra
JUMIIONHMHT €1KacHu Jedn-

nagn. JunoNHUHT MycOaT KyThM 3apsiin ¢ HUME €1KacH [ ra

;\ymnmacn P ra AVNOJIHUHT 3JEKTP MOMEHTH Leru-
Jdny.

“"l

7,5-pacu

P =ql. (7.18)



Hunosib 351eKTP MOMEHTH BEKTOPHU P HUHT WYHHIIK CIKacK

[ HuHr HyHanuiuu Gusan Moc Tywagum.

BAEKTP MAMZOHHUNT CYIIEPTTO3MLIMS NPUHLUMMLTA o1HoaH
INEKTP AUTIONMHUHMT UXTUEPUIA HYKTAAArM KyYlaHraHauru F
Xap 6up KyTb sapsyutapu (+g Ba—q) HAHT MYCTaKUI XOCHI
KWIraH ManloH Ky4wlaHraHIWKIapyu £ Ba E HUHI FEOMCETPHK
HUFUHANCUTA TEHT:

E‘:E’+£~' (7.19)

Kyiunaru xonnapHu xapab ynxamms.

1. Texiupunaérrau A HykTa AMN0ib YKUAa ETCHH (7.6-pacm).
By xonaa aunossunr +q Ba—g KyT6 3apsitapy XoCHI KHAraH
3JEKTP MaMIOHHUHI A HyKTacumary £ Ba E_ KydiaH-
TaHNHKITApV YK 6¥inab Kapama-Kapim iyHanraH 6yaub, yaap
KYHUAarura TeHr:

E =L saE =1 %F (7.20)

¢+ 4RE, gr? ¢ = 4ne, &

Oyrna: . Ba F- —AMMONHUHT MycHaT Ba MaHOUit KyTOAapHIaH
A HyKTaraua 6ynrad panvyc-seKkropaap 6yaub, ynap 1. = (r = %J
Ba I = (r+é) ra Tenr (7.6-pacmra K). F, Ba /. paanyc-
BEKTOpJaPHUHT iinam.lum | BEKTOPHMHI HYHATHLIK 6;maH

a1
=

f Ty
MOC TywraHu y4yH 7. Ba 7. BEeKTOpAApHH F, g = [r )]

Ba 7 ="_'[7 =[ r+ % ]J? KYpUHULIAA E3MLI MYMKHH. Y BaKria

(7.20) udona _
A q _‘} | M (T = (7.20a)

oy

i

7.6-pacm
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KYpHHHIITE KETUL. Ekn (7.20a) un (7.19) ra kyinnca, aunoins
yKuaari A HYKTanard MeKTp MaiilOHHIHT Ky"laHTaHIATH E"

Kyiuaarira TeHr Gyaann.

1 1

(=4F (el

i 2gl-r
Ane, E(’z‘%f © (7.200)

£|| =Tne, ol

by ndonana qi = p, DJEKTP AUTONHWHT 3MEKTP MOMEHTUAAH
ubopatr 6yaraHu yuyH

= 25
Pl e
4 Py
o H[ra_;_:) (7.21)
Arap r>>1 6Ynca, % HU /2 ra HUCGaTaH Ha3apra oMaca
xam bynamn:
S sl
Ejj === (7.22)

o El

gxu b6y ucona ckandp KypuHMIIAa €3umca -

s -1 25
By =goer 05 (7.22a)

[yHnaii KWK, srexmp ounoaunune ykuda émean nyxmanapoazu
mauigon Kywnaneanauzu By dunoanune anexmp momenmu p, 2a

myrpu 6a Ounonb MapKasuday Hyxmazava 6ynzan macoda r Hune
Kky6luea meckapu nponepULONaoup.

2. BHAM TEKIIMPUIAETTAH B HYKTa AMIONb MAPKA3U OPKANU
yKura NEpPNEHAWKYNSp YTraH iiyHaauuina €rraH GYncuu
(7.7-pacm). By xonpa xam B Hykragary aunonHuHr +q Ba
—g 3apalIapyd MYCTaKWMJl XOCHNI  KWITaH 3JIEKTP MaimoH

kyunanraunury E, xam (7.19) dopmyna acocuaa aHMKIaHAH.

B HyKTa AUTIONHUHT KyT6aapunat 6up xun: r,” = r.? = (r + %)’
Macodana OynraHu yuyH:

E+

B |E’ - 4n'en Jrz+—ﬂj (7.23)



7.7-pacMpuan MAHNOHHUWHT Be- At
pwIraH B HYKIACHIATH Kyd- *
AQHTAHAWK  BEKTOpU [E| —E {‘ B
JUMOJb 3EKTP MOMEHTH BEK-
—
iz \

TOpU p, I'a Kapama-kapiuu \
WYHaNraHy yayH, yHu Gynaai - \
€311 MyMKHH; -a-/ —
i &/ z
M e K = \ +
E, :—EL'I:—EL q_;'(7'24) /
Aunond 37eKTp MauaOHMU- / ! i
HUHT B HyKTagau HaTnXaBuil _ o 17
KYWIAHFaHIUK  BEKTOPH g AR [
E"l=13",+E_ 6yn1nb, yHUHT Ji
karranury (7.6-pacmra K.): 7.7-pacu
E, =E, cosa+E_coso=—-—2L cosa.
L + - 4ne, E(rg*_%J (7.25)
VA .
7.6-pacmia cosa =l GYAraHu y4yH:
(‘,.1 +{%} 2
Boml 2. AL N e
"L dne, [ ..7 Y ane, 2 VA (T2
=Tk Cl

Arap r>>[6yca, abHu (%4 1y r?ra HucDaTaH Ha3apra 0Macd
xam 6ymann. ¥V eaxraa (7.30) 6yHpajt KYpuHMNIra Kejam:

| P 7.26
D e 7.26a)
El 4ne, er? (

7.7- pacMaan KypuHanuku, E, Ba p, BeKTOpaap §3apo KapaMa-
KaplM WyHatraHu yuys (7.26a) udona BEeKTOp KYPHHHMULAA
Kyiunarnya 6ynanu:

B, wgle B (7.26 6)



By XO/a AMTIONB INEKTY MAILOH KyWIAHIAHIUTHA L eupunun

xonnary £, faH UKKH MAPTa KHYHKIMP.
3. Ba HMxosiT, yMyMuil XoitHu Kapal® uukamus. By xonga
Tekwnpiaaérran C HyKTa Lnons Mapkasu O HYKTaaaH yHUHT

7.8-pacm

yKHra H4cOaTaH @ Gypuyax ocTiga HYHanraH Kecummuaa ETCHH
(7.8-pacm).

HunonHusr KyT6napuun C Hykra 6unan NC sa MC nyHKTHp
YU3UK OpKAIK TyTaliTUpamMu3 Ba M HyxragaH NC YU3UKHURD
K Hyxracura neprieHIMKyIsIp TyIUMpamms. K HyKTa AUTIOND Maii-
JOHMHH ¥3rapTvpMaiAnuraH JUMONHHHT KYTO 3apsiiiapyUra TeHr
+g Ba —q 3apsiinap xoittawrupamns. Y Baktaa M, N sa K
HyKTajapaary 3apsiuiapHy uxkura MN sa MK aunoniap ne6
Kapawn MyMmxud. QunonHuHr / enkacu # ra Huc6aTtaH Xynd

KHynK (I<<rp) 6yaranu yuyH <CNM =¢@ peitviy MyMKHH.
LHynuHr yyyH OHPUHUM Ba MKKHHUYM AMIOIAHMHI 3JIEKTP
MOMEHTH:

P, =Pcosp, P, =P sin (7.27)
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by j).-ll B4 P BekTOpAap y3apo mepneHAMKYASp AYHAIraHu
YUyH YHTA MOC KeJIFaH aexTp mailionHunr C Hykranars £
Ba L, kywiaHrannukiapu (7.22) sa (7.26 6) ra acocad Kyiiu-
Jarura TeHr oynaum:

E” =ty E_L = (7.28)

Hunonb saekTp Maitnonununr C Hykracugard g, 82 E,

KYyYJaHTaHJIMK BEKTOPNApK XaM ¥3apo nepreHauKyIsap nyHan-
FaHW YYYH HATHXaBUH KyYNaHTAHJIMKHUHI COH KMHAMaTH

= 2 B L i
E E“il +E*, 41[50 e

6ynagu. By popmynanaru Pv" Ba P HUHT ngonanapuuu (7.27)

kyitunca, MN gunonuuur C HyKTagarn KywiaHrauaury E
KeJInb yuKamu:

E =Z;To-e+3\/3coslga+1. (7.30)
YMyMHit xonHM ndoaanouu 6y GopMmynagaH Xycycui xon-
Jlapaa okopuaaru opmynanap Keaub uvkagu. XaKHKaTiaH
XaM, ¢ =0 6yaca, (7.21) dopmyna ¢ =7 OGyiranna aca
(7.266) dopmyna kennbd YUKAIU.

7.6. DJIEKTPOCTATUK MAMZOHHUHT FTPAGPUK TACBHPHU

DNeKTp MaWIOHHM Ky4JaHIaHJIMK BeKTOPU E OpKanH rpa-
$ux papuna udopanall HoKyaai, YyHKH MaiJIOHHUHT Xap
XWJI HYKTalapupary £ BekTopnap 6up-6uMpy OunaH KecH-
wub, TyllyHapcu3 yankail mMansapa xocun 6ymaau. Uy ca-
6abnu snekTp MaitmoHHu M. Dapanuii TaBcHsi KWIraH Kyd
4YM3UKNapy (KyuAaHTaHJIWMK YU3KKIapy) OuiaH KyprasmaiH
TAaCBUPJIall MyMKMH.

Kyu wusuknap deb, xap 6up Hykmacuoa Ky4aaHeaniuK 6ex-
Mopu ypunma pasuwida UyHaneasn 3epu HUSUKKA adimuiadu (7.9-
pacn). Kyy 4M3UFMHHHT AJHanMIIM YHUHT Xap OHp HYKTa-
CUIATH KYuNaHTAHIUK BeKTOpM E HMHP AyHamuwi GuiaH
Oup xun 6ynanu. Xap KaHaai TYFpY YM3HK KabH YpHHMA XaM
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7.9- pacm

HKKI ¥3ap0 Xapama-Kaplwuy AyHanuwHy udopanaiau, wy-
HIHT YYYH XaM KYYJaHTaHAMK YM3WFUTa MabiyMm HyHanuw
OepuaanM, YHU Yu3Maga CTpesika 6unaH OenrunaHani.

Kyy uyusuknap €pnamuaa dakar wyHanu smac, Ganku
MalifIoH KYYNAHTAHIMTUHUHT KATTAIUTMHU XaM TacBupJai
MYMKHMH, YYHKH KyY YKU3UKIAp TYLUYHYACHUIrad ACOCAH DJIEKTP
MaiIOHHUHT GepUraH KyYJIaHTaHIUTY KyHUaarnya Tabpud-
JaHAaoK:

Onexmp MaiidoRRUH GUPOD HYKMACUOa2U KYHAAH2AHAURU MUK-
dop dicuxamoan MaliOOHHUHE Wy HyKmacudazu 6up 6UPAUK H03U-
dan muk pasuwioa ymaémean Ky4 HUSUKAAPHUNZ COHU2A, ABHU
KYH HUBUKAGPHUH2 CUDIM 3uyauzu2a meHaoup.

DNEKTP MAaMAOHMHM Kydu YM3UKIAp opKanu udoaanad,
YHUHT TYPJIY KUCMJIADUAATH KYWIAHTAHIWMIY KATTAJIUTUHHU Ba
dasona KaHNan YarapuiunHu xyprasMany ndonaaoByu 3NEKTP
Mai{ZOHHMHT Tpa@uK TACBUPH XOCH] Oynanu.

ANTWITAHNIApIaH MAaHAOHHUHI Xap KAHAal HYKTacu opK-
any GakaT 6UTTa KyY YUBMFM YTKAZHII MYMKMHIUTH KEIH6
yuKand. MaltDOHHUHE Xap KaicH HyKTacuaa KydaaHTaHIHK
BEKTOPW MabiAyM HYHanuira ara OYIraHu yuyH Kyd YM3HKia-
PM Xed Kaepna ¥3apo Kecuiumainmn.

Kyiiuaa mucon cudaruaa 6y unukaary skka Ba Kyul 3a-
pALIap CUCTEMACH XOCHJ KMIFaH 3JIEKTP MAadROHHMHI Kyd
YU3HUKJIAPDHHHM Kapab YMKaMu3.

1. HyxTaBui 3apgaHUHT Ky4y yM3ukiaapu. Hykra-
B 3apsSIIHWUHT Ky4 YM3HKJIapu 3apsio MycOat 6yica, 3apsianad
yukyBuu (7.10 6- pacM) Ba 3apsn MaHduit 6yraHaa aca 3apsara
kupypan (7.10 ©- pacm) panuan TYFpu unsuKapmiaH ubopar
6ynany. buHoGapuH, Mychar 3apsaAHHM Kyd YU3UKHUHT bouia-
HULU XKOJiM, MaH(pH 3apAAHN 3ca Tyraili KoUMW 1e6 Kapail MyM-
kuH. HykTaBuit 3apsiagan Oupop r Macodasa Kyd Yu3uiap-
HMHT 3MYIMIY 3apSANaH YUKYBYH Kyd YM3HKIap COHM N HUHT 7

panuycian coepa cupti S=4mr? ra Hucbarura, svun N /4m?
TeHraMp. Y XaMm MaitoH Ky4iaHFaHauru £ = mlT : F‘:_T Kabu
Rl I
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7.10- pacm
3apsal Y30KJIAIUTaH capu MacodaHMHI KBaapaTura TecKapH
NPONOPUMOHAN paBylIAa KamMannd bopaau.

2. Uxku HYKTaBHUM 3apAAHUHT KyY YM3HUKNADH.
7.11,a-pacmia TEeHT Ba 6Up XU MIIOpPANM MKKHTA HYKTaBHIl
3apsaaHuUHS, 7.11,6-pacMaa aca COH XUXaTaaH 6up-oupura TeHr
TYP/M UIIOPAN¥ UKKHUTA HYKTABUIT 3apSAMHUHT, ShHHU OOLIKa-
4a aiTrasja, JMIOJHUHT Ky4 YM3UKJIapy TaCBHP/IaHIaH.

MaiinoHHu rpaduk ycyn GuiiaH TacBUpialliad KyHuaars
HiapTiapra puosi KWAu Kepak:

1) Ky4y yu3auknapyu OGup-oMpH OMaH xey Kaepaa KecHil-
Manaun:

2) Ky4 yu3MKJap MmycOat 3apsggaH (Eku qucns:mxzfan)
6oiunarHany Ba manoduit 3apsaa (€KW YEKCHM3JIMKAA) TYranau.

3) Kyy uM3uKIap 3apsAjIap OpaliuFYia Xe' Kaepaa y3ui-
Mainu.

7.11- pacm
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3. bup XMHCAH MaliioH KyuY YH3MKJIapu. DreKrp
MaitIOHHIHE 6apua HYKTaIapilaa KyUJIaHraijnry MUKJIOp Ba
{1y HAIMIL KMXATAAH Y3rapMac, SbHY K4 TH3UKIAPHHUHE CUPT
AUYINTK Y3rapMac KoaraH MaHgoHra OMp XKMUHCAM Maii-
70H Aeitinany. Arap aeKTp MaiAOHHHUHI KYyYNaHTaHIAINA HYK-
TanaH HykTara yarapub Gopagurad, si’bHW Xap XuJl xonnapaa
Ky YH3HKIAPHUHT CHPT 3WUAKEM Xap XMJj OYJran ManaoHra
3ca OMp XHMHCAM OYynmaradH MaWaoH Aeiunanu.

Illyspait kunub, snekTp ManAOHHUHT rpaduK TaCBUPU-
HaH Kyd YM3MKJIADHMHI XOWIAlIMINM  Ba WIaKiWra kKapad
371€KTP MAaiAOHHMHT XyCYCUATHHHM aHUKJIall MYMKUH. Maii-
JOHAapHH Oy ycynAaa TacBUpAALl aHYa Kypra3Maiu Oyaradin-
FHAAH IEKTPOTEXHUKaaa KaTTa aMalliii KYJJaHUIIra 3ra.

7.7. JJIIEKTP MHAYKIINA (CUAXMIL) BEKTOPH BA OKUMH

BYWnMKaary 3apsanapHUHT, SbHU 3PKMH 34DpsiUTADHUHT
MaMIOHMHN MQOANoBUM KYWIAHTAHINK YU3MKJIADH Y3MYK-
cu3 Xycycusarra sra 6Yynnb, AuanexTpukiapaa sca OyHmait
6yaMaitnn. Macanan, IM3AEKTPUKIAPHUHT OYITMHUII Yerapa-
cuna 6OFIaHTaK CUPT 3apaiapy BYXYAra Kelaan Ba KydlaH-
FaHJIHK YUSHKJIADMHMHT OMP KMCMU WY 3apsajiapia Tyraiam
€ku ynapaau bownananu. IHyHaait Kunn6, Gup xunciu 6¥ima-
raH AM3JEKTPUKIIAPAA KYWIAHTAHAMK YU3UKAAPUHNHT Y3IYK-
CU3IMK WapTh baxapuaMaiian. LIyHHUHT yuyyH Xam, UXTHE-
pU# KYDMHWLIOATH AM3NEKTPUKIAD MUMAATH MAliIOHHU TaB-
CUMALL Y4YH, YHUHT 6YAMHMIL Yyerapacuaa y3nyKcns yTagu-
raH ssury D BEKTOp KaTTanvK Kuputuaaau. by sextop kaTra_
JIUKKA 3JEKTP MHOYKUMS (CUNXMIL) BEKTOPW AeHMIaAU.
DAEKTP MHIYKLMA BEKTOPU [ MYXUTHUHT IMIAEKTPUK XyCY.
cuaTMra DOFJIMK OYNIMaciuru, sibHM WHAYKLUHS YU3MKIapH
UXTHEPUM MYXUTAA Y3NYKCU3 OYAMIIM YuyH, £ KyuJaHraH_
JIMK BEKTOPH OMNaH Kyiuaaru Myrocabataa GOFIaHraH Oyan-
1Y LWAPT:

D=e¢ k. (7.31)
Hykrapuit 3apsm Xocun KHUATaH MaMAOHHMHI Ky4laH-
ranaury £ HuHr udomacy (7.15a) Hu (7.31) ra kyhunca,
D=1 .95
D—47r ’J; P (7.32)
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Bynaun. MHayKims BEKTOPU ) HUHT F paInyc-BEKTOP HYytia-

AUIIMra npockuusicu, abHu (7.32) HUHT CKANsip KYpUHH-
mupary udpogacu:

D=tk (7.32a)
Wlyngait kb, uxmuépuii myxumoa ykmasui 3apad Xocun
Kunean maridonHure 6upop nyxmacudazu uHoykyus uty 3apsoea
MYFpU 6a 3apad Hyxmacuza 6yaean macoga Keadpamuza meckd-
DU nponopuruorandup. :

[Hynu siHa 6up 60p, TabKMIAL KEPaKKH, BUD KUHCIH
GyaMaraH 1M3NEKTPUKIAPAA KyYaHIAHIUK YU3UKTAPH Y3TyK-
1 6Y1n6, MHAYKLMST YM3UKIAPY 3Ca Y3AYKCH3 YM3HKIapAaH
nbopar Gynanu.

DNEKTP MHAYKUUS BEKTOPH D MUKIOP KHXaTaaH 6up 61p-
JIMK 103afaH TUK paBuiuga yTa-
€TraH UHAYKLMS YU3KKIAPUHH,
S’bHU WHOYKLIWS YM3UKIapU-
HUHT CUPT 3UYAUTHHU Mdoaa-
Jaiipu. Y paxrna Oup XUHCIH

JNEKTP MAWIOHM (D=const)
fary MxTHépui S 103a opkanu
THK paBullAa YTa€TraH MHAYK- 7.13-paca

UM 4YM3UKJIApUTa WHAYKUNS

OKuMapy aeiunany Ba N xapbu Gunad 6earunasand (7. 12-
pacm):

N =D, =DS, =DScosc, (7.33)

Oynna: D, = Dcos o, —MHRIYKLUMUS BEKTOpU D HHHT S ro3ara

YTKasuaran A ra 6yaran npoexuusicu, S, =sma aca §, w3a
S HUHT D BEeKTOpra TMK HYHauluJark NpoeKuMacH.
Arap IeKTp MaitaoH 61p xuHcau 6yamaca (D % const), ¥

Xonaa ds 37eMeHTap 103a coXacuaaru ManJoHHH oHp xun'{cnn
Xucobnam myMmuH. Y sakraa (7.33) KypuHULLIAATH ndoaa

dN = D,dS = DdS, = DdS -cosa (7.332)

nugdepeHLIMan KYPUHUIITA KeTaau.
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Mxtiépuii S cupToan YTyBun SNeKTp MHAYKILMSE oKuMU N
yeKCH3 K¥N WIYHIaN 3AEMEHTIAP 3EKTP HHAYKLMS OKMMIIa-
pi dN 1HT fHFHIAUCH BuaH, IbHU

N =[D,ds = [ Dds,
& 5

(7.34)

puterpan 61nan nonanaHaau: 6ysna S 0enry MHTErpaiHUHE
S cupt OYilHYa ONUHMIIKMHEN KypcaTaau.

7.8. OCTPOTPAICKUH - TAYCC TEOPEMACH

HyKTaBuii 3apsiap CUCTeMacy Ba 3apsiiiaHraH Xucmiap
XOCHJI KWITaH 3JIEKTP MaWIOHHU CYNepno3nuust NPUHLUNK
acocHna Xucobjall MaTeMaTUK HyKTau Ha3apaaH Xyma My-
pakkab 651116, alpum xonnapaa xarro xuco6aab Gynmaiuu.
ByHzaait Myammonyn Octporpazckuii-Iaycc TeopemMacy ocoH-
FHHA XA KUIMIITA UMKOH Gepanu.

Ocrporpaickuii-T'aycc TeopeMmacn Gepk cUpTAaH YUKAET-
raH JIEKTP MHAYKLUMS OKMMHHK Xucobnaiaay nGopataup. by
TEOPEMAHMHT MATEMATUK UDOLACHM YMKAPUIL YYyH, dapas
KUIaMIMK q 3apsa UXTUEPKE ENNK S CUPT HUKIA XKOalIraH
oyincud (7.13-pacM). BrnexTp HHAYKLMA BEeKTOPUHUHT (7.32)

(dopMynacura kypa, D BeKTOp 3apsl KOfANalraH HyKTanaH
YUKYBYM F pagnyc-sexTop 6yinad ityuanran. IUyHKHT yuyH,
7i HopMay 6unan D sexrtop opacumart do (hazopuit Gypyak
ds Ba ds, cuvpmaap opacugaru Oypuakka TeHravp. Y Bakrma

7.13-pacMm
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(7.334) Ba _(7.32) (hopmynanapra GuHoau sieMenTap ds cup-
TAAH YHKACTTAH 9/CKTP UHAYKLIMS OKUMU:

dN = Dds, =7 ds, . (7.34)

By epna (/s}/‘ =dw — 3nemenrap dasoBuil Gypyakka Temr
12
6ynrauu yuyH:

dN = 3";(10) (7.35)

Myupait Kb, 3eMeHTap ds CUPTAAH YAKAETTAH 3TEKTP
WHAYKUMS OKUMH dN aneMeHTap ds CUPTHUHT 3apsifl KOM-
Jlalrad HyKTalaH KypuHaauraH da3zosuii 6ypyary diw ra npo-
nopumonanaup. PasoBuil 6ypyak w HUHC KuiMaTi 0 gaH 4n
raya y3rapanu. ¥ BakTaa €MUK S CHPTAAH YWMKYBUU TYIa 3IEKTP
MHAYKLIUS OKMMH N YeKCH3 K¥n 31eMeHTap 31eKTp MHIYK-
LUus okumnapu dN HMHT HHFHHAUCUIA TEHT BYiIW0, YHH HH-
Terpajunaly OuJIaH aIMALITUPHUIL 3apyp, SIBHU:

4=
dN = }3}’){;’.\'l = J%ﬁ’w =q. (7.36)
1 /]

By udona xycycuit xonaarn (6utra 3apsia ydyH) OCTp’OrPa.'I-
ckui-T'aycc TeopeMacMHMHT MaTeMaTHK Hdogacy oYio. OyH-
Zait rabpuchnaHanu:

Enux cupmdan uuraémean nexmp UHOYKKUA OKUMU Ly Clpm

unudazu 3apsdza meue. =
SHAK (31.36) dopmynaHy ENMK CUPT MYMAA G, G - - - 4,

3apaaiap cuctemMac GYnran Xoiara yMyMiaaiiTHpUL MYMKIH.
XaKkukatay xam, Cynepro3vuus NPHHUWNHIE OMHOAH g,
9 - - ., 4, 38pUUIAP XOCUN KMJraH MaAAOHHMHT HaTHXKABHH
VHAYKIUHA BeKTOPH D Xap OMp 3apaAHIHT MyCTaKiiil XOCHT
KHraH MaiiioHH WHAYKLNS BEKTOPIapMHHHE HUFWHIMCITA
TEHT:

oo

D=D + 2+---+D,”=2}D,. (7.37)
=

Y Raktna [ BeKTOPHWHI CUDT HOPMaK /i Ta OVilraH MpPOeK-

UHMSAAAPUHMHT anredpalk WHMFUHAMCUIA TEHIT

m

Dn =Dm +D"n +.”+Dnm —_—ED'.". (737‘1)
i =1
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m

CHpT S OPK&TH YHKAETFAH DMEKTP MHAYKLMS OKHMH Ky#huga-
THIa TEHT:

N=§D,ds=§3D,ds=S§D,ds =30, @3
=]

I 5 =1 i=l 4 i

V paKTia WuBAd g, Gy - - - G, 32pARM 6Ynran MxTuépnil ¢k

5}’ ¢opmyia OcTporpaackuii-Taycc TeopeMacMHIRHT yMyMHit
KYpUHHLINACH MaTeMaTUK ndogacu 6Ynud, GyHaai Tabpud-
JaHALU:

Enui cupmoan wukaémean sneicmp undyicuus oxumu wy Enu
cupm uuudae 3apAGAAPHUHE anzebpaurk U FUHOUCH2A MEH2.
Xycycuit Xxoinap:

L. 33?"11’3"“& CUPTHAH TawKapuaa 6yacuH (7.13,a-pacm).
By xonza s° cuptra it¥nanran 3JIEKTP UHAYKLNS OKUMUHH
«~N’» maHpui xucob-
a6, s” cUpPTOAH YMKAET-
raH «+/N”» HHK 3Ca MyC-
6aT xucobIaHanu. SNeKTp
MHAYKLMS YA3UKIapH-
HUHT Y3J1YKCHU3JIKUIH XY-
cycusttura OUHOAH CUPT-
ra xupysuu N’ Ba CHpI-
JaH YUKYBUM N” 31€KTp
MHAYKLWSE OKUMNAPH MUKAOD XXKWUXATAAH TEHTHAUD, SbHH
N'= N” 6ynaau. lynunr yayn xam, S = §*+ 8" Enuk cup-
g@i:n‘::ﬂﬁaﬂfaﬂ SJIEKTD HHAYKHHNS OKMMM Ky/Aniparura TeHr

N =j:D"ds =)CD"ds + f-Dﬂds =~N"+N"=0. (7.382)

T.13a- pacm

Hlemax, 3apsia €MUK CUPTAAH Tauikapuaa GYarania, wy cupr-
faH UMKAETraH 3MeKTP MHAYKUHMSA OKMMH HOMra TeHT 6§nap

3KaH. ..
2. Enuk cUpT MyMAa MUKAOD XUXaTAdH TEHT Ba KapaMa-

Kapuu MwopaaM q,= +q; q,= —q 3apsaanap Koinaurad
6yncun. Y vakraa (7.38) ra acocan €nuK CHPTAAH HUKAETTaH
3NEKTP HHAYKUMSE OKUMH N Ky#unarira TeHr Gynanu:

N=§D ds=q +q,=+q-q=0 (7.386)
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by xosta xaM, €nuK cUpTAaH YHKACTIAN 2ICKTP WMLy K-
UMSI OKMMHM HOJITA TeHT 6ylap 9KaH.

7.9. DJEKTPOCTATMK MAH/IOH/A 3APSIHH KYUHPHIILIA
BAKAPHIITAH WU

Xap KkaHoai Maijion Ba 1y MaifaoHaa KysHHiHHr TaduaTn
GaxxapuiaraH MWHUHE KYPUHKUIIN OlitaH anikIaHani. AKysa-
faH, Oaxapwiran Ui MYJHWHI IaKIWra OOFIMK OyTiilIH
€KM OYAMACIIUIU, Ky Ba MAHAOH TaBuaTHHMHT ME30HI OY.11H0
xu3Mat Kunanu. WyHUHE yuyH xaM, 27eKTpocrariik MalaoH-
Ja 3apsiAHU KYYUDUIUAA Daxapuarayd HilHW daHMKiall KaTTa
aMajJIuil aXaMusITra sra.

Arap g 3apsift XOCUI KHATAH MaiI0HHUHT KYWIdHIAHIHTH

E 6¥nraH HyKTACHTA ¢, 3apsi KUPUTHIICA, YHTd F = g F Ky
tabcup Kuitann (7.14-pacm). By F KyuHitHr ¢, 3apaasn dl va-
codara Kyuupuiuaa Gaxaprah aneMmeHTap Ml dA Kyiinga-
rura TeHr Gynamgu:

da={F.di )= g (E.dl )= g Edicosa.  (1.39)

(7.39) na @ —O6ypuax Esa dl BEKTOPJIAP opaciaari OypuakK.

7.14-pacnuaary wusmana d/ coso = dr 6yaud, £ = 4—;1—;7
oviaradu yuyu (7.39) Hu

dA =" dr (7.39a)

dme o 2

KYPUHMLLILA €31 MYMKIH, OVHAA; ¥ — MaA0OHHM NOCIET K-
TaH g 3apsijulan g, 3apsuiraya Oyaras macodit.

M

T.14-pacs
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3apsin g, 1K MAIOHHNHT I HyKTacHAal 2 HyKracura Kyumn-
pinna Gaxapuaran A, nunu (7.39) ndosann uurerpasmiab
ARUKJIAHAIH:

H
g [ 04 dr . -0 1
A”' L J‘4ns o T% " 4e
1
ByHna r,Ba 1,—MaiI0OHHW XOCHI KHIITaH g 3apsiiiad Ma#ooH-
HUHr / Ba 2 HyKracuraya 6ynran macodanapu.

(7.40) ndonagan KypuHaIMKM, BMp XMt ULIOPATK ¢ Ba
q, 3apAANADHUHT Y3ap0 MTapuill Ky4yd TabcHpUia 3apsii-
nap ysoknamud, MycbaT Ui Oaxkapuiaagu, sSIKMHJIALUraHaa
3ca MaHpui v 6axapunagd. AKCHMHYA, XAP XM MLIOPAIH
3apsUIAPHUHE TOPTHIWIMII KYYH TahcUpUAa ¢ Ba g, 3apsid-
JIAPHUHT SIKMHAAKLIKNAA MycOaT Uil Gaxapuiud, y30K-
NAWHmYAa 3ca MaHGUM 11l Oaxapunagy.

DNEeKTPOCTATHK Maii-
AOHIA 3apPSIAHUHE KY4u-
puiga Gaxapuiaran A,
MIIHUHT (7.40) ndona-
cupad Oy M AYAHUHT
waknura OGOFIUK 3Mac-
JIMFU KYypuHaau. buHO-
Gapun, g, 3apanHu a Ba
¢ iyHanmuaa | HyKTaaaH
2 HyKTara Kyuyupuinga
Oup xun uw Gaxapuna-
an (7.15-pacmM):

A=A = =4, (7.41)

tWynpait xunub, anexmpocmamur saidon kyuununz 6axycap-
2aH UMY UYAHUNS WaKau2a B0 FAuK OYaMazany YHyH JAeKmpocma-
MUK MaliOOK KYHUu KOHCepsamug Ky1oup.

Arap Ma#poHHM 6UTT2 3Mac Oup Kau4a ¢, ¢, ...4,
3apgi  Xocun xuaraH 6yaca, Mainodsard g, 3apsara

F=F +F, +-+F, xyiTabcup Kwianu. By natxanosan F
Ky4HUHT baxaprak A MR Xap 6UP Kyunap MycTakiui 6axap-
ran MIWAaPUHUHT anTebpank HUEHHANCHTA TeHT GYaamm:

S qie S 4% (1 1)
A:Al+_42+...+A”:ZAI=_,_,+HE ]ﬁ_'—)’ (7.42)
e 3 ot | i i2
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n
Oynpa: r, Ba r, — MaiiloHHn XocHR KHAuran 2,‘!. —3apsii-
il
IaH MaijoHnuur | Ba 2 HyKracuraua Gynarad Macodaiap. by
xgnua XaM TYAMK, OaxapuiaraH M HYNHUHE WAKIHTE GOFTHK
OyaMacanry sina 6up 60p INCKTPOCTATUK MAHAOH KYTUHUHE
KOHCEPBATHB Ky4 3KaHJIMTMHU TAC/HMKIaM/IH.
DNMEKTPOCTATUK MaSOHHUHT TabuaTuiy Hojaiaur yayH,
Bup OGupmUK 3apsigHu EnuK KOHTYp BYiinta Kydupuiiga 6axa-
punran uuinu (7.39) udoaa acocuua xucob1ab yMKuca,

s i(ﬁ",df ) (7.43)

6ynann: By bopMmynaHMHT YHI TOMOHWAArM €MUK L KOHTYP
OViinya onuuran wHrerpan udoaa § E,df Jra 3:1exTpocTatifk
L
MaWIOH KyuNaHTaHJWCy BEKTODUHMHT ENMMK KOHTYp OYiinia
UMpKynsanmscH aeiivnany. (7.43) bopMynalard uHTerpal 6ea-
TUCH 3apaaHK énuk L KOHTyp 6yitnya Kyumpuuiaari (Bhstl-
PUITaH v 6Yu6, (7.40) hopMmyIiara acocan HoAra TeHr ovia-
M. XaKMKATIAH XaM, STMK KOHTYpIa MailoHHITHT Goiu1aH-
A4 BA OXMPTM HyKTanapH ycrma-ycT Tywaad, AbHA L0
Oynamu. ¥ saxrna (7.40) ra GuHoaH:
A = fdd =t (1 -—i} =0. (7.49)
e

™ {1 5 1.
L b s

Byunan doiinananns, (7.39) Hi ywoy KypHHALIA CES
KHH;

§(g,d1 ):0 (7.45)
L
Maiidon kyusanearnauet 6exmopurine énuk; KOHMYP GHM{T‘H
UUpKYARUUSICY HORZA MeHe Bynean Maikdoraaped HomeHLua Mau=
donaap dediuaub, nonea menz GyAmMazan maidonsapea 3ca KMo
menyuan maiidonnap 0etiuadou.
Miyunait kunu6, (7.45) faH Kypunamikh,
THK MaMIOH rioTeHuUnan MauaoHAND.

3_|1eKTp00Ta'
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7. 10. DJIEKTPOCTATHK MAI{1OH/JATH 3APSIHUHT
NOTEHUHAJ SHEPTHUACH. DJIEKTPOCTATHK MAWJOHHHUHT
NOTEHIHAIH

Arap MaiiloH MoTeHlHan MakmoujaH ubopar 6yica, mo-
TeHLMAN 3KepriA W HUHT KaMaiinwy xucobura viu 6axapu-
nagH, SBHIL

dA=—dW. (7.46)

ByrnaH: g, 33pAAHY 3MEKTPOCTATUK MAHAOHHUHT | HYKTacK-
AaH 2 HyKTacura Kyuupunisa 6axapunrad A,, uii 3apsgHUHT
1y HYKTallapAa MOTEHUMaN 3Heprusiaapu dapkura TeHr:

Ap =AW = =W, - W)= W, -W,. (1.47)
By udonaru (7.40) 6unan Takkocnab, g 3apsan MailIOHUHNHT

1 Ba 2 HyKTaNnapuaaru g, 3apsoHUHT NOTEHUWAT SHEPrusaapH
W. Ba W, Moc paBuiuna W, = 1 494g. L1 gl
1 2 P 17 4ne, en W, 4ne, ery 6yna
1. byHAaH, SNeKTPOCTATHK MaiiAOHHUHI GUPOpP HYKTaCKIATK
3apSIHMHT NOTEHLIMANL SHEPTUACHHN UdoaioBun Gopmyna-
HIH. YMYMHIT X012 KYHHAArH KYPUHULLAA E3ULL MyMKHH:

= _1 44
=Yy T (7.48)

By ndonasiaH sNeKTPOCTATHK MARNOHIATH g, 3aPSAHMHT 110~
TeHUHAN SHEPrisick W MaifloHHM XOCUNT KMATaH g 3apsaara

W

bup xun ywopc -
A 3apsdnap

el

Xap xun viropo-
M 3apadnap

7.16-pacm
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Xam BOFTUK OYaraHu yuyH yHra 3apsiUlapHUHT Y3apo noren-
L)l DHEPIUICH XaM JIeHHIanH.

Idyunait kKuau6, uicku 3apadiune y3apo nomenyuan snep-
eusicy 3apadaap Kynagmmacueda Myrpu 6a 0paliFudazu sMacoa-

2a 3ca MecKapu nPonopRUOHAAOUp. :
Arap g Ba g, 6up xuj WiopainM 6yaca, ylapHHHI ¥3apo

UTapuul noTeHuman aHeprusicu W mycbar (W>0) 6yand,
AKUHNAUWTAH capu oua 0opaau. AKCUHYA, Xap XU HLIOPAIH
3apALTAPHUHT Y3ap0 TOPTHIL MOTEHUMUAT FHEPTUACH MAH DI
(W< 0) 6ynub, ynap 6up OMpMAAH HEKCM3IHKKAYR Y30K-
Jlamiraniia Hosrada owu6 6opany. MKk HyKTaBuil 3apsuLiap
¥3apo TOTEHUMaN 3HEPrusicH W HUHE yaap opaciaark 7 Ma-
codara 6ornaHuLu 7.16- pacMaa TaCBHpIaHIaH.

Arap 31eKTPOCTaTUK MaiIOHHK OUTTa IMac, B1p Kan4a g,
gy - .. g, 3apsaanap xocun KuiaraH 6yica, mainoHaarit g, 3a-
PAIHUHI NOTEHUMAN dHeprusicn W xap OUp 3apAaHHHT MyCTa-
KWJI XOCHJT KWJTaH MalAoHOArK NOTeHLHaa JHEpridiapH

W,(i =12, --.H}HMHr anreGpank AMFHHAMCHTA TEHT GY4lH:

n n
W =W+ W, 4t W, = YW, =gy tey (7.49)
1=l i=l %

GyHaa: 1, —MaitI0HHY XOCHI KUATaH g, 3apsa Oit1aH MaitaoH-
ra KHpPMTUAFaH g,3apsiap opaciaard Macoga.

[yHnait kuaud, q anexTp 3apsaAHMHT W noTerLHaT aHepri-
ACH DNEKTPOCTATHK MaiiIoHarH X0JATHra GOETHK OyIrati yuyH
SNEKTPOCTATMK MAWROHHUHI HYKTATAPY SHEPFCTHK HYKTall Hil-
3apaaH NoTeHLman 266 aTanyBun cKansp KaTTanuk Suian wdo-
Aa12HaIH.

Daexmpocmamur MauOoOH GUpop HyKMACUHUK2 NOMEHUUA.IH
0el, Maiidonnune wy HyKmacuea Kupuminear 6up oupaK Myc-
bam cunoe 3apsduza Moc Keazan nomenunan dxepeusea MUKOOD
dcuxamoan mene Gyrean QUIUK KAMMAAUKKA QEMUIA0u, SHHI

9=1 (7.50)

By (7.50) uchonara 3apsiIHHHT TOTEHLIMAT IHEPTHACH W HItHT
KuiMaTu (7.48) aan oanb Kyiumaca, 3apsAHHHC NOCHT Kitl-
TaH 571eKTPOCTATHK MAitAOH HYKTACHHMHT MOTEHUHANT & Ke-
b uMKam:
w 14 5 =
R W (7.51)
P g AEg £
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WlyHnati kuau®, #yxmasiil 3apad Nocus Kus2dn 3nexmpocmd-
muk Maudonunz Gupop HyKmacudaeu nomenyuasu 3apsdza mympu
6a 3apaddan nyKniazaxa Macoghaza meckapu nponopuUoOHaioup.

Arap 3MeKTpoCTaTiIK MAaiIOHHM GHTTa 3Mac, 6Mp HeuTa
@y G - - - G, 30PALIAP XOCHI KHATAH 6ynca, MaliIOHHUHT OK-
POP HYKTACHHHHI TIOTEHUMANH @ Xap OUp 3apsii MycTakul

XOCHJT KHITAH Ma#A0H MOTeHUHanaapu rp(i =],2,m,)HnHr an-
reOpaiK ANFNHAKCHIA TEHT:

L n q
Q= +@y 4t =Yg =y L
=y Zx LS, e, (7.52)

”,9’ +y By (7.52) ugona typan
3’ + J= IaKJJaryu Ba Xap X

; yn4aMnu 3apsinnaHraH
XHWCMJIAp 3JIeKTpOCTa-
TUK MaWIOHIAPDUHMHL
NOoTEeHUNATApUHU XHU-
cobnanra UMKOH Oepa-
au. XKymnagaH, a0exTp
JUTOIN KYTORapU XOCUTT
KWITaH 3JeKTPOCTATHK
MafiIoH NOTEeHLMAIIapU
¢, Ba . HUHT WMFUH-
avcura tenraup (7.17-
pacM):

14 1 —_4 h
dme, &,  Ame, e, dmeE non

(7.53)

Arap I<<r6ynca, r, —r; =lcosa Ba r,-r, ~ r? Gynamn. ¥
Bakraa (7.53) ndoaanu

= ey {fcosg .9 Pe
Q= T e e, o cosd. (7.54)
KypuHHMuLAa E3MUI MYMKUH. By epna p, = g, /—numnon 3eKTp
MOMEHTHHUHT abCOMIOT KHHMATH, o —UMTOJ 2JEKTP MOMEHTH
Pe WyHanumu 6MAAH TEKIUMPUNAETIaH MaMIOH HYKTAcH pa_
IHYC-BEKTOPM F — opacuaary 6ypuax.

DIeKTPOCTATHK MAMAOHHWHI TOTEHUMANH IHEPTETHK Xa-
paKTepUcTMKAacH OYArany ydyH 3apsaHu KYYHpUILAA JIEKT-
pOCTATHK MAaAOH KyYMHMHT OaxapraH ULIK XaM MaitioH 1o-
TeHuMaapyu 61HnaH y3apo GornanHLITa 3ra OYNIMIIKM KEpak.
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XakukaTan xaM, 6upununnar (7.47) ra GuHOAH bt 187 =117
6916, ukkuramnman (7.50) ndona acocuna W— ”"__.'9".{@ )
BYAFAIN YUYH, DIEKTPOCTATHK MAHZOH KYMHHHMHT g, 5apsitit
| HyKTacugan 2 HykTara KYuupuilaary Gaxaprad uum.‘Al,
MallgoHgaru rotexnuannap (papky (@ — @ ,) Oujai KyHH-
naruya uonanaHanu:
Ay = qo(‘P| - @,)- (7.55)

Wlynnait kunubd, 2aexmpocmamux MQLiQoH KyHAapuHuHe 3ap-
A0HU KPuupuwda 6axcapear uuiu MUKoop acuxamaan 3apso Kam-
manueunu UyaHuHe 6oUNAHFUM 84 0XUpeU uyng//apflr)aeu no-
menyuaanap afiupmacuza Kynadmaiacuea meiie 0yauo, .
waKAuza Gorauk Gyamail, yuune GOWAAHFH 84 OXupeu Hykmd:
AdpUHUHE sa3uamuea G6orauKoup. .

Arap 3apsiIHUHT KYYML iy 6epK 6yiraHaa yHiHE 0OU-
JAHFMY Ba OXHpPru HyKTanapun ycTMa-ycT TylwsraHia
$ —®,xamna (7.55) ra xypa A, = 0 Gynaou, SbHH BZPﬁHHl-I
Bepk 1§ 6yitnab KyynpnLIIa 2AEKTPOCTATHK MaNIOH Ky 112~
pY GaxapraH WIIMHMHI HOATa TEHTIMIU SHa 61p 60p KelHb
YUKAOU. 1k

(7.55) dopmynanas 3meKTPOCTATHK MaitIOHHHHT HKKH
HyKTa opacujaru foTeHuuamuap anmpmacu:

<A 7.56
0 —0,= 4. (7.56)

[LyAHUHE

(7.56) ra acocar MoTeHUMAMIAP aAMpPMACHHHM KyHHAari=
4a TaBPUGNAL MYMKWUH: 21KMPOCHIAMUK MAUOOHHUHE URKI
HyKkmacudazu nomenyuasnap aiupmacu 0e6, oup oupalk g g
Bam 3apadnu Gupuryi HyKMAOaK UKKUHKL RYKIMaga Kyuupuiea
6aoicapunzar uwza sukdop cuxamoan menz 6yazaH GUsUK Kam-
maaukka aumuaau. G-

Hyxrasnii 3apsanu 31eKTpoCTaTUK MaiaoH Ky4HHHHI O€

LIt
puJiral HyKTrafiaH 4eKCH3AHKKA ('2 = ), SILHU MOTEHLUH

HOJIb ((02 ﬁi—‘f— = OJ GynraH HykTara Kyuupuuina Gaxap-
rae iy A = 909y, Gynamm,
A 7.57)
ByHaaH 0 = —q‘o—. (
LHAHY

Ulynaait Kunub, 39eKTPOCTATHK ManOH notet
siHa OyHaai TabpHduiall MyMKUH!
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Daexmpocmamur mandoniune dupop iyxmacudazu nomen-
Quaat ded, DAeKMPOCamur Mandol KyuuHune oup 6llp/IUK‘M}’C-
dam 3apaonn Wy HyKmaodan pomenyuaau noned mene Gyszai
yencuzuKdaan HyKmaca Kyuupuwda basxcapean uuea Mugdop
acuxamdan mene 6y.12an GUIUK Kammaaukka atimuiau.

7.11. DNEKTPOCTATHK MANAOH KYYJIAHTAHJAUIHA BA
IOTEHIHAIN OPACHUAATH BOFTAHHUILH. DKBHIIOTEHIIMAIT
CHPTJIAP

DICKTPOCTATHK MAA0H KYYNApHHUHT 3apsiiHY KYYUPHULL-
Aari Swkaprad MUK KyMJaHTaHIMK OPKATH XaM, MaitoH HyK-
TANAPUHUHT NOTEHUMAMIap aiiupMacu opkanu xam nudona-
JABMWNY KYYIalITaHIMK Ba NOTEHUMANIApHY ¥3apo OOFIaHM-
IHHI QHUKTAITA UMKOH Gepani.

tOxopunarn (7.39) Ba (7.46) bopmyntanapaaHd KypuHaou-
Kif, 31CKTPOCTATHK MAilIOHAA ¢, 3apSAHN KYYUPHILAA TOTEH-
LIA7 IHCPIHSICHHUHT Kamaituity dW xucobura dA sneMeH-
TAp M Saxxapunanu, ALHu:

A
dA = g, Fd/ cos E, T = —dW’ .

MkkuHyu ToMornan (7.51)ra acocan: dW = qode. byHpaH:
A | _h &
g, Edlcos| E . dl J: ~(,dp Exn Edlcos(E L dl ]:—q(p TEHT-
|

JIHKHU €3111 MYMKWH.
OXHDI‘H TEHMTHKAAH 2NEeKTPOCTATHK Maiiaon KyYJiaHTaHIATUL

E=-—f T (7.58)
{Il-cos( E.dl |
|
7.18-pacatnad Kypu-
Eem HAAMKH,
E T
7 dl -cos| E.di |=dr
a7
of, _
Yol dt  E i Ky UM43UFMHYHT 3J1e-
- ¢ MEHTAp Y3NYKIWIH-
: nay ubopar 6yaraHm

T.18-picwm YUVYHC
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_ _de
18 = o (7.59)
By ndona snextpocraTuk MaitzoH Kyd YM3MFM AYHATMLWIKAA
NMOTEHUMATHUHT Y3rapuil TE3NUrHHM UdogaTanan.

YHAAW kMAnG, anexmpocmamuic MAgOORHUHE KYHAGH™
eanaueu 0eb, kyu wuzurunune y3yHaux bupauzuea Moc Keazaw

nomeHyuannap adupmacuza mukdop scuxamdan menz 6yeax
Qusuk Kammanuxka aiimunadu.

(7.59) TEHINIMKHMHT Yan TOMOHHU BEKTOP, YHI TOMOHHK 3ca
CKansAp KaTTanukaaH ubopar. Bekrop aHanu3aa, BEKTOp KaT-
TATMKHY CKANAP KATTAIMKHUHT Y3rapyuily OpKany U(ponanoBuu
CUMBONTA rpagueHT (grad) ne6 HoM GepuiiraH.

Hxmuépuii ckanap xammanui a Kuxe epaduexmu 0eb, dyna-
AWMU a KammanuKRuKe opmuw EYHaAlY 6uan MOC myuad-

ean A 8exmopea aimunaou:
A= grad a. (7.60)

By BEKTOPHUHT MOAYNIH A 3ca a—CKaISIDHUHT OPTHLI AYHaTH-
Wyaa 6Up GUPIIMK Y3yHIMKAATH Y3TrapyuIINTa TEHTAUP, ABHHU:

A= |grad ;Il =4 (7.60a)

ANTHIITaHNAPAAH, 37EKTPOCTATMK MAMAOHHUHI Ky4ylaHIaH-

JMK BeKTOpU E noTeMuman rpanmeHTH (grad @) HUHT Tecka-
PY Mmopanu ndogacura TEHT:

E=-gradg. (7.61)

ByHna «Munyc» M1LOpa KYYJIAHTAHNMK BEKTOPH E MOTEHLIA-

1 © HUHr Kamaiiuw TOMOHMIa HyHanranuHy udosanaran.

YMymuit xonga, 371€KTPOCTATHK MAHIOHHUHT 6GUPOP HYK-

TACHIATH MOTEHLHANM © 1y HYKTAa KOODAMHATIAPUHHHT QYHK-
uuscuaan Mbopar GyaraHu y4yyH:

il _doz , dp= dop )
grdd(o_;,;l+dyj+ d:k. (7.61a)
HIyHUHE yuyH XaM 371eKTPOCTATHK MAWUIOH Ky4jaHraHin-

M BEKTOPU E wuunr KOOpPAMHAT YK/1apHUTa 6yarad NpoeKUHs-
JIapy MalIoH moTeHUUanu 6uiad Kyiraaru 6oraaHHra sra:

E

do, o _ _dp. p _ _da.
do. g -2 p =-2, (7.616)
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DNEKTPOCTATHK MAMAOHHUHT HKKM HYKTACH opacuiaaru 1o-

Tenuuannap dapxn (¢, ~ ¢, ) Hu (7.59) 1y unrerpuad annK-
JaHaN:

s
¢ - @, = JE(//' (762)
f
Hlynoan xunub, an1eKTpocTaTHK MaitJOHHHMHT 110TEHLNA-
AW HYKTanaH HyKrara y3rapu6 typyBuM GyHKUMSAMP. Bupox
UXTUEPUH KYPUHMWIAATH 3JeKTPOCTATUK MaiaoHBa NOTeH-
uHamtapy Oup xuj OyaraH Hykranap MaexXymaaiup.
MoTteHuuannapu 6up xun 6yaraH HyKTaJapHUHT FEOMeT~
PHK YpDHUrAa3KBUNOTEHL Maa cupTaap aedunany He-
MaK, SKBUMOTEHLMAN CUPT YYYH Kyiuaarud TeHriaMa YpHH-
JIUANP:

@ = const. (7.63)

OKBUIIOTEH WA CUPTAADHMHT 3IEKTPOCTATHK MaHIOH Ky
unu3uKiapura HucbataH xoinaHumuuu (7.58) ndonanaH
OCOHIMHA AHUKAL MYyMKHH, DKBUITOTEHLIMAL CUPT yuyH (7.58)
udona

f A
do = Edi-cos| E.dl |=0. (7.64)

KypuHuwaa 6ynanu: bynna, £ # 0 Ba d/ # O OyaraHu y4yyH:
_ A _ e A P b
cos{ E,dl |=0éku E,d/ =90°. (7.64a)

HeMak, 31eKTPOCTATUK MaHIOHHMHT Ky4laHTaHINK BEK-
TopH E axkpunoTeHumMan cupTra NeprneHIMKyasp HYHaNraH-
Up.

LyHaai Knanb, Kyuaaneanauk susuKaapu K6URONECHUUAN
cupmaap ounacuea Hopman (opmazonon) Lynasean 6yaadu. Xap
KaHgald MaiilOHAa YeKCH3 KYN 3KBUIIOTEHLMAT CUPTIAD HU-
3L MYMKHH.

SKBUNOTEHLMAN CUPTAAPHY BUIraH X0J/1a Xap AOHM Ma3-
KYP MaWOOHHMHT KyY YHM3MKJIaPUHH sicall MyMKHH Ba AaKCHHYA.
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7.19-pacm

WyHnait KnIu6, 31€KTPOCTATUK MAWAOHHH KYY YH3IHK-
Jlapy €paaMMIa KYprasmaiu TacBMpnal kadu, 3KBHIIOTEH-
LiMas cupTaapy épaamuaa xam rpadHuk KYpHHUILLA TACBHP-
a1y MyMKHH.

Bup xur A@ oprTvpmMany 3KBAMOTEHUMAA 4H3HK (CHPT)-
JIAPHUHT 3UYNAMTH MAMLOH KYWIAHTAHIMIMIa MPOMNOPLLHOHAT
6Yaanu, aLHY MaitAOHHMHE KyUNaHTaHIMTY Kaepaa KaTra 6yaca.
Yla epra 3KBMMOTEHLMAN YU3UKNAD BUP-GUPHra AKHH XOKi-
nauragu. 7.19-pacmia Mycbat HykraByit 3apsa (2)HIHT, AHITO
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(6) HUHT Ba GUp XMN MLIOPATH MKKWUTA HYKTaBWi 3apsia (B)
HMHT, 7.20-pacmza 3ca yururu Ba 6OTHKIIMCK OyiraH 3apsil-
JIAHTaH MeTaul UMAMHAPHMHE XOCHI KWJITaH 3JIEKTPOCTaTHK
MaIOHMHKHT 3KBUMOTEHUMAN CMPTJapH (Tyralll YM3MKJap)
Ba Kyd YM3HKAapu (MYHKTHP YM3UKJIAP) OPKany rpamk Tac-
BUPH KeJATHPHATaH, YHOaH KYPUHAAWKH, SKBHIIOTEHLIHANT YU~
3MKJIAp MAIOH KYYIMPOK, XOoiinapaa 314pokK, Ba MalaoH Ky4-
CM3DPOK, XOlinapia 3ca cMipakpox XoiinawraH. 7.20-pacmna
TACBUPJIAHTAH 3apsAfiaHraH MeTall UMIMHAP 3KBHIIOTEHLHAT
CUPTIapH (MM3UKIAPHU) XOWIAMMIIMAAH YYJIM XOW SKUHMAA
MaiIOH KyunH, GOTHK/IN XOitna KyuCH3 Ba HUXOST KaBaxkiy
XoHaapaa Hol BYNUILMHU aHUKA MyMKHH.

7.12. OCTPOTPAICKHUI-TAYCC TEOPEMACHHHHT
TATBUKM. OJIUIA DIAEKTPOCTATHK
MANJOHJIAPHU XUCOBJIALL

Ocrporpazckuii - [aycc TeopeMacUHUHT TATOMKUHU Kapad
YUKHLIAAH ONOMHE, 3apSIUIADHUHT XXM, CUDT Ba YM3UKIH
3UUAKK TYIUYHYANApUHU KupuTaMu3. Coananuk y4yH Kyhu-
Aarv 3apsaanap OMp TeKMC TaKCUMJIAHTAaH XOJUIapHU Kapab
YUKAMU3: ;

3apadaapruyre xasemull 3unauey P 0eb, scucmunz oup 6up-
QUK XANCM2q MOC Kea2aH 3apadaa MuKoop Jcuxamoan meue 0ynzan
Qu3UK kKammanukka aimuiadu, SbHU:

— Gl
=5 (7.65)

GyHIa, g—XUCMHUHT V XaXMHUra MOC KeJraH 3apsiq.

Sapadnune cupm 3uuaueu & 0eb, IcUCMHUNE GUp GUPAUK cup-
mea MoC Kenear 3apadea Muk0op scuxamoan meHe GuU3LK Kam-
manukka aumunadu, SibHy:

- 4
§=4, (7.65a)

OyHHa, g—XUCMHUHT S 103aCHra MOC KeJraH 3apsaiu.

3apsonapuunz wuzuKau 3unauen T 0eb, JHCUCMHUHR YIVHAUK
Gupnuzuza moc Kenearn 3apadza Mukdop Heuxamoar mene puIUK
Kammaaukka agmuaadu, SbHU:

o= (7.656)

OyHOa: g—XKUCMHUHT [ y3YHIIMIUTa MOC KENraH 3apsiau.
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7.20- pacm

Ocrporpaackuii-Taycc Teopemacu (7.38) Ba noTeHuMan-
nap aiipmacu (o, - @,) Hu udonanosuu (7.62) Gopmyaanap
acocuaa (7.65) — (7.656) napHM Haszapaa TyTud, KyHuiaru

OMIMIA 3MEKTPOCTATUK MaiAOHIAPHUHT UHAYKUMACH D Hu,
Kyunanraunury F Hu pa moTeHunautap aidupMacu (0, -0,)
HU XMCO0Mab YUKUII MYMKHH:

l. Bup Tekuc 3apsAAlaHTaH 4eKCHU3 TCKHCIHK
Maidnonu. ®apas KunainrK, 4EKCU3 TEKUCTHUK 3apsiIHUHE
CUPT 3M4UrH +8§ GunaH GuUp TEXUC 3apsUIaHrad GyIcHH (7.21-
pacM). By maitnonra Octporpanckuii-T'aycc TeopeMackHH Tat-
OMK KMAMIU yyyH MaiigoH rpaduK paByllIa TacBMpJAaHCa,
SJIEKTP HWHIYKUMA YU3UKJIAPH TEKMCITHKKA IEPIIEHANKYAAD Bd
TallKapura iyHanran 6ysann. By uM3MKap TeKUCIMKIaH Golu-
JIaHMG MKKana TOMOHI'a YeKCU3 2BOM 3TaaH.

Octporpancxuit-Tayce Teopemacuaark 6epx (énukK) cupt
cndatina 3apaanaHraH TEKUCIMKHHHT Xap MKkana TOMOHH-
JaH acocnapu 6uaaH yerapajlaHrad TYFPH LIMITMHAD axparHo
ONMIL Kystaiiaup. ByHaa UMAMHADHUHT UKKana acoc S, Ba S,
TEKIIUPHUNaéTrad A Ba B HykranapiaH yTu6, 3apsinaHraH Te-
KMCIMKKA napannen xoinamrad. LuanHap nunaars 3apsii
g =85 Oynaau. LlunuHAp SCOBYMIAPU UHAYKUHS YH3HKIADH-
ra napaunen GYAraHM yyyH, LANMHIPHUHT €H CHPTHAAH Hi-
KYBYH 3NEKTP MHAYKLMS OKMMU HOJIA TEHT. 3apsLidHiaH Te-
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7.21- pacm
KHCJIMK MaIOHMHUHT A Ba B HyKTasapuaari HHAYKUUS BEK-
TOpJapu [), Ba 52 MMKAOD XMUXATOaH ¥3apo TeHT Ba KapaMa-

Kapllyd yHanrax: p== D,, D,=D,=D .YV Bakraa EnUK,
UMTMHADHUHT €H CUPTUIAH YUKAETTAH TYIa HHAYKUMS OKAMU
N ynuHr acocnapugan uuxaérran N, = DS, sa N, = D,S, nH-
AYKUUs OKUMIAPUKUHI HMFUHANCUTA TEHT OYnaiu:

N = DS, + D,S, = DS + DS = 2DS. (a)

WKKk1HYY ToMOHAAH ENUK CHPTAAH YMKAETTAH DJIEKTP UH-~
ZYKUUS OKUMU N, Wy EnuK CUPT (UMJIKMHODP) MYWIary 3apsig
q =85 ra TeHr, si’bHU:

N=§Dds=q=5s. (6)

WyHnait kuau6, (a) Ba (6) HU TeHDNAWTAPUE
2DS5=8S (B)

HY oniamus. ByHgan 6up Tekuc 3apamanran TEKHCIMK DMeK-
TPOCTATHK MaNAOHHMHT HHAYKUKACH D Ba Ky4yiaaHraHaury E
Kynugarura TeHr 6ynanu;

D=L, (7.66)

(511=)
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E=—p—r
&o €
= >0 B = x
—— ] —— e o0} -——t— —-
— ) = e f
— S ap— o= ....._'—-
d__.
J7 5
7.22- pacum
7 et & AT
E i e (7.662)

Ba unxosit, sapsananrad TekncimMk MandoHHHKEL J Ba 2
HyKTajapy opacuaaru ((pl —rp,) noTeHUHANAap aHHpMacH
(7.63) bopmynagaH Kyitugarura TeWr 6yaami:

L

5
(pl_(pz:J‘Edr='[%ﬂ£dr=2fg(rz—rl). (7.66 6)
A

0
h f
2. Xap XuJ MIWOpanu 3apsAanapHUHr +8 Ba —9§
CHUDT 3HYNUTKH OMNaH 3apsaalaHTad MKKMTa napai-
Nen TexMUCAUK Madfouu. by Xoama xap XMl HWODPANH
3apsyulap 6WIaH 3apganaHrad MKKUTa TEKMCAHK MaAHI0HHHH
FEOMETPUK KYIUMII W¥N# OMIaH eU¥MHM XOCUJT KHIHLIL MyM-
KHH.
7.22-pacmaary upM3Mana MychaT sapsuulapfad YHKAETraH
KYY YM3HKJI4apy TyTaul, MaHdui 3apagiaHrad TEKHCIHKKA
KKpaéTraH Kyd4 Yu3uKJIapy 3ca MyHKTHP YH3WKIap OHIaH
TACBUPAAHTAH OYIHG, Xap MKKajia TEKMCAHK Opaciaart Man-
JIOH Ky4ynaHradauvkiapu £ Ba £ 6up ToMOHTra HYHaAraHIHp.
Hemak, Oy KyuJAQHTaHNMKIAPDHUHT FEOMETPUK IHHFHHIHCIH
apr(dMeTUK HUFUBAHCHUTA TeHT BYnaau, SbHH:
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E=E++E_= 5|L=‘_h (7.67)

2e8 288 EGE

ByHpak 2eKTp MHIYKUMS D HUHTF COH KUiiMaTH:

D=¢.,eE =3. (7.67 a)
Ba HuxoaT 6up-6upupan / macodapa XoHyaluraH
TeKUCTHKIAp opacuaary (@, — @,) NoTeHUMaLIap aiupMacK:

-, = fEdr ”dr=?55(r2—r1)=—5%1. (7.67 6)

A ']

ByHOaH 3apsgHUHT CUPT 3UYIMTH § = % OynraHy yuyH:
L.

3
==t (7.67 8)

3. bup Tekuc 3apagnaHraH YeKCHU3 Y3yH
HUAUHAP MaligoHu. Paguycu R G6yiaraH 4ekcu3 y3yH LHU-
JMUHAD 3aPATHMHT YM3UKIA 3UWIMTH +71 OMJIaH OUD TeKUC
sapsiairad 6yncud (7.23-pacm). By xoina €nuMK CUpPT CH-

daruna 3apaaraHrad LWIMHAP aTpo-

>0 ¢una €H TOMOHM A HyKTalaH yTamu-

P raH y3yHnury / 6¥nraH >R paguyciu
UUAMHAD axpatud onamus. CumMmer-
pMs TyllyHYacura OMHoaH, MHAYKLUs
YU3UKJIapU LHIMHAP YKUIaH THK pa-
Ivan pasyIuAa HyHansraH OYIM0, LiK-
JIMHIP YKuRaH 6up xun macodanapaa

JIEKTP HHOYKUUS D pa kyynaHTaHIUK
E BEKTOPNIAPMHKHI COH KHHAMAaTIa-
pu 61p xuin 6Ynagu. Y saktaa UMITHH-
ADHUHI €MUK CHpTMAAH 4YMKAETraH
3/1EKTP UHAYKUMS OKUMHU N, YHUHT
€H cUpTU (cosc=1) naH YUKAETraH
N,=DS, ,C0SG=DS_ 3MeKTp UHAYKLUHS
OKUMMIE TEHT 6ynann. MHAYKLMS 9u-
3YKJIapU HWIMHAP acocura napauien
MyHanrany (cosa=0) yyyH acocnapu-
7.23- pacw AaH YMKAETraH 3JeKTp HHIYKUHI
okuMu N_= DS= 0 Gynau.
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[ynpait Kuiu6, r paaguycnyu LATMHAPHUHE ENUK CHPTH-
AaH YMKAETTaH 2CKTP UHAYKUMA OKUMU!
S=§DdS=N=D-Sy, = D2mwl. @)

s

OyHpa: S, = 2nr/ —UMITHHAPHUHE EH CUPTH 1032CH.

UxkuHuu TomoHaaH OcTporpaackuii-Tayce teopemacura
OUHOAH E€MMK CUPTAAH YMKAETIaH 2NMEKTP WHAYKLUMS OKMAMH
N, w1y cupr vumparn UMAMHAPHWHT [ y3yHIUIMIa MOC KEJ-
TaH g = 1/ 3apsara TEHr:

N=§DdS=q=1:[ (6)
5

WyHpait kunu6, (a) sa (6) TeHDIAWTHPUACA, Kyiunarn
Xocun 6ynanu:

D2l =l (B)
Bynaan 6up Texuc 3apsaianrad UIMAMHAP AaH 7 macodanar
3MIEKTPOCTATMK MaiIOHHAHT MHAYKUMACKH D Ba Ky'aaHrak:-
Jury E Kyhunaryra TeHr 6ynanu:
=5 (7.68)

Frr !

1 (7.68a)

E-= -
TELET

AL

€4E
Ba HuxosiT, G1p TEKMC 3apA/UIaHIaH YEKCH3 Y3YH LHAMHIP

XOCHJ KMJIraH MaiflZOHHMHT KK{ HYKTaci opacunart ((p, —(0:)

noTeHumMannap aiupMacy (7.62) GopMyranaH) KyRHIATHTL
TeHr Oynaau:

i o . .
ByHAaru 3apspHuHr 4U3UKAM 3HUIUTH T= Vi Gyararadt

9 i {(7.68 B)
>



4, Bbup Tekuc 3ap-
spnaHran cpepa Mam-
pouu, Paguycu R 6ynran
chepa cHUpT 3M4AUTH +T
3aps 6nnaH OWp TEKMC 3a-
psutanran 6yncuH. Cdepa
CUPTHHUHT YMyMMUH 3apg-
In g=05=8-4nR:. CuMMeT-
pus Myjioxasanapura Kypa
3apaa/iaHraH cQEpaHUHT
3MEKTPOCTATUK MANWLOH
WHAYKLUXS YW3UKJIapy pa-
Ovan paBMlIjga HYyHanIraH-
aup. LIyHUHr yuyH Xxam .
7.24- pacm MaWIOHHMHI HMHAYKUHUS

BEKTOPY ) Ba KyWIAHTAHIMK BEKTOPH E HHHT COH KUIMaTH
cepa Mapkasugan 6apobap Macodanapaa 6Gup xun Gynann
(7.24- pacm).

3apsuianrad cepaHuHr Tawky (- > R) Ba nuku (#° < R)
3JIEKTPOCTATUK MARAOHMHY Kapad uMKamu3.

3apsiinanran chepa mapkasunas + > R macodanarn 4 HyK-
TaHM TeKiupaMus, by HykragaH dukpan Mapkasu cgepa Map-
Ka3uga ETrad rpaguycau cepuk CUpT YTkazamMu3s, By S =44 r?
€MUK CUPTAAH YUKAETIaH NEKTP UHAYKIUS OKUMU:

N= §Dds = DFAJ'”;S =D 4m?. (a)
g 0

MxxuHun Tomonnan Octporpaackuii—Iaycc reopemacura
Kypa, EMUK CUpTAaH YMKAETTaH DNEKTP WHIAYKIWMSI OKIMU N,
iy ENMK CUPT WYUAAru 3apsiil ¢ = 84nR? ra TeHr:

. Is = g = 2
N jfDa q =4nR?s. ©)

(a) Ba (0) napHM Y3apo TeHrnawTHPUG, KyjinaarHHM ona-
MHU3:
4rr®D = g = A R3S (8)
byHpaH 3apannu cepa 371EKTPOCTATUK MaillOHMHUHE
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MHAYKUMsic D Ba Kyunauratiaury £ HAHT KUAMaTH ¢ Ba
8 opkany udoganapuHn aHUKIANMHU3!

D=L, (7.69)

e )i q
E—ﬁ—‘;ﬂl‘f";} (7.69 a)
1 Mynpait kuau6, (7.69) Ba (7.69 a) ¢opmyranapian
KYPUHALUKK, mekuc 3apadaanedi cgepd matukapucudazu
anexmpocmamuic maiidonrune undyicuuacu D ed kywaanean=
aveu E xyodu ynune 6apua 3apad mapkazuda myxcaccamadiit=
eandek, Hyxmaeguil 3apad maddonu cuHzapy Xuco0aanap 3KanH.

] BHAW 3apsianadrad chepaHWHI MYKMAA r < R macodana
étran B HykTanu Texiuyupamis. by xo/na xaM B HYKTa Oprai
MapKasu 3apsiaHraH coepa Mapkasmuia étraH s'=4m’* cpe-
PHK cupT YyTkasamus (7.24- pacm). By énnxk s'cHDT HHnia
3apsn GynmaraHu y4yH g=0. Y Bakraa OcTporpajcKHit-
laycc teopemacura GuHoaH énuk s CHpTAaH 4MKaETraH
SMEKTP MHAYKLMs OKUMHU N = [)'s’ Xam HOJra TeHT Oynam:

Setm?
S=§Dds= [Dds=D"4m"=0.
5 o
Bynnau, sapsniarras chepyK CUPT MUKMAATY MAHLOH HHAYKS
uusick D’ Ba Kyunadrannurd E7 Ky#uarura TEHT Gy RanM:

D=0 éu E=L2=0. (7.70)

WyKnait Kunub, mekuc 30padaaneai c@epux cuprm it
dazu Gapua Hyxmanapda 3neKmpocmamux MAGO0HHURZ UHOYR =
yuscu 1y, Gunobapun KyuAaHzaHAURY [’ XaM 10aed merzdup.
By xonynuar sapsannanra uxTHEPHIA KYpHHULIIATH
$MMK CHPT yuyH, XaTT0 3ApAffaHrad YTKA3THuAap yHyH
XaM YpUHIMAMD.

Ba nuxost 3apsyuianrad cdepa MApKasiiad > I 53
r,> R HyKranapugary noTeHUnaniap aHdpMaci (@~ 02}
Hu (7.62) dopMysa acocuna aHMKIAHCE,
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h h
s o e e e e L (R S (5
071_(03—_[[‘3’_.[4)1505 r 4:!5(,.-_-'(:1' ’!J
oo ‘

: (7.71)
DG )
T Amee hn
6ynauu. Arap TeKIIMPUIAETTaH HyKTa cdepa cupTuia, ssbHH
I =R Bar, =0 0ysca, chepa CHPTHHUHT MOTEHLMANIHU:

Ll .

P= Ime,eR” (7.71a)
BynaaH KYpUHaAKMKY, 3apganaHrad cepaHuHr CUPTH 61p XU
MOTEHUMANNY HYKTaNapHUHT FeOMETPHUK YpHU OYIraHm yuyH,
y 3KBUMOTEHLMAN CUPTLAH ubopar Oyiany.

lynu TabKuTal Kepakky, daxat 3apsuiaHraH chepuk
CHDT SKBUIIOTEHLMAN CUPT 6YiIMaciaH, 3aps/ulaHraH yTKas-
TUYJIAPHMHT Xap KaHIai cUpT/1apy XaM SKBUIIOTEHLIMAT CHPT-
napaaH ubopar 6ynanu.

5. Bup TexkMc XaxXMUN 3apsANaHraHdH LADHHHT
MalimoHu. Pannycu R 6ynran, xaxm 6yitnya sapsuiaHa ona-
JUraH 1ap 3apsavHUHT XaxM 3uunury P >0 6unaH 6up Te-
KUC 3apsananrad 6yncuH (7.25-pacm). by xonna 3apsananrad
Tamku (r>R)Ba uuxu (< R) KucMnapaarn MaiZoHHH
Xucobsab yukamus:

a) OUMp TeKMC XaXMMil 3apsiiylaHTaH LIAPHHUHI TalK{
(r > R) MauaoHuaarn A HyKraHu Kapab yukamus.

Mlapaary yMyMuit 3apsan g 3apsiaHIHT X2KMUHA 3UYIMTH
KyHWIarura TeHr 6ynaou:

q;pV=p%an (7.72)

By xomna xaM, XaXMuil 3apsAfaHTaH WAPHUHT TalUKH

(r>R) MaNIoOHK XaM, xynau cepagarumex, 6apya 3apsainap
Mapkasra MyxaccamilallraH HyKTaBMi 3apsn MaiaoHMIEK,
(7.69), (7.69,a) Ba (7.71) dopmynanap acocyua XUCOOIAHANM:

- [’ " 3, 3
L*:ﬁr—i; K D:%-%—; (7.73)
E=L __1 ¢ .50y p-D_ 0 R. 54,
£, Ang, g2’ ekn F £,E Bege 2 ° (7.73a)
—p, =1 .70 &, — B B
O =P = g ap s KM 0 =0, =gl L. (7.736)
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0) 1AM OUpP TEKHC XaXMUNA 3apsiUIaHraH WapHUHT KKK
(" < R) maitnonngary B HykTaum Kapab quKamu3 (7.25-pacum).
By Xonuu kapa6 umkum
yYyH, liap MapkasufaH

dukpan (' < R)pasmycin
cdepa unzamua. by cdepa-
HUHT ©apya HyKTanapu-
JAaru 3JIeKTPOCTAaTMK Maif-
HNOHHUHI MBAYyKLUACU D
Ba KYYIAHTaHIury E HUHT
COH KMiMartaapu 6up Xui
Ba paauan Oyiaub, UYKU
ciepanaru g’ 3apsiara 60F-
aux Muxu ' paguycau

cdepanaru ¢’ 3apsa 3apsia-
HUHT XaXM 3UUIMTYA P OpKalM Kyduaaruyd ndoaaiaHaaH.

7.25- pacM

o =o' =phm®, (7.74)

Bynnaru p, (7.72) na p = —1— GyaraHn yuyH
ok

3 r 3
q' = 7‘;}- = q(ﬁ) : (7.74a)

WyHnait kuauG, ¢° 3apsaHyu byHAal aHvKIall MYMKHH:
(7.740)

A e T
g =p3m 3-(;(.’,2).

3apamnaHrad WAPHUHT s = 4mr’ WYKH énuK CHpTIHIAIH

YHKAETraH NeKTP MHAYKUHS OKUMH N’ , BUpHHYHIAH:
4wt §
N'={§Dds= [ D'ds = D'4m™. (a)
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Wkkunuuaan, OcTporpanckuit-Taycc Teopemacura 6u-
HOAH EMHK CUPTAAH YMKACTraH NEKTP MHAYKUHS OKHMU N,

11y nyK CHPT HYUAArH 3apsia g ra TeHr:
’ 00 !, T )3
N =fDds—q =p3m —q(’ﬁ) ! ©)

R
Ilynnaii kuau6, (a) Ba (6) HU TeHrnawWTHpUG XOCHI
KHMIaMu3:

Dam” = pdm =q(Z). ()

ByHIAH, XaXMuii 3apALIAHIaH apHUHT nuku (' < R) Kucumu-
Jari 3NeKTPOCTAaTHK MAIOHHUHT 3NeKTP HHAYKUmMsAch D’ Ba

KYWIAHTaHAuTY £ HUHT COH KUMAMAaTH:

), (7.75)

L A1 P
=3 pr exa D e
= 2oL o L )
E of 16 £ pr'éxu E'= E;E dme et (r) (7.75a)

XaXMUI 3apsIaHraH WapHHHT MMKAArY UKKY HYKTACHHHUHT
noTeHUMAIIAp aiiupmacu (¢, -~ ©,) Hu (7.58) dopmyna aco-

cuila aHUKAAHAAK;

w,_%:ﬁE'dT Frar= .g(”:”"f) (7.76)
,|; !

KK

j“’ J ﬁ(’":"lll .77

..1+Lr

7.26a, 6 -pacmnapaa CUPTKM 3apsuUiaHra cepa Ba Xax-
M”” 3apstayiaHraH map XO0CHMJll KUIraH INSKTPOCTATHK MaiIoH

Ky4lanrahuiknapn E tunr macoda rra 6ornanmm  E = f(r)
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7.26- pacwu
rpadury KenTupunraH. 7. 26, 6-pacMuary rpadukaaH Kypu-

HAIMKY, WAapHUHT CUPTH (r = R.)Aa MAHAOH Ky4TaHTaHIHIN
Y3unumra sra. Bydra ca6ab miap (E’) BA YHMHI aTpociiiaru
MYXHT (E) HuHr ¢ Ba € HMCOMIl AMBAEKTPUK CHHTIUDYR-
HaHIUTUHUHT Xap xua 6ymumuaup (7.26,6-pacM £<g” X0
Y4YH YpUHIMOUD).

TAKPOPNAL CABOJLIAPU

1.3nckTp 3apsian nef Himara aiTuaanu? DACKTP IAPAMMHHHT HKKH
TYPH Kaugaii kadyn Kuiubagu?

2. 3apaanapHUNT cakAaHull KOHYHItHH Tabpudaanr Ba yHra MHCoA
KCATHPHHT.
| 3;} 3apsanunr auckperaucy numadn udoaaaian? SRCMCHTAP 3apid
11Ma?

4. DACKTPOCTaTHKAHMHT acocHil KoHyH}— Ky/10H KOHYNIt!tii TaspHQp-
A3Hr Ba MatemaTtuk ndioaacinu &auiir. 3apaanuur CH gary yitios GHPAHIH
KaHaait?

5. MyxuTHUNT 111COIit AN3NEKTPMK CHHTANPYBYAHAINI 160 HizMara ali=
THaangu?

6. 3apsananran nkku MaKpOCHK XHUCMHHHF ¥32pO TabCHPHHH ndomi-
10B4H QOpMyNaHM E3HHT Ba TYIIYHTUPNO GEPHIIT.

"77- Onucaan Ba SKuHIaH TABbCHP KHJIMII HA3apHANUPHHIT GapKil Katt-
Raii?

8. Maiinon 4e6 numara aittinagn? DiCKTPOCTATHK MailioK aef-un?

9. «CunoB 3apsan» xcb Kaunail 3apsara aiTunanu’ i

10. DileKTpocTaTHK MAMZOHHMHT KYWIAHTAHAUTH 206 HIMATA anTH:Id
AH? HykTanuit 3apan XOCHi KIUIFAH MAFAOHIIMUT KYSIAHTHLTHIGE ML
DoFanK?

T, OnexTp MaiaoHHUHr cynepno3nis (KYwi) npHHLHaiil
PUOAAHT Ba MaTeMaTIK HOOARCHHIE € VI

12. Snacktp anunonn Hitma? Junomiuir 3ACKTP MOMEHTHHIL B2 3nlLkT.p
MaALOHMHKHT KyWTaHTaHNHTMHM MOAATOBY (POPMYAATAPRIL EIMHT B T4
WYHTUPUO Gepunr.

13. DnexTp Kyy uusnKIapH neG HuMara aATHAALRY

14. DnekTp MinyKums (CHAXHIL) BEKTOPH B2 OKHMIE
Aaau?

1 Tadb=

26 Himara aiiti-
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15. Octporpanckiit-Tayce Teopemachis Tabprpanr na ¢dopmynacuiin

€3N,
16. D:ACKTPOCTATHK MIIAOHAd 3APSIIHHT KYuiliia Gaxapuaran M

sniMara GoRiK? DACKTPOCTATHR MAIAOH Kyl Kalaait Kyu? .
17. 3neKTpOCTaTH MAILAOH KYWUTAHTAHANTI BCKTODUIHIIT EITHK KONTYP
Gyiitnta uNpKyaAsuisict ach Humara afttinaan? Y nuuMara tenr? 9nekTpo-

CTATHK Maiiaon Kaugailt Maiiaon?
18, Maligowaars 3apaalHur MOTCHUNA 1eprusic ne6 Humara aiTi-

aaan? Maiiotinir noteuunanis acd-uu?
19. MaiizoH KyuaaHraHmiry Ba noTenunany y3apo Kanaan GoFIaHNLI-

ra ora? FlOTeRUHAJ rpafHenTit HuManH Kgoaanaion?

20. Bup TCKHC 33pAANalraH TEKMCIHMK, NAPALIENT TEKUCIUK, LUWIMHAD
Ba wWwap MaitAOHNAPHHINT KyWIAaHTAHIMKAApH Ba MaldOH roTeHUMaNIaPp,
aitipyanapitni sdoanionus dopmynanap C3uNCHH.

8-B50b

DIEKTPOCTATUK MAMIOHIATH YTKA3ZTHY
BA IMBDJIEKTPHKIIAP

Mogaanap 37eKTp XycycHsaTaapura Kapab yTkasruy, uso-
JISITOP Ba SIPUM YTKasruyjaapra OyauHaau.

3apsanapHy 3pKHH y3aTa ONlaAuTaH XUcMjapra ymaseut -
Aap DEWUAANH, 3apsalapHu YTKasa OJIMAMIUTaH XKUCMIapra
3ca u3oaamopaap €KXy ousnexmpurxaap nenunagu. Yrkasruynap
OUPUHYM BA UKKHMHYY Typ YTKaszruynapra o6yiMHaou.
bupuHumu Typ yTKasrnunap éxu coanaruHa yrkasruunap geb
3apsiUTAPHUHT KYUIII{IA Maccacy Ba KUMEBUI Tapkuby yarap-
Mac KOAamWraH Xucymnapra adtunany. Bapua metanmap 6u-
PUHYM Typ yTKasruwiapra mucon 6ynanu. MeTannapHUHT
3JIEKTp YTKa3yByaH 6ynuiuyra cabad, yHaaru 6up KMCM 3J1eK-
TPOHNAPHUHT 3PKUH Xapakataa oynuwuanp. byHnai snekr-
POHNapra 3pKHH €KN YTKa3yBYAHIHMK 3J€KTPOHIADU
nerinany.
r _l_/IKKMHqu TYp YyTKasruwiap Aeb, 3apsuiapHHUHT KydUulnnaa
Oy YTKa3rMuNapHUHI Gouika yTkasruy 6unaH Ternd Typran
KOMITAPHAQ MOMIANTAPDHHMHT TalWKUA 3TYBYMAApUTa axpaja-
Aauran, sbHH KHMEBU VY3rapagyraH Monmanapra aiTunagu.
KU3IHPU6 3puTuaran Tvanap, XxaMaa Ty3, KHCAOTa Ba WLUKOP
SDHTMAIADA—D/IEKTPOJINHTAAD HKKMHYK Typ YTKasruusiapra
Mucon oynann.

3ne}<1_p 3apAAMHKM YTKa3MalOHraH Mojanainapra OU3JieK-
TPUKIAp €K H30A9TOpaap Aefinnagu. i

Husnextpurnapra Mucon Kiunub, Ty3 KpUcTaulapu, €rap,
XaBo, WiMWIA, YHHHY, 360HMT, Kayuyk, xaxpabo Ba LiuyHra
YXUIaiu MOMUTAIAPHY KYPCATHIL MYMKHH.
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X03Upru BakTaa sSipMM yTKa3ruujap Ae6 aranysuu aio-
XA Mojaanap xaM MaBxkynaup. Apum YTkasruuiap—meran-
nap OunaH AU3JIEKTPUK (M30ASTOP)NAp OPAIMFULATA MOARA-
JAapaup. SIpum YTKA3rMUIApDHUHT MYXMM XOCCAanapy luytaaH
nbopatku, yaapua 2;1eKTp TOKMHY YTKa3ULWIaH MaH(pUi 3ap-
AANap — sneKkTpoHaap OusaH 6apya KUiMaT MEKTPOH 3apsi-
avra TeHr mycOar 3apsinap — KOBAaK/Iap XaM KaTHalsain.

YTKasruu, spum YTKasruy Ba AMIAEKTPHKIADHWHT IEKTP
VTKasyBuaHaMrHy 8.1 -xanBanna keATMPUITaH COMULUITHPMA Kap-
IMMAKNKIIADHUHT KMiiMaTnapy KyprasmManu ugonanab bepaan.

8.1-madeut.

| Moananap YTKazrnunap SlpuM yrkasruugap | Auanckrpuknap
P, OM. m 104 — 104 104 — 106 106 — 103

8.1. YTKASTUYJIAPAA 3APAMJIAPHUHI TAKCMMOTH

Kartuk merann yTKasruynap atoMaapaaH Ty3uirad 6y:110,
aTOMHMHT TapKWOMit KMCMU 3ca MycbaT 3aps/uli 9ApodaH Ba
Manduii 3apaany BAeKTPOHIIApAAH TY3WIraHIUp. Xap KaHaah
MOMJIAHMHT aTOMM HeiTpanaup. YyHKM aToMaary 31€KTpOH-
Nap COHM AApoAark MPOTOHAAD COHMFA TEHT. YTKA3rHYHUHT
Tapkubuaary mycbar sa MaHduit 3apsuuiM  3appajapi TEHT
0ynca, Gyxnait yTkasruy 3apaanaHMarad genunani.

YTkasruuga 6up xun Mwopanu 3apsiara sra Oyjarad ane-
MEHTap 3appayasnap opTyK 6Yiaca, yTKa3ruy 3apsiaHran oyid-
Iu. YTKasruuga snekTpoHap NpOTOHIApAaH Kyn 6yica, y MaH-
Guit 3apagnananu, sneKTpOHAAP €TMIIMAraHia 3ca Mycbar
3apsapiaHany. 3apsanasrad YrkasrMyaa 2ca, 3apsuiail yeyai-=
4aH KaTbM Hazap, Myc6at Ba MaH(uit 3apsUTapHIHT TEHTH=
ru 6y3wiran 6ynann. Yrkasruugary 3apsuULin 3appadaiap Ky dd
KHYMK Ky4 TabCHPH OCTHIA XapaKaTJaHULIM HaTHXachad 3ap=
AMIap KaiTta Takcumnanaau. Arap 6upop yr!«wruqna 3‘”“’?’_’1'
Jlap MyBO3aHataa Oynca, yTKasruy HYuparu McTairad HyKTd-

= a :
Aa MaHIOHHMHT KyYnaHraHaury E MKW HOATa TCHT Oyaagi:
=0 (8.1)
i R o ariaa GyHaan
Mlyxnai kuauG zapsananrat YTRA3TH4aap Xan
Xyaocanap Keiaub yukKanu:

a) 3apAMIAHIAH YTKA3IMY MMMIATH MAFIOH KyUAaHIaH =
m E=E ey = 0 OY1MG, TAWKY CHPTUHHUHT UXTHEPUIT HYK-
16—265
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TACHMAA KYyUAaHFaHJAKMK BEKTOPH HOpMa iij”lilﬂr(l”. SDLIH

E=E , Oynanu.

0) 3apsIaHTad YTKa3TMUHUHT OYTYH XXMM 3KBUITOTEH-
LA ((p = const) 6Ynanu. XakuKarar xam, 3apsiiulaHraH yTxas-
TH4 XDKMHHUHT UXTHEPUI HYKTacliAa E ., = 006ynranu yuyH
@ __F cof E "dl |=0 &éku @ = const 6ynann.

dl iy uv,
B) 3apsiafiaHraH yTKasruy cupTHaa ypuHma 6yinab inyHan-

raH KyunaHraHamrd £t=0 6yaumy wapr, akc xonga Lt
TAbCUPHIA 32PSAHMHI MYBO32HAT/IM TAKCUMOTH Oy3uiraH
oynap anu.

r) YTKasruuaary y3apo KOMIeHcalMslaHMaraH 3apsamiap
(hakat YHMHT TaluK1 CUPTMAA MyBO3aHATIN TAKCHMMAaHany. Y
Baktaa Octporpanckuit-Tayce teopemacura 6nyoaH yrkas-
TUY HYKH KMCMUHY YPOBYM S CHPTAAH YUKYBUHM JIEKTP MH-
YKL OKHMHM N:quw'dszqw=O 6ynanu. LlyHzpai

5
Kuub, 3apsinaHrad YTKa3TMYHUHT MUKH KHMCMM MainoHH
HOJITA TEHT.

1) 3apafiaHral YTKasruy CUpTY sSKHHMIArM 31eKTpocTa-
TUK Maion Kyunanrauauruau Ocrporpanckiit-Tayce Teope-
MacH acocuia aHMKaitMu3. ByHUHT ydyH 3apsiafiaHraH yTkas-
TUY CHPTHAA 3apsULTM ds 3AeMEHTap 103aHM aXxpaTud onamius
«(8.1-pacm). By 103anaru 3apsAHMHT CHPT 3MUAMIM § 6Yica,

8.1- pacm
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yiary sapsin dg = § ds 6ynanu. Muxpan, ds 103anan dataril-
auru di, acocsapuHyuKr io3acy ds’ Ba ds” 6yAraH IUIHHAPHH

THK PAaBUILA YTKA3AMU. By xonna ds=ds’ Ba ds = ds” Byitanm.
YTKasruu eupru sKUHKIArY MEKPOCTATHK MAHIOHHMHT MH=

AyKuusicn D, Ba KywlaHTaHiuru £, BEKTOpIapH yTKa3ruy
CUDPTHTa MEPNEeHAUKYIsIp WyHanran Gymann. [HyHUHT YYYH,
UMIMHAPDHMHT éH CHPTHARH YMKaJuraH 371eKTp MHAYKUMS
OKMMM HOMra TeHr 6§naan. [IManBapHUHE HUKE ACOCHHIMHT

ds® jo3acunan UMKASTIAH DNEKTP MHAYKLMS OKHMH dN '__xaM
HOJITA TEHT GYnafd, YyHKM YTKA3TUYHUHT HUMIari MAMIoH
Hoira teHroup. bunoGapuH, UMIHHAPHUHE EnuK CUpTHAAH
YMKAETTaH SNeKTp WHAYKUMS OKMMHK LIMIMIAPHUHT IOKODH

CUPTH ds’ 103acKaay YMKaLuraH okum dN'ra TEHIAHP:
dN = dN’ = D ds’ = D,ds. (a)

Bynna D, —yTkasruu cuprura nopman AyHajiras 31ekTp
UHAYKUUSICH.

Uxxunun romonan OcTporpanckmii-Tayce Teopemacura
OMHOaH, 3i1eKTp MHAYKLUMS OKUMM EMMK LUMAHHIPHK furs
VYMOATK 3apsil dq ra TEHT:

dN = dg = 8ds. (0)
" (a) Ba (6) uuur yan TOMOHIapH TEHr OViraHu yuyH viap-
HHUHT YHT TOMOHJApH XaM ¥3apo TEHIIHP.
D,ds = 8ds. (B)
ByHna 3apsianaHrad cupT AKuHUAATH SMEKTPOCTATHK MAH=
HOHHUHT 3NCKTP HHAYKLUKACU D, Ba Ky4naHrawiurs E, MHK-
[Op XMXATAAH Kyliugarura TeHr oynand:

D =5 E =22=2 (8.2)

"

Wlynaail K6, sapsadaaizan ymKaseu't cupmu auHudacit
nekmpocmanmur MaudoHHuHe Ky4aaneanaui 3apsOHUNE CUpit
3uMAL2U2A RPOHOPUHOHANOUD. ,

Mypakka6 waxngard §TKasruyaa (8.2-pacm) 3apal TaK-
CUMOTH TaTOUK KUNMHratia 3apsiaHiHE CHPT SHUAMTH T_\'p)lll
HyKTanapuaa Typauua 3KAHAUTH MabIyM Gynm: YyKYptHK
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8.2- pacMm

WuMaa y HOJMra IKUH (@ HyKTa), YTKUp YWIN AYHI y4HAa 3HT
KaTTa KuitMaTra ara (B HykTa) Ba €H CUpTMAaru Hykraaapaa
(6 cupTaa) opanuk KMiMarnapra ara 6ynaaou.

(8.2) ra OMHOAH 3NEKTPOCTATUK MAWAOH Ky4JIaHTaHJUTH
E 3apsiAHUHT CUPT 3Wunurura npornopunoHananp. LUyHUHD
YYYH XaM Mypakka6 luakiayd YTKasruy cUpTuaa ManiaoH
KY4aHFaHANUTH XaM Typauua 6ynaau. Y sSTpuIMK paqnycu Xyaa
KWYKMK OY/raH yyactkanap SKWMHWAA, SS’BHU YYIM XOHmapaa
Xyla kaTTa 6ynamu.

By meTann yunuxna sapsmiapHUHT Y3ura Xoc oKub YMKH-
K xoaucacura onub kenanau. byHWHr cababu wyHaaky, yu-
JMK aTpoduia MaHNOH KydnaHTaHIMIY Xyaa Karrta Oyraiu.
YTKasTMYHUHT YTKUD y4HAary Ky4id 31€KTp MaiaoH!, YHUHT
€HUIAArM XaBO MONEKYNANAPY XKyda KATTA 3JIEKTDP Ky4Iapy Tab-
cupuaa MycOaT Ba MaH(MHl MOHIApra mapyalaHaad. YTKas-
ruyra HucbaTaH Kapama-Kapliy 3apsiilaHrad MoHaap yTKas-
ruyra Ternb HefiTpannaluagu Ba acra-CeKMH YTKa3rH4YHM 3a-
psiacusnaian. YTkasruy Gunad 6Mp XM MILIOPANKM HOHJAp 3Ca
YTKHMD yylaH Y30KIaWwap 3KaH <«3NeKTp LWaMOIMHK» lo3ara
KeaTupanu. By wamon, Macanax, YTKUp yura skyHIaWTAPHI -
TaH WAMHUHE alaHracMHy orampuury (8.3-pacm), ki eHIu

8.3- pacm 8.4- pacm
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MeTast nupriupak (PpaHKIWH MUPIUPATM)HNA PEAKTHB Ky
aumanTupuy Mymxui (8.4-pacm).

VUi YTRA3TMUIapHUHT KApad UHKIAraH Xoccanapy avaiaa
TYPIIM KypuJIMasiapaH 3apsulapHu Yukaput 106opraa Gou-
fananunagy. I0Kopy KyufaHuil OCTHAA MLIa#auran bapyd
ac606 Ba MawMHanapian 3apsLTaPHUHT OKMO KETHUIMHITHE
OMIMHY ONIHW ydyH METall CUPTIApH CHILTUKIAHALH, Mes
TN CTEPXEHHUHT YWIApHra uapuaiap KoAsaluTupuiain.

BNexXTpoCcTaATUK reHepartop. 3apsumapm4ﬂrl(IDElK'aT
YTKA3rMYHUHT TAlLKY CUPTHAAryiHa TaKCUMIaHNULIN XOJIWCAC”H‘”f
KyAa I0KOPH KyuJaHMIIra MYKajaHraH d1eKTpocTaThi
reepatopnapaa doiinanaHMaran. 3apsUiapHUHE Xap J0MM yTkas
FMYHUHE (aKaT Tallky CUPTUOarMHa TaKcuMaaHHL XOArCACcH
[aH I0KOpY Ky4JIaH Uil OJIMLIra UMKOH GepanuraH Bau-aep-I pa':
abHUHT 3IEKTPOCTATUK TEHEPaTOpU Kypuiviliniad )!OXHPJTL"‘a_
Ounan (olanaHuaraH. YHUHE yiinall OpuHUAIM KyAnaari {”
U4K BYI 1apCUMOH YTKA3MMYHUHT Maura Sepiirat xap KaHHe
3apsiA ylla 30XOTHEK, TallkKu
CUPTHIa yTagu. DIeKTPOCTATUK
reHepaTopAa Xyaau LUyHAaMH
X0auca aMasra otMpuIIraH 6y-
Jub, y Kyluaarviya Ty3uJIraH:
Y W41 KaBaK KaTTa LIapcMMOH
YTKkasruy / nan ubopart 6ynu6
(8.5-pacm), u3OATUMANOBYM
HAp 2ra ypHatuarad. Lu-
JMHAP MYMAA pe3uHanaHraH
MaTepuasfad KUAMHTaH YeK-
€U3 TacMa 3 MKKMTA LWKUB 4
OunaH afinapnma xapakaraa
6ynanm. TacMa y4amK cuc-
Temacy S époaMufa 3apsn-
naHanu. Pesnna tacma wap [
OUNaH yaaHran yuwinkiap cuc-
TemMacu 7EHWaAH YyTUO, KeATH-
PUWITaH 3apsIiapHu yHra 6e-
pany Ba Oy 3apsmnap LWapHHHD
TAUIKU CUPTHTa TyJla YTalu.

AMajipa miapaa XoCUn Ku-
M MYMKUKH OYraH Makcu- T
MaJl TIOTEH LKAl 3apsi/UlapHUHT WwapaaH cuPKlﬂU“’ (X‘Z:EOW
MOHNAWMINK Typainu) 6unad aHukaaHaal. Bal\)T -J‘--IDJ-_-\-l-Lu
WYMAA TACMA KEATUPAETraH 3apsanap—Tracma TOKH L%p::o.,-
Tydaiinu #yKoaraH 3apsa —CUpKuLl TOKUra TeHirjjszﬂ‘lilm‘ Ww
T2H[A Lap NOTeHLIMATHHUHT OPTHILIM TYXTaR AU, LUYHIHT Y=

4000000 B
+

£.5- pacm
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XaM, amanna umKon Gopia TacMa TOKHMHH OLIMpHLITa Xapa-
KaT KMAMHAAH.

XOo3upri BaKITAA AMCKTPOCATHK FecHepaTopiap €pAaMuaa
3-4 MUIAMOH BOJILTrAYa KYWIaH MW OJIMLLE MyMKUH. Byrnai re-
HepatopnapHiHr 6atadanury 10-15 M. IapnapHutr 1HamMeTpu
4,5 M raya etaan. bab3aH 21eKTPOCTATUK reHEPATOpaap CHKU-
TaH rasau KamMepaaapra xoaalTupuaaam, YyHku ra3 60cumu
OPTrania KaTrTa NOTEHLMaNa CUPKUIL TOKM XOCKH Oylaiu.

4 Mad. B notenumannap GapkuHM 0aULLIra UMKOH Gepain-
rai Bau-gep-Tpaad reneparopy 1936 finnga XapbkoB 1iax-
praa Ykpauua husMKa-TeXHUKa WHCTUTYTHAA KyPHIITaH.

8.2. DJIEKTPOCTATUK MAMJAOHAATY YTKASTUUJIAP.
DJIEKTPOCTATUK MHAYKHHUA BA MAMJOHHUHT
JE®@OPMALIUAJIAHU N

Xap KaHaai YTKa3rMuHY MILKAIAHMLICK3 BA YHM 3apsuIn
Bollka XHCMra TeKKM3MAacAaH, €HMAa Typrad 3apsiilaHrad
XUCMHUHT KypcaTrad TabCHpY BUNaH xaMm 3apsiiall MyMKHH.

Arap 3apsiUiaHraH YTKasruy Talky 37eKTPOCTaTHK MailloHTa
KOMJTAWTHPHNACE, ANEKTPOCTATHK KYd TabCHPMAA YTKAa3rMuaaru
3PKMH 3NEKTPOHIAP MAMAOH KyWIAHTAHJIMIMHUHT BeKTopd £
ra Kapama-Kaplv TOMOHTra cuipkmitaM. Harrokana, yrasruy-
HUHT MKKY TOMOHKMIR Xap X1 KILIOPATH 3apsLUuiap Xocua Oyna-
[U: DJIEKTPOHIAPU OPTHKYA YYM MaH(pUi 3apsiiaHani, 3J1eKT-
POHJAp eTMIIMANANTAH YuM 3ca MycbaT 3apsiinaHany.

[lynaai kuanb, TaWKyY 3NEKTPOCTATUK MAiIOH TabCHPH-
A2 YTKa3ruuna Ba MaBXyl Oy/iraH, MUKIOD XKHXATAAH TEHT
Bynran Mycoar Ba maHduit 3apsanapra axpaTuil XOAMCacHra
QUEKTPOCTATUK- MHAYKUHUSN EKM TabCUP OPKaIH
3apaanaly gefiuMnagu.




SJICKTPOCTHTHK MaioH KUPUTWIITAH YTKASTHUNATY Wi -
AYKIMsUIaHTay 3apsyytap MaiIOHHUHT MAH34paCHHY Y3rapTHPAIH.

8.6-pacmy 6up xkuncaun (£ = const ) 3JEKTPOCTATHK Maii10H~
fa Kuputunram sapsyicus Merai WapHUHr 6y MaldoHHU se-
topmauusinary raceuprianran. 8.7- pacMaa 3ca HYKTaBHil 3a-
PAL XOCH KUIIraH 1eKTPOCTATUK MaliioH A KUPHUTUIITAH YTKa3-
THMHUHT Oy Maiinonim JehopMatmsinalLiyg KypcaTuaraH.

BNEeKTPOCTATUK MalIOHa KUPUTUATAH YTKA3TUUHUHT K-
UMKPOK nOTeHLMHanau HYKTajapuaaH KaTrapok NoTeHUHal-
/M HyKranapura 3pkuH 3JIEKTPOHJIap Japxo oka botunaian.

aTHXAaNa YTKasTMYHWHE CUPTU IKBUNOTEH LKA cuprra ai-
JAHanM Ba Ky4 YM3NKIApU YTKA3MUY CUPTUIa HyHaIraH Ba3u-
AITHU onanM. Yrkasruura KMPYBYYM Ky4 YM3MKAAp COHH YHAAH
YHKAETTaH Kyy YH3HUKJIAP COHMra TEHr OYAraHu y4yH, yTKas-
TUY Muuaary sapsi;uiap s anrebpamk HUFKI{AUCH HOMra TeHT,
6uH06apm—1 MallloH \dM HoJra TeHraup.

Tawu INEKMPOCHUMUK MAUOOHA KUPUMUAZAN YK G321~
0aK undyruusaanzan 3apad Kucka eakm umuda uyHoad maKcust-
AaHAuKcY, YmKaszuy uwudaeu Hamurcasui MaddonmiH Kywian-
carauy nonea mene Gyneandazuna, 3apadaapHune YimKasaut
Oyinab xapaxamu myxmaidu.

HlyHpaais KUAKG, 3apsunanran $TKa3rHy €KM 21eKTPOCTd-
THK Malinonnarn yrekasruy munaa MaigaoHHHUHT Gynmacaurura
d4COCaH aneKTpocTaTHK Myxocasa spaTHIraH. Arap Xap KaHaak
YHOB ac6o6u Mmerann FUN0G MuWra XOWNalWTUpuIca, TalikKH
SNCKTD Maitnonnapu FHJIODHUHT MYura yrMaifau, ssbHil ya40B
aCBOOUHUHT Hina K BA KYPCATMLUM TALUKHA SNEKTP MAHAOHHHT
MaBXYANMTIra Ba yHMHr yarapuunra 60FAuK OYIManin. -

DJIeKTPOCTATIK Myxoasa xonucacuHu GupuHun OVIHG,
1836 itin Dapajcit Taxpubana namMoiu KuaraH. Y Kyaa
I0KOPY YMKYHIM KyusaHuiuraua 3apsTaHTaH METAL KaTak
(Papageii Kadacu) mumaa TypraHaa Xeu KaHoail MaiioH Tab-
CUpUM ceamarar,

8.3. DUEKTP CHFUM. IKKATAHTAH YTKA3TUYHHHT
DJAEKTP CHFUMH

Mawbayaku, sapsiasianran xicm Ba YTKAITHUAAPHIHT Tab-
CUDHAAH NOM GYiiraH, sbHuM sikkanaHrad YTKAICHY 3apsi-
JAHCA, CUPT WaKInra Kapab 3apsii Xap X CHPT 3N O
Ounan Takcumnanany. Ulysusr yuyn xaM yTRasni Xap Gip
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HYKTACUAArK 3apsAHUHT CHPT 3UWIMIH WY HYKTafary 3apsid g
ra MPOMOPLHOHANAND, SIHHU:

5= kq. (8.3)

6yHaa: k—yTKasriy cupTUaary Kapab YnKMaaérraH HyKra Ko-
OpPAMHATACHHHHT O1POP QYHKUWACHAMD.
3apaananraH yTKas-
T4 3KBUITOTEHUMA CUP-

THHMHT Q NOTEHLUATUHH

at aHMKJAL Y4yH, YHHHE S
€NUWK CUPTUHK 3apAalu

dq=35ds ra TeHr GynraH ds

ds 3jieMeHTap lo3ayanapra
2 axpatub Kapab yuKamu3

(8.8-pacm). Xap 6up OyH-
nait 3apsaHU HYKTaBUH

¥

o

P EIT DS
3apsaa neG Kapaul MyM-
KHMH. Y BakTAa dg 3apan-
naH r macodapary Maw-
8.8- pacm
JNOHHUHT MTOTCHUMANH

=1 g 1 &
w_"lm‘n & 4dngy, & ° (8.4)

o6ynanu. (8.4) naru 8§ HuHr udonacvku (8.3) ra xyiuaca:

= Kadg (8.42)

" Ameer”

ESy udona €nuk S cupr 6yHHYa HHTErpaiiaHca, 3apslaHraH
YTKa3ruy CUPT MOTEHLUMANH @ Kenub YuKamu:

_f kgds _ q keels
d §4."l’{-‘uf.r ~ dnge §r_ (8.5)

o [ Ry A
ByHna; §—;——MHTCPpaH udona, 6epuarad YTKasrU4HHHT

UIaKaK Ba reoOMETPUK Viiuamura 00mIuK OyiraH yarapMac karra-
JUKAUP.

(8.5) dopmynanan xypuHamMKM, SKKanaHras yTKasruy
NOTEHUMANHN (¢ YHWHT 3apsiy ¢ ra NpONOpPLUOHANAMP. YTKa3-
TMYHMHT 3apsSAM ¢ HY CUPT NOTEHUMAIH ¢ ra OyaraH HUCdaTH
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yarapMac kaTraniuk 6ynn6, y 6epunran 'yTKazrwmmtr_ 3apsa
TYIIAL XyCYyCUATHHY nponanad, yura sskkanaumran yrkas-
TUNHUHT 31eKTp CUFUMU Aeiinnany Ba C xappu Guna
6enrunanann;

dne e
f ks /,

C=(% () éxu C= . (6) (8.6)

lyHpai KWINO, aKxrkananzan ymrazeuununz neKmp cUruMi deo,
YRUHZ nomenyuanruny bup bupauxka yseapmupuui y4yn 3apyp
6ynzan 3apsdza MukOop scuxamdarn menz Gynean uaux Kamma-
AuKKa admunadu. .

(8.66) naH kypunamuku, xap KaHmai AKKanaHraH YTKad-
THHHUHT SMeKTp CHFMMM, (haKaT, YHUHE [AKAH, FEOMETPUK
Yn4amu Ba y rypran MYXUTHUHI ZU3EKTPUK XYCYCHATIMFA OOF-
JMKOUp.

AkkanauraH yrrasruy 3JIEKTP CHFMMHM MHCOMNAA WUAPHHHT
SNIEKTP CUFMMUHM Kapab yukamui. Papas Kuaadank, K
PAUYCIN IKKanaKraH wap g 3apsil GuIaH 3apsLIaHraH GcuH.
Yuuur CUPTHAArY NOTEHLUMANH ¢ XyAdd HyKTaBUH 3apsi
XOCHI KMJITAH MaiiloH MOTEHLMATHHU XUcobAaL (opMyAacH

¢= 41-;;53‘ (7.55) acocuga aumknanand. [loTeHLMATHHHT By
0

udonacuuu (8.6 a) ra xyiuica, SKKanaHraH WapHIEHT 31EKTP
CHFAMY Keu6 yukagu:

q _ q4ngER

A C

MyHpat KunMG, sIKKanaHraH UapHUHT IEKTpP c”l:r“g;::-:r-
WAPHUHT paguycura sa TYprad MyXUTHUHT AU3EKTPUK

ANDYBYAHIIIKM € ra NpONOPLUOHANAMP. S

(8.7) nan SJIEKTP AOUMUUCK € KyHuaarura TEHT OY-AaiLif:

0= =d7ue ER. (8.7)

SnC— (8.7a)

€0 = TneR Xl

. Kyda KaTTe

BNCKTD CUFMMHMHT ®apaneir (P) Gupauru ,Ky'ﬁ"H 3

Y1408 SUpAKK GYnu6, YHU K§3 ooura KentapHul y )H - <
FuMu C=1D Gynran pakyym (e =1)nary WapHUHF pagny

R, 1wn (8.7) ra Gunoan xuco61a6 yMKaMH3:

Ry=—=t o o 11 QYI:47;-9-10"‘.-11=9'10°’\'«“-
b dree  dnl 47-9109 Iy
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Lynnaii Kb, | O curnm WapHUHe pagdyc !-.'hﬁmtl-lfr' KM
6yn6, y Oit 6unan Ep opacuuarit s =3,8-10° kM Macocanan
23 mapta xarraaup. buHoGapnH, dapaga xyaa karta yayos
Gupanry Gynradmaad amainga dapafaHUHE Ky#uoard yayw
OlpAMKAApH MULIATHAQLH:

1 mukpogapana (M) = 10¢ d;
| nanodapana  (HDP) = 107 D;
| nukogapaga  (nd) = 102 d;

8.4. Y3APO DJIEKTP CUFUM. KOHJZEHCATOPJIAP

Kyna katta ynyamra 3ra 6ynraH sikkanaHrad yTKasruy-
JIADHU aMaia 3J1eKTP CUFMMU cudatuaa Muutatnd 6ynmac-
JIMCH, CUFUMM KaTTa, KMYUK Ya4aMNu 3/1EKTp CUFHMAaPH-
HUHT sipaTMMLLMIa oMb Keaau. Arap g 3apsaann A yTkasruy
atpotura B yTkasruy xoinawraHl 6yica (8.9-pacm), yuuHr A
YTKA3ruura sKMH CHpTHIA g 3aps/ira KapaMa-Kapiiu HIIopa-
JIM MBIYKUMWSIIAHFAaH 3apag Xocua 6ynud, y xam y3 ypHuaa
MalnooHY 61nan A YTKA3THYHMHT @ NOTeHUHaAINHH KaManTH-

PHLI HATMXACKIA YTKa3ru4-
Jap CMCTEMACHHHHI 3/eKTP
curuMH C KecKUH ownd Ke-
Tanu. Amanna 6up-6upraan
AM3NEXTPUK OUIaH axparii-
raH, MHUK- AOp KMXATIAaH
52 TEHT, KapaMa-Kapiui Muo-
pajly 3apsianap 61utan 3apsil-
JNIAHTAH UKKHTa yTKa3riynap
CHCTEMACH XOCHJ KWJraH CMFUMIA Y3apo 31eKTp CHFUM
AeHunany. Arap 6y UKKU YTKa3rUUA4p OPacHAari noTeHuMat-
‘lap aunpmMacu (9, —¢,) Ba ynapaaru 3apsyulapHUHT abconioT
KUHMaTy g 6ynca, (8.6a) dopmynara GUHCAH UKKil YTKa3-
THYHMHT y3apo snexTp curumy C Kyiuaarura TeHr 6yamu:

8.9- pacm

C=—_ (8.8)

By udonara 6uHoan y3apo 3eKTp CHFMMHU Oyl aait Tabpud-
Al MyMKMH;
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Hicicu ymicazeuynune y3apo dnexmp curumu ded, yaap opac-
daeu nomenyuannap aliupmaciiy 6up GUPAUK Yseapmupnid yya
6up ymrazeusdui ukKkuimucuea oaul ymunean 3apaded Murkdop
acuxamoan mene Gyaeait (Hu3UK KAMmanuKea atimunadu.

WKk YTKA3rHYHKAHT 33P0 IEKTP CHFUMM aCOCHIA DICK=
TPOTEXHUKA Ba PAAMOTEXIHKA/LA KEHT KYJIalHuIauratl KO-
AEHcATOpJIap 1eb aTajlyBuy KypuiMasap scairat.

Konsencatop sioruHya condinco cy3uaan oaHHTaH Byi1u6,
TYIUIOBUM, KYIOKAOBUM MabHOCHMHYU aHaaTadn.

KoHaewncarop y3ura Gepuiirad 3apsami TYIJ10B4U BA Y30K
BaKT CRKJIOBYM KypUIMalup.

KoHaeHcaTopnapra MMCol Kuanb, CuMerouiapaa TOPTHI-
TaH MKKK TTApasiesl CUMAAPHHM, KYPFOLLMI OustaH KOIIdHIaH
Tenedon KabennapHu, Y3apo napanien xonaalrai WKKHM M1a-
CTMHKAHU Ba {1y KabKuinapHW KypcaTuul MYMKHH. KonneHca-
TOpJIApDH{ XOCHMJ KujiraH yrxkasruunapra KOHACHCATOPHIHT
Konnamanapu aefmiany. KonaamaiapHiHr LlaKsIHra Kapao
KOHAEHcaTopaap siccy, CGepHK Ba LHMMHIPHK KOHACHCA~
TOpNapra OyaMHaau.

1. Slccu konnercarop aed, Kon1amManapi Hup-01puaaH A=
3NEKTPUKNIAD BUMAaH aXPATUAraH HKKWTA [apajiie MIACTHH-
Kajappad uGopar Gynarald KorHaeHcaroprd aittunann (8.10-
pacm).

Ocrporpanckuii-Taycc TeopeMackHUHI TaTOMKILAaH, +q B2
~—g 3apsaaap GunaM 3apsLIAHFaH, y3apo mapaies MKKit fjac-
THEKanaH norexuuan dapku (7.678) dopMyiara 61HORH

Z

— L

=
o—= —t°
=—
8
== \\,‘
—_—
=/
8.10- pacm S |1~ pucs

o}
U



0, -0, =$'d 6ynu6, yuu (8.8) ra K¥itunca, siccu KoragH-
- &

CaToOP INEKTP CHFHMHUHHHT (l)opmynacn Kenuod unKaam:

e S
o, ud  d’ (8.9)
£yks

GyHNAa S—KOHJEHCATOP KOMUIAMACHHUHL 1034, d—KOMjlama-
Aap opacuaary Macoda, € —KOHIEHCATOp KorlaManapy opa-
JAMFUAArH MyXUTHHHT HUCOUM OM3NEKTp CUHTAWPYBYAHIIUIH.
2. Cohepuk KoHaeHcartop 1e6, Koriamanapy 6up-6upunat
AMAEKTPUK GUNAH AXPATUIraH UKKUTA KOHUEHTPUK cdepa-
napaaH ubopar 6ynran KoHxeHcaTopra anTunaim (8.11-pacwm).
Octporpanckuii-Fayce TeopeMacMHUHT TATOUKKIAAH, T ¢ Ba
—g 3apamiap GuiaH 3apsINaHraH, paluycnapu r, sa r, 6ynraH
¥3ap0 KOHLIEHTPUK XOMIaliraH UKKuTa cepanapaari NoTeH-

unannap dapku (7.71)ra 6uHoaH Kyinaaruya 6ynaau:

e B
-9, dneges  non
. q = L)
c 9=t ¢ (nn) 4‘”:80E n-n . (8 10)

A dnege rony

Xycycnit xonnapaa Kypub ynkamus;

Arap r,—eo 6y51ca, chepuK KOHAEHCATOPHMHT HYKH KOII-
JlaMacy AKKajlaHTaH wapra ainaHud Koaaam, XxaKuMKatan XaMm
Oy xomna (8.10) naH sIKKanaHraH WAPHUHT 31EKTpP CHFIM (POp-
MyNnacy Keaud ynkaau:

C=dme e =dme e 1
T e T TE\E 77 |r7_)°°=477:gug i (8.102)
° VANV L S
Arap k- =[<<r 6ynca, 5= Eku e =5 geHuW
MyMKHUH. Y BakTaa (8.10) nan sccu KOHASHCATOPHHHT 2J1EKTP
CHFUM dopMyaacH Kenud umKanu:

dneger?  ee-dnrd 5
C = 58 EgEaRAT  EpEd (
o LU (8.106)

C(IJCPHI“( KOHIEHCATOp KpmlaMaJIapH OPATMFHIATH 3JIEKTPO-
CTAaTHK Maiia0oH MapKa3supn CHUMMeETpUsira ara 6yﬂral‘lJ'IMrl'IﬂaH,

YAap Kyna aHUK WIMHA TagKUKOT Hilnapyna KyanaHunaau.
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3. Unnnnpux KOHIICHCATOP JICH, KOrtian
fapu 6up-6upuman NUINEKTPUK OMias axpa-
TUATAH MKKUTA KOHUCHTPUK umnanapukaap- (o
Zan nbopar 6yaran KOHJCHCATOPra aiTuitaim i r
(8.12-pacm). -

Ocrporpaucxui&-l‘aycc TEOPCMACHHUHT N 2
TaTbuKMAaH +¢ Ba —g 3apsn Guaan sapsig- | %]
AaHTan, paguycnapu r, Ba r, yayuaury |
OYnran kkura KOHUEHTPUK UMIIMHAPAATHA 1O~
TeHUKannap capku (7.68 B) bopmyna aco-

CHIa aHMKnaHany: J--_-\
'hv__‘_ _’J
-
Py =0y = —=—=In-2. \‘

ey
dnegel T p

By nbonanu (8.8) ra Kyiunca, unnnnapuk -2 pacy

KOHOEHCATOPHY HT SJIEKTPUK CUFUMU hopmMyaacH Keaub 4ii-
Kaau:

C=_4 _ q _ 2neyel

_‘ﬂ|‘(ﬂz_.%|m- !!|~!"’2/’l' (8.11;
2rE L 2

 R-f
Xyeycwuit Xonna, d=(r,—r )<<, Gyaranna ln—:-i-—=—*—~.rl'

09116, (8.11) nan sceu KOHICHCATOPHUHT 2AEKTP CHFUMH
dopmynacuii onamus:

C = ZreEln _ ggedmryd =i (8.11a)
H-n d d

ByHna; S=2m-l-l —KOHAeHcaTop KomIaMaCHHUHT 1031, d=(r,—
i) = amsnexTpuk KATNaMUHUHT KaTUHAUTH.

Hucéuin JHMINCKTPUK CHHTANDYBYAHAHKHK Yryaw. ByHiHr
YHYH ACCH KOHTeHCATOpHUHT KonnaManapH Opacira AR 5
TPHK (&) TUTACTHKKA KyAMAraHaary 3AEKTp CHFHMH C HH Bd
KORfamanap opacura AWU3NEKTPHK KYUMAMarasaary 3AeKTp cH-
FIMA € H1 1436, yHuur HucGatuman (8.9) (GopMy1a 4co-
CHAA MOJTAHUHT HUCOMI AMANEKTPUK CHHTAMPYBUAHTIIIL &
AHUKJIaHATY:

o (8.12)
Ty

Kounencaropuunr amMajyia Kyamanuaagurat TYpIsph. [,39,3”-

{acura Kapa6 KOHIEHCATOPNAPHMHI TY3UUHLUM Nap XiJT 01~
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a

8.13- pacm

au. Koroanu kouneHcatop — 6vp-6upuaan napadvs IMHUMAK-
pHATAH KOFO3 OMJIal XDPAaTWATaH MKKWTA amoMUHUI (3ap)
sleHTanaH noopat 016, NakeT waknuaoa 314 KWK YpajiraH
GymanH Ba yHMHT cxemazary kypunuwu 8.13,a-pacMaa Tac-
BUDPNAHTAH.

DAEKTPOMUT KOHIEHCATOP—KOBYUIOK JIEKTPOJNUTUK
3puTMa BUIaH KOHTAKTAd ATIOMMHUA OKCMAW KAaTAaMU AW3-
NEKTpUK OY1Mb XM3MaT KIIaAUMraH KOHAEHCATOPHWHIT KYpH-
Huin 8.13-6 pacMaa TacBUpiaHrad. buTTa KaTaaMu MeTau,
MKKMHYUCH BNEKTPOIMTAAH MOOpAT 3NEKTPOIUT KOHIEHCA-
TOP KYAWITaH KyWlaHHILU MabJyM KyTOny OynraHaa KaTtra co-
JIMLUTHPMA CUFMMTA 318 O¥aani. DIeKTPOAMT KOHACHCATOPHUHT
anextp curumil 0,1 —1000 mx® ra tenr 6ynauu. [lact yacro-
Tany (T1Y4) anexTp ¢untprapna AOUMMHA EKM ITybCaLHs-
nanysuy 600 B raya 6ynraH KyunaHuwiapaa KYJaIaHMIaau.

Y3rapyBuYaH KOHAEHCATOP—NKKY METATI MJIACTHHKA-
Jlap cHcTeMacHaaH Ty3uaraH 6ynu6 (8.138 pacm), YHUHT gac-
Tacy OypuiraHaa miactTuHKanapaaH 6MpM MKKUHYHMCHIA KU-
pub, SAEKTP CHFMMMHM Y3rapajurad KoxaeHcatopamp. byn-
[iaft KOHAEHCATOPIapAa OUIJIEKTPHK YPUHLA XaBo Oy1anu. Yara-
PYBYAH KOHAEHCATOPJAP DPAMO-DEKTPOTEXHUKAAA KEHT
KY/1aHu1sra ara.

Konpencatopnap cxemartnk pasuuiga, S.13-pacmaa Tac-
BUPJIAHTAHAEK WKKUTA Napajiel YM3HKIAp KYpHHUIIMAA
6enarunanany.

8.5. KOHAEHCATOPJIAPHHU VJIAIU

Bansan kepakiiu aneKTp CHFMMAAPHHN XOCH KMIAKLI MaK-
canuna GMp HeuTa KOHJAEHCATOp y3apo napainen Ba KeTMa-
KET YNaHWB, KOHAEHCATOPRAp GaTAPEsACH XOCHJ KHIMHALK.

1. Konaencaropnapuu napannen yaawr cxemacy 8.14-pacu-
la Taceupianrad. [lapanien ynanraH KoHaeHcaTopiap 6arape-
AcHaa Xap GMp KOHAEHCATOPHMHT MycOar Ba maHdMit 3apai-
JNlaHraH KofnjamMalapyd MOC paBHLIAA Y3apo yAaHraH Oynaau.

KonneHcatopnap mapannen ynauranaa (8.14-pacm) 6apua
KOHAEHCATOp/1ap KoMaManapuaary noTeHuMansap atupMacy
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8.14- pacm

(@1*‘92)614[) Xun 6ynue, 6arapessHuHr YMYMUI 3apaan g ani-
£ KOHIercaTopiap 3ApSANNAPK q,, q,, ¢, . .., §. HUHT H}-
FUHAMCHTE Tenr 6ynany: 9= qtq g+ . .+ g . By epia
q:(;’c“"(w"(p?)‘ ‘],=C,((,0|—(p2), 2,=C,(9,—0,), Ba x0Ka30 ?}'.1&—
W (OyHna, C.,—Tnapanien ynauran KOHAEHCaTOpIap Gara-
PeSCHHYNT 2NEKTP curumu; C,, C,....—aitpuM KOHICHCA-
Topnapuyyr SJICKTp cuFuMnapu. demak:

C"mn((p]_.(pz)=cl((pl—'(p1)+ Cz((p|—(pz)+ +C,_.(‘P,—(Pz)'

By ndonanur yay pa YHT TOMOHMHM ((,~—@,) [a KHCKAPTH-
PHO napannen ynayray KOHeHCaTOpNap 6aTapessCHHIHT YMY-
MHR CPUMYU C 1y Tonamus:

fiap

Cm,,,=C.+C3+--~+C"=)__“I,Cz'. (8.13)

Wynnai KManG, napannen YAGHeaH KoxdeHcaniopaap 6a-
MAPCACURLUNE SneKmp curupu Xap 6up xondencamop s1eKmp cu-
FuMadpunune anzebpaus durunducuea mene.

Arap napannen Ynaurau n Ta KOHﬂeHCaTOpHHHI:_ 1EKTP
CURMMAapy 6up xun pa C, ra Tenr 6ynca, (8.13) ra GuHO4H

(O} ="C’ (8]33)
nap o

ABHU Napanien ynanrau » ta bup xun KonzeHcaropaap 0aTa-
PEACHHIHI 311eKTD CUFMMM BuTTa KOHIGHCATOPHMHT HACKTP

CUFUMULEH 1 mapTa karra Gynap skaH. =Epr s
% KOHﬂEHCﬂTOpﬂ&pHH KeTMa-KeT ynaurga oMM KORICH

A - Mychar
CATOPHUHT 3apsipianray Konjamacy KeAuHIHCHHIHT MYCOH
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H at_‘

Gy
Al | Ab’z | AYm

8.15- pacmM

3apsilaHraH Koriamacy GunaH ynadraH KoHueHcaTopnap 6a-
Tapescu Xxocun 6ynanu (8.15-pacm). Kerma-ker ynaHraH KOH-
JleHcaTopap KonaaMalapuiary 3apsiuiap MUKIOPH XHXaTAaH
g ra TeHr Ba 6up xun 6110, KoHaeHcaTopnap 6atapescHHUHT
yynapuary noTeHuuaninap aMpmacu AQ xap 6up KoHaeHca-
TOp yuynapuiard foTeHuuannap anupmanapd A@,, AQ,, ..,
A, HUHT AUFUHIUCUTA TEHI: A(p=A<pl+A(pz+...+A(pm, oyHaa

Aw:/t"-“-’ Ag, =%|’ Ag, =%Z, ey AQ, =%m, Oyara-
HI YUyH! %H +%n +%2+...+ %m. Byuua:

LU ST el (<
cooctgtte E(_,r. (8.14)

Wynnast kunub, xemma-xem yaanean KoHOeHCAMOPAAp
bamapesicu anexmp CUFUMUNUNZ MeCKapl ughodacu a10xuoa KoH-
OeHcamop dNeKmp CUFIMAAPY IMeCKapl UGooanrapuHune Ly FUH-
ducuea mere. (8.14) naH KYPUHAOUKU, Kemma-Kem YAQH2GH
KOHJCHCAMOPAGD OAMAPESCUHUHE INCKMD CUFUMY YAGHSAH 3AEKMD
CUFUMAAPHUHZ JHE KUMU2UOaH Xam KuHuK 6yaap SKan.

Arap KeTMa-KeT yilaHraH /1 T2 KOHAGHCATOPJIAPHU 3JIEKTP
curumiapu 6up xun sa C| ra Tenr 6ynca, (8.14) ra Gunoa:

C =2 (8.14 2)

SIbHM KETMa-KeT YNaHraH m 1a 6Up Xu/1 KOHAeHcaTopnap 6a-
TAPEACUHMHI" BIEKTP CUFUMU OUTTA KOHAEHCATOPHMHT JJIEKTD
CHFUMMAAH /m MapTa KUYHUK 6ynanu.
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8.6. DIAEKTPOCTATHK MAILIOH DHEPTUSICH

Kucmuap CHcTeMacuum 6up xua uiopany ?pﬂfuaf ?Z
TAH 3apsitania, 3apiainapHuur Y3apo uTapuil ynoncim_
MM EHOmLAL Tat Ky Kyy iy Baxapasmu. 9”9Pr”’””:”r 'du:mf
WML KOHYHMTA 6UMHGaH, cperemara TabCHpP ITYBUY er"ara—
KYUNADHUHT Gaxapran miny cpcrema CDRCIGHR TG icu-
PUlMra capd 6ynagy. Ulynaait kunuo, 3apAjUiaHrad AKuc!
N1ap cucremacy Mabym sHeprusra ara Gynagu. 2’ e

Miucon Tapukacupa sapaanu sikkanaHraH yTKzng
3Aapsny KOHIeHcaTop SHEprusitapuHy Kapab Yukamu ﬁ;cu

l. 3apangnu SIKKajlaHTraH YTKa3ruy 3Hepr;a ;m-.
Dapaz KWIBHNNK, ¢ 3apan 6unan @ noTeHuUMaIraya 5en-
JI8HraH Yricasryyra UCKCU3NUKAAH dg 27EMEHTAD 3“apﬂam;; 2/{]
DM yuyn sapyp Oynran dA wwnm xucobaaiMm3. L)zlna-
3apAn Kyna Ky Gyaranm yyyn, yrkasrugHUHT noTeH
MHA nespny Y3raprupmarimy.

YHUHT yuyn xan dg 3apaIHM NOTEHLHANX HOMra Trﬁf:;
6ynran vekciannyay ® ToTeHumamiM YTKAa3rMY c"p,ma
K¥4upuna Gaxapuiran 44 VU 3apsAHVHT NOTCHIHALIAD
alupmacy Kynammacnra T@HT, SAbHU:

e ((p-O)(/q e (8.133
Y makrna AKKAIAHTaH YTkasruany 0 gan @ HOTZHmf;;g_
2 3apannamg Gaxapunray 4 Ui, 3jeMeHTap dA u }aqa
HUHD HHFUHAC g, IbHK (8.15) udogaaau 0 naH @
OMHF2H MHTEerpara Teyr-

0 o
A:fdA =J'(qu’ (8.15a)
a Q
i 1
bynna: g = cp 6yrap, YHYH, A MHIHUHT HONACH Kyiikaark
K¥pHHmuira Kenanu:

7 ? 156)
A= [9d(co)=[ code. (.156
(7] a =
. MU KaT-
FIKKaIaHran yreasruuupgr anextp curumit C ﬂrf”{”k”map“ﬁ,
TAMUK OYAranu yuyy, yuy MHTErpangaH TaluKapHr:
MHTerpanans amany baxapusica,

]

@ .
A=cj(pd(p=%‘ (8.16)

[
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Oynanu. By Gaxapunran vl 3apsanu sIKKajaHraH YTKasruy-
HUHT A = W, aueprusicuin Gunaupagu. Y BakTaa (8.6 a) nu
HA3ApTa ONraH X0/, AP SIKKaNaHTaH yTkasrud We aHep-
TUSACH RyitHaarura TEHT:

[

7 3
=0 _ 90 _g° 8.17
W,=3-=%4=1. (8.17)

YKanpannaH KYPYHAAUKH, S3HEPTUAHMHT Y140B OUPIUTH—
XKoyn (XK) kyiuzaru MyHocabatiapra TEHT:

[yHu ailTub JTHL KepaKku, 3apsaaau sIKKanaHraH yTkas-
rMyHUHT 3Hepriuscy (8.17) yHHHr xocua KMATAH 21EKTPO-
CTaTUK MaiAOHM dHepruscuaan ubopar.

2.3apsinaHral KOHIEHCATOpP 3HEPTHACH. Xocun
kuauHran (8.17) dopMmynasu q 3apsn 6usaH ((D, —%) no-
TEHIManraya 3apsUIaHraH KOHLEeHcaTopra yMymIallTHpUil
MYMKHH. BuHoGapuH, (8.17) ¢opMynagary @ HMHT ypHUra
(0, - 9,) noTeRUMAINAD aitHPMAcH OMHCA, 3apsATAHTAH KOH-
NEHCATOPHWHTI 3HEPTUACU We HU MponanoByu popmyna Ke-
U0 YMKAnU:

g Hl-g, (8.18)

W - C(IJ,T—&D;F _ alei-v;) _

3apsaTaHraH KOHOEHCATOPHMHT 3Heprusic We yHMHT
KOMIaManapy OpalMFUAA MyXXdccamiawiraH 3JIEKTPOCTATUK
MaMZOHHMHT SHEepr1scuaaH uobopar. Lynuur yuyH xam (8.18)
(OpMyJIa ACCH KOHAEHCATOP 3Heprusicu We HY KOHIEHCATOD
KOTlaMaliapy Opacuiary 91eKTpocTaTuK MaiaOHHHU TaBCUD-
JIOBYM KaTTaluKap opkaiun udoganauira MMKoH Gepaau. by-
HUHT y4YH ICCH KOHAEHCATOp KOoIlaManapuaary g 3apsa ou-
JIaH KOoTiamManap opacugari 3JeKTpocTaTUK MaioH Ky4laH-
ravaury (7.72) acocaH Kyiuaarura TEHT:

== (@)

E0E  E0ES
{
6yHaa & =—Jf- KOHIEHCATOD KOMIaMaiapuaark 3apsiliapHUHT
CUPT 3UHJINFH, Saca KOIIaMaHUHT 1034, HxKkuHYH TOMOHAAH,
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i N By VA T
E kyunauramnuk KOMUIaMIIaptar (1O TeHIMauIag aihvas

= ; s F LAY
(0~ 9,) Ba konnamanap opacuuary d macoda Guian 7y
Aaru 6ormaHmIura ory:

F=00 (#)
T

_F. (% 1%
(@) maH g = ¢ ES up, (6) nan (o, -9,)=E£-d 'M,,[ oy
e p 7 Graan:

HUHT MKKHHYM ucdonacura K¥itunca, Kyitunary Xocu:1 Gy

W - f;(r|u“f‘1) = £0eES Fd _ ﬁnliji_fa’. 815
e ‘] 3 2

e
(8:19) dpopmyna 3apSULTAHTaH KOHZEHCATOP 3“eP’f’jg_C,
HUHT Korlamanapu opacupary SNEKTPOCTATUK MAAIOH
MaHraunuru E opkany Mbonananuim, 6y sHepria ici

cTATK MalifoH SHepruscunan MbOpaT 3KAHIHIMHH ZHE
6op Tacaukaigy,

[Hynnait KHING, SJIEKTPOCTATUK MaHOOHHMHT 3“5;--- =
€ ¥ sramnaran dazonnur XaXMu V =s-d ra Nponos
UHoHanaup, sbuy

We—‘-c"%Ezs-d:%l’- 28

OcIT G s
SAcecu KOHAeHcaTop Koriamanapu opachaa NOCiis o) L
Oup XuHcan (E = const) 3JIEKTPOCTATUK MaiiAoH AHE Cilf 508

MK XaXMra MoC Kesray OHEPrUs—3HEPrHARHHT NI 2
M We Gunan xam tascubnanany:

2
W0 = M = 806.5 . -
o

3 9

. o = TR THA
By dopmyna MXTUEPUI KYpUHHLInArH 3.ﬂc‘ﬂl’~“m e
AOH Y4YH XaM YpUHIAMIMp. Xakukatan \a. 81 :
6ynmaran (E‘:const MAMAOHHH dV 3ACMCHTAR \ -‘~\ -_'\
CHIArY MaIOH GUp KuHCnu 1e6 NHCOGAL MY MAl

- ; S o
na dV snementap xaxm yuyH (8.19a) opayaa N
HUIUTA Kenamy:

AW, = sk gy
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ByHaaH Gup XKHCIH BYAMAraH 2JICKTPOCTATHK MARLOHHMIT
OUPOP HYKTACHAATH IHCPTHAHMHKT 3HUIHIH!

1 e ek

(i (T

A, (8.21, a)
6ynaa E—MaliloOHHUHT SHEPrUs 3HUIUTH XHcOoGiaHaETraH

HYKTaaard MaliioH Ky4JaHTaHIUIH.
Biip XuHcaM 6YaMaraH 3NeKTPOCTaTHK MAHAOHRHMHT YeK-
N XaXMOaru aHeprusicn We, (8.21) nax 6yTyH xaxm V 6yiinya

OJIMHTaH MHTErpajira TeHr:

W=

v Y
G

o[ 555
o
By ¢opmynagaH Qoiaanannb, 3apsmiaHraH Xap KaHuan
YTKa3rM4HUHT 31EKTPOCTATUK MaMAOHUHM X1CObaall MyMKHH.
DNeKTPOCTATUK MAWLOHHWHL 3Heprus 3uunuruHy (8.20)
vdonacu KyunaHraHauk £ Ba uHaykuusi D opkanu KyiAunard
KYpUHMLLAA E3UTaaH:

dV. (8.22)

(8.23)

Hlynpah Kuaub, UXTHEPUI 3MEKTPOCTATHK MailIOHHUHI
OepuaraH HyKracuaaryu MalioH 3HEPTUSICHHMHT 3UWIWTH WLy
HYKTagarn MaiaoH KyYnaHTAHAUTUHWHE EKH MHAYKLUSACUHUHE
KBaapaTUra TYFpy NpONOPLUHOHANAUD.

8.7. DIIEKTPOCTATHK MAMJOBAATH AHUDIEKTPUKIAP

Jduanextpuxiap 6yTyHUYa onub Kapaarasaa HeiATpas Mo-
nexyna (Eku atoM)aapaad Tysuarad. Monekyna (6KH arom-
nap) Myc6at 3apsany siApoAaH Ba MaHMMIA 3apaLiA 3AEKTPOH-
JIapAaH TalWKW TONTaH. ATOMHUHT Myc6at 3apsaaM siapocuua
TynaaHrax 6yamu6, MEeKTPOHIAp 5ca yHMHT aTpohuia xyaa
KaTTa Te3MK OUIaH XapakawlaHaau. DIeKTPOHHIHT S/IPO aTpo-
uaary aitnanuin pappyu 7=10""¢ 6y1u6, r =107’ ¢ BaKr nunza
MUJIMOH MapTra aunaHub udukanu. By xoin manduit 3apan-
JaPHUHT TAKCUMOT MapKa3u MycharT 3apsiiin siapo OHaaH ycr-
MA-yCT TyLuaau, Aed xucobnatura MMkoH 6epami. JIekitH axBon
XaMMd BakT xaM WyHAai O0ynasepMaian. AnaneKTpuk mMone-
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Kynajapsgary mycbar sa Marduil 3apsiiap Mapkasu MoC
KenraH +¢ Ba —¢ 3apsyuiap 6up-6upuaan [ Macohaia A04-
nawran 6y Miny MyMKMH. 3apstiuiapHu OyTyHUYa 0ub Kapai-
raH, HeHTpas 6yiran Oyigail cucTeMa J1eKTp AMNoauaaH ubo-

pat 6ynanu (7.4- pacMra K.). 7.5- 6amunan Mabaymku, P =gl
SJIEKTD MOMEHTIM AMII0JG INEKTPOCTATUK MAWAOHHH XOCHA
KWITAHULAH, AUSJEKTPUKHUHT ByHAa| MoleKylalapy XamM aT-
poduaaru hazona sNeKTPOCTATUK MAALOHHU XOCH! KHJIaiH.
AdpumM guanexTpuknap (MHEpT rasuap, H,, N,, O, CCl,
Ba 6olikanap) monekysanapuuaru 3JICKTPOHAApD AHpO aTpo-
drna cuMMeTpUK XoMTAlraH GYIanu Bd TALIKHK 3AeKTPOCTa-
TUK MaiNOH BYimaraHna Mycoar Ba Maribuil 3apsuiap TAKCH-
MOTMHWHT MapKasu ycTMa-ycT TylUTaH MoseKynanapra Ky 1o -
CU3 MoJsiekynanap AeHuUAMG, OM3JeKTpUKiIapra 3¢a MO-
MeXYyNnacyu KyTbcus AMINEKTPUKAAD HeHUIaNH.
Kynunnux puanexrpuxnap (H,0, CN,, HCI, CH, Cl.
COMPTJIAp Ba Oolrkanap) MoJexkynanapuaard 2j1eKTpoH1ap
80PO arpoduiia CUMMETPHK KORnawuraH 6ynagu Ba TAlKH
SMEKTPOCTATHK MaifloH SiMarania xaM Myc6ar Ba MaHdHi
3apAINAD TAKCHMMOTUHMHI MapKasW YCTMAa-yCT TylMaiiliras
MONeKynanapra Kyt0nu Monexkynajgap Aeiduind, IH3TeK-
Tpukiiapra a3ca monexynanapd KyTOaW AM3IEKTPIK-
nap geiuaann. Judack TpUKIAPHUHT KyTOAN MOMEKYTATapii=
HU ONEKTP Aunonn 4ed Kapam MyMKHH. -
Onaraa anextp AUTIONNAPU «KATTUK» Ba «IOMIIOK> 0318
Arap 3jIeKTPOCTaTHK MaliIoH Ky4u TabCHMpH OCTHIZ MOIE:
J9p aunosnap gakaT MabiyMm TapTHGoa Koitaawwis. M
HUHI 3JIEKTP MOMCHTH Y3rapmaca, OyHmaii QHNoaIapts
THK RNNONAp Reitiann. Arap aleKTpoCTaTIiK Mafiaos 8=
TAbCUPMAA IINTIONNAPHUHT DREKTP MOMEHTH V3rapcd. 124
LWTIONNApra OMIIOK €K1 KBA3U3NACTHK OHMOAMAD 28 Tat

,_—::'F-..\\ I,
AL s

'/_,-_-‘—_---_.___“\ l‘ ; /_/y - -
Bl e N al~ -
(A L - 2 = =
\ O =—p-£ L & & |
N S

0

a 4

8. o-pacs
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DHAH TaWKM DNCKTPOCTATHK MaWAOHHWHI AM3JICKTPUK-

Jap MOJIEKYJIacHTa TabCHPHHK Kapab YMKanIuK.
1. Arap AM3JIEKTPMKHUHT KYTOCH3 MOJIEKYACH TallIKH 3/1eK-
TPOCTATHK MaliAoHra KUpHTUJICa, MaiilOH TALCUPULA MONEKY-

na P, 35€KTP MOMEHTIM AMMONb MHAYKUMSIAHALM. Moneky-

Jlanapu KyI‘ﬁCMC& AM3JIEKTPUKIIApAAH 9HT COAAa Ty3unuilra sra
GS;Jll‘aH BOAOPOA MOJIEKYJTACMHWUHI aTOMWUHU Kapaﬁ YHUKAMN3.

TamKH 3JeKTPOCTaTHK MaiAoH GynmaraHaa (E = 0) BOJIOPOA

aToMuUIaryu 6UTTa 3MEKTPOH PO atpotuaa r panruycau opbu-
Ta 6yitnab xapakaTnaHaétraH OyiacuH (8.16 a- pacMm). byHna

5

INEKTPOHHKMHT sipora TopTuinil KynoH Kyuu F = e Map-
Q!
Ka3ra MHTUIMA Ky4 Fj" g = mw?r pan ubopar 6yaanu, sibHU:
2
o2
I = mw?r, (8.24)

47[501':
ByHa: M—3JeKTPOHHUHI Maccacl, ®—yHUHT opGuTa 6yiinab
Oypuak Te3Nuru.

Arap 6y aToM Kyu4laHTaHnury F ©OYIraH 371eKTPOCTATHK
Ma{IOHra KUpHTHICa, 8.16 6- pacMaa TacBMpJIAHTaHAEK JIeK~
TPOH OpPGUTACH AePOPMALIUINAHUG, E —BEKTOPHUHT HyHAMH-
1UMra Kapama-Kapuii ToMoHra A/ macocara cumkuiian. byH-

aa, F,, = mw?r Mapkasra MHTUIMA Ky4 TEHT TabCHp Kyd FaaH
ubopat 6y, SNEKTPOCTATHK MaiAOHHUHT 3NEKTPOHIa Tab-
CHp Ky4un F, = eE Ba 3NEKTPOHHMHI SAPOra TOPTMAUIL Kyun F,
AaH nbopar 6ynanu. 8.16 6- pacmaary yubypyakiapHUHT Yxiuan-

nvurngan AL = Fi g Al Eﬁ; MyHocabatHu €3amMu3. Bynaa
r F r omw?r

MOJjeKyNnana MHAYKUMSINAHTaH AMNOMHUHT elkacu A/ KyHupa-
rUra Tenr 6ynaau:

=_
AM=—trE (8.25)

By Al —cunxu snactuk mecopmauusra yxwaw 6yaraHu
YHYH, aToMaa MHAYKUHSIAHTaH IMNO0Ara 21aCTHK AMTI 04
ACHHUIANM.

Y Baktna (8.25) ra 6MHOaH 31aCTUK AWMOJHMHIE 3JIEKTP

MOMEHTH P Kyliuparura TeHr 6ynanu:
P =eAl=—_F. (8.25a)

]
Hi=
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Arap (8.24)nan mw? = - r

eI

Hu (8.25a) ra kyiuica, aunon-

HUHE JEKTP MOMeHTU P, KyHHAATH KYPUHULUHK OJIAdH:
P =4ne r*E=ea E (8.256)
Exu BexTOp KYpuHMLWIAa

P =euk. (8.26)

Iyunait kKMnu6, KyrocU3 MOAeKynaaa MHAYKUMsUIAHTaH J7a-
CTUK AMTIOJIb 3JIEKTP MOMEHTHHHUHT P, BEKTOPH TALLIKH 3J1€K-

TPOCTATMK MAMIOH KyulnaHraHaurd E ra npornopuroHai
6yM0, yHUHT HyHanMiuy GUNAH MOC TYIUAMN. gl
(8.26) na o —nponopuuonannuk koabduureHTH 6¥110,

YHTA aTOMHUWHI KyTOGJaHYyBYaHJIUTU JedAunain Bay
Kyfiuaarura TeHraup:

o = 4neor’ =3-3md =3V (8.26a)

OyHma, | = i‘md —ATOMHUHT XAXMMU.

HleMak, amomuune KymOAGHYBHAHAHZU AMOMHUNE YHIAHESE
Xasemuea mene 6ynean uauk Kammaaukoup.
2. Mapa3 KuIaliauK, 6up

KHUHCITH (E - const) TalKu
JIEKTPOCTATUK MaidoHTa
XKOMNAWTUPUITAH AUDIEK-
TPUKHKHHT KYTOJIU MOJIEKy1a-
CH, SITBHU OUNOJHUHT 3AEKTP
MOMCHTU BeKTOpHU P, Maii-
IOH KYYIaHFaHJIUTU BEKTO-
pu E ©6unad 0 Oypuak XOCHA
KuicnH (8.17-pacm). Pacmna-
I Yn3MagaH KYpHUHALUKMH,
aumonra F gE sa f —gE

KyobT Kyy Ta’bCle KMJ]EUIVI

By XydT KyWIapHUur MOMEIrtt M e s s
M=F-1_ =qlblsing [ s a3

ok
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(8.27) reHrnamaHuHr 4an ToMoHuaarn udona P Ba E

BEKTOPNAp BEKTOpMaNl KylmaitMacu [13 . E‘] HUHT MOAYJIHIa
4
TEHTr OYAraHu yuyH Y BEKTOp KYpUMHHULIAA Kyiduaarkya 6ynanu:

M =[P E] (8.28)

M gexmop P, Ba E eex-
mopaap émzan meKucaux-
Ka nepnenduryasp 6yaub,
yrunz tynaauw P, dan E
20 MOMOH 3HZ KlCKa Uyn
6unan napma KouoacuHu
Kanoamaarmupadu E€xu
M gexmop 6yiinab Kapaa-
2anda P, dan E 2a 3ne
Kucka dya bunan coam
MURUHUHZ HYHaauwy 6usan moc mywadu (8.18- pacm).

Kydt xyunap momeHTU M OUNMOAHUHT 3IECKTP MOMEHTH
BEKTOPH P, TAlUKH 3NEKTPOCTATHK KYWIAHTaHIUTY BEKTODH

£ 6unad Moc TyWIIyHYa TabCMp KMJiianu. Hatukana Kyr6au
Mojtekynanap (AMnosagap) TallKM 3JeKTPocTaTuK MaiaoH
6yinab ynanaau. UIyHHHT yYyH AUIOAHUHT 3JEKTPOCATHK
MaijoH 6Yi1a6 MyHanuIIMra IMNONHMHT KYTONAHHU -
WY €KM OPUEHTAUMOH KyTORaHMIWM Achunain.

8.18-pacum

Arap gunon OUp XHHCIM OynMarad (E # const) 3/1eK-
TPOCTaTHK MailiOHra KUPUTHIICA, AUTICATA AHIAHTHPYBYU Ky

MOMEHTAAH TaliKapu F, Ba F, KyYylapHMHI BEKTOp HHUFUH-

AMcHra TeHr 6yarad F Kyy TabCup KUIanu:
F=F +F=q(f+E) (8.29)

.Oynna, E, Ba E, IMNonHWHF MycbaT Ba MaHduil KyT6iapu-
2ary 3AeKTPOCTaTHK MaHAOHHWHT KyWiaHIraHnury.

Vpraua KuiiMaT XaKuaaru Teopemara GUHOAH: [5 SIE =

=/ {:j:,—_,":«) OyHaa |—OMNONHUHE Y3YHIHUIH, d54/ —IHITON YKH
O)iinad KyuynaHraHIMK BEKTOPHHUHT Y3YHAHK OMPAUTHTa MOC

264



keAraH ysrapuinuiy udonanaiian. Y BaKria (8.29) Hut KyHI-
fark KYPHHAUIAA €311 MyMKHIH:

Fegl[E)p (¢2) (8.292)

by ndonanu siha ckanap kypuuuLia €3amus:

F-4(p.E) (8.30)

bytna, (Pa'b:) udona P, pa E BEKTOpAapHYHI CKalap
KynaiTMacugan uopar GynraHy y4yH CKamsip KaTTaluk, F
KyM 9Ca BEKTOP KATTaJIUKIMUP.

BexTOp ananu3na BexTOp Ba CKanAp KATTAAMKIAPHUHE ¥3apo

GOENAHMWKY IpanueHT (grad) me® atanysyu udona OpKais
ferumiaHam, sSeHM:

(V3]

- fFia - 1.
F = grad (P El ((EASLIES
Llynnak Kunuo, 6up sicuncau Gyamazan INCKMPOCMAMUK Mau-
dondazu Qunonea mascup Kunyuu AEKMPOCMAnIUK MAUCOHRURZ

F kyn sexmopu (P E) Hulte epaduenmuea meHzoup.

By KyY TabCupuaa 3pKWMH OUNION GMP XKUHCIM OVIMArEs
INEKTPOCTATHK MAHAOHHMHI Ky4JAHTAHAMTH DHT KaTTad Kitli-
MaTiy COXachra CUIKMiinM. Byrra Myucon Kuans, 3apsaiiz
KUCMPa BNEKTPOCTATHK MAIOHAATH MHAYKLUMANAHTAH 3PS
GHTH KOFO3, YaHT, TYTYH Ba wy KaGu 3appauanap JHroiia-
PUHMHT TOPTHILMHM KYPCATHULI MyMKMH.

8.8. AUDJEKTPYKIAPHUHI KYTBAARHIUH.
KYTBJAAHUIN BEKTOPM

DNeKTPOCTATUK MANIOHTA AUIMEKTPHK KHPUTIACH, T ==
JEXTPUK KYTOianum 0ebd arajyBuu xonuca coatip ol 1a

Mosexynanapu KyrOa JRIJIEKTPHKIADHBHET KY P00
Kyr6i1 moiexynaiapaan ubopat OynraH KaTria 1000
IN3HEKTPUKIZD 3JIEKTPOCTATUK MAMUOH TAbCHPIIa VS0
FYHYA AUMOIAPUHUHE 3NEKTP MOMEHTH BCKTOPIAPIL 1a T8
cu3 xofnaiurad 6ynaau. 8.19a- pacMna AU3ACKTPIRALT
IWTIONMHUET Maitnon 6yamaranaarit (E = 0) sxoiiwi
BUpSiaHTaH, OyHAA JMITOAHUHT MycaT Ba Mand I

MOC paBMiLAa KOpa Ba OK goupauanap Ousan 63
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8.19- pacm

WyHaai Kuaud, TalKKU 21€KTP MAHAOH GYaMarania ana-
JIEKTPUKIATH MONEKYJISIP AUTIONAAD 3JIEKTP MOMEHTIADUHUHT

BEKTOD MMFUHAWCH HOMTa TEHF, AbHU Z P, =0. UlyHuHr yayd
XaM, TaulKy 9NEKTPOCTATUK MAWLOH TabCHUP KUATaHAArHHA
AH3NEKTPUK MYMAATH MOJNEKYNSp AMNONAap MaiioH 6yinat
TapTu6au xoinawa Gopanu (8.19 6- pacm).

[uanekTpurnap MoaeKyIsp OUIIO/UIapY HUHT 31EKTPOCTaTHK
MaiigoHaaryu OyHaal TapTUONK XKOMAALIMILIMIA OPUEHTALU -
OH KYyTONaHWIN €KH IMNOANU KYTONaHM W ReHWIAAH.

Monekynanaps KyTOCH3 HHOIEKTPUKIAPHUHT KYTONAHMILN,
HM37eKTPUKHUHT KYTOCH3 MOJIEKYJIACH DJIEKTPOCTATHK Mai-
JOH TABCHP ITMaryHya KyToJaHMaraH, s’bHU 3JIeKTP MOMEHT-
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=0 EF#0
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§.20- pacum
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ra ora 6yimaitmn. Wyiypur YUYH XaM TalllKH 2ICKTpOCiatny

MaIoH 6Ynmarara (E:())Jln?ﬂ(:KTpMKHHlII KYTOCUS 10
EKYNANAPH XYJULY MCUTPasi MONCKY/IA CUHTAPH KO
6ynanm (8.20 a- pacm).

Arap GyHnaii AUDNEKTPUK TALIKH DJIEKTPOCTATHK ManIOHI:
KMPUTHIICA, YHUHT Ky16CH3 MOJIeKYMTUIAPH MAMIOH TALCH{L L
MYCOaT 3apAINAPHHMHT Mapkasu (8.20 6- pacMia KOPa IOMpA-
1ap) MAAIOH #YHanuupa, MaHhuii 3apsyUlap Mapkasu (0K J1o-
upanap) sca Maitonra KapaMa-kKapiliy dyHaiuiina CuJiKumi.

Auanexmpur Monekyaanapudazu Goraanean mycéam, Mangus
sapadaap Mapkasaapunune Kapama-kapuiy momonza  CUAHCH-
wuzd OusneKmpuxnune Kymoéaanuwu deiiuiadu.

Wynnait xunue, TalUKKW 3JIEKTPOCTATUK MaWIOH TabCHPH-
A3 KyTbcns monexyia KyTOnaHaan Ba yHUHT 3/EKTD MOMEHTH

P, (8.252) ra 6unoan kyr6rosun INEKTPOCTATHK MaHIOH-
HUHT Ky4NaHrannuru E ra nponopunodan 6§naan. JAusiext-
puKIath 6apya Kyt6namran MOJEKYJANAPHUHT 3AEKTP MOMEHT-

naPH P, HUHT #yHanuwm 6up xun 6yaub, £ ra mapaiie’
6ynanu. By kyt6nanmy 3NEKTPOH OpOUTANAPUHM SAPOra Hic-
0aTaH cUMKUILIM (bHKM neopmauma) cababnu coamp dvaraH-
IMTHIAH OyHakt KyT6nanuuira neopmaunsan KyToa-
HUU €KU BNEKTPOHAM KYyTOAAHM I AeHWIALM.

KyT6aauuu BEKTOPU. [AU3NEKTPUKHUHT KyTOAaHIaHTHK
A2PAXACUHM TaBcupaw yuyH KyTOIAHMLL BEKTOPH Ae0 aTa-
MYBUM DUINK KATTATHK TylUyHYyacH KHPUTWAALH.

Kyméaanuw BeKInopu (P) de6, duaneimpuicnuie Gup dup-

UK Xancmoazu Gapua Ounonaap DACKMP MOMEHMAAPUHIIHE K~

mop tiurunducuza Mukdop vcuxamaoan menz Gyazan Qusux Kani-
manukka admuaadu.

Tabpudra 6unoan, kyréaarran DHINEKTPHKHIHT D&Mt -
Tap XXMM (AV)0aru # Ta QUOONHMHE 3EKTP MOMEHTIAPLH

"o
HUFMHRMCH ZP‘,, HU AV xaxmura 6ynran 1icGaTira TeHT.
=
ABHU:

1 ) p
v AW El, i \
=
OyHna: P,—KxyTtbaaHran i MOAEGKYAAHMHT 3NSKTP MOMESHTI.
Arap KyTOCH3 MONEKyNanm HU30TPOM AHNCKTPHERIAP Bitp Witki~
Cll INEKTPOCTATUK MAWAOHAA BYJica, AHOONHMHL IACKTP MO-
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MEHTH f’u Gapya Monexyaanap yuyH 6up xuj GyaraHnIurnaan
(8.31)1u OyHAai KYpHHHILAA E3HII MYMKUH!

T | Mg P
B=L$pB =2P=np, (8.32)

GyHRa, )1, —RUIEKTPUKHMHT OUD OHPIIUK XdXKMAAru MOJICKY-
Jlanapv COHH, S’IbHU MOJeKynaiapHUHI KOHUEHTPaLHUACH.

Kyr6cu3 MojeKyrana MHAyKUMsIIaHTaH JUIMOTHMHE 3/IEKTp
MOMEHTH 15( HUHT nbonacuny (8.25 a)aaH (8.32) aaru YpHura
Kyiunca,

(8.33)

xocun 6ynanu, 6ynaa Rr' Ko3(hHUUMEHTIa ANDNEKTPHUK

Kabyn KUAYBUAHAMK Aeitunub, yHu (8.26) HU Kyiiuna-
T KYpUHULIAA E3UIN MYMKHH.

X =no=4m’n,. (8.34)
[yHpait KUAKG, Oudnexmpur Kabya KUAYEHARAUK Oe0, Bup bup-
JUK XAHCMOaYU QUIReKmpUK MOACKYAQ (€KU amoM)AapHUnE Kymb-
RAHYBHAHAUSURA MUKOOD HCUXAMOAH meHz 6yaean Quaui kan-
manukka alimunadu.

(8.34) naH KYpUHAMWKH, KYTOCH3 MOJICKYI1IM AHIJIEK-

TPHKHWHT MSNEKTDUK Kaby1 KHIyBYaHMMIH &, 371EKTPOCTa-
THK MaiAOHHUMHT Ky4ynaHraHnurk £ ra sa xapopatd T ra
Gornuk 3mac (8.21- pacm).

Monekynanapy Kyt6na ausekTpuxiap yuve (8.33) dop-
myna, I. JeBaitHuHr KypcaTniurya, Gakat KyucH3 I1EKTPO-
CTAaTHK Ma8MIOH Y4YHTUHAE VPMHIN GYING, AHINEKTPUKIAD YUyH
HV2AEKTPUK Kabysl KMyBYaHIUru xe'xapopar 7 ra Teckapu
TpOMOpUMOHAIauD. JeGaliHMHT aHMKIALUHYd, MONEKYAACH
KYTOH AMBNEKTPUIVIADHUHT QUINEKTPUK Kabyil KilnyByam-
JMEi KYIARAATH KYPUHHIULE 9raaup:

ey f:_3
K, =37 (8.35)
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=, -2
’ ~%
8.21- pacMm

— 5 13
GyHEa: P —KATTUK AMMOAHKHT snekTp MoMeHTH, Kk =1,38-10
K/k —Bonbuman noummiicn, T—abcoMoT Xapopat, 1,—MO-
NEKYNAHUHI KOHLIEHTPALIUSICH.

Rt

%r_—:;}‘ﬂ_

§.22- pacm

Monexynacn KyT6iin AM3AECKTPUK YUYIL DNCKRTPOC AT
DOHHUHT KyuNaurauauru £ 1oKopH il NApopl
GynraHna KyronaHuiu BEKTOpu £ Hunr £ oo SEOR
Husitn (8.33) Gaxkapuamaitin.

Monekynacy KvIOAM ANDINCKIPHK KUPHTIATA 20k
TAK MAROOHHMHE KYSMTAHMAIUDATK [ OMBPIGD Boped N N
OMNONNAp MAaWAOH OYitiah OPMCHTIIBHLIE DOPaL o

«TYIHUHULL» (Pm) XOstatv 103 Gepast, JIonek e
2069



apuwany (8.22-pacwm). 8.22-pacmparn P, = f(E) rpaduxnuir
TOPH3OHTA KHCMM TYHMHHUIHMHT KYTO1aHUL BeKTOpH Lera
MOC KeJauH.
"~
-pac = 1AL .
8.21-pacmpar R, = f(?_) rpaMKHUHT KOOPAUHAT HOILH

JaH YTMACAHTH, peal MOJIeKyasp AMITONAN AU3JEKTPUKIAp-
J3a XaM 3JIeKTPOHNM, XaM IMIOANHM KYTOJaHUL coaup OYaau.
[IyHHHT Y4YH peajl MoneKynsp AMNOIM AUSJIEKTPHK YYyH
OM3NEKTPUK Kabysl KUAyBYUAHJIUTH

=

R, =R, 4N, . (8.36)
6ynaau, €xu (8.34) Ba (8.35) ra acocaH:
R, =no+ e (8.36 a)

e T °

KyTOnanrau 3apsaiinr CHPT 3HYAHCH. ATap U30Tpon Au3-

JIEKTPUK BUD XKUHCIH (E = const) 3/IEKTPOCTaTUK MaiA0HTa
xoMnaiuran 6ynca, y xam Oup XMHCAM KyTOJaHagu, SbHU

YHUHT UXTUEPUH HyKTacuaa KyrbiaaHU1L BEKTOPH 15, Oup xun

6¥mann.

JusnexmpuxHune Kymoaarnuuwuda gysicydea Keseamn cupm éxu
xaviemuti 3apadaapea kymbaanzan (éxu 6orranzan) 3apadnap dei-
usadu. Bapua xkymbaanuw xoducacuza 6oraux 6yamazan 3apao-
£aapaa 3pruH 3apacaap deliuaadu.

Kyrbnanuir Bekropy P, 6unaH AMINEKTPUK 4Yerapacuaa
BYXYIra KeJafuraH, KyTo/aHraH g, 3apsjutapHMHT CHPT 344~
aury O, opacuna omIuit 60FNAaHHULI MaBXyAanD.

d‘sjf\ as
| /] -
e;;—ea-—-ea—e A :l Pe
Tid AV
L= -
§.23- pacm
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by 00FIHHMIIHI 30eKTPOCTATHR MATLIOHAATH Qup Wit *
KyroAaHTaH Mapanienenynes MHCOMA KAPAG HIRAMITE.
at 1y ApAIENEMenaat SCOBYMIAPH E ra napat :c."-\-"j__
CHHMHT 103K ds a Y3YHAMMH { Fa TeHr OVJITaH LUt 57
746 012M#3 (8.23-pacy). LIMANHIPHIHT VHT TOMOHIULAUT

CHHIHT dS 103acKra yTKasuaran # HopMal [ sextTop o

g OYPYAK TAWKUN KitacyH, AN3IeKTPHK Ky TOIAH I HAT
ciAd UHTHHADHUMHT YKl KATIAMUIACH Majilon fveat:s
gard KYUHM IMIOMAApHHHT KapaMa-KapLui sapaaiapit ©5F
pipUHA HEUTPALTAtiaM. JleKitH HTIEHAPHITHT Harn TOMAHE
ri CHPTHAA XOfiMamran aunoxiapHuur MaHdgiti sapaait "
jHr TOMOHMAAMM CMpTHAA *XOfiTaWIraH THTMOTHIHT MYSST
A KOMIEHCaUmsnamyaiimi. Hamikata, mrapaitdt Y

fiup aCOCHAA MUKIOp XuXaTaaH dq, =J;ds ra TeHr GOEIAR"
raH 38PAANAP XocHA 6ymami. By LUITMHIAPHI enxacnHl
y3yHAUTH I, 3apsiam dqR ra TeHr OVIral Karra Anno’lb Jef:
kapall MYMKMH. YHUHT AMMNOIHHHI 31SKTP svomeHTE

P

dP,=dg, -1 =8.lds Gynamy. Bynaar THASKTPHKHITHT el

jlainl) BEKTODMHUHT COH KHiIMaTH P, aHIIKIAHATII:
p = d}z. = 5"""1;
e W q_’ -
fyuna: dV = lds—unnuHapHIHT Naxan: 0316, ds = 'scos
—UMAMHAP ACOCH 103acH ds HHHT 15, HHHT THK JI¥H
[poeKUMACK. Y BaKTAA LMTHHAPHMHT N2IKMIL

-7‘

8,/ds 3,

¢~ Jdscosa cosa’

OyHpa:

P.cosa=3, . .3
Byepra P, cos 0. —KyT6aHu I BEKTOPH P HIMHT HOpuna® T2
KiA 3TYBYMCHAAH MOOpAT OYIraHuM V4VH KrTOJzadrap zaDso-
HITHT CUPT 3MYIUIH:

6;; = Ptr: f —/
Wyupait KUnub, xymdianearn (Goriarzarn) 305701 z

cupm sudaueu S, COH acuxamdar Kymiiariiu se L
HOPMAA MAWKUA IMYSHUCUSA MEH2OUP .
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by xynocanan myxum narixa kean6 ankanu: (8.33) ¢
MyJara GuHoan P Kyr6aiuly BeKTOpY 31eKTPOCTATHK M

LOH KYWIAHraH/MTY BekTOpY [ ra NpPONOPLUOHAIIND, |
100apiH, (8.38) gopmynara acocan KyT6aaHraH 3apsiiHy
CUPT 3HYIANUTH 5~ 3NCKTPOCTaTHK MaWaoH Ky4JaHTaHIy
BEKTOPHHMHT HODMan Talukun aTyByucH E, ra npornopuy
Han SKAHUTH Keaub uukamu:

6,. =£,, N‘IEH.

M3otpon AV3NIEKTPUKIap Gup XMHCIW KyTO1aHraHaa 60

MaHTaH (KYTONaHTaH) 3apsaiapHHHT XaXM SHUTHTH Py KYTE
MBHHW BEKTOPU P jau omumrax TECKapH ULLIOpaTN AUBE]
resuus (div) ra renrmup:

e, = —a'iv13‘,.
dP dP

oy

dy " d

83

(8.40

= (P
Oyunary dtVPe:-{T‘L‘L + —KyTO1aHKII BEKTOPH

“ox
HUHT DMBEPrEHIMSACH EKY TADKANMILM ACHHIALH.
Ulyrnatt kunu6, (8.39) pa (8.40) dopmynanap AUIEKT:
PUK KYTONAHIaHa HHRYKUMANAHTaH GOFTAHTaH 3apAUIAPHUHI
CUPT 22 XKM 3UYNHKNAPUHY TonuIITa UMKOH Gepaii.

8.9. IMDIEKTPUKIATH BIEKTPOCTATHK MAWJIOH YYYH
OCTPOIPAACKHII—TAYCC TEOPEMACH. DAEKTP HHAYKUUA,
KYYAAHTAHNINK BA KYTBJIAHWUII BEKTOPJAPHMHUHT
Y3APO BOFJIAHHLIU

Awsnexrpukaa xocun OyNran sneKTPOCTATHK MAUAOHHHU
Kapab 4nkuiga 60Fnanray (g) Ba opKuH (L!.,,.,) APy
NAPHYU Dapk Kunn6 OIU KepaK.N

Ausnextpuxaary SNEKTPOCTATUK MAHACHHUHI MHAYKUUS
naneaPi D, aKAT 9pkun aapsx (g, )ra GornMK GJH6, Kyd-
AAHTAHIINK BeKTOpY 3ca 3PKUH (g, ') Ba BOFNAHTAH {q,) 32-
psanapra 60Fﬂl/ll§111'lp. i

Papas Kunaitux, M30TPON IMBAEKTPUK 3PKHH 3apan Oy-
a1 33pganauran napampen TUIACTHHKAap opacuaark 6up

XUHCIH (E,, =const) SNEKTPOCTATUK MAlfA0HTa KMPHUTHITAH
OYICHH (8.24-pacyy), HAuanextpukna xocun 6ynra” anekTpo-
CTaTHK Ma!:"UIOHH_l_fl XaM MHRyKUMA BexTopu D OpKanu, xaM
Kyunawirarmuru £ opkanp Kapab yukamus.
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8.24-pacMzia AMaEKTPUKIATY MAHAOH MHAYKUMS YH3MKIA-
PH OPKANK TacBupnaxraH 6ynu6, y ¢akar g, —3apsara 00F-
aukAup. Bunobapun, Octporpanckuii-Iayce Teopemacura Kypa
SENKUK CUPTAAH YMKAETIaH MEKTP MHAYKUMS OKUMU Y CHPT
WIMAATU SPKUH 3apsaisap g, ra TeHT (8.24-a pacmra K):

§Dds=q,, (8.41)

§
Mkkutyn Tomonnan Octporpanckuii-Iayce Teopemachra
OMHOAH €MUK CHMPTAAH YUKAETIAH KYWIAHTAHJIUK OKHAMM LIy

EnuK CUPT MYMarK g, —3PKWH Ba ¢, —OOFNaHraH 3apamLIap-
HUHT MMFUHOKCUTA nponopuuona.mmp (8.24 6- pacmra K):

EL ds = l (qJ;m _qx\;)‘

A
fyHoaH

§tu[. ds" T I (8.42)

5

byHna bornanras sapsa q, HY 3apSIIHUHT CHPTH 3HUAHIH 3,
OpKAJI¥ KyMugary KYpUHMINLa €3uil MyMKHH:

q, = jﬁt‘rads.
o
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Ba umxosr, (8.38a)ra 6unoan §, = P, 6ynranHy yayH:

= § P ds. (8.4

5

q.,,— 9PKHH Ba g, —60F1aHran 3apagnapHuHT ndonanapun
(§'41yra xyiunca kyinnaru Xocun Gynanu:

$eoE,ds = $ D,ds —§ P, ds (8.44
s $ 5

ByHna unterpan octuaary ugoganap yaapo TeHr 6YIraHIUry-
AaH:

=¢,E, +P (8.45)

o™n en s

Oynpa: D, E, va P, xarranuirap muaykums D , KydnaaH-

rannux E Ba KYTOJNaHHLL 13f_ BEKTOpJIADHMHI HOpMaJl Talu-
KWJL 3TyBUMNIapyu 6YnraHm yuyh, (8.45) ucdona BEKTOP KYpu-
HULIAa Kyduaarnya 6ynanu:

D-eE+B. (8.452)

Wynnait xuaug, (8.45a) MyHocabaT AM3NEKTPUKAArH
SNEKTPOCTATHK MaMAOHHUHT MHOYKUHSCH 1), Ky4JaHTaHIu-
 E ga KyTOnaHui 15t BEKTOPIApUHHHT ¥3apo 60F1aHu1LM-
HY vdoganaiinu. Arap IU3NIEKTPUK u30TpOn Gynca, Kyrbna-
HHI BekTopu P, Ba MHAyKuus BekTOpU D AMANEKTPUKAArH

Maiinon Ky‘UIElHFaHHMI‘H BEKTOpU E ra MPOIOPLIUOHAI, SIbHH
P =€ X, E Ba =g, eE 6¥manu. By udonanapHu (8.45)ra

Kyiunca, ¢ ek =E,)£E+Ef_8‘_E Xocus 6yraau, GyHaau

e=1+R . (8.46)
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Wynpait KUANG, wzompon Quoackmpuiiiin: Hucot e
pUK CUneOUPYGuanuey € QuOACKMPUR KAV KUAYEHIIl

R, dant bup 6upauxka kammadup.

bapua Momtanapiisir MJIEKTpHK Kabyl KU1yt y
MycOaT KATTAIMKAMD, XAMMA MOULUIAPITIF THCOUT JL e 1y
CHHEAMPYBYAHMIH G1pan KaTTatip. (Pakir BakyyM yayn ¢ |

g2 8, = 0 6yiranunan sakyyayia KyiOIain counp HYIMIRIN.

DnexTpeTaap. Daexmpeniiap ded, sapuonaiedlt XNOAGUI Y 105,
sakm (6up Heua kyndan aan fua)eand caxaaidueail 6a ampos
$a300a Maenum matidopu xocia Kuaaduean Dot sacnumea
yxuwab Inexmpocmaniuic saiddoHnu 103aed KeAMUPYaHIL QUIACK
MpUK dcucMea aimusadu.

Ku3nMpHG spuTusiran aitpiis AH3ACKIPHK Ky DJICKIPO:
CTATHK MAHIOHAE acTa-CeKIH COBMTHATAHAA LMICKTPUKHIHI
CMPTHIA MHAYKUMSIaHraH OOFaHTaH 3apsulap y3oK BAKITA44
cakIaHML XyCyCHaTHTa 3ra OyJrad aeKTpeTiapra ajsiaHaIn.

brpunun snextper 1922 iinana AnoH dusury Eryuu T0-
MOHWAAH Tali€pnaHraH.

XO03MPTH KyHIa snexTpeT/iap MyM, CMOJa, MoauMepiiap.
OPTaHMK, AaHOPTaHMK, sipUM KPHCTAI OWDJIEKTPHK, wyaa
pa WY Kabu MofanapaaK taidépnaHanu.

Kyujl¥ 30€KTpOCTaTHK MaiIOHIATH MOAIATApHU COBATHL
fiynu OnaH—TepMoasiekTpeTaap, EPYEIMK OunaH HypiaTHo—
(OTONEKTPETIAap, PAAMOAKTHE HYp OM/IaH HypJaTno—paino-
3MEKTPETNAD, MArHWUT TabCKp OMJIaH—MArHUTO3NEKTPETIAD,
KATTHK AM3JIEKTPUKIIAPHHM KYY/U DIEKTPOCTATHK MalifoH Tab-
CUpHAA KyTB1a0—3/1eKTPOAEKTPETI4p, MOJMMEPAAPHI ME-
xaHuK fedopmMauHsiad—MexaHeIIeKTpeT1ap, uKanall Hya
fuslaH—TpMOO3NIEKTpeTIIap Ba TOXKJIM Pa3psil TabCHPpUAA—KO-
POHOEKTPETIAp XOCUA KHAMHALM. DAEKTpeTIap y3rapmac
10K MaH6au cudaTuoa Karra aMajiMil KyaiaHura sra.

DNeKTpeTiap anoKa coxacHia—MMKPOMOH, TenedoH,
referpadina, JJEKTPOTEXHUKA COXACHAa—TEHEPATOP, 3EKTPO-
METPRAp, CTATUK BOJLTMETPIAP, XKYAa CE3rUP JO3MMETP. Tibe-
J0JATYHKAAD BA ra3 GuibTiapuaa kKyjuranugany. Poro-
3MEKTPOHAAP 3Ca ONMHIaH pacMHMU yilia 3axX0THEK, Taiigpaad
fiepa onaguran anexrpodoTorpadusiad Xam KySUTAHHATIH.

Cerneroanextpuinap. Ceenemoonexmpuraap 8eo, oup Kanop
axcoiiub dusnexmpux xoccanapea sea Gyaean, mauwiki Matidou-
cU3 Y3-y3uar aaeKmp Kymoaanuiy Xycycuamay kpucmai sodda-
sapea aiimuaadu. BupuHuM mMapTa Oy xoccanapHu GH31K OHIM-
nap W. B. Kypuaros Ba T1. 1. KoGexo certer Ty3 NaKC,H,O+1,0
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— BIIO KHCOTACHHHMHI UKKMIAKTAH HATPHM — KATHHIN Tygy
KPHCTAAIAPMHH TEKMIMPHLILA ARHHKIATaH SAMIap. AHA Lyj-
nait xoccanapra 3ra 6yarad AM3eKTpUKIapra ce rHeToaJek-
TPUKAAD HOMM GepuiiaH.

CerHeT TY3MHMHT Kyiaarn acocuii xoccajiapy aHHKnal-
TaH:

1-xoccacH — CETMET Ty3W KECKMH, aHM3O0TPOTUIMK Xycy-
CHSITHIA 3ra.

2-xoccaci — aHUK OMp xapopaT opajuFuaa YHMHT Hic-
G1il AMANEKTPHK CHHIAMPYBYAHNTH Xyna KarTa 6y1ub, Kuii-
martu 10.000 ra sxuH 69nanu.

3-xoccacH — 3JeKTP MHAYKUMst BekTOopy [, ABHU ju-
JIEKTPHKHUHT HUCOMI CHHILAMPYBYAHJIMIU TALUKH Maiifoy
KyWIAaHFAaHAUTY E T4 NpOnopuuoHan 6yamaiau. By Gorna.
HHL TYPAH CETHETONCKTPUKAAD YUYH TYpPirUyanup.

e e

oo “ ~Ber
8.25-pacw

4-X0CCACH — CETHET TY3MHMHI KyT0aHnIl BEKTOPH i’ HHHr
KHIIMATH MaiOH KySnaHTaHIMLH % HUHT KiiiMaTura 3IMa,
BaIKM 2MEKTP KyTONAKMIUIHMHT OJIMHTH XONal KUAMaTir
Gornuk 6Ymuummnup. By xonucara AHMaNneKTPUK FHCTEPe3e
(10HOH. hysteresis—xeyukuu) geinaany. KyToaaHuul BeXTo-
pu P _HMHP MalIOH KydnaHTaHaury £ ra 6ornanmwm §8.25-
pacMjia TacBMpiaHraH KypMHuuira sra Oviaau. Maiinonny
AaCTAAOKM OPTTUPUILAA P, HUHT YCHIIM 3rPU UM3UK TapMory

276



D . HHUH
| Gunarl TacBUpNaHay Ba TYHUHUMIL (Pg Yra apULLIaH. Keiin

11 . ~ 14 1 ”-
3ACKTP MAIAON KamaiiTupuica, P, HIHT KaManuili 3rpwﬂ;m_
3dK TAPMOFM 2 OVituua JlaBoM 3Taid. Majtgon HoJra

7 3 D g — KO-
(E=0) 6ynranma, kyr6aanunl BEKTOpH P, ra TEHI—K
oMK KYTORaH M G6ynaan. Kongnk Kyrbiaruil I )’II{_H AyKo-
TR YHYH KO3PUATUB Ky e aTayBuu, TCCKapu uyHaii
jark F, 9JEKTp MailfoH KydlaHraHaurd Kynuiuui r\ev;’)}ill:_.
JNEKTP MARUOHHMHT GyHaAaH KEHMHTU UKIIIHK )’3rdP”“‘cwc
tH P, HUHE §3rapuiuy xaqkacuMOH drpu 4M3UK—rucTep
XATKACH OPKaNu TacBUpslaHadM.

aMma
by xoccanap takar cerner Ty3u YUyH aMac, panky Xam
CErHETOSNICKTPUKIIAP YUYH XaM TaanayKJAUAup.- e
CerHeTO3/IeKTPUKTAPHUHT XOCCanapy xapoparra “3);?:]{-
GormnK. CersetodnekTpuk xoccacu HyKonud, OLH I o
TPHKKA aitianannran 7, xapopartra Kiopy urapadura

o ap
xapopati &xut Kiopu HykTac neitunann. Kiopy HyKTacH T
10KOPMPOK Xapopatiapaa Mo~

JaNapHUHT CEFHETOBNEKTPUK

X0ccanapu uyxkonaam. babsii ® A ® /
CerHETOINCKTPUKIApAA yaap- T ,!,

HUHT 2X0inG xoccanapu xa-

popat 6yfinua xam 10KOpH, % Chima (O] T O~
XaM NAacTAaH uerapajiaHra

ukkura Kiopu HykTacu Map- g 26-pacrt
Kyn. Macanau, certer Ty3u

t, =22,5°C Ba L= 1,5°C

#kkiTa Kiopl HYKTalapi opaiMPHia cerHeTodMeKTPHK xo¢

canapura 3ra Oyiaau. e A i docdat)
Cerset Fyaunan tanikapu, KH,PO, (xauth S

KH,A,0, (xanuit Muuibsiry), BaTiO, (6aput MeTafT"xoCCﬂ'

IMONEKTPMK MOLIANAp XAM CErHeTo3NeKTpH K

napura ora. . .
ITm\ia.nua KATTa aMajIuit axaMusiTra 3ra Gyrat BaTiO, Kiopt

o L CHHI-
nykracu !, =80°K ra sxnu 6ynu06, HMc6m§_nua%lggp;g‘emml_
AMpPYBUAHITMTHHITHT MAKCHMYM KHAMATH 6000- oL -

CerHeTOAEKTPHK XOCcCanapMHUHE BYKYATE hr:DMCH Tnapra
626, KpucTasnaa Oup Xua AYHaIHUIN uHﬂOﬂgcnaﬂn_ yrapra
ara 6yAraH KMUMK coxanap y3-yaunaau BYXYIIa ' Ol MOMEHT™
FOMEHNIap AcHUIann. AHpPUM zlomex—m?pmmr {11 mmnaHllﬂ"K”r
napy TacopM(uit  paBMILA LIyHAAH opueHTa
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6)’T)’H KPUCTUUTHMHT HATHXABHUM 3NCKTP MOMCHTH HOArE TCHT

Gynanu (8.26-pacm). Makart Tawky [ 31eKTp MailaoH Tabeu-
puaa HOMEHUMHE 3JEKTp AMMAOMIApH BCKTOp OYiinab TYauK
OpHEHTALUSINAHNG KonaaK. Y3-Y3uaan KyT6naHuiu coxaiapi-
LOMEHJAPHUHT OYNMIUN CErHETOIEKTPUKNAPHUHT SHT YMY-
Miil Ba aHHK BearunapHaup. I

CerHeToanEKTPHKIAP MYXUM aMasinit axamusitra ord. Cer-
HETO3NEKTPHKIIAD acocKHIa MypakKad TapKHUOIK NHINEKTPUK-
nap Taiiépnann® Ba ym