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IIpumep 1. MamepuasbHas mMouka Macco, M 08UNCEMCA 68 00HOPOTHOM TOAE CUMADL TMANACECTNU, UCTIOIDIEAA
conpomus.aenue cpedo, nponopyuonaavroe cxopocmu: Foony = —kmgv. Hatimu 3axon deusicenus mowku u
epems deudtcenus 0o nodsema, sbicomy nodsema, CKOPOCMb, € KOMOPOT OHG EPHEMCA 6 UCTOOHOE NOAONHCEHUE,
ECAU 8 HAYAALHVLT MOMEHT BDEMEHU MOUKU COOOULUAY HAYAALHYIO CKOPOCTL V), HONPASACHHYIO BEPMUKAALHO
86ePT.

Pewerue. YpaBuenus nBuKeHns TOYKH MOIYYAM U3 BTOPOro 3akona Herorona
ma = mg — kmgv.

B nekaproBbix ocsax Ozyz, tne O — ucxomnoe nosiozkenne Touku, Oz — BEPTUKAIh, HAIPABJIEHHAS BBEPX,

m1ockocTh Oy TOPU3OHTANIbHA, YPABHEHWS IBHKEHUSA HA TONBEME TTPUMYT B/

mx = —kmgz,
myj = —kmgy,
mzZ=—mg — kmgz.

N3 nepBbIX 1BYX ypaBHEHW, B CHJIY HAYAIBHBIX JAHHBIX
2(0) =0, y(0)=0, 2(0)=0;  #0)=0, y(0)=0, 2(0)=uvo

caexayer, uro = 0, y = 0 (10ka3aTh), TO €CTh TOYKA OyAeT JABUrATHC [0 BEPTUKAJIBHON IPAMOM, IPOXOAMIIeil
Jepe3 ee HadaJbHOE TIOJIOXKEHWe, COTJIACHO TPeTheMy ypaBHeHM0. VIHTerpmpys mociemHee, TOTydIaeM 3aKOH

JBUXKE€HHNA TOYKH Ha IIOAbEME
t
% .

1+ k"UO
Bpems noxbema T' onpenenum u3 yciaoBus obpaiinenus B HyJib ckopocTu (2 = 0)

1+]€7)0
— €

1
—kgT) — — = 0.
e exp(=kgT) — 2 =0
Orkyna

1
T= gln(l—i—kvo),

a BBICOTa IIOOABbEMa
H=2T) =2 — L1001 + ko).
kg k2%g
L7151 HAXOXK IeHNsT CKOPOCTH TOYKH, C KOTOPOI OHA BEPHETCST B MCXOTHOE MTOJIOXKEHNE, PACCMOTPUM yPABHEHUS
JABUXKEHNA TOYKH BHU3

ma = mg — kmguv

¢ HadanpHbIMA gaaEbME 2(0) = 0, y(0) = 0, 2(0) = H, ©(0) = 0, y(0) =0, 2(0) = 0. AHANIOrHYHO CIIYyYaIO JBH-
JKEHUS] BBEPX, TOUKA OYJET NBUTATHLCS TIO BEPTUKAJIBHON MPAMOM, TPOXOAATIEH Yepes ee HATANLHOS TOMOKCHAE,
COTJIACHO yPABHEHUIO

mz = —mg — kmgz,



npu 3roM 2 < 0. JIjis1 oTBeTa Ha BONPOC 33a41 JOCTATOYHO HANTHU 3aBUCUMOCTD CKOPOCTH (U = £) OT MOJIOXKEHUs
z. s 3TOTO TIPE/ICTaBUM YCKODEHUE Z B BUJIE

dv dv dv

F=—=—2=0v—.
dt dz dz
Torma U3 MOCHAETHErO YPABHEHUS CIIEIyer
dv
v— = —g(1 + kv).
7, = )

Pa3ge.nsm TIepeMeHnHbIe U UHTErPpupys, nmojayvaeM

UK

i 0

vdv

/1+kv__g/dz’
H

0

o€ Vg — CKOPOCTH, KOTOPYIO II nobperer Touka B mosoxkennu z = 0. Bourumciassa wHTErpas W moaCTaBsis
’

3HaveHne H, momydaem

Vg 1 v 1
AE_%Ema+kW):éL-ﬁhur+mw, v < 0.

OrKyJa CBsi3b KOHEYHOM CKOPOCTH Ux C HAYAJIBHON Uy PUMET BUJL

1+k‘1}0

exp (k(vg —vg)) = T o

D710 ypaBHEHHE UMEET eIUHCTBEHHBIH OTPUIATENbHbBIH KOPEHb Uy (0Ka3aTh).

. KOJbKY JIBUKEHHE TOYKM BBEPX M BHU3 ONUCBIBAETCA OJHUM U TeM Ke U HITNAJIbHBIM
3ameuanue. [Tocko eHue To e 3 OIUCBIBAETCH O e e €pEeHITna
ypaBHEHHEM, CKOPOCTb TOYKH, C KOTODOH OHA& BEPHETCA B KUCXOJ/HOE IIOJIOKEHHE, MOXKHO HalTU, MHTErpUpyd
YpaBHEHUE BUKEHUSA

mzZ = —mg — kmgz

¢ maganbabivu garabivE 2(0) = 0, 2(0) = vg. IIpencraBnas Z B Bume

L_dv_dv._dv
T 4zt Vaw

oIy 1aeM

dv
_— = — 1
v g(1+ kv),

OTKYyJda C YyI€TOM Ha4YaJIbHBIX JAHHBIX

1 Vo 1
—ﬁln(l—l—kv):—gz—i—z—pln(l—f—kjvo).

> <

B ucxonnom nonoxkennn z = 0 CKOPOCTh TOYKH HAXOAUM U3 yPABHEHUS

14 kv
exp (k(vg —v)) = Tk‘vo'

Jlannoe ypaBHEHWE UMEET JBA Pernenns: v = vg (> 0) — HAYaIbHAA CKOPOCTH TOUKH B ¥ = ¥y (< 0) — CKOpOCTH,

C KOTOpOﬁ TOYKa BEPHETCA B UCXOAHOE IIOJIO2KEHHE.



IIpumep 2. Mamepuaavras mouka M maccor m npumasazusaemes nenodeuscuvim yenmpom O ¢ cunoti F =
2 . ;
—k*mr, 2de k — nocmoannull xKoagiuyuenm nponopyuonasvrocmu, ¥ = OM — paduyc—sexmop mouxu M. B
HAYAABHBT MOMERM paccmosnue mencdy moukamu O u M pasno rg = I, a ckopocms vy 0bpasyem ¢ paduyc—
8exmopom Ty yzoa «. Halimu 3axon deudicenus mouku U e€ mpaexmopuio.
Pewenue. Beibepem Henomsuzkubie ocu koopauunar Ozyz ¢ Hadajgom B npurarusaomem mearpe O. Ocb Ox
IIPOXOIUT Yepe3 HadaIbHOEe Hojokenne Touku M, ocb Oy JeXAT B OMHOMN IJIOCKOCTH € BEKTOPOM HAMAJIBHON
ckopoctH, ock Oz obpasyer ¢ ocsamu Ox u Oy npasyio Tpoiiky. Torma nuddepeHiuatbHble ypaBHEHWS TBUKEHU ST

OpuMyT BUJ

mi = —k*mae,
mi = kamy,
mi = —k’*mz.

B cmny HagambHBIX TaHHBIX
z(0)=1, y(0)=0, =z(0)=0; z(0) =wvpcosa, g(0) =wvpsine, 2(0)=0

U3 TPEThEro ypaBHEHUA CJAEOyeT, YTO 2 = 0, TO €CTh TOYKa IIPHU CBOEM JABHXKCHHMW HE BBIXOAUT M3 IIJIOCKOCTH

Ozy v ABUXKETCS COTJIACHO JIBYM TIEPBBIM yDABHEHUIM [BUXKEHUs, OBIee pereHrne KOTOPhIX HMeeT BHU/T

x(t) = Cy cos kt + Cy sin kt,

y(t) = Cscos kt + Cysinkt.
Ormpesiesisist TPOU3BOIBHBIE OCTOSTHHBIE COTJIACHO HAYAJIBHBIM JAHHBIM, [OJYYIaeM 3aKOH JBIKEeHuS TOuKku M

x(t) = lcoskt + %0 cos asin kt,

y(t) = %O sin v sin kt.

Uckmogas speMsa ¢, HAXOAUM yPaBHEHUE TPAEKTOPUU TOYKU B BUJIE

TR
l Vg Sin «

Ipumep 3. Mamepuasvras moura maccor m deustcemcesa 6 naockocmu Oxy nod deticmeuem HeKomMopot cuibl,

2 .’132

=1
a2

npuvem mpaekmopueli MOUKY 0KA3b8AEMCA 6eMEb 2unepbossl, Ypasnenue Komopot umeem 6ud i ,
y > 0. Yexopenue mouku 6ce gpems ocmaemcs napassesvusim oct Oy. B nauasvrolli Momenm epement movka
naxodumea na ocu Oy, ee ckopocmv pasha Vo. Onpedesumsv cuay, delicmsyouyro Ha MouKYy, Kak GYHKUUW
K00pAuram mowku.

Pewenue. Jng naxokaenus CUIbl BOCIOIb3yeMcd BTOPbIM 3akoHoM Hbiorona ma = F, rue a = e, + je,

— YCKOpEHHEe TOYKH B cucreme Koopauuar Oxy.



ITockonbKy yCKOpeHWe TOYKH BCE BPeMs OCTaeTcs mapaJsuieabHbiM ocu Oy, TPOeKIust yCKopeHus Ha ock Ox
paBHa HYJ0, TO ecTh & = 0. OTcioga cmemayer, 9To © = const BO Bce Bpemsi aBukenus. Ho B HAYa/IbHBIN MOMEHT

BPEMEHM CKOPOCTHb HallpaBieHa Biaoib ocu Ox, HIOITOMY & = vg. 3alllCcaB ypPaBHEHNE TPAEKTOPHUU B BUJIE
a®y? — b2 = a2
u nuddepeHnupys ero mo BpeMenu, OyIeM uMeThb

a’yy — b2xi =0,

b2z
OTKyHa § = TO, npuueMm y > 0 u3 ycmosus 3amaqn. JudpdepeHimpyst ypaBHeHNE TPaeKTOPUM BTOPOil pa3 u
a%y

TIOICTABAA BhIpayKeHUe A Y, TOIYyIaeM COOTHOIEHUE I OMPeIeSIeHUs §j

bra2e? .
a2y20 +a’yj — bPug =0,

OTKY /1

I W
a?yd \ 02 a2 a2y?’

Takum 06pa3oM, BhIPazKEHHUE [Tl JEHCTBYIONIEH CUIIBI UMEET B

F_ mbivg

—€y.
azys Y

Dra cuia Hanpaejena or ocu Ox u 06PATHO MPONOPIMOHAIBHA KyOy paccTosuus or Touku 10 ocu Ox.
IMpumep 4. Mamepuasvras mouka macco, m onucugaem 6 naockocmu Oxy napabosry, 360annyio YypasHenuem
y? = 2px, nod deticmeuem 06YT PAGHHLIT NO GEAUNUNE CUA, 00HG US KOTMOPHLT HANPAGALHA K BOKYCY NApabovl U
06pamHo NPONOPYUOHAADHA PACCTNOAHUIO MOYKY OM POKYCA, IPY2aA — NAPAAAEADHA OCYU ADCYUCC U HANPAIBALHE
6 nosoocumensHyto cmopony smod ocu. Hatimu cxopocms mouxu.

Pewenue. Haitnem pasaomeiicrByromyto F' cuit, geficTBYIONUX HA MaTePUATbHYIO TOUKY. IIOCKOIBKY CHIIBI
PAaBHBI TIO0 BeJIMYWHE, TO paBHOIelcTByOmas F' cum — auaronans pomba Cui, TO €CTh HAMPABJIEHA MO OHUCCEK-

Tpuce yria, 0Opa30BAHHOIO BEKTOPAMHU CHUJI, ¥ PABHA [0 BEJIUYUHE

rae k — koadunuenT nponopuuoHaIbHOCTH, 1 — (GOKAILHBIN paauyc (HOAsPHBI paguyc), a § — ucruHHAs

anomasiug (IOMAPHBIA yros) onpejessiercs Kak (GpyHkuus r u3 $HOKAIbHOIO ypaBHEHUd napabosibl

p=—P
1—cosf’

. .0 1—cosd D mk [ p
[Ipocroit moxcuer maer, 9To sin — = /| ——— = [ —, u 3H39uT, ' =2— [ —.
2 2 2r r 2r
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K npumepy 4.
Tak kax KacaTeabHAsS K Tapabo/Ie IeIUT yroa Mexx 1y (hOKATBHBIM PAJuyC—BEKTOPOM U TIPSIMOil, Tapasiieb-
HO# ocu mapabosibl, MOMOAaM, TO PABHOMEHCTBYOMAA F' OpTOroHA/IbHA KACATEILHON U YPABHEHUS JBUKEHUS

TOYKH B €CTECTBEHHBIX OCAX IIPUHHUMAIOT BUJ

dv
-0
dt ’
2

mv—:F.
p

Takum 00pa3oM, U3 MEPBOTO YPABHEHHUS CUCTEMbI CJIEIYET, 9TO CKOPOCTH JBUKEHUS TOYKH TOCTOSHHA IO BEJIU-

YUHEe.

Paanyc KpuBU3HBI TPAEKTOPUHN P KaK (DYHKIMIO ' MOXKHO HAlTH 10 (dopmyie

()™
P= 2 +2(r")2 — "’

(Vor)?

\/ﬁ'B

rae mrpuxoMm () o6o3HadeHa TPOM3BOAHAA 1O nepemeHuHoi 0. dna mapabonsl 6ygeM HMETh p =

pe3yJbTaTe ypaBHEHUE NBUKEHUS B IPOCKIWHA Ha HOPMAJb IPHHAMAET B/
va\/ﬁ B ka‘ P
(v/2r)3 e Voo

Ipumep 5. Tsaocenoe koaeuko maccos m Hademo Ha 24G0KYI0 BEPMUKAABHO DPACTIONONCEHHYI NPOBONOUHYIO

Orkyna crenyer, uro v = 2v/k.

OKpYIAHCHOCTD paduyca 1. B Ha1aAbHbiE MOMERT OHO HATO0UMCA 8 CAMOT HUNCHET TOYKE OKPYNCHOCTIUY U eMY
COObUEHA HANAADHAA CKOPOCML Vo. Hatmu ycaosus, npu Komopuxr KoaewkKo cog8epuium noanut obopom no
OKpYICHOCTIU U onpedeaumdb dasaenue Ha Hee KOAEUKA 6 camoll 8eprHets mouKe.

Pewenue. Koneuko asuxkercsd moj| JefCTBUEM CHUJIBL TIXKECTH — CHUJIbI TOTEHIMAJILHOMN, a CBA3b (riajkas
OKPY2KHOCTH) TAKOBa, 4TO peakiys cBsa3u N NepHeHAMKYJspHa CKOPOCTH KOJIeUKa, IIOITOMY U3 Teopemy 06

M3MEHEHUN KUHETUYIeCKON QHEPIruun

i(”f) — (mg,v) + (N, v),



MOTYyYaeM 3aKOH COXPAHEHUs dHePrun (MepBbIii MHTErpal TEOPEMbI 00 U3MEHEHUN KUHETHIECKON SHEPrun ):

mv2

5 = mgr cos ¢ = h,

TIe ¢ — yroj, 00pa30BaHHBIN PAAUYC—BEKTOPOM TOUYKHU C BEPTUKAJIBIO, HATIPABJIEHHOM BHI3, i — MOMHBI 3amac

JHEPruun. B CIJTY HaYaJIbHBIX JaHHBIX

B pesymbrare v2(p) = v2 + gr(cosp — 1).

mg

K npumepy 5.
J11s1 TOrO 9TOGBI KOMEYKO COBEPIINIO MOIHBIH 0D0POT TI0 OKPYKHOCTH, CKOPOCTD B BEPXHEH TOUKE OKPYIKHO-
CTH J07KHA OBITH TOMOKATENbHA, TIOCKOMBbKY byHKIus v2 () ybbBaer Ha mpomexkyTke [0, 7], OTciona momyTaem

ycaoBue oy OnpeacjieHusda HaYaJLHON CKOPOCTHU TOYKH

118 —2gr >0 uIu vo > \/29T.

Japnerne P xonedka Ha OKPYXKHOCTH PABHO IO BeJWYWHE peakinuu ¢Ba3u IN ¥ mpOTHUBOMOIOKHO N 10

manpasiennto: P = —N. Peakiuio cesa3u IN onpenesnM u3 ypaBHEHHUs ABHYKEHWS B MPOEKIMNA HA HOPMAJIb
2
muv
—— = —mgcosp+ N.
r

2

Ilocre TIOACTAHOBKU U~ B YPAaBHECHWE JIBUXKCHUS TTOJTYy9IUM BbIpazKeHue JJid peaKIun CBA3N

2
N = %—&—ngcosga—mg.
r

311ech TOMOKUTEFHOE 3HAYEHNE PEAKIINs CBa3n [N MPUHUMAET TOT/A, KOT/Ia OHA, HAPABJIEHA K IIEHTPY OKPY K-

HOCTH.
2
. mug
Takum 00pa30M, B BEpXHEH TOYKE OKPYKHOCTH peakius CBasu pasua N(m) = —— — 3myg, a faBieHue
r
muj
KOJIEYKA HA OKPYyXKHOCTH — P = 3mg — ——.
r



ITpumep 6. Ilo sHnewneli cmopore napabosvs, ypasrenue kKomopol 6 cucmeme koopdunam Oxy umeem eud
y? = 22, npunem 0cb CUMMEMPUL Napabosbl 20PU3OHNANLHG, CKAMBLLEAEMCA 6e3 mpenus manceavts wapux. B
HAYAALHOLT MOMEHM, WAPUK HATOOUMCHA 8 Tovke ¢ opIUHAMOT Yo = 2 U €20 HAYAALHAA CKOPOCTIG PAGHA HYAIO
v = 0. B xaxoti mouke wapuk cockovum ¢ napaboavt?

Pewenue. HeticTBytomiasa Ha MApUK aKTUBHAS CUJIa — CUJIA, TAXKECTH ABIAECTCS MOTEHITNAIbLHON CUION, a Tak
KAaK IIAPUK JIBUKETCA 110 CBA3M (HenoaBrKHOM napabose) 6e3 rpenusd, T0 peakuus CBa3u N IeprHeH/MKYJIapHa,

CKOPOCTH IITapuKa, CIeJ0BaTEIbHO, BBITOJHACTCA 3aKOH COXPaHECHUA dHEPTUHN

WL’U2

1 :}’
5 + mgy )

ocb Oy — BepTUKaJb, HAPABJICHHAST BBEPX, h — MOJHBIN 3amac SHEPruu, B CUJIy HAYATBHBIX JAHHBIX PABHBIN
2mg. Orcrona

v =29(2 - y).

B momenT oTphiBa mapuka ot mapabossbl peakius cBasu N obpaiaercs: B Hy k. s onpeneieHns MOMEHTa,
OTPBIBA BOCIIOIB3YEMCsl €CTECTBEHHBIMU YPABHEHUAMH JIBUXKEHUA. B TpoeKnun Ha HOpMash OyJIeM HMEeTb
muv?

P

=mgcosa — N,

e o — yroJl HaKJIOHA KacaTeIbHOM K KPHUBOI, & p — PaJuyC KPUBU3HBI TPAeKTOpuu. TaHIreHC yIuia HAKJIOHA

dy
KacaTeJbHOU paBeH tga = — = —, Torga
)

dx

1 oy
Vittg?a  1+y2

CoOSx =

Paanyc kpuBusnbr Hafimem 1o ¢popmyse

3/2

(1+ (21)?) 3/2

_ y _ 2

pP= ! - (1 ty ) :
vy
[loxcrassisis 93Tu BhIpaXKeHWsI B YPABHEHUE IBUKEHUS, OyI€M UMETH
2
muv

=m Y N.

575 = Mg -
EEF RV e
Orciona, ¢ y4eToM BBIPAXKeHHA A/ U2, PeaKifs CBA3U PABHA

N = may’+3y —4)
(1+y?)/2

[Tockonbky B MOMeHT OTpbiBa N = 0, TO ypABHEHHE JI/1s1 OLPEIETIECHUS OPMHATHI TOUKK OTPbIBA UMEET BUJL
3 _
y>+3y—4=0.

Herpynno BumeTh, 9TO € IMHCTBEHHBIM NefICTBUTENLHBIM KOPHEM 3TOTO YPABHEHUS SABJAETCH 3HAUEHWE Yy = 1 1
npu y < 1 Beipaxkenue 11 N TPUHUMAET OTPUNATENbHBIE 3HAYEHNA. TakuM 00pa3oM, IMIAPUK OTPBHIBAETCS OT

napabosbl B Touke (1/2; 1).



/{ mg

K npumepy 6.
IIpumep 7. Io aemnuckame, pacnoaodcennoti 8 gepmukasvrot naockocmu Oxy (Ox — eepmukans, HANPAG-
NEHHAA 6HU3) 6 NOAAPHOT cucmeme koopdunam sadannoti ypasnenuem r> = 2a? sin 2p, ckoavsum 6e3 mpenus
MANCENAA MATMEPUGALHAA TOWKA MACCo M, 6ux0ds u3 mowku O 6e3 nwauwaavhol ckopocmu. Hatimu epems
deusicenus nNo KPuBol 6 3a48UCUMOCTIU 0T Y2Aa .
Pewenue. TTOCKOMBKY 3aJaHHast cujia (CUIa TAKECTH) TOTEHIIMAIBHA, U CBA3b TAKOBA, YTO PEAKIUS CBA3U
MTEPIIEHTNKYJISPHA, CKOPOCTH BUKEHNS TOYKHU, TO BBIMOJHAETCS 3aKOH COXPAHEHUsT SHEPTUU

va

0T —h
5 mgx ,

rae h — TIOJNHBINA 3aMac SHEPTUH, B CUIy HadaabHbix ganubix x(0) = 0, v(0) = 0 pasusiit nymo h = 0. Orcioga

ojgydaeM COOTHOHMIECHUWE CKOPOCTU U MOJOXKEHUAd TOYKU

v? = 2gx = 2gr cos ¢ iz v? = 2g cos p+/2a2 sin 2.

Haitnem BpipazkeHue jyisi KBaJAPaTa CKOPOCTU C YIE€TOM YPABHEHUS TPAEKTOPUU:

dr\? dy 2 2a? cos? 2 dy 2 202 [dy 2
2 _ (22 222} — [ 22 % 1 9424in2 ) = = .
! (dt) tr ( dt ) ( sin 2¢ + 207 sin2p dt sin2¢ \ dt

2

, momy4aeM auddepeHIuasbHy 0 CBsA3b BPEMEHH © € MTOJI0KEHUEM — YTJIOM (O:

2a? dy 2
() = 2g cos py/2a? sin 2.

[IpupasHuBas BbIpaXKEHUS A1 U

sin2¢p \ dt
) dp
JIBUsKeHue TOUKHU TI0 KPUBOH MPOUCXOIUT MIPU YBEJIUUCHUN YIJIa, (0 e > 0 ). [oce pasaenenns mepeMeHHbIX,
b epeHInaIbHOE YPABHEHNE IPUHIMAET BU,
1 /a 1 1 Ja 3
dt==,/—y| ———d WITH dt ==, [—tg 1o d(tg ).
W o\ P peor o ¢ 2\/; g T d(tge)

Orcrona

%)
1 /a 3 a
TZQ\/;/tg 4<pd(tg<p):2\/;x/4tgs0-
0
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mg
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K npumepy 7.
IIpumep 8. Tasceaans MAMEPUGALHAA MOUKE MGCCH, M JBUNCEMCA N0 GHYMPEHHET TOBEPTHOCTY 2A00K0-
20 NPAMO20 KPY208020 KOHYCH, BEPUWUHAE KOMOPO20 ODPOWEHG 8HU3, G OCH CUMMEMPUL BEPUKAALHA. Y20n
npu sepuwuHe paser 2a.. B HAUGALHDOIT MOMEHT PACCTNOAHUE TNOYKY O 8EPULUHDL KOHYCH PABHO G, HAYAAOHAI
CKOPOCTNG HATPABAEHA NEPTLEHIUKYAAPHO K 00pa3yroweti KORYCE U N0 8esudune pasHa vo. Onpedeaums mpaek-
MOPUI MOUKU U JdasaeHUe, KOTOPOE OHG OKA3BLBAEM HA NOGEPTHOCTIL KOHYCA.

Pewenue. Bymem onpeeasTh MOIOXKEeHNE TOUYKN ChHEPUISCKUMU KOOPJAVNHATAMU C HAYAJIOM B BEPIITUHE KOHY-
ca. Tak kak Touka 00si3aHa OCTABATLCS HA MMOBEPXHOCTH YKA3AHHOIO KOHYyCa — ee mupota (yron 0) 6ymer ocra-
BAaTbCA IIOCTOSHHON W paBHA (.. B pe3yibrare mosioKeHue TOYKM HA [IOBEPXHOCTU KOHYCA, OIPEAe/SeTcs ABYMs
KOOPJAWHATAMU: PACCTOSHUEM 7" 1O BEPIITHMHBI KOHYCA U JOJTOTOH — YTJIOM (¢, KOTOPBII 00pa3yeT BepTUKAJIbHAS
IJTOCKOCTD, TTPOXOAIIAS Yepe3 TOYKY U OCh KOHYCA, ¢ KAKOH-JIM0O0 HENmOABHUYKHON BEPTUKAIHLHON ILJIOCKOCTHIO,
[IPOXOMINell Yepe3 0Ch KOHYyCA.

ITockonbky peakuus cBsizu IN OpTOroHaJ/IbHA IIOBEPXHOCTU KOHYCA, 8 33JaHHAs CUJa — CUJIA TS2KECTH I10-
TEHIHAIbHA, TO BBITOJHSIETCS 3aKOH COXPAHEHUST dHEePTUN

va 2

mug
5 + mgrcosa = 5 + mga cos «,

e v2 = 72 + r2¢?sin? a.

Tak Kak HE CUJIa TSKECTH, HU PEAKIMA CBSA3HM HE JTAIOT MOMEHTa OTHOCHTEIBHO OCH KOHYCA, BBHINOJHSACT-
CA 33KOH TUIOMAAEH B TOPU3OHTAIBHON MIIOCKOCTH (IPOEKINSA KUHETHIECKOTO MOMEHTA TOYKH HA OCh KOHYCA
COXPAHSIeTCst), TO eCTh

2

mr2¢sin® a = mawg sin ov.

. Voa
Orcrona ¢ = 5———.
r2sin a

10



K npumepy 8.

st monyyenus ypaBHeHUS TPAEKTOPUY (CBA3U T U ) UCKJIIOYUM U3 WHTErPAJIa SHEPIUU BPeMsl, UCIIOIb3Y s

HallIeHHOe W3 WHTEeTpajia IJIOMAeil BLIparKeHne Mg . BeIpaskeHne I KBaJApaTa CKOPOCTH V2 TPUHUMAET

ar \° via? dr\> v2a?
2 . 2.2 .2 0 0

vi=|(—-—¢ | +r°sin®ap” = + .
<ds0 ) r4sin® o (d<,0> r2

BUJ,

2

d
Iloncrapssisi BeIpaskeHue JIJIst v° B UHTErPAJ SJHEPTUU W BBIJIEJsisl CJIaraeMoe ¢ MPOU3BOIHOM 75 oJydaeM
¥

2

via? dr 9 a?

———\|5=) =vw|l- | +2gcosala—r).
rdsin“a \ dp r

Pasnensis mepeMeHHble W WHTErPUPYsl, HAXOANM HESIBHOE YPABHEHWE TPAeKTOPUH

.
sin o / dr

(}9 =
voa r/v3(r? — a?) + 2gr2 cosafa — )

a

JlaBjeHre TOYKYM HA [IOBEPXHOCTH KOHYCA PABHO II0 BEJMYMHE U IIPOTHUBOIIOIOXKHO 10 HAIIPABJIEHUIO DEaK-
nuu cBsi3u N, KoTopast MOXKeT ObITh HaiieHa W3 yPABHEHWsI, TIOJYUYEHHOIO MPOEKTHPOBAHWEM HA HOPMAJb K

IIOBEPXHOCTH KOHYCA BEKTOPHOI'O yPaBHEHU:A JIBUKEHUA

MAage = Mg + N.

s onipegenennst N HeOOXOTMMO HANTH TTPOEKITHIO aDCOTIOTHOTO YCKOPEHUsI TOYKH HA HOPMaJb K KOHYCY.
L1151 9TOT0 MOXKHO, BBEIIS MOIBUKHYIO CUCTEMY OTCYETA, CBI3AHHYIO C BEPTUKAJIBHON MIIIOCKOCTBIO, TIPOXOISIIE

Jepe3 TOYKY M OChb KOHYCa, HCIIOIb30BaTh Teopemy Kopuommca

Qa6c = Qorer + Qrep + Cxop-

[TockonbKy HOpMaJIh K TTOBEPXHOCTHU KOHYCA JIEKUT B YKAa3aHHON BEPTUKAIHHOMN TIITOCKOCTH W MEPITeHANKYITPHA
obpasyioireil, JOCTATOYHO HANTH MPOEKINIO a6, HA ITOT MEPHEHIUKY/IAD. TaKk Kak OTHOCHTEIHHOE [IBUKEHUE

— NPsIMOJIMHEHHOE JBH2KEHUE 110 00Pa3yIolieil KOHYCa, IPOEKIHs OTHOCUTEIBHOIO YCKOPEHUS Gory HA HOPMAJIb

11



parHa HyJ0. [[OIBIKHAS CHCTEMa, OTYETa BPAACTCA BOKPYT ocH KoHyca (Oz) ¢ yrioBoil CKOPOCTHIO w = Y€,
[OITOMY IIEPEHOCHOE YCKOPEHUE Gep CKIAILIBACTCS U3 BPAIIATEILHOIO B OCECTPEMHUTEIBHOrO. Bpamarensuoe
yCKOpeHue apf, = [w X T| OPTOrOHAIbLHO BEPTHKAIBHOM IIJIOCKOCTH, OCECTPEMHUTEIBHOE YCKOPEHHE agg, = [w X
[w X 7]] HATTPaBIEHO K OCH KOHYCa U PaBHO TI0 BesmuuHe 7¢2 sin a. KOPHOMHCOBO YCKOPeHHe Gyop = 2[w X Vory]

OPTOTOHAJHHO YKA3aHHOM TIOCKOCTH, CJIEIOBATEIBLHO, €r0 TPOEKITN Ha HOPMaJb paBHA HYJIIO.

Takum 06pa3oM, IPOEKIN YPABHEHNUS [IBIKEHNS HA HOPMAJb UMEET BHU/I
.2 . o .
mro“sinacosa = —mgsina + N

OTKyna, uCcnoab3ys WHTErpaJj IJIOMAIeH, moLydaem

22
) v§a“ cos o
N =msina g+ 2—5— | .
3 qin2
rdsin® o

Ipumep 9. Bycunka macco, m modcem cKOAb3UMb 663 MPEHUA N0 NPAMOSUHETHOMY CTNEPHCHIO, BPAULAIOULC-
MYCH 8 HENODBUINCHOT BEPMUKANLHOT NAOCKOCTU 80KPY2 c80e20 Konua O ¢ NOcmosHHOT Y2a0801 CKOPOCTIHIO W.
Bycunxa npuxpensena £ mowxe O npyorcunoti srcecmxocmu ¢ (¢ > mw? ), HamypasbHas 0AUnG npyscunsl pacha
l. Hatimu 3axon deusicenus OYCunKky no CmepicHio, ecal 8 HA%AALbHbIT MOMEHM CMEPHCERD 20PUIOHMANEN,
NPYAHCUHE HE PACTNAHYME U CKOPOCTHD BYCUHKYU OMHOCUMEADHO CMEPHCHA PAGHA HYMO.

Pewenue. Beenem monpukHyo cucremy orcdera Oxyz, CBI3aHHYIO CO CTepKHeM: ocb O HATTpABJIEHA BIOIb
crepxkHs, 0ch Oy JEKUT B BEPTUKAIBHON TIJIOCKOCTH, B KOTOPOH JIBUXKETCS CTEPKeHb, 0ch Oz 0bpa3yer ¢ oCsaMu
Oz u Oy npasyio Tpoiiky. Cucrema orcuera Oxyz Bpamaercs BOKPYT ropu3oHTaIbHON ocu Oz € MOCTOSHHOM
YIJIOBOH CKOPOCTBIO W = Wwe,.

IMockonbky Tpebyercss HANTH 3aKOH IBUMKEHUS OYCUHKH OTHOCHTENBHO HEMHEPIIUAIBHON CHCTEMBI OTCUETa

(OTHOCHTENIBLHO CTEPZKHS ), HCIOIB3YEM OCHOBHOE yPABHEHUE OTHOCUTEJILHOIO JBUMKEHUS
MAorw = MG + Fyup + N + (—M@yep) + (—Mayop)

rae N — peakiiusi CTePKHs, HANPABJICHHAs NEPIEHIUKYJISPHO CTePyKHIO (6YCHMHKA CKOJIB3UT O CTEPKHIO 63

rpenns). OTHOCHTEIBHO IOIBUKHOM CHCTEMBI OTCUeTa OYCHHKA JABUXKETCH MPAMONUHEHHO 110 ocu Oz, mo3TOMYy

Qo = i€, Ilepenochoe yckopenue 6yCHHKN PABHO Qpep = [w X [w X Te,]] = —w?re,, Kopuoaucoso yckopenue
— Qyop = 2[W X Vouu] = 2wie,. B pesyibrare OpoeKnus ypaBHEHHS OTHOCHTEILHOIO IBHKEHWs HA 0cb O
HUMeeT BUT,
. . 2
mi = —mgsinwt — c(x — 1) + mw’z
U

. c 2 c .
x—|—(f—w )x:—l—gsmwt
m m

Pemmasi nuneiinoe vHeomuopoHoe muddepennuaabHOe ypaBHEHNEe ¢ TTOCTOSHHBIMA KOXDDUITMEHTaMH, IOy 9aeM

obiree perreHne

c
xr = Cysinvt + Cy cosvt + 9 sinwt + —=1;
w? —v? muv? m
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Haxons npoussonbubie nocroguubie C; u Cy B cuny Hauanbabix ganubix 2(0) = I, £(0) = 0, monygyaem 3akon

OTHOCHUTEJBHOI'O ABUXKCHU A 6yCI/IHKI/I

9

l(c 9 t)+
r=—[— —w’cosv —_
022

. w
3 (sm wt — —sin Vt)
ve \m v
IIpumep 10. Mamepuarvbhas mouka Maccvt m 08UNCEMCA NPAMOIUHETHO 600ab ocu O nod delicmeuem cuvl

F = (—2% — 2% + 27)e,. Havepmums daszosviii nopmpem cucmemot.

Pewenue. YpaBHeHne IBUKEHHUS TOIKH UMEET BHI
mi = —a® — 22 + 2z.

YMHOKUB 00€ H4acTH ypaBHEHHS HA T, MOIYIUM

d(mat\ _d( ot o,
at\ 2 ) dt 4 3

WM 11epBbIA UHTerPaJl ypaBHeHUs JIBUKEHUs

ma?

2

+V(x) =h,

4 3
T xT 2

4 +?—Z‘

nHTEerpaJj MOXKHO OBLIO HallnCaTh, TPDUMEHUB TEOpEeMY 00 U3MEHEHNN KMHETHUIECKON dHEPIrun (TaK KaK 3aJlaHHaA

roe V(z) = — TNOTEHIUAJIbHASA JHEPTHsi, h — MOJTHAasa SHEPrud. 3aMeTHM, 9TO JAHHBIA HepBBIii
CHJIa [IOTEHIINAIbHA, TO UMEEeT MECTO 3aKOH COXPAHEHUS SHEPIUN).

Ha uro60ii (pasoBoit KpuBOil 3HaYeHUE IIOJHON SHEpruM h IOCTOAHHO, CJIeA0BaTeIbHO, Kazkiaad (a3oBad
KPUBasi JIEXKWUT HA COOTBETCTBYIOMIEH JuHUN ypoBHs 3Hepruu h. Takum obpasom, mjis mocTpoerust (ha30BOro
TOPTPeTa HEOOXOIUMO MTOCTPOUTH MHOXKECTBO JIMHUM YPOBHS YHEPIUM, 33/IaBAEMbIX WHTEIPAJIOM IHEPIHUH.

Jns nocrpoenns (Hha30BOro MOPTPETa BOCIOAb3yeMcd rpadrKOM MOTEHIUAAbHON sHeprun V (x). Kpuraye-
CKUM TOYKAM TOTEHIMAIHLHON IHEPTUU COOTBETCTBYIOT MOJIOKEHUST PABHOBECHsT Ha, (DA30BOIl TIOCKOCTH, TPHU
ITOM, eCJIU KPUTUYIECKAS TOUYKA SIBJISETCS TOYKOM HEBBIPOXKIEHHOTO MAKCHMYMa TIOTEHIIHAJIBLHON SHEPTUM, TO
eif COOTBETCTBYET IOJIOYKEHNE PABHOBECHSA THUIIA ~'CEAJI0”, a €C/IM KPUTHIECKAsS TOUKA — TOYKA HEBBIPOKIECHHO-

0 MUHUMYMA, TO TIOJIOYKEHWE DABHOBECHS — DABHOBECHE THUIMA “NMEHTD . 3alnucaB ypaBHEHUE MJIsT HAXOXKIEHUST

KPUTHYECKUX TOYEK MOTEHIMANbHON sreprum V' (z) = —F(x) = 0, B namem ciydae, Oymem uMernb
3,2 _ _ _ —
z4+2°—-2x=0 WIn r=-2,z=0, x =1,
[IpU9eM KPUTHYECKHE TOYKU & = —2 1 & = 1 ABJIAIOTCA TOUYKAMH MUHUMYMa [OTEHIMAIBHON sHeprun, a £ = 0

— TOYKOA MaKCUMYMA.
Jluanm ypoBHSA SHEPruM h CUMMETPHUYHBI OTHOCUTENbHO ocn Ox da3oBoit mnockoctn Oxd U B TOYKAX OCH

Oz, OTJINYHBIX OT MMOJIOKEHWH PABHOBECHUsI, OPTOrOHAJIBbHBL 3T0i ocu. Kak BugaHO n3 HOpMyJibl

iy h) = 4 2=V @)
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npu (PUKCUPOBAHHOM 3HAUEHUM IHEPTUU h JBUYKEHHE TOYKH BO3MOMKHO B ODJIACTH, 3aJJaHHON HEPABEHCTBOM
V(z) < h. Ilpu dbukcupoBannoMm h Ha HPOMEXRYTKaX U3 00/IaCTU BO3MOXKHOCTH JABUXKeHUs, Tie dhyukiuus V()
BO3pacTaer, B obmactu & > 0 dbazosoit mnockoctn dbyrkmus £ (2, h) HA COOTBETCTBYIOIAX MPOMEIKYTKAX yObI-
BaeT, ¥ HAOOOPOT, HA TPOMEKYTKax, riae dhyukims V (z) yosiBaer, byukus &4 (x, h) — Bo3pacraer.

Tak (cMoTpm pucyHOK K mpumepy 10), njis 3HadeHwii nomHoi suneprum h < V(—2) nBrKenne HEBO3MOXKHO.
Jlna yposud sHepruu hy = V(—2) 061acThI0 BO3MOXKHOCTH JIBUKEHNAA ABIACTCA TOUKA & = —2; a (Ha30BOH Kpu-
BOIl — mOJIOXKeHNe paBHOBecUs T '1eHTp” © = —2, © = 0. JIja ypoBHst 3ueprun hy 00JIACTHIO BO3MOXKHOCTH
JMBWKCHUS SBJISCTCA OTPE30K [T, To|, bynkmus @4 (x, he) BO3pacTaeT Ha OTPE3Ke (21, —2] u yOBIBAET Ha OTpE3Ke
[—2, xg] .

W3mensst 3HaYEHNWE TTONHOM 3HEPTUN h, AaHAJIOTUYHO TOIYYaeM KPUBbIE COOTBETCTBYIOIIETO YPOBHS SHEPTHUH.
OrmeruMm, 4T0 Ha KPpUBOH ypoBHs aueprun hs = 0 gexxkuT Tpu (Ha30Bble KPUBLIE, OTHA U3 KOTOPBIX MOJIOKEHIE

paBHOBecuda Tuma “ceamo’ x =0, £ = 0, a ape gpyrue (Ha30Bble TPACKTOPUH HA3BIBAIOTCS CEMAPATPUCAMH.

b
h,
h,

x>

K npumepy 10.
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VYkazanug K 3amadam riasbl 2 " Iunamuka Touku"

coopHuka "3amadm 1o Teoperndeckoii mexanuke"
2.1. Bemwmcarh ypapHEHHE TPSMOJUHERHOTO IBAKEHHUS 110 BEPTUKAJHN, AMES B BUJLY, 9TO KOTIA TOYKA HAXOJUTCS
Ha TIOBEPXHOCTH 3eMJIN €€ YCKOPEHNe PABHO YCKOPEHUI0 CBOOOTHOTO TajieHus g. [IOHM3MB MOPSIIOK ypaBHEHUSs
JIBHZKCHUS, TIOJy9IATH CBA3b CKOPOCTH TOYKH C €€ TIOJOKEHUEM.
2.2. TlocmenoBaTebHO MPOMHTErPUPOBATL YPABHEHNE MPAMOIMHEHHOTO JABVXKEHHS.
2.3. HeoOXonuMBbIM yCIOBAEM TOCTUKEHUST CHAPSIIOM CAMOJIET, SIBJISIETCS Mepecedenne mapabosibl, Mo KOTOPOi
OBUZKETCA CHAapAJ, U NPAMOMH, II0 KOTOPOIT IBUIKETCA CaMOJIeT.
2.4. Tlo MakCUMaNbHON AAJTBHOCTH ITOJETA CHAPSAIA ONPEIENATh BEINIUHY €r0 HAYaIbHON CKOPOCTH Vg. 3aTEM
PeIiThL 3a1a9y O IBUKCHUW CHADSIA TIPH 33JaHHON HAYATLHON CKOPOCTH vy W YTUIe Gpocanus %
2.5. Bocnosb3oBarbcs ypaBHEHUAMY TPAeKTOpuil cHapsaaos (mapabon) y = y;(x,q;), ¢ = 1,2. U3 ycaosus
MEPECEYEHNs TPACKTOPHI HAKXTH TOYKY Ha MOBEPXHOCTH 3EMJIH, B KOTOPYIO TOMAJAI0T 00a CHAPSIA.
2.6. [Tapamerpnueckue ypaBHEHUsI T€OMETPUIECKOTO MecTa (OKYCOB Tapaboi, Kak GyHKIui yria 6pocanmst,
ONIPEJIEIIATOTCS BLIPAXKEHUAMH JJIsi KOOPAWHAT (DOKYCOB.
2.7. HaiiTn BBICOTHI IObEMA CHAPAIOB HAJ, FOPU3OHTOM 38 OJHO U TO K€ BpeMs. Brmmucars yCIoBre BO3MOXK-
HOCTH TIepeJieTa CHAPSAIOM, OPOTIEHHBIM TIOZ, YTJIOM, PACCTOSTHUS | TI0 TOPU3OHTAJIN.
2.8. Koopaunare To9ky (21, Y1) YAOBJIETBOPSIOT YPABHEHUIO TApabobl y = y (T, vy, (v), & TAHIEHC YIJIa HAKJIOHA
KACATETBHON B 9TOM TOUKe paseH Y., = y. (21, Vg, ). DTH NBA yCIOBHS ONPENENIIOT CBA3b HAYAIBHON CKOPOCTH
Vo U YIJIA €e HAKJIOHA & ¢ (3, T1, 1.
2.9. HaiitTy MaKCHMAJILHYIO BBICOTY MOIBEMA, TPOMHTEIPAPOBAE YPABHEHNS NBUXKEHUA TOYKN BBEPX U TIOJIY IHB
3aBUCHMOCTD CKOPOCTH TOYKH OT BBICOTBI MOIHEMA. 3ATEM AHAJOTHIHO MPOMHTErPUPOBAB YPABHEHNS JIBUKEHUS
TOYKH BHU3, IOJIYYUTh 3HAYEHUE CKOPOCTH IIPU [TAJIEHNH.
2.10. YcmoBre BCTPEUYN TNl — PABEHCTBO KOOPAWHAT, KOTOPBIE SABJIAIOTCH PENICHUAMHA T (DEPeHITIATBEHBIX
yPaBHEHWH JBHKEeHWA. 3amucaB audGepeHnmanbHble yPABHEHUS JBUKEHAS BBEPX W BHH3, MONYyIHATH audde-
PEHIMAJIbHOEe YPABHEHHE [IJIsl HAXOXKJICHUsT PACCTOAHUA MEXKY TejaMu (PasHOCTH KOODAMHAT TEJ).
2.11. HafiTu TOUKY mepeceveHns TPACKTOPUH TYJIA ¢ BEPTUKAJIBIO, HA KOTOPO HaXOIUTCS Teb.
2.12. 3akon mpuxenus & = z(t, vg, @); y = y(t, vo, @) mpu GUKCUPOBAHHOM BPEMEHU 33A€T MAPAMETPUICCKHE
110 « ypaBHeHHus KpuBoii. VICKI0UeHne o JaeT UCKOMBIH OTBET.
2.13. IIpoananu3npoBaTh PENICHNE YPABHEHUH JIBUKCHWUSA, BHIMMCAHHLIX B TIPOCKIAN HA BEPTUKAJIL U FOPH30H-
TaJTb.
2.14. YcnoBue IpOXOXKJIEHUS KaMHs 9€pPe3 BEPXHIOW TOYKY 3a00pa OnpejesnsieT CBA3b BEJIWYMHBI HAYAIBHOI
CKOPOCTH U € HAYAJILHBIM YIJIOM HAKJIOHA a: Vg = vo(er). Jasee permursb 3a0ady o skcTpeMyme (hyHKINH.
2.15. PemmuTh 337a49y 0 TOUKe, OPOIIEHHON TOI YTJIOM K TOPU3OHTY, B IOJ€ CHIbI TIKECTH.

2.16. Beimucars nuddepeHiuaabHble ypaBHEHNs IBIKEHUS TIAPUKa B mpoekiusax Ha ocu Oz u Oy.
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2.17. Cm. 2.16.

2.18. Bemmcars muddepennuaabHble YPABHEHNUST IBUKEHNS TOYKU B IPOEKITUAX HA OCH C HAYAJIOM B HAYAJIHHOM
NOMIOKEHVN TOYKU W HAIPABJIEHHBIMHU BIOab BeKTOpoB E, v u [E X vg].

2.19. Bemucars quddepernuaabHble ypABHEHNUST BUKEHNS TOYKHU B MPOEKITUSX HA OCH C HAYAJIOM B HAYAJIHHOM
MOJIOYKEHVN TOYKW W HATPABJICHHBIMEA BAOAL BeKkTOpoB H,vo u [H X vy).

2.20. Cwm. 2.18.

2.21. Bocnonb3osarbesa (opMynamu Bune, mpeicTaBuB ypaBHEHHE TPACKTOPHUH TOYKEU (OKPYKHOCTH) B IMO-
JIAPHBIX KOODAWHATAX C TIOMOCOM B TOUYKe A ¥ MOMApHON OCBHIO, HANPABIEHHON! MO JUAMETPY OKDPYKHOCTH,
[IPOXOIMIIEMY Yepe3 TOUKYy A.

2.22. BpIpa3uTh CKOPOCTH TOYKHU YEPE3 T U é, UCXOIA U3 3aKOHA TIOMAJeH.

2.23. Boimucars auddepeHnuaabHble ypaBHEHUsT IBUKEHUsT B poekiuu Ha ocu Ox u Oy.

2.24. Bocronbp30BaThCs 32KOHOM COXPAHEHNS SHEPIUU U BHIPA3UTH KOHCTAHTY MHTEIPUPOBAHUS Yepe3 OOMBITYIO
[IOJIYOCh JJLIIHUIICA.

2.25. Boipazus 60JIBIIYIO TOIYOCH JIIUIICA U3 YCIOBUS 3314, BOCIIOIb30BATHCH PE3YJIbTATOM 3a7adn 2.24. u
CBOMCTBOM KaCATEJIbHOW K JIIIUIICY.

2.26. Bocromh30BaThCsl HHTEMPAJIOM KWHETHYECKOTO MOMEHTA (3aKOHOM TIIONIAIeH ).

2.27. Bocnonk30BaThCs WHTETPAIOM KHHETHIECKOTO MOMEHTA, YDPABHEHWEM CBSI3WM W yPABHEHWEM I[BUXKEHUS
TOYKH B TIPOEKITUN HA PATUYC.

2.28. Bomucars puddeperimaabHoe ypaBHEHNEe TBUKEHNS B IPOEKIINK HA IPOBOJIOKY U PemuTh 3a1a41y Kormm.
2.29. Bocrnonmb30BaThCsd 3aKOHOM COXPAHEHUS SHEPIUU W YPABHEHWEM JBVXKEHUS B TTPOEKITHH HA TJIABHYIO HOD-
MaJjb K TPAEKTOPHUH.

2.30. Cwm. 2.29. Vcnons30BaTh yCJIOBUS HEOTPBIBA OT CBI3H.

2.31. Bocronb30BaThCst 3aKOHOM COXPAHEHUST SHEPIUH U YCJIOBUEM ITOCTOSIHCTBA TPOEKITUH CKOPOCTH HA BEPTH-
KaJlb.

2.32. Ucnonmb30BaTh 3aKOH COXPAHEHU SHEPTUN U yPABHEHNE TPACKTOPUH.

2.33. Cm. 2.32.

2.34. Ucnonb30BaTh 3aKOH COXPAHEHUS SHEPTUN U YCIOBUS TPOXOXKIEHU TUPH depe3 ToUky D.

2.35. Jpmxkenne caneil or touku C' B Touky D — aBuKkeHue CBOOOHHON TOYKM, OPOILIEHHON IIOJ YIJIOM & K
TOPU30HTY, B TIOJI€ CUJIBI TAXKECTH.

2.36. Bocrronb30BaThCst 3aKOHOM COXPAHEHUS YHEPTUY U YPABHEHUEM JABMXKEHUSA TOYKU B ITPOEKITUU HA TTIABHYIO
HOPMA&JIb K TPAEKTOPHH.

2.37. Brinucarh B MAJIMHAPUYECKUX KOOPAWHATAX 3AKOH IJIOMIAIEH B TOPU3OHTAIBLHON IJIOCKOCTH U YPABHEHUE
JBUYKEHUS B MPOEKIINY HA PAJAYC.

2.38. Bocnosp30BaThCs 3aKOHOM COXPAHEHUS SHEPIWY U YPABHEHUEM [IBM2KEHHUsI TOUYKH B IPOEKIIMHA HA PAINYC.
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2.39. Bocnonb3oBaThCd 3aKOHOM COXPAHEHUST SHEPTUH, YPDABHEHWEM NBUKEHUS TOYKU B MPOEKIINH HA PAJTAYC
cdepbl, peICTaABUB TPOEKITNIO YCKOPEHUS 9epe3 CKOPOCTb TOYKH.

2.40. Ucnionp30BaTh WHTErpaibl IWIOMAAeH B NPOEKIUK HA MIOCKOCTh OTY W 3HEPTUU B IMUIHHIPUIECKUX KO-
ODJINHATAX.

2.41. Cwm. 2.40. Beimucars ypaBHEHUE ABUXKEHUS TOYKU B IMPOEKITUU HA HOPMAJb K KOHYCY.

2.42. Bremucars quddepeniinaabHbie yPABHEHNS OTHOCUTEIBHOIO ABUZKEHNS TOYKHU B MPOEKINY HA HAIIPABJIE-
HUE O_J\j U Ha FTOPU30HTAJIb, OPTOTOHAIBHYIO O—>M .

2.43. Bocnonb3oBarbes TeopeMoil 00 W3MEHEHNN KUHETUIECKON IHEPIUU JJI OTHOCUTEIBHOTO BUKEHUS.
2.44. Cwm. 2.42.

2.45. Cm. 2.42.

2.46. Cm. 2.42.

2.47. CupoekTHPOBaTh YPABHEHUE OTHOCUTEIHHOTO JIBUKEHUA HA HAIPABICHWE BIAOIb TPYOKW U HA MEPIICHTH-
KyJIsip K Hefl, JTe2KaInuii B TOPU30HTAIBHOM II0CKOCTH. BOCIOmb30BaThea TeopemMoit 00 n3MeHEeHNY KHHETHIeCKO
SHEPTUH JIJIT OTHOCUTENHHOTO JTBUKEHUS.

2.48. CrnpoekTupoBaTh ypaBHEHUE OTHOCUTENHHOTO JBUKEHUs HA KACATEIbHYI0O ¥ HOpMajb K TpyOKe B TOpH-
30HTAJIBHOM MJIOCKOCTU. BOCTIONB30BATHCS TEOPEMOi 00 N3MEHEHUN KUHETHIECKON SHEPTUHN JJIsi OTHOCUTETLHOTO
JBUZKEHUS.

2.49. Bpimucars ypaBHEHHs OTHOCHUTEIBHOTO JIBMXKEHWSI TOYKH B IIPOEKIINU HA KACATENBHYI0 W HOPMAadb K
OTHOCUTEJIbHON TPAEKTOPUUA TOYKHU B T'OPU30HTAIBHOI IIJIOCKOCTU HA LIAPOTE Q.

2.50. CopoeKTUpoBaTh YpaBHEHNE OTHOCUTETHLHOrO ABUKEHUS TOUKM Ha Hampasieruss Ox, Oz u NepHeHuKy-
ngp x wrockocru Ozz (Oy).

2.51. Boimucars quddepennmanbabe ypaBHeHNs OTHOCHTEILHOTO JIBUKEHN B IPOEKIMsX Ha HanpaBienus Ox
u Oy.

2.52. Boinucars ypaBHEHUs] OTHOCHTEIHHOTO [BMKEHUS B MPOEKIUAX HA KACATEIbHYIO W [VIABHYIO HOPMAJb K
OTHOCUTEJIbHOI TPACKTOPHUHU.

2.53. Brmmcars quddepernuaibHOe ypaBHeHe OTHOCUTENIBHOIO JIBUKEHUs BIOIb TPYOKH.

2.54. Boinucarh ypaBHEHHsS OTHOCATEIHHOIO PABHOBECHS W OTHOCHUTEIBHOIO JBUKEHUS B MPOEKIUU HA Kaca-
TEJIbHYIO K OTHOCHTEJIbHON TpaekTopuun. st HAX0XKIeHns Iepro/Ia MaJblX KoteDauuil B yPABHEHUH JIBU2KEHUS
VIep:KaTh TOJIbKO JIMHEHHBIE YJIEHBI IO OTHOIIEHUIO K OTKJIOHEHUIO (0 OT MOJIOKEHNA OTHOCUTEIHhHOTO PDaBHOBE-
cus.

2.55. Cwm. 2.53.

2.56. CupoekTupoBaTh ypaBHEHNE OTHOCUTETHHOTO JBUYKEHUS HA KACATEThHYIO K TPyOKe.

2.57. Bocmonb3oBaThCst ONpeaeIeHneM CHIbI TIKeCTH.

2.58. Boinucars ypaBHeHUsT OTHOCUTEIHHOTO JIBHXKEHH B Tpoekiuu Ha ocu Ox u Oy, pacloNIoKeHHbIE B TOPH-
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3OHTAJIBHOM MJIOCKOCTH B JAHHOM MecTe Ha mupore 6. VI3 mHTerpana miomaneil HaxXo[InuTcs yIyioBasi CKOPOCTh
BPAINEHNS BEPTUKAJIHHON MJIOCKOCTH KAYEHWS MASTHUKA.

2.59. Bocrnonb30Barscsd HHTErPAIOM SHEPTUHA U TPAGDUKOM MOTEHITHAIBHON YHEPIUH PABHOJAEHCTBYIOIIEHN CHJI.
2.60. Bocrmonb30BaThCsT HHTETPATIOM SHEPTHH.

2.61. Ilosoxkenne MaTeMaTUIeCKOr0 MASTHUKA 33/1aTh YIJIOM (© MEXKIY PAIUYyC—BEKTOPOM TOYKH U BEPTUKA-
JIbIO, HAITPABJIEHHON BHU3. BOCIOIB30BATHCA MHTErPAIOM JHEPIUN U IPAMDUKOM MMOTEHIINATHHON SHEPTUH CHJIIBI
TSIXKECTU KaK (DYHKIIAU YTIIa, (.

2.62. Cm. 2.59.

2.63. Pa3nokuTh MOTEHIINATBHYIO SHEPTHIO B PAJI B OKPECTHOCTH TOYKN MAKCUMYyMa, BBIITUCATH HHTEPAI SHEP-
THH, CIUTAST TTOCTOSTHHYIO WHTErpaJja PABHON 3HAUEHWIO TOTEHIIUAJBHOW SHEPTUNA B TOYKE MAKCUMYMA.

2.64. Bocronb30BaThCst HHTErPAJIOM SHEPTUU I/ HAXOXKIEHWST BpEMEHU IBUKeHus 110 (Ha30Boil KpuBoil u hop-
MYJIOH JJ18 HAXO0XKIEHUs IIIOIMAIU (PUTYPBI, OTPAHUYEHHON IPadUKOM HEKOTOPOH (DyHKIINU.

2.65. Pa3nokuB MOTEHITMAIBHYIO SHEPTHUIO B P B OKPECTHOCTH TOYKW MHUHUMYMA, BBIMUCATH JUHENHOE TTPH-
ONVKEHNE YPABHEHUS IBUYKEHUS TOYKH.

2.66. Bocronib30BaThCd MHTErPAJIOM SHEPIUU, CIUTAA TOCTOSHHYI WHTEIPAJIA PABHON 3HAYEHWIO MMOTEHIINA b~
HOI 9HEPTUU B TOYKE (© = T.

2.67. Bocmosb30BaThCST MHTETPAIOM SHEPTUH.

2.68. Bommcars anddepeHimanbubie ypaBHeHAsT IBHKEHUT TOUKH.

2.69. [Ipumenurs TeopeMmy 00 M3MEHEHNU KMHETUYECKON SHEPIMHU B HEMHEPLUAJIBHONU CHUCTEME OTCUYETA.
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