TPUALATD WHECTOE NMPAKTHHECKOE 3AHSITHE

Conepxanne. [eomerprueckue npHNOKEHHS TNPOMIBOAHOL: ypaBHeHus
KacaTesJbHOH H HODMAaJH K NJOCKOHM KpHBol. J[liuHEI KacaTedbHoi ¥ HODMaJsu,
IonkacaTedbHass ¥ HOpMajb H HX JAJuHbl. KpuBH3HA, paauyc KpuBU3HH. Lledtp
kpuBu3nsl. COOTHOUIEHHE MEXAY DajHMycoM KPHBH3HH U Lauuoil HOpmaau. DsoatoTa
KpuBoil.

OCHOBHBIE CBEJAEHH S U3 TEOPHH

1. KacatenbHasi K KpHBOH

a) Ecau xpusas onpedesena ypasenuem y = f(x), mo ypasHenue
kacameavroli K Held 6 mouke M c¢ KoopOumamamu (x,, y,) umeem
aud

Y=~y =y (x1) (x— x,). (36,1)

6) Ecau kpusas sadana ypaswenuem [ (x, y) =0, mo ypasHerue
KacameavHott, nposedennoll & mouky M (x,, y,) #Ha Heil, umeem 6ud
Yy—1in =y’ (xlr yl) (x—xl)» (36)2)

ede Yy (xy, yy) ecmob npousgodnas Hessroidl gyukyuu f(x, y) =0, ¢ xo-
mopotl OyKGol X U Y SaMEHEHbL HUCAAMU X, U Y, — KoopJduramami
MOUKL KQCAHUA.

Ecau kpusas 3adana napamempudecKumu YpasHerusmu

_—y
= f 8 , (36.3)

mo Kacameabnas K amod Kpusod & mouke, coomeemcmeyouleld 3nate-
nruo napamempa t =t,, onpedeinemes YpasHeHUuem

Yy—tv =y (tl) (x—xl)’ (36,4)

npudem yi (¢,) onpedeasemcs no opmyse (27,8), u 6 HoayenHOM
soipasiceruu OyKea ¢ samensiemes wucaom ty. Hucaa we x, u Yy, Ha-
xooamea us (36,3), ecau mam 3amenumo Gykey ¢ wucaom 1.

2. Hopmaas x kpusoit

a) Ecau kpusas sadana ypasHenuem y = f(x), mo wopmarv K el
8 mouke M (x,, y,) umeem ypasHexue

i
Yy—ip = —m(x—xﬂ- (36.5)

6) Ecau kpusas 3adana yposwenuem f(x, y) =0, mo ypasuerue
HOPMAAU 3QNUCHIBALIMCS MOK:
1
Y= =— iy F—x (36,6)
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6) B caydae, ecau Kpusas 300aHQ  NOPAMEMPUHECKUMU  YpasHe-
HUAMI, MO HOPMOAbL K Hell 6 mouKe, 20e napamemp t=1,, umeem
YpasHexue

1
y—i = —m(x_xl)° (36,6a)

3. Nauubl KacaTeabHoit ¥ Hopmaau. MoakacaTensHan
¥ MOAHOPMaAb

Onpedenenne. [Jaunow Kacameabroll UAU HOPMAAU K KPUGOU
8 mouke M (x;, Y,) HQ3b66aeMCA OAUHQ OMPEIKA IMUX NPAMBIX Om
mouky Kacanus Go mouku ux nepecederusn c oceto Ox. Imu daunpt
obosHauaomes  coomeememeenno Oyksamu T u N. [loOkacamenvras
u noOHOpMAAb SBAIOMLS COOMGEMCIGERHO npoeKyuamu ompeskos T
u N Ha oce Ox. VX piumbl GyjneM obo3HauaTb: St ¥ Sy. Eciu
KpuBas 3aJaHa ypaBHEHHeM y = f(x), TO LJs ONpENeJeHHS JJMHH
3THX OTPE3KOB CJAYXKaT GOPMYJIbL:

T =| eV TF W P (36,7)
T
1= l y (x|’ (3618)
N=|p )T+
Sv=ly- ¥y (x)]. (36,9)

Kacameabnyro u HOpMAAL AeeKO HOCMPOUMs, ecau coedurumos Ko-
Hey nodkacameavtold T u Koxey nodnopmasu N ¢ mouxoit xacawus M
Ha Kkpusol. Ho 0an onpedeserus noao-
acenusn Ha ocu Ox mowek T u N — Kon- y
yos  nodkacameAabroll U HOOHOPMAAU
(pue. 36) Hedocmamo4Ho 3Hamb OAUHbL
amux ompesxos, onpedeasiempie no ¢op-
myaam (36,8) u (36,10), a Heobxodumo ewje
3HaMp HANPOseHUe, 8 KOMOopom Hado om-
A00CUMb OAUHbBL 3MUX OmMpPe3Koa om moyku P
0as noayuenus mowex T u N. ¥caosumes
cuumams nodkacamenvtyro PT u noduop-
Mmasv PN noaoxcumeavuvinu uau ompu- ur. 36.
yameabHoIMU, cMompa no momy, Oyoym
au nanpassedus omt P k T u om P x N cognadame ¢ noaoixu-
meabHbiM uAu ompuyamenvubin  Hanpagrenuem ocu Ox. [lo eeaudune
u no sHaky PN =y’ (), a PT = —y’yTlx)'

1
Omcioda caedyem, umo PT u PN umeem npomueonoaoscHoie

SHaKu, maxk Kak npoussedenue yy' (x,) u 4acmwoe y,y (‘x)
1
00un u mom e 3HAK.

(1,0) z

ANY)
~

unmerom
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Ecau oxamemcs, umo PT >0, mo mouka T iaexwcum ¢ nosoxcu-
menbHOl cmopomsl, @ mouxa N — ¢ ompuyamenvtoti cmoporst om P.
71 pomusonoaoscroe  pacnoaoserue noaydum, koeda PT < 0. Huaue:
mouka T saescum c nosoxcumenvrol cmopono: om P, a mouxa N —
¢ ompuyameavroti, ecau y, u y' (x) uMerom pasHole 3HAKU, Q@ NPO-
MUBONORONCHOE PACNOAOICEHUE MUK MOUYEK umeem mecmo moeda,
koeda y, u y' (x,) umerom oduraxosoe 3vAKU.

B cayuae, koeda kpusas 3a0ana napasmempudecKumu YpasHeHuAMU,
04n onpedesenus eeaudun T, N, St u Sn credyem cHauara no 3a-
dannomy 6 mouke Kacawus 3Hadenwio napamempa ! =1, onpedesums

KOOpOUHAMBL MOYKU KACOHUA Xy U Yy, GOIMUCAUMb Yy 68 mMOuKe Kaca-
HUs npu t==¢,, a 3amem 60cnoAb3oeamoeca Gopmysant (36,7)—

(36,10), npuuem 6 wnux credyem 3amenums Y’ (x,) Ha yx(f)).

B cayuae, ecau ypasnenue kpusod 3sadano e eude f(x, y) =0,
6 mex ge Gopmynrax Hado 3HadeHue npoussodnol y' (x,) 3amexnume
ra Y'(xy, Y1), 20e X, U Y, — no-npexcHemy KoOpOUHAMbL MOYKU KQ-
canus.

Ecau kpusas sadana e noaapHeix KoopOUHAMAX YpaeHeHuem 1 ==
= f(9), mo Oaunol ee KacameavHO U HOPMAAU caumaemcs OAUHQ
ompe3kos amux AuHUE om mouxu Kacanus M (ry, @) 0o mouku ne-
pecederus ux ¢ npamoil, npoxodaujed uepe3 nOAOC NePREHOUKYAAPHO
K paduycy-6eKkmopy, Npose0eHHOMY 8 MOYKY KACAHus. Imu ompesKu
HA3bIBAIOMCA NOAAPHOU  Kacameavbroil 4 noaspuod ropmassio. [1poex-
Yuu 3mux OMpesKkoa HA YKASAHHYI NPAMYI0 HASLIBAIOMCS NOAAPHOIL
nodkacamesvHoll © NoAApHOL noOHOPMAALI. [launbl smux demovipex
OMPesKo8 BoIHUCAAIOMCA 1o  Qopmyram:

VAT 6.1

N= lVrf+ r (@1)12\; (36,12)
r2

Sr= ,—,—@ (36,13)

Sw=|r'" (g (36,14)

Bo ecex smux ¢popmyaax ry U @) — NOASLPHbe KOOPOUHAMbL MOUKU
KQCaHUus.
4. KpHBH3HaA # pajuHyC KPHBH3HbI
a) Ecau xpusas sadana ypasuenuem y = f(x), mo ee kpususna K
u paduyc kpususnor R onpedeasromca no gopmyram

K=l (36,15)
(+y7
3
_+uy? 36,16
R — ly”' . ( » )
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Bxodauyuii 8 smu thopmyat V'V Ly’ 6Gepemes co snaxom naoc.
Kpususna u paduyc KpususHer Kpueol, no onpedesenuto — Geau-

4UHbL HE OMPUUAMEAbHbie.
6) B cayuae, ecau Kpueas 3a0aHa NapamempuUECKUMU YpasHe-

Husmu (36,3), mo 8 mouke, 04 Komopod napamemp t = t,,

K =Wt = 2y )l (36,17)
{22 (1,) + g2 (1) 2
3
,Y ‘2 —2—

R — — )4y (1) (36,18)

L") X () — X" )y ()1
nputteM 6epemc;1 moabvKo NOAOHCUMEAbHOE 3HRAUYeHue KOpHA

Vx(ty) + v ().

8) Ecau kpusas 3a0ana ypasHeHuem 8 MNOAAPHBIX KOOpOUHQmAx

r=f(¢),
2 912 (0.} e pop”
K=|’1+ 7% (1) ’13 (‘Px)l; (36,19)
[A+re]?
3
Aarie)]T
R =] J (36,20)

|73+ 22 (91) — i7" (@)’
2de r; U ¢, — NOAAPHDIE KOOPOUHAMbL MOYKU, 8 KOMOPOU 8bIHUCAIOM-
cn K u R, a]/rf—f— r'2(p,) caedyem 6Gpames co SHaKOM n.ac.

5. Kpyr xpususnbl. LlenTp kpuBu3Hbl. 3B0JI0Ta ¥ 9BONbREHTa

KoopauHatel a H § 1eHTpa KpuBH3HbI B Touke M (x;, y,) KpuBoii
onpeneasiorca no ¢GopmyJam
5y ),
1
B = gy 4 L) (36.21)
e

B cnyuae, Korja KpuBasi 3ajaHa NapaMeTPHYECKHUMHU YpPaBHEHH SIMH
(36,3), KoopAMHATHI LEHTPAa KPUBHU3HH B ee Touke M, COOTBETCTBYio-
el 3HaueHHo napaMerpa f = f,, onpeneasiiorcs no QopmyJiam

v () |57 (1) + v (1)
x (1) Y (1) — Xps (8) yty) (36,22)
Xy (h) [x7 () +9,(1)]
% (1) ygs (01) — xpalty) yi(t))

Dopmyant (36,22) npuMeHHMMbl M TOrJa, KOrja KpHUBas 3ajaHa
NONAPHLIM ypaBHeHHEM r = [ (¢). Tak Kak B NOJAPHBIX KOOpAHHATAX

217

a=x(fH) —
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X =rcosp, y=rsing, TO, NOACTABAAA ClOAA r = f(p), NOJyuum
x = f(¢)cosy, y=[(o)sine, u napamerpom Tenepb ABJISETCS Noasp-
HBIH yTOJa ¢.

Onpedenenune. 'eomempuueckoe mecmo yeHpo8 KpUU3Ho GaH-
HOUl Kpueoll Haszweaemcs ee seoatomoi. Ilo omHowenuo K  ceoel
360410Me UCXOOHAA KPUBAA HA3bICAEMCS 360AbGEHMOL.

Ecau 8 gopmyrax (36,21) onycmumes unOekC Y x, u y, u 3ame-
nume y Ha [ (x), a & ¢opmysax (36,22) onycmume undexc y i, mo
MU (POPMYAbL MONCHO CHUMAMbL NAPOMEMPUHECKUMU  YDAsHerUAmU
360MI0MbBL, NPUYEM 8 NEePBOM CAY4ae NOPAMEMPOM SIBASEMCLSL X, 60 8O-
pom — ¢,

Hckaouenue napamempa x u3 ypassenud (36,21) wau napamem-
pa t us ypasnenut (36,22) onpedeaum 380a10mYy HesGHbLM Ypastie-
HueMm

F(a, §) =0.

3agaua 36, 1. st napaboasl y®> = 2px B MPOU3BOJNLHOH ee ToUKe
M (x,, y,) HaHTH ypaBHeHHE KacaTeJbHOA ¥ HOPMAJIH, JIHHB NOJAKa-
caTeJbHOM M NOJHOpMaJd, JAJMHB KacaTeJqbHOH M HopMaJH, pajuyc
KPUBH3HBI, KOODJMHATH LEHTPAa KPHBU3HBI H 3BOJIOTY.

Peuwenune. [Ipexxae Bcero u3 ypaBHenusn napabo.bt onpejpesnum

y' My B TOUKE C KOOPAMHATaMH (x5, uyi): 2yy =2p; y = .Z-;
1] . ” [
Y m) =5y =— 5y 2
Toacrasass clofa HaiijieHHoe 3HaueHue y', noayunm y = — 2
2 y
¥ (k) =—ly—7§,- Toacraeasas y' (x;, y,) B ypaBHeHue Kacareb-
1
Ho#t (36,1), noayuum
y—yr=- c—x), win gy —yi =px—px.  (36,23)

Tak kak Touka M (x;, y,) NeKUT Ha napabose, TO ee KOOPAHHATHI
YIOBJNETBOPAIOT YPAaBHEHHI0 NapaboJsibl, a NMOTOMY

yi = 2px,. (36,24)
Hcnosib3yem sty 3aBHCHMOCTb ISt yNPOULEHHS ypaBHeHust (36,23)
KacarteJabHOH. st 3T0r0 B €ro NpaBod uacTH npubaBHM H OTHHMEM
px, U TONYyYUM
2
YY1 — Y1 = px + pxi — px1 — pxi,
HJau
2
Yy — ¥ = p(x + x) —2pxi,
a C YUeTOM TOTO, UTO Yi = 2px;, yPaBHEHHe KacaTebHOI 3aMHLLeTCA
B BHjiE
Yy =p (¥ 4+ xy).
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ToxcraBasist 3HaveHue npoussopHoft y' (x,y,) B ypasenue (35,5),
NOJIYYHM ypaBHEHHE HOpPMaJH
1
Yy—hn =—E(X—x1),
%
KoTOpoe MOCJe YNpOLleHHH 3amHIlercs Tak:
hx—x)+py—y)=0.
dopmysa (36,8) naet s WIMHBI NojKacaTeJbHOH

2
=9 5 =Y. 36,25
ST E ] ST —_ p ( ’ )
Y
Ucnoansys paseHctBo (36,24), mostyumm, uto St =|—2x,|,

1. e. JMIMHa mojJKacaTe]bHoH napaGoJbl paBHAa yABOEHHOH abcuucce
2

Yy
TOYKHM Kacauusl. Tak Kak B (36,25)—; OTpHLATENIbHOE UHCJAO, TO

IJ51 TIOCTPOEHHS MOJKAcaTe/bLof ee AJHHY 2X; HAJ0 OTIOXKHUTb OT
OCHOBaHUS! OPAMHATHI TOUKY KAaCcAaHHS B OTPHilaTeJbHOM HAmpaBJeHUH
ocu Ox. CoepHUB KOHEIl MOAKAcaTeJbHOH ¢ TOUKOH KacaHud, NOJy-
ypM KacaTelbHyw K napaboJe,

U3 Ttoro, uto y' = yﬁ, chenyer, uto yy (x;, Yo = p.
1

Tak kak JeBasi 4acTb 3TOTO paBeHCTBA, B3fTas 1Mo abCOJIOTHOM
BesiMuuHe, Ha ochHoBauuu (36,10) ectb AIHMHA NOJHOPMAJH, TO MBb
3aKJMI04aeM, 4To y napaboJbl AJMHA TNOAHOPMATH €CTb BEeJHYHUHA
AocTosiHHasA, paBHasi mapamerpy napabonsl. Tak kak p >0, To Mbl
HOJNyYUM MOJHOPMAJb, €C/IH OTJIONUM Mo ocd Ox B NOMOXKHUTENEHOM
€e HamnpaBJeHHH OT OCHOBAHHS OPJAMHATHEI TOYKH KAaCaHHS OTPE3OK,
paBHbil napamerpy napatoJbl. CoelHHHB KOHeL 3TOr0, OTpe3Ka ¢ Tou-
KOH KacaHH$l, MOJYYHM HopMmanab K mapaGoJse. [lonyuuTb camoctos-
TelbHO mo dopmyaam (36,6) u (36,9), uTO IJMHHBI KacaTeAbHOH
H HOpMaJH DaBHBI

T=\%Y G+ N=Vi+p

Panuyc KpuBusubl onpegenum no c¢opmysae (36,16), noscrasus
B Hee Yy’ H y":

3

¥y
R=—+5—, R

3
(i)
= H

2
vi
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4TO pajuyC KpHUBHU3HBI B JIOOOH

CamocTofiITeNnbHO JOKaxKHTe,
TouKe napaboJbt y?> = 2px paBeH KyOy JJUHBE HODMAaJH, NPOBeAeHHOH
B 9Ty TOYKY, pasjeleHHOMY Ha KBajJpaT ee napamerpa, T. e.
N3
R = pT .
KoopauHaThl ueHTpa KpuBH3HBl Haxopum no ¢opmysaam (36,21)

€ yueroM HaijeHHbIX 3HaueHuid y u y":
L P i
il "y Pty
o =X;— _E ’ B =1 -+ _Pj ’
yi P
H Tocse yrnpoueHuit

px) +yi + P* it

= —————— =3 —-p—2 .

p
Seoaioma napabosvt. B nocaeaHuX ypaBHEHHAX ONYCTHM MHIEKCHI
y X H y W, YyuuTBIBasl, YTO M3 ypaBHeHHs mnapabo/ibl y?=2px, a

y = + V 2px, noayuum
« = Px+2;1x+p”; a =3x+p; 8 __x 2p);z]/2px .
opx V 2px
=t .
O1ciona caepyer, 4TO
' (@ —p)3=27x
gz _ 8¢
YT

3to M ecTb NapaMeTpPUYeCKHe YPABHEHHSI 3BOJIOTHI Mapabossl,
A mapameTpoM aBasieTcsl x. YUToObl HMCKJIOUWT NapaMerp x, pasjie-

JIEM MOYIEHHO NEPBOe YpaBHEHHE Ha BTOpPOE M MOJYUHM, UTO

y (@—pp _ 22
e 8
a OTCloZa TNOJYYdeTcsl YpaBHEHHE 3BOJIOThHE
B BHje
¢ 2 8 3
T == (e —p)*.
B* =57, (@—p)
Texywnmu KoopjuHaTaMH 37eCh SBJSIOTCS
a ¢ f. Obo3nauas ux, Kak oObI4HO, 4epe3 X U
Y, TOJTYYHM
dur. 36,1. 2 8 3
=5, X — .
¥ =g, (6 —p)

3ro monykyGHueckas mapabosa. BeDIUMHA KOTOPOH HaxojpurIcs
B Touke (p, 0) (dur. 36,1).
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3anaua 36. 2. Ilus siJunca., 3aJaHHOTO YpaBHEHHEM
¥
Z+b=1,

HafiTH B Mpou3BOJbHON TouKe Ha HeM M (x;, uyy):
1) ypaBHeHust KacaTe/JbHOH U HOPMAJIH;
2) nauubl nojkacaTe]bHOA M MOJHOPMAJH;
3) panuMyc KpHUBH3HLL;
4) gRoopavHaThl LEHTpPA KPHBH3HEHL,
5) sBoJIOTY.
PeweHnne. 3anuumem ypaBHeHHE SJJHNCA B HESBHOM Bupe:

b2 - a2y2 —a? =0
n HaiigeM y' u y" no npaBuny AuddepeHUHPOBAHUSA HEABHBIX (yHK-
uuit:
b2x " bt

Wex + %y =0; §f =— =2 y' =

a%y Tt
B Touke xkacauuss M (%, y,)
, bx b
Yy (x, yl)————;y(xb y)=——=.

a{z/l
YpaBHeHue KacaresqbHoOH mo ¢opmyse (36,2) sanmumercs Tak:
Yy—th ""'_Zz'_y (x—xy),
RN
b2, x + a¥yy = bx} -+ aPyi.
Tak kak tTouka M (x;, y,) JE€KHUT HA IJIHICE, TO €€ KOOPHHHATHI

2
YIOBJIETBOPSIOT YpaBHeHHIO 3JJMNCA, a ToToMy bExi 4 a?yi = a2b?,
H ypaBHEHHe KacaTe/bHON 3alHLIeTCs TaK:

blex + bzyly = a2b2,
WIH mocile JeleHHs ofeux uyacreft STOro ypaBHeHHS Ha a%b?
!/1'/
a2 + =1

YpapHeHue HOpManu NOJNYYHTE CaMOCTOSITEJIbHO O ¢opmyJe
(36,6). OHo 6ynmer Takum:

@ _ 2=t —b2).

Xy Y1
Jumna noakacaresnnHoll Hafifiercss no ¢opmyae (36,8);
— b a*y;
= P) —_
ST —lliﬁ ngl )
ah
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HO afyf = a?b® — B2xf = b* (e —xf), a motomy

@ —x

Sr =

’

Xy

v, TakuM o6pa3zoM, AJIHHA NOJKACATENbHOH HE 3aBHCHT OT b — Masof
MOJIYOCH 3JMHMICA. JTO 3HAYUT, YTO Y IJLIHMICOB, HUMEIOWHMX OJHY
o6uiyo ocb 2a, HX NMOJKACATeNbLHbIE B TOYKAX C OJIMHAKOBBIMH abc-

LHCCaMH, PaBHH MexAy coboil (pur. 36,2).

¥ Jlanna nojHopmaJu Ha OCHOBaHMH ¢op-
myasr (35,10)
U o (_’ZZ B,
thp 7 v=|u(~a) = [~ax|
g M T4) o ¢dopmyaie (36,16) onpenenutcst pa-
AHYC KPHBH3HBI
3
R (@i i) ?
dur. 36,2. atbt ’

a no dgopmynam (36,21) KoopaHHAThl LEHTPA KPHUBU3HbI

2
b2, [ bix;
ay, a4y? (a"y? + b‘x|2) x
= Xy — .

& =X = b’ T T g
-3
a’yy
b‘x?
14— 42 1 142
ay] (a*y? + b*x7) 91
B=thh+—F =h— —p——
—_—azy?

Tenepp nosyuum ypaBHeHHe 3BOMIOTHI 3JJHMNcCA: B MOCAENHUX
IBYX ¢opmyJiax AJa BbIYHCAEHUS o H [ ONYCTHM HHJEKC Yy X H Y
H [OJyd4uM, 9YTO

— (2% + bAx?) x

@ = e ’
(aty® 4 2°xh) y
B=y— -

TlocTapaemcs ¢ NOMOWBIO yPABHEHHS JIJHICA HCKIIOUMTL M3 TOCAC-
HHX JBYX paBeHCTB x W y. M3 ypaBHeHHs sauunca ciemyer, 4TO

ai? = a?ht — bx2,
b2? = a?h? — a2y,
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B BHipaxeHHsX MIs « W B 3ameHuM a®y® u b%x® no stum dopmy-
JaMm, B TPAaBBIX YACTAX BHITIOJHMM BBIUHTAHHME, PACKPoeM CKOGKH
M, YUHTHIBasi, yTo y 3anaunca a® — b? =%, nosyuyum Tnocne O4eBHJ-

HBIX COKpAalleHHH, 4TO

I c%y3
e
TNepenuuiem ux B BHIE
c2x8 2yt
ao = el ba =7

2
H BO3BMEM KaXJoe H3 3THX DABEHCTB B CTENeHb .
Tlonyuaem

4
2 3
(ao)® =

2 2
3 (6B)3 = y
H CJOXKHM HX MOUJEHHO:
2 2 Aa p
(a0)3 + ()T =3 (—+,,—)
HO H3 ypaBHeHHﬂ 3JJIHIICA C./Ie,-’lyeT, 4yTO
xz y2
ztyp=1

a mnoToMy

4

2 2
(a2) T + (bB)F =c¥.

310 M ecTb ypaBHEHHE 3BOJMIOTHL AUM- y
ca. 3mech a H B — TeKylue KOoOp IHHATHI.
Ecan ux ofo3nauuth uepes x u y,
TO YypaBHEHHE 3BOJIOTH Mepenwuiuercs
B BHJE
4

2 2
(ax)® + (by)® =c3.

Kpusas, onpepensiemas 3THM ypasHe-
HHeM, HAMOMHHAeT acTpOHLY H Nosayyaer-
CA M3 Hee DpacTsXKeHHeM 1o BepTHKalH
(cM. ¢ur. 36,3).

3ana4a 36, 3 (118 caMocToaTesbHOTO pelenus). B3aATs napamer-
pHMuecKHe YPaBHEHHS 3JIUNCA B BHle

®ur. 36,3.

x=acost; y=bsint
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W 710Ka3aTh, YTO B TOYKE, COOTBETCTBYIOUICH 3HAueHHio [apamerpa
{ ={;, HMEIOT MeCTO Cjelylollue paBeHCTBa:

Y
Sr =lasinttgt,|; Sv = I_Z_COSt‘\;
T =|—tgt,V a®sin?f, + b>costt, |;
N z:—z Va¥sin®t, + b cos® ty;
3
R - (a*sin® ¢, + b2cos? £)) ? |
- ab ’
c? 2 .
@ == cos?ty; B=-— E—sm3 t4.

TMonb3ysch BLHIpaXKeHHeM 18 Pajuyca KPHBM3HBIL, 10Ka3aTh, UYTO
k13
B BepIIMHAX 3JJIHICA (t =0u t=§) PafNyC KPHBM3HHI

(Ri=o=25 (R)

a KOOPAMHATH 1leHTPA KPHBHM3HBI B ITHX TOUKaX:
& . 2
@i=0==: B)=0=0; (a)t___% =0 (), Al X

3anaua 36,4 (mn1a camocrosrtesnbHoro pemenus). [Toab3yscs pe-

sy/bTaTamu Npejnifylleli 3ajauM, A0Kas3aTh, YTO y IJAHNCA pagnyc

KpPHBH3HBl DaBeH Ky0y HODMalH, pa3jieJleHHOMY Ha KBajpaTr mnapa-
MeTpa 3aJHICA.

Ykasauune. [lapamerpom p snaunca HaseiBaercs MOJOBHHA

LJIHHBI €ro xopnbl,bznposenenﬂoﬁ uepe3 (HOKYC TepreHauKyJIsipHO

6o.1blIOH OCH: p = 7

3ajaua 36,5 (ais camocrostensHoro pemenns). Hafith ypasne-
HHe KacaTeJbHON H HOpPMaJ¥ K KpuBoi y = 3x* — 5x2 -4 B TOuUkKe

x=—1, y=2.
OTBeT. YpaBHeHHe KacaTenbHOI:
2x4y=0.
Ypapnenne HOpMmaiu:
x—2y+5=0.

3anaua 36, 6. Halitn ypaBnenns KacaTeqbHON H HOPMAJIH K KPHBOI
4x® —3xy? +6x2 —b6xy — 842 +9x - 14 =0
B Touke (—2,3),
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Pemenue YpaBneHHe KpuBOH 3agaHo B HesBHOH ¢popme. Ha-
XOIHM TNpOH3BOAHYI0O TO IpaBuay aubdepeHLHPOBAHHS HesBHOM
¢y HKLHY:

1242 — 3y* — 6xyy’ + 12x — Sy —5xy’ — 16yy’ +-9 = 0;
, 12x2—3y2 4 12x—5y4+9 _ 9
=" 6xy+o5x+ 16y P Y2 ) =—3.
YpaBHeHne KacareJbHOH
9%+ 2y 4+ 12 =0;

ypaBHeHHe HOpMaJH
2x — 9y 3- 31 =0.
3anaua 36, 7. HaiiTh ypaBHeHHe KacaTe/bHOfl H HOPMaJH KPHBOU
x=3t—5
y=1r—4
B TOuKke, rhe f =3.
Pemenue. Jlis Toro u4to6ul Bocnosb3oBathes Gopmyamu (36,4)
i (35,6a), Halo ompexenuth x;, y; H y' (f) npu ¢ = 3. Onpegennm
npexje BCEro x; H Yyl
Xy = 3.3—=5= 4,
Yy, =3 —4=235.
TMocae sToro naxoaum y, MPOM3BOAHYIO B TOUKe, rpe

t=3 4, =2 X, =3 y,= 2 4,0 =2
YpaBreHue KacaTedpHOH Y-~—-5=2(x—4), uwiu 2x—y—3 =0.
YpaBrenue HopMaau y — 5= —5 (k—4), wan x + 2y—14=0.
3anaua 36, 8 (ns CaMOCTOs TeIbHOTO pemeninst). Hafitu ypasHe-
e KacareqbHOH W HOpPMANHM K KpPHBOM

{x =2cost -+ 3sint
y=cost2sint

T
B TOuKe, rpe t=—2 .

OrBer. YpaBHeHnue Kacare.1pHoil x — 2y -+ 1 = 0;
ypaBHeHne HopMaiu 2x 4+ y—8 =0.
3anaua 36,9 (nas camocrosTesanHoro pewenus). Halitu ypasue-
HHe KacaTe/bHOH M HOpMaldu K rumnep6e.e

b2y — azyz = a2h?
B TOUKE Ha HEH (X5, Y,).

9 o XX
OTeer. Ypasuenue Kkacatempmoii 2y — 27 —1;
a b

2 2
ypaBHeHHe HOpMasiu ‘;—x -{-by—y = (2 =a? + ).
1 1
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3apaua 36, 10. Ina uukaouast

x=a( —sinf{),
{y =a(l —cos?) (36.26)
B TOUKe, Tje ! =/, ONpeieNHTh:

1) ypaBHeHMs KacaTelbHOH, HOPMalH H JJIHHY MOJHOPMAJIH;

2) noKa3sath, YTO HOpPMaJdb B IIPOM3BOJBLHON TOUKE LHKJIOHIbI
MPOXOJHUT Yepe3 TOUKy KacaHHA MpPOM3BOASAIIEro Kpyra, a KacaTefb-
Has —uepe3 COOTBETCTBYIOULYIO €H BLICHUIYIO TOYKY 3TOrO Kpyra;

3) NoKas3aTh, 4TO Y LUMKJIOMAH pPaiHyC KpHBH3HBL HMEET JJIHHY
B 1Ba pasa GOJbLIYIO, YEM COOTBETCTBYIOIIAS HOPMAaJb:

4) onpenennTh KCOpAMHATHl LEHTPA KPHBH3HHL H JIOKa3aTh, UTO
9BOJIIOTA UHMKJIOHIbI €CTh LHKJIOHAA, KOHTDY3HTHas naHHO# *, HO me-
peMemennas Ha OTpe30K 4= B MOJOXKHTENbHOM Hanpasienuu och Ox
U Ha OTpesoK 2a B oTpHUATeNILHOM HamnpasneHHH ocu Oy.

Pewenne. Eciu kpyr paguyca a Katutcs 6e3 CKONbKEHHs
no npsMoH, To BcsiKAas TOYKa, Jiexawas Ha ero OKPYXHOCTH, OMNH-
CbIBAaET XpHBYIO, KOTOpas Ha3wlBaercs UMKAOHAOH. Ypasuenus (36,26)
€cThb TapameTpHYecKHe ypaBHeHHS UHMKaouibl. IIpumem mnpsmyio, no
KOTOpOfi KaTuTcH Kpyr, 3a ocb Ox.

Ecau B HcXonHOM MosoxeHHM TOYKA, BHIUEDUHBAIOLLAS LIMKJIOHLY,
HaXO[uJIach B Hayase KCOpIMHAT, a LeHTp KaTaulerocss Kpyra Gbul Ha
ocu Oy, T0 mapamerp # ectb LEHTpaldbHblii yroJ, COOTBETCTBYIOUIH
AyTe, Ha KOTOpyi0 NpoKatw/ca Kpyr no ocu Ox.

y
s N
Ml + N
Y
915 # Zna z
®ur. 36,4.

Iuknoujza COCTOMT W3 KOHTPYIHTHHIX apoK, KaXKaas H3 KCOTOPHIX
COOTBETCTBYET OJHOMY ToJIHOMY O6ODCTY MpOHM3BOAAIIEIO Kpyra.
Paccroanune Ha ocn Ox MemJy HAua/JOM H KOHLOM OJHOH apKH paBHO
JUTHHE OKPY2KHOCTH NPOH3BOASUIIETO UHKJOHAY Kpyra, T. €. 2za.
Korga Touka onuckiBaer OJiHy MOJHYIO apKy UMKJAOHIBL, Iapaverp
usMensiercst or ¢ =0 go ¢ = 2= (¢ur. 36.4).

1) Myers npu ¢ =# x = x1, Y = Y, TpHYEM

Xy = a(ty—sinty; y, = a(l —costy. (36,26a)

* JlBe reomeTpuueckne GHrypsl Ha3biBAaiOTCH KOHrPYSHTHBIMH, €CJH OXHY M3
HHX MOXHO COBMECTHTb C ApYrofi, U3MeHHB TOJHKO B pPe3yJbTaTe HeKOTOporo
ABHIKEHHsl ee NOJOKEeHHe Ha MJIOCKOCTH.
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UTo6bt HaAHTH ypaBHEHHA KacaTeJbHO# M HOpMaaW Ha OCHOBaHHH
(36,4) v (36,6a), maiinem y, npu =i

y; = asin#; x=a(l —cost);

Yr = ctg%, a B TOuKe, THe t = {y, yx (£)) =Ctg§—‘-

. ¢
YpapHeHne KkacaTelbHOR y—y, = cig 2—‘ (x —xy);

ypaBHeHHEe HOpMAIH y—y; = —{g ;l (x — xyp).
Jliuea noxgHopManH Haxomutcst no dopmyae (36,10):

¢
SN=,y1-ctg—é—’.
He y; =a(l —costy), a noromy
Sy = a(l-——costl)ctg%‘l; Sy = |asinty|,

T. e JJIMHA TOJHOpPMAanH paBHAa MpoO-
ekuM¥ Ha ocb Ox pajguyca npous-
Bojsmero kpyra (pur. 36,4).

2) Touka P kacaHus INpoOH3BOASA-
mero kpyra ¢ ocsio Ox (¢ur. 36,5)
uMeeT KoopauHatst afy v 0: P (at; 0).
TMokaxkem, 4To HOpMalL B Touke M
NpoXoAuT uepe3 3Ty Touky. Jas
3TOr0 Haj0 J0Ka3aTh, YTO KOOpJH-
HAThl 3TOH TOYKH  YJOBJETBOPSIOT
ypasuennio  Hopmaau. IlopcraBiss
KOODAMHATHL  3TOf  TOYKH  BMECTO Pur. 36,5.

TEKyMUX KOOPAMHAT X M y B ypaBHEHHE HODMa/JH, a BMECTO X;
# Yy, HX BhIpaxkeHus H3 (36,26a), nonyuum B J1eBOH YacCTH ypaBHeHHS

0—a(l —costy) =-—2asin2%,
a B NpaBO#i YacTH
t . .
~tg§l[at1—a(tl-—sml‘1)] =——tg£2l_(at1—atl+a51ntl)=
=——atg%—sin11==—2asin2%.

Takum o6pasom, KoOpEWHATHI TOUKH P yJOBJETBOPSIOT yPAaBHEHHIO
HOpManu H, 3HayuT, HOpMadb B Touke M mpoxoaur uepes TOUKY
Kacanus npowussoasawero xpyra P (at,, 0). Kacarenbhas ke neo6xo-
AHMO TpoOilieT uepe3 MNPOTHBOMOJNOXKHYW Touky N jmamerpa PN,
TaK Kak KacarejipHag [epneHguKy/asipHa HOpMaJlH, [pOBeJeHHOH
B TOYKY KacaHus (B OKDYKHOCTH BIHCaHHBLI!l yTOJ, OMHPAOWHACH
ia nuamerp, ectb npsMoR).
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3) Haiinem pamnmyc KpPHBH3HBI LMKJOHJB TIO (popmvne (36,18)
M 1uMHy ee HopMaau no dopmyne (36,9). M8 ypaBrenn#i nukaouas
(36,26) caeayer, uTo

£ () =a(l —cos?); y (t) =asint;

X" (f) = asint, y" (f) = acost.
3amenss 3nech f na /, u noacrasnss B (36,18), moayumm, urto
3 2
R — [a® (1 — cos t,)? + a?sin? ¢,] — (2a% — 2a? cos t,) 2
[a%cos ¢, (1 — cos t,) — a® sin? ;] a?(l—cost,) °
3 3

2 B 5V T o,
R=2 a?(l—cos t;) i R=2V2aV 1T —costy;

a? (1 — cos ¢)
—4a ’ sinit ’ (36,27)
[To dopmyse (36,9), nonaras B neil y; == a(l —costy), 6ynem umerb

. t
yx (tl) = Ctg'%‘ .
[Tonyunm, uTo AJMHMHA HOpMAaNH

N-:al(l—cos t,)V] +ctg2t_2‘- ;

N .—=2asin2{—‘lcosec %—l,

= 2a| sin L ] (36,28)
s popmyn (36,27) caenyer, uro
§—=2, win R = 2N,

T. €. pagvyc KDHBH3HL B NPOH3BONBbHOH TOYKE LHMKIOHIL paBeH
YABOGHHOH [JMHE, COOTBETCTBYIOmEH HOpMaJH.
4) KoopaHnaThl LeHTpa KPHBH3HBI OMNPENENAOTCH 110 cpopuvnaM

(36,22). TloxcraBnas B HHX DaHee HaliJIeHHBIE 3HAUEHHS T Xty Yt

Y, BblUHCJIeHHbIe B TOuke, rje £ =£,, u yuuthiBag (36,26a), momy-
YpM, YTO

a=a(l, +sint);
B=—a(l —costy.

Ecau B 3THX dopMyJsax ONYCTHTb HHIEKC Y £, TO HOJy4uM ypas-
HeHHe 3BOJIOTH LHKJOHIBI

a =a/(t+sint),
{p = —a(l —cos?).
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Ecan Teneps B3aTh f =« -+ T, To ypaBHEHHe 3BOIOTH HHKICHALE
3anyuwercs Tak:
o =aw -+ a(t—sin1);
B=—2a-+a(l —cosx).

M3 3TuX QopMyJ MBI 3aKJIO4aeM, UTO 3BOJIOTAa HHKJICHIBI €CTh
HHKJACHIA TaKas Ke, KaK JlaHHasd, HO CMELICHHAsf Ha OTpe3CK ax
B MOJMCKHTENbHOM Hanpasaenun ocH Ox W Ha oTpe3cK 2a B oTpH-
fiatedblion Hanpasaenuu ocu Oy.

Hukaouda obradaem 3aMeMQMENLHBIM  MEXQHUMECKUM  CBOLICIMBOAL
Mamepuarbras mouka, dsueasce no amoil Kpuseod, Odocmueaem 3a0anH-
HOU HO Held mouKuw, 3ampaqusas HA 310 00HO U MO e 6peMa, He-
308UCUMO OM MO20, U3 KaKOi LCXOOHOU mouKku Kpusod Hauaioce Osu.-
JHceHue.

3apaua 36,11 (114 camvocrositenvHoro pemwenus). Hafit pazuyc
KPUBH3HBI U 3BOJIOTY acTPOHbl

=qacos®t
{y = asindt
B NMpOH3BOJNbHOH ee TouKe, The [ = fy.

YkasaHnue. AcTponja — KpuBasl, onHChIBaeMas TCUKOH OKpY k-
HOCTH pajuyca a. Koropas Katutcs 6e3 CKOJNbKeHHs 1o BHYTPEHHCH
CTOpOHE OKPYKHOCTH pajmuyca, B 4eThipe pasa 6o.bluero, T. €. pas-
noro 4a*.

OrBer. =%asin2t,; a=acost (1 +2sin*#); B=asiny
(1 + 2cos?t,).

2 2 2

Ypasuenue spomors (@ -+ B)° 4 (a —B)° =243,

Ecan nosepuyTs koopauHaTHuie oc na 45° BOKpPYr Hauajda Ko-
OpIHHAT, TO MOXKHO YCMOTPETb, YTO 3BOJIOTON AacTpOHAbl sBJsETCS
OlNATH-TAKH aCTPOHJA, o6pa30BaHHAS KDYyramu, pajiuycbl KOTODHIX B
IBa pasa GoJblie HexonHuix. lokaxure sro.

3anaua 36, 12. Hafitu yros Mexay KacaTenbHOHd M PajHyCoM-
BEKTOPOM IIPOU3BOILHON TOUKM chupajd ApXxumesia

r = as.

Pewenne. Crupans ApxuMega npeacTasiaseT coboii TpaeKTo-
puio Touku M, Kotopas paBHOMEpPHO JBHXKeTcA 1o npsMoil ON B
TO BpeMsi, KaK cama 3Ta MpsiMas PaBHOMEpPHO BpALAETC BOKPYT
Touk# O (nosioca). [lpeanonaraercs, uto B HAYaJbHLIH MOMEHT JIBH-~

2 2 2
* YpasdHedue acTpounu 8 npPAMO YyTOALHEX KOOPAHHATAR X 3 4- y5'== ad.
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}eHus Touka M Haxommuaace B mosioce NOJSPHON CHCTEMLI KOOpPH-
HaT, a npsman ON coBnazafa c noasipHoll ocwbio (ur. 36, 6).

N3sectHO, uTO yroa g MEXIY pamnyCoM-BEKTOPOM TPOH3BOJbHOH
TOYKH KPUBOH r =r () M KacaTeqbuoH K Heil B 3Toii TOuKe onpene-
Jasiercs no gopmydae

tgp =5, (36,29)

rie r’' ecTb MPOH3BoAHAS OT 7 MO G.
[MoncraBasia B Ty GopMyay W3 ypaBHeHHs CcHupaiu ApxuMeia
r=ap H r' = a, MoJyyuM, UTO
tgp =9§- = ¢, a p = arcigo. (36,30)
Unclo a B ypaBHEHHH CMHpanu ApxHmena HasbiBaeTcs Mapamer-
pom. TlosyuenHbit pesysnbTaT MoKasblBaeT, YTO p He 3aBHCHT OT 4.
3ro 3HAuyMT, YTO BCe CHHpaau Apxu-
MeJa MepeceKaroT PaJHyChi-BEKTODHI,
COOTBETCTBYIOILME OJHOMY H TOMY Xe
3HAYEHHIO MOJASPHOTO YIJa, MO OXHHM
7w tem xe yriom. HuTepecno monme-
THTb M TaKyld OCOGEHHOCTB: KOrja
¢+ o, T0o U3 (36,30) caexyer, uTo

[
¢ — 5, a 3TO O3HauaerT, UYTO NOo Mepe

pasBepTeiBaHHMA COHPAJH OHA CTpe-
Gur. 36,6. MHTCH CTaTh HODMajbHCH K CBOMM
panuycam-BeKTopaM.
3agaua 36,13. OnpexennTs noasipHele NOAHOPMAadb M TMOJKaca-
TEeAbHY!O CIHpaau ApXHMeNa B MPOHM3BOJIBHON Touke CIHpPaNH (ry, ¢y).
Pewewnue. Tlo dopmynam (36,13) u (36,14) naxonum, 4to a/muHa
nofspHOH NofHopMmanu Sy = a, a AJIuHA noJspHoil nojaxacaTelbHOH
St = ap; =ag, - ¢; = gy
U3 storo 3akmiouaeM, uTo MoJspHAA MOAHOPMAJL CHpasn ApXH-
Mexa eCcTb BeJWYHHA NOCTOSIHHAs, paBHas ee NapameTpy, H 4TO
KOHLbI BceX nopHopMasnell JieXKaT Ha OKPYXKHOCTH pajHyca @ ¢ LieHT-
poM B mojioce. PaccmaTpHBasi AJHHY NOJASApHOH NojaKacarte/bHOM,
DpHXOJHM K BHIBOAY, YTO OHA DaBHA JAJHHE AYIM OKPYKHOCTH pa-
ZHYCa ry, COOTBETCTBYyIOULEH UEHTPaNLHOMY YTy, PaBHOMY ¢,. B uacr-
"HOCTH, B TOuke, Tlie Cmupadb BTOPUYHO (Iocse Mosioca) MepeceKkaer
NOJOXKHTEIbHOE HalpaBjeHue NoAspHOi ocH (B 3TOH TOUKe ¢; = bx),
JJUHA MOJAPHOH NoJKacaTeNbHOH paBHA AJUHE OKPYKHOCTH, pajuyc
KOTOpO# paBeH pajHyCy-BeKTCPY 35TOR TOUKH.
3apava 36,14 (ans camocrosTesbHOTO pemieHns). Onpenenutb
pafHyC KPHBH3HBI CRHpaJu 3Apxpme;1a B NMpOH3BOJBHOH €e TOuYKe.
2)2
R = _"ﬂf_‘g_)_
2+¢

OrBeT.
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3anaua 36, 15 (s camocrostelbHoro pemenns). [lokasare, uto
o a
nojiKacaTeJbHas runepGoindeckoll crnupanu r=z HMeeT I0CTORH-

YO0 JUIHHY, paBHYyW 4.
3anaua 36, 16 (115 camocTosiTebloro peuwenus). Jlaa Jorapud-
MHYECKO CMHpanH r == A° ONDEJeMHTb B €e MDPOH3BONBHCH TOuKe:

1) yron Mex:1y paauMycoM-BEeKTOPOM KacaTelbilcH B 3TOH TOUKe;

2) AAHHY NoJASpHOA MeojKacaTeNbHOH MOJHOPMATH;

3) nMuHY noAApHOH KacareJpHOH W HOpMa/H.

Oteer. 1) Jlorapupmnueckasn cnupanb nepeceKaer Bce CBOU pa-
NHYChi-BEKTOPH! N0 OJHHM H TeM Xe yriom p: tgp :lnLa. Hanpu-
nep, CHHpadb r = ¢? [nepecekaeT Bce CBOH [a/HYChI-BEKTOphHI 110]]
yraow 45°. 2) Sr=i=: Sv=rina. 3 T=} I+=-n
N=VI1+Inta-r

3apaua 36, 17. JlokasaTb, 4TO PajHyC KpHBH3HbI B IPOU3BOJIbLHOMA
TOUKe sorapudmMHUecKoll CcriHpadH r = g° NpCHopllHOHANeH pajHycy-
BeKTOpY 3Toit ToukH H pased R =r)/ T + Infq(comocTaBass Beau-
uiy R ¢ panuHoil noasipsofi HopMmanu, Haiijennoil B 3ajgaue 36, 16,
NPHUXOAHM K BBIBOJY, YTO PAjMyC KPHBU3HHI B MPOH3BOJBLHCH ToUKe
nerapugMHuecKoil cnupaldd pased moAApHCH  HOpPMAanM B 3TOM
TOUKE).

3ajnava 36, 18 (119 camocrosATesbHOro petlienus). Jlokasare, uto
3BOJIOTA JIOrapuMHUECKCH Crvpanu r = a7 eCTb TaK e jorapHbmu-
yeckas ClHpa/b, KOITPY3HTHAR JaHHOH, HO MOBEpHYTAs OTHOCHTE/Mb-
HO ee HAa HEKOTOpPHbIH YTodl.

Ykaszaune. C nomowsio ¢opMy.s, CBS3HIBAOWHX MPIMOYTC/b-
Hble KOOpAHH&THI C MOJIAIPHBIMU (¥ = rcose; y = rsing), ypaBHEeHHE
JerapugmMHUecKoil cllMpand 3anucatb B BUjE

{x = g® cos o,
y=a°sing

u 1o gopmysam (36, 22) onpenenuTb KOOPAMHATH LEHTPA KPUBH3HEI
TPCH3BONBHOM TOUKH (ry, ¢;) norapudmuueckoit cnupanu. Ioayuurca,
yTOo

{a = —agn sine, lna,
B=asicose,ina.

Paiuyc-pektop tenTpa KpuBH3HbI
ri=Va®+ 8=V a* Ina(sing, + costoy),
ry = a#lna.
Ecaun B3aTh Ina =a% W ONyCTHTb WHACKC y, r; H 95, TO MOAYUHM
3BOJIOTY JIOrapUQMHYECKON CIIHPAIH B BHAE r = a*a™, WIH r = g?+%,

Ora KPHBas MOJY4aeTCA H3 JAHHOI JorapHMMHUeCKOil crHpa r ==
=: 07 BpalleHHeM ee HA HeKOTOPBIH yroa ¢g.
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3anaua 36, 19. B kakofi Touke KpuBag y = Inx HMeeT HaHMEHb-
WK pajnyC KPHBH3HMHIP
Pewenne Haxonum no dopmysne (36, 16), uto B mpeusBosnbHOH
ki

o 14 x2 2
oft R = (—_i—)_
Yro6ul onpenennTs HauMeHbllee 3HayeHue R, HaXojuM NMpoOH3BOA-
HYIO

Touke A (x, y) 3TOl KpuB

dR _ (2 —NViFx®

dx xZ ’

NpHUpaBHHBAEM ee HYJi0 H PollaeM ypaBHeHue (2x° — NVIiFra=
1 5 o .
=0, orkyna x = :thQ- Kpurnueckofi TOuKoH sBaseTcs Takke

] —
u x=0. Hec s3snauyenus x.—_——gVQ H x =0 nomkHsl ObITH OT-

Opotensl, Tak Kak s 3HaueHHii x <0 dyukuns y =Inx ne cy-
ulecTByeT (Ha kpuBoft y =Inx mer Touek ¢ abcuuccamu x < 0).

1 = .
Ocrajcch HcCaeqOBaTh 3iaueHHe x=?—]/z. Haitnute R”, noxcrass-
&5 (1 1/6
Te B MOJYYeHHOE BhIpAXEHHE x=;_]/2 u yGeautech, uTo R (2—V2)>
> 0. 310 N0Ka3LIBAaeT, YTO PAANyC KPHBH3HHI KpUBoit & = Inx Oy-
IeT HAaHUMSHbUIMM B Touke ¢ abCuHCCOoH x=§V2_, T. €. B TOUKe
| 5 1
3anaua 36,20 (n1s camocrosiTeNbHOTO peuieHnd). loxasatb, uTo

x x

. a . a1
y uentoll uHHM y =73 (€' +-e °) paguyc KpHBH3HBI MPOMOPLHO-
1
HajeH KBajpary OpAMHATH (R =;y2)ﬂ YTO OH paBell JJuHE HCp-

manu N.

Rx

X
Ykaszaune. y’='§(e —e %) y"=%5.

TPUAUATb CEAbBMOE TIPAKTUYECKOE 3AHSITHE

Conepxanne: (DyHKUUM MHOTMX HEe3aBHCHMbIX Mepemenusix. O6racTs Cy-
mecroBanud, Yacrdabie npousponnnie, [lonnoe npupaweHHe M moaubift Aupdepen-
IlHaJ NepBOFO MOPSIAKA (GYHKUMH HeCKONbKMX He3aBHCHMEIX NePEeMelHbX.

OCHOBHbLIE CBEJAEHUS W3 TEOPUHU

1. Ilepemennpie %, Y, 2, ... { HQA36IBAIOMCS  HE3QBUCUMBIMU  MEHC-
Oy coboii, ecaw KAXCOGs U3 HUX MOJXCEm NPUHUMAMb A0Dble  3HaYe-
KU 8 ceoell 0DAACMU USMEHERURA, HE3ABUCUMO O  Mo20, KaKue 3HA-
4EHUS NPUHUMAIOM NpU MOM OCMAanbHble NepeMerHble.
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