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BceoOmas (yHuBepcajabHasi) (pusnka (YHH(PU3MKA) ¢ OTKPBITUAMH COPA3MEPHbIX AKTYAJIbHO
0CCKOHEYHO MAJbIX YHMYACTUYHBIX TMPHUPOAbI, CYIIHOCTH M CTPOCHHUS O0EeCKOHEYHBIX
CBEPXJJIEMEHTHBIX M CBEPXTOYCYHBIX €IUHOI0 HEMPEPHLIBHOIO, MNPOCTPAHCTBA W BpPEMEHHU
MHUPO3IaHHMSl, CAMOTOYHOCTH OCHOBHBIX NOCTOAHHBIX M BCEOOIIUX 3aKOHOB TNPOYHOCTH H
COXPAaHEHHUs ¢ MePBbIM Mo4YTH 32 2500 J1eT MOJIHBIM peleHrneM Bcex anopuii 3eHoHAa
Ph. D. & Dr. Sc. Lev Gelimson (10KTOp TeXHHYEeCKUX HAYK B pa3aeiie «DU3MKO-MaTeMaTHYeCKUe
Haykm» no Kinaccudgurkaropy Boicmienn ArrecrannonHon Komuccuu I'enumcon Jles I'puropsesuy)
JlupexTop AKajeMHU4eCKOr0 MHCTUTYTA CO3IaHHUS BCEOOIMX HAYK
MionxeH, I'epmanus // Westendstrasse 68, D-80339 Munich, Germany
E-mail: Leohi@mail.ru http://kekmir.ru/members/person_6149.html
Annomayua. Kinaccuueckass pusuka cuuraer 3-MepHOe NMPOCTPAHCTBO U 1-MepHOe BpeMsi BIOJIHE
COCTABJICHHBIMH W3 TOYECK M MIHOBEHHU HYJeBbIX pasMepHocTd u Mmep. Ho cymma uro6oro
MHOXKECTBA HYyJed PpaBHa HYJAKW. YHuPuU3uka 1o npuHOunam (Mera)yHuduiaocopuu,
YHUMATEMATUKH U YHUMETPOJIOTUH aBTOPA ¢ TOYHBIM U3MEepPeHHEeM 0eCKOHEYHO 00JILIIOr0 U MaJjoro
IPU BCECOOUIHOCTH 3aKOHOB COXPAHEHUS OTKPbLIA COPAa3MEPHOCTh YHHUYACTHUI] HENPEPBIBHOIO,
MPOTHKEHHOCTH M JJIUTEJIbHOCTH, CAMOTOYHOCTh OCHOBHBIX (PM3MYECKHUX MOCTOSSHHBIX M NEpPBbIE
NMPOYHOCTHBIE 3AKOHBI PUPObI.
Knwuegvie cnosea: mpocTpaHCTBO M BpeMs, NOTEHUHAJbHAS W aKTyaJbHasgd OECKOHEYHOCTD,
MeTayHU(PUI0coPus, YHUMATEMATHKA, YHUMETPOJIOrus, YHU(PU3UKA, AKTYAJIbHO KOHTHHYAJIbHO
0CCKOHEYHO MaJjiasi YHUYACTHIA  NPOTHKEHHOCTH M UIMTEJbHOCTH, CAMOTOYHOCTH
dynaamenTaabHbIX pusnyeckux nocrosuubix. YK 1, 125, 50, 53, 539.3, 539.4, 620.17
Miwonxen: U3narenbcTBo Becemupnoi Axkanemuu Hayk «Kossternym», 2014
J100aBJIAIOTCHA CCHUIKHA HA HEKOTOPbIE MOCHAEAYIONMEe TPYAbl aBTOPA M0 TeMe
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Universal Physics (Uniphysics) Discovered Co-Dimensional Actually Infinitesimal Uniparticle
Nature, Essence, and Structure of the Infinite Overelemental and Overpoint Continuum, Space
and Time of the Universe, the Self-Precision of the Fundamental Physical Constants, and the
Universality of Strength and Conservation Laws of Nature with Completely Solving All Zeno’s
Paradoxes for the First Time in Nearly 2500 Years
Ph. D. & Dr. Sc. Lev Gelimson
(Ph. D. & Dr. Sc. in Engineering in “Physical and Mathematical Sciences”
by the Highest Attestation Commission Classifier)

Director of the Academic Institute for Creating Universal Sciences
Westendstrasse 68, D-80339 Munich, Germany
E-mail: Leohi@mail.ru http://kekmir.ru/members/person_6149.html
Abstract. Physics regards the 3-dimensional space and 1-dimensional time composed of points
and instants of zero dimensionality and measure but any sum of zeros is zero. The author’s
uniphysics by the principles of his (meta)uniphilosophy, unimathematics, and unimetrology
exactly measuring the infinite discovered the co-dimensionality of the wuniparticles of
continuum, extent, and duration, the fundamental physical constants self-precision, and the

universality of conservation and strength laws of nature.
Keywords: space and time, potential and actual infinity, metauniphilosophy, unimathematics,
unimetrology, uniphysics, true continual infinitesimal uniparticle of extent and duration,
fundamental physical constants self-precision. UDC 1, 125, 50, 53, 539.3, 539.4, 620.17
Publishing House of the All-World Academy of Sciences “Collegium”, Munich, 2014
References to some subsequent works by the author on the subject are added
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HEOBXOANMOCTD, HEJIb U CYIHHOCTDb

1. MeTpoJsiorus — Hayka 00 M3MeEpEeHUHU BOOOIIE KAK CPABHCHHMM CBOWCTB NpeaMeTa ¢
OTCYETHBIMH, B TOM 4YHCJIEe O KOJUYECTBEHHOM COINOCTABJICHUU BEJIUYMH C
NPUHATHIMA OAHOPOAHBLIMH emuHuNAMH. [IpuMepsbl BHIAOB HM3MepeHHUsI: CYET,
BbIYMCJICHHE,  ONpeae/ieHue, PACNO3HABAHHE, BbIPpa'KeHUe, NPUOIHKEHHE,
OLlCHUBAaHHUE (BKJIIOYAS JIKCIEPTHOE, KAa4eCTBEHHOE, 3HAKOBOE, 00pa3Hoe, 3BYKOBOE,
CJIOBECHOE YCTHOE M MUCbMEHHOEe, BKYCOBOE, yOexxaarouiee).

2.Bemyuna — Jw00o0e  (BO3MOXKHO, pa3MepHOe, HMEHOBAHHOE) KOJUYECTBO
(MaremaTn4yeckoe, ¢usnyeckoe...) 0e3 BbINOJHeHHsA TpedoBanuss (AHpu JleOer,
A. H. Koamoropos, bC3J, «Maremaruyeckass »JSHIHUKJIONEAUS») HeNpPeMeHHON
CJIaraeMoOCTH NMPH Pa30MeHnH MpeaMeTa HA COCTABHBbIE YaCTH.

3. BcejieHHas1, BEPOSATHO, 0€CKOHEYHA U B/JAJib, U BIIUPb, U BBbICh, U BIUIYOb. «Bcsikoe
HCTUHHOE MO3HAHUE NMPUPOABI €CTh MMO3HAHUE BEYHOI0, 06CKOHEYHOI 0, U TI03TOMY OHO
0 CYILIeCTBY a0COMIOTHO» (Ppuapux JHrebe, «/AnajekTuka npupoab»). « JIEKTPOH
TaK JKe HeHucuyepmaemM, KaKk U aroM, NPUPOAA OeCKOHEYHA, HO OHA 0OECKOHEYHO
cymecrByeT...» (B. WU. Jlenun). IIpocTpaHCcTBO U COOBITUIHOE BpPeMs KaK BEYHOCTh
0eCKOHEYHbI M BJAJib, U BIIHPb, U BBbICh, U BLIY0b. «MaremMaTuka — Hayka o
KOJIMYECTBEHHbIX OTHOIICHMSIX W MPOCTPAHCTBEHHbLIX (opmMax JeHCTBUTEIbHOIO
mMupa» (®. JHreabc). «Hukakoil JOCTOBEPHOCTH HET B HAYKAX TaM, € HeEJb3s
NPUWJIOKUTH HU OJHOM M3 MATEMATHYECKHUX HAYK, U B TOM, YTO HE¢ HMeeT CBS3H C
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MareMaTukou... Hu o0aHO 4YesoBedecKoe HCCIACA0BAHME HE MOXKET HA3BIBAThCH
HCTUHHOM HAYKOW, €CJIM OHO He MPOILI0 Yepe3 MareMaTUu4YecKHe A0Ka3aTrebCTBay
(JIeonapao na Bunuu). «IIpouseranue U COBEPUICHCTBO MATEMATUKHU TECHO CBA3AHbI
¢ OmarococrossHueM rocyanapcrsa» (Hamoseon). «Tojabko a0mycTHB O0€CKOHEYHO
MAJIYI0 eIMHULY JJI HaOawaeHus — qudpdepeHnuan UCTOPUH, TO €CTh OXHOPOIHBIE
BJICYCHUS JIKOAEH, M JOCTUTHYB HCKYCCTBA HHTErpupoBarb (Oparb CyMMbI 3THX
0ECKOHEYHO MAJIbIX), Mbl MOKEM HAJACATHCH HA MOCTUTHOBCHHE 3aKOHOB UCTOPHM...»
(JI. H. Touacron, «BouiHa u wMmup»). «Ecau Kro-iud00 X04eT KpPATKUM WU
BbIPA3UTEJbHBIM CJI0BOM OIPeEAeJUTh CaMO CYHIeCTBO MATEMAaTHKH, TOT JTOJIKEH
CKa3aTh, YTO 3TO HAyKa 0 0eckoHeuHOCTH» (AHpHU Ilyankape).

4. «Hayka HAYMHAETCH C TeX MOP, KAK HAYUHAKT U3MePSATh. TOYHAS HAYKA HEMBbICJIUMA
0e3 mepbl» (. U. MenageaeeB). Jlwdass Hayka, B TOM 4YHCJe O0O0meCTBEHHAd,
HeNPEeMEHHO A0JKHA ObITh METPOJOTHYECKH COCTOSATEIbHOM.

5. Kuaccuueckue Mepbl BOOOIIe He YYBCTBUTEJAbHbI K IPAHMIAM IMpPeIMeTa M €ero
COCTABHBIX 4YaCTell NMPH ero pasOMeHuM M COCTABJICHHMM W TeM CaMbIM HAPYUIAKT
3aKOHbI coxpaHeHus. Her ciaraemMocTu mo ceyeHusiM Mog00HO METOAY HeAEJTUMbIX
ApxuMena ¢ A0Ka3areJbCTBOM METOAOM HcYepubiBaHus, «CTepeoMeTpur BUHHBIX
Oouex» Kemepa u npunuuny Kapaiabepu. CkakeMm, onpeneJIéHHbI HHTErpaJ
paccMaTpUBaeTCHd KaK Mpeaejl MHTErpajbHbIX CYMM JIMIIb € COpPa3MepHOU
CJIaraeMocCThIO, 4 He KaK He MPAMasi CyMMa 10 CeYCHUAM.
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6. Mepbl JJIMHBI, IUIOMAAA U 00b€Ma YYBCTBUTEJIbHBI JIMIIb K CBOUM Pa3MEPHOCTIM.
Js1 cCMeIIaHHOTr0 1eJ0ro U3 YacTed PasHbIX pa3MepPHOCTEeN U3BECTHOM 001en (1 TeM
0oJiee BceoO1Ieil) Mepbl HET.

7. Kilaccnyeckasi MareMaTuKa OCHOBAaHA Ha Teopuu MHOxecTB KaHTopa 0e3 yuéra
KOJIMYECTB HAJUYHBIX JICMEHTOB C MOIIOLICHUEM NPHU Pa30MeHUr U COCTABJICHUM M
0e3 3aKOHOB cOXpaHeHHUs. JlefiCTBUTeJbHbIC YHCJIA HE HM3MEPHIOT OYeHb U OYeHb
Pa3HbIX 0ECKOHEYHOCTEH, JHIIbL TPy0dO Ppa3invaeMbiX KAPAMHAJBbHBIMH YHCJIAMHU.
MHoxkeCcTBa TOYEK €IUHUYHOIO OTpPe3Ka U TPEXMEPHOr0 NPOCTPAHCTBA HMMEIOT
00IyI0 MOIIHOCTH MNPOTKEHHOCTH (KOHTHUHYYMA). IIpoTs:KéHHOE MHOXKECTBO
MOJIOKUTEJIbHOM Mepbl, HANIPUMEP NMPOCTPAHCTBO, HE MOXKET COCTOATH TOJbKO W3
3JIEMEHTOB-TOYEK HYJEBbIX Pa3MEPHOCTH U Mepbl. BHe KOHEYHOr0 HeT 3aKOHOB
COXPAaHEeHUSI BBHUAY MNMOMIOMIEHUH — U 0€CKOHEYHO 00JIBIIOr0 MpPH CAMOYMHOKEHHHM.
OObIYHbIC [AEHCTBUS PACCMATPUBAKTCH IJd He 0ojiee 4eM CYETHOIO0 MHOKECTBA
YuceJl.

8. Kilaccuyeckasi Hayka HeCIOCOOHA MaTeMATH4YeCKH MOAeJMPOBATh JAelCTBHEM
CMeIIaHHbIe (MMEHOBAHHbIE) BeJIMYMHBbI (¢ HauMeHOBaHHeM). CkakeM, S5 JIMTPOB
BOAbI £ S JIUTPOB X BOJAA, S JIUTPOB BOABI  BOAA X 5 JIMTPOB.

9.He Bcerna cymecTByIOIIMMH BEPOATHOCTAMHU HeEJIb3Sl Pa3jIM4YUTh HEBO3MOKHbIC U B
Pa3HoOil Mepe W CTENeHW BO3MOKHBIC COOBITUS HYJIEBOWl Mepbl. A IUIOTHOCTh
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BEPOATHOCTH (NMPOU3BOAHAA HMHTErpPaJibHOM (PYHKIHUHU pacnpeae/ieHus) BOOOIIe He
HMeeT CMbICJIA BEPOSATHOCTH, IIPHU NPOTAKEHHOCTH 00bIYHO PABHOM HYJIIO.

10. AOCOJMIOTHAA NOrPEHIHOCTh HE WHBAPMAHTHA: MPH YMHOKEHUU
YCJIOBHOI0 NPHPABHUBAHUA HA YHCJI0, MOAYJIb KOTOPOIr0 OTJIHYEH OT
eIUHUIbI, YMHOKAETCH HA ITOT MOAYJIb.

11. OrTHocuTeabHAS NOrpeurHoCcTb omnpeaejieHa JIUIIb IS
JABYX3JIEMEHTHOI0 YCJOBHOI0 IMPUPABHUBAHUSA, /JJf HEro /JABY3HA4YHA,
BONPEKH 3aMbICJIY MOXKET MPEBbIIATH ¢AMHUILY M ObITH 0€CKOHEUYHOI.

12. Meroq HAUMEHBIINX KBAJAPATOB € OMOPOA UMEHHO HA XyIIINE TaHHbIE
He¢ UHBAPUAHTEH M OOBIYHO BeAET K NpeACcKasyeMbIM HeNpueMJeMbIM
U3bAHAM, U3BpalIeHUAM U napagoKcam. IociaexoBareabHOeE
NPUOIMKEHHUE U3 OTHOT0 HAYAJIA € KECTKUM AJITOPUTMOM TPeOyeT ABHOIO
BBIPAKECHUA MOCJCAYIOLIEr0 MNPUOIMKEHUS Yepe3 Mpeablaymme ¢
o0ecnmeYyeHUEeM CKUMAECMOCTH OTOOpaKEeHUsl, BECbMAa 3aTPYAHUTEJIbHO M
O0OBIYHO OYEeHb MEMJICHHO cXxoauTcsa. MallMHHOEe BbIYMCJICHUE BHOCUT
COOCTBEHHbIC NOIPEIIHOCTH M YacTO BbIXOAUT 3a Mpeaeabl C4€rTa,
oOpbIBas ero BoooOIIIe.
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13. Kuaccuyeckasi HayKa c4uTaeT 0eCKOHEYHbIEe MPOCTPAHCTBO U BpeMs C
BEYHOCTHI) IOJHOCTHI) COCTABJEHHBIMU M3 OJHMX JIMIIb TOYEK M
MIHOBEHHMI HYJIEeBBIX pa3MepHocTH U Mepbl. Ho cioxkenue J11000ro
MHOKECTBA HYJIeil HEU30€KHO JAET TOJIbKO HYJIb.

14. IloHuMaHMe TPUPOABI, CYHIHOCTH, CTPOECHHUA U COOTHOIICHUH
IPOCTPAHCTBA, BPEMEHHU, ACUCTBUS, NMOKOSA M JABHKCHUS, MOCTOSHCTBA
(coxpaHeHHMs1) 1 M3MEHEHHMA M HE TOJBKO JJIA 3TOr0 He00X0aUMOe TOYHOe
U3MepeHHEe NMOTEHIUAJIBbHBIX (CTAHOBALMXCHA) M AKTYAJbHbIX (MCTUHHBIX,
NOAJIMHHBIX, HACTOAIIUX, YK€ [JOCTUTHYTBIX M OCYLIEeCTBJICHHBIX)
0CCKOHEYHO O00JbLIIMX M MAJbIX HENOCHWJIbHBI IS KJIACCHYECKHUX
¢pusocopuu v Hayku 0x0J10 2500 JseT.

15. Xopouio U3BECTHDI MaTeMaTH4ecKue roJIOBOJIOMKH oT
PA3HOYPOBHEBBIX CYIOKY 4epe3 OJUMIMAJHBbIC 3aJdauyd (aBTOpP CTal
TpeTbuM npu3épomM Bcecorw3sHol oJuMIHUAALI MO MaTeMarukKe) [0
Beaukoin Teopembl Depma, npoduaem Ilyankape m I'manbepra [30] m
«3aga4y Teicsaueaerus» [29, 77, 90]. Or HuX anmopuu 3eHOHA OTIMYAKOTCH
He TOJBKO JPEBHOCTHI0O M OOILHENMOHATHOCTHI), HO U MHUPOBO33PEHYECKOM
HEOOXOMUMOCTHLI0 U BeJUYaAWIedl 3HAYMMOCTBIO, NOCKOJbKY BOIPEKH
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NEeCTBUTEJILHOCTH OIPOBEPralOT /a;Ke caMy BO3MOKHOCTb JIBUKEHHS,
JIID00T0 U3MEHEHUS M 0eCKOHEYHOM JeJUMOCTH KOHEYHOro npeamera. bes
pelieHusl 3TUX ANOPMHM COBEPUIEHHO HEBO3MOKHA M NMOAJUHHO HAy4YHAs
KapTHHA MHpa.

16. Anopuu 3eHoHa Jieuckoro (oxkoao 490 — oxkoiao 430 g0 H. 23.)
«AuxoromMus» M «AXMAJIEC» O MNOTEHHHAJIBHO CYETHOM JAeJITUMOCTH
KOHEYHOI0 OTpe3Ka IMOJHOCThIO penieHbl aBTopoM B 15 Jer, anmopuun «O
MHOKECTBEHHOCTH Bemein» M «Mepa» 00 akryajgbHO O0eCKOHEYHOU
AeJUMOCTH KOHEYHOro mpeaMera u «Crpesa» o0 HEBO3MOXKHOCTH
ABUKEHUS KAK COCTOALIEr0 U3 MIHOBEHMHM IOKOSI € JA0KAa3aTeJibCTBOM
BO3MOKHOCTH  O€CKOHEYHOI0  MHOKeCTBa  OecnpeaejibHO  MAaJIbIX
roMeoMepUuid B KOHEYHOM TeJie M0 AHakcaropy (okoJo 500 — 428 1o H. 3.) —
(MeTa)yHuduiocodpuei, YHUMATEMATHKOM, YHUMETPOJIOrHen /|
yauduzukon apropa B 1994 r.

17. YHuBepcajJbHasi MeTPOJIOrus (BceoOlIass Hayka 00 M3MepPeHMAX) HaJ
N30paHHBIMHA pa3gejaMd MeETPOJIOTMM M YHUMATEMATHUKOM aBTOpa
OCHOBAHA HA MPUHIHUIAX ero (MeTa)yHUPUI0CcOoPUM.
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IHPUHIMUIIBI YHUDPUSUKHU

NMPUHIUIBI NPOTAKEHHOCTH, BKJIIOYAS
INPOCTPAHCTBEHHOCTD, U3OBPAXKAIOLIYIO U
BPEMEHHOCTD
1 BCEOBIIIEH KOJJMMECTBEHHOCTH

1) HyJab-yHUCTAraeMocTh (BCeoOIIas HyJieBas CJ1araeMocThb);

2) HYJb-pa3aeJbHOCTH (HYyJEeBble pPa3MEepPHOCTL M Mepa
OTJCJbHBIX TOYEK-3JIEMEHTOB U JIIO00I0 UX MHOKECTBA);

3) 4aCTUYHOCTD (COCTABMMOCTD M CJIaraeMocCTh 1€JI0r0 U3 Yyacreu
(uacTum));

4) YHUYACTHYHOCTH (AKTYAJIbHO 0€CKOHEYHAs MAJOCThH YHUMEP
YHUYACTHII MPOTHAKEHHOTO MHOKECTBA);

S) CBEpPXTOYEYHOCTH M CBEPXIIEMEHTHOCTH (IpPeBbIILIECHHUE
KOHTUHYYMOM (NPOTSKEHHBIM MHOXKECTBOM), €ro 4acTblo,
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yacTUlled M YHUYACTHIEH  pa3aeJEéHHbIX (HA  TOYKH)
KOHTUHYYMa, €ro  4YacTd, YacTMUbI M  YHHYACTHUIBI
COOTBETCTBEHHO);

6) copazMepHOCTb (HACJ/IeIOBAHUE PA3MEPHOCTH MPOTHAKEHHOCTH
YACTUYHOCTHI0 U YHUYACTUYHOCTHIO);

7) OTHOPOAHOCTD (KOHEYHOCTh, AKTYaJIbHbIEe 0€CKOHEYHOCTH HUJIH
0eCKOHEYHOMAJIOCTH)  (YHH)MEp  YACTHIBI, YacTH  HJIH
YHUYACTHII NPOTAKEHHOT0 MHOKECTBA COOTBETCTBEHHO;

8) cBepxXnpHUHAAJIEKHOCTh (NpeBbINIEHUE  BXOKIEHUS H
NPUHALJIEKHOCTH (YHH)YACTUYHOCTHIO IPU MPOTAKEHHOCTH);

9) cBepxcoaep:xuMOCTh  (NMpeBbIIICHUE  COACPKUMOCTH M
BKJIIOYAeMOCTH  COCTAaBHMOCTBIO M CJIaraeMoCTbl0  IpH
NPOTHAKCHHOCTH);

10) cBepXKaHTOPOBOCTH (PABEHCTBA MHOKECTB U UX NPHUPOALI,
CYLIHOCTH U CTPOCHMSA NPH NPOTAKCHHOCTH);
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11) cBepXMHOKeCTBEHHOCTD (NPOTHAXKEHHOCTH);

12) yHUMHOKECTBEHHOCTb (CBEPXKAHTOPOBOCTH);

13) u3MeabyaeMocTh  (IIPOM3BOJBHOCTL  pPa3OMeHusA  C
AaJJbHEHIIUM U3MeJIbYeHUEM U COCTABJICHUA (YHH)MHOKECTBA);
14) koopauHupoBaHue (NIPOU3BOJBHOCTH CUCTEMblI KOOPAUHAT U
caMoro e€¢ BbI0Opa npu pasormeHuu (YHH)MHOKECTBA);

15) (YHH)TOYEYHOCTH (MPOM3BOJBHOCTDb (YHH)KOJIUYECTBEHHOCTH
TOYKH);

16) (YHHM)3J1€eMEHTHOCTD (mMpOM3BOJBLHOCTH
(YHM)KOJIHUYECTBEHHOCTH 3JIEMEHTA);
17) (YHM)MHOKeCTBEHHOCTh (mMpoOM3BOJBHOCTH

(YHM)KOJIHYECTBEHHOCTH (YHH)MHOKECTBA);
18) npaBuIbHOCTH (pa30MeHMss U COCTaBJeHUA (YHHM)MHOXKECTBA
IPU BCEOOIIHOCTH 3AKOHOB COXPAHEHMA);
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19) paBHOMEepHOCTH (YACTH, YACTHIBI UM YHHYACTHIIBI BO BCeEX
U3MepeHUsAX (YHU)MHOKECTBA;

20) paBHo4YacTHOCTHb (pa30MeHusi (YHH)MHOKECTBA HA YaCTH,
YACTHULBI 1 YHUYACTUILI U €r0 COCTABJIECHUS U3 HUX);

21) yHuceyeHUE (YACTUYHOCTL U YHMYACTHYHOCTH CEYECHUH
CBEPXTOYCYHBIX YHUMHOXKECTB (YHHJIMHM,
YHUIIOBEPXHOCTEMH, ...));

22) yHMpaccekaeMoCTh (paz0OMBaeMOCThb HAJAPA3MEPHOCTH HA
MOAPA3ZMEPHOCTH (YHH)MHOMXKECTB);

23) YHHCOCTABMMOCTH (COCTAaBHMOCTh HaJApa3MepHOCTedl W3
oApPa3MepPHOCTEH (YHH)MHOKECTB);

24) YHUMHTEIPUPYEMOCTHh (YHMKOJMYECTBEHHOCTh H NpsaAMas

YHUCJIAraeMOCTh YHUMHTEIPUPYEMOCTH (YHH)MHOKECTB).
INPUHIUIIBI BCEOBIINX TEMCTBEHHOCTHU U
N3IMEPUMOCTHU
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1) yHMIEeHCTBEHHOCTh (BCEOOIMHOCTh AeHCTBEHHOCTH, BKJIKOYASA
HECYETHYIO U HEllEeJIYI0);

2) YHHOTPUUIATEJBHOCTHL  (BCEOOIHOCTHL  J{ONMOJHUTEJIHLHOIO
YMHOKEHMA, COXPAHAOLIECT0 OTPULHATEIHLHOCTD);

3) YHUBO3BOIUMOCTbH (BCEOOIHOCTD NOIOJTHUTEIHbHOIO
BO3BE€IeHHA B CTENEHb, COXPAHAIOIEIr0 3HAK OCHOBAHMA);

4) YHHNYCTOTHOCTb (BCEOOIMHOCTH MNMYCTOTHI M KaK IIyCTOIO
(omycToIIAKOIEr0) ONepPaHaa, OTMEHAIINEro Jdoe aeicTBUe, TO
€CTh BCeoOIIero HeMTPaJIu3aTropa);

5) YHUCBEPXOCCKOHEYHOCTh (BCEOOLIHOCTH HYJS KaK OOpaTHOM
ITAJOHHOM CBEPX0ECKOHEYHOCTH CO 3HAKOM;

6) YHUU3MEPUMOCTh (BCEOOIHOCTH U3MEePUMOCTH
(cBepXx)0eCKOHEYHOI0 3TAJOHHBIMHU (CBEPX)0eCKOHEYHOCTAMU);

7)  YHHAEHCTBUTEJbLHOCTH  (BCEOOHIHOCTL  JOIOJIHEHHS
NEMCTBUTEJbHBIX YHMCEJ [0 YHHBEPCAJbHBIX  YHCEJ
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(yHM4YHCeJ1) JTAJOHHBIMH  (CBEPX)0ECKOHEYHOCTAMH  C
pacCnpoCTpaHEeHHEeM CBOUCTB ACUCTBHII B KOHEYHOM);

8) YHMYHCIEHHOCTH (BCEOOIMHOCTL YHHMYMCE] B KOHEYHOM,
(cBepx)cBepX0eCKOHEYHO 00JIbIIOM U MAJIOM);

9) KBAHTMMHOKECTBEHHOCTHb (BCEOOIIHOCTL YHUMHOXKECTB M
KBAHTUMHOKECTB €  NPOM3BOJBHBIMM  KOJMYECTBAMM
3JIEMEHTOB);

10) yHuMepHOCTL (BCEOOIMHOCTL  YHUMHOXKECTBEHHBIX
YHUKOJIUYECTB KAK YHUMepP 0e3 MOIIOIeH s );

11) YHHUYYBCTBHUTEJBHOCTH (BCEOOIHOCTH COBEPIICHHOU
YYyBCTBUTEJbHOCTH YHUMHOKECTB, YHUKOJIUYECTB, YHUUHUCEJ
U YHUMEP);

12) yHuBBIpaKAEMOCTD (BCEOOIIIHOCTh YHUBBIPAKEHUS );

13) yauusmepsieMoCcThb (BCECOOIHOCTh YHUU3MEPEHMA);
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14) YHUMOJEJIUPYEMOCTD (BCEeoOIIHOCTH
YHUMOJACJIUPOBAHUSA);

15) YHUIIPUOJIHUKAEMOCTh (BCeoOIIHOCTH
YHUIIPUOJIMIKCHUSA )

16) YHUBEPOATHOCTH (BCEOOIHOCTH BCeraa

CYIHECTBYOINECH  CBEPXUYBCTBUTCJIHLHOM  YHUUYHCJIOBOH
YHUBEPOSITHOCTH, MOJOXHUTEJbHON [J  BO3MOKHbBIX
COOBITHI, A TAKIKE YHUCTATUCTHKH).

17) YHHCTATUCTUYHOCTH (BCEOOILIIHOCTH YHUCTATUCTUKH).

INPUHIUIIBI OHEHUBAEMOCTHU

1) uzamepsieMocTh (PU3HYECKUX BEJIUYUH);
2) caMOTOYHOCTD (BCEOOIHOCTE COOCTBEHHOM TOYHOCTH);
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3) CAMOINIOIPEIIHOCTD (BCeoOIIHOCTH COOCTBEHHOH
MOIrPEIIHOCTH);
4) IIPUPABHUBACMOCThH (yciioBHOE, (opmajibHOE

NpUPaBHUBAHME APYT APYry JIOObIX NPeAMETOB HE3aBUCUMO OT
UX Jaxke NPUOJTUKEHHOIO PABEHCTBA);

5) o001meHeTOYHOCTh (0000IIeHHe TOYHOCTH M HETOYHOCTH,
BKJIIOYAsl PUOJIMIKEHHUE);

6) yBepeHHOCTH (B TOYHOCTH);

7 YHHOIIH0AEeMOCTh (BCEOOILIHOCTH OLlCHUBAHUSI
OOLIICHETOYHOCTH  YHUNOIPEHIHOCTHI)  YHUHM3MEpPEHU |
YHUIIPUOJIMIKEHUH Kak OecnipeneIbHBIM 00001IeHMEM
UCIPABJCHHBIX A0COJTIOTHON U OTHOCUTEJILHOM MOTPEUIHOCTEN);
8) yHm3amacaeMocTb (BCEOOIHOCTL  OIEHMBAHHUS  KaK
O00ILIIEHETOYHOCTH, TAK M YBEPEHHOCTH B TOYHOCTH OTKPBITHIM
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H/HMJId  U300pPeTECHHBIM  YHHU3AMACOM  YHUU3MEPECHUU U
YHUIIPUOIUKECHMI);

9) yHMHAAEXKHOCTHL  (BCEOOIMHOCTH  OUEHHUBAHUSA  KaK
O0IIICHETOYHOCTH, TAK U YBEPEHHOCTH B TOYHOCTH OTKPLITOH
U/MJIM  M300PeTEHHOM YHHUHAACKHOCTHI) YHUU3BMEPEHUH U
YHUIIPUOJIMIKEHUH);

10) yHupucKyeMOCTHL (BCEOOIIHOCTL OIEHUBAHMA  Kak
O00LIEHETOYHOCTH, TAK M YBEPEHHOCTH B TOYHOCTH OTKPbITHIM
H/MJIM  H300pEeTEHHBIM  YHHPHCKOM  YHUM3MEPEHMH H
YHUNIPUOIUKECHMI);

11) yHHOLIEHUBAEMOCTh (BCEOOIHOCTh OLICHUBAHUA KayeCcTBA U
0COOCHHO TOYHOCTH HU3MEPEHUN U NPHUOJIMKEHUH B KOHECYHOM,
0ECKOHEYHO M CBepX0eCKOHEYHO OO0JBILIOM M MAaJIOM C
YHUBEPCAJIU3YEMOCTHI0 NMOIPEIIHOCTEd YHUMATEMATHYECKUMH
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YHHUIIOTPEIITHOCTSMH, a TaKKe YHUMCII0JIb3YEMOCTH IO
YHU3ANACOB, YHUHAAEKHOCTEH U YHUPUCKOB YHUM3IMEPCHUH H
YHUNIPUOJIMIKCHUI);

12) pazouBaeMoCTh (00HEKTOB M CHCTEM C ONpenaeasieMOCTbIO,
U3MEPSEeMOCTbI0, OIEHUBAEMOCTbI0 M  HCHPABJIAECMOCTbIO
MOrPEIHOCTEH YCPEeTHCHUS);

13) Makpo3j1eMeHTHOCTh (Pa3dMBaeMOCTb O00bLEKTOB M CUCTEM
HA MAKPO3JIEMEHThI);

14) 0oaHOMAKPO3JIEMEHTHOCTHh (paccMaTpMBaeMOCTb O0ObEKTA

KakK ¢ IHHCTBCHHOI'O MﬂKpOC)JIEMEHTﬂ);

15) koHe4yHOCTH (pa3sMepoB U MHEPTHOCTH YYBCTBHUTEJIBHBIX 3JIEMCHTOB
NeCTBUTEJIbHBIX (PU3HUYECKUX IPUOOPOB);

16) orTkI0OHAEMOCTh (YKJIOHAEMOCTb IOKA3aHUM JAEeHCTBUTEIbHBIX
(puznyeckux NpuOOPOB OT MNOMAJIMHHBIX 3HAYEHUN  U3MepseMbIX
(pM3MYeCKUX BEJIUYMH);
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17) ucnpaBisieMoCcTh (M3MEPUTEIbHBIX JAHHBIX);

18) cpeaHeucnpaBsieMOCTh (C ONpPeneJasieMOCTbI0, H3MEPAEMOCThIO,
OLCHUBACMOCTHI0 M HCIPABJIACMOCTHI0 MOTPEINHOCTEH YCPeIHEHUsS IPH
U3MEPEHUAX UMEHHO JeUCTBUTEIbHBIMUA (PU3MYECKUMHU MPUOOpPaAMHU);

19) NPUOJIHKAEMOCTD (M3BICKUBAEMOCTD NPUOJIMKEeHU N C
OLEHUBACMOCTBIO M YJIYYIIAEMOCTHI0 X KAa4eCTBA);

20) BoccTaHABJIMBAEMOCTh (ONpeaeJsieMOCTb MCTUHHOM H3MEPHUTEIbLHOM
HHpOpMAMM MO HENOJHbIM MCKAXKEHHBIM [AHHBIM, HaNpuMep IpH
JIEKTPOTEH30METPHUH 30H KOHIEHTPAIMU HANIPSAKECHUN);

21) YHHOOPA0ATHLIBAEMOCTH (YHHBEpCAJIU3YyeMOCTh 00padoTKH
U3MEPUTEJIbHBIX TAHHbIX).

MNPUHIUIIBI BCEOBIINX NPEOBPABOBAHUU JJAHHBIX
1) n3amepsieMOCTh (YCTAHABJIMBAEMOCTD JAHHbIX U3MEPEHHUS);

2) HanpasJseMOCTb (OnpeaeasieMOCTh HANPABJICHHOCTH M
pa3dpoca U3MepPUTEJIbHbIX JAHHBIX);

3) npuOIHKAEMOCTb (M3MEPUTEIbHBIX JAHHBIX);
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4) COBepIICHCTBYEMOCTh (YHHBEpPCAJbHAS  YJYYIHAEMOCTH
Ka4eCTBA U3MEPEHUH M NPUOJIHKEHNI TaHHbIX);

5) ONITUMHU3UPYEMOCTh (BCEOoOIIHOCTH HANMJTYYIIEero
YHUIIPUOJIMIKEHUS] HA OCHOBE HMMEHHO HAWJIYYIIHUX JAHHBIX
U3MEPEHUH);

6) coM3MepeHue (BCeOOHOCTD COIMOCTABUMOCTH
HEMOCPEACTBEHHO HE COU3MEPHUMBIX IPEIMETOB, BKJIKYad
BeJIMYMHBI).

INPUHIUIIBI YHUOTKPBIBAEMOCTHA

1) oOpamaemMocTb (B 4YAaCTHOCTH, SIBJCHHH, IPOIECCOB MU
npeoopasoBaHUil, HAIPUMEP METPOJOTHYCCKUX);

2) KBA3HMOAHO3HAYHOCThH (o01xasn HEOJHO3HAYHOCTh
(BKJIIIOUAKOINAA OJHO3HAYHOCTh KaK MNpeaeJbHbId CJay4yau
CTPOr0  HYJEeBOM YHHMEpPbI M TeM  0ojiee  Mepbl
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HEOAHO3HAYHOCTH) ¢ MepO /UM YHUMEPOH HEOJHO3ZHAYHOCTH
B I0NYCKAeMbIX Npeaeaax, B YaCTHOCTH MEeTPOJIOTHYEeCKHUX);

3) KPUTHYHOCTD (B YACTHOCTH SAABJICEHUH U MPOLECCOB);

4) CUCTEMOKPUTHYHOCTh (CMCTEeMHOCTH KPUTHYECKHUX
3HAYCHUM, B YACTHOCTH SIBJICHHH U IPOLECCOB, HANpUMep C
BO3MOKHON YINOPAAOYHBACMOCTHI0 KPUTUYECKUX 3HAYCHMM,
CKaKeM, NIePBOKPUTUYHOCTH, BTOPOKPUTHYHOCTH U T. /1.);

5) npeaeJabHOCTb (B YACTHOCTH, ABJICHUH U MPOLECCOB);

6) cucreMonpeaeJbHOCTh  (CHCTEMHOCTh  NpeaebHbIX
3HAYECHUU, B YACTHOCTH SIBJICHUH M IPOIECCOB, HANIPpUMEP C
BO3MOKHOH YHNOPSAA0YMBACMOCTHI0 MpeAeJbHBIX 3HAYCHUMH,
CKaKeM, IepBONpeaeJbHOCTH, BTOPOIPEAeJIbHOCTH U T. 1.);

7) CBEePXKPUTUYHOCTH (KPUTHYHOCTHL € JAONOJHHUTEIbHBIMHU
ceepxddPpexkTramMu, B YACTHOCTH ABJICHUH U MPOLECCOB);
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8) cBepxnpeaeJbHOCTh (NMPeaeJbHOCTh € JAONOJHUTEIbHBIMHA
ceepxdppeKTaMmu, B YACTHOCTH SIBJCHUU U MPOLIECCOB);

9) comepemelmiaeMoCcTh (COBIAAAEMOCTh M COBMeECTHAas
nepeMenmiaeMocTb, B  YAaCTHOCTHM MaTepHAJbHBIX W/ WIH
HIeAJbHBIX (HAIPpUMEP KPUTHYECKHUX M/MJIM IMpeaeabHbIX)

TOYEK).

INPUHIUAUIIBI YHU3AKOHHOCTHA
1) o0e3pazmepuBanue (GU3MIECKUX BEJIUYMH);
2) yHMBEPCAIU3YeMOCTh ((PU3HYECKUX BEJIUYUH);
3) YHUHaNpPSAraeMocTb (YHHHANPAKEHUSI KAK MTOI YHUBEPCAJIM3AIMH
MEXaHUYECKUX HANPAKECHUN );
4) YHUAO3UPYEMOCTHh (YHHUI03bI KAK YHHMBEpPCAJIU3AUA 103 HOHHOM
HUMILIAHTALIUH);
5) camonpeneJbHOCTh (BCCOOUIHOCTL NMPHUBEACHHUA MPEIMETOB K HX
COOCTBEHHBIM OHOPOJAHBIM MpPeAeJIbHbIM 3HAMECHATEJIAM);
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6) YHU3AKOHOMEPHOCTDb (BCEOOIIHOCTH 3aKOHOMEPHOCTH
caMonpe/eJbHO NPUBEAEHHBIX MPEAMETOB, BKJIKYASA BEJIMYUHBI);

7) Y3aKOHUBAHME (o0e3pazmMepeHHBbIX YHUBEPCAJTU30BAHHbIX
(pU3MYIECKUX BEJIUYMH);

8) YHHM3AaKOHHOCTb (YHMBEpPCAJIM3YeMOCTb 3aKOHOB IIPUPOALI B
KOHEYHOM, O€CKOHE€YHO H CBepPX0€CKOHEYHO OO0JBIIOM H MAaJIOM
Os1arogapsi yHUU3MEPSIEMOCTH);

9) yHHCOXpaHAEeMOCTH (YHHUBEPCAJIU3YEMOCTh 3AKOHOB COXPAHEHHUS
B KOHEYHOM, 0€CKOHEYHO U CBEPX0ECKOHEYHO 00/ILIIOM U MAJIOM
Os1arogapst yHUM3MEPSAEMOCTH);

10) YHMMHOIOYpPOBHEBOCTH (BCEOOIIHOCTHL MHOIOYPOBHEBOCTH
SIBJICHUH U 3AKOHOB IPHUPOAbI, 00IeCTBA U HAYKH);

11) orkpbIBaeMOCTh (HOBBLIX SIBJEHUM M 3aKOHOB NPHUPOAbLI H
HAYKHU C MOMOIIbI0 METPOJIOTHYEeCKON YHUBEPCAJIU3YEMOCTH);
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12) COOTKPbIBAEMOCTD (BCEOOLIHOCTH COBMECTHOU
OTKPbHIBAEMOCTH SIBJICHHI W 3aKOHOB MNPHUPOAbI, 00LIeCTBA M
HAYKH);

13) YHUM300peTaeMoCTh (BCeOOIHOCTD COBMECTHOM
U300peTaeMOCT  HOBBLIX  BbIPpAaKeHM  KaK  YHOA00JeHUM
NpeaMeToB);

14) yHHHAYyYHOCTH (BCEOOIIHOCTH COBMECTHOIO CO3AHUSI HOBBIX
IMOAX0/0B, CIOCO00B, MOHATHUH, YYEHUH U HAYK).
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1X) OTHOCHIIIHECSH K  YHHMMEXaHHKEe  CBfI3aHHbIE  C
YHUMEXAaHUYHOCTHI0 CHCTEMbI PEBOJIONMN B NPUHIUANAX U
CYIIHOCTH (PU3HUKH, KyIa BXOIAT CJACAYIOIIHE MMOACHUCTEMBbI
NMPUHIUIIOB YHU(PUIUKU:

— OCHOBHbIC IMOACUCTEMbI PEBOJIIUM B NPUHIMIAX U
CYIIHOCTH MEXaHMKH JAeopMHPYEeMOro TBEPAOr0 Teja, B TOM
YHUCJIe TAKHE NPUHIUIbI YHUMEXaHUKH U UX OCYIIECTBJICHUS

1) yHuHanpsiraeMocrr (BBOAMMOCTL M  HCHOJb3YEeMOCTh
YHUBEPCAJIbHbBIX HANIPAKECHUN);

2) NOCTAHOBJIAEMOCTD (IIOCTAHOBKA 32124 MEXaHUKH);

3) YHHUMATEMATUYHOCTh (MPUMEHAEMOCTb U PA3BUBACMOCTH
YHUMATEMATUKH);

4) pemraeMoCTh (3a1a4 MEXaHUKH);
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— CBMI3aHHbIE C YHHMHAINPATaeMOCTbIO MOACUCTEMbI
PEBOJKOIMUA B MNPUHOMIAX M CYIIHOCTH MEXaHUKH
aeopMHUPYEMOro TBEPAOIO Teja, B TOM 4YHCJEe TaKue
NPUHIMIIBI YHUMEXAHUKHU U UX OCYIIEeCTBJICHUSA

1) camomnpeaejJbHOCTh  (IIPUBOAUMOCTH  KaXK/AOIO
PA3MEpPHOr0 IVIABHOI0 HANPSAKEHUS [eJICHUEM Ha
MOIYJIb €r0 OJJHOOCHOI'0 Mpe/aesa TexX sKe HANPABJICHUS U
3HAKA);

2) YHHBEPCAJIU3YEMOCTHh (BO3MOKHOCTh NPEACTABICHUS
YPABHCHUH MEXAaHUKM JAePopMUPYEeMOro TBEPAOIro TeJia
B YHUHANPSAKECHUSX);
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— CBfI3aHHBIC C IMOCTAHOBJIACMOCTHI0O IMOACHUCTEMbI PEBOJIOIUUA B
NPUHUHUIAX U CYHIHOCTH MEXaHUKHU JdepopMHUpPyeMOro TBEPAOIo TeJia, B
TOM YMCJIe TAKHE IPUHIUNBI YHUMEXAHUKHU U UX OCYIIECTBJICHUS:

1) THIU3UPYEeMOCTD (AeCTBUTEJIbHbIX 00bEKTOB U PACYETHBLIX CXEeM I10
CXeMaM HAIPYKCHUSI U BbIICJCHHE OCHOBHBIX THUIIOB, JUHEHHBLIMH
KOMOMHAIMAMM KOTOPbIX HCYEPNLIBAKOTCHA O0IIIHE THIIbI);

2) ynpomaeMocTrb  (IomycTHMas — aHAJUTHYECKas  IPOCTOTA:
He00X0AUMOCTh M BO3MOKHOCTL HMEHHO MPOCTEHINHX J0CTATOYHO
NpUeMJIeMbIX AHAJUMTHYECKUX PeIleHWil, B YaCTHOCTH, OOLIMX
CTEeIEeHHbIX peleHun OTHOPOTHBIX rapMOHUYECKHUX /|
OUrapMOHUYECKUX YPABHECHUM);

3) TPEXMepHOCTh (MCTUHHASA TPEXMEPHOCTh: OTKAa3 OT NPeaNnoJI0KeHUN
00 OTHOCHUTEJHLHOM MAJIOCTH OTAEJBHBIX XapaKTepHbIX Ppa3MepoB
aepopMUpyeMoOro Tejia, TAKMX KaK TOJIMIMHA B TEOPUAX IJIACTHH U
Aa;e TOJCTBIX IJINT);




Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 29/166

— CBA3aHHbIE C YHUMATEMATHYHOCTBIO IOACHCTEMbI
PEBOJIOINUUA B NPUHOMIAX M CYHNIHOCTH MEXAHUKH
nepopMUApPyeMOro TBEPAOIro Tejia, B TOM YHCJIEe TaKue
NPUHLIUIBI YHUMEXaHUKHU U UX OCYIIEeCTBJICHUA:

1) yHunapamMerpusyeMocTh (YHH3a1a4);

2) YHWIMHEAPU3YeMOCTh (YHH3a/1a4);

3) CBEPXKOMOMHAIMOHHOCTh (0eckoHeuHasi u

cBepXx0eCKOHeYHas 000011aeMOCTh 001110
HEOAHOPOAHBIX JUHEMHBIX KOMOMHALIMIA);

3) CBEPXHE3aBUCUMOCTD (0eckoHeuHas /|
cBepx0ecKOHeYHas 000011aEeMOCThH JIMHENHOM

3aBUCUMOCTH U HE3aBUCHMOCTH);
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4) YHHCOOCTBEHHOCTH (CHUCTEMblI KJACCOB JId
CUCTE€MbI COOTBETCTBHH, B 4YACTHOCTH, CHCTEMbI
KJIACCOB  MCKOMBIX  (PYHKOMH I  CHCTEMBbI
ONepaTopoB YHU3AJAA4M);

5) YHUOUTAPMOHUYHOCTH (oOmrasn CTeNeHHAas
pelmaeMocTb FapMOHHUYECKOI0 U OUIrapMOHHYECKOIO
YPABHEHUM);

6) YHUIIEPECTPAUBAEMOCTh (HepPaBHOCJO0KHbIX
YHU3A/1a4);

7) yHUpPa30UBAEMOCTb (CHCTEMbl HEPABHOCJIO0XKHbIX
YPABHCEHUM Ha  peliaeMyld ¥  OIEHHBAEMYIO
IOACUCTEMBI);
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— CBAI3AHHBIE C PEIIAEMOCTHIO MOACUCTEMbI PEBOJTIOIUN
B NPUHIUNAX M CYHIHOCTH MEXAaHUKH, B TOM 4YHCJE
TaKve NPUHIUINbI YHUMEXAHUKH M UX OCYILIEeCTBJICHHUS :
1) OAHOMAKPO3JEeMEHTHOCTh (paccMaTrpuMBaeMoOCTh
11€JIOT0 TeJIA KAK eIMHCTBEHHOI'0 MAKPO3JIEeMEHTA);

2) makpopa3ouBaeMocTh (pa3douBaeMoCTh 00bEKTa HA
HECKOJbKO MAaKpPO3JIEMEHTOB, €CJIM Heo0XoauMo H
I10JIE3HO);

3) conpAraeMocrb (B 4YaCTHOCTH, TOYHbIX pelIeHUN B
npeaeaax MaKPO03JIeMEHTOB o00beKTAa C
COCPEea0TOYUBACMOCTHI0 MOIPEIIHOCTEN NMPUOIMKEHUA
B SIBHO BBIPA’)KEHHBIX HEBA3KAX  B3aHMHOIO
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CONPSIZKEHUA 3THUX PelIeHUMM HAa CMEXHbIX IpaHMIAX
MAaKPO3JIEMEHTOB, 2 TAaK)Ke HEeBI3KAX CONPSKEHUS C
YCJIOBUSIMH HA TPAHHUIIAX 00bEKTA);

4) YyTOYHAEMOCTb (B YaCTHOCTH, MUHHUMM3IMPYEMOCTh
YHUIIOTPEIIHOCTEH HANIPSKECHUN);

S) ucnpaBiasAeMOCTb (B YACTHOCTH, pacnpeneasieMocThb
HCIPABJICHUN MPeaeIbHO YMEHbIICHHBIX HEBA30K);

6) YHHONITUMM3HUPYEMOCTD (B YACTHOCTH, KOMILJIEKCHASA
ONTUMHU3UPYEMOCTh MEXAHMYECKHX M ONTHYECKHX

CBOMCTB 00bEKTA);

X) OTHoOCAmMECS K YHUHIOPOYHOCTH MATEPHAIOB CHUCTEMbI
PEBOJKOIMUA B NPUHIUNAX M CYUHIHOCTH (PU3MKH, KYyIa BXOAAT
CJIeAYIIIHE MOACUCTEMbI NIPUHIMIIOB YHU(PU3UKH:
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— OCHOBHbIC MOACUCTEMbI PEBOJTIONMA B NPUHIMIAX U CYU[HOCTH
IMPOYHOCTH MATEPUAJOB, B TOM 4YHUCIE TaKue NPUHIHUIIBI
YHUIIPOYHOCTH MATEPUAJIOB U UX OCYLIECTBJICHUS:

1) HanpsAiraeMocTh (YHHBEPCAJBbHASA HCIO0Jb3YeMOCTHh Pa3sMepHbIX
MEXaHUYEeCKUX HANPAKEHUd U BBOAUMOCTH YHHBEPCAJbHBIX
HANPSIKEHU N );

2) PeaeJbHOCOCTOATEIbHOCTh (kpuTepuun peaejabHbIX
COCTOSIHMIN);

3) o0IIeHenpeaeIbHOCOCTOATEIbHOCTh (mpeaeabHbIE /|
HenpeaeJdbHbIe HANPSAKEHHbIC COCTOSTHUS);

4) yHHOOpa0daTHLIBAEMOCTD (JAHHBIX 0 IPOYHOCTH MATEPHUAJIOB);

— CBA3aHHLIC C HANpPAracMoCrb1o HOoACUCTECMbI
peBOJIIOIII/Iﬁ B IHIPHHOHUIIAX H CYIHHOCTH HNPOYHOCTH
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MaTepUaJoB, B TOM 4YHCJe TaKue NPUHIHUIbI
YHUIIPOYHOCTH MATEPHAJIOB U UX OCYIIECTBJICHUSA:

1) raBHOHANpSIraemMocTb  (MEPBHYHOCTL  HMEHHO
[JIABHBIX HAIIPABJICHUH HANPSKEHHO-Ae(POPMUPOBAHHOIO
COCTOSSHUSI TPHU BTOPUYHOCTH BO3MOXKHBIX OCHOBHBIX
HANIPABJIECHUHA AHU30TPOIIMH);

2) YHUHANIPATAEMOCTh (YHMBEpCAJIU3YEeMOCTh
IPOYHOCTHOI'O peodopazoBaHuA IHOCTOAHHOI'O
PAa3MEPHOIo IJIABHOI'0 HANPSKEHHUS JeJIeHUEM Ha MOAYJ/b

ero OJHOOCHOI'0 Mmpeaesia TeX ke HANPABJIEHUS U 3HAKA);

3) YHUCHHXPOHANIPATAEMOCTD (YHMBepCaJIU3yeMOCTh
e¢IMHOBPEMEHHOI0 IPOYHOCTHOIO npeodpazoBaHus
[EePEMEHHOI0 Pa3MEPHOro IJIABHOI0 HANPSKEHUS JdeJIeHUeM
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HAa MOAYJb €ro OJHOOCHOIO IMpeaesia TeX Ke HANPaBJCHUSA M
3HAKA B TOT K€ MOMEHT);

4) yHHONIAacaeMoOCTh (CaMOBBIPAKAE€MOCTh YHHBEPCAJbHBIMH
HANPSKEHUSIMH CTEIIEHH ONACHOCTH);

S) PaBHOUMKJIMYHOCTL (3AaMEHACEMOCTH  INPOU3BOJLHOM

[EePEMEHHOCTH HANIPSIZKEHU T X PABHOCUJIBHOU
(paBHOONACHOM) IUKJIHYHOCTHIO);

6) YHUBEKTOPHAINIPATA¢MOCTD (BeKTOpHAasA
YHUBEPCAJIU3YEMOCTh MOCTOAHHOIO0 3KBHUBAJICHTA CKAJAPHON
[POrpaMMblI IEePEMEHHOI0 OTHOOCHOI'0 IJIABHOI'O
HANIPSAKEHUS );

— CBfI3aHHBIE C MPEAEJbHOCOCTOATEIbHOCTHIO MOACUCTEMBbI
PEBOJIIOLMNA B IPUHIMIIAX U CYHIHOCTH NPOYHOCTH MATEPHAJIOB,



Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 36/166

B TOM YHCJE€ TAKHEe NMPUHIMIIBI YHUINPOYHOCTH MATEPHAJIOB H
X OCYIECTBJICHUS:

1) yauHacaeayeMocTtb (moJiesHasi TBOPYECKas HACJIeAyeMOCTb:
YTOUHEHHME, HCIpaBJeHHe, 0000lIeHUe M YHHUBEpPCAJIM3aAlUA
KJIACCHYECKUX KpHUTEpHEeB, YCTAHOBJICHHME TMpeaeioB HX
IMPUMEHUMOCTH, JONMYCTUMOCTH, IPHUEMJIEMOCTH M MOJE3HOCTH);
2) VHUKPUTEPUAJIU3YEMOCTH (YHHUBEPCAJIU3YEMOCTh KPUTEPHUEB,
YYBCTBUTEJIbHBIX K JACHCTBUTEIbHOMY OTHOIICHUI) MPOYHOCTH
HA pacTsikeHMe K  NPOYHOCTH HA  CABUIL, BJIUSHHUIO
MPOMEKYTOYHOI0 IJIABHOTO HANPSKEHUA U 100aBJICHHUIO
PABHOOCHOI'0 HANPSKEHHOIO COCTOAHMSA);

3) YHHMCKAJIAPU3YEMOCTh (CKaAJSAPHAsT YHHBEPCAJIU3YEMOCTh
KpUTEpUEeB  MpedejbHbIX COCTOAHMW NPH  NMOCTOAHHBIX
HATPY3KaXx);



Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 37/166

4) YHUCHHXPOCKAJSAPHU3YEMOCTh (€IHHOBPEMEHHAsA CKaJsApHas
YHUBEPCAJIU3YEMOCTh KPUTEPUEB MNpeaeJbHbIX COCTOAHUN NPH
NepeMEeHHbIX HAIPY3KAaX);

S) YHUTPHUBEKTOPU3YEMOCTH (MHTErpajibHasi MpPorpaMMHas
BEKTOPHASA YHUBEPCAJIM3YEeMOCTb KpUTepHEeB IpeaebHbIX
COCTOSTHUI NMPHU NepPpeMEHHbIX HATPY3KaX);

6) ucnpaBjsaeMOCThb (KpUTEepHeB NpeaeJbHbIX COCTOAHMI);

7) COBEPIIEHCTBYEMOCTH (KpUTEpHeB MpeaebHbIX COCTOSAHMM);
8) YHHOCMBICJIAEMOCTH (OTKPbHIBAEMOCTh U/MJIM NPUIABAEMOCTb
(pU3UKO-MATEMATHYECKOI'0 CMbICJIA U/UJIH YHUCMBICJIA);

— CBA3aHHBIE ¢ OOLIEHENPeaeJbHOCOCTOATEIbHOCTHIO
MOACHUCTEMbI PEBOJIONUNM B NPUHHOUNAX M CYHIHOCTH
MPOYHOCTH MATEPHUAJIOB, B TOM YUCJIE TAKHE NPUHIHUIIBI
YHUIIPOYHOCTH MATEPHUAJIOB M MX OCYIECTBJICHMA:
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1) yHuUHenpeaeJbHOCTHL (BCECTOPOHHOCTH OObEIMHEHHBIX
KpUTEpUeB oouen HenpeaeJbHOCTH HANPAKEHHBIX
COCTOSIHUM, BKJIIOYAH M J0NPeaeJIbHOCTb, U NMPeAeJIbHOCTh, U
3anpeneIbHOCThL HANPSAKEHHBIX COCTOSHUM);

2) MHHYC-PABHOCUJIbHOCTh (TomycTMMOCTH |
[10JIE3HOCTh OTPULATEIbHBIX PABHOCHJIbHBIX

(3KBMBAJICHTHBIX) HANIPSKEHU N );
3) MHMMOPABHOCWIBHOCTb (AONMYCTUMOCTL M I0JIE3HOCTH
MHHMMbIX PABHOCUJIbHBIX (AIKBUBAJIECHTHbIX) HAIIPSAKEHU M );

— CBSI3aHHbIE C YHHOOpPa0ATHIBAEMOCTBHI0 NOACUCTEMbI
PeBOJIIOIMIA B NPUHIMIIAX M CYIHIHOCTH IPOYHOCTH
MATEepUaJIOB, B TOM 4YHCJIe TaKHe MNPUHIMUIIBI
YHUIIPOYHOCTH MATEPHUAJIOB M MX OCYIEeCTBJICHMA:
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1) yauuszoopaxaeMocTb (AByMepHas NpeacTaBiIsaeMOCTb
TPEXMEPHbIX TAHHBIX);

2) YHHOCECUMMETPUYHOCTh (AByMepHast
PeaCTABIAEMOCTh TPEXMEPHBIX BCEOOIIMX KpUTEpHEB
[peaeabHbIX COCTOSIHUH C npeaeJJbHbIMHU
[HOBEPXHOCTAMH,  BO3MOXKHO, HWJIH  00mI0,  He
0CeCUMMETPUYHBIMU OTHOCHUTEJIbHO [JIABHOM
AUATOHAJIM MPOCTPAHCTBA HANIPAKCHUM);

3) ynpomaeMocTh (IPHMHLIHMI AONYCTHMOM IPOCTOTHI
KAK MeTAKpPMTEPUHM HAWJIyyllero BbIOOpa IJsl THIIOB
KpUTEpUEeB NMpeaeJbHbIX COCTOSSTHUM);

4) yYHUU3IMEPHAEMOCTH (TOYHASA YHHU3MEPHAEMOCTH
HANIPABJIECHHOCTH U pa3dpoca NMPOYHOCTHBIX JTAHHbIX, B
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TOM 4YMCJIe CpeIHeCTeNeHHAss U ¢ NOMOIIbIO IIABHbIX,
BEPXHUX M HHJKHUX YHHpaccekaTejger (YHHOUCCEKTPHUC)
Pa3JMYHbIX NOPAAKOB);

S) CBepXNpPoONOPUMOHAIBLHOCTh (MCIMOJb3YEMOCTh SIBHO
CBEePXNPONOPHMOHAJIBLHOI0 BJIUAHMA HAa Pe3yjabTarhl
ITUX YHUM3MEPEHUH KAK KPUTEPHUS ONpeaeIeHU TOUYEK

BbIOpOCA);
6) BEIOpachIBaeMOCTH (OIpeaeasieMOCTh ITPAHUL, YPOBHEHN U
MHTYUTHBHBIX yHHUpacceKkaresien (YHHOHUCCEKTPHC)

IMPOYHOCTHBIX JTAHHBIX 0€3 TOYEeK BbIOpoOCca);

7) pazouBaeMocTh (YHUIPYIIHUPYEMOCTH MPOYHOCTHBIX
JAHHBIX 0€3 TOYeK BbLIOPOCA OTHOCUTEJIbHO MHTYUTHBHBIX
YHUpaccekareed (YHHOMCCEKTPHUC));
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8) YHHAEJIMMOCTh (YHUMATEMATHYeCKasA AeJMMOCTb TOYKH
HA 4aCcTH, NPUCOETUHsSIEMblIe KaXKAasi K CBOeill moaxoasimie
YHUIPYIIIIE NPOYHOCTHBIX IAHHbIX);

9) yanupazouBaeMoCcTh (YHUIPYNIIHPYEMOCTHh NMPOYHOCTHBIX
JAHHBIX OTHOCHUTEJIBHLHO YHHMIPYIIIOBBIX YHHpacceKarejeu
(YHUOMCCEKTPHMC) ¢ HAWJIYYIIUM YY€TOM BCeX TOUYeK

BbIOpOCA);

XI) oTHOCAIMECH K YHUMIIPOYHOCTH 00BHEKTOB U CHCTEM CHCTEMbI
pPeBOJIOIMI B NPUMHOUNAX U CYIMHOCTH (PUM3HMKH, KyIAa BXOAAT
CJIeAYIIIHE MOACUCTEMbI NIPUHIMIIOB YHU(PU3UKH:

— OCHOBHBIE MOACUCTEMbI PEBOJIOIMHA B MPUHIHUNAX U CYIIHOCTH
IMPOYHOCTH O00BEKTOB M CHCTEM, B TOM YHCJE TaKHe NMPUHIHUIIbI
YHUIIPOYHOCTH 00BbEKTOB M CUCTEM M MX OCYIIeCTBJICHUA:
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1) Hanpsaraemoctr (aHaJAU3 HANPAKEHHO-APOPMHUPOBAHHBIX
COCTOSIHUI U NMPOYHOCTH 00bEKTOB U CHCTEM);

2) PeaeTbHOCOCTOATEIHbHOCTD (kpuTepumn npeaeabHbIX
COCTOSTHUM MATEPHUAJIOB 00bEKTOB M CUCTEM);

3) 3amacaeMoCTh (3amacbl NpedeJbHBIX M  HenpeaeJbHbIX
COCTOSIHUM 00BHEKTOB M CHCTEM);

4) YHMOLIEHUBAEMOCTh (IIPOYHOCTH 00BEKTOB U CUCTEM);

— CBSI3AHHBIE ¢ HANIPATAEMOCTHI0 MOACUCTEMbI PEeBOJIIOIUH
B NPUHIMIIAX U CYIIHOCTH MPOYHOCTH 00bEKTOB U CHCTEM,
B TOM YHCJIe TAKHE NPUHIMUIIBI YHUIIPOYHOCTH 00bEKTOB H
CHCTEM M MX OCYIIeCTBJICHUSA:

1) HacymHOCTL (IIEPBUYHOCTh THINHYHBIX HACYUIHbIX
32124 IPOYHOCTH);
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2) YIIPOUIAEMOCTH (momycTumas YIPOIIaeMocCTh
IMOCTAHOBKH M PellleHUs 32124 NPOYHOCTH);

3) AHAIMTHYHOCTH (HeIPpeMeHHAs] AHAJUTHYHOCTD
peleHu 3a1a4 NPOYHOCTH);

4) TeCT-AaHAJUMTHYHOCTL (HempeMeHHass AHAJUTHYHOCTH
UCIBITAHUN YUCJICHHBIX PeIICHUA 32124 NPOYHOCTH);

S) TPEXMEPHOCTh (moaJIMHHAS TpEéXMepHas
IMOCTAHOBJISAEMOCTb M PelIaeMOCThb 32124 MPOYHOCTH);

6) COKPUTHYHOCTD (CYLECTBYEMOCTh U HMCIOJb3YEMOCTh
KPUTHYECCKUX OTHOINCHHUHN OTIACJbHBLIX HE3aBUCHMBIX
HCXOAHBIX IapaMeTpoB (onmpeaessoIuX IepeMeleHue
TOYKH C HAUO0O0JIbIIUMH PABHOCHJIbLHBIMH
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(AKBUBAJICHTHBIMH) HANIPSIZKEHUSIMHM U CMEHY Xapakrepa
pa3pyuieHus));

7) YHHCOBEPIIEHCTBYEMOCTh (B YACTHOCTH,
BCECTOPOHHSAS AHAJUTHYECKAA ONTHKO-MEXaHHYeCKas
COBEPUICHCTBYEMOCTh 00bEKTOB U CHCTEM);

— CBM3aHHBbIE ¢ NPEAEJbHOCOCTOATEIHLHOCTHIO
MOJACHMCTEMblI PEBOJKIHUKA B MNPUHIUANAX H
CYIIIHOCTH NMPOYHOCTH O0BHEKTOB M CHCTEM, B
TOM 4YHCJI€ TAKHEe NPHMHIHUINbI YHUIPOYHOCTH
00bEKTOB U CUCTEM M X OCYIIE€CTBJICHHUS:
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1) JydymeKpUTEPHAIBHOCTL (MCIPABUMOCTH H
COBEPUICHCTBYEMOCTh KpHTEPHEB NpeaebHbIX
COCTOSIHUH);

2) YHUKPUTEPHAJIBbHOCTD (BCEOOIHOCTD
KpUTEepHeB NpeaeJbHbIX COCTOSSHUHN);

— CBfiI3aHHbIE C 3aMacaeMoOCTbI0 IOACHCTEMbI
PEeBOJIIOIIMM B  NPUHOMIIAX M CYUIHOCTH
IIPOYHOCTH OOLEKTOB H CHCTE€M, B TOM 4YHCJIE
TaKHe NPHHIUNbI YHHIIPOYHOCTH O0OBEKTOB H
CHCTEM U UX OCYIECTBJICHMS:
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1) CaMo03anmacaeMocThb (BBIpaXKaeMOCTh
COOCTBEHHBbIX 3aI1aCoB 1o 0T EJbHbIM
HEe3aBUCUMBIM HCXOAHBLIM IIapaMeTrpaM uepe3
OOIIMH AJI ITHUX IAapaMeTPOB 3aI1ac);

2) caMOIpPaAaHMYHOCTH (OmpeaeJasseMoOCTb TI'PAHMIL
3HAYECHHUM 3THX MAPAMETPOB MO UX COOCTBEHHbIM

3amacam);

3) camMocoyeraeMoCTh (OompeaeasieMoCTb HaUXYIIIEro
COYeTaHUSI 3HAYEHHM HTHX IMapaMeTpoB MNpPH HX
N3MEHEHHMAX B Npeaeaax 3TUX FPaAHMIN);

4) obOmIe3amacaeMoCTh (ompeneasieMoCTh 0O0IIero 3amaca
10 3TOMY HAMXYALIEMY COYETAHHUIO);
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S) CJIO0KHOHATPYKAEMOCTh (YYHUTHIBAEMOCTb CJIOKHOCTH
(HeNMPOMOPUMOHAJIBLHOCTH) HATPY/KEHHUS );
6) HepaBHoOpacnpeaeasieMoCTh (YYMTHIBAEMOCTh HeCyIeH

CIIOCOOHOCTH [pHu SIBHO HEePaBHOMEPHBIX
pacnpeae/JieHUsIX HANPSAKCHUN);

7) PABHOCOCPEAOTOUYUBAEMOCTD (onpeneassieMoOCThb
COCPETOTOYECHHOCTH (KOHIEHTPAIMH) HUMEHHO

PABHOCHJILHOI0 (3KBHBAJIEHTHOI'0) HANIPSIZKEHMS );

— CBfI3aHHbIC ¢ YHUOUCHUBACMOCTHIO IOACUCTEMbI
PEBOJIONUM B NPHUHIMIAX H CYIIHOCTH HNPOYHOCTH
00bEeKTOB U CHCTEM, B TOM 4YHCJIE TaKue NPUHIHUIMbI
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VHUIIPOYHOCTH  OOBEKTOB H  CHUCTEeM M  HX
OCYIEeCTBJICHUA:

1) YHU3AMACAEMOCTH (TeTepMHUHHUCTCKASA
onpeaeasieMocCTb, YHUU3MEPHAEMOCTD /|
YHUOICHUBAECMOCTH YHU3ANACA 00bEKTOB U CUCTEM);

2) MAaKCH3amacaeMocThb (BCeCTOPOHHSAS
COBEPIICHCTBYEMOCTb O0BEKTOB M CHUCTEM M0 HX
YHM3AIACY);

3) YHUHAAEKHOCTD (1eTepMHUHUCTCKAS
onpeaeasieMocCTb, YHUU3MEPHAEMOCTD /|
VHUOLICHUBAEMOCTh YHHMHAAEKHOCTH O0OBEKTOB H
CHUCTE€M, KOJHYCCTBCHHO BBIPAXKaeMOH 4Yepe3 HX
YHM3AIIAC);
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4) MAKCHHAAEKHOCTh (BCcecTOpOHHSAS
COBEPUICHCTBYEMOCTh O0BEKTOB M CHCTEeM M0 MX
YHUHAAECKHOCTH);

S) YHUPHUCKYEMOCTh (IeTepMHHHCTCKASA
onpenaeasieMocTb, YHUM3MEPAEMOCTH |

YHHOLCHUBAEMOCTh YHHPHCKA OOBEKTOB M CHCTEM,
KOJIUYECTBCHHO BBIPAKAEMOI0 Yepe3 X YHU3AMAC);

6) MUHHUPUCKYEMOCTh (BCeCTOPOHHSAS
COBEPIICHCTBYEMOCTb O0OBEKTOB M CHCTEM M0 MX

YHUPHUCKY).
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AIIOPUU 3EHOHA C NOTEHHUAJIBHOU CYETHOCTBIO
Ot Beaukoii Teopembl depma, npoodiem Ilyankape u I'minOepra u
«3a1a4 ThICAYEJIeTHHA» anopuM 3eHOHa Jielckoro (oxojao 490 —
0K0J10 430 10 H. 3.) OTIIHYAKOTCH He TOJbKO JIPEBHOCTHIO H
O0LICTIOHATHOCTHI), HO M MHUPOBO33PCHUYECKON HEOOXOAUMOCTHI H
BeJIMYANIICHd 3HAYUMOCTHIO. Beab BONpeKH ACUCTBUTEJILHOCTH H
OYEeBMJIHOCTH J3TH ANOPHUH OINPOBEPrawdT caMy BO3MOKHOCTH
ABUKEHMs, JII000r0 M3MeHEeHHUSI M OeCKOHEYHOM [JeJIMMOCTH
KOHEYHOro mpeaMera. be3 Mx pelmieHusi HEBO3MOXHA W NOXJHHHO
HAYy4YHasi KAPTHHA MHpaA.
duinocopckuid SHUUKIONeAMYecKHT ciaoBapb (PIC): «Anopus
«Inxoromus» (pasaejieHHMe HAa ABA): MpeKae YeM MPOMTH BeCh MYTh,
ABHKYIIEECS TeJO A0JKHO NMPOMTH MOJOBMHY 3TOr0 MYTH, a elié 10
ITON0 — YeTBEePThb M T. /.; NMOCKOJbKY IPOLECC TAKOro JAeJeHUs
0eCKOHEYEeH, TO TeJ0 BOOOIIEe He MOXKET HAYyarhb ABHMrarbCcs (UM
JABHKEHHE HE MOKET OKOHYHUTHCSH)».
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JI. H. ToJucroun, «BoiiHa ¥ MUP», TOM 3, YacTh 3, anopus «AXHJLIEC U
yepenaxa»:

«M3BecTeH Tak Ha3bIBaeMbId CO(PHM3IM JPEBHHUX, COCTOAIIMU B TOM,
4yT0 AXMJLIEC HUKOIZIA He [JOrOHMT BIEpeaId HAYUIYIO 4epernaxy,
HECMOTPS HAa TO, YTO AXIWLIEC UIET B AeCATH pPa3 CKopee Yyepenaxu:
KAK TOJbKO AXMJ/LIEC NPOUIET NMPOCTPAHCTBO, OTAEAsSIOINEEe ero OT
yepenaxm, yepenaxa Npouaeér BIEpead ero OJHY JAeCATYI 3TOro
MPOCTPAHCTBA; AXWJLJIEC NMPOUAET 3Ty JAECATYI0, Yepenaxa mpouaer
O/IHY COTYIO M T. 1. 10 0€CKOHEYHOCTH.

BepHo OTMEYEeHbI 0eCKOHEYHbIH npoIece, CJIOKEHH e
reOMeTPUYECKOM MPOrpecCHd M KJIACCHYECKHI aHaJIU3 0eCKOHEYHO
MaJgbiX. Ho OHHM HemocpeacTBEHHO JaKOT €€ CymMMy, a He
ONMPOBEPKCHUE KAXKYIIErocsd COPHUCTHYECCKOIO «I0KA3aTeJIbCTBA»
aropuel MNPUHOUNMAJIBHON HeCHmOCOOHOCTH AXxmiui(ec)a JAOrHATh
yepemnaxy.

HAYUYHOE PELHIEHUE TAKUX AITOPUHN
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Jlnsa pemienusi anopuii 3eHoHa «/luxoromust», «Axuia(ec)» M
MOAOOHBIX O NOTEHIMAJBbHO CYETHOW AEJMMOCTH KOHEYHOIO
npeaMera  BIIOJIHE JOCTATOYEH YPOBEHb  KJIACCHYECKHUX
(pusocopy M HAYKH BO IUIaBe C€ MATEMAaTHKOM C e€
NEMCTBUTEJIbHBIMM YHCJIAMHU, CBSI3AHHOM ¢ HHMH JHMIOb
CTAHOBAILNEHCH (MOTEHIHAJIbLHON) 0€CKOHEYHOCTHI0 U He 0oJ1ee
yeM CYETHBIMHM JAE€HCTBHSIMHM HAaJd HHMH, CIIOCOOOM e/IeHUA
(mpocTpaHCTBEHHOI0 W/MJjM BpeMeHHOro) orpe3ka mnomojiaM M
a0CTpaKIMAMU MOTEHIHAJIbHBIX 0eCKOHEYHOCTH |
ocymiectBuMOCcTU. He Ob1J10 OTKPBITO siBJI€eHUE HEIIPABOMEPHOI0
UCKYCCTBEHHOI0 OIPaHUYEHHUS  BpPEMEHHM  PACCMOTPEHHUS.
He3zauem aromMu3M mnpocrpaHcTBa M BpeMeHu. Miaem amopuu
NPUMEHHUMBbI M K MATCPHAJIBHBIM TOUKAM.

NMeHHO reoMeTprYecKre NMPOrpeccu B TaAKUX aNlOPUSAX YI00HBI,
HO He cylmecTBeHHbI. B anmopum «/lHX0TOMHUS» TOCTATOYHO B3AATH
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JIOOYI0  MOHOTOHHO  YObIBAWIIYW  0ECKOHEYHO  MAJYIO
MOCJICA0BATEIbHOCTL MOJOKUTEJBHBIX YHCEJd, a B anopuu
«AXMJJIeC U Yepenaxa» — J00H MOJOKUTEAbHBIN P ¢ CyMMOM
He 0oJiee eTUHMIIBI.

CyIHOCTH coco0a COCTABJICHUS U PeIleHUs MOTOOHBLIX ANOPUH
3aKJII0YAETCH B SIBJCHHHM HEIMPaBOMEPHOI0 HMCKYCCTBEHHOIO
OrPAaHUYEHHMS] BPEMEHHM HAIIEro PpaccCMOTpPeHHsl, TOrAa KakK B
AeACTBUTEJIHLHOCTH HUYTO HE MeUIaeT CaMOMYy JABHKEHHUIO M/UJIHN
BOOOIIle M3MEHEHHI0 IMPONOLKATHLCA IO CBOMM 3aKOHAM M
IPUBOIUTh K €CTECTBEeHHbIM HTOoram. /s cocraBjieHHsI H
pelieHHus MOAOOHBLIX AamoOpUHd BaKHO JHIOb O000pPBAaTH HAaIlle
paccMoOTpeHue UMEHHO 10 TOI0, KAK 3TH UTOTH JOCTUTAKOTCS.

IIpuBeném mnpumep HAOJIWICHUS MOTOHU: TMpPexae, YeM
XHIMHUK HACTHMIHET He CTOJb CKOPOCTHYI J100bIUY,
Ha0/II0aTe/Ib 3AKPHIBACT V132 WM OTBOPAYUBACTCH, YTOObI
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He CTATh CBHAETEJEeM €CTECTBEHHOIO NeYaJIbHOI0 COObLITHUSA
nuimeBon nemoyxku. Ho Heab3sl yTBep:Kaarb, 4TO OHO HeE
IIPOMCXOAUT, KOJb CKOpPO He 3aMeueHo. B amopum
«luxoroMus» BpeMsl PpaCCMOTPEHHUS AeJaeTCH CKOJIb YIOJHO
MaJIbIM, 4 B allOPUU «AXWJLJIEC M Yepenaxa» He NPeBbINIaeT
HMEHHO TOIr0 BpeMeHH (OHO YCTAHABJIMBAETCH KaK NMPOCTHIM
JAeJICHUEM HCXOAHOI0 PACCTOAHHUS HAa Pa3HOCTH CKOPOCTEM,
TaK U CJIOKEHHEM IeOMeTPUYEeCKOM NMPOrpeccuu), 3a KOTOpoe
AXMJIJIEC KaK pa3 U JOTOHMT Yepernaxy, Jaxe ecJu MbI 10 TOI0

3aKPbLIH IV1a3a WJIH OTBEPHYJIHUCH M DTOI'0 HE BUIUM.
AITIOPHUU 3EHOHA C AKTYAJIBHBIMHA
BECKOHEYHOCTAMUAU
DIC: «B anmopuu «O_ MHOKECTBEHHOCTH Bellleil»» TOBOPUTCH O
BO3MOKHOCTH MBICJICHHOI0 T[PEICTABJICHUHA Belled B BHIE
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MHOKECTB, IPH4Y€M 3€HOHY NPUNHUCHIBAETCS  MHEHHE O
IPOTHBOPEYHUBOCTH TAKOI0 INPEICTABJIEHHMA: IOCKOJbKY I
pas3aejieHdsl ABYX Bellled HYKHA TPeThbH Belllb U T. 1., TO KaxKIas
Belllb MOKET MBICJIUThCH B BH¢ 0€CKOHEYHOI0 MHOXKECTBA Belle,
HO TOIZIAa OHA — BONPEKH OYEBHJAHOCTH — JHOO0 [I0KHA HMMEThb
0eCKOHeYHbIe pa3Mepbl (ecJaM COCTABJAAKIINE Beld HMEIKT
pa3Mepsbl), JuU00 BOBCe He HMeThb pa3Mepa (ecd TaKOBbI
cocrapiasioinue)». C anopued 3eHoHa «O MHOXKECTBEHHOCTH
Belle» coriacyorca ero amnopus «Mepa» (0eckoHeuHas
AeJJUMOCTh KOHEYHOIr0 IpeaMera) M 0eCKOHEYHOEe MHOXKECTBO
OecripeeibHO MaJIbIX TIOMeOMEPUHM B KOHEYHOM TeJjie 10
Anakcaropy (ok. 500 — 428 1o H. 3.).

DIC: «Anopuss «CrTpeaa»: ecjJd CYATATb, YTO
MPOCTPAHCTBO, BpeMsi M NMPOUECC ABHKEHHUS COCTOAT M3
HEKOTOPbIX «HEAeJIUMBIX)» 3JIEMEHTOB, TO B TEYEHHUE OHOIO
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TAKOI0 «HEASJUMOro» TeJI0 (HanpumMmep, CTpe/ia) ABMrarbCcs
He MOKeT (MO0 B TNPOTHBHOM CJy4Yae «HEIEJIHMOE»
pa3aeJauiaoch 0bl), a MOCKOJBKY «CYMMAa MOKOEB HE MOKET
AaTh ABMKEHHUS», TO IBUKEHHE BOOOIIE HEBO3MOKHO, XOTS
MbI €r0 Ha Ka)KJI0M LIary HaoJrogaem.
Anopuu 3eHoHa «CTpesa» NMOCBAIIEHO CTUXOTBOpPeHHE A.
C. Illymkuna «/IBm:xkenue»:
«/IBMIKEHbS HET, CKa3aJ Myapel OpajgaTrbiu.
Jpyrom cMoJ4aJj v cTaj npex HUM XOAUTh.
CuiibHee ObI HEe MOI OH BO3Pa3UTh;
XBaJIWJIH BCE OTBET 3aMbICJI0BATHIM.
Ho, rocnoga, 3a0aBHbIN ciay4dai ceu
JIpyrou npuMep Ha NaMATb MHE IPUBOUT:
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Beab KaxabIM ICHb NMpeJx HAMHA COJTHIIE XOAHUT,

OaHako k npas ynpsaMbii Iajguien.»
YpoBeHb KJIacCHYECKHX (PuiIocopuu M HAYKH BO IJIaBe C
MATE€eMATUKOM, HECHOCOOHBIX TOYHO HU3MEPATbL HHU
HOTEHIHAJbHbIE, HH  AKTYaJbHble  0E€CKOHEYHOCTH,
NPUHIMINAIBHO HEAOCTATOYEH [JI PpPeEUIeHUd arnopuu
3eHoHa «O MHOKECTBEHHOCTH Beulien», «Mepay», «Crpeaa»
U TOMY IOJO0OHBIX 00 AKTYaJbHO 0€CKOHEYHOM AeJIMMOCTH
KOHEYHOro mpeaMera. /st 3T0ro Heo0X0AMM YPOBEHb
YHUBEPCAJbHBIX HAYK aBTOPA.
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HEJOCTATOYHOCTD JEMCTBUTEJbLHBIX
YUCEJ R

PABHOBEPOSITHBIU BBIGOP
He cymecTByeT p, = p BbIOOpa onpeaeaeéHHOro

ne N=1{1,2,3,...}
(ecam p > 0, TO XN pPn = +00;

ecan p =0, To XN pn = 0);
px=p BoiOOpax € |0, 1[: p=0

HEKOJIMYECTBEHHOCTDb
MHOXKECTB KAHTOPA
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11€,1€,...,1€}={1¢€}
HEYYBCTBUTEJIBHOCTDb KAPANMHAJIBHOCTH
{2, 4, 6,...5| = [{1, 2, 3,...3] = No
card[0, 1] = card R*=C
HEYYBCTBUTEJIBHOCTbH MEPBI
m|1, 2] =m]1, 2] = m|[1, 2| = m]1, 2|
CMEIIAHHBIE PASMEPHOCTH
measure({0} U [1, 2] U [3, 4])?
INOTEHIINAJIBHASN U AKTYAJIBHAS BECKOHEYHOCTU
limneN=(1, 2,3,..) N1 = +OO; N = {1, 2, 3, ...}

Inn ~ Xy 1/n =400 =Xy "10
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+00 0e3 u3mMepeHusi; a/0 = oo npu Jrwoom a % ()

YHUBEPCAJ/IBHBIE UUCJIA
O ~ Ni,(!)=(l)0’\“ No,ﬂ=(!)1 ~ N; ~ C
®=1/|0|=1/|20|, 0,=1/c, O=1/D, # = O
B YHUMATEMATHUKE, YHUMETPOJIOI' U
PA3/IMYHLIE CBEPXMATEMATHUKMU,

CBEPXMETPOJIOI' UU

Koneunas, o, 2, @, (0, )
lﬁp(n)
®

00 123 10100 10° 10° 10° 10° ™
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Puen = pn = 1/ =1/®

Pxejo, 11 = Pro, 11 = 1/(£2 - 1)

Hi(x) |
1/[(w-a)Q2+1/2] =

0 a X

KOJINYECTBEHHBIE
JTEUCTBUA
- 24— qa,Q:qa—q
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S JINTPOB BOABI = 5 1rpesBOAA

KOJUYECTBEHHBIE
CUCTEMBbI, MHOYKECTBA
A= {eer s a@y ey 1Dy ere s 5Cy a0a}O
=0 +°.a +°...4°,b +°...4°¢ +°...
YHUBEPCAJIBHBIE
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KO/IMYECTBA

Q(A)=°...4+° q+°.. +°r+° ... +°5+° ...
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OTAJIOHHBIE MHOXECTBA
Q(N) = O, Q‘Oa 1‘ = Qa ‘aa b‘=1/23+o] d, b[_I_OI/Zb

Q{a+bn |neN} =

w/[b| - a/b - 1/2 + 1/(2|b))

Qla, b]" = ((b - 2)L2 + 1)"
Q(Rn) — ZH(DHQH

Q"(‘)a b
Qla, ®

n — (0) _I_ b)nﬂn
n — ((!) _ a)nﬂn

Yaumepnol Q. = Q/Q. Ipu k =1 yunaiuna:
Qila, b| = Qu]a, b] =Qila, b[=b - a
Q:la,b|=b-a-1/Q
Qila,b]=b-a+ 1/Q
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KOINYECTBEHHOE
MOAEJUPOBAHHUE

{2 6yxaHKnXJ1969 1.5 xrMHCO,

SAIMK + Zap 6y3bl,
-58.74 ¢ ACHbI'H, -2 yacaBPCMH,

-1.5 nnTparOpmqee}o
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KBAHTUUSMEPEHUE
Q{1,3,5, ...} =0/2 +1/4
Qi{2,4,6,..} =0/2-1/4

Qla,/b]=|b-a|Q-1+q+r
Q((0, 0, 0) +° {05 x |-1/2, 1/2]%
{0} +° [3, +oo[* x {4} +°
]-00, -1P) = 7/4 + (@ - 2)Q +




(0 -3)’'Q*+ (o - 1)’Q’°
YHUBEPOJATHOCTD
HOPMAJIBHOE
CAMOIIPUBIN X KEHUE
YEPE3 IIVIOTHOCTDb
D, 5 k(X) = 0.5][1+sign(x-m)] - 0.5 X
sign(x - m) €™ exp{-[x - m + sign(x -
m)k0.56]%/(2ks?)}, k = n/2
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PO, o, x2(M) = 1/[(27)"*6], 6 = 0.7 %

Analytizing
the Normal Integral Distribution Function ®(x)
via Its Left Bottom Branch and Transforming

the Normal Differential Distribution Function ¢(x)
B(x), QcP(x)

——

’.'._________._--'

\

D D D DD

o g W G

o "

o P P
D = KR da

30 25 20 15 -10 -05 00 05 10 15 20 25 30
-=Qc@(x) for Normal Differential Distribution Function f(x)
—Analytically Fitted Normal Integral Distribution Function ©(x)



Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 69/166

OTKPBITUE NPUPOJbI U CTPOEHUS NPOTSKEHHOT'O
(KOHTUHYAJIBHOI'O) MHOXKECTBA KAK YHUMHOXECTBA
B nNOpoTAKEHHOM MHOXKECTBE, HaNpuMep HAa NOpPAMOM WIM B eé
MOAMHOKECTBE, MOKHO BbIICJIUTH O0BIYHBIC JJIEMEHTbI, WM TOYKH, — KaK
U UX COBOKYIHOCTH, HYJIEBbIX PA3MEPHOCTH U MepPbl. ITAa COBOKYIHOCTH
HECMOCOOHA COCTABUTH MPOTHKEHHOE MHOMXKECTBO MOJOKUTEIbHON MepPhI U
B €r0 pasMepHOCTb M MepPy AA€T HYyJeBOW BKJIAA. JHAYMT, NMPOTHAKEHHOE
MHOKECTBO MOJIOKUTEJIbHOU MepPbl HE COCTOUT JIMIIbL M3 CBOMX OOBLIYHbBIX
3JIEMEHTOB, WM TOYEK, He odecnmeyuBaOIIMX ero cjiaraemMoctu. Iloaromy
Teopust MHOxKecTB KanTopa (¢ 2JjieMeHTaMu M pasjiM4yaeMbIMH
OTHOINCHUSIMHA TPUHAMNJICKHOCTH M BKJIYCHHA) HE MOKET IMOCTHYD
[PUPOIY HEKAHTOPOBA MPOTHKEHHOI0 MHOXKECTBA MOJ0KUTEIbHON Mephbl.
OHO — YHUMHOKECTBO B YHUBEPCAJBbHBIX (MeTa)pujaocopuu, MaTeMaTuKe
u METPOJIOTHH aBTOpA. Onu 00bEeIUHAIOT OTHOILICHUS
YHUNIPUHAJIEKHOCTH U YHUBKJIIOYEHHUSI HA OCHOBe 001eduiaocodpckoro u,
B YACTHOCTH, MEPEOJIOrHYECKOr0 OTHOLICHHMSl IEJOr0 M €ro 4acreu.
I1o100HO KAHTOPOBY MHOK€CTBY, YHUCMHOKECTBO €CTh MHOI0€, MBICJIMMOE
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KaK eauHoe». OJHAKO eCTeCTBEHHO CYHUTAETCH, YTO B YHHMMHOXKECTBE
MOKHO BBIJIEJIUTh €ro 3JIeMEHTbl, HO OHO COCTOHUT M COCTABJIEHO, BOOOIIIE
roBopsi, M3 CBOHMX 4YacTeill, KOTOpble He 00s3aHbI CBOAUTHLCH K €ro
3jIeMeHTaM. BBeaeHbl M KOJIUYeCTBEHHbIE 3JIeMEHThI U (YHH)MHOKeCTBA (¢
JIO0bIMH (He 0053aTeJIbHO €eIJUHHYHbIMHM) KOJHYECTBAMH 3JI€MEHTOB).
Pa3OueHure ux Ha 4acTu (He 00513aTeJIbHO OJJMHAKOBBbIE) MPOU3BOJIbLHO, HO
NPABUJIBHO IPH BCeoOIEM 3aKOHE COXPAHECHUS.

IlpyuMep nNpPaBUWIBHOIO PpPa3s0OUMEHUs]T CHMMETPMYHOIO I0JYOTpe3Ka-
noayunrepsaJja |0, 1| va Q|0, 1| =  oAMHAKOBBIX JUHEHHbIX YHUYACTHUILL,
WIH AKTYAJbHO KOHTHHYAJbHO O€CKOHEYHO MAaJbIX 4Yacrel, B
[pocTeiiueM PacCCMOTPEHUH NEPBOro MOPSAAKA (IMepBOM cTeneHu 2) TAKOB:

0, 1] =° [0, 1/Q +° [1/Q, 2/Q| +° ... +° |(Q - 1)/, 1
=0 201=1Q (i - 1)/9, i/ﬂ
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CYHIIHOCTD, NIPUPOOA U CTPOEHHUE ITPOCTPAHCTBA
JomycTumMo J11000e pa3OMeHHe N-MEPHOro IPOCTPAHCTBA M HA
HEOAMHAKOBbIE 4YacTH M (YHH)YACTHOBI (M B chepuyecKHUx,
HUJIMHAPUYECKUX M APYIruxX cucremMax koopaunar). Hauoosee ynooHoe —
B /J€KAPTOBOM CHCTEME KOOPAMHAT IUIOCKOCTAMH, NapaieJbHbIMHU
KOOPAUHATHBIM U MEPeCeKAIMMMU OCH B TOYKAX € LEJOYUCICHHBIMHA
KOOPAMHATAMM, HA OTUHAKOBBIEC N-MEPHbIE NMapaJjuiejenuneabl («<KyObD
IPU NPSIMOYIOJbHOCTH U COBNAACHUU €IMHMIL 0CeH) HYJIEeBOI0 MOPSAKA
¢ eIMHUYHBbIMU péOopamu. Ilpu gejieHMM M oceill KOOpAMHAT, U PEdep
UCNOJIb3YyeM CHMMETPUYHBbIC IMOJYOTPE3KU-NMOJYUHTEepPBaabl ¢, d| ¢
yHHYHuCcIaMu ¢, d (KOHIObI ¢, d BKJIIOYAKOTCH ¢ KoaudecTtBamMu 1/2, a
BHYTPEHHHUE TOYKM ¢ KoJuyecrBamu 1) yHupmHou d - .
YHHMKOJIMYECTBO KAXKIAOro eauHuvyHoro peopa Ql|0, 1| = Q. Ilostomy ¢
Y4€TOM 3THX KoJau4ecTB 1/2 1 1 gesium Takoe pedpo Tak, 4YTO KaKAasA U3
JABYX NMOJOBHHHBIX KOHIEBbIX YACTEH MOKET CYUTATHCH MOJIYYACTHIO H
uMeeT YHUAJIUHY 1/(2€2), a kaxaasa u3 €2 - 1 neabIX BHYTPEHHUX YacTen




Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 72/166

uMeeT YHUAIUHY 1/Q2. Eciaud cuuTars 3TH MOJY4acTH BMeCTe OJIHOM
YacTbI, TO 31eCh NMPUHATO 0C000€e JejIeHHE eIUHUYHOro pedpa Ha 2
paBHBIX 4acteil. Kaxablii n-MepHbIA mnapaJjuiejenumnel HYJIEBOI0
nopsigka pasouBaerca Ha Q" yunmuactun-napauienenuneaos k-ro (k €
N) nopsinka ¢ péopamu yummaunoi 1/QF. Kaxmas Buyrpennss (He
npuHapiIexamas (n-j-1)-MmepHo «rpanu» npu j < n) Touka (n-j)-
MEPHOU «I'PAaHU» TAKOI0 N-MEPHOI0 MmapaJjuie/ienuineaa BXOAUT B HEro ¢
KoJu4ecTBoM 1/2' (mpou3Benenue n - j eAMHUI M j OJIOBHH), I1e j € {0,
1, 2, 3, ... , n}. Kaxaass BHYTPEHHSII TOYKA TaKOro N-MEpPHOIo
napajeaenunesa (J = 0) BxoauT B Hero ¢ KkKoJguyectsom 1
(mpousBeeHMEe N eAUHUIL), A KAXKIAA BEPUIMHA (] = N) — C KOJUYECTBOM
1/2" (mpou3BeaeHuE N MOJOBHH).

OrpannunMcsi HAHMEHBIIUM J0CTATOYHBLIM MOPSAKOM. ® U Q ¢ QF,
Q°, Q% u nanpHeHMKUMH TeTpanuamu (Q B crenenn Q% u T. 1.) AaK0T
HEeOTrPAHMYECHHBbIC BO3MOKHOCTH. ECTh U 1ajIbHeNIINE OMEI'H.
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YHUPASBUEHUE U YHUUSMEPEHUE
MHOI'OTOYEYHbBLIX ITPOMEXYTKOB BEJIMYNH,
ITPOCTPAHCTBA, BPEMEHU U BEYHOCTH
g J1000ro mnpoMesKyTka (ABHOI0O MJM NOAPa3yMeBaeMOro
JJUHEHMHOr0 U300paKeHHs) (BHAYEHMH X BeJIUYMHBI X) Kak
KBAHUTUMHOXKECTBA o1)-12X1 T° [X1, X2| +° q@)-12X2 € KOIMYECTBAMH
q(1) 1 q(2) KOHHIOB X; M X; COOTBETCTBEHHO (+° ecCTb
YHUCJIO’KEHME) BO3bMEM eIMHHULY Xg MH3MepeHust X. Jlias
BHelIHer ciaaraemoctd npumem q(1) = q2) = 1/2 ¢
ONYCTOLIEHUEM KOHIEBbIX YHUcaaraembix. s Jgrwo0oro k-ro
NOpsA/IKAa PABHOMEPHO [eJIUM OTBJICYCHHBIM €IMHUYHDBIH
CHMMETPHYHBII moJyoTpe3ok-nmoayunrTepsa |0, 1| (n = 1) na QF
yacred ¢ MOJy4YacTaIMH Y KOHIIOB, KaK M Bblle. Kaskaas U3 aAByX
KOHIEBLIX Mojy4acreii umeer yuuaauny 1/(2Q%), a xaxnaa u3
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QY - 1 meapIXx BHYTPeHHHX uacTreii — yummauny 1/QF. Ecau
CYUMTATDH 3TU MOJYYACTH BMECTE OAHON 4YacTbl0, TO M 3/1eCh —
oco0oe JejieHre OTBJICYEHHON eqMHHIBLI Ha QF paBHBIX YaCTei.
YT00bI MOJYYHTH COOTBETCTBYIOILIEe pa3OMeHHe eIUHHIbI Xg
M3MepPeHHus X, YMHOKaeM 3TH YHUIIHHLI 1/(2Q°) n 1/QF na x5 u
moJIy4aeM YHUMePY Xg/(2Q2°) 1y ABYX KOHIEBBLIX MOJIYy4YacTeH H
yHuMepy Xg/Q maa QF - 1 measIx BHyTpeHHux 4yacrei. Toraa
OCHOBA |X;, Xz| IPOMEKYTKA BEJIHYHUHbI X pPa3sOMBaeTcsd Ha JBe
KOHIEBbIE MOJIY4acTH M (X2 - X;)/Xg Q" - 1 meabIXx BHyTPEHHHUX
YyacTeu.

Ecim pocraroyHa BHYTPEHHSS CJ1araeMoctb 0e3 BHEUIHEH, TO
s J1iio6oro k-ro mopsiaxa aeaum |0, 1| na Q paBHBIX 4acrei
yauaaunoii 1/Q" 6e3 moayuacreit y konmon. st xg U |X;, X
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nmoay4daem QF u (X; - X;)/Xg QX paBHBIX YacTeil COOTBETCTBEHHO C
YHHMepaMHu Xg/Q,

Bcé 0OecKOHeYHOE eCTeCTBEHHOE TPEXMEpHOoe MPOCTPAHCTBO
YCJIOBHO pa30OuBaeTcs HA

Q(R3)93k Q]-oo, +oo[3Q3k Ql-o, _|_(0|393k_ (20)!2)393" 8> Q&+

YHUYACTHII-TIApajieenunenoB (Ky0oB nmpu npsiMmoyrojbHOCTH
NEKAPTOBOM CHCTEMbI KOOPAMHAT M X = Ys = Zg) K-ro mopsiaka c
HOCTUIHYTO  (AKTYaJbHO) MNPOTHKEHHO (KOHTHHYAJBHO)
0eCKOHEYHO MAJBLIMH YHHIJIMHAMH Xg/QF yi/Q“ u zy/Q" péodep,
NaApPaAJIeJbHBIX OCAM X, Y U Z ¢ eAUHUIAMM U3MEPCHUS Xg, Vs M Zg
COOTBETCTBCHHO. Kakaas BHYTpeHHsAs (He NpPHHANJIeKAIIAA
rpaHsiM) TOYKA 3JTOr0 mnapajuiejenuielIa BXOJAUT B Hero c
KOJIMYeCTBOM 1, Kaxkaass BHYTPEeHHAA (He JeKalass Ha peéopax)
TOYKA JI000M HU3 rpaHeldl — ¢ KoaudyecrBoM 1/2, kaxnas
BHYTPEHHAA (He SABJIAKIIASCH BEePIIUHON) TOYKA JIIO00ro u3
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péoep — ¢ KoiauuecTBOM 1/4, Kaxkaasi BepiMHA — ¢ KOJUYECTBOM
1/8. 10 ecrecTBeHHO: NpPH Pa30OMEeHHH MNPOCTPAHCTBA HA
(YHH)4acTHIBI-IApAJLIEJIeNNIeIbl KasKAasi BEPINUHA — 001ast 1A
8, kaxkmoe pedpo — aaa 4, a Kaxkgada rpaHb — I 2
napaJjuiesenuienos.

Jl1 mMpoM3BOJILHOIO NMPOMEKYTKA MIHOBEHHMH (Kaxa0e HYJIeBOH
MPOXO/LKMTEJIBLHOCTH) — 3HAaYeHUl BpeMeHM t BeyHocTH T — m
MPOM3BOJILHOM €IMHUIIBI BPpEMEHH tg MOJIy4aeM TO ke, UYTO U JJIA X,
¢ 3aMeHO# X Ha t. Best Beunocths pasouBaercs Ha Q(R)QF = Q]-oo,
+o[Q¥ = Ql-®, +o[Q* = 200" yanyacTH BpeMeHH KaK
CUMMETPUYHBIX IOJYOTPE3KOB-NMOJYMHTEPBAJOB K-ro mopsizka c
TOCTUTHYTO (aKTYyaJbHO) MPOTAKEHHO (KOHTMHYAJbHO)
0eCKOHEYHO MAJLIMH YHUIJIMTEJbHOCTAMH tg/Q". Beunocrhb
HEeJUTCH M TEKYIHIMM HACTOAINMM MIHOBeHHeM t Ha TeKylIue
MPOLLIYI0 M OYAYIIYIO IMOJIYBEYHOCTH.
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Yacru, YacTMIbl 1 YHHYACTHILI, HAPUMEP napaJjuie/enuneabl,
IMPOCTPAHCTB M INPOCTPAHCTBEHHBIX H300paKeHUl (BO3MONKHO,
AOCTUTHYTO  (AKTYaJbHO)  NPOTHKEHHO  (KOHTHUHYAJbHO)
0€CKOHEYHO MAJIbIX) MPOMEKYTKOB BPpeMEHHM U 3HAYEHUH JIFOObIX
BCJIMYUH  HACJHCAYT  PasMEPHOCTH J3THUX  NPOCTPAHCTB.
IIpeBbilIeHMEe 3TOU PAZMEPHOCTH BO3MOKHO, HANPUMeEpP IpH
BBE/ICHUU AOMOJTHUTEJIbHBIX oceu KOOPAUHAT IJIst
AEUCTBUTEJIbHBIX MHOXHUTEJCH NPH Pa3IUYHBbIX AKTYAJbHBIX
0eckoHeuHOCTHAX. [losrydacTi COOTBETCTBYIOT HENPEPHLIBHOCTH, A
OTKAa3 OT HUX — Pa3PbIBHOCTH Pa30HEeHUS.

Camu no cede BEYHOCTh M BpeMsl BOBCe He HMEKT Pa3MepPHOCTH
U MOI'YyT ynoaoOJasTbcs (M300paxkaTbCcsi) HE TOJbKO HA NMPAMOM,
HO U HA CIIUPAJIH, IJIOCKOCTH M B IPOCTPAHCTBE.
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3AKPBITHUE ABJIEHUA (YHU)MATEMATUYECKOI'O
ATOMMNU3IMA

I1o cX0aCTBY ¢ BelleCTBEHHBIM J0NYIIEeHUE (BONMPEKHA HENMPEePbLIBHOCTH)
MATEeMATHYECKOIr0 AaTroOMHU3Ma MNPUMEHHMTEJIBbHO K IPOCTPAHCTRBY,
BPEMEHU, BEYHOCTH, JCUCTBUIO, IBUKCHUIO U U3MEHCHUIO €CTECTBEHHO.
Torma mareMaTu4eCKUd aToM J0JIKEH UMETh HEKHE PAa3MEePHOCTb, BH]L
U Mepy B KaXKIOM H3MEepeHHU. ITa Mepa, KaK IOKa3aHO
(MeTta)yHupumiaocopuen, YHUMATEMATHKOW, YHUMETPOJIOTHEeHd U
YHU(PU3UKOHA aBTOPA, AOKHA ObITh HENMPEMEHHO AaKTYaJbHO
KOHTHHYAJbHO 0OeCKOHe4yHO Majion. Huuyero momo0HOro kjaaccuyeckue
Hayka ¥ ¢pusiocopus ¢ JUIIb NOTEHIHUAJIBLHO 0€CKOHEYHOH 1eJIMMOCTbIO
KOHEYHOI'0 MpeIMeTa He MOI'YT /1aKe BbIPa3uTh, 2 0 PAa3JIHYEHUU U TeM
0ojiee 0 TOYHOM M3MEpPeHUHM HeT U peyn. Takum o0pa3oM, YpOBeHb
KJACCHYeCKUX (puirocopun M HAYKH BO IIaBe ¢ MaTeMATHKOHU
NPUHIUIIMATIBHO HEI0CTATOYCH naxe i) 6 paccMOTpeHus
MaTeMATHYeCKOIro arTOMHU3Ma.
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YpoBeHb (MeTa)yHUPUIOCOPUH, YHUMATEMATHKH, YHUMETPOJOIUU H
YHU(PU3MKH aBTOpa €O BCeOOIMIMMH TOYHBIMH  BbIpaKeHUEM,
pa3jiMyeHueM, M3MepeHHeM ¢ INpeodpa3oBaHUEM  AKTYaJbHBIX
0EeCKOHEYHO OO0JbIIMX M MAJbIX NPUHIUNHAJIBHO A0CTATOYEH I
PacCCMOTpPEeHUsT MareMaruyeckoro aromusma. Paszymeercss, ero
NPUILIOCH Obl HA3BATh YHHUMATeMaTH4YeCKHM. /[ej10 3a «MajabIM» — 3a
COOTBETCTBUEM JedcTBUTENbHOCTH. HO ero-ro m Her. AtromM mo
OYKBAJIbHOMY II€peBOAY M NPHUBBIYHOMY CMBICJHY [Jd0JKE€H ObITH
HeAeJMMbIM, He pa3pe3aeMbiM, HAUMEHbIIMM HOCHUTeJEeM BCeH
IMOJTHOTbI COOCTBEHHBIX CBOMCTB. OQHAKO0, «4TO J03BOJICHO» BellEeCTRBY,
«He T03BOJICHO» (YHH)MATEMATHYECCKMM IpeaMeTaM, OTHOIICHMAM U
AeUCTBUAM, BKJIKYAs (YHH)U3MEPEHUE, KOTOPOe He TOJbKO J0IYCKAET,
HO U [Js ONpPedeJéHHOCTH BbIHYKIAeT NPOM3BOJ BbHIOOpa eXUHMIL
(yan)usmepenusi. Hu ogHa M3 HHX He MOKeT ObITH NPHHIUINHAJILHO
eIUHCTBEHHOHM U TeM 0oJee Hexaeaumoun. Tak 4To ABJEHUE
(YHH)MATEMATHYE€CKOr0 AaTOMM3MA MOYKHO CUUTATh 3aKPBITHIM.
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COPASMEPHOCTDb U KOHTHUHYAJIbBHO BECKOHEYHO MAJIASA
MNPOTS)KEHHOCTHb MUKPOIIAPAJIIEJIENIUIIEJOB 1 MUKPOITPOMEKYTKOB
KAK YACTUII-MUKPOJJIEMEHTOB ITPOCTPAHCTBA U BPEMEHH

AX/[ X ; ;
; - Xmax T

Y B
s
f qﬂﬂi
0.5/€)

_ 3 - TA j 3 IE' =
-0.5/Q 0] 0.5/Q 1-0.5/Q t+0.5/Qf t/[t]
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KBAHTUUHTEI PUPOBAHHUE

M o = 7t/2 - arctan df(x)fdx|
Tﬂi} l"x) = 1/A[L/2+ 20/} 1/8tan(a-[ 1/2+2a/w]ai2)
If(b) q = o/(2m)

Q

f(a)

df(:u:) dx| .2

y+0.5 o— 7
1/2

¥ %q q=
‘*’0597 o= ’m’2 | 0=T = /2

a [ 14%-0.5/Qx x+0.5/Q q=1/2 =1/4

Gila, bIX0, @N=l." g(x)dx +

[(q - 1/2)]g(a) + (r - 1/2)]g(b) +
(b-a)(s+t-1)]/Q+(q+r-1)(s+t-1)]/Q?
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YHUHAYYHOE PEHIEHUE AKTYAJIBHO
BECKOHEYHBIX AITOPUU
B anopusix 3eHoHa «O MHOKeCTBEHHOCTH Beuien» U «Mepa» u
i1 10KA3aTeJIbCTBA BO3MOKHOCTH 0€CKOHEYHOI0 MHOKECTBA
OecripenejibHO MAJIbIX TIOMEOMEpPHMH B KOHEYHOM TeJjie 110
AHaKcaropy aejieHue mnpeaMera kKoHeyHou Mepsl M > (0 Ha
JOCTUTHYTO (AKTYaJIbHO) O€CKOHEYHO O00JIibII0e YHHYHUCIO
(YHUKO0JIH4YeCTBO) Q 0OAMHAKOBBIX, CJeI0BATEAbHO, JOCTUTHYTO
(akTyasbHOo)  O0€CKOHEYHO  MAaJIbIX  4YacTed, KOTOpbIe
€CTeCTBEHHO HAa30B€M YHHYACTHIAMH IpeaMera, JdaeT
yHuMepy m = M/Q kaxxaod yHuuyactuubl. Hanpumep, eciau
YHUYACTHIL HNpeaMeTa POBHO CTOJBKO K€, CKOJBbKO

MHOJIOKUTCJ/IBHBIX LIEJIBIX YUCEJI, TO
Q=0QN)=0Q{1,2,3, ...} =oum=M/Q =M o.
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Ec/in yHHYACTHIl HA 2 MEHBbIIIE, TO eCTh CTOJbKO e, CKOJbKO YHUCeJ
13,4,5, ...}, T0

Q0=0{3,4,5,...} =0-2um=M/Q =M/(o - 2).
Ecan yHHYACTHII CTOJBKO Ke, CKOJIbKO 4YHceJl B apupMeTHYEeCKOU
nporpeccun {a + bn | n € N} ¢ gedcTBUTEJbHBIMUH a2 U b, TO ¢
HUCNO0JIb30BAHUEM A0COJIOTHBIX BeJINYNH

Q=0Q{a+bn|ne N}=aw/b|-a/b-1/2+1/2|b|),

m = M/Q = M/(w/|b| - a/b - 1/2 + 1/(2|b])).
Eciu yHMYAaCTHMI[ CTOJBKO K€, CKOJbKO JeUCTBUTEJIbHBIX 4YHCe] B
KBAHTUMHOXkeCTBe |0, 1| (MM HA mosyoTpe3kax-mojayuHrepsaJjax |0,
1] ¢ uckiarwuyenuem 0 u Briarwyenuem 1 wim [0, 1| ¢ Briaroyenuem 0 u
UCKJIK4YeHueM 1), To
Q=0Q[0,1|=0Q]0,1] =QJ0, 1| = Q2 u m = M/Q = M/C.

EcJH YHHYACTHIL CTOJBKO K€, CKOJbKO JeiiCTBUTEIbHBIX YHCEJI, TO

Q = QJ-, +0[ = Q|-®, +0| = 20Q 1 m = M/Q = M/20Q).
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B anopuu 3enona «Crpeja» BO3bMEM JIIO0OYI0 eTUHHUILY BpeMeHH (g
(Hanpumep 1 cexkyHay). IIpoMexyTok BpeMeHH, KaK M JIIO0OOM He
MPOCTPAHCTBEHHOM BEJMYMHDI, 10 CYIIECTBY €CTh COOTBETCTBYIOIIIEE
IBHOE WJM MoapasyMeBaeMoe JIMHEHHOEe TPOCTPAHCTBEHHOE
ynoxoo0senue (u3o0paxeHue, MoaejaupoBanue). Bo Bpemenu, B
JIIOOOM ero MpPoOMeKYTKe M B BEYHOCTH MOKHO BbIACJIUTH OObIYHbIE
MIHOBECHHUS /JIMTEJIbHOCTBIO HYJb, KOTOpPbIe, OAHAKO, B JIIOOOM
COBOKYIIHOCTH COCTABJSANT MMEHHO HyJb. B mnpocrenmem
PACCMOTPEHUH IIEPBOro mnopsiaka (mepBoil cremeHd £2) OAMH U3
eIUHUYHBIX MPOMEKYTKOB BpeMeHH |0, ts| cocrout us
Q=10Q[0, 1| =L

YHUYACTUL (AKTYAJbHO KOHTHHYAJBHO 0€CKOHEYHO MAaJbIX
IPOMEKYTKOB) BpeMeHU (B HUX €CThb MIHOBEHMSl JJIUTEJIbHOCTHIO
HYJIb) /JIMTEJIBHOCTBIO /2 Kaxaass M ABJSETCH YHUCYMMOU
HECYETHOIr0 YHHYHCJIA () cj1araeMbIX YHHYACTHI

|0, tg| =° |0, ts/€2]| +° |ts/€2, 2t5/C2| +° ... +° [(€2 - 1)t/€2, ¢4
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=° X2 (i - tg/Q, its/Q
IIycth MJs1 NPOCTOTHI MOJET CTPebl NPOAOKUTEIbHOCTHIO t
[POXOAUT B HEBECOMOCTH 0€3 CONPOTHUBJIECHUSA C¢ IMOCTOAHHOM
CKOPOCTHI0O V U IpeoaoJeHHeM NMyTH S = vt. t cocTouT M3 t/tg €
YHHYACTHI] (AKTYaJJbHO KOHTHHYAJbHO O0€CKOHEYHO MAJIbIX
NPOMEKYTKOB) BpeMeHU. CTpesia mpoJieTaer nyrb vtg/{)2 B KaKAYIO
TAKYl) YHHYACTHLY BpeMEHH M TMPH AaHAJIM3Ee AaKTYaJbHO
KOHTHHYAJIbHO 0€CKOHEYHO MAJIbIX TOYHO TOT Keé NYTh
S = vitg/CL t/tg 2 = vt
3a BC€ BpeMs I0JIéTa, 4YTO H TpedoBaJoChL [A0Ka3arb. Beab
JJIMTEJIbHOCTh MIHOBEHHS — HYJb, JJIHUTEJIbHOCTh YHHYACTHIIbI
(AKTYyaJIbHO KOHTHHYAJbHO OECKOHEYHO MAJIOr0 IPOMEKYTKA)
BPEMEHH — MOJIOKUTEJbHAA JOCTUIHYTO (AKTYAJbHO) NMPOTHAKEHHO
0eckoHeuHO MaJiad tg/C), a BOBCE He HYJIb.
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OIIEHHUBAHHUE
A1000 =2 999=A1 =2 0=1, A19=20=10
d.—1 = |a - b|/|a| # |a - b|/|b]
01=20= 1/0 =400, 01=2.1 = 2

6100-99=?0 9 81-2+3-4=?-1
x>1: X1 =1+10_10, X7 =1+1010
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YHUOILIEHUBAHUE

YHUIIOI' PEHIHOCTD
E.-»» =|a - b|//(|a| + [b])
E100-99-20=1/199
Ei.243.4-4=1/11

(YHU)3AIAC
Rx>a = = Ex=?a (X S a), Rx>a = Ex=?a (X > a)
Roi(1+1071%) = 107/(2+107)
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R1(1+10") = 10"/(2+10")
(YHN)HAJIEKHOCTD
S=(+R)2
Se1(1+107)=(1+10"")/(2+10™"")
Se1(1+10") = (1+10')/(2+10')
(YHN)PUCK
r=(1-R)/2
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re1(1+10")=1/2 + 10
rei(1+ 10 =1/(2 + 10"
YHUOLEHUBATEJIN
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Equation x = 1 Pseudosolution (Uni)Estimators

-1.*]-..5::{]{] 05 1.0 1.5-2.0.2

Ls
—Relative Error &\1=|x-1|
--Relative Error &'w=|x-1|/|x|
~Relative Error &'mean=2|x-1|/(|x|+1)
--Relative Error &'max=|x-1)/max{|x|,1}
—Linear Unierrar E=|x=1]/{|x|+1}
--CQuadratic Unierror E2=|x-1|/2x"2+1)]*({1/2)
Linear Unireserve R=-|x-1|/(|x|+1)
Quadratic Unireserve R2=-|x-1|/[2(x"2+1}]"(1/2)
—Linear Unireliability 5=1/2-1/2|x-1]/{|x[+1)
Quadratic Unireliability S2=1/2-1/2|x-1|/[2(x"2+13]*(1/2)
—Linear Unirisk r=1/2+1/2 |x-1]/{|x|+1)
--Quadratic Uninsk r2=1/2+1/2|x-1|/[2(x"2+1)]*{1/2}

Inequation x = 1 Pseudosolution {Uni)Estimators

—Relative Error 511=(|x-1|-x+1}/2
--Relative Error &we=(x-1]-x+1 W {2 |x))
-Relative Ermor &\mean=(|x-1]-x+1)/(|x|+1)
--Relative Error Simax={|x-1|-x+1)/{2max(|x],1})
—Linear Unierror E={|x-1|-x+1¥[2(|x]|+1}]
--Quadratic Unierror E2=([x-1]-x+ 114 2[2(x"2+11]*(1/2)}
Linear Unireserve R={x-1)/{|x|+1)
Quadratic Unireserve R2={x-1[2(x"2+1)]"{1/2)
—Linear Unireliability S=1/2+{x-1)}[2{|x|+1}]
Quadratic Unireliability $2=1/2+(x-1)42[2(x"2+1)]*(1/2)}
—Linear Unirisk r=1/2-(x-1W[2{|x|+1}]
--Quadratic Unirisk r2=1/2-(x-1142[2(x*2+ 1] 1/2)}
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NOIPEIHNHOCTD JIMCKPETU3AILIUU
0= 2(1/n1+ l/nz + 1/113)
HEOJIHOPO/IHOE PACIIPEJIEJIEHHUE
M,: p(s) — p(s) = A oan™? p(t)dt
r(s) = q(s) - p(s), lsa™™ r@)dt =0
r(s +A/2)=r(s - A/2)
PABHOCHUJIbHBIU MHOKUTEJIb

exp(ns), sh ns, ch ns: Xsh(0.572A)/(0.5nA)
sin ns, cos ns: xsin(0.517A)/(0.5nA)




p(s) = 0.5¢) + X,-1"(c,cO8 ns + s,51n ns)
p(s) = 0.5¢, +
=1 |sIn(0.517A)/(0.5nA)](c. cos ns + s,
sin ns)
p(s)=0.5¢o+2,-1"(c.COS ns
+ s,.Sin ns)
p(s) =0.5¢y + X,-1"(c, cOS ns +
s, sin ns)[0.5nA/sin(0.5nA)]




Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 93/166

KOHLUEHTPALIUS
HAIIPSIOKEHUU

K=3/1 + I'sin2))
K= [(1+2p)p + 3o, - o,)]/
{d+2p-pip+ (1 - pp)
[6.+ 6,- ['sin2] (6.- 6,)]}
K=[+2pp + 30,- c)]/{n(d
+ p)p + (- p)ox+
(1 - ppo, +H[(A+p)(A-p)p+
0.5(-1 + 3p - 3p,+ pp)o,+
0.5 - p+ p. - 3ppso,]/(bl)
x[arctan /(1 + §)" -
arctan /(1 + 6 + b)']+ (1 + p)
(1 - p)(ox-o,)/b X[(1 +0)((1 +
0 +P)'-1+d+b)((1+d+
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b)z + 12)-1

-1.5(1+8)((1+8)+2) 2+0.75(1+(1+8+b)*(1+8) 1) x(1+5+b)
(1+3+b)}+H* A +6)((1+8)+DH*-1+0)}+ D
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(1+8)*(1+8+ b)’((1 + & + b)* + )~ - 0.5b(1 + & + 0.5b)
(1+6+b)(3(1+d + b)* - F)(1 + &) x((1 + 8 + b)* + I))°[}

Onépras kpyriaas miacruna K =1/ [l-l2 / (261)2]

3amemaénnasa K = 1/[1-(1+p)/(3+pw)l’/(2a)’]
SAINEMJIEHHA A HUWIUMHAPUYECKASI OGOJIOYKA

Paauyc a, ToanmuHa h

K = kl exp kl /sin ki
k=[3(1 - )]"/(ah)"?
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HUJIMHAP: bBOKOBOE OTBEPCTHE
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SJEKTPOTEH30METPUS
OIIPEJIEJTEHUE
HANUBOJIBIIUNX

JTE®OPMAIIUN U
HANPSIKEHUU

i A

|
]
¢

8 Ml B aE M
(e 4=1a0 e =160, 180 |
KPS ={ 40 R E |
e =21 23 255,055 Mila e 10 m =1

I 3 I ! .-'\-.,II_',h '|nl'l;l- .—'-I-'II' ""|I
[ |'|':i'-r o= 0S50 155 ""I-.fr::" ':-. - I -r‘l'l' I:.I._ I_"_d'rlf )
| +f D_ - I-:l,-lu gLt f"hﬂ 1 By =050, S Wl
AL 5 7] [ - - |
[g= 05,-23 Mia |
|I W ¥m i, 3, B 34 [7e I-|--= 130 |

| ey =82 605 B8, 205 M1 KI% = {68 '|
\ 1672 gy =218
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HUK/IMYECKAA CUMMETPUA
OFPAHI/I‘II/ITEJIL KJ/IAITAHA
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HHPUBJINAKEHHUE

METO1 HAUMEHDBIINX KBAJIPATOB
x=1AXxX=2—->x=3/2
10x=10,x=2,x=102/101
x=1,10x =20, x = 201/101
MOMEHT OTHOCUTEJIBHO TOYKMH a

=E(X - a)m I - (x - a)"dF(x)
"X, = 21" (Xi-a)"/n
O:xupanue x = 'xo= E(X) = X" x; /n
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Hucnepens 6°="x=E(X-x)"=Xi~"(xi-X)"/(n-1)
MOMEHTHBIN METO/ IINPCOHA

1, 2 k
F(X, pl’ooo,pk) qcpe3 XO, XO, 00e o XO
CBepxBiusiHue BbIOpPocoB npu k > 1

COXPAHAIOUIEE OTPUUATEJIBHOCTD
YMHOXEHHUE

"Ilc;a;=min{sign a;|j€J}|Il;; q
COXPAHSIOIIEE 3HAK OCHOBAHUS
BO3BEJIEHUE B CTENIEHb




"a"=|a|"sign a, (-1)*=-1, o J10060€
(ABCOJIIOTHBIE) MOMEHTBI
SltMa =Zi=1nWiS " (Xi' a)t /Zi=1nwis
s|t|M| — i—anis‘Xi'a‘t/Zi—anis
JIrooble s, t, wi>0, ac {xy, X u},

I'71C Zi=1 W; "(Xi - ll)t —
CPEJHECTEIIEHHOE CO 3HAKOM




s|tl.na= a+"" [Zi=1nWiS" (Xi' a)t /Zi=1nWiS] 1/t
s{t-CTAHAAPTHOE OTKJIOHEHHUE
s|t 0,= [Zi=1nWiS ‘ X; - X()‘t /Zi=1nWiS] 1/t
OBIIME ®OPMYJ1bl BECCEJIA
ze =Zi=1n W; (Xi - IIl)2 Zi=1n W; /

2 2
[(Zi=1n Wi) - 2i=1” Wil




Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIBHAY ®PU3UKA 103/166
0] mz — Zi=1nWi(Xi - m)ZZH“WiZ/
{(Zi=1nwi) [(Zi=1nWi)2-Zi=1nWiZ] }

AcumMmeTpusi A=(or-61)/(0r101)
BbUHOPMAJIBHOE PACIIPEJAEJIEHHUE

= exp[-(xi-u)’/(2oL%)], oL.° =
x(1)<u(X1 ll)z/ Zx(l)<u1 (Xl ll),
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— 2 2 2
W= €XPp [-(Xi-ll) /(ZGR )] s OR =

2
2xizu(Xi-1)/ 2xizul (Xi= 1)
BUAPKTAHTEHC-PACIIPEIEJIEHUE

wi=1/[1+(x;-u)*/(36.%)] by xi<u,

wi=1/[1+(x;-u)*/(36r*)] by x>u
BUHOMMAJIBHOE PACIIPEJIEJIEHUE
wi=(n-1)!/[T'(h)I'(n-h+1)]p"'(1-p)™™,
h(i)=1+(n-1)(xi-x1)/(Xn-X1), p=(hmea-1)/(n-1),
wi=(n-1)!/[(i-1)!(n-i)]p~'(1-p)™,
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wi=(n - DY[(i- D!(n -i)]

Binormal Differential Distribution Function f(x)

with Different Left and Right Variances
f(x)
0.3

™

/I‘
4

.--J' LN | ‘

Henry Cavendish's Experiments to Determine
the Density x (in 1000 kg/m*3) of the Earth

1DF{=-:} and Data Distribution Function o
0.g
0.8
0.7+
0.8
0.5
0.4
0.3 1
0z
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p = 5.51kg/dm’,G=6.674 (xGy=10"m’kg"'s™)
29 data: Class. p=m=5.448, ¢,=0.22, G=6.752, Uni
p=u=5.466, "6.=0.096, "or=0.097, G=6.729
23 data: Class. p=m=5.483, ¢,=0.19, G=6.708,
UniStat p=u=5.49, "6:=0.10, "or=0.12, G= 6.700
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Robert A. Millikan's Experiments to Determine
the Elementary Electric Charge x

In 10"*-10 statcoulomb (statC) or franklin (Fr)
F(x) and Data Distribution Function

1.0
0.9
0.8
0.7
0.6 -
0.5
0.4
0.3
0.2

0.1 ’W!'J
0.0 ——"a X

4.73 4.74 4.75 4.76 4.77 4.78 4.79 4.80 4.81 4.82
-+ Millikan Data Distribution Function

Elementary charge e=4.8032(x10"’ statcoulomb)
58 data: Classical e=m=4.7806, ¢.=0.0147
Unistatistics e=u=4.784, "6.,=0.0053, "or=0.0050
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OTKPBITUME SIBJIEHUU

CAMOTOYHOCTHU M CAMOIIOTPEIIIHOCTH
Goverprecision = 6.673 98(70) € (6.672, 6.676) = (G, G*)
CAMOTOYHOCTH G = (G + G")/2 = 6.674
CAMOIOTI'PEITHOCTH AG = (G - G)/2 = 0.002

Lpoi=5.2 cm, Arue=1 cm, 10° 3amepoB, Lyuon=5 ¢cm
MSE=0.5/3"2cm/(10°)"?><3%10° mm, Ly = 50 m

CymecrBylOT COOCTBEHHBbIE INpeaMeTHbIe (PU3HUYECKHE CAMOTOYHOCTb H
HEYCTPAaHUMAasA, He YMEHbIIaeMasi, He 3aBUCUMAs OT Ka4eCcTBAa U TeM 0oJiee
KOJIMYeCTBA U3MEepPeHu camonorpemHocrs. Hanpumep:

Abolt ~ 0.01 mim, ALhall ~ 1 cm.
KpOMe Heé, B CUCTCMATHUICCKYIO MOI'PpeIIHOCTD BXOIAT
HHCTPYMCHTAJbHAA H METOAUYCCKAA IOI'PCIHIHOCTH.
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ToJabKko cnyqafmaﬂ MOIPpCeIIHOCTD € HYJCBbBIM MaAaTCMATHYCCKHMM OKHIAHHUECM
CTATUCTHYICCKH YMCHBIIACTCH IIPHU YCPCAHCHUHN MHOI'OKPaATHBIX 3aMCPOB.

N3MEPEHUE CTPEJIDBI IIPOI'MBA
CTEKJVIODJVIEMEHTA WIJIIOMUHATOPA




Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 110/166

AHA.JII/IB
CTPEJIBI ITPOI'UBA OIITTUYECKOI'O U
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OPITAHUYECKOI'O CTEKJIOJIEMEHTA
NJIIJIIOMUHATOPA BBICOKOI'O JABJIEHUASA

Lix(r 0), micrometer
5&9‘.-..? 2 L ST Pyl

| Uz (7, 0), micrometer
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30 50 go P "Ra
ONTUYECKOE CTEKJIO K8 (CJIEBA) U OPTAHMYECKOE CTEKJIO HOJUMETUJIMETAKPUJIAT (CITPABA)



Ph. D. & Dr. Sc. LEV GELIMSON: YHUBEPCAJIbHAA ®U3UKA 112/166

I = Eg—r—l - Sd— '_|

-8 _, o] | 8 axp
s | L + ki

S |5

= e ks

]

PacpoxycupoBka d = p/E x f*/h x
n./n,’ x{(ng - n,)2"'(1 - p>)h*a,
‘a’/(a’ - a,”) +(ny - n)[(1 + p)h*ay
2a%(a’ - a?) X & + (1 + m)(1 - p?) +
3/4 x (1 - p)*a,’h” + 3 - p?)a’h
a’/(a’ - a,%) x In(a/a;)]}
HavanabHasi pac(OKyCHPOBKA -d;

CBSI3AHHOE OTOABUTAHHE AATYMKA;
BBeICHUE MMMEPCUHOHHOMN KUAKOCTH
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S0

N3MEHEHUE XAPAKTEPA
PABPYHIEHHUA. KOHCTPYKIIUU
NJIJIIOMUHATOPOB CO
CTEKJIOJIEMEHTAMUA
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JIBYXCJTOMHBIN HUJIHHAP C JIBYXCJTOMHBIN MUJTHHAP C
Harsarom. TensioBasi cOopka HATATOM. 3anpeccoBKa
0 b(e) |
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J103bl TOHHOU UMITJIAHTALIMU
HU3KUE, CPEJIHUE, BLICOKHUE

D = 3x10"%, 3x10", 3x10" cm™

YHU103bI UMITJIAHTAIIAA
DO — dSions/ dssurface

HU3KUE, CPEJHUE, BBICOKHE
°=107% 1, 107
1-1 kpuTHyeckasa yauaosa D° =1
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YHUBEPCAJIbBHOE HAIIPAKEHHUE
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OCHOBHBIE BbIBO/1bl

1. ABTOpPOM CO031aHA YHHBEPCAJIbHAA MeETPOJIOrUs

[0 NPUHIUIAM ero (Mera)yHU(PUJI0coPUuU HAX €ro
VYHUBEPCAJbHOM MAaTeMAaTHKOM Kak BceoOoIas
H3MEPUTEIbHAsA HAyKa U IO0JIe3HOE JO0MOJHEHHE K
N3BECTHOH METPOJIOTUH, OTKpbIBaKOIICE
NPUHIMIIAAIBLHO HOBbIE TOPHU30HTBHI, BBLICOTHI H
[IyOUHbI MMPOBO33PEHHMAA JISl PelIeHUs eJbIX
KJIACCOB PpaHee HEAOCTYNMHbIX HACYIIHBIX 3aaa4
€CTECTBCHHbBIX, TEXHUYECCKHUX M OO0IIEeCTBEHHbIX
HAYK U CAMOHU KU3HM.
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2. B  yHuBepcaJbHOH  METPOJOIrMH  YHHBEPCAJbHOE
KOJIMYeCTBO KAK YHHMBepcajJbHasi Mepa COBEPIIEeHHO TOYHO

YHUM3MepsieT YHUYMCJIAMU KaK MMOTEHIMAJIbHbIE
(cTaHoBAIIHECHA), TAaK M  aKTyajJbHble (IOAJUHHbIE,
HCTUHHBIE, HACTOSsILIME, yKe TOCTUTHYThIE |

OCYIECTBJIEHHbIE) 0eCKOHEYHOCTH M 0€CKOHEYHO MAaJiblie U
da;xe  BIepBble  BBeAEHHbIE CBEPXOCCKOHEYHOCTH H
CBEepPX0ECKOHEYHO MaJible ¢ BO3MOXXHOM HECYETHOCTHIO
AeNMCTBUHA W CBEPXTOYHOCTHIO BCEOOIMUX  3aKOHOB
COXpaHEeHHUs.

3. IleaecooOpa3Hoe npuBeaeHUe K COOCTBEHHBbIM NMOA00HBIM
nmpeaejaM KakK eIMHHIAM 00ecleYuBaeT COU3MEPHMOCTD
HENMOCPEACTBEHHO He COM3MEPUMBIX IPeIMETOB.

4. YHUNOrpemIHOCTH MCHOPABJIAECT M  BIOJHE  0000mIaeT
OTHOCHUTEJIbHYI0 TMOIrPelIHOCTh. YHH3aNac, YHHHAAEKHOCTh H
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YHUPHCK JONOJIHUTEJIbHO OIEHHBAKT NpeaMeTbl IO CTEeNeHH
YBEPEHHOCTH B UX TOYHOCTH M MepPy NPOTUBOPEYUBOCTH 3aJAUM.
YHuHayka o00pa0d0OTKHM HM3MEPHUTEJbHbLIX JaHHBIX oO0ecnmedynBaeT
HU3BJIeUEHUE TOCTOBEPHBIX HTOIOB OIOPOl MMEHHO HA JIy4YIlHe
JaHHbIC 0JIaroapsi  YHHUBEPOATHOCTH M  YHHUCTATHCTHKE.
OTKpLITHI  SIBJIEHHA  CAMOTOYHOCTH M CTAaTHCTHYECKH
HEeyMEeHbIAaeMO CAMONOTIPEIHOCTH.

S. VYHHuBepcajbHasi MeTPOJIOTHSI OTKPbLIA YHHUBEPOSTHOCTHBIM
CMbICJI IJIOTHOCTH BEPOATHOCTH M BIIEpBbIe O0ecneYuBaeT
HenmpeMeHHbIE CylIeCTBOBAHHUE 7] MOJI0KUTEIbHOCTD
YHUBEPOATHOCTH JHO00I0 BO3MOYKHOIO COOBITHSI U CBEPXTOYHOE
BIIOJIHE YYBCTBHUTEJIbHO€ YHUMHTErPUPOBAHHE KAK OINpeneIeHue
YHUKOJIUYECTBA YHUCJI0KEHHUEM I10 CEICHUSAM.

6. AHAJIUTHYECKH pelieHbl MeTPOJIOTHYeCKHe
32/1a44 ¢ YCTPAHEHUEM MNOIrPeInHOCTel YyCpeIHEeHMU .
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Ero JuHEeNHbIN MHTErpPaAJbHBIA ONEpaTrop mnpu
nu@pdepeHIUPYEMOCTH oOpa3sa oOpalnaercs
OTHO3HAYHO C TOYHOCTHIO 10 (PYHKIUH, JJIA KOTOPHIX
0a3za M3MepUTEJIBHOI0 Npudopa ABJISAETCA MEPUOIOM
C HYJIEBbIM CPeAHUM.

7. llpuiiokeHue YHHBEPCAJBHOM METPOJOIHHA K
YHUBEPCAJIHLHON (pusuke aBTOpa OTKPbLIO
BCEOOIHOCTL 3aKOHOB  COXpPaHeHHMH, IIPHUPOAY,
CYIIHOCTD, CTpOeHHUE 7] COOTHOLIICHUS
0eCKOHEYHOCTH, IMPOTSKEHHOIO MHOKeCTBA,
[POCTPAHCTBA, BEYHOCTH M BpPEMEHH, AeHCTBHUS,
MOKOSI M [ABUKCHHUS, NMOCTOAHCTBA (COXPAHEHMA) H
U3MEHEHMsI, HUX MNPOU3BOJbHOE JIeJIeHMe  Ha
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AKTYaJIbHO KOHTHHYAJIbHO OECKOHEYHO MaJble
JacTHIbI 0€3 MAaTeMaTHYeCKOr0 arOMHU3Ma, a TaKKe
[eJble HepPapXud HOBBIX HBJEHHMH M BCEOOLIMX
IPOYHOCTHBIX 3aKOHOB INPUPOALI BIEepBbIe B
HCTOPUU HAyKH. Joast ITOrO BBOIATCH
YHUBEPCAJIbHbIC BEeJIUYHUHDI, HAIIpUMeEP
Oe3pa3MepHble YHHHANPSKEHUS M YHHKPATHOCTH-
YHMA03bI MUMIUIAHTAUMU. Co31aHa MeToHd0JI0rusA
onpenejieHUss M  MOBBINIEHMSA JAeCTBUTEIbHOM

TOYHOCTH OCHOBHBIX (PHM3HYECKHX  IOCTOSSHHBIX,
BKJIKOYAasi TPABUTAIMOHHYI0 TOCTOSAHHYI0 H 3apsl
ICKTPOHA 1o BHOBb YTOYHEHHBIM UTOram
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Kiaaccuyeckux onbiToB KaBenauma u  MuuinkeHa
COOTBETCTBEHHO.

8. IlpuioxeHue  yHUBEPCAJbHOM  METPOJOrMM K
YHUBEPCAJbHBIM (puiaocopun u merapuiaocopum u
APYIruM HayKaMm aBTOpA o0ecneynBaeT 70,4
YHUMETPOJIOTHYECKY IO COCTOATEJILHOCTb.
OcymiecTBiieHbl HAeH AHAKCaropa ¥ IOJHOCTBIO
peumieHbl anopuv 3eHOHAa JJICHMCKOro 0 0eCKOHeYHOu
NeJIUMOCTH KOHEYHOI'0 TOYHBIM U3MepeHrueM
NOTEHUHAJBHBIX M  AKTYAJbHBIX 0€eCKOHEYHOCTel
BrepBbie MouTH 3a 2500 JieT.
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