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Awunoranusi. ITesnbro paboThl ABIsIeTCS U3ydYeHNe BKJIATA 3apyOeKHBIX M OTEUYECTBEHHBIX MATEMATUKOB, B 0CO-
6eranoctn M. A. KpacHocenmbCKOro, B pa3BUTHE TEOPHUH JIMHEHHBIX N HETMHEHHBIX MOJOXKHUTETHHBIX OIIEPATOPOB 34
uepuoy ¢ cepeauubl 1900-x rr. 10 konma 1960-x rr.

Mertoa. UcciemoBanre 0CHOBaHO Ha aHaM3e OpUruHAJILHBIX pabotr O. [leppona, @. I. ®pobennyca, P. Exnrya,
II. C. VYpsicona, M. I. Kpeitna, M. A. Pyrmana, M. A. KpacHOCeIbCKOr0 U Ap. B KOHTEKCTE 06IIEMUPOBOTO
nporecca pa3BuTus (yHKIMOHAJIBHOIO aHAJINA3A.

PesyabraTt. Bkiaj oredecTBeHHbIX YYEHBIX B 00JIACTH II0JI0KHUTE/IbHBIX OIIEPATOPOB OKa3aJiCd OoJiblie, Yem
BKJIaJ] OCTAJIbHOM YACTH MHPOBOTO MAaTEMATHYIECKOrO COODIeCTBa B paccMarpuBaeMsbril mepmos. CoBeTckue Ma-
remaruku M. I'. Kpeita u ero yaenuk M. A. Pyrman B 1940-e 1. CO31a/11 TEOPHIO KOHYCOB U AUHEUHBLET IIOJIO-
JKUTEJIbHBIX OTepaTopoB A B 6ECKOHETHOMEPHOM TTPOCTPAHCTBE W MPUMEHMIN €€ K MCCIeTOBAHUIO PA3PENTNMOCTH
ypaBHenuii Buma Ar = Ax. Buarogapst ycuimsm apyroro yuennka M. I'. Kpeitna — M. A. KpacHocenbckoro — ¢
cepenunbl 1950-X IT. TeOpus MOJIOKUTETHHBIX OTIEPATOPOB IIprobpesia CBOE 3HAUEHMEe, KaK 00Ul MeTO [y pe-
IIeHNS MIUPOKOTO KJIACCA 3329 KAYECMEEeHH020 XaPAKTEPA, OTHOCAIINXCH K aHAN3Y HEAUHEUHOT OTIEPATOPHBIX
ypaBHEHWI (B TOM 9HCJIE, TOKA3ATEIHLCTBO HOBBIX TEOPEM O HEMOJBUKHONW TOYKE W CTPYKTYPE CIEKTPA MOJIOXKHU-
TenpHOTO oneparopa A, mccaenoBanne 6udypKAIMOHHBIX 3HAYEHUI TapaMerpa (i B ypaBHennu suna ¢ = A(z, 1),
060CHOBAHME METO/IA TIOCJIEIOBATEILHBIX IPUOIMAKEHNI 171t ypaBHeHuss Ar = \r ¢ HeJMHEeHHBIM orrepaTopoM A B
KOHycCe 6aHaxoBa IPOCTPAHCTBA U T.II.). Kpome Toro, B pamkax passutoit M. A. KpacHOCEILCKUM T€OpUH yIAI0Ch
PeLuTh PsiJI 333 IPUKJIAIHOIO XapaKTepa.

O6cyxkaeHune. Ananus A0CTUKEHUI B 06J1aCTH [I0JI0KUTEJIbHBIX OLIEPATOPOB IIOKA3aJ1, 9TO B OT/AEJIbHO B3 TON
crpane (CCCP) moryT GuITh CHOPMUPOBAHBI yCIOBHUS JJIsT YCIENIHOTO CO3JAHUS W PA3BUTHS IEJIOTO HAYIHOTO
nanpassienus. OrpoMHOe 3HAYEHUE 371eCh UMEeT MACHITA0 yIEHBIX, CTOANUX Y UCTOKOB TOr0 Hanpasiaeraus — M.
I. Kpeiina u M. A. Kpacuocesbckoro.
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1PaBoTta npenacraBisger coboif pacIInpeHHbIR U IOIOJIHEHHBIH BAPHAHT JOKJI3Ja HA BOPOHE:KCKON 3MMHeH MaTeMaTude-
cxoit mkose C. I. Kpeitra — 2020 [Boratos, 2020], a Taxzxe BeicTymiernii Ha XXV roguanoil Haywaol KoHbepennun UMET
PAH um. C. V. Basunosa, cekuus Mcropus maremaruku, [Boraros, 2019 a] u na XVI MmexayHapogHoi KoudepeHIuu
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Abstract. Goal. The aim of the work is studying of the contribution of foreign and domestic mathematicians,
in particular M. A. Krasnoselskii, to the development of the theory of linear and nonlinear positive operators for
the period from the mid-1900s until the end of the 1960s.

Method. The study is based on an analysis of original works of O. Perron, G. Frobenius, R. Jentzsch, P. S.
Urysohn, M. G. Krein, M. A. Rutman, M. A. Krasnoselskii and others in the context of the global process of
development of functional analysis.

Result. The contribution of domestic scientists in the field of positive operators was larger than that of the
rest of the world mathematical community in the period under review. Soviet mathematicians M. G. Krein and
his student M. A. Rutman in the 1940s created the theory of cones and linear positive operators A in space of
infinite dimension. They applied this theory to the study of the solvability of equations of the form Az = Az.
Thanks to the efforts of another Krein student — M. A. Krasnoselskii - the theory of positive operators has become
a general method for solving a wide class of problems of a qualitative nature, related to the analysis of nonlinear
operator equations, since the mid 1950s (proof of new fixed point theorems and theorems about the spectrum
structure of the operator A), investigation of the bifurcation value of the parameter u in the equation z = A(z, ),
substantiation of the successive approximations method for the equation Ax = Az in a cone of Banach space for
nonlinear operator A and so on). Besdides, in the framework of the theory created by Krasnoselskii, a number of
important applied problems were solved.

Discussion. Analysis of developments in the field of positive operators showed that in one country (USSR)
may be formed conditions for the successful creation and development of a separate scientific field. Of great
importance here is the scale of the scientists who stood at the origins of this direction — M. G. Krein and M. A.
Krasnoselskii.

Key words: history of nonlinear functional analysis, Perron-Frobenius theorem, Jentzsch theorem, Krasnosel’skii
cone theorem, positive operators, theory of cones, Hammerstein equation, Urysohn equation.
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1. BBegenne. C Havasa HOABJIE€HUs MEPBBIX pabOT MO MOJOKUTETBLHBIM OMEPATOPAM IPOIIIO yIKEe
6osiee 100 ner, a cepeguubl XX B. MHTEPEC K ITOH TeMe CTaJ PACTH B I'€OMETPHUYECKON IIPOrpeccuu
(cM., HATIpUMeED, CITUCOK JUTeparTyphl B [Amann, 1976]), mosToMy €€ ocMBICJIEHWEe Y3Ke JaBHO Ha3peJo.
Hecmorpst Ha 3TO, UCTOPUKO-MATEMATUIECKUIE UCCIEIOBAHNS B JAHHOM HANPaBJICHWH, MO-BUIUMOMY, He
MpPOBOAMIINCH. KpoMe TOro, HEKOTOpbhIE 3aa/Hble MATEMATHKH, TyOJIUKYIOIINe MOHOTPAMUH IO TOJIOXKHU-
TeJIbHBIM OIIEPATOPAaM B CEPbE3HBIX u3JaresbcrBax (cMm., nanpumep, [Aliprantis, Burkinshaw, 2006]), B
HUCTOPUYECKOM IPEJIMCIOBAN HE YIIOMHHAIOT OCHOBOIIOJIATAIONHE PAGOTHI O MATPUYHBIX ITOJOKHUTETbHBIX
oneparopax O. Ileppona [Perron, 19076], ®. I. ®pobennyca [Frobenius, 1908; Frobenius, 1909] u ux 1o-
cnemosarens P. EnTua ¢ ero pesyabraramMu O MOJOKUTEILHON PA3PEITUMOCTH JIMHEHHBIX WHTEMPATbLHBIX
ypasuenuit [Jentzsch, 1912].

Tpyaao Takxke OObICHATH OTCYTCTBHE CPEIU «OTIOB-OCHOBATEEH> 00CYKIAEMON TEOPUH TAKUX W3-
BecTHBIX y4éHbIX, kKak M. A. Kpacnocesibckuii, omy61uKoBaBmiuii MOHOIPa(hHIO 110 IOJIOXKHUTEJIbHBIM Pe-
IIEHUAM ONepaTopHbIX ypashenuit® |Kpacnocenbekuii, 1962], B. W. Onoitues |Onoiines, 1977] u Muorux
JPYTUX OT€YECTBEHHBIX MATEMaTUKOB.

ABTOp mocrapaercs B KaKOM-TO CMBICJIE€ BOCCTAHOBUTH WCTOPUYECKYIO CIIPABEJIMBOCTL W OeCrnpu-
CTPACTHO MPOCIEIUTDH 3aPOXKICHUE U PA3BUTHE TEOPHUH MOJOKUTEIbHBIX OMepaTOpOB, HAYMHAS ¢ paboT
III. ®. IIrypma 1830-x rr. u 3aKaHYUBasi UCCJIEIOBAHUAME KPACHOCEIHCKOTO U €r0 YIYEHUKOB JI0 KOHIA
1960-x rT.

Bynyr HaiigeHsr OTBETHI Ha CJICLYIONINE BOTPOCH:

20na Gblia IepeBeeHa Ha AHIVIHHCKHN g3bIK B 1964 1. n3gartenscrsoM Noordhoff.
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1. Korna Bo3HUKIIA BBIMIEYIOMSIHYTas TEOPUs W 9eM ObLIO 0OCYJTIOBJIEHO e€ HosBIeHue?
2. Ha kakoMm 3raiie pa3BUTUS TEOPUU K HCCIEIOBAHUSM MOJKIIOUMIACH OT€YECTBEHHBIE MATEMATHKY !
3. KakoBbl KJIIOYEBbIE MOMEHTBI PA3BUTHS TEOPUU MOJIOKUTEIbHBIX OEPATOPOBT

4. Yem 6bL1 moruBuposan upuxos M. A. Kpachocesbckoro B pannyo obsiactb? Kakux pesyiibraron
OH JTOCTHUT, KAK¥WE WHCTPYMEHTHI UCIOJIb30BAJI!

5. Kak cooTHOCHINCH TOCTUKEHUS TIPEICTABUTENIEH BOPOHEKCKON MATEMATHIECKOHN MKOJBI C PE3YITh-
TaTaMu JPYTUX YYEHBIX, B TOM YUCJI€ ¥ WHOCTPAHHBIX !

6. Kakoe mpomosmkenne nosyuunsa ra trema B 1960 — 1970-e rr.?

7. Kakoe BO3z€elicTBIE OKa3aJja TEOPUs MOJOKUTEIHHBIX ONEPATOPOB HA pa3BuTue (OyHKIMOHATIHHOTO
aHasmu3a’?

Hacrosmee uccnegoBanne npogomKaeT MUk paboT aBToOPa 110 UCTOPUM HEJMHEHHOrO (yHKIMOHATILHOTO
anaymsa (cM. [Boraros,2017], [Boraros,2018], [Boraros,2019a|, [Bogatov,2020]).

2. IIpeapicTOpUs: MOJOXKUTEJIbHBIE MATPUIILI U JIMHEHHbIE MHTErpAJIbHbIEe YPaBHEHU .

B 1907 r. nosiBuiiacs pabora Hemenkoro maremaruka Ockapa IleppoHa o mosioKuUTEIbHBIX COOCTBEH-
HBIX 3HAYEHWSX MATPUIL C MOJOKHUTEIbHBIME 3jieMenTamMu. OCHOBHOUW WHTEPEC MJIs HAC TPEICTABJISIET
TEOPEMA 0 CYULECTNBOBAHUL HAUOOALULEZ0 TO MOOJYAN, NOAOHCUTNEABHOZ0 CODCTNEEHHO20 3HAYEHUL MATN-
PuUYL
A = {a;; > 0}, 2de

Az = Az, (1)

KOMOPOMY COOMBECTNEYEM BEKMOP € NOAONHCUMEALHUMY Koopdunamamu [Perron, 1907 b; c. 261 |.

NnTepec IleppoHa K TOTOXKUTENHLHBIM MATPUIAM OBLT OOYCAOBICH? 3aJa9aMH H3 aIreOphl MaJIbIX
KoebaHmit, BOCXOISAIINX K HCCaenoBanuaM ppaniry3ckoro maremarnka Ilapas @pancya Ilrypwma. Ipu-
BeséM xapakrepHbiil npumep [Sturm, 1833; Tanrmaxep, Kpeiin, 1950]. Ilycrs umeercs yupyrasi crpyna,
HAIDYZKEHHAs MAaCCaMu B HEKOTOPbIX BHYTPEHHUX TOYKax §; (cMm. puc. 1).

Puc. 1. Yopyraga crpyHa, Harpy:xeHHag MacCaMHI
Fig. 1. Elastic string loaded by masses
Eé monepetnble mepemerienust ya0BI€TBOPAIOT JuHeHHOMY nuddepeHnaaibHOMy YpaBHEHNIO

y(x,t) = =Y K(x, s6)maijk,
k=1

rae K(x,s) — GyHKIMs BAUSHUAS CTPYHBI.
Ecmu npeamonararh Haaudpe TapMOHHYIECKUX KOJTEOAHHIA, TO A OTBICKAHHS AMILTATY IIPOrHba B
TOYKAX S; MBI IPHIAEM K CHCTEME JIMHEHHBIX yPaBHEHHI

n
U; = p2 Z Qi MEUE, (2)
k=1

rae a;; = K(s;,8;) > 0 ecrb xoadbdunuentor Bamanusa. Marpuna A = {a;;} cucremsr (2) meorpuma-
tesnbHa. Pesynbrarst [leppona ObIIM PACTPOCTPAHEHBI HA, MATPHUILI ¢ HEOTPUIATEILHBIMU 3JIEMEHTAMHT
ero coorevdecrBeHHnkoM Pepamrangom Teoprom @pobenuycom [Frobenius, 1908; Frobenius, 1909].

Hagamno XX B. 03HAMEHOBAJIOCh WHTEPECOM K JIMHEHHBIM WHTErPAJbHBIM YPABHEHUSM C TOUYKH 3pe-
HUs AHAJIOMMU C MaTpUYHbIMU ypaBHenusmu [Stewart, 2014]. Uccnenosanus ®pearonabma, [uibbepra
u Mmupra [Fredholm, 1903; Hilbert, 1904; Schmidt, 1907 a; Schmidt, 1907 b] orkpbiBaiu gopory Jis
o6o0renus 1. [leppona — @pobennyca Ha ypapHenus Opearoabma;

y(s) = A / K (s, t)y(t)dt. 3)

3Cwm. ero crareio [Perron, 1907 a], mameuaranuyio B ToM ke HOMepe xypuasna Mathematische Annalen, uro u [Perron,
1907 b.
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AKryasnbHOCTH JaHHOrO 06001IEHNs! IOATBEPXK AAIACH TAKXKE TeM, 4TO ypaBuenue Buza (3) (upu nenpe-
peisHOM K (8,t) > 0 ¢ 3amenoii dt va do(t)) mosBossger HafiTH aMmIUTyMy KOJEGAHUNA yOPyroro KOHTH-
HyyMa TIpH HempepbIBHOM pactpeenennn mMace [Fredholm,1906; Bateman, 1910, p.420-421]. Ykazanuoe
HCCIeI0BaHme GBIIO BHITOMHEHO yuennkom Ppobenmyca, HeMenknM mMaremarunkoM PoGeprom Mentdaem B
1912 r. CoorBercrByioias TeopeMa (B HECKOIBKO yIPOIIEHHOH dhopme) Boirisaena tak [Jentzsch, 1912;
c. 225].

Iyemo gynryus K (s,t) nososcumensvra u nenpepusha das aobwz s,t € (a,b), moeda cywecmeyem
HAUMEHbWEE NO MOJYAI0, NPOCTOe Beulecmeertoe cobcmeennoe snavenue Ao = min |A| ypasuenus (3),
KOMOPOMY COOMBEMCMEYEM NOAOHCUMENLHAA Ha uHmepsase (a,b) dynruua yo(s).

3. Heaunnelinble MHTErpaJibHble YPAaBHEHUS C HOJIOXKUTEJbHBIM siipoM. [lanbHeiiee pas-
BUTHE JTUHEHHON TEOPUN ypPaBHEHUI C IMOJOXKUTENbHBIME PEIeHusIMA TOPMO3UIOCH OTCYTCTBHEM OOIIei
TEOPUU OLIEPATOPOB, KaK TAKOBOI (OHA Ci10KMiIach K KOHIy 1920-x rr. — cM., naupumep, [Bernkopf, 1966;
Boraros, MyxwuH, 2016]). B ntore B Teuenne mpuMepHO 15 JieT HOBBIX PE3YIBTATOB O TOJOXKHUTEIHHOM
paspenmmMocT ypasHenus (1) B iuHEHOM CjIydae MoJydYeHo He ObLIO.

IMapastenbHO ¢ JIUHEHHON IO Pa3BUTHE TEOPUW HEJIWHENHBIX WHTErpasbHbIX ypasHeHumii [Schmidt,
1908]. 3mech cebst MPOSBIUII NPEJICTABUTEIh MOCKOBCKOI MaTeMaTwdeckoil mkoibl IlaBen CamymmioBnd
Vpoicorn. OH obpaTuics K TemMe MOJOKUTEIbHBIX PEeIlleHnit 3a/a4 Ha CODCTBEHHbIE 3HAYCHWS [Tl HEJd-
HeAHLIX HHTErpaibHbIX ypasHenuii B 1918 .4, He Gyyun 3naxoM ¢ pesyibraramu EnTua, oH paceMoTpet
YCJIOBUS TIOJIOKUTETHHON PA3PENMMOCTH YPABHEHU T

y = nAoy, (4)
C HEJIMHEWHBIM OIepaTOpPOM

b
Agy(a) = / K(,5,y(s))ds. (5)

ITporozst com mccmenoBanust [YpbicoH, 1923], YVpBICOH, MO-BUANMOMY, PYKOBOACTBOBAJICS JIOTUKON pa3-
BuTHs caMoit maremaruku. O THAKO 37€Ch HEOOXOIMMO OTMETHUTD, YTO OH OBLIT XOPOIIO 3HAKOM C 33, 1a9aMu
IUIPOJMHAMIYECKOTO XapaKTepa®, MPUBOAATIIMMY K ypaBHeHnaM Bu/a (5), 4TO MOIVIO OKa3aTh CBOE BJIH-
sSHWE Ha BBHIOOP 0OBEKTA MCCIIETOBAHMUSA.

Ucnonp3yss B KadecTBe OCHOBHOIO MHCTPYMEHTA METOJ, IMOCJIeI0BATEIbHBIX MPUOIMAKEHUN, Y PhICOH
JI0KA3aJl TEOPEMY O CYLIECTBOBAHUU HOJIOKUTEIbHBIX PelleHuil ypasuerus (5) B [IPE/IIOJIOKEHUN O TOM,
uro K(z,y,0) = 0 u uro nponssonnas K/ (z,y,u) HeNMpepbIBHA, MOJIOKNUTEIHLHA W MOHOTOHHO YOBIBAET
¢ Bo3pacranueMm u (u > 0). OH mokaza, 9TO nosodcumenvrole cobcmeennvie Pynkyuy onepamopa Ag
CYWECTBYIOM NPU YCAOBUU, MO 3HANEHUA [L NPUHAOAENCAM HEKOMOPOMY unmepsasy (Up, fiQ), Tae
GUCIA [p W fig — 9TO HAMOOJbIINE COOCTBEHHBIE 3HAYEHHS ONPEIETEHHBIX JIMHEHBIX MHTErPATbHbIX
omeparopos P u Q. Kaxnomy pu € (up,[tg) COOTBETCTBYeT eIUHCTBEHHOE IIOJOKUTENbHOE DeIleHne
y(z, 1) [Ypoicon, 1951; c. 50-51].

Ormerum, 9ro nuTUpOBaHHAS PAOOTA Y PHICOHA OLEPE/IUIA CBOE BPEMsi U HE ObLIa OIIEHEHA €r0 COBPE-
MEHHUKAMU IO JTOCTOUHCTBY.

4. Ob6ocobJieHe aJIredphl MaJbIX KOJIeOAaHUI M BHIXOJ Ha T€OPUIO MOMEHTOB. Kak yike ObI-
JIO OTMEYEHO BBIIE, HCTOYHUKOM uccaenoBanuii [leppona B obracTvi MATPUYHBIX YPABHEHUN CJIY KA
Teopus MabIx Kosebanunii. HoBbiit Kpyr uaeit ObL1 odepueH ogecckuM Maremarukom Mapkowm I'puropbe-
BudyeMm Kpeitnom npu Gosee npucranbaoMm (npo cpasuenuto co [ITypMoM) U3ydeHUn CBOWCTB MaTPHUILBI
K03 puUImeHToB BiusHUA A CTPYHBI C TOYEIHBIMUA MACCAMU, 3aKPEIJIEHHON HA 000MX KOHIAX (CM. PUC.
1) [Kpeiin, 1934 b]. Oka3anoch, 9T0 CyIIECTBOBAHUE OCHMJIIAIMOHHBIX CBOMCTB CBA3AHO CO CJIELYIOIIEd
0COBEHHOCTBIO MATPHILL A1: 6Ce MuHOPvL 110661 NOPAOKOE HMOT MAMPUYLL Heompuyamenrvhs.’ . B pe-
3yJbTaTe MCCIeNOBaHuil, npoBeaéHHbIX KpeitHoM coBMecTHO ¢ ero koJuieroit, @emmkcom PyBumoBuyem
TanTmaxepom B cepeante 1930-x rr. [FanTmaxep, Kpeitn, 1935], [Gantmakher, Krein, 1935], [Gantmakher,
Krein, 1937], Obu1 BbIIeIEH BayKHbIH KIACC TaK HA3BIBAEMBIX OCUUAAAYUOHHBLEL MANPULY — BIIOJHE HEOT-
PUIIATETLHBIX KBaIPATHBIX MATpHI, A, HeKOTOpas cTeneHb KOTOpLIX AF gpjgercsa BHojHe mosoKuTeh-
Hoit Marpurieii. IIpu aToM 6bLT OOHADPYZKEH CHemyIoNHit (DAKT: OCHOBHBIE CIIEKTPATbHBIE CBOMCTBA ITHUX
MaTpull (BELIECTBEHHOCTD, NOAOHCUMEALHOCTD U IPOCTOTA XAPAKTEPUCTUUECKUX YUCE, OlPeIeIEHHbIE
3AKOHbL 4€PEJOBAHUs 3HAKOB Y KOOPJAMHAT COOCTBEHHBIX BEKTOPOB U JIP.) $BJSIOTCH OOLIMMU KAk Jijis
CUMMETPUIHBIX, TaK U JJIS HECHUMMETPUUHBIX OCIH/IIAIMONHEIX MATPHIL .

4Pesymprar GBI OMYBIHKOBAH HA 5 JIET T037Ke ¥ H3BECTHOCTH B TO BPEMs He ITOJIy Il

5Cwm. ero muesnuk B kuure [Hetiman, 1972; c. 71-77).

6Tlompo6rocTu GyayT HIKE.

"Taxue marpuns! 660mn Hazpausl M. I. KpeifHOM 6n04He HEOMPUYAMEAbHbLMU.

8Tema OKazaIach HACTOMBLKO AKTYATbHOM, 9TO MOHOrpadus, TOMBITOKUBITIAS UK UCCITEN0BaRNT 10 3T0# Teme [TanT-
maxep, Kpeitn, 1950], 6p11a niepeBe/ieHa He HEMENKU M AHIJIMIACKHUH S3BIKY.
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[Mapasnnenbro ¢ Teopueil oCULIAIMOHHBIX Marpull KpeilH akKTHBHO 3aHUMAJICS MCCIIEIOBAHUSIME 110
reopuu momentos [Kpeitn, 1933; Kpeiin, 1934 a; Kpeiin, 1937; Kpeiin, 1938 al, u sror ero unrepec 6bLi
He ciyuaen’. [IpIMEHUTETBEHO K MAJILIM KOJEOAHNSM HUTH C OYCHHAMH, TIpoOJIeMa MOMEHTOB COCTOUT B
OTIpesie/IeHNH MacC OYCHH M WX PACIOJIOKEHUN TaKUM 00PA30M, 9TOOBI 9aCTOTHI KOJIEOAHUN HUTH WMEJIN
Harepé/| 3aJaHnble 3Hadenus (noapobHoCTH cM., Hanpumep, B Jlononuenuun 11 kuuru [Tanrmaxep, Kpeiin;
1950]).

Maremaruueckas nocraHoska 3agaqdu (L-upobsieMa MOMEHTOB), UCCJIEJI0BAHUEM KOTODPON 3aHMMAJICS
Kpeiin, cocrosina B caemnyromem [Kpeiin, 1938 a; c. 199]:

Kaxoev, neobxodumovie u 00Cmamounbie YCca08us, HAAAZAEMBLE HA YUCAG C1, ..., Cy, YOO CYULELCTNEO-
6440 HENPEPLIGHAA PYHULUA 02panudennol sapuayuy (1), YyooeaemeopAIOUAL YCAOBUAM

b
/xi(t)dgp(t) =¢, i=1,..,n (6)

Apy < Ap < Apy VAL,

2de Pynryuu ozpanusennol sapuayuu @1 (t) 1 w2 (t) ydosaemeopsiom ycaosuro Ap; < Apy VAL?

IIpobsrema MOMEHTOB BOJTHOBAJIA YMBI MATEMATHKOB, B TOM ducje oredecTBenubix — 11. JI. Uebbimesa
u A. A. Mapkosa — ¢ konua XIX 8. (cm. [Kjeldsen, 1993]; ucropuueckue kommenrapuu B [Kpeitn, Hynesnn-
man, 1973]). Ioucku nyreii e pewienus upuseinu Benrepckoro maremaruka Mapceess Pucca k. Bo3Mox-
HOCTH WCIOJIb30BaHus ueli pyHKIMOHATEHO-aHAINTHYIECKOro XapakTepa [Riesz, 1923]. On, B wacTHOCTH,
MOKa3aJl, 9To MpobeMa MOMEHTOB, COOTBETCTYBIOIAs mocyenoBaresbHocT {¢;} (eMm. (6)), mveer HEYObI-
Baoliee perienue p(t) B TOM ¥ TOJLKO B TOM Cilydae, Korja Juneitnoii dynxkiuuonan T : f(t) — R,
OINPEIENEHHBIN 110 IPABUILY

T(t") =c¢, >0,

TLONOAHCUMENEH.
Dro o3Hauaso, 4TOo J0Hast MOJIOKUTEIbHAs HA OTPe3Ke [a, b] nuHelinas koMOuHAIMA BUIA

x(t) = Zaktk >0, ar €R
k=1

npeobpasyercst byHkimonanom T’ B mosoxkurenbHoe uncio: T'(x(t)) > 0.

Yepes 5 /1eT OHATHE TOJIOKUTEIBHOTO (DYHKIMOHAJIA, OBLTIO 0000IIEHO HA OECKOHETHOMEDHBIN CIyJait
6parom M. Pucca, ®punpemiem Puccom (pesynbrar 6bu1 usnoxen na VIII Mexaynaponnom Maremaru-
vyeckoM KoHrpecce [Riesz, 1928]). Ou nazsasn dynkuuonasn A, onpeeséHHbIi HA MHOXKECTBE HEIIPEPbIBHBIX
byuxumit {f}, nosoocumenvroim, ecim f > 0 Baeuér Af > 0.

5. Bo3sHUKHOBEHUE TeopuUu KOHYCOB B 0aHAXOBBIX IpocTpaHcTBaX. B konme 1920-x — na-
qase 1930-x rr. QyHKUMOHAJIbHBINA aHAJIM3 y2Ke BbLAEIUICH B OTJesbHYI0 aucuuiinny [Bourbaki, 1974;
Dieudonne, 1981; Birkhoff, Kreyszig, 1984]. [eiicTByst B paMKax (hyHKIIMOHATBHO-aHAIATHYIECKOH W/1e0-
JIoTuM ¥ ommpasich Ha moaxon M. Pucca x perenunio 3a71au u3 Teopun MomeHTOB, Kpeiin BBEM B pac-
CMOTPEHUE MOJIOKUTEJIbHBIE JIMHEHHBIE (DYHKIIMOHAJIBI, OMPEIEIEHHBIE HA TOCIEI0BATEIHHOCTIX (DYHK-
umit wy(t) C E,t € I rak, uro'?

w(t) = i arwg(t) > 0= Bw > 0. (7)
k=1

Kpeiin mokazaun [Kpeita, 1938a, c. 127], 470 MHOXKECTBO BO3MOXKHBIX 3HaYeHWi (byHKINOHAIA B siBiisercs
KOHUYECKUM 6biNYKAbLM MHOXKECTBOM, 9TO ITOMOTJIO CBECTH U3Yy49E€HNE MOMEHTHBIX MOCIEI0BATEIHHOCTEH
{cn} K uccienoBaHMIO reOMeTPHHU BBIIYKJIBIX T€Jl B KOHEYHOMEPHOM pocrpancTse. Bosiee Toro, conepxa-
TeJabHAs MHTEperanus obsacTtu onpenenenus Gyakinonansa B mo3sonnia Kpeitny ocymecTBurh mepe-
X071 K OECKOHETHOMEPHOMY CJIYHAI0: NO3UMUSHOCMb GYyHKYyuoHaAa 68 npocmpancmee E nocmyauposanacy,
Kax €20 cnocobHOCbG NPeobpasosueams ssemenms, Hexomopozo konyca K C E 6 neompuuyamenvusie (B
0OBbIYHOM cMbIciIe) sseMenThl [Kpeitn, 1937; c. 227].

IIpu srom komyc B mpocrpancrse F mpencranisiia cob0it MHOXKECTBO JIEMEHTOB, YIOBJIETBOPSIOIIEe
CJIEYTOIIAM yCJIOBUSIM:

9971 sKe BOIPOCH GBLIN MPEIMETOM HAyIHBIX H3LICKAHNH IleppoHa HApPAIIENbHO C H3yYeHHEM CBOMCTB IOI0KHTEIbHBIX
matpur, [Perron, 1913].
100 Mernm, uTO TIpH ), > 0 sHHeHHAS KOMOUHAIMS B (7) craner xonuneckoli KOMOMHAIHEH.
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l. ze K= M € K upu A > 0;
2. z,ye K= (z+y) € K;
. zeKx#0= - F\K.

Taxoe ompeesienne JaBaJI0 BO3MOXKHOCTh HAWJIYUITUM 00pPa30M HCIIOJb30BATH T€OMETPHUI0 DAHAXOBA,
mpocTpancTBa F, K TOMY BPEMEHH yKe XOPOIIO Pa3pabOTaHHYI0 CHIAMHU JIBBOBOCKONW MATEMATHYECKOMN
mkosibl [Banach, 1932, Tn. VIIT; Mazur, 1933]. 3aech, B yacTHOCTH, ChIrpaJia CBOIO POJib TeopeMa ACKoJm-
Magzypa 0 cyIecTBOBaHHU OMOPHOI K KOHYCY I'MIIEPIJIOCKOCTH: OHA 00€CIEednIa HATMIUe XOTs Obl OTHOIO
nosuTuBHOTO dyHKIMoHana B E* [Kpeiin, 1939].

IMonTeep:kaeHrEM TPABOMEPHOCTH BbIIEJIEHUs] KOHYCOB DAHAXOBA MPOCTPAHCTBA HA POJb <«IKBUBA-
JIEHTa» MHOXKECTBA TMOJIOKUTEIHHBIX (DYHKIHH sIBHIACH TaKKe M30MOpP(MHOCTH KoHyca K cemapabesnb-
HOoro mpocrpancrBa F muoxecrsy Gynkmuit {y(z) € Cla,b],y(x) > 0}, nokasannaa Kpeitnom B 1939
r. [['pocGepr, Kpeiin, 1939]. Kpeiin Tak:ke mokas3as, 4TO COBOKYITHOCTh MOJOKUTENBHBIX (hyHKIHOHAIIOB
obpa3yeT KOHYC B CONMPSKEHHOM MPOCTPAHCTBE, YTO, B YACTHOCTH, MAET BO3MOXKHOCTb BBIUTH HA J0KA3a-
TesbcTBO TeopeMbl MapkoBa o menoasuzkHOi Touke [Kpeiin, 1939)].

Wnes majapHERIero ucnob30BaHus KOHYCOB DAHAXOBA, MPOCTPAHCTBA ObLIA «HABESHA» TOMOJIOTHYE-
CKHUM J0Ka3aTeIhcTBOM Teopembl [leppora — @pobennyca, mpeIIoXKEeHHBIM COBETCKUM MaTeMaTukoM [1aB-
aom CepreeBndem AJieKCaHIPOBBIM M ero HemenkuM kosteroit Xeitarem Xondowm [Alexandroff, Hopf,
1935, c. 480-481]. Onu paccmorpesin KOHEYHOMEDHBIH oneparop A, ocrasisiouiuii okrant K(x; > 0)
WHBAPUAHTHBIM, ¥ JOKA3AJIU CyIIECTBOBAHUE HEIOABUKHON TOYKM HEJMHEHHOro oneparopa F':

F@) = 54 ®)

Ha ocHoBe Teopembl Bpayspa!l [Brouwer, 1911].

OpHako Tpu mepexoie B DECKOHEYHOMEPHOE MPOCTPAHCTBO HYXKHA, ObLIA JIpyras T€OpeMa, O Hero-
IBIKHOM Touke'2. TeopeMa 0 TOM, ITO BIIOJTHE HETPEPLIBHLIH omepaTop A, Ipeobpas3yIommii BLITYKIIOe
MHOXKECTBO OaHAX0OBa MPOCTPAHCTBA F B ceds, nMeer HEMOABUKHYIO TOUKY, ObLjIa J0oKa3aHa B 1930-m r.
nonbekuM MaremarukoMm FOsumymem Hlaynepom [Schauder, 1930]. dns npumenenus reopembr Ilaynepa
B KOHTEKCTE J[0OKA3aTe]bCTBA CyIIECTBOBAHNUS PEIIeHUl OMEPATOPHBIX YPABHEHUI BUIA

Az =Xz, z€ K CE, (9)

ymobHee BCero ObLIO MMETH JIEJI0 ¢ MHBAPUAHTHBIME OTHOCUTEIHHO KOHYyca omeparopavu: AK C K. Ilep-
Boivu 310 3amerwiu M.I. Kpeitn [Kpeiin, 1939] u ero yuenuk Mowuceit Aponouy Pyrman [Pyrman,
1938]. IIpakruuecku cpady cpoiicrBo AK C K 6bLI0 BKJIOYEHO B OLPEIEJIEHUE [0JOKUTEJIHLHOIO Olle-
paropa [Rutman, 1940, c. 94]. Crporo roeopsi, IuHEHHBIH omepaTop A ObLT HA3BAH NOAOHCUMEAbHBIM,
ecn

1. AKCK, K CE;
2. dxg e K,c>0;ceR: Axg—cxp € K .

HUcnonb3oBanue unen Ajekcanaposa-Xorda u ananoros ¢popmyist (8) momoriu Pyrmady Joka3arh ome-
paropubrit anamor Teopem Ileppona-®pobennyca n EnT4a 1711 BIOIHE HEIPEPHIBHBIX JUHEHHBIX OIepa-
TOPOB, OCTABJIONAX HHBAPHAHTHBIM Bocmpoussoaamuii'® xonye K C E.

Haxomsich Tos BMsSIHUEM TEOPWHU OCIIIISIIMOHHBIX MATPHUIl, PyTMaH Jaja ompeneeHne 6noaHe nodu-
MUBHO20 OMEPATOPA, HEKOTOpAs HATYPATbHAsI CTEIEHh KOTOPOro mpeodpasyer 060l rpaHudHbIN d71e-
MEHT KOHyca B ero BHyTpenHuii smement!? [Rutman, 1940, c. 65]

V(u € 0K)3 (n € N) [A™u € K].

Takoe HOBOBBe/IeHHE O3BOJIMJIO YCUIUTDH TeopeMy ExTua ciemyromumM obpazom:

11O cymecTBOBAHNH HEMOABIKHON TOYKH HEIIPEPLIBHOTO OTOBDPAKEHH, IPeoOpasyIOIero BLIITYKIoe MHOXKeCTBO S C R™
B ce0s. B manHOM ciydae posib S Mrpajl CHMILIEKC, HOJIYYAIOMuiics nmpu mepecedeHuu runepriockoctu f(x) = 1 ¢ okran-
ToMm K.

P2Ycropuio MeTo/a HEMOABIYKHOR TOUKH CM., HAIIPHMED, B [Boraros, 2018; Boraros, 2019 a.

13Konyc K Ha3BIBAETCH 60CNPOU3S00AUM, €CIE JI060H 31eMeHT z € F IpeacTaBidercd B BHAE PA3HOCTH z = & — ¥,
rae z,y € K. 910 nomstne (Kak W MHOTHE APYrueé TeOMETPHIECKHE HNOHATHS TEOPHH KOHYCOB) IpPHHAIIEKAT KpeiHy.
OHO BIEpBBIE OSIBUIIOCH B €r0 HEOIIyOJINKOBaHHO# 10BOeHHON MoHOrpadun «Teopus KOHYCcOB B IpocTpaHCTBe baHnaxa u eé€
HIPUIOKEHHS> — CM. CCBIIKY B pabore [Kpeiin, Pyrman, 1948, c. 7].

143 1ech mpegmonaraercs, 9To KOHyC K MMeeT BHYTDEHHHE 3JEMEHTHI, TO €CTh TeJIeCeH.
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Bnoane nenpepuienvlii sunetinoli onepamop A, enoare nozumushulili omuocumenvho xonyca K, ume-
em 6 amom Konyce 00uH U Moavko odun cobcmeennnili sexmop. Coomeemcemeyrowee emy cobecmeentoe
3HAYEHUE ABAAEMCA HAUOOADWUM 1O MOOYAI0 COOCNEEHHBIM 3HAYEHUEM onepamopa A.

IMockosbky Teopema Illaynepa He npeamosnaraa auneiinocTu oneparopa A B ypasueruu (9), JJOruaHO
ObLIO OBl CAENaTh IMArd B OMPENEIEHUN HEAUHEUHHLT TOTOKUTETbHBIX OMEPATOPOB W JIOKA3ATEIHCTBE
PAa3pEemmMMOCTH COOTBETCTBYONIX ypaBHeHuit. OHAKO €CTEeCTBEHHOMY XO/y COObITHI moMentasa BOiHa
u 10 cepenunbl 1950-x rr.'® moswle pesymbrarer B qannoi obnactu 8 CCCP He my6auKoBaauch.

C mpyroit croponbl, Tonojgorndyeckue umen Ajexcanmposa n Xorda TOMyInIn pacinpoCTpaHeHne W
Ha 3amaze, B pe3ysabrare uero B 1944 r. Beimia paboTa aMEePUKAHCKOrO MAaTEMATHKA HEMEIIKOTO IMPOUC-
xoxaennsi dpuxa Pore [Rothe, 1944]. On paccMoTpen crieKTpaibHyo 3a1a41y Ar = A\x B ruib6epToBOM
npocrpancrBe H u mokazas anasor Teopembl EHTYA 718 HEJIMHEHHBIX BIIOJIHE HETIPEPBIBHBIX OITEPATOPOB,
3a7aHHbIX Ha cdepe HonoKuTeNbHbIX (yHKUMIA npocrpancrsa H, onupasich Ha coorHoienue suaa (8),
Teopemy Ilaymepa u reomerpuio mpocTpancTsa H.

Pote, no-Buaumomy, He ObLT 3HAKOM C IUTUPOBAHHBIME BhIMIe paboramu Kpeitna u Pyrmana.

6. CraHoBiieHUe Teopuu KoHycoB. HesamHeiinble moJsioxkuresibHbIe omepartopbl. lloaxosn,
npeokeHHbrit Pore, He momyckan o000INeHre Ha MPOM3BOJbHBIE OAHAXOBBI MPOCTPAHCTBA JAXKe B JIH-
HellHOM cjydae. B To Bpemsi, Kak BCECTODOHHEE HCCJIEIOBAHUE TE€OMETPUM OAHAXOBBIX MTPOCTPAHCTB C
KOHYCOM, Pe3y/IbTaThl KOTOPOTO ObLIM U3JI03KeHbl B Gosibinoii crarbe!® [Kpeiin, Pyrman, 1948, 3anoxumm
OCHOBBI [IJIsi PACIIPOCTPAHEHUS WJIell TEOPUHU MOJIOKHUTEIHHBIX OIEPATOPOB B (DYHKIIMOHATIHLHOM AHAJIM3E
U ero IPUJIOKEHUX.

IIpex e, yem mepeiiTn K HEJWHEHHBIM 337a4uaM, orMeruM, uto Kpeitn u Pyrman cmornm ociabuth
TpeboBanus K JuHelHoMy oneparopy A B (8) u (9), 3aMEHUB MOIHYIO HEIPEPHIBHOCTH — HEMPEPBIBHOCTHIO
B csaboif TormosIorny i cirydas, Korja npocrpancTso E — pedaekcusno [Kpeitn, Pyrman, 1948; Teo-
pema 4.1]. D10 cTano BO3MOKHBIM 0JIArONAPs BBEIEHHIO B CONPSXKEHHOE IPOCTPaHCTBO E* Tonosoruu,
HOpOXKAEHHOM cucremoii okpecrHocreil Ue (fo) Buga

Ues(fo) ={f € E* : |f(zi) = folw:)| <& i=1,2,...,n},

e fo € E*, u npumenenuto Teopembt Tuxonosal” o Henoasmskuoit Touke [Tychonoff, 1935] ¢ yuérom Toro,

4TO BCAKag 3aMKHyTas cdepa B E* npezcrasiger coboit GUKOMIAKT B yKa3aHHOH (C1a00i) TOMOJIOruy.
Henumeitnoiit omeparopHbiii anaaor treopeMbl EaTda 6611 m0Ka3aH PyTManoM I7Tst MOMOXKATETLHBIX

OIIEPATOPOB, YIOBICTBOPAIONINX YCIOBHIO MOHOMONHOCU 'S

x=y=Ax = Ay forallr,y € K (10)
U OpaHUYEHUE Ha POCT 3HAYEHUii omepaTopa A BIOIbL HEKOTOPOTO JIyua BHYTPU KOHYCA:
JueK; ¢>0,e>0) [A(tu) > ctu] ¥ (t € [0,¢]). (11)

B omnomeproM ciiyuae ycsoBue Pyrmana (11) monmyckaer reOMeTpudecKyio HHTEpIPeTanuio (CM. puc. 2,
v = tu).

Tpebosanus (10)-(11) k Hesuueiinomy oneparopy A noszposuiu Pyrmany cienarh 3ak/rodeHue o0 ToM,
YTO YU MX BbLIOJHEHUU 337a4a (9) Bcerma umeer nojoxkuresnbHoe pemenue (A > 0,2 € K), upuuém
HOpMa 3JIeMeHTa & MOXKeT BblOpana mpoussosbHO [Kpeiin, Pyrman, 1948; c. 92].

C koHYyCHO# TeMaTuKo# ObLIT XOpOIo 3HakoM u aApyroii yaenuk M. I'. Kpeitna, Mapk AJjiekcanapoBud
Kpacuocennsckuii, paGorasimmii smecre ¢ Kpeitnom B Uacruryre Maremaruku AH YCCP ¢ 1947 no 1952
r. [Boroso6os, Nuuckuit, Kanroposuy, 1981]. B to Bpemsa Kpacuocenbckuii pazpabarbiBaji TOLOIOM-
YECKHMEe METO/[bl TEOPUU HEJIMHEHHbIX UHTErPAIbHBIX YPABHEHUN, U TEOPUsl HOJOKHUTEJbHBIX OIEPATOPOB
BXOZMJIa B KPYT €ro HaydHbIX nHTepecoB [KpacHocembekmii, 1951].

I[Momumo cemunapor Kpeitna mo yHKIMOHAJIBPHOMY aHaIu3y, OH MOcelmas Takxke cemenapsbr H. H.
Borosobosa u H. M. KprbiioBa mo HesmaeitHoit Mexannke. OTIpaBHBIME TyHKTaMu uccIemoBannii Kpac-
HOCETbCKOTO ABIAIICH YIOMSHYTHIH BLIIIE pe3ynbTaT Y phicora'?, a Takske 3a0a4a 06 onpeaesennn hbopM
OTEepU YCTORIMBOCTH MIAPHUPHO-OMEPTOrO CTEPXKHS [EPEMEHHON KECTKOCTH, CBOJMAIIASICI K YPABHEHUTO

Vpoicona (4)-(5).

15B 1947 r. mo 3Toit Teme BHIILIA COBMECTHAS padora akamemuka H. H. Boromo6osa u mmaauero 6para M. I'. Kpeitra —
Cenmnam Kpetina [Boromo6os, Kpeitn, 1947].

16318 craThs BOMIIA B <30JI0TOM GOHI> TOCTUHKEHUMI 0OTEeYECTBEHHON MAaTeMaTUKH.

Y Beau X — eunykavdi GuKOMNAEM, 6 AOKGAHO-EHNYKAOM AUHETHOM TMONOLOZUMECKOM TIPOCTNPAHCTNGE, TO TIPU Henpe-
pouieHoM omobpascenut X 6 cebs CYwWecmsayem HenodeuUMHCHAA MOUKA.

18B HepasencTse (10) z > y paBHOCHJIBLHO TOMY, 4TO —Yy € K. TeMm caMbIM B IPOCTPAHCTBO F BBOJUTCS YIIOPSIAOUUBAHUTE.

9K rtomy Bpemenu 6bL1 onmybnmkoan cO0pHUK TpynoB Ypwicona [Ypwicon, 1951], u Kpacuocenbckuit 6buT ogHuM U3
EePBBIX, KTO 06paTUII JOJKHOE BHUMAHKE HA €r0 CTATHIO IO HEJHHEHHBIM HHTETPAJIbHBIM yDABHEHUSIM.
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Puc. 2. Teomerpudeckuii cmbics ycinoBus Pyrmana — cymecTrBoBanue nepecedenns: BOrHYTOH byHKIN
C HAKJIOHHOHN TIPAMOI
Fig.2. The geometric meaning of the Rutman condition is the intersection of a concave function with
an oblique line

7. Bkaag M. A. KpacHoceJbCKOTO B TEOPHUIO IIOJIOXKUTEJbHBIX oliepaTopoB: 1950-e —
1960-€ rr.

... Cosdanue u paszsumue mMeopuy KOHYCO8 60 MHOZ0M CEA3AHO

¢ naywnot deameavnocmvio M. A. Kpacroceavckozo, xomopomy
NPUHAOAENCUN CEPUA APKUL PE3YALIMAMOB, COCMABAAIOULUT

KAPKAC MEOPUL, CAYHCOULUT UCTIOYHUKOM €€ POCTNG 6WUPL U 624Y6b°.

KpacHoceabckuii HEe OrpaHWYWICH TPUMEHEHWEM TEOPUH KOHYCOB K JOKA3aTEIbCTBY TEOPEM CyIIe-
crBoBanus pemenuit ypasaenuil Buza (9). OH cran paccMarpuBaTh 3Ty TEOPUIO, KAK JIONOJHUTEIbHYIO
BO3MOXKHOCTD (Hapsi/ly ¢ BADUALMOHHBIMY METOAAMU, TEOPUel BeTBJIEHUs. U Teopueil crenenn oTobpaKe-
HUsA) 718 U3Y9YEeHUs KAUeCTBEHHBIX CBOUCTB perenuii ypasuenus (9) 1Isi HeMHEHHBIX 0OMepaTopos A.

1 mambHERIIETO 11e1eCO00PA3HO BhIIEIUTh OCHOBHBIE JIMHUHN PA3BUTHS TEOPUU KOHYCOB B pabOTax
Kpacuocenbckoro 0 konma 1960-x rr.:

1. BBenenue B pacMOTpeHHE MOHOTOHHBIX MHHOPAHT.
[Tonydenne anasoros yrsepk/ieHuii Teopun Y PbICOHA.

[IpoBepka Teopun KOHYCOB Ha MOJETBHBIX 3aa4UaX HEJIMHEHHON MEXaHUKU.

2
3
4. CoBMmernenre METOIOB TEOPUH KOHYCOB C JIPYTUMHU METOIAMU HEJIMHEHHOTO aHAJIN3A.
5. Pacmupenne u yriyb/ieHne TeOpun KOHYCOB.

6

Boixom Ha mprioKeHus.

Ilepeitném x muanm 1. Teopema PyTmana mMmesna orpaHUYeHHYI0 OOJIACTH TPUMEHEHUS: TTOTOKUTETh-
HBIE OTIEPATOPHI, YAOBIETBOPSIOIINE €€ YCIOBUSAM, OOS3aTETBEHO JOJKHBI OBITH MOHOMOHHbMU. [IOHSITHO,
9TO B O0IINEM CjIydae HEJIMHEHHOCTb He Obg3aHa ObITh MOHOTOHHON (HAIPUMED, €CJU sIPO MMEET BHL
K(s,u) = s-sin(u)) u 37eCh Hy?KEH KaKO#-TO IPYroii MHCTPYMEHT JJisi UCCIIEIOBAHMUIA.

IMoxckaska it BbIXOJA U3 IOJIOKEHHs HAILIACH B craThe Ypbicona [Ypeicon, 1951, c. 239], koro-
porit BBET B paccmorpenune dyukmuu Pz, s) u Q(x, s) (aapa JIMHEHHBIX OIEePATOPOB), YAOBIETBOPSIONTIE
CJIEJTYIOIINAM YCTIOBUSIM

P(z,s) > Ky(z,s,y) > Q(z,s). (12)

C nomorupbio 1ux suep (a, C1eA0BaTEIbHO, U COOTBETCTBYIOUIMX OIIEPATOPOB), U IPOBOJUIIACH OLEHKA
cobcTBenHbIX 3naueHuii oneparopa (5). Onenku (12) ckopee Bcero u momoryu Kpacuocenbckomy cdop-
MYJIEPOBAThH MOHSTHE MOHOTRONHOT Munopanmu?t B nenuneiinoro oneparopa A [Kpacnocennckuit, 1951],
KaK OIlepaTopa, yJOBJIETBOPAIOIIEro yCIOBHUIM TeopeMbl PyTMaHna u HEpaBeHCTBY

Ax > Bzx.
IIpu sToM B KadecTBe MUHOPAHTBHI B 0Ka3aa0Ch yIOOHBIM HCIIOIB30BATH JTHHEHHDIH HOJIOXKUTE/bHBIH 2
oneparop. [lo3:ke npuILIO HIOHKMAHUE TOrO, YTO B PsAJIE CIYIAEB /i B MOAXOMNUT CHIbHAS IPOU3BOTHA
no KoHycy B HyJie oneparopa A [KpacHocenbckuii, 1962; c. 119].

201Tur. mo mpeucaoBuio K Kuure [Omnofines, Xypoase, 1984].
21TlousiTre OmepaTOPHOi MHHOPAHTE BBUIO BIEPBEIE, ITO-BHAAMOMY, a0 @. Puccom [Riesz, 1928; p.144].
22K pacHOCEbCKHTT YIPOCTHII TIOHATHE MOJOKHUTEIBLHOTO ONEPATOPa, OCTABUB /IS HEro TOJIbKO ofHO yeaobue: AK C K.
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Jns nampHedimero paccMorpenus KpacHOCeTbCKOMY OKA3aI0Ch YA0OHBIM YTOUYHATD ITOHSITHE BIIOJTHE
LIO3UTUBHOI'O OLIEPATOPA, JaHHOrO Pyrmanom (cM. Bbliue).

JInHeiHbIH TOMOKUTENLHBINH omeparop A 6bl1 HaszBan KpacHOCEIhCKUM UO—OZpaH’U,‘l,eHHT)LM%, ecyu
cywecmeyem makoli (henyaeeotl) asemenm xonyca ug € K, wmo mexomopas cmenenwsv onepamopa A
nepesooum nPou3eoNbHbLT IAEMEHT KOHYCA U BHYMPL <KOHYCHO20 OMpe3Ka» [aug, Bug):

J(up € K,ug #0)V(u e K,u#60)3(n € Ny, 8> 0) [Bup = A™u > aug. (13)

CBoifcTBa Ug-OrPAHMYEHHOTO OTIepaTOpa MOMOTJIN J0Ka3aTh aHaJIoT Y PHICOHOBCKOH TeopeMbl 0 criekTpe’?,
opu ycjaoBum, 4ro cucrema (12) 3aMeHsierca HA CUCTEMY

Pyp = Ap = Qp, ¢ € K, (14)

rae P, Q: up — OrpaHWYeHbl W BIIOJIHE HenpepbiBHbI [KpacHocenbekuii, Jlagpokenckuit, 1954, c. 329].
B gactrocTH, 115t omrepaTopa YpbeicoHa B KadecTBe P momoriés onepaTop

b
Polr) = / K, (2,9, 0)0(y)dy. (15)

a

a B KagecTBe () — omeparop
b

Qpte) = [ Jim () oan (16)

U—r00 u
a

[Kpacuocesunckuit, Jlagbekenckuit, 1959, c. 121].
IMepekmounmcs Ha guanio 2. [Ipn nccaenoBaHUM HEOTPUIATENBHON Pa3PEIUMOCTH HEOIHOPOLHOTO
MHTErPaIbHOTO yPABHEHUS

b
y(z) = / K, 5,y(s))ds + [(z)

VPBICOH HAJIOKUJI HEKOTOPbIE orpanndenus Ha aapo K (z, s, y), OCHOBHBIMU U3 KOTOPbIX SBJISIOTCS OPE-
HOJIOZKEHNUS O IIOJIOKUTEIbHOCTH IPou3BonHolt Ky (2, s,y) u eé yOblBaHUM IIpU BO3pAcCTaHUU Y |YPBICOH,
1923, c. 238]. IIo cyru, TpeboBanusi Y pPbICOHA 3AKIJIIOYAIUCH B IIPEJIIOJIOKEHUNA 602HYMOCTU (DYHKIUK
hy) = K(z,s,y).

Pa3BuBas 31y mmero B pamkax Teopun KoHycoB, Kpacnocembcknit n JlagprKeHCKUiT OMydnan aHa-
JIOTHYHBIE PE3YJIBTATHI /IS abCTPAKTHBIX ONEPATOPHBIX ypasHeHuil [KpacHocenbckuii, JIabIrKeHCKHIA,
1959]. IIpu sTOM BMeCTO OOBIYHOlN BOIHYTOCTH MMU ObLIa OUPEIEIEeHa U UCIOJIb30BAHA TaK Ha3blBaeMas
Up-602HYMOCTNY.

[MonoxwurenbubIit oriepaTop A OBLT HA3BAH Ug-BOTHYTHIM, €CJIN OH MOHOTOHEH, NEePe8odum NPoOU360LL-
HOL INEMEH KOHYCA U BHYMPL KOHYCHOZ20 ompeska [aug, fug] u pocm e20 3navenud 600ab 6cex aywed,
AEANCAULUT 6 KOHYCE, TAPAKMEPUSYETNCA CNEYUALbHBM 00Pa30M:

Ve K(z = yug,y > 0)V[a,8] € (0,1)3In >0:

A(tx) = (1 +n)tAx, t € [a,b].

IIpu Takom ompezenennn omeparop Y pbicOHA Ag OKa3a/ICsT Ug-BOTHYTHIM I Ug = 1 B KOHYCaX HEOTPHU-
narenbubix Gyukuuit npocrpancrs Cla,b] u LP|a, b].

ITockosIbKY OCHOBHBIM METOIOM, HMCIIOJIb3YEMbIM Y PBICOHOM B yNOMsHYTOI Bbilie pabore [YpbIcoH,
1923], siBJisijicst METOJ 1IOC/IEI0BATE/IbHBIX IPUOJIMAKEHUTT, €CTECTBEHHO ObLIO OCYILECTBUTL €I0 PA3BUTUE
B PAMKaX T€OpWH KOHYCOB. Kpome TOro, 3TOT BOMPOC MMEET BAXKHOE MpakTuueckoe 3uadenue. CooTBET-
crByomuii pesyabrar 6wt moyden Kpacuoceabcknm BMecre ¢ Baxtuneim B 1958 1. [Baxrun, Kpacuo-
cenbckmii, 1958]:

Iycms ypasnenue Ax = x ¢ ug-602nymvim onepamopom A umeem 6 xonyce K nenyaesoe pewsenue r*.
Tozda nocaedosamervrocms x, = Ax, 1 cxodumca no ug-Hopme>® k x* npu a0bom 6u160pe HAUAALHOL0
npubaudcenus o € K.

Taxum 0Opa3om, 00CYKIAEMBII METO 0KA3aJICSA CXOAAIINMCS HE TOJBKO MpU JTI0O0M BHIOODE HAYAIIb-
HOTO MPHUOJIMKEHNs, HO U 6€3 NPednosoiHCeHUA 0 HenpepueHocmuy oneparopa A.

23Briosiie MO3UTHBHEIE OTIEPATOPEI MOTYT CIY’KHTE TIPAMEPOM U(-OTPAHHIEHHBIX OIEPATOPOB, TJIE Ug — 060 BHY TPeHHH
sseMeHT Konyca [KpacHocensckuii, Jlanpikenckuit, 1954, c. 326].

24 [Tosumushmti cnexmp A nNpunadiescum ompessy Pa, Ap], 20e Ap,Ag — noaoscumenvriie cobCMEeHHbIE SHANEHUA
onepamopos P u Q, K0mopwim cOOMBEMCMEYIOM NOAOHCUMEALHBLE CODCTNEEHHBLE GEKMOPbL.

25110 ompegernenmo, ||z|luw, = min a . 3 cxomumMocTH 1o ug-HOPME BBITEKAeT OOBIYHASA CXOAMMOCTh; 0OpaTHOe
—Qug =T >aug

nesepHo [Baxtun, Kpacuocensckuii, 1958, ¢. 18-19).
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ITpumenenue gaHHON TEOPEMbI K yPABHEHUIO Y PbICOHA MPUBOAUT K CJeAyfouieMy (HEOXKUIAHHOMY )
PE3YILTATY: 8 YCAOBUAT CYULECTNEOBAHUSA NOAOHCUTNEABHOZ0 PEWEHUA Y YPasHeHUs (4) K 3TOMY PeLleHuIO
PaBHOMEPHO CXOMATCS TPUOJINKEHUS

b
yn(t) = u/ K(t,s,yn-1(s))ds n=1,2,..

das a10601 Heompuyameavhot Pynkyuy Yy, (t), He pasuoit nyo roxuecrsenno [Baxrun, Kpacnocesin-
ckwmit, 1961, c. 319].

Puc. 3. IIpomombabiit n3rub CTEpKHS COCPEIOTOUEHHON CHION
Fig. 3. Longitudinal bending of the rod by concentrated force

OuepeiHast BETBL PA3BUTHS TEOPUH KOHYCOB OTHOCUTCS K UCCJIEIOBAHIIO (DOPM TIOTEPH YCTORNIUBOCTH
LIAPHUPHO-OIIEPTOIrO CTEPXKHsI liepeMeHHoil xécTkocTu [Baxtun, Kpacuocesbckuii, 1955]. Okasasock, 4ro
HEJIMHEHbIH MHTerPaIbHbLI OlepaTop, BOSHUKAOIUI upu ourcanuu (hopmbl nporuba crepxkus (CM. puc.

3):

ols) = o) [ K (s, ()i 1 - [ / 1 K;<s,t>so<t>dt] . (17)

HE 00/IamaeT CBOHCTBOM Ug-BOTHYTOCTH. JTO IIOCIY?KHJIO CTHMYJIOM [Jis OTBICKAHHS 0OJee IIHPOKOTO
KJIACCA, OIIEPATOPOB, KOTOPBIE COMEP2KANIH Obl KJIACC Ug-BOIHYTBIX OIEPATOPOB M Il KOTOPBIX ObLia Obl
cripaBe/IIuBOil paseuTas panee Teopus. Takue omeparops! GeutH Haitnennr>® Kpacnocensckum [Kpacho-
cenbekuii, 1956, c. 288]; oHn GbLIN HA3BBAHBI Ug-MOHOMOHHBLMU.

Onepamop A ug-monomonen, ecau ok 602vym u 1 = @2 = 3 (a > 0)[Ap; — Aps = aug.

[Monyuennsie pe3yabrarhl KpacHoceabckoMy U BaxTumy mo3BOIMIN CAEIaTh Psifl BBIBOJIOB O TOM, KaK
MeHgercs (hOpMa NOTEPU YCTOHYMBOCTU CTEPXKHs IIPU U3MEHeHUU Harpy3ku Ha Hero [Baxrun, Kpacuo-
cenbekuii, 1955, c. 623):

Teopema. Onepamop Ay us (17) ug-monomonen, ug = p(s)(1 — s). Kpumuueckue cuavt 6 3adase o
npodosvrom u3zube coenadarom ¢ cobCMEEHHBMU 3HANEHUAMY AUHETIHO20 ONEPamOopa

1
p(s) = As) [ K(sit)e(oyi

Bonbmeit obIHOCTH yAATOCH TOCTUTHYTH TPH BBEAEHHUH ABYX KOHYCOB B MpocTpaHcTBa Bamaxa: K
u K; (K C Kj), oniuH U3 KOTOPBIX — <IIUPOKUil» — BBOMMJICH [JIsl OLPEIEEHUs II0J0KUTEJIbHOCTH,
a BTOPOH — «y3Kuil» — JJisd OLpeJeseHus MOHOTOHHOCTH. DTO, IIOMHMO IIPOYEro, 103BoJua0 Baxruny
BBECTH HOBBIH KJIACC BOMHYTHIX onepartopoB ({K7,ug} — BOTHYTHIE OMEPATOPHI), KOTOPHIE CONEPIKAIN -
BOPHYTBIE M 1(-MOHOTOHHBIE OIEPATOPHI, KAK YACTHBIN ciaydvaii [Baxrun, 1957; c¢. 13], HO 1yt KOTOPBIX
OCTABAJIUCH CIPABEIMBLIMI BCE YTBEPIK/IEHNUS TEOPUH Y PHICOHA.

Tlepeitném Temepsh Kk auaun 4. Ha ommoit m3 craauit Joka3aTelbCTBa CXOIWNMOCTH METO/Ia TIOC/Iea0Ba-
TeJIbHBIX MTPUOJIMKEHNTH Y PBICOH MCIOJIB30Ball HEPaBEHCTBO [YpbicoH, 1923; c. 238-239]

b
/ K(x,s,0(s))ds < CK,(x,&,0), £€(a,b); C=Const. (18)

Omo 6bwio B3sTO Ha 3amerky npu passuruu M.A. Kpacuocenbckum teopuu konycos. Tak kak B (18)
MPUCYTCTBYET MPOM3BO/IHAS $1/IpA HEJIMHEITHOTO oneparopa Ag, TO 0KUIAeMO HCIIOJIb30BAHUE OMEPATOPHOIT

26310 mpoON30ILIO, HO-BHANMOMY, B IPOIECCe JOKA3ATeILCTBA OOLITHON MOHOTORHOCTH OTepaTopa A1, CTOAIIETo B IpaBoi
gacTu pasercrsa (17).
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upou3BOHOI Jiisi 0606menus (18) u yrounenus ouenku oneparopa A B nepasercrse (14). 9ro yrounenue
ObLIIO BBILIOJIHEHO C IIOMOLIBIO CUIIbHOIM 1ipou3soauoil Ppeiue 1o konycy [Kpacuocensckuii, Jlaaprxenckuii,
1954, c. 330]:

Po=A'(0)p; Qo= A'(0)p,

r7e onepaTop P yaoBIeTBOpPSAET yCIOBUIO

[Ap =Pyl _

0,
lel—=o |l @l

a omeparTop () — yCJIOBUIO
lell=oe [l |l
VYenosue (19) GbUIO HABBAHO YCAOGUEM ACUMNMOTNUY%ECKOT Aunelinocy onepaTopa, A.

Hampumep, ans omeparopa ¥Ypbicona mpousdBomHas Dperre B Hyle — 3TO OMEpPaTop, 33JaHHBIA pa-
BercrBoM (15); acuMnTornyeckas NPOU3BOAHAS HA OECKOHEYHOCTU — OIEPATOP, 33JAHHBIA PABEHCTBOM
(16).

Temnepb MOKHO CKa3aTh 00 HUCIOJIH30BAHUH OIIEPATOPHBIX IIPOM3BOIHBIX [IPU UCCIEIOBAHUAN CIEKTPAJTb-
HBIX CBOWCTB HEJIMHENHBIX 0epaTopoB. OKa3aI0Ch, YTO JIJIS 14o-BOTHY THIX OTIEPATOPOB CITPABEIJINBA, Meo-
pema o monoaozuveckol cmpykmype cnekmpa [KpacHocenbeknii, Jlagpikenckuit, 1954, c. 331; 338]:

IIycmov A — ug-602HYymoii, 6NoAHe HENPEPLLEHDLT ONEPATNOP, ACUMUNMOMUNECKU OAUSKUT % AUHETHO-
MY Ug-02paHuuerHomy onepamopy Q u umeruwuli 6 mouke 0 cusvhyro npouseoduyro DPpewe P, ssisio-
WY CA UQ-02PAHULEHHDIM ONEPATMOPOM.

Tozda nosumuenvi cnekmp onepamopa A noanocmuvio 3anosnsem uwmepsar (Ap,Aq). Kpome mo-
20, NONOAHCUMENLHBLE COOCTNEEHHBIE BEKMOPYL ONEPAMOPa A 00pa3YOM HENPEPBLIEHYIO 6EMED, ELLLOOAULYIO
us 0 u yrodawyro 6 Geckorneunocmo 27, npuuém Kancdomy cobemeennomy 3navenuro onepamopa A us
NO3UMUBHO20 CNEKMPA cOOMEEMEMEYem eQUHCTNEEHHBLT NOAOAHCUMEAbHBT cObcmEentblll sexmop v 7 0.

IIpu paccMmorpennn BOIIpoca O MOMOKUTEIbHBIX PEIIEHUAX YPABHEHUH C OIMEPATOPAMHE, 3G8UCAUUMU
om napamempa, Hanbojiee eCTECTBEHHBIM SIBJISIETCS MTPUMEHEHHE TOTOJIOTTYeCKAX METOJIOB, B TOM HHCJIE
MPUHIINATIA, TOMOJOTUYECKOTO MPOJOJIKenns. 3nech KpacHoceabCKuilt NCnoIb30Ba panee pa3pabOTaHHYIO
MM TEODHIO BpPAIEHNs BEKTOPHBIX MoJjeil B 6aHaXOBBIX MpocrpaHcTBax [KpacHocenbekuii, 1956; Tor. II.
9TO MO3BOJIAIIO, B YACTHOCTH, CPABHUTEIBHO IIPOCTO JOKA3aTh Pa3pelIuMOCTh yPaBHEHHS

z = Az, p) (20)

U TeopeMy O TOM, 4ro peinenus ypasheHus (20) o6pasyorT HENPEPBIBHYIO BETBb LIPU YCJIOBUHAX CyILE-
CTBOBaHWs CHUIIBbHBIX Tpon3Bomubix A’(0, ) n A'(oco, p) |[Kpacuocemnckmit, 1956, Tm. V, §2|, a Taxke
uccaenosarh oudypKanuonHoe 3Hadenue mapamerpa u B (20).

Kpowme Toro, meron Baxruna-KpacHoCeabCKoro mo3Bosin Moy YuTh MaJlble HEHyJIeBble pemenus ()
yPaBHEHUs

Mz =2z

upu A & Ag (A > o), KaK Ipees 10C/1e[0BATeIbHbIX IPUOJIMKEeH Ui
Tn(N) = pAz,—1(N) n=1,2,...

[BaxTtuH, Kpacrnocenbcknii, 1961, c. 329], rae 1 HAXOANTCS B OKPECTHOCTH .

IMepeiiném k guaun 5. [puvensiembie KpacHOCEIbCKUM TOMOJIOTHYECKHE METOAbI (CM. BBIIIE) BOCXO-
I4r K moiabckoMy Maremarnky FHOmmynty Ilaynepy [Schauder, 1930] u rosurasmckomy ydéHomy JIEHT-
seny Bpayspy [Brouwer, 1911]. Ux ujen 6buiu passurbt Kpachocenbckum B ero nepsoit Monorpaduu
|[Kpacuocenbekuit, 1956] u Hamm CBOE IPOJIO/KEHHE B TEOPUM KOHYCOB B BHUJIE CJeLyIOlIeil TeopeMbr>s
[Kpacuocesunckuit, 1960; c. 527].

Hycmv enoare wenpepveroili onepamop A corcumaem uau pacmsazueaem xonyc K. Tozda A umeem 6
Konyce K no kpatinet mepe 001y HERYAEBYIO HENOIBUNCHYIO TOUKY.

TepMuHOIOrHSI, UCIIOJB30BAHHAS B TEOpEMe, TPeOyeT MOsSCHEHMUS.

Oneparop A (A0 = 0) corcumaem xouyc K (cm. puc. 4), ecmm 3 (R > 0,7 > 0):

r—Ax ¢ K, ze€K, |z|>R,; (21)

2"MHOKECTRBO MOJIOKUTETHHBIX COOCTBEHHEIX BEKTOPOB OmepaTopa A 06pasyer 1o OTmpeseSleHI0 HeNPepbieHyI0 6€Mmen,
8HL00AUYI0 U3 0 U YTOOAUWYIO 8 BECKOHENHOCTb, €CIIA HE IIYCTO MepecevdeHre 9TOr0 MHOKECTBA C TPAHUIEH JI060r0 orpa-
HUYEHHOTO OTKPBITOIO MHOZKECTBA, comeprkamero 0 [Kpacrocensckuii, 1951, c. 482].

28 CriermmasineT mo HesmHeHHEOMY anamu3y, mpodeccop M.K. Ksonr (KHP), ykaseiaeT Ha TO, 9TO JaHHAS TeOpeMa MOMKET
OBITH MHTEPIPETHPOBAHA 33 PAMKAME METPUIECKOI0 BOCIPHATHS U TEM CAMBIM NOCMABAEHG 6 00UH PAJ C MEOPEMAMY O
nenodeuatcnoti mowke Bpayapa u Hlaydepa [Kwong, 2008; p.6].
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I T s

Puc. 4. Cxartme komyca K
Fig. 4. Cone K compression

Ar—2 ¢ K, z€ K, |z|<r (22)

Oueparop A (A0 = 0) pacmaeusaem xkouyc K (cm. puc. 5), ecau
Ar—z ¢ K, 2z € K, |z]> R; (23)

r—Ar ¢ K, zeK, |z|<r (24)

OTmeTnM, 4TO HEMOCPEICTBEHHAS TPOBEPKa yeaosuii (22) u (23) npeacrasisger coboii CyIeCTBEHHBIE
TPYAHOCTH, B TO BpeMs Kak cBoWcTBa (21) u (24) MOryT ObITh BBIBEJEHBI, K MPUMEDY, U3 MOHOTOHHO-
cru HopMmbl [KpacHocenmbekuit,1960; ¢. 527]. st npeofonenus stux Tpyaaocreit KpacHocenabekuit onaTh
sazeiicrBoBast Meroxn Munopant (A_) u maxkopant (A4 ). Unes 3akiouanach B TOM, 4TO

ecin Az - A_x, 10 [(A_x —x) ¢ K = (Ax —2) ¢ K.

Ananormanas UMILTHKaIlud CIPpaBeIJIuBa W OJId MaKOPaHTbIL A+. OTO MO3BOJIUIIO IEePEK/TIIOIUTHCA Ha

upoBepky 6osiee HPOCTbIX, 1O cpaBHeHuio ¢ (22) u (23), ycioBuil miis JIMHEAHOrO, Up-OrPAHUYEHHOIO
oneparopa B [KpacHocenbcknii,1960; c. 528].

Pt

v

Puc. 5. Pactskenne konyca K
Fig. 5. Cone K extension
HoBbrit mpuHIUD HEMOABUKHOM TOYKHU OKA3AJIOCH OCOOEHHO YI00HBIM MPUMEHATH I TeX HeJIMHEHHBIX
YPaBHEHUU BHUIA

Az =z, (25)

B KOTOpBIX oneparop A muddepennupyem B HyJie 1 Ha GECKOHEIHOCTH (CM. JIUHUIO 4).

IMpuseném oxny u3 aByx TeopeM (Bropas GOPMYJIUPYETCs AHAJOTUIHO).

Teopema. Ilycmv ug-oepanuyennvili crusy 2° aunetinodi onepamop B ydoesemeopaem ycao6uio
Bug > (1+¢€)ug, tme € > 0. Tozda Bx —x ¢ K Ve € K, x # 0.

290mneparop B Obin Ha3zBaH KpPaCHOCENBCKEM Ug-02PAHUYEHHUM CHU3Y, KOTa KaxkzoMy & € K,z # 6 COOTBETCTBYIOT
Takue yucaa p € N,a € R, uro BPz > aug [Kpacuocenbckuii, 1960; c. 528].
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IlomuepkuéM, 9TO KOHyCHAs TeOpeMa O HeMOABUKHOIN Touke KpacHocembcKoro aomyckaer 0600menns
Ha TOT ciy4ail, korga ypasuenue (14) umeer neckoavko nenodsuscnux movex [Kpacnocenbckuii,1962; c.
164]. B wacTHOCTH, HAJIMYNE HECKOIBKUX perliennii ypapHenus: [ammeprireiina

ym=Awawmmw

B KOHyCe HeoTpuaresbubix (Gynkuuii npocrpancrsa C(§)) 6yaer BbireKarb (B ycaoBusaX «000OLIEHHO >
TEOPEMbL O HELOABUKHON TOUYKE) u3 TOro, 4ro MyHkuus f(s,y) couepkur y4acrku ObICTPOro u MejIeH-
Horo pocra 1o y [KpacHocenbckuii, Crenenko, 1963; c. 123].

Jlunus 6 Oymer mpencraBieHa B KpaTkoit (hopme.

IepeuncanM HanboTee HHTEPECHDIE, ¢ HAIIEH TOUKH 3PEHNs, TPHIOKEHAT Y TeOPHH TOM0KATETHHEIX
OTIEPATOPOB, KOTOPBIE HE ObLIU YIIOMSHYTBI BbIIIE W KOTOPbIe BomLin B MoHOrpaduio Kpacroceabckoro
[Kpacuocesbckuit, 1962; Tui. 7]:

1. Jloka3anbl TEOPEMbI CyIIECTBOBAHNUS U € IMHCTBEHHOCTH OJIOXKHUTEIbHBIX perneruit 3aaaqu Jlupuxie
JUISL SJUIANITHYECKUX yPABHEHWI BTOPOrO IOPSAKA B KOHYCe HEOTPUIATEIbHBIX (DYHKIUH U nucce-
JOBaHbl HEKOTOPbIEe CBOMCTBA 3TUX PELUEHUN JJid ypaBHEHUIT, 3aBUCALIUX OT llapaMerpa.

2. BbIsBIEHBI YCJIOBUS CYIIECTBOBAHWS ITOJIOKUTEIBHBIX PEITEHUNl Y CUCTEMBI OOBIKHOBEHHBIX JIH-
depeHImAIBHBIX YPABHEHU TIEPBOTO MOpsiaka. IlyTh perenns 3a1a9u 3aKI09AJICS B HAXOXK/IEHUU
KOHYCOB B (pa30BOM IIPOCTPAHCTBE, KOTOPbIe ObLin ObI MHBAPUAHTHBI IO OTHOIIEHWIO K CIABUIAM TIO
TPAEKTOPUAM CHCTeMBLIS'. BLIBOA 0 HANHYHN IIePHOIMYECKHX PelleHul Jeaics Ha OCHOBE CyIe-
CTBOBAHWS HEMOJABWKHONW TOYKM TIPU CABUTE, COOTBETCTBYIOIIEM M3MEHEHWIO BPEMEHN Ha BEJTUUNHY
epuoa MPaBbIX YacTeil CHCTEMBI.

3. Haiiens! yciioBus MOI0KUTEIBHON PA3PEIIMMOCTH JBYXTOYETHON KPABEBOI 33a4U BUIA

4+ f(t,z,z) =0,
z(0)=z(1) =0

B KOHYCE HEOTPUIATEIbHBIX (DYHKIWIA, B 3aBUCUMOCTH OT CBOHCTB dyHKImu f (¢, u,v).

4. Tlosry9eHbl yCJIOBUS CYIIECTBOBAHNS HETPUBUAIBHBIX EPUOINIECKUX PEIIEHUIT ABTOHOMHBIX CUCTEM
muddepeHnuanbHbIX YPABHEHUI BTOPOrO MOPSIKA ¢ TpeHueMm u Oe3 Hero.

5. U3y4en BOMpOC O TMOJIOKUTEILHON paspemumoctu 3agaun upuxie njist ypapuenus Momxka — Awm-
nepa:
rt — s>
T+ 7+ )

LHE P = Z5,q = 2y, T = Zgz,S = Zgy,t = 2yy; 0 < < 1

= f(z,y,2,p,q); (2,y,2) € QC R, (26)

OcHoBHas ujest — 3TO OOpaIeHNe ONEPATOPA, CTOAIIETO B JIEBOH dacT (26) U BBIABIEHUE €r0 «TI0-
JIE3HBIX» CBOMCTB B KOHYCE OIDAHMYEHHBIX HEOTPUIATETbHBIX (DYHKITHH.

8. 3akurouenue. B nocienyomue roapt (cepequna 1960 — koner, 1970-x) uccieoBanus HeJMHERHbIX
YPABHEHUIT METOJAMHU TEOPUM KOHYCOB 3HAYUTENHHO pacuiupuinch. OTMeTnM 3/1ech OTAeIRHO Hanbosee
BECOMBIE pabOThI OTEIECTBEHHBIX MATEMATHKOB:

® OlIpe/ie/IeHre U UCII0JIb30BAHUE IOHATUS] BPALLEHMS 110JI02KUTEIbHOIO BeKTopHOro noJjs — M. A. Kpac-
Hocenbekwmii, I1. TI. Babpeiiko n ap. [Kpacuocenbckuii, 3abpeiiko, 1975, Tin. 4, §3] (1965-1975 rr.);

® DA3BUTHE METOJA ITOC/IeI0BATEIbHBIX MPUOIMAKEHUH 1Jis yPABHEHUN C MOHOTOHHBIMYA U HEPACTSATHU-

patomumu oneparopamu — M. A. Kpacuocenbckuii, B. 4. Crenenko [Kpacuocenbckuii, Crenenko,
1969] (1965-1970 rr.);

® [IOCTPOEHUE TEOPUH TICEBOJOBOIHYTHIX M IeTEPOTOHHBIX omeparopoB — B. M. Omnoiines [Omoiines,
1975; Onoiines, 1978] (Bropas mosnosusa 1970-x rr.);

® 1I0sBJIEHME HOBBIX PA3HOBUIAHOCTEH KOHYCOB u oneparopoB B Hux — . A. Baxruu [Baxrun, 1975;
Baxrun, Baxruna, 1976](cepeauna 1970-x rr.);

e NDIJIOXKEHNEe TeOPUM KOHYCOB K HEJMHEHHBIM 3a7adaM ycroitunsoctn — B. 1. Omnoitues [Omoiines,
1977] (sropas monoeuna 1970-x rr.)

30Ux crmcok manexo we mosion (cM., manpumep [Kpacuocensckuit, Pyrunkuit, 1958, Tn. 4, §20]).
31912 rema mostyumIa CBOE masbHeiiIee PA3BUTHE B MOHOrpaduu |[Kpacuocenbckuit, 1966].
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1 HambOJIee N3BECTHBIE JOCTHKEHUs 3aPyOeKHBIX yICHBIX:

® 1IEPEHOC TEOPUM KOHYCOB B JIOKaJIbHO-BbIty KJibie pocrpancrsa — X. [lledep [Schaefer, 1958]-[Schaefer,
1960];

® /I0KA3aTeJbCTBO CYNIECTBOBAHUS TPEX pemenwmii ypasHenns Ar = x B komyce I. Aman [Amann,
1972];

e 0060011eHIEe «KOHYCHOI TeopeMbl 0 HeroapuzKHOM Touke» Kpachocennsckoro — T. Benpxamun [Benja-
min, 1971] u P. Hycc6aym [Nussbaum, 1973] (ociabienue ycioBuit Ha npeobpa3oBaHue MpaHUIIbL), &
rakzke P. Jlerrer u JI. Yunbamc [Leggett, Williams, 1979 (ucnonp3oBanue obsacreii 6osiee obiero
BUZIA).

IMoguepkHEM, Y4TO MUCCIIEIOBAHNS TIEPEYUCIEHHBIX BBINIE 3aIaHBIX MATEMATUKOB (KPOME HEMEIKOrO
yuénoro XesjbmyTa Iledbepa) Obliu BbIIOJHEHBI TOpPa3a0 103Ke mepesoga Mmonorpadbuu M. A. Kpac-
HOCEeJIbCKOro Ha anrymiickuii sa3bik [Krasnosel’skii, 1964] u ux aBropbl HAXOQMJIUCh, GE3YCIOBHO, TIOX €6
BIIUSTHUEM.

Takum 06pa30M, MOYKHO YTBEPXKIATH, UYTO J0 KOHIA 1970-X I'T. cosemckue MAMEMAMUKYU 0CMABAAUCH
HA AUOUPYIOWUT NOZUYUAT 8 MEOPUL KOHYCO8 U NOAOAHCUMENALHOLT ONEPATNOPOS.

IlomBeném wuror, mepeiis K OTBETAM HA OCTABIIHECS BOMPOCHI, ChOPMYJINPOBAHHBIE BO BBEIECHUN:

1. Kmowegoli momenm [jis HAYAIA PA3BUTHS TEOPUU MOJOKHUTETbHBIX ONEPATOPOB — HCCJIETOBAHUS
MTrypma manbix kosiebanuii Mexanudeckux cucreMm (Hadasno 1830-x rr.) u nosisiaenue reopembl [lep-
pona — Opobenuyca O HOJIOKHUTEIbHBIX COOCTBEHHBIX 3HAYEHUAX MATPUL] C IIOJIOKHUTEIbHBIMA JJIe-
menTamu (kouer 1900-x rr.).

2. OcnosHaa NPUNUHA 0AA BOZHUKHOBEHUA MEOPUL KOHYCO6 B GAHAXOBLIX IPOCTPAHCTBAX — HUCCIIEIO0-
Bauust M. I. Kpeitra mo Teopun MoMeHnTOB (cepeuHa 1930-x r.).

3. Omnpasnas mouka 0As% HAUANG UCCALIOBAHUT HEAUHETHBLE NOAOHCUMEADLHBLT ONEPAMOPOS8 — NOKA-
3aresbcTBO Teopembl Ileppona — @pobennyca TOMOIOrHIECKIMEU MeTogaMu, Bocxoadmmmu K JI. Bpay-

spy (IT. C. Asekcanapos, X. Xoud — 1935 r.).

4. Obocobaenue meopuy NUHETHBLT NOAOHCUTNEADHBLE ONEPAMOPOE TTPON3O0IIIIO TOCTe OTyOTHKOBAHMST
M. T. Kpeitaom u M. A. Pyrmanom cucremoobpasyiomieii crarbu B xypaase YMH (1948 r.).

5. Ilepesromuvili NYHKEM 6 PA3BUMUY MEOPUL NOAOHCUMEADHLT ONEPAMOPOS — €€ TIPEeBpAIleHre B UH-
CTPYMEHT KaueCTBEHHOr0 MCC/ienoBanus oneparopubix ypasaenuit (M. A. Kpacuocenbckuii, 1950-e
IT.).

6. Okazanoch, 9T0 MeoPpus AUHETHBLET NONOHCUMENLHBLT ONEPATNOPOE ABAAECMCHA PYHOAMEHMOM OAA
PA36UMUA HEeAUHETUHOT MeopUuU, TOCKOIbKY
a) B HEJIMHEHHOM aHAJIM3€ UCIOJIB3YIOTCA OMEPATOPBI, TPEICTABISAIONINE COO0H KOMIOZUIUIO JTUHEH-
HBIX ¥ HEJIMHEHHBIX OMEepPaTOPOB;
6) JiuHeiiHbIe OepaTOPbl YA00HO UCHOIb30BATH B KAYECTBE MUHOPAHT U MA’KODAHT;
B) JIMHEHHbIE OIEPATOPHI HEU30E€KHO BO3HUKAIOT [PU ONPEJEJIEHUU ONEePATOPHBIX IPOU3BOHBIX.

7. 3a 25 jer coero passurus (1945-1970 rr.) meopus KoHycos 0b602amuisa PYHKUUOHAAGHBLT AHAAUS
3G CYEM NOABAEHUA HOBBLT
o (DOYHKIIMOHAIBHBIX MPOCTPAHCTB;
® THUIIOB ONEPATOPOB u (hbYHKINOHAJIOB;
® TeopeM O HETOJABUKHOM TOUKE;
® METOJIOB MCCIEIOBAHUS CIIEKTPATLHBIX CBOWCTB OMEPATOPOB;
® IIPUMEHEHUl TPOM3BO/IHBIX OIIEPATOPOB;
e MomudUKAINi U MPUMEHEHNH MeTOa MOCTeI0BATENbHBIX TPUOTHKEHHI.
B zakmodenne XxoTenoch ObI OTMETHTD, ITO HHTEPEC K UCCIETOBAHUAM B 00CY>KaeMoi 00JIaCTH 10 CUX

nop He ocaabes kak B Poccuu (cm., nanpumep, [Kybexosa, 2001], [dopoxos, 2009]), tak u 3a pybexkom
([Wang, 2003], [Webb, 2010]). Ilo-susumomy, 9ra reHuenuus Oyuer COXpaAHATHCH U JaJiblie.

Buaarogapuoctb. Aemop ewpasicaern npusnameasrocms npopeccopy P. P. Myxuny (CTH HUTY
MHUCHC, 2. Cmapwii Ockon) 3a noaesroie cosemos; yuacmmuuram XXV Toduunot nayunol xondeperyuu
HUET PAH um. C. HU. Basunrosa, XVI meorcoynapoonoi xongepenyuu «Anzebpa, meopus wuces u
JUCKPEMHAS 260MEMPUA: COBPEMEHHBLE NPOOAEMDL, NPUNOAHCEHUS U NPOOAEMBL UcMOPpUL> U Boponestccrot
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aumnetc. mamemamuyeckot wxore C. I. Kpetina — 2020 3a enumanue ¥ pabome u e€ obcystcoenue, a
makotce B. II. Bo2amosoti 3a nepesod nepeoucmovHuKros ¢ HemMeurozo A3vika U Nomoutb 6 docmyne «
OPULUHANDHBLM PAOOTAM.
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