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Muozue GEU{N HAM HERONRIINDE HE ROMOAMY, YWMO HARH RONIMUR caabe:;
HO ROMOMY, 4O CUl €U HE FXQ0RM 6 KDYE HQWHX ROHRMUIE.

Kozbma MNpymvoa

NPEAHCIOBHE

MareMaTura.  ITO CJIOBO, KOHEYHO, TIpEqECKOro TNpOHCOKACHHRA.
HOOUT| UG — «yveHnen, «HayKa» — B CBOID 0UEPEL, NPOHCXOINT OT rMarea,
NCPEOHAMARBHOE JHAYCHHC KOTOPOTO — «yHMYCh Hepes pasmuinnenue». Tep-
MHH, TaKEM 08pazoM, KaTeroprmieckl oT0packiBan YICHHC TYTCM OMBITS,

B npHHLMNE mMaTeMaTHKY MOKHO PACCMATPHBATE KakK PaiHOBHIHOCTH
YTOUHEHHON, YCOREPLUIEHCTBOBAHHON ROTHKH. 3aMEMATENLHO, YTO, MOCTPOHE
itpasna 3Toi NOTHKH K BRIYMHMB HX, YENOREK NOAYYRM opyaHe Topaino Gonee
MOLIHOE, H4eM OGBIKHOBCHHBIN «3ApaBblfl CMBICT», OCHOBAHHBLT HA TPAIUIH-
OHHOM, «noMawreli» noruke. Tenaenund ko see Gonbmed obumocTH conpo-
BOKAAETCA PocToM TpeGoBaHWi, NPENBABIASMEIX K JIOTHHUECKOH CTpPOrocIy,
Oanuko B 3a60Te 0 norudeckoli HesynmpeyHoCTH NETKO XBATHTL Yepes3 Kpa,
1aMEHHB COBCCHBIC PACCYHACHHA [IOTOKOM NOMHYCCKHY CHMBOJIOB M CACHbIM
NPHMEHEHHEM CTAHJAPTHLIX MPHEMOR, B TOM HANPaBIEHUN MOMXKHO AANCKO
3AATH M BMECTO TOrE, YTOGH YrayOHTL NOHHMaHHE, HAMHCTO ¢TI0 YTPATHTD.

B nacromuwee epema HabnionaeTcA pasfeneHHe KyNLTYPH Ha TYMaHH-
TAPHYI0 N €CTECTBEHHO-HAYYHYIO, Takoe pasfieneHHE MOXHO CHHTATE HCKYC-
CTBEHHBIM.

"I'ymanHTapHoe" NpenoaBaHie MaTeMATHKH HEBOZMONHO 03 HIYMCHHSA
2 HCTOPHH. CTOJJ,a BXOAAT M KPATKHE CBEAEHHA O BOIHHKHOBCHHM TCX HIIH
HHBIX MATEMATHYECKHX TOHATHM, 6uorpac[:uul|ec“ue CBEACHHA O BRI AAOIMHXCA
MATEMATHKAX, 3IHAKOMCTBO C HC‘T‘OpHCﬁ BOJHHKHOBEHHMA MATCMaTHHYECKUX
naeH, ¢ HCTOpHEH MATEMATHYECKHY OTKpbITHA,

pyrad cropoHa MaTeMaTH4ecKoro oOpasoBaHHA — H3YYCHHE MPHIOKe-
HUfl MaTeMaTHiH, B HacToAmIee BPEMA COINACTCA CUCTCMA IPUMEDPOB H 3uaaM,
OPHEHTUPORAHHBIX HA TYMAHHTAPHLIC NPHAOKEHNA.

Tvmanumapiotli nomenyian Mamesamiki PACKpoIBaeTcA N0 pANY HA-
NpaBACHH:

. MaTeMaTHKa HIY9aeT MaTeMaTHYCCKHE MOAENY PEANLHEIX OPOLECCOR,
MAaTCMATHYCCKHS MOAESTH OTIHCBIBAIOTCA HA MATEMATHYECKOM A3BIKC. Yenorek,
BAAACIOWINNA MATEMATHYECKUM A3bIKOM, cnocofen ray(xe NpOHHKARYTh B CYTh



PCARbHBIX 1IPONCCCOB, [IPABHIBHO OPUCHTHPORATLCA & OKPYXAOWEeH aciicT-
EHTE/IBHOCTH.

2. Matemaruka "yM B NOpAAOK npusoauT”. OOLICHIBECTHO BAMAHHC Ma-
TeMaTHKH Ha [l)OpMHpOBaHHe MbLIILNCHHA 1 NHYHOCTHLIX 4€PT YCN0BEKa.

3. Yenosek, popMynHpylomuii MATCMATHYECKOE YTBEPKIECHHE, TIpOBL-
DA MATEMATHYCCKOC AOKAZATCILCTBY, ONCPHPYCT He 0OBIACHHOH, a npea-
MCTHOH PEHBIO, CTpoALLCIicA MO OTIPEACTCHHLIM JaKOHAM (KpaTKoCTh, 4CT-
KOCTh, JAKOHWYHOCTE, MHHHMH3ALUHA W T.J.L)‘ IIpc.amm'Haa pe4b OKa3wBACT
CYLUECTRCHHOE BAHAHUE H HA pazBuTHE 0OLLCHHON (MHTEpAaTYpHOI) peun.

4, ”3y‘-laﬂ MaTeMATHKY, YCMOBCK NOCTORHHE OCO3HACT CBOC DASBHTHC,
ceoe "noymaesne”. OcoshanHocTs npolecea ofyueHHs — 0IHH U3 Kpac-
YFOMGHEIX MPHHUMNOB TCOPHH pasBubalotlero obyuenua. Ecan giars 32 ocio-
BY [ATh ANAAKTHULCKHX MOPUHLINNOB TEOPUH PAIBHBANOUICIV 06)"ICHHH —_
O0YYCHNE HAa NOCTATOYHO BBLICUKOM YPOBHE TPYAHOCTH, SBICTPLIl TeMn oby-
YCHHA, MPHOPHTCT TCOPHH, AHGOCPCHUHMPOBANNEIH NOXOD K YHAILUMCA NN
ynomsuy’rhlﬁ BBILLIC LHIPHHUALL OCOIHAHHOCTH NMPOLUSCCa 05)"‘!6HHR, TO HETpyA-
HO yﬁﬂlthL‘ﬂ. qTD {)Gytchuc MaTeMaTHKe Hanboace A TeKPaTHY COOTBCTCTEY -
CT CHETEMO 3THX NPHMHLUHION,

MaremaTuueckoe oOpascBaHHE CICOYCT PAcCMATPHBATE KiK BAaKHCH-
Y0 COCTABIAIOMYH $yHIaMeHTANBHONH nmoaroToBkH Garaiaspa. OGycnos-
AEHO 3TO TCM, 4TO MATEMATHKA ABNAETCH HE TONBKO MOWHWM CPEACTBOM pe-
WIEHHA MPHKAAAHBIX 33489 H YHHBEPCAJNBHBIM A3BIKOM HAVEN. HO TAKKE W
IACMEHTOM OOLICH KYRLTYPH,

CoBpeMEHHAA MATCMATHKA B coMCTaHMy © wiipopsarikoil 1 3BM cra-
HOBHTCA Kak OBl MEKAMCUNNNHHAPHLIM HHCTPYMEHTAPUSM, KOTOPLIH BBINON-
HACT ABC OCHOBHLIC (YHKUMH: OCPBYI0 — 00MVYRRMLNRY  CHOCHUAMHCTA-
npodeCCUOHANA YMEHRIO TIPABMIBHO 32/1aBaTh LICTh TOAMS HAH HHOMY NpoUCe-
Cy, ONPCASIUTE YCIIOBHA W OTPAHHYCHHA B JOCTHATHMI UCIH, BTOPYID —
AHANHTHYECKYIO, T.€. &NPOHTPEIBAHHE? HA MOICIAN B23MURHBIX CITyanuii u
NONy4YeHHE OTMTHMANBHBIX PEIUCHH L.

Omnolt 13 OCHOBHBIX LeneH kypea "MateMmatiks  SBIM€TCH PasBHTHE
MBILUICHHS, NPEXAc BCCrO OPMHUPOBANNE AOCTDLRTheT o MBILUICHHA, CrO-
cobrocTH k abcTparupoBannio, H yMeHUA "padoTats & a0CTPakTHBIMU, "He-
ocataeMbiMi” 06bekTamu, B npouecce HIUCHMR wsTovaTHke B HauBonee

YHCTOM BHAC MOMET OBITE CROPMUPOBAHG Telir~eor .« 123V KTHBHOC) MBILO-
TNIeHHe, ANPOPHTMHUYCCKOE MBILLICHHS, MH: &0 «:-0 730 M=RIICHHA, TaKue,
K4K ChAa H THOKOCTE, KOHCTPYKTHBHOCTL o =7 -7 - _° ' I DTH KAuceTBa
MBILIEHNS CaMH 10 Cele BE CBABAHBl © hahov- o7 WL_TUWMSTHUCCKHM COACp-
EaHHEM H BoobmIEe ¢ MATEMATHROMN, HO o0y 9uwo 0 v oueTHRS BHOCHT B HX

QOpMHUPOBANHE BAKHYIO H CNCURPHUCSR IR 5. %~ . ~.. »0TOPAR HE MOWCT



6uTh FpdexTHBHO peannioBaHa JAKE BCCH COBOKYIIUCTBIY OCTLTLHBIX AHC-
LMIUTHE.

B To e BpeMA KOHKPETHLIC MATCMATHUCCKHE BHAHWA, NCAIWHE 13 TIpe-
AENAMH, YCTOBHO TOBOPA. apUPMETHKH HATYPANGLHBLIX YHCCNL M {ICPBIYHBIX
OCIIOB FEOMUTPHH, HC HBARIOTCA "NPCAMETOM LEpBOi ReODXOAUMOCTH' 474
0OABUIRHCTBA NEONEH H HC MOMYT NOITOMY COCTABIATL UENEBYIO OCHOBY 0QY-
4CHWA MOTEMATHKE KAk npeaMeTy o0mero o6pasosadua,

HMenno n03ToMy B Ka4YCCTBE OCHOBOMONATAMMLCTO [PHHUMNA MATEMa-
THYCCKOTO 06paioBanug e acnckTe "MaTeMaTHka ANA TyMandTapuce” Ha nep-
BBIIT [Iad BRIIBUTHCTCA NPHHLMIT NPHOpHTETR pasBHBalomcH GyHxnun B 0dy-
4YeHHH MaTeMaTHxe. MnbiMu ¢nosamu, oByucHHE MaTCMATHEE OPHEHTHPOBAIID
HE CTONSKO HA cOOCTBEHHO MAaTeMaTudeckoe 06pajoBaHUC, B YIKOM CMBICIC
CNOBA, CKONbEO HA 00pa30BaHre ¢ NOMOLIBH MATEMATHKH.

B cooreercTBAM ¢ HTUM DNPUHUNNOM rnasHoH 3anavyeH obGyucHus matc-
MATHUKE CTAHOBHTCA HE HIYYCHHE OCHOB MAaTCMAaTHHECKOH HAYKH KAk TaKOBOit,
a O0LIEHHTEINEKTYANBHOE PAZBHTHE ~ (JOPMHPOBAHKE Y CTYACHTOB B IIPOUEC-
€C HIYUCHHA MATCMAaTHKY KAUCCTB MBIUINCHHA, HEOOXOMMMBIX ANA TIOAHOLICH-
HOre (YRKUHOHHPOBAHHA 4CJIOBEXA B COBpEMERfoM ofnlecTse, ans AnHa-
MHYHOH ajaNTaUMH YENOBCKa K 9ToMy oflecTBY.

C TOYKH 3PeHHA NPHOPHTCTA pripHBaomieR PyHKIHH, KOHKPCTHRIC MaTC-
MATHYCCKHE 3HAHHA B acnekTe “Martematiika WIS ryMaHUTapHes” paccMaTpu-
BAOTCA HE CIONBKO KAK Uik 08yHeina, Cckonsro kak Gasa, "nomdron” nas op-
FAHK3AUHUH DOAHCUEHHOHR B HHTCANCKTYAILHOM OTHOWCHUY ASATenbHOCTH. [na
(opmupoBatis THYHOCTH, ANY JCCTHKCHHA BBICCKOIC YPOBHA €r0 PAIBUTHA
HMCHHO 3Td ACATCABHOCTD, KAk OPABHAO, OKA3BIBACTCA HONES JHAYUMOMH, YEM T¢
KOHKPETHDBIC MATCMATHHCCKUC SHAHKS, KOTOPRIC NOCNyHHAH ee Bazoil.

W ewre oiio BamHOC 0GCTOATENLCTBO, MPHCYLICE HMCHHO MATEMATHKE:
0132 BOCTINTBIBACT TAKOH CHNA/ YMi, KOTOPBI TpeOyeT KpHTHYCCKOR nposep-
KM ¥ norHyeckore oSocHOBAHHA TEX MM HHLIX MONOWEHHI N TOUEK 3PCHUA.
HIEMENT COMHCHHS — ITO HIOPOBOC PARAUHOHAIRHOC JEPHO, NPHCYILES NpO-
LUECCY MATEMATHYECKOTO MEBIWNEHUA — HUMZC W HUKOTAA HE fOMEWAeT mo-
Somy npodieccuonaiy.

3 MocypapcTeenHora 0bpa30eaTenbHorg CTaHaapTa sbiCluero
NpogeccMoHaneHOro obpasoBaHun

(rranpasaciiud ! COPUCTIPYACHUMS, ICHXONOTHA, COLHOAOTHA, COLHANBHAN
paboTa, YUIocODHI, KOMMEPLUA, PKOHOMUKD, MEHCIXMENT Y T.IN. )
Gaxaraap AOANCeR UMERth RPEOCMABRERIE

(8 06NACTH MOTEMATHKH H HHPOPMaTHRN);

5



® 0 MECTE H POJIH MAaTEMATHKH B COBPEMEHHOM MHpe, MEPOBOH KynsTy-
pe H HCTOPHA;

* O MATEMATHYECKOM MBILLICHAM, HHAYKUHY W OEOYKLUHH B MATEMATH-
K¢, TPHRLIANAX MAaTEeMaTHYECKHX DacCyXNeHHH H MATEMATHYECKMX AOkasa-
TETBLTR,

& 0 NOTHYECKHMX, TOTIONOTHMECKHX H aAre0pamueckHX CTPYKTypax Ha
MHOMWECTRE, '

& O HEEBKIHAOBLIX TEOMETPUMECKHX CHCTEMAX,

¢ O MATEMATHYECKOM MOJCNMPOBAHHH;

» 00 HHpOpPMALMH, METORAX ¢ XpaHeHHA, obpaborkK v nepenay;

& o mpobneMe HCKYCCTBEHHOTO HHTENNeKta, cnocofiax OpencTaBIeHds
SHAMMH W MAHHITYTHPORANHMH HMH (00 HHKEHEPHH 3HAHKRY;

* O pONY MATCMATHKH H HHOOPMATHKH B FYMZHHTAPHEX MCCNGAOBAHH-
AX.

Ocxoerpte 8ORPOCH NO MaMeMamixe, onpedeaRemsle cmandapmom:

reoMeTpHa EBKnnaa KaK NepBas ecTCCTBCHRO-HAYEHAT TEOpUA;
AKCHOMATHYSCKHIT METOA ]

OCHOBHBIC ITANEl CTAHOB/ACHHA COBPEMEHHON MATEMATHKH;
CTPYKTYpa coBpeMeHHOl MATEeMATHKY;

OCHOBHBIE YCPTBL MATCMATHUECKOTO MEIIINICHHA,
MATCMATHICCKHE JIOKAIATENLCTRA,

WEMEHTh], MHOIKECTBA, OTHOLUEHUA, OTOGPUMKEHHN;

HHCIa;

koMOHHATOpUKa,

KOHEYHRIE H GecKOHEYHBIE MHOXKECTEA,

OCHOBHBIE CTPYKTYPBI HA MHOXECTBE;

HeeBRIUIOBE reOMeTPHH;

reoMeTpua MHKpO- # MaKpOMHDa;

OCHOBHBIE HIIEH MaTEMATHYECKOrO aHasn3a;
NH{KpepeHUHANILHEIE VPABHEHNA,

obian MocTaHOBKA 33784H O MPHAATHH PELICHHS;
METEMBTHYECKHE METOAL! B LENEHANPARNCHHOIH IeATENLHOCTH;
MaTEMATHKA CITYHAHHOTrD,

3IEMENTEE TEOPHH BEPOATHOCTEH;

OCHOBHEIC MOHATHA MATEMATHUSCKOMN CTATHCTHIH]
MaTeMaTHYECKHUE METOARI TIPOBEPKN [HNOTE3;

PONE MATEMATHKH B TYMARMTAPHEIX HayKax.

A N e R N T S N e A L T

OueBMAHO, 9TO HOBHIE CTAHAAPTHL BREARHBI ¢ 1ENBIO CONEHCTBOBATHL
NyqileMy NOHHMAHHIO JTOTO MpeAMETa B3ameH Oe3NyMHOTO MAHHIYIAPOBA-

6



HHA cuMmBonamu. Herpyano yBeamTthcs, 4TO CHEKTP BONPOCOB AOCTATOUHO
IHPOK H HETPAAHHOHEH,

Hacrosutee yuefuoe nocolue — xe yuefumuk, a uMeHHO nocobue, T. e.
yuyefHOC W3AaHHe, JOTORHAKIIEE HAM YacTHYHO 3aMmeHgromiee ywebuuk, o
ONpEeneHnio, YueOHHK AOMMEH COAEp¥aTh CHUCTEMATHHECKOE HANMKEeHHe
yueGHOH AHCUMIUIHHEL, COOTBETCTRYIOMEe y4eOHOMN nporpaMmMe. Oanako cie-
IyeT YyecTh, UTo OO HACTOAINEro BpeMeHH yuebHHKOB, MpesHa3HAYEHHBIX
UMEHHO A CTYACHTOB-TYMAHHTADHCR, HET, NOITOMY CTYOCHTHI BBIHYWACHEI
MONE30BATECA YHeOHUKAMH LA «TexHapei» wmm obuwero, wKpoxoro npodu-
A%, B KOTOPhIX neobxomuMble BOMPOCH PRCCMATPHBANTCA AWGO CHMILKOM
yrayGnenno, nubo He saTpardpalotcs Boobime.

ARammy onwita yweOroli pafoTs! pasa By30B IO FYMaHHTAPHBIM HaNpap-
AcHMAM NOKA3BIRAET, wro HanGoNbRIRE TPYAHCOCTH B MPAKTHKE DeANHIauMH
TPEX COCTARNMIOMINX CCTECTRCHHO-HAYaHOTo GIOKA — MATEMATHRH, HHpOpMa-
THKH, €CTECTBOIHAHHA — CBA33HLI NpPEXcAe Beero ¢ BBEACHHeM B yHEOHBIA
npouece kypca matemaTHky. Hapeemcd, 9ro QanHas paGoTa OKaseT MOMOILL
CTYAEHTAM OPY HIYYEHHH AMCLUUMIMHE «MareMaTHKa» B PaMKax WX TyMaHH-
TAapHOro Npodikan kak Mo Hanpasnenuam 521400 «HOpucnpyaeruna», 520100
«Kynetyponorus», 520200 «Teonorns», 520300 «dunonorusy», 520460
whunocoduan, 520500 «/lunredcruran, 520600 «Kypuanuctukan, 520700
«Knurosegeruen, 520800 «Heropus», 520900 «onwronorusn, 521000
«llenxonorunn, 521100 «Conpansnas paboran, 521200 «Cousonornsn,
521300 «PermonoseacHue», 521500 «MeuemxmenTy, 521600 «DKOROMUKEY,
521800 «McekycerBon, 521900 «busuueckan kynsrypan, 522000 «Kommep-
HHA» M T.0., T2K K no cneunansnoctam 021100 «HOpucnpyaeHnsa», 020400
«lleuxonorua», (020100 «dunocodua», 0203000 «Counonorus», 0202000
«Tloautonorus», 020600 «KyasTyponorsa», 022000 «Caenzu ¢ obiuecTBeHHO-
crbton, 022100 «Coupansran paGota» w T.11.

Mocofne HAMHCAHO HA OCHOBE MPAKTHYECKHX JaHATHE W nexumii, 4w-
TaBUIHXCA ABTOPOM R TEYEHHE HECKOABKUX NIET CTYACHTaM IOPHANYECKOTO H
neuxonoro-nearorutueckoro thakynwreros Hoocnupekoro ryMaHHTapHoro
uscTHTYT2. O0BeM Kypca ONPEACRINCH B COOTRETCTBUH ¢ meiictayiommy [o-
CYAAPCTREHHEIM OOPAIOBATENRHEIM CTARAAPTOM BBICIIETG NPOHECCHORANEHO-
ro obpazopaHHa.



Mamemamueckan ucmuna cana no cebe we
ABRREMCR HU APOCMOIL, HU CRONCHON, OHQ CYWECIMEYEM.

3. Nemyau

BBEJIEHHE

Tymanurapyas opHCHTALUNA 06ydeHUs MATEMATHKE Kak npeaMeTy obme-
ro ofjpasoBaHMa H BEITEKAIOWAT WY HEC HNER NPHOPHTET2 B Xypee "Marema-
THKA ANA TYMauuTapues” pasgpBalonieil dyHKIMH 05Y4EHHA NO OTHOWIEHHIO
K ero yuceto o0pasoparensHol GYRKUMH TpedyeT NepeopHUEHTALIHH METOAMYE-
cKkofl cHCTeMbl OOYHMEHHA MATCMAaTHRE ¢ yBeqHuchis o0beMa HHQOpMALA,
NpeAHAIKAMCHHOH ANA "CTONPOUCHTHOTO" YCBOSHHA CTYINEHTAMH, Ha GoOpMH-
poBaKuEe yMeHnit aHANW3NPOBATE, NPOYIAPOBAT M HCIONBICBATE HAGhOpMAE-
uHIo.

Ecrecrsennoe ana cpedHeil IIKONE! BOCTIpMSTHE MATEMATHKH Kak BhI-
YHCMEHHH, akCHOM M JAOKA3aTENLCTB TEOPEM, TO CCTh HE COREPKATEABHOM
CTOPOHEL, 4 OTOPBAHHOTO OT HEC BaxkHediluero, Ho Bee ke HHCTPYMCHTAPHA, He
CNocofCTBYET NOHHMAHHIO PEANBHON €€ DOMM M 3HAMEHMS B HamleH Wu3HK,
Tak cROXIMNOCE Re TONLKO ¥ Hac. Hanpumep, anraniickull yaenslh npodeccop
Mo Topaod oTMedaet: «UTo MBI meficTBUTENEHO HAXOAMM TPYAHBEIM, TAK 3T0
dopmaneHOe NPENoJABalHe MATEMATHKH ¢ IPUCTPAcTHEM K CHMBONAM H HOT-
Me, NOXORAIHM A0 CATHIMA,

H3secTHo, &5TO I1A YYEHOTO M WHXKSHCPa MATEMaTWKa — 9TO OpYANE,
ANA MATEMATHKA-ITPOQEcCHONARA — pesinrud, a LA ODEYHOTO YenoRexa —
KaMeHb OpeTkHoserHa. Byaem HagedTeCH, wTO AAHHE Kype NOMOMET No-
ADYTOMY BIFHAHYTh Ha MATEMaTHKY, BCKDBITE e¢c BHYTPEHHIONW JIOTHKY B CBA-
3H.

Marépuan kypca pa3buT Ha pazfensl, oTAeNbHble Temsl. Kak moGoe mo-
co0ue Mo MATEMATHKe, 3TO TAKKE NPEAMONaracT aKTueHyie pabotry wurarend
—— PEWICHHE TIPUNOKEHHBIX YNPAKHCHUA, BLIMONHEHWE HHAMPMAYANLHLIX
33]131-ll-lﬁ, KOTOPBIC peueﬂsnpymcn NpenoaaBaTeIICeM.

Kypc MATCMATHKH COCTOMT U3 CNEAYIOIIHX PAIACTOB!

1. OcuosaHHd MaTCMATHKH.
1. OcHOBR! MATEMATHYECKOrO aHanM3a.
111. MaTeMaTueckne METOIH,



IMTporpamma Kypca Belcilell MATEMATHKH BECEMA IIMPOKA, YTO CBA3AHO C
upesBbuaiHoil MaTeMaTi3aumel cobpemenHoi Haykn 1 Tpebosanwamn [ocy-
HApCTBEHHOTO o0pa3oBATENBHOTO CTAHAAPTA BhICILETO NpodeccHoHaNBHOrO
obpazosarus. Ho, koreuro, HeT Hurakoi HeobxoaumMocTH, uTobhl KOHKpeT-
HBIC MATEMATHUYECKHE BOMPOCH! OGCYXAATHCL B HACTOAIIEM Kypce Ha ry6o-
KOM VPOBHE, COOTESTCTBYIOIUEM, HAMPHUMEP, MATEMATHYCCKOH CTICUHANBHOCTH
YHHBEPCHTETA.

PaGorasg ¢ stum nocolideM, a Takke ¢ Apyrofi nHTeparypoit, obpature
BHUMaHue Ha onpefenends. He cnewnre nx sapomunare. [Tonpobyitre no-
HATH 370 ONpENENEHHE, NOUYBCTBOBATE ST CTPYKTYPY, €T0 BHYTPEHHIOW J10-
ruky. Ber yBeaurecs, aro kawaoe crIoBO HECET onpefenenHoe Aeofxoiimoe
coz[epm'anne H 4T fonee JNAKOHUYHQ BATh OTPEACNCHHE NIPOCTO HEBOIMOXKHO.

He cexper, 9T0 MOXHO 3ayYHTE PE3YRBTATH U JOKAIATENLCTRA, HE BHU-
Kasa B cmuicd. Ocofoit none3bl b TakoM usyqenuy Her. Moxao u pasoGparsen
B ROKa3aTe/LCTBE, MOHATH, YTO W 384eM ACNACTCA, HO HE CYMETh NPOBECTH
AHATOrW9HBIe ASHCTBUA B TOXOXeH cuTyaumu, 210 yiKe myHe, ueM TIpeaH-
AYUIMH cRocof H3yUeHHs, HO H HTOTO HEROCTATOUHO.

ByaeM cYBTaTh MaTepHas NOHATHM B H3YYEHHBIM, ECTH CTYICHT MOXET
HOMYMUTE CAMOCTOATESMRHO AHANOHYHLIA pe3ympTaT H MOKET €ro NPAMEHHTE
K pemieHHIo 3anay. Beay xorfa cryaeHT miyqaetr yueGHHK, OH yCBAMBAET Yy-
WHE MBICIH; KOTAa PEIAcT 3a/1a4y, OH AYMACT caM.

Obuyno dopma oTueTa — x3amen. Hazeemea, YTO MaTeMaTHKa # AOCHS
IKIAMEHA OCTAHETCA A BAc TOYHLIM H NPEKPACHBIM ALIKOM, COCO0OOM BBI-
pakenna Moicnel B cnocoBoM MBILINCHHX; OyeTs MareMaTHka ne Gyner
TPEAMETOM, KOTOPEIA HYKHO HA 3K3aMeHe «Bech CRATh ¥ Huuero cebe He oc-
TaBHTEY,

Kar zamerdn eetRamowpiics pycckuit MaTeMaTHK W xopalnectpoHTens
axagemuk A H. Kpuuios, yenosek o0patuaercs k MaTeMATUKE «HE 3aTEM, YTO-
6bl MOBOBATLCH HEHCYMCIHMBIMH COKPOBHINAaMUy. EMy npexae Beero nyxHo
03HAKOMHTBCA CO «CTONCTHAMH HCABITAHKBIMY HHCTPYMEHTAMH H HAYTHThOA
HMH NPABKABHO H HCKYCHO BIAACTEY.



Mamemamura — 3o opyoue. CREHUATEHO

npucnocobnenroe dra mo2o, Ymobe ixemb 0 € OMETSHEHHBIMY
nonamusmy mobozo euda, u 6 3moii ofAacmu Hem npedera ee
MOZYWEeCIE).

n. Qwpak

L. OCHOBAHMA MATEMATHKH

1. NpegmeTt maTemaTku, MeTofionoruueckue NPoBneMbl 1
NpHHLHNLE

1.1. MNpeaMeT mMaTemaThkv

B JTHTEpATYPE H3BCCTHRI OBa MMOAXO0NA K onpeﬂ.enel{mo HPCJIMeTa MaTe-
MaTHKH. OHo onpemencHue 6h10 gaue ©. IHrenscoM, Apyroe — KOIUIEKTH-
BOM (PpaBUy3CKKX MaTeMaTHKOB Nox ofmum neepaonumom H. BypGakn.

Cornacuo @. Jureascy, "UACTaN MaTEMAaTHKA MMEET CBOHM 00LEKTOM
NpoCTpaHCTBeHABIE GOPMEI H KONHYECTBCHHBIC OTHOLIEHHA REHCTBHTENBHOIO
Mupa, cTano GbITk, — BECkMa peanbHulil Matepuan. Tot Qaxt, uTo dTOT MaTe-
pHan npHEMMaeT dpesshiyafiHo abcTpakTHYO (OpMY, MOXET ML cnao
32TYIIEBLIBATL €ro NPCHCXOMAEHHE U3 BHEWHero MHpa”, XoT4a 3To npeano-
KCHUE H HeMb3A CYMTATh MONHBIM ONpeAencHHeM MaTeMAaTHKH, OCKONBKY B
HEM HET YKadaHuii HH HA METOA, HH HA HEAH M3YYEHHMA MATEMaTHEH, HO OHO
OTpakKaeT TO, MTC 0GBEKT HAYYEHHA COI/IAH YMOM YENOBEKA HE NPON3BOALHO,
2 B CBA3H C DEATLHBIM MHDOM.

Bropoli noaxos ortpaxaer Merohonoruveckue yctaHoBkn H.BypGakw.
BypbaxH Taxke QripenelsioT He¢ MITEMATHKY, a TONBKO ODBEKTHI, KOTophie
oHa MccnenyeT. [Ipekne ueM [PHBECTH WX OTPENENeHHE, OTMETHM, YTO HO-
BbIfi [10AXOR K 00BEKTaM MCCNENOBAKHA B MATEMATHEE CBA3AH ¢ "peROMIOUNEH
B akcHoMarnke”. CyTs €€ COCTOMT B flepexofie OT XOHKpeTHol colepxarens-
HOW AKCHOMATHKH K AKCHOMAaTHKe cHauana abCTpaKTHOM, a 2aTeM MONHOCTBIO
dropManmuzoBaHHoM.

B xoHKpeTHOM COREpHKATENLHOH aKCHOMATHKE, MOROOHOH aKCHOMATHKE
Esknnaa, HCXOAHBIE NOHATHA H AKCHOMEl B Ka4eCTBE HHTEPNPETALHM HMEKT
€AHHCTREHHYIO CHCTEMY XOTA W HACANHIUPOBAHHBIX, HO KOHXPETHRIX 00BEK-
ToBR, B NpOTHBONONOXHOCTE 3TOMY aOCTPAKTHAA AKCHOMATHKA IONYCKAET
GecuMceHHoe MHOXECTBO MHTepnpeTandii, PopMani3osaHHag aKCHOMATHKa
BO3HHKAET HAa OCHOBE abCTPAKTHON W OTNHYAETCH OT Hee, RO-MEPBLIX, TOYHKIM
3agaHHEM TIPABMJI BHIBOAA, BO-BTOPHIX, BMECTO CONE[SHATENLHEIX paccymie-
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HHH OHA HCMONB3YET AIBIK CHMBONOB ¥ GOPMYN, B PEIYJLTATE HEre COAepKa-
TENBHEIC PACCYXOCHHA CBOJATCA K NPeoCpaloBanuio ONHAX popMyn B Apy-
rie, T. e. k ocoBoro poaa McHHCNeHNUAM. B cOOTRETCTRUE C ITHM OIHH M TE XKe
AKCHOMB! MOTYT ORMCHIBATE CBOHCTBA M OTHOINEHMS CAMBLIX PAINHUHLIX DO
CBOEMY KOHKPETHOMY COIEpaaHuIo ofnexTon,

3ta (yHAAMEHTANLHAR RAER JNEHHT B OCHOBEC NORSTHR abeTpakTHoi
crpyrrypel. H, Bypbakn BRASAAOT TPH OCHOBHLIX THIA CTPYKTYp, KOTOpEIE
HrpaloT HaH(OoIee BaXHY POAL MPH NOCTPOEHHH MU COBPEMEHHOH MaTeMa-
THKH.

Anzebpauveckue cmpyentypel., [IpuMepaMy TAKMX CTPYKTYD ABARIOTCH
rpynisl, Konbua 1 nois. OcHoBHBIE XapaKTeprcTHky aarebpanueckoil cTpyk-
TYPH! 33JlaHHe Ha HeKOTOPOM MHOMECTBS 4 KOHCYHOrO JHCAa Onepauui ¢
COOTBETCTBYIOWIMMH CBOHCTBAMM, ONHCHBAEMBIX CHCTEMOI akcHoM. B kaue-
CTBE 3NEMEHTOB MHOXKECTRBA A MOTYT BBICTYNATh KaK MATEMATHUYECKHE 00beK-
ThI (4BCHA, MATPHUB!, NEPEMELICHNA, BEKTOPBE), TAK H HE MATEMATHYECKHE.

Crpyxmyper nopROKa. XapakTepH3yIOTCA TEM, HTO Ha PACCMaTPHBACMOM
MHOXECTBE JANACTCH OTHOWEHNE MOPRIKa (CPABHEHHE HA YHCAOBBIX MHOME-
CTBaX), V1A KOTOPOrO BEIMONHAIOTCH CASAYIOWIHE CBOHCTRA: pedneKcHBHOCTS;
CHMMETPHUHOCTS, TPAHIHTHBHOCTS.

Toneaozuveckue cmpykmypoi. Mioxecteo M obnanaer Toronoruieckon
CTPYRTYPOI, ECH KAAAOMY €ro 3NEMEHTY TeM HITH HHBIM crocofoM OTHECEHO
CEMEHCTBO NONMHONCCTB W3 M, BA3LIBAEMBIX OKDPECTHOCTAMM 3TOTC IEMEH-
Ta, NIPHYEM 3TH OKPECTHOCTH AONKHBl YHOBNETROPATE ONPENSIEHHBIM AKCHO-
MaM (KCHOMAM TOMONOrHYECKHX CTPYKTYP). C NOMOINLWY TONONOTHIECKHX
CTPYKTYP TOMHO ONPEACNANOTCA TAKHE TOHATHA, kak "okpecTHoCTR", “mpe-
nen", "HenpepHBHOCTE",

KpoMe 0CHOBHBIX TPEX THTOB CTPYKTYP (TIOPOAAAIOINX), B MATEMATHKE
NPEXCAUTCA PACCMATPHBATE CNOMKHLIC CIPYKTYPHL, TOE NOpOXAAIOMKE CTPYK-
TYPEI OPTaHHYECKH CBAIBIBANTCA ¢ [TOMOIIBI0 OOBCOMHAIOIEH CHCTEME aK-
cvoM, Hampumep, MHOXECTBO ACHCTBUTENBHBIX HHCEN ABMACTCA CAOKHOFI
CTPYKTYpo#l, B KOTOpPYIO QNHOBPEMEHHO BXOJAT TPH OCHOBHBIE TOPOKIALG-
urue CTPYKTYPSL.

Ofmeit yepToi pasnuyHLIX TOHATHI, 06bEOUHEHHHIX PONOBHIM HA3BA-
HHeM "MaTeMaTHHeckas CTPYKTYpa", ABAAETCS TO, YTO OHH TIPHMEHEMAEL K
MHOXECTRY SNEMEHTOB, NPUPOAA KOTOPLIX He onpehencHa. [locTpouTth ax-
CHOMATHHECKYK TEODHIO CTPYRTYPBl — 3TO 3HAYHT BLIBECTH JIOTHYECKME
ClEACTBHA H3 AKCHOM CTPYKTYDPBI, OTKAIABINKMCE OT KaKHX-HOO Apyr#x mpea-
NOMEHNH OTHOCUTENBHO PACCMATPHBAEMBIX JNEMEHTOB, OT BCAKHX IHIOTER
OTHOCHTENBHO HX "npHponr"”.

Ha ocHose ckazaunoro H. Bypbaxu nenator prnoq: "B cBoelt akcHoMa-
THUeckoH (OpME MATEMATHKA MOPSLCTABRNSETCR CKOMNMEHWeM abcTpaKTHBIX
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opM —— METEMATHUECKHX CTPYKTYR, H OKAILIBacTCeA (XOTA 10 CYMECTBY H
HEM3BECTHO NIOTEMY), WT0 HEKOTOPBIE ACMEKTH dKCIEPHMEHTANB O AclicTRH-
TeNBEHOCTH KaK OYATO B peaynbTarte NpeACnpeacncHis YKIaARBAKTCA B HeKo-
TOPEIE M3 3THX (DOopM”.

Hrak, no H. Bypbaku, matemaTika — 370 "CKOMIEHNE MAaTEMATHYECKHX
CTPYKTYP", HE MMCIOIMMX K NefiCTBUTeNBROCTH AHKaxoro oTHomeHus, Creny-
T CKa3aTh, YTO 2TOT B3TIAA HA MaTEMATHKY Pa3fiefaIcs MHOTHMH YUEHLIMH,
KOTOpBIE CUHTANH, Yto onpeaenenne P. Surennca yike ycrapeno.

ConocTabnenne AByx NOAXOA0E K ONPEAENCHHIO OOLEKTOB H3IY“WeHHA
MATEMATHKH MOXKHO MPOBECTH TOABKO ¢ NO3HUMHA aHANH3A HCTOPHH Pa3BUTHA
MaTeMaTHuYecKoro anaHMa. Axagzemux A H. KonMmoropoe eeimenun detwipe
OCHOBHBIX NEPHOMA PA3BHTHA MATEMATHKH.

Hepuod sapoxcoenun momemamuxy, KoTopelil nponomkanca go VI-V
BB. 0 H. 3., T. €. 0 TOT'C BPEMEHH, KOTA3 MATCMATHKA CTAHOBHTCA CaMOCTOA-
TENbLHO HayKoH, MMeIonHil coOCTRCHHELH MpeAMET K METO,

Eme 3a TpH THICRYSACTHA A0 HOBOH DpHl BABMIOHAHE YMENH peluaTs
KBATPATHEIE YPABHCHWA H 3HATH TeOpeMy, KOTOPAd HEIHE HOCHT HalBaHHe
teopemtr [Indaropa. lpepnne wnagenu RocTarourHo JoNbIIMM HAOOpOM He
CBA3AHHEIX Mexay coGof npaBu1 W dopMyn 0na pelIeHHs MHOTHX NpaKTH4E-
CKUX 33484 H3MEPCHHC 3¢MEIBHEIX YYaCTKOB, COCTABICHHE KajeHpapef,
CTPOHTENRETRO H T. A. K COXANCHHIO, IO Hac He AOULTH HCTOYHHKH, MO XKOTO-
pPbIM MOXHC ObLN0 GBI CYAMTh, KAKHM 0OpPa3oM NKOAH NONYYMAH HCMOMB3YS-
Mble HMHE B TO BPEMA MATEMATHYCCKHE CBSACHHA,

Bmopoti neproll pa3iBUTHA MATEMATHKH — REPUOD JNEMENMApHONE Ma-
mesmamuxy: o1 VI-V BB. 10 1. 3. o XVI B. H. 3. BEMOUNTENBHO. MaTeMaTHKa
KaK JIOTHUCCKHI BBIBOA H CPEACTBC TIO3HAHHA NPHPUAE] — TBOPEHHE APEBHHX
rpekoB (VI-V BB. fo H. 3.). He coxpanunocs JOKYMEHTOR, KOTOpbe 651 MOTIH
PACCKA3aTh, YTO 3ACTABMNO APEBHHX IPekOB MPHHTH K HOBOMY MOHHMAaHHIO
MaTeMaThki ¥ ee ponk. AH. KonMoropos cyuraer, 4To HIMEHEHHE XapaKTe-
pa MaTEMATHYECKOR HayKu MoXHO ofbacuuTh Gonec pasputeil obulecTenno-
MOHTHYECKON o Ky.i'ﬂ:T'ypHOﬁ AUIHBIO IPCUCCKHX I"OC}’Jlﬂ.pCTB, XﬁpﬂK’I‘CpHSO—
BABIICHCA BRICOKHM PAa3BATHEM IMANEKTHKE, HCKYCCTBOM BEACHHA CHopa. Y
rPEKOB K 3TOMY BPEMEHH CROAKIOCHE ONPCACICHHOE MHPONOHHMAHHE TOrO,
yro [IpHpona ycTpoeHa pauMoHAIEHO, a BCe €€ ABNERHA NPOTEKAOT Mo TOY-
HOMY H HCH3MCHHOMY HOAHY, KOTOPh B KOHEHHOM CHETE ABAACTICA MaTeMa-
THYeckHM, Thiaropeitng (VI B, Jo . 2.) yCMaTpHBaIH CYLUHOCTE BEIIRH n
ABJICHHH B 9HCIIE H YHCNOBLIX COOTHOUWEHHAX, YHCHO Ana HKX BbUIO NEPBBIM
OPHHUHTIOM B ONMHCAHUH TIpUPOAB, OHO K¢ CYNTANOCH Marepued M gopmolt
Mupa. Havana AeqyXTHBHOFO, aKCHOMATHYECKOTO METONA OBLUIM 3alOXKEHBI
TAKKE APEBHETPEYCCKHMH MATEMATHKAMMU.
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Ileparle MaTeMaTHUYECKHE TEOPHH, aOCTPATHPOBAHHBIE H3 KOHKPCTHBIX
3aA84, COZMANH HeOOXOMHMMBIE M AOCTATOMHEIC TIPEANOCHIIKH ANA OCO3HAHHA
CAMOCTOATENIBHOCTH H CROcOOPASHA MATEMATHKM. 70 NOOYAMIO AHTHYHEIX
MATEMATHKOB K CHCTEMATH3aLMH M JIOFH4ECKOH ITOCHENOBATENBHOCTH H3N0-
skerus ee ocHon, K [V B. X0 H. 3. y:Ke ObUIM BEUIBMHYTS NPHALKNE NOCTpOE-
HHA AEAYKTHBHOH HAYKH KAK JIOFHMECKOH CHCTEMEL, B OCHOBE KOTOPO# Nexar
onpeacneHHbIE Havala — aKCHOMBl. Pa2BHTHE ReAyKTHMBHOH TeopHu B nep-
BYIC QUEPENE CRA3AHO ¢ HMCHEM Apuctorens (384-322 rr, no w. 3.). Ilepeoe
CHCTEMATHIWPOBAHHOE RENYKTHRHOE H3NOMEHHE MBTEMATHKH (FeOMETPHH)
npHHagaexnt Esknuny (okono 300 r. aoc H. 3.). ['ecoMeTpHyeckas cHeTeMa,
H3BECTHAA noA HazeaHmeM "Hauana" Epknnpa, 6eina GnecTAIunM, Henpenaoii-
JEHHBIM B Tedenne cbeie 20 Bexos (ennote go XIX B.) obpasnom normye-
CKOH CTPOroCTH, aKCHOMATHUECKOrO MeTola. XOTS HA NMPOTAMEHHH ABYX ThI~
CAMENCTHI B BCKPRIBUIHCE TOTHYCCKHE TTPoOEnDbl B CHCTEME WCXOJHBIX I10N0-
weHNA EBKAKAA, OAHAKO MEPBBIE PEALHEE YCTIEXH B CONAHHE AKCHOM reo-
METpHH OBITH ROCTHIHYTH TOJABKO K koHIUY X1X B. B pabotax Ilama (1882),
Tleano (1889), [Tuepu (1889).

Taxum obpasom, B Jipesnel I'petus npoH30MeN MOCTENEHHLIR IEPEXOR
OT MPaKTUMECKOH reOMETPHH K TEOPETHUECKOH.

Tpemuii nepHoOn — nepuod COIOAHUR MAMEMAMUKI NEPEMEHNDIY GeAl-
yur (XVI1, XVIII BB.. Hawano X1X B.) HaAMEHYETCA BRCACHNEM TICPEMEHHEIX
BEAHYMH B AHANHTH4ecKoH reometpud P. fexapra (1596-1650) u coanarnem
andiepeHIHATEHOTO H MHTETpansHoTo ucumcnenus B Tpyhax M. Herotona
(1642-1727)y m I, JleiiCunua (1646-1716). OcHOBHEIMH HAMPABNCHHAMH Ha-
yuHolt aearensHocTH HeoToHa ObIIH (GH3HKA, MEXBHHKA, ACTPOHOMHA M Ma-
TeMaTHRa, MaTeMaTHKa B CUCTEMe HaywHBIX B3rngace HeioTona Guina yacteio
obwedl Haykh o npHpone, apyaneM GHINUCCKHX MocNeaosanui. Papaboran-
HbIH MM MeTO GNIOKCHH CITYXKHN MATEMATHRECKHM ANNapaToM UIH HIYHewHAs
ABHIKCHHA H CBXIAHHEIX C HHM NORATHA CROPOCTH H YCKOPEHHS,

Maremathyeckie paborst JIeHOHHLA Taxoke TeCHO OBIMH CBA3AHEI C ETO
tEmOcOPCKHMN BOI3PEHHAMH, B MBCTHOCTH C CO3AAHHEM YHHBEPCATBHOrO
METOAA HAYMHOTO NO3HaHMA, "Bceolwie#i xapaxrepnceTnkoi”. Maremarnka
muicIinace JleibHMileM Kak Hayka of OTpaskeHHH BCEBOIMOXKHEBIX CBA3EH,
3aBUCHMOCTEd 3MIEMEHTOB, OTHOWCHHUH B BHie opMyn, B BUOe 0co00ro Me-
yicnedus — nnddepenidansaoro, OcHOBOH HOCTPOCHWA HOBOTO HCYHCHE-
HUA OBUTO MOHATHE DECKOHEMHO MANOH BEIHYHHSL, KOTOpOE MOHHMAMNOCH,
NPEXAS BCEro, Ha YPOBHE HHTYHTHBHEIX MPEACTABNEHAH,

Hecmotpa Ha wenoctatonuo paspaborandoe 8 mkonaXx HeloTona n
Je#ibHHna AcuHeneHne GECKOHCYHO MAanbIX, OHO MO3BONAAC PElaTh MHOTHE
#3 BRXHEHIOHX 33134 reoMeTpHH, MEXaHMKH, QM3HKM M TIPHRAaJAHRIX HaYK.
Jivnme so evopoii monosuHe XIX ., xorza GeLTa cO3naHa TEOPHA AcHCTBU-
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TEJBHOTD YHCTA, CTANIC BO3MOXHEIM NMOCTPOHTL KCE 12aHHE MATEMATHHMECKOTO
AHANKIA Ha CTPOrO TorHueckol ocHoBe,

Npusegensoe spiwe eoickadslsadAe @, 3ureabca OTpakaeT pAIBKMTHE
MBTEMATHIECKOH HAYKH OT ee 3apoxaeHns no cepeasbl XIX . OcHoBREM
HCTOYHHKOM PA3BUTHA MATEMATHKY JO ITOTO BpeMeHH ObIMH 3anpocH Hpak-
THER H (QH3HKH (B OCHOBHOM MeXaHUKH K onTuku). MaremaTHueckhe Teopuy
OTpaXaNi KOMHYECTREHHRIE (METPHYECKHE } XapAKTCPHCTHKH NPOLECCos.

INoaxoa x o0BEKTAM MaTeMaTHUECKOre Hocnenosanud, no H. Bypbaxy,
0ByCNoBNeH yemaepmuiM, COSPEMEHHBIM NepUodoM 6 pazeumun Mamemamu-
Kxu, ®OTOPBIF HAUHHEETCH co BTopoii nonoeuuel XIX B. CocTosHHe MaTeMaTH-
KH, COKHBIIEECH K FTOMY BPEMCHH, XapaKTepHIYCTCA CReAYIOMEMY ocoben-
HOCTAMH,

Hakonneursitt 8 XVII v XVIN Be. orpoMuBii PakTHueckndi Marepuan
MPUBET K HEOOXOMMMOCTH YTNYONEeHHOTO IOTHYECKOTO aHANK3A ¥ o0heanye-
HUsA ero ¢ HOBBIX TOYCK 3peRHA, ChA3h MATEMATHKH C SCTECTBOSHALMEM NPRH-
ofpeTaer Bee Oonee clokHble hopmbl, BoMbiune HoBLIE TEOPHH CTANH BOIHM-
Karb He TOJIEKO B PE3YNBTATE HEMOCPEACTBCHHLIX JAApOCOB NPAKTHKH, ecTe-
CTBO3ZHAHHA ¥ TEXHHKH, HO TAXKE H3 BHYTPeHHUX moTpebrocrell camof MaTe-
matikn. Haubonee BaxHbBIE H3 HHX: pa3sBdTHE TeopHH GyHKURH, Teopnw
rpynn, CBAIRHHON ¢ wecnenosanneM npobnemsl paspeinMocti arefpanye-
CEAX YpapHEHHHE B paaMKanax, co3AanHe HCCBKIMAOBLIX TeOMETPRI,

Bropan ocofeHHOCTE 3TOT0 NEPHOAA B PAIBHTHHE MaTEMATHKY CBA3AHE CO
SHAMHTENLHEIM pacmiHpeHueM obnacTH ee npraoxkenuii. Ecnu ao storo mare-
MATHKA NPHMEHANACH B TAKUX paiienax Gpu3IuKn, Kak MEXaHuKa i OUTHKE, 10
Teleph ¢e PedynbTarThl HaxOOAT OPHIMKEHHE B EKTPORRHAMEKE, TEOpHH
MarHeTiIMa, TEPMOAHHAMEKE. Pe3ko BoIpocnd nMoTpeBGHOCTH TEXHHKH B Ma-
TeMatHKe: SanUCTIKY, MAIIHHOCTPOSHUA | AP,

Tpetba ocobennocts matemaTHkn XIX B. ofiycromnena YCHACHHBIM
BHUMaHHEM K BOTpOCaM €¢ OGOCHOBAHMA, KPHTHUYECKOTO MEPECMOTPA €8 He-
XORHLIX MONCHEHAN (axCuOM), K NMOCTPOCHHIO CTPOroH CUCTEMS! ONpeaene-
HHi U AQKAIATENLCTR, 2 TAKKE K KPHTHYECHOMY DACCMOTPEHHIO JNOTHYECKHX
NpHeMOB, YIOTpedNseMLIX PR 3THX Jokasarentscreax. .1, Pylasun nuuter o
MaTEMATHKE 3Tore nepuoma: "Ecnn pasblie OCHOBHBIM MPEAMETOM &€ Hayde-
HHA OBIIH METPHYECKHE KONHHCCTECHHEIC OTHOUICHHS MEXAY BENHYHHAMH H
MPOCTPAHCTBCHHBIMH GOpMaMH, TO HauHHad ¢ cepeArusl XIX 8. oHA Bce
Gompule M Gompile O0pawlaeTcd K aHAMMIY BIRMMocEA3Iel HeMeTpHueckol
npuponw”. Taxoe pacminpenHe oOMacTH HCCACAOBAHHA MATEMATHKH CONpPO-
BOWIANTOCE BOIpACTAHNEM abcTPaKTHOCTH ee NOHATHIE B TEOpHIL.

PepomtoMOHHEE NepepopoT BO BICNANAX Ha MATEMABTHKY OBl CBAIAH Kak
paz ¢ npofinemMamMi ee 000CHORANAA, ¢ HOBLIM MOHHMAHNEM AKCHOMATHYECKOrD
meroaa. Otkpermire 8 1826 r. H W, Nobauesckum (1792-1856) Toro, uto 3aMeHa
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NATOrG MOCTYnaTa EBKMIZA O MAapainenbHLIX €ro OTpHUuaHHeM ("Uepes Touky
BHE npAMOH npoxoaur Gonee oaHoi npaMoii, He Nepecekaroliell AaHHYI"), W
BAIBOOBI M3 CHCTEMEL aKCHOM abCOMIOTHOH TEOMETPHY (IS BLINOJMANOTSS Ble
akcHoMbl EBKIHOA, KpOME aKCHOME! MApALIENBHOCTH) H aKCHOMBI NapauIesb-
HoctH JloGauesckoTe HE MPUBENM K JIOTHYECKNM MOTPEITHOCTAM,

3T0 pa3BHIIO CTONE ke CTPOfiHY0 H DOraTyio coaepadneM NeoMETpHIo,
kak W reoMerpns Epkanna, nocaywnno TONYKOM B HIMCHEHWH BAINANOB Ha
MaTemaTHKy. Cpaly e BCTan BOApoc 0 HeobGxoaumocTH o0ocHOBaHHA HOBOM
FCOMETPHK, 00 HCCNEAOBAHNH e HENPOTHBOPCUMBOCTH (M2 JAHHOW CHCTEMB]
AKCHOM HENTh3d NOMYYHTH ABYX BIAHMOHCKMIOUAOMKX BRBOAOR). B 370f cBa-
3K NONyvaeT NanbHedllee pazBHTHE AKCHOMaTHuUeckHH metol: |) pelmaerca
npobnemMa ReNpPOTHAOPEUHBOCTH, TONHOTH H HE3ABNCHMOCTH CHCTEMH AKCH-
OM; 2} MOSBIAETCH HOBHIM B3TJIAR HA AKCHOMATHHUECKYID TEOpHIo Kak fecco-
NCPXATeNBHYI0, (POPMEIILHO-NIOTHYECKYIO cHeTeMY. PelneHne sTHX npofnem
6ui10 npennoxero [l Fnasbeprom (1862-1943).

Cyuprocmo arCUOMamuyecko2o Memood Ha COBPEMEHHOM 3Tane pa3BH-
THA MaTeMaTHxd, koropyio onpemenstn [, [Hasbepr, MoKHO onucath cne-
Ayratum obpazom:

i. Crpoktcs alcTpakThan Teopusi. B ee OCHOBaHMH ITEXKAT TEPMHHLI
ABORKOTO pORA: OBHH 0003HAYAIOT NMEMEHTH OOHOFO MAH HECKOMBKHX MHO-
WecTk (Hanpumep, "ToukH", "npaMste” H T. 1), APYrHE — OTHOILEHHS MEXKTy
ITHMH 3NeMeHTAMI (HanpuMep, "nexate”, "MEXAY" ¥ T. 1.). FTHM TepMHUHAM
TI0XA He NPHITHACHIBAETCA HHKAKONO COAEPMATENEHOTO CMBICHTA, OHH — TOARKO
CAORA.

yCTaHaEJ'IHBaIOTC)I AKCHOMBI, KOTOPLIM IOJ/IKHBI ynonnc‘rmpm TCpMH-
Hel. H3 akcuoM BEIBORSTCA NOTHuEckue caeacTeua (TeopeMer). Jlaa cokpatie-
HHA PEYH BBOJIATCA HOBhIE TEPMUHLI [IPH OMOLIH OAPEACTEHHH.

2. TepmuHam a0CTpakKTHOM TEODHM NPUITHACHIBACTCH COHEPKATENBHBIA
cMEIcH, Tenepk X Ponk MEHACTCA, OHH BHIPAKAIOT MOHATHA, AMCIOLIHE Donee
HIH MeHee HATMAAHOE, OCAIaTedbHOe colepxanne. CaenyeT nNpoBEpHTs, co-
OMOAAIOTCA K BAK YTHX NOHATHIT aKCHOMBI A6CTPaKTHOH TCOPUH.

CrcreMa, NIONYYSHHAR MyTEM NPANHCHBAHNHS CONCPXATENbHOTO CMBICIE
aBcrpakThoil TeopHH, HalLIBagTCA MOAGMBIO WIH HRTEprpeTalyeil 1ol Teo-
PHH.

Ecan kawaan akcHOMa CHCTEMEl axCHOM OecCOnepKATeNBHOW TeopHH
BHIMONHACTCA B AOCTPOCHHOH HMHTEPNpETallkM, TO STHM AOKA3BLIBAECTCA OTHO-
CHTENEHAS HEMPOTHBOPEUHBOCTD HCXOHOHON Teopuu. AOCORIOTHO HIOKa3aTh
HENPOTHBOPEUHBOCTE MATEMATHYECKOH TEOPHH BHYTPEHHHMH CpENCTBAMM
MAaTCMATHKH HEBOIMONHO. Tak, AA J0Ka3aTeNbCTRA HEMPOTHBOPEYHBOCTH
reomeTpun Jlobawerckoro Gelna necTpoeHa OfHA M3 MonmeneH paHIYICKHM
MaremarHkoMm A. [fyaskape (1854-1912), ucxondmas M3 NpEaNONOMEHN,
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YTO HENPOTHBOpeYHBA reometpud Esknuna. Bonpoc o HEMPOTHBOPEUHBOCTH
reomeTpiu Epxmana 6uin ceemeH J. MwmbfeproM ¥ HENpoTHBOPEUHBOCTH
aprdmerrkH. JokajanHbic B 30-¢ IT. HAUICre CTONETHA TEOPEMBI TIPHBOAAT K
BEIBOJY O TOM, YTO DOKA3aTh HEIPOTHBOPEYMBOCTD apHHMETHRY MaTeMaTHe-
CEMUMH CPENCTBAMM HENL3A.

HoBrili BIrNAL Ha AXCHOMATHYCCKHH METOR B KOPDHE H3IMEHIL MpeRHUE
MPEefCTABNEHUA O FeOMETPHH Kak MoIyaMnupHueckod mayke, Ha3 orxpoirai
HECBK/THNOBEIX TEOMETPHI W I0CTPOEHNA MX HHTEPIpeTanuit clefoBanc, YTo
€BKIHIORA W HEERKINMIOBE] TEOMETPHH He NPENCTABNAIOT HEMOCPSACTBEHHOE
ONIHCAHME IMITUPUHECKHX CBOHCTE peabHOTO PHIHYECKOTO NPOCTPAHCTES, &
ABNAIOTCA Aa0CTPAKTHLIMH CHCTEMaMH  YTBEPXIEHWH, HCTHHHOCTB KOTOPBIX
MoXET GRTh MPOBEPEHA MOCKE COOTRETCTRYIOMICH KOMKDETHOH WHTEpTpera-
HHH.

Taxum 00padom, nogxon H. Bypbakun k onpenenacHHio MATCMATHKH Kak
"ckomnenno abcTpakTHEX, SeccoNepKaTeNbHEIX, MATEMATHUCCKHX CTPYKTYP"
ORI MpEAOTPELEIIEH HOBLIM OHHMAHHEM AKCHOMATHYECKOTO METOAA.

Onmako nogxon GypbakH BCTpeTHR M HETaTHBHOE OTHOLIEHHE, MOCKONL-
Ky Bypfakn Re cuuTaNmH HYXHBIM BRIACHATE OTHONICHHE PacCMATPHBAEMEIX
HMH CTPYKTYP K HeHCTBUTENbHOMY MupY. He wMmed BOIMOKHOCTH ONHCATH
padIHiHEIE OUCHKHM ¢uaocodor W MaTeMaTHROB Ha nosuouio H. BypGaku,
COINEMCA JIWIIL HA TOMKY 3PEHHA BEAYIIMX OTedECTBEHHHIX MATEMATHKOR
A H. Konmoroposa, A.Jl. Anexcaunposa, B.B. T'reneiixo. Ony cumrafoT, uyro
BO BpEMEHa DHIEIbCA MAaTeMaTHKA H3Y4ans KONWHCCTBEHHBIE OTHOINEHHA
MeXIY BEJAHYHHAMH W NPOCTPAHCTBERHRIMM dopmamy. Teneps oHa noans-
nace A0 W3yderus alcTpakTHeIX CTPYKEYp  kareropuii. Ho Ha aTom ocHoea-
HHH HEIL3S CHUTATD, UTO 00BEKT M3YHEeHHA MaTEMATHKE CTaN UHBIM, YTO BME~
CTO KOJMYECTREHHOTO ACTIEKTAa NEHCTBHTENRHOMO MUDA MaTeMaTHKA CTana
HCCNIEA0BATS HEYTO MPHMHLMITHAMLHO HHOE, HTO COBPEMEHHEIH 3Tan ¢ passu-
THA COBEPLIEHHO HE CBA3AH ¢ NPEIIIECTRYIOMHMY JTRNAMH £¢ HCTOPHH,

B ReficTBRTRNEHOCTH e ARNC 3AKINONAETCA B TOM, YT KAMCCTBEHHEIS
H3MEHEHHA, FIPOMCIIC/ALINE B MATCMATHKE, JAl0T ¢ BOIMOMKHOCTE HCCASHO-
BaTh KONHYCCTREHHbIC OTHOMISHHA HecparHeHHo rnybwe u umpe. A.H. Koa-
MOTOpOB TIPHXONNT K BAIBOLY O TOM, HTQ XpYT KOAHYECTBEHHBIX OTHOMIGHHH
U MpOCTPAHCTBEHHEIX (OPM, N3YyUacMBIX MATEMATHIOH, UpeIBRIYafHO paculd-
pAETCA: B HEMO BXOAAT OTHOWICHHA, CYUISCTRYIOIMHE MEHKAY DASMEHTAMM TIpO~
H3BONLHOH TPyIMbl, BEKTOpPaMM, ONEPaTopaMd B (YHKIUOHANBHRIX TIPO-
CTPaHCTRAX, BCe pasHoobpasue dopM npocTpaHcTs MoboTo uicna u3MepeHHh
H 1. n. Ilpu TaxoM WHPOKOM NOHHUMAHHMH TEPMHAOB "KONHYECTBEHHEIE OTHO-
mestus” ¥ "IPOCTPAHCTBEHHBIE GOpMEL" ONPEAENCHHE MATEMATHKH KakK HAYKW
0 KONH3IECTBEHHHX OTHOLIEHHAX H MPOCTPAHCTBEHHLIX (POpMAX ACHCTBATENS-
HOTO MHpPA MPHMEHEKHMO H HA COBPEMEHHOM JTAllE &€ PasBHTHA.
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31y No3MIUK pasaenseT U AJl. AnekcaHapos: B MATEMATHKS paccMar-
PHBAIOTCA HE TOMLKG (OPMBI W OTHOIIEHHA, HEMOCPEOCTBEHHO abcTparnpo-
BaHHBIE U3 NSHCTBHTENLHOCTH, HO M JIOTHYECKH BO3MOXKHRIE, ONPENEIAEMbIC
HA OCHOBE YKE H3BCCTHBIX OpM W OTHOWICHMI,

B.B. 'nenenko ofpatiaer BHHMaHHE HA TO, 9TO, XOTA Mabas BETEL CO-
BPEMEHHON MATEMATHKH ACHCTBHTEABHO HMIYWAET MATEMATHYECKHE CTPYKTY-
pot, Aannoe H. BypGakn onpeaenesie oTHIONL HE HAXOAWTCA B GHTATOHMCTH-
YECKHX OTHOWEHHAX ¢ onpedenerneM @, DHPenbca, a NUINE ¢ ONPENSACHHBIX
NO3HUMH ero ACMONHALT,

[loneons wWroT BCCMY CKa3aHHOMY, MOXKHO 3AKIIOYHTb, YTO MOAXCA K
OMPERCICHHIO MATCMATHKH Ueped MATEMAaTHIECKHE CTPYKTYPSI NpeacTasader
co00il BHIPAKCHHS ONPEHLICHHOMO ITand MATEMATHYECKOTo nosHawmud, Ma-
TCMAaTHKa ObLIA W OCTACTCA ONPEACTIEHHBIM “HHCTPYMEHTOM" NOSHAHHA MHPA,
ero NpoCTPaHCTREHHEX (OPM H KOTHUSCTBERALIX oTHowenuA. B nacroauiee
Bpema, Kak yxe GelN0 CKa3aHo, ITOT "HHCTPYMEHT" TIPOHHKACT B HIYHCHHE
sce Gonee CNOXHLIX NPOLUECCOE W ABACHHIH, B TOM YHCAC W HCMETPHYCCKO
npupoxs. Bes ocoavanma 3Toro GpysaaMeHtansnore punocodekore, MeToA0-
BOMMYECKOr0o NONOKEHUA He MOXKET ObITe cOpPMHpOBAHO HENOCTHOE Mpel-
craenenue of obuieit kapTHHE Mipa.

MatemMaTHka npercHIyeT Ha CTATYC «0co00f» HaywH, WIHARATRHO mpe-
Bbll]]al{)l.ll,cﬁ BCE MPOMHE MO YPOBHIO TOMHGCTH, HCTHHHOCTH W HENPOTHBOpE-
UHEBGCTH CBOHX ¢YH113MCHTEUIBHB!X NONOKERH,

B cd;epe KOHEUNLIX Gentiviy MATEMATHKA AcHCTBHTENEHO OTHOCHTENBHO
TOVHA H HEMPOTHBOPEYHBA, 2TOTO NOCTATOYHO LA Bonee Ny MeHee ANEKBAT-
HOT'G KORHYECTBCHHOQ MOACHHPOBAHHA CaMbIX pa3nHYMHBIX KOHEHHBIX MO
PaIMCPHOCTH MpeaMeTHBIX obnacTel.

UYto xe kacaerca cepul DecKOHEWHOrO, TO 3ACCEk ¥ COBPEMEHHON MaTe-
MATHKH €CTh CBOH [IPOTHBODCHHSA, KOTOpLIC MOTYT ObITh NPEoAQMEHD JIHIIB
COBMCGCTHBIMH YCHNHAMH MaTEMATHKOB W dnocohos, TOTHKOR.

1.2. MateMaTuyeckvil A3blK: 0COBEHHOCTL, CTAHOBNEHWE Y
paspuTHe

MaTemaTuka HacTONBKG pajpocnack M cTana pashoobpasHoil, YTO expa
M MOAJAETCA COAEPHATENBHOMY ONUCAHHID, HO BE MOXKHO OXAPBKTEPHIOBATD
¢ QYHKIHMONANBHOH TOUKK 3PCHHA KAK A3bIK CCTECTBOIHAHMA H TCXHUKH, Kak
KIBIK  HHCTPYMEHT TO3HAHHA OKPYKAIOLIEr0 HAC MUDA W HAC CaMHX,

B paznnunsix ofimacTax AcaTensHOCTd BolpaGarbiparoTea "cBoH” (MCKyc-
CTBCHHBIE) A3BIKH, HATIPHMED: HCPTEXKU — B TEXHHKE, XHMHYECKIE HOPMYITH
H ypaBHeHMA — B XUMUH. C pycckMM HaJo NOBOPHTE NO-PYCCKH, C AHIIHYA-
HHHOM — TNIO-aHMITHACKH, ¢ ppaniyIoM — fo-(ppaHIly3ckH, a ¢ pHpoIoH —
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Ha MATEMATHYECKOM A3blKe. TOABKO HA HEM {IpHPpOJ& OTKPEIBACT Ham CBOH
TaliHbl.

BoiMoXHO, BNEPBLIE 3TY MEICAR 8 MPOWNOM BEKEe BHICKAIAA pemHkHil duanx Binnapn
Tub6e Wno ywenoes 3acenauMe, Ha XOTOPOM OOCYIRACH BONPOC O TOM, YWeMy CAGAYET B Npo~
CPAMMAN OKAJEIBATE NPEATIOYTCHUE RILIKAM, OCODCHHO MATHHM H TPSHECKOMY, HIIH MATEMATHKE
Duckycena anmnace nonre Bapyr abmuue monyanueeii B TnGe, ocnosarens craTHCTHYELKOMR
SHIMKN, YTREPAABIING, 4TO CKONALLE MHRIHAPA0E MONEXYN NPOILE 3aMLICTIOBATOMD ABHKESHHA
O0BOH MONEKYIIE, NONDOCKN CIOEA H CRaIAN "MATEMATHKE — 3TO TOXKE ADbIK”

Kak we ycrpoen Marematudeckuit a3eik? IMpesxne seero on a3k aber-
PaKTHEIA B MPOTHBOMOJCHKHOCTE HAWMM KOHKPETHHM H3BLIKAM, e KaXKA0¢
CIIOBO HMEET CBOC KOHKPETHOS 3HadeHue. SI3pik MaTeMaTHYecKkiuX Qopmyn H
3HakoB 00namgaeT Gonvitelt yHHBEpPCZNBHOCTBIO, OH HCMOIBIYETCH BO BCEX
crepax vyenoseueckoil gesrensuocrTd, CHCTEMa MaTeMaTHYECKHX 3HAKOB HB-
JNACTCA AOCTOAHHEM BCETO YENOBEYECTBA, OHA BLIpaGaThIPANACE HA MPOTAKE-
HHH ThicAYeneTHid, MatemaTayeckuli A3bIk ABIAETCA pPe3yNBTATOM YCOBEp-
IUCHCTBOBAHHA SCTECTBEHHOMD M3LIKA MO PA3NMYHLIM HANpaBnesusam: 1) yer-
DaHEHUE rPOMOZAKOCTH eCTECTBCHHOTO A3bIKA; 2) YCTpaHEHHE eTo JBYCMEIC-
NEHHOCTH, ) pACUIMpeHHe ero BHPA3HTensHLIX BoamoxkHocTell. OH ynoTpet-
NAETCA KAK CPENCTRO BBIPAKEHHS MATEMATHYECKOHN MBICII,

Sl3iK B IUPOKOM CMKICHE — ITO CNOBApPL, TPAMMATHKA, PaccKasbl, No-
BECTH, TThECHl H POMAHBL, HATIHCAHHLIE HA 3TOM A3blke. UTo XKe B MaTeMaTHYS-
CKOM HIBLIKC ABJSCTCA AHANOTOM C/IOB M IPAMMATHKH, & YTO — PACCKAIOR M
morecTedi? AHATOTOM CHOB i [PAMMATHKH ABNSCTCA MATCMATHYECKaA Oriepa-
LIMOHHASA CHCTEMA, B PACCKa30s, TOBecTedl i NPOYEro — MATEMATHYECKHE MO-
HGH.

MATEMATHUECKAA
ONEPAIIHOHHASR CHCTEMA
-"__,.-—"h
MATEMATHYECKHIA
A3BIK —_—
MATEMATHYECKHUE
MOJENH

OBnagcHue MATEMATHYECKHM A3LIKOM NPEAMONaraeT CO3HATENLHOE YCBOE-
HUE CONCPWAHHA MATEMATHYECKHX NOHATHE, OTHOWEHKA MEKAY HUMH (aKCH-
OM, TEOpEM) B YMEHUE PaUHOHANBHO H IPAMOTHO BEIPAIUTE MATEMATHYLCKYHO
MEICTIS B YCTHOH ¥ NHChMEHHOH GopMe ¢ NOMOMEIO CPEACTE MATEMATHYECKD-
ro #3bIKA, a TaKke CBODOAHOE ONCPHPOBAHWE MATEMATHHECKUMH IHAHHAMM,
YMEHHAMK 1 HABBIKAMY B [IPAKTHYECKOA ASATENEHOCTH.

OnnaneHye MATEMATHYECKUM A3KKOM (OpPMHPYET HABBIKH PALUCHANBHOI'C
BelpaxCHHA MBIC/H: BOCICAOBATNBHOCTE, TOUHOCTD, ACHOCTh, TAKOHHYHOCTS,
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BHIPAIMTENLHOCTS, 2KOHOMHOCTb, HHGbOpMHMpOBAaHHOCTE. CO3IRATENHHOS H
ceoDOIHOE BNALEHHE MATCMATHYECKHM T3GIKOM fBASETCH YCNOBHEM H Cpei-
CTBOM DBIAZEHHA MaTeMaTHHeCcKol KyALTYpOi.

MATEMATHUYECKAJ CIIEPALIMOHHAA CHCTEMA

I !

Hacanuanposarible
OBBEKTBHI: JAEACTBUSA
4Mena, (onepaupn):
iﬁp l;’ CNOWEHNE,
PH, * BHIYHTAHHE,
thyHKUHH,
W YMHOKESHHE,
’ AENEHNE,
o middepeHIMpOBAHKE,
3GCTPAKTHbIC CTPYKTY L MHTErPHROBAHHE,
(MHOMECTBA, KATETOPHH)

t t

AKCHOMEL, TEOpEMEE, ONPECACNCHHA

Hegmoctarky Assika:

¥ CneuHHYHOCTE;
¥ OrpaHH4YeHHAs BOMOMHOCTE OTOOPAKEHHA.

,HOCTOHHCTM HIBIKA.

¥ no3posiser ¢ IOMOWIBIO CHMBOMOB BRIPAXATH MBICIHTCIBHBIE
ONEPALIHA B COKPAMIECHHOM ¥ CBEPHYTOM BHAC;
¥ o1anyaeTca Oonbiuo# npordocTHIYECKOH CHAOH.

MHRoxecTso aGCTPAKTHBIX MEMEHTOB H AcHCTBHI ¢ HUMHK o6palytor To,
9TO MOKHO RA3BATE ONEPALHOHHOH CHCTEMON  37eMembt - ITO
YHCHA, BEKTOPbI, (PYHKIAN, MATPUIILL..; deficmats (OTCPALMK) — CIOKEHHE,
BLIYHTAHHE, YMHONKCHHE, feneare, AH(DepeHHpOBAHAE, HHTEIPHPOBAHHE,. ..

Y onepauMoRHOH CHCTEMbI €CTb HeTKHE BHYTpEHHHE NOOYAMTENbHMIC
MOTHBBI PASBHTHR W LENH: 2T0 PACIIHPEHHE H BBITONHHMOCTE ONIEpalMil, ox-
BAT BCETO TOTO, YTO MBI XOTHM OMHCATDL. TIponnniecTpupyeM HX OeriIbiM onK-
CAHHEM HCTOPHH CTAHOBACHMA M PAIBHTHA METEMATHYECKOH OnepaunoHHOM
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cueTeMel. [TIpy 3TOoM GyneM NpHAEKHBATECA He XPOHOAOMHK colGbITHI, a fo-
THKY HX CNEJOBAHNS.

Bce HauMHanoch ¢ LebX uucel. 3ateM BOTHMKUIH JOHCTBHA ¢ HHMH;
CHIOXEHHE K oﬁpamoe neiicrere —BBIYHTAHHE, YMHAQKEHWE H JeICHHE. He-
BBIMOMHUMOCTL JeneHus Owina npeononeHa BpeacHHEM ApobHuIX smcen, BL-
YHTAHUA — OTPHLATEIBHBIX YHCE.

JleficTBHTENLHbIE YHCHA — KAMEHD NPETRHOBEHHA APECEHEX TPCKOB —
nonyuuny 000CHOBAHME, YCTIOKOMEBUIEE MATEMAaTHKOB, TONBKO B CEYEHMAX
pAHOHANLHLIX uucen JeaekvHaa M CXOAAIMXCA HX MOCHELOBATEBHOCTER
Betepmitpacea. Tak npHinK k JeHcTBHTEIRABIM YHCNaM, ¢ KOTOPLIMY BCERAa
BLINOMHMME! OTICPALIMH CROKCHHA, BLIMHTANMA, YMHOMENUA, ACNCHHA, HaXo-
MACHWA Npeaela, KoTopble 0003HAYAIOTCA COOTBETCTBEHHO 3HAKAMH "+, "—
" MM (MeKNIOYeHNA ¢ ACHEHHEM HA HYNE o NPEASAOM HEOrpaHnycH-
HO Bo3pacTarouleli TOCNENOBATENLHOCTH HE B CHCT: HA TO M UCKIIOYEHHA, XOTH
H MX H30eratoT B TAK HATBIRAEMOM HCTPAAHUHOMHOM MATEMATHYECKOM aHANH-
3e).

[locne geffcTBHTENBHBIX HHCEN NORBHIAHCE KOMIIEKCHBIE — KAK 3aMbl-
KAHHE Onepalii pelteHus kBadpaTHeIX ypaBreHHi. C uX BBeneHnem nwofoe
anrebpaudeckoc ypabHenue crano paspetnmeiM.  Tlotom  Damneton
(1805—1865) npuayMan KeaTepHHOHBE KAK PACIIHPCHUC KOMILICKCHEIX YHCEN.
OHK He OPHBANUCEH, HO X MACTHEIA CRYYall — BEKTOPH W ACHCTEHA ¢ HHMY
{cnowerue, BEFIMTAHHE, CKANAPHOE H BEKTOPHOE NPOUIBCACHUA} BOULTH B
HIAPOKM OOUXO MATEMATHKH.

“DTPCGHOCTI: B ONHCAHHA 2BOMOUHOHHBIX TIPOUCCCOR HIMEHCHNA NDH-
BCAA K (TOABNCHHIO NEPEMCHALIN BENHYHH, a 3aTeM o QyHKUHH 01 Hux, d-
depeHLUMANLHOTO H HHTErpanbHOro UcHucneHni, aAngbepeHLMaNLHRIX YpaB-
HEHH.

BO3HHKIH MHOMECTBA U TeHCTBUN ¢ HUMH (00BCAHHEHHE, TIepeceHeHHte,
AONONKEHHE, NPOHIBEHEHHE ) H MHOTOS-MHOTOE IPYToe,

Kax ofluuii npHeM PaclUHpeHHR ONEPALHOHHOA CHCTEMBI, TIOMHMMO OT-
MEYCHHOTD Y3KC PACIDHPEHAA AN BRINOSHUMOCTH ONCPALIMif, MOKHO YXa3aTe
nepesoll HYHKUMH Kak Olcpaunii B aneMenThi, onepauni Hal QyHKURAMH-
ICMEHTAMHE QIIATE B PAECMEHTDI, C KOTOPBIMH, B CBOIO OYCPEAk, TAKKES MOXKHO
MPOH3IBOANTE ONMERAalHH. Tak OHEpPAUHOHHAA CHCTEMA [MOMTONMHHIACE COBpC-
MERHBEIM DYHKUHOHANLHBIM AHANHIOM H TEOPHEH ONCPATOPOB, NPHYEM One-
PAUHOHHAA CHCTCMA 00pena, HCXOAA M3 CBOMX BHYTPEHHHX 3AKOHOB pa3Bi-
THA, TCOPHIC THHEHABIX ONCPATOPOB paHslue, YeM oHa noTpeboBanacs uiKke
JU1 ONKCAHWA ABNEHHH MHKPOMKPA.

[HoMHuMO NpUHUHAHANIEHOHR BHINONHHMOCTH ONEpaluil, OTPOMHOE 3Have-
HHE MMceT ee (hakTHHEeCKas BRINONHMMOCTh, IPOCTOTA W NOCTYOHOCTh 3TOH
BbIMOARAMOCTH, Tak, APEBHHE TPCKM ¢ TPYROM BHIMMC/HUIH fpoOM3BeReHke,
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Hanpumep, Hamux uucen 473 u 328 noToMy, YTO 3ANWCBIBANM WX B BHIE
CDLXXI n CCCXXVIIL

Omueep Xesucaiig (1850-1925), He NpH3HAHHRIE CROMMU COBPEMEHHH-
KaMH, CAIENaN OTICPativio HHTCTPHPOBAHUSA OYEHb JIETKO BRUTOJHMMON U CBO-
IHMOR K ACNEHUKX HA KOMIUIEKCHOE 4HCIO. 3TO MOIBONHAC €My pelIMTh
OuEeHE MHOTO 32124, He pewleHHRX patee. O OB BENUKHM YHCHBIM: Mpel-
CKA3an HANMYHE B BEPXHHX CNORAX aTMOC(hEpbl HOHH3INPOBAHHOTO CNOS, CTpa-
HAIOWET0 PASHOBONHBL, MOACHHTAA HINYHEHME ABWKYILEIOCH WICKTPOHA;
yKazan opMyIy, HIBECTHYIO B HAYKe Kak 3HAMeHHTaA PopMyna IAHWITeHHA,

Coppementipic DBM H METOMBI BEIMHCASHAL H APOTPaMMHPOBIHKA B 06-
CYInaemMoM ILTaHE CHeAyeT PacCMATPHBAThL KAk HOBble HPEKTUBHEIC cpelcTBa
PEATH3ISUHH TPYAHBIX ONEPalHid MATEMATHYECKOH ONEPALMOHHOR CHCTEMBL.

1.3. TeomeTpun EBknuna Kak neppan ecTecTeeHHO-HayIHas
TEeopMs

Heropnuecknif ofizop obocHoBanna reomeTprH. OCHOBHEIM METOROM
COBPEMCHHON MATEMATHKH, B 9ACTHOCTH IEOMETPHM, ABAACTCH AKCHOMATHYE-
ckHit meTon, koTophii Geper csoc nHavamo or "Ocuosamnit reomeTpsn”
HA.luneGepra. Teomerpua, npexcie wemM CTaTh akcHOMaTH4ecko#d Teopued,
NpoLna A0ATHI TYTe DMIMIPHYECKOTO PRIBUTHA,

[Tepsoie ceregenus o reometph Gurnn NoGLITH NaHA3auHamH dpenHe-
ro Bocroxa — b Erunre, Knrae, HHaMK — B cBA3Y ¢ paIBHTHEM 26MICAETMA
W OrpaHNYEHHOCTBIO NIOAOPOIHBIX 3eMENhE H APYrHX ynolcTs Ans lemnenc-
AnA, B oTux cTpaMax reoMeTpus HOCHAA SMNEpHyecknit Xapaktep W npea-
crapnana coboit HaGop oTaensHelx "peuenITOB-NPABMA" [AA PelEHMS KOH-
KpeTHBIX 3a1a%. Y¥e¢ Bo [I TRICAMENETHH ZO H.7. CTHNTAHE YMENH TOYHO BEI-
YHCMHTE MAOWAAR TPEYTrOMbHHKE, o0beM yceweHHoH nNHpaMuibl, Ao
Kpyra, a BABHAOHAHE FHANH TeopeMy TTharopa. 3ameTnM, 4T0 AOKA3ATENBCTE
e ObINo, a YKa3sIBATNCh NPABHNA AN BRIYHCHCHHI,

I'pevecknil mepuox pa3BUTHA TCOMETpUH Hayanca B VII-VI Bs. fo na.
1104 BAKAHWEM €rHOTAH. OTUOM TpevecKoll MaTeMaTHKW CYATAECTCA YHAMEHH-
il punocod doaec (640-348 rr. Ao 1.3.). Qonecy, TOYHEE £T0 MATEMATHYE-
cKOi LIKONE, MPpHRAAASKAT AOKA3ATENLCTBA CBOMHCTR panHoﬁenpenuoro TpE-
YrOAbHHKAR, BEPTUKARLHUIX YTI0B, B paneHeimenm reomerpom [pesneli [pe-
IHH Oninu MOMMYYEHLE PEIYIALTATHI, CXBATHIBAMKUE NOYTH BCC COICPXAHHC
COBPEMERHOTO WKOIBHOMD KYPGCA NEOMETPHA.

$unocodickas mxona Nudaropa (570-47] rr. a0 H.3.) OTKpPLUIR TEOPEMY
0 CYMME YFAOB TPEYFONBHHKA, Aokasana reopemy [utparopa, ycranosmuna
CYHICCTBOBAHHE TIATH THIOE NPABHILHEIX MHOTOTPAHHWKOB J HECOH3MEDH-
MBIx oTpeskoe. Jemoxput (470-370 T 5o 1.3.) oTKpein TeopeMu 06 0OBeMax
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nupamMuael 1 koHyca. Esaoxe (410-356 rr. a0 B.3.) €COINAT reOMETPHUECKYIO
TEOPUIO [IPONOPUHIL (T.€. TEOPHIO MPOTOPIHOHAIEHEIX HHCEL).

MeHexM KM ANOMIOHHH HIYIHAH KOHHHMECKHE CCUSHHA. ApxuMen
(285-212 IT. [0 K.3.) OTKPEIN NPABAiA AIA BEMMHCITEHHA NAONIATH HOBEPXHO-
cTH 1 obneMa mapa # apyrux duryp. On xe walren NpHOANKEROe JHAYeHNe
qHCNA T,

Ocobas 3acyra APeBRETPSHECKHX YHEHEIX B TOM, NTO ORH NEPBAIMH 10~
CTaBUAH npobaeMy CTPOTOre NOCTPOCHUR TEOMETPHYCCKNX 3HAHUN U pelnHm
eé B mepsoM NpuHORMKeHANH. JTa nMpofnema Oema mocTapiena ITmaToHoM
(429-348 rr. g0 n3.), Apucrorens (384-322 rr. Ao H.3.) — wpynRefimui
dunocod, ocHorarens QopManeHoit norHkM. EMY NPHHBANEXHT HETKOES
oopMIeHHE HASH IOCTPOEHHA TEOMETPUH B BHAE USTIH NpenokKenHit, Koto-
phi€ BHITEKAIOT ONHO H3 APYTOro HA OCHOBE JIMNIb IIPABHA JIOTHKH,

Jry jalavy NBITANHCE PEIIATE MHOCHE rpedeckme ydeHwte (I'unnoxpar,
heanii).

Esxnana (330-275 rr. oo H.3.) — KpynHeHiuui reoMeTp ApeRHOCTH,
BOCOMTAHHHK wKoms! TInatoHa, xun e Ernnre (B Anexcanapui). Cocrasneu-
Huie M "Hauana" JalT CHCTEMATHUSCKOS HAMOMEHHE HAYAN TEOMETPHH, Bhi-
NOMHEHHOE HA TAKOM HAYYHOM YPOBHE, YTO MHOTHE BEKA NMPCNOJABAHHE TEO-
METPHA BENOCH IO 3TOMY covMueHHio. "Havana” coctosT u3 13 kHur (Tias):

» 1-VI— nnaunmerpns;

¥ VII-IX — apr¢MeTHKA B TEOMETPHYLCKOM H3NIOKEHHH;
» X —— HECOMIMEPHMBIE OTPEIKN;

» XI-XII1 — crepeomeTpHa.

3ameyanue 1. B "Hauana" Opnu sivHoyeHn He BCE CBENEHHSA, W3-
BECTHBIC MO reoMeTpiH. Hanprmep, B 5TH KHHTH He BOLLTH: TEOPHA KOHHYE-
CKHX CEYEHRI, KPHBbIC BBICIUHX MOPARKOB.

3ameuwanne 2. Kaxnad KHHTR HAYHHASICA © ONPEAENcHUI BeeX TeX
ACHATHH, KOTOpble B Hell BeTpevalores. Hanpamep, b kunre | gann 23 onpe-
aenenus. TpraeseaeM onpeaenends nepBhiX YETHpEX ACHATHIE:

1. Touka ecTb To, YTO HE UMEET dacTel.

2. Jlinus eeth OMAHA O3 MHPHHBL

3. CpanuLbl NHEHM CYTh TORKH.

4. [IpAMas ecth TaKaa NHHKA, KOTOPAA OJHHEKOBO PACNONOKEHA NO OT-
HOWEHRHE) KO BCEM CBOMM TOYKAM.

EBKnsI NpUROANT NPEAnoXeHHd, TpYHHMaeMble 0e3 AOKasaTenbCTsa,
pA3aenss KX Ha NOcTyNaTel H axcHoMAL, [locTynarTos y Hero NATh, a AKCHOM —
ceMs. Bot HeKoTOpBLe 3 HMX.

Hocmyramur

{21V, H uT06bI BCE IpAMBIE YIIIB OBIAH PABHEL,
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V. M uroBbl BCAKRIL pa3s, korka NPAMan NpY NEpeccHeHHd ¢ ABYMA Apy-
THME TIPAMBIME 00pasyeT ¢ HUMH BHYTPERHWE ONHOCTOPOHHUE YIAbl, CYMMA
KOTOPHIX MeHBIle ABYX MPAMBIX, 3TH APAMEIE MTEPECEKANHCE ¢ TOH CTOPOHH, C
KOTOPOH 3Ta CYMMa MEHBIIe OBYX TPAMEIX.

Axcuombr

I. PapHbIe MOpO3HE TPeThEMY PABHE MekAy cobofl,

II, H ecmu k paBHBIM NPAGABHTL PaBHbIE, TO MOAYIHM PaaHbIE.

{..;VII. H coBMenaiomuecs paBHul,

3amevanue 1. Erkaua He ykazan, B 4eM 3JAKTIOMACTCA PAIHYHE Me-
KAY NOCTYNATAMH M aKCHOMaMH. ,[[0 CHX NOpP HET OKOHMATENBHOTO PEUICHHA
3TOr0 BOTMPOCA.

JamMesadHue 2. EBkaHA H3MaraeT TEOPHIO ICOMETPHH TaK, KaKk Tpe-
fopanu rpedeckHe yueHsie, 0cobeHBO ApHCTOTENs, T. €. TEOPEMBI pacnono-
MEHbl TRK, YTO KaKAaA CHCAYIOmad QOKA3BIBACTCA TOMLKO H2 OCHOBE Npelsl-
ayux, Hrave rosopsa, EBknna paspHBacT reOMETPHYECKYIO TEOPHIG Crpozo
nozuveckum nvmem. B 3ToM 3aKiIIO¥aeTCA WCTopxueckad 3acnyra Esknmma
nepe; Hayko#.

"Hauana" EBknuaa ¢hIrpany OTPOMHYIO pONb B MCTOPHH MaTeMaTHKH H
BCeHl venoseueckol KyNLTYPL. DTH KHHTH TIEPEBCIEHHI HA BCE OCHOBHBIC
A3BIKH MHpa, nocne 1482 r. oHu BEIAepxanu okodo 500 n3nanuil,

HeaoctaTku cuctembl EBkanaa. C TOUKH 3pCHHA COBPEMEHHOH MaTe-
MaTHKM w3noxeHue "Hauan" cneayeT npH3sHaTh HecoBepIeHHBIM. HazoBem
OCHOBHBIE HEAOCTATKH ¥TOH CHCTEMBI:

1} MAOTHE OnpeAcneHHa TORATHH BICIIQUAIOT TAKHE NOHATHA, KOTOpSIE, B
CBOH} ouepend, N0JKHN BITh OnpenencHH (HanpHMep, B onpencacHuax 14
riaBbl | HCTONBIYIOTCH TNOHATHA IIMPHHLL, ATHHH, TPaHMAUBL, KOTOpEE, B
CBOID DYEPEAD, NOMKHE BLITE OpeNeneHbl);

2) CTHCOK aKCHOM M TOCTYAATOB ARNACTCA HEROCTATOYHRM AN T1O-
CTPOEHUA FEOMETPHH CTPOTO AoTHYeckuM nyteM, Hanpumep, B 3TOM CnHCKe
HET aKCHOM [opAAka, 03 KOTOpPBIX HENBE3A AOKAIATE MHOIME TEOPEME! I'€0-
METPHH; JAMETHM, UTO Ha 3TO 00CTOATENbCTBO 00paTin BAAMaHAe [ayec, B
YKAJaHHOM CNHCKE HET TAKME H ONPEACcTeHHUA TOHATHA ABHKCHHA {(COBMEILE-
HMA) H CBOMCTR ZBHMKCHHA, T.€. AKCHOM IBMMKECHHA, B 3TOM CIIHCKE HE XBATACT
TAloke AKCHOMEI APXHMEAA (0AHOH M3 ABYX aKCHOM HENpPepPLIBHOCTH), KOTO-
pas WIPAET BAXKHYIO POSIb B TEODHH HIMEPEHHH UIHH OTPEIKOB, mIowanei
duryp 1 00BEKTOR TEN. 3aMETHM, YTO Ha 3TO OOpATWI BHHEMaHHWE COBPEMEH-
HHK EBkanuna Apxumen;

3) noetynat IV £BHO THITHHHA, eI0 MOMHO AOKAZ4TSH KAK TEOPEMY.

Ocobo orMerum nateiii noctynar. B knure 1 "Hauan” nepawie 28 npea-
noxcenuit noxazaner 6e3 ¢CHITOK Ha naTeit moctynat. [lonwiTka MHHIMKHIHPO-

23



BATH CHHCOK AKCHOM H NMOCTYNATOB, B YaCTHOCTH AO0Ka3aTeE MOCTYIAT V kak
TEOpPEMY, NPOBOAUAACH CO BpeMeH camoro Eekmmga. Ilpoxn (V B. H.3.), Omap
Xapiam (1048-1123), Baanue (XVII B.), Caxkepu u AamGepr (XVIls.), Jle-
aanap (1752-1833) raicke NLITANHCS A0KA3aTh NOCTYNAT V Kak TeopeMy. Hx
BOKazaTeNsCTBA Obiid OmKGOYHBIMH, HO OHM TIPUBENW K TOINOXHTENBHBIM
pe3ynbTaTaM —— K POXACHHIO el AByX reomerpuit (Pimana i JloGauercko-
Q).

Heesrnnnoebt reemerprueckne cueresst. HU. NoGauescr il
(1792-1856), koTopOMy TIPHHAINEKHNT YeCTb OTKPHITHA HOBOH reoMeTpuH ~—
reomerpun JloGauesckoro, TakKe HASAN C TTOTILITKH IOKA3ATENLCTRBE MOCTYNA-
Ta V.

Huwonait Heatordy pasrun ceoke creteMy Ao obbeMa "Hawan“ B Hane-
*Ae nomyuats npornsopenne. He nonyunn, no caenan {1826) npasuwisrii
BHIROL; CYHIECTBYET FEOMETPHA, OTAMYHAA OT reOMeTpHH ERKIWIA,

Ha nepaslit BIrNAN ITOT BBIBOJ, KAKETCH HEAOCTATOUHO 0GOCHOBAHHEIM:
MoxeT ObiTe, pa3sybad gaibine, MOXIO npHiity K npoTHBopeunio. Ho ator
e BONPOC OTHOCHTCH W K reoMeTpuH Eekmuna. Muaue rosops, obe reomer-
PMH pDaBHODIPaBHLI TIEpPEl BONPOCOM O JOTHYECKCH HENPOTHBOPCYHBOCTH.
,[Ianbueﬁmne HCCNEHOBANKA MOKA3AIH, YTO HI HENPOTHBOPCYHBOCTH OIIHOﬁ
ClienyeT REIpPOTHBOPEYHBOCTL APYTOil TCOMETPHM, T.C. HMECT MECTO PaBHO-
npaBue AOTHHECKHX CHCTEM.

JloGauesckuit Obi1 MepBEIM, HO HE CIHHCTBCHHEBIM, COSABIIHM BRIBOK O
CYIECTBOBAHMK ApYro# reoMerpuu. Iayce (1777-1855) prickasan 3Ty HMAEO
cuie B 1816 F. B HACTHBIX MUCBMAX, KO B O(HUIMANLABIX NyONHKALIHAX 3a8BNeE-
HHe He coenan.

Tpu roaa ciyetd nocae nybnHkauru pesyartatos JloGauencioro (1829),
T.¢. B 1832 r., abitiing 8 ceeT pafota seurpa f. boitan (1802-1860). On cuie a
1823 r. npuIIeN K BRIBOAY O CYUICCTBOBAHHH APYTOH reoMETPHM, HO onyOnn-
KOBAT MOAXe M B MedHee passuToM, 4YeM vy JloGauseckoro, suge. [loatomy
BITOUTHE CTIPABCATHBO, YTO 3Ta TEOMETPHS HOCHUT HM3A JloGauceckoro.

Obuemy npusHanyio reomerpun Jlobauesckoro B 3RauuMTenbHOH cTene-
HH cnocoficrsoBann pabBoter reomerpor nocne Jlofauesckoro. B 1868 r.
WTANLNHCKUHA MaTeMaTuk 3. beavtpamu (1825-1900) mokazan, wro Ha mno-
BEPXHOCTH MOCTOAHHONA OTPALATENLHON KPUBHIHL! (TAR HA3LIBAEMAR NICCBAO-
chepa) uMmeer MecTo reomeTpHa JloGayesckoro. YA3BHMEM MECTOM HOKa3a-
TeNBCTBA HEMPOTHBOPCHHBOCTH MeoMeTpHH JIoGadeECcKkoro, OCHOBAHHOIC Ha
HHTepnpeTauyy  bembTpamy, Owno To, yTo, Kak nokasan [uaebept
(18621943}, B EBxna0BOM MPOCTPAHCTRBE HE CYWECTBYET NONHOWH NMOBEpX-
HOCTH TIOCTOtHHOH oTpHuaTensuoli kpuahsael Be: ocobennocredt. Tlosromy
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Ha JIOBCPXHOCTH MOCTCARHON OTPUUATEALHOH KPHBH3HbI MOXHO HHTCPIPETH-
POBATH TONBKO 4acTh NNOCKoH reoMerpiu Jlofiaverckoro.

JtorT HedoctaTok 0bUT ycTpaHeH B MHTepnperauusx [Tyankape
(1854--1912) n Knetina (1849-1923).

JokazaTenneTBo HENpOTHROpEUMBOCTH reoMerpin JloGayeackoro Bumo
BMECTE ¢ TEM M ACKA3aTCALCTBOM HE3ABHCHMOCTH MATONO NOCTYJaTa oT OC-
TaleHBIX. HelcTBHTENLHO, B Cnyyae 3aBMCHMOCTH reomeTpHs JlobGaueackoro
Gbina bl NPOTHBOPEUUBOH, TAK KAK OHA COEpKANa Obl JBA B3AUMHO MCKITI-
YACIIHX YTBEPKACHHS.

JancHeHune HecASADBAHMA CBKAKAOBOH MeOMETPUM NOKA3ANM HENOJ-
HOTY CHCTEMBI aKCHOM H nocTynatop Epwnnaa. HocneaosaHne akcHOMaTHKH
Erkniga 6b110 3asepueno ['unsbeprom B 1899 r,

AxcroMaTHka ['HIe6epTa COCTOHT W3 IMATH TPyl

¥ aKCHOME! ¢BA3IH (NPHHARACKHOCTH);

» aKCHOMBI NOPARKA;

¥ aKCHOMEI KOHTPY3HTHOCTH {PABCHCTRA, COBMALEHHSA);

» aKCHOMBI HENPEPLIBHOCTH,

> axcHOMA NAPALTEALHOCTH.

Onu axkcHoMs! (Beero ux 20) oTHoeATCH K 00BEKTAM Tpex POAOR: TOUCK,
NpAMBEX, TUIOCKOCTEH, a TAioKe K TPEM OTHOILEHHAM MCKAY HUMH: IIpHBajne-
KHT, JICKHT MEMAY, KOHrpy3HTeH. KOHKPCTHRIA CMBICH TOMEK, NpAMBX,
naockocTel W oTHOWEHHIt He ykazad. OHM KOCBEHHO OMpPENEneHb! Yepes ak-
cHoMBl. brarogapa stoMy nocTpoeHHas ha ocHOBe akcunoM [uneGepra reo-
METPHA QOMYCKACT PAINNYHBIC KOHKPETHLIC PCAITU3ALHY,

[eomeTpHuecKas cHCOTEMA, OCTPOSHHAA Ha NEPEHHCICHHBIX aKCHOMAX,
Ha3BIBACTCH eqKIudogol eeomempiiell, TAK KaKk OHA COBAANgeT ¢ reoMeTpHe,
nanoxennolt Ezkninnom & ero «Hauanax».

TeomMeTpHYECKHE CHCTEMBI, OTAHYHEIE OT CEKNHOROHM, HAILIBAOTCA He-
esrAdoabimu ceomempunnmu. CoTRACHO OQLIGH TEOPHU OTHOCHTENBHOCTH, B
NPOCTPAHCTRE HY Ta, HH APYras He ABNWTCA abCONIOTHO TOUHBIMH, O/HAKO B
Manbix MaciuTabax (IeMHBIE MACINTAGH ABIAOTCA TAKWC NOCTATOUHO «MANILI-
MH») 00c OHM BIIONHE NPHTORHBI A ONHUCAHMA npoctpaHcTsa. [puumRoi
TOro, YT0 HA NPAKTHKE MPHMEHATCA BCC KE EBKIHAOBL (GopMYIbl, ABNHETCH
WX NpOCTOTA.

{unebepT BCECTOPOHHE HCCMEAOBAN CBOK CHCTEMY aKCHOM, MOKa’an,
YTO OHA HEMPOTHBOPEYRBA, €CAM HE NPOTHBOpEYHEA ApHPMEeTHKA (T. €. Ha
camoM Jefe A0KA3aHa CONSPMATCNBHAS HIW, Tak HasblBacMas, BHCIUHSAA He-
NpOTHBOpEYHBOCTE). OH 3a8€PIIAT MHOTOBEKOBBIE HOCNENOBAHHA [EOMETPOB
no ofocHopanuio reomeTpun. Ta pabora GRINA BLICOKO OUeHeHa H B 1903 .
oTMetcHa npemuelt umenn JlobBavyescxkoro.
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B cOBPEMECHHOM AKCHOMATHYECKOM MINOMEHHH reomeTpuy Epxnnna He
BCETAA TONB3YIOTCA akcuoMamH Iuiebepra: yueOHwk: no reoMeTpuH mo-
CTPOCHSI HA PAINHIHEIX MOAMDUKAUMAX IT0H CHCTEMBI AKCHOM.

B XX 8. 6bin0 ofHapyxeHo, uTo reoMeTpH JloGaueBckore HE TOALKO
HMEET BINHOC IBAYCHHE ana AGCTPAKTHON MATEMATHKH, KAK ONHA H3 BO3-
MOXCHBIX MEOMETPHH, HO H HEMOCPEACTBEHHD CBASAHA C TIPHNOKEHHAMH Ma-
TEMATHKH. OKHSBJIOCL, YTO BIAHMOCBA3L MPOCTPAHCTEA H BPEMEHH, OTKPLITAN
B palotax A. DHHWTEHHA M ADYIHX B PAMKAX CNELUHANBHOM TEOPHH OTHOCH-
TENBHOCTH, WMEET HEMOCPEACTBENHOE OTHOLICHHE K reoMeTphH Jlobauercko-
ro.

1.4, MeCT0 U pOnk MaTeMaThK B COBREMEHHOM MUPE, MYUPOBON
KyNETYPE W UCTOPWUU, B TOM YMCNE B NYMaHUTAPHbBIX HayKax

Ponb maremamikn B ofLueuenonedecko KyabType orpomua. Ofpamancs
K HCTOPHH Punocodyu, CAERYET CTMETHTD, YTC YYEHBIE, CO3IABABIINE MATeE-
MATHKY HOBOTO BPSMCHH, PACCMBTDHBAIH MATEMATHYECKYH) HAYKY KaK Co-
CTABHYIO 4acTb PHIOCODHH, KOTOPad CNYXMWIA CPENCTBOM NIOFHAHKA MHPA.

OcBoeHHe NeHCTEHTENBHOCTH,
TToaxoRsl B NO3HAHHH

MaTtemaTHKa dunocodun
(MareMaTHueCKHit criocof) {(dunocodicknii cnocob)
& X / Fy

- D
] l(awropuu. I
PopmansHBi P aucwmee — enyTpenmee Conepxarennhiii
" enocab l KONHYECTBO — KAUCCTRO ' cnoco
Havix — conepEaAHHE — HopMa | S3pik —
HCKYSCTBEHHBIH CYIHOCTH — ABBEHHE | BCTECTREHHBI
e e e e

Meron (cnocob) aHanu3a ofBEKTHBHONR PeaNbHOCTH
H COOTBETCTBYIOIIHE MM A3LIKH
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MecTo MATEMATHKH B %H3HH K B HAYKE ONPEAENACTCA TEM, YTO OHA (10-
3BOMIAET NMEpeBecTH «OOMmeRUTefickue», RHTYHTHBHEIE NOAXOAH K AcdCTBH-
TeNBHOCTY, DA3HpYIOWHECH HAa YHCTO KAYCCTBEHHBIX (8 3HAMHT, NPHONH3H-
TENBHLIK) OTIKCAHUAX, HA AIBIK TOYHHIX ONIPEACNCHHA B (POPMYN, H3 KOTOpPBIX
BOIMOKHE KOJHYECTBEHHRe BhBOAW. He cnydaifHo roBopAT, uTe CTENcHb
HAYYHOCTH Tofl HIOH HHOM AMCHHIUIHHEL H3MEPAETCA TEM, HACKONBKO B HeA
NPUMEHAETCA MAaTEMaTHKA,

MaTtemaTixa ABARETCA 9JacTbi0 ofilewenoseyeckoil xynprypet. Ha npo-
TAKEHHH HECKONBKHX ThICAYENCTHH PaIBHTUA YSI0BEIECTBA IO HAKOMRCHHE
MATeMaTHHecKnX hakKToB, WO MPUBENO OKONO ABYX C NOROBHHOH THICAM JeT
TOMY Ha33j K BOSHHKHOREHHIO MATEMaTHKH Kak Hayku. KeaapHeuH, Hiyuas-
umica B Npesneft I'pennn, Binovan b ceb apHOMETHKY, NCOMETPHIO, aC1po-
HOMHID 1 MY3BIKY. O 3HaYCHMH MaTeMATHKH A7 4eN0BCYeCcTBa NOBOPHT TOT
daxt, uro "Hauana" Eskinaa — KHUFA, KOTOpas W3ZABANACE HaWBoskliee
HHCIO pas (He cunTad bubaum),

Maremataka umeer Oorateiilune BOIMOMHOCTH BO3REHCTBHA Ha Bbipa-
O0OTKY HayuHOro MMPOBOIIPEHWA H AOCTHxeHve HeoDxooumoro obGwexyns-
TypHore yporHA. TbITasce OOBACHHTL OKpYXAlOWIHH MUP, 3aAaBasg BOTIPOC
"noyemy?", apesHue GunocodBI-coHCTR NPHIINA K HeOOXOAHMOCTH BHIIE-
JIEeHMA MATeMaTHIYECKHX 2HaHHit. FCcTOpHA 3aposk/ienis BeTHKHX MaTeMaTHue-
CKMX HAcH, cyas6Ll BEIOAOIIHXCA MaTeMaTHKOB (ApxuMen, Tanya, [Tackans,
Tannne#, I'ayce, Jitnep, Kopanebckas, YeOurmep U Ip.) Aa0T NHLULy LA YMa
W cephua, npuMepsl §e33aBETHOTO CRYMEHHA HayKe, PHBOOAT K duiocad-
CKMM PAIMBIUIICHHAM W HPABCTBEHHLIM NONCKEM,

JlorHueckue paccyxOcHHS MPeACTARNSIOT coDoif Merog MaTeMaTHKH,
TIOITOMY €€ HIYYEHHE BOCTHTHIBAET AOMHYECKOES MBILINEHHE, TO3BONSET T1pa-
BWIBHO YCTaHABNHBATE NPHUHHHO-CNEACTBCHHBIC CBA3M, wT0 GesycnoBuo
AOMKEH YMETE Ka)l(,[[Bl’ﬁ YeOBEK. CTH.ﬂb HA3ITOXKCHHA M3TCMATHKH, €€ A3bIK
OKA3HBAIOT BAHAHHE Ha pazeMTHe pevn. Kaxianiéi xyJeTyYpHbIF YenoBek Aon-
*KeH HMETh NpeAcTaBieHHe o0 OCHOBHBLIX MOHATHAX MATEMATHKH, TAKHA, KAK
99co, BYHKINA, MATEMATUYSCKaR MOACHE, 2NTOPUTM, BEPOATHOCTS, OIITHMU-
3aUHd, BENWYHHB! ANCKPETHEIE H HeNpepsiBHble, BeCcKOHEYHO Masikle H Oecko-
reyno Gonbuive. Pevb MAET HMEHHO 00 OCHOBHBIX NOHATHAX M HIEAX, 4 Ke 0
Habope KoHKpeTHsIX (opMyr U Teopem.

Yenonek, 3HAOWHIE MATEMATHKY NHIB HO LUKOABHOMY Kypey, BpaJ JH
CO3HACT, CKONb MH3EPHOE (HO NPERenhHO HeobX0ANMOe) KOMUYECTBO 3HAHUH,
HAKOMICHHEIX K TOMY ¢ 3310070 A0 Hauana XX b., coobilaerca 8 wxone. A
Bellb B HAUIH OHH B MUPE CHEMECAYHO BHIXOAAT COTHH MATEMATHYECKHX XKYyp-
HanoB, NMyGAUKYIOUWIHX THICAYM HOBRIX TEOPEM ¢ TPYAHLIMH, nopoil MHOro-
CTPAaHUMHBMA AoKasatenwoTeaMy. H 10 He cunTas nyGaukaumi no npuno-
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JKCHWRAM MATCMATHKH, 2 B KaKHX TOABKO OTpaciiax 3HAHKIL OHA celivac He AapH-
naraerca! Cnemyer OTMETHTE TECHYIO B3AHMOCRA3h MEKIY PACIUHpeHHEM ee
(pOHTA, YCHICHHEM aKTHBHOCTH H HIMEHEHHEM MPeICTaBICHHE MaTeMaTHHOR
O ApeAMeTe CBoSH HAaYKH (XOTA NMOMHOIe SAMHOAYWHA BO B3MIAAAX HET).

CoBpeMeHHEINH MHP HEOKHAAHHO OOHAPYIHA, YTC MATEMATHKA YBEpEH-
HO PACTOIIMKHNACE B CAMBIX PA3HBIX ero 4acTAX M yronkax. Ceifuac HHKOro
HE VOMBMINL CHOBOCOMCTAHHAMH "MAaTEMATHUECKAA JIUHTBHCTHKA", “Marema-
THYeckan Guonorng”, "MaTeMaTHYCCKan IKOHOMHKA" H T.I. — KaKylo JUCLH-
NIARY HH B39Th, BPAJL 1 KOMY-8u0yab MOKDKETCA HEBO3MONKHEIM Npucoeny-
HCHHE K €¢ HAHNMCHOBAHHIO AMHTETA ''Marematmucckmit”. PacnpocrtpaneHie
MaTeMaTHKH BIOHDb COTIPOBOACIACTCH €€ MPOHHKHOBEHHEM Braybe. Marema-
THKA TWHHMAET CeTOTHA BHIHOC MECTO B XHIHH obniecTRa.

TeM He MeHee MOBCEMECTHOE NPOHHUKHOBEHHE MaTEMaTHKH HEKOTOPHIM
MOAAM KEWeTCA 3araJOUHBIM, AaXe TONO3PUTCABHEIM. B caMoM fene, He B-
3IBIBACT COMHEHHH Mpapo fa Beeobulee NpHIHAHKE, HANMpHAMep, GUIMKH HITH
XuMuH. OH3KKa OTKPHIBAET HAM HOBEIE NCTOMHHKH 3HEPIHH, HOBRIE CPEACTRA
OpIcTpOit cBa3H. XHMHA COIACT HCKYCCTBEHHBIC TKAHH, a cefidac moKyLIseTca
Ha COTNaNHe WCKYcCTBeHHOH numm. HeyaAMBHTEABHO, YTO 3TH HAYKH, TIOMO-
ralolAe 9eNOBEKY B €ro M3IBEYHBIX [OWUCKAX JHEPrUH, CBASH, OASKABI H CIBI,
NPOYAO W MOYETHO BOLLAH B HAUIY HKHIHL.

Yro ke AaeT AHOIAM MATEMaTHKE, KOTOPAR HE OTKPRIBAET HOBBIX CHOCO-
OOR TIepeRBHIKCHUA, kak (H3MKA, H He COIMACT HOBEIX BEINeH, Kak XMMHAT?
“0‘I6My NOABIEHHE B KAKOH-THOO OTpacnd HayKW W TEXHHKH MaTcMarHve-
CKHX METOAOB O3HAYACT # AOCTHIKCHHE B 5TOi OTPAacii ONPEACNSHROTO YPOB-
HA 3PEMNOCTH, H HA4a/l0 HOBOTO 3Tana €€ NANLHEHWEero pa3BHTHA?

HaunGonee pacnpocTpadeHHbiR OTBET HA 3TH BONPOCH! €IUE HE Tak JaBHO
COCTOAN B TOM, YTO MATEMATHKA YMEET XOpoWO BEMHCIATE H TEM CAMBIM M0-
IRONAET OCYLIECTBARTL MATeMatThyeckyi ofpaoTky UH(POBLIX JAHHLIX, CBA-
JAHHBIX € TEM WIH HHBIM H3Y4aeMbiM MpotieccoM. ONHAKO NPH BeeH BAXKHOCTH
BLIMKCIHTENLHOTO ACHEKTA MATEMATHKH, 0CO0CHHO B NOCNEHUE TOAK! B CBAM
¢ OypHBIM POCTOM BBIMHCIMTENBROM TEXHUKH, OH OKAIBIBACTCA HEMIABHAIM NIPH
I'IOITH'EKC OOLACHHTD NPHYAHE MEATECMETHIANHK COBPEMEHHOIG MHPA.

[naBHag e NPHYHHA 3TOMO Mpoltecca TAKOBA: MATEMATHKA Npennaraet
gechMa oBIIHC W JOCTATOYHO HETKHE NOTHYECKHE MOLENH JIA KIYYEHHA OK-
pyxkatoweli NeHCTBHTEALHOCTH B OTIHYHE OT MeHee ofwmx M fosee pac-
NABIBYATHIX MORENSH, NpenraragMbiX APYTHMH HaykaMH. Takue Monend Ma-
TCMATHKA [12¢T ¢ NOMOIBKD CBOEro OCOBOro A3bIka — sA3bIKa YHCEN, pasnud-
HBIX CHMBOJIOB. O0bexTaMy KCCACROBARMA MATCMATHKY CIYXAT AOIHYCCKHC
MOASHH, NOCTPOEHHBIE N ONMCAHKUA ARNCHHI B OPHPONE, TEXHHKE, 0DLIECT-
Be. MareMaTrHdeckod MOJENBI0 W3yYyaemoro obbexTa (temeHud, Mpouecca U
T.I.) Ha3HIBAETCA JIOTHYCCKAA KOHCTPYKUWA, OTPAXAIOWAA TEOMCTPHYCCKHE
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(bOpMBI 3TOr0 OOBEKTA ¥ KOMMYECTBEHHLIE COOTHOWEHHA MEXAY €ro YHCIO-
BeiMn napamerpamiy. [lpn 3ToM MaTemaTHueckas monens, otolpaixkas M Boc-
NPOH3BOANS TS MIH KHBEIE CTOPOHBI PacCMATPHBAEMOrO OOREKTA, cmocobHa
3AMEILATE €70 TaK, YTO WCCACNOBAHHE MOMSNTH AACT HOBYIO MH(pOpMAWHIO 0f
s1oM ofeeKTe, ONUPAIYIOCS Ha MPHHUMIR MATEMaTWYECKOH TEOpHH, Ha
cOpMYNHPOBAHHBIE MATEMATHHECKUM A3LIKOM 3aKOHBI NpHpoAH. Ecan Ma-
TEMATHYECKAS MOAEE BEPHO OTPAKAET CYTh JAHHOIO ABJIEHHR, TO OHA NO3IBO-
NRET HAXOAMTEL H He OOHAPYKCHHEIE paHEe 3AKOHOMEPHOCTH, J3BATH MATEMA-
THYECKHH AHANHI YCAOBHH, NPH KOTOPHIX BOIMOXKHO PElIeHHE TeOPETHYCCKMX
HIH [MPAKTHYECKHX 33444, BOIHHKAKOLUIHX NPH HCCNCOOBAHHH 3TOMO ABNCHUA.

EcrecTBeHHO, BOTHHKAET ORHH OBILMIH BOMPOC: HYXHA M MATCMATHKA
FYMAHHTAPHID BOOOUIE H JOPHCTY B YACTHOCTH?

HSBCC‘THO, HTO MATEMATHKS ABRIMACTCA YACThID Oﬁll.le‘leHOBC"I€CROﬁ Kynb-
TYPBl, TAKOH HC HEOTEMIEMON M BAXHOH KAk Mpapo, MEAMUMHA, CCTECTBO-
3HAHME H MHOTOE APYroc, Bee HAMNywImIHe NOCTHXEHUS HeNOBEYECKOH MEIC-
JIH, YCAOBEYECKHX PYK N COCTaBNSHT OCHOBY FyMaHHTapHoro obpazomanms,
HeoOxonuMOore kaiaoMy coBpeMeHHOMY uenoeeky. Hlexona ua 2woro, ans
CTYACHTA-rYMAHHTAPHA MATEMATHEA NPOKAC BCero obwecfpazosamenvian
OucyunnuRy, KaK, HANPHMEp, MPAaBO JINA CTYACHTA MaTEMATHKA.

Ho jana topucTa 3HayeHHE MATEMATHKH 3THM He ncucprbiraercd. Ha-
noMuum cnosa M.B. JloMoxocoba: "MaTeMaTiky YKe 3aTeM YMuTh CAGAYET,
YT OHa YM B Nopsaok npusoant”, [pexae Becero cBoMM BHYTPCHHHM TIOPAN-
KOM, CBOeil JA0oTHKoH, BHYTpeHHHHA NOPSOK B MaTeMATHKE YCTAHABINBAETCH
0co66IM 06pasoMm, ¢ NOMOILEIC OTHOLIEHHA NOTHYECKOTO CACAOBARM.

MaremaTika BNHACT HA YOOPAMOYEHHE YMA W TAKHMH OCOBCHHUCTHMH,
KaK OBIMHOCTE W abCTPaKTHOCTE CBOWX KOHCTpYKuMil. MatemaTmka monHa
BCAKOTC pofga npasui, obuix, CTPOTO ONPeAeneHHBIX MCTOLOB PeLieHUA pa3-
SHYHBIX KAACCOB ONHOTHAMBIX 3aA3y. Peman nolyro Takyro 3aaavy, Yenosek
JOIDKEH CTPOro CAEROBATE TOUHOMY MPEANUCAHHIO (ANTOPHTMY)} O TOM, Kakue
ACHCTBHA M B KAKOM NOPAAKE HANO BEIMORHMTE JUTA PEIICHUA 343a49H JaHHOTO
tHna. Hepeaxo H3y4alomeMy MaTCMATHKY TPHXOAMTCS COCTABIATE NONOGHBIC
APeOCAHNA, T.C. HAXOAHTD SrOPWIM,

MoxHO YTBEPXKHATb, 4TO MATEMATHKA YUHT TOYHO QOPMYIHPOBATE Pas-
HOro POfa MPABHUNA, MPEATHCAHHA, HHCTPYKUHH H CTPOrQ HX HCMONHATH (He
nociaeaHee KauecTrO, Heobxoaumoe, nanpumep, moboMy 1oprceTy). B opue-
NPYACHIHH, KaK ¥ B MATCMATHKE, [IPHMCHAKOTCA OJHH H TC XE METOABI pac-
CYXKIEHHI, UeNb KOTOPLIX — suisaunmb ucnuny. JHoGoH npasoses, kak H Ma-
TEMaTHK, AOMKEH YMETb PACCYMIOATh NOTHUCCKH, NMPHMEHATb HA TIPAKTHKE
HHAYKTHBHEI W AcHYKTHBHBIH Mmetozel, [Toaromy, 3aHUMasCh MaTeMaTHKOM,
SyaywHi npasoben GOPMUPYET CROE NPOPecCHonanbHOe MbtineHye,
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KpoMe Toro, mpMMeHEHME MATEMATHUECKHX METOACR PACLIMpeT BO3-
MOXHOCTH Kaxcaoro cieuwanncera. CywecTbenHyI0 pons WrPaoT CTATHCTHKE,
yMeHHe Npaennsno obpalorats HHGOpMaUKIo, clenaTs JOCTOREpHEIl BLMBOA
MO [TPOTHOI HA OCHOBAHHM HMEIOIErocs CTATHCTHYECKOTD Marepuana, Oue-
BHIHO, YTO LEHHOCTH CICUHANMCTA, €M OH YMEET JeNaTh BCe 3T0, 3HauM-
TeALHO BO3PACTACT.

B xoHue &OHNOB, H3BECTHH CTATHCTHMECKHE NARKEE MO "HOBEIM pyc-
CKHM", CIIENABIIMM YAGYHYIO Kaphepy {NpeAnpHHHMATENH, GaHKHDE), Okasa-
AOCh, YTO NOAABMIONIAA UX YACTE —-~ BEINYCKHHKH MPeCTHRHBIX TeXHHUECKUX
By308. I10-BHAMMOMY, NPEKPACHOE MATEMATHYECKOE 0OpasoBaHue, NOMy4eH-
HOC WMH B 3THX By3aX, IPHrOQMIOCH B HCH3HM, YTO €lle pal MOATEEpAOacT
XOPOUIO H3BECTHYEO MCTUHY: HeT HHYEro NpakTHYHee Xopomedt Teopun. Naxe
Ononor Hapnes JapeuH KOTHA-TO BHMpaiunci Tak: «Y JIOACH, YCBOHBIIHX
BCTHKHE NPHHUANB MATEMATHKM, ODHHM OpraHOM 4yscTe Codblle, MeM ¥
NPOCTEIX CMEepTHRIX?.

Met xuHBeM B Bex MaTeMaTHEH. C Hawama XX b, OHa AKTHBHO MPOHNKAET
BO Bee ODNACTH YenoBeYecKOTo 3HAHWA, monTeepxmas cimosa K. Mapkca
«Hayka TonbKG TOrAA AOCTHrAET COBEPINEHCTBA, Korda elt yXaercs noxslo-
BATBHCA MATEMATHKO#HY. B Hacromuumit MOMERT OJHH HaykH yxe 5e30roBopot-
HO NPHHAMH MATEMATHKY HA BOOPY)XEHME, JPYTHE TOJIBKO HavYadH ee npHMe-
HATE. I'yMAHHTApHU, HATIPUMED, OTHOCKTCA K MocAcaHuM. Cpeay HHX HEMAno
Ll COMHEBAIOWIMXCA B MEPCEKTHBHOCTH HCMOMLIOBAHHA MaTeMaTHYECKHX
MeToRoB. OHaKO B HACTOANISE BpeMs OONkINAR HX HacTh CHOPHT YXe He 0
TOM, «HYXKHO JTH MPHMEHETLY, & 0 TOM = «TA¢ H KaK Jy4ile IPHMEHATbY.

Ceiiyac ywe nosBHiack nureparypa, o6o0MIAIOWIAN HEKOTOPHIA ONLIT
TYMaHHTAPHER B MPHMEHEHHA MaTeMaTHYeckux 3Haumit. OaHol U3 nepeeIX No
HCIONBI0BAHKIO MATEMATHHECKHX METOLOB B HCTOPHHECKOM HCCICAOBAHWH
Gewna pabora: Mupownos 5.H., Cmenanos 3.B. Vcropuk n maremarska. J1.:
Hayxka, 1975. B toneko uro ssnuenweii kuvre (Tuxomupos H.B., LHenexos
A.M. Martemathra: Yuelnntil kype ang ropuctos. M.: FOpalit, 1999) noka3saHo
NpHMCHEHHE MATEMaTHYeCKHX 3HAHHH B HOPHIMYECKOH NpaKkTHie, KPpUMHHa-
NHCTHKe,

DOPMHPORAHHE YCIOBHH ANA MHAWBHAYATLHOH NEATETBHOCTH YENIOBEKA,
OCHOBRIBAKOIIEHCA HA MPHOGPETEHHRIX KOHRPETHEIX MATEMATHYECKHX 3HaHH-
AX KA TIO3HAHMA H OCO3HAHHA HM OKPYXXAKIIETO MHPA CPCACTBAMM MATEMA-
THXU OCTAeTCH, ECTECTBEHHO, CTONE e CYIIECTREHHON! KOMIOHEHTOH BY30B-
CKOTO MATEMATHYECKOTO 0BPa3OBAHNS.
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2. TeoprAa MHOXECTB

CerndHR Al IHAEM, NIN0, ROZUNECKH ZOROPH, BOIMONCHO GBI6ECmI
HOYMU GCHP COGPEMERHYIO MTMEMAMUKY UT EOMHOZ0 HCIMOSHUKE — MEOPUE MHONCECHE.

H. BypGaxu

OaHuM 13 METOAOB MATEMaTHKKM ABNAETCA METOQ npuMeHeHwa abcTpakuwam, npu
HOTOPOW HE NPHHWMAIKTCA B0 BHUMAHKE HEKOTOPLIG KOMKDETHLIO OBCTORTeNLCTEBA. ITO
HEWIDEHO NPUBOAWT K BOZHWKHOBEHWID NOHATUA MHONECTEa, KOTOPOE GTENO OCHOBHbIM
NOHATIEM MATEMATHKW. FALIK TEOPUH MHOKECTE, BKNIOHALWN SONLLWIOE YHCNO pasnty-
HEIX NOMATHA W CERSBA MOXOY HUMW, BCE MNyGwe NPONMKEET B PAsNHYHYIO NUTEPATYPY.
MoaToMy HARO NOHUMATE 3TOT ALK M YMETE WM NOMNLIOBATRCR,

Bbino Bkl HenNpaeunbHO NepaoLeHNBaTe TEOPHI0 MHOXeCTE camy No cefs: aTp Bea-
ro-HaBCars yOoGHHIH A3nIK, W @CAW Bkl B CORBPWSHCTBE BNARGETE WM U BoONulUe HUHBIo
M3 MATOMATMKW HO dHaeTe, sABa NK OT 3Tord Gyner wmHore npoky. HaoBopoT, acny Bul
3IHAATE «MHOTO MATEMATHKH? W COBCEM HBIHAKOMB C TRODHEN MHOKRECTS, Bbl, BOIMONHO,
ACCTWHETE yenexos. Ho 8Cnu Bt JHABTE YMO-M0 W M3 TEOPUM MHOKECTB, Bul Byaete
SHEYUTENBHO NY-UUS NOHHMATS AIbIK MBTEMATHKN.

2.1, MHoxecTea. Onepauvy Hag MROXECTBAMK

[onATie MHOXECTBA ABNACTCA KIIIOMEBLIM B MaTeMaTHKe, 6c3 KOTOpOTO
HEBOIMONKHO HINOKEHHE HH OAHOTC H3 ¢¢ pasacnoe He MeHee mUpoko odo
HCIIONLIYETCA H Ha GeITOROM yporre. ONHAKO COACPRATENLHYIC CTOPOHY 3TO-
TO AOHATHA, KOTOPAA CNOXKHIACE MPH HIYIEHHH MATEMATHKH H HA MHTYHTHB-
HOM H Ha OpPMATLHO OTHYECKOM YPOBHE NPHEMAEMOI HAIBATH HHKAK HEIb-
3. CNOKHOCTb 3AKNIOYAETCA B TOM YTO MOHATHE MHOXKCCTBA — HOHATHE HE
TONBKO MaTEMATHYECKOE, HO HE B MeHBLICH cTencHM H dunocodekoe.

[Toaco3HaTenpHO NEpPaLle NPEJCTABNEHHN O MHOMKECTBE Y YCNORECKA Ha-
YHHAIOT (OPMHPOBATECA ¢ MOMEHTA POMGACHHA, KOrJa OH TIOTPYXAeTCA B
YAHBHTENEHO MHOT006DasHBIA MHP OKPYXAIOIMX ero o6KekTOB H ABneHuH, B
HEM yxe FeHETHYECKH 3ANOXKEHB! BOIMOWHOCTH YCKOPCHHO BOCIPOB3BECTH
BCCH OMBIT OGLWEHHA C 3THM MHPOM, HAKOMMEHHBIR YCNOBEYESCTBOM 33 MHOTO-
BEKOBYH HCTOPHIO. YHHKANBHOCTE 3TOTO TCHETHYECKOTG MOTECHIHANA W OT/IH-
HALT NPENAE BCENO HEMOBEKA PAIYMHOIO OT APYTUX cyumecTs. C mepBhIX e
HIATOB MbI HE MTPOCTO TIOMONHACM COUCOK 3HAKOMBIX HaM 00LEKTOB W ABIe-
Huit, a HayHHaeM An(pepeHIHPOBATE M KIACCH(HUHPOBATE HX T ONpPEXe-
JIEHHEIM CBOMCTRAM (ropAuue M XONOAHGLIE, CAAAKHE W TOPBKHE, TAXENBIE W
JIETKHE, KPACHBIC W 3ENEHEIC W T.1.), 00bEAUNAR TEM CAMBIM OOBLEKTEl B HEKO-
Tophle coBOKYNHOCTH. [lepenil xe onstt obmeHna ¢ suMu yGexgaer Hac U B
TOM, UTO KaXkH 0OLEKT UMEET CHONKHYK CTPYKTYPY (KTO M3 Hac He JoMan
HH OAHOH HIPYLIKH, MBITASCHL YACHUTE H3 Yer0 OHa COCTOMT), NpEeACTaBIAET
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coGoil Kak Obl OUPEAENEHHYIO COBOKYNHOCTE APYTHX OOBEKTOB, ®3 KOTOPHIX
KaK U3 COCTABIAIOMUY COCTOUT CaM.,

Mnoxcecmes — NEpRUMYHOE NOHATHE MATEMATHKH, T.€. 3TO MOHATHE HE
OnpenenseTcA yepes APYrHe, a Tonsko noscHsercd. ColmaTent TEOPHH MHO-
secrs I Karrop (1845-1918) onpenenun MHOKECTBO Kak «0ObLEAHHEHHE B
OIHO LeNoe OOBEKTOB, XOpOILo pasnHUMMEIX HAIEH WHTYHLMEH HAM Halel
MBICJRIO®, 8 TAKKE «(MHMKECTBO ¢CTh MHOT0E, MBCIHMOE HAMH KAK COAHHOER.
PaizymeeTca, 3TH C/I0BA HE MOTYT PAcCMATPHBATECH KAK MATEMATHIECKH CTPO-
roe onpefencHie MHOMKECTEA, TAKOTO ONPE/CNEHHA HE CYIECTBYET, TOCKOND-
KY NMOHATHE MHOMECTRA SRNAETCA HWCXOAHRIM, HA OCHOB3HHH XOTOPOTO CTPO-
ATCA OCTANBHEIE OHATUA MATEMATHKH, T. €. MHOMECTBO BASETCA CCHOBHBIM
CTPOHTENLHEIM MATEPUANTOM MATEMATHKH.

MHOKECTBO — 3TO COROKYTIHOCTE KaKMX-mitbo ofbekTon. Tak, MOXHO
TOBOPKHTb O MHOXECTBE UEIBIX YHCEN, O MHOMECTBE TOYEK Ha TpAMOH, 0
MHOXECTBE XKUTEReA ropoaa u T.4. OGLEKT, BXOAAUIHE B JAHHOE MHOXECT-
BO, HAMBIBAHTCA IFEMEHMAMU MHONCECIIBA. 3neMeHTAMH MHOXKCCTR MOTYT
ObITh caMble pazHoofpaiHble npeaMers: GyKebl, QHCAA, QYHKUHH, TOMKH, YT-
Avl, moAK | T. A, OTC0aa ¢ CaMOro Hayala ACHA Wpe3BRhYARHAL WWHPOTA TEO-
PHY MHOECTE B €¢ MPHIOKHMOCTE K OUeH: MHOMHM 00IacTaM 3HAHHA.

MHOXECTBA, COCTOALUME H3 KOHEMHOTO HHCNA JIEMEHTOR (NpHHEM He-
BAXCHO, HIBECTHO 2TO SHCITO WAY BET, TNARHOS, OHO CYIECTBYET), HASEIBAKITCA
KOHEuHbiMY, 3 MHOKCCTRA, COCTOALINE H3 GECKOHEYHOID YHCNA IMEMEHTOR, —
DeckoHeunbiMiL,

Muoxectsa o6biqHo 0bo3nauatotes Goneuiumu Byksamm 4, B, X, a ux
SNEMEHTH] MANRIMA a, b, x.

3amnuch x € X o3HadaeT, 4To oDBEKT X ecTh MMEMEHT MHOecTea X. Ecny
e X HE [PHHAANSKET MHOKECTBY X, TO MUIIYT X € X,

3amncs 4 C B (MHOXECTBO 4 CONCPRUTCA B £) 03HAYAET, UTO KAKAHIA
IMEMEHT MHOXECTBA A OpHHaARexaT 8. B 3TOM Cnyuae MHOXECTBO 4 HA3bl-
BawyT nodmno.wcecmsau MHOXECTBA B,

Muoxectra 4 W B vainigawT paswsimu (A = B),ecni B Anw A C B.
Hanpumep, mHoxectea 4 = {3. 5, 7, 9} u B = {7, 3, 9, 5} pasusl, TaK xak co-
CTOAT H3 OAHHAKOBLIX NEMCHTOB.

Ecan MHOXECTBO HE COAEPRHT HH OJHOTO WIEMEHTA, TO €T HaibiBAIOT
nycmsis M 0G03HAYAICT CHMBOIIOM &,

COBOKYIMHOCTh AONYCTHMBIX OOBEKTOB HAILIBAIOT OCHOGNBIM (VHUBED-
cansioir) MHOReCTBOM T (MK U). Muoxecrao aanator nubo nepeyncieHHeM
€10 UICMEHTOB, THGO OMHCAHHEM CROLCTB MHOXECTBA, KOTOPBIE HETKO ONpe-
AENAWT COBOKYITHOCTE €ro 2ieMeHtoB. [Ipu BropoMm cnocofie MHONECTRO
OGbIMHO ONPEOENIeTCS KAk COBOKYMHOCTH TCX M TOMLKC TEX 3NEMCHTOB M3
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HEKOTOPOTO OCHOBHOrO MHOXeCTRa 7, KOoTOpHe ODNamaloT cBOMCTROM . B
3TOM CAYYAE HCNoNBIyIoT ofosuaverne A = {x€ T 0i(x)}.

" Hanprimep, muoxectso 4 = {1, 2, 3, 4, 5} pasno 4 = {xeN: x<6} u
A={xe N: 0,5<x<5,9}, rae N — MHOXECTBO HATYPANbHBIX YHOEN.

VapaxXHeHUA

I. Kagve H3 caenyiotHx MHOXECTE TEOMETPHYECKHMX (UTYp HA [LIOCKO-
CTH papHel MexRy cobo, ecnn;

A ~ MHOKECTRO BCEX KBRNPATOR!

B — MHOXECTBO BCEX MPAMOYTONBHHKOB;

C — MHOXKECTBO BCEX YETEIPEXYFOALHHKOB ¢ NPAMEIMH YTIAMH;

D — MHOMECTBO BCEX NPAMOYTONBHKKOD € PABHEIMH CTOPOHAMM;

F — MHOXECTBO BeeX poMBOB C HPAMBIMH YIIIaMH.

Omgem. A=D=F,B=C.

2. Jna RaXKAOre M3 CNOB: «COCHA», OCKOJNOK», KHACOCH, KKONOCH CO-
CTaBLTE MHOXKECTBO €70 pa3nHuHulX 6yke, Fmetotes nu cpean Hux papunte?

Omeem. 4 = {c,0n,a}. B=lo,cxal], C={nacn], D={koac}; 4=C,
B=D.

Anrebpanseckue ONCPALKE Hall MPOXECTBAMH W HX CBOICTBA HiNara-
wrica, o0biYHO, ¢ npUMeneHneM xpyeoe Jirepa wiv duazpamm Benna, a Gu-
HAPHEIE OTHOWEHUR WIAKCTPHPYIOTCA HA Mmampuyax u zpadax. Bnaromaps
3TOMY OCHOBHBIC TOHATHA TEOPHH MHOMKECTE NONYWAIOT HarIfgHOe npen-
CTaBAEHHE B TROIMYHON MAH Tpaduveckoit hopme.

MHoXec1pa MOXHO ONPCAIATE TAKKE TPH NOMOIM ONepaunil Haz ue-
KOTOPBIMH JIPYTUMH MHOMeCTBaMu. [1ycTh HMeKTCn ABa MaoxcecTea A H B.

Otvedunenue (Cymma) AUB coth MAOKECTBO BCEX I8MEHTOB, OpHHAL-
aexamux A uan B, r.e
AURB = {xe A nnu x B}.
Hanpumep, (1, 2,3}0{2, 3, 4}=(1, 2, 3. 4}.

flepecenenue (MpowaBcaeHUe} ANB €CTH MHOKCCTBO BCEX IICMEHTOR,
NpHHaANExalux kak A, Tak M B, T.e.
AnB = {xeAnxe B},
Hampumep, {1, 2, 3}n{2, 3, 41={2, 3]. MuoxkecTsa, He uMeI0-
He obImnx neMenToB (AN = ), HA3LBAIOT HeneperekmOuUMUCR
(pacuneHeHHBIMHU),

Pasuocms A \ B ecTe MHOXECTBO, COCTOALICE U3 BCCX MMEMEHTOB A, He
BXOAALMX B B, T.¢.
A\B={xeAnxgB).
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Hanpumep, {1, 2, 3} \ {2, 3, 4)={!]. Ee moxH0 paccMaTpHBaTh
KaK omhocumenerne donoanente B o A.

Cummempuveckar passocmb (IWIBIOHKTHBHAA cyMMa) A A B ecTh MHO-
HECTHO BCEX MIEMEHTOB, NPUHALIEKAIMX MIH A, MK B (8o He ofioum Bme-
cre), T.6.

AAB=(A\BYU{B\A).
Hanpamep, {1. 2, 3) A {2, 3, 4}={1, 4}. 1a3bIOHKTHBHAA CYM-
Ma NOAYJaeTeH 00BCANHCHNEM 31EMEHTOB MHOKCCTB 33 HCKIHYeHH-
€M TeX, KOTOpbIC BCTPEYAIOTCH ABANABI.

ANE AUE
Kpyeu 3i 0. % @
‘pyer Sunepa 0ns ochosuslx 2 2%

OnEPAYUE RAO MHONCECMBAME

NpuMep. Nyers A =1{1, 2,3, 4,5 B=1{2,4, 6, 8, 10}. Slsnarorca nu
ITH MHOXECTBA paBHbIMH? Onpefenute nepecedeHune, ofseaMHEHNe, PATHO-
CTR 3THX IRYX MHOXECTE, OOHHAKOBE! TH MHOXecTBa A\B 1 A\A ?

Peuwienue, Muomectsa A n B He paBRu1 ApYT Opyry, Tak Kak colep-
AT PAaIHBIE MEMEHTH. MEexTy MEMEHTAMH ITHX MHOKECTS MOXeT ObiTh
YCTAHOBJICHO OAHOIHAUHOS COOTBETCTBME, NOITOMY MHOXECTBA ABMAIOTCH
IKBUBATEHTHLIMY. [lepecedenue MuOKecTB AMB BrMOaeT B cebR TONBKO Te
3NEMEHTEI, KOTOPHE coaepkarcd B o00HX MHONKECTBAX, (03ToMy AN ={2,
4}. O0neaunenie A\UB Brawo4aeT B ceb BCe INEMEHTHI, COMEPKALINECA XoTd
Obl B 02IHOM M3 MHOXeCTB 4 Hin B, taxum obpaiom, AUS ={1, 2, 3,4.5,6. 8,
10). Paznocts A\B =(1, 2, 3, 4, 5}, a paznocte B4 =(6, 8, 10}. Ouennano,
yt0 A\B.1 B\ we paBibl. CHMMeTpHyeckas paiHocTh AAB ={1, 3,5, 6, 8, 10}.

VnpaxHedudq. 1. lanel opa MmuoxecTpa: A={1,2.3,4, 5,6} u B={3,
6, 9, 12}. Haiftn ofseanucnne, nepeceuetne, patoCcTH 5THX MHOWKECTB.

Omeem., AuB={1,2,3,4,5,6.9, 12}, An8 ={3,6}; AAB=[1,2,4,5);
B =(9, 12}1. AAB ={1, 2.4, 5,9, 12]).

2. Ilo pauneM mpoMexyTram A=(=7, 11 w B=[-3; 4] Ha yucrosolt nps-
Mot onpeneante 4B, ANB, AB, I\, AAB.

Omeem., AVB=(-T.4];AB=[-3; 1}, AB=(-7.-3); B = (1, 4];
AAB = (-7 =3u(1; 4].
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3. Dauw mHowectsa 4 ={0,1,2,3,4,5,6,7},B=(3,4,5,6,7, 8,9},
C={-3,-2,-1,0,1,2, 3.4}, D ={2, 3. 4, 3, 6). 3anafire cNHCKOM MHOKSCT-

B0 (ANBIWI(CAD.
Omaem. (ANBYI(CD) ={2,3,4,5,6.7).

IIpuMepnl (CHCNOABE30BAHHEM Kpyros Dilicpa):

= 8ue = ane [lllanc

AN BUC) (ANBYWANT)

T

5



AVC
(A\C\B

A\B
(AVBING

I |
Il |

2.2, MHOXeCcTha 1 OTHOWEHNA

HeHTpansHoE MECTO 3ARWMAET Meopus omKotenul, KOTOPaA 0Ka3alach
NpOCTHIM H YAOOHRIM annapaToM Ans caMelx painoo0pasnelx sagay. Ha e¢e
ocHoke ofobwaetca nonsTHe GYHKUUH, NPHMCHHMOE K¢ TOABKO K YHCIOBBIM
MHOMECTBAM, HO H kK MHOXecTBaM oOkexTop moboii npuponsl. B camoM o6-
eM CMBICTIE OTHOLUCHHE DIHAMACT KAKYI0-THGO CBAIL MEXRAY NMPeAMeTaMH
UAH NOHATHAMM.

OTHOULIenHuA

Yruapuute BHHAPHbIE n-MEpHbIS
{OAHOMECTHBIE) {ABYMECTHLIE) {MHOrOMECTHLIE)
3
SKBHBATEHTHICTE YNopaAcuEHHOCTH TonepauTHOCTL

OTHOWCHKS MEXKIY NapaMu 0ORCKTOR HAZLIRAIOT GUHApHELMY (IBYMECT-
HeIME). HanpuMep, OTHOMCHHA NPUHAINGKHOCTH €A M BRIIYEHHT A C B,
IMepBoe H3 HHX OOPeNenAeT CRAZh MEXAY MHOMECTBOM H 3NI6MEHTAMH, & BTO-
poe — Mesxkay AByms muoxeersaMu. TTpumMepamMu OUHAPHEIX OTHOMICHHA AB-
NAIOTCA PABERCTBO (=), HEpABCHCTEA (< WK <), A TAKKE TAKUE BRIDAKCHUS
XaKk «OrTh GpAaTOM», «ACNHTBCA (HA KAKOS-TO YHCAO)», «EXOAHTH B COCTAB
{yero-mnbo)» K T.1.

[Tpumepsi. a} Orhowerne £ seinenuaeTed Aaa nap (5, 7) K (5, 5), Bo
HE BLITIONHAETCS [ naphi (7, 5).

6) OTnowenne «vUMeTh OGIWHE ASNHTENb, OTHHYHBIN OT SQHHHLLDY, BbI-
nonuserca ana uap (4, 2), (6, 9), Ho He BEMoNHACTCA Ans napel (7, 8).

B) OTHOWEHHS HA MHOXECTRE AIei: «OuITh 3HAKOMBIMY, «OBITH ChI-
HOM>, «YIHTBLCA B OIHOM BYIE»,
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CIOCOEL! npencrasnesna oTHOLICHWHA ONEPALIH naxt vikmy

Ceteuns (PaKTop-MHOKCCTBO) Bee TEOPETHEO-MHORECTBEHALIE

Matpsin omHowenHH (Tabnana) OfiparLienne {CHMMETPHIALNA)

Fpad omomeanii {cTpenky) Komnoaunua

Ob61une cpoiicrsa oTHOWeNHH. OTHOWEHHE MOKET ObITD:

1) peghaercusro (o1 namusickoro reflexivus — «oBepHYTHI HA3aD», T.C.
SCMTH KaWABIH 3IEMEHT MHOKECTER CBAIAH ATHM OTHOLIEHHEM caM ¢ cobolt,
HATIpHMep: PABCHCTEO, PABHOBEINKOCTH, <, 2, camooBcnyXuBaHHEe, «MMETh
oOUIHH AenuTensr) WA aumupegaercusno (<, >, «OLITh CTAPLLER);

2) cummempuuno (PABCHCTBO, PABHOBENHKOCTb, PACCTOAHHE MEXAY
HOBYMA TOYKAMH, «ObITE OpatoM»), anmucummempuyno (HECTPOroe HEpaBeH-
CTBO, BKNIONCHHE) HITH acummempuuno (CTPOroe BKAKOUEHHE, «GLITh OTIOM»)
[ecny OTHOWERNE ACHMMETPHYHO, TO OHO H aHTHpeduekcnBHO]:

3) mpanzumueno (OT NATHACKOTC 1TANSE0 — «IIEPEXOKY». PABCHCTBO, 5,
«BbiTh ACNHTEICM», «OBITB pD,lICT BEHHHKOMY,

OBLU{HE CBOACTBA OTHOIW EHUNIA

pednckcuBHOCTS TPANINTHBHROCTE
. 1] b it -
(o nar, refloxivus ~ nomepryTull | CHMMETRHUHOCT (0T nar. transm;us
nazan) NePEXOAHLIA)
A — ACHMMETPHIHOCTS
AHTHCHMMETPAYHKTE

Ocofio BrizenmioTes TpH THNA GruapHLIX OTHOWEHMA: sxguearenm-
HOCMb, YROPACOYEHHOCML ¥ MOIEPAINMHOCHL, KOTOPEIE Hanbonee 4acTo
BCTPEMAIOTCA B MPAKTHKE.

OrHomenne IKeusaACHMAROCHY NIPEACTARIAET coBOH DKCTIMUKALMIO
{nepeBon MHTYHTHBHBIX TIPEACTABICHMH B PAHT CTPOTHUX MATEMATHHECKHX
NOHATHI) TaxHXx OGBIAEHHBIX CTIOB, K8K (OIWHAKOROCTEM, (HEPANIMMHMOCTD),
«R3AHMOIAMEHAEMOCTRY. JIpYrMH CNOBAMY, OTHOUIEHHE SKBHRATEHTHOCTH
armAeTea OGOGIUICHHEM OHATHA parcucTsz. SICHO, 9TO B PEANLHOCTH TOXKNE-
CTBEHHLEIX 2neMeHTOR He OriBaeT. HaobopoT, kakmenif sneMeHT HadeneH Mac-
COH MHOMBHAYAARHRIX NPHIHAKOR, CPEOH KOTOPBIX UMEIOTCA KAaK CYLIECTREH-
HBIE JUIA HAIIAX PAacCMOTPEHUi, TaK B HECYIICCTBEHHEIS, DJKBHUBANCHTHOCTE
MOXKHO PAcCMRTPHRATE KAK COBMAAEHVE INEMEHTOR TONBKO N0 4ACTH (CYile-
CTBEHHRIX) NPHIHAKOR. DKRMBANEHTHOCT YOOBRETROPAET yenonugM peduek-
CHRHOCTH, CHMMETPHYHOCTH, TPAHIHTHRHOCTH H 0ORYRO 0f03HaYaeTe IHA-
koM "~". CpoiicTBa 3KBHBANEHTHOCTH ANMCHIBATCA CTEAYIOMUM 00pazoM:
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1) x — x (pebnexcHBHOCTR); 2) €CIIHM X ~ ¥, TO ¥ ~ X (CHMMETPHYHOCTB); 3) M3 X
~ ¥ H y ~ Z CAGAYET X ~ Z (TPAHIMTHBHOCTD ),

Baxknefiluee 3HadcHHe IKBHBAIEHTHOCTH COCTOHT B TOM, MTO 3TO OTHO-
WeHHe OonpeAcNdeT NPHIHAK, KOTOphI fonycKaeT pazfuenue MHOXKECTBA Ha
HEMEPECEKaOIHECs TOAMHOMKECTBA, HA3LIBACMBIE KIACCAMI IKBUBAAEHIMHO-
emu. HaoBopoT, Beaxoe paszGueHhe MHOKECTBA HA HEMCPECEKAROIIHECH TToA-
MHOMECTBE OTPEACNET MEXTY 3SMCH- S
TaM# DTOIO MHOMKECTBA HEKOTOpPOE OT- BS
HOLUEHHE JKBUBANEHTHOCTH. JIpyrumu
CHOBaMH, 3a02HHE HA HCCIEAYSMOM
MHOXecTBE OOBEKTOB OTHOWEHHUA 3KBH- B3
BAJIEHTHOCTH [IO3BONACT 5TH  OOBEKTH
onpeneneHHLM 06paloM KaccurUUpo- B2
BATb, T.€, OTHOCHTDb KaXAktH KOHKpEeTHBbIH E]—l
Oo0LeKT K Toit WK uHON rpynne (knaccy).
¥ oToi#t Npouekype €CTh BNOAHE ONpeas-
JeHHOE Cephe3HOe HAIBAHUE — ONCPALHA
}aKTOpH3aLMA, 2 CAM Pe3yILTAT HA3BIBACTCA HE MEHEE BrEUATIAole — Hak-
TOP-MHOXKECTBO,

Hanpumep, OTHOWICHHE «NPOKUBATE B OJHOM AOME» B MHOMECTBE KH-
Tenei ropofs ABIRETCA 3KBHBANICHTHOCTRIO H pa30HBAET 3TO MHOXKECTBO Ha
HeMnepeceKaloNIneca NTOIMHOXKECTBa Niogel, ABNAOIIUXCA COCCAIMH N0 A0MY.
ITpumMepaMy OTHOLIEHHH SKBHBANEHTHOCTH MOTYT CRYXMTh NoXoGHe WIH pa-
BEHCTBO TPEYTOABHHKOR HA MNAOCKOCTH, NApanientHOCTh NPAMBIX, YTBEPKIEC-
Hue «ObITh TAKAM %e» H T.0. MHOXECTBO CNOB B PYCCKOM A3EIKE MOXKHO pas-
GHTL Ka Knaccel SKBHBANCHTHOCTH pasHbeiMu chocobaMH: No nepsoi Byxse
{MMeHHO Tak COCTABNAKTCA CAOBAPH), MO KoMu4IecTBY OVKB H T.0. MHOXKeCTRBO
CTYACHYECKMX TPYII ABJAACTCH (PAKTOP-MHOMECTBOM, NOSYYAEMEIM B pe3yiib-
Tare BEEAEHHS HA MHOMECTBE CTYACHTOR AZHHOIO KYPCa OTHOWICHNMA 3IKEWBA-
NEHTHOCTH {CTYAGHT ¢ ~ CTYASHT &, ecny oHH K3 oaHolt rpynoel). Ecnu ke
OTHOLUEHHE IKBHBAEHTHOCTH Ha MHOMECTRE CTYACHTOB CTPOHTES NO PE3yilb-
TaTam CAaYM PKIAMEHOB, TO COOTBETCTEYIOWICE (DaKTOP-MHOKECTBO CTPOHTCH
W3 deThipex aneMenTos {2}, {3), {4}, {5}).

Otnowenne nopadxa ofnazaer cBoHCTBAMH TPAHIUTHBHOCTH H ARTH-
CHMMETPHYHOCTH. EciH Mexay SNeMEHTaMH MHOXECTBA MOXKET OLITh yeTa-
HOBJICHO OTHOIIEHHE «CTAPIIHHCTBA», GBAXHOCTHY), «IEPBHYHOCTH» WUIH
«npeAIIECTBOBAHUAY, ToBopaAT 08 ynopadovennom MHowmecTBe. Hanpumep,
CTYmeHTRI Kakoi-muGo rpyniel Moyt OLITE YIOPROOYEHEI 0 BO3PACTy, yne-
BacMoCTH, anganpuTy. TlpumepoM abconOTHO HeyropadoyeHiv2e MHOKECTBA
ABARETCH Haﬁop MOHET OAHHAKOBOTO JOCTOUNHCTRA B KOINENBKE.

B4

Kraccnt axenaarenmuocmu
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Ecnu mexny moGpiMM TpeMs 3MmeMEHTAMH MHOMXECTBA &, b, ¢ YCTaHOB-
NIEHO OTHOWICHME & < b, b < ¢, U3 KOTOPOTO CREAYCT, MTO ¢ < ¢, MHOKECTEO
Ha3BIBAIOT JuHeino yropRdouennsim. Hanpumep, TUHEHHO YNOPALOYEHHEIMH
FBRAIOTCA TOYKH TPAMON, OTPE3KA, NPOU3IBONBHONA KPUBOH JTHHHY.

CooftcTra oriowenni NOPANKS (HepapxHu)

Cmpozuii nopadok (X < y) Hecmpozuii noprdok (X S y)
AHIHpedNeRCHBHOCTB PednekCHEBHOCTS
ACHMMETPHYHOCT AHTHCHMMETPRMHOCTD
TpanIHTHBHOCTS

Paimyator OTHOWEHHE Hecmpozoeo nopadka (0HO pedineKcHBHO), Ha-
NpPHMEP, MHOKECTBO HATYPALHBIX YHCER, ¥ OTHOWCHHE CMpo2oze nopRoxa
(oHO aHTHpedreKcHBHO), HaNpHMep, clykefnas uepapxus, pesynLTaThl xe-
pebLeBkd,

OTtHourenne monreparmuocmi YIOBNETBOPAET CROACTBAM Pe(neKCHR-
HOCTH U CMMMETPUMHOCTU. [ing 3TOro OTHOWEHUS, B OTAWYNE OT SKRHBAJCHT-
HOCTH, TPAHINTHBHOCTL HE 0'55[351’!‘6.715!{3‘ H 3HAYUAT DSKBHRANCHTHOCTE CCTb
qacTHBIE cnyvall TonepanTHocTH, OTHOIICHUE TONEPARTHOCTH NPEICTABISET
¢o0olf IKCMIMKAUMIO WHTYHTHBHBIX TNPERCTABNCHUN O CXONCTBE M HEpa3nu-
uyumocTs. Kakpstfl 06bekT HepaznuuuM cam ¢ coboft (pedmexcHbHocTs), a
CXQICTBO ABYX OOBEKTOB HE 3aBHCHT OT TOro, B KAKOM NOpPAJIKE OHH CpaBHH-
BAKOTCH (CHMMETPHYIROCTS). B TO e BpeMs, ecnu ofuH offbexT cXoNieH ¢ Apy-
THM, 3 Ipyroit cXoOeH ¢ TPETBHM, TO 3TO BOBCE HE O3HAYACT, YTO BCC ORM 00s-
3aTENbHO CXOZHBl Mex Iy coDoMH, T.e. CBOWCTBO TPAHIHTHBHOCTH MOMET HE
BLIMOAHATHCA,

Cooiicrsa oTnowenni TQIEPAHTHOCTH (NOXOWECTH)

PedaekcHBHOCTD

CHMMETPHYHOCTD

CxoncTBo MEXIY Pa3ARMHEIMH OOBEKTAMH HMEET TOHHBIR CMBICH TONBKO
TOr D4, KOTHa ykasana COBOKYIMHOCTE NPH3HEKODB, OTHOCHTENBHO KCITO]JOﬁ AT0
CXOACTBO yCTaHaBHBaeTeA. JIpa ofbeKI2 CHUTAIOTCA CACHOHBIMH {TONCPAHT-
HBIMH), ecni oHu ofnamaior XoTa 651 onnEM ofumM npusHakoM. Hanpumep,
€CNiH OTpefelHTE OTHOLWIEHKE MEXAY CIOBaMKH Kak HamwuMe XoTs Om oaHOH
obtuci GyKBel, TO TOREPAHTHBIMH OyQYT NEPECCKAIOLIHECH CIOBA KPOCCBOPHA,
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Mpumep. Onpegenns OTHOINEHHE TONCPAHTHOCTH KaK CXONCTBO Mc-
WAY 4eTHIpeXOYKBEHHBIMH CNOBAMM, €CAH OHM OTRHYAKTCA TOMBKO OJHOH
GyKBO#l, MOXHO «TPEeBpPATHTL MYXY B CIOHAY:

MYXa — MypH — Typa — Tapa — Kapa — Kape — Kaie — Kafp — Kaop ~ Kawk
— KPIOK — KPOK — CPOK — CTOK — CTOH — CAQH,

OTHOLICHHE MOMET ObITh OTIPEAENSHO HE TONbKO JUIA nap ofbekTos, HO
H AN8 TPOeK, YEeTBEPOK H T.JA. (n-MecTHOE OTHOWEHNE), TIpHMepoM TpexmecT-
HBIX (TEPHAPHEIX) OTHOWERME ABNANOTCA: APHPMETHHECKHE OTICPALIMH HAA
YHCIAMH, OTHOIISHHE MEXITY POOHTENAMH 1 NETBMH {OTBH. MAaTh, pCGEHOK) H
T.0. [Iponopumsa X : ¥ = 7 ! it MITMOCTPHPYET YETHIPEXMECTHOS OTROWICHHE.

MomnoeTe MHOMECTB. Bonbiioe 3HaYeHWe B MATEMATHKE HMEOT OT-
HOIIEHHY, HA3BIBACMBIC 3AKOHAMH KOMNO3IHLWH, KOTOPBIC CTABAT B COOTBOTCT-
BHE [1ape KAKHX-NHOC 3EMEHTOR TPETHH 3NEMEHT M3 OAHOTO W TOTO JKE HIHN
H3 PANTHYHBIX MHOXECTB. ONPEneana Ha HEKOTOPOM MHOXKECTBE ONMH HIH
ZBA TAKMX 33KOHA H HAJC/AY KX HCKOTOPLIMY CBOJICTBAMM, MOMYHAEM PA3THY-
Hele airebpanyeckue CHCTEMB TPYNMIbl, KONBUA, (ONA, TeNa U T. A DTH H
ronoGHbie WM alCTPAKTHLIE NOHATHA ABNAKOTCA 0BOGUIEHNAMH CAMBIX pasHO-
obpa3HBIX 00BEKTOB MCCNEAOBAHHA KAK B CaMOH MaT¢MATHKE, TaK M B CIElH-
albHEX Oﬁ.ﬂaCTﬂX HAYKH H TEXHHKH.

[ycTe X' n Y~ ABa NpoM3BORBHBIX MHOXECTBA. ECTECTBEHHO MOCTABHTH
BCTIPOC O CPABHEHHH MHOMECTB 1O YHCTY MEMEHTOB,

Ecnu muoxectsa X 1 ¥ koHeunsl, TO AOCTABAEHHAS 388a%a MOXKET GLITh
pelicHa AsyMy cnocobamu:

1. TlepecunTaeM YHCNO DNEMEHTOB B KANIOM H3 MHOXKECTB H CPABHHM
pe3yNLTaThl, DT TI03BOJIUT HAM HIY YCTAHOBHTEH PABEHCTRO HHCNA MICMEHTOB
B MHOMECTBAX WITH YKa3aTh, B KAKOM M3 MHOXKECTE 3neMeHTOB Oonbite. Onna-
KO MOYXHO MOCTYNHTL H HHAYe,

2. Ka#aoMy aneMedTy x€.X rocTaBAM B COOTBEYCTBHE OJAHR H TONBKO
OHH 3MTEMEHT yE Y.

Ecnn npH 3TOM OKaBIBACTCA, MTO K&H{I[B[ﬁ ANEMERT yE Y CTaBHTCA B CO-
OTBETCTBHE OJHOMY H TOILKO OJHOMY MEMEHTY XE X, TO TOBOPAT, YTO MEXIY
INEMEHTAMH MHOXKECTB X 1 ¥ yCTaHOBNGHO BIaMMHO OJHO3HAYHOE COOTBET-
CTBHE.

OuepHano, YTO JUTA KOREYHEIX MHOXECTB BIAHMHO OfHO3HAYHOE COOT-
BETCTBHE MOMHO YCTAHOBHUTE TOJBKO TOTAA, KOTAA YHCHO 3NCMEHTOE B 3THX
MHOKCCTBAX ONHHAX0BO.

Jlerko BMEETEH, WTO B TO Bpems, KAk MCpablt cmocol {moacuer umena
J7EMEHTOR) TONHTCS NHIE IUIA CPABHEHHA KOHCUHBIX MHOXECTR, BTOPOH ¢no-
cob (ycTaHeRACHHS B2AHMRO OMHOIHAYHOrO COOTRETCTRHA) NORHTCA B OOHHA-
kOBOH Mepe KaK JUTX KOHEYHBIX, TaK H ANlA GeCKOHEHHBIX MHOMXKECTB.
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SlcHo, YTO B3aMMHO OAHOIHAYHOC COOTBCTCTBHUE ABYX MHOMECTB — 3TO
YACTHBbIH cayuall oroGpaxeHns (QYHKUHH) ONHOTO MHOWKECTBA Ha Apyroe,
MpY KOTOPOM PasHbIM 3MEMEHTAM TEPBOTO MHOXECTBA OTBEYAIOT pasHble
IEMEHTEH! BTOPOTO,

Ecnu Mexay mHoxkecTBaMu X M Y yCTAHOBJICHO B3aHMHO OAHO3IHAYHOE
COOTBCTCTEHE, TO FOBROPAT, YTO ITH MHOWKECTRA IKBUSHACHMHLE (HJ]H PaBHO-
MOILHBI) | 3anuchiBaor X - Y. OTcioaa creayeT, 4To €ClM B3 KOHEMHEBIX
MHOXECTBA DKBHBAJIEHTHLI, TO OHM PAaBHOMHCNCHHGI, TakHM ofpazoM, NoksA-
THE PKBHBANIEHTHOCTH MHOXKECTB €CTh 0DOBINCHNC TIOHATHA PABHOMHCICHHO-
CTH Ha cnyual fecKOHEYABIX MHOXECTE.

[Tpusenem aApyrue npuMepst TOMAPHO IKBHBANECHTHRIX MHOXKECTB!

[, Mycts MHOxecTBO X = {1, 2, ..., #,...}. TO €CTL MHOKECTBO HATYDAAL-
HBIX yHcen, a ¥ = {-1, -2, .., -a,...}, T0 €CTE MHOXECTBO UEABIX OTPHLATENE-
Heix yucen X ~ ¥, Tak KaK Mexay HHMH YCTAHABAHBAETCH BIaUMHO OOHO3HAY-
HQ¢ COOTBETCTRHE,

20y X={1,2, ..., n...},a¥={(2,4, ., 2n,..}, TO eCTh MHOXKECTBO
4ETHEIX MONOKUTEREHBIX yHcel, X ~ Y, TaK KaK B3aHMHO OAHOIMAYHOE COOT-
BETCTBHE MEXKNY HHMH YCTAHABNHBAETCA N0 3akoHy A an e 2ne V.

Kak oTMeuanock BLIUIE, OTHOIEHHE DKRHBATEHTHOCTH MHOXKECTE ped-
NEKCHBHO, CHMMETPHYHO H TPAHIUTHBHO. [103TOMY COBOKYUHOCTE BCEX MHO-
JKECTE PACIIanacTCA HA KLIdCeCcsl DJKBHBANEHTHLIX MHOMXKCCTH.

[ToHATHE 3KBHBANCHTHOCTH -— JaNeko uayulee obobuieHHEe NOHATHA
PABHOYHCICHHOCTA.

n)"CTb B MHOXecTBe X HMEETCA colcTBENHOC NOAMHOKCCTRO, paBHoO-
motBoe Y, Ho 8 ¥ Het cofcTheHHOro noaMHoxecTea, pasroMownoro X. To-
rJa FOBOPAT, YTO MAOWHOCM s Mitoxcecmea X BObIIEC MOLTHOCTH Y.

Hanpumep: 1) Muoxkecteo N BCceX HaTYpallBHBIX Micen HMeeT DonbuIyH
MOLIHOCTD, HeM MHoxecTBo ¥ = {1, 2, 3};

D nyers X ={1,2, 3,4}, ¥= 19, 13, 5). PaccmoTpuM coGCTBCHHOR 104~
mHoxkecTBo X) = {1, 2, 3} MHOxecTBa X. OHO OUEBHANO PABHOMOWHO MHO-
#ectsy Y. Hu 04HO U3 cOBCTBEHHBIX MOAMHOMKCCTE MHOMCCTBA ¥ HE MOMKET
OBITE paBHOMOINHO BCEMY MHOXeCTBY X. Takum 0GpasoM, MOLIHOGTE MHOMXKE-
ctea X Gonbllie, 4eM MOIUHOCTD MHOMECTBA Y,

Ina koneunoz0 MHoXNCecmed €ro MOILIHOCTE €CTh YHCIG IACMEHTOR 3T~
o MHOKECTBA. MOWHOCTE 4108020 DeCKOHEUHO20 MHONCECHEd GONbILE MOTIT-
HOCTH MOO0ro KOHEUHOTO,

Cpean GecKOHEYHBIX MHOXKECTB HAMMEHBIIEH MOINHOCTBIO 0Onagaer
MHoecTBO N Beex HaTypankHBIX UMCEA H BCE MHOMECTBA, EMY PABHOMOLI-
Hele (TaK Ha3blBAEMblE CUETHRIE MHOXKECTBA). MownocTes MHOXecTBa R BCex
ACHCTBHTENRHEIX YHCEN (TAX HAILIBAEMAd MOWHOCTE KOHTHHYYMa) Gonbile,
YeM MOIIAOCTE CUETHOTO MHOXKECTEA,
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3. JnemeHTLI GUCKPETHONW MATEMATUKH

Yie 0, MECHIO U KOMOURGHUS — MPU BICUMKO HEPEKPLLYURAIIUICR HO
OMBUNRBIE CPEPH MBIUACHUA K KOMODPHIM MONCHO OMNECHIN 808 MAMEMAMuNeKue
tden

Ax. CunoeecTtp

KoMBHNATOpHKA — Pa3filen MaTeMaTHKM @ KOTODOM HIYYaITCA BOMPOCHLE O TOM
CKOMBKO PAAMMYHBIX XOMBUHELWA, NOQYAHEHHBIX TEM HNK MHEIM YCNOBHAM, MOKHO CO-
CTABMTE U3 3a0AHHLIX OSLEKTOR [IpYrMMIA CROBRIAW, 3TO DA MATEMATUKA, B KOTOPOM
MIYHAIOTCR 29441 BEIG0Pa SMEMEHTOR M3 IARAHHNG KOHBYHOMD MHOMBCTEA M pasme
WEHMA 3THX 3MEMEHTOS B KakoM-nuGo nopsigke HanpuMep CKOMbKG PaINMYHDIX Y€Tbl
POXIHAYHBIX YMCEN MOXHO HAMWUCaTL C nomowel wshp 1 2 3, 4 683 nostopeHHs

unp?

31 3nemeHTbI KOMBMHATOPMKM

3 11 Ocuosnsie npasura komOunamopuru

Mpaguno cnoxeHnA

Dpumep TlycTe w3 mynkra A B KyHkT 5 MoxkHo aoGpatbed camote-
TOM, MOE3AOM K aRTOBYCOM, NPHYEM MEKIY ITHMH MYHKTaMH CYLUIECTBYIOT 2
aspamapipyra, | — keneaHoZopoxHelt W 3 — apToGycHEIX CnenoBaTentHo,
ofulee YHCNO MApWIPYTOR Mexay MyRKTaMH A M B paso 2 + | + 3 = 6
O06001man 3ToT NpUMep, MOKHO CHOPMYIHPOBATD TIPABMNG CIOKEHHA

Ecau ssiop kaxnoro u3 ofibekToB a, (1=1.2, , %) MOXHO BBLITONHHTb

n, crmocofamn, To BeOOp "wnka,unua, WG " MOKHO TNPOU3BECTH

k
= En, caocobamiu

=l

Mpasuno yMHOMSHUA

Mpusmep CroNbKHMH Pa3THYHBIMH CITOCOBAMH MOXKEO PACTIPEALTHTE
9CTHIpE I0apa WO ABYM NYHKAM, B KOTOPbIE NOMEIIRCTCK POBHO OOMH mIap
OuyeBHAHD, TIEPBYIO NIYHKY MOXHO 3aNONHHTL YETHPBMA ciocofamu, Tak Kak
npi Bubope mepBofi NyHKH HMEeTCs eTelpe miapa Bropyio AyHky MOmHO
JAMOMHHTE TPEMA UIAPAMH, TAK KAK (0CNE 3aN0JHEHUR repBoi AYHKM OCTa-
NOCh TPH Iapa

3ameTHM, YTO C KAXKZBIM H3 YeTeIpex <nocoDOB 3anMOfHEHWA WEPBOK
TYHKH MOXET COBMacTs Mioboi n3 tpek cnocobor 3anonuenns sropoii [lo-
yroMy 0fILitee 9ueno cnocofor PacnpenencHH] ABYX NYHOK pasHo 4x3 = 12
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anuiens TeDeps NPABHAC YMHOKERYKA B 00WEM BRIE
Ecnu BeiSop kaxaoro u3 & 00beKTOB g(r=12 .k) MOXKHO OCYllecT-

BUTE n, cnocofaMH, To BHOOP "Ha.Hwm, ,Ma,” MOKHO [IpONIBECTH
&
N =Hn, crnocofaMu

1=]
312 Pazmenenus

TIycTh AaHO MHOXECTBO, COCTOAINEE U3 72 HNEMEHTOB PaMellcHHEM H3 i
nemMeHToB 0o k (0 £ &k S r) aneMeHTOP HAILIBACTCA YIOPKOQUEHHOE NOAMHO-
JECTBO, CORepKatlee k PAINHMYHBIX JNCMEHTOB NaHHOIC MHOMecTBa Bee 3t
AOAMHOKECTBA OTAHYAIOTCA OpYT OT APYTa MM COCTABOM JIEMEHTOB, MIH
MOPALKOM WX pacnpenenedns Ho YHeIo MEeMeHTOB BO BCEX ATHX NOAMHOXE-
CTBAX PABHO K

Jna onpepeneHla YyHea A,’,‘ PasMeIlleHHI U3 it AIEMEHTOB 10 & YYTEM,
4TO NEPBLIH INCMEHT NOAMHOXKECTSa MOXET OBITE B3AT # PATIHYHBIMK CITOCO-
Gammy, pTOpoil - (n-1) comocoBom, ., k-it aneMeBT - (n—(k-1)) cnocoGamu Or-
CHOAR, HCAOAE3YS NPABAN0 YMHOKCHHR, IOTYHaeM

[rn=-1) (n=(k-ptn-k) 1}

L I k=T = =
Ay =nn=-1 (n-{k-1) [(r=fexn=Ce+1) 1] (n-k)!

3neck a'=123 (n-Bnu(n-k'=123 (n-k)

{
Yenoeumes cunrate 0! = 1, ostomy A5 = %T =1

{Ipumep B copesHoBaHuAX mpunuMatoT yuactue 16 komaux Cxonb-
KHMM cnoco0aMi MOTYT pacrpeneTHTbCA TpH NEPBBIX MecTa, T ¢ Heo(xonHMo
HalTH YHCAD BCEX ITOAMHOKECTB, COCTOAIMHX U3 TPEX JNCMEHTOB, OTHNYAKD-
umxca ¢OCTABOM (HOMEPAMH KOMAHMI) MR NMOPAAKOM HX paMemleHHd (noa-
muexkecTBa No |, No 2, Noe 3 Ne 2, Ne 1, Ne 3 sensieten pazHedmu). Taxum
ofipasomM, uMeeM Aeno ¢ pasMenienieM Toraa ACkOMoe YRCNO paBHo

16! 16! 12345678%9101112131415146

P A LA LA =14 15 16= 3360
T 06-3 13 12345678910111213 3

313 Hepecemanoexu

IMepectanoBKOil H3 R INEMECHTOB HASBIBAETCH PA3MELICHHE H3 2 INCMCH-
TOB 0 1 femenToB Tak Kak Ka)aan NCPECTAHOBKA COACPIKHT BCE 1 IIEMEH-
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TOB MHOXECTBA, TO PAIHIHBIC NEPECTAHOBKH OTIHYAaeTca IPYr OT IAPYra
TOJNBKO TOPAIKOM CHCAOBAHHA MEMEHTOB.

Yueno Beex BOIMOXKHEIX NEPECTAHOROK #3 1 AMeMeHTOB 0003HavaloT P,
P=4= {nf!n)! =;+:= n!, 10 ecTs P, = nl.

Mpumep. CronbKAMY cocoGaMu MOXKHO PACCTABHTE 6 PamIMMHBIX
KHHT Ha ogHoil nonke?

Hexomoe qucno crnocobos parno

Fo=61=1.2-3-4.5.6=720,

JleAcTBUTENEHO, MEPRYIO KHUTY MOXKHO BwOpaTh LWecTbio crnocobamn,
BTOPYIO — NATHIO CTIOCO0AMH H T.1., MOCNSAHIOW0 — ofHuM cocofom. TTo npa-
BHNY YMHOKeHHS 06luee wHeao cnocofos pasHO 6-5-4.3-2.1=720.

3.1.4. Covemanusn

TycTs Daio MHOMECTBO, COCTOAMIEE U3 1 dneMeHTOB. CoveTaHNEM H3 i
anemenToB Mo k (0 £ k < n) aneMenTos HasbiBaercd Ar0oe NOAMHOKECTBO,
KOTOPOS COUEPNUT k PAITHIHEIX WIEMEHTOB A2HHOI'C MHOXKeCTRA, TakuM 06-
PA30M, PA3THHHBLIME MOIMHOKECTBAMM CHHTAIOTCA TONLKO TE, KOTOPLIE OTIIH-
YAKOTCA COCTABOM 3eMeHTOB. [T0AMHOMECTED, OTTHYAHIIMECH ApYT OT ApYyra
JVILB TOPSAKOM CCHOBAHMA IEMEHTOB, HE CYHTAIOTCA Pa3NMUHbIMH,

YHeno sceX BOIMOKHBIX COMETaHHH M3 n dNeMeHToB no &k obo3Hagaerca

C¥ . Tek xax umHcno nepecTaHoBOK 3 k PaBHO k!, TO SMCNO pasMemeHRi U3 n

IIEMEHTOB 110 K — A,'f Oyaer B k! pay Goneie, YeM MHCAO COUETARMA M3 N

k t
N » i X ko A _ "
MeMEHTOB N0 k — C, , T.e. 4; =k1C, , oTcioma C, _"Lk! -———-——(n_ o

Mpumep. B Gpurage 3 25 uenosek HYXHO BelACIATE YETHIPEX IR
paGoTel Ha ofpedeneHHoM ydacTie. CKOTBKAMH cNocoGaMy 3TO MOXHO che-
nate?

Tak kak mOPANOK BRIOPAHHLIX YETLIPEX 4YE/NOBEK HE HMEST 3HAYSHHA, TO
3T0 MOXHO CIeNaTh Cjs cnocoGamu:

251 251 21122.23.24.25 22.23.24.25
Ch = = = = =12650.
BT 25-4140 214! 214! 1-2.3.4
YapaXHeHHn

1. Hmeerca 5 supon koupeptob §e3 Mapok U 4 puza mapok. CroNbKHMu
croco{aMy MOKHO BEIBpATh KOHREPT M MapKy AN NOCHUIKH THCEMa?
Omeem. 20,



2. Y3 9 genoBex Hamo BeiGpath 4 uenoBeka B PAIMECTHTD MX HA YEThi-
pexX 3aHYMCPOBAHHEIX ¢Tynbax (Mo 1 yenosexy Ha cTyne), CXONRKMMH CIIOCO-
GaMu 370 MOXKHO cZenarts?

Omeem, 3024,

3. CronbKHMH CTIoCO6aMH MOXKHO COCTABHTE KOMAHZY M3 4 UCTOBEK
ANg CopepHoBaHua o Gery, ecnw uMeetcs 7 Gerynon?

Omsgem. 35.

4, CronbKHMH criocobaMi MOKHO QOHTE & CTYRbeB TKAHBIO, €CITH HMe-
JOTCA TKAHM IECTH PA3NUYHBIX LUBETOB M BCE CTYNBLA OOMKHH ObITh paszHOro
usera?

Onigem, 720.

3.2, 3nemeHTol TEOPMY rpacoB

ITponczoknenne rpadon, MBorne 3anauy CBONATCA K PaccMOTPEHHIO
COBOKYMHOCTH 00BCKTOB, CYILECCTBCHHBIE CBOMCTAA KOTOPHIX ONIMCHIBANOTCA
CBA3AMY Meaay HHMH. Hanprmep, rasas Ha KapTy aBTOMOOHMLHLIX ROpOT,
MOKHO HHTEPSCOBATECA TONBKO TEM, UMELTCR M CBA3L MEHIY HEKOTOPBIMH
HACCAEHHDIMH HYHKTaMH, OTBACKAACH OT KOH(HIypalyH W KavccTBa AOPOT,
paccToAHHE W Apyrux nogpobHocteil. HHTepec MOTYT NpeACTABAATE Paziuy-
BEIEG CRA3H W OTHOWICHHUA MEKAY MOALMH, CODLITHAMH, COCTORHHAMH H BOOD-
we Mexay aoleivMe 0beKTaMH,

B noaobuwmx cmydasx yaeOuo paccmatpueaemsie 00BexTo! M300paxaTh
TOYKAMH, HAZLIBACMLIME GCpuiuiami, o CBATH MOKEY HUMH — JTHHHAMH (Tipo-
H3BONbHOH KOH(Urypauuy), HalplBacMeiMM pefpamu. MHOXECTBO BepIUHH,
CHRZU MEKIY KOTOPEIMH OMpEACNEHB! MHOKECTBOM pedep, HAKIBAIOT epagdiom.

Hepeas paGoTa no rpadas Grinma ony0aHkoBaHa ABaAUATHIACTHRM Jleo-
HapnoM JinepoM B 1736 r., koraa oH paGotan g PoccHitckoil akaJeMHH Hayk.
Ona coacpkana pereHHe 3a4a4s 0 KEHUrcOeprckMx MocTax: MOXHO NH co-
BEPUINTD NPOTYAKY TAakAM ofpazoM, wrolu, Bena w3 moboro MecTa ropona,
BEPHYTLCA B HETO, NPOHAA B TOYHOCTH ONMH pas mo KaxaoMmy MocTy? C tex
nop NOTOK 3aA84 ¢ ApHMCHEHHEM rpadoB HapacTan noaobHO CHexXHOA naBy-
He. Hapsaoy ¢ MHOro4nCneHHBIME roJJOBOIOMKaMA H HIrpaMd Ha rpadax, pac-
CMATPHRATTHCE BAXKHBIC MPAKTHUECKHE NpobaeMbl, MHOIHE U3 KOTOpBIX TpeGo-
BANH MAaTeMATHUYCCKUX METONOB. Yke B cepefinpe npoutoro peka Kupxrod
NpUMERAN rpafibl AT AHAMA3A JMEKTPHYCCKEX Hemneit.

Onrako Teopud rpadoB KAK MATEMATHYECKAR AMCIMIUMHE CHOPMEPOBA-
Nack TONRKO K cepennne 30-x rT. natero crofetiA. Teopus rpados pacnonara-
€T MOIIHBIM ANNapaToM PEeIlEHHR NPHINIBIHBIX 34439 H3 CAMLIX pa3IMYHBIX
ofinacteli Haykn »n Texanku, Clona OTHOCATCA, HATIPUMED, AHANH? U CHHTES G-
neit ¥ CHETEM, CETEROE MMIAHMPORANNE ¥ YTIPABNIEHHE, HCCACAOBAHNE ontepaliyit,
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BLIGOP ONTHMANBHEIX MapIIPYTOR W NOTOKOB B CETAX, MOAGNMPOBAHHE AHM3IHE-
AEATENBHOCTH OPraHM3MOB, HCCMeNOBaKHE CAYYARHBIX NPONECCOB B MHOTHE
OpyTHE 3anaun. Teopus rpadoB TecHo chA3AHA ¢ TAKHMH Pa3IneIamMyl MaTeMATH-
KH, KBK TEOPHA MHOXCCTB, TCOpHA MATPHL, MATEMATHYCCKAA NOCHKa W TEOpHA
seposTHOcTeH. Bo Beex 3THX painenax rpadel NPUMEHAKT [UlM NPEICTABICHUA
PAAMYHEIX MATCMATHUECKUX 0OBRSKTOB, M B TO Ke BPEMA caMa TEOPHA rpados
WHPOKO HCNONL3YET annapaT pOACTBEHHEIX PA3ACTIOB MATEMATHKH.

OpuenTaposannble rpadhl. Yacto ceasi mexay obbexTaMu xapaxte-
pU3YIOTCH BIONHE onpenencHHoN opucHTaupelt. Hampumep, Ha HexoTophiX
YAMIAX AONYCKAETCA TONBKO OXHOCTOPOHHEE a8TOMOOHABKOE ABHKEHHE, OT-
HOLIGHHA MEXU!IY TOABMH MOTYT OTPCAENATLCA MMOAYHHEHHOCTRIO WAM CTap-
WHHCTBOM. OpHEHTHPOBAHHLIC CBA3H XAPAKTEPH3YIOT MNEPEXON CHCTEMB M3
OIHOMO COCTORHMA B JAPYTOE, PCIYALTATEL BOTPEd MEXKIY KOMAHJAMYE B COOp-
THBHbIX COCTAIAHNAX, PA3THYHEIE OTHOINEHRS MEXIY YMCNaMy (HEpapeHCTED,
aenuMocTe). Jlna ykajanHA HAMpaBneHMA CBAIM MENCLy BepmuHammu rpada
cooTeeTCTRYIOMEE pelpo oTMeuaercs CrTpenkod. OpHEHTHPOBAHHOE TaKuM
ofpasom pebpo HassiBAKT dy20i, a rpad ¢ OPHEHTHPOBAHHBIMK pebpamu —
OPUCHIMUPOSGHHBIM 2PadhoM.

Bapemwennnie rpagei. Maneuefimee ofobwenne oToOpadenHa casiedt
Meway obbexTaMK ¢ MOMOUBH TpadoB COCTONT B MPHIHCHIBAHAH pebpamM H
JyTam HEKQTOPBIX KONWYESCTBEHHBIX IHAYCHMH, KAUSCTBCHHMX NPHMIHAKOB HIH
XAPaKTEPHLIX CBOHCTB, HasLIBaEMLIX secamu. B npocreiiem cmyydae ¥To Moxker
G6ITh MOPAAKORAA HyMepaLua pebep n ayT, YRasHBAIOIIAA HA OYEPSAHOCTE NpH
HX paccMOTpeHHH (TPHOPHUTET MM uepapxud). Bec peGpa HIH [yTH MOXeET 03-
Havate DIHAY (MyTH cooblicHns), KomnyecTso HaGpaHHEIX OMKOB (TypHHpSI),
XapaKTep OTHOWEHHH MekAy MoasMA (chiH, OpaT, oTel, NOAYHHEHHEIH, YdH-
T¢b) H T.11. Bec Moo npunuceIsate He Tonkke pelpadM H XYTaM, HO H BEPiuH-
Aam. Hanpumep, BeplIkHbl, COOTBETCTRYIOMINE HACRTEHHBIM ITYHXTAM HA KapTe
ABTOMODHIGHEIX ADPOF, MOrYT XapaKTEpPHIOBAThCA KONMHYECTBOM MECT B KeM-
MUHTaX, NPONYCKHON cnocobHOCTLIO cTaHuMit Texobenyxuranua. Boofie, sec
BEPLIHHE OIHAYACT NIOGYI0 XApaKTEPHCTHKY COOTBETCTBYHOWEre eif ofmpekTa
{uper v306pakaeMoro BEpUIMHO NPEAMETa, BO3PACT YENOREKA H T. IL.).

Tunw woneunwx rpadon. Ecnn MHOXECTBO BepIIHH Ipada kOHCHHO,
TO OH HAa3BIBAETCA KoHewHslM 2pahom. JINg opredTHpoBaHHOrO pebpa (AyrH)
PA3THUAIOT HAYAMBHWIC Gepluuiy, W3 KOTOPOH Ayra UCXOOHY, H KOHEHHWO
8epuiLIy, B KOTOPYIO Ryra 3aXoiMT. PeSpo, rpaHHYHbIMH BEPIIMHAMI KOTOPO-
TO ABNAETCA OIHA W TA e BEPLINHA, Ha3eiBaeTca nemaeil. Pefpa ¢ opunako-
BbIMH TPAHHUHBMIMH BEPILMHAMH ABARIOTCH NAPANENBLHBIMH H HA3HIBAIOTCA
kpamuomy. B ofiliem ciy=ae rpad MOMeET COAEPKATD H NIVAUPOSAHHBIE Sep-
Wi, KOTOPBIE HE ABAANTCA KOBUAMH pebep W ne ceasaHb! By Mexay coGo,
HY ¢ APYTHMH BEPITHAAMHE,
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Mapwpytsl. Hepenko sagaud Ha rpadax tpe0yior splaencHus paznuy-
HBIX MAPLIPYTOR, OORANAIOUIHX ONpPEACTCHHBIMU CBOMCTEAMH H XapakTepH-
CTHKAMHU. Mupupym DANUREL 71 ONPEAENICTCA KaK MOCTeNOBaTeNbHOCTL 11 pe-
Gep rpada (He 06A3aTENBHO PABNIHIHBIX) TAKHUX, YTO IPAHWYHBIE BEPLIMHLI
ABYX coceAHux pebep COBNANAIOT, Jamxuymbni Mapuipym NPHBORUT B TY e
BEPLIHHY, U3 KOTOPOil oH HauancA. Mapmpyt, ece peGpa KOTOpOro paIHYHSI,
HA3LIRAETCA yenLi?, A MapipyT, and KO‘I‘DPOFO Pa3TH4YHBI BCC BCPIIHHBI, Ha-
3bIBACTCA NPOCMOi Yenvio. JaMKHYTas HENb HA3LIBACICE KUKAOM. & TMpOCTas
HeNb —= Rpocmbim yuiiosm, MaplspyT, He cofepxaluldii NOBTOPAIOILIMXCS AYT,
Ha3bIBACTCA MymeM, 3 He COOepWalliHi NOBTOPRIOWMACH BEplUMH, — MPO-
Cmpist BymeM. 3aMKHYTBI NYTh HAa3wIBACTCH KOHmypom, a NPOCTOl 3aMKHY-
THI OYTb — npocmoim Kormyposm. I'pady HASHIBACTCA YUKANNECKUM (KOWMYp-
HbLM), ECITH OH COASPIUT XOTH OB ONUH LHKI (KOHTYp).

Hdepenbg H  Jec.
Ocobblit  WHTEpEC nNpea-
CTARIRIOT CBAIHBIE AlMK-
JTHdeckMe rpagel, Hasbi-
BaEMBIe depeshamu. Mepe-
BO HA MHOXECTBE p BEp-
WHH BCETARZ  CORBEPWMUT
g=p—1 pebep, 1.6. MHHR-
ManbHOEC KONWYeCTBO pe-
Gep, Heobxomkmoe MR
ToTo, uTOGW rpajp Gwin
CRAIUBIM, JISHCTBHTENBHO, [lepeso
B¢ BEPUIHKE CBAILIRAIOT-
cfl OOHUM peOpoM, H LI CBA3K KAKAOH NOCISNYOWEH BEPIIHHG] ¢ ITPSABIIYLIH-
Mu Tpedyercd pebpo, cnenoBaTebHO, LN CBAIK ¢ BEPUIHH HEOOXODMMO W J0C-
TavouHo p-1 pebep. Ipu noGasnesny & gepeso pebpa obpasyercs UHKN, A IpH
yAaNeHUH xoTA Gkl opHoro pedpa AepeBO pacnafaetcs Ha KOMIOHEHTBI, KaKaA
U3 KOTOpOH NpeAcTARNSET coboM TAIOKS JICPERO MNH HIONHPOBAHHYHO BEPIIHHY.
HecpAtHuil rpagh, KOMMOHEHTH KOTOPOTO ABIAIOTC JEPEBBAMH, HAIBIBACTCH
AEeCOM.

TIpuMepaMu APEBOBHIHOA CTPYKTYpB ABRAIOTCS FeHEANTOrHYECKH I rpad
(POLOCNOBHOE ASPEBO), A TAKXKE COBOKYMHOCTE BeeX (aiinos, pajMELIeHHBIX
Ha JECTKOM LHCKE KOMRbEOTEpa WIH anckere. Kawcawii norudeckwii amck
HMeeT KaTajlor, Ha3kBacMEIF rNaBHBIM HIH KopHeBbiM. Oy uMeeT ornapne-
HHe, TOA0OHOE OrNABNEHIMK KHHTH. B ornasneHnH KOpHeBOro karajqora nepe-
YUCHCHO COACPKHMOE AHCKA: HMeHA (aiIoB 3TOTO KATANOTA W APYTHX KaTa-
JOT08, BNKCHHBIX B HETO.
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4, INemeHTbl MaTeMaTHYeCKOW NOTUKH

Buicuiee Haznaveniie MamMemantuxy — Haxooume
noprROOK @ Xaoce, Komopeill HAC ORpYXNCaen.

H. Bunep

Havano HAyKK O JAKOHAX K cpopmax MBILUNSHWA CEAIbIBAIOT C MMEHEM ADHOTOTQI‘IH.
powno gea TeicA4eneTus, npexae yam 1. Nedbany npeanowmn BEACTH B NOTWKY MaTe-
MATUHECKYIO CUMBONWMKY H WENONLI0BATE 68 ANR otk NOrvueckHx AOCTROSHMA. ITY
WAe NOCNEN0BaTANEHO PRANW3OBaNn B NpownoM ctonetul k. Byne W Tem Cambim 3a-
MOKAN OCHOBBI MATEMATHHECKON (CUMBONUYBCKOR) ROMKW,

4.1. CyLyHOCTb MaTEMATUHECKOIW NOTUKK

Jloruka (o7 ApeBHerpedeckoro logos — CRORO, BRIPAKAIILICE MBICNE) ABIS-
erca HauanoM moboi kayunoid teopun. Jaxe B Bubmau 6bUio ckazaHo, yTO
"cuayana Geuto cnoso”. JlorHka Kak Hayka o cnocofax MbIIVIEHHA, MPHBOAR-
UIHX K HCTHHE, BOIHMKIA B MIy0oKoit apepsocTH. BE 0cHOBBI ObilH 3am0MeHE
apesrerpeMeckiMi Gunocodamu [lepmerninoM, 3eronom, [Tporaropom, Co-
KPATOM, CEGACHHA O KOTOPbIX OOWAH A0 Hac Gnarozapa Iinatouy (427-347 .
A0 H.3.). M OBUBT TAKKE BBIABNECHL HEKOTOPLIC APHHLMTG! M CXEMBI PACCYRIC-
unit (oryact). Ho Toneko Apuetorens (384-322 1T, oo H.9.) pEIIKTENBHO OT-
AT MX OT COICPKaHUA PacCyHACHHH M CO3RAN YUCTYIO CHCTEMY CHIUIOTH3-
MOB — MPaBpyA BbIBOA, YUTO NPHRBENG K BOIHHKHOBCHHIO TEODHH JIOFHEH.

[pasuna BEIBOAA TIO3BONINIOT NPeolpasoBLIBATL HCXONHBIC YTBEPKACRHAA
ﬂO}lOﬁl’lO TOMY, KaK TOXJCCTBEHHBIC npeoﬁpaaonaﬂua B MATEMABTHKS AT
BOIMOMKHOCTE PEINATE pasAnuHBEIC cHeTems! ypasHenudt. [locienyromnmM ta-
roM QopManuzallBK JOTHKH SBAKCYCA TIOABJIGHWE CIEMHANbHONH CHMBOMHKH
AnS TOYHOH M KOMDAKTHOM 3alMCH YTBEPXKAEHHH W OnpeacneHHA onepauuil
Han HUMIH.

Unes nepeHecenHs TeX METOAOB, KOTOphle 06RITHO MPHMEHTIOTCA B Ma-
TeMaTuke, Ha NOTHKY mocTencHHo peanuiyerca b, IMackanem (1646-1716),
T Neibauuem (1646-1716), JIx. bynem (1815-1864), O. mre Mopranom
(1806-1871), . ®pere (1848-1925), b. Paccenom (1872-1970), A. I'unebep-
oM (1862-1943), A. Mapxoeeim {1903-1979) u ap. Tak noABUICA R3LIK Ma-
TEMATHYECKOH JTOTHKH KakK HOTHHECKOS MPOOOILHCHAC 9361KA MATCMATHKH.

S3nIKOBBIMH (PODMAaMH ITOMD A3bIKA ABARIOTCA MATEMAaTHYECKHE TIOHATHA
— abetpakTHule obvexTsl. B oTanune 0T 0BLEKTOB PEansHOTO MHPA, OBM Ha-
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HHCTO JHUICHE! MaTeprafkHOA cywnoctH. Hanprimep, BunesapaHelii map, an-
INCHHBIH MATEPHANLHOA CYIIHOCTH, — 3TC OecKOHEUHOE MHOMECTBO TOYEK
TpexMeprore EBkAVI0BA NPOCTPAHCTBA, PACCTONHME KOTOPAIX 10 HEKOTOPOH
ocoBoit TouxKM He MpeBLINAcT BOMYAHLL R — panmyca »>Toro apa, M3 Takux
MATEMATHHECKHUX OOBEKTOR MOXHO CTPOUTH OffbCKTHL, MPOLECCH W ABNCHHA
peaneHOTO MHpa.

MosysaeMmele npy 3ToM NOROOHA HA3RIEAKOT MATEMATHACCKUMY MOLLTAMH.
Komnbtorep "oxueaser” 31H noaotusd, 4 OHU HAUHHAKOT BeCTH celia B Hexoro-
POM 3aMKHYTOM TIpOCTPaHeTRE (B eAHHWYHOM FUnepryOe, KOTOPEIR coldacTcs
YCTPOHCTROM NAMATH KOMIBIOTEPA) NOROGHO TOMY, Kak BeayT ceds B peanbuoM
MHpEe HCCTEmyeMble OBEKTH, (potiecckl H senedns. [Ipu arom Ge3 peakoro
pHCKa HCCACAORATENE MOKET OCYMISCTBAATE MOGHIC IKCNEPHMEHTB! HAA ITUMH
noacSHAMA. PesyAbTaTh! 3THX IKCIICPHMEHTOE He BLIPBYTCR 33 NPOAC/BL I8MK-
HYTOH KOMNBIOTEPHOH OAMATH, HE NOTPCBOKAT JIKONOTHUCCKYHD CHCTEMY pe-
ANsHOrO MHPA K €ro oburarcneit. HecneposaTenb NHILL MOAYURT OTBET HA BO-
npoc: «4YTo ke B ACHCTBHTENHHOCTH MONCT NPOH30HTH, ecn?. »

C mosBneHHEM AIBIKA MaTeMaTHYeCKOH MOrMKH CTAalo BO3SMOMKHBIM CO-
CTABJIATH ANFOPHTMEI JOTHUECKOTO BBIBOAA. 3aFOROPANA O COJARAMH "HCKYC-
CTBEHHOTO WHTEHNEKTA", H Beran bonpoc: "Hene3s A co3maTe YHHBEPCANb-
HbIH AATOPHTM NOMHYECKOrQ BLIBOAA (CYTEPHHTCANCKT), HOIBOANIOUWIMA HOKA-
34Tk WIH ONpOBEPTrHYTE nioboe yTeepxacnuc?" B cpoe ppema Takol cynep-
MHTenIexT usranues cosmare B, [lackane, I'. JefiGuun. IIporpamma
A.Fnaebepra Gpina nocneanel MONBITKOH peamilatliy 2TOT0 YHUBEPCATEHOTO
anropHTMa, HO N OHAa 3aKOHYHIIACH }[eynaqcﬁ. OK&'SMOCB, YTO CO3AaHHE TAKO~-
re CYNCPHHTCMNEKTA HEBO3MOKHO Jake Teoperwyecky, B 1931 r. aserpri-
ckuil mareMmaruk Kypt legcns nokazan, uro seaxas poctatounc Goraras
dopMansHaa CHCTEMa HE TMOJHA, TO €CTh B HEH HAlAYTCA COACPKATENBHO HC-
THHHBIE YTREPHKOCHHA, HE AOKA3YCMBIE B ITOH CHCTEME,

B NoCNCANNE ACCATHIICTHA JIOTNKA HAXOANT BCC Bonee INHPOKOE NTPHME-
REHHE B TEXHAKE NPH HCCNEROBARMHK A pa3paboTKe BLIYHCIHTEILHEIX MALIHH,
AUCKPETHRIX aBTOMATOB. E¢ METOAB HCNONBEIYIOTCA B TeOpHH mpeobpajona-
HHA H epedady HHOOPMALHHK, TEOPHH BEPOATHOCTEH H KOMOWHATOPHOM aHa-
nuse. MaTematHyeckas NOTHKA HAMMHACT BHEAPATLCH B TAKHE HEMATCMaTHUE-
CKHC oﬁnacm, KaK 3KOHOMHKAS, 6“0]‘[0]‘!151, MCOHAUKMHa, TICHXOJIOTHA, A3BIKO-
3HAHHC, TPABO. HaTeHcupRO PA3BHBAIOTCA CIICUMANLHEIC DAIAENLL MATCMATH-
49eCKOH JIOruKH, NPH3BAHHEIE OOCNYXHBATE KOWKPCTHBIC OOMacTh HAYKM H
TCXHHKH.

Croiib 3HCPIHYHBI BBIXOJ MATEMATHYECKOI NOTHKH 32 MPEICTBE MATE-
MaTHKA OOBACHAETCA TeM, UTO e¢ ammapaT Jerke PacrapocrpaHsercd Ha ofb-
exThl camoll ofimeli npApoar, HeoOXOANMO NHML, YTOOR OHM XapakTepH3O-
BAJIHCh KOHEYHBIM YHCIIOM COCTOAHHI.
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Heysnauuar nozuxa UMEST AeNo ¢ TakkMy O0BEKTAMH, KOTOpRIE NPHHU-
MAKT OFHO M3 ABYX BOSMOKHBIX 3HAYECHHA (WHCTHHHOE HITH NIOKHOE BBICKA3L-
BAHHE, HANIMMHE HAH OTCYTCTBME 3ANAHHOTO IPH3HAKA ¥ 00bekTa U T.0.), O6B-
CKTBI, KOTOPEIE MOTYT NPHHHMATE 3HAHCHMA M3 KOHEYHOTG MHONKECTBA, CO-
Hdepoailero Gomsine ABYX NIGMEHTOB, HRILIBAIOT MHozosnawnsimy. Ouu nubo
CBOAATCA KAKAM-RUGYAL cnocobomM K ABYIHAYHRIM 00BCKTaM, MO0 oBcmyxi-
BAKOTCA ANMTAPATOM MHOZOIHAYNOT NOZUKY.

YcTosplneeca NPSACTABICHHE 0 MATCMATHMECKOH NOCHKE KaK Hayke,
WIYHAKOLEH 3AKOHB! MBINICHHA ¢ NPHMEHCHWEM ANMNapaTa MaTEMATHKM,
TNaBHMM 00pa3oM, A BYEO CaMOH MATEMaTHKH, B COBPEMEHHLIX YCNOBHAX
CTAHOBHTCA CIMIIKOM Y3KAM. C pacmupennem obnacredl npHMEHeHus H
JambHelIINM PAIBATHEM MATEMATHHOCKOH OTHKH HIMEHAETCA H B3MAISA Ha
nee. OGkexTaAMH MATEMATHIECKOH MOTHKY ABAAIOTCA M0OLIe OHCKPETHLIE KO-
HeqHRIC CHCTCMEL, 2 €@ TNIABHAd 33Aada — CTPYKTYPHOE MOJSNHPOBAHHE Ta-
KHX CHCTEM.

4.2, OcoBeHHOCTH MATEMATUNECKON NOrMKA

MareMaTuyeckas JOTHKA COGNATS BOIMOKHEIM YCOBEPIICHCTROBAHHE
AKCHOMATHYECKOTO METOHA N CAMA YCOBEPINEHCTBOBANACH ¢ [MOMOLIBIO ITOTO
METoAQd,

Kak BUAHO M3 NpeAbIIYUICro, HAZBAHHE (MATEMATHHECKAA JIOTHKA» MO-
FHET HCTONMKOBLIBATECHA ABOAKO.

C onHoft CTOPOHBI, 9TA OTPACHE HAYKH CTPOMTCHA KAk MATEMATHYECKAs
TeOpHA, B Heil HCMONB3YIOTCA MATEMAaTHYECKHE METOABI, TAK YTO B 3ITOM
cMbICNe OHa npepctasnger cofolt «mareMaTUKy NOTHKH». C IpYrofi CTOPOHBI,
pa3pabarkiBas TOWHEI TOrHYECKHiT AIBIK MATEMATHKY, OHA CYWHT «TOTHKOH
mMareMaTukiy». TWaTebHENI aHATH3 COOTHOIUCHHA NPEIMETOR MATEMATHEA H
NOrHKH ceg3ay ¢ rnyGoknuMH GHNOCOHCKIMH NPOOAEMAaMH H HE MOXET OBITH
{IpeIMCTOM HAILUETD PACCMOTPCHMA B 3TON KHHTE.

Oxano#f N3 xapakTepnblx ocofcHROCTe! MaTeMaTHUECKOH NOTHKH ABAS-
ETCA UCMONBIOBAHHE MATEMATHHECKOrO AILIKA CHMBOTIOB H opMyTI.

B mareMarHdeckoM A3BIKE, TK ke Kax B oBLMMHOM, MEI NOJIB3yeMcA
HMEHEMH NPEeSMETOB, T.€. YCITOBHBIMU A3BLIKOBBIMI BRIPAKEHUAMH, KOTOPRIMU
0003HAY2I0TCA 3TH NPEAMETH, paznuvas MpPH 3TOM HMA TNPEAMETA H cam
npeamMer, 0603HauaeMEilt ITHM HMeHeM.

Tax, Mbl OTIHYaeM 9Mcho mATh kKak ofmiee ¢BOHCTBO («HHRAPHAHTY)
Knacca MHOWKECTB, IKBUBATICHTHBIX, HALPHMED, MHOXKECTBY HANEBLCE YCROBE-
yeckoW pyKH, OT CIIOB& «NATH®, KOTOPEIM 3T0 YHCAO obo3HavaeTcd Ha pyc-
CKOM fI3MIKE, OT AHINHICKOrD «fives, OT 3HAKOB «3», «l0ln, «V» 1 1.1, KOTO-
PbiMH OHD ofo3HAMacTCd B PA3NHHHEBIX CHCTEMAX HYMEDaLWH.
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J3uik Xopowo MpHcnocobnen Kk TOUHOMY OMHCAHHK HekoTopoil obnacT
MpEAMETOR, ecn B HeM (1) ANA KaXaoro npeaMeTa, CBOWCTBA fpeAMETa H
OTHOHIGHHA MEAMY MPEAMETAMH 3TOH o0NacTH HMeeTCs MMA; (2) pajTHYHbIC
NpEAMETAL, CBOACTBA, OTHOWIEHHR MMEIT palAnyHble FMeHa. ECn He BeImoN-
HACTCH TIEPAOE W3 ITHX YCIOBHH, TO A3LIK OEIcH, HCAOCTATOUCH ANA ONHCAHHS
AaHROH OGNACTH NMPeNMETOR; ¢CAH Ke HE BHIMOAHASTCS BTOPOE YCNOBHE, TO
A3LIK OKAABIBACTCH IIBYCMBICACHALIM. Takol ABYCMBICACHHOCTLI, B CHITY pas-
NHYHBIX, HCTOPWYECKH OOYCNOBRCHHBLIX TIpHMRH, 0ONafalOT ¢CTCCTBEHHLIE
A3elk, Hamsmue B HMX OMOHMMOB, T. €. OMHHAKOBBIX CIOB, CNYKAMIHX HME-
HAMY pamuquux HPCHMCTOB («mca»), “OYK» H T.l'l.}, ABNACTCHR HApYILICHUEM
yenoBra (2). MateMaTHYeCKkHH A3bIK, NPONCXOAA OT OOLIYHOIO, ABNACTCA pe-
IYALTATOM €0 YCOREPIICHCTBOBAHHA, B YaCTHOCTH YCTPAHCHUA ABYCMBICTSH-
HOQCTH.

K saseiky ofeiuno He npeawsssndercd TpefoBaHue, HTOOR! pasnHuHLIC
KHMEHA 0603HA9ANM PAZTHUHBIE TTPSHMETD], T.¢, PAIPELIAIOTCA CHHOHKMBL, JTO,
poofiule roBopA, OTHOCHTCA W K MATEMATHYECKOMY A3BIKY, MOXHO, HAanpHMep,
CHHTATb, YTC «l+2» M «3In——pPasTHUKBIC HMECHA OAHOTO H TOMO XE YHCNA.

B snementapsolt anrebpe Gykpamu oo3Hadarored B OCHOBHOM 4Hena. B
noruKe e Oyxpamy oG03HaYAKOTCA JOrHYecKHe OGBEKTH, HAPHMEp Npelulo-
senud. [loa npeanoxeHueM NOHUMAIOT TO, YTO 00BIYHO TIOHHMAOT fTO] ¥THM
TEPMUHOM B TPAMMATHKE MOOOTO €CTECTBCHHOTC A3BIKA, 3 HMEHHO A3LIKOBOEC
BRIPAKECHHE WM COEAHHEHUE CNI0B, HMEIOLIEE CaMOCTOATENLHEI CMBICI.

B npoliecce paccyxacHHA (He TONhKC B MATEMATHKE) Mbl M3 OJIHUX
MpenacKeHHA hopmHpyeM ApyrHe, npeolpasys HX ¢ MOMOINBIC MaCTULB] #e
HIH COBHMHAS HX € NOMOLLBIO CORO30B K, WA, £C/Mi..., MO, €CAl U MONBKO eChut
W 1p., o003HauAIOWKNK ONpelencHHble NOTHYECKHE CBA3H MEXILY Npeinome-
HHAMH.

JL1A BBIRCHEHHA CTPYKTYPB! CKOHCTPYHPOBAHHBIX TakHM o0pazoM crox-
HBIX. ApeAnokeHHi Onteaet ynolHo nexoanbie npeanomenus obosnadaTe yk-
BAMH, OTBIEKAACH OT HX KOHKPCTHOIO COACPACAHHA.

OnHa U3 CyILEecTBEHHBIX 0cOOCHHOCTEH MATEMATHYECKOTO A3bIKa COCTO-
HT B NPHMEHEHWH MNepeMeHHBIX PAIMYHLIX THNOB, Gnarojapsa 4eMy TakOi
A3bK cnocofeH Bulpakats afcTpakTHhle GOpMEL, KOTOPLIE MOTYT 3AMONHATECA
PaxIHYHBIM KOHKPeTHRIM coaepxanven. [Tonarue 210 no cyecTsy BCEM HaM
XOPOWIO 3HAKOMO — € HHMM MBI Y8CTO BCTPEMAEMCA, JaMONHAA PadTHUHbIE
CTaHAapTHEIC GnanKi.

[lon nepemMeHHOR Mbi NOHMMAEM CHMBOS, BMECTO KOTOPOTO MOKHO 1O4-
CTABHTH HMEHA 3NEMEHTOB HEKOTOPOTD MHOKECTRA.

fpenmMetsl, HMEHa KOTOPHIX pa3peliacTes NOACTABHTL BMECTO NepeMeH-
HOM, Ha3HIBAIOTCA €C IHAMCHUAMH, & MHONKCCTBO ITHX NPSAMETOB -— odna-
CTBI0 JHAYEHHH ITOH TIepeMEHHOH.
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B anemenTapnoii anrepe MCTONLIYETCA NHINE DARH TN NIEPEMEHHBIX, 2
HMGHHO NEPEMEHHDBIE, IHAYCHHIMA KOTOPBIX CRYXAT JHCHA; TAKHE NEPEMEH-
HBIE HA3BIBAOT YHCIIOBBLIMY EPEMEHHBIMH.

C noMOmBH ITHX AEPEMEHHLIX, UMEH KOHKPETHBIX HHCE H 3HAKOB OTfe-
painit o6palyioTea GOpMBI, KOTOPBIE MPH TIOACTAHOBKE BMECTO ITEPEMEHARIX
ux 3Havenni ofipawaroTca 8 YHena.

[Ipexnoxenne, OTHOCHTENBHO KOTOPOTO UMEET CMEICA [OBOPHTE, YTO €10
coAepXaHHe HCTHHHO MR TOWHO, OyaeM HA3LIBATE BEICKATHIBAHHCM.

Tpeanaoxkenue, coaepxanlce NEPEMCHHYIO, HE ABNACTCA BhICKa3bIBaHU-
eMm,

Hanpumep, «x < 3», U¢BHAHO, HE ABIACTCA BRICKA3LIBANHEM, TAK KAK HE
HMEET CMLICTIA MOBOPHTH, YTO OHO HCTHHHO HIW NOMXHO. Eca ke Wa MecTo
nepedeHHoH x NOACTABHTL Kakoe-HHOYAL uucno (ee JHAUCHHE), MBI IONYYUM
BBICKA3IBIBAHHE, HCTHHHOC HAM JIONHOE B 34BHCHMOCTH OT TONU, KAKOE HHCIIO
TIIOACTARNEHO.

B maremMaTH4eCKOR NOrHKE HCTIONL3YIOTCR W APYrie TURHL MEPEMEHHLIX,
3HAYCHHAMH KOTODHIX ABNAOTCA HE YNHCTA, & NOrHeckne 0OBEKTE, HanpHMep
BLICKA3LIBAHYSL.

[TotpebBOCTE B HCNOAB3OBAHHY TAKHX MEPEMEHHEIX BOIHHKACT B NOTH-
KE, HampHMEp, MTPH BRIACHCHHH BONPOCA O CIICAOPAHHH OJHONC CNOKHOrO BBI-
CKa3bIBAHHA U3 APYTOTO.

ITon cnoKHEIM BLICKa3bIBAHHEM MBI TIOHHMAEM BLICKAILIBAHHE, AONYyC-
Kawuee pacMaCHCHHE Ha JPYTHE BLICKAIBIBAHNA.

Ecny e HpKaKas 4acTh BbICKA3bIBAHHA CAMa yHe HE ABINETCA BRICKA3bI-
BAHHEM (HAH N0 KpaHiHeH Mepe He PaccMaTPHBAETCK KaK TaKoBOE), TO €ro Ha-
3BIBAKOT INEMCHTAPHBIM,

COBOKYMHOCTE W TIOPSAOK JOTHYECKHX ¢BA3eH (MK onepanuii), ¢ momo-
HIBIO KOTOPLIX CIOMHOC BHICKA3RIBAHHE OOpasoBaHO W3 HNGMEHTApHRIX, CO-
CTABMAIOT NOTHYECKYIO CTPYKTYDY CIGKHOTO BLICKAIBIBAHHA,

Onepaunyt Ha BHICKA3bIBAHVAMH ABIAWOTCA [IpeaMeToM Hauwbonee aue-
MEHTapHOH YacTH MaTeMaTHYecKoil mornih, RaseiBacMoH MOTHKOW (MAH an-
reGpoil) BBICKAILIBAHUI,

MoxHo nonb2oBaThed 000OHMH TEPMHHAMH («IOTHKA BHICKA3bIBAHUI» H
«anrefpa BEICKAIHBARHIID) KAK CHHOHMMAMH, 0DO3IHAYAIOLINMHA OOHY H TY Ke
YACTH JOTHKK ¢ PA3HbIX TOUEK IPEHHS: ITO H JTOrAKA (O CBOEMY OpeAMeTy) W
anrefpa (N0 CBOCMY METOAY).

Y1066 pasnHuuTE B TEPMUHONROTHH 3TH /184 TOCTPOCHWA, COXPaHEHO L
NepROry Ha3sBaHMe «TOTHKA (MM «anrcépay) BEICKaIbIBaHUHR, 8 ANA BTOPOro
HCIONB3YIOT TEPMHH (HCUHCNEHHE BRICKA3BLIBAHMITY,
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Hitxe OPHREOCHDBI CHMBOMNEI, oBosnavalomme HCKOTOPEIC JIOTHUECKHE

OHEpaLiviL.
Cunaon Hazeantee cimaond, €co cmwcr Kax credyem wumame
|
- OTtprnanne p
He p
- HMmonukauua P=>q
{noruvecxoe cneacTeHe) CCliH p, TO g
peg
= SKBUBANCHTHOCT p TOrna W TOMBKO TOIAA,
KOrAa &;
R Kosanionkuns pAg
{noruveckoe npon3BeneHHe) puq
v Avsnionkung pvq
(noruueckan cyMma) pun g
Vx Plx
v Kaanrop sceoburnoctn )
. . ANA BCAKOTO (TR KAXKADMO) X,
OT aHrIHACKOTO «ally — moboi .
ofinazawwero ¢BoiRcTBOM P(x)
Ksarrrop cyutectaoparing e X
3 OT aKCRMACKOTD wexistences — CYLICCTBYET JIEMEHT X
CYWECTBOBAHHE MHOKECTBA X
Ins  npopeacHWA  NOKAa3aTeNLCTBE  NPUMCHSIOT TAK  HA3BIBAEMELIE
HCTHHHOCTHLIE TADAWULL:
P -P
HETHHA HOXD
JIOKE HCTHHA
P q paq gvq P=q p=q
MCTHHA | wcTHHAa | HCTHHA | HCTUHA | WCTHHA HCTHHA
HCTHHA NoWL No¥e HCTHHA JIOWE NOXE
OWE UCTHMA JOWE HCTHHA | HCTHHA No¥b
NOXL JIOK NoWB HOME HCTHHE HCTHHA
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Npumepst. a) HokazaTe {¢ noMOWbI0 HCTRHROCTHLIX TafIHL) 3aKoH

NOKHOTO NONOKEHHA p=2q < (- g)={—p).

P q P —g =g | gD
HCTHHa HCTHHA K TOKE HONNHG ucmuna
HCTHHA NOXhL JAMKE HCTHHa AL AU

TOKD HCTHEHA H{THRA NOMB WCHuHa kemutia
NOKE NOXb HLTHH2 HCTHHA lemibi HCMEHG

6) [IpoBepHTE C NOMOLULIO HCTHHHOCTHBLIX TabMUL TOXACCTRO:

palpvg) =p
P 9 pvg | palpvg) p
HCTHHA HCTHHA HCTHHA HEMURY wemuHa
HCTHHA oKL HCTHHA ucHuRaG tcmuha
N0&Eb HCTHHA HCTHHA AQML RONCH
NO¥n NOKh NTOXE RGHCH RONCH

YnpaxHeHHe,
CNERYIOIIEE TOXACCTRO:
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Manmemamuseckuii aranu3 He Menee sceoDuerToly, YeM comMa
RPUPLOL, DX OADEQEASEN BCE GUIMUMBIE GIAUMOCERIU, UIMEPSCM
spetena, npormpancmad, Cuasl, memnepanype... Ezo anaaneili ampubym
— ACHOCHIb, 8 HEM LOBEPLUEHNO HE UMEEMER THAKOR OAR SbIPANCERUN

MYMAHHBIX ROMRMUT,

X ®Dypbe

IL OCHOBBI MATEMATHUYECKOI'O AHAJIU3A

BoanugHoBexne «BbiCLIeR MaTematvkus, T.¢. authdepeHUManEHOC U HHTeMpank-
HOM WCYMCHEHUA, ABMNOCH MEPENOMHBIM MOMEHTOM BO BCEH WCTOPWM YANDBEYBCKONW
K¥NLTypet. Ceroann, KOrQa COBPeMENHAN HAYKa AAMNEKO PAINPUHYNE paMkM BUQUMOrG
MHpa, NOHATWA NPOW3BOAHON M MHTErpana crany HeoSxoawMmelM anaMeHToM. Baa arux
AOHATHA HBBOIMONKHG ONWCEIBATE M HCCNEAOBATE NEPEMEHHLIE BONMUMHE U ¢YHKI4HH,

XapaKTBpPMAYIOLME

JABWCHMOCTH DOHUX BOAWYUAH OT DPYIUX.

5. BpeaeHwe B aHanu3

5.1. NoxaTre qyHKLmnmn

ITycTe X'y ¥ ——NpoH3RBONEHBIE HEMYCTHIE MHOKECTRA,

muoxkecteo X | —| orofpamenne | — =
HEMHCAOROE omEpaTo
MHOXCCTBO X = parop =
HEYHCNOBOES
——= | bynEuHOHAW | T
MHOXecTBO X
YKHCNOBOE $yuKkumng
MHOXeCTBO X = y =f(x) >

W

XEX — He3ABHCHMAA TICPEMCH-

X — abracth
DHPC,ILCJ'IGHHH
(cyluecTBOBAHHA)
byHEUAH

Has {apryMeuT);
Y€ Y — 3apHCHMAA TIEpEMEHHARA
(PyHrunst)
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MHO¥ecTBO Y

Heaucnosoe
MHOKECTBe ¥

YHCROBOE
MHOMXECTBO Y

YUCNOBOS
MHOXECTBO ¥

¥ — MHOXecTBO
JHaYeHHit
dyHrUHK




Onpenencaue. Ecnu kaxaomy sacMmedty x € X NO KagoMy-To
MpaBuay f OCTABNEH B COOTBETCTBHE 3CMCHT ¥ € Y, TO I'OBOPAT, 4TO 3a1a-
HO oTofpaXkeHRe MHOKECTBA X B MHOMCCTBO Y.

B tom cayuqae, koraa MuHoxecTea X o ¥ Heuncnosele, oTofpakeHHe Ha-
3LIBACTCH OREpamopom; oTOGPAKEHHE HEHHCNOBOTO MHOXKECTBA X B YUCTIOBOL
MHOKECTBO ' Ha3bIBacTCH Q!Jy.'fklf!tOHMOM; CITOGP&)KCHHG YHUCIOBOI'G MHOWE-
¢TRa X' B HHCNOBOS MHOXKECTBO ¥ HA3BIBaeTCA Pynkyued,

Onpenenenne. OrobpaKenne IMCIOBOTO MHOXECTBA X B YHCN0BOE
MHOKECTBO Y HaanlBacTes Qyukumceii W obo3navaetea y = flx).

MuokectBo X HasHBACTCA 0bAgcmeio onpedeienun (CYUIECTBOBAHHA)
dyHKUKR, 3 MHOXECTRBO ¥ —— amtoxcecmeon ee snavenuti; x € X HasmiBaeTcs
HE3A6UCUMON REPeMEeHHol WIN apysenmoat, y € Y — sasucusmoll nepeach-
HOU WY diynkyued.

Cnocolbl 3amaHN QYHKLHH: Tunsl dyHKUMH!

» AHanHTHYECKMH, ¥ ydTHEIC i HEuETHEIE,
¥ rpadmvecknit; » nepuoauueckye;

¥ TabanyHbId; » MOHOTOHHbIE;

» anropRTMUUCCKHIL. ¥ orpaHHHEHRBIC,

MHONKeCTBO TOHEK MIOCKOCTH {x, (X)), e x € X, HA3BIBACTCA gpaghuont
e y = fix).

DYHKIHA CYHTACTCA 300AHHOH, €CHH NIBECTHO TIPABHNO f, MO KOTOPOMY
KBKDOMY 3UAYSHHIO apryMenTa X € X MOKHO HaiiTd COOTBETCTBYIOUICE 3HA-
uerne dynkunn y. HanGonee pacripocTpaveHabM 3ananneM QYHKILMKH ABNS-
eTCA ananymuteckoeg 3aaHne, T.e. BHIPLKEHHE TpasHaa f Hekoel dopmynod
HRH rpyninoil Gopmyn.

Wrorna ¢dynkuus 3agactes cpagurost wnn matunajerr. ScHo, uro gop-
Myna «cHrsuee» mobolt Tabnaust, dopMyna conepikHT He TOABKO T€ cAEAE-
HUAl, KOTOPBIE NPHBCACHLI B AAHHOI TaGnuue, HO NOIBOARET HAHTH FHAYSHHA
GYHKIHH TAKXKE H NMPKH 3HAMEHUAX HE3ABHCHMON ncpeMeHnodi, He comepa-
wkxcg B Tabmiue. QOaHako Tabnuua yaoGree QopMyabt, TaKk KAk ¢ ¢ NOMO-
L1610 MOXKHO GuicTpee HaliTH 3HAYEHHC ¥ DPH IAHHOM X, CCIH 3TO 3HAYCHHC X
¢ctb 8 Tabnuue. TaGnuua Tawke sarnaaqce cnoxHoil GOPMYAR, No KOTOpOH
3AYACTYIO TPYOAHO OUEHHTE SHAUCHUR, TPUHHMACMBIE yHKiHel; onHako mpo-
cras popMyna nossonser OwcTpee npencTaBuTh ccbe xop GyHKUHR, Hem He-
BBIpA3UTENRHAIA pan yHeen (Tabouua).

Yacto BCTpeUaeTCS TAKOS NOAGKEHHE, KOTHA TEOPHM HHTEPECYIOLIEro
Hac RSMEHUA €LUC HCT, HO eCTh PE3YNBTATH ONBITOR (PKCIEPHMEHTOR, Npob);
TIPH 3TOM PEe3YNLTATOM OMLITOB ABIAeTCA Tabnuua. B sToM cnyyae npakrude-
CXH Beeraa (faxe «Bpy4HYION, a ¢ MCMONbIOBAHHCM KOMIBIOTEPA TOM Gouce)
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MOXKHO NIeAcOpaTh NpubmMKeHHYI0 PopMyNy, KOTOpas BPABHABHO OIUCKHIRAET
OYHKUROHARLHYIO 3ABHCHMOCTE H He JaeT Gonbwnx OMIHOOK NpH unmepno-
aayuu', T.6. PY NEPEXOAE OT UIRECTHBIX IHAYCHAN APTYMEHTA K HOBEIM, NIpO-
MEKYTOUHRIM MEXKTY yke umetoinuMucs. [Ipu s>Tom HafAeHHYIO 3aBHCHMOCTE
HA3BIBAIOT IMIHPHYECKH HAMACHHBIM JAKOBOM, WIH JMAMPUNECKOR (opay-
A0i*. OAHAKO IMUEPRMCCKAR (OPMYNa HyKIAETCA, pa3syMeeT¢a B NpoOBEpKe:
NOTPEINHOCTE, NOMYYaeMas APH ¢ HCNOMB3OBAHWH, MOXCT OKAJATECA H A0-
BOJILHO 3HAYHTENBHOM (ACHO, YTO HAZEXHOCTH IMMMpHYeckod gopmyan Gy-
JeT TeM BBIIE, YeM Dostee rycToll ARIAETCA CeTKa TeX HabmoRaemblx 3Haye-
HWi nepeMenHoH, HCXORA M3 KOTOPBIX MBI NoASHpanH AaHuywo dopmyay). H
COBCEM Y HCKCMATENBHO HCHONLIOBAHUE DMITHPHUECKOH (opMyw 3a npe-
AchamMH HMCCNEAOBAHHOIO HHTEPBaNa 3HAYCHMH He3aBHCHMON TNepeMeHHOH
{Takoe NPOAOMKEHUE (OPMYIBL HASLIBACTCA FKCTPANONALHAEH — OT NATHHCKOH
YaCTHMLLL X, T.€. ¥BHER): AT MOKET PHBECTH K SOonnuIum owHOKaM,

5.2. Npegen gyHKuMN

Onpenenenne YHeno 4 uazsisaeTcd npederorr hynuxyuu fix) npw
X—¥xy , €CMH OHAa OTpejeNieHa B HEKOTOPOH ¥

QKPECTHOCTH TOYKH X)), HCEJTKOYANA, MOXCT oI, A +;f
camy 3Ty TOUKY, ¥ Kakomo Om HU OrnO uHcRO 4
£>0, BCErNa MOXHO YKA3aTh Takoe 4HCno 5>0, e
YTO M3 BEITTOIHCHAS HepaBeHCTBa [x—xgl<d (xery)
CACHYeT BLIMONHUMOCTE HepaBeHcTsa [f{x)—A|<E. - %
Eciiu  ukcno 4 senseres  mpeZenom 0 -3 %m*s X
pyHxkon  Ax) npy X=X, YT
lim f(x) = A.
=,

B npaxtuxe BRiYUcnenus npenenog Sonsuwioe MECTO 3aHKMAIOT TAK Ha-
aniBaemsie |-# 1 2-i :amMeqarenbHEe Npencsr:

lim 2t =1

=0
(3m€ch x — pagdaHHag Mepa yrima) H
Hm(l+4)* =e,
X=poo

rae ¢ = 2,71828... - #ppanHOHANEHOE YHMCNO, CAYXKAILEE OCHOBAHHEM HATy-
PATLHEIX Noraphdmos, oboznauaemmx In x .

' Natunckoe cnoro interpolare o MAYAET «ROAHORTATES.
2 - s
Tpanaratennuoe «IMOAHPHRYECKKIED (OT rPeHECcKOro cA0Ba Smpeiria — oapT) 03-
HAYAET GONBLITHLILY, «TIONYICHKIA ONBITHLIM NYTEM.
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Ipeaen — paxuxedwee nousTve mateMatuxy, [loraTHe Npenena onupa-
€TCA Ha HHTYHTHBHOE MPERCTARNCHHE O NPOLCCCE M3MCHCHHA M HEOrpaKH-
vyennore npubmmmenuda. TodHoe maTeMaTiHdecKoe ONpEACNCHHE nNpedena
othopMRIOCH B MATEMATHKE THINL B Havyane XIX B, B caaau ¢ yrum notpebo-
BANOCE YACHHTD NOHATHE (JYHKIIHH, 8 TAKXKE PAIBUTH TEOPHIO NeHCTRHTENLHO-
ro yHcna. [lo 3T0T0 MOMTH IBA CTONETHA B MATEMATUKE CYUISCTBOBANG WHTYH-
THBHOE NPEACTABMCHHE O Npemene, OIHAKO H OHO OKA3ANOCH JYpe3BRIYAiiHO
TINOJOTBOPHBIM, TAK KAK BHECAO B MATEMaTHKY COBEPIICHHO HOBLIH MCTOR
paccymaeHnli — Meron npenenos. Ero npHMeHeHse H pa3sBHTHE NMPHBENH K
CO34aHHIO AuhPepeHLNATEHOTO HCYHCICHHN W HHTETPANBHON® HCYHCIEHHS, K
CO3[AHHIO MATEMATHYECKOTD aHamH3a,

CyTb 9TONO METONA COCTOHT B TOM, 4TO AR OUPEACNEHHS HEHIBECTHOM
BETHYHHEI HAXOIAT ee mpubmiieHus, npu ITOM He OAHO-ABA, 4 HEOTPAHH-
yeHHoe YMCIO TakHx npHbmpxenut. Ecnu >yt npuGmkenna cranoBaTe Bee
Gonee TOYHBIMH, OTIHYAKOTCH OT onpeneuacmoﬁ B&THYHHBI BCEC MCHELIC H
MEHEILE, TO CAME BENHYHHA HAXORHTCR KaK NPeaes 3THX NpHOAKEHH.

Tono6ueix paccyxaenuii ApeeHErpeveckas MaTeMaTHKa HE 3Hanma. Ecan
B Hell W paccMaTpHBATHCE NPHONIDKEeHWA, KaK, HanpuMep, ¥ Esfiokca w Ap-
XMMEAa B X «METOAE HCUEPNBIBAHHA» Npi OMpeneNeHuH nnomanei u obbe-
MOB, TO HHCIIO ATHX MPHONHKeHKH ObUIO HEBENHKOD, ¥, KPOME TOTO, YCTAHOB-
TEHWE PABEHCTBA MEXULY HCKOMOMR TUIOMANBIO (unn oGneMoM) ¥ yike H3BecT-
HOI MPOROAMIOCE MIEMEHTAPHBIMA FEOMETPHYECKHMH MeTogamn. Teneps ke,
B METOAE MpPEeRenoB, cTPOATCS OeckoHewdHbie NPHOAMKEHMA M HeHIBECTHAR
BETHYKHA ONPEACAACTCS Kak npeaen.

MeTtoa npeacnos He BO3HHK B MaTeMaTHke cam coBofi, oH odopminca
NOCTENEHHO, B PEIYILTATE TPYAAa MHOTHX MATEMATHKOB, KOTOPBIE Ha4aiau
PACCMATPHBATE HOBBIE IUIA CBOERQ BPEMEHH 3aa4H, HC PEIIAEMBIE 3IEMEH-
TAPHEIMH METOZAMH. 2T0 BnuId 333U ONpeAencHHA pasMepOB TEN H LeHTpa
HX TAKECTH, HAXOKIACHUH INWH KPHBBIX, TMOCTPUCHHUA KACATENRHBIX K KPH-
BbIM, HaXOXKICHHA MTHOBEHHOH CKOPOCTH MPH HEPABHOMEDHOM IBHAKCHHH.
TMocTenenHo HAKATIIMBAACA OMBIT H BLIPAGATHIBANHCE NPHEMBI PEHIEHHS TO-
AOOHBIX 23234 B obleH MOCTaHOBKE, HAapHMeEp 3a;ad, Korza TpeGoBaloch
ONPEACINTL MIHOBEHRYIO CKOPOCTD HE B JAHHOM KOHKPETHOM JIBIKEHHH, A B
A000M, ecnH ToNEKEO OblNa HIBECTHA JABHCHMOCTE NMYTH OT BpeMeHu. J1o
TIpEBENO K POPMHPOBAHHIO HA OCHOBE MOHATHN Npegena HOBHIX AOHATHH HH-
TErpana W MPoHIBOAHON, K COIABHUIO MATEMATHULCKOrO aHanu3a, O4esnaHo,
YTO C MPHMCHEHHEM METOAA Npeaence noTpebosanock paIenTe CNocobsl BBl
YHCICHHA OPEAENOB, YCTAHOBHTL MPaBHNA ASHCTBHE C (pelenaMu, T.€. c03-
JaTh TEOPHIO IpeAenoB. OCHOBHBIM MOHATHEM B 3TOH TEOPHH CTANO NOHATHE
GeckoHEHO Manoit — nepeMeHNoH, peaen koTopoil pasex Hymo. B atoT ne-
PHOI MAaTEMATHYESCKIH aHATHI HASHIBANCA aHATHIOM DECKOHEIHO MankLIX,
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lim — 370 nepebic TpH GYKBLI NATHHCKOrO COBa limes, KOTOPOE H 07Ha-
waer «peteny, Cnoso limes ana o6o30aveHus npeaena snepaplec YNoTpeOHN
H. Heloton, cumeon lim seen gpaniysckuii yuenstit C. Jisonnee B 1786 1., a

Buipaxenwe lim nepasiM sanucan anrnavatun Y. Famnnb‘mn B 1855T.

=y

Hpumepr. a)Hafitu npenen hmn+4
=3 x? 43

Hcnonesys TeopeMsl 0 Npeaenax, HaxoaHM

- 2x+4_ 11_11’1(2x+4)_2hmx+lnn;4 2344 10 5
35243 hrr;(x +3) hmx +llm3 3243 126
X x—3

6) Ecnu npengn 3HAMEHATENs paBcH HYJMIO, A NIPENCH MHCAWTESNA He pa-
BCH HYJIIO, TO npenen apobH papel GeCKOHeTHOCTH:
. 4x2+5 4.3%45
lim = =
x3 x—3 3-3

0 oo
Ecnn umeem HeonpeneaeHHOCTh BUIA 2 M —, HeoOXxomumMEL Npeot-
=]

pasoBaHud.
2 -
8) lim x2 5x+4
=t _3x42
Yucnutens M 3HaMeHaTens ApoGu npu x =1 pasHi 0. Beinonuum Tox-
JECTRCHHEIE Npeobpa3oBaHus;
X2 —Sx+d=(x-Dx=-4);  xT=3x+2=(x-1)(x-2);
2_ Ty e
o X 5x+4 <lim & Dx-4
ol y2 _3x47  x21 (x~1}x-2)
x?-5x+4 x4
DyHKUUH 5 H COBMANANOT B OKPECTHOCTH Toduxy x=1,
xf-3x+2  x-2
{x # 1}, 1O3TOMY BX NIpeaens! paBHLl MpH x — 1
; {x=-D(x-4) . limx -4 -3
1=l (x=-D(x=-2) s1x-2 Tl

3x2 +4x+5
r) lim —:.—.’
xm Txt 48y -1 e
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[Ipeo6pasyem apobe, pasicuB YHCIHTENE H 3HAMEHATENL HA X

3+i+i
. 3x%+4x+8
lim =1

x* _3+0+0 3

x2

¥Ynpaxueuuns. a) lim 2x+4.
25 x-3

Omgem. 7.

6) lim -5
x—»-—l3._x3

Omeem. 0.
3x2 —10x+3

fim 2% 1043
B I T6xe3

Omaem. i
7

. 2x =3x+2
r) lim —————,
xe mx? —dx 4|

Omeaem_ =2,

X
e Tx? +8x-1 xl—>°°-_,+_3__ 1~ 740-0 7°
X

2



6. AudpdepenynansHoe UCHUCNOHHE

Omrpoimue uCucaenun Becxoneano Matsix @0 Mamemamukam
HOIMONCHOCHIb CEECHIU IAROHBL JEUNCEHUR MEN K (HABUMNYECKUM VIABHEHUSA.

WA, Narpank

OudbepeHuManbHDs WCHMCNBHHS — STO PASABS MATEMATHMECKOrO GHANW3A, CBR-
33MHLIA TNaBHeiM OOpPa3OM C ROHATMAMM NpoWIBDAHON W awhdepeduMana DyHawm, B
AP PepeHUMANEHOM UCHMCIIBHHM MAYHAIOTCR NPABING BbIMMCNBHURA RPOHIBOAHLIX (JAKOHS!
OnDHepEHUMPOBAHKA) M NPUMEHEHHE NPOUABILHEIX K NCCRBA0BAHNG CBOWCTE (IVHKLIMA.

UenTpanbHbie noHATHR AUGOEPEHUMANEHOIG WCHMGIIEHMA — NPOM3BOGHAR M
AvppepeHLinan — 803HUKNK NPH paccMOTPEHUM BONLIWOMG YMCNA 330aY SCTECTBOIHAMMA
W MaTeMaTvkd, NPMBOAWBLLUMX K BEIMMCASHUK NPeNencs OAHOTD W TOrO Xe THna. Baw-
HEKWWE CPEeAM HMX — (PUINYECKan 33faYa ONpenensHWn CKOPOCTH HEPABHOMEPHGRD
ABMMEHKA M FEOMETPUYSCKAA 30848 NOCTPORHHA KACATENLHAN K KDHMBOH.

6.1. MNpowussogHasn. MNpasuna u PopMynel AudhepeHUUPOBaHUA

[Tpouspoanan GYHKUHK f B TOUKE X)) €CTb CKOPOCME uamMenenist HyHKUNN
f B 310l TOuKE.

Feosempuueckoe moakoeanue npouzsodnoy. Tlponisoanas Gynkuun f s
TOUKE X9 ONPEAENACTCA TAHMEHCOM YINa HAKJIOHA KacaTeNbHOH, MpoBCACHHON
¥ rpadmKy PyHKUHA f B TOUKE X = X;.

Hexons w3 310re, BHpaXKeAHe «MPOH3BOAHAS OT MOCTO HACTPOCHHA MO
BPEMEHH NORMKHTENBHAY HA OOBMHHBIA S3bIK MEPEBOANTCA KAK (MOE€ HACTpOE~
HHE YIyHUIaeTcs,

Jamava-myTra. KakoH 31#ak HMEET TIPOH3BOAHAR OT HACTPOSHHA N0 pac-
CTOAHHIO 1O Kpecna 1yOHoro gpava?

Jlerko mokalark, 470, NPUPABHUBAS HYNKO TPOU3BOAHYIO, MOXHO HafiTH
Te IHAYCHHA HE3aBUCHMOH NEPeMCHHOH, PH KOTOPRIX GYHKIIHA MOXKET HMETh
MAKCUMPM HIIH MUHUMYM, T.€. IKCMIPEMYM,

B «kputiueckux» (NOXOIPHTENLHEIX HA MAKCUMYM 1 MHEEMYM) TOUKAX,
rne PYHKMMA HOCTHTACT MAKCHMYMA, NPOHIBOAHAL MEPEXOOMT OT TIONOMKU-
TENEHEIX 3HaYeHHH K OTPUUATENBHHMM (MAH BTOpad OPOHIBOOHAA — NPOU3-
BOJHAA OT NPOHIROAHOR — OTPHLATENLHA), ANA MHHHMYMa — Bce Haobopor.,

Onepaywio nonydenus QyHkumy f'(x) u3 Gywkuun f(x) Ha3bBalOT
dugprhpepenyuposantiem Pyukaun f(x).

Texunka naxomBeHHA NIPOHIBOAHBIX (HITH, K8K YacTO FOROPAT, TEXHHKA
audiepenunpoBania) OKa3LIBACTCS CPABHUTENBHO MPOCTRIM U Gonee NerxuM
JenoM, YCM, HampHUMCp, petueHne anre0pauteckux ypabHeHui. Gopmyns ans
NPOH3BOMHBIX HEPEAKD OKA3LIRAIOTCA BaXe Mpomle (WAH, BO BCAKOM CNyyac,
HE CNOXHEE), YeM (GOPMYIIBI [UTA CAMHX MCXOIHBIX (PYHKIHI,
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Ocnopuste npapuia adpepeHuHpoBEARKA
(C)Y'=0 (smeck C~consty, (CUY =CU" {U+Vy=U’'+V",
WYY =U'V +UV"; (.‘1] Juv-vu,

v p?

}lﬂﬂ RAX0MACHNA NPpOH3IBOAHLIX HE HALQ KAATh BAOXHOBCHHR, JACCH HE
HYXHBE H305DETaTeNLHOCTE, BLIAYMKA, 03APOHKE, HOO 3ajava BCErAa PELLacT-
€A IpOCTO NIEAGHTHUYHRIM NPHEMCHEHHEM pAne NPOCTHIX NPaBHT.

«UCNHOC NPagHIO.,

Ocnosnble GOpMYThI 278 RPEHIBOIHBIX

(%) =ox®;
(@ )Y=a"ina;

{e"Y =e";

(log, x)’ =

xina
nxy =1
X

{sinx) =cosx
{cosxy =—sinx;

(1gr)’ = —--;

cos” x

F l
(crgx) = ————.
sin” x

Npumepw. a)[lyets

y=3x% —6x+5.

Torpa .
¥ = (3% =(6x) +(5Y =3-2x~ 6.1+ 0=6x—6.
6) MMycre
y=-4x +2x71 -3,
Torzaa
Y =430 £ 2. (=2x " - 0=—12x" - 457>,
3

&) Haittu ¥, ecnn y = Ix ';5 .

x.-
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Honowus U =7x>+5, Ve=x~2 W BOCIOIKIOBABUIHCH NPUBEACHHOH
BriLIE GOPMYNOH, HMEEM

K}

e [ 75’ + 5] _(x=2)( 45~ (7 +5)x =) _

x-2 (x-2)?
_ =230 -(x +5) 1 _ 217 -2 - 7a -5 14x° - 42x% -5
(x~2)* (x-2)° (x-2)°
r) [ycte

=03 +5)(2x-4);
Tpebyctes nadty f'(x), v e yacthoctn f'(0).

Jnece
U=3x*+5,V=2x-4.
Torna
UV'=3.2x+0=6x, V' =2-0=2.
Tloyromy

F =0V +VU = (322 +5)-2+ (2x —4)- bx = 182> - 24x +10,

H B HACTHOCTH

, d
f(0)=£|x=0 = 10.

Yanpaxaedud. HaHth npoussomnbie Gy
a) y= 4x% - 2x2 £ x=5.

Omsem. y' =12x* —4x+1.

) y=(x-12x+3).

Omsem. y'=4x+1.

B) y=3x=5({x+2)3~-x).

Omeem. y' =10x-2.

M y= x-1
42
2-— -
Omeem. y = o 22x 22
(x*+2)
Jy= x=3 npy x=1.
-5x

Omaem. y(1)=-1.
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6 2 MpuUnoxerya MPoOU3IBCaHOM

6 2 1 Hccnedosanus ka Incmpemym

Hecnenosatue dywrkuui

flepeas npouIroduas

ANUTHTHYHECKHE IPHIAAKE BOIPACTAIHA Mcenenosanus 1a akepenym
H yOLBaHHA

Briopan aponizeodius

AHLINTHYSCKNE 1P ILAKY BRULYKNOC TH Heonclonanme Ba TOMK nepel n6d
H BOTHYTOCTH

Mpumep Uucno 64 pasbuts Ha Takue fIBe 2aCTH, YTOGH ORH B PO~
H3BCACHHH A3BANH MAKCHMYM

OBo3HauHM fBe HCROMMEC YacTH @ B b Torma a+b =04 Tpebyerea
HallTH MAKCHMYM NPOHIBEASHHA, T € HCCNCA0BATL HA DKCTPEMYM (YHKUHIO

y=ab,und y=a(bd-a)
Bepem mpoussogHyio ) =64-2a  [pHpasnsBaeM c¢e  HYmO
64—-2a2=0, otkyna a=32 Tormra b=64—-ag=64-32=32, a
Yy = ab=32 32=1024

YnopasueHus 1 HyxHo oropoAanTs ¢ TPEX CTOPOH YYacToKk NpA
MOYIOJMLHOH (OpMBI, HpHAETalolles K ANMHHOR cTene M3 uMelomerocs Ma-
TEpHaIA MOXHO cAenaTh 3abop anudol 120 M Kakosw aonanbl 6mTe paime-
put 3a6opa, uToGHn MAcwaRL, ofHeceHRan UM, Brna Hanbonewei?

Omaem 30160 M

2 TIpamoyrombHeli yyacTok nnowazxbio 600 M° TpebyeTcs oropoants
3260poM  BenCACTBHE NOMONHUTENBHOW OTACAKH KawnblH NOrOHHBIH MeTp
3abopa, BHXOJANICrO Ha YARILY, B ABa pa3a mopowe Merpa 3abopa, oTacnmo-
IHero y4actok ot cocenieit [IpH Kakolf nnuue 3afopa, BEIXOJAIIETO HA ynuLY,
CTOHMOCTL €10 8yeT MUHUMANTbHOL?

Omeem 20 m

3 Hccneaopats Ha DKCTPEMYM QYHKUHID y = X' -9x% +24x-12
Omeem Yo = V(4 =4, ¥y =92 =8
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6 2 2 Haubonvuiee u hauMenbiiieg Havenne GYRKLLL G Ompeske

Mpumep Hafitn naubonbluee H HanMeHbIlIee 3HaUCHHA HYHKUNH
y=x>-3x* -9x+35 ma orpeske [-4, 4]

HafizeM KpHTHUCCKHE TOMKH, ExAIUMe BHYTPW oTpeaka [—4, 4] Hpous-
poguan y =3x° -64—-9 Peuns ypabnenne 317 —6x—-9=(0, nadinem kph-
THMECKHE TOUKH X, = -1, X, =3

3naucHns DYHKUMY B KPUTHYECKHX TOUKAX

y(~=1)=40, p(3)=8
BrupcniM 3Hadenns GbyHKUWM Ha KoRUAax oTpesxa [—4, 4]
y(-4)=~41, y(4)=15
CpaBHNBas BLIMHCICHHBIE 3HAMEHHA QYHKUMR, OTMEHaEM, 4TO Had-

Sonsuiee 3pguenue Pyaxuud Ha oTpeske [—4, 4] paBHo 40 u pocTuracTcs B
KPUTHUYCCKOH ToYKe ¥ = —|, 0 BauMeHbIlee 3uaueHue parto 41 mpu x = —4

3amewanue Econ KpHTHYECKAS TOUKA OKA3bIBAaeTCR BHE HCChenyc-
MOrQ OTPE3KE, TO, ECTECTBCHHO, U3 DANbHEHIIETO aHATHIA OHa HCKITIOHACTCA
Ynpaxuennna  Halitn wHaubonbiice M HAUMEHBLIECE 3HAYEHHA

thyurumid a) y = x2—dx+3, 0) y= x> +9v%* —24x+10 na orpezke [0, 3)
Omeem A} ¥aum = ¥(2)=—1, Yyaup = ¥ =3,
6) yumm = }'(2) = _IOv v]{anﬁ = )’(0) = 10

6 2 3 Boruucrenue npedenoe packpoimue Reonpedenennocmen (Mpasuno
Sonuma is)

]1m-?(.—}-}-= ]1mip._’(ﬁ
v gi{a) (g

0 V-8
MpuMep PackpelTh HEONIPEACNEHAOCTE BUIA — hm —
0 4" -4

Mpu x=2 yucauTens U 3HAMEHATENL paccMaTpueaemoil apolu obpa-
waercs B HYA6 [ Toro 4To0sl PACKPEITE 3TY HEONPCASNSHHOCTE, BOCTIOND-
3YEMCR DPaBHLOM JICNHTANA U NONYYHM

x* -8 (x* -8y 332 3
= fun —

lim =lm = ==lmx=3
=25 o4 w2 (.\'2 —-4) 2 2x 2a

21
YnpaxHenrne Bomumenurs lim
r—{ sy

Omaem In2
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7. HTerpanbHoe UCYUCNEHHE
Crbten — mam, 20e IMEU unmezpand
Mexe yubp u Gyxe, mexe du F!

B. Bplocos

WHTerpanbHoe WEHMCTIEHWe — 3T DAJNBN MaTeMATAYACKOrS aHanMia, 8 KOTOPOM
WIYHEIOTCA WHTErpanel, UX CEOACTBA, SNOCODL: BRIMMCABHUA M NPUAOWAHWA. Bmecta C
AnthdepasLMantHLM HOHUCMIEHWEM OHO COCTARNAAT OCHOBY ANNAPATA MATOMATHMACKD-
ro ananwaa,

WHTErpanbHO& MCMMCNEHME BOIHWKND M3 PACCMOTPEHUA GONBLWORO YMCNA 3anau
ECTACTBOIHAHMA U MaTeMaTUkK. Bamuaiine na uix - (huanueckan aafava onpeaensHHA
NPCHNBHHOIO 33 AaHHOS BDBMA NYTH NO WIBBCTHDA, HO, OkITh MOXET, NBPEMEBHHOA CTKD-
DOCTU HEMKEHUA W SWa4KTensHo Gones ApesHAR JAA8YE BRIMHCMSHUA nnowenel v obe-
£MOB MBOMBTDIHBERUX (huryp.

LIBHTPANMBHLIM B MHTEIPENBHOM UCHACNBHMK ABNAGTCA NOHATHEG HHTENPana, KoTe-
POY, OOAHAKD, MMBET A8 PE3NHYALIS TREKTORKA, NPUBOARLME COOTROTCTROHHD K NOHRTA-
AM HECTpPBnenasHoro U ONPenenexHore WHTerpanoe. PaccMaTpueasmMan e MHTerpant-
HOM HCHHCNBHHA MATeMaTHHECKas cnepauMnA (oSpatHas Kk andrhbapsHUMPOBAHHWIO) HA3LI-
BASTCA MHTErPUPOBAHWANM YNW, TOHNHES, HAONPSABNAHHBIM MHTEIDHPOBaHVEM,

7.1. HeoripegenaHHbii uHTerpan. MeTodbl MHTerpHpoRaHUA

Hrrerpuposanne ysukunn  f(x) — 3TO onepauns OTHICKaHWA (ang
dasHoR dydarunM f(x) ) Tak Ha3slBaeMolt mepscofipasrol PYHKINA.

[leppoofpasHoll Ha3BIBAKOT Takyio QyHKUMIO F{x), 10 OTHOIIEHHIO K
koTOpolt HeXoMHAR GYHKUHA f{X) RBASSTCA NPOU3BORHOH, T.. f{x)=F'(x).

Hanpumep, ang oyakums  f(x)= 2x% -3x nepeoobpastoil  Gyner
F{ x)=§ x° —% x2, Tounee, cemesicmao nepoofpasnsix F(x)+C, rae C -

NPONIBONBHAR IOCTOAHHAA. JeiicTBUTENBHO, NIeTKe YOSAUTBCE, UTO
)
2 3
ZX 2240 | =24 - 30
3 2

[Tepexon f(x)—[ F(x) +C)] ecTh onepayus unmezpuposanus GYHKUKH f(x).
Heonpedenenwoim  unmezpazom QyHkiHK  f(x) HaO3BIBACTCA  COBOKYT-
HOCTE BCEX ce neppooGpasHbX
{f(x)dx = F(x)+C.

TeoMeTpuHecKy HEONPEASNEHHBIR HMHTErpay HNpCACTABNAET CEMEHCTRO
NROCKHX KPHBBIX, CMEIICHHBIX APYT OTHOCHTENBHO APYra BAOIE BEPTHKANB-
HOH OCH.
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Tabnuia OCHOBHBIX WHTCTPANOE TIONYHAETCA M3 OCHOBHBIX opmyn

JIHQJCIJCPQH UHAARHOTO HCUKCIEHHA NYTEM NMPAMOTO X oﬁpameuuu.

Taéanua ocnoBlbIX HETErPATOR

n+l

[Xdc=Z—+C (n#-D);
n+l
dx )
[T =mp+cC:
Ja'dx=—aL+C;
tna
Ie“dx=e‘+C;

Icosxdx= sinx+C;

Isin xdr=—cosx+C;

I d‘: =g+ C:
cos* x

f —5— = —Ctgx+C.
sin® x

MetToZM HWHTErpPHpOBANNA

MeTon paanomeHIR

MeTod pOACTRHGBKN
{3aMEHBL NEPEMEHHOI)

I S(x)dx = cymma rabanusuix wnrerpanos

[ rixax = [ f1otwe e

MeTon HETETPHPOBAKHA ) YACTAM J.U{IV=UV—IVdU

Jameyanun

¢ Hurerpuponasue, Kak Npasuno, 3RAUHTENBHO CroxHee Audiepe-
unpoRaund, OHO He ABIACTCSA HACTOMRKO MexaHuuyeckum, Tpebyer Oomsuael

NPAaKkTHKH H HEOGPE’T ATENBHOCTH.

¢ HWurerpuposaune — neiicTere, ofparnoe anddepentporanmo, 1
Cro MOXHO ApoBepuTes AuddepeHEHPOBAHHEM,

d Hekoropsie obparsbie feHCTBHA B MATEMATHKE HE OAHOIHAYHBL U HE
BCETAA BHITOJHHMSBI; 306CH 3T0 PHBORHT K CYLUECTBOBAHHKY TAK HATBIBACMBIX

nebepyujunca RHTETPaNos.
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MlpuMmepn
Me100 pazIoKeHns

2
j2 +Tx~5)dx = [x’de+ [Tadx- [Sdx = 533—+3;—-5x+c.

s

3 2 2
lipoeepxa. [%-+—7%-—5x+c] = 3—‘;—+-!%—5= x4+ 7x-5,

Merox noacranoski (3AMeHbI nepeMen i)
Hatirn [(4x-3) ax
BpencM HOBYIO NEpEMERHYG, NONOKUB & = 4x ~3,
du = (4x -3 dx = 4dv, dx= %:i
BHeceM 3TH BEIPaXKEHHA B HHTEIPAN
Iu2%=%1u2du =-}53i+c.

Caenaem o6paTHYIO 3aMEHY

3 a3
IS L
4 3 12
3 _a?
fTpoeepra. [E-{l—;-)-+C] = i(f.‘,fﬁ?'_)‘.i= (4x~3)°.

Huierpupopatte no wacram
TpeByeTes HaliT! HHTErpal Ixe “dx.

TonoxuMm

U=x. dV =e' dx. Torpa dl =dx. V =¢"

Ixe‘dx = xe' —Ie‘dx= xe'—e' +C.

lHposepra. (xe"—e* +CY=xe" +e¢" —¢* = xe”.

VnpasxHeuna. Hafltu.

a) S 6) I{x - xax; B) Jl.xz(x2 + 3)dx; r) J.sln T xel,

n)J.cos(31+ Ny, ) jxlnxdx (npuRate U = Inx).
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2 t4 5

x! x x 1 |
Omgen. a)—+C, B)—~-—+C; B)—+x +C; t)~—cosTx+C;
7 2 4 5 7

1 x? .a:2
D=sm3x+7N+C; e)—Inx-—+C.
)35|(x ) )2 =

7.2, OnpegeneHHuiil MHTErpan

HHTcrpa.n MOXKHO OTIPCACAHTE KaK PeAc/l HHTCTRATBRBIX CYMM

Onpenencnnnil naterpan giynwanu v} na

& n
otpezxe (g, &) If(x)dx = lim Z f(éa )M, =3

max Ax, —0,=]

C MOMOILBIO HHTETPAIBHEIX CYMM MOX- y
HO TPHONHAKEHHO BLIMUCIATE CAMBIE PAdninY- y=f(z)
HBIC BETHYHHEL, /

HaterpanoM or a fo b bysaxuud f Ha-
3BIBAETCA MpHpallleHHe nepBooOpaywoft F P
aroid dyuxumn; F(b) - F(a), r.e. (dopmyna //

HerwTtona—Jiekbuuima)

0l a br
b =F(by- F(a)

L]
| flx}tdx=F(x)

Teomempuyeckuii cmsicn
onpedenennozo UHMezpana

[IpuMepr . BuluHCAHTS:

2 8
af2de: 6 [(Zr +¥x)de
] a0
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Ynpaxaeune. HaAtH udcna, NoAyHaloUHecs OpH HCNONB30OBAHKH

2
B HHTETpANE j J(x)dx cnenyromnx pynxumii
1

D)= 6 /()=

X

I 3
0 . - 6)=.
meem, a) 2 )8

MpuMep. BaunconTe nnowais, OrpaHHYeHHYO KpUBOH y=SInx M
octlo abeuree, ecan x€ [0,7)

Jina oTBeTa Ha NMOCTaBNeHHE BONPOC GNEAyeT BHIMHCINTE QNpenelcH-
HEI Wyrerpan

X
§= Isnnx dr = -cosxfy= —(cosm ~cos0) =—{(-D-1) =2 en’.
0

Vnpaxdaenne. HalTH nmomaas nnockol ¢HTYpHL, OTTpaHHUYCHAOH
napaBono#t y = x2+1, ocko OX unpAMbMH x =1 1 x =4,

Omgem 24

Mpumep. Humezpuposarue no vacmam B ONPERENEHHOM MHTEIPALE:

2 wiz 2 ni2 /2
Ixsinxd.r=-xcosx|0 “+ Icosxdx=—xcosx|0 +sinx'0 =
o )

= --(Ecos.E -~ Qcos() + 's.mE -sind=1
2 2 2

3necs
U=x dU/=dx, dV =sinxdy, V=—cosx,

e nld
YnpakHeuus a) Ix:lnxdx,ﬁ) Ixcos2xdx
| i)

1
4

2¢° +1
9

Omaem a) . 0) % -
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8. AwnthdeperumantHble YPAaBHOHUA

Mamemannx, OnePUDYR MHONCELMBOM CUMBOROE, REHO WMeR
00 £ YLCHE (POPMATBHELMU RCTHIKRAMY, MEM HE MEHEE MONCen
COCHIUE GECKOHENHD SUNCHOIX PETYABMAMON OIR ORUCTHUR
uauveckozo mupa

Kapn Mupcon

MHorouscneHHbla 3agaqy ecTeCTE0IHAHNA, TOXHWKM W APYMMX ofinacTed 3HaHUA
CECORRATCA K TOMY, HTO N0 3anaHHbiM CBOMCTBAM HEKOTOPOID Npouecca Wik ABNEHWA He-
00X0AVMO HAATH MATEMATHYECKYIO MOgeNb CAMOFG NPoUecea B anae hopMyne, CRA3LI-
E8I0LLSH NePEMOHHEE BEAHYUHE], T € B BHAS QYHKWOHANBHOW 3ABMCHMOCTH

YpapHeHWA, & KOTOPLIX COASPWATCA NPOMIBOAMHLIE UMM AudhepeHuMant! MCKOMBIX
thyniumil, HasvidawTea puddepeHuMancHbMi  OHKM ABNAICTCA MOWHLIM CPeACTBOM
MIO3HAHWA OKPYKaWero Hac Mmupa fluddeperunanctioe ypasHeHHWe — 370 Kak Bl MrHo-
BEHHBIF CHWMGK APOUSCca B AaHHbIA MOMEHT BPEMSHN, MHTErpUpYA authdepeHuMansHoe
YpaBHeHNE, Mbl NO MPHOBEHHbIM CHUMKAM BOCCTAHABNMBAOM TEMEHWS Npouscca B Le-
nom

OO6bIkHOBEHHBIM AH(depeHLMATEHBIM YpaBHenneM (JIY) HadumaeTcs
YPaBHEHHE, B KOTOPOM HeWIBecTHOH ABNAETCA GYHKIHA OJHOTO HEIABHCHMO-
ro MEPEMEHHOTO, MPHYEM B YPARHCHHE BXOIST MPOM3IBOANBIC PA3IHYHBIX MO-
panxor B camoM o6mem srae 1Y GuiTh 3anHcano Tak:

Fx ¥,y ™ =0.
flopagok crapuiei npou3soaHOIL, BXOAMEH B COCTAR ypapHeHHs, HAILIBAETCA
nopadxom ypaeHeHuA. PemenueM JIY #adsiBactca dryHKURA v = p(x), obpa-

Wawniag 310 ypasHEeHue B TOXACCTBO

fMpumep Oymxuus y=Cx+x’ KBNACTCA PEIICHMEM YPABHCHHA

N LA X, TAK Kak OHa ofpawaeT 510 ypaBHeHu e b TokaecTs0 (yOeauTect!).
X

Juddepesiuuansnnie ypasuenns nepaozo nopanka F(x, y, ¥ ) =0

Dopmbl IANHCH

dy
y'=flxy) 2 = P(x, y)dx + Q(x, y)dy =0
OcHOBPHBE THOB
YpasHeuHa C pazgenaiownMHEs Oanoponnue JTHHeitHbe
REPEMEHHBIMY yDARHEHHA YPABHEHHA
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| pagHK pelienrs Ha3bIBACTCA HHTEMPANLHOH KPHBOH, A UIPOLECC 11AK0K-
AcHuA peweHHd — wHTerpuposansem AY Cneayer oTMerHTb, 4TO METOAR
pemenva /1Y RocTaTovio MHOTQOOpa3IHEl — OHH CYIUECTBEHHO 3aBHCAT OT €10
BHJa nopaaka (MepBoro, BTOPOro, ), THNA (C PasASAfIOIHMHCS [EPEMEH-
HBIMHK, OAHOPONHKIE, THHERIbIE, YH T I

{IpH oToickaHuK penicHus 1Y HCITONBIYIOT ONEPAlHI0 HHTCIPUPOBAKNA,
4TO CBA3AHO ¢ MOABNEHHEM IMPOHIBONLHOH MocTosnHol Ecmu feiicTeie no-
BTOPACTCA £ pa3, TO, OYEBHIHO, M B peltieHMHd OyIeT COAep®aThes A NPOH3-
BOMLHLIX MOCTOAHHBIX

Obugum pewieriuen oy HalelBacTes dysKmHs BHID
¥ = @566, CarnCy) .

Dpumep vpaswense ¥V -3y +2y=0  umeer ofwee  pewenmnc
y=Ce + Cgez* (npoepbTe!)

Ecnu noctoaHueM C, NpHAATE KOHKPETHBIE 4YHC/IOBEIE JHAYCHHA, TO
nonydeHHas QPyHKUHA HAZBIBAETCA YACMHLIM DEIHEHUEM

3anaua HaxoxcOeHWR yacTHOTO pewicHuA Y, yrosreTsopamowero Ha-
JATLHOMY YCIOBHIO y = ¥, TNpH X =x;, HasblBacTcd 3adaver Kow (o

HMEeHH (DPaHILY3CKOTO MaTCMaTHKa)

Npumep 3a0a4q 0 JaKONE KECIMECMBERNGZ0 POCMI)

3axoH «eCTecTBEHHOrO POLTaY — 710 JAXOH, NPH KDICPOM CHOPOLTE POCTA BEUIEL1EA NPA
MO NPpONOPUHOHEILEBHE er) XONKYECTBY Haitnem liDOpMyJ'Iy AnA OHPEIeNeHHA HIMEHEHHA KOTHYE
CTRA BEILECTBA ¥ B JABHCHMMOLTH OT BPEMEHH X, CHHTAN, YTC B HAYRNbHBA MOMEHT npd x = [
IHYECTBD BewecTea Bund yo Menonbsyd Guinueckpii CMBICA NIPOM3BONIOH, JTOT JAKON MOXHD
HNUCaTH TaX

1ie A — K0MpdHIHET NPONOPUMCHANLHOLTH Y PABHCIHE OMUCHBALT MECTHC NPOLELLBl «PaT
MiuoweHnan Peienne ypasnenya, yIORIETEOPAMINCE HAYANLHOMY YCNOBWIO ¥ = vy mpH t = ()

= hx o P
umeer Bua ¥ = Y€ [lpeaciaraser mitepec To uto 10 ol GopMyne, BLIPAKAIOLICH KON
@ECTECI BEHHOIO POCTan, NPOHCKOAHT H «PaIMUDKEHHEY UHLEA lleﬂTpl‘JHOB B AASpHRIX peakulax
H PAIMHOKCHHE YHENA SGKTCFI!“, H POCT HALEAEHHA U T 0

Ynpaxkunenua Haitanre vacTHbie penielina ypaBHCHUIA
a) xdx=dy, y() =0, Te npy 2 =1L v=0

6) Ww-x=0, y2)=!
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Cyupecmeven ewe 00Ha RPUNHHT BLICOROL
PENYRGRIN MAMEMQIMUKY  HMERHO MAMEMAMuKa 04em  HAYRAM ORPEOEREHNVIO MEDY
VEEDERHOC MK 8 8BIGO0AX JALMUNE KOMOPOU B3 MAmeMamUKY O Ke MOo2ym

A JRHuTeirH

1II. MATEMATHYECKHWE METO/1bI

9. OCHOBBI TEOPHH BEPOATHOCTEN U MaTEOMATYECKOW CTaTH-
CTUKH

Teopuio BEPOATHOCTER MOXHO ONPEAENWTL KaK PAIAeN MATeMartHkW, B KOTOPOM
M3YYAIOTCA 3AKOHOMEPHOCTH  NPMCYWIME MaccoBbIM CAy4adHeM seneHuam  Meroau
TEOPUM BEPOATHOCTON WHPOKO NPHMBHAIITCR NPW MaTeMatyeckolk obpabotke peayne-
TATOB M3MEDEHIA, A TAKKE BO MHOMMX 3AQa4AX IKOHOMMKW, CTATHCTUKE CTPAXOBOrG Ae-
na maccoboero ofCcnyHMBAHWA

MaremaTiecKkan CTaTMCTHKA — 3T Hayka, 3aHIMaIWancA paspaboTkod meTogoe
cbopa, perucTpaunn v obpabotkn peaynetatos HaGNIOEHUW (WIMEPEHURA) C UENbIE NO-
3HAHWA 3ANOHOMBPHOCTEA CMYHAAHLIX MACCORLIX ASNEHWA

TMeperic paboTel, B KOTOPBIX 32pOMNUIANHCE OCHOBHLIC [OHATUR TEOPUH
BEpPOATHOCTEH, MPeRcTaBmUIH coloif NOMBITKH CO3N2HHA TEOPHH a3aPTHEIX
urp (B Mackane, [T ®epma. X INoiirenc) Cremyrowuii ¥ran paIsHTHA CBA-
3aH ¢ uMereM A Bepuynnu Jlaneheffiunmn ycrexaMy TeOpHA BEPOATHOCTEH
obg3aHa A Myaspy, 11 Jlannacy, K Taveey, C Tyaccory n np Haubonee
NAOACTBOPHEIH Mepnoa cBazal ¢ uMeHamu [T J1 Uebniiea y ero yyeHHKoB
A A Maprora 1 AM Jlanynosa, nocaeaAyiOUIee pasBHTHE — ¢ HMEHAMM
CH beprurrciina, A A Xunuuna, A H Kommoroposa, BH Pomasosckoro,
H W Cwmupuora, b B Iueneiko u ap

KoRuenmums aeTepMUHNpOBAHHOrO MOAXOAA K ABNCHUAM OKPYXaIOILero
MHpa JOoNToe BpeMa npea0najana Kk B OPraHilalHU HAYYHBIX HCCICAOB-
HHH, TAK W B MPEACTABAEHHHU WX Pe3ynbTaToB B OCHOBC 2TOH KOHUEMUMH
P4CTIPOCTPAHEHHOE MCXARHCTHYECKOE NPE/CTABACHHE O TOM, UTD MU COXpa-
HEHHH HCU3MCHHEIMH BHEINHWX YCIOBUH, NMOBTOPEHHH HEKOTOPHIX onpefe-
NeHHBIX AefCTBHH HensbekHo MOKHO TIPHIATH K PEKHEMY pe3yneTary Jkc-
NEPUMEHT HAILIBACTCA JCTEPMHHMPOBAHHLIM, ECITH CrO NOBTOPEHHE HE MpPH-
BOJHT K HOBBIM PE3YNLTATaM. B NpoTuBHOM clyuac, KOIAa NOBTOPEHHE IKC-
ACPHMEHTA MOXET NPHBECTH K JPYTOMY PE3yNILTATY, IKCNEPHMENT HA3LIBACT-
¢ cnydaiineiM. Takoe HasBaHHe CBA3RA0 € TEM, YTO THIHYHBIMH IKCIIEPHMEH-
TaMH, B KOTOPbIX MMEET MECTO YKa38HHOE ABJEHME (fIOBTOpHBIE AcHCTBWA

73



MOTYT AA4BaTh pasHble PeIyAbTATH), ABNAOTCH IKCICPHMEHTH!, 33KNOMAI0-
WHecA B NoAOPAchIBAHHY MOHETH HIIM MIPANmBHOTG KyGHKE, PA3gady KOMOIbI
KapT M T.0. B KaXmOM U3 HUX Mbl CTATKMBAGMCH ¢ HEONHOIHAMHOCTLIO pe-
3YNBTATA IKCEPUMEHTA, TaK, MOHETA MOXET YNacTh BsepX «repGoM» MIH «
peuxoitn, a Kybnk — moGoit U3 wecTH rpaHeii, NpHYeM HEBOIMOXKHO 3apaHee
NpenyTajaTh, 9T0 KOHKPETHO NpoHzofifet npy jgannowm noabpaceisanuu. [To-
3TOMY NCBOPAT, YTC PE3YALTAT 3ABHCHT OT CIY4as, OTCHOAA W HAIBAHHE DKCNS-
PHMEHTA.

3azaya TeOpUM BEPOATHOCTEH 3aKIIONAETCA B MOCTPOSHHH BEPOATHOCT-
HBIX MoZenei cayuaffHEIX kcnepuMentoB. BepoATHOCTHAS MOACAE T103BONA-
€T NMpHIATE CTPOrAA MATEMATHMECKMA CMBICHT TAKMM CROBAM, KAK «chyvasi-
HOCTE», «CODBITHE», KBEPOSTHOCTE», GIIPABAONOAOGHEI» H T.IL, NO3BOIRET
OLCHUTE WIAHCH HE NMOABNCHHE PAMIMYHLIX PE3YNbTATOB, BOIMONKHLIX B Aav-
HOM CTYYAI{HOM IKCTIEPUMEHTE.

Koiteuno, Hano orRasarh cele OTY9ET B TOM, YTO, KAK BCAKAN MOAIb, H
BEPOATHOCTHAR MOACIE TONE, ABIAETCA HEKOTCPOH Wheanu3auHed onuchiBae-
MOTO JKCREPUMEHTA — OHA H¢ NPEHHA3ZHAUCHZ A BOCIPOHIBCHEHHA BCEX
,ae‘raneii. 4 BOTIOQIAET JMIbL OCHOBHBIE HCPTH] ABNCHHA. B HACTHOCTH, NpH
MoAGpacHiBAHHH MOHETB] Mbl NPEANONATAEM, YTO PEIYILTATOM IKCTIEPHMCHTA
He MOKET OBITL Mpoflaka MOHETHL WK pH3cMicHHe ee Ha pebpo. Kpome To-
ro, ‘-IpBBBbI‘IaﬁHO BAXHBIM B TCOPHH BCpOHTHDCTCﬁ ABNACTCA IPEANONOKEHHE
0 ONPHHLHGHATbHOH BOIMMKHOCTH MHOTOKPATHOTO MOBTOPEHMA CIYYHaHHOIo
akcnepuMenTa. Ecni Tako# BOIMOKHOCTH HET, TO NOCTPOCHHE BEPOATHOCT-
HOH MOZenn He umeer cMpicna. MoXHO ckazaTh, YTO KOHKpETHAS HaDOpMA-
1IMR O CAMBIX PATHBIX CHTYAUMAX, KOTOPHE MOTYT BOSHHKHYTE B JIAHHOM CIy-
Al HOM IKCICPHUMEHTE, COACPKAUIAACA B BEPOATHOCTHOH MOENH, "pazsopa-
YHBAETCA" UL OPH MHOTOKPAaTHOM [I0BTOPEHMN 3TOTO 3KcnepuMenTa. Tak,
MBI MOKEM YTBEPHAATL, YTO SCAH MoabpocHM "npaBuaeHyio” Mowery 1000
pa3, To uncHo Bemanennil repba Gymer Mato otniuarsca ot 500.

9.1. CobrITME ¥ BEPOATHOCTL, OCHOBHBIE NOHATHA, onpeaenexue
BEPOATHACTH

9.1.1. HHowamue o cyyvatinom cobbimui

OnwIT, IKCTEPHUMENT, HaGIIOAERHS ABEHHA HASBIBAKOTCH HCMBINMGHHEM.
HcnelTaHuAMHE, HanpHmep, apnaioTed: GpocanHe MOHETHI, BRICTPEN H3 BHH-
ToskH, Gpocanne HrpanbHolt kocTH (kyOHKA C HAHECEHHBIM HA KMKAYIO IPaHb
YHUCROM OYKOB — OT GIHOTO IO I9ECTH).

Pe3ynbrar (MCxoa} MCOBITAHUA HaswiBacTcd cobbtmtuem. COOBITHAMY AB-
na0TeA: BhmadcHue repba MM BRITAAEHHC NMQPEL, MONANAHHE B LEAb WM
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npoMax, HOABIEHHE TOrO HIIH HHONO YHena oukos Ha GponrerHoll urpaitbHol
KOCTH.

Jns oGosnaveHns coGmTRiL uconsayoTea Oonslipne GyXabl TaTHHCKOTO
andasura: 4,8, Curt. o

OTBET HA BONPOC, CYUTATL M JaHHOE coluITHe cny4alHBIM, 3ARMCHT OT
uMeromeiica uadopmaunn. Hanpumep, HofBNCHHE NOC3MA HA CTAHLHE B Npo-
MexyTre peMeny ot 18.00 no 18,10 — coberrue enmyvafinoe ¢ TOYKH IPSHHS
maccaxKMpa, HE 3HANOMErD pAacMUCAHHA, W HeCHyvailHOe ANS TaccaXHpa,
JHAKOIIETO pachHcaHHe. B onuite ¢ HpocaHHeM MOHETH, eclH 3HaThb ¢ JOCTa-
TOUHOH TOMHOCTBIO MAcCy, HA4ANLHBIE KOODAHHATEI M CKOPOCTL MOHETHL,
MOMWHO (B NPUHLIMIE) PACcCYUTaTh €€ TPACKTOPHIO H, CNEUOBATENLHO, Npen-
CKa3aTh, KOTOPOH U3 ABYX CTOPOH OHA YIANET Ha CTON.

Buas cobmTui

HocTosephbie Cnyuainee Heso3MoxHbte

Onpenenenue [Jpa cofpimun HALIBAIOTEA CoSMECHIMBIMY, ECITH
NOABAEHHE OAHOIO M3 HHX HE MCKIOHACT MOABACHHA APYTOTro B OAHOM H TOM
*e HCIBITAHHH.

fipumMep. Henntanue: omHOKpaTHOE OGPOCAHWE WIPANBHON KOCTH.
CobhITHE A — NOABACHHE TPEX OUKOB, COORITHE B — nodsincHHE HEMETHOTO
yHcaa oukoB, COORTHA A W B COBMECTHMBIE,

Onpenenenwe. [Ipa COBLITAA HAILIBAKITCA HECOBMECTMUMBIMU, €C-
71 MOSIBIIEHHE OfHOTO M3 HHX UCKIIOUAET NOKBACHHE APYTOTO B OIHOM M TOM
e HCTIBITAHHH.

ITpumep. HeneiTande: ooHokpaTtHoe Opocawe moderst. Cobbitine A
— seimafienre repba, cobutne B — Boinagenne wiabpst. 3tH cobbitha Heco-
BMECTHMBI, TAK KAK MOABACHHE OIHOI0 H3 HAX HCKIQUACT NOABNCHHE APYTO-
ro.

Hnd, Ranpumep, IPH 0AHOM GPOCAHHM KOCTH NOSB/JEHRE HE MCHEE TPeX
OYKOB H TIPH 3TOM MOSBIEHHE YETHOH rPaHM — cOOBITHA COBMECTHBIE, & 1I0-
ABNEHUE UMGPL 3 M TpH 3TOM NOARNCHHE 4ETHOH FpaHH — coORITHA Heco-
BMCCTHELIE,

Onpexenenre. Jpa cobuTHA A ¥ B HaIBIBAIOTCA ApOMUBORDIGHC-
HbiMH, ECAIH B ZIAHHOM HCNIBITAHMH OHH HECOBMECTHMbI M OOHO W3 HHWX 00s3a-
TEIBLHO TIPOHCXOANT,

CoberTae, nporrsononoxnoe cofuruio 4, obosnavalor depes —4.
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ITp M ep . Henkmaune: Gpocanne moHeTH, CofisiTHe A —— BLIMANGHHE
repfa, coGeitie B — srinmageHne wndpbl. 3y coBRITHT NMPOTHBOMONONKHEL,
TAK Kak Rexogamu Gpocasii MoryT GBITE JTHIES OHW M MOSBIEHHE ONHOTO H3
HUX UCKIIOYACT NOABACHHE APYTOTO, T. ¢. A=—B nmn —A=8,

Onpeaencnnc, CobuTHe HALIBACTEA DoCmogepHbM, SCTH B NAH-
HOM MCIIBITARHH OHO SRJAETCA COHHCTBEHHO BOIMOXHBIM €T0 HMCXOIOM, H
HEBOIMOJCHEIM, CNIH B JIAHHOM NCIABITAHMM OHO 3aBEIOMO HE MOXCET npo-
MIOHTH.

MMpumep. Henwmarne: wasneHeHne mapa U3 YPHM, 8 KOTOpPO# BCS
mapsl Genste. Cobutve 4 -— BauyT Gennlit map — moctoBeproe colbite,
cobpiTue B — BHIHYT YepHBIif Wap — HEBOIMOKHOC COOMITHE,

Cneayer OTMETHTB, 4TC JOCTOBCPHOE M TIEROIMOXKHOE cOOHITHA B JaH-
HOM UCTIBITAHHH ARIAIOTCA HpDTHBOI]OI]O}KHI:lMH‘

HocToBepHOe cODBITHE He MOMET HE MPOHIOITTH (HanpuMep, BLINATEHHE
HEe MeHee OJHOTO O4Ka NpH GPOCAHMH KOCTU); HEBOIMOMKHOE COOLITAE HE MO-
JKET NPOH3OHTH (HATIPHMED, BhINRACHUE CEMH O4KOB),

Onpenenenue. Cobare 4 HalBaeTCA CAYYQliHbIM, ECNH OHO
Oﬁ'l;el\"l'HBHO MOMWCT H&CT}’HHTB HITH HE HACTYITHTE B JaHHOM HCOBITAHUH.

Mpumep. Cobsrrne A4 BHINAAEHKE YeTHPEX 0UKOB IpH GpocaHmu
UrpanbHOH KOCTH — cyvaiinoe. OHO MOXET HACTYMHTL, HO OHO MOXKET H HE
HACTYIHTYL B HAHHOM HCITHITAHHH.

8.1.2. Onpedencriue gepoamuocny

C nonaTiemM BepoATHOCTH CRyHMAHHBIX COBBLITHR Mb! BCTPEYASMCH B CHO-
¢l MOBCEOHERHRON ASATENEHOCTH, KOTAA DLEHHBACM MAHCH NORBAEHUA TAKOLO
poaa coORITHA.

Bepoamuocme cobotmiisi A — vnciio P(A), XapakTepH3yIOILee BOIMOK-
HOCTh NOSBNEHHR 3TOro cobuITuR. Tlo onpeaenenuio, 0 £ P(A) < 1. Bepoat-
HOCTE HEBOJMOWHOIO COBBITHA PABHA HYIO, BEPOATHOCTE JOCTOBSPHOMO CO-
Obrrus pauna cananne. Huoraa pepoaTHOCTh BEIPRKAIOT B TPOLEHTAX.

B HEKOTODEIX MPOCTEHIIAX CHTYAUMAX BEPOATHOCTH CnyyaiRoro codbl-
THE MOXKHO YKA3aTh Cpaly: NpH GpOCaHHH (CHMMETPHYHOM !} MOHETLI ecTeeT-
BEHHO CYMTATH 008 BOIMOXKHEIX Hexona (repl uan undpa) HMEIOILHME paB-
HY10 BEPOSTHOCTE, T. €. (.5, win 50 %. [pu OGpocanun wrpansHoit kocTH no-
fBneHKe MoboH 1nppel oT 1 Ho 6 — paBHOBEPOATHBIE COGLITHS, ¢ BEPOATHO-
cTeir 1/6 kaxaoe.

Boofiue, eciH AaHHBI OTTLIT MOKET UMETH # HCXOROB K HET OCHOBAHHHA
CUHTATE NOABNCHHE KAKOr0-MHOO ucXona Oonee BEpPOATHBIM, YEM IPYIHE, NMO-
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NATAKT BEPOATHOCTL KAXAOTO MCXoa paenoil 1/ Ecnn coberre 4 npoucxo-
[T B Pe3y/IbTATe OHOTO K3 M PABHOBEPOATHBIX HCXOAOB, TO DA )= m/n,

Hanpumep, noasnenne HeveTHoH rpaHK npH OpocaHUH kocTH (colbiTHE
A) NpoNCXOANT NpH BrIMafeHWH |, HaM 3, MnH 3, T.e. 3gech m = 3, NO3TOMY
D(A)= 3/6 = 1/2. Paccunraniyio Takhm 0GPaIOM BEPOATHOCTS HAZBIBAKOT an-
puoproii. B GoNee CNONHRIX CUTYAUHAX pacqeT BEPOATHOCTEH KakHx-nuGo
cnyvalituix COSMTHIE MOMKET MPOU3BOAHTLCA HA OCHOBAHUH TIpEANONOMCHUT
0 3AKOHAX, YNPABMAKUINX ACTANAMH COOTBETCTBYHOITHX HPDIJ.ECCOB.

Onpenenenns RepoaATHOCTY

U U U

Knacesueckoe CTaTHCTHYeCKDS TeoMeTpHYECKOC
M . Mepa 4

Py =2 P(A)=lim Z P(a)y =202
N n—= H Mepa £

[Tpumep . U3 konoapl Kapr Haygauy BuOUpalyT oany kapry. HaiTu
BEPOATHOCTb TOTO, YTO ITO KAPTa NMHUKOBOH MACTH,

Cunras, 910 B Konoge 36 KapT, M bl HMCCM ODWee YHCAO HCXOA0B
n=36. Becero kapT nukoBo# Macta 9, noatomy m = 9.

Hrak, P{d) = m/n =9/36 = 114,

Hapaay ¢ xmaccuueckuM ofpeliesieHIeM, HCMONBIYCTCH TAK HAa3bIBACMOS
CTATUCTHYECKOE OMpensienne BepoaTHOCTH, OTHOLEHHE p = m/a YMCna m To-
ABNeHUH CoBRITHA A ITPU # MCTILITAHKHAX HA3BLIBACTCH HACKIOMOI 3TOCO COOLITHS.
C pocToM # 4acTOTa COOBITHR B ONMPEASISHHOM CMBIC/E NpHONHKALTCH K Bepo-
ATHOCTH P 31070 COBLITHA. [TYCTs IPOU3BOAATCA HE3ARKCHMBIE HCTIMITAHHA, TIPA
KakIoM W3 KOTOPBIX BEpOATHOCTh COORITHA 4 HemsMenda, CnpaeennvBo yT-
BEPWICHHE, HA3BIBACMOEC IAKOHOM GOALUX yucer WIN meopesmoli bepnyanu,
CHO 03HAYACT, YTO ECIIH YHCNIO HCTIBITAHMA AOCTATONHO BEAHKO, TO ¢ BEPOSTHO-
CTbHO, CKOAb YTOAHO OMHIKOH K SAHHULE, OTAMYHE YAacTOTh coObITHA 4 OT ero
BEPOSTHOCTH MEHBIIE M0B0T0 HANEpea 3aNaHAOH MONOKKTENbHOTO YHena, Tak,
MHOTO pa3 GPocas MOHETY, MbI «ITOYTH HaBepHAKa» GyaeM nonayvaTh NpHMEpPHO
PABHEEC MACTOTE! BHItANCHUHA repfa H UnGphI.

VYaenmenue neonpederénrocniu cobuimus Yaenuvenie onpederéurnocmic cobivimuA
Pz —— P=05 S P=1
HenoMokHOCTD OnpeeniiiacT,
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9.1.3. Anzebpa cobbimuti

Onpenenenne. Cymmoii cobmuit A v B Haspipaeres cobriTHe
C = A + B, coeroduiee B HacTYTUIEHHM 1O kpaHHel Mepe oRHOro 3 cobblTHi
A unu B. AHanoruvHO onpexenserca cymma Gompmiero wicna cobwuit, Ha-
NIpHUMep, NOARIEHHE HETHOI TPAHK KOCTH €CTh CYMMa TpeX coGHITRH: BRINAIE-
HAK 2, WK 4, Ham 6,

Teopemacnomen 1A BEHOATHOCTEH

JLog HecoBMeC TR CODLITRHI Ana copMecTrbx cofmTai
P{Aunu B) = P(A)+ P(B) P(Aumn B)= P(A)+ P(B)~ P(AB)

[Tpumep. Heneitanmre: crpensba ABYX CTPEAKOB (KaxAbLA fenaet o
BICTpenY). CofbITie 4 —~— nenafaHye B MAIIEHD MEPBbIM CTPETKOM, COOKITHE
B — nomananxe B MUIUSHEL BTOPLIM cTpenkoM. Cymmo#t cobermiit A n B Byaer
cobsitie C =4 + B, cocTosllee B TIONAKAHWH B MHINEHB TI0 KpafiHel Mepe
OIHHM CTPENKOM.

QOnpeaenenue. [Jpousgedenuen coburuit 4 u B wasmsaeted co-
Gurrie C = AB, cocTodulee B TOM, YTO B PE3YNBTATE HONBITAHHA MPOHIOLITH K
cobuTre 4, 1 cobuTHe B.

ARQNOTHYHO MPOHIBEACHHEM KOHEUHOTO 4Hcna cofurruit A, As, .., 4;
HA3BIBAETCH COOBITHE A = A A;...4;, COCTOAUICE B TOM, YTO B PE3YABTATE HC-
NEITAHKA MPOUIOILTH BCE YKAIAHNEIE CODBITHA.

TeopeMA Y MH O X & H H K BeposTHOCTEH

Ans HEIABHCHMBX CoBumnit Jiia 3apyeunplX cobmrhi
P(AuB) = P(4B8) = P(A) x P(B) P(ANB) = P(A)x Py(B) = P(B) x Pg(4)

B ycropMaX NpeALUIyIMErc NpHMepa NPoH3BefeHncM cobuiTHH 4 W B
6yzer coburtie C = AB, coCTOANlEE B AONAZAHMH B MALIEHE IBYX CTPENKOB.

IIponspenerne BECOBMECTHRIX cOORITHH — COOMTHE HEBOIMOKHOC.
CymMa H npouspeleHne cobbITUH aHANOTMYHBl COOTBETCTBEHHO 0GBEAMHE-
HUK H TIEPECEYSHII0 MHOMWECTB (cM, 1. 2), BepoaTHOCTh cyMMEl A + B Heco-
BMCCTHBIX cobbitih 4 H B paBHa cymMe BeposTHoCTeH cobuiTiit 4 1 B:

P(A+B)=P(A)+ P(B).
B obuiem coyvae
P(A+B)=P(A)+ P(B)~P(AB).
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[Ipamep. Hpa crpenka CTPeNAOT B OAHY W TY e Uk, MPHYEM Be-
POATHOCTR TOPAXEHHA LN NepBRIM cTpenkoM 0,8, a BTopeiM cTpenkom 0.5,
Oba crpenxa cTpenAoT Mo komanae (T.€. OAHOBPEMCHHO) oavH pas. Kaxosa
BEpPOATHOCTE, UTO 1enb Syner nopakena xora §ul 0NHAM H3 CTPERKOR?

MycTe 4 — NonaaaHuWe B UL TEPBBIM CTPENKoM, B — BTOpeIM cTpen-
koM, A + B — nopaxkeHHe Neny XoTq Obl OOHHM CTPENKOM, AR — nopaxeHHe
ueny oboMMH cTpenkami. T1o dopmyne HmeeM

P4+ B)=0,8+0,5- P(4B).
B maHHOM NIPHMEpE MOXKHO CHUTATE COOBITHA A M B He3aBHCHMBIMH, N0-
ITOMY

D(AB) = P{A)xP(B) = 0,8x0,5 = 0,4. Torna D{A + B) =0.9.

Verosnas sepoamuocms — BEPOATHOCTE NOARIEHHS coOBITHA A NpA yo-
NOBHM, YTO APOH3OMNO cobuitie B, oGo3HauacTca DafA). BeposTHocTe mpo-
U3BCACHHA COORITHH RRIMMCIAETCA ¢ NOMOIMBIO YCNOBHBIX BEPOSTHOCTESH no
dopmyne

P(A u B) = P{A)x P,(B) = P(B}Yx Py(A).

ITpusMep.B amuxke umeroTea 7 GenbiX B 5 YEPHEIX LIAPOB, OTIRYAK-
IIMXCA THIIE NEeTOM. ONEIT COCTOUT B TOM, YTO CHauana sHIHHUMAKT (He TH-
IA) ONIHH IWap ¥, He onyckaa ero ofpaTHO, BRIHUMAKT elle oMl Wwap. Kakosa
BEPOATHOCTD, YTO 00a BRIHYTHIX AP YePHBIE?

TToapnesie NepBOTO YepHOTO Wapa (CoBbITHE A) HMEET, ONEBHABO, Be-
POATHOCTL BA) = 5/12. Econ nepsblil Wap OKA3ANCA YEPHBIM, TO YCIOBHAA
BEPOATHOCTL COOBITHA B — MNOABNEHHS BTOPOTO YEPHOra Wapa (NPH YCNOBHH,
41O Mepenii map Gl depHuM) — pasua P(B) = 4/11, Tak kak nepea BEIHH-
MaHWeM BTOPOTO mapa ocTanoch 11 mapon, HI HHX 4 uepHLIX. BeposTHOCTD
BRIHYTE JIB& HepHRIX 11apa NOSPAA MOMKHO TOACHHTATE o lopMyne

5 4 5
PAUB) =PA)xP(B)=— - —=—=(,152,
(A H B)=P(A)xX £4(B) TRTRET

CoOniTHA A K B nashPalOTCA pesaqueuMeluy, CCAH YCTOBHAA BEPOAT-
HOCTE Py(4) pasHa seposTHOCTH EYA). JlpyrHMU CIOBAMH, ANA HEIABMCHMBIX
coOBITHI NOABNCHHE OJHOTO H3 HHX HE BOHACT Ha BEPOATHOCTL MOARACHHA
Apyroro. Tak, B OpeabiIymIeM NPHMEPe BEPOATHOCTR TIOABRICHUA BTOpOre
HEPHOTO Wapa He 3aBHcena Ol OT 118ST3 BEIHYTONC NEPBOTO IWAPa, ECNH, BhI-
HYB HEpBLIil HIap, MEE TONOKUIH bl ero o0paTHO & AMHK. BepodrHocTs nMpo-
HIBECHHA HEIABHCHMBIX COCBITHH paBHZ NPOH3IBCACHHI) BEPOATROCTEH ITHX
COBRITHIE:

P(An B)= P(A)X P(B).
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Ha NPAKTHKE HCIABHCHMEIC coOBITHA BCTPLYAIOTCA OUEHD YaCTO, TAK KaK
NPHYAHHAA CBA3EL ABNEHHH BO MHOTHX CIYHAAX OTCYTCTBYET WIIH HECyMIECT-
BEHHA,

Mpumep. I[lponssonar n Opocanufi MoHeTel. PeiynwtaT Ka¥gioro
pocanns — cnyuaiivoe coOHITHE, BEPOATHOCTE KOTOPOTO ECTECTBEHHO CUM-
TaTh HE 3ABHCAWEH OT pelynsTaTtoB ApYrux Opocauuii, no3TOMy Pe3ymnsTaThl
ITHX # HCTTBITAHHH MOXHO CHHTATE HE3ABHCHMBIMH COOBITHAMMY.

Popmyna noaHoH " Ll
seporTHoCT P(A)= 3, PUH )Py (A) ZIP(H,-J <1
f=! =
Mopmyna Bajieca P(H )Py (A)
(Teopema runote) P,(H)= T

YrhpaskHeHUs
A, QNEMEHTAPHLIA NOACYET BEPOATHOCTER.

1. HrpansHas kocte noabpackieaetcs TpW paza. Kakosa BeposTHOCTB
TOrO, YTO: &) WECTEPKA HE NOABUTCH HU pady; O) lecTepka NOABUTCR XOTA DM
1 paz?

Omeem. 2) 0,579, 6) 0,421,

2. M3 40 sx3ameHalMOHHBIX BONPOCOR CTYAeHT Bbiydunn 30. Kakora ne-
POATHOCTL TOTO, YTO OH OTBETHT: &) HA TPH 3AAaHHaIX Bonpoca; 0) Ha 2 u3 3
3afaHHBIX BONPOCcoR?

Omeem. ) 0,411; 6) 0,440.

3, M3 ypHu ¢ 5 GenpiMu K 7 MepHBIMH WapaMy Hayran GepyT 4 wiapa.
Haiitv BepoaTHocTH cofbITni: a) 83410 2 6enuix wapa; 6) B3aTo Senwix wapos
GONBIIL, YCM MCPHELX.

‘Ohitgem, a) 0,424; 6) 0,162.

4. W3 xonopm B 36 wapT mayraa Gepyr 4 kaprel. HaiiTu BepoaTHOCTH
CREAYIOMINXK cOOMTHHA: 2) BCE KAPTH UMEIOT OAHY MAacThb; 6} Bce KapTut Kpac-
HBIE; B) BCE KAPTHI — TYIHL

Omeem. a) 0,00856; G} 0,0519: 1) (,0000) 70,

5. B xopoGre HaxoaaTcA 6 HOBHIX W 2 W3PACXOAOBaHHLIC GaTapeixu,
Kakopa BeposATHOCTE TOTO, UTO ABE BLIHYTHIC #3 KOPOOKH Haylauy Garapeitin
OKAKYTCA HOBLIMK?

Omeem, 15/28,
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E. IPABHIA CIOXKEHHA H YMHOKEHHR BEPOSTHOCTEH.

1. M3 ypHel ¢ 8 SenpiMi W 4 YEpHBIMH LIADAMH NOCHCIOBATENbHO Bbl-
Humator 3 urapa. Kakoba BEpOATHOCTE BRIHYTS TPH Genmbix wapa?

Omeem. 0,255,

2. B nepeoit ypre 4 Genrix # & cHRUX 1IapoB, BO BTOpoii 5 Genuix M 3
cHHHX, Hayran 13 xaxzoil ypas: GepyT mo 2 mapa. Halitn seposatBocth co-
ORITI: a) BCe Wapw Genle; §) BCe Waper ofHOTO UBETA; 8) ABa wapa Genble.

Omeem. a) 0,0476; 6) 0,0833; 8) 0,419,

3. Hpoe noouepeaHo noalpacbiBalOT MOHETY. BRIUTPRIBACT TOT, ¥ KOO
paHblle BRINARET repb. KakoBa BEPOATHOCTD BLIMIPBLIA I/ KAXAOTO U3 HI-
poxos?

Omeem. 2/3 — png naunnHawowero; 1/3 — aag sroporo.

4, BepoATHoCTh NOpaskends MHIIEHH MpH ONHOM BRICTpene pasHa 0,75,
CKONBKO HE3ABUCHMBIX BRICTPENOB Heo0XODHMMO HAa3HAMMTE, YTOORI BEPOAT-
HOCTE MOpaxeHHd MuleHH Onta fonkue: a) 0,95; 6) 0,99, B) 0,9997

Omeem. 8} 3,6) 4, B) 5.

9.2. CnyvanHbie BenndiHb!

CxeMaTH4YHO OCHOBHBIE TIOHSTHA MOXHO NpENCTaEHTE CACOYIOIHM a6-
pasom.

Cryualinan penuumna

Auckpernan Henpepoieras

MaremaTHHECKOS OXHEANKE ﬂl{l:ne])cllﬂ

OCHOBHBIE 3aKOHB PACOPCALICHHA

Hucxpemubie seauviinnt Henpepuanme seausiinio

PABHOMEPHOE PacTIpCACACHHE PABHOMEPHDE (NPAMOYTONLHOE) PACIPEALATHHE

IxCroHeRIHANLHOE (RONAZATEABHOL)
PACTIPEIENEHKE

BuHOMAHENLHOE pACIIpEaCREHHE

Pacnpencnenne Myaccona Hopmanutioe pacnpeaenenae
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Cayuadnan seautuna — NEPEMEHHAs BEMHMHHA, KOHKPETHOC 3HAUCHHE
koTOpoH 3aBHCUT oT caydas. Hanpamep, Temnepartypa Bo3ayxa B 12 uacos
A | mona 8 HosocuGipeke, HoMep rpanm, Bhinafalommii npu SpocarnM
KOCTH; CKOPOCTh aBTOMOGHNA B AaHHEI MOMEHT BPEMeHH, H T. X,

Jna xapakTepHCTHKH cnyyartol eenmiHHb HeOBX0ANMO 3HATE MHOXE-
CTBO BOIMOKHELX 3HAYECHAH STOH BENMYHHEI H BEPOATHOCTH, ¢ KOTOPHIMH OHA
MOXET NIPHHHMATE TH 3EAYEHHA. JTH JaHHBIE 00pPAIVIOT 3aKoK pacnpedeie-
#ug cnyqdafinof senuunnel, HanpuMep, pacnpeaenende Yucaa oMKos npH Gpo-
CaHW¥ HrPATBHOH KOCTH OTIHCHLIBACTCA PABHEIMH BEpOSTHOCTAMN 1/6 Ana ka-
¥KJI0re 3Ha9eHHA oT 1 fo 6.

MHOXECTBO BOIMOXHLBIX 3HAUEHHH OucKpemHou cyMalHOH BeNHYMHL!
KoHEewHO (HnH cueTHo). BeTpeualotes Takoke nenpepsigrble CTydalHEIe BEnH-
HHHEI, BOIMOKHEIC JHAYCHHA KOTOPBIX 3A3MOMHMOT BCHO YMCTIOBYIO OCh (HHI{
HEKOTOPEIE NHTEPBANE).

HenpepriaHyto cnyyaiiHyso BeTHIHHY A cIeAyeT 3aJaRaTh HE yXa3zaHHeM
BepoATHOCTEl ¢e¢ OTHENBHARX 3IHaucHHM, a HelpepulBHOH (MM KYCOUHO-
HenpepuBROH) (yHKUHEH, HAILIBAeMOH NIOMHOCHIBIO pachpedeneHus Bepo-
ATHOCTEH cny4YaiHOR BENHUHHLL 4.

YacTo BCTpeMaeTCs HopMansHoe puc-
npecenenue WIN pacnpederenue Iayeca.
Ha pucyHke nokazaHa MNIOTHOCTL HOp-
MATbHOTO pacnpesieNeHun (1pa BAPHAHTA).

Huckpemnoi  cayyainoi HasblpaloT
BeANYHHY X, KOTOpas NPHHHUMAET OTAEIb-
Hble 3HAYCHHA X; C BEPOATHOCTAMH p;. Ee
3AKOKOM Pacnpedc/eHHA HA3BIBAKOT COOTBCTCTBHE MENIY BOIMOKHBIMH 3HA-
HEHHAMH X; H HX BEPORTHOCTAMH p;,. ClleAyeT 3aMeTHTR, 4T Lp; = |, CaMbiMu
BAXHBEIMH XapaKTepUCTHKaMH Cy4aiiHOi BENMHYHHB! ABNAIOTCA MaTeMaTHue-
CKOC OXMAZHHE H AHCNEPCHS.

Momemamuueckoe oxcudanue M(X) ompenendercs Kak «cpeaHee BIbe-
IEHHOE», T.e. O popMye

. M(X) = Zeg;.
TepMHH "MaTEMATHHECKOE OKMAAHHE" CBA3AH € NPEACTARNCHHEM ©
cpeaHeM HIH Hanbonee 0% HAacMOM BBIHTPLILIE B TEOPHY A3BPTHHIX HIP.

IIpumep. Ilycts B HekoTopo# NoTepee Ha Kaxawli Guner mepodr-
Hocts BEMrpars 100 p—3 %, 1000 p—0.5 %, 10000 p.—0,01 %, apyrsx
EpIHIpbinel HeT. Kakos cpelnnii BEIHTPLILY B JoTepee (HA ofHH Ouner)?

Cpennnit BLIHPHIW MOACYHTEIBAETCA KaK MATEMATHYECKOE OXHAAHHE,
OH paBcH

0,03x100 + 0,005x 1000 + 0,0001x10000 =9 p,
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Hucnepcus' D(X) cnyuaiinoit benruune X xapakrepusyer pasbpoc Boa-
MOJKHBIX E¢ 3HAYEHHH OTHOCHTEIBHO MaTeMATHYECKOTO OKHIAHHS W Onpese-
nseTcA 1o GopMyne

D(X) = M[X -M(X)}.

Hns reTepMHHHPOBAHHOR BEMHUNKEBL, TPHHAMAIOIUEH TONBKO OTHO 3HA-
HeHHE Xp, MATEMaTHYECKOE OXKHIAHNHE PaBHO g, 4 THCMEPCHR PABHA HYK,

ITonatye cnyvyaiHOTO {(CTOXaCTHYECKOTO) NPOLECCa ABJACTCA pacLUInpe-
HHEM TIOHATHA CTYMaRHOH BenuunHel. MoKHO ckazaTh, YTO cIyualHEIH mpo-
uece — 3T0 CeMefCTBO CNy4aiiBEIX BeHUKH, PBOMOUHOHHPYIOUIHX BO BpEe-
MEHH.

9.3, OCHOBHbIE NOHATUA MATEMaTHYSCKOW CTATUCTUIA

TepMun "CTATHCTHXKA" B HACTORLIEE BpEMA YoTpebnAercs B PasHBIX
IHAYCHHAX, OXHAKO 3a4ACTYIO NOJA HHM TIORAMAIT HAYKY, H3YHalomyx Mac-
COBBIC ABRNEHMA B LICNAX BBHIABICHHA B HHX 3AKOHOMEPHOCTeH W NOMyYenus
HeKOTOphlX 0G0DUIEHHEIX MOKazaTeNeH, KPaTKO XapaKTepHIYIOWUX TIONYYCH-
Hble JaHHbe. Kak NpaBuno, CTaTHCTAKA UMEET JENO ¢ THCROBBIMA 3HAYCHHA-
MK, KOTOPbIC ONPEISNAOTCA BIMAHHEM MHOKECTRA PAMIHYHEIX NPHYHH, OJHH
H3 KOTOPLIX ABARIOTCA CYIISCTREHHEIMM, a ApyTHe — cnyuaiineimu. OcHoBHaA
3a0aya CTATHCTHKM COCTOMT B TOM, uTOGH abcTparypoBaThes OF CAYHalfHOTO
H BBISBHTh THRHYHOE, XapaKTSPHOE H 3AKOHOMEPHOE,

Cam TepMHH "CTATHCTHKA" APOM3OLIEH OT NaTHHCKOTO CNOBA Status, ¥To
03HauaeT NOJHTHYECKOE COCTOSHHE M MEpBOHAYANLHO CTATHCTHKOH Ha3biBa-
ROCH M3YYeHHE TOCYHApCcrBeHHRIX Jefl, 8 BHAHBIX MOJHTHYCCKHX AEATEneH,
0COOEHHO XOpOIIO OCEEAOMICHHBIX M MOTOMY cnmocobHBIX nenath obocHo-
BAHHEIE MONUTHYECKHME BRIBOABI, HazplBamd statists. JIule mo3aHee mon cAo-
BOM "CTATHCTHKA" CTAM NOAPA3yMEBATL YHCIOBHE AaHHBIC, HA OCHORE KOTO-
PBIX FOCYAApPCTBEHHRIE ASATENH ACNANd CBOR BHIBOJEI, 3 CIIE MOIKE Cro CTATH
NPUMEHATE W JUIA YHCJOBBIX JAHHBIX BOOOILE M MOCTEMEHHO APHILIH K CO-
BPEMEHHOMY 3HaYCHHIO,

bBe3 CTATUCTHKH HEBO3MOMKHO HMIYHEHHC SBACHUA W NPONECCOB, MPOHC-
XOIAIUMX B 00NACTH NPOUIBCGACTEA, SKOHOMUKH M APYFHX CTopon ofmiect-
BEHHOMH *W3HH. CTAaTUCTHUECKOE HIYUEHHE TEX HAKM HHNX RBNEHKH npeanoaa-
raeT B KauecTBe NEPBOTO lara cOop ceedenuii. IToT ¢lop CBEASHNI HalLBa-
0T CTATUCTHUECKHM HalbnonenHeM. B pesyneTaTe Takoro Habmojenps nony-
yaercs BecnopAnoYHas rpyla CHIpOro MaTepuana, HysKIAIOUIEroc B CHCTEMa-
TH3alHH ¥ 0OpaboTke.

1 TepMHH «AMCTEPCHA» APOHCXOXHT OT AATHHCKOro dispengo — «paccuINATLR,
«pacceHBaThy, «paibpacweares.
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OcHoBa Hay4yROH CTATHCTHRM — METOJ IPYRIHPOBOK. Jpynnuposkoil Ha-
IbIBACTCA PACUICHERHE COBOKYNHOCTH CBEACHHH MO KAaKOMY-THOO NpHIHAKY.
biaroaaps rpynnMpoEKaM MarepHan HabmoneHHH NOHMMAET YNOPANOYCHHLIN
(CHCTEMATH3UPOBAHHEI) BAA. ['DYNITHPOBOYHEIC NPHIHAKU MOTYT HMETE KONH-
yecTBEHHOE BHIpaieHye (3apaforas mwraTa, yeneBaeMocTh H T.A.) WIH OLITE
NHIIb KAYECTBECHHEIMHA ([0, AONHKHOCTE, CEMEAHOE NONOKEHHE H T.10.).

Crenyromuy 31anoM oOpaboTks cOOPaRHBIX AAHHBIX ABARETCA BBIYHC-
nenMe ofiobwarowux noxazamenet. B xavdecTse Takux mokasateneii MIMpOKO
HIBECTHH Cpelnue BeNHYHub. HeoOXOAHMOCTE BRIYMHCNEHHS CPEefHHX BENH-
YHH BCEF/IA BOSHWKACT NPH H3YYEHHH MAccOBBIX ABNCHRWI. Ponb cpeaunx ee-
JNHYHH OYeHb BENMKA, TAK KaK B KAXAOM SBNCHUM UMEET MECTO COYETAHNES
CRYYaHHOCTH H 3aKOHOMEPHOCTH. IIpn BEIYHCAEHHY CpeAHHX B cHAY AelicT-
BHA 3aK0HA GONBINHX “HCEN CJ]y‘-l&ﬁHOCTH BIAHMONOTAOLWIAKITCA M YPABHOBG-
MIHBAKITCA, NOITOMY HOABAZCTCA BO3MOXKHOCTh [MEPEXOANTE OT EAHHHYTHOTO K
ofnIeMy, OT CAYHAHHOIC — K 3aKOHOMEPHOMY.

XAPAKTEPUCTHKI U MAPAMETPBI CTATUCTUYECKOW COBOIYTIHOCTH

B pezynsTaTe HenocpeAcTBeHHBIX HabmoZeHwit, wamepennil umu peru-
CTpAUHY (HAKTOB TOAYHACTCS MHOMECTRO JAHWRIX, KOTOpHe ofpatyloT cTaTH-
CTHYCCKYIO COBOKYMHOCTH M HYKAAKYTCX B ofpaboTie, Brawouamomtel chere-
MATH3ALHEI H KNACCH(HKAIMIO, PACUCT NapaMeTpoB, XapakTepH3YIOUIHX 3TY
COBOKYITHOCTh, & TaKkK¢ COCTaRNeHHE Talnni, rpadMkOB M APYTHX MaTepHa-
0B, HAREOCTPHPYHIIHX TIPOHECC.

OcHoBHEM 3TanioM 0DpaboTKH 3KCNCPUMEHTARBHBIX AAHHBIX SBIIFETCH
Zpyniuposka, T. €. patAencHHC CTAaTHCTHUCCKOE COROKYNHOCTH HAa TPYNNEL
(Xnaccel), OAHOPOIHBIE NO KaXOMY-TO NpWInaky. BraroZapa rpynnupobxe
cobpaHumii Mavepuan nprofperaeT cHCTEMATHIMPOBAHHBIE BHI, MOITOMY
BLIBE/ICHHE TEX MAM WHBIX TPYN A0MKHO GLITh He dopManbHbIM, a ofocho-
BAHHBIM KCXORA W3 LENCH HCCNEAOBANKA,

Ceenenun, cobpannbie 3a Kaxoi-To NepHoOA, MOTYT ObITh CHCTEMATHIH-
pOBaHEl MO Bpemend. JTonyuaemMuIe NPH BTOM RAHHKIC HATMBATCA Aperen-
HbiMU pdart WIN padasu dunasmuxy. TIyTeM HX 3KCTPAnoOnANMH, T. . npo-
HOJMEHHA 34 idamepeuuue JHAYCHHA, OHH MOTYT 6BITE HCMONLIOBAREL ANA
NPOrHO3HPOBAHHA PA3IBHTHA hcenenyeMoit cuctemel B Synywem. Ecmn ke
ANEMEHTE] COBOKYITHOCTH CHCTCMATHIWPYIOTCA N0 KAKOMY-TO NPHCYUICMY WM
XAPaKTEPHOMY NPHIHAKY, HANPHUMED N0 BHAY TEXHOMOTHICCKHX NPOLICCCOB,
THIY ofopynoBaHus, MapkaM HCXCAHBIX MATEPHANOB, KBaMWHKAUHY onepa-
TOPOB H 0.5., TO ORY O0PAIYIOT pACK pacnpedenenus.

Koraa nmpusHakM KONHYECTBEHHBIC, TO, PACROIOKUB WX B (IOpAOKE BO3-
pacTaHus WNH YORIBAHHA M NOACYUTAB YHCIO NNEMECHTOB, COOTBETCTBYILINX
KaXIOMY 3HAUCHHIO NPMIHaka, TIONYHaI0T sapuayuonkbiii pro. Bapsupylonme
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MPH3IHAKH MOTYT BBIPaXATLCR B BHIC JHUCKPCTHLIX LICHBX YHCET HIM IIPHRR-
Mate mobne 3HaqeHndA. Jng HenpepoiBHBIX NPH3HAKOB BAPHALIMOHHBIE PAIb]
CTPOATCA KAK HHTCPBAILHBIC, T.¢. 3HAYCHUA NIPHIHAKOR B HHX BEIPAXAKOTCA B
BHAE "OT... AO...".

Bapnanuonuwi#t pan npefcraenser coboil Tabmuy pacnpeacneHus, T.e.
HECKONIEKO CTOJAGUOB, B OSHOM H3 KOTOPBIX [PHBOEATCH JHAHCHHA NPUIHAKA,
a B ApYrOM — YHCAZ, NOKA3BIBAIONIKE, CKONBKO Pa3 BCTPEUAETCd AaHHOE 3Ha-
JeHHE B McchenyemMoit corokynHocTd. B pyrux ctonbnax tof ke Tabannel
MOTyT 8bITE OTHOCHTENBHBIE YHCHA, INIOTHOCTH M APYTHE pacdeTHbIE BeTHYH-
Hel. Bapualwosnsie paas npHodperaoT Gonswyi HAMIAAHOCTS, KOTAA OHH
u3olpaxatored rpaduyecky. JIng 3T0T0 B NPAMOYrOnbHOH CHOTEME KOOPAK-
HAT N0 OcH abcllHce OTKAANLIBAIOTCA HHTEPBAMIB BAPHAUNGHHOTO PARA, a Mo
OCH OPAHWHAT — COOTBETCTBYIOWHE aBCONIOTHEIE JMCHa HIK OTHOCHTE/LHLIE
yactothl, [lonyueHnas cTonbukoRas AHarpaMma, COCTOAMIAY M3 COMKHYTBIX
IPAMOYTONBHHKOB, HAILIBACTCA ZHCIMOZDAMMOM,

Haunbonee nonHy0 XapakTepHCTHKY CTATHCTHYECKOH COBOKYNHOCTH Ia-
eT ¢yHKIHA pacnpencieHHs BeposTHOCTel cyvatinodt Benmne. OxHako Ha
HPaKTHKE YACTO MCNONBIYIOT OTPAHHYERHOE KONHYECTRO WHCAOBHIX XapaKTe-
PHCTHK, HA3LIBAEMBIX Hapamempamu pacnpedeteruf. STH NAPaMeTPrl MOXHO
PaICANTE Ha TPH KRAcca, KOTOPBIE XapakTepH3yloT: 1)} UeHTp rpynmupoBa-
HHA; 2) BEAHYWHY paccesHuA (CTeneHp BapHaUuM). 3) dopMy pacnpenencHun
BEPOATHOCTEH.

Hlentp rpysinnpoBauud. OIHOA H3 OCHOBHBIX XAPRKTEPUCTHK CTATH-
CTHYECKOH COBOKYMHOCTH, HANOLICH TPEACTARICHHE O TOM, BOKDYI KaKOTo
LIEHTpa PPYNNHPYRITCA BCE 3HAUCHHA, ABNAETCR CPEIHEE apHMETHYIECKOE.

Beaswunna paccesnud. CTATUCTHYSCKHE COBOKYITHOCTH MOTYT HMETD
ONuIKHEe WIH JaKE ONHWHAKOBLIE 3HAYEHHA IICHTpPa TPYIHIUPOBAHHA, DAHAKO
OTRENBHBIE 3HAYCHMA BEAMYHE B HHX MOTYT CyHlecTBeHHO oTinuarsca. [Tpo-
HCXOOUT 3TO W3-3a TOTO, YTO pa3dpoc 2HaueHnl OTHOCHTCNLHO LICHTRa GhiBacT
HEOOHHAKOBHIA: & OAHHX chyHasx Gonmwuioit, B Apyrnx — Mansii. [Mosromy
HEOOXOANMO KONUMECTBEHHO HIMEPATE ¥TH Paibpockl WIH BAPHALIKK.

Camoif TeMEHTAPHOH XApAKTEPHCTHKON PaccedsHnsd ABNACTCH BapHALY-
OHHBIH pa3Max, npeicTaBasiomuii cofoll paHoCTh MEKLY MAKCUMANBHBIM H
MUHUMATEHBIM 3RANCHUAMH HIYH3eMOH COBOKYITHOCTH,

BapuaupoHHelit pa3sMax He BCETNA XapakTepeH, TaKk Xak YHHTLIBAET
TONBKO KPaiiHNe IHAYMCHHA, KOTOpEIe MOTYT B OONbUIOH CTeneHH OTAHMATHCA
OT BCCX ApYTHX 3HadeHui. bofce TOUHO paccesHHe ONpeneasercs ¢ MoMOoLLI0
noxazaTenei, YYHTHBAIOIUWX OTKAOHEHUE BCEX SHAYEHHH OT CpelHero apud-
METHYECKOro, T.¢. CpefiHee NHHEHHOE M CcpenHee KBAAPATHYECKOE OTKIOME-
HYA,
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Cpednee aunetinge omxlonenue OCHOBAKO HA YYeTe MHIMBHAYANLHBIX
OTKIOHEHHH OTACABHBIX 3HAYSHHH OT CPeAHEro apH{IMETHYECKOro AaHHOTO
pAna H ONPE/IeNAeTeA Kak CpeaiHee apHPMETHYECKOE ITHX OTKIIOHEHHI,

BTophiM NOKA3aTEACM CTENEHH BApHALMH BOKPYT CPCAHETO ABIACTCA
CpeoRee K8adpamuveckoe OMKROKeHIe WITH, KaK €70 HacTO HA3KIBAIOT, OCKOg-
HOE OMKAOKENUE.

OcHOBHOE OTRJIOHEHHE ABNAETCA HaHbonee pacnpocTpaneHeM o obie-
NpPHAATHIM TIoKasaTesieM Bapuaudn. CpelHee apH(METHYECKOE H3 KBAAPATOB
OTKNOHEHHH OT CPEeOHEro 3HAueHHs Ha’BIBAETCA Jucnepcuedl. Jlucnepcua
HMEET CaMOCTOATEABHOE JHAYEHHE BO MHOTHX 380aYax MATCMATHYECKOH cTa~
THCTHKH H OTHOCUTCA K YHUCRY BaxHEHAIMX nokasaTenel papHauHy.

Jns xapaxTepHcTik# QOpMbl PACTIPEAENCHHA OObLIYHD WCHONBIYHOT TY
MATEMATHULCKYHD MOJETL, KOTOPas HaunyuiHM obpasoM npuiamkaer K BULY
KPUBOH pacnpeieeHus BepoaTHOCTER, NOMyuesHON Mpu aHanule dKCOepH-
MEHTANBHO NMOIYYSHHBIX RAHHLIX,

CrarucTudeckne Moldeau. B kauectee MaTeMaTHuecKkHX Mogeneii cra-
THCTHYECKHX PacTipeicneHii HCRONbL3YIOTCA TeOPeTHIECKHE KPHBREIS paciipe-
nienexna. TeopeTyeckad KPHBaX — 3TO 3ABHCHMOCTS, KOTOPAA OMHCHIBACTCA
MaTEMAaTHYECKH, T.¢. MOXET ObiTo BRIpAKEHA YDARHEHHEM C OTIPEACNEHHEIMH
napamerpaMH. H3BeCTHO 3HaWHMTENBHOS KONIHYECTBO PAlIMYHBIX pacnpenene-
HAl: YHCIO NOTEHLUWANEHO BOSMONHBIX CTATHCTHHECKHX MomeneH eme Gonb-
ure. OxHaKe Ha MPEKTHKE HCMOALIYIOTCS JHIL HEKOTOPHIE W3 RHX, ODRIYHO
Te, KOTOpHe Gonee ynoOHB JUiA onHcaknud Kakof-nuGo cutyaumy mnp obna-
HAIOT HEMATENbHBIMY MATEMATHYECKHMY CBOHCTBAMH.

CTaTtHCTHYECKHE  METOQBE  AHANKMIA  INHPOKO  HCMOABIYTCA B
KOMOBIOTEPHBIX NMpOTpaMMax. B HacToAmmee BpeMA NS CTATHCTHYECKOTO
aHANH3a JAHHBIX ¢ LEIBI0 TIPHMEHCHUS B ¢BOCH ACATENBHOCTH HCMIONBIYIOTCA,
B ocHosHOM, nakerl STADIA u STATGRAPHICS (cm., nanpumep: Tiopun
fO.H., Makapoa A.A. CTaTHCTHYECKHA aHATH3 AaHHKX HAa KOMOBIOTepe. M.:
HHPPA-M, 1998).

Hampumep, MeTOAB! CTATHCTHKH B JIHTEPATYPOBCACHHH MO3BOJAIOT Aa-
BATh XAPAKTEPHCTHRY CTHIEH PAMTHIHEIX ABTOPOB HE TONBKO KaYeCTBEHHYIO,
HO M KoJaHYecTBennylo. Cnopuble sofpocki 00 aBTOpCTBE (a 3TO Vice OpHC-
ApyAcHUMA!) TOTAA MOKHO peluaTh ¢ MOMOLWBI uucen. Tak peniHnca AapHHi
ponpoc 06 apropcrse (Wi coastopctee?) «Mnmamem: noacuerst Ha 2BM
BCEX PHTMHuecKMX ocobennocTedl kakAoi FABEl NPOHIBEAEHMA NOKa3aiM,
YTO ABTOPOM TI03MBI MOT OBITE TOABKO OUH YEAOBEK — BCE THABL! COXPAHIIOT
obiiee pHTMHUIECKOE €IHHACTEO,
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10. MaTemMaTnyecKkoe MOLENWPOBAHWE W NPUHATHE PeLISGHUIA

Xoingt ananozun 4acmo seooum & 3aoayxcoenue, o
HAUMENBWICE 13 MO20, MO g800um Hac a 3GbRyxcoenue,

C. Batnep

Ecnu npoGneMy yaacTcaA NepeHecT Ha A3kiK OPMYN, TO OHA CHNBHD yNpowaeaT-
CA. MaremaTuieckmil NOAXOA NPOCT SILE K NOTOMY, YTO OH NOAYHHASTCA BRAONHS onpe-
ASNBHALIM MACTKMM NPABUNAM, KOTOPHIS HBNEIA OTMEHUTL YRAIOM UMK MHBIM chocoBom.
CRoxHOCTL HaWed MMIHW KaK Pas M COCTOUT B TOM, 4TO BCO, HTO B HOH CRYNASTCA, CBO-
60AHO OT NYT YCNOBHOCTEIA.

MarvemaTrka UMEST QEN0 C YNROWBHHBIMH MOQBAAMK ABNEHWA. {TPHPOAHe KOPHK
HBKOTOPBIX M3TEMaTHYECKMX HAyK CKPBITEl OT HAC NAYTMHOH BpemaHu, 8 Apyrux, Gonee
MONOABX, OHK BiiHbE RBHO. TT0 cyliecTey, hopMYNa (MNK COBONYNHOCTE thopMmyn) npeg-
crasnsat coloi ONPeRenoHHLIA 37Tan B NOCTPOSHHM MATEMSTHUECKOR MOaSTK,

10.1. MaTeMartuueckue MeTogs! U MOREMMPOBaHWE B
LeneHanpasneHHoN 4eATenbHOCTH

Mamesamuveckoi modeavio, ¢ POPMANBHON TOUKH 3PEHAA, MOXKHO Ha-
3paTh MOOYI0 COBOXYMHOCTE BACMCHTOR H CEAIBIBAIOIEMX WX onecpaumii. C
COACPIKATCRBHON TOUKH 3PCHHA KHTEPECHBI MOAGTH, ABAAIOUIMECA H3oMOpiD-
HEIM OTOOp@XEHHEM DPCARBHLIX WIH peanM3yeMalXx 0(BEKTOB, OPOUECCOB H
ABneAdH, C MaTEMATHYSCKHMH MOJICAAMH HENOCPEACTBEHHO CBAIAH MATeMa-
THYECKAMI METOA MO3HAHAA OTOOPAKAECMEIX MOACARIC OOBEKTOBR.

CooTHoIUENHE Med(Ty DIACMERTAMH g, b U ¢, BripakaeMoe dopMynoit
a + b = ¢, — 370 MaTemaTu4yeckan Monens. Ona ysomopdno orobpakaer one-
paunio 0OECAHHEHHA ABYX Ky4 KamHell ¢ #X 4Hcnamu & u b B ofuyro xyiy
KaMmHeH, KOTOpHIX OKaweTed ¢ = ¢ + b, B 370M cMBICIE onepailng cRoMXenus
OTBE4ACT OGREOMHEHHIC OBYX KY4 B OIHY, 2 MoIenk o + b = ¢ HiomopdHa
aToMy cnuauHio. [lpu 3ToM, He 0OBEANHAA KYUH W He ¢YHTan B Hel KamHedt,
MOIKHO APEACKA3ATE, 4TO HX OYIET POBHO C.

37T0T 3neMEHTaPHbIA NPHMEP NOACHAET 00IKH MaTeMaTH4ecKMit MeTON
nosHaHuA. OH COCTOHT B MOCTPOCHHM /1A M3yuaeMoro O0BEKTa, mpotiecca
HIH ABNEHHA MIOMOPDHOH MATEMATHYCCKOH MOJCAH (HA OCHOBE SACMEHTOB H
onepaunii onepauMoHHOH CHCTEMBL), B U3YHEHHH 2Tof MaTeMaTHHecKol Mo-
Jenn (1na qyere TpeGyeTca BHITOTHUMOCTE HCMIOIB3IYEMBIX B HEH onepamuii) H
NIEPEHOCE B CUNY M30MOPdUIMA Pe3yNLTATOR, MONYYEHHBIX ANA MOJCIA, Ha
HCXOAHBI H3y4yacMEll O0beKT.

B 3ToM HanpaBncHMH MATEMaTHKA HE TONLKO COIANA CBOU pa3HocOpa3-
HBIE BHYTPEHHHE MOREAN anreOphl, reoMeTpHH, HyHKIMK KOMIUIEKCHOTD Tie-
pemMcHHoro, anddeperiHalbHEIX YPABHEHHH U T. J., HO H TOMOTIA €CTECTBO-
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JHAHHI} B MOCTPOCHHH BEJIHKHX MATEMATHYCCKHX MO.D,CJICE MEXAHMKHE, JICK-
TPOIMHAMHKH, TEPMOAMHAMHKH, NHMHYECKOH KMHETHKHM, MHEKPOMHpA, Mpo-
CTpaNCTBA—BpPEMEHH M TATOTEHHS, BEPOATHOCTEH, nepenayn cooBuwIeHu,
YIPABNEHHA, TOTHYECKOTO BRIBOAA ¥ Ap. B coznanuy csonx mogeneil mMaTema-
THKA 4aCcTO OTepPexkana NoTpeOHOCTH SCTECTBOIHAHHA U TCXHHKH,

Peansiwit 00nexT
Hocmpoerue mo- Hemonxoagmue (un- |
dey I Conepxarenshas Moasis I mepupemayus) pe-

paamania

| MaremaThueckas MOASRE I

| Pewenye Mamemamuneckoil 3adiuuu }

Peanu3allid  YHHBEPCAIBHOTO MATEMATHYECKOTO METOJA NOJHAHMA B
eCTh, NO-BURHMOMY, OCHOGHGR Yenb U 3adaya COBPEMEHHOU MaMEMAMUKL.
OHa BimMIOYACT, B IEPBYIO 04CPeAb, NOCTPOCHHE HOBHX HEBGHOOMBIX MATEMA-
THYECKHX MOJeNeR, B YACTHOCTH B GHMONOTHH, INY NOIHAHHA XHIHH 1 jed-
TENEHOCTH MO3TA, MHPOIAAHKMA M MHKDOMMDA, HOBBIX (PAHTACTHHECKHX TEX-
Homoruit H TEXHHEH, & TAKXKE MOIHAHHE IKOHOMHYCCKHX H COLIHANBHEIX ABJIC-
HMit OTIATD e © IOMOINBIO MAaTEMATHYCCKHX MoJened.

He cneayer 3afeiBath W 0 ZanbHeimeM paclidpeHHH ¥ oforameHuH
OTEpaHONHON CUCTEMBI H €€ PEanbHbIX BOIMONHOCTEH, THrAHTCKH YCHIN-
Ba¢MBIX BbLIMHCIHTSMBHEIMH MCTOOAMH, BBIMHCITHUTC/IBHRIMH #MAIUHHAMH H
CpeacTBaMH [pOTpaMMApPoBanud, ONHAM M3 MOLIHBIX MPOTPaMMHBIX CPEICTE
ofecrneueHn MaTeMaTHIECKOro MOACTMPOBAHHA CHCTEM A1000r0e HasHAZEHHSA
ABNIACTCA MHTErpHpoBaHHbIN nakeT MathCad, eCTh U ApyrHe aRTOMATHINPO-
BAHHBIE CHCTEMBI SHCICHHBIX ¥ aHATNTHYMECKHX PacteTos, ofnamaiame opy-
KECTBEHHBIM K TONB30BATEMC HHTEpdeicoM U SONBLIMME BRIMHCIHTENRHEL
MH BO3MOXHOCTAMH. TIpHUMEpaMit TAKHX MATEMATUUECKHX [AKETOR ABAAIOTCA
Derive, MATLAB, Maple, Mathematica, SPSS, Statistica. Kpome HNX uMeeTca
MHOTQ Y3KO CIELUHATH3APOBAHHBIN HIH MEHee HIBECTHBIX NAKETOB,

MateMaTHHECKHE METOAL
AHATHTHYECKHE HHCREHHLIE rpadbH4ecKHe
MPAMBIE HTEPALIOHHBIE
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B corpeMeHHOM MHpE YNPaBACHHE — JEJ0 OTHIOAS HEAETKOE, MOCKONb-
KY TOJMTHYECKAN, SKOHOMUYECKAs H CONHANLHAA CTPYKTYpa oOuIecTBa SBMA-
€TCS CHOKHON H MOCTOAHHO ycnoskHAeTes cule Gonswe. H To ke Bpems ana
3(pHEKTHRHOTO YNpPaBNCHHA HeOOXOBMMO YYMTHIBATE XAPaKTEP B3AHMOOTHO-
meHuit MeXAY PAlTHHHBIMK JIEMEHTAMH OPraHH3alHH, 8 TAKKE BCE €€ R3au-
MOJEHCTBHA ¢ OXpYXalOMeH ce Cpeaoil.

OfHE 13 MOIIEEX HHCTPYMEHTOB aHANHIA, KOTOPBIM PACTIONAraloT Jio-
MM, OTBETCTBCHHLIC 38 YNPABNCHHE CNOXKHBIMH CHCTEMaMA, — MOIEIHpOBRA-
eue. Moaenes ABRAETCA NpPEACTARACHHEM PEATBHOTC OOBEKTA, CHCTEMEL HITH
noHsTHA (MAen) @ pexotopefi popme, oTmuRoH oT dOPMEI HX fakTHHECKOTO
peamsHOro cymecTBoBanua. OBBINHO MOACHE CNYXKHT CPEACTBOM, MOMOTRIO-
IKM B OOBACHEHHN, NOHAMANKY HIH COBEPUICHCTROBAHHN cCHCTeMbL. Monens
Karoro-1nGo o0bexTa MOMET ObITh HAK TOUHOI KOTHEH IToro oGbeKTa (XoTd,
BOIMOKHO, ¥ BEITOJIHCHHOH B pyroM MacwTale wiH M3 ApYroro MaTepHana),
uAH 01o0paXaTh HEKOTOphIE XapaKTepHbe CBOHCTBa 0OBeKTa B abcTpakTHOH
dopme, B YACTHOCTH B BHAC MameMamuyeckot Modeny,

ARanyy MareMAaTH4YECKHX MOAencH ZaeT B PYKH MCHE/KCPOB, YIpaB-
NAOMMX W APYTHX pykoBoguTeneli >bheKTHBHRL HHCTPYMEHT, KOTODLIi MO-
KET HCTOJIB30BATHCH JUNA MPEACKA3AHHS MOBENCHMA CUCTEM H CPaBHEHHA MO-
nayvaeMbix. peayneTaToR. TakiM o0paszoM, MOACAHPOBaHIIE TOIRONBET NOTHYE-
CKHM IIyTeM RPOTHO3HPOBATD MNOCHEACTBHA A/IbTSPHATHBHEX NeHCTRU H AoC-
TATOMHO YBEPCHHO TIOKAILIBAET, KAKOMY H3 HHX CHeAyeT OTAaTh npeanoyre-
HHe. [IpHMeHeHNE MOTENeH JaeT pYKOBOAUTENAM K MEHekKEpaM MeToj, 1o-
polinatoLnuit 3¢ $EKTHBHOCTD HX CYKOCHUN H HHTYHLINY.

MaTeMaTHUECKaA MOACTE MOMKET MCHONBIOBATHGH TPATULIHOHHBIM CNO-
cofoM, T.€. ANK NOAY4eHUA KAKOTO-TO HYaCTHOTO pellcHus, RO B chepe ynpas-
neHuA OHa HanGonee yCNeWHO TPUMEHARTCA AAA WMHMAUUOHHO20 MOJERUpO-
agnur. mrrauusa (ot nar. imitatio — noApaxcaHie} — 3TO BOCTIPOHIBEACHHE
H& MOASTH TOH ANU MHOR peadbHoH CHTYaUHH, ee HCCICAOBAHNE H B KOMEY-
HOM CHeTe HaxoKAeHHe Hanbonee yIauHOTO PELICHHA.

HMutationoe MOSETHPOBEHUE OCHOBRIBAETCH, THABHLIM 00pasoM, Ha
TEOPHH CAOKHBIX CHCTEM, TEOPHH BEpOATHOCTEH H MATEMATHUECKOH CTATH-
cTHke. Ho » 10 ®e BPEMA HMATAUHOHHOS MOOENHPOBAHHE H JKCIIEPHMEHTH-
POBAHHNE, KAK W CaMO YNpaBlieHHe, BO MHOTOM OCTAKOTCA MBORYECKUMY HpO-
yeccamu. CoBCTBEHHO HMUTAMHORHOS MOACHHPORANNE COCTOHT H3 KOHCTPYH-
pOBAHHA MATEMATHYECKOH MOJCAH PeanbHOH CHCTCMBI H TIOCTAHOBKH HA HeH
IKCMEPHMERTOB, YTOOL OLEHHTE (C TOMKM 3peHHA MOTPeOHOCTH B pecypeax,
HAMPHMED) pasiHYHbIe CTPaTerHy, obecneyHBaoilke NOCTHKEHNE UeTH IaK-
HOH CHCTEMBL.

89



Korna Hy%HO HPMHUMATE OTBETCTBCHHOC PEIICHHE, T. €. NPH IPOSKTH-
POBAHHH GMOKHEIX TEXHMYCCKHX CHCTEM, TIPH YUDABACHHH (POMBLIUIICHHBIM
HITH CeNhCKOX0IAACTBEHABIM MPOH3BOACTEOM, PYKOBOJCTRE BOSHHBIMU I¢ii-
CTBHAMH, OONSIIOE 3HAYCHHUE WMECT MPAKTHHUECKHI OTBIT, AN BOIMOX-
HOCTL BHIZENHTE HauGonee cywecraerHrie HaKTOph, OXBATHTL CUTYALMIO B
LENOM W BHIOPATE ONTUMANBHLIE TYTe ANS AOCTIXEHUA IOCTABNEHHON UETH,
OnpiT NOMOTAET TAKXKE HAHTH AHATIONHYMBIE Cy4al B NPOLEIOM K N0 BO3-
MOMHOCTH H30exKaTh oWMGoUHbIX AelicTami.

Tox onkITOM NOAPAZYMEBACTCS HE TONBKO COGCTBEHHAR MPAKTHKA JHLA,
NPHHUMAIOLLIETO PELICHHE, HO ¥ 4yXkoH ONLIT, KOTOPHIA ONHCAH B KHMraX,
MOHOrpadHax, 0G0GIIEH B HHCTPYKNRAX, PEKOMEHAAUHAX H APYIHX PYKOBO-
AAmmxX marepuanax. IloatoMmy, npekde deM MPHHEMATE peluerHe, Beeraa no-
NIHO HIYYHUTE NPEAMECTRYIONHI ONBIT, PACCOPOCHTR 3HAIOMIKX AOALH, Mo-
CMOTPETE, KAK NOCTYNANH B MOAOOHLIX cy4asx paHbuie. EcTecTReHHO, YTO
KOTDA peleHHEe yke anpoOHpOBaHO, T. €. U3 CBOCTO WIH YYKOTO OMBITa H3-
BECTHO, KAKOE HMEHHO pELICHWC HAWTY'HUMM o0pa3oM YAOBACTBOpSET MO-
CTABACHHEIM UEIAM, NPoGACMBl NPUHATHA PEINEHHA ¥ OUTHMANBHAOTC YOpas-
AEHHA NIONPOCTY HE CYIECTRYET — PEIcHHUE HATIEPE/ MIBECTHO.

OOHaKo Ha caMOM JeNe NPAKTHYECKH HHKOraa He OblbaeT COBEePLISHHO
OAVHAKORSIX CHTYaUWMH, NOITOMY NPUHMNMATH PELIEHHA M OCYLICCTBIATH
YOPARNEHHE BCETA4 NPHAORMTCA B YCIOBUAX HEMOMHOH H HEAOCTATOMHON HH-
dopmanun. B TakHx cnydadx HeLOCTAIOWYI0 HHQOPMALHIO IBITAITCA TIONY-
YHTB, UCMONE3YS ACTANIKH, MPEANONOKEHNA, PeayNbTaThl HaYYHBIX MCCIEHO-
BaHUif U ocofeHHO ulyueHHe Ha Moaensx. Hayywo obocHOBaHHaR Teopus
ynpaeiesna GakTHUecKH npefcTamiideT coboit Habop METOOB NONONHEHHA
Hegocralowiel HHGOpMaLHK 08 ynpapiseMoM NPOLECCe, 4 TOMHES TOBOPHA, O
TOM, KaK NOBEAET ceba oObexT ynpasneHua NpH BEIOpAHHOM BOINCHCTBHH,

[Monyyaetcs, 4TO ANA YCOEWHOro YNPaBNeHHd HAAC NPedCKA3LIBATE N0~
seieHne cicTeMel B SyaymeM. HenoBeuecTBy BCErfa XOTeNoCh 3HATH Oymy-
mee, MO3TOMY ¢ APEeBHEHIIMX BPEMEH CO3JABANHCh PAZIMYHBIC METONBL nped-
ckasaHuit. OOHA U3 HEX © NMOINUHA CeroAHAWMHErO AHA KAXKYTCA HAMBHBIMHA,
HanpHMep ralaHue Ha kodefiHoft rywe WAy 1o ACTPeXaM UepHOTO NETyXa.
JIpyTHe He NORATHL A0 CHX MOP, HECMOTPA HAa OTPOMHbLIE YCUITHA YUEHEIX, HA-
MPHMEP BOIMOXKHOCTR TPEACKA3AHHA CTHXHHHBIX OelcTBuil (H3BEpXkKEHHE
BYNIK2HOB, BOTH UyHaMu), HaGmromas 3a MOBeNEHHEM HEKOTOPBIX XHMBOTHBIX
(pelO, MypaBrez H Ap.). Hakonen, TpeTsH MOMYYHIH YETKGE 00OCHOBAHHE H
WHPOKO HCMONE3YIOTCA B HAYYHOH W HIDKCHEPHOH MPAXTHKE. 3TO METOAB
MAaTeMATHYECKOrO NPCrHO3HPOBAHUS.

Ecnu pasruie ociosHas jaaaua Haykd Obina B TOM, 9TO0L TIOHATE noBe-
ACHHE H3YYAEMOH CHCTCMbI, TO TCMEPs AKTYANbHOH ABIASTCE BOIMOXKHOCTh
OYERUMb PAITUNHBIE Cipame2uy, ob'ecnewaamu;ue docmuxcentte et

90



CrpeMacHie TONYHUTH Kak MOXHO Goeme HubopManm 06 ynpassse-
MEIX ofBeKTaX W mpoleccax, Bmiovad M ocobernoceTy ux Gyayilero nosene-
HHA, MOXeT OLITh YRIOBNETROPEHO TOMEKO OOHMM criocofoM: myTeM wccredo-
gaxust HHTEPECYIOWMX Hac CBOMCTB #a modeasx. Moaenk paer criocof npen-
CTABNSHHA peanbHOTO 00LeKTa, koTopHt NOIBONLET NErko B ¢ MANEIMU 3aTpa-
TAMH PECYpPCOB HCCIIENOBAThE HEKOTOpHE ¢ro caofictsa. Tontko Mogene 0oo-
3BONAET MCCNEAOBATh He BCE CBOIICTBA cpasy, 4 AHING Té H3 HHX, KOTOpEIE
Hanbonee cymecTBeHnEl ApH JAHHOM PAcCMOTPEHHH. T1odTOMY MORENH To-
3BONAOT cOPMYNTHPOBATE YNPOWSHHOE NPEACTABIEHUE O CHCTEME W nony-
4HTE HYKHBIE DE3YIBTATE HAMHOMO Npoule u ObicTpee, 9eM APA H3YHEHUH
camMoli CHCTeMbL

Mogens npou3BOACTBEHHOR CHCTEMBI, B TIEPBYIO OMEPEDb, COLACTCA B
co3HaRuR paloTHUKA, OCYMIECTBAANOWENO ynpasneHue. Ha sroll Moaenu oH
MBICIEHHO TMBITAETCA NPEICTABHTE BCe 0CO0SHHOCTH camMofl CHCTEMBI M IETATH
£¢ TNOBEACHHA, NPEABHAETD BCE TPYAHOCTH W NPEAYCMOTPETh Bee KpHTHUYE-
CKHE CHTYALHH, KOTOPHIE MOTYT BOSHUKHYTE B Pa3fHUHLIX PEKMMAX IKCILTYa-
Tauyd, YToOR Kak-TO BOCMOAHWTE ¢¢, OH HeNAaeT JNOTHYECKHE 3aKIIOUEHHA,
BLINONHAET YEPTEHKH, [HTAHb! H PacyeThl,

CROXKHOCTE COBPEMEHHBIX TEXHHUECKHX CHCTEM H IPOU3BDACTBEHHBIX
[POUECCOB NPHBOAHT K TOMY, YTO ANA HX MIYYCHHT OPHXOAKTCA MCTIONL30-
BATL pasmuuHele BUARI Moaenci, TIpoctenMu ABIAIOTCA Macuimabnoie Mo-
dean, B KOTOPHIX COOMONAETCA 2eomempiieckoe hodobue OPHIUHANE H MOe-
NH, HO HATYpHbIC JHAYSHAA BCEX PAIMEPOB YMHOKAOTCH HA MOCTOAHHYIG Be-
nnuMHY — MacurTal Monennposanun. pomosikne o6sekTol (kopabny, caMo-
NeTH, 3AHHA) NPEACTABASIOTCH B yMeHBIIEHHOM BHAE, a MENKHE (ATOMEL,
MOJIEKY LI}, HAOBOPOT, B CHILHO YBEIHYEHHOM.

B ananozosvix modennx HecneRyeMble DNPOLSCCH H3YHAIOTCA HE HENO-
CPEACTBEHHO, A N0 AHANOTHYHLIM ABJCHHSAM, T. €. N0 NPOLECCaM, HMSIOWHM
HHYIO (DH3HYECKYIO TIPUPOLY, HO KOTOPLIE OLUCHIBAIOTCA TAKHMH e MATEMa-
THYECKHMH COOTHOUIGHHAMH. JIA TaKOro MOMAEAUPOBAHHA HCIONLIVIOTCH
AHANOTHA MEXAY MEXaHHUECKHMH, TCTVIOBLIMK, THAPABNINYECKHMY, 3NCKTPH-
UeCKHMH B ApYrHMH seieHuaMd. Hanpumep, konebanun rpysa Ha npyxHie
AHAMOTHYHB! KONeGaHMAM TOKA B WISKTPHYECKOM KOHTYpE; TAKHMH e ypas-
HEHHAMY ONHCHIBAIOTCA ABHMENHE MAATHHKA U HANPAXCHHE HA BRIXOAE IeHe-
paTopa fMepeMeHHOr0 TOKA. .

CamoiM 0BIUHM METOAOM HAYYHBLIX HCCNSHOBAHME ABNAETCA WCNONLIO-
BAHHE MOMeMamuvecko2o Moderuposanus. Maremathueckoll Monenslo Ha-
ILIBAIOT GOPMANBHYIO 3aBHCHMOCTS MEHAY IHAYEHUAMH NApPaMETPOB HA BXO-
e MOZenupyeMoro ofsexTa WM Npolecca H BhIKOAHBIMA MapaMeTpaMH. [Ipu
MATEMATHUIECKOM MOASTMPOBAHHK OTBNEKalTCA (aGCTparupyloTca) oT KOH-
KpeTHOl (hiu3nyeckoi nprpoas! ofbEKTa X NPOHCXOAAMMX B HEM NPOLECCOB H

a1



PAacCMaTPHBAIOT TONLKO TPeofpaloBaHHe BXOAHBIX BENMMHH B BBIXOOHBIC.
AHANH3HPOBATE MAaTEMATHYECKHE MOAGIH MPOINE H OBICTpee, YEM IKCIEPH-
MEHTANBHO OTIPSJENATh NOBENEHHE PeanbHOro OOREKTa B PasMMYHEIX PEKH-
max paborbl. KpoMe Toro, aHanu3 MaTeMaTHYECKOi MOACTH NO3BCAAET BIZIE-
nuTE HauGoONee cymecTBEHHBIE CBOHICTBA AANHON CHCTEMBI, Ha KOTOpLIE Clig-
Ayet o0paTuTh 0c000€ BHHMAHNE NPH DPHHATHH DELICHIA.

JlononHUTeNBHOE NPEHMYIIECTBO COCTOUT B TOM, YTO NPH MAaTeMaTHYE-
CKOM MOACTHPOBAHHM He NPEfICTaB/iAfeT TPYAA HCILITATE HCCNCAYEMYIQ CHC-
TeMY B HMACANBHBIX YCIOBHAX WiH, HAOGOPOT, B IKCTPEMANLHBIX PERHMAX,
TpeQy1omHx ang peaisHbx o6BexToB MM Mpolieccos Gonpminx 3aTpart HIH
CBAIAHHEIX ¢ PHCKOM,

B 2aBHCHMOCTH OT BMAA CHCTEMBI H KOHKPETHBIX Lieneii, Kotopme c¢ra-
BATCA OPH aHANH3E, BO3MOMHE PalMMMHBIE METOABI OMUCAHHA CHCTEM, T.C.
CYIECTBYET HECKONLKD PamIMMHLIX NOIXOIOB K MATEMATHYCCKOMY MOLCIH-
POBAHHIO H CHCTEMHOMY 2ZHANMHIY. B ocHoBe Kamjoro NOAXOZa JiEwaT T¢ K
HHLlE MPeACTaBileHHA, KakoH-To ocHOPHOM Halop mpelf H TeopeTHYECKHX
MpeAnOCHUION MY, KaK cefiyac NPHHATO TOROPHTE, ONPEdeNeHHAR KOKYENYUR.

OfHa H3 POIMOKHMX uencii MaTeMaTHYECKOrD MOASIHPOBAHKA CBA3AHA
C KEnaHWeM pajoOpaTsen, x0T Gb1 XKaUeCTBEHHO, B CBORCTBAX CHCTeM B0OG-
we. B 3ToM cnyuae TpeGyerca vMEeTE MOIEHL, OXBATHBAIOILYIO KAK MOMKHO
Oonee mmupoxu#A knace ofbekTOoB K npoueccos. Jlpyrag 3ajava COCTOUT B
TIWATENBHOM, KONMYECTBEHHOM H3YYCHUH CHCTEM ONPENENICHHOTO KNacca.
MNpu 31oM Heofx0oauMO OaTs NoapodHOE MATeMaTHHECKOE OMMCaHWe ofinek-
TOB HHTEPECYIOLLENO KNACCa H CTONh e NoApobHoe MATEMAaTHYECKDe OTHCa-
H1e POHCROMALIKX B HUX Nponeccob. HaxoHel, Tperuil moaxof, ¢ KOTOPRIM
YaCcTO MPMXOAWTCS CTATKHBATBCA, CBA3aH CO CTPEMIICHHMEM HCTONLIOBATE IR
aHaNK32 KaKHE-TO KOHKPETHBIE BHIR MATEMATHHESCKHX Mogeneii

10.2. Vccneposakue onepauni

B mracToAmiee Bpems, KOTAA TEXHHKA BCe OBICTpEe PaTBHBACTCA H YCNOK-
HAETCA, BO BCe cephl BHEAPACTCA ABTOMATHKA, pacurkpaioTcH macmrabst
npOHIBOACTEA, TIOCTEACTBHA NPHHHMAEMBIX PEILeHHH OKaskBAT Gonburoc
BIIHAHHC HA BCE CTOPOHBI COUHANBHOR W oBillecTReHHOM H3HH MOALH, 3aTpa-
THRAKT MHTEPECH BCETC HACCNEHHA CTPaHs], HEOOXOIHME! PCKOMEHIALNAK TTO
MPaBHILHOMY M HAYMHO 00OCHOBAHHOMY YNPABNEHHIC. B caMuIX pasabix o6-
NacTAX NPAKTHKH — OPTAHH3ALMSA NIPOMBILLTIEHHOTO MM CENLCKOXO3AHCTREH-
HOIO TIPOHIBOJCTRA, IKCIAYATAUMA TPAHCHOPTA, IiKoAbtoe obpalosaHie,
3ApaBoOXpaHeHAe, GpToBOE 00CTYRUBAHHE HaceNenud, TenehOHHAR H TIOYTO-
Baf CBAb, TOPronns ¥ ODUIECTBEHHOE MHTAHHE — BOIHHEAIOT 3aBaYy CXO.-
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Hete Mexkay cofioll no nocraHoBKe, 0GNANAOIIHE PAAOM OGLIHX IPHSHAKOB H
PCINAGMBIE CXOMHBIMHE MCTOOAMH.

OcHOBHEE BONPOCH NOCTAHOBKH 38/a4N

Habop HeaapnCHMeIxX OnpegenaHue BuiGop GopMynHpORKa
napameTpos YCNOBUA MX KOMWHECTREHHOID JaNAYUM
{nepesmenHuIX) HMIMBHEHUA KPUTEDWA NOWCKS

THNHYHaN cHTYauns TAKOBA: OPraHUIYETCs KaKOE-TO MEpOfpHATHE, Ko-
TOPOE MOXHO OCYIIECTBHTE TEM HIK APYTHM cniocoBoM, T. e. pHOpaTh Kakoe-
TO PEIICHHE H3 PAAa BO3MOXHSIX BapuanToB. Kakofi 13 wux suibpats? Kan-
ABTH BapuaHT oOnamaeT Kak NpeHMYIICCTBAMH, Tak M HepocTaTRamy. ITpmiem
B CHIYy CIOMKHOCTH OOCTAHORKH He ACHO, Kakol W3 BCeX BOIMOMNKHEIX NydIle
Apyrux. JIng oToro opravniyeTca cepus MaTeMaTHUECcKHX pacqeros. Hx 3ana-
4a —- OMOYE JIFCAAM, OTBETCTBEHHEIM 32 [IPHHATHE pelleHud, caenaTs oboc-
nosakuelt eptGop. Brepsie Hayunble MeTOAR OGOCHOBAHNA MPHUHMMASMAIX
pemennit Gel/IH NPHMEHEeHs! B BOeHHOM Ztene. Tak, 8 ToAs! Bropol MHpOROH
BOHHB! LI oONerdenns MPHHATA PEIleHNA KOMAHIYIOWHM mraGel CTany Bel-
MOAHATE OCHOBABHEIS HA MATEMATHYECKHX PACHETAX HCCRENOBAHHSA, MOKAIBI-
BAIOLHE BOIMOMHEIC PEayIBTATHE PAsTHUBEIX BoeHHeX onepauuil, [MoyroMy
BCE ITH METONEB! MONYYHIH HABAHHE uccaedosanue onepayudl. B nampnefimem
CTANO ACHO, YTO ONEpallHH, NPeACTABNNIONME coboil paa LeNeHANPanICHHLTX
JeficTBUi, WMEIOT MCCTO HE TOJBKG B BOCHHOM jcne. B paeHo#A Mepe oHu xa-
PAaKTepHs! H A TakMx obnacred, Kak opraHMZallMA APOMBINUIEHHOCTH,
TPAHCHOPTA, CENBCKOre X03sHcTBa, OBITOBOTO OBCTYXMBAHHA HEcelCHHMA o
T.0. dakTadeckd NOCNEAOBATENRHOCTEIO PA3NMHYHBEIX N0 CBOHM MacurrabaM
onmepanui SBIAETCA NPOHIBOICTBLHHAN AEATENRHOCTE B Mmobolt oTpacay npo-
MBIIIIEHHOCTH,

Onepayueii Hazsieaiom Komnnere Meponpuami, obvedunenmurx obuum
FAMBICAOM U HANPAGREHHLIX HA JocmUdicerue nocmaarennoi yend. Onepayus
RBIAEMCR VHPABIAEM M MEPONDURMUEM,

[IpoBOAKT ONEepaumnio UENLIA KOMACKTHB, 3 PYKOBOAUT €10 OTACNLHAA
yeoBek (NHPEKTOp, TIRBNLIH HikeHep H T.A.). JlnA oCyliecTrRiIeHHA onepa-
urH HeoGXOINME] MaTepHalsl, 06opyRoOBaHAE H NPYTHE CPEACTRA HITH, KaK MBI
TOBOPHAH PpaHbIlE, ONPEACNEHHRIE Pecypchl (NMPHPOAHBIC, MATEPHANBHEIE,
TPYNOBLIE, ACHOKHES H T 1) . TOT, KTO NPOBOANT OMEPANHIO, OMEBHIAO, Ta-
KHMHE pecypcami ofnanaeT, Ho B oDmeM CIydae KONHICCTBO HAXOANNAXCH B
€0 pacuopAKeHNH pecypcoR orpaHudesno. [lodTomy nepras 3anaua aKimo-
yaeTca B TOM, 4TobL HalT! Taxoif ciocof nefCTBHA, T. €. TAK PACTIPENCTHTE H
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ACTIONB30BATE HMEHOIMHECH Pecypehl, 9T0OBI DOOMTHCA HOCTIDKEHHA LeIH
HaunyvlrHM obpasoM. 3azaveil pykoBOAHTeNR npH 3ToM DyAeT cpaBHEHHe
pE3YNLTATOR, [OAYYAEMBIX HPH Pa3IHMHBIX CTPATErHaX (peleHnax), B BeIGo-
pa. 0o ero MHEHHIO, HAMMYYILEH U3 HHX,

Camo NMPHHATHE PELICHKA BHIXOAHT 38 paMKH HCCRCOOBAHHA oncpauni«‘t H
OTHOCHTCR K KOMOSTCHUHMH OTBETCTBCHHOT) NHUA (HIIH TPYIMIEL IlHLl}, KOTO-
poMy MIPE/IOCTaBISHO NPaBO OKOHYaTebHoro Bhibopa. Ilpu 3toMm BRbope on
MOMET YHHTBIBATE HAPAAY ¢ PEKOMECHIALMAMY, BHITEKAIOLIMMA H3 MaTEMaTH-
4ECKOTO pacyeTa, eule paj, coobpameHnH, He YYTEHHBIX 3TUM DACUETOM.

B 3aBHCHAMOCTH OT TOTC, KakoH WHOpMauHci ofnanatdr pyKoBORHTEND
H ¢ro COTPYAHHKH, NOATOTAB/IMBAIOIING pelicHNA (ero wTal), yonosus npu-
HATHA pelicHHN MEHSHOTCA H UIMEHAIOTCH MATEMATHYCCKHE METOIM, IPpHMe-
HACMAIC JUIA BLIPabOTKH pexomenpaunii. ECIN H3BeCTHH Bee AeffcThyIomMe B
cucteme GakTophl, T. €. OTCYTCTBYIOT C/iydaiiHuIe BO3ZEHCTEHA, TO 3TO Oyaer
APURAINUE PEWERLE & YCAOBUAX ONPEORACHROCTIN,

Koraa pewmeHne MOKET NPHECCTH HE K ONPEAEHeHHOMY HCXOMY, a K OX-
HOMY H3 MHOMECTBA BOIMOKHBIX ¢ PA3HBIMH BEPOATHOCTAMHE HX OCYIIECTEAE-
HHA, TO NpHHAMAIOIMA peliCHHE PUCKYET NOAYYUTL HE TOT PE3yRbTaT, Ha
KOTOPLI OH paccYHTRIBAET. ITOCKONEKY HCXOA KaXOoi KOHKPeTHO# peannia-
UHH COydacH M MOTOMY 3apaHe¢ TOUHO HEMpEACKA3YeM, METOA Ha3lnlBaloT
APUHRMUEM Pelieniti 8 YCAOBUAX PUCKA,

Ecny ke HCXON ONEPALIMH JABHCHT He TOMLKO OT CTpaTeruH, H3GpaHHoil
PYKOBOIMTCICM, HO M OT pana (akTOpoB, HE UIBECTHLIX B MOMCHT NPHHATHA
PELIERHA, HAPHMED MOTOAHBIX YCROBHH, NeHCTBMH, KOTOpHIC MPCANpPHMET
KOHKYPCHT, NPOTHBHHK W T.N., TO TaKad 3alaua HASMBACTCA npunAmuesm pe-
LieHULE 8 YCROBURX HEONPEOERe HOCMIL,

B ofitiem cayvac uens onepanud BHPaKaeTCH B CTPEMACHHM K JOCTH-
HEHRIO MAKCUMANLHOIO 3HauUeHHA KpHTepHA sddexTusHocTd. [Ipy nanuimm
HEONPEACNIEHHOCTH 3TO YK€ HE CTPOI'0 MaTeMAaTHHCCKaR 3aaada, KoTopas AacT
OAHO3HAMHOE PELICHHE. Tenepb HET YBEPEHHOCTH B TOM, YTO MOXHOQ Oyaer
MONYGHTE petlieHute, a ecNy oHo ByAeT NOAYHEHO, TO HET TAPAHTHH B TOM, 4TO
ono yner eanMHCTBEHRO TpaByabHbIM. HMeHnHO nosromy B dopMynuposke
3A034H NPHXOINTCA ARNATE OTOBOPKY "HO oamoxciuocmu”.

Takum obpazoM, RApH penleHHi npofleM, BOHMKAIOWIHX B pealbHO#H
HHIHH, MATEMATHYECKAS TCOPHA W HaywHO 000CHOBAHHEIE METOARL HE AAKOT
TOUHOrO pemeHUA, TIpHymHa 31050 B TOM, 4TO KOrZA HET TOMHBIX JAHHBIX, T.C.
Hem HOARON uNDOPMAYUY, MO OCMACHCA Autub MPEONORIZAME N CMPoUMs
dozadku, HO OLINO Bbl HAMBHEO CUMTATH, YTO BCE NPEANIONOKEHUA 00A3aTENLHO
cOyaytea.

U Bce<TAKH PEUICHHE, NPWHATOE XOTH ¥ B YCNOBHAX HEOMpPeJeNeHHOCTH,
HO Ha OCHOBAHHH MAaTEeMATHYECKHX pacueTos, GymeT nyuille, yeM BIATOS Hay-
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ral Nepsoe MonaBlleeck, 3agaua NCCACTOBAHWA OMepalMii IaKNICHAeTCA B
TOM, YTOOH 9TO peulenie B BO3MOXHG Gonsilelf cTeneHr conepkano “epTsl
PajyMHOCTH, HMCHHO B 3TOM CMBIC/AE HANO MOHHMATH OnpefeNienHe "no Bo3-
MOWHOCTH ONTHMaNkHOE",

OmuH W3 3apyOexHMX CHEUHANWCTOB TaK ONpPeRenHA WCCNeIORARYC
OTICpAaLHii; 3TO HCKYCCTRO AABATH NNOXWE OTBETHN HA TE NPaKTHYECKHE BOTIPO-
CHI, HA KOTOPHIE PYTUMH METOAAMH OTBETH AAIOTCA enle XyRuHe, JeHceTy-
TeABHO, JH0OOH KOHCTPYKTHBHEIN WM TCXHONOTHYCCKHA BAPHART, BEIGpaH-
HEIH B YCIOBHAX HEONPEASICHHOCTH, BIIOTHE BEPOATHO MOXET OKAIATRCA Xy-
e, BEIOPAHHOIO B YCNOBHAX, KOTMA H3BECTHBL BCE (AKTOPEL M BCE NPHYHHLI,
BINRIOIWNE Ha dyHKUHOHHpoBanue. Ho Bce e Jryumie NMpoadHanIn3HpoeaTh
APEATIONXEHHA H JOTaJKK, YeM IpocTo HAao0yM B3ATE chay4aliHo nomasluHii-
¢a papHaHT, 370 Heobxoaumo yunTeiBaTh DpH pajpaborke MozenH onepanuu:
#eT HagoOwocTH pajpabatTeiBaTe TOUHYIO H NOAPOOHYIO MOAEHB, MOCKORBKY
peleHHe Boe paBHO GyseT NpHGIHKEHHBIM.

CnOXHOCTE 33824 NPUHATUS pewieHnii B YCIOBMAX HEONpenenenBocTy
SABHCHT OF TOrO, KaKOBa TIPHPOAE HeW3BecTHHIX ¢aktopor, [lo stomy npu-
3HAKY OHM JAENATCA Ha JBA Knmacca:

1} CTOXACTHYECKHS 330a%H HCCIIGAOBAHKE Ofepaunii, KOraa HeW3BECTHRIE
daxTops npeacrapngior cofoll cnyyaiinnle BENHYMHL], ANA KOTOPBX M3BECT-
HBY 33KOHH! PACNPEACHCHHA BEPOATHOCTEH M APYTHE CTATHCTHHMECKNE XApak-
TEPHCTHKH;

2) HeonpenencHuele 3aAa4YM HCCACAOBAHWA OCPAUMil, KOra HEHIBECT-
Hule QAKTOPEI HE MOTYT GBITh OMHCAHBI CTATHCTHUSCKHMH METOLAMH.

[MpusenemM mpaMep CTOXACTHYECKOH 3a0aMM MCCNENOBARMA Onepanui.
[Mycte opranusyerca paGoTa kade, cronoeoil Wik apyroro npesnpuaThs o6-
IIECTREHHOMO MWTAHUA. Kakoe KOMMUeCTBO NoceTHTenell NPHAET B HETO 3a
JeHk, HAM B TOMHOCTH HE HIBECTHO. TOYHO T2K € HE M3IBECTHO, CKORBLKO
BpeMeHH OyleT npojomxaTec] ofichyxHBaHne Kaxgoro nocerutens. Oanako
XKAPAKTEPHCTHKH ITHX CHYHARHBIX BETWUHMH MOTYT GLITH NOMYYSHH CTATHCTH-
qeckHm nyTeM. [Tokasarens >hdeKTHBHOCTH, 3ABHCAIMA OT caydaitHbIx dak-
Topos, ToXke Syaer cayyalingil BEnHIUHOIA.

Hepaoe, yTo NPHXOAWT B TONOBY, B3ATEL B KaYecTee noxalarensg >¢ex-
TUBHOCTH HE camy Cly4yaliiylo Benu4Hiy, a €€ cpedtce 3ua4eHue i BullpaTs
TAKOE pelIeHMe, pHM KOTOPOM 3TO CpelHee 3HaucHue ofpamaercd B MaxcH-
MYM (HITH MHHAHMYM). HMEHHO TAK ¢ NOCTYRAOT, T.¢. BRIGHPAIOT B KAMECTRE
nokasaTens 3(GeXTHBHOCTH ONEpaLlnd, MCXOO KOTOPOH 3AaBHCHT OT clydaii-
Hbix thakTopoB, cpeAnee 3HaucHue. Takum obpatom nodyuator "cpeamuit no-
xon" 33 eNHHALY BpeMenn, "cpeaHee BpeMA IpocTos” U T. 1.
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And pelteHuA 3ajay HMecleAOBAHMA ONEpalMii HCHONL3YIOTCH pasHOQG-
pazHeWHE METOREL.

METO/Ib] HCCENOBAHUA OHEPALIUIA

HeTepMHHApPOBAHHEIC CToxacTHYeCKHE (BEPOATHOCTHLIE) MONEMH
MOASIH
3 &
Jlnneinoe npurpauuupoammel Teopus MaccoBOro 00Cy*¥HBAHHE
LienouncaeHioe IPOrPAMMHPOBAH HE TeopHA NONE3HOCTH
{loTokn B cetax TeopHa NPHHATHA peLLIEHIE
[e0ME1PHHECKOS NPOTPAMMHPOIIHE Teopua urp
Henvmeiinoe uporpammuposanue HMHIZUHGHHOE MOLSIHPORANNE
ONTHMATRPHOE YNPABTEHHS Annamumeckoe nporpaMMHposane

Mmuoroofpasie MeTONOB MMIIHMIE pa3 MOATBEPKARCT CHOXKHOCTL pe-
mwaeMelx 3a8a4. Cleayer Takke BOAMEPKHYTh, UTO ITH METONBL, NONMKEHHbIE
B OCHOBY AJITOPHTMOB TIOUCKE ONTHMATLHBIX pelUSHHI, MPeANonaraiwT, B OC-
HOBHOM, KOMMLIOTEPHYIO pealn3au#io (cM., Hampumep: Kypuyxuii 5. TTonck
ONTUMaNLHLIX petacHnli cpeacteami Excel 7.0, CTI6.: BHV - Canxr-
Herepbypr, 1997).

10.3. Obwyan NocTaHoBKa 3a8aqn 0 NPUHATHIA PeLleHUA

Hro Takoe TCOPHA MPHHATHA pewteHnid? Teopud NpHHATHUA pelleHUit
npeactaenaet coboil nabop MOHATHH H CHCTEMATHYECKWX METONOB, MOIBO-
JHIOUAX BCECTOPOHHE AHANH3UPOBATL NPOONEME! IPHHATHA PEICHHE B yCIIO-
BUAX HeonpelenetHocTH. COBCPIIEHCTBOBAHAE NPOLECCa NMPHHATHA petiteHuH
— Uenh paccmaTpusacmoff Teopui. B ocHose fornueckHX nocTpoeHHl Teo-
pUH NPpHHEATHA pelleHHil nesicuT paf akcuoM. Ecny AHu0, NpHHUMaloes pe-
MIEHHE, PRCCMATPURACT TH AKCHOMB! KAK PYKOBOACTBO K AHCTBHIO, TO OHO
ﬂOﬂ)l(Hé NPHIHMATL PEUICHHE, CNEnyda METOIaM TCOPHH NPHHETHA pemeum‘«‘l "
PEIVALTATAM, (ONYHUEHHBIM H3 TeopHH. JpyrHMH CHOBaMH, JHLO, TIPHHH-
Maoniee perieHue, JomicHo nubo oTpocuTh akCHOMB! TEOPHH NPHHATHAL pe-
wesHit, 160 AeHiCTROBATEL B COOTBETCTEMY C €€ METORAMH,

I o
TepMHH «npOrpaMMHPOBAHHER 3aHMCTBOBAH HI 3apyGeHOI IRTEPATYPH M NO CYLIECTBY
DIHAYAST «IAARHPOBRINEDS, EFO HE CNEAYST LIYTATE C TEPMHHOM, ACHCTRHTENRHO OIHANANLINM

COCTaBNEHHUE APOrpaMM 18 IBM.
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B 0CHOBE TEOPHK MPHHATHA PEeLieHHH JTEXHT MPeANCIOKSHHE O TOM, TT0
suGop ansTepHATHR doadcer onpeenaTbes ABYMA dakTopaMu:

1) mpefcTaBneHHAMY JHUA, NPHHHMAIORIErG PEWEHHE G BEQOATHOCTAX
PAIMHYHBIX BOIMOMKHBIX HCXOAOB (MOCMEACTBHIl), KOTOPHIE MOTYT WMETH Me-
CTO NpH BHIOOPE TOFO HAM HHOrO BAPHAHTA PEINEHHA;

2) NpeANoYTECHHUSIMH, OTOABACMEIMH KM PA3THYHEIM BOIMOXKHEIM HCXO-
JaM. Oba fakropa GopMarLHO BXOIAT b TCOPHIO HPHHATHA PEIMeHAH, H yro-
BBl HX yuecTh, MOTpeOyeTcd NPENCTABUTE B BHAE LNGP: a) CYKICHHR O BO3-
MOXHBIX ROCHEACTBHAX (ONHPAich Ha NOHATHe cyOREKTHBHON BEpOATHOCTY)
# 0) BBICKE3LIBAHHA O OPEANOUTSHHAX (HCTIONEIYR TEOPHMIO NONEIHOCTH).
«Pa3nensit W BIACTRY#» — BOT LEBHY TEOPHH NPHHATHA pemenmi. Cormacso
METOHKE TOH TCOPHH, paccMATpHBacMylo mpobnemy HeoOxoaumMo pasbiThb
Ha YacTH, KOTOPEIE CNEflyeT HIYMATh U aHANTH3KPOBATh OTAENBLHO, & 3aTeM M0o-
CTPOUTE OOLYIO MOZENE LNA IPHHATHA petiteHnit.

Insa ynoBeTaa cleayer BLIASMUTE CREAYIOWHE 3TANE B IIPHAIECCE MPHHA-
THR pellleHHHR,

1. Onpecenenue anvmepramuenoix cnocobos delicmews. Nomwen GuTn
3aaH MOAXoARIMIt Habop uenel 1 yKasaHb! COOTBETCTBYIOMME HM MEphi -
deKTUBHOCTH; 3T0 LACT BOIMOKHOCTH ONPEIEANTE CTeNEHE, ¢ KOTOpoit 3aman-
HBIE MENH MOTYT GLITE BOCTHIHYTEH C MOMOULIBIC PASIAYHLIX cnocofos aelcT-
BHA, Jina xaxaoro cnocola NelicTBHA BOIMOWCHEIE MCXOB ONHMCHIBAIOTCH B
SAHHHLAX NpHHATHX Mep dbbextusHocTH. Kpome Toro, HeobxoaumMo yxa-
3aTh, KAK M2y4acMblii polece (3a0a4a) pasBHBAcTCA BO BPEMEHH, H OTIHCATH
cnrocob cbopa nabopMauny.

2. Onucanue gepoamnocmeli gosmodxcholx ucxodod. IIpu 3ToM Tpebyer-
cA, 9TOOBI HEONpENeNEHHOCTh, CBA3aHHAA C ANbTCPHATHBHLIME DELICHUSAMY,
GbLNa BHIPAMEHA YHCACHHO YEpPel PachHpencicHue BepoATHOCTEH. B pesynnra-
T¢ TaKoH ONEPAUAH CTAHOBHTCA M3BECTHOH BEPOATHOCTL KOKAOTO BOIMOXKHO-
0 HCXOAa AT KKAOTO NPHHATOTO PEIICHHA,

3. Panarcuposxa Rpeonovmenui 60IMONCHbX UCXO0008 HEPEs UX NoAes-
#ocms. JIng 91010 BRIGHPEIOT Mepy 3QDEKTHBHOCTH, A 3aTEM C € [HOMOUBLO
NPeCTaRNSIOT B YHCAOBOH (OpMe KaK OTHOIMEHHE JIHIlA, NPHHEMAKOLIETo
PeLicHHE, K MOCTEACTBHAM (MCX0/A2M), TAK H BEPOATHOCTH BOIMOMHEIX HCXO-
Jo8.

4. Payuonanbubtli cunmes unopMayuy, NORYNeRHOU HG NEpsbiX mpex
amanax. Chenyer NpoaHANUIMPoBaTh ¥ 3P PeKTHBHO HCMOAB3IOBATL BCKO MO-
TY4EHHYH) HHQOPMAUHIO A Toro, 4rolhl pelunTh, KaKDH H2 BO3MOMHEIX
ANBTEPHATHB CAEAYET OTAATE NpeanoyTeHne. JaHHbiH 3Tan BKIOHYACT TAKKS
AHAJH3 YYBCTBHTENLHOCTH.
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JTH 1AL ABNAKTCA OCHOBOH MOAXOAA K NPHHATHIO PELICHHHA C TOMKH
IpeHUA 3APABOTO CMBICHA. OTAMYHTENBHOH 4epTOd Npouecea MPHHATAH pe-
mEeHHI ABAAETCA CTENMEeHb GOpMaNH3aLMH KaX/IoTo Tana.

3navenue Teopun npuuATME pemennit. Teopua npuHATHA peieHuh
(IPEAIMCHIBAET HOPME! NOBSAEHNA JIHIY, TPHHUMAIOIMEMY PEIeHHE, KOTOPEIM
OH JOMKEH CNeACBATh, YTOOR He BCTYMNTH B APOTHBOPEYHNE CO CROHMHU Co6-
CTBOHHBIMH CYMACHHAMH H MPCONQUTCHHIMH. TBOIJPIII HE AacT METOna ONH-
CaHHA TOTO, KaK (aKTHUSCKH OTASABHBIC JHUA AOMKHB ceOA BecTH. ORa mo-
MOraeT JIHLY, MPHHAMAIOUIEMY PEIIEHHE, BOOPYRaA METOAONOIUGH ILIA MpH-
HETHA C/IOKHBIX PEIICHHHA, KOTOPHIE BKAIOYAKT MEMEHTH CYGBEKTHBMIMA,
OflHaKO He 3ameHseT ero. XapakTepHo, WTO € POCTOM CHOMHOCTH JamavH
yMEHBIIAETCR ¢riocobHocTs yenoBeka Kk nediopMansHoii ofpaborke Becell MH-
(hOpMALHHA B COOTBETCTBHH C €0 COBCTBEHHBIMH CYXICHAAMH M NpejimouTe-
HuaMH. B Takolt CHTYaUHW TeopHS NPHHATHA pelieHHA AMeeT NpeHMyNIecTba
nepen EPYTHMH aHATHTHISCKHMH TOAXOZAMH, TIOCKOABKY BRJIIOHACT B (op-
MaJH30BaHHOM BHAE MHOTHe cyOneKTHBHBIE acnekTol npoGnemsl. ITepbas
NOMbLITKA MPUMEHEHHA TEOPHH NPHHATHA peleHMit MOxer noTpeGopaTs 3HA-
YUTENBHRIX YCHUAWH, HO OHH TOTQ Xe NOPAAKA, YTO AN moforo MerToga aHa-
33 CII0KHOH CHTYALNH.

Kpyr 3agat, CTOSMMX uepea TeopHel NpuHATHA peennit, THmiy-
HEIE 331249 TIPYHATHA PElICHUR WMEHOT MHOTO XApPAaKTepHbIX ocoleRRocTeH,
KOTOpEIE MOXHO MPOAHANHIMPOBATE M NYVINE TIOHATL C MOMOIIBKY TEOPHW
NPHHATHA pemieHnl. [TepeuHcnAM OCHOBHEIC W3 HUX,

1. Muozoyenesoii xapaxmep. B GONBUWIMHCTBE CIOKHBIX 33089 MTPHXO-
JHTCA CTPEMHTECS K JOCTIXGHHIO PAINHYHELIX Lened. JTH IefH NOYTH BCerna
TPOTHBOPEYNBLI, T. €. NPOOBHKEHHE NO MYTH JOCTHREHHA HEKOTOPOH LENH
OOBIMNHO CONMPOBOXEAETCH YXyMIUIEHHEM pe3ynsTaTOB no apyraM. Taxum oG-
pasoM, JTHIO, MPRHEMAIOUIEE peileHKe, HEM3GEKHO OKA3LIBACTCS Tepen Heob-
XOAMMOCTbIO BRIODP MeX Y NPOTHBOPEYHBLIMHA LIEAAMH.

2. Bosdelicmeue gaxmopa spementi. Bee BAXHBIE MOCTGACTENR PEILCHAS
3a/laqV -HEe MPOABRAIOTCA CPA3Y, W HEMb3A YKA3ATH KOHKDETHBIA MOMEHT Bpe-
MCHH, KOTAa MOXHO HaONMIOJATe TO MNK WHOe nocaencteue, Hanpumep, npu
OpOHIABOACTBE HOBOMQ TOBApA HHOIAA NPHXOMMTCA PHCKOBATE 3HAMMTCARHBI-
MH CYMMAMH B T¢UeRHE MHOTHX JIET,

3. Heghopmanuavemote nonsmus. Takne noHATHA, Kak noOpas Boas, npe-
CTHK, BOJNHEHHWE, WYTKA, CTPAAaHHE, NONHTHYECKHE AeHicTeua u T. A., ABJA-
0TCA HEKOTOPLIMH NPUMEPAMH OMEHB BAXHRIX HeopMAH3YEMBIX MONATHI,
KOTOpSHIE CYIIECTBEHHO YCIOKHEIOT 3a1a4Y.

4, Heonpedenennocms. Kak yame 0TMeHaloch pasee, MaAoBEPOATHO, YTO
B MOMCHT MPHHATHA pelleHus (T.c. BoIGopa ankTEpHATHBHOrO ASHCTBUA) H3-
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BECTHEI MOCHEACTBUS KAKAOHK M3 anbTepHATHR, Takoe YTBEPKASHME CTaHO-
BHTCA 0COBEHRO yOemHTenbHBIM B CBeTe OINHCAHHEIX BhHue ocobenrocTeii
kELEDT

5. Boamoxcrocmu noryvenun unopmayuu. Yacto yaaeTca nonyduTh
HEKOTOPYIO MHPOPMALHI, HOMOTAIUIYIG PEWNTh, KaKylo W3 albTCpHATHB
cnenyer BuIOpaTh, Hanpumep, MOXHO NPOAHAIHUSHPOBATL PRIHOYHYH) KOWB-
IOHKTYpY. 4TOBE! OLEHHTE CIIPOC Ha HOBBIA BUJ NPOIYKUMH. OfHAKO TIONyde-
HHE Tako# WHGOPMAUMH MOKET NoTpeosate HOLUIMX 3aTpaT BPEMCHM U
ZIEHET, M K TOMY KE OHA MOWKET OLITh HEe BROINE AOCTORSPHOMN.

6. Juuamuveckue acnexmvt npoyecca npunamua pewenui. Tlocne Toro
KaK HexoTopoe pemenne Beipaborano (BefipaHa anbTepHATHBA), MOXKET OKa-
3aTHCA, MTO 28JA4A HE HCUSPIIAKA A0 KOHUA ¥ noTpebyeTcd NpHHATHL ovepea-
HOE PelIcHHE Yepes HeCKONBKO NeT. CETOMHALIHEE PELTEHHE MOXET «3aXI011-
HYTh ABEPE» TEpef HEKOTOPRIMY BOIMOXHEIMA IEHCTBHAMH B «PACTAXHYTH
ee nowupe» Tepen ApyTHMH. BakHo pacno3daTk 3apaHee Takwue JHHAMHAYC-
CKHe 2cTIeKTHI MpofAeME! M YBHACTD, KAKHE BUIMOMCHOCTH MOIYT OTKpHITHCH B
Gynymem Gnarofapa TaHHOMY PEIEHRID.

7. Brusnue pewenwii na 2pynnsl. Hexotopas soifpaHHas aneTepHaTHBA
MOXKET TIOBJIHATE Ra GONBINOE KONHMECTBO PAasNHHBIX Tpyum, ocobenno 310
OTHOCHTCA K TIPABHTENECTREHREIM pellcHAAM. QUeBAIRO, YT B TakoH cHTYa-
uvK 6r1TH G5 Noneznsl mobble CBeAeHHNA, CNOCOOHME 0KA3ATE TIOMOUIE NHLY,
OTBETCTBEHHOMY 4 NPHHATHE PELICHHA.

8. Koanexmusnoe npuwsamue pewienud. JavacTylo OTBETCTBEHHOCTH 32
BHIGOD aAbTEPHATHBAL HECET HE OTAENBHOE AMUO, 3 Henas rpynna, PaxrHue-
CKM INA ONPEASNCHHOTe KPYTa 3a0a4 HesIb3g YeTKO PasTPaHHYHTE QYHKIHM H
OTBETCTBEHHOCTb JIHLI, TPHHHMAIOUIMX PELIEKHE IO HEKOTOPOMY KpYyry BoO-
BPOCOB.

BONLIIMHCTBO 3aaa4 He

06MagaeT MepeuHCISHHBIMH
0CODEHHOCTAMH, OHHAKO WX
BIONHE  JOCTATQYHO  ON%
TOrop, urobsl chenaTe 3amady
rpyaHopaspeurnmoii.  Teo-
pHA  TIPHHATHA  pelueHui
no3IBONAST TIPOBORHTE BHA-
a3 BCEX ITHX  BOMPOCOB
HEIABHCHMO ¥ JAET CXEMY
JUIA MOCTIEAYIONIEro CHHTE3A
HHOOPMAUNMH C LENEI0 Bhl-
paBOTKR BEHAYQUWEro Cio-

| PRyt .
¥TaHORKA) coba JeHcTRUA.
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Bpille NpHBEKEHA YNPOLIEHHAA cXeMa NeicTsHil TP NpHHATUM pelle-
HUH; ApYrHe acTIeKTsl TEOPHK NPHHATHA PEIIEHHI HAN0KEHE] HiDKE.

OcnoBHbIe TPYAHOCTH
¥ Bonbloe yucao kpumepues, KOTOPLHIE He BCETA COrNACOBAHEL MEXRY
coboil,
> Beicokan crenelt neonpederéunocmu, ofycronneHHanA
HENOCTATOUHOR HH(poOpMalHel JNd  o0OCHOBAHHOTO  IMDHHATHS
pelneHH
Tunwe npobnem
Xopowa CTRYKTYPHRORaKHHIE £nabo CTPYKTYPHPOREHHLE HecTpyxTypuposanHeie
(KONUYECTBENHO {KaMecTaeHHbe {chopMynupoBaHHbia
CHOPMYNAPOBaHHIE ) W KONAHBCTBEHHLIE SMNEMEHTHE) KAHECTBRHHO)

ITank! TEOPHK NPHHATHA pelneHui

» Oupeaenenvie arbmepramusrox CNoco0op aeicTems,

» Onucanue seposmuocmeii BOIMOXKHBIX HCXOA0B.

» PamEHpOBaHHE BOIMOKHBIX HCXOAOB 110 HX MOASIHOCHIN,
> PausosancHuH cunmes WHGOPMALIHH,

Cpenn MHOTOOOPaIHA NHTEPATYPH! M0 3TOMY BOIPOCY MOXHO OTMETHTh
cnemyrowyto paGory: 3ddoye M., Cmancgund . Meroaw npunatia pelue-
Huil. M.: Ayaur: IOHHUTH, 1997

* * *

B zamunoucHne xoyercd NOAYEPKHYTE, YTO HansHedlice OCBOEHHE MaTe-
M3THYECKHX METONOB BOIMOKHD NPH CAMOCTOATEIBHOH paﬁore, TIpHYCM KaK C
yqeﬁﬂnxamu MATEMATHKN M CTATHCTHKH, TaK H ¢ KOHKPCTHBIM MATEPHANOM,
AN dHARH3a KOTOPOrc HCNOMRIYIOTCH MATEMATHMCCKHE METOARL, 3o Yypes-
EBIYAITHO HHTERECHO M NAOAOTBOPHO, XOTK HEJICI'KO, HO BROJHE NOCHILHO A4
moboro. B IPHMEHCHHH MATEMATHYECKHX METOAOB B IYMAHMTAPHLHIX HaYkax
MHOINQ HOBOI'0, HEHZBESAHHOIO, TIOCKOABLKY 3TO OOHO M3 HOBHIK, MONQABIX
uanpannenuﬁ HAyKH. H ang xaxmoro, Kro mowenacT 30cch APANOKHTE CBOH
CHIOB1, OTKPLIBACTCA IHHPOKOE [101€ RCATCABHGCTH.
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A eaviiuy, u s 3abvisaro
M 8uxcy, u R 3GNOMUHAKG
H denawe, u 8 nonumaw

KuTafcxan nocnoauua

BAPHAHTEI CAMOCTOATEJBHBIX 3AJAHUA

3ananue 1

Ianava 1. 3agaust gea mMHOXecTRa: 4 M B (cM. Tabnuuy). Onpene-

JHTE MHOXKECTBR AUE, ANE, A8, B\, AAB.

Bopuawin Muoxcecmao A Mupamecmao B
1 {1.5, 7, 11} 5.9, 11,15}
2 (1,357, 11} {3, 5. 9}

3 {2, 4.6.8) {1,2, 3.6}

4 {4, 6,10, 16} {6, 10,12, 18}
5 {4, 6,10, 12} [4, 8, 12, 16}

6 1,3,5 9} 3,6 711,13}
7 {2, 4,9,13) {4,8.9)

8 {1,3. 8 1%} {2,3,5.6, 7}

a {2.4.8,12) {3.4.5,6, 10}
10 {1.3, 6,8} {3. 4,5, 6)

3agaua 2. Tlo jaHueIM NpomexyTkaM 4 4 B Ha unciopoil mpsmof,
onpegenuts AUB, AnB, A\B, B\A.

Bapuanm A 8
1 0, 3} {3, 6}
2 f0. 5} [, =)
3 0, 3) [, 4]
4 {2, o} (.7
5 (-6, -3] [-6, -1}
& -4, -0:5) (-0, -2}
7 (o=, 1] (-2, =)
8 [-6. 7} {0, 10)
9 6. 21 [-2, 3]
10 {0, 2) [1.8)
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3apgaua 3. Haitrv npeaenst bynxkuny lim y npy pasauyebx 3Haye-
X=g

HHAX g (He npumeras npaskaa HonuTans).

Bapuianm ¥ a
2x? ~5x-3
t LT
I —4x—15 %
4xt-1x-2
ni-x-6
2x% +5x-3
X +3x+6
3t 410
% 45042
3x? + 140+ 8
2%t - Tx -4
4x2-25x+725
268 - 154+ 25
7xt 4262 -8
2t +x-28
20 #1554 25
¥ #15x+50
axt+5a-8
2 +3¢=5
65 +13x+7
3l +8x+5

10

3apavwne 2
3azaua }. BRMHCIHTL NPOM3BOOHYI0 QYHEIIMIA.

Bapuanm ¥ ¥

1 3x ¥ adx® - snix) (2x° + 8x-5)

N P VO arctg(x} (@ ~x-3)
2

—-x -—x4 +1 clg(x) l5x3+4r+2)

—x A’ -2 Intx} (357 ~3x+4)

TR L) tgix} A -2c-3

—ax P raxt ¢ an(x) {33+ 24 -1}

~ @ [ [k |3 {10

5x% 420t -3 wrectg(v) {(dx* —5x—3)
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8 S P Y s costx} (-2 + v+ 1)
9 ax -3 -2 In(xy-(2at <33+ 2)
10 p DRLR P arccoatx) {312 —2x+4)

3anaua 2. Buuucmuts ¥’ BTOUKE X,

Bapyanm ¥ x|
Sx-1

! 3c-3 5
=Jy~1

2 _— -5
2x+3
—2x+3

3 s 2

4 =%l 0
~x+2
dx-l

8 T >
S¢S

6 Sx+2 3
—4c-3

7 Sx+5 5

8 ~2v42 3
—5x+4
-2x+4

’ et -5
-4r+d

10 -3 3

3anava 3. Halitn sxerpemMymsl dynxunn.

Bapugnm

¥

1

2 — 2722 +108x 5

e’ 4657 =00x-2

2x? +6x% —dBx+5

2 - 327 =36¢-3

2t 41557 + 2403

2’ =3x8 -36v+3

2x' —18x° +48v+ 4

27 41252 +18x -4

Gl | a]wiN

2x =155 + 3651

—
Lar)

233 +124% = 30x -3
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3apnaua 4. Haitth rauboneice W AanMeHblNee 3HaueHue DYHKUMH Yy
HA OTPE3KE,

Bapuanm ¥ OMpeIoK
1 ~5x% +40x+3 (0, 7]
2 4x? -24x+5 2, 6]
3 4x% +32x+4 [-6.-3]
4 3x? +24x-2 (-6, -3
5 -5x% -50x-2 [-6, -1]
8 3x? +30x-2 [-6, -2]
7 24 - 20x+2 (2, 9)
8 2x2 -20x+5 (1.8}
a 2x? =12x-1 [2, 6]
10 4x? +32x-4 (-8, -3]

3agaua 5. Buuncmate lim y.

X—id
Bapuanm ¥ a
axl -Bx+4
1 4x? 112416 1
) —4x? 24x-32
5.2 110x -2
12 49x+6
3 . -1
=2x°—12x~-10
-3x%-15x-18
4 —— -3
5x% +15x
5 5x” -10x-15
“3x2 ¢ 122415 -
~5x2 ~10x=5
6 — -1
—-2x° +6x+8
-2x2 —4x46
7 — -3
302 +18x+427
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20% —4x+24

—24x2 +8x-6

~3x% —18x-15
5x2 +50x+125

10

2% +10x+12
4x’ +4x-24

Janauuve 3

3Jagava |, BolMHCIMTE CHERYIONIHE HHTETPANIEL:

Bapudanum a b g
— 2 — —
1 [ S | fsincaxesdy | X mxar
-5x
2 "
2 | [T (sin@s+Bdr | [« xax
-3x
— 2.- -
3 ‘[-—4Jf—-—2x—2dx Jcos(Bx—ft)dx Ix’ In x dx
- x
o | [PEEEEw | fsin2ee5)de | fxtincas
X
— 2 - -
5 ji%dx Icos{—3x+3)dx jx? Inxdx
—&X
1 —
8 _[E~—+5-ii-—5dx Isin(-—5x+3)dx Ix“ Inx dx
2 -
7 Il%:-izx—”dt Isin(Sx—l)dx Ixs Inx dx
—dx? 4=
g J'-ix—:gcsj——édx Isin(—Zx—3)a{r fx" n x dx
2 —
9 Iﬁr—jﬁf—édx Icos(5x+ Ndx ng In x dx
2‘—- —
10 dex jsin{Zx—3)dr J‘xalnxdx
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3anada 2 BrerupcauTe CRemyrONe ONPENCEHHBIC HHTCIPANEL,

Bapuanm a &
2 4
1 fee? +2x+ s _fxlnxdx
1 3
1} n/2
2 [ + 2x)dr jxcos xdx
! 0
3 1
3 I(4x3—3x2+2x+1)dx J'xe"dx
-1 0
2 |4
4 Jox® +2x7 - S)ax [e sin xdx
1 1]
1 1
5 ﬂf;dx Ixe‘dx
0 0
3 n
6 J.(Zx"+x2-5)dx chos.m[x
2 {
2 2
7 [ +ax)de Jx* Inxdx
-2 i
8 %
8 [¥rtax [ x? cos xdx
1 0
4 2
9 [ +0.5)dx ) 2% In xdx
| 1
2 )
10 f2a+ dax [ xe*ax
9 -1
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3anannve 4

3anava | Pewnrs anddepennnansHoe ypaBHesHHe

Bapuagnm Ypagnenue

¥ ={y-5H8x+1)

vy =(y=3)(-8x+4)
y'=(y+5)8x-3)

¥ =(y-2)8x+4)

¥ =(y=-3)8x~-2)

y = (y+4)(4x-1)

y'=(y—4)(-6x-3)
¥ =(y+5}10x=1)
y = (y-4)4x+5)
¥ =(y+3)}-2x-3)

wilo i~ |tk v ]

—_
o

3anaua 2 Pemwts 3anauy Ko

Bapuanm Vpasuenue Hauanvbroe yeaoste
1 ¥ =-15¢" -dx~3 y(0)=-3
2 ¥ =62 —dx~1 ¥0y=-1
3 ¥ ==1227 +8x+4 y0)=4
4 ¥ =-6x2 —4x+5 y(0)y=-5
5 ¥ ==12x% ~6x-2 y0)=3
6 ¥ =15x% -2¢~3 y0)y=35
7 y' =05t —4x+5 WOy =-5
8 y =15x2 +4x+3 ¥y0)=-1
9 ¥y =-9x% +10x-1 Y =-3
10 ¥ = —6x% +8x-1 yi0)=3
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8.

3anaua 3

M2 ypuel ¢ 7 kpacHbtMK W 3 curUMU mapamu SepyT HayraA 5 mapos. Ka-
KOB& BEPOATHOCTD TOTO, YTO BCE BIATHIE IAPHI CKAKYTCA KPACHBIMH?
BpowceHsL 2 HIpankHEIC X0CTH, HaliTy BepoSTHOCTE TOrO, ITQ CYMM2 Bhi-
NaBUIMX OYKOB HE Npes3oiineT 6,

bpowenst 3 urpanbisie xocTH. HaHTH BEpOATHOCTL TOTO, YTO 2 ouKa He
BLITAZYT HH HA OAHOH KOCTH.

B ypue newar 8 sanymeposannbix wapon. Hayran bepyr 4 wapa. Haitru
BEPOATHOCTE TOTG, YTO CPEMH BAATHIX WApoB 3 0yAyT WMEThb HETHHIC HO-
Mepa.

Komoaa 13 36 xapT packnaiwlBacTes cnydaHHeIM ofpasoM Ha ABC 4YacTH
noposly. KakoBa BeposTHOCTE TOTO, MTO BCC Ty3bl OyayT B oaHo# yacTu?
Habupan noMep tenetona, aGonenr 3a6uin tpn nocactnue tmdprt. [lomus
AVLIB, YTO BCC UHgPH pasnkyHbl, oH HabupaeT ux nayrapg. Kakosa sepo-
ATHOCTE TOI'Q, 4To OYAYT HaGpaHEL Hy¥HbIC UHPPHT

Huetotca 4 muuka, B RoTophle HayTax GpocawT wapHkd. Beero wapuxos
4, Kakona BepOATHOCTE TOTO, HTO BCE WWAPHKY OKAKYTCA B ONIHOM Ainuke?
6 cTYREHTOD YCNIOBWINCE €XATh B OXHOM JIEKTPONOe3le, HO He AOTOBOPH-
nHew o paroHe. Kakoea BepoATHOCTA TOTQ, YTO BCE MOSAYT B OJIHOM BAro-
HC, ecnH B noesfne 10 paroHor?

Tenedonnstit Homep comepknt 5 uudp. Kakora pepoaTHOCTL TOTO, HTO
Bee UHGPL! pazmunbe?

10. B suuke nexaT 16 MaMnoyex, w3 koTopuix & neperopeninnx. Hayrax Ge-

pyT 4 namnbl. KakoBa BEpOSTHOCTE TOTO, YTO B3IATLIE JIAMITbL DKakKyTCH
XopomuMnu?

3anava 4

H3 ypHbi, cogepxawmeit 4 caaux, 3 KpacHeIX ¥ 2 3eNCHBIX iIapa, HAYTam
so16upator 2 wapa. Kakosa BepostrocTe BRIGPATL 2 Mapa ofHoroe upeta?
H3 naptvn B 60 meranedi, conepxaweit 5 % Gpaka, nayran peibupaior 3
aerany. Kakopa BepOATHOCTL TOTO, Y10 B BHBOpKY nonazeT He Sonee oa-
noit 6paxopanHoit geTamy?

Ha wononet B 32 xapth vayran 6epyT 3 kapTui. KakoBa seposTHOCTL TOrO,
YTO HE MEHEE JBYX KapT GyayT UMETh 0AHY MacTh?

B naptunt 30 meranei, us Hux 5 wecraHmaprHeix. Hayran s3ato 4 perann,
KakoBa BEpOATHOCTE TOTO, HTO CPeIH B3ATHIX deTanell Gomee ABYX cTaH-
JApTHEIX?

H3 konope B 52 kapTsl Hayran GepyT 4 xaprel. Kakosa RepoATHOCTE TOTO,
UTO CPEM B3ATHIX KAPT HE MEHBIE ABYX TY30B7
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10.

B notepee 30 611eT08, H3 KOTOPBIX 5 BEIMIPHIUHBIX. KakoBa BCPOSTHOCTE
aony4uTh Goaee ogHOrO BRIAFPLILROTG Guneta, B34 Hayaady 4 Gunera?
"3 yprol ¢ 4 BenblMu, 2 CHREME H 5 YepHBIMH wWapamu GepyT nayran 4
wapa. Kaxora BEpOATHOCTE TOTO, YTO Cpefi B3ATEIX O0MblIe NOMTOBHHLI
IDAPOB OKAKYTCH YepHhIMAT

U3 ypHH, conepxawmedt 6 Gennix W & yepHsIX Wapoe, Hayraa GepyT 4 wapa.
Kaxora sepoATHOCTB TOro, 9Te GCNBIX [AaPOB OKaxeTca Gonbwe, YeMm 4ep-
HBIX?

H3 naptin B 100 geraneH, conepxameit 5 % Opaka, GepyT ang nposepxu 5
actaneit. Tlapris npruaMaerca, eciu cpead kposepsaemsix He Gonee oa-
HOH GpaxkopanHoH feTanu. Haltti BepoaTHOCTE NpHeMa MAPTHMU.

13 simuxa, B KOTOPOM NEXAT 3 KPacHBIX, 5 3eNeHplX M 3 CHHUX INApoB,
nayran GepyT 3 mapa. KakoBa BEpPOATHOCTE TOT0, ¥TO BhIOpatHble IMaphl
ue GynyT onnoro upera?
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