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Puc. 99 Puc. 100

raxomu: x (t) = cos #, y(f) = sin £. Kax snl omaere wa xypea duswm,
BEKTOP CKODOCTH U (f) HANPABJEH N0 KACATENLHOH K OKDYIMKHOCTH,
a ero ammma passa 1 (U (t)=wR=11=1). Cregosareasso, 10T

Bexrop cosnagaer ¢ sextopoM OF ., KOODAWHATS KOTOPO

pasms

st. C Apyroii cropoms, Koop-

cos(t+%|=-sint u sin[t+%|=co
( \**2)
ZMHATH BeKTOpa U (t) paBHb! cooTBeTCTRERHO X' (1) (r. €. cos' 1) 1 Y (1)

(r. e. sin' t). Tlonyuaes momecTRBI PoPMyIH

cos' t = —sin ¢, sin’ = cos £.

Tpusep 7. Busegew cooiicrso mapaboms, mveiomee mpite:
HomMe B omTHe W TexmiKe.

TIoBepXHOGTS, M0AYNEIIANCS NP BPAULEHHN NAPAOOS! y = ax*
BoKpY™ oci Oy, HAGMBAETCR MapaGOAOUON ppumeRHs. TIpercTasin
CeBe, TO REVTPORHAR NOBEXHOCT NAPAGOIONA — SEPKATEHAT TO-
BepXHOCTS it 970 MApAGOMICCIOE DEPKARO OCBEMALTCS NYMKON AYeit
coera, napanseasx ocn Oy.

PaccuoTpUM coueRite 9TOTO ePKAIA TOCKOCTHIO G, TPOXOR
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d

Puc. 99 Puc. 100

raxomu: x (t) = cos #, y(f) = sin £. Kax snl omaere wa xypea duswm,
BEKTOP CKODOCTH U (f) HANPABJEH N0 KACATENLHOH K OKDYIMKHOCTH,

a ero ammma passa 1 (U (t)=wR=11=1). Cregosareasso, 10T

Bexrop cosmagaer ¢ sextopoM OF ., KOODAWHATS KOTOPOTO DABHEL

cos(t+
{

J==sint u sin(t+2)=cost. C apyroi cropomst, xoop-

AMEATH BeKTOA U (f) paBHHI coOTBeTCTBERHO X' (f) (. €. cos’ t) u ¥’ (1)
(r. e. sin' t). Tloayuaes moRecTHEE POPMYIE

cos' t = —sin ¢, sin’ = cos £.

Tpuuep 7. Bunesew cpoiicrso mapaGoms, mveiomee mpuste-
HeRVE B OUTHKe W TEXHIKE.

ToBepxHooTs, noAyNAIMasCS IPH BPAIEHNH NAPAGOTS y = ax*
Boxpyr ocn Oy, masmmaencs napaGoaoudox ppamenus. Tpejcrasitn
CeBe, TO REVTPORHAR NOBEXHOCT NAPAGOIONA — SEPKATEHAT TO-
BEDXHOCTS It 9T MADABOMNECKO® JEPKAO OCHIIACTCS NYUKOM Tydel:
chera, napanTenBEbX 0CH OY.

PaccnoTpuM_cesenie 9TOrO 3€PKATA TI0CKOCTHIO G, TPOXOAA:
meii wepes oon Oy. BTo ceuemie MpefCTABIART COGOR TAKyI0 Ke
napabony y = x° (ocs Ox BHOMDAEM B INOCKOCTH Cewenita, a = ).
Coracio 3axoHAM ONTHKM OTPAWEHHM Ty% ceTa OYAeT AeXaTh
B TI0CKOOTH @, MpieN HTOT Y3 OBPAIYET C KACATeILHON K HapaGone
axofi e yroi, Kak # Dagompmit ays MA (puc. 100).

P foxamen, uro sce aywm, mapaxnensibie ock Oy, MOCTe OTa-
exs nepeceRyTes B OTHOR Touxe ocu Oy.

OBoanauuns uepes F TowKy mepecewemis HPORIBOTHIORO OTPa
emmoro mysa o ocero Oy. Ipaman AT — Racareasuan ¥ napabore
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5 rouke A. W oaxotion orpuskenna csera (puc. 100) cpasy crexyer,
wro ZTAM = ZFAP. Ho ays MA mapanneren ocw Oy, mostomy
£FPA = ZTAM. Creposareasno, ZFPA = /ZFAP, 7.e. Tpeyroassux
FPA panuobexpesiait u FA = FP. Touxa A (xgi y) nexcnt na napo-
Gone, movromy y, =¥} Vpamsemne kacatensmofi AT mweer bHx
¥ =255 - x3 Vs mero malizew opmumary y, Towen P. Oma paska
Yp= 2%+ 0~ x, 1. e. yp= -y, Ecan opamuaty rouxu F oSosmauwmu
wepes y, 10 FP=y-+yy, Mutia FA=\x} +(yo-4)7, u nosrony

(scnonuuy, wro FA = FP) nepio pasencrso (4 + yo)* Wo-
Toe. ¥+ 20+ U3 = bo + V3 - 2o + U% OTRVR AUyy=yp W, To-

cromky 4y 0, moryuaese y = 1.

irax, sce 1yuu, NapaTieibuble OCH NAPAGOTIIECKONO GEDKAA,
HOC:Ie OTPAYENHST CXOARTCR B OXHOM TOUKE, KOTOPYIO HAIMBAIOT POKY-
cox napaGoaunecrozo seprasa (rouxy F haampaior rawae goxycos
napatoast y = x%).

Ha 570 cBOCTEE OCHOBAHO YCTPORCTBO NAPAGOTHTECKITX TeTe-
cxonos. JIyui OT ARTEKHMX GBe} IPHXOAST K HAM B B[ NBpATTCTI
Horo nyuka. FIarOTOBKS NapaGomMeCKuil TEECKOT  TOMECTIE B 1o
oKy (OTOMAGCTHHKY, Mol HOTYNACN BOIMONHOCTS YCWIHTE CHETO
BOW CrHAZ, WAV OT 3Be3fbl, TOT e MPRAIMI JEKHT B 0OTOBE
038R NAPAGOTNECKM ANTONH, TOSBOIIONIIX YCHAMTS PATHOCHT

Eoam e moMecTATS B (OKyCe TAPAGOTITECKOTO JEPKATA HCTOU-
MUK CBOTA, TO TOCAe OTPAWENHA OT NOBEDXHOCTH JeDKATA IYWH,
WIIHe OT BTOTO MCTOWHMKA, He GYAYT DACCEMBATHCS, & CODEPYTCR
B YaKwmif HyHOK, HAPAATEEREH OCH JeDKATA, DIOT PAKT HAXONT HPH
MeHeHMe TPE HAFOTOBICHMM UPOKCKTOPOS H (ouapeli, pasmri-
HEDX NPOGKTOPOB, 3ePKAIA KOTODHIX MATOTABIHBAIOT B (OpME mapa
Gosouon.

ynpaxmenns

967.— Marepuasuos TOUKA ADIKETCH TPAMOTINHENNO 1O JAKORY

PEKNAMA
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pON3BOAHAR B HUIUKE M TeXHUKE

1. Mexamuueckuii cxnica nponspomnoit, Hanomsm, xax
OUpeAeATTACH CKOPOCTH ABMKeRMA B Kypee (HaMKH. PaccMoTpM
cansiil TpocTolt cAyuAM: MATEHATSHAR TOKA ABMAETCS [0 KOOI
HaTHOM NPAMO, TPHYEN SAZAN JAKOH ABIKEHIR, T. 6. KOODIHHATA X
270 TOWKH eCTB HIBECTHAR QYHKINA X (1) BPEMEHS £, BA IDOMENYTOK
BPEMORE OT f, 7O fo+ Al epeMeliemHe TOWKH PAEO  (f + Af)
~%(t;) = A%, a ee cpenHAE CKOPOCTS TaKOBA:

ax
(at) =45, )

Tips At <0 (opmyaa (1) Tawoke BepHa: NMepeMemieRMe DABHO
X (tg) = % (¢, + At) = ~AX, & IPOIOMKMTELHOCT TPOMEHYTKA BpeMeHH
pansa -Af.

OGBI9KO XapaKTeD ABivKeHHA GLIBACT TAXIM, WTO TIPH MATHX At
CPORRSAR CKOPOCTS, MPAKTIECKH He MERSCTCS, T. €. ABIKeHHE ¢ G0
oM CTENCRLIO TOYHOCTI MOIKHO CTHTATS PARHOMEDHBIM (CM. NDHMED
1. 13). [Ipyriu crosamu, ssauense cpexuell cxopocT mpu At —> 0
CTpeMIITCst K HEKOTOPOMY BIIOIHe OUPEACTEHEOMY SHATEIIO, KOTOPO
U HASBIBAIOT MZHOBEHHOLL CKOPOCTLIO U (t,) MATEDUATHROI TOWKA B MO-
senr spewenu t,. Hrax,

04, (A1) =5 5 0 (¢6) mpi At = 0
Ho 1o onpegenensio npowssoAHOl

A%y () upu At 0.

TlosToMy CauTAIOT, UTO MIHOBERHAS CKOPOCTH v (1) Ompexerena
(romsio) wns moboil Auddepermupyemoll dymKmM X (), npu aToN

o) = % (0) @

KOPOTKO TOBOPAIT: NPOMIBOAIAN OT KOOPANRATH IO Bpe-
Memu ects cropocrs. B amoM coct
exsic npousaoduoii.

rHOBEHHA CKOPOCTS MOET HPUHMMATS KAK NOTOMTETLHHE,
TAK i OTPHIATCNBAKE JHAUCHHR , KOKewHO, amaseme 0. Ecx cxo-
POCT HA KAKOM-THGO NPOMENYTKe BpEMEHN (L,; [,) NOTOXHTETLHA,
TO 10UKa ABHXETCA B NOTOMUTENLHOM HAUDABTEHIN, T. €. KOODTHHA-

# Komorope X | + A o=
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ax
v () =42 m
Tipu AL <0 gopwyaa (1) Takse epia: Mepemememie PaKo
(t) - %ty + Af) = -A%, & nPOAOMRITETLHOCTS TPOMEHYTIA BpeMENH
pansa -t
OBbius0 XapaKTEp ABIKeHIA GHBACT TAKIN, TO TDH MATHX Al
CPORNER CXOPOCTS MPAKTINIGOKN He MEMSCTCS, T. o. ABIKeHME ¢ G0t
Ioff CTONCALIO TONHOCTE MOAHO CYITATS PABHOMEPHSIM (CH. TDHMED
1. 13). [lpyrivu caosamw, onavense cpexueli cxopocts mpw At — 0
CTpeMITCs K HEKOTOPOMY BUIONHe OIPEACTEHNOMY JHATONTIO, KOTOpOo
4 HASNBAIOT AZHOBENNO CKOPOCTN U () MATeDHATHHOM TOWKR B MO~
wews opesems £, Hrax,

0o, (8) = 4 5 b (£) mpu At > 0.

Ho 1o onpegenensio npowssoAHOl

A%y () upu At 0.

TlosToMy CauTAIOT, UTO MIHOBERHAS CKOPOCTH v (1) Ompexerena
(romsio) wns moboil Auddepermupyemoll dymKmM X (), npu aToN

o) = % (0) @
KOPOTKO TOBOPAIT: NPOMIBOAIAN OT KOOPANRATH IO Bpe-
MeHu ecTh cKopocTh. B 9T0M COCTORT Meranuveckui:

exsic npousaoduoii.

MrHOBeHEAH CKOPOCTS MOET HPUHIMATS KAK IOTOMATETLHHE,
TAK i OTPHIATCNBAKE JHAUCHHR , KOKewHO, amaseme 0. Ecx cxo-
POCT HA KAKOM-THGO NPOMENYTKe BpEMEHN (L,; [,) NOTOXHTETLHA,
TO T0UKa ABHKETCA B NOTOMUTENLHOM HAUDABTEHIN, T. €. KOODTHHA-
™A PACTeT ¢ TeueHHeM BEMEHN, & eomit b (1) OTPHIATEBRS, TO KOODH-
Hata % (1) youmaer.

Anasorsnoe mososeRKe  © yoxopemmen: gpxemus. CKopocTs
ABMKEHES TOUKK €CTh (BYHKIHA OT BpeMeHM L. A UDOMIBOLHAH OTOM
(DYHKIUIN HAIHBAETCS YCKOPeHMeM BHIKeRNA:

a=v (o).

KOPOTKO TOBOPSIT: NPOUIBOA O CKOPOCTH 1O BpeME-
| mn ects yexopene.
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B Tpumep 1. Pacomorpum cnobognoe magenie MaTepuankuoh
o

ECim KOODAWHATHYIO NDAMYIO HAUDABHTS BPTHKANBHO BHI3,
4 HANATBHOP NOJOEHHE MATEDHANLHON TOUKH commazaer ¢ 0, To,

P
xax Homecto wa duamen, (1) = . Toraa cxopocrs mazens To-

Kt B MOMERT BpeMemn f pan

a

v at,

a yexoperie a = (gt)' = & eors nemIHA HocToARHAR. PaceMoTpiny Go
aee 0Bt cayuai.

Tpunmep 2. Ilycrs GaRHCHMOCTH KOODAHHATH TONKH, ABIY-
melics 1o npaMoll, or BpeMen BupAACTCS BOPMYIOR

x(t

tae @ # 0, vy 1 %, — nocTonmme. Hailzex cxOpOCTS i yoKopenie Asd-
wemus.
Cropocrs aToro gBumems Taxoba:

v=x(0)=[ 212 rvgtaxy | =2-2 40 =at+pg.
®=(3 o 7

Tax KAk HaM HIBECTHA CKOPOCTH ABHNEHSA KAK DYHKINA Bpe
Mem, »u Momew maiiTH yexopemme omoro Ammwemms: U (f) =
(@t + v) = 6. Mst BIAUN, 97O YCKODEHHE IDH ABIKEHIH 110 KBAADA-
THHOMY 9aKOKY MocToRHKO M panio a. Eci a > 0, T0 510 pasROyeKo-
pemoe AmmKenKe; e e a <0, TO PABHOIAMELIERHOE. OTMETHN
axiKe, 410 vy = v(0), & %, =z (0).
B raave 11l Mis OKAXKeM, 970 €CAN TP ABKHIH IO TPAMOH
JCKOpEIIte @ NOCTORHHNO, TO ABWKEHHE TPOHCXOXHT 110 KBAAPATHIHOMY
saxony:

x(0)=F 4 vt + 20,
TAe Uy — HONATBHAS CKOPOCTS TOWKE, & %, — HETAISHAR KOODIMHATE.

P Tiyers y = 7 (x) — uponasonmas wudpepeRnupyeNa pymKuMA.
Torga M M0HeM PACCMOTPRTS ABMIKEHNE MATEPRATLRON TOKH 110 Ko-
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x()

tae @ # 0, vy 1 %, — nocTonmme. Hailzex cxOpOCTS i yoKopenie Asd-
wemus.
Cropocrs aToro gBumems Taxoba:

<—x'1t|:";‘¢)¢u(,l4x” 22t

o =at +u,.
Tax Kak HAM HIBECTEA CKOPOCTS ABWKEHA Kak GYHKIULA pe
Mem, ww Mowew maiTH yokopemne oToro Amwwemms: U (1
(at + ug)' = a. Mit BIRUN, X0 YCKOpEHHE UPH ABIKEHMN 110 KBAADA-
TIROMY 9axoHy nocToRHO M panHO a. Eerk a > 0, 70 970 PaBKOYCKO-
pemnoe AmKemue; ecnn e a <0, To panmodAMEAzeHHOE. OTMETII
TatiKe, w0 v, = (0), & ¥, = % (0).
B raane 11 b JOKAXeM, T0 €CH MDA ADIIKEHHH N0 TPAMOR
JOKOpeIe @ HOCTORRIO, T0 ABMIKEHIe IPOHCKOANT IO KBAAPATHINONY
satony:

x(0) =2 tFavgtxg,
Tie v — HAUGIEHAS CKOPOCTS TOMKH, & ¥, — HEUANbEAR KOODIMHATE,

P Tiyors y = 7 (x) — upomasoxsHAn AnddepeRIMDyENAT GYRKIAA.

Toria Mt MO7KeM PACCMOTPETS ABMKeHTIe MATEPHATBHOH TOTIH 10 Ko-

opaumaTHOf mpMOT, copepmACHoe cornacro sakony X = f (t). Mexa-

miTSeoRi CMHCT TPORGBOTHOM TOSBOTRET AATH HATTRIAYIO MTEDIDE-

TAIIO TeOpeM TH(OEPERIHATEHORO. HOTHCTEHAS.

B Opuwmep 3. Tlyers [ u h — gwe auddepenuupyemsie dyux-

i, PACCNOTPHM CIAVIOUee (OTHOCHTEAbHOE) ABWKEHM 1O MDS- PEKNAMA
oit, Jlana MOXBMIKNAR CHTEMA KOODAWNAT, CBSIJANHAS C MOE3AON,

B0 KOTOpOF (KABHRA NANIMNINCTR) AKETCE OTHOCHTENSHO HENA.
18 HenommRAHOR crcTen: KoopAmEAT (cTanmi) IO saKony X, = f (£).
B mOTBWAKRO CHCTEMe KOODIMHAT MATEDWATHHAR TOWKA cOBepIIACT

138 poussoman u ee upumenenus
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ABMEHIE 110 3aKORY X, = h (f). Toraa K0OPAMHAT X bTOf TOUKA OTHO-
CHTEBHO HOMOBUKNON CHCTOMS KOODUMHAT DABHA I = X, + Xy, A €€
cxopocts v () pasma ¥’ (t). C Apyroit CTOOHEL, mO SAKOHY ClOe

s cxopocred v (1) = o, (1) + v, (1) = x{ (1) + x; (1). Urax, wsx moay
SIIE C HOMOUHIO MEXANIECKOTO CMBCAR NPOMIBOLNON HIRECTHYIO
opuyny:

(Gohy=f+w

Mpusep 4. TIycrs MaTeDHATBHAR TOUKA ABMKETCS 1O KOOP
AunaTHEOR UPAMOR cortacHO saxomy x = f (£).

Cpeann ckopocts orolt Touxi ®a mpoMescyTie [a; b] pasma
_f®)-1(@)

b-a
Mraonenman cxopocts v (f) B Towkax npoesyrxa [a; b] He Moxer
Guirs noe Bpems Membine (ombinie) cpefsell. 3HAUAT, B KAKOF-TO Mo-
Ment £, < [a; b] MIHOBeHHAR CKODOCTH PABHA CpERRCil, T. €. B HpOME-
sy [a; b] malizere Taxoe t,, uTo

F(b)-1(a)
b-a

v (to) = £ (tg) = @

Mt noxyma Mexammecry:
rpamnca.

2. Tipmvepss mpwosemenns npoussouoii. C IOMOIIHO TPOS-
BORBIX pyHKIN, XAPAKTOPHIYIOMITX (HINTECKHE ABICHNS, ATAI0T PEKNAMA
cs n Apyrie Quartueciue nemrmms, Hanpiep, omocTs (10 ompe-
ReneHyI0) ecTs IPOUIBOIAA PACOTEL 1O BPEMERH.

Pacemorpune npi
B Upumep 5. Tyers gan meofHOPORKEH CTepi ey, mpueN Ha-
mecta wacca m (I) moboro ero wycwa amanoh | (I orouwssaeTo
o7 dukcuposasoro xowma crepas). Xota CTepKeis HeOAHOPOZeH,
CCTECTREHO NOTATATE, WTO TAGTHOCTS €ro HeBoAION HacTIH (KA Y.

(A7) u wene wemsme AL,

o usrepuperammo popuyst Jla-

erxe or L a0 L+ Al) npuMepHo ofma u Ta 3Ke

TeM B MHBIINX NPEAENEX HA ITOM YUACTKE HOMHAETCA TIOTHOCTS.
IosTomy 32 XAPAKTEPHCTHKY DACTPENeNHWS MIOTHOCTH CTEPKHS
B sanucumocTa ot | nprHmMalor aunelnyw naomuocmy d () = m' ().

pusep 6. B GOTBUINHCTe 30404 MEXAHHKH DACCMATDHBE

Jores IniKenis TOuKH Ha MockocTy 1wy B mpocTpancrse. Tora cro-
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DT HOY BpEN MERBILE (UUABILIE) CPEASER. ORAL B RGRURSIY WU
Ment £, < [a; b] MIHOBeHHAR CKODOCTH PABHA CpERRCil, T. €. B HpOME-
sy [a; b] malizere Taxoe t,, uTo

F(b)-1(a)

v to =1 (29} = L5 @

Myt morymmam vexammsecxyio muTepuperamo popuyis Jla-
rpamc.

2. Tipmweps: mpmwemenma npoNsBONHOH. C HOMONIHO TDOWS-
BORMBIX DyWKIIH, XaDAKTEPHIYIOMITX (DHINTECKHE ARIEHTS, GARAIT
©x n apyrHe Quamveciue pemrumms, HAIDHMED, MOIHOCTS (10 Ope-
AENEHIIO) eCTh TPOMIBOTHAR PAGOTH 110 BPEMERH.

Pacemorpun mp
B Tpumep 5. Tlycrs gan HeoxHOPOARSH CTepIKesb, NpIEM 13-
Bectia Macca m (1) moGoro ero Kyexa ok | (I oTcwnTisaerca
or (uKcupoBamROrO KORIA CTepcHs). XOTA CTEp3KeHb HEOZHOPOREH,
€CTeCTRORHO TOMATATS, TO TLIOTHOCTS €ro HEGOTBIION YACTH (HA Via.
(A ) 3 wen mempmme AL,

o)

erxe or L a0 L+ Al) npuMepHo ofma u Ta 3Ke

TeM B MHBIINX NPEAENEX HA ITOM YUACTKE HOMHAETCA TIOTHOCTS.
IosTomy 32 XAPAKTEPHCTHKY DACTPENeNHWS MIOTHOCTH CTEPKHS
» sancumocsn or | npmunmaior auneinyw naomnocmy d () = m' (1),

pusep 6. B GOTBUINHCTe 30404 MEXAHHKH DACCMATDHBE
1OTest INHIKERHS TOTKH HA TLI0CKOCTH W B mpocTpanCTae. Toraa CKo-
POCTH — DexTOpHAs BemwRA. ORAOMBAETCA, UTO eCTH KOODIMHATE
R oot F pRmar 2 (F) &) (F) 0 MbOpmRAC a6kroDE: § ()

ACh STHN, MOHO BIBECTI GOP-

cxopoctn pasms ¥ (1)  y' (¢). Tos:

Myl TPOMIBORREIX TPHTOROMETpICCIIX (YRKIH 1A OCHODE KHHe.
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