YacTtb |. Modernu u npoaHo3

Ho HeusBecTHO Oynyiiee, U CTOMT OHO TMpen
YeJIO0BEKOM  IMOJO0OHO  OCEHHEMY  TYMaHy,
MOJIHSBIIIEMYCS U3 OOJIOT.

H.B. I'ozonw. «Tapac bBynvbay, en. V

VYraasiBanue ypaBHEHUH, O-BUINMOMY, — OYEHDb
XOPOMINH CTIOCOO OTKPBIBATH HOBBIE 3aKOHEI.

P. @eiinman. «Xapaxmep puzuueckux 3aKoH08»

Mnasa 1. NoHaTMe moaenu. Yem 3amevartenbHbl MoAaenwu
MaTeMaTunyeckKue

1.1. Yro Oyaem HA3bIBATH MOAEJbI0 U MO/IeJIMPOBAHUEM

CrnoBapb MHOCTPAHHBIX CJIOB COOOIIAET, YTO CIOBO «MOJIEIbY» MPOUCXOIUT
or smarmHCKOTO «modulus» — wMepa, oOpasern, HOpMa. OTOT TEPMHUH
WCIIONBb30BAJICS B TPY/Iax MO CTPOUTEIILHOMY MCKYCCTBY 3@ HECKOJBKO BEKOB J10
Haiel spel. B coBpeMeHHOM ymHoTpeOJeHMM € HHUM CBS3aH IPAKTHYECKU
HEOOO3pUMBI  KpPYI MaTe€pHalIbHbIX OOBEKTOB, 3HAKOBBIX CTPYKTYp H
UJCATbHBIX O00pa30B — OT 00pa3sloB OJESXKIbl W CTPOWHBIX >KEHIUH,
YMEHBIIIEHHBIX KOMUN Kopabyieli M CcaMOJIETOB, pa3JIMYHBIX PUCYHKOB U
rpauKoB, 10 MAaTeMaTUYECKUX YpPAaBHEHUN U BBIYUCIUTEIbHBIX AJITOPUTMOB.
[Ipuctynas K ONpeNeneHUu0 MOJEIH, BCIOMHUM O TPYIHOCTSAX CTPOrOro
BBEJICHUA NOHATUH M O KJIACCHYECKMX NpHUMeEpax. Tak, NpH OINpEeeTIeHUU
«KOJICOAHMIT» M «BOJH» CPEIH JIEKTOPOB COOTBETCTBYIOMIETO YUEOHOTO Kypca
NpUHATO TOBTOPATH MmyTKy JILLW. Mangensmrama, WITIOCTPUPOBABIIETO
npoOreMy Ha MpUMEpe TEPMHUHA «Ky4a» (CKOJIbKO M KaKHUX CBAJICHHBIX
OPEIMETOB 3aCIIyKUBAKOT 3TOI0 Ha3BaHMs?), a TAKXKE €ro CpaBHEHHE BBEACHUS
CTPOTMX OIPENENICHNI Ha HAYaJIbHOM JTalle U3YyYEHHs BOIIPOCA C «IEICHAHUEM
KoJIrouel mpoBosokoi». K kimaccuueckum npumepam O€3HaIeKHOCTH TOIBITOK
JaTh BceoObeMITIoNMe (GOPMYITUPOBKU OTHOCSTCS TEPMUHBI «JIBICHHAY, <«JIEC» U
T.1. [ToaTOMy MBI HEe OyJaeM TOAPOOHO OCTAHABIMBATHCSA HA AHAIU3E MHOTUX
CYIIECTBYIOIINX OMPENEICHUNA «MOJETN» U «MOJAETUpOBaHuUs». Jlto0oe u3 HuX
OTpa)kaeT LEJIM M BKYCbl aBTOpa M II0-CBOEMY MPAaBWIBHO, HO OCTAETCS
OTPaHWYEHHBIM, OCTaBISII B CTOPOHE YACTh JOCTOWHBIX BHUMAHHS OOBEKTOB
WJIA CBOWCTB.

Mb1 OyneM TOHWMATH TIOA MOOEdbl) — Heumo (udedlvHble 00pa3bi,
MamepuanbHvle UMY 3HAKOBble KOHCMPYKYUU), UYbe MHONCECmB0 CEOUCME
nepecekaemcsi ¢ MHOMCECMBOM C80UCME opucuHana (obvekma) 6 obracmu
CYWeCMmBEeHHOU 0N OOCMUJCEHUs.  Yyeau  MOOenuposauus, a  TOJ
MOOeuposanuem — npoyecc co30aHusi U UCNONb308AHUA Moodenu. 371eCh
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OpPUTHHAJIOM WUJIM 0OBbEKTOM Ha3BaHO TO, HA YTO HAIIPABJICHO MOJCIUPOBAHHUE —
OpeaMeT, sBI€HHE, mnpouecc. WaeanbHbIM — MBICIUMOE  YEJIOBEKOM,
CYILIECTBYIOIIEE B €ro ToJIOBE; 3HAKOBBHIMH KOHCTPYKIMSMHU — aOCTPaKIMH B
Buzie GopmyI, TpaduKOB, MOCIEIOBATEILHOCTE CHMBOJIOB U T.I. MHOXECTBOM
CBOWMCTB — COBOKYIHOCTh, HA0Op CBOWMCTB, a TMEPECEUYCHUEM — MX COBIIAJCHHE.
JlpyrumMu cioBaMu, MoOelnb — Heumo, noxoxcee NO CE0UM CBOUCMBAM HA
OpUSUHAT, €O30a8aemMoe U/Ulu UCHOIb3YeMOE YeTIO8EKOM OISl Peanu3ayuu c8ouUx
yeneu.

CkazanHoe wmoctpupyer puc.l.] Ha mnpumepe MOIAETMPOBAHUS
aBuanaiiHepa. bynem cunrtarh, 4YTO KaXaas TOYKa IUIOCKOCTH PHUCYHKa
COOTBETCTBYET  HEKOTOPOMY  CBOWCTBY:  O€NbIi,  CHUHUH,  OOJIBIIOH,
METaJNINYECKHUM, IUIaHUpPYEeT, U T.A., a JIMHUM OrPaHUYMBAIOT MHOYKECTBA
CBOKCTB 00BeKTa U Mojeel. Mojenu MOTyT OBbITh pa3HBIMU, OOJiee WU MEHEe
OorateiMu cBoiicTBaMHU. OHHM MOTYT OBITh YCTPOEHBI JaXXE CJIOXKHEE, YeM
00beKT. PasHbIMU MO BENIMYMHE MOTYT OBITh W OOJACTH MEpPECeUYEHHUs CBOUCTB
MOJIeIN U O0BEKTa — OT MUKPOCKONUYECKHX O IMOJIHOTO BKJIIOYEHHSI OJHOIO
MHOKECTBa B Jpyroe. BbiOOp TOH WM MHOH MOJENM ONpPENEseTCs LEIbIo
MozaenupoBanus. Tak, Ui MoaenupoBaHusi (OpMbI JlaiiHEpa MOJOMIET ero
yMEHBIIIEHHAss KOMUs Ha MoACTaBKke (Monenb 1); mpu 3ToM B 00JacThb
MIEPECEUEHMS TIONAJA0T TOYKHM IIJIOCKOCTH, COOTBETCTBYIOLIWE, HAIPUMED,
IPOIOPIHSAM AJIEMEHTOB U LIBETY.

-

MOJes 2

MOJelb 1

— -

Puc.1.1. Wnmoctpauus ompeneneHus: MOAETH. 3alITPUXOBAHbI O0JACTH MEpeceueHHs
CBOWCTB, /U1l 00bEKTa OHU OTPaHWYEHBI KUPHOH JTUHHUEH, 11 MoJieneil — 0oJiee TOHKUMHU

CriocoOHOCTh IUIAaHUPOBATh JIydllle MOJAEIMPYET OyMakHas «TajKa»
(Mozenp 2) — crnenualbHbIM O0pa3oM CBEpHYTHIM aucT Oymaru. B oOnactu
IepeceyeHrs] CBOWCTB B 3TOM ClIy4ae OKa)XyTcs CBOMCTBA, OTBETCTBEHHBIEC 3a
TAaKOM MOJIET, a LBET U (popMa CTAHOBATCSH HECYyIIEeCTBEHHbIMH. COCOOHOCTH
KpBUIBEB camoJjieTa BUOPHUPOBATh MOXKET ObITh MPOMOJECIUPOBAHA C IMOMOILBIO
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MaTeMaTHYeCKux ypaBHeHud (momens 3). B o3tom ciywae coBmagaer
K0JIE0ATEIbHO-BOJTHOBOW XapakTep ABMXKEHUN KPBUIHEB U PEIICHUN MOJIEIbHBIX
ypaBHeHUU. CTHOCOOHOCTBIO TMEpPEMEIaThCsl MO0 BO3AYXY CaMOJIET IMOX0X Ha
OTHUILY (MOZEINb 5), XOTS MPUHIIMIT TI0JIeTa COBCEM JIPYTOi, 1a U OMOIOTHYECKHE
CHUCTEMBbl MMEIOT MHOM, OoJiee BBICOKHM, YPOBEHb opraHu3anuu. B kauecTBe
JIOCTAaTOYHO TMOJHBIX MOJIENeil JlalilHepa MOTyT OBbITh HCIIOJIb30BAHbI JIIOObIE
Jpyrue camoJieTsl (Moaenb 4), HO MOJHOCTBIO MJIEHTUYEH ceOe JIMIIb OH caM.
[IpencraBiaeHHbI PUCYHOK TOXE SIBISIETCS MOJEIbI0 — MOJENBI0 HAIIero
ornpeaeneHusl.

Bce moxer ObITh MOJENBIO BCEro MpH YCIOBHUU, YTO CBOICTBA MOJECIHU U
00BEKTa B YEM-TO COBIAIAIOT U 3TO CIIOCOOCTBYET AOCTHKEHUIO 1Ieinn. Mojernb
MOJKET CYIIECTBOBAaTh, HAPUMEP, WJIW Yy HAC TOJIOBE B BHUJE ONpEACIICHHOM
CBSI3M MEXIy HEHpoHamH, WIM B BUJIE CHMBOJOB Ha Oymare, wid B mpoduie
HAMarHWYeHUS] HA MarHUTHOM JIMCKE KOMITBIOTEPA, & MOXKET OBITh M3TOTOBJICHA,
HalpuMep, M3 MeTajuia WiM U3 jaepeBa. Tak, KUPNUY XOPOLIO MOAEIUPYET
¢opmy 0azoBoro 010Ka NEPCOHAIBHOIO KOMIbIOTEPA, U HA000poT. KomnbroTep
MOJIEMPYET MHOTHE UHTEIEKTYalbHbIE CIOCOOHOCTH Y€J0BEKa U HA00OPOT.

ChopmynupoBaHHOE HaMU OINpEAENeHUE MOJENId, B OTJIUYHE OT
(GOpMyIHPOBOK THUIA «MOJENb — H30UpaTenbHOe a0CTPAKTHOE KOMHUPOBAHME
CBOMCTB OpUTHHAJIa», «YTPOILIEHHOE NMPECTaBICHUE OPUTHHATIAY, «KapUKaTypa
Ha 00BEKT», HE MpEeanojiaraeT MacCMBHOTO KOMHPOBAHUS JEHCTBUTEIBHOCTH,
BPO/IE TOJyYEHHUS IIIOCKUX M300paKeHU «00bEeMHOTr0» Mupa Ha pororpadusx.
Monenn caMu WUTParOT poiib «(POTOANAPATOBY, «OUKOBY», «(UIBTPOBY», Yepes3
KOTOpBIE MBI paccMaTpUBaeM MUp. «AKTUBHOCTb» MOJENEH COCTOUT B TOM, YTO
pe3ynbTaThl HAOMIOACHHUS — TO, KaK Mbl BOCIIPUHMMAeM (PAaKThl, — 3aBUCIT OT
UMEIOIUXCSI Ha  MOMEHT «ChEMKHW» IpenacraBieHuil. duxcupoBaHue
CIEIYIONIer0 Kajapa BeAeTCs 4Yepe3 NpeAplIyliud U MOoJ  BIMSHHEM
npenpiaymiero. To ecTb caMO OTpak€HUE, BOCIPHUSATHE JIEHCTBUTEIBHOCTH
3aBHCUT OT MOJEJIeH, UMEIOIIUXCS y HaOJIONAIOIEro 3Ty JeHCTBUTENbHOCTD
cyOnekta. bonmee Toro, Hac cammx, Kak JHMYHOCTH, XapakTepuzyeT Habop
MOJIeTIei, KOTOPBIMHU MBI OTIEPUPYEM, UCTIOIH3yEM Ha MPAKTUKE.

Xopolllel aHAIOTHEN aKTUBHOW MO3HABATEIBHOW POJIA MOJIEIU SIBISCTCS
(dhoHaph, OCBEMIAIONINN HEKOTOPYIO O0JACTh B OKpY’Karomiei TbMe (B 0OIIeM
cly4ae — TbMe He3HaHus). JlpyruMm  ynoOHbBIM — 00pa3oM, XOpPOLIO
WUTIOCTPUPYIOLUM HEKOTOPbIE YEpPThl MO3HAHHSI MHUpA YEIOBEKOM, SIBISETCS
«YKYyTbIBaHHE» IMpEAMETa H3YUYEHHUS B «OJEXKIbD> HMMEIOIIUXCS MOJENeH.
3HaHusA, KOTOPbIE HAKOMMJI KaXK/Iblii U3 Hac y ce0sl B roJjioBe, NOJ00HBI HAIlEMy
rapnepoOy — Habopy 1iatbeB U 00yBU B mikady. Yem paznooOpazHee U OOJIbIIEe
3TOT HA0Op, TEM IIMPE HAIIU BO3MOXKHOCTH B OIICHKE MPOUCXOISAIINX COOBITHH.
[Io »’TOMy TOBOMYy YMECTHO T€pecKa3aTh CJIeAyIoNlyl (HaHTaCTHIECKYIO
HCTOPHIO.
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«...3a OKHOM CWJIBHO 3aIIIUIEN0, 3aTEM CO 3BOHOM Pa3JIETeNIOCh OOJIBIIOE
OKOHHOE CTEKJI0O U BMECTE CO CBEXHM JIETHUM BO3JIyXOM B KOMHATy BJIETEJIO
HEYTO HEMOHATHOE — TOJYIMPO3padyHOe, MOYTH HEBUAMMOE, pa3Ma3aHHOE U
CTYJEHHUCTOC — U MNUICNHYJOCh MpsaAMo mocpeau 3ana. «llpumenen!» —
BEIPBAJIOCh y KOTO-TO W3 JoOuTened (paHTacTUKM, MPHUCYTCTBYIONIMX Ha
pacnponaxe. OTomeanme oT UCIyra MpoAaBIbl U MOKYMATeNd, MPOCTO 3€BaKH,
napa OKa3aBIIUXCS PSJIOM MOJULEUCKUX U HECKOIBKO OTKY/1a-TO MOSBUBIINXCS
pEenopTepoB CrpyIUIUCh OKOJO HeBeaoMoro. OHO MOYTH HE WICBEIHIIOCH U
MOCTENEHHO CTAHOBUJIOCH MPAKTUYECKH HEBUJIUMBIM, KaK CTEKJIO Ha OKHE
paHHEN BECHOW U MO3/IHEN OCEHBIO MOCIIE NIEPBOU U ITOCIEIHEN B TOLY MOEK.

Tonma Bce paspacrajiach M 3amoJiHsIa Mara3uH. B HEW 11O 0KUBIIEHHOE
obcyxaenue: koro k Ham npuciaan Kocmoc. BoiabImmmHCTBO, HEMCIIOpUYEHHOE
yTeHueM  (DaHTACTUKH, CKJIOHSUIOCh K
MBICJIH, YTO OHO coBceM He «OHo», a «OH»
— YEJIOBEK, TOJIBKO KaKOM-TO
nehopMUPOBAHHBIMN, HEOOBIYHBIH, HE
coBceM Ham. Ho Torma y Hero nomkHa
ObiTb rosioBa! Haubonee cmenvie u
HACTBIPHBIE U3 TEPBBIX PSAIOB MPEIJIOKIIN
MPOBEPUTHh BepcHio. UTOOBI He 00XKeubcs
WM HE TOAIENUTh KaKOW-HUOYIbh 3apasbl,
pennM, HE TpHUKacasch, NPUMEPUTHh Ha
Hero wumeroummecs Moaenu  OACKIbI,
KOTOpOW OBbLIO TOJIHO Ha NpUJIaBKax U B
mkagax MarazuHa. Ha monke Omwkaiiiero
mkaga OBICTPO Pa3KUINCh HECKOIbKUMU
IK3EMIUISIPAMHU TOJIOBHBIX YOOpPOB pPa3HBIX
(dacoHOB M pa3mMepoB M Hayanu npuiaxuBaTh Ha Hero cepxy. Ilnsmbr
NENUCTBUTEIBHO CAJIUIUCh HA MECTO — HE COBCEM POBHO, HO U HE CKaThIBAJIKCH.
Jlydme Bcero cujena HeOoOJbIIas MOAPOCTKOBAs JIbDKHAS Imamouyka. [losromy
PENIIN, YTO T0JIOBA ICUCTBUTEIILHO €CTh, XOTh M OUYE€Hb MAJICHBbKAs JIJIsI TAKOTO
tena (puc.l.2). Pemoprepsl W3 TONMBI PACTOJKAIM COCENEH M MOOekKamu K
TeneoHy TEepBBIMU COOOIIATh B PENAKIMA HOBOCTH O YEIOBEKOOOPA3HOCTH
npuiiensiua. Mexay TeM HCCIeIOBaTeNld B MEPBbIX psilax, cledys JIOTHKeE,
OPOBEpUIIM M HAIMYME APYTHX, MPUCYLIUX 4YesloBeKy 4epT. Ha mpumiensiia
nocjae HeOONbIIMX YCWIMM Hajue3nu M MUDKaK M OprokH. DTO yke ObLIOo
HEOMPOBEPKUMBIM JTOKA3aTEIIbCTBOM BU3HUTA POJACTBEHHOTO YEIOBEKY CYIIECTBA
— Yy HacC TOXE €CTh PYKU U HOTH, KOTOPBIE MBI TIO yTPaM 3aCOBBIBAEM B KOCTIOM.
HccnenoBarenbckue 3KCIEPUMEHTHI CHJIAMU SHTY3HACTOB W3 MEPBOTO psijia HE
npekpamanuchb. Cean Ha MECTO — HWXKE IUTAHWH — U Calord, HO OHHU IJIOXO
(UKCHPOBATUCH, TPOBOPAUYNBATINCH HA HOTAX MO KPYTy U OBICTPO CBaJIMBAIHCH.

Puc.1.2. MnmrocTparyst K pacckasy
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VY auBnsThCS ObUIO 0OCOOEHHO HEYEMY: SICHO, YTO MPHUIIETET HE COBCEM OOBIYHBIIN
YeJIOBEK MJIH, MOXKET OBITh, HHBAJIU] C HEAOPA3BUTHIMH CTYITHSIMHU.

C 310l Bepcueld COrIacuiIMCh BCE, BKIIIOYAs 3€BaK U3 3aHUX PSAJIOB TOJIIIHI,
KOTOPBIM M TaK HUYETro He ObUTo BUAHO. MHTEpec K mpolieme cTan 3aTuxarTh,
TOJIMA TOCTENEHHO paccachlBajlach. YMYAIKWCh B IOMCKAX HOBBIX CEHCAIUil
penoptepel. PsgoMm ¢ mpuilenblueM, KpoMe€ IpeACTaBUTENs MECTHOM
aAMUHUCTPALMM, KOTOPBIM OpPraHMW30BBIBAII OXpPaHy M DBAKyalUI0 TOCTS B
O KalIMi MHCTUTYT AKaJleMUU HayK, JE€CATKa 3eBaK M MPOJaBIOB Mara3uHa,
OCTAJICA E€AUHCTBEHHBIM CaMbli YIOPHBIM HCCIENOBATENb — JIOBOJBHO
pacTpenaHHbli 1 HE COBCEM HOpPMajbHOro Buaa. C MOMOIIBIO TOMOIIHUKOB —
MaJbYMILIEK, KOTOPbIE JIOCTAaBaJu C MOJOK U MOJABAIA €MY Pa3HYIO OJIEKKY U
00yBb, — OH HACTOWYMBO MPHUKJIIAABIBAJ, PUIAKUBAI, IPUMEPSIT OKA3aBILINECS B
€ro pyKax MOJEIH K MPUIIEINbIly. YIIOPCTBO OBUIO BO3HATPAKICHO OTKPHITHEM
— KpOME HOT, Callord XOPOUIO MPUCTPAUBAIUCh HA OOKaX «IOYTH YEIOBEKa» —
psaaoM ¢ OOKOBBIMH KapMaHaMH MHpKaka! DTO HE OCTaloCh HE3aMEYCHHBIM
OCTaBIIMMHUCS 3€Bakamu. [0 kOMHaTe momen menorTok, a NOTOM MPOPE3aIUCh U
TPOMKHE rojoca: «A denoBek ju 310? Y nmojaeit Ha 6okax HOr He ObiBaeT!» Ha
IIyM CTaJMd HOJATATUBATHCS JIIOOOMBITHBIE, OTKYJa-TO OISATh NPUMYAIUCh U
yOexkanu 3BOHUTh B pEJaKUMU pernoprepbl — mpumenen u3 «OH» OnsTh
npespamaiica B «OHO» U 3TO HE MOIJIO HE BOJIHOBaTh uurareneil. Henoymenue
B MarasuHe MpoJI0JDKAIOCH 0 TOTO MOMEHTA, KaK OJUH M3 3€BaK — OBIBIIMIA
MOPSK, W300pO3IUBIINI OKEaHbl W MOBUIABIIMA MHOTOE, — HE MPEINOIO0KHUI:
«Jla 9TO XKe, moxoxe, OCbMUHOT!» YTOPHBIN pacTpenaHHbIH HCCIEI0BATEIb C
MOMOULIHUKAaMU OBICTPO NPOBEPWIN Bepcuio. Pe3ynbraTel OOHAAEKUBAIM —
00HapYKUJIOCh MHOTO «IIyTaJiel)», Ha KOTOPbIE HAa/I€BAJINCh IITAHbI U MMUJHKAKH,
MOBUCAJIM LUIANKA W Callord, KOTOPbIE PAHEE M0 HEIOMBICINIO NPUHUMAIN 32
YEJIOBEUECKHUE T'0JIOBY U KOHEYHOCTH. CTOJIBKO KOHEYHOCTEM y 4YeIOBEKa HE
ObiBaeT. Uepe3 yac HOBasl CEHcallMsl MOTPSCIIA YMTATEeNIel ra3eT U ciyliarenen
panguo...»

Pacckazannas wucropusi mnoyumrtenbHa. Ee maxke MoxHO Obuto OBl
MPOJOIKUTH. JIFOM HCKaJIX B MPUIIETBIE TO, O YeM UMENH c(HOpMHUpPOBaBIIIEECS
npencrasieane. OOpa3 deloBeKa — MEpPBOE, YTO MPHUILIO BCEM B TooBy. He
ObUTO0 ObI B TOJIIIE MOpSKA, B TOJIOBE KOTOPOTO YK€ CYyIIECTBOBaJ 00pa3
OCbMMHOTI'a, BTOpasi BEpCUsl WIM HE MOSIBUIIACH Obl COBCEM WJIM MOSBUIIACH OBl
MHOTIO Mo3xe. Tak U B mpouecce NMO3HaHUs MPUPOJbI BEAYILYIO POJIb UIPAECT
YYEHBIH, CYMEBIINNA «CT€HEPUPOBATH» MOJIENb IT0Ka HEBEAOMOI0. MBI — o —
BOCIIPUHUMAEM M3 YBHUJIEHHOTIO TOJBKO TO, O YEM 3HAEM, MOJEIBIO YEr0 MBI
pacnonaraeM. ToicsueneTHUE HAONIOJCHUS YUEHBIX APEBHOCTH IMOATBEPKIAIU
MPaBUILHOCTh T€OLEHTPUUECKON Teopuu: u cerojHsa CoJIHLE Ha HAIIMX I1a3ax
«obmeraeT» 3emMiTro, ABUTasch ¢ BOCTOKA Ha 3amaj 1o HebockioHy. Ho cefivac
T000W TIKOJBHUK OOBSCHUT 3TO BpalleHHEM 3eMJIM BOKPYT CBOEH OCH H
HalJeT TOMOJHUTEIbHBIE JOKA3aTeNbCTBA. «] J1a3a TOro He 3pAT, Yer0 HE BUIUT
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pasym. Uem ym TBOH oBnazen, To ¥ yBuauib riaazom» (M.A. benens) [149,
c.19]. I3 coBpeMeHHBIX MPUMEPOB MPABUIBHOCTH 3TUX CJIOB MHIAUKWCKOTO MO3Ta
XVII Beka MOXHO TpUBECTH OOHApyX)eHHE (PeHOMEHa TUHAMHYECKOrO Xaoca.
Jlo cepenunbl 20 BeKa CIOKHOE HEMPECKa3yeMoe MOBEIECHUE CBS3BIBATIOCH CO
CJIO)KHOCTBIO, MHOTOJIEMEHTHOCTBKO ~ PacCMaTpUBaEMbIX cHUCTeM (Tojma,
COBOKYMHOCTh MOJEeKyl u T.1.). Ho, korma B 60-¢ Toabl CIOXWINCH
COBPEMEHHBIE MPEJCTABIECHUS O Xa0Ce M MOSIBWIUCH MPOCTbIE MaJOMEpHBIE
JUHAMHYECKHE MOJENIM C XaOTHUECKUM TOBEJECHUEM, HaudajoCh MAacCOBOE
MPO3PEHUE U HEPETyJISIpHbIC, HEMOBTOPSIOMIMECS ABM)KCHUS CTaJId HaOII0aTh
Jake Ha MasTHHUKaX JEAYIIKUHBIX yacoB. J[is 3Toro morpeboBanock, YTOObI B
«rapaepo0» Mojenell BHEIPWINCH OOpasllbl HETMHEHHBIX OTOOpaKeHWH U
g depeHInaTbHbIX YPAaBHEHUN ¢ XaOTUYECKUM TOBEIECHHUEM, O KOTOPBIX MBI
MIOTOBOPHUM B CJICIYIOIIMX TJIaBax.

JU1 IOTHOTHI KAPTUHBI B 3aKIFOYEHHE 00CYKACHHUSI TEPMUHOB «MOJENb)» U
«MOJEIINPOBAHUE» MPUBEIEM HEKOTOpbIE CJIOBAa IO 3TOMY IOBOIY
CHEeLMAIUCTOB ~ pa3Horo mnpo¢uis. Bor  BbeIcka3zpiBaHME  OAHOIO U3
npenacraButeneil Mupa Quiocodpun, M. Baprodcekoro: «B otinuuue ot apyrux
KUBOTHBIX, JIIOJM CaMHU CO3JIAl0T ceOe penpe3eHTanuu (IpeicTaBiIeHus) TOro,
YTO MBI JI€laeM WM XOTUM, — apTedakThl WId Mojenu. Mojenb — 3TO He
MPOCTO KOIMUS CYLIECTBYIOIIET0, HO U MpeACTaBieHue Oyayuieil npakTuku. Mbl
npuoOpeTaeM 3HaHUA C TOMOIIBI0 Mozene» [52]. B omnpenenenuw,
noyeprnHytTom u3 KHuru axkagemuka H.H. MowuceeBa — Bblparomerocs
CHelMaucTa [0  MAaTeMaTHUYeCKOMY  MOJEIUPOBAHUIO,  CYILIECTBEHHO
MOBJIMSABILIETO HAa yMbl BJIACTh HMMYILIUX CBOMMM HCCIIEJOBAHUSMH MOJEIH
«SIIEPHON 3UMBI», — TOXKE MOAYEPKUBAETCS MECTO MOJENIEN B IMO3HABATEIHLHOM
mpouecce.  «...Mbl MOXEM MBICAUTh TOJBKO 00pa3amMu, MNPHOIMKEHHO
OTpaXXarIIUMU peaibHOCTb. JIto0oe abcontoTHOE 3HaHue, a0CONIIOTHAS UCTUHA,
KaK TOBOPAT (uiIocodbl, MO3HAETCS 4epe3 OEeCKOHEUHYI0 aCHUMITOTHYECKYIO
LENOYKY MCTHUH OTHOCHUTEIbHBIX, MPUOIMKEHHO OTPaKAIOIIUX T€ WIH JpyrHue
4epThl OOBEKTHBHOW peajbHOCTU. BOT smu omnocumenvuvie ucmumvl u
HA3b18AIOMCA  MOOENAMU UMY  MOOENbHbIM — Oonucanuem. MoJenum MoryT
(bopMyTUpPOBATHCS HA JHOOBIX S3BIKAX: PYCCKOM, aHTIHICKOM, (PAHILy3CKOM H
ap. OHM MOTYT HCIOJIb30BaTh SI3bIK IpapUyecKuX MOCTPOEHHM, S3bIK XHMUH,
Oouonoruu, mMareMaTuku U T.A.» [121]. B kauecTBe mprMepa BbICKa3bIBaHUN
J0JIeH1, HACTPOEHHBIX 00Jiee TEXHUYECKU, MOKHO IPUBECTHU CJIOBA U3 YUEOHHKA
no mMatematuueckomy MozaenupoBanuto B.C. 3apyOuHa, HEZaBHO M3AAHHOIO B
MITY wum. H.D. baymana [80]: «C goctatro4yHo OOHIMX MO3UIIHI
MaTeMaTHYeCKOe MOJEIMPOBAHUE MOKHO pacCMaTpUBaTh KaK OJUH U3 METOJOB
MO3HAHUS peajJbHOr0 MHpa B Tepuoa (GOopMHUPOBaHUS TaK HA3BIBAEMOTO
UHPOPMAIIMOHHOTO  OOIIeCTBa, KaK HHTEIUIEKTyaJllbHOE  SAPO  OBICTPO
pa3BuBatomuxcsi uHpoOpMaMOHHBIX TexHosoruil. Ilox Maremarnyeckum
MOJIETUPOBAHUEM B TEXHHMKE IOHHMAIOT aJEKBATHYIO 3aMEHY HCCIENLyEMOro
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TEXHUYECKOTO YCTPONCTBA WJIM MPOLECCAa COOTBETCTBYIOUIEH MAaTEMaTUYECKON
MOJENBI0 M €€ TOCIEAyIOlee HW3YYEHHE METOJaMU BbIYMCIUTEIbHON
MaTE€MaTUKH C MPUBJIECYEHHEM CPEIACTB COBPEMEHHOW BBIYMCIUTEIBHOMN
TeXHUKU. [lOCKOIBKYy Takoe wu3ydyeHHEe MaTeMaTH4EeCKOM MOJEIM MOKHO
paccmaTpuBaTh Kak IpPOBEACHHE »JKcrnepuMeHTa Ha OBM mpu nomomm
BBIYHCIIUTENBHO-IOTHYECKUX ~ QJITOPUTMOB, TO B  HAyYHO-TEXHHYECKOMN
JUTEPATYPE TEPMHUH «BBIUYMCIUTEIBHBIA 3KCIEPUMEHT» YacTO BBICTYNAET KaK
CMHOHMM TEPMHMHA «MaTeMaTHYECKOoe MojJenupoBanue». Conep:kaHue 3TUX
TEPMHHOB MPUHATO CUUTATh UHTYUTUBHO MOHATHBIM U OOBIYHO €ro MoaApoOHO
HE pacKpbIBAlOT». MOXKHO COrJaCUTHCSA C aBTOPOM MOCIEAHEN KHUIU U B TOM,
YTO MHTYUTHUBHOE IIOHATHE «MOJAEIN» U «MOJECIMPOBAHUS) HMEETCS
NPAKTHYECKU Y KaXA0T0 CTyJEHTa TeXHUYecKOro By3a. Ciojja MOKHO 100aBUTH
U JII000T0 TMPEACTABUTENSI TOYHBIX HAYK M MPOCTO IPaMOTHOTO YEJIOBEKa, T.K.
BCE CYIIECTBYIOUIEE 3HAHME OO0 OKpYXKaroIleM YeJIOBEKa MHUPE MOJAEIBHO II0
cBoell cytu u ¢opme. MBI ke s ONPEACIIEHHOCTH, TOBOPSI O MOJENAX H
MOJIEIMPOBaHUM, OyJeM HpUICPKUBATHCS ONPEIENICHUH, JaHHbIX B Hayaie
naparpada, a 3akoHuuM ero nutatod uz M. Baptodcekoro. «Kaxnmas moznens
(uKcUpyeT onpeseIeHHOe OTHOUIEHHE K MUPY WA MOJEIUPYEMOMY OOBEKTY U
BOBJIEKAET B 3TO OTHOIIEHHE CBOETO TBOpPLA WIM Mojb3oBarensd. [loatomy us
MOJIETTM BCErja MOXHO PEKOHCTPYUPOBATh CyOBEKTa MOJECIHUPOBAHMUS — 3TO
UHAUBUJ, KOTOPHIA HAXOAMTCS C MHPOM ... B OTHOIIEHUH, BBIPA)KEHHOM B
naHHOW Mojaenu» [52]. Apyrumu cioBaMu, Mbl — TO, 4eM (KaKUMU MOJICIISIMU)
MBI OIIEPUPYEM.

1.2. Hayka, Hay4YHOe 3HAHUE, CUCTEeMATU3ALMH HAYYHBIX MOJesIei

Bce 3nanune MoenbHO, HO MBI OTPAHUYUM PACCMOTPEHUE JIUIIb MOJCIISIMH,
OTpaXarIIUMH Hay4dHoe 3HaHHe. Hayka — cdepa uenoBeueckoil esTenbHOCTH,
byHKIIMEH KOTOpOM sIBISE€TCS BBHIPAOOTKA W CHUCTEMaTH3alus OOBEKTUBHBIX
3HAHUWA O JIEHCTBUTEIILHOCTH; OHAa HCIOJb3yeT CHenupUIECKHe METOIbl U
OTHpPAETCS] HAa OMNPENCICHHYI0 JTHKY. OOBEKTUBHBIM, B COOTBETCTBHH C
MaTEpHUATUCTHUYECKUMHU B3TJISaMH, CUUTAIOT TAKOE COACPKAHHUE YETOBEUECKUX
MPEICTAaBICHUA, KOTOPOE «... HE 3aBUCHUT OT CYOBEKTa, HE 3aBUCHUT HU OT
YesloBeKa, HU OT YeJIOBEYECTBa». BO3MOXXHO JIM 3TO B NMPUHIMIE, OCTABUM Ha
obcyxaenue ¢dumocodam, a caMu JIMIIbL YIIOMSHEM JiBa 0ojiee KOHKPETHBIX
KpUTEPUS HAYYHOCTH 3HAHUS (€r0 OOBEKTUBHOCTH, UCTUHHOCTH).

Oto npuHuMn  eepugpuxkayuu  (MOATBEPXKIACHHUS) —  HAXO0XKJICHUE
NOJITBEPXKICHUSI B OSKCIIEpUMEHTE. Takoil MOAXOa OTBepraercs, Hampumep,
CTOPOHHUKAMH IIKOJIbI M3BeCTHOTO 3amanHoro ¢unocoda Kapma Ilommepa
[141]. Ix moBom — Bcerma MOXHO MOJ00paTh MPUMEPHI MOATBEPKIAIONINE, a
MO3TOMY CIEAyeT HCIOIh30BaTh MPOTHBOIOIOKHBIA  MMOAXOA, a HWMEHHO,
OpUHIATT panbcugurayuy  (AUCKPETUTAIINH), COTJIACHO KOTOPOMY Hay4Has
CUCTEMa 3HAHUI J0JKHA JJOMYyCKaTh ONPOBEPKEHNUE ONBITHBIM MyTeM. pyrumu
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CJIOBaMH, HAy4YHbIE TEOPUHU JAOJDKHBI JOIYCKaTh PHCKOBAHHBINA 3KCHEPUMEHT.
CormacHo 3TOMY NpPUHIMUIY, HalpuMep, acTPOHOMMS — HayKa, T.K. MOYHO
NOCTaBUTh SKCIEPUMEHT, KOTOPBIM MOXET JaTh OTPULIATENIbHBIA PE3yIbTaT
(BOIpEKU CAEIAHHOMY IMPOTHO3Y) U MO3BOJUT ONPOBEPTHYTh BBICKA3bIBAHUE, a
actposorust — He Hayka. Ho u Ha mikony [lonmepa nananatot apyrue ¢puiocods
U TEOPETHKH HAyKH, TOBOPSA, YTO «...CaM MPUHIMI (aTbCUPUIIPYEMOCTH HE
BBIIEP’)KUBAET MPOBEPKY Ha (Qanbcuduuupyemoctsy. Jlaxke s3Ta moseMuka
JEMOHCTPHUPYET CJIOXKHOCTh MOJHATOrO BOIIPOCA, T.K. OH MMEET OTHOIICHUE K
OJIHOMY M3 BE€YHBIX BONPOCOB (pusiocopun — npodieme 00beKTUBHOCTH UCTHUHBI.
Mpl ke Janee OrpaHMYMMCS TNpPUMEpPaMH  MOJECIHUPOBAHHUS  OOBEKTOB,
paccMaTpuBaeMbIX KJIACCUYECKOW (PU3MKON, OMOJOTHEH M APYTUMH OTPACISIMU
3HAHUU, TPAAUIIMOHHO CUUTAIOMIMXCS HAYYHBIMHU, U YKIOHHMCS OT CHUTYyaIlui,
MOJCIIUPOBAHUE  KOTOPHIX  TpeOyeT  MpodeCCHOHANBHOM  TTOCTAHOBKHU
MHUPOBO33PEHUYECKHX BOIIPOCOB.

Hayky oTnumyaer crpemiieHME K  MaKCHUMalbHO  00OOIEHHOMY,
00€3IMYeHHOMY 3HAHMIO M UCIOJIb30BAHUE METOOB, CIOCOOCTBYIOIIUX 3TOMY
(u3MepeHue, MaTeMaTHYeCKHE BBIKJIAJKH, pacueTel). B HexoTopoM cmbIcie
MaKCUMaJIbHO 00€3JIMYEHO 3HAaHUE, MPEICTABICHHOE Ha S3bIKE MAaTEMaTHKH, B
OCHOBE KOTOpPOM JICKUT MAaKCUMaJbHO (POpPMAIM30BAHHOE IMOHATHE — YHCIIO.
Boipaxkenue 1+1=2 (B jgecATHYHOW CHCTEME CUHCICHMS) OJMHAKOBO
BOCIIPMHUMAIOT ¥ YUYEHBIA, M3yYalOIUNA KOJeOaHUS MAasTHHKA, WU TOPTOBEIl
¢bpykramu Ha Oa3zape. CymecTBYIOT JdaXe SKCTPEMHUCTCKHE BBICKAa3bIBAHUS
KPYIHBIX YYEHBIX O TOM, YTO B TOM WJIM UHOM 3aHSITHH CTOJIBKO HAYKH, CKOJIBKO
TaM MaTeMatuku [ 167].

B IPOTUBONOJIOKHOCTh HayKe, UCKYCCTBY (acTeTnuecKoMy,
XYJI0’)KECTBEHHOMY  IMOAXOAY) CBOMCTBEHHO  HWHAMBHIYaJIbHO-JIMYHOCTHOE
BOCHpUATHE JEUCTBUTENBHOCTH. [Ipu TakoM MOJXoie OJMH U TOT K€ OOBEKT
HaOJIIO/IEHUs, HApUMEp, KapTHUHA, OJHUM IOKAXKETCS TSHKEIbIM U MpaydHbIM,
JIPYTUM BUIUTCS YTOHYEHHBIM U CBETJBIM, & TPETHUM — IMPOCTO HEUHTEPECHBIM.
Ho Mexny Haykou M MCKYyCCTBOM HET PE3KOM IpaHullbl. Tak, B IOCTPOEHUSX
HayKu (CTPYKType TEOpUH, B MareMaTudeckoi (opmyre, cxeme, uee
9KCIIEPHMEHTA) CYIIECTBEHHYIO POJIb HEPEAKO MIPAECT ICTETHUYECKUN DIIEMEHT,
YTO CHEIHUAIBHO OTMEYaJOCh MHOI'MMH BBIJAOIIMMMKCS yueHbIMU. Hampuwmep,
KpUTEpUI BHYTPEHHETO COBEPIICHCTBA DIHIITENHHA (CM. HIKE, 1. 1.7) OIu30K K
scTeTnueckoMy. Hayka Toxe BTOpraeTcst Ha TEppUTOPHUH, paHee Oe3pa3aesbHO
MPUHAIJICKANIUE HCKYCCTBY. TaK, COBpEMEHHbBIE IOAXOAbl HEJINHEHHON
JUHAMHKY K OLICHKE CJIOXHBIX 0OBEKTOB C MOMOUIbIO TAKUX CIELUAIBHBIX MEP,
KaK KOppeJsIHOHHAs U 0000IIeHHas pa3MEepHOCTb, MPUMEHSIOTCS K MacCHBam
HOTHBIX 3alIMCEN U TEKCTOB JUISl OLIEHKU KPACOTHI MY3bIKH U «UHTEPECHOCTH»
TEKCTOB.

Yacro, korga He M3BECTHO, KAK JATh YETKHE PEKOMEHJALUH (AJITOPUTM)
pemieHust 3afadd, TOBOpPAT 00 wucCKyccTBe. B 3Tu cinoBa BKiIagbIBaeTCs
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HEOOXOJAMMOCTh TMPUCYTCTBHUSI MacTepa, WHTYWLIUS ¢ HWHIAUBUIYyaJIbHBIC
IPUPOJIHBIE KadyecTBa KOTOPOTO OOJErdaroT JOCTHXKEHHE HENH. DTOT CMBICIH
BKJIQJIBIBAETCSI M B  CJIOBa «HMCKYCCTBO MOJEIUPOBAHUS», KOTOPHIE
IPUCYTCTBYIOT BO MHOTMX KHHUrax Mo MaTEMaTUYECKOMY MoJenupoBaHuio. Ho
MPOXOIUT BpEeMs, pacTeT 3HaHWE © OOBIYHO TO, YTO paHBIIEC OBLIO
«HUCKYCCTBOM», MEPEXOAUT B paspsl TEXHUKU, peMecia, HOCTyIMHOTO MHOTMM
uiu BceM. Hampumep, ¢ pa3BUTHEM MOJIYHPOBOJHHKOBBIX TEXHOJIOTHUH
HMCKYCCTBO CO3/IaHMSI XOpOIIMX TPaH3UCTOPOB, paHee  JOCTYIHOE JIMIIb
n30paHHBIM MacTepaM, CTajlo pyTUHHON pabOTON MPOMBIIUIEHHBIX POOOTOB.

OyeHb  BaXXHOM  OCOOCHHOCTBIO  HAYYHOTO  MOAXOAA  SIBJISIETCS
cucremaruszanus' 3HaHuMsA. M3 CyIIECTBYIOIIMX CHCTEMATU3ALMH HAy4YHBIX
MoOJelIe  OTMETHM  4YeThIpe: IO CTENEeHH OOIIHOCTH, IO  3aKOHY
(GYHKIIMOHMPOBAHMS, IO  OCHOBAaHUIO  JJs  TEpeHoca  pe3yJbTaToB
MOJICTTUPOBAHUS, a B CIEAYIOIIeH Ty1aBe (haKTHIeCKHd JOOaBUM K dTOMY CIHCKY
CUCTEMATHU3ALMIO «I10 MPOUCXOKICHUIOY.

ITo cremeHu OOIIHOCTH MOJEIU OTIMYAIOTCS IIMPOTOM OXBaTa SBJICHUI
U 00BEKTOB peajbHOro MHupa. B cooTBeTCTBUM C 3TOM Kiaccudukanuen Moaenn
MOXXHO BBICTpOUTH B Buae nupamuasl [131]. Ha ee BepuimHe Haxogutcs
Hay4yHas KapTUHA MHpa, SPYCOM HHXKE — KOCMOJOTHMYecKas, (Qu3uueckas,
Ouonoruueckass KapTUHBI Mupa. Eile Hke — TEOopuH BBICHIETO YPOBHS
OOITHOCTH, K KOTOPBIM OTHECEHBI TEOPUSI OTHOCUTEIFHOCTH, KBAHTOBAS TEOPHS,
TEOpHsI TBEPAOIrO TeJla, TEOPHUs] HENMPEPBIBHBIX cpel. SIpycoM HUXKE — TEOpUH
CpPEIHETO YpPOBHSA OOIIHOCTHU, K KOTOPHIM aBTOP OTHOCUT TEPMOJIWHAMUKY,
TEOPUIO YIPYTOCTH, TEOPHUIO KoJieOaHUN, TEOpHUI0 YCTOMYMBOCTHM U T.II.
[TocnenHue HUXHUE SPYCHI TUPaAMUbl 3aHUMAIOT YaCTHBIE TEOPUHU (HATIPUMED,
TEIUIOBBIX ~ MAllWH,  CONPOTHUBJIEHUA  MaTepUalOB,  ABTOMATUYECKOTO
peryivupoBaHusi) W Hay4Hble 3akoHbl (Hanpumep, HpioroHa, Kupxroda,
Kynona). B camoMm HU3y, B OCHOBaHMM NUPAMU[bI, PACHOJAralOTCsl YaCTHBIE
MOJEIM OOBEKTOB W SIBJICHHM — TEXHMUYECKHX IIPOIIECCOB, HEMPEPHIBHBIE U
JUCKPETHBIE MOJIENIN MPOIECCOB ABOJNIOLUMHU U T.J. YeM BbIlIE MECTO MOJEIH B
9TOW mupamuie, TeM Oosbilie 00BEKTOB OHA OXBaThIBaeT. Ho KaxabIil ypOBEHb
MMeeT 3HaYUMOCTh MPHU PELIECHUU OIMPENEICHHOr0 Kpyra 3aaad. Tak BiajaeHue
KBAaHTOBOW TeOpUEH HE TapaHTUPYET M3rOTOBJIEHUS XOPOIIEro Jiasepa, JJist
3TOTO TPEeOYIOTCS €Ill€ U YaCTHBIE MOJIEIIH.

Hapsimy c moHsATHEM cHcTeMaTH3allid CYIIECTBYET TMOHATHE Kiaccudukanuu. Bropoe
OTIIMYAETCSl OT MEPBOr0 OOJBIIEH CTPOTOCTHIO — KECTKOCTHIO TPaHHIl MEXIy Kiaccamu. B
OCHOBY TOTO W JPYroro KiajeTcsi HEKOTOpBI Ha0Op MPU3HAKOB, CBOWCTB. Hampuwmep,
MyTOBUIIBI MOXXHO KjiaccuuuupoBaTth MO 1BETy, ¢opMe, YUCIy MABIPOYEK, CIIOCO0Y
KpEIUIEHUs U T.I1.

* Crieslyer 3aMeTHTb, UTO B JTUTEPATYPE CYLIECTBYET MHEHHE O HEOOXOIUMOCTH 00JIee y3KOro
[IOHUMAaHUS TEPMUHA «MOJENb» — OCTaBUTh 3a HHUM JIMLIb TO, YTO HE IOKpPbHIBAECTCA
TEPMUHAMU «TEOPUS», KTHUIIOTE3a», «POPMaTH3IM».
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[Io 3akoHy QYHKIHOHMPOBAHUSI MOJEIH JEIATCS Ha JjocuuecKue
(upeanbubie [59]) u mamepuanvhvie. IlepBble PYHKIIMOHUPYIOT MO 3aKOHAM
JIOTMKH B CO3HAHMM YENIOBEKA, a BTOPHIE — IO 3aKOHAM MPUPOALI. B cBOO
ouepellb, JOTMYECKHE MOJENN NENATCA Ha 00pasHvle, 3HAKOSble U 00pa3HO-
3Haxosvle. (OOpa3Hble (MKOHUYECKHE) BBIPAKAIOT CBOWCTBA OpWUTMHANA C
MOMOINIBIO0 HAIIATHBIX 3JEMEHTOB, MMEIOIIUX MPooOpa3sl B MaTEpUaIHLHOM
mupe. [lonp3ysich omnpeneneHHEM «MOHSATHOTOY, KaK TPUBBIYHOTO U
YyBCTBEHHO BocmpuHuMaemoro [117], MOXHO cka3aTh, 4TO OOpa3HbIE MOJEITH
HAanbOJIee «IOHATHBD MIOXIM.' Tak, B KMHETHYCCKON TEOPHH Ia30B YaCTHIBI
HATJIAJIHO ~ MOJCIUPYIOTCS — YyOpyE€rumMu  mapukamu. Jlos  HarisaHoro
MOJICIMPOBAHUSL  DJEKTPOEMKOCTHM  (CIIOCOOHOCTH  Tejna  MOPOXKAATh
sJieKTprUeckoe mosie npu 3apsae, C=q/p, Tae g — 3apsa, ¢ — TOTEHIUAN

3apSOKCHHOTO Tejla) YJIOOHO HCIIOIh30BaTh B KadecTBE NIPooOpasza BEApO C
BOJIOH, OTBIT OOIIEHUSI M YyBCTBEHHOT'O BOCHPUATHSA KOTOPOTO UMEETCS Y BCEX.
[Ipu 3TOM yCTaHOBHMBHIMIICS YpPOBEHb BOJABI B COCYA€ /1 HCIOJb3YyETCA Kak
aHaJIoT 3HAYeHMs MOTEHIMajda @, a 00beM HaJIUTOM BOAbI V, — Kak aHajor

3apsia g. Toraa B KadecTBE aHAoOra AJIEKTPOEMKOCTH BBICTYITACT BEIHMYMHA
C,=V,/h=S, paBHas IUIOMA/X MONEPEYHOrO CEUECHHs cocyaa S, a He 00beMY,

KaK ITOJCKa3bIBACT IIPHU CJIOBEC «CMKOCTbH» ObITOBOM OmbIT. Bennunna C@ TEM

Oosbllle, YeM IIHMpEe JHO IWIMHApUYECKOro cocyna (Bexpa). [IpeaenbHoe
KOJIMYECTBO JKUAKOCTH, KOTOPOE MOXKET HAKOIHUTh COCYI-aHAJOT, OrpaHuYeHa
JUIIb TPEAENbHBIM JaBJIE€HUEM, KOTOPOE MOTYT BBIAEPKATh €r0 CTEHKH. JTO
AQHAJIOTMYHO TOMY, Kak TMpeenbHbId 3aps] KOHIEHCATOpa OIpeAesaTcs
ANIEKTPUYECKON MPOYHOCTHIO OKPYKAIOIIEro IudJIeKTpuka. llpu Hem3aMeHHOM
IIONIEPEYHOM CE€4YeHHH cocyna BenuunHa C, =const, a €ClIH IONEPEYHOe

ceueHne MeHsercs ¢ BblcoTol S =S(h), BenmnunHa C, craHOBUTCS (DyHKIUEH

YPOBHS KHUAKOCTH h. AHAJIOTMYHBIM CBOMCTBOM 0O0JafaeT, HampuMmep,
AIEKTPOEMKOCTh BapakToOpa — TOJYNMPOBOJHUKOBOTO KOHJEHCATOpa, — C
MOMOIIIbI0O KOTOPOTO MBI MEPEKITI0YaeM TeleBU3MOHHBIE KaHaibl. OHa ABIsSETCS
(yHKIMEH HampspDKeHHWs Ha 3TOM IOMYJISIpHOM »3yieMeHTe. Tak, HarisaHas
oOpa3Hasi MOJEJIb B BUJIE COCYJa C JKUJIKOCTbIO MOXET OBITh MCIOJIb30BaHA IS
dbopmHpoBaHUs MPECTaBICHUS 0 HeMHEeWHOoCTH [40].

3 OTpaxkaroT JI1 JIOTUYECKHEe MOJAETH 3aKOHOMepHOCTH npuponsl? Cyas 1Mo ToMy, 4TO BH]
«homo sapiens» yCIENIHO KOHKYpUPYET C JAPYrMMH OWMOJOTMYECKMMH BHUAAMHU, HE
00peMEHEHHBIMH CO3HAHMEM W JIOTUKOHW, PaCHpOCTPAHHUIICS MO BCEM KOHTHHEHTAaM, JAOCTHUT
INIyOMH OKeaHa M KOCMOCa, OH IIPAaBUJIBHO OLICHUBACT 3aKOHOMEPHOCTH HBOJIIOLMU H
B3aUMOCBSI3U OOBEKTOB B MpUpOJE. 3HAYMT, JIOTUYECKUE MOJEIN HMEIOT OOBEKTUBHOE
coJiep KaHue.

* CkasaHHOE B NEPBYIO OYEPETh MOKHO OTHECTH K JIOMAM C OOIEe PA3BHTBIM «ICBBIMY
MOJTyLIIapUEM MO3Ta, Y KOTOPBIX YyBCTBEHHOE MPe00IaiaeT Hal JJIOTHYECKUM.
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3naxoevie (cumeonuueckue) MOJEIU BBIPAXAIOT CBOWCTBA OpPUTHMHANIA C
MIOMOIIBIO YCIOBHBIX 3HAKOB M CHUMBOJIOB. K HMM OTHOCSITCSI MaTeMaTHYECKHE
BBIPQKECHHSI U ypaBHEHUs, ¢usznyeckue u xummuueckue (opmynsl. K oOpazHo-
3HAKOBBIM MOJIEJISIM OTHOCSITCSI CXEMBI, TpadUKH, YepTEKH, Tpadbl U T.11.

B cBoro odepenn, MaTeprambHbIe MOJIETH MOTYT OBITh Qhusuyeckumu, €Cim
OHHM MaTE€pUAIBHO OJHOPOIHBI C OPUTHHAJIOM, WIU hopmanvHuiMu. B cBOIO
ouepenb MaTepualbHBIE MOJCIH ACIAT HA (DYHKYUOHAIbHbIe — OTPAKAIOIINE
bynkuuu  opuruHana (OyMakHas — «rajka» Kak = MOJENb  CaMOJIETA);
reOMETPUUECKHE — OTPaKal0T FeOMETPUUECKHE CBOMCTBA 00BEKTa (BCIIOMHUM
HACTOJBHYIO MOJENb caMoJieTa); (PYHKIIMOHAIbHO-T€OMETPUUYECKUE — Kak,
HampuMep, JIeTaromas MoJielb, OTpaxaromuias u ¢gopmy camoieta. Berpeuaercs
TaK)Ke pas3zelicHne Ha (PYHKIMOHAIBHBIC M CTPYKTYypHBIE Mojaenu [59] u mp.
[126, 173].

[To xmaccuukanmOHHOMY NMPU3HAKY OCHOBAHMS /ISl TePeHoca CBOMCTB
MO/1eJIM Ha OPUTMHAJ MOJIEJH JIEISATCS Ha CJEIYIOIINUE TPYIIIbL:

1) yciaoBHBIe — BbIpaXKalOT CBOMCTBa OpHUTMHAla HAa OCHOBAHUU
COIJIALIEHUs], TOTOBOPEHHOCTU O CMBICIIE, KOTOPBIM MPUIHCHIBAETCS 3JEMEHTaM
Mozenu. Tak, Bce 3HAKOBbIE MOJIETIH, B TOM YHCJIE MAaTEMaTUYECKHUE, SIBISIFOTCS
ycioBHbIMH. Hampumep, B kadecTBe MOJENIM POCTa MOMYJISILMA OAHOTO BUJA,
pEeryJIMpyeMoro »NuAeMUYecKoil Ooie3Hbto, Mpdit B 1976 1. mpenmoxui
OJHOMEpPHOE OTOOpaKeHUE X, =X, exp(r(l—x” )), II€ X, XapakTepusyeT
YHUCI0 0cO0eil B n-i MOMEHT BpEMEHM, a MapaMmeTp 7 CBSI3aH C YCIOBUSIMHU
3apaXeHHss B COOTBETCTBUM C  JIOTOBOPEHHOCTHIO,  COMPOBOXKIAIOIIECH
MOJICTHPOBAHHE;

2) aHAJIOTH4YHbIe — O0JAJAIOT CXOJICTBOM C OPUTHHAIOM, JOCTATOYHBIM
JUISl TIEpeXo/ia K OPUTMHAly HA OCHOBAHMM YMO3AKIIOYEHHUS «IO0 aHAJOTHUN».
Tak, ecnu 00bexT O, 001ama€T CBOMCTBAMH C,Cy,...,Cp_;,Cy > & O0BEKT O, —

CBOWCTBAMHU Cy,C,,...,Cp_i, TO MOXKHO IPEIIOI0KUT, YTO BTOPOH OOBEKT OyIeT
o0ylalaTh M CBOICTBOM cC,. OTO YMO3AaK/IIOYEHUE HMMEET TUIOTETUYECKUIl

xapaktep. OHO MOXET TPUBECTH KaK K HMCTUHHOMY, TaK M K JIOKHOMY
pesynbrary. [Ipumep Heyaauu: aHAIOrus MEXIy IBHKEHUEM KUAKOCTH (O,) u

nporeccoM pacmpocTpaHeHus Temna (O,) npuBena B CBOE BpeMsl K

HEMPAaBUJIBHOMY BBIBOJY O CYIIECTBOBAaHUM Teruiopoaa. Ilo3uTUBHBIM
MPUMEPOM SIBJISIETCSA YCIICIIHOE 3aMeElIeHUe OpraHu3Ma 4YesIOBeKa OpraHu3MOM
YKWUBOTHOTO TIPH U3YUCHHUH BIIUSHUS JICKAPCTBEHHBIX MPEMapaToB;

3) mogoOHBIe — TMO3BOJISIIOT OOECHEYMUTh CTPOTUH NEPecyYeT JaHHBIX
MOJIEIM B JaHHble opuruHaia [23]. Peub uaeT O MOJHOW MaTeMaTUYECKOU
AQHAJIOTUU TP HAIWYUU [POMOPIUOHAIBHOCTH MEXKAY CXOACTBEHHBIMHU
MEePEMEHHBIMU, KOTOpas COXPaHSETCs MPU BCEX 3HAUCHHUSX MEpeMEeHHBIX. JIBa
00BbeKTa MOJOOHBI, €CIIA BBITIOJIHSIOTCS JIBA yCIIOBHS:
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a) OHM MMEIOT CXOJCTBEHHOE MaTreMarhdyeckoe omucanue. Hampumep, u3
BBIpQXEHUH z=xcosy, u=2vcos3w, u p=¢-scos(2p—1) mnepBble naBa
CXOJCTBEHHBIE, @ TPETbE HE CXOACTBEHHO ¢ HUMH. CXOJCTBEHHBIMU SBIISIOTCA
YpaBHEHUS JBWKCHUS, 3allMCaHHbIC I NPYXKUHHOTO M MAaTeMaTUYeCKOro

2
mastankoB: d2x/de* +(g/I)x=0 u d*x/dt* + (k/m)x=0;
6) CXOJICTBEHHBIC IIEPEMEHHBIC, COIEPXKAIIMECs B MaTeMaTHYECKHX
BBIPOKCHHSX, CBSI3aHBI MOCTOSHHBIM KOI()(GUIMEHTOM IPONOPLIHOHAIBHOCTH

(moctostHHOM To06ws1). Hampumep, dopmyna x” + y> = R? npu pasmuyseix R
onpeensieT nNoI00HbIe APYT APYTY (KOHIIEHTPUYECKUE) OKPYKHOCTH.

1.3. O6man yyBcTB ¥ MHTYUIMs. CllaceHHe MaTeMATUKOM

Jromu BOCTIpUHMMAIOT HE HEMOCPEJICTBEHHO HAOIIOJAEMbIii OOBEKT, a
uHPOpMAIIMI0O O HEM, KOTOPYIO [AlOT OpraHbl YyBCTB; T.€. TMOJY4YalOT HE
KapTUHY OOBEKTHBHOW pEallbHOCTH, a KapTUHY OTHOIICHUH MEXIYy YEeIIOBEKOM
U peanbHOCThIO. Ha OCHOBE  UyBCTBEHHOTO BOCHPUATHS (OPMHPYIOTCS
oOpasnele mogenu. Ho, roBops o0 o00pa3HbIX MOJENsIX, HE CleayeT uX
MOJTHOCTBIO OTOXKJECTBISITH C 00pa3aMu, POKIACHHBIMH 4Yepe3 OpraHbl UyBCTB
HEOOPEMEHEHHOTO HAyYHBIM 3HAHHWEM YeNIOBEeKa, KaK JTO JIEIaly Hallu MPEIKH.
OO6pa3bl MOryT (popMHUpPOBaATHCS B Mpolecce o0yueHus: (B ceMbe, LIKOJE, BY3€,
KOMITAaHWHW) WIH B TpoIecce COOCTBEHHON MPAaKTHKHU (HAYyYHOW NEsSTEILHOCTH,
ydyactus B mpousBojcTBe). CoOTBETCTBHME OOpa30oB pealusiM MPUXOTUTCS
KOHTPOJIMPOBATh C yYE€TOM TMOTPENTHOCTEH UYyBCTBEHHOTO BOCIIPHUSATHS,
BO3MOYKHBIX 3a0JTyKIE€HUH y4HUTENs, OIIMOOYHOCTU CIIOKUBIIMXCS HAa JAHHOM
dTarne UCTOPUYECKOTO PA3BUTHS HAYUYHBIX MTPEICTABICHHMA, U T.11.

To, B Kkakou Mepe

) 6) MOKHO  ToJlaratbcs  Ha
Oprasbl 4yBCTB,

SN S N N S
B) JIEMOHCTPHUPYIOT
o) (514 (00111 (< IPUMEDBI,

3aMMCTBOBAaHHbIE W3 KHHIH
M. Knaiina [91]:

1) nBa OJIMHAKOBBIX
oTpe3ka Ha pwuc.l.3,a, MpencTaBICHHBIX CIIEBA, KaXyTCs PAa3HOBEIMKUMHU —
HVDKHUHM KOPOY€E BEPXHETO;

2) oaMHAKOBBIE OTpE3KUM Ha puc.l.3,0 BU3yalbHO «MEHSAIOT» JUIMHY IPU
pa3IuyYHbI c1oco0axX pacCTaBIICHUS CTPETIOK HA UX KOHIIAX;

3) cnoco0 WTPUXOBKU JIBYX MapajuleNbHBIX JUHUH (puc.l.3,B) BauseTr Ha
UX KQKYILIHNCS HAKIIOH;

4) npu omnpenencHUr TEMIEPAaTypbl BOABI PYKOH pe3ysbTaT MEHsETCS B
3aBHCHUMOCTH OT TOT0, B TEIUIE WM B XOJIOJI€ OHA JIO 3TOT0 HaXOIMJIACh;

Puc.1.3. IIpumepsr oOMaHa 3peHHS
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5) peuenTopsl Ha SI3BIKE YTOMIISIOTCS U aIaliTUPYIOTCS TaK, YTO BKYCOBBIE
OILIYIIEHUS TOXKE 3aBUCAT OT MPEABICTOpPUM (CIIAKOE Yepe3 KaKoe-TO BpeMs
OyIeT Ka3aThCsl MEHEE CIAIKIM);

6) OUIyIIEHUS BOJUTEIIEM CKOPOCTH TMEPEIBIKEHUS Yepe3 HEKOTOpOe
BpEMS ITOCJIE TOr0, KAK MAIlIMHA Pa30THAIACH, TPUTYIUISIOTCS.

OTM U MHOTME JApyrue NpUMeEpPbl JAEMOHCTPUPYIOT HEHAJEHKHOCTb
uH(pOpMalny, MOJIy4aeMOl Yyepe3 OpraHbl 4YyBCTB M YyBCTBEHHOM HWHTYULIUU, —
TOM MHTYWULMHU, KOTOpas (OpMUPYETCS Kak pe3yJbTaT B3aMMOCBS3HM OIbITA,
YYBCTBEHHBIX BOCHPHUATHA U TpyObIX Jorafok. WHTyuIMs KauecTBEHHO
MEHSETCs, €CIM OIMPACTCi Ha Hay4yHOE 3HAHME W, B IIEPBYI0 O4Yepelb, Ha
MaremaTuKy. Hampumep, HayyHbI aHaJIM3 JABUKEHHsS HAa OCHOBE IOHITUH
JMHAMHKY TT03BOJIIET O0Jiee MPaBMUIILHO OTBETUTH HAa BOMPOC, KAK JIOJKHO OBITH
HANpaBJIEHO PYXbe MPH CTpeIbOEe B MHUIIEHb, KOTOpas HAYMHAET MajaTh B
MOMEHT BBICTpEJIa WIM Ky/1a yIaayT KJIKOYH, BBIIABIINE HA XOAY Y Bac U3 PYKH.
UyBcTBEHHAss MHTYULNS NOJCKA3bIBAET BapUAHThl HAKIIOHUTH CTBOJ K 3€MIIE, a
KJIFOYM MCKaTh IJe-TO c3aau. HaydHslld ke aHamm3 TOBOPUT O TOM, YTO CTBOJI
JOJKEH OBbITh TOPU30HTAJIEH M HANPABJICH B HadaJbHYIO TOUYKY PACIOIOXKEHUS
MUIIEHH, a KIIOYM YNagyT y HOru, Kak eciau Obl Bbl crosuin. C ombiTom
HAy4HOTO MMOJAX0/1a K OlleHKe ()aKTOB MEHsAeTCs U MHTyulusl. OCHOBaHHAs HE Ha
YyBCTBEHHOM, a Ha HAy4yHOM 3HAaHUU, B YaCTHOCTU, C MCIIOJIb30BaHUEM
MaTeMaTUYECKUX IPHUEMOB, OHA CTAHOBUTCS CPEICTBOM JBH)XCHUS BIIEpEN, K
MIOMCKY HOBBIX 3HAHUMU.

Henocmuowcuman — s¢pgpexmusnocmo mMamemamuky  3aCILyKUBAET
OTIENBHOIO OOCyXaeHus. MaTtemaTnka — Hayka O KOJIMYECTBEHHBIX
OTHOIICHHUAX M MPOCTPAHCTBEHHBIX (opMax JEHCTBUTEIBHOTO MHpa —
NOSIBUJIACH KaK HAOOp NOJe3HbIX Npasuil U opmyn s pelieHus: IPaKTHIECKUX
3a7a4, ¢ KOTOPBIMM JIFOJU CTAJIKUBAJIIUCH B IIOBCEAHEBHOU XMU3HU. Ee Havanu
co3maBarh eme unuBuiauzauuu JlpesHero Erunta u Baswiona okono 3
Teicsiyenetus A0 H.3. [91, 138]. Ho Tonpko nmpubausutensHo B 6 BEKe 10 H.O.
JIPEBHUE I'PEKU YJIIOBUIM BO3MOXKHOCTH MCIIOJIb30BaHUs MaTEMaTUKU B Ka4eCTBE
WHCTpYMEHTa I IOJIyYEHHsT HOBBIX 3HaHMU. Pedb maer o HEoaHOKpaTHO
MMOATBEPKACHHBIX HAay4YHOW MPAKTUKOM Ciydasx, KOrja pe3yJbTaT CHadalia
MpecKa3piBaeTcss Ha Oymare, a TOJBKO IMOTOM CHEIHAIBHO ITOCTaBICHHBIM
JKCIIEPUMEHTAM YAA€TCsl HAaTH HOBOE — JIOCEJIE HE M3BECTHOE YEJIOBEKY. Tak,
HalpuMep, U3 pacyeTa TPAaeKTOPUN JABMXKEHUS HEOECHBIX Tel OOHApYKUBAIHUChH
HEU3BECTHBIE IUIAHETHl M MX CHOYTHHKM; Ha Oymare ObUIO IpencKa3aHo
HCKPUBJICHUE CBETOBOIO Jy4a IPU €ro MNPOXOXKIACHUU B OKPECTHOCTHU Tella
00JIBIION MacChl U T.1.

J10CTOBEPHBIX TOKYMEHTOB, CIIOCOOHBIX PaccKa3aTh, YTO 3aCTaBUIIO TPEKOB
IIPUATA K HOBOMY IIOHHMMAaHWIO MAaTE€MaTUKU M €€ POJIH, HE COXPaHUIIOCH.
CymiecTByIOT JUIb O0Jiee WM MEHEe MPaBAONOJ00HBIE JOTAJKH HCTOPHKOB.
[To omHO#l W3 HUX, TPEKW OOHAPYKHUIU MPOTHUBOPEUUS B pe3yjbTaTax IIo
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ONPEACIICHUIO TUIONIaAN Kpyra, MOJy4YEeHHbIX B BaBUJIOHE, U CTalld BBIICHSTH,
KaKkoM W3 pe3ysbTaToB BepeH. [lo apyroii — HOBasi AeAyKTHMBHash MaTeMaTHKa
BEJIET POJOCIOBHYIO OT APUCTOTEIECBOM JIOTUKHU, BOZHUKIIEN B MbLUTY AUCKYCCHI
Ha OOIIECTBEHHO-TIOJUTHYECKUE TeMbl. [lo-BHIMMOMYy, MaTeMaThKa Kax
Jlo2udecKutl 8v1800 U CPeOCmB0 NO3HAHUS NPUPOObl TIOSIBUIACH B CBSI3U C TEM,
YTO K 6 BEKY J0 H.3. CIOKUJIOCh MUPOIIOHUMAaHHE, CBOJIAIIEECS K CIEAYIOUIEMY:
npUpojia MOCTPOCHA PAIMOHAIBHO, a SBJICHHS MPOTEKAIOT MO0 TOYHOMY IUJIaHY,
KOTOPBIA B KOHEYHOM TUIAHE SIBJISIETCS. MAaTEMATHUYECKUM, YEJIOBEYECKUM pasym
BCECWJICH, a TMOA3TOMY YIIOMSHYTBHIM IUIaH MOKHO T0o3HaTh. OCHOBaHHEM K
ONTUMU3MY SIBJISIOCH, HAIPUMEP, OCO3HaHUE OOIIHOCTH (PopMbI JIyHBI, Ma4ua U
emie 1LeJIoro psiia MNPEAMETOB, OTKPBITHE 3aBUCUMOCTH BBICOTHI 3BYKa,
W3]1aBa€MOT0 CTPYHaMH, OT WX JUIMHBI U TOTO, YTO TAPMOHUYECKHE CO3BYYHSI
M3AI0T CTPYHBI, JUIMHBI KOTOPBIX OTHOCSTCS KaK HEKOTOPBIE IEIble Yicia’. B
pe3ynbprare TMOAOOHBIX HAONIONCHWN PpOAWINCH JBa OCHOBOIOJATAFOIINX
yTBEpKJeHus: 1) mpupoja ycTpoeHa Ha MaTEeMAaTHYEeCKUX MPUHIMINAX, 2)
YUCJIOBBIE COOTHOIIEHUS! — OCHOBA, €/IMHAs CYIIHOCTh U MHCTPYMEHT MO3HAHUS
nopsiJika B IpUPOJIE.

[IInn Beka, MmoJ HATUCKOM PUMCKUX M MYCYJIbMaHCKHUX 3aBOeBaTeseil
norubina rpeveckas MUBWIM3AIMS, HO MaTeMaTUKa octanack. [logHuManucy Ha
HCTOPUYECKYIO apEHy M YXOAWIN BOXKIHU U HAPOJbl, & BMECTE C YEJIOBEYECTBOM
pa3BUBaJIaCh MaT€MaTHUKa, MEHSUJIUMCh B3TJISAJIbI HA €€ POJib U 3HAYUMOCTbH A
yeynoBeYeckoro coobmectBa. Hawmbomnbiiee pa3BuTHE OHa TMONMy4YWwsia B
MOCIICHNE CTOJIETHST W 3aHsjJa CBOE€ 0C000€ MECTO B HaykKe W Cpeau
WHCTPYMEHTOB MO3HaHUsI Mupa. B utore chopmMupoBanoch To, YTO HA3BIBAIOT
MaTeMaTUYeCKUM  METOJIOM,  HMEIOIIMM  CIEAYIOUIME  XapaKTepHbIC
OCOOEHHOCTH:

1) e6sedenue ocnoembix noHAmMUL, OJHU U3 KOTOPHIX TOJCKA3aHbI
HETOCPEICTBEHHO peajbHbIM MUPOM (TOYKA, JTUHUS, IIEI0€ YUCIIO, ...), & IPYyTUe
CO37IaHbl UYEJIOBEYECKUM pasymMoM ((PyHKUIHUHU, YpaBHEHHUS, MATPHUIIBI, ...).
HNuTepecHo, YTO 4YacTh MOHSATHM BOBCE JIMIIEHA WHTYUTUBHOM OCHOBBI
(MOJICKAa3KU TIPUPOJIBI), HANPUMEP, OTPUIIATEIbHbIE YWcia. Takue TOHATUS
MPUHAMAIUCh HAy9YHOW  OOIECTBEHHOCTHIO C TPYJAOM, JIMIIb  TOCTIE
JEMOHCTPALIMHA UX HECOMHEHHOU MOJIE3HOCTH;

2) abcmpakmuocms. TIOHATHST MAaTeMaTHKW OXBaThIBAIOT CYIICCTBEHHBIC
YepThl PA3HOPOJHBIX OOBEKTOB, OTBJIEKAACh OT UX KOHKPETHOW mpupojbl. Tak,
npsiMasi OTpakaeT CBOIMCTBA BCEX HATSAHYTHIX BEPEBOK U KAHATOB, KPAEB JIMHEEK,
TPAeKTOPHIl CBETOBBIX JIyueil B KOMHATE;

5

Tak, korga KosieOMIOTCSl 7B OJAMHAKOBO HATSHYThIE CTPYHBI, OJHAa M3 KOTOPBIX BIBOE
JUIMHHEE JPYroi, My3bIKaJIbHbI HHTEpBaJl MEXIY W3AaBa€MbIMU 3BYKAMHU COCTAaBIISIET
OKTaBy.
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3) uoeanuzayus. T'oBOps O IWHWHW, MATEMATHK OTBIIEKAETCS OT TOJIIMHBI
MEJIOBOH JIMHUY, TPUHUMAET 3EMITIO 32 HICaIbHYIO0 cepy U T. 1,

4)  ucnonvzyemviii.  memoo paccyxcoenus. OH sSBIsSETCS HamOoJee
CYIIECTBEHHOW OCOOEHHOCTHIO M ONMUPAETCS HA NMPUHATHE aKCUOM (MCTUH, HE
TpeOyIONMX MOKA3aTeNbCTB) W JEAYKTUBHBIN (MCIIONB3YIONIMA ONpPEIeICHHbIC
3aKOHBI  JIOTHMKH) CIOCO0  JOKA3aTeNbCTBA,  IMO3BOJSIIONIMMA  IMOy4aTh
3aKJIFOYEHUs], HE MEHEE Ha/IeKHBIE, YEM UCXOHbIE TOCHUIKY;

5) ucnonvzosanue cneyuanrbHuIX CUMBOJIO8.

MaremaTHueCKUX CHUCTEM OY€Hb MHOr0o, HO 0OoJjiee COBEpLICHHON
CUMTAETCS Ta, B KOTOPOM MEHbILE aKCHOM. OTH MaTE€MaTHYECKHE «UTPbD)
OKa3bIBAIOTCSl OYEHD MOJIE3HBIMU, IEMOHCTPUPYS HAXOJIKH, KOTOPHIE TTO3BOJISIOT
Jdydiie pa3oOpaThCsi B peaibHOM MHUpe. MaTemaruka mojie3Ha OCOOCHHO Tam,
I pedb UIET O JETAIAX CIOXKHBIX SIBJICHHUN, KOT/la yCTAaHOBJIEHBI OCHOBHBIC
3aKoHbl. Hampumep, ecim cpaBHUBaTh € IIaXMaTamH, TO 3aKOHbl — IpaBUiIa
UTPBI, TI0 KOTOPHIM ABMXKYTCS (UTYPBI, a MaTeMaThKa IPOSBISAET ceOsl mpu
HoJICYeTe BapHaHTOB. B miaxmMarax 3akOHbBI MOXXHO c(OpMyJIHMpOBaTh Ha
PYCCKOM, aHIVIMACKOM SI3bIKaX, a B (PU3MKE Jaxke s X GOPMYIHPOBKU HyXKHA
MaTeMaTHKa.

P. ®eitHMan oTMeuaeT, YTO «...HENb3s YECTHO OOBSCHUTH BCE KPaCOTHI
3aKOHOB MPHUPOJBI TaK, YTOOBI JIOAM BOCIIPUHUMAIIU UX OJHUMH YyBCTBaMH, 0€3
rIIyOOKOro MOHMMaHMUS MareMaTuku. Kak HU IpucKOpOHO, HO, MO-BHAMMOMY,
910 dakt» [167]. [IpuunHy OH BUAUT B TOM, YTO MaTeMaTHUKa HE MPOCTO S3BIK, a
A3BIK TUTIOC PACCyXACHHE, SI3bIK IUIIOC JIOTHKA. «YTaJlbIBAHUE ypaBHEHUH, MO-
BUJMMOMY, OYEHb XOPOIIMH CIIOCOO OTKPHIBATh HOBBIE 3aKOHBI», — 3aMEYAET OH.

B uem npuuuna uckmroyumenvuou 3dggexmuenocmu mamemamuxu?
[ToueMy BO3MOXKHO TakKo€ HPEBOCXOJHOE COOTBETCTBHE MAaTEMaTHUKU C
peaIbHBIMH  IIpeIMETaMU U SBJICHUSIMH, €CIIM caMa OHa SBJSETCS
IPOU3BEJICHUEM YEJIOBEYECKOM MbICTU? MOXET JIM 4elnoBeYecKuil pasym 0e3
BCSAKOI'O ONBITA, IYTEM TOJIBKO Pa3MbIILICHUI MOHUMATh CBOMCTBA peabHbIX
Bemieit? Cornacyercst u Opupojia ¢ yeiaoBeueckoil jorukoi? Ilouemy B Tex
clly4asiX, KOrjJa sIBJIEHHE TMOHATO HAMHM W TPHHITH COOTBETCTBYIOIIHE
bopMymHpOBKM  (aKCMOMBI), COTHH CJICICTBUN OKAa3bIBAIOTCS CTOJb JKE
NPUMEHUMBIMU K PEAIbHOMY MHUpPY? OTH BOMNPOCHI HAXOASTCS B «CIIHCKE»
BEYHBIX BONPOCOB (uinocopuu Hayku. Beex, KTo mbItancs pa3oOparbcst ¢ HUMH,
a HaJ 3TUM 3aJyMBIBAJIOCh OOJBIIOE YHCIO MBICIUTENEH OT JPEBHOCTU IO
HAIllUX JIHEH, M0 OTBETaM MOYKHO YCIIOBHO pa3fenuTh Ha 2 rpymmsl [91].
[lepBpie cuuTarOT, YTO MaTeMAaTUKH NOJOMPAIOT AaKCHOMBI TaK, YTOOBI
BBIBOJIMMBIE M3 HUX CIEJICTBUS COIJIACOBAJIUCH C OIBITOM, T.€. MaTeMaTHhKa
MOJICTPAUBAETCA MO MpUpPoAy. Apyrumu cioBamu, BceoOIIne U HE0OXOUMBbIE
3aKOHBI ONBITA MPUHAIJIEKAT HE CAaMOMl MPUPOJZE, & TOJIBKO pa3yMy, KOTOPBII
BKJIQJIBIBAET MX B MPUPOIY, T.€. HAYYHYIO HCTUHY CO3/1al0T, a HE HaXOHMT.
Btopeie cuuTarT, 4TO MHpP OCHOBAaH Ha MAaTEMAaTUYECKUX MPUHIUIAX; B
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PEIUTHO3HOM BapWaHTE — CO3JaTellb IOCTPOWJI MHUP Ha TMPUHIIMAIIAX
MaTteMaTtuku. Cpeyd U MEePBBIX U BTOPBIX MHOTI'O BEJIMKMX UMEH — 3TOT BOIPOC
HEJb3s 00OMTH, €CITM 3aHMMACIIbCS UCCIEIOBAaHUEeM MpUpobl. EcTrecTBeHHa U
HE3aBEPIICHHOCTh JTUCKYCCHH — 00CYyk/1aeMble BOIPOCHI HE CIIy4YailHO B CIIUCKE
BEUYHBIX MMPoOIeM Teopuw mo3HaHus [144].

1.4. CkobK0 MoOes el MOKeT ObITh Y OAHOI'0 00bEKTa

PaccmoTpenHsbie B 1ml.3 BONPOCBI O pOJIM MareMaTUKH, €€
HCKIIIOUUTENbHON 3(PHEKTUBHOCTH U CTaTyCe MAaTEMAaTUYECKUX TMOJOKEHHUMN TTPU
BCEH MX HEPa3peleHHOCTH MMEIOT CBOMM IPOJIOJDKEHUEM pa3MBIIUICHUS Ha
TEMy KOJHMYECTBAa MOJENed OmHOTrO 00bekTa. Ecnm peanbHble 0OBEKTHI
obnmagaroT OECKOHEYHBIM HAOOpPOM CBOWCTB, TO TIPM KOHEYHOM YHCIIEC
XapaKTePUCTUK OOBEKTa YUHUTHIBAEMBIX OJIHOM MOJIEIBhI0, MOXHO TOBOPHUTH O
BO3MOXHOM OECKOHEYHOM HX 4Hcie. B To ke Bpems, eciu MUpP YCTPOEH IO
3aKOHaM MaTeMaTUKU, MOKHO OXHUJAaTh CYIIECTBOBAHUS HAWITy4lleil, HICTUHHOMN
mozenu. Ho ¢ mo3unmii, 0OBACHSIOMNUX BCECHJIME MATEMATHKU YXUIIPEHUSIMU
YeJIOBEYECKOr0 YMa, HET HUKAKUX OCHOBAaHUHM pacCUMTHIBATH HA CYILIECTBOBAaHUE
«UCTHUHHOW» (00paTuTe BHUMAHWE HAa KaBBIYKHM) Mojenu. Jlaxke U3 CKa3aHHOTO
CleIyeT, YTO  TPOCTOM OTBET Ha IIOCTABJICHHBIM B 3aroJoBKE BOIPOC
OTCYTCTBYET.

Baxxnoe mMecto B Teopuu TO3HAHHS IO PACCMATPUBAEMOMY BOIIPOCY
3aHMMaOT  yTBepxkaeHus  H.  bopa, wW3BecTHhlE  Kak = «IIPUHIUT
JOTIOTHATEIHLHOCTIY. «3aTPyAHEHHSI, C KOTOPBIMH MBI BCTpeUaeMcs Ha ... IMyTH
IPUCTIOCOOJICHHSI HAIIMX MPEACTABICHUM, 3aMMCTBOBAaHHBIX W3 OILIYHICHUH, K
MOCTETNEHHO YTIYyOJISIFONMMCS 3HAHUSIM 3aKOHOB MNPUPOABD», — mucain bop, —
«...MPOUCXOMAT, TIaBHBIM 00pa3oM, OT TOTO, YTO, TaK CKa3aTbh, KAXKI0€ CIOBO B
S3bIKE CBS3aHO C HAIIUMHU OOBIYHBIMU TMPEICTABICHUSAMU... Sl HANCIOCh, YTO
uaes JIOMOJHUTEIBHOCTH CIOCOOHA OXapaKTepU30BaTh  CYIIECTBYIOIIYIO
CUTYalMI0, KOTOpast UMEET JAJEKO UIYIIYIO0 aHAJOTHIO C OOIKMMHU TPYIHOCTIMHU
oOpa3oBaHMsl YEJOBEUECKUX TIOHATHN, BO3ZHUKAOIIMMU W3 pa3IeCHUs
cyOobekTa u 00bekTa» [46, ¢. 53]. OH cuuTan, 9To MPUHITUITHAIHFHO HEBO3MOKHO
CO3/1aTh TEOPETUUYECKYIO MOJIENb, KOTOpast Obuta ObI TIOJIE3HA W TSI TIPAKTHKH,
HE MCHOJB3YS AJEMEHThl AMIupu3Ma. Tak, B MUKPOMHpE, B COOTBETCTBUHU C
MPUHITUIIOM HEOMPEACIEHHOCTH, HEJb3sl TOYHO YKa3aTh MOJIOKEHUE YACTHUIIBI U
ee HMITyJIbC; 3Ta [apa MePEMEHHBIX B3aHMHO IOMONHSET ApyT apyra’. Eciu Mbl
XOTUM TOYHO Y3HaTh KOOPAMHATY MHKPOYACTHUIIBI, TO TEpPSE€M B TOUYHOCTH
onpexnenenuss  ckopoctu. Ilo H. bopy, B DNOXOXHX OTHOIICHUAX
JIOTIONHUTENBHOCTH HAXOAATCA TOYHOCTH MOJEINH H ¢ SICHOCTh , BO3MOKHOCT

6 JomonHsaomumMu ApyT Apyra SIBISIOTCS TEPEMEHHBIE, KakJas U3 KOTOPBIX MOXKET OBITh
Jydllle ONpeENeHa TONbKO 33 CUET YMEHBIUIEHUS CTENEHH ONPEACIIEHHOCTH APYTOM.

3mecr yMecTHO BcmoMHHUTH ciioBa JI.UM. Mannenbmrtama o nowsmuom (sicHom), Kak
NPUBLIYHOM U YYBCIBEHHO OWYUAEMOM.
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NPAaKTHYECKOTO HUCHOJb30BaHus. «..Hama cmocoOHOCTH aHamm3MpoBaTh
TapMOHHUIO OKPY’KAIOIIEr0 MHpa M  IIUPOTa BOCHPUATHS  Bcerma OynyT
HaXOJUTbCAd BO B3aUMHO HCKJIIOUYAIOIIEM, JOMOJIHUTEIHHOM COOTHOUIEHUW
[46].

Onucanve OCHOBHBIX IIOJOKEHUWH  INPHUHLMIA  JOMOJHHUTEIbHOCTH,
aJalTHPOBAHHOE K IMpolieMe MaTeMaTHYeCKOro MOJEIMPOBAHUS W CTHIIIO
Halero y4eOHoro rnocodusi, umeercs Bo BBesneHuu Kk kaure JI.A. I'pubosa [68],
MOCBSAILEHHON MOJIEJIMPOBAHUIO CI0KHBIX MOJIEKYJ. B KpaTkom nepeckase OHO
BBITJISIAUT ClenyiomuM obpa3oM. Mornekyna, Kak eauHas yCTOWuYuBas U
JEKTPOHEHTPANbHASL CHCTEMA ATOMHBIX SIEP M SJICKTPOHOB', MOXKET ObITh
BIIOJIHE AJICKBATHO OIHKCaHa OOIIMM YPAaBHEHUEM COCTOSHUS BUJA
(T L+ T, + V)‘P =FEY,rne T, u T, — >IEKTPOHHBIA U ANEPHBIA KUHETHYECKUE
ONepaTopsl, V' — oneparop BCeX BUJIOB B3aUMOJEHCTBUN 3JIEKTPOHOB U saep,
— BonHOBas (QyHkuus. Ho naxe ecinu KakuM-TO cnocoOOM M PElIUTh 3TO
ypaBHEHHE, TO pe3yjbTaT HHUKAK HENb3s OyJeT COMOCTaBUThb, HANPUMEP, CO
CHEKTPAIBHBIM JKCIIEPUMEHTOM M3-3a2 CYIIECTBOBAHUS OOJBIIOTO YHCIA
M30MEPOB U MEPEKPBITUS UX CHEKTPOB. BrleneHne xe 0JHOro U3 N30MEpOB HE
MpeIyCMaTpUBAETCsl HU B MCXOJHOM OIPENENIeHUH CaMOro OObEeKTa, HU B
(opMe ypaBHEHHsI COCTOSIHUS. 3a/laHue JIUIIb YKCia AJIEKTPOHOB M SAEp U MX
Macc o0ecreurBaeT UCTHHY, HO SICHOCTb TEPSETCs MOJIHOCTBIO. SICHOCTh MOXKHO
o0ecnieunTh, NPUOETHYB, HApUMEpP, K MPEJICTaBICHUSIM O MOJEKYJax Kak o
KECTKUX U YHPYrHMX MPOCTPAHCTBEHHBIX (Urypax, O 3apsjax Ha aromax, o
NOTEHIMAJIbHBIX TTOBEPXHOCTSX U T.II.

O1n Mozenu oToOpakaroTcs Ha Kilacce M3MepsieMbIX BenuduH. Ho menoi
OpuOOpEeTEeHUs]  SICHOCTH  CTAaHOBUTCS HWCTHUHA. Mojenb, JIOIMycCKaromas
U3MEpPEHUE, MOXKET OOECHEYNUTh JUIIb HEKOTOPOE YAOBIETBOPUTEILHOE
COBIAJICHUE C JKCIEPUMEHTOM. XOPOLIEr0 COMNIACHA € DKCIEPUMEHTOM IIpH
OTHOCHUTEJIBHO MPOCTBIX MOJENSAX MOXKHO JOOUTHCS TOJIBKO 32 CYET MOATOHKH
IapamMeTpoB — Ha MOIydMIUpHUEcKor Oaze. TpeboBaHHE «ICHOCTH» MPHUBOIUT
K HEOOXOAMMOCTH MCIOJIb30BaHus pa3HbIX Mozenei. «IIpu 3Tom, XOTs 1 HeNb3s
JaTh OJJHO-€MHCTBEHHOE OIpEAeNIEHUE MOJIEKyJe KaKk 0ObEKTYy HCCIeIOBaHMUs,
OJIHAKO, BIIOJHE YETKO MOKHO OTBETUTh Ha BOMPOC O TOM, a YTO BOOOIIE
3HAUUT «HCCIIEJOBAaTh MOJIEKYJy»? OTO O3HA4aeT MOCTPOUTH JIOCTATOYHOE
YUCIIO COIJIacyOUIUXCs C AKCIIEPUMEHTAJIbHBIMU HaOIIOICHUSIMU
B3aMMOJIONONHSIIOMMX (M, HEPEAKO, B3aMMOHCKIIIOYAIOIINX) MOJIEKYJISIPHBIX
MOJIENIEN M ONPEJEIINTh YUCIICHHBIE 3HAYEHHsI COOTBETCTBYIOIIMX [1apaMETPOB.
YeMm OoJbliee YMCIIO Pa3HBIX MOJIENEH B Pe3yJbTaTe 3TOr0 yAaeTcs MOIYyUHTh,

8
B XumunueckoM SHUIMKIONEIUYSCKOM CJIOBapC, OTKyda IIOYCpIIHyTa OCHOBa IJid

IPUBEACHHOIO OMNPEICICHUS MOJIEKYJbl, CTOMT <«JMHAMHUYECKash CHUCTEMa», HO Mbl
HCTONb3yeM TEpMHUH «IMHAMHYECKas» KaK CHHOHMM JETEPMUHUPOBAHHOCTH U B
MPUJIOKEHUN K MOJEIISIM, a HE PeaIbHbIM CUCTEMaM, CM. HUXKe 11.2.2.

31



Yacts . Moodenu u npoenos

TeM OonblIMM OyneT oO0beM cBeneHu W Ooyiee SCHBIM — TpENCTaBICHHE 00
U3y4aeMOM OOBEKTE.

ABTOpBI [68] OTMEUaroT, YTO KaxKaas W3 MOJYYEHHBIX AMIIMPUUYECKUX
Monene (Assi MOJEKyJd OHHM, HampuMep, OOBIYHO OINMUPAIOTCS Ha JIaHHBIC
UCCIICZIOBAaHHUSI ~ CIIEKTPOB WM AUDPAKIMOHHOW  KApTHHBI)  ABISETCA
«JIOTIOJTHUTENIHOM K HMCTHHE» M IOJIyYEHHBIE C ITOMOIIBIO Pa3HBIX MOJENeH
pe3ysbTaThl HENb3sl YCPEOHATh, KaK, HalpuMep, 0IOpH MHOIOKPAaTHOM
B3BelIMBaHWU Tena. CaM MOAXOJ M CHOCOO HM3MEpPEeHHs MOTIYT HE OTBEYaTh
TpeOOBaHUSAM, OINpPaBABIBAIOIIMM  BblUMclIeHHEe cpeaHero. CoBMECTHYIO
00paboOTKy pe3yJbTaTOB pA3IMYHBIX IO CYTH O3KCHEPUMEHTOB HEJb3S
paccMmaTpuBaTh KaK MPUONIMKEHHE K «HUCTUHE», a TOJYYaloIIUecss YUCICHHBIC
3HaYEHUS MapaMeTPOB — KakK 00Jiee TOUHBIE.

Ham, ¢wusukam, Omusku B3risasl H. Bopa u aBTOpoB TONBKO 4YTO
MNPOLUTUPOBAHHONW KHUTH, HO, OOBEKTUBHOCTH U IOJIHOTHI pajy, HEOOXOAUMO
CKa3aTh O CYyIIECTBOBAHWMU AJIbTEPHATHB KOHLEMIMH JONOJHUTEIBHOCTH. OTH
BO33pEHUS MOJJIECPKUBAINCH M  MOAJEPKUBAIOTCA OTHIOJb HE BCEMH
OPEICTaBUTENIIMA HayK{, YACISIOIMMU BHUMaHUE MpoOieMaM IO3HaHMS.
Cpenu ONIMOHEHTOB MHOTO W3BECTHBIX MMeH. Hanbomnee 3HaunMbIid, HaBEpHOE, —
A. DWHIITEHH, CYMTABIIMN BBICHICH IeNbl0 (U3UKH MOJHOE OOBEKTUBHOE
ONHCAaHUE PEAbHOTO COCTOSTHUS 00BbeKTa (HE 3aBUCHMOE OT aKTa HaOJIOACHUS
WM cyimecTBoBaHus HaOmogarens) [177, c. 296]. IloatoMmy oH He MoOTr
COTJIaCUTHCS C IPABOMEPHOCTHIO TEOPETUUECKOTO OMMCAHMS, €CIIM OHO 3aBUCUT
OT HaOII0/IEHUs, KaK TOro TpeOyeT KOHIENIUS JONOTHUTEIbHOCTH.

Ha sTOM MBI 3aKOHYUMM pa3roBop IO 3aTPOHYTOMY OYEHb Ba)XKHOMY U
MHTEPECHOMY BOIPOCY, OCTAIOIIEMYCS B cpepe NpodheCcCHOHATBHBIX HHTEPECOB
(mocooB HAYKH U YUEHBIX pa3HbIX HANPABICHUN, KaK €CTECTBEHHUKOB, TaK U
TYMaHUTapHeB, M OOpaTUMCS K aHalIu3y IyTed M MCTOPUYECKOTO OIIbITa
CO3/IaHUS MaTeMaTHYECKUX MOJIETCH.

1.5. Kak poxaaorcs Mmoaeau

Mbl  yxe oTMeyaIM B NpEeABAYLNIMX  pas3aenax, 4ro IpoLecc
MOJIETTUPOBAHUS HE MOXKET OBITh IMOJTHOCTBIO «AJITOPUTMHU30BAaH» U B HACTOSLIEE
BpEMsI UMEET HEeUuTO 00Ilee ¢ UCKycCTBOM. TeM He MeHee, MOKHO BBIJICIHUTH
HEKOTOpbIe€ OCHOBHBIE (HauOoJsiee TUIHWYHBIC, JIOJOTBOPHBIE) MYTH CO3AAHMS
MOJEJIEM W JaXe MOIbITaThCS MCIOJb30BaTh HMX B KAadyeCTBE €LIE OJHOTO
ONPEIEIAIOIEr0 MPU3HAKA I CUCTEMATU3alMi CYIIECTBYIOIIEr0 MHOKECTBA
mojeneld. Pa3BuBas cucremaru3aivio, MPEACTABICHHYIO B MOMYJSIPHON paboTe
H.H. Mouceesa [121], MOXHO BBIAEIUTH YETHIPE TAKUX Iy TH:

1) MHTYUTHUBHBIN — HA OCHOBE JIOTAJIKU, 03apeHus (cM. anurpad k yactu 1);

2) B pe3yibTare OpSIMOTro HAOMIONEHUsS SBICHUS, B pE3yJIbTaTe €ro
IIPSIMOTO U3YYEHHsI U OCMBICICHHsI. MOJeIH, [TOJIyYeHHbIE HEITOCPEACTBEHHO U3
JKCIIEPUMEHTA WIM C WCIOJIb30BAHMEM JKCIEPUMEHTAIBHBIX JAHHBIX, 4aCTO
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Ha3bIBAIOT geHomenono2uyecKUMU (nm IMIUPUYECKUMUL).
DOEHOMEHOJIOTUYECKUMHU  SABJISIIOTCS.  MOJIEIM,  TOJIyYCHHbIE  METOJaMu
PEKOHCTPYKLIMM IO BPEMEHHBIM psiaM, KOTOPBIM IOCBSIIEHA BTOpas 4acTb
KHUTH. DEHOMEHOJIOTHYECKUMHU MO MPOUCXOXKACHUIO SIBISIOTCA MOJETHU
MmexaHuku HproToHa;

3) B pe3yJibTare npouecca AeAyKIuHU, KOTr/1a HOBasi MOJEIIb MMOJIy4YaeTcs Kak
YacTHBINA ciydail U3 Oosiee 00IIei MOJENH, B YACTHOCTU, U3 3aKOHOB MPUPOJIbI.
B [121] Takue Mopmenu Ha3BaHbl ACUMNMOMUYECKUMU, B AHTIIOA3BIYHOU
JUTEpaType HUX YacTO Ha3bIBAIOT MOJEISMU M3 «IEPBBIX MPUHILIUIIOBY.
Hanpumep, nocne co3znanus crieUaibHOM TEOPUU OTHOCUTEIBHOCTH OKa3aJioCh,
yT0 MexaHuka HploTOHA MOXXeT OBITh TMOJydeHa U3 Hee TNpPeIeIbHbIM
NepexoioM Mpu ¢ —> . TO eCcTh HAKOIUIEHWE 3HAHUW MPUBOJIUT K TOMY, UTO
(EeHOMEHOJIOTMYECKUE  MOJEIM  TPEBPAIIAOTCS B aCHMITOTUYECKHE.
KomnuecTBO acMMNTOTHYECKUX MOJENIEW B HW3BECTHOW CTENEHU OTPaXKaeT
3penocth Hayku [121, 122];

4) B pesyibTare Mnpolecca MHAYKIUHU, KOTJa HOBas MOJENb SIBISETCS
€CTECTBEHHBIM O00OOIICHHEM <«BJEMEHTAapHBIX» Mojenel. Takue Moaenu B
cootBeTcTBUU ¢ [121] Oyaem Ha3wIBaTh Mooenamu ancambiaeu. Moaenu 3Toro
TUIA TIO3BOJISIIOT ONUCATh MOBEJACHUE CHUCTEMbl OOBEKTOB MO HMHGOPMAIUU O
MOBEJICHUU  DJIEMEHTOB (MOJCHCTEM) W CWIaM HX  B3aUMOJICUCTBUS.
EcrecTtBeHHO, 4WTO B pe3yibTaTe OOBEAMHEHHUS AIIEMEHTAPHBIX MOJIETEH B
aHcaMOJb MOTYT TIPOSIBUTBCS KA4ECTBEHHO HOBBIC BHJbI ITOBEACHHUS.
[Tpumepamu MOMyJISIPHBIX MOJCIICH aHCAaMOJIeH SIBIISIFOTCS CHCTEMBI CBSI3aHHBIX
OCIWJLIATOPOB, LIETIOYKU U pelIeTKH oToOpaxkeHui. [Ipumepom oOHapykeHHs
HOBOTO KauecTBa MpPU OOBEIMHEHUU B AHCAMOJIb «XUIIHHUKOB» M «KEPTBY
SIBJISIETCS] TOSIBJICHUE KOJIEOATEIbHBIX PEKUMOB B CHUCTEME COCYIIECTBYIOIIHUX
ocobeil, onucbiBaeMoil Mozelnbto JIortku — Bonbteppsl [56].

[TpoBoast aHAJIOTHIO MEXAY HAYYHBIMH MOJIEISIMU U 00pa3iiaMu OJEHKIbl,
MOXXHO OTMETUTh CIEIYIOIIME Mapajuieid B IMPOUECCaX UX CO3JaHUM.
[TonyyeHnne WHTYUTHUBHBIX MOJEJEH MOXHO CpPaBHUTh C pabOTON KyTIOphE,
MaTepHAIM3YIOMIET0 B PUCYHKE BO3HUKIIIKME B €r0o TojioBe 00paswl. [lomydeHue
ACUMIITOTUYECKON MOJEIN MOXHO CPaBHUTH C MOJIYUYEHUEM JEJIIOBOrO KOCTIOMA
MyTeM yrpouieHus (yaaJleHuss HeoOs3aTeIbHBIX PIOIIEK U COOPOK) U3 TBOPEHUS
Benukoro  Mojenbepa.  Co3maHue  Mojenu — aHcaMmOJsi — HalOMHUHAeT
KOMILJIEKTOBAHME HOBOTO KOCTIOMAa W3 MHUJXKaka Oelloro M OpIOK YepHOro
KOMILJIEKTOB. OMIIMPUYECKOMY MOJICTUPOBAHUIO COOTBETCTBYET 00OpauMBaHHE
Tela KIWEHTa KyCKOM MaTepud M CHIMBAHUS KYCKOB MATEPUHM IO KpasiM.
JKu3HEeHHBII  ONBIT  3aCTaBUT  YCOMHHUTBCA B HU3SIIECTBE  TaKOU
«(EeHOMEHOJIOTHYECKOM» OJICKKH, HO €€ MaTeMaTUYeCKHe aHajord, Oiaromaps
Pa3BUTHIO BBIYMCIUTEIHHON TEXHUKU M pa3paboTKe CHEIMaIbHBIX TEXHOJIOTHH,
MOJTy4aroTCs BIIOJIHE paboTocrmocoOHbMU (cM. yacTh I1). bosiee Toro, Bo MHOTHX
ClIy4yasx IpU PACCMOTPEHHUHU IMPOIECCOB B TAaKUX CIOXKHBIX CHUCTEMax, Kak
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acTpodusnyeckue, OUOIOTHYECKHUE U T.I., SMIUPUYECKHA IMyTh OKa3bIBACTCSA
€IMHCTBEHHO JIOCTYITHBIM.

1.6. CrpykrypHass cxema  mpomecca MaTeMATHYECKOIo
MO/IeTMPOBAHUA

PasnooOpa3ue  curyanuii, 0OBEKTOB U  IeJled  BbUIMBAeTCd B
HEOTPAaHUYEHHOE  MHOXECTBO cnenu@UUeckux  IMOCTAHOBOK  3ajay
MOJIETUPOBaHUs U MyTel UX peuieHus. TeM He MeHee, MOKHO BBIJCIUTh HEUTO
oOuiee, 00s3aTenbHOE — ATanbl, B TOM WIM MHON CTENEHU pealn3yemble MpU
MOCTPOEHUU  OOJBIIMHCTBA  MaTeMaTHYeCKWx  mojeneil. Ha  cxewme,
n300pakeHHON Ha puc.l.4, oHH mpeacTaBiIeHBbl OJIOKAMHU, CTOPOHBI KOTOPBIX
OTpaHUYEHBI TeM 00Jiee CTPOrUMH, IPSIMBIMU JTUHUAMH, YEM CHIIBHEE 3TU ATAIIbI
MOTYT OBITh «aJITOPUTMHU30BaHbl». CaMa mpoleaypa MOAEIUPOBaHUs B O0IIEM
cllydae IpeJcTaBisieT co00il He MpsAMYI0 JOpOry K IeJId, a HEOJHOKPATHBIN
BO3BpaT Ha YK€ NPONJCHHbBIE CTYyNEHH, UX IMOBTOPEHHUE C IOJNPABICHHBIMU
JaHHBIMU — TOCJIE[OBATEIbHOE MPHUOIMKEHWE K  YJAOBJIETBOPUTEILHOMY
BapuaHTy. B o0uieM ciyyae Bce HauUMHAETCS C OLIEHKH PEaIbHOM CUTYyalUu C
MO3UIMI MMEIOILEHCss anpUOpHON Mojenud U uenu (3tam) 1 U B pe3yibrare
(dopMupyercs coaepkaTelibHasg Mojenb (3Tam 2), oTpaxkarouias MOCTaHOBKY
3agaun. ConepxarenbHas MoJieNnb (GOPMUPYETCS HAa «POJHOMY SI3bIKE 3a/1a4H:
MEXaHWUKH, (U3WKH, OWOJOTHH, COIMOJOTHMM W T.J. 3aTeéM BBIOMpACTCS
CTPYKTypa MOJENIH — HauboJjee MOAXOAIMNNA MaTeMaTHYECKUIl anmapar, BUI U
4HiCJIO ypaBHEeHUH, BUA (pyHkumid (3tan 3). Ha cienyromem stamne 4, eciu 310
TpeOyeTcs, KOHKPETU3UPYIOTCS JETalld MOJENH (JIeJaloTcs HEoO0XO0IUMBbIe
annpoOKCUMAlMU, HNOJATOHAIOTCS KOA(P(QUUMEHTHl ypaBHEHHMI) W, HAaKOHEL, Ha
Tane S5 C TOMOIIbIO KPUTEPUEB, BBIOOP KOTOPBIX JTUKTYETCS IEJNIbIO
MOJIETTUPOBAHUs, MPOBEPSETCS KAayeCTBO MOYyYHUBIICHCS KOHCTPYKUUHU. Ecimu
KayecTBO MOJENIM HEYJOBJICTBOPUTENBLHO, MPOIEIypa IMOBTOPSAETCS C Haudaia
WIN C IPOMEXKYTOYHOTO JTara — JieflaeTcs cleayonee NpuoImKeHue.

.--"'_“{-'-‘.'_\.\-.\‘.'\I
ATIPHOPHAA f-f’* - ’_+_+J
HE OpMAamAa {COOEpIEAT. CTP-Pa | _ SHA9EHMA| o ¢
liw_ MOTEE W -HHH ' |HapaM-B [
e aTan 3 aTan4 [POEEPKE
J— aTam 2 Ka4ecTEd
L0 e

Puc.1.4. CtpykTypHas cxema TUIIOBOM MPOLEAYPbl MATEMATUYECKOTO MOAEIUPOBAHUS

[IpounmocTpupyeM CKa3aHHOE Ha MpPUMEpPE MOJAEIMPOBAHUSL KoJeOaHUil
rpy3a Ha TOpy>KHHE. DTOT OOBEKT MOXXET pacCMaTpUBaThCs Kak (uznueckas
MOJIeJIb, HallpUMeEp, MOJBECKHM aBTOMOOWJISL C MPYKUHHBIMU aMOPTH3aTOPAMH,
aToMa B KPUCTAJUIMYECKOM perieTke TBepaoro Tena, reHa B JIHK u mHOrmx
JIPYTUX CHUCTEM, Ha WHEPTHBIC DJIEMEHTHl KOTOPBIX MPU HUX OTKJIOHEHUU OT
MOJIOXKEHUSI pPaBHOBECHs JEHCTBYET BO3Bpallaromas cujia. B  HEKoTopbIx
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CUTyallUsX M YCTPOMCTBax rpy3 Ha MpYy>KUHE MHTEpEceH caMm 1Mo cebe, U cam
CTAaHOBUTCS OOBEKTOM MOJEIUPOBAHUS, HAMPUMEpP, MAATHUK B Yacax WIH
aJMeMEHT moaBecku aBromMoOmist. Ilo pesynpraram stama 1 mpencTaBiIeHHOMN
CXEMBI, TaK KaK MPHUPOAa U MEXaHU3Mbl (DYHKIIMOHUPOBAHUS OOBEKTa XOPOIIO
M3BECTHBI (3TO TUMTUYHO MEXaHMYECKasi CUCTEMa), ECTECTBEHHO JIEJIAeTCs BHIOOD
1 s3bIKa ((U3MKa), ¥ MyTH MOCTPOCHHUS MOJIEIN (aCHUMIITOTHYECKAS, C YUYETOM
cnenu@puueckux OocoOeHHocTel oO0beKTa Npu (OPMYJIMPOBAHUU 3aKOHOB
Herorona). Ha »TtomM nyTtH, ecnum LeIbl0 MOJCIHUPOBAHMS — SIBISIETCS
KOJIMYECTBEHHOE OMNKMCAHHWE 3aBHUCHUMOCTH OTKJIOHEHHUS TIpy3a OT MOJOXKEHUS
paBHOBECHSI, U3BECTHBI CIEAYIOLIUE MMOMYJIIPHbIE MPUMEPHI IOCTAHOBKH 3a/1a4u
(9Tam 2):

npu COOCTBEHHBIX JABIJKEHUSAX OOBEKTa, KOTOpPbIE MOXHO CUHUTATh
MOBTOPSIOUIMMHUCS, B Ka4eCTBE COAEPKATEILHOM MOJETN OOBIYHO BBIOMPAIOT
Tpy3 Macchl m, ABWKYIIMICS TOCTyHaTenbHO O€3 TpeHus Moa JeHCTBHEM
YIPYTOH CHIIBI, BO3HUKAIOMIEH TIpH eopManuu npyskuHbl (puc.1.5,a);

)
k I—’
m k
” - m
0 x .
a) 6) o

Puc.1.5. ConepxatensHble MOJIENH Ipy3a Ha MpYyKUHE: O6e3 ydera (a) u ¢ yueToMm (0) TpeHHs

€CIIM 3aTyXaHHe CYIIEeCTBEHHO, B COACPKATEIbHYIO0 MOJEIb BBOJIUTCS CHJIa
BsA3Koro TpeHus (Ha puc.1.5,6 ee CHMBOIM3HUPYET M300paKEHHBIH BBEPXY
nemmdep).

Bropas mocranoBka 3amaun Oosiee peaquCTUYHA, HO U B ATOM Cily4ae He
YUHUTBHIBAIOTCS, HANpUMeEp, OCOOEHHOCTH MOJHOW OCTAaHOBKH TIpy3a, YTO
notpeboBamo  Obl  WCIOJIb30BaHUS  TpEThel, eme Oojee  CIOXKHOM,
COJIepKaTeIbHON MOJIENH, YUUTHIBAIOUICH CUITy CYyXOro TPEHHUs, U T.1I.

Ortan 3 TEXHOJIOTMYECKON CXEMbl MOJEIMPOBAHHUS B PACCMOTPEHHBIX
NOCTaHOBKax BecbMa mpocT. OH BBUIMBAETCS B 3alKMCh BTOPOTO 3aKOHA
HproToHa —00bIkHOBEHHOTO TU(GEPEHITNATHHOTO YPABHEHHS BTOPOTO MOPSIIKA
F=md 21'/ dt*, rne F — paBHOJENHCTBYIOIIAsA CHII, T — PAJMyC-BEKTOp LEHTPA
Mmacc, d 2r/ dt* — yckopenue, ¢ — Bpems. [t 06X COEPKATEIBHBIX MOJEIeit
UCXOJHOE YypaBHEHHE («IEepBbIA NPHUHLMI») OJUMHAKOBO, HO €IUHCTBO
CYILIECTBYET, TIOKa HE MPOBEJEH yYeT CIEIaHHbIX MpPEeAnojiokeHui (3tam 4), B
pe3yibTate KOTOPOTO POXKIAIOTCA pasHble monenu. [Ipu moctaHoBke 3amayuu
puc.1.5,a, ecnu cuiga yOpyrocTd MPsSMO TMPOMOPIHOHATIbHA BEIMYHUHE
nedopmanmn npyxussl (£, =—kx, K0O3HUIMEHT yNPyrocTu k MOCTOSHHbIN),
MOJIy4aeTCs  YpaBHEHHE  KOHCEPBATHMBHOIO  JIMHEHHOrO  OCLMJUISATOpA
d 2x/ dr* + (k/m)x:O. Ecnim cmma  TpeHHMS mpomopnMoHadbHA CKOPOCTH
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F,,=-0 -dx/dt, 10 Momemu puc.1.5,0 COOTBETCTBYET  ypaBHEHHE

JUCCUITIATUBHOIO JIMHEMHOro ocmuusitopa d 2x/ dt* + 8 - dx/dt + (k/ m)x =0.

[Tpu apyrux 3amaHusx QyHKIHUN, BXOASIIUX B MATEMaTHYECKYIO KOHCTPYKIIHIO,
POXKIAIOTCS HOBBIE MOJeNH. Hampumep, ¢ ydeToM 3aBHCHUMOCTH YHPYTOCTH
OpYyXHUHBI OT BeanuuHbl Aepopmauuu (k =k, +k,x) HIN 3aBUCUMOCTH

kod(uienta TpeHuss OT ckopoctu (O =0, — 5, dx/dt) Tnonyyarommecs

YPaBHEHHUS OCHUUIATOPOB CTAHOBATCS HEIMHEHHBIMA M CYIIECTBEHHO
o0orauaroTcsi CBOMCTBaMH.

Anmnapar gud¢depeHIHanbHbIX YpaBHEHUH OTHIOIb HE Bcerga Hauboliee
aJieKBaTeH 3ajjaue OnucaHus ABMKeHuUM. Tak, Hampumep, ecid Obl ILEJbIo
MOJIETUPOBaHUsl ObUIO KaU€CTBEHHOE KMHEMATHYECKOE OMUCAHHE 3aTyXaroIluX
KojieOanuii 6e3 ydera HI0aHCOB WX (OPMBI, MOXHO OBUIO OBbI MCTOJB30BaTh HE
muddepeHIManbHbIE  YpaBHEHUs, a pa3HOCTHele — X, = f(x,), TOe n —

nuckpeTHoe BpeMs. [lpu mocTtpoeHun Mozienu B BUJIE SIBHOW (PYHKIIUM BpEMEHU
x = f(¢) onucaHue BBUIMJIOCH OBl B PACCMOTPEHHE TOJIBKO rpaduka BpeMeHHOU

3aBHCHUMOCTH OTKJIOHEHHS X Tpy3a OT MOJIOKEHUs paBHOBecHs (cM. puc.3.2,0).
MopnenbHoe O0TOOpakeHHE IMOCIEIOBaHUs MOXKHO MOJIYyYUTb, HAIpPUMED,
MPEIOJIOKHUB SKCIIOHEHUIMAIbHBIN 3aKOH 3aTyXaHHUs U BBIPA3UB MOCIEIyIOLIee

JKCTPEMAIBHOE 3HAYEHUE 4epe3 MpeAblayllee: X,., = ax,, TIe a:e_éT, T —

no

«KBazumepuo» Kosebanuii (puc.3.2,B). MoXHO 3amucaTh U MaTEMaTHYECKYIO
MOJIENb Cpa3y B BUIE ABHON (QDYHKIMM BpeMeHH x = ce “ cos(f).

Ha 3aximrounTenbHOM 3Tane 5 KpUTEpUU KayecTBa MOJEIN BBIOMPAIOTCS B
3aBHCHUMOCTH OT LIeJId MojenupoBaHus. Hampumep, kauecTBEHHOE COBIAJCHUE
KOJIEOATENbHBIX ~ PEKUMOB MOJEIM H  O00BEKTa, TOYHOCTH MPOTrHO3a
NOCJIEAYIOLIMX COCTOSIHUN O MpeAblayliemMy, u T.. Eciau pe3yibrar npoBepKu
HEYJOBJIETBOPUTENIEH, TO MEHSETCS TOCTAHOBKA 33Ja4l U BCE NPOJEIIBIBACTCS
3aHOBO WM TPOUCXOJUT BO3BpaT Ha Ooiyee paHHMU 3Tan. OOBIYHO MOENb
pa3BUBaETCA OT MPOCTOTO K CIOKHOMY, HO ObIBaeT u Hao0opoT. dopmupoBanue
MOJIETIM 33aKaHYMBAETCS, KOIJJa OHA C IPUEMIIEMON TOYHOCTBIO OIMCHIBAET
SBJICHUE B HEOOXOJMMOM JHMala3oHEe HM3MEHEHMs] MapaMeTpOB MM OTBEYAET
JPYTUM LIETISM MOJIEIUPOBAHUS.

1.7. BbiBoABI M3 HCTOPHYECKOH NPAKTHUKH MOJACJTUPOBAHUS.
IToxka3areabHas cyab0a Moaesael MeXaHUKH

AHanM3 UCTOpPUH HAyKH TO3BOJISIET CPOPMYIUPOBATh MO mnpumepy [98] B
BHJIE TE€3UCOB HEKOTOPbIE OCHOBOIOJATAIOIINE MPUHLHUIBI — «CYXOH OCTaTOK»
U3 UCTOPUYECKON MTPAKTUKU MOJIEIUPOBAHUS.

Te3uc 1. IloOyxaaronmm CTUMYJIOM K CO3JaHUI0 HOBOW MOJENIN OOBIYHO
SBISIETCS  Heboavbwioe — uyucio  GyHAaMeHTaNbHBIX  (akToB.  OOBEM
SKCIEPUMEHTAJIbHBIX JIaHHBIX, M[O-BUAUMOMY, caM IO cebe He HuMeeT
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OPUHIMINAIBHOTO 3HAuYeHUsd. bonee TOro, TONBKO 3SKCHEPHUMEHTAIBHOIO
MaTepuaia, Kak Obl XOpOoll OH HH OBUI, HEIOCTATOYHO IS ITOCTPOCHHS
IJI0JTOTBOPHON T€OpHUH (MOCIIH).

O6ocHyeM U MPOMILTIOCTPUPYEM 3TO. BBITYeT MHEHHUE, YTO TEOPETUUECKUE
MMOCTPOCHHSI MOTYT BO3HUKATH JIUIIb Ha 0a3€ CONHMIHOTO AKCIEPUMEHTAIHLHOTO
Marepuaia, cO BCEX CTOPOH OCBEILAIOMIEro MpeaMer uccienoBanusd. OgHako
UCTOpHsL E€CTECTBO3HAHMA IIOJIHA IPOTHUBONIOJIOKHBIX IpuMepoB. Hampumep,
oOurasi Teopuss OTHOCUTENIbHOCTH BO3HHUKJIA Kak 00oOuieHne (akra TOXKIecTBa
MHEPUMOHHOW M I'PAaBUTALIMOHHON MAaccC, a 3KCIEPUMEHTAIBHOE MOATBEPKIACHUE
NPUIUIO TO3AHEE Yepe3 CIEUHUAIbHO 3aIJJAaHUPOBAHHBIE DKCIIEPUMEHTHI.
JpyruM noy4uTesbHbIM IPUMEPOM SIBIIIETCA UCTOPUS C YCTAHOBJIEHUEM 3aKOHA
BCEMUPHOTO TATOTEHHUS, KOTOpOe (PAaKTUYECKH OMUPAIOCh HA €IMHCTBEHHBIN
pesyiabTaT —  Tpetuid  3akoH  Kemiepa.  OcTainbHOH  OrpOMHBIM
SKCIIEPUMEHTAIBLHBIA MaTepual, TOOBITHI YICHBIM U IPYTUMHU aCTPOHOMaMH (B
yacTHOcTH, Tuxo bpare), ceirpaqm CcBOO poJib B OCHOBHOM JIMIIL IS
MIPAaKTHYECKOU ITPOBEPKH.

Te3unc 2. Kak Teopusi onupaercss B CBOEH OCHOBE Ha 3KCIEPHUMEHTAIbHbIE
JaHHbIE, TAK U KCIEPHUMEHT TOTJla HEeCceT B ce0e MoJIe3Hy0 HH(POpMaLMIO, €CIIU
OH MPOBOJUTCS B COOTBETCTBUM C HEKOTOPOW TEOPETUUYECKON KOHLEMIUEN.
OKCIepUMEHT Kak IpocTasi COBOKYIHOCTb HaOIoJaeMbIX (DaKTOB MpH
HEBEPHON KOHLEMIUU (WM €€ OTCYTCTBMM) MOXET BBECTH HCCIIEIOBATENs B
3a0my>kaeHue. B nctopuu HayKy MHOTO TIOJITBEPIKIAIOLTUX TPUMEPOB:

1) mpsimoe HaOIIOIEHUE 32 CBETHIIAMHU TIPUBEIIO K TEOIICHTPU3MY;

2) KomepHuk, npOBO3IVIACUBIIMN  TEIUOLIEHTPUYECKYIO  CHCTEMY,
OOBHHSJICS COBPEMEHHHKAMH B TOM, YTO TE€OpHUs HE coriacyercs ¢ onbiToM. Ho
OH YCTOSI, «...JTOBEPSsI pa3yMy OOJIbIIE, YEM UyBCTBAM;

3) npsmoe HaOMIOJAEHHE 3a JBUKCHHUSMH TeJ NPUBEIO ApPHUCTOTENS K
CO3JaHUIO0 MEXAHUKHU, KOTOpAs JIBE THICAYM JIET BJIaJie]a yMaMU, HO B KOHEYHOM
CYeTe OKa3ajaach HEBEPHOM.

Bcs ucropust pa3BUTHS €CTECTBEHHBIX HAyK CBf3aHa C pPa3pelIeHHEM
IPOTUBOPEUYNI MEXIy MPSIMBIM OIBITOM, KaK COBOKYIHOCTBHIO HAOIIOAaeMbIX
(bakToOB, 1 MHOKECTBOM (HOPMAITLHO-IOTHIECKUX CXeM (MOJeel), MPU3BaHHbIX
X OO0BSACHUTH. Tak, DUHINTEHH MpHIIeT K JyaTHCTHUYSCKOW (IBOMHOI) OIEHKE
«MPaBUIBHOCTUY TEOPUHU, CPOPMYIUPOBAHHOMN B CIIETYIOIIEM TE3HCE.

Te3nc 3. CoOTBETCTBHME TEOPHUU OIBITY €CTh HEOOXOIMMOE, HO He
JIOCTaTOYHOE YCJIOBHUE «IPABUIBHOCTUY (Kpumepuii GHewiHe20 OnpasoaHus).
Bropeim KpUTEpUEM (6nympennezo cogepuieHcmeq) SABJISIETCS
«ECTECTBEHHOCTh» U JIOTMYECKAs IPOCTOTa» MPEIITOCHUIOK.

Te3uc 4. Ilpu mocTpoeHun Mojeneii HEOOXOAUMO HCIOJIB30BATH OITBIT
MaTEMaTUYECKOr0 MOJIEIMPOBAHUS, KOTOPBIN YK€ UMEETCS B TAKMX HAyKaX, KaKk
¢usnka, MexaHWKa, AacTPOHOMHUS W T.M. B OTOM CMBICIE €CTh HEUYTO
00BEKTUBHOE, YTO HE 3aBUCUT OT KOHKPETHOW MOJICTUPYEMOI CUTYyaIIH.
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Tesuc S. Ilpu MOIEenMpOBaHMM YPE3BBIYAWHO BAXKHBIM, €CIM HE
pElIaomuM, SBISETCS BBIOOP aJEKBAaTHOTO MaTEMaTHYECKOro ammapara. B
HEKOTOPOM  CMBICJIE MAaTEeMaTHYECKOE MOJEITUPOBAHUE IMPEICTABISIET COOOM
MOUCK TaKMX MATEeMAaTUYECKUX KOHCTPYKIMI, aOCTpaKTHBIE MOHSATHS KOTOPBIX
HamOojee TMPHUCTIOCOONEHBI K HANOJHEHWIO KOHKPETHBIM  COJIEpKaHHUEM
uccaeayeMon peanbHocTH. Ecum roToBOro MareMaTuueckoro amnmnapara HeT, TO
co3maercs HOBbIA. Ilpumepsl: 1) MaremMaTuyeckuil aHanu3 poOAWICA U3
NOTPEeOHOCTEN OMUCaHUsl JBMKEHMS; 2) JAJI1 OMHCAHUSA JIUMHAMUKU TMOMYJISIUN
ObUIM IPUCIIOCOOJIEHBI U JIaBHO HCIIOJIb3YIOTCSl Pa3HOCTHbIE ypaBHeHus. Mrak,
IpY MOJAETMPOBAHUN

® HE [ODKHO CMYIIaTh OTCYTCTBHE TMOJHOTO SKCIEPUMEHTAIBLHOTO
MaTtepuaa, T.K. 4allle He XBaTaeT MaTepuaia «MHTEJUIEKTYalbHOT0Y;

e HeoOXOauMa anpuopHas KOHUEMNIMs, KOTOpas W TMpeBpamiaer Habop
IKCMIEPUMEHTAIBHBIX (DAKTOB B «OOBEKTUBHYI0» HH(POPMAIUIO, IOJHOE
OTCYTCTBHE KOTOPOM CTaBUT I[OJ] COMHEHHE caMmMy BO3MOXHOCTb
MOJIEJIMPOBAHUS, 3TO BUJCHHE pEATBHOCTU (POPMUPYETCS HA OCHOBE
JMYHOTO ¥ UCTOPUYECKOTO OIbITa, 00pa30BaHUsl, BOCIIUTAHUS;

e HEOoOXOOUMO BIAJACHHE NOAXOJAIIMM MAaT€MaTUYECKUM ammnapaTtoM u
METOJIOJIOTUYECKUMHU TPUEMaMH, C KOTOPbIMU MO>XKHO TMO3HAKOMMTHCS Ha
npUMepax Hay4HOIr'o TBOPYECTBA.

[TokazarenpbHbIM NpUMEPOM OOOCHOBAHHOCTH CKa3aHHOTO B TMEPBOU
MOJIOBUHE 3TOrO naparpaga MOKET CIY>KUThb UCTOPHUsS (POPMUPOBAHMS 3aKOHOB
MEXaHUKU — IEPBOM CHUCTEMBI MOJEJEH, AJEKBATHO OTPAKAKOLIECH IIMPOKUHN
KJIaCC MPOILIECCOB U SIBIICHUH peIbHOr0 MHpa. M3 IIIMHHOTO CIIUCKA CO3/1aTesei
MEXaHUKH OOIIETPUHATO BhIIEIATh uMeHa Apuctorens (384 — 322 rr. 10 H.3.),
lanmunes (1564 — 1642 rr.) u Ounmreitna (1879-1955 rr.). Ilepuoasl ux
TBOPYECTBA pA3JEICHbl BEKaMU M JaXK€ THICAUYENICTUIMU — BPEMEHHBIMU
OTpe3KaMH, KOTOPbIE€ MOXHO paccMaTpuUBaTh Kak OoJblIKME, HO BCE PaBHO
KOHEYHbIE BPEMEHA JKU3HU MOJEIBHBIX MPEICTaBICHUM, ¢ HEU30€KHOCTHIO
CMEHSIOUIUX U JOMOJIHSAIOIUX IPYT APYTa.

Onupasicb Ha 3HAHUSA M JIKCIEPUMEHT, CYIIECTBOBABIIKE B €r0 BpeMi,
ApucroTens ciaeayomuM o0pa3oM Kiaccu(puImupoBall OKpy Karoluiue Tejaa U ux
JIBIKEeHUS. Bee mpeameTsl oH pa3fensia Ha 3 Tuma: 1) Bcerjia HEeMmoABHXKHBI; 2)
BCErJa JBUXKYTCS; 3) MOTYT HaxOJUThCS KaK B JBUKEHUH, TaK U B mokoe. Camo
JBUKEHUE OH CYUTA] BEYHBIM W CBOJWJ €ro B JIBE OCHOBHbBIE Ipymmbl: 1)
«ECTECTBEHHBIE», B KOTOPBIX TEJIO JBUXKETCA K CBOEMY €CTECTBEHHOMY MECTY,
2) «HaCWIbCTBEHHbBIE» — IPUYMHON SBIAETCA CHJIA, KOTOPas HEMPEPHIBHO
MOJEPKUBAET JBIMKEHUS. Ecnu mpekpamiaercs cuiia, TO HPEKpaIAloTcs MU
JBUKCHUS.

CornacyroTrcss U npeactaBieHus Apuctorenss ¢ onbitoM? C  4YHUCTO
co3eplLaTebHBIM ONBITOM TOTO Bpemenu — na! JlelictBurenbHo, 3emiid, 1oMa Ha
Heil Bcerga HemoaBwkHbl, Comuie, JlyHa, Bojma B peke Bcerja JIBUXKYTCS,
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OpOILIEHHBI KaMEHb, TIOBO3Ka, JIOAM ABMXKYTCS K MOKOKO M, B KOHIIE KOHIIOB,
OCTAHABJIMBAIOTCS, €CIIM CHUMAETCS MPUIOKEHHOE K HUM ycuiue. I'py3 c
BBICOTHI, BOJJda B PEKE «ECTECTBEHHO» JBWXKYTCS. YUENOBEK TpaTUT CUJIbI Ha
NEPEMEIICHUE TOBO3KH, KOTIJa OTIYCKAeT, «HACHUJIbCTBEHHOE» JIBUKCHHE
MIPEKpaIaeTcs, IMOBO3KAa OCTaHaBiauBaercsi. Ho mnouemy KamMeHb JBHXKETCH,
KOIJla ero OTIIyCKalT, Belb CHJla Iepecrana jaeiicrBoBath? M Ha 3TO ecTb
00BsICHEHHE — BO3IyX, 00TEKasi KaMEHb C3a/M, MOATAJIKUBAET €ro Mocje TOro,
KaK pyKa mepecTtaja JeWCTBOBaTh. JDTO MOXET Jenarb u 3dup (Apucrorenib
CUMTAaJ, YTO ITyCTOTHI HE CYIIECTBYET).

Bocnonbszyemes HUCTOPUYECKUM OIBITOM MOJIETTUPOBAHUS,
3aUKCUpOBAaHHBIM B Te3uce 3 B Havane maparpada. B HeM roBopmiocs o
KPUTEPUSX «BHEUIHErO OIpaBlIaHUs» M «BHYTPEHHETO COBEPLIEHCTBAY,
NpEeIHA3HAYEHHBIX JJI1 OLEHKH KadecTBa Teopuid. [locMoTpuM Ha «BHyTpEeHHEE
COBEPIIECHCTBO» apUCTOTEJICBON MEXaHHMKH, CIEIys CTHIKO KHUTH [98], aBTOpHI
KOTOPON HCHOJB30BAIA IPU M3JI0XKEHUM IPEACTABICHUN JPEBHOCTH SI3BIK
COBPEMEHHOM  MaTeMaTUKH. DBbIpa3uM  OCHOBHOM  3aKOH  JIBM)KCHMS,
BBITEKAIOIIMA U3 HM3JI0KEHHBIX HAOJIOJEHUI W alpUOPHBIX IPEACTABICHUI B
Buge F = pv, rae p — Kk03pPUIUEHT NPONOPIUOHATBHOCTH (TIOHATHS MAacChl
Torga He Obulo), F — cwia, v — ckopocTb. Ero mnpoTuBOpeunMBOCTb
JNEMOHCTPUPYET CIENYIoMMi npumep. YenoBek TAHET TENekKy BIOJb Oepera
peKu, Tmpwiaras — ONpEJEeICHHbIE

ycunus (puc.1.6). Tenexka
COBEpIIACT BBIHYKJICHHOE
JBIDKEHUE BIOJL Oepera pekd co
CKOpPOCTBIO v OTHOCHUTEJILHO
HAOIOIATENs, CTOSAIIETO Ha 3eMJe
(OTHOCUTENBHO HEMOABUKHOU
CHCTEMBI oTcyeTa xX—=Y).
OTHOCUTENBHO HaOoAaTens,
Puc.1.6. MBICTIEHHBIIT  3KCHEPUMEHT ¢ IUIBIBYIHCTO Ha JOIKE

JBIDKEHHEM B Pa3IMYHBIX CHCTEMAX OTCYETA HapaJuICIbHBIM KYpCOM € TaKOH K€
CKOPOCTBIO, TCJICKKA HC JIBUIKCTCA,

T.e. CWia K HeH He TMpWwiokeHa. IT0, OE3yCIOBHO, MPOTHUBOPEUUT
WHTYUTUBHOMY TPEJCTABICHUIO O CHJIE, KaK O HEKOeM OOBEKTUBHOM (HE
3aBHCSIIEM OT HaONIOAaTess]) BO3JACHCTBHM Ha TEIIEXKKY, Ja M TOT Ha JIOYy
YeJI0BEKa TOBOPUT 00 3TOM. BBIX0a 13 mapajgoKcaibHOW CUTyaIluu ObUT HaleH
00OBABICHHEM CHUCTEMBI OTCYETA, CBS3aHHON ¢ 3emuieii, aOCOMOTHONH. TOJIBKO
JUIsl HEE€ CIPABEIJIMB NPHUBEICHHBIA 3aKOH IBWKEHHMS, a ISl BCEX OCTAJIbHBIX
CHCTEM, IBIXKYIIUXCA OTHOCHUTEIBHO aOCONIOTHOM CO CKOPOCTBIO V', OBLIO
MIPEUTOKEHO HOBOE MpaBmiio: F = pv' + pv.

HOpaSI/ITeJ'IBHO, HO IIO4YTH JABEC TBICAYH JE€T HaxXoJUJINCh
OKCIICPUMCHTAJIBHBIC MOATBCPXKIACHUA IMPABUIBHOCTH IIOAXOa ApI/ICTOTeJ'IfL
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OtvacTu Takoe JOJTOXHUTEIHCTBO OBLIO 00ECTeYeHO MOACPKKON IIePKBH,
OMHMpAIOLICICS B CBOMX JOrMaTax Ha IeoleHTPUYEcKyro cuctemy. Ho mpwumiio
BpeMsi, KOT/la HayKa U OOIIECTBEHHOE CO3HAHHE J03PENH J0 BOCIPUITUS HOBBIX
unen. HecMoTps Ha puCK OKa3aTbCs HA KOCTpE MHKBU3MLMH, ['anuneo ["anunen
OJTHUM M3 TIEPBBIX MOKYCHIJICA Ha aOCOIOT. «Y €AMHUTECH C KEM-TTH00 U3 Apy3eit
B IIPOCTOPHOE TOMEIICHHE IO MaayOol KaKoro-HHOyIb» KOpalJs, 3amacuTeCh
MyXxaMy, 0aboykamu, ... MyCThb OyJeT y Bac TakXKe COCyJ C IUIaBarOIIMMH
MaJeHbKUMHU PBIOKaMU; MOBECHTE, Jajiee, HABEpXy BEAECPKO, U3 KOTOPOro BOja
OyZleT KamaTh Kamuld 3a Kalled B JIPyTOM COCYJ € Y3KHM TODJBIILKOM,
MOCTaBJICHHBIA BHM3Y... W HabOmogaiite... Ilpbiraiite mo xoay u HaoOOpOT...
[Ipn v=0 u B nBMXymeMcs: kopabiie HU MO OJTHOMY M3 Ha3BAHHBIX SIBICHUN BbI
HE OmpenenuTe, IBWKETCS Kopabmab unu crout». He 3Haem, mpojenbiBan ju
OMMCAaHHBIE SKCIIEPUMEHTHI ['anmuield niu OoHU ObUIM MBICIEHHBIMHU. TOYHOCTB
CpeACTB HAOMIOJEHHUA U OHKCIEpUMEHTalbHas 0a3a TOro0 BPEMEHU CHIIBHO
yCTyTaau COBPEMEHHBIM CKOPOCTHBIM KHMHOKaMepaw, Ja3epHbIM
uHTep(epomMeTpaM, MArHUTHBIM MOJBECaM M Ja0OpaTOPHBIM CTOJIaM Ha
BO3IyIIHOW mnoxymke. To, yeM OH pacmojarall U O 4e€M NHUCal, BpAX JH
obOecrieunsio Obl yOEIUTENbHYIO TOYHOCTb, HO YBEPEHHOCTh B HCXOJE
SKCIIEpUMEHTa OblIa. DTy YBEPEHHOCTH IMOJJIEPKHUBAJIa HEYOBIETBOPEHHOCTD
KOHLENIMEH reoleHTpu3Ma.

be3 abcomoTHON CUCTEMBI OTCUETA PYIINIACH BCS TAPMOHHMSI apUCTOTEIEBA
MHUpPA U TOSBISUIACH BO3MOXKHOCTb YTBEPAMUTHCS HOBOM KOHIICTIIMUA — 3aKOHBI
JBYDKEHUS JTOJDKHBI OBITh BBIPaXXEHbI B (pOpME, MHBAPUAHTHONW OTHOCHUTEIIHHO
nepexojia oT «bepera» K «KopaOito». A eciid KOHLENUHsS €CTh, TO MOXHO
LIEJICHAIIPABJIEHHO CTaBUTh HKCIIEPUMEHTBHI 10 €€ POBEPKE U BECTU OTOPAKOBKY
BAPUAHTOB. B MTOre poauiach HOBas MOJENb — 3aKOH ABWKeHMs F = pdv/dt,

COTJIACHO KOTOPOMY CHJIa BO3ICHCTBHS YENIOBEKAa Ha TENEKKY OJWHAKOBA BO
BCEX PaBHOMEPHO U MPSIMOJIUHEHHO IBMKYIINXCS cucTeMax orcueta. [IpunsaTue
ATOTO MPEJCTABICHUS Cpa3y CHUMAET BCE HATSKKU C PACCMOTPEHHBIX OBITOBBIX
SKCIIEPUMEHTOB U BEJIET K PSYy HOBBIX OTKPBITUMN: MMOBO3KA OCTAHOBUTCS, €CIU
ee OpOoCUTh, MOTOMY YTO B3aUMOJICUCTBYET C 3eMJICH (CUJla TPEHHUS); HE HYKEH
a¢up ms oOBSCHEHWsI JBIKEHUS OpPOIIEHHOTO KaMHS U T.I.  Poamioch
MOHATHE WHEPIHMAIBHBIX CHCTEM OTcYeTa M mpeoOpasoBanue [ amuies.
EcTecTBeHHOCTh M JIOTHUYECKasi MMPOCTOTA TEOPHUH JBMKCHHUS, OMHUPAIOIICHCS Ha
3akoH F = pdv/dt, He 3acTaBiseT JeNaTh JOINOJHUTEIbHBIE THIIOTE3BI U,

CJIeIOBaTeNbHO, 00J1a1aeT OOJIbIIEH CTENEHbIO «BHYTPEHHETO COBEPILIEHCTBAY.
IIponum Tpu Beka M Kiaccuuyeckas mexanuka [amwies — Hprorona
CTOJIKHYJIACh C HEMPEOJOJIMMBIMU TpyAHOCTAMHU. OMAacHOCTH MOACTEperaina ee
Ha cThike XIX 1 XX BEKOB CO CTOPOHBI JIEKTpoAMHAMUKHU. Teopust MakcBena,
00001MBIIasi OCHOBHBIE AMIMPUYECKUE MPEICTABICHUS JIEKTPOMArHeTU3Ma U
NO3BOJIMBLIAS  ONPENECIUTh CKOPOCTh CBETa, OKa3ajaCh HEWHBAPUAHTHOMU
OTHOCHUTENIbHO IpeoOpa3oBaHuid ['ammies. OTO  3acTaBWIIO  TEOPETUKOB
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3aMo0J03pUTh B HENPABWIBHOCTU WM JIOCTHXKEHHS 3JIEKTPOMAarHeTU3Ma WU
NOCTYJIaThl KJaccuueckoil MmexaHuku. Hayunas npo3opinuBocts A. DiHIITEHA
U €ro COBPEMEHHMKOB II03BOJMJIA PEUIUTh CHOP B TOJb3Yy TEOPUHU
JJNIEKTpOMAarHeTusMa; mnpeoOpa3oBanus [amwes Obuld  TpPU3HAHBI — HE
COOTBETCTBYIOIIMMU MHUpPY Oonpmmx ckopocteid. CrenuanbHas TEOpHUH
OTHOCHUTEJIBHOCTH cCTaja elle 00Jiee COBEPIICHHONM MEXaHWYECKOW MOJEIbIO,
Oojee aJeKBaTHO ONMCHIBAIOLIEH peadbHOCTh W BoOOpaBlIell B  cedd
KJIACCHUYECKYIO MEXAHHMKY KaK YaCTHBIN Cily4ai.
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