ISSN 2414-2948

BIOJIVIETEHD
HAYKHU U
INPAKTUKUA

HAYYHBIU HCYPHAT

Nel2 Oexabpw 20162 G



BIOJJVIETEHb HAYKHM U ITIPAKTUKHN — BULLETIN OF SCIENCE AND PRACTICE

Hayunwiti acypran (scientific journal) Ne[2 (0exabps) 2016 2.
http://www.bulletennauki.com

ISSN 24142948

W3narensckuil uentp «Hayka u nmpaktuka»

E. C. OBeukuHa Nel2 (13)
BIOJUIETEHb HAYKU U ITPAKTUKU
Hayunblii )xypHan Jexabps 2016 .

Uznaercs ¢ nexadps 2015 r.
Brixoaut oauH pa3 B MecsI|

Inasuwiii pedaxmop E. C. OBeuknHa

Peoaxyuonnas xonnecus: B. A. TopmikoB—Kanrakyzen, E. B. 3unosreB, JI. A. U6parumosa,  C. III. Kazganss,
C. B. Kopanenko, /. b. Kocomanos, H.T.Koconanosa, H.B. Kysuna, K. W. Kypnasaunu, B. C. Hunenko,
@. 10. OBeukun (o1B. pen.), I'. C. Ocunos, P. 0. Oueperuna, T.H. Ilatpaxuna, 1. B. Ilomora, A.B. Poaunonos,
C.K. CamaeB, II. H. CanskoB, E.A.Cubupsxosa, C.H. Cokomos, C.IO. Comgaroa, JI FO. ¥Ypa3aesa,
A. M. SIxoBneBa.

Aodpec pedaxyuu:

628605, HuxHeBapTOBCK, yi. XaHTel-MaHcuiickas, 17
Ten. (3466)437769

http://www.bulletennauki.com

E—mail: bulletennaura@inbox.ru, bulletennaura@gmail.com

Ceuzerenbcto o peructpanuu IJI NedC 77-66110 ot 20.06.2016

©W3parensckuii neHTp «Hayka u npakTuka»
HwuxueBaproBck, Poccust

KypHan «bromiereHp HayKH ¥ TPAKTHKM» BKIOYEH B (QoHABI Bcepoccuiickoro WHCTHTYTAa HAyYHOW H
TexHnyeckoil wuHpopmanmu (BUHUTU PAH), nayunyio oanextpoHHyto Onbnumoreky eLIBRARY.RU (PHHII),
NIEKTPOHHO—OMOInoTeunyto cucremy |PRbooks, anekrpornno—6ubanoreunyro cucremy «Jlausy, ACADEMIA, Google
Scholar, ZENODO, Altmetric, AcademicKeys (MexyHnuBepcureTckas Oubianorednas cucrema), oubmuoreku CIIIA,
Kananer, ['epmanun u ap., HHISKCHPYETCSI B MEXIyHApOaHbIX Ga3ax: ResearchBib (Academic Resource Index), Index
Copernicus Search Articles, The Journals Impact Factor (JIF), MexaynapoaHom o0OIIECTBE IO HAyYHO—
uccrenoBarensckoit aestensHoct (ISRA), Scientific Indexing Services (SIS), Epasuiickuii HaydHBIH HHICKC
xypuanos (Eurasian Scientific Journal Index (ESJI), Join the Future of Science and Art Evaluation, Open Academic
Journals Index (OAJI), International Innovative Journal Impact Factor (11J1F), Couunansuas Cers UccnenoBanuit Hayku
(SSRN), Scientific world index (mayunsiii wmwupoBoii wuHzekc) (SCIWIN), COSMOS IMPACT FACTOR,
BASE (Bielefeld Academic Search Engine), International institute of organized research (I20R), Directory of Research
Journals Indexing (cmpaBounuk HayuHbIX KypHasioB), Internet Archive, Scholarsteer, nupexropusi nHmEeKCanuu u
ummnakT—daxropa (DIIF), Advanced Science Index (ACH).

Hmnaxm—gpaxmopwt 3a 2015 2.: (GIF) — 0,454; (DIIF) — 1,08; InfoBase Index — 1,4;
Open Academic Journals Index (OAJI) — 0,350.

Tun nunensun CC nomnepxuBaemsrit xkyprantom: Attribution 4.0 International (CC BY 4.0).
B KypHane paccMaTpHUBAaKOTCS BOIMPOCHI PA3BUTHS MHPOBOH W PETrHOHANbHOW HAayKH M NPAKTUKH. J[ns ydeHbIX,

npenoaaBaTeneﬁ, ACIIUPAHTOB, CTYJICHTOB.

BromieTeHp HayKH U IPAKTHUKH. DJIeKTPoH. XypH. 2016. Nel12 (13). Pexxum nocryna: http://www.bulletennauki.com


http://www.bulletennauki.com/
mailto:bulletennaura@inbox.ru

BIOJIVIETEHb HAYKH U ITIPAKTUKHN — BULLETIN OF SCIENCE AND PRACTICE
Hayunwiti acypran (scientific journal) Nel2 (oexabpw) 2016 2.
http://www.bulletennauki.com

ISSN 2414-2948

Publishing center “Science and Practice”

E. Ovechkina no. 12 (13)
BULLETIN OF SCIENCE AND PRACTICE
Scientific Journal December 2016

Published since December 2015
Schedule: monthly

Editor—in—chief E. Ovechkina

Editorial Board: V. Gorshkov—Cantacuzéne, L. Ibragimova, S. Kazdanyan, S. Kovalenko, D. Kosolapov,
N. Kosolapova, N. Kuzina, K. Kurpayanidi, V. Nitsenko, R. Ocheretina, F. Ovechkin (executive editor), G. Osipov,
T. Patrakhina, I. Popova, S. Salayev, P. Sankov, E. Sibiryakova, S. Sokolov, S. Soldatova, A. Rodionov, L. Urazaeva,
A. Yakovleva, E. Zinoviev.

Address of the editorial office:

628605, Nizhnevartovsk, Khanty—Mansiyskaya str., 17.
Phone +7 (3466)437769

http://www.bulletennauki.com

E—mail: bulletennaura@inbox.ru, bulletennaura@gmail.com

The certificate of registration EL no. FS 77-66110 of 20.6.2016.

©Publishing center “Science and Practice”
Nizhnevartovsk, Russia

The “Bulletin of Science and Practice” Journal is included ALL-Russian Institute of Scientific and Technical
Information (VINITI), in scientific electronic library (RINTS), the Electronic and library system IPRbooks, the
Electronic and library system “Lanbook”, ZENODO, ACADEMIA, Google Scholar, Altmetric, AcademicKeys
(interuniversity library system) libraries of the USA, Canada, Germany, etc., is indexed in the international bases:
ResearchBib (Academic Resource Index), Index Copernicus Search Articles, The Journals Impact Factor (JIF),
the International society on research activity (ISRA), Scientific Indexing Services (SIS), the Eurasian scientific index
of Journals (Eurasian Scientific Journal Index (ESJI) Join the Future of Science and Art Evaluation, Open Academic
Journals Index (OAJI), International Innovative Journal Impact Factor (I1JIF), Social Science Research Network
(SSRN), Scientific world index (SCIWIN), COSMOS IMPACT FACTOR, BASE (Bielefeld Academic Search
Engine), International institute of organized research (I20R), Directory of Research Journals Indexing (DRJI), Internet
Archive, Scholarsteer, Directory of Indexing and Impact Factor (DIIF), Advanced Science Index (ASI).

Impact—factor for 2015: GIF — 0.454; DIIF — 1.08; InfoBase Index — 1.4;
Open Academic Journals Index (OAJI) — 0.350.

License type supported CC: Attribution 4.0 International (CC BY 4.0).

The journal addresses issues of global and regional science and practice. For scientists, teachers, graduate students,
students.

Bulletin of Science and Practice. Electronic Journal, 2016, no. 12 (13). Available at: http://www.bulletennauki.com


http://www.bulletennauki.com/
mailto:bulletennaura@inbox.ru
http://www.bulletennauki.com/

BIOJJVIETEHb HAYKHM U ITIPAKTUKHN — BULLETIN OF SCIENCE AND PRACTICE

Hayunwiti acypran (scientific journal) Ne[2 (0exabps) 2016 2.
http://www.bulletennauki.com

VYBaxxaemeie unrareiiu!

OT UMeHHU peAaKklMOHHON KOJUIETHM KypHajia MO3BOJIbTE MO3APAaBUTh BaC C HACTYMAIOIIUM
Hospim ["'oj0M, 0k€naTh 310pOBbsS U TBOPUYECKUX YCIIEXOB, yAauu B Aenax!

I'on Hazax 66T cOPMUPOBAH HAII TIEPBHIN BBITYCK U KypPHAI BBITIEN B cBeT. CeroHs nepe
Bamu — HOBBIN BbIITyCK moj1 HOMepoM 13. ITpoKUT mepBbIil rojl, MOKHO YK€ MOJBECTH U MEPBHIC
WUTOTH.

OpHolt M3 OCHOBHBIX 3aJay >KypHaja, HECOMHEHHO, SBISIeTCS MyOJMKaIUs pe3ylbTaToB
paboT HalIMX aBTOPOB. 3a OJMH TOJILKO I'0j ObUIO omyOauKoBaHo 587 crareit (261,87 m. 11.), uTO B
cpenHeM B Mecsl coctaBmio 49 crareit (21,82 m. m.); 29 crateii — 3TO pe3yibTaThl pabOT 1O
HAYYHO—HCCIIEZIOBATEIIbCKUM TeMaM, THOJiepKaHHbIM HaydHbMU (onnamu PITH® u PODU, no
BBITIOJTHEHUIO TOCYJApPCTBEHHOTO 3aJ]aHHs U PETMOHANIBHBIX ITPOEKTOB.

Ecnu mpoananu3upoBaTh KOJIWYECTBO OIMYOJIMKOBAHHBIX PabOT MO HAYYHBIM HaIpPaBICHUSM,
TO B JUAEpax OKa3zajuCh CIEHUAINCTBl IO SKOHOMHYECKMM HayKaM, HO TakKe XOpOILIOo
MIPEACTABIICHBI Pa3/iefibl CTATEH MO €CTECTBEHHBIM M TEXHUYECKUM HayKaM, PacTeT KOJUYECTBO
paboT Mo TymMaHWTapHOMY HampaBieHHIo. [lemarorumueckue HCCIEIOBAaHUS 4Yalle CBA3aHBI C
BBICIICH IIKOJION ¥ aHAIM30M TJI00abHBIX MPOOJIEM MearOTUKH.

I'eorpacdus Hammx aBTOPOB JOBOJIBHO OOIIMpPHA — 3TO IpeacTaBuTenu 9 crpan, 6omee 160
roposioB. KonnyecTBO aBTOpOB KypHajda 3aKOHOMEPHO YBEIWYMBACTCA C KaXIbIM HOBBIM
BBIITYCKOM U C KaKJIbIM BBIITYCKOM YBEIMYUBACTCS KOJIMYECTBO ABTOPOB C HAYUHBIMH CTEIICHSMHU.

Bropoii 3agadeil Hamiero )KypHajia SIBISIETCSI MAKCMMaJbHO BO3MOXHOE pPACHpPOCTPAHEHUE
nyOauKanui Hamux aBTOpoB. Jlyis 3TOro HaMu OBLIM 3aKJIIOYEHBI JOrOBOpPAa W COTJIAIICHUS C
KPYIHCUITUMHU  3JICKTPOHHBIMH ~ OMOTMOTEYHBIMH cHcTeMaMu B Poccunm u 3a  pyOexowm,
MIPOBOAMIIOCH pa3MeIlleHHE B MeXAYHAPOIHBIX 0a3ax v apxuBax. Beioop pa3menieHus myOauKanui
— 3TO TOJIBKO MOJHOTEKCTOBOE, MO3BOJISIIOIIEE OOJIbIIEMY KOJMYECTBY YHUTATEICH MO3HAKOMHUTHCS
c paboTtamMu Hammx aBTOpoB. M yxke ceromns >kypHan umeeT 4 MeXIyHapOAHBIX cepTHUdHUKaTa,
MOATBEPKJIAIOIINE BBHICOKOE KA4eCTBO M3JaHMs M OTMEYaeTCsd Hay4dHas 3HAYMMOCTh
OIMyOJTMKOBAaHHBIX B HEM padoT.

B 2016 r. xxypHan mporien MHAEKCAUI0 B 4 MEXKIyHAPOAHBIX 0a3ax W MOJYYUIT XOPOIITHE
nokasarenu ummakT—daktopoB. Ho Ha 3TOM paboTra B 3TOM HampaBlICHUH HE 3aKaHYMBACTCS.
Penakimmonnas Koierusi CTpeMHUTCS K MOBBIIIEHUIO KadyecTBa u3ganus u ero pocty. C 2017 rona
OyAyT peryiaspHO MPOBOIUTCS OHJIANHH-KOH(EPEHIIMH, KOTOpHIE TIO3BOJAT MPHUBJIEUYb HOBBIX
aBTOPOB, JIUIs 3TOM 1iesu ObLT pa3paboTan HOBBIH caiiT — http://www.konferenc.com

brnaronapum Bcex Hammx aBTOPOB 3a IMpeKpacHoe coTpynHuuectBo B 2016 rony, n Hageemcst
CTaTh JJIA HUX e1le 0osiee MOJE3HBIMUA U 3HAYUMBIMU.

Peoaxyuonnas xonneeus scypnana
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MPOBJIEMbBI MOJEJUPOBAHWSA U TIPEOBPA3OBAHUS YPABHEHUI
JNHAMHUYECKUX CUCTEM

PROBLEMS OF MODELING AND TRANSFORMATION EQUATIONS
DYNAMIC SYSTEMS

©Kopones B. C.

Kauo. ¢huz.—mam. Hayx

Canxm—Ilemepbypeckuii 2ocyoapcmeeHubiil YHugepcumem
2. Canxm—Ilemepbype, Poccus, vokorol@bk.ru

©Kaorolev V.

Ph.D., Saint—Petersburg State University

St. Petersburg, Russia, vokorol@bk.ru

Aunnomayus. PaccMaTpuBalOTCs BO3MOXKHOCTH BbIOOpa aNrOpUTMOB Ui [OCTPOCHHUS
MaTeMaTHYeCKUX MoJieNlel TMHAMMYECKMX CHCTEM U JalbHeiIIne npeodpa3oBaHMs MOJYYEHHBIX
YpaBHEHUH B IIPOLIECCE HCCIENOBaHMS WJIM aHalu3a CBOWCTB peuieHuil. OOcyxparorcs
(byHIaMeHTalIbHbIE TOHATHS U OIpENesIeHUs] B 3a/layax KJIACCMYECKOW M HEeOECHOM MeXaHUuKH,
acTpoM3WKH WJIM KOCMOJIOTHHM: WPOCTPAHCTBO, BpPEMs, [BW)KCHHE, MaTepHs, OJHEprus,
B3aUMOJICHCTBHE, CHJIBI, TpaBUTaLus, NpeoOpazoBaHus ypaBHeHMH. Kiaccuueckas MexaHuka
3aHMMAETCSl ONIMCAHUEM, UCCIIEI0BAHUEM U IIPOTHO3UPOBAHUEM JIBU)KEHUS, a TAaKKe HAOJI0/1aeMble
SIBJICHUSI, COBPEMEHHbIE OTKPBITHS, THUIOTE3bl U TeopuH. PelleHue ypaBHEHUH IUHAMUKU JUIs
CJIO)KHBIX CHCTEM MCIIOJIb3YET JTOMOJIHUTEIbHBIE PeoOpa3oBaHMsl AJIsl YCTPAHEHUSI OCOOEHHOCTEN
CaMHX YpaBHEHHH MM MOCIeI0BATENbHBIX ATANOB MPHOIMKEHHS.

Abstract. The possibilities of selection algorithms to construct mathematical models of
dynamic systems and the further transformation of the equations obtained in the course of research
or analysis of the properties of solutions. It is proposed to analysis and discussion of the classical
definitions and properties of the fundamental concepts: space, time, motion, matter, energy,
interaction, force, gravity, transformation equations. Classical mechanics deals with the description,
research and prediction of motion, as well as the observed phenomena, modern discoveries,
hypotheses and theories. Solution of the equations of dynamics complex systems using additional
conversion to eliminate the characteristics of the equations themselves or the successive stages of
approximation.

Kniouesvie cnosa: nUHaMUYeCKUe CHCTEMBI, MPeoOpa30BaHUs YpPaBHEHUH, MPOCTPAHCTBO U
BpEMS; B3aUMOAECUCTBUE MAaTEPUN U DHEPTHH.

Keywords: transformations of space and time, matter and energy.
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Boobpaoicenue sasicnee, uem snanus. 3nanus oepanuyenl,
mo20a Kaxk 8000paxdcenue 0xeamuvl8aem yeaslit Mup,
CIMUMYTIUPYSL NPOSPECC, NOPOAHCOAsL IBOTIOUUIO.

A. Dunwmertin.

JUig mocTpoeHuss MaTeMaTUUYECKUX MOJAENEH JUHAMMUYECKUX CUCTEM IPEXkAE BCETO CIENYET
BBIJICJIUTh IPEIMET WM COBOKYIIHOCTb OOBEKTOB HCCIEIOBaHMS M OIPENENIUTh YCIOBUSA
CYLIECTBOBAHMSI U B3aUMOJICHCTBUSL BHYTPU CUCTEMBI, @ TAKXKE BO3MOYKHOE BJIMSHUE U3BHE. MOXXHO
cuuTaTth, 4ro BO BceleHHON Bce B3aMMOCBS3aHO, HO IPU PELICHMHM IPAKTUYECKUX 3a7ay
HEOO0XOMMO OTPAaHUYUThH CeOS M YUYUTHIBATh TOJBKO TJABHOE, YTOOBI MOCTAHOBKA M OIMCAHUE
Ipo0JIEMBbI IOMOTAIU MPOLIECCY UCCIIEI0OBAHMUS.

Eme B npeBHHME BpeMEeHa 4Y€IOBEYECTBO HAyUMJIOCh 3aMeyaThb M OCO3HABaTh OKPYKAIOIIUMN
MHp, HMCIIOJIb30BaTh B CBOEH JKU3HU OIBIT U IOJIE3HBIE OTKPBITUSA, MepeaaBaTh APYTUM, a TaKkKe
co3maBaTh HOBYIO HH(popmaiuio. I1o3Tel u ¢uinocodsl pasMBIIUIM O MHOTHX IpoOieMax.
CoznmaBasin MudBbI, TUIIOTE3bl WU Teopum [1, 2, 4, 8, 10, 15]. Jemanu npakTHYECKUE BBIBOIBI.
[To3nHee cMmornm mpuIyMaTh CPEACTBA COXpaHEHHWs HH(OPMAIMHM WM Mepefadd APYTruM C
MOMOILBIO aJIhaBUTa U 3aIIUCH HA MANUPycax WU OyMaXKHbIX HOCHUTEIISX.

®unocodcekue mkoibl [Tudaropa, [lnarona u Apucrorens [1, 8, 10] cobupanu u odcyxmanu
YTBEP)KICHMS, HABOJWIM B HUX MOPSJIOK, pa3pabaThiBaId THIIOTE3bl WM HOBBIE TEOPUU HA OCHOBE
(bopMaTbHBIX JIOTUYECKUX MOCTPOCHHH, YAOOHBIX OIpPENENICHU W aKCHOM, KOTOpBIE BCE
IpUHUMAIM Ha Bepy Oe3 Jokas3arenbcTBa. (DHU3MUECKHME HAyKH OCHOBAaHbI Ha HAONIOJEHMSX,
OTKPBITHUSIX, SKCIIEPUMEHTAX, MHAYKLIUHU, OXUJas MOBTOPEHHS SBICHUM NIpHU BOCIPOU3BEIECHUU
OOCTOSTENLCTB MJIM YCJIOBHM, IPU KOTOPHIX OHU MPOU3OLUIM B MPOUUIBINA pa3. ITO BEPOATHO U
MOKET CIIYYMTCS, HO HE BCErja JOCTOBEpHO. MareMaTH4ecKoe MOJEIMPOBAHUE IPOLECCOB IS
CJIO’KHBIX JMHAMUYECKUX CUCTEM MOXKET MEHSTh Hallle IpeACTaBIeHUEe O HAOII01aeMbIX SIBICHUSX.
BooOpaxenue mo3BoissieT chopMUpOBaTh, a KOMIBIOTEP MOXKET M300pasuTh Ha JKpaHE Jaxe To,
Yero He MOXKET OBbITh B pealbHOM MUDE.

'unoTre3pl 0 CTPOEHUMHM OKpYXAlOIIEro MHUpa CO3JaBajd elle BO BpeMmeHa [lmatoHa u
[TTonemes: BUAMMOE IBHXKEHHE 3BE3] MBITAIMCh MPEACTaBUTh BPALIEHUEM BOKPYT 3eMJIM 0COOO0M
XpycTaabHOM ceprl, Ha KOTOpPOH OHM Tak KpacuBo pasmelleHbl. [locie pabor Komepnuka u
Herotona nenrpom Muposnanus cranu cuurats Connue [4, 15, 23].

[InatoH aHanu3MpoBall MOHSATHE BPEMEHU B KOHTEKCTE JI€JI€HMSI Ha ObITHE U CTAaHOBJICHHE.
Bpems ecth 00pa3 BEUHOCTH, 110100M€ BEUHOCTH B AIMIIUPUUYECKOM MUpPE CTaHOBJIEHUA. OH MBICITHII
BpeMs KaK KaTeropHi0 KOCMUYECKYIO: OHO TBOPUTCS BMECTE ¢ KOCMOCOM, MPOSIBIEHO B JABM)KEHUU
HEOECHBIX TN U MOAYMHSIETCS 3aKOHY YHCEl, IIPU 3TOM COIPSTAIOTCsI MHOXKECTBEHHOE U €IMHOE.

[TonsiTHST «OECKOHEUHOCTHY», «BEUHOCTb» WU «BpPEMs» TNPUHAUIEkKAT K YHUCIY CaMBbIX
(byHIaMEHTAJIbHBIX M CIIOKHBIX. DBECKOHEYHOCTh — KaTeropusi 4YelOoBEYECKOIO MBIIUICHUS,
UCIIOJIb3yeMasl JJIsl XapaKTepUCTUKKU Oe3rpaHnyHbIX, OECIpeesIbHbIX, HEMCUEPIIaeMbIX MIPEIMETOB
U SIBJICHUH, A1 KOTOPBIX HEBO3MOXHO yKa3aHue rpaHull. IlepBeie mpobiemMbl 6ECKOHEUHOCTH —
BOIIPOCHl KOHEYHOCTU IMPOCTPAHCTBA M BpPEMEHH, KOJIMYECTBAa BELIEHl B MHpE, BO3MOXKHOCTbH
O6eckoHeuHoro neneHus. He ciydaifHO 3TH KaTeropuu CTalM MPeIMETOM >KMBEHIIEro MHTepeca U
MPUCTAIBLHOTO BHUMaHUs. B aHTMYHOCTH BpeMsi paccCMaTpUBAETCsl B CBSI3U C JKU3HBIO KOCMOCa, a
MOTOMY TOPOIT OTOXKIECTBIIETCS C ABM)KEHHEM HEOOCBO/IA.

BeuHocTh ecTh MHTEpBaJ BPEMEHHU, KOTOPBIA CONEPKUT B cede 000l KOHEUHBINH MHTEepBaj
BpeMeHH. [lo BEYHOCTBIO MoIpa3syMeBaeTcs NMPOJODKEHUE WIH MIOBTOPEHHUE TAHHOTO COOBITUSL BO
BpPEMEHH, TO €CTh HE UMEIOIIEr0 HU Hayaja, HU MPOJAOKEHUs, HU KOHIIA BO BPEMEHHU.

Bpewms, kak cunTan ApHUCTOTEND, ONPEAEIAETCs ABMKEHUEM U U3MEHEHUEM, U HE CIIy4aillHO
HEKOTOphle (GUI0COpBl OTOXKIECTBISUIM €ro ¢ JABMKeHueM HeOocBojga. Ho, TemM He MeHee, ero
HEJIb3s1 OTOXKJECTBUTH C JIBXKEHHEM, 0O JIBMKEHHE MOXKET ObITh ObICTpee M MEAJICHHEE, a BpeMs
HeT. Bpemst He ecTh JBUKEHHE, HO HE CYILECTBYET U 0e3 NBMKeHHs. MaTeMaTH4eckoe BpeMsi caMo
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mo cebe W MO caMOW CBOEH CYIIHOCTH, IPOTEKAeT pPAaBHOMEPHO W WHAYe Ha3bIBACTCS
JUTUTEIHHOCTRI0. HBIOTOH ObLT yOEXJIeH B TOM, YTO CYIIECTBYeT aOcoitoTHOe Bpems. OHO He
3aBHCUT HU OT YEro BHEIIHETO, €r0 CaMOCTOSATEIBHOCTh HACTOJIBKO BEIIMKA, YTO HE 3aBHCHUT JIAXKe
OT TOTO, CYIIECTBYET WM HE CYIIECTBYET MUP.

Memoouxa cpasHnenus

VYyenue HptoToHa 00 aGCOIIOTHBIX BPEMEHH U MPOCTPAHCTBE ObLIO KPUTUYECKU BOCIPHUHSITO
4acThI0 HayyHOro coobiectBa. [lyankape cuuran, 4yTo (pu3HMKa JOJKHA CTPOUTHCS HA CIETYIOLTUX
MPEJICTAaBICHUSIX: «AOCOIIOTHOTO TMPOCTPAHCTBA HE CYIIECTBYET, a Mbl IO3HAEM TOJBKO
OTHOCHUTENIbHBIE ABIKeHHs. He cymecTByer abCOMOTHOrO BpeMEHHU. YTBEp)KICHHE, UYTO JBa
MIPOMEXKYTKA BPEMEHU PABHBI, HE UMEET CMBICJIAa U MOYKHO IPHUHSATH €ro TOJIBKO YCI0BHO. MBI He
CTIIOCOOHBI K HEMOCPEICTBEHHOMY BOCIIPUATHIO HE TOJIBKO PABEHCTBA JIBYX MPOMEKYTKOB BPEMEHH,
HO Jaxe (pakTa OAHOBPEMEHHOCTH JABYX COOBITHH, MPOUCXONAIIMX B Pa3lIMYHBIX Mectax. Hamna
eBKJIMJIOBA TE€OMETPHUsSl €CTh JIHUIIb POJ YCIOBHOTO f3bIKa. MBI MOIJIM OBl HM3JIOKUTH (PAKTHI
MEXaHHUKH, OTHOCS] UX K HEEBKIIUJOBY MPOCTPAHCTBY, KOTOpOE ObLIO Obl OCHOBOI, MEHEE YAOOHOM,
HO CTOJIb )K€ 3aKOHHOM, KaK M Halle 00bIYHOE IPOCTPAHCTBOY.

[Tyankape B pabote «llocnegnue wmbicau» mucai [24]: «OOBEKTOM HAyKd MOXKET OBbITh
TOJIBKO TO, YTO HU3MEPHUMO, a U3MEPUMOE BpEMsI IO CYIIECTBY CBOEMY OTHOCUTENbHO. OTCrona
BBITEKAET BAXKHBIA BBIBOJ: BPEMsSI M MPOCTPAHCTBO IO CBOEMY CYIIECTBY MHCTPYMEHTAIBHO; €T0
COJIEp’KaHUE ONPEEIIAETCS CBOMCTBOM U3MEPUTEIbHBIX HHCTPYMEHTOB. CBOICTBA BPEMEHU — 3TO
TOJIBKO CBOIMCTBA 4acOBY.

Jnst cpaBHEHUS OJMHAKOBBIX WJIM TIOAOOHBIX OOBEKTOB [AaBHO TPHAYMAIH OCOOBIE
0003HAYEHHUS 711 MEPHI WM KOJIUYECTBA €IUHUI] U YINOPSIOYEHHbIE MHOXECTBA YHCEN, KOTOPHIE
SBIISIIOTCSL OCHOBHBIM 00BeKTOM apudmeruku. Hampumep, HarypanbHble uuncna. Kaxmoe
CIIeTyIOIlee YHCIIO Ha «EAUHUILY» OOJIbIIe Mpeablaymiero. Mcnoms3yroT a5 HOBOro 00beKTa HOBOE
0003HAaYeHHE CJIOBaMHU WJIM CHMBOJIAMH PHUMCKOW i apaOckoil mareMatukd. C MX IOMOIIBIO
MOXHO pacHpeieNnTh, IEPecUnTaTh U MEepenucaTb BCEX, KTO MOMAJCs Ha ria3a. Eciu MHOXeCTBO
COJIEP’)KUT KOHEYHOE YHCJIO 3JEMEHTOB, TO BCE OYEHb MPOCTO. «MHOXKECTBO €CTb MHOIOE,
MBICIMMOE HaMU Kak efuHoe» [11]. [l OeckoHeuHBbIX MHOKECTB HYXKHO MPHUIyMaTh MPaBUIIO WIN
MOPSIOK  CleIoBaHMsl. A 3aTeM OpraHuM30BaTh MpOLecC NPOBEPKH, Jake €Cciau OH Oyjaer
OeckoneunbM [13, 17].

PazButue mouHsTHA uMcia (MOSABICHHWE HYJIS U OTPHULATENBHBIX YUCEN, OOBIKHOBEHHBIX M
JECSITUUHBIX Ipo0eil), criocoOsl 3anucu uncen (uudpel, 0003HaYEHUS, CUCTEMbI CUMCIIEHHUS) — BCE
3TO UMEET CBOIO OoraTyro ucropuio [4, 8, 10, 16].

MHOXECTBO palMOHAIBHBIX YMCEN TMOJY4YaloT C TOMOIIBI0 OMepaluu «oTHomeHue» [11].
Pesynprar 3anuceiBaioT B Bue ApoOu (OTHOIIEHHWE YUCIUTENs K 3HaMEHarTenro). JTo JelcTBue
MOKET MCIOJb30BaTh €LI€ OJHY ONEpalli0 — IMPEICTaBICHWE YHUCEN B BUJE IPOU3BEACHUS
coMHOXHTene. Oka3anock, 4TO pa3Hble APOOM MOTYT COOTBETCTBOBATH OJHOMY 3HAUEHHIO C
Y4eTOM JIEHCTBUSl COKpAIIeHMs] OJAMHAKOBBIX MHOXXMUTEJEH. JIBe ueTBepTHM — 3TO CTOJBKO K€,
CKOJIbKO OJIHa BTOpas. B MaTemMaTuke 3T0 Tak, MOXHO M300pakaTh OJJHUM YHCIIOM WM TOBOPUTH O
paBeHcTBe. Ho 1Ba kamellka M3 YeThlpeXx HE paBHBI OJHOMY Kamemiky u3 aByx [13, 17]. Takum
o0pa3oM, NpeACTaBIEHUE MHOXKECTBA PALMOHAJIBHBIX YHCET B BUIE JIBYMEpHOW OECKOHEUHOM
tabnuubl Kantopa uim maccuBa IpOOHBIX YMces BIOJHE ompaBaaHo. CpaBHEHHE JIBYX MHOXECTB
10JIy4aeTCsl B3aMMHO—OJHO3HAUYHBIM B COOTBETCTBUE C AJITOPUTMOM, KOTOPBIN Ipeioxkuil Kanrop.

[ToHsiTHE BeElECTBEHHOrO YHCla Nponuio cBoM myTh. Iludaropeiinpl nepBbIMU MPU3HAIU
HeoOxomumocTh Takux uucen [10]. OHu ymomoOnsyiM WX TEOMETPHUYECKMM TodkaMm. Bceskas
BEJIMYMHA, KOTOpash CYUTAaeTcs HEeNpephlBHOW (JIMHUSA, TOBEPXHOCTh, TEJO), MOIJIa ObITh
OTOKIECTBJIEHA C HEKOTOPBIM YHCIOM — «KOJIMYECTBOM» (JJIMHA, IUIOIMIAb, 00bEM), KOTOpHIE
JOJKHBI UMETh CBOIO €IMHUILY U3MEPEHHUS.

B mowuckax Takoi oOmiell eIuHUIBl U3MEPEHUS CMOTJIM NMPHAYMaTh OECKOHEUHO JeIMMBIE
BennuuHbl. Ho 3TO mpuBeno k 3aTpyAHEHUSIM Mepes MOHATUSIMU OECKOHEYHOI0 W HEIpPEPBIBHOIO,
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KOTOpOE€ HpPOSIBWIOCH B Mapajokcax 3eHoHa. Amopun «AXwinl U depenaxa» U «Juxoromus»
MPOTHBOCTOAT Hee OeckoHeyHoi nenmumoctu. [lapamokc «Ctpena» OCHOBAaH Ha MPENIONOKEHHH,
YTO MPOCTPAHCTBO M BPEMs COCTABJIEHbl U3 HEICIMMBIX 3JIEMEHTOB (TOYEK U MOMEHTOB).
Apucrorenb NOABEPT 3TO YTBEPKAEHUE KPUTHKE [ 1, 4].

Aneopummul u cunomesul

ApucrtoTenp yKa3blBae€T, YTO CYILIECTBYET NPUYMHA HW3MEHEHUH, KOTOPYI HENb3s
OTOXECTBIISAITh C CAaMUM M3MeHeHHeM. OH HaXOAUT, YTO €CTh ACHCTBUSA, KOTOPbIE 00YCIOBIMBAIOTCS
HE CBOMM HA4aJioM, & CBOMM KOHLIOM, COCTABJISIIOIIMM HX LieNb. Beskoe pasyMHOE uenoBedYecKoe
JEHCTBHE OOBSCHSACTCS M3 CBOErO KOHIA, M3 cBoeH menu. M3 mMarepun He oOBsACHsAETCA (Gopma
MaTepuu, €e BUJ WIH PO, U3 cyOcTpaTa M3MEHEHHUs He OOBSCHSAETCS Ta OKOHYaTeiabHas (opma,
KOTOPYIO OH mony4aeT. CoriiacHo ApUCTOTEN0, KOHEUHBIM MPOAYKT, KOTOPBIM HAl0 MOJIYYUTh, U
dbopMa, KOTOPYIO HYKHO Pa3BUTh B MPOIECCE POCTA, TaK WM HWHAYe MPHUCYTCTBYIOT B CaMOM
Hayasie (B CEMEHH), BBIPACTAIOIIEM B IOJIHOLEHHOE PACTEHHUE MPU MPABHIBHOM NMUTAHUH. ['0BOpS
S3BIKOM COBPEMEHHOW HayKH, TeHETHYECKHI KOJI CeMEHH JaeT Habop HampaBlIeHUN IS ero pocTa
Y pa3BuTUA. MBI MOKEM Ha3bIBATh 3TO YIPABIISIIOIIMM IMOTEHIIMATIOM WM reHaMmu B coctase JJHK,
MIPOrpaMMUPYIOIIMMHU TIPOLECC BO3MOXKHOTO pa3sutus. B oanoir monekyne JIHK coenunsercs
BCET'0 YETHIPE OCHOBHBIX AJIEMEHTa B 0COOOH TOCIIEIOBATEIIBHOCTH B TAKOM KOJUYECTBE, CKOJIBKO
3B€3]l B raJlakTUKe. B pe3ynpTare 3BOMIOLMM NPU ABUKEHUU WM CAMOOPTraHMU3alUU MOJy4aeM
pazHoro BuAa W (HOPMBI TPOSIBICHHS >KUBOH Marepuu. OHHM COCIUHSIOTCS B MaTepHAIbHBIC
KOHCTPYKIMHU B BUJIE MOJIEKYT U (OPMUPYIOT MHOTOOOpa3He CyIIeCTBYIOIIEr0 MUpA.

MHorue npusHaBanu BcelleHHYI0 €IMHON KaK MaTepuio, KOTOpas 3aloJIHSIET MPOCTPAHCTBO,
CuMTas TEJIECHBIM U HENPEPBHIBHBIM, OECKOHEYHO MPOTSXKEHHBIM, XOTS BO3MOXKHO OLIMOATUChH B
KaKuX-TO OTHomIEeHUsX. OCHOBHBIE BapHaHThl U (OPMBI MaTepuu 0OpPa30BAIUCH €IIe HAa paHHEH
craguu sBomonud Bceemennoit [7, 12, 14]. B HacTosinee BpeMs MOKHO IIPEAINOJIAraTh
CYIIECTBOBAHHE JPYTrUX ()OPM M HOBBIX CBOMCTB MAaTEpUU. Y CTOWYUBBIC COCTOSIHHSI TIPEICTABICHBI
M3BECTHBIMU 3JIEMEHTAPHBIMM YaCTULIAMH, KOTOPbIE MMEIOT pa3HOe BpEMsl CYIIECTBOBAHUS, a
Takke HanboJee ycTonuuBeIMU (hOpMaMH B BUJIC aTOMOB.

B naBHue BpeMeHa yKa3bpIBaJId 3JIEMEHTHI TOJIBKO JJIs1 BBIICICHHBIX PEAIbHBIX TEJI U CUUTAIIH,
YTO MHUpP COCTOUT U3 OJHOPOJHBIX HEU3MEHSEMBIX YacTei, KOTOPHIM Jajli HAa3BAHHE «aTOMBD.
Okazanoch, 4TO CaMH aTOMBI COCTOSIT M3 YACTHIl. MPOTOH, HEHUTPOH, SJEKTPOH. M3BECTHBI yke
MHOTHE JJIEMEHTapHbIE YaCTHUIBI: ME30H, MIOOH, HEeUTpuHO, (HoTOH U Apyrue. OmnpenencHue
MaTepuH PACIIUPSETCS C PA3BUTHEM PA3TMUHBIX 00JIACTEH HAYKH.

N3ydyeHneM CBOWCTB BEIIECTBA B PA3IMUYHBIX arperaTHBIX COCTOSHHSX 3aHUMArOTCs (hu3HKa
TBEPAOro Tena, pU3nKa KUIKOCTEN U ra3oB, ¢pu3nka mniaa3Mbel. CBONHCTBA U CTPYKTYpY MaTepuu Ha
MHUKPOCKOIIMYECKOM ypPOBHE M3ydaloT aromMHas Gu3uKa, siaepHas (usnka, GU3nKa dJeMEHTAPHBIX
yacTull. PacmpeneneHue Ha «MakpoypoBHE» U CTPYKTypy Marepuu Bo BcenenHolr wusydaer
acTpou3uKa U KOCMOJIOTHSI.

Kiaccuueckoe BemecTBO MOXKET HAXOIWUTHCS B OJHOM U3 HECKOJIBKHUX COCTOSTHUM:
amop¢HOM, Ta3000pa3HOM, KUIKOM, TBEPJIOM WX B BUJE TUIa3Mbl. TBepAbIE Tella TOJIBKO KaXyTCs
HaM €IUHBIMHU, HETPEPBHIBHBIMH, aOCOIIOTHO TBEPIBIMH, COXpaHsis GopMy U 00beM B MpoIlecce
IBUKEHHsI. DTO OIarogapsi MHOKECTBY B3aMMOCBSI3€H BCEX AJIEMEHTOB M YacTe Tena.

Kiaccuueckass MexaHWka 3aHUMAETCS OINMCAHWEM, HWCCIIEIOBAHMEM W TMPOTHO3UPOBAHHEM
JBUKESHHUSI, IPEXK]IE BCErO ISt a0COMOTHO TBEP/BIX TEJ MIIK BOOOpakaeMbIX MaTEepPHAIbHBIX TOUEK,
KOTOPbIE MOT'YT BBIICIIATHCS B BHJIE MEXaHUYECKUX CHUCTEM M3 OKpykaroriero mupa [3, 16, 21, 23].
HavanpHelii 5Tan MoJenupoBaHus 3aJady JAUHAMUKH TPEANONaraeT mepexoi K O0OOCHOBAaHHOMY
BBIOOPY 3aKOHOB U YCIIOBUM, KOTOPHIE MOTYT YYUTBHIBATHCS IS 3alMCH yYPAaBHEHUH Ha OCHOBE
MPUHIUIIOB WJIM aKCHUOM, aJIrOPUTMOB M MeTojoB. llpuHmmn otHocutensHocTu [anumies u
YOPOIIEHHBI BapHaHT OJHOPOJHOTO TIOJIS TATOTCHHs, MPUHIUI JIMHEWHOW 3aBHCHUMOCTH CHJI
YIPYroCTH Tpu AedopMaIiil Tell, KOTOPBIA ycTaHOBWI ['yK, MPUHIUI JETEPMUHUPOBAHHOCTH
HrroToHa u BapraHT IEHTPAIBLHOTO TPABUTAIIMOHHOTO TTOJIS.
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Oco0oe 3HaueHuEe MMEET yAayHbId BHIOOP CHUCTEMBI OTYETa WJIM OOOOLIEHHBIX KOOPAMHAT.
Pammonaneublii nogxon [lekapra mpepocTtaBuil Uit IMPOCTPAHCTBA EBKIIMAA OPTOrOHAIBHYIO
cucremy, a Habop yrjaoB Oijepa Jan yaoOHBIH CIOCOO OMUCAHUS OTHOCHTENBHOTO MOJOKEHUS
TBEPAOrO TeJla IPU HU3YYEHUM KJIACCHUYECKUX 3a/Jad BpaulareapHOro JBuxkeHus. [lpuHumn
Jlanambepa MO3BOJIMI TOJYYUTh 3aMeyaTeNbHBbIM crmoco0 cocTaBieHusi ypaBHeHui Jlarpamka
BTOPOTO poOJia, a 3aTeM HKCIIOJIb30BaTh IEpeXoj] C IMoMolIbio mpeoOpasoBanus Jlexxanapa x
KaHOHMYECCKMM ypaBHCHHSIM [ aMUIIbTOHA M METOJIaM UX MHTErprpoBanus SIkoou [3, 21, 24].

Pemenue ypaBHEHMII AMHAMMKM Ui CJIOXKHBIX CHCTEM  MOTYT  HCIOJb30BaTh
JOMOJHHUTEIbHBIE TIpeobpazoBanus [3, 9, 20], ycrpaHeHrne ocOOCHHOCTEH CaMUX YpaBHEHUH WM
peuienuit [27], METONMKY ammpoKCHUMAIMu (YHKIIMHA U TOMCKa OCOOBIX MPHUOJIMKEHHBIX (GOpM B
Buje psagoB Teinopa i [Tyankape [21, 24].

['unoTe3sl 0 CTPOCHUHU OKPYIKAIOIIET0 MUPA U TpaHuIax BeeneHHoil Obun B paboTax MHOTHX
¢bunocopckux W HaydyHBIX IIKOJA. Te, KTO Mpu3HAaBal MHUpP Kak €JMHOE, HEMpepbhlBHOE U
O0eckoHeuyHOe 00pa30BaHUE, YKA3bIBAJM Ha MATEPHUIO U C Pa3HBIX CTOPOH M3YUYalIH 3JIEMEHTHI Tell,
KaK OCHOBY BCETO CYIIECTBYIOIIET0, 3a0bIBasi 0OBACHUTH MPUUYMHBI BO3SHUKHOBEHHSI M M3MEHEHUS
WU TPUYMHBI JBMOKCHHs. B3aumonelicTBue acTpOHOMHH, (PU3UKHM M MATEMAaTHKUA MPHUBEIO K
CO3/IaHHI0 HOBBIX MPEACTABICHUN O MPOCTPAHCTBE U BPEMEHH, O BEYHOCTU M OECKOHEYHOCTH, a
TaK)Xe MOPOAMIIO HOBBIE TEOPUHM O BOSHMKHOBEHMHU U pa3Butuu Bceenennoii: Ilyankape ogHum u3
MePBBIX pa3paboTan u omyoIruKoBan [S5, 24] OCHOBBI TEOPHUH OTHOCUTEIBHOCTH, KOTOPYIO B MOJTHOU
Mepe pa3Buiu DiHIITeWH 1 @puamad [25, 28] B cBOMX MaTeMaTUYECKUX MOJACIISAX U YPABHCHUSX.

ComnHile BMeCTe ¢ ero IJIaHeTHOW CHCTEeMOW — 3TO JIMIIb OJHA U3 3Be3[ Hamel [ amakTuku.
Kpome 3Be3n B lasaktuke uMeroTcs W Jpyrue BHJbI MaTepuu (IbLIb, MEX3BE3AHBIM Ias,
KOCMHUYECKHE JTy4H), HO uX Mayno. OHU COCTaBIISIOT BCETO HECKOJIBKO MPOLIEHTOB OT MOJIHOM MAaCCHl.
DTOT ra3 HACTOJIBKO pa3pekeH, YTO CTOJIKHOBEHUS MEXKIY €ro «MOJIEKYJIaMH» HE€ MPOUCXOJSAT.
CkorieHus] TaJakTUK HAaCUUTHIBAIOT COTHH M ThICSYM uieHOB. OHU B CBOIO ouepenb 00pasyroT
CBEPXCKOIUICHHUSI, COJIEPIKALIUE IECATKU YICHOB.

Bce mHOroo6pasue Beenennoilt B mporiecce pa3Butus onucbiBaiu ['amoB [7], Xokunr [26] u
MHOTHE Jpyrue nociuenosarenu [5, 6, 12, 18]. B nmombITkax MOIEIUPOBAHUS OHU MPEIIIOJIaraiH,
YTO <«IPOCTPAHCTBO—BpPEMs» U MaTepusi BO3HHUKIM B pe3ynaprare bonbimoro BispeiBa. Onu
npeniarail €IuHYI0 KOHCTPYKIMIO «IIPOCTPAHCTBO—BPEMs», a TaKK€ CHEIHMaJIbHbIE METOJbl U
QIITOPUTMBI OTOOpaKEeHU I WU HYHKITUH JIJIS1 ONTUCAHUS TUHAMUYECKUX MTPOLIECCOB.

«[IpoctpaHcTBO—BpeMs» — 3T0 0ocobasi MOJENb, AOMOJIHAIOMIAs KIacCUYecKoe (hrU3nuecKoe
TpeXMEpHOe MPOCTPAHCTBO PABHOMPABHBIM HOBBIM HM3MEPEHHEM M CO3/aolas aOCTPaKTHYIO
KOHCTPYKLHMIO 107 Ha3bIBAHWEM IPOCTPAHCTBEHHO—BPEMEHHON KOHTHHYYM. «lIpocTpaHcTBO—
BpEMS» HEMpPEpPhIBHO C TOYKH 3pPEHUsS MATEMaTHKOB M TPEACTABIsAET COOOM UeThIpeXMepHOe
MHOrooOpazue ¢ wMerpukod JlopeHma. B  KOCMOJOTHYECKHX TEOpHUAX TaKXkKe_OOBEIUHSIOT
IIPOCTPAHCTBO M BpeMs B OjHY aOcTpakTHyio Bcenennyro [5, 14. 16, 18], koTtopas sBusercs
MHOT000pa3ueM, COCTOSIIIUM U3 «COOBITHUH», OMHCAaHHBIX HOBOW CHCTEMOM KOOpJWHAT.
MareMatuueckue MOJEIM BO3MOXHOM CTPYKTYpbl TNPOCTPAaHCTBA W BPEMEHU IMBITAIOTCA
MOATBEPAUTh WM TPOBEpUTH acTpodusmku. HaxoasT KOCBEHHblE NpHU3HAKK [UIsI MOMEHTa
3apOXKJIEHUS] BCEr0 CYIIECTBYIOIIEro MHUpa W3 alOcTpakTHOW Touku. IIpu sToM HapymaroTcs
MIpPEeKHUE TPEJCTaBICHUS OPYTHX BEIMKUX YYEHBIX, YTO MaTepusi U SHEPIus HE HCYE3al0T U He
BO3HUKAIOT U3 HUYero. [IpocTo mpoucxoauT BO3MOKHOE NpeodpazoBaHue (pOpMbI MM CTPYKTYPHI,
MEePEX0/1 U3 OJAHOTO COCTOSIHUS B IPYTOE.

B knaccuueckou mexanuxe 3aKOH BCEMUPHOTO TSATOTEHUS U OCHOBHBIE 3aKOHBI TUHAMHUKHU CO
BpeMeH HbloTOHa XOpoIIo OnuckhIBatOT ABHKEeHHE MaHeT COMHEUHOM CUCTEMBbl U MHOTHX JAPYTUX
€CTECTBEHHBIX WU UCKYCCTBEHHBIX HEOECHBIX Tell. BenwunHa W HampaBieHHE TPaBUTALMOHHOU
CWIIBI ompenenserca nojokeHneM CoJjHIIA M ITUIAHET B CHCTEME OTCYETa, KOTOPYIO BBOAUTCS IO
CBOEMY BBIOOPY U CUMTAETCSl MHEPIIHAIBHOM.
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3aKOHbl ~ KJIACCMYECKOM MEXaHUKH BBINOJHSKOTCS B  COOTBETCTBUM C  MPUHYUNOM
omHocumenvhocmu 1 anuness OJUHAKOBO BO BCEX MHEPLUAIBHBIX CHCTEMax oTcyera. Jpyrumu
CJIOBAMM, BCE CUCTEMBbI OTCUETAa MEXAHWYECKH 3KBUBAJICHTHBI. Cpeau BbIIECIECHHON COBOKYITHOCTH
TeJl PUHLMUIINAIBLHO HEBO3MOXKHO ONPEIEIUTh KAKUE U3 HUX HAXOIATCS «B JABUKEHUM», a KaKue
«MOKOSTCS». 'OBOPUTH O IBUKEHUH MOKHO JIMIIb OTHOCUTEIHFHO KaKOW-THO0 CUCTEMBI OTCUETA.

Heo0XxoauMo y4MTHIBaTH TakKe BIHMSHHE IPYTUX CHJI, KOTOpbIE MOTYT HEpUOIUYECKU
MU3MEHATHCA CO BpeMEHEM. B CBOIO ouepenp 3TO OonpenenseT n3MEHEHUsl TPaBUTALIMOHHOTO MOJIS B
OKPECTHOCTH Hamiel TIiaHeTsl. [lonsg MOAEeNupyroTCs CKAJISPHBIMH CHIOBBIMH (DYHKIHSMH,
IrPaJUEHT KOTOPBIX ONPEIAEIAET BEIUYUHY U HAIIPABICHUE CUIIBL.

I'unomesvt u meopuu

Eciam GeckoneuHoe pasHooOpa3ue BceeneHHOH MOSBUIOCH U3 IIEPBOMATEPUHU, TO OTKYyJa OHa
nosiBwiIack M korga? Yro mopoawsio CTpyKTypy NPOCTPAHCTBA M BPEMEHHM, MATEPHUH, DHEPIHH,
uHpopmanuu?

Ecnmu Bcenennas korma-to Bapyr oOpa3oBajiach, 3TO JOJDKHO OBbUIO HPOMCXOJUTH BO
B3aUMO/JICHCTBUH «3HEPrUU—MaTepUuUu—TIpOCTPaHCTBa—BpEMEHU—MH(DOpPMALIK», KOTOPble HAUYNHAIIN
Ob1 (hopMupOBaTh NEPBOHAYAIBHYIO CTPYKTYPY U CO3[1aBaTh OCHOBHBIE JIEMEHTHI WM KUPIUYUKH
HoBoOrO Mupa [12, 16, 22].

Habmronas npupoay Ha 3emiie U B KOCMOCE, IOJIYYHUIM MHOT'O BO3MOKHOCTEH JUIsl ONUCAHMS
OTJIETTbHBIX CTOPOH W TPOSIBJICHUMU, JIJII OTKPBITHS 3aKOHOB W pa3paboTku Teopuil. Ho cosnmate
«EMHYI0 TEOPHIO IOJs» MOKa He MojdydaeTcs. beliv monbITKu Haaenuts Beenennyro «dupom»
WM MexX3Be3IHbIM razoMm. Celyac mpeqiaraloT TEMHYIO MaT€pUI0 M SHEPrUI0 WM CUUTAIOT
¢byHIaMEeHTaIbHBIMU KUPIIUYMKAMU MaTepPUH HE 3JIeMEHTapHbIe YaCTHIIbI,  HEKHE CTPYHBI [6].

Haxonsce BHYTpY TEOpUM UM YUEHHSI HEBO3MOXHO JI0Ka3aTh €r0 HEMPEI0KHYIO0 UCTUHY WIH
ONPOBEPrHYTh. UENOBEK PEIUTHO3HBIM HE MOXKET AO0Ka3aTb APYruM, uto «bor ectb». OH MOXeT
IIPOCTO BEPUTH B 3TO. ATEHCT HE MOXKET J0Ka3aTh, 4YTo Oora HeT. HeBO3MOXKHO J10Ka3aTh, UTO HET
TOT'0, YTO UM HE OIPENEIICHO.

MosxHO pa3pabaTbiBaTh HENPOTUBOPEUMBBIE TEOPUU WM YYEHHS] M JIaXKe MbITaThCsS
OPUMEHSATh 3TO Ha TNpakTUKe. MOXHO BOOOPa3UTh KPUBU3HY TPEXMEPHOro (HU3NYECKOTO
IIPOCTPAHCTBA B «APYTUX M3MEPEHUAX» MHOTOMEPHOIO MHMPA WM 3aMETUTHh 3TO B MapaUIEIbHBIX
Bcenennsix. Ho TpynHO yBUIETh UM U3MEPUTD 3TO, HAXOSCh BHYTPH.

B nauane XX Beka OOHapyXWJIU sBI€HUE pa30eraHus TajlaKTHK Ojarojgaps KpacHOMY
CMEILIEHUIO B CIIEKTPE MX U3IIY4EHHUs, JIUIs1 KOTOPOro YKa3aJld JIMHEHHYI0 3aBUCUMOCTh CKOPOCTH OT
paccrosHus. Bckope crtamu o0bACHATH 3T0 cienctBueM bosbmioro B3pbiBa mpu o6pazoBaHuM
Bcenennoii. Ceiiuac yTBep)KIaroT, YTO TaJJaKTUKKM pa30eraroTcsi yCKOPEHHO, U Ja)Ke MOJYyYMiIH 3a
OTKPBITHE NIPEMUIO, XOTs [TI0KA HE HALLUIM IPUYHUHY TaKOT'O OBEICHUS.

Mory npeanoXuTh CBOIO TUIIOTE3Y, €CJIN ATOTO €Ile HUKTO HE Jienall:

«YckopeHHoe pa3beranue BceeneHHOM sBiSeTCS pe3ynbTaTOM BpallleHUs! CHEepudecKoro cios
S® wm gBwkenms MHOToOoOpasus D® B N-mepHoM mnpocTpaHcTBe-BpeMeHH R", B KoTOpom
pacrosaraercs BCsl BUAMMAsl 4aCTb BcesleHHOi».

OTO MO3BOJUT ONPEAETUTHh PAJUyC KPUBU3HBI (PU3HMUECKOTO TPEXMEPHOIO MPOCTPAHCTBA IO
3aKOHaM KJIACCMUECKOW MEXaHMKH, eclii OyJeM 3HaTh 3aBHCUMOCTb YCKOPEHHUS OT B3aMMHBIX
paccTOSHUN MEX]Ty FalaKTHKaMHU.

I'maBHOE 371€Ch, UTO HAIl peAIbHBIH MUP MOKET HaXOJUThCs B Oosee oOIIeM MPOCTpaHCTBE
(5, 10 mwnmu 26-mepHOM) M JBUTATbCS B HEUHEPIHUAIBHOM CHUCTEME, KOTOPYIO Mbl CUHUTAEM
abcomoTHON. [ToABASAIOTCS CHIIBI MHEPLMH, KOTOPbIE OMPEIENSIOT KaXylleecs OTHOCHTEIbHOE
YCKOpEHHOE pa30eraHusi BCeX 3BE3HBIX CHCTEM OT Hallei TrajJakTUKHU MpU YCIOBUH, YTO B 3TOM
IIPOCTPAHCTBE NPOJOJKAIOT JEWCTBOBATH HM3BECTHbIE HaM MpuHUMINBEL. HaOmonatenmio Oyxaer
Ka3aThCsl, YTO OHU pa3z0eraroTcs M 4YeM Jaiblle OT LEHTpa, TeM ObIcTpee. AHAJOTMYHO STOMY
[ACCaXUp TO0€3/1a, €CIU OH KPENKO AEPKHUTCA 3a MOPYYHHM, CMOJKET YBHUJETh, KaK pa3jIMyHbIC
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MIPEAMETHl HAUMHAIOT YJETaTh, 1aJaTh U YCKOPEHHO JBUIATHCS MPU KPYTOM IOBOPOTE WM PE3KOM
TOPMOKEHHUH TPAHCIIOPTA.

A mapaisiesibHble MUPBI, O KOTOPBIX TOBOPAT (DaHTACThl U JIPYrHe€ MEUTaTeNH, HE TaKhe YK
napaienbaeie. OHE MOTYT Kak-TMOO0 U TJe-TO MePEeCceKaThCsl C HAMU, JIBUTASICh 10 CBOMM 3aKOHAM.
MHuoroo6pasue IpupoJibl OKPYKAIOIIEro MUpa €lle HE MOJHOCThI0 MpOSIBMIIOCH uisi Hac. Eciu
Bcenennas Oynet cymecTBoBaTh OECKOHEYHO JI0JITO, TO YEIOBEUYECTBY OYAET YEM 3aHSATHCS.

Mmuorue mpobiieMbl OECKOHEYHOCTH U HENpPEPHIBHOCTH CBSI3aHBI C OOOOUICHUSIMH B
Maremartuke. [losiBnenue Teopunm mHOxkecTB Kantopa [11] B cBoe Bpemsi MO3BOJIUIO PEIIUTH
MHOTHE IPOOJIEMBI, TOJIYYUJIO Pa3BUTHE U IPUMEHEHHE, HO ObLIO BCTPEUEHO KPUTHKOM CO CTOPOHBI
Ilyankape u apyrux ydessIX. «[lodyemMy MOIIHOCTP KOHTMHYyMa HE Takas €, KaKk U MOLIHOCTb
LesbIX uncen?y [24].

OTO NpUBOAMIIO K IONBITKaM JI0OKa3aTh WIM ONPOBEPrHyTh TeopeMbl KanTopa u apyrue
pe3yabTaThl TEOPUU MHOXKECTB, IIOSIBJICHUIO HOBBIX TEUEHHUI U JJOTUYECKU HUJIealbHbIX Teopuil. [Ipu
9TOM TAaKUE YYEHHs OIPOBEPrarOT HE TOJIBKO yTBEpkIAeHUs KaHTOpa Ha OCHOBE IHMAarOHAJIBHOIO
METOJI1a, HO ¥ caMu ceOsl.

Ho «yTBepxkaeHMS O HECUETHOCTH 4YMCJIAa TOYEK Ha MIPSIMOW» HE JOKa3aHbl, IIOCKOJIBKY HE
MPUBOAUTCS SIBHOI'O OIPEACIICHUS TOHATHI MaTeMaTUYeCKOM TOUYKM M HPsIMOM  Kpome
«MHTYUTHBHOrO». He Bce HU3 CyIIECTBYIOIIEr0 WM MBICIMMOIO MOXKHO 0003HauuTh. Ho
MHO>KECTBO JIEHCTBUTEIBHBIX YHUCET MOKHO CUUTATh CYETHBIM M O€CKOHEUYHBIM, COOTBETCTBYIOLIUM
MHOXECTBY TOueK mpsmoii [8, 13, 17].

B marematuke [19] ecTh MHOrO IOJE3HBIX IOHATHH W OIpeaciieHUil. B aHamuTHuecKoi
reOMETpUM MpsAMas M TOYKAa ONPEIENSIIOTCS C IOMOULIbI0 4YHUCEN (3JIEMEHTOB MHOKECTBA
BEIIECTBECHHBIX YUCEI) U ANEMEHTOB aQ(pUHHOTO U BEKTOPHOTO MPOCTPAHCTB, KOTOPHIE CBSA3BIBACT
QITOPUTM ACCOLMUPOBAHHOCTH.

B knaccuueckoil (pu3uke 351eMeHThI MPOCTPAHCTBA U BPEMEHH CUUTAIOT OECKOHEYHO MAJIbIMU
(To ecTp HE MMEIONIMMHU pa3Mepa) W HENPEephIBHBIMH B CBOEM EAMHCTBE TPU (OPMHPOBAHUHU
MPSIMON, KPUBOM, MIOCKOCTH UM Oojiee CI0XHOW MOBepXHOCTH. [lo31Hee mbITanuch TPAaKTOBATh
JJIEMEHTapHbIE 4YaCTUIBl KaK KUPIWYMKU DPOCTPAHCTBA WM CO3JaBaTh KBAaHThl BPEMEHH,
npeHeOperasi HEMPEPHIBHOCTHIO. Eclii Ha MpsMOil «BBIKOJIOTH» OJIHY TOUYKY, TO TIOTEPSET JIU OHA
CBOIO HEMPEPHIBHOCTh TaK K€ KakK I'padUK KyCOUHO—HENPEpbIBHBIX (PYHKIUI MPU OTOOpPAKEHUU C
pa3pblBaMy MEPBOTO POJA, KOTOPbIE CUUTAIOT YCTpaHUMbIMH? Kak MOXHO ydajauTh TO, YTO HE
uMmeeT pasmepa? PakTUUYECKH paccMaTpUBaeTcs OTOOpakeHHWE M MOJMEHa MHOXKECTBAa TOYEK Ha
MHO’KECTBO urcel. MOKHO JIU TOYKH CYUTATh PEaIbHBIMU O0BbEKTaMH MPOCTPAHCTBA UITU 3TO BCETO
JUIIb YCJIOBHBIE TPaHMIIBI BBIACJISIEMBIX MHOKECTB Ha mHpsiMoi? Ecnu Ha mpsiMON BBIIEIHUTH
OTPE30K M YAAJIUTh, TO pa3pbiB 3aMeTeH. lIpsiMble U KpuBbIE JIMHUH, MJIOCKOCTH U MOBEPXHOCTHU
TaK)Ke HE UMEIOT pa3Mepa M0l Ha3BaHUEM «TOJIIIMHA», a SABIIAIOTCS JIMIIb YCIOBHBIMU I'PAaHULIAMH
BBIJIEJISIEMBIX MHOYKECTB.

B kBaHTOBOI (Qu3MKe NpHUIyMald MHOIO CJIOXKHOCTEH, TaK 4YTO MHOTME HE MOTYT
pa3o0paThCsi U MPEJCTaBUTH ce0e: Kak 3TO YacThla CBs3aHa ¢ cebe MoJ0OHBIMH MTHOBEHHBIMU
COOOIIIEHUSIMHU, TO €CTh MOXKET IepeiaBaTh HH(POPMaIMIO ObICTPEE CKOPOCTHU CBETA.

Ho roBopsT, 4TO 3TO IO3BOJIUT CO3AAaTh CYIIEPMOILHBINA KBAHTOBBIM KOMIIBIOTED.

B actpodusuke s onucaHus HAOMIOAAEMBIX MPOLECCOB JIBUXKEHUS 3BE3/IHBIX CKOIUICHUMN
MIPUAYMAIIM TEMHYIO MaTEPUIO, KOTOPYIO ITIOKa HEBO3MOKHO YBUJETh, XOTs IPEAIIOIAraeTCs, YTo €€
B JIECATKU pa3 OoJibllle TOM pealbHONM MaTepuu, KOTOPYIO Mbl MOXKeM Habmoaath. C moMouibo
TEMHON MaTepuu U TAKOM K€ TEMHOH SHEPrMM MBITAIOTCA 00OCHOBATH HEKOTOPHIE OCOOCHHOCTU
WIM CTPAaHHOCTHU B HAOJIOIa€MOM JBIM)KEHUHU 3B€3]l U TaJakTHUK C MOMOIIBIO MaTeMaTHYeCKOTo
MojienupoBanus. HeoOXoquMO TOJBKO YCTaHOBHUTH 3aKOHBI B3aUMOJEWCTBUS Ha TJI00aJbHOM
ypoBHE. BO3MOKHO, BCS Hallla IEMCTBUTENbHAS MATepUs B TATAKTUKAX WU 3BE3JHBIX CUCTEMax Kak-
TO TIPEOOpPa30OBHIBACTCS U3 HEBUAMMON TEMHOW MaTepUH WIM 3ajJeTaeT U3 MapauleTbHBIX MHPOB,
po10JpKasi oOHOBJIeHUE BeeneHHoi.
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MOXHO B Ka4eCTBE «HCXOAHBIX)» JIEMEHTOB IMPEANoiaraTh CyleCTBOBAHUE IIPOTOYACTHUI»
OUYEHb MaJIbIX Pa3MEpPOB M MaJOl MacChl, @ TAKXKE CUMTATh, YTO BAKyyM HAaIlOJIHEH MMH, UYTO BCE
OOBEKTHI COCTOAT U3 ITUX IMPOTOYACTHI] B BUJAE YCTOWYMBBIX 00pa3zoBaHUl wiu couertaHuil. Ecinu
UCXOJUTh U3 TUIIOTE3bI IEPBOHAYATLHOTO «OOJIBIIOTO B3pPhIBAY) BCEIEHHOHN, TO MOKHO JOMYCTHTb,
YTO MPOIECChl MPeoOpa3zoBaHUs MaTEPUH MPOJOJIKAIOTCSA. DTOT B3PHIB MOT MPOU30MTH HA Pa3HbBIX
JTanax 5BOJIIOLMHM, B YAaCTHOCTH Ha HYJIEBOM CTaJWUd W3 MPOTOMATEPUU, KAK PACCMATPUBAET
cTaHzapTHas mozens [7, 18, 22, 25]. B3pbIB MOXKET MPOU30MTH HA IPYTUX CTAAMUSAX, €CIIU BEIIECTBO
BCTPETUTCS C AHTUBEIIECTBOM. B MOMEHT B3phIBa OOJBIIIOE YUCIIO MPOTOYACTHUI] BIOPACKIBACTCS B
mpocTpancTBO. [IpoMcXoauT Takke OTIEICHHE WM pa3lielieHHe OCKOJIKOB, COCTaBJICHHBIX B
KOHEYHOM BHUJIE U3 MPOTOYACTHI]. ITHU OCKOJIKH SBJISIOTCSI OCHOBAMHM TallaKTUK M OTJEIbHBIX 3BE3/I.

Boviso0wi
IIpy MaTeMaTH4eCcKOM MOJICIIMPOBAHMM JHHAMHUYCCKUX IPOIECCOB WM COOBITUH BO
BcenenHoli «Henb3st 00bATH HEOOBSATHOE». [l0ATOMY CTaparoTcs BBIISIHTH YTO-TO TJIABHOE H
OTOPOCHUTH HE CaMOE€ CYIIECTBCHHOE HJIM YYHMTHIBATH 3TO Ha CICAYIOIIMX JdTaraxX MPUOIMKSHHUS K

pEaIbHOCTH.
BceobOmiass B3avMHasi HENpepbIBHAS CBSI3b BCEX OOBEKTOB, COOBITUH WM SIBJICHHUH BO
BcenenHoli — HMMEHHO 3TO ompeAessieT NpocTpaHcTBO BceenmeHHoil. Bo3MOXHO, 4TO 3TO JUIIb

a0CTpaKkTHOE, BUPTyallbHOE, HEBHJIMMOE B HEKOTOPOH CTENEHH WJIM JEHCTBUTEIBbHOE, pealibHOE,
HaTypajibHOE, (PU3MYECKOE POCTPAHCTBO.

@U3MKH ONPEAEIAIOT IPAaBUJIa U 3aIIMCBIBAIOT 3aKOHBI. MaTeMaTuKK COCTaBIAIOT YPaBHEHUS
IIPOLIECCOB C YYETOM Pa3JIMYHBIX YCIOBHUH U IOJIy4aloT cBOWCTBa perieHuid. [anumneit Habmogan 3a
NaJCHUEM KaMHEM M yCTaHOBWJI 3aKOHOMEPHOCTh ABM)KECHHUS TE€J B I0JIE CHIIbI TshKeCTH. HproTOH
MOJIy4YWJI YpaBHEHHS M PEILIEHUs /s ONUCAaHUS [BHKEHHUS Tela, KOTOPOE€ MOXHO CUHUTATh
MaTEpHUaIbHOW TOUYKOH, B LIECHTPAJIbHOM IPaBUTALIMOHHOM noJie. Papanell B CBOMX MCCIENOBAHUAX
AJIEKTpUYECTBA U MarHeTU3Ma, HAOMIOACHUSIX WM SKCIIEPUMEHTAX JOUIEN JO OTKPBITUS U CO3/1aHuUs
IEKTPOMAarHUTHOIO IIOJIS, IOJIyYWJI IIPUMEPBI SBHBIX IPOSIBICHUN, NPUAYyMal BO3MOXKHOCTU
[IPAKTUYECKOI'0 HCIIOJIb30BaHUsA, & OCHOBHYI0 MaTEMAaTUUYECKYIO0 MOJIENb U YPaBHEHUS IPEI0KIIT
Maxkcgemt. Oro ®apaneil npeanonaraia €IMHCTBO MUPO3/IaHUs 4epe3 BIUSHUE HA JIy4d CBETa U
B3aMMOJCICTBUE C HUMH DJIEKTPUYECTBA U MArHeTU3Ma, BBI3bIBAs MX MOJAPU3ALUI0. DWUHIITEHH
IBITAJICS CO3[aTh E€IUHYI0O TEOpUI0 MOJs s BCEX CYIIECTBYIOLIUX CHJI, COEOUHSS BpeMs,
IIPOCTPAHCTBO W CHJIBI TATOTEHHS B CBOMX YPaBHEHMSX TEOPUU OTHOCUTENBHOCTH. Emy
MPUHAUIEKUT OTPOMHAs pOJib B MOMNYJISpPU3alMUd U BBEJECHUM B HAy4YHbI 00OpOT HOBBIX
(UBUYECKUX KOHIETITUN U TCOPHUH.

CozfaHue HOBBIX THUIOTE3 WM (POPMHUPOBAHUE JIOTMUECKH HEMPOTHBOPEUMBBIX TEOPHUIl
MOJIE3HO M Jaxe Heobxoaumo. B mpomecce oOCykneHUS W pa3BUTHS B pasHbIX HalpaBlICHUSIX
(GyHIaMEHTaJIbHBIX HCCIIEIOBAaHUI OHU MOTYT JaBaTh 3amMeydarebHble Pe3yJbTaThl, CIIOCOOCTBYS
YCKOPEHUIO WM COBEPIICHCTBOBAHUIO HAyKH, a TaK)K€ HOBBIE BO3MOXXHOCTH IIPAKTHYECKOTO
MIPUMEHEHHUS.
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THE BIJECTIVITY CRITERION, CONTINUUM HYPOTHESIS,
AND NUMBER SEQUENCE AND SERIES WITHOUT SOME DOGMAS

KPAUTEPAM BUEKTUBHOCTH, KOHTUHYYM I'MIIOTE3A Y YUACJIOBBIE
HOCJVIEAOBATEJIBHOCTHU U YU CJIOBBIE PAJIbI BE3 TIOI'M
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Abstract. In Introduction, we give the Alternative decision of David Hilbert’s first Problem.
Our paper contains demonstrative denying a hypothesis about the existence of a bijection between a
set of positive integers and its own subset. This statement is a basis of an alternative methodology,
in which a significant tool is the concept of C—(m, k)—pair of natural variables. We define e—
divergence and w-—convergence of number sequences with this methodology. In particular, the
equality ,lqifolo(a"“ —a, ) = 0 is a characteristic feature for a w—converging number sequence. We

proved that the set of Cauchy sequences coincides with the set of w—converging ones and, hence,
contains a subset of the infinite large sequences; everyone from them converges to corresponding
infinite large number (ILN). In particular, a harmonic series converges to the some ILN, and the
necessary attribute of some number series convergence is also a sufficient one.

Aunomayus. Bo BBeIeHMHM MBI JaeM aJbTePHATHBHOE pEIICHHE TMEpPBOM MPOoOIeMbl
. Tuns6epra. Hama cratbsi COAEpXKUT JTOKA3aTEIIbHOE OTPHUIIAHWUE TUIIOTE3bI O CYIECTBOBAHUH
OMEKIIMN MEeXIy MHOKECTBOM HATypalbHBIX YHCENT U €ro COOCTBEHHBIM MOAMHOXECTBOM. ITO
YTBEPKJICHUE SIBISECTCSI OCHOBOM aJIbTEPHATHBHOM METOJOJOTMH, B KOTOPOM Ba)KHBIM
HHCTPYMEHTOM siBJisiercsi moustie C—(M, x)-mapa HaTypaibHBIX MEPEMEHHBIX, OMPEICICHbI e—
pacxooumocmb U W—CX0OUMOCHb YHUCIOBBIX TOCIEAOBATEIIBHOCTEH B 3TOM Merogojioruu. B
YaCTHOCTH, PABEHCTBO 1111—r>rolo (aps1 —ay, ) = 0 sBIAETCA XapaKTEPUCTHUYCCKUM CBOWCTBOM JJIST W—

CXOZISIIEHCS  YHCIOBOM  IOCNIENOBATENBHOCTH. MBI JOKa3aldM,  4YTO  MHOXXECTBO
nocjuenoBarenbHocTel Kol coBnagaer ¢ MHOXKECTBOM W—CXOASIIUXCS TOCIEJ0BATEIBHOCTEN H,
CJIeZIOBATENBHO, COJIEPKUT MOAMHOKECTBO OECKOHEUHBIX OOJIBIINX MOCIEI0BATENbHOCTEH, Kax/1as
U3 KOTOPBIX CXOJUTCS K COOTBETCTBYMOIIEMY OeckoHeuHO Ooubinomy uucay (ILN). B gactHocTH,
rapMOHUYECKUH pss cxonutest K Hekotopomy ILN, a HeoOXoaMMBIi PU3HAK CXOIUMOCTH KaXKI0TO
YHCIIOBOTO psijia SBJISAETCS TAaKKeE JTOCTATOUHBIM.

Keywords: bijectivity criterion, continuum hypothesis, C—(m, k)—pair, Cauchy sequences, e—
divergence, w—convergence, infinite large number, alternative methodology, infinite larger number,
quantity m(x) of prime numbers, maximal prime, alternative number series, dogmas.

Kniouesvie cnosa:  xkputepuii  OMEKTHBHOCTH, KOHTHHyym—Tumnore3a, C—(m, k)-mapa,
nocienoBarenbHocTH Komm, e—pacXoauMocTb, W—CXOAMMOCTb, OSCKOHEYHO OOJIBIIME YHCIa,
abTEPHATHBHAS METOJOJIOTHS, KOJUYECTBO T(X) BCEX MPOCTBIX YHCEN, HAHOOJbIIEe MPOCTOE
YHCIIO0, 3HAKOTIEPEMEHHBIN YMCIIOBOU Psii, HEKOTOPBIE JOTMBI.
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Introduction
Now we shall consider that for arbitrary sets A, B there exists a set F(4,B) = {f|f: A - B} of
all mappings from A into B. A mapping ¢: A — B is named the surjective one if p(A) =B, i.e.
¢ € Su(4,B). Amapping f € F(A4, B) is said to be injective one if
f(a) = f(q) = q = a, here the q is a symbol of variable, (0.1)
i.e. f € In(A, B). A different yet equivalent definition of the injective mapping named an
injection too has the following kind: a #q = f(a) # f(q). If f € In(A,B) n Su(4, B) then
the f is said to be a bijective one, or a bijection, i.e. f € Bi(4, B). In this case we say the sets A
and B are bijective sets and write either A~B or |A| = |B|. By virtue of these definitions we have for
arbitrary sets A, B
Bi(A,B) = In(A,B) n Su(4, B). (0.2)
Theorem 0.1 Let
A=UigA,JS N, AinA;j=0ati#j (0.3)
be any partition of the set A into not crossed subsets A;. Then a mapping f € F(A4,B) Vi
defines a partial mapping f;: A; = B, and if Vi f; € In(4;, B) then f € In(4, B).
At the first we prove that f,(Ay) £ By € B=B;NB;=@Qati,jk€ji+j by means
verification of an implication (01) and so on.
Theorem 0.2. (The bijectivity criterion). A mapping ¢: A — B is a bijection if and only if any
partition (0.3) of set A into not crossed subsets A; holds the following two conditions:
1) Vig; € In(4;,B), 2)if C 2 Ui B;,J c N, thenC = B. (0.4)
SufficiencyOd O of Proof. Now we must show the implication (0.4) = ¢ € (In(4,B) N
Su(A, B)). At the first, Theorem 0.1 proves that ¢ € In(A4, B). Now second condition in (0.4) holds
¢ € Su(4,B).
Necessity of Proof. At present we shall prove that ¢ € Bi(A, B) holds both 1) and 2) in the
condition (0.4). Let ¢ € In(A,B)and A = U;;A;,J © N, A;nA; =@ati#j. Then we have
9(A) = 9(Uic; A1)=Uic; p(4). Let ¢, £ ¢|, A > B, 50 ¢; € In(A;, B) and we have 1) from

(0.4). let 9;(A;) £ B;c Band U;¢;B;, £ C. Itis obvious that C € B. Now we shall show that an
existing of strong inclusion C c B contradicts to the mapping ¢ surjectivity. Let C* £ B\C # @, so
3¢y € C* € B.Thus there exists a pair {k,ay: k € J,a, € A;} such that ay £ ¢~ 1(cy) € Ay.
Thus ¢, = @ (ay) € B, c C and, therefore ¢, & C*.

One of the first alternative variants of this theorem was published in [1, p. 92].

Theorem 0.2 has following below consequence as

Theorem 0.3 The infinite sets are divided into classes of equivalence as well as the finite sets
to within of one element.

Really, let A2 (Bu{h},h¢B), A, 2B, A, 2{h}. Now Vf € F(4,B) f¢ In(A,B)
because there exists in B a pair {by, b1}: f (b1) = by = f(h).

Theorem 0.3 gives the Alternative decision of David Hilbert’s first Problem which is the
Dedekind—Cantor’s Continuum Hypothesis (CH). We called R. Dedekind as co—author of the CH
on the basis of G. Cantor’s correspondence with him [2, pp 327-372]. Published correspondence
between G. Cantor and R. Dedekind contains XLIX letters, Cantor wrote 35 letters from them.

In the letter 11 (29.11.1873) Cantor wrote that no matter how he was inclined to think that any
one—valued correspondence between a set (n) and a set (x) can not be established, nevertheless he
can not to find a reason for this, although it is simple perhaps and namely that is what takes him ...

So now we think our Theorem 03 is the answer to Cantor on his address to Dedekind.

Here we followed to Paul Cohen’s forecast about continuum—hypothesis (CH) [3, IV.13]: “A
point of view which the author feels may eventually come to be accepted is that CH is obviously
false”.
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Now there is the time and place to say some words about the finite and the infinite in
Mathematics without some dogmas too. Namely here we can note the priority of a concept of set
ordering before the concept of the finite—infinite, as it was done, for example, in our textbook
[4,3.5].

Definition 0.1 A linearly ordered set is said to be as the finite set, if it is either empty, or a
singleton, or each its subset except trivial has two extreme elements: the smallest and the largest.
Linearly ordered set we call the infinite one, if at least one its subset has less than two extreme
elements.

1. C—exact pairs and the mapping ¢: N — N surjectivity

To begin with, we introduce a novel concept C —(m, k) — pair of natural variables. Let sets 4
c N and Bc N be infinite sets with either ANB=@orNnB 2@ and E £ AU B S N. Further,
Let ¥ £{(m, k): (m, k)€ (4,B)} < (4, B)} be the set of pairs neighboring in the E elements m and
k.

Definition 1.1 The pair (m, k) of natural variables meA and keB is said to be € —(m, k) —
pair if there exists such a number C € N\{1} that the every pair (m, k) € ¥ holds the inequality

lm —k| < C. (1)
Condition (1) has the following equivalent form of record:
aC,C >C,(Vke Bame€ A):k=m+pm),p(m)& Z,|p(m)| < C. (2)

Let as above the In(N,N) be a set of injective functions ¢: N—N. In this item we will
consider the functions @eln(N, N) on default. 4 sequence & = (1,n4,ny,, ..., n;, ...) of natural
numbers n; is said to be a sequence with a limited step if there e@iStS such number C¢ € N that
Vi € N(§), where N(&) £ {i:dn; € £} S N, 0<n; —n;_1<C;, ny £ 1. Further, let a set N; be
defined as {1, 2, ..., n;}. The sequence ¢ and a mapping [1 ¢ N—N define two number
sequences

6 & maxfp(m) —n} 20 and d;=|D; 120,  D; £ N\g(Ny). 3)

It is obvious that |D;| = |N;\@(N;)| and then d; < ;. Really, d; = &; if and only if Vp,n; <
p< 8 +n,An<n;:p = o). In all other case we have the inequality d; < &§;. The mapping
@: N—>N defines a sequence {Qn}n=q of integers @, =2 @(n) —n as well too. If for some

sequence & there exist both 6, = sup(¢(n) —n) and &8z £ sup (6;) then we have the
nen IEN(S)
obvious inequality

8¢ < 6. (4)
Now we formulate the direct and obvious corollary of both the definition of set D; in (3) and
the mapping ¢: N—>N surjectivity as follows:
Statement 1.1 The necessary condition of the mapping ¢: NN surjectivity has the
following two equivalent forms:
Vie N(§)IjEN:D;nND;j=0and N; C Nyj. 5)
Below, for short we say “for almost all i” instead of the phrase “except for a final set of
indexes “i”" and we write by definition Vi. Now we describe the attributes of the surjectivity and
antisurjectivity of mapping ¢: N—>N.
Statement 1.2 Sufficient conditions of the surjectivity (a) and antisurjectivity (b) of the
mapping ¢: N—N have, accordingly, the following forms
Proof Each number d; determines a quantity of suclgelements n each of which belongs to
a subset N; and does not have a prototype ¢ 1(n) on N;. Therefore, an unboundedness of
sequences {d;} in (b) of (6) contradicts to the condition [J ¢( N) = N of a mapping ¢ surjectivity.
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The condition (@) in (6) guarantees the existence ofjsuch number i, that for the mapping ¢ the
following circuit of implications is valid:
Vji>ipdj=0=>D;=0=>0 ¢(N)= N;=>o¢(N)=N.

We shall speak about an antisurjective injective mapping ¢: N—>N that it is potentially
impracticable on all set N. As the examples show, the conditions (6) are not necessary for the
surjectivity and antisurjectivity, accordingly, of the function ¢. In view of conditions (3)—(6)
everyone can prove following below statements easily.

Statement 1.3 The sequences {3,} and {d;}, ieN($), defined by means of the pair ($, ¢),
satisfy one and only one of the following three conditions:

(@)  VieN(): (6;=0)= (d; =0),
(b) (3C1,C,, € 2C, €N): (Vi eN(E) (0<6; < C;) & (0 < d; < (3)), (7)

(c) IEN(E) (d; = ) & (§; = o).

Statement 1.4 For any injective mapping ¢: N—N there exists a sequence ¢ of such kind
that

3 = 8. (8)

The corollary of Statements 1-4;will be written below.

Theorem 1.1 The boundedness of a sequence {¢, } is a necessary condition of the injective
mapping ¢@: N—N surjectivity, i. . [1 ¢( N) = N holds

lim (o(n)/m) = 1. ©)

Theorem 1.2 The injective mapping: ¢*: N>N ¢*(k) £ m;, which defines some sequence

M £ ¢"(N) = (my, my, ..., My )

with an unlimited step s, £ my 1 — my, is the antisurjective function or, in other words, it
will be impracticable on all set N.

Proof Let M* be sequence with an unlimited step then we have the following condition:

VC > 03k(C) € N(&): |mycyer — Micey| > C. (10)

Let now é*=Nso N(¢*) = N, and by virtue of (3) we have n, = k + 1 hence &, = ¢*(n;) —
Ng.

Further 824_1 - 8; = Mkgyq1 — mk:(mk+1 - (k + 1)) - (mk - k) =Mpyq — My + 1. Now
with (10) we get following inequality for all k(C) € N: 8jcy+1 — k(¢ + 1 > C. Therefore we
have

8k(cy+1 > C + k) — 1. (11)

The inequality (11) proves an unboundedness of the sequence {8;} defined by means of this
pair (N, ¢*), which follows from the last inequality by virtue of arbitrariness of number C in (10).
Therefore, the mapping ¢*: N—>N, which defines the sequence M* in this theorem, is an
antisurjective one by virtue of (6), (7), (10) and (11).

Theorem 1.2 implies the following statement.

Theorem 1.3 Let A £ {k} S N and B £ {m} S N be infinite subsets of set /V. Then there
exists such number C > 0 that the pair (k, m) of natural variables k € A and m € B is C—(m, K)—pair
D).

As the examples show, the necessary conditions (5) and (9) of a surjectivity of an injection
¢: N—>N are independent ones, hence, any of these conditions cannot be sufficient. However, the
following statement below is valid.
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Theorem 1.4 The joint realization of conditions (5) and (9) is a sufficient attribute of an
injection @: N—N surjectivity.

2. The convergence of number sequences
A number sequence (a) = {a,}n=q1 = (ay,ay, ..., ay, ...) is said to be a fundamental one, or
Cauchy sequence (CS) if
(Ve >03n(e) € N):(Vn,m = n(e)) la, — an| <. (12)

The condition (12) is equivalent to the following limit equality:

lim (a, —ay) =0. (13)
n—->oo
The condition (13) has (see [5, p. 355]) a more concrete form of record
lim  (a,—a;,) =0. (14)

min(m,n)—-oo

Corollary of Theorem 1.3 The pair (m, n) of variables m and n on the conditions (12)—(14),
each of which defines Cauchy sequence, is C—(m, k)—pair.

The number sequence (a) is said to be converging to a finite number A, if lim(a,) =0.
Otherwise, i. e. if lim(a,) does not exist or it is equal (+c0), the sequence (a) is said to be in the
traditional analysis divergent one (DS). It is obvious: {(a)} = {CS} U {DS}.

As well, how it is accepted in the classical analysis, there is

{CS}I{DS}=0. (15)

We introduce a following novel concept for a refutation of equality (15). Let A,B and ¥ c
(A, B) be as above in item 1.

Definition 2.1 The number sequence (a) is said to be e-divergent one (e-DS) if there are such
two infinite subsequences 4 N and BCc N with AnB=¢ and 3 (6 >0,n* € N):V(m,k) €
¥, m > n*, holds the inequality

la, —am = 6. (16)

The direct comparison both of conditions (12)—(14) and (16) gives

Theorem 2.1 Any number sequence is either Cauchy sequence, or an e-divergent one:

V(a) (a)e{CS}{e-DS} and {CS}{e-DS}=L. @an

It is easy to show, that

{e-DS}c{DS}. (18)

The example of the sequence (a) = {n% 0 < a < 1}5_, confirms the following strict
inclusion:

{e-DS}={DS}. (19)

Proof The Sequence (@) [lis divergent one, as 0 < @ < 1 holds lim n* = «. On the other

n—-oo

hand, by virtue of the Theorem (1.3) the pairl) (m, k) LJis any C—(n, m) —pair(J (1) and [J
3(C>0,qk)eZ |gqk)|<C)ym=k+qk)C.

Now we examine the function f: R, — R,, which is determined by the formula: f(x) =
(x + q(x))* —x*. The value f(k) = (k + q(k))* —k* of the function f at x=k coincides with a
difference (m* —k%*) at m = q + q(k). It is easy to show, that x - co holds lim f(x) = 0.
X—00
Hence, the inequality (1) will be violated, at least, for any one pair (mg,k,) € (4, B), my >
n*, ko > n*. Therefore, the sequence (n%)¢{e-DS}at O0<a<1.

Therefore, the strict inclusion (19) takes place instead of condition (18). And, hence, in view
of (19), we have the following inequality instead of (15)
{CS}{DS}>Q. (20)
Now we introduce a concept which has fundamental importance in our theory.
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Definition 2.2 The number sequence (a) is said to be w—convergent (w—CS) if this sequence
(a) satisfies following condition
either Ve > 03n(e) € N:Vn = n(e) |apsq — anl<e, or lim(a,sq —a,) =0. (21)
n—-oo

Our textbook [4, 7.1] contains full proofs following theorems.

Theorem 2.2 Any Cauchy sequence (a) is w—convergent one, i. e. {CS}c{w-CS}.

Theorem 2.3 Any w—convergent sequence is the Cauchy one, i. e. {w—CS}c{CS}.

Theorems 2.2 and 2.3 compile the following statement:

Theorems 2.4 The set of Cauchy sequences coincides with the set of w-convergent
sequences:

{CS} = {w-CS}.

Theorems 2.4 follows directly from both Theorems 2.1 and Definition 2.1 and Definition 2.2
since those definitions holds {w—CS}}{e-DS}=2.

Corollary of Theorem 2.4. There exist Cauchy sequences which do not limited by the some
finite number.

The study of a sequence (a)2{Inn+ c,+v, } of the harmonious series sums (see [6, it. 388])

satisfies to condition (21), but its limiting value is more than any finite number. The corollary of
Theorem 2.4 motivates an introduction of the following concept.

Definition 2.3 The limit value of Cauchy sequence (a), which is not limited by any finite
number, is said to be an infinitely large number (ILN), defined by this sequence (a).

Let the symbol Q be denoted the set of all ILN. In the non-standard analysis the ILN are
named (see [7, Ch. 2.1]) as either non-standard, or impracticable, or actually infinite large, or
inaccessible numbers.

Proposition 2.1 The sequence (a) £ {a,:a,, = n'"% a > 0} € CS}.

Proof a,.1 —a, = (n+ 1)17% — (n)1 %=
=(n+1)/(n+1D%n/n*<(n+1)/n*n/n*=1/n% - 0.
Theorem 2.5 An unlimited differentiated in too function f:R — R converges to
corresponding ILN Q(f) if and only if f'(o0) = 0.
Proof The passage to limit in mean value theorem which has been written down for function

f:
fn+1D) = f=f"()((n+1) —n), n<t<n+l
makes up the proof of Theorem 2.5.
Now we shall receive an important on the Theory of numbers result by means of Theorem
2.5.

The quantity (x) of the prime numbers p,p < x, is defined as well know [8, 1.1.5] by the
asymptotic formula w(x) = x/Inx + o(x/Inx)
We proved that there exists some ILN = Q, which defines the quantity of all prime numbers:
Q. 2 lim,_,,m(x), because limx_m(n(x))’ =0.
Hence we can say that there exists the corresponding ILN £ Q(7) for an estimate of maximal
prime number.
3. The convergence of alternative number series

Let's designate by the symbol ZH the sum of n the first members @; of the number sequence

@2(a,)%(a,, a,, ..., a,...) 2p ia1+a2+---+an, and the symbol S, denotes the value of the

sum X,. Thus
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n+1:Sn+a neN' (22)
Definition 3.1 The pair of sequences (= )and s, ), defined by means of equations (22), is said
to be a number series defined by sequence (a), and we shall write

Zn+l = Zn-l-an+l 1S n+1 !

S (@) 2@ 2 a, fa +a,+-+a, 4o 2(A). (23)
Here and below the summation at symbol X is supposed formally from 1 up to oo, that means

an unlimited opportunity of transition from the = tothe »_
Definition 3.2 The number series (A4) is said to be convergent to the number A, if the number

sequence (s, ) of the values s_ of partial sums Zn converges to this number A. In this case number
A is said to be the sum of series (4), and we write 1ims_ = A.

The equalities (23) can be written easily in the following way:
(A)=3a,=(8 8, ++2)+(X,,8)= X, +p;. (24)

The value of the infinite sum 2, &, in (21), which is called n-th rest of series (4),

shall be denoted by a symbol r,.

Statement 3.1 The necessary feature of some number series convergence, i.e. lima, = 0, is
also a sufficient one.

Really, lima, = lim(S,, — S,—1) = 0 is a characteristic criterion (21) of w—convergence of a
number sequence (S,,), therefore r, — 0. A reverse implication (r;, = 0) = (a,, = 0) is obvious.

The number series (4)=).-,a; is said to be an alternative one, if its quantities of both

positive and negative addends are not limited.
Theorem 3.1 The number series (B), being any permutation of alternative series (4) which
converging to some number 4 not absolutely, converges to the same number A4.

Proof Let a convergent to number B number series(] B = ij 2 in + 5n [1be resulted by means
of amapping ¢: N — N, o(k)=j, where a, = b- from the series (4):

A=3 +p, = Za +Za - Za 23, +0(N)+py, (25)

n+l k(n)+1

where the k(n) denotes a max{k: a, = bj , J<h}. Step by step we shall carry out the mapping
¢: N > N and simultaneously build both the sequence (En) of the partial sums 2 of series

(B) and the sequence (Sn) of these sums values Sn. We shall receive the following bellow

equality on n—th step from the identity S a, = > a, in view of (23):
>a, = o TPk =2, Fo(N) +pym=Z, + o(N)+Py(n)» (26)

k(n . . .
where the sum G(n) Y. (n31 a, with n <k(n) contains those terms of the partial sum Zk(n)

k(n)

of series (4), which don’t belong to the partial sum X, of series ( B (n)), and o(n) =>._.",a; . Thus
with (26), we have [1Vn € N the following equalities:
Py — (M) =B, —3(N), =, +o(n) =L+ 5(n). (27)
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If we denote by §(n) and s(n) in (26) respectively the values of the sums 5(n) and o(n),
then we will obtain the number equalities equivalent of (25):

S, +s(M) =5+ 5(n), r, —s(n) =%, ~5(m)- (28)
Since lima, =0, lims(n) =0, lim Ten) = 0 at N — oo follows from the convergence of series

(A4), then we have IimT, =lim5(n) from the second equality in (28). Now from the first equality in
(28) we receive the following result: lims =lIMS +1im&(n), i. e, lim¥, =4— B at N — 0. Thus, in
view of S, >B, s, —A , we have the required implication: ( 7, =0, r, —>0)=>(B=A4).

In the general case, at s, —A and 1, —>0 the equivalence (S,—»B) & (v, »(A-B))
follows from equality (28), thus we have

Theorem 3.2 If the sequence (Z:) of the sum Z: was constructed arbitrarily from the
members of convergent to number A alternative series (4) and the sequence (S;) of the sums Z,

values S: converges to number B, then the sequence (l’n*) of the values of respective rests p:;

converges to number A—B (compare [9, pp 232-233]).

Some results of this paper can be found in the text-book [10], which was published without
the consent of the authors, it is readily available, but contains many publishing typos and
inaccuracies.
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CUCTEMbI MACCOBOI'O OBCJIYKUBAHUA
C OTPAHUYEHHOMU JJIMTEJBHOCTBIO OKAJTAHUS

QUEUING SYSTEMS WITH LIMITED WAITING TIMES
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Annomayus. B pabore mpoBOAUTCS aHAIUTUYECKOE U UMHUTALIMOHHOE UCCIIEIOBAHUE CHUCTEM
MacCoOBOTO OOCIYKMBaHUS CMEIIAHHOTO THIIA — C OrPAHMYEHHOW JIUTEITBHOCTBIO OXKHIAHUS.
Lenbio uccaenoBaHus SBISETCSA pa3pabOTKa METOAOJIOTHYECKIX OCHOB MOJICIHPOBAHUS U aHATTN3a
pE3yJabTaTOB HMMHUTAIIMK W  OINTHUMHU3AHNU q)YHKLII/IOHI/IpOBaHI/ISI paccMaTpuBaCMbIX CHUCTCM
obciyxuBanus. [IpencraBneH rpad cOCTOSHUN CHCTEMBI, OMMCHIBAIOLINI MPOLIECCH B TEPMHUHAX
MOACIn ruoean u Pa3MHOXCHUA, TIPUBCIACHLI Q)opMaanme 3aBUCHUMOCTH, IIO3BOJIAIOIIINEC
OTIpEeACNTUTh MOKa3aTeNn AeITeTbHOCTU U 3PPEKTUBHOCTH CUCTEM.

B ocHOBY uccienoBaHus NOJIOKEHA METOANKA BBISIBIICHHUS 3aKOHOMEPHOCTEH MOJIETMPOBAHUS
U CPaBHEHHUSl CHCTEM C HEOTPaHMYEHHOW OuYepeabl0 C CHCTEMAMH, B KOTOPBIX BO3MOXEH YXOX
3aj4BOK M3 O4YCpCAU IIPpU NPCBBIIICHHU KPUTHUYCCKOIO BPCMCHU OXUIAAHUSA. PaCCManI/IBaeMLIe
CUCTEMBbI HE SIBIISIFOTCSI MPOCTEHUIIMMU, XapaKTEpU3YIOTCs MOCIeAeCTBHEM, MO3TOMY B paboTe
MIPUBEJICHA M WCCIIEOBAaHA OICHKA IMOTPEITHOCTH NPHOIMKEHHBIX (DOPMYII, HCIIONB3yeMBIX IS
pacuera noka3zatenel GyHKIIMOHUPOBAHUS CUCTEM C HE MTyaCCOHOBCKUMH MOTOKAMHU.

OCHOBHBIE TEOPETUUECKUE U METOJIOJIOTHYECKHE TOJIOXKEHHS, CHOPMYTUPOBAHHBIE B padoTe,
anmpoOMpOBaHbBl W HCCIEIOBaHbBI Ha aHanuTHuyeckoi mmardopme AnylLogic. TIlpaktuueckas
3HAYUMOCTh TMOJYYEHHBIX PE3yJbTATOB 3aKJIKOYAETCI B BO3MOYKHOCTH ANpPHOPHOrO AaHAJIM3a
3¢ hekTUBHOCTH (YHKIIMOHUPOBAHUS CHUCTEM OOCIYXMBAHHS TPU UX MPOCKTHPOBAHUH, a TAKKE
ONTUMHM3alMK JAeicTByrommMx. lIpuBeneHa anoctepuopHasi OLEHKA IOTPEIIHOCTH PacdyeToB
nokasaresie (pyHKIIMOHUPOBAHUSI CUCTEMBI B 3aBHCHMOCTH OT 4YHclia 3asBOK B Hel. MccrnemnoBana
MPUKJIATHAS CHCTEMa, TPEACTaBIAIONIas cOO0W MOPCKOM TPYy30BOM TEPMHUHAT C HECKOJIBKUMHU
MpUyYaiaMM B YCIOBHUAX, KOTJa CyJa MOTYT JOCPOYHO MOKUIATh odepeab 0e3 oO0CIyKUBaHUS MPU
MPEBBIICHUN NIPEACIBHO AOITYCTUMOI'O BpEMCHHU OKHIaHUA.

Abstract. The paper deals with analytical and simulation study of queueing systems of mixed
type — with reduced waiting times. The aim of the study is to develop a methodological framework
for the modeling and analysis of the results of the simulation and optimization of functioning of the
considered queueing systems. Presents the state graph of the system that describes processes in
terms of the patterns of death and reproduction, the formal dependence to determine the
performance and efficiency of systems.

In the study based on the methodology of identifying patterns of modeling and comparison of
systems with unlimited queue systems in which a possible withdrawal requests from the queue
when exceeding a critical timeout. The considered systems are not the simplest, are characterized by
the aftereffect, so in the article and studied the error estimate of the approximate formulas used to
calculate the performance of systems with non—Poisson flows.
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Basic theoretical and methodological principles formulated in the work tested and researched
on analytical platform AnyLogic. The practical significance of the obtained results lies in the
possibility of a priori analysis of the effectiveness of service systems in their design and the
optimization of existing ones. Given the a posteriori error estimate calculations of the performance
of the system depending on the number of applications in it. Studied applied system, which is a
marine cargo terminal with several quays in the conditions when a court can prematurely leave the
place without maintenance in excess of the maximum permissible waiting time.

Kniouesvie cnosa: cucteMbl MaccOBOrO OOCIYKUBaHMs, MUMHUTALMIOHHOE MOJEIMPOBAHUE,
MOPCKOH Tpy30BOM TEPMHUHAIL.

Keywords: queuing systems, simulation, marine cargo terminal.

Cucrembr mMaccoBoro obcuyxuBanus (CMO) ¢ OrpaHUYCHHOW UITMTEIHLHOCTBIO OXKUIAHUS
(mpeObIBaHUs 3asBOK B OYEPEH) 3aHUMAIOT 0CO0OE IMOJIOKEHUE B UEPAPXUHM CEMEHCTBA CHCTEM
obciykuBanusi. CBSA3aHO 3TO C TE€M, YTO TaKUE CHCTEMBI HCIIOJIB3YIOTCS B IPEAMETHBIX 00JacCTsIX,
CBSI3aHHBIX C oOecrieueHHEeM O€30MaCHOCTH JKU3HEACATEIIBHOCTH YeNIOBeKa, TEeXHOCHEpHOI
0€30MaCHOCTH U ONEPATHBHOTO pearnpoBaHMs Ha BHEIIHUE U BHYTPEHHUE U3MEHEHHUS.

B no100HBIX cucTeMax HEAOMyCTUMA 33IePXKKa OXKHMIAaHUS 00CTY)KHBAHUS 3asBKH B OUCPE/IH,
9TO MOXKET MPUBECTH K HETIONPABUMBIM MOCIIEACTBHSM, IIOTEPE YSIOBEUCCKUX KU3HEH, CHIYKEHUIO
Ka4yecTBa, [ICHHOCTU M aKTyaJIbHOCTH MPOAYKIIUH KaK MaTEpUAIBHOM, TaK U HH(POPMAIIMOHHOM.

Takue cuctembl oTHocsATes K kiaccy CMO cMenmaHHOro Tuiia, B KOTOPHIX B OTIHYHE OT
CMO c otkasamu [1] win oxuganueM (HEOrpaHUYEHHOH ouepespio) [2, 3] CylIecTBYIOT 3asBKH,
KOTOpPBhIE MOTYT YWTH W3 OUYEPEIH, €CIIM BPEMs OKHIAHUS MPEBBICUT HEKOTOPYIO KPHUTHUYECKYIO
BCJIMYHHY.

B xadecTBe MHCTPYMEHTAIBHOTO CPEACTBA /ISl UCCICAOBAHUS UCIOIB3YETCSl aHAIUTHIECKas
wiatgopmer AnyLogic [4], koTopas moaAepKMBaeT BCE M3BECTHBIC MapajurMbl WMHTAI[MOHHOTO
MOJICIMPOBaHMs,  OOecleYnBaeT  IMPOBEACHHWE  ONTHMU3ALMOHHBIX  JKCIEPUMEHTOB U
napaMeTpuvecKkuii ananus [2-4].

Mamepuan u memoouxa
OCHOBHBIMU ~ XapaKTEPUCTUKAMH MHOTOKAaHAJIbHBIX CHUCTEM MAacCOBOTO OOCIyKHBaHUS

(CMO) ¢ oxupnanueM [5] sBaseTcs BEpOATHOCTh p, IPOCTOS CUCTEMBI M CPEIHss JIHHA Lq

o4epe/Iu:

n+l -1

[P
Po = ;k!Jrn!(n—p) ’ @)

L _ pn-v-l po ’

q 2
n-n!( —pj
n

r7e N — YHUCIIO KaHAJIOB O0CITYKUBaHMUS;
p=— — ko3pduLMEeHT 3arpy3Kd CHUCTEMbl — OTHOILIEHHWE HWHTEHCUBHOCTU BXOJSIIETO

IIOTOKa 3a4BOK K MFHTCHCHUBHOCTH UX O6CJ'Iy)KI/IBaHI/I$I B CMO.
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Hust hopmanusanuu omnmcaHusi (HYyHKIMOHUPOBAHUS CHUCTEM C OTPAHUYCHHBIM BpPEMEHEM
OXKUJAHWS UX YIOOHO MPECTABIATh B BUAC Ipada COCTOSHUI, KOTOPBIA B MPOCTEHINIEM BapUaHTE
SIBJSIETCS] CXeMOU Tudenu U pa3MHoxeHus (Pucynox 1.)

A A
—>’1—>i ---—ﬂ - —ﬂ -" Te AR e S o I
0 /1(_ L Zﬂ(_...k/l(_ K (k+1)/1(_.”ny(_ d ny+v(_ ntl ny+2v(_'“(_n,u+rv lial ny+(l’+l)v(_.”
oqepe;HHeT

Pucynok 1. I'pad cocrosuuit CMO ¢ orpaHHYeHHBIM BpeMEHEM OKHIAHHS.

B sTOM ciyyae npenenbHbie BEPOSITHOCTH ONIPENEISIIOTCS 10 CIIEAYIOIM (hopMynam:
-1

n k n o r
p P p
D .
- Tre n+i-p
i=1 ,
p . p' < p'
P =1 Po (k=Ln)ipp, =2 Py
' “1](n+i-B)
i=1
\%
rae P=—;
u
v — HHTCHCHUBHOCTb YXOIALICTO (I/I3 oucpean, HEC OOXKAABIINCH 06CJ'Iy>I(I/IBaHI/I$[) II0TOKa

3asIBOK;

I — YHCJI0 3asBOK, HAXOSIIUXCS B OYSPE/IN;

K — 4uCII0 3aHSITHIX KaHAJIOB.

Uccnenyem dopmyny (2) BEpOSTHOCTH TOTO, YTO CHCTEMa HAXOIHUTCS B COCTOSHUU Sp (Bce
KaHaJbl CBOOOMHBI). 37ech B orauuue oT Qopmynbsl (1) BTopoe ciaraemoe B CKOOKax €cTh
OECKOHEUHBIN psill, KOTOPBIA HE SBISIETCS MPOTPECCHE, HO €ro 3JIEeMEHTHI ObICTPO YOBIBAIOT C
POCTOM HX HOMEpa.

[IpencraBuM O€cKOHEYHYIO CyMMYy B BHJE JBYX CJIaraéMblX, B IE€PBOM YYHUTHIBAETCS

KOHCYHOC YHUCIIO (q _1) €€ 3JICMCHTOB, a BTOPOC (6GCKOHC‘-IH8.5{ CYMMa) — OCTaTOK.

© r q-1 r r

3 P -y p +ir p
r:1l.j[(n+i~[3) r:11.j[(n+i-[3) H‘H(n+i~[3) 3)
OrnennmM ocTatok R, oueBHIHO

Mo0>XHO TTOKa3aTh, 9YTO

q
R < (p(/ﬁ) ep/ﬁ 4)
JleficTBUTEIIBHO
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(0/B)' [, /B, (B | _(e/B)'[, o/B_ (0/B)
q! q+1 (q+1)(q+2) q! 1! 2!

Hn, COOTBCTCTBCHHO

n

p i:(P/B)r <P_n(p/B)q oo/ |

nt's r! n' q!

=q

JnuHy odepenn MOXHO HaiTh 1o dopmyre:

_ n-1 n-1
raek = Z kp, +n (1— Z P, j — Cpe/IHEe YHCIIO 3aHIThIX KaHAIOB
k=1 i=0

Pe3ynomamoi u ux oocyscoenue

[Tpumenum meronuky ucciaenoBanus CMO ¢ orpaHndeHHEM Ha BpeMsl OKUAAHUS 3aiBOK B
ouepenn UL PEUICHHs  NPAaKTUYeCKOM  3amaud. Jlos  MOAENMpOBaHUS — UCIOJB3YeM
CHELUAIN3UPOBAHHYI0 AHAIWTUYECKYIO IUIATGPOpPMYy MO HMHUTALMOHHOMY MOEIUPOBAHUIO
AnyLogic.

Mopckoii TPpy30BOM TEpMHHAJI COCTOUT M3 N =3 CHEHUATU3UPOBAHHBIX MPUYAIIOB IS
rpy3000paboTku (pasrpy3ku/morpy3ku/o0padoTk) CyaoB. VHTEHCHMBHOCTh BXOJSIIETO MOTOKA
cynoB A =4 (cynoB B cyTkH). IHTEHCHBHOCTH pa3rpy3KH Cy/I0B Ha KaXIOM Ipudaie p =2 (cyaHa
B CYTKH).

IIpoBeneM cpaBHeHME NOKa3zarened (YHKIMOHMPOBAHUS TEPMHUHANA JJs TPeX BapUAHTOB
paboTHI:

orpaHudeHuil Ha ouepeab HeT — CMO (QyHKIMOHUPYET Kak MHOTOKaHaJbHas CHCTEMa C
OXKHUJIaHUEM;

CyJa MOKUAAIT ouepeb (YXOIAT MO TalMayTy) €ClIM JUIMTENbHOCTh OKUIAaHUS MPEBbIIIAET
HEKOTOPYIO BEJMUNHY;,

M3BECTHA HHTEHCUBHOCTh YXOSAIIETr0 U3 OYepe/in MOTOKa CyJ0B.

1. Ecnu orpanndeHuii Ha o4epeb HET, TO UMEeM MHOTOKAaHAJIbHYI0 CUCTEMY C OXKUIAHHUEM.
[TpuHIMNIMaIbHAS CXeMa TaKol cucTeMbl B cpenie AnyLogic npencraBieHa Ha Pucynke 2.

Bxoa ! | O6paboTha | Brixoa,
F = ) > > ) <
h b4 ) k T T L po—d i
23 2 23 i21 21 21 21 18 12 18
T Oyepeab
Mpr4an

Pucynok 2. Cxema CMO ¢ oxuganuem.

[To mpesncraBneHHON cXxeMe K TepMUHAIY BCETro MOJOLUIO 23 cy/Ha, IBa U3 HUX OKUJAIOT B
oyepenn, TPU HaXOATCs y PUYaIoB Ha 00paboTKe U 18 MOKMHYIN TepMHUHAI ITociie 00pabOTKH.

A

Jlnst paccMaTpUBaeMoii cucteMsl P=— =2,

OnpenensieM BEpOSITHOCTh MPOCTOs TpUyaioB 1o Gopmyse (1):
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2 22 2 2° 1
Po=|1+—F—F+—F+—==| =—-.
1 20 3l 3!(3—2) 9

CpezHee 4KCIIO CY/IOB B OUepE/Iu:

L=—— 9 _
q 2
3~6(1—2j
3

Ha Pucynke 3 mpectaBieHbl JHarpaMMbl, XapaKTEPU3YIOMIUeE JITUHY O4ePeI IO Pe3yabTaTy
MMUTAIMOHHOTO MOJICIIUPOBAHUS U PACCUUTAHHYIO [0 AHATTUTHUECKOMY BBIPAYKEHUIO.

I
0.9
0.9 _M
.59
0.5 0.55
B JnvHa odepeau: 0,599 = fNHHa od4epeam
M [peaenEHaa BENHYMHa: 0,859 = [peaenEHaA EENHYHHA

Pucynok 3. MonenpHOE 1 IIpeieTbHOE 3HAUECHHUE JITHHBI OYEePE/IH.

CpenHee BpeMsi 0KHUIaHUS B OUE€pPEIN Ha OOCITY)KHBaHUE!

L
5892 02
o4 9

JlaHHBIE O TEKYIIEM KOJIMYECTBE CYJIOB B OUYEpEAM, BPEMEHU MpPEObIBAaHUS B OUEPEN U €ro
IIpe/leIbHOMY 3HAUYEHHUIO Mpe/icTaBiIeHbl Ha Pucynke 4.

T,=

— CYA0E B O4epEAH

10

=l ﬁ 0.1 0.2 0.3
B Epema B odvepeaH: 0,226
. ry

S.éﬂm 2 50 M [peaenEHOE sHaqeHkHe  0.222

Pucynok 4. JlanHble pazMepa odepeii 1 BpeMeH! peObIBaHus B HEH.

Pucynok 5 xapakTepuszyeT COOTHOIIEHHE BpPEMEHH, MPOBEACHHOTO B O4Yepead K
3G HEKTUBHOMY BpeMEHU Ipy3000pabOTKH (pasrpy3kH).
0% | B0%

a0%:

CpegHee 0.226 0%
40%

0%

20%: MakncmaneHoe 3.259

0% L a— T T 0% T T

0 1 z 3 4 0 z 4 a]
i EpemA B ouepeam iy Bpema pasrpyskm 0.501

Pucynoxk 5. CooTHOmIEHHE BpeMEHH B 0Uepenr U 00paboTKH.
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OTMCTI/IM, 4YTO B JAHHOM PECKUME MAKCHUMAJIbHOC BpCMA Hpe6LIBaHI/ISI B oUcpcau MpCBbIIIACT

3 CyTOK.
Cpennee Bpemsi mpeObIBAHUS CY/IHA B CUCTEME:

T, =T, +1z0,22+0,520,72_
i
2. V3BecTHO, YTO CyAa MOKHIAIOT O4Yepeib, €CIM BpeMs HAXOXJICHUS B Hel mpesbimaet 1
CYTKH.
[IpuHIHMIUaTbHAS CXEeMa TaKOW CUCTEMBI C YXOJOM U3 Ouepely MO TaiiMayTy MpeacTaBicHa
Ha Pucynke 6.

MHorokaHaneHaas C MO ¢ orpaHydeHHbIM EpeMeHeM OKHOaHWUA
Wxog
Bxod . 2 | Oﬁpgﬁﬂﬂia | Brixog
F % g0/ 2 < & ~ >
h T 4 e o Ta oTa . - Ta i
183 183 183 175 175 175 175 172 172 172
E‘ Ouepesb
Mpr4an

Pucynok 6. Cxema CMO ¢ «HeTeprenuBbIMI» 3asiBKaMH.

[To TexyiieMy COCTOSIHMIO CUCTEMbBI MOKHO KOHCTaTUPOBAaTh, yTO U3 183 mpumienmux cynos,
172 moKMHYNIH CUCTEMY IOC]e Tpy3000padoTKH, 3 HaXOAsATCs Ha 00paboTke, 6 — B ouepenu u 2
MOKUHYJIM TEPMHHAJ, HE JO0XKAABIIMCH OOpaOOTKH M3-3a MPEBBILIEHUS JOIYCTUMOIO BPEMEHU
npeObIBaHMS B OYEPEIH.

Ha Pucynke 7 mnpencraBieHbl pe3ynbTaTbl MOJEIHMPOBAHMS 10 BPEMEHHU, MPOBEACHHOM
CyJaMH B ouepenu U AnuHe ouepeau. [IoHATHO, 4TO MaKCUMaIbHOE BpeMs B OUepeld OrpaHuYeHO
1 cyrkamu (panee 3,259), a cpennee BpeMst ymenbimiiocsh 10 0,139 (0,226) 3a cuer Toro, 4To 4acThb
CYAOB YXOJAHUT 1o TaiiMayT. O4eBUHO, CPEAHSS AJIMHA OUYepeId TaKXKe cTala MeHbIle, 4eM Oblia B
peXHUMe 0KUJaHUs 0€3 OrpaHUYECHUN.

/’r 0.9
0.8

CpenHee 0,130

80%

al%

0%

0.7

20%: MaknemaneHoe 1

e

0% — /INHHa oHepeam

1] 0.5 1

— MpeAenEHAA E&MHYHHE
il Bpera B o4epEaH

Pucynoxk 7. Bpems B ouepean v ee JUIMHA C YI€TOM TaiiMayTa.

3. Ha ocHOBaHMM CTaTUCTUYECKHX JAHHBIX W3BECTHA MHTEHCHUBHOCTb JOCPOYHOrO YXOJa
cynoB u3 ouepenu v =0,15. Hccmenyem, Kak M3MEHATCS  OCHOBHBIE  ITOKa3aTeld

¢byakunonupoBanus CMO mpu pa3nIuyHbIX 3HaYEHUSIX (| KOJMYECTBA DJIEMEHTOB, YUUTHIBAEMBIX B
pasnoxkeHuu (3) AJ11 BEpOSATHOCTH TIPOCTOSI CUCTEMBI.

Iycts q = 6. 3aBucumoctu P, = f (I’) uR="f (I’) npescTaBieHbl Ha Pucynke 8.
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s n0=Ff(r] = B=F(1]
[EP R 12
0,13
0.1
0,12 4
0.11 t t 0.05 t t t T
0 =] 10 = (=] o 10 12 14

Pucynoxk 8. Bnusinue uncna 3asBok B ouepenu Ha nokazareian CMO.

\%
OuyeBuHO, B IAaHHOM CJIy4ae: B=—=0,075; p, =0,119.
1)

Torna CpeaHEE YUCJIO 3aHATHIX KAHAJIOB.

_ nd n-1
k=> kp, +n(1—z pij:1,931,
k=1 i=0
JJINHA Oqepe[u/l:
L —P=K_po15.
B

q

Ha Pucynke 9 mpencraBineHa wH(pOpMAaIys O MOJCIHFHOM 3HAYCHUU JUTUHBI OYEpPEIUd U ee
IpeAcIbHOM 3HAYCHHH (0,915). OTnauynst B 3HAYEHUAX OOBSICHSIOTCS IMOTPEUTHOCTHIO, KOTOpas

BHOCHUTCS 3a CUET y4eTa TOJIbKO 5 3JIEMEHTOB B pa3jiokeHuu 1o gpopmyse (3).

[
-0.268
-0.265
-0.269
-0.269
I 05 -0.27
B JnvHa oqepedk: 0,647 =— OTAM4YKE OT NPEAENEHOR EERHYHHE
M [peAsnEHaA BENMYMHA: 0,915

Pucynok 9. Jlnnna odepeny u ee mpeaenbHOe 3HAYCHHUE.

Pucynok 10 comepxutr wWHPOPMAIMIO O MOJCIHHOM 3HAYECHUH BPEMCHH, IPOBOJIUMOM
Lq 0,915
A

CyAaMHU B O4UCpCaU U €To MPEACIIbHOM 3HAYCHUN Tq =

= ~ 0,229,
4

0.1 0.z 0.
M EpeMA B odepeaM: 0,139

B [pedAenEHoR SHAYeHHE | 0,229
Pucynox 10. CpaBHEeHHE BpeMEHHU B O4EPEAN U €T0 MPEACIEHOTO 3HAYCHUS.
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OueBuaHO, mMpH =6 o0cTarok R — 0,12 (Pucynok 7). Takum oOpazom, oreHka (4)
3aBBIIICHA.

Ha ocHoBanuu rpaukoB, MpeACTaBICHHBIX HA PUCYHKE 7 MOYKHO CIENIaTh BBIBOJA O TOM, YTO
npu I 215 nokazarenu ¢pynkumonupoBanusi CMO ocTaroTCst MPaKTHUECKH HEU3MEHHBIMH.

Tornma:

R:nf“kpk +n(1—nzl“ pij=1,951;

B stom ciyuae mnokaszarenu (pacueTHbIE W IIpelesIbHbIE) JUIMHBI OYepeAMd CTaHOBSTCA
NpaKkTHYeCKH ouHaKkoBbiMH (PucyHok 11).

I
-0,003
0,004
0,004 +
0.2 0.4 0.6 ff -0.00%
M nKHa odepedn: 0,647 = OTNHYHE OT NPEAENEHONA BENHYHHE
M [pedeneHan Ben4HHa: 0,65

Pucynoxk 11. Madopmanus o juimHe odepes.

Ha Pucynke 12 mpuBenena mHdopmanus O CpeIHEM BpPEMEHH, MPOBEACHHBIM CyIaMH B
ouepenu. Pacuernoe 0,139 u npenensHoe:
L, 0,65
T,=—=—2x0,163
A 4

1 0.05 0.1 .15 0.3
M BpemA B od4epesr: 0,139

M [pegensHoe sHadYeHMe @ 0,163

Pucynok 12. 3naueHus BpeMeHH OKUIaHUsI B OUEPE/IH.

Bobi6oowi

Pe3ynbTaThl BEIOJHEHHOTO MCCIICAOBAHUS TIO3BOJISIOT TIPOBOIUTEH KaK allpUOPHBIA aHAIN3 U
BBIOOp Hanbonee mpuemiaemoro BapuanTa cuaTre3a CMO ¢ orpaHHYeHHBIM BPEMEHEM OXKHIaHUS Ha
JTarne MPOSKTHPOBAHMS, TaK M SBIIIOTCS HEOOXOTUMBIM W JIOCTATOYHBIM HHCTPYMEHTAPHEM IS
MOBBIIIEHUS A()()EKTUBHOCTH SKCIUTyaTalldd U ONTUMHU3ALMU Yxe aeictByronmx CMO mpu
Pa3IMYHBIX BapHalMsIX HUHTCHCHBHOCTH MX 3arPy3KH.

B pabGore mnpuBeneHsl u (opMambHBIE 3aBHCHUMOCTH JJIs pacyeTa IoKaszaremneit
¢yakuonnpoBarrsi CMO ¢ ONEHKOW TOTPEITHOCTH BBIYHCICHHS TPEACIbHBIX BEIWYHH, U
pe3yNnbTaThl  PEAThbHOTO  MMHTAIMOHHOTO  OKCIEPUMEHTa,  IO3BOJISIIOIIME  COMOCTABUTH
AHATUTUICCKUE W MOJICITLHBIC TTaPaMETPHI.
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BUOJIOI'Us PABBUTUA OPI'TAHOB:
OPI'AHU3MEHHAS HHTEI'PAIIUA U MOP®OI'EHE3

DEVELOPMENTAL BIOLOGY OF ORGANS:
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2. Cankm—Ilemep6ype, Poccus, deptanatomy@hotmail.com
©Petrenko V.

Dr. habil., OLME

St. Petersburg, Russia, deptanatomy@hotmail.com

AnHomayusa. AHamM3 IMHMPOKO H3BECTHBIX IyONMKAIMd O MEXaHU3Max pasBUTUS JKUBBIX
CYIIECTB IMOKa3aJ Pa3u4us W OOIIHOCTH B3IJISAOB MX aBTOPOB HA OPTraHU3AIMIO PAa3BUTHA. DTOT
aHaJIM3 MO3BOJISIET YTBEPXKIAaTh, YTO OTCYTCTBYET XKECTKas, MpsMasi CBSI3b MEXKIY: 1) TEHOTHIIOM U
deHoTunom; 2) CTpyKTypoil u (pyHKIMOHAIBHOW aKTHBHOCTHIO T'€HOMa M OEJIKOBOTO arrapara,
BKJIIOUas OMOCHHTE3 OENKOB, 2a) a Takke MEeXAy HUMH U MopdoreHesom. Vmerommecs: ceroans
CBEIEHHUS] O TCHHOM OpraHW3allMd WHAWBHUIOB OYEHb OTPAHUYCHBI, TPOTHBOPEUMBBI U HE BCErIa
00bekTHBHEL. [109TOMY OIleHUBATh POJIb TEHOB B OPraHU3aIlMH PA3BUTHS CIEAYET OYEHb OCTOPOXKHO.
Sl Bcerna mojarall, 9YTO HYKJIEMHOBBIE KHCIOTBI — 3TO TACCUBHBIA MaTepUall PA3BUTHUS KHBBIX
CYILECTB, MYCTh OYEHb BAXKHBIM, HO TOJBKO HMHCTPYMEHT ISl OEJKOB, OPTaHU3YIOIIUX >KU3Hb
TaHHOTO WHIMBUAA. VIMEeHHO Oenku (GOpMHPYIOT KIETKH, MX OpPTaHeUIbl U MHKPOOKPYXCHHS,
MEXKJIETOUHbIE KOHTAaKThl. be3 mocieqHux HEBO3MOXKHA OpraHu3alus TKaHed u opraHoB. W mms
3TOro OENKH HCHOJB3YIOT Pa3HbIE BEIIECTBA, B TOM 4YHCIE U HYKJIEHMHOBBIE KUCIOTHL. CuMTaro
Ba)XHBIM TPECTaBICHNE, YTO TKAHEBBIE WHTETPHUPYIOUINE CHCTEMBI 00ECNEeunBalOT 00Opa3oBaHUE
OCHOBHBIX THUIIOB KJETOK, TOTJa KaK OpraHM3MEHHas HWHTErpupyrollas cucTeMa OnpeenseT
CTaHOBJIEHHE (OPMBI, NPUYEM HM3MEHEHUS WMEHHO OPTaHU3MEHHBIX HMHTETPHPYIOUINX CHUCTEM
CIIy’)KaT OCHOBHOHM JBIKYILIEH CHIION MopQosioruyeckoi 3BONIOLUHU. Pe3ynabTaTel cCOOCTBEHHBIX
MCCIICIOBAaHHH TTO3BOJISTIOT MHE YTBEPK/IaTh, YTO HHIMBHIyaIbHAS MPOCTPAHCTBEHHAS! OPTaHU3aIUS
OCYILECTBISIETCS B IPOLIECCE MEKOPraHHbIX B3aUMOJEWCTBUI, HEPAaBHOMEPHOTO POCTa OPIaHOB,
TEMIIBl KOTOPOTO OOBIYHO CHMYKAIOTCS 110 MEpE CO3peBaHMs TKaHel. BiusiHue okpyxkaromeil cpes
Ha pa3BUTHE OPraHU3MOB M OPraHoOB (SIUIECHETHUYECKUI (aKTOp) HIpaeT KIIOYEBYIO pOjib B
pean3aly reHeTUYecKoil HHPOopMaIiH.

Abstract. Analysis of widely known publications about mechanics of being performs
distinctions and common outlooks of their authors on organization of the development. This
analysis allows to confirm, that hard direct connection is absent between: 1) genotype and
phenotype; 2) structure and functional activity of genome and albuminous apparatus, including
biosynthesis of proteins, 2a) and also between them and morphogenesis. Today available
knowledges about genic organization of individuals are very limited, contradictory and not always
objective. Therefore, it should be to appraise a role of gens in development of organization very
carefully. I think always, that nucleinic acids are passive material of development of being, let very
important, but only instrument for proteins, organizing life of this individual. Just proteins form
cells, their organelles and micro—environment, intercellular contacts. It is impossible organization of
tissues and organs without the latter. And for this proteins make use different substances, including
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nucleinic acids. | consider as important principle, that tissue integrate systems ensure formation of
cells of basic types, then organism integrate system determines moulding of form, moreover
changings of just organism integrate systems are fundamental driving force of morphological
evolution. Results of my own investigations make it possible, that individual spatial organization is
realized in process of interorganic interactions, uneven growth of organs, rats of which usually are
falling in accordance with maturing of tissues. Influence of environment on development of
organisms and organs (epigenetic factor) plays key role in realization of genetic information.

Knroueswvle cnosa: opraausm, oprat, pa3BUTHE, POCT, TCHOTHII, (PEHOTHUII, B3aUMOJICHUCTBHE.
Keywords: organism, organ, development, growth, genotype, phenotype, interaction.

HukTo He MOXXET 3aHMMAaThCS BCeM — HE O0BATh HEOOBATHOE. SI aHATOM, TOATOMY H3ydalo
OpraHoreHe3 W ero MeXaHHKy [7], HO C NOHMMaHWEeM 3HAYMMOCTH TI'CHETHKH JJisi OOBSICHCHUS
pa3BUTHS MHAMBUAA U ero opraHoB [14]. B manHO# craThe s 00paIiarch K HEOOXOTUMBIM JIJIsI
ATOTO MYOJHMKAIUAM, MPEXKIC BCEr0 K OYCHb MHTEPECHOW M OYCHb BAKHOM, IIMPOKO M3BECTHOM
KHUTe «OMOPHOHBI, T€HBbI U 3BONIOLU». Ee aBTophl B mpenucioBun 3asBwin: «Hamr ocHOBHOU
TE3UC 3aKJII0YaeTCsl B TOM, YTO CYIIECTBYET HEKas IeHETHUYecKas MpOorpamMa, YIpaBJIsromas
OHTOTEHE30M, W 4YTO B IMpPOIECCEe PAa3BUTHS BAKHBIC PEIICHHS NPUHUMAIOTCS OTHOCHTEIBHO
HEOOJIBIIUM YHUCIOM T'€HOB, HECYIIMX (YHKIMU MEepeKiIoyaresieil Mexay albTepHATHBHBIMU
COCTOSIHUSIMM WM TyTsMH. [logoOHas Touka 3peHHs, €CIM OHa BEpHa, O3HAyYaeT, uYTo
IBOJIIOLIMOHHBIE M3MEHEHUS B MOP(OJOrHH MPOUCXOMAT KaK Obl MEXaHMYECKH KakK pPe3yJbTar
W3MCHCHHMI B CHUCTEME T'CHETHYECKUX Nepekirodateneii. Eciau BepHO Hallle mpelcka3aHue o0 TOoM,
YTO YHUCIO TAKMX T'€HETUYECKUX MEePEKIIoYaTeNIeii OTHOCHTEILHO HEBEJIMKO, TO TEM CaMbIM
BO3HUKACT BO3MOXKHOCTh JUIsI OBICTPHIX (B T'€OJIOTMYECKOM CMBICIE) U PE3KHX SBOJIOIMOHHBIX
U3MCHCHMI. BO3HUKHOBEHHE HOBBIX TPYII OPraHM3MOB, IO-BUIAMMOMY, CBSI3aHO C TaKUMHU
MaKpOABOJIIOIIMOHHBIMU COOBITHSMU... B 3aKIIIOYUTENBHOM TJIaBE MBI MBITAEMCSl CO3JIaTh HEKYIO
eIMHYI0 YMOPHOTCHETHYECKYIO OCHOBY ISt MOP(OJIOTHYECKOH IBOIOIIIY [23].

Penakrop mepeBona KHUTH «OMOPHOHBL, TeHBI U 3BoOIs» Tpod. A. Heiidax Brickazamncs o
CYTH KHHUTH TaK. /IaBHO M3BECTHO, YTO BOJIOI[MOHHBIC H3MEHEHUSI — ATO U3MCHEHHsI OHTOTCHE3a.
Ho 10 cux mop 3T0 yTBepiKAeHHE HOCHIIO YHCTO JCKJIApaTHBHBIA XapakTep. TONbKO B HAIIU JTHH
MOSIBUJIACh BO3MOYKHOCTh HAuyaTh Pa3roOBOp O CHUHTE3e AMOPUOJOTMH M TCHETHKH B HM3YYCHHU
MEXaHHM3MOB DBOJIIOIMH. OBOJIOIMOHHBIE W3MEHEHHs BCerJa HA4YMHAIOTCA C W3MEHEHHH
TeHETUYECKUX, KOTOPbIC, U3MEHSISI X0/l Pa3BUTHUs, pealn3yroTcs B ¢peHoture. Tolbko mocie 3Toro,
yXe Ha ypoBHE (DEHOTHIIOB, MOXET BCTYNUTHh B JICHCTBUE eCTeCTBEHHBIH 0TOOp. Ho omHO nmemo
CTPOUTH MOJICI MUKPO3BOIIOIMH, PACCMATPUBACMOM KaK OJHA MyTaIlusl B OTHOM reHe. M coBcem
Apyroe, KOTrJa paccMaTpHBaeTCs pealbHOE BUA000pa30BaHUE C BOSHUKHOBEHUEM OOJBIIMX HIIH
MEHBIIHX MOP(OIOTHUSCKUX pa3nuuuii. [ MoOHMMaHHS MEXaHU3MOB SBOJIOIMH, U HEOOXOIUM
CIeNYIOUIMIA dTan — OOBEIUHEHNE CHHTETUYECKOW TEOPHUH HBOJIOUMHU C OWOJOTHEH pa3BUTHSL
LlenTpanbHas uesi, KOTOpas MPOXOJMUT Yepe3 BCIO KHUTY, COCTOUT B TOM, YTO T€HbI, MyTaI[HOHHBIC
U3MEHEHUSI KOTOPBIX OTBETCTBEHHBI 32 MOP(OJIOTHYECKYIO SBOJIOIHIO, B OOJBIINHCTBE CBOEM HE
CTPYKTYPHBIC, a PETYISATOpHBbIC. A €CJIM B DBOJIONUU BEAYIIYI0 POJb HMIPAOT WU3MCHEHHS B
PETYJIATOPHBIX T€HaX, TO HBOJIOIHMOHHAS pOJb CTPYKTYPHBIX TE€HOB, KOJHMPYIOIIMX OCINKH,
OKa3bIBa€TCS CYIIECTBEHHO MeHbIne. OpHaKo OOJBIIMHCTBO TI'CHETHYSCKHX H3MCHEHHUIA,
OTBETCTBEHHBIX 33 O3BOJIIOIMOHHBIE HM3MEHEHHs MOpP(OJIOTHH, PEaATM3YIOTCS BCE JK€ uepe3
AMUHOKHCIIOTHBIC 3aMEHBI, XOTs B PsJIe CIy4acB U3MCHEHHUE PEryJsiiiUd PadOThl TEHOB M MOXKET
MPOUCXOIUTH TOJBKO Ha ypoBHe JIHK [23].

Ecnu kpartko, TO BaKHBIN 11 MEHSI BBIBOJI M3 TPOYMTAHHOW KHHUTH [23] COCTOUT B TOM, YTO
OTCYTCTBYET JKECTKasi, mpsMas CBsi3b Mexay: 1) reHoTuroM u (EHOTUNOM; 2) CTPYKTYpOH W
(GyHKIIMOHAJIBLHOW aKTUBHOCTBIO T€HOMA U O€JIKOBOIO armapara, BKIo4as OMOCHHTE3 OelIKoB, 2a) a
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TaK)Ke MeXAy HUMU U Mopdorene3oM. M3noxkeHHble B KHUTe (akThl 1 COOCTBEHHBIE PACCYKACHHUS
ee aBTOpPOB 00 3TUX (paKTax yKa3blBalOT HA TO, YTO HMMEIOUIMECS CErOAHs CBEICHHS O TeHHOMH
OpraHM3aliil OpPraHW3MOB OYEHb OrPAHMYEHBI, MPOTUBOPEUMBBI W HE BCErla OOBEKTHUBHBI.
[ToaToMy olleHMBaTH pOJIb '€HOB B OPraHU3allMU PA3BUTHUS CIIEAYET OuY€Hb OCTOpOoxkHO. Camu
aBTOpPBl KHUTH 3aKIIOYAIOT: «...dBOJIIOLIMOHHOE H3MEHEHUE MPOUCXOAUT IyTeM MOAU(PHUKAUU
TFEeHETUYECKU JETEPMUHUPOBAHHON MPOrpaMMbl Pa3BUTHUSI, UMEIOLIEICS Y KaKI0TO OpraHu3mMa. ITo
3aKJIIOUYEHHE HE CleAyeT BOCIPUHUMATH KaK MOJIENIb MOJHOTO T€HETHYECKOrO IETEPMUHHU3MA ... 00
HUCTUHHOM XOJI€ COOBITUI CBEIEHMM CTOJb Majlo, YTO MBI MOYKEM JIMIIb CTPOUTH TI'MIIOTE3bI
LEHTPAJIbHOW U BCE €Il Hepa3peuIeHHOW MpoOJIeMOil ocTaeTcsi BOMPOC O TOM, KaKUM 00pa3oM
TeHBbl HAINpaBISIOT Mpolecc co3gaHusi opranmsma» [23]. U npu 3ToM aBTOpHI 3asBISIOT:
«...TKaHEeBbIE UHTETPUPYIOLINE CUCTEMBI, OUEBUIHO, 00ECIIEeYNBAIOT 00pPa30BaHNE OCHOBHBIX THUIIOB
KJICTOK, TOT/Ia KaK OpPTaHM3MEHHAas WHTETPHUPYIOLIas CUCTEMa ONpEIeNsieT CTaHOBIIEHHE (HOPMBI
W3MEHEHUsT MMEHHO OpPraHU3MEHHBIX HHTETPUPYIOIIUX CUCTEM, CIYKaT OCHOBHOM JIBUXKYILEH
cuiioi Mopdosorndecko 3Bomtorun» [23]. Y 310 rmaBHOE B MOEM MOHMMAHUH, YTO CBSI3BIBACT
MOM Hay4HBIC IMOMCKH ¢ 00cyxaaemoit kauroi. B 1940 r. lonpamMunar B cBoux «MaTepHalbHBIX
OCHOBAaxX 3BOJIOLUN» 3asBWI: «OJBOJIIOLUS, CIEIOBATEIbHO, O3HAYAET CO3/JaHUE H3MEHEHHOI'O
[pOIIecCca P