[HeIONBIKEBIX 8Bes/l AnnAerca Gecromewno GecKOREUHRIM HIH
feCKOHETHOCTLI0 GECKOHETHOCTH 1O OTHOIIGHNIO K AWaMeTpy
mraprka. Byecro Geckomeuno Gompmoro miam GeCHOHEYHO Ma-
JIOTO KOMMYECTBA MOMKHO B3ATH KOJIHYECTBO HACTOJNBKO (ONb-
1Ioe WIE Maloe, HACKOJILKO 9TO HYKHO, 9T00L omEOKa He
npessaia sagapnoil. OTnmume 0T apXEMeZOBCKOTO CTHIA
pacCy/MAeHAI JIUNIE B BHIPAJKEHHAX, KOTOpHe y Hac Goixee
HETIOCPEJCTBEHHBIE W JIyTNIe IPHCIOCONIEHE IS HCKYCCTBA
usobperars» (e, 190).

«.Ecim Kro-To He jKeiaeT paccMaTpHBATH GECKOHEUHO
GoNpIIEe H MAjble B CTPOrO MeTaU3MIECKOM CMBICIE, KAK
peaibHO CYIIECTBYIOINEE, OH MOKET IONB30BATHCA HMH KaK
,,IACANLELIME MOHATHAMH', KOTOPHIE COKPAIAIOT PAaCcCyMie-
HuA, H0{00HO MHEMBIM KOPHAM B OOBIYHOM amHaumae (BpoOje,

nanpasmep, ¥—2)... Tarmm ke o6pasoM npefcrasisior Gomes
TpeX H3MepeHHil..— BCe 9TO JiA YCTAHOBIGHUA HjiecH, clo-
CoGHLIX COKpAllaTh PAaCCY;KAGHHA B OCHOBLIBAIOIHXCA HA
peansHOCTAX.

He caenyer sce ke BoOGpaskarh, 4TO0 Hayra 0 GeckoHed-
HOM VHEH/RAGTCHA BTAM OODSCHEHHEM H CBOJHTCA K (DEKOUAM,
Rr0O HOCTOAHHO OCTAETCSH, TOBOPHA ASBIKOM CXOJACTHKH, CHH-
rarteropeMaruieckag GeckomeyHocts, Hampumep, ocraercs
BepubiM, uro 2 pasmo 1/1+1/2+1/4+1/8+1/16+ 1/32
B T. K., 9TO €CTh OECKOHEWUHHI pAN, B KOTOPOM cOmepmarcs
cpasy Bce napoGm ¢ umeaureneM 1 ¥ €O SHAMEHATONAMH,
o0pasyOUAME Y[BAHBAIONIYIOCH TEOMETDPHYECKYK NpOrpec-
CH10, XOTA 87leCh YIOTPeGMAIT BCe BEpPeMA JHIIL OGBIKHOBEH-
HBI@ THCIA N XOTA He BBOIAT HOKaKOil GecKoHeIHO MAaJoil
_ npobm mam npobum ¢ GecROHEYHBIM SHaMeHaTexeM... Ilpasmna
KONETHOI0 COXpAHAT CcIy B 0eCKOHeuHOM, KaK ecad Obl
CYIECTBOBANH AaTOMBIL.., XOTA OHH BOBCé HE CYIIECTBYIOT,
g00 Matepua B jeiicTBuTenpHOCTH MenmMma 0e3 KOHIA, H,
HaobopoT, mpasmia GeCROHETHOTO COXPAHANT CEIY B KOHEU-
HOM, KaK ecad On mMeJguch MerTa(H3mIecKde GECKOHOUHQ
MaJEe, XOTA B HAX M HeT HYKAHM H XO0TA felJeHAe MATEDUH
HUKOT/IA He TIPHXOAHT K GeCKOHEYHO MAJLIM JACTHNAM, JTO
06LACHASTCA TeM, YTO BCE YOpaBIsAeTcA pasyMoM H 910 mEA-
ye copceM EHe Oburo 6nl WA HayKd, HO IPaBWjIa, a 9TO HO
coriacosaioch Gb1 ¢ TpHpOMOi BepxOBHOro Hagana» (c. 192—
193). (910 BHCKaswBamme Jleli0EWIA MOKHO Ipm KenanmA
paccMaTpuBaTh Kak (JOPMYJNHPOBRY NPHHLUIA OEPEHOCA, YTO
NaeT eme OJHO OCHOBAHHE HASHIBATH €T0 TAKIKE {IPHHIHIOM
Jlefibamman.)

«..Ilo mpasje roBopa, A caM He CINIOKOM YOEMK[eR, 4To
HAJI0 PAcCMATPHBATL GecKOHeYHEe B GECKOHETHO MAJILIG HHA+
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e 9eM KAK HMealbmble BN W X0opomo ofocmopannsle QHK-
nuu...» (marmpyem mo [61], c. 263)

«..HecpaBuuMBIME BeIHYNHAMH 51 HA3LIBAI0 TaKWe, OJHA
3 KOTODPBHIX HHUKOr/la He CMOYKET HPEeB3OWTH ADPYryw, HA Ka-
KO KOHEYHOe YHCi0 ee Obl HH IOMHOJKUIH, TAK JKe KaK 3TO
poumMaer Eswrmup..» (c. 189).

Ilpusepmem eije HeckoNRrKO IjETaT (HA BTOT pas OTCYTCT-
Byonx B momorpadmm PofuncoRa), KOTODEIE MBI 3aHMCT-
ByeM s [7].

«..fl moramy, wro dzxdxr m ddr cyrs Beamumpnl, 0O
IIpE HX YMHO/KeHHHM Ha OecKoHeuHoe 4YmHCI0 (HO BHICIIEe,
nnm GecKoHeYHO 0ECROHEYHOe) OHHE JAT OOBIKHOBEHHEIE BE-
mugrHey (c. 188). '

«..]Ilpm norazatenscTBe A TNPHMENs)I HECPABHIMO Malble
REIUINHE], HALPIMEDP pPa3HOCTh JBYX OOEIKHOBEHHBIX BEJH-
uIH, HEeCPaBHUMYW ¢ CAMIIMI BejgmduHamum, Eean f  He
omudanch, HX MOKHO fcHee BCero OOBACHUTH TaKuM 00pa-
soM. Ecxm ®T0-mu00 He RENACT JOMYCKATH OECKOHEYHO Ma-
JiBle, TO OH MOReT HPUHUMATL BeJIMYHHLI HAaCTOJLKO Malbie,
HACTOJNBKO €My TPECTaBIgeTCA MOCTATOYHEIM, UYTO0H OHH
GbLIM HECPABHHMBIMI H I[OPOLIANH COBEPHICHHO HecyllecT-
BeHHYI0 omuOKy, MeHblny Bcaroit pawmuoil. ITomoGmo Tomy
KAK B CpaBHEHHHU ¢ HEGOM 3eMIA OPHHOMAETCH 34 TOURY,
& finaMeTp 3eMid 3a GECKOHEYHO MAJNyI0 NIIHINO, TaK MOYIIO
JO0Ka3aTh, UTO €CIW CTOPOHBI YIVIa BaKIIOTAIOT OCHOBAHEE,
HECPAaBHHMO MeHbillee, 4eM OHH caMd, TO o0pasyeMbiii myO
yron Oy/ieT HECPABHHMO MEHBIIE NPAMOTO, a PA3HOCThL CTO-
poH Gyfer HECPABHMMON ¢ CAMIMHI PAsHANIHMECH CTOPOHNAMH;
PA3HOCTH IIEJIOTO CHIyca, CHHyca MHOIONHCHHA H CceKaHca
TaK#e OyAyT HECPABHHMBI ¢ CAOMHMH DasHAIINMIICA, H TaKske
OyIyT C pasmoCTSIMH XOpjBl, AYIH H Tamresca. A Tak Kak
OHA CaMH CYTh GECKOHEeWHO Malsle, TO pasHocTH Oymyr Gec-
KOHEeTHO $ECKOHETHO MAaJBIMH H CHHYC-Bep3yc Gymer Gec-
KOHEYHO OECKOHETHO MAJIBIM H HCCPABHHMEIM C HPAMBIM,
VmeeTca GecKOHeTHO MHOIO MOPAJKOB KaK GeCKOHEUHHIX Be-
INIuH, Tak @ GeckoHeyHo Maubix» (c. 187),

«..HOBBII ABanu3 GeCKOHEUHHBIX pPACCMATPHOBACT He JIH-
AUA W He UHCIA, HO BEJNIHHLI BOOOINE, KaK 35TO AEJAAET
oOpikHOBeHHAA - Anredpa. JTOT AHamu3 COJEP:KHT HOBBII
AJTOPHTM, T. €. HOBHI c10cO0 CKIAZBIBATH, BEIYHTATH, YMHO-
yarhb, JeNHTh, H3BIEKATh KODHH, COOTBETCTBYIOMMI He-
CPaBHUMEIM BeJHTHHAM, T. €. TeM, KOTOphble OECKOHEIHO
BeJUKH HIH (eCKOHEYHO MANhl B CPABHEHHEH € ADYTHMH...»

(c. 166).
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Meronrt Jleii6runa rocnoacTBOBAAR B KOBTHHEHTAMBHOR
Espone B Teuenme Gomee wem 50 mer, Opgmaxo Bo Bropolt
monoBrEe XVIII crosmerms mavanmcs NOHCKE anbTepHATHB-
HBIX OyTe#l HOCTpPOEHHA aHAnU3a. B KagecTse TAKOIro NyTH
Jlarpam mpejnaral paccMaTpPHBAThL PA3NOKeHHA (YHRKIIN
B CTeIIeHHBEle PAJLI, MPeANONATas, MO-BRAUMOMY, WTO Jiolad
nE 104TH Jio0ag QYyHKUMA MosKer OBITh PA3NOKEHA B Ta-
Koif pax. Jlamambep mpejnaran momsTHE LpejeNa B KadecTse
BCXOJIHOT0 JUIA MOCTPOCHHA MareMaTHYecKoro axanmsa. OH
mueax;

«['oBopAT, 9T0 ofiHAa BeamUAMHA ABIACTCA NpPENeIOM NPY-
roff, ecam BTOpad MOieT NpPEGIMBUTHCST K mepBoit Gamie,
9eM Ha J00YI0 3aaHHyI0 BeXMunHy.. Teopmsa mpepelios AB-
asetcA ocHoBamumeM mojnunpol Meradumsurmn puddepen-
OAQJIBHOIO0 HCYHCJAeHHA.. B anddepennmanbroM meumelennn
peub HACT He 0 OECKOHEYHO MAJBIX DEANYNHAX, KAK B5TO0
00BITHO YTBOPHNAIOT; pedb HJeT JUILb O IpeJelnax KOHel-
HBIX BeautnH.. TepMmuuoM «0CCKOHEUHO Madaf» NOJL3YIOTCHA
JIAIE KaK COKPAIIGHAEM...»

I BeickaseBanuna Jlamambepa BRINVIAIAT KaK M3I0KEHIS
(x0T I He BIOIHE TOUHOE) COBPEMCHHOH TOUKH 3peHHS Ha
npeged. Moo Obiio Onl IpeION0RATE, 4TO € DTOTO Bpe-
MeHE NOHATHE OECKOHCYHO MAJLIX Gy/leT MOJHOCTHI YCTpa-
Heuo. J710, 0/[HAKO, He Tar. Howmu, paccMaTpuBaeMulll 06EITHO
KaKk OCHOBATC/Jb COBPEMEHHOIO LIOXX0Ja K IOCTPCEHHI0 aHa-
733, HCIIONb3yeT NOoUATHE OCCKOHEUHO MaJoli BeJHYHHEL.
Ilbitasich O0'BACHHTHD B COBPEMEHHHIX TCPMHHAX, uTo Homm
HAa3BIBAET «BEJAMYHHOII», MOMKHO UPEINONOKUTL, UTO BETUTH-
Ha — 3T0 (PYHKOHA ¢ JeliCTBHTENLHBIMU SHAYENHAME, OIpe-
NeleHHAA HA YUOOPAMOUCHHOM MHOJKeCTBe (e3 HambGOILIIero
aaementa. Homm, ofHaK0, OTHIONbL HE CBOJUT BEJAIHHHI K
pyurrmam. HaoGopor, om rosopur o QyHKGHA RKaK 0 COOT-
HOUIeHNH, CBA3BIBAIONIEM /Be Beduduubl. B erc manosmxenum
0eCKOHCTHO Majbie W Ipefessl (PUIYPHPYIOT KaK PAEHOIPAB-
Hble KOMIOHEHTH 000CHOBAHHMA aHAJH3a,

Hpounaocrpupyem crmias umanokenus Howm ma mpnme-
pe 3HaMeHHTOH «omimOku Homny — ero «J0Kz3aTEaBCTBA»
TOrO, 4TO cyMMa (yHKNUOHAXLHOro pafga u,(z)-+ n,(z)+...,
COCTABICHHOTG N3 HENPePHIBHBIX (PYHKIEN, HenpepslBHA.
QOopmyauposka Homra Boirasgut suonne cospesenHo: «Ecam
pasiIHnuHbIe WIEHH pAAa.. ABNAITCA (DYHKIHAMK OXHOH n
T0il ’Ke IepeMEeHHOH &, HENPEPHIBHBIME IO OTHOINEHHIO K
a70il mepemennoil B OKpeCTHOCTA RawHOH TOYKH, B KOTOpOit
PAR CXOZUTCA, CyMMa pAfa TarkKe ABJAAETCH HENPRPHIBHOM
B OKPECTHOCTH 3TOH TOUKHY,
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JloKasaTeabCIBO, OfIHAKO, AMEMIHPYET K GeCKOHOTHO Ma-
amM BelmdmHaM. BBoada o6o3nadeHnA

g (z)=u,(z)+...Fu, (5:7,
s(z)=1lims.(z), ra(z)=s5—s.(x),

Homm paccMaTpuBaeT «OpHpalleHNf, KOTOPHE MOJNYYAIOT BTH
Tpr QYHKOEHA, KOIfla 2 YBEIMIABACTCA Ha GECKOHETHO Ma-
ayo sexqmumny. Ilpmpamenue s, Gymer GeckoHedHO Mauoil
BOIMYARON...; OPHPAINEHNe I, CTRHET HECYMECTBeHHEIM...,
€CJIA BBATH N 09€HB GONBIIHM...».

Ha srom paccyxpenue Kowm saxamgmpaercsa. B repmum-
HSX HECTAHIAPTHOTO AaHalm3a ero MOJKHO IPOUATATH TaK:
pasuocts |s(z+a)—s(z)| ouenusaerca kKak He IpPeBOCXO-
gaman [s(z+a)—s.(zta)l +is.(z+a)—s.(z)| + Is(x)—
—s.(z)!, Bropoit wiem OeckomeuHo Manx upEm GECKOHETHO
MalBX ¢, & Hepsulid u Tpertuil GecKoHeIHO Maln Opm Gecko-
geuno Gomemmx n. JT0 paccy)KjeHHe, ONHAKO, HEBEPHO:
8. (z+ a)— s.(x) Geckomeuyno Man nmpu GeCKOHETHO MAJBIX ¢
B cTaEXapTHHEX n (a Be mobnx!).

BepmysmmEcs K sTOMY yTBep:KAeHMIO (Ve TOCIe NpEBe-
RKeEHOro AfeneM KOHTpOpEIMepa — pAfa ¥M3 HENPEPHIBHBIX
QyHKRImA, cymMmMa Koroporo paspsisea), Homu dopmynmpyer
TAKO® YTBEDIKIEHUE: 6CHH U;-— HEeHPepsIBHEIE (YHRIUD H
€CYMMa Un+ ... -+Upr—y Beerjia Geckomeumo Mala npm Gecro-

HETIHO GONBIIOM 1 B 1’ > ny, T0 PN Z L; CXORHTCH K HEIpe-
poiBHO# (yEKOuA. 3nech yixe u GopMyanpPOBKa TpedyeT meTol-
KoBaHAA, Ecam TonKoBaTh 9T0 TaK: Wp () + .o + Up—y(7)
Geckomeuno Mana mpm nw00bix GecKoHewHO GOMBUIMX N T
n’>n w moboM (He ofasaTenbHo cTaHAApPTHOM!) I», TO MBI
OPHEXOAEM K HOHATHIO PABHOMEDPHOU CXOAWMOCTH, (HIYPH-
PylolleM B COBPCMEHHOM BAPHAHTE AHAJOTHIHOW TEOPeMEHI
(o mempepsIBHOCTH Hpefella PAaBHOMEPHO CXONALIETOCA pAja
HeIIpepHBEBIX (PYHKIH).

Crazanmoe IOKa3biBaeT, 4TO TOYKa spemma Homm, mo-mm-
JEMOMY, Be TaK HpOCTAa ¥ HE CBOAUTCH, K&K 3TO MOJKET
I0Ka3aThCHd, K HEYETKOMY H3JI0;KeHNI0 HAIIUX HEIHOITHHX
B3IVIANOB.

Ha sroMm MBI BakomzuM 0030p «zapesmcil» HCTOpHE He-
CTAHJAPTHOTO MATEeMATHIECKOTO0 AaHAIHm3a (B KOTOPOM MEI
crefopanm PoGmmcomy) m obparmMmcda x papyromy, Goiee co-
BPEMEHHOMY HCTOTHHKY II€CTAHJADPTHOTO AHAIH3A — MATe-
MATOYECKOE JormKe. DBolee KOHKDETHO, STHM HCTOUREKOM
CTANIA HECTAHJAPTHHI® MOJeNA AKCHOMATHYECKHX CHCTECM.
O mEx MH pacckaikeM B clefylkomem maparpade,
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§ 13. POBUHCOH H «HOBAS HCTOPH Sy
HECTAHZAPTHOIO AHAJN3BA

Arcmovarmueckmit MeTo[ m3yueHud KAaKOH-TO MAaTeMAaTH-
YecKo# CTPYHTYpH cocTonT, rpyGo TOBOpPA, B CIEIYIOIEM.
Mel BLIjiesiieM HEKCTODHI® CBOHCTBA paccMaTpHBaeMOil CTPYE-
TYpLUl H HA3HBAEM HX &KCIOMAMH, 3aTeM MEI BHIBOJEM I3
AKCHOM DA3NAYHEIE CHeJCTBHA (T€0DPEeMEl). JTH TeopeMEl §y-
AYT HCTHHHBI B paccMmarpuBaeMoil crpykrype. Boxee toro,
oHA GyAyT HCTOHHB HE TOJIBKO B PAcCMATDHBASMON CTPYK-
Type, HO H B JwGoil fpyrofi, B KOTOpOil MCTEHHET AKCHOMEL,
Mosser orasaTbCff, WT0 CYIIECTBYeT MHEOTO CAMBIX DA3HHIX
CTPYRTYP, YHAOBIETBODAIOINUX AAHHCH cEcreMe axcmoM. Ham-
7aA TaKkas CTPYKTYpA HASHBAaETCA Modeavlo paccMaTpuBaes
Mol CHCTEMEI AKCHOM, XOPOIIO HWIH ILIOXO, ecld CHCTOMA
AKCHOM HMEET MHOTO Pas3imyHbix (HemsoMopdHEIX) Morxenei?
OT0 SABHCHT OT TOIO, ¢ XAKOH IeNBi0 CO3/aBANach aKCHOMA-
radeckan CcEcreMa. EKemm oma, mojc0HO CHCTeMe AKCHOM
moJiA, OpegHASHATEHA JUIA TOro, 4To0Bl BEIENHTH OOINHS
CBOMCTBA PAsAMYHAEIX CTPYRIYD H €JWHBIM METOJOM WOXYZATh
PesyanTaTH 0 BCOX 9THX CTPYRIYPAX, TO WeM pPaanoo0paszHes
MOZeNE bToH AKCHOMATHIOCHON CHCTeMy!, TeM Jaydme. Pas«
HooOpasume MOJieNel CHCTeMBl QKCHOM HONA CBHAETENLCTBYOT
0 WEPORCH DpmMeEHMOcTH Teopum moxei. (To me camoe
MO/KHO CKa3aTh ¥ IPO 8KCHOMBI FPyON, Kojeq @ T. H.)

CymecTeyer, OfRHAKO, M APYroii HOAXON K AKCHOMATHIE+
CHUM CHCTEMAM, COTIACHO KOTOPOMY AKCHOMATHYOCKAS CHCTO=
Ma [oMKHA BOBMORHO GoNee MOTHO OTpa:RATH CBOHCTBA
OAHHOA KOHKPSTHOH CTDYKTYDE], HANpHMep MHOMECTBA Has
TYpaIbHHX 9YEced., IIpmMepoM aKCHOMATHIECKON CHCTEMSI,
COBHAHHOH ¢ TaKOll IeAblo, ABIAITCA arcmoMEl Ileamo, xa«
PAKTepUBYIOUNe HATYPAJXLHEIA DA KA MEOKECTBO N ¢ BH-
ReNeHHKIM BIEMEHTOM (ooosnaqaemux O H HA3LEIBAEMBIM
ByieM) H o;mouecrmon omepamnumeit {oGoamavaemolf S m Has
srIBaeMoit mpubapieHmeM eJUEHIHE! WJIH B3ATHEM HOCIEAY-
IOLIero) :

1. YVa (0= 8 (a)).

2, YaVb((S (a) = S (b)) = (a = 1)).

3. (Arcmoma wmapgyruum.) Ecnm mmoxkectso M <N ra-
KoBO, 910 O € M 1 mna Bearoro a € M eemmongeno S(a)s M,
10 M =N,

OTH AKCHOMB! IDPeJHASHATEHE [JIA TOr0, ITOOH KaR MOIK-
HO HOJIHEe OTPAKATE CBOUCTBA BaTypaldpHHX wmced. [losromy
ofmapyeERe CTPYKTYPH (MHOxECTBA N 6 BRIIGISHHEIM
BIEMEHTOM M OAHOMECTHOR omepanmedi), KoTopas yAOBJIET-
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popana GBI OTHM AKCHOMAM, HO CHIbHO OTJIEYANack 6 or
00BITHOIO HATYPaJBHOLO pHfa, 03HAYANO OBI, YTO TH aKCUO-
MEl HeyopieTBopETenbHBL. H cuacThio, OKaswIBaeTCcda, UTO
HaflTH Takyw CTPYRTYpYy Henssd. Mmenno, mMeer MecTo
TaKoe yTBeps;ijeHue (KarTeropmyHOCTh akcmoM lleaHo).

IIyers N — mpomasonbpEOe MHO;KecTBO, O — mioBoil aie-
MeHT N m S — Qymruma, onpefenesnad #a N co 3HaIeHHA-
Mr B N, mpnueMm seimommensi csoitcrsa 1—3. Torma cyme-
CTBYET B3aMMHO OJ{HO3HAUHO® COOTBETCTBHE MEKAY MHOjKe-
crBoM N @ o6HYHBIM EaTypaibEbM pagom N, mpm xoropoM
spnemertry Oe&N coorsercrByer HAaTypamnbHoe wmeao O,
a ¢ysruma S mepexonuT B yHKINI NpHGABICHUA €TIHIIE!
(rak rosopaAr, ctpykrypul N @ N maomopdmmn).

JlokasaTeascTBO 9TOTO0 YTBEP:JEHAA [OCTATOYHO HPOCTO,
¥ MBl DpHBeeM €r0, YCTAHOBHM HCKOMOE COOTBETCTBHE Ta<
KHM o0pasom:

Harypannesie wmcna daeMertt N
0 0
1 S (0Y
2 S(S(0)y
3 S(5(5(0)))

O6osmaums S (S (... S(0)...)uepes S™(0), Mo:KHO CKA3aTH,
RS e
m pas

910 HarypamsHoMy umcay m& N craBuTes B COOTBETCTBHO
saement S™(0)e N, Hy:muo fokasath, 9T0 9TO COOTBETCTBHE
B3ANMHO OHO3HAUHO, T. 6. 4ro S"(0)# 8"(0) npm m+*n
n u9ro nwboit z =N paser S™(0) mpm meroropom me N,
Ecnr $™(0)=8"(0),m#*n u m,n>0,108™*(0)=8""*(0)
mo axcuome 2 [rar man S*(0)=S(S*-1(0))]. llpmmenas
BTO pacCy:KIeHHEe HECKOJIbKO pas, HaxopmM,dro S™ " (0)=0,
T. e. S(a)=0, rge a=S"""'(0) (ana oUpeAETeHHOCTH MEHI
paccMaTpHBANA Caydail m > n). A 5T0 IPOTHBOPEYAT AKCHO-
Me 1. Uro6m saBepIIuTh JOKA3ATCJNBCTBO B3AHMHOH OHO-
SHAUHOCTH, HY/KHO DOOKa3aThb elle, 9T0 MHOMKecTBO M =
= {0, §(0), ..., S*(0), ...} cosnagaer co Bcem N. Iro BHe~
HOCPEJICTBEHHO CJIeyeT B3 aKcHmoME Hugyknuu. Mraw, B3a-
AMHAA OJHOBHATHOCTh HOCTPO@HHOTO. COOTBETCTBEA JOKa3aHa.
To, uro mpm »TOM COOTBETCTBHM HYNb HEPEXONHT B dle-
menr O, a ¢QyHKIEA DpnaBleHEA eJUHANN — B (DYHKIZIO
S, ogesupno. Taxum oGpasoM, KaTeropudrocTh akcuom Ileamo
moKasaHa, :

Tarkmm ofpasoM, MOMHO CKa3aTh, 9TO AKCHOME IleaHO
«IONTHOCTRIOY ONHCHIBAIOT HATYPAIbHEIG THCJAA,
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Opmako cucrema awxcmom Ileamo mMeer caenymolnmil me-
FOCTATOK: OHA IIPC/IOJNAraeT 3apaHee H3BECTHHIM IIOHATUE
MHO;KecTBa (9T0 HOHATHEe (QUIypuUpyeT B AKCHOME HHIYK-
pun). Xoresoch Gbl, YTO0B BCE AKCHOMBL OBIIM 3AlHCAHLL
B Bije OPMYyJ HEKOTOPOro fA3BIKA HEPBOro mopsjxa (ma-
1moio0ie MePBHIX JIBYX aKCHOM: 9TH AKCHOMBI HpPEJICTaBIAIOT
coboit opMysbl A3BIKA MEPBOT0 TOPAAKA ¢ OZHHM HYJb-
MECTHBIM H C OJ[IIEM OJ(HOMECTHHIM (DYHKI[MOHAIBHBIMH CHM-
poaamm). Hpwm stoM xortemocs Ovl, aroGrl ¢BOficTBO KarTero-
prguocTH (m30MOpQUHM BceX Mofelell Toli CHCTEMEI aKCHOM)
coxpaumiocs. H coskamenmio, teopema I'éfenss o moaxore m
€6 CJIEJCTBHE — TEOPeMa KOMIAKTHOCTH —— PaspyIualoT Ha-
RexAy Ha NOCTpPOeHHe KATeTOPHUNON CHCTEMBI aKCHOM B
AI3BIKE IEPBOTO HOPAAKA — TAKOH CHCTEMEI AKCHOM  HE CY-
HIECTBYCT HA AIA KaKoil CTPYRTYPH, cojepsramieit Gecxomed-
HOe dYHclio adeMenToB. IloscimM, moueMy Tak HOXYYAeTCH.
BosbpMem B KagecTBe cmcreMspl akciHoM MmHoskectBo I Beex
BaKpHITEIX (POpMYJ, HMCTHHHBIX B faHHO{I cTpykrype. flcmo,
4T0 3Ta CHCTEMa AaKCHOM caMas OoibINas M3 BCEX BO3MOK-
HBIX; €CJIM OHA OKAa’KeTCA He KaTeropnynoii, 1o #w mawbas
Apyrad cHCTeMa aKCHOM, BANNCAHHBIX HA TOM i€ A3LIKe, 06
Oynmer Rarteropuunoil. [lanee, mpmMeHsia paccyAeHuA, ama-
JOTHYHBIE HCIO0JIL30BAHHBIM B § 7, MBI MOJKEM IIOCTPOHTH
Mojenb MHOKecrsa I, CYIIeCTBOBamme KOTOpOil mpoTuBope-
9uT TPeGOBAHMI0 KAaTerCPUIHOCTH, HHLIMH CIOBAME, (HOCTAH-
JApTHYIO» Mogmeis MuokecTsa 1.

Hpuremennoe Beime o0cy;rmenue aKCHOMATUIECKOTO Me-
Tofla (BeChMa HETOYHOE M PACIJIBIBIATOE) MOHATOOHIOCH HAM
A TOro, WroOH 1TOKa3aTh, KAKEM 00pasoM NCCAe0BaHIE
BO3MOMKHOCTEH 3TOT0 METOJa NPUBOJAHT K IOHATHIO HECTAH-
papreO# Mofenu. I 1960 r. MeTOABI IIOCTPOEHHSA HECTAHTAPT-
HBIX Mojenell (H ¢ IOMOIBI0 YIABTPAQHABTPOB, H ¢ MOMOIIHIO
TeopeM IIOJHOTHI M KOMIIAKTHOCTH) Opuam JlaBio pazpabora-
HBl O XOPOIIO H3BECTHHl CHEIUaNHCTaM II0 TeopuE Mojeneii,
ofHEM m3 ocHoBartedxell Kotopoii 6511 A. PoGmucom. (Coser-
CKOMY YHTaTeJSi0 OH H3BECTEH II0 pyccKomy uepesomy [11]
€ro MOHOTpPaMH; HEeCTAHJAPTHOMY AHAJM3Y IOCBAIIEHH! TPH
8aKJIOUATENBHBIX Tnaparpadga 9»ToH MoHorpadmm — maparpa-
$rr 9.4, 9.5 u 9.6). OcraBanoch «BCero JHINILY COSTUHNTE MX
¢ HAeAMH O IPHMeHEHHH (eCKOHEeYHO MAUILIX BeJIHMYIH B aHa-
jm3e, UTOOBl HOJIOMKNTH HAYAM0 OYPHOMY Pa3BHUTHIO HECTaH-
AApTHOTO aHAJIH3A.

IIpocneamm 3a mcropmeit sroro passurusa, B 1961 r. mo-
aeunack cratba A. Polummcoma «Hecramgaprasii amamms»
B Tpymax Hmpepaamackoil aragemmm mayx [60]. B crarne
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fr1im maMeYeHH! KaK OCHOBHBEIC IOJO/KEHHES HECTAHNAPTHOTO
8HaTM3a, TAK H HEKOTODHIe ero NpPHIOKeHHMA (HampmEMep,
K aHaJATHUeCKoH Mexammke). B a1oit crarse PobGmucom,
B wacrEOcTH, nmcas: «Hamia rnaBmas Iesab — IOKA3aTh, 4TO
®TH MOJeJ N [RIOT eCTEeCTBEHHBIH IOAX0[ K CTApoid IOYTeH:
HoOif mpofieMe MOCTPOEHEA HCINCACHEHA, BRIOTApINero 6ec-
KOHEYHO GoxbiEe M OECKOHEUHO Mallble KoJmuecTBa. Hax:
XOpONIO H3BECTHO, HCIOJH30BAHHG 0ECKOHETHO MAanblX, Ha-
crofiumpo samjuimaemoe JleiGnunem m Ges KoneGammit mpm-
HEMaeMoe OitepoM, ObLIO JIe3aBYHPOBAHO C IOABJICHHEM
MeTofoB Homu, mocraBHBIIEX MATEMATHUECKWE aHAIH3 HA
TBEPAYIO OCHOBY». (3aMeTuM B CKOOKax, 9T0 3a TBEPHOCTD
OCHOBHI Ha[0 OBLIO IJATHTH M CIOJKHOCTBIO almapara, @ OT-
HajenmeM OT (PU3MIECKOH HATIAHOCTH.)

Hragr, no 1961 r. mousrme OecKOHEYHO MAJNOH L OCTO-
AERO# Beamuunnl, GECKOHEYHO MAJOr0 9HCIA, TPETEPOBA-
Joch Kak B JIydiieM CIydae HeCTporoe, a B XxyjuieM — Gec-
emprcaennoe., Pobmucon [60] smepsnie ofmapy:xmi, uto ato-
MYy TOHATHIO MOKHO WPHJAATH TOYHBIA MaTeMaTHIeCKHH
emprcn '), (IlpnMeuartensHo, 4To DPHMEDHO B TO e BpeMsA
ObLI paspymieH H Apyroit Mmud) — mud o6 mHepPTHOCTH WHEPT-
HHx raszoB: B 1962 r. Geio o6HApDYIKEHO, WTO HHEPTHEIO
rasel COOCOOHBI BCTYmaTh B xuMmuueckue coepmmenusal [y--
MAeTCs, YTO 70 9TOr0 MOMEHTA K3 MHOIOX XHMHUYECKAX Ja-
Ooparopmit Golr OB ¢ T030POM HW3THAH BCAKHE COTPYRHHK,
KOTOPOTO HATAJILCTBO 3acTaN0 OBl 3a IOMBITKOH BACTABHTH
HEEPTHHIA ra3 ¢ 9eM-HuOY[b COeMMHUTHCA, JTOT MO30P MOt~
HO OpuI0 OBl CPABHHUTH JHIIb ¢ MO30POM, IOKPHIBABIIAM JCT
TPHAUATH HA3aJ BCAKOI0 MATEMATHKA, PaCCY/RIABIIETO O
GeCKOHEYHO MAaJbIX THCJAX.)

B Teuenue DOCHEAYIOMIHX BOCAMH JIeT BLUIIA B CBeT
Tpm Momorpadumm, H3jarallue HECTAHAAPTHYI TCOPHIO:
B 1962 r.— xnmra V. A. [[ix. JlokcemGypra «Hecranmapr-
Belit aHanm3. Jlekum;m o poOmHCOHOBOM Teopum GECKOHETHO
Mansix ® Oeckomedno Gouapumx uucen» [50], B 1966 r.—
kumra camoro A. Pobmncoma «Hecrampaprabiit amanma» [61]
B 1969 r.— kaura M. Maxosepa n J[x. Xmpmdenna «Jlex-
nna 0 HecTaHJApTHOM amamm3es [54] (w3 77 crpammm sTmx
«Jlernmity meficTBETeNLHOH NPAMON OTBEASHO HEMHOTHM Go-

') HamonmeHde CMBICJIOM HNOHATEH, TPajHOUOHHO paccMarpHBae-
MEIX KaK He HMeIOLHe CMBICJIa,— Ba/KHBIH [mar B Da3BHTHHE HAYKW,.
Opyrofi BaskHHI 1IOAr — OTHATHe CMBICAA Yy NOHATHH, TPARIRIHCHHO
OPM3HABAEMBEIX OCMBICASHEBIMA (HMEHHO TaR HOCTYORI JhHIITeHH ¢
ODOHATHEM OHOBPEMEHIOCTH, H 3TO HOJOKIIO HA4AJI0 TEOPHH OTHOCH-
1eJIBHOCTH),
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e ABYX! GHECTAHAAPTHHIA amann3» MOHWMASTCA BJech B
camoM mEpoKoM cumiicie). HamGoapmmit pesomaHC BEI3BAJIA
xuura Pofumcoma, Beiuegmas B m3secTBOH cepmm «Mccie-
MOBAHHEA II0 JIOTHKE H OCHOBAHMAM MaTeMaTHKHWy., B pgesaTH
[epBEHIX THaBax ©9TOH MOHOrpa(MHE CONEPIRANOCh KaK IO-
cTpoeHHES HeOOXOAHMOTO JOTEKO-MaTeMAaTHICCKOTO alrapara
{co ccoutkoit ma A. WM. Manrmeea xar aBsTopa Jeskamefl B
OCHOBE 9TOI0 AammapaTa TEOPeMEl KOMIAKTHOCTH), TaK H
MHOTOYHCICHHBC NpWIOKeHns — K JnuddepeHnuaibEOMy I
AETErpAJBHEOMY HCYHCIGHHIO, K 00L(eil TOmOJOIMH, K TEODHHA
$yERUmi KOMILIeRCHOH DepeMenHo#, ¥ Teopmm rpyon Jlm,
K rogpoamHaMuKke u Teopunm yupyrocru. Coenmalisublii mHTE-
pec IpejcTABIAET LOCJHeMHAA, JeCsAras INABa, B KoTopoit
ABTOP M37TaraeT CBOH B3IVAJ HA HCTOPUIO DPA3BETHA MaTe-
MAaTHYECKOTo aHanusa. XOTHA KEmra Po0mHCOHA, BEIgepHaB-
mas He OJHO H3JAHWEe, W CHIrPAJa SHAYATENBHYI0 pOIL B
pasBOTHH HECTAHJADPTHOrO AaHAJIW3a, ee BPAN 1M CIefyeT
PEKOMOHHOBATH [ HATAILHOIO 03HAKOMIEHHA; OHA HAIM-
cama c/x%aTo W TPYIHO.

Ilommmo Bmixoja Kuura Pofmpcoma, 8 1966 r. B mecram-
MapTHOM aHaJnse Hpom3ouuio elue ojuo coObrtme. Hloasmiace
crates A. P. Bepucreiina u A. Pofunmcouna [21], B xotopoit
BHEPBEIE METOJAMH HeCTAHNAPTHOTO auaiusa Obuio mody-
YeHO pelleHHe paHee mocTaBieHHOH mpobueMsl, oTHOCAMmelicA
K OOBIYHBIM, «CTaHJAPTHBHIMY MAaTeMaTHIeCKEM O00BeKTaM.
s smaroxkos moscuuM, Kakas npoGiema mnmeercd 37ech
B Buay. Peus mpger o npobieMe MHBAPHAHTHBIX HOXIPOCT-
PAaHCTB JUIA MOJMHOMHAJLHO KOMIAKTHBIX Omeparopos (ome-
patop T Ha3pBaeTCA NONMHOMHAJABHO KOMIAKTHEIM, €CIH
vommakres ounepatop p(I') HAA HeKOTOPOro IOIMHOMA P
¢ KOMILUIEKCHBIMH Koa(ppmuumentamu), HKparkas mcropus Bo-
mpoca Takosa. TeopeMa O CYIeCTBOBAHHU HETPUBHUAILHOTO
HHBAPUHAHTHOTO 3aMKHYTOTO HPOCTPAHCTBA IS KOMEAKTHBIX
olepaTopoB B cemapalelbHOM KOMINIEKCHOM TIHiAbGepToBOM
mpocrpanctse Opuia pgoxasaHa [Isk. dom Heiimamom B Haua-
ne 30-x romos. (Hax msBectHo, Bce cemapalenbHEI® THIlb-
GepTOBEI TPOCTPAHCTBA M3OMODPPHEI (KAHOHAYECKOMY» IIPO-
CTPAHCTBY [, COCTOMINEMY K3 NOCHEJ0BATEIbHOCTeH KOMK-
JIGKCHBIX WHCEJ, CyMMHUpPYeMbIX ¢ KBAafpaToM; 9TO KacaeTcd
HecenapalelbHEIX HPOCTPAHCTB, TO [JAA HOX HasBaHHAA
TeopeMa oueBmpHa.) Jloxasarenncreo Heitmama, ojmako, He
6riio omyGamxoBamo. Ta sxe TeopeMa A KOMIAKTHBIX OM9«
paTopoB B MPOW3BOMLHOM GaHAXOBOM IPOCTPAHCTBe HAZ IO+
neM KOMIUIOKCHBIX wmcea ObUTa YCTAHOBJIEHA BIOCTENCTBAR
H. Aposmatizou ® H, T, Cynron (18},
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B ogepre II. P. Xammoma «Bsrasg B rans6eproBo mpo-
crpamctBo» [31] B KauecrBe pmeBaATON mpobieMbl GUTypEpyeT
nocrapinenras K. T. CmuroM 3ajgata o CyILeCTBOBAHHE HH-
BapHAHTHOTO IOJNPOCTPAaHCTBA Jif Takux omeparopos I B
ruisGepToBOM IpocTpaHCTBe lp, A KOTOpHIX omeparop I?
KoMmmakrTeH (Bce rakue I, OYEBH[HO, UOJNMHOMHANLHO KOM-
nakTHe). Pemernme 9r1oit mpobiemst nm  OBIIO IOMYYEHO
A. P. BepmereitnoMm m A. PoOuHCOEOM MeTOgaMH HECTaH-
DAPTHOTO AHANW3a; OHW JIOKABalHW, 4T0 JI0O0H MOJHHOMAAIL-
HO. KOMHAKTHHIH OIeparop B TmAb0epPTOBOM IIPOCTPAHCTBE I
AMeeT HeTPUBHAILHOE WHBADWAHTHO® 3aMKHYTOe IOAIPOCT-
pamcrso. II. P. Xanmom O03HAKOMHICA € JOKa3aTEIbCTBOM
ABYX HA3BAHHBIX ABTOPOB W HepepaboTal mX J0KA3aTeILCTBO
B cBOe, We WCIOJNB3yIONlee HecTapgaprueil amanms [32]:
B nanpmeitinem Bepucreits, mcrmonbpsys HecTaHjapTHHI aHa-
am3, pacupoctpanmi Teopemy DBeprcreiima — Po6uHcona HA
cay4ail HOJIMHOMEAJIBHO KOMIAKTHBIX ONEPATOPOB B HPOH3-
BOJNBHBIX 0AHaXOBBIX NPOCTPAHCTBAX HAJ HOAEM KOMILIEKC-
mbix wmcen [20]. CpammumrenbHo HejaBHO Teopema 00 HHBA-
. PEAHTHBIX HOAUPOCTPAHCTBAX MIAA KOMIAKTHBIX ONEPATOPOB
Oplta 00o0uieHa (TarkKe € TOMOINBI0O METONOB HECTAHAAPT-
HOTO aHANM3a), HA OOliee INMUPOKUI RIACC JUHEHHBIX TOIO-
JormuecKux 1npocrpamcTs, Yem Gamaxosn [30]. Bmpouem,
crexyer ormermth, aro B. . Jlomomocos mokaszam (cram-
RapTHEIMM METOJlaMM), B 9aCTHOCTH, 9TO BCAKHH OIEpaTop
B GeCKOHETHOMEDPHOM GAHAXOBOM IPOCTPAHCTBE, KOMMYTHDY-
IR ¢ KOMUAKTHBIM (B T€M CAMEIM BCAKEN HOJMHOMHAAIL-
HO KOMIIAKTHBI), HMMeeT WHBAPHAHTHOE IIOIPOCTPAHCTEO.
Cm. [12], ¢. 427—428, npumeuanme pepaxtopa (E. A. To-
pEHA), KOTOPHIl HA3BIBAET JIOKA3aTENLCTBO JlomoHOCOBa Go-
liee IPOCTHIM, 9eM BCe M3BECTHEIE paHee,

Teopema Beprcreiina — PoGmucora npeacrtasiser coboi
OTHIONIb HE -e[[UHCTBeHHELIH (XoTsA, GHITE MOKeT, Hambolee
o¢QeKTHbI) nIpuMep IPUMEHEHHA METONOB HECTAHJAPTHOTO
apanmsa. Yucno m pasmoo6pasme TakMX NpAMEHeHHH (sa-
JIOHEHHBIX, KK MBI BHeaH, emle PobmmcomoM) meyxiIoHHO
pactyr. Ilpmioikenma HecTamJapTHOIO aHAIU3a BHYTPH Ma-
TEMATHKH OXBATHIBAIOT OOMHPHYI0 OGNACTL OT TOMONOTHH
(cm. [1], e 210—211, [19], 529], [36]) mo Teopmm mmfpepe-
peHIHAAIbELIX ypasmeHmii [17], Teopmm mep m BeposrtHOCTEl
(» ®oTOpOll BO3HHKAeT BO3MOKHOCTh HOHEMAHHA BEPOATHO-
cTE COGBITHA Kak OTHOWEHHT GECROHEYHOTO umela Omaro-
IPHATHLHIX HCXOM0B K oOuleMy dmeay Hcxomos), oM. [22],

[26], [42], [46], [47], [58], [59] u reopmm mrp [68]. Beec-
KOHEYHO MAJBIe WHONA (B CMLICAe HECTAHZADPTHOTO AHANM3A)
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OKABHLIBAIOTCH IONE3HLIMH B HCCHeNoBaHHE OeCKOHEYHO MA-
ALIX BeINYAH B CMEICIEe CTAHJAPTHHIX YIeOHEKOB -aHAIH3A
(dymrnmit, crpemammxes K mymo), o, [43], [45].

Yto Racaerca BHEMATEMATHYICCKHX NPWIOIKEHHH, TO Cpe/ln
HEX MBI BCTpPEYaeM Jaske OPHIOMKEHAA K MareMaTHIeCcROR
3KOHOMHKe (paccMarpuBaeTcd PHIHOK ¢ 0eCKOHEYIHO GOIb-
IIMM YACIOM YYACTHHKOB, KAjKIblil E3 KOTOPLIX BHOCHT Gec-
romeuno Manniid Braax) [23], [24]. Muoroo6emaromaym BEITIA-
[T WCHOJb30BAHNE HECTAHAPTHOLO THIH0EPTOBA MPOCTPAHCT-
Ba *l, puA DOCTPOeHHA KBAHTOBOH MeXaHHKH (TPajAIAOHHO
dopmynupyemoil B TepMouEax «00BIHOTO» mpocTpamcTsa lp),
em. [28], a rtawme [55] (paccmarpupaercA HeCTaHIAPTHOE
onpepenenne (eliEMAaHOBCKOrO mHTerpasa mo myram), [41]
(paceMartpmBaeresl GecKomedHAasa QIYKTyamus Ooda B Gec-
KoHeuHO Mauiofi oGmactu) m [40]. A B cratmcrmueckoit Me-
XaHOKe CTAHOBHTCH BO3MOJKHEIM PACCMATPHBATH CHCTEMHI H3
GecrkoHeurHoro umcia vuactum, cM. [35]. Marepec ¢mau-
KOB K HECTAHZAPTHOMY AQHAJIA3Y OOYCJIOBHI IOABICHHO
€r0 NOOYJSADHBIX M3IOKEHHH B (UANYECKAX KYPHAIAX
([64], [66]).

IloMumo mpmmeHerui K pasnuyHbIM 061acTaM MaTeMaTH-
¥n (E He TONBKO MATEeMAaTHKH), HCCIENOBAHHA B o0IaCTH
HECTAHAPTHOTO AHAJHM3a BWIKYAT B celd X HCCIETOBAHNE
caMHX HECTAHJAPTHBIX CTPYKTYp (cM., manmpumep, [37]).

B 1976 r. Boimn cpasy TPUM KHETH 1O HECTAHAAPTHOMY
AHAAH3Y: «JremeHTapublil amamusy u «OcHopammA HCYHCIe-
mruA Oeckomewno wmampix» I'. JIx. Heitcmepa ([38), [39])
n «Beefenne B Teopuro Gecromeuyno Mansixs . J[. Crposma
n B. A. JIix. JlorcemOypra [62]. Ilepsas us mux opejcras-
asier cofoit HATUCAHHEIY ¢ HECTAHJAPTHHIX MO3UNHRA yueGHHK
IO MaTeMaTHIeCKOMY aHAJIM3y — THOa yue0HMKA JJIA BTY30B
¢ [OBHIOIEHHBIMA TpPpe0OBAHHAMA [0 MareMaruke, B oTolt
xHure GONpMOe YUCAO OPHMEPOB W YOPajKEEHHH, ONHAKO
MHOTHE JOKA3aTeAbCTBA [AAHE JUINb JCKU3HO, CAMO CYIeCT-
BOBAHHE MOJA TUHEePAeHCTBETeNbHBIX YHCEN M HEKOTODHIA
BapHAHT DpPHHEIUNA MEePEeHOCA IPOBO3LIAINEHHl B KAIeCTBO
axcuoM. Bce meobxogmmoe 06GOCHOBAHHE MEpPEHECEHO BO BTO-
Py KHATY, T€CHO CBASAHHYK € HEPBOH M BHICTYIANINYIO
B KadecTBe DPYKOBOACTBa .Iuas mpemogasareneir. «Ocmosamus
ucuncieHEnA GeCKOHETHO MAJBIX» COZEPIHAT TOT MAaTepHAl,
KOTOPHIH ClIefyeT LpefBAPHUTENbHO H3YyYHTh, YTOGH KBAIH-
(UOUPOBAEHO HCHOJB30BATH B TPENOJABAHHH «JIeMEHTAp-
peiii asanms». Haxomen, kmmra Crposna m JlwokcemOypra —
570 yHAaMEHTaTEHAd MOHOTpadmsA, BHI3BIBAIOINAA TPH YTe-
HOH TPYLEOCTH Jake ¥ CHEIHUATUCTIOB,
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B 1977 r. spmaa xmmra M. [leemca, pycckmli mepeBoR
rotopoi [3] _y#e BEOJIHOKPATHO YHOMEHANCH HaMA. ITa KHE~
ra, moskalyit, B HamGonbmed CTeNeHHm LOAXOAET [JIA nep-
BOro osmaKomiIeHma ¢ mpexmeroM. CioBa «IOpHKJIaNHOE He-
CTAHTAPTHHIH AHANA3» CYTh OYKBAALHHIA IIepeBOR AHIIHit-
CKOTO Ha3BAaHHA KHNTH; COJeP/RAaHU0 KHETA G0JbIIe OTBEYANO
fb1 pasBaHN® «HECTaHJIapTHBIﬂ AHAJNH3 O €ro NPUIOHeHHA»
Npd IOHEMAHUH TePMHEHA (HECTAHJADTHHIA aHAAH3» B IIM-
poxom cmbicie ofIneit aGcTpakTHON TeopHH; JEACTBATENBHO,
TlepBad TjaBa KHECE DOCBAIIEHA HMEHHO TAKOA TEOpWH,
& OCTAJIBHK® IMABHl — IPHIOKOHHAM sToit Teopmm. Tax,
B TIaB® BTOpod ofmMme HOCTPOEHHA HEPBOH IVIaBHL IpEMeE-
HAIOTCA K H3YYCHHIO MHOMECTBA AeficTBHTENbHHX umcen Ry
a B I7aBe TpeThell — K HM3yYeHHI0 MeTpmiecKAx m, Goiee
00110, TONOJOrHICCKEX HpocTpamcTs. B riaBe wersepToi
paccMaTpPEBAETCA NPHIOKEEAe METOOB HECTAHJADTHOTO aHA-
JEza K 8ajadaM HCCIeOBAHUA HOPMUEDOBAHHHIX JEHOHHEIX
TPOCTPAHCTB, & B IWABe LATOH — K HCCIEOBAHEI TEIbGep-
TOBA TPOCTPAHCTBA l;; NEHTPANLHO® MECTO B Hochefmeil ria-
Be BAaHAMABT [IOKA3aTeJhCTBO paHee yHoMuUEapmeiica Teo-
pemu Bepncreitna — PoGrRcoma.

Brirs Mmosmer, -HamboNpIIyio NOXb3Y HECTAHZAPTHHE MO+
TOJBI MOTYT OPAHECTA B 00JACTH NPUKIAJHOE MaTeMaTHKE —
HefjapoM PHBNRE W HIKeHepH Tay JM0AT rosoputb o «Gec-
KOHeUHO MajoM» u «BGeckomedno Gompmom». B 19811, B ce+
pum «Lecture notes in mathematics» Brinuia xeura P.JIytoa
n M. Tose «Hecrampaprusili aHaj®E3: DPAKTEIECKO® PYKO-
BojicTBO ¢ mpmioykenumAmE» [48]. B srofi xumre mocme ma3mo-
JMeHUA OCHOBHGLIX DPEHIUIIOB HECTAHJADTHOTO AHAJNE3A pac-
CMATPHBAIOTCA BOLIpPOCH TEOpHE.Bo3Mymenmit, I'pyGo rosops,
8ajaYa TeODWN BOMYIIEHHA{ COCTOMT B Cle[yIOIeM. Wnmeerca
Kakofi-ro ofwexT (MuHcrowieH, NTEHeHEHHE omepaTtop, amrefpa
Jla, neddepernmaarnos ypaBHenme  T. n.). Ero gyTe-uyTh
meMenAoT. Haxk cBasamnl cBolficTBa IOMydHBHIErocs OOGLEKTA
co cpoiicTBamm mcxogaoro? Ha Asmre mectampapTHOrO asa-
iamsa 8ajiada crasOTcA TaK. McxofER 00BeKT HBAACTCA
craBfapreeiM. MaMemenme, KOTOPOMY OH mojiBepraercs, Gec-
KOHEeYHO Majno. UTo MOJKHO CKa3aThb 0 CBOHCTBaX HM3MEHEH-
HOTO OOBEKTa, €CIM HAM MH3BeCTHHR! CBOHCTBA HCXOMHOTO?
M= Bmpsiv, 9T0 DOHATHA HECTAHJZADTHOTO aHajx@sa ¢$Erypu-
PYOT Y:He B caMmoil mocTaHOBKe 3ajau# (& HO TQJBKO B €
pemennn). Pazymeercs, MOKHO OBITATHCA HEPEBECTH B3aKaTy
Ha ASBIK KIaccHuecKoro amanmaa (Ge3 GecKOHEUHO MajbIX) H
pemars 6 KIACCHISeCKHME CPeCTBRAMH, HO, KAK HHIIYT &BTO-
PH DaCCMATPEBAEMOH KHETH, B pe3yasTaTe OPUMEHEHHA HE-
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CTAHTAPTHEIX METONOB MOABIMIOTCA (Kak maammste (opmy-
JEDOBKH, TAK M HMATYATHBHO 0Gojee fACHEIG JOKA3aTOJILCTBAY
(c. 127).

B wactmoctm, B 8-M yporxe uwacrm IV xmmrm Jlyrma =
Tose paccMarpmpaerca npmobpeTHiag MHPOKY H3BECTHOCTD
(B memanoit cTemenm OjarofapA YCHIRAM MaTeMaTHKOB KPY-
ra H. Byp6axm, cm. [25], [5]) Tak masmBaemas «mpobinema
yroKk». 97a mpoGmema CcOCTOHT B TpefoBanmm OOBLACHUTS,
raxmM ofpasoM y ypaseenns Bau mep lloxa

eit (*—1)dtz=a,

I7le & DOMORHETENBHO B AOCTATOYHO MAJ0, MCHe3aeT Ipe/ieib-
HEIfT THERI, KOIZla mapaMeTp 4, BO3pacras, IePEeXONHT 1uepes
spauenne 1. Tepmumm «yrra» ofBACHAeTcA TEM, YTO BTOT
HEKT B IPOIECcce CBOEro npespamends mpmoGperaer gopmy,
HADOMEHAPIYI0 KOHTYpP Jeramel yrxm. Paccmorpemue na-
paMerpa & He IPOCTO KAk Majoro AeHACTBETONLHOIO, HO KaK
(eCKOHE6YHO MAJIOT0 THENePHeHCTBATENLHOTO THCHA OKABAJNOCH
Jiis 31Ol BajavYM 4peaBHIaiiHO MOJEe3HLIM.

B sarmoumrtensunoM uaparpade HeaBHO BHIIEIIErO
yueGroro mocobma A. I'. Kycpaera m C. C. Kyraremanse
«Cy6naddepennmanny m mx mpaMeHenua» (Hosocmbmpcek,
1985.— 88 ¢.), massammom «Homyc Kuapra», asropm, mpm-
BeJs COOTBOTCTBYIOI[G® ONPEHEeIeHHS, YHASHBAOT HA C. 121
«C TEePBOTO BSIVIAKA HEBO3MOKHO HOHATH HE CBOHCTBA KOHY-
ca Kaapra, HE caM cyeica ero $OpMalbHOIO OLmpefedeHHAy.
Tocnenyomue CTPAHAIE HOCOOEA MOCBAIIEHL PA3BACHEHHIO
®THX CBOHCTB ¥ 9TOr0 CMBICAA HA fASKIKe HECTAHIAPTHOTO
amanmsa (OpHEIeM OTMEYaeTCs, UTO «C KAUECTBEHHON TOUKE
speHEd EHPUHATE3EMATLHEE KACATENBHEE KOHYCH IPe/CTaB-~
aAA10T €060l PesyAbTATHl PASMIATLIBAHEA MHORECTER B
MOKPOCKOI») .,

Hapany ¢ maiosKkeHHEHIM B Hamedl KHEKKe IOAXONOM K
necragiapTEOMY amammsy (BocxopamuM K Pobmmcomy) cy-
IMecTBYeT ® mpuoGperaeT BO3PACTAKIIYI0 LONYIAPHOCTE ADY-
roit monxon. Ilpm eToM mopxofe GecKOHEYHO MAJILIe BIGMEHTHI
He «m306peTaoT», CTPOA PACIIEPEHEA ReACTBATONHLHOM HpA-
MOl HJIE APYTHX MATeMATHYECKHX CTPYKTYP, & ¢OTKPEIBRIOTH
BEYTpE 8TEX CTpYRTyp. Ham mpegmaraercs cudraTs, BEampa-
Mep, 4910 GeCKOHEYHO Mankle Beerfa Onum cpepm AeicTBd-
TeNBHBIX WHCAN, HO INpPOCTO MH HX HO BHJE/IN, HO HMeA
CPeficTB BHIGNETh CpeJin OCTallbHbIX,

CKasaHEO® Ka/KeTCsi IPOTHBOPEUMBHIM! Belhb MH JK6
BHAeM, YTO B NONE MeHCTBHTONABHBIX UHCO] CHPABOJIEBA
axczoMa ApxmMea H, CAeZOBATENLEO, HET 0ECKOHOYHO Ma-
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aex. Kax sxe mx mMommo tad «oTkpsith»? BemommmM, onma-
Ko, ofcympuenne akcwmoMpl Apxumepa W ee (OPMAILEOTO
aganora B § 10. Mu Bmgennm, 9To BOONHEE BO3MORHA CHTYa-
OudA, B KOTOpPOii akcmoMa ApxmMeja He BHINOJHAGTCHA, B TO
BpeMsa Kak ee (OPMaNbHEI aHANOr ABIAETCA WCTHREON (op-
smynofi. Hav Temepp mpejmaraercss cYuTaTh, 9T0 HMEHHO TaK
N o0CTONT 76710 B «OOHIKIIOBEHIEIXY AEHCTBHTENDHEIX IACIAX.
ITpn atom Bce OGBIYHEBIE TeopeMBI, KAcaOINuecd NeHCTBHTEND-
HEIX WTICEJN, OCTAIOTCA B CHIC, TAK KAK WX JIOKA3aTelabCeTha
Moryr OwiTh (opManuz0Bambl, W B OTHX (HOPMATH3aNUAX
HCOOAL3YeTCH He HHTYHTHBHO MOHUMaeMad aKcmoMa Apxu-
Mena, a ee (POPMANBLHBIA AHAJIOT.

CrazammHoe, pasymeercs, Tpedyer yroumenma, Mnl mame-
TOM Jumb obmy ero cxemy (ciaegys pabore Heancoma
[56]; nmpyroit cuocol yroumenua obcysxpaercss B [33}). Pac-
CMOTPHEM AKCHOMATHYECKYIO CHCTEMY TEODHEH MHOMKECTB H
FoGaBEM K Hell HOBOe HeompefielsAeMoe IOHATHE I — CTaH-
DapTHO® MHOJRECTBO» (B [OMOTHEHHE K Y/He HMEBIIeMYCA
HeOTpefleAeMOMY TOHATHIO «X — DIEMEHT MHOMKECTBa ¥»).
Ilpn oToM COXPaHAIOTCA BCE HMEBIIHECA paHee AKCHOMBI
aT0lf cumcTeMHl (HHIEro He FOBOPAINNE, €CTECTBEHHO, 0 HOBOM
DOHATHA «OBITH CTAHAAPTHBIM»), 8 TaKMKe A06aBIAKTCA HO-
BBle aKCHOMEI, ['py6o roBops, 9TH AKCHOMBI COOTBETCTBYIOT
NPEHLANY HePeH0Ca, HPHHIUIY HAIPaBAEHHOCTH B BO3MOM-
HOCTH paccMaTPHBATH MPOU3BOJBHBIE MHOJKECTBA B CTAHIADT-
Holt cymepcrpykrype. llpm »roM oKasmiBaercs, 9TO BO3HE-
Kalolllee pacHIHpeHHme AKCHOMATHIOCKOH TEOPHA MHOMKCCTB
ABIACTCA KOHCEPBATHBHEIM B TOM CMEICHIE, YTO BCAKAA BHI-
BOJEMAA B OTOM paclinpeHEE Qopmyila oOwYHOH Teopmu
MHO3KECTB (T. €. He COAepKalllad MOHATHA «CTAHJAPTHEIAN)
BEIBOJAEMA H B O0BIYHO# Teopmm MHOKecTB. TakmM oGpasoy,
IaA «cTapelx» (OPMYA «HOBBIE» CpefiCTBA JIOKA3aTelLCTBA
PaBHOCHILHEL CTapBIM», XOTA — H B 9TOM madoc Bcero He-
CTAHJAPTHOTO AHAIH3A — (HOBHIEY» [IOKA3aTEAbCTBA MOTYT
ObITh GoTee KODOTKEMH H €CTECTBEHHLIME, 9eM «CTaphie» J0-
KasaTeJbCTBA TE€X Ke YTBeP)RAeHZH.

Paznmune Memay poOHHCOHOBCKEM IOAXOA0M K HECTAH-
MapTHOMY AHAJH3Y H HOBLIM, AKCHOMATHYECKEM IOHXOJOM
K HEeMY LPOABIAEGTCHA HE CTOJHKO B MareMaTHYECKHX Pe3yilb-
TaTax, KOTOPhle € HMX IIOMOLIBI0 MOTYT OBITH HONYYIEHH,
CHOJNBKO B TOH LO3WHHH, ¢ KOTOPOH MEI HX paccMaTpPEBaeM.
IIpososrnamas, 410 GeCKOHETHO MaJjble — 3TO CYIIECTBOBAB-
masg BCerfa PealbHOCTh, AKCHOMATHYECKHI NOXXOJ BAOXHOB-
asger Hac Ha EX 6e300fA3HEHHOE HCIOAL30BAHAE HE TONBKO
B KadecTBe CPeJCTB JOKA3ATeNBbCTBA, «IONE3HEIX (HKmmIi»,
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HO W KAK TOJHONPABHBIX MATEMATHIECKHX OOHEKTOB, MOTY-
IMZX BXOAUTH B (POPMYNNPOBKE HAINMX yTBeDpenmi., By-
nyliee passHTHe HCCTAHJAPTHOTO aHANM3a IOKaKeT, Ha-
CKORBKO 9TOT B3IIIAJ] ABIAETCA IIOXOTBOPHEIM.

B macrosiiuee BpeMs HeCTAHNAPTHEI aHalH3 3aBOEBEIBAET
Bce Oonbmee npusuanwe, COCTOMICH DA MeMMYHAPONHBIX
CHMIIO3MYMOB, CIEIHATHHO HOCBAIEHHBIX HECTABJAPTHOMY
apammsy m ero mpmiomenmam [51}], [52], [34]. B rteuennme
IOCHe/(HAX [EeCATHNETHH HeCTAHAAapTHHIA aHanms (TOIHEee,
pIeMEHTAPHEI MAaTeMATHIECKHH amagums, HO OCHOBAHHBIH Ha
HECTARH/JAPTHOM UOOJAX0Je) NpemojiaBalcA B PAAE BHICIIAX
yueGrrix sasefermit CIIIA. Hexoroprie mrorm rtaxoro pofia
npemopiaBanma OBUIM  ITI0/[Be/{eHBl B METOJMYECKOA CTAThE,
ony6umxoBarHOR B 1976 T. B «AMepuKaHCKOM MaTeMaTH-
qeckoM e;remecsaunuke» [63].. Crarba sakamumBaerca cJje-
aywommEMa gpasama: «Omacenus, ... 9T0 Te CTYAEHTH, KOTO-
prie O6yayr E3yIaTh MaTeMarmyecKWH adalEma IPH IOMOUIN
HHQUEATE3AMANBHLIX (6ECKOHEYHO MAJBIX) BIEMEHTOB, B
MeHbIle# CTeNeHA OBNAJIEI0T OCHOBHBIMA HABBIKAME, KONMKHBL
6niTh, 063 coMHEHHSA, CHATHL. DBojee TOro, IpejCcTaBAAETCH
BECHMA BEPOATHEIM, YTO WCHOIL30BAHEEe HH(PWHATE3WMATL-
HOro TIONXO2 CHAeNAeT KYPC MAaTeMaTHIecKOro aHajim3a To-
pasge Oosee KEBHIM W YBIEKATEJbHGIM KaK A IIpeHofa-
BaTexeH, TAK M A CTYIeHTOBY,

§ 14, CYIIECTBYIOT JIH I'IMIEPJENCTBUTEJBHbBIE
YUCJA «HA CAMOM [IEJIE»?

Koreuno, HecramfapTHHIe THOep/cHCTHTENbHEIE YHCIA
(T. e. runepaeficTBETENbEBIE YHCIA, HE ABIAOIIAECH HeHCT-
BHTEALHBIME ) — JKOBOIBHO-TAKK HeoOHUHBIe 00BekTel. Ha TO
OHE W BasplBalTCA HecTapgaprHeiMA. Ho dro smaumr me-
ofpraanie? HeoObrumbie osmavaer HempuseIHBle. Bepgs To,
K 4eMy OPHBBIK, y;Ke IHepecTaeT ONIIYINATHCA KakK HeoObIu-
moe. M ® HeCTaHAAPTHBIM YHCIAM HAXO LPOCTO NpH-
BHIKHYTb.

IIponecc mpmsBBIKAHBA K HECTAHNAPTHBIM 9HCAAM BCTpE-
9aeT H3BECTHBIE ICHXOJOImYecKwe TpyAHOocTH. He BCeM cpasy
JeraeTca HQHATHBIM, TOe OTBOTUTCA MECTO JUI HOBHIX YHCell.
Jlns GeckoHeYHO GOJBLIMX YHCEJI TAKOe MECTO HAXONATCSH
¢ Oonpmied (xoTf, ckopee BCero, JOKHON) IEFKOCTBIO — Ifie-
TO B OTPHUATENLHOH NIH IONOMKHTENTBHON OGECKOHEYHOCTH.
B sToM cMBicie HCHXOIOIIYECKH MPOIle OCBONTHCA C HECTAH-
[apTHEIME THIePHATYPAIbHBME YHCIaME. Besgkoe Taroe 9mciio
feCKOHEYHO BEIMKO M IIONOKHTENbHO, 0HO 0OJbIIEe BEAKOTO
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BaTypanpHOro. ITo cymecTsy, HpeACTABICHES O TAKOM YHCIY
yxe GbiToBANO (XOTA M He B CTPOTOM MOHAMAHHA) B Cpele
MATOMATHKOB: CJIOBOM «IYrod» ¢Tajllo 0603HAYATHECA B IOCIEN~
HEe BpeMA HATYDAJBHOS YACIO0, IPEBOCXONANIee BCAKO® pa-
BYMHO® KOJAYeCTBO, DBeckomeumo Goapmime rumoepreicTsm-
TeJLHBEIS YACIA MOTYT OHITH Y3KE HE TOJIBKO IIOJNOKHTENIBHS,
HO ¥ OTpHUATENLHH: OecroHeYHO GOJIBIIOS OTPALATENHHOS
CI0 MEHbIIe '), a HOJ0KATeNbHOe — (oNbIIe BeeX OOBITHEIX,
CTAHRAPTHHIX Yuceia. Ho Bemp ecTh eme KOHEeIHEBIE He-
craEjapTasle TAcaa. | e momemaiorcea opn? OHE DOMEIMAOTCA
MO KAy pHellcTBATENLHBIMHA, BAMOJHAA HYCTOTHL MEKIY HE-
Mn. Ho passe cymectsywr Ttaxme mycrorTsi? 9T0 KAk 0=
cMoTpeTh. Pasymeercs, ecam CTOSTH Ha TOf TOUKE BPEHEA;
9T0 BO3MOKHBI TOJBKO (CTAaHZApPTHBIE) [eHCTBUTEILHBIO TAC~
jla, HAKAKAX OYCTOT MEKAY HUMH HE OKaKeTCA, Jla | 3a-
OOJXHATH ®TA NYCTOTH, CyLecTByd onm, Obuio OB HeueM
(Begp DpE BeIOpamHHON TOYKEe 3PEHMS HEKAKAX HECTAHJAPT-
HEIX YHCEJ mpocto Her). Ilepexon OT [eHfCTBHTEILHLIX THCEN
K KOHEUHHIM THIEeDAeHCTBATONbHBIM YHCIAM IyTeM fAo0aBie-
HAA K NepBHIM KOHEUHHIX HECTAHJAPTHHIX YHCEJ HPOMCX0-
OHT &WANOTAYHO TOMY, KaK OCYLIECTBASETCA NEpexof OT
pamnOHANBHEIX YHCEN K [elCTBHTCHALHBIM YHCIAM ILYTEM
mobaBleHEA K IepBBIM YHCeJd HPpalHOHAILHBIX. Mppanuo-
HaJbHBIG UHCNA PACHONAraloTC MEHIY palHOHANLHLIMM, H
AICHO® IOHNMAHHO BSTOr0 TOMe HepPeJKO BLI3LIBAET y yua-
IMEXCA NCHX0JOTMYCGCHNe 3aTpyauenns. /I B s1oM caydae
TOMKO MOMKHO (XOTA 5TO N 09YeHs HeYHOOHO) CTaTh Ha
TOYKY BPEHHA, 9YTO 4icaa OHBAIOT TOJLKO PANHOHAJLHEIE,
H pnda pelficCTBHTeNBHBIX d9ices Torjga He Oymer Mecra Ha
Hamell umcrmosoit ocm. Ilpampa, B Taxom cayuae MBI 107~
MHEE OyfieM OTKA3aTLCA OT TAKHX NPHBBIYHEIX BO3MOIKI0-
cTelf, KaK, CKa/KeM, BO3MOMKHOCTL H3BJIEUb KBaJDATHBIA KO-
pesb 3 mw0boro moiomuTeibHOro wucaa, (OTKasHIBAfCh OT
HECTAHJAPTHLIX THCET, MBI TaKike HumaeM ce0d HeKOTOPHIX
BO3MO)KHOCTEHl — HO HA 9TOT pa3 BO3MOMKHOCTEll KaK pa3s
HeIIPABEIYHEIX, TAKUX, KAK OPABO PAcCMATpABATh GECKOHETHO
Mauape ¥ Gecromedno Godbiume 4mesa.

Homewno, ananor#a Me)KIy KOHEYHEIMH HeCTAHJAPTHLIMA
YHCIAME H HPPALMOHAJIBHBIMH THCIAMH CHPABeINBA JUILE

') TepMEHOZIOTMA MAaNOUPEATHA: GECHOHEWHO 604bWi08 OTPHIAs
TOJXbHO® YHCJIO XAPAKTOPUSYETCA KAk WHCIO, KOTOPOE MeHblie Hi0GOro
ymcra HeKoTopol# cosoxymuocrm, Memo B ToM, 4TO0 BeckoHedHO Godbe
IIEe YECAA (KAK MOJOKHTeNLHBIS, TAK H OTPHOATENBHEI0) BEIISIAIOT=
8 TeM, YTOo mX gOCONIOTHAA BENWTEHA 604bule BOAKOTO (CTAHAAPTHO<
r6 HATYPANHHOIO YHCIA .
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N0 W3BECTHBIX NPEJeOB: APPAIEOHANBHEIE UHCIA SATMONHAOT
TaK Ha3bIBACMEIE INCAM MEHAYy pPAHOHANBHBIMA YHCIAMH
(oo omHOMY HpPPAUHOHAJBLHOMY YHCIY HA KKAYIO INEIb),
a 9T00Bl MONYYNTh KOHEUHYI0 YACTh rHIepAeficTBATENbHOM
ocn, HAMO KasKuoe MeHCTBHTENbHO® YHCIO PasiyTh B HHTED-
Bax (upasja, GeckonHeuno Mmaxniil). (Bemp MbI BUIHM 3Be3fsl
TOYKAMH, XOTA HA CaMOM [eje OHH JUCKH. AHAJOIHIHO
MOJKHO CYHTaTh, YTO TO, YTO MBI ¢BHJAM» KaK TOYKH Ha
NeHCTBUTENbHON oOCH, HA CAMOM [elie OpeicTaBideT coboi
HHTEpBaJ ¢ LEHTPOM B HellCTBATENbHON TOYKe, T. €. MOHANY.)

IIpoumras mpemsigyiiue CTPOKM TOr0 maparpada, gmra-
TeJIh BUPABE HCOBITAThL 3aKOHHOE HejoymeHHe, UTo 3HAUMT
«MOYKEO CYHTATh TaK, a4 MOKHO H 3Taxk»? A Kak Ha caMoM
pexe? BecampeamiuHas-T0 9YHCIOBAs OCh H3 Yero COCTOHT —
TONbKO H3 PaljOHaJIbHEIX THCEJ? HIAX TOJBKO U3 JeficTBI-
TEAbHBIX? MJA KOHEUHBIX THIEPACHCTBUTEIBHBIX? HJIE W3
BCOX THOepJeilcTBHTENHHBIX, KaK KOHEUHBIX, Tak H Gecko-
HeuHo Goapurux?

YroObl OTBETHTh HA 9TH BOIPOCH, HAMO LIPENIIE BCETO
mOHATH, YTO "BHAUAT CJOBA «HA CcamMoM [eje», B ueM :xe
BAKNIOYAETCA HTO CaMOe Jea0? A Jeso B TOM, MTO HAN0 FETKO
pasimIaTh MATeMATHUYECKYID 1 (H3HTIECKYI0 peasIbHOCTH.

B marematuueckoil peasbHOCTH CYLMIECTBYIOT pA3JIAYHBIO
yucaosele cucrembl (€Cau YroJiHo, MO;RHO Ha3bIBATH HX HUC-
aosuinu ocamu): N, Z, Q, R,*R. amxgaa m3 HEX IpejcTas-
ager coboil JHHEIHO YHOPAMOYEHHOS MHOKECTBO € OIpe-
JCNCHHLIME Ha HEM OllepalUfAMA CIQKeHHA M YMHOMKEeHUA.
Hasxgyio W3 3THX CICTeM MOKHO CUUTATH PACHIEPeHOEM
npensiyiiell (ODpHYEM I HOPANOK, H Pe3yAbTAT NPUMEHEeHOA
omepanuil COXpRHAIOTCA JIA «CTAPHIX» DIAEMEHTOB) H, TAKMM
00pa3oM, DHCAThH

NecZcQcRcoc*R,

Ypcaosas cmerema (mam umciaosaa ock) [R  Bojeaserca
TeM, WTO ee BIeMeHTH (JefiCTBHTEJbHBIE WHUCIA) BIAMMHO
OJHO3HAYHO, H ¢ COXDAHEHHEeM HOPAJKA, COOTBETCTBYIOT TOY-
KaM reomerpaueckoff npamoii. Kasamocs Oni, 3710 0GCTOS-
TEILCTBO ABIACTCA PEINAIIUM: IeoMeTpHYecKasd. IpAMad
(Toumee, mpAMAaA C BHJEACHELIME HAa HeH /ByMA TOUKaM@,
Ha3BAHEBIME COOTBETCTBEHHO «HYJAbY W «eJHHMIA») | HaeT
(TOAJEHBYIOY TACIOBYIO OCE.

Ogpnako caMa TeoMeTPHYECKAA IPAMAA LpPeJCTABIAET CO-
Goro ofbvext MareMmarmdeckoll (a me ¢mamueckoii!l) peandn-
HOCTH — B JGEHOM (¢Iyiae O0BEKT MATEeMAaTHYECKOH CTPY-
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TYpHE!, ONHCHIBAEMOI COOTBETCTBYIOLIMMY AKCAOMAMHE K Ha-
spiBaeMod «esramposa reoverpus». Ho Bens mommo pac-
CMaTPHBATh H JIPYTMe CHCTEMBI AKCHOM I IOJYYaTh APYIie
Te0MeTPHIl, B KOTOPBIX NPAMEIE IABAR OYyAYT 06IaaTh Jipyra-
MH, He;KeJH B eBKJIW/(0BOH reoMerpmu, cpoiictBamMu, Bee Mui
3gaeM, UTO0 OBIBAIOT HeeBKIUAOBHI reomerpum. Cpenm HEX
BEIfleAI0TCA TeoMerpust Jlo0aueBcroro m reomerpuss Pumana,
B reomerpun JloGauesckoro HapymawoTesa (0 CPaBHCHHK ©
eBKIHOBOII reoMeTpHeil) sHeM HEH e csolicTBa mpAMoil, T. e.
cBolicTBa, xapaKTepU3yiollue IOBeJeHHe IPAMOHI B OTHOIIE-
HOW J[pPyrHX IPAMBIX, HO BHYTPEHHHE CBoiicTBA KarKmoif
nOpAMOil CcoXpaHAOTCA: Toukdn Ha mpamoit JloGauesckoro
PacmoIosKeHH TaK jKe, KAk ma mpamoit Eskampa. B reomer-
pum Pumana mapymaiorca me TOJIBKO BHEINHHE, HO A BHY T-
pPeHHHe CBoiicTBA OPAMOH: IOPANOK TOUEK HA TipAMOI
Pumana nuwiguen, oH NMOJ00CH HOPAMKY TOUEK Ha OKPYii-
HOCTH (B CTPOrOM MATeMATHYECKOM CMBLICJHE €r0 Jake Helb-
84 HA3BIBATH IOPAAKOM). A MOJKHO UPHAYMATH W TAKYIO
«HECTAHJAPTIYIO» CHCTEMY AaKCHOM TeoMeTPHH, B KOTOpPOH
TOYKH BHa npaMoit GyAyT pAacIoNOKeHBl TaK JKe, KaK Ha
raneppeiicteaTenbHoil ocn *R. WTak, MBICAHMB Pa3IHIHBIS
TEOMETPUH, ¥ HM COOTBETCIBYIOT pA3JIHYHBIE UYHCJIOBLIS CH-
CTEeMEI,

Ho rorma ecrecTBenHO CHPOCATH, KOTOPAA 3Ke U3 IeOMeT-
pmil, ®, B JaCTHOCTH, KOTOpOE jKe W3 LpPEeJCTaBICHHI O reo-
MeTPHIECKOH MPAMON, OMACHBAET pealbHoe PE3MIECKOe HPO-
CTPAHCTBO W, B JaCTHOCTH, PEANbHYI0 (PUH3UTECKYI0 HPAMYIO.
31ech HAaNO OTYETIHBO HOHHMATH, UTO T€OMETPAYECKOE OIHCA-
Bre (E3HIecKoll pPealbHOCTH BO3MOJKHO TOJLKO ¢ H3BECTHOI
cTemenslo npubausmrenpnoctd. Tak, miamery 3eMIs MOMKHO
ONHCATh Kax MIap, KaKk s/LINICOM] M KaK TeONJ: M bepsoe,
H BTOPOE H JajKe TPeTbe ONUCAHUA NPHOJAWSHTENLHBI, XOTSH
TOYHOCTh HX Bo3pacTaeT (HO He HANO AyMaTh, 9TO UeM TOU-
HOCThL BEIINE, TeM OLHCAHHE JyTile; HOMIHHHEYKI PEBOJIOIHI0
IPOH3BENI0 HMEHHO Npe/cTaBleHHe 0 3eMJe Kak o Imape m,
cKopee BCero, aTo IpefcTaBleHHe HaBCErla OCTAHETCH «ca-
MBIM TIaBHBIM» ). IIpm He caminxoM GONLIIEX M He COROIKOM
Maugbix (10 CPABHEHHIO ¢ Pa3MePOM UeJOBEKAa) IIPOCTPAHCT-
BEHHBIX pasMepax (pmamyeckoe IPOCTPAHCTBO € FOCTATOTIHOMN
TOYHOCTHIO ONUCHBaeTcA o0bHON reomerpmeii Esxampa.
Ilpn sHaumTeNBHOM YBeNMUeHHN HIYM, HANPOTHB, YMEHbBIIE-
HUA pPasMepoB 9Ta TOTHOCTh HAYAHAET pPACIIATHIBATHCA.

O Toum, Rak ycrpoeHo (UIIYECKOE IPOCTPAHCTBO B 0UEHD
GONBIIOM H B OUeHb MajOM, Mbl 3HAaeM elle HETOCTATOTHO.
Ho-sraumomy, obmenpuraAToll ABIAETCA TOIKA BDPEHHA, MTO
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fpocTpaHcTBO B metoM xomewHo '). JIyw crera, manpasnennrift
13 HEKOTOpOoil TOUKE TAKOr0 HpPOCTPAHCTBA B KaKy-1H00
CTODOHY, BepHETCA B Ty :Ke TOUKY C Apyroil cropomsr (ma
O 2TO BEPHO CO MHOKECTBOM OroBopok). He mcrixoueno, 4To
JBa aCTPOHOMHYECKEX 00BeKTa, BHANMEIX Ha Hele B PasHBIX
MecTax, CyThb OJHH H TOT Ke OOBEKT, BUANMEIA ¢ PAasHHX
cTopoH. B ojmom u3 pacckasoB YajIca repoit pacckasa, co-
BEDIIHB KOCMIIYEeCKoe nyrenreCTeue, BO3paliaeTca Ha BeMJHO
BEPKANbHO OTPAYKEHHLIM — HENb3fA HCKIIOIHTh B TaKylo BO3-
MORHOCTD, JOMYCKAeMYI0 B TaK HA3LIBAeMBIX HEOPHEHTHpYe-
MBIX OpocTpaHCTBax. VTak, MH Majio 3HaeM, Kak Befier cels
IPOCTPAHCTBO B yAAJeHHBIX 0T Hac paiiomax. Mmr mamo (xo-
T8, KOHETHO, 0Y€HD MHOTO 10 CPABHEHHIO ¢ IPOINILIM BEKOM)
suaeM B o Mmmkpomupe. OfEa u3 cephesHO obcCy:RAaeMEBIX
TUNOTE3, JeaIllad B OCHOBe TAK HA3EIBaeMOL TeOpHH KBaH-
TOBAHOA IPOCTPAHCTBA-BPEMEHH, COCTOHT, HAIpHMEp, B TOM,
9TO0 BpeMeHHBIE M HPOCTPAHCTBEHHEIE NPOMEYTKE He MPO-
GuMBl HEOTPAHUYEHHO, & UTO, HANPOTHB, CyMeCTByeT MHUHH-
MAaJBHBI BO3MOMKHBIH JJIA TAaKHX NPOM(,.KYTKOB KOHETHBIH
pasmep. Ecnm 6w aro Ghuio Tak, Bce (U3MUECKHe BEIHTHHEL
maMepAnEcs G5l TOMbKO HaTypaabEbIME®) gmenaMn. IIpormso-
NOJOKHAA TOYKA BPEHHS COCTOHT B TOM, 4YTO CYINECTBYIOT
GecKOHEYHO MaJjbie pasMepsl M OeCKOBeTHO MaJibie HHTEpBA-
ALl BPEMEHH. JTa TOYKA BpeHWA OPHBONET K TOMY, 9T0
QusmdecKEe BENIHYMHLI NpPECTABIANT co0ol0 rmmeppedcTBH-
TedbHBE (H TPETOM He 0GABATENHHO AeHCTBHTENbHEIS, 8 BO3-
MO:{HO, HecTaHmapTeHble) umcna. Hakad m3 T0YeK B3PeHHA
Gnmae K [elCTBETENLECCTE — aBTOPY HEW3BECTHO. TeM HO
Menee aBTop yOGesmgeH, 4To a06asg MaTeMaTHIecKasds KOH-
IeNIAA MOMKeT ONHCHBATH HEHCTBATENBRHOCTh HE HCUIEPIHI-
paolaM 06pasoM, & #Emb OpuOIE3HTENsHO, OTPYGIeHHO.

Beite moOkeT, BO MHOTHX CJydYagx Boo0Iie Heleaecoos-
PA3HO CIpPAINEBATH, KOTOpaA M3 faHHOH COBOKYOHOCTH Ma-
TeMATHUIECKEX Mofieiell Jyume onmceBaeT (QEIWIECKYIO
HedcTBETENbHOCTE, [lo-BHANMOMY, PA3YMHO IPUHEMATHL NPUH-
YUn MHONCECT8EHHOCTU MOGedell W CIHATATH, 9I0 HeilcTBU-
TEJBHOCTh ONHCHIBAETCA CPa3y Ienoil COBOKYHIHOCTBIO MaTe-
MATHYECKEX MOJeJeil, JaCTHRIHO U POTHBOPEYANIAX ADPYT
apyry. Tak, ckopee Bcero, pasyMHO CYUTATH, 9T0 QUIHYLCKOS
OpPOCTPAHCTBO OXHOBPEeMEeHHO ONUCHBAETCA HECKOINLKH-
MHE MOJeNSMH, Of[HA M3 ROTOPHIX — O0HIYHAA eBRJIH0BA Te0-

') Opgmako cTOJIb BENAEKO, 9TO yTRep:neHme «Bcenennasn GecKomew-
Ha) OINHCHIBAET DealbHOCTh He XYiKe, UeM YTBe[:feHHe «3eMif —
mapy,

) A MomeT OuTh IHUEPHATYPAALHEHMET
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setpms, Apyrag npefnoiaraeT MummMadLEHE OpocTpamCeT<
BeHuE pasmep («KPANT MPOCTPAHCTBAD), TPETHA — CYIIECT=
Bopanme OBCKOHEWHO Maipix paccrogEmd m 1. 7. B stolt
CBA3H II0I€3HO BCHOMHATH, YTO B TPYAAX OCHOBONONOKHHOKOB
MaTeMaTHueckoro amanmaa — Hsrorona u JlefiGamma — mpo-
CIEMUBAIOTCA DA3NHIHEIe MOJeNE MHpo3jaHumA. [osopa
o6pasHEo ® y/Ke IO ONHOMY 8TOMY BeckMa orpybiaerno, Jlei6-
HUIl BEJEN MOP KaK MOBAHOKY, COCTABICHHYI M3 MeXniaiimmx
9SACTHI; MOJKHEO HHTEPECOBATHCA OTHOLIeHHeM ORHOU H3 wa-
crun, dy, Kk papyro#t, dz. Map HeoToma mempepniser @ He-
NpPEePHIBHO MEHAeTCA ¢ TeYeHHEM BDPEMEHH; mepeMeHHHe (IO
Howrony gparwenrst) z, Y, ... CyTh QYEKOHE BPeMeEH H
MORHO HHTEPECOBATHCA CKOPOCTAMH HX H3MeHEHHA (Paror-
cusmy wo Hewromy) £, ¥, ... Takum olpasoM, ecam Kapru-
Ha Mmupa Jlefi0Huna BEIOONHEHA B TOXHAK® MO3AWKH H Me-
HAeTCcHd TAK, KaKk ecaa Gm MBI BCTPAX®BAMH KajelocKon
4Yepes GECKOHEYHO MAJLIe IPOME;RyTKH BpemeHm di, TO Kap-
toHa MmEpa HioroHa BanmcaEa MACIAHRIMA KPACKaM®, KO-
TOPHIE €IN® He YCHENH BaCTHITE M HOTOMY TeKYT 110 HOBepX~
HOCTH XOJCTA.

Hrak, me mcraoIeHO, UTO HpefcTaBieHAe O GocKOHEUHO
MaJeIX PACCTOSHHAX, Maccax, 8apsgax H T. I. XOPOIIO CO-
orsercrByeT (mamveckolt peanpHocTm. Torma AuA omacaHEES
91X 0OCKOHEYHO MANMX BeJminH Tpelynrca GecKoHewHO
Manete wmeaa. Ecam sxenars, 9100BI BTH YHCIA MOINIE IO~
BepTaThCA OORIYHEIM apH(MOTHYECKHM ONepauuAM, Hemsbe;x-
HO BOSHHEKA&IOT 0ecKomnewHno Gombrime uymena (KaK pesyabTATHL
TeNeHAA efWHEANL Ha GOCKOHETHO Malme), A TAKIKe TAKHO
HEeCTARHEJIAPTHEE YHCIa, KOTODPHE He ABIAIOTCA HE (ECKOHETHO
GonpmaMA, BEE OeCKOHETIHO MANHIMA (KAR pesyiIbTATH IpH-
Gasnerna GecKOHEWHO MAJEIX K OOKYHEIM [eHCTBHTENBHHIM
wucaam), Honyuenmaa cacresa renepHeiicTaNTeNAbHLIX THCEI,
BRIYAIIAA BCe MelCTBHTEAbHBE KaK HOJCHCTEMY, Ipe-
TeHAyeT Ha 70, uTO0H ofcay:KmBath (E3WYeCKHE MHUD EHe
XYiHe, TeM 5TO fienaeT O0NWIHAA YHCAOBAA OCh,

JAOBABJIEHHE IOPA ROPPERTYPE

B centabpe 1088 r, B TamxenTe mpomexogmn Ilepemiit BceMmp-
HE KoHrpecc OO0mMecTBa MaTeMATHYeCKOW CTATHCTHRE M TEODHH Be-
poaATECCTeR MMeH®m DBepmynnm, 19-4 cexnmsa ®TOro KOEIpecca HA3LIBA-
nack «HecTampaprHEbi aHamms B TeOPEE BepoATHocTel». Hexoropne
E3 YYaCTHEKOB CEKI[HH HMEIM BO3MOMKHOCTE OBHAKOMATBCA 6 TOJBKO 4TO
sumepmelt kuprofl [69], HocBAmMERHOH HecTAHAAPTHEIM MOTOLAM B CTO-
XaCTHTeCKOM AHAAHMS6 M MaTeMATHuecKold (uamke m copeprxamed CBHI-
e MOJYTHICAYHE CTPAHNI,



IIpzaoxmenmS®
«HECTAHJIAPTHOE» IIOCTPOEHHE CTEIIEHHOI'O PATTA

B.I. Kanogell

YnraTeas HACTOAMEH KHATH, KOTOPHH mosxeaax Gpl moj €e BJIRA-
BHeM Y3HA4Th 3 TPYLOB KiaccumkoB Martemaruka XVII—XVIII BB,
Goarmie o TOM, uTO cAenagu JlelifHmm ® ero moclke 0BATENH HECTaH-
FAPTHEIMA» METOJAMH, DOJYYRT 0cofoe Yi0BOIBCTBH® IPHKOCHOBEHHA
K DOJJHHHBIM MaTeMaTHYECKHM DIefeBpaM, NPHPOa KOTOPHIX KO KOH-
1la He pacKphITa ® N0 ceff AeHL. Yero cromt, HampmMep, IHPOBEEHHOS
Oitmepom pasaoxenme cmayca sa MEOxuTenn! Ho mompobyfite mpose-
CTE KODPEKTHO B paMKax HeCTaHJapTHOIO AaHalm3a BBIKIAJKE HA
c. T—3T0 COBCEM HE NPOCTO W IOKA, KAk KajkeTcA, HAKOMY HO Yha-
sock B moaHo# Mepe. (B paGore [53], ma KOTOpyH0 cperaHa B BTOH
CBA3H CCHUIKA Ha ¢. 56, o0ofiffleHR HEKOTOPHIe NYHKTHL 2HI6POBCKOrO
paccy;aeHAA) A [pyrde SKCHEPHEMEHTH Jiijepa @ ero coBpeMennu-
KOB ¢ GeCKOHEYHOCTAMY Booline HAXONATCHA B HACTOANIES BpeMA BHO
10JIS 3PEHHA (HOBOTO)» HECTAHJAPTHOIO RHAJIH3A.

YUnraTens, B3ABLIME Ha ceOA TPy H3YUeHHS JTYyIHAX MaTOMAaTH-.
YeCKHEX TPAKTAaTOB TOro Bpemenm (Haopumep, «Impdepennmmansuoro
ueumesieHuAy Jleomapna Siiepa — opHoro m3 Hambojee OoraTwix mpes-
MH COYHHEHHH 3a BCI0O HCTOPHIO MAaTEMATHKH), TAKIKe MOKET, K He-
KOTOPOMY CBOEMY YHUBIeHHD, 00HADPYKUTH, YTO MHOTEEe MareMaTmie-
CKHE OTKpHITHSA, E3BECTHHIE CEHIac B TOM BHJe, KOTOPEHII OHR NpEHHAAX
oCHe (KOIIMAHCKONY PEKOHCTPYKIVH OCHOB aHAJHW33, NePBOHATANLHO
6bLTH CHeNaHBl HA OCHOBE «HECTAHJADTHHIX» paccy)KAeHMH. 3mech Mt
paccraskeM o0 OHOM W3 TAKHAX OTKPHITHE — Da3lioKeHME (QYHKIEH B
CTeIeHHo® paAmd.

Crencuurie PAXH — OQAH H3 IJABHBIX. MHCTPYMEHTOB AHAJIH3AR, A B
awobom yueGHEKE, BKIOYAIMEM TEODHI pAXOB, OPHBEACHO DPas-
NOHEHAO

t0=10+02 c—a+ 52 e—at+ ..., ()

DpaBas 9aCTh KOTOPOTO HassiBaerca psafoM Telmopa. s Toro wTobl
BAaNHWCAaHHOE PAaBEHCTBO JaKTAUECKH BHINOJHAIOCH (B CMhIicae O6BIYHO-
ro ompegeieHEA CXOJUMOCTH DHna), A0cTaTouno notpefoBarh, gToGH!
$yERDEA [ yHEOBIETBOPANA, HAPEMED, TAKOMY YCIOBHIO:

B HEKOTOPOM HEHTepBaJe, COfleD/KamieM TOYKA 4 H Z, BCe Opo-
m3Bojtable f*)(E) ©cymecTBYWT M OrpaHAYeHE! 1o a6CcoiioT-
HOM BeJHYHH® uHcaoM M, He saBmcAmEM oT k m §, (2)

(M B3anm pas mmocTpapEa mpocrefimee w3 TpefosamElt Taxore
pora.)

Bripog papenctsa (1) B mpepmono:xenmm (2) (mng raroM-nubo
IpYroM) B COBPEMEHHBIX yIeGHHEKAX NAETCH OGEITHO C MOMOILI0 OMEH-
KR octaToyHOro wieHa paga Teitmopa, Taxoft moaxopm Geix ocHoBaH
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JlarpamseM. Opgmaxo cam Te#nop moayumn HasBaHALI ero mMeHeM
pan sagonro no Jlarpamsxa (B 1714 r.) coBepmerHO mHBIM myTeMm. Ora,
HepBOHAYAIBHAS KOHCTPYKI{AA, B3ATaA HaMp us npexacaosua M. fl. Ba<
roackoro K «Auddepeunuansuomy mcuncaennio» Jditnepa [70], ceogur-
€A K CIHeHyoleMy PacCy:KIeHHIO. ,
dadmrcupyem GeckoHeuno Gonpmoe EaTypanbHOe umcao n. Torpa:

1
uncao dr= ——(z — a) Gyaer Gecromeuro mambrv. Mcxoas ms gopuy-

ast papdepennmana  Gymsmmn df(8) = f(& 4 dz) —f(8) (c. 55)
MOIKHO ONpEAednTh BTOpoil Anmfdepennmar — KBagparT omeparopa di

d*f(8) = d(df(8)) = df(§ + dz) — df(§) =
= [{(§+dz+de) —f(§ + do)] — [/(§ + dz) —f(§)] =
= f(§ + 2dz) — 2f(E + dz) 4 f(§);
-ero TpeTh CTEleHb
@f(8) = f(§ + 3dz) — 3f(§ + 2dz) + 3/(§ + dz) — f(%)

(B mpaBoit wacTE CTOAT 3HaKouepenylomuecs GuHoMmanbHbie Koaddu-
OneHTH) @ BooOme nw06yo crenedb d* ¢ HATYpanbHbIM (KOHEYHBIM
nian GecroneuHo GonpmnM) IOKaszarteneM A.

B 10 jKe BpeMA HENOCPEICTBEHHO u3 ompepeienusa d caegyer

(& + dz) = f(8) + df (§) = (1 + DI (E),
rage 1, ecam yrogsg,— CHMBOJ TO;KAeCTBENHOro omeparopa. Torga
F(E 4 2dz) = (L + &)f(§ + dz) = (1 + d)*f(§),

m Boobme f(E + kdz) = (1 4 d)*f(E) npm mobom k. :
Tem cambiM f(z) = (1 + d)"f(a), TaR Rak a -+ ndr = z. Pas-
ao:REB OuEoM mo Qopmyae HeoToHA, MBI DPUXO UM K PaBeHCTBY

n
f@) = D) Ctdtf(a). (3)
k=0

O6muit waenm cyMMbl B mpaBofi yacTr mpeofipasyeres K Buay
p @, n—=1) ... (a—k+1) d*f(a)(@—a)f
Cn di® o = Kl dah nt

a*f (a) 1 k-1
ankmk— (z—a)®, rae P, = 1-(1-—7) (1-— ~ )

[Tocne sT0r0 paBeHcTBO (3) MOJKHO NMEPENHACATH CAEAYIONEM 0Opasom:

S d"f (a) h
== P . 4
1() kz:o w i 4)

(IlonyueHEHO® COOTHOWISGHRE IMDPHMEHACTCA B HCYACJCHMH KOHEUHRIX
pasHocTelf, rje OHO mM3BecTHO Kak (opmyna Hrwrona — ectecTBenHO,
JUIA KOHEYHHIX n B KOHeYHO Maiwix dz [71], e. 31—32.)
HNansme Teitaop sameuaer, yro mpa OeckoHeyHo GOJNBIMIOM B E KO-
neynoM k xodddunmert P,p Gecromewno OIM30K K eJUHENE, & OTHO-
da*f(a
OICHne P TarKe OeckoHeuHo GAmM3KO K HPOM3BOJHOH [™) (a)
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pOny Gecromewmofi Manmoctm dz. CremomaTenbuo, k-ff 9IeH CYMMH B
ppaBoit gacty (4) Gecromeyno Malno OTIHYAETCH OT COOTBETCTBYIOHIe-
T0 uwieHa B upasoil wactm (1), ecaH HATYpAJIbHOE k KOHEYHO, & IOTOMY
[pocTo coBumajzaeT ¢ EuM, mbo GecrouedHo Mansie cyTh «uynm». Haxo-
gell, WieHH ¢ GeckoHevyno GonpmmEMu HoMepaMm % B (4) mpocro orGpa-
CEIBAIOTCHA, M MB! OPHXOAHNM K pasnoskenumwo (1).

IloraseM Temepk, KaK 3TO pAaCCy:RIEHHE MOKHO B3aRIIOYHETH B
CTPOTHE paMKd HECTAHIAPTHOTO aHanmaa., DBriBox paBeHcTBa (4) He
BLI3BIBAGT CEPELE3HEIX COMHEHHUNl (XO0TA B JyXxe KOHHeINBH macrosameil
KHUrK ciejoBanmo Ou1 mucath f* Biecto f, wero Mt He menaem). Onpna-
xo mepexof oT (4) ® (1) — W, B 9ACTHOCTH, HPHOPUPOBAHNE GCCKOHETHO
OONBLINX HOMEPOB — BBINVISAHT MOHO3PHTCABHO. UT0GH NPOACHUTE BTOT
MOMEHT, 0003HaYAM

_d @

b BTkl gt

(r— a)h, B

(k)
= f_T(a_) (z - a)k'

3 k

sSm=bo+ b+ ... +bm, Sa=Bo+Bi+4+ ... +Bn

(k¥ & m — marypaxbHble ymeaa, KoHeuHble mian GecROHeTHO Goanmme).

BooGe, mia fokasareanbetBa pasencTBa (1) Ha ocHoBe «rmmepneid-
CTBHTENLHOTO» ONpefienenud mnpepgena (c. 47) ROCTATOUHO HPOBEPHTH,
910 f(z) &~ sp puaA d06oro GeckoHeYHO GOJBIION0 HATYPAJIBHOTO 1.
B Bwiroje coormomenms (4) GecwoHeuHoe n WPOM3BOJBHO, TAK UTO ©
yd4etoM (4) JOCTATOUHO JI0OKa3aTh, UTO S, & Sp HMEHHO JAIA BTOrO
darenpoBannoro n. (HamoMuEM, 4YTO 3HaK =& O3HaYaeT pPaBeHCTBO
¢ TOUHOCTDLIO {0 GECROHEeuNo MAaJOro CJIAraeMoro.)

HaumeMm ¢ oneHKU BeawduH by, Br m padnocTd Pi = bp— Br piasA
kroHeuHbIX u Gecroneuno Gonpmmx k. Tpefopamme (2) mpegmonmaraercs
chopPMYIHPOBAHHAM B paMKax CTAHJAPTHBIX YHCEN, ® TO3TOMY NyCTh
crangapraoe 3 > 0 TaxoBo, 4TO

f®(8) cymectsyer mw |f® ()] < M ()

ana moGoro KOHEUHOro HaTypanbHOro A m mwoboro cramjgaprHoro § ma
HEKOTOpOTO BHTepBana, cojep:kamero a m z. «OcHOBHAAg rmmoTe3a»
Ha ¢. 34 (wam wpEANuUN meperoca Ha ¢, 67) Ho3BOJAET PACIPOCTPAHHTD
(5) ua Bce Oecroweuno OormLmime k W BCe HeCTaHIapTHHIe (rmmeprefi-
cTBOTesbHbIe) § m3 (HECTAHZapTHOTO AHAJNOTA) TOTO Ke HHTEPBaIa.
Vixe opHOTO TpeboBaHHsA HeIpephlBHocTE f(*) (BBITEKAIOmMerd ®3
cymecTBoBanua f*+D) moctaTouno, 4TOGEI YTBEP:RAATH:

dk
LD 0 @t0,), 0<0,<ki ®

(cwm., manpumep, [71], ¢. 19; upm k = 1 — teopema Jlarpamxa). Orcio-
na BBOAY OecKOHeUHOH MaloCTH dr HeMe[JIeHHO CIEAYeT

bp &~ By u fr &~ 0 qua romeunwIx k. 7)

ITycTs Temeps umcio k GecKOHEUHO Beduro. Umeno e ¢ = 2|z — af
CTaHJAapTHO, ® NOXTOMY IpH 0ecKoHeYHOM Kk BBIOJHAETCA HEpaBeH-
cTBO c* < k! (KOTOpOE JerK0 MOJKHO BLIBECTH mCXOAsa m3 Goxee GBicT-
poro pocta (aKTOPHANA IO CPABHEHHIO CO CTEIEHBIO ¢ JIOGHIM (uKCH-
poBaHHLIM ocHOBaEHeM)., CiefoBaTensHo, (x—a)* <272k, m Mut
HaxonaM ¢ moMompbio (5) m (6), 1TO

Br| < 2M-27% gaa wasgoro GecKOHEIHOro k, 8)
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Hantme nam rorpebyerca

Jdemuma. Cywyecreyer Seckoneuno Goavlide Harypaivioe m < n
rakoe, uro cymma Om == |Bol &+ [Bi]| + ... + |BPm| 6ecroneurno maia,

Ilocne pnokazaTessCTBa JIeMMBI CJAOMHOCTEH Y;ke HeT. Mmenno:
ecim m TAKOBO, KAK YKasaHO, TO ¢ moMmompo (8) MOMKHO DONYyYETH
ONEeHRY

n n
I’n—snl<°m+ E |ﬁk!<0m+2M 2 2—k<
h=m-+1 k=41

<O, 42M.27m,

T. e 8y — Sn = 0 (m Gecroneyno) m s, & Sy, wT0 m TpefoBANOCE,

JNokxaszaTeabcTBO JeMMBLL VckoMbIME cBoiicTBaME 00na-
paer Hambosbmee (KOHedHOoe HIH OeCKOHEYHO GoJbImoe) 4mCHO m < n,
Js1 KOTOPOTO BHIIOJHSETCH HEPABEHCTBO O << m~l, 3T0 wmeiro m
GeckoHeyHo 60JBIIOe, IOCKONBKY JI000@ KOHETHO8 m YROBIETBOpPSET
BallNCAaHHOMY HepaBeHCTBY Omarofaps cooTHomenmio (7). OGparHos
gicao m~! 6yner GeckomeuHo ManwM. ClleTOBATENEHO, H CYMMA Om
GecKOHEYRO Masia, T&K KAK On < m~! mo BuGopy wumena m. Jlemma
ROKa3aHa,



10.
11
12,
13.

15.
16.

CIHCOK JIMTEPATYPBI

. Cnpanoqnaa KHATA [0 MATEMATHEYECKOH JOTHKe: Hep. 0 lﬂﬁl
- M.t

B 4 w/Tlox pex. [x. Bapsaiica— 4, I: Teopma mopene#k
Hayra, 1932.—892 o,— Y, 1I; Teopmn wumomects.— M.: Hayra,
1982.— 375 o,

. XpeCTOMaTM 0 MCTOPDHH MATCMATHEKH! MaTemarraecKuit aHanug,

reopuss BepoarHocreii/Cocr, M. T, Bammaxosa m gp.— M4 IIpo-
ceemenme, 1977.— 224 o.

. Davis M. Applied Non-Standard Analysis.— N. Y, et al.i John

Wiley & Bons, 1977. [Pycckmit mepeson: Jesme M. Ilpmkiax-
ol mecranpapTHHIHE amamma.— M.: Mup,

1980.{{
.Jdpyxumeres B, B, Horropos M. C. HUpes, amropaT™, pe-

mesne.— M.: Boenmapnar, 1872.— 326 c,— (Br6amorexra ogurnepa.)

.3soREH A K, Ily6mm M A, HecrampgapTanil amains R

CHETYAAPHE® BOSMYMEHHA OOLKHOBOHENX auddepeRnEaTEHHEY
ypasHenuil/ Yeuexu mar, Hayk.— 1984.— T. 89, smin, 2.— G, 77~
127. . i

. JeGer A, HHTerpmpoBaEme m OTHICKAHEE HUPUMHATHEBHHX (PyHR-

nait: Iep, ¢ $parmg.— M.; JI.: TTTH, 1934,

.Jleii6Emn I' B. Mabpaunsle OTPLIBKE H3 MAaTEMATHIOCKHX CO-

uprerni/Coct. ® nef. A. II. Omxesnu/Vcenexm Mar. HayK—
1948.— T. 2, smm 4(23).— C. 165—204, (OTpHBKE DpPHBEJEHH
rawmke B [2].)

. Jlem C. Penenanms ma xumry Kymo Muartse «Opnmcced ms Hrarms!

Iep. ¢ moabcxoro / 3eagme — cumaa.— 1972.— N 2.— C. 46—48.

.Maasxes B, I, Homomapes B. I. O0maa TomonorEa

(TeopeTHKO-MHOKECTBeHHOe Hampasienme) /Mrorm HayRE H Tex-
gakn: AnareGpa, Tomosormd, reomerpma.— M. BHUHUTH, 1975,—
T, 13.

Masmu 0. H. Horaszyemoe m mejorasyemoe,— M,: Copercroe
paamo, 1979, :
PoGumrcon A. Bsegenme B Teopmio Mofenell m MeramareMarm:-
ry anreGpsr: Ilep. o aara.— M.: Hayka, 1967.

P}; EI)IHB Y. Oymruuonaaeabié adanma: Ilep. ¢ amrm— M.: Mup,
1975,

Yenemckumi B. A, O mecramgaprEoM amammsefJ[esmc M.
ITpmrnaguolt BecTamgaprHbli amanms.— M.: Mmp, 1980.— C. 5—21.

.YcomemckuE# B. A, Hecrammaprusill, mim HeapX®mMeJoB, aHa-

an3,— M.: Smamme. 1983.— 61 c.— (HoBoe B ;kHM3HHm, HayKe, Tex-
nure. MaremaTnra, kubepreTura, Ne 8.)

Yeomermcrkui B. A, Hecrampaprasit ananns/Hayka aA jKE3ED,~—
1984.— Ne 1.— C. 45—50.

Ofizep JI, Beepgenme B amanms Gecromeumblx; Ilep, ¢ aar,— 2-8
meg,— T, I,= M,; Quamarrzs, 1961,

125



17.

18.
19.

20.

21.

22

23.

24,

25.

26.

217.

28.
29.
30.

31
32.
33.

35.

126

Albeverio S, Fenstad J. E, Hgegh-Krolhn R Sin«
gular perturbations and nonstandard analysis/Trans. Amer. Math,
Soc.— 1979.— V. 252.— P. 275—295.

Aronzajn N, Smith K. T. Invariant subspaces of comple-
tely continuous operators/ Ann. Math.— 1954.— V. 60, Ne 2.
Bellenot S. F. Nonstandard topological vector spaces/ Victo-
ria Symposium on Non-Standard Analysis/Ed. A. Hurd.— Berlin;
Springer, 1974.— P. 37—39. :
Bernstein A. R Invariant subspaces of polynomially com-
pact operators on Banach spaces/Pacific J. Math.— 1967.— V. 21,
Ne 3,— P. 445—464

Bernstein A. R, Robinson A. Solution of invariant sub-
space problem of K. T. Smith and P. R. Halmos / Pacific. J. Math.—
1966.— V. 168, Ne 3.— P. 421—431.

Bernstein A R, Wattenberg F. Nonstandard measure
theory / Applications of Model Theory to Algebra, Analysis and
Probability Theory: Proceedings of an International Symposium
on Non-Standard Analysis.— N. Y.: Holt-Rinehart and Winston,
1969.— P. 171—185.

Brown D, Robinson A. A limit theorem on the cores of
large standard exchange economies/Proc. Nat. Acad. Sci. USA.—
1972.— V. 69, N\t 5.— P. 1258—1260.

Brown D, Robinson A. Nonstandard exchange economies
Victoria Symposium on Non-Standard Analysis/Ed. A. Hurd.—
Berlin: Springer, 1974.— P. VIII—IX,

Cartie P. Perturbations singuliéres des equations differentiel-
les ordinaries et analyse non-standard/Seminaire Bourbaki.—
1981/1982.— 34-e année, Mo 580.— P. 580-01—580-24. [Pycckmit ne-
pesog: Haprse II. CmeEryaspusie BoaMymieHHA OOBIKHOBEHHBIX
auddepeENTAIPHEIX YPABHEHHI 0 HecTaHTAPTHHIA aHanda/ ¥Ycme-
x® MaT. Hayk.— 1984.— T. 39, Bain. 2.— C. 57—76.]

Cutland N. J. Nonstandard measure theory and its applica-
tions/Bull. London Math, Soc.— 1983.— V. 15, part 6, Ne 57.—
P. 5290—589.

Theory and Applications of Singular Perturbalions: Proc. Conf.
Oberwolfach, Aug. 16—22, 1981/Ed. W. Eckhaus, E. M. de Jager.—
Berlin: Springer, 1982.— 363 p.— (Lecture Notes in Mathematics,
N 942.)

Farukh M. D. Applications of nonstandard analysis to quan-
tum mechanics /J. Math. Phys.— 1975.— V. 16, \¢ 2,— P. 177—200.,
Goodyear P. Double enlargements of topological spaces/
Z. math. Logik Grundl. Math.— 1984.— Bd. 30.— S. 389—392,
Grainger A. D. Invariant subspaces of compact operators on
topologic vector spaces/Pacific J. Math.— 1975.— V. 56, N 2.—
P. 477—493.

Halmos P. R. A glimpse into Hilbert space/Lectures on Mo-
dern Mathematics.— V. I.— N. Y.; London, 1963.— P. 1—22,
Halmos P. R Invariant subspaces of polynomially compact
operators / Pacific. J. Math.— 1966.— V. 16, Ne 3.— P, 433—437.
Hrbalek K. Nonstandard set theory/Amer. Math. Monthly.—
1979, October.— P. 659—677.

. Victoria Symposium on Non-Standard Analysis/Ed. A, Hurd.—

Berlin: Springer, 1974.— (Lecture Notes in Mathematics, N2 369.)
Hurd A. E. Nonstandard analysis and latlice statistical mecha-
nics; a variational principle /Trans, Amer. Math, Soc,~— 1981,—
V. 283, N2 1,— P, 89—110,



86.

37.

38.

39.
40.

41.

42.
43.

44,
45.
46.

49.

50.

51.

52.

53.

54.

Janz A. Eine neue Variante der Nichtstandard-Analysis und
einige ihrer Anwendungen in der allgemeine Topologie.— Berlin:
Sektion Mathematik der Humboldt-Universitdt zu Berlin, 1980.—
(Seminarbericht Ne 30.)

Kamo S. Nonstandard natural number system and nonstandard
models /J. Symbolic Logic.— 1981.— V. 46, Ne 2.— P. 365—376.
Keisler H. J. Elementary Calculus.— Prindle: Weber &
Schmidt, 1976. [Peuensms /Hosse kEnrm 3a pyGesmom: Cep. A.—
1978.— Ne 9.]

Keisler H.J. Foundations of Infinitesimal Calculus.— Prindles
Weber & Schmidt, 1976.

Kelemen P.J. Quantum mechanics, quantum field theory and
hyper-quantum mechanics/ Victoria Symposium on Non-Standard
Analysis/Ed. A. Hurd.— Berlin: Springer, 1974.— P. 116—121.

Kelemen P.J, Robinson A. The nonstandard h:cpg (x)-

model /J. Math. Phys.— 1972.— V. 13, N+ 12.— P. 1870—1878.
Lawler G. F. A self-avoiding random walk/Duke Math. J.—
1980.— V. 47, & 3.— P. 655—693.

Levitz H. Calculation of an order type: an application of
non-standard methods/Z. math. Logik Grundl. Math.— 1982,
Bd. 28.— S. 219—228.

Lightstone A. H. Infinitesimals/Amer. Math. Monthly.—
1972, March.— P. 242—251.

Lightstone A. H, Robinson A. Nonarchimedean Fields
and Asymplotic Expansions.— Amsterdam: North-Holland, 1975.
Loeb P. Conversion from nonstandard to standard measure
spaces and applications to probability theory/ Trans. Amer. Math.
Soc.— 1975.— V. 211.— P. 113—122.

.Loeb P. Weak limits of measures and the standard part map/

48.

Proc. Amer. Math. Soc.— 1979.— V. 77, Ne 1.— P. 128—135.
Lutz R, Gose M. Nonstandard Analysis: A Practical Guide
with Applications.— Berlin: Springer, 1981.— 261 p.— (Lecture No-
tes in Mathematics, No 881.) [Peuemnsusn/Hossie xuuru 3a pybe-
monm: Cep. A.— 1983.— No 1.— C. 15—17.]

Lutz R, Sari T. Applications of nonstandard analysis to
boundary value problems in singular perturbations theory / Theo-
ry and Applications of Singular Perturbations: Proc. Conf. Ober-
wolfach, Aug. 16—22, 1981/Ed. W. Lckhaus, E. M. de Jager.— Ber-
lin: Springer, 1982.

Luxemburg W. A J. Non-Standard Analysis: Lectures on
Robinson’s Theory of Infinitesimals and Infinitely Large Num-
bers.— Pasadena, 1962.— Revised edition.— Pasadena, 1964
Applications of Model Theory to Algebra, Analysis and Probabi-
lity Theory. Proceedings of an International Symposium on Non-
standard Analysis/Ed. W. A. J. Luxemburg.— N. Y.: Holt-Rine-
hart and Winston, 1969.

Contributions to Non-Standard Analysis: Symposium at Ober-
wolfach, 1970/Ed. W. A. J. Luxemburg, A. Robinson.— Amsterdam;
North-Holland, 1972,

Luxemburg W. A. J. What is nonstandard analysis? / Amer.
Math. Monthly.— 1973.— V., 80, N¢ 6: Papers on the foundations
of mathematics, part 11.— P. 38—67.

Machover M., Hirschfeid J. Lectures on Non-Standard
Anajysis.— Berlin: Springer, 1969.— (Lecture Notes in Mathema-
tics, N\t 94.) .

127



) 55.
b6.
YR
b8.
59.
60.
61.

62.
63.

64.

65.

66.
67.

68.

69.

70.

.

Moore S. M. Nonstandard analysis applied to path integrals
and generalized functions /Il nuovo cimento della societd italia-
na di fisica.— 1982.— V. 70B, Ne 2.— P. 277—290.

Nelson E. Internal set theory: a new approach to nonstan-
dard analysis/Bull, Amer. Math. Soc.— 1977.—V, 83, M 6.—
P. 1165—1198.

van Osdol D. H. Truth with respect to an ultrafilter or how
to make intuition rigorous/Amer. Math. Monthly.— 1979, April.—
P. 355—363.

Parikh R, Parnes M. Conditional probabilities and uni-
form sets/ Victoria Symposium on Non-Standard Analysis/Ed.
A. Hurd.— Berlin: Springer, 1974.— P. 180—194.

Perkins E. Weak invariance principles for local timej
Z. Wabhrscheinlichkeitstheorie  verwandte  Gebiete.— 1982.—
Bd 60.— S. 437—451.

Robinson A. Non-standard analysis/Proc. Koninkl, ned. akad.
wet, A.—1961.—V. 64, N 4—DP. 432—440.— Reprint /Indag.
math.— 1961.— V. 23.— P. 432—440.

Robinson A. Non-Standard Analysis.— Amsterdam: North-
Holland, 1966.— (Studies in Logic and the Foundations of Ma-
thematics.)

Stroyan K. D, Luxemburg W. A. J. Introduction to
the Theory of Infinitesimals.— N. Y.: Academic Press, 1976.
Sullivan K. The teaching of elementary calculus using the
pnonstandard analysis approach/Amer. Math. Monthly.— 1976.—
V. 83, N2 5.— P. 370—375,

Tarski J, Short introduction to nonstandard analysis and its
physical applications/Many Degress of Fréedom in Field Theo-
ry: Proceedings of the 1976 International Summer Institute of
Theoretical Physics, Bielefeld, Aug. 23 — Sept. 4, 1976/Ed.
L. Streit.— N. Y.; London: Plenum Press, 1978.— P, 225—239,

Troesch A. Etude macroscopique de I'equation de van der
Pol / Theory and Applications of Singular Perturbations: Proc.
Conf, Oberwolfach, Aug. 16—22, 1981/Ed. W. Eckhaus, E. M. de
Jager.— Berlin: Springer, 1982.

Voros "A. Introduction to nonstandard analysis/J. Math,
Phys.— 1973.— V. 14, Ns 2.— P. 292—296.

Wattenberg F. Nonstandard measure theory: Avoiding pa-
thological sets/Trans. Amer. Math. Soc.— 1979.— V, 250,— P. 357—
368,

Wésley E. An application of nonstandard analysis to game
theory /J. Symbolic Logic.— 1974, — V. 36, N 3.— P, 385—394.

Ho6asnedne Opu KOPPEeKTypeo

Albeverio S, Hgegh-Krohn R, Fenstad J. E,
Lindstrgm T., Nonstandard Methods in Stochastic Analysis
and Mathematical Physics.— N. Y. et al.; Academic Press, 1986.—
XII + 514 p.

9iixnep J. Jmdbdepennmarsmoe mcumcaenme: Ilep. ¢ nar./Bery-
gaTeabHag crarba # npuMewanma M, fI, Brrrogexoro.— M.: Toc-
TexmsgaT, 1949.— 580 c.

Teasdonrn A. O, Hceumcnenne xomeanex pasmocreir,— M.: Hay-
ra, 1967,— 376 o,





