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P. Koran. «CnyuaiiHoe 0Opa3oBaHIe 3aKOHOMEPHOCTEW B IIPUPOJIE U OOIIECTBE, M BHKUBAHUE TTMBUIT3AIN»

AHHOTAIIMS

[TpuHSB 3KCNEPUMEHTAIBHYIO KOHLIETIIMIO MaTEMATHKH, YTO YHCIIA SBJISIOTCS PeasIbHbIM 00b-
€KTOM ITPUPOJIBI, aBTOP MPEJIOKII MaTeMaTniyecKylo Teopuio «IIporecc cirygyalHOro CTaHOBJIEHUSA
(oOpa3oBaHMsI) YMCIOBBIX Mep (UMcel) B MPUpPOAe M OOIIECTBE» O CIIyYailHOM OOpa30BaHUM pealib-
HBIX KOJJMYECTBEHHBIX 3aKOHOMEPHOCTEW C HENPEPBIBHO MU3MEHAIOIIMMUCA napamerpamu. CTaHOB-
JIEHWE€ YMCIIOBBIX MEP IMPOUCXOIUT B IIPOLIECCE X CIYyYalHOM UTEPALIMA CYMMHUPOBAHUEM ITpHUpalLe-
HUM 4ucaoBbIX Mep. CpopMyarpoBaHbl IPUHUMITEL M AKCUOMA CTAaHOBJIEHHS YHCIIOBBIX MEP.

Jlnst cucrem anreGpanyeckux ypaBHEHHMI OOIIEro BUJa HEM3BECTHBIE 3aMEHSUIMCh Ha YHCIIO-
BBbIE MEPBI ¥ HAXOAWJIMCH CIIyYalHOW UTEpAaleN KaK CTAaHOBJIEHUE YMCIIOBBIX Mep. [aHbl (hopMysibl
111 BBIYACJIEHU TIPUPAILEHUI YUCIOBBIX Mep. Cpenu PUJIOKEHNN TEOPUN BO3MOKHOCTD CO3/1aHUSA
KOMIIBIOTEPOB MAPAJUIEIBHOTO CUYETA, III€ BBIYMCIEHUS MPOUCXOAAT OIHOBPEMEHHO M HE3aBHCHUMO
IJIl BCEX ITapaMeTpPOB.

Teopus ciry4ailHOro CTaHOBJIEHUS YMCIIOBBIX MEP YTBEPKIAET, YTO HOBBIE PEAJINU B IIPUPOAE U
OOIIEeCTBE MPOXOAT ITAIl CITyYaiiHOro 00Opa3oBaHus1 3akoHOMepHocTel. [IpeBuaeTh 9T 3aKOHOMEp-
HOCTY NPUHUMIINAIBHO HEBO3MOXKHO. BeicTphlid HayuHO-TexHnueckud rporpecc (HTII) u adpdek-
TUBHAsl PbIHOYHAS SKOHOMHKA CO3[AI0T HOBBIE BBICOKOTEXHOJIOTMYHBIE PEAJIMH, 3aKOHOMEPHOCTU
KOTOPBIX MOTYT OBITh OMACHBI IJIsi OOIIECTBA, a YUCIO MX OyJeT pacTé MO SKCIOHEHIUATbHOMY
3aKOHY, 4YTO CO3JACT yrpo3y 4eJOBeYecKOMYy pasyMy. leMnpupoBaHHe YCKOPEHMS pOCTa CBA3KU
HTII-KOHOMMKA craHoBuUTCSI HEOOXOOUMBIM U JTOJKHO BXOAWUTH B YCJIOBHUS ISl BBIKUBAHUS
LMBUWIN3ALUN.

Hna nemnguposanus yckopeHnus pocra cessku HTTI-9KOHOMUJKA B co3aHny HOBBIX pea-
7, OCOOEHHO BBICOKOTEXHOJIOTMYHBIX, TIPeIaraeTcsi yMEHbIIUTh CYMMY HAIIMOHAJTBHOW BaJIIOTHI
CTpaHbl SMUCCUEN BUPTYAJIbHOU JIEHEKHOM €IMHULIBI, [0 HOMUHAJIy PAaBHOM HAllMOHAJILHOW BaJIOTE,
HO HE KOHBEPTUPYEMYIO B HEE.

g CILA Takas neHexHasi equHuIa Ha3BaHa BUpTyasibHbIN Jorutap CIIA, BUPT. BUPTel He
MMEIOT MAaTEPUAJIBHOTO HOCUTEIS, SMACCUPYIOTCS TOCYIaPCTBOM U HAXOAATCA TOJBKO HA JIEKTPOH-
HBIX cyeTax OAHKOB CTpPaHbI ISl BCEX KUTEJIEH, a TAK)KE /ISl YACTHBIX M TOCYIapCTBEHHBIX IPeIIpH-
aruil. BUPTsI ncnonb3yoTes: npu NMpoBeieHn: OI0KETHBIX PadOoT C LIeJIbl0 COKpallleH!s JepuiuTa
oromxeta U roc. fonra CIIHA. Oy npyMeHSI0TCs IPU TOProBJie TOBApaMM U YCIIyraMu JJ1s1 BceX BJla-
neaplieB BUPTOB.
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BBE/IEHUE

«Cry4yaitHoe 06pa3oBaHUe 3aKOHOMEPHOCTEN B IPUPOJIE U OOIIECTBE» — ITO CJIE/ICTBUE MaTe-
MaTuyeckoi Teopuu aBtopa «I[Iporecc ciaydaiiHOro CTaHOBJIEHHS YUCJIOBBIX Mep B TPUpOJIe U 0011e-
CTBE» O CIIyYaiiHOM OOpa30BaHUU PeajibHbIX KOJMUYECTBEHHBIX 3aKOHOMEPHOCTEH ¢ OOJIBIIMM YrC-
JIOM MapaMeTpoB U B3aUMOAEWUCTBUIN MEK1y HUMHU.

KonyecTBeHHbIE 3aKOHOMEPHOCTH B TIPUPOJIE U OOIIECTBE ITO 3aKOHOMEPHOCTH MEX/1y YKC-
naMu. MoxHO 00pa3HO cKa3aTh, YTO 32 BCEM MHOT00Opa3reM U CII0KHOCTBIO SIBICHUI OKPYKAIOIIETO
MU «CJAEIUT» OECKOHEUHBII MUP MaTeMAaTUUYECKUX YHCEIT UIIU YMCIOBBIX Mep .

B TakoMm noHMMaHWY NIEPBUYEH JIEMCTBUTENIbHBIN (PEasibHbI) MUP KAUECTBEHHBIX SIBJICHUH, a
YHCJIa MAaTEeMAaTHKN cCaMH 10 cefe He eCTh PeajbHOCTh, 9TO H300peTeHNne YeloBeKa s
OIMMCaHUsI KOJIMYECTBEHHBIX OTHOLIICHUI peaibHOro MUpa.

Hpyroe nonnmanue. MaremaTnka — 3KCIIepUMEHTAJbHAasA HAyKa, Takas ke, Kak pu3uKa,
XMMUSI, MeJMIIMHA. .. YHcJIo 3/1ech He H300peTeHne YeJ0BeKa, a peajbHbIil 00bEKT NpH-
po/ibl, 00IIeCTBA.

MHorue BbAAIONIMECS MAaTEMATUKU MPUICPKUBATINCH ITUX MOJISPHO Pa3HBIX B3MISIOB HA
MpeaMeT CBoero TBopuecTna. [IpuBeny TOIbKO OAHO3HAYHBIE MHEHUS IBYX CTOPOHHHUKOB KCIEpH-
MEHTAJIbHON MaTEMATUKU?.

. Dpmur: «5 yOexaeH B TOM, UTO yKcia U (PYHKIMU aHAU3a He SIBJISIIOTCS MPOAYKTaMU
Hariero jayxa. 51 Bepio, YTo OHM JieXkaT BHE HAC C TaKOW ke HEOOXOAMMOCTHIO, KaK MPEJMEThl 00b-
eKTUBHOW peajbHOCTH, & Mbl OOHApY)XMBAeM WJIA OTKPBIBAEM HX TaK K€, KaK 3TO JeJIaloT (PU3KKH,
XHUMMKH U 300JI0TH».

I'. Xapnu: «CBoio no3uniuio s chopMyIMpyIo TOrMaTHUECKH BO U30exaHue MaseiIiei Hesic-
HOCTH. §l cunTalo, YTo MaTeMaTHUYecKasl pealbHOCTh JISKUT BHE HAC... U UTO TEOPEMbI, KOTOPbIE MbI
JOKa3blBaéM M BBICOKOMAPHO HA3bIBAEM CBOMMM TBOPEHUSIMHU, B JEMCTBUTEILHOCTU SIBJISIIOTCS HE
OoJiee, YeM 3alUCAMU HALMX HAOMIONEHU» .

[TpuHSIB FKCTIEPUMEHTATBHYIO KOHIITIINIO MATEMATUKU, s TOTIBITAJICS TOHATh, KaK peabHbIi
KOJIHY€eCTBEHHbIII MHP SIBJEHUH 00pa3yeT 0CHOBY MAaTeMAaTHKN — YHCJIO0, HJIH KaK MPonc-
XOJUT CTAHOBJIEHHE YHCJIOBbIX Mep. YTBEPKIEHHUE, YTO KOJTMYECTBEHHBIM 3HAYEHHSAM PEasIbHbIX
SIBJIEHUIA MOXHO COOTHECTH YMCJIOBBbIE MEpbl U MAaTeMATUYECKUM MYTEM MOIYyUUTh OMpe/ieiEHHbIC
3aKOHOMEPHOCTH, IOCTATOYHO TPUBHUAJIBHO.

DKcrepuMeHTaIbHasI KOHIETM I MaTeMaTUKH ITO3BOJISIET MOUTH Aajblie. [louemy 3akoHbI cTa-
HOBJICHHUSI YUCJIOBBIX MEp JIOJKHBI OTHOCUThCSI K MaTeMaruke? VM vHauye, BO3MOXHO JIM KCIie-
PUMEHTAJIbHBIM MYTEM WA U3MEPEHUSIMM HAWTH MaTeMaTU4ecKue 3aKOHOMEPHOCTH, JieKalllue B
OCHOBE CTaHOBJIeHUsI YuCIoBbIX Mep? [lpennaraemasi Teopusi U peaymsyeT Takoil moaxod. ABTOp
OrPaHUYMIICS PEATBHOCTBIO C HEMTPEPHIBHOM 3aBUCUMOCTbIO KOJTMYECTBEHHBIX 3HAUSHUI TapaMeTpOB,
KOTOpast MOKET CBOIUTCS K CCTeMaM anredpanyeckux ypaBHEHHIA ¢ OOJIBIINM YHCIIOM MEPEMEHHBIX.

Bynem MeTomoM «MBICJIEHHOTO SKCIIEPUMEHTa» U3MEPATh KOJIMYECTBEHHbIC 3HAYCHMS Tapa-
METPOB peasbHbIX sIBJICHUA. [{J1s1 9TOro mpumeM, 4to [Uisi K3MEPEHUI UMeeTCsl BECh HEOOXOUMBIiA
WHCTPYMEHTAPUI U COOTBETCTBYIOIIME METO/bl U3MEPEeHHUsI MapaMeTpoB SIBJICHUI ¢ MUJUIMOHAMM,
MWUTAAPIAMH. .. TIapaMeTpOB. «MBICJIEHHbIE IKCTIEPUMEHThI» TPOBOIAT «MBICJICHHbIE HaOIOa-
Tenu». Ha MbIC/ieHHbIe M3MEpeHHsl HaKJIAIbIBAIOTCS CleyIolIue orpaHnyeHusi. Her nHCTpyMeHTOB
Y METONIOB U3MepsITh OECKOHEYHO MaJible U OECKOHEYHO OOJIbIIINE KOJIMYECTBEHHbIC 3HAUCHHUSI Mapa-
METPOB, OECKOHEYHO OOJIbIIINE CKOPOCTH B3aMMOJICHICTBUI MEXk]y apamMeTpaMHu.

1 o
BMECTO TEPMHHA «YUCII0» UCHOJIb3YETCA TEPMUH «UHUCJIOBasA MEpa»; BMECTO TEKCTa <<O6pa3OBa.HI/Ie 3aKOHOMEPHOCTEN» UCIIOJIb-
3yE€TCA TEKCT «CTaHOBJICHUE 3aJ(OHOMepHOCTefI>>.

2 yuratel w3 keurn M. KJTAJH, Maremarika yTpata onpeenéHHoctd, M. Mup, 1984.
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O603Haunm uHIeKcoM | Homep m3mepenust u X (I) konmuecTBeHHOE 3HAUeHHWE W3MEpeH-
Horo napamerpa. Ilox ctaHoOBIeHNEM KOJTMUYECTBEHHOTO 3HAUEHU S [TapaMeTpa PeajibHOIO SIBJICHUS
MOHMMaeTcs1 00pa3zoBaHKe KomuecTBeHHOro 3HaueHus1 X (I+1) Toro e mapamerpa, moixy4eHHOro 1o
pe3ynbratam [+1 u3mepenus, HO HabJOAaTe b H3MepsieT He napameTp X (I+1), a u3mMeHeHue
(mpupamenne) AX (I) napamerpa X (I). KomnuectsenHnoe 3Hauenue peasibHoro napamerpa X (I
+1) 6ymer X (I+1) = X (I) + AX (D).

ITo aTOMY MTEPaLlMOHHOMY COOTHOLIEHHUIO Y MPOUCXOAUT CTAHOBJIEHUE KOJTMUECTBEHHBIX 3HA-
YeHU# peabHbIX siBiieHniA. O603HauuB I = 0 Hauano oTcuéra, MMeeM Mpu OOJIBIIOM uunciie N u3me-
penwmii 1=0,1,2...N

BHAHHAHHHHN-]

X (N)=X(0) + X AX (I) um

HHHHHHHHHH =0

XMN)=X0)+AX (0)+AX (1) + AX (2) +...AX (N-1)

CraHoBjieHre KonmvyecTBeHHoro 3HadeHus napamerpa X (N) mpu Gosbinom N Oyaer 3aBuceTh
OT U3MEPEHMH €r0 HayaIbHOro 3HaueHus u cymm npupamennii AX (I) mpu 1=0,1, 2,3... (N-1).

B peanbHbIX Mporieccax H3MEeHEeHUsI apamMeTpoB OOJBIIIMX CUCTEM TIPOUCXOIUT 10 BCEMY IPO-
CTPaHCTBY-BPEMEHM U HET OCHOBAHMI IOJIaraTh, KAaKOW MapaMeTp U3MEHWJICS PaHblle WU MO3KeE.
OTU U3MEHEHUs MPOUCXOIAT COBEPUIEHHO Cly4yallHO. bosiee Toro, KoJM4ecTBEHHbIE MpUpAILEHUs
AX (I) mapamerpa OyyT MMETh HE TOJIBKO CITydaiiHble, HO eIlIé HEeOIpeIeIEHHbIC 3HAUCHHUSI.

Heonpenenénnocte u ciydyainHOCTh KomuecTBeHHbIX 3HaueHu AX (I) He cieayer moHUMAaTh
KaK BCErAa COMYTCTBYIOIIYIO U3MEPEHUIO MTOrPEITHOCTh U3MepeHus. [l cTallMOHApHBIX MMPOLIECCOB
u seyieHnid AX (1) MOXHO TIpe/icTaBUTh cede Kak (DIyKTyaluio apaMeTpa.

[To koHIENIMY KCTIEPUMEHTAIbHOM MAaTeMaTHKU KOJIMYECTBEHHOE 3HAUY€HUE M3MEPEHHOIO
napametpa X (I) o6pasyer ero uucnosyio mepy X ().

IIpu TakoM NMOHMMAHHM MaTeMAaTHYeCKOll peajJbHOCTH MaTeMaTH4eCKHil Mpoiecc
CJy4allHOTO CTAHOBJIEHUSI YHCJIOBBIX Mep JaéT OCHOBaHHE HHTEPHPETHPOBATH TeOPHIO
Kak «CirydaitHoe 00pa3oBaHNe 3aKOHOMEPHOCTEH B MPHPO/I€e H 00IMIeCTBE».

Cpeny npakTUYeCKUX NPUJIOKEHUN TEOPUM BO3MOKHOCTh NMapasuIEIbHBIX BBIYMCICHUN IS
pEeLLEHNsI CUCTEM YPaBHEHMM C OTPOMHBIM YKCJIOM NEpEMEHHBIX. iTeprupoBaHre NpoBOOUTCA Napali-
JIEJIbHO M HE3aBUCUMO, OTAEJIBHO 7151 BCEX NIEPEMEHHBIX U YpaBHEeHUM. IHTepnpeTalus ciy4aiiHOro
CTaHOBJICHU S YMCIIOBBIX Mep KaK ClTy4aiiHoe 00pa30oBaHKe 3aKOHOMEPHOCTEN UMeeT OOJTbIIIoe MUPO-
BO33PEHUYECKOE 3HAYEHHE.

CayuaiiHoe cTaHOBJIeHHE YHCJIOBBIX Mep sABJIsIeTcsl (DyHJaMeHTAJbHbIM CBOIICTBOM
NPHUPO/Ibl, FTAPAHTHPYIOIIee 00pa3oBaHNe 3aKOHOMEPHOCTEeH. D TH 3aKOHOMEPHOCTH NPHH-
IMNHAJTbHO HEBO3MOKHO NMpeacKa3aTh, NOKa oHU He cpopmupyrorcsi. UMeHHO 3Ta CcTO-
poHa Teopuu MOOYIHIA MeHS N3aTh HACTOSIIHI TPY/I.

J1s1 GOJIBIIMX CUCTEM THUIIA SKOJIOIMH HAIIEH IIJIAHETH M YEJIOBEYECKON HIMBWIA3AIMHU [TOCTO-
SIHHO TIOSIBJISIIOTCSI HOBBIE PEaJIuK, B3aMMOJICHCTBYIONIHE C YK€ 0Opa30BaBIIMMUCS 3aKOHOMEPHO-
cTaMU. ByayT BO3HHMKaTh HOBblE 3aKOHOMEPHOCTH. VX cilyuailHblil XapakTep MOKeT ObITh BeCbMa
JAJIEK OT MOJIE3HOCTH JJIs1 YeJIOBEKA M TpUpoAbl. bosee Toro, MoOXeT MMETh JIeTaIbHbI XapaKTep.

HermpenckazyemMocTh HOBBIX 3aKOHOMEPHOCTEW CTAHOBUTCSI OCOOSHHO OIACHOM B YCIIOBUSIX BCE
BO3PACTAOIINX BO3MOKHOCTEW PHIHOYHON SKOHOMUKHU CTUMYJIMPOBATh O€3y/IepKHBIA POCT HAYyYHO-
texHuyeckoro nporpecca (HTII). Pactér cMeHsieMOoCTh TOBAPOB U YCIIYT, YBEJIMUMBAIOTCS HATPY3KU
HAa 9KOJIOTUIO IUIAHEThI, Ha (PU3HMOJIOTHIO U TICUXUKY YEJIOBEKA.

Heo6xomumocts HTIT mocratouHo TpuBHaibHO MoHUMaeTcst oorectBoM. Ho Ge3ynepkHbIit
HTTI B cuty Henpecka3yeMOCTH HOBBIX 3aKOHOMEPHOCTEH Be/IET K TMOe/H IIUBIITU3AIIAH, €CITH OH
OylleT MpOIOIKAThCS B CETOMHSIIITHUX MapagirMmax ColryMa M SKOHOMHUKH. VX HeoOXOnMMO MEHATh
WM J1eMII(PUPOBATh.
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B 3akmoueHny K BBEJCHUIO OTMEYY JBa 3aMeUaHusl, Kacalolyecsl He3aBepIIEHHOCTH TEOPHH.

1. Mos yBepeHHOCTb B CXOAMMOCTH TIpoLiecca CITy4aillHON UTepalliy OCHOBAHA HA TOM,

— YTO OH OTpaXaeT peabHOe CTAHOBJIEHHE YMCIIOBBIX MEp;

— Ha MPOBEJECHNH IPUMEPOB YMCIIOBBIX PAaCUETOB.

Sl He Mer0 MaTeMaTHUYEeCKOTO I0KA3aTeIbCTBA CXOAUMOCTH MPEAJIOKEHHOTO MpoIiecca CiryJan-
HOU UTepaluu.

2. NntepnipeTanys TeOpry Kak 00pa3oBaHKe CyYalHbIX 3aKOHOMEPHOCTEH I0JKHA ObITh MO/
TBEpPK/IeHa MaTEMaTUIYECKUM MOJISTUPOBAHUEM CITyYallHBIX B3aUMOJIEHICTBUM 11O CXEMe TEOPHH CITy-
YaifHOTO CTAHOBJIEHH I YKMCIIOBBIX Mep. Ha BbIxoae 3To MOryT ObITh YMciia WU IpauKu, KOTOPbIE Obl
MOKa3aJI pa3Hble 3aKOHOMEPHOCTU B 3aBUCMMOCTH OT Pa3HbIX OpraHU3aINi CITy4aiiHOTO Tpoliecca.

ITo npodeccun s UHKEHEP-MEXAHUK, 3aHUMAJICS MEXaHUYECKON ITPOUYHOCTHIO KOHCTPYKIIUN.
B OCHOBHOM, KOHCTPYKIIMI KUIKOCTHBIX PaKeTHBIX apurateneit. [1o psay npuuuH (CM. XpOHOJIO-
TUI0 TEOPHH) 3aUHTEPECOBAJICS TPoOIeMOi 00pa30BaHUS 3AKOHOMEPHOCTEW B OOJIBIIIMX CUCTEMAX C
OrPOMHBIM YKCJIOM TMapaMeTpOB. 3aHUMAJICS STUM B JIMUYHOM IJTaHE ¥ HE UMeJT HAYYHBIX KOHTAKTOB
CO CIIEIMATMCTAMU: MaTeMaTUKaMH1, (PU3UKAMU . . ., KOTOpPbIE 3aHUMAJIMCh CTOXaCTUYECKUMU MpooJie-
MaMH1 M TEOpUel Xaoca B Pa3HbIX OOJIACTSAX HAYKH.

[NonyyeHHbIe MHOIO pe3yJbTaThl, IPOJIeXKABIIUE J0JTOe BpeMsl B CTOJIE, HE MOTYT CUMTATHCS
TIO/ITBEPKIEHHON TEOpHel, TIOKa He CTaHyT M3BECTHHI MpOoghecCHOHaIaM U He OyleT peaan30BaHO
MaTeMaTU4eCKOe JI0Ka3aTeIbCTBO TEOPUM CTAHOBJICHHS YMCIIOBOM MEpPBI MJIH CITy4aiiHOe MOZIEIMPO-
BaHME PEaIbHBIX MPOLIECCOB.
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I'naBa 1. IIponecc caydaidlHOro CTAaHOBJIEHHS YHCJIOBBIX
Mep B npupoje u oomecTtBe. MareMmaTnueckasi Teopusi

TCOpI/Iﬂ OTHOCHUTCA K ABJICHUAM U ITpoHEeCCaM € HEITPEPHIBHO U3MCHAIIINMUCA NapaMETpaMn
BO BPpEMEHU WUJIKX B 3daBUCUMOCTH OT BHEIIHUX BO3HCfICTBPIﬁ. HCHPI/IJ'IO)KI/IMEI OHa K ABJICHUAM MHUK-
poMHpa U B CJIy4asdX B3PbIBHBIX W3MEHEHNH YNCIIOBBIX apamMeTpoB.
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1. IIpeaucaoBue. K sMnupnyecKkuM 0CHOBaAM MaTeMAaTHKH

41 naBHO, o psmy npudnH (cMoTpH B [IpuioxkeHnn — «XpoHoorus pa3paboTKU MaTeMaTu-
YEeCKOW TeOpUmr») 3aayMalicsl HaJl BOIPOCOM — KakK B OOJBIIUX CUCTeMax (ITPUPOJHBIX — KMBBIX
Y HEeXUBBIX, COIIMYME C OTPOMHBIM YKCJIOM MAapaMeTPOB, CBSI3EN U B3aUMOAECUCTBUI MKy HUMM)
MIPOUCXOIUT 0Opa30BaHUe 3aKOHOMEpHOCTel. MHe ylanoch HAWTH MaTeMaTHUECKUI TTOIXO K TOU
npoGsiieme. Bo Bcex SIBIEHUSIX OKPYKAIOIIEro MUpa MPOUCXOAAT KOIMYECTBEHHbIE U3MEHEHH S rapa-
METpOB siBJIeHUA. [IprMeM 3To Kak TpUBHATIBHYIO JAHHOCTH Halero mupa. KommuecTBeHHbIe n3Me-
HEHUsI — 3TO YMCJIa B MaTeMaTHke. B paibHeiemM 4acto BMECTO TEPMUHA «YHCIIO» MCTIOIb3YeTCs
TEPMUH «4HCIIOBast Mepa». Takum oOpa3oM, 3a BceM OeCKOHEYHBIM, Pa3HOOOPa3HBIM MUPOM sIBJIC-
HUI U ITPOIIECCOB B MPUPOJE, OOIIECTBE CTOUT M U3MEHSIETCS] OECKOHEYHBIN OTHOOOPA3HBIN MUP YHC-
JIOBBIX MEp, WU ITPOCTO YHCEJT.

Maremartuka onpeie/IEHHO TOKa3bIBAET, YTO BO MHOTHX CITyYasiX YeJIOBEK HAXOIUT 3aKOHOMEP-
HOCTH, YCTAHABJIUBAS U MPEJCKA3bIBasI YMCIIOBbIE MEPhI TAPaMETPOB sIBJICHUH. B GonbImx cucremax
C OrPOMHBIM YHCJIOM TapaMeTPOB, B KOTOPHIX YCTAHOBMJIMCH 3aKOHOMEPHOCTH, MaTEMAaTUIECKU UX
OInucaTh MPaKTUIECKH HEBO3MOKHO, OIHAKO, MOJKHO YTBEPXKJaTh, YTO M B HUX IMPOU3OILIO 00pa3o-
BaHME, «CTAaHOBJICHHE» YHCIIOBBIX Mep. YacTo BMecTo TepMUHa «0Opa30BaHME» UCIIONb3YETCs Tep-
MUH «CTaHOBJICHHE>.

Cpenu MaTeMaTHKOB €CTh JIBa B3IJIsIa HA U3YMUTENIBHYIO BO3MOKHOCTh MaTEMATHKH OIHCHI-
BaTh PeaIbHbI MHp, & TaKKe CO3[aBaTh Pa3HOOOpa3Hble AOCTPAKTHBIE TEOPUH MEXKIY MaTeMaThye-
CKUMH OOBEKTaMHU.

MHorue BBIIAIOIINECs MATEMAaTUKN CYMTATM CBOIO HAyKy TBOPEHHEM 4YeJIOBEYECKOTrO I'eHHs,
a TO YTO OHA OTPaKaeT PeaJbHOCTh, OJHA U3 CTOPOH MaTeMaTuKu. LIuTaTel B3sTH U3 KHUTH M.
KJIAVIH, Matemaruka. Yrpara onpenenéasocti, M. Mup, 1988.

lamuibTOH: «...anreOpa, TeoOMeTpusl SABJISAIOTCS HAyKaMHU YHCTOTO pa3yMa, He TOIKperuisie-
MBIMH OIBITOM Y HE TIOMYYaIOIIMMH OT HETO MOMOIIIH».

JleneKuHa: «...9UcI0 CO3/IaHO HAIIMM Pa3yMOM... Mbl OOKECTBEHHAs paca U oOJIagaeM CIio-
COOHOCTBIO TBOPUTD.

BpumxmeH: «...3To 0OIIen3BecTHAsI CTUHA, OYEBU/IHAS C NIEPBOTO B3IJISIA, YTO MAaTEMaTHKa
— U300peTeHNe YeI0BEKa».

Ectb u apyrue Beiaomyecss MaTeMaTuKy, CIMTAIONIME MATEMAaTUKY SKCIIEPUMEHTAILHON Hay-
KOH, TaKOM K€ Kak (pu3MKa, XUMHUS. .., U YeJIOBEK, OTKPhIBAsl MaTeMAaTUUECKUE 3aKOHBI, OTKPHIBACT
TO, YTO CO3JAET MPUPOJIA.

1. Dpmurt: «f yoexnéH B TOM, 4TO 4yuciaa U (PyHKIMU aHATM3a HE SIBISIIOTCS MPOAYKTaMU
Hamiero ayxa. 51 Bepio, YTo OHM Jie)KaT BHE HAC C TAaKOW ke HEOOXOAMMOCTHIO, KaK MpPeAMEThl 00b-
eKTUBHOW pealbHOCTH, a Mbl OOHAPY)KMBAEM MJIA OTKPBIBAEM HX TaK K€, KaK 3TO JeJaioT (PU3HKH,
XUMUKH U 300JI0TH».

Xapmu: «CBoto MO3UIMIO 51 chOpMYIMpPYIO IOTMAaTUYECKH, n30erasi MajeiInei HessCHOCTH. S1
CUMTAIO, YTO MaTeMaTHUYeCcKasi peaIbHOCTD JIEKUT BHE HAC. . ., U TEOPEMBbI, KOTOpPbIE Mbl JOKA3bIBAEM U
BBICOKOIIAPHO HA3bIBAEM CBOMMH TBOPEHHUSIMH, B AEHCTBUTENILHOCTH SIBJISIOTCA He Oosiee, YeM 3ariu-
CAMM HaIMX HAOIIONECHUI».

[TpuHSB SKCNIEpIMEHTAIBHYIO KOHIIETIIMIO MAaTEMATUKH, 51 TIOMBITAICS MOHATH, KAK peaTbHBII
MUP MOCTOSTHHO CTPOUT OCHOBHOE JIETHUIIIE MATEMATUKY — YHCIIO, T CTAHOBJICHUE YHCJIOBOM MEpBHI.
Yucna — YMCIOBBIE MEPHI U €CTh KOJIMUECTBEHHBIE 3HAYEHU ST KAYeCTBEHHBIX MTAPaMETPOB SIBJICHUH 1
MPOIIECCOB, KOTOPbIE Y€IOBEK BUAMUT M BO MHOTHX CITydasix MOXeT u3MepuTh. CTaHOBJICHUE YUCTIO-
BBIX MEp 3TO CTaHOBJIEHHE 3aKOoHOMepHocTel. Eciin B Matemaruyeckoi Teopun (byHIaMEHTaIbHbIM
MIPUHIIAIIOM SIBJISIETCS TIPUHIIMIT CJIYYAHHOCTH, TO MOKHO TOBOPUTh M O CIYyYallHOM OOpa3OBaHUM
3aKOHOMEPHOCTEH.
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P. Koran. «Cny4aitHoe 00pa3oBaHuE 3aKOHOMEPHOCTEH B IIPUPOJE 1 OOIECTBE, U BbIKMBAHKE ITUBUIIA3ALIN»

2. MbICJIeHHbII SKCIIEPUMEHT

2.1. YcaoBus npoBeeHNsI MBICJIEHHOT0 SKCIIePUMEeHTa

[TpoBOAMTCS «MBICTIEHHBIV» SKCIEPUMEHT 110 U3MEPEHUIO PEAJIbHOTO KOJIMUYECTBEHHOI'O Mapa-
Merpa X . Yepra cBepXy O3HauaeT peajbHO U3MepsieMOoe KOIMYECTBEHHOE 3HaUeHUE Napamerpa B
OTJINYME OT COOTBETCTBYIOLIETO Uncia X, KOTOpOe BXOAUT B MaTeMaTuyeckoe cooTHouenue. Hasna-
YEeHHUE «MBICJIEHHOTO» KCIIEPUMEHTa — MOAMETUTH OOIIHE MOJIOKEHHS B KOJMMYECTBEHHBIX U3MEHe-
HUSAX X JOOBIX SIBJICHUH U c(hOPMYIMPOBATh ITH TMOJOKEHHUSI B BUJE MPUHIUIIOB 1 AKCHOMATHKH
11 CTAHOBJIEHU I YMCIIOBBIX Mep X MaTeMaTUYECKUX COOTHOIIECHUIA.

«MBICIEHHBIN» KCIIEPUMEHT MPEATIONaraeT, YTo UMEITCsl HEOOXOIUMBbIE CPeICTBA U METO/IbI
11l pETUCTPALIMM KOJIMYECTBEHHOTO 3HAUEHM S TapaMeTpa U €ro U3MeHeHUsl. « MbICIIeHHbII» JKCIle-
PUMEHT MPOBOIAT «MbICIICHHBIE» HAOTIONATEH.

Ha Bo3MOXHOCTH 3KCIepUMeHTa 1 HaOMmoAaTeN s, HBCMOTPsI Ha HAJIMYKE JTIOOBIX MBICJIEHHBIX
CPE/ICTB U METOJOB U3MEPEHUI1, HAJIOKEHBI OIPE/ICIEHHbIE OrPAaHUYEHUS:

— HEBO3MOXHOCTh M3MEpEeHHUs1 OECKOHEUHO MaJIbIX U OSCKOHEUHO OOJBIINX KOJIMYECTBEH-
HBIX 3HAUEeHU (PU3UYECKUX MapaMeTpOB, TaK KaK 9TH MpeesbHble MaTeMaTHYecKue a0CTpaKIIMK He
MOT'YT MMeTb (PU3UIECKOTO CMBICIIA, MOKHO U3MEPSITh OYEHb MaJIble I OYeHb OOJIbIINE, HO KOHEY-
Hble 3HAYCHUS,;

— HEBO3MOXHOCTh OECKOHEYHO OOJIBIION CKOPOCTH PACIPOCTPAHEHUsI B3aUMOJCWCTBUI U
repe/iayy CUrHajia B (pU3NYECKUX SIBICHUSX;

— HEJIONYCTUMOCTh KaKOTrO-JIMOO YHpaBJIeHUsI WM «pa3yMHOM» OpraHu3aiy HaOmoaaTe-
JISIMM TIpoLIecca U3MepeHust (PU3NIecKrX MapaMeTpoB.

[Ipu BBemeHMM TMEPBBIX [IBYX OrPaHMUYEHUN HET HEOOXOAMMOCTH CChUIATHCS HA TPUHIIUI
HeonpenenéHHoctu [eiizenOepra ¥ orpaHWYeHHe CKOPOCTH B3aMMOJAEHCTBUI CBETOBBIMU CKOPO-
CTIMU. MOXHO MPOCTO MPUHSATH HEJOIMYCTUMOCTh M3MEPEHHI OECKOHEUHO MaJIbIX M OECKOHEYHO
OOJBIIUX KOTMYECTBEHHBIX TTAPAMETPOB U HEBO3MOKHOCTh OECKOHEYHO OOJIBIIION CKOPOCTH Paclpo-
CTpaHEeHMs B3aUMOJICHICTBUI.

[MoceHee orpaHnveHue IO YIIPaBJICHHIO MPOIIECCOM U3MEpPEHHiA Oosiee TIoIpoOHO OyIeT pac-
CMOTPEHO TOCIe BHIOOPA UCXOIHBIX MAaTEMaTUYECKUX COOTHOIIEHU. 3/1eCh ke OTMETUM, UTO «MBIC-
JIEHHBI» YKCIIEPHUMEHT TMperosiaraeT HeoOXOAUMBbIE CPEICTBA U METOMBI [UIsl PETUCTPALIIH Peallb-
HBIX SIBJICHWH, a OrPaHUYEHUsT UCKIIIOYAOT CBOOOIHOE (DaHTA3MPOBAHUE B OTPhIBE OT (PU3UIECKON
peabHOCTH.

B npeanaraemoii Teopuu 0 CIy4aitHOM CTAaHOBJIGHUH YMCIIOBOM Mepbl HEAOITYCTUMO HUCTIONb30-
BaHMe JII0OON MaTeMaTHUYeCKOW OTepaliii, HeTIOAKPETUIEHHON «MbICTIEHHBIM» N3MEPEHUEM KOJTUe-
CTBEHHBIX 3HAUEHU apamMeTpoB X U UX U3MEHEHUIA.

2.2. U3mepeHne KOJINYeCTBEHHOT0 3HaYeHus X W npupamennst AX™ mapamerpa

Oo6o3Haunm X~ (I) KomMUECTBEHHOE 3HAYEHHE M3MEPEHHOrO peajibHOro mnapamerpa, rae |
HoMep m3Mepernus. B cnenyronmii (I+1) MoMeHT usMepeHus 3HaueHue mapametpa oyget X (I+1).
[Mox craHOBIEHUEM KOJMYeCTBEeHHOTO 3HaueHus nmapamerpa X (1) moHrMaeTcs mporecc oOpa3oBa-
HUS KOJTMYECTBEHHBIX 3HAUEHHI TTapaMeTpa PeaibHOTO SIBJICHU s, HAYMHAS OT JTI0O0ro (PUKCUPOBaH-
Horo 3HayeHust usmepenuni I u nanee I+1, 1+2....

PaznocTtu 3HaueHwMii:

XTI+H) —X T (DH=AX D, X T (I+2) — X" (I+D) =AX (I+1) ... # # # #H#H #AHHHHH #
HA#H#A#HHE(2.])

rae AX (I), AX (I+1) ... npupamenus napamerpoB X (1), X (I+1)...
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P. Koran. «CnyuaiiHoe 0Opa3oBaHIe 3aKOHOMEPHOCTEW B IIPUPOJIE U OOIIECTBE, M BHKUBAHUE TTMBUIT3AIN»

[Ipenmonaraercs, 4To cHavana U3MEPEHO KOJIMYeCTBEHHOE 3HaueHue napamerpa X (I) mo ero
u3MeHeHus, a 3ateM X (I+1) nocne usmenenus. [lpupamenve napamerpa AX (I) onpenensiercs
BBIYMTAHUEM TIOCJIE 9THX IBYX M3Mepenuil, noaromy B AX (I) Her cumBona ~. Habmonatemo-u3me-
puTeio pupaiieHus He HyXHbl. OH MepsieT KOHeUHble 3HaueHus. A mpupoaa padboraet uxHave. s
He€ nepBuuHO u3MmeHeHue npupamienuss AX (I). be3 uzmenenus napamerpa X~ (I) HeT ero HOBOro
3HaueHus X (I+1). [Toatomy

XTA+)=X"T D +AX(D###H#H######H#(2.2)

MpuorokpatHo N pa3 npou3Bojisi U3MEpeHusl, MOJy4yuM 1o uTepaioHHon gopmyse (2.2)

XTMN)=X"TDO+AXT D +AX" J+1) ... AXT (N -1)

Cymmupys 1, 0003HaYast HaYaIbHBIA MOMeHT [=0, monydum

BB AR H SN

XT(N)=X" ) +XAXT () #####H###H##(2.3)

HHUHHHH RS H =0

CraHoBJIeHHe KOJIU4YeCTBeHHOro 3HaYeHusi napamerpa X~ (I) npoucxoaut B pe3yib-
Tare cyMmmMupoBaHus npupamenuin AX ™ (I). Matemarnueckas Teopus U IOJKHA JaTh OTBET, Kak
HaXOOUTh NpupaieHns AX, UCTONb3ysl KOHUETILHIO SKCIIEPUMEHTAIbHBIX OCHOB MAaTEMATUKH.

[MpunnunuanbHas pasHuua mexay gopmynamu (2.1) u (2.2) B oM, uto no ¢opmyrne (2.2)
npupoza «padboTaeT» Ha CTAHOBJICHUE YHCIIOBOI Mepbl, CyMMuUpysl npupainenus AX. ViMeHHo npu-
paleHus ABJISIOTCSA MPUHUMITAAIBHO HEONPEIeIEHHBIMU U CITyYallHBIMU YHCIAMHU.

HeonpenenénHocts 1 ciyyaiiHOCTh uncioBoro 3HadeHuss AX (I) He cieayer moHMMaTh Kak
BCErJa COIMYTCTBYIOILYI0 U3MEPEHUIO MOTPEIIHOCTh U3MepeHus. 11 CTallMOHAPHBIX MPOLIECCOB U
serieHnit AX (I) MOXHO TpencTaBisaTh ceoe, Kak (PIyKTyaluio napamerpa.

B uém mposieisiercs npuponHas ciydaiHocth AX (I)? B Oonmpmx cucteMax CymecTByeT
OIPOMHOE YHCJIO NMapaMeTpoB X. DTO MOI'YT ObITh pa3Hble KaYeCTBEHHbIE TAPAMETPbI WJI OIUHAKO-
Bbl€ KAYE€CTBEHHbIE APAMETPBbI, paclpe/ie/IEHHbIE B IPOCTPAHCTBE WM BO BpeMeHu. [loatomy napa-
MeTpbl X HY)KHO CHaOXaTh pasHbIMM MHAEKCaMH, Harpumep, Xk, j . U HET OCHOBAHMH IOJIararh,
KaKOW MapameTp M B KaK KaKOH TOUKe U3MEHUJICS PaHblle WK No3xe. VI3MeHeHus TPOMCXOAAT CIIy-
yaiiHo. boJee Toro, koJMyecTBEHHbIE U3MEHEHU S ITapaMeTpa SBJIAI0TCS He TOJIbKO CITyYailHbIMU YHC-
JIaMH, HO elI€ U HEeoNpe/Ie/IEHHBIMU YHUCIIAMU.

IosicHI0 pa3HOCTb TEPMHUHOB CIy4allHOCTb M HEONPENEIEHHOCTh B CTAHOBJIEHUU YMCIOBOM
Mepbl napaMerpa. B maremarmyeckor Teopun Hy:KHO BblUMCHATh npupameHus AX (I). Kakoi
MMEHHO NapaMeTp U B KAKOW TOUKE, M B KAKMX B3aUMOJIEHUCTBUAX MEK/1y MapaMeTpaMH OIPeAeIsIoT
ClIy4aiiHble BBIOOPKH LEJIbIX YMCeN, HyMEPYIOLIMX MapameTp, ero rnonoxeHue u T. 1. Korna Berauc-
JISIeTCsl YMCIICHHOE 3HAUYeHHUe TPUPAIIEHHS], TO OHO YK€ 3aBUCUT KaK OT BHIOOPKH CITyJailHbIX YHCEl,
TaK ¥ OT B3aMMOJIEWCTBHS BBIOPAaHHBIX MapameTpoB. OT HUX 3aBHCHUT 3HAK MpHpaIIeHus, T.e. yBe-
JIMYEHNE WM yMeHbIIIeHHe aOCOMOTHOTO 3HaYeHNs pupanieHus. Ho abcomoTHoe uncioBoe 3Have-
Hue npuparenns AX ocraéres HeonpeneaeHHbIM. [TogpoOHee 00 3TOM HyKHO CMOTpeTh paszen 3.2
MaTeMaTUYeCKOW TEOPUHU.
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P. Koran. «CiyuaiiHoe 00pa3oBaHKe 3aKOHOMEPHOCTel B ITPUPOJIE U OOIIECTBE, U BHIKUBAHUE TTMBUIT3AIAN»

3. K uncjieHHOMY MeTO/1y pelleHnusI MaTeMaTH4eCKuX
3a/1a4 0 CTAHOBJEHHHU 3aKOHOMEPHOCTEMH

3.1. OcHOBHOII IOCTY.JIAT TEOPUH

HBJIGHI/IH, BO3HHUKAIOIIIUEC B HaCTOHLHHﬁ MOMCHT UJIU B 6yILYHlCM, JOJI’KHBI UMETh KOJIMYECTBEH-
Hble U3MEHEHHs KaueCTBEHHBIX MapaMeTpoB. M He uMeeT 3HaueHusl, MOKET JIM YeJIOBeK WM HayKa
IMOHATDL 3TO ABJICHHUC UJIU JAXKE BBIACIIMTD XapPaKTEPHBIC JIS1 HETO IMapaMeETpPhI.

B nanbHeiiiem, ToBopsi O SIBJACHUM, Mbl YacTO OyleM HCIONb30BaTh TEPMUH «(PU3HMUECKOE
SIBJICHUE», TIOApa3yMeBas sIBJICHUS Pa3MYHOM MPUPOIbI (XMMUYECKOW, OMONIOrMYecKou, oOiie-
CTBEHHOM, MOpaJIbHbIE U STUYECKHE HOPMBI YEJIOBEKA . ..).

KonmuecTBeHHBIM 3HaYE€HHUSIM COOTBETCTBYIOT MaTeMaTHUECKUe YUCIa, UK UCHIOIb3yeM Tep-
MHH «4HCJIOBbIE Mepbl». Ec/ii ycTaHABIMBAIOTCS KaKUe-TO 3aKOHOMEPHOCTH (PU3MUYECKOTO sIBJICHN,
TO OHH €CTECTBEHHO INEPEXOOAT HAa KOTMYCCTBEHHLIC 3HAUYCHHUA MAPaAMETPOB U JaJIEC Ha YUCJIOBLIC
Mepbl U, COOTBETCTBEHHO, YCTAHABJIMBAIOTCSI MaTeMaTUYECKUE 3aKOHOMEPHOCTH. Takum oOpasom,
yTBEPKAEHHE, UYTO BCeM (PU3MUECKUM SIBJICHUSIM MOKHO COOTHECTH OIpe/ieIEHHbIE YKCIIOBBIE MEpBI,
AOCTATOYHO TPUBUAJILHO.

Ho toraa moxHO moctaBuTh Bornpoc. [ToueMy 3akOHBI CTAaHOBJICHUS YHUCIIOBBIX Mep AOJIKHBI
OTHOCHUTBCS K COOCTBEHHO MarteMartuke? BO3MOXHO, MMEIOTCSl «eCTeCTBEHHbIE» 3aKOHBI CTAaHOBJIE-
HUA YUCJIOBBIX MEP KaK OTPAKECHUE PE€AJIbHBIX KOJIMYECTBEHHBIX I/I3M€H€HI/II'/JI, " TOraa peuicHue mare-
MaTH4YECKUX COOTHOLIEHUI MOKHO CTPOUTH Ha MX ocHoBe. ChopMyspyeM 3Ty BOZMOXKHOCTD B BUJIE
CJIE/IYIOLIEro MOCTyJ1aTa.

MaremaTnyecKkue COOTHOIIEHHUsI IS YHCJIOBBIX MapaMeTpoB (PU3HYECKHX sIBJIe-
HUI, yCTAaHABJMBAIOIINX CBSI3H MKy YHCJIaMH, MO’KHO HCCJIe0BaTh, pelaTh HA OCHOBE
(puzHYeCcKHUX NMpPeICTABJEHN 0 KOJINYeCTBEHHbIX H3MEHEHHUSIX B PeaJbHbIX SIBJEHHSIX.

[pennaraemast Teopusi M peau3yeT TaKOW IMOAXOI.

3.2. Yucaosbie mepbl X 1 uX npupamennss AX B MaTeMaTH4eCKHX COOTHOIIEHHSX

B pazgene 2.2 «MbICIE€HHBI SKCIIEPUMEHT> OIPENEIN U3MEPEHUSMU CTAHOBJIEHHUE KOJIMYe-
CTBEHHBIX 3HaUEHWI JJIs1 peaibHbIX NapameTrpoB X u npupaiieHu AX™. Boimn nomydenst gop-
MyJbl (2.2) 1 (2.3) 1Jist onpeesieHus: CTAaHOBJICHH ST KOTMYECTBEHHBIX 3HAYEHUI peaIbHbIX MapamMeT-
poB. Youpas B (2.2), (2.3) o603HaYeHUs ~ peaslbHOTO MapaMeTpa, noayaum dpopmyist (2.4), (2.5)
CTAQHOBJIEHUS1 COOTBETCTBYIOLIMX YHCIIOBBIX MEP B MaTEMaTUYECKMX COOTHOIIEHUSIX

XT+D=XD+AX (D) #H####H#HH#H H### (24

Byznewm momarate, 4To B TIOOOM CYILECTBYIOIIEM SIBJICHUU:

AN

XMN)=XO)+LAX(D########H#H#H#H# (2.5)

BB =0

B maremarmueckue COOTHOIIEHHUsI OyayT BXOAUTH OOJBIIOE KOJTMYECTBO N YMCIOBBIX Mep X,
OTPaKAIOIMX MHOTOYMCIIEHHBIE PEAJIbHBIE MapaMeTphl ABnennid. O6o3naunm ux X ;, j=1,2,...n. lo
BBIOOPA MATEMATUYECKUX COOTHOIIEHMUI IS YUCIIOBBIX MED X j, IIPOBEIEM MBICJIEHHBINA SKCIIEPUMEHT
TI0 U3MEPEHHMIO UX PEANIbHBIX KOIMYECTBEHHbBIX 3HAYEHUI X .

JI7151 IPOCTOTHI pacCykAeHUI PUMEM, YTO TO CTALIMOHAPHBIE MAPAMETPhl, HE 3aBUCSILUE OT
BpeMeHU. Eciin napamMeTpsl 3aBUCAT OT BpEMEHH, TO U3MEPEHH S TPOBOASAT IPU «MbICIEHHOW» (PUK-
Calii BPEMEHHU.

KonuuecTBeHHbIe 3HaY€HMS CTAIIMOHAPHOIO MapameTpa MOTYT U3MEHATHCS OT MOIPELIHOCTH
M3MEPEHNI, BHECEHUU BO3MYLIEHUI B caM Ipoliecc u3MepeHus. I1orpemHocTsio usMepeHuii 1 BHe-
CEHHBIMH B M3MEPEHHsI BOSMYIIICHNSIMI MBI HHTEPECOBATLCS HE OyieM.
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P. Koran. «CiyuaiiHoe 00pa3oBaHKe 3aKOHOMEPHOCTel B ITPUPOJIE U OOIIECTBE, U BHIKUBAHUE TTMBUIT3AIAN»

B n1100bIX peasbHbIX CTAIIMOHAPHBIX SIBJICHUSX BCEI/a CYIIECTBYIOT MaJjble CITyJyaiiHble Koeba-
HU$1 KOJIMYECTBEHHbIX 3HAUEHUI apaMeTpoB. PiyKTyalun KOJIMUYECTBEHHBIX 3HAYEHUH TapaMeTPOB
WM Majible CIlydaliHble M3MEHeHUs nmapamerpa X 006o3HaunM AX;~. MHOroKpaTHble U3MEPEHUS
napamerpa X~ (I), rae I=1,2...N Homepa u3MepeHuH, PEICTABUM B BUJIE TIOCIIEI0BATENLHOCTH

X7 (), X7 (2, X7 (3 Xim(N).

Kaxjoe 3HaueHue B 3TOM MOCAEJOBATEIbHOCTA OTJIMYAETCA OT MPEbLIYLIEro Ha CIIy4alHylo
(pnykTyanmio napamerpa, o3ToMy MOXHO 3alllcaTh

Xim Q=X () +AX;7 (D, X; Q) =X; )+ AX;” (2) ... Xj7 (N) =X (N-1) + AX;™
(N-DH#####H#H#AHH#AH 3.])

Onnako, cootHoteHus (3.1) B HAllIEH UIEOIOTMU HEIOMYCTUMBI, TaK Kak npupatienus AX i~
MBI 9KCIIEPUMEHTAIILHO HE onpeensny. lenctutenbho, u3 (3.1) umeem X~ (I+1) — X7 (D = AX;™
(D), rne kaxnoe 3navenue X;~ (I+1), X~ (I) O6bu10 M3mepero, a AX;™ (I) npuparenue yxe BbYKUC-
JIAETCA KaK Pa3HOCTh 3THUX 3HAYEHMH, TaK 4T0 0003HayeHue ~ B npupaiienusax AX ™ (I) nocraButh

Helb3s. Kpome aToro, eciiu 10mycTUTh BO3MOXKHOCTh 9KCIIEPUMEHTAILHOTO U3MEPEHU S IIPUPAIIEHUS
AX;™ (I), TO HENB35 TP HE3ABUCHMBbIX SKCIIEPMMEHTAJILHO 3aMepeHHbIX 3HaueHnid X~ (I+1), X~ (I)

1 AX;™ (I) cBa3aTh PaBEHCTBOM.
I[Tpumem Ge3 OTAENBHOrO JOMYIIEHNA WK NPUHIIUIA, YTO peaibHo ool mapamerp X~ (I),
KOTOPBIA Mbl U3MEPSIEM, U3MEHSAETCA TOJBKO 3a CUET peanbHoro npupamenus AX ;™ (I). bes uzme-

HEHHUs NIapaMeTpa HeT ero HOBOro 3HAYeHHs .

[TosTomy npumem, 4To HaOMoAaTeNb 3amMepuil 3HaueHue napamerpa X~ (I) u ero mpuparne-
nue AX;™ (I), Torma cnemyiommee peanbHoe 3HaueHue napamerpa Oyaer X~ (I+1), roe yepra ceepxy
O3HAuaeT peajibHOe (He MaTeMaTU4YecKoe) 3HaYeHue mapameTrpa.

Terepb MOXHO Toce0BaTeIbHOCTD (3.1) HanvcaTh B 00IIIEM BHJIE

X+ =Xy D+ AX;" D ########## (3.2)

Y TIPOYHUTATh TaK.

PeanbHoe n3MeHeHHe mapaMeTpPoOB SIBJE€HUH WU NMPONECCOB MPOMCXOJIUT MO UTe-
panuonnoi cropmyJe (3.2), Korga Ka)caoe HoBoe 3HaYeHue Jw0ooro j mapamerpa X~ (I
+1) npoucxoaur B pe3yiabrare uameHenus-npupamenus AX ;= (I) npeabiaymero sHaueHust
napametpa X;~ (D).

KonnuectBennble 3Hauenus npupainenuidi AX ™ ABJIAI0TCA HEONPEAETEHHBIMU U CITyYalHBIMU
MaJIbIMU YMcIamMu. B HallleM KOHTEKCTe HeONpeIeIeHHOCTh U CITyYailHOCTh UMEIOT CIIeyIoII1e pa3-
mruvs. EciM B 3aBUCHUMOCTH OT CITyYaliHOTO KpeOust WIIM BBIOOpA BBHINAAET YUCIO j=1 WM YKCIIo
j=2, 10 310 OYymyT cinyvaiabie urcna Xp— (I), X~ (I). A eciv HUKaKUMU TOUYHBIMUA M3MEPEHUSAMU
HEJIb3s1 TAPAHTUPOBATH TOUHOE 3HAUEHHE YHCIIA WU €T0 3HAK, TO 9TO HEOMPeIeIEHHOE YUCTIO.

[TpoBenst aHaOruYHbIe MBICIIEHHbIE U3MEPEHHUs AJIs1 BCeX N XapaKTepHbIX MMapaMeTpOB sIBJIe-
Hus X, Xo, X37... X}, MOTy4uM TaOJUILy UX BO3MOKHBIX KOJIMUECTBEHHBIX 3HAYCHUI

X171, X172, ... X117 (N),
X (1), X7 (2), ... X2~ (N),
LHAHAHAAHHHAAHHAHAHHHEHBI)

Xo (D), Xy (2, ........ Xy (N).
B kax10ii cTpoKe MOXHO BBIIEJUTD [0 OJHOMY ITPOU3BOJILHO B3TOMY 3HAYEHHUIO MMapaMeTpa
Y TIOJTyYUTh TIOJHBIN HA0OP KOJIMYECTBEHHBIX 3HAYCHUI MapaMeTpOB, XapaKTepHU3YIOIINX SIBJICHUE.
Hanpumep, B mepBoii cTpoke nmapameTp 2, BO BTOPO CTPOKE MapameTp 5, B MOCEIHEN CTPOKeE mapa-
meTp 91, nomyuum
Xim@2), X7 (8), ....... Xy O H####H#H#H#H# 34D
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Tak Kak «MbICIIEHHbIX» SKcIIepUMEHTOB N HaJ] TapaMeTpaMu N MOKHO IPOBECTH CKOJIb YTOTHO
MHOT0, TO ¥ HabopoB (3.4) Oyaet MHOrO. 1 HET HUKAKMX OCHOBAHHI OTJATh MPEANIOYTCHNE UCTUHHO-
CTH KaKOMY-JIMOO U3 HUX. 3aKOHOMEPHOCTH SIBJICHHS TIPUCYIIe T0O0MYy HaOOpYy M COOTBETCTBEHHO
MPUBOASAT K KAKMM-TO MAaTeMaTHYECKUM COOTHOIIEHHSIM JIJIs1 3TOro Habopa KOJTMYECTBEHHbBIX 3Haue-
Huit apametpoB. Ecimu Teneps yopats B (3.4) oO03HaueHHe ~, TO MOYYMM UYHUCIOBbIE MEPhl BCEX
[apaMeTpoB j, KOTOPbIE MOKHO UCIIOb30BATh B MAaTEMAaTUYECKMX COOTHOIIEHUSIX.

3.3. Bei6op MaTeMaTn4eCKNX COOTHOIIEHUT

B kavecTBe MaTeMaTHUECKMX COOTHOIICHUI BHIOMPAIOTCS CUCTEMBI alreOpandecKux ypaBHe-
HUIA 00I1Iero BUIa

Oy (X1, Xp, ... Xy, C1,C2 ) =0##H##H##HH#H# (3.5)

rae k=1, 2...Muucno ypasuenuit; X j=1, 2...n veussectnoie; C1, C2 — 3aiaHHbIE TapaMeTphbl
WINA TIapaMeTpsl, 3aBUCALIME OT NMPOCTPAHCTBEHHBIX M BPEMEHHBIX KoopAauHaT. HamiexuT nocrpo-
UTb MPOLIECC PEUIEHUs] TUX YPABHEHUI, KOTOPbIM MaTeEMaTUYeCKU KONMPYET MTPOLIECC CTAHOBJIEHHE
KOJIMUECTBEHHBIX MapaMeTpoB peasbHbIX siBIeHMA. K ypaBHeHusM (3.5) MOXKHO CBOIUTDH OOJBIIOE
YUCIIO 337124 MTPUPO/BI U YEJIOBEUECKOU AEATEIbHOCTA. DTO MOTYT OBITh Pa3HOCTHBIE aHAJIOTH AU(-
(bepeHIMaNbHbIX U MHTETrPAJIbHBIX yPaBHEHUH, KOHEUHO-JIEMEHTHBIE MOJIENH, Pa3InyHble OajaHc-
HBIE COOTHOILIEHUS], FEOMETPUYECKUE MOAEIH U T. 1.

Bynem mnpeamnonarate, 4ro 3aKOHOMEPHOCTH PACCMATPUBAEMOIO SIBJIEHMS IO3BOJSIOT IS
KOJIMYECTBEHHBIX 3HAYEHUI €ro MapamMeTpoOB UCIOIb30BATh MAaTEMaTHUECKue COOTHoIeHus (3.5).
Cucremy dynakimii @, Oynem mojarath «IMOJHOW» CUCTEMOH, B TOM CMBIC/IE, YTO UX JOCTATOYHO,
YTOOBI OMMCATh BCE 3AKOHOMEPHOCTH, KOTOPbIE MOTYT OBITh CJI€ACTBUSMU MCXOJHBIX 3aKOHOB. DTO
3HAUUT, YTO €CJIM B PACCMATPUBAEMOM SIBJICHUM OOHAPYKMBAETCS] 3aKOHOMEPHOCTh, ONUChIBaeMast
dynkumamu P, to Bce 31U PyHKIMU P MOKHO BBIPA3UTh Yepe3 NONHYI cucreMy (pyHKUui Py.
Bynem takske nonarare, yro cucreMa (3.5) qaeT OqHO3HAUYHOE U HEITPOTMBOPEUMBOE PELIEHUE, T.€.
YKCIIO MIAPAMETPOB N paBHO YUCIy ypaBHEHU M.

B orpaHnveHusaX Ha «MbICIICHHBII» SKCIIEPUMEHT ObLT 3alpeT Ha YIpaBIeHUE U «Pa3syMHYIO»
OpraHM3aLuIO ITPOLECCOM U3MEPEHHU S KOIMYECTBEHHBIX 3HAaYeHUH (pr3nUYecKuX napamerpoB. Coot-
BETCTBEHHO, 1 MaTeMaTU4eCKUe OIEepaly JOJIKHBI IOMUMHATHCA 3TUM 3arperam. W ecim uccie-
JyeMble HEM3BECTHBIE MOJUMHSIOTCS SKCTPEMAJIbHBIM, BAPUALIMOHHBIM ITPUHIMIIAM, HEPABEHCTBAM,
UCIIO/Ib30BAHUIO CMIEKTPOB COOCTBEHHBIX 3HAYEHUH WM T.JA., TO BCE 3TH MpHEMBbl 3ampelieHbl. OHU
coziepkaTbcs Kak CJIEICTBUS UCXOAHOU cUCcTeMbl ypaBHeHU! (3.5). A Halla 3aj1a4a, B COOTBETCTBUM
C OCHOBHBIM IOCTYJIATOM TEOPHUH, MOJIyYUTh TOJIbKO PELLIEHNE NCXOIHOM CUCTEMBI, TAK KaK UCXOJHbIE
(pusruecKre 3aKOHOMEPHOCTH J1AI0T TOJIBKO cUcTeMY (3.5), M ECTECTBEHHO, YTO Mbl HUUYETO HE 3HAEM
O MaTeMaTU4YECKMX CIIEACTBUAX U3 ITOU CUCTEMBI.

Takum 00pa3oM, MOKa «MBICJEHHbI» IKCIEPUMEHT pacHpOCTpaHsIeTCsl TOJbKO Ha U3Mepe-
HUS1 HEU3BECTHBIX, UX NpupamieHnid u ¢pyHkumid Ok. [Ipu Beruncnennn gpyHkimid Pk UCHonb3y-
I0TCS1 MATEMATUUECKUE ONepalii B COOTBETCTBUM C AHAJIMTUYECKUMU BBIPAKEHUAMM U151 (DyHKLIUI
®xk: apupmeTrueckue AENCTBUSA, BHIYUCIEHUE TPUTOHOMETPUYECKUX (DYHKLMM, JIOrapudMOB, Opy-
I'MX aHAIMTUYECKUX BBIPAKEHUH, KOTOpble coep:xarcs B pyHkuusax Pk. Ha aHanms sTux nercreuii
«MBICJIEHHBI/» SKCIIEPUMEHT, ECTECTBEHHO, HE paclIpOCTPaHsAETCS.

Heo6xonumo eme oTMeTuTh BakHOE 3HaueHMe 3aJlaHHbIX (usndeckux napamerpos C. Ilpu
YHCTO MaTeMaTHMYeCKMX MeTofax perleHus: napamerpbl C 3T0 OOBIYHO Kakue-TO Oe3pa3MepHbie
3aJjaHHble yKcia. B Hatem ciydae He0OXOIMMO MX OTJIMYATh OT YUCJIOBBIX KOI((DUIIMEHTOB — MHO-
KUTEJIEN, AETUTENIEN U T. JI. « MBICJIEHHBII» SKCTIEPUMEHT I10 U3MEPEHUIO HEU3BECTHBIX TPOBOJUTCS B
00J1acTH 3HAaYE€HUI MMEHHO 3THX NapaMeTpPOB, I1ie MpearnoaraeTcs, YTo uMeeTcs (pusnyeckoe perie-
Hue. 3agaHHble mapaMeTpbl C MOKHO IIPEACTaBUTh TaK ke, KAaK HEKOTOPBIM MTPOLIECC UX U3MEHEHUS
C (I+1) =C (I) + AC (I) ot HauanbHoro 3Hayenus1 C (HAY) no 3agannoro 3nayenusi C (KOH). Ilpu
9TOM TOJIAraeTcsl, 4To B 001aCTH U3MEHEHU S MapaMeTPOB pelleHUe CYIIECTBYET.
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P. Koran. <<Cfly‘l‘d}u1HO€ 06[)2130B21Hl/l€ 'SLIKOHO)ICPHOCTeﬁ B I[IpUpoaec u O(/)LL[CCTBG. 1 BbKMBAHUC LTUBUJIU3AlIUNA>»

KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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