XIX BeK



1789 Benunkaa ®paHuy3cKas pesontoumns n pepopma obpasoBaHuA:

1794 B [lapuXe pBe HOBble BbiClUME LWKOJAbl, B KOTOPbIX
MmaTemaTnyeckoe obpasoBaHMe cTasio ocHoBHbiM: L'Ecole Normale wu
L'Ecole Polytechnique.

Pedbopmunpyetca CopboHHa — noasasetTca pakyabTeT HayK.
PeopraHusauma lNMNapuxcKon akagemummn HayK.

YpoBeHb npenoaaBaHMA MATEMATUKM NOBDLIWAETCA: JIEKUUMN B
VHUBEPCUTETAX UYMUTAIOT BeayllMe y4yeHble, CO3aalolmMe MepBOKNACCHYIO
yuyebHylo nntepatypy.

3aHMMATbCA MAaTEMATUKOU CTAaHOBUTCA NPECTUXHO. HoBoe noKoneHue
bpPaHUY3CKNUX YyYeHbIX CTano 6a30M HOBOM MATEMATUYECKOM LIKOAbI —
MonntexHnyeckomu.
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L’Ecole Polytechnique l’Ecole Normale Supérieure



1755

1802
1803

1804

1804
1805

1817
1819

1834

1865
1869
1888

1909
1933

YHUBEPCUTETblI POCCUU
MOCKOBCKUI YyHUBEpCUTET

[epnTCKU yHnBEpCUTET
BUABHIOCCKUIM YHUBEPCUTET

HoBbI YcTaB pOCCMUCKMX YHUBEPCUTETOB — 5
OTHbIHE 4 $paKy/bTeTa: OPMANYECKMI, MeQNLNHCKUN,
dunnocodpckun, ¢husuKko-mamemamu4yeckuu.

KasaHcKumn yHuBepcuter
XapbKOBCKUU YHUBEpPCUTET

(nepsas nonbiTka) BaplwiaBcknit yHuBepcuTeT
CaHKT-lNeTepbyprckmu yHmsepcuTeT

Knesckuit yHnsepcuTeT

Oneccknim yHUBEPCUTET
BapwaBCKnUU yHUBepCUTeT
ToMCKUM yHUBepcUTeT

CapaTOBCKUN YHUBEPCUTET

N3 pnsnko-matematnyeckoro dpakynobreta MOCKOBCKOro yHmBepcurteTa bbiau
0bpa3oBaHbl MeXaHMKO-MmaTemaTuyecknum, Gusn4yeckun mn reorpadpunyeckmni
daKynbTEThHI.



MNosBAEHUE YNCTO MaTEMATUUYECKUX KYPHAIOB

1795
1810-1831

1826

1836

1866

1868
1871

HKypHan NoAnTEXHUYECKOM LLIKOAbI

«AHHanbI» HeproHHa
«Annales des mathématiques pures et appliques »

XXypHan Kpenna
«Journal fiir die reine und angewandte Mathematik»

Jlnysunnb npoaonKaet « AHHanbl» rKeproHa
— XXypHan Jinysunna

«MamemamuyecKuli c6opHUK» MOCKOBCKOIO
MmaTemaTuyeckoro obulectsa

«Mathematische Annales»
PedepaTuBHbIE XKYPHANbI:

nepBbin B [epmaHnmn — otpedepmnpoBaHbl paboTtbl Ao 1868 r.,
okono 900 pabot 650 aBTOPOB.

B 31m Tome 3a 1900 r. — 6onee 2600 paboT 1500 aBTOpPOB.



O6pasoBaHue matemaTUYeCcKMX obuiects

1864 MOCKOBCKOE maTemaTnyecKkoe obLiecTso

1865 JIoHAOHCKOEe maTemaTuyeckoe obLecTso

1872 dpaHLy3CKoe maTtemaTnyeckoe obuwecTso

1884 MaTemaTnyeckni KpyKokK Nanepmo

1883 Hblo-MopKckoe maTemaTmnyeckoe obLwecTso
—1894 AmepuKaHCKOe maTemaTuyeckoe

obwecTBo
1891 [epmaHCKoe maTemaTmyecKoe obLecTBo
1893 Ha BbiCTaBKe B YMKaro nepsaA NonbITKa CO34aTb

MEeXAYHAPOAHYI0O MaTeMATUUECKYIO OPraHU3aLmIo —
MaTeMaTUYECKUMN KOHIPecc B paMKax BbicTaBKM (okono 40
4yenoBekK)

1897 Uiopmnx | Matematmnuyeckuin KoHrpecc (okono 200 yen.)
[Mpe3naeHT — byraes H.B. Tpnymao . KaHTopa.



OcHoBHble yepTbl pa3BuTna matematukum B XIX B.

[lonroe Bpema MaTeMaTMKa — HaykKa nNpuKnagHaa (K acTpoHOMMM, K
MexaHuKe). YKe B Havane XIX B. oTHOLLEHNE MeHseTCcA:

— CBAi3b C peanbHOCTblO B Hosee cnoxKHbix dopmax, Wmnpokas chepa
NPUNOMKEHUN, BO3SHUKAET maTemaTmnyeckas PpusmKa, noasnaeTca pasgeneHume
Ha YNCTYIO N NPUKNAAHYIO MaTeMaTUKY, XOTS U BECbMa YCNOBHO;

— HOBbIM ypoBeHb abCTpaKuuM, MmaTemaTuKa pa3BMBaAETCcaA Mo
COBCTBEHHbIM NOMMYECKMM 3aKOHam — 60/blloe KOJIMYEeCTBO TEOopeMm
CYLEeCcTBOBAHMA, MOBbILLEHMNE CTPOrOCTU U3NOXKEHMUA;

— MaTeMaTMKa CTAaHOBUTCA YHUBEPCUTETCKON HAYKOM;

— nponaaaeT TN YHUBEPCA/IbHOTO YYEHOTrO.



AHanus

Anrebpa

[eomeTpuUa

NMPEOBPASOBAHUE MATEMATUKU

Ao XIX BeKa

HeT o6boCcHOBaHMA AN
6eCcKoOHeYHO Manblix

pelleHne ypaBHeEHUM

eBK/INA0Ba

AHanutnyeckaa l[eomeTpmAa NNOCKOCTU U

reomeTpus

TPEeXMepPHOro NPOCTPaAHCTBA

B XIX BeKe

TeopuA npeaenos, NoOAHanA
CTporocTb, co3aaHue TAY w
3aTemM — TeOpUN MHOXKeCTB

n3yyeHue anrebpamyeckunx
CTPYKTYP

HeeEBK/INAOOBblI TEOMETPUNN

n-mepHan reomeTpus



MATEMATUKU XIX BEKA

dPAHUNA O./1. Kowwu, C.A. MNyaccoH, K.b. Pypbe, 3. [anya,
K. inysunne, I. apby, A. NyaHKape.
TEPMAHUA K.®. Maycc, K.I. Akobu, HO. MNMnatokkep, A.®. Mebuyc,

b. PumaH, K. Benepuwrtpacc, P. lepekunna, . Kantop,
N. Anpwnxne, I PpobeHnyc, ®. Knenn, I paccman,
. MuHkoBcku#, [1. Tmnobepr.

AHITTINA . bynb, O. ge MopraH, XK. MnMKokK, XK. [puH,
. Ctokc, A. Knupdopa, x.K. MaKkecsenn,
A. Kanun, Y. lamunstoH, K. [X. CnnbeecTp.

POCCUA OcTtporpaackmmn M.B., byHakoscknmn B.A.,
JlobaueBckmnn H.U., Yebbiwes lN./1., KoBanesckas C.B.,
Mapkos A.A., JlanyHos A.M.,,

MoCKOBCKOe maTemaTuyeckoe obLLecTBoO.



K XIX B. MATEMATUYECKUU AHANU3

— MOLHOe 0bpa3oBaHME U3 HECKONbKUX MAaTEMATUYECKUX AUCLUMUMNINH:
n3 anddepeHUManbHOro WU  WUHTErpasbHOro UCYUCNEHUS

BblAE/INNCH
BapuauUMOHHOE ncumncnedme, guddepeHumnanbHble YpaBHEHUA, MHTErPabHbIE
YPaBHEHUA, NCYNC/IEHNE KOHEYHbIX PA3HOCTEMN.

Hakonunuch Npobaembl, napagokKci...
1. O cxooumocmu b6ecKoHe4YHo20 pAaoa:

1) MBmnao Npangu (npodeccop MNMmn3aHcKoro yHmsepcuteta, 1671-1742)
1

—=1-x+x*—x+-=1+(x+x)+-  wm
1

- =1 — 2 _ 3 ... = — 2 _ 43
1+x—1 X+ x°—x>+ (1—x)+ (x*—x°) +

Mo x =1 = %=1??? %=0+0+0...???

[paHAM TONIKOBAA 3TO KaK CUMBOJ1 COTBOPEHUA MUPA U3 HUYETO.
1
2) E=1+x+x2+x3+--- x=2 = —1=00??7?

3) NarpaH cTan paccmatpuBaTb HECOOCTBEHHbIE MHTErpabl.



2. Y10 ecTb beCKOHEeYHO mManasa eenuvyuHa?
XVIII B. — KpUTHUKaA N3-3a2 OTCYTCTBUA CTPOroro onpeaeneHna npegena.

1734 ennckon [Oxopax bepkan (1685-1753) BbicTynuAa NpoTuB
bntoKkemm HbtoToHa — «AHaaucm, uau paccyxoeHue, obpauweHHoe K OOHOMY
Hesepyrowiemy mamemamuky [Fannew? — .C.]»: «cywectBoBaTb — 3HAYUT ObITb
BOCMNPUHUMAEMbIM»; «OECKOHEYHO Ma/ible — TEHU YCOMNWUX BENNYMNHY; KaHAIN3
OCHOBAaH Ha oWMNHKax».

1740 brodPoH (PpaHUY3CKMM  HATypanuct, 6OGuonor, MaTEMATUK,
ecTecTBOUCMNbITaTeNb W MUCATeNb) B NPeanucnoBMM K cBoemy PppaHLy3CKoOMY
nepesoay «Metoana patoKcnMn» HbloTOHa:

«Bcé b6bin10 CrIOKOUHO 8 me4yeHue HEeCKOsIbKUX fiem, KakK 80py2 8 camou
AHenuu nosAsusca 00KMop, epae HayKu, obvasuswul 80UHY MamemMamuKam...
N OH 3asA819em Ham, 4ymo ucyucneHue becKoHeyYHo20 OoWUbOYHO, rI0MHCHO,
M0003pUMmesibHO HEACHO, 4YmoO MpUHUUrbl e20 HeodoCMoB8epHbl U 4YmoO OHO
IpusooumM K yesnu Aulib cayvyalHsbim obpasom».



1755 NeoHapa YUNEP «AuddepeHumanbHOe NcUNCNEHNEN:

«...Ha B80rpoc, Yymo maKoe beCKOHe4YHO mMaaaa 8 mamemamuKe, Mol
omeemumM, 4YmoO OHO 8 [10/IHOM CMbIC/AE C€/108a HyAb. HuKakux 2aayboKux
MOaUHCM8, KaK rnosaz2arom obbIYHO, 30ecb He CKpbieaemcsd, Yymo u oenaem
uc4yucseHue becKoHe4YyHo MasbIX 014 MHO2UX Yype38bI4YaUHO
M10003puUMmesitbHbIM.

OnddepeHuman y dmnepa pakTUHYECKM eCTb npeaen KOHeYHOW Pa3HOCTMU.
Mpn Takom onpegeneHnn dx ABNAETCA MNOCTOAHHOM BeUYUHOM, a dy,
3aBUCALWLUN HE TONBKO OT dX, HO U OT CAMOr0 X, — NePEeMEHHOU; NPU 3TOM U TOT,
N APYron ABNAIOTCA HYIAMMN.

«/lucbgbepeHyuanbHoe  ucqyucieHue  ecmb  MemooO - HOXOMOeHUus
OMHoOWeEHUA MexXoy ucyesarowumu npupaweHuamu, kKomopsie rbebie
YHKUUU TpUHUMAOmM 8 mOM CcaAyYae, Koz20a repemMeHHAsa 8esluUYUHa,
YHKUUAMU Komopol OHU Ae8nAArmca, rnoayv4aem moxce ucyesaroujee
npupaweHue...



..0ughghepeHUUanbHOE uUcCYUC/EeHUEe He CMOsbKO u3y4yaem camele 3mu
npupaweHuUsa, maK KaK OHU Cymb HyAU, CKOAbKO 30HUMOEemcsa Ux 830UMHbIMU
OMHOWEHUAMU U [pOornopuuoHasAbHOCMbIO, 0 MAK KAK 3mu OMHOWeHUs
8bLIPAMCAIOMCA KOHEYHbIMU KoauYyecmeamu, mo csedyem rnosaa2ames, Ymo u
3Mo ucYucneHue umeem 0es10 € KOHEeYHbIMU Konuvyecmasamu. lpasda, obbiyHO
ussiaeaemsle npasusa HA rnepssil 8327180 UMerom 8 8udy amu ucyesarouwjue
Kosuyecmaea, OOHOKO, 8 OCHOB8Y 8bl80008 HUKO20a He Kaadymca smu
8esIUYUHbI, paccmampusaembie camu rno cebe, Ho ace20a 8b61800bl OenarmMcs
U3 UX OMHOWEeHUS...

..Ha3bieame AU 3MuU uc4ye3arowue npupaweHuUs, OmHoweHuUe Mexoy
KomopbsiMuU paccmampuesaemcs, ouggepeHyuanamu uau paroKcuamu, ece2oa
Ha0O0 cYumamoe UX PABHLIMU HYAK; 68 3MOM U Hadsexxum eudemsb
UCMUHHbIU CMbICA 8bipaxceHus 6ecKoHeYHO maroe...

bnazodapa makomy nooxoody — €eOUHCMBEHHO pPayUoHAsbHOMY —
CMAaHOBAMCA He3blbsaeMbIMu Ha4Yas1a ougpgpepeHyUua1bHO20 UCYUCAEHUA, U 8ce
803paxceHuUs, obbIYHO 8blI0BU2AEMbIE TPOMUB 3MO20 UCYUCAEHUA, camu cobol
omnaoarom; HO CmMoum mosiIbKO MpPUHAMb, 4Ymo ouggepeHyuansvl Uau
becKoOHe4YHo-mMdasnble He COBEepWEeHHO pasHbl HYysA0 U mom4yac ece smu
803pPAXCEHUSA MOYy4aom 8CH C80H CUY».



Takmm o06pa3om, SIBHO BbIpa)K€Ha MbIC/b, YTO MPOU3BOAHAA, a He
andpdepeHumnan, — KUCTUHHbIK 0O BEKT» NCUUCNEHUA.

OnpepensercA OHa KaK npeaen OTHOLWEHUA KOHEYHbIX NpupalleHuin,
KOTOpble «CMAHOBAMCA 8C€ MEeHbWUMU U MeHbWUMU, a UX OMHOWeHUe 8ce
6osnee u 6osnee npubnuxcaemca K HEKOMopomMy oripedesneHHomy Mpeoeny,
KOmopo20 OHU docmua2arom Aullb mo20d, Ko20a nosaHocmoero obpawaromeces 8
HY/1b».

BblABUMHYB npesen Ha nepsblii NaaH, pa3pabatbiBaTb Teopuio npenenos
diinep He CcTan, MNO3TOMY €ro «UCYUCIAEHUEe Hynem»  BbIrALeno
UCKYCCTBEHHbIM  TPOKOM. Haspena  HactosATenbHas  Heob6Xxo4MMOCTb
HaBedeHMs NopsaaKa B OCHOBAaHMAX aHaAM3a.

HaH JlepoH AAJTAMBEP (1717-1783) B cBOMX CTaTbsAX MO MAaTEMATUKE ANA
«HUMKNoneann» («dnddbepeHuman» 1754, «dnokecmna» 1756, «beckoHeyHO
manaa» 1759, «[llpepen» 1765) pa3BuBaeT TEOPUK MNpeaenos, HO
paccmaTpuBaeT  TONbKO  OAHOCTOPOHHWUW,  HEAOCTMXMMbIM  npeaen
MOHOTOHHOW MOCNeA0BaTeNbHOCTU; HET anAropuTma; HeT CTPOroro MNOHATUA
CXOAMMOCTU U ee obLero KpuTepma:




1765 AANAMBEP "Mpepen” B «HUMKNONEANNY:

«B ougpepeHyuanbHOM UcCYUCAEHUU pedyb udem sosce He 0 beCKOHeYHo
MQs1bIX 8€/IUMUHAX, HO MO/bKO O Npeoenax KOHEeYHbIX 8E/1UYUH...

[oeopssm, ymo eenuvyuHa Aenaemca npeoenom Opy2ol 8enuYvYuUHsbl, ecnu
emopaa moxcem rnpubauzumsca K nepsou bauxce, yem HaA A6y OAHHYIO
8e/IUMUHY, CKOsb bbl masol ee He rnpeonoaoxums, 6e3 moz2o, 0OHAKO,
ymobel npubauxarowWaaca e8enuvYuHa moena Koe2oa-nubo npes3olimu
g8eslUMUHY, K Komopol OoHa npubauxcaemca, makum obpa3om, pa3HOCMb
mexcoy makou sesnuqyuHouU u ee rnpeodesnom abconromHo Heornpeoenuma...

npeoesn HUKO20a HEe CMAHOBUMCA PABHbIM 8esiuvUHe, 078 KOmopou OH
A8718emcs npeoesiom...

Teopus npedesnos ecmb OCHOBOHUE UCMUHHOU  Memagu3uku
oughepeHyuUanbHO20 UCYUCACHUA.

ChopmynmposaH npmsHak lanambepa cxoanMmocTu psaaos, HO obocHoBaH
Hea0CTaTOYHO CTPOToO.



Nasapb KAPHO (1753-1823) — ¢dpaHLYy3CKUIN rOCydaPCTBEHHbIA U BOEHHbIN
neatenb, UHXeHep U Y4EHbIN. ABTOP TEPMUHA "KOMMAEKCHOE Yncno'.

1797  PasmeiwineHus o memadghusuke ucqucneHuUs 6ecKoHe4YHo manbix

NcuncneHne 6eCKOHEYHO MasblX OCHOBAHO Ha MPUHLMUMNE KOMMeHcauuu
OLMBOK, KOTOPbIN B M3BECTHbIX YCAOBUAX NMPUBOAUT K TOYHbIM pe3yabTaTam.

«To, 4mo...Ha3biBawbmM b6eCcKoOHe4YHO ManbiMmu Koau4yecmeamu, ecmo
Kosu4yecmeo, npeoesn Komopoz2o ecmo 0».

A nNoHATME npeaena  HaCTO/NbKO ACHO, YTO «e20 U3aulWHe o0axce
onpedeaname». N xoTa npamoro onpeaeneHus npepena KapHo He pgaeT, HO
MOJIHO N ICHO OMUCbIBAET ero B NepBbiX NATU naparpadax.

1813 CTOPOHHWMKW MOHMMAHMA OECKOHEYHO MaJiblX KaK Hynen «cpedu ecex
OMHOWeEHUU, Komopble 3mu Kosu4yecmea CrnocobHbl umemb 8 Kayecmee
Hyneu..., paccmampusarom mosbKO me, Komopble onpeodesneHbl 3adKOHOM
HenpepbisBHOCMU».

[lo AoOKasaTenbCcTBe npuHUMna B 1797 nonb3oBanca W npegenom, W
6beckoHeyHo manow, B 1813 — To/1bKO BTOPOW.



osed-/lyn JIATPAHNK (1834-1886). Kypc B lMonutexHn4eckom LWKoe
1797 «Teopua aHanuMuyecKux yHKUulU, cooepxcawada Ha4yanad
ougepeHUUanbHO20  UCYUC/AEHUA, 0cB80boOMOeHHble 0om KaKo2o-n1ubo
paccmompeHua becKoOHe4YHO Masbix, ucye3arwux npeoesnos U aArwKcul, u
cee0eHHble K aneebpauyeckomy aHa1U3y KOHEYHbIX 8EAUYUH»

Npes NarpaHrka (1772) ocHoBaHa Ha pa3noXeHuu
ntobon pyHKumm B paa Temnopa no cteneHAM HEN3BECT-
HOW: HYXHO anrebpanyeckn AoKa3aTb BO3MOXKHOCTb
PA3/10XKeHUA B pAL, @ 3aTEM BblYUCAATL (Mpon3BoAUTD)
KO3dDULUMEHTbI 3TOTO Pa3N0KEHUA.

Bpyk Tennop (1685-1731) cpopmynmpoBan u
0H60CHOBbIBaN CBOE pa3nioXeHue B pabote 1712 r.
(on. 1715). Ho naea 6bina n3BecTHa paHee:

B 1672 [1)K. [peropu ee yxe ncrnonb3osan, HbIOTOH U
. bepHynnau 3Hanu.




NATPAHX:

«Ecnu nepemeHHoU, e6xo0Auwel 8 yHKYyuU, coobwarom Kakoe-nubo
npupaweHue, npubasus K amoul nepemeHHoU HeoripeoeneéHHYo 8eauvuHy, U
ecnu yHKUUA anzebpauyecKkasa, mo e€é MOMCHO Pa3/0X UMb M0 CMerneHAm
amolU HeoripeoenéHHoU 8enuvyuHsbl € NMomMmouwbto 0bblYHbIX npasusn aneebpeoi.
lMepsbim YneHom pasznoxceHus byoem npeonorceHHAaA PYyHKYUsAa, KOmopyto
Mbl Byoem Ha3bieamo nepeoobpasHol pyHKUuelU, cnedyrouwjue YaeHvl byoym
06pa3080HbI PA3AUYHLIMU PYHKYUUAMU MOU e nepemeHHoU, YyMHOMEHHbIMU
Ha rocsedosamesibHble cmerieHU HeorpeoenéHHoU 8enu4yuHsl. Imu Hosble
¢pyHKUUU 6yodym 3aeucemb eOUHCMBEHHO sAuUWb om nepeoobpasHol
yHKYyuu, u3 Komopou OHU npou3eedeHbl, U UX MOXHO bydem Ha3eameo
npou3800HbIMU PYHKUUAMU.

Boobuwe Hezasucumo om moeo, bydem nau nepsoobpa3Haa GyHKYuUA
anzebpauyecKkolU uau Hem, OHa 8ce20a Moxem Obimb pa3noxeHa usau
rpeornosnioeHa pPa3noxMeHHoU makum obpa3zom U mem CambiM nopooumse
rpou3800HbIE YHKUUU. PaccmompeHue pyHKUUlU ¢ 3moU MmOYKU 3peHUA
cocmassfaem aHasnu3 bosiee 8bICOKO20 pood, Yem OObIKHOBEHHbIU aHAsU3,
6s10200apAa e20 0bWHOCMU U MHO204YUC/AEHHbIM MPUMEHEHUAM».



Ob6ocHOBaHMe maTemaTuyecKoro aHanmsa B XIX seke.

BBegeHme Teopun npeaenos M NnepecTpomnka
MaTeMaTUYeCKOro aHa/sim3a Ha ee OCHoBe
[aycc, Kowu, Abens, bonbuaHo

l. MpeacTtaBUMoCTb PyHKLNMK
TPUTOHOMETPUYECKUM PALOM,
GYHKUMA N nHTErpan
Oupuxne 1834-1837
UHTerpan PumaHa

1854-1867

Mepa MHOKecCTBa
oppaaH, KaHTop, leaHo,
Jleber 1895

Mepa n nHterpan
Jlebera Hayano XX B.

1812-1823
Il. PaBHOMepHaA Ill. Teopusa AencTBUTENBHOIO
HenpepbIBHOCTb U ymncna y leaeknHaa,
CXO0AMMOCTb: Abenb, Benepwrtpacca n KaHtopa
CToKc, 3enaens, 1872-1875
Beneplrpacc Teopuna mHoXecTB KaHTOpa

1871-1880
[encreutenbHoe yncno [lapaaoKCbl TEOPUM MHOXKECTB
n -6 annapar
BenepuwTtpacca 1870-e

IV.TOKIN



| 3Tan 060CHOBaHUA MmaTemaTudecKoro aHaausa B XIX B.
1812-1823 rr.

1813 TAYCC «0 eunep2eomempu4yecKom psaoe»
a-f a-(a+1l)-p- (ﬁ+1)
F(a,p, ,x)—1+— + 2 4.
Bry 1.y 1-2-7-(y + 1)
a=-—-m
1)X=—X}=> F(—m,,B,,B,—x)=1+mx+m(7;_1) 24 = (T4 x)™
y =5 |
a=1 1
2))/ ,8}:) F(1 IB,,B,X) 14+x+x°+ = 1
a=1)
p=1 N R T S SRR
3) _ > = F(1,1,2,—x) =1 2+3 Tt = xln(x+1)

= —X)



Kapn ®pupgpux FrRyCC
(1777-1855)

N3 Heboratom cembu (oTeu, U3 Gepmepos,
MaTb n3 COC/10BMA KaMeHLLMKOB).
ApndMeTUYeCKMMN CNOCODHOCTAMMU YAUBAAN YIKeE
B Bo3pacte 3 neT. [lpy nomowu LWKOAbHbIX
yymtenem noayyma BO3MOMKHOCTb YYUTbCA B
[eTTUHreHe (1795-1798), HO He 3aKOHYUA, T.K.
Obin BbIHYKAEH yexaTb, NOAYYUB NPEAJSIOKEHNE O
xopolleun paborte.

Konebancs MmexKay MaTEMATUKOM 7
dunnonornenr, HO 30 mapta 1796 r. ero
«MaTtemaTuyeckmm AHEBHUK» OTKPbIBAET nepBasn
3anuco:

«llpuHUUMNb6I, HA KOMOPbLIX OCHOBbIBAEMCA
oesleHUe Kpyaa, a UMEHHO, e20 2ceoMmempuyecKoe
OeneHue Ha 17 yacmeli». Bcero 146 3anucen, us
Hux 102 — B toHocTKn, Ao 1800 .

1799 BepHynca, 3awmtmn gucceprtaymto. C
1807 n oo KoHua Xn3Hu B leTTuUHreHe. lNpwu laycce
[eTTUHreH cTan KPpynHENLWMUM Hay4YHbIM LLEHTPOM.



1813 TAYCC «0 eunepeeomempuyecKkom psoe .

— BbIBOAMUT YC/IOBUSI CXOAMMOCTU psija B KPyre M pacxogumocTu BHe Hero, a
TaK»Ke uccnegyet CXOAMMOCTb pPsifia Ha rpaHuULe.

— noayynin npndHak cxoanmmocCcTtTiun, paCCMaTpmBad oTHOWEHNE ABYX COCEAHUX

Y/1EHOB.

an H(n)

l6(n)| < 1,
an+1

npwu A>1 pAn cxo,u,mcn (npm3HaK HEeJOoCTaTOYHO  CTPOro
chbopmynmpoBaHHbIN lanambepom B 1768);

npn A < 1 Hy»HO nccneposatb Vv (B 1832 — npu3Hak Paabe:

—1) n ecnm R >1, 10 pag cxoauTcs;
echn R <1, TO pacxoauTca).

R = limn(
Nn— o0 An+1

CBou pe3ynbTaTbl WU31aran B JIeKUMAX, KOTOpble cAaywana u pas3BuBan
Aanblwe Aupuxne, a 3atem u [lepeKunHa, v3gaswn BNOCNEACTBUU NEKLUU
[aycca un Oupuxne.



Hanbonblimnx ycnexos B 060CHOBaHMM MaTeEMATUYECKOTo aHa/in3a aobucs
OrtocteH-J/lyu KOLUWU (1789 - 1857)

Pogunca B [lapuXe, BOCnNAUTaH B CTPOro
KNepuKanbHbIX TpagmMumnAax; OKOHYMUN
[TONNTEXHNYECKYIO  LLIKOAY; CAYXXWUA  NYTEUCKUM
nHxxeHepom B LLlepbype, B 1813 BepHynca B [Mapu.
C 1816 — akagemuk, npodeccop MoamtexHm4yeckou
LLIKOAbl, POAJINCT.

B 1830 nocne MtonbCcKkon peBoatoUunUmn OTNPABUNCS
B U3rHaHue Bcnen 3a bypboHamu; xun 8 TypuHe u B
[lpare = « TypuHCKHUe memyapbli».

B 1838 (nocne cmeptn Kapna X 1836) BepHyncs B
Mapux, HO oTKaszanca oT npucarm HOBOMY
rocyapCTBEHHOMY peEXMMY = HUKAKOW
rocyJapCTBEHHOM  AOMKHOCTM, nNpenoaasan B
nesyntckom Konneaxke. B 1848 nocne HoOBOWU
PEBOIIOLMM A0 KOHUA M3HM pabotan B CopboHHe
(HO NnpucAarn Tak 1 He NpUHec).




OcobeHHOCTM Hay4yHOro TBOPYEeCTBa: He Obin  KJAacCMKOM  HOpMbl;
6ONbLUMHCTBO NYyOAMKALUMMA HOCUT CMELLHbIN, 3CKU3HbIKM Xapaktep: u3 789 (!)
nyb6MKaumm BCero 8 KHW.

1821 «Kypc aHanusa»
1823 «Pe3rome neKyuU no ucqucsaeHuro 6ecCKoHeYHoO MasbixX»
Kowwu cumntan, 4yto nyTb, NpeanoxKeHHbin K. JlarpaH>kem, olmnboyeH:

«Memoobi, KomopbiMm A €n1edos8as;, oMaAUYHbI 8 HEKOMOPbIX OMHOWEHUAX
om mex, Kakue U3/71a2aromcsa 8 COYUHEeHUAX 3moz2o pooa. [nasHol uesnbro moel
661710 NpUMUPUMbB CMPO20CMb, KOMOPYHO A nocmasus cebe npasusiom 8 MOEM
«Kypce aHanuza» ¢ npocmomol, sbimeKaruwel U3 HernocpeocmeeHHO020
paccmompeHus beCcKOHeYHO Marnbix eenu4vyuH. 1o amou npu4yuHe A CYén
Heobxo0umbim ombpocumes passnoxceHue (yHKUuUU 8 becKoHeYHble pAobl 80
8cex cay4aax, ko2oa noayyaroujueca paobl He cxo0amcs, u A bbia npUuHy#0EH
nepeHecmu opmyny Telnopa 8 UHMe2panbHoe uc4yucaeHue, ubo smy
copmysnny MOXHO cyumame obuwel, nuWb ecau cooepxcawjulica 8 Held pso
npusoouMca K KOHEYHOMY 4ucsay 4YnaeHo8 U O0O0rosAHAemca HeKomopbim
oripedenéHHbIM UHmMmezpanaom. A 3HAK, YMO 3HAMeHUMbIU asmop
«AHAAUMUYECKOU MEXAHUKUY» M0A0MUA YITOMAHYMYH (hOpMYsy 8 OCHOBAHUE




ceoeli meopuu rpou3sooHbIX yHKYulU. Ho, Hecmompsa HGQ B8CE rnoymeHue,
8HywaemMmoe Cmosb 8blI0aroWUMCAa asmopumemom, bosnbWUHCMBO 2eoMempos
8 Hacmosuwee 8pemMsa Mpu3Haém COMHUMEeAbHbIMU pe3yabmamel, K KOMOopbIM
Moxcem rnpusecmu ynompebaeHue pacxooawjuxca paoos, u Mol 0obasum, ymo
8 HEKomopbix cray4asax meopema Telsnopa oaem KaK byomo passnoxceHue
YHKUUU 8 CX00AwWulUca pAa0, HO Mexoy mem Ccymma pAaoda cyu,ecmeeHHO
omsau4yaemca om rnpeosaoxreHHouU (yHKuuUuU ... Bnipoyem, anuuya, npoyumasuwiue
mMoe COoYUuHeHue, ybeoamcsa, Haodecb, YMo MpUHUUNbl OugpopepeHUUanbHo20
UCYUC/EeHUA U e20 Haubosiee 8axtHbIE MPUOHEHUA MOMHO f1e2KO U3/I0OHUMb
6e3 npusnevyeHUA pA00S...

Umo kacaemca memooo8, mo A nbimascsa npuoame UM B8CHO CMPO20CMb,
mpebyemyro 8 2ceomempuu, ¢ mem, Yymobobl HUKo20a He npubezamb K 00800aM,
ucxooawum u3z obwHocmu aneebpei...

..A 0osnxceH bbla donycmume MHo2ue rpeodsoreHUsd, Komopsle, bbimb
MOXcem, crepea roKaxtymcsa HECKObKO Mecmkumu. Hanpumep, .. 4mo
pacxooawuica paod He umeem cymMmel... TaK, npexcoe 4yem npucmynumsos K
CYMMUPOBAHUIO KAKUX-nubo psaodos, A 0oaxeH bbia paccmompems, 8 KAKUX
CAYYAAX PAObI MOXCHO CYMMUPO8AMb, UsuU, Opy2UMU C/1080MU, KOKOBbI YCn08uUs
ux cxooumocmu; U 8 3MOM 80rpoce A ycmaHo8usa obwue rnpasusid, Komopeole,
Ha MoU 8327150, 3aCAyHUsarom HEKOmMopo20 8HUMAHUSA».




OzrocmeH-/lyu Kowu (1789-1857)
ornpeoeseHue npeoena:

«Ecnu 3Ha4yeHUA, nocnedosamersibHO ripuriucbieaemosle 0OHOU U mou xce
nepemeHHoU, Heo2paHUYeHHO npubauxcaromca K GUKCUPOBAHHOMY
3HAYEeHUr, MAK Ymo 8 KOHUE KOHU08 omsau4Yaromca om He20 CKOsb Yy200HO
Mas10, Mo nocseodHee Ha3bl8aromM rnpeodessom 8Cex 0CMAaAsIbHbIX».

B KauyecTtBe 3HaKa npeaena OH BblbMpaeT 3HAK, MCNONAb30BaBLUMMKCA B
LWUINWPOKO pacnpocTpaHéHHOM Yy4yebHuke C. Jliomnbe «M3noxceHUe Ha4an
gbicWux ucqyucaeHul» (bepnuH, 1786): lim

onpeodeseHue becCKoOHe4YHoO Masol 8enUYUHDbI:

«Ecnu  nocnedosamersibHble  4Yucs08ble  3HAYEHUA  nepemMeHHOU
HEeo2paHU4YeHHO ybbiBarom, MAaK 4Ymo CMAaHo8AMCA MeHbwe boeo
00HHO20 4UCAa, 3Ma rnepemeHHasa CMaHo8UMCA memM, 4Ymo HA3bI8AOM
beckoHe4YHO masaou unu becKkoHe4YHO MasnbiM Kosauvyecmeom. [lepemeHHasA
3Mmoeao pooa umeem ripedesiom Hysrb».



OCHOBHble NOHATUA MaTeMaTUYeCcKOro aHaam3a
y dinepa n Kowwm

JleoHapo 3linep (1707-1783) OztocmeH-J/lyu Kowu (1789-1857)

1. HeT NoHATMA npeaena. 1. Apugpmemuyeckoe (cnosecHoe)
onpeaeneHue npeaena.

2.0, — 6eCKOHEeYHO manas Toraa M TO/IbKO
2. beckoHe4yHO manasa =0, TOoraa, Koraa ee npeaen = 0;

6eckoneuHo bonbwas = 1/6.m. a, — 6ecKoHeYHO 60bLanA TOrAa U TONbKO
TOrAa, Koraa ee npeaen = oo

3. [nobanbHoe onpepeneHne 3. /lokanbHoe onpepenexHve
HenpepbIBHOCTHU (B Y3KOM HeNpPepbiBHOCTK:
cMmbiche): byHKUMA f(x)ocTaeTca HeNpepbIBHOM

OTHOCUTENIbHO X MmexAay AaHHbIMUA

HenpepbiBHaA GyHKUMA 3aAaHa npeaenamm, ecan Mexay sTMMM npeaenamm

€4NHbIM aHaIMTUHECKUM 6ecKoHe4YHO manoe npupailieHue
BblpakeHnem B 0bnactu nepemeHHOM NOpPOXKAAET BCeraa
onpeaenexHnA. 6ecKkoHeYHO manoe npupaLLeHue camomn

dYHKUUN



4. NMpousBogHaAa — OTHOLWEHue
andpdepeHLManos, KOTOpoeE
BbIYMCNAETCA NO NPaBUNYy...

5. UHTerpan = HeonpeoesneHHbIU
NHTEerpan:

T.K. 6eckoHeyHo manana =0, To Henb3A
paccMmaTpuBaTb Cymmy HEeCKOHEYHO
MaJiblX, W, ChefoBaTeNbHO, HYXKHA
nepsoobpa3Haa F(x) Takasa, yto

dF(x)= f(x)dx.

6. Cymma paga = KOHeYyHoe
aHaNNTUYECKOE BblpaXKeHne, KoTopoe
6biNo NpeacTaBAEHO 3TON CYMMOM.

4. NMpoun3sogHan onpeaeneHa yepes

npeaen.

5. UHTerpan = onpeoesieHHbIlU NHTerpan
KaK npeaen MHTerpaabHbIX CyMM.

(cm. TaKKe 3amevyaHne o paBHOMEpPHOM
HEeNpPepbIBHOCTU Ha CaeA,. cnanae)

6. Cymma paga = npeaen 4YaCTUYHbIX
CYMM C 00653aTe/IbHON CTPOrou
OLEHKOM OCTAaTO4YHbIX Y1E€HOB U
BO3HUKAOT KPUTEPUUN CXOANMOCTH.



K nyHKkmy 5.
B 1823 r. Kowwn ucnonb3osasa CywecTtBoBaHME U HENPEpPbIBHOCTb npeaena
MHTErpanbHbIX CYMM, HO CTPOroe /[AoOKa3aTeNbCTBO Tpebyetr pasHomepHoU

Cxoa umocmu. Jxomgiiimgppg;m&?;;?;ﬁ KyCOUHO MOHOTOHHOH (QYyHKIHH u ee pas-
3ameTtun u ucnpasun H.X. Abenb 8 1826 .  _}

(Nnpeaen cymmbl HEMPEPDLIBHbIX PYHKLIMIN HE ’?Z"/ | -

ecTb HenpepbiBHAA GYHKLUMA). — = o o
PaBHOMepHaA HeNnpepbIBHOCTb BBeAeHa B

1848 r. [1)k. Ctokcom u J1. 3enaenem. Paa

N - S

pased ¥/2 npn x€[0, o[ ® O npu x=m.

droT KoHTpupuMep OHA JaH AGeneM K HerTouynolt «Teopeme» Komm.
K nyHkmy 6:
Kpumepul Kowu: Pap cxoamTca Toraa M TONbKO TOraa, Koraa cyuwecrtByer
HOMEpP, Ha4YNHAA C KOTOPOro PasHOCTb MeXAy YieHaMKn pAaga MmeHblle ntobown
CKROJ1b YrogHo MaJiou BEZIMYNHDI.

HeobxoamMmocTb A0OKas3an, a AOCTAaTOYHOCTb He CMOr, T.K. euwe He 6biao
CTPOron meopuu delicmsumenbHO20 Yucnda.




“@opmyaa nmogyac
Ka’keTcs 00aee Myapol,
yeM BbIAYMaBIIINIL €€
yea0BeK.”

b.boabiiano

bepHapa BbOJIbLAHO

1781-1848
1817 «Yucmo aHanumuyeckoe 0oKa3amenbcmeo
meopembl, Ymo mexcoy - nwbbimu osyms
3Ha4YeHUAMU, oarowyumu pe3ynbmamel

rMpPomueornosioNHO20 3HAKA, fAexdcum rno meHbuwel
mepe 00UH OelicmeumesbHbll KOPeHb ypasHEeHUA»

— pabota no o06OCHOBAHMIO MaTeEMATMYECKOro
aHanusa, bonee rnybokana, yem y Kowmn, HO ocTtaBanach
HenssecTHOM Ao 70-x rogos 19 BeKka: bbla oTKpbITa K.
BenepwTtpaccom M ero Yy4YeHUKamn, a Takxke .
[aHKenem, KoTopbiM o0bpatmn BHMUMaHMe (1871) Ha
KHUrnm bonbuaHo «lMapagokcbl 6eckoHeyHoro» (1851)
n «Teopema o buHome» (1816).



o U os W

EO/MIbLAHO  (1817):

Onpepnenerne PyHKUMN, HENPEPLIBHOW B TOYKE, N CBOUCTBA HEMPEPbIBHbIX
bYHKLUNN.

. Y noboro MHO)KecTBa AeNCTBUTE/IbHbIX YMCEeN, OrPaHMYEHHOro CBepXy

(CHM3Y) cylwecTByeT TOYHAA BEPXHAA (HUKHASA) rpaHb.

Kputepui cxogmmocTu nocaenoBaTenbHOCTEN.

HenpepbiBHasA GyHKUMA NPUHUMAET BCE CBOU NMPOMEKYTOUYHbIE 3HaYEeHUA.
OAHOCTOPOHHAA HENPEPbLIBHOCTb.

Mpumep yHKUMK, pa3pbiBHOM Bcioay (PpyHKumA Adupuxne — PyHKUMUA,
NnPUHUMAOWAA 3Ha4YeHMe 1 B pauUMOHaNbHbIX TOoYkax M 0 — B
MPPALMOHA/IbHbIX).

MNpumep YHKUMM C HECKOHEYHbIM YMUCAOM IKCTPEMYMOB HA KOHEYHOM
NMPOMEKYTKE.



K. BEMEPLUTPACC. Jlekyuu 1861 2.
OnpeaeneHne HenpepbIBHON PYHKLNN.

«Ecnu f (x) ecmb ¢yHKUUA om X, U X —
oripedesieHHoe 3Ha4YeHuUe, mo rnpu nepexooe X 8
x+h pyHKYuAa nepemeHumca u bydem f(x+h).

Ecnu moxcHo onpedenums 0718 h makyo
epaHuuy 6, ymo 054 ecex 3HayeHuu h, no
abcontomHoOMy 3HAQYEeHUO MeHbWwux, 4yem O,
pa3zHocms f(x+h) — f(x) cmaHosumca meHbwe,
YemM CKO/b Y200HO MAnA0A BenAUvYuHd &, mo
2080pPAM, YmMo 6ecCKOHEeYHO Mas1biM U3MEHEHUAM
apeymeHma coomeemcmeayrom  b6ecKOHEeYHo
Masble U3SMeHeHUA YyHKUUU».




