Jexuyusn 3

dneMeHTapHbIE NMOBEPXHOCTH H HX NapaMerpusauuu.— [lpu-
Mephl noBepxHoctell, — Kacarenbnas NJIOCKOCTb H KacaTeJb-
HOe NoAnpocTpaHcTBO.— [Jlagkue orobGpakeHHs NOBepX-
HocTelt M ux AuddepeHunanst.— JIndbeomoppuamur nosepx-
HocTeft.— ITepBas  KBasipaTuyHaf ¢OpMa NOBEPXHOCTH.—
Haomerpun.— Ilepuit puddepennnansubit napamerp Bens-
TpaMi.— [IpuMepbl  BHIUHCJIeHM NEPBbIX  KBaJApaTHUMBIX
¢dopM.— PaspepThiBaolLIHecs NOBEPXHOCTH.

OKCIIHUHPOBAaHHE HHTYHTHBHOTO MOHSATHSI IIOBEDPXHOCTH
Jienaercs 10 aHAJOTHH C SKCIUIHUMPOBAHHEM NOHATHSA JIHHHH,
H OHO BCTpeuaeTcs C TEMH XK€ TPYNHOCTSIMH, YTO H JAJs JH-
HH#, TOJbKO Gojiee OCNOMHEHHBLIMH. [T03TOMY MBI Noka orpa-
HHYHMCS JIHILb aHAJIOTOM IOHATHA OTKPHITOH NpoCTOl pery-
JAPHOH AYTH (XOTH TIPH PACCMOTPEHHH KOHKPETHBIX IIpHMe-
POB N03BOJMIHM cefe paccMaTpHBaTh H Gosee ofllye noBepx-
HOCTH).

UTo6bl BBECTH 3TOT aHAJOT, MBI HAYHEM C IPOH3BOJIBHOTO
HelpepLIBHOrO OTOGpa)KeHHs BHJIA

(1) v U—do,

rie A —kak Bcerja, HEKOTOpOe eBKJHAOBO (HJIH TOJbKO
abdunHoe) npocTpaHcTBO pasmepHocTH n>=>3, a U—
goinyKaoe (T. e, colepikauiee KaXAnH NpAMOJHHEHHEBIA OTpe-
30K, KOHIBI KOTOPOTO IPHHAJJIEKAT MHOXKECTBY) OTKpBITOE
NOAMHOMECTBO apH@MeTHUYEeCKO! ILIoCKOCTH R? (MByMepHBIH
auanor uutepBana [ =(a, b)). Korna B A Bribpano Hauaio
orcuera O, orobpaxenue (1) 3anaercs nenpepriBHOH BEKTOp-
byHKuHeH

2 r=r(,v), (u veU,
NpHHHMAoWeHl 3HaYeHHA B AacCOUHHPOBAHHOM JHHeasle 77,
a Kkorga B ¥° Bei6paH, KpoMe TOro, M 6asuc ey, ..., €,,

otobpaxenne (1) 3anaeTcsi n HenpepuIBHHIMH  YHCJIOBLIMH
OYyHKUHAMH

(3) r=x'(u, v), ..., X"=x" (4, v)

— KOOpJIHHAaTaMH B GasHce ey, ..., e, BeKTopa r (¥, v).
‘Orobpaxenne (1) nasbiBaercsi eaadxum Kaacca C7, rie
r —HEeKOTOpOe HaTypaJibHOe YHCIO HJIH CHMBOJ 00, €CJH
KaxJaas GyHKIHA (3)—HJH, YTO PABHOCHJbHO, BeKTOP-(PYyHK-
unus (2)—uMeer HenpepbiBHble YacTHBIE IIPOH3BOAHBIE BCex
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HOPYAKOB <7 (HAamOMHUM, 4YTO MPH 7= 00370 O03HAYaeT
CyLeCTBOBAHHE  YAaCTHBIX NPOH3BOJHBIX BCEX NOPAAKOB).
1B janapneinueM Mbl GyJeM CYHTaTb YHMCJIO r pa3 M HaBcerja
(HKCHPOBAHHBIM H AOCTaTOYHO GOJBIIAM. [B sroit mexuuu
aM OyJeT rOAMTLCS JioGoe r 2> 1, HO, CKaXeM, B JIEKUHH D
\ibl IOMAKHBL GyJemM TpeGoBaTh, YTOOHI r = 3.]

B uacTeHOCcTH, AJA raankoro orobpakenud (1) onpeneseHnt
qacrivle TIPOH3BOJHBE

or (u, or (4.
4) r,= r((;; v)’ = rg: v)

sekrop-Qynkuun (2). Tianxoe orobGpaxenne (1) HasbiBaercs
pecyrApHoiM, ecai B Kaxao#l Touke (u, v) €U vacTHuie npo-
n3solHble (4) JHHeAHO HE3aBHCHMBI.

Onpedeaernue 1. OroGpaxenne (1) HaswmBaercst napa-
mempusdayuel, ecan OHO:

1° rmaaxo,

2° peryJasipto,

3° MoHeoMOpHO (HHBEKTHBHO H 061ajaeT TeM CBOM-
CTBOM, 4YTO €C/JH [OCJeJOBAaTeNbHOCTh TO4e€K 7V (4, ¥,),
(1,, v,) €U, npoctpancrBa A CXORUTCH K TOUKe BHAA Y (a, b),
rie (a, )€U, 1o mocnenosarensuocTs Touexk (4,, v,)€U
TaKKe CXOZMTC (B CHJNY HENpPEphIBHOCTH 00653aTeabHO
K Touke (a, b)).

3agava 1. Joxkaxure, uto ecau orobpaxenHe (1) rmagko u
PETYJSIPHO, TO NS JIOGOR TOUKH (4, Up) EU cyllecTBYeT ee OKpecT-
noct, V < U, Ha kortopo#t sT0 oTOGpakenHe MoHeoMopdHO (ABAfeTcH
11apameTpH3aliueil).

Onpedenerue 2. [lonMHOXKECTBO 2 NPOCTPAHCTBA A HA3BI-
BAETCH SACMEHMAPHOU NOBEPXHOCMIBIO, €C/IH CYLKECTBYET TaKas
napamerpusauusi y: U — A (nasbiBaeMas B 5TOM Ciydae
napamempusayueti nosepxrocmu ), uro y(U)=2. Toso-
PAT Takxke, 4To 2 SBJASETCH Hocumenem NapaMeTpU3alUnH y.

dJieMeHTapHBle NOBEPXHOCTH ABJANTCH ABYMEDHbIMH aHa-
JIOTAMH NMPOCTHIX PeryJIsipHbIX AYT (a napamerpH3aluy — aHa-
JOFAMH TIPOCTBIX PErYJIAPHbIX KPHBBIX).

ameuanune 1. B xpyro#t TepMuHOIOTHYECKON CXeMe, —
KOTOpO# Mbl Takxe OyfeM HHOra NOJb30BaThCH, HE BCerja
3TO  ABHO OroBapyBas, — 3MeMEHTapHBIMH [MOBEDPXHOCTAMH
A3LIBAIOTCA caMH NapaMerpudauuu (1). ast nuauét Mbl ua-
Oexasun B JeKuMH 1 TOJOOHOH OMOHMMMH, PA3NHYHMB KPHBBIE
it maud. K coxanenuio, A/1si AByMepHOro Caydasi aHaJorHy-
HOM Haphbl OGIIENPHHATRIX TEDMHHOB B PYCCKOM fI3bIKE HET.
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Tak Kak HHKaKHX JPYrHX HOBEePXHCCTeH, NMOMHMO Sile-
MEHTapHbIX, MBI, KaK NPaBHJO, paccMaTpuBaTh He GyneM, TO
B Ja/IbHEHIIeM 3/1eMeHTapHbIE NOBEPXHOCTH MBI OGBIYHO Gy eM
Ha3biBaTb NPOCTO NOBEPXHOCTSMH.,

[Nockonbky - napamerpusauust y: U — A npousBosbHOH
37MeMEHTapHONH NOBEPXHOCTH 2 ABJAAETCS HHBEKTHBHBIM OTO-
GpaxkenHeM, st JIOGOH TOYKH pE.Z CYIECTBYIOT eNHHCT-
BeHHble 4YHCJAa # H U, o6JajaiolllHe TeM CBOHCTBOM, 4YTO
(u, V)€U u y(u, v)=p. ITH uHcaa Ha3bIBAIOTCH KOOPOUHA-
mamu TOYKH p B JaHHOH napamerpusauuu. [lo Tpamunuu
AN STHX KOOPJMHAT 4aCro HCNOAb3YIOT JOHOJHHTEJbHEIE
SNHTETHl, Ha3blBasl HX KPUBOAUNEUHBIMU HIH AOKAALRLIMU,
XOTSl HHKaKHX JPYTHX KOOPAHHAT Ha TOBEPXHOCTH OGBIYHO
HE paccMaTpPHBAeTCs, H MOTOMY 3TH JONOJHHTEIbHBIE STHTETH
B NpHHIHIE HM3JIHIUHH.

Honyckasi BOJIBHOCTb, YaCTO TFOBOPAT TaKxkKe, YTO YHC/AA
% M U ABJAIOTCA KOOpPAHHATaMH Ha nodepxnocmu (1); sT0
fIBJISIETCS IPOsIBJIeHHEM ofiell TeHJeHIIHI CMEIIHBAThL B CJOBO-
yrnorpe6/ieHHH NMOBEPXHOCTH H HX NapaMeTpH3allHH.

Kaxnyio kpusyio B U ¢ napaMeTpHYecK HMH ypaBHeHHSAMH

(5) u=u(t), v=u(t), tel,
napaMerpusanusa (1) nosepxHocTH z NepeBOJIHT B KPHBYIO
(6) r=r(u)v), tel,

npocrpancrea 4. O kpuBo#t (6) roBopAT, YTO OHa JeHUM
Ha MOBepXHOCTH Z W 4To ypaBuenus (5) sBssiorcs ee napa-
HeMpPUHECKUMI YpagHeRUusmu 8 Koopdunamax U u v.

B uacrhocTH, KpuBble # = const H v =const (aBasOWHeCs
obpa3aMH KoopJHHaTHbiX JAHHHH B U) HaswmBaloTcs k00pdu-
HAMHbIMU AURUAMU HA noéepxrocmu ', @ HX COBOKYIHOCTD —
Koopdurammnoii cemsio.

Jas mo6eix oTkpeIThix noamuoxects U, U* = R? kaxaoe
oTo6paxenHe
) ¢: U*—U

3ajlaercsl nmapolt QyHKuui
8)  u=u(* v, v=v@, ), @, v)eU

06i1a jalolHX TeM CBOMCTBOM, YTO A/ J1I06O# ToukH (u*, v*) € U*
Touka (4, v)==(u(u*, v*), v(u*, v*)) npuxagmexkur U. Oro-
6paxenue (7) HaspiBaercsdeqradkum Kaacca C7, rae r-—mna-
TypaJbHOe YHCJIO HJH CHMBOJ oo, ecau GyknmuH (8) mpu
r 00 HMEIOT HeNpepbiBHble YaCTHbie NPOH3BOAHBIE BCeX
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nopsiakoB << r. I'mankoe orobpaxenue (7) Hasblpaetcsi Oug-
(eomOpPUMOM, €CIM OHO GHEKTHBHO U ob6paTHoe oToGpa-
Kenye
q)—li U U+
TaKxe TVaJKo.
JIBe napamerpusanuu
) 2 U—~Aa u y: Ut

Ha3bIBAIOTCA IKEUSBANCHMHNLIMU, €CIIH CYUleCTBYeT TaKoi AHG-
(eomopuam (7), uro

(10) PP=voQ.

[TockonbKy 3ajaHHe MNapaMeTpHU3allHH NOBEPXHOCTH 2
pABHOCHJIbHO 3aZaHHI0 Ha 2 KPHBOJHHEHHHX KOODIHHAT,
o puddeomopduame (7) roBopAT Takxe, 4TO OH OCYUIECTBJSET
Ha X' 3ameny koopdunam (WIH 3anaeT nepexod OT KOOPH-
HAT 4, U K KOOpAHHaram u*, 0*).

3apgava 2. Jokaxure, uro ornomenne (10) sBasercs
SKBUBAJIEHTHOCTHIO B ofileadre6panuecKkoM cmbicae (pediiex-
CHBHO, CHMMETPHYHO H TPaH3MTHBHO} M, CJeI0BATEdbHO,
HMeeT CMbiC/1 TOBOPHTb O KJaCcaX 9KBHBAJEHTHbIX NapaMer-
pu3auHi.

SICHO, UTO 3KBIUBAACHMNbIE NAPAMEMPUIQULU UMeom OOUH
u mom oce Hocumeap. O6paTHO, MOXHO Ge3 oco6oro Tpyza
NoKa3aTb, 4TO napamempudayuu (9), umerowue odurn u mom
AHe HOCUMENrb, SKBUBAACHMHAbL, IDTO O3HAYaeT, YTO NIEMEHTap-
iible NOBEPXHOCTH HAXOAATCS B €CTECTBEHHOM OHEKTHBHOM
COOTBETCTBHHM ¢ KJ/accaMH 3KBHBA/JCHTHOCTH HX IlapaMeTpH3a-
LHH H DOTOMY MOTYT GbITh C HHMH OTOXIECTBJIEHBI.

3agaua 3. Joxaxure nocaepHee yTeepxieune. (3aMeTHM, uTO
JUiS er0 CHpaBejlIMBOCTH CYIeCTBEHHLI Bee TpH ycaoBus 1°—3° onpege-
nepusi 1. Cp. JAOKasaTeqbeTBO NpeftoxerHs | jgekuun 1.)

B sekuun 15 Mul zokaxkeM obliee NPeIOXKEHHE, YACTHLIM
cyyaeM KOTOPOTO SIBAAETCA 3TO YTBepXNeHHe (a TaKxke
upepnoxeHue 1 gekuun 1).

[Ipumepn noBepxXHOCTEH.

Jnst  HardAgHOCTH Mbl  OT'PAHHYHMCH  TOBEPXHOCTSIMH
B TpeXMepHOM eBKJIHAOBOM TNpocrpadcrse. KoopauuaTel x,
Y, 2 6yJeM CYHTaTb NpSMOYTOIbHBEIMH.

[Tpumep 1. Ypasnenus

(11 x=Rcosu, y=Rsinu, z=v
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3a/laloT B TPEXMEPHOM eBKJWAOBOM TNPOCTPAHCTBE TpPAMON
KpPYroBoil UHJAHHAP. STOT WHAMHAD He ABAAeTcs 3neMeHTap-
HOH TNOBEPXHOCTHIO B CMbIC/IE ONpeleNeHdss 2, TOCKONbKY
npH —oo < u < -| 0o Ka¥/asi TOUKa UHIHHAPA GeCKOHEeuHOoe
(cueTHOE) 4uCHO pa3 TMOKPHIBAETCA TOYKaMH ILTOCKOCTH R2.
Yr1o6bl NMOYYHTb 3/EMEHTAPHYIO NMOBEPXHOCTb, UMAMHAD CJe-
AyerT mpopesarth no ofpasyiouiedl, T.e. B ypaBHenusax (l1)
NnapaMerp ¢ NOAYMHHTL HepaBeHctBaM 0 < u < 2m. Bech xke
UHJIHHAD MOKPHIBAETCH ABYMS TaKHMH pa3pe3aHHbIMH LHJIHHA-
paMH.

Koopannarnas cers na uuaunape (11) cocrourt us peprH-
KadbHBIX TNPAMBIX U ==const H TOPH3OHTa/NBHBIX OKPYXKHO-
creft v=const.

Mpumep 2. Ilyers x=x(v), 2=2(v)—npocras pery-
JAApHAA KpHBaf Ha TiocKocTH Oxz, He mnepecekaimouas OCH
Oz. TloBepxHOCTb ¢ mapaMerpH3auueii
(12) x=x(v)cosu, y=x(@®)sinu, 2z=2(v)

Ha3bLIBAGTCSl NOBEPXHOCMbIO 8pawjenus, a Kpupas x=x(v),
2=2(v) HaspiBaercs ee npogusem. Harasano, noBepxHOCTDH
(12) nonyuaerca BpaumendeM ee npoduns BOKpyr ocu O2.

Kpyroso#t uunmmuap IMosepxHocTh BpaieHus

Peryasprocts napamerpusaunu (12), 1. e. Jsuueiinas
HEe3aBHCHMOCTb BEKTODOB

r,=(—x(@)sinn, x(@®)cosu, 0),
r,=(x"(v)cosu, x' (v)sinu, 2’ (v)),

06ecrieuHBaeTCsl PErYASPHOCTHIO TPOPHAA (T. €. yCJOBHEM
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V(U2 (U)P=1) u TeM, 4TO NPOPUIb He IiepeceKaer OcH
ppatenust 0z (1. e. teM, 4to x(v) 5=0).

Koopaunathan cerb na nosepxHoctH (12) cocTomt u3
KPIIBBIX, SIBASIIOWIMXCA NoBopoTaMH mpobuis BoKpyr ocH 02
(OHH HA3HIBAIOTCR MEPUOUQHAMU), W TIEPTIEHAMKYJISPHBIX UM
OKpYXKHOCTel (napanrseseil). Urobbl nosepxuocts (12) chenath
2JICMEHTAPHOMN, €e HYXXHO mpope3aTh NO MEpHIHAHY.

JluHeliuaTas nosepxHOCTDb

Lnaunap npeacrabisier cO60H TOBEPXHOCTb BpalleHHs,
npobuseM KoTopol siBasieTcs npsMas ¥ =R, z=v.

IToBepxHOCTh BpamleHuss ¢ npopuaeM x=Rcosv, z =
= R sinv (OKpyXHOCTbIO) siBJAsieTcs chepa

x=Rcosvcosu, y=~Rcosvsinu, 2=Rsinv

paauyca R c uentpom B Touke 0. KoopauHaThl # H U Ha
3TOl cdepe npexcTaBasioT co6oi oOLEeH3BECTHbiC «reorpadu-
YeCKHe KOODAMHATBHLY — JOATOTY H LIHPOTY, a KOOPAHHATHBIMH
KDHBBIMH ABJASIOTCS reorpacdHueckue MepraHatbl H Napasjieny.

Koueuno, crporo rosopsi, npobunem cdepsl sBasSeICH
JIMIID TONYOKPYXHOCTh — T < U< - T (4TO HCKJIOYaer no-
mocut). Kpome Toro, 4ro6bt NOIYYHTH 34€MEHTAPHYIO NOBEPX-
fIOCTb, HAAO HCKJ/IICYHTH H ORHH MepHAHaH («IHHHIO nepeme-
HLr Aat»).

I[Tpumep 3. IloBepxHocTb #=r (4, V) HA3bLIBAETCH AU-
Hettuamotl nosepxrocmbro, eciH '

(13) r(u, v)=p () -+ va («),

rjie p(u) u a(u)—BeKTOp3HAuHble (YHKUHH, obaajawouye
TCM CBOHCTBOM (OfecneuHBalOIHM peryJaspHoOCTb), YTO BeK-
Topbl ' (4) +va’(4) W @(u) NpH BCeX paccMaTPHUBAaeMBIX U
I v THHEHHO He3aBUCHMbI (TaK YTO, B YaCTHOCTH, @ (u)%0
Juisi Bcex u). KoopauuartHolt KpuBo#t u =u, = const sBasiercs
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npsMasi ¢ HaNpaBAsiOLIHM BeKTOPOM @ (4,), Npoxoasilas
yepe3 TOYKY C pafHyC-BeKTOpPoM p (4,). Takum ofpasom, Ha-
MISAAHO JIMHeHYaTasi MOBEPXHOCTb 3aY€pYMBAEeTCsi ABHXKYLLeH-
?3253 npocrpancrse npsimoit. Cp. ¢ onpeaenenneM | Jekuuu

$lcho, uro 6e3 orpanuyeHHs OOGLUIHOCTH MBI MOXEM CYH-
TaTh BEKTOD & (4) €AMHHYHBIM:

|@(u)|=1 ans Beex u.
Ecau p’ (u)=0 ans Bcex u, T. e. p(u)=const, To nocae

MepeHOca Hayaljla KOOPAHHAT Mbl noJyyuM Bmecto (13) ypas-
HeHHe BHIA

(14) r =va (u).
3T0—KOHYC, HaNpaBisIOWEell KOTOPOro sBJSIETCS peryJsip-

Hasi MpocTpaHCTBeHHas kpuBas r=a (u). [Kouneuno, B ypaB-
Henuu (14) Hamo cumtarh, yTo v > 0 Hau v <0 (W60 TOUKa

Konyc uannap

v==0 siBasiercsi 0co0oi TOYUKOM KOHYca H pa3OuBaeT ero Ha
JBe noJkl). B caysae xe, xorga ofpasyioliye KOHyca mepe-
CEeKaloT HaNpaBJSAIOLLYIO B HECKOJbKHX TOYKaX, Ha U MPHXO-
AUTCS BBOAUTb W LOMOJIHHTEJbHbIE OTrpPaHHYeHHs. ]

Ecay @' (u)=0 ans Bcex u, T. e. @ (u)=const, To NO-
BepxHocThb. (14) npeacraBasier coboii LHIHHAD C (BOOGUE ro-
BOpsi, POCTPaHCTBeHHOH) Hampasasiouleli p==p (u).

Ecau BekTop p' HE paBeH TOXAECTBEHHO HYJIO, TO, M€-
peliisi, ecan HYXHO, K Meubieli objsacti B R?, Mbl MOXeM
cuyutaTh, 4t0 P  (4)5=0 ana scex u. Torma p=p(u) Gyger
peryasipHoii KPHBOH B [POCTpPaHCTBE, ¥ MBI MOXEM CYHMTaTh,
47O 4 sIBJsSIeTCS HA 3TOH KPHBOH HaTypaJbHLIM NapaMeTpoM
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(nanno#t ayru). Konyc (14) rakxe MOXHO 3ajaTb ypaBHe-
juem BuAa (13) ¢ p’(u)5=0. Has atoro aocrarouno B (13)
M0JIOXKHTb P (4)=a (4) (ecan, KoHeuno, @ (u) == 0).

Ecan a (u) siBnsiercst KacaTe/NbHEIM BEKTOPOM T (&) KpHBO#H
p==p(u), TO nosepxHOCTb (13) Ha3EIBaeTCs nOBEPXHOCMLIO
KacameabHolx. AHaJOTHYHO ONpEReNSOTCS MOBEPXROCHb 2Aa8-
Holx HopMaaed W nosepxsocme Guropmaned.

3aMeTHM, YTO AJfl MOBEPXHOCTH KacaTeJbHBIX BCE TOUKH
KPHBOH p=p(u) ABAAIOTC OCOOBIMH TOUKAMH 3TOH NMOBepX-
HOCTH, B KOTOPHIX HapyllaeTcsi ycJaoBHe peryaspuocti. (OHH
COCTaBJSIIOT TaK HaseBaeMoe pe6po 6038pama TNOBEPXHOCTH
KacaTeJbHEIX.)

Ilycte cHoBa 2 —npou3BOJbHAS (3JIeMEHTapHAas) OBepX-
HOCTb B n-MepHOM a(pdMHHOM NPOCTpaHCTBe A C MapaMeTpH-
sauuelt r=r(u,v), H 0ycTh p,~—NpPOH3BOJbHAs TOUKa MO-
sepxHoctH X', a 7, =1r (4, v,)—ee paauyc-Bektop. B cuay
YCIOBUSL DEryJasIpPHOCTH 3HaYeHHs

or or
ruo=a_u(u0! 'Uo)' rva=%(uo’ '00)

YaCTHHIX MPOM3BOAHLIX BeKTOp-QyHKuUMH F=r (4, V) B TOUKe
(4, V) NMHEAHO HE3aBHCHMEI, T. €. OMBEKTOp F, AF, OTIH-

KacaTtenabnas njocKocTb

yeH or HyJs. IloatoMy B mpocrpancTBe A oOnpejejaeHa ABY-
MepHasi TJIOCKOCTb C HampaBJSIOMMM OHBEKTODOM F, A\ry,,
npoxojsmas 4epe3 TOYKy p,. BekrtopHoe mapamerpunueckoe
ypaBHeHHe STOH NJOCKOCTH HMeeT BHJA

(15) r=r,+ar, +br,,

rge a 4 b—napaMerpsl.

Onpedenenune 3. Ilnockocts (15) HaswiBaercs Kacamenb-
HOL nAOCKOCMbio NOBEPXHOCTH 2 (MJH K nogepxHocmu Z') B
TouKe p,. CooTBETCTBYIOLIEE NOANPOCTPAHCTBO acCOUHHMPOBaH-
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HOro JMHeasla %° (coctosiilee H3 BEKTOPOB Buia ar, - br,)
o6osnayaercsi cuMBojioM T, 2 u HasplBaeTCs KacameAbHoLm
noonpocmpancmeom, a ero” BEKTODBI — KOCAMEAbHOIMI BEKIMO-
pamu noBepxHoctH Z B TOYKe p,. UTOGH MOAYEpKHYTH ABY-
MEPHOCTh, KacaTeJIbHOe IOANPOCTPAHCTBO YacCTQ HAa3bIBAETCS
TaKXKe KacameabHoll naoCKocmsio.

Dra TepMHHOJIOTHSI ONpaBAbIBAaeTCsl TeM, YTO AJId J0GOR
KpupBoil (5) Ha moBepxHocTH 2, NMpoxoAsiueli (ckaxeM, NpH
t=1,) uepe3 TOUKY p,, €e KacaTeJbHbI BEKTOD

(16) r’(f)=u'"(t) ry,+v (t) 1y,

NpHHAJJIEXHT KacaTessHoMy noanpocrpanctsy T, 2, npnuem
u obpatHo, Jobolt Bektop ar,+ br, w3 T, & MO)Ke'I‘ 6bITh
npeAcTaBier B Buie (16) (IlOCTaTO'-IHO pachOTpeTb KPUBYIO
C napaMeTpH4eCKHMH YpaBHEHHAMH U =i, + at, v_vo+bt
t €1, rae [ —raxoft unTepBan ocH £, 4TO (4, + at, v, +bt) €U
AJst "mo6oro t&l). Takum oﬁpasoM, Kacameabrole 6eKmopot
NOBEPXHOCMU—3IMO 6 MOYHOCMU 8eKMOpbl, KACAMEAbHbE K
Kpusbim Ha smotl nosepxroCmu.

Coornomenne (10), onpelessiouiee 3aMeHy KOOPAHHAT Ha
noBepxHocTH %', 3aluchiBaeTcsi B Pafinyc-BeKTopax (hopMyioi

r*(u*, v*)y=r(u(u*, v*), vu*, "),
JuddepeHHpoBaHHEe KOTOPOH JAaeT COOTHOLIEHHS
. dou v
Yy =5lﬁr”+6_u‘-“r"’
(17) » ou
rv" == %; ru -1—50—*' r‘!l

U3 cootnomennii (17) crepyer, 4To 8ekmopol Fi« U Fi au-
NeliHO IKBUBAAEHMHbLL GeKmopam F, W F, H, 3HAYHT, NOPOXK-
AAI0T ONHO H TO Xe MONIPOCTPAHCTBO. 310 AOKa3kIBaeT, 410
048 aw0boli mouku p € X aunednoe npocmpancmgo T,Z on-
pedeneno Koppexmmo (He 3aBHCHT OT BhIfOpa napaMeTpusauun
r=r(u,v)). llpn H3Menenun napaMerpusauuu B NPOCTpaH-
cree T, 2 Mensercs—no dopMynam (17) —muuis 6asuc 7, ry.

Bekropst npocTpanctsa T,Z d4acTo Mo Tpaguuuu 0GO3Ha-
4alT CHMBOJIOM dr, a HX KOOleHHa'I‘bI (B Gasuce r,, r,)—
cuMBoslaMi du ¥ dv (nprueM 5TH KOOPAHHATH NHUIYTCSH CIpa-
Ba OT BEKTOpOB r, H r,). TakuM o6pasoM, B 3THX 0B603Hade-
HASX

(18) dr =r du+r,dv
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ani Jioboro Bektopa dr npocrpaHcrsa T,2. [Ipu 3ToM, Kak
HeOCPeJCTBEHHO cJlefiyeT H3 dopMyJ (170) KoopAuHaTH du,
dv ceA3aHBl ¢ KoopiuHatamu du*, dv* B Gasuce ris, rg+ CO-
OTHOUIEHH AMU

du ---——du*+
(19) 20
dv = — du*+ Eﬁd"*v

ou*

(opMasNbHO COBNAJANIUIHMH C H3BECTHEIMH M3 aHalu3a dop-

MyJami s auddepeHunanoB (YTO K SBJASETCS OCHOBHBEIM
apryMeHTOM B M0Jb3y o603Hauennfi (18)).

7} PaccMorpnM Tenepp Hapsgy C TNOBepXHOCTHIO 2 H ee
napamerpusauueit y: U — A, 3anaBaemoft BexTOp-GYHKUHEH
r—~r(u v), (4,v)eU, JpYrylo 5/eMEeHTapHYI0 MOBEPXHOCTh
£ ¢ napamerpusauneir y: U — A, 3anaBaemolt BekTop-0dyHK-
unell r=r (4, 0), (1, v) € 0.

Tak kak oroGpaxkeHHss y H 5 MHBEKTHBHBI, TO KaKaoe
otobpaxetue [: T & enMHCTBEHHEIM 06pa3oM oOMpefesser
oto6paxente [: U-— U, yaoBneTsopsioliee COOTHOUIEHHIO

(200 foy=yof

M OfHO3HAYHO omnpenensioilee otobpaxenue f. HarnsaaHo co-
orHomeHue (20) o3Hauaer, 4TO B AHArpamme

Z —

(21) vt T
U —

IBIDKEHHE H3 JIeBoro HHXKHEro yrjia B MNpaBeli BepXHHH 1o
OGOHM BO3MOXKHBLIM MIYTSIM [PHBOAMT K OJHOMY pe3yJbTary.
{O6nanaouivie 3TMM CBONCTBOM [HarpaMMbl Ha3hlBalOTCA KOM-
MYmMamusHsLmu. |

06 orobpaxkeHuu | roOBOPAT, YTO OHO npedcmagisem OTo-
OpakeHue [ B napamerpusauusix y u Y, a 0 (GYHKUUAX
(22) u=u(u,v), v=o(,v), (4 v)eU,

3ajalomiX oToGpaxkeHHe f, rOBOPAT, YTO OHM 3adaiom Omo-
Opaxcenue | & xoopduramax u, v u u*, v*.
we OrobpaxeHne [ HasbBaeTCs 2A29KuM, €Cld TIJajko OTO-

Gpaxenue f, T. e. ecau raagkd ¢yukumun (22). SlcHo, uro

A
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3TO Onpefiesenle KOPPEKTHO (EC/H OTOGPAXKEHHE | IVIAJKO
npu ofHoM BHGOpe mapaMeTpusaumit y H y, TO OHO Oyger
rJafKo U npu J060M JpYyroM uXx BHGOpe).

Kaxgomy raaakoMy orobpaxenuo f: & — £ u moGok
TouKe p € Z MH COMOCTABHM JIHHEHHOe oToOpaxkeHue

(23) T2 —T54, p=1(p),

KacaTe/JbHEIX MPOCTPAHCTB, mepeBofsiiee Bextop (18) mpo-
crpancrea T, 2 B BeKTOp

dr=r du+r;dv
npocrpaucrea TS %, rie B NoaHOM COOTBETCTBUE C GOpMY-
JaMu puddepeHIHalbHOr0 HCUHCIEHUS

~  on ou

(24) du='5lzdu+wdv,
~ v 00

dv = '5; du -+ E d'U.

Orobpaxenue (23) onpenensiercsi AJs AAaHHBIX MapamMer-
pusauubt y, ¥ nopepxHocredt &, £, ¥ NOTOMy BOSHUKAET
BOMPOC O ero KOPPEKTHOCTH, T. €. HeSaBMCHMOCTH OT BhIGOpa
3THX napamerpusanufi.

Iycts, HanpuMep, napamMeTpHsanyio Y MBI 3aMEHUJIH APY-
ro#i napamerpusauveii y*: U*— 4 nosepxuoctu Z. Ilo on-
pefiesieHno y*=yo ¢, rae ¢: U*— U —uexoropsili- augdeo-
MOpGHSM, 3ajaBaeMBIil (hYHKLHAMU

u=u(u* v*), v=vu* o).

ITpu 3TOM 11Si COOTBETCTBYIOLIHX GasHCOB F,, Fy H Fys, Fye
npocrpatctBa T,% OyayT umers dopmyast (17), a Aas coor-
BETCTBYIOILKX KoOpAHHAT du, dv u du*, dv* xacaresbHBIX
BeKTOPOB — hopmy.nt (19). (Oro6paxenne f B KOOpAMHATaX
u*, U* H U, U 3a/IaeTcsl, OUEBUJIHO, (BYHKIHAMH

wr (u*, o) =u(u (u*, v*), v(u*, v%),

0* (u*, v*) =0 (u (4*, v*), v(u*, %),
u, 3Hauut, BekTop dr mpocrpancrea T,%Z, umeiowu#t B Ga-
3uce ry», Fy+ KOOpAuHATH! du*, dv*, oro6paxkenue (27), no-
CTPORHHO® C MOMOUIBIO TapameTpusauuii y*, y, Oyaer nepe-
BOJHTb B BEKTOD dr* npOCTpai{cma T;.@‘, HMeloWHi B 6asHce
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ro rs KOOPANHATEI

~_ Out ou*
du*=—- du* + o dv*,
- " oy
dv* = %;.du" + g—z; do*.

C apyrofl cTOpoHsl, MoACTaBuB B (opmyJl (24) ana Koop-
auHar dil, dv Bextopa dr Bmpamenusi (19) KoopauHat du,
dv depe3 KoopAuHATH du*, dv* u yuTd, YTO, COIVIaCHO H3Be-
CTHHIM H3 aHaju3a npasujaM Ju(pdepeHIHPOBAHUA CJOXKHBIX
GyHKIHA, HMEIOT MECTO paBeHCTBa

O du | Oudv _ Qu* 0w Ou , 0w Ov _ Ou
W T T ur o
00 ou 00 dv _ * o o | b ov _ ov*
War T A o w G o0 o o

MLl HEMEAJEHHO MOJYYHM, YTO du=du* ¥ dv=dv*, T.e. 4TO

df =dr*. D10 TNOKa3bIBAET, UTO BEKTOD dF He 3aBHCHT OT BhI-
Gopa mapameTpHsauyyu y. AHaJOrHuHO MOKa3mBaeTcs (cAenait-
Te 3710!), 4TO 3TOT BEKTOP He 3aBMCHT U OT BhiOOpa mnapamer-
pusauuu y. CrefoBarensHo, omobpadscenue (23) onpedesero
Koppexmmo.

Onpedenenue 4. Orobpaxenne (23) HasniBaercs dughgpe-
penyuasom oTo6paxkeHHsi f B TOUKe p (MM €r0 2Aa8HOL Au-
Helinot wacmoeto) M ofosHadaercsi cumposoM (df), (man T,f).

3anaua 4. [lponsBosnbuyio kpuByio (5) Ha MOBEPXHOCTH
Z oro6paxeHne [ MepeBOJMT B KPHBYIO

(25)  a=u(), v(t), 0=v(u(t), v(t)), tel,

na nosepxHoctd 2. Ilycts npu f=1{, kpusas (5) npoxomut
uepes TOuKy p, nosepxHoctd 2. [lokaxwure, uro Auddepen-
nuan (df),, oToOpaxeHusi f NepeBOAMT KacaTebHblii BEKTOD
K KpuBOH (D) B TouKe p, B KacaTeJbHbIl BEKTOp K KpHBOH
(25) B ToOuKe f(py).

Orobpaxenne f: 2 — % HasbiBaercs dughdeomoppuamon,
ecan auddeomopdusmom sBasiercs orobpaxenne . (Slco,
uTo 3710 onpefenenue KoppekTHo.) Pywukuuu (22), salaiomue
middeoMopu3M, 064a4al0T, KaK H3BECTHO H3 aHa/JM3a, TeéM
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CBOHCTBOM, 4YTO HMX sikoOuaH

ou Jdv
{du Ov

OIHYEH OT HyJf. 310 o3HayaeT (CM. Gopmyssl (24)), 4to
Ouppepenyuan (df), Ouggpeomoppusma | e Kamdoi mouxe
PEZ AsasemCA uSOMOPPUSMOM AUHEIHO20 npocmpaHcmea

T, na auneinoe npocmparcmso T- .‘13'

Mpu U=U dopmyast u=u, =0 3a/al0T, OYEBHJHO,
AuddeoMopdusm. O6 stom audgeomopdusMe roBopaT, 4YTO OH
Oelicmeyem no paseHcmsy Koopouxam.

UnTtepecno, uTo daa mobozo duddeomopgusma f: & — &
u ac€oli napamcmypusayuu . U — A nogepxnocmu & cyuwie-

Cmeyem maxas napamempusayus y*; U — A nosepxnocmu &,
4mo 6 napamempusayusx y u y* ouggeomopdusm f 6eucm-
eyem no paseHcmey KoopOunam . JlefcTBUTENBHO, NMYCTh 'y
U——n/l—npousso.nbﬂaﬂ napaMerPH3auus MOBEPXHOCTH Z,
W NyCTh B MapaMeTPH3AUHAX y W § OTOOpameHue | mOpel-
cTaBJisieTcs And)q;eomopcpnsmom } U—0. Paccmorpum  co-
cTaBHoe otobpaxenue y*=7yof. Ilockombky | sBJsercs
AuthdeomoppusmoM, 310 oroGpaxKeHue mpeAcTaBiasier Cofof
napaMeTpH3aLKI0 IOBePXHOCTH Z, 5KBHBANEHTHYIO TIapaMeTpH-
sauuu y. Tak Kak foy=yof=7y*oid, rae id —ToxaecTBeN-
Hoe oroOpaxkeHHe, TO B NapaMeTpusauusax ¢ H y* auddeo-
mopdusM [ mnpeicrtaBasiercsi orobpaxenueM id M, 3Ha4YHT,
JeficTByeT 0O PaBeHCTBY KOOpAuHAT, [

Kak ™Mb yBHAMM, 3TO CBOHCTBO AutdeoMopdH3MOB 4acTto
CyLUecTBeHHO obJieriaer ux H3ydeHue.

Bygem temepb cuntath MNPOCTPAHCTBO A, COAepiKailee
JaHHYIO NOBepXHOCThb %', e8Kaudosoim. Toraa eBKIHAOBA CTPYK-
Typa BO3HMKaeT H B KaxJOM KacaTeJbHOM MOANPOCTPAHCTBE
T,Z', npuueM KBaJpaT AJIHMHBEI POH3BOJBLHOrO Bekropa (18)
37070 NoAnpocTpaHcTBa GyAeT BLIpaXaTthCs (GopMyJIoH
(26) dr®= E du?® -+ 2F du dv -+ G dv?,

Tre
E=r} F=ruo, G=r}

— MeTpHYecKHe KOIppUIHEHTH Gasuca r,, r,.
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Onpedenenue 5. Ksanparuunan dopma (26) or nepe-
MeHHBIX di H dv HasuiBaeTca nepeol Keadpamudnoll ¢opmoli
nopepxHoctH 2. O6pMHO OHA o6o3Hauaercsi cHmeosoM | nau
I(dr). Takum o6pasoM, Mo ONpeAeSeHHO

1 =dr2.

INonuepkueM, uto koapduuxents! £, F u G nepsoii KBax-
paTHYHOM (DOPMBI 3aBHCAT OT TOMKH p €.2 H B KOOpAHHATaX
i, U SIBJATIOTCS TJIaJIKUMH Dy HKIHAMU

E=E,v), F=F(u,v), G=G(u,v)

OT U K V.

3aMeuanue2, Tpakroska seipaxenus £ du®-+-2F dudv+
-- G dv® xak KsajapatHyhoi ¢opMer Tpazumuonna. C cospe-
MEHHBIX MO3HLMHA ero ciefyer TPAaKTOBATh KaK 3amHCh KBaj-
paTHYHOrO (yHKnHOHaJa Ha npoctpaHctee T,2, 3HaueHHe
Kotroporo Ha sekrope (18) pasuo L du®- 2F dudv*t G dve.

Hauua | r' (f)| kacarensHoro sektopa r’(f) kpuso# (6)
Ha nosepxHocTH 2 Beipaxkaercs BBHAY paseHctBa (16) dop-
MyJ0#

=V T =V @O T D=
=V Eu" () +2Fu’ (Hv (1)+Gv (1),

rae, Koneuwo, E, F u G paccMaTpuBaioTC Kak (yHKIHH
or £

E=LE(),v(t), F=F@,v{), G=Gu({), v()).

Has nnumer s xpusoil (6) orciofa nosyuaercs opMyaa
b

@ s=\VEZ@rreFe (Bv 016 () dt,

a

KOTOPYI0 MOXHO TNepenucatb B CJeRyiomeM YJIOoGHOM AJs
3allOMHHaHHUA YCJOBHOM BHJE:

§ = S V'E du* + 2F du dv - G do?,
i

rae L ofosnauaer kpusyio (6).
Euwe Gosnee ycnosHeli BuJ uMeer dopMyJa

(28) ds® = E du? + 2F du dv + G dv?

(kopoue sanuceiBapowasics B BuAe ds?=1(dr) uau B Buze
ds® = dr®). CnosaMi 3TO COOTHOIUEHHE BBHIPAXKAIOT, rOBODS,
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yto nepeas Ksadpamuunas ¢opma | 3adaem xeadpam ds® ase-
Merma OAUNbL.

[Cnenyer oruernuBO MOHHMATh YCJIOBHBIL XapakTep Kak
3TOH (OpPMyJHPOBKH, TaK H ¢opmysasl (28). Ouu cayxar
JHUIb JUIs COKPALIEHHOro BheIpaxeHus topMyJnt (27).]

IMo ofmuM npasujgaM JuHefHOH anre6pH aas yrJaa 0
MeX/ly JABYMSI KacaTeJbHHIMH BEKTOpaMH

dr=r,du+r,dv u Sr=r,u-+r,bv
uMeer Mecto (opmy.Ja

cos 0 — dr &r

ldr|]6r| "’
T. e. popMmyJia

E dudu-+-F (du 8v -+ 8u dv) -+ G dv bv

(29) cos 0= ,
V E du*1-2F dudv G dv*V E 6u® 1 2F 8u du+ G bu?

KOTOpYyl0 YCJIOBHO MOXKHO 3allucaTp B C/IeAylolleM MHEMOHH-

YEeCKOM BHJE:

c0s® = &0 __
VI ViE'
Yenrom mexcoy Kpusbimu
r=r@(), o) n r=ru(), v)

Ha MOBEPXHOCTH %', NPOXOJAWIUMH NpH {=1{, yepe3 OJHy H
Ty Xe TOYKY p, MOBEPXHOCTH, HABEIBAETCS YroJ MeXIy HX
KacaTeJIbHEIME BEKTOpaMu

r' (t)=u' () r, -+ v’ () Fo, B Fi(t)=u(lo)r,, - vi(t,) 1y,
B 3Toil Touke. Mmeem
r' (to) ry (o)

COSO =T T

r,
rllle(!to) ()=
= Eqgu’ (fg) ui(t)+Fo (0" (fo) vy (fe)+uy (£) V' (£0))+
+ Gt (£) v; (£0)s
r' (t)| =V Equ’ (£)* 4 2Fu” (f) V' () G’ (£0)%,
| 71t} | =V Equ; (8" + 2F o] (£) ; (£) + Gyt ()2,

a
Eo =E (uo’ Uo) = E(u (tO)’ v (to))’
Fo=F (uy, vp)=F (u(ty), v(to)),
GO=G(u,,, vo)='G(u(to), U(to))
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— 3HaYeHHs KOos(pHIHEHTOB NMepBOH KBajApaTHYHOH (OpMbI B
TQUKE Dy.

B uacrHocTH, AJIf KOCHHYCZ YTIJIA MEXAY KOOPAHHATHBIMU
JMHHAMH U= const u v=const monydaercs dopmy.a

cos 0= F

VEVG'

13 KOTOPOH cJeRyeT, 4TO KoopouHamHele AUKUU U= const u
v=const moeda u mosvko moz0a opmozonasvHLl, Ko2da
F=0.

Takum 06pa3oM, Mol mOxNcem 6bIUCAAML OAUHBL Kpusbx
Ha NOBEPXHOCHUL U yaabl MeNCAYy HUMU, SHAS AUUL nepeyio
Keadpamuynylo gopmy dmoli nosepxrocmu, T. €. €BKJHIOBbI
CTPYKTYPH Ha BCeX KAacaTeJIbHhIX NJIOCKOCTAX.

3 KypCa aHa/ii3a HM3BECTHA KOHHENUMsi nsoujadu mpo-
u3BoJibHON yacTu D moBepxHocTd 2 Kak npefesia miollajeit
annpoKCHMHPYIOILHX 3Ty YaCTh MHOTOrPaHHBIX TMOBEpXHOCTEH.
3T0T npesien (KOrjla OH CYILECTBYET) BEIPAXKAETCSi HHTErPAIOM

VT(r,, r,)dudo,
SDS (F 1) dudy

rae
r:i o orury

T(romry)= Faro P

__E F_ e
“'F G"b:G d

— onpedeaumesv I'pama BextopoB ¢, u r,. [WUHTyuTHBHOE
ofocHoBaHHEe 3TOH (OPMYJIBI COCTOMT B HaGJIOfEHHH, 4TO
moass OeCKOHEYHO MaJjoro
KPHBOJIHHEHHOrO  MapaJliielso-
rpaMMa KOOpAMHATHOH CETH C
BEepUIKHONA B TouYKe (4, U) H CO
cropoHamMu du u dv npubiu-
KEHH(] paBHa MJoLIARY DapaJ-
JejorpaMMa B KacaTelbHO#
NJIOCKOCTH CO CTOPOHAMH F, du
u r,dv (cM. pucyHOK), T. e. (cM. dopmyay (9) nekuun 1.15)
pasna VT (r,, 7,) dudv.] Ha oblienpunsiToM B aHa/H3e A3bIKE
9ToT (DaKT BHIPAXKAIOT, TFOBOPSA, 4YTO JAEMEHM nAOWQdU no-
sepxrocmu paser V EG—F*dudv.

Hrak, nepsas KBajgpaTuyHas opMa MOBEPXHOCTH M0O3BO-
JsieT HaM BRMHCJSTh H Miaowaznu Ha Z.

Hanomuum (cm. nexkputo 11.5), uro nunelinbil uaomopduam
@: 9° — 9°, eBKJUAOBHIX BEKTOPHBIX MPOCTPAHCTB HA3BIBA-



60 W3OMETPHH

eTC HSOMETpHeH, ecii

(30) Xy =0Qx+Qy

Ias JuoObiX BeKTOpoB x, ¥ €¥°. Ilpn 3TOM BhHINOJNHEHHSA
ycaosusa (30) zocraTouHo TpeGOBaTh JHIUL IPH X=}), T. €.

AuHelinoe omobpasenue ¢ Y°— Yy, obaadarowee mem
C60LiCMBOM, HMO

30 X2=(px)® 0s1 a06020 eekmopa x € Y°
agasemcs usomempueti. ([ns 10KkasaTenncTBa AOCTaTOYHO TPH-
MeHHTb cooTHolleHHe (3l) K Bekropy x -+ ¥.)

B xoopaunatax oToOpaxKenue ¢ 3aNUCHIBAETCH JHHEAHBIMU

dopMyamu BHJA .
y' =aj/,
a cKaqapHele KBagpatel x*, Xx€%°, u yi ¥ E€P?,—«kBal-
paTHuHbiMH (opmaMHu
B =gxix, yr=h,yyl.
B stux o6osHayenusix paBeHCTBO (31) osHauyaer, uto npH

NOJCTaHOBKe B (opmy huy 'y/ BepameHn#l y' = aix/ JomxHa
nojyyursca ¢opma g;x'x/, T. €. YTO HMEIOT MeCTO paBeHCTBa

gi}*hkzata,’-

B wactHOCTH, NS eBKJIHAOBBIX JBYMEDHBHIX TIPOCTPAHCTB
T,Z, T,& n anddepenunana (df),: T,2 —T; 2, p=f(p),
auddeomopguama f: 2 — 2 BHIOJHEHHe yeaosuit (31)
BO BCeX TOYKaX p€.Z O3HayaeT, YTO NpH_TOJCTAHOBKE B
nepByi0 KBafpatHiHyto Qopmy E du?® + 2F dudo -+ Gdv* no-
BepPXHOCTH £’ BMECTO du n do HX BbIpaXeHHH (24) (a B ee

kos(poummentst £, F, G Bmecto u u 0 nx BhIpaxkeHuit (22))
nonydaercs nepsas KBajpaTnunas ¢opma E du-+ 2F dudv-+
+ G du® nosepxHocT® 2, T. €. YTO TOMXJIECTBEHHO MO U U U

E(u, v)=
Z26 o (£) 406 95 Er06 0 ()

Fu, v)=
fon ou ou o 00 , ou 0
(32) =E(u, )—B—JWTF( ’ ")(au 6v+av 6u> +
R
G(u, v)=

il
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Takum obpasom, 043 Ougppeomoppusma [: 2 — & aunetinsie
omodpancenus

@), T,2—T;4, p={(p),

nmoeda u moabko moeda ssAflomcs 0A8 écex movex pE L
HIOMEMPUAMU, KO2OQ MONOECIBPHHO N0 U U U UMEIONt MECmo
pasencmsa (32).

Ins guddeomopdusma f: 2 — ', RelicTByIOWero no pa-
BEHCTBY KOOpAMHAT, 3TO yCJIOBHE O3Hayaer, YTO B paccMar-

pUBaeMbIX KOODAHHATaX nepsole K8adpamudrole opmbl nosepx-

Hoemeld I uw 2 coenadarom (WIH TOYHee — OTJINYAIOTCH JIHILD
0603HayYeHHAMH NTePEMEHHEIX).

Onpedeaenue 6. Muddeomopdusm f: 2 — 2 HasmBa-
eTCH USOMEMPUUHLIM 0MOGPasKenues TIOBEDXHOCTH &' Ha NO-

BEPXHOCTb Z (W npocTo ugsomempuetl), eCnu AAs M0G0
KpHBO#

(33) u=u(t), v=u(t), a<<t<b,
Ha noBepxHocTH 2 ee 06pa3
u=u(t), v=0(t), a<<i<b,

ans mosepxmoctn &, rhe 4(f)=wu(u(t)o(t) n o(t)=
=u(u(f), v(f)), HMeer Ty e ANHHY, T.€. eClH
b

{ I/E(t) W (O 1 2F (D& (Do ()-GO v (1) dt =

a

rpe
E(ty=E (u(t), o(t), F()=F (u(t), o(t),
G(t)=G(u(t), v(1)
K aHaJOrH4YHoO
E@y=E@®, o), FO)=Fuw), o),
G(ty=G (), v(t).
[ToBepxHOCTH, AJIA KOTODPHIX CYyLLLECTBYET XOTH 6Ll OZHO

H30MeTpHYyHOe OTOOpaxenue 2 — .2, Has3hIBalOTCA U3OMEM-
putHbIMY.
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Ipedaoxcenue 1. Jupdeomoppusm [: & — & moeda

U moabko moeda ssasemcs usomempued, Kocoa 0an w060l
mouky p € X usomempuell sgasemca ezo Oupgepenyuan

Ah,: T,Z—T;2, b={(@).

HokasatensctBo. CornacHo clenaHHbIM Bhllle 3a-
MeYaHHAM Mbl Ge3 orpanuyenusl OGUIHOCTH MOXeM [peAnoJia-
ratb, 4t0 audpdeomopdusm [ peficTByer MO paBeHCTBY KOOD-
AuHat. Torma mns mo6oit kpuso#t (33) Ha mosepxHocTH Z

ee o6pa3 nHa nosepxHoctd £ npu auddeomopdusme f Gyner
MeTh me e napameTpuueckue ypasuenus (33), a yTBepxie-
HHe, 4TO aubdepenunan (df), aAuddeomopdusma f ssBasercs
B Kaxjgod Touke p€E€.Z wuloMerpueli, Oyner o03HayaTh, 4TO
nepsble KBajpaTHuyHbie (OpMBEI NOBepxHOcTed I U 2 OTJIH-
yaTcA JHILb 0003HAYeHHAMU nepeMeHHBIX. [1oaToMy dopmy-
abl (27) nas o6eHMx KpHBBIX OYAYT HAEHTHYHBI, H, 3HAYHUT,
JJIMHBL 3THX KpHBBIX OYyAyT oauHakosul. ClenoBaresnbHO,
nudpeomopdusM f 6yfer H3omerpHeil. )

O6patro, nycts audpeomoppusm f: & — 2, neficteyio-
A N0 paBEHCTBY KOOpAHMHAT, ABJSIETCA H3oMeTpHeil. IJTo
O3HayaeT, yTO NI JMIOORIX INajkuXx QyHKUHHA u=u(f), v =
=u(f), a<<t<b, obaanalomux Tem CcBOHCTBOM, uTO ((f),
v(t)EU, a<{t< b, HMeeT MECTO DPaBEHCTBO
b
S VE@)u () +2F (H)u’ (H)v' (1) + G (@) v ()P dt =

a

b
=SV Ewyw @y +2F tyu (1)’ () + G (1) v’ (£ .

a

Huddepenunpys 3to TOXKzectBO no b (u 3amenss b Ha f),
MBI NOCJIe BO3BeJEeHHs B KBajpaT MOJYYHM TOXKIECTBO

E®yu (t)*+2F (tyu' (H)v' () + G(H)v' (£)*=
=Etyw (typ +2F () u' (t)v' (t)+ G (t) v’ (£)°.
B yactHocTH, 3TO TOXKJAECTBO JIOJIXKHO HMETh MECTO IJs JiH-
HefiHHX (YHKUHE BHAA
uy=u,+at, v(t)=v, Bt, |t}j<e,

rae (4y, v,)—npOH3BoJbHAA ToyKa obnact U, a u f—npo-
H3BOJIbHBIE YHCNIA, a € > 0 — 0CTaTOYHO Maloe MOJOXKHTE b-
Hoe yHcsio. Ho B 3TOoM Cityyae OHO nocsie MOACTAHOBKH f =0
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npnobperaer BUJ
Ej? 4 2F B - G B = anz t 2ﬁoaﬁ + GAOﬂa’

rae Ey,. . ., G,—3nauenus pynkunit E,. .., G 8 Touke (4, vp),
1I MOTOMY — BBUXY NPOH3BONBHOCTH YHCEN O, nﬁ——soammao
TonbKo tora, korsa E,=E,, Fy=F,, G,=G,, 7.e. korza
L=E, F=F n G=G Bciony & U. TNostomy Juueiinse oTo-
opaxenns (df), apnsloTcs uaoMerpusimu. (]

Canedcmeue 1. Ha usomempudnbix nosepxsocmsx coom-
GeMCMBENHble KPUGbIe nepeceKaromcn nod 00UHAKOBHIMU YyeramU,
a coomeemcmeeHtble obaacmu umerom 00Ky U My e fao-
wade. []

Caedcmeue 2. Jee nosepxuocmu mozda u moabKo moe-
da udomempudtel, K020a Ha HUX MOXCHO 8bI6pamb A0KAAbHbIE
K00 pOUHAMbL, 8 KOMOPLLX Nnepebie K8adparmu4rbie Gopmst smux
nosepxrocmeil cosnadarom. (]

KoHeuHo, 310T KpHTEpHii H3OMETPUUHOCTH B BHICLIEH CTe-
neHH HeadpekTHBEH (KaK XOraXaThCsl, CYLIECTBYIOT JH Npexy-
CMOTpEHHEIE HM JIOKanbHble Koopauuath?). Halnefi koHeunof
1es1blo (KOTOPYIO MBI HOCTHTHeM B JeKUHH 5) GyJet s¢dekTh-
BH3aLUSl STOTO KPHTEPHS, HO LIS 3TOr0 HaM MpHIeTCA
NPOHTH AOBONBHO JJIUHHKIA MYTh.

TpexcraBuB nopepXHOCTh BHIUTOJNHEHHO# M3 rUGKOro, HO
HepacCTSDKHMOrO MaTepHasia H, NPOM3BOJILHO H3rnGas ee, MBI
He H3MEHHM IJIHH JIeXalluX Ha HeH KPHBLIX H, CJleZOBaTesb-
HO, MONYUYHM H3OMETPHUHYI0 noBepXHocTb. OCHOBLIBAsCh Ha
3TOM HarJIfiHOM NMpeACTaBJeHHH, OCHOBATENH TEOPHH MOBEpX-
Hoctei B XIX Beke Ha3blBanmH H3OMETPHH u3zubanuamu.
3ra TepMHHOJIOTMS OTYACTH COXPaHHJAch M 10 HaCTOSMLIEro
BpeMeHH, HO HBbIHC OOLIYHO H3rnGaHusi NOHHMAIOT B GoJee
Y3KOM CMEIC/JIe—KaK H3OMeTPUH, KOTophle MOXHO CBS3aTh
C TOXJECTBEHHEIM IIpe06pa30BAHHEM HENPEPBLIBHEIM ceMeiicT-
BoM usoMerpuii. [osroe BpeMs Bce MateMaTHKu Oblin yBe-
PEHBY, UTO B JIOKAJBHOH CHTYallHH, T.€. B AOCTaTOYHO MaJoi
OKPECTHOCTH NPOU3BOJLHON TOUKM, Jjr00as U30MeTpHA ABJISA-
ercsi MaruGaHHeM B 3TOM cMhicjie. OZHAKO CPaBHHTEJNBLHO He-
nasuo H. B. E¢umoB nokasas, 4To 370 HEBEPHO, MOCTPOHUB
COOTBETCTBYIOLUIHA KOHTpIpHMEp.

IlycTh MOBepXHOCTH HacejleHa DPasyYMHBIMH CYUECTBaMH,
YMEIOIHMH H3MepSITh OJIMHB H TJIOILAAN, YIJIB, HO He yMelo-
UHMH BBIXOAHTH B OGbeMJiclllee NPOCTPAHCTBO. Torxa npu
JI0060M U3rHOaHUH [MOBEPXHOCTH BCA HX TeOMETPHA OCTAHETCSH
npexHe# H OHHM 3TO u3rubaHWe npocto He 3ameraT. Ha stom
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OCHOBaHHH 06 H3O0METPHYHBIX TMOBEPXHOCTAX TOBOPAT, YTO
OHH HMEIOT OJHY H TY XK€ BHYMPEHHION 2e0Mempuro.

[IpuBesem oxpuH BaXHBII NpUMED BHYTPEHHE-TEOMETpH-
YeCKOH KOHCTPYKLHH.

Corsacio ofmum pesyabTaTaM JHHEHHOH aareGp (CM.
jgekuuio [1.5) mas moGoro eBkAuZOBa MNpOCTpPAHCTBA P°
C METPUYECKUM TEH30POM g;; CONPsKEHHOE NPOCTPAHCTBO P2
ABJIAETCA eBKJHAOBHIM NPOCTPAHCTBOM C METPHUECKHM TE€H30-
poM g%/, KOMIMOHEHTH KOTOPOr0 COCTAaBJAOT Matpuuy |gv|,
ofpaTnyio K MaTpuue | g, | Komnouent Tensopa g;;. [losromy

s moboro kosektopa §=(§,, ..., §,) H3 9°* onpegenena
ero nnuHa |§|, KBagpaT KOTOpOi# BbIpaxaeTcs (opmyJao#
|8}=g"E%,

B namwem cnyuae a1s aByMepHOro eBKAMZOBA MPOCTPaH-
ctBa T,Z marpuua | g,;| umeer BuE
E F]
F ¥
a, 3HayuT, MaTpuua | g/ |—BHE
Il | G —F “
F=Fl—r EI"
ITostoMy mns. gaumet |§| mpousBoMBHOrO KoBeKTOpa § Ha
T,Z umeer mecto Qopmyna
|§|2.—9§”—2R§_ﬂiﬂi
- EG-—-F* !
rae §, 11— KoOpAMHATHI 3TOr0 KOBEKTOpa. o o
[Tpumepom KoBekTOpa & fBNRETCH TPajMeHT (533, %)

NPOU3BOJBHOA Inankoii (GyHKUHH Q=@ (¥, U) Ha NOBepx-
Hoct 2. KBagpaT a/uHbl 3TOrO KOBEKTOpa HashiBaercs
nepeoim Oughghepenyuarvrbin napamempom besvmpamu QyHK-
UM ¢ 1 ofosHavaercs cumBojiom A,¢. Takum ofpasoM, Mo
ONpeJIeJIeHHIO

Gopa—2F + E¢l
A =2 Eo‘ff‘;g v,

ITo noctpoenuo sma KOHCMPYKYUS UHBAPUAHMHA, T.e€.
HE 3aBHCHT OT BhIGOpa napaMeTpu3aluu, H ajs o0Oofi u30-

MeTpuy [ 2 — & umeer mecTo dopmyJia
(34) Ay (@of)=Aypof
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(nmpoBepbtel). B aToM cMBIcie OHA NPUHALJIEXKHT K BHYTPEH-
Hell reoMeTpHH INOBEPXHOCTH 2.

PaccMoTpum B 3aKJioueHHe HeCKOJLKO IPHMepOB BHYHC-
JIeHHs1 MepBOH KBaJApaTHYHOH (OPMBI NOBEpXHOCTEH B TpeX-
MEDHOM eBKJMIOBOM IpocTpadcTBe. B 3THX mpHmepax mo-
BEPXHOCTH, KaK NpPaBUJIO, dJeMeHTapHEMH He GyayT. Onuako
OHM JIeFKO GYIYT CBOAMTBCS K 3/IEMEHTapHLIM paspe3aHHsiMH
M orpaHuyeHusivu obJactefl ompejeleHus MapameTpusauuil.

[Ipumep 4. Ilnockocts Oxy B KOOpAHHATaX U=X H
U=y uMeer napamerpuyeckoe ypasHeHue r=ul+vj. [lo-
stomy r,=1, r,=j u, snauur, E=1, F=0, G=1, r.e.
5 IJIOCKOCTH

(35) =du? + dor.

(Pe3yabrar, KOTOpHIH JIeTKO Npexyrafath 6e3 BCSKHX BHIYHC-
JeHHi.)

KoHeuno, Ty Xe camylo NepBYKO KBaJpaTHUHYIO dopmy
uMeeT H J060e OTKPHTOE MOAMHOXKECTBO ILIOCKOCTH (pac-
CMaTpHBaemMoe KaK NOBEPXHOCTb B IPOCTpAHCTBE).

[Ipumep 5. Jlas kpyroBoro nuauHapa

r=Rcosu-1+ R sinusf+v-k

Ml umeem r,=—Rsinu-I+ Rcosu-j n r,==~R. Ilostomy
E=ri=R? F=r,r,=0, G=ri=l,

T.e. 0JS NHIHHADA
1 =R3du? - duvt.

BBonsi HOBYWO KoopauHaty U, =Ru (u 0603HayuB 4, CHOBa
yepe3 u), MH npeobpasyem 3Ty dopMmy K BHLY (35).

Takum ofpasom, CYIECTBYIOT KOOpJAHHATHI, B KOTOPHIX
nepBele KBagpaTHyHble (GOPMBI NJIOCKOCTH M LHJIHHApA COBIa-
nator! Onnako 370 ellle He 03HAYAET, YTO MJIOCKOCTh H IHJIHHAD
(koHeuHO, B3pe3aHHHIH; CM. Bhllle NpuMep 1) H3OMETPHUHHI,
IIOCKOJILKY JJISl UMJIMHApDA KOOPAHHATHL MpoOeraior Juiib He-
Koropylio nojiocy B R? H, ceoBaTenbHO, B3pe3aHHbIN UMIHHAD
H3oMeTpHYeH JIHIIbL 9acTH MJOocKocTH. Mul 6yneM BrIpaxath
3T0 OOCTOATENLCTBO, FOBOPA, YTO LHJIMHAD H IJIOCKOCTb 40-
KAADHO USOMEMpPUUHbL.

N3omerpuunoe oTofpaxkeHHe B3pesaHHOrO UHJIHHApA HA

NJIOCKYIO T0JIOCY HalVISIAHO OCYLUECTBJISIETCS €T0 MOCTENeHHBIM
pasrufanueM.

3 M. M. llocruukos, cem. I11
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[Mpumep 6. Ilas noBepxXHOCTH BpalLEHHA
r=x(@)cosu-i+x@)sinu-J+z(v)-k
Mbl HMeeM
s =—x @) sinu-{ 4 x(v) cosu-j,
r,=x"(v)cosu-i--x'"(vysinu-j+ 2’ (v) k.
CnegoBarenbHo,
E = x (v)?sin®*u 4 x (v)® cos®u = x (v)?,
F=—x(v)sinu-x' (v)cosu- x(v) cosu-x" (v)sinu=0,
G=1x'(v)*cos?u+x' (v)sin*u+2' (V)2 =x" (v)*-} 2’ (v)?,
TaK YTO AJfl MOBEPXHOCTH BpAllleHHs
I = x (v)2du® 4+ (x" (v)® + 2’ (v)?) du?.

Harasaxo oueBnAHO, 4TO MepHAHAHB H NapaJjieny oGO
NOBEpXHOCTH BpalleHHs1 OPTOroHadbHbl. [losTroMy paBeHCTBO
F=0 Ml mMormu Obl npenyragatb H 6e3 BbIYHCJEHH.

B cayuae, korga npoduas x=x(v), 2=2(v) NOBEpXHOCTH
BpallleHHsi OTHeceH K HATYPAJbLHOMY Napamerpy u==§ (u Io-
Tomy x' (v)®+ 2’ (v)® = 1) dopma 1 npuobperaer ocobenno npo
cTo#l BHI:

1= x (v)*du® + dv®.

B yactHOocTH, MBl nOMyyaeM, YTO nepeas K8adpamuuHas
gopma chepor paduyca 1| umeem eud

(36) I = cos? vdu? 4 dv®.

Onbit KaprorpadoB nokasniBaeT, YTO HHKAKYIO, jaxe ma-
JYI0, 4acThb cepbl HENb3A H30THYTH HA MJOCKOCTL. JTO 03Ha-
yaet, 4T0 HHMKaKHM npeobpasosaHuem KoopauHat dopmy (36)
neapss npesparuth B Qopmy (35). Ho xak 3710 fokasats?
Oteer Mbl JIARHM B JIEKNHH 5.

[Tpumep 7. Jlunus nposeca TSKENOH ONHOPOLHOH HHTH
Ha3plBaeTCH yenHol Aunuel, a NOBEPXHOCTb BPALIEHHs, NPO-
¢uneM KOTOpOH CAYXHT LenHas JHHHA,— KAMEHOUOOM.

B mexanuke (ctaTiKe) MOKasmlBaercsl, 4TO UeMHAs JIMHHS
apasierca rpadukoM runepGosuyeckoro Kocuhyca. Takum
obpasom, aas KarteHouAa x(v)=chv, 2(v)=v u, 3nauur,}

x@y=ch’v u x' ()42 (v)=shtv+ I=ch?o,

Taxkum obpa3oM, gia KateHouza
(37) I =ch®v(di?+ dv?).
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ITpuMep 8. Ilycre npsamad, .nepneﬂnnxymgﬂsg n(;f:
()z, paBHOMEpHO BpaLlaeTcsl OKONIO Hee, 0CTaBafACh eM }J,é)ume-
JWKYNISIPHOH H OAHOBPEMEHHO NMOAHKMASChL BHHUTOBMI b
nueM (Ha BBICOTY, NMPONOPIHOHAJBHYIO YIJIY HOBOPOTHa'SmBa-
neiluatas noBepXHOCTb, 3ameTaemasi 3TOH NpsIMOH, 4
etes eeaukoudom. Oua uMeer BHJ BHHTOBOro mnaHayca A
DBHE3IA ABTOMALIHH.

Katenong Teankons

Ecnn v—napamerp Ha npamoit, a u— yros nosopora, TO
reqikong Gyaer uMmerhb ypaBHeHHe
r=vcosu-i +usinu-j-+ u-k.
[Toatomy
a=—uvusinu-{+vcosu-j+ &,
r,=cosu.{ 4+ 3inu.j
H, 3Ha4yut,
E=14v, F=0, G=1.
Takim o6pasom, ais reankonza
I=(1+ v?) dut -} dv.
ITpeoBpasyem sty dopmy, BBeAsi HOBbIE KOODAMHATH Uy,
Ui, CRASAHHBIE C KOOpAHHaTtamH u, v HOpMyJsaMu
u=u,, v=shuo,.
Torpa
1 +v?=1-1sh?v, =ch?y,,
du=du,, dv= chv, du,,
3»
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¥ MO3TOMY (Mbl ONyCKaeM HWHAEKCHl Y HOBLIX KOODAHHAT)
1 =ch?v (du® + dv®),

yro coBnajaer ¢ ¢opmoii (37).

STHM JIOKA3aHO, YTO KAMENOUO U 2eAUKOUD AOKAAbHO
usomempu4npl (TouHee, B3pe3aHHHIH 110 MEPHAHAHY KaTEHOH]
u3omerpHyen 4acTu 0 < u < 2m rennkoMaa), mMpuyeMm CyIecT-
BYeT H30MeTpHA, NepeBOAAILasa MepUAHaHbl KATEHOHAA B NPS-
MoJMHeliHEEe o0pasylolne relHKonia.

[Ipumep 9. Ona npouspoawHol anueiiyaToil TnoBepx-
HOCTH

(38) r=p(u) +va (u),

rie (cM. Bpilie npumep 3) p=p (u)—peryaspHasa KpuBaf,
OTHECEHHasl K HarypanbHOMY napamerpy, a a (u)— Taxas
BEKTOpP-¢YHKUMA, YTO |@ (4)|= 1 AJst BCcex u, Mbl, 0603Hayas
AnddepeHupoBarie Mo u TOYKOH, OyleM HMETb

r,=p+ua, r,=a.
Tak kak p*=1, a @*=1 n aa=0, To
E=1+2pa+va®, F=pa, G=1.

Ecnu, 8 wactnocTH, @@= P (NOBePXHOCTL  KacaTelbHbIX),
10 pa=at=1 (rre. F=1), a pa=0 u a*=Fk?, tne k—
KPHBU3HA KpHBOH p=p(4) (1.e. E=1+ k%?). Takum 06
pasoM, AIA TOBEPXHOCTH KAaCaTelbHbIX
(39) 1=(1+ k%" du® + 2du do + do.

Ecinn xe @ (u) ectb Bektop GuHOpManu KpHBOH o =p (1),
10 pa=0, pa=0 1 a*=x?, rae x—KpyyeHue KpHBOH p =
= p (u). C.ne;;[oaarenbﬂo, ISl TOBepXHOCTH GHHOpMaseh

1= (1 4 %%0%) du® + do?.

Mul Buanm, takuM oGpasoM, uyTo nepBasi KpalpaTH4YHas
(opMa MOBEPXHOCTH KacaTelbHHIX 3aBHCHT TOJBKO OT KpH-
BU3HHI JaHHON KpuBO#, a nepmas KBaxparuyHas dopma mo-
BEPXHOCTH OHHOpMaNell —TONBKO OT ee KpYyyeHus.

B orHoleH K NOBEPXHOCTH KacaTebHbIX OTCIO/la BHITEKAeT,
YTO KANOQA NOBEPXROCMb KACAMEAbHLIX NOKANLHO USOMEmpuy-
Ha naockocmu. JeficTBUTENBHO, PACCMOTPUM IIOCKYIO KpH-

BYIO ¢ TOll e camo# KkpuBH3HOI k=k(u) (Takasm Kpusas
cylmecTByer B CHay oOweit Teopembr 1 sekuuu 2). [leppas
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kBafpaTHyHas GopMa MOBEPXHOCTH KacaTeNbHKX 3TOH KPHBOH
oyzer Toit xe cdopmoit (39). Ho, ¢ apyro#t croponml, ficHO,
yTo MOBEPXHOCTh KacaTeJNbHBIX MJIOCKOA KPHBOH sABJserci—
pHe ee 0coObix ToYeK—o6nacTbio Ha mJockoctu. [Tosromy
CyLIeCTBYeT 3aMeHa KoOpJAnHar, MepeBoAsllias NepBylo KBajapa-
THUHYIO dopmy dx® 4+ dy? maockoctd B Qopmy (39). (Sra 3a-
MeHa KOODAMHAT UMEeT BHJ
x=x(u)+x (v, y=yu)+y (W,

rne x(4) u y(u)—rakne Qysruuy, yro x’' (u)?+y' (u)?=1
X (W)? -+ Yy (w)i=Fk(u)2) O

ATy H30METPHUIO MOXKHO OCYILECTBHUTbL HeNpephIBHBEIM H3TH~
OanueM, NOCTENEHHO JeGOpMHPYS KpuBYlO p=p (4) B NJO-
CKYIO KPHBYIO.

Ha atom ocHoBaHHK MOBEPXHOCTH KacaTeJbHBLIX Has3hlBa-
I0TCSL PA36EPMbIBAIOUMY NOBEPXHOCTIAMY (TTOAPA3yMeBaeTCs—
Ha TNIJIOCKOCTB).

B ciayyae, koraa a (u) =p (1) noepxHocth (38) sBAsiercs
KOHYCOM ¢ BepIUHHOH B Hayase KoopauHar (a KpuBasm p =
=p (u) npexcraeasier coboit ero mepeceyenHe ¢ eIHHHYHOH
cdepoit [p|=1). B 3stoM ciyyae HMEIOT MeCTO paBeHCTBA

pa=p*=1, a*=1, pa=0,

OTKyAa AN NepBOH KBaipaTHYHOH (OPMbI MOJTyYaeTcs BbIpa-
HeHue
1 =(14v)*du? + dvt.
3Jech HanpaluHBaeTCs 3aMeHa KoopAHHAT (i, v)r—> (u, 1+ v),
nepesoasias 31y $opmy B uyTh Gosee mpoctyio ¢opMy
(40) I =0v2dud 4- dod.
Beesem Temeph HOBHE KOODIAHHATHI
X==vCoSu, Yy=vsinu.
Torpa
dx=-—vsinudu+ cosudv,
dy=vcosudu-sinudy,
H noToMy
dx? 4 dy* =v?du? + dovd.

OTUM IOKAa3aHO, YTO KOHYC MaKdce A0KAAbHO U0MEMPUYEH
niockocmu (TouHee, KaXjas NoJia KoHyca, paspe3anuas 1o
obpasyiolneli, #30MeTpHYHA HEKOTOPOMY INIOCKOMY CEKTODY;
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thaKT HarasiJHO o4eBHAHBIH). 1o 3TOl NpHYHHE KOHYCHI TaKKe
NPHYHCASAIOTCH K DPasBePTHIBAIOLLHMCS NMOBEPXHOCTSM.
3ameTuM, yto opMa (10) ecTb He 4TO HHOE, Kak NepBas
KBajipaTHyHas (OpMa IJIOCKOCTH, OTHECEHHOH K TNOJAPHBIM
KOOPIWHATAM F'=0U H Q= U. ’
Haxkownern, eciu Bektop a (1) nocrofnen (u notomy a==_0),
TO NMOBEPXHOCTL (38) sBJsieTcA IHJAWHAPOM. DBes orpanuue-
HHusl OOLIHOCTH MOXKHO CYMTaThb, YTO €ro HanpaBJIAoLIasn
p=p(u) sABAAEICA IJOCKOH KPHBOH, IJIOCKOCTL KOTOpO#
OpTOroHaNLHa BeKTODY @ (#, 3Hauut, pa =0 u pa=0). Ilo-
3TOMY, KaK H I/ KPYroBOro ILMJHHApa (npumep 3),

1 =du? + dv.

Ha 3TOM 0OCHOBaHHH K Da3BepTLIBAIOILIMCH NOBEPXHOCTAM
MPHYHCTIAIOTCS! TaKKe H BCe IHJIHHIAPH. '

B niekuun 4 Mbl IoKaxeM, 4TO CPEIH JIHHeH4aThiX NMoBepXx-
HOCTEA TOJNLKO pAa3BEPTLIBAIOIMECS IOBEPXHOCTH (T.e€. IH-
JIMHJPBI, KOHYCHl H ITOBEDXHOCTH KacaTeJbHBIX) JIOKaJbHO
H30METPHUHBI NJOCKOCTH, a B JIEKIMH 5~—4TO pa3BepTHIBAIO-
LIHeCcs MOBEPXHOCTH HCYEpILIBAOT BOOOLLE BCe NMOBEPXHOCTH
TpeXMepHoro nNpoCTPAHCTBa, JOKAaJbHO H30OMETPHUHBIE TJIO-
CKOCTH,



