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MYKAOAHUMA

JKYMXYPHATHMH3HUHI XO3HPTH TapakKHET GOCKHUYH Ba YHHHI TALIKH
mamaakariaap OHjlaH KEeHr KaMpoBJH aJOKadapHHHHT KYHAaH-KYHra
KeHra#ub OopHILH — OYryHrH KYHHHHr Tanabgaapu jaapaxacuaa O6u-
JHMJIH, TE€XHHKA YCKYHaJapHHH Ba TEXHOJIOTHAAHH Y3JYKCH3 Tako-
MHJJIALLTHPA OJAaAuraH, HXKoAHH TadakKyp KYHHKMaJlapHra sra 6yJ/rasx,
(baH 1OTyKJapHHH HWA6 UHKAPHLUHWUHT TYPJH coxaJjapura KyJaaa#
oJajHraH MyXaHaucjap TaHépJsallHH TaKo3o Kuaaad. By Basupanu
aMa/nra OWHPHIl YUYH TeXHHKaHHHI TapakKHH S3THIIMAA XaJ KHJIYBUH
dannapaad 6upH XHUcoOGaaHMHUII (H3HKAE (PAHMAAH YHHHI 3HI CYHITH
IOTYKJapHHH y3H1a aKC STTHPYBUH SIHFH AACTypJiap acoCHAa 3aMOHAaBHH
YKyB KyJ/iaHMaJapHHH sipaTH 3apypUsiTH naiao 6y/aan. 3epo XO3HprH
BAKTAA MaBXY/ Ky/JJaHMaJapHHUHT aKCApHSITH PYC THJHAA YON 3THJTaH,
y36€eK THIHAATH MaBXYI KYJlJ1aHMalnap 3ca KeHr KyJaauunaérran Gysca-
aa, yJap 3CKH facrypaap acocHaa €3Hjrad.

[Okopuaa 3ukp 3THATaH MyJaoXasanapra Kypa myananudaap ¢pu3Hka-
JaH TeXHMKa OJAMH HAMTOXJapH Y4YYH MYJKallaHraH SIHCH VKYB
Ky/IJ1aHMacHHH sipaTullira »asMm KHJIHIap.

Kyananma amangaru (co6uk CCCP Onuit TabniuM Ba3HPAMTCHHHHT
¢usuka OyHnua HaMuH-ycay6GHi KeHrawiw TomouHaaH 1988 f#iuapa
Tac/HKJaHraH) yKys aactypu acocuaa, A. bepyuuit Homuaaru Towkenr
HaBnar rtexHuxka [JopuadyHYHHHUHr AManui Ba Hasapuii (u3HKa
Kacgeapacu MyasJHMJApHHHHI Kyn HHA1ap AAaBOMHAArd TtynJjaras
Ta)kpuGanapura cysHraH xo/azaa ésuirad. ¥ yu kucmaan uGopat 6yaub,
[ kHcMH (PH3HKA KYPCHHHUHT «MexaHuKas, [l KHCMH «3/1€eKTp Ba MarHur
xoaucaaapH xamaa TtyakuH ontukacu», Il Kncmu 3ca «xkBaHT Ba
CTaTHCTHK (H3HUKA XaMmja TepMOAHHaMHKa» OYJAUMJapHHH V3 Huura
osajH.

KynnaHMaHUHT KYJHHrH3Aard Maskyp OHpHHYM KHCMHaa (H3HKa
KYDCHHHHI «MeXaHHKa» GYy/JMMHra oHi mas3ysaap Tabuar XoaucaJap-
HHHT Mojenaapu BocutacHaa 6aéH stuarad 6yau6, acocuit 3bTHOOP
MexaHWKaBHH XOAHCasapHH TaBCH(JIOBUH KOHYH Ba TYLUyHYaJapHHHT
MOXHMAITHHH XaMja Ma3MYHHHH HMKOH Kajap coaaapok 6aén 3Tuuira
Kaparuirad. Puauka ¢aHHHHHT KyH caiuH AHTH Guaumaap 6uiaad 60in6
G6opaérranwnury Ba 6MHOOApHH dacTypia Ky3la TYTHJAraH MaB3y/JapHHHT
XaMMacHHH papc (siekuHs1) mobailHHaa O6aéH STHIHWHT HMKOHH
6yamaranaury tygpaidad 6ab3v MaB3yJapHUHHr Tasabasap TOMOHHAAH
MYCTaKHJ Yy3jawTHpHUIapy Ky3aa tytuaran. Ly ca6aban Ba maskyp
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KyJasaHiMa PU3uKa KYPpCHHHHT noidaeBopH 6yamMuLl «MexaHHKka» GYauMu-
ra GaFHlIAHTAHJIWTHHHY Ha3apaa TyTu6, 6apua MyxuMm c¢opmyJsanap
M3YWIIHK OWJaH KeJITHPUG uHMKapHaau. XoaucanapHu TaBcH(IOBUYH
KOHYHHATJAPHUHT y3apo GOFAMK 3KaHJWrHHM 3bTHGOpra oaran xosiaa
MaB3yJApHHHT >KOlJallnuaa nacTypaa Ky3aa TyTuarasura Hucbatau
6ab3v Y3rapTHpHUILIAP KUPUTHAAH. ARpHM AacTypaaH YeTJaHduliap ca
AapCHW MyaMMouid 6aéH 3THL YCYJH acoCHAa TaluKWA 3TUWl GHJIaH XaMm
y3BUIl GOFJHUKIAUD.

Te6paHma xapakaT MexaHHKaBHH XxapakKaTJapHUHT TypJaapuaaH Gupu
6yaranaurunas Ba wy 6unan 6upra MasKyp Xoaucara oM MaB3yJapHUHT
6aéHuaa MEXaHUKaBUH SHEPTUAHHHT CAKJJaHHIUK Ba OUp TYPLaH HKKHHUH
Typra aiiaHULIK AKKOJ HaMO€H GV/HIIHHY Ha3apaa TyTu6, 6y 6yaumra
OMI MaB3yJlap Ma3Kyp KHCMra KHPHTHJIH.

Massyaap xankapo 6upaunkaap tuaumu — CH na 6aéu stuaraun; CI'C
TH3UMH XaKHAa XaM KHCKada TywyHua OGepuarad. Y36ek THIH
aTaMallyHOCJHTHHHUHT XO03HUprH O6ocKHuMaa ¢u3HKa 6YyHuua MykamMan
atamaJfjap JAyFaTH sipaTHaMarad 6yaca-aa, myasaudrap MyMKHH Kajpap
y36exk TuaMaard ataMmanapiu kyJanawra uHruaauaap. lly Gouc 6ab3u
6up atamanap 6axciau 6Y/JMILH XaM MYMKHH.

Kyanaumanuur kupuil Kucmu Ba VIII — X 6061apunu A. Kocumos, I,
I, 1V, VI, VII, XI 606aapunn X. )Kypakynos, II, V 6o6napunu
sca A. Cadapos ésraH.

Kyanauma TexHMka onuit YKyB IOpPTJapHHHHr TanabanapH yuyH
My/KaanaHran 6y/au6, yHdaH nelaroruka Oavi WIMroxu tanabagnapu
Xamaa wy coxa 6unas wyryataHaérral Myraxaccuciaap xam ¢ofpana-
HUUIJIAPH MYMKHH.

KyananMmanu taiépiaw xapaéHuaa YHHHT CHaATHHU sAXILWJIawra
KapaTHiaraH ¢pukp Ba Mysoxa3zajnapu yuyH Kadeapamus gouedtu XK. My-
XUTAHHOBra Xxamaa Kyjé3mMaHH Hawpra Ttadépaawgard éppamu
yuyn H. CaugoBara y3 MMHHATAOPYHMJIHUTHMH3HK OGUALHPAMHUS.

Kyanaumanuur cudatviy sinaga sxwuiaw 6opacuga yHaa Ky3a-
TH/TaH KAMUWIHKIApra TaaalyKJan QUKD Ba MYJ10Xa3asapHi MaMHYyHUAT
OusiaH KabyJa KHaamu3. ’

Myaaarugaap
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KHUPH I

Bu3un ypa6 TypraH Ba oHriMH3ra 6eBocHTa XxaMaa GH/IBOCHTA Ta'bCHP
ITHIUM MYMKHH 6yairan o6bekTHB GOpanK Marepus Ae6 atananu. XycycaH,
lonayanap, cadépanap, MoieKyana Ba aromaap, JeKTP, MarHMT Xamiaa
rpaBuTaLMs MaHLOHIapH Ba GowKanap MaTepHAHHHT TYPJH KYpHHHULL/a-
pHAHP. MaTepUsIHHHI MaBXYAJHK LIAPT/IapHAAH OHPH YHHHT AOHUMHH
Xapakaraa, aHHKPOFH, y3rapuiuga 6yauwuaup. MaTepHaHHHr Xapakar
(y3rapuii) kapaéHHMHH TAaWIKHA KHJAYBUHM a/OXHAA OGOCKHUJIapHH
xoducanap ne6 atananu.

®u3nka — TabuaT XOLHCAJTAPHHHUHT KEUHLUI KOHYHUATAApPH Ba TYpJH
Xo@Mcanap opacugard GoraaHHwWaapuH ypraHyBun anpup. Ly
ypHHAA XKOHCH3 TAabHAT XoancaaapH GHJIaH XKOHJIH TabHaT XOAHCATADHHH
wapTau pasHwaa Gapk/aall JO3HUMIMIHHH TabKuAIaiMu3. YeuMIuK Ba
>KOH3OTJIaDHHHI' TaHanapuia coAHp Oy/NyBUH XOAHCaJapHH GHOJIOFHK
XoAHcanap Ae6 ataw Kabya KuanHrai. Fapuu 6y MaBxyaoT/1ap XaM aTom
Ba MoJeKyJaJapHHHT MYaisiH Tap3nard OHpHKMAalapuaaH TawKua
TonraH 6yJjcaaa, GHOJIOrHK XapakaT (pH3HK XapaKaTiaH KeCKHH (apk
Kuaaau. An6arra 6y xapakaTaapHUHr Ty6 MoxusatTH 6Hp acocra —
aroM Ba MoJleKyJaJapHHHT Y3apo TabcHpJallyBura acociasrad. lly
ca6absiy X03Upru 3amoHaa 6nopusnka, pH3nkaBHi xuMHs Kabu dpanaap
KYNrMHa aMajui MacajajapHH eudlifa XaJ KHJIYBUH axaMHAT Kacbh
KuiaMokaa. lOkopuaga aifiTuarangaapaad  (H3HKa <« KOHCH3» TabHaTt
XOAHCANaPH KOHYHUATIApUHH YpraHyBuH (paHaHp, AeHHII MYMKHHJHIH
Keyin6 uyukaaH. [lemak, ¢u3uKa (aHHHHHI YPraHHil COXacH XKOHCH3
TabHar XOAHCaNApHIAHP.

®dusnka Ttabuuit ¢danaap opacuga anoxuaa $av cudaruaa
WaKANaHHO, XO3HPTH 3aMOH (PH3HKACH JapakacHra KearyHua 6Hp KaHua
TapakKHET 60CKHuaapuuu O6ocH6 yrraH. By O6GoCcKHUNApHH WAapTJH
paBHUIAA KyHHAarH acocHi TYpT Aaspra 6YHIl MyYMKHH: KaAHMIH aHTHK
naspaad XVI acp oxupuraua 6y.araH naBp, du3HKaHHHT (aH cHdaTHaa
wakanainm  gaspu  (1600—1700 i#unnap), myraka66ua (KjaaccHk)
(DH3HKAHUHT AXJUT Haszapus cudartuaa wakananuw paspu (XVII acp-
HHHT OXHPH — XX acpHHUHT GOLIH) Ba HUXOAT, XO3UPTH 3aMOH (pH3HKaCH
JlaBpH.

AHTHK RaBpaa TabHaT XOAHCANTAPHHH HIMHH paBULIAA Ky3aTHIL
Ba TEKIIHPHLLJIAP acOCaH IOHOH QJHM/JaPH TOMOHHAAH O1HG GOPHJITaH.
Ynap uik pu3vKaBHH KOHYHJAPHH sipaTaHaap.
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JLeMOKPHT TOMOHHIAaH MaTepHAHUHT Maiaa 6ynakaapu 60WKa KHUHK
6ynakaapra 6yJMHMACAHIY TYFPHCHAArH QUKPIAPHUHT ONFaA CYPHJIHLIH,
Apacty (ApHcToTeNb) TOMOHHAAH MEXaHMKAaBHH Xapakar 3jeMeHTJaapH
(yHCcypJapH), TYFPH Ba 3rpH YUH3HKJIH MeXaHUKaBHH xapakarJjap, puuar
Ba YHHHT MYBO3aHAaTH KOHJAa/apHHHHI aHHKJIAHHIIH 3paMU3AaH ONAHHTH
V — IV acpaapra xocaup. Ipamusaan onauurd Il acpna onamuuur
reJIMOUEHTPUK TH3HMH (CHCTeMacH) TYFpHcHaa GuKpaap, Ep 6uaan Kyéw
Ba Oii opacuna EpyFIMKHUHI TYFPH YH3UKJH TapKajuilH Xakuiaard
KOHYHHSITNapHUHT aHuKJaHWlWwy (EBKAmMA), afinnKca, ApXHMeA TOMOHH-
laH CTaTHKa acocJapHHHHI — mapaJjJjies KyuJapHH KWW Ba puuaraap
Ha3apHACHHUHT — SAAPATHJHLIM XaMAa YHUHT HOMH OunaH GoF/IHK GyaraH,
JKHCMIAPHHHT CY3HI LWApTJapd acocuia rHAPOCTATHUKAHHHI acoCHH
KOHYHJIAPHHHHT OUYHJHLIH (PU3UKAHHHT TapaKKHETHra MYXHM XHcca
Kywau. Baranmyc (Mronomed, I — Il acpnap) épyrauxkHMHT cHHUW
XOCCAacHHH Taxpuba acocHaa teKiIHpH6, armocgepana 103 GepagHras
pedpakuHs KapAEHHHH TYLIYHTHP/H.

Ypra acpaapra Keau6 HiM-daHHUHT puBOoKIanuwu apkui Apab
Ba Ypra Ocué mamnakatnapura kyuau. Aitnukca, IX — XII acpnapaau
60ui1a6 PH3HKAHHHT F€OMETPHK ONTHKA, CTATHKA, THAPABJHKA, MEXaHHKa
Ba OowkKa coxanapu OYHHua Kynaa6 WIMHI Ky3aTHLuIap Ba TeKLIH-
pHwIap onu6 60puaIH.

An ®opobuit (980—1051 #uanap) ApactyHudr Ta6uuii daunapra
oua «DPusukas, «OcMoH TYFpHcHAa», «Metposiorus» Kabu HIMHI
uuapura,: baTtjJMMyCHHHr acTPOHOMHA COXacHAard Hliapura Ba
EBKAHAHUHT MaTeMaTHKa coxacHard Hiujapura wapxjaap €3ad xamaa
Kenraiitupau. lllapkuuur 6yiok antomacd H6u Cuno (980—1037) TH66H-
€T, aJIXMMHs, MaTeMaTHKa Ba GollIKa coxasaplaH TawKapH QH3HKAHHHT
xapakar, Kyu, 6yuisiuk kabu ¢gancapuii macasanapu 6unan WyFrya1aHuo,
y3unaH KeHHHrH paBpJaapaa simab yrran kynaab onuMaapHH xa#paraa
KONAHUPAH. Y TreoMeTPpUK ONTHKA XamIa HHCOH KY3UHHHT KYpHILL
cababaapu xakupa atpodadua Mabiaymorsap Oepau. ®Pu3uka ¢anHu
myamMonapu io3acinadn HM6u CuHo Ba DBepyHuilHuHr Vy3apo caBoi-
Kapob/aapH AMKKaTrra casopopaup. KymaanaH, Bepyuuiinuur «Arap
HCCHKJIMK MapKasjaaH Y3oKJauyBud 6yaca, numa yuyH ‘Kyéuwnad 6usra
HCCHKJHK Keu6 Typanu? Epyrauk Mmoanamu, opasnapmy (cudartiapmn)
ékn Goulka Hapcanapmu?» perad caBoaura M6 CuHo wyHaa# xkaBob
6epanH: «bHIMaK KepakKH, HCCHKJIHMK MapKa3laH y3O0KJjallyBUW MOAAA
IMac, YYHKH HCCHKJIHK XapakaTt KHIYBUYH Hapca IMac; HCCHKJIMK Xapakar
KHJIYBYH XKHcMAa Gy/raHuaau, iopub Typrad keMajzaru HHCOH kabu opas
BOCHTacH 6uiaH XapakaT KHJyBUYH Hapcaaup». ByHman tawkapun U6H
Cunounnr bBepyHuit caBosnapura GepraH »KaBoGJapH, YHHUHT JIHH3a-
JApPHHHT KaTTaJalUTHPHLIH Ba yJaapAaH ¢oijataHuli XaKuaard Mabay-
MOTJ/1apH, EPYFIHKHHHT CHHMII KOHYHJApH, MOAAa1apPHHHT HCCHKJUKIAAH
KeHraHHIUK Ba COBYKAAH TopailMuiH, EpPHUHr TOPTHW Kyud Ba Goiwika
¢bu3nKaBHi XoaHcanap Xakuiaa WIMHH MyJjoxa3anap ioputHiid H6H
CuHoHMHT (Hu3MKa coxacuna §3 naBpHiaH OGWp Heua acp H/Arapujiab
KeTraHHHH KypcaTalH. )

busuka ¢danvHUHr TapakkHéruaa Oylok anjaoma A6y Paiixou
bepyunitinur (973—1048) uamuit nuiapH onamiiymya axaMuaTr Kach
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3TanHd. ¥ Tabuart xoaHcasapHHH, XKyMJAanaH, EMFUP, LUYAPHHT, KHPOBJ1ap-
HHHI XOCHN GYJHLIMHH, YAaKMOK, MOMaKaaiaHpok, Pycram (éku kama-
NAK)HUHT naiao 6Vianw cabaGuHKH, 3pTa TOHT Ba KEeUKH OKLIOM O3
Kyéu nypuaaH xocun Gyaaaurad wagpak XOAMCACHHH, >KHCMJIAPHHHT
OFUpPJIMKIAH Ep' Mapka3ura HHTHAHLIHHH, Ep 1WAKAHHHAHT lIapCHM OHJTHTH-
HH HAMHH acocaa TaxJaua Kuau6 Gepau. Bepyuuii y3unHuur «Tadpxum»
HoMJaM acapupa «Ep 103 xaBo Guaau ypaJran, cyB HcuraHaa Gyrra
aiinaHu6, xaBora KyTapuJand, KeHuH OyayT XocHJ O6yjaaau. YHia
TOMuHsapra aiaanub, éEMmrup 6yan6 éranu. ToF Ba TenaJjiHknapiaH OKKaH
cyB TynnaHu6 (kynadub) napé XocHa KHJaaau» — neb é3aan. ¥ O6y/a0K
CYBHHHHT OTHJH6 UYHMKHII ca6abiapHHH KyHHIaru4a TYWYHTHPAAH:
«ByJloOKJapHHHT KalHawK Ba CYBHHHT IOKOPHra KyTapwiHIlH CYB
MaHGauHHUHT GyN0KNapAaH I0KOPH Typranwaurigauaup». bepynuii genrus
CYBUHMHT KyTapuaHwM Ba TywHwura OHHHHT TOPTHIU Kyud caba6uH
KaHJHTHHH H3oxJAaiad, Kyéw Ba OHHHHr TyTuauw cabaGiapHuH
kypcaraaH. «'eone3ansi» kuTo6HAa y3u sicaran ac6o6aap épaamu GunaH
OCMOH EpHTKHUJIAPDHHHHI XO1aTH Ba XapakKaTHHH XaMja Xoijaap
KEHIJIHKJApHHH aHHMKJaraHJiuruid 6a€H KHaaaH.

Byrynna Toppuuennn Homu Gunad 6ornab lopuTHiaaérrad 6yiIuank —
BAKyyM XakKuiaaru mabiymoriapHu BepyHuit yunan 640 iun mykagaam (!)
6epran 3a4. Y nayHéna OWPUHUH OYAHO IKHUCMJAAPHH KAaTTHUKJIHK,
wagoohiHK Ba COMHIUTHPMA OFHPJAHKIApH Kabu xoccajapura kapab
tTypJaapra axparad xamaa 50 ta moana (9 merana, 18 cyiokauk, 15 ta
MHHepaj Ba OOWKA TYpJH XKHCMJIAP)HHHT XO3HPrH 3aMOH AHHUKJHK
papaxacura siKHH 6yaraH COJHILUTHPMA OFHpJHKAapHHH Tonau! Bynap
sca BepyHuliHuHr amanuit pU3HKara acoc coNraHJaAUriAaH €épKuH Aanonar
6epaan.

XV — XVI acpnapna ¢u3uka coxacugard xajaJj IoKcajHll acocaH
Htanusa onumaapu tomoHugaH amadra owspuaad. By naspaaru 6yiok
onumaap Jleonapao na Bunuu (1452—1519), Fanuneit (1564—1642) Ba
6owkanapamp.

Fanuneil actpoHoM, MaTeMaTHK, aHHK TaGHATILIYHOCAHKHHUHT acOCUYH-
CH Ba (pu3HK 6Y/1H6, HDU3HKAHHHT MyaiisiH NPHHUHKNIAapra acocaaHran ¢gax
cHdaTHaa WaKAIAHHIIMAA XaJd KHJIYyBYM axaMmHusTra . sra GyJraH
Kamqmému APATTaH OJIUMAMP. Y OHpuHUM TeJeCKONMHH sicald Ba iUy
teseckon épaaMuaa COMOH HYIHHMHT XKyna Kyn lo.nnysnapnaﬂ TalKHI
TONTAHAHTHHH aHHKJAIH.

®usuxkanuur ¢pan cudarnga wakaaanuw gaspu XVII — XVIII acp-
JapHH ¥3 nuvra onaan. By naspaa Kenaep ToMoHHAaH KYpHLUI HA3apHSACH,
EPHTWIraHJIHK KOHYHJIAPH Ba JIMH3a popMmyaacH aHHKAaHau (1604 iiun).
Byryu onam ropTHitH KoHyHH (Hbloton,1665 i.) Ba 6owka KynruHa
KOHYHJIapHHUHT Kall( STUIHIIH XaMAa €PYFAUK T€3JTHIHHHUHT aHHKJIAHHILH
(Pémep, 1676 ji.), EpyFAMKHHUHT KyTONAHHILH BA TYJKHH HAa3aPHACHHHHT
aparuanwn  (To#renc, 1678 ii.) 6y AaBpHHHI acOCHH OTYKJapHiaH
XHcoOJaHalH.

XVII acp OXHpHAAH TO XX acpuuHr 6ouniapuraya Myraka66ua (knac-
CHK) (u3HKa Tyna KypHO 6yaunan. XVII acpHuur oxupuaa HblotoH
¢GH3UKaBHI HYKTaM Ha3apaaH AyHEHHHT SIXJHT MaH3apacHHH TacBHP.aab
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Gepau neiu MyMmkuH. HoloTonnan Makcsenaraua (1687—1859), yunan
Penrredraua (1860—1894) Ba cyur DitHwrelinraua (1895—
1904 i1.) 6yaraH naBpnrapaa Mytaka66ug GH3HKA TapaKKUETH1a KECKHH
yarapuumap coaup 6yau6, Oy y3rapuwnap atpop Myxurra myadsiH
Tapsaa siHruya €upounuira onu6 keaau. lllynnail kuanb6 myraka66ua
$H3HKa Xap TOMOHJama TYJAHPHIAH Ba acociaHan. Hatuxana ¢usuka
tabuar xakuaard ¢pancadpuit daHn noMpacHaaH YHKHG amatuil Hazapusra
anNaHH.

By naBpaa 3apsianu 3appayanapHUHr XapakaT Ba y3apo TabCHpJaa-
WKLl KOHYHJaPH XaM KeHr MHKéciaa ypranunau. 1785 iuan Kyaod
3apaANapHHHT Y3apO TabCHPJALIHI KOHYHHHH TaXJWAHH (aHAJHMTHK)
ycynna 6aén Kuiaub Gepau. Feopr Om 3ca 1826 iiunu snekTp TOKH Ba
KyUJaHHIl TYLWHLWHHAHT YTKA3THU KapIIHIHTHIa GOFJMKJMIHHH aHHK-
JaaH.

Amnep, 3pcren, buo Ba CasapaapHuHr xamza Papapeil Ba
JlenuaapHuHr Taxpu6a Xamjaa HJAMHH H3JaHHLWIIAPH HATHXKacHAa
3JIeKTPOMArHeTH3M COXacHAa XKYAa MYXHM KalipHétiap KHAHHIH
(1820—1830 iiuanap). Xycycan, ®apaneit ToMoHHAAH Kalld KHJIHHFaH
3JIeKTPOMArHWT HHAYKLUHA XOAUCACH KeHMHYaNMK (pH3MKAAa HHKHI0OHH
yarapuwnap coaup 6yavuinra cabab 6yanu.

By naBpaa ¢anpa épyrauk Maiaa 3appadanap OKMMHIAHpP neraH
Kapaw XxykmpoH 3au. 1860 imasapana Makcesenn ywa Bakrraua
yTKasuaraH TaxkKpubanap HaTHXKAJNAPHHH YMYMJALITHPUO EpYFJHKHHUHT
3/1eKTPOMarHuT Ha3apHsACHHH sipaTAd. By Ha3apus Te3 opana Ttaxkpuba-
Jap BOCHTAcHAa TACAMKNAHAH Ba MYyTaKaOGOWUn (PH3HKAHHHT 3HT MYXHM
I0TyKJAapuaan O6upu cudatuaa TaH oauHAH. Mexanukana HbioToH
Ha3zapuscH, 3JeKTPOAMHAMHKaAa 3ca MakcBeaa Has3apHACH «XYKMPOH»
Hazapusnapra adhaaHub, MyTakab6un (H3MKAHMHT HKKH MYCTaxkam
ACOCHHH TAWKHA Kuaaunap. By HKKH Ha3apusaaaH TawkKapH MOXHATH
XKHXaruaaH GUPMYyHUa KEHIPOK YMYMHHAJIMKKA 3ra 6Y.raH TepMoauHaMH-
Ka MyTakab6us (PH3HKAHHHT YUUHUYH MYXHM TapKUOHH KHCMHHH TaLUKHJ
KHJaaH.

Mytnak Kopa >XHCM HYpJaHHIIMHHHT Ta)xKpubanapra Tyjaa Moc
KeJyBUYH HA3apUACHHH fIpaTHLI HYJAHAArd H3JaHUWAAP 3Ca MYTAaKa66HA
pH3HKana XyKMpPOH 6y/raH «3HEepPTHAHHHT Y3JYKCH3 Y3rapulin (I0THIH-
LK, HYPJAAHTHPHJIHILK)» XaKHAArH TacaBByp/iaplaH BO3 Keuulura oiu0
keiad. Hemuc onumu Maxc [aank yH HHANHK THHHMCH3 H3J1aHH WIJ1apAAH
CYHI MYTJIAaK KOPa XHUCMHHMHT HYPJAHHLIM KHYHK yayliuyanap cugaruaa
Y3/yKCH3 paBuilliaa coaup 6yaanu, n1eb6 Kapajicaruua taxpuba HaTuxKa-
Japu Ha3apui XKHXaTAaH TYWYHTHPHIAHIIH MYMKHHJIHTHHU KYpCaTiH;
y ¢aHra 3HeprusiHHHr [JUCKPETJHIM XaKHAAard TacaBBYpPHH Ba KBAHT
TYLIYHYACHHH GHPHHUH 6Yan6 kuputad. 1911 iunu Pesepdopn atoMHHHT
caliépaBuil (nnaHerap) MOLeJNHHH Ta)kpubasap BOCHTACHAA aHMKJarad,
myTtakab66un ¢u3nka KapwucHaa siHa 6up Myammo maiao 6yanu. By -
MyaMMO ATOMHHHI TYDFYHJMIH XakHaard Mmyammonup. MyaMMOHHHT
MOXHMATH WYHAAKH, MakKcBeal 3JeKTPOAHHAMHKACH KOHYHJapHra Kypa
TedjaHHil GuJaH XapakaT KHJaérraH Xap Kahaaidl 3apan yauaal
3/eKTPOMarHUT TYJKHHIAPHH Y3JYKCU3 DaBHILAA HYPAJHTHPHO TypHLUIH
Jo3uM. By MyamMonapHH Hasapuil uUXaTAaH Xad KHIHII YYyH oiub
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GOPHATaH HAMHHI H3JaHHLLJIAP HATHXAcH yJaapoK MyTaka66ua ¢usuka-
laH acoCHH KOHAajsapH Ba TyllyHuaJdapu 6unan Ty6naH (apK KHIyBUH
XO3UPTH 3aMOH (PU3HKACH 103ara Keaau.

Xo3uprd 3amMoH (H3HKACHHHHT SIPAaTHWIHIIK Ba lUaK/AJaHHUIKAA
MyTagakkup onumaapaan AabbGept DitHwreitn (1879—1955 #.), Makc
[Mnaunk (1858—1947 i1.}, SpHect Pe3zepdopn (1871 —1937 i.), Huabe bop
(1885—1962 ii.), dpeun llpénunrep (1887—1961 ii.), Bonbdraur
[Tayaun (1900—1958 #.) Ba Gowka kynna6 OJHMJAPHHHT XHCCalapH
Gekuécaup. XycycaH, IHHuITeHH «XapaKaT/JaHyBUH KHCMJIAPHHUHT
3/1eKTPOAMHAMHKACHIra OH1» HOMJH acapuaa HbloTOH KOHYHJapHHH KaTTa
TE3JHKIAp XOMH YUYH YMYMJAWTHPYBYH Maxcyc HHCOGHHIHK Ha3apHACH
acocaapuHd uHuab uyvkad. Maxcyc HHCOMHMHK Ha3apusiCH XO3HPTH
3aMOH (PH3HKACHHUHT Ae6ouacH 6yaiu.

Ipénunrep, Mayaun, Anpak Ba Gouikasap aMaJjja XO3WPrH 3aMOH
(hU3UKACHHHHT Ha3apuil acocsapuHu uwaab uukadaap. SlHrH rta-
caBBYpJlap acocHAa fipaTWJraH XO03MPrd 3aMoH (pu3ukacu MyTakabGH.
¢du3MKaHH derapaBHil Xon cHaruaa y3 vuvra oaau. Ly 6unan Gupra
MyTakab6ua (pH3MKa Xan KHAHWM YyMyMaH MYMKHH 6yJmaraH MHKpo-
onaMra Xoc xoaucajapHHHr 6apuyacHHU AAIrOHA HYKTaW-Ha3apAaH Kapab6
TYIWYHTHPHO Gepay.

®aH Ba TexHHKa y3apo y3Buil 6ornaHraH. P aHHHHT PUBOXJAHHILU
TEXHHKAHWUHI, TEXHUKAHWHT PHBOXJAHHIIH 3Ca (QaHHHHr, XYCYCaH
(DH3MKAHHHT SIHTH IOTYKJapra 3pHILHILIHTa HMKOH GepanH. PH3HKaHUHT
PHBOXJAHHIUK XamMMa BakT 6owka Tabuuil ¢anaap 6unaH yambapyac
O6OFJIHK 6Y/H6 Kenau: 6Y pUBOXKJIAHHIL KHMEBUHA PH3HKA, acTPOPH3HKA,
reopusrka Ba GowKa ¢QansapHu fipaTHiira oIHG Keaau. IJEeKTpOH
MHKPOCKOI Ba PeHTreHOCTPYKTYpa TaxJ/Ju/H Kypuamanapuaan ¢oitnana-
HULI MoJeKyJaJjap Ba XyxKaipanapHd 6eBOCHMTA Ky3aTHil, KpHcTajaap-
HHHT TY3WJHUIMHH, MypakkKaG GHONOrHK Ty3WIMasJapHH Yyprasuiuia
KHMMat6axo mabaymoraap Gepau. KeaHt Hasapusich Kumésuil GorJa-
HHWNap TaGuaTHHH Ba peakUHsNap KHHETHKACHHH YPraHHUIAa MYXHM
ypHH TyT™MoKAa. Paanodu3lnka Ba 31eKTPOHHKAHWHT PHBOXKJAHHILH
paaHoacTPOHOMHSAHHHI Naiao 6yauuiura oiaub -Kenad, acrpodusukana
KYnaab oTykaap KyJara KHPHTWUIAH. YJAbTpaTOBYW Ba Ja3epJapHUHT
MUXTHPO 3THAMWH Tabo6aT AMArHOCTHKACH Ba Tepanuaga XH3Mar
KHAMOKAA. Slapo du3uKkacH reoviorusaina, Ep KasuiManapuiu aHHkJallaa
KYAJaHHIMOKAA. DJIEeKTPOTEXHHKA, pPaAHOTEXHHKa, PalHO3IEKTPOHHKA,
aBTOMAaTHKAa, KOCMOHABTHKA, TeJHOTEeXHHKA, KYPHUJHLI TeXHHKacu Ba
xap6uit TexHuka xaMm ¢u3uka GunaH uyambapuac OOFAHK. SpuM-
yTKa3ruujapHid ypraivll MHKpPO3/JIEKTPOHHKA Ba 3Je€KTPOH XHcobJaaul
mawnnanapu (IXM)uunr ro3ara kenumura caba6 6yagn. DXM sca
({H3MKa Ba TeXHHKaaa OJIMHFaH HATHXXaJapHH TaxXJH1 KHJIHILAA Hil
YHYMIOPJHTHHH 6eHUX0R owiMpMokaa. lllyHnai Kuau6, ¢pusnka Xo3upru
3aMOH (paHH Ba TEXHHKACH PHBOXXJ/JIAHHLWIWHUHT aCOCHHH TALUKHJ KHJHO,
6apua MyTaxacCHCJHKJap Y4yH 3apyp OyaraH Xxycycuil ¢paHaapHu
y3jqawTHpHILIAA XaMAa YKyBUWJ1apAa MaTepHaJHCTHK AyHEKapallHH
WaKJAJdaHTHPHIWIAA 3apyp 6yaran acocuit dannapaad 6upuaup. WyHuur
yuyH 6y (aHHH Xap TOMOHJAamMa Ba MykaMmaJsa ypraHMmacaaH TypHo
XO3UPrH 3amMoH Tanabura kaob® 6epyBUH MYXaHAHUC OYAHII MYMKHH
IMmac.
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IBOB
MEXAHMKAHMHI ®U3UK ACOCHAPH

1.1-§. MEXAHUKA MAB3YM

dusukaHMHr MexaHHKa O6yauMMHIa KHCMJIAPHHHT Xapakar Ba
MYBO3aHaT KOHYHJapH ypranunagu. MarepusaHuHr xap Kanga yarapu-
K — XapakaTAHp. MartepusstHUHT 3Hr colla XapakarsiapupaH OGu-
PH MeXaHHK XapakaT O6yiu6, MexXxaHHK XapakKaT JAeraHaa
AKHCMIAPDHHHT €KH JKHCM KHCMJIApPUHHHT GHp-Gupura HucbataH Kyduiuu
TywyHHaaau. OCMOH XHCMAapH, ¢pyT6Oa TYnH, napénaru cys, Taiépa
(yuok, camonér), coat MHIH, Ky3FaaMac VK aTpoguia aillaHyBUH XKHCM
Ba OolIKaJapHHUHT XapaKaT/iapu MeXaHHK Xapakarra wmucon O6yaa
o1aaH.

MexaHHKa acocaH HKKH KHCMIa — KuHemaruka Ba JuHamukaea
6ynuHaan. KuHemaTukaga XxapakaTHH YHH 103ara KeJTHPYBUH ca-
6abnapHu xucobra osnmMaraH xoujga ypraHuaaaun. JlMHamukaga 3ca
XKHCMJAp XapaKaTHHH YPraHull Ma3Kyp XapaKkaTHH i03ara KeJTHpPYBYH
cababnapra 60fn1ab onn6 GopuIaaH, STbHU [HHAMHKA KUCMJAPHHHT
y3apo TabCHPH HATHXKACHAA YJAPHUHT THHY XOJATHHUHT éKH XapakaTH-
HUHT V3rapHIUHHH YpraHaguraH MeXaHUKaHHHT GUp GYIUMHUAMP.

PU3UKAHHHT MexaHWKa OYyauMH (V3HHUHT XO3HWPrH TapakKKHeT
6ocknunga) HbIOTOH MexaHHKAcHHM, PEIATHB MeXaHHKAHM Ba KBaHT
MeXaHHMKacHHH ¥y3 Huura onaad. HblOTOH MeXxaHUKAacH MaKpOCKOMHK
XKHCMJADHHHT «CeKHH» XapakaT/apuHH YpraHuii GuiaH WYFyAJIaHaAH.
MaKpoOCKONHK XHCMJap /JeraHaa FOAT Kym COHAAarH aToM Ba
MoJieKyJanapAaH TalliKHj TONraH >XHCMAapHH TywyHamu3. «CeKHH »
(ékM HOpeNsiTHB) XapaKaT AeHMAraHAa Te3JHKJAapH EpPYFJIUKHHHF
Bakyymaard te3aurn (c=300000 km/c) paH xyma KHYHK OyaraH
XapakaTJlapHH TYIUIYHHII Kepak.

Kuéc cudarnna wiyHn aliTHin Kepakki, EpHUHT cynbhil dynnownapu-
HUHT XapakaTtH (rte3nukisapn =8 kMm/c), Epuunr Kyéw arpoduaa
y3 op6utacu 6yina6 kuinaauran xapakatH (v=30 km/c), Kyéuw
TH3UMHAArH cadépanap, AyMJH IoJay3nap (KoMeTasnap) Xapakar,
taiépa (camoniér)iap xaMmia oOAAHH 0K TallHll BOCHTaJapHHHHT
XapakatJapH CeKHH Xxapakartjapra Mucoa 6ynamu. Hcraaran mopani
HYKTa/jap, CaMOBHH »XHCMaap, CYHbHH Hyadowsap, (a3oBuii Kema-
JIAPDHHUHT XapakaTiapH Ba YJapHHHI MYaHsiH BaKTAardH Ba3HATJIAPHHH
aHHUKJAll €éKH onauHAaH aiTu6 Gepuiun HbIOTOH MexaHUKAacH KOHYHJIApH
acocuga onub 6opuaanu.

JKucMiapHHHr MyBO3aHAT LWIapT/JapH MeXaHWKaHWHT cTartuka aeb
ataiyBud OVaMMHAA yprauunaad. MyBo3aHaT Xo/iaT XapaKaTHHHT
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XycycHit xonu 6ynrananru tydaidau cratika 6yiuMH AMHAMHKa GUaH
6upranukia ypraHujaiH.

Karra Ttesnuknapaa (€pyFauK Te3nurura sKHMH Te3JHKaapia)
JKHCMJIApHHHT (LY XXYMJajaH MHKpO3appafapHHHT) XapaKaT KOHYHJa-
PHHH peaAaTus mexanuxka ypraHaad. PensituB mexaHuka DHHLITEHHHHHT
Maxcyc HUCOMAJHK HazapHusicura acoc/JaHrad Ba y HbioToH mexaHHKacH-
ra Huc6aTaH aH4a KeHr KaMpoBJH coXaaup. ¥ HblOTOH MeXaHHMKACHHHHT
KOHYHJIapH Ba KOHAAMapHHH HHKOP KHAMaHAH, paKar YHHHr KyJAJaHHLI
yerapasapuHu Oenrnnab Gepaad; XycycaH, KHUMK Te3djHkaap (v<c)
14 peJIiTHB MeXaHHKa KOHyHJapH HblOTOH MeXaHWKacH KOHYHJapHAaH
n6opar 6yn1u6 KoJaaau.

MatbayMKi, MakKpOXHCMJap MHKpoO3appajapaaH — atomjaap, MoJe-
KyJjajnap, 3JemeHtap 3appanap (nMpOTOH, HEHUTPOH, 3JEKTPOH Ba
6GowKanap) AaH TawKHA ToNraH. MHUKpo3appajapHUHT XYCYCHAT/IapHHH
Ba XapakaTJapHHH VpraHull IWIYHH KYpcaTaaukH, 6yaap yuyH HbloToH
MEXAHHKACHHUHT KOHYHJAapHHH TaTOHK KHJAWG 6yamac 3KaH, AbHH Oy
KOHYHJAPHHUHT KYJJaHHIU COXacH yerapaJiairal sKai. Macanau, HoiotoH
MeXaHHKacH/la )KHCMJIAp (Ba MHKpPO3appaJjap)HHHT XapakaTHHH H30X-
Jallfa yaapHUHr ¢asofard BasHATH BakTra GOFIHMK XOJ4a Mya#HsH
KoopauHarajgap Ba Te3/HKJAap opkaju udoganaHaad, S’lbHU XKHCMJAAp-
HHHT XapakaTH YHUHI aHHK TPaeKTOpUscH opKanau Gepunaau. Taxkpuba-
JApHHHI KYypcaTdluWya, 3JeMeHTap 3appajlapHHHI XapakaTH aHua
Mypakkab tabuarra sra 6yjau6, TpaeKTOpHs Xxakuiard TywyHuya 6y xonaa
aHWK MabHOTa 3ra 3Mac 3kaH. BynaaH tawkapu HoioToH MexaHukacH GUp
KaHua ¢pu3uKaBHil XoAHcalapHH — deppoMarHeT13M, YTa OKyBUaAH/IHK Ba
6olIKa KaTop XOAHCalapHH TYWIYHTHpa oaMaad. By MyamMMonapHu xan
KuauWw 6yiiHua uaMui TankKHKoTnap Ba takpubajap HatuxkacHia ¢u-
3HKajla sHrd HAYHaIHW — K8AHT Mexanukacu Ba y OunaH O6OFIUK
paBuiaa HbioToH MexaHukacHaard TacaeBypJyapiaan (hapk KHJIaaHrad
SINFM TacaBByp Ba TyluyHuajap naWao 6yaau. KBaHT MexaHHKAcH
MHKpO3appasapHUHI XapakaT KOHYHJIapDHHH Ba MHKpo3appaJjapiaHd
TY3WIras TH3HM (MacanaH, KpHcTassiap) O6unan GoraukK (pU3UKaBUH
XOAMCANapHHUHT KOHYHHAT/IADHHH YypraHaid Ba (HH3HKAHHHT aCOCHH
MyaMMmonapuaad 6upH GyaraH MoaAa TY3WJIHIUHHH TAAKUK KHJAHLIAA
XaMjJa axkcapHAT MAaKpPOCKOMHK XOoAMCaJapHH VypraHduijia MNOHAeBOp
XHco6aaHaau. KBaHT MexaHukacH y3 Has6aTHaa HOpeNsiTHB Ba
pendATHUB KHcMJaapra 6yauHaad. KBaut mexaHukacH 6H3HH Yypab
ofirad Tab4Mar XOAHCAJapHHH YPraHullila KeHr KaMpOBJIM TacaBBypJiapra
acocsaHradn 6yau6, HeloToH MexaHuKacu yHUHT GHP XYCYCHH XOJHIHP,
AbHH KaTTa Macca/d XXHCMJApHUHT €PYFJHK Te3Jiurura Huc6araH aHuya
KHYHK Te3JHKAapu OHjaH GOFJHK XOAHCAJapHH akC 3TTHPYBYH KBAHT
MexaHHKacH KOHYHJapu Gesocuta HbIOTOH MeXxaHukacH KOHYHJapura
asaHanu.

[TupoBapanaa wyHu alTH Kepakku, HblOTOH MexaHHKacH XO3HPrH
BaKTAA XKYAa KeHI Ba MYyX{M coOXajlapaa KyJIaHWJasnTH Xamiaa
aKcapHAT XoJJaapna TeXHHK JKapaéHjsap Ba OCMOH MeXaHHKACHHHHT
Hazapuit acocu 6ynu6 KonmokAaa. LLIyHHHr yuyH Yy Y3HHHHT HWIMHH Xamaa
aManHid axaMHATHHH Xeu KauoH HykKormawau. KBaHT MexanHkKacH 3ca
Ppu3uKa GaHu TAPAKKMETHHUHT XO3HWPrH 6OCKHUHAArd noiaesop Basuda-
CHHH yTamoKia.
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1.2- §. KUHHEMATUKA ACOCHNAPH

Tabuargary MaBXXyd »KHCMJIAPHUHT Ba3sHATHHH, XYCYCHATJIAPHHH Ba
XapakaTJapuHH yprandiuga xamaa yaap OuaaH GorauK 6yarad
>)KapaéuJapHH TacBHpJaliaa KYHWAIraH MakCalHHHI MOXHATHra Kypa
{u3nkanaa xap Xuj COAAANALITHPHITAH YXILaTMaRapAaH (MoaeaapiaH)
(oiinananunand, AbHH MaBXKYy/[ OObEKT/APDHH YJAAPHHHI Hiealalirad
HycxacH — moneau 6unan anmawtupuaaid. llly makcanna ¢puaHkaHuHT
MexaHuKa O6yiHMMHAa MOAAHH HYKTa, Mytaak (abcoaioT)
KaTTHK XHCM, Y3JAYKCH3 (AXJAHT) MyXHUT Ae6 atanaauras
MexaHHKaBHH YyXliaTManaphaH (Moaennapiad) ¢poiaasaHuaaiu.

Yprauunaérraun wapoutaa reoMeTpuK yauamiaapH Ba WAKJIH XHCOGra
OJIHHMaHJuraH xamaa maccacH GUp HyKrara TyniaHrau neb KapaJsan-
raH xap KaHaad »XWUCM modoud Hykra ne6 atanagd. Moaaui HykKra
TYWIYHYacH HWJAMHH alcTpakuusa xucobsaHaav. Dy TywyHuaHu Ku-
putransa 643 acocHi IBTHOOPHH YpraHuaa€érraH XoOAHCAHWUHT 6o
MOXHAITHHH aHuKaa6 GepyBUH TOMOHJApHra KapartuH6, Gollka XyCyCH-
ATNAp (KUCMHHHT reOMeTPHK ysuamJapH, TapkuOGH, HUKK XonaTH Ba Oy
XOJaTHHHT Vy3rapulid KaGu XycycHATJIap)HH HHoGaTra oJIManHMH3.
®usnka ¢danuna ¢$axkar OHpruHa KHCM YypraHuamacaaH Oup Heua
KHCMaAp TymJaMH Xam ypraHuaaad. By xkucMmaapHu MOAAHit HyKTaJap
Tynnamu (TH3uMmu) ne6 Kapaw MyMKHH. BUTTa MaKpOCKOMMK XHCMHH
xam xaénan Maiiga G6ynakyanapra 6yau6, 6y O6yaakuanapHu y3apo
TabCHPJALlYBUH MOIAAHH HYKTanap TH3HMH (cucTemacu) ae6 tacaBByp
KHJIHL MYMKHH.

Xap 6Hp XHCMHUHT ¥3H OHp liapoMTAa MOAAHH HyKTa OYJulIH,
HKKHHYH GUp LIapouTAa 3ca Mopdui HyKTa 6§amacsaury MmymkuH. bupop
KHCMHH MoAauid HyKTa 1ae6 xucobjall MmacanacH TeKLWHPHAaérraH
XOAHCAHHHT MoXHsATHra 60FaHK 6ynanu. Macanan, EpHuHr ¥3 op6Huracu
6Vitna6 Kyéuw arpogpuaard #HANHK XapakaTHHH onub KaparaHumu3zna
EpHu moaauit Hykra ne6 xucobaalwl MYMKHH, YyHKH EpHUHTr anamerpu
(~6,4-10° M) yuunr op6uTacuimur auamerpu (~3-10" m)ra nucbaran
XHcobra oiuMac/idK MYMKHH GyjraH gapakaia KHYHKAMp. XyaaH Wy
mynoxasanapra kypa OiHHHT y3 op6Guracu O6yina6 Ep arpodunaru
XapakaTtHHH, 6Hp LaxaplaH HKKHHUH lWaxapra G6GopaérraH Ta#Wépa
XapaKaTHHH Ba HHXOAT, MHHOpa TenacuaaH YK Tekucauru 6GyHaab
(ropusoHTa/s) OTHJAraH (€KW THK TallJaHraH) TOLWHHHT XapakKaTHHH
Ky3aTraHuMH3Aa yaap MOAAUH HYKTa moieaura mucon 6yna onapuaap.
Jlemak, xapakar kys1amaapura Huc6aTaH XKHCMHHHT Ya4amiapHd xHcobra
OJIHHMaHaMran papaxaga KdHumk 6yaca, OyHAaill XKHCMHM MOAAHMMN
HYKTa ne6 Kapanaad. AToM ¢pH3MKacHAaru XOAMcalapHH YpraiHviaa
reoMeTpHK yauaMaapH KyAa KHUMK 6y/aHuIHra KapamaciaH (1HaMeTpH
6up Heua aurctpem (3-=5-107'"M), aTomnapuuHr Yauamaapu
XHcof6ra onuHHanM, AeMmak, Oy xonaa aToM MOAAMIA HYKTa 3Mac.

Myraax, (abcoaror) Karruk wucm 1e6 HXTHEPHH HKKH HYKTAacH
opacuaari Macoga YHHHT XapakaTdH A1aBOMHAA y3rapMaluraH »KUcMmra
aiiTunaad. Ta6uataa MyTJak KATTHK KHCMHHHT V3H MaBXyja 3Mac.
Mabaymkn, Xap KaHAaH KaTTHK JKHCM TalWKH Kyy TabCHpHUAA
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gepopMauuaIaHand, HSbHH reoMEeTPUK Vauamaapu, wakad OHpop
napaxana ysrapaau. JlekuH Kyiuaran macajaHuHr MOXHMATHra Kapab
Kyn xonnapaa aepopmauus tydaian 6ynaauraud yarapuuiapHu xucobra
wiMaca xaMm Oyaaid. MyTjgak KaTTHK MHCM Xap KaH1a# MakpOCKOMMK
XHCM Kabu Oup-6upu Ounan KaTTHK GOFnaHraH MOAAHMH HYyKTajaap
TH3WMHAAH HOopaT geb TacaBByp KHJIHHAIM:

Cylokaukaap, rasnap Ba jAedopMallUsalaHaAHraH >KHCMJAPHUHT
XapaKaTHHH XaMJa MYBO3aHAaTHHH YpraHuiiaa y3JAYKCH3 MYXHT
TYWYHYACH KYAJaHUNand. MabilyMKH, Xap KaHaad MOAAHH XKHCM aToMm
Ba MoJekyjaajiapiaH Tauwlkua tonraH O6yaub, AMCKPeT TY3WIHMIIra 3ra.
JleKdH MacajaHH CORAANALUTHPHIL MAKCAAHAA MOARAHH Y3JTYKCH3 AXJIHT
(MyrTacua) myxut ae6 Kapal, YHHHr aroM Ba MoJeKyaaaapaad
TY3W/TAHJANTH 3bTHOOPra oMHMaiau.

1.3-§. ®A3O BA BAKT

JKucMaapHUHT XapakaT KOHYH/JapHMHW YypraHuwaa ¢as3o Ba BaKT
TYWYHYaJapUHH aHHK TacaBBYP KHJIHII MYXHM axaMusit kac6 3Taiu.
MatbnyMks, xaMma MOLAHI KHCMJIAP XaXMra sra 6y/raHaukIapy yuyH
yJjap MyaisiH XKoHHu srannaiam Ba 6up-6upaapura Huc6ataH KaHaanaup
Tap3aja xonawran 6ynanu. J)KucM y3 xapakarti tydaiau BasuATAAPHHH
(ypunnapuuu) yaraprupaau. Dy y3rapuw, tabGuuitku, dasopa coaup
6ynaau Ba MabJyM BaKT opajqWFHAa am Ira owanu. Xap Kauaa#
MexaHWKaBHii >xapaéH 6GMpop BaKT opaiaui .1a (as3ona coaup Oynainu.
Bakr — xoancanapHUHr KeTMa-KeT y3rapuil TapTuGHHH udonananiura
¢n3nkaBuil Karranukaup. JKucmaap xapakatuHu ¢a3o Ba BaKTAAH
axpajras Xoiaa TacaBByp KHAW6 Oysamaiiau. lLyHuHr yuyH Xxam
KHCMAAPHHUHT MaBXKYAJHIH Ba yAapHUHT Xapakarjapd ¢a3ona Ba BaKT
Huvaa coaup 6ynanu, ne6 Kapanamu.

®a30 Ba BakT KoHHOTHUHT ¢H3UKABHII MaH3apacHHH fApaTHILLA XaJl
KHJYBUH, TAPUXHA PHBOXKJIAHHO Keaaétrad TyuwyH4yanapaup. Hboo T oH-
HHHr Oy Xakaard TabAHMOTH KydHuaardua: Xxeu KaHaall >Kapaé€ura
6oFnuK 6y1mMaran Mytiak (abcomior) $paso Ba MyTJiak BaKT MaBXKYy1dHP;
(aszo — abanuit MaBxya OV.nanuraH, uerapacu3 (UeKCcH3 KaTTa),
Ky3raamac OVIWIHK 6Yau6, Oy O6yJIMKAA MaTepusi Xap XWI WIaK/Jda
6ynanu; hazo 6Hp XKUHCAH 6Y1H6 XaMMa HYHaANHILAApAa XYCYCHATIAPH
6Hp Xuanup; 6y OVIMAHKHHHT ((da30HHHT) XycycHATAapH yHAa moaaa-
JIAPDHHHT Kauaad TakCHMJAHHLIMCa XamAa KaHAad XxapakarJaHHUIHra
6oraHuK Gy/iMaitad Ba BAKT yTHILH Gunan Y3rapmaiiau. bBynpak yarapmac
thasona MoajaNapHHHT TAKCHMJAHHILHHH Ba YJApHHHT XapaKaTHHH
OyTyH onaM TOPTHILHII KOHYHH GeJrujaliu.

HbiOTOHHHHT HyKTaH Ha3apHya BaKT MYTJaaK 6yan6, TalKK MyXHTra
Ba KHCM Xapakartura GofnuK O6yamaran xonaa GHp TEKHC YTalH.

HbloToHHHHT (a30 Ba BaKT XaKHMAaru TabJHMOTH OLAMH LLAPOWTIA
Ky3aTujaaural MeXaHWUKaBHii Xapakataap (KHCMJap, HaKJAHET (10K
TaulMil BOCHTaNapH), CyHbHi iynaounap, pasosuil kemanap, caiépanap
XapakaTH) yuyH amaJjinil XKUXaTAaH TYFPHAHP; 6y TabJAUMOT IOHOH QJIHMH
EBkaua reomerpusicura acocnavrad. EBkjna reomerpusicuaa yu6ypuak
HUKH 6ypuakaapHHUHT HuFHHAKHCH 180° ra TeHr Ba MKKH HYKTa OpacuarH
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3HI KHCKa Macoga TYFpH uu3ukaup. Knuuk kynamaapaa (macwrabaap-
ZLa, macajaHd, 6Hp BapaK KOFO3 KaTTa/JHruaa) 4Yu3wiraH y4yb6ypuakHUHT
HYKH OypHaKJapHHHHT HWFHHAHCHHH yJjauyall Xeu KaHaah KHHWHYMJIHK
TyFaupmaian. AnHua karra MHKEcaapaa EBkaua reomerpusich Kad
napaxana TYFpH €KHM yHAAH aMmMajla KaHUaJHK aHHUKJHK OHJIaH
¢olinanaHHil MyMKHH AeraH caBovra »aBoOHu 6u3ra anGarrta taxpuba
Gepanu.

Mabaymkud, Taxpuba >xkapaéuujna ¢usHkaBHil KaTTasukaap GHpop
aHUKJAUK 6unaH yauaHaaH. bouwkaua adtraHaa, OJHHraH HarwkaJgaap
ya4awigaru xaToaMkaap uerapacuia TyrFpu 6yaanu. lOkopuna Kyfnarau
caBoJs1 6HJaH GOFIHK MyaMMOHH €uHll MakKcajauaa HeMHc onuMH [aycc
XIX acpuuur 6omnaa Kyituaaru Taxkpubanu yTkasau: 6up-6GHpHaaH aHua
y30kaa xoitnawrad (&1-10° M ra iIKMH) yuTa TOF UYKKHCH XOCHJ
KHAraH yy6ypuyak HUKH Oypuak/JapHHHHI HMFHHIHCHHH MYMKHH Kanap
KaTTa aHUKJAHK OunaH yayaau. [aycc TaxpubacH LIYHH KypcaTaaHKH,
y/uall XxaTOMHKIapHHH XHcoOra auraia, Taxpn6a yTkasuiaran Mukécaa
EBkJna reomerpusicuaan uernanniuiap KysatuiMaau. ByHaan tawkaps,
aCTPOHOMHSI COXacCHla YTKa3W/raH TaXXpH6a HaTHXKaJapHHHHT dajosar
Oepuuwiyua, O6u3HuHr [anakrukamus Mukécuaard ¢(a3o (aMaMerpH
taxmunan 10®' M) na xam EBkaua reomerpusich YpuuaAHAHp. JIeKHH
Kysaamu 10%® M 6ynran (Merarasaktvka) yauamaa EBKiau reoMerpuscy-
AaH uerjaHHlLIap 6opaurd aHukjgauau. bBbynra cabab — xyaa kKarra
MHK€caarn macodanapaa HasoHHUHT 3FPpHIAHHLLIHAHP.

lanakrukamus yiuamiaapH xakHia aHHKPOK KHECHH TacaBByp XOCHJ
KHAHII y4yH KyHuaaru pakamjiapHd keatupamu3d: Kyéwnaw Epraua
6y.iran macopa (=1,5-10"" M) Hu épyrnuk Hypu cekynaura 3-10° M
Te3/HK 6uaaH 500 c naBomuza 6ocub yranu. Epyrauk Gup iina naBoMuna
Gocu6 yrtaauran macopara€py FauK Huau gedunand. anakTHkamns
TapkHOHaaru 6u3ra SHr SIKHH loJay3aapaal €épyrank HypH Epra aesipiu
4 Aunaxa erub Kenaiaw.

Karra ynuamnapra sra 6yaran Kounor ¢asocuHuHr EBkaua
reoMeTpHsiCHAaH YeTJaHHWIHHH TacaBBYp KHJHLI YUyH >Xylda KarTa
paaHyc/H cepaHd KY3 ONIUMHU3ra KelTHpanink. MabayMku, chepaHiHr
STPHJIMTH YHHUHT paJHyCcHra teckapud MyTaHocH6 kaTtTanuk 6yiau6, paiuyc
KaHYalMK KHYHK O6yaca, cepaHUHr STPHAHMIH LIyHYa Kartra Oyianu.
Cdepa CHPTHHHHT TEOMETPHSICH TEKHCJIMK TeOMEeTpHSiICHAAH (apK/IH
3KaHJIUMH MabiayM. EBKIHA reoOMeTpHsiCHAA TEKHCIHKAA XK OHJIALLUTaH HKKH
HYKTa opacujard 3Hr KHcKa Macoda TYFpH YH3HK 6V.ca, chepa cupruaa
JKOH/AIUTaH HKKH HYKTa OPacHAAarH 3HT KUCKa Macoga TYFPH YH3HK 3Mac,
6aJiki KaTTa afJlaHaHHHT WYy HYKTajapuiu 6upaawtHpysun €idn 6yaann.
ByHnait ¢aszo noeskana ¢asonup. HoeBkaua ¢asogaru wak/aapHHHT
xoccajapH Oowkaya. Macanan, yu6ypuyak HUYKH OGypuaK/JapHHHHT
AuruHauckH 180° ra TeHr amac; aiflaHa y3YHJIHIHHHHT YHHHT IHaMeTpHTa
HHCOATH ; ra TeHr 3Mac Ba XOKa3o.

XX acp Gownapuna A. DiHiuTeldiH HUICGHRIHKHHHT YMYMHI Ha3apHs-
CHHH aApatau. By HasapusnaH KOHHOTHHHT XaKHKHH ¢$a3ocH HOEBKJHA
(pa30 3KaHJHTH Keau6 uHKaaH.- Ma3kyp Ha3apusira MyBO(QPHK, (Pa3OHHHT
F€OMEeTPHK XOCCaNapH XaMga BAaKTHHHT YTHW Te3JUTH MaTepHsIHHHT
(hazona TaKCHMJAHHIIKHIA Ba YHHHr Xapakartura GorjuK Gynanu. A bHH
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¢$a3o Ba MmaTepHs xapakaTH OUp-6Gupura y3Buit 6orauKanp. LlyHuur yuyn
HUCOUHIUKHUHT YMYMHI Ha3apHACHHH (23 0-BaKT Ha3apHAcCH 1eb
XaM opUTHRaad. MartepusiHuHr a3onard TaKCUMOTH Ba XxapakaTtu O6up-
6upura 60fHK 6yaraH ¢a3o-BaKT Te€OMETPUSICHHH y3rapTupanH, ¢paso-
BAKT FeOMETPHUSICHHUHI Y3rapHIIH 3Ca YHAa MATepHSIHUHI TAKCHMJaHH-
WHHH Ba XapakKaTHHU GearuaaiiH.

Huc6uitnukHuur ymymuil Hasapusich HbloTtoHHMHT ¢$a30 Ba BakT
XaKHaard TabJAMMOTH HOTYFPH ieraH xyJjocara onub Keamaiiau. Taxxpuba
WYHH KYypcaTalHkH, HbIOTOH TabJHMOTH paKaT acTPOHOMHK KyJaMaapaa
OJMHraH (a3OHHHr KHYMK coXajapuaa Ba yura yauoBjapra Huc6arad
KHCKa BaKT OpaJHKJapH YyuyH T;“/‘Fpuﬂnp. Karra kynamanapaa —
Meraranaktuka kyaamuaard (= 10°° M) macopanap 6GuaaH OOFIMK
Xoaucajapaa, WYHHHrAeK KYy4JH TpPaBHTALHOH MaHAOHJAp MaBXYI
6yaran xoiaapaa HeloTOH KOHYH/1apHaaH 4yeTJaHHiluiap coaup Gyaann.
llynun aiiTHin kepakkH, KouHOTHHWHr allpum yHua kKarra 6yamarad
coxajapuga Kyu/JH TrpaBHTaUHOH MadaoHaap MaBxya Gyuaca, Oy
coxaJnapna ¢pa3oHUHT SrPUTAHUILM BA BAKT YTHIU TE3JUTHHHUHT Y3TapHIIH
ce3uaap/d Aapakaaa HamoeH 6ynaau.

1905 #uana A. DHHWTEAH TOMOHHAAH SIPATHJITaH HHUCOHHAIHKHHUHT
Maxcyc Hasapusichaa xyaad HbloToH MexaHukacHaaruaek BaKT Oup
XKHHCIIH, ¢a30 3ca OHp XKHUHCIAH Xamaa usorpon (6apua #yHanuwiapaa
Xycycusitaapu 6up xua) ne6 kapanaav. by nasapusina xam ¢aso Ba
BaKTHH fIKKa-fIKKa Tap3/Aa Kapall MyMKHH 3MAacJMrH, BaKT Ba ¢a3o 6up-
6upu 6uaH OGOFJIHK 3KAHJHUCH, KUCMJAPHUHr (a30-BakT TaBcHpJIapH
yJIapHUHT MYaHsiH CAaHOK TH3HMHra Huc6aTaH aHMKJaHaauraH Te3HK1a-
pura OGOFJHKJAHTH UCOOT KHAMHAM. MasKyp Hasapusira Kypa BakT
Opa/HKJdapH Ba KecMa y3yHJAHKJapH HUCOUH 6Yaub, ynap KaHaal caHoK
TH3HMJIApHAA YyJ4YaHa€TraHauKaapura OOFNHK, SbHH O6HPOp CAHOK
TU3HMHra HHCOATAH THHY TYpraH >KHCMHHHT (KeCMaHHHT) Y3YHJHIH
XapakKaTAard CaHOK TH3WMHAArH y3YHJAMrHiaH ¢apK KHAaH.

1.4- §. XAPAKATHMHI KMHEMATUK TABCHDM

lOkopnaa aiitu6 yTuaraHuaek, MexaHMKaaa XapakaT jgeraHia
GepHJIraH XXMUCMHHHT (a3onary Ba3HATHHHHT BAKT YTHIUH 6HaaH GOLIKa
XKHCMJIapra HUcGaTaH Y3rapHilM TYLWyHHAaad. XapakaTaarH »KHCMHH
Ky3aTraHMMH3a YHHHT TYPJH BaKTJapiard Ba3HATHHH Gowka GHpop
THHY TypraH »ucmra 6orj1amMail YHHHI Kaepaa TYpPrawinurd xakuaa (ukp
IOpHTHILI MabHora 3ra 6yimaiad. XapakKaTHHHI KHHeMAaTHK
TaBCHGHW neranaa HCTaJraH BaKTla XKHCMHHHT ¢a3onard Ba3susiTHHU
6Gowka OMpop »HcMra Huc6aTaH aHHKJall TYWYHHAaad. Macaga,
MHUHOpa TenacHlaH yPK TeKHCAHTH (rOpH3OHTaJ) HyHaJuuiMia OTHJTaH
’KHCMHHHT XapaKaTHHH Ky3aTraHMMH3/a, Y HCTaJral BaKTaa MHHOp aiaH
Kannail macogana Ba Ep carxunan Kaunait 6anaHia/iuKia SKaHJMIHHH
aHuKJaw kepak O6ynaau. bup waxapaaH HKKMHUM wWwaxapra y4u6
KeTaérraH TauépaHHHT MCTa/raH BaKTla (a3onard BasHATHHH aHHKJall
yuyH y TaiéparoxaaH KaHua Y3OKJHKAA Ba KaHaa#l GajnaHjiukaa y4u6
KeTasinTH, 1eraH caBora X asob 6epHil kepak 6yiaan. By ukku mucosaa
MHHOpa Ba Tailéparox (KyHanra) Kysraamac Kucmiaap 6Y/H6, CaAHOK
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l.l-pacwm

3umu peiddnann (l.1- pacm).

JKHCMJIAPp TYN/aMH OYJIHIIH MYMKHH.

Xapakatu ky3aTtHinaérrad A HcM (alTalJuK, IOKOpHAArH MHCOJH-
MH31a Talépa)HHHT WXTHépu#H nadtaaru BasustH (1.1- pacM) yuta
KoopauHara (x, y, z Jap) OpKasu GeNrunaHany. Jlemak, XXHCM XapakaTH
conup 6yaaérrad ¢aso yu yﬂqamnn ¢aszoaup. byHaaH Tawkapu
pPanUMyCc-BEKTOpP YCYJH XaM KVyananunagu. By ycyaga »KHCMHHHT
BasuATH (A HyKTa) KOOpAHHATanap TU3WMH OGOUIMAAH Xapakartiard

XHCMra yTKa3uaraH painycC-BeKTOP 7 HUHT yud OpKaJiu HpoLa KHJIHHA-

au. By ycyn wokopuparu OaéH
KHJIHHraH KOOpAHHAaTasjlap CaHOK
TH3WUMH YCYJHHH Xam ¥3 Huura
oJ1aaH, YYHKH XKHCMHHHI KOOp-
AHHaTanxapu x, y, caHok 6o-
wuaan to YZ, )l(/Z Ba XY Koop-
JAUHATa TeKHcauKaapuraua O6yJa-
rai macopa (l.2-pacm)) V3
HaB6aTHaa r paaHyC-BEKTOPHHHT
XaM KOOpAMHATanapu XHcobna-
Haau. 1.2- pacmaa kypcaTuiras
i, | Ba kK nap kxoopauMHaTanap
TH3HMMHHHT oOpTaapH 1eb
atanu6, moc pasuwaa X, Y Ba
Z ykaap 6yiuua #yHaaraH Oup
GMpJaHKKaA TeHr (VJ14aMCH3) Bek-
TOpJapHu  Hdoaanaidanaap.

Kypunu6 Typubauku, xi, yj Ba

16

TH3UMHHHHI O6OlIM BasugpacHHH
yraian. HKucmaap  xapakartu
ypraHunaértranaa caHoK 6oLH
cupatuaa  MxTuépuii  GowKa
KY3FalMac XKHCMJIAp OJNHHHLIH
XaM MyMKHH. Xapakartaard €xu
THHY TYPraH XHCMJAPHUHT HXTH-
épuil naiitaa dasonaru BasHATH-
HH aHMKJall Y4yH CaHOK 6oluH
Gunan 60FHK Gy.AraH KOOpaHHa-
Tanap TH3UMH cudarvaa Kyn
Xo/ajaapaa TYFpH Oypuakaun Jle-
KapT KOOPAHHATa/NapH TH3HMH-
AaH ¢ohnanannw Kysaai. Uxrué-
pHuft MalTAa XKUCMHHHT ¢asonaru
Ba3HUATHHH aHUKJALIAA KYJJaHH-
Jajaugal BaKTHH YJ4OBYH ac606
(Macanan, coat) Ba caHok 60iu
(O Hykra) 6unaH GOFJHK KO-
opAMHATasap THU3UMH CAHOK Tu-

O Hykra ypHHga Oup €kH OuUp HeuTa

1.2-pacwm
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zk BekTOpaap I BeKTOPHHHI KOODAMHATa VKJAapH GyiHua Talikui
3TYBUWJIAPHIAHD, STBHH

r=xi+yj+zk. (1.1)
X, Y, Z yxkaap y3apo THK O6y.Aradiukaapu Tydaiid, MKHCMHHHT

KOOpAHHATaJapH 6yaraH x, y, Z KATTAJAKKIApP r BEKTOPHHHT Uy YKaapra
6yAraH NPOEKUHSANAPH ry, ry 34 r, Ta TEHTAHD:

re=x, r,=y, r.=z. (1.2)

7 BEKTODP MONYJHHHHT KBAajapaTH YHHHT X, Yy, Z KOOpAHHaTaaap
KBaJApPaT/JlapUHUHI HHUFHHAWCHTA TeHT OyaraHaurd tydaiiu

S R
€KH
r= yO+y+72 (1.3)

TEHIIHK YpUHAUAMDP. Dby dopmysa »kuem (moaaui Hykra) panguyc-
BEKTOPH MONYJHHHHT X, y Ba 2 KoOpAHHAaTanap opkajiH HdoLanaHHUIHU-
IHP.

JKucm xapakataa 6yaca YHHHr pa3ofary Ba3usTH BaKT YTHILH GH1aH
y3rapaaM, sibHH r PafAMYC-BeKTOp, LUYHHHTIEK X, Y, Z KOOpAHHATaJjgap
BakTra 6ofHK paBuwaa ysrapaau. by y3rapuw kyfuaarnya udonana-
Hajau:

r=r(t) (1.4)
€KH
x=x(t), y=y(t), z=2z({). (1.5)

(1.4) Ba (1.5) ¢QopmynanapHu YYKYyppOK TYLIYHHIU YUYH MKHCMHHHT
TYFPH UM3HKJH XapakKaTHHH Kypu6 yukaiauk. Xapakar X ykH 6yiiab
coaup OyJsaérraH Xoit yuyH x=x(f) ndoaa

x=A-+Bt+C# (1.6)

KypHHHWra sra 6yauwd mymkul. By dopmyaana A, B Ba C aap aoumuit
(ynuamau) koapduuuentaapaup. by epaa A — ysynauk (macoda), B —
Te3suKk, C — te3naHulwl MabHodapura sra. [emak, (1.6) d¢opmyna
ymymHit xonpa (1.5) udona rtapsupa OGepunaau. (1.4), (1.5) Ba
(1.6) dopmynanap XKUCMHHHT XapaKaT TeHrJaMajsapH AednaaiH.
JKucmuuur ¢dasonard BasusTUHM Gearunaluga KynuHya chepuk
KOOpJAHHATanap TH3HMH XaM KyJJiaHWaaal. YHaa X, y Ba 2 KOOpAHHATa-
Jap YpHHra palHyC-BeKTOPHHHT Yy3yHJaurH (r) Ba HKKHTa (8 xamaa
) 6ypuaknan ¢oiaananuaaan (l.1- pacm); 8 Ba ¢ sap Moc paBua
r paauyc-BekTop 6uaaH OZ yK opacHAard Ba LIy paaHyc-BeKTOPHHHT XY
TEKHCJIHIHra TYLIHPWJAraH NpoeKUHsicH Ounad X YKM opacuiaru
6ypuakiapaup. CiepHk KoopaAHHATaNap TH3UMHAAH JleKapT TH3HWMHra
yTHm KyHuaard udona opkajdH amasara OUIHPHIALU:

x=rsinb cosg, y=r sinb sing, z2=r cosb. (1.7)
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KuHeMaruk xapaéHjiap Xakuia aHHK TacaBBYp XOCHJ KHJHII YYyH
IOKOPHAArd MHUCOIApAa XXUCMHHHT XapaKarHHH oau6 KapaaMk. JIekHH
«XKHCM» VpHHAA <«MOMAAHH HYKTa» TYyLWIYHYACHHH HLWIATHIL aH4Ya
KyJauauk Tyraupaad. LUyHMHr y4yH GyHaaH OY€H «MOMLAHA HYKTa»
XaKH1a Mys0Xa3a IOpUTaMH3.

Monaui HYKTaHHHT Xapakar fnaBomMHAa (asoga 4UM3raH UH3UFH
(«KOIAMPraH H3H») YHMHT TpaeKTOpHsICcH AehuaanH. Macanad,
NOE3JAHHHT TPAEKTOPHSCH peabcaapaup. TpaeKTOPUSAHHHT Y3YHJHUTH
Monaui HyKTta GocHO VTran #Ayara teHraup. TpaekTOpHAHHHT LIaKJAWra
Kapaé MOAAWIA HYKTa XapakaTH TYFPH HYH3HKJH EKH 3TPH UYH3HKJH
6yauiun MyMKuH. ®apa3 Kuaadauk, MojuIHH HYKTa UXTHEépHH a, b, ¢, d
TpaekTopus 6yinab xapakaT KujaaérraH O6YJCHH Ba YHHHTI XapaKaTHHH
Ky3aTHIl TPAaeKTOPUSHHHr bc KHcmupa oaub OGopuaaérran 6YJaCHH
(1.3- pacm).

TpaeKTOPHUSIHMHT b HYKTacHaa YHHHT Ba3HATH 7| pPaanyc-BeKTOp
opKaJii Hponanananu. bupop Af BaktaaH cyHr y ¢ Hykrana 6ysaau Ba 6y
HYKTa/a YHHHT Ba3HATH ry Pajuyc-BeKTOp GHJIaH aHHKJIaHaIH. Tpaekro-
PHAHHUHT «bC» KHCMHAA MOAAHH HYKTa 60cHG yTran iya As ra Teur. ry Ba
r2 paaMyc-BeKTOpPJAapHHHr aHHpMmacH, fIbHH b Ba ¢ HYKTa/1apHH
GUPAMWTHPVBYM, b HYKTalaH ¢ HYKTa TOMOH HYHa/TaH AT BeKTOp Kfjuuw
pedunanu (Af—fg—f) Kyuuw Bekropu (Ar) MOAAHH HYKTaHHHT
OOlLJI4HFHMY Ba OXUPIH Ba3HATIAPHHH XaMaa Yy KaicH HyHa€uLIRa
Xapakat Kuaaérranunu nonanainau. TYFpH YM3HKAKM XapakaTia KydyHll
BEKTOPH TPAEKTOPHA GHiaH GHp XHJ 6yna11u Ba KYUYHUl BEKTOPHHHHT
moayau (|Ar]) mMomauit HykTa 60cH6 yTran iyara TeHr 6yaanu.

Y
5 ¢
a8
] d

a ar ¢
4 a

2 .

A
x .
7 m
1.3-pacwm l4-pacm

1y xeu KauoH HoAra TeHT GYIMaiaH, KYUHIL 3Ca HOMMa TEHT 6VHILH
MYMKHH. Macanan, oKopuaary Mucosga MORAHMH HYKTa a HYKTalaH
d nykrara abcd Tpaekropus 6y#i1a6 xapakart KuaHG (1.4- pacm) siHa uy
TpaektopHsa 6Yina6 d HykraaaH a HyKrara KaHTHG keacuH. By xonna
KYUuHW HOATA TeHT, HYJ 3ca abcd opannkka HHCGaTaH HKKH MapTa OpPTHK
6ynanu. Alitafiynk, Moaanit Hykra d HykTagaH 6upop dkma Tpaekropus
6yinab kaiTu6 KencuH. By xonna xam kyuHi Hosira Tedr 6yJaaau, iy aca
Ho/Ara TeHr 3mac. [lemak, ¢akart XyCcycH# XoujapaardHa KYUHLHHHHT
MOLYyJH #ysra TeHr GYJHIIH MYMKHH, aKCapHAT XoLJaapia 3ca Xap A0oHuM
Hysa KYUHIIHWHT MOAYJHIAH KaTTa OysanH.
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1.5- §. BEKTOPNIAP ANITEGPACH DNEMEHTNAPH

duszukaBni xoaucasap 6unad TaHHLIHW Kapa€HuAa GH3 KYUHLl, Te3JHK, Te3JaHHul,
Ky4 Ba WIYHra yXxwaul KaTrajHkiap 6HiaH i Kypamu3. By karraaukaap ternuas yavos
GHPJAHTHAA OJIMHTAH COH KHiiMaTnaph 6unaH G6Hp KatopAa HyHanuwra xam sra. Macanan,
JKHCMHHHT (MOLAMH HYKTaHUHT) MyaiisiH NadTaary xapakaTHHH TaBcHoaaw yuyH y 15 m/c
Te3/IHK OHAaH XapaKaT/JaHMOKIa A€HHWHHHT ¥3H eTapad 3IMac, fAHA XapaKaTHHHT
AYHaAHWHHK XaM KypcaTul Kepak. LIy makcagaaB ek Top i ap ne6 aTanyByH TyWyHya
kuputhaaan. Con kuiiMmatn Ba iyHanumyu 6HAaH aHHKAAHYBUH KaTTanHKap eeKkropaap
Aefinnagn. JKHCMHHMHT BasuATH OO0IIKAa JKHCMaapra HHc6aTaH aHHKJAAHTaHH KaGH
BEKTOPJIaDHHHHT HYHANHIIK XaM MyalisiH Gupop #AyHanuuira wuc6atan 6epunaan. dakar
COH KHMHMaTH GHJAaH aHHKJAHAAMIaH KaTTaJHKAap cKaJfAp KaTTaaHKaap
nAefinnaan. Ckanap KaTTadvkaapra macca, XaxXm, 3H4IHK, Xxapopart (temnepartypa) kabu
KaTTainkaap MHcod 6yna ananu. IOKopHaa MHCON TapuKacHia KeNTHPHITraH Kyuuui,
Te3JHK, Te3/1aHHIl, Ky4Y Ba 1y KaGuaap BeKTOP KaTTaJHKJAapAHp.

BeXTOpHHHT cOH KHAMaTH YHMHI MoayJaH peitwnaan. Moayand Gearunaiuaa
xapdaapia sekTop 6earucH 6yimaian (macanas, v, a). babzan monysnn uponanaw yuyn
BEKTOP KaTTa/lHK GeNrHCHHH BePTHKA/ UH3HKNAD OpacHra oiHHaiu: uyHowun A BekTop-
HHHT MOIYJH || wakanga ésmnann. Bekropnap korosaark uusmajna HyHannu 6ownd Ba
OXHPH KYpcaTWiraH TYFPH UH3HKJH Kecma OHaaH udoaasaHand. KecMaHWHr Y3YHJHTH
Gupop macwita6ia BeKTOPHHHT MOAYJHHH Hdponanaca, HyHanWw GeNrHCH 3¢ca YHHHT KaHCH
TOMOHTa HYyHa/AraHWHH KypcaTaiH.

Hikku BekTOp GHp-GHpHra TeHTr 6YIHIM YUYH YNapHHHT MOLYJ1aPH TeHT Ba fiyHannwaa-
pu 6up xun 6yaAuin kepak. MKk BekTOp Gup-GHpHra TeHr Ba KapaMa-KapilH TOMOHIa
AyHasarad 6yaca, ynap Kyiuparuya ésunaam:

A=_B.

By epaa B uuwopackuu MmaHduit BeKTOp 1e6 TYLIYHMACAHK KePaK, YyHKH MaH}uU il BeKTopsiap
MaBXy/d 3Mac: MaH¢ui vuwopa B BexTopHuHr A ra Huc6aTtaH TeckapH HYHaJAraHWHH
Kypcataau xonoc

/

1.5-pacwm l6-pacm

» [Mapaanen Tyrpu uusuknap Gyina6 Gup Tomoura éxu Kapama-Kaplu TOMOHra
HyHaJlrdH Bekrop/iap xoaauneap sexropaap neitnnann. INapanjen TekHcaHKnapaa érra
BEKTOPJIAD KOMnaanap 6eKropaap nefinnagn.

BeKToleapu AHa « 3IPKHH>» Ba w6GOFNAHTAaH>» BekTOpAapra G6yauHann. Dpkun
BEKTOP/13pHH y3ura napaijen KkyuupHw Mymkuy. [Mapanssen kyunpuwna BEKTOPHHHT
HXTHEPHH HKKH HYKTacH (1.5- pacmaa a Ba b HyKTanap) napasnen TYFPH YH3HKAAp 6Yitnab
Gup xun macodbara cumakHEAM. 1.5- pacmaa KypcaTuaranaex, napaaien Kyuupu
HaTuxkachna sektop | xomaraaw Il xonatra yrann. «Boraanrans BeKTOpJaap (MacajaaH
KYUHd H(OLaI0BYUM BEKTOP) YJAPHHHT KYHHJIHLI HyKTacu Gunad Gowka BeKTopnapnar;
a)qua.nuﬁ TYPaaH Ba napajjes KyuHpHIl ycyin 6y XQiaa XaMMa BaKT Xam ypHHIH
Gynasepmaiinu. '

Bexropaapun kyjwuw sa afupum. A sa B Bekrop.1ap 6epuaraun 6yJchu (1.6- pacm).

By wukkn BekTOpHH KywHmm  yuyH napa/nnejorpaMM KOHAAcCHAaH (oiifanaHaMus.
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BektopaapHu y3ura napannen KYuHMPHII KOHAACHTa acOCaH YAAPHHHT 6ouinHH OUp HYKTara
KeNTHPH6, yNapaaH MapasneNorpaMm sicacaK, YHUHr NHAroHanu HaTHxasuit (HHFHHAN)
BEKTOPra Tenr 6ynaan Ba 6y AHFHHIR KyHHAArH4a €3unaau:

C=4+B.
Bekropaapi# KYWHID KOMMYTATHBJ HK XYCYCHATHra 3ra, AbHH
C=A+B=B+A4.
Macanan, MOLAMIA HYKTA (3KMCM) GHp BAKTAA KKKHTA TYFDH UM3HKJH XapaKaTia Ui Ba Up
Te3JIHKAAp 6HaaH HIWITHPOK 3TAETraH 6Y/ca, YHUHT HaTHXKaBH# Teanuru 6y Te3HKAAaPHHAT

BEKTOp HMWFWHAMCHra TeHr Gynanu (adTaiink, MuHOpa Tenacuian YK TeKHCAHTH
AYHATHIWIKAG U, TeANHK GHRAH OTHArak Tow EpHUHF TOPTHW KYUH TabCHPHAA MABJAYM BaKT

yTranaan kefinn vy Teanuk 6Haan Gup KaTopaa THK (BEpPTHKa) AyHaIMWAA Uy TE3THK-

Ka Xxam 3ra 6Ynaau). KYWHAyBUH HKKH BEKTOPHUHT MOLYAJ1apH Ba yaap opackaaru 6ypuak
MabiayM G6Gyaca, HaTHXKaB#H BEKTOPHHHr KHIIMaTH KOCHHYCJlap TeopeMacHra acocal
TOMHAAAH.

Bektopaapun Kywnuina amaina yu6ypuak ycyau Kynpok kyananunaau. By
ycyanga A Ba B BeKTOpJiapHM KYlWHW y4yH GUPUHUM BEKTOPHHHT OXHPHra y3nra napannei
pPaBHLWAA KYUHPHATAH HKKHHYH BEKTOPHHHT GOLIH XOUNAITHPHNAAH. DUPHHUK BEKTOPHHHT
60K 6HJIaH HKKHHYH BEKTOPHHHI OXHPHHH TYTAWTHPYBYH BEKTOP HaTHXaBWH BekTOpra
TeHr 6YNaiu, YyyHKH 6y HaTHX aBHH BEKTOp NapaaiejorpaMM AHArOHANUHHHT Y3rHHACHAHP
(1.7- pacm).

HKKkuTanaH OPTHK BEKTOP/apHH KYWKUIAA, aMaila KYHHAard ycyanan ¢poiaanaHuna-
an: A, B, C, D Ba E Bekropnap Gepuaran Gyacud. HatvkaBuil BEKTOPHH TONHIL y4yH
y3ura napanjen KY4HpHIATaH Xap 6HP BEKTOPHHHT GOLIH aBBAJATH BEKTOPHHHT OXHPH GHaaH
Tyrawtupuaann. Hatnxkana cHHHK Un3HK Xocka 6yaaau (1.8- pacm). BupHHUW BeKTOpHUUT
6GOWMAAH OXHDPTH BEKTOPHUHT oxupHra Vrkasuiaran O Ba K HyKTafapHH TyTauITHPYBYH

M BEKTOP HAaTHXKABHH BeKTOpra TeHr 6yJaajnH, AbHU:
M=A4+B+C+D+E.

K

1.7-pacm I.8-pacm

HaTuxaBuit BeKTOPHHHT COM KHIAMATH Ba AVHaNMUIH KYIMAYBYUH BEKTOPAAPHHHF Kaic
KETMA-KeTJMKAA KONZWTHPHANUIMTA GOFIHK 3Mac. .
WxTuépnii itjnaaran A Ba B sektopnap Gepuaran Gyacun  (1.9-pacm). A sa B

BEKTOPDJAAapHUHTN alfiHpmMacu ae6 wykaad C sekropra aHTHNALHKH, yHHHr B

-

BeKTOp Guaax HMFHHAHCH A BekTOpra TeHr G6yaaam:
A_B=C (AbHH §+E=Z).
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BexTophu conra kynairupuit. BekTopHu GUpop n coHra {S'bHi BeKTOPHH GHPOp cKkansp
KaTTa/HKKa) KynadTUPHW [eraHaa Ma3Kyp BEKTOPHHHT MOLYJHHH Wy COHFa KynaiTupuul
Tywyuuaaan: B=nA. Xocun 6ynran siurn B BeKTOPHUHT RYHANKWH 1 HUHT HWIOpacura
6oraHk. Arap y myc6at (n>>0) 6yaca, B uuur #juanuun A 6unan Gup xua, mManui
(n<<0) Gyaca, 6y BekTOpJap Kapama-Kapwmu #yuaaran 6ynann. _

BekTopHH ckansipra KynaHTHpHW KoHAacHra Kypa MXTHEPHH A BeKTOpPHH Kyitnaard
KYpHHHWAA H$oOLaNall MYMKHH:

A=1z,,
6ynaa A 6epuaraH BEKTOPHHHT COH KHAMATH; €4 — GUPJIHK BEKTOp AefnalH Ba YHRHT COH

KHAMATH GHp GHPAMKKA TeHT 6Yaub, AyHannumu A 6Viinua ijnanran. By dopmynanu 1 /A
ra TeHr cKansApra kynautupcak, KyAuaardra sra 6ynamua:

- A
eA=A

Bynnau KYpuuu6 TYpUOAHKH, GHDPJAHK BEKTOP YJ4aMCH3 KaTTaNHKIMD,

BekTopuuur Gupop fiynannwra Gyaran npoexumsich. Bepuaran A sekrop 6Gupop [
AyHannwaars YK 6unad o 6ypuak Tawkua Kuacuu (1.10- pacm). Yuunr wy iynanuwra
npoekuusich 1.10- pacmaa kypcatuaranaek, A; y3yHinKka TeHr Gynand Ba KyHHaariuya
ndonanananu:

A;=Acosa,

[
!
e

) !
[
|
F 7 |

0 —

A,

1.9-pacm 1.10-pacwm

6y epia A; — BEKTOPHHHI MOAYJH, o — Oepujrai HyHanuw 6Gunan BEKTOp opacHiard
6ypuak. Bypuak yTkup (cosa>0) 6yaca, npoekuus myc6ar 6yanaiH Ba aKCHHUa, YTMac
(cosa <C0) 6yaca, npoexuns Manduit 6yn1ann. BekropHHHT 6Hpop RYHaNHILITA NPOEKUHSACH
XaMMa BaKT CKaasp KaTTaJHKAMP; YHHHT HinopacH Gepuarad HyHannuwira Huc6Gartau
BEKTOPHHHI KaHfa#i HYyHanrasuHH Guanupanu.

Bextopnapnu kynadtupui. Bektopiap 6Hp-6upHra HKKH XHA ycyaa KynakTHpHaanu:
a) BEKTODHH BEKTOpra BeKTOp KynmaHTHPHW, 6) BEKTOPHH BEKTOPra ckaisp Kynantupuuw.
Ukkura (4 Ba B) BeKTOpHHHT cKanAp Kyna#iTmack ae6 Wy BeKTOpJapHHHT MOAYAJapH Ba
yJaap opacuaart 6ypuak KOCHHYCHHHMHI Kyna#TMackian XOCHA GyaraH cKa/ldsp KaTTaJHKKa
ARTHJAAIH:
(A-B) =ABcosa. ékn A-B=ABcosa.

By ¢popmynaHn Ky#HaarHya €3vul MYMKHH:

(A-B)=A,-B=A-B,,
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6y epaa A, — A HMHT B AyHaaMwK 6yfiHua oaMHraH nApoekuMusicu; B, —B wuur A
HyHaJanwK 6Vitnua onuHran npoekuusicu. ByHnaw kyiimaarura sra 6yVnamus:

(A-B)=(B-4).

BexTopsapHHHr ckajasip KynaéiTMacHAaH Wy XyJoca KeqH6 YHKAAHKH, BEKTOPHUHT
Y3HHH Yy3Hra ckaasp kynadwtmacd (6y xoana a=0, cosea=1) iy BeKTOpP MOAYJHHHUHT
‘ KBaApaTHra TeHF, sibHH

AA=EAH=4% (1.8)

Wkkuta (A Ba B) BekTOpHHHI BeKTOp KynalWTMacH Ae6, KyHHAarduya aHHKAAHAAHTaH
C BekTOopra aiTuaaau (MKKH BEKTOPHHHI BEKTOp KynaiTmacu, 0AaTia, ypTa KaBC Huura
ONMHAAH) :

C=[A-B] éu [AB]=ABsina-n. (1.9)

Yuuur moayan C=ABsina. By epaa 7 — uatnxasuii sekrop (C) HAyHanumuaaru
6upank BekTopaup. C BekTop A Ba B Bekropsap KoHAAauIraH TEKHCAHKKA THX GYJHG,
YHUHF AYHANHIIM MapMa KOWAacH GMAAH aHWKJAHALW: NapMa AacTACHHH A Aaw B ra To-
MOH GypacaK, YHHHT WArapHIaHMa XapakaTh C BEKTOPHHHF HYHa/JHWHHH KypcaTauu
(1.11- pacm). C BEKTOP COH >KHXaTaaH ABa B BeKTOpJapAaH TY3HJraH napasieno-
rpaMMHMHE 1034ra Tenr. By Kowpajan wy Xyjnoca KeanG YHKauuku, A Ba B Bexropaap-
HHHI YDHHJIADHHH AJMalITHPCAK, HATUXKABHA T BEKTOPHMHI MYHAJIMIIH KapaMma-KapiilH
TOMOHIA Y3rapaiH, sibHH:

[A-Bl= —{B-4].

IHyHnnah KuIH6, BekTOp KynaiTMa ypHH aaMalUITHPMIU XYCYCHATHrA 3ra 3Mac.

- Y
¢!

ILLll-pacm 1.12-pacwm

Bektopnapuunr Bakr Gyfinya xocuaacu. Bupop A Bektop O6epuaran 6yacuH. By
BEKTOp BAaKT 6yiiHua GUPOp KOHYHHAT Gu/iaH y3rapca, Ma3Kyp BeKTOpAaH BaKr Oyiuua
ONHHTaH GHPHHYH TapTHOAKH Xocuna — dA/di, yHHMHT XaM COH KMiiMaTH Xxamaa fyHanuiu
6VitMua y3rapulinau ndoaasannu.

BexkTop KaTTaJHKHHHI GHpOp CKaasAp KaTTaaHK (@) ra kynadtmacuaad Bakr Gyiinua
XOCH/a OJIHL KOHAAacH OAaTIAard HMKKH CKaJAp KynaWTMazaH XOCH/a ONRIW KOHLACH
Kabuaup. Macanan, A BEKTOPHUHI CKaJasip KaTTaJqHK (@) ra KymaATMAacHAaH OJIHHIaH
XOCH/a KyHHRarura teHr 6yaanu:

LA =g A+57, (1.10)
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-
6yHna A Ba ¢ — MasKyp KaTTa/HKIApAaH BAKT 6)iHuYa ONHHFAH XOCHJIAHHHT KHCKauya
é3unnwn. Xyanu wyudiraek, A sa B Bektoptan:' ¢ ' UnaiiTMacHnak BakKT
6yAHYa OJMIHHTaH XOCHJa

4FE- T (1.11)

&

Tap3uaa HoonanaHaan. MKKH BEKTOPHHHT BEKTup Kylld.:wduuddd BAKT 6YiHya onHHraH
XOCHa KYHWIarura TeHr:

[Z B]=[A-B]+[4-

u:l-

1 (1.12)

Q.|n_

BexkTOpaapHH yNapHHHI KOOpAHHATA YKJAPHAArH NPOEKUHARAPH opKaiH udoaanawm.
daszona Gepuaran GHpop A BeKTOPHHHT Jlekapt koopauHata ykaapu (X, Y, Z) naru

npoekuuanapu moc pasuuiaa A,, A, Ba A; 6y/ca, yHH Wy npoeKUHAIaDP OPKAJIH Kylinaaruua
npoaanall MyMKHH:

A=AJF+AJ+AL (1.13)

6y epnai, j Ba k — xoopauuata yKkaapu X, Y, Z 6yitnua iiyuanran GHpank BekTopaapaup. By
¢opmynanaru xap 6up KYLWHIYBUH XaA BEKTOP KaTTaTHKHH udoaanaranu yuyH A bex-

-

TOPHH YHHHT TalUKHA 3TyBYHsapH A, A/, Ba A,, opKanH xam Hdoaanall MYMKHH:

A =A+4+A4, (1.14)

1.12- pacmaa a BeKTOpPHHHT X, Y YyKAapaard npoekuHs/iapH Ba yHHHr wy ykaap 6yiuua

TalWKHA 3TyBUWIAapH Kypcatuwiaran (pacmaa Z YKHra MOC KenyBuM 6HpJIHK BEKTOp
(k) KypcaTtuaMaral, YyHKH y 4H3Mara THK nyuanraH) i, j Ba k Bexktopnap ¥yaapo THk
AYHAITaHAHTHHH 3BTHOOPra oicak, BeKTOp KynaHTMa KOHAacHra acocaH KyWHaarura sra
6Yy1amu3:

iD=k [j-B)=0 [k-]=T; (1 15)
[-4=0, [j-]=0, [kk]=0. (1.16)

Bupop BekTopHHHT KBaapaTH ‘Gepuaran 6y.ca, 6y xap A0HM BEKTOPHHHT y3Hra Y3uHH CKa-
A5p KynaitMack 6Y1aau, SbHH YHHHT MOLYJIMHHHT KBaapaTira tenr 6yaaau ((1.8) rak.):

({0 =2 (J-)y =/ (k-k)=#~ (1.17)

1.6- §. MOAAMA HYKTAHUHT TIFPU YMIMKIIM XAPAKATH

Teanmux. MoaaHii HYKTaHHHT (KHCMHHHT) XapakaT TPaeKTOPHSICH Xap
XHWJ ~— TYFPH YH3HKJIH, 3TPH YH3HKJH, XYCYCHH X044 aillana lakanaa
6ynuwin  mMymkuH. TYFpH UHM3HKIH XapakaTia TPaeKTOpHA TYFpH
UH3HKAAH uGopar 6y1ann. TYFpH Yu3HKIH XapakaTHH aJloXH1a axpaTHO

pranumumusuuur GoucH WIyHAEKH, amMaJ/ia »Kylda Kyn Xapakariap
TYFPH UH3HK/IH Xapakataup. MacanaH, GHp 1axapaaH HKKHHYH L1axapra
GopaérraH HakauéT BocHMTaslapH (Taiiépa, Noe3n, aBTOMOGHJL)HHHT
XapakaTH JefipJiH TYFPH YH3WKJH Xapakar OyJaanu.

Monanit HyKTa TeHr Bakiap OpajHFHia TeHr Maco¢>anapﬂw 6ocub
yrca, 6ynna# xapakat rekuc xapakar aeiunanu. Kyiiupa dakar tyepu
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YH3HKJAH TEKHUC XapaKkaT Xakuga MyJjoxasa lopuramus. Mopaui
HYKTaHHHT XapakKaTH KaHxa#l xajaiuk 6unaH coaup GyaaérraHuHd
TaBcHdIaUl YUYH TE3NHK NeraH TYUIYH4a KHPUTUNanu. Te3auk — Con
scuxarudan 8akt 6upauzu dagomuda 6ocub Jrurean lijrea rene 6jrean
karraauxOup. Moaaui Hykra Af BaKT opanuruaa As #yaHu 6ocub yrca
TEKHC XapaKaTAarH Te3JHK COH XHXaTAaH KyHHAarura TeHr 6yaaau:

As -
V=11 (1.18)
Bupop ¢ BakT naBomuaa MOMIMH HYKTA TE€KHC XapakaT KHaH6 s dyaHu
6ocub yTca, Te3aHK Kydujaaruua udoganaHaiu:

v=-r. (1.19)

Moaauit HYKTAHMHI KaHAaad Te3nuk OHJAH XapakaT KHJAHLIMHH

6unHiLaaH TallKapH, Y CAaHOK TH3UMHMra HucGataH KaicH HyHanmuuwiga

KeTaéTraHHHH Xam Ounuu 3apyp. JleMak, Te3 .1 4 K HYHajulira xam sra

6yarad KaTTanHKAHp, S’bHH y BEKTOpP KaTTaJaHMKAHp. Xapakar

TYFPU YH3HKJAM OYAranaurd tydpaisn MoadHH HYKTa r paaHyC-BEKTOp
6yinab xapakaTt KHaasintH, ne6 kapaw MyMmxuH (1.13- pacm).

0 Yl r
A ar b r l.I3-pacwm

Canok GownHu O HyKraza onaMu3. A#NTailiUK, Ky3aTHUWHHHT
aactnabkd maHTHna MoaaMiH Hykra A Hykraaa 6yJjcuH Ba Af Bakr
JABOMH/a Yy TeKHC XapakaT KHiH6 B Hykrara kesicuH. CoH »kuxataan AB
Kecmara TeHr 6yaran Ba A AaH B ra TOMOH HyHa/arad Ar BeKTOp Ky 4YHILIHH
Hponanaiau. Y xonga MOLAHH HYKTAHUHF TEKHC XapaKaTAarH Te3JIMrH
Ky#uaarira teHr 6ynanu: .

7
At°

v= (1.20)
Arap moanuii HYKTaHHHT XapakaTH AaBOMHA YHHHI Te3JIHrH y3rapu6
TypcaypTaua Te3J UK AeraH TyuwlyHua KHpHTHAAAH. Macanak, noesq
6Mp lWaxapAiaH HKKHHYHM llaxapra 6opHwila HYAHHHT GHD KHCMHHH
20 M/c, HKKHHUH KHCMHHH 30 M/C, YUHHUH KHCMHHH 3ca 25 M/C Te3JHK
6usan 6ocub yrraH 6ysca, yHHHr YpTaua Te3JIMTH COH XKHXATAaH HKKH
waxap opacuaard macodaHuur wy macodaHy 60cH6 YTHLI YUYH KeTraH
Baktra HucGatura teur 6Vaaau. lllvuaail kunub, jpraua rezrux neb

KYUHII BEKTOPH AFHHHT Wy Kyuull coaup GYJIMIUM ydyH KeTraH BaKTra
HHc6aTH 6uaaH HpopanaHAAHraH BEKTOp KATTAJHKKA aHTHJAMdH:

Ar
v.=

=2 (1.21)

By udona At HuHT Xap KaHgal Kuimatu yuyyH (=0 6ysnraH xosnaH
taiikapu) Tyrpuaup. By TYFpu un3ukau xapakaraa (1.21) ¢popmynanaru
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Ar Ky4u1l COH XKHUXaTaaH 60cu6 yTunran iyara rearaup. Llynusr yuyn 6y
HpoaaHu KyAuaaruua €3Hll MYMKHH:
_As .
y ="y €KH U=
Moaauil HYKTaHUHT Te3JurH y3rapu6 Typca, onatia OHHH Te3JaHK
JeraH TYllyH4a KHpUTHJIaau. OHuil Te3AuK BaKT OpPalHFH UEKCH3 KHYHK
OJHHTaH4a YypTadya Te3JHKHHUHT MyadsH ! nafitaarn KHAMaTHra TeHr
6ynanu, sibHH OHMH Te3auk Af Honra uutuarauaa (1.21) wudona
HHTHAAAHraH KyHuaaru JIMMHTFA TeHT:

S

[

~ o AF__dr %
v=Ilim—=—=r, (1.22)
A,_,oAt dt

6y epaa r pajaMyc-BeKTOp 7 AaH BAKT 6YiiHua onuHraH GHPHHUH TapTHGIN

XOcHJa OEJNTHCHHUHT KUCKaua é3uJnwuanp. [leMmak, MOLIHH HYKTAHHUHT
OHHI Te3Jqurn (MyaiisiH maWTnarH Te3JHTH) palHyC-BEKTOPAAH BaKT
6yifinua OJHHraH OWPHHYH TapTHOAH XOCHIAra TEeHr. U BEKTOPHHHI
HYHaJHLIK r HUHT dyHaAuwWu Ounad 6up xun 6yaanu. (1.22) dopmyaa
KEeHI KaMpoOBJIH MabHoOra sra 6yaub, y 3rpH UH3HKJH XapakKaT yuyH Xam
Kyananunanu. LLIyHHHT yuyH YHH OHHH Te3JIMK éKH XaKHKHH Te3JHK 1e6
XaM aTtafnaiH. R

TyFpu uH3HMKJAM XapakaTina dr BEKTOPHHHI MOAYAH 6G0CHO VTHATAH
fyara renr 6yarananru tydaiau (1.22) Hu Kylinnaruya é3ui MYMKHH:

ds ¢
v=_ =S, (1.23)

S'IbHH TE3JIMKHHHI MOAYJAH HyAAaH BaKT 6yHuua IHHraH OGHPHHUH
fapaxaJH XO0CHadara TeHrAup.

Monauit HyKTaHHHT TYFPH YH3MKJH XapakaTH yu yJuoBIHM (asona
UXTHEpPHI HyHaMHuUIra 3ra 6yiaca r BekTopHuHT [lekapt KoopaHHaTaJjaap
cuctemacuaaru X, Y, Z yknapra 6yaran npoekuusiapu opKajiu Hpoaacu
r=xi+yj+zk 6yaumiunu xucobra oncak, (1.22) ra acocaH Te3nHK
BEKTOPH YHHHI KOOPAHHATAa YKJapHAard npoeKUu1siapH OpKa/lHu Kyiuia-
ruya HgopanaHaiu:

o =xi+gj + 2k =vid+ v, + vk,
6y epna i, j Ba K — koopauuata ykaapu X, Y Ba Z G6yina6 iynanran

GHDJHK BEKTOpJAp; X=1U,, §="0,, Z=U, — Te3NHK BEKTOPJAPHHHHT
ywa yKAapaarH npoekuHsasnapd. Jlemak, Te3MKHHHI KOOpAHHaTa
yKJapura npoeKUHsIIapH r BEKTOPHHHT Wy YKjapra npoekuusJapHiaH
BaKT GyHHua OJMHraH GHPHHYM TApTHGIH Xocusiara Tedr 3kaH. (1.20),
(1.21) Ba (1.22) ¢opmynanapaan kypuHu6 tTypu6auku, CH tusumuaa
TE3NMK MeTP TAKCHM CeKyHi (M/c)aapaa YadaHaiM.

Teananuw. XapakaT N1aBOMHAA Te3JIHK BAaKT YTHWH Guaan y3rapub
Typca, GyHAail XapakaT HOTEKHC Xapakat Gysianm. Horeknc xapakar
TesNaHHWW JeraH (U3HKaBHH KaTTalHK OHa1aH TaBcHpJIaHALH.
Tesaranuws 1€6, Te3NMKHMHr OHDPJAMK BAaKT [aBOMHAA Y3rapHLWHHH
KypcaTyBuH BEKTOp KaTTaqukka airtuiapd. Arap Af BaKT naBoMHia
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MOLMI HYKTaHMHT TE3JMrH AU ra y3rapca IOKOpPHAA KeJTHPHJTaH
MyJoxa3anapra Kypa, myafisiH nadTaard TesJaHHIL

- . Avu dv =

a=lim-—=—=v (1.24)
at-0 AL dt

Tapauaa HboaanaHaiu. v=dr/dl 3KaHJAMIHHH XHCO6Ta O/CaK, OXMPrH

TEHIVIMK KyHHMJardua KypuHHIUTa 3ra Gynanu:

2‘-0 L 1)
a=9" =7 (1.25)
df
AbHH Te3JlaHWIl BEKTOPH TE3JHK BeKTOopHAaH BakKT OyHHuya OJIHHIaH
6upuHuKn TapTHOAM XocHaara €kv KYuyHlijaaH BakKT G6GyHHua ONHHraH
HKKHHUH TapTub/u XocHAara TeHr 3JKaH.
Oxupru ukku Qopmynaaan kypuuu6 typubanku, CH tH3MMHaa

Te3JIaHHW MEeTP TAKCHM ceKyHA KBaapar (M/c°) napaa yauaHap.

Teananysuan xapakataa a>0 (abHu du/dt>0), ceKHHIaHYBYaAH
Xxapakatja 3ca g<<0 6ynanu. TyFpH un3ukJu Xxapakaraa a>0 6yJca,
@ HWHT HYHAMHLIH Xapakar AyHaauwy 6unan Mocaup, a<<0 GyJca,
a BEKTOp XapaKaT HyHaiuuMra Huc6aTaH Kapama-Kapll¥ TOMOHra
#iynanran 6ynaau. a=0 6ysica, v=const Gyaamu, 6y Xoa MoAAHIi
HYKT@HHHT Te3JIaHHILCH3, SbHH TEKUC XapaKaT KHJIaéTraHJHrMHU
udoganaiau.

TesnaHHil BEeKTOPHHH KOOpAHHATa YKJapHra npoekuHsiJiapH opKanu
KyAuaardua €3uil MyMKHH:

a=v=a,i+a,j+ak (1.26)
€KH
a=r=xi+yj+zk,
S'bHH TE3JIAHHILHUHT KOOPJAMHATA YKAapu 6yiiHUa ONHHNaH NPOEKUHsNapH
r BEKTOPHHHT Wy YKJapra Moc KeJraH NpoeKUHsiIapHAAH BaKT 6yitHua
OJIHHTaH HKKMHYH TapTHOJM XOCW/ara TeHT 3KaH.
Tekuc xapakar v Te3nuk Gunan coaup Gynaérran Gyaca, MoOmAH#H

HYKTaHHHT df BakKT aaBomupa 6ocub yrran #yau (1.23) cdopmyaara
acocad ds=vdt 6Ynranu. bynaan:

{
s=\vdLt. (1.27)
0

Tekuc Te3/aHyBYaH XapaKataa t=0 na#ditaarn GoWIaHFHUU TE3JHK
Mabaym 6y.aca, KaHLa#AHp [ BAKT YTraHAaH KeliHHIH Te3qHK KyAHparuya
ndoaanananu:

U=uvoal. (1.28)

(1.28) popmyaauu (1.27) ra kyiu6, yuu { =0 gaH { raya HHTerpaJsacak,
TEKHC y3rapyBuYaH Xapakataa 6ocu6 yruaraH iyn ¢opmynacdra 3ra
6ynamus:

t 1
=§vdt=§(voiat)dt=vot+i (1.29)
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(1.28) Ba (1.29) ¢opmynranapaa Myc6ar HIIOpA TEKHC Te3JaHyBuYaH
XapakaTHH, MaH(pHi HuIOpa 3CAa TEKHC CEKHHIaHYBYaH XapaKkaTHH
uponanahan.

1.7- §. MOARAMA HYKTAHMHI ARNAHA BIRNABE XAPAKATH.
BYPUAK TE3NMUK BA BYPUAK TE3NAHMIL

Monauii HykKTa paavych R Gyaran aiiaHa G6yina6 xapakat
KM a€rral 6Y/ICHH. YHHHr XapakKaTHHH TaBcHdJall yuyH Gypuak Te3nuK
Ba 6ypuak Te3JlaHHLI A€raH TYWYHYaNap KHPUTHIAAM. Y3HHHHT afinanma
XapakaTtuia MoaAu# HykTa Af Bakr gaBomuaa A HyKragaH B HyKrara
ky4ca (1.14- pacm), y y¥3 Tpaekropusicd 6yiinab As macopanu (AB=As)
6ocu6 yTaau; wy BakT opandruaa ainaHaHuHr (OA) paauycu A
6ypuakka 6ypunaau. Kyitnnaru

oy =2% (1.30)

&}

l.14-pacwm 1.15-pacm

KaTTaquk Af Bakr opajquruparu ypraua 6ypuak Te3JaHK AedHAaH.
YmymaH, 6ypuak re3auk ne6 6ypuauniu 6Gypuarnias Bakt 6yiu4a onHHraH

6UpHHYK TApTHOIH XOCHJIara TeHr OY/iraH BEKTOP KaTTalHKKa alTHaa0H:
5

= im ¢ _de _ =
“’—«','i'?) IV TR (1.31)

-

d@ BeKTOp o BEKTOp GHJ1aH 6Mp TOMOHra HYyHaran 6Yau6, yaapHHHT
HYyHanuwM napma Kouaack G6GYAMYa aHMK/JAHAAW: NMapMaHH Moaaui
HyKTaHHHI ainaHHW HyHanuwuaa G6ypacak, YHHHr HJrapHaaHma
Xapakar {YHaJHLIH ® BEKTOPHUHT HyHa HLuHy Kypcataau (1.15- pacm).
Llynu aliTHIl KepakKkH, semenTap 6ypuak d¢ BeKTOp KarTanuk 6y.ub,
Myaiisi ¢ Gypuak 3ca cKaisip KaTraiaukaup. dg OypuakHd Gypuak
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Kyuuw ne6 XaM ioputwiaiu. Bypuak Te3nnK BeKTOPH (@) HHHT
AYHANHIUK WAPT/IH PABHLIAA AHUKJIAHTAHH YUYH 6Y BEKTODHH M CEB I O -
BeKTOp AeHunann. Arap 6ypuak Te3nHK BaKT yTHIH GUIaH y3rapmaca
(o=const) adnaHH TekHWcC aliaaHKW JAelinnaad Ba 6y xapakar
aiimanuw gaspu (T) xamaa afinanui yacroracd (v) 6unaH udonanana-
au. Adranuw Gaspu — MopAMA HYKTaHHHr adnaHa 6yiiaé tyna Gup
MapTa ailjlaHHLIK YUyH KeTraH Baktaup. Tyna aiinannwna (abHu Af=T
6yaranna) moanuit Hykrta O HyKra atpobuaa ¢=2n paguaH (360°)
6ypuakka 6ypusaau. Lllyngai Kuau6, tyna aiaanuwaa (1.30) popmyana
KYHHAArd KYpUHHILHH OJajH:

2n
0= (1.32)
T
Teknc ailiaHNILAA @ KATTAJIHK aANAHHILHUHE A OU P aBH H (EKH LIHKJIHK)
yacToTacH Aefnnann. BUPJAHK BaKT 1aBOMHAArd alilaHHLIIap COHHra
adJaHUUW yacToTacH (v) AeHWaau, SIbHH

ByHpan KypuHaauKd, aHJaHHIIHHHT JOHPaBHM u4acToTacu OGHJAaH
aiJIaHMIL 4acTOTacH KyHHaard GOF/NaHHLIra 3ra:

w=2nv. (1.33)

Teknc ainanuwina MyalisiH { BakT opajuFua MOLAMI HYKTa aHHK
6upop ¢ Gypuakka Oypuica, 6y 6ypuak (1.30) ra acocan Kyiumaruua
uponananaiu:

g=ot. (1.34)

Bypuanir 6ypuarn Ag pagManiapaa yauaswraHaurd yuyH 6ypuak Te3JHK
(1.30) ra acocaH paauaH TakKcHM cekyHa (paa/c)aapaa yauaHaau.
Afinannw yacroracH v 3ca Gup TakcuM cekyHa (1/c¢) napaa yauananu.
Moanui HYKTaHHHr MabayM BaKT OpaJHFHAa Y3 TPaeKTOPHSCH
(alaHaHuHT €iu) O6yinab yTraH HYJAH UYU3HKJIH Te3NHK Ba YH3HKJH
Te3naHuil 6unaH HpopanaHagd. 1.14- pacmaaH KYpHHUOG TypHOIHKH,
Agp—0 6yaranna AS= RAgp 6ynanu. As macopand Moaani Hykra Af BakT
gaBoMHaa YTraH 6yJca, YHHHT YUH3HKJH TE3JHTHHHHT MOAY.JH

. As . RAg . Ag
v=lim—-=lim——=Rlim——=wR (1.35
a0 AL a0 Al A0 At )

6ynanu.

Hemak, aitnana 6yinab TeKHC XapakaTAa UHM3HKJH Te3JMK aljJaHa-
HHHT paauycura MyTaHocHG (MponopuuoHat) 3KaH. YUH3HKAH Te3JHK
BEKTOP KaTTajuK O6YJu6, YHHHT HYHaJWWM KyfHaarHua aHHKJaHALH:
At BaKT OpaJMFHHH uYeKCH3 KHYHK KHUAHO osicak, A Hykra B Hykrara
yeKcH3 stkMHsawaau (1.14- pacm) Ba aksaHa_6yinab xapakaraaHaér-
rai MopgiaHH HYKTaHHHr Kyudw BexkTopH (Ar) 6y HyKTaJjapra yTKa-
3WAraH ypuuma GuaaH ycTMa-ycT TywaiM. [lemak, YH3HKJIH Te3JHK
(5=lim-§§) HUHT HyHaauwu 1.15- pacMaa kypcaTtujraHiek TpaeKro-
At—0
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pusa (ainava)ra ypHHMa paBHIUAA XapakaT TOMOHra HYHa/raH.
(1.35) ¢opmyna BexkTOp KypHHHUIAA KyAHAArHYa €3uaaH:

?=[oR], (1.36)

S’bHM ai/laHMa XapakaTAard UYM3HKJH Te3nHK 6ypyak Te3JHK BEKTOpH
6Us1aH paanyc-BeKTOp R HHHT BeKTOp KynmaHTMacHra TeHTAHp.

Bakr yTtuwn OuaaH o HUHT KHHAMATH V3rapu6 Gopca (HOTeKHC
Xapakar), 6y y3rapuwi 6ypuak Te3JaHHIW JeraH BeKTOp KaTTalHK
6unan udonanaHanu:

- . Aw do

A,_,OvA_t=’dT=w' (137)

by udoaanu (1.31)ra acocan Kylmaaruia €3ull MYMKHH:

2-
g -_-.d_;g, (1.38)
di
ABbHH Oypuak Te3JaHulWl OypuyaK Te3JMKAAaH BakT OViMua OJHHTIaH
6upHHuUH TapTHONM Xocuaara éku Gypunuin 6ypuaruaaH akr OyitHua
OJNMHTaH HMKKHHYH TapTHOMH XOCHJAara TeHr.
Un3uKau Te3naHull YWU3HUKAH Te3JNHKAAH BakT OYHHYa OJHHraH
6UpHHYH TapTHOAM Xocujara TeHr 6yarauu yuyn (1.36) Ba (1.38)ra
acocaH Ky#uparura sra 6ysnamus:

dv _ d(wR) _ pdo _ pd¢ _
= =RG=R—=Re. (1.39)

Hemak, 4uzukau teznanuw (e=const 6yiranna) ainnanuw paguycura
MYTaHOCHO KaTTaJaHKAHP.

Aiinana 6yitna6 conup 6YaaérraH TeKHC Te3JaHyBuaH Xxapakaraa Af
BaKT QaBOMMAA MOAAHH HyKTa ¢ Oypuakka 6ypunanum Ba Oy Oypuak
(1.29)ra kypa Ky#inparuua udoganaHaiu:

o=yt 2 (1.40)

6y epla wo — 6owaHFuy 6ypuyak TE3JHK.

1.8-§. 3PM HYM3UKNM XAPAKATAA TE3NMK BA TEZNAHMLL.
MAPKA3TA MHTMIIMA BA YPHHMA TENAHUWNAP

IOkopuaa aiiTH6 yruaraHHAeK, MOMUIHA HYKTAHUHT TPAEKTOPHACH
3TPH YM3UKAAH HOOpaT 6Y.ca, 6y XapakaT 3TpH UH3HKAH JAeHHIaaH.
Drpu YM3HKJIH XapakaT[a Te3/HK BEKTOPHHUHT MONYNH Y3rapuiuH GuaaH
GHp KaTopia YHHHr HyHaiuwu xam ysrapaad. Tesauk Bexkropu
HYHAIMWHHHHT Y3TAapULIK «TPAEKTOPHSIHHHT 3rPUJHru» Ne6 aTanyBuH
Karranuk OusiaH y3BuH GOFIHKAHD. «TpaeKTOPUSIHMHT ITPHJIHIH» AeraH
TYWIYH4aHH AHHKPOK TAacaBBYP KHJHIL YYyH MOLAHMH HYKTAaHHHT GUpOp
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l.16-pacm

ABCDE pan w6opar 3rpH UM3HK/AH TPAEKTOPHACHHH KYPHO UHKANIHK
(1.16- pacm).

TpaekTopusiHHHT XaMMa HYKTa.1apH GHD TeKHCIHKAA (PacM TeKHUC.IH-
rupa) érrad G6yacHH. XaMma HykraJapH OHD TeKHCAHKaa érrad
TPaeKTOPHA Accu TpaexkTopua Aeinnand. Pacmaan KypuHu6 TypuGAUKH,
TpaeKkTopHAHHHT B, C Ba D HyKraaap atpoduaaru ajoxuaa KHCMJapH
paanycnapu Moc paBHlaa Ry, R; Ba R3 6yaran aiiaHasiapHHHT éiinapu
6uyaH ycTMa-ycr Tywaanti. BHHOGapHH, TpaeKTOpPHSIHUHT B HyKracu
atpopHaard Kylda KHYHK KHCMHHHHT 3rpHaHrd R, paauyc GHJaH,
C HyKracH aTpoduAard KHCMHHHHT STPHJAMTH R, paauyc GuaaH (Ba
X. K.) aHuKJiaHaaH Ba Ma3kyp R, R2 Xamaa R; KaTraJiuk/jap TPaeKTopus-
HHHI MOC HYKTaJlapHJard SrpHAHK paaHycJapu aeHHAadH.

Lllynn KaliA KMAHLI KepaKKH, TPAeKTOpHs aiaaHanaH u6opar 6y.arau
X0a4a YHHHT 3TPHAHK paiHyCcH aHfNaHaHHHT pagHyCcH IdeMaKIHp.
TpaeKTOpHSIHHHT MOC coxanapuaan R, R, R; Ba xoka3o macogana érran
01, Oy, O3 Ba X0Ka3o HyKTajap TPaeKTOPHSIHHHI L1y COXajapHaard
3TPHINK Mapkasaapu aeb6 araiani.

o I
Arpuauk pagHycHra TeckapH 6yJraH KaTTaJHK C=F TPaekKTO-

PHSIHHHT LIy pajgHycra MOC KeJIraH KHCMHHHHT 3TDHJAHUrH Jeb
araqaann. Jlemak, 3rpH/IHK pagHycH KaH4YaJHK KHUHK 6y/ca TpaeKTOpHus-
HUHT 1Y KHCMHHHMHT 3TPWIHCH LIYHYAAMK KaTtTa 6yaanu.

Kearupuaran mynoxasanaplad uiyHAad Xymoca Ke.aud UYMKAAHKH,
MUXTHEPUH LIAKAAarH TPAeKTOPHSAHUHI alloXH1a KHCMJIapHHH R paaHycra
MOC KeqlyBUH aHjiaHaHHHT €K 6yiaab 6yaa€TraH xapakar TpaeKTOPHSCH
ne6 Kapawl MYMKHH.

YMyMuii Xxonaa 'HXTHEpPHH WaK/AAard 3TPH UH3HKJAH TPAaeKTOpHA
6Vina6 xapakar KH1aéTraH MOAAHH HYKTAHWUHI TE3JIMTH COH KHAMaTH
6yifinua xam, HyHanuwy Oyinua xam ysrapuiid MyMkHH. Taxpuba-
JIapHHUHF KYPCATHLINHYA, 3TPH YH3HKAH XapaKaTia Te3J MK BEKTOPH XaMma
BaKT TPaeKkTOpHSIra ypHHMA paBHILAA XapakaT TOMOHra HyHaJras
6ynaan. ®apa3 KuaaHadK, MOLLMH HYKTa 3rPH UH3HKJH TPaeKTOpHA
6yiina6 xapakar KHaW6, Af BakT aaBomuHaa As macodpanu yTHO,
M HykranaH N HYKTara KeJCHH Ba 11y BaKT Opa/lHFH1a YHHHT Te3JIHrH,
1.17- pacmaa KypcaTuiraHuaek, v, AaH Up ra yaraprad GYJacuH. Af BaKr
4ABOMH/AA Te3JHKHHHI COH KuiMaTH Ba HYyHalHIH GYyHHUYa Y3rapuilHHH
aHuknab oJMII YuyyH KyHularuua Hil KypamH3: U; BEKTOPHH y3ura
napajajes pasuinAa M Hykrara Kyudpamu3 Ba v| Xamia vz BeKTopJap-
HHHT yua1apHHH Av BeKTOp GHJIaH TyTaluTHpaMHu3. BekTopjaapHu adupHul
KOHjacura acocaH Av BeKTOp vy Ba v) BEKTOPJAPHHHI alupMacHaaH
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»°

u6opat. YHHHr HYHAAMLIH
Xapakar UyHaJHiuH GUJIaH MoC
3Mac. YHH TPaeKTOpHUsAra §pHH-
Mmaaap (v, Ba v HyHanuwap
6yiiuya) Ba yHra THK (HOp-
MaJj) HyHaJadwjapra mMoc Ke-
JIYBUM UKKHTA TalUKHJ 3TYBUH-
Japra axparamus. byuuur
YUYH KY4YHPHITaH Uz BEKTOP
6yina6 Yy3yHJMIH U, BEKTOp-
HHHT MoayJura TeHr Gyarad
MK xecmaHu axpaTamu3 Ba
P uykrapan K HyKrara Av,
BEKTOPHH yTKa3zaMHu3.
BexTopaapHu KYWuII KOH-
Aacdra _acocan Av  BekTOp
A0, Ba AU, BeKTOpJIapPHHHT BEeKTOp HUFHHAHCHIAH HGOpaT 6ynanu, AbHU

Av=Av,—{-Av,,. (1.41)

1.17-pacwm

IOkopuaaru pacMaan KYpPHHHG TYPHOAHKH, AU BEKTOPHHHT AU, TalLKHJ
3TYBUHCH Af BaKT JaBOMHU/Ia TE3JHKHUHT COH KHAMAaTHHUHT Y3rapHLIHHH
KypcaTagd. MabiayMKH, BAKT OHPJMCH HUYHAA TE3JHKHUHT Y3rapullu
Te3JaHUIWHH Hponanaidan. Te3NHKHUHT COH KUHMATHHHUHT GHPJHK BaKT
NaBOMHAA y3rapduii ypHHMa (TaHreHUHaJd) Te3JaHHUL
neidnaany Ba a; 6unan Genrunanain. YHu Af Holira HHTHATAH XOJ Y4YH
KyHugardiua aHuWKJaWM#3:

d =lim——t& " (1.42)

Al HoIra MHTHATAHAA YHMUHT HYHAJAWUIM U, BEKTOPHUHI M HyKTagaru
AyHanuIIura MOC KeJajiH.

_3uan (1.41) popmynaaark Av BeKTOPHHHT HKKHHUYH TALIKHJ 5TYBYHCH
Av, HiMaHu HdonanaiiuHd 6atradcus Kapab YHKAWNUK. DYHUHT yuyH
IOKOpH/a MYJ0Xa3a IOPUTTaHHMH3LeK Af BAKT OPaJHFHHH XKyJa KHCKa
O1aMH3, 'BHH YHM HOJra HHTHATHPAMH3. At Honra untuaca MN éira
TasiHHO TypyBuM Mapkasui OGypuak xam Hoira MHTUNHG, Oy €t M Ba
N HyKTanapHu TyTalWITHPYBUH Batap (BaTap pacMjia KypcaTHiMaraH)
6unan yctma-yct tywand. By Batap tenr énau yu6ypuak AMON nunr
acOCHIHP. U_IyHHHI‘AEK PMK yu6Gypuak xaMm TeHr éHauaup. by
yu6ypuakaap yxuaw yu6ypuakaapanp, YyHKH yIapHHHT MOC TOMOHJIapH
y3apo THK. Af BaKT OpaJIMFU HOJIa MHTWITAH XOJ1 YUYH U\~ V=0 1e6
Kabys KMJaMH3 Ba yuOypuaKapHHHT YXIIALLIHMTCMAAH KyAHparura sra
6y1aMu3:

I_A4R1v_|=f‘__ (1.43)
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MN =As=uvAt{ 3KaHJurHHH Xucobra osau6, (1.43)uH KyHuaaruuya
€3aMH3:

oAt _ AU“ eK” /\U” _i
R v At R’

6y HposaHH BEKTOP KYPHHHLIKAA €3aMH3:

Av 2 .

n

v
At R

6y epaa n Bektop Av, AyHanuwgary GHPAMK BekTop. Af Houra
MHTHJFaHga n BekTop (Ba Auv, BeKTOp) v, BeKTopra THK paBHIlia
TPAEKTOPHSIHUHL 3TPHJIHK MapKa3ura TOMOH HyHanaaH. LLyHuHr yuyH 6y
HPOAAHHHT JHMHTH

Ay

n

a,=lim
T at—o At

MapKa3ra HHTHJMa Te3JaHHL Aeiunaan Ba y
2

a,=%n (1.34)
R
Tap3aa xam udoaanaHann. lOkopuaa aliTunranuaek, 6y TesjnaHulu 3rpu
YM3HKJHM XapakaTia BaKT GHPJHIH HUMAA T€3JHK BEKTOPHHHHT HyHaJ/HIL
6yitHua yarapuwinuy uonanaian. Jemak, mapkasra HHTH/IMa Te3J1aHH I
COH JKHXATAAH YH3UKJIH TE3NHKHHHT KBajapaTHra MyTaHocH6 Ba
TPAEKTOPHSIHHHT 3TPHJHK PaAMyCHra TeCKapH MYTAHOCHGAHD.
Mucon TapHkacuda IWIyHH aHTHL
M 7 KepakKH, TYFpPH YHM3WHK/AM XapakaTr Tpa-
eKTOPHSICHHHHI  3TPHJIHFH  HOJIra TEHr
(3rpHJHMK paauyCH YeKcH3) OYJraHjaHru
yuyH O6yHaaH xojjga MapkKasra HHTHJAMA
Te3JaHHIW Hoara TeHr Oysnaad. Arap
MOAAHH HYKTa y3rapmac Gypuak Te3JIHK
6unaH, sibHW aHnaHa O6yHnab y3rapmac
YH3HKJIH Te3JMK GHJaH XapakaTr KHJaa-
érran 6yaca, 6y xapakar ¢akaTr Mmapkasra
HHTHJAMA Te3/aHHLW OHJaH aHHUKJAaHaIH,
yyHKH 6y XxOou1jla YPHHMA Te3J1aHHL HOJra TeHr.
Tyauk resnanuw (1.41) cdopmynara acocaH ypHHMa Ba Mapkasra
HHTHAMA Te3JIaHWLUJIAPHHHT BEKTOP HMFHHAMCHra TeHr 6yaaiu:

1.18-pacm

ad=a.+a,. (1.45)
1.18- pacmaaH KYpHHHO Typu6AHKH
F=d+d, (1.46)

ABHH TYyJa Te3NaHHWl MOAYJHHHHI KBaApaTH ypHHMa Ba Mapkasra
HHTH/IMA Te3JaHUIIAP MOAYAJAaPH KBaAparjJapHHHHT HHFHHIHCHIA TEHT
6ynanu.
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1.9-§. XOCHITA BA MHTErPANHMHI OM3HKABMA MACANANAPTA
TATEMKM

Xocuna TywyHyacH cod MaTeMaTHKaBH# HYKTaH HaszapiaH (akaTrHHA Y3JYKCH3
QYHKUHANAD YUYH, aHHKPOFH, GYHKUHATAPHHHT Y3JYKCH3NHK COXaCHAarHHa Ma3sMyHra ara.
Puznkaga HXTHEPHH PH3HKABHH KATTaNHK GHD €KH GHD Heua KaTTaJHKJAPHHHT PYHKUHACH
cHdarHaa KapaaHiuiH MyMKHH. MacanaH, xHcM 60cH6 yTraH iys BaKTHHHr (PYHKUHACH,
S'’bHH XapaKaTAarH XKHCMHHHT 60CHO yTraH AYyNH XapakariaHHW BaKTHra GOFJAHK GyianH.
By GoFnanuw owkop 6yimarad kypuHHAa s=s(f) waknna ésunaau. LUyHHHTAEK,
XapaKaT Te3/IHrH Ba Te/1aHHIIH XaM BAKTHHHT dyuKuusich cupaThaa 0=u(t) Ba a=af(t)
KYpHHHIAA €3U/HIIM MyMKHH. Bab3n QH3HKaBHI KaTTaJHKAADHH, XKYMJaAaH, TE3HK Ba
Te3NaHHUIIHK XaM KOOpAHHATaJlapHHHT GYHKUHACH cHdaTuaa udonanaw MyMmkud. Bynaai
KaTTaquKaapra 3HT OfAMH MHCON — KHCM 3HuIHruaup. XakuKaraH XaMm, yMyMHii xoaia
JKHCM 3HUYNHTH XaXXMHHHT Typad Gyaaknapuia TypaHya G6yaHuwin MyMKuH. MacaaaH, xaBo
MOEKYdaJaPHHHHT 3HWIHTH o4anii Wwapoutaa Ep cuprura akuH XoHnawras Kamamaapia
KaTTapoK 6ynH6, 6anaHa MK OPTraH capH Kamast 6opaad. Arap KoopaHHaTalap TH3HMHHHHT
Ep cuprura tHk ityHanran ykuHu Z opkaiu Gearunacak, 6y GoFnaHuml (PYHKUHOHAM
Ky pHHHILLE R

p=p(2)
Kabu é3unanu. JKHCMIADHHHT 3HUYIHTH XaXMra GOFIHK GyaraHdH yuyH yMyMHMd xouiia
p=0p(x, y, 2) byHKUUs €pAaMHAa aHHKJAAHAIH.

OHAKM 3HUJAHK TYWyHYacH BOcHTacHaa (pH3HKaBHH Macajajapia XOCHJAa TYLWyHUYaCH-
HHUHT HUIJATHJAKI Ma3MYHHHM Kapa6 unkKaiink. Tabpugpra acocaH, XXHCMHHHI yprada
3UYJIHTH YHHHT XaXXM GHPJIHTHIa TYFPH KeJYBUH MAcCCaCHra COH )XXHXATAAH TEeHT, AbHH

Arap 6u3Hu GHPOp 3J€MEHTAap XaXKMAArH 3HUJIMK KH3HKTHpCA,

_Am
T AV

dopmynanan ¢oinananamus; 6ynna Am — 3nemenrap xaxm (AV) aaru macca.
MaremMaTHkaBHi HyKTaH HazapJaH XHCMHHHI GHpPop GHP «HYKTa»AarH 3HYJHTCH

= lim A Am dm
= AV v

(popmy.ta OHJaH, ABHH XKHCM MaccacHaaH XaXM 6yfiMua O/JMHraH Xocuaa cHpartHaa
aHUKJaHHUIH J03UM. SHUTIMKHHHT XOCHara acocaaHnran 6y Tabpupusan ¢pofizananuil y4yH
KapanaéTraH XHCMHHM «Y3JYKCH3 MyXHT» Ae6 Kapalll, AbHH XXHCM MAacCacH YHHHT XaXMH
6yiinua Y3aJyKCH3 TaKCHMJaHraH ne6 Kapaw kepak G6ynanu. JKucM TY3HJIHUWIHHHHT
«Y3JIYKCH3 MYyXHT» MoleaHaaH ¢poHrasaHu6 (H3HKAHHHT KYNIrHHA (MacajaH, a3pOAHHaMH-
Ka, KAaTTHK XHCMJAPHHHI KAWHWKOKJAHK acoc/apH Ba IU.K.) MacajanapuHu MyBadPaKu-
ATJIH XaJ1 KHJAHII MYMKHH. Ac/IHAa 5ca XHCMJIap y3JYKCH3 3Mac, XHCMIapHH XOCHJ KHJyBUH
3appayajiap opaculard ypraua macoda Wy 3appajsapHHHT reoMeTpHK )"fnan.napmlaH 6up
Heya Mapra Katra G6yadwH MyMKHH. MareMmardkaBuii T GHaaH adTranaa, macca
XaXMHHUHT y3NYKCH3 GYHKLHACH 3Mac. XaKHKaTaH, XaTTo KaTTHK XHCMIapAa XaMm acocHil
Macca KPHCTaJJ1 MaHXapaHHHT «TYTyHJapH»Aa Xo#sawraH 6yau6, naHXapaHHHr HYH
amanna «6yuiiHK»aaH H6opat 6y1aan. LLlyHHHr yuyH arap GH3 KapaétraH XaXKM 3JeMeHTH
AV kpHcTaJs naHxkapa TYryHaapH opacuaart ¢pasona xoisnawran 6yica, 6y xaxkmaard Am
macca Houira TeHr 6ynanu. ['asnap Ba cyloKJHKIapAa 3ca MacaJa siHala Mypakkab6Jaluaau.
By xoina monekynanapuunr 6erapTH6 HCCHKJMK XapakaTH Tyhailln MyaHsiH XaXKm
3JeMeHTHAAarH MOoNeKyra/jap COHH Ba ReMaK Macca XaM, BakT JAaBOMHIa HHXOSITia Te3
xamaa 6eraptn6 ysrapu6 typaau. Ly ca6a6au ‘

Am

lim =21
AvV—0 AV
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JUMHT YMYMaH Xe4 KaHaaH ¢u3HkaBu# masmyHra sra Oyamaidan. Am/AV karranuk
pu3nKkaBuil Ma3MyHra sra 6yaHwn yayd AV xaxm erapau napa)kana Knauk 6y/uwun 6unan
6vpra yHaary MojekyJaanap (€k¥ atromyap) COHM erapiy [lapakana Kyn 6yadlin kepax,
6uHo6apuH, 6y Xa)XMOArH MacCaHWHT ypTaua KHAMAaTH Xakuia MyalisiH QUKD IOpUTHIL
MYMKHH OYJHIIK KepaK. AManna ilyHaan 6Yauilyu, AbHH SHP-6GUPHra 3u/l HKKH TalnaGHUHT
6Hp BaKTAA KOHAHPHAHIIKM MYMKUHMH? By caBosira xapob 6epnul yuyH 3HUJIHry HucbataH
KaM GY/ral OAAMil WAPOHTAArH ra3Hn anub Kapainuk. Mabaymkn, onanii wapontaa | cm?
xaxmaa 3-10'° rara sikum ras monekyaacu Gyaaau. Arap AV=10""'" cm’ 6yaca, 6y
Xxaxmaa taxkmuuan 3-10° Ta monekyna xolnaurran 6ynaan Ba 6y XaMaard MacCaHuHT
ypraua KuAMaTH Xakuaa 6emManc] aHWK MyJoxa3a IODHTHLI MYMKHH.

Ukknnun tomonnan, 107'% em?® xam opaTaary MakpocKonuk *HCM XaXXMura Huc6artan
«HyKTa» 1e6 Kapanuiin MyMkdd. Lillynra kypa, pusnkana suuiuk mareMmaTukaiars kabu

_dm
="av
Kypuiwga udoaanaHap skad, GyHaa dV KaTTaluKHMHT Kopuaa 6aéu KWIMHraH

Ma3MyHAAr¥ 4ekJH KaTrTanHK IKAHJIWUrKW Hasapaa TyTHaaiH
MaremaTHkaBui HYKTaH HasapiaaH XXHUCMHHHT Gupop XaXM 3J1eMEeHTHAaru 3MUWIUTHHA

A Am,

t

KypuHuwuaa €suwr tyepu 6yaaau. lOkopuaa aditranumusiek, 6y xoaia

AV,—0 6yaranna Am,/AV, uucbat aHWK GHp KHAMAaTra MHTHAMaAHAH (JIMMHT MaBXya
IMac).

Arap AV Hu ueKk/M KHUMK KATTAJIHK aecak, Am/AV KarTannk GepuraH XHCM yuyH Wy
XaXKM 3JeMeHTHAa BaKT AaBOMHAA y3rapmal KOJAyBuM Xoccajapuaasn Oupu Oyarad
3HUNUKHU Hpopanalan.

Hyun anoxuiaa TabKRANALL JIO3UMKH, MAcCalaH XaM 6Viiuua (dbHankaBni MasmyHaa)
XOCHJIA OJIHIWIAA XaXKMHHHI YeKCH3 KHYHK OPTTHPMACH YPHHTa YeK/JH KU4HK OPTTHPMAcH1aH
dbofnananuw  xucobaauiga xatoadkaapra onnb kKeama#an, axcuHua, AV—->0 jeb6
Kapajraiia KeqH6 uMKyBYM KaTop XaToAHKJAapHH Gaprapad Kuau6, mMareMaTHKaBHil
Hpoaara ¢pusHkaBui MasmyH bepaiu.

DHAM XOCHNa BAa MEXaHUKABHH TERJIMK TYWYHYanapH opacHiaru OOFJaHHLIHH Kapal

. s .
unkadank. Tabpudra acocan V= R Arap 6upop Af BaKT A1aBOMHAArY YpTaua TE3NUKHH

Xxucobaaw kepak 6yica, Vy==As/Al popmynanan dolinananunanu. Arap Af BakT erapsn
papa)aaa Kuuuk 6yiau6, 6y BaKT OpasiuFHAA Ted. tkiHd Y3rapmac ne6 Kapai MyMKHH 6V.Jca,
TE3JIHKHHHT 6y KMAMATHHH Af BaKT OPaJHFHAa €1 VBUH HXTHEPHH fo NaHTAATH OHHUI Te3NHK
ne6 Kapaw MymkuH. L1y ca6aban maremaruxa/ Te3JNHKHUHT OHHH KHAMATH yuyH

= lim 22 =223
v A;—T()At dt $

JUMHT Kabyn KHauHagu. AmMo amanja 6y JUMUT MaBXKyaMud? DByHH aHurjau yuyu
du3nKaBHI KATTANUKNAPHUHT YMYMHH XYCYCHATAApHHH Kapa6 Yukui KHdos. Mabiymky,
Xap Kauaad ¢H3MKaBHI KaTTaJMK yJuawjap BOCHTAaCHAa aHHKJaHaau. XycycaH,
TE3JIMKHUHT GHPOP BaKT Opa/iHFMAard ypraua KHAMaTHHH aHUKJAW Y4YyH XapaKaT AaBoM
3TraH BaKT OPajHFH Ba Wy BaKT uuuaa 6ocH6 yruaran WyaHu yauaw no3uMm. Xap Kauiah
yauaw 3ca yavair ac6064apuHHHT XYCYCHATIapH Ba Yuall wapouTH 6uiaH GelrnjianyBum
XaTONUKJAApAAH XoH Gysumu MyMKKH 3mac. XycycaH, Afi—0 6Ynran Bakt OpajiHFHHU
HCTaNTaH ycya 6uiaH aHdK Yaua6 6yamaiaH, uyHKH reoMeTpHK HyKTa ¢a3oBuil yauamaapra
sra 6y/AMaraHufek, BakKT naiTH (MOMEHTH) BAaKT OpajHfH yauamura sra smac. [lemak,
MaTeMaTHKaBHH HYKTaW Ha3apaaH KaTbdi KapaJca lim«Ai MaBXya 3Mac. Arap At
At—~0 At

eTapad aapaxaja KHYHK, aMMO 4Yekau ae6 Kapaaca As/Af uucbat myaisin ¢pu3HkaBui
Ma3MyHra sra 6y/araH Te3JHK TYLIYHYACHHH aHUK Hbopanaiam.

MxTuépus kattanuk f(y) Ba apryMeHT y Hulr yekan oprrupmanapi (Af Ba Ay nap) HUHT
Af/Ay Huc6artu [’ xocuaaHu eTapiu Aapaxana aHuK udoaa Kuica, pusukiap Af sa Ay
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KaTTaAHKJAAPHH YEKCH3 KH4uK €6, aHHKPOFH (DH3UKABHH HEKCH3 KHUMK MHKAOpAAp ne6
aTaiaunap

Mazvaymin, (UQDCPCIiHad [yliyHialH YcheH3 KHYMK OpITHPMA MA3MYHHra sra.
MonOMHKH, (BUIMKABHA KATTAJIHKIAPHHHT MATEMATHKaBHH Ma3MyHIarH 4YeKCH3 KHYHK
OPTTHPMACH MABXY/L IMAC 3KaH, JeMaK YJAapHHHT MaremaTHKaBiil MasmyHaard aH(poe-
peHUMAIH XaKHaa ranupuil MyMKHH sMac. AMMO (GH3uKa/la (M3HKABHH HYKTaH HaszapaaH
YEeKCH3 KHUMK 1e6 Kapall MyMKMH 6YaraH opTTupmanap yuyn xam df Ba dy Gearu-
Aawapaan goigananunani. XyAand WyHHHTAEK, (PH3HKABHI KaTTaJUKIapHH H(OAS OBYH
GYHKUMA Ba aprymMeHTViap OpPTTHPMAasapH HHCOGATHHHHT aprymeHT OpTTHPMacH Housra
WHTHJTAHAATH JHMHMTH Jesipaiu Gapua Xouaapla MaBxyld GYyamaranaurigad ¢usukana
xocuaa cuaTHaa eTapaH 1apa)kana KHUHK KHAHG ONMHraH OpTTHpPMaJap HHUCGaTHAaH
cdboipanannraan Ba 6y xocuaa

A
= dy
KaGH GenrnnaHadi. by ypuhuaa Qu3HKaBHI KaTTaaHKIAp YYyH
EL;& lim ﬂ

dy * ay-0ly -

IKAHAUTHHH €148 TYTHIL J103UM.

Maremartnka Ba ¢u3auka cannapura HIWAATHAYBUM XOCHIA TyIIyHUalapH MasaMmyH
KHXATHAAH (pdPK KHITAHJIAPH Kabu HHTerpaj TYUWIYHUECH XaM Xap HKKH X0J,1a TvpJuya
MasMyHra sraiup. Matemathkajaa HHTerpajfall amadnu

' e ]
im 3
\y—=0¢= If(y,)Ay,

aumMuTra YTHw cudatiia Tavpud.aanaat, SbHH
. b
lim 3 f(y,)Ay,={[(y)dy
Ay—Or=1 a
AmMmo ¢pu3HKana Ay—0 KaTTanukHu aHukaaw (yauaw) mymkun smac. Konasepca, f(y,)
KuiiMaT ymyman masxya 6yamacauru xam mymkun. Iy ca6abau f(y) Gupop pH3HKaBHii
KaTTaNMKHH udoaasaraiia KapajaetraH JUMHT KYn Xoanapaa masxkyn 6y.aMaiin.
Arap Ay, ctapyu napaxaia KHUMK, JEeKMH apryMeHTHHHT wy KuliMaTiapu opajnuruia
f(y) dyHKuMsHHHT YpTaua KUHMaTH Xakuaa (UKD IOPHTHIL MYMKHH GyJjrad Aapaxaja
oo

karta 6yica I [(y)Ay, Anrunau myaiisu ¢puaukasuil Masmynra sra 6yaaau. lllyHnra kypa

=1
(PH3UKaAa HHTerpaJs HHFHHAHHHHT JHMUTH cHdaTHAA 3Mac, 6aJKu eTapiy Aapaxaia KHUHK
6yiran »Xyaa Kyn KyWHIYBUHIAPHUHT HHFHHAHCH cudaTHIA aHHKNAHALH, ABHH:

h n
fway= 2 fy)ay,
a =1
XycycaH, arap f(y) (YHKUHS Te3JHKHHHT BaKTra GOFJIHKJAHIHHH upoaanaca, f(y) =uv(!)
Gynanu; y xonaa tabpugra acocan Af BakT opannruaa 6ocu6 yTuaran #ya

As, =uv,A¢,
(popmy.ia Guian aHukaanain Arap GHpOp eTapsin napaskajla karra BaKT opaanFnia 60cHb
YyTHIrai AyaHn Xxucob1amoKuu 6yacak, TaGuHil paBHIILa, 3JeMeHTap BaKT/ap OpaHKAapH-
Aa 6OCHG yTHaraH HYJAapHUHT HHFHHAHCHHH OJMHWMHMH3 Kepak, SibHH *
s=2Zs =ZyAl.
- i

13

It ba=

* By Ba GyHnaH KefMHrH ypuusiapaa WHFMHAM I KypuHHuwia Gepuaran 6y.ca,
i ¢

MasMyHHAA TYLUIYHHJICHH.
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YMYMHI X012 Te3/HK BAKT NaBOMHAa Y3rapH6 Gopranauruiai, xucobaaw TYFpH 6YAHUIH
YyuyH Af, BaKT OpajJMFHHH LWIYHAAH TAHJAUIHMH3 KePakkd, Oy OpaJHKAd Te3JUK AesipaH
yarapmail koscun. By xonpna
L
Zo,At= (RIGLT

i
TEHIMK YpUHAH Gynanu. emak,

4
s= Sv(t)dt.
. 4
Pu3ukaaa HHTerpaasall amanuaaH QU3HKaBHH KATTAIUKAAPHHHT YpTaua KUAMAaTAapuHH

Xucobaamaa xam doiaanaHunaad. XakHKaTaH XaM MabJyMKH, Ypraua Te3/uK IOKOpHAa
KypcaTharaHaek

¢dhopmyna 6Gunan xucobnaHaau. AMMO s HHHr HGOAAaCHHH WHTerpan épaamuia écak, 6y
popmyna

ty
Sv(t)dt

4

1
T ty—

KYypuuuwra yraan. Uxtnépuil f(y) dusnkasuii KaTTaJHKHHHT (Y2 — Y1) OpaauKAary ypraua
Y

! Sf(y)dy ¢dopmyna Gunan xucobnasagn Macanan, f=p, y=V

L

Kuiimath f, =

1%
6yacuH. ¥ xonna py=lV§p(v)dV 6ynanu.
3 .

IyHnak Kun6, maTemaTnka aMa.snapuiu GU3HKa Macasanapura pacmad Kyaaawaa
(popmynanapHuHr WlakJAW y3arapMaca XaM, YJAapHHHI Ma3MyHH MawiyM Japaxana
yarapaau. ByHaa#t y3rapuuanap GuU3HKaBHH MacanaHH e€UMINHM KyJdal KypuHuwra
KENTHPHULI YYyH CYHBMH paBHwWAa 3Mac, 6ankd (pH3MKa KOHyHJapH Ba XOAHCANaPHHHHT
MOXHATHAAH KeJu6 4MKHO, TaGHHiA paBHIIga aMaara OWHPUNaLH.

1.10- §. SPKMHIIMK DAPAXKANAPU COHU. YMYMALLTAH
KOOPAMHATAJIAP

Moaanii HyKTa (XKHCM)JIapHMHT XapakKaTHHH Ba HCTaaraH nairaa
yJapHHHT ¢pa3ofard Ba3UATHHU TaBCH}JAlLAA IPKHHIHK Aapa)kaJjapH
COHM jJeraH TyLIyHYa KUpUTHJIaad. Mopau# HYKTaHWHT ¢asonaru
XOJATHHH TYJAHK - aHUKJalWira HMKOH OepyBuH O6Hp-6upura OOFRIHMK
6yMaraH (MyCTaKHJ/) KATTaJHKAAp COHH YHUHT 3PKUHAUK dapaxcarapu
COHU NeHUNau.

Kyiinparn Muconnap pKHMHIMK [1apakKajiapR COHHHHHT MOXHATHHH
ouMiura UMKOH Gepajgu: MOAAHN HYKTAHUHT (aszogaru Bas3HATH YHHHT
yuTa KoopaHHaTacH (x, y, 2) opKaJu aHUKJaHHIUM MYMKHH. [leMak,
MOAIMHA HYKTAHHHT 3PKHHJHK JAapa)kanapd coHH 3 ra TeHr. MyaisH
LIApOUTAA MOAJHH HYKTAHHHT KYUHIIK YeKJAHTaH GYJIUIIH XaM MYMKHH.
DuabApA wapuHUHT XapakaTuHH oaub Kapacak, y (akaT TeKHCIHKAA
XapakaT KMJaaM Ba YHHMHr HCTajraH mnafdraard Ba3HSiTH HKKHTa
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KaTTajlHK — X, y KOOpAHHaTraJ/Jlap opKasH HdoaanaHaad (yura — x, y, 2
Koop/HHaTanaH ¢akaT 2 TacH X Ba Y MYCTAaKHJIAHP), AbHH 6y LLIAPHUHT
9PKHHJHK Japa)kajapH COHH 2 ra TeHr. JKHCMHHHT o1auHAaH GepuJjrax
TpaekTopust Oyinab XxapakaTHHH oaH6 Kapacak, YHHHI HCTaJras
nadTAard Ba3uATH Wy TpaekTopusa 6yina6 yTuiaran Hya y3yHauru 6uaan
aHHK/J1aHaAW (MacajdaH, noesjl €KM TpaMBaHHMHI XapaKkaTH); 6y xoaaa
IPKHHJAMK AapaxaJjapu coHd | ra teHr. Mogani HykrauuHr dasonaru
XapaKaTHHH 4YeKJOBUM BocuTasap 6oFaosyusap ne6 aranaii.

Ymymu#i xonna N Ta MoaAMA HyKTagaH H60paT TH3HUMHH ONHG
kapaiiuk. By moaauil Hykrasap Oup-GupHra Huc6aTaH UXTHEpUI
AyHaauiaa Kyua oncanap OyHAAH TH3HMHHHT Ba3HSATHHH a”HuKJall
yuyH 3N Ta KOOPAHHATANAD (X|, Xp,..., Xy, Yis Yoreor Yns 21s 29y ooey 2Zn)
HH OuaHL Kepak 6y1aad, AbHH YHHHT 3DKHHJHUK dapaxajapyu codu 3N ra
TeHrAHp. N ueKcu3 KaTTa CoH Gu/1aH udoranaHCa THIHMHHHT Ba3HSITHHH
KOOpDAMHAaTasap BOCHTACHAA YeKJIH paBHLWAA aHHKJIA0 OGVaMaiiau.
ByHaaH Talukapd, TH3HMHHHT Ba3UATHHH KoOpJuHAaTanap opKaJju
uboganaml xaMmMa BaKT XaM KyJaid OGyaaBepMaitau. JIeKMH KYN4HJIMK
Xo/JlapAa TH3HMHHUHT (a3ofard Ba3uATHHH 6Hp-6upura 60FIHK 6yMa-
raH yeKJH KaTTaJHKnap éplaMuja aHHKJall MyMKHH. ByHuHr ca6a6wu
(lokopuaard Mucoanapiaa Kypranumu3 kabH) ImyHAaKH, XapakaT
3DKHHJIMTH YeKJaHraHla 3PKHHIHK Japa)KaNapHHHHI COHM KaMasiiH Ba
TH3uMAaru Gapua MOAAMH HYyKTaJapHUHI Ba3usiTHHH aHHKJall Yy4yH
KaMpOK KoOpAHHaTaJapHH (KU KaTTaluK1apHH) GHAKL eTapJu 6yiaaiH.
MacanaH, Tusumagaru N ta Mmoaauit HyKTaHHHT K TacH y3apo 6up-6upu
6unaH GornaHuwaa O6yaca, OyHlad TH3HMHHMHI 3PKHHJHK JapaKajapH
cond K rara kamasagu Ba S=3N — K 6ynaau. Bynna# koopaunaranap
ypHuAa ucTajaraH yauyaMra sra 6yjraH Ba Makcaara MyBodHK paBHLUAA
TaHIaHraH KaTTaluKlap KYJJaHHIIH yYYH «yMyMJaliraH KoopJHHaTa-
JAap» JAeraH TyllyHYa KUPHUTHJIAAH. TH3UMHHHI (pa3ofaruy Ba3HATHHH
aHHKJahaural Ba Makcaara myBodHK pa-
BHlIJA TaHaAa6 onHHraH, 6up-6upura 60FIUK
6y/marad KaTTajauk/jap TH3UMHHHT YMym-
Aawean KoopluxaTasapu Aeliunain. YMyM-
JawraH KoopiuHatanaap ¢,(i=1,2,3...) 6u-
JaH OejrujaHaiu.

DPKHHJHK gapaxKanapu cohd S=3N —K
6y/irad TU3UM (CHCTEeMa)HHHT Ba3uATH S Ta
yMyMJalUrad KoopAHHartanap opKajau udo-
AasaHagd. YmymJaliradH KOOpAHHaTaJap
cupaTHla UXTHUEPHH (H3MKABUH KATTasHK-
Jlap OJHMHHIIH MYMKHH (KecMa Y3YHJIHTH, €l
Y3YHJIHTH, OFHLI 6ypuary, I03aHHHT CaTXH Ba
Xokasonap). MacaJsaH, siccu MaTeMaTHKaBHH
TeGpaHruy (MasATHUK, GUP TeKHcauKaa Tebpa-
HYBUM TeOpaHT'WU)HHHI HXTHEépHH nalTaaru
Ba3usaTUHH (1.19- pacm) 6utra ymymaauwrax
KoopJHHaTa opkaJau 6epuiu myMkHH. by epna
XY tekucauk Ba UNHUHT y3yHauru ([) xapa- 1.19-pacwm
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KaTHH YeKJOBYH BOCHTANapAup. g cudatvaa 6ypuinm 6vpuarn éxu €i
ysynauru MN =S éxyn OMNOra Tenr 103a (6) oaHuHIIK MyMKHH. Xap
Xo/Aa TeGpaHrHuHHUr Myc6atr Ba MaH$pHH (VHr Ba uall) TOMOHra
UETJTAHHLIH KYPCATHIMILM KePaK, aKe XOJla ¢ KATTaauK GUP MabHOIH
6vama#l Koaaau.

. YMymnawras KOOpAHHATaJapHUHI BaKT 6ViiHua xocuaanapi —
442 YMYyMAAWITAaR Te3JMHKAAD Aelinnaau. Macanan, g —
UA3HKJIH KaTTalHK 6Yicd, ¢ — 4H3HKIM Te3IuK, ¢—OVpH.Inw Gypuaru
6i.1ca, ¢ — 6ypuak Te3q uK Ba X. K. Gy.ann.

MyTaak KaTTHK AKHCMHHHT (aszonary BasHSITHHH TaBcHGJIAll y4yH
VHHHT OGHMp TYFpPH UH3HMKIAA 6TMaraH yuTa HYKTACHHHHI BAa3WUATHHH
aduKgall kupos. by Hykranapuu ¢ukpan A, B Ba C ne6 Gearunacak,
YJaPHUHT UCTAIraH NaluTiark BasuaTaapu 9 ta (x,, y,, 2, Xz Yy, Zp
Xey Yoo 2¢)  KoopAMHaTanap opkaau OGepuaanu. JlekuH HyKTaJgap
opacuiaru Moc paBuuijga oauHrai AB, BC Ba AC KecMajapHHHT
y3yHauKiapu yarapmacaup. eHu 4, B Ba C HykTanapHuHr 6up-6upura
HHUCcOaTaH xapakaTHHU 4eKaoB4M GoraaHuuLiap Kyiuaran AB, BC Ba AC
kecMaJiapial ubopart 6orlaHlIap coHu 3 ra TeHr 6yaub, xapakatJ/aHa-
érraH KaTTHK JKUCMHHHI 3DKHHJAMK Japakajapu COHHHH yuTara
KamalThpaau. [lemak, MyTaaK KaTTHK *KHCMHHHT 3DKHH/IKK AapaXxanapu
COHH 6 ra TeHr.

I16OBb

MOAAMA HYKTANAP AAMHA MMKACM

2.1-§. AUHAMUKAHUHIT ACOCHH BASUDACH. HBIOTOH MEXAHMKACHAA
XONAT TYWYHYACH

MexaHHKAHUHI KHHEMATHKa KHCMH/JA XapakaT KOHYHJIapHHH ypra-
HUILIHK Oy xapakaTJjapHHu lo3ara KearupraH cababdaap 6usan 6ornamarad
Xosaa o1ub 60pHIAK. MeXxaHUKAHHHT AMHAMHKA 6YJHMHAA 3Ca XKUCMIAP
XapaKaTHHHW Ma3Kyp XapakaTHH l03ara KeJTUPYBUH cababuaap MOXUSATH
6usaH Gornab ypranuiaad. JIMHaMHKAaHUHT Ba3u(acH acocaH HKKH
KHcmaad wéopar:

1} »kucM xapakatd MabayMm 6yjica yHra TabCHp 3TYBUM KYYHH
aHHKJaaul,

2) JKHCMra TdbCHP ITYBUM Kyd MabjayMm Oy/rad TakiHpla xapakar
KOHVHHHHU aHHUKJaLl.

By MyJoxaszanapaad Xxap Kamdad XapakaT Kyd TabCHPH OCTHAA
MapXyja OYJUUIH MYMKHH, jeran xyJjgoca Keaub UYHKMACAUTH JIO3UM.
Taxxpuba wWyHH KypcaTaamKH, Kyu TabCHPH OCTHAA MKHUCMJAPHHHT
Te3JWr'W y3rapaid, f'bHH yJaap Te3jaHuul onaaunap.

Xapakatr kapaéHuga MoAJAMH HYKTa (€KH MOLAMH HYyKTaaap
TH3HMH)HUHT* KOOPAMHATASAPH, AbHH PANHYC-BEKTOPH Y3rapaiH.

Taxpuba kypcataaHkd, MOAAWMH HYKTAHHHT OepuaraH BaKTaard
XOJ1aTH YHUHT PALHYC-BEKTOPH r Ba Te3JIUIH U OU/aH, AbHH YHHHT X, Y, 2

KOOpAMHaTalapH XaMmaa KOOpAMHATa YKJAapu OVHHUAQ Te3JHKHHHT

* JKHCM TYHIYHUACH VPHHAE MOLAMH HYKTd TYIIYHUACHHY Hitiatamus KVn xonnapaa
XO LHCAHMHT  VOXHATHHW  OHJIMHIAWITUPHLL  MAKCadHIa KHCM  TYUIYHYACHA3aH Xam
(QoH.1aTaHEaMHU3
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NPOEKIUSNAPH Uy, Uy, U, OWJ18H TYJ1A aHUKAaHaAK. N Ta MOALMI HYKTAl1aH
nbopar TH3HMHHHI OepHAraH BaKTAarn XOJaTH TH3HMAAarH Monnul
HYKTAIAPHHHI PadidyC-BEKTOPJIAPH T, Iy, ..., Iy BE YAAPHUHT TE3JHKAAPH
vy, Uy, ..., Uy OuaaH nudoaananaau. [lemak, xap OUp MOLAHHA HYKTAHUHT
XOoAdTH 6Hp-OUpura 60FJIHK OYJIMaral HKKHTa KaTTaluk — r Ba v 6uaaH
aHuKJaHaaH. Xap Oup moaaud Hykra a3oza 3 TanaH 3PKHHIMK
napaxacura sra 6yaranauru yuyH N rta mopaHMH HykKragaH HGopat
TH3UMHUHT XapakKaTHHH AaHWUKJOBYM KaTTadukaap COHH 6N ra TeHr
6yaaiu.

Moaauii HYKTAHHHI XOJ4aTHHH HM30X1alUAa VHHHT TE3JHTHHUHT
axamusath Aykiaek kypuHaiu. Uy tydadian Mmoaauil HyKTaHUHT Ba3HATH
Ba X014TH XaKHAAard TyllyHua1ap 6uaad 60FIHK 6YaraH Myaoxa3sasapia
YaJKalHK BYXXYAra KeJHWH MYMKHH. Moadu#i HyKTaHHHr Gepu.irad
BaKrlary Ba3uATH YHHHT KOOpAHHATagapH OUaH aHUKJIAHWLIKH Y3-V3H-
AaH paBlIaH; YHHHT X0NaTH XaKHia TyJa TacaBBYP XOCHJ KHJHLI YUYH
Kyiuaars MucoiHn keatupamus. ®apas kunalnauk, 6u3 raxrara Goara
éppamMHAa MHX KOKMOKUHMH3. DosiFaHu eTapau gapaxana KHUMK Te3JHK
OGHIaH MHUXTa Teru3cak, MHX TaxTaAa XarTo M3 KOJNAHPMACJHMTH Xam
MYMKHH. JlekuH, Gosnrara erapiu jdapaxaja Karra Te3l1HK 6epcakkiHa
613 xoxJaraH HaTHxKamH3ra spviiamus. Mkkaaa xonga xam 6oaranudr
MHXTa TEKKaH1aru Ba3usiti (YHHHI PaJHyC-BeKTOPH €KH KOOPAHHATAAPH)
OUpP XHJI, aMMO HKKaJ1a X0/11d OOJFAHUHT Te3JHIH Xap XHJ 6YJraHd yuyH
VHHHI XoaaTd Xxap xuiaadp. ly tygaiiau 6onFauunr Xxap Xua xonaTH xap
XMJ1 HaTHKAra oanb Kelaiu.

2.2-§. KYY4. MACCA. UMNIYIIBLC

JKUCMAApHUHT  XapakaT KOHYHJApUHM ypraHap 3KaHMu3, Xapa-
KaTHHHT ca6abuHH aHHKAa0 onviuMu3 Kepak. TaxTta yeTuaard 6UIbsapa
wapuiHu oaub kapadauk. Taxta XKylda KaTrta aHHKJIHK 6uaad yok
TEKUCAHrH1a VpHAaTWIraH OyJca, YHMHP YCTHAArH wap Ky3raama#
TypaBepaiad. Arap wapHH TypTtH6 o6opcak, y taxra 6VHa1ab oMmanan
6ourtanau. By xonaa TypTKe wap xapakaTHHHHT cababuucu Gyaanu.
IHyHHHT yu$H 6HPOp AKHCM V3 XOJAaTHHU Y3rapTHPUO xapakarra kejlca,
YHUHT  XapakaTHHHHT cababuncn OolKa MKHUCMHHUHT TabCHpH 1€0
KapaluMmHu3 Kepak. THHY TypraH KMCMHH GOUIKA MHCM TabcHpH GuiaH
Xapakarra KelTHPCaK, YHHHT Te3JIMTH HOALaH KaHaaHaup MyaHsH
KHHMAaTraya owaiu, SbHH Yy Te3JaHWul oaaaH. XYIAAW LWIYHHHT KabH,
6Upop Te3qaHK OMJIAH XxapakaT KHIaéTraH KucMra 6OlKa KHCM TahCHP
KHJICA, Y.TapHUHT XdpaKar Te3dqduk1apH Varapaau. Te3nHKHUHT y3rapullu
JeraHia VHHHI KHAMATHHHHI OLUMIIK, KaMaHlHlid 6KH Xxapakar AyHa M-
UIMHHUHT  y3rapuid TyllyHuaaad. bowkauya altranaa, XHCMJAApPHUHT
{¥3apo TabCUpH HATH/KACHAA YAAPHHHI XapakaTd y3rapaaud, HaTHxajla
ya1ap TesaHuil 6Haan xapakar.kuaaauaap. llyunai kunub, :xucmaapra
Oepu.aainrad Te3TaHHIIHUHT cababuHuCH — Kyuaup.

[demak, Kyu Te3 IHKHUHT cababunc 6yaMal, 6aaku y MUCMHUHT THHY
ékM XapakaTt XoNaTHHH V3raptyBuk cababaup. [aauaei (1564—1642)ra-
ya sllarad oJHMJAAp KYYHM XapakaTHWHHr cababuMcH JeraH HOTVFpPH
uxpaa 6yaranaap.
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JlekuH iy HapcaHW alOXHAa KaHj KH/IMII KepakKH, KYUHH XKHCMra
y3aTWAraH Te3JaHHWHUHT cababuucd ne6 Kapaul KYYHHHT MOXHUSITHHH
Tyaa uponanab 6epMaian, UYHKH TAbCHP 3TYBUYH Ky4Y XKHCMra TessaHHll
6epmaii, 6aNKH YHHHT LUAKJAHHH €KH Xa)>XMHHH Y3rapTHPHLIH, STbHU YHU
nedopMalHaIalId XaM MYMKHH. MacaJgaH, MeTa/uij1aH sicajrai npyxKHHa
€KH XaBO TYJLAMPHJITAH PE3HHA LWap TALIKH Ky4 Tabcupuaa aedopmalHs-
JaHaad. DTajoH cu¢parHia Kabys KWIHHTaH NPYXKHUHAHUHT TallKH Kyd
TabCUPHAA UYY3WIHIIH (EKH CHKHJIHUIM)AAH KYYHUHI COH KHHMATHHH
ynuawaa d¢oiaananunagd. KyuHd yavawm yuyH KyasaHuaaauras
AHHAMOMETp neraH ac606GHHHI MULIALIM WY MPHHLUMITA acoC/AaHraH.

by wmynoxasanapaad 6M3 wmIyHAaM xyJocara KeaaMH3KH, Kyd —
KHCMHHU AeOpMalLHAJOBUYH XaM/a YHra Te3aaHuw 6epyBumn cababaup.

Kyu Moaau# >KHCMIapAaH aXkpaTHiraH Xoajia MyCcTakui MOXHSIT Kach
3TMaiIH, YYHKH y¥3apo TabcHp (pakar MOAAHH >KHCMJIAP OpKaJH COLHP
6ynaau. AMMoO Ky Typsd ¢pH3nkaBui man6anapra sra GyJaHIUIH MyMKHH:
KaHHIIKOKJIHK (3/JacTHK/IHMK) KyUHHH l03ara KeaTHpyBuM aedopmalus;
OFHPJIHK KYUHHH 103ara Ke/ITHPYBYH IPABHTALLMA MAHIOHH; S/1EKTD KyUHHH
i03ara KeJATHPYBYH 3JEKTP MadaOH; TOKJIM YTKa3ruura TabCcHp STYBUHM
KYYHH 103ara KeJTHPYBUH MArHHT Mal0H Ba W K. XaMMa Ky4JapHHHT
acocuiét Man6au 3ca XKucMmaapiaup. JKucMaapHHHT GHp-Gupura GeBocuTa
Terdin Typaian BYXyAra KeaaiHraH TabCHp Kyusaapu OGuiaH ynaapra
MaliloH TOMOHHAAH TabCHP 3TYBUH KyuJap OPacHaa MOXUSAT KUXATHAAH
(hapk HYK: »KHcMJap aroMJapAaH TallkHJA TONraH; aromJaapjiari
3J1eKTPOH/Iap KOGHFH 3ca ¥3 MaHIOHHHH XOCHA KHJIaAH. YKHUCMJIapHUHT
6up-6upura 6epocura teruM tydaiau 103ara KeJaauran y3apo TabCHp
KY4JiapH ac/juia aToMJsapAard sneKTPOoHJIap TOMOHHAAH XOCH KHJIHHIaH
MaiaoH]aD TabCHPUHUHT HATUXKACUAHMP. JIeKHH XKHCMJIApPHHHT OGHp-
6upuvra Teruiud TtydaHnd [03ara KeJlaaurad KyuwlapHHHT acocHi
XYCyCHSIT/IapH IWIYHRAH HO6OpATKH, yJap aroOMJIapHHHT [AHaMeTpJapH
6WiaH TakKoCJaHapJu Aapa)kalard KHUMK Macod@aHHHT OpTHUIHM GuiaH
KECKMH KaMaiu6 KeTajd, YyHKH aToM SIAPOCHHHM ypab oJraH 3J1eKTpOH
KOOMFUHHHT XOCHJ KHJTraH MaiJloOHH MacogaHHHT OPTHIUH OU1aH XYAIH
1y Tap3na KeckuH kamasad. bynnai KnuHK macodanaru y3apo TabCHPHH
6H3 aMaaHil XKHUXATAaH XUcMiap 6up-6MpHra TErHLIHHKUHT HATHXKACH 1e6
Kapaiimus. lllynpait Kuau6 »KMCMJIADHMHT §3apo TabCHPH MaHOH
BOCHTACHIA coaup O6ynanu. Maiaod 3ca y3 HaB6aTHaa MaTepUSAHHHT Gup
TYPHANUP. YMyMaH Ky4 KapasaérraH >XHCMra OQuiKa >KMCMJIAPHHUHT
MeXaHMKaBHH TabCUPHHHHT VJIYOBHAHMP.

BHpOp XHUCMHH TALIKH KYY TABCHPH OCTH/a XapakKaTra KelTHPMOKUYH
6VyscaK €k xapaKaTnard XKHCMHHHF T€3JHTHHH Y3rapTHPMOKUH 6y/cak
Y «KapLIHAHK» KypcaTaiH. By «KapuH/ank» TYpJiH XXHCMaapaa TypJaHya
6ynanu. MacanaH, CTO1 YCTHAA TypraH KMTOOHM €KW OHHAH >XaXOHHH
JKOMMAAH CHIXHTMOKYM Oyacak, YJapHUHT Oy CHJIKHTHLLIMMH3ra
KypcaTaaural «KapuwuiHkAapH» GUp Xua Gyamacauru y3-ysuaaH aé,
f'bHH OHHAHM XKAXOHHHM CHIKHMTHII YUYH KHTOOHH CHJIXKHTHLI YUYH JIO3HM
6yaranugaH aHuya KaTrra Ky4 OMJaH TabCHpP KHIHMILHMH3 Kepak.
HlyHuHraek, TeHr Kyujap TabCHpHAA Xap XHJ JKHCMJap oJras
Te3NaHMILIApH Xap xua 6ysiaan. Macasan, AnamerpapHy 6Hp-OGupuaan
6up Heua Maptara ¢apK KWIaauraH HKKHTa nyJar WapHHHT Xap Gupura

40

www.ziyouz.com kutubxonasi



6up Xua Kyu GUIAH TabCHP KHJICAK, YJNApHHHT OJITaH Te3JaHHULIapH
TypJadua Gyaaau: AHaAMeTpPH KarTa O6V/raH LIApHHHT OJraH Te3JaHHILH
JHAMEeTPH KHUHK LIAPHUHT OJIraH Te3J1aHHIINra HHCOaTaH KHUYHK 6YaalH.
TalwkH Ky4 TabCHPHAA XHCMJIAPHH XapakaTra KeJTHPMOK4H 6yJranu-
MH3]1a YJapHHHT KYPCATraH «KapLIHIHTH» Ba OHD XHJ Ky4 TabCHpHAA
YJAAPHUHT QJIrad Xap XWJ Te3JaHHLIIapH Xap GHP MKHCMHHHT Y3Hra xoc
XYCYCHSITH GH/1aH aHUKAaHaAH. JKHCMIAPHUHT Oy XYCYCHATHHH HHEP T -
AHUK Aedunann. KHUCM HHEPTJIUTHHHHT YJIYOBH Macca Aeb aranagH.
JleMak, XKUCMHHHI MAacCacH HAKaAap Karra 6yjca, YHHHT HHePTJIHTH XaM
wy Kaaap ouraad. Macca XKHCMHHHT 3HT acOCHH xoccanapuaaH GHPHAHD.

TaxpubanapHuHT KypcaTHuUIHYa LWIaKA1apy OHp XK/, MaccajlapH 3ca
my Ba mo 6YJraH XKUCMJApHUHT Xap Oupura OHp XHA TALIKH Ky4 GHJIaH
TabCHP 3TCAK, YJap ONraH Te3jaHulaap (a; Ba az) MasKyp XXHCMJAApHHHT
maccaJjapura Teckapi MyTaHOCHOOHpP, SibHH

B (2.1)
a m

Xap KaHgal XHCMHHHI MacCacH 3TasoH cHdaruga Kabys KWIHHraH
JKMCM MaccacH G6GWiaH TaKKocjall opkaiad YyayaHaad. By ycyana
JKHCMJIAPHHHT 3PKHH TYWHII KOHYHHATHAAH doiaanaHuiand. JpKHH
TYWHL 3Ca XKHcMiapra Ep TopTHLI KyuH TabCHPHUHHHT HaTHXacuaup. Ep
I03HHHHT  Xap 6Mp HYKTacH YYYH XXHCMAAPHHHT 3DKMH TYUIMIIHAArH
Te3JaHMILK y3rapmMac KaTTanuk Gy/au6, g ra TeHr Ba MaccacH m Gyarat
KHCMra P =mg KaTTaJuKAard Kyd Tabeup 3taau. Taposu naanacura
KY#AWIrad XHUcM najlJlaHi OFHPJAHK KYuHra TeHr Kyu OusaaH 6ocanu. Ly
Ty aiaH UKKH XKHCM MaccaJapHHHUHT HHUCOATH yJaap OFHUPJIHMKJApPHHHHT
HHCOaTH Kabuaup:

G (2.2)

JKuem maccacH ckansp KaTTanuk G6Y/uG, yHUHT OFHPJIMIH 3Ca BEKTOP
KaTTalHKAHD. By BEKTOp 3pKHH TYLIHUI Te3/1aHALIH iynanmuwuna EpHunr
MapKa3H TOMOH AyHa/raH.

TaxxpubanapHHHr KYpcaTHUIMYA, MACCA AOOUTUB KATTAAUKOUD, SITbHH
’KMCM MaccacH YHHHT aHpHM OyJjak/japH MaccajJapHHHHT HHFHHAHCHra
TeHr. MexaHHKaBH# THU3HMHHUHT MAacCacH TH3HMHHHT TapKHGHra KHPYBUH
6apua xUCMJap MaccaJapUHHHT AHFUHAHCHra TEHT.

Xapakarjard KHCM MaccacH OGHJaH Te3NHTHHUHT KynadTMmacH
JKHCMHHHT MMNyJabcH aefnnagd (3ckd anabuérnapaa «HMIyabc»
TyLIYHYacH YpHHAA «XapakaT MHKIOPHM» HULIATHIraH):

p=mu. (2.3)

JKHCM  uMnyJibcH — Te3JIMK BEKTOpH HVHaAHIIHAarM BEKTOp KaTTa-
JIMKAHDP. n Ta MOAAHH HYKTa (€KH n Ta XKHCM) AaH H60OpaT MexaHHKaBHH
TU3UMHH OJHG Kapacak, YHHHI HUMINYJAbCH YHAard MOALMH HYKTaaap
HMNYJAbCAAPUHUHT BEKTOpP WUFHHAHCHUrA TEHT:

p=73 p= 2% mg, (2.4)
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6yHAa P, M, Ba v, Jap TH3HMIa KHPYBUH i HUM MOJAHMA HYKTAHHHI MOC
PABHIUAA HMNYJbCH, MACCACH Ba TE3JIMIHAHP.

WUmnyabcun udonanosun (2.3) Ba (2.4) dopmyranap «CeKHH»
xapakaraap yuyH Ttyepuaup. «CeKWH» XapaKaT .ieraHaa XHCMHHHT
Te3MrH (v) EPYFAMKHMHT Bakyymaard Tesaurn (c=3-10° m/c) ra
HucHaran Kyaa KHYUK (0 c) Te3snuK Ouaan coaup Oynaérran
X4paKaTHH TYLIYHaMH3.

«Te3a» xapakaT KOHYHHATJIAPUHH, SBHH PEJATHB MeXaHHKara OHA
Xo.dcanapud, 6uz VII Ba VIII 606aapaa kapab6 uukamu3. bouika
6obaapna 6u3 (hakat «CeKMH» xapakartaapra OHMA XOAHcaJ ap Xakuaa
MY.10Xa3a IOPHTAMH3.

2.3- §. HbIOTOH MEXAHMKACUHMHI KYNNAHMLL HYETAPANAPH

Onauury 6anaja aiiTiaradilek, HbloTOH MeXaHMKacH MAKpOCKOIHK
AHCMJAPHUHT  CeKHH XapaKaTadpH YuyH, SILHH €pPYFRIMK Te3JHrura
HHcOATaH XKyjla KHUHK (0< ) Te3aukaap yuyyH Tyrpuaup. KyHnanauk
XaéTHMH31a 0aTaa CeKHH Xapakataap GuiaH niu Kypamus. EpyFJAHKHUHT
OVULIMKAArH TC3.1HIUrd AKUH 6Virad Te3quK OMaaH XxapakaT KWj1aeTrad
Kucmaapra HploTOH MEXAHHKACHHHHT KVJJTaHWAHIIH MYMKHH 3MacaurH
HUCOMIJIMK Hasapusicy Ba Ta)kpuba HaTHKaJapd acoCHAa aHHKJAdHIH.
EpyFrjHK Te3aurura sikMH TesjuKaap 6unaH xapakartjaHyBUM KHUCMJap-
HUHI XapakaTH HHCOWHIMK HAa3apUACHra acocJ/JaHraH pessiTHB MeXaHHKa
KoHyHaapura 6yicynaan (VII 606ra K.).

HbioTOH MeXaHHKACHHHHT KYJAJaHUIHUIHHK Oearuiad 6epyBUH HKKHH-
UM yerapa MHKpo3appa (MoJeKyJa, aToM, IPOTOH, HEHTPOH, 3JEeKTPOH Ba
X. K.) JIAPDHHUHT XapaKaT KOHYHJAapHHM VPraHull HATHXKACHAA HAMOEH
6V, HbloToH MexaHHkKacHiaa Xapakarjarn >KHCMHHHI HCTaJras
naiftiard XOJaTH YHHHT @HMK KOOpAHHaTasapu (y4 YJ4YOB.JAM Xadpa-
Kat.la —x, y, z; OHp yJ4OBAM XapakaTia -— X) Ba TE3JHTH OpKaJH
AHHKJAHA/H; Te3JIHK YPHHUAA UMNyabe (p=mv) udosacugan pohrana-
HHII MYMKHH. PaBuiaHku, xapakaTiaru KHCMHHHI HCTAJraH nautnard
KOOpAHHATaldpH Ba Te3JHIH aHuKJaHral OyJaca, yHMHr asoparu
TPAEKTOPHACH XaM MabJyM JeMakKIHp.

KBaHT MexaHHKacH TacaBBypJjapHra Kypa xapakaTaard MHKpo3appa-
JAPHUHT XOJATHHH YHHHI KOOPAMHATANAapH Ba Te3JHKIAPUHUHT aHHK
KHHMAaTAapH OpKaJau aHuKJab O6yJIMahau: HXTHEPHA OJMHraH OHpop
naiTaa xapakarjaaru MHKpo3appaJsapHHHI KOOpPAMHATacH KaHua KHYMK
XAdTOMMK OUNAH AHHKI4HCE, YHHHT HMIYJAbCHHU AHHKAAWAArH XaTOMHK
Ap wyH4ya karra O6Vaann. by epla 3uKp 3THIraH HOaHHKJHKIApP
(xarosukiaap)

Ax-Ap=h ékn Ax-mAv.=h (2.5)

MyHocabar OusaH 6oraHraH Bay F eH3¢eHOeprHHHI HOAHHKJ UK
MmyHoca6atu jeduwnaau (6yiaa h=6,63-10""" JK.c — [laauk
aonMHicH). By mMyHoca6at MHKpo3appa KOOPAHHATACH BA HUMINYAbCHHH
OHp BaKTHHHT V3Waa VyJuyaill aHUKJUCHHW Oearusadad Ba  ViauoB
acGoBaprHH Xam1a Yaddll yeyaAapuHu TAKOMHJIauTHPUILD HYaH GHaaH
Ma3Kyp aHMKJIMKHH OPTTHPHIL MYMKHH IMACJAHTHHU KypcaTaan. boukaua
aiTraHga, yJaudawigard HOaHWKJAMKJIAD MHUKpo3appanap TaOHaTHHUHT
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Y3H11H Keqinb YMKKaH 6yau6, yauaulnapna nya KyHuarad xatonapra xed
KRAHAAA dilORECH HY K. MHKpUsAppastapHiHl XdpdkadiH b1 OH MexaHH-
Kacuaard «MogiHH HYKTa» XapakaTH TyllyHuacura HucOaTtan aHua
MYpakkab 6Yaub, yHaaru «Tpaektopusa 6yinnab Xxapakar» TYWYHUACHHH
MHKpO3appajapra XaMma BaKT XaMm TaTOHK KHaub6 Oysamacauru
aHUKNaHH.

[eliH3eHGeprHHHI HOAHHKJMK MYHOCa0aTHHH MaKpoXHCMJapra rar-
OWK KMAHG Kypalauk. DyHuHr YUYH MaKpOXHCMAAp HYMIA FHT KHUMK
HHCMHUHT XapakaTHHU onn6 Kapaiauk. ®apas Kuaaauk, 6U3 mMaccacH
I rpamm (1077 Kkr) Oyarad wapuyaHdHr XapakatHHH Ky3ataérran
6y1afuK Ba YHHHT KOOPAMHATANAPHHH XKy KaTTa dHHKJIHK 6unaH —
6up MHKPOH (10-5 M) aHMKJAMK Gujad yauaran 6ynainuk. Y xoajia
(2.5) ra Kypa Te3JHKHH YJa4alildard HOAHHKJIHK (XaTOdHK)

h 6,63-107

AU = —-——fz 2 m/c
Axm 10~ 10" 10 /¢

HH TAIUKHA 3T4alH, STbHU OMp BaKTHHHI y3uaa Ax Ba Av HoaHHK-
JUKNAPHHHT KyAa KHYHK KHHAMATtra 3ra OyJanuIapH MakpOCKOMHK
KHCMAAp XapakaTHHH TaBCHpialuga HbloTOH MeXaHHKacH KOHYHAApHHH
Ky J1dll MYMKHHJAMTUHE KypcaTaaH.

Auau (2.5) MyHocabaTHi MHKpoO3appagapra TaTOHK KHJIHG KYpailaHk.
Bynudr yyyn atom Kysmamunard xoauca — aapo atpopuia akiiaHaétran
JIEKTPOHHHHT  XapakaTHHH ypraHaérran Oyianiuk. ATOMJApHUHT
yauamiaapu  (3ddeKkTHB  auametpaapu) 6GuUp Heua aHrcTpeMra TeHT

(1 anrctpem (A)=10""'" wm) 6Yaranaurd Tydaiiau xapakaTaaru

3/IGKTPOHHHHT RbopaHHATACH KaM Jerauia lA aHUKJIHK OMnan (Ax=
~1A——10"“M) yauaHaérran O6y.JcuH. DJIEKTPOHHHHP MaccacH m=
=9,1-107?% Kkr skaHJaHTHHH Hasapja TyTcak, aToM KOGMFHIa XapaKaT.a-
HAéTraH GHTTA JEKTPOHHUHT TE3JHIMHW YJ4YallAard HOAHHKJHK (#yJ
KYHUJIraH xarto)

Av Kh«_ 6631075 | C7.10° w/e
xm 1= '0.g. 10!
HU TaIKHJ 3TaiH. DJIEKTPOH Te3JHIMHW Yyudawmaard 6y HOAHMK/HK
(~7-10°m/c) y3 opbutacu 6yiinab xapakatuaaru Teanurd (=~ 10° m/c)
J@aH XaM KaTTa 9KaH, A'bHH 3JeKTPOHHUHT AP0 aTpodHLard Te3AHUTH aHHK
sMac. ByHaaH wy xyjoca Keaub ydMKaaWKH, J€KTPOHHHHI (Ba 6ouixa
MHKPO3appaJlapHUHI) XapakaT MaH3apacuuu Aapatuwaa HelotoH mexa-
HUKaCHIaru tacaBBYpPJApHH KVyaaab 6yamaiau.

2.4-3. HbIOTOHHMHI BUPMHYM KOHYHU. HHEPLIMAN CAHOK TM3MMIIAPM

JlHHAMMKAHHHT acOCHHH HBIOTOHHMHI yuTd KOHYHH TAlUKWJ 3TA/H.
HboToHHuHr GHPHHYM KOHYHM KyliHaaruua Tabpudaanaad: mucmea
bowKa rcucmaap TaBCUP ITMACA, Y TUHY X04aTAA 6fradu éKu IUHUHS
TYFPU HUSUKAU TEKUC XAPAKATUHU CAKAQLOU.

By KOHYHHHHT TabpHdH HKKM KHemaan ubopar. Bupuuun kuem —
arap okucmra Golika XHCMaap (SLHK TallKH Kyd) TabCcHp 3TMaca
V V3HHHHT THHY XOJATHHH CAKJAHIN ACraH KHCMH OHAdH GOFJHK
XO4HCANap KyHAAAHK Xa€THMH3Aa yupab TypaiHu: THHY TYpran XKHcMmra
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TalWKH Ky4 TabCHP 3TMAaca, y THHY TypaBepaid. TabpHPHHUHT HKKHHYH
KHCMHJATH «TYFPH YH3HKJH XapaKaT» Ba «TEKHC XapakaT» TyulyHuaJa-
pura ajioxuaa sbTHO0p 6epHLl KepaK. Teknc Xxapakar AeraHia X HCMHHHT
y3rapmac Te3iuK 6u/1aH (STbHH T€3NaHHILCH3) XapaKaTH KY31a TyTHa1H.
TYyFpH uM3HKJIH XapakaTHHHT TabKUAJAHHIUHHMHT cababu iUyHAAKH,
YMyMaH OIraHaa »HUCM 3TPH UH3WKJIH Tpaektopusl 6yHnab, xycyca,
afinaHa 6y#Ha1a6 TeKHC XapakaT KWIHIUM MyMKHH. JlekHH 6y Xxonaa
Xapakar Tekuc (6ypuak Te3aquK yarapmac) 6y/ica XxaMm »KHCM y3 xapakar
WYHAMHIUHMHA y3JyKCH3 Y3rapTHpu6 G6GopaaH — y Mapkasra HHTHAMA
Te3jqaHHw OHaaH XapakaT Kuaaau. Jlemak, TYFPH UYM3HKJH TeKHC
Xapakatjaru XucMra 60ilKa XXHCMJAp TabCHP 3TMaca y Te3JlaHHUICHU3
XapaKaT KHAaiH, 'bHH XXHUCM Y3 HHEPUHACH GHIaH TYFPH UH3HKJH TEKHC
XapakaTtuHu abGaauii paBoM 3Trupaad. Lyuunr yuyyn HbloTOHHHHT
GHDHHYHM KOHYHH HHEeDUHSA KOHYHH JeHWnau.

JKnemra 6Golika >KHCMJap TabCHP 3TMAaca YHH 3PKHH XHCM
dernnany. Jleknn rabuar/ia 3pKHH KUCMJIAp MaBXY/l 3Mac, YYHKH TaGUH
LIapOUTAA Xap KaHaaH KucM O6olIKa XHUCMJap TabcupHaa 6yJamH.
Macanan, Ep cupTuna xapakar kuaaérras xucmra EpHHHF TOPTHL KyuH,
HIUKAJaHUI Ky4yd, XAaBOHHHI KapIIHJIMK Ky4H TabcHp 3tand. Wlyuunr
yuyH HbIOTOHHHHT |-KOHYHHHHHT HKKHHYM KHCMHHH TaXpHOaaa TeKLIH-
pHO KYPHUUIHHHT UMKOHH HYK. JIeKHH Ky3aTHLIJIapAAH OJHHIaH HaTHXXKa-
JapHH ymMymaawTHpu6 HbIOTOHHHHT OGUPHUHUM KOHYHHHHHI TYFPHJHTH
XaKH/[a HIHOHY XOCHJ KHIHIUHMH3 MyYMKHH. By KoHyHra aactaab Ianunaeit
acoc coiraH. ¥ JKHUCMJapHUHI XapakKaTHHH ypranuw OyAuua KaTtop
TaxpHubasnap yTkasraH Ba Taxpuba HaTHXaJapHHH YMYMJaWTHPHUO,
IOKOpPHAa KeaTupuirad HbIOTOHHHHr GUPHHYM KOHYHHHHHI TabpHQH
Oepuaran taps3paru xynaocara keqaradH (HpiooToH 6y KOHWHHH AHHAMHKa-
HUHT GOlWIKA KOHYHJapH OuaaH GUp TH3UMra KHpHTraH). HblOTOHHHHT
GUpHHYM KOHYHHU XaKHJa TY/JapOK TacaBBYP XOCHJ KHJAHW YuyH ['anunei
taxkpubanapuaaH GupuHu 6GaéH KHIAMH3! lIap AKJIHAACH XKHCM
npacTtaab ab Kust TeKMCJAHK 6yina6, cyHrpa sca y3 HHepuHACH GUAaH YPK
TeKHCAUruaa odnawraH bc Tekucauk  6Viliab xapakar Kuaalu
(2.1-pacm). KypuHH6 TYpHOAHMKH, TPAEKTOPHSAHHHI ab KHCMHAA XKHCM
Te3NaHHul OMJIaH XapakaT KMIaaH, UYHKH TPaeKTOPHAHUHT 6y KHCMHAA
YHra OFHPJHK KYUYHHHHI KHSl TeKHCAHK O6yina6 HYHaaraH TawKua
3TYBYHCH TabCHP 3TaAH. XapaKaTHHHT bc KHCMuAa 3ca xHcMra OyHaad
Kyu TabCHpP 3TMaiid, GUHOGApHH, TPAeKTOPUSIHHHI 6y KHCMHIAA Yy y3
HHepuUMsCH GHJaH XapaKaTHHH [JaBoM 3TTHpaau. [anuied y3 Taxpu-
6anapuaa Iy HapCaHu Ky3aTAHKH, XXHCM OWJaH TeKHCJIHK opacuia
MaBXKyZA OyjaraH HIKa/JdaHHIL
KyuH KaHYaJHK KaMadTHpuO
6opuica xapakaTHHHT bc Kuc-
MM LIYHYaJHK y3aHraH. ByH-
JaH y Ky#HHAaru XxyJjocara
KeJlaflu: MlKaJaHHIL Ba XaBo-
HHHT KaplIMWJAUK Kyun GyJamaca
3JIH, XXHCMHHHT TYFPH YH3HKJH

4 TEKHC XapaKaTH TYXTOBCH3 Ja-
21pacwm BOM 3TraH 6ysap sau.
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JKHUCMHHHT Xap Kauaa#h xonaTH HHUcGuil 6yarann tydadau HbloToH-
HUHT OUDHHYH KOHYHHAA MXHCMHHHT THHU XOJAaTH €KH TYFPH UH3HKJH
TEKMC XapakaTd Kafich camok TH3UMHra HHc6aTaH aHHKJAaHasNTH,
jeraH caBos yprara Kyidunaau. KnHemarukana >XHCMHHHT XapaKaTHHH
TaBcH(paalW yuyH KOOpAHHAra/tap TH3UMH OGH/aaH GOFIaHraH HXTHEpPHH
KUCMHHM Kabys KHJAHL MYMKHH 344. [lHHamMHKazaa 3ca 6yHaad smac. by
€paa TypJiH CaHOK TH3HMJIapH YpracHAa MyaHsiH ¢papk GOpJHrH paBlllaH
6ynub Konaau. Macanau, 6Up-6upura HHc6aTaH GHpop Te3NaHHW GUIaH
XapakaTt/iaHaérraH HMKKH CaHOK TH3HMHHHUHI GHpHAA THHY XOJIAaTHHH
CaKJaéTraH MHCM HKKHHYH CAHOK TH3MMHAa Te3djaHHll GHJaaH Xapa-
KatynaHaérran 6ynagd. HblOTOHHHHr GHPHHYHM KOHYHH TYFPH YH3HKJH
TeKHC (Te3/JlaHWUICH3) XapaKaTHH Ky3na TYTraHu Typaiau 6y KOHYH
6apua caHOK TH3HMJapuaa GaxapuiaBepmaiiad. HbloTOHHHHT GHPHHYH
KOHYHHHH KaHOAT/JaHTHUPAJAUraH CaHOK TH3HMJApPH HHEpUHAN CaHOK
TH3WMJIapy Aelinnaau. bouwikaua adtranaa, uHepyuas CanoK Tusumu deb
WYHOQl CAHOK TU3UMU2A AUTUAAOUKU, YHOAQ IPKUH HCUCM TUHY x0aaTOa
6garadu éxu fjzeapmac Te3Auk bUAQH TYFPU HUUKAU XAPAKAT Kuaadu.
¥3-y3unan paswanku, arap 6Hpop HHEpUHAJ TH3UMHM TaHJaab osnrat
6y/cak, y xonaa yHra Huc6ataH TYFpU YUH3HKJH TEKHC XapaKaT KH1aéTraH
60lIKa CaHOK TH3HMJapH XaM HHepliHaJ CaHOK TH3HMH 6ysanu.

HMHepunan caHOK TH3HMHHHM Kanaal Taujauwl MyMKHH? ByHHHT yuyH
613 TaHJaraH CaHoK TH3HMH OGHJaH GOFJaHraH XHcMmra 6ouika xed OHp
JKHCM TabCHP KHJAMACJHHIH KepaK. ByHaai )KHCMHHHT MaBXKy[l 3MAacCJHIH
XaKHaa lokopuaa adTu6 yTuaraH 3au. JIeKHH, MabiyM aHHKJIUK GuJaH
HHEepUHaa TH3UMra siIKMH OyJrad KoopjiHHaTajap TH3HUMHHH TaHJall
MyMKHH. Ep 6unan (éku Eppaaru OGupopra kHcM GusiaH) OGOFAaHrad
KOOpAHHATA/1ap TH3HMHHH eTapJ/il Aapa)kala aHHKJIHK GHlaH HHepLHal
CaHOK TH3UMH 1e06 KalyJj KHJHLI MYMKHH.

Huma yuys erapau napaxazna-io, 6ytkya smac? Ca6a6u — Epuunr
¥3 yKH arpoduna Ba wy 6uaaH 6up Bakraa Kyéw arpoduna ahnanma
Xapakat KHJHIUH Ty¢palaH YHHHr XapakKaTH MapkKa3ra HHTHIMA
Te3naHHWw 6unan coaup 6yaanu. lLlynucu xam 6opku, 6y HKKaJga Xapakar
cekHH 103 6epaau. Lllynunr yuyn Ep 6unan 6oraHraH caHoK TH3HMJIapH
Kyn Xxojaapia aMmaJjuii XHXaTAaH HHepuHaa TH3UM Oyau6 xusmar
Kunaad. Ep 6unan 6oraHran HHepuHas CaHOK TH3HMJapHHu Jda6opa -
TOpPHSI CAaHOK TH3HMH Ae6 XaM IOpHTHJAanH. MexaHHKaBHH
XOLHCaJapHH TaBcHdualuga 6apua HHeplUHand CAHOK TH3HMJIApPH TEHT
XYKYKJHIHD. .

K OHHOTHHHT 6H3 Ky3aTHILIMMH3 MYMKHH 6YJraH coXacHAard JaaysJna-
py Ba 601IKa CAMOBHH XXHCMJAPDHHHT XapakaT KOHYHJIapHHH YpraHviuaa
Ep 6unan Gornanran TU3MM HHepLHas TH3UM 6ysaa onmaiau. Taxpuba-
JApHHHT KypcaTtuiuuuya, OyHnaH xoanapaa Oown Kyéw - mapkasuaa
JKOHJaUIraH, VKJAApHHUHT HYHaAMHUIM 3Ca yuTa y30K/Aa XofsaliraH Ba
6up TeKMCIHKAA €TmaiauraH loaayanapra Kapa6 i#yHaaran TYFpH
YH3HKJapaaH H6opaT 6y/iraH CAHOK TH3HMH XKY/AAa KaTTa aHHKJIHK OH1aH
MHepLHaJ TH3HM Ba3HgacHHu yTahaH.
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2.5-§. HBIOTOHHMHI UKKMHUYM KOHYHU. XKMCMHUHI XAPAKAT TEHITTAMACH

HbIOTOHHHHT HMKKHHYM KOHYHH [MHAMHUKAHWHHT aCOCHH KOHYHH
xucobaaHaan Ba Kyuugaruua tabpHbaaHALH: TAWKU Kyw Tascupuda
HUCMHUHE OA2AH TE3AAHUWL WY KYy4ea MYTanocud (nponopyuoxaa) sa
YHUHE maccacuea reckapu myranocuboup, sibHu

a=". (2.5)
m
by udoganu Kyimaarnua €3amus:
F=ma. (2.6)
Tesnauuw BEKTOPH (@) TALCHP 3TYBUHM KyY (F) @yuanumu TomoH-

ra Aynanran. by dopmynagan kKypuHH6 TypuGAHKH, MaccacH m Gyarax
JKUCMHUHT OTaH TEe3JaHUIUH TABCHP ITYBUM Kyura MYyTaHOCHOAHD.
bup BakTHUHT y3uaa xucMra 6Up Heda Kyusaap TabCHP 3TAETraH
Oy/aca, HaTHUXKABHH Kyd TabCcHp 3TyBUM Oapua KyUJapHHHI BeKTOp
AMFHHAHMCH CH(DATHAA aHHK/IAHAAH (MacaJjaH, OFHPJHK KyuH TabCHPHAA
KM TeKHCJIMK Oyi1ab XapakaT KWJIa8TraH >KHCMF4 TabCHP 3ITYBUH
HAaTHXKaBHH Kyu OFHUPJMK KYYMHHHT KHUSl TeKHCAMK O6Yitaab Talukua
ITYBUMCH OWIAH HIHKAJAHHULI KYYMHHUHT BEKTOp HHFHHIAMCHUTA TeHT
6yqanm):
F=YF. (2.7)

..[¢

(2.7) upona KyynapHH KYWHW (Cyneprno3HUHsi) KOHAA-
CHHHUHT Ma3MyHdHH Hbopanaiad. by Konaa Kyingarnuaaup: sucmea
KJldusean Kywaapoan xap GUPUHUHE TABCUPU HUCMHUHE TUHY x0AaTOQ
éKu xapakarda 3KamAucUqQ, YHeQ TABCUP ITY8HU OOWKA KYYAQPHUHS
conu 8a Tabuaruea 6orauk Imac. By Kouaa Kyuysaap TabCHPHHHUHT
MYCTAKHAJHIKH KOHYHH ae6 XaM IOPUTHAALH.

—~ dv
Arap a=—- SKaHIHTHHH ybTHGOPra ojicak, HbIOTOHHUHT WKKHHUH

KOHYHUHH KYHHIard KYpUHHULIAA €3HLI MYMKHH:

= dv

F=m-—. 2.8

Tt (2.8)
JXKucMHHHT MaccacH ysrapmac KaTTaiHK 6yJraHd yuyH yHH auddepen-
LM HLIIOPACH OCTHra KHPHTAMH3 BA MU XKHCM HMNYJbCHHHHI HoaacH

3KaHUHH Ha3apaa TyTHG (2.8)Hu Ky#naaruua €3amus:

Fodr
F=<L. (2.9)

By ndona MKKHHUM KOHYHHHHT acOoCHH KYpUHHWJIapuaaH GHpH GYiuG,
Kyiugarnua tabpHOIaHaAH: HUCM UMNYALCURHUHE [j32apuiL Te3auu
TABCUP ITYBUU KY4ea Tene 8a Y buran bup xua ljrasruwea 32a. bowkava
alTraHaa, XHCM HMIOY/JAbCHHUHI BAaKT OVHHYa XOCHJACH yHra TabCcHp
3Ta€TraH Kyura TeHr.

Maccacu m Gyarad xKucmra OHp BaKFTHHHI ¥y3uaa OHp Heua
(F,, F,, ..., F,) Kyu Tabcup 3Taérran GyJca, YHHHT OJraH Te3JaHHUH

Kyduaarura teHr 6ysaanu:

- - F,
a= Y a=2Y -~
. 1

1

-

1
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6y epaa F— xucmra tabcup ITaérrad Gapua KyuJapHHHT TEHI TabCHP

oTypuncn 691116, y napaisacisorpamy kouzact 6§finma annkaanagn. Uly
Hapcara anoxuaa 3bTHOOp Gepuil Kepakku, (2.5), (2.6), (2.8) Ba
(2.9) dopmyaanapaa Keatupuarad f Kyd amanja KHCMra TabCHP

3TYBUM 6Gapua KYUIapPHHHT TEHTr TabCHP 3TYBUUCHHH aKC ITTHUPAAH,
mMaskyp cdopmyaanapaaru TeajHK Ba Te3JaHHULIAp 3¢a HHEplLHan CaHoK
TH3UMHra HHC6ATAH aHUKJAHALH.

HBIOTOHHHHT HKKHHUYH KOHYHHHH akc 3TTHPYBuH (2.6) Ba (2.8) udo-
nanapaas KyAHAArd XyCyCHH Xoni Kenub YHKaau: arap »KMCMra TawkH
Kyu TabcHp stmaétran (F=0) 6yaca, a=0 Ba v=const 6y1aau, AbHH
y XOM1a XHCM THHY XogaTaa 6ynann (6y epaa v=consli =0 skaHJauru
KY31a TYTHAAAH) €KW TYFPH UH3HKJH TEKHC Xapakart Kusiaérrad 6yaanu.
Jlekun 6ynaad HploTOHHHHT GUPHHUM KOHYHH YHHUHT HKKHHYHY KOHYHUHHHT
XycycHil XosH 3KaH Ba geMaK, GHPUHUM KOHYH MYCTaKWI KOHYH 3Mac
IKaH, [IeraH Xyjaoca Kejub YMKMacJurd kepak. byHusr caba6bu wyHAakH,
HbioTOHHHHT GHPHHUH KOHYHH MHeplHasa CAHOK TH3UMH XaKHAard KOHYH
6yau06, xap KaHaah MexaHHK XapakaT (WY >KymJafaH HKKHHYH
KOHYH Xam) HWHeplLHa/] CaHOK TH3MMHra HucOaTaH aHMKJaHraHjparuHa
aHMK MabHora sra Oyaaau. Llynpait kuau6, GUPUHUHM Ba HKKHHUYH
KOHYHJap TaxpubaaaH ONMHTaH AAJMHAJMAPHH YMyMJAWTHPULI HATHXKA-
cuia 1o3ara KearadH OysauO, yJapHMHT Xap KaHCHCH MYCTaKHJA KOHYH
Kyudra sraamp.

HbIOTOHHHHT HKKHHUH KOHYHHHH HonanoBun (2.9) popmyaa (xamaa
yHra TeHr mabHOAW Gyaran (2.8) ¢opmyna) XHUCMHHHT Xapakart
TEeHrJaMacH JednaaiH.

MO[UIHF{ HYKTa ()KMCM)HHHF XapakaT TeHrJaMacH AeraHja HCTa/JraH BakKTAa YHHHT
¢)a3011aru BA3HATHHH AHHKJIOBYH TeH[‘JlaM_aHM TYWYHAMH3. MOllllHri HYKTAHHHI HCTaarad
BaKTAa (aszonaru Ba3HATH PAJHYC-BEKTOP r OPKaAl AHWKAAHAAH. AHHKPOFH YHHHT PaaHyC-
BE€KTOPH BAKTHHHT beHKLlHﬂCH Tap3naa mboaananaﬂu:

r=r(t)
CKH YHHHI' KOOD.IMHATAJaPHHHHT BAKT GVdHUa Y3rapuuUIMHH aKC 3TTHPY BUH
x=x(l), y=y(t), z=2(1)

PpyHkunasap 6unan ugponasaHanu.

IOkopuaa (2.1-§) afiTH6 §Tran 3,1HKKH, IHHAMHKAHHHT aCOCH Ba3H(acH MKKH KHCM1aH
oopat 6yau6, 6GupH — MORAHA HYKTara TabLCHP 3TYBUM Kyy Mawiym G6yaca xapaxar
TEHIVIAMACHHH aHHKJA1U, HKKHHUHCH — MOLAHH HYKTaHWHI XapaKat TeHr/amacH 6epHiraH
6V.ica, VHTA TaheHP STYBUM KYUHH aHHKJAWIAMP.

Mot HyKTaHuHT Xapakary HbloTOHHIHT SKKHHYI koHVHIHN 1dola1oBult (2 6) Teur-
JlaMa  eKkH YHHHr OowKaua KYypuHHwH 6yaran (2.8) Ba (2.9) TeHrnamanap OpKaJH
TaBchpaanaau. by tenrnamanapaan QofigananaérraHaa WyHH Ha3apaa TYTHW KePaKKH,
TE3JHK BEKTOPH XapakaTAard MOAAHH HYKTAHHHT PaAHyC-BeKTOPHAAH BAKT 6YiHH4Ya ONHHIAH
GUPHHYM TApTHOAH XOCHIAara TeHT, Te3NaHHUI BEKTOPH 3Ca Te3/THK BEKTOPHIAAH BaKT 6yinua
OJIMHFaH GUPHHUM TapTHONM XocHJara €KW padWyc-BeKTOpAaH BaKT G6yiiMua ONHHraH
HRKHHYH TapTHGAH XOCHJIAra TeHr, sibHM:

s_dr . dF
4] B2« i

Oxupru dopmynara acocnanu6 (2 6) udopann Kyidnuaardua é3amus:
&

df
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By uxkuHun TaprTuban nmptbepeﬂuuan Tenraamaanp. Kypuuub6 typubauku, (2.8) Ba
(2.11) dopmynanap Mopauil HyKTara TabCHP 3TYBYH KYUHH Ba Ma3Kyp Kyd TabCHPHAA
YHHHT XoaaTh xamaa ¢asoaard Ba3HMATHHHHI BaKTra GOFIHK paBHWwAa Y3rapuiiH
opacHparu GornaHMitHK udopanainn. Bownanruy naiTaa xapakaT KunaétraH MOAAHH
HYKTaHHHT XOJaTH (KoopaMHaTasapu Ba Te3JIMrH) MabiyM 6yica, KefHHTH MCTalraH
naiTAArd YHHHr XOJaTHHH anukaauw (2.8) sa (2.11) TedrnamanapHH WHTerpanaaw Hyau
6uJlaH aMaJ/ra OlWHPHAAAH.

Hnrerpaniawnu coaganawtupuin Makcaauaa KyHuaard Xycycu#t XonHH Kapab
4YHKaMH3: y3rapmac Ky4 (F=const) Tabcupuaa MOLAHH HYKTa paaHYC-BEKTOpP i&)"lua.numn-

42 TYFPH YUH3HKIHK XapakaT Kunaérrau 6y.ncuH Ba Gowsanruu ({=0) naiitna r(()) =ro Ba
U (0) = U 6yachH. SIbHH GournanFuy naiTaa MOAAHH HYKTa CaHOK GOWHAAH ro Macoq)aﬂa
6YAH6, YHHHT GOLLTaHFHY Teanurn (up) paiuyc-BexTop 6unan GHp TOMOHra HyHasrad
6Yacui. By waprnap GowwnaHrFuu waptaap AeAnaanu.

(2.8) TeHraHKHH Kyiugaruua €3amus:

—

mdi—TFdt ek di="1-at.
m

By Tenrauksu uHTerpannal MOLAHA HYKTaHHHT HCTANTaH | BaKTAarW TE3JHTH YUYYH
Ky#Haard sdonara sra 6ynamus:

—

5(t)=—F t+ const.
m

Bouwmnanfuu naitraa, sibhn f=0 6yAranna U=~vo SKAHJHCHHH HA3apla TYTCAaK, OXHPTH
$opmynanan const=uve IKauauru Keau6 unkaau. lllynnait xuau6:

v(t) =1, (2.12)

T

KYPHHUILAATH €UUMTa 373 6y1aMu3. MabayMkH 6y hOpMy.ia GOLLTAHFHY TeXTHTH Do 6YAraH
TEKHC y3rapyBuyaH XapakaTHu Hpolanaiin¥ Ba HcTaaraH { BAKTAArH TE3JMKHM TOMHILAA

Kyanawnnaau. Suam, v(f) =d—: JKaHJHCHHH Ha3apaa TyTu6, (2.12) dopmynanu ky#uaa-

rHYa €3H11 MYMKHH:
PoLF o -
%=vo+—;t éKH dr=vodt+—£—+dt

OXle‘H TEHIVMIHKHH HHTErpaJ/uJiall HatHxKacuia

- - F
r(t) =Uot+§; t2+const

ra sra 6y1aMH3 Ba HHXOAT, { =0 6Y.1ranaa HHTErpaIall AOMMHIACH CONSt =ro SKAHJIUTHHH
XHucobra onn6, 6y TEHrIMKHH KyHHaaruya é3amus:

?(t)=?o+z70(t)+—2%t2. (2.13)

t=0 6yaranpa caiok GowHHH ro=0 ge6 KabyA KHJICAK, OXHPTH TEHIIHMK COARaNa-
EYUH

7(t)=5(t)+2—fn—t2. . . (2.14)

(2.13) Ba (2.14) c¢opmynanap Tyrpr UH3HKAIH TEKHC Yy3rapyBuyaH Xapakaraa HyJ
dopmyaacunn udoaanaian. by ¢popmynanap Maccacu m Ba GOILJAAHFHY TEINTHTH V¢ 6Yaran
MOAAHH HYKTaHMHI V3rapMac TallkH Kyu TabcHpula G6y/aéTraH XapakaT KOHYHHHH
udonanaian

Hkknnun mucon tapukacuaa Ep cupruaan ybKKa (ropusontra) nuc6aran o Gypyak
OCTHA Up TE3NHK GHAAH OTH/ITAH /M Maccall MOLAHI HYKTA (CHAapsii)HHHT GAKaT OFHPJHK
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Kyud TabCHPHAArM XapakaTHHH Kapab

UHKAWAHK (2.2-pacm).  Moaanit HyKrara Y
== — P==—mg OFNPAHK KYYH TabCcup

31aaH (Vo Ba g BEKTOPJAAPHHHT H§Ha-
avwnapd 6up-6Hpura Teckapu GyJaraHu
Tyhaian manduit Hwopa KyHHAAM).

(2.12) Ba (2.14) dopmynanapaan F kyu -\7;
ypHuura —mg HW KViicak, ynap Moc o
paBHuia o mg X
U(t) =vo—gl,
r(t ol — g2
)=vo 98 4 22pacwm

tap3aa €3unaad. By KaTTanuk/aapHH yJapHHHT KOOPAHHATa YKJapHaaru NPOEKUHSAApH
opKaJH udoaanacak, sibHH
Ux=UoCOSQ BaA U,= UpSina

3KaHHHH XHcobra oJncak, yhap mocC paBHilia

U=y CcOsa, U,=vosina —gt, v.=0; (2.15)
x=volcosa, yzvotsina—-;—gt"’, z2=0 (2.16)

KypuHHuira keaand. By dopmyaanap moaau#i HyKTa XapakaTH KOHYHHHHMHI KOOpAHHAaTa
yKJapuaary npoekuuanapuiu Hdosanaiau. MoaanH HYKTaHHHT XapaKaT TPAEKTOPHACHHH
Tonuw yuyH (2.16) uponaHuHr GHPHHUYK TEHINAMacHIaH TOMMWIraH

X
Uy COSa

HpoaaHH 1Yy TEHrNaMAHHHT WKKHHYHCHTA KYAMH3, A'BHH XapakKaT KOHYHHAAH BaKTHH
yHKapaMH3 Ba KyHHiardra sra 6ynamus:
g’

2ujcos’a

By napa6ona Tenrnamacuanp. [lemak, 6y xonaa moaaui Hykra XOY Tekucnukaa napabona
WakAMnary TpaekTopus Gyinua xapakartnauaad. KeaTHpHAraH MHconaaH KYpHHaLHKH,
GowNaHFHY 1IAPTIAPHHHT KHAMaTapura Kapa6 MoOMIHH HyKTa Xapakatd Oup-GupuaaH
aHya (apK KHAHIWH MYMKHH. XycycaH, GOWAHFHY Te3NHK BEKTOPHHHHT YPKKa (ropu-
30HTra) HHcOaTaH Xap XWa 6ypuak TAWKHA KHAHUWHK TYpJH HaTHxanapra onub KesranH.
Macanaun, 6ypuak 90°ra teHr GysaraHma MOAAHH HYKTAHHHI TPAEKTOPHACH IOKOpHAa
KeJNTHpHATaH napabonanad Ty6aan ¢apk KHAHG, yPKKa THK HYHa/IraH TYFpH YH3MKAAH
u6opar 6ynanu. -

[ynnad Ku1uG, MOLAMA HYKTAHHHT HXTHEPHH BaKTAArH r (£) XONATH YHHHT GOLLIAHFHY
BAKTAarH XOJaTHHH AHHKJOBYUH PALHYC-BEKTOPH ro Ba OOWAHFHY TE3JIHTH Vo MabiyM
6yAraHaaruHa aHHKJAAHHLWH MYMKHH, AbHH GOLWIaHFHY WapTyiapHi HdonanoBuH ro==ro(t)
Ba vo=uvo(¢) KaTTasnkJap Gepuaran 6yaHlWH wapT. bowaHFHy WAPTAAPHHHT MY XHMJHUTH
ana wyHganup. Moaanit HyKTanuHr GoWwaHFUY NaHTAard Xapakar XoJlaTHHHHT GepUIHLIN
YHHHT KefiHHT'W nafTiaplard XxapakaTt XolaT/apHHH TYJIHK aHKKJalra HMKoH GepaiH.

Moaauii HYKTaHHHT XapakaT KOHYHHra GHHOAH YHra TabCHp 3TaéTraH KyuJaapHH
aHHKJall MyaMMOCH MOAIHI HYKTa XapaKaTHHH HPOAaN0BYH TEHTIAMaAaH XOCHAE OJIHILTaA
KeaTHpuaank. Bowkaua aifitraina, arap Moaaui HyKTaHuHT 7 (f) paaHyc-BekTopH €k x(t),
y(t), z(¢) KoopaHHaTanapuHHHT BaKr O6yiiHua y3rapuiiHHu HpOAANOBUH TeHraamasnap
MabayM GyJjca, yaapaaH BakT Gyiuya MKKHHUH Tapru6aH Xocuaa oiuwl GuiaH MoaaHH
HYKTara TabCHP 3TYBYH Ky4 OCOHTHHa Tonujaad. Hatuxana TabCHp 3TYBUH Ky4Y yuyH

= dr

F=m—;:

df
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EnH
2 2 2
. e ez
I-l=m—~2f, F =m7»4 F,=m--

dt Y ar’ c dr’

K¥punuulary npotara sra 6yaamus Pasmanku, 6y epaa Fo, F,, F, nap monani nykrara

TAbLCHP ITYBUH HATHXABHH F RYUHHHT KOOPAHHATA YRJIAPHAATH [IPOEKUHSIAPHHH Hpoa-
AWK, AbHH.

F=FJ+F, +Fk

2.6- §. HbIOTOHHMHI YUMHUM KOHYHU

HbIOTOHHHHI MKKHHUM KOHYHHAA OUTTA XXKHMCM (MOAAMH HYKTA)HUHT
XapakaTH Xakuia ran 6opaau Ba Oy KOHYHra acocaH *XKUCMHHHI OJraH
Te3/1aHHILIH YHIa TabCHP 3TYBUM TalllKH Kydra MyraHocu6aup. Tauiku Kyu
AeHHAranla MyaWsiH JKucmra Oowka OHpOp XKHCMHHHT  TabCHpPH
TywyHHaanH. TaxkpubadapHUHr KypcaTHILHYa, MYyaHsiH XKHCMHHHT QiraH
Te3JaHHIIM HKKH MXUCMHHHI Y3apo TabCHPH HaATH»KacuAMp;, Gouikaua
afitranna, 6Hpop A KucM B xucMm TabcHpuaa KadHAaalAHp Te3sJaHHiura
puwirad 6yaca, B xxucm xaM y3 HaBbaTUAA MyalsiH Te3JaHUIL o1aad —
Y3HHUHT Tabcupraua GVjaraH Te3JHrHHW y3raprupaad. llemak, A xucM-
HUHT  OJraH Te3JaHHUIH HMKKHTA JKUCMHMHT V3apo TabCHPJAILIMILH
HaTHXacHIHp.

MabayMKH, MexaHHKaLa Xap KaHaaid Tabeup Kyd opkaJgu udoaanaHa-
An. Ulynunr yuyn B xxucm 6upop A xucmra KaHaalaup Kyu Gusaad Tabeup
Khiaca, A xucMm B Kucmra myaiisin Kyd GUJIaH TabCHP 3TaH.

HbIOTOHHHHT YUYHHUYH KOHYHH YHHHT GHPHHUYH BA MKKHHUM KOHYHJAPH
CHHrapu Ttaxpuba HaTHxkaaapura acocnavrad 6yiau6, KyHuaaruua
TALPUGUIAHATH: UKKU HCUCMHUHZ §3aPO TABCUPAQUIUWL KYHAapU COH
HUXATOAH §J3ap0o Tene 8a Uyrasuwy 6Gluda Kepana-Kapu ToMoiiapea
uyrHasrean. by KOHYHHHHI aHANMTHK upoiLs. + KyHnuaaruya é3nanu:

FI‘Z’:_FQIv (2.18)

6y epna F, Ba F,; Kywiap HMKKMTa aJlOXHAa-ajoXHia KUCMJapra
KYHUIATAHAWP; XycycaH F|, HKKHHUH XUCM TOMOHHAAH GUPHHUYH »XKHCMTra
TAbCHP 3ITYBUH Ky4, F, 3ca GUPHHYM XKHCM TOMOHHAAH HKKHHUYH XKHCMTa

TabCHP 3TYBYH Kyu 6yaub, 6y KyuHH 0AaTAa, akKC TabCHUP Ky4dH
Aedunanu. by ndonanary MaHpui HiLOpa KyuJIapHUHI Kapama-KapiuH
TOMOHJ1apra HyHaaulwWHH akc 3trupanu. Lly wapcann anoxuna
TabKHAJNAIL JIO3UMKH, KYWlapHH TabCHP Ba aKC TabCUP Kyuaapura
WapT/IH PABHIIAA aXXKPaTHJIaH, acJHia 3Ca HKKaJla Ky4HHHI TabuaTtn 61p
XHJ 6YAn6, yaap y3apo TabcUp Kyuiapuiaup.

Y3apo Tawbcup Kyuaapuw xap Gup Myalsin Xonaa Typad (pH3HKaBHH
TabuaTra sra OyJHLIH MYMKHH: XKHCMJap OUp-OupHra 6eBOCUTA TeKKaHaa
€KY yJap TYKHauwrauaa 103 6epaguran y3apo tabCup KyuaapH (KOHTaKT
KyuJaapH); rpaBUTaUHsl MAaHAOHHUra KHPHUTHATAH XKHCMJAApra TabCHP
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STYBYM Kyusap, MeKTP MalaoHra KHPHTHIATAH 3apsiJlaHraH KUcMiapra
TabCHP ITYBUH KYUaap; MArHHT MAH/IOHIda KHPUTHITAH TOKAHW YTKA3THUra
TabCHP ITYBYM KyudJsap Ba XOKA30.

HbIOTOHHHHT YUHHUH KOHYHHTd MHCO,] TAPUKACHI4 MarHHT MadioHra
KHDUTHATAH nynar wapyaun oiub Kapadauk. MIKasawuul KyuHHH
KaMaHuTHpHuil Makcaadga mardiut M Ba uwiapya [l poank ycTuaard
Taxrayanapra Maxkamjaanras (2.3-pacm). MarHiT MadJlOHHHHT TALCHPH
Tydaiad nyjar wapua MarHuT TOMOHI'@ Xapakar Kijialdl. TabcHp Ba
aKC Ta'bCHP Kyuaapu TyQaiian MariuT xam ¥3 HaB6aTHaa (Hapya TOMOHTA
CHXKUHAKM. Maruur Ba wiapyara TabCHpP 3TYBUH KYWJapHh yJuaull yuyH
yAapHuHr xap Gupu D, Ba D, aunamomerpsiap OMIaH TabMUHIAHTaH.
Taxpuba Kapa€Huaa MarHuT Ba wapuara TabcHp 3TyBun F, Ba F,

~

Kywiap (AMHAMOMETPAAPHUHT KYpPCATHINMYA) V3apO TEeHr 3SKaHJIHTHHH
Kypamu3. Arap nyaar wapuaHy 60lUIka KaTTapoKk éKH KHUHKPOK llapua
6unaan ékH GowKa OGHPOpP MVJA4TAAH ACAJNTaH MArHHTAAHAAMIAH XKHCM
6HNaH  aJaMAalITHPUICE, [AHHAMOMETP/JdPHUHT  KVPCATHIIM  Y3rapaiH,
JEeKHH HKKAIa JAHHAMOMETPHHHI KYPCATHIIH XaMMa BAKT y3apo TCHI
IKAHJAHIH HAaMOEH GVaain. By Taxpuba XHCWIAPHHHT Y34PO TaLCHP
KyUWJ1dapH COH XKUXaTh,1aH GUp-OHpHUra TeHr Ba HyHa1HILK 6yiinua Kapama-
Kaplld 3KaHAHTHHH KYPCATAIH.

llynu é1aa TyTHIN KepakkH, HbIOTOHHHHT yUyHHuUM KOHYHH OGapua
CaHOK TH3WMJapHla Xam Oaxapuiapepmaiiin. by KoHyH HblOTOHHHHT
OHPHHYM Ba MKKUHYH KOHYHAApH KaOH (DaKaT HHEPUHad CHHOK
TuduMmaapura Hucbartanruna TYrpuanp. HolHepiuuas CaHOK TH3UMJApH-
faa, STbHH TeajaHuln OGuian XapakaT KHIA€TraH CaHoK TH3umJapuaa Oy
KOHYH 6akapuiamanaH.

2.7-§. ®UIUKABUA KATTANIUKITAP BUPJIMKNAPH BA YNYAMIAPH

duznkana Kyda Kyn GU3MKasHi KATTAAHKIAD OGWIaH Hil KVPHIITA TYFPH KeaiH
YAYHIMK, XaKM, TERTHK, TeRTaHHIII, MAcCa, Ky4, HILE, IHePrus, 60CHM Ba BOIIKAAAD Wivaap
KyMmaacu1aHanp. bupop GusukaBHA KATTANMKAADHH yJauall - yJad40B OHPJIHrH KHAHO

KabyJs KHJAHHTaH OHP XHHCAH KaTTaauK 6uaan Takkocaall jemakanp Karraiukuu yauaul
HATHXKACHLA YHUHT KaOyJj KHIHHFAH GHPJAHKIap1a HOoLanaHran COH KHAMATHHK O1aMu3
DusukaBuil KATTAIUKIAPHHHT Xap GHPH YUYyH y3ura Xoc ajnoxuiaa 6upavrubu (Gowka
KAaTTANHKAAPHHHT GHPAHKAAPH GHaH MYT1aKO aN0Kalop 6YamMaran GHpanruiu) 6earunaai
XaM MYMKHH. AMMO, OYyHlail KHAHHTAHAA GHUINKABHIA KATTAIMKIApHH Yauanl yuyH
KYJAaHAAAANraH GUPAKKIAPHHHT COHU DUBHKABHI KATTANHKIAPHHHT COHUTA TeHr 6Vaaln
Ba HaTHXKala OGHpPJHKJIAP COHH KYaa KYnahub ketnb, ynapuu Kyasali aHya HOKyaail-
JiMKJapra onu6 Kearad 6yaap 3aM. By HOKy/alIMKAapAaH Xanoc 6YaHIL yuYH akcapHsiT
Gu3uKaBHA KaTTaNUKAapHUHT ONP-6GUPHra y3BHA GOFAMKIAPHUAAH Bd YJNAPHUHE GUPH
HKKHHYHCH OpKanH H(}PO14a KHAHHWUIIA MYMKHHAHrUAaH ¢oirananuaaan Uy rydaiau
GUP.IMKAAP COHMHU KAMARTHPHIIE HMKOHHATH TYFWIain By nMkonusaT wynnan n6oparku,
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6ab3u 6up GH3MKaBUR KaTTalHKaapHu acocHil ne6 Kabya Kuaub, ynap opKaaH Koarad
(hH3HKaBHA KATTANHKAAPHH HpoLa KHIHIL MYMKHH, AbHH MYyalsH ¢GopMynd Ba KOHYHH-
ATaapaan GpoilanaHraH XoNaa acocHH QH3HMKaBHI KAaTTaNHKAAP OpKaau 601IKa GH3HKEBHH
KalldHKIAPHH HPOULAN AL MYMKHH. YMYMAH Oill dHAd, dCOCHH PHIRKRABHH KaITANHKIAPHH
Tauaaw uXTHEPHH 6YNn6, Makcaara MyBop MK paBHLILa KeJHLWHO oKL #Yan Guan amadra
owupuaann. Yynkn 6Gapua ¢H3HKAaBHH KATTAIHKAAPHHHT OHPHAAH HKKHHUHCHHHMHT
YCTYHANTH HYK. AManuil )KHXaTaaH, HeTanrad QH3HKABHH KaTTaNHKHK aCOCHH KaTTa/HK 1ap
Tap3Maa TaHaaul Makcaiara MyBodpuK Oyaaepmac 3kaH. Tanna6 oanHraH acocH#
KaTTaJMKIApHH Yuauail GHPOP MYXHM KHAHHYHIMK TYFAHPMAC/IHrM Ba Ky3aa TyTHATaAH
WAapOKTAApAa YAAPHHHT COX KHAMATAapH XaMMa BaKT GHUP XHA HATHXa GepHLIH JO3HM.

Acocuit Gupankaap Tynaamu GHpPJAHKA AP TH3HMH AeHHIanH.

Acocuit Gupaukaap 6unan 6up Katopaa Oup-Gupuaad ¢apk Kuaasuran OHp Heua
GupAHKaap TH3NMaapH xaM MaBxyd. 1963 inanan 6ownab 6usnaXankapo 6upauk-
dap tu3numu (CH) xopui Knanuran. Maskyp THanmiaa acocHit Gupankaap KyHHaaru-
nap. y3yHJIHK GHpJHrn — Metp (M), Macca GHPJHIH — KHAOTpaMMm (Kr), BaKT GHPJIHTH —
cekyua {(c). By yura Oupaukaan rawkapn (CH) narnm acocuit Gupauknapra moana
MUKAOPHHHHF GHPAWTH — MONb (MOAb), TOK Ky4MHMHr Gupaurd — amnep (A), xapopar
(TemnepaTypa)HHHT Y14oB 6Hpanru KeabsuH (K), épyFIHK KYYHHUHT GHPJUTH — KaHJena
(kA) kHpaaH. YayHauk Oupaurdn — | wmerp cudartuaa  EpyraHkHHHT Oy ILAHKAA
1/299792458 cekyua nasomnia G6ocu6 yTraH macodacH Kabyn KuiuuraH Maccavunr
OUPIHTH — KHJAOTPpAaMMAHP. BHp KujiorpamMm MaccaHMHr 3TafoHH cudaTHAA UWHAMHAD
waknuaary (auamerpu Ba Ganananurn 39 MM 6yarav) naaTHHa-MpHAHA KOTHIWIMACHAAH
fiCAJran KHCM Maccack Kabyn Kuaudrah 6yau6, 6y stanson Ceppa (Ppauuusi)aaru
Xankapo yauoBnap Ba Tow-tapo3unap OiopocHaa cakJaHaaH. Yuuur maccacH 4°C
Temneparypaaa 1000 cM® xaxMra ara 6Yran T03a CyBHHHT Maccacura Tenr. BakT 6upanri
| cekyna — uesuit (133) aToMu acocHil XONMATHHHHT YTa HO3HK CTPYKTYPACHAATH 3J1€KTpPOH-
HHHT GMp CaTXAaH HKKHHYH caTxra §THIIHAA coaup OyJaaauran  HYpJAAHHUIHHHT
9192631770 naspura Tenr. Koviran acocuéi GHPJHKAGPHHHT TabpHPH Ternwau 6yaumaap-
pa 6epuaan.

®dusnkana CH tusumunan tawkapid CI'C TH3UMH Xam KyaiaHuaa’1v, 6yHaa y3yHJAHK
GUpAHTH — caHTHMeTp (cM), macca 6Hpauru rpamm (r), BaKT GHPJAHIH — ceKyHA (c).

Acocuit 6upaukaapH y3yHAHK, Macca BAa BaKTAaH H60paT GyaraH TH3HM MY TJ a K
6HPAHKAAD TH3MMH AelHNanm.

Acocuil 6yIMaraH KaTTajqHkaap XOCHJAAaBHH KaTTaaukaap Aefiuaain. Yaap
yuyH GHPJAHKIAD TerHILNH KATTAJNHKJIAPHUHF TabpHpH GUnaH GOFAHK QH3HKA KOHYHJIAPH
acocHia aHuKaaHnaaH. Macanau, Te3HK GHPJHIH KHAKG TEKHC XapakaT Kuaaérran Ba Gup
GUPJHKKA TEHT BaKT 1aBOMH/1a GHP GHPAUKKA TEHT Maco(aHH YTaAHraH XKHCMHHHT Te3JIHIH
Kabya kuaunaau bBuuob6apuu, CH na Te3anHk GUPAHTH — TeKHC Xxapakar KHAn6 | cekyHa
AaBomuaa | meTp macodann 6ocH6 yTannrad XKHCM TeanHruaup. By 6upaux | m/c Tapauna
€3nnanu.

SranoH cudarnaa Kabya KHTHHraH Macca GHPAHTH MabiyM 6yaran xouaa HeloToHHHHTE
MKKHHYM KOHYHH KyY GHPJHTHHM aHWKNawra umkon OGepaan. Kyu OGupaurn cudartuaa
WyHAAH KYY OIMHALMKH, YHHHT TabCHPHAA Maccack GHp GUPJHKKA TeHr 6yaraH xucm 6up
6upnukka TeHr Gyaran tesnanuw onaan. CH ga kyu Gupanrn Heworon (H) 6Yau6,
y MaccacH | kr 6yaran xuemra | m/c? Tesnannin Gepaguran Kyuaup:

IH=1 kr-1 u/c2=1""Y

c2

CH acocuit Gupanknap TH3UMH XHcoGnaHcana, 6ab3n Xoasnapaa CIC Tuzumu xam
Kyanauunann. By Tuaumaa kyy 6upanru duna ne6 arananu Bay maccacu | r 6yaran xucmra
1 em/c? resnanui 6epysun Kyuaup. CH sa CI'C tvaWmnapuiaaru kyy Gupankaapu opackaa
Kyiunarn GOFnaHuLl MaBXKyl:

1 H=1 kr-ImM/c2=(10%r) - (10%cm) /c?=10° nuna.

Acocuil KaTTaauKIap OpKadH XOCHNABHH KATTa/IMKJIapHH AaHHKJAOBYH upoaa (H3HKa-
BHI KaTTaNMHKUMHF Va4 aMH geiinnany. PH3HKABHA KaTTalHK KaHaal xapguaap 6Gunan
6earunanca, YHHHI VJ4aMH XaM ypTa KaBC HYHra ONHHTAH XyAAH ywa xapodaap 6unau
6earunanaan:[a] — TesnaHrwHuHr, [F] — Ky4HHHT VauaMu Ba Xoka3o. Acochil xucobaaH-
ran 6upaukaap — y3ynauk [[], macca [m] Ba BakT [¢] nap yuyH maxcyc Gearuiaiunap KaGyn
kuaunran: [[|=L; fm]|=M; [{]=T. MacanaH, acocuit GHpHK]IAP OPKaNH Te3JHK — BAKTra
6yauHran ysywauk yauamura sra: [vl=[{] /[l=L /T=LT~'. KyuHuur yauamu:
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[Fl=Im]-lal=]m] [(] Af]=MLT~".
YMyMHuit xonaa uxTHEPHH KaTTanHK (g) HUHT yauamn opmynacu
[q]=LoMPT"

Tap3uaa é3unaau. By epaa a, B, y Yauam kypcatkuuanapu aefiunanu Ba ynap
6yTyH €k Kacp coH 6Yaniun xamaa Myc6aT €Ki MaHdHit nuiopara sra 6yHWN MYMKHH.

HIBOB
MEXAHMKADA HACEMIR XAPAKAT

3.4-§. TANMUAEA ANMALUTUPULLNAPH

HbloToH MexaHHKacH acocaH «CeKHMH» Xxapakartjaap (v<CcC, C¢—
6pYFJIMKHUHT OVWUKAArH Te3Juru) Mexanukacuaup. Lly tydadau
XapakKaTlard XHCMJApPHHHT Yjauammaapd Ba 6y xapakamiap coaup
6ynaérrad BaKT Opa/HFH MYTAaK XHCOOJaHAAH, S'BHH MKHCMJAPHHHT
ysuamaapy Ba BaKT opajiHFH y3rapmac O6Yau6, XapakaT Te3JIUrura
6ornuK 3Mac neb KapajaaiH.

JKHCMHHHT XapakaTHHH ypraHuwaa okopuaa (2.3-§) 6H3 uHepunan
CaHOK TH3UMHAAH ¢oliiananran 3A4K. TypJu vHepLHaN CAHOK TH3MUMJa-
puaa 6HPOpP MeXxaHHK XOAMCAHHHI KaHAaH KeYHUIHHH Kapab 4MKaHauK.
Macanan, 6upop KHCM (MOLAMA HYKTA)HHHI XapaKaTHHH HKKHTA
uHepuHat K Ba K’ [lekapTt KoopaHHaTa ap TH3UMJIaPHAA QK6 KapaliHK.
CoasanallTHpHIL MaKCaAKaa Ma3Kyp TH3HMJIAp YKJAAPHHHUHT RYHAJIHIIH-
Hu 3.1-pacmaa Kypcaruiraniek Tanaaiauk (avuu X, Y, Z Ba X', Y’ Z’
VKJaapu 6up-GHpHra Moc paBHuiaa napaijien Hywaaran 6yau6, ¢akar
X Ba X’ yksap ycTMa-ycT Tywras GyJcuH)*.

By caHoK Tu3umaapupaH OupHHH, MacanaH, K TH3UMHH LApTJIH
paBulga Ky3raamac ge6 XUcoGaalaHK, HKKHHUM CAHOK TH3WMH K’ 3ca
6upununcura Hucbatan OX
HyHaadwipa Virapmac Ug
Te3JiHh OHIAH TYFPH UH3HMK- YI® YI®
JIM XapakaT KunaérraH 6y.-
cun. Paswiankn, K Ba K’
Jaap HHepUHaJ CaHOK TH- u,t
aumaapuandp. Moaauii Hyk- -
TaHUHT 6y TH3HUMIapAaH | Y% }A(;z;zz')

?
1 X'

6upuaard, macajad K’ paru
XapakaTH MabayMm O6VJCHH;
Wy MOAAMA  HYKTaHHHT 0
K naru xapakaTtHHu Tomau-
JMK, OoumkKaua aitrasja,
OHMp HHepuHaJa TH3HM[JaH
HKKHHYHCHIra YTraHga Mol-
AHH HYKTa KOOpAuHaTaJa-
PHHHHI Y3TapUUIHHH aHHUK-
Aaiauk. Macaaad, K’ TH-

3.l-pacm

* SIkKosn KYpHHHO Typuiun yuyH X Ba X’ YKkaap atailnab pacmaa Z YKu AyHaanwinaa
6up-6upura Huc6aTan GHp 03 CHKHTHO KypcaTuarad.
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3UMHra HUCOATAH XapaKaTIaHAeTran MOAAUN HyKTaHUHT Oupop nafitaaru
Koopauuatatapu x’ n’, 2" 6Vnca, vauur alfinn Viia naltiary RazHATHHY
K cuctemapnars x, y, 2 KoopauHata/lapu opkaJau uponanosun dopmyna-
JAPHH TOIHUI Kepak. .

K’ tHaum OX #yHaauwuaa v, Te3aHK OGWJaaH XapakaraaHaérraHu
rydainan 6omaanruy nait ({=0) 1a K TH3UMHHHI KOoOpiHHaTa OolIH
(O HyKTa) K’ TH3UMHHHI KoopauHaTa 6own (O HYKTa) O6HIaH ycTMa-
YCT Tyl1aan aeb Kabys kKuaamus. Mxruépuil § Bakria xapakataaHaéTrai
MO/HIT HYKTa pacMmjia Kypcatuaranaek Kaupaliiup A xonaraa 6YJCHH;
aiiud naitaa K TH3HMHHHP CaHOK 6Goitd (O HykTa) K HHHr caHok
Gounra HucGatan x=vof, y=y’, z=2" kKoopanunatanap Ounad
4HHKJIAHYBYH HYKTa1d »Kolawran 6ynaan (uynkn 00’ =uyl). Pa3o Ba
BAKT Xakiiari HbloTOH MexaHiKack tacaBBypaapura Kypa xap HkkaJja
FH3HM1a XaM BAKT OHp XuJa1aa KeuajaM, sbHu (={" 6yaann.

Pacmaal KVpHHuILKHYA MOLIAHN HYKTA (A) HUHI UXTHEPHHA { naATaa
K cneremanarn Xo1aTh kyiuaary myHocabariap OHJaH dHHKJaHaLH:

x=x"4uwt, y=y', z=2, (=1 (3.1)

XYM WYHHHTAEK, MOAAHI HYKTAHHHT alHu Yilia { naidtaa K/ TH3nmaaru
Xo1ati KyHuiarnua vdogaranann:

X=x—oy, y=y, =z t'=I. (3.2)

(3.1) Ba (3.2) dopmyiarap aaugecid aaMmauwTupUHwIapH
aeinaam. laanaed aamawrnpuuiapu 6Upop HHepiUHaa CaHoK TH3UMU 1A
XxapakartaanaéTran MoLIHA HYKTa Koop,AHHaTasapi1aH 6olIKa HHepu1an
CAHOK TH3UMH1arn KoopaHuaTtasjapra YTuuira (/=¢ BaKT yuyH) HMKOH
Oepani.

Hlvun Tabkugiain jgo3suMkH, [anuaell aiMalmTUpuUiap Y3yHJIHK
BA  BAKT OPAJMKIAPHHHUHI MYTJAaKIHIH  (V3rapMac/uri) xaxkujaaru
HbloToH MexaHHKacH TacaBBypJapHra acocaaHajd. byHaall TacasByp
«CChHH» XapaKaraap, AbHK vy < ¢ 63sran xoaaap yuys Tyepnianp. «Tes»
xapakaraapaa (peissiTib MexaHukaia, VII 6o6ra .) Fanuneit aamaiiti-
puutapu VpHida Jlopenll aaMaliTHPHILIAPH KVAJaHHAadH.

Fatnaell aaMawTHpHIapl Xxapakar,aHaéTradl MOAAHA HYKTaHWHT
OHPOP HHCPUHAT CAHOK TH3HMMArH Te3jadrd Oudan Goluka HHepuHad
TH3UM14TH TC3JHTH opackaard 60rjJaHHHIHH TONMIUTd HMKOH OepanH.
(3.1) ndboranapran BakT 6VilHua xocHa1a oicak, K Ba K’ cucremanapiaa-
M MOLIHH HVKTA Te3IHKIAPHHUNT [POeKUHsAIapH opaciaard 6ofaa-
HHUIIHH Tourad 63.1amMH3 (f=1{" 3KaHJHTHHH K{31a TYyTaMH3):

dx dx’ d .
Uy=— -~ = -+ — -—{C [ = Uy, .
= dr’ +dl(u” ) v+ vy (3.3)
dy dy’ , dz dz’ ’
U = - === = .= _= - —= 4
u dt dt’ S b dt dr Uas (3.4)
dx .. “ "
6y cpaa v, = g MOLLHI HYKTA TesTurinime X VKKa 6V.aran npoekuu-
Lo dx’  dy ;- . o s
ACH: U == ="~ YIHHT X’ VKKa 6V.1ran npoeknusic (X Ba X’ Ykaap

YCTMA-VCT TVINTEH Ik TapH qubaii:m Vo= U,y = Uy IKAHJHIH ybTHOOPra
OJTHELLH ).
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(3.3) Ba (3.4) noaanapuu yMyMaaiiTHPHG, yJ1apHH BEKTOP WIAKINAA

KyHuaarn OUTTa TEHIVIMK OpKaJH udoaajall MYMKHH:
v="0v"+v,. (3.5)

By TeHrnmuk HbloToH MexawukacHga Te3JHKJAAPHH KV WHIL
KOHYHHHHU Hopanaiin Ba KyHuaaruda TtabpubaaHain: MoaaHH
HYKTaHHHT K CauHoOK TH3HMHAArH Te3qaHrH (Te3JHK BEeKTOpH) YHHHT K’
TH3UMAArd Te3auru 6uaaH K TH3UMHUHT K ra HUcOaTaH Te3JIHTHHHHT
BEKTOP HMFMHAHCHra TeHr. Macanan, 1apéaard KeMaHHHT KuPFOKKA
HUCOATAH Te3JIMTH YHHMHIC CYBra HMCOaTaH Te3JHrH OHJIaH CYBHHHT
KHPFOKKA HHCOATAH TEe3/HKJAPHUHT BEKTOP HHFHHAHCHIA TeHr.

Monaui HyKTaHUHT Te3JUrHAaH BAKT 6YHHYA OJIMHIaH XOCH/1d YHUHT
Te3JIAHHLIUIa TEHT IKAHJAUTMHH Hazapda TyTub, (3.5)Hu 1uddeperun-
asgacak, Kyhupaarura sra 6yaamus:

do dv =,

az‘—ﬁz —

€KH
a:a, (36)

((3.3) Ba (3.5) dopmynanapaa vo=const 6VAraHH yuyH YHUHT BAKT
GViMUA XOCHIAaCH HOJITd TEHT SKAWJIWIH V3-Y3UAaH paBuianinp); Oy epaa
a — MOAJAHAH HYKTaHuHr K TH3UMAAETW Te3.1aHulUMHKU, @’ 3ca yHuur K’
TH3HMAATH Te3JaHUILIHHK Hboganaliau. JleMak, XaMMa XKHCMJIdp Xap XHJ
HHePUHAT CAHOK TH3UMJAAPHra HHCGATAH Oup XHJ TesdJaHdul Onjau
Xapakat KHadp IKauaap.

3.2-§. HUCEMHAIIMK NPHUHLANM. TANUNEA ANTMALUTUPULLNAPUHHUHI
UHBAPUAHTNAPU

IOxopuaa wearupuaran (3.5) Ba (3.06) TeHrIHKIapian KVPHHHO
TYPHOJHMKH, ardp AKHCM GHPOP HHEPILHAJ CAHOK TH3UMHAA TV FPH HH3HKIH
TEKHC Xapakar Kujaérran 6vaca (v=const; a=10), Oy caHOK TH3HMHTra
HHcGaTaH TYFPH UH3HKJAM TeKHC XapakaTaa Oy.raH Oowka CaHok
TH3HUMHId HHCOATAH XdM MAa3KYp XKHCM TVFPH UM3HKJIH TEKHC XapakaTia
6Vaaiu. Taxpubanap HATHXKAJAAPHHK YyMyMaauTHpHO, [asuiied kynuaa-
[H XYJ0Card Keaaln: UHepyuas CanoK TU3UMUOA YTKA3UACAR MEeXAHUKA-
sull Tampubaaap B0CUTACU OUAGH MA3KYD CAHOK TUSUMUHUHC TUHY
TYPSAHAUSURU EKU TYFPU HUSUKAU TEKUC XapaKaTAQHAETeaHAUURU
anukaah  oOgamandu. by TannwnedHuHr HHCOMHUJIHUK KOHAAECH
(npuduHnH) gednnain. Macajdad, KeMAHUHI HUH/ArK KHUIK KeMa-
HUHT THHY TYPraHJHTHHH €KW YHHHI TYFPH UH3HKJM TEKHC Xapakar
KHAAETraHAHTHHH aHHKJAAH oIMalau. Xy111 HIYHHHT/IeK TyXTab Typras
noe3i BarOHHHHHT [CPA3dCHAAH KaparaHumuiga OW3 TypraH BaroH
1opaérratiek TYIJa/1H, BAXOIAHKH, MAabiyM OVJIHIIHUA KYUIHH TeMHp
#ayanaru noesa wopa Oouwtarad 6Vaub unkaid. by HkkH Mucoana
HUCOMHUIHK NIPHHUHIIKM HAMOEH OyaasinTH.

bapua uHepuHans CaHOK TH3HMJAApHla OUpP XHI COH KHHMATHra sra
OVAraH KaTTaduKIap UHBAPUAHT KATTAAUKAAD AedAnialn («MHBAPDHAHT»
JOTHHUA cy3 6Yaub6 «Vysrapmac» aemakadp). lOkopuia (3.1-§ aa)
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KYPAHKKH, Xapakarnari MOAAHH HYKTAaHHUHT MKKHTA HHepUHad CaHOK
TH3umMH (K Ba K’) aaru TesnaHUUIH GUp XHJ, AbHH a=a’. Jlemak, MOaaHil
HYKTAHHHT Te3aaHuwH [anuneid anmawtupuinapura Huc6ataH HHBapH-
aHTAMP.

Mopauit HyKTara Tabcup 3TYBUH Ky4 ¥3apo TabCHpJallyBUH MOAAMH
HYKTa (KHCM)Jaap opacupard macogdara (KaHHWKOKJIHK Kyujapd Ba
TOPTHILUHIL Ky4/JapH), yJapHHHT HHUCOHH TessHKJapura (HIIKalaHHIU
Kyunapu) 6Gorauk. Hbloron MexaHukacuga 6y macodanap Ba HucGui
Te3JHKJAap 6apua HHepLHa/N CaHOK TH3UMJapuaa y3rapMac XUcobsaHanH.
LyHHHr yuyH O6Hp HHEPLHAJI TH3UMAAH HKKHHUHCHIa YTHJATaHAa MOAAHH
HYKTara TabCHD 3TYBUYH Kyu XaM y3rapuuicu3 Konaau. [lemak, Kyuy —
[anunelt aamawrtupHwniapura Huc6ataH uHBapuadtTaup. Llynunriaek,
Macca xam 6apua HHepLHal CaHOK TH3HMJIapHAa GUp Xua COH Kuiimarura
sra (m=m’'), sAbHU KHcM MaccacH [anuneii anmaliTHpHiLIapHra
HHC6AaTaH WHBAPHAHT KaTTaJHKIHP.

MabiymkH, GH3MKaBHH KOHYHJAAap Xap XWJ KaTTaJdHKAAPHHHT
MHUKIOPHI MyHocabartniapH Tap3naa Hpoaa KHAHHaAH, ibHH 6y KOHYHJap
MaTeMaTHKaBHil ¢opmyaanap opkaiau €3unand. bup uHepunan caHok
TU3HMHAAH MKKMHYHCHra YTHAraHaa MyaissH (PU3HKaBHH KOHYHHUSITHH
M(POLANOBUH TeHIJIamMara TerHilad KaTTaJHKJapHUHT KHHMartJaapu
yarapcaaa, YHHHI yMYMHH KYDHHHILUKH y3rapMmaca, 6yHgail TeHraamMa
KapanaérraH ajJMauTHpHWapra Huc6aTaH HHBapHaHT AeduJaaiH.

K Ba K’ uHepuuan caHok TH3uMiapupa a=a’, m=m’ Ba
F=F 3kauuun 3bTHGoOpra oJcak, HbIOTOHHHHI HKKHHYM KOHYHH-

HUHT Ma3kKyp CaHOK TH3HMjapuiard vdopanapu GUp Xua GYJHIIHHH
Kypamus: K TH3umaa

F=ma

TEeHIVIHK YPHHAW Gyaca, K' tH3umaa
7,:1=m&/ .

TEHIIMK VpHHAW 6Yiand, SbHH GHP HHEpPLMAJ CaHOK TH3MMHIaH
MUKKHHUHCHIa YTuiaraiaa HbloTOHHUHT HKKHHYH KOHYHH Y3 KYPHHMIUHHH
y3rapTHpMac 3KaH.

Hemak, dunamuxanune acocuii Konynu laruaed armawrupuwnapuza
nHucbaran unsapuanToup.

IOkopuna aiitunrannapiy ymymaawtTupu6, [anunedHUHT HUCOUAN UK
NPHHUMIHHH KyHuaardua tabpuuiail MYMKHH: MEXQHUKQ KOHYHAGPU
bap4a unepyuaa canok Tusumaapuda 6up xuar ugodaranadu.

3.3- §. HOMHEPUMAN CAHOK TU3UMITIAPH. MHEPLIMA KYUNTAPH

Xo3upraua 643 MexaHHKaBHil XapakaTaapHi VPraHHllaa dHepuHas
CaHOK TH3UWMJapuaaH doinananauk. FOKopu:i1a aiTHb yTuaauku, HbioTow
KOHYHJIapH HHEPLHAJ CaHOK TH3UMJapHIaruHa ypuHianaup sa [anuneit-
HHHI HHCOGHHIMK [PHHUMIMIA acocaH HHepLUHaJd CaHOK TH3WMHIA
yTKazuaagnraH KysatHuwsap €piamuaa MasKyp CaHOK TH3MMH THHY
TYPraHJMruHd €KH TYFPH YH3HKAH TeKHC XapaKaT KHJAETraHJHTHHH
anukaa6 6yamaiau. Ta6uar xoaucanapHHH ypraHduijia HHepuHan caHok
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TH3UMJIApPHra HUcGaTaH Te3jlaHHW OWJaH XapakaTiaHaéTraH CaHoK
TH3HMJ13PpH XaM KyJ1aHWIa1H.

Bupop unepyuanr canox rtusumuca Hucbarax TesaaHuui Guaan
XapaKkarAanaérean TU3UM HOUHEePYUAA CAHOK Tudumu deduradu.

MHuepunan caHok TH3MMJApHAa XHUCMHHHI Te3jaHHur OM1aH xapa-
KaTJaHHIIHHUHT Ca6abuHCH — YHTa TabCHP 3TYBUH TALIKH KYULHP, SbHH
6y CaHOK TH3MUMJIapuaa »KHUCMra G6upop GoliKa *KHCM GeBOCHTA TabCHP
3TcaruHa y Te3/JaHWll OujiaH XapakataaHaiHd. HouHepunan caHok
TH3UMJIApHAA 3C2 XHCMHUHT Te3NaHMlura 3puliHu tabuatH Gollkaua-
JHp; KHUcMTa Gollka 6Upop KHUCM GeBOCHTa TaBCHP KHIMarad Xo/aa xam
Ma3Kyp CaHOK TH3HMHHHHT XapakaT XOMaTHHH VY3rapTHPHIl OpKaJH
JKHCMra TesjlaHul Gepull MYMKHH.

M .
L\\b ;Z - -a;

O] O)

HoHHepuHan caHOK TH3MMJIApH XaKHAard TacaBBYPHU OHAMHJIALITH-
pul Makcaguaa K Ba K’ caHoK TH3uMJapHHU onKWG KapaHink. K caHok
TH3umu Ep cuptu 6unan 6ornanran 6yau6, y K’ ra uuc6arad THHY Typrau
6yacHH, K’ caHOK TH3HMHHH 3Ca TeMHUp UYJ BaroHu Guian 6OFIAHIMK
(3.2-pacm). Maccacu m 6yarad MeTaan uiapua HHrCHUKA MO Ouaan
BaroHHUHr wunura (M nykrara) ocuara. Jacraa6 sarou K cucremara
HucOaraH y3rapMmac vg Te3JiHK OMJaH pacMia KypcaTWwiraH #yHanuduiaa
TYFPH YH3HKJ/AHK Xapakar KWIaérrad GyJcHH.

llapuanuur xonatiHH K Ba K’ caHOK TH3HMJapHaa TYpraH HKKH
Ky3aTyBuM (BaroH MUMAATH KULIH BAa TeMHP HYJ EHHUAATM KHIUH) HHIOXH
6ua1aH Ky3aTaiauk. Baron TYFpH YUH3HKJIM TEKHC XapaKaT KUJ1aéTraH/uru
ca6aban K Ba K’ caHOK TH3MMJapHAATrH Ky3aTyBUHJIAPHUHT QUKDH alHaH
6up xH 6Yaanu: Wap4a Y3UHHHT THHY XONAaTHHH CaKJAANTH — Y OCHJTaH
MIl THK XO/AAa TYPUOAH (LIAPYAHHHT OFUPJHK KYYH MAHHHT TapaHmIHK
KyuHd OunaH myBo3aHaraaaup). PaBwanku, 6y xonga ukkana (K Ba K')
TH3HM HHepLHaJ CaHOK TH3HMJapH 6yaub xu3Mar KHAaLd.

Texkunc xapakartaa 6YJraH BaroH H1 T€3JUIHHH KECKHH Y3rapTUPCHH;
dhapa3 KHIAWIHK Yy Te3JIUrHHH KecKHH KaMaWTHpCHH. BaroHuunr Oy
ManTJard XapakaTH TeKHC CEKHHJaHYBuYaH XapakaTr 6yaranu tydaiiu
y v ra TecKapd HyHairaH Tte3naHull (—ap) OMIaH XapakariaHald.
buno6apuu, K’ TH3HM 3HAH HOWHEpPUHUaA] CAHOK TH3UMH 6YAH6 KoiiH.
K Ba K’ caHOK TH3MMJIapHAA TYpPHO 1LIapuaHHHT XONaTHHH Ky3aTyBuHJaap
3HAH HKKH XWJ MaH3apauu Kaia staaunap. Barowparu (K’ tuaumaaru)
Ky3aTYBUWHMHI HYKTau Ha3apuua luapua pacMAa kKypcatwirad iyHa-

JMILLAZ ap Te3NaHuWl Gu/aaH XapakaTra Kejaau. Temup Hya éuuia
(K tusumna) TypraH Ky3aTyBuWra uiapya Y3uHHHF TEKHC XapaKaTHHH

"1©'1®

>

32pacm
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J1aBOM 3TTHPAETTaH/eK, BATOH 3ca wapuyara HHcOaTaH Y3HHHUHT aBBaJrH
Te3TUrHHH V3rapTupu6, opkaaa Koaaérranaek 6yaub tytonaau. Llynnah
kuau6, K Ba K’ THaMmaapuaarn MKKH Ky3aTvBuHra adxan 6up
MONJIHRABHA AuAHCA XdP XMJO HaMoeH OyJa/iu.

JemMak, HoMHepUHad caHOK TH3HMH (K’ TH3MM)/a wiapya Te3/aHHLl
Oni1an  Xapakataaiajaun Ba Oy rtesjanuml K’ CAHOK TH3WMHHHHT
Te3JTAHHUIMIE COH JKHXaTAdH TeHr O6V.au6, #VHaauw Oyfuua yHra
TeCKapHIHp:

alz—&(). (37)

Kearupuaran wmyJdoxasasapiaad 6u3  Uly XyJjgocara KejJdaMH3KH,
apuara OoONKa AHCMAAp TabLCHp KWamaérran Oyacaita, y K canok
TH3UMI 1Y KaWI1aWIHp TaWKH kY4 TabLCHPHAA ) Te3J4HHL OWIaH
Xxapakarra keaaiad. by xyu K’ caHOK TH3MMHHMHT K CAHOK TH3UMUra
HUCOATAaH Te3JaHYBUAH WIrapHJaHMma XapakaTH Tydadau ByXKyara
Keaa i Ba v «ofatiard» kyuiapiad Gapk KUiaau, 0y Kyd unepyus Ky4u
AeHHaaLH.

Huepuunsa kyuaapn afiHMKca adljJadMa Xapakar KHJAa€TraH MHCM
OH.1aH OOFIHK OViraH CAHOK THU3HMJApHia HAMOCH 6YJ1aaH, YUYHKH Xap
KaHI1aH aljJaHMa Xapakaria MapkKa3ra HHTHIMA Te3JdHUL MaBXKYa.
DunoGapuh, Te31aHiul OGUI4H XapaKaTJaHASTIaHJAHKAAPH TyphaHau
OVH. L4l CAHOK TH3HM.1aPil HOHHePLHA CAHOK TH3HMIapHIHP.

3.4-§. MITAPUNAHMA XAPAKAT KUNAETTAH HOMHEPUMAN CAHOK TUSMMMAA
MHEPLUMA KYYITAPH

HMarapnaanma xapakar1ari HHepUHs KyulapH KYHILAJHK XaéTUMH31a
Kyn vupa6 tvpaan. HMyaosuniapuu Tauysud BocHTadap (aBTOBYC,
Tpampall, rpoiedbyc Ba X. K.)aa coaHp Oy.aaanrad XolucasapHH
KY34TraHHMH3/1a HHepUUsi Kyuaaph OeBochTa HaMmoéd 6yaanu. Macanas,
Gupop Varapmac Tes K OWJdH KeTaéTraH aBTo0yc V3 Te3AUIHHH KECKHH
OUIMpca UYJA0BUHAAD HHEPLHS Ky4H TA'bCHPHLA opKara THcapuJaaguiaap
B4 dKCHHUa, aBTroByC V3 TE3JHTHHM KeCKMH KamaiTHpca (€kd GHpiaH
TVXTaca) y.aap HIrapura TOMOH HHTHAaauaap. MyaoBumiapra tabeup
TACTraH Kyd — aBT00YC OHJI1dH OOFI4HTAH HOHMHEpPUHA] CAHOK TH3HMH-
HHHT Te3J1dHYBUYUAH XdapakaTtH TygpalId ByXKylra KelaéTraH HHepLus
KYUHHP.

IOkopHaa (3.2-pacm) 3HKP KHJIHHIaH MHCOJ1d lWapuara TabCHp
3TYBUH Ky4 HJArapuiaHmMa XapakatiaHaéTraH HOMHeplLHaad CaHoK
TH3HMH.18 BYKYAra KeaaauraH MHePUHs Ky4dJapHHHHT HAaMO€H 6Yauniiu-
AHp. HMHepuus KywlapHHHHT KHCMJAAPra TabCUPHUHUHI HaTHXadapu
aMmasa Mapxy.l 6yarananri typaian yaap tabdariia MaBKya KyuJaap
1e6 Kapagaan Ba 6y Kyuaap pakaT HOHHEPIIHA CAHOK TH3HMJapHAdrHHa
MAaBKY.1HP.

bBusra MabJayMKH, MKUCMJAAPHHHT OUp-GupHra TabeHpH Tydaau
BYKyAra KeJaiuraH kywiap HbIOTOHHHHT HKKHHUH KOHYHH OGWJaH
iboda.radaian Ba Oy Kywilap HHepluHaa CaHoK Tusumiura Hucbarad
aHuK.JdaHaln. HowuHepuwuans caHoK TH3HMJapHla, yMyMaH odraiia,
HbtoTon KonyHaapu Gakapuamaiid, 4yyHKH GOUIKA KHCMra KViH.irad
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aKC TabCHP KYYHM MaBXya Oyamanad. JIekHH KHCMAApHUHT OHp-Oupura
TabCHP Kyusapu GuaaH 6HP KAaTopaa HHEPLUHS KYUlapHHH XaM Y3uia akc
ITTUPYBYH HGPoAaHH HDBIOTOHHHHI MKKHHYH KOHYHH Tap3uaa €3ull
MymkuH. Lllynaail kuanb, HoumHepuuasi caHoK TH3HMHAA HblOTOHHHHT
HKKHHUYH KOHYHW KYHMaaru KypuHuiura sra GynanaM:

ma=F+F,, (3.8)
6y epaa F—— xucMmaapHuUHr OGUp-6upH OunaH y3apo TabCHPH Tydahiiu
MasKyp JKHCMra TabCHP 3TYBYM <«ONATAEIH» KYUIAPHHHT BEKTOp
HUFHHAKCH; F,, — HHEpUHSA KyusaapH; a’ -- Maskyp KUCMHHHT [ Ba
F
teananduid. llyHu anoxuaa TabKHAMAU JO3UMKH, HHCPIHA KydaapH
(F,,) HoMHepUHaJl CAHOK TH3UMMHMHI HHepLMaJ CaHOK TH3HMHra

HHCOATaH Te3aHWILIK XapakaTH Ou1aH aHWKJAHaAH. ¥Y3apo TabeHp
Kyusaapu (F) 3ca vkKana CaHOK TH3MMHIa Xam OHD XHALMP, SThHH

F=ma, (3.9)
6y epi1a @ — HCMHHHT HHEPLHA/ CAHOK TH3UMHTa HUCOATaH Te3NaH LM
6V1nb, Maskyp KucMra OOUIKa KHUCMJAPHHUHT OeBocHTA TabCHPH
HaTwxkacuaup. (3.7) wdoaara acocaH HOHHEPUHAN CAHOK TH3HMHAA
KHCMra TabCHP 3TYBUH MHEPUHHA KYUH Kylinaarnua HojlanaHaiu:

Fnuzrna(:' (310)‘

KydJapyd TabCuHpHAa HOHHepUuHaJ CaHOK TH3HMHAA 3pHUITdH

HH

By KyuHH HOHHepIIHAJ CAHOK TH3UMHHMHT Te3JAHHIIH OpKalu Hdolaia-
cakK, KyHHaarH KypHHWIUTA KeJajlu:
- ~ .
F,,= —ma,. (3.11)
By udonanaru manduil uvuiopa HHEPUHZ  FEYUH HOHHEPLHAT CAHOK
TH3WMHHWHT Te3JaHHIU BEKTOPH HVHAJMLIMICA Kapama-Kapith TOMOHTA
AYHAATQHAWPHHH 6GHAAHPaH.

(3.8) Ba (3.9) TeHruMKAAPAAH HHCPUHA KYyUH YUYH KyHHLaru Hdogara
sra 6yamu3s:

F,=m(a" —a). (3.12)

Arap HouHCpLUHAJ CAHOK TH3UMHAA ¥3apo GHP-6upH GHA4H TabCHPJA-
WYBYH XKHCMaap Oynmaca €ku TabCHP STYBUM Kyunap V3apo mMyBo3a-
natnamica (F=0Baa=06yaca), a’ =a) 6y anwM paBlLiaHAHP, Y X014

ap= —ao TeHIJIMKKa 3ra 6yaamua, 6y 3ca (3.7) 6HJIaH MOC TYLLIajiH: SbHH
Kapanaérras ®HCMra 6olIKa XKHUCMaap 6eBOCHTA TA'bCHP 3TMaca HHepLHA
Kyun (3.10) dopmyna tap3una ndosasanaiH.

Tessannw 6GunaH  XapakaTJaHyBuYM JAH(TAECH 00aM  TOMOHH/LAH
TarJukKKa TabCUP 3TYBUH OFUPJHK KYUH AUHPT KYTApUIaéTraHuAa OpTHILH
(«CYHDLHA OFWpJalwudul»), AMT Tyulaérraiaa sca kKamaWuiuM xKabu
XoaHcasap XaMm MHepuHs KydJapH acocuad TYUIYHTHPHJAALH (Xveyca,
JHPT NacTra TOMOH a= g Te3JdHHIU OWJaH TYLICa «BA3HCH3JIHK» XOJAaTH
lo3ara kKeqaaju).

Muepunss KydyanapHHMHT KyHAHAarH XYCYCHSATJdApPHHH
TabLKHAIA0 YTaMM3:
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|. MHepuusi kyunapH >KMCMJApHHHTI y3apO TabCHPH HaTHxKacHia
3Mac, 6a/KH CaHOK TH3HMHUHHHI Te3JIaHUILJIH XapakaTd HaTHXacHaa
BYXKyara KeJaafM.

2. VlHepuusa KyuJapH Xap XHJ HOMHepLHaJ CaHOK TH3HMJlapHAa Xap
XHIAHP, S’bHH OoulKaua Te3saHHW OujgaH XapaKaT/JaHaéTraH TH3HMra
yTHIIAA HHepUHA Kyuaapu xaMm ysrapaad. Muepuus kyunapu Gynaail
yTHUIra HUc6aTaH WHBAPHAHT 3Mac.

3. Muepuusi kyunapy HbIOTOHHHHT yuHHUH KOHYHHra GyicyHmainaHu,
S'bHH OMpOP KHUCMra HHepUMsl Kyud TabCcHp KW/aaéTraH 6Vy./ca, Gouika
XKHCMra KYHWAraH akc TabCHp KY4H MaBXKyd O6yaMaiau.

4. HMuepuusi Kyusnapu »KHCMHHHC MaccacHra MytaHocu6 6yaub, 6y
Xycycaa yJjap rpaBuTalus (OFHPJHK) KydJaapura yxmaluaup.

3.5-§. MYTNAK XAMAA HMCBMA TE3SNUKNAP BA TE3NAHUWINAP

Xap KaHaa# xapakar HUCOHUH 6Yaranuru tydaiyn XKUCMHHHT GUpOp
nadraary ¢aszogard BasHATH lWIapTad  paBuliaa Ky3faiamac Aaeb
XxucobnaHraH 6ouwika OHpPOp CAaHOK TH3UMHTa HucGaraH aHMKJAaHaaH. Xap
KaHaa# xapakar HucOui 6yacana, HoMHepuHaa CaHOK TH3MMJapHAaru
XapakaTrJapHH YpPraHuiaa «<MyTJakK XapakKaT» «<MYTJaaK Tes-
JHK»BAa«MYTJ aK Te3J aHHIL »Aerad WapT/i{ PaBULIAA KHPUTHITAH
TywyH4YanapaaH dbollananuaanm.

Bupop  uxtuépuit  Taunab
Y ® Y ® OJIMHT aH CaHOK  TH3UMHHH
) Ky3raamac ae6 xucobnab, yHH
K 6unax 6earnnafjuk
(3.3-pacm). By TH3aumra_Hucba-
taH K’ TH3um y3rapmac a tesna-
HUW 6uaaH X VKK HYHaqdluWaa
xapakaTt/jaHcHH (3.3-pacmaa Z Ba
Z’ ykaapu kKypcaruamaras). Pas-
wiaHkH, K — uHepuman, K —
HOMHepUHAJ CAHOK TH3MMJIapH-
aup. XapakaTiaHyBUH CaHOK TH-
3UMUHHHT KY3Fa/aMac CaHOK TH3H-
mura Huc6aTaH xapakatH Kyg4up-
33pacwm ma xapakar peinnagi. K caHok
TH3uMKaa A XKHCM THHY Typrad
X043 XaM Yy ULy CaHOK TH3HMHHHHT K CaHOK TH3uMHMra HHcOaraH
6yaran xapakathaa KarHawaad. JKHCMHMHT Oy XapakaTH KyuupMma
xapakat 6yaaau Ba TaGMHHAKH, XKucCMHMUHT K’ Tu3umura HucGarau
XapakaTH nuc6ud xapakaroup. XXucMHuHr HUcOMA Ba Kyudpma
XapakaTjapH YHHHT MYTJaK XapaKaTHHHM TaluKWa KHI1alH;
6owkaya aiTranaa, *KUCMHUHT K TH3uMra HucbaTaH XapakaTH WapTid
paBHWAA MYTJAaK Xapakar jJeHunajH.

Pacmaan xypunu6 typubauku, K Ba K’ TH3umsapra HucGarad
XapakaTtnaHaérran A »KMUCMHUHE UXTHEPHHA { nalTaard KoopauHaTajlapH
opacuaard GornaHull Kyiuaarnua 6ymaanu:

=
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3

x=xo+x, y=y, z2=2, t=¢. (3.13)
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JKucmuuur K Ba K’ TH3umJapaard Tes3jMK/aapu opacuparu Oorjaa-
HUUIHK Tonuii yuyH (3.13)aaH BakT 6YHHYa XOCH/IA ONAMH3:
dx dx, dx’ dy __ dy dz dz’

df T dt dt’  dt  dt’ dt  dt’

dxg dx’

dx ,
— —_ —. H
6y epaa =% g Vo gy = Us by udonanapna

Uy =Uox+ U5, Uy=10j, U,=10;

3KAHJHIH Keu6 YuKaau. By TeHriMKAapHd XaaAMa-Xxai KYyu6, HaTHXaHH
BEKTOP KypHHHILAA €3CaK,

v=vo+1’ (3.14)

6ynanu, 6y epaa v — MyTJaK Te3JHK, Up — KyuUpMa Te3/ MK, v’ — HucOHit
Te3nuk. Oxupru ¢opmysanaH KYpUHHG TypUOGLAHKH, MYTAAK Te3JHK
KyuupMa Te3nuK Gu1aH HUCOMH Te3HKHUHT UMFUHAHCHAAH H6opar.
(3.14) ndonanau BakT 6yiiuua XOCHIA QICAK XaPAKATAATH KHCMHHHT
HKKa/ia CaHOK THU3UMHAArd Te3JaHUULIapH opacuiark OOFJIaHHILHH
TOMNaMHU3:
ds 4y, | dp

dt ~  dt dt

E€KH
a=ao+a’, (3.15)

6y udomanard a — MYTNAK Te3JNaHHI, Qo — Ky4HpMa Te3JaHHl
aednnaaud. Jlemak, MyTJakK Te3JlaHHIl Kyuupma Ba HUcCOMH Teaaa-
HHUILJaPHUHT AMFUHOHCHTA TeHT.

(3.15) dopmynanan a’—a= —ao KaHJUrH Kequb uukKaau Ba Gy
teHrIMKHY (3.12) ndonara Kyicak, K caHok Tusumura HucbataHn TyFpu
yu3HK 6Vi1a6 xapakaTaaHaéTrai HOMHePL XA CAHOK TH3UMH/1a HHEPLLHS
Kydd Ky#iuaarura TedHr 6ynanu:

F,=m(a'—a) = —ma,.

OJIMHraH HaTHXaHH BEKTOp LUakK/avaa é3C8K, Yy

F,, = —ma, (3.16)

KypuHuwira sra 6yaanu, sabHY OyHAAH HMHEPUHS Kyuyd HOMHepUHan
TH3UMHHHT KyuHpMa Te3naHWlIMra HucbaTaH Kapama-Kapillh TOMOHTa
AYHAITAHJHIUHH KYpaMH3.

3.6- §. AMTAHYBYM CAHOK TUIMMMAA MHEPUMA KYUU. KOPMONIMC KYUM

Xap KaHjait alnaHmMa XapakaTtna MapkKasra HHTHIMa Te3naMll
MaBXyj, Wy cababau ailnaima xapakat 6ujaaH 60FJaHr aH CaHOK TH3UMHU
HOMHepUHaAAWp. AfinaHyBuM CaHOK TH3UMMAArd HHEPUMS KyuJapu
XaKHAa TacaBBYpP XOCHI KHWIHW YUuyH KyHHJaru KypuiMaHd onu6
kapaiiauk. THK YyKKa ypHartuiaraH taékuaHuHr M Ba N HyKranapura
HHrHUKa un opkaan A Ba B wmerann uiapuanap 3.4- pacMaa Kypca-
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34-pacwm

THAraHaek ocuarad. Taékua THHY Xxosnarga Oyaradudjaa lapuagnap
OCHJITAH HIT THK Xosataa 6Vaaau (MnJdapHUHT THK X0JaTH Y3YK UH3HKJAap
6uaaH KypcaTuaraH) Ba Xap OHp LIapyYaHWUHT OFUPJAMK KYUH HMIHHUHT
TAPAHMJIMK Kyud GHJI4H MyBO3aHaTJjallaaH. DHAH TaéKuyaHW YHra THK
AVHasirad Ba YHUHT YpracHiaH YTyBun Z YKH aTpoduna 6upop o 6ypuak
Te3qMK OHJaH afinaHma xapakarra kejatupaiauk. Tabuuiiku, Taéxkua
Ousiad wapuaiap xam Z YKHM atpoduia ailiaHMa Xxapakarra kKejaid Ba
HaTHKaAa Wwapuajap yaap ocuiaraH vil 6uiaH 6upop 6Gypuyakka OFaiH.
Afitanvn )k apaéuusa xap 6up wapua paauycu R 6yaran aliiana 6yiaa6
Xapakar KHJajH.

HMHeprivan caHok TH3HMHAA (Macagaad, KypuaMa €Huaard Ky3aTyBuH
HaszapHua) xap 6up wapuya R paaguyciu adaaHa OydHya xapakar/aHa-
AINTH Ba Yy Z yKH aTpopuia

2 .
a, = =w'R (3.17)
TR
ra TeHr MapKasra MHTHJAMA TeanaHuw 6unaH aiaaHasntu (Oy ¢popmyaana
v=wR IKAHJUIH KV31a TyTuaaH), OHHOGApHH, wapyara
= —mo’R (3.18)
GyaraH mapkasra HHTHAMA Ky4 TabCHp 3TasantH (Oy Kyu wapyaHHHT
yeTJaHHWH AVHa WWKWra HucO6aTan Kapama-KapuwM HYHaaraHd Yy4yH
MaH(pHil nuropa Ky#naaan). 3.4, 6-pacmaan KypuHub TypHOIHKH, Oy Ky
HITHHHT TAPAHNIMK Kyuyd | GWJIaH wlapuyadMHr OFMPJHK Kydd P HUHT
TeHI TABLCHP 3ITYBUMCHAHP:
F=P+T.
Yeraaunw 6ypuarn F Ba P Kyunap 6unan Ky#ugarkya GOFJaHra
(3.4,6- pacm):

to g o MR _ o'R
g T mg g’
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S'bHH LIAPYENAPHUHT OFULI Oypuaru Oypuak Te3JHTHHHHT Bd YJAPHHHT
alaHuil paguyCHHHUHT opTHWH GuaaH opTuG OGopanu.

AdnanyBud KypuaMma 6unaH OGOFIaHraH HOMHepLUHaJ/l CaHOK TH3UMHAA
(TH3uM OusaH GUpra anjJaHaéTral Ky3aTyBUM Hasapuua) luapuyasnapra
KaHAalanp Kyu Tabeup 3TasinTH Ba Oy Kyy TabcHpHaa yaap o Gypyakka
yeTsiaHasinTh. Tabcup 3Taérran Kyd aidaHuil VKMAAH paauyc Oyihaab
Talikapura UyHaarau/uru tydadin y MapKaszaiaH Kouma HHep -
uusa Kyuyn AeHuaanH.

Mapkaznan Kouma uHepuust Kyuyu (F,) COH >KHXaTiaH mapkasra
HHTHAMA (F) Kyura TeHr OVaub, AYHaJMIIH KHXATLAH YHra Kapama-
Kapwuaup (3.4, 6-pacm):

F, =mw'R. (3.19)

HlyHnah Kuaub, aljgaHyBUM CAHOK TH3HMMAATH JKHCMIA TabCHp
Tajlurad MapKa3/jlaH KouMa HHEpPUUSl KYUH KUCMHHMHT MAaCCacHra,
aillaHaeTraH KypHJAMaHWHT Gypuak Te3JHIMHUHT KBaapaTura Ba aija-
HUW paauycura MyTaHocubaup. MapkasjaH KouMa HMHEpUHs KydjaapH
(pakaT HOHHepUHad CAHOK TH3UMJAapuAarkHa masxymaup. Huepuunan
CaHOK TH3umJapuaa sca OGyHaall kyuaap HyK.

Arpu YM3UKJM TpaekTopus 6yianab XapakariaHaéTraH TH3MMAAru
JKHCMIa XamMma BaKT MJpKas3[aH KouMa WHHEepPLMsi KY4H TabCHP YTaiH.
Macanan, 6upop Te3quk GUaaH XapakartjaHaérral aBTobyc éku Gouka
HAKJAKET (TpaHCMOpT) BocHTaapuaary dyjaopunaap 6ypuautl Koilaapu-
Aa ynapra KaHaalaup Kyy TabCUp 3TA€TraHHHM XHC 3Taausap Ba 6y Kyu
TabCHPH OCTHAA yJaap OypHauiura HucbaTaH TallKapH TOMOHIa OFaAH1ap.
Kyprasmanu yuuwiapaa yuyBuuniap yhkKa (ropu3oHTra) Huc6aTaH THK
KOHJauiraH aisaHa wakJaugard Ttpaekropus 6OViAnab ydradjapuaa
yaapra mapkasiaH KouMa HHeplHst Ky4d Tabcup 3Taan Ba Oy Kyu
Tydaisy yaap aWiaHa (WaKJAHAArd TPACKTOPHUSHHHT 3HI  IOKODH
HYKTacHia YTUpraH »Ko#lnaH macTra TOMOH TywHO KeTmaRanaap
(TpaeKrOpUsSIHHHT IHT IOKOPH HYKT4CHl1a ydyBYH-
wuHr 6owu nact (Ep) Tomonaa 6ynanu). ®asoBui
Kemasaap Ba EpHuHr cyHbui #Aynaownapu Ep
atpodura adnanara siKHH TpaekropHs 6yinad
xapakarsnaHaiuiap. ®azoBuil KemalapHUHI Xapa-
KaT Te3auKaapuaa Gpa3zorupJapHUHT OF HPJIHK KY4H
MapKa3aaH KouMa HHepl s Kyun Ou/iaH Tedriaua-
AW Ba yJaap «Ba3HCH3JIUK» Xosnaruaa 6ynasuaap.
Mapkasnan Kouma HHEpUHS Kyujaapura Joup
6yHAal MHCOMIAPHH KYNJ1a0 KeATHPHII MYMKHH.

bus swab typradi Ep xam aHiaHyBuM CaHOK
TH3UMHAHP; y OUP Keuya-KYHAy3 AaBOMUAA Y3 VKU
arpoguaa 360° 6ypuakka O6ypusiaau. Ep cupruna
Typras xap 6up xucMm Ep 6unan 6upra afisanma
Xxapakaraa KatHawaad. EpHusr ¥3 yku arpoduna
aliNaHHLIMHY Ha3apaa TyTcakK, YHH HOHHEpUHaa
CaHOK TH3HMH e0 Kapa/aald Ba YHUHI CHPTHIArH
ucmaapra 3.5-pacmaa KypcaTuirasiek mapkas-
IaH KouMa HHepLUS] KyuH TabCHp 3ITalu (HHep- 35pacwu
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LHA KyudJapu XKHUcCMJapra TabCHp 3TYBYH TalIKH Kyuaapra HucOaraH
XHcoOTa 0AMACHAHK Aapakaga KH4uK 6yaraH xaraapaaruda Ep 6unan
6OF1aHraH CaHOK TH3HMUHHM HHepUHal CaHOK TH3HMH Jae6 Kapall

mymkuH). Hatukaga Gu3HUHT Tapo3unapuMu3 pacMaard P,  OFHpJHK
Kyun ypuura P, OFMPJHK KyunHH KypcataaH. Epunnr ¥3 yxn atpoduaa
aliaHuiln 6uaH GOFJIMK 6yarad mMapkasnad KouMa HHepUHsl KyuH

(Fyc) GWJIaH @ KEHIJIHKAATH XHCMHHHI OFUPJHK Kyud (P,) HHUHT Bek-
TOp HHFUHAHCH P, BekTopra TeHr (3.5-pacm):

Py=PytFu

Xucobaaunap wyHu Kypcaragukd F,, Ky4 P;ra Huc6aTaH XKyaa KHUHK

sKkaH. Xakukatad xam Ep V3 yku atpoduna o 6ypuak Tesnuk Guiad
annanaérran 6yJaca, maccacH m O6yAraH JKHCMra TabCHp 3TyBUH
MapKaslaH KO4YMa MHEPUHSI KYUH KYHHAATHra Teur:

Fux=mo’r=mw’R cos ¢. (3.20)
Ep mapka3sura #yHairaH OFHPJIHK KY4H:
P, =mg,.
Oxupru HKKH TEHIJIUKHHHT HHcGaTH
i‘."_z me’R cos ¢ - w’Rcos @ (3.21)
Py mgo 1<}

(3.20) dopmynagan KypHHHO TypuOAHKH, 7“:».& 3KBaTOpAa 3JHI KaTrTa

(cos @=1) kuiimarra sra 6yau6, Kyr6aa 3ca 6y Kyd HoJIra TeHr. Ypra
KeHryiikaapaa @=458° pe6 xucobaab, (3.21) d¢opmynrara o, go,
v

MX l .
Py, 400 ra TeHr 6ysnanH, abHu Fu
Ky4 Po HuHr 0,25 pousnnu Tawkua 3taau. lemak, EpHHHT ¥3 YKH atpodH-
Aa alWlaHHWH TY(DaHIH KHCM OFHPJHK KYUHHHHT Y3rapHilM XKYAa KHYHK
3KaH.

bu3 woKopuaa ainaHaérraH CaHOK TH3MMHIA THHY TYPraH >KHCMra
TabCHP 3TYBYY MaApKa3[AaH KOUMAa HHEpPUHUR KyuwiapH GUIAH TaHHLIIHK.
Arap xucm wy ainanaérrad Tusumra Huc6atan xapakaraa Gysca, yHra
MapKasfaH KouMa HHepLMs KyUHaaH TallKapH sHa KYUIHMUYa Kyd TabCHp
srand. By kyura Kopuoauc kyuu éxku Kopuoauc unepuusd
Kyuu pedunaan. Kopuonuc kyun OWaH TaHMUIMLI YYyH Ky#fuaarn
KypHiaMana Ttakpub6a yTKazalauk: yohK Tekucauruaa (ropHsoHrad)
YpHATHATAH JAUCK oJalNMK Ba y THK HyHaauwaard Z YK atpoduia
aiinana oncud. Jlactnalb AuCcK THHY XoanaTaa 6yacud (3.6, a-pacMm); YHHHT
mMapka3uWaaH OGupop LiapuyaHH v Te3Juk Ousan OB paamyc 6Gyiinua
#yHaaTHpcak, TaGMWAKH, y paauas uM3uK O6Visa6 Xxapakat KHJHG,
B uykrara kenaau. Ounu AuckHH Z VK1 atpoduia o 6ypuak Te3NHK OGunaH
3.6, 6-pacmaa kypcartuarai AyHasuuwiaa alsiaHMa xapakartra KejTupa-
Mu3. ¥ xonna wapua OC 3rpu yu3uk 6yina6 xapakat KHau6, B HyKrara
amac, 6aiku C HyKrara keinaau, wy 6unaH 6Gupra y AUCKKa Huc6atad

R napHuMHI KuiimMat/iapuHH KVicak
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36-pacwum

y3 TeaqHrd HyHaJHIIMHH XaM V3arapTupaad. Ainanaérran AMcK 6unaH
GoFjiaHrad HoMHepuMan TH3MMAa (y TH3HMAArd Ky3aTyBuUH HYKTau
HasapHda) [wapuyara v BeKTOpra THK HYHaJWlufa KaHJadaup
F, Ky4 TabcHp 3TaANTH.

Huepunan caHoK TH3WMMA2Z (AuCK €Huaa TypraH Ky3aTyBuH
Ha3zapu4a) lWapya AHCK THHY TYPran XO1Aard KabH TYFpH 4H3HK GYVH1a6
XapakarnaHaanTtH, AMCK 3ca lapyaHHHT aBBajrdH TPAaeKTOPHSICHTa
HHcOAaTaH CHAXHAH, A€raH HaTHXa KeaH6 ''4KajH. -

Hounnepuuan caHok TH3umuaa urapyara
ra’bCHP 3TAéTraH KYYHHHT TaGHATHHH AHHUK-
Nall Makcajiuja UWapuyaHd TYFPH UH3HK
6yina6 (OB paanyc 6yhna6) xapakatda-
HUwWra Maxo6yp kuaadauk. Bysuur yuyn OB
6yinab TycuK (neBopua) YpHaTaiiuk Ba 6y
TYCHKYa Ty(aiiu wapya AHCKKa HucbaTaH
OB 6yinab v te3nuk 6H/J1aH XapakaT/aaHa-
érran Oyacun  (3.7-pacm). [duck Guaax
GOFJIaHraH HOMHEPLHAN CaHOK TH3HMHAA

wapua OB 6yina6 v te3nank 6usiaH Xxapa- 37-pacwm
KaraaHu6, Af BaKT opa/jiHFHaa
Al=AB=vu-At

macoganu 6ocu6 ytub, B HyKrara Keaaqu.
Huepunan caHok TH3HMHAAa aHcKHHUHT OB paauycu Af BakT
opaJIHFHaa

Ap=w-Al (3.22)

6ypuakka 6ypunand Ba A HykraaaH Golnab xapakariaHaérraH wapua
1y BakT opanurHia B Hykrara 3mac, 6aiaku £ HyKrara Kequ6 Konai.
byuunr ca6a6u, wapua iy Af BaKT_ OpajJHFMAa HKKHTa Xapakaria
HUITHPOK 3TaAH — AHCKKA HUcGaTaH U Te3NHK GHUJIAH TYFPH UH3HKJIH
Xapakatia Ba AMCK OniaH 6Hpra al/laHMa XapakaTia KaTHalulajH.
Hlapua v re3nuk Ounan AB tVYFpn uusuk Gyinab xapakar
KHIMaranaa sad, y ($akar AMCKHHHI aijaHMa XapakaTHia HUITHPOK
3TH6, v, Te3nuK 6unan Al Bakr opanuruaa AC éi 6yinab A nyKranaH
C Hykrara Kearad 6yaap 3a4. A#iHu LIy BAKT opaJMFua luapya v Ba v,
Te3JuKaap OWiaH XxapakaraaHub D HyKrara Keauliy Kepak 3AH (YYHKH
AB #yan CD ra napannennup), nekun y E HykTara kenaau. ByHuHr
cababu — AHUCKHUHI Xap XHJ HyKTajapHia U, Te3/JHKHHHT Xap XHJJIHTH-
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aup. UlyHuHr y4yH wuHepuHaJ CaHOK TH3WMHMra Huc6aTaH wapy a
Te3/aHML O6HaH xapakatiaHub, Af BakT opanufuiaa Kywumuya AS=DE
macodaun 6ocu6 yraau. PacMaad KYpUHHUO TYPHOIHUKH,

As=|CD| - A, (3.23)
JIeKHH
|CD| = |AB| =Al=vAL. (3.24)
(3.22) Ba (3.24)uu (3.23)ra k¥yicak,
2
As=vAtwAt éku As=20w%t~. (3.25)

By ¢opmynanu TekHc Te3NaHyBUAH XapaKaTAa XXHCMHHHT YTrad Hyau
2
at

As=—5-

6uJaH TaKKocnacak, uapua
a=2ve .

Te3JaHHLl GUNaH XapakaT/JaHAETraHJaHWry avuK/aaHaad. by resnanuwra
3PHUILKLI yUYH MaccacH m GYJrad wapuara KYHHATaH TYCHK TOMOHHAAH
F=ma xyu Tabcup 3THIIH Kepak. HbIOTOHHHHT YyUHHUYH KOHYHHTa acocaH

wapua ¥3 HaB6aTHaa ywa Tycukka Kopuonuc kyuu (F,) 6unan  axc

Tabcup 3TaAu (6y KyuJapHUHr HyHaauwu 3.7-pacMmaa KypcaTuirad).
Hemak,

F.=2mlval. (3.26)

KopHonHe vHepuusa KyuHHHHT HYHAJHIIH U BA @ BEKTOPJAAPHHHT BEKTOP
KYNaUTMaCHHHHT HyHa ullK OGWIaH aHHKJAHAIH.

)

\
\

/i"l

38pacm
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Mavaymki, Ep wapu y3 yku arpoduaa ailianaan Ba yHH HOMHepLHAT
CaHOK TH3uMH je6 kapaur myMmkuH. Ep cuptuaa xapakarianaérran xap
KaHujaa# xxucmra Kopuosnuc Kyun TabeHp 3TaaH Ba Ky3aTHaaJurad Karop
xoaucanap wy Kyd 6unan Goraukaup. 3.8-pacmaa xaHyGnaH WHMOI
TOMOH U Te3JMK GuJiaH XapakaT/JaHaéTraH >HCMra TabCHP 3TYBYH
Kopuonue kyuunudr fdyHanuvwiapy kypcaruarad. By Kyu rtabcuphna
IWHMOMHI SIpUM apAa AApPEHHHT YHI KHPFOKJ/JAapH uan KMPFOKJapHura
Huc6aTan KYOpOK I0BUJIALH BAa THKPOK Gyjaad; XyAAH LWIYHHHLAEK, Wy
SIpHUM 1l1apaa TeMHp HYJTHHHT Xapakarra HHc6aTaH yHIr TOMOHAArH peJsibcH
KYNpoK efinnaad. JXHCMAAPHUHT 3pKHH TywHuwHiaa KopHonHe KyuH
yJapHH IapK TOMOHra OFAHpaaH, sibHH A Oanangnvkiafh (macafa,
MHHOpaHHHT TenacuaaH) tywaérran A xucm Epuunr B HyKracura
tywmacaan C HykracHra tywaad (3.8-pacm). Taxpu6GanapHuur
Kypcaruwnua, 3ksaropaa 30 M 6anaHIJIMKAAH TYyWraH XHCM THK
AyHanuwaa wapkka tomoH 3,6 MM Mmacodara oraau. (3.8-pacmaa
Kopuonuc Kyud v Ba o BeKTOpJapra THK paBHILAa A HyKTanaH yKyBuH
TomoHra éku Ep wapura Huc6araH WapK TOMOHra HyHanarad.)

IVBOB
MMNYNbC BA MHEPUMA MAPKA3SMHMHI CAKJTAHMW KOHYHM
4.1-§. CAKJTAHWIL KOHYHNAPH. MMNYSIbCHUHI CAKNAHMLL KOHYHK

du3nkana wynnall KaTTalHK/IAp MaBXYAKH, MYaHsiH liapraap
6a)kapuirania YJapHUHI KHAMAaTiapu BakT YTHWH OGuaad y3arapmad
KOMajJH Ba yJap CaKJaHHIl KOHYHJAPHHWUHT ACOCHHM TaLUKHA 3TajH.
MexanukaBuit xonucanap 6unaH OOFIMK 6yaraH Kyduaaru cakgaamuil
KOHYHJ1apH MaBXyd: 1) HMNYyJAbCHHHI CaKJaHHUWI KOHYHH,
2) MMOyJlbC MOMEHTHHHHI CAKJAHHW KOHYHH,3) 3HEp-
THAHWHTN CAKJaHHL KOHYHH.DycaknaHull KOHYHJapH MeXaHH-
KaBHH XapakaT Ba XHCMJAPHUHT Y3ap0O TabCHPH XaKHWAArH TabJH-
MOTHHHI HETM3WHH TAUIKHJ 3TaH.

IOkopHaa 3uKp 3THAraH MexaHHKaBHil Xoaucajapra TtaasniykKJH
CaKJlaHHLI KOHYHJapHiaH TallKapH siHa 6Hp Heua cakJaHUIL KOHYHJ apH
XaMm maBxya 6yau6, yjsap O6usaH 6u3 (PH3MKA KYPCUHHHT TerHLUJIH
6yaumaapuaa TanvlwaMu3. bapua cakgauMil  KOHyHJapu TaGHar
KOHYHJIAPHHHUHT NOHAEBOPH XHcoGJaHaaM Ba Oy KoHyHsaap taxpHba-
Japaa TacaUK/JAaHTaH.

CaKk/1aHHLI KOHYHJIapH TalKHKOTUHJAAp KY/Ha1a y3ura xoc KyapaTiH
Kypon O6Viu6 xu3maT KHJIMOKAA. MacanaH, SHePrHsSIHHHT caKJaHull
KOHYHHAAH Wy XyJjoca Keqnb YHKaAHKH, SHEepPTH HCTebMOJ KHJMac/aH
HUaAANrad KypHaMaHu (a6aadil IBUraTe/Hu) sipaTHLI MYMKHH 3Mac Ba
Oy coxana Ml oau6 60pHLL — TAAKHMKOTYH BAKTHHH Xamaa mab.aarHH
Gexyaa cappaaiu gemakaup. MMinyjibC MOMEHTHHHHT CaKJAHHLI KOHYHH-
ra acocianu6 Kyéw TH3MMH Tapkubupard caHépasapHHHT Xapakarw
6unan 6orauK Myammonap GeBocura XaJj stujann. Macasau, Kyéur Ba
Oif TyTHaHW BAKTHHM ONHHAAH aiiTHG Gepull Ma3Kyp MyamMMOnapHH
€YML HaTHXKacH XHcobGnaHanH. Keliunry Baktaapna pusukaap mypakkao
XHCOOMAWIAPHHHT KYAJAHHILIHHK Taaab KHIaAuraH MyaMMmoJapHi Xad
S5THII MaKCaAuAa 3JeKTPOH XHucobjall MaulidHatapuaan goinaaaim oK-
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Janapkd, MasKyp MallWHajJap YYYH JAacTypaap Ty3dliga Terduuiu
CakJIaHHIl KOHYHJlapura amafn KuauHaan. HmnyabcHHHT, uMOyJbc
MOMEHTHHHHI Ba 3HEPTHUAHHHT CAKAAHHULI KOHYHJIapu ¢a3o Ba BAKTHHHT
XYCYCHATAAPH .OHNaH Y3BHH OOFJIHMK 3KAHJHWTH KeHHHYANHK MabjyMm
6yanu. By xakna VI 606HuHr oxupuaa Gatadcua ranupuianu.

UMnyabcHMHr cakaHHID KOHYHH TAaGUATHHHT aCOCHH KOHYHJAPHAaH
Gvpuaup. XapakaTAark XKHCM MacCACHHHHI YHHHT Te3JIMrura Kynantma-
¢ (p=mv)HH 0OKopuaa (2.2-§ pa) O6H3 »KUCM uUMNyJbcH neb araras
304MK. HBIOTOHHHHr GHPHHUH KOHYHHIa acocaH, TYFPH UYM3HKJHK TEKHC
Xapakatharu »xucmra Golka XKucMmaap (TalWKH Kyd) TabCHp 3TMAaca,
Yy V3UHHHT PYFPH 4YM3HKJAM XapaKaTHHH NaBOM S3TTHPAAH, S'bHH YHHHT
TE3JIMTHHHHT COH KHAMaTH Ba HYyHaauwu y3rapmadau. BuHo6Gapus,
XKUCMra TaWKW Ky4 TabCHP KHJIMAca, YHHHI HMOYJAbCH y3rapmaiiu
(caknanaan). By xynoca OMTTa XHCM YUYH HMMYJbCHHHI CAKJAaHHIL
KOHYHHHH Hdopanaiam.

MIMNyAbCHHHT CaK/AaHHL KOHYHH XXHCMJAAP TU3HMH YUYH MYXHM
axamuar kac6 staau. )Kucmnap (€K MoanHi HykKTanap) TH3HMH €kH
COANarHHa «TU3UM>» JeraHia y3apo TabCHPJIAlIYBUH GHP HEUTa XKUCMAap
TYMAaMHHH TylyHaMu3. TH3UMra Tallky Kyuaap TabCcHp 3TMaca, 6ysaan
TH3UM GepK TH3 UM Jednnand. Kyéw TH3MMKM XKYyAa KaTTa aHHKJIUK
6unan 6epk TH3UM 6yna onand. bus Awab typran tabuuil Wwapoutaapaa
3ca 6epk TH3WMJap MaBXya 3Mac, yyHkd Ep cuptuaard xap kanaa#
TH3WMra Xxeu GysamaraHpa EpHudr TopTHw Kyduu Tabeup 3taad. JlekuH
TH3UMJArH XKHCMJAAPHUHT TA'bCHP KyuJapura Huc6aTaH TAWKH Kydaap
Xucobra onMHMaca €ku xucobra oJIMHMAC/UK Aapaacuaia KHuHk 6yJca,
G6ynna# Tu3HMHH Oepk TH3MM 1e6 Kapaul MyMKHH. Tuaumpgaru
KHUCMJAPHHHT Y3ap0O TabCHP KYWIAPHHH UYKU Ky4aap NeHuNani.

TH3UM yuyH HMNYJAbCHHHI CAKJ14HUII KOHYHH HbIOTOHHHUHT WKKHHUH
XaMm/Ja yYHHUYH KOHYHJapura acocjaHaaum pa Oy xakaardu myJjoxasajapu-
MH3 HHeplHas CaHOK TH3UMHra Huc6aTaH onub 6opunanu. Jacraab n ta
KHCMAEH H6opaT 6epK TH3UMHH otHO Kapalauk. TH3uM 6epk 6yaraHury
TY(paHaH YHra TabCHp 3TYBUH TAWKH KYUIAPHHHT TEHT TabLCHP 3TYBUMCH
HOJra TeHr, AbHYU TH3UMAA (aKaT HYKH KyuJapruia maB»Kyld. Tusumaaru
fl T XKHUCMHHHT Xap GHPHHUHT UMNYJALCHHH P, P2, ... , Po A6 Gearuiacak,
TH3UM HMIYJbCH

p=2 p=2X mpy,
t t
tap3uaa udonananaau ((2.4) udopara K.); 6y epaa pi=mu,—i-
KUCMHHHT HUMITYJbCH. Bepk Tuaumaaru xap 6Up XHCM YuyH HbIOT OHHHHT
HKKHHYH KOHYHHHU KyWuparuua €3amus:

%(mﬂjﬂ =7':|2 +F13+ --'+F|m

ﬁ %(m252) =7‘:2| +7523+ "'+F2n’
d

(im0 =Fu+Fot . +F, .,

(4.1)
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6yHaa Fi,— GUPHHUH XHCMIa HKKHHUYH, XKHCM TOMOHH/aH TabCHP STYBYH
hyd, Ty — HKKHIUH XKHCMra GHPHHUM KUCM TOMOHH/IAH TabCHP STYBUH

Kyd Ba XOKa30. PaBulaHKW, TH3HMAAru Xamma oKHCMJAp y3apo
tabeupaaliaaunap. YMymuit xonna (4.1) udonanu

d - = . Lo

T Y muy= 2 Fo (iz=k; i, k=12, ..., n) (4.2)
! :

tap3uaa €3amu3, 6y (OPMY/NaHHHT YHT TOMOHH TH3MMAArH WYKH

KYUNapHHHT BEKTOp HHFHHIMCHHH aKc 3TTupaau. TusHmaard Gupop

KHCMHMHT LIy TH3WM1ark Gotika Xxap GHp XKHCM GHsiaH ¥3apo TabCHPH
HbIOTOHHUHT UKKHHUM KOHyHHra 6Yucynapu: Fo= —F,, F,=—F, .

Fy3= —F,, Ba X0Ka30. YMyMaH o/araHja, [-XXHCM j-XKHCMra 75,-, Ky4 OH-
JaH TabCHp 3TCa, j-KUCM Xam {- xxucmra F, Kyu OWaH TabcHp
3TajM:

F,=F,.

BunoGapuH, (4.2) TeHrMUKHHHT YHI TOMOHHAA H(pOAANAHraH HUYKH
KYyUJapHUHT BEKTOP HHUFHHIMCH HOJIra TEHT:

S Fe=0 (i5£k, i, k=12, .., n). (4.3)
Lemak, 6epk TH3UM YUyH
dp " d -
7-—0 éxu =i > mu,=0

udpona xocun 6ynaau. by udponanan
; p= ¥ myu,=const (4.4)

i

jaeradH xyjnocara kenamu3. (4.4) udosa O6epkK TH3IHM YyHYH
MMIOYALCHHHEL caKJaHW KOHYHHHH Hbonanaiau: Gepk rtu-
BUMHUNE UMNYALCU 8aKT Tl 6usan Jaeapmaiddu. bouikaya akirranaa,
6epK TH3HUM alpHM XHCMJAAPUHHHI HMMYJbCNapH BaKT YTHiiu OuJiaH
yarapca-na, YHHHI HMNyabcH Vy3irapMma#i konaau. by epaa 3ukp
TWIraH y3rapuuuiap wyHaah coaMp G6VaalMKH, Macanad, TH3UMAArH
6HpPOp XKHUCMHHUHT UMNYJbCH KaMailca, Wy TH3UMAArd 60WKa MHCMHHHT
(éKH >KHUCMJIAPHHHT) HMNYJbCH LIyHUara OUaaH.

Bepk TH3HMAa HMNYJbCHHHT CAKJAHUIL KOHYHHTa MHCO TapHKacuia
MKKHTA XXHCMAaH H60par TH3HMHH 01H6 Kapadauk. MacajaH, MHJTHK
XaMla YHHHI HUYHAarH YK GepK TH3UMHH TallKHA KHJICHH Ba MHJATHK
HUIKAJaHHIICH3 XapaKaTJaHyBYH KHYKHHAa apaBayara MaxKaMm YpHa-
Tvarad 6ysacuu (4.1-pacm). By TH3UM yuyH MMOyNAbCHHHI CaKJaHHL
KOHYHM KyHHaaruda €3wsaau:

m|5| +m252 = COl’lSt,

6yHia m, Ba mp — MOC PABHLIAA YKHHHT XaM[la MHITHKHHHI apaBaya
6unan Gupra/jMkaard Maccanapd; v; Ba Us — YKHHHT Ba apaBayaHHHT
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4.1-pacwm

Te3JqukAapu. JLacT1a6 TU3UM THHY TYPraHJHTH Ty aian yHaard XHCMIap
HCNYJIbCJAPHHUHT BEKTOp HHFUHAMCH HOMTA TEHT, SbHH:

m.5. +m252=0.

YK U| Te3nuK GHaaH OTHAMO YHKKay, apaBayaHMHr OpKara THCapHJHL
TE3JHUTH

6y.nanu; 6yuna ( — ) Mwopa v, Ba s BEKTOpJap KapaMa-KaplliH TOMOHra
HyHa/sraHJAMIMHH Kypcaraau. DHAM m,, M2, U, Ba Uy JapHH COHJH
KuiMaTtaap opkaau Hponanaiuk, macanan m; =10 rp=10"7 kr, moy=
=35 kr, v;,=600 M/c 6yacuH. By KuiimaTnapHu OKopuaaru ¢popmyaara
KyHcak, apaBayaHHHT (MHJATHK 6WnaH 6upra) VK AyHanuuwura Hucbarau
opKkara ve=1,2 mM/c Te3uK GuiaH XxapakaTJaHHIIH aéH Gy.anH.

Tu3uMmra Taliku Kyuiap TabcHp 3Taérrad 6yica, y 6epk TH3uM 6yaa
onmMaian Ba OGyHAaH TH3MUM YUYH HMNOYJbCHHHT CaKJaHHW KOHYHH
6axkapuamapad. Bynnall TH3uM yuyH HBIOTOHHUHI HKKHHYH KOHYHH
Ky#uaardua é3uaaim:

& T mi=3 Fut F, (i=hkiik=1,2 .., n),

6y epaa Y F,, — HUKH KYunapHHHT BeKTOp AMFMHAMCH;  F,— TallKH
¢

KYUYJapHHHT TEHT TabCHP 3TYBUYMCH. (4.3) ra acocaH HUKH KYyUJapHHHT
BEKTOp HHFHHAHCH HOJITA TEHT 3KAHJAUTHHH 3bTHOOpPra oJcak, 6y TeHIVIHK
KyAHgard KYpHHHUIHK OJMaAu:

d - -—
i ,2 muy,=F,. (4.5)

By TeHrnama MexaHWKaBHH TH3HM UMNDYJAbCHHHHI y3rapuul
KOHYHHUHH HpomanalAH: Tudum umnyasvcudar 8akr 6jlusa oaunean
6upunuu TapTUbAU XOCUAQ TU3UMSA TADBCUP ITYBYUU TAWKU KYLAADHUHS
Tene Tascup 3rysuucuea rene. (4.5) TeHrnama BeKTOp TeHraama GyJaraHu
YUYH YHH KOOpIAMHATa yKJapuaaru TallKHA 3TyBUHMJIapu GyitHua
KyAuaaruuya €3Mil MyMKHH:

dt

d - = d - = d . =
= 2 mu,=F, - Emy,=F, - Zmy,=F, (4.6)
[ i
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By epna F,,, F,, F,,— TaliKK KyulapHHHT TEHr TabCHP 3TYBUHCH-
Huur X, Y, Z yxaap GYiMua 1awkua 3tyBuniapi. Arap 6epk 6yamaran
TH3MMAA Oupop HyHanuw O6yiinua, MacanaH Z YKH Oyinua TauwkKH
KYUJApHHHT TEHl TabCHp 3TYBUHCH Hoira TeHr 6yaca, Oy HyHanuw

6yiinua (4.6) udona Kyinnaru Kypuuuwra sra 6ynanu:

4 Y mu,=0.
Byuaan dt
Y mu,=const (4.7)

1

3KaHANrK  Kennb uukanu. [lemak, TallKH Kywiap TabCHpH 6ysamaran
fiyHaauw 6yiiMua TH3UM HMIYJabCH Y3rapMa# xKoviaad. ByHaan wysnai
XyJjocara KesaMu3ku, 6epk Oy/iMarad TU3HMHH TAlWKH Kyulap TabCHPH
6yamaraH fyHaduiu 6Yiinua GepK TH3HM 1e6 Kapaul MYMKHH.

IOKopHAa HMMNYJAbCHMHT CAaKJAaHHIL KOHYHMra [AoHp OHp Heua
MHCOMIap KeATHPraH 3AMK. Y1ua MHCONapaa XKHCMJapra TabCUp 3TYBYH
EpuuHr TOpTHIL KYuHHH {6y TAalWIKH Kyu) xucobra osnmai, TH3UMHH GepK
ne6 xucobaaraH 3aMK. XaKHKaTaH XaMm, XHCMAAp HMIY/AbCAAPUHHHT
yarapuwn y¢K Tekucaurdaa, Macanad, XOY Tekucauwruga, coaup
6ynaanth 4e6 KapanraH 34H; BaxoaHKd EpHuUHr ToptHw Kyud Oy
TeKHC/IHKKA THK (Mmacanad, z YKu O6ViAHua) HYHaAAraHAHp, ABHH YOK
TeKHcauruaa érran #ynanuuw GVitmua Ep ToOpTHUI KYyYHHHHT TabCHpH
Hoira Teuraup. LyHuHr yuyH ya muconsapuMus (4.7) TeHIIMKHH TYNa
KaHoaT/JaHTHpap 31H.

4.2-§. PEAKTMB XAPAKAT. MACCACH Y3ITAPAETTAH YXUCMHMHI XAPAKATH

PeakTHB Xxapakar UMMyJbCHHHI CaKJAHHLUI KOHYHHIa acoc/aHalM.
IOxkopuaa (4.1-§) MMNYJbCHUHT CaKJIaHWLI KOHYHHTA MHCO TapHKacuaa
MHMJITHK Ba YHAaH OTHIHG YHKKAH YKHUHT XapaKaTH XaKuaa ranupu/ra
34H: YK OHD TOMOHra U T€3/IHK OH/iaH OTHAHG YHKCA, MUATHK OTH/IHG
YHKKaH VKHHHT TabCHpHla TECKapM TOMOHra vz Te3JHK Oujan
XapaxkaTaaHaau. Ma3Kyp TabCHp PeakKTHB XapakKaTHUHT acOCHHH TalUKHJ
KuiaanH. PeakTHB xapakar jaeraHaa paketajap Ba peakTuB Taiépa
(camonér) napHHHr xapakaTHHH TywyHamus. lllyHu xaM adTuiu KepakkH,
KaHHK, KeMa, nappakau taiépa kabu HaKJIHET BOCUTANApHHKHI XapaKaTh
XaM MOXHATH »KHXaTHAaH peaKTUB XapakaTAup, UYHKH KaHukK Ba
KeMaJjapaa 3l1KaK Ba nappak/aap épaaMdaa cyB 6up TomoHra 6upop vy
TE3JIHK OW/IaH XapakaTra KeATHpu/ca, KadMK Ba Kema Kapama-Kapiud
TOMOHIra vy Te3JHK 6WaH xapakataanaau. [lappakau taitépanapaa xam
Wy XOAHCA Ky3aTHjaaH. AMMO «peakTHB Xapakar» TywyHYacH ogaraa
aHua TOp MabHOZa KyanaHuaub, GyHaa pakera Ba peaKTHB TaHépa-
JApHHHT XapakaTHrHHa Ky3[a TYTHJIAAH.

Pakera Ba peakruB Taiépanap xapakaTHHHHI acOCHH XyCyCHAT/apH-
AaH OupH wyHaaH HO6opaTkd, 6y epaa O6epK TH3HMHHHIT Maccacu
XapakaT [aBOMHAA y3Jykcu3 y3rapub OGopaau: pakerana €Hrad
€HUIFHAAH XocH/ OV/raH ras pakeragaH y3nykcu3 oruaub uukub Typanu
Ba OuHOOapHH, paKeTaHWHI MaccacH Xam y3nykcu3 Kamaidu6 Oopanu.
EHuaFuHuKT éHuM )Kapaéuuaa XocHan 6yaraw ra3 KaHaafaup u Te3JHK
6unaH pakeTajah OTHAMO uydKHWK Tydahau pakera u ra Teckapu
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It

-
§ fﬁ

42-pacwm .

#yHauwaa 6upop v Teanuk OulaH XxapakatnaHaau (4.2- pacM). YMvMaH
OJITAHAd, XaPaKar XKAPAEHHAA PAKETaHHHT MaccacH GuiaH 6Up Katopaa
YHHHT Te3JaurH Xxam y3rapH6 Oopaad, SRbHH Yy Te3jdaHuwil OHAAH
XapakartaaHaau. Pakerara tesnanuiu Gepaaural Kyu — rasHHHIr OTHAHG
YHKHIWH Tydalau ByXKyara Kenaauran peakTHB Kyuaup. By kyu
pPakKeTaHHHT XxapakaT TeHIraaMacHu opkaau upoganrasanu.

XapakaT 1aBOMHAA paKerara peakTHB KyulaH TawkapH EpHuur
TOPTHLUI KYYH Ba XaBOHHHI KAaPLWHJIHK KyUH Xam TabcHp 3TaaH. PeakTus
XapakaT TeHIJ1aMacHHH KeJATHDHO UYMKApPHMLIHH COAlanaLITHPHIL YYYH
AacTab pakeTaHUHT OFUPJIUK Ky4H GUNaH MYXHTHHHT KapUIHJAHK KYUHHH
XxHcobra oamai Typaiiiuk.

Ep 6unan 60rnanran vHepuHan caHOK TH3HMHIA XapakaTJaHaérrad
pakeTaHHHr { naiTjpard maccacH m Ba Te3auru v OGysaca, YHUHT 1y
naTaard UMnyabcH mu ra TeHr 6ynaau. CyHrpa df BaKT AaBoMHaa
pakeTajnaH mMaccacu dm ra TeHr ra3 OTHIHO YHKHUIH HATHXAaCHAa YHHHD
maccacH m—dm ra, Te3aurd 3ca v -+dv ra TeHr 6Yaau, sibHH df BaKTAaH
CYHT pakeTaHHHr uMnyabcH (m—dm)(v+4dv) ra Ttedr G6ynanu.
Pakerara Huc6aran u te3qHK GujaH XapakariaHaérraH dm maccaju
Fa3HUHT MUMIYJbCH 3Ca

(v+dv—u)dm
(pakerara HHc6AaTaH YHUHT HMNYabcH — udm ra Tenr!) 6§1aau. Maskyp

6epK TH3HUM yuyYH HMNYJbCHHHT CaKJaHWLl KOHYHH KYHHAAru KYpUHHUILTA
sra 6y.aaau:

(m—dm) (v+dv) + (v+dv—u)dm=mo.
Bynaan
mdv— udm=0
éKu
mdv=udm
ra sra 6ynamu3. TH3HM Te3THTrHHUHT (dU) y3rapHuy df BaKT 1aBOMHAa

coadp Oyarand Ttydaiau (rasHHHr Te3JWrk u HHM y3rapmac Aeb
XHcoOs1a6), OXHPru TEHIIMKHH KyHHaaruua €3amu3s:

dv  ~-dm

By TEHrIMKHHHT YHT TOMOHH TH3HMIa TabCHDP 3TYBUH PEAKTHB KYUYHH
Hdonanaian; 6y TeHIVIHK TalKKH Kyusap (pakeTaHHHT OFHPJHK Ky4YH Ba
XABOHMHT KapLUHJAHK KYuyH) Xucobra OAMHMAaraH Xol YuYyH pakeTa-
HUHT XapakaT TeHrsnamacwu ae6 aranaau. [lemak, pakerara
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TabCHP 3TYBUH pPEAKTMB Kyd Fa3HMHI TE3JUrura Ba BaKT GUDPJHIH
aasoMmuaa capd 6yarau CHWIFH MaccacHra MyTaHOoCHOIMD.

Arap pakerara TaulKM Kyudap XaM TabCHp 3TCa, YHHHT Xapakar
TeHrJaamacH KyHuaark KYPHHHLWIHHA ONalaH:

m—='l':r+u—dt——, (4.9)

6y epna F,— paketara TabCHp 3TyBUH OFHPJAHMK KyuH Ba MYXHTHHHT

KapUHAHK Ky4JIapHHHHT BEKTOP HHFHHIMCHAMP.

4 HMHT AYHATHUIM U HUHT AYHANHIUKM GHIaH Kapama-Kapuu 6yJca,
pakeTa Te3sJaHWLl OWJIAH XapakaT/aHafH; arap u HHHT HYHAAHLM
? O6unad 6up xua Gyaca, pakera XapakaTH CEKHHJaHYBYaH Xapakar
6ynanu. Lilyuunr yuyn (4.8) TeHrJIMKHH paKeTaHWHT XapaKaT HyHaqHIIH-
ra 6yJiraH npoeKUHsiCH opKaJsu Hdoaanacax, yHu Kylinaaruua ésamus:

miv _ _,dm
dt dt
éKn
dv— dm
v=—u (4.10)

Arap TtH3uMm (pakeTa-}-éHWIFH)HMHT GOUTAHFHY MaccacH mo Ba
TH3UM MILMHHUHT OXMPHAA YHHHI Maccacu mgy=mo— m, GyJjca, pakera-
HUHE OXHPTH 3HT Karta Te3nuru (4.10) TeHrMKHM HHTerpasaail opKasiu
Tonuaaan (u=const):

Mg
dm
v=—u g —=uln o
my ¢
SAbHU:
ny
v=uln-—-, (4.11)
M

6y epra mey=mo—m PoALaNH 10K AeHAWIaNH (m: — UULIATHATAH
EHUNFUHUHT MaccacHu). (4.11) tenrauk LlnoankoBckuit popmyna-
cH ne6 arananu. KYpuHu6 TypuOAHKH, PaKeTaHWHI 3pUIUraH SHT KaTTa
TE3JIMTH paKeTajaH UYHKA€TraH Tra3HHHT Te3JUrHra Ba HIIJATHATaH
EHWJIFHHUHT MaccacHra myraHocu6aup. Bolukaua airranna, Llnoakos-
CKH# popmyaacH pakerara Mya#siH v Te3/iMK GepHIL yuyH 3apyp O6VyJaran
E€HUJIFH MaccacH (m:) HU XHcobGaalura UMKOH Oepaju.

4.3-§. MHEPUMA MAPKA3M

Kyn xonnapaa 6up Heua XHCM (MOAAMH HYKTajap)aaH HOGopar
MeXaHHKaBHH TH3HMHHHI XapakaT KOHYHJAAapHHU YpraHuil GH/IaH HIU
Kypuwra TYFpH KeaaaH. DyHnal TH3UMHUHI XapakaT KOHYHJAapHHH
ypraHduiga Mas3Kyp TH3HUM TapKHOMAard MXHUCMJIAPHUHT YHAA KaHAa#l
TAKCHMJIAHT @HJAHTUHH €KH 6y »XuUcMmaap Oup-6uMpura HucbatraH THU3HMIA
Kanaad XXoHnalraHiurdHi 6uanw 3apypusatu tyrunaau. llly myunocabar
6HnaH HHepUHs MapKasu (Macca Mapka3M) feraH TyWlyHYa KHPUTHAAAH *.

* MHepunn mapxasu Ba macca MapKasu atamanapu adHaH GHp MabHOAE HIINATH-
JaH, YYHKH XKHCMHUHT MACCACH YHHHI HHEPUHA YIYOBUAMP.
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HMHepuuns Mapkasy Ba OFHPJIMK MapKa3d JleraH TyliyHyanap opacHia
Kyiupary ¢apk OOpJMrHHH 3CAAH UYHKapMacJHK Kepak: OFHPJHK
MapKa3H — GHpP XKHHCJH OFHPJAMK KY4H MaHAOHHAA XKOHJAlIraH KaTTHK
JKHCMN1ap YYYHFHHA MabHOra 3ra; HHeplMsi MapkKasH 3ca Xeu KaHaa#
MalaoH OusaH OGOFJHK 3Mac Ba HMXTHEPDHH MeXaHHUKAaBUH TH3HM YUYH
ypuHAuAHp. OFUPJIHK Kyud MailoHMAa XKOWjJawraH KaTTHK XHcMmJaap
YYYyH HHEpPUHS MapKasH Ba OFHUPJAHK MapKasu Oup-6HpuH OuaaH MOC
TywajaH, sibHH GHP HyKTajaa »KoiaawraH 6Gyaann. MHepuus mapkasu
MACCAHHHT TAKCHMJAHHLIMHH TAacBHPJOBUH TeOMETPHK HyKTa 6ynub,
YHHHT Ba3HfTH KoopAuHaTtanap 6owura HucbataH r. paauyc-BeKTOp
6unan Kyiiuaarvua aHukaaHaau (4.3-pacm).

- m|71+m272+ u—{—m,,F,,

N my+me+.. +m,

~

ABHHU:
- 1 -
Fel S i (4.12)

m

t

6y epaa m; — TM3WMra MaHcy6 {->KHCMHHHT MaccacH; 7, — KOOpIHHA-

tasap 6owu O rg HUCOATaH {-XKHCMHHHT BA3HATHHH AHHKJOBYH palHyC-

BEKTOP; M=m, -+ ma—~+ ...+ M, — TH3UMHHHT YMYMHH Maccacu.

Y

43-pacm 44-pacm

CoananawjTHpHIL MaKCaLHAa HKKHTA KHCM1aH HOOpaT TH3UMHH OJTHO
Kapaiauk (4.4-pacM). Maccanapu m; Ba mp OYAraH MKHCMJAPHHHT
Ba3HATIapH KoopauHata Gouid O ra Huc6ataH MoC paBHILiA ry Ba I
panuyc-sektopaap OGunan 6epuarad 6y.aca, 6y HKKH »XHcMZaH HGopar
TU3HUMHHHT HHEPUHS MapKasH

- mry+mars

r.=
m.—}-mz

¢popmyaa opkanu HbonanaHub, HKKH KUCMHHHT FeOMETPHK MapKasJjapH-
HH OHpJALUTHPYBUH TYFPH UM3HKAA ETAnH.

(4.12) tenrnama BeKTOp opKa/iu M(OAaNaHTaH TEHIJAaMaaup, JeKUH
HHEpUHA MapKas/NapHHHHT BAa3HATHHH AaHHWKJOBYH MAa3Kyp pailyc-
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BEKTOPHH YHHHI KOOpJAHMHATa VKJapHaaru MpoeKkUHsiapH OpKa/d Xam
Hpoganall MyMKHH:

1
xc:"z Z mx, Y.=

1

X my, z=—2 mz, (4.13)
{ i

6VHAAa M — TH3UMHUHT YMYMHH MacCacH; X, Y., 2 — TH3WM TapKubuaaru
{-XXHUCMHHHT KOOpAMHAaTajapH. XyCycHH XxoJsia, arap TH3HM MaccaJapH
m, Ba my OVJraH MKKMTA XKHcmaH ubopart 6yiaca Ba yqaapHd X YKH
6Vitnua xKolaiTHPCaK, HHepULHS MapKa3HHHHI KOOpAHMHATacH

_muxi+maxe

xc_ M|+ﬂ12
6ynanun (4.5-pacm).
Y
m,>m,

m, [ my X
A 7 !

i——g [’ L l‘ V!

45-pacm

PaBuwanku, mi=my 6§ynca, HHepuMA MapKa3Hn HKKH >KHCMHHHT
reoOMeTPHK Mapka3/JapHHH TYTalUTHPYBUH TYFPH UH3HKHHHI YypTacuiaa
€raaH; arap m;z=mo 6yaca, uHHepUHS MapKa3H HKKH JKHCMHHHT
reOMEeTPUK Mapkasjaapu opacuhaard macogpaHH maccanap Hucbarura
TeCKapH MyTaHocH6 6yJraH kecMmanapra axparaid (4.5-pacmra K.),
ADHH

A m b

my - [

Tusum yura xucmaan u6opart 6yjca, yHHHT MHEPLUHS MapKa3h HXTHEPHH
MKKHTA MHCMHHHI HHEpUHA MapKa3ulaH YUHMHUYH »KHcMrauya 6yara
OpaNMKHH WyHAaH HKKH 6VaaKka 6ysaanuku, 6y 6yaakaap y3yHJaHKIapH-
HUHT HHCOATH HKKH KHCM Maccasap HWFHHAHCHHHHT YUYHHUH >KHCM
Mmaccacura HucbatHra TeckapH MyTaHocu6 6ysnand. YuragaH oOpTHK
(n Ta) xucmaad HO0OpaAT TH3UMHHHI HHEPUHA MapKa3WHH TOMHILAA 1Y
yCy/a KeTMa-KeT KyJAJaHHJIalH.

4.4-§. MHEPUMR MAPKA3SUHUHI CAKNAHULLY KOHYHM. MACCAHMHI AAAUTUBAMIM

dapas KuIalaHK, 1 Ta XUCM (MOAAMIA HyKTa)ilaH HOOPAT TH3UM
¢aszona xapakariaHaérraH 6YacHH. TH3UM HHEPUHS MapKasHHH aHHK-

JIOBUH DajAMyC-BeKTOp r, AaH BaKT O6Yyiuua OJHHraH Xocuaa (r, HHHT
OUpAHMK BAKT NaBOMHAA Y3TrapHIUK) HHEPUHA MapKa3HHHUHI TE3JHTUHH
udoaanaiau:
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- dr, 414
v, = i - (4.14)

(4.12) cdopmynanu (4.14) ra KYyHHO, HHEPLHA MAPKA3HHHHI TE3JIMIH YUyH
dr,
cdt

- 1 I
v=4 Zmr)y=—2m
i

|
< dt'm m

Smy,= . %h (415

ra sra 6ya1amu3; 6y epaa v, Ba p, MOC PaBHLIAA i-KHCMHUHT Te3JHrH Ba
HMIYJibCH; PaBUWaHKH
p=2 p=23 muy, (4.16)
3 !
TH3UMHHHT TY/1a UMNYAbCH 6VAHG, KYNHHYA P — HHEPLHS MAPKa3HHHHT
HMOYJbCH XaM AeHunanu; M — TH3UMHHHT YMYMHI Maccacu, sbHH:
m=nm;+met..+m,= 3 m,. (4.17)

duau (4.16) uu ky3na Tyrub, (4.15) udonanu Kylinaaruya é3amus:

U= —r% éku p=mu,. (4.18)

HbiOTOHHHHT HKKHHYH KOHYHHTA aCOCAH TH3HMHHHI TY/1a HMIYJbCH-

AaH BaKT 6yHuua OIHHraH XOCHJA LY TH3HMTa TabCHP 3TAéTraH TallKH
KYUYJapHHHT BEKTOpP HHFHHAHCHra TEHT:

& _ . 9%

dt — T dt

=ma,=F,, (4.19)

6y epaa @, — MHEPUHS MapKa3HHMHT Te3NaHHlWH, F,— TH3UMIa TabCcHp

3TaéTraH TalKH KyuJapHHHT BeKTOp HHFuHAuCH. Depk Tu3umaa yHra
TAbCHP ITYBUH TALIKH KyuJap MaBXyA 3Mac KM TAlUKH KyUJaPHHUHT TeHr
TabCHP ITYBUHCH HoAra TeHr (F,=0). Y xonga OXHpPrH TEHrMKAaH

HHEepUHA MapKAa3HHWUHT Te3JaHHUIH
-
ac——F_O
6Ynaau. Bynpan u.=const skanauru kean6 uukaau. By’ xysaoca
HHepUHA MAPKAa3HHUHI CaKJaHHW KOHYHHHH Hponanrai-
M Ba y Kyfinaaruua tabpHdaanann: 6epk TUBUMHUKE UHEPYUA MAPKA3U
TYFpu wu3uK 6i6iaab rexuc xapaxkar Kuiadu éxu tuny xoaarda 6§aaou.
TH3MM UMAYJBCHHHUHT CaKJaHHUW KOHYHH/1aH MAacCCAHWHT a4JAHTHBJIHK
KOHYHH * Keanb unkanu.
(4.18) ndonanan KypuHHO TYPUOAHKH, TU3HUM HUMIYJAbCH OHIAH YHHHT
HHepLHA MAapKa3u Te3JHrH opacuiary OOFNAHHIL WAKA XKUXATHAAH OHT-
Ta XUCM (MOMLHN HYKTA)HUHI UMIYJabCcH OHIAH Te3/IHrH opacuaary Goraa-

* TH3UMHKM AXJUT Tap3ga HGPOAaNOBUM KaTTANHK TH3UM TapKHOMA KHCMJAApHHH
nbosanoBun aiiHaH §iua KaTTAAHKNAPHUHT fIMFHHAWCHAAH nOopaT 6yaca, 6y KaTTaAMK
A0AMTHB KaTTaJa WK aedinianu.
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HHWHHHT Y3runacuaup. Uy 6unan 6upra, 6y udonararu MyTaHoCHB/IHK
KO3(pPHUHEHTH YPHHAA TYpraH m KaTTajluK TH3HM TapKUOHra KHUpPyBUH
adpHM  KHMCMIAD MacCcaJlapHHHHT HMFHHAMCM Jeral MabHOra 3ra.
lynnai Kuin6, MacCaHUHT alAHTHBAHK KOHYHH KyAujgaruua
HdonanaHaal: TUSUMHUKE MACCACU YHUKS mprcu6udaeu adpum sucmaap
maccarapunune durunducuza tene. Macanas, HyJaia KetaérraH BaroHHH
#ysoBunnapu Gunan GHpra TH3WM ne6 Kapacak, YHHHT YMyMH# mMaccac,
PaBUIAHKH, YHHHT HYHAATH aHpHM uynostumap maccajapH Ba BATOHHHHT
Y3MHHHT alipHM KHCMJapH MacCcalapHHHHT WMFHHAMCHIA TEHT.

4.5- §. MHEPLIMA MAPKASHMHMHI XAPAKATM XAKMAOArM
TEOPEMA. M-TM3UM

Huepuns mapkasu TyluyHyacH GHp Heda KHcMAaH HGopat Gyarad
TH3WM XapaKaTHHM TaBcHpaawaa aHya Kyjahaukiapra sra. Iy
makcaaaa (4.19) dopmynaHu Kyiinaaruya €3aMmus:

m d; =Fi, (4.20)

MabiyMKH, 6y epaa m=m,+m,~+ ...+ m,=2m;,— TH3UM TapKHOHIA-
L

ru 6apua XKHCMJAPHHHT YMYMHH MaccacH, U — UHEepLHsl MapKa3HHUHT
Te3JIHrd, 71— TH3HMra Tabcup 3TaéTraH 6apua TalWKH KYWIAPHUHT TeHT

TAbCHP 3TYBUMCH (MUYKH KYUJAPHHUHT TEHI TAbCHP 3TYBUHCH HOJITA TEHT).
JleMak, TU3UM HHepUHA MapKa3HHWHT OIraH Te3JaHWIUH, AbHH duc/df
TAllKH KYY1apHUHT TEeHT TabCHP 3TYBUHCHra MYTAHOCHO Ba TH3HM
Tapkubuiard XHcMmjap MaccalapHHUHT AMFHHAMCHTA TeCKapH MYyTaHO-
cubaup.

Kypuuub Typn6u.nKu 6y ¢opmyJsia lakJaH MaccacH m Ba Te3JHIH
U 6yaran GMTTAa MOMAHH HYKTaHHHT TalWKH Fp Kyu4 TabCHpPHAA KuJaa-

€TraH XapakaTHHH HpoaanoBUH TeHrsamara yxwawaup. LLIyHHHT yuyH
6y popMyna MHepUHS MAapKa3HHWHHI XapakKaT TeHraama-
CHHH ubosataian Ba y KyHHaaru xysocara ojau6 Kejlaiu: TUSUMHUHE
UHEepYUA MAPKA3U TAWKU KYy4aap Tavcupuda maccacy Tusum rapkubuda-
2u 6apua scucmaaprune maccacuea rene 6yaean modduidl HYKTa Kabu
yapakaraanadu. By xynoca MHepuU W MapKa3HHHHT XapaKaTH
XaKkuagaru teopema aeb arananH.

(4.20) dopmyaagaH KYpHHALHKH, HHEPLHA MapKa3WHHUHT TE3JIHTHHH
y3rapTHPHILI YU4yH TH3HMIa TAlIKH Ky4/ap TabcHP STHIUH KePak; TH3HM
TapKHOMAArH XHCMIAPHUHT §3ap0 TabCHPH Ty(aiin ByXKyAra Kelaiu-
raH HYKH Kyulap ylla >KHCMJaDHHHI HHeplLHs MapkasHra Huc6ataH
Te3JIMKJapHHH y3rapTupca-ga, Oy Kyujap HHepUHl MAapKa3HHHHT
XOJMaTHHH, XapakaT HYHaJHIWIHHH Ba Te3JHCHHH y3rapTupa ojmaiiH.
Macanan, xapakarnasaérran cHapsa Xxasoaa nopraab O6up Heua
6ysakjapra napuyasaHub kerca, 6y 6yiakuajap H4KH Kyuiap TabCHpHIA
Xap TOMOHTa Xap XWJ Te3JuK 6ujaH xapakariauagd. JIekuH moprtaatu
HaTHXKacHaa Xocua OyaraH OyJjakuaJapHHHT HHEpPUH MapKasu Xeu
KaHaah noptaau cogup 6yamaraHniek, y3 xapakaTHHH aBBa/ITHeK 1aBOM
3TTHUPAJH.
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By epaa kearupuiraH My/noxasasapHMH3 HHEPLUHS MAapPKa3HHHHT
XapakaTura TaaaayKJaHaup. AMmMo Kyn Xxosiapaa TH3UHMHMHT AXJHT (6up
6yTyH) XapakaTHAAH TAllKAPH YHHHT TapKUOHLarH XKUCMJIApPHUHT OHD-
O6upura Hucbatad (HUCOHH) XapaKaTHHH TAXJW KHJIHLI 3aDYPHATH Xam
TyrFuaaau. UlyHuHr yuyH MexgHuKaBUH# TH3HMHHMHT XapaKaTHHH XaMMa
BaKT HMKKH KHCMra — TH3HMWHHT 6Up OYTYH XOJAArH XapakaTtura Ba
YHHHT TapKHOWAArdH >XHCMJAAPHHUHT OMp-Gupura HucbaTaH Xapakarura
akparHw MYMKHH. Tu3umjaru >KUCMJapHUHr HHCOMHA XapakaTHHH
TAaXJHJ KHJAHLIAA HHEepUHst MapKa3H O6usiad OOFJaHraH CaHOK TH3HMHAAH
toiinananunanu. by tusumiary 6apua XHCMJIAPHUHT HCTAJTAH NalTaar
BAa3HATH HHEpPUHA Mapka3ura HucbaTaH aHUKJAaHAAH, STbHH TH3HMAArH
KHcmaapra Huc6ataH HHeplHsl Mapka3u Ky3raamac ge6 kKapaJaaau. by
CAHOK TH3HMHHH HH\¢PLU WA MapKa3yd CaAaHOK TH3WMH Jelunany.
Y kuckaua M-tu3hm ae6 HomaaHraH. M-TH3UM HHEPUHA CZHOK
TH3UMHIHP, YYHKH y GOlIKA HHEpPUHa] CAHOK TH3MMJapHra HucbaTad
~TYFPH YH3UKJIH TEKUC XapakaT Kuaaad €KH Y3HHHHT THHY XOJIATHHH
caksaial. bBowkaua altranga, M-TH3MMra TauUIKH Kyuylap Tabeup
3Tmaial, OuHoOapHH, y G6epk TH3HMIHP.

M -TH3UMHERHAT 60LIKA TH3HMJAAPAAH dapkau xycycuaTaapuiad 6UpH

WYHAaH HOOpaTKH, YHHHT OuUp OGYTyH XO/MJarH HMMIyJabCH (p=mu,)

\

Hosra TeHr [ (4.18) ¢opmyaara K.|, uyHkH v.=0.

DyieMeHTap 3appauajapHHHr ¥3apo TabCHpJALLHUIL JKapa€HHHH
TaxJWa 3THUIAA Ba KATTHK >KHCMJIADHHHT XapaKaTHHH ypraHdiuia
M-TH3HM KeHT KYJJIaHHIa1H.

VBOBb
MMNYNbC MOMEHTMHMHI CAKNAHMIL KOHYHM

5.1- §. MMNYNLC MOMEHTH

Moaauii HyKTaHHHT UMNyJbcH p=mv. Papa3 KuAaHIHK, MaccacH
m Oyarad xapakataard MoAJHH HYKTa (3appavya)HHHI HXTHEpHH
nairtanary BasuaTH (O HyKrara HucGaTaH aHUKJAaHaérraH OVJCHH
(5.1- pacm).

Mogaau#i Hykrauudir O Hykrara Huc6aTaH UMNYyJibC MOMEHTH
ne6 kyiuaaruua ucdoganaHral BeKTopra anTwianu:

L=[r, pl=Ir, md], (5.1)
6yHna r — caHok Gowin XxucobaaHraH O HYKTaaaH MoOaAMH HyKTara
yTKasujrad paguyc-sektop. (5.1)naH KYpuHHG TypHOAHKH, L HuHr

AYHalHWH r Ba p BEKTOPJApHHHT BEKTOp KynadHTmacH Tap3uia
AHHKJaHAAH, STbHH HMITYJbC MOMEHTH BEKTOPH r Ba p BEKTOpJapAaH
sica/irad napaJJjenorpamm TeKHCJHTHra THK paBuuiga O HyKTanaH yTraH
6ys11u6, yHUHT HYHa HwWK napma (VHT BUHT) KoWaacH GHaH aHUKJIaHAAH.
HMnynbc MOMEHTUHHHT COH KHIAMATH, MabJyMKH,

L=rpsina. (5.2)
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By Tenraukaa rsina={[— MoRAMH HYKTa uUMNyabCHHUHT O HyKrara
nuc6atan enkacu gediusnand. Enka tywyHyacuHu KUpUTHO (5.2)HuU
L=Ilp=muvl (5.3)

—

KYpHHHLIKA €3Ul MYMKHH (5.2- pacMaa L BeKTOp pacM TeKHCJ/HIHTa

THK paBuwiaa 63 ToMoHra iyHaaraH). OXHUPrH HMKKH TeHIVIMKAAH
KYPHHAAHKH, HMAYJIbC MOMEHTH MOAAHI HYKTa Xapakar HYHaJWUWHHHHT
Ba Te3JIMTHHUHT COH KMHMATH y3rapuwu 6uaad y3rapanu; arap MoLLHH
HYKTa TYFPH YH3HK 6Vi1ab y3rapmac Te3NHK 6uMaH XapakaT/iiaHaérrad
6yaca O Hykrara Huc6aTaH yHHHT HMIY/1bC MOME@HTH y3rapMai KoaaaH.

Monanuit HyKTa paauycu r 6yaran ailnaHa 6yHna6 yarapMmac Te3JHK
(vl =const) 6unan xapakatnanaérran 6yaca (Epuunr Kyéw arpodu-
Larv Xapakaru Ba MyTaka66us (KnaccHk) (pM3HKa TacaBBypJaapura Kypa
3/IeKTPOHJNIAPHUHT siAPO artpoduaaru xapakatH O6yHra wmucon 6yJaa
O/1aAH), YHHHT allaHa Mapka3sura Huc6ataH (5.3- pacM) HMOYJbCHHHHT
COH KHHMaTH:

L=mur. (5.4)
PaBwanku, 6y Xanaa MOAAMH HYKTAHUHT -
Xapakar HyHaJulu Y3JyKcH3 V3rapub Typ- m P

caja, UMMYJbC MOMEHTHHHHT COH KHHMaTH
yarapma#t Kojaau.

O HyKra opKaad YTyBYH HXTHEpHH
Z YKKa L BEKTOPHHHI NMPOEKLUHACH MOALHH

HYKTaAHHHT WY YKKa HHCOATaH MMNOYJbC )
MOMEHTH aedunanu:
Lz:[;, ﬁ]z (5‘5)

Vkxa uuc6ataH HMMNYJbC MOMEHTH CKajasip
Karta/jukK 6ynu6, Hykrara Huc6ataH HMIyJabC
MOMEHTH 3Ca BEKTOP KaTTajJHKIRHP. 53pacwm
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Monaui HyKTanap TH3HMHHHHT 6Mpop O HyKTara HHcbaTaH umMnyasce
MomenTu €6 Ma3Kyp TH3MMAarud adipHM MOALHH HYKTaJapHHHI yiua
O Hykrara Huc6aTaH HMAYJbC MOMEHT/JAPHHHHT BEKTOP HHFHHAHMCHTA
alitunanu:

L=3L=2X]r, pl=2{r, mv], (5.6)

6yH1a r,—KapaJlaeTraH 0 HyKTafaH i- MoAAMH HyKrara YyTKa3uarad
paanyc-BEKTOp, v, — ylia i- MOANKHA HYKTa (3appa)HHUHI TE3IHTH.

5.2- §. KY4 MOMEHTH

TuHy Typrad XHCMHH aijaHMa XapakaTra KeJTHDPYBUH €KH YHHUHT
ailiaiMa XapaKaTHHH Y3rapTHPYBYH TalIKH TabCHPHH TaBcHdIall YUYH
KyY MOMEHTH [eraH TyliyH4ya Kuputuianu. Kyu moments 6upop HyKrara
HHcOaTaH €kn 6Gupop ahsnaHHw YKHra HHCOATaH aHHKJaHa/lH.

KarTHK »XHCM MOAAHMH HYKTanap TH3HMHAAH n6opar 6Y/raHaurulaH
KyY MOMEHTH TYLIYHYACHHH nactaab Moanuii HyKTa MHcanuia Kapab
uynKakauk. Maccacu m 6yarad ModAHi HYKTaHHHT HCTa/JraH BaKTAarH
Ba3HATH CaHOK Gowk cHdartnaa Kaby.l KHIMHraH O HyKrara HucOarTaH
paauyc-BeKTOp r opKkaad aHMK/JaHAéTraw 6yacuu. Monau# nykrara
KaHaaiaup F Kyd TabcHp 3Taérrad 6yJaca, 7 paaqyc-BeKTOPHHHT
F kyura Bexrop kynaiitmacu (5.4- pacm) F xyusuur O HyKTara
HUCOAaTaH MOMEHTH AeHHnanu:

M=[r,F], (5.7)

6yuna F— monauii HyKTara TabCHp 3TYBYH 6Gapua Ky4JIapHHHT TeHr
TabCcHp 3TYBUHCHAMDP. Kyu MomeHTH M ficeB1oBeKTOp 6Vau6, y r Ba
F BekTopaap érraH TeKHC/AHMKKA THK HyHAnraH, AYHAIHIIN 3Ca YHI BUHT
KOM1acH OWJIaH aHHKJAHAAH, S'bHH YHT BMHTHU r naH F ra Kapa6 Gy-
parasia BMUHTHHHT HJrapHiaHMa XapakaTtH M HMHr HyHanuwu Guaau
Moc Tywaad. Kyy MOMEHTHHHHT COH KHHMaTH, PaBIUAHKH,

M=Frsina=Fl, (5.8)
6y epia @ — r Ba F BeKTopJsaap opacuaard 6Oypuak; [==rsina 3ca
O nyktagan F Ky4HuHr TabCHP YM3HFHIA TYLIMPHJIraH THK YM3HKHMHT
y3yuauru (O nykragan F KyuHuHr TabCHP YH3WFUTAa4ya 6YAraH SHT AKHH
macopa) 6yaub, y kKyu eankacu aeidunaau (5.5- pacwm; L BEeKTOp

pPacM TEKHC/IMFMra THK paBuilaa GH31aH KapaMa-Kaplun ToOMOHra Kapab
HyHanran).

Ykka unucbartan Kyu MOMEHTH HyKTara HucbGaraH Ky
MOMEHTHHHHT Wy HYKTanaH yTyBuM YKKa TYWHPHAraH NpoeKUHACHra
TeHr 6ynann. YKKa HHCOATaH Kyd MOMEHTH CKaasip KaTTanHkaup. Arap
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54pacwm . 55-pacm

Z YK M BeKTOPHHHT iyHAIHILK GUIAH MOC TYLICA, Y XOIAA KY4 MOMEHTH
VK AVHaNHIIHAATH BEKTOP Tap3HAa H(POAANAHHILIH MYMKHH!

M,=[rF]. (5.9)
DHau n Ta MOAAMA HyKTagaH u6opar TH3UMHH OJHO Kapaiiuk.
Tuaumparu i-moaauii HyKTaHHHr O HyKrara Huc6aTaH Ba3HATHHH I,

paaHyc-BeKTop GW/IaH Ba YHTa TabCHp KWIYBYH KyuHH F, opkanu Gesn-
runacak,0 Hykrara HMC6aTaH MAasKyp KyYHHHT MOMEHTH

M=[r, F]

Tap3aa vboaanananu. O HykTara HUC6aTaH MOLAHI HYKTanap TH3HMHUra
TabCUp STYBUH Ky4 MOMEHTHHH TaBcH.1auga 6apua MOALHI HYKTalapHH
O nykrara HucH6araH 6up OYTYH (AXJUT) Tap3a oH6 Kapanaad (KaTTHK
dKHCMHH MORAHMH HYKTaJjJap TH3HMH ae6 kapauw MyMKHH). O HyKrara
HUCOaTaH MOMLHH HyKTasap TH3UMHra TabCHP 3TYBUH KyY MOMEHTH €6
Xap O6up MOAAHMH HyKTara KYyHHJIraH Kyd MOMEHT/IADHHHHI BEeKTOp
AUFHHAMCHIa aHTHIA0U:

M=3M =23[r, F], (5.10)

6ynaa F,—i- MOAAHI HyKTara TabCHp 3ITYBYH TalUKH KYyYHHTHHA

udogananau. lUly HapcaHu anoxuaa TabKHAMAlW JO3HMKH, TH3HMIArk
xap O6Mp MOALHH HyKTara TabCHP 3TYBUM TallKH Ky4YJaH TallKap,
MOAAHMHA HYKTaJapHHHr Y3apo TabCHpH TydalaH ByXyara KeaqyBuH
Kyujlap xaMm MaBxyld. MabayMku, 6y Kyuaap HYKH Kyusnap AeHHIANH.
Huykn kyunapHuur BekTop WHurHHAHMCH Hoara Tedr ((4.8)ra K.)
6yarannuru tydaian (5.10) udomana bpakar TalIKH KydnsapruHa akc
STTHPHJ/ITaH.

5.3- §. MMNYNBC MOMEHTHHMHT CAKNAHMIL KOHYHM.
MOMEHTJIAP TEHFIAMACH

IOkopnaa 613 Moaaui HyKTajsap TH3HMH YYYH HMNYJbC MOMEHTH Ba
Ky4 MOMEHTH AeraH Kartaiukjaap 6unad taHuwiauk. By Karranukaapaa
MOAAUA HYKTAHHMHT HCTAJraH nanTiarH BasHATHHH aHHKJOBYH paaHyc-
BeKTOp (r) KaTHawaal. buHo6apuH, UMNYJbC MOMEHTH Ba KyY MOMEHTH
y3apo 6upop myHocabar Gusaan Goraanral. lly MynocabaTtHu aHuksaii-
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nuK. ®apas KuIalIHK, MacCacH /1 Ba TE3JAHTH U 6y/ran MOJULHI HyKTara
caHok Oowin O ra HucOaTaH KaHAaWAup £ Kyd TabCHP KHJA4eTTaH
6}"/.;1an (5.6- pacM). Harwxkana Moaauit HYKTAHHHT HMMOYAbCH Ba
uXTHEPHI O HyKTara HUC6aTaH YHHHT HMNYJIbC MOMEHTH y3rapn6 6opaau,
bHH L =]r, p] BaKTHHHT QYHKUHMACHAHD. ARTANNMK, MOLLMH HyKTaHMHr
Ba3HATHHM AaHHK/JOBYH paaMyc-BeKTOp df BaKT opaiaurFuaa dr -
yarapcud; y xoaaa (b5.1) TteHraukaaH BakT O6yiiHua XocHaa 0./m6
Ky#iuaarura sra 6ysnamus:

dL _ d (= = __cdr =1, (= dp
—dt—_ﬂ[r’p]_[ﬁ’ p]+[rv.27‘.|' (511)

6yuna dr/dt — monauii HyKTaHuuHr ¢ naiitaaru Tesqurn (dr/dt=v);

d o o
7‘% 3ca HoloTonuuur Il KoHyHHra Kypa, MOLAKHA HYKTara TabCHp 3TYyBUH

KyUNlADHUHT TEHT TAabCHP 3TYBUHCH. ByaapHH Ba p==muU 3KaHAHTHHH
Haszapaa TyTu6, (5.11)HH Kyduaarwua €3Mll MYMKHH:

= v, mol+[r, FL

By TeHraMKHHHI YHF TOMOHMAArd OWPHHUYH KYUIMAYBUH XaJ HKKHTa
KOMJIHHEeap BEKTOPJapHUHI BeKTOp KymairmacH Oyaraunjauru Tydadiu
HOJITA TEHT; HKKHHUH KYUIMAYBYH XA/, 3Ca MOALHUA HYKTara TabCUp 3TYBUH
TaWKH KyuaapHHHr O HykTara Huc6ataH MomeHTH (M)HH udopanai-

. LLIyHHHT yuyH 10KOpUAArd TEHIVIHK KYRHAArH KYPUHULITA KeJaau:

dL =
=M (5.12)

By udosa moaaHH HYKTa YYYyH MOMEHTJap TeHraamMacH
aeidunanu. (5.12) naH KYpHHaLHKH, HMITYJIbC MOMEHTHHHHT BAKT 6YiiHua
y3rapuili  MOAAMH HYKTara TabCcHp 3STYBUH TaWIKH KYy4JapHHHT
OnyKkTaranucb6aran MOMeHTH GHIaH aHUKJIaHalH (MOMeHTAAp
TeHrAaMacHHUHT HbIOTOHHHHT HKKMHYH KOHYHHMra VyXwallJurd Kyara
TawaaHaid: MOAJAHA HYKTa HMIYJbCHHHHT BAKT GyiiHua y3rapuiiu yHra
TabCHp 3Taérrad 6apua TaWIKH KyuyJapHHHT TEHr TabCHP 3TYBUHCHTa
TeHr).

Monauit HyKTara TabCcHp 3TyBud 6apua TAlIKH Kyu/Jap TEHr TabCcHp
3TyBUHCHHUHT O HyKTara HHCOaTaH MOMEHTH HOJIra TeHr (M=0)

6yaca, (5.12) TeHraWK KyHugaruia €3ujajiu:

dL
o= 0. (5.13)

Y3rapmac KaTTaAuKHHHT BAKT 6YiHYa XOCHJIACH HONTA TEHT SKAHJIHTHHH
Ha3apaa tyrcak, (5.13)aau
L =const (5.14)
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3KaHAHTH Keaub uukaav. By Hartva MoaaHMH HYKTa HMNOYJAbC
MOMEHTHHMHI CcakKJaHHLW KOHYHHHH HPoranadan: moddui
HYKTA2Q TABCUP ITAETSAH KYYAQPHUHE TEeHe TABCUD 3TYBHUCURUHE
uxruépuii O HYKTA2a HUC6ATAH MOMERTU HOA2A TeHe bijaca moOdull HYKTa
UMAYAbCUHUKE WY HYKTaea HucOGATAH MOMEHTU BAKT §Tuwiu Ouaau
y3eapmabou.

Monanii HyKTaHHHT HMOYJbC MOMEHTH 7
uxTuépuii O HykTagaH YTyBun GUpOp YKKa N
(macanan Z Vykka, 5.6- pacM) Huc6GartaH
aHuksnaHaérrad Gyaca, (5.12) renrauk
KyHHAard KYPUHHUILHH onaju:

dL -

—L =M, (5.15) ¢

7+t

-\

6yupa L, Ba M, — L Ba M BEKTOPJapHHUHT

MOC paBHILAa Z VKKa TYLHIMPHIATaH NpPOeKLH- T

snapu. Ulynnait kuiu6, ykka HHcGarau

UMITYJIbC MOMEHTHHHHI BAKT 6yiinua y3rapu- 5.6-pacwm

LM MOAAMH HYKTara TabCHp 3TYBUHM TaLUKH

Kydjap MOMEHTHHHMHT Ma3Kyp YKKa TYWHPHJIraH MPOEKLHSACHra TEeHT
3KaH.

DHaAM MoOAAHMHA HYKTaJap TH3UMHUHH 0Ofu6 KapaWaHuK. YMyMaH,
TH3UMAaArd xap 6Mp MOAAMH HyKTara Taulkd Ba HYKHM Kyuaap TabCHp
sragd. Muky Kyuiap TH3UMAArd MOANMH HYKTaJapHHHI ¥3apO TabCHP
KyulapuiaH H6opat O6Yiaranauru Tydaiau yJapHHUHT BEKTOpP HHFHHAKCH
HOAra TeHr Ba OGHHOOApHH, HUYKH KyunapuuHr O HyKrara Hucbarad
MOMEHTH XaM Hoara TeHr. LLlyHHHr yuyH TH3MMra TabCcHp 3TYBUH Kyuaap
(pakaT TawkKH Kydsaapaad uéopar 6yaanu. [lemak, n Ta MoaaAMH HYKTaaap
TH3UMH yuyH (D.12) udonanu kylumaruua €3l MyYMKHH:

d —_ —
7t§L, =§M,. (5.16)
Byuna XL, =3 [F, mu,]— TusuMHHHT uxTHépuii O Hykrara uucGara

HMIYAbC MOMEHTH. (5.16) TeHriMK MOAAMH HYKTanap TH3UMH YuyH
MOMEHTJIAp TeHIJlaMaCHHH Hdoganaiiu.

Hlynna#t Kniub, modduii nykTarap Tusumunune uxtuépui O HyKTaca
Hucbaran umnyabe MOMeHTUOaH 8aKT Ofliuya oaunean xocuia b6ap4a
TAUKU KY4AQPHUHS WY HYKTA2a HUCOATAH KY4 MOMEHTAGPUHUHE 8EKTOD
durunducuea TeHe.

(5.16) wudonanarn 6Gapua BeKTOp KaTTaJHKAAPHHHI MXTHEPHH
O HyKra opkand YyTyBuH Z VYKKa TMPOEKUHSCH OJHHCE, KyHuaaru
MyHocabaTt xocua 6yaanu:

d
@i Le=IM.. (5.17)

S'bHH, TH3UMOATH MOJAUN HyKTaJapHUHr O HyKTafaH YTyBUH YKKa HHC-
GataH HMOYJbC MOMEHTJAPHHHHT aare6pauk HHFHHIMCHHHHT BakKT
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6ydAxua yarapuuiy wy YKKa HHCOATAH ONMHTAaH Ky4Y MOMEHTJIApHHHUHT
anrebpank HMFHHAHCHIA TeHT.

Arap monui HyKranap TH3uMH 6epK 6yaca (TH3HMIa IaluKH Ky4dap
TabCHp KHAMaca), (5.16) udonanuHr yHr TOMOHH Hosra TeHr OyJjanu:
6yHnaH .

I, =const (5.18)

JeraH xynocara kenamu3. (5.18) TeHrJMK MoAAHH HYKTaJap TH3UMH YUYH
MMNYJbC MOMEHTHHHHF CakKJaHHW KOHYHHMHM Hbopanai-
Au: Mo00uil nyktarap Gepk Tusumunune uxtuépuid O nyKraza nucbaran
UMNYAbC MOMEHTU 8AKT JTuwiu busan §seapmaddu. Dy HaTHKa MOALHMH
HyKTajap 6epK Tu3uMuHuHr O HyKTaaaH yTyBUH YKKa HHCOATaH HMAYJ/bC
MOMEHTH YUYH XaMm VPHHIMLHDP: TUUMEA TABCUP ITY84U TAWKU KY4Aap
TeHe TABCUP 3TY8YUCUHUKE OUPOP JKKA HUCOATAH MOMEHTU HOASA TeHe
6gaca, 6y Ky4aap TUBUMHUKE WY YKKQ HUCOATAH UMNYALC MOMEHTUHU
gaeaprupa oamaiiou.

5.4- §. MAPKA3MA MARNOHAATH XAPAKAT.
KEMNEP KOHYHNAPH

®azonuHr xap GHp HyKracHaa MOALHH HyKTara KaHAanaup Kyuaap
(kWM Kyu) Tabcup 3Taértran 6yJca, AeMak 6y MoOAAHH HYKTa Kyusaap
mainonuia 6yaanu. Mapkasuit Mmaliaionary xapakaria MOAAHH HyKTara
MapKa3u#d KyuyJaap TabcHp 3Taau. Mapkasuil Kkyuiapra Xxoc
XyCycHsiT wWyHAaH HOopaTkd, Oy KyujsapHHHr 6apyacH Ky3raamac
Mapka3 (Ky3Faiamac HykTa)aaH YyTu6, Oy KyulapHHHI KarTaluru Mapkas
6uwnaH Moalu# HyKra opacuaarn macodara O6orauk. Dy kysranmac
Mapkaz Ky4 Mapka3u paedunand. bupop moaauiéi Hykra (KHCM)
arpoduaa xocus GYyiaraH rpaBHTalus MaddoOHH, HYKTaBHH 3apsia XOCHJ
KMJITAH 3J€KTPOCTAaTHK MalWAOH Ba WYy Kabu MalAoOHJap MapKa3Hi
Ma#taouaapaup. Xycycad, Kyéw TH3MMHAarn caHépanapHHHT
y3 MexBapJapu 6yHiab xapakaTH Mapkasdd MaiijoHgard Xapakar
6yanb, 6uM3 KyHHAA yJapHHHF XapaKarHjard KOHYHHUATJApHH Kapal
YHKAMH3.

Kyéw Ba cafiépasap opacupard Macoda yJapHHHT yjadamiaapura
nucbGaran aHua Karra OyJaraHJurujian yJlapHd MOAAHH HYKTa 1e6 Kapal
MYMKHH. KYEWHUHT MaccacHHH Mo Ba YHUHT arpodura alnanyBud 6Upop
cafiépaHuHr maccacMHH m Ouaad Oearunacak, yJjap opacuaaru
TOPTHIWHLW (rpaBHTaLMUs) Ky4H

mym
72

Tap3ujga HbonanaHaau (6yTyH oiaM TOPTHIIMII KOHYHHM). By Kkyu
MaHlOHH MapKa3uii MalLOHAMP, YYHKH Xap 6Up caliépara TabCHP 3TYBUH
Kyu Kyéw mapkasupad yraad Ba 6UHOGApHH, MAa3Kyp KYUHHHI €1KacH
HoJara teur. [lemak

F=v (5.19)

M=[r, F]=0.
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Byuaan Ba MOMeHT/ap TeHrnaMacHAaH KydHaarura sra 6ynamus:

Lo =M=0 L=m|r, v]=L,=const, (5.20)

AbHH Kyéuw Tu3uMupary xap OMp caiepaHHHT HMIMYJbC MOMEHTH BaKT
yTvwK OGunad ysrapmadan. (5.20) TeHrJHkaaH KYpPHHAAWKH, MapKasui
MalJoHAarH XapakaT TPaeKkTOpHsich L ra THK KoHJjawraw sicCH Te-

KMCJHK (r Ba U BeKTOpJ1ap €TraH TeKucauk)aa éraau. Bywaait xapakar
ACCH Xapakart JedHIalH.

IOkopuaa kentHpuaran GYTYH oaM TOPTHILHW KOHYHH (5.19)HH
KenTHpu6 uukapHwaa HbloTOH calépanrapHHHr XapakaTH XaKHAarH
Kennepuuur yura KonyHura acocnanran. Kensep Kouyunapu Kyiuaaru-
Jaap:

1. Bapua cadéparaprune opburarapu 3aauncoan ubopar 6§aub,
Yyrune 6up gokycuda Kyéw molirawean.

2. Cadépanune paoduyc-8eKTopu TeHe BaKTAQD OPAAUFUCA TeHe
ro3arap 4u3zadu.

3. Cadépasraprune atiraruw 0aspaapu K8a0paATAAPUHUHE IAAUNTUK
opburasrap karra sapum GKaapuHune Kybaapueca Hucbaru 6apua
cadéparap y4yn bup xua:
n_n

aq g
Bu3 Kyiinaa MapKa3uit MaliioHAark XapakaTt XycycHsiTiapuaan Ba Kyéuu
arpoduna adsaHyBud caié€pasap 3IHeprHsJapUHHHI XaMAa HMIYJbC
MOMEHT/IADHHHHT  caKJaHHI KOHYHJapuiaaH ¢oigananub, Kemnep
KOHYHJIapHHH acocaadMu3. Jlactnab yHHHr WKKHHYH KOHYHHHH Kapab
UHKAMH3.

KenaepHunr Hkkunuu KonyHH. Cail€paapHUHT XapakaTH RaBOMHIa
YHHHT r paiHyC-BEKTOPH d! BaKT gaBoMHAa d¢ Gypuakka Oypuaazau. [y
BaKT 1aBOMHAA r YU3raH CEKTOPHHHI 1034 (D.7- pacm):

=...=— const.

< [ndr]
dS= 5

By TeHr/MKAaH BAKT 6yiinua XxocHsa o116, YHH caH€épaHHHI Maccacu m ra
Kyna#tupamus:

om 45 =m[%, dF |+ mlF, %:—] (5.21)

6y TEHrJHKHHHT YHI TOMOHHAArd OHPHHYH KYLIHJAYBYH Xal HMKKHTA
KOJIMHeap BEKTODHHHI BeKTOp KynairmacH 6y.aranu Tydaiad, y Hoara

dr o - .
TEHT; WKKHHYH Xajlard —- — Cafi€paHUHT  Te3NHIHHH udoaananau
ar - ds . Y
ABHH —- =v); —; ~— CeKTOp Teaauk nednnanu. llynpait Kuau6,

(5.21) TenraukHH Kyiiuparuua €3ulll MyMKHH:
d3 . S _ L
2m ar = m[r,v] €KH = om =const. (522)
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5.7-pacm 58-pacMm

OXHpru TEeHIVIMHKHHHT YHI TOMOHM y3rapMac KarraJjukjaapaaH ubopar
OyIraHAHrHAaH KyHHaarH XxyJjocara KenaMH3: mapkasud matdodondazu
xapakarda calépanune cexTop Tesaueu Jazapmaiou.

Duan (5.22) HW Kyiimaard KypuHHIAa €3aMu3:

dS= a4 e AS= 0 A 5.23
=%‘ €KH —"2? t ( . )

(5.22) Ba ynra Myko6ua (5.23) tenrsiukaap KensepHHHT HKKHHYH
KOHYHHHH Hporananan: cadépanune xapaxaru o0asomuda yHuwe
paduyc-eeKTopu TeHa 8aKTAQp OpPAAUFUOQ TeHe H3aAap 4u3acu.

Kenaepuuur 6upuHuH KoHyHu. CailépanapHHHr XapakaTH sICCH
Xxapakar 6yaranaurd tydainu 6ynaai xapakariu 6aéH kKwiuwaa Kyro
KOOpAHHATanapu r Ba ¢ AaH ¢oiAanaHHIl MakKCcaara MYBOQHKIHP.
5.8- pacmaa mo Ba m opkanu Kyéw Ba Gupop caii€paHuHr { BaKraaru
Ba3usAITH aKc ITTupuarad; 6GyHaa r— Kyéwaan caiiéparaua 6yaran
macoda (paauyc-BeKtop); ¢ — Kyr6 6ypuaru {YHUHT KaTTaJUrH WapTaH
paBHlIAa caHOK Gouwn ae6 xucobaanrad Kyr6 VKH moeA ra Hucbaran coar
MHJIH AYHAJNHLIKIra TecKapu HYHajuulia ONIMHAaAH).

Caitépanunr y3 mexsapu 6yinab xapakar Te3qHrHHM GHPH paaHyc-
BEKTOp r HYHaNHLIMAA, HKKHHUHCH YHra THK HyHanuwaa 6yaradH y3apo
THK MKKHTA TalIKHJ 3TYBYHMra a)kpatvul MyMmkHH (5.8- pacm):

v=u0,+7,
€KH
U= 0,0+ Vgj = ri +rj, (5.24)
6ynna v, =uvd — Kyéuaan caﬁéparaqa 6ynraH macoQaHHHr y3rapHiluH
Guaan, vq,_vq,] 3ca @ GypUaKHHUHT y3rapmuu 6uaaH GOFJIHK Te3/THKJIAp;
i Ba | MOC paBHMWa U, BAa U, HYHaNMWAarM GHDJHK BEKTOpJap
((5.24) udonana vo=w r=r¢ 3KAHJUTH IbTHOEOPra ONHHIH).

OHau calépaHHHr MMIYJbC MOMEHTHHH KyT6 KOOpAMHaTasnapHAaa
udopanaitmus. (5.24)nn (5.20)ra kyiu6 Kyhuaarura sra G6jnamus:

L=m[r, vl=mir, 0]+ m[F, v} (5.25)
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r Ba U, KoJiMHeap (6Mp XM/ iiyHanuwaaru) BeKTopaap 6y/raHaurd
YUYH OXHUPTrH TEeHIIMKHHHT YHr TOMOHHMAAard OMPHHUH KYUIMJAYBUH Xan
HOJIra TeHr 3KaHJUTHHH Ba (5.24)Hu Haszapaa Tyrcak, calépaHuHr
HUMIYJbC MOMEHTH KYHHIAArd KYPHHULUTA KeNafu:

L=m|r, vl=m|r, r¢j|=mrq|r, [l;

7 XaMia | BeKToOpJap ¥3apo THK Ba |r, j| HHHT #yHanuwyu L Gunau

6up xua 6yau6, coH KuiUMaTH r ra teHr. lllynnait kKuau6, caiiépaHuur
HMITYJIbC MOMEHTHHHHI CaKJaHHU KOHYHH KyTO KOOpAHHATANAp TH3HMH-
Aa KyHuaaruua ndonanaHaau:

L=mi*$=L,=const. (5.26)

(5.24) Hu Hazapna TyTHO, cai#épaHUHI KHHETHK 3SHEeprusiCHHH KyT6
KOOpAHHATalapH opKaJu

.2 2a2
mi mre

+75 (5.27)

KypuHHIIAA é3aMu3 (6yHAA ¥3apO THK [ Ba | BEKTOPJAPHHHT CKAlsp
KynadTMacd Houra TeHI 3KaHJWrd 3bTH6Opra oAuHAHM). Mapkasui
MaiaoOHAa XapakaT KuaaérraH calépaHHHT TNOTEHLHaJ JIHEPrusic
MaHOHHA, YYHKH MAaskKyp MaddOHAA XKHCMra TabCHP 3TYBUH Kyujaap
KOHcepBaTHB Kyuaapaup ((6.25) ra k.):

mv2

= 2 (it roh =
= Z(ritrgf)=

En= _Ymom

A r

{mo Ba m — moc paBHmina Kyéwnunr Ba caiiépanudr maccacn). Hlyngai
KWiub, mapka3ud MaHLoOHAA XapakariaHaérraH caHépaHdHr TyJa
YHEPruACHHHHT Ba HMNYJ1bC MOMEHTHHHHTI CaKJIaHHIU KOHYHH KyHuaardua
HdoaanaHanu:

Eo= 274 2r¢ y@ —const, (5.28)

Lo=mr?p=const. (5.29)

By Tenrnamanapaa BakT 6yiinua oHHraH XxocHaanapiu 6ypuak ¢ 6yiinua
O/MHTaH XocHjaasnap OujaaH asMawTHpamu3. BYHHHF yuyyH ¢@=
=Lo/mr® 3kanuuu 3bTHOOpPra onu6, (5.28)naH Ky#duaarwaapra sra

6ynamus:
r=(4) = 2 ety e —
6yHAaH
dt = @ - (5.30)
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Ouan (5.29)Hu
LO

mr‘?

KypHHHUIda €3aMu3 Ba yHaarw df ypuura (5.30) Hu KYHW6 Xamaa yHH
HHTerpaanao,

Lydr/r?
(p=S . (5.31)
. \/QmEO—{— (2m0m2y/r) — L?)/r2
HH XocHa Kusaamuz. Maaus octuaaru udonanu
2 4 2 2 2 4
mem” , Ly 2mgm mym’
2mE,+ —Lg—Y —7‘*‘ Y 5 U
tTap3aa €3ub, cyHrpa
. L, m0m2 . 2 ﬁ%m‘
n= 7= v 8=2mEt o v (5.32)
aJIMalUTHPHILNAPHH KHpHTCAK (dn= — Lodr/r*), (5.31) udona «xan-
Ba/» HHTErpany, sibHH
dn
(p=_g el (5.33)
\/52—712 -

KypuHuwra Kesnaau. buno6apuH,

(p=—arcsin%+(p,=arccos—g + @y, (5.34)

19 o
(6yHaa (p0=(p,—?). o HHHI KHHAMaATH XHCcoO OOILWHM TaHjalura

GOFIHK: XHCOO GOLIHHM WyHAAal TaHJAaHMHKKH, @o=0 6YacuH. n, § Ba
dn napHuHT KuiMatiaapuiu (5.34)ra Kyiicak,

(Lo/r) — (mgm®/Lg) ¥
VomE,+ (mim* /124

6ynaaH. ApPKKOCHHYC OCTHAArH KacCpHHHL CypaT Ba MaxpaxKHHH

L

0 o o o o
——,— 2 KYnauTHpu6, (5.34)HHn KyiiHaarnua €3ull MyMKHH:
mym°y

(p=arccos

(L3 /mym®ry) —1
¢=arccos ,
\/(2L§Eo/m§m3y2) +1
6y udonana
Ly
p=—"i (5.35)
mym’y
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e= \/ (2EL}/mim*y) +1 (5.36)
GenrunanapHd KHpHTamMH3, y Xoaa
Lo
(p=arccos—'e—. (5.37)
byuaau
P

cosp= - Ba r= pp— (5.38)

Keau6 uukaau. (5.38) Kyr6 koopauHaTanaapH opKaJju Hponananrai KoHyc
KeCHMHHHr Kyuy Mapkasu (Kyéuw)ra Huc6araH TteHrjamacuaup (6y
Hatuxka KenaepHudr | KoOHyHuamp); xycycuit xonaa (5.38) aaaunc
TeH2AaMacU, p — YHHHT napametpu, € — SJIHMNCHUHT 3KCUEHTPUCUTeTU
nerinnand. (5.38) xaH kypuHaauku, ¢ 6ypuakHu ynuaw caképa paauyc-
BEeKTOPH (r) HHHI WiyHAAH BasHATHAaAH OolULTAaHAAMKH, yuia Ba3uATAA
r HUHr y3yHaurd p/(l4-e) ra tenr 6ynaau.

KoHyc KecHMMHHHI Wiak/aH 3KCUEHTPHCH-
TETHHHT KaTTaJurira GorJMK Xo1ia Xap Xua T
6yauiIn MyYMKHH, (5.36) HH

2L2E,

2. 3.2
mym-y

e2—=

wakaaa €3cak, yHAaH KypuHamuku, Ey =
mym*y? .
= 6ynca, e=0 6Yaanu (AbHH
(4

op6uta alianagaH ubopat); Eo>0 6yaca,
e>1 (runepbona); Eo<<0 O6yaca e<<
<1 (3anunc); Ec=0 6yaca e=1 (napabo-
saa) G6yaaan (5.9- pacm). Eo<<0 6yaranna 59pacm
TpaekTopHa aaaunc 6yauwn (5.28)ra kypa

mv® mym

2 <V 2

as
Kennepuunr yunnuu koHywu. CaiiépaHuHr CceKTOp Te3UrH — -

3KAHJIHFHHY OUIAHPALH.

6yaca, saaunc 6yinab tyana ainannw AaBpu T 1aBOMHAA PaJAHYC-BEKTOP
YH3raH H03aHUHT KAaTTaJHrH

ds

6ynanu. (5.22)uu abrubopra oaub, 6y TEHIJIHKHH

S= ;—:l (5.39)
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KYpHHHWIAA €3HIW MYMKHH. MKKHHYH TOMOHAaH, sipUM VKJapdH a Ba
b 6yaraH 3NTHICHHHT 103H

S=mnab. (5.40)

Ananutuk reomerpusiiaH MabiyMm GyiraH b=a /1 —¢ Ba b>=ap my-

HocabatsapHd xamaa (5.35)HH 3bTHGOpra oaub, (5.40)Hu KyHHaardua
é3amus:

S=na+/ap =na"/ (all) /mom?y. (5.41)
(5.39) Ba (5.41) nan

T=2nma/a/mym?y,

2
ﬁ3 - % — const (5.42)
a

3KaHJAHrH Keu6 uukanu. by Kensiepuuur 111 konyunaup. Llynnait K uaub,
MapKa3uil MailiOHAard xapakaTia SHEPrHSHMHT Ba WMIYJbC MOMEHTH-
HHHI CaKJaHHMW KOHYHJapuiaH MaHTHKHHA paBuuiaa Kensnep KoHyH/aapH
KesiMb ynKap 3KaH.

5.5- §. KOMHOTTA YMKMLL TE3JIMKNAPH

Tabuar xoaucanapHHH ypraHuil MakcaaMia kyn acpjap n1aBOMHAA
YyTKa3u/iraH TagkuKoriaap Ba Taxkpu6anap Ep cupruna maexya 6yarau
wapouTaa amaJra owupuarad 3ad. Ep — Kyéw tusumuaaru caitépa-
JgapaaH 6upu 6Y1u6, Ma3Kyp TH3HMAA KHUHK COXaHH Talukua 3ranH. Ly
6unan 6upra, Kyéis Tuaumn xam y3 HaB6atnaa KOHHOTHHHT KUYUK GHp
KUCMH XHcobsiaHaau. KouHOT cHpaapuiy ypraHuw Myammock KonHorra
napBo3 KHJIHLIHH TaKo30 KuaagH. X03HPru 3amoH ¢aH Ba TeXHHKacH
TapakkHéTH OyHAaill napBo3JapHM amajira OLUHPHLI YY4YH JacTaabkH
HMKOHHATJIApHH fAparaH xamaa EpHHHr cyHbui HAyagoliapHHHMHT
YUMUPHJIHILH Ma3Kyp HYHaJMILAA KUJAHHraH OUPHHUM Kaaam OViaH. .

JKucm (éxu dasoBuit kema) EpHuHr cyHbH# Hyagoura ainaHHIIA
YuyH yHra MyalsiH GOLUJaHFHY Te3JuK Gepulll Jo3uM. MasKyp Te3JHK
GUPHHUHU KOHHOT Te3auru aeiinnanu. llly resnukuu anuknannux.
Maccacu m 6yaran xucm EpHunr atpoduaa alnana 6yinab xapakaraa-
HHUIH YYYH YHra TabCHP KHIYBUH MapKa3ra HHTHJAMAa KYy4 COH XHXaTlaH
JKMCMHHHT OFMPJINK KYUHTa TeHT GY/AHIIH KepaK (XaBOHHHT KapUIHWAHTHHH
bTHOOPra OIMaiMHu3):

mvf
R

6yHnaa R — ainaHaHuHr paauycu O6yaub, aManuit KuxataaH EpHuHr
paauycura sikiH (R~ R;=6371kM), g — XHCMHHHI 3PKHH TYLIHIL
Te3snanuuwin. (5.43)aan

=mg, (5.43)

v,= VgR ~79-10°M/c~ 8 —‘ic“i
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EpHuur cyHbui Ayanown y3 mexsapu (op6Guracu) 6yiiab xapa-
KatnaHu6 Ttyprauna y EpHubr TtoprHin Kyuu Tabcupuiaa Gyaan.
KOHWHOTHH y3MaluTHpHLIAATH HKKHHYH KaaaM WYHAAH HOOPATKH, XKHCM
y3 xapakatH Tydaind EpHuHr TopTHil KyunHy eHru6, KyEelHHHT CyHbHEA
Ayanowura adnaHuiy Kepak. byHaali xapakar Te3JMrH MKKHHUH
KOUHOT Te3JHTlH aednaann. XKHcM 6yHaall TE3THKKA 3PHILHILK YUYH
YHHUHI TYJa 3HEPrusiCH HOMra TeHr OVJHILK, SBHU

mv% mgm

Eo=—5——v7%-=0

TeHrJIHK 6a)kapuauiluu 1o3uM (6yHna m, — Epuuur maccach). Bynaan

2ymyg
R

ra sra G6yaamu3. HMkkuHuum TtomoHaaH, EpuuHr ¥3 yku aTtpoguna
adnanuwy Tydaiiu ByXyara KearaH MapkasaaH Kouma ky4d (3.20) uu
3bTHOOPra oIMaraHaa XHCMra TabCHp 3TyBUM EPHHHI TOpTHIL Kyuura,
STbHH OFUPJIHK KYUHra TEHT:

(5.44)

vh=

mgm
R

(5.44) Ba (5.45) naH UKKHHYH KOMHOT Te3JIMTH YUYH KYHHAArH HaTHXKA
Keanb YUKaiu:

=mg, OyHaaH yﬁi =gR. (5.45)

v;= /28R = /2 \JgR = {20, =112 %%

YuyuHuu kKkouHOT Te3auru xam maBxya. JKucm OGyuaai
Te3nuKKa spuluranaa y Ep Ba Kyéwnunr topruwr Kyuuhu euru6 Kyéu
TH3UMH uyerapacHaaH YHKHOG KeTaaH. YUMHYH KOMHOT TE3JIMTHHH TONHMIU
yuyH (5.44) ¢popmynana Epuunr Mmaccacu ypuura Kyéw maccacu (M)nu
(Hasapui »kHxaraaH Ky€w TH3UMHHHHT MaccacuHH), R VypHura Ep
opl)glulrac)uﬂuur paavycHHu onuin Kepak (M=197-10°%r; R=1,5-
. KM):

Uy= \/2};’” = \2:6,67-10-"-1,97-10%/1,5- 10"

4,2-10*m/c=42 km/c.

OunuHras 6y Hatika Ep Ky3raimac 6yaran xon yuyw YpHHAHAHP. EpHHuT
V3 opburacu 6yiaab 30 kM/C TeanuK 6unaH Xapakar KHJIMIWHK Ba Kyéu
TU3UMHaary 6apuya xucMmaap (caitépanap Ba KomeTasaap)HHHI MaccacH
3bTHOOpra onuHca, (a3oBHH KeMa Te3NUTHMHUHT HyHalHWin EpHHHT
y3 opburacu 6yiH1a6 xapakar Hywanuwura Huc6aTaH KaHaall Gypuak
TalKWJI 3THIIKMra Kapab vs Te3JHKHMHT KaTTanurd 17 pad 73 kM/c raya
yarapanu.

9l
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VI BOB

SHEPTUAHUHI CAKNAHMW KOHYHM

6.1- §. MLl BA KYBBAT. JHEPTUA

JKucmnap 6up-6upu 64u1aH TabCUPAALUHLIM HATHXKACHAA XapakaTt 6Hp
KHCMIaH HKKHHUMCHIa Y3aTWIadH. Y3apO TabCHP, MabAyMKH, Kyu
BOCHTAacH1a py# OepaiM, IbHH Ky4Y TabCHPH1a XHCMHHHT MeXaHHKaBHH
XapakaTy y3rapajd, amMMo WYHH Xam Ha3apja TYTHII KepakKH, arap
JKHCM THHU Xosnathaa Oy/aca, y Xonla YHra xeu KaHiaWh Kyd TabCHP
KWAMAsINTH JeraH Xynoca Kequ6 UHKMaWAM: XHCMra TabCcHp 3Taérrad
Kyunap Oup-GupHHH MyBos3aHaT/qahad. Macanal, cTol yCTHAA THHY
TYpraH »XHCMHHHI OFHPJIMK KYUH CTOJNHHHF aKC TabCHP KyuH Ounad
MyBo3aHaTAaa 6ynanu. bowka xonnapaa Tauwku Kyd TabCHPH Xapakar
6unaH GOFJMHK GYNHG, Ma3kyp Xapakat Tydai/lh KUCM MyaHssH Bakr
opasuruia 6upop Mmacodann 60cH6 yTand — TALKH Kyd Wil 6aXkapajH.

Kyunanuk xaérumusaga KyANaHWIA[AHTaH HIl TyulyHdacH Ouiad
MexaHukaBuil xapakar OunaH GOFJIHK HUl TyllyH4anaph 6Up-Gupuaad
Ty6aaH ¢apk Kuaaau; 6y dapk WyHAaH HOOPATKH, MeXaHWKaBHH HIU
xapakar GunaH GOFNHK OyJAHO, >KUCMJIAPHHHT GHP >KOHAaH HKKHHUH
XKOMra KYUHIIHAA TAKH KYUYHHHT 6a)Kapran Mulk OGuian yadaHaiu.

g
1 1
T
[
P JE
Z_ _ s

e ——J

%
6.1-pacwm

TaxpubanapHudr KypcaTdwMua, 6axapuiarad uil XKHUcMm 6ocub yrrau
fiyira Ba yHra TabCHP 3TyBYM TAlIKH Kyura MyTaHOCHOAHp. [louMHi
F Ky4 TabcHpuaa XKHCM TYFPH YH3HKJH XapakaT KWiHG Kauaaigup
s MacodpaHH 6ocub yrca, 6y KyuHHHr Gaxkaprad uuu (6.1- pacm)

A=Fs cosa (6.1

6ynaan; 6y epaa @ — TabCHP 3TYBUYM Kyu HYHaJWUIM GWiaH Xapakat
Hynanumu opacuparun 6ypuak, F cos a=F; — XXHCMra TabCHp 3TYBUH
KYYHHHT Xapakar AyHaJHUIHra NPOeKUHACH IKAHAHTHHH Ha3apia TyTHO,
l0Kopuaary (popMmynaHd KyiAuaarusya €3amus:

A=F,-s. (6.2)

(6.1) dopmynagarn F Kyu KHcMra TabcHp 3TyBuM 6apuya TallKH
KYUJAPHHHT TEHT TabCHP I3TYBUHCHAMP. JKHCMra YHHHT Xapakarura
KapUIMIHK KYPCATyBUH HiIKAJaHHIL KYYH f XaM TabCHP 3TaAd BA | HHHT
iyHanHWK xaMMa BakT F, HHHP HyHaAMWIMra Kapama-Kapuuaup (6y
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epaa F, BeKTOp KaTTaliuk 6ynu6, y F KY4HMHr XapakaT HyHa/iuiuuaa-

IH TalWKWI 3TyBuucHaup). IOkopugary dpopMmynanas KYpHHHO TypHOAH-
KH, GaxkapuaraH Uil o 6ypuakka 60FIuK: 1) a<<zm/2 (cose>0) 6yaca,
Gaxapuaran i Mmyc6ar Gyaaam; 2) a>n/2 (cosa<<0) 6yica,
6a)kapuarai M MaHguiaaup.

baxapuaran ulIHHAHT Myc6aT €Ki MaHPUAJIHTUHY aHHKPOK TacaBByp
3THII YYyH MHcCoaJap KeaTupaiauk. JKucem F Kyu TabCcHpHaa xapakar

Kuinaérrauuaa, 6y kyu Ounad OUp BaAKTAa XapakaTra KapLiHIHK
KypcaTyB4¥ HILKaJaHHW Kyud | Xam TabcHp 3Taad. By Kyu xapakat

» rages n
HyHaauwivra HHcGaTaH KapaMa-Kapliu TOMOHra WyHaJaraH (a>3) Ba

6y KyuyHHHr 6aaprad mwy Maubuiaup. Papas kuaanauk, F Ky4
TabCHpPHAA JKHCM OHDOP TEKHCJAHK YCTHAa VY3rapMmac Te3juk OuJal

TYFPH 4u3HK 6YiAnab xapakar Kusnaérrad 6yacun. Y Rejina HblOTOHHHHT
GHPHHUKY KOHYHHra acocaH XHCMra Xeu KaHAaW.iTallKH Kyd TabCHp
KHAMaéTtran 6yauwn Ba (6.1) ¢opmynara acocad 6a)KapHiaraH HW Xam
HOATa TeHr O6Y/uLIK Kepak 344, Acinaa 3ca 6yHaai smac. ByHuHr 60ucH
IWYHAaKH, GU3HHHT MHCOJIMMH3Aark »KHCM Y3rapmac Te3/ink OH1ad TYFpH
uu3MK GyiHnab xapakaT/aHaéTranuia TawkH Kyd (akar uilKajaHyuw
KYUHHH MYBO3aHATJasTH, SibHM F, Ky4 COH »KHXATAaH HLIKaaaHyw

Kyuura teHr. Hakauér (TpaHcnopT) BocHTaJapH y3rapMac Te3 MK 6uaaH
TYFPH YHM3HKJH XapaKaT KUJIAéTraHuaa XaM MOTOPHHHT TOPTHLL KYyuH
HIIKaJjaHHW Kyud 6WnaH MyBo3aHartaa 6yiaanu. Jlemak, MOTOp KyYHHHHT
G6akaprai uwM myc6araup. Slia 6up MHcosn. AHTadnuk, Tekuc Hyana
eTapJH jJaparxaja KaTTa Te3juK OWIaH KeTaéTraH aBTOMOOHJHUHT
MOTOpH YuHpHJCaA éKH TOPMO3JaHCa, y Oupop Macodanuu YTHO TyxTakhau.
Maskyp macodana ydHra ¢$akar HWKANAHHH]I KY4H Xam[1a XaBOHHHT
KApWHIKK KY4d TabCHp 3Taad Ba Oy KyulapHHHr GakapraH HILIH
MaHpuiaup. [emak, MXHUCMHHHI XapakaTura KaplWWIHK KHJYBYH

KyuyJapHHHr O6a)apraH dwud MaHbUAAUDP. DHAH a=% (cosa=0)

6yaran XoaHn Kapadauk. JKncem aiinana 6yiiab yarapmac 6ypuak TesJuk
6unaH XapakatjaHrahjga yHra ¢akaT Mapkasra HHTHAMA Kyd TabCHp
3TajH Ba KydY XaMMa BaKT Xapakar HYHanHwuWra THK HyHanrad. by
KyUHHHT 6ax<apraH HIIH HOJIra TeHr.

YMyMaH, KHCMra TabCHp 3TYBUH Kyd y3rapu6 TYpHIIH Ba YHHHT
XapaxaT TPaeKTOPHSACH 3TPH YM3HKAaH HOopaT OVIHLIK MyMKKH. ¥ Xonaa
TPaeKTOPHsIHK Xa€/laH 4YeKCH3 KHUMK 3/eMmeHTap Gynakaapra wyHaad
6ynamusku, 6y OYysakua oOpanuFHAA XHCMIa TabCHP 3TYBUH KYUYHH
yarapmac ae6 xucobaami MyMKHH 6ysacuH. BuHoBapHH, 3aemeHTtap
Kyudinaa 6akapuJraH 3JIeMeHTAap HIUHH XKHCMTa TAbCHP 3TYBUH KYUHHHT
3/EMEHTAp Kyuuwra ckaasip Kynadtmacd tap3uaa sHdoaanall MyMKHH,
SIBHU:

dA= (F.ds) =F.ds. (6.3)

®dapas kuaainuk, Fs Kyd Macoda 6Vinab 6.2- pacmaa KypcaTHITaHH-
neK y3rapcuH (pacmaga abcudcca yku OYHaa0 HYJHHHP y3YHJHTH
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N SN

62-pacwm

Ky#uirad, a Ba b HyKranap opacujari macopa HXTHEDHH WaKAAard
AYJHUHT y3yHaHrHra TeHr). Bupop ds asneMeHTap Kyudwiaa 6axapu/iras
dF snemeHTap HII COH »XHXaraaH KHS YH3HKJIap OHlaH axparu6
KYPCaTH/ITraH 103a4aHHHI KaTTanurura TteHr. JKHCMHHHT a HYKTaaaH
d HyKrara kyudiuMaa 6akapuarad Hiu 6apuya jieMeHTap Kyuuuiapaa
6akapu/iraH HILAAPHHUHT AMFUHAUCHIa TeHr 6y araHaurd tygpaian Maskyp
HU COH XHXaTaaH abcda 103aHMHT KaTTajAHrura tewr 6yau6, Kyiduaaru
HHTerpaa opkajd udoganaHau:

d d
A= SdA: SFsds. (6.4)

HMin 6upanrn Kuaub 6Hp OHUPJHKKA TEHT KYUY TabCHPHAA MKHCMHH
6upank Macoara Kyuupuwiga GaxkapwiaraH HW Kabyn KHJIHHTEH.
Xankapo 6upaukiaap tusumu (CH) na uii 6upanrn KHau6 6up Holoton
Kyd TabCHpHAArH HyHamuliza XXHCMHH 1 MeTp Macogara KyuupHiuaa
Ga)kapu/aran Hil KaGyJs KHJHHraH Ba 6y GHPJHK aoyas (JK) nednnanu.

I>DK=IH-1Im.

Mucoa: maccacu 75 Kkr 6yJaraH XMCMHH THK ityHanuwaa 1 merp
OanaHanuKKa KyTapuwiaa 6a)KapuaraH ML — OFHPJAUK KyuHra Kapuiu
KYy#uarad KyyHunr | metp Macogaga Gaxkapral HWKHaxp. Maskyp Kyu CoH
XKHUXATAAH OFUDJHK KyUHra TeHr 6Yaub, AyHaauiuu 6yiiuua yHra Kkapama-
Kaplwuaup, stbHH:

A=mgh=75 xr-9,8Im/c*. IMm==736H - M=736 K.

CI'C Ttu3uMHaa HuiHHHT Ya40B OGupaurn — ape. CH Ba CIC
TH3HMJIaDHAArH UILHHHT YUOB OUPJAHKIAPH OpacHaa KyHHaaru MyHoca-
6at maBXyu:

IDK=1H-Im=1-10°auna-1-10°cm=10"3pr.

AManuii xkuxaraaH, 6aKapuiaraH HUIHMHT KHAMaTHHH GuiuniinaH
TallKapH Ma3Kyp HLI KaH4a BaKT opaJjuFuaa 6a>kapHaraHauriHi GHIHLL
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XaM MYXHUM axaMmusTra sra. Bakt 6upJ/uru naBomuia 6akapuarad Huira
Kyssar neiunnanu. Arap df Bakr fasomuna dA uw 6axapuica, KyBaTt

_ 4A (6.5)
N= T
Tapsia udoaanaianm, AbHU KyBBaT 6a)Kapu/iraH HUIAAH BakT 6yiuua
OJIMHTaH GMUPHHUYH TapTHOMHM XOocHaara TeHr. (6.2) TeHrnukHu (6.5) HPO-
nAara Ky#iub, Kyingarura sra 6Vaamua:

ds

\‘37=F\'U‘

dA d

AbHU Gepusiran Fs Kyd TabCHpHAA KHCM KaTTa Te3NMK OWjaH Xapakat
KHJIHLIH YUYH MEXaHH3MHHHT KyBBATH XaM Karra OY/HLIKM Kepak.

KysBar Gupauru cudaruaa CHaa sarT (Br) Kabyn KHIHHTaH:
1 BarT — | cekyHx nasomuaa | »oyab Wil 6a)kapaauraH KypHIAMaHHHT
€KH MEXaHU3MHHUHT KYBBaTHLHUD:

1Br= X
Ic

Texnukapna 6ab3an TH3UMAAH TAILIKAPH KYBBAT GUPJIMIH — OT Ky 4 H
(0.K.) Xxam Kyananuiagu. Bup or Kyun — | cexynmaa 736 J)K il
GaxkapaauraH KypuiMaHHHT (MexaHu3MHHHr) KyBBaTuaup. IOKopHAa
KeJNTHpW/ITaH COHJAM MHCOJHHM Ha3zapila Tytcak, | 0.K.— maccacH
75 Kr 6ysaraH KuCMHH | cekysa naBoMuaa | Merp GanaHL/IHMKKa
KYyTapaaHral MexXaHHW3MHHHT KyBBAaTHIHP. .

MexanukaBuit MW Ba 3HEPrusi AeraH HKKY TyllyHua y3apo y3BHH
6oruk TywyHuanapaup. Kyiiuparu Muconnap opkaau Oy Y3BHH
OOFJaHULI XaKHAA TacaBBYP XOCHI KWIHIW MYyMKWHH. Maun6anapaan
Y3aTH/IA€TraH 3JeKTP SHEePTrHUACHHH HCTebMOJ KHJIHG, yHUMH3Aard
COBYTT'HY, KHp IOBHIU MaulMHacH, PaiMo Ba OHHAMXKAXOHJap HiIJIaHAH.
MabiyMKH, EHUIFHHUHT SHMIL KapaéHuaa a)kpanub YyMKKaH HCCHKJIHK
SHEPTHACH XHCOOHIa KMULIOK XV KAaJUK MalliHHaaapy, HaKJHET BOCHTaNa-
PH, Kema Ba Talépanap xapakartra Keiu6, v Gaxapagu. COaTHHHT
NpyXHHACHHHK Oypab, MyalsiH vl Ga)KapamHs, 1y vl Xucobura coatia
SHEPrusi TYraHafM; TYM/IAHraH 3SHEPrHi 3ca MeXaHW3MJAPHUHT HLU
baxapuwin yuyH capd 6yaanu. BanaHaiukpas Tywaérran CYBHHMHT
3HepruscH 6unan 'DC yapHuHr TypOuHanapH xapakarra KejaiH, SbHH
ynap uw Oaxkapaik; 6axKapuaraH uill XHcoOHra sca 3/eKTp IHEPTHACH
Xxocua Oyaaau; 6u3 6y epaa CyBHMHI MeXaHMKaBHA 3HEPruscu
6akapuiaraH Hil BOCHTACHAA 3JEKTP 3JHepPrusicura ainaHaérraHuHU
KypaMus.

Wynnah Kuinb, 6arkapuiaran uil XMCOOHra 3Heprust XOCHJ KHAWHALH
Ba akcuHua, 3Heprusi capduab v 6Gaxapunaau. bunobapuH, udil
badcapuus KoGuAuATU 3Hepeus demaxoup.

OHeprus #yKaaH 60p 6yamaiiau Ba iykonmaiau, y pakar 6up TyPAaH
Gowka Typra yraau. bus Kyiuaa mexanukaBuil 3HeprUSIHUHT (PaKaT HKKH
[YPH —KHMHETHK BaMOTeHI MAaA 3Hepruaaap 6unad TaHula-
MH3. Baxcapuiaran v xHcoGura 3Heprusi XOCHJ GYJMlIMHY BA aKCHHYA,
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3Heprus cap¢aab ui 6axkapHAHIIHHKE Ha3apaa TYTCaK, ML Ba SHEpPrHsi
(wry >KymJsialaH KHHETHK Ba [TOTEHUHAJ 3HEPrusnap xam) 6Mp XHJ yI40B
Gupankapuaa — Xoyanapaa YAYaHWIUHHH anriail KHHHH 3Mac.

6.2- §. KMHETUMK JHEPIM®

XapakaTaaru XXHCMHHHI MEXaHHKaBHIl SHEPTHACH KMHETHK SHeprus-
AHp. YMyMaH 3Heprusl XMHCMHHHT HLI Ga)kapHll KOGHIHATH SKaHJAMTHHH
Hazapaa TyTcak, KHHETHK 3SHepruara Ky#iuaaruya TtabpHdp OGepHll
MYMKHH: KUHETUK 3Hepeusa Oeb xapakaraanHaérean HUCMHUKS Wl
baxcapuw Koburusatuea alruradu.

Bupop v Te3nuxk 6unaH xapakaTnaHaéTraH XHCMHHHI KHHETHK
SHepruscH Kauaah uponanaHaau? By udonawu TonHiu yyyH AacTia6
THHY TypraH Ba MaccacH m 6yJraH JXHCMra y3arapmac TallKH F  Kyu

TabcHp 3TaérraH XOAHH Kapalauk. Maskyp Kyu TabcHpHLa XHCM
Xapakatra keau6, df BaKT oOpaJHFMAa Xapakar HYHaJHWHAA ds
Macodauu 60cH6 yTanu; HaTHXKana yHuHr teaaurd O naH dv ra Kanap
Olajfn Ba TAWKH Kyu KHCM yCTHAA Myc6aT uii 6axapanaH. Talku Ky4 dt
BAaKT naBOMHAa XHcM yctHaa dA ra Tedr W 6axkapca, Wy BakKT
OpanHFHAA YHWHI KHHETHK 3Heprusich O nan dE, ra oinaad. bouwkaua
aiTranaa, TalWKH KYYHHHT 6aXKapraH HILH KHCMHHHT KHHETHK 3HEeprusi-
CHHHHI OpPTTHPMAcCHra TeHr:

dA=dE, (6.6)
MabaymkH, F KyYHHHT )KHCMHH ds Ta KYYHPHLIAA 62X apraH HUIK:
dA = (Fds) = Fdscosa = F.ds,

6y epra a — F Ba ds BekTopaap opacuaard Gypuak, F,— xucwmra

TABCHP 3TYBYH KYUHHHI ds Kyuuwra npoekuuscd. JKucM Xapakart
KHIa€TraH HHepLHaJs CaHOK TH3MMHMAA YHra TabCHP 3TYBUH KY4
HblOTOHHMHT MKKHHUM KOHYHH:

dv

dr

¢opmyna opkanu udonananaan. Maskyp KyunuHr ¢pakat Xapakat
HYHaANHWINHra MPOEKUHACH

F=m

dv
Fo=mar
HW Gaxapaan (6yHaa dv/dt — Te3naHHWHHHT Xapakat HyHasHluura

npoekuuscu). By kKyununr ds macodana 6akaprad HLIM:
dA=Fds=m i;% ds (6.7)

ds macogpann xucM v=ds/dt Te3quK O6ujsaH GocH6 YyTaaH Ba
6uHOGapuu: ds=uvdt; 6y myHocabaTHH (6.7) ra kyiub, ds macodaaa
GaxkapuaraH M yyyH Kyduzaru udponara sra 6ynamus:

dA =m—g-t;—vdt=mv dv. (6.8)
(6.6)ra acocan (6.8) TeHrMKHM KyiiMaaruua €3amus:
dE, = muv dv. (6.9)
p 3
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by mysoca6atr Fs kyu Tancupuaa xucM ds Macodpanu Gocub yrranaa
YHHHI KHHEIHK JHCPIHACHHHHI Y3rapuiuuHd Hdopaniangn. Kuem Oy Kyu
TabcupHla myaisiH s Macocany 60cu6 YTca, yHHHT KHHETHK 3HePrHsiCH:

v

Ey= SdEK= va dv= mQUZ

[

’

ADHH

Ep=" (6.10)

6ynanu. [Jemak, v Te3qHK GWIaH XapaKaTJaHATraH K HCMHHHI KHHETHK
JHEPrHsICH YHHHT MaccacH OM1aH TE3JHrH KBAAPaTH KYynadTMacCHHHHT
SIPMHra TeHT, S’IbHH MacCacH m GYJraH XHucMm v Te3JIHK 6unaH xapakartna-
HaétraH 6yJca, YHHHT KHHETHK SHEpruscH mu /2 ra Tenr. MKkuHuH
TOMOHAaH, MacCaCH m Ba Te3JUrH v GyJaraH XHCMHH TYXTaTHL Y4yH
TalKK Kyunap mu’/2 ra tenr 6yaran Mmanduil uw 6a)KapHUIH JIO3UM Ba
aKCHHua, MaccacH m OyJsraH THHY TypraH )KHCMHM v Te3auk OHjaH

Xapakartra KelTHPUII Yy4YyH TallKH Kyulap — — ra TeHr 6ysaran myc6ar

HW 6akapuliH J03HM Oysaaiu.
(6.10) ¢dopmynann KeaTHpu6 yHKapHuaa F Ky4y TabCHp 3TryHra
Kajap XHCM THHY XonaTiaa Aeb (apa3s KWIrdaH 3HK. SHAH Kyd TabCHp
3TryHra Kajap XHCM KaHAaHIHp Uy Te3NHK OGH/IaH Xapakar/aaHaéTHp Ba
TAlIKH KY4 TabCHPHIA YHHHI TEe3JHIH U1 AaH Uy ra Kapap owjH, neb
tdapa3 Kunadnuk. By KyuHHHTr 6axKapraH HIIH XXHCM KHHETHK 3HEepPTHACH-
HUHC V3rapuwiura teHr 6ynaau:
2]

A=E —E,= vaa’v:

Y

mvé mv?

2 2

(6.11)

U Te3NHK GUNAH XapaKaTNaHAETraH XHCM HMNYJAbCHHUHF MOAYJH My
IKAHJIWCMHM Ha3apAa TyTHG, YHMHI KHHETHK JHEPTrusiCH KyNnHHua
KyHuaaruua udonanaHanu:

_ P
Ey= . (6.12)

Hly na#itraya 6u3 XxapakaTiaHaéTraH OWUTTA MHCMHHHT KHHETHK
JHEpPrusicH XakKHaa My/j0Xa3a IOpHUTAMK. DHAH n Ta XHcMmaaH (n Ta
MOA/HI HyKTanaH) H6opaT TH3UMHH OHO KapaHJuK. YHAArH (- )KHCMHHHT
MaccacH Ba Te3JIMrH MOC paBHUILA m, Ba v, 6Y/ca, TH3HMHHHI KHHETHK
IHEPTHACH:

I‘

i (6.13)

Tapaaa uponanaHaai, AbHH TH3UMHHHT KHHETHK SHEPTHSICH YHH TALLKHJ
3TraH XKHCMJ1ap KHHETHK SHePrHsiIapUHHHT HuruHaucura teHr. Llyuu
3CAA TYTHI IO3UMKH, TH3HMHHHI HMITYJIbCH YHHHT TAPKHOHAATH XKHUCMJ1AD
HMIYJbCJNAPHHHUHT BEKTOP HHUFHHAMCHrA TEHT; TH3HMHHHT KHHETHK
JHEPrusicd 3ca YHHMHT TapKHOHAArH MKUCMJAPHUHT KaWcH HyHajauuina,
XapakaTtjaHaérrauJjukaapura GOFJIHK 3Mac.

7—467 97

www.ziyouz.com kutubxonasi



6.3-§. TYPJIKA CAHOK TUIMMANAPUIAAIMN KMHETHK
JHEPTUANAP OPACHUAATK BOFNAHMLL

MabayMKd, MexaHHKaBHH Xapakar HUcCOHH Oyaranaurd Tydaiau
XHCMHHHT (pa30fary xap KaHiaH xapakaTH Ba Te3Jurd OHpop vHepLHan
CaHOK TH3MMHra HucbGaraH anukjgaHaau. lOKopuna KMHETHK 3HEprusiHu
udonanosun (6.10) Ba (6.13) myHocabaTnapaa XKHCMJIAPHHHT TE3JHKAA-
pH MyaliiH HHepuHan CAHOK TH3HMHFAa HUCOAaTaH AHMKJIAHAETTraHJUTH
aTtaiinab 3caaruamaca Xxam Hasapaa Tytuiarad. UyHKH mMaskyp myHoca-
6artiapid KeaTHpHO6 uMKapHuwaa HBIOTOHHHHT HKKHHYM KOHYHHAaH
(poiinananuarad, 6y KOHYH 3¢a HHEpLUHaJ CAHOK TH3HMHIArMHa YpHHJIH-
aup. (3.5) dopmMynanaH KypuHULIHUa, 6up-Oupura HucbaraH xapakaria
6V/arad Typau HHepLHaJ CAHOK TH3HMJIapH/la XHUCMJAAPHHHI Te3JIHTH Ba
6HHOGapHH, YHUHT KMHETHK SHeprusicd typauua 6ynanu.

Typau cahHok TH3MMJApHAa

y Y XKHUCMHHHT KHHETHK 3HeprusJa-

pH opacuiard 60FJaHHWHY aHHUK-

@ @ ' JaWl  Makcaauaa Oup-6upura

Huc6ataH xapakarjga 6yJras

A K Ba K’ uHepuuan caHOK TH-

3UMJapHHH o6  KapaHauk

(6.3- pacm). K’ caHOK TH3HMH

K ra uucbaran X yxura napannen

. AyHanuwaga yarapMac vy Te3JHK

o X 6unaH uiarapuiaiMa xapakar/a-

Haérran 6yacuH. [lacanab GuTTa

KUCM  (MOAAHI HyKTa A) HUHT

K Ba K’ caHok Tu3uMuapHaaru

KHHETHK 3Heprusjiapu opacHaaru

6oFnaHuIIHK Tonakauk. XXuem K’

CaHOK TH3uMura Hucbaran v’

Te3uk Guaan X VKU #yHanuuiuaa xapakariaHaérran 6yJcHH. ¥ Xoina
yHUHr K ra uuc6araH res3auru ((3.5) ¢opmyaara K.)

<t

63-pacwm

v=0v"4+1o

6ynann. By udonanu (6.10) ra KyHcak »HCMHHHT K CaHOK TH3UMHAArH
KHHETHK 3HEPrufiCH yuyH KyHuaparu udoaara sra 6ynamus:

Ey= tmot= L m(3 450 = fmo 4 fmottmi's,  (6.14)

OyHna E, — xucMHMHr K TH3UMAard KHHeTHK 3Hepruscd, Ej =
_ 1 72 ’ S
= 5 mv”"—yHuHr K’ pnarn KuHeTuk sHeprusicn (6y ¢popmynana v'v’=

=0’ 2, UUU()ZU() KaHJHTH 3IbTHGoOpra osuHad). Dynnan Tawkapwu
v’ —p — MUCMHHMHr K’ TH3UMAATH UMNYJAbCH OYJTaHIUTH YUYYH

3

2

K—E' + . (6.15)

- - .
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6ynaan. Kypuuu6 Typu6auKH, KUCMHHHT K TH3UMra HUC6ATaH KHHETHK
sneprusick yHHHr K Ba K’ TH3uUMJapaarH KHHETHK 3HEpPTHANAPHHMHT
oNAHH HHFHHAHCHIAH HOOpAT 3Mac 3KaH.

SHaH 6uTTa XUcCMHUHT K Ba K’ TH3uMJapAardH KHHeTHK 3Heprusja-
pHiu 6ofnoBun (6.15) ndonanu n ta XKucMmgaH HOOpat TH3UM YUyH
Kyanacak (6y xonaa 6.3- pacmaa 6utta Moaaui Hykra (A) arpoduna
n Ta MOAAKA HYKTa »Xoinawrad ae6 TYWYHHW Kepak), 6y udona
KyHuaars KYpHHHIUHH OajH:

2 2

L2 Sm, 5y m,3, (6.16)

mu

EK=Z

6yHna yHrparh OGHPHHYH KYLWIHWIYBYH TH3HMHHHr K [1arM KHHETHK
3Heprusick (£’¢) Hu ndonanaian; MKKHHYN KYLIKTYBUH Xaadari AHFUHIH
3Ca TH3HMAArk 6apya XKHCMJAPDHHHT YMYMHH MaccacHHH Hdopanaiau

n
(AbHU X m,=m) Ba HUXOSIT, OXUPrH HHFHHIH p'= Zmy,— TH3HM
1= t

uMnyabcHHUHr K’ na yauasurad kuimati. tlyuuur yuyn (6.16) udonanu
Ky#Huaars KypHHHinAa €3aMu3:

’ mvé Y4
Ex=E} +_‘2“_+Uo'p- (6.17)

Mexannka  TH3uM  HHepuust (Macca) MapkasuHuHr K TH3HMra
HHCGATaH Te3JHrHHH v, Gunan Gearuaacak, (6.16) garn  BekTop

AUFUHAN (sbHM Tmu’) Macca MapKasMHUHT HMOYJbCHHH Hdoganaigu
i

Ba (4.18) ra acocan p’=mv, Tapaga ésunaau. Hatuxkana (6.16)
Ky#Huaarnua udoganaHaau:

m

2
;°+m(5;)-5:). (6.18)

E,=E\+

Arap K’ HuHT KoopauHaTa Gowd cipaTHaa MeXaHHK TH3UMHHHT HHEpILUs
(Macca) mapka3uHH TaH/aacak, sibHH K’ ra HucGaTaH MHeplHusi MapKasH
THHY Typca, ve =0; p=0 6ynanu. ¥ xonna K sa K’ uHepuman caHok
TH3UMJAAPHAArH KHHETHK 3HePrusiiap opacHaaru GOFIaHHUI

Ex=E} + mui. (.19

Tap3aa ugoaanaHaau.

Oxupru tenrauk K€Hur teopemacHHu upoaanaiau: 6up nea
aucsu (mooduli HYKTANAP )OaH UOGOPAT MEXAHUKABUL TUBUMHUHE KUHETUK
IHepeuscu Ma3Kyp TUUMOGeU JUCMAADHUHE UHepyua mapkasuza
HuC6aran XapaKaraaruwAapuoazu KUHeTUK 3nepausrapu Guran urep-

YUusl MAPKA3UHUNHE UA2APUAAHMA XapaKkaTudazu KUHETUK IHepeuasapu-
HuHe durunducuea tene.
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6.4- §. KOHCEPBATUB BA HOKOHCEPBATMB KYYNAP

TuHu Typran XHCMHH XapakaTra KeJTHPHIU yUyH yHra OGHpop Kyd
TabCHP 3TULIH Kepak. By Kyunap y3/JapuHHHT XYCYCHAT/IapH KHUXaTHAaH
HKKH X OyJauwn MyMKHH: 1) >xucmaap Gup-6upura 6eBOCHTA TErHILH
OPKaJii ¥3apo TabCHPJALWHKLIK Ba MAa3Kyp TabcHp Ty alaH THHY TypraH
JKHCM XapaKaTra KeJIMWH €KW XapaKaTaard »KHCM TEe3JIHTHHH Y3rapTHPH-
IIH MYMKHH, 2) XHCMJAPHHHT §3apo TabCHPH HATHXKACHAA YJapHHHT
Te3JIMKJAPHHHHT Y3rapHlii ManaoH BocHTacHda 6YHIIH MYMKHH, ABHH
)KHUCmaap Oup-O6upura Hucbatan O6upop Macodana Typu6 MaHAOH
BOCHTacCH/a TabCHpaalaaunap (Wwy ypuHaa MaHIOH XaM MaTepUSIHUHT
6Up TYypH 3KAHJIHTHHM 3caTHO YTamu3).

Bupunun Typ Kyunapra Mucos TapuKacHla XHCMHHUHI Xapakar
AyHanuuiura Huc6aTaH KapaMa-Kapuyd TOMOHra HYHAAraH HUWKaJdaHWLI
KY4/apHHH, XaBOHHHT Ba CYIOKJHKAAPDHHHT XXHCM XapaKaTHUra KapiHuauk
KYYJApHHH KEJITHPHIL MYMKHH. JKUCMHH GHD HYKTAalaH UKKHHYM HYKTara
Kyuhpuwaa 6y KyulapHH €HrHul YuyH TallkKH Kywiap Myc6at Hul
Oarkapanu Ba 6a)kapwiraH HUWHHHT KaTTaJHrd yTuiarau Wyara GOFJHK,
60cH6 yTHaraH HyJs KaHuaJuk Karra 6yJca Taliku Kydsiap 6axaprad uil
XaM LIYyHYanuK Katra 6yaaau.

HKKkHHUH Typ Kyusnapra MHCoJ TapHKacuaa EpHuHTr TopTH Ky-
YHHH, KAHHIIKOKJHK (3/aCTHKJIHK) KYYHHH, 3apsJlaHraH XKHcMmiapra
3/1eKTp MaHAOH TOMOHHAAH TAbCHP 3TYBUM KYUYJapHH KYpcaTHIl MYyM-
KHH.

Xap 6up KucM ¥3 arpoduaa rpaBuTauus Maiaodd ae6 atanaaurad
MaHAOH XOCH1 KuJaau Ba Oy MaHAOH yHra KHPHTHJAraH O6oluka
AKHUCMJAapra TabCHPp 3TYBYM TOPTHIIMIL KY4YH Tap3uja HaMo€éH O6yaann
((5.19)ra k.). ®a3zoHHHr GHPOP HYKTACHra MHCMHH KHPHUTCaK Ba WY
HYKTala yHFa KaHAaljiup Kyud tabcup 3Tca, $HasoHUHr Oy HyKTacHaa
Maiaon Gop aeraH xyJocara keaamus. Kyéu 6unan Ep, Ep 6unan O#
opacuaard y3apo TabCHp rpaBHTAlUsi MaHAOHW BOCHTacHia COLHP
6ynaan. 3apsaanaHradH »KucMmiapHHHr OGup-6upuaaH OGupop macodaana
Typu6 ¥3apo TabCHpJALIHLUIM MATEPHUAHHHT OUp TypH OYJraH 3JekTp
MaHa0H BOCHTAcHAA amaJjara ollaiH.

[emak, mMailloHra KHPHTHATAH XKHCMJApra MasKyp MaiiJlOH TOMOHH-
JaH Mya#sitH Kyd Tabeup Kuaaak. Maviaymkn (5.4-§ ra K.), 6yH11au
MaHIOH Ky4 MaihaoHu pedunagu. Ep arpoduaary xyuy maiaouu
YHHHT rpaBuTauusi MaHaoOHHAKHD. MacanaH, maccacu m 6yarau Ep cup-
THaaru xucMmra EpHHHT rpaBHTauus maitnonn F=mg Kyu GuiaH Tab-
CHp KHWJaaH.

®azouHHr GHP HYKTACHAAH HKKHHYH HYKTACHIa XXHCMHH KYUHPHIIAA
TAlKK Ky4/aapHHHT GaxcapraH Wuid 6ocub YTHATAH HYJHHHI ILAKJAWra
60FsIMK 6YaMail, 6aKH XHCMHHHT GOLITAHFHY BA OXUPTH BasHsiTiapHra-
rHHa 6orsnK 6yaca, GyHAaH Kyulap KOHCeps8aTus 6Kn norenyuan Ky4aap
ne6 aragaanu. )Kucmra TabCHP 3TYBUH OFHPJHK KY4H, CHKHJITAH EKH
UY3HATaH NPYXKHHAHWHT KAHHIWIKOKJ/HMK (3JACTHKINK) KyuM, 3apsianaH-
FraH >KHCMJlapra TabCHP 3TYBUYH 3JEKTPOCTATHK Kyusap KOHCEepBATHB
Kydsapra mucon 6yaajiu.
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Bowka xamMa Kyunap nokoncepsarus xy4aap aeinnaau. Mukana-
HHUII  KVYJapH, MYXHTHHHT MKHCM XapakaTHra KapuWwHIHK Kydaapu
HOKOHCEepBAaTHB KyuJapra kupaau. HokoHcepBatus Kyuwiaphuui 0Oa-
)aprat uiy 60cH6 yTHaraH dyara 60FaHK 6116, Maskyp #yJa KaHuaauk
y3yH 6y/ca, 6a)KapuaraH vl XaMm LIYHYaAJHK KaTTa Gynaju.

KoHcepBaTHB KyunapHUHr Ga)kapraH dild 60cH6 YTWaraH UyJHHHT
wakaura Oorauk Oyamal, OankH MKHCMHHHT (akat [acriabku pa
KeHHHrH BasHUATHrariHa GOFNHK OynAraHauruaan Oy KyulapHUHT Xap
KaHaai 6epk iya (KouTyp) Gyilnua 6axapraH uuiu Hosra Telr ((6.26)ra
K.).

6.5- §. NOTEHLWMAN DHEPTUS

MexaHuUKaBHH 3HEPTUAHUHT IOKOPHAA KYpPH6 VTHJATaH TYypH —
KHHETHK SHEPrUsilaH TallKapH siia 6Up TYpH MaBXy 6YJub, y noTeHuHau
sHeprusiaup. [loTeHUn A 3HepPrU A — MHCMJIAPHHUHT €KH YJIADHHHT
afipUM KHCMJADHHHUHT Y3apo TabCHp 3Heprusick 6yaub, 6y 3Heprus
yaapHUHT Oup-6Gupura Huc6ataH xoumawysura Gorauk. LLIyHHHT yuyH
NOTeHUHAN SHEPTUAHHHT KHAMATH XXHUCM (€KH TH3MM)HH OGUp BA3HATAAH
HMKKHHYH BA3HATra YTKa3UUIAA TallKH KyUJapHHHT 6akaprau villh 6unaH
yauaHaau. MKkuHuM ToMoHaaH, 6.4-§ na alTHO YTUATAHUAEK, Kyd
MaHAOHHAA XKOHJAALIraH XHUCMiapra MyaHsiH KOHCEPBATHB Ky4d TabCHP
3TaAu; Ma3Kyp KYUHHHT GeJqruaaHral WwapouTaa vl 6akapuul KoOUans-
TH YJAAPHHUHT MOTEHUHA] SHePrusiCHHHHT YJIUOBH OYJIHO XH3MAT KHJAIH.
bBoilikaua aditraiaa, Kyu MaHAOHMAA KOWIAWIraH KHCM MyaHsiH
noTeHUHaa 3Hepruara sra O6Yyasaau. Macanad, Ep cupruaan OGupop
6ajaHAJMKAA KOHJALraH >XHCM YHHHT CcHpPTHra Huc6aTtaH Mya#siH
noTeHuUHa  sHeprusAra sra 6ynaau, yyHkH xkucmra EpHuHr rpaBuTauus
MalaoHH (OFUPJHK KYUH MaHAOHHM) TabCHP 3Taad Ba xKucm Ep cuprura
KanTH6 TYWHWH XapaéHula KOHCEPBATHB Kywlap YHHHI NOTEeHUHaJ
SHepruscura TeHr 6yarad v Gakapagd. XyAdH WYHHHTAEK, YY3HJAraH
(éKH CHKHJraH) npyXHHa YpamaapH KaHHIIKOKJAHK (3J1aCTHKJHK)
KyuapH MaiIOHUHMHT Tabcupuaa Oynand, O6HHOOApUH Yy UY3WJIMLI
KaTTaJMrura Moc KelyBuM noreHudan 3Heprusra sra 6ynanud. [IpyxkuHa
JAacTaabKi Ba3HATHTA KAaNTraHaa KOHCepBaTHB (KaHHIIKOK/HK) Kyusaap
YHUHI MOTEHLMA] 3Heprusicura TeHr v Gaxapaau. lyHn xam afirvw
KEPAKKH, KAHULLIKOKJIHK KyuJapd MalgOHHHUHT aca MaH6aH — Mpy2KHHA
4Y3HAraHaa YHM TAallKHA 3TraH aToMJap opacHAardH Maco(aHHHT
yarapuwiuaup, xap 6up aTom KYWHH ATOMJIAPHHUHT JIEKTP MaHaOHH
TabCcHpuaa Gysanu. ) .

Jlemak, noreHuran Heprus — KHCMJAPHHHT €KH TH3HM KHCMJIapH-
HHHI V3apo Tabcupd OujaaH GOFAMK 3Heprus O6yau6, Oy 3Heprus
TabCHPJALLYBUYH KHCMJAP €KH TH3UM KHCMJapH opacuaaru macodara
6ornukanp. LUyHHHr yuyH >KMCMHMHI €KM TU3HMHHHT [1OTEHLHAN
SHEepPrusick (pakaT YHUHT KOOPAHHATaJaPHHHUHT (PYHKUHSICHAHD Ba Oy
dyukuus E.(x, y, 2) Tap3una ndopananasu. [loreduunan 3ueprusira sra
6ysnrad KucMm (TH3MM) V3MHUHT [acTaabkd Ba3uATHra Kakrtrasia,
KOHCEpBATHB Kyujap allHaH YHUHT MOTEHLHAJ 3HEePrusiCUra TeHr 6yaraH

101

www.ziyouz.com kutubxonasi



vl 6axapanu. [lemak, KOHCepBaTHB KYUJAPHHHT HLIH XXHCM €KH TH3HM
MOTeHUHAN FHEePrHACHHHHT KaMaHulwuK XHcobura 6akapH/aalH:
dA = —dE,, (6.20)

(MaH¢puA Huwopa NOTEHUHAN 3HEPrHAHHHI KaMaHWWHHH GHIAKPaiH).
Batb3u xycycuit xonnap yuyH noreHiuHasa 3HeprusgHi Kapab yHKaiank:

a.0OFHPIAHK KYUU MAHIJOHULAFH XXHCMHHUHT NOTEHILLH-
an sHeprusicH. IloreHuHan sHeprus XKHCM KOOpPAHHATaJapHHHHT
pyHkuusacd O6yaranauruy  tydaiiau KoopaHHaTaaap OOWHHM (CaHOK
6OLIMHY) TaHJall 3apyp, AbHH XKHCMHUHT MOTEHLHAN 3HEPTHACH KailcH
JKHCMra HHCO6ATaH aHHKJIAHAETraHAUTH MyXUMaup. OFHPJIKHK Mai10HHAa-
FH )KHCMHHHI MOTEeHLHal 3HeprusicH ¢akar 6uTTa KoopauHara — Oa-
NAHAJIHKHHHT QYHKUHACH GYITaHJIHIY YUYH YHHHT MOTEHLHAA 3HEPrHsCH
KaHcH catxra HUc6aTaH aHHKJaHaéTraH 6yJca, 6y caTXHH HOJIHHYH €aTX
ne6 kabyn kKundHapH. MacanaH, HoiuHHYH catX cudaruaa Ep cupruum,
JE€HIH3 CaTXHHH, KYN KaBaTyaH yinapaa GUpHHYH, HKKHHYH €KH YYHHUYH Ba
X0Ka30 KaBaTJapPHHHT MOJMHHH Kabya KuaHw myMkuH. HonnHuu catxra
HucbaTtaH h GajdaHAJHMKAA TYPraH »KHMCM WYy carxra Ka#lrtu6 Ttywca,
OFHPJIMK KY4YH:

A=mgh

ra teur uw Gaxapaau. [lemak, h GanaHaaHkaa TypraH XKHCMHHHT
NOTeHIHAN IHEPrHsicH

E.=mgh (6.21)

6ynaan. HOMHHUK caTXHM TaHJall UXTHEPHI GYJraHJurd yuyH, yHAaru
MHCMHHHT MOTEeHUHAaJ IHeprusiciHHu 6olka 6upop carxra Hucbaran C ra
TeHr ne6 Kabya kKuauil myMkuH. Lynuur yuyn (6.20) ucdoranu ymymui
KYPHHHUIAA KyHAHAaruya €3ulli MyMKHH:

E,=mgh+C.

Kuneruk sHeprus xamMma BakT Mmyc6ar KHMaTra 3sra: NoOTeHLHaJ
3Heprusi 3ca Mmyc6aT éku MaH¢pu# KuiAmarra sra OVJWHIIM MYMKHH.
Macanas, uyKypaurs [ 6yaran ypanaru xxucMuuur Ep cuprura nuc6arau
HOoTe€HUHAJ 3Heprusick MaHPUAAUD, AbHH E,= —mgl.

6. Hysuarad npyXKHHAHHHT MOTEHUHHAJN PHEPLUSCH,
Uysunrad €KH CHKWJATaH NPYXUHAHHHT MOTEHLHAJ 3HEPTHsICH YHHHT
alpuM KHCMJIaPHHHHF y3apo TabcHp 3Heprusicuaup. llpyxuHnaHu
yy3araHHMu3fa 4y3Hlura KapWWIMK KHJAYBYH HYKH Kywjiap BYXYAra
kenaau. by kKyunap KaHHIIKOKJIMK (371aCTHKJAHK) Kyujaapud 6yau6,
TabHaTH KMXAaTHAAH yJaap KoHcepBaTHB KyuJjapaup. [IpyxuHanu uy3nul
€KH CHKHIU >KapaéHuna TallKH KyuJap MnpyxKuHa ycTHaa Mmyc6aTt Hil
GakapaaH; KoHcepBaTHB Kyuaap 3ca MaH(uiA uwl 6Garkapaiu, YyHKH
MasKyp Kyujaap 4Yy3uw (CHKHII)ra KapWHJIHK Kypcaragd. TaiukH
KyuJapHHHT 6a)kapraH HLIM XHCOOHra npy»HMHa MOTeHLHasN SHeprusAra
sra 6ysnaaq Ba 6y 3HeprustHHHI KHAMATH aliHaH TaluKH Kyu/ap 6axapraH
vira Ttesr. YayHauru [lop 6yaraH npyxKHHa TalWlKW Kyd TabCHpHIA
[ yaynsaukka Kaaap y3sadicul (6.4- pacmra K.) Ba Oy y3alinuibu [—ly=x
ae6 O6enarunainnk. Kafuwkoknauk 4verapacuraya 6y y3aiduw T'yk
KOHYHHTa GyACyHauu:
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F= —kx,

6ynna k — npyXKHHAHMHI Ka-
HALWKORJHK  XYCYCHHT/HAPHHH
y3Haa aKkc 3TTHPYBUYH KO3 DULH-
eHT, Mauqnm nuopa sca F Kyu
YUY3HAHL €KH CHKHJIHIL HYHanu-
lnHra Hucb6ataH TeCKapH TOMOHTa
HYHaATaHNHTHHH Ouaaupanu
(uysnnaMarad €kH CHKHAMAaras 64-pacwm
APYXHHA yuyyH x=0).

npy)KHHaHH dx 3/€MeHTap y3yHAHKKA uy3uwiaa F Ky4Hunr Gaxaprau
HIIKW KyHHAAarura TeHr:

NN\

dA=Fdx= — kxdx.

KailHWwKoKNHK yerapacuiaa x y3yHiukka uyaumaa F KyuHuHr 6axkapra
HIIKM KyHHAariuya aHHKNaHagH:

A= xSFdx= xSkxdx: '—x?
0 0

Maskyp W KaHMILIKOKJIHK YerapacHjaa x Macodara uysuiarad (€ku
CHKW/ITaH) NPYXXHHAHHUHT MOTEHUHAJ JHEPTHsiICUra TeHraup:

1
En=?kx2. (6.22)
(6.22) myHoca6aT v Te3nuK GH/1aH XapaKaTlaHAETraH dXHCMHUHT KHHETHK
HepruscuHy  HpoAanoBUH ¢opMysara YXLIALWAHP: KHCM MAaccacH
YpHHIa KAaAHWKOKANK KOI(D(HIHEHTH BA TE3JIHK YpHHAA MPYXKHUHAHHUHT
y3aHuWH TypHubaH.

B.MKKH XHCMHHHT y3apoTabcup aHeprusicu. Xap 6up
JKHCM  Y3HHMHT aTpoduAa rpaBHTALMS MaAHIOHH XOCUT KHJIALH.
JKHCMHHHT MOTeHUHAN 3HEePryscH YHUHT 6oliKa Xucmiap Gunan Maskyp
MaiIoH oOpKanu §3apo TabCHP 3HEPrusicHaup. Y3apo TaBCHPCH3
NOTeHUHaa 3Heprusi MaBxya O6yamaiau. OFHUPJAHK KyydH MalaoHMAaru
XXHCMHHHT NOTEHLHAJ SHEPTHACH Ma3Kyp »kuCMHUHT Ep 6unan rpaBura-
uUMA MaNIOHH BOCHTacHaarHh y3apo TabCHp 3Heprusicu O6yuub6, Oy
3HeprusHn udoaansosun (6.21) ¢dopmyna Ep cupruaaH yHuya Kartra
6yamaran OanaHAJHMKIAp YYyH TYFPHAHP, YYHKH 6y opmyaanapaaru
g HuHr KuitmatH Ep cupruaaru Myalsin HyKTa yuyH yarapmac KaTTajluK
6yau6, ((5.19)ra K.) Ganananuk (h) owiran capu yHusr kuiimatu Ep
MapKasuaaH XHCOOJAHTaH MacOo(haHHHT KBaJipaTHra TeCKap4 MyTaHocHb
Tap3na y3rapub 6opaau.

DHAH MaccanapHu m; Ba my G6yJAraH HKKHTa XXHCMHH QIH6G KapaiJuk.
Yaap y3napuHHHr rpaBHTalUNsl MalOHH OPKa/IH y3apo TabCcHpaalliaat-
Jap. ByTys anam TOpTHLIHUI KOHYHHra KYpa HKKH XKHCMHUHT rpaBHTaLHs
MalJOHH TabCHPHAATH Y3apO TOPTHLIMII KYUH YJAPHUHI Maccajlapura
MyTaHocH6 Ba YyJaap opacHaari MacoaHHHT KBajpaTura TeCcKapH
MyTaHocubaup:
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mmy

F=y—'2—,

6yHaa y — rpaBHTalLUsa AOUMHHCH. By HKKa/la TabcHpJallyBuUH >XUCM-
HHHT TIOTEHHHaJ 3HEpPrHAcHHM XHcobaanauk. llly mMakcaaaa ynapHHUHT
6HpHHH KY3FanMac 1e6, HKKHHUMCHHH 3Ca YHHHI rpaBHTALHA MalAoOHHA2
Kyuaan ne6 Kapawl MyMKHH: MaccacH m; 6yjiraH »XHCMHU (MOLAHH
HyKTaHH) Ky3rasiMac el xucobaaljHK Ba MaccacH mp 6VaraH »HCM
(MoaaMii HYKTa) rpaBuTauusi MaHJOHHAA r, paauyC-BeKTOp OHJIaH
aHWKJaHAaAHraH [-BasuATIAH ro PAJHyC-BEKTOp GHJIAH AHUKJAHALMIAH
2-a3usTtra KyucuH (6.5- pacm). Ma3kyp kyuuwiaa 6ocH6 yTuarad #yaHu
snemenTap ds Gy/aKkuajapra XaéaaH axkpaTailyink. AHa Wy 3J4eMeH1ap
Ayanapaan 6MpHIA KOHCEPBATHB KyUJapHHHT 6a)kapral HIUH

dA =Edscosa = — Fdr

6yaaau. ByHna rpaBHTaUMOH TOPTHINMIN KyuJapd yuyH dscoso= —dr
mymy
dr. Mac-
2
cacu my OyAraH KUCMHHMHr [-Ba3usATAaH 2-Ba3HATra KYyyHLIKAA
Gaxkapuaral tyjaa uul

3KaHJUIriHH Xucobra onauk. Ulyunaih kuaub, dA= —y

I'2 o
d L
Ap=— SFdrz—ym|m2§7r=-—ymlm2(-r—l~—-€). (6.23)

n 4]

6ysaaH. Bynaa TeHrauk Genrucuaal KeHHHIH MaH Uil HLIOPa TOPTHLLHLL
KyuwjlapH OyAraH KOHCEpBATHB KyuJapHMHr GaxkapraH HIIH MaHHE
IKaHAUTHHHM HPosanaian. By dopmyaanu

mmy

m,my

) —(—y—). (6.23,a)

ra

Ap=(—v

6.5-pacwm

6.6-pacwm

104

www.ziyouz.com kutubxonasi B



Kypuuuwiaa é3cak, /—2 kyuuiwaa 6a)kapuiaral Hill MaccacH mse 6yarad
JKUCMHHUHT OOWJIAHFHY Ba OXHPTH Ba3HATIApHra TaamaykKiad OyaraH

mm, .. o
(—y—r—) KATTAJIHKJIQPHHHT aHHPMACHTa TEHr 3KaHJHFHHH KYpaMH3.

[paButauust MaijoHHAa KOHCEPBAaTHB KyuWJapHHHr Ga)xapraH HLUH
JKMCMHHHT L1y MaHAOHIarH MOTEHUHAJ FHEPTHACH XHCOOHTa, ABHU KHCM
NoTeHUHa/l SHEPTHACHHHHT KaMaHHLIKM XHcOOHra GakapHaagu:

A12=En|_En2 (624)

(6.23) Ba (6.24) undonanapaadH rpaBHTalUUs MaHZOHHMIa XKOHJAILTH-
PHIraH *KHCMHHHT NOTEHUHAJ 3HepPrHusiCH Y4YH KyHuaaru gopmyaara sra
6yJaamus:

mymy

En= —yp—"2, (6.25)

r

MaH¢puH HIWIOpA TOPTHUIMII KywlapH MaHIOHHAArH MHCMHUHT y3apo
TabCHP MOTEHUHAaJ 3HepPruaCHHU Hoaaaaiiu.

Arap maccacu mg O6yjaraH XHCM rpaBHTallUsi MaHAOHHHH XOCHJ
KHJ1aéTran m, Maccajd XHCMIaH YeKCH3 y3okJalica (re=oco), YHHHT
norenuxan sHeprusicu Ep,=0 6yaanu.

(6.23) popMynranaH KYpHHUILIHYE, TPABHTalLlMsl MAaHAOHHAA (NOTEeHUH-
an MaHaoHAa) >KHCMHM OUDP HYKTalaH HKKHHYM HYKTara KyuyuMpHIuaa
KOHCEpBaTHB Ky4apHHUHI GaxkapraH HIIH KYYHpHLI HYJIHHHHT Y3YHJHTH
Ba WAKJAHra GOFJHK 3Mac, YyHKH 6y HII KYUHPHIAETraH >KHCMHHHT
GoliNaHFHY Ba OXHUPrH Ba3HSTIApDHHH OGENrHJIOBYH 7|, Ba rp paaHyc-
BeKTopJaprarkHa GorJHK. XaKHKaTaH XaM, arap maccacH mg 6yaraH
XHCM MaccacH m, O6yarai (KMCMHHHF TpaBHTalUHA MaiiloHHAa
(6.6- pacm) I- Ba3usitaan 2- BazuArra jnactiab la2 #ya 6yinab,
cyHrpa aca /b2 hAya OunaH KyuupuJranga, xap HKKajga XolAa Xam
6akapuarad uur (6.23) ¢popmyaa 6unal HpogasaHaau Ba y3apo TEHT.

OHAM .rpaBHTALHA MafJOHHAA >XHCMHH OepK Hya (6epK KOHTYp)
6yiia6 kKyuupuirga 6a)kapuiradH HIl HUMara TeHr 3SKaHJIMTHHI
auuknainauk. Uy Makcaana aeBan MaccacH mge OyjAraH »XHCMHH
1-BasusaTnaH 2-pasusitra (6.6- pacmra K.) Ia2 i1ya 6unan Kyuupaiiuk, 6y
XOJJa KOHCEPBAaTHB KYu/lapHHHT 6akapraH HWH MaHQHALHP; CYHrpa
ywa XHCMHH 2-BasusitTaad /- Basusrra 2b1 iiyn 6yina6 xyuupainuk,
6yHaad KyuyupHulua KOHCEPBATHB KyuJap KHCM YycTHia Myc6Gar Hil
6axxapanu. HMkkana xonza xam 6akapujaraH Hul, I0KOpHAAa KYpraHH-
mu3nek, (6.23) cdopmyna 6HNaH aHHKNAHTAHJHTH YUYYH, COH XXHXAaTldaH
y3apo TeHr, JIeKHH Ma3Kyp HiuJaap Hulopasapu 6uiaan 6up-6upuaad gapk
KHUNaaH, sibHH

Arge= —Aasi.

KoHcepBatuB kyunapuuur /a2 Ba 2b1 iiyanap 6yiina6 (6epk iyn 6yitna6)
6akapraH Ty/a MWW W1y HULJIAPHHHT HHFHHIMCHra TEHT:

Aaa+ A2 =0.
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Jlemak, KOHCepBATHB KyusiapHHHr Gepk Hyn (6epk KoHTyp) Oyinab
JKMCMHH KyuMpuiiAa 6a)kapraH HWH Hoiara TeHr. XaKHKaTaH Xam
KUcMHH Gepk #y.1 6Yilnab Kyuupraija, y aBairu ypuura (/-sasusrra)
KalTH6 kenaad, OGuHOBapuH, ri=re OYyarauauru Tydaiau (6.23)ra
acocaH Ajp =0 6ya1anu. By Hatika onaraa Kylunaaruua €sunaju:

§Fds=0, (6.26)

6y epna F— 6epk #yn (Koutyp) 6yilna6 KyuMpHUINa XKHCMIa TabCHP
3TYBYH KOHCEPBATHB KyY, dS — Ma3Kyp HYJHHHI 3jeMeHTap OyJar.

6.6-§. NOTEHUMAN SHEPTMA BA KYY OPACHAAIM BOFJIAHMLL

JKHcMaapHHHT ¥3apo TabCHPH GHP TOMOHAAH KyY OpPKaJid, HKKHHUYH
TOMOHAAH MOTEeHLHaJ 3Heprus opkaiu udonananaau. Uy 6Goucpan
NoTeHUHa 1 MalOHAarH >KHCMHHHT MOTEHILHaN 3HeprusacH GUaH Mas3Kyp
MAaiAOH TOMOHHAAH YHra TabCHP 3TYBUH KyU OpacHaa MyalsH Gorianuil
MaBxkyA 6yauinn Kepak. llly 6ornannuinu Tonalauk. busra mMabaymku,
NOTeHUHan MaHAOHAA KHCMHH OMp HYKTalaH HWKKHHUH HYKTara
KYYHPHLIJA KOHCEPBATUB KyW/JapHHHr Ga)kapraH HilM *HCM [OTEHLHAaJ
SHEPrHACHHHHT KaMaHuluK xucobura Gakapujaiu:

A=E,—E = —AE,
6yuna £, Ba E,, — Moc paBHllija NoTeHUHA MadJOHHUHI GUPHHYH Ba
HKKHHUH HYKTaJapHlard *KUCMHHHT MOTEHUHaJ] 3Heprussapil. ¥ xonaa
XKHCMHH ds ra KYUMpHIINA KOHCEPBATHB KyUJapHUHT GakapraH HilUM:
Fds= —dE, (6.27)
6ynaau. by epaarn MaHpHH Hwopa Oa)kapwaras Hill NOTeHUHa

SHEPrHSIHUHT dS HAYHaIMIIKAA KamaluluH XHcobura O6Yaaérranunu
6unaupanu. JKucMra TabCHP ITYBUH KYUHHHI KYuHll HYHaJ HLIMra
npoekuusicunu Fs; ne6 Gearunaacak, (6.27) TEHTJIMKHHHT 4an TOMOHH
Ky#iuparuua €3usanu:

Fds = Fdscosa = F.ds.
Hlynpaft kuan6, (6.27) tTeHrauKHM Kyiduaaruua €3uil MYyMKHH:
Fdds= —dE,.

By TeHriukaaH KyuyHMHr KY4dll AYHaAuUIMra MPOEKIUHMACH YuUyH
Kyduparura sra 6yjamus:

Fo=—= (6.28)

(6yHna 0/ds Gearucu s iyHanuul 6inya ONHMHASTTaH XyCYCHR XOCHAaHH
npoanaaainam). [lorenunan sneprusa (£,) KHCM Ba3HATHHHHT QYHKLHMACH
6yaranaurd typaniau (6.28) myHocabar dasonary UXTHEPHA HYHaJ UL
yuyH, Macanat, [lekapr koopauHata Ykaapuuuur X, Y, Z hyHannwnapu
YUYH XaM VpHHJAHAHP:

oE, 9E, __0g,
Fo=— ax’ Fy=- ay ’ Fo=— a0z’ (6.29)
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Illynu 3caa TyTHUI KepakkH, (6.28) Ba (6.29) dopmynanapnaru F,, F,, F,
Ba F, KyuJap noreHU1aJ MalgoOH/1a XHCMra TabCHP 3TYBUH KOHCEDPBATHB
KyuJapHHHr MOC HYHaJHW/IApAardH MpoeKkuHsapuHH Hpogananiy.

F Bekrop yuuur X, Y, Z ykJapu 6Yiuya TalKHI 3TYBYHIAPH OPKAJIHU:

F=Fi+Fji+F,k (6.30)

Tap3aa kpoganaHulIHHK 9bTHOOpPra oicak, (6.29) ra acocan (6.30) TeHr-
JUK Ky#uaary KypuHuiira sra 6ynanu:

- dE,. OE,. OE, .

F=—( i i+ P j+ 3 k). (6.31)
Kasc nuuparu ugpona gradE,; ne6 Genrunavanu:

OE,. OE,. OE, .

y i+ P /—l-? k=grad E, (6.32)

Ba E, HUHr rpaaHeHTH ae6 Ykuaaau. Ulydra kypa (6.31) teurauk
KyHuaaruua €éaunaiu:

F= —gradE,. (6.33)

(6.32) Ba (6.33) TeHrAHKJApPHHHT 4am TOMOHJapH BEKTOpP KaTTaJuK
Oy/AraHIHKIapH YuyH YJAaPHHHT YHr TOMOHH XaM BEKTOD KATTaJIMKHH
ndonanawn Kepak. Hlynnafh KMAHO, XHCMHHHT [OTEHLHAJ SHEPTHSACH
cKanap KaTttanHk O6yaub, YHHHT rpajHEHTH 3Ca BEeKTOP KaTTajtHKAHp.
(6.31) Ba (6.33) ndonanapaaru MandHii Hwopa F KYYHHHT HYHANMILIK
JKHUCM MOTeHLHAN FHEePrUsiICHHHUHT KaMaHHIIH TOMOHra HYHAATaHJAHTHHH
6unaupaaun. (6.28), (6.29) Ba (6.33) opMyaanap >KHCMHHHT MOTEHLHAN
JHepPrusacH GHJIAH YHra TabCHpP 3TYBUH Kyy opacujard OOFJaHHLIHH
uponanaiign. Oxupru dopMmysa KyHuaaruua yKuJIaLu: MOTEHUHAJ
MaHAOHAA XHCMIa TABCHP ITYBUH KyY YHHHT NMOTEHUHAJ 3HEPTHACHHHHT
TecKapu Hilopa GW/1aH OIMHraH rpajueHTHra tedr. boiikaua airrania,
JKUCM MOTEHUHAJ HEPrHsICHHUHT TrpajueHTH, 6Hpop #VHaauw 6yiHua
Macoga y3rapHid GU1AH XKHUCM MOTEHIHA SHEPTHSICHHUHT Y3rapHUIHHH
KypcataaH, s’bHH NOTeHUHaa MaHJoH1a XHCMHH OHp HYKTalaH HKKHHYH
HyKTara KyuHpHWIAa YHHHI T[OTE€HUHAJ 3IHePrUsICHHUHT Y3rapHuUIH
KaHuyaJ UK KaTra 6ysca, Wy HyHaauliga XHCMra TabCHP KHTYBUH KYY Xam
WyHYa/JHK Karra Gysnaau.

Mucon Tapukacupa uysuaran (kM CHKWITaH) MNpYXHHaAHHHT
IHEprusicH GUaH YHra TabCHP 3TYBUH KYy4 OpacHAard 60FNaHHLIHH OJIHO
Kapa#iauk. Arap npyxuWHa uy3uwjraH xonatura HucbaraH x y3yHJHKKa
y3aiiraH 6yJica, YHHHT MOTeHLHas 3HeprusicH (6.22) ¢opmynara acocad

1
E" =?kx2

3KaHJury 6u3ra Mmabiym, 6y epaa k KallHUIKOKJHMK Koappuunent 63116,

Kapanaérran npy>KMHa ydyw y3rapmaciaup. PaBuiaHkH, uysuaran €ku

CHKHATAH MNPYXHHAHHUHT HAOTEHLMWaJ 3Heprusick GHTTa KOopAHHarTara,
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GH3HHUHT MHCOJIMUMU3A x KoopauHaTara OOrauKAHP. OXHPrH TEHIJIHKHH
(6.29)ra Kyinb, KalUIIKOKIAMK uyerapacurada uy3wiaraH npyKuHa
TOMOHHMAAH TabCHP 3Taérrad KOHCEpPBATHB Kyu

Z 8 1
F = _._L_: —_—— =
* ax dx ( 2 kXZ) kx
3KAHJMUTHra HIIOHY XOCHJ KWJaMH3; 0y 3ca ['yK KOHYHHHHHT y3rvHacu-
AMP.

6.7- §. HMKM MEXAHMKABHUA DHEPTUS

Bup-6upu 6unan tabcupaailyBuyu O6up Heuta (YMyMHH Xonaa n Ta)
XKUCMIaH uboparT MexaHHKaBUH TH3UMHH o166 Kapaiauk. DByunai
TH3HMHHHI XapaKaTHHW YHUHT HHEPLUHA MApKa3HHUHI XapaKaTH OpKaJu
TaBcHdaal MyYMKHH. MexaHukaBui TH3UMHHUHI XapakaTH, OMHOOApHH,
YHHHT KHHETHK 3HEePrusiCH Xap XuJ CaHOK TH3MMJapHaa TYpJHYaaup.
Tu3um xapakaTHHH UKKHUTA K Ba K’ CaHOK TH3HM/IapHaa 0aub KapaHsiuk.
Xyaau 6.4- § 1a kypu6 yrrauumusiek K’ caHok Tuaumu X yKura napasen
pasuiua K Th3umra HucOaTaH yarapmac vo T€3JHK OWIaH XapakatJjaHa-
érran 6yacuH (6.3- pacmra K.). K’ caHOK TH3UMHHUHT KOOpAHHAaTa 60LLH
cudaTHaa MeXaHUKaBHH TH3UMHUHT MHepuus (Macca) MapKasHHH
TaHJacak, y xonaa K caHoK TH3UMHra HUc6aTaH MeXxaHUKaBUi TH3HMHHUHT
XapakaTHHH HWKKH XWJ XapakarnaH ubopat [e6 Kapawl MYMKHMH:
1) mexanukaBu#l TH3UMHHHT K ra uucOartaH XapakaTH, SbHH MeXaHHKa-
BHH TH3UM UHepUHs MapKa3uHUHT K ra nucbartaH xapakatH; 2) MexaHH-
KABUH TH3UM TAapKHOHAATH KHUCMAAPHUHT (MOAAHH HYKTAJAPHHHT)
MHeplHA MapKasura HucOAaTaH XapakarTu.

[llyHra Kypa MexaHHMKaBHH TH3HMHHHT JHEPrHACHHH Xap HKKH XHJ
3HEepPrusiHUHr  HUMFMHAMCHAAH u6opar ne6 Kapaw Jo3WM Oynaau:
1) uHepuus mapkasuuuHr K ra Huc6Garad uarapuwjiaHma XapakaTuaart
KHHETHUK 3Heprusicd; 2) TH3UMHHHT HUYKH MeXaHHKAaBHH 3HEPrusicH.
TusUMHUHT uuku mexanuxasuil 3snepeuscu (E;) yHuHr TapkubHuaaru
6apua KHCMJApHHHT HHepUHUs Mapkasura Huc6aTad xapakaTHaard
(M-TH3uMaaru) KHHETHK 3Heprust OWaH YJapHUHT Y3apo Ta'bCHp
NOTEHUHAJ SHEPTHACHHUHT HUFHHAHCHIA TEHT:

2
mu;

E,=2——+E, (6.34)

2

mu
6yuaa Z—-’Z—’-—Tu3uMuarn 6apua XKHCMJAAPHHHT HHEPUHsl MapKasura
i

HUC6ATaH XapaKaTHlarH KUHETHK JHeprusilapHHHHT HHFHHAuMCH, E; —
MEXaHHUKaBHH TH3HM XHCMJAPHHUHT §3apO TADCHP MOTEHLHAJ 3HEPrHs-
CH.

6.3-§ na KeATHPWJAraH MYJoxasajapHd Takpop/aab MexaHMKaBHH
TH3UMHHHI 3HEPrusicH yuyH KyHuaaru udopara sra 6yaamH3:

E=E,+ymd, (6.35)
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IOKopuaa alitunrannapra kypa 6y hopMynagarn HKKHHYH KYLIHJYBUH
Xad MeXaHUKaBHi# TH3UM HHepUHs MapKasuHHHr K ra Huc6aTaH
HITapHUAdaHMa XapaKaTHAard KHHeTHK 3Heprusiciiu udonanaian. Jlemax,
MEXAHHKABHH TH3HMHMHT 3HEPrHSICH YHHHT WYKH SHEPrHSICH OWJaH
HHEDUHSA MAPKA3UHHHT HITApHIAaHMa XapaKaTHAArH KHHETHK 3HeprHsna-
PHHHHT HHFHHAMCHTA TEHT 3KaH.

6.8- §. MEXAHUKABMA SHEPIMAHMHI CAKNAHMIL KOHYHM

JKHCM (MonnHit HYKTa) KOHCEPBATHB Kyusap MailOHHAA »K OfAaILraH
6Y/ICHH, STbHH JKHCMra KOHCEPBATMB KyuaapiaH 6olKa Kyu/ap TabcHp
KH/IMaErraH 6yscuH. KoHcepBaTUB KyuJlapHUHT 3jeMeHTap dr Kyuuiuaa
6axaprad uwn (6.20) Ba (6.24) ra acocaH XHCM MOTEHLHA 3HeprHsacH-
HUHT KaMalHIIHra TeHT:

dA= —dE,.

MIkkHHUM TOMOHAAH, XHCMHHHT dr Macodara Kyumwuaa KOHCEpPBaTHB
KY4NapHHHT 6axkaprad Hi (6.6) ra Kypa yHUHT KHHETHK 3HEPTrUACHHHUHT
OPTHILMra TEHT:

dA=dE.
By ukku TeHrnukaan:
dEx= —dE,
€kn
d(Ex+E;)=0 (6.36)

HU  xocua Kuaamu3. Oxuprd Wdogasard KHHETHMK Ba [OTEHLHa
3HEpPrusinapHuHr AnFHHAHCH E=FEg + E, XHCMHHHT TyJa 3HepPrusicH
neinnand; (6.36)aax

E=E,+ E,=const (6.37)

3KaHJHrH Kenub uukaan. By ¢opMyna 6HTTAa XKHCM YUYyH SHeprus-
HHHT CaKJaHHII KOHYHHHH HPOLaNaidH: KOHCepsaTus Ky4aap
maldonuda xapaKaTiaHaéTean HUCMAAPHURE THAQ Mexanuxkasuli Inep-
eusacu (f3eapmaiidu. DBy KoHyHaaH 1wy Xyjaoca Keaub6 UHKALHKH,
KOHCEePBATHB KyuJ/ap Mala0HHAa KHHETHK 3HeprHs MoTeHLlHa/ 3Heprusra
afllaHHWK Ba AakCHH4Ya, [MOTEeHLUHanl 3Heprus KHHETHK 3Heprusara
alNaHHLIK MYMKHH, T€KHH XXHCMHHHT TyJ1a 3Hepruscy yarapmanan. SbHu
KOHCEPBATHB KYU/apHHHT TabCHPHAA JKHCMHHUHI MOTEHLHAN IHEPrHACH
KaHuyara Kamaica, YHHHI KHHETHK 3HeprusicH wyHuara oprajd Ba
aKCHHUa.

Mucon tapukacuaa H GajaHmuiHKiaH GOLWTAHFHY TE€3/JMKCH3 3DKHH
TyWaéTraH >XKCMHHU 0116 KapaiuK. YHUHT nacTra Kapab xapaxkar/aHH-
wHra cabab — yHra TabCHP 3TYBUYH KOHCEPBATHB KyWwlapHUHr (EpHudr
TpaBUTALHUA MAHLOHH TOMOHH/AAH TABCHP ITYBUH KYUHHHI) MaBXKYIAHIH-
aup. bownakruy Xonaraa (H 6anaHiiinkaa) YHHHT KHHETHK 3HEPrHSCH
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HOJIra TeHT, MoTeHLHasn 3Heprus 3ca (6.21) ra acocan mgH ra Teur.
MabayMKH, GoliaHFHY Te3JIMKCH3 H Ga/aHAJNHKAaH TYLIraH XXHCMHHHT

OXHPrH TE3JIMTH!

v=/2gH .
Ba 6y Te3/1HK GHJ1aH XapaKaT/JaHaAE€TraH }KHCMHHHT KHHETHK 3HEPrHsiCH
2
muv
EK = 9
OxHpru MKKH TeHIVIMKAaH KyHujarura sra 6yjaamus:
m? _ m o, e

JKucm Epra rywraHga yHHHT [OTEHLHaJ 3HEPTHACH HOATa TeHT
6yMIUMHN Ha3apaa TyTcak, OXHpru ¢opmyJaagaH Wy XxyJjoca Keaub
YHKAMHKH, XKHCMHHUHT AAacT/abKH NOTeHUHaN 3HeprHsiCHHHHI XaMMacH
YHra TeHr OyJraH KMHeTHK 3Heprusira ajaHra.

OPKHH TyWaéTraH XKHCM SHEePrHACHHUHT GHP KHCMH KHHETHK SHeprus,
KoiraH KHMCMH moTeHunas sHeprusinup. Ulynnait KHau6, oFMpJIHK KyuH
MaifiloHH1a XapaKaTJ1aHaéTraH >XHCMHHUHT TyJa 3HeprusicH KyHHaaruua
udonanananu:

2
E = i,j— + mgh . (6.38)

SDuau OGHp-GupaapH 6GuiaH KOHCEPBATHB Kyuwaap (HUKH KyuJap) opkaJu
y3apo TabcupJiallyBud 11 Ta XKHCM (MOLAMH HYKTa) AaH HGOpaT TH3UMHHU
016 KapalauK Ba Ma3Kyp TH3HM TallKH KOHCepBaTHB KyuJap, MacaJaH,
rpaBHTAlUHA MaHAOHH TOMOHHAAH TabCHP 3TYBUH KyuJap TabCHpHAA
6YCHH (STbHH TH3HM XHCMJIAPH ¥3apo TabCHPAALIMILIADUAAH TALIKapH
yJapra TallkH KOHCepBaTHB Kywlap Xam Tabcup 3tasintu). By kyuaap
TabCHPHAA TH3HMHHHT BAa3HATH Ba YHAArH XXHCMJApHUHL Oup-6upura
Hucbaran »KofnalwHwK y3rapaad. Haruxkana maskyp Kyuiap TH3HM
ycTHaa MmyaiissH v Ga)kapanu.

TalukH KoHCcepBaTHB KyUJapHHHT 6a)kapraH feMeHTap HILUH TallKH
Ky4 MaHAOHHAArH TH3HM MOTEHLUHAJ SHEPrHUACHHHHT KaMailHIuH Xucobura
6ynanu:

dA’= —dE,.
¥Y3apo rabeup Tydaiiu ByXKyara Kenaauran HuKH KyuJapHHHT 6axkaprax
nementap uwiH (dA”) KHUCMIAAPHHHT V3apo TabCHP NOTEHLHAN
3HEePrHACHHHHT KaMmaWuwn ( —dE” ) ra Tenr:

[/ g— /.

dA” = —dE” .
(6.6) dpopmysara acocaH 6apua KyuyJapHHHI 6axkapraH 3/jeMeHTap HuIH
TH3UM/JACrH XHCMJIAP KHHETHK 3HeprusinapHHuHr optuiun (dEg) ra capg
6ynanu, sibHU:

dA’+dA” =dEg. (6.39)
TH3MMHHHI KMHETHK 3HEPrHsICH YHHHI TapKHOHAArH KUCMJAAP KHHETHK
SHEPTHANAPUHHUHT HMFHHAHCHIA TEHT:
m‘v2
EK=7;

1
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[OKopuaa keatupuaran {6.39) TEHrTHKHHMHT 4anm TOMOHHIATH 3JleMeHTap
HUAPHH yJapra TEeTHUH SHeprua GujaaH ajMalliTHPAMH3:

—dE’' —dE”, =dE .
By teHraukuu KyHuparuua €3amus:
d(Ex+E,+E,)=0. (6.40)

TU3HMHHHT Tj"ﬂa MeXaHHKaBHH 3HEPrusiCu YHHHr KHHETHK Ba NOoTeHUHaJ
SHeprusiiapHHHHT HAUFUHAUCHTA TEHT:

E=FEx+E/+E/.
(6.40) TeHraukaaH
E=E(+E ,+E”,=const (6.41)

3KaHJNIH Keau6 YHKaAHd Ba Y TH3MM MEXAHUKAaBHH SHEPTUACHHHUHT
CAKJaHHII KOHYHHHH Hdoganaiin: akar TauKu 8a u4Ku Koncepsarus
KYywaaprune rascupuda 64acan HuUCMAGD TUSUMUHUHE THAQ IHEpeUACU
zeapmaii Koaaou.

Arap xkucmaap THaumu Gepk 6yJca, TbHH YHra TallkH KOHCEPBATHB
KyuJap TabCHpP 3TMaca, TH3UM TYJ1a 3HEPTHSICHHHUHT CaKJaHHILI KOHYHH

E+E7 =const (6.42)

Tap3aa udoganaHaaM Ba Ky#huaaruua TtabpudJaHALH: KOHCEPEATUS
Kyuaap socuracuda §aapo rascupaauiysiu scucmaapoan ubopar 6jaean
bepKk TuuUMHuUHE THaa mexanuKkasul 3nepausacu fzeapmati Koaradu.

LlyHu xam rabkuaaall TO3UMKH, TH3HMIa HOKOHCEPBATHB Kyu/aap Xxam
TabCHP KHaéTraH 6yjca, y Xon4a YHHHT TY/ja MeXaHHKaBHil SHEPrHsCH
cakJganumaiian. By xakaa Kyiuaa ¢uUKp 1OpHTaMHU3.

6.9- §. SHEPTUSHUHI YMYM®DU3IUKABMA CAKNIAHMII KOHYHM

IOkopnaa MexaHHKaBHH 3SHEPrUSIHMHT CAKJAHHUI KOHYHHHH KYpHO
yTranimu3aa, 643 GpakaT KOHCEPBATHB Kyu/1ap TabCHP 3TaAHraH TH3UMHH
onnb KaparaH 3AMK. AKcapHAT XoJ1apaa KOHCepBaTHB Kyujgapaad
TalKapH TH3HMra HOKOHCEPBATHB KyuJap XaM TabcHp 3Taau. Ho-
KOHCePBATHB KyuJapra, XycycaH, HIWKaJaHHUl KydyJapH Ba MYXUTHHHT
KapUWHAKHK Kyuaapu Kupaiu. by kyusnapHudr 6axapras ulin MaH(UAAHp.
LLyHuHr yuyH HOKOHCEPBATHB Kyusap MaBxya 6y/rania TH3UMHHHT TyJa
MEeXaHUKaBHH 3Heprusich KamaHu6 Oopaau Ba OyHaal KamaHHILH
SHEPrUAHHHTI IHCCHNAUKACH (MCpOdIaHHIUK) deinnanH. DHep-
rMSIHUHr 6y KaMalulWHHH TawkH wMmaHGagaH Y3nykKcu3 TYAAHPUO
TYpHJMAaca, HLWIKaJaHHU Ky4JapH MaBxya 6yjraH TH3HMAa (macaJjas,
HaKJHET BoOcUTA/JapHIA) XapakKaT OXHPH TYXTaHAH, 'bHH SHEPrUSAAHHUHT
AYKOTH/HMUIM Ky3aTHnaaHd. [JeMak, IHCCHNATHB Kyu/aap MaBXKYA OyJraH-
Aa, TH3UMHHHT TYy/Ja MexaHHKaBHH 3Heprusich cakJaHmaiau. Bynaan
SHEPTrHSHHHT CAaKJaHHLl KOHYHH Oy3ujaasAnTtH JeraH Xxyjaoca Kejaub
YHKMaHAH: HUIKaJaHHLI MaBXyR GyaraHna MexaHWKaBHH 3HEPTHAHHHT
GowKa Typaary sHeprusira alJanuim cogup 6V.1aau, XycycaH, MeXaHHKa-
BHH 3HEPTHSA HCCUKJHK sHeprusicra aftnana i HecHRAHK sHepruaci sei
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XKHCM TapKMOMAArd aToM Ba MOJeKyJaJapHHHT TapTHOCH3 XapakKaTHaaH
H6opat 3Heprusigup (XKHCM TapKHOHZATH aTOM Ba MOJEKYJaJapHHHL
TapTHOCH3 XapaKaTHHH OGU3HMHT Ce3rH ab3OJapUMHU3 HCCHKJHWK Tap3uia
HIPOK 3TaiH). .

HokouncepBaTuB Kyunap tabcupu Tydaiau Gepk TH3UM/1a MeXaHHKa-
BHMH «3HEPTUSIHHHT HYKOJHIIH»1A XaMMa BAKT Ma3Kyp «HYKOAHIU»Ta TeHT
6yaran mukaopaa GowWKa Typaard 3Heprus akpanub dukaad. DJeKTp
3HepruscH uunab YMKMIanUraH Kypuiamasiapaa KynHH4a MexaHWKaBHi
SHEPTHAHHHT (MacasaH, OKap CYB 3HEPTrUsICHHHHI) 3JeKTD JHeprHusicHra
AN aHHKLIKHA Ky3aTaMHu3.

®u3uka Tapuxuaa wysaafl xounap xaMm Gyaranku, Taxpubaaas
OJIMHTaH HaTHXKanap/a SHEPrHHUHI CaKJaHHLI KOHYHH Ga)kapuima-
érranra yxwab Tyloarad. MacanaH, aToMm siApOIapHHHHT GeTa-eMHPUIHULL
XO0AHCaNapHAa 3HepPrus Ba HMIYJAbCHHHI CaKJ/JaHHW KOHYHHHHUHT
«6y3unHLINY Ky3aTuiaran. Kefiunuanuk, GpU3HKIADHHHT MAHTHKHH MYJ0-
Xa3asnapH wyHjaa# xyaocara oinb KeJaHKH, 6eTa-eMHPUJIKILILA 3JIEKTPOH
Gunan 6upra siapoaad 6owka.6up HOMabIYM 3appava yunb UMKHILM Ba
6y 3appaua y3u 6unan O6upra onub Keraerrad sHeprus 6y xapaédaa
eTHWIMAETraH 3HEeprus MHKJAOpUra TeHr 6yauiud Kepak. byHpall aaaun
XyJocara KeJlMil Y4yH MaKpOCKONHK MeXaHHKa KQHYHJapHAaH uerra
YMKaJHIaH TacaBBYpJlapra TasiHKLIra TYFPH KeNaH. YTKa3WIraH KyLUIHM-
uya raxKpubanap 3ca Ma3Kyp Xy/JOCaHH TaCAHKJaiH (3appaua HEHTPHHO
fleraH HOM OJIJH).

Ulynnai Kunn6, ongui MexaHuKaBUH xoaucanapra HucbaTas Ha Xam
KEHIpOK MHKEcaarH ¢u3HKaBHil XoaucaJapHH Kampab oiraH 3Heprus-
HHUHI CaKJAHHUI KOHYHH Kapop ToniH. By KOHYH 3HEepPrHSIHHHT
YMyMPH3HKABHH CaKJaHHII KOHYHH Jednaand. by KOHyHra
acocaH, 3unepeus xed Kawon dfKoan 6op 6famaliou sa masmcyo 3Hepaus
dijKoamaiiou, y gakar 6up TYpoan UKKUHHU TYpea AbAGHULLUL MYMKUH.
DHEPrusiHMHT yMyMQH3UKaBUH CaKJaHHLI KOHYHH MeXaHHKa XOAHca/a-
PHUHUrHHA V3 HUKMra oau6 KonMail, 6anki MeXaHHKa KOHYHJapHHH KYyJ1aul
MYMKHH 6y/MaraH xoaucanapHu xam Kampab onaai. By KoHyH MexaHHuKa
KOHYHJIapHAAH KeJTHPHOG UNKAPUIMATaHJHIHHH TYLWYHHW KHAHH 3Mac:
y KeHr MHKécaard taxxpuba HaTHXKAJApUHM YMyMJaWTHPHUIAAH KesiHO
YHKKAH MYCTAKW/1 KOHYHAMP.

6.10- §. CAKNAHMLL KOHYHNAPU XAMAA ®A3O BA BAKT CUMMETPHMACH

Onarpa cumMerpusi aerasumusna 6ylomaap, Hapcajap Ba THPHK
XOHHBODJ/IAD IIAKJAHHHHT CHMMETPHACH KY3 OJAMMH3ra Kesanu. Maca-
JlaH, Ta#épanap, kemaJjap, KpucTallap, KyLL1ap, Kanajaakjiap Ba
6OLIKaapHUHT IHAKJIH MyalisiH CHMMETPHAra 3ra, s’bHH YJIapHHHT Yar Ba
YHI TOMOHJIApH YpTa YM3MKKaA HUucGaTan aespad 6up-6UpUHH Takpopaaii-
au. Kyiiupa cummerpus neraHumusga, GU3HHMHT KYHAAAHK XaéTHMM3Aa
yupab TypaaHraH cMmmerpusira HucbataH 6ollKa MabHOmard CUMMeET-
pyst — TabuaT KOHYHJapH CHMMeTPUACH XaKuaa ran Gopaad. Macanas,
(PM3MKa KOHYHJIAPHHHHT CHMMETPHSCH jaeraHaa 6ab3n GHpP aaMaulITH-
pHlapra HUc6aTaH yJlapHUHT MHBAPUAHT 3KAHJIUrH TyllyHHaaau. Paso
BA BAKTHUHI CHMMETPHSCH [€raHuMHU3/1a. BAKTHUHT OHP KHHCIAHJIHTH,
($ha30HUHT 3ca GUP XKHUHCJIUJIMIH Ba YHHHT U3OTPOIJIHIH TYluyHuaaau. By
TylWIYHYaaap KUPHTHIAUIIY GuNaH BAKTHHHT OUP KHHCJIHIAHTH, (pa3OHHHT
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3ca OHp JKHHC/IMJIMCM Ba H3OTPOIVIMTHHM KaHdaidl TacaBBYp KH/IHWI
MYMKHH, J€raH CaBOAHHHT TYFHAHILM TAaOHRALHD.

BakTHHHT 6MD XHUHCJHUJHIH — YTAa€TraH BAKTHUHI TYpJH
naiitnapu Gup-GupuaaH dapk KHimadau nemakaup. Lly 6oucnaw,
KYOMHYa, BAaKTHUHr 6apua naHtaapu y3apo MyKoOHJ, sibHH yJjap TeHr
XYKYKJHW aeraH u6opa Ky/anaHuaaid. AManuii )KUXaTaaH BaKTHHUHT OHP
KHUHCAUJIUTH LIYHAA HAMOEH OYJafnku, OUP XHJ LIAPOHT SAAPATHAraHAa,
6epK TH3MMHHHI XapakaT KOHYHJapH BaKT yTHUIM OuiaH y3rapMaHad.
Macanal, 3pKMH TyWaéTraH JXHCMHHHI XapakaT KOHYHH Oy Xapakar
KauoH coaup GyJjrannurdra Gornuk 3smac: 10 merp GajnaHAMHKAaH
6OLIIAHFHY TE3JHKCH3 3PKHH TYLIAETTaH XXHCMHUHT OXHPTH TE€3JIHTHUHH
yauain 6YHuua MetasiraH manTaa yTkasuaraw Taxpuba 6up Xui HaTHXKa
Gepaayu Ba 6y Te3qHK BAKTHHHI Gapua naitnapu yuyH v= V2gh =~

~14 m/c 6yau6 unkanu (6y HaTHKajnapaa »KHcM Ba Ep Gepk TH3UMHH
TallKu 3taau). Ha 6up mucon: 6ab3n 6up Taxpuba HaTUKaNapH GUpop
BaKT YTran/laH KeiluH KalTa TeKIUpHIub Kypulaik Ba KYNHHYA 6UP XHJ
HaTHXa onnHaaH. JleMak, BAKTHUHT GUp XUHCAMJIUTH TYpJH Naitiaapaa
yTKasuaran taxpuba HaTHXKaAJAPHHH TakKocaab KypHIUTa HMKOH
Gepanu.

®a3oHUHT OHUpP XKHUHCJHJHUTH JeraHHWMH3Aa YHUHr Gapua
HYKTajsapu Oup-61MpHra MyKoGuT 3KaHJAHTH TYLIYHHAA0H, AbHU a3 OHUHT
XaMMa HYyKTa/JapUHUHT XycyCHATIapu Oup xui. AManuft Kuxaraau
(a30HUHT 6GUP KUHCAWIMIH LIYHAA HAMOEH OYaaJHKH, *KHUCMJAPHHHT
y3apo KolnallHilIapy Ba Te3JHKIapUHU Y3rapTupMacaad 6epK TH3UMHH
61p XKOHAAH HKKHHYH XKOHra KYUHPCAaK, YHHHT XyCYCHSIT/Iapu Ba XapaKar
KOHYHJiapH y3rapMaHaH: aBBanru kodpa conup 6yJianurad xoauca Gup
XHJ LIAPOHUT sipaTHAraHAaa $a3oHUHT HKKHHYH XKOHHAA XaM Y3raphuicu3
TakpopJaHaau. by epna «6up xun wapout siparwiraiaa» aeraH ubopa
HUMAaHH aHTIATHIIHHY KYHHAAard MUCOMIaH TYIWYHHO OHII MyMKHH: oOcMa
coat TeOpaHrHUUHHUHT Te6paHuLl naBpuHH Yauaérrad 6ynainuk. Te6pan-
THUHHUHT Y3YHJHTH Ba GOULIKA KHCMJIAPH y3rapmaraiia yHHHr TeOpaHHLL
NaBpH 3PKHH TYWHII Te3JaHUWHW (g) HUHT KHHAMATHra OOFJHK
(MabayMKH, g HHHT KHAMATH EpHUHT Xap XuJ HyKTanapu y4yH Xap X
KHilmarra sra 6yau6, 9,78 m/c’ aan 9,83 m/c? raua yarapaau). Coarnu
6yTyH X0J/a Ba y3ura napaJsies KHin6 ¢pa3oHHHr OHp KOHHAAH HKKHHUYH
JKOHWra KYUHpraHHMHU3Aa MaskKyp KoHaapjaa g HHHT KHAMaTH OHP XHJ
6yaca (6up XWJ WapouT), coat TeOpaHTHUHHUHT TeOpaHHLLI 1aBPH HKKaJla
XKOHAa xaM 6Up Xua KuiUmartra sra 6ynaiu. g HUHT KHAMaTAapu 6up Xun
6yaran ¢a3oHUHT 60LIKa HYKTaJapH y4yH XaM TeOpaHrHYHHHT TeOpaHHuLl
JlaBpH yJ4yaul XaTONUK/IapH derapacuaa aBBa/ld HyKTanapAa OJIMHTaH
KuiiMatnapra TteHr Oynu6 uukaad. by Haruxka ¢da3oHuHr Oapua
HYKTAJIAPHHHHT XYCYCHAT/NApH OHP XHA 3KAHJUTHHUHT HCOOTH, SIBHU
(Pa30HMHT OUP XKHHCIAWIUTUHUHT HaMoO€H OYJAHILH AeMaKIHp.

®a30HUHT U3OTPONJHUTH IIYHN OUJIAUPALHKH, YHIATH HXTHE-
pHi HyKTara HucbaraH onHHrad 6apua HYHaMUWJAAPHHHT XYCYCHSITIApH
6up-6upuaan ¢apk Kuamanau, sibHH daszona KadcH HYHasHUIHU 0nu6
Kapama#lauk, yjaap Oup-6upura mykobui. Maskyp MyKoOUMIHK ILYyHAA
HaMOE€H 6ynannku, 6GUp XWJI LWIAPOUT APATWITaHAA XHUCMJAAPAaH TaLlKHJ
TornraH 6epkK TU3UMHH (TaAKHUKOT KypuaManaapuuu, yadaul ac6o6/iapuHH,
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sabopaTopusiHd Ba OolukajapHu) HucraaraH Oypuakka Oypuaca, Oy
6ypuwr 6Gapua KeJNrycH XO4HCaJapHHHI OGOpPHLIMra TabCHp 3TMAiiaH.
Macanan: a) obiHaumxaXoHHH Gupop Oypuakka 6ypcak (aHTEHHAHHHI
Ba3UATH Vy3rapMaraHaa) YHMHI KypcaTHWHAa Xed KahAal Vy3rapuiu
coaup 6ysamaiiau; 6) HykKTaBHi MaH6anaH YMKAETraH TOBYLI TYJKHHJAAPH
6apua HyHaiauwnap 6yiduua 6up Xua Tapkanaiu.

a. UMNyJabCHHUHT caKJaHKl KOHYHH (DA3OHMHT GHP MHHCARIHTHHUHT
HaTHXACH 3KAHAUrH. IMNYILCHHHT caKJTaHULW KOHYHH 6epK TH3HM YUYyH
Gaxapusnaau Ba 6epk TH3umAa dakKat HUKH KyuaapruHa MaBxXyA. By
KOHYHHH KelTHpHO uuKkapuiuga okopuaa (4.1-§ ra k.) HblOTOHHHHT
MKKHHYH Ba YYMHYU KOHYHNapHAaH doinananuirad 3ad. HbloTOHHHHT
YUHHUH KOHYHHra Kypa G6Gepk TH3HMAATH HYKH KYyWJIapHUHT BEKTOp
HUFUHJHCH HOJMTA TeHr 6YAUILH Kepak, SIbHH:

—_— n —_— —_— — — —
ZF,+ ZIF,,=F|2+F2|+F13+F3|+~- =0 (i]). (6.43)

4L} L=

KefinHuanuk MabayMm 6Y1aHKH, Pa3OHHHT CHMMETDHSI XYCYCHATIapH-
LaH, 'bHH YHUHI OUDP MHHCAHAUTHAAH Ba HBIOTOHHHHT (pakaT WKKHHYH
KOHYHHAaH ¢oiaanaHnd XaM HMIYJAbCHHHI CaKJAaHHUl KOHYHHHH
KeJTHPHUO UYHKapHuUl MYMKHH 3KaH. DyHUHr yuyH 6epK TH3WMHHU Vy3ura
napaJJjen pasHwaa (aszoHHHr OUp HYKTACHAAH WKKHHYHM HYKTacura
WyHRaH KYYHpaMH3KH, YHAArH JHCMJAAPHHUHT ¥3apo »Ko#jalluild Ba
Te3JIMKJAapH aBBanruaai Koicui. KYuuwHu r 6unan 6earunacak, Maskyp
Kyuyuuiga 6akapuiarad Hul KyHHaaru:

A= (“ZIF,, —{-EF,, )F

cKanAp KynaiiTma Tapauaa HgonanaHaad. By kyuuwna (r<0) Gepk
TH3HWMJAa Xeu Hapca y3rapmarahu Tydaiad Ga3oHUHT 6HpP M HHCAHIHTH-
NaH Wy Xxyjgoca Keaub YMKaAMKH, Maskyp Kyuuluiaa 6a’kapu/rai Hi
HOJT@ TEHT, TbHH

A= 27:',,+2F,!)F=0 (i%]). (6.44)

Tu3auMHHUHT MyalisH r %0 Macodara KyYHpUIraHMHH Ha3apaa TyTcak,
(6.44) TeHrauKaaH

zF,,+zF,,)=0 (i5])
4! Lt

KeqHO 4YuKaiaH, sibHH (pa3oHMHI OGHp >KHHCAWIWrHAaH O6epkK TU3UMAAru
HYKH KY4WIapHHHI BeKTOp HHFHHAMCH HOJTAa TeHr, jeraH xyJjocara
Kenamus. BuHo6apuH, HbOTOHHHHI MKKHHUH KOHYHHAaH Ba (Da3OHHHT
6up KuHCcaWAMruaaH (HbIOTOHHHHT YYHHYH KOHYHHMAaH ¢oiinasaHmac-
1aH)

— - d -
2F,+2F,) = 2p=0
L e €
MyHocabGarra 3sra 6ynaMu3. DyHnaH HMMMYJAbCHHHI CaKJ/JaHHUI KOHYHH
((4.4) udopara K.)
3p,=Ym,u, =const
f i
NOOHD TR

i
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Jemak, HMNY/JIbCHHUHT CaKJaHHLI KOHYHH (Pa30HHHT GHP XHUHCJIHIHUIH-
HHHI HATHXXACHAHP, YYHKH (PAa30HHHT aHa L1y XYCycHATH Tydaiau Gepk
TH3UM OGHp O6YTYH X013 KYYHPHIraHaa YHHHI MeXaHHKaBHH XyCycHsT/a-
PH Y3rapHLICH3 CaKJaHaLH. ,

6. HMnyabc MOMEHTHHHHI CaKJaHHIN KOHYHH OuaaH a3oHunr
M30TPORJAUrH opacuaary GornaHnii. Pa3oHUHI H3OTPOMIMIH ILyHAA
HamoéH 6Y/a1aaHuKH, 6epK TH3HMHH UXTHEpPHH 6Gupop Oypuyakka 6ypcak, Oy
Gypuul YHHHT (DH3HKABHH XyCyCHSITIapura Ba XapakaT KOHyH/apHra
TabCHP 3TMaNHAH.

Tusumuu Gupop Kysraimac O HyKrara HHc6aTaH d(p 6ypanKa
6ypcak, 6y O6ypuwna O HyKraaaH r, Macodajga TypraH i- XKHcMmra |-

JKHCM TOMOHHIAH TAbCHP 3TYBUYH HUKH F,, KYUYHHHT Kyu MOMEHTH
Ky#iuparuda udonananand ((5.7) udonara K.):
M4=[rx) I:l[]

i- XKHCMHM Ky3raamac O nykTara Huc6araH d¢ Gypuakka GypHuiia
HUYKH KyuJapHHHT 6akaprai HIuH

dA, =Mdg

Tap3ia H¢poaanaxain (IX 606ra k., (9.24) wudona). >Xucmaapra
TabCHp 3Ta€Tran HUKM KyunapHuHr O Hyktara HMcGaTaH OJMHTaH Kyu
MomentHuu M,;, M,, ..., M, 6unan Geiruaacak XaMmaa TH3HMAATH 6apua

KUCMIAD Te3JHK/JIAPHHHHT HYHAJIHULIAPHHW Ba COH_ KUAMATJapHHH
yaraptupmaran xonaa yHu O Hykrara uuc6araH d(dps=0) 6ypuakka
6ypcak, ma3kyp GypuHwina Ga)kapHJraH Hul:

dA= (M, +M,+ ... +M,)dy (6.45)

6ynann. ®azomarn OGapua HyHaauwgap GHP XHJA XYCYyCHATra 3ra
6yirannuknapy tygpaiiu Maskyp 6ypHll yuyH dul capd KHIMHMaHAH,
AbHH:

(M, +My+ ... +M,)d¢=0. (6.46)

lllaprra kypa d¢ O6ypuak Hoira TeHr G6yamaranaurd ca6abiu
(6.46) ckansAp KynaWTMaHMHr GHUPHHYH KynaHTyBUMCH (KaBC HuMaarH
udona) Hoara TeHr GYAHUIM LWIAPT:

M +M,+ ... +M,=3ZM,=0. (6.47)

Jlemak, ¢a3oHHHI H3OTpPOMJIMrHAaH GepK TH3HMIArd HUYKH Kydsaap
MOMEHTJIAPUHUHT BEKTOp HUFHHAMUCH Hoira TeHraurd (HbloTOHHHHT
YUMHYH KOHYHHMAaH ¢oilaananmacaas) kenu6 uukaav. Momenrtaap
tenrnamacu ((5.20) udonara K.)

ra kypa Ba (6.47) aax
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Xxamaa
5 T, —const (6.48)

=1
JeraH HaTHxara kKenamu3. BbyHaaH KypHHaaAHKH, 6€PK TH3UM HMMYJ/ibC
MOMEHTHHHHT CaKJaHHLI KOHYHH (Pa30HHHT H3OTPONJIUTHHHHT HATHXKACH-
AHpP, YYHKH (Pa3OHHHT aHa WYy XycycHATH Tydainu 6epk MexaHUKaBHH
TH3HM GHp OYTYH Xonaa UXTHEpPHH Oupop Oypuakka Oypuiarania yHHHT
MeXaHHK XyCYCHAT/NapH y3rapmaniH.

B. JHEPrUAHHHI CAKAAHHLI KOHYHH BAKTHHHI OMP MXHHCAHIMTHHHHT
HATHXACH IKAHJIHPH, DHEPTUSIHHHT CaKJaHHL KOHYHHHHHT BAaKTHUHT GUP
KHUHCAUAWTH OHiiaH GOFUKJMIHHK acoc/alll YuyH noTeHuHas  MaiaoHna
XKoiJsalural n Ta XKHcmaaH u6opart 6epk TH3UMHH onHb Kapaimus. bupop
{- XXHUcMra noTeHUuHaJs MadaoH TOMOHHAAH TabCHP ITYBUM KYHHHHT
KOOpAHHATA YKJAapHRarid npoekuHasapu:

JE

i, t
F = — s _ ——— _ —

ax, Y ay, ’ 4 dz

Tap3na €3unaau ((6.29) udoaara k.). Maskyp TEHTJIMKAApHHHT Xap
GHPHHUHT yan TOMOHJAPHHHM KYuMll BeKTOPH dr, HHHI KOOp/JMHara
ykaapuaaru npoekuusiiapu dx,, dy,, dz, ra Moc paBHLLIAA KYyNaATHPHO,

oE, o,
Pudr=—rgdo Rdu=—5,
3E,
Fz‘dz, = —*{,i—Z[— dz,

ra sra 6yjamu3. By TeHIMIHKIApHHHr yan Ba YHT TOMOHJApPHHH MOC
paBHwaa Kyuiu6 yHKHO, IHHFaH HaTHXXaHHW TH3UMAArH N Ta XKUCM YYYH
€3aMHu3:

oE, O, oF,
S (F o By Fde) = — (50 d o S dy 5 2 ). (6.49)

By TEHIVIMKHHHT 4an TOMOHHAAaru WHFHHIH Huopacu octuaa typradH
u(bona, paBllaHKH, NOOTEHLHaJ MailOH TOMOHHHAH [- XKHCM yCTHA A
6a)KapuJ1raH HLUra TeHr:

Fodx,+F,dy+F,dz =dA, . (6.50)
Ma3Kyp MW i- XXHCM KHHETHK 5HeprusiCHHHHI owHulinra caped 6ynanm,
ABHH:

dA, =dEy . (6.51)

(6.50) Ba (6.51) udonanapra acocan (6.49) Hu KylHaardua é3amus:

aE, oF, dE, '
Z(dEK)_—Z< ‘dx+ dy, _621 > (6.52)

DHAM BAKTHUHI OHP XHHCIWIMTHHA 3bTHGOpPra onamus. BakTauur
OUp HHCOHIMIK WIYHAAH HATHXara oiHb KejaaukH, 6epK TH3SHMHHUHT
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NOTEHWUHAJ SHePrusicH BaKT YTuun 6unan yarapmaian. Macanan, EpHunr
rpaBuTauus Maiaonuaa Ep lo3ura Huc6aran A 6aaHiIMKAE XKOHNAILT aH
maccacH m GV/raH >XHCMHHHT MOTeHUHa] 3HepruscH E,=mgh — Gepk

oE
TH3HM YUyH BaKT YTHlUW OujaH y3rapMaiiH, sbHH —at"~=0. bepk tu-

3MM MOTeHLUHaJ 3Heprusick Bakrra Gorauk 6ynamaca (6.52) HuHr VHr
TOMOHHAArH HMFMHAM MILIOPACH OCTHAA TypraH HposaHH (TH3HMAArH
i- )KHCM MOTEHLHaR 3Heprusacuuu) Tyaa auddepenunan wakayia €3u
MYMKHH:

dE, OE, oE

73;:' dxt +ﬁ dyt +-b;1’— dzl = dEnl .

Y xonna (6.52) ndona Kyiduaard KypuHuuira sra 6ynanu:
Z(dEx)=—2(dE,).

By TeHrnuKHH
d(ZEx +2ZE,)=0

KYpHHHLIAA €3CaK, YHAAH MeXaHHKABHHA SHEPTHAHHHT CaK/J1aHHLI KOHYHH
ZEy +XE, =const (6.53)
1

kenu6 uMkanH. (6.53) wudomanan wyHAal xyJjaocara KelaMH3KH,
MeXaHHKaBH{i SHEPTHAHMHT CaKJaHWII KOHYHH 3aMHPHIA BAKTHHHT GHp
AKHHCAMAMMH €TafH, YYHKH aHa Wy XYCYCHAT Tydaiiu 6epK TH3UMAArH
KapaéHJAPHUHT COAHP GYJULL KOHYHHSITH Gy XKapa€HIapHH BakT GyAnua
6oliKa naiTra Kyd4upuaraHaa xam ysrapmadiH.

VII BOB

PEJIATMB OMHAMMKA DJIEMEHTNAPU
7.1-§. MAXCYC HMCEMANMK HA3SAPHACH BA YHUHT MOCTYNIATAAPU

Xo3upraua 6u3 EpyFJHK Te3JUrura Hucbatan XKyla KHUHK (v<K ()
Te3JuKAap OuaaH OOFIUK MeXaHUKAaBHH Xapakat KOHyHJapu O6uiad
TaHUIULAUK. 3epo TabuHil WapouTia yupal Typaiurad akcap MexaHHkKa-
BHH xoaucanap épyrJaHK Te3nHrura Huc6araH aHya KHYMK Te3juk/aapia
conup 6ynanu. Pan Ba TexHHKa HHKHAOOU Tydadau EpyFIHK Te3Hrura
SIKHH Te3nHKaap 6unan GeBocura OOFIHK XOAHCANAp XO3WPrH BaKTAA
OIAMHA MeXaHHKABHH XOAHCAJap KAaTOPHOAH KEHr »XOo#l OoaMoKla Ba
MYXaHAHCJIHK MeXxaHHKacHja Kyl Xon/apAa pejasTUB MexaHHKa KOHYHJ1a-
puaaH ¢o#nanaHuamokaa. XycycaH, 6y KOHyHJAp acocHaa Karra
Te3nukAapaa (v c) 3jaemMeHTap 3appavyajapHUHI TYKHAWIKILJIApH Ba
MasKyp 3appanapHdHr Mmopala OujiaH y3apo TabCHPH YpPraHWAaaH.
3apsan 3appasapHy XKyAa KarTa Te3/HK/Iapraya Te3jaTyByd Kypiuima-
Jlap peJsiTHB MeXaHHKa KOHYHJIApH acocHa pexasaluTHPHJIaLH.
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PensiTuB MexaHUKaAHUHT aCOCHHU A. DAHIUTEHH TOMOHHAaH ApaTHJAraH
Maxcyc HHCOUMAIHK HAa3zapHACH TAlIKHA KHIaAH Ba y KY4CH3
rpaBuTallUsl MaHaOHAapH MaBXXya 6GYaran xoajap y4yH $a3o Ba BakT
Xakuaaru ¢u3ukaBuil Hasapusi XucoGiaHaau. by Hasapusa Hbroron
¢dusnkacHHUHr Gapua TacaBBYpJapHHH, alHHKca ((as3o Ba BakKr
xXoccasnapd XakHIaru tacaBBYpJapHH KalTa KYpHO UHKHLIHH Tako30
kunagu. YyHky OHHIUTEAHHHHT HUCOUHIMK Hasapusichaa, HbloToH
MexaHHKacHaaH ¢apKiH yaapoK, ¢as3o Ba BaKT XoccajapH XaKHAarH
TacasBypnap Maskyp ¢a3o Ba BaKT uuuaa coaMp 6yJsaérraH ta6Guar
xonucanapH Guaan y3Bui GOFJaHraHAHp. Maxcyc HHCOMHIMK HA3apHSICH-
na ¢u3UKaBMH XoaHcanap KOHYHHATJIapH (paKaTrHHa HHepLHaJ CaHOK
TH3UMJapuaa ypranuiaad. byHnan ramkapd yMyMHUH HHCOH A HK
Ha3apHACH XaM MaBXya 6YaHG, y rpaBHTalusa Mai0H1apH XaKHAAaru
HasapHsiaup.

A. DitHWTEAHHUHT Maxcyc HHCOHANHK Ha3apMACH KyHHAaru UKKHMTAa
nocryjarra (npHHUMOra) acociadHrad: 1) HHCOMANMK NPHHUHIH,
2) épyFrIHK TE3JIMFHHHUHT Y3rapMac/Hru MPpUHUHUIH.

bupuHuun nocrtynat ¢dakar MexaHHKaBUH XoaHcajapra Taaaiyk-
Jau 6yaran anunefiHHHr HUCOHHMIHK NPHHUMIVIapUHH Gapua ¢u3uKaBuii
xoaMcasnap yuyH ymymjawrtupuinaaid u6opar. by nocrynar Kyiuparida
TabpHpaaHanu: xap bup ¢usukasuid xoduca b6apqa unepyuas Cawox
rusumaapuda 6up xus codup 6ijradu. bouikaua afitranaa, 6apua rabuar
KOHYHJapH (Ba yJapHH TaBCHJIOBUH TeHrJaamaJsnap) OHp HHepuHan
CAHOK. TH3HMHAAH HKKHHYMCHra yTraHga y3rapMaiiad, sibHH Ma3sKyp
KOHYHJIap HHepluHaJ/J CaHOK TH3HMJaphra HHC6ATaH WHBApHaHTAMP.

PYFJIHK T€3JHTMHHHT AOMMHHJIMIH XAKHMAArH HKKHHYH NMOCTY -
JdaTt KyAuaaruua TabpuU(paaHaIU: épYFAUKHUHE 8aKyymOaeu Te3aucu
épyraux manbaunune xapaxkaruza 60Faux Imac sa y dbapwa unepyuan
CanoK Tusumaapuda b6up xuardup.

IOkopuaa 3ukp 3TwiraH nocryJaartjap XKyxa Kyn Ttaxpubanapaa
tTacaukJaHrai. Macanan, ®u3o taxpubanapuna €pyrFIHKHHHT Te3JHTH
6pYFIMK TapKa/naéTraH MyXWUTHHHI Xapakarura OOFJHK 3MacJHru
aHHKJaHraH. Ma#ikenbcod Ba Mopaiu taxkpubasiapu XxaM LyHH KYpcaTau-
KM, EpYFIHKHHHI Te3JHrH épYyFIMK MaHOGaHHWHT XapaKaT Te3JHrura
60rnuK 3Mac skaH. MHepunsa (macca) mapkasu arpodHaa Karra TesqHK
6W1aH XxapakaTaaHyBUYH KYLIAJOK I0N1Yy3/]1apHUHT XapaKaTHHH Ky3aTHIl
HaTHXaJlapy Ba 6GowiKa GHp KaTop Ta)kpHbasap XxaM €pyF/HK Te3JHIH
y3 MaH6aHHUHT XapakaTtura OOFJIHK 3MaciauruHu tacaukaaad. lyunaai
KWIHG, EPYFIMK Te3Juru 6apya HHepLUHal CAaHOK TH3HMJapuAa GHp XHJ
3KaHAHTH aHHKaauau. lllyHuHr Gunan Gupra, épyrauknune saxyymoazu
Te3auey TAbUATOA KY3aTUAQOUSAH TE3AUKAQP W4uda 3He KATTacuoup.
Xap Kandald scucmaap §Jj3apo TAQBCUPUHURE Y3ATUAULL TE3AUU EPYFAUK-
HuHe Ofwauxklaeu Teaaueudan Karra GYauuu MYMKUR 3Imac.

Fanunelt aamawTHpuwaapuaaH Keaub UYHKaAHraH Te3JHKIapHH
Kyuinui koupacura ((3.5) ra K.) acocaH OHp CAaHOK TH3UMHAAH
HKKMHUYKCHIa yTraHjna €pyFJIHKHHMHI Te3JUIH 4==0v-C ra TeHr 6yuauuiu
Kepak (6y epaa v — K’ caHOK TH3UMHHHHI K TH3UMra HUCOATaH Te3/urt).
TesnuknapHn KYWHWHHHT 6y KOHYHM 3Ca EpYFJIMK Te3JHIHHHHT
JOUMHHAHK MNPHHUMOUCE MYTJNAKO 3UAAMP. Dy 3uAAMATHUHT cababi
HbloToH MexaHHkacuaa anoxuia-anoxuaa oau6 KapaaraH ¢aso Ba
BAaKTHHHT MyTsaK Ae6 XHC06.1aHraHJaHIHAALHP.
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da3zo Ba BaKTHH MyTJaKk Ae6 xucobiaranjga KUCMJap HHCOHH
TE3JIUTHHUHT EPYFJIMK TE3JHIHAaH KaTTa 6y/1a OIMACAUIHHHU TYLWIYHTHPHLI
acso MymKHH amac. Hly 6oucnan HpioTon MexaHukacuaary paso Ba BaKT
MYTJAKAUpP J€raH TacaBBYpJapiaH BO3 Keudlira TYFPH KelaiH.

Ulynpa#t kunu6, GUp HHepUHa] CAHOK TH3UMHAAH HMKKHHUKCHra
yrranaa, ¢a3o Ba BakTHUHr Varapuuiudu [anunell aamawtupuunapt
BOCHTAcHaa 3Mac, 6anku OGoulKaya ajJMaliTHpPHILIAP BOCHTacHAA
TacBUpJall 3apyparti Keau6 udkad. bynnall anmaliTupuim renrgamana-
puHH GHpUHUH 6Y1ub ronnaHansiinK onnm I, Jlopenn (1853—1928) kea-
THPHO 4HMKapras. -

7.2- §. NOPEHU ANMALUTUPULLITAPH

JlopeHu anmawtupuuinapyaa OHp HHeplUHAl CAHOK TH3WMHIaH
MKKMHYHCHra yTraHaa x, Yy, 2 Koopausaranap 6unad 6Mp KaTopaa BakrT
XaM y3rapyBuaH KarTajuk ne6 Kapanaiu, sbHU OUp HHeEpLUa CaHOK
TH3HMHAA $a30 Ba BAKT X, Y, 2, [ 6uaan udonasaHca, MKKHHYK HHepLHal
CaHOK TH3uMHUAa Oy KaTTanaukaap x’, y’, 2/, ¢’ Kuiimataapra ara 6ynanu
(Ma3kyp aamawTipuiunapaa { ¢ ae6 kapanaau). Jlopesu anmaluTu-
pPHILNAPUHYU KenTUPHO unkapuul yuyH 3.1- § na kypub yruaraunek, K Ba

Y Y’
® ®
x=U-1 _ﬁ___:‘f,
0 J X,
X
z z

7.d-pacm

K’ nHepuunas caHoK TH3UMJApHHH oviaMu3 Ba Oy THauMJapuunr X, Y, Z Ba
X', Y, Z' yknapuHu 6up-6upura Moc pasHuida napajien XKoHJauITupa-
mu3 (7.1- pacm). K caHok TH3MMHHH WApPTJH paBHuILa Ky3raamac 1e6
XxHcobaadauk, K’ sca K ra Huc6atan X yku 6Viina6 v Tesnuk Oujian

TEKHC XapakarnaHaérrad 6yacuH. [lactnabku naitaa (abHu f=0 Ba
t'=0 6yaranna) vKKasa TH3UM KOOpAMHATAJAPMHHUHT GOLIH yCTMa-yCT
Tywaan (x=x"=0) pe6 ¢dapas kunamus. Paszona GUPOP HYKTaHH
o1aiuK Ba 6y Hykra K’ CaHOK TH3HMHHUHT GolIK1a XKOHUMalirad GYJICHH.
Y xonpa t=1=0 6yarauaa, Ma3Kyp HYKTAHHHT KOOpAHHaTacH x’ =0
Oynuwn tabumnii. By xon yuyH JlopeHU aaMalITHpHULIAPHHHHT OLIKOP
KYPHHULIHMHH TOMMLI XaKHUAArd Macajla IOKOPHAA 3HKP 3THIATaH
dasogaru ywa HyKTa yuyH x, y, 2z, ! Karraauksaap Ounan x’, y’, 2,
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t’ kaTtranuknap opacuaark GoriaHuuwiap (GopMyJanapuHd  TORHIL
macanacura kearupuiaad. Pazo Ba BAKTHHHI OHP KHHCAHAHMCH Oy
KaTTajlMKIap OpacHiard GOFIaHULIIap YH3HKAH GOFJIaHHLI 6YJIHULIAPH
KepaKJIMrHHH Tako3o Kuaaau. llly cababaun K Ba K’ nHepuHaa caHok
TU3UMJIAPHHUHT MOC paBHiujga x Ba x' KoopauHaranapd yuyd anunei
aamamrrupHuiiapuiy udonanosuu ((3.1) Ba (3.2) ra K.)

x=x"+uot’; x' =x—uvt

¢dopmynanap ¢axkaT MyTaHOCHONHK KoaduUHeHTH y Ouaad papk
KHJAYBUH KyHHaaru

x=y(x +ot'), (7.1)

'=v(x—uvt) (7.2)

Hposanap 6uaaH aaMalWTHpuaAMK ao3uM (K Ba K’ TH3umaap TeHr
XYKYKJH HHepuHas CaHOK TH3HMJIApH Oy/aranjuru tydaid MyTaHo-
CHONMK KO3(PHIUHEHTH Y HKKana ¢opMyaa yuyH GHp XHA KHIAHO
OJIHHTaH).

JHAH MYTAHOCHOJAMK KO3(DPHUHEHTH HHUMAara TEeHr 3KaHJHTHHH
aHHMKJAUIMMH3 KepaK. BYHHHr y4yH €pyFauK Te3juru 6apua vHepuuan
CAHOK TH3HMJAapHaa OHpP XHJA KHHAMATra TeHr 3KAHJIMIH XaKWAaru
noctynarial ¢ohnananamus. Bakr yuyHn canok 6owH cugaruaa K Ba
K’ Tuaumaapuuur Koopaunara Gouiapu (0 Ba 0’ HyKranap) yctma-yer
TYWraH MadTHH TaHaaw Kynaad. {=¢'=0 6yaran nairaa KoopaHHara
6ownaa €pyFIHK yuKyHH yakHarau ne6 dapa3 kuanb, X sa X’ ykaapu
HYHanuwnaa €pyFAHK (PPOHTHHHHT TapKajuil XapaéHuHH onH6 Kapa#-
auk. K Ba K’ TuauMiapuaa €pyFIUK Te3Jurd O6Up XHa GVJIraHjanru
TydaiaH BaKTHHHT MXTHEDHH { Ba ¢ naifitnapuaa épyriauK OPOHTHHHHT
X Ba X’ #iyHanumapuaard KoopauHarajiapu MOC paBullaa:

x=ct; X' =ct’ (7.3)
TEHIIMK/Ap OHJaH aHHKJAaHaJHraH HykKTasapra etu6 Gopaiu. JHaH
(7.1) Ba (7.2) TeHrJMKJAPHUHT Yan Ba YHN TOMOHJAPHHH MOC paBulIaa
6up-6upura Kynanrtupcas,

xx' =y (x' +ot’) (x—vl)
6ynaau. by ¢opmynanaru x Ba x’ aapuu (7.3) dopmynasard cf Ba
ct’ opkaau upoaanacak

ctoct =y (ct' +ot’) (ct —vt) =y (c4v) (c—v) ',
ABHH ‘
c*=y(c*—0’)

TEeHFJHMK keaub unkaav. bynnan Kyiuaard uwdoaara sra 6yaamus:

1 1 ]
Vied/d  Vi—g
6y epaa Pp=wv/c GearwaaliHH KUpUTAHK. (7.4) ra acocaH (7.1) Ba
(7.2) TeHraukIapHH Ky#Haaruua €3amus:

x = Xto (7.5)
Vi—p
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’ x—ut

x \/1_ (7.6)

Xapakat ¢akatr X Ba X’ ykaapu dynanuinga corup 6y1a€Tranganru
tydpaian 6y HyHaauwra THK Oyarad y, y', 2, 2° KoopaHHaTajap
aBBaJsuruya yarapMal KOIHILHHH, SibHH

y=y, z2=2 (7.6,a)
MyHoca6ataap Ga)kapWIMLIHHH TYWYHHII KHAHH 3Mac.
Ouau K udepuman caHok TH3umuiaasw K’ Tuaumra yrrasiaa Bakt (f Ba

t’) yuyH aJaMawTHpHil ¢dopmyaanapuHi Tonadavk. ByHHHr yuyd
(7.6) paru x’ yqu ronuiarad ugonanu (7.5) cdopMmynara Kysamua:

ut x—ul vt
x = + ot’ )= + =
w_ (\/n ) -8 Vi—g
By ¢opmynann vt’ ra Huc6aTaH e4aMH3:

o = xVI=F — =

€KH

x— vt _ (l—v2/02)x—x+vt

v\/l——-——ﬁ; N u\/l—ﬁ2 '

.
X
fl
e %

VI—p —

6uHO6apuUH:
t—(v/c )x
Vi—p

Xynau WwyHHHTAEK, (7.5) Ba (7.6) Tedraukaapaad { yuyH KyHuaarura
ara 6yaamus:

=L

(7.7)

t+(v/c2)x
t =— . 7.8
N (7.8)

(7.5) — (7.8) ¢opmynanap Gup-Gupura HHcOaTaH yarapmac TesuK
Ou/an XxapakarJiaHaéTra TH3HMJ1ap KOOpAHHATA/IaPHHH Y3apo GoFaalan
Ba yaap Jlopeny aamawrupuwaapu neinnaid. YMyMHH KYpHHHLIAA
JlopeHil aaMaWTHpHIWIIAPH KyiAuaaruya éaunanu:

, , ’ 2

PO T N s 17/ it (7.9)
Vi—g? Vi—g

e FT i pmg p iUl (7.10)

Vi—p Vi—g
K’ canok TuzuMugad K tuaumra yruw (7.9) dopmynanap opkanu amanra
OLUMPHUNIAAK Ba aKCHHYa, K caHoK Th3umu.1aH K’ tusumra (7.10) popmy-
Jganap socuracuga yrunagu. (7.9) Ba (7.10) ¢opmynanapnadn KypuHHO
Typu6aukH, JlopeHLl anMalITHPHLIIAPH KoopAHHarajap G6unan OGup
KaTrop/a BaKTHH XaM V3 HYHTra olasiNTH: KOOPAHHATANapHH aJIMaLLTHPHLL
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(hopMynanapuaa BakT HIITHPOK 3TASINTH, BAKTHH aniMailUTHPHIL dopmy-
Jajapuia 3ca KOOpAHHAaTalap HIITHPOK stasanth. [emak, JlopeHu
ajqmaluTHpUiLiapuaa ¢azo Ba BakT Oup-6upu OGHaaH Y3BHH OOFJIHK
6y/u6, yrapHH anoxuaa onvb Kapalli mabHora sra smac. buHobapwun,
HUCOHHAHK Ha3apuscH 6up-6MpH GUaH y3BHI OOFJ1anraH ¢a3o Ba BaKT
XaKHaaru Hazapusaup.

UlyHn anoxuaa tabkuaiall Jo3uMkH, (7.9) Ba (7.10) dopmynanap
TEHI XYKYKJad OVaub, 6up-OupuaaH (pakaTr Te3JHUK U HUHI OJAHAATH
uwiopa Gunan papk Kuaaad. bynunr 6oncu wynaan n6oparki, K’ caHok
TH3uMu K ra HucGataH v Te3nHK GUaH XapakaT/aaHaanTH 1eb KapaJjca,

K caHok ThH3umu K’ ra nucbataH —v Te3nuk OuaaH 4am TOMOHra

Xxapakar/iaHasnrtH 1e6 Kapall MYMKHH.
JlopeHl anMaluTHPHILIAPH U HHHT HCTaJral Kufimariapuaa ypHHIH

6yau6, lanunedl arMaliTHpHLIIAPHHE HHKOP 3TMaHaH: KHUHMK (v« ()
Te3nukiaapaa Jlopedll anmawrupuuiapu Gesocura [anuneit anmallutu-
pHlwLIapkra yraau, sbHd anuneil anmawtupuuiapu JlopeHu aamatuTu-
pPHUITADHHHHT XYCycHH xoauaup. XakHKaraH Xam, v<c¢ O6yarania
(7.9) Ba (7.10) ¢opmyranapaa KsaapaT HWIAM3 Taruaard p°=
=0v*/c? uuc6at | ra HUucGaTaH XKyla KHUMK COHHU TALIKH/ KHJIALH, STbHH
MasKyp HHUCGAT HOJNMa MHTHITAHH YUYH YHH XHCOGra OJIMAac/jHrHMH3
MYMKHH. ¥ xonaa JlopeHu anmawrupuiunapy [Nanuned anmawitupuuna-
PHHHUHT Y34 6YyAu6 KOagw.

[lupoBapanaa wyHH xam Kald KHIAWIHKKH, €PYFIHK Te3JMrHAaH
KaTtra (v>>c) Te3aukaapaa (7.9) sa (7.10) popmynanapaaru x, ¢, x’ Ba
t’ kaTTanMK/1ap MaBXyM KuiimaTra sra 6yaanu. by Hatuxka 6M3HHM WyHAaH
XyJocara oad6 Kelanukh, €pyrjauk Te3qauru (c¢) rtabuarna MaBXKyn
6yaraH Te3JHUKJIAPHHHT 3HI KAaTTAaCHAUD Ba Xeu KaHaal Te3JHK €pyFriHK
Te3nuruaad karra OyaHIWIH MyMKHH 3Mac. YHQaH Talukapd, v=c¢
6yaranaa (MabldyMKH, U -— XapakaTjard MHepuHasl CaHOK TH3UMHHHHT
THHY TYpraH CaHOK TH3MMHra Huc6aTaH TeKHC Xapakart Te3qauru) Jlopenu
aNMalWTHPHULIAPHAArH X, £, X’ Ba I’ KaTTa/lMKJap YeKCH3 KaTTa KHimMaTtra
sra 6yJIHILHK Kepak, Baxoslanku 6yHaai 6ysanuin 6upop MabHoOra sra smac.
Lemak, xapakaraard caHok TH3UMH GUsiaH GOF/IaHraH XKUCMHHHT HHCOHH
TE3JIUIH XaMMa BaKT EpPYFIHK Te3JUrHAaH KHUHK OYJaaaH.

7.3-§. NOPEHL, ANMALLTHPULLINIAPMAAH KENHUE
YAKAOAMIAH HATMXKANAP

HbloTon Mexanukacuga Gapua HHeplUHan CaHOK TH3HMJapHiaa
BOKeanap Gup BaKtaa coaup 6ynanu ne6 kapananH. Uynku 6y MexaHhka
O/UIHH WapoWTAapiard *apaéHjapHH, AbHUH EPYFJIHK Te3JNUrura Huc6a-
TaH Xyla KHUHK Te3JHKaap OHjiaH GOFNHK KapaéHoapHH akC ITTHPaIH.
Huc6uitnuk Hasapusich ucrairad Ttes3qaukaap Ouian GOFIHK 6yJrad
JKapaéHaapHH y3 HUHra ofafu. DleMeHTap 3appayasapHHHr XxapakaTH Ba
yJap HLWITHPOKHAArK XKapaéHa1ap akCapuaT Xoajapaa épyFanK Te3aUrura
AKMH Te3JMKJapaa 03 Gepagd. Epyriuk Te3nurura siKHH Te3JHKJap
6HWsiaH XapakaTJaaHaéTrad sneMeHrap 3appavanap 6uian GOFJIHK Xoa/1a
KeyajHTraH X04Hca Ba XapaéHiapHi 6u3 6eBOCHTA UAPOK 3Ta OIMANMH3,
Hly Goncmnan HUCOHAIHK Ha3zapHsCHIAH Kequb YdKaauraH HaTuxanaap
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KYHRAMKK XaéTHMH3J1a yypaHauraH xogucajapra Ba OAJAHH LIAPOMTAA
yTKasuwaran taxpuba HaTHXajapura 3ua 6yaub Tylonann. Xycycas,
JlopeHu anmaliTHpHWIApHAaH Kean6 YHKaAHraH HaTHKaaap, SbHH GHD
BaKT/NHJIHKHHHT, JKHCM YJ4aMJapHHHHT XaMia BaKT OpaJiuFHHUHT
HUCGHiMHKAapy wwynap kymaacuaawaup. Ky#inpa yaapun  kypub
YHKaMH3.

1. Bup BaKTAHIAMKHHHI HUcOWHaurn. DBapuya wuHepunan caHok
TH3MMJIAPH TEHT XYKYKJH Gyauwinra Kapamag, yaapaa conup 6ynaérrat
BOKea/lapHUHT GHp BAKT/IHJIHIKM Ba KeTMa-KeTJqHrH Xap xuaaup. K Ba
K’ uHepuHa CaHOK TH3WMJApPHHH ONAaMJIHK Ba XyIAH IOKOPHIAaruiex
(7.2-§), K/ canok tuaumu K Tnaumra HucGatan X yKu AyHanuwuna
yarapmac v Te3auk GuaaH xapakaraaHaérran 6ysicud. Tuuu Typrad
K caHOK TH3HMHHHHT X, Ba Xo HyKrasiapuia 6Hp BaKTHHHT y3uaa (f; =i,
At=ty—1t;=0) HUKKH BOKea coaHp OYJCHH: aHTaWJIHK, X; Ba X2
HYKTanapAa »KOH1alral HKKHTa MHIATHKAAH 6Hp BaKTAa VK OTHJACHH. By
HKKH BOKea Xapakartaard K’ caHOK TM3HMHHHUHI x| Ba x5 HyKTrajapuaa
aiiHu 6up BaKTaa 103 GepaAHMH €KH BAKTHHHT MOC paBHluaa f| Ba (%
naitnapuna cogup O6ynaauMmu, aeraH caBosira xaBoG 6Gepuill YuyH

Jlopenu aamawrTHpuwnapuaal goinanaHamus. y =—\/__§

1—p
rMHM Hasapaa tyTtHO, x,, x2, xi’, x2’, ti, to, £’ Ba £y’ nap yuyn Jlopenu
aJMaluTHPHLIJIAPHHH KyHuaaruua é3amus:

X =vy(x\+vl), X =7 (%4 v8);
x]=y(x,—vt,), x;=y(x2—vt2);

t.=v(t.'+c%xi). tz=v<t;+c%x;);

3KAHJH-

L=v(t—5x), L=v(—5x).
C ) [
By renramkaap.ian Ax=xs—xi, Ax'=xb—x,, At=ts—1t,, AV =t5—1]
KaTTajukaap yuyH JIopeHu aaMaluTHpHILIaPUHH

Ax=v(Ax'+vAY); (7.11)

Ax' =7y (Ax—vAl); (7.12)

At=y (At + = Ax'); (7.13)
c

At =y (At— 5, Ax) (7.14)
c

rtapsga €3uwi MyMkuH; 6y epaa A¢’ — xapakartiaHaérrad K’ caok
TH3HMHJArH Ky3aTyBuM HyKTaH Ha3apHua UKKH BOKEaHUHTr cogup 6Vauil
naftaapu opasurd. Maskyp A’ HuMara TeHr 3KaHNHTHHH aHHKJaHJIHK.
TuHy Typran K caHOK TH3HMHAA HMKKH Bokea GHp BaKTaa amaJra
OLIAETrAHAHIHHH (STbHH Af==1f;—{| =0 3KaHAHTHHK) 3BTHGOPra oJCaK,
oxupru (7.14) TeHraukaaH
A= —9y 5 Ax (7.15)
Cz
123

www.ziyouz.com kutubxonasi



6ynann. by TenraukaaH KypuHu6 TYpUOAWKH, OGuUp uHepyuaa CaHoK
TUSUMUHUKE xap xua HyKrasapuoa 6up sakrda (ty=ts, Af=0) codup
6yaean ukku 80Kea 6OWKA UHEPYULAA CAHOK TUUMUOG BAKTHUKE XAP XUA
(t; =L, At'=£0) nadraapuda codup 6jaiap skaw. Ulynuur yuyH 6up

Bakraa O6yjaérraH BoKeajap XaKHaa ranupraHdmu3aa 6y Bokeasnap
Kalck CaHOK TH3UMHAA OJIMHAETTaHJMrH  aHHK OGVy/HIUM  Kepak.
(7.15) ndonann taxaun kuaub (6y dopmynagard maHdHii HUWOPAHH
3bTHOOpra oJiralH Xoaaa) siHa KyHH1ard XxyJaocara KeJlaMu3: THHY TypraH
CaHOK TH3UMHAA KOOPAHHATAHWHI KAaTTa KHAMAaTHra MoC KeJyBuH BOKea
Xapakartjaru TH3WMAa BakT 6yiHua onaMHPOK coaup Oynaaau. (7.12),
(7.14) Ba (7.15) dbopmysanapaal siHa KyAHAAru HATHXKA KEJHWO YHKa/LH:
dakat 6up xycycuil Xonaa, AbHH THHUY TypraH CaHOK TH3UMHHHHT aiiHaH
6up nykracuna (Ax=0) uxkkana Bokea 6up Baktaa (Af{=0) amasra
owraH 6yJica, Xapaxkaraarid CaHOK TH3UMHAa XaMm Ma3Kyp HKKH BoOKea
(hazoHUHT aliHaH 6up HyKracuaa (Ax'=0) 6up Baktaa (At’=0) coaup
6yaanu.

—te o
: I
I
. 1] [ '
0 g X1 1% X
X
Yy
72-pacm

2. XapaKkaraari XXHCMHHHT Y3YHAHTH. JlopeHil anMaluTHpHiLap1aaH
Kequb 4YHKaAAWraH HaTHXKajnapaaH siHa OMpH WyHaaH v6opaTkH, 6up-
6upueca nucbaran xapakaroa 6§azan TYPAU UHEPYUAL CAHOK TUSUMAQDU-
0a HUCHHURS Y3yHAUSU Typauda 6jaadu. ByHra MILIOHY XOCHA KHJHMLI
YUYH, IOKOpHAA KYPHO YTHiIraHuaeK, HKKHTa K Ba K’ caHOK TH3UMJIapUHH
onaiinuk. K’ canok tusumupa X’ ykura napansnen kKuaub Gupop
Taékuanu KkKoHaawTHpadauk Ba K’ TH3uMH Ta€kua OunaH Gupra
K tv3umra HucOaTaH 7.2- pacMAa KypcaTuarad HyHanuuiaa v Te3/HK

6unad xapakatiaHaérraH Oysacuu. Papiianku, taékua K’ TH3uMra
HucGaTaH THHY Xosataa O6yaand Ba 6y TH3uMAA TaéK4ya YYJapHHHHT
KOOpAHHaTalapH x| Ba x5 6y/raHy yuyyH yHUHT K’ TH3HMAArW Y3YHJAHrH
lo=x5— x| 6ynaau.
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IHAH TaékyaHHHr K TH3UMAAry y3yHAHTH HHMAra TeHT 3KaHJIHIHHH
aHukjadnuk. Taékua 6y Tu3uMra HucO6aTaH Xapakar/JaHaéTraHAHrH
Tycdhali¥ YHUHT Y4JIapHHHUHT KOOpPAMHATAJapHHW alHaH Oup =t =1,
BaKTaa yndaw Jo3uM. K TH3UMAa TaéKya yulapHHHHT KOOpAHHATANapH
X1 Ba x2 6YIraHH YUYH YHHHT 6y TH3HMAATH Y3YHJHIH [=xy—x; 6yaanu.
lyp Ba { y3yHJIuKaap opacHaary GOFJIAHHILIHH TOMHIL MAKCaaHAa x| Ba xj
Jgap yuyH JlopeHu ajqMalITHPHIIJIAPHHN KylHaaruya €3amus:

x —ut

S

Xy —ut

~ Viee

7/

x|= A

X9

By WUKKH TeHrJuKaau:

Xy —ut X, —ut X {
Vi—g Vi—p  Vi-g VI-p

3KaHJHIH KeqiH6 UYMKaaM, fbHH TaékyawuHr K Tu3uMra HucOhata
v Te3JHK GHJaH XapaKaT/JaHaérraH BaKTAaru y3yHJuru OujiaH y THHY

Typrad TH3HWMAAr™v Y3yHJHUrd opacCHaaru 6OFIUKJIHK

4 4
10=x2_xl =

L=\ =7 /& (7.16)

mMyHocabaT 6unan ngoganavaiu. TaéKUaHHWHT Yy THHY TYpPraH TH3UMIAaru
Y3YHAUTH (lg) YHUHT xycycud ysynaueu nedunanau. Oxupru ¢opmyaasas
KYPHHHO TYpUOAHKH, TA€KYAHHHT K TH3UMAArH Y3YHAHTH K’ TH3MMAarura
HUCOaTaH KUCKA 6yaap 3KaH Ba XKHCMHHHT Te3JIMIH (v) KaHUYaJNHK Katra
6y.aca, yHuHr yayHauru (7.16) udonara kypa wyHuanuk kickapub 6opap
3KkaH. by kuckapuu Jlopeny Kuckapuwu neb 0OpUTHIALH.

lllynnait KMAUG, TAéKUYAHHHT Y3YHJAHTH TYpJH CaHOK TH3HMJapHaa
TYypJiH4a, S’bHH YHHUHT Y3YHJAMTH HUCOMA MabHOra sra: Taékua Ka#cu
TH3MMIA THHY Typrad 6y/ca, ylia TH3UMAA Yy 3HI KaTTa Y3yHJHKKA 3ra
6ynaau. lOkopuaa 3HKp 3THATaH KHCKapuil HUCOMH MabHOra 3ra
6yarauauMry  Tydafau KHCMAA Xed KaHAaid KyuJaHHLL1ap COAMp
6YVAMaii, YYHKH XXHCMTa Xeu KaHjaal TallKH Kyuaap TabCHp KUiIMaiau.
UlyuuHr yuyH JlopeHL KHCKapHWIUH pensitHB HaTHxXaaup. Xapakar
AyHaauWKra THK UyHa HWIapAa KUCMHHHT yJayaMmJapu (AbHH Taékya-
HUHT 3HH) y3rapManau (yHUHT 5HH 6apya HHepluHaJ CaHOK TH3WMJapHuaa
OUp XHAIUTHYA KONnaaH).

JlopeHl, KucKapuliu Gapua Te3nukiaapia xam ypuuiau. Jlekun amanui
KuxataaH Oy KHCKapHll EépyFJIHK Te3JiMrMra sKHH Te3JHKJapaa
cesusapad pgapaxana 6ynaad. Ulynu xam aiTvwr xepakku, JlopeHu
KucKapuuwu Tydainu ky6 wakauaaru >kucm K TH3MMaard Ky3aTyBuHra
napaJjaenenunen 6ynu6 KypHHHUIIK Kepak 34d. Jlekun 6y epaa Ana 6up
¢$hH3uKaBui xoauca 6opkH, Y JIopeHU KHCKApHUIHHH Ky3aTHUWITd HMKOH
6epmaian. By xoauca wyHaaH HOOpPATKH, XHCMHHHT TYPJH Y3OKJHKAA
TYpraH HyKTa/japHlaH Kesa€TraH €pyFIMK HYPH KHUIH Ky3Hra Xap Xua
BAaKT AaBOMMIAa eTHO KenaaH: HaTHXKaaa >KHCM LIAKJAH Ky3aTyBuyHra
y3rapu6b kypuHand. Macasias, Jlopedu KHuckapuwu 6yamarasia 344, Ky6
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IIAKJMAATH XXKHCM Ky3aTyBUHra Xapakar HyHaJHUIWAa 4Y3HHYOK Gy/HO
KypuHap aau. Typau HykTanapaan kenaérran E€pyFJIHK HYPH Xap XuJ
BaKraa e€TrHO Kesuuin OuaaH Oupra JIOpeHL KHCKapHIIKM XaM MaBXKYi
OyJIraHJUrK Ty aiin Oy HKKH y3rapHil OHp-GHPDHHH « HYKKa YHKapaau».

3. Bakr opaaMFHHHHr HHCOMAAMIH. HbIOTOH MeXxaHHKaCHHHHT
TacaBBYypJapHra Kypa BaKTHHHI yTHwW 6apua uHepuHaJ CaHOK
TH3MMJIapHAa aiHaH 6up xuaaup. Hucbuiinuk Hasapuscura kypa 3ca
ailHaH OMp BOKEAHHHT €KH >KApaéHHHHT NAaBOM 3THII BAaKTH TYpPJH
HHepLHaJ CaHOK TH3HWMJapuaa Ttypauua 6yiaan. Papa3d KuiahaHk,
xapakarsaaHaérrai K’ TH3WMHHHT x’ KOopAMHaTtacH OGW/aH aHHMKJaHa-
éTraH HyKTacHaa >XoHjawran GHpPOp KHCM OHlaH OOFIHK »KapaéH

Y o o -

{, naiTaa Gownanub, 5 naiTaa TyrajnaHcud. PaBlulaHku, XKapaéH Atv=
= {5 — ¢} BaKT n1aBoM 3TraH Gysianu Ba Ma3kyp At Bakr opaiufH K’ caHok
TH3UMHAA YpPHATWAraH €o0aT BOCHTACHAA YJi4aHraH, SbHH BaKTHH
yayaiiauran ac606 xam K’ TH3UMHHHT X’ HYKTacHaa >KOHJaluraH XXHcM
6unan 6upra v Te3nuk O6uaadH xapakatsiaHasanTv. LlyHuHr yuyH Tt Bakr

KHCMHHUHT xycyculd sakTu JednNajH.

DHAH MasKyp »KapaéH coaup OYJHIUHra KeTraH BaKT OpPajJUFHHH
Ky3franMac ne6 XucobaaHradH K caHOK TH3uMuaa Tonaiiuk. By caHok
TH3HMHAArd Ky3aTyBuH LIy TH3MMRArd COATHHHI KYypcaTHIUIHra kKypa
KapaéHHHHT GowNanHLIK §, nafiTaa, TyrallaHuilM {; naitia 6yaraHin-
rHHM Kaha staau. JKapaén K’ TH3HMHHHr x’ KOOpAHHATacH OuaaH
aHUKNaHAAMraH HYKTacHaa coaup 6ynaérranauru cababaw ¢, i, t2 Ba 3
KaTTaJHKAap opacupard GornaHdluHH HdonanoByH JlopeHl, ajiMallTH-
DHUIIADHHH KyHHAAru4a €3Hll MYMKHH:

1+ /P th+v /X
= T
Vi-g

fy = 2T

Vi—g

6y HKKH TeHIJIMKAaH
L—t At
T Vieg V¢
keau6 unkaau. Oxupru ¢opmyaanaH:
At = AL\J1—B7 . : (7.17)

At=t,—t,

By ¢opmynanan kypuHu6 TypHGAHMKH, XapaKaTiarM TH3WMAA Xapa-
SHHMHI J1aBOM 3THII BAaKTH THHY TypraH TH3HMaarura Hucbarad

1 /\/ | —p? mapra KaM 3KaH (UYyHKH \/l——ﬂ2<l); Gowkaya adTraH-
14, THHY TYpraH CaHoK TH3HMHra HucOaTaH XapakaTaarud TU3WMAa BaKT
cekuH yTaau. By XonHcaHM XxapakaTaiaru CaHOK TH3MMJ/apHia BaKT
YTHLUIMHWHT CeKMHMaWyBH aehunanu. [lemak, B8aKT opaasuru xam

Hucbuiidup. . )
»KucM Kafich caHOK TM3MMHAA THHY TypraH 6yaca (xkucm K’ TH3umaa
THHY TypuOaH, Jekun 6y THaum K TH3umra HucGaraH Xxapakaraa),
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XYCyCHil BaKT Opa/JMFH Ylla TH3WMAAard coaT BOCHTAacHAa YyJayaHanH.
JKucm 6Hp caHOK TH3UMHAAH HKKHHYMCHra YTKa3uaraiaa XycycHi
BAKT OpaJiifi XUCM OujiaH Gupra XapakartjaHaeéirad coaT BOCHTACHAa
yJA4aHTaHJHIH Tydaiau Maskyp BakT opajiurd JIopeHL aamawitipuulia-
pura HUcO6aTaH MHBAPHAHTIHP, TbHH XYyCYCHH BAKT OPaJHFH OHP CaHOK
TH3UMHAAH MKKMHYHCHTA yTHArasaa yarapMmad Konaau.

BakT YyTHWMWHHHI ceKUHIAWYBH (HaKar cOaTIapHUHT CEKHH IOPHILLH-
AaHruHa ub6opar 6yaub Konmai, 6anku xapakarJaHyBuH TH3uMaa Gapua

du3ukaBuii xKapaéHaap xam 1/ \/1—[32 MapTa CeKHH COAMp Oyauilu

TAaKo30 3TH/AaaH. XapaKariary TH3HMAa BAKTHHHT CeKHH YTHUIM XKyda
KaTTa Te3/uKJIapaa (€pyFIHK Te3JHrura sKuH Tesjukaapaa) cesunapau
papaxaaa HaMmoéH 6yjaan. By xonucanuur MaBxyaauru Taxkpubanap Ba
Ky3aTHULIap oOpKaJdM Kyn Mapra TacauKjaaHradH. Maskyp xoamuca,
MmacaJjiaH, MIOOHJap OusaH YTkasuiarad takpubasapia TacAHKJAaHTaH.
MiooHsap sinaul AaBpu XKUXaTHAaH TypFyH 6y.aMarad 3appaJgap 6V.1u6,
VJAAPHHHT XYCYCUH flllall BAKTH (SIbHHU yaap 6unaH GOF1AaHraH CaHOK
TU3UMHAA YJauaHraH swaw BakTH) 2,5-107° cekyHAra TeHr (MIOOH —
maccacu 3J1eKTpoH Maccacura Huc6aran 270 mapTa karra 6yaraH myc6ar
3apaaju 3appa). MiooHsap arMocgepaHHHI OKOPH KaTtiamjapHia
(20—30 km OGanaHaMHKAA) KOCMMK HypJaap Tapkubuaa yupaiau Ba
y kucmaap 6unaH (acocaH atmocdepa TapkKHOMAArH MoJekyJaaJap
6unaH) TabcHpJAUIMUI HaTHXKAacHAa napyajaHald; HaTHKala MIOOH
YpHHOAA 3JEeKTPOH €KY ITO3HTPOH Ba MKKHTA HEHTHPHHO XOCHJ OyJajau.
Mioonsnap €pyFaHK Te3JHIHra SIKHH TedjqHksaap OH1aH XxapakaTJaHaau-
Aap. Arap MIOOH XaTTo épYFIHK Te3JIMrHra TeHr Te3JHK GUJIaH Xapakar
KMJITAHHAA XaM arMOCc(epaHHHT IOKOpPH KarjsamJsaphiaH nacrra Kapab
(Ep Tomonra) 2,5-107° cekyna Bakt nunaa (akar 600 Merpra siKuH
macopaHn OGocub6 yruwra yaryprad 6yaap 3aH. KysaTHuinapHuHr
Kypcatuuinda, moonaap 20—30 km GanaHanukaa xocua 6yaca xam yaap
Kyna kyn mukaopiaa Ep cupruaa »kofinauwran nabopatopusinapaa Kaija
KWIMHMOKAA. Dy xoa XKyna karra Te3nuk OuiaaH XapakariaHaéTral

MIOOHJIAPHHHT XyCycHil silaw BakTHHuur | /\ 1 —p* mapra owuwy

6unaH TYWYHTHPHAAAH. XYAAH WYHHHTAEK, GHPOP PaJiHOAKTHB MOIaHH
FOSAT KaTTa Te3JHK GWIaH XapakaTra KeJITHPH/ICA, YHUHT PajHOAKTHB

eMHpHIHW XKapaéuu Xxam 1 /1 | — B? MmapTa ceknnaawanH ('bHH YHHHT

ipUM emupuanin gaBpu 1 / l—ﬁ“’_ mapra owanH).

[emak, aiiHan OMp KapaéH TypJd HHepUHa] CAHOK THIUMJApHIA
Typ/au4a BakKT [JaBOM 3TajM.

7.4-§. PENATHB MEXAHUKASIA TE3MMKNAPHM KYLLUMLL

["anunedt anMawTupHwiapuaad Keaub YHKAAHTaH HaTHXKajapaad
6upu wyHaan uboparku, K unepyuaa canox tusumuea rucbaran OX
dijraruwida v te3auk Ousan Tekuc xapakar xusaéreaw K’ unepyuan
CaHoK Tu3umudaeu wucm (Mooddud HyKra) wy Tuzumea Hucbaraw
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) rezaux 6uaan xapaxkarda 6iaca, maskyp xucmuune K rusumdazu
Tesaucu

u=v+v
mynocabar opkaau ugodaranadu. JIOpeHll aamMalTHPHLLIAPHTA acoc-
JIaHraH peNATHB MeXaHHKaja IOKOPHAA 3HMKP 3THJAraH Te3JHKIap
opacHaard GoraaHuwi Gowkayaadp. By OOFJaHHMIUHM aHHKNAW YuyH
MOAAHH HYKTaHUHT K CaHOK TU3UMHAATH Te3NUIHHUHT X YKH HYHaJHLIH-
Nard TalWwKUa 3TYBUHCHHHU
dx
U, = - (7.18)
KypuHHwAa €3amMu3. Maskyp Te3nukHMHr X’ YK #UyHanuwu 6yiuua
OJIMHTaH TalIKHJ 3TYBUMCH
dx’
/7
uy =— .
o= (7.19)
Tap3na €3uaanH. JlopeHu aamawrupuusnapura ((7.9) ¢popmynara K.)
acocal dx Ba df kaTranuknapHu dx’ Ba dtf’ nap opkanu éicak, ynap

dx’ 4 vdt’ *
Vi—o? /2
dt' + (v/c*)dx,
= 7.21
dt WAy (7.21)

KYPHHHIIHKW onaad. duau (7.20) uuHr (7.21) ra Huc6aTHHH oOicak,
y xonaa (7.18) ra acocan

dx dx"+vdt’
u =% _ L 7.29
dt dr' + (v /*)dx’ ( )

ra sra 6ynamu3. by b oaaHHHT YHT TOMOHHHHHT CypaT Ba MaxpaKuHu dt’
ra 6yicak xamaa dx’ /dt’=u’,, 3IKaHJAHTHHH Ha3apia TyTcak, (7.22)

TEeHIrJIMK KyHujaaruua é3unanu:
u . +v
U, = ——— . (7.23)
t4u' v /e

Arap moaamit HykTa X Ba X’ ykJapra napajjea paBHWIAA U Te3JHK
6unaH xapakatjaaHaérrad 6ynaca, yHUHT K Tusumaard tes3auru (u) HHHT
KHAMATH Uy Ta, Uy 3ca MOMAMIA HYKTaHHHT K’ TH3UMAArH Te3JHCH
v’ ra TeHr 6ymaau. ¥ xonga (7.23) kKyduaardn KYpPUHULIHK oOJalH:

w=--rre__ (7.24)
14+v-v /c
(7.23) Ba (7.24) popmynanap K’ caHOK TH3HMHAaH K TH3KUMra YTHLLAA Uy
€KH 4 Te3JIMKHH TONULIra UMKOH 6epaad. XyAaHd wyHdHraek, (7.10) ¢op-
myaaaad ¢o#aananu6, K caHoK TtH3uMuaad K’ TH3uMra yruwaa
1, TE3JUKHH TOIHLUI
, Ux—-l)
uw ., = ———- - (725)

l—v,-v /02
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npona BocuTacHaa amaara owdpuaanu. IOxkopuaa KeaTHpHAraH
(7.23) — (7.25) popMynanap Te3AUKAGPHU K ULliildhiune pEeAATUS Kouda-
cuHu ndopanaiiu.

(7.24) udonanan KYpuHHG TYPHGAHKH, HATHXKABHH Te3NHK (4) HKKH
TE3JIHKHHUHT  HAWFHHAUCH (v'4v) n[aH KH4YHK 3KaH. Te3juknapHu
KYWHINHHHT PeJIiTHB KOWAacHaa €PYFIHKHHHT BaKyyMAard Te3JIHrH
(c) naH KaTTa Te3AHKAAPHH MHKOD 3TyBYH HUCOHHIHK HA3APHACHHHHT
MKKHHYH NOCTYJaTH y3 HdosacHHy TonraH: ¢apas kKunadiauk, K’ caHox
TH3HMHI A 3appa (MOLAHH HYKTa) €pYF/IHK TE3JIHrH1a XapaKaT/aHCHH
(MacanaH, GOTOH ékH HEHTPHHO), AbHH v’ =¢ GyacHH. ¥ xoina K caHok
TH3HMHIArH Ky3aTyBuH 3appa

c+v '= (c+v)c
14cv /e c+tvo

—J = C

Te3JHK OWIaH XapakaT/naHaéTraHuHM Kaila kunaagn. Haruwkaga 6u3
WyHAaH xyJocara KeJamMH3KH, MOOOul HYKTAHUHZ MYTAGK Te3auzu
épyraux te3aucudan xkarra 6jaa oamaiddu. Arap Mopaui HYKTaHWHT
K’ caHOK TH3MMHZar® Te3/iHrW Ba CaHOK TH3HWMJApHHHHT Oup-GupHra
HHC6ATaH TE3JIHTH €PYFJHK TE3JHIHIaH XKYAa KHUHK, AbHU V' K¢, v&C
6yaca, yuaa v'v /c’«l 6yaann Ba (7.24) wundonanan [aaunedt
aJMalTHPHUIIAPHAAH KeAH6 YHKAAHraH TE3/IHKJapHH KYW NI KOHLACH-
ra yTamu3:

u=v 4+ v.
JleMak, pesiiTHB MeXaHHKa KOHYHJIapH KEHI KaMPOBJIH MOXHSATra 3ra

6y116, XMHCMHHHT KHUMK (U< ) Te3JHkJapHaa y HbloTOH MeXaHHKacH
KOHYHNApH KYPHHHLIMHH OJafH.

7.5-§. OPARMK (MHTEPBAR)

Fanunelt aaMawThpHuiapHaan Keaub uMKagHraH HaTHXKara kypa
AHCMHHHF Yauamaapu (V3YHJIUTH) Ba MKKH BOKeaHHMHT coaup 6yJauluuna
yTraH BaKT OpajiiFH OGHp HHEpUHAJ CAaHOK TH3MMHARAH HKKHHUHCHra
yrranaa yarapmai Koiaad, AbHH HHBApPHaHT XHcOGJjaHanH. MabiayMkH,
AKHCMHHHF Y1uamaapu (xycycaH, y3yHaurd) ¢asona x, y, 2 KoopasHara-
nap 6unan Gepuaaan Ba HoloTon MexaHHKacHaa yy yauoBJaH ¢pa3o xamaa
6Hp ynuoBAH BakT OGup-GupHra OGOFAHK OyaMaraH Xonaa, sibHH OHp-
6upHIaH MycTaKua pasHviuga MaBxyA. Doiukaua afitranna, BOKeaHHHT
Kaepaa coinp 6Y/raninrd XakHAaard Macasna ly BOKeaHHHT Ka4uOH COAHp
6yAraHiMrd xakuaaru MacafafaH MYCTaKHa Xouaa — ajoxuia oJH6
Kapanaau. Macanan, HbloTOH MexaHHKacHaa KOOPAHHATANAPH X,, Y1, 21
Ba X2, Yo, 22 OyaraH pasofgaru HKKH HYKTa opacuparu Macoda
Ky#iMaaruua anuknaHanu:

l = \'(xz—x|)2+(!/2—y|)2 +(Z2—Z|)2 . (7.26)

Bup nnepunan caHok TH3UMHAAH HKKMHYHCHFA YTranaa X1, 41, 2) BA X2, Y,
22 KoOpAMHATanap yarapca xam, ! HUHT KuAMaTH y3rapmai Konaau, S’bHH
[ Tanuneit aamawTupuinnapura Huc6ataH HHBApHAHTIHP.
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JlopeHu anMailTHPHULIapHAAH KelHO YHKAIUFaH XyJoca 3Ca WYHAaH
HOOPATKH, XHCMJIAPHHHT yjauaMiapH (XycycaH, Y3yHJHIH) Ba Bokeasaap
OpacHiard BAaKTHHHT YTHWH (NaBOMHANHIH) OHp HHEpLHaJ CaHOK
TH3MMHOAH HKKHHYHCHFA yTraHpa ysrapradaurd tydaidau 6y kaTra-
JUKIAp Ma3Kyp aJMawTHpusapra Huc6aTaH HHBApHaHT  3Mac.
XaxkHKaTaH, HHCOHANHK Ha3lapusicuaa ¢$a3o Ba BAKT GHP-GUpH OHIaH
y3Bui GorsaHraH 6yau6, JlopeHu anMawTHPHILIAPHHH H(ORAIOBUH
TEeHrJjamanapia x, Yy, 2 KoopAHHartanaap OusaH Oup Katopaa BakKT
TYPTHHYH TEHr XYKYKJH KaTTaJHK cH¢paruaa HIWTHpoK 3taan. lly
6oucnaH HUCOMHNHMK HasapuacHaa Gup-6upu 6unan y3apo 6GornaHrad
AroHA TYpT Jaxwosau azo-sakt Tyuyndacu KupHTuaaad. Typr yauosiau
¢asona Bakr (¢) ypHUAa HYKTa KOOpaHHATaNapu OusaH GUp ysyamra sra
6yiran ¢t (¢ — EpYFIHKHHHI BaKyyMAaru Te3JIMFH) KarTanHKiaaH
doitnananunani, sbHH TYpT Yyadosau ¢dasopa X, Y, Z, ¢f ykaapuaaH
nbopar KOOpAHHATANap TH3HMH KyJnaHWiaad. Y xonga coaup 6y.arad
BOKea (as3o-BakT KOOpAHHATalap TH3HMHAA X, Yy, 2, ¢! KOOpAHHATaNap
6usaH aHMKJAHYBYH HYKTA cuq)aTuna H¢)0113JIaHaJ.1H By HYKTa dyueauu
HykTa Ae6 arasand. Bakr yTuinn GWaaH AYHEBUH HYKTa Y3 YDHHHHU
yaraptupu6 ¢aszo-Bakrna dywésud 4u3ux ne6 aranaauras TPaeKTOpHSA
yusaau. Lllynucu 3>bTHOOpPra MONIMKKH, MacaJjsal, MOAAHH HYKTa yu
ya4oB/H (pazona XaTTo THHY Xxouataa 6yJaca XxaM yHHHT AYHEBHH HYKTAcH
¢t yKura napanjen 6yaran (ayHéBHil HYKTa cf ra MyTaHocH6 GYJaraH/IHTH
Tydaiau) TYFpH YH3HKIAH H6OpaT AYHEBHH uu3MK GYHHuUa XapakaTtia-
HalH.

Typr ynuoBau ¢azoga KerMa-kKeT coadp OYJAraH HKKH BOKeaHH
TaBcH(paaw YUyH OpaJaHK (HHTepBaJ) JeraH TywyHua KHpPHTHAA-
nu. Typr ynuoBnu drasona GUpHHUM BOKea Xy, 4, 21, cf) KOOpaAHHATaaap
611aH aHUKJAHYBUYH AYHEBHH HYKTA GU1aH, HKKHHYH BOKea X, Yo, 22, Cla
KoopAuHaTanap O6MjaH aHUK/JIaHYBUH NYHEBHH HYKTa 6uiaH udonanaa-
IH. X1, Y1, 21, CL| Ba X3, Ys, 22, Clo HYKTANAp OpPACHAArH OpaJHK éKH KHCKA
KHJAHG aliTraHAaa, HKKH BOKea opacuiaru opatHk 6upop K caHok
TH3UMHRA KyHupard ¢opmyna GHIaH aHHKJAHALH:

= \/ é (% '—tl)2"“[(x2“x1)2+ (y2_y1)2+ (22—2,)2] . (7.27)
by ¢opmynrann (7.26) ra acocad
= Ve —t)—F (7.28)

wakaa é3uul MymKuH. By KatTanuk 6apua HHepLHan CaHOK TH3HMJapH-
na 6up xuJa KuiMaTtra 3ra, sS’bHH GHp HHepuHal CaHOK TH3HUMHIaH
MKKHHUWcHra Yrtranpa (7.27) HUHr Kuiimatu y3rapmadad. Bowkaua
adTranaa, 6y Karraiuk JlopeHll anMauwTHpUapura Huc6ataH HHBapH-
aHTAHP. YHUHT HHBAPHAHTAMTHHH HcGoTAaw yuyH (7.27) Hu

F={t,—4)— (—x)— (4 — ) — (2—2)* (7.29)
hypHHHUWAA €3amu3. CyHrpa JlopeHl aiMalTHPHLIAAPHHH H(OLal0BYH

(7.9) ¢opmynara acocaH xamna (7.29) naru xo—xi, Yo—, 22—2y, la— 1
aiupmanap K’ CaHOK TH3UMMHMHT MOC KaTTaJiHK/1apH OpKaiH HoaanaHra
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(xg—x}) +v(t5—1]) , , , ,
Xo— X = ; > y Yo=Yy =Ys— Y|, 2p—2 =2— 2,
Vi—8

(t5—8) + (v /) (x5 —x})

T

TEeHIJHKAapaaH Kyduaarura sra 6ynamu3 (6y epna B =—z):
(X, —x,)2 = (xé—xf)2+20(x$—le);;é—ti)+v2(té—tn')2 ; (7.30)
(—y) =(—y)? (—2)'=(5—2)%; (7.31)
Clt—1,) = c"’(té~t,')"’+2u(x§—x;l)(tiQ—t;)+(u/c)2<x;~x;)2_ (7.32)

Auau (7.30) — (7.32) uncdonanapuu (7.29) dopmynara kyicak,

=) —(—x) — (h—9) — (—2)=
= G—H)’ —(g—x)"— (g —¥) — (Z—2)" (7.33)
TEHMIMK 6aXxapuaaau, sibHi §2=s’? 3KaHAMIHra HUloi XOCHJ KHIaMH3.

Hemak, opaaux (untepsaa) ea ynune Kksadparu Jlopewny aamawitu-
puwaapuea Hucbaran UHBAPUAHT KATTAAUK 3KAH.

Ulysu anoxuna tabKuanaul JN03WMKH, HblOTOH MexaHHKacuaaru yd
yauyoBnu pazona «MKKH HYKTa opacHaard macoa» TYLIYHYaCH KaH4YaJ/HK
MYXHM VDHH TyTCca, PeIsiTHB MeXaHHKaJda <«OpPaJHK» TYIUYHYACH Xam
LWIyHYATHK MYXHM YpHH TyTaaH. JIeKHH «Macoda» O6HNaH «OPAJTHK>HHHT
6up-6upunan papku wyHaaH n6oparku, 6yHaa s TYPT y/AUOBAH (PA30OHH
aKC 3TTHpand, YyHKH y JlopeHu aiaMaluTHpHlapura acocsiadraH 6y-
aub, x, Yy, 2 KoopauHaTtanap 6uiaH OUp Katopaa [ BAKTHH XaM y3 HUYHra
oJtafH.

Onarpard yu ysnuoBan ¢da3zona HMKKM HYKTa opacuaard macoda
(/) Huur xkBanpatu ((7.26) ra k.) mycb6ar coH 6y/ica-ga OpaJIMHKHHHT
KBaapatH (7.29) ra acocaH mMyc6aT ékH MaHGHH COH OYJNHIUH MYMKHH:
arap c(t—t) =1 6yaca, s*> HHHT KuiiMmatd Myc6art, arap ¢(fz— 1) <</
Gyaca, s® mauduil 6ynaau. s>>0 6yaca, Gynnaii opaiuK B8aKTCUMOH
opaauk, Aeiinnanu. s°<<0 6yaca, 6yHnal opanHk (a30cumMon opasux
nediunaai. Kanpalaup WKKH BOKea YUuyH OpajJHKHHHI KHAMartu 6apua
HHEpUHAN CAHOK TH3HMJIADHAA AHHKJAAHHUIH MYMKHH, JIEKHH S° HHHT
KuiMaTH Ka#icu xomnapaa Myc6ar Ba KalcH Xxoaaapaa MaHQHH
6yIMLWIMHK aHHKJALIHH COAAAapOK TacaBBYp KuaHw ydyyH [=0 Ba
to—1t1==0 6Yynran XxycycH# xojjapHH oiHb Kapall Makcaara MyBO(HK-
aup: [=0 6ysraHmga HKKH Bokea (a3OHHHT OHD HyKTacHAa COAHD
6ynaérran, fo—1¢ =0 6yaraHaa 3ca HKKH BOKea 6up BakTAa I03
6epaérran 6ysnanu.

BakTcumon opanukaa c¢(tz—t) >/ wapt Gaxapuanwu Tydaiau
Kapa/naéTran HKKM BOKea GHUpOp HHepuHaJ CaHOK TH3UMHHHHI OHp
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HYKTacuaa (61p »XKoila) KeTMa-KeT COAMp 6y1aAH Ba Ma3Kyp HKKH BOKea
6up BakTAa coaup Gynaaurau Goluka GUPOPTA CAHOK TH3UMH MaBXyil
O6yaniud MyMKHH 3mac (6yHAall CAHOK TH3HMH MaBXyAL 6yaraHaa ’aM,
th—t{=0 6yauwu n03uM 344 Ba (7.28) nau s 2«0 6yauwn Keaub
YHKa/H, 6y 3ca BAKTCHMOH OpaJ/iK Tabpudura suaanp). Ulynaait kuauo
BAKTCHMOH OpaJjiuKi1a Coaup 6GynajHral HKKH BOKea y4yH

52=52(t2_t1)2

OpPa/iHKHHHT KWAMAaTH aHUKJaHaiaH, ibHH Ma3Kyp HKKH Bokea OHpoOp
HHepLHa/ CAHOK TH3UMHHHHT GUp HykKracuaa (6HMp »KOHAa) KeTMa-KeT [
Ba {» naftaapaa 103 6epanu. bowkaua alfitTraHaa, HKKH BOKea AYHEBHI
YU3HKHHHT HKKH HYKTAcHAAd »XOo#JaliaaH.

PasuiaHd 6yjadIuK yuyH GH3 IOKOPpHAA BAKTCUMOH OPaJHKHHMHI XYCYCHH
Xxoin ({=0) uu onub Kapaauk. YMymuii xonna ¢ (fp—¢)) > 6yaranauru
Tydainn 6up Bokea coaup 6y1aéTraH HYKTaAaH HKKHHYM BOKea COAHMD
6y1aéTran HyKTara épyFriuK HYPH KeIHIIH YYyH 3apyp OYJaaiuraH BakT
({ /c) BOKeasapHHHT cOAMp 6VJauil nadtaapu {; Ba fy OpacHRard BaKT
(ta— 1) nan kuuuk. Ly Ttydaiian BakTcHMOH opaaukaap O6uaaH
a)kpatuarad 6Mp BOKea MKKHHYH BOKEAHUHT coaup 6yaduiura cababuu
6ysuIH MYMKHH €kH Oy BOKeanapHUHI OHPH HKKHHUHCHFZ TabCHP
KYpCaTHLUH MYMKHH.

dazocuMoH opanHKaa c(t2—#) <! TeHTCH3JIHK GaxK apHJIHILH J103HUM
6yaranaurd Tydainu KapanaéTtrai MKKH BoKea OHpOp HHepLHa] CaHOK
TH3UMHHHHT TYpJaH vyKranapuaa (/>>0) 6Mp BakKTHHHT y3Hpa (fo— 1t =
=0) coaup 6yaaau. JlekuH MasKyp HMKKH BoKea Oup HyKraaa (/=
={()) cogup 6yaaauraH 6UpopTa Xam CaHOK TH3HMH MaBXY/ 3Mac, UyHKH
HKKH BOoKea OMD HYKTana COAHMD 6y.nmuu YUYH {=0 6yauwn kepak; 6y
wapt 6axapuaranaa 314, (7.28) ra kypa s’>>0 6yiu6 konap 31H,
BaX0JaHKH, OXHPTH TEHICH3JHK (Ha3oCHMOH opanuK TabpudHUra 3naaup.
Ymyman onranna, ¢pasocumon opanukaa (s?<<0 wapt 6axkapuaranaa)
BOKeanap coaup 6ynaérraH HyKrajaap opacuaaru macoda [, paBliaHkH,
c(ta—t)) nan karra. Uy 6oucaan Ma3Kyp HKKH BOKea (Xarrto
€pYFIHKHHHT BaKYyMAAarH Te3jnuru 6uiad TapkajyByd CHIHAJl BOCHTACH-
Jaa xam) 6up-6upura TabCcHp Kypcara onmalian. buHo6apuu, pasocumoH
opanHk OGuHJiaH a)KpaTW/raH BOKeaJapHHHI OHPHHHHT CcoAWp G6yauwura
HKKHHYHCH cabab 6yna oamanju, yrap 6up-6Hpaapura trabeHp Kypcara
onmaiaunap (yaap cababuii 60oraanran 6ysna oaManaunaap).

s*=0 wapt Gaxcapusica, sibHH c(t— 1) =1 6yaca, GyHnai opajnk
HOAUHYU opaaux, neinnaad. HoauHuu opanukK €pyriauK HypH (€KM
3JIEKTPOMArHHT TYJAKHH) OpKaaun OOFNIAHraH HKKH BOKea oOpacHAaru
opanukaup. LyHUHr yuyH HONHMHUH opajuK 6ab3aH EpYrAUKCUMOH
opaaux, ne6 xam lopHTHIaan. Bup-6upuaan [ macodana 6yaraH HKKH
HYKTaaa »OoHJawraH HKKH aTOMHUHr Oupu f; nadtaa €pyFraHMK HYPH
unKapca (6MpHHYM BOKea) Ba MKKHHYM aToM Gy HYpHHM fp maltTaa lorca
(MKKHHYH BOKea), 6y HKKH BOKea yuyH, paBlUaHKH, s’=0 6ynaau.

[TupoBapanaa wWyHH TabKUANALL JIO3UMKH, 6apya CaHOK TH3HMJIapHaa
caba6 O6ysiraH BoKea XaMMa BaKT OKu6arT (HaTtuxa) XucobaaHral
BOKealaH ONIHH KenajaH.
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LlyHnpaii kKuan6, HblOTOH MexaHukacuaa ajnoxupa-anoxuaa onub
KapaaraH mytaak ¢aso (macoda /) Ba Myriak BaKT OpaJHFH YpHHAA
HHCOMANHMK Ha3apusicHaa MyTaaK fae6 KapaaaauraH HKKH BOKea
opacHaary OpalHK TYWYHYAacH KupuTHaaH. Opaiuk § HH MYyTJaK
AeraHuMu3aa YHUHr OHp HHepUHaN CAHOK TH3HMHAAH HKKHHYHCHTa
yTHATaHAA WHBAPHAHT 3KAHJHFHHH TYLIYHAMHU3.

OpaJslHKHHHT HHBAapHAHTAMIHAAH TalWwKapd, OH3 IOKopHAa KYpHG
YTAMKKH, €pYFIHKHMHI BaKyyMAarM Te3JHrH (C) Ba XYCyCH#H BAaKT
opananru (At) Jlopenu anmamiTHpuiiapura Hic6aTaH HHBapHaHTAHP.
UlyHHHr1€K THHY TYpraH >KHUCMHMHT MaccacH (m) XaMmM HHBapHaHT
KaTTajdHKAap KaTopura KHpajaH.

7.6- §. PENATUB MMNYNLC

Xo3uprauya 6y 6064a 6H3 pejsiTHB MEXaHMKAHWHT ACOCHHH TallKHA
3Trad ¢a3o Ba BAKTHHHI YMyMHHl XyCyCHAT/apH OHJIaH TaHHWAHK. BH3
KYpaHKKH, Pa3o Ba BakT Oup-6upu 6unad yamGapuac 6ornaHran 6ynu6,
XKHCMHHHTI ya4am/aapd (XycycaH, Y3yHJIHTH), BOKEAHHHT coaup Oyauu
naiTi Ba Oy BOKEAaHHHT [1aBOM 3THII BakKTU Huc6Hi 6yaub, Oy
KaTTasHuknap GHD HHepUHAal CAHOK TH3HMHAaH HKKHHUHCHra yTranaa
y3arapanm. R

Hbioron Mexanukacuga v Te3JHK OWJIaH XxapakarjgaHaérradH Ba

maccacH m 6yaraH >XHCM (3appa)HHHr UMNYJbCH p=mvu Tap3aa udo-

JlajlaHafh XaMaa Xucmaap Tyninamugad n6opart 6yaran 6epKk TH3HMHHHT
HMIYJAbCH Xap OHp anoxXHAa OJNHHTaH WHEPHHAJ] CAHOK TH3WMHAA BaKT
yTuwn 6unaH yrapmaidau. By HaTH»Ka KHUHK Te3aukaap (v« ¢) yuyH
ypHHIH OYH6, FOAT KATTa TE3JMKAAP YUyH, allHHKca épyFJIHK Te3Jiurura
SIKUH Te3JIHKJap coxacHra xoc 6VJaraH pensiTHB MexaHMKaiga 3appa *
HMIYJIbCHHUHT HdonacH $a3o Ba BAKTHHHT y3BHH GOFJIHKJIHK XyCYCH-
ATJNAPHHU aKC STTHPHILH JIO3HM, A'bHH 6y uosa HHCOHHAUK HaA3apHSICH-
1aH KeJqub YyMKaaurah xyjocanapra acociaanHuwu kepak. Iy makcaana
MYTaKa66u MEXaHHKaNard UMNYJbC HPOAaCHHH KyHHaaruua é3amus:

p = muv = m—';—: R (7.34)

- dr . .
Oy epaa v = —; — Maccacu m 6yaraH 3appaHuHr KapaJaérraH CaHOK

TU3HUMUAArH Te3JHrH, dr— L1y TH3HMAA 3apPAHUHT KyuHIH. (7.34) dop-

MyJa opkanau HpoaanaHraH 3appa HMNYJIbCHHHHT CaKJaHHII KOHYHH
Jlopenu anmawTHpuwaapura Huc6atan HHBapHaHT GYJHILH YUYH YHIATH
BAKT OpanufH dt ypHHAa 3appaHHHr dr macopaHH 60cHb YTHILM YUYH
KeTraH XyCyCHH BaKT OpaJIMFH dT ONHHHLIH Kepak, Abhd (7.34) udona
P=m4
dt

* JKHCM TyulyHuacH YPHHRA pensiTHB MexaHHKara xoc Gyaran 3appa TyWYHUaCHHH
HWJTATaMH3,
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Tap3aa €3uaHiuu Kepak. (7.17) myHocabarra acocaH BaKT OpaJsIMFH:
dr=dt\/1~z? /¢ . (7.35)

By ugonaun (7.34) ra kyicak:
P=md L
dt 1 2
ra sra 6yaamu3. By dopmynana dr /dt=v waptau paBuuiaa Ky3ran-

mac ae6 xucobsaHraH caHOK TH3WMH (K TH3uM)ra HucGaTaH 3appaHHHT
Te3/JIHFMHH HgogaaraHaurd Tydanan 6y TeHIVIHK

p=_m (7.36)

\/l——v2 /c2

Kypuuuiwinu onanu. lOkopuna adruaranuaek, 6y epla m -— 3appaHHHT
MaccacH 6yau6, y HHBapHaHT KaTTanukaup. (7.36) myHocabar sappanune
peaarus umnyasvcunu Udonasaiau Ba TaxpubaiapHUMHT KYpcaTHUIHYA,
Wy Tap3ja aHUKJAHraH 3appaHHHT HMNYJbCH XaKHKartaH XaMm Oapua
HHepLUHaJ CaHOK TH3HMJIApHAA HMMINYJbCHUHI CaKJAHHII KOHYHHHH
KaHoatsaHtupaau. (7.34) Ba (7.36) myHocabGatnapHHHr OuUp-GHpHAAH
(hapkHHH MacCaHUHT Te3JIHKKAa GOFJIHKJIHUTHHHHT HaTHXacH ne6 KapaJ-
MacJIMrH Kepak, YyHKH GH3 pejfATHB Macca atamacuaaH gofnananman-

me
4F

73-pacm

Mu3. bunobapun, (7.36) hopmyaa KMNYJbCHHHT 3appa TE3JIHIHra Kanaakh
GOFNUKAHIHHH Hponanaiiny. Ly Tabkuadaw J03HMKH, KHUHK TE3JHK-
Jgapaa (v< ¢) UMIYJAbCHHHT PENATHB HoracuaaH HblOTOH MexaHHKaCH-
dary uMmny.abc ¢opmynacu 6esocuta kenu6 uukanu. Lllynnail kuaué,
HMIYJIbCHHHT PeasiTHB HPOZACH KEHI KaMpOBJiH MabHora sra. Kuécaauw
Makcafnaa 7.3- pacmaa pensith umny.abc (p,.,) Ba HbioToH MexaHuka-

CHra acoc/1aHraH UMNyabc (py)JlapHUHT 3appaHHHr Te3jurura Kapab
yarapuw rpadukiapH KearHpuiran. Pacmaa yaap opackiaa xyga kartra
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TadoBYT 60pAKTH KYpuHH6 Typu6aH; 6y TadoBYT 3appa Te3JHurH €pyFrianK
Te3aUrH (¢) ra SIKHHJ1AWraH capd KeckuH opTH6 Gopaau. HbloTOH
ME€XaHHWKaCH TacaBBYpJlapHra acoCaH 3appa Te3JIUTH EpYFJIHK Te3JIHrHAaH
XaM Karra G6VyaMIlM MYMKHH, JeKuH OyHaadH OYJHILH HHCOMIIHK
Ha3apHACHHHHT UKKHHUYM NMOCTYyJaTHra 3HAAMP.

7.7-§. PENATME 3APPAHMHI XAPAKAT TEHFTAAMACH

Ma'b.ll)’MKH, HbioToH MexanHKacHna JKHCMJIAPDHHHI XapaKaT TeHrJia-
MacH:

F— _‘g (7.37)
éKH
- d;
F=2 (7.38)

TEHIVIHK OuaaH uposanananu; 6y epna F— sappara TabCHP 3TYBUM
Ky4, m Ba U— yHHHT MaccacH Xamaa Te3jurd. [anuned anmMauiTH-
pHLIJIaPHAAH Keaub YHKALKraH XyJ/10ca WyHAaH H6opaTky, (7.37) Teuraa-

dv -
Majard —- = a Te3/aHHLl HHBAPHAHT KaTTaNHKIHP, 6uno0apuH, 3appa-

yara TabCHP 3TYBUH Ky4 XaMm HHBAPHAHT KATTaJHK XHCOGJaHAaLH.
HHcOuiANK Ha3apUACHHHHT GHPHHYM NOCTYJaAaTHra Kypa TaGHaTHHHT
6apua KOHYHJNApH TypAH HHEPLHaJ CaHOK TH3WMJapHra HHcGarTaH
HHBapHaHT Gyaulin Kepak. Bowkaua aiitrania, ¢pH3aukaBHil KOHYHJap-
HHHI MaTeMaTHKaBH HpoaacH 6apya HHepUHAJ CAHOK TH3UMJIapUaa GUp
XWJ KYpHHHWIra 3ra G6YaHILH J03HM. JHAH IOKOPHAA KeITHPHJraH
(7.37) Ba (7.38) xapakar TeHrnaMmasapuHH OaH6 kapailink. KHUHK
Te3JHK (v c) napaa 6y HKKH TeHIJ1ama opacvia MOXHMATaH ¢apk HYK,
YYHKH MKKa/a TeHIJlaMa XaMm (akaT Te3JIHK €KH Te3/aHWIUHW YJuyaura
KeaTHpuaanx. JIeKHH FOAT KaTTa Te3JHK/1apAa 3appaHHHT Te3JIHTHHH
deAipaH  y3rapMac Ba KHAMATH JKHXaTHAAH Y TaXxMHHaH €pYyFJIHK
Te3JIMTHra TeHr Ae6 Kapall MYMKHH; YHHHT HMIYJbCH 3Ca Te3J/IMKKa
60raHK Gyaran Ba Taxpubana yauyaHagiurad KaTrajink xucobaaHanau. Hly
MyJj0Xasajapra nypa peqsiTHB MeXaHWKaja 3appaHuHr XapaKaT TeHIJa-
MacHHH KeJITHPHG YUHKApHLI YUYH acoc KHAHG (7.37) TeHrnHK Imac, 6ajkH
(7.38) TeHrnuK ONMHHWH Kepak, OyHaaH TawKapk (7.38) TeHrJaHKAArH
3appaHHHr UMNYJabCH (p) cudaTHaa HUCOHHNHK Ha3apusicHAaH Kesiub

YHKaAMraH xyjaocanapra acocnadran (7.36) ngona opkasiu aHHKJIaHaqH-
raH pejaAaTHB HMNYJIbC OHHHUILY Jo3uM. LUyHnaad kuiau6, (7.36) TeHrHK-
HH (7.38) ra kVyitu6, 3appara tabcHp 3TAETraH Kyd yuyH Kyinaarura sra

6y/1amMu3:
F= “(\/ my 8) (7.39)
1—¢? /
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6y ¢popMy/a pelATHB AHHAMHKAHHHT acocHi TeHrnaMacu 6Vaub, peaarus
3appanune xapakar reHeaamacunu uponanaiau. by tenriama JlopeHu
aJMaluTHPHUapUra HHc6aTaH WHBAPHAHT TEHr1aManup.

Arap Baxrt yTHWH GHaaH 3appa HMAYJbCHHHHI V3rapHll KOHYHH
MabayMm 6yjaca, 3appara TabCHpP 3TYBYH KYUHHHT Y3rapuill KOHYHHHH
pesaTHB JHHAMHKaHWHr acocHi TeHrjaamacd (7.39) naH aHukjaawWw
MyMKuH. MKKMHUM TOMOHAaH, GOWNaHFUy wapTaap (3appanudr Gou-
JIAHFHY TE3JIHTH U, Ba BA3UATH r,) 6epuaran 6yica Ba 3appara TabCHp
3TYBYH Ky4 Mab/iyM 6yJiCa, YHHHI XapaKar TEeHrJ1aMacHHH TOMHLI MYMKHH.

KYpHHHG TYpHGIMKH, KHUMK Teanukaapaa (v<c Ba v’ /¢*=0)
peNfiTHB 3appaHHHr Xapakar TeHrjaMacH HbloTOH MexaHukacuaari
J)KHCMHHHI' XapakaT TEHNJ1aMacH KYPHHHUIHHH OJIallH.

MatbnyMmkd, HbloTOH MexaHukacHaa 3appara (JKHCMra) TabCHp
3TYBYM KYY HHBApHaHT KaTTajuKaHp. PeasiruB MexaHukapa 3ca Oup
HHepLHaJ CAHOK TH3UMHAAaH HKKHMHYHCHra YTraHAa KYUHHHr KHAMAaTH Ba
AyHaauwH y3rapaad; 6yHaaH TallkKapH Ky4 HyHaauwu 61iad Te3JaHHil
BEKTOPHHUHT HyHanuwapu 6up TYFpH UW3MKAa éTMaian. by natuxanap
pensiTHB MeXaHWKaja Kyu HHBApHaHT KaTTaJHK 3MAC/AUTHHH KypcaTaiH.
Jlexkun O6up HHepuUMaJ CAHOK TH3HMHAAH HMKKHHYHCHra YTHAraHaa
anMaluTHPHL KOHAANAPH KyY YUYH Y3Hra XOoc KOHYHHATJIap BOCHTACHAA
aMmaJra OWHPHIAALH.

7.8-§ XAPAKAT TEHIMAMACHHMHI NOPEHL, ANTMALUTHPULLNAPUT A
HUCBATAH MHBAPUAHTIMIM

7.6-§ na ¢asona Kerma-ker coaup OVaraH HKKH BOKed Opa/HK
{HHTepBa/a) TylWyHUacH opKaau ugonananran 3au. OpanuKHHHT acocHil
XYCYcHsiT/IapHaaH GHPH WyHAaH H60paTKH, y J1opeHll aamMaWTHpULULIapH-
ra Huc6araH HHBApDHAHT KAaTTANHKAHD, S'bHH

AL — (AL +AP +AP) =N — (Ax? - Ay? +AZ7).

By TeHrauKHH
(AP +Ay +A42) — AL = (Ax” +Ay” +82") — 2L

Tap3ga €3cak XxaM YyHUHr JlopeHL alMalTHPHILJIapHra anéaTaH
MHBapHaHTAHTH caKaaHaad. CYurpa, TypT yn4oB/K ¢pasona —c? ypuuna
(ic)? nu é3uw mymkus (6y epaa i = vV "—1— maBxym 6upauk). Y
X0J11a IKOPHAArH TeHIVIMKHH KyHHlaruua €3ull MYMKHH:

AP+ AP+ AL + (ic)’ AL =Ax? 4+ Ay + A2 4 (ic)?At? . (7.40)

Opnarparn yu yayoBau ¢azona 3appaHHHr (HYKTaHHHI) Ba3usiTH
panHyc-BeKTOp r BOocHTacuaa OepusiaiM Ba y KOOpAMHATa VKJapHAaru
TALIKHA STYBYMIAPH OPKaau r=xi +y]+2k Tapsaa udonasaHagu.
Typr jauosau dazona 3appaHHHr BasHATH pagHyc-BeKTOp R 6GHAaH

Genrunasaau Ba y Y3HWHHHI TAWKHA 3TYBUHJIApH OpKaau Kyiuaaruda
aHHKJaHaau:

R = xi +yj +2k+icte (7.41)
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6y epaa e— GUPAHK BeKTop OVaM6, y ¢l KoopauHaTa YKH G6yil1a6
fivuanran (7.41) Tewrmukaa Iy HaApca MYXHMKH, TVPTTA KOOpAHHATa
yknapu (ict, X, Y, Z) 6up-6upura nuc6aran Tk WyHajraH ae6 racaBByp
KUAHHANK Ba 6y TeHrJWKAard GUpHHUYKM yuTa Xaja R BeKTOpHHHI (a3o-
BHIl TALUKHJ 3TYyBUMJIAPHHH, TYPTHHUM Xad (ict) 3ca yHHHr BaKT 6yiiuua
TaWKHA 3TYBUHCHHH Hdonanaiau. Opanuk (s) JlopeHu anMalwTupuilia-
pura HHc6aTaH HWHBApPHAHT KaTTandk OyaraHiurd Tydadau papuyc-
BeKTOp R XxaM Maskyp ajJMalTHpHiaapra Huc6atraH HHBaApHaHTAHD,
SbHH
Xi +yj+2k+ticte = xT+y' | +2k+ict’e (7.42)
€KH
R=FR.
bu3s tekwnpaérran 3appa K’ caHoK TH3MMHra Huc6aTaH THHY XonaTia
6Vacun; K’ TH3um (3appa 6usaH 6upra) y3 HaB6atuaa K caHOK TH3HMHra
HHC6aTaH U Te3JHK GMNaH Xapakaraaxaérrad Gysicux. (7.35) udonara

Kypa K CaHOK TH3MMHAArd BaKT opaiurd df Ba K’/ naru Bakt opanufu dt
opacHaa KylHaarn MyHocabaT MaBXYyh:

a1
dv \/1 v /c2

(7.42) TeHraMK 3appaHHHC TYPT YJA4YOBJAM (a3ofardH Ba3HATHHH
aHMKJaraHJHTH Ty aiau Ma3Kyp TEHTJIMKHHHT 3appa XyCycHH BakTH (T)
6yfinua auddepenunann TYpT yauoBau ¢aszona yHuHr K’ TH3HMAaru
TE€3JUruHu Hdoaananau:

-, __dR’ d . .= -+ - Iy
W= = — (icte+x"i+y |+ 2k)=ice;
dt dt
6y TYpT yauoBau dasonaru Te3NnK dynésuli Teaux ne6 arananu. demak,
3appa THHY Xosataa Gyaran K’ caHOK TH3HUMHAA AYHEBHH Te3JHK
KyHHlarura Teur:

W = ice, (7.43)

dx' dy dz

—7— Ba —— XOCH-
' dt dx X
Jganap Hoara Tenr. (7.43) AaH KYpHUHALHKH, w BEKTOPHHHI KBaaApaTH
—c? ra Tenr — 6Up HHepuHaJ CAHOK TH3HMHAaH MKKHHYMCHTa yTraija
YHHHT KuiiMaTH Vy3rapmaiinu, 6GunobapuH, Jdynésutd Ttezaux Jlopeny
aimauiTupuwmaapuea HUCb6aran UHBAPUAHT KATTAAUKOUP.

Hlaprra kypa K caHok TH3umura Huc6artan 3appa U Te3JHK GHuJIaH
Xapakar/jaHaiu Ba GYHAA YHUHT TE3JIHTH:
4R
dt dtv’
By dopmyaanaru dR /dt myuocabar (7.41) wudonanu ¢ O6yhuua
AudpdepeHunasnaw iyau 6unan ronunany; dt /dr sca (7.35) ra acocad

YYHKH 3appa THHY TYpraH CaHOK TH3HMH Y4yH

u =
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1/y1—v* /& ra reur. llynaah wkuau6, 3appanunr K TH3MMAaru
Te3JIMrH YYyH KyHuaarura sra 6ysamus:

~ _dR 1 de— | dy= |, dz 7 1 ice
U= — ————— i+ +_k + ’
dt \/l_vz/ (dt ar! T ar >\/I—v2/c2 \/1__02/‘2

ADHH

u= 2 4+ =u,+uq,. (7.44)

Vi—?2  Vi—? /8
OXHprH Te3JMKHUHI YHT TOMOHHAArW GupHHuM xaa K TH3MMAa
AyHEBUH Te3JUKHHHT (A30BHI TaLIKWJA 3TYBUHCHHH Hoaananiy,
HKKHHUM XaJ 3Ca YHHHI BaKT Gyinua TalKha 3TyBYucHAMD. [lemak,
AYHEBHE Te3NHK BeKTOPH (&)HMHF (ha30BHil TAlUKKI 3TYBUHCH (4,) pe-

JIATHB 3appa XapakaTH TeHIrJ1aMacCH

F= d(\/lmj /3)

aarn v /1 —v? /¢ HHcGatra TeHr (m -— MHBApPMAHT KATTAJHK).
BrHOGapHH, OXHpru TEHTVIMKHH KyHHAAar{ua €3uil MyMKHH:

75=— (mu,).

By TeHraukHn 3appaHHHr Xxycycuil BakTH dt opkaad udopanacak
((7.35)r.. K.), ¥

F= \/——_Z/c —(mu,) (7.45)

KYPHHHILHK onaaH. By epaa u, — TYpT yauyoBau ¢pasona 3appa
TE3/TUrMHUHT Ha30BHil TALLKUJI 3TYBYHCH Gyaranavru Tydaiaun (7.45) aa-

d - o o
rH o {(mu,) MyHocabat Wy TYpT y/iUOBIH pa301a 3appara TabCHP 3TYBUH
Ky4 (}') HUHT G a30BUi TALIKHI 3TyB'—lHCHHH Hponanaiau:
=1 (mu ). (7.46)

f kyuun YHUHT $Ha30BHit Ba BakKT 6yHHUA TAlIKHA ITYBUHJIAPH OpKa/H
KyiHgarnua H¢onasaiMus:

F=F+F, —(mu +mu). (7.47)

(7.46) um 3>bTHGOpra onuHca (7.45) TeHrMHKHH Kyiupardua €3
MYMKHH:

F=1/1—v /-], (7.48)

3appa TuHY xonataa 6yaran K’ caHoK TH3MMHAA [ KyUHHHT (pa3oBuit
Tawkua 3tyBuunapu  (fx<i, f.-f, fr--k) yu yauosnu Pasonaru
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F Ky4HHHI MOC TallKHJ 3TyBuHJapH 6uaan afinan 6up xuanup. K canox
TH3WMHAA 3ca [, Ba F opacuaaru 6ornanuw (7.48) myHocabar GusiaH

aHukaaHaau. Ulyunai kuiub, typr jauosau pazoda peasarus sappanune
xapaxkar teneaamacu ((7.47) ra K.)

d -
7—Fr (mu) (7.49)
tapsna udonanaHaan Ba y JIopewy aamawrupuwaapuza Hucbarau
UHBAPUAHTOUP.
7.9-§. ML BA KMHETHUK SHEPIMS

HbloToH MexaHuKackia Kyu F HUHT 3appaHd dr ra Kyuupuuwaa
6akapraH 3/1€MeHTap HLUH:

dA=Fdr.
3appaHuHr Kyuuwd dr=ovd! 3KaHJMTHHH 3bTHOOpra oucak 6y Hu
dA=Fodt (7.50)

6ynanu. 3appa KHHETHK SHEPTUACHHHHT PeJISTUB MeXxaHHKaaard udoaa-
CHHM TOMHII YYyH PeIATHB 3appaHHHr XapakaT TeHNJIaMacHIaH
dofinanranamus (abHu (7.39) tenrnamara acocan (7.40)Hu KyHuzaruua

€3aMH3):
dA=Fuv dt=0v=
’“( Vi— /3)

F xyu dt Bakr naBoMHia 3appa yctHaa dA v 6axapca, 3appaHuHr
KHHeTHK 3Heprusich dE, ra ysrapaau, sibHH F KydHHHT 6a’kapraH MU

(6.6)ra acocaH 3appaHHHr KHHETHK JHEPTHAICHHHUHI V3rapHUIHra TeHr
6ynanu:
buHobapuH:

dE_u"(vl i/g)dt:z?d(\/l i/c)

OXHpr TEHIJIMKHHHT YHF TOMOHHAArH AW deperitHa HIiopacH oCcTHAArH
HHCOAT MKKH (QYHKLUHSHHHT (ibHM mo Ba 1 /\/1—o? /¢ nuHr) Kyna#r-
MAacH 3KaHJHIHHH Ha3ap/Ja TyTraH Xouia yHH AuddepenitnaniaimMus:

dE. =0 | —nr—xno d df———\ |=
. v[\/l_v yE (mv)+mv (\/l )]
- mdv mov o? .
— [ Vi—e? /2 RETIEEEI d(_c?) ]—

— [2m(1—u /2y do+ mod (v2 /c?) ]

2(1—v /c“’)”2

n [(1 <) 20dv+vvd (~) ]

= 212 /23 2
IN
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2 — -
6y epaa 2udv=2vdv=d (v?) =02d(%) Ba 00 =0’ 6yaranauru Tydai-

Ay dE« yuyH ONHHTaH OXHPTH TEHIVIMKAAH KyHuaarura sra 6ynamus:

m v v? 9 2
=—— _—— d (|~ — 1\ |=
e=amizare [(177 )7 (5)+24(5) ]
m v 9 o _ mc® v
st () (5 e
2 l——c—,[
Hupdepenuransaminy amanra owHpuo,

_oom@ (P g (m
2(1=0% /22 T\ & Vi—a? /&
3KAHJHUIrHra HioH4Y XOCHJ KHJAaMH3. [lemaK,

dE, =d ( T me ) (7.51)
1—o? /c

By ¢opmyna (3appa KHHETHK 3HEPrHSICHHHHT AMPpepeHLHasn) F Ky

TALCHPHUAA 3APPAHUHT dr ra KYyYMILKAA YHHHT KHHETHK SHEPrHSICHHHHT
yarapuwiuun Hpoaanaiian. BHHOGApHH, 3apPaHHUHr TYJHUK KHHETHK
aHeprusick (7.51)Hu HHTerpannau 6UnaH aHHKIaHaaH Ba Oy TEHTJIMKHH
HHTerpaJjjall HaTHXacuaa

2
E =—-

Viee? /2
Honara sra 6ynamus. Murerpannau AOHMHUACH HUMAra TeHT 3KaHJAHM HHH
Tonanauk. KHHeTHK 9Heprus — XapakaT SHeprusick 6yaranjauru tydaiau
3appanuHr teanurd v =0 6yaranaa, paBwanku, £, =0 6yauiuu Kepak. by
MyJoxasanapiaH HHTerpaniall AouMHiicH const= —mc? 3KaH/IurK
Keanb yuKaad Ba HHTer pasJall JOUMHHCHHHHT 6Y KHIMaTHHH IOKOpHAArH
¢opmynara KVHcakK, peasrus 3appanune KUHETUK 3Hepzuacy Kyiuraruya
ugoaanaHaim:

——————-}const

—-mc2(-——————— 1). (7.52)

\/l-—v /02
3appaHHHr  (XKHCMHMHI')  KHHETHK 3JHEPrHsiCHHH  HM(OLaJ0BYH
(7.52) myHocabaT KeHr KampoBJH MabHora 3ra Oyau0, KHYHK
Te3NHKAApAa Y KHHETHK 3HeprusiHHHr HplOTOH MeXaHHKaCHAary WakJHHH
oiaiH. DyHra HUIOHY XOCHA KHAHIWI YuyH (7.52) dopmynaaaru

1 /y1—1v*/c® unuc6atuu Teinop KaTopura €AMH3:
|
(AT =1L (2 3 2y
e[ (TP =+ () 43
Knuuk (v<c) tesnuknapaa v/c HUCOGATHHHT TYPTUHYH, OJNTHHYH Ba

X0Ka3o paapaxanapu | ra Huc6aTaH »KyAa KHYMK COHHH TallKHJ
TrauauKnapu tydaiiu, yjapHu xucobra oJMaciaH, Ma3Kyp KaTOPHHHT
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AacTnabKu MKKH Xxaau 6unian HerapajiaHamus. Y xonna (7.52) dpopmyna
Holoron mexanukacuaaru E,=mv?/2 wakainu onanu. )Kynra katra
TC3JAMKAApPAA 3ca  3appandur  (OKUCMHHHFP)  KHHETHK  SHEPTUAACH
(7.52) dopmyaa 6unan udonaiaHani.

7.10-§. TIMMK SHEPTMA. SHEPIMA SMAAH MMNYNLC OPACMAAIM SOFAAHMLL

IOxkopuna 613 ((7.52) ¢popmynara K.) pensiTuB 3appaHHHr KHHETHK
SHEPTHACHHH:

Ey=— -l o me (7.53)

Tap3aa udoaanarad 344K; 6y epaa m — 3appaHHHT MACCACH, U — YHHHT
K caHok TH3umura Huc6araH te3nurd. KYpunu6 TypHGAUKH, 3appaHHHT
KHHETHK 3HEpPrufiCH HKKHTa KaTTaJHKHHHT aiupmacu wakauaa uddona
KHJIHHAANTH, ibHU 6Y TEHTJIMKHU:

E.=E—Eq éku E=E,+Eo (7.54)

KypHHHUIAA €31l MyMKHH. Oxupru Teurankaa £, — 3appaHHHT KHHETHK
3HePrHsCH 6YAraHauri yuyH Eo KaTTalHK XaM 3Heprusi MabHOCHra 3ra.
By dopmynana E HKKHTa 3HEPrusiHHHr HUFUHAMCHUAAH uHOopar 6Yauo,
y 3appaHHHT TYJHK 3HepruacHHd udonanainau. (7.54) nparu 6Gearu-
Jamiapra Kypa 3appaHMHT TYJHK SHEPrusich KyHWaarura TeHr:

2

E=__m 7.55
\/l—-—v2 /62 ( )

(7.53) Ba (7.54) TenraukaapaaH
Eo=mc? (7.56)

3KaHJHTH KYPDHHHO TYpr6aH. By xaTTanMKHHHT (PU3HKaBHH MabHOCHHH
AHUKJARINK: 3aPPAHUHT TYJAHK 3Heprusiciiu udonanosun (7.55) TeHr-
JUKAAH Iy Xyjoca Kennb UMKaAHKH, arap 3appa THHY XQJaTAa 6yaca,
(ynunr tesaurd v=0 6yaca) E=FEo=mc* 6ynaan. LUynunr yuyn xam
(7.56) dopmyna Ouaan udonanaHraH 3Hepruss THHY XONATIArH
JKHCMHHHI (3appaHMHr) 3Heprusicu aedunand. THHY XonaTaaru XHCM-
HHHT 3HEPrusiCH YHHHI HMUKHM SHEeprusicMHd Hdopanainau. babzan Oy
JHEPTrHSAHH KHUCMHHUHI XYCYCHH 3Heprusicu Je6 XaM IOPHTHJIANLH.
3appaHHHr THHY XOJaTHard HEPrusiCHHU akce 3TTHpyBuu (7.56) udona
KHUCMIAD TH3HMH YUYH Xam VPHHJAMAHD: XHCMJIAp TH3HMHHHUHI THHY
XoNnaTAaru SHEpPrusicH MasKyp TH3HM TapkubGuHaaru xucmJjap (3appa-
JIap)HUHT THHY XO1aTAard 3HeprusiiapH, yJapHHHT HHepUHA (macca)
Mapka3ura Huc6aTaH XapakaTHAardH KHHETHK 3Heprussiapd Ba Oy
XKHCMJAAp (3appaJsiap)HMHT ¥3ap0 TabCHP SHEPTUANAPHHHUHE HUFHHAUCHTA
TeHr. THHY XosaTaard 3Heprusira Tallky MaiaoH (rpaBUTaLUs MaHOHH,
3/1eKTP MaNAOH Ba XOKA30) TOMOHHU/1AH XKHCMIa TAbCHP 3TYBUH Kyu OHAAH
OOFAHK 6Y/araH noreHuuan 3Hepruss KUpManau.

Hlynu tabkuanaw a03uMKH, HbloTOH MexaHHKacHRa TYJHK 3Heprus
Neraiia 3appaHuHr (KUCMHHHI) KHHETHK Ba MOTEHUHAJ 3Heprusaapu-
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HUHT HWHFHHAMCH TyliyHHunaad. PensituB MexaHHKaga 3ca  TYJIHK
3HEpPrHsi — 3appaHHHr (KHCMHHHT) KHHETUK 3HEepPrusick GWjlaH YHHHT
THHY XOJIATAarH SHEPrusiCHHUHT HMFHHAMCHAAH n6opar.

Tyauk sHeprus E Ba uMnynabc p 3appaHUHI Te3Jdrura GOFJHK KaT-

TajlHKaap 6YATaHANTH YUYH GHP HHEPLHAJ/ CAHOK TH3HMHAAH HKKHHUYHCH-
ra yTraiia yJapHHHT KHAMaTJaapH y3rapanu, sbHH MasKyp KaTtaiukiaap
ajoxHaa-anoxuia oJMHraHaa yaap JIopeHil ajMaliTHpUiLIapira Huc6a-
TaH WHBApHaHT 3Mac. JlekuH £ Ba p JapHuHr y3apo GOF/JaHUUIMHH
H(POLaANOBUM KATTAJHK HMHBADHAHT KaTTaNHK 3KAHJAWICHra Ky#uaard
Mynoxasajapra Kypa HWOHY XOCHJ KHJHLI MYMKHH. 3appaHHHI MoC
paBulifa TYAHK 3HEPrHsCH Ba UMNYJbCHHH H(OLANOBYH
2

E=———i—7_——; (a)
Vi—d?/&
mu
p=———___ (6)
VA -—02/02
TEHrJAUKAapaaH
2

3KaHJAUIrH Kesu6 uukKand. OHau (a) TEHIVIMKHH KBaaparra KyTapHo,
Te3NuK (v) ypHHra yHudr (7.57) mard KMAMaTHHHM Ky#cak, KylHaarura
3ra 6yJsaMu3:

E?—p’c*=m?c*=inv. (7.58)
By TeHrIMKHHHr VHr TOMOHMAArH 3appaHHHr MaccacH (m) Ba
épYFIHKHUHI BaKyyMAaru Te3JHrd (C) HHBapHaHT KaTTaJHKJIapAup.
Byunan 3appanunr TyaHK 3Heprusick (E) Ba umnyabcH (p)HH GOFJI0BUYH
(7.58) myHocabat JlopeHl aamawTHpulaapura HUcGaTaH HHBApHAHT

KarTajuK 3JKAHAUrH Keaubd uukagv. KynuHua MasKyp HHBApHAHT
KatTanuk Kyiinaaruya wgonanaHagu:

g_pz=mﬂcz=mv. (7.59)

IOkopuaaruy TeHrsukHuHr JlopeHu anMawTHpuwiapura Huc6aral
HHBAPHAHT SKaHJIUTH fIHA LIYHAAH XaM MabJyMKH, 6y TEHIJIHK 3appaHHHT
Tesaurura 60FaHK 3mac. [demak,

L
C2
KaTTaJHK GHp HHeplHa/ CaHOK TH3HMHAAH HKKHHUMCHIa YTWATaHAa GHp
XWa (abHH m’c?®) Kuiimarra sra.
7.11-§. NOPEHL, ANIMALUTHPHILAIAPHMIA HUCEATAH MHBAPMAHT KATTASIMKIIAP

Bup nHepuHan caHOK TH3UMHAAH HKKHHYHCHIa YTHATaHAA (DU3HKaBHH
KarTajuKMapHHHT KUAMaTjapH y3rapaad — XKHCMHHHT KoopjHHaTaja-
PH, Te3JHUrH Ba BaKT OpaJIMFH liyaap Xk yMmaacuaadaup. lly 6unan 6upra
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WyHAaH KaTTajJuKaap XaMm GOpKH, YJapHHHT KHHMATJapH O6Up HHepLHaa
CAHOK TH3HMHAAH MKKHHUMCHra YTHATAHAA YysrapMmahid. MabayMmkKH,
6yHaai katTaaukaap JlopeHy anMamiTHpuIiapura Huc6aTad HHBapUaHT
(y3rapMmaiaurad) Kartajuknap Aedunanu. Yaap KyhAuaaruiaapaup:

ILLEpyFAMKHUHr BAKYyyMaaru re3auru (c) 6apuya uHepuu-
an caHOK TH3umJjapuaa OMp xua Kuiimarra sra.

2. )KHCMHHHT (3appaHHHTr) Maccacu O6Hp HHepuHan
CaHOK TH3MMHAAH HKKUHYHIa yTHAraHaa y3rapmaidau (kefiMHry Bakraap-
la «peATHB MAacCa» TYLIYHYACH MULIATUAMASNTH).

3. XKucm KaiicH caHOK TH3UMHAA THHY Typrad 6yJjca, YHHHT XyCycHH
BakTH y OunaH 6upra XxapakarnaHaérraH (6owKa HHepLHaad CaHOK
TH3UMHTa HHc6aTaH) coar BocHracHaa Vyauawaad. LUy Goucnas,
JKHCM XapaKaTHHHHT »XaAaNJIUTHHH HPOLAJOBUH BAKT OPaAJNHUFH

At=At\1—4*/c

JlopeHu aamawTHpHwiapura HicbaraH HHBApPHAHT KaTTalHKaup; Oy
¢opmynaga At — xapakaraard KuMcMra HHuc6aTaH wWapTAM paBHUIAA
THHY Xolatjga 6y/raH caHoK TH3WMuaa (K caHOK TH3HMHAA) VJauaHras
BaKT OpaJIHFH.

4. Bokeanap opadiHFu (HHTEepBaJ) — PeiATHB MeXaHHKa-
Jaru acocHd HWHBapuaHTJapaaH xucobaaHaau. Bokeanap opaJjiufu
(s) Huur kBaapatk K Ba K’ caHOK TH3HMJapuaa Ky#unaaruuda
udbonanananu:

s?=C2At2_Ax2_Ay2_A22=CQt/2_Ax/2_Ay/2__AZ/2=s/2;

6y epaa:
At=ty—1), Ax=x2—x1, Ay=y2—y1, Az=22—2),
A =th—1, AX'=xb—xi, Ay’ =ys—yi, A2’ =25—2i;
S'BHH
s’=s"*=inv.
BunobapuH, BoKeanap opaiHFi Ba yHHHT KBaapaTH GHp HHEpLHAJ CaHOK
TH3UMH/AH HKKMHYHCHra JTHAraHaa yarapMmaiau.

5. Typr yauoBnu ¢aszona aHUKJAHraH 3appPpaHMUHT Xapakar
TEHrJgaMacH

F== (mid)

HHBApHAHT KaTTaJHK xucobaananu. By epaa [ Ba u moc paBuwiaa TypT
yA4oBAH (pasona 3appara TabCcHp STYBUH KYY XaMAa 3appaHHHT LYHEBHH
Te3JIMTH, dT — 3apPaHHHT XYCYCHH BaKT OPaJIMFH.

6. Dup wuHepuvan caHOK TH3UMHIAH MKKHHYMCHTa VYTHITaHAA
3appaHHHT TYHUK 3Heprusich (E) Ba umnysabcu (p) yarapanu, JekuH E Ba
p HU ¥3 HuYHra ojaras:

E2——p2(:2
MyHocabar JlopeHu anmaliTHpHWAApHra HHc6aTaH HHBApHAHT OYJHO,
6apua MHepLUHaJ CAaHOK TH3WUMJapuia GHp XHJ KUHAMaTtra ara, YyHkH 6y
MyHOCaOaTHHHT KHHMaTH 3appa Te3nuru (v) ra GOFJIMK 3Mac:

E*—p**=m’c*=inv
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€KH

E? 9 .
=—pP=m’c =inv.
L‘
7. )KHCMHHHT THHY XOJdaTHnard IHEPrHACH (HUKM
3HEPrUsCH)

Eo=mc2
6apqa HHepLHaJ CAHOK TH3HMJapHaa 6Hp XHJ KHiMarra 3ra, UYHKH 6y

epaa m Ba C KaTTAJIHKJIapHHHr Xap OWpH aJ0XHaa HHBApHaHT
KaTTaluKAapaup.

7.12-§. JHEPTMS BA MMNTYNILC YUYH NOPEHL ANIMALUTHPULLINIAPH

Bup uHepunan caHOK TH3HMHAAH HKKHHUHCHTA YTHJTaHAA, I0KOpHAA
KYPAHKKH, 3apPaHHHT TYJAHK 3HEPrHSCH Ba YHHHI' HMNY/bCH y3rapapi,
S'’bHH 6y KaTTajHK/JapHH GHp-6GHpHAaH alpuUM XolAa onH6 Kapajraiaa
yaap JlopeHu aamawTHpulinapura Huc6arah HHBapuaHT 3mac. Lly
GoncaaH 6HMp HHepuHan CaHOK TH3HMHAAH HKKHHUHCHra YTHAraHja
3appaHHHI HMINYJbCH Ba SHEPrHACH YYyH JIopeHU aaMaluTHpHIIapH
KaHaah KypuHuura sra 6yaumwuHu anukiaaiauk. lUly maxkcapna suxa
3appa THHY Xonataa G6yaran K’ caHok Tuaumn K ra HucGatan OX
VKH 6yilna6 v Teannk GuaaH XxapakartiaHaérraH XOJHH oaub Kapaiauk.

dr
Ymymuit xonna 3appa K caHok TH3umura Huc6ataH v-T”— Te3JHK GH-

JaH XapakaTaaHa€TraHaury Typahaxd Oy TE3JHKHHHT KOOpAHHATa
yxsiapura 6yaraH npoeKuHsiiapH

=9x 4 =4
arr Y=g YT
Mabaymku, ((7.35) ra K.):
dv=dt\/1 -/, (a)

By udonara acocan 3appaHUHI HMNYJbCH
p= mo
Vi—u/e?
HH YHUHI KOOpAMHATa VKJapH 6yHHuYa TallKHl 3TYBUHIADH OpKajH
KyHHaruua €3uil MyYMKHH:

. m  dx dx dy -
Vl___ cz dt m?;n py=m—;{,r—v pz m—. (7‘60)

dt
YHuHr Tysna 3HEpPrusicHHH XaM iokopuaaru (a) ¢opmynara GHHOAH
Kyfdnparuua é3amus:

Py=

2
E=— me Czdt
\/l —v /(:2
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ékH
E dt !

(7.60) Ba (7.61) udonanapna 3appaHHHT MACCaCH m Ba YHHHT XYCYCHil
BAKT OpajiuFu dT HHBAPUAHT KATTaJHKIap 3KaHJWICHHH Ha3zapia TyTCak,
wyHaail xyjocara KeJ1aMH3KH, GHp HHEpPLHAJ CaHOK TH3HMH/1aH HKKHHUH-
CHra VTWIraHaa, p., Py, P: Jap yuyd JlopeHu anmawTHpUluaapH Moc
paBuwiaa dx, dy, dz (AbHH X, y, 2Z) KOOpAHHaTajsap Tap3uaa amajra
oWHpHAKIIHK Kepak; E/c? kaTTanuk yuyn 3ca JIopeHl aaMauTupuuiapyu
BaKT opaJjiuFHu df Tap3nia (S'bHH { TAP3HAA) amMajira OWHPHJAHLIH JO3HM.
Bolukaua aiitranaa, Jlopedu aamawTHpHnapriu Hdonanosur (7.9) sa
(7.10) ¢dopmyaanapra x YpHHTa Dy, Yy YPHHra p,, 2 YPHHTa p;, I YpHHra
E /c? kyiuaniny Kepak. Llynnail Kuan6, uMnyJibc Ba TYJIHK 3HEPrus yuyH
Ma3Kyp ajaMaillTHpHULIAp Kyifinaarnua ugoaanaHanu:

. p,—Ev/c2

’ ¢ Y E_va
px=—_;_; py=py: pz=pz’ E=
Vi—d?/e

Vi-o?/2
6y epaa v — xapakaraard K’ caHoK TH3HMHHUHT K ra HHC6aTaH Te3JHrH,
pPx. P, p, Ba E’ Mmoc paBHiaa umnyibc Ba 3Heprusinuur K’ paru
kuiAmataaph. (7.62) dopmyna K cavok TH3umHaas K’ ra yTvuaa 3appa
HMIIYJbCHHHHT MpPOEKLUHAJNAPH Ba YHHHI 3HeprusicH yuyd Jlopenu
aJMalITHPHIWIADHHE HpoOAAdaHaH.
Ulyuunraek, K’ canoK Thaumuaan K ra yruaraiaa (7.62) aamawrtu-
pHULIAp KYHHAArH KYPHHHLIHKH ONafH:
'+E'v &
px=—p’l_—'—_"—{“_—'; py=p;p pz=p:r E=
\/1—02/02

(7.62)

E'—gu
Vi—ol/d
Kypuuu6 Typu6auku, (7.62) Ba (7.63) aamawTupuwaap, Xymau

(7.9) Ba (7.10) anmawTHpHiunap KaGn, 6up-6upHIaH ¢akar cyparaaru
Te3JMHK (U) HUHT OnAHAArH Huopa O6Haad Qapk KuJIaaH.

(7.63)

7.13-§. TYPIIM CAHOK TMIMMAAPHAA MMNYNLC XAMAA IHEPTMRHMHT
CAKNAHMIL KOHYHAAPH

HbloTon MexaHHKacHaa HMNYJ/IbC Ba 3HEPTHSHUHT CAKAaH Ll KOHYHJIa-
pu (4.4) Ba (6.42) ndonanap 6unan 6epuarau. By epna 6u3 «3appanap
TH3HMH YUYH DENATHB HMIYJAbC XaMla TYJAHK SHEPrHsHHHI CaKJaHHlil
KOHYH/1apH OHpOp HHepUHa/l CcaHOK TH3HMHAA Ga)kapuiaca, Maskyp
KOHYHJap OoOlllKa HHepuHaJ CaHOK TH3HMHAAa XaM GaxapHiajiHMH?»
Lerak CaBOJIAPHH V3 OIAHMH3ra KysMH3. .

K canok tHaumura Huc6aran OX YKn #iyHanniunaa v Te3nuk Gunau
Xapakarsnanaérran K’ TH3HMAa y3apo TabCcHpAAllyBYH n Ta 3appaHu
oin6 kapaimu3. K’ caHok Ttn3umd OX VKu HyHanHuuaa Xxapakar
KHJIAéTraHaurH Tydaian UMOYRbCHHHT WY AYHAAUWAATH NPOEKUHACH
6uian uerapananamu3. Xap Oup 3appaHunr K CaHOK TH3HMHAArH
HMMNYJbCH Ba 3Hepruscu Kyihuaarnua ndoaananagn ((7.63) ra k.):

P.4+E-v/P E'+plv
px=:—; (a) E=———:,
Vi—v?2/e Vi—o?/2
10—467 145
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burra 3appaHuHr UMOYJbCH yuyH é3uarad 6y udona n ta 3appa yuyH
Kyiunaaru KypuHuwra sra 6yjaanu:

3 p+v/d T E

2 p=— — (7.64)
4 p \/1—02/(,'2

K’ caHOK TH3HMHAArH n Ta 3apPaHHHT ¥3apo TabCHPAALIYBU TYD ailIH
alip¥M 3appajapHUHT HMIYAbCAAPH Y3rapca xam, 3appaJjiap TH3HMHHHHT
TYJHK HMNYJbCH BAKT YTHWH OHAAH y3rapMai Koia/H, YyHKH 3appaJgap
TH3MMHTa TallKH Ky4 TabCHp KHAMaANTH (6epk TH3uM). bunobapuu, K’
C3HOK TH3HMHAA 3appajapHHHT NacTAabKH TYJHK HMIYJbCH Ba TVYJIHK
3HepPrusick OMpop BaKT YTraHAaH KeHHHTH TYJAHK HMNYJbCH Ba TYJHK
SHEPrUsiCHTa TEHT, SA'bHH

Sp=XF, JE=3¢, (c)

6y epaa: P, Ba ¥/ — 3appPaHHHT Y3aPO TAbCHPHAAH KEHHHTH HMNYJbCH
Ba 3HepruscH. By Tenraukaapuu (a) udopara Kyiuo,

S Foto/PiE, (P Hu/P )
2 pe=- =
, Vi— o2/ Vi—o?/2

HH XOCH/ KHJaMu3. K CaHOK TH3MMH[a 3appaHHHI TabCHpJallHiLiaH
KEHHHTH TYJUK HMIYAbCHHH 3 P, Ne6 Genrunacak, OXHPr1 TEHrVIMKHH:

1

S (Z+v/P-F)

v1—02/L2 i
WaK/A1Aa €3HII MYMKHH, ABHH:

Z Pux= 2 -g’ix . (766)

Byuaan arap 3appafapH4HI TYJAHK HMIYAbCH BakT YTHWH 6unan K’
CaHOK TH3MMHUAA V3arapMa# Koica, MasKyp KatTaauk K caHOK TH3MMHAA
Xam y3rapMmail KoaaaM, AeraH xyjaocara Keaamu3. Bowkaua aitrasaa,
umnyavcuune cakaanuuw Konynu K’ canox tuzumuda 6ascapuaca, 6y
Konyn K canok tuaumuda xam baxcapuradu.

DHAHU 3appajiap TH3HMHHHHT TYJHK 3HEPrHACH Y4YH XaM IOKOpHAarH-
€K MYJ0Xa3a IopHTaMHu3, fibHH (6) udopaHu n Ta 3appagaH H6opar
TH3UM YYYH €3aMH3:

ZE:+UZP,',
Y E=

¢ [
‘ \/l—v“)/c2
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by udona THanMHHHT pacTaabKH nalTAard Heprusi Ba HMIYJAbCHHH aKC
3TTHpaaH. K’ CaHOK TH3HMHIA TYJHK HMIYJbC Ba 3HEPrHs 3appasapHUHT
y3apo TabCHpAALIHLWIMAAH KeHHH y3rapMaciuruid ((c) udomara K.)
Hasapaa Tyrcak, 0y TeHIJHK

SE+e3 2 T (F 4P
SE=—‘t .+
, Vi—o?/2 Vi—o?/e

KYpuHHWHKM onafn. OXHUPrH TEeHIVIHKHHHT VHC TOMOHH, paBLUAHKH,
KyHuaarura TeHr:

(7.67)

3 (%407
6uHOBapUH:
L E=3%,

Ulynnait kKuanb, jaapo ravcupiauwysuu 3appasap 6epk TUIUMUHUNE
TYAUK UMNYAGCU 8 THAUK IHEPSUACUHUHE CAKAQHUW KOHYHAGPU BUpOp
UHEpUUAn CAaHOK Tu3umuda Oasapuaca, Maskyp Konywaiap 6owKa
UHEpUUaA CaHoK Tusumaapuda xam 6axapuiap 3Kau.

YMymaH onraHaa, HMNyJabC Ba SHEPrHSIHHHT CaKJaHHUI KOHYHJapH
KEHI KaMpOBJM MOXHATra 3ra Oyau6, 6y KOHYyHAap KHYHMK (v<C)
TE3JIMKJIap YUYH XaM, PeJasITHB Te3uKAap (VR C) yUyH XaM YPHHIHAHP.

7.14-§ MACCA BMNAH DHEPTHMA OPACUMAAIM BOFJIAHMLIL

IOkopuna (7.10-§) 6u3 THHY XOIaTAarK >KUCMHHHP (Xycycuit)
JHEPrUsiICHHH

Eo=m02

Tap3da udonasarad sauk ((7.56) ra k.). bynga €pyrauk Tesjuru c
HUHI OYLIJIMKAArd COH KHMMATH XKHCM Maccacura Hucb6artaH FOAT KaTra
6yaraunuru Tygahan >SHepPrHs COH KHAMATHHHHrT AFEp y3rapuluura
MacCaHHHI O3THHA Y3rapHuiud Moc Kesaiu. )KHCMHHHI THHUY Xol1aTiari
Heprusicd 6GoLiKa TypAard 3Heprusijiapra aijaHWild MYMKHH.

HeloTon mexanukacuda macca mucmuune unepyus §a4osu Tapauoa
HaMOEn Ofarzan 6Yaca, peaaTus MmexaHukaoda xHucM maccacu yHoa
Mascyo 6jarcan Inepeus MUKOOPUHUHE JA408U TAP3UOA HAMOEH 6ifaadu.

Arap 6upop xkapaéu tyda#au xucm Maccacu Am ra kamaiica, 6y
KapaéH HaTHxacuia

AEo=c*Am (7.69)

JHeprus axpanub YMKaAWd Ba aKCHHYA, XKHCM 3Heprusich 6y kapaéuna
AE, ra oiwca, YHHHT Maccacd Am ra olajd — TuUH4 x04ardasu HUCM
Hepeuacu 8a maccacu O6up-6upuca myranocu6 rtapsda fzeapadu.
(7.69) d¢opmyna opkaan udonanaHrads MyHocabar Macca Ba
SHEPrUsIHUHT y3apo 6OFNAaHHIl KOHYHH AedHaalH.
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By KoHnyHra acocad 6upop ycya 6W1aH XHUCMHUHT 3Heprusacuin AEg ra
y3raptupcak (yHH KH3AHPHO6 €Ku COBYTHG, €XYA YHHHT Te3JIUTHHH
y3rapTHpHG) iy y3rapran SHeprusira MOC paBHIIAA YHHHE MaccacH Xam
Am ra y3rapaau. Macanas, Ku3nupu6 yHra AEo ra TeHr 3neprusa 6epuica,
yHuHr maccach Am=AE/c* kapap owanu; arap epymm( YHKapul
HaTHXKACHAA HHCMHUHT SHEPrusicH AE,; xanap kamaiica, yHHHI MaccacH
Am=AE,/c® kapap kamasiu.

JIeKMH WyHH aNOXHAA HA3apAa TYTHIL KePaKKH, OLAHH MaKpOCKOIMHK
XKapaéunapla JKHCM 3HepruacH y3rapraHaa, YHUHC MaCCACHHHHT
y3rapHwu

MaccaHH yJuall aHHK/IHK/IApHra Huc6aTaH XKyna KHuukaup. Macanan,
EpHUHr CyHDBHH HJJINOLIMHH YuHPMIL YYYH, MabJyMKH, yHra KamHza
8000 mM/c ra TeHr Te3nuk 6epuaann (oanui wapoutaapaa 6y xyaa Karra
muv?

2
owaau. Aiitainnk, maccacu 300 kr 6yaran EpHunr cynbuil iyasomu ywa
Te3JIMKKa 3pHLICA, YHHHT MaccacH

Te3/IHK XHCOOMaHaAH) BA YHHHI KMHETHK JHEPTHACH AE= ra

Am=7A7€p=mv ~107k
c 20"

ra owaad Ba 6y olwrad Macca MILI.1HI PAMMHHHT YHAAH OupHia redr; 6y

MHK0p HYL0L MAaCCaCHHH Yilualll AHHKJAUTUra HUcOaTaH Xyaa KHUHK Ba

amanna y ce3uaMaHnii.

Macca 6unaH 3Heprussi opacuaaru OGOFJaHUW aTOM SAPOCHAA
KeyajHraH »KapaéHnapia Xamaa 3JeMeHTap 3appajapHHHr Yy3apo
TabCHPJIALIHIIKAA AKKOI HaMOéH 6yaanu. ATom 3/1eKTPOCTaHUHSANAPH-
HUHT HWLTALI TIPHHLLMITA ypaH 99U siipocHHHHE HeliTpoHaap TabcHpHaa
napualaHullura acocJaHraH; HempOH TabLCHPHAA ~ Xap 6up ypad
ATOMHHUHI SIAPOCH LE3HH 55Cs Ba py6uauii 37Rb% ApONIapHAAH
ubopar MKKHTA sApora napuanaHanu; 6yHaaH TaulKapH KyuMMmuya siHa
HKKHTa HedTpoH n’ ampannﬁ uMkaiau. Sapo Napyananranian KeiHH
xocun 6yaran uesuit 55Cs'*’, py6usmii 3;Rb* Ba HKKHT2 HEHTPOH
MaccaapHHUHT HAHFHHLHCH uacmaGKu AApO ypaH oU?*® Ba Gurra

HeHTPOH MaccajapHHUHT HUFHHAMCHAAH KUUHKK. [Tapuananuil HaTHXKaCH-
Jla MaCCaHHHr Kamaluwy Tycdaian KaTTa 3Heprus axpanaub yukaau. by
JHEPrHs aTOM 3/1eKTPOCTAHLLHACHAA JTEKTP IHEepPrusra aliaHTHpHUIaaH.

[Muposapanna wyHH Tabkuanab YTaMH3KH, Macca GU1aH SHEPrHSIHHHT
y3apo 60FnaHNIl KOHYHHHH «Macca 3Heprusira aljgaHaamu» 6Ky «3Heprus
Mmaccara ad1aHaau» ae6 Tyl yHMacauk kepak. Macca 6Gu/1aH SHePrUSIHUHT
y3apo OGOFMHKJAHIH HaMoO€H GysnaauraH >kapaéHjapja aciauga 3Heprus
Maccara aWnaHMaHiH, y 6Hp TypAaH MKKHHUM Typra yraad. Macanaw,
THHY XOJMIaTAArd XXHCM 3HEeprHsICHHUHT €PYFJIMK 3Heprusicura ahnaHuui
XKapaéHuHu onadavk. by xonpa GaszoHUHT GHPJAMK XaXXMHLA MaBXKYA
6ynraH épyraHMK 3Heprusicura y3 HaBb6aruaa Mya#siH Am=E—§ macca
MOC KeJaH. ¢
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Vitt OB
WUCMNAPHUHT TYKHALLYBM

8.1-§. TYKHALUYB TYPNAPH

XucMaapHusr 6up-6upura 6esocuta Ternuid Tydaian o3 6epaauran
y3apOTabCcHp XKAPaéHUTYKH AW YB €KUY P HJ U Wt Ae6 lopuTunanu. by
TYLWIYHUa aKCapHAT XO1/AaPaa MAKPOCKOMHK X HCMJIAPHUHT TYKHALUyBHUHH
aKC 3TTHpaaH. MHUKDOCKONHK >KHCMJIap (aTomJjap, mojekyJjanap Ba
3/1eMeHTap 3appaJap) HHHI TYKHALYB XKapa€Huaa ynapHuHr 6up-6upura
6eBocHTa TeTHIIH MYTJaKo wWapt 3mac. [lacrasBajn pakaT MakpOCKOMNHK
XKHCMJIAPHHHT TYKHAWIYBHHH TaxXaWi KWIHW OuiladH verapajaHaMu3.
OnnHran HaTHXKaNapHH KEAHHUYAJHK PeNSiTHB 3appajapHUHT TYKHAlLys
XKapaéHH yuyH KyJnaimus.

TykHawys xapaéHuga KHCKa MYyAAaT AaBOMHIA XXHCMJapAa XKyaa
KaTTa HYKH KyuJiap Byxyara kesaau. LLlyHuHr yuyH TYKHaUIyB JaBOMHUAA
JKHCMJ/Iapra TabCHp 3TYBUM TallKK KyuaapHu (EpHHHTr TOpTHIL KyuH,
HIIKaJaHWW KYyuyd Ba X0Ka3o) 3IbTH6oOpra oamaca xaMm Oyaanw;
6uHO6apHH, V3apo TYKHAIIYBYH HKKH XHCMHH 6epk TH3KM 1e6 Kapab, Oy
TH3UMIa HMMYJbCHHHI Ba SHEPTUSAHUHT CaKJaHHUIL KOHYHJApHHH TaTOHK
KHJIHLI MYMKHH.

Xonucanu yprauvilHH CoAAaNaWITHPHIL MaKcaaunaa 6up-61upu GuaaH
TYKHalyBU4 HMKKH LIap WAKAWAArH XHcMAaH HOOpar TH3UMHH OAHO
Kapaimu3. TyKHawys yoruaa xucmiap aedpopmalHsiiaHand (CHKuaa-
AH). ByHuHr HaTH)kacuaa Oup-OHPHra YpPHIAAETraH >KUCMJIAP KHHETHK
SHepTrUANTAPpHHHHT OHP KHCMH €KH XamMMacH CHKHIHWE Gunan GOFJIHK
NOTeHIHAJ JHEeprusra Ba MKHCMJIAPHHHT HUYKH SHEPTHACHra aHjaaHHLIU
MYMKHH. By epaa wyHu 3c1atub YTHIL JO3UMKH, TYKHAUINI HATHXACHAA
JKHCMHHHT HUKH 3HEprusiCH optca, 6y OpTraH 3Heprusi yHparu aTtom Ba
MoJieKyJlaJlapHHHT TapTHOCH3 Te6PAaHMa XapaKaT SHeprusicura afilaHaau.
JKucem Tapkubuaard atoM Ba MOJIeKYJaJapHUHT TapTu6CU3 Te6paHMa
XapakaTHHH OH3HHHT Ce3rH ab30JapUMH3 HCCHKJIHK Tap3Hia HAPOK
3Tafu.

JKHCMaapHUHT (3appafapHUHT) TYKHAWYBY HKKH TYpra —KaHHIKOK
(31aCTHK) Ba HOKaHMIIKOK (HO3JaCTHK) TYyKHalyBaapra GyJauHanu.
Onarna >KUCMJIAPHUHT TYKHAIUYBH MYTJaK KaWHIWKOK TYKHa-
WyB Ba MYTJAaK HOKaHHIIKOK TYyKHawyssaapra 6yi16 ypranu-
JAaiu.

TykHawys HAaTHXAcHAA TH3UMHHHT (TYKHAWYBUYH KHCMJIAPHHHT)
KHHETHK 3Hepruficu ysrapmaca, 6yHaail TYKHAlUYB MYyTAQK KAuuuwikox
TyKkHawys nednnanu. By TabpupaaH paBWIaHKH, HKKajga TYKHAaWYBUH
YKHCM KHHETHK IHeprusijlapHHMHT HHFHH/IHCH TYKHALLYB coaup 6yaranaan
KelHH y3rapmMad KONafNTH, SAbHH MAa3Kyp 3HEPrusl TH3MMHHW TaliKHJ
3TYBUH XHCMJAAPHHHT UYKH 3Heprusicura ainanmasntu. [lemax, Mytaak
KaNHILKOK TYKHAWYB HATHXKAacH1a Xap GHP XXUCMHHMHT HUKH JHEPrusicH
yarapmaian. MyTnaK KadHILKOK TYKHAUWYB HaTHXXACHAA KHCMJAPHHUHT
KHHEeTHK Ba MYKH 3HEPruslapHHHHr Vy3rapmad KOJWLWHHHUHT GOHCH
WYHAAKH, TYKHAllyB »XapaéHuaa XHCMJIAp CHKHJIAAHM Ba BaKTHHHF
Gupop naWtuaa yaapHHHr Gapya KHHETHK 3JHEPrusijapH CHKHATaH
JKHCMJIZPHHHT N1OTeHUHAN SHePTUACHTa aitjlaHaal; YJAapHHUHT Wy nairaa-
M XOJAaTH CHKWIraH NPYy>XHHAHHHT XxonaTtura yxwaiau. DBy xapaéu
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Tyraray, TH3MMHHHI [IOTE€HILHAJ 3HepPIHfICH fiHa KHHETHK 3Heprusra
ainanaau. By epna wWyHH TabKKAJIALL JO3HMKH, TYKHaLIMUIAAH KeHHH
Xap 6Hp XXHCMHHHT KHHETHK 3HEprHfiCH Y3rapca XaM, YJ1apHHHI KHHETHK
3HEPrUsAaDUHHHT UHFUHAMCH (TH3UMHHHE KHHETHK SHEPrHsCH) yarapmai
KOIagH — YPHJHII KapaéHuaa YJapHHHT AaCT1a6KH KHHETHK SHeprus-
JlapH y3apo Kalrta TakcHMJaHanH.

KysaTHUapHHHT KypcaTHlIMYa, MYTJIAK KaHHIIKOK (KHCMJap
Tabuartaa yupamaiau, JeKHH Kyn Xo11apAa KatTa aHHKJIHK 6uaaH 6ab3u
JKHCMJIADHHU MYTJIaK KaHHWKOK XK HcMrap Ae6 Kapaw MYMKHH. Macanan,
¢bun cysaruaad sicasrad GUAbSpA UlapjapH KaHHIIKOKJHIH XKHXaTHLaH
MYTaaK KalHIIKOK XHcMaapra xyna siku. Cudaran nynaraaH sicairat
GHabsApA WIAPAAPHHHHI KaHHIIKOKJIHK XYCYCHSITH XaM LUYHTa sIKHHJA-
LaaH.

TykHawysnap xapaéHuaa HKKHTA XXHCM 6Hpaawub, cyHrpa yJaap
XYAAH GHUTTA XHUCM KaOH XapaKaTHHH 1aBOM 3TTHPAJHraH TYKHallyBJap
MYTAAK HOKAQUUWKOK TUKkHawys nedAnnanu. Myriak HOKaHHIIKOK
TYKHaWYyB »XapaeHuaa »KHCMJapla KaWHWKOK jedopmauHsi BYXKyAra
KeaMahau: TH3HM KHHETHK SHEPTrHsICHHHHT 6UP KHCMH €KH XaMMacH HUKH
3Heprusira adnanaau. Macasnal, KYpFOIHHAAH, MyMAaH, NJACTHIHHAAH
Ba JOHAAH scadrad lapJaap OAaTAa TYKHalIradjaapuiaHh KefiHH
Gupaawub AXJAUT XKHCM KabHu XapakaTaapHHH [AaBoM 3TTHpaLHaap.

TykHawysnapHuir sHa OHp Typd OGOpPKH, YHH COIN/arHHa
KaiMWKOK TVKHawyB ae6 woputHiagu. Dynaai TykHawys
KalHWKOKJIMK [JapaXKacH >KUXarHAaH MYTJaK KaHHUIKOK Ba MyTJAaK
HOKAHHLWKOK TYKHallyB/dp OPaJHFHAArH YPHHHH 3rannaiau.

OHAH MYTJaK KaHMUIKOK Ba MYTJaK HOKAaHHMLWIKOK TYKHALlYBJapHH
asoxuaa Kypu6 uukaihiuk. DByHaa acocuit macana KHCMJIAPHHHT
TYKHAWHIIHAAH aBBAJTrH TE3JHUKJIApHHH GHJraH Xoina TYKHAalIHiAaH
(y3apo TabcHpaalIHLLAAH) KeAHH yJapHUHT Te3/JHKJapHHH aHHKJalllaH
H6opar G6ynaau. lOkopuaa a#dtuaranuaek, Oy epaa HMOyabc Ba
JHEePrusiHHHT CaKJaHMII KOHYHJapHaaH (poHaanaHUuIaIH.

8.2-§. MYTNAK KARMILKOK TYKHALUYSB

Bua MyTnak KaHHMIIKOK IIapJapHHHT MapKasHi ypHJIHLIIAPHHH
ypranuiy OunaH dverapanaHamui3. Dy xonaa wapaapHuHHr oy Ba Uy
TE3/IHKJNApH YJNapHHHC MapKas/japHHH TYTALUTHPYBYH TYFPH UH3HK
6Viuya HyHaara 6)"1nanu Llyuuur yuyH OyHaald TYKHawyBJaap
(ypuauuiap) mapkasud ry/quawya aeiunaau. Maccanapu m, Ba mo,
Te3/IHK/IapH MOC PaBHllia V1 Ba Uy 6y.nraH wapaap (8. 1, a- pacm), MyTiaK
KaHHWKOK TYKHALICHH; yJaPHHUHT TYKHaWyBAAH KeHAHHTH Te3JHKIapHHH
8.1, 8- pacMaa KypcaTwJraHujaeK, MoC paBuilfla ; Ba 4y OuaaH
Genrugalauk. MyTiak KaWHIIKOK TYKHallyBAa TH3HM (TYKHAaWyBYH
Lrapaap) HMIOYJAbCHHHHT Ba 3HEPIUAHUHT CaKJaHHLI KOHYHJapH 6axapu-
aaau. IOkopuaaru Genruwnawgapra kypa 6y KOHYHJapHH KyHuaarnua
é3amus:

m|51+m252=m|ii1+mz!22; (8-1)

mlv, ”’2”2 _ '"l“l ’"2”2

2+2‘_2+2 (8.2)
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A T et iy ‘s
_._'———'—-——-—— ————-——————
a g

8l-pacm

TykHawyBaap Mapka3uit 6ysiraHaurd Tydalnu Te3JIHK BEKTOpJapH
WapAapHUHT MapkasJjapHilaH yTyBUM TYFPH UYH3HK 6YAnalb iiyHanarax.
HIyHuHr yuyH (8.1) TeHrIMKHH cKajasip KYPHHUILUAA €3amH3 (Kapama-
Kapuid HYHaauuaap Yd4yH MasKyp Te3NHKJapHUHT HILIOpalapHrHHa
yarapaau). (8.1) Ba (8.2) ugonansapHu Moc paBHiuaa

my (v —uw) =ma(uz—02), (8.3)
my (v —u}) = mo(u}—0v3) (8.4)
KYPHHHIIAA €3HLI MYMKHH Ba HUXOAT OXHMPrH (GopMynaHH
my (v —uw1) (014 uy) = mo(uz—v2) (u2+4vs)
Wakaaa €3u6, yHHHr (8.3) TeHrNukKa HUCOATHHH OJICAK:
v|+u|=u2+vz (85)
kenub unkaau. lllapnap TykHalwranaau Keiuy yjaap 3pHwrad Tes/inkaap
(v, Ba wup) HM aHuKkAaWauK. Byuuur yuyn (8.5) wudosanu my ra
KynanTHpamHs:
mav -+ Mall) = Malds + MaVs;
6y oauHrai HaTHxaHu (8.3) aaH alMpcak, GHPHHUH IADHMHT TYKHa-
WyBaaH KeHHHTH Te3JIMTH
2mgvy + (my — my) v,
w = (8.6)
m, +m,
6ynand. Xymau wyHdHraek, (8.5) udosawu m; ra kynautupmo,
Kynadtmanu (8.3) nan aliHpcak, MKKHHYH IIapHHHT TYKHallyBAaH
KEHHHIH TEe3JHTH YYYH

2m v, 4 (my—m,) v,
Uz m +my
ra sra 6ynamus. Kypuuu6 TypuOAHKH, 4y Ba uz Jap YyuyH TONHJIraH
uonanapHuHr 6up-6upusal GapKH m Ba v KaTTaauKJIapAard HHaekcaap
(1 Ba 2) ypuHJIApHHHHT ajaMalivLIMaak HOOparT.

OnuHraH HaTHXXanapHH TaJKHH KHJIHW YyuyH 6ab3H  XycycHi
XONJapHU KYpHO UMKaRIUK:

1. TYKHaWyBYH wWapJAapHHHT MaccanapH TeHr OYJcHH (m;=m3).
Y xonpna (8.6) Ba (8.7) naH KYpHUHHUIHYA, u; =uv, GyNaan: Maccasapu
6up xun O6yarad wapaap TYKHalWIraHAA, YAapHUHT (aKaT Te3JHKJaapH
anMalland, stbHH GHPHHYM Liap TYKHAWYBAaH KeHHUH vg Te3aHK OuaaH,
HMKKHHYM W1ap 3ca v, Te3JHK OuaH XapakaT/aHajH.

2. Tenr maccanu wapaapHHHT GHPH TYKHAIUTYHFA Kaaap THHY Typras
6VJCHH, SbHU M =mg, vs=0 (8.2, a- pacMm). ¥ xo/11a IOKOPHAATH HKKH
¢opMynanad KypuHaauki, u;=0, ue=v, 6ysann, SbHY YPUIHUIAAH
KeiiuH GupHHuH Wwap Tyxta6 koiaau (8.2, 6-pacM), HKKHHUM Wap 3¢a v,

{(8.7)

151

www.ziyouz.com kutubxonasi



Te3nuk OuaaH yuia AyHaauwiaa
xapakarra kKenaaH {(6usabsapa
yiHHHUAa 6y xoauca AAKKOA HaMo-
éH 6ysaau).

3. Arap mi>my Ba vy=
=0 6yaca, AbHH TYXTab Typrau
my Maccanu lWapra MaccacH
6ynraH wap u; Te3aHK Ouaau
6opu6 ypuaca (8.3.a- pacm).

R oOpacwu IoKopHaaru gopmysanap
(m, —my)v 2m vy
u=——2"1  Ba uy=— (8.8)
m; +my my+my

KYPHHHULIHKM ONadH, YPHAHLIAAH KeHUHTH Te3JHKiap 3ca wapJaap
MaccajapHHUHr HucOGatura OGOFIMK G6yianu. Ypuinw HaTHXacuaa
G¥pHHUM WAp Y3UHHHT TYKHALIHWrA Kaaap GyaraH Te3urura Huc6aTaH
KHUMKPOK u; Te3NuK OWNaH aBBaiard HyHanWlila XapakaTHHH NaBOM
sTrupann. MKkuHuM wap GHPUHUM WAEDHHHT YypHiHwraya Oy.ara
TeaJqurura HWUc6aTaH KaTTapoK Te€3JMK OwaaH OHWpUHUM UIAPHHHT
fiyHanMiKaa Xapakatra Kenaau (8.3, 6-pacm).

m, _J_ my m, Z[- My Zl.
W 7= - N S e __
Q=970 P Q—
a g
8.3-pacm
m m m,
4 = s ! e U
A =0 U : L 3
- 4 63
a 5
84-pacwm
1. Maccaen nunspor 63 aray map THHY TYPraH MaccacH KaTTapok
WL Dopis  Apieicin it e >ma Ba vp=0; 8.4,q- pacv).
TURHamnLLan keHIH OUPHHYK AP TecKapd HYHaldWAd u) TesHK

Omiad (u;<vi) XapakariaHaau, MKKHHUH wWwap OHPHHUU LWIAPHMHT
TYKHAlUTYHra Kagap Oyjaran dyHaauwiuaa ue Te3nuk O6uiaH (uo<<v,)
xapakart Kuaa 6ownadau (8.4, 6-pacm).

5. Arap THHY TypraH WapHMHr Maccacu (mg) Gopu6 ypunaértran
IapHHHT MaccacH (my) ra Huc6aTaH »XKyAa Kartra, AbHH my > m,; 6yaca,
(8.8) udonara kypa:

2m,v,
U= —u, U=

~
my

6ynaan. bynunai xon myrnak KafiHiIKOK Liap KaTTHK AeBopra (1eBOpHH
Maccacu Ba palHyCH FOAT KaTta wap Ae6 Kapaw MYMKHH) ypuaraHia
Ky3aTHiaau, sibHM OWPHHYM 1l1ap ypuauwra kKaaap 6yaraH y3uHHHT
Te3/Urd GUJIaH TeCKapH TOMOHra KaWTaiM.
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8.3-§. MYTRAK HOKAMMILKOK TYKHALLYS

IOkopuaa kypu6 yTuaraHuiek, MyTiaK HOKAaHHMILUKOK TYKHallysja
TYKHAIIYBYH XHCMJIAD KHHETHK SHEPrUsICHHHHT 6Hp KHCMH €KH XaMMacH
HUKH 3SHeprusira (MCCHKJIMKKA) aiinaHaad. Ma3skyp xapaéupa 6up
MKHUCMHHHT HUKH 3HEPTHACH HKKHHYM >KHCMHHHT HUKH 3SHEprusicura
alNaHMIIN XaM MyMKuH. KHHETHK 3HEprUSIiHHT KaHua KHUCMH HUYKH
SHEPrusira aiJaHULWH TYKHALIYBYH XHCMAAPHHUHT Y3Hra XOC XyCyCHATNA-
pura GoFaHK. MyT/lak HOKAHHILIKOK TYKHALIYB HATHXKACHAA TYKHALIYBYH
HKKaJ/1a )KHCM GHpaawnb, GuTTa XHUCM KabH Xapakartianaad. Maccanapu
m, Ba my 6Y/raH WapJapHUHT TYKHAWIYHra Kaaap Te3/HKAapH U, Ba Ug
6yaca (8.5, a-pacm), HKKHTa XHCMAaH HOOpaT 6y TH3HM TYKHalIyBAaH
KEHHH my+my Maccann GHTTA XHCM Kabu u Te3nuk GuiaH xapakar
Kuaaan (8.5, 6-pacM). MasKyp TH3HUM YUYH HMOYJbCHHHF CakJaHHu
KOHYHH, PaBlUaHKH, KyHHaaruua é3unaju:

m —
D3 A u=0
a
85-pacwm
myv) + move= (m;+ mo)u.
By TeHrnukJapAaaH TH3HMHUHI TYKHAWYBAAH KeHHWHTH TE3JIHIH
- muy+mao
4= vt mety (8.9)

m+ mo

IKaHauru Keaub unkaau. Tykuauysra Kajaap wapJaap 6up-6UpHra TOMOH
HyHana#wiga xapakaria 6yJjcanap, TYKHALITaHAaH KeAWH ynap HMIYJAbCH
KaTta 6V/AraH LWAapHHHT MMNYJbC BEKTOPH HyHanuuiuga Gurra (AbHH
AXJUT) JKHCM Ka6GW XapaKaTHH [naBoM 3TTHpajunap (8.5,6-pacm).
TyxHawrynra Kanap wapjap 6up-6upura Kapab HyHanrau Ba yJaapHHHT
UMNYJbCaapH Y3apo TeHr (mivy= — mevz) O6YJCa, OXHPTH TEHIJHKKa
Kypa u=0 6ynaau. Bouwkaua afiTranna, wapaap TYKHawlyBaaH CYHI
XapaKaT/JapuHH 1aBoM 3TTHpMmaiaunap (8.5, g-pacm). by xonna ukkura
iwapAaH H6dpaT TH3IHMHHHT KHHETHK SHeprHsiCH TYJIHFHYa HUKH SHeprHusra
(HCCHKAMK 3Heprusicira) ainaHaau. Dy Hatuxka 3nemeHTap 3appa-
JIapHHHT Y3apo TabcupH TydaHau siHru cudarra sra 6yarad 3appanap
XOCH OYJHIINMAA MYXHM axaMusit Kac6 staau (8.5-§ ra k.).

SHAH MYTJAK HOKaHHIWKOK TYKHAWYB >apaéHuaa wapJapHUHT
TYNHK 3HeprHAcH KaHAah V3rapHIIMHM aHHKJaHivK. ByHpa# TykHa-
UIyBAA 3HEPrHAHUHI GHP KHCMH €KH XaMMacH TYKHALIYBYH wapaapnaH
HO0OpaT TH3HMHHHI HYKH SHEPrHACHra (MCCHKJIMK IHEpPTUACHra) afnau-
FaHjurd Tydaisy MexXaHUKaBUH SHEPrHSIHMHI CAKJaHHLI KOHYHH
GakapuaMacaury y3-y3uaad paBlwiaHadp. XakuKaTaH XxaM TYKHalLlyBra
Kajaap LWAapJapHHHT TYJAHK KHHETHK 3Hepruscu:

E,= 5mui+ M3V} (8.10)
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TyKHAWIYBAAH CYHT TH3HM SIXJHT XKHCM Tap3uaa i, Te3JHK OunaH
XapaKaT/JAaHraHJHTH TY(haHau YHUHT KHHETHK 3HeprHsCH

E;:%(m1+m2)u2

6ynanu. (8.9) udonanu svrubopra o1ub, 6y dopMmynaHH KyiduparHda
é3aMH3:
E = (my0; +my09)*

=" (m Fy) (8.11)

TykHawyB xapaéHuWaa 3HEPrHAHHHT KAaHYa KHCMH HUKH 3Heprusra
alylaHraHAUruHH aHukaaw yuyH (8.10) udonanan (8.11)Hu aliupamu3:

v 1 1 (my vy + myvy)® _
EK—EK—gmnvf‘*—;szg_W—
o mm 2
T2 (m+my) (0 —0,)"

I?l'IHZ

by n¢oganaru iy HHUCOAT Wap. lapHHHI KeJ THPHJA T aH Macca -
1 2 .

cH Leidusain Ba p opKaJad GeiaruwtasHanm; v, —ve ailupma 3ca wapaap-

HUHT TYKHaWyBFa Kaaap 6yaran HucGuil TesnuknapHHH Hdoaanansu.

Maskyp 6earuiawnapra Kypa OXMpru TeHrJIHKHH KyiHuaariua €3amus:

EK—EIK'-:%M(UI—.U?)?' (8.12)

[lemak, HKKUTa MYT/1aK HOKAHHWKOK WAaPHHHT TYKHAWYBU Xapa€HHAa
TH3WM KHHETHK 3HEeprHiCHHHHI KaMaHHUIM KeNTHPWIraH MACCAHHHT
HUCOMH Te3JIMK KBaapaTura KYNauTMacHHHUHT SIPMHra TeHT.

[TupoBapanaa WYHH TabKUAAALL JO3HMKH, HOK2HHUIKOK TYKHAWYBAa
TH3HM KHHETHK 3HEPrusiCHHHUHT WUKH 3Heprusira aisaHull >xapaéHu Ba
aKCHHYAa, MYKH 3HEPrHSHWHI KHHETHK SHeprusira adjaHHul jkapaéHH
JfeMeHTap 3appaJjap, aToM Ba MoJeKyJalapHHHT Y3apo TYKHalyBHaa
XaMaa SIAPO PeakuHsAapuila MYXHM YpPHHHH 3rajiaiiu.

8.4-§. MHEPUMA MAPKA3M SMINTAH BOFNIAHTAH CAHOK TM3MMM

®apas KH1aHIHK, HKKHTA XHCM MYT/J1aK HOKAHHLIKOK TYKHALIaéTraH
6yacuH Ba Oy TYKHaWYyBHU Mapka3ui TYKHaWyB ne6 XHCOOJAHAUK.
TyxkHatyB »xapaéHHHH Ky3Faamac ne6 Xxucob.1anraH K caHoOK TH3HMHAa
Ky3aTcak, TyKHallyBaaH KedHH Ma3Kyp HKKH XHcM 6Gupaauwinb, 6urra
XHcM Kabu xapakaTtaa 6Gynanu Ba yHUHT Te3auru (8.9) popmyaa opkanu
udoganaxHau:

muv,+ mavs
m|+m2 :

U=

(a)

Kyaraamac xucobaanrad K caHok TH3HMH (sibHH Ep 6unaH €ku YHHHr
YCTHAA TypraH »XHcM OunaH OOFTaHMaH CAHOK TH3HMH) KYNHH4YA
nabopatTopHusi CaHOK TH3HMH HOMK GWJIaAH IOPHTHJAALH.
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MHuepuusn (macca) mapkasu 6usian 60F1aHraH CaHOK TH3UMH XaKHia
4.5-§ na MyJsioxasa IOpUTWITaH 344 Ba 6olWKA CAaHOK TH3HMJApUAaH
a)kpaaub TypuwH y4yH 6y TusumMHu M-TH3um ae6 atarad 3AMK. Maskyp
CaHOK TH3MMH XHCMJAPHHHT TYKHAWIYBHHH TaX/Ha1 KHIHWAA aHuya
Kylalnukiapra 3ra. M-TH3HUMHUHT acOCHH KyJjialJaWK/iapuaaH OHDH
wyHaaH nbopaTki, yH1a KUCMAap UMNYJIbCAAPHHUHT BEKTOP HHFHHAHCH
yJapHHHT y3ap0o TabCHPJALLIHUIMra Kaaap XaM, TabCcHpJaliraniai KeHuH
XaM HOJTa TeHr:

ijl: 5,1___0

- 14
bl |

éKH
pi+p2+.. +5n=f7’1+ﬁ’2+ .+ ph=0.

ByHna p, — TYKHaulyBra Kanap, p/ — TYKHAWYBAaH KEHUH i-XKHCMHHHT
UMITYJIbCH. Y3apo TaLCMpJIaUJyBllH HKKH YKHCM MHCONHZA Ma3Kyp TEHIVIHK

m.u. +m2u2=mu|+m2u2=0

Tap3aa esnnanu 6y epaa Ui, Up — MKKH >KHCMHHHT TYKHALIMLIAAH
OJIAHHTH, ul, us — TyKHaumumaH KEeHHHTH Te3aukigapd. Myrnak Hoka-
HHILKOK TYKHAllyBAaH KeHHH MKKH 3appa xyaad 6utra (sAXaut) 3appa
Kabu u Te3NMK GHNaH XapaKarJaHTaHJAHrH Tydalad OXUPru TeHIVIHK
KyHuaaruua é3usanu:

miaf+ mouh= (m; +my)u=0.

Byunan u=0 >KauJIuru Vy3-y3ugaH paBllaHaup: OHpJalraH HKKH
J)KHCMHHUHI HHepuua (Macca) Mapkasu M-THU3MMAA THHY XonaTaa 6yaanH,
BaxoJaHKH, Jaa6opaTopus CaHOK TH3MMMAA MYTIaK HOKAHHLIKOK
TYKHalyBAaH KefHH WHepLHsl MAPKA3UHUHI TE3JIMTH HOJAra TeHr 3mac,
YHHHT Te3auru (a) udona O6HIaH aHHKIAHAH.

8.5- §. BYCAFABMA SHEPIMA.
PYMAPABMA TIKHALLYBUYM 3APPANIAP TEINATKMMNAPH

IOkopuna (8.1-§) wap wakauaard >KHCMJIAPHHHI TYKHALIYBHHH
Tax/JWl KWIHILAA OJIHHMAH HATHXajap Xap KaHga# XHCM YUyH, Wy
JKymJjagaH 3appajap yuyH xam ypunauaup. Ly 6oucnan onuHran yua
HaTHXKanaapra acocjaiub Kyiuaa 3appanlapHHHF HOKaHHIKOK TYKHAaLLy-
BH XakKuila MyJaoxasa loputamu3. Mabaymku ((8.12) udoaara k.),
HOKAWHIWKOK TYKHaWyBAa TYKHallyBUM 3appajapaaH H60opaTr TH3HM
KHHETHK 3SHEPrUSiCHHUHT OHp KHCMH (MyaifiH wapoutja XamMmacu)
YJAPHUHI HUYKH 3HEPrusicuira (THHY XOJAAaTAAard 3Heprusicura) aWnaHanu
Ba aKCHHYa, TYKHAaWWHWl KapaéHuaa yJapHHUHT MUYKH 3SHEpPrusicu
3appajlapHUHI KHHETHK 3Heprusicura ahsaHulid xam MyMkus. bowkaua
aliTranga, TYKHaWHWL XapaéHuaa TYKHAWYBUY 3appalapHUHT KHHETHK
SHEPruaAcH OLWHIIH éKH KaMahuwH MyMKHH. HoKaHHIWIKOK TYKHalyB
)KapaéHWAa TYKHALIYBUM 3appajap KUHeTHK SHePTUAJapHHHHT Y3rapHuily
ogataa Q xappu Ouran Oearuwnanagd. TYKHaWHIG HaTHXAcHAA
TYKHAWYBYKH 3appajapHUHT YMyMHH KHHETHK SHEpPTrHACH ouca (SbHH
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Q>0 6yaca) 6yHnail HOKAHHLIKOK TYKHALUYB 3IK30TEPMUK TYKHAULYS
nefunanu. PaBuiaHku, 3K30TepMHK TYKHAallyBa 3appPaHUHT  HYKH
IHEPTHUACH XHCOOHUra YHUHI KHHETHK 3Heprusich owaad. Maskyp xapaéu
Q HHHT Xxap KaHjaah kufiMariapuaa Xam amanara OWHIIH MYMKHH.
SlapoHHHT mapyanaHKLLK IK30TEPMHK XKapaéHra mucoa 6yna ananH, ibHH
napuafaHdll HaTHXacHia XOCHA OyJraH 3appalapHHHT KHHETHK
sHeprusiiapu Hoara Tewr (Q=0) GyJHIWIH XaM MYMKHH.

TyKHawyB HaTHXKACK/a 3appalapHHUHT YMYMHI KHHETHK 3Heprusiiapy
kamaica (abHH Q<C0 Oysca) O6yHAaH HOKAHULIKOK TYKHAUIYB
JHOOTEpMUK TYKHawys neitunaiu. [lemak, 3SHAOTEPMHUK TyKHallyBaa
3appaJapHHHT KHHETHK SHEPrHAIapH XHCOGHra yJapHHHT UYKH 3HEprus-
Jjgapu owaad. HokaluWKoOK TYKHAWyB xapaéHuaa HUYKH IHEPrUSIHHHT
OWHILH 3appajap XyCyCHATJAapUHHHI V3rapuiiura onub kenagn: Oup
TypAaaru 3appa HKKHHUYW TypAard sappara (sIHry 3appara) auiaHuliM
MYMKHH. HOKa#HIUKOK TYKHAWYyBAA 3appa/japHHUHT GUP TypAaH HKKHHUH
Typra aHlaHHLH YUYH YHHHT HYKH 3HEPTHACH MYaHsH MUKIAOpPra OlIHLIH
NO3HM. Ma3Kyp SHePrHSHHHT MHKAOPH 3apPaHHHI V3 XyCyCHAT/ApHra
60FnHK 6YaH6, v | Q| nan kam 6ynmacaurd Kepak. By sHeprua MHKIOpH
6ycarasuii snepeus ne6 arananan. 3appanap GHp TYpAaH HKKHHUM Typra
afinaHaérran Gyjca, Maskyp KapaéHaa KaHRalaup peakuHs CoaHup
6ynaantu aemakaup. Ly 6oncnan 6ycaraBui sHeprus KynHH4a peakyus
nepeuacu (peakuus coaup 6YanuIM yuyH 3apyp 6yarah 3Heprus) Aeb
Xam aTajajH.

Kaunpait waptaap 6axkapuaranaa Maskyp »XKapaéH amajira OulHLIHHH
aHukJalanK. BYHHHT yuyH 3appanap TyKHaulyBHHH M-TH3umaa Myxoka-
Ma 3THWI MaKcaiara MyBOPHKAHD, YyHKH Oy TH3WMAa 3appajapHHHr
TYKHaWryHra Kagap G6yarad TYJAMK KHHETHK 3HepruacH GycaFaBHi
3HEpPrufiaH KaM 6yaMacaurd Jo3um, sibhu E, = | Q| waptu 6a)kapuauiuy
kepak. E,=|Q| 6Yyaraiaa, TH3UM KHHETHK 3HEPTHACHHHHI XaMMacH
3appajapHUHT HUKH 3HEepPTHACHHHM owHpuiira capd 6Vaaru. by mapt
6axapuirania, M-Tuaumaa TYKHaWMLW HaTHXAacKHAa 3appajap Tyxtab
KO14.1H4. bolkaua aﬁTraHna, 3appaaap KHHETHK 3}!(‘[)!'“”.IzlleIHHI
XaMMAacH PeaKiUHsiHH amanra owupuiira capd 6yanwn kepax. bByinmr
yuyH 3appaiap HMNy/bCJapHHHHT BEKTOp WHFHHAMCH HOKAHHWKOK
TYKHAWYBaH OJAWH Ba YHAaH KeiluH Hoara Tenr GyjuwH Tanab
KWIMHanH. By wapt 3ca gakart HHepuHs Mapka3n 6usiaH GOFIHK CaHOK
TH3UMH (M-TH3uM) jJardHa amaara owaaH. Jlabopartopust CaHOK
TH3UMHAA 3Ca TYKHaulyBuM 3appanap KHHETHK 3IHEpPrHAJapHHHHT
XaMMaCHHH YJNapHHHT MUKH JHEPTHACHTa aWJaHTHPHII MYMKHH 3Mmac.
UyHKH HOKAHMIIKOK TYKHalIyBAaH KeHHH MHEPUHMs (Macca) MapKasu-
HUHT XapakaTH OujaH OOFIHK OyaraH KHHETHK 3HEPrusi peakUHsiHH
amaJ/ira olMpHLLA HIITHPOK 3TMaiAK. Bolkaua aiiTranaa, 1aGoparopus
CaHOK TH3HMHAA (HMIYAbCHUHT CaKJaHHII KOHYHHra Kypa) TYKHaWTryH-
ra Kaaap 6yarax 3appanap HMNy/AbCJapHHHUHT BEKTOD HWHFHHAHCH y/aap
TYKHalWraHAaH Kefink XaM y3rapmail KOIHLIH Kepak.

3appasiapHHHF HOKAHHWIKOK TYKHalWlyBMAA PpeakUHAHH amanra
OlIMPHLI YUYYyH, OAATAA, Te3NAaTWIFaH 3appanap THHY Typrad 3appara
(aHwonra) HyHaNTHpUIaZH. by xonaa TesaaTHIraH 3appadapHuHr
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3HEPrUsACH THHY TypraH 3appajapHukura Huc6araH, sitbHH jaboparopus
CaHOK TH3MMHra HHcGaTaH aHuKJaHaiM. HokalinwKoK TyKHALWYB
HaTH)Kacujla 3appajap KHHETHK 3HepruslapuHUHI HUKH 3Heprusra
aiaHHLl )KapaéHUHH SAXUIHPOK TACABBYP KH/HLL YUYH HKKH MPOTOHHUHT
y3apo TYKHallyBHHH OJHO KapaWiWK Ba 1a60paToOpHsl CaHOK TH3HMHIAA
THHY TypraH POTOHra (HHIUIOHTA) Te31aTUIraH npotoH 60pu6 ypuiaraiia
SHEPFHAHUHT KAaHYa KHCMH YJAPHHHT MUYKH 3HEPrusiCHra ai/aHHLIHHH
(peakuusinn amanra owMpuuira capd 6yauiunHu) aHukaanauk. byHaa
HKKH XOJIHH — KHUHK Te3JMKaap (v<c) OGunaH GOFIUK 3HEPrus coxa-
CHHM BA KaTTa Te3aukaap OH1aH OOFJIHK SHEprHa COXACHHH aJ0XHAa-ano-
XH1a Kapab uyHKalJHK:

A. KHuuK Tesnuknapaa TYKHAUIYBUH 3appasiapHHHT KHHETUK SHeprus-
J1apH NIPOTOHHUHT THHY XONaTAard HYKH Hepruscu (m,c?) ra Huc6artau
XKYLa KHUHMK 3KaHaurd V3-yauganw aéd. Iy 6oucaan xapaéHuu
MyTakab6ua (kaaccuk) ¢H3MKa HyKTaW Ha3apuiaH Kapab 4YHKHL
MYMKHH. JlabopaTopHsl CaHOK TH3MMHAA U Te3JHKKaua Te3JaTHIATaH
NPOTOH THHY TYpraH NMpoToHra 6opub ypH/IraHaa TYKHAlWlyBYW 3appa-
aapaad H60paT TH3HMHHHT TYJUK KHHETHK 3HEprHsiCH:

E,=~mo (8.13)

Kt T 2
(E., — n1a6opaTopHsi CaHOK TH3UMHAArd KuHeTuk 3Heprus). Hoka-
AWIIKOK TYKHaWYyBAAH KeHHH HHEPUHS MAapKa3HHHHT Te3JHTH HOMAaH
dbapkau 6yaranauru Typaiau (8.13) kypuHuiLaa HoaasaHraH SHEPrus-
HMHF XaMMacH 3appajapHHHT HYKH 3Hepruscura akjaaumaiin — 6y
HEPrHUsIHHHT GHP KMCMH HHepLHsI MapKa3HHUHT XapakaT SHeprufcH
6yaub Konaan. Maskyp IHeprustHHHr KaH4a KHCMH DeakUusHW amaJjra
OUIHPHIIAA HIUTHPOK ITMACJHHMIHHH (HUKH SHeprusra anjaHMac/JHTHHK)
aHUKJAI Makcaaula HOKAHHIWKOK TYKHawys »KapaéHHHH M-TH3uMzaa
oqH6 kapaiauk. lOkopuaa tabkuanab yrrauumusdnek, Oy CaHOK
TU3HMHUA 3appasiap KHHETHK 3HEPrUAJAPHHHHI XaMMacH YJapHHHI HUKH
3HeprusiCUHH olwupuwra capd O6YJHIUK MYMKHH. Ma3Kyp TH3UMAA THHY

1
TypraH NpOTOHHHHI HHEPUHA MapkKasura HUCOATAH TE3JIMTH —?U ra

1
TEHT; YHra GOPHG YPHIYBUH MPOTOHHHHT TE3HCH 3CAa — U ra  TeHr;

M- Tnaumaa yMymuii KHHETHK 3Heprusl TYKHalyBuH NPOTOHIAP KHHETHK
SHEPrUAJapHHHHT HUFHHAMCKHAAH HOoparT:

EKM=l?m,,(~;—v)2—|—-;—mp(lyv)2=l—mp02 (8.14)
(E,. — 3appanapuuir M-TH3WMaard KMHeTHK 3Heprusiiapu). (8.13) Ba
(8.14) TeHrnuKAapAaH KYpHHAJMKH, 3appanapHHHT 1a60paTopHa CaHoK
TH3UMHAArH KUHETHK 3HEprusiiapu M- TU3UMAArd KHHETHK 3HepruAra
HHCGAaTaH HKKH MapTa KR, ’bHH J1a60paTopHsl CAHOK TH3MMHUra Hucbaran
TE3JIaTH/ITaH NPOTOH KHHETHK 3HePrusicCHHUHT (akaT APMH TYKHALIYBUH
MPOTOHJAPHUHT MUKW 3HEPTUsICHHH oWwHpHWra cap® OY/HIIK MYMKHH;
. JHEPTHSIHUHT KOJIraH KHCMH HHepUHs MapKa3sHHUHT Xapakatura capgp
6ynanu.
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b. Juau THHY TypraH NPOTOHra KaTTa Te3JNHKKa 3ra 6y/iraH npoToH
60pH6 ypHAranaa KHHETHK 3IHEPrHsIHHHI KaH4a KHCMH TYKHaLIyBYH
3appanapHHHI HUYKM 3HeprusicHira adJaHHUWMWHH Kapab 4HKaHlIHK.
Macanad, Te3JaTHAraH NPOTOHHHHI KHHETHK 3HEPTHACH YHHHT THHY
XONaTAarH MYKH 3Heprusick (mpyc®) nan karTa 6yJacHH. ¥ Xxanaa ioKkopHaa
Keatupuaran ((7.58) wudonara K.) peasiTHB 3appasapHHHT TYJIHK
sHeprusich (E) Ba uMnyabcu (p)HH y3apo 6OFJOBYH MyHOcabar

E?—p’c*=m’c*=inv
naH ¢oitnananamMus. By TeHrsiMK OHp HHepUHAN CaHOK TH3HMHIaH
MKKHHYHCHra yTraHja yarapmaniad, SibHH Ma3Kyp TeHIVIMK Jaboparopus
CaHOK THU3MMM (KHCcKaua JI) paH M-tu3umra (kuckaua M) yrranga 6up
XHJ KypHHHLWIra 3ra, AbHK uuBapuadHTaup. lllynaait kuanb, okopuaart
TEHIIMK HHUWOH TOMOHra HYHaATUpPUAraH TPOTOH YUYyH KyHHAaru
KypHHHWra sra 6yaaiu:

(El—pic") = (Ei— piC) m. (8.15)

Jla6opaTopus TH3UMHAA THHY TYPraH NPOTOHHHHT TYJIHK SHEPTUACHHH Eo,
HMIYJbCHHH Py OpKa/ik Genruaab, HKKHTa NPOTOHAaH H60OpaT TH3HM YUyH
(8.15) ndonanu

“El +E2)2- (51 +52)2€2171=[(El +E2)2‘“ (51 +ﬁ2)2€2]M (8-16)

tap3na ésamus. Tavpudra kypa M-tusumaa p, + p.=0. Jla6oparopus
CaHOK TH3WMH/a HKKHHUYH MPOTOH KY3Fanamac 6y/aradaury cababan yHHHT
SHeprusick (pakart THHY XolaTaarH (sbHH KHYHK) JHeprusiaaH Hbopar
6ynu6, HMNYJAbCH 3Ca HOJra TEeHr:

Es=m,c?, pa=0. (8.17)

(8.16) dopmynana E\+E;=E, — M-Tu3uMa1a HKKana nNpOTOHHHHT
TYJAUK 3Heprusich. BuuoGapun, (8.17) Hu Hasapaa TtytH6, (8.16)HH
Ky#iuaarnya €3amus:

[(E 4+ m,) —pid),=E2,
€KH

[(E}—pi) +2E,m,¢ + mic*],=E.,.

By epaa KHUHMK KaBc HuHaaru udoaa mac* ra TeHr 3KaHAMIHHH 3BTHOOpra
OJICAK, OXHPTH (OpMYJaHH

2m,* (E,+m, ), =E?2,

KYPHHULIAA E3HLI MYMKHH; 6yHaa E, 4+ m,c® =E,, — 1a6opaTopHsi CaHOK
TH3HMMIA HMKKa/JAa MPOTOHHHHP TYJHK 3SHEPrUsCHHH HGOAAaNaraHIHrH
Tydanau
2
2Em rnpc _Em
ra sra 6ysamu3; Oy Hdopanan Jsabopatopus THIUMMAA HKKaaa
NPOTOHHHHT TYJHK 3HEPrHsiCH YUYyH
E
E,=—— (8.18)

m 2mpc2
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ra sra Gynamu3. (8.18) HHUcOGaTHH aHMKAALW YYYH TIPOTOHHHHT THHY
XOVIATAarH 3HEPrusich m,c> WU Xucobnainuk. Mabaymku, m,=1,67 X
X 10~% kr, ¢=3-10® mM/c. TeanaruaraH Ba THHY XO.JaTAarH 3appa-
JIapHHHT SHEpPrusjapH oaariaa 3/1eKkTpoHBobT (3B) napaa udpogananany.
| 3B — 3apsaau snekTpoH 3apsigura TeHr 6yJrad 3appaHu NoTeHluHaN1ap
$apkiH u—uy=1 Boabr (B) O6yiaran MmaidaioHAa Te3JaTUIraHAA,
Y 3pHLLTaH 3HEPrHsAra TeHr. dNekTpoH 3apsaau e= 1,610~ '° kysoura reur
6yaranaurn yuyH | sB=e(u;—us)=1,6-10""'" Ka.1 B=1,6- 10"
XK 6ynamu. Y  xoapa myc’=1,67 + 107%7.(3.10%)*=1,50-10~"
K=~0,938-10° 3B~ 10° 3B.

ARTalHK, peaklusi aMaJira OWHILH yuyH M-caHOK TH3UMHMAA Te3na-
THATAH NPOTOHHMHT TYAHK 3Heprusick 10" 3B ra Tewr 6yanwu tanab
KWIHHCHH. J1a6opaTopusi CaHOK TH3WMHAA NMPOTOH KaHaaH 3Heprusra-
ya Te3JaTWIHILM KEPaKJIHTHHH aHukJaiauk. (8.18) dopmynara myc?=
=10° 3B Ba E,, = (10'°)2=10%" 3B kuiimarnapuu Kyiicak,

107°

W=5' 10]0 3B

E. .~
6y. 1au. [lemak, uHepuHst (Macca) MapkKasu GujaH GOFJAaHTaH CaHOK
tuaumuaa nporonaap 10'® 3B ra TeHr sHeprusira 3pHLIMLIADH Y4yH
na6opaTopHsl CaHOK TU3HMHAA Y/JapHH 5 MapTa KaTra 3Heprusiraua
Te3JaTHW JIO3UM 6VJaau, AbHU Te3NAaTKUUHUHE HorHaanu Wl KoIppULH-
eHtH 0,2 ra Tenr 6ynann.

Makcaara kypa aabopaTopis CaHOK TH3MMHAAa HMKOH Kajap Kam
3Heprus capgaab 3appajapHHHI SHEPrHsICHHH Ly Kajap OLMpHLI
KepaKKHM, HaTHXaaa siird 3appanap xocua 6yJicuH. ByHra xap ukkana
TYKHAIUYBYH 3apPaHH XapaKaTra KeJITHPHULL GUIaH SPHILIKII MYMKHH. by
ycyn pynapaBMd TYKHaWyBuYM 3appajap AactacH (HYpPH) XOCHA
KMJAHHALHraH Te3JaTKHuwilapia amaJjra owHpuiaad. XO03HPrH 3aMOH
TednaTKHunapula 3appajap JacracH (3appajapiaH H60pPar HYp)HHHT
Xap 6MpH HKKHHUHCH TOMOH HYHaNTHPHIAaAH. Ma3Kyp ycya KyJaaaHranaa,
6up xua uMMmnyabcra 3ra 6yaraH 3appajapHHHr Xap OHPH HKKHHUHCH
TOMOH HYHaNTHPHAHG, yiap UKKHTA Te3NaTKHYHHHT ypTacHaaru ¢asoga
TYKHawaauaap. by xonaa TykHawysuyH 3appajapHHHT HHEpLUS MapKasu
sabopaTopua CaHOK TH3WMHMra HucGaraH xapakatrcus 6ysann. Bowkaua
adtraHaa, Ja6opaToOpHA CaHOK TH3HMH 3appaJjap HHEepLHS MapkasH
6u1aH OOF1aHraH CaHOK THU3UMH OYaub Konaiv. Maskyp ycya Guaad
3appajap TYKHalWlyBH aMmajnra OWHUpHIraHia TYKHalWYBLaH CYHT
3appaJjiap HHepUHS MapKa3HHUHT Xapakartura 3Heprusa capd 6yamaiau.

X 03Mpry 3aMoH Te3naTKHuaapH nemenTap 3appajnapuu 10'2 3B raua
Te3satHll HMKOHMATHra sra. Karra Tesiukinapraya TesjaTuiarau
3appaJap HHwoHra 6opu6 ypuiraiaa tabuuii Wapoutaapaa yupamanau-
raH siHrM 3appaJjiap Xocua 6ynanu. SIHru 3appajsapHH XOCHJ KHJHLLAA,
IOKOpHAa adTHAraHuieKk, pynapaBvil TyKHallyBYd 3appajap AAacTacH
XOCHN KWIHHAAMraH Kypw/iMaJjap aHYarHHa YCTYHJHMKAapra ara.
PynapaBuii TYyKHawyBuH 3appaJjap AacracH YCYJH acjJuaa Kyhuaaruua
aMmaJsira OWHpHJAAH: yuypallyBYH 3appanap AacTacH (HypH) HHHT GHpH
Te3/1aTKHYa KaTTa Te3JuK/1apraya Te3IaTUAraHaaH KeAHH KW Mariut
MalaoOHra KHpHUTWAanM. Maskyp Ma#HaoHaa 3appajnapra MAarHHT Kyd
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(Jlopenu Kyuu) Tabeup 3taaH. By kKyu, Mab/iyMKH, 3appaiapHuHr ¢akar
Xapakar HYHaJHIIHHHIHHA Y3rapTHPHO, Te3JUTMHH (SHEPrUsICHHH)
yaraptupmaiiau. Hartuxkana 3appanap aacracu aiinanma wak/jgaru
TpaekTopua O6yihnab xapakatnaHaau. 3appajap XapaKaTHHH MasKyp
TpaekTOpHA O6yiaab y3ok BaKT caknialG TypHIl MYMKHH. Marsaur
ManhAoHAa XapaKaTt/aHaéTraH 3appajJaPDHHHT T€3JIHKNAPHra TEHT Te3JHK-
Kauya Te3jiaTHAraH siHa O6Hp 3appajap AAacTacH MarHWMT MalaoHgaru
3appanap OHJaH Kapama-KapLlid HyHaauiaa TykHawrtHpuaans. Pynapa-
BHH TYKHaWYBuYH 3appanap gactacd «6eroHa» aToM Ba MoOJeKyJaanap
6uaH  TYKHAlIMACJHrH Yy4yH KypPHAMaaa IOKOPH BaKyyM XOCHJ
KHJAHHaAH.

8.6- 5. AHTMIIPOTOH XOCMA SYNMILMHMHI BYCAFABMA SHEPTMACH

MabiyMKH, IPOTOH — BOAOPO/ aTOMHHHHI SIAPOCHHH TALLIKHI 3TYBYH
myc6at 3apsaiu (3apsan +e=1,6-10""" Ka, maccacu m,=1,67 X
X 107% kr) snemeHtap 3appaaup. AHTHNPOTOH 3ca NPOTOHAAH (aKaT
3apAAMHHHT Huwopack (—e) GuaaH (papK KHiaaH. XO03HpPru BaKraa
Mabiym 6yaraH xap GHp 3/JeMeHTap 3appPaHHHT aHTH3appacH aHHK-
JAaHrad. MacanaH, 31€KTPOH-MO3UTPOH, HEHTPOH-AHTHHEHATPOH, He’TPH-
HO-aHTHHEATPHHO Ba GowkK. AHTH3appa o0AaTQa yHra MOC KeJyBuM
3appaHd W¢opanaiaurad xap¢p Ouaan O6enrnnaHub, ywa xappuHHr
YCTHI'a YH3HKHA KYHHaann (Macaial p — NPOTOHHH, p — aHTHNPOTOHHH
ndonananau).

Bupunun mapra 6,3-10° 3B raua TesanaTHAraw npoToHNap MHC
HHWOHra G6opHO ypH/IraHaa Kyt 3appajiap — NpoTOH Ba aHTHNPOTOH
XOCHA GYJiHILH Ky3aTHArad. AHTHIPOTOHHHHE XOCHA 6VAHLI peakUHACH
KyHuaaruya €3unans: .

p+p—>p+p+(p+p). .

By ¢opmyaanan KypuHuwinua, GHp-GHPH OHAaH TYKHAWIYBUH HKKH
nporod 6unaH OGHP Karopaa peakLHsl HAaTHXaCHAa HHILNOHAAH SHA
NPOTOH-AHTUNPOTOH XKyhTH aKpanu6 unkKaaHn. Xocka OGYaAraH npoToH-
aHTHMIPOTOH XXY(DTHAATH 3aPAANAPHUHT aNre6panK HHFHHAHCH HOITa TEHT
Ba OuHOGapHH, Oy epla 3apsANapHHHI CaKJaHHIl KOHYHH XaM
GaxcapuaaaH. AHTHIIPOTOH Ba NIPOTOHAAH TawkKaph 6Up BAaKTHHHI Y3uaa
AIHA HKKHTa NPOTOH XOCHJ GV/HIIK — 3apAANap CaKJaHHI KOHYHHHHHT
HaMOEH GYaHILIKAHP.

Ma3kyp peakuHsiHi amaJjira OWHPHIU YuyH 3apyp 6yaran 6ycaraBHii
3HEepruAHH aHuknadauk. Xocun GYAraH MPOTOH Ba AHTHAPOTOHHHHT
Maccajapi y3apo TeHr 6yaAranjaurn Tygpaian yJapHuHr THHY XONaTRarH
Heprusiiapu 2m,c” ra reur. BuHOGapHH, peaKlUHA aMaira OWMHIH YUYH
HHepuMs (Macca) MapKa3H caHOK TH3MMH (M-Th3nm) aa §y3apo
TYKHAWYBYH NPOTOHNAPHHHT KHHETHK 3HepPrusnapH 2mpc® naH Kam
6yamaciurd Jo3uMm. Byunan TawkapH, 6y 3Heprusra siHa TYKHallyBYH
NPOTOH/IaPHUHT Xap GHPHHHHI THHY XQIaTAard SHeprusiapH m,c’ xam
kywnaaan. Hlynnah kuan6, M-TuaHMAA TYJHK 3Heprua

E. =4m,c® (8.19)
naH KaM GyJMac/iiry 3apyp.
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AuaH, M-canok THaumuaa (8.19) ¢opmyna opKasH akc 3TTHPHATAH
3HEeprusiHy 1abopaTOPHs CAaHOK TH3UMHAA Hpoaanaiank. (8.1)ra acocan

E - E%, _ (4mpc2)2
T om,d 2m, ¢

6ysnanu; 6yHaa 2m,,cz‘— TYKHAWYBUYH HKKH NMPOTOHHHHT THHY XOJaTAart
SHeprusicHHH Ba 6m,c’ — yJapHHHT KHHETHK SHEPTHACHHH TalIKuJ STa/lH.
JleMaK, TNpOTOH-BHTHNPOTOH KY(DTHHHHT XOCHA OGyauwr GycaraBuM
3HEprHsiCH (MabJyMKH, POTOH yuyH myc’=0,94-10° 3B)

6myc?~6-0,94-10° 3B=5,64-10" 3B=5,64 'sB

6yaHiuM Kepak. XHCOG1aLUAaH OJIHHIraH Gy HATHXKA Te3JaTHIraH npoToH
THHY TYpraH sikka NpOTOH GHJIaH TYKHAWraH Xoa y4yH TYFpuaup. Arap
Te3/JaTKHUYAa Te3JaTWIraH NPOTOH THHY TYpPraH siKKa NpOTOH OuaaH
TYKHALIMacAaH SAXJANT MHCAAH H60pAT HWLIOHrA 6OPUO YPHIIAETI aHHHH
(AbHH NPOTOH-HHUIOH SAPO GWiaH GOFJaHTaHNWTHHK) 3bTHGOpPra oJcak,
NPOTOH-AHTHNPOTOH KY(DPTH XOCHA 6Yanil 6YcaFraBui IHEPrHsCH Kamasi-
AH. XaKkuKaraH, TaKpu6ana Ky3aTHIHILHYA, TPOTOH-AHTHNIPOTOH XY (TH-
HUHT XOcHA Gyauw 6§caraBuit sneprusicu 4,4-10° 3B Hu Tawkun stras.
By 3Heprusi 3ca Te3jaTHJAraH MNPOTOH 3PKHH XOIAArk MPOTOH-HHLIOH
6unad TYKHalIraHiarura kaparaHaa 1,2-10° 3B kaaap xamaup.

(8.20)

IX 6O6
KATTMK XXUCMIAP MEXAHMKACH

9.1- §. KATTMK XXUCMHMHI XAPAKAT BA MYBO3AHAT TEHITIAMACH

KarTuk »XHcM xapakaTHHM ypraHuiuaa Wy naurtraya GH3 YHHH
KaTTajJHry Ba HWAK/JAMHM 3bTHGOpPra oimai, yYHH MOAAMH HyKTa 1eb
KaparaH 3jHK. Ky#Haa 6GH3 >KHCMHHHI KaTTaJHTH Ba WAKJIAH MYXHM
axamusitra 3ra OyaraH xapakatiapHd xam Kkapab uukamu3. Ly
MAaKCcaana KapanaérraH KarTHK XHCMHH OH3 MYTJaK KaTTHK XHCM 1e6
x1co06.1a0, yHi GUKpaH >Kyaa KHUMK (31emeHTap) 6yiakuyanapra 6yau6
YHKHUIIHMH3 Ba YHH MOAAHMH HyKTajap TH3HMHAaH HOopar 1e6
Kapawnmus mymkuH. lly 6oucaan mogaunii HyKTasap TH3WMH XapakaTH
YUYH YPHHAHN 6Y/iraH KOHYHHATIAPHH KAaTTHK XKHCMHHUHT XapaKaTH y4yH
KYJ1aAMHu3.

KaTTHK KHucM XapaKaTHHUHI HI ONAHHCH — WITapu/iaHMa Xapakar
6ynu6, 6yHna yHHHr Oapuya HyKTanapdH GHp XHJ Te3JHK Ba GHUp XuJ
TedJaHHW Ouanan xapakartianaad. KaTTuk HCM XapakaTHHMHT 6oliKa
TYPH — YHHHT OMPOp HYKTa €KkH YK aTpoduaard aisadima xapakaTHAHP.
LllyHn anoxuaa TabKuAaall JO3HMKH, aijaHMa XapakKaTla »KHCMHMHT
Xap XWJ1 HyKTajapH YKKa THK 6YaraH TeKHcaHkaapaa éTyBun aisiananap
6Vinab xapakaraa 6yaanu.

Mabaymkn (1.10-§ ra K.), MyTJaK KaTTHK >KHCMHHHI 3PKHHJHK
dapaxcanapH coHu 6 ra TeHr, S'bHH YHHUHI XapakaTH 6 Ta MyCTakua
TEHI/1aMa OpPKaJli aHHKJaHaaH. Ma3Kyp TeHrJ1amManapHUHT 3 TacH KaTTHK
XKHCM HHEepUHS (MAacca) MAapPKAa3WHHHHT XapaKaT TeHrJa-
MacHAUD:
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d’x d? a?
m-t=3F,m =3 F: m®2—_73 F. (9.1)
2 — X 2 P y e y .
di \ dt .Y a? T
€KH
du, dvu dv
—_ . Yy _ ¥ . 2 __
mdt«'ZF,E,mdt—_Fy,mdt_ZFz (9.1, a)
{

1 i

(6ynaa x, y, 2 — XKHCM HHEPLUS MAPKA3ZHHUHT KOOpAHHATANaPH; Uk, Uy,

U, — MAacca MapKa3sH Te3/IUrHHHHT KOOPAHHATA YKJAapHaaru NpoeKLHsaa-

pu; X F,, X F,, ¥ F,— XuCMra TabeHp 3TYBUM TAlIKH Ky4lapHHHT
[

t 13 -

Moc paBuwaa X, Y, Z Yknapaaru npoeKUHsIIapHHHUHT HHFHHAMCH).
Koaran yura TteHrnama — X, Y, Z ykJaapra HuUcGATaH OJHHTAH
MOMeHTJJap TeHraamacuaup ((5.17) ra K.):

dL, dL dL

o = IMg =3 M; F=3M, (9.2)

t i t

6ynna Ly, L,, L, — Monauil HyKTasap TH3HMHAAH HEOPAT KATTHK XKHCM

HMNyabec MOMeHTHHHHT X, Y, Z YKkaapaaru npoexkuusiiapu; > M, Y M,
13 1

3 M,— aWnanuw ykura uuc6aTaH TaulKM Kyunap MOMEHTJIAPHHHHT

aare6pauk HUFHHANCH.

MexaHukana owucm Mmysosanaru je6 YHUHT IIyHAAH XOA&TH
TYWYHHIAAKKH, )KHCM Kapa/aaéTraH HHepuH1as caHoOK TH3uMHra Hucbartax
THHY XxodaTaa OGysaaau. KucM MyBo3aHarla OVAMIWIM  YUYYH YHH
wirapuiaiMma Ba ailaHMa XapakaTra KeaTHpyBuH cabab OyiMaciHru
JO3HM. DYHHMHT yuyH >»KHCMHM WIrapu/iaHMa XapakaTra KeJTHPYBUH
KyuiapHudr X, Y, Z yKaapaarn npoekuusjapu Ba aWjaHull YKHra
Huc6aTaH Kyd MOMEHTJApHHMHT Ma3Kyp KooOpAuHata VKJapaard npo-
eKUHANApHHUHT aareGpank WHFMHAMCH HOJTa TeHr OY/idUH wapr:

S F,=3Y F,=3 F,=0; (9.3)
S M=7SM=23 M,=0. (9.4)

t 13

(9.3) Ba (9.4) waptaap X, Y, Z Vknap yuyH Gaxapuiaca, y xoama
UXTHEpHH onMHraH Gowka yK/aap yuyH XaM GakapuaaiH.

Arap KaTTvK JKHCMra TabCHp 3TAéTraH KyusaapHH YJapHHHT TabCHpP
ynuzurd 6ViHnab Kyuupcak ainadHuil YKUra HucbaTad KyuJapHHHT eqKacu
yarapmainau; 6HHOGapHH, Ma3Kyp KYyUJapHHHT YKKa HUCOATaH MOMEHTNa-
pH XaM y3rapmaiau, AbHH Ma3Kyp y3rapuiujaap XXUCMHHHI Xapakartura
€KH THHY XoslaTura rtabcHp 3TMaidad. LlyHunraek, xucMmra Ttabecup
sTaérrad Gapua Kyusap yJapHUHT TEeHT TabcHUp 3TyBYHCH Ounau, 6apua
KYUJAPHUHT 6MpOp YKKa HUCOATAH MOMEHTAAPHHHHI BEKTOP HHWFHHAMCH
3Ca TEHI TabCHP 3TYBUM KYUHHMHI Wy YKKa HUc6aTaH MOMEHTH OHJaH
aIMalUTUPHIKIWIH  MYMKHH. JKHCMra TabcHp 3TyBuM Gapua TallkH
KYUJJapHUHT TEHT TabCUp 3TYBUUCHHHU [ OGWJIaH Ba yHUHI KapaJsjaérrad
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YKKa Huc6aTaH MOMeHTHHH M GHiaH Geirunacak, XHCMHHHT MYBO3aHar
WAapTH KYHHAArH KYPHHHLIHK OJIagH:

v+ .
T =F=0; (9.5)
dL

6yHaa U — XHCM Macca (MHepUHsI) MapKasHHMHT Te3aurH. XKucm
MyBosaHaraa 6yauwu yuyH 6y waptaap 3apyp wapraap 6yaub, JeKkuH
erapad 3Mac. 'an wyHaaku, 6y waprnap 6a)KapuiaraHia >XKHCMHHHT
mMacca MapKasd KapanaéTraH CaHOK TH3MMHra HUc6aTtaH yarapmac
(v=const) Te3nuk OGuaaH wirapujaHma XapakaTaa Ba XHCM OGupop
ykKka Huc6aTaH yarapmac Oypuak Te3nuk 6unaH ainaHMa xapakariaa
6yauwin MymMkuH. Ly 6ouc KHCMHHHT 6apuya HyKTaJlapHHHHT Te3JIMrH
KapanaérraH CaHOK TH3MMura HucOaTaH Hora TeHr OYJHUIH JIO3HM
(erapsu wiapr).

[ynu anoxuaa TabKUA/MALl JO3HMKH, MYBO3aHaTAa 6Y/raH »KHCM Ly
BA3HMATAA HCTAJITaHUA Y30K BAKT TYpa OIMAaC/AMIH XaM MYMKHH. AMaJnia
MyBO3aHaATAa TYPraH Xap KaHAaH HCMIra KHUHK TaulKH TYPTKH TabCHP
3THIIX MYMKHH Ba 6y TYPTKH YHH MyBO3aHaT Xo/1aTAaH yMKapa ojaaau. by
xonaa (9.3) Ba (9.4) waprtaap (ymymu# xonaa (9.5) sa (9.6) waptaap)
6axapuamadiagn. Harvxkana 6y KHUHK Tabcup TypadiH y3 MyBozaHar
BA3UATHAAH YMKKAH >KHCM, BYXYATa KejraH IUIApOWTra Kypa, siHa
MYBO3aHAT XO/MaTHra KaHTHWH €KH KaHTMaciuru MyMKHH. JKHCMHHHT
y3 MyBO3aHaT Xo/MaTHra KaHTHIUKH €KH KaHTMac/urd — y MyBO3aHar
XoJlaTHlaH YMKKAHAaH KeHHH YHra TabCHP KWAA€TraH Kywiap €KH Kyd
MOMeHT/apH Kalich HyHanuwaa TabcHp 3THWIHra Goriauk. Maskyp
KyuJiap Ba Ky4 MOMEHTJaPHHHHT TabCHP HYHAJHMIIHra Kapab XHCMHHHT
XOJ4aTH TYPFYH MyBO3aHaT Ba TYpPFYHMAc MYBO3aHartra axxpaTHjaiu.
JKucm MyBO3aHaT XonaTHaaH GHP 03 YHKAPHJIraHa BYKYAra KeJraH Kyu
éKM Kyd MOMEHTH YHH MYBO3aHAT XOJaTHra KaHWrapca, XHCMHHHI Gy
MYBO3aHATH TYPFYH myeo3anar aedunanH. JKHCM MyBO3aHaT XodaTHAaH
61Up 03 YMKApPWJITAHIa BY)KYAra KeNraH Kyd €KH Kyi MOMEHTH YHH Gy
XoJaTaaH siHana y3okJjalTHpca 6yHaal MyBO3aHaT TYPFYHMAC MYs03a-
Har AeHuany.

Macanan, wunra conuMHraH A apyaHHHT MyBO3aHAaT XojaTvia
(9.1-pacM) yHHHT OFHMPIHK KyYH mg Ba SMIIHHHT TapaHrJHK Ky4w
T uuar X ykuparu npoekuusnapuHuur (X VK un 6yidna6 1okopwra
uyHanraH) anre6pank HUFUHAMCH Hoara Tedr: Ty —mg,=0 €ku BekTOp
Kypunumaa T+ mg=0. duau lapyaHH MyBO3aHaT XONaTHAAH 6upos

yerra uMKapub Kyitn6 bopcak, mg Ba T KYUYJapHHHT TeHl TabCHp
3TYBUYHCH HoOJAra TeHr 6ysamMail Konaau: mg Ba T japHHHT TeHr TabCHUP

3TYBUHMCH — | Kyd XKHCMHH MYBO3aHAT XQiaTHra KadTapai.

$lna 6up Mucon: paguycu r 6GyaraH wapuya CH/JIMK 3TPH CHUPTJIH
uyKypJaHKAa MyBO3aHart Xovataa TypraH 6¥yacuH (9.2-pacm). Uy-
KYPJAHKHHHI TNAacTKH HyKTacHAa (KOOpAMHATacH xo 6Y/iraH HyKraaa)
lUAPHUHT OFHPJHUK KyuH (mg) Ba TarJHKHHHT akC TabCHP KY4H
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mi’ y

91-pacwm 9.2-pacwm

(N) 6up n=06upuHu MyBO3aHaTJIaHM — Luapua MyBO3aHaT Xosataa 6y.1au

(N,—mg,=0). Suan wapya MyBO3aHaT Ba3HATHAAH OUp 03 uerra
uuKapuaHG, KelHH V3 Xoaura KyHduJca, wapuara YHHHT MYBO3aHaT
Ba3usiTHW TOMOH HYHa/AraH Kyu TabCHpP KHaalAH. DBy Kyd wapuanu
MYBO32HAT Bas3usiTira Kadtapaau. Dy epaa wy HapcaHH TabKuaaall
JIO3UMKH, Wapya MYBO3aHAT Ba3HATHAAH UMKAPH/ITAHAAH KelWH, YHH
MYBO3aHaT BazuaTMra KaiTtapysuu [ kyu 6usnaH GHp Katopaa uly Kyd
6unan 6OFIHK GysraH Kyy MOMEHTH XaM BYXXyAra KenajlM, HaTuxaana
lap4a MyBO3aHaT Ba3MAATHra KaATHUI KapaéHnia Wirapuiaima xapakar
KHJHWHK Gunad 6upra mapkasunan yrrad yk (9.2-pacmaa 6y Yk pacm
TEKHCJHTHra TUK HyHaarad) arpoduaa aisaHMa XxapakaT XaM KHJAaiH
(aymanaiiau). Ly 6ouc, panHycH r 6yaras wapyaHu alljlaHMa xapakarra
KeJTHPYBUM KYYHUHT MOMEHTH HUMAra TeHr AeraH CaBOJHHHI TYFUJIHUIH
taGHWA. AfiianMma xapakaT »KapaéHuja BAKTHHHI Xap 6uMp naiiTuia
wapuyaHu y Terub6 TypraH a HyKTajaaH YTyBYH OHHUHU VK (pacm
TEKHCJHCHra THK #yHanran VyK) arpoduaa alnavsntd ne6 kapaw
MYMKHH. YK MCMHHUHI CHMMeTpHA YKHAaH G apKJaH PABHLIAA OHUHA YK XKHCM
(wapua) cupte G6yina6 cukub Gopaad. 9.2-pacMaaH  KypHHHO
TypHGﬂHKH eqkacd r Gyarad f KYUHHHT @ HYyKTajaH )"/Tqun OHUH
yKKka Huc6ataH MomeHTH M,=(r, f] ra teur (ky3raiysuan z VK pacm

TEKMCJIHTHra THK paBHLLa OH31aH HApUrH ToMoHra WyHanran). lllapua
MYyBO3aHaT Ba3usitaa OyJaranna 7 0 Ba M,=0. [lemak, Ma3sKyp MyBO-

3aHaT TYpPFyH MYBO3aHATAHMp Ba LIy Ba3HATAA MKHCM HCTAJraHya y30K
BAKT Typa oaiHd. |'ypFyH MyBO3aHaTAa XKHUCMHHHT [10TEHLHA IHEPTHSICH
3HI' KHYHK (MHHUMYM) Oyaamu. lOKopuaard MHCOJHMH3Za MOTeHLHaJ
SHEPrUSIHHHT SHT KHUHK OYJHW LapTH

——= (9.7)
Tap3aa udogasaHaau. ByHILaH Ba (6.29) nau Y F=0 T M=0

{ i
(tabuuiiku, ¥ F,=1Y F,=0; ¥ M, = ¥ M, =0) skananru keau6 uu-
i . {
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Kaau, sivHu (9.3) Ba (9.4)
waptaap, wyHHHraek (9.5)
Ba (9.6) waptaap 6axapH-
JAanu.

JKHMCMHHHT TYypFyH 6Ya-
Mmaral Myso3aHatd 9.3-pacm-
na racBupsanrad. A wap-
ya CHJJIHK AVHrAMKAA TYp-
raH G6yaca, 6y BasuATAa
OFMPJIHK KyuH (mg) 6unau
urap4a TypraH CHJJIHK CHPT-
HHHT  @KC TabCHP KYYH
(N) y3apo TeHr Ba KapaMma- 93pacwm
KapllH TOMOHTra HyHaJjraH,

AbHH Oy XXHCMHHHT Ba3HATHAA XaM I0KOPHIAa KeJTHPHJAraH MyBo3aHart-
JIHK Wwapraapy 6akapunann. JlekHH Ma3Kyp Ba3usiT TypFyHMac Ba3usT-
AHP, YYHKH XYAa KHUHK TAlIKK TAbCHP OCTHAA XaM XKHCM y3HHHHT MyBo-
3aHaT Ba3HATHIAH YHKAAH Ba GYHHHT HaTHXAaCHIa BYXKyara keirad f(mg +

4+ N=f) Ky4 >KHCMHH MYBO3aHaT Ba3HATHra KadHTapMaHaHd, akcHHua,

y XKHCMHH MYBO3AHAT BasHMATHAAH y3OKJalutupaiH. PaBwanku, TypryH-
Mac MyBO3aHaTAA XHCMHHHI NOTEHLHAJ SHePTUsICH 3Hr KaTTa Kuimartra
ra 6yaaam. .
Arap xucM ybK TeKHCAHTHAA MYyBO3aHaT xojaraa typras 6yJca
(9.4-pacm), yHH YK TeKHCanrH 6Yiinab 6y Ba3HATAAH UHKAPHJITAH X042
XaM OFHPJHK KYuH (mg) GH/IaH XKHCM TYPraH TarJIHKHHHT aKC TabCHP
KyuH (N) Oup-GHpHHU MVBO3aHAT/alM Ba XHCMHH aBBa/rdH xoJjarra
KeATHPYBUH Kyd BYXy/Ara Kejma-
ca XaM (KUCM Y3HHHHT THHY
XOAaTHHH cakaaiBepaad. MyBo-
3aHaTHUHr 6y TypH PapKCH3
MyBo3aHarT JAedunaid. byu-
Jail MyBo3aHaT/a XHCMHHUHT MO-
TeHILHa/J SHEPTUFACH YPK TEKHCIH-
rura HUc6aTaH 3Hr KHUHK (HOuTA
TeHr) 6yau6, y OHp, BasuATAAH
WKKMHUH  BasdsATra  yTraHia
3’13rapmai’mu. 94-pacm

9.2- §. WMCMHWHI AAJTAHMLL YKMIA HUCBATAH MHEPUMS MOMEHTH

IOko puna 643 6ypuyak Te3ndk, 6ypuak Ttedqanuw (1.7-§) Ba Kkyu
momeHTH (5.1-§) naeran karraiukaap OuiaaH TaHHWIWK. KarTHK
KHCMHHHT aillaHMa XapakKaTHHH YpraHHila IOKOPHIAarH KarTaiHuk/iap
64nan 6Mp KaTtopja HHepUHS MOMEHTH [eraH KaTrTaJHKAaH XaMm
tdoiganauunaii. By KatTanMk XakHaa Mya#siH TacasByp XOCHJ KHJHII
yuyh OO’ yK arpodupa ainaHaéTraH KaTTHK XHCMHH ONHO KapaH/iuk
(9.5-pacm); yuu ¢ukpaH maccanapu Am; 6yaraH n Ta Kyna maiaa
6yaakaapra 6yaH6, xap 6up Maiaa (snemeHTiap) GyaakuaiaH aiyiaHuul
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ykuraua 6yaraH 3Hr KHCKa Macopanu r, 6unan GearHnaiauk. Maina
6ynaKkua MacCacHHH yHAaH alHnaHULl YKHraya 6yarad 3Hr KHCKa macoda
KBajapaTHra KynadTMacH yHUHT Wy YKKa HHcOaTaH unepyus momentu (1,)
nedunnanm:

» o= Amyr? (9.8)
Ailianuil YKHUra HUc6aTaH KaTTHK XKHCMHHHT HHepLusi MoMeHTH (/) ne6,

6apua KMUHK (3JeMeHTap) MaccalapHHHT Wy YKKa HHCOATaH HHepLHA
MOMEHTAAPHHHHT HUFHHAKHCHTa alTHAAAM:

I= X Amr. (9.9)

Tabpudaan KYpUHAAHKH, MUCMHHHT HHEPLHS MOMEHTH alJaHHWl YKHra
uuc6araH aHMKjaaHaau. by 6opana wy HapcaHH TabKHAJAWl JTO3HMKH,
Xxap KaHaal >KMCM THHY XosaTaa €ku ainaHMa Xapakaria GyJauiuura

19

60FIHK G6YaMaraH xonaa YHHHI HMXTHEpUH YKKa HucGaTaH HHepuus
MOMEHTH MaBxya. DBy epaa XHCMHUHT HHepLUHUsT MOMEHTHHH YHHHI
MaccaCcHra KHécC KHJHII MYMKHH: XXHCM XapakaTaa €KH THHY Xosaria
6ynMlIMAAH KaTbH Ha3ap, YHHHT MaccacH (MHEPTJAHIH) MaBXYIAHD.
AkcapusiT xoJs1apia »KMCMHHHT MaccacH YHHHT XaxXMu Gy#aa6 Gup
TEKMC TakCHMJaHran (XKHcM Oup >kKUHcau) O6Vaaau. UlyHunr yuyx
JKHCMHHHT HMHEepUHS] MOMEHTHHH YHHHT 3HUJIMTH OpKaJiH H¢oRaaall
MYMKHH. MabjayMKH OHp KHHCAH >KHUCMHHMHT 3HYIHTH p=m/V (V —
Maccacd m Oy/raH JKHCMHHHP XaxMH) Tapsga ugpogananagd. lly
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MyHocabaTt GUaaH >KUCM HHEpLHSl MOMEHTHHH HdoganoBud (9.9) AHFUH-
IHHW HHTerpan OWNaH aJaMailTHPHII MYMKHH:

[ = lim zrfAm,==§ﬁdm, (9.10)

Am-—+0 ¢
v

6yHaa UHTerpasail KHCMHUHT OYTYH XaxXMuaarH sjieMeHTap maccaaap
(dm) 6yiinua amaJira owHUpHAALH. dm ra TeHr 3JIeMEeHTap MacCaHHHr
XaXmu dV 3kaHauruaaH Ba 3HWIHKHUHT TabpHHaad dm=pdV HH XOCHJ
Kuaamu3; Haruxkana (9.10) ky#ugard KYpHHHILIHH OnaaH:

I=p\ rav. (9.11)

4

Juan, 62b3H KHCMAAPDHUHT HHEPLUHA MOMEHTJApHUHH aKC 3TTHPYBYH
udonanu tonadnuk. Paauych R ra TeHr ionka geBopad (KOBaK)
UMANHAPHUHT cuMMeTpHusl YkH (OO’) ra HHcGaTaH MHEPLHS MOMEHTHHH
TONHUI YUyH YHUHT aeBopaapHHM OO’ ykKa napaJnen Gy/araH n ta SHCH3
6ysakuanapra 9.6-pacmaa kypcatuaraniaek ¢HkpaH OY/aM6 UMKaMU3.
Linaunapuusr paesopd ionka 6yaranauru tydahiy xap OHp 3HCH3
6ysnakua OO’ ykpan OHp xua macodasa xoHnawraH ae6 xucob.alu
_MYMKHH. i-6Y/laKuaHMHT Maccacuad Am, ne6 Genrunacak, yHuur OO’
YKKa HHc6aTtaH MHepLHsT MOMEHTH

[ =Am,R?

6ynann. IOnka UHIHHAPHHHT Y1a YKKa HUc6aTaH MHepLUsl MOMEHTH 3Ca
Kyluaarvua ugonanaHanu:

=S AmMRE=R'Y Am,—mR?, (9.12)

i t

6yHaa Y Am,=m— I0NKa UHAHHAPHHHT Maccacd. DHAH paauycH R Ba
t

6asananuru A 6yaraH GHp MHHCIH AXJIHT LHIMHAPHHHT CHMMETpHSA YKHra
HHCOATaH HMHEPUHA MOMEHTHHH akC STTHPYBYH HdoaaHd ToNanJHuK.
BYHHHT yuyH HHAUHAPHH PAAHYCH r BA J€BOPUHUHT KAJHUHAUTH dr 6Yarax
vuMa-H4 XKOoHJaLlraH LHIHHAPAAPra pukpaH 6Vaub unkaauk (9.7-pacm-
- 1a wyHAaH UWIMHAPAAH OUTTAcH TacBupaaHral). Bynnal uMAnHAPHUHT
XaXMH

dV=2nrdr-h.

Oxupru  ¢dopmyaaun  (9.11) ra kyAu6 Ba HuMa-u4 Koilaaliral
LUHAMHAPAAPHHHT paauycaapy 0 nad R raua y3rapuuiuau Haszapaa TyTHO,
KyHH1arHHH XOCHJ KHJIaMH3:

R R
I=p g r*2nrdr- h=_2nph ‘ r3dr=%nth‘.
0 0

By ¢popMynauuHr YHr TomMonuaard nR%hA — SAXAUT UMAHHADHHHT Xa>KMH

Ba nR*hp=m yHHHI MAacCacu 3KaHJHTHHH IbTHEOpPra oicak, GHp KHHCAH
AXJHT UHIHHAPHUHT (LIYHHHFAEK, GHP XKHHCJAH AMCKHWHI) CHMMETpHS
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ykura (9.7-pacm, OO’ yK) Huc6aTaH HHEpUHS MOMEHTH KyHWaaruua
HdonasaHaim:

I =5 mR, (9.13)

¥Y3ynauru [o Ba Maccacu m 6yaraH 6Up >KHHCJAH HHTHUYKA TaéKUYaHHUHT
6up "y4uaaH yHra THK paBHlIAa VTyBYH YKKa HucOGataH (9.8-pacm)
HHEpILUSt MOMEHTHHH TONHLI YUYH YHU KHYHK Y3YHJIHKAaru 6y/aakuanapra
pukpaH 6yau6 UMKaMHu3. DUp XKHHCIM TAéKUYAHHHT Y3YHJAHK GHUpJIHIrUra
TYFPH KelyBuM MaccacH m/ly Gyaranauru yuyH, dl ysyHaukaaru
6V/1aKuaHHHI MaccacH

o' L at
7
0} Lo
9.7-pacMm 98-pacwm

6y.1anu; 6y 6yaakuaHuHr OO’ yKKa HucbaTaH HHepUHS] MOMEHTH

d1=l2dm=—;"-l2dl

0

MyHocabatr 6unaH udopanaHaad. Taékuanuur OO’ YyKKa HucbaTaH
HHEpPUHSi MOMEHTHHH TOMHULLI YuyH oxupru ¢dopmynand 0 nau [, raua
HHTErpali1anMHs3:

l
I=Sdl=% { Edl=—~ml}, (9.14)

0

Iy TaékuaHuHr ypTacHaaH yHra THK paBuiLda YTYBUM YKKa HHcOaTaH
WHEDILLIHA MOMEHTH

I=- mi? (9.15)

3KAHJHUTHHH XHcobJall KHiiHH 3mac. Llyuuuraek, paaguycn R Ba maccacu
m 6yaraH GHp XHHCAH WAPHHUHT YHUHT MAaPKa3MAaH YTYBYH YKKa HUcOa-
TaH HHEPLHUS MOMEHTH

/=§m1e2 (9.16)

¢opmyna 6unan upoaanaHaiu.
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(9.12) — (9.15) udopanapuu takkocaab wyunail xyjgocara Kena-
MH3KH, XHCMJAPHHHT MHEPLHA MOMEHTJapH ainaHHll yKHra Huc6GataH
yaap MACCACUHUHT TAKCHMMOTHIA (MacCaHHHT YKKAa HHCOA1aH XKoHhaaliu-
wiura) OGOFAMK KaTTa/lHK 3KaH.

Xo3upraya OH3 KHMCMJIAPHHHT HHEPUHSH MOMEHTJIAPHHH YJapHHHT
macca MapKasuaaH YTyBUH YKKa Huc6arad aHuKAaaHK. Macca
MapkasuaaH YyrMaraH OowKa VYKKa HHCOATaH JMKHCMHHHT HHepuUHs
MOMEHTH 3Ca Macca MapKa3uaaH VTraH ykKKa Huc6aTaH aHHKJIaHraH
HHepLHS MOMeHTHAAH (PapK KHAAAH, YYHKH YKHHHT Ba3uSATH Y3rapHilH
6u1aH XKHCM MAacCCacCHHHHI YKKa HHc6araH HUCOHH >XOHWMALIHIIKH Xam
y3arapaau. LLIyHuHT yuyH XKHCMHHUHT Macca mapkasun (C uykra, 9.9-pacm)

0!

99-pacm 9.10-pacm

opkajsu yTmaraw YkKa (macanaH, OO’ ykka) Huc6aTaH HHepuus
MOMEHTHHH anukaawaa Hitednep (1796—1863, Lseiiuapus onumi)
TeopemacHlaH ¢ofinanaHunann: uxtuépul jKKa nucbaran xucs-
Hune unepyus momentu (1) Hwa fxkka napasrea pasuwda mac. a
MAPKA3U OpKaAu JTYBuU JKKA HUCOATAH QHUKAQHZAH UNEPUUA MOMEHTH
(1) sascucm maccacu (m) buran Kaap opacudazu macoga (d) keadpa-
TUHUKZ KnadTmacu T1ap3uda QHUKAAHAOUEAH KATTaauk durunducuza
Tene:

[=1.4md" (9.17)
9.3-§. YK ATPOOUAA ARNTAHYBUM IXMCMHUHT XAPAKAT TEHIIAMACH

Bupop Ky3raamac yK (adtafdauk, Z Yk) atpodpuaa ysrapmac 6ypuak
Te3JIHK () OunaH ailaHMa Xapakar KHWa1aéTraH KaTTHK XHCMHH onu6
Kapadnuk Ba yHu Maccanapu Am, 6yarad n Ta Ma#aa 6yaakuanapra
¢uKpaH wyHaad GYAHG UHKAHNHKKH, yJapHHHT Xap GHpUHH Mopani
HyKTa ne6 Kapalw MYMKHH OyacuH. Xap GHp Oynakuagaw aijanuil
yKkuraua 6y.ran 3Hr sikud macodanu r, 6unan Genrunacak (9.5-pacmra
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K.), Kapanaérraun KarTHK *KHCMHHHT alMaHHIl YKHra HHCOaTaH UMITYJabC
momeHTH (5.6)ra kypa

L,=Z2L,= 3 Amu,r, (9.18)

tTap3na upoaananaau; 6yHaa v, — maccacu Am, 6yaraH GyjgakyaHudr
YH3HKAM Te3aurd. KarTtuk xucm 6upop yk arpoduia ailnanaérranna
maccanapu Am; 6yarad yHuHr xap 6up maiaa 6ysakuacu (IlYHHHrIekK,
YHUHT Xap OuMp HYKTacH)HHHI TPaeKTOPHUACH aHaaHWWl YKHra THK
XKOWIaWwraH TeKHC/IHK/Aapaa éTyBud Ba paauycaapu r, 6yaraH aiJa-
HajsapanadH u6opat 6yaanu (9.10- pacm). Xap Oup OV/JIaKuaHHHT uYM-
3UKJH Te3aurd (1.35)ra Kypa afiiaHull paaMycura MYTaHOCHO, SiLHH
v=wr,. ByHra acocan (9.18)un Ky#uaarnua ésamu3 (w=const):
Li=oX Amr?. (9.9)ra 6usoan X Amyr? XHCMHUHT aflaHWIL YKHra

i

HHc6aTaH HHepLUsi MOMeHTHHH Hdonanaian. Hatuxkana, OXHPr TeHIVIHK

=lw (9.19)

KYpHHHULITa Kenaan. BUHOGapHH, KATTHK XKHCM UMIYJbCHHHHT KY3Fajmac
VKKa HHCOaTaH MOMEHTH YHHHT Ma3Kyp VKKa HUCOaTaH HHepLHsI MOMEHTH
6unaH Gypuak Te3JIHKHUHI KYNaHTMAacCHra TeHr.

Karruk kucMHUHr Z YK arpoduaard aljaHMa XapakaTH TaulkKH
KyuJaap TabCupHAa coaup Oynaérran 6ysaca, Maskyp Ky4IapHUHT
HaTHXKaBuil Momenth M= X [r,, F] 6Yaaau ((5.10)ra k.) Ba Vuwa

i

VKKa Huc6aTan MOMeHTsaap TeHrjamMacy (5.15) kyiduaaruua é3unanu:

dL,
dt

=4 (lo) =M, (9.20)

JKUCMHUHT afiviaudil YKHra nuc6aran HHEPUMS MOMEHTH BakKTra

o o ®
6OFIHK GyamaraH KaTTaauk 6YJraHuaaH Ba —.-=g— Oypuak Te3sa-

dt
HHIL 3KaHUHH 3 BTHOOPra oJcak, KopHAard udpoaa KyHHAar KypHHHIIHK
olanu:
M,=]e.
Bekrop kypuuuuina 6y TeHIIHK
M=I¢ (9.20, a)

Tap3na ésunanu (M Ba € BeKTOpJIApHHHT HYHANMLIM GHP XHJ).

(9.20, a) dopmyna ky3ranamac ¥k aTpoduia aiiaHyBuM K a TTH K
KHCM alilaHMa XapakKaT JAMHAMUKACHHHUHL acCOCHi
TEeHrJamacu aeidunnaau. ¥ HArapHiaHMa Xapakar KHAa€Tran MOLIHH
HYKTa AHHAMHUKACHHHHT acocHil Tenramacu F=ma (HboToHunr I
KOHYHH)ra yxwaiwuaup. byHna macca BasupacHHH HHEPLUHMS MOMEHTH,
YUH3HKJIM Te3JaHHII BasHdacHHH Gypuak Te3/aHHLL, Kyd Ba3udacHHH Kyu

MOMEHTH yTaHau.
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Kysranmac yK arpodpnaa adsaHaérraH »KuUCMra TauwkKH KyuwJaap
TabCHP kuimacd, sibhu 2 F, =0 Ba M,=0 6yica, (9.20) nan

i

low=const (9.21)

3KaHJIMrH Keqau6 uHMkaau. By myHocabar ky3ranamac VK atrpoduia
afinaHaéTraH XHCM UMNVJIbC MOMEHTUHHHT CAaKJaHHU
KOHYHHHHU Hpoaanaiau. DBy KoOHyHAaH KYPHHAAMKH, MHCMHHUHT
yKKa HHUc6artaH HUMMYy/AbC MOMeHTH y3rapmaranaa (/=const) maskyp
KHCM y3rapmac Oypuak Te3siHK OuW/jaH aljiaHMa Xxapakariaa OyananH;
afnanuu xapaénnna 6upop cababra Kypa XHCMHUHT HHEPLUSI MOMEHTH
yarapca, yHUHT Oypuak Te3Juru xam ysrapaau (I oprca, o Kamasiiu Ba
aKCHHua).

VK atpoduna alinaHaérran XKHCM MMITYJbC MOMEHTHHHHT CaKJaHHMIL
KOHYHHHH )K YKOBCKHH KypcCHCH 1e6 aTanyBuu KypuaMa épaamMuia
HAMOHHII KHJIHIU MYMKHH. J)KYKOBCKHMI KYpCHCH THK XoHaawiral YK
arpoduoa aliiaHa onajaurad AMCKaaH uGopar. YHAa WapHK/JIHW NOALUHI-
HHKJAp KYJJIaHWITAHH Tyda#lNd HIIKaJaHHIl Kyd/JapH »Kyda KHYHK.

z ] s

9.1l-pacm

JLACK yCTHAA KHILH THKKA TYPHLIH €KH NMCK YCTHIa CTYy/14a KYHHO YTHPHO
OMMUWIM MYMKHH. Kypcura GUpop KHILIW KVJAJapHHM KeHr éfiraH xoJuaa
YTUPHUG onrannaH KeHHH YHM aHnauma xapakarra Keatupuaaau (9.11,
a-pacm). Kypcu Gunan OGupra aifyiaHaérraH KHIIM KYJAJapHHH MacTra
TYWHpca (€KH KYJJNEaPHHH KOBYIUTHPCA) YHHHT HHEPUHS MOMEHTH
kamasiau. o kynaitma (9.21) ra kypa y3rapMail KoK yuyn 6ypuak
T€3JHK ® OpTaaH — KypCH Te3 aitnaHa OGowasakad (9.11, 6-pacm).
Kypcuaarn KHIIMHUHT KyJaJapuaa OFMp Tolunap (adTailuK raHTeb)
6y.aca, 6y y3rapHil €pKHHPOK HaMOéH GyaanH.

JKyKoBcKHH KypcHcH €paaMHAa MMNY/AbC MOMEHTHHHHT BeEKTOp
KaTTa/IHK 3KaHWHH XaM HaMOWMII KHJHII MYMKHH. ByHHHT yuyH THHY
xonaraa 6yaran Kypcuaa YTUPraH KHLIH KYJIHra BelocHNea FUIAHparira
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yXiliaul FWIAMPAKHUHT VKHHH GHp KYauAa THK HyHanuuiaa ywnab Typu6
HKKHHUYH K{/11 GUIaH FHIAAHPAKHYU alljlaHMa XxapakaTra KeJaTHpCa, y KypeH
6unan GHpra Teckapu HyHaauiuia aidnana Gownanau (9.11, e-pacm). by
XOJ KyHHAaru4a TYWYyHTHPHIAAH: FUJIAHPAKHUHT HHEPL W MOMEHTHHH [,
6ypuak Te3JHIHHH @i, KUUIHHHHT KYpPCH OGHJaH OuprajHKiaru HHep-
ILHA MOMEHTHHH [y necaK, HMIYJbC MOMEHTHHHHI CaKJaHHUI KOHYHH
(lhw, + lawe=const=0) ra acocaH, KypcH Ba YHAArH KHIUKH OJITaH
6vpyak Te3/HK

- I
Wy = ———
lz

6Ynanu; 6ynaa mangpuil vuiopa 0 Ba 02 (AbHH L, Ba L) BexkTOp-
JIAPHUHI HYHa/HLIY KapaMa-KaplliH 3KaHJIHTHHH ndonananiu.

9.4-§. ARNAHAETTAH YXUCMHMHE KMHETMK DHEPTUMSICU BA BAXKAPTAH MILUKM

KarTHk »XHcM Ky3rasmac YK arpopuga yirapmac O6ypyak TejHK
(0) 6unan alsanMa xapakaT Kuaaérrad OVyJcHH. YHH 9.5-pacmaa
KypcaTuaraHaek, n Ta Mmaina 6yiakdanapra gpukpal 6yaub 4HKadIuK Ba
{- 6yJ1aKuaHHHT MaccacuHu Am, Gu1aH Ba Ma3Kyp 6YyakyanaH adiaHul
yKuraua 6yaraH 3Hr iKMH Macodanu r, 6usan 6earuaaiauk. 9.3-§ na
aiTuiTaHuneK, 6yakuaHUHT xap OMpH alJaHML YKHUTa THK »KofJallraH
TEeKHCAHKIapAa éTyBUH aWiaHasap 6YHaa0 v; ra TeHr Xap XHJ UYH3HKJH
Te3/1 MK GUIaH XxapakaTt Kuianid. HU3HuK/KM Te3aHK v, 6unan 6ypuak Te3 uK
® oOpacuHaard u,=wr, MyHocabar MaBXYyIJHTHHH Ba 6Gapua Gynakua-
JapHUHT 6ypyak Te3Jurd 6up xua (w=-const) 3KaHAUrHHH IbTHOOpTa
O/IUG, (-6yNaKUaHUHT KHHETHK 3HEPrUsACHHH
Amo?  Am, (or,)? 2

()
Eu=—g=—g =" Amr

t

Tap3aa é3amu3. Ky3raamac yk atpoduaa aiiauma xapakaT KWaaétrau
KHCMHHMHT KUHETHK 3HeprusicH afipuM 6yaaKuanap KHHETHK SHepruaaapu-
HHHI WHFHHAHCHTA TEHT:

2

@
E = z KI=T mzrtz'

- 14

t

6y epna Y Amr?— mabayMmku ((9.9)ra K.), KUCMHHHT aillaHUIL YKHra
13
HHCGATaH HHepLHsi MOMeHTHHH Hdonanainau. Lynnah kuanb, Kysraamac
yK aTtpoduna ainaHaéTraH XHCMHHHI KHHETHK SHEprusicd KyHuaaruua
ndoaanaHagu:
2
1)

EK=—2 . (9.22)
by ¢opmy.naﬂu WIrapujaHMa XapakaT KHJIaéTraH >KUCMHHHI KHHETHK
sHeprusich (mv®/2) 6unan Takkociacak, 6yHAa XHMCM MacCacH ypHHaa
HHEPLHS MOMEHTH, UH3HKJIH Te3/HK ypHHAE 3ca 6ypuak Te3HK TypranHuu
KypaMH3.
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JKuHcM 6Mp BAKTHHHT ¥314a XaM WirapujiaHMa, xaM aijiaima xapakar
KHJIHLIH MYMKHH. J)KHCM aKcapHAT Xo/aaapiaa yHHHT macca mapKasuiaH
yrraH yk aTtpopuia annaaHaiad, YK 3ca V3 Hasfartwaa Harapuianma
XdpaKdr KHJIadH. ABTOMOGHIb FUIAMPATHHHHT XapaKaTH, UWJIHHAP
WAK/AWAArH MKHCMHHHF OHPOP TeKWC/HMK YcThAa AyMataliu wyJaap
Kymiaacuaadaup. DyHaal xapakaTHHHI TYJHK KHHETHK 3HEeprusicH
WJTrapHlaHMa Ba alfiaHMa XapakaT KMHETHK 3HepPrysilapHHUHT HHFHHIH-
cuaaH u6Gopar 6ynanu:

2
E= 2C + 5 (9.23)

GyHAa m — MXKHCMHHUHT MaccacH, vc — Macca MapKasuHUHT WirapuiaiMma
Xapakarjaaru Te3JIHTH.

THHY TypraH »XHUcMHH Gupop YK atpo-
puaa alnaHMa xapakaTra KeJTHpHLl YuyH z
TallKH Kywlap HIIKaJaHHLl KYY4JapHHH eH-
ru6 v G6akapaau. llly uw xucobura xKucm
ailaHMa XapaKkaTaard KHHeTHK 3Heprusra
sra 6ysnaau. Maskyp MW HpOLACHHH TOMal- 0
JuK. 9.1-§ n1a KYpHO YTAMKKH, XHCM KV3-
Faamac VK arpoduaa ainaHraHga yHHHT
Xap OHp HYKTACHHHHI TPaeKTOPHUsACH aiija-
HUII YKHra THK JXOWIALlIraH TeKHCJAHKIAP-
Aa €TYBUH Xap XHJ paaHyc/au alaaHanapaas
ubopatr O6ynanu. )Xucm Z yKu arpoduaa 9.12-pacwm
aiinanaérran 6yacuu (9.12-pacm). Kucwm-
Aaru A HYKTaHWHT aiiianuul paanycu dg 6ypuakka 6ypuarania 6y HyKra
afiaHanuHr éitn 6Yinab ds macodanu 6ocub yraau. bynaa 6axapuarau
UL

dA=Fds.

Pacmaan Kypuuuinnua ds==rd¢, 6uno6aput, dA=Frdyg; 6yuna Fr=
=M — TaWKH Ky4yJapHHUHTr Z YKKa HHCOATaH MOMEHTH 3KAHJHIHHH
3bTHOOpPra oiuG, IOKOPHAArH TEHIIHKHH KyHUaaruia €3amus:

’ dA = Mdyg. (9.24)

MHCM MyaiisiH @ 6ypuakka Gypuaranja 6axkapuaradH TyJHK Ul 3ca
A=Mg (9.25)

6Vnanu. by ¢opmysaHn wuiarapuaasMa xapakataa TalKH Kyuaap
6axapran uui popmynacu (A= F.ds) 6Guiad TakKocaacak, Wy Hapca aéu
6ynaauKi, Kyd Ba3dH(PACHHH TAlIKH Ky4/Jap MOMEHTH, YH3HKJIH KYuHLI
Ba3udacuHu 3ca 6ypuak KYyuHll yTahiu.

BHu3 10KopHAa XUCMHHHT WACAapHJIAHMa Ba aWaHMa XapakaTJapHHH
tTaBcudaoBuM Hpoaanap (Ba KATTAIMK/IAp) OpacHAa Moc VXLauiHKaap
GOpJaHMrHHK KYypauK. Maskyp yxwawvvknap kyluiard xaaBajnia Kain
3TUATaH:
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Harapunanma xapakar Afinauma xapakar
1] Macca m Huepunst momentn /
2] Kyun s Bypuak kyuuw [
31 Tesauk v Bypuak Tesnnk @ _
4| Tesnanmw a  _ Bypuak TesnaHnw € _
5.| Umnyabe p==mv Hmnyabe momentn L=/d
6. Kyu F Kyu momentn M
7.| AusaMHKaHUHT acocuii Tenrnama- JIMHAMHKaHHHT acocHil TeHriaMma-
cu F=ma ch M=1¢
8.] Kunetuk sueprusi muv?/2 Kunetuk suepras lo?/2
9.| Miu dA=Fds i1 dA=Mdy
X BOB

TYTALU MYXUTIIAP MEXAHUKACM DJIEMEHTIIAPH

10.1-§. CYIOKNIMK BA TA3NAPHUHI YMYMMHA XOCCANAPH

CyIOKJIMK — MOJa/lapHHHT KaTTHK Ba ra3CHMOH XoJaTJiapH opacH-
aary arperat xonat Oyau6, YHHHI acocHH xoccasapuaaH Gupu
oKyBYaHAHruaHp. CYIOKJIHKHHHT HKKHHYM acocHil  Xoccacd — YHUHT
HAHIIra KYHWIraHga ra3 CHHrapu HAMUI (HAKJAHHH ONMiuuaup. Bbabiu
XoccajapHra Kypa CyIOKJHK KaTTHK JKHCMra yxiiahau, 6olika xoccaga-
pura kypa rasra yxwadau. JIekHH CYIOKNHK TapkuOHAard MogekyJsa-
JIAPHHHT XapakaTH (MCCHKJAMK XapakaTH) V3ura xoc Tabuarra sra 6Viu6,
6y xapaKaT KaTTHK »XHCM Ba ra3 MosieKy/JajsapHHUHT XapakaTuaaH Gapk
Kuaagyd. Opauil wapoutaa ras MoJdekynanapu AesapiaH y3apo Tab-
cupJsalimaiiin (ysap OpacHAAart y3apo TabCHp KYUH XKy1a KHYHK), UYHKH
yJaap opacHaard Macoga MoJeKyJalapHUHr V3 yauamaapujiaH Kamuja
6Wp Heua VYH MHMHr Mapra OpTHK. [as Monekynanapu opacuparu
TOPTHUIMII KYyuJapH yJapHH Oup-OuMpH fAKHHHAA TyTHO Typoamaiad Ba
6uHOoGapuH, rasnap vyekcH3 keHrasa ojaad. LHywunr yuyd rasnap yaap
COJIMHIaH HAHII Xa>XMHHHHT XaMMacHHHM 3rajJjiaiid Ba HAHW WAKAHHH
OJ1aH.

['asuuur xomatu Gocum (P), xaxm (V) Ba xapopar (T) 6uaau
AHWKJAHTAHJAHTHMAAH YJAapHUHT y3rapuuidra Kapab ras xap Xud
XycycusiTiapra sra 6yJaHLIIKH MYMKHH. MacanaH, KyWid CHKHJTaH FasHHHT
(u3HKaBU# XYCYyCUATAPH OLAHH 1ADOMTAArH ra3HHKHIAH KeCKHH ¢apk
kunaau. CylokJukJAapaa 3ca MoJekyJjanap opacHaard macoda xyjaa
KHUHK 6yau6, Oy macodaHHWHr ypraya KHAMATH MOJeKyJaadapHUHT
auaMerpura sikKuHAup. LUyHUHT yuyH CYIOKJHKHUHT Xap GUp MOJeKyaacH
ras MoJeky/jacHaaH OollKaua xapakKaT KWJIaaH, S’bHH Y MYyBO3aHaT
Ba3uATH aTpoHaa Te6paHMa XxapakaT Kuauiw 6unaHn 6upra Mmosaekyaasnap
opacuaaru 6ywaHk/aap 6yinab (Mypakkab 3rpH UYM3HKJIM TPaAEKTOPHA
6yi1ab) CHIXKHHAH.

CyIOKJHK HAHLIra KyWWIraHaa MAHL XaXXMHHHHT Myadsii KHCMHHH
raananau Ba Wy 6usaH 6Upra yia XaxKMaard WAHLI LHAKJAHHH OJadH.
Xyaau wy xoccajapd OHIaH CYIOK/AHK rasra yxwaian. KarTtuk XKHucm
CYIOKJIMKJaH acocan wy 6unan Gapk KHJIAAHKH, Y MyalsiH Xa)kmra sra
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6yanin 6uan 6upra y3ura xoc wakjira xam sra. CyiokJHK MoJieKkyJaja-
PUHUHT V3apo TabCHp Kyunapi G113l KATTHK AHCM MOJeKyJlajJapHHHHT
y3apo TabCHp Ky4yJapH TaxMuHHaH 6up xua 6ynanuv. CylOKJHKIapaa Ba
KaTTHK >KHCMJapla Ma3Kyp Vy3apo TabCHp »Kyda KyuiaH, wy Oouc
yJapHUHT MOJIeKYyJlanapu ra3 monekynanapd Kabu tapkanub KermMahiH.
CyI0K Ba KaTTHK »KHCMJap 3HY/JIHKJIApH rasjapHHKHra Huc6araH aHua
KaTTa 6yau6, yaap Tallkd Ky4 TabCHPHIA XKYAA KaM CHKHaaaH. by xon
CYIOK Ba KAaTTHK JKHUCM MoOJeKysa/japu opacHiaardi macoga xKyaa
KHUHKJAUTH OuaaH O60faHK. Ly KHXaTAaH CYIOKJHK KATTHK XXHCMIa
yxwaian. CyOKJAMKHHHT KaTTHK »KHCM Ba rasnapaan sada 6up acocHi
(dapku LIyHZaH HOOpPaTKH, YHAa 103a KaTjlaMu (CYIOKJHK 103acH)
MaBXYa.

Tawku wapout (MacanaH, xapopar, 60CHM Ba Xa»KM) HHHT Y3rapHiln
6unan Mya#lsiH MOANAHHHI Y3H & KaTTHK XXHCM XonatHaa € CYKK
xonarjga éxyn ra3 xonaruaa O6yavwd MyMmkuH. CyBHHHr yd4 arperar
XoJaTaa — My3 (KaTTHK XKHCM), CYB (CYIOKJHK) Ba 6yF (ras) xo.aatia
6yauiun 613ra MabiyM. ['asjapHu KpUTHK xapopar (Temneparypa) aeb
artanarad xapopar (7,) raua cOBHTHJTAHAA YJap CYIOKJIHKKA aiJaHajH.
Macanan, kucnopoaHHHT KpHTHK Xapopatu 154 K (—119°C)uu Tawkun
staau. Arap yuu 154 K aan nact xapopatraua COBHTHJICA Y CYIOK X0a1aTTa
yTaau. A30r Ba BOLOPOA YUYH KPHUTHK Xapopat MOC paBHIUAa
126 K (—147°C) Ba 33 K(—240°C)uu Tawkua 3TaaH.

[lvupoBapanaa WYHH TabKUAgAUL JO3HMKH, KyHuaa O6HU3 CYIOK-
JIMKJIaPHHHT XapaKaTHHW YpraHuliia yJaapHH MyTracHa (y3JyKcus)
MYXHT Ae6 KapahMH3, SbHH CYIOKJHKIADHUHT anoxuja sappajnapiaH —
MoJieKyaaaapaad TY3WIraHAHTHHH 3bTHOOpPra oiManMHu3.

10.2- §. 6OCUM

KyHaanuk xaéTHMH31aH MAbJYMKH, IOMLIOK KOp YCTHa TypraH KHLIH
Kopra 60tu6 keranH. AMMoO y oérura uanfFH Gorsaca, Kopra 6GorMmai
6emasion OpUIIM MYMKHH. DyHunr ca6abu Humana? BaxosnaHki,
KHLIHMHHHT OFHPJHIA Xap HKKH X0a1aa XaM Oup xua-ky? Bynunr ca6abu
IIYHAAKH, OMPHHUH XOJda OFMPJHK KyuH KHUUK l03ara Ta’bCcHp 3Tca,
MKKHHYH XO/ja ylia Kyd aHua KaTTta io3a(4yaHfunap tozacu) 6yisiab
TakcHMJIaHaaH. ByHnan 60CHM KyuH TabCHPHHHUHT HATHXKACH 6y KYUHHHT
MHK/JAOpPHTraruHa smac, 6ajkHu Ky4 THK TabCUP KHIAAHIaH CHPT I03Ura Xam
60FNUKANrH Kenub uukaad. Bunobapuu, 6ocum 0eb cuprhume b6upaux
103U2a TUK pasuwoa TasCup KUAYB4U Ky4eQ TeHe Gfaean KATTAAUKKA
adruaadu. Bocum Gupanrd Kuau6 | m? 03ara THK paBHLILA TabCHP
sraérrad | H kyuHdHr 60ocuMH KabyJ KuauHraHi: arap 6ociMuu p 6uaatx,
KyuyHd F Guaan Ba 103aHu S Guaan Gearuaacak,

~f_[rd
=i-[4] |

by coxana kyn uwaap kuaran ¢panuys onumu [lackaab wapagura
1H/m? 6ocum 6upauru Tackaas (I1a) ne6 atanaau:

IH—=1 [la.

1 m?
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a3 60ocHMM KATTHK XXHCM Ba CYIOKJAHKAap 6ocuMHAaH (apK KHIHG,
y ras MojieKyaaJapHHHHT MWL [eBOpJapHra ypHJIHUIM HaTHXacHia
BYXYAra Kelaauran Gocumaan wu6opar. Opauvit wapouTaa XxaBoaa
MOJIeKyJ1a]apHHHT WML AeBopaapuHunr | cm” 1o3nra | ¢ na ypuanwaap
coHH 10%% ra AKHHAHUMYM aHHKAAHTaH. ARpUM ModekyaanapHuHr 3ap6iapu
Kyucu3 Gyacana, 6yHAai coHAArd MOJMEKYJ1aJapHUHT HAHILI JeBOpJaapHra
3ap6u aHua ce3usaapaH 6yaub, y ras GOCHMHKHH XOCHJA KnJajH.

Viarapmac xapoparaary rasHMHr G0CHMH HAMIIHHHT XaXXMHra Ttec-
KapH MYTaHOCHG 6yjca, GMp XHA XaxXmaard GOCHMH 3Ca YHHHr Xa-
popaTtura TYFpH MYTaHOCHOAMP.

CyloKJHukaap Ba rasjapra 6epuirad
60CHM KAaTTHK XHCMJaapaarvaek ¢gakart Kyd
TAbCUP KWIATaH HyHaauuigaruia amac, 6ankH
XaMMa HyHaJHuwIapaa y3aTHJHLLH WY CYIOK-
JHK Ba rasjap 3appaJjJapUHHHT 3pKHH
Xapakar/JaHHWKAaH Keanb unkaal. by xycy-
CHSITJAH Kean® 4YMKajuraH acoCHH HaTHxkKa
[Tackasp KOHYHHAAH HOOpaAT: CYIOK-
AUK 8a eal3ea TABCUP ITAETeAH TAWKU
bocum CYOKAUK éKu eas3ruHe xap 6up

Sy HYKTAcuea {f3eapuwicu3 ysaruaadu. By
KOHYHAaH TeXHHKajla MHeBMaTHK ac6obuaap-
AU Acawaa goiaajaHuaaim. ’

OFUPJAHK KYUYH TabCHP KHJAETrdaH CYIOK-

10.1-pacwm JUK Hudaaru O6OCHM YHHHI OaJjaHAJMIHra

6orauk. lOkopuzan nactra kapa6 6Gocum
opTH6 60panH, YyHKH CYIOKJHKHHHT Xap 6Hp KaT.iaMH IOKOpPH KaT/1amJaap
6ocumura nydop 6ya1anu; uauw Ty6UAart CYIOKJHKHH 3Ca IOKOpHAa éTraH
XxamMma kartiamaap 6ocaad. Ilackanb KoHyHHra MyBogHK 6y Gocumisap
XxaMma HyHaauudap O6YAHua y3aTHiaalH; WYHHHT YUYH CYIOKJAHK MAHMLU
TyO6H Ba JaeBopJapuia Xamaa yHra OOTHpPWJIraH Xap KaHaal »KHcM
cuptHaa 6ocuM Xoca KuiaaaH. Macanau, 10.1-pacmaa xypcartuaran
WAKJAAATH HAHUIAA CYIOKJHK 6YscuH. Mauw uunaa xap XH/a TeKHCaHKAa
>KOHMalUraH Ba Xap KalCHCHHHUHT 103acH OHp GUPJIMKKA TeHT 6yarad yurta
S1=8,=3S;3 103avuanapun dukpaH oau6 Kapahauk. Maskyp 103aua-
JIAPHUHT Xap OHpPH CYIOKJAHK 03aCHAAH A UYKYPJHKAA XOHJailuraH
6yacuu. Ilackanbp KoHyHura OGuHoan, xap Gup 103ara GajadHaauru h Ba
KVYHAAJaHT KeCHM 103acH OUp OHPJHMKKA TeHr OyJaraH xa)kmaaru
CYIOKJIMKHHHT OFHDJIMTHra TeHT Ky4y TabcHp 3Tain. CYIOKJAHKHHHT Oy
OFHUPJIMTUHHK Q GUTaH, 3UUTHTHHHU p Gunan Genruiacak, xap 6up l03ayara

Q __ pghsS

TabCHp 3TaéTran 60CHM ﬁ=§-— S =pgh 6ynann (g — XKHCMHHHT

OVwIMKaAry 3pKHH TYW KL Te3aanulld). [lemak, w03auasapHuir Kavaan
KOWJIAIIraHHAAH KAaTbH _Ha3ap, CYIOKJWKHHHT 10KOPH KarjamJjapu
TOMOHHAAH yaapra p==pgh 60CUM TabCHP ITA/H.

By mynoxasanapaan KYpHHaaMKH, Xap KaHAal CYIOKJHKHHHT (Ba
ras/apHHHr) MacTKH KaTaamJjapura, WYyHHHPAEK, Ylla KaTjgamJjapHu
yerapaJjab TypraH WaMill 1eBOpHra yaapaaH A 6anaHinHKaa X)oHjaaura-
KarJaM TOMOHHAAH A KaTTaJHKKa MYTaHocHO 6VyaraH 6ocHM Tabeup
ITalH. 176
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3oran, EpHn Kyplua6 oirad xaBo Katiamu (armocgepa) HHHr 6anaHifury GUp Heua
KHJAOMETPHH TaWKHJA 3Tangi. OFUPJIHK Ky4H TabCHPHAA XaBOHHHI IOKOPHAArH KarjiaMaapH,
OKeaHaaru cyB KaGH, nacTku Katnamiuapra 6ocum 6epaau. Harnxkana Ep cupru Ba ynunaru
JKHUCMApra XaBo KaTJaMHUHHHT 60CHMH — aTMOChepa 6 0CHMH TabCHp Kuaain. By
GOCHMHHHT MHKAOPHHH Gupuuun mapra XIX acpaa Hraabss onumu Toppuuenay anukaab,
atMocepa 60cHM KyuuHHHT Ep cupTHaard KaTtanurd 760 MM cHMOG yCTYHH OFHPJHIura
TEHT KAHJAHUTHHH KYPCATAH.

CyioK/1uK 60CHMH acOCaH rHApoOMeXaHHK (CYIOKIHKHHHT GHpOp
HYKTacHaaru), TAAPOCTATHK (THHY XQIaTaard CylOKJHKKA OHl) Ba
ruapoavHaMuK (xapakataaru CyiOKJHMKKa oua) 6ocumaapra
6yauHaau. I'mapomexaHHk F MHHUHI aTmocdepa GOCHMHAAH OPTHFH
optukua 6ocum ne6 anaau; atmochepa 6ocMMHIaH KHUHK GOCHM
BakKyyMmeTpHuK (6ywinkaard) 6ocum O6yaanu. Junamuk 60-
CHM — XapakaTiarH CylOK/IdK 3appanlapHHHHr Xaxm O6upauruaaru
KHHETHK SHePrUsiCHHH WO aNOBUH KATTANUKIHD. ByHaaH TawkapH xaBo
6ocHMH, 6yF G0CHMH, napuuajs 60cHM (TYpJH XuJj rasJjap apanaliMacura
oMjJ) Aerad TyuiyHuaiaapaal ¢oigananunanyd. Bupop uauwl nuugaru Ba
YHUHI aTpoguaaru Myxur 6ocuMH OHprainkaa myTaak 6ocum naeb
atajnaiH.

CH tusumuparu Gocum Gupauru (Ila) aganm Tawkapu ¢H3Hka Ba
TeXHHKana KyHiugaru 60cHM GHPJIMKIApH KyAnaHWIa[H:

1)} Opaunit wapontna aenrus carxuaard (15°C=288 K) armocgepa
6ocumu — 1_atm=1,013-10° Ila,.

2) p=pgh dopmynana p Ba g 6epuiraH Karranauxaap 6yaraHu yuyH
6ocumnune cumob yctynu (h)HUHT MHATHMETpJaApAa yAuaHraH GUpJHTH
(MM cuM. yeT.) Kyananuaanu: | atMm=760 MM cuM. ycT.; | MM CHM. yCT. =
=~ 133 Ila.

10.3- §. CYIOKNIMKNAPHUHT XAPAKAT BA MYBO3AHAT TEHTNIAMACH

Cylok/HKnap XapakaTHHHHP XaKHKHA MaH3apacHMHH aHvKJaul yuyH
MeXaHHKa KOHYHJapHHW TaTOHK 3TraH BaKTRa CYIOKJWK 3appauasnapu
HHEPUHSCHHUHT HaMOEH OV/HIIWAAH TaluKapH, stHa HYKH HILKAJaHHIL
KyuJsapy GOpPJIMTHHH XaM (aHua KaTTa Te3JIHKJAap GunaH XapakaTJaHyBuH
rasjap yuyyH CHKHJIYBUAHJHKHHHI BYXYAra KeJHUIMHH XaMm) XHcobra
omnw  3apyp. CyloKnHkniap Ba rasjap XapakaTHHHHT Mypakka6
MaH3apaCHHH TYIUyHHUW yuyyH OHM3 yJapHH nactiaab énuiumaiiguran Ba
CHKH/IMAH/IHT aH CYIOKMHK (udean cytoKauk) cudatiaa Kapab unkamus.

Xapakar Te3JMK/JapH Karra 6y/JMaraHia eHruJ CHKH/IYBYH rasJap
XaM YHAa XapaKaT/JaHYBYH XHCMJapra XyAJH CHKHIMAaHAHTaH CYIOK-
JIMKJIapeK TabCHP KypcaTtaau. KHuHK Te3nukiap GuiaH xapakatiaHyBs-
UH CYIOKJIHK HYHMra KHPHTH/ATAH XKHCMJAAPra TabCHP STYBYH KYYJAPHHHL
nanao 6ynniumMra acocan €MHIKOKIHK ca6ab Gynaau, KaTra TesJHKaap-
Ja 3ca CYIOKJHKIapHUHI HHEPLMACH KYNPOK TabCHp KypcataaH. by
KYUNapHUHT MHUKIOPH Ba HYHAJHLIH CYIOKJHK GUIAaH YHra KHPHTHJTAH
KaTTHK XHCMHHHT Oup-O6HpHra HHCOGaTaH Kyuuul Te3JHurura OGOFJIHK
6ynanu.

YMyMaH, cyIOKJIHKIapAa TabCHP 3TYBYH KYuNapHH XaXMHil Kyuaapra
Ba CHPT KyuJlapHra axkpaTuill MyMKdH. X a)KMHH KyuJaap macca dm
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ra Ba y 6unan 6OFAUK Gyaran Kyura myraHocH6aup. By xyunn fdV ne6
Gearunacak, | HA XaXMHUH KYUJAPHUHT 3HUAUTH Aeitu
MYMKHH. XaXMHH Kyuyra OFMP/IHK Ba HHCPUHS Kydjapd MHcoa OyJa
onanu. PaBlWiaHKH, OFMPIMK KYYMHHHT XaXMHi 3uuinru [=pg (p —
CYIOKJIHMK 3UWIHMH, g — 3DKHH TylWHul Te3jaHuin). CUPT KydJapH
3Ca CYIOKJAUKHHUHT Xap OMp KMUHMK XaXXKMHra yHd ypab TypraH CYIOKJIHK
6y/aknapu TOMOHHAAH TabCHP ITYBYM THK Ba YypUHMA Tap3ja HyHajaras
KyuaapaaH u6opar. TuHu TypraH CYIOKJHK (THAPOCTaTHK Haead
CYIOKJIHK) Y4YyH YpHHMa KyuiaphH »3bTHOOpra onma#, (akar THK
fiyHaaraH GOCHM KyuJapHaaH M60OpaT XOAHH Kypu6 uHKalauk. Knuuk
Xax™ 6ynaxkuyacu dV yuyd yayuauru dx Ba KYHAQJAHT KeCUMH 103acu dS
6yarad uuauuapHu onaiauk (10.2-pacm). bocum KyuHHHHT UHJTHHAPHHHAT

ax

X

——

Px) Plx+dx) 102-pacwm

\\_—’

GMPHHUH AaCOCHra TabCHP STYBUHCHHH p(x)dS 1ecaK, HKKHHUHCH
p(x+dx)dS ra teur 6ynann. Acauna P Kyd y Ba z KOOpAHMHaTaJjapra
XamAa BaKT ! ra xaM GoriuK Gynann. LlunuuapHuur éu TOMOHJIapHra
TabCUp 3TYBUH 6OCHM KyusapH X YKHra THK 6YraHuaax, YHH XHcobaaluu-
Aa y Ba z yKyiap 6yi1ab TabcHp 3TYBUM KyunapHu Kapab yTHpmacak
Xam Oyaagu.

uKapuaunaéTraH XaXM GyaKuacHra TabCHP 3TyBUM GOCHM KYUHHHHT
X YKM AYHaNHIIMAATH TalKH 3TYBYHCH [p(x) —p(x+dx)]|dS ra reur

6ynanmn. YekcHs KuuMK y3rapuuinu AHddepenunan GUIaH ajiMaluTHPHIL
MYMKHHJAHTHAEH,

plx+dx) —p(x)= —dp=—§—f: dx

ne6 €3ui MyMKHH. y, z Ba ! Jjapuu yarapmac ne6 KapanaérraHaa.
p (x,y, 2, ) QyHKUMAHHHT x 6 HHYA ONMHTAH XOCHIACH XYCYCHIT XOCHJIa -
adan HOopar 6yarauu tydaiuiu,

dp _ ap _
ie dx= ox dx=T,dx
Aednw MymkuH. Lydra yxwaw, p HUHr y Ba z jap 6yiiMua XxycycHil
ap ap P,
XOCHJIACHHH n Ba —~- Jecak, Gocum kyuunuur X, Y Ba Z Vkaapu
GyiiMua TaulKWa STYBUMIAPUHH KyHHIAruua €3uill MyMKHH:
= _9r -9 =_9
I=—am TI,= o0 To=—-". (10.1)

Ulynna# Kuau6, CYIOKIHKHHHT GHPJHK Xa»XMHUra 6GocuM p Tydakau
BYXYAra KeJraH KyWuaard CHPT Kyu/JapH TabCHp 3Tajiu:

T—_09% 7 _0p5_ ryg (10.2)

p CKaJsip KaTTaJHKHHUHI rpaadHEHTHHH
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ap —+ ap — ap +
gradp=5~§»z+%]+55—k (10.3)

neb6 Genruaacak,

= —gradp (10.4)

neb €311 MYMKHH, SIbHH T BEKTOp p CKandp KaTTaJHKHHHI TeCKapH

Hiiopa GHAaH oaWHraH rpaaveHtHra Tewr 3kad. llynmait KuauG,
T BekTOp GOCHM p HHHI' MHKAOPH OujaH 3mac, 6ajkH YHHHT ¢da3onaru

AyHanuuiap 6yiAnab ysrapHiuiy OGusiaH aHHKJaHalu.
CyIOK/JHKHHHT MyBO3aHaT XxonaTaa T Kyd Xaxxmuil Kyd [ Ounaw
MyBO3aHaTAa GynuIIM Tydaldau Kyduparura sra 6yaamus:

grad p=J. (10.5)

By Tenrnama eudpocrarukawune acoculi TeHeaamacu AeHWNANH.
(10.5) TeHrnamaHHHr KoopAHHaTtanap O6yiiH4ua €3wiaraH KYpHHHLIH
KyHujaruua:

o _ o _ o _

L=, so=Iw). =@ (106)
Arap uieas CYIOK/JHK KaHAaHAHp U Te3NMK GMIaH XapakaTJaHaérraw
6ynaca, (10.4) Ba (10.5) dopmynanapun xucobra onu6, CYyIOKJIHKHHHT
XapakaT TeHTJlaMaCHHH KyHHAarudya €3HWHMH3 MYMKHH:

p-?j%= —grad p. (10.7)

By teHraama udeas cyroxauk eudpoounamuxacurune acoculi Teneaamacu
6Vau6, y 3Jdaep Teneaamacu ne6 xam aranaaud. Pean cyokaukiapna
(MIKanaHuw xucobra OJIMHFaHAA) CYIOKJHKHHHI Xapakar TeHrjamaJja-
pH aHua MypakkabJaluaaH.

10.4- §. CUKMIIMARAMUTIAH CYIOKNIMK TURPOCTATMKACH

Arapia cylokJHKIapAari XaxMmui KyuiapHH ik ne6 papas Kuicak,

a3 . .
y xonaa f=0 Ba nemak, 9 _%p 9P _g O6ynanu, SA'bHA XaXMHH

ox dy 0z
Kyunap OyJmaranja MYBO3aHAT LUADOUTHAA CYIOKJIMKHUHr 6apuya
HyKTaJjapuaa 60ocuM OUp XWJa OyaainH.

XycycaH, XaXMH#i Kyusnap Gynamaranaa CYOKJIHKHHHC GuplaH-Gup
MYBO3aHAT WIapTH WYyHAAH HO6opaTKH, 6y Xoa4a CYIOKJHK CHPTUHHHT
6apua HyKTanapura Ta’bCHp 3TYBUH 60OCHM GHp XHJ Ba y TallKHU 60CHMAAH
n6opar 6yaanu. AKC xoiaa CYIOKJIHKHHHT XapakaTH BYXKYAra Kejai.
Xaxmuél Kyuwiap GysMaraHna CylOKJIHK CHPTHra GepHUJIyBUH MYyaiisih
60CHM CYIOKJ/JHK HUMAArd 6apuya HyKTasnapaa wWyHaaid 60CHMHH BYXYyara
KeJTHpPaaH. -

Arap CyIOKJHK OFHpJHK MakiioHHAa 6Yaca, y Xonaa [ =pg. By Kyuuu
Z yku 6yAnab iiyHanran ne6 xucobiacak, MyBO3aHATAArH CYIOKJIMKHUHT
acochit TeHrnamacu Kyluaparuaad ubopar 6ynanu:

9 _0p _. 9P

ox == oy N 5‘;= —pg (108)
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(10.8) dopmynanan KypuHHOG TYpHOAHKH, MyBO3aHatia OyJaraH CyioK-
aukaa 6ocum X Ba Y ykaapra 60ornukK 6yaMacaaH ¢akar Z ra GOFIHK
6yaanu. Z ra THK TeKHCAHKJap 3ca OHp XHJI GOCHMJIH TEKMC/AHKAAP
6ynaaM Ba OYyHAAH CYIOKJHMKAADHUHT 3uuaury  ¢akar GananajiHKka
OGOFNHK, AeraH Xyjioca KeiHb uHKaiH. )

Buan dapa3s KWIaliHK, CYIOKIUK OMp XHHCAH Ba CHKHIMAHAHraH
(p=const) 6yJcuH XaMia 3pKHH TYLLHLI Te3JaHHUIH g Xam 6aniaHANHKKA
6ornnK 6yamacuu. By wapouriapiu xucobra onran xonna (10.8) renr-
JaMaHHHT WHTErpadu Kyhuaaruuu 6epanu:

p=po—opgz. (10.9)

HMHurerpannawm aouMmulcH py MabHO XKHUXaTtuaaH 2=0 garu cymwok-
JUKHHHT 6ocuMuaaH u6opar.

(10.9) ¢opmyna uaHwaark CYIOKJIMKHUHI Tardra Ba /leBopJapura
XaMAa CYIOKJIHKKA OOTHPUIraH >XHCMHHHI CHPTHra TabCHP 3TYBYH
KYWIapHH XaM aHHKJall HMKOHHHH Oepanmu.

Mabaymku, Apxumen KOHyHura GHHOAH CYIOKJIMK Ba rasra GOTH-
pHAraH Xap KaHhlah »HcCMra y CHKHG UYHKAapraH CYIOKJIHK €KH ras
OFUPJIUTHFA TEHIr THAPOCTATHK KYTapHLI Ky4Yd TabCHp KHIaau. By kyu
JKHCM CHPTHTa CYIOKJHK €KH ra3 TOMOHMAAH TabCHUP KHJAYBUH GOCHM
KYYJaPHHHUHT TEHr TabCHP 3TYBUHUCH O6Y/HO, THK paBHLIAA IOKOpHra
AyHanaan. JKMCMHHUHT OFHPJHTH KYTapuul KYUYHAaH KaTTa 6y/ca >KHCM
uyKaad, KHUHK Oysnca ujkMaiau. By CYHITH XyCYCHAT XHCMJAAPHUHT
CYIOKJIMK Ba rasjapia Cy3ulll KOHYHHHUHI ACOCHHH TalUIKHJA 3TajH.

Arap CYIOKJIHKKA KaHAaWIHP XHCM KHDHTHATAH GYJiCa BA y MeXaHH-
KaBUH HYKTaM Ha3apaaH MysosaHaria 6yica, y XOAda yHra TabcHp
3TYBUH TALIKH KyulapHH >KHCMHHHT OFHPJHMK KYYH Ba XXMCMra Xap
TOMOHJAH TabCHP 3TyBUH GOCHM KyuaapuaaH — ApxuMmen Kyunapuaau
u6opar ae6 Kapaw MymKuh. By Kyunap 6up-6upura TeHr Ba Kapama-
Kapwd HYyHaaraH 6yJaca, XHCM MyBo3aHataa 6Gyaaau. Macaanan,
KeMaHHHT CY3HHUIHHH TeKlWHpaaurad 6yacak, cyB ycTuxa Gemason cy3ub
IOPHIIH YYYH KEMaHHHTr cyBra OOTHPWITaH KHCMH CUKUG UYHKapraH
CYBHHHI OFMDJHTH KEeMaHHWHr IOKH OHJaH Ouprasukaard Xapoaaru
OFHPJIUTHra TEHr GYJHUIH JO3HM.

10.5- §. MAEAN CYIOKNMMKHUHI TYPFYH XAPAKATM.
BEPHYNNM TEHTNAMACH

Pean cylokJauk/aap XapakaTHHHHT KOHYHJapHHH Yprasnvil aduya
mMypakkab 6yaraHu yuyH 6H3 acocaH EIMLIKOKJIHMK KyulapuHH Xucobra
oJAMacaaH, Hjeal CYIOKJWKHUHT XapakaTHHu Kapaiiuk. AabGarra, 6y
XOJ1/1a CYIOKJIHK/AapAa MaBXyA 6VJadnrall HUKH HIWKaJaHHLIHHHF THK Ba
YPHHMa KYUJApHHH YEKCH3 KHYHK neb Kapaw MyMkuH. By xonaa naean
CYIOKJHKAAry MaBXya OyJaraH 6MpAaH-OMp Ky4 — YHHHT THK HYHaJraH
6ocuM KyunaHp. By 6ocHuM Kyuu (p) CYIOKTUKHUHT 3HUNHTH 6Gunad
aHUKJaHALH.

CYIOK/JIMKHHHT KYHAAJaHT KeCHMH TypjHdya GyaraH oKuM HaWuaa
OKHIL >)KapaéHHHH Kapalb YHKAHIHK. MabJyMKH, CYIOKJHK OKHMHHHUHT Xeu
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eplla y3WIMAaC/HUIH, S’bHH YHHHT Y3/JYKCH3/JHTHAAH CYIOKJIHK T€3JIHTHHHUHT
OKHM HAaWHHHMHT KYHAAJMaHT KECHMHIa KYMaATMacCHHHHT Y3rapmMac 3KaHJH-
ru Kequb yukanu. by aca mabiyMm BakTt opaiHFHAa Ha#HUHT OUp YuyHaaH
OKHG KHpa&TraH CYIOKJHKHHHT XaXXMH YHHHT Kapama-Kaplud TOMOHHAAH
OKM6 UHKAETraH CYIOKJMK XaKMHra TeHr OYAHLWHHM OGHIAUpaaH
(10.3-pacm):

1S =028y,

A'bHU Af BAKT OpaJuFua S KECHM OpKaJk OKHG KHPAETraH CYIOKJIHUKHHHT
Tea/UrH v, Ba OOCHMH p; 6YJca, XyAAH Wy BAKT HYHAA S KECHMAAH U2
Te3/1MK Ba P2 GocuMaiapaa 6up Xuj CYIOKJHK MaccacH oKHO YyTap 3KaH.

4

]
I
i
I
]
|
|
|
|
[
|
1

VAL SO (A

10.3-pacwm

OFupauK KyuH TabcHpuaa pyit 6GepyBud TYpFyH XapakaTHH Kapab
yuKadauK. By xapakar yuyH SHeprusiIHHHI CaKJaHHill KOHYHHHH TaTtGHK
3THLI MYMKHH.

OKuM TYpFYH GY/araHauruaan, HakHUHT aXXpaTHO QIHHraH KHCMJIapH-
Aa 3Heprusi tynnanMadau xam, capd Gyamainu xam. [emak, Af BakT
Huuga S| KecMM OpKajH y3aTWIa€TraH 3Heprusi XyaAd iy Baktaa S»
KeCHM OpKaJix ysamnaéTraH 3Heprusra redr 6yl kepak. By xonaa S,
KechMI1aH OKH6 YTaéTraH m Macca/d CYIOKJIHKHUHT KHHETHK YHEPTUsCH
mv?/2 Ba NOTeHUHAN IHEPTHACH mghy 6yJarauunan, Af BakT opaiuruaa
OFUPJIHK KY4JapH TabCHpHAa S| KeCHM OpKajH y3aTHW/IaJHraH SHEprHs

mu
MHKAOpH —QL—{—mgh, 6ysaan. ByHnaw TallkapH opKajaru CYiOKJHK

V3HHHHT OIAHAArH CYIOK/AHKHH CHJ/KHMTHIIH YuyH pSi Ky4HHHr 0 Af
hyara kynafitmacura teHr 6yarad v Gaxapaad. llynnaé kunu6, Af
BaKTAa KYHJalaHr KeCMM OpKa/Ju y3aTWIaJAWraH yMyMHH 3Heprus
MHKAOpH KyHuaardra TeHr 6yJjanu:

2

L+ mgh,+ p,S,v,At. (10.10)

E muv
2
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HafiHuHr xeu 6Hp KHCMHA 3Heprda TYNiaHMaraHaury Ba capd xam
6ysMaraHnurd ca6abau, S; KecuM opKaau Af BakTAa y3aTuaalHvrad
SHEPIUA XaM XYIAH WYHIaH KYWHJIyBYHIap AMFUHAKCUTA TeHT 6yaanH.
JeMmak,

m

2 2
Tt mghy 49,8 0,A = "5 mghy + pySaAL. (10.11)

OKHMHUMHT Y3JYKCH3JHK wiapTura MyBoduk Af Bakrila HaHra okHO
KUPaAETraH CYIOKJIUK XaxMH S v Af ra, XyA/4H W1y BaKT HUK1a YHIaH OKHO
UHKAETraH CYIOKJHK XaXMH SovoAf ra Tedr. (10.11) HHHT HKKH TOMOHHHH

6y TeHr xaxkmJjapra Oy/cak Ba CYIOKJHUKHHHT 3HUJIHUTH

M
Soar P
KaHJHTHHU Xucobra oncak, (10.11) ypHHra KyiHuaaruHu €3ui MyMKHH:
pvf pvg
—+p+ogh=—5-+p,+ogh,
6KH
2
£ —+p+pgh=const. (10.12)

By Tteurnama Bepuyaau Tenraamacu aeb aranagu. BepHysiu
TeHrlaMacuaad Kenub yWKaaurad xyJaocanapiaH OMpH LUYHAAH: oKum

10.4-pacwm

HAUUHUNE UHeUYKA KUCMUOQ CYIOKAUKHUHE Te3aueu bowka Kucmaapoa-
euza Kapazanda karra 6faadu. HalHMHr uWHrMYKa KHCMHra OKHG
KHPaéTraH CYIOKJHKKa HaHHHHr HYFOH KHMCMHAa OKaéTraH CYIOKJHK
TOMOHMAAH HYFOH Ba HHTHUYKA XKOHNapaary ctaTuk 6ocumaap ¢papku ps —
— piraTeHr 6YaraH Ky4 TabCcHp 3TaAH. By Ky4 HaHHHHT HHTHUKA KHCMHra
kapa6 #AyHaaraH 6ynanu. [lemak, OKHM HaWHHHHT TOp >KoHaapuaart
60CUM KeHT XOHJapHaarira Kkaparainaa nactpok 6yaanu (10.4-pacm).
bus DBepHyaan TeHrnaMacHHH OKAETraH CYIOKJHKHHHT KHHETHK Ba
MOTeHUHa 3Heprusiiapyd HHFHHAHKCH y3rapMmac 6V/raH Xon y4yH KeJTHpHO
yukapauk. Acaupa Gy 3IHepruslapHHHr GHP KHCMH HLIKaJaHHL
Kyusnapura kapwd v Oaxapuwra capd O6ysnaaH, HaTHXKAaAA CYIOK-
JIUKHHUHT MOJIEKYJISIP XapaKar 3HeprHsACH OpPTAAH (CYIOKJHK HCHHAH).
Okuw ypk rekucauru 6yinab pyi OGepaérraH 6ysca, CTaTHK Ba
AHHAMHK 6ocuMmyiap HHFMHAMCH V3rapMaiau, WYHHHT Y4yH OKaértrau
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CYIOKJIHK[A CTaTHK 6OCHM JOHMM Xapakarcu3 TypraHjarura Kaparasaa
KaM 6Vaanu.

Arap HaBHUHT KeHr KHcMHAarn Gocum atMmochepa GOCHMHra TeHT
6yJca, yHHHT TOp KHcmMHuAaru 6ocuM atmocdepa GocumuaaH Kam 6yaanu.
Kynruna KypuaManapHHHT, MacasaH, HHXKEKTOpP, CYB flapparu, Hacoc/aap
Ba KapOlopaTop/JapHUHT HLL1all NPHHUMIM aHa WY XoAMcara acoc/aaH-
ras.

10.6- §. CYIOKNMKHUHI HARNAPOQA OKMLLM.
MYA3EANL DOPMYJIACHU

Pean cyokaHKiapaa xapakar ulean CYIOK/AHKJIapAaruaaH ¢apkau
6yaub, yrapaa MUKH HILKAJaHHII KyujiapH ByxXKyara keaaau. Byupaii
CYIOKJIHK/apla HYKH HIUKAXaHHU KyuJapd KaTjamjJapHUHI XapakaTHra
Ba J€MaK, YHAaru XX MCMJapHUHT XapaKaTura Xxam, KapuHaHK KypcaTyBuH
Ky4 cudaruga HamoéH 6ynanu. by xoaucanu ypraHuiu yuyn 613 Gupop
CYIOKJIHK CYPTWIraH HKKH mjacTuHka oiu6 (10.5-pacm), ycruparu
NJaCTHHKaHW OCTHaarucura Hucbatan xapakaTjaaduTHpaniuk. DyHaa
yaapra TerH6 TYpraH CYIOKJIHK KaTJamJjapH yjaapra émuiuiand, KoJras
6apya kKataamaap sca 6up-6upaapura Hucb6aTaH cHpnaHub Kyuyaau. By
XoJjda MJaacTHHKagaplaH Y30K TypraH KaT/JaMJaapHHHT CHPHaHuL
Te3JIMTH AKMH TypraHJapHUKuAaH katta 6Yaanu. Katnamaap xapakaru-
HUHT TE€3JHTMHK Xapakatra THK 6yaraH Z yKka nucb6ataH KapaHiuk. By
XOIAa XapaKaTHUHT Z YKH GYiHYa Y3rapuil Te3NUrH (TE3/IHK rPajiueHTH)

dv ..
0 6yaaau. Arap KOOpAHHATA Z OPTHILH GHIAH KATJaMJIAPHHHT TE3JHTH

6up TeKHCLa OpTCa, Y X0a4a Te3JHUK rpajHeHTH CYIOKJAHKHUHI 6apua
MaccacH yuyH OWp xHJa1 O6ynaau. bup-6upupan Az y3ok/aukaa Typrad

KaTJlaMJlapHHHF TE3JIHKJIAapH U Ba U2 6yJ1ca Y Xoja4a TEe3JHK FpaﬂHeHTH
U2

dz
CyloKJIHK KaTJiam/apH opackaa MaBxXKyd 6Y/raH HUIKalaHHL KYuH
F yuyn HblOTOH Ky#Haary KOHYHMSITHH aHHKJa1M:

L 6ynaam.

F=n %‘;] S, (10.13)

6yHAA 1 — CYIOKJHKHHHT KOBYLIOKJHK KO3 dUUHeHTH; S — KaT/1amjaap
103acH; du/dz Katrtanuk (Te3JHK rpajueHTH) OUp KaTjaMJaH MKKHHUH
KaTJaaMmra yTraHia CyIOKJHK KaTJaMJapH Te3JHKJIapHHHHT Y3rapHil
KanaanuruHy udonanaiian. Mwkaaanuw Kyun (F) HKKH  «KYUIHH>»
KaTJaMHHHI Te3POK XapakaTJaHa€TraHHHH TYXTaTHWIra, CeKHHPOK
XapaKaTJaHa€TraHHHH 3Ca Te3JaTHIUra WHTHJIALH.

(10.13)ra kypa m uwuur CH paru Gup/uru Kuawbh WIYyHAAH CYIOK-
JHUKHHHT KOBYLUOKJIHTH OJIMHAJHKH, OyHAa Te3JHUK IpajHeHTH
v _
dz c-M
opacuaart S—l M2 cupTaa mMaBxya GyaraH uiwkanaHuw kyun | H ra
TeHr 6ysnanu. By 6upank nackanb-cekyun (Ila-c) ne6 arananu.

1 o o
= 6yJ1raHna, CYIOKJHKHHHT HKKH <«KYILHH» KaT/aam/iapu
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7//////;/2////4 - ==

L
1

/// %

% a
UL

10.5-pacm 106-pacwm

YHua katta 6yaMaras Te3HKAapAa CYIOKJIHK KataaM-Kataam 6Yaub
okaau. bynaai okuiu ramunap okuw neiiunanu. Jlamunap okuwaa (10.6,
a-pacMm) CYIOKJHK KaTJaM/apd Had JeBOpJapuilaH KaHuya y30K Typca,
6up-6upura Huc6aTaH UWYyHYA KATTAPOK Te3JHK OHJaH CHPIaHagH
(CYIOK/JIMKHHHT JaMUHAp OKHLIMAA Ha#h uWuura 1060% arai  6yeéxkau
CYIOK/JHK aHHMK 4YerapajaHral llakjaia KoaaBepaaH). [e3/IMK OpTHILIH
6HJIaH CYIOKJIHK KaTJaMJapHHHHT apanalinb OKHIUH BYXXKYAra KesaJH.
Byupali okuw rypbyasenr oxuws nediwnagd. ByHaa to3a Ba 6ysaras
CYIOK/MHKIAp oOpacHlard KeckHH uerapa HYKoaHO, HaHHHHT XamMma
Ko#inapuaa TtapTH6cH3 ylopmMaBuid Xapakartsap losara keiaau (10.6,
6-pacm). JlaMHHap OKUM TypOYyJieHT OKMMra aiaHHIu NalTHAArH Te3/IHK
Kpurux Te3aux ne6 atajaiu.

TexHHKa TapaKKHETHHUHT GYTyHrH GOCKHUHAA CYIOKJIHK/IAPHHUHT Xap
XHJI HalJlapaary ypraua TesjiHKJIapHHH GUIHIL KaTTa ama/iuil aXaMHUsaTra
sra. Taxpubanapaa aHHK/IAHHILIKYA, Xap XHJ AHAMETPJH HalNapHHHT
KYHIanaHr KecuM [03HA1aH BaKT Gupauruaa oku6 yTagural CyIOKJHK
MHK0pH M ypraua OKHLI T€3HMHM Uy HHHT KYHIaJaHr KecHM 103H S ra
KynaiTMacura TeHr 3KaH:

M=u,-S.
®panuys onumu [lyaseiib (1841) CylOKJIHKIApHUHT Halapaa OKMLY
Te3JIHKJapHHH TaxKpuOa #yau 6unan ypravub, cyroKauknune nati 6iiirab
gpraua aamunap oKuw Te3aucu Had Y3ynHauk bGupaueuea 6GOCUMHUHE
Tywuwu xamda Hail paduycumune ksadparuea TYrpu Mmyranocub sa
K08YwoKAUK Ko3ghgpuyuentuea reckapu Myranocub 3KaHJUIrHHA aHHKJJa-
HH:

—_— 2
o= (10.14)
LLI HHHI‘ uyH Xxam Oy KoHyH [lya3seinre konynu ne6 aranagu. Haf
yuyH Ba M=u0,S skannuruuu xucobra onu6 [lyaseib KOHyHHHH
yuunamqa é3uw M)’MKHH
_Pi—pP2 =R
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VYnuamnapu mabiaym 6yirau 7
Haiigaru OGocHMJap TYWHLIHHH R ,‘_::_._“_'_.T*\ T
6naran xosaapa (10.15) d¢opmy- i A L\ v I )

aanan ¢oiaanain6 oKaéTraH cy- v ‘_\_','i} )

IOKJMKHHHT KOBYLIOKJIHK KO03(-
(PHUHMEHTH N HH TOMHLI MYMKHH.

Hakina namunap okaérran ¢ _]]
CYIOKJIMKHHHT CTaLlHOHap Xapaka-
THHH yprauub, (10.15) ¢opmy- 10.7-pacm

JIaHM Ky#huparu #yn GusaH Xxam

KeNITHPHG YMKapHll MYMKHH: Hali opacHaa Y3yHJWrd [ Ba paaHycH
r G6yaraH UWIHHApPJAAapHH axpaTh6 onadauk (10.7-pacm). Okum
crauHoHap 6yaranna GUp XMJ KVHAAJaHr KecuMra sra 6yJaraH Haijaru
6apua CYIOKJHK 3appajlapMHHHI Te3JurH Yy3rapmac Oy/iraHuaas,
CYIOKJMKHUHT HCTaJraH XaxMHra TabCHpP 3TYBUH TAallKH KY4JaPHHHT
AMFUHAHCH Hoara teHr Oysaau. LlyHuur yuyH a)XpaTu6 oJiHHraH
UHJHHIAPra TabCHP 3TYBUH Ba Xxapakar HyHanuuiu 6yiAduya dyHasarad
Kyuaap HHFUHAHCHHH (p;— p2)nr? peinuwt mymkud. Bynaaw tawkapw,
UMJAHHAPHHHI éH TOMOHJIAPHFAa TAbCHP 3TYBUH HIIKAJAHHUU KYYH:

F=n | %| onrl.

Crauuonap xonaraa 6y Kyuiap y3apo TeHr:

(p: —p2)m2=n(j—f) onrl. (10.16)

CylOKJHKHHHI Te3/IMTH HaHHHHI MapKa3uiaH 4eTra TOMOH Kamaiub
60pulInHK, AbHH du/dr= —dv/dr >3KaHJMIHHH Ha3apaa TYTHG,
(10.16) ¢opMynaHH KyiiHparuua y3rapTHpHIl MYMKHH:

dv (py—py)r . _ P — Py
dr 2nl &ku do= 20!

rdr. (10.17)

(10.17)u1 uuTerpannab,
PPy
4nl

r+c (10.18)

HH XOCH KHJAaMH3. r = R GYJIraH HyKTaJlapaa CYIOKJUKHHHT Te3JIUTH U =
=0 6yaranu yuyH, (10.18) aau unrerpannaw goumuitcu (C) Kyiuaarura
TeHr 6yJaaau:

P — Py

C= 4!

R
Haruxana, (10.18) Kyfuaard KYpHHHILHH OJAAH:

U(f): Pi

—p [ ) A
e (R—r)=— R2(1~~R7). (10.19)

Luauuapuunr (HaiHudr) Mapkasupary (r=0) Te3nury

Py —Py
4nl
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6ynranupad, (10.19) kyiiuparuua ésunanu:

v(r)=vo(l———:2—). (10.21)

(10.21) nan kYpuHHG TYpUOAMKH, Halaapaa CYIOKJIHKJIAPHUHE J1aMHHap
OKMMHUIATH TE3JIHTH HaH MapKasHuaaH NeBOpra TOMOH napabosia KOHYHH
6yiMua yarapap skam.

OHAH HAWHHUHT KYHAANaHT KeCHMMHAAH BakKT
Gupauruaa JiaMuHap OKHG YTaérraH CYIOKJHK
MHKA0pU M Hu XHC061a6 Tonaiauk. 1y makcaana
paanycd R 6ysiraH HAHHHUHT KYHAANAHT KECHMHHH
Kaluuaury dr 6yaran Maiiga Xaakadanapra
bukpan 6y1u6 uukamuz (10.8-pacm). MHukn
PanHycu r Ba TallKH pajnycH r+dr 6yarai xap
6up xajKaua opKasnu GHPJHK BaKTAA OKHO YTYBUH
CYIOKJHK MUK OpPH:

2
dM =u,(1 —f?) Qnrdr

6y1ann. ByTyu Hait 6§iina6 yHUHT KYHAAMAHT KECHMUAAH OupJHK BaKTaa
OKHG YTYBUH CYIOKJIHK MHKLOPH 3Ca
R

R 2 I
M=\ am= { vo(l—Tr\)?—)Qnrdr=—2—mzvo
0 4]

Gynaau. bywaarn vo ypuura yuuur (10.20) paru KuiMaTHHH KYHHG
Ky#iunard [lyasefinib ¢hOpMyacHHH XOCHJA KHAAMH3:
PPy nR
{ 8n °
10.7- §. CYIOKNIUK BA TASNAPAA YXMCMIAPHMHT XAPAKATUIA
KYPCATMAAQUTAH KAPWMWIIMK. THAPOAUHAMMUKAZLA YXWALNKMK KOHYHM

M=

Pean cyoknuk €kn rasnapaa MiIKaJanuW KyulapH MaBXXyMJIHrH
Tydaiian ynapaa xapakaTlaHyBYH XHCMAApra TabCHP 3TYBUH Kapilu-
JHK Kyurapu naiao Oynaad. By KydnapHHHr MHKAOPH acocaH
XKHCMJIADHHHI XapakaT Te3Jurura Oofauk O6yaaau. CTOKC karra
b6jamazan v Tesauksap 6UAQH XAPAKATAGHYBYL I PACUYCAU WAPCUMOH
HUCMAAP2A MYXUT TOMOHUOGH TABCUP ITYB84U Kapuuruk Kysu F ocucm-
HUHe Te3auesu 8a {jauamaapuea xamoa MYXUTHUHE KOBYWOKAUK
Kodppuyuentu M ea THFpu myranocub 3KAHJMCHHH KYpCaTaK:

F=6nnru. (10.22)
(10.22) Ctokc dbopmynacu aeiunand. by dopmynaHunr amanui
AXaMHUATH WYHAAH HGOPATKH, Y KHCMHHHI KOBYWIOK MYXHTAa 3PKHH
TYWHU Te3NAHHIUMHU aHHKJallAa, Xap XuJ 3HUIMKKa 3ra 6yarad
MYXHTJIap/a TOMUYH €KH KHUHK 3appalapHHHT PAAUYCAAPHHH YJIapHUHT 6y
MYXHTJIapa 3pKHH TYLUHLHHY KY3aTHII OPKaJH aHHKJallaa Ba 1y Kabu
BasudajapHu Xaj KHIWLIAA KYJAJaHHAAIH.
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Karra Tesnuknapaa ras Ba CYIOK/IHKJIADHHHI KapUIMJIMCH acocaH
yIOpMa XOCHJ KHJIMLI YYYH Ui GaKapHJHUIM HAaTHXKACHa 03ara Kejaaau.
By kapuniHk newona Kapuwuauxk ne6 aranu6, y HoloTon Kauwd Kuarax
KOHYHra OHMHOaH, Xxapakar Te3AueUKuHe Keaoparu Ousan Hwucm
xapakaruea Tuk Ofarean KYHOQAGHZ Kecum r03acuca myranocuboup:

2
F=C,- "2” S, (10.23)

6y epia p — MYXHTHHHT 3HUIurH; C, — NelOHa KapWHJIHK KO3 QHIH-
eHTH OY/116, YHUHT KHHAMATH MHCMHHUHT wWak/Jaura GOFIHK.

IOkopHaa aWTHAraHuaex, ne-
LIOHA KapLIHJIHK MYXHTAA XOCHJ

6V1yBUH YIODMAJAap TABCHPHAA aooe
Byxkyara Keaaau (10.9-pacm). ———/\

Kynna6 cywokank Ba rasnapaa ——— PR
onu6  GopuaraH  Taxkpubanap —~—\/

HbIOTOHHHHT NelIoHa KapUIHJIHK
YUYYH 4YMKapraH ¢opmyaacH Tes-
JIUKHHHT 6ab3d GHp KuimaTtaa-
pPH YUYH TYFPH 3KAHJUTHHH KYp-
caTad. MacajaH Te3/IMKHHI KHYHMK KHiMataapHaa Kapwuiadk, CTokc
dopmysacuira MyBO(HK, Te3JHKHHHI HKKWIaM4M JapaxacHra smac,
6anku GUpJaMyu aapaxkacura mytaHocH6 6ynap 3kaH. ToByw Te3nuriara
SIKMH Te3NHKAapaa 6y GOFnaHuil v ra, TOBYIU Te3JMPHAAH XKYaa KaTTa
6yJraH Te3qMKAapaa siHa v’ ra MytaHocH6 6y.aap skau. llynaai KHaHG,
Xap XWI Te3/MKJapAa XapaKaT/JaHyBUH CYIOKJHK Ba raijapiard TypJau
LIAKAAATH (KHCMJApra TabCHP 3TYBUH KywlapHH Kapawjaa 6us
(10.23) ¢dopmynaanary Kapuiuiuk KoscpduuueHtn C, HH MYXHTHHHT
KOBYUWIOKJHK KO3 ¢puuueHtu (m), 3uuauru (p) Ba XHUCMHHHT Xapakar
TE3JIUrd (U) Xxamaa Va4aMH (r) HHHC Kanaaiamp ¢dyHKUuuscuaan Hbopar
JeHHUIHMH3 XaKHKaTra sikHH 6Yaanu. Onu6 Gopuaran uananuwaap Cy

lv o
HUHT (akar pT ra GOFJUK 3KAHJIUIHHH KypcaTiu:

109-pacmM

C.=/(Re), Re=pni. (10.24)

(10.24) paru Re VyayaMcu3 kartadauk 6yau6, Pelinoavdc conu peb
artajaau. MyXHT KOBYLUIOK/JAHK KO3(P(HUHEHTHHHHT YHHHT 3HYJIHTHTa
HHCGATH M/p 3Ca KUHeMATUK KOosyuwlokiuk €6 atananu:

R (10.25)

AmManna PefiHOMBAC COHH KOBYIIOKJHK KO3(h(GHUHEHTH OpPKaau 3Mac,
6anKH KHHEMATHK KOBYLIOKJHK OpKaJH udosanaHaiu:

Re =1 (10.26)

v

XapakartnaHaérrad CYIOKJAHKAA HIKaNAHUW Kyuaapy (n HHHT KHHUMAaTH) KaHyajuk
KHuuK 6yaca, PefiHonbac coHu WwyHuannk Katra 6ynanu, (10.24) nan kypHHanHKH, naean
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CYIOKJAHKAAD Yuyk (n=0) PeitHonbAc cOHH o0 ra TeHr (MabayMku GyHaal CYWOKJHKAAp
MaBXYyA 3Mac).

CyIOK/IHK Ba ra3niapia XHCMIapHHHT XapaKaTHHY VPraHHWwaa XapakaTHHHT HHCGHATH-
THAAH KeaH6 YHKHG CYIOKAHKAArH XMHCM THHY TYPHOGAH, CYIOKIHK 3Ca XKHCMra HHc6aTaH
6upop Te3nHK OHAaH Xapakamianantuy Ae6 Kapaiw MyMmxkuH. Hly Gouc kyiinpa 6u3
CYIOKJHKHHHT XHCMra (€KH KHCMAap TH3HMHra) Huc6aTaH XapakaTHHH TaXAHA KHJIaMH3.
BynuHr yuyH HKkkHTa KHCM onub, nacTiab cyloKaukaa GHPHHUM XKHCM 6yaraH Xoaaparu,
CYHrpa 3Ca y >KHCM YPHHAA HKKHHYM XKHCM OVaArai Xoingard OKHM MaH3apanapHHH
Ky3aTaisivk. TaxXpHOGaNapHHHT KYPCATHWIHYE, OKHM TE3JIHIH Ba CYIOKJHKHHHT y3Hra Xoc
KAaTTAJMKAAD (3HUIHK, KOBYIIOKJAHK Ba OOLIKAJ4P) MA'bIYM LAPTAAPHH KAHOATIAHTHPra-
@ KapanaérraH CYIOKJHKIap OKHMHM MaH3apa/lapuiia MYaHsiH MeXaHWKaBHH yXWalaHK
MaBXYANHTHHK KY3aTHW MyMKHH. MogoMHKH, ¥Xwawank masxyl 6yaca, GUpHHYH XOa
YYYH OKHM MaH3apacHHH OHJATAH XOIAa MKKHHUYH XOJ YYYH OKHM MaH3apacHHH ONAHHAAH
alTHO GepHlll MyMKHH 3KaH. BowkKaua afitranaa, KHUMK yauamaapra sra 6y/aran xxucmaap
6unan cyloK/aHKaapaa (€kH rasnapaa) taxpuba yrka3ub, ONHHMAH HAaTHXANapHH KarTa
yayamaaru XKHcMmaapra Kyasawl MyMKHH (Moageanaw ycyau). Kemacosank Ba taiépa-
CO3/HKAA XYAAHM WYHAAH KWUIHHAAH. By ycyaHWHr acocnia yXxwalWlAHK KOHYHH
éraau. . -

YXwauiuk KOHYHHHH yMymuil Tap3aa Kapalb uMkaiiuk @dapas KWiaiauk, r Ba v MoC
paBHWIAA CYIOKAHKHHHT yXllall HYKTanapuaardy PpalHyc-BEKTOPH Ba Te3awrn, [ —
KHCMHHHT Y/I4aMM, Up — OKHMHHHI JKHCMTa HHcOaTaH Te3nnrd. ¥3 nas6aTuaa CyloK-
JHKHHHT XYCYCHATNApPH YHHHI 3HYJIHCH p, KOBYWOKAHK KO3(pQHUHEHTH 7 Ba Mya#sH
CHKHNYBYAHAUTH OHNaH aHukaauaad. Ly Gunan 6upra yxwawauMk KOHYHHAA OFHPJIHK
KYYHHHHT TabCHPH IPKHH TYyUIHIL Te3jaHuilu (g) OHNAH, HOTYPFYH OKHM OKHMHHHT
HOTYPFYHJIHKAAH YHKHIL BaKTH T OHJAH, CYIOKJIHKHHHT CHKHIYBYAHJMIH 3CA TOBYLIHHHT
MyXHTAard Te3aurd (c) Guian HpoaanaHaam. .

Xapakart TenrsiaManapuaa v, vo, r, [, p, M, €, g, T KaTTanuknap opacHia myaisH
GoFnaHHW MaBXya G6Yauuwn Jno3um. By xartranukaap €paamuna Gup-GupHra_ 6OFAHK
6yamaran 6 Ta yauamcua mMyHocaGaTHH XOCHA KWAHW MYMKHH 3KaH. Bynapra v/ve, r/!
HHcGaTap Ba AHA 4 Ta YA4aMCH3 COHJap — KHAMATAH GOFAAHHIAAP KHP&.H:

ply Lo
R e L (10.27)
n v
v
F=—r (10.28)
gl
v
= (10.29)
c
UyT
S=-——l . (10.30)
Yauamaukaap konaacuaan doiirananud, Kyiiuaarn GyHKUHANAPHH E3HII MYMKHH:
L =f(L Re, F. M. 3. (10.31)
vy 4
EKH
v=voi¢7r-, Re, F M, S) (10.32)
Arap ukkH oknm yuyH (10.27) — (10.32) Gornanuwinapaan 6ewracd 6up-6upn GHiaH

MOC Keaca, Y XOA4a OITHHYHCH MOC Kejap 3kaH DBy yMymMuil OKHMJAapHHHT YXILaLLIHK
KOHYHHAaH n6opaT. OKHMAAPHHHT Y31 3ca MeXaHHKABUH €KH FMAPOAHHAMHKABHH yXwamw
oKHMaap 1e6 aranaad. (10.27) dbopmynanarn con — Pelinonbac couu, (10.28) paru —
®pyn coun, (10.29) naru — Max couu, (10.30) aarn — CTpyxan cokn ne6 aranann. Ppyn
HOMH GHJ1aH 6OFIHK 6Yarad F cod 10KOpHAa 613 KypraH PeftHonbac coHHra yxiuaui MabHora
3ra. Y KarTaiHK HYKTan Ha3apHAaH CYIOKJIHK KHHETHK 3HEePrHSCHHHHI Oy IHePrHUsIHUHT
MabayM HYnAa OFHPAHK KyudHHHr GaxkapraH HwH Tydalan ByXYAra KearaH KHHETHK
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3Heprusira Huc6atunat u6opat. Ppya coHu KaH4ya KaTTa 6yJca, HHEPUUAHHUHT OFHPJHKKA
HUCOATaH TabCHPH WIyHYa KaTTa 6y/iadM Ba aKCHHYa.

CTpyxalt COHM acocaH TYPFYH Gy/aMaraH CYIOKJHK/IAp Y4YH MablyM axaMusiTra sra
6ynca, Max COHH 3ca CHKHAMAHAMNaH CYIOKJHKIAp Y4yH MabHoOra sra Gyaraniuruiad
TYPFYH OKaérraH cyiokaukjaap yuyH (10.32) teHraama ypuura

a=aof(% Re, F)

TeHrnaMmaHHd é3vwr MYMKWH. ByHaauw PeiiHonbac Ba ®pyn connrapu 6up xua 6yarau
CYIOKJHKJIAPHHUHT OKHMH OHp XWA GynaaH AeraH xyjaoca Keanb 4HKagH.

10.8- §. TMAPOAMHAMMKABMA HOTYPFYHNMUK. TYPBYNEHTAMK
4

IOkopuaaru G6anasapaa 643 CYIOKAHKIAPHUHT XapaKaTHHU TEKUIHP-
raHHMH3Aa acocaH JaMHHAp OKHLI XOJIJIapHHH Kapab yuKauK. JlamuHap
OKHLUIHHHT acocH#l XycyCHSiTJapHaaH GHPH YHHHI y3JYKCH3JHUTH-
A Hp . Tekdc Kolapaa OKYBUH CYIOKJIHK Ba ra3jlapHHHI XapaKaTH acocaH
Hall saeBopsaapHura napanjen OyjraH xapakaT TpaeKTOPHACHra 3sra
6ynanu. AmMMO erTapiu jAapaxaia KarTa Te3qHK.Japiaa JaMHHap
OKHLWHHHT G6Y3WJIHIUH — JAMHHAp OKHIUHHHI 6eKapopJHura BYXYAra
Kenaau. ByHHHr HaTHxkacHaa xapakaT TypOyJeHT Xapakarra adsaHaiH.
Typb6yneHT xapakaTiaa CYIOKJHK 6KH ra3HUHT FHAPOAHHAMHKABHH
xoccanapH (Te3JiHK, GOCHM, rasjap yuyH sca 3H4/IHK Ba Xapopar) Te3 Ba
TapTtH6cH3 Xxonaa y3rapu6 typaau. TypGyaeHT oKHMra TOF fapénapuaari
CYBHHHT XapakKaTH, Te3 Cy3yBUYH KeMaHHHT OpKacH1aru CyBHHHI XapakaTH
Xamia KyByp/aapiaH TapTHOCH3 YHKYBUH TYTyHaap Ba GowKajaap MHCON
6ynanu. ByHnaii xapakaTgapHHHI XaMMacH TCHAPOAMHAMHMKABHH HO-
TYPFYHJIHK 103dra KeayB4u okumaapaa coaup 6yaanu. TypOyaeHT okHMaa
CYIOKJIMK 3appaJjlapHHHHT TpaeKTopHsapH Hall YKura napaJjien 6yamac-
JlaH, Mypakkab 3rpu 4M3HKJapaaH ubopar 6yaaau. Tpaekropuanap BakT
naBomHaa TYpFyH Oyamacaad, y3rapu6 Ttypaau. Lllywaa#h Kuau6,
TabnataH HOTYPFYHJHMK, Te3JHKHUHI CYIOKJAHKHHHT 4aCOocH# Kyuma
XapakaTd HyHa/quWHra THK 6YJiraH TallKWA 3TYBUMJIAPH MAaBXYAJHCH
TypOy/JeHT OKHMHH JaMHHap oOKuMaaH &apKaab TypyBuUH MYXHM
Gearunap xucobiaaHaau. KyByp Ba apuKaapia JaMuHap OKHMAaH
TypOy/aeHT oKuMra yruuiaa PefiHonbac COHH YXIWAUUIMK KOHYHHHHHT
Me30HH 6ynu6 Xxu3MaT Kuaaau. Xap Xl KYHAadaHr KecHM io3acura 3ra
6yaran KyByp Ba apukJaap ydyH PefiHonbac conuu 6up Xua Kuiimarra sra
O0yaca, yanapaa CYIOKJHKHHHT OKHIU Mau3apacH Gup Xua 6yjaau.
KyHoanaHr kecHMH foupa WAaKJAKWAArd KyBYpJapaa JaMHHAD OKHMAaH
Typ6ysenT okuMmra yrtuuina Pefinonbac cond 1200 HH TaWKWA KHAAAH,
AbHU Re>>1200 nan 6ow.a6 okuM Typ6yqaeHT MaH3apara sra 6VJaiu.

Xl BOB
TEBPAHMA XAPAKAT

11.1-§. TEBPAHMA XAPAKAT XAKMAA TYLUYHYA

Te6panma xapakat Ttabuarga 3HF Kyn TapkajraH XapakaTaup.
[apaxtsapHuHr 1oXH €KH Jajanapaard MaHcanapHUHr TeGpaHuo
TYprauuHu Kyn Kysarraumus. Ilyrop, py606 kabu Mmycuka ac6006/1apHHHHT
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TOpJapH, ocMa coaT TeGpaHrHuH, WUKH €HYB ABHraTeNd LMJIHHAPHIATH
NOPLICHNAPHUHT XapakatH TteOpaHMa Xxapakaraup. Morop wuuiniab
TYpraiia MallMHa Ba AacTFOXJIAPHUHI Kophycsaapu THTpa6 Te6paHMa
XapakaTt KHJaaaM: TenedoHmAa rannalliraHMMu3fa, paadHosaH ToBYL
YMKKaH/Ja, ynapAard onka napaa (memé6pana) tebpanub Typaa.

By wmuconnapaad Kypuuu6 Typubauku, OyHaa xapakat OGupop
papaxana TtakpopnaHu6 typaad. bunobGapuH, 8akT fGruwu O6usan
Takpopaanub Typaduean xapakaraiapea Tebpanma xapakar deldusadu.

IOkopuaa keaTupuaran Muconnap MexaHukaBui Te6panMa xapakarra
raaanykauaup. Tabuarna mexanukasuil Te6paHma xapakataap Ounaad
6up KkaTtopaa MexaHuKara oua O6yamaraH TakpopJaaHd6 Typaaurad
Kapaéuaap xaMm Kyn yupaiau. YsrapysuaH TOK 3aHXKHPHAATH 3apsiiiu
3appauanap (3/eKTpoHJap) XxapaKaTH, HYKH EHYB JIBUTATEJNH UHJAHHIAPH-
Jard ra3 GOCHMHMHUHT y3rapdwid Ba Ooulkajaap wyjaap XKYMJAacHAaH
6ynn6, MexaHukapu# Te6paHMa XapakaT/JapHH 3ca yMyMmuil Te6paHMa
XKapaéunapHuur 6up Typu ne6 Kapaw MyMkuH. TeGpaHMa xapakarjap
MexaHHKaBHH Teb6paHMa XxapaKaT, 3AEKTPOMArCrHHUT
Te6paHMa XxapakKaT, 3JeKTpoMexXxaHHKaBHH Tebpauma
Xxapakar (reredoH Ba pagdHoiapaari TOByll YHKapyBuH MemOpaHa-
JapHUHT Te6paHHLiM Ba 6OLIK.) KaGW Typaapra OysuHand. Tebpanma
XapakarJapHHHr tabuartiapu xap xua 6y/ca xaM yjaap siroHa KOHYHHAT
6yiuua comup 6ynanu.

X03MprH 3aMOH TeXHHKACUHUHT KYI coxajsapd TebpaHMa Xapakar
KOHYHJapura acocjaHrai Ba TefpaHMa xapakaTr KOHYHJapHHH 6Guamai
Typu6 TenedoH, paaHo, ORHAHXKAXOH, PaJHOJOKAlHA Ba UWIYHra yxtuail
XO3HPrH 3aMOH TEeXHUKACHHH sApaTH6 6ysamac aju.

Te6panma xapakarra mucon tapukacuiaa l1.1-pacmaa Kypcaruiran
3HT OAJAMH TH3UMHH ONHO KapaHauK. Tusumaaru npy»xkuda (/1) HuHr Gup
Y44 pacMmja KypcaTUarasjek, WTaTHBHUHT O HyKTacHra MaxKamJjaHraH
(wTaTHB pacMaa KypcaTHAMAaraH), OPYXHHAHWHHT HKKMHUH Yyuura
m Maccaad 0K (MeTaaJ wapuya) ocuaras. By 10K TabcHpuaa npykuHa
6up 03 uy3uaagH, OGyHAa MPYXHHAHHHT KaHUILOKJIHK KyUH IOKHHHT
OFUPJUK KyuH OunaH MysosaHatsawiagd. IOKHHHT 6y BA3HSATH YHHHT
MYBO3aHAT BA3HATHHU aKC 3TTHpPaAu. Arap IOKHH MYBO3aHAT Ba3HATHAAH
THK HYHajuWga nactra €kH oKopHra GHp 03 CH/IXKHTHG cYHTr KY#HHO
1060pcak, y MNPYXHHAHHHT KAHMIIOKJAMK Kyud TabCHPHAA MacTra Ba
IoKopura Kapab te6paHMa xapakatT Kujaa 6owaiau, SbHH TH3HUMHHHT
Xapakatd JAaBpHH paBHlIAa TakpopJaaHa Gowwianad. DyHaal Tu3uM
npyXuHaau Te6paHruy e IOPUTHIALH.

Te6panma xapakaTra HKKMHYH MHCOJN TApHKACHAA UITATHBHHHT
O HyKTacura HHrH4Ka un GU1aH OCHJATAH M MaccanH 10K (KHUKHHA MeTaul
iwap4ya) AadH HOoparT TH3UMHM oinub6 Kapainuk (11.2- pacm). Tuszum
Y3UHHHT MyBo3aHat BasuaTuga MO xanataa Gynaad; 6y Xxonaraa
IaPYAHHHT OFHUPJHK Ky4d (mg) WIHHHT Tapaurauk kyud (T) 6uiau
MyBo3aHaTtaa 6ynaad. Arap wiapuanM MyBO3aHaT Ba3uATHAAH GUp 03
uetnatub, CYHr«KyHHO 06opcak, TH3HUM VY3HHUHT MYBO3aHAT XOJaTH
arpoduna TebpaHMa xapakartra Kenaau — LiapuyaHUHT Xapakati M Hyk-
rara HucbGaraH paBpuii paBHILAA TaKpopJaHaBepaAu. XapaKaTHHHT
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6yHaail TakpopJjaHuuiMra ca6a6 WwyHaakd, TH3UM MYBO3aHaT Xo/aTura
Huc6aTaH a Oypuakka UeT/JaTHWATraHAa liapua Y3 OFHPJAMK KYUMHHHT
fi=mgsin & ra Tenr Tawkua 3tyBudcH (11.2-pacMra K.) TabcHpHaa
6ynanu. By Kyu TH3HMHH XamMMa BAKT MyBO3aHaT Ba3usTHra (1iapua uan
TOMOHAa 6yjca XaMm, YHr ToMoHAa 6yjca xaMm) KaHTapHulira MHTHJIAIH.
MyBosanaT BasusituaaH ytaérranga sca rebpaHaérraH wapda GupaaH

X

Il.l-pacwm [1.2-pacwm

TYyXTa6 Kosa oaMaiau — GyHra YHUHT HHEpPLHSACH XajakuT Oepaau
(MHepUMsT Kyud loKopHAa KYpHO YTHAraH Npy>XHHaAAH TeOPAaHTHUHUHT
Te6panuwbaa XaM acocud caGabaapaad Gupuaup). 11.2-pacmaa akc
TTHPM/ITAH TH3UM olaTlaMaTeMaTHKAaBUH TeGpaHTIruy aAeidnia-
IH (MaTeMaTHKaBHi TEOPDAHTHMUHMHT AHWKPOK TabpH(PHUHH KEHHHPOK
KeJITHPAMH3).

Tuzumra TabcHp 3TYBUH KyuwlapHHHT Tabuatura kKypa TtebpaHma
xapakarjap pKHUH (ékH XycycHi) TebpaHUWIAApra, Mmax-
6ypuit Te6paHuvuiJgapra Ba aBrotebpaHuwaapra 6yan-
HaaH.

MyBo3aHat BasuATHAAH UYHKAPWJIraH TH3UMAA TallKKH Kydaap
TabCHPHCH3 (HUKH KyuJap TabCcUpHIa) BYXYAra Kejaaauran rtebpa-
HULLIAD 3pkux Tebpanuwarap nekunand. 11.1- Ba 11.2-pacmaap
épanamMuaa TtaBcHdaHraH TteGpaHulLaap, PpAaBIUAHKH, 3pKHH Tebpa-
HUuwJapaup. JlaBpuit paBuilifa yarapajauran Kydjaap TabCHPHAA BYXKYAra
Kejaauran rebpanuiunap maxcbypul rebpanuwaap neinnaau. Arap 11.1-
Ba |11.2-pacMaapna KeJaTHPHJTaH TH3WMAapra AaBpuil Tap3na TawkKapH-
OaH TYpTKH O6epub Ttypujaca, yJjapHuHr TteGpaHuliapH MaxO6ypui
te6panull 6ynanu. Agrorebpanuwiasapda TallkH KYUJapHHHT TabCHPH
TH3UMHHHI Y34 BOcHTacuaa amaJjra ownpuaaan. Ocma coart TeGpaHriuu-
HHHT TeOpaHHIIM aBTOTeOpaHHUILLINP.

Tabuatna kyn yupaiaural Te6paHma Xapakarjap HUM1a capMOHUK
rebparuwisap ne6 atanyBuu TeGpaHULLIADP MYyXHM VDPHHHH 3rasJjadau.
[apmonuk Tte6panuwap TebpaHMa XapakaTtiap HUYMAA 3HC MYXHMH
6Yauwn 6unad Gupra 3Hr oaauidcd xamaup. TeGpaHma xapakar
KOHYHHSTJIADUHHM YPraHHIHK MaHa Wy TapMOHHMK TeOpaHuuinapnat
6ou1aiMi3.
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11.2-§. TAPMOHMK TEBP AHULLIJIAP

TeGpanyBuH KHCM XapaKaT TPaeKTOPHACHHUHT BaKT 6YiiMua yarapu-
WM CHHYC Ba KOCHHYC KOHYHM OViHua V3rapaaurad steb6panuilusapra
2apmor ik Tebpanuwaap nednnand. 11.3-pacmaa TacBHpJaHTraH NMPYXHU-
HaJ/Ii TeOpaHIHYHHHI MyBO3aHaT Ba3uATHAA MeTaJljl WapUyaHHHT OFUPJHK
KYUH NMPYXKUHAHWHT KAUHWOKJIHK Kyud 6HJaH MyBo3aHaTAa 6Gynaau Ba [y
Y3YHAHKAArH NpPYXKHHA  lapYaHHHT
OFMPJAHK KYuH TabcHpHiaa 6GuUp 03 uy-
3UH6, YHHHT y3yHJuru [ ra TeHr 6V-
Au6 KosaaHW. DHAH ulapyaHd pacMmiaa
KypcaTuiaraiiek, x macodara nacrra
€KH I0KOpHra CHJ/XKHTHOG, cYHT KYinb
I060pCcaK, Yy MyBO3aHaT Ba3uATH aTpo-
¢una tebpaHMa xapakar Kuaa 6Goul-
Jaiau.

[Npy>XHHAHHHT KHYHK 4y3WAWLINA-
pu (ékn cukuauwnapu) [lyk Kownywnu
opKaaun ugonanaHamu:

= —kx, (11.1)

6y epaa x — NPYXUHAHHHT y3aiuUIU

I1.3-pacwu ékH KHcKapuwu 6yaub, yHH ojariaa

¢ . AKHW -ae6 opuTUNanH; k — V3-

rapMac katranuk G6yauG, ywa MNpyKMHAHHHT KaHHUIW OKJAMK €KH

6HKPJIHK Ko3dbpuuueHTH aeidiunand. Mauduii nwopa F  Kyu-

HHUHI CH/DKHMLITA TecKapH, SibHH TeOGpaHyBUHW >KHCMHHHT MyBo3aHar
Ba3HATHra TOMOH HYHa/raHuHu OUAAMPAnAH.

apmoHuK Te6paHMa XapaKaTHHHT TabpHdHra Kypa CHAKHIL KOHYHH

Ky#uaar1 udonanaHaiu:

e~

v =Asin (oo + ), (11.2)
6yHAA x — LWIApYAHWHr MYBO33aHAT Ba3HMATHAAH CHJAXHWH, A —
LIapyaHUHI MYBO3aHAT BAa3WATHAAH 3HT KaTTa CHKUWH 6yanb, 6y
KarTaiuK Te6paHHIl aMNJHTYRAaCH HOMH OWIaH IOPHTHJAIH
(XaKHKaTaH XaM CHHYCHHHT 3HT KarTa KHAMarH 6upra TeHr 6yaraHu
Typaitan x=A 6ynaamu); wo — AOUpPABHH vacToTa; wel+a 3ca
rapMOHHK TeOpaHHILHHHr d a3 acH aednMnany Ba y Ky3aTHI1aérraH oHaa
(uxTuépuii { naiiTaa) TebpaHyBUH XHCM KaHAaad Ba3uaTAa Ba KaicH
AyHaavlina 3KAHJHIMHH aHHKAA#aH; a — y3rapmac Karranuk 6yau6,
6ownaHruy ¢asza gedunanu Ba y KysaTHll GOUTAHHIUW ONAHAAH
(t=0 naittna) myBo3aHaT Ba3HATHra HHUcGATaH XHCM XaPAaKATHHWHT
AYHAJMHIIKH Ba Ba3WATHHW aHWKAalgu. Macanau, (11.2) nau =0 nair

yuyH
Xo=Asina (11.3)

ra sra 6ynamu3. BbyHgan A Ba a opkaau KucMHuHr (=0 naiftaaru
B43USITHHH AHWKJIOBYH X KaTTaJHKHM TonamH3. KysaTHIWHHHr Gowsa-
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HHII NaiTH Y3rapuiud OujaH GowwianHrud (a3saHHHT KHAMaTH Xam
ysrapaan. JKHCMHHHI TeGPaHHIU MAaH3apaCHHH COAAAMAUITHPHLI MaKca-
auaa (11.2) upoganarn Goumianrud ¢pasanu Houra Tedr (a=0) 1ed
onaMu3; 6y XOa WYHH aKC 3TTHPAAMKH, Ky3aTHIUHH GH3 XKHCM Y3HHHHT
MyBO3aHAT BasHATHAaH yraérraH maitaan Gownasnmus. Lllyuwra kypa
(11.2) ndona

x=A sinwol (11.4)

KYpHHHiIAA €3uani. SHAH wo=2n/T 3KaHJIUTHHH ("(1.37) dbopmyana-
ra K.) sbtu6opra oncak, (11.4) ndona Kyiuaarnua €3uaanu:

x=sin 2= 1. (11.5)
T
By udonanan kypunanuky, xap {=7T BaKT OpanHFUIAA X HUHT KHHMATH
Hoira TeHr Oyjand, sbHH Xap OHp f==T BaKTAaH CYHI XapaKaTHHUHT
y3rapuill MaH3apacH TakpopaaHu6 6opaau. LIyHuur yuyn T — XKHCMHHHT
Tyaa Te6paHHIl AaBpHu aefiwnaau. Tyna Te6paHuiu gaBpuia npy-
JKHHAra OCHJTraH XXHCM Y3HHHHr MyBO3aHaT Basuatuaan (11.3-pacmaa
M BasusT) nactra cCHIXKHOG, CYHI y MYBO3aHaT Ba3HSITUTAa TOMOH Xa-
pakar KHJaad, MyBO3aHAT Ba3HSITHra KeJraHna, y Y3WHHHHI HHEpUHUSCH
6M/1aH XapakaTHHH 1aBOM 3TTHpaAH (IOKOpHTra KYTapujaaaH) Ba HHXOSAT,
y sIHa NacTra TOMOH CH/IXKHG, Y3HHUHI MYBO3aHAT BA3HATHIa KaHTaaH.
MarematukaBuii Teb6paHruy muconuaa (11.2-pacmra k.) Te6GpaHyBuu
KUCM =T Bakr 1aBOMHJa VY3HHHUHT MyBo3zaHar Ba3usith (11.2- pacwm,
M nykra)paH, afTaliyiuk, YHr TOMOHra Ty/aa 4ermiaHu6, CYHT MyBO3aHaT
Ba3HATHra KaNTHO KeJlagk Ba Y3 HHEPUMACH TABCHPHAA Yal TOMOHTa TYJ1a
YyeTrJsiaHTaHAaH CYHr siHA Y3HHUHT MYBO3aHaT Ba3WsTUra KaWTHO Kenagu.
buno6apuu, =T BakT opanuruaa Te6paHyBUYH XHCM TYPT aMIVIHTYAa
(4 'A) ra Tenr macodanu YTHIUMHM aHraaw Kuivd 3mac. (By muconu-
MH3Aa coana OVadIIH yuyH Gournanruy (asaHH HoIra TeHr Aeb ONJHK,
STbHH BAKT XHCOOHHH XXHCM MYBO3aHaT Ba3uATHAAH yTaéTrraH naHrtiaH
6ournanuk.)
Bakr 6upaurs uuugari teGpaHuiiiap COHH Te6paHHIl YacTo-
TacH Aednnanu Ba v xapdu O6unaH GearwiaHaau. Yacrora Ba Tyaa
Te6paHHlu AaBpH

MyHoca6aT 6HiaH GOFJaHraH; JOMpaBHH YacToTa w Ba OAJHHA yacrora v
sca ((1.38) dopmynara K.)

w=%.1=2:w (a)

MyHocabar OunaH Vy3apo Gornanran. OXUpPrd HKKH ¢opMy.aanaH
Kypunanuku, CH tHaumMuaa noupasHil 4acTora wo XKHCMHHHT 27 CEKYHI
AaBOMMJAA He4ya mapTra Tyna tebpaHHIUMHH HPONAJOBUYH KATTAJHUKAHD,
yacToTa Vv 3Ca MKHCMHMHr | CeKyHAa [naBoMuia Heua Mapra TyJaa
Te6paHHIUMHE akKc 3TTHpaiau. JloMpaBHH yacTora 6ypyaKk Te3JHK Kabu
paaHaH TaKCHM ceKyHAjsapaa yndyaHaau. Hacrora v HHHT YJ4OB GHPJHTH
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X repu [Tu] ne6 lopHTHAAAH.
Arap 1| cexyna AasoMuiaa
JKucM 6up mapra Ttyna Teb-
paHca, yHuHr yacrorach | I'u
ra tedr 6ynagu. BunobGapun
(a) wuponanaH KypHHAHKH,
6up TYna TeGpaHHulUNAH CYHI

3 JKUCMHHHT TeGpaHull ¢a3acu
2n ra ysrapaiaM, S’bHH Y Y3H-
HUHT JacTyiiabKu Ba3uATHra
kantaagn. (11.2) udonanu
Kyfnaarpua xam €3Hll MyM-
KHH:

[14pacm x=A cos(wot +a1), (11.6)

6yHna a.=a—%. (11.6) ¢opmyra xam rapMoHHK TeGpaHMa Xapa-

KATHHHT CHJKHIL KOHYHHHH ndoranaitan. (11.2) Ba (11.6) udonanapnan
KYPHHALHKH, TFapMOHHK Te6paHMa XapakaTla CHIKHIUHMHT BaKira
6OFNMKAMK 3TpH un3urH cuiycouaa ((11.6) udonara Kypa — KOCHHYCOM-
1a) 3rpu  uu3nFuaad  u6opaT  GYJIMIIM  Kepak. 11.4- pacmparu
! srpu 4M3KMK OowniaHFHy ¢asa Ho/ira TEHr 6ysaraH Xon yuyH FapMOHHK
TeGpaHULLINA CHKHILHUHT BAKTTa GOF/IHKJIHK 3TPH YH3HFH ((11.5) dyHk-
UMSHHHT BAKTra GOFJIHKJAMK 3rPH UH3HUFH)HU AKC STTHPANH. Xyaau wy

n o
pacMaa 2 3rpu UM3MK  OpKa/u GOWIaHFHY dasacu a=-— GyJrat
((11.2) xoHyHusiTra acocaH) rapMOHHK te6paHuLLAa CHJKHILHHHT
BaKTra GOFIHKJAHMK STPH UH3HFH UdoaNaHTaH.

[apMOHHK TEGPaHHIIAA CH/DKHUILIHHHT BaKTra 6OFJIHKJHK 3rPH UH3HFH

cuiycounanan (€ku KOCHHYcOMa1aH) uOopaT 3KaHJHTH KyHuaard
Taxpubanapaa HaMOEH 6Vaanu:

bt

g K0203 Xapaami

HKueM

xapasamu
QR
—_——

?

11.5-pacm 11.6-pacm
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a) npyXuHasiu Te6paHruygary Te6paHyBUH XKHCMra KHUYKHHA OLAHH
KasaM VYpHaTu6, 6y KasaMHHHr yunHu 11.5-pacMaa kypcartuiaranpgex,
yarapmac Te3nuk 6unaH XapakaT/iaHaérraH KOFO3 JeHTara Terusub
Ky#uw kudos.

6) 11.6-pacMaa te6paHyBuu XXHCM cHdpaTHAa KYM TYIAHPWIraH Ba
HHTHYKa HOra oCHJraH HiaHwua (MaTeMaTHKaBHH TeGpaHruu) kypca-
THarad. MaMumyaHUHr MacTKHM TelWMrHiaH TywaérraH KyM [oHaJjapH
XOCHJA KHJFaH «H3» y3rapMac Te3nauk GHnaH XapaKaT/MaHaérran KOFo3
CHPTHAA FapMOHUK TeOpaHHUIUHMHI BAKTra GOFMHKJAHK 3rPH UH3MFWUHH
tacBupnadau. Lllysunah kuaub, npy>kHHaad Ba MateMaTtHKkaBul TeGpaH-
THYJIapHHHT TeGpaHHLLIapH FapMOHHK TeGpaHHLl GYJAHG, CHIKHILHHHT
BaKTra GOFJHMKJHIH 3Ca, CHHYCOMOanaH €KH KOCHHycOHaafaH ubopar
3KaH.

11.3- §. TAPMOHMK TESPAHMA XAPAKAT KMAYBUM
KMCMHUHI TEINMIM BA TEINAHMLIM

l'apmouuk TtebpaHMa XapakaT KHJIa€TraH MXHCMHUHT (MOAXHMH
HYKTaHHHT) CHJIXHIUH CHHYCNap KOHYHH, AbHH (11.2) KOHYHHAT 6Yiivua
conup 6Ynaérran GVJCHH:

x=sin(wol+a).

Tapmonux Tebpanysuu mod0uli HYKTAHURE UCTANTAH NAATAArH Te3auu
cunxcuwidan saKt 6luua orunean bupurqu TapTubau xyocuraea Tewne:

v=%=)€=Amo cos (wol +a) = vmcos (wof +a), (11.7)

6yHna Awo=Um — TE3JHKHHHT aMIIHTYAa KHiiMaTH. OXHpryu TEHIJIHKHH
KyAHaaraya €3amus:

v=vmsin(mot+a+%). (11.8)

(11.8) dopmynanan KypHHALHKH, Tebpanysdu MoOOull HYKTAHUHE
Te3AU2U XaM 2aPMOHUK KOHYH Ofduxa (3zapadu, S'’bHH TE3JHK XaM
CHJIXKHU KabH wo YacTora 6uian (T naBp Gunan) ysrapaau. (11.2) Ba
(11.8) wudonanapHu TakKKocaacak, rapMOHMK TeGpaHYBUH MOAIAHH
HYKTAHHHT Te3JIMrH CH/DKHIIWra HucOarad ¢a3sa xuxataad n/2 Kaaap
OJAHHIAA 3KaHJAUrH aéH 6ynanu. Oxupru H6opaHK Kyiiuaariya Tyl yHHLU
KePaK: CuAMuw 3He Karra Kuidmarea 3puwieanda Te3AUuK HOA2A TeHe
8a GKCUHHQ, TE3AUK 3HZ KATTa Kuiimarza 3z2a bjrzanda cuaxcuus Hoa2a
Tene 6jradu, sbHH MOAAMH HYKTAa MYBO3aHaT Ba3usiTulaH yraérranaa
(x=0) yHHHI Te3JIHT'H 3HT KaTTa KHiMAaTra 3pHLUaAH.

Tebpanysuu moOOul HYKTAHUKE TE3AAHUWU TE3AUKOAH 8aKT Gfliuua
oaunzan bupunydu TAPTUOAU X0CUAQ2A €KW CUNNUWOAaH 8aKT Oyliuua
OAUH2AH UKKUHHU TAPTUOAU XO0CUAQRA TEHZ:

2 e
a=%=x=—Am§ sin(wof +a), (11.9)
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X 6yHna Awj — Te3NaHHLIHUHT aAMIVIH-
+A |- Tyaa KHAMatH (am) OuHHOGapHH,
(11.9)un

a=amsin(wt+a+n) (11.10)

KYpHHHILAA €3UIL MYMKHH. By TeHr-
JHKAAH KYPHHANUKH, Tebpanysuu
MOOOUll HYKTA TEe3AAHUUWIUHUHZ [j3-
eapuuiu xam 4actorac wo (Ba naB-
pu T) 6VaraH eapmonux Tebpanma
xapakar Konwynu 6ijtuua cooup 6-
aadu. (11.2) Ba (11.9) udonanapuu
TAKKOC/AAl1aH rapMOHHK TeGpaHyB-
YH MOAAMH HYKTAHMHI Te3JaHHULIH
t cuJkuLIra HUcbaTtaH ¢a3za 6yiinua n
Kajgap QJIAHHAA SKAHJIHUTH KeaHb uu-
KaaH, ABHH TE34QHUUL 8Q CUAXMCULL
Kapama-Kapwu ¢asza 6jiuqa 3ea-
padu. (11.2) wudonara acocan
(11.9) dopmyaa

i
>
i
Lo
[}
|
-~ =~ —-——

+wA k-

e P .

e

A -~

a= —wjx (11.11)

KypuHuiira sra Oyaaaud. ByHaax
KYpHHAAHKH, TapMoOHHK TeGpaHMa
XapakaTAarH Te3JaHHWL CHJXKHIUTa
MYTaHOCHO 6Yysub, iVHanuwu 6YHn-
ya MOMAMH HYKTaAHHHI MYBO3aHarT
Ba3UATH TOMOH HyHanraH (MaHpui
HIIOpA Te3JaHHW Ba CWJIXKHII OHp-
6upura HucbaTtaH Kapama-Kapuu
dazana y3rapuuidHd Guagupa.iu).
[17-pacwm 11.7-pacMaa rapmMoHHK TeGpaHMa
XapakaT KHJAyBUH MOAAHH HYKTa-
HHUHT CH/IKMILUH, TE3JIMTH Ba Te3JaHHWILK opacHaard ¢dasanap dapkaapu
TakKocs1ab KypcaTHJarat.
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~-wA - —— -
|
|
|
|
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!
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[
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11.4- §. TAPMOHUK TEBPAHMA XAPAKATHUHI AMDDEPEHLMAN TEHTNIAMACH

Te6panma xapakaTHHHT JHp¢epeHUHA] TeHraMmacH AeHWIrasia
TeO6panaérrad MOAAMH HYKTAHHHT XapakKaT TeHIJIaMacH TYWYHMJIAIH.
apMonHk Te6Gpanma XapakKar KW/aaérraH MONAMH HYKTAHMHT Xapakar
TEHIrJiaMaCH HCTajraH NaHTAa YHMHI BA3HATHHH €KW XOJaTHHH aHHK-
Jgaiura uMKoH Gepanu. [pyxuHanu reGpaHruy MHUcoauaa te6paHaérran
MOLIAMH HyKTara resjaHuil 6epyBuM Ky4 — npyxuHanuar (11.1) dop-
MyJsa 6unaH HponanaHraH KaHHIUKOKJAUK KYYHAHP:

F= —kx.
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By kyu rabcupuna te6panyBun MoaAHMil HYKTa
d*x

Tesnannw osaan ((11.9) udonara K.). ¥ xonna HbOTOHHHHT HKKHHYH
KOHYHH KyHHAArd KypuHulira sra 6ynanu:

d’x

;?:=—kxém1m§+kx=0.

Oxupru Tenrnamanu
. k
x+—x=0
+ m

" k . .
Tap3ia €3aMH3 Ba yHAarH — Huc6aT Mycbat coH GYJraHaurd tybaau,

YHH 3 OpKaaH OeiruaaiMus:

E_ot . (11.12)
m

Hatuxana rapmoHuk Te6paHMa XapaKaTHHHT Kyiluaard

AuppepeHuHrnan renragamMacura sra 6ysamus:

x+wix=0. (11.13)

Jlemak, Npy>KHHaAW TeOpAaHrMYHMHT XapakKar TeHrjaMacH OUp >KHHCIH
HMKKHHUH TapTHOau (BaKT OVHHYA CH/DKHIUJAAH OQJIHHTAH XOCHJIAHHMHT
taprubura kypa) nuddepeHudan TeHrama Ttap3uga HPoOAANAHAAM.
(11.13) rtenrnama npyxuHasu TeGPAHrHMU MHCONHAA KeNTHPHO UYHKa-
puarax 6yJca xam, y 6apua rapMoHUK TeGpaHniuaap yuyH YpHHJAHLHD Ba
YHHHI €4HMH rapMOHHK Te6paHMa XapakaT KHaaéTraH MOAAHH HYKTaHHHT
xapakar KOoHyHuHu udoaanaiiau. (11.13) TeHrnamaHuHI eyuMH

x=Asin(wof+ ) (6)
EKH
x=Acos(wot+a) (8)

3KaHJAHr{ra HUWOHY XOCHJ KHJIHLI MYMKHH. Bynuur yuyd (11.13) tenraa-
mapard x ypuura (11.9) ndoganu, x ypuura (11.2) udonann kyicak,
(11.13) Tenrnama aflnuuaTra ailianaiu, ssbiu (11.2) Ba (11.9) teHrauk-
aap (11.13) TeHrnmamanu KaHoar/aHTHpajgH. DyHAaH KYPHHAIMKH,
(11.13) auddepenunan tenrnama rapMoHHMK teGpaHMa xapakaT KHJa-
€TraH MOAAMH HYKTaHHHI XapakaT TeH[JIaMacHAMD Ba YHHHI €UHMH
6yarad (6) Ba (B) udoganap (CHIXHII KOHYHaapu) TebGpaHaérTraH
MOAAHH HYKTAHHHI HWCTa/Jrad naitaard BasHsiTHHH Ba XOJaTHHH
aHWKJAlIra HMKOH GepajH.

FapMoHHK TeGpaHMa XapaKaTHHHT acOCHH XYCYCHATIAapHAAH OHpH
YHUHr A aBpUiAauruaup. Okopugarn (a) sa (11.12) Tenrsama-
JapjaH NPyxHHAIW Te6paHTHUHHHT Te6paHHWI AaBPH Y4YH

T=2n\/zz: (11.14)
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ra sra 6yjamu3, AbHH Ma3Kyp TeOpaHIHUHHHr Tebpanuw Oaspu
NPYNUHA2A OCUASGH 10K MACCACUHUHZ Keadpar uAdusuea Tyrpu
MYTAHOCUD 8a YHUHE KaluwoKauk Kosgguyuentunune Ksadpar uardusu-
ea rteckapu myranocuboup. (11.12) wudosanard ¢ — NpyxRHHAMHU
TeOpaHrHUHHHF XyCYCHH Te6paH UMl yacToTacH ae6 atalaiu.

Y3uHHHT MyBO3aHAT Ba3HATH aTPOGHIA rapMOHHK Te6paHMa XapaKaT
KH1aéTraH TH3HMHH TaPMOHHK OCUHUJAJATODP Aeitunand. Bunoba-
puH, (11.13) nuddeperunan TeHrsiaMa rapMOHHK OCUHJJISTOPHHUHT
XapakaTt TeHrJaMacHAHp (OCLHAJNSATOP — «Te6paHyBUH» JeraH MabHOHH
aHrnaranu).

11.5- §. MATEMATHMKABMA TEEPAHTMY

Yyauamaiaurad Ba3HCH3 UMAaH Ba YHra OCHATaH, Maccach m 6yarau
MOAAHH HYKTaaaH HOOpAaT TH3UMHH MAaTEeMaTHKaBHIl TeGpaHruy aeinaaim
(11.2-pacm). Amanuii xuxartnaH, yaywaurn [ 6yaran uysuaMmaiauras
HIMHHHT OFHPJIHTH YHIa OCHJTaH MOAAHK HYKTAHUHT OFHPJIMrura Hucb6aras
Xucobra OMIMacJHK [papa)acHaa KHYMK Oyauiun Jio3um. TeGpanruuy
MyBO3aHar Ba3uaTHAa 6yaranna, 11.1-§ aa Tabkuanab yTHAraHHIEK,
MeTa/i IapYaHUHT OFMPJMK KYy4YH HWIHHHT TapaHmMK Kyud OuJiaH
MyBosaHatia 6ynanu. Te6paHrHuHH MyBO3aHAT Ba3HATHAAH YHKAPCaK,
AbHH YHH MYBO3aHAT Ba3uATHra HHUc6araH ¢ Gypuakka OFAHPCAK, YHH
MYyBO3aHAaT Ba3HsATHra KaHTapyBuH Kyd naigo 6ynamu. By Kyd co
KMXaTRaH Kyduaarura tedr (11.2-pacmra k.):

fi=mgsin ¢. (11.15)

By Kyu npy>XHHaHHHT KaHHUWKOKJIHK KY4Hra XKyda yxiiail, YyHKH 6y Kyd
XaM, MpPYXHHAHHHT KaHHIIKOKJIHUK KY4YH XaM TeOpaHyBUHM TH3IHMHH
MyBO3aHAaT Ba3HsITHra KailTapuiira Wutuaaad. Ly tydaiau fi kyu
KaHUIUKOK/JAMK KyuyH OGyamaca XaM YHH KBAa3HKaHHWKOK
(KaHHIWIKOKKA yXxwaw) Ky4 Ae6 IOpHTHIAaLH.

TH3¥MMHH MyBO3aHaT Ba3WATHra ‘KaitrapyBuu [, Kyu TabcupHIa
Maccacu m Gyarad wapya g tesjgaHull oagH. By xycycu#t xon ydyH
HbIOTOHHHHT MKKHHUU KOHYHM KyiiHpaaruua €3usajH:

ma= —mg sin ¢, 6ynnan a= —g sin g. (11.16)

Manduii uwopa | KYYHHHT HYHaJIMUIM CHJKHWIUTa (ABHH sin ¢ ra)
Kapama-Kapliyd 3KaHJUTHHH Ouaaupaiad. MarteMaTHKaBHA TebGpaHruu
¢ 6ypuakka uersiaHraHja, wapya 60CH6 YTraH TPAaeKTOPHUSIHH PajHYyCH
! 6ynran (11.2-pacmra k.) aitiaHaHunr &dM Je6 kapaw MyMmkuH. Ly
GoucaaH lapyaHHHT aisaHa €idM GyAana6 xapakatuaard OGypuak
Te3JaHHW (&) YH3HKAH Te3jnaHuw (a) 6wnan Kyhugardua GOFJaHraH
((1.44) udopnara k.):

a=¢el=¢l,

6yHIA &= KAHJHIH YbTHGOPra QIHHAH. JHIH 6y udonanu (11.16) ra
Ky#cak, yHH

@l= —gsin ¢ éku /4 g sing=0 (11.17)
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Tapsna 63Ul MyMKHH. Te6paHrHUHHHT KHYHK Te6paHHLapH (TU3HMHHHT
yHua xarTa 6yaMarad 6ypuakka oruiin) GnjaH yerapajaHaMia; y xon1aa
sing=~y jae6 kabyn kuauwr mymkud. Ulynra kypa (11.17) udoaaku
KyhAuparnya €3amus:

.- . e g

¢l+ge=0 én ¢+ ¢=0.
Oxupru TeHrnamaza

—w? (11.18)

~|7=

GefrunaulHd KHPHTHII MyailsiH ¢pu3uKaeuil MabHora sra. Hartuxana

¢+ wdp=0 (11.19)

KYpHHHWIAAry audgpepeHuran tedwriamara sra 6ynamu3. By andde-
peHuuan teursama (11.13) TeHrnamaHuHr Xynau y3H, ¢akaTt CHIKHLI
(x) uernaHuw 6ypuard OpKaJu, UH3MKAM Te3nanuw (x) 3ca Gypuak
TeanaHuiu (¢) opkaau udonanaurad. llly Goucaan (11.19) renrnama-
HHHT eunMHU:

p==A sin(wot +a) (11.20)
éKH

@=A cos (wof + ) (11.21)
3KaHMUTH Tabuui (6yHaa o — Te6paHHWHHUHT GowaanFuy ¢asacu, A —
yeTjiaHHW OypUYardHUHr aMIiKTyna Kuitmatu). (11.20) Ba (11.21) TeHr-
JaMajap rapMOHHUK XapakKaT TeHrJAaMaJdapuHAup.

Jemak, KHUKK Te6paHulLIapaa MAaTeMaTHKABHH TeOPaHrH4 Y3UHHHT
MYyBO3aHaT Ba3HATH aTpodHaa

wo= !;’. (11.22)

AoupaBHii uacrtora OujaH TebGpaHMa Xapakar Kuaaad. By uacrora
MaTeMaTHKaBU{ TeOPAHTHUHHHI X YCYCHH Te6paHH il HaCcTOTACH

o 2.
nedunanu. UKknHuu Tomonaan w0=—T"— 3kanauruay Ba (11.22) Ttenr-

JIHKHH Ha3apha TyTCaK, MaTeMaTHKaBHil Te6paHrHyHuHT Ty1a Te6paHHuL

LaBpH
2n {
T =2n\/i (11.23)
[T g

6ynanu. ByHaaH KYpHHANHKH, MaTeMaTHKaBHH TeOGPaHrHUHHHT Tyna
TeOpaHHW JaBpH (Ba XYCYcHil TeGpaHHWl 4acToTacH) (aKaT YHHHT
Y3YHJAHrHra Xamjia OFHPJMK KYUH TabCHPHAA XHCMHHHI 3PKHH TYWIHLW
TedsaHHIWKra O6O0FJIHK O6ynub, TeGpaHyBYHM >XHCMHMHI MacCacHra Ba
TebpaHull aMIVIMTyaacHra GOFJIMK 3Mac.
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11.6- §. DUINKABMA TEBPAHIMY. U3OXPOHIIMK

4

PDusuxkasui rebpaneun ne6, OFMUPJAHK MapkKasuaaH yrmalautad VK
arpoduia TebpaHMa XapakaT KHJa olaguraH KaTTHK XUCMra adTHa1anu
(11.8-pacm). Ma3kyp ¥k (O HyKrajaau YTrad Yk) ocHJdH I ¥ KU deHH-
aagu. By Yk orupauk mapkasu (C) madH [ macodaza Kodnailral.
TeGpanruunu MyBosaHar Basusath (OOQ’) naw OGupop Oypuakka,
afitalliMK 4an TOMOHTa, OFAMPCAaK, OFUPJHK KYYHHHHT TallKHJ 3TYBUHCH
P, ynu myBosamar BasusiTMra Kaiitapuiura wHtHaagu. TeGpaHrhu OFHPJIMK
Mapka3uaad yTaérraHaa Y3 HHEepPUHSICH TAbCHUPHAA XapaKaTHHH JaBOM
3TTHPHO, YHr TOMOHra oFanH Ba 6y KapaéH
TakpopJiaHajH, ’bHH Y MYBO3aHAT BAa3HATH
atpojpusa re6paHMa Xapakar KHaaad. Arap
OCHUJIHUI YKUAATH HILKAJaHHILI KYYHHH XHCO6-
ra onmacak, Te6paHHIl OFHMPJHK KYYHHHHT
pr= —mg sin ¢ TAWKHI 3TYBUYHCH Ty(Pailau
coaup 6ynaau. Mauhuil uuiopa p. KyUYHHHT
uetadnw (@~sin @) ra Kapama-KaplH
KAHJAHIHHH GHUIIHPAAH. P, HUHT TabCHPHAA
TeOpaHrMYHH MYBO3aHaT Ba3HsTHra KaHra-
pYBUH

M= —mglsing (11.24)

ra TEHT Ky4 MOMEHTH BY>XYAra Keaaau; 6ynia
[/ — ocunuwi yKura HHcOGATaH p, KYUHHHT
eJIKacH.

Ocuauwi  YkMra Huc6aTaH KHCMHHHT
HHEepUHS MOMeHTHHH [ OunaH Gejrugacak,
KHCMIa KYHHJATaH Kyu MOMEHTH (KaTTHK
JKHCM all1aHMa XapakaTdH NHHAMHKACHHHHT
aCOCHH TeHIJ1aMacH)

M=le=lo=I¢ (11.25)

Tap3na HponanaHaad. (11.24) sa (11.25) rtenrauksnapaan KyHhuaarura
3ra 6ysnaMus:

0

11.8-pacwm

Io= — mgl sin . (11.26)

11.5-§1a afituarannapra Kypa KHYHK te6paH{uIap yuyH sin o~ ¢ neb
Kabyn kuaub, (11.26) TeHrJHKHH

1§+ mglo=0 éku <B+1"1L1 =0 (11.27)

KypuHuluga ésamus. Oxupru udomanu (11.19) rtenrnama Ouaan
TakKoc/acax,
%H‘=mg (11.28)

Keau6 uyHKaad; OyHl1a o — (PU3HKABHH TeGPAaHrHUHHHT XYCYCHH
Te6paHuw yactoTacH gedaunanu. llyura kypa (11.27) tenrnama-
HH
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KypuHHlIAa é3amu3. By Tenrnama (11.19) tenrnama 6unaH 6up xun Ba
y rapMOHUK TebpaHMa XapakaTHHHI AWpdepeHunan TeHTJiaMacHIHp,
uyHkd (11.29) na cuykuiul ypHuAa OFvll 6ypyard (@) KaTHalwasanTH.
MabiayMKd yHUHT euuMH @=Asin(wo+a) ékn @=Acos(wof+a)
Kypuxuuira sra. (11.28), (11.29) Ba oxupru TeHrJIHKIapAaH wWyHAan
XyJiocara KeJJaMH3KH, KHYHK TebpaHdwaapaa ¢pusnkaBui Te6panruy

wo="\/ & (11.30)

Xxycycuit uyacrora OunaH Y3MHHHT MYBO3aHaT Ba3HATH arpoduaa
rapmMoHuk te6paHMa XapakKar KWJalH. YHHUHI Tyja TeGpaHHII JaBpH,

paBllaHKH,
T=i—”=2n\/—~”7’g7 (11.31)
0

¢dopmyaa G6uaan andkaaHaaM. By <¢opmynara kypa PH3HkaBu#
TeOpaHrHUHHHT TeGpaHHWLl [aBPH YHHHr MaccacH (m) ra GOFJMKIEK
KYpHHAAM; aclWAa 3ca y mMaccara smac, 6aJKH MacCaHHHT TeGpaHrduna
TaKCHMJAHHIWYHKY HdoaatoBuu Kartaluk [/m ra Gorauk.

(11.31) TeHrJHKHH XYAAH MAaTEMATHKABUH TeOPaHrHUHHHT TeGpaHHUILL

Jappura yxiatué
T=2n \/z
g

. . / .
KYpHHHLIAA €3UIl MYMKHH, GyHaaru L=7[ — ¢usukasuii TeGpaHruy-

HUHT KeJ THPHJTaH Yy3YHJUTH Jaednnaay Ba y l1.8-pacmna
Kypcarunran OO’ HyKTajap opacdaard y3yHJIHMKKa teHr. O’ HyKra
IWYHAAH XYCYCHAITTA 3TakW, arap (pu3HKaBHA TeGpPaHrHY OCHJTraH
O "yxkrapard YkHH OC 4YH3HKHUHT paBomujard O’ Hykrara Kyuyupcak,
YHUHT TeOpaHHll 1aBPH y3rapMahiH.

(11.31) nponanan KypuHaauku, KHUMK TebpaHuluaapaa GU3HKaBHH
TeOpaHrHyHHHI (NpYXHHANH Ba MareMaTHKaBuit TeGpaHTHUJapHHHT
XaM) TeGpaHWWI NaBPH YHWHr TeGpaHHLI aMMJIHTyAacura 6OFJAHK 3Mac.
Arap TeGpauuiu AaBpH amnautynara OoFiMK OYyamaca, GyHaa#
Te6paHUULIAD w30XpOH Tebpanuwasap newvunanu. Jlemak, ¢uaukaBuit
Te6paHrHuHUHT TeGpaHHILIapH H3OXPOH TeGpaHuuuiapaup. TebpaHruu-
JIaPHHHT U30XPOHJHK XYCYCHSITH yaapaaH BakT yauarny ac606 cidparuaa
tdofinananuiura WMKoH Oepaad. TeGpaHTHUNH coaTiap H3OXPOHJIHK
xoaucacH acocuaa vwnanau. Karra 6ypuakka (0,02 paanaH Ba yHAaH
OPTHK) 4YeT/JaHWLLIapAa Te6GpaHTHUHHHE H30XPOHJHTrH Gy3daaiH.

11.7- §. TAPMOHMUK TESPAHMA XAPAKAT DHEPTUACH

apMoHHK Te6paHMa xapakaT KH1aéTraH TH3WM Y3HHHHT MyBo3aHaT
Ba3HSITHAAH YeT/JaHraHja, MoTeHLHaJs 3HepPrus YUyH HoJb caTX Aeb
XHCOO/M1aHTaH caTX (MyBO3aHar Ba3Hsr)ra HHcGaTaH BaKT VTHIIHK GHAAH
y Xap xua O6anaHANHKKa KyTapuiaaad, SAbHH TH3HMHHHT TMOTeHLHaJ
HEPTHACH BAKT YTHILIH GHAaH y3rapaau. By 6uian GuUp KaTopaa YHHHT
KHHETHK SHEPrUsiCH XaM BaKT VTHWHW 6UaaH y3rapaiu: TH3UM Y3HHUHT
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MYBO3aHAT Ba3HATHAAH YTAETraHAa, YHHHT TE3JIMTH HT KaTTa KHHAMarra
3pPULIALH Ba aKCHHYa, MyBO3aHAT Ba3WSATHIAH 3HT UeTra OFraHAa YHHHT
Te3JIUrH HOIra TeHr 6ynanu.

DHEprHAHUHI CaKJaHHLl KOHYHHra Kypa O6epK TH3MMHHMHF TyJa
HEPrHsiCH (AbHH NOTEHUHAN Ba KMHETHK 3Heprusiiap HHFHHAHCH) BaKT
yTHwK OunaH y3rapmaid Koiaau: TebpaHHLl >KapaéHKWAa TH3HMHHHT
NOTEHUHAN 3HEeprHsicH KHHETHK SHeprusira Ba AaKCHHYa, KHHETHK
JHEPrufiCH MOTeHUHasl 3Hepruara annaHuG TypaiH — XHCM V3HHHWHT
MyBO3aHaT Ba3HATHAAH 3HI KaTTa ueTJaHraHia YHHUHT TYJa 3HEpPTrHAcH
¢akar noreHuHasn 3HeprusiiaH, MyBo3aHaT Ba3usATHAAH yTaéTraHaa aca
YHHHT TVj1a 3Heprusici akar KHHeTHK 3Heprusinad ubopar 6yjanu.

SHEPrUsiHHHT CaKJaHHUl KOHYHHHH NPYXKHHAMH Te6paHrHy MUCOIHAA
Kapa6 uukaliuk. (6.22) wudonara Kypa MyBO3aHAT Ba3HATHAAH
x Macoara CHAXKHTHITAH MNpPyXHHaAH TeGpaHrHYHHHT MOTeHLHaN
SHEPTHSCH:

E ot
n 2
k=wim ((11.12) wudonara k) Ba x=Asin(wol+ ) 3KaHAHIHHH
3bTHOOPra K6, IOKOPHAATrH TEHIVIMKHK KYHHIarH KypHHHILAA 63aMHU3:

E, = moiA%sin’ (opt+ ). (11.32)

Ma3kyp TeHrz1ama TH3HM NOTEHLHaA SHePrHACHHUHT BAKT YTHUIH 6Guaad
yarapuiuinHy uopanaiu.

Tesnurn HosmnaH apkan 6Yyaran OGapua Ba3uATIAPAA MaccacH
m 6yaran MOAAMA HYKTaHHHI KHHETHK 3HEeprusiCi Xam HouaiaaH (apkiu,
SI'bHH

1 2
EK————Z— mu-.

'apMoHHK Te6paHMa XxapakaT KHaaéTraH MOAAHA HYKTaHHUHT Te3JIHTH XaM
rapMoHuk Ttapsaa ysrapaau. Wyuunr yuyn (11.7) udonanu Hazapaa
TyTCaK, Te6paHaéTraH MOALHH HYKTAHHHI KHHETHK 3HEPTHSACH

E, = mo Acos’ (wg! +a) (11.33)

KYpPHHRILUAA €3WTafH.

(11.32) Ba (11.33) udonanapaan KypHHaRMKH, MOLAHH HYKTAHHHT
NOTEHUHAaA Ba KHHETHK 3Heprusiapd BaKT YyTHWIH O6uaan 0 nau
1 2

—2‘mm0A2 raya rapMoOHHK paBHILAa y3rapamH.

DHEeprusAHMHI CaKJaHHLI KOHYHHra Kypa rapMOHKK Te6paHMa xapakar
KHJ1a€TraH MOMIMIt HYKTaHHMHr TYJja 3Heprusick E yHHHr moreHusaJ Ba
KHHETHK 3HepruUsJapHHUHT HHFHHAHCHAAH HGopart:

E=E, + EK=—;~mw3A2[sin2(mot+a) +cos?(wot+a);
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6vHaa ypTra KaBc Huuaaru udopa, mawiymks, 1 ra teur. Hlynnaft Kuau6b,
rapMoHuK Te6paHMa XapaKaTHHHI TY/a JHEpPrusicH

E=-5 mo }4% =const (11.34)

BaKT yTHwuu Guaan yarapMmaiaum (6y epnard m, we, A — Kapanaérras
TH3HM YWYH y3rapMac Karrajukaap).
Tpuronomerpusinan MabiyM Gyiaras

cos? (wyt +a) =—é—[l +cos2 (wyf +a)],
sin® (o + o) =%{l —cos2(wyt+a)]

dopmynanapaan ¢oinarauu6, (11.32) Ba (11.33) wudonanapuu
KyHHard KypHHHILAE €3HLI MYMKHH:

(2w0) 6unan Ba l—mmﬁA? aMmnanTyaa 0

6unan coaup 6ynaau. 11.9-pacmaa x,
E, Ba E, KaTTaNuKNapHHHI BakKTra
OOFJIHKJIHK 3rpH UYM3HKJADH KeaTH-
puarau (E, — Tyna 3Heprus).

[TupoBapauna 1wyHH TabKuAjAAL
JIO3UMKH, TapMOHHK Te6paHMa Xxapa-
Katjapiaa 3HeprusiHiHr OHp TypaAaH
HKKHHYH Typra (KWHEeTHK 3HEeprust no-
TEHLlHaJ 3HEepruAra Ba akCcuH4ya) a#na-
HUILMHHHT XaM[a 3HEPrHsIHHHT caKJja-
HHII KOHYHHHHMHT SIKKOJ HaMOEH 6VJiu-
WIKHH KYpaMH3.

E, =l— ma3A*[1 —cos (20t 4 2a) . X
+A TTT1 —i—
(11.35) AVERERTAAY
| 1 I\ t
0 j: i | : |
E = modA1+ cos (2wt 42a) | ! i\ b
!
(11.36)  Ap-to=Yorg—he
- |
OxHprv MKKH (POpMysaslaH KypHHAOH- £ I : : 1y :
KH, TapMOHHMK Te6paHaéTraH MOLIHH L I oy
HYKTAHUHT KHHETHK Ba MNOTeHuHan TANTT _1 _:"
3HEPrHsAJapH XaM BaKT YTHIUH GHJaH ! ] "
rapMOHMK KOHYHHAT Gyfiuua y3rapanw, ! | [
JIeKHH Ma3Kyp y3rapuu CH/IXKHIL (x) ra : | :
Huc6aTaH MKKH 6apaBap KaTTa uacTora | I i
J Ayt
L
|
|
]
|
]

|
I
|
|
|

——
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11.8- §. AMIUIMTYQA-BEKTOP YCYJIU. BUP ATHATIMLUAATHA BMP XMUN
YACTOTANM TEBPAHMLLUNAPHM KYLUMLL

FapmMoHuk TeGpanuuLIap KynuHya 4u3Ma paBullja aMIJHTYA3-
BEKTOp ycy/au 6uaH TacBUpJaHaiH Ba 6y ycy BEeKTOp AHarpamma
ycyau aeb xam aranaad. by ycyaHuHr moxusiti Kyduaarugad ubopar:
X ykuaaru uXTHépuid O HyKTaaaH y3YHJHUTH TeGpaHHll aMIIUTYAaCc HHHUHT
COH KHMAMAaTHra TeHr 6ysraH A BEKTOPHHM IWUIYHAAH >KOHJALUTHPAMU3KH
(11.10-pacm), 6y BekTop OX YKH GuaaH TeGpPAHHLUHHHT O6OLLJIaHFHY
daszacu a ra tedr G6ypuak xocua KuJiacuH. Arap A Bekropuu O HyKrTa
aTpoduaa cOaT MHJHra TeCKapd HyHa uwaa oo 6ypuak Te3jHK OHJaaH
aijaHMa XapakaTra KejiTHpcak, 6y BeKTOPHHHr X YKHAard npoeKLHsCH
A Ba — A opacupa yarapaan. PacMaaHn kypuHuUIMua, ! BAaKTAaH CYHT
VHHUHT X YKHUAATH NPOEKLUSACH

x=~Acos (0ol +a)

6ynanu, 6y sca Te6paHyBUH MOAAMH HYKTAHHHI f nadtnard C HJI XK H -
wuaunp. Ulyunai kuaub, mo yacrora 6unad conup 6ynaértraH rapMoHHK
Te6paHHIIHK X YKMAard UXTHEPHH HYKTa aTpoHAa wo Gypyak Te3HK
6uaaH aillaHyBuYH aMmIIMTYAa BeKTopd (A) HHHT Ly YKAard npoekius-
CHHHHT BaKT Gyiinya y3rapuiiy Tap3uia TaCBHpJall MyMKHH; OyHaa =
=0 naiitaaru A BekTOpHHHr X VK OWjaH Tallkua Kuiarad O6ypuaru

Te6paHHIIHUHT GoulnaHFMy ¢dasacHHH UgopasaiiH.
£

Mopanii HyKra O6Mp BaKTHHHT Vy3Haa MKKH Ba YHIAH OPTHK
tebpaHullIapaa KaTHalWWWKH MYMKHH. MacanaH, 10opu6 Keraétras
BAarOHHWHTI IIMMOHra NpyXKHHaJIH Te6paHrHYHU OCH6 BA YHH MYBO3aHAT
BasusitugaH uHkapu6 (a#draiinuk x macodara nacrra uy3ub) KYHHO
1060pcaK, TeGpaHrHy BArOHHHUHI WIMIHMra HucOaTaH THK HYHAJIHILAATH
Xycycuii TebpaHHiLIapiaH TalIKapH Barod 6unax 6upraaukaa tebpanma
Xapakatja KaTHaliagd, YYHKH BATOHHUHI VY3H XaM TeMHp HYJHHHC
yJlaHraH KoMjapugad yTraHga THK HyHanuiuga te6paHMa Xapakarra
kenaau. Hlynpai kuau6, Ep 6unan 60FIHK CAHOK TH3UMH1a NPYXKHHAIH
Te6panrny 6Gup TomoHra ydkka HucGaTaH THK HYHajAraH HKKHTa
TeOpaHullda HIUTHPOK 3TakH.

Mopauit HykKra 6up xua HyHaauw OGyiiuya GHP XHJ 4aCTOTa, JEKHH
TypJnua aMmIviuTyaa Ba Golwtanruy daszanap 6unaH cogup 6ynaérrad
MKKH Te6paHHiuga kKaTHauiaérran Oyacud. llydHra xypa 6y HKKH
Te6paHHuill KOHYHHSATIAPH:

X|=A|COS((1)0t+a1), (1137)
x2=A2COS((1)()t+a2) (l 138)

tap3na udonmasaHuiin MyMKMH. Xap HKKH TebpaHMa XapakaT G6Hp
HYHanuwaa copup 6Vaaérraniauru Tyhaiin HaTHAKaBHHA Te6paHHLL, TbHH
HAaTHXKABMH CUDKHII aJOXHAA CHKHUILIADHUHr HUFHHAMCHAAH H6Opar
3KaHJHI'HHH TACaBBYP 3THIU KHAHH 3Mac. KyluuayBus Te6paHuluIapHHHT
yacrorajaapH (aaspaapu) 6Gup xun Oyarauwaurd tydaian T Bakr
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|
[1.10-pacwu | X=X;tXp |

Il.Il-pacm

YTraHaaH CYHT X| Ba X2 CWIXKHULIAP Y3JapPHHHHT 1acT1a6KH KUHMATJIapu-
ra sra 6ynanu. LIyHHWHr yuyH Te6paHUULIAPHHUHT (CH/KHLJIAPHHUHT)
anreb6pauMkK HUFMHIAHCH (X) XaM 4acTOTacH o ra TeHr 6yjsraH naBpHid
tebpaHMa xapakariaH ubopaT 6yaanM, sibHH
x=x1+xe=Acos (wol + ). (11.39)
Hatuxasuit Te6panuniugard x, A, o KaTTaJuKIapHH TOMHIL YUYH IOKOpHIA
6aéH 3TMTaH allaHyBYH AMIJIHTYAa-BEKTOp YCYJAHHH Kyaaaimus. [y
makcagga A, Ba A, Bekropsaapud 11.11-pacMaa KypcaruaraHpek,
X ykuparu O HyKragal 6ol1ab MOC paBHliga o Ba op 6ypuak OCTHAA
yu3zamu3. BekTopsapHH KVIIHII KOMAACHra acocaH HaTHXaBui tebpa-
HUIJIAPHUHT aMmanTyna Bekropu (A) — tomonnapn A, Ba A, Bek-
roprapaan ubopar 6VJran napanjiesorpaMMHHHT AHArOHAJHAND. DHAH,
A, Ba A, Bekropsaapuu 6up xua Gypuak TeaqHK (wo) Ouaan O HyKTa
aTpoguaa Coar MHJHWra TeCKapu HyHajuuiaa ainaHTHPCaK, HATHXKaBHH
BekTop A XaM wo 6ypyak Te3NuK GWiaH ywa HyHaJuliga adaaHaiu,
YYHKH HKKaJja BeKTop OUp xHJ Oypuak Te3quK 6uaaH XapakaTJaHraHJUru
Typaian ynap opacunard 6ypuak (dasanap ¢apkH) as—o; BakT
yTHwkM  6unad  yarapmal Komaad. DBynaan HatHxaBuii TeGpanuil
HaCTOTACH XYAAH KYIIHAYBYH TeGPAHUILIIAP YaCTOTACH KabH wo r'a TEHT,
AeraH xyJnoca Kean6 uukanu. BunoGapuu, A, Ba A BekTOpsiapHHHT
XU)":Kmxaru npoekuusuiapu xi Ba xp (11.37) xamaa (11.38) kouynustaap
6yiiMua rapMOHHK paBHIUAA Y3rapasM.
A uuHr KuAMaTHHM Tomuw yuyw 11.11-pacmaaru napanaenorpammra
KOCHHYyCJ/1ap TeopeMacHHH KyJaaaiMu3:
2 2
A =124?+/242~2A 1142 COS[J’[— (a; -—(12)]=
=A|+A2—{—2A1A2cos(a|—a2). (1140)
HatuxaBuii BekTOpHHHT 6Gouanruu asacuun OBD yubypuaknan
TONAMH3:

BD Ajsina; + Aysina,

B = O = T cosay T Apeosa;” (11.41)
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Illynnafi Kuan6, 6Hp HyHanHuwiaa coanup 6ysaérraH GHP XHJ HYacTOTaMH
HKKHTA rapMOHHMK Te6paHma XapakaTtaa GHp BakTHHHI Y3HAa KaTHalua-
éTral MOAAMA HYKTAHHHT HaTHXaBWUH TeOGpaHHWIKM XaM KYLIHJIYBYH
Te6GpaHHULIap AyHANUHIUMAATH ylia YyacToTalH rapMOHHK TebpaHHuUilaH
u6opart. Haruxasuii re6paun (11.39) KoHyHusit 6unan udoaanaHanu,
6ynna Tte6pannmr ammiautygack (A) Ba Gownanrud ¢aza (a) Moc
paBuwga (11.40) sa (11.41) dopmynanap BocHTAcH1a aHUKJAHAAH.

(11.40) ¢opmyna OuiaH aHHKJaHAAMraH HaTHXaBHH TebpaHHLWI
aMIIHTYJacH KYLWHAYBYH Tebparuiuiap ¢pasaNapHHHHT aliupmacH (g —
-—ot1) ra 60oFAMK. Macanal, 6y ¢dopmynasa ae—a=2nn, (n=0, 1,
2,...) 6yaca, KywunayBud Te6paHiuiap 6up xua ¢pasana conup 6ynanantu
neinnani. by xonpa (11.40) tenrankiaaH:

A2= (A] +A2)2 6KH A=A| +A2

3KAHJHIH KeJH6 4YHKalAH, S'bHH HATHXaBHif TeOGpaHUW aAMIVIMTYAAacH
KYLWIyBYH Te6paHHLIIAD aMIVIHTYAaCHHHHT AHFHHAMCHra TeHr. Arap
as—a = (2n+1)n 6yaca, TeGpaHuwiap Kapama-kKapiin ¢asana
6ynanu. By xonaa

A=A —A;

6ysaaH, SI'bHH HaTHXXaBHH aMIIMTYAa KYUIHAYBYH TeOpaHHiLjap
aMIIHTYAaJapy alHpMaCHHHHT MYTJaK KHHAMATUra TeHr; xycycau, A; =
=A;, 6yaca, A=0 6ynanu. By HaTH)XXaHH BArOHHHHI WIMIIHIA OCHJATaH
NPYXKHHAJH TeGPaHIHUY MHCOJIMIA Ky#iHAaruia TacaBBYp KHJHIL MYMKHH:
HXTHEDHA NadTAa npy)KHHara OCHJAraH MeTa/ui Liapya nacrra TOMOH
SHAMTHHA CWIKKHHA Gowaann Jeiink, BaroHHWHr Epra uHuc6aran
TeGpaHHiLK 3ca ailHH nadTaa I0OKOpHra TOMOH iiyHajiran 6ysnanu Ba Ep
6ustaH GOFJIaHFraH CaHOK TH3HMHIAarW KysatyBuura HucbartaH mertans
lapya THHY xonataa 6ynanu.

TeGpaHHwlapHK KYWHILAA IOKOPHAA 3HKP 3THAraH ainaHyBYu
aMIJTUTYAA-BEKTOP YCYJIH (PH3UKAHHHT €PYF/IMK XONAHCAJapHHH YpraHHui
6yanmMuaa KeHnr Kyananunaau. UyHoHuH, 6Hp Heua MaH6afaH KesnaéTraH
OHMp XHJ YaCTOTaIH EPYFAMK TYJKHHAApH (Aa30HHHT OGHPOp HyKTacHaa
Kyuwuica, 6y TVIKHHAAPHHHT HaTHXXaBHH aMIVIHTYAAacHHH aHHKJaulna
aHJaHyBYH AaMILVIHTYRA-BEKTOP YCYJIH KyprasMajWIHK IJKHXAaTHIaH
aHYaruHa yCTYHJIHKJapra sra.

11.9-§. Y3APO TUK BYNITAH TEEPAHULLNAPHM KU

Mopaunit HykTa 6Mp BaKTHHHT Y3UAa ¥3apo THK AyHanuiuaapaard 6up
XHJI 4acCTOTaJH MKKHTa TeGpaHHLUINA KaTHalIMWKW MYMKHH. DyHpaa#
TeOpaHHil GUIaH TAHKUINILY MAaKCAAKAA Y3YHJHIH [ 6yiraH HHrHYKa Hnra
OCHJIraH MeTanaa apua (MaremaTHKaBHil Te6GpaHruu)HHHr X Ba
Y koopiaHMHata ykJapH Oyina6 Tte6paHHuwiMHH oIM6  KapaHiHuk
(11.12-pacm). By xoana xap ukkana (X Ba Y) #yHaauuwga xam
MaTeMaTHKaBHil Te6paHTHUHHHT XYCYCHHl Te6paHHLl 4acToracH GHp XKJ,
YyHKH Xap HKkana #dYHaauwaard TteGpaHHLLIap YacTOTacH YHHHT
y3yHauru () 6unan aHuK1aHaan. MareMaTHkaBHA Te6paHrHUHHHT ¥3apo
THK HYHaauuwiapaaru Te6paHHuniapaa GMp BAKTHHHT Y3HAa HIITHPOK
ITHIWWHH aMmajra OWHPHIL YYyH X KoopAMHATa YKH HyHanuuiuaa
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Te6paHub Typrad wapuyara Y koopauHata VKH HyHaqHiiHaa GouniaHFHY
TYPTKH GHIaH TAabCHP 3THHI KHGOS.

IHapyaHuHr HaTH)KaBHH TeOpaHHILIAArH TPAEKTOPHACHHH aHHKJAIL
X Ba Y koopaHHaTa VKaapH 6YiiHua TeGpaHHUIAPHH KY WKL BOCHTacHAa
aMaJara owupuaanu. Maskyp ykaap 6yidnua rapMoHuK reGpaHuiapia-
TH CHJIXKHII KOHYHHATJADHHH KyHuaardua é3amus:

x=A|sin(wot+a|), (“42)
y=Agsin(u)ot+a2). (1143)

YMymuit xonna, wapyauuur HatukaBuil TpaeKTOpHRACH MypakKaG 3rpu
YH3HKAaH HGopaT 6yiann. Bup Heua xycycHil xonnapHi Kapab YHKaHIHK:

1. TeGpannuiapuusr 6ownanFuy pasanapu yzapo tenr (o =as). by
XOJIHH amaJjira owuMpuil yuyH X KoopauHara yku 6yiina6 teGpanaérran
wapuara y y3MHHHT MYBO3aHaT Ba3UsITWIAH YyTAaéTraHAa, YHTa Y KOOpAH-
Hata yKu HyHamnwuaa (11.12-pacm) Gownanriy TypTKH Gepuill JO3HM.
[llapuaHHHr HATHXKaBHI TPAEKTOPHACHHH aHuKJjaaul yuyH (11.42) tenr-
AUKHUHT (11.43) TeHraMkka HHcGaTHHH ojaMu3 (o) =o2):

A
y AQ'
6ynpan
A 11.44)
_L/—Z?x (11
Y
A
|
IAZ
|
r
! 0 X
A!I
|
A
11.12-pacm 11.13-pacwm

ra sra 6ysamu3. By 3ca TYFpH 4YM3MK TEHI/1aMaCHAHp, AbHH luapya
KOOpAHHATa GOWHAAH YTyBUH aHA Wy TYFPH YM3HK GyHuua TeGpaHaLH
(11.13-pacm). YHUHT MYBO3aHAT BA3HATHAAH CHJKHILIH

r=Vx+y*
MyHoca6aT GMaaH aHWKJaHaau. By ¢opmynasaru x Ba y Jjap ypHura

(11.42) Ba (11.43) wudonanapin KyHHO, LApYaHHHF MYBO3aHAT
Ba3HATHUAAH CH/DKHIH KOHYHHSITHHH TOMAaMH3:

r= \JA2 4 A% sinwy!
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(6yHpa a;=0ay=0 skaunurk Hasapaa TytHanu). OXMpPrH TeHrJIHKIaH
KypHHaAAHKH, Wapya ¥3 MyBo3aHaT Basuatu atpodpuaa (11.44) dopmyna
6HnaH Honananran TYFpH YH3HK GYil1a6 4aCTOTACH wp BA AMIVIMTYLACH

AY A% 4 A% 6yaraH rapMoOHHK Te6[ﬁaﬂma xapakart Kuiaau (11.13-pacm).

2. aj—az=n O6yicuH, OGyHlaH a;=aqs-}+n G6yaaad. ¥ xoana
(11.42) Tenrsuk Kyfduparuya é3ugaiu:

x=A;sin(wof +as+n) = — A,sin (wof -+ a2). (11.45)
(11.43) reuraukuunr (11.45) TeHryaHgka HUCGATHHHU OfcCak, KyliHparura
ra 6ynamus:

y=—"2x. (11.46)

By xonaa wapuasuHr HaTHXKaBHH TeGpPaHHIL TPAEKTOPUSACH KOOpPAHHATA
6ownnan yryBun (11.46) udona 6unan GepuiaraH TYFpu YH3HK OyHHua
(11.14-pacmaa kypcaTtuarasgek) rapMoOHHK Te6paHMa XapaKaTAaH
H6opar 6yaanm.

3. a1—ao=mn/2 6yacun, 6y TEHIJIHKHH a|=a2+% KYpHHHLIAA

€3uw MyMKHH. ¥ xoiza (11.42) Tenramk

x=A,sin(mot+a2+-g—) =A,cos (wot +a,) (11.47)
y Y
A r
I I “°%17°7
AZ{ Ar |
1l . 'IAz X
0 I x 0
. Al k)
/4
"_—'74-1— - ‘(2— -(,ﬂf--z—
11.14-pacm 11.16-pacwm

KypHHHuwra kenaad. duau (11.47) sa (11.43) ud>onanabuu

—x—=cos(mot+az), 4 —sin(wot + 3)

Al A2

Tap3na észamus. OXHPrH HMKKH TEeHIVIHKHM KBajapartra KyTapuO, CYHT
yJAapHH GHp-GHpHra Kyuicak, Kyiuaard udona keaub yukaiu:

2 2
* 4+ Y =1 (11.48)

— _2= ,
AI A2
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6y 3ca 3JIHNC TEHrJaMacHAHP. YHHHT VK/JapH KOOpIHHAra VKJja-
pu 6yina6 iyHanaraH, 6yJ1H6 te6paHull ammaurynanapd (A; Ba Ajp)
JIMNICHHHT MOC ApuM VKJaapura tedr (11.15-pacm). Arap a;—as=

=+-2— 6yJca, LapuaHUHT XapakaTH MasKyp a3jiaunc 6Gyiuua coar

o o o a4 o
MHJAMHUHT Xapakar iyHaauu 6yinad, o —ag=— 6yaran xonna

3ca coaT MHJHMHHUHI XapaKaTHra Teckapu HyHaquwina cogup 6ynianu.

(11.48) TeHrsMKAaH KYPHHAAHKH, arap KYIWUWJIyBYH TeOpaHULLIAp
ammiutyaanapu ysapo teur (A;=A;=A) 6yaca HaTHXKaABUH Xapakar
TPaeKTOpHACH

4 yt=A? (11.49)

KYypHHHIUTa Kenaau. By 3ca paauych A ra Tedr G6yaran aisiana
tenraamacuaup. Hemak, mapua (ymymuil xonpga moaauéi Hykra) 6up
BAKTHHHT V3HAa y3apo THK HyHasnuuaapaary 6Up xusa uacroranu Ba 6up
XWJ aMIVIMTYAAJd MKKHTa TeOpaHMLIAA KaTHauica, TeGpaHHILIHUHT
HaTHXXaBHil TpaekTopusicH aiisiaHanadH ubopar 6GyianM.

Vzapo Tvk #ynanumiapaard rebpaHululiapHd  Kywuw Gyfiuya
IOKOpUAA KHJIHHraH XyJocanap KyTOJaHraH e€pyrJIHK HYPJApPHHHHT
HHTepdepeHUHACHHH ((PH3HKAHUHT ONTHKA OYJAHMH) VpraHuuliga KeHr
KV/1aHUIa0H.

bu3 y3apo THK #yHanuwsapnard TeGpaHHILJIapHH KVIIHIIAA 3HT
ONHHA XycycHil XosapHu KypuH6 yrauk. Douika xoanapaa, macanan,
KYIHNYBUYH Te6paHHLLAap YacToTalapH Y3apo Tedr 6yamaca, HaTHXKaBHi
TebpaHHll TPaeKTOPHSICH uacToTajJapHHHr HHc6arHra Ba ¢asanap
¢apkura OOFJHMK paBHIUAA aHYa MypPakkab 3rpH uu3uWknad ubopar
6ynanu.

11.10- §. CYHYBYM TESPAHMLUNAP

Xo3uprava 6u3 yarapMmac aMmiadTyaa Guiad cogup 6ynanuras, SbHH
hakaT KBA3UKAHHUWIKOK KYyY TabCHPHIA CORMP 6ynapuran Tebpa-
HULLIAPHM KapaauK. AManna xap KaHAail TH3UMHHHT Te6panuwu (arap
Yy TalWlKapHAaH 3Heprus o6 Typmaca) cyHyBuan 6ysnanu — teGpaHHiu
aMIVIHTYAACH BAKT YTHWH OGHIaH Y3JTYKCH3 Kamalu6 Gopaau. ByHHHr
cababu IUYHOAKH, MXHCMHHHr TeOGpaHMa XapakaTura arpod-MyXHT
TOMOHH/1aH KapLUKWIHK KYpcaTHaaAH Ba 6UHOOAPHH, TH3HM §3 SHEPTHSACH-
HH MYXHT KapLIWIHCHHH €HTHLUra, TasiHy Ba ocMajapiard HLiKaja-
HUULIapra ysJaykcus paBuiuga capdviadav. llly 6oucnan tebpanma
XapakaT TeHrJaaMacuHH HdonanoBud HBIOTOHHHHT HKKHHYH KOHYHHIA
KBa3uKaHHWKOK Kyd (F= —kx) OunaH Oup KaTOPAa MYXHTHHHT
KaplWHJAHK KYy4H XaM HIITHPOK 3THIUH J03uM. Ta)xkpub6asapHHHT
KypcaTHllHYa YHYa Karra Oy/aMaradH Te3JUKJIap YYYH MYXHTHHHT
KapiLKWJIHK Ky4H, WY XXyMJalaH HIIKaJaHHUl Ky4d XaM, Te3JIHKKa TYFpU
MyTaHOCHO 6YyiH6, xapakaT HyHasHluiMra HHUc6aTaH TeCKapH TOMOHTa
AyHaJran:

Fi=rv=—r—=—rx, (11.50)
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6yuaa r — MYXHTHHHT KaplHIMauK KoadhduuueHTH. CYHyBUHM Tebpa-
HHWHH HPoaanoByH HbIOTOHHHHI HKKHHYH KOHYHH KYyHMAarn Kypu-
HUUIAA é3unaam:

d*x dx

m-&?=—kx——r—dt—

€KH
mx-+rx+kx=0.
OXHPri TEHIJIAMaHHWHT Xap MKKajla TOMOHHHH m ra 6y/jamus:

. r o 1
x—l—;?—x—f—;;kx—O.
By tenrnamana
k
Tn—=wf" %:26 (11.51)

6earunailapHt KHpHTCaK, y KYAHIArd KYpHHHLLrA Kenagu:
X+ 286x+ 0ix=0, (11.52)

6y udoganaru wo TH3UMHHHT MYXHTHHHT KapIUWAWrH 6yaMaraH xoaaru
XycycHii TeGpaHHMLl 4YacTOTacH, 8 —cVHUI KOSD(PHUHEHTH.
MyXHUTHHHT KapILHWJAHTMHY Y3H4a akc 3TTHpyBuM (11.52) TeHrnamauuur
eunmi O <<wo OYJraH xoa yuyH KyiHaaruuya:

x=Ape ¥ sin(wt+a), (11.53)

6ynaa Ao — Te6paHuIIHUHT Gownanuruy (=0 6yaraigaru) amnidTyaa-
cn; Aoe™% kynaditma f naiiTaard cyHyB4M TeGpPAHHII AMIMTYAACHHH
uponanaian; o — cYHyBYM Te6GpaHHIL 4acCTOTaCH, YHHHI KHIAMAaTH
Kyhuaaru MyHoca6ar 6ujiaH aHHKJaHaLM:

k P T o2
0= \/4'1—— e =\0i—08% (11.54)

By udonanaH KypuHaauku, CyHyBYH TeGpaHHLI 4acToTacH (®) XyCycH#
Te6paHHLll 4acTotacH (wo) AaH KMUHK.
(11.54) TeHrnHKKa G6HHOAH CYHYBYH TeGpaHMIU AABpPH:

2
T=——"
AV, (og—éz

CyHuw Kypcatkuuu (Ko3¢pdulHeHTH) oOpTUIWH OuaaH TeGpaHuLIap
IaBpH opTaju (TeGpaHuulIap 4acTOTACH KaMasiiu).

CyHyBuYH Te6panuuiga CHIKUIIHUHE ((11.53) GOFNaHHUIHMHT) BaKT
yTuwn 6unan ysrapuwu 11.16-pacmaa raceupaanran. (11.53) ¢opmyna-
nau Ba |1.16-pacMaaH KypHHHLLHYA, CYHYBUYM TeOpaHHLUIAp aMILVIHTY/1a-
CH BaKT VTHWIHK 6UnaH

A=A (11.55)
KOHYH (3KCIOHeHLHaN KOHYH) Gyhnua kamaitn6 Gopanau.
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CynyBun TebGpanHuuiga 6up-GupuiaaH Te6panuws aaspu T ra ¢apk
KHAYBYH HKKHTa KE€TMAa-Ke€T aMIliHTyaaJiap HHCOaTH:

— 5t
Aye

—_ 87
Aoe——b(l+ 2]

e

CYHHW neKpeMeHTH Aeb atanalki, YHHHT HaTypaJs Jorapu¢pmu sca
CYHHUWHHHT JOrapu(pMHK JeKpeMeHTH AeHuaany sa A 6uaan
6GejruaaHanm:

Aoe’"é’
Aoe—ou-p-r)

A=In oT. (11.56)

11.16-pacwm

By kartanuk cyHUUIHHHT Va4OBH cHdaTHaa Kyanauunanu. (11.56) tenr-
JamajaH KYpHHHIIMYE, CYHHW KoddduuHeHTH 8§ 6up npaspra TeHr
BaKTAaruH CYHHILHH aKC 3TTHPaiH.

CYHUWIHHHT yA4YOBH Gy/iraH A KaHAal KaTTaJHK 3KaHHHH aHHKJaH-
auk. Iy makcagna (11.55) ndopann

AO
A

kypuuuwaa, (11.56) udonann sca § =A/T kypuHHIIAa €3caK, 6Y OXHPTH
HKKH TeHT/1aMajaH:

20X 11.57
T=e7t (11.87)
udoaara sra Gyaamu3; GyHna Ao — Gouwnanruy amnauryaa, A 3ca
t nafitaaru ammiuryaa. CyHysuu Te6paHuilga aMmiuTyaa e=2,73 mapra
KaMaHHIlH yuYyH KeTraH { =1 BaKT AaBoMuaa TM3uM N maprta teGpaHraH
6yaca:

N=

LI
T T
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6ynaau Ba (11.57) ndoana
L=

KypuunwHu onaau. Waprra kypa, Ao/A=e Gyaranauru yuyn e'*= e
Ba G6ynaad NA=1 éku

A= (11.58)

1
N
3KaHJAUTH Keau6 uukaiad. OXHPru TeHIVIMKAAH KYPHHALHKH, CHUWHURS
A02APUPMUK OeKPeMenTI aMnAuTyY0a e MapTa Kamaduwy Yy4yn Kereau
8aKkT u4duda cooup 6farysuu TEOPAHUWAQP COHUHU QHUKA084YU KATTA-
AUKOUP.

Te6paiHLIHUHT CYHHIIMHE GOlWIKaya TaBcHpaWl XaM MYMKHH. By
MaKcaala KynuHua Te6paHyBUd TH3HMHHUHT acaauru (Q) aerad
KaTTajuk/aaH ¢oirataHuIain:

1
Q——T—T[N
By ¢opmynanaH kypuHaiuKH, Te6GpaHYBUH TH3UMHHHI acJauTH Q COH
XKHXardaH tebpaHHulLIap aMILIMTYylacH e MapTa KaMaiuliy yuyH KeTrau
BaKT JaBOMHAA4ru TeOpaHHIUIap COHMHHMHT 7T ra KynaHTMacHra TeHr.
Bowkaua afitranga, Q HHHr Karra KHAMAartaapura A HHHT KHUYMK
KHHMaraapu TYFPH KenaiH.

11.11-§. MAXXKEYPHHA TEBPAHULLJIAP. PE3OHAHC

Tabuuit wapoutna coaup OysanMrad xycycHii Te6paHuuLiap,
IOKOPHAA KYPAMKKHM, cYHYBYaH 6Yysnand, YyHKH Te6paHHWll XKapaéuuia
TH3UMAArd 3SHEpPrusl HUIKAJaHHUL KYYHHH Ba MYXWTHHHI KapLUHJIHK
KY4HHH eHruuwra capgianué Gopaau. CyHmaiiauradn TeGpaHHLLIapHH
XOCHJ KWJHMW Y4yH TH3MMra TallKapuWiaH AaBpUH paBulla 3IHEpPTHS
y3aTHJIHO Typuaulli Kepak. /laBpHii V3rapyBuaH TaluKu Ky4 TabCHPHAA
TH3HMAA BYXKY/Ara keaaauran rebpanunlnnapra mancbypuil rebpanuwusap
aedunanu. Macanad, 6uM3 TesneoHAa rannaaliraHUMHU3AA MHKPOGHOH
napaacu (Mem6panacu) Tte6GpaHaérraH (6ocuMu y3rapaérraH) XaBo
TabCHPHAA, XAaBO 3ca OHM3HMHT TOMOK-OypyH OVWIHFMMH3Aard TOBYLI
napaanapHHUHT TebpaHHILK TabcHpHaa MaxkOypuit TebpaHma xapakar
kunanH. Pagno kapuaiin, moropu Hwaab Typran MaluMHa €KH JacTrox
KopnycaapuHUHr TebpaHuniapu (rturpaiun) mak6ypuit TeGpanuuuiap-
aup. TlpyXKHHa W Te6paHruy MUCOMUAA XaM MpPYXHHAra OCHAraH l0KKa
(meTann wapuara) THK HYHaAHWIAA A4BPHH paBuliga TYPTKH Gepub
TYpH/ICaA, YHHHT TeOpaHulin MaxxOypuil Te6panuwl 6ynanu.

Max6ypuii TeOpaHUWJAAPHUHT 3pKUH TeGpaHvwnapaad ¢apkH
LWIYHAAKH, MaXO6YpHil Te6paHUIINAPHUHT YdCTOTACH TU3UMHHHT ¥3 XyCy-
CHATHAAH Keaub yHKMa#, GaJikH TallKd TAbCHPHHHT 4yacTroracH GuaaH
aHuKjaanaad. Kyiduaga 613 3Hr OQAHH XOMHH — TH3HMIa TA'bCHDP 3TYBYH
TallKH Kyy FTapMOHHUK KOHYH OWJaH Y3rapaiural XoJHH Kapab 4YHKHLI
6u1aH yerapajsaHaMmu3, IbHH TalWIKH Ky4d @ 4yacrora Ouja

F=Fycosw!
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Tapaja y3rapcHH, 6yHaa Fy— TalWlKH KYYHHHT aMIUIHTyAa KHHMaTH.

JlaBpuil paBuwiga y3rapu6 typaaurad 6yuaaid Tallkd KYYHH Ma K 6y p
3TYBYHM Kyd aefiunanu. THHUY Typras TH3MMra y3rapyBuaH TallKH Kyd
TabCHP KWICA, Y Y3HHHHI MYBO3aHAT BAa3sHATHAAH acTa-CeKHH Ky3frana
Gownadan. Maskyp xapaéHaa tauikapuaai 6epHiaraH 3Heprusi KHCMaH
TU3UMHHHI XapakKaT »>HEPTHsICHHH OuHpulura capdJanca, KHCMaH
MUIKAJAHHII KYUHHH Xam[la MYXHTHHHT KaplUWAHK KYUHHH eHTHIUTa
capdaaHaad, wy O6unaH 6upra TeOpaHULIHWHT aMILIMTydacH opTa
6opanu. bupop BakTAaH KeHHH TH3UM TOMOHHAAH HILKAJAHHIL KYYHHH Ba
MYXHTHHHI KapIUWJIHK KYUHHH eHruuira Bakr GUpJUrd nuuia capd.aaxa-
6TraH sHeprysi TAlIKAPHAAH Y3aTHAAETraH SHEPrusira TeHr 6yau6 KonaaH.
Iy nafitgan Gowsnab TH3UMHHHr TebpaHHuwiM OGapkapopJallanH, ’bHU
y yarapmac amniutyaa 6Guaad tebpaHa Gowsaiad. Bapkapop xonatra
KeJraH Te6paHuliapHH Kapab yukaiuk.

Max6ypuii Te6paHma XapakarT KHJIA€rraH TH3uMra OWP BaKTHHHC
y3una KBa3HKAHHUWKOK Ky4 (-—Kkx) Ba MYXMTHUHI KapliUAHK KY4H

dx
(“"ﬁ) IlaH TawiKkapH, Tawku Kyu (F=Focosw!) Xxam TabcHp 3TaiH.

Bunobapun, MaxG6ypui Te6GpaHuluap yuyyH HbIOTOHHHHT HKKMHYH
KOHYHHHH KyHugardHda €3MIIMMH3 MYMKHH:

d’x dx
m W‘— —kx—r E"‘I‘FOCOS(DL
11.11- § naru 6enrunawnapnan ¢oiigananu6 6y TEHITaMaHH KyHHAaru
KYPHUHHLLIAA é3aMH3:
. . F
x+26x+w§x=zo coswl. (11.59)

Bapkapop xonarra Kearan Mak6ypuii Te6panulll w 4acToTa 6UIaH COAUD
6yauwnnu kysna tyrcak, (11.59) TeHrJaMaHHHT e4HMHHH
x=Acos(wf+a) (11.60)

Tap3ga Heoaanawl makcaara MyBooHK O6yaaau. (11.60) wudora
(11.59) TeHrnmaMaHHHT €UHUMH SKAHJIUTHHH TeKWUHPHUG Kypamu3. ByHuur
yuyH x= —wAsin(of+a); x=—w?Acos(0!-+a) 3KAHIUrHHH FbTH-
6opra onu6, (11.60) ndonanu Ba oxupru uKku TeHrankuu (11.59) renrna-
Mara Kysmu3. Hartukama Maskyp Tedrnama aliHusATra aisaHagd Ba
YHAaH MaxOypuil TeOpaHulll aMIJIHTYyaacH A HU aHUKIAHMHU3:

— w?Acos (ot +a) — 28wAsin (of +a) + wiAcos (ot +a) =
FO
=—Coswl.
m

Mabaym TPHTOHOMETDHK ¢opMmynanapian ¢oinananub (cuuyc Ba
KOCHHYC/1apHH €HH0 YHKHOG) , Gy TEHIIaMaHH KyHHAArnua é3ui MyMKHH:

— 0?4 (coswtcosa — sinwtsina) —28wA (sinwfcosa + cosotsina) +

F
B . . 0
+ 0éA (coswicosa —sinwisina) =— coswl.
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By renriama afiHusTra alilaHulLM yYyH yan Ba YHr TOMOHLArH cosw! Ba
sinwt onauaard KosgdHuveHTIap Y3apo TeHr OYJHIUH Kepak:

, F
— wfAcosa = 208wAsina — wiAcosa + ;0—;

w’Asina = 28wAcosa + wjAsina.

OXUpru MKKH TEHT/1aMaHH

F,
A (0} —o’) cosa — 28wAsina=—, (11.61)

A(w; — 0?)sina 4+ 28wAcosa =0 (11.62)

KYpHHHILAA €3aMu3. DHAH yJapHH ajoXHAa-ajoxujaa KBajparra Kyra-
pub, cyHrpa xaaMma-Xxapn Kyuicak, Kyiduparura sra 6yaamus:
2

A7 (02— 0))?+ 4820 P=—
Bynnan TH3UMHHHT Maméypuﬁ Te6paHHULl aMIIUTYIacCH

A=——0 14802 (11.63)

m\/(m ——m)

IKaHJaurK Kenub unkanu. (11.62) tenrniamanas sca Maxx6ypuit rebpaHuil
$baszacuHH aHHUKJAHMH3!

28w
2 2°
0y —

tgo=— (11.64)

(11.63) Ba (11.64) TenrauknapnaH KYpHHaAHKH, MaKGypHii TeGpaHuil
aMiMTyAacH Ba (a3acH TallKH KYYHHHI y3rapuli yacroracd (o) ra
GOFJIMK paBHLAA y3rapaad (wo==const). AMnauTtyna Ba ¢asa Tawku
KYUYHHHT ¥3rapHll yacToTacura Kanaan 60FJIMKAHIHHY Kapab YuKaiukK.

AMninTyna 3Hr Kartra KuiiMaTtra spuutkiid yuyH (11.63) udoganunr
MaxpaxXH 3HT KHYHK KHHAMAaTra 3pHILMIUK JO3WM. MaxpaX 3HT KHYHK
KHAMAaTra pHUIIMIY YYYH HAOW3 OCTHAArd HGpOXaHHHT XOCHAACH HQOIra
TeHr GV/IMIIH Kepak:

—2(w}—0?)20+8820=0 éxn — (0f—0?) +262=0,
GyHaaH:
o’ =wi—26%
Jlemak, Taulky KyYHHHT 4acTOTacH
o=0,= | o;—28° (11.65)
6ynranna MaxK6ypud TeOpaHHMLl aMMJAMTYLACH 3HI KaTTa KHHMmaTra

spuwaad. By xoauca pe3oHaHC XOoAHCACH Jelinnaau Ba TalIKH
KYYHHHr 6y 4acTOTacH pe3O0HaHC HacTOTa JAeHHIaiH.
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PesoHanc yacrorana Maxk6ypuil Te6panuiul aMIVIMTY1aCH HUMAra TeHr
3KaHWJIMTHHHU aHuKJainuk. Hly makcagaa (11.65) renrnukuu (11.63) ra
KYHAHG, Kyiluparura sra GynaMmus:

Fo

A= (11.66)

2ms \, wf— 8" N

Kypuunb rypubanku, § kamaiirad capu maxx6ypuii re6paHuLl aMIIHTy1a-
cu A, own6 Gopaau. Xycycull xouga, sibHH cyHHW 6yamaranga (6=
=( 6ynranna), pe3oHaHC HaCTOTA TH3UMHHHI XYCYCHH Te6paHHLL
yactoracura TeHr G6yawwin ((11.65) Tenraukka K.) Ba Max6ypHil
TeOpaHHIl aMIIMTYAAcH YeKCH3 Karra KuiMmarra 3IpHIUMIUH Kepak.
Tabuuit mapoutnapaa sca 6 HHUHC KHitmMaTH HONAaH DapKJH, GHHOBAaPHH
A, dekcH3 karra 6yaa onMaiau. 6 HHHT KHAMATH HoidaH (apkaH
6y/araHjury Tyhalnu TalKH KYYHHHT YaCTOTACH TH3UMHUHT XYCYCHH
Te6pAaHHIL 4YacTOTAacHra SKHHJAAWTMaH1a pPe30HAHC XOAMCACH COAHP
6ynann. DHHOGapHH, pe3oHaHC X00ucacu TaWKU KY4HUHE (j3eapuiu
4acTOTACU TUBUMRUHE Xycycul Tebpanuwl 4acToracuza fSKUHAQU2anoa
maxcbypudd TebpanuLL AMNAUTYOACUHUNS KeCKUN owuiuias ubopar 3KaH.

A 8>6p>8 «}

V.4

z

8, 2
!

F,
H i
w, W 0 w, w
1t.17-pacwm I1.18-pacm

CyHHI KO3D(PUUHEHTHHHHT Xap XHa Kuiimarnapuia Max6ypui
Te6paHULl aMIVIMTYAACHHHHT TAWKH KYy4 4acTOTacHra OGOFJHKJHK 3TpH
uu3ukaapu 1 1.17-pacmMaa TacBupsiadras; 6y 3rpH UM3HKAap pe3OHaHC
3rpH YH3HKAApHy Aefinnany. TallKu KyUYHHHT Y3rapHil 4yacTOTAcH
HojMra TeHr 6yjranaa, ibHH TH3UMra y3rapMmac Kyuy TabCHP KHJAraHaa,
PE30HAHC 3TPH UH3HKJAAPH aMIIHTYda YKHHH

F
Ay=—" (11.67)

mw2

Kuiimataa kecub6 yraau (l1.17-pacmra K.). By Tusumra yarapmac ky4
(0=0) Ttabcup 3TH6 Typca, Y Y3HHUHT MYBO3aHaT Ba3HATHAAH
(11.67) ndona 6unan aHuKJIaHaaurad Macodara yetjaaHub TypaiH aerat
MabHOHH aHIJaTalM.

(11.64) dopmyaara 3bTH6Op Gepcak, TaulKd KYUHMHI HaCTOTacH
yarapuwun Guaaun (8 yarapMaran xonga) MaxkOypuid tebpaHuw ¢asaci
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() xam y3rapu6 O6opHuiMHH Kypamu3. by ysrapuwr 11.18-pacmpa
tacsupianrad. (11.64) ¢dopmyaazas Ba pacmaan kypusaanx, o=0 6y1-
raHfa CH/DKHLI Ba -MaxG6ypuil Te6panuw 6up xua ¢asaza (a=0) co-
aup 6ynaau. o OpTHIM OGHJIaH o HHHT KHAMartdH opTu6 GopaaH Ba

n o o
®=wmo 13 =1 6yanaau. TaluikKu Ky4 4aCTOTACHHHMHI OYHAAH KeHHHIH

OPTHILH O HHHT fIHA XaM OPTHILHra OIHG KeJanu Ba o > wo 6Yarania o
HHUHI KHAMATH 71 ra HHTHIaQH, 'bHH 6y X0n1a MaXGypHil TeGpaHHLAarH
CHJIXKHII Ba TalKH Kyd AyHanruwaap 6YHAnua Kapama-kKaplud ¢asazna
6yaaauaap.

Cuwixui 6unaH TawKH Kyd opacupard ¢asanap MyHocabaru
pPE30HAHC XOAMCACHHUHI MOXHATHHH UYYKYPPOK TYLIYHHLITa HMMKOH
6epanu. XakuKaran xam, (11.2) Ba (11.8) dopmynanapaan uy Hapca
aén GyanukH, rapMoHUK TebpaHMa XapakaTia CHJIXKHW ¢a3a GYyHuua
Te3/IMKAaH n/2 Kamap opkaga Kosaad. MKkuHud TomoHaaH, iOKopHaa
adTUATaHAeK, pe3OHaHC NaiTHAA CHJIXKHIL TallKH Kyd HYHasuuidra
nucbaraH dasa 6yinua n/2 Kkaaap opkaaa Konaau. by Mmynoxaszanapaan
KYPHHALHKH, TE3JIHK Ba TALUKH KYYHHHT y3rapHiliu 6up xui dhasana conup
6Vynanu, A'bHH Pe30HAHC 4acTOTaAa TallKH KyYHHHT HYHaauiuu TebpaHma
xapakar Te3auru HyHaauwu Ounad 6up xua 6ynaau. Hly 6oucaan
PE30HAHC 4acToTaAa TalKH Kydu 6axKaprad HIWHHHF X3MMacH TH3HMHHHT
TebpaHull 3Heprusicura aijaHajnd, HaTHXKada TeGpaHWuUl aMIIUTYAACH
3HT KaTTa KHAMaTra spuliaji.

PesoHaHnc xoancack 6ab3u Xonsapaa (oiianu HaTHxKanapra, 6olKa
xoajapaa 3ca 3apapan okubaraapra ogub6 KeauwH MyMKuH. HIyHWHT
YUyH aH/JaHyBUHM KHMcMJapra 3ra 6V/raH TeXHUK KYPHAManaap Ba TYpJH
MHWOOTNAPHH spaTHILAA Pe30HAHC XOAMCAcH 3IbTHOOPra OJMHHANM.
Ta6buarna wmasxyn 6yaran xap 6GUp Hapca — GuHOMap, KynpukJaap,
aBTOMOOMJIb, Moe3n, Taiépa, Kema, (a3oBHH Kemasnap, NPYXKHHAIH
te6paHruuy, MateMaTHKaBHH Te6paHruu Ba Gouwkajnap Te6GpaHyBuYH
TU3UMAHMP. YaapHUHT Xap OHPH, WY KYMJaAaH YJapHUHT alpuM
KMCMJIapH y3uUra xoc XycycHil Tte6GpaHMil uyacTortacdra 3ra. Taluku
y3rapyBuUaH Ky4 TabCHpP 3TraHAa yjaapna Maxk6ypui TeGpaHuill ByXKYAra
KeJHILUH MYMKHH. MacaJsiaH, OFUp TPakTOp €KH LIYHra yxXuwall HakJaWeT
BOCHTacH OM3 dAwab TypraH yHMMH3HUHI OpKacHaard KyuyagaH yThO
KeTaéTraHjga YHHWUHr Jepa3asapH THUTpPAallMHH ce3amu3. DBy Hnapca
max6ypui TebGpaHUWIHHHT HaMoO€H G6yauwinanp. bab3u Xoasnapiaa
MaxO6ypuii TeOpaHWllI aMIIMTYAacH KeCKHH OWHO KeTHUiM (pe3oHaHC
yacrorara siKMH 4acTorajza) Ba oKHOATaa HHIWOOT GY3HJIMILIH MYMKHH.
Tapuxaa wynaai xonuca xam kysatuaraH (1831 i. Manuectep waxpu):
KynpukaaH ackapsaap cad ToptH6 YraérraHga KYNPHK »Kyaa KaTTa
amnautyna 6uaaHd rebpaHa 6ownad 6y3uanb rywraH. byHuur cababu —
KYNPHUKHHHT XYCycHil Te6paHMLl 4acTOTAcH XaMmjaa ackapsJapHHHT O€K
TawJ/aw yYacroracH OUp-GMpHra SIKMHJALITaH BAa HAaTHXala Pe3OHaHC
xoaucacu amaara ouwran. llywra yxwaum xomuca 1905 #uaun [le-
Tepbypria xam coaup 6yara.

Huku énys ABHUraTeNapH, 3EKTPOMOTOpJap, ra3 Ba 6yF aABurarenna-
pu, Taliépanap Ba 11y KaGH1apHUHT aliaHYBUH KHCMJAPDHHHUHT VKH @HHK
macca Mapkasujaad YTMmaraujauru tydaind yaap tebpaHma Xapakar
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man6an 6ynu6 kKonapunap. byHna mexaHuaMm VKHHHUHI BakT GUPJHIH
HYKMaa adJaHULJIapH COHH TAalIKH Kyd4 yacTtoracH Ba3udacHHH yTaiiu.
KOKopuaa 3MKp 3TWITaH MeXaHU3MJap Ba yJap KHCMJAPHUHUHT XYCYCHH
TebGpaHHLl YACTOTACH YKHHUHI OUPJHK BAKT HUHAa ailjaHulUsiap COHHMra
SIKHHJaUITaHaa pe3oHaHC Xoaucacu coaup O6yauiun Ba 6y Xoauca
MexaHHU3MJIapHUHT Gy3unuwinra onub keiauwd mymkuh. llly Goucaan
aiinaHyBuM KHCMJapra sra 6yJraH TeXHMKaBHH MHUWOOT/IapHH ApATHUIAA
pPe30HAHC XONHCACHHHHI canbuil oknbariapu xucobra ONHHALH.
PesonaHc XOAHMCACHHHUHT HWXOOGUH HaTHXKajapH TeXHHKala KeHr
Kyananunanu. by xonucanaun doiiganaiué mypakka6 te6paHull xapaé-
HHHM oanui TeGpaHuLLIap cnekrsura éiuw MyMmkuH. bowkaua aiftranna
Mypakkab teGpaHuilunap Tapku6iaa maBKy/a 6yJarad oiaHH (rapMOHHK)
Te6paHUIUIaD 4acTOTacH aHHKJAaHanu. Pagnorexuuka Ba OHHAHKAXOH
MYXaHAUCAHK HIIHAA acOCaH PE3OHAHC XOAHCACH KYJ/IaHHAaLH.
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