JInnnnuna B.B.

AHANN3 J-MPOCTPAHCTB U BOMPOCHI X NPUNTOXEHUA

NaHHaa cTaTbsi NOCBsiWEHa MOCTAHOBKE 3afjauu U3YyUYEeHUsi KNacCOB CTPYKTYp (peanbHbiX unu BooGpaxa-
eMbiX), MOAeNnupyeMbIX CPeAcTBamMu (hOpMannu30BaHHOIO $I3blka, B YaCTHOCTM C MOMOLUbIO J-NPOCTPaHCTB, B
KOTOpble MonafalT MHOrOMEpPHble BEKTOpHble MPOCTpaHcTBa. PeweHue Takoil 3agauuM COOTBETCTBYET TeMe
HayuYHoO-uccnepgoBaTenbckoil paboTbl Kadheapbl anrebpbl 1 reomeTpumn «Anrebpanveckue CTpyKTypbl B MaTeMa-

TUYEeCKOM MopaenupoBaHUn».

DyHIaMEHT MAaTEMATHUKHU U €€ MPUHLHUIIBI SB-
JISIIOTCS HACTOJIBKO BCEOOUIMMU U MPOYHBIMU, YTO
OHH, OyIyud OOOCHOBAHO NMPUMEHEHHBIMH, ITpe-
KpacHO paboTtaroT Be3ne. B pamkax mateMaTUKu
MOXHO M300peTaTh HOBblE MATEMATUYECKUE KOH-
CTPYKLIUHY U UCCIIE0BATh, KAKHE pEaJIbHBIE IPOLIEC-
Chl WJIM SIBJIEHUSI UM COOTBETCTBYIOT. JIOBOJIbHO
4acTO MaTEMaTHUYECKUM M300PETEHUsM JIeHCTBU-
TENTBHO YAAETCs HAMTH MX (PU3NUECKUE AHAIIOTH, YIKe
BOIUIOIIEHHbIE MPUPOION B CBOUX CTPYKTYpax.
MokHO nocTynaTh 1 HAOOOPOT — KOHCTPYUPOBATh
MaTeMaTHYeCKHe ONMMCAHUS JIJIs BHOBb OTKpbIBae-
MBIX (pU3MYECKUX, OUOIOTHUECKHX, COLUATBHBIX 1
MPOYMX 3aKOHOMEPHOCTEH 1 3(p(heKTOB, B TOM UmC-
JIe 1 BOOOpakaeMoM MpUpOIbI.

Kak nonuepkuBator H. Bypbaku, nousitue
MaTeMaTUYECKON CTPYKTYPhI ITOCTETIEHHO CTaHO-
BUTCSI [JIABHBIM OOBEKTOM COBPEMEHHON MaTeMa-
THUKH, OTOJIBUTAsl YMCIIA U JIA’KE MHOKECTBA Ha BTO-
poii riaH. [IpruMepom Takoi CTPyKTypbl, UTPAIO-
1Ieil BaXHYIO pOJib B IPUJIOKEHUSIX, SIBJIsIETCS OY-
neBa anrebpa. Ecnu cTpykTypa npexncrasieHa B
TEPMHUHAX KOHKPETHO OIpPEIETICHHbIX MPABUII IIpe-
00pa3oBaHus €€ COCTOSIHUI, TO B OCHOBY BCEX pac-
CYXXICHMI KiIaieTcs OHSTHE IEHCTBYIOLIETO 3Jie-
MEHTAa, OITMChIBAEMOT0 TpaHchopMaluei (mpeoo-
paszoBaHueM) BeKTOpOB. CTPYKTYpHBIE OTHOIICHHS
00J1a1a10T ONpeIeJIeHHON YCTOMUNBOCTHIO, MHBA-
PUAHTHOCTBIO OTHOCUTENIBHO PA3JIMYHOrO pojia
BHEIIHUX BO3JENCTBUI, B YACTHOCTH, OTHOCUTEIb-
HO 3aMEHBI 3JIEMEHTOB CTPYKTYPbI HA UIEHTUYHBIE
UM B MATEMATUYECKOM CTPYKTYPE.

PaccmaTtprBaemelil HAMH BOITPOC OTHOCUTCS K
anreOpanyeckoii K — Teopun — pasneny nuHeiHo
anreOppl, KOTOpasi B OCHOBHOM 3aHUMAETCS U3yue-
HueM K — (yHKTOpPOB M UMEET JeN0 CO CTPYKTYp-
HOW TEOPHUEN MPOEKTHUBHBIX MOAYJIEU U UX TPYII
aBTOMOP(U3MOB, MHAUE, ITO 000OIIECHNE PE3yiTh-
TaTOB O CYILIECTBOBAHUHU U €AMHCTBEHHOCTH (C TOY-
HOCTBIO 10 aBTOMOP(}U3MOB) Oa3nca BEKTOPHOTO
MPOCTPAHCTBA U APYTUX OOILLIUX TEOPETUKO — IPYII-
MOBBIX (PAKTOB O JIMHEHHBIX TPYIIIAX Ha/I TOJISIMHU.

J — mpoCTpaHCTBa MOCTPOEHBI OT HAYAIBHBIX
Moeneil (MpocTpaHCTB (PyHKIIUI ¢ CHCTEMOH pas-

JUYHBIX 00IacTel onpe/enieHus) — uepe3 popmy-
JINPOBKY UX AKCMOMATHUKH — K «KKaHOHUYECKOM pe-
aNM3yeMOCTH» J— MPOCTPAHCTB B KJIacce MCXO-
HBIX (DYHKIIMOHAIBHBIX ajareOp (Tpymibl MoacTa-
HOBOK — a0CTpaKTHBIE TPYIIIIBI — PEryJIspHas Ipe-
craBuMocTh rpym o A. Kenn). Takum o6pasom,
J- npocrpaHcTBa 1aI0T aKCHOMATUYECKOE OIHCa-
HYe anredpandeckux (PyHKIUI ¢ CUCTEMOM pa3imy-
HbIX oOnacrteit onpeneneHus. TUMIMYHBIE TPUMEPBI
J-IpOoCTpaHCTB 00Pa3yIOT TP BUAA (PYHKIIUI: pa3-
HOpPa3MEpPHBIE BEKTOPHI, MATPUIILI PA3TUIHBIX
(dbopMaTOB M YACTHUHBIE OTOOPAKEHUSI.

J — mpocTpaHCTBa OTHOCSITCS K KJIAcCy IMpo-
CTEeMILNX, B HETO MOMAIat0T, B YaCTHOCTH, BCE KJ1ac-
CHYECKHE BEKTOPHBIE IPOCTPAHCTBA, T. K. OHU TPH-
BUAJIBHBIM 00pa30M MPEICTABUMBI IIPSIMBIM TIPO-
M3BEJEHUEM OJITHO3JIEMEHTHOM MOJIypEelIeTKH Ha
caMo MPOCTPAHCTBO. (3/1€Ch OOIIENPUHSATHI TEPMH-
HBI; TIOJTypeIeTKa — KOMMYTAaTUBHAS MOJIyTrPyTIIa
WUJIEMIIOTEHTOB, «JTMHEAID — JIMHEHHOE (BEKTOPHOE)
MIPOCTPAHCTBO HaJ HEKOTOPBIM MojeMm). dpyroit
TIOJIIOC 3TOTO Kjlacca 00pa3yloT caMy MOJTypeleT-
KH, 10O KaXXKIas U3 HUX TOXe n30Mop(dHa mpouns-
BEICHUIO €e Ha HyneBou nuHean. OCHOBHOH Xe
COCTaB YKa3aHHOTO BbIIIIE KJlacca 00pa3yroT HETpH-
BHAJIbHBIE COOCTBEHHO J— ITPOCTPAHCTBA, TIPe/ICTa-
BHUMbIE TPOU3BEACHUEM HEOTHOIIEMEHTHBIX MOy~
PELIETOK U JINHEAJIOB.

it oqHO3HAYHOCTU AaJUM OIpeelieHue
TepPMUHA;

J-IpOCTPaHCTBO — 3TO MOIYTPYNIIOBOM aHATIOT
KJIACCUYECKOTO BEKTOPHOLQ (SJIMHEHHOTO) IPo-
CTpaHCTBa, T. €. anrebpa T ={T;+, (k F)} , B KOTOpOU
cloXeHue [+] acconMaTUBHO, KOMMYTaTUBHO U
OOBIYHBIM 00Pa30M COTJIIACOBAHO C OIMEPATO-
poM [E%ESD F)] YMHOEHHUS Ha 3JIEMEHTBI MO

F=<F+0,~1> mustBcex K, mOFux,yOT
uMeeM: K'(x+y)= k'x+k'y u (k+m)-x= k-x+ m-x
BepHbI Takke akcuoMbl: K-(m-X)=(km)-x, 1-x=x.

OcHOBHas CTPYKTypHas IpoObiieMa anreOpbl
3aKJII0YAETCs, BO-TIEPBBIX, B yCTAHOBIIEHUH Pa3JI0-
JKUMOCTH JAHHOW anreOpandeckoil CUCTEMBI Ha
0oJiee MPOCThIe KOMITOHEHTHI, U, BO-BTOPbIX, B Ha-
XOKJIEHUM KOHCTPYKTHUBHOM MpOLEAYPHI, TO3BO-
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EctecTBeHHblIe Haykun

JISOLIEH OCYIIECTBIISATh 00paTHOE — BOCCTAHOBJIE-
HUE, CHHTE3 pacCMaTPUBAEMOM CUCTEMBI U3 COBO-
KYITHOCTH ITOA0OHBIX KOMITOHEHT. Besikoe Takoe J-
MPOCTPAHCTBO MPEACTABUMO Pa30MEHHEM Ha CO-
CTaBJISIONINE BEKTOPHBIE MpocTpaHcTBa. M obpat-
HO, €CITM 3aJITaHa KaKas-JIM0o cucTemMa {T E}ED= BEK-
TOPHBIX IpocTpaHcTB T,, TO KOHCTpyHpyercs J-
MPOCTPAHCTBO, COCTABIISIONIUMHI KOTOPOTO OYAyT
(C TOYHOCTBIO 10 M3OMOP(U3MA) U ITH T.. B [2]
M3JI0KEHO PEIIeHHe 33191, IO KOTOPOMY OKa3blI-
BaeTCsl, YTO MPOU3BOIBLHOE JIIPOCTPAHCTBO U30-
MOP(}HO Morpy’KaeTcsi B CBOIO HAIAITEOPy C «Kpaii-
HUMU — HAMMEHBIITUM 1 HAUOOJIBIIIMY» COCTABIIS-
FOILIIUMU.

B aT0i1 ke onTUManbHOM HamanreOpe Haxo-
JIIT TIOJIOKUTEIPHOE PEIIeHHEe BOTIPOC O TaK Ha-
3BIBAEMOM «HACHIIIIAEMOCTH HAaMOOJIBIIIETO» CO-
CTaBJISIIOIIETO, YTO OTKPBIBAET MOIXO K BaXKHOH
npobiteMe 6a3uca B JpocTpaHcTBe. (3mech MoHs-
THE «Haganreopa JIpoCcTpaHCTBA» 3aMEHSIET TPO-
MO3/IKYIO (hpa3y «Had FIIPOCTPAHCTBO JFIIPOCTPaH-
CTBa», & KONITUMAJTbHASD TTIOHUMAETCS B OOIIETIPH-
HSITOM CMBICITE, 2 IMEHHO,— «HAWTy4IIas, Hanoo-
Jlee OnmarompusTHas»). Torma oCHOBHOW KapKac
MOCTPOEHHS ONTUMAJILHOM HATaareOphl ¥ MPUCO-
eIMHEHMS KpAaHHUX COCTABIISIONINX 1O TAHHOMY J-
npocTpaHcTBY T MOKET PEACTaBIISATH CIIe Yy oIast
cxema:
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B Hariem ciydae, st IpOU3BOJIBHOTO, HE 00sI-
3aTeJIbHO KOHEUYHOro Habopa MHJIIEKCOB =, 00Ja-
JIAIOIIEro KaKuM — JIM0O MOPSIKOM HIIH BOBCE He-
YIOPSAOYEHHOT O, MHOXKECTBO [1¢= L —3TO coBO-
KYIHOCTh BCEX «= — KOpTe)Keﬁ>><Xp>pDE TaKHX,
uyro X, UL, (p O E). M npu ocy1iecTBIEeHUH OCHOB-
HOW KOHCTPYKIIUU MBI ITOJTy4aeM HEKOTOPOE YTs-
JKEJIeHUE HATTISITHOCTH: «KOPTEXKHU KOPTEKE».
W3 npeaioxkeHHOM BBIINIE CXeMbl BUHO, UYTO
JUI JIIPOCTPAHCTB pellieHa OCHOBHASI CTPYKTYP-
Has IpoOyieMa anredpbl U YCTAaHOBJIEHA PEryJIsip-

Hada NMpeACTAaBUMOCTDb B KJIaCCC 6I/I€KI_II/II\/'I. \]-HpO-
CTpaHCTBa MOXHO HUCIIOJIb30BATh IIPH ICPEXOALC



JinnunuHa B.B.

AHanus J-pocTpaHCTB U BOMPOCHI UX MPUITOXEHWNH

OT (pyHKIMOHATBHBIX MPOCTPAHCTB HA €IUHOM
o0JracTu onpezeiieHus K anredopam QyHKIu, 3a-
JIAHHBIX HA TMOJYpPEIIeTKE Pa3IMYHbIX MHOKECTB,
HECOBIIaJIeHue 00JacTel 3aJaHusl IPUBOAUT K SIB-
JISI€TCSI HEOAHO3JIEMEHTHOCTH MHOKECTBA HYJIEBBIX
(YHKIIUMH «CHCTEMBI WAEMIIOTEHTOB»— OCHOBHOM
cneuuduke JIPOCTPAHCTB.

A B[8] (T.4, cTp. 423) naetcst «hyHKIIMOHATb-
Hoe» ompeneneHue: [lgz Ly -MHOXKECTBO TaKkuX
dynxumiif 1= - Uzmz Le  urof(§)0L; ams kaxmo-
ro&0=. Takas «(pyHKIHOHATIbHAS UHTEPIIPETa-
LMD IO3BOJISIET JIENATh OMIMCAHYE TTIABHON U3 MPH-
MEHSIEMBIX KOHCTPYKIIMI 00Jiee TPOCThIM.

H3zyuenue Teopuu J — mpoCTpaHCTB UMEET, HE
TOJIPKO KJIACCHYECKOE OMpaBAaHMe, HO OTKPbIBA-
€T, Ha HaIll B3TJISII, HEMJIOXME MEPCIEKTUBBI TSI
Pa3BUTHUSI CAaMOM TEOPHUH, & TAKKE MTO3BOJISET CO-
31aTh CIIOCOOBI MOCTPOCHUSI MO/JIEJIEH, B YACTHO-
CTHU, I HAXOXKJIEHUS MPUIOKEHHUI K TOCTpoe-
HUIO MIPOCTPAHCTB peIIeHUH TruddepeHIInaTbHBIX
YPaBHEHUH.

Bcraer 3amaua vccnenoBaHus OCTPOCHHOMN
CTPYKTYPBI, BBISBIIEHUS JTOTHUYECKUX OTHOIICHUN
B HEH 1 OMCKA MPUIIOKEHUN B TAKUX CUCTEMAX, B
KOTOPBIX BO3MOXHO a0CTparupoBaHue OT COCTa-
Ba 3JIEMEHTOB M (PM3MYECKOTO B3aUMOICHCTBUS
MEX/y HIMH, OTHOIIIEHUS MEXTY KOTOPBIMH MO-
ryT OBITh CaMOW pa3HOW MPUPOJBI (IPOCTPAH-
CTBEHHBIE, BpEMEHHBIE, OTHOIIIEHUSI TOMUHUPOBA-
HUSI KOPPEISIIINK U T. [1.), TO €CTh U3yUEHHE KJIac-
COB CTPYKTYP OIPEAENISIeMbIX CPEACTBAMU 3TOTO
(hopMaTM30BaHHOTO SI3BIKA.

Haubonee ynobHO# 11l TpeCTABICHUS JIIO-
0011 TeXHOJIOTUU B (POPMAITBHOM BHJIE OKA3aJ1ach
CTPYKTypa, OUeHb OJIM3Kas K CTPYKType anrebpa-
MYECKOH CUCTEMbI B MATEMATHUKE.

DopmMabHbIE TEXHOJIOTUH, OTIEPUPYIOT C JIO-
OBIMH — peallbHBIMU UJTU BOOOpaKaeMbIMU (20CT-
pPaKkTHBIMU) 0OBEKTaMH (POpMaITEHBIM 00pa3oM —
TO €CTh B COOTBETCTBUHU CO CTPOTUMHU (POpPMAITh-
HBIMU MTPABWIIAMU, OA3UPYIOIIUMHUCS HA MOIIIHOM
MatemaTtudeckoM pyrnamenTe. [Tpmuem, ecnn ma-

CHucoK UCNOJIb30BAHHOM JINTEPATYPhbI:
1. Bupkro¢ I'. Teopus pererok. — M, 1984.

TeMaTuKa paboTaeT B MEPBYIO OYEpeNb C YUCIIO-
BBIMHU WJIM KOJIOBBIMHU TMPEICTABICHUSIMHI 00bEK-
TOB, TO (POPMAIIBHBIE TEXHOJIOTHH — C JIFOOBIMU UX
MIPEICTaBICHUSMU — YUCTIOBBIMH, T€OMETPHUECKH-
MU, MOJIEIbHBIMU, (PU3UYECKUMH U T. 1.

DTO ¥ MOHATHO: pa3 popmabHas TEXHOJIOTHS
SBJISIETCS CBOCOOPA3HBIM pACHIMPEHUEM CaMOU
MaTEeMaTHKH, TO €CTECTBEHHO, (DyHIaMEHTaJIbHbIE
MaTeMaTU4YeCKue KOHCTPYKIUU JTOJDKHBI COXpa-
HATH CBOIO 3HAYMMOCTH M B paMKax HOBOW KOH-
neruy. CorjlacHO eif Jirobast KOHKpeTHas Ghop-
MaJlbHasi TEXHOJIOTHUSI MOXET OBbITh 3a/laHa C TO-
MOMIBIO IBYX MHOXECTB — MHOXECTBO MCXOIHBIX
(6a30BBIX) OOBEKTOB Ollepaluu («3JTEeMEHTOB
0a3b») 1 MHOXECTBA CAMUX OIepaluii HaJl STUMHU
00BEKTAMH, TIPUYEM JISI CAMOPA3BUBAIOIIMXCS
TEXHOJIOTUYECKUX CHCTEM ITOCIIEHEE MHOXKECTBO
MOXET OBITh ITyCTBIM.

[Tpumepom mpuMeHEHUs anredpandecKux
CTPYKTYp, alredpandeckoil reoMeTpun, reOMeT-
pun JIo6a4ueBCKOT0 1 HEKOTOPBIX MATEMATUYECKUX
METOJOB, 10 CUX IOP MPUMEHSBIINXCS JIMIIb B
MOJETUPOBAHUN KOCMHUYECKUX TPOLIECCOB, SIBIIS-
I0TCS HAHOTEXHOJI0THN. HanotexHonorum no3so-
JISIIOT CTPOUTH BEIIECTBO I10 3apaHee pa3padboTaH-
HoMy Tutany. dPusnveckre CBOWCTBA HAHOOOBEK-
TOB 3HAYUTEIHBHO OTIMYAIOTCS OT XapaKTEPUCTUK
MIPUBBIYHBIX MATEPUAJIOB. B HAHOBEIIECTBE AKTHB-
HOM SIBJISIETCS TPAKTUYECKH BCSI TOBEPXHOCTD, B TO
BpeMS KaK B OOBIYHOM BEIIIECTBE BHEIIHSISI TOBEP-
XHOCTbB COCTABJISIET HE3HAUUTENTbHYIO YacTh. OTCIO-
Jla YOIUBHUTEIIbHbIE CBONCTBA HAHOBEIIECTB, IS
OTIMCAHMS KOTOPBIX HE MOAXOIAT TPATUIIUNOHHBIE
METO/Ibl MATEMATHKH, HY)XHbI KBAHTOBBIE TIPE/I-
crapienus. Mccnenosanusamu [9] mo MojienupoBa-
HUIO ¥ TIOJTyYSHHIO HAHOMATEPHAIOB yCTAHOBJIE-
HO, YTO HOBBIE MaTepUaJIbl OTIMCHIBAIOTCS B MHO-
TOMEPHOM MPOCTPAHCTBE.

Taxum 06pa3om, THTEPECHBIM MTPEICTABIISAET-
Cs U3y4EeHHE BO3MOXHOCTEN J— IMPOCTpaHCTBA [
KOHCTPYKTHBHOTO MOJETTUPOBAHHUS HOBBIX TEXHO-
JIOTUH.
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