CBEJEHUSI U3 BEKTOPHOW AJITEBPHI.
Craaaproe npouseedenue MByX BEKTOPOB a u b Beruucssiercs mo dhopmysiam

(1) (a,b) = agby + ayby + a,b, = abcosy,

rae 1 — yros MeKJIy BEeKTODaMH, 4, b — mx MOmysy.

BadbuKcHpyeM OPHEHTAIHIO HAIIEro TPEXMEPHOTO eBK/IMI0Ba npocTpatcrsa R . Haryismmo rosops, 310 3Ha-
YWT, ITO OTHBIHE JEHCTBYET COTTIANIEHAE IPIMEHATH TOJBKO TIPABBIE PETEPLI — TAKUE, 9TO GASUCHBIE BEKTODHI,
TSI UM HABCTPEYY, MOXKHO TIO TIOPSAJKY OCMOTPETH TIPOTHB IaCOBOH CTPEJIKH.

Bexmopnoe npouseedenue [a X b] opToroHansHo coMHOKHUTENSM @ U b, ero momynb | [a x b]| = ab|sin|,
TpOiiKa BEKTOPOB @, b, [a X b] ectb mpasas. BekropHOe MpowW3BeeHNE MOKHO 3aMMCATH B BHIE (HDOPMATBEHOTO
onpeeuTeNs:

(2) laxbl=| e, ay by
e. a; b,

BekToproe mpon3BeeHNe HEBBIPOXKIEHO B TOM CMBICJIE, 9TO JIJIs KAXK/IOT'0 HEHYJIEBOTO BEKTOPA @ CYIECTBYET
TaKol b, 9TO MX BEKTOPHOE NMPOM3BEJCHHUE OTJMYHO OT Hysad. Bosee Touno, [@ X b] = 0 Torga u TOIBKO TOr/A,
KOTJIa BEKTOPHI @ U b KOJITuHEeapHbI.

OBPATUTE BHIUMAHUE, 9YTO U CKAJIAPHOE 11 BEKTOPHOE IIPOU3BEJEHNA NMEIOT IBA 9KBHUBAJIEHT-
HBIX OIIPEAEJEHWA WM COOTBETCTBEHHO [JBA CIIOCOBA BBLIYUMCJIEHUS: TEOMETPUYECKHUIT (C NCITIOJIb-
30BAHUEM MO,Z[YHEI/"I BEKTOPOB U YIVIA MEXKIY HI/IMI/I) N AHAJIUTUYECKHUI (OHEPI/IPYIOHH/II“/I C KOM-
ITOHEHTAMM BEKTOPOB B OPTOHOPMUWUPOBAHHOM PEHEPE). HA IPAKTHUKE MMPUXOANTCHA TTOJIB3OBATHCHA
OBOHNMH, IPUYEM OT BBIBOPA YIAYHOT'O CIIOCOBA YACTO 3ABUCHUT ECJIN HE CAM YCIIEX B PEIIIEHUN 3A-
JAYM, TO BBICTPOTA EIO JJOCTUXKEHUS. B OBIIUX YEPTAX CIPABE/JIMBO CJIEJAYIOUIEE HABJIFOJEHUE:
B TEX CJIVHAAX, KOI'’JA BEKTOPBI YAOBHO PACIIOJIO?KEHBI, B YACTHOCTHU, KOTJA JOCTATOYHO fACEH
YI'oJl ME2KAY HUMH, 90OPEKTUBHEE TEOMETPUYECKHWIA CIIOCOB; N ECJIM ?KE B PACIIOJIOZKEHNHU BEKTO-
POB HET HUKAKOI1 O“IEBI/I,HHOI/”I CIIEIIU®UKUN, TO JIVUIIIE, HE TOPOIIACH, IPUMEHNTH AHAJIMTUYECKUN
CIIOCOB.

Korna 3aBeoMO M3BECTHO HAIPABJIEHHE BEKTODA @, HAIPUMED @ || €., To mosBsierca cobIa3H HANUCATDH
a = ae,. B aToM ciyvae a HE MOy, &, KAK WHOTA TOBOPAT, aaredpandeckoe 3HaYeHne MOYJIsi — MOIYJb CO
3HaKOM. Kopode, BO3MOXKHA BOJIBHOCTb PEYHU, K KOTOPO# HA/0 OBITH TOTOBBIM.

Omnepanun ¢ y4acTueM TPeX BEKTOPOB: CMEWanHoe npoussedenue

az by cCs
3) (@lbxd)=Blexa)=(claxb) = a, b, c |;

a, b, c;
deotinoe sexmopHnoe npoudsedenue
(4) [a x [b x c]] = bla,c) — c(a,b).

Koaddurumen st 31ech B HapyineHne O0IIero mpaBuia HAMCAHBI TOCJIE BEKTOPOB. DTO TO3BOJISET JIETKO 3AI0M-
HUTH (hOPMYJy, MPOYUTAB €€ KaK «Dall MUHYC TAIT>.

CkansgpHoe TpousBeeHne OUINHENHO, CHMMETPHUYHO U MTOJOKUTEIBHO ONPEEIEHO; BEKTOPHOE — DUTHHEH-
HO, AaHTUCUMMETPUIHO U YIIOBJETBOPSET TOXKIECTBY

(5) [ax[bxe]]+[bx[exal]l+][cx[axb]=0.



IPON3BOJIHASI BEKTOPHOW ®YHKITAN:

df

F(O) = fr(Dex + fy(tley + f(De: RA — = f(t) "=’ fa(Dex + fy(tey + f2(De-.

W3 ompenenennsi, B 9aCTHOCTH, CIeayeT, 9TO f He 3aBUCHT OT JBUKEHUsI TOYKH MPUIOKEHUA BEKTOPA.

_
T[TPUEM BHIYUTAHUSA. Eciw Bekrop f(t) = P(t)Q(t), To

d

(6) P(OQ(t) = 0G(1) ~ OP(t) = | =

—
PQ =vg—vp

DTO TIPOCTO, HO OBIBAET OUYEHB TOJIE3HO.
MMPABWJIA JIEUBHUIA nna nuddepenimpoBanust TpOU3BeIeHMI:

d

d . 1
7 (a(®),b()) = (a,b) + (a, b),

d .
&[a(t) x b(t)] = [@ x b] + [a x b].

JABUZKEHUE TOYKMU B nanxoil cucteme orcuera 3ajaercs dbyakmuamu x(t), y(t), z(t). Ux MoxkuO MH-
TEPIPETHPOBATH KAK TIEPEMEHHBIE KOOPIUHATHI HEKOTOPOH JABUKYIIEHCA reoMerpuaeckoit Toukn P(t), a rakke

KAaK KOMIIOHEHTBI ee pajuyca-sekropa r = OP, rne O — rouka ¢ koopauuaramu (0, 0, 0). Uraxk,
(7) r(t) = z(t)e, + y(t)e, + 2(t)e.,

CKOpOCTb TOYKH — 3TO BEKTOD, KOTOprfI AMEET HECKOJILKO SKBUBAJICHTHLIX 0003HAUeHMH:

) dr . dzx n dy n dz re. e, 4 2
V=—=7Tr=—=8€; — e — €, = T€, e Z€,.
dt dt dat Y dt ey
AHAIOTUYHO yCKOPEHUE
dv d&r . &Pz N d?y N d?z ve. + il 4 3
aQ=—=—5=7=—5€; — e —F €, = T€, e ze, =
dt — dt? dt? a2 Y d? Y&y
dvy . dvy L dv, . e +i dz 4 dy 4 dz
=—e,+—2e — e, =U,e; +V,e, +0,€e, = —e, + —e —e,
dt dt Y dt vy dt dt Y dt

O6bI9HO CKOPOCThL Vp NpUKAaAbIBaeTCd B Touke P(t). Ho MOXKHO yCHIOBUTLCS MOMENIATh €r0 B HAYAJO
koopauaar O. Torma KoHEI] BEKTOPa Vp CTAHET 3aMeTaThb ee 20002pagd cKopocmu.

IIpu paBHOMEpPHOM ABMMKEHWN TOYKH IO OKPYKHOCTH HA Tomorpade CKOPOCTH TOKE YBHIWM PABHOMEDPHOE
JIBH2KEHHE 110 OKPYKHOCTH € EHTPOM B Hadasie KoopauHat. OTCiofia JIerko MOHATh, YeMy OyIeT PABHO yCKOPEHHE.

3A7A9A 1. A. BeUucanTh 9BHO U HapUCOBATH TPAEKTOPHIO JIBUKCHHA B TJIOCKOCTH, KOTAA Ha rojorpade
MIOJIYy9aeTCd PABHOMEDHOE JBHIKEHHE 10 OKPYKHOCTH, IPOXOIAIIEH Yepe3 HA49aI0 KOOPAUHAT.

OTBET: B MOIXOAsKel CHCTEME KOODIAWHAT MOJIYYUTC TUKIOUIA.

b. BoruncanTh IBHO W HapPHCOBATHh TPAEKTOPUIO ABUKEHHA B INIOCKOCTH, KOTA HA TOIOrpade MOIyIaeTCs
pPaBHOMEPHOe JIBUKEHNE 110 OKPYZKHOCTHU, HE OXBATBHIBAIONIIENH HAYMAIO KOOPIUHAT.

B. BoruncanTh SIBHO U HAPUCOBATH TPAEKTOPUIO IBUKEHUS B MJIOCKOCTH, KOTIa HA TOAorpade moaydaeTcs
PABHOMEDHOE JIBUKEHUE IO OKPYKHOCTH, OXBATHIBAIONIEH HAYAJIO KOODIUHAT.

I'. Boraucinth 9BHO M HAPUCOBATH TPACKTOPUIO JBUKEHWS B IJIOCKOCTH, KOTJA HA rojorpade moaydaeTcs
PaBHOMEPHOE JIBUXKEHUE 10 TPAMOIT, COAEPKAIE HAYAJIO KOODIUHAT.

JI. BeraucanTh sIBHO W HAPUCOBATH TPACKTOPHUIO IBUKEHUS B ILIOCKOCTH, KOIJIA HA Tomorpade MoIyIaeTcs
PABHOMEPHOE JIBUKEHNE TIO MPAMOii, HE COAepKAaIleil Ha9asIi0 KOOPJANHAT.



®OPMYJIA SUJ/IEPA. OTHOCHTENIBHO JAHHON CHCTEMbI OTCUETa MOKET [IBUTATHCS U JAPYToe TBepPIOoe Te-
710. ToBOPUTEL «CKOPOCTH TBEPIOrO TeJay He/Ib3si, CKOPOCTh €CTh Y KaxKJOH ero Toukd (MCKJIUEHUe U3 3TOr0
OPABWJIA — NOCIMYNAMEAbHOE JIBUKEHUE TEJIA, KO CKOPOCTH BCEX TOYEK OJIUHAKOBDI).

Teopema u omnpenesienue BMecte. llycTs TBepsoe TesnO, B KOTOPOM €CTh TPHU TOYKH, HE JIEXKAITUE HA
OJIHO# LIPAMOIi, COBEPIIAET JOCTATOYHO IJIaAKoe AsuzkeHue. Torga B Karkj0e MIHOBEHHE CYIIECTBYeT U €JIHH-
CTBEH BEKTOD W, HA3BIBAEMbI BEKTOPOM MTHOBEHHOH yTJIOBOM CKOPOCTH TE€Ja M TAKOM, YTO CKOPOCTH JIOOBIX
JBYX Touek Tena (A u B) cBA3aHBI COOTHONIEHUEM

(9) vB:vA+[w><A_B)}

Onpedeacnue. Ecin B manHoe Mraosenue vo = 0, TO IMEET MECTO M2HOGEHHOE 6PUULEHUE BOKPYT COOTBET-
CTBYIOIIEH OCH.
Bor npocreiiniue ciiydan, KOrja 0Cb MFHOBEHHOTO BPAIIEHUS CPA3y MOXKHO YBUIETh:

NEPBBII) [BE TOUKM TeJIa HETIOIBUKHBL, U HAJUIO OOBIYHOE BPAIIEHUE BOKPYT HEMOIBWKHON OCH;

BTOPOI1) ABWKEHUE TIIIOCKOE (MPOUCXOMUT BHYTPU HEMOABHXKHON TUIOCKOCTH WA MAPAJLUTENBHO HETOIBHK-
HOIi TUTOCKOCTH ): TOTIA BEKTOP YIIIOBOH CKOPOCTH O0SI3aTENBFHO MEPIEH MK Y IApeH 310l mrockoctn u A = 0; C' —
TOYKA TIEPECEYEHNsT MTHOBEHHON OCH BPAIEHUS C IJIOCKOCTHIO, HA3BIBAEMAT M2HOGEHHbBIM UEHMPOM CKOPOCTET
UJIA M2HOGEHHbIM UEHTNPOM GPAULEHUA; ITY TOYKY JIETKO IOCTPOUTH MEeOMETPUIECKH, nucxols u3 vy L CA Eo—
of1me roBopsi, TOCTATOYHO 3HATH HAITPABJIEHUS CKOPOCTEH B JIBYX TOYKAX); OTMETHM TakxkKe, uro |v4| = w|CA|.

TPETUI) onaa Touka Tesaa (mycrb ()) BCe BpeMs HEIOJIBUXKHA, M, CBEPX TOrO, MPOUCXOIUT Kauenue (be3
NPOCKAALIbEAHUA) Tesa IO HenoaBuKHON mosepxaocTH. [Iycte C' — Touka kacanusa. Ckopocts Toit Toukmu P
Tesa, KOTopas okazanach B C) Mpyu KAYEHUH MO ONPE/IeJIEHHUIO PDABHA HYJII0, TAK 9TO JJIs JII000H ApyTroil TOUKM
Tesa

(10) v = |wx CAl
Ho nockonpky vg = 0, umeem

(11) 0=[wx0Q < w||CQ.

—
Wrak, BekTOp yriaoBoii ckopoctu Hanpasied mo CQ).

qETBEPTbIﬁ) Ka4eHHue MOXKET JaBaTh U IBE€ MI'HOBEHHO-HEIIOABU?KHBIC TOYKH.

ITPOCTEMIINUE NPUMEPHI: JIucK, KaTSImuiicss TO MPAMOii; KOHYC, KATSIIUNACS 0 TIJIOCKOCTH; AP, KATIIWIACST
B sKeJyio0e, COCTABJIEHHOM W3 JBYX TOJYIIJIOCKOCTEH.

Pacnpenenenne ckopocTeii B IJIOCKOM TBEPIOM

I ——— TeJIe B KaKJ0€ MI'HOBEHHE BBIIVIAIUT TaK, KaK ecC-
¥, “\h st ObI 3TO TEJIO OCTOAHHO BPAIIAJIOCh BOKPYL HEKO-

ropoit Touku C', Ha3BIBAEMON MIHOBEHHBIM IIEHTPOM

-

f r 1 CKOPOCTEI.
J ; t A | W300pazken Takke crmocob ompemeneHnsa abco-
- A ¥y = . JIFOTHOI'O YIJIA MOBOPOTA IIJIOCKOTO TeJja: HA HEM
c . .f . I_,._f MBICJIEHHO OTMEYAETCsT HEKOTOPBI OPUEHTHPOBAH-
a8 e HBII OTPE30K U Oepercs yroj, KOTOPBIH 3TOT OTPE30K
ro COCTaBJ/ISIET C KAKMM-JINO0 HEMOJIBUYKHBIM HAIIPABJIE-
HUEM



3aga4A II. A. Tuck xarurea mo npsaMoit 6e3 nmpockanb3biBaand. [IycTh
T — TepBast KOOPJIWHATA, €ro meHTpa A, ¢ — abCoMIOTHEIA yToJI TOBOPO-
ta. [loKa3aTh, YTO MEKIY T W @ WMEETCS TOKJCCTBCHHOE COOTHONICHWE |
(cBs3b). A MMEHHO
T + ry = const. . e -

PEITEHUE. Nmeem .
vyg = [wx CA]; e, =[pe, X re,] = —rpe,,

OTKYIa
z+ro=0.

Yro u TpeboBaIOCh. DTO TOXKIECTBO, PA3YMEETCs, HOHATHO M3 YUCTO M€OMETPUYECKHX COODparkeHMi: myra,
[POKATUBILIASACI IO MPAMOIL, 110 JAJUHE PaBHA HpoiijeHHOMY meHTpoM myrH. OIHAKO B Majlo-MaJbCKu OoJiee
CJIOZKHOM 3a/1a4e TaKoro poja CoOOparKeHHsl, KaK IIOKa3blBAET IIPAKTHKA, HEM3MEHHO COIPHA2KEHbL C OIIMOKAMU.
Kunemarndaeckue mpueMbl HAMHOTO 3¢ heKTUBHEE.

B. Jng xaueHus AMCKa 1O MPsIMOM HAPUCOBATH (TOYHO YKa3biBasl HANPABJICHUE U COXPaHss IIPOIODIUH)
BEKTOPBL CKOPOCTEH B IIEHTPE, B KOHIAX BEPTUKAJIBHOIO U TOPU30HTAJILHOIO JAAMETPOB.

B. s paBHOMEPHOIO KauyeHUs AUCKA IO IPAMOI HAIIMCATh yPAaBHEHHE TPAECKTOPHUH IIPOU3BOJIBHON TOUKH
006012 (LOJLy YU TCH LUKIIOUAA).

[. Jljsi paBHOMEPHOTO KAUEHUsl JUCKA [0 MPAMOi HAPUCOBATH (TOYHO YKA3bIBasi HANPABJIEHUE U COXPAHSIS
OPOIIOPIMHU) BEKTOPLI YCKOPEHUHi B IIEHTPE, B KOHIAX BEPTUKAILHOIO U MOPU3OHTAJILHOIO JIUAMETDOB.

3aaa4A ITI. A.JTuck papuyca r xarurcs 6e3 LIpOCKaIb3bIBAHUS
BHYTPH OKPYZKHOCTHU pajuyca p. AGCOMOTHBIN yrol OBOPOTA, UC-
Ka IIyCThb GYZIET 0, & yroJl IOBOPOTA PAINYCa-BEKTODA IIEHTPA JIUCKA,
MPOBEIEHHOTO U3 TEHTPA HEMOABUXKHON OKPY>KHOCTH, IyCTh OyIeT
0. Haiitu csi3p mexkay 0 u .

Oreer: (p —1)0 + rp = const (a Bosce He pf = T — OOBIYHBLI
CKODBIi OTBET).

B. PemmTh aHaIOrnYHyIo 331039y 4 QECKA BHE OKPYKHOCTH.

B. Pemmmurh aHAJIOrMYUHYIO 337349y i 0Opyda BHE OKPYKHO-
CTH, HO COJIEPKAIIETrO OLOPHYIO OKPYKHOCTh BHYTpU cebs (1 noro-
My uMeroero 6oJbui pajuyc).

I. /Iy paBHOMEPHOTO Ka49eHusl TUCKA BHYTPU OKPY’KHOCTH Ha-
[UCATh YPABHEHUE TPACKTOPUH IIPOU3BOJIBHON TOUKH 060718 (110J1y-
YUTCH TUIONUKIONIA).

. B 1ex ke npearonoKeHnsaX B HAWNHU3IIEM ITOJIOKEHUH Ha-
PHUCOBATH BEKTOPHI YCKOPEHMUI B IIEHTPE, B KOHIAX BEPTHUKAJIHHOTO
¥ T'OPU30HTAJIBHOTO JTUAMETPOB.



O MMEPEMEITEHUU MECTA COITPUKOCHOBEHU Y. Tlpu kaueHnu Teaa MECTO COMPUKOCHOBEHUST, TO
ecth cama Touka C Kak BUANMBIH 00pa3 mMeeT, BOOOIIE TOBOPS, HEHYJIEBYI0 CKOPOCTh:

d

—

SAMEYAHIE. Ilocne nuddepenimposanus roxkaecrsa (10) nomyuaem
d —
as=|wXx (va—uc)+ [aw x CA].

Touka A 6bL1a B3ATa MPOU3BOJIBHO, MOITOMY B JaHHOE MI'HOBEHHE MOYKET COBIACTh ¢ Toukoit C. Orcioga yeko-
peHue B TOYKE KaCaHUs:

(13) ac = —[w X ug).

D1oT (hakT OBIBAET MOJE3EH IPU PEIeHNH 33139 O PACIPEIETIEHNN YCKOPEHUN B TBEPIOM TeJie.

YI'JIOBOE YCKOPEHHE tBepmoro Teaa — BEKTOP € = C(ZT“E’

IIOJIE YCKOPEHUI B TBEPIOM TEJIE 3anaercs gopmyaot Pusarvca:

(14) aB:aAH%wxﬂ;’H[wx[wxﬂén.

Omna serko mosyuaercs auddeperimpoBanueM (GOpMyIbl Ditfepa, 3aTeM NpuMeHeHneM npasuiaa Jleibuura,
MpUeMa BBIYUTAHUS U CHOBA (GopMysbl Difmepa:

o d _d d — d — d—

= +lw X (vp —v4)| =
x| )]
Citaraemblie B 9710l (opMysie HA3BIBAIOTCHA OTMEYEHHBIM, BPAIIATEIBHBIM U OCECTPEMUTEIbHBIM YCKOPEHUSIMU
coorBeTcTBeHHO. OObICHNM, TTOYEMY.

Ecan B nannoe mMraosenne w = 0, TO TpeThe caraeMoe TPONAIAET, U TOT/IA YCKOPEHHST PaCIpe/IeieHbl aHaI0-
TUYHO CKOPOCTsIM. VIMEHHO TIOTOMY BTOpOE CJIAaraeMoe Ha3bIBAETCH 8PAULGMEAbHBIM YCKOPEHHEM.

Ecnu Bapyr a4 =0 u € =0, 10 ap = [w X [w X A_B>]] Jliist HpOCTOTHI BhIOEpeM CUCTeMY KOOPAMHAT TaK, 4To
W = we; U IOyCTh
— -
AB = fee +ne, +(ec, [w x AB] = wle¢ —wne, + e¢,
ADN — 2 2 _ 2
w x [w x AB]] = —w€eg — wne, — —w?(Eec + ne,).

Dror BEeKTOp HampaBjeH oT Touku B K ocu A( mepreHaukyaspHo mociaemuei. [loaromy Tperbe ciaraemoe
HA3BIBAETCA OCECTNPEMUMENLHBIM YCKOPEHUEM.



3a7a49A [V, Ilap pagmyca r KATATCA 10 THY U CTEHKE KPYIJIOTO IAJIHH- Yy

JIPUYIecKOTo CTakana pammyca p+ 7. CKOpOCThb ero IeHTpa IOCTOAHHA, | 10

MOZIYJII0 PaBHA V. T
A. Bbluuc/murh yIJI0ByI0 CKOPOCTD 11apa. |
B. BerancanThb yriioBoe yCKOpeHHe IIapa. | N
B. Onpesiesurh ycKopeHue IeHTpa Mapa. |
I. OupenenuTh ycKOpeHue HIKHeH TOUKH mapa P. Q
. Onpenenurs yckopenune BepxHeii Touxu mapa V. : - - e
E. Oupenenurs yckopeHue camMoil BHEIIHeH ToYKy 1apa, Q. o k

O6paruM BHUMAaHUE HA LEHTD wapa S U MeCcTra COLUPUKOCHOBEHMS C JHOM M CTEHKOI crakana P u Q. dtu
TOYKY OYIyT HEMOJABUIKHBI B cucTreMe Koopawnar A&n(, spamaroreiics BOKpyT ocu A(, coBmaaiomnieii ¢ ochio
MUIHHPA, TPUYEM DACIONOXKEHUE UX HOJYyUIUTCs OCODEHHO TMPOCTBIM, €CJIM Mbl HAYaJ 0 A TOMECTUM Ha, JIHE
crakasa, a ocb A& HanpasuMm B Touky P. Torma ckopocTb HeHTpa mapa

(15) Vg = vey,
YIJI0Bast CKOPOCTH CHCTEMbl KOODIUHAT
(16) =
Whep = — €¢-
p

MruoBeHHAs OCh BPAIEHUST TTapa MPOXOAUT Yepe3 ToYKu P u (), KOTOpble MTHOBEHHO-HenoABrKHbI. CrenoBa-
TEJIbHO, aDCOOTHAS YIVIOBAas CKOPOCTD IIapa

(17) Q:Q(—\}iec—gq).

CKOpOCTb IIEHTPA BBIUHUCINM €IIe OTHUM CIIOCOOOM:
Qr ( ) % ef] Qr
=—|(—ec—e e|l=—
Vo

Conocrasus 006a BRIDAXKEHUST I CKOPOCTH IEHTPA, MOy IAeM

V2v

(18) vg = [Q x PS] e,.

(19) Q= .
YrioBoe ycKOpeHue Iapa
(20) E:@:_ﬂ[‘-"nep x eg] :_ﬁen'
dt V2 Tp
Vckopenne meHTpa
2
(21) as = —% ec.

Vckopenne BepxHei TOUKH oupeeseM 1o Gopmyrne Pusanbca:
— —
(22) ay =ag+ [e x SN| 4+ [©2 x [Q x SN]],

—
B kotopoit SN = re¢. [loayunm orser:

2 1 v?
23 ay =12 (5 —-)e— —ec.
(23) N <P 7“) I

dAcuo BUOHO, CKOJIb LIeJ'IeCOO6pa3HbIM OKa3aJIOCh HUCIIOJIb30BaHUe IIOABHUZKHOI'O perepa.



®OPMYJIA CJIOKEHNS CKOPOCTEI. ITycrs mpukenne HekoTOpoit Toukn P(t) paccMarpusaercs ¢
TOYKY 3PEHUS JBYX CHCTEM KOOPAWHAT: Hemoasu:kHOH Oxyz u nompmxkuol A&nC. Ommu HabMOIATETh PEru-
crpupyer dbyukumm z(t), y(t), z(t), apyroit — dbyukumm £(t), n(t), ((t). [dpuxkenwme camoii CHCTEMBI KO-
opaunar AEn¢ (3TO TBEpIOE TENO) YCJIOBHO HA30BEM MEPEHOCOM; COOTBETCTBEHHO TOMY €€ YIJIOBYIO CKOPOCTH
orrocurenbHO OTyz 0BO3HAYUM W = Wyep -

Jnsa Touku P BBIYHCAAIOTCS

abcoJTIoTHasg CKOPOCTh: Vage = L€y + ye, + Ze,,
OTHOCHUTEJIbHAdA CKOPOCTh: Vorn = feg + ne, + C'eg,
AbcommoTHas CKOPOCTh — CYMMa OTHOCUTEJIBbHOM M TTEPeHOCHOM:
Vasec = VUnep + Vo,

—
I7e MePEHOCHAsI CKOPOCTD Vyep = U4 + [w X AP] ecTb CKOPOCTH TOrO MECTa B IIOABHIKHOIN CHCTEME KOOPAUHAT,
B KOTOPOM B JIAHHOE MT'HOBEHHE OKA3aJIaCh JIBUZKYIIAACH TOUYKA.

®OPMYJIA CJIOYKEHNS YCKOPEHUIL. WMeem onpenenenus:
abcoJIIOTHOE yCKOpEeHHe: Q50 = T€; + je, + Ze,,
OTHOCUTEJIbHOE yCKOopeHue: Aoy = éeg + fje, + éec.
ABCOMIOTHOE YCKOPEHUE CJIAraeTCsl U3 OTHOCUTEIBLHOrO, TIEPEHOCHOr0 1 Kopuosncosa (popmyna Kopuomuca):
Ay6¢ = Qnep T Gorn T Qxop,

— —
I7le IEPEHOCHOE YCKOPEHUE Uyep = @4 + [€ X AP] 4 [w X [w x AP]],
KOPHOJINCOBO YCKOPEHHE Gyop = 2[Wrep X Vo)

®OPMYJIA CJOYKEHUY YIJIOBBIX CKOPOCTEIL. Jlonycrim Temeps, ato Teao C mmeeT abCOOT-
HyIO yFJIOByIO CKOPOCTBb Wyge B HeHO,HBI/I}KHOIL/'I CucTeMe orTcueTa u OTHOCI/ITeﬂbHyIO yFJIOByIO CKOPOCTb Wqory B
TIOABUZKHOM cHCTEMe OTcUYeTa. B CBOIO odepennh MOABMKHAS CUCTEMa KOODIAWHAT, HATIOMHHUM, UMEET YTJIOBYIO
CKOPOCTb W = Wrep OTHOCHTETHHO HenoasmzkHoil. [lokaxkem, 910

(24) Wabc = Wnep + Worn,

T. €. aDCOTIOTHAS YIVIOBAsSI CKOPOCTH PABHA CYMME OTHOCHUTENHHON U MePEHOCHOM.
DopMyIa CI0KEHHUs YIJIOBBIX YCKODPEHUM:

(25) €a6c = €nep T €oru T [U-’nep X wOTH]’

KoummenTapun 1 10Ka3aTeIbCTBO OCTABISIOTCI B KATECTBE YIPAXKHEHHS.

SBAMETKU IJIA TAMYATNU. Yrobsl mpeaympeanTsh Te MHOTOYUCICHHBIE ONMMHOKH, KOTOPbIE CBA3AHDI C
IpUMeHeHNeM TIOHATHI TTePEHOCHOI CKOPOCTH W MepeHOCHOTO YCKOPEHHs, O0paTHM BHUMAHHE Ha TO, UTO Vgep,
Qpep B OOINEM CITyJae He ABIAIOTCA CKOPOCTBHIO N yCKODEHHeM Hadasa KOODIHHAT:

(26) Vnep 7é VA, Qpep # aa;

3aTeM Ha TO, 9TO Ugep; Qmep BOOOIIE He ABIAIOTCA CKOPOCTBIO W YCKOPEHHEM KaKOW-mnO0 OmHON ABMKyTIeicsa
TOYKH: B KaXKJ0€ MIHOBEHHE 3TO CKOPOCTDh U YCKOPEHHE, BOOOIIE TOBOPSA, HEKOTOPO HOBO# TOYKHM, HOBOT'O CIEIA,
KOTOPBIA TOYKa P OcTaBjsieT Ha TBEPAOM Teje, CBA3aHHOM C MOABUKHON CHCTEMOH KOOPIMHAT.

Kopuonncoro yckopeHue Tak»Ke TOCTABJSIET MHOTO XJIOMOT. B HeM cTpaHHO BCe: W MHOXKWUTETb 2, U BEK-
TOPHBIE COMHOXKUTEJIH, OIWH U3 KOTOPBIX — MEPEHOCHAS YIJIOBAs CKOPOCTH Tesa, APYroi, HaobopoT, — OTHOCH-
TeJIbHAs JIMHEHHAST CKOPOCTh TOYKU (106aBUM Ha BCAKMIA CJOYYail, YTO BbIPAYKEHUs <YIJIOBask CKOPOCTh TOYKUY
U «CKOPOCTb TeJId» B DABHOIN CTENEHU HEKOPPEKTHBI).

B dopmymax, oTHOCAIMMUXCS K CKOPOCTSIM, — BCETA IO B3, CJIATAEMBbIX, 8 OTHOCIIIUXCSI K YCKOPEHUSIM —
Bcerma o Tpu. Ilpu 3Trom B hopMyse I/ist YCKOPEHUsT €CTh Ba, CIATAEMbBIX, TI0 CMBICTY aHAJIOTMYHBIX WIEHAM B
dopMysie I8 CKOPOCTeil, a TPEThbe CJAAraeMOe UMEET BUJI «CTPAHHOIO» BEKTOPHOTO MPOM3BEIEHMUS.



B yuebmbIx 3amavax, Kak MpaBujio, BCTPEYAIOTCA HE MATEPUAJbHBIE TOUKH, & TBEPbIE TeIa. B 3TOM ciaydae
TIPY BLIYUCTECHUN UMITYTHCA, KHHETHIECKOTO MOMEHTA WIN KMHETUIECKOHN SHEPTHH Te/a HAJI0 UCXOIUTb U3 TOTO,
9TO MPOCTPAHCTBEHHOE TBEPIOE TEJI0 XapaKTepu3yercs maccoit M, mosoxkeHueM meHTpa mace I], Tpems ryias-
HBIMH [IEHTPAJIbHBIMY HAIIPABICHUAME €, €', €’ W COOTBeTCTBYIOIIUMHY TJIABHBIME HEHTPAIBHBIMA MOMEHTAMHA
nuHepun A, B_,) C. Ilycrs B HEKOTOPOH <«HEMOJBUXKHONY cucreme Koopaunar Oxyz Todka [] umeer pajamyc-
BekTOp 8§ = OI], U mycTh yIaoOBas CKOPOCTH Teja OTHOCHTENbHO Oxyz pasjioxkeHa mo (IpaBoMy) TIIABHOMY

perepy:
(27) w = pe +qe’ +re’.

Torma
umnynasc P = Ms,
cobcrBennblit Kunerndeckuii Moment Ay = Ape + Bge' + Cre”,
HONTHBIH KuHeTHIeCKAi MomeHT Ao = M|[s X §] + A,
KHHETHYIECKAsT IHEPTHUs
M., 1

(28) T= - 8 +§(Ap2+Bq2+C’7’2).

MowmeHT MHepIH OTHOCUTENBHO ocu Ae, TO ecTh OCH ¢ HAIIPABJIEHUEM €, MPOXOJsiieil yepe3 Touky A :

(29) Tpe = Z ml,dz(ml,, Ae)

3necy d(m,, Ae) = ’ [e x Am,,

€CTh PacCTOsTHUE OT TOYKKA M, MO0 ymoMmsauyToit ocu. Torma
(30) Ioe = Md®+ Iye,

310 bopmyna I'ofirenca-lllTeitrepa, B KoTOPO#l [i7e — MOMEHT MHEPIIUYM OTHOCUTETHHO OCH, TPOXOAATIe depe3
IEHTP MacC ¥ MapajuiebHol e, d — paccrosinue mexay ocavu Oe u I[e;

B cayuae minockux apuxkenuil (nmycrb B miiockoctu Ozy) BBOAUTCA abCOIIOTHBINA yros ¢ MOBOPOTA TBEPIO-
ro Tesla OT HEKOTOPOI'O HENOJIBU2KHOI'O HallPDaBJICHUHA; YIOJI ¢ OTCYUTBLIBAETCS IIPOTUB YaCOBOI CTpE/IKHU, eCiu
CMOTPETHh HABCTPEIY BEKTOPY €,. Torma

Mg  I¢?
2 2

31 w=ye,, Aj=Ipe, T
17

Ipu permennn 3a4a4 €O CAOKHON KUHEMATUKON MOJIE3HO MPUHUMATE MOIBUKHBIE CHCTEMBI KoopauHar A&n(
C TIEJIBIO OJYYUTh KOMIIAKTHBIE PA3JIOKEHUS TeX WM UHBIX BEKTOPHBIX BEJIUYWH: CKOPOCTEH U YCKOPEeHu# oT-
JIEJTbHBIX TOYEK CUCTEMBI, YIVIOBBIX YCKOPEHUI U CKOPOCTEH Tejia, KHHETUIECKUX MOMEHTOB, CUJI U MOMEHTOB CHJT
(yraxkem, Hanpumep, Ha npumenenue oceii Kenura wim moaBuzKHOro penepa rJIaBHbIX HAIPABJIEHUN TBEPIOrO
Tesa ¢ HenoABMKHON Toukoii). Tlosie3Ho caesiarh BIOOD IIOABUZKHON CUCTEMBI KOOPAUHAT OCO3HAHHO, JIPYLHUMU
CJIOBAMY, TIPUMEHSITH TAKYI0 METOAUKY OOPAIIEHUs ¢ YePTEKOM, KOTOpas Kak Obl cama cobo#t mpuBoauIa ObI
K yI0OHOI cucTeMe KOOPJMHAT, T. €. YUUTBIBAJIA Obl B3aMMHOE PA3JIOKEHHE JacTell MeXaHUIeCKOH CHCTEMBI, ee
XapaKTePHBIE YePTHI CBONCTBA CUMMETPHUH U T.JI.

IIpuHOUD IBHO BaXKHBIX TOYEK.

Iodsusicnyro cucmemy woopduram Hado 660dumsd makurm 0b6paszom, wmobv, 6 Hetl

MOUKYU CONPUKOCHOBEHUA MeEA,

2EOMEMPUNECKUE UEHTMPYL MEN, UEHTPYL MACC

MOYKY, NPUAOAHCEHUA CUA
UMENU 803MONCHO boaee npocmuie mpaexmopuu. [Ipu 3ToM KemaTenbHO, 9TOOBI OCH JBUTAJIUCH TAKKe 110 BO3-
MO?KHOCTH IIPOCTO.

HykHo eme cieauTsh 3a HEM30EKHO BOZHUKAIONIUME TOJIBUKHBIMU PErepaMiu, HO 3TO yKe 00jee BhICOKMH
YPOBEHDL TOHUMAHUSI.



C -

Huck co mrranroii (AS) u map co mranroit (AS) Kararces Mo MIOCKOCTH; KOHeI mTanTn (A) HemojBukeH
(u306pasken B cedenus). [IpuCMOTPUTECH: SBHO BaXKHbIE TOYKH 31€ch obo3uadenbl A, P, S. Mruosenuas
ock Bpamennss C'C’ mpoxoauT uepes memonsukuyio Touky A = C' u wepes Ty Touky mucka wiam mapa P,
KOTOPOIi KaTsIeecs TeJo B JAHHOE MIHOBEHHUE COLPUKACALTCA C II0CKOCThIO (P = C'): ckopocTh 910l TOYKH
(B naHHOE MIHOBEHME) paBHA Hys0. Bmecre ¢ Ttem cama Touka kacanud C Kak BUAMMBIHE 00pa3 ABH2KeTCs
1O TIJIOCKOCTH ¢ HEHYJIEBOH CKOpPOCTHIO. TIoABUKHASA CHCTeMa KOOpauHar (Yroj MOBOPOTa ) BPAIIAETCS
TaK, 9TO B Hell TOYKA KACAHWS HEOABUKHA W MPOUCXOINT BPAIEHNE TEIa BOKPYT INITAHTH. YKA3aHHOE Ha
YepTeXke HAMPABIEHWE OTCUETA, YIJIA ¢ He COBMAAAET C (DAKTUIECKUM HAPABJICHHEM BDAIEHUS.
3aga49a V. A. K nucky pammyca r OpTOTOHATBHO TIPUKPETIEHA B IIEHTPE MITAHTA, IHHBI d. JIMCK KaTuTCs
O TOPU30HTATBHOM TIIIOCKOCTH TaK, YTO CBOOOTHBIN KOHEIT TTAHTY A HETOMBUKEH HA BBICOTE T HAT TJIOCKOCTHIO.
IlycTsb 9 — abCOMIOTHBIN Yyroa MOBOPOTA, MITAHTHA BOKPYT BEPTHKAJH, ¢ — YTOJ MOBOPOTA JTUCKA B MOIBUKHON
cucreme koopauaat AEnC rakoii, uro och A( BepTHKaJIbHA, 0Ch A& HAMpaB/IeHA O IMITAHTe. BBIYUCIUTD CBA3b
Mexay P, p. Umeem

(32) Worn = P€¢, Whep = Ve, Wase = Pe¢ + Yec.
C 1pyroit CTOPOHBI, CKOPOCTh B TOUKE KACAHHS
—
vp =00 + [Wase X OP] =0, wvo =0,
TaK 4TO

[wa6c X OTD} = 0,
[(pec +1pec) x (dee —rec)] =0,
ro +dip =0,

910 U TPeOOBAJIOCH.

3aga4A VI, A, Illap ¢ oproronaibHo NPUKPEILIEHHOH K HeMy IITaHrOi JIHHLL | — 7 KATHTCS 110 TOPU30H-
TanbHOM 1ocKocTH Tak (puc. 12), 4ro cBOGOAHBIA KOHEIl [ITAHIU HEIIOIBUZKHO JIEXKUT HA MI0CKocTd. Ilycrs v
— abCcoIOTHASA CKOPOCTH IEHTPa 1apa. OnpeaennTsh abCOMOTHYIO U OTHOCHTEILHYIO YIJIOBBIE €r0 CKOPOCTH B
cucreme AEnC, B KOTOPOH ropuzoHTaTbHAs 0¢h An nepnenaukynsapHa mranare. O TBET:

33 v v v

Wase = —— € Woryg = —— € — ———
( ) abc r & OTH r 13 l2 — 7“2
SAAAHUE B. Yemy paBabl yriibl distepa jjisi ykasanubix Tes! He Toponurech ¢ orBeTOM.
SATAHUE B. Beraucanth u u306pa3uTh KHHETUYECKTE MOMEHTHI OTHOCUTENHHO TOUKH A mjist oboux res. [TlTan-
Iy CUHTATH HEBECOMOM.

SAJIAHUE I'. BurauciuTb KHHETUIECKYIO SHEPTHIO 0DOUX TeJl.



3a71a49A VII. Tpavas Tpybka mjunoi 2] JEXAT KOHIAMH HA OKPY¥K-
HOCTH ¥ TI0 HEil CKOJIB3UT, ITOBOPAYMBASsCH C YIVIOBOH CKOPOCTBHIO 6 = w.
B tpy0Oke or cepenmubl M K KOHITY ABUKETCSA TOUKA, C OTHOCHTEIBHOI
CKOpOCTBIO U, npudeM npu t = 0 ona ObLIa Kak pa3 B cepegune. A. Bol-
YUCJIUTb MOAYJ/Ib abCOIOTHOrO yCKOpPeHus TO4Yku. Teopemy KOCHMHYCOB
He TIPAMEHSTD.

B. OBOBIIEHKE. IIycts v = u(t), w = w(t). Hamucars paszymuoe
BBIPAKEHNE JIJIs1 BEKTOPA A0COMOTHOTO yCKOpeHus. Pexomenmyercs BBo-
JIUTH COKpallaonme 0603HaYeHust 1 TUcaTh npuMepHo Tak: «Oreer: (¥),
rae (¥*)s.

3a7a49A VIII. B BepTukambHOl IIOCKOCTH ABUKETCA 00pPYY, Ha KOTO
PBIIf HAMOTaHA HEBECOMAs HUTh; KOHEI] e€ 3aKPEILIEH HA TIOTOJIKE, 8 CaM:
OHA BCE BpeMsi HATAHyTa. IlycTh § — JJIMHA CMOTABLIEHCH HUTH, O —
YTOJ MEXKJY BEPTUKAJIBIO U HUTHIO, © — abCOJIOTHBINA YIroOJ MOBOPOT:
obpyda.

A. Hajitu cBsa3b MexKIy S, q, . W BoOOIIE, pa3odparbcsad B KUHEMAaTHUKE
B. Bbrameanrh uMITysIbC, KMHETHYECKHHA MOMEHT OTHOCHTEIBHO TOW
ku A ¥ KMHETHYECKYO JHEpruto Tesa Macchl M, cumras 3aJaHHBIME

a(t), s(t).

[IpuMeHUM MOABUXKHYIO CUCTEMY KOOPAWHAT. ZIBHO BAsKHBIMEM TOYKAMU SIBJISTIOTCS: EHTD 00pydYa S, TOUYKa

kacanus P uutu ¢ obpydem, Touka A 3akpervienust Huru. Qrmerum sTu TOUKH Ha dyeprexe (puc. 37). Ecaun

MBI ocu Hampasum mo PS, PA, To B MOIy4YeHHOR CECTEME KOOPJAMHAT BCE TOYKH OyayT HemoasuKebl. OmHa-

KO JIBUYKEHHE CAMON CHCTEMbI He OYeHb MPOCTO: W HAYAJO JABUIKETCs, U OCH BpAIaloTcs. Bribepem Takyio, y
KOTOPOH Hadao HemoaBu:kHO. /st 3roro momectum Hadaso B Touke A, a ocb A€ manpasum o AP. B aroit

cucTeMe KOOpIuHAT TOUYKa A HemoJABUKHA, a ToUKM P u S nBrkyTca mo ocu AL u Mo mapasuiebHOM npsMoi

coorBercTBernto. Koneuno, 570 — mpocteie Tpaekropun. Och Arn HampaBuM BIPABO—BBEPX. YTJIOBasd CKOPOCTH

CHUCTEeMbI KOOPDJHMHAT
(34) Whep = (€L,

rie € = €, — BEeKTOp, OpTOFOHaJ’IbeII;'I IIJIOCKOCTH ABU>KCHU.

BorancinM cKOpocTh IeHTpa 00pyda, Pa3I0KUB €€ Ha OTHOCHTEIbHYIO U IepeHocHyio. Mmeem

(35) Vorn = S€¢,

(36) 3aMETHUM, UTO AS = se + re, — I0Je3HbIH npuem!
(37) Vnep = [Q€¢ X 1?9’] = [de¢ x (se+re,)| =
(38) = aslec X eg] + arleg x e,) = —rdeg + sie,.
CrenoBarenbHo,

(39) Vage = (8 — rdt)e¢ + sdey,.

[Iycrs Teneps ¢ — yroJi moBopoTa 06pyta B HEIOABUKHOM IJIOCKOCTH. Torga ero abcomoTHas yIiioBast CKOPOCTD

(40) Qase = pe. = pec.



Yra0oBast CKOPOCTH CHCTEMBI KOOD/IMHAT YK€ BBIUHCJIEHA, TAK U9TO OTHOCHTEJILHAST YIJIOBAsI CKOPOCTH 06pyda

(41) QOTH = Qaﬁc — Worn = (QD - O'é)eg.

B nmoxBmxkHOI cucTeme KoopauHAT 06pyd KaTurcsa no ocu O&. OTcioma OTHOCHTENbHAST CKOPOCTh €r0 IEHTPA
e d . .

(42) Vorn = [Sorn X PS| = (¢ — &)rlec X e,

U, CDABHUB C [IPE/IIIECTBYIOIIUM BbIYHCIEHUEM, HMEEM CBA3b

(43) §—r(—p+a)=0.

3a7a49A IX. O6pyu paguyca r, Ha KOTOPBIA HAMOTAHA HEBECOMas HUTH C P
TOYKON M Ha KOHIIE, KATUTCS IO TOPU3OHTATBHON TPAMOil ¢ KO3 buiimen-
TOM Tpenus ckoibXkenus k. Ilyctb ¢ — abCoioTHBIN yros ero moBopoTa u
Q¢ — YTOJI OTKJIOHEHWSI HUTH OT BEPTUKAJIU.

A. Bpraucaurh cKOpOCTh TOYKHA M. B. BbaucauTh UMOyIbC, KUHETHYE-
CKUl MOMEHT OTHOCUTEIHHO TOYKU A U KHHETHYECKYIO0 IHEPTHUIO CUCTEMBI,

CYATAs], 9TO U3BECTHA MAcca 06pyda M (u TOUKHM, KOHETHO - M) W 338I3HBI

a(t), s(t). P
-|\E

Ecmu (2,y) — xKoOpAMHATHI TIEHTpa 06PYYa, TO TIPU KAMCHUH (BBIYUCIUTD Vg ABYMsl CIIOCOOAMM)

(44) r$ 4 i = 0.

Ilycrs Takke s — JJIMHA CMOTABIIENCS HUTH.

Jast Berauciennii HaM OTPeOyIOTCsT MOJIBUKHAS CUCTEMa KOOPJAWHAT. YIBHO BasKHBIE TOUKHU 37€CH — IEHTP
obpyua S, Touka P cOnpUKOCHOBEHUs € TPsAMOi, ToUKa () KacaHus HUTH, TOYKa M. Haduamo MOABMKHOMN cH-
CcTeMbl KOODJAMHAT MIOMEIIaeM B S, a ock HampasiseMm 10 SQ. Toraa B 3T0l cucreme KoopauHaTr Toduku S, Q
HETOABUKHBI, TOYKA P IBUXKETCS 110 OKPYKHOCTH PAJRyca 7, TOYKA M JBUXKETCA [0 MPSIMOH, TapaliiebHONR
ocu O€.

VriioBasi CKOPOCTH CHCTEMBI KOOPIUHAT

Wrep = Q€¢,

OTHOCHTEIbHAA YTJIOBAA CKOPOCTH 00pyda
QOTH = (QD — O'é)ec.
OTHOCI/ITeﬂbHaﬂ CKOPOCTDH 1 BHIYUCIACTCA IBYMSA CHOCO6aMI/I:
Vora = 565 = _T(<)b - d)e&

OTKYyJa
s=r(ad—p), s=r(a—ep).
KomcTranTa WHTErpUPOBAHUS TACATCST TPOU3BOJIOM B BBIOODE .
IlepeHocHast CKOPOCTH TOYKHU M PaBHA,

—
Vpep = VS + [Wrep X ST =

—
(3ameruM, aT0 SMm = se + re, — moIe3HbIH mpuem!)

= (—r¢sina — ra)es + (—ry cosa + sa)e,,
14 £ ¥ n

HakoHerr, abcomoraas mpu o = 0
Vase|la=0 = —res + (ro + si)e,.

10



I'JIABHBIN PEITIEP JIJISI TEJIA C HEIOJABUYKHON TOYKOM.
IIycts m3BecTHO, UTO v = 0. C TemoM MOXKHO CBS3aTh MOABUXKHBIN perep Q€162€3 (HaBLIBaeMbeI rJjiaB-

HBIM, UJIA HEHTPAJILHBIM) TAKOH, 9TO

1
(45) To = §(Ap2 + Bg® + Cr2)7

(46) AQ = Ap61 + Bq62 + 07‘63

roe A, B, C —MOMEHTHI MHEPLUM OTHOCUTEILHO ocell QQey, (Qes, (Qes COOTBETCTBEHHO, a P, ¢, T — IPO-

€K W Ha 9THU OCHU:
(47) w =pe; +qez +re3

Hamo morumars, uto penepst Ilejeses u (Jejezes OPpHEHTHPOBAHBI MO-PASHOMY W COOTBETCTBYIOIIME MO-
MEHTBI UHEPIMU — TOXKE€ pa3Hble; TouHee ObuIo Obl ucars Ag, Bg, Cg u rak masee.
JonomanTenbHBIe MOAPOOHOCTH O KNHETHIeCKoi sHeprun. Bo3bMmem Kakoit-rubynpb penep Ifece,es, KecTKo
CBA3aHHBIN ¢ TesoMm. IlycTh
W = weeg +wpey, +weeg

Boraucnsiem
2Ty (w) =Y myfwx p, ) = m, (wp® — (w,p)?) =
= Wi+ Wi +wd) Y mu(E+ne+ ) = Y mu(weby + wyny +wel)® =
[@u? + Inw% + Icwg — 2Jpcwpwe — ;J<§w<w5 — 2Jgpwewy,

rae Ie = > m,(n2 + (%) = Ijje, — MOMEHT MHEDPIMU OTHOCUTENbHO ocu I[eg; momentTo! I, I onpepensiorca
anagorndno, Jpe =Y, MmN, = Jye,e. — NPOU3BECHNE HHEPIUN HITH UEHMPOOEHCHDLT MOMEHT, UNEPUUL.
Ksagparuanas dbopMa T (w) mMeeT MAaTpuly (Mampuys uHepyus)

Ie —Jey —Je
_Jin In —Jn¢
—Je¢ —JIne I¢

B riaBHBIX OCSX MATPUIA MHEPIMU uMeeT quaroHajbhbii Bun diag(A, B, C).

Marpuue nHepiuu oTBedaeT JUHEHHbIH onepamop unepyuy wiu (Gosiee CTapblii TEPMUH) MEHIOP UHEPUUU;
[IPUMEHSIsSI €r0 K BEKTOPY YIVIOBOH CKODOCTH, IOJIYHIHM KaK Pa3 KMHeTHdecKuil MOMeHT Ayy.

3A70AYA X. IIpoBepUTh, UTO BLITOJHAIOTCS HEPABEHCTBA THUIIA

A) I < I, + I (HepaBeHCTBa TPEYTONBHUKA);

B) Jn( < InIC )

B) 4J$C < Ig - (I, — 1)
Kakoe u3 9TuX HepaBeHCTB cuiibHee?

I') Teno siByIsIeTCs IIIOCKUM TOTJA U TOJIBKO TOTAQ, Korga Ir = I + I,. Joka3ars.

KMHETUYECKNI MOMEHT KAK 'PAIVEHT KUHETUYECKOI SHEPTUN.

Hampuwmep,

(48) Ay =

11



QJIJINTICON ] MTHEPIIUN. 970 moBepXHOCTH B MIaBHLIX ocax: p € {AE2 + Bn? + C¢? = 1}.

Baaua XI. Dunmmnconn HHEpHHWH CXKAT B HALDPABIC- (" j /’/ -

HUY TJIaBHOHM OCH, OTBedaroIeil HanbobIIeMy MOMEHTY o _:f:_—_.- —
WHEPINH, U BLITAHYT B HAIIPABJIECHUN OCH ¢ HANMEHBIITHM o

MomeHTOM. OObsICHUTD

Ihaenas ocv — 910 OCh, TPOXOAAIIAA Yepe3 TOUKY () W KOJUIMHeApHAas IJABHOMY BEKTODY (TO €CTh OJHOMY
13 GA3UCHBIX BEKTOPOB BLIODAHHOIO Delepa).

I'nasras naockocms — 3TO TLIIOCKOCTE, MPOXOAANIAS 9€pe3 TOUKy () W MEePHeHIuKYIAPHAS OJMHOMY W3 IJIaB-
HBIX BEKTOPOB. U3 onpenenenns cpasy CIEAYyET, 9TO TIABHASA ILIOCKOCTH COJAEPZKHT JIBA JPYTUX TJIABHBIX BEK-
TOpA.

[IPUMEYAHUE. I'naBHas uenrpasbHas (TO eCTh NPOXOJMAINAd YEPE3 LEHTDP MACC) OCh SIBIAETCH TIABHOM
JlIg BCEX CBOMX TO4YEK (Z0Ka3arh).

[MPUMEHEHNE CBOVICTB CUMMETPUU npu HaXO0XK/IEHIN TJIABHBIX IVIOCKOCTEH 1 OCeil.

3aga4da XII. 0) ecam pacnpenenenne mace 06aafaeT MIOCKOCTHIO CHMMETPUY UJIM OCBK) CHMMETDHH, TO
HEHTP MACC JIEXKUT B ITOM IJIOCKOCTH UJIM HA ITOH OCH;

| 3ajaua XIIIL
1) Ocb cummerpun
PACTIDEIEIEHHST MACC — TJIABHAS;
2) TI70CKOCTh CHMMETDHUH
pacipe/iesieHns Mace — rJIaBHas.

3agauA XIV. VTBEPXKIEHUSI-VIIPAYKHEHHSI, TONE3HBIE MPH IIPAKTHYECKOM IIOMCKE HEHTPOB MAacC H
MOMEHTOB MHEDIIUH.

A) Coobpaxkenue paszbuenus: eciiu CUCTEMa MATEPUAILHBIX TOYeK pazbura Ha dactu N ¢ neHTpaMu Mace
II; uw maccamu M;, TO MEHTP MaCC CHCTEMBI COBIIAJAET C IIEHTPOM Macc cemetictBa My, M, .. ..

B) Coobpazkenue mapasiebHOCTH: €CJU MACChl HEPEHOCUTD MAPAJUIEJbHO OCH, TO MOMEHT WHEPIUU OTHO-
CUTETFHO Hee He MEeHSIeTCH.

B) Momenm unepyuu omuocumervno naiockocmy 11, NepreHaukyasapHOl HATPABJICHUIO € W MPOXOIAIIEit
uepe3 Touky A omnpejensiercsa Tak:

Jae = Zmu (6, A—mu)>2

—
3mecy |(e, Am,)| ecTh paccrosgHEE OT TOYKH 1M, IO YIOMSHYTON TIOCKOCTH.

Coobparkenne pacTszKeHUs: ecId pacipeesenre Mace Ne2 mosydeHo u3 pacupedenenue macc Nel ysenndyenueMm
BCEX paccTosHMit M0 mIockoeTn 11 B 3¢ pas3, To Jae yBeamumTca »2 pas.

I') Insi BEKTOPOB OPTOrOHAJIBLHOIO perepa
(49) The, = Jae, + Jae,

Ha npakrtuke MOMEHTBHI HHEPIHE OOBIYHO JAIOTCSI MHTEIPAJAMH, & HE CyMMaMu. Boleyka3zaHubie coodbpa-
JKEHUSI MO3BOJIAIOT B MPOCTBIX CAyYasX CPa3y CBECTH 33aJa9y K BBIUMCJICHHIO WHTErpaia (hyHKIUH OT OIHON
MepEeMEHHOM.

IIPIMEPHI Bbrauc/ieHuns r/iaBHBIX MEHTPAIbHBIX MOMEHTOB MHEPIIMH OTHOCUTEIBHO OCH, IEPIICHIHKYJIIsID-
HO#t 1I0CcKOCTH Tesa (maockocTb I xy).
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3aga4ua XV. OpHoponusiil 0Tpe3oK JIHHLL 2a, pacrmoIoKeHHbIH Baoas ocu = (cpasy A = 0). Pasz6usaem
OTPE30K Ha, MaJjble KyCOYKH JIUHBI AZ; ¢ KOODIMHATOH CEPEIUHBLI ;; ITOCKOJILKY IJIOTHOCTH MACCHI paBHA,
M /2a, umeem MOMEHT WHEDIMU:
M
B=C= E — Az - 22,
2a

DT0 — WHTErpalbHAS CYMMa s

a M M 23 Ma?
B=C= —ar:%lal:z—:C a'

R a —
2a 2a 3 |7a 3

—a

3a71449A XVI. Oamoponmas okpy»xuocTh pagmyca a : C = Ma?, wro ouesnano; nanee, A+ B = C (reno
mrockoe) u A = B; orciona A= B = Ma?/2.

3agaua XVII. Oxpnoponubliit Kpyr paauyca a: pa3buBaeM ero Ha KOJblla MUpPUHOH Ar; pamuyca 71;;
MOCKOMIBKY TIOTHOCTD MACCHI €CTH. — 7, MACCA KOIbUA PaBHa % - 277 Ar;; MOMEHT MHEPLIHH

3

M
C= Z ?ZTZ-ATZ» 72,

910 — UHTETrpaJbHad CyMMa JJId

a N M r? Ma?
C= [ Z2dr=——|*= :
/0 " rear 22 lo 5

Ouars A= B =C/2.

3aga9A XVIII. Onpoponustii npamoyronsauk 2a X 2b. MoMenT unepuun B Takoii ke, KaK y TaJOYKH
JAHBL a (coobpasKeHue mapasineTbHoCTH), orciona B = Ma?/3, A= Mb*/3, C = A+ B.

3asaua XIX. V oxnopoxsoro ksagpara co croponoit 2a umeem A = B = Ma?/3, Tak 4r0 MOMEHT OT-
nocurepno auaronann d = 2v/2a roxe Ma?/3 = Md?/24.

3a71A4A XX. OxHOPOAHBIN TPEyroJbHUK. 3/€Ch IPOIe BLIYUCIUTD CHAYAIA MOMEHT I, OTHOCHTE/ILHO
cropousl. Ecam mama cTOpoHa ¢ W BHICOTA M., TO MOMEHT WHEDIWH y JHOGOTO TPEYTOJLHUKA TAKOH 7Ke, KaK

y PaBHOGEIPEHHOrO, & MOMEHT y PABHOGEIPEHHOTO, OUEBHJIHO, MOJIYyYaeTcs (COODPaKeHNe PACTIKEHUS) YMHO-
2

KeHHueM Ha (ch/“‘Q . U3 MOMEHTA y MPAMOYTOJBHOrO paBHobeapentoro. [locmeauuii xxe Takoil, KaK y KBaIpaTa

macest M, to ects Mc?/24. Urak, I, = §h?.

3ajauA XXI. IleATp Macc TPEYroJbHUKA JI€XKAT HA IIE€PECEYeHUH MEIUaH. JTO CTAHOBHTCH ACHBIM U3

co0OparKeHusT pa3bueHnst, €CJIU MBICJIEHHO PA3PEe3aTh TPEYTOIBHUK HA, TOHKHE TTOJIOCKY, TTAPAJLIEbHBIE CTOPOHE.
IMepecedenne MeauaH HAXOAUTCS Ha, PACCTOAHUM R /3 OT CTOPOHBI ¢, Tak uro no ¢gopmy.e Coitrenca-IlTeitnepa
IEHTPATBHBI MOMEHT WHEpIIHH OTHOCUTETHHO OCH, MapasielbHol cTopone, pased I.,, — M(h./3)? = Tlsh?:
3agauA XXII. Ecar moMecTnTh paBHBIE MaCChl B BEPIIMHBI TPEYTONBHUKA, TO MEHTP MACC MO-IIPEXKHEMY
OydeT JIeXKaTh Ha [IepecedeHny MeauaH. Pe3yabrarThl Ipeapl Iy X AByX ab3aies I0Ka3bIBAIOT, YTO [JIABHbIE OCH
U MOMEHTHI MHEPIUHU Y OJHOPOIHOTO TPEyTOMbHUKA TAKUE Ke, KaK y Tpex Macc M /6, mOMeneHHbIX B BEpIIHHAX
TpeyroJbauka. Eine aydine: Takue ke, Kak y Tpex Macc M /3, MOMeIeHHbIX B OCHOBAHUAX MEIUAH.
IIPVIMEPBHI Bbruncienns meHTPaTbHBIX MOMEHTOB WHEPIIUM OTHOCUTETHHO OCH Y MPOCTPAHCTBEHHBIX TEJ.
3agada XXIII. Oanoponmas cdepa pamuyca a : monubii MmomenT nuepimu I = Ma?, aro ouesnnno. Ho
A+B+C=2I 1 A= B =C us cumverpuu. Orciona A =B =C = 2Ma?.
3aga9A XXIV. Onropomnslit map paauyca a : paccy:Kaas, Kak s JUCKa, HMeeM

a M 3Ma?
:/ T Arr? dr - r? = a7
0 3 5

rak 410 A =B =C =

13



BPAMIEHWE TBEPOIO TEJIA BOKPYI' HEIIOABUYKHOM OCH.

ITycTh TBEPIOE TEJI0 UMEET HEKOTOPYIO HEMOIABUKHYIO OCh: psaMyio OP, 3akperienuyio B rouke P (nosu-
mmnauK) u B Touke O (moansaruuk). s yuporenus 6yaeM CUUTaTh, YTO OCh BEPTUKAIBHASL.

VrioBas CKOpOCTb Tejla, w = we,. B rnasHoM penepe Oejeses nmeeM

e. = ae; + fez +7e;, w =pei+qgex+res,
e p=waq, ¢=wf, r=wy. opudeM ceifiuac «, (3, 7 — KOHCTAHTHI. KuHETUUECKUN MOMEHT
(50) A = Ao = Ape; + Bges + Cres
Bazkno ormeruts, yro A, = Ip,w; BMECTE C TeM
A, =A-e, = Apa+ BgB + Cry =w(Aa? + BB* + Cy?)  Ipe = Aa® + BB* + CH2.

Kunermyeckas sneprusi:

1 1 w? 1 2 2 2 w? 2 2 2
Tziw-A=§Ioe,»7=§(Ap +Bg*+Cr ):7(1404 + BB° + Cv).

Beemem © — mazkusii YTOJI MEXKTY YIJIOBOM CKOPOCTHI) I KWHETUYECKNM MOMEHTOM:
(w,A) = wA cosO. Bugum, uro cos © soruucasercs uepes A, B, C, a, 3, 7:
(w,A) Aa® 4 Bf? 4 C~?

cos© = = ;0 T = 1wAcos 0.
wA \/A2a2 + B232 + (242 2

B ciyuae BeprukaabHOM ocu BpameHus © — yroa Mexay A U ochlo Z.

Baga9a XXV. Bpamaromuiica auck. Ilpumep To-
T0, ITO KWHETHIECKNH MOMEHT TBEPIOTO TeJia C HEIO-
JBUZKHOHM TOYKOM B OOINEM CIydae HE KOJITHHEA-
PEH BEKTOPY YIJIOBOH CKOPOCTH (€CHM OCh BPAIIEHUsI
HE SIBJISIETCS IJIABHOM). DTO PACXOKICHHE — [OYTH
HEJOCTYITHOE 3PUTETHHOMY BOCHPHUSTHIO — SBIISETCS
KJIIOYOM K OOBICHEHMWIO 3aKOHOMEPHOCTEH IuHAMU-
KN TBEPAOTO Teja, HEKOTOPbIE M3 KOTOPBIX IOHAYa-
JIy KaXKyTcsd CTPAaHHbIMU. B MaHHOM YacTHOM cirydae

B KOHIIAX OCHU BPAIEHUSA BO3HUKAIOT 3HAYWUTEJHbHbBIE
GokoBbIE ycuiius (Beiyllye K U3HOCY MOIIUIIHUKOB),
HECMOTPA Ha TO 4TO IEHTP MacC JAUCKA HAXOJUTCA Ha
OCH BpalleHud.

A. Beraucauths yroa Mexkjy KHHETHIECKUM MOMEH-

TOM ¥ OCBHIO BPAIIECHMUS.
B. Hokazarn, 9To Bpamenne OyaeT paBHOMEPHBIM.
B. BeraucanTh peaknun B MOAIMTAITHHKAX.

Perterne. Ock npoxogut uepes nentp [] aucka mom yriaioM o K €ro IJIOCKOCTH W KOHYAeTCsl B TOUKax Aj,
As, naxopsiuxcst Ha paccrosuuu d or I. Tpebyerca a) jokazarb, 410 ¢ = const; 6) BbIYUCIUTH PEAKLMIO B
TOYKax onopel A1 u As.
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Brrmurmem ANHAMUWYCCKNEe YpaBHEeHUA

(51) mi =mg + Ry + Ry,
d — —
(52) % AH = [L[Al X Rl] + [LIAQ X Rg}

Baenem 1Ba penepa, CBA3aHHBIE C JUCKOM:

1) ez, €y, €, TJ€e €, BepTHKAJIEH;

2) e, €/, €, rnapnbiit B Touke O; MoMenTh! mHepmin A = mr?/2, B = C' = mr? /4. CuMMeTpus Mo3BOJIACT
IpUHATE € = e, APYyIHe BEKTOPHI

(53) e. =esina+e’cosa, e, =ecosa—e"sina.
Taxk kak Touka I] mHenomsukHa, 1 + Ry = mg = 0, nin

Rlz + R2x = 07
(54) Rly + ng =0,
Ri, + Ry, —mg = 0.

Cuuraem, aro Ry L Oz (ocb B TOouke Aq yaep:KuBaercs TOJbKO c6oKy), T. e. R1, = 0. Torna Rs, = mg. Umeem

nasee
(55) w = e, = Y(cosae’ + sinae),
2 . 2 . .

(56) A = M b cos e + %w sin e = (1/4)mr?4)(cos ae’” + 2sin ae) =

r
(57) (tax xakx €’ = e, cosa — e, sina, e = e, cosa + e, sina)
(58) = (1/4)mr?)(sin o cos e, + (2sin” o + cos? a)e,).
Cymmapublii MoMeHT cui ¢ yueroM (5)
(59) GH = [L[Al X Rl] + [L[Ag X RQ] = [dez X (R2 — Rl)] = 2dR1mey — 2dR1y€m.

Bekrop e, nocrosuen u (G, e;) = 0, orcioaa

d d
(60) pn (App,e;) = (dt AH,eZ> = (Gy.e.) =0,

tak 110 (Ayq, €e;) = const u, HaKoHel, 1) = const. CienoBaTeNLHO,

dA, 2 . dey 2 .
(61) Ttﬂ = % Sinacosazb% = % sinacos ap|w X e,] =
2,72
(62) =0 2 sin « cos e, .
r

IMpupasuuBas x (6), mosydaem

2

(63) % ¥? sin a cos aey = 2d(Rizey — Riyey),
OTKYy/Ia
_ mr? 72
(64) Ry, = od sin « cos ),
Ry, =0.
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Kwunerndeckuit MOMEHT MacChl, PABHOMEDPHO JIBWXKYIEHCS 0
okpyxkuocTu. Ecam Hadgamo KOOpAWHAT HAXOAUTCA B IEHTPE
OKPY2KHOCTH, TO MOMEHT IePHEHIUKYJIAPeH IIJIOCKOCTH JIBUXKe-
uusi. Ecam HAawamo KOOpAMHAT MPOEIMPYeTCs: B MEHTP, TO KUHE-
TUYeCKUIl MOMEHT IIOCTOfHEH 110 MO/IYJ/II0, HO y2Ke He HallpaBJjeH
[0 HOPMAaJId M 3aMETaeT KPYroBoil KOHyC (KCTaTH, OTCIONA BbI-
TEKaeT CMeIeHNe KHHEeTUYeCKOTO MOMEHTa Ha IPEeAbIIyIIeM PHU-
CyHKe, TaK KaK OH IOJIy4aeTCsd CYMMHUDPOBaHUEM KHHETUYECKUX
MOMEHTOB BCEX YACTHIL TEJIA; AJid OOJIbINEN ICHOCTH HAJIO0 B3ATH
He JUCK, & MaJ0uKy). B OCTaJIbHBIX CIydasX MOMEHT OYIeT Me-
HATH W BEJIMYUHY U HAIpaBJIEHUE
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IMycts nama kpusag T = r(q), pezysspHas B TOM CMBICTE, YTO Z—; #0.

Kacarenpublit BEKTOp K KpUBOit

dr _de  dy o ds
dg dqg * dqg Y dq *

MOZKHO HOPpMHUPOBATH (HOCKOJIbe KpuBad perﬂﬂpHa) U TOJTYyIUTH e,ELHHHquIﬁ KacaTeJIbHbIN BEKTOD

o=ty o= (50) () () >

OrMeruM Ha KPUBOI [POM3BOJBHYIO TOYKY (o U W CTAHEM OTCYMTHIBATH OT Hee dauny dyeu s (oHa xKe —
HAMYPasbHvil napamemp) 10 bopmysie

q
ds = +/dx? + dy? + d2? & % = N(q) & s(q) :/ N(q)dg.
90

q

Dyuxius s = s(q) umeer obparayio: ¢ = ¢(s). I[ToCnenHION 3aBUCUMOCTD TOACTABAM B (DOPMYJIb, 3aIAI0IINE
kpuByo T = r(q) u nomyaum r = 7(q(s)) = r(s),

ar e dg 1 ar
ds dq ds N dqg 7

d 2
Jna kparkoctd 6yneM CYATaTh ' = a5 "= e Ipennonoxum, uro 7" # 0. Torna BBexeM
S S
_ ,r//
(66) e = T

— eIMHUYHBINA BEKTOD 24G6HOU HOPpMaAU. HakoHel, BBeIeM OUHOPMaAADL

(67) ’e/; =le; x e,]. ‘

Penep e, e, ez Haspmaercsa ecmecmeennvm (Ipyroe Hazpanue — mpexeparnux Ppene). Bemrauny k(s) = |r'’(s)]
HA3BIBAIOT KPUGUSHOT KPUBOH B COOTBETCTBYIOINIE TOUKE, a BEJIUYUHA

p(s) = 1/[7"(s) |

ecTh Paduyc KPUSU3HbL.

TEOPEMA. Paccmorpum Touky P ¢ paguyc-BeKTopoM 7(Sg) u TouKy @ (yenmp xpueusnst) ¢ pagnycoM-
BekTOpOM 7 (S0) + p(sp)e,(so). B miockocTu BeKTOpPOB er,e, (conpukacarowelica nAOCKOCTY) TPOBEIEM
OKDYKHOCTH C IEHTPOM B TOYKe () depe3 TOUKy P. DTa OKPYKHOCTb TOXKE HA3bIBAETCS CONPUKACAIOUETCA.
YTBepKAEHNE COCTOUT B TOM, UTO OHA W NAHHAS KPWBAsi MMEIOT B TOUKE P KacaHWe BTOPOTO MOPSAIKA.

Cuterka oco0bliii B3rJis/ Ha miIockue Kpusble. Ilycrb BekTop e (s) nmoBepayT Ha yros a(s) (Hanpumep,

or ocu z). Cpasy mojoKuM €g = €, U TOJNBKO MOCJIE ITOrO MONOKAM €, = [eg X e,]. CoBepIenHo acHo, 91O
de,

ds

= d'(s)e,. Orciona

do
(68) k(s) = —.
ds
Ora QYHKIHS MOKET UMeTh J0D0M 3HAK, BHIPAXKAOIIUI HAIPABICHHE BpamieHus pernepa ®pene BOKPYT €.
Kcraru, rpebosanue v’ # 0 Tenepb us/uiiHe; TOUKKM, B KOTOPbLi k = 0, LPOCTO SIBJIAIOTCH MOYKAMU Nepe2uba.
Teneps paauyc kpuussel p(s) = 1/|k(s)|.
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Bagaua XXVI. A. Ecin kpuBas 3a1aHa B IEKAPTOBLIX KOOPAWHATAX B BuAe y = y(z), TO
dy dy )’ y”
() = tg ——, ds =4/1 —= = k= —2
a(x) = arctg e + (dx) (1 +y/2)3/2

B. Kpususna mapabomsl y = ax?/2 B HuKHeil TOUKe paBHA a.

B. Pamuyc kpususabl smmanca x2/a? + y?/b? = 1 B mmxneit rouke pasen a?/b (pamukan ne audbdepernupo-
BaTh, 4 pa3jararb B Ps).

[. Ecau kpuBag 33/aHa B TOJAPHBIX KOOpAUHATAX B BUjge T = r(p), TO

dr
a(p) = ¢ + arctg o ds =12 +r2dp = 777
rayp
Iycts nana kpusas r = r(s), TAe $ — HATYpANbHBIA mapaMerp. 110 Hell MOKHO KAK yTOTHO JTBUTATHCA, T.€.
MOYKHO 337]aBATh 3aKOH JBrkeHnsa s = s(t). Bosaukaer cioxuasa GbyHKIAS BpeMEHH

Brraucnasiem ckopocThb

dr dr ds . :
) e =

7 yCKOpeHUe

dv ds .de, ds . 2
(70) E—EeT—l—stE = ’a—seT—&—sk:el,
O6parHo,
Fxill ()
1 k=——7r——, =1
(71 B T

rie BO BTOPOH (bOpMyJIe HMEeTCs B BHIY CMEIIAHHOE IMPOU3BEICHIE TPEX BEKTOPOB H CKAIAPHBIN KBAIPAT €IIe
OJHOTO.

3aga4A XXVII. BoraucauTs KpUBU3HY U KPYYeHUe 6UHMO60T Aunuy T = acoswt, T = asinwt, z = ct.

3asiaua XXVIII. * Ecim kpuBasg mMeeT NOCTOAHHBIE KPUBHU3HY W KPYYEHHE, TO 9TO BHHTOBAA JIMHHSL.
Jokazathb

3agaua XXIX. Touka Q(s) maxomuTes Ha KOHIE NEPHCHIUKYIAPA P—Q> IJINHLL @, BOCCTABJICHHOTO B
Touke P KpHBOI‘LOTD(s) = r(s). D70 mpomcxoauT B mwaockocTn. Hafitn HATYpATBHBIN mapaMeTp U KPUBU3HY
kpusoit R(s) = 0OQ(s).

3as1auA XXX, * O606muTh HOCTAHOBKY 3TOM 3a/1a491 Ha IPOCTPAHCTBEHHBIC KPUBBIE. BbIMUCIUTD TaKzKe
U Kpy4cHHE. .

3agaua XXXI. Touka Q(s) maxomurea Ha KOHNe HUTH PQ) JIHHBL S, CMATBIBAIOWEHCS C KpU-
BOI O—P>(S) =r(s). Dro mpoucxomuT B ImwiIockocru. HaiiTu HaTypasbHbIA napamMerp W KPUBU3HY KPHUBOI
R(s) = (72)(3) (2604b6€HMA 33TAHHON KPUBOIH).

3agaua XXXII. Mpoxenare obparnoe paccyxaerne (06 s6oat0me).

3aga9a XXXIII. * O6o6muTh MOCTAHOBKY 3TOH 33[a4M Ha IPOCTPAHCTBEHHBbIE KPHUBBIE. BBIYHCINTH
TaKKe 1 KpydeHHe.
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