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DKBUBAJIEHTHOCTh apdUHHON 1"
rpacCMaHOBON KJiaccuuKaIuii ToOYeK
IIOBEPXHOCTU ITPOCTPAHCTBA

MuHKOBCKOTO

Crerannena II. T'., I'peaneBa M. A.

Abstract. The article deals with the problem, connected with the
classification of the points of the two-dimensional surfaces in the four-
dimensional Minkowski space. The affine classification and classification with
the help of the Glassman image have been made. The conditions of the
equivalence of these classifications have been found.

Annotanus. B pammoit pabore paccMaTpuBaeTCd 3aada KJIACCH(MUKAIIN
TOYEK JBYMEPHBIX MMOBEPXHOCTEN HYETHIPEXMEPHOIO MPOCTPAHCTBA MUHKOB-
ckoro. Ilomyuens! abdunnas Kinaccudukaius 1 KJIacCH(MUKAIS ¢ TOMOIIBIO
rpaccManoBa ob6pa3a nosepxHocTH. Hailensl ycaoBus, Ipu KOTOPBIX STH JIBE
KJIaCCUUKAINN SKBUBAIECHTHBI.

Bompoc o kiaccudukaimum To9eK MHOI00Opa3nus sIBJASETCs OJHUM U3 OC-
HOBHBLIX B IudpepeHnualbHoil TeOMEeTPUM IIOrPY2KeHHBIX MHOI000pAa3mii.
ITo Tuny Touku Ha MHOroOOpa3swu MOXKHO CHEJIATH BLIBOJ, O BUIE OKPECT-
HOCTH 3TOH TOYKM Ha MHOroobpasuu. B muddepeHimajbHol reoMeTpun
CUIEPIOBEPXHOCTEH 9TOT BOIPOC PEIIAETCS HECKOILKMMH CIOCODAMHE: IIO
YHCJIy ACUMIITOTUYIECKUX HAIIPABJICHUI B HEll, 110 3HAKY U 3HAYCHUIM IJIAB-
HBIX KPUBU3H I'MIIEPIIOBEPXHOCTH, C IIOMOIIBIO TayCCOBOI KPUBU3HbI, 10 BU-
JIy COIPHMKACAIOUIErocs mapabosonia. BaxKHO OTMETUTD, 9TO B 9TOM CJIydae
BCE 9TU CIOCOOBI JAIOT OJWH U TOT K€ pe3yJIbTar.

WNuaye obcTouT €10, KOIAa PasMEPHOCTD IIOBEPXHOCTH MEHbIIIE pa3Mep-
HOCTHU IPOCTPAHCTBa 0oJiee YeM Ha eIUHUIly. B 3TOM cilydyae He BCeria
MOXKHO pas30UTh TOYKH IIOBEPXHOCTH Ha KOHEYHOE UMCJIO Kjaccos. Te ciry-
Jau, Korja Takoe pasbuenne BOZMOXKHO, onucanbl B padore [2|. B pabore [1]
paccMOTpeHa KAacCuPUKAIAS TOYEK IPacCMaHOBa obpa3a MoBepXHOCTH. B

Kmouesvie crosa: mpoctpancTBo MUHKOBCKOIO, IpaccMaHOB 06pa3
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pabore |3| npusenena addunnas kaaccudukanys TOYEK IBYMEPHBIX MO-
BEPXHOCTEN YeTHIPEXMEPHOI0 €BKJIMAOBA IIPOCTPAHCTBA 110 BHUJY COIIPHUKA-
CAIOIIErocst mapaboJIonIa, a TAKXKe YKA3BIBAETCs Ha IKBUBAJEHTHOCTD 3TOM
KJAacCUPUKAIINN W KJIACCH(PUKAIINKA C IIOMOIILI0 I'paccMaHOBa obpasa Io-
BEPXHOCTH.

B nmamnoit pabore paccMoTpuM BOIIPOC O KJTACCU(PUKAIIME TOYEK JIBYMEp-
HBIX TIOBEPXHOCTEM, 33/ JaHHBIX B MMPOCTpaHcTBe MUHKOBCKOTO.

1. AO®PUHHAA U TPACCMAHOBA KJIACCU®PUKAIIMMN TOYEK
IIOBEPXHOCTU IMTPOCTPAHCTBA MUHKOBCKOI'O

AdduHHOE YeTBIPEXMEPHOE IPOCTPAHCTBO CO CKAJISIPHBIM IIPOU3BEICHN-
eM Buga (Z,Y) = —x1y1 + T2y2 + T3Y3 + T4Y4 HA3BIBAETCH IPOCTPAHCTBOM
MuHKOBCKOTO 1 0603Ha4IaeTcss ' Ry. B 9TOM IpocTpaHCcTBe BCe BEKTOPHI Jie-
JATCA Ha TPW KJjacca: MpOCTpaHCTBeHHomnonobube (72 > (), BpeMeHuIo-
nobubre (22 < 0) m msorpormueie (72 = 0). THN JBYMEpPHOH IIOCKOCTH
OIIpEIeJIAeTCA TIAPOl OPTOTOHAJIBHBIX BEKTOPOB T, 3. 1110cKOCTD HA3BIBAET-
csl npocmparcmeentonodobrot (epemerunodobrot, nam uzomponHol), ec-
mm 72 > 0,92 > 0 (22 < 0,92 > 0, wm 22 = 0,7% > 0). Tun aByMepHOIt
TOBEPXHOCTH OYIEM OIPeIesaTh [0 THILY KacaTeIbHON miockocTu. ABymep-
Hasl [OBEPXHOCTb HPOCTPAHCTBA ' R, HA3BIBAETCH IIPOCTPAHCTBEHHOIIOI06-
HOI (BpeMeHUIIOI06HOM U M30TPOITHO# ), eC/I KacaTebHas ILIOCKOCTb K
Hell B KayKJI0! TOUKe SIBJISeTCsl IPOCTPAHCTBEHHOIIOIO00HO (BpeMeHuIo106-
HO#i MJI M30TPOIIHOIA).

IIycrs V2 — mensorponuas mosepxHocTs Kitacca CF, k > 1 8 'Ry, 3a1a8-
Hasg BEKTOPHLIM ypaBHEHHEM T° — F(ul,u2). BekTopsr 7; = aaui ABJIAIOTCA
KAcATeIbHBIME K MOBEPXHOCTH. PAacCMOTpHUM B KazkI0il Touke & € V2 HOp-
MaJIbHYIO IJIOCKOCTh N, ¥ BbIOEpEM B HEll JIMHEHO HE3ABUCUMBIE BEKTODBI
& u & TaK, 4TO6BI YeTBEPKA BEKTOPOB 71, T2, &1, £o GBI OPTOHOPMUPOBAH-
Hoit B ' Ry. Eciii HOBEPXHOCTD IPOCTPAHCTBEHHOIIONOGHAS, TO HOPMAJIBHBIE
IUIOCKOCTH B KaXKJIOH TOYKE 3TOH IMOBEPXHOCTH OYIyT BPEMEHHUIIOLOOHBI-
MH, €CJIM YK€ IOBEPXHOCTb BPEMEHUIIOA00HA, TO HOPMAaJIbHbIE TIJIOCKOCTH —
IIPOCTPAHCTBEHHOIIOIO0HBIE.

C IOMOIIIBI0 KazKI0I0 BEKTOPa HOPMAJIU OIIPEJAeINM BTOPYIO KBaIpaTHd-

Hyt0 opmy

k e ENa GG s s
IT° = (35, & )du'du? i, j, k = 1,2.
k Ly, Lh k 3
Marpunst 3Tux gopm nmeror Bug AY = Ik ok )soae Li; = (135, &k).
21 422

JlBe TOUKHU perysigpHO TMOBEPXHOCTU HA3BIBAIOTCA a(pOUHHO SKBUBA-
JIEHTHBIMH, €CJIM COIPUKACAIOIINECH TapaboJIOUuIbl B 3TUX TOYKAX MOYKHO
0TOOPa3UTh APYT HA JAPyra HEBHIPOXKICHHBIM adOUHHBIM ITpeodbpa30BaHU-
eM B 00BbEMIIIOIIEM IIPOCTPAHCTBE [2].
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IIycts (Q — ToYKa BpeMeHHIOn06HO! moBepxHOocT V2 C Ry, Boibepem
CHCTEMy KOODJIMHAT B IPOCTPAHCTBE 'Ry Tak, uToOLI TOuKa () COBIAJIA
C HAYaJOM KOODJIMHAT, a KacaTebHoe mpoctpanctso TpV?2—c noampo-
crparcteom {x!,2%}. Torya ypasreHus conpukacaomerocs napaboson/ia
¢ BEPIIUHON B TOUYKe () OyIyT UMETh BU/T

2Ft2 = ijx’a:].

PaccMOoTpuM IIyHoK BTOPBIX KBapaTndubix dopm Al —\A? nosepxuocTn
V2 c 'R,. Torma B Kazk/10ii Touke & € V? ypaBHEHHE CONPUKACAIONIETOCS
mapaboIonIa HEBBIPOKIEHHBIM aM@UHHBIM Ipeodpa3oBaHreM OOBEMJIIO-
IIEr0 TTPOCTPAHCTBA MPUBOANTCI K OJHOMY U3 CJIEAYIONNX KAHOHMIECKUX
BUJIOB (B 3aBUCHMOCTH OT BUJIA SJIEMEHTAPHBIX JeJUTesedl My IKa):

1) 23 = (21)?, 2* = (22)2, ana caydas sneMenTapHLIX AemuTeTei A — \q,
A— Ao, A\ 75 Ao, A, A\ € R;

2) 2% = 22'2?, 2 = (22)%, ecotm WMeeM ofMH JIMHEHHBIH TeMeHTApPHBIH
JeaTeN T KpaTHocTn 2, To ecth (A — A1)%, A\ € R;

3) 2® = 22122, 2t = (21)? — (2%)?, nna KBAAPATHYHOTO 3JIEMEHTAPHOTO
nematens A2 — 2a) + (a? + B2), B # 0.

B ciyuae mpocTpaHCTBEHHOMOIOOHON MOBEPXHOCTH CHCTEMY KOODIUHAT
B IpocTpancTBe ' Ry Gy/eM BBHIOUPATH TAK, YTOOBI KACATEILHOE IIPOCTPAH-
CTBO TQV2 copnaao ¢ nomnpocrpancreom {3, 24}, Torma ypasnenns co-
[IPUKACAIONIETrOCH apabosIon ia ¢ BEPIINHON B TOUKe () OYyIyT MMETH BUJL

xk — L%xl+2a:]+2.

B ka0t Touke ¥ € V? ypaBHEHHE CONPUKACAIOMIEIOCH IapabosIona

HEBBIPOKIEHHBIM adDUHHBIM TPEOOPa30BaAHIEM O0BEMJIIONIETO TPOCTPAH-

CTBa MPUBOIUTCS K OJTHOMY W3 CJAEAYIOIMNX KAHOHUYIECKUX BUJIOB:

1) 2t = (23)2, 22 = (2*)?, nna coryuas snemMenTapHBIX menmTeneit A — Aq,
A — )\2, A1 7& )\2, )\1,)\2 € R;

2) ' = 22324, 2% = (2%)?, ecim uMeeM ofMH JIMHEHHBIA SJIEMEHTADHDIIT
JeJIUTeh KpaTHOCTH 2, TO ecTh (A — A1), A\| € R;

3) 2! = 22324, 22 = (23)? — (2*)?, ;1g KBaAPATHYHOTO 3JIEMEHTAPHOTO
nematens A2 — 2a\ + (a? + 82), B # 0.

TakuMm 0O6pa3oM, TOUYKH MOBEPXHOCTH MOXKHO pa3dbNTh HA TPH KJIACCA.
Takast kaaccuduKaIms TOUYEK HA3BIBACTCA aurhoti. 3aMEeTUM, ITO ITOT
pe3yJIbTaT HUYEM He OTIMYAeTCs OT CJydas eBKJIMI0BA POCTPAHCTBA [3],
TaK KaK €BKJINJI0OBO IIPOCTPAHCTBO WM IIPOCTPAaHCTBO MI/IHKOBCKOI‘O nMEnT
omau U Te ke adduHHbIE CBOICTBA.

Hajee paccMOTpUM elie OfHY KJIACCU(MUKAIINIO TOUYEK MOBEPXHOCTH, KO-
TOPYIO Oy/IeM HA3BIBATH 2PACCMAH080T. DTOT TEPMUH O0bSICHSIETCS TEM, ITO
THUI TOYKHU MTOBEPXHOCTU OIIPEIENIIETCsT TUIIOM TOYEeK I'PacCMaHOBa 0bpas3a
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9T0il moBepxHocTH. IlocTaBUM B COOTBETCTBHE KarKIOW TOYKE IIOBEPXHO-
cru V2 nmpocrpancTsa ' Ry IIOCKOCTD, MApaJIebHYI0 HOPMAJIbHOMN IJIOCKO-
cru N, ¥ IPOXOIAILYIO Yepe3 (PUKCHPOBAHHYIO TOUKY HPOCTPAHCTBA ' Ry.
DTHM yCTAHABIMBAETCS OTOOPAKEHNE TOBEPXHOCTH V 2 B TPACCMAHOBO MHO-
roobpasue PG(2,4) IByMepHBIX TITOCKOCTed TpOCTpaHcTBa ' Ry, MOIMHO-
roodpasusaMu KOTOPOro OygayT MHOTOOOpa3usi BPEMEHHIIOI0OHBIX ILTOCKO-
creit — T PG(2,4), npocTpancTBeHHONONO6HEIX TI0cKocTel — ° PG(2,4) u
H30TPONHEIX I0cKocTeil — ¥ PG(2, 4). T'paccManoBbIM 06pa30M MOBEPXHO-
cru V2 mazpiBaloT 06pa3 9TOro 0TobparkeHus. ByIeM CUuTaTh, YTO SKOOHAH
YKa3aHHOTO OTOOpaXKeHUsI OTJINYEH OT HyJsd. TakuM o0pa3oM, rpacCMaHOB
0bpa3 sBJISIETCS PEry/IsApHOil JIBYMEpPHOIl IOBEPXHOCTHIO 12, KoTopas 3a-
BHCUT OT TeX K€ IapaMeTpoB u',u’, uro u moepxuocts V2. Usyuenuio
rpaccMaHOBa 006pa3a HEM30TPOIHBIX [TOBEPXHOCTEN mpocTpancTBa MuHKOB-
CKOro mocBsiiieHa pabora [6].

IIpe oo KIM, 9TO CYIIeCTBYIOT 06aacTr Ha V2, TOYedHbIil IPACCMAHOB
00pa3 KOTOPBLIX UMeET BO BCEX TOUYKAX KACATEILHBIE IIOCKOCTH OIHOTO TH-
ma. 3aMeTuM, 9TO THUII TOYEK IPACCMaHOBa 00pa3a MOXKET KaK COBIAIATD C
THIIOM HOBEPXHOCTH V2, TaK U OTIHYATLCS OT HETO.

Omnpenenenne 1.1. Touka x nosepxuoctu V2 C 'R, HasbiBaeTCsa aaaun-
muueckol (napabosuneckot, 2unepboiuveckols), €Ciu TOYKa TPACCMAHOBA
obpaza MOBEPXHOCTH, COOTBETCTBYIOIIAS ITON TOUKE, SIBJISIETCS SJITAIITAYE-
cKoil (apaboJIIecKoil, ruepboIIecKoit).

B pab6ore [6] 6b111 chopmymrupoBaHbI

Omnpegenenne 1.2. Touka rpaccmanosa o6pasa ['2 BpeMeHuIo06Hoi mo-
BepxHOCTH V2 HasbiBaeTCs assunmuveckot (napabosureckot, aunepboiu-
weckoti), eCIu Jls IIOMAJIKH, KacaTe bHoi K ['2 B 9T0l TOUKe, CeKIMOnHASA

KPUBHU3HA IPACCMAHOBA MOIMHOT000pasns ° PG (2,4) ymoBieTBOpsieT yCIo-
Buio K (o) <1 (K(o) =1, K(o) > 1).

Omnpenenenne 1.3. Touka rpaccmanoBa 06paza I'2 IpoCTPaHCTBEHHOIO-
no6uoit mosepxroctr V2 C ' Ry maspBaercs s/umunTIHYecKoi (mapabosrmde-
CKOI, THIIEpPOOINIECKON), €U Il TUIOMAIKY, KACATeIbHON K I'? B sroit
TOUKE, CEKIMOHHAS KDPHUBHU3HA I'DACCMAHOBA IOMMHOroobpasus | PG(2,4)
yznosiersopsier ycsosuio K (o) > —1 (K(o) = —1, K(o) < —1).

2. JIOKABATEJIbCTBO SKBUBAJIEHTHOCTU A®OUHHON U
I'PACCMAHOBOM KJIACCU®UKAIIMN TOYEK ITIOBEPXHOCTHU

Paccmorpum yeiioBust, Ipu KOTOPBIX EPBOMY (BTOPOMY, TPETbEMY ) KJIac-
cy Touek B abduHHON KiraccuduKanum COOTBETCTBYIOT JITHITHYeCKHe (T1a-
pabosmaeckue, runepOboInIecKre) TOYKNA B TPACCMAHOBON KJIACCU(DUKATINN.
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B sTom ciygae 6ymem roBopuTh 06 SKBUBaJEHTHOCTH a(@MUHHON U rpac-
CMaHOBOI KJIACCU(PUKAIIAN TOUEK.

Teopema 2.1. /[asa epemerunodobmotli noGEPTHOCTAU C NPOCTNPAHCMEEHHO-
Nn0006HBIM 2DACCMAHOBBIM 00Pa30M aPPHUHHAA U 2PACCMAMOBE KAGCCUPUKG-
YUU IKEUBAACHIMHDL.

JokazarembecTBo. Addunnas kaaccudukaims JaeT TPU KJIACCa TOUEK
nosepxuocTn V2 C 'Ry, Kaxkuplil U3 KOTOPBIX OIIPEIEIACTCS BUJIOM CO-
npukacarorierocs napabosouna. [lockobky compukacaoomuiicss mapabdoJio-
UJI C BEPIIMHON B TOYKE TOBEPXHOCTH U CAMAa ITOBEPXHOCTH UMEIOT B ITOM
TOYKe ODIIYI0 KACATEJbHYIO IUIOCKOCTh, a 3HAYUT U ODIIYI0 HOPMAJIbHYIO
IJIOCKOCTD, TO JIJIsI OIIPEJICJIEHUs TUIIA, TOYKH & TOBEPXHOCTU B T'PACCMAHO-
BOl Kjaccuduranuym HeOOXOIUMO HANTH 3HAYEHHUE CEKIIMOHHON KPUBU3HBI
rpaccMaHOBa MHOTI000pa3us BIOJIb ILIOMIAIKNA, KACATEIbHON K I'PACCMAHO-
BOMY 00pa3y COIPUKACAIOIIEr0Cs MapaboJIONIa B TOUKE, COOTBETCTBYIOIIEH
Touke x € V2.

OTMeTHM, 9TO HE BCETA €CTh BO3MOXKHOCTD TOJT30BATHC KAHOHUIECK -
MU YPABHEHUSIMU COIMPUKACAONIEr0CsT apabosIonia. ITo 0ObIACHIETCS TEM,
9TO CHCTEMa KOOPJIMHAT, OTHOCUTEIbHO KOTOPOH ypaBHEeHMe mapabosIonIa
“MeeT KaHOHWYECKUU BHUJ, MOXKET WHJIYIIMPOBATH TAKYI CHCTEMY KOOPIHU-
HAT Ha I'PAcCMaHOBOM MHOI00Opa3Uu, OTHOCUTETBHO KOTOPO KacaTe/lbHAs
IJIOCKOCTH K T'PAcCMaHOBY 00pa3y MMEET BBIPOXKJIEHHYIO METPUKY.

PaccMoTpuM BpeMeHHIOI00HYI0 ToBepxHOCTh V2 C 'Ry ¢ mydxkoM BTO-
phIX KBaaparuaHbix Gopm Al — MNA2. B ciayuae pas/muHbIX JHMHEHHBIX 3/16-
MEHTapPHBIX JlejmTesieit A — A, A — Ay 3Toro mydxa marpuisr A, A% MoxHO
IPUBECTH K By [5]:

A1:<l18‘1 A > AQZ(ZS z0> I = 1.
272 2

Torma BekTOpHOE ypaBHEHWE COIPUKACAIOIIETOCH HapaboJIon/1a TPUHHI-
MaeT BUJL

7( 1,u2) = (ul,uQ,llz\l(ul)2 + 12/\2(u2)2,l1(u1)2 + ZQ(’U,Q)Z).

s BBIYMCIEHNsT CEKIIMOHHOW KPUBU3HBI I'PACCMAHOBA MHOT000OpAa3Mst
BIOJIb ILIOIIAJIKY, KACATEJIHHON K IPacCMaHoOBy oOpa3y mapaboJionia, BOC-
nosib3yeMcst popmyiioii [4]

_ol2 L 342 _ (513 4 524)2
K(o) = (012)2 = (0(13)2 _—i(_am); _ (223)2+_ (024)2 + (032 (2.1)
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re 0% = zl9yl — xoopaunaTHl GEBEKTOPA T, ONPELENAEMOrO HAIPABIIAIO-
mumu BekTopamu X = (z%) n Y = (y%), a = 1,2,3,4 kacare/bHOil 1710~
maakn. Koopauaars! o yaosrersopsiior yeaosmio ILmokkepa

012534 _ S13,24 | 14,93

I'pacemanoBo muOroo6pasue PG(2,4) npencrasiser coboii aiarebpande-
CKYIO TIOBEPXHOCTH ¢ METPUKOii curHarypbl (——++), [4]. Busektop & Moxk-
HO pacCMaTpUBATh KaK TOUYKY IIECTUMEPHOro mpocrpaHcTsa. IlceBmopuma-
HOBa METPUKAa IPACCMaHOBAa MHOTOOOPA3Us WHAYIUPYET B 3TOM IIECTHMED-
HOM IIPOCTPAHCTBE METPUKY cUrHaTypbl (+ — — — —+). Torma Bbipazkenue,
cTosIIee B 3HAMEHATEJIE IMOCe HeH 1pobu, IPeACTaBIsIeT COOOI CKAISAPHBIM
KBaJIpaT OMBEKTOPa &, KOTOPBII U OIPeJIesiseT KacaTeJbHYI0 IJIOMAIKY K
rpaccMaHOBy 00pasy.

B caydae eBkIIMIOBa TPOCTPAHCTBA MOKA3aHO, UTO KOOPIAMHATHI Kaca-
TeTbHBIX BEKTOPOB XuY MIPeICTABIAIOTCA depe3 KoM UITuEeHTHI TepBOit
U BTODBIX KBaJpaTu4HbIX dhopMm [1]. B Hamewm ciaydae sru npejcrabienus
UMEIOT BU/,

X:( L%l ,— L%l , L%Q ,— L%2 )’
Vo Vo 922 /922

Y:( L%Q - L%? , L%? - L52 )
Vo Vo 922 /922

To ecTb Kacare/bHbIE BEKTOPHI K I'PACCMAHOBY 00pa3y pacCMaTpUBaeMOro
mapabosIonIa UMEIOT BU/I

- 21 20 A - 21 2\
X = 1 117070)’ Y = (0,0 2 alaA2

911 /o V922 92

Torma 6uBeKTOp & MMeeT KOOPIUHATHI:

(2.2)

012 _ 0’ 0_13 _ 4[1[2 : 0_14 _ 4lll2A2 :
v/ 911922 v/ 911922
4l lo N 4l lo A A
023:_ 102471 0_24: 102A1A2 0_3420‘

\/911.9227 Vv 911922 ’

CexkImonHast KpUBU3HA, BIIOJIb ILIOMIAJIKY, OIPEIesseMoil BeKTopaMu X
u Y, B coorBercTBuu ¢ dopmysioii (2.1), 6yzer pasaa

(A N)?
Kw%_u+A@G+A@’

OuesuzHo, uto K(0) < 1 upm so6bix A; # Ag. Takum o6pazom, miepBomy
KJIacCy ToueK B adduHHON KaacCuUKAIUNA COOTBETCTBYIOT SJLIUITHUYIEC-
CKHE TOYKHU B I'PACCMAHOBON KJIACCU(DUKAIINN.
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[TycThb Temeph ceKIMoHHAA KPUBU3HA TPACCMAHOBA MHOTOOODPA3Us BIIOJb
IJTOMIA/IKY, KACATEJIHHON K TPACCMAHOBY 00pa3y MOBEPXHOCTH, YJIOBJIETBO-
psier HepaBeHcTBy K (0) < 1, nm

(_0.12 + 0.34)2 _ (0.13 + 0.24)2
(0-12)2 _ (0-13)2 _ (0-14)2 _ (0-23)2 _ (0-24)2 + (0-34)

ITo ycioBuio Teopembl rpaccMaHOB 00pa3 MPOCTPAHCTBEHHONOIOOEH, a
3HAYUT U KacaTeJbHAs IUIOMAJIKA O TOXKE ITPOCTPAHCTBEHHOIONOOHA, TO
€CTh BBIPA’KEHUE B 3HAMEHATEJIE IMOJIOKUTETHHO.

[TosTomy HepasencTso (2.3), ¢ yuerom ycsoBusi [TroKKepa, MOXKHO ITpH-
BECTHU K BULY

S <L (2.3)

(0,14 —1—023)2 < 413524,
Ecnn 3anucars KoOpAuHATHI OGMBEKTOPA & IO TIPEICTABICHUSM (2.2) BeK-
TopoB X M Y, TO mocjejlHee HEPABEHCTBO MTPUMET BHU/JI,

1 72 2 71 1 7232 171 1N2y/72 72 2 \2
(2L1oL1o— Ly Loy — L1 L3g)” > 4(Lyy1 Lag — (L19)") (L1 L3 — (L12)7)- (2-4)
BanuineM geTepMUHAHT IIy9YKa BTOPBIX KBAIPATHYHBIX (DOPM
1 2 1 2
Liy = ALy Ly — ALy
_\2(72 72 2 \2 1 72 2 11 172
= N (L1 L3y — (L12)°) + M(2L1o L7y — L1y Lgy — Ly Lag)+
17l 132
+ (Li1Lag — (L12)7).
On tpejacraBisgeT coboil KBaIPATHBINA TPEeXUwieH OTHOCUTEIbHO A. Torma
ycaosue (2.4) o3HadaeT, 9T0 IUCKPUMUHAHT ITOTO KBAIPATHOTO TPEXUjie-
Ha OOJIbIIE HYJIsI, TO €CTh IIyYOK BTOPBIX KBAIPATUIHBIX (POPM HMEET JIBA
PA3JIMIHBIX JIMHEHHBIX 3JIEMEHTAPHBIX JIEJIATEIS.
Paccmorpum BTOpOIT Kitace Touek addunnoit kiaccudpukamuu. Evy Oy-
JIeT COOTBETCTBOBATH KJIACC MapabOJIMIeCKUX TOUYEK B I'PACcCMAaHOBOI KJiac-

cudukarmu. JleficTBUTETHHO, yPABHEHNE COMMPUKACAIONIEr0Cs TapaboIonIa
B 9TOM CJIydae MMeeT BT

Fut,u?) = (v, W, 2\ ute® + L (u?)?, 2huta®).

|AT — A% =

Cekrmonnas KPpUBU3HA BIOJIb TIOMIAIKY, KACATEIBHON K TPACCMAHOBY 00-
pa3y 9TO# MOBEPXHOCTH, paBHA 1. DTO PABEHCTBO JOCTUTAETCS TOTIA W
TOJIBKO TOIJ[A, KOT/Ia JUCKPUMUHAHT JIETEPMUHAHTA IIy9Ka BTOPBIX KBaJl-
paTudHbIX (POPM paBEeH HY.JIIO.

Touku Tperbero kjaacca B addUHHON KIacCuPUKAIMH COOTBETCTBYIOT
rurepOOINIeCKUM TOYKAM B TPACCMAHOBON Kiiaccudukamnuu. JlelicTBure /b-
HO, MCIIOJIb3ys COOTBETCTBYIOIEE ypPAaBHEHUE COIPUKACAIOIIErocs napabo-
JIOUia, MOXKHO HAWTHU 3HAYEHUE CEKITMOHHOW KPUBU3HBI BIIOJIb ILIOIIAIKH,
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KacaTeJbHOI K I'PACCMAHOBY 00pa3y 3TOro mapabojonia, B BUIE
432
Ko)=1+————.

(o) (1+ a2+ B2)2
Ouesnzno, aro K(o) > 1.

B obparnyio cTopony, u3 TOro, ITO TOYKa TrUmepOOJIAIecKas, CIeIyerT,
9TO AUCKPUMUHAHT JA€TEPpMUHaAHTa IIy9IKa BTOPbBIX KBaJPpaTUIHBIX (bOpM
MeHbIIE€ HYJIAd, TO €CTh IIYY0K UMeeT KB&,Z[paTI/ILIHLII;‘I SHeMeHTaprIﬁ JeJI-
TeJIb. O

Teopema 2.2. Jlasa npocmpancmeentonodobrot noseprHocmy ¢ 6PemeH-
NOJOOHBIM 2PACCMAHOBVIM 00PA3OM APPOUHHAA U 2PACCMAHOBE KAACCUPDUKG-
YUU IKBUBANEHITVHDL.

JlokazaTesibCTBO aHAJIOIUYIHO JIOKA3aTEIHCTBY TeopeMbl 2.1.
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