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®U3UKA UCKPUBJIIEHHOI'O TIPOCTPAHCTBA. I
[BetkoB E.IIL. (Poccuiickas ®enepanus)

Lsemkos Eecenuii Ilagnosuy - kanouoam gpuzuko-mamemamuyeckux Hayx,
. Cepeueg [locao

AnHomayua: nokasana ponb KOJIANCA JUHEUHO20 NPOCMPANCMEA HA chepy 8 npoyeccax
BO3HUKHOGEHUA U d6omoyuu  cunzyaspuocmu. IIpeonosicen JOKYC —uemvipexmepHozo
RPOCMPANCMEa, COCOUHAIOWULL 6AKYYM C mamepuanvhbim mupom. Onpedenen macuimad
APOCMPANCMEA, HA KOMOPOM KEAHMYEMCs 6aKYYM, (OPpMUpPyemcs npocmpancmeo-epems,
nonspHocms noxeil, a wacmuywl Anea-Munica noryuaiom maccy. Ilpusedenvt mexanusmol
aopoHu3ayuYU, CuHmesupyrowue OUHEMpPOH, CMAOGUIUUPYIOWULE KEAPKOGYI0 MAMeEpuio
amomom 6000pooa.

Kntouesvte cnosa: npocmpancmeo, epems, aKyym, K6apK, KEAPKO8As. MAMEPUs, U30CNUH,
CNUH, 2pasumayus, KOHOAUHMEHM, A0POHU3AYUS.

PHYSICS OF CURVED SPACE. I
Tsvetkov E.P. (Russian Federation)

Tsvetkov Evgeniy Pavlovich - candidate of physical and mathematical sciences,
SERGIEV POSAD

Abstract: the role of the collapse of linear space into a sphere in the processes of emergence
and evolution of singularity is shown. A locus of four-dimensional space is proposed,
connecting the vacuum with the material world. The scale of space on which the vacuum is
quantized is determined, space-time and field polarity are formed, and Yang-Mills particles
acquire mass. Hadronization mechanisms that synthesize a bineutron that stabilizes quark
matter with a hydrogen atom are presented.

Keywords: space, time, vacuum, quark, quark matter, isospin, spin, gravity, confinement,
hadronization.

DOI 10.24411/2410-2865-2024-10101

BBenenne. B 2012, nanpumep, roay naypear HoOGeneBckoii mpemuu C. BaiinGepr
nucai: «B Macce yacTunpl Xurrca, KOTOpYIO Telepb MBI Bce-TakH HaOJIr0/1aeM, €CTh HEUTO
HeroHsATHOe. Yalre Bcero 3To Ha3bIBAIOT MpobieMoil nepapxun. I1ockoiabKy NMEHHO Macca
yacTHIBl XWITCa 3a7aeT BEIMYMHY MacC BCEX OCTAIbHBIX M3BECTHBIX 3JEMEHTapHBIX
YacTHI, MOXHO TIPEIIOJIOKUTh, YTO OHA JIOJDKHA OBITh aHAJIOTHMYHA Jpyrol Macce,
urparomiedl GyHIaMeHTaIbHYI0 poib B (PU3MKE, TaK HA3bIBa€MOH IIAaHKOBCKOM Macce,
KOTOpast TpeJicTaBisieT co00i (yHAaMEHTAIbHYIO SIUHUILY MacChl B TEOPUH T'PAaBUTALHH.
Ho mnankoBckas macca npumepHO B 100 ThICSY TPIJUIMOHOB pa3 GOJBIIE MACCHl YaCTHUIIBI
Xwurrca. CnemoBaTenbHO, IepeJ HaMHU OIATh BCTaeT BOIPOC: XOTS YacTHIa XHUITCA Tak
MacCHBHA, YTO JJIsI ee OOHapyXeHHs MOTpeOOBaJiCsi TMIaHTCKUN KoJlaijep, modeMmy ee
Macca HacToipko Mama?» [1].

IMockonbKy cmbicna Bonuromero (1017) paspriBa B BenuumHe Macchl OJHOH U TOH XKe
YaCTHUIIBI HE OBUTO TIOHSTO, CTAJHM MCKATh HOBYIO (DM3WKY B CHMMETPHSX, MOJIAX M YaCTHIIAX
BHe rpann CtanmapTHOHN Mozenu. OJHAKO «HET IMOKa HUKAKUX — HUKaKuX! — yKa3aHUi Ha
9Ty HOBYIO (pM3HKY, HA KOTOPYIO MBI Bce HajeeMcsl... M OyieM NMbITaTbesi HAWTH OTIIMYHUS OT
CranpnapTHOW MoOAeNH Be3Je, I/l TOAbKO 3TO MOXKHO clenaTh. JIo CUX HMOp HHYEro 3TOro
Her, u CranmaptHas Mojenb HpekpacHo paboraer» [2]. CerogHs B Hayke KpH3HC. DTO
oueBuHO. IToBTOpUNIACk CUTyanusl BEKOBOM NaBHOCTH, HO B OTJIMYME OT MPEKHEr0 KpU3uca
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HayKa He BbIpa0oTaja ele IMPOPhIBHOM UAEH, XOTS U UMEET BCE At 9TOro Heooxoaumoe. B
JITaHHOM CTaTbe MBI U MOMBITAEMCS IPEI0KUTh TAKYI0 HJIEIO0.

I'naBnas 4yactb. IlockonabKy 3Heprus MpOCTPaHCTBA-BPEMEHH 3aBHUCUT OT KPUBU3HBI
NPOCTPAHCTBa, B Cpejie, oOjajaromiell BA3KOCThIO, B TEUCHHE KBAaHTa BPEMEHH t,= 5 X
10™**c mpu Manoil CKOPOCTH PACHpPOCTPAHECHHS BO3MYILIEHHS BO3HUKAIOT KBAHTOBBIC
¢uyxryamun. OHako npu ckopoctu V; = 10% cM/c nuHelHas METpUKa KOJLIATICUPYET 3a t,,
camo3ambikasch Ha cdepy, U (popMUpyeT KBaHT mpocTpaHcTBa l, = 5 X 107*%cm [3],
3apOABIIIEBYI0  CHHTYJSIPHOCTh, CIIOCOOHYIO  3BOJIOLMOHHPOBATh, PACHIUPSACH C
yckopenueM. Ilpu ckopoctu Vi, = 4.14 X 10* cwm/c 3a t, CHHIYISPHOCTH JOCTUrAET
macmtaba [, = 2.07 X 10739 cM, cmoco6HOro reHepHpoOBaTh YACTHII MPOCTPAHCTBA
HEUTPHUHO V U AaHTUHEUTPUHO V U OPLUM SHEPTUU BaKyyMa.

IocTynupyem cymiecTBOBaHHE B BaKyyMe BCTPEUHBIX HE B3aMMOJCHCTBYIOIINX APYT €
JPYroM HOTEHLMANBHBIX HoJel ¢ Bektopamu usocnuHoB T u T™1. Tlonam ¢ opuenTanueit
HU3-BEPX, JIEBOE-TPABOE, HA3aJI-BIEPEe] MPUCBOMM HM30CTHH T!, a BCTPEUHBIM TOJSAM
usocnud T~1. BekTopa pOTAlMOHHBIX JAeHCTBUIl IPOCTPAaHCTBA-BPEMEHM, 3aBUCAIIMX OT
KPUBH3HBI, 0003HAYMM CTPEJIKOH BIpaBo i mojeil ¢ T u cTpenkoii BieBo s moneii ¢
T~1. Bcio COBOKYNMHOCTh 3TUX HampaBlieHHil GyJaeM cuuTaTh CIMHOBON mapoit: (mis T1) u
aHTHCTIMHOBOM mapoit (ms T™1). Kak BKIIOYaeTcsi CHHXPOHHOE B3aMMOJIEHCTBUE MoJeii
JIpyT ¢ apyrom?

Ha macmrabax kiaccuyeckoro onucanusi BeeneHHOM BCTpeyHbIe MO COKPALIAIOT IPYT
Jpyra, Jenas BaKyyM CTaTHYHBIM M CKaJIAPHBIM C M30TPOIHOH IUIOTHOCTBIO 3HEPTUHU
TOKIECTBEHHOI I'paBUTAIMOHHON MOCTOSHHOW (. ONHAKO pacIIMpeHHe CUHTYJISIPHOCTH B
TeUeHHe t, CO CBETOBOH CKOPOCTHIO (C) TPHBOIUT K KOJUIATNICY METPUKH JIMHEHHOTO
MPOCTPAaHCTBA W KAaYECTBEHHOMY H3MEHEHHIO (HM3MKM TIpolieccoB B HeM. Ilombckuid
Matematuk T.Kamyma B 1919 1. cooOmmi, 9To mpH KPUTHYECKOM H3THOE HPOCTPAHCTBO
JOIDKHO CaMO3aMbIKaThCsl Ha cQepy, KBAaHTYIONIYI0 IIPOCTPAHCTBO WU  CO3JAIOIIYIO
YEeTBEPTYIO KoopAuHatTy ero Metpuku. Iloznaee ¢pusuk O. KieitH nokaszai, uto Takas cdepa
JIOJDKHA 00J1a]jaTh IIaHKOBCKUMH XapaKTepUCTHKaMu. Tak BOT, SBOJIIOIHMS CHHTYJISIPHOCTH
CO CBETOBOH CKOPOCTBIO U (popMHUpYeT 3a t, JIOKYC SHEpPrHH BaKyyMa, 3aKIIOYEHHOH B
chepy Kamyupl-Knelina ma macmrrabe l, = 1.5 X 10733cm [3]. Ha o6onouke 10Kyca
BA3KOCTh BaKyyMa CO3[aeT IIOBEPXHOCTHOE HATSDKEHHE, CIIOCOOHOE OCTaHOBHUTb
pacImpeHne CHHTYJSIPHOCTH M KyIHMPOBAaTh SHEPTUIO BaKyyMma B Hel KoH(aiHMeHTOM. Ha
Macmrtabax MeHpIINX [, B Bakyyme 3Boioninu Het. OHa HauMHaeTcs Ha [, W 3aBepmiaeTcs
Ha [, JIOKycOoM, IeHepaTopoM IIpOCTPAaHCTBa-BpeMeHH. Bpems — Moja, 3KBUBaJEHT
aOCOJIIOTHOTO, MOTEHIMAIBHOTO, BKIIOYEHHOIO B 3BOJIOLMIO IpocTpaHcTBa. CKOPOCTH
PEAUIN3YIONIEr0 3BOJIOLUIO JEHCTBUA €CTh KOI(P(UIMEHT TOXAeCTBA abCOIIOTHOTO
MPOCTPAHCTBA C peaibHbIM: [ =V X t.

OpHako KyIMUpOBaHHAS JIOKYCOM 3HEPTHs HE MOTEPSeT CBSI3U C OCTAIbHBIM BaKyyMOM,
MOCKOJIbKY 3BOJIOLHS 3apOJIBIIIEBONH CHHTYISIPHOCTH pa30OpBET CHMH M H30CIUH B
CIIMHOBBIX Tapax M co3zact Ha cdepe Kanyupi-Kieiina o6onoueunbie cuuryispHoctu ¢ T
T~!. Tak Ha 060J0YKE JOKYCa BOSHUKHET MPOCTPAHCTBEHHO-BPEMEHHAST OTHOCUTENBHOCTh
SHEPreTHYECKUX I0JIeH BaKyyMa, 0 KOTOPBIX MBI ITHUcaIX Bble. CHHTYIISIPHOCTH, KaK yXke
TOBOPUIIOCHh, T€HEPUPYIOT HEUTPUHO U MOPLMU SHEPIMM BaKyyMa, 3aXBaTbIBasi KOTOPbLIE
HEWTPUHO TpeoOpa3yeT B KBapKH, OOMEHHMBAsCh C IMOPLMEH 3HEPTHH, HOCSIIEH BEKTOp
BpPEMEHHU, apaMeTPaMHU:

1
W'+ b)) — (v + bt
—_ -1,
(Vl +b 1/3) s (V—>,1 _ b—».l. /3)'
M3 pasMepHBIX COOOpa)keHMil He CI0XKHO ONpPENENUTh IUIOTHOCTh IPABUTALUOHHOM
sHepruu B 1okyce 0 = (G X t2)™1 =6 x 10% r/cm?, a Takke BenMUMHY OTPULATEIHLHOTO

(FpaBI/ITaIII/IOHHOFO) JAaBJICHUS BAKYyMa, U 3HAYCHUC MMOBEPXHOCTHOI'O HATS?KECHUSL 000J10UKH
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nokyca Py = vy X t;' X G711 =3 x 10°2 r/cm?. He Tonbko MaciuTab, HO M Macca JIOKyca
) 4 _
JIEHCTBUTEIILHO TIJIAHKOBCKHE M = gnglg = 2.(2) x 1075 r. BennuuHa Macchl KBapKa

mkzg (Vi X t,)> X 0 = 2.(2) X 10722, ero ameprus £,= 0.2 spr = 1.25 X 10'1sv. Macca

060I09KH KBAapKOB, HEHTPUHO, M, = My X Vi X ¢~2 = 9.42678 X 1073* r, a sneprus
HelTpuHo: £,= 8.484102 X 10713 spr = 0.530256 3v (no namueiM [4] &, = 1.1 av).
Kondaitnment o0onoyku JoKyca He Toiubko co3naer Ha chepe Kamynsi-Kneiina
TUIAaHKOBCKHH 0030H, HO ¥ OTpaHWYMBaeT (KalnuOpyeT) SHEPTUI0 B CUHTYJISPHOCTH: €; = M
X ¢ =2 x 10%3pr = 1.25 x 10283v. DHepreTuyeckuil MOTEHUUAN CHHIYJISPHOCTHU
BaKyyMa OKa3bIBaeTCs HE OECKOHEYyHO OOJbIIMM, KaK 0 CHX IIOp CuUuTaercs, a
OTpaHUYEHHBIM, U PACIIUPEHUE CHHTYJISIPHOCTH HaYWHAETCS C 3TOM BEJIMUMHBI TIOTEHIIHANA
sHepruu. [lpm oOpaTHO KBaapaTHYHOW 3aBUCHMOCTH BEJIMYHHBI SHEPTUM B JIOKyCE OT
pamauyca, SHeprusi Ha 00OJIOYKE W DHEPrHMM YacTHI[ Ha HEH POXKICHHBIX, NOJDKHA HMETh
MO3TOMY 3HaueHHe € = €; X 15 X 152 =0,2 apr = 1,25 X 10''9v, 4T0 He TONBKO OTBEYACT
Macce My, Ho U 3a()MKCHPOBHO SKCIICPUMEHTAIIBHO HA KoJUTaiaepe.

Tenepp MBI B COCTOSHUM, IIOXKAIyH, INOKa3aTh KaK DHEPIUs BaKyyMa CTaHOBHTCS
TPaBUTALIMOHHOM, TMOYeMy BCE OHEpreTHYeCKHe Iois  BceeneHHOH  Hen3OexHO
rpaBUTALIMOHHBIE, KaKk Oe3MaccoBble YacTHIbl SIHra-Mmiuica oOpeTaloT Maccy U IoKas3aTb
TEOPETHYECKU U IKCIIEPUMEHTAIILHO, YTO BCsI MaTepusi BeeneHHoit cyry0o kBapkoBast.

3anonHeHHbli 5Heprueil Bakyyma ¢ noteHumuanom 2 X 10%6spr, nokyc B Hauane coeil
SBOJIIOLMHM HE HMMeeT B ce0e HUM BEKTOPHOTO IMPOCTPAHCTBA, HH BEKTOPHOI'O BPEMEHH.
OnHako IIEHTpajibHasi €ro CHHIYJSIPHOCTh CIIOCOOHa TeHepupoBaTh 0Oe3MaccoBbIC
(ctepunbHble) wacTHmel Sura-Mumica vy, v, do, dg, So, S0, bg, by, TOTOBBIE
B3aUMOJICHICTBOBATh C YaCTUIIAMU OOOJIOYCUHBIX CHUHTYJsIpHOCTEH [5]. OOo0noueyHbIC
CHHT'YIIAPHOCTH OCH bb TeHepHpYIOT JNIeKTPOHHOE V, HEHTPHHO (M AHTHHEHTPHHO), OCH 1T
MIOOHHBIE V,, U ¥, HEHTPHUHO ¥ AaHTUHEWTPUHO, OCH ¢ g TEHEPUPYIOT Vy U V, Tay-HEHTPHHO
U Tay-aHTUHEHTPUHO, KBapKU U aHTUKBapkH (Puc.1).
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Puc.1. H3ocnunoeas cumyayus na iokyce.

Ha Puc.l HampaBieHHe H30CIHMHOB YacTHIl OTBEYAeT H3OCIHMHOBBIM IPOCTPAHCTBAM
oceii, 0 YeM THcanoch Bbilre (Hampumep, b~ u b~ 0603HAYAIOT He BEKTOPHI H3OCITHHOB
YacTHUIl BIPABO MJIM BJIEBO, a MX Harmpabienue no T1 u T™1, T.e. BBepX 1 BHU3). JIBHKEHHUS
YaCTHUI[ TI0 BCEM OCSIM JIOKyCaM CHHXPOHH30BAHBI, IO3TOMY JIOKYC IMPOHHM3BIBACT BOJHA
CTaHOBJICHUS IPOCTPAHCTBA-BpeMEeHM (M aHTHBONHA). Kaknmas koopaumHaTa MpOCTPaHCTBA,
MKCaJIi MBI BBIIIE, CBA3aHA C ONpEAeIeHHON M30CIMHOBOW Mapoi, reHepaTopoM HEUTPUHO
U ONpeeICHHBIMYI MIOOHHBIMHU MTapamu. Kazanoce 661, 3TH Mapbl HACHTUYHBI APYT APYTY Ha
CBOMX JIMaMEeTpax JIOKyca, OJJHAKO OHU OTJIMYAIOTCS! H30CTIMHOBBIMH CBOUMH OPHEHTALMSIMA
OTHOCHUTEJIFHO IIEHTpa JIOKyca. V3ocnuHOBas MOJISIPHOCTh BakKHA Ul CHHTE3a TEMHOH n
BuaMMON Matepuii Beenennoit u cosnaercs oHa Ha maciutabe l,. Peanusyer a1o nokyc B
peaKuax agpoHU3ALNH, IPOTEKAIOIINX CIEIYIOIINM 00pa3oM.

AHTHHEWUTPUHO V;, 3aXBaTHB IMOPIMIO 3HEpruu §° Bakyyma B CBOeil 000J04e4HOM
CHHTYJISIPHOCTH, YCTpeMJIAETCS K LIEHTPY Jiokyca. Ha moTeHiuasie Jokyca aHTUKBapK §
OyzmeT ycKOpsThCS, HO HE MO CKOPOCTH, a MO Macce, JOCTHras B LEHTpPe IMOTeHIuana 2 X
106 5pr. M3 0605104€4HOI CHHTYJIIPHOCTH OCU T'F CHHXPOHHO HAYHET JIBUTAThCS K LIEHTPY
auTHKBAapK d . B3aMMoJeHCTBEE THX YacTHIl B LIEHTPE C KBapKaMu do M S, (BbIlIE MbI
TOBOPUIJIH, YTO LEHTPANIbHASL CUHTYJISIPHOCTh MOXET T€HEPUPOBATh PA3IUYHbIE CTEPUIbHBIE
KBApKH), CO3JaCT [IEHTPOCTPEMHUTEIbHbIE ME30HHEIE Taphl §~dy — dsy. AHTHKBApKH §) U
d, UEHTPAIbHOH CHHIYIAPHOCTH, YCTPEMIICHHbIE HEHTPHUHO Vo, W aHTHHEWTpuHO V§ K
000JIOYEUHBIM CHHTYJIIPDHOCTSAM TEX JK€ OCEeH, CHHTE3UPYIOT C KBapkamMu S d~ 3TUX
CHHTYJISIPHOCTEH LIEHTPOCTPEMHTENbHbIE ME30HHbIE mapbl doS~ — d~§;. DTH ME30HHEIE
mapel, B CBOIO OuYEpEe/lb, CHHTE3UPYIOT HeHTpoH §°d, d“s, = n u aHTHHEHTpOH i =
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dys~d~35,, 0bpasyiolme HEeHTPOCTPEMHUTEbHbI OuneliTpon (nfi) =  dsdysydySds,
p + & = H, atom aHTHBOIOpOA TeMHOI MaTepun. AHTHKBApKH §~ u d~ ¢ KBapkamu d, U
Sy 3a TpelenaMy JIoKyca o0pasyioT n = §dyS,d”, a xBapku d~ u S~ 06OIOYCHHBIX
CHHTYJISIPHOCTEH TeX ke ocel, HO OPUEHTUPOBaHHbIE 3a MPEAEbI JIOKyca ¢ aHTHKBapKaMu
Sura-Mumica $, u d,, cO30aayT aHTHHEHTPOH i = d~§,dyS™, CHHTE3UPYs BHE JOKyca
HEHTPOOESIKHBIH OUHEHTPOH (nit)~=3d3,dydsdysy=p + e=H, BCTPEYHO
OPHEHTHPOBAHHBI 10 HM30CIMHY IEHTPOCTpEMHUTENbHOMY OuHedTpony (nil)®,
NPEICTABISIONMNA cO00i aToM BOJOpOJa OOBIYHOI MaTepuu. AHaJOTMYHBIE PE3YJIbTaThl
MOYHO TOJTY4HTh 1 JUIs ocelt bb — 17, bb — gg.

PesynbraToM QMHAMUKHU JIOKyca OKa)KETCsl FeHepalysi BHYTPEHHEr0 M BHEIIHEro IMoJel
JIOKyca, TeMHOW M OOBIYHOMW JJI HaC BUIOB MaTepuu. BHyTpeHHee ImoJje, HalpaBIeHHOE B
LEHTP JIOKyCa €CTh I0JIe TPaBUTALMH, [10JI€ B3aUMHOTO IPUTSHKEHHS, HHTETPallui B Maccy,
MoJIe LIEHTPOCTPEMUTENBHOW CHJIBI, OTPULATENLHOTO JaBJCHUs Bakyyma. BoT mouemy
yCTpeMIICHHBIE BHYTPB JIOKyca KBapKH O0OJIOUKM OOpeTaroT rpaBHTAllMOHHYIO Maccy. Bee
9TO W OTIHYaeT JOKyc, OOBeKT (m3mueckmit, oT cdepbl Kamymsr-Kneitna, o0Opexra
reoMmeTpuueckoro. JIOKyc u okazajcst HO3TOMY NIEPBUYHON YacTULIEH MAaTEPUAIBLHOTO MHPA,
00BEKTOM €ro CBA3M C BaKyyMOM. OJTO dyacTuma-mosie. He dwacTuia-BosiHa KBaHTOBO-
MEXaHMYECKOTOo Iyasn3Ma jae-bpoiisd, a gacTuia-mone, Mojie «CKJICHBAHUS», TIIOOHHOE
ToJIe, JIOKaIn30BaHHOe 000m04koil. Ho 3T0 1 yacTuIla, INIaHKOBCKHM 0030H, KaIHOPYIOIIUH
Macchl BCEX 3JIEMEHTapHbIX dacTull. CleqoBaTenbHO, Bce Mo Bo BeeneHHON Henz0eKHO
JIOJDKHBI OBITH MOJAMM TPABMTALMH. DTO CIEAyeT U U3 COOTHOLIEHMS £; = M X ¢2, eciu
K03((ULHNEHTOM CBSI3M MEXKAY SHEPIUeH YaCTHIBI U IPaBUTALMEH CUUTATh CKOPOCTH CBETA.
A BHelIHee MoJje JIOKyca eCTh IoJie IIEHTPOOEKHOM CHIIBI, CHIIbI OTTAJIKMBaHMS, pasiera,
CUJIbI B3pbIBA, TMOJIOXKUTCIBHOIO MHaBJICHUA, aHTUTpaBUTALIUH. YCKOpeHHLII‘/II pasJjieT
Bcenennoii — pe3ynbrar 1elCcTBUS 3TOU CUJIBI.

KondaitaMenT 000m04YKM co3maeT Ha HEHW NOTCHIMANbHBIH Oaphep, NpEomoNICHHE
KOTOPOTO BO3MOJKHO TOJIBKO B PEISTHBHUCTCKOM MpoOIEcce, KauyeCTBEHHO MEHSIOLIETO
XapaKTEePUCTUKN TOJEH M YaCTHI[: MEepexoJ| OT JMHEWHOTO IBIKCHHUS Ha JIBIDKCHHE IO
OKPYXXHOCTH MEHSET IICHTPOCTPEMHTEIbHOE YCKOPEHHE Ha TaHTCHINAIbHOE, BKIIOYAET
MPPAOHATIBHOCTD YHCIIA TT, TpeOyeT Mpeo1oIeH s CKopocTH cBeta. Pu3uka nonei Jokyca
HE TT03BOJISIET IPAaBUTOHY OBITH BHE ero 000109ki. OH BIUT B JIOKYC.

BbIxoJ TpaBUTOHA 3a IpeJelibl JIOKyca MpeodpasyeT ero maccy B SHepruto (oToHa,
«CKJIGEHHOT'O» M3 3JIEKTPOHA M MO3UTPOHA BSI3KOCTBIO MX CBS3M: ¥ = €. OT IJIOTHOCTH XKe
ANIEKTPUUYECKOTO 3apsiia 3aBHCUT JUBEPIEHIMs JJIEKTPUUECKOro mojst. 3a cdepoit Jokyca
BEKTOp HAIIPS)KEHHOCTU 3JIEKTPUUECKOTO MOJIA CO3/1aeT JIMHEHHBIN 3JIEKTPUUECKUN TOK U
LWIMHIPUYECKOE INPOCTPAHCTBO BOKPYr HETo. Bo3HMKIIEE NPU 3TOM TaHIEHIMAIBHOE
YCKOPE€HUE TPUBOJUT BO BpPALICHUC HE TOJBKO HUIMHAPHUYCCKOE IMPOCTPAHCTBO BOKPYT
0CEBOI'0 JIEKTPUYECKOTO TOKa, HO M BMOPO)XEHHOE B IIPOCTPAHCTBO IPABUTAILIMOHHOE TOJIE.
BuxpeBoe rpaBuTanioOHHOE 110JI€ U €CTh Nosie MarHuTHOE (Puc. 2).
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Puc. 2. Pasnosuonocmu epasumayuonto2o noas (6ekmop Gy opmozonanen niocKocmu Jucma,).

IIpoBOIHUKOM C AIEKTPHYECKIM TOKOM MBI (DaKTHYecKHd B JI0O0M Mecte BceneHHon
HUCKYCCTBEHHO CO3JJaéM CIHH ¥ W30CIHH, TO ©CTh CO3JaeM IIMIHHIPUICCKOE
TpaBUTAllMOHHOE Bpallalolleecs I0Je M HCIOJIb3yeM DPe3yJbTaThl ACHCTBUS €0 CHIIBI B
TEpPMHHAX MarHUTHOTO MOJIS.

KBapk — 3T0 mopuus rpaBUTalMOHHOW SHEPrHM, MONYYMBINAs TOT WM WHOH 3apsj.
Temepb MBI MOXEM IOHSATH CMBICT «KOI(pQHUIMEHTA Maccy», Hayke A0 CHX IOp He
W3BECTHBIN, KO3(PHIIMEHTa, UTPAIOIIET0 BaXKHEHIIee 3HAUCHHE B (DU3UKE JICMECHTAPHBIX
yactun ¥ B Kocmonormu: 107 = mp/M = (Ip/1,)> = (ve/c)? = g,/e; = £/e;. On
ompenenseT ILEHy PENATHBHCTCKOTO —TIpoIlecca, Iepexoja OT  YeTHIPEXMEpPHOTO
MPOCTPAHCTBA K TPEXMEPHOMY, I[IEHY TpaHC(POPMALUHU IIOJIeH, [EHY OTHOCHUTEIBHOCTH
MIPOCTPAHCTB, CMEHBI MX MOJPHOCTH, IICHY TPAaHC(HOPMAIIU MACCHI YACTHUIIEI B €€ YHEPTHUIO.

W3 MexaHU3MOB aIpOHU3AIMH MEXIy KBapKaMU 000JIOYCUHBIX CHHTYIISIPHOCTEH MOKHO
MPOCIICAUTh THHAMHUKY BOSHUKHOBEHHS IIPOCTPAHCTB.

KupansHble (mpaBoe-IeBoe) MpocTpaHCcTBO-BpeMs [3].

LBeTHO 3apsia:

(~ Y- v+ by -bg) — (V' -bgy) + (VT -by) 1

-7 + (bey-by) — (77 -by) + (v By 1
AR b N LU v N U B =il s B
N T R a e ;1) G- + (B b —

1 )1 ,1 1
-2V -t > 2y -t
~e,—1 _ f<—,—1 2P ~e,—1 f;'_l,

- 2 V ar—ab

DNEeKTPUIECKUIA 3apsiI;

@V 0y - By — B+ (57 by ) 1
(V57 + (big? - b7y > (71 by + (B 190
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(,V—»,l _ —>11/3) + (]7<— 1 b<— 1—1/3) v—>,1_ —>,1)+(b—>,1,1/3 _b:,l,l/S) N

~e—1 l<— 1,-% -1 —>1,1/3 Se—1_ o 1 -1~ 7e,—1,-1%
("' “Yar ) V - ) vV ) (b -b )—>
b
s -,1,3
—>2V A tr"/s
~e,— ~ —2,
2 -1 t(_r 1, /3

HaxioHHBIME CTpeNKaMH IOKa3aH IPOIECC NPEOJOJCHUS CHHTYISIPHOCTH IIEHTpa C
MIOBOPOTOM HOJIIPHOCTH IPOCTPAHCTBA-BPEMEHH BHYTPH JIOKYyCa 4acTHIEH IPOCTPaHCTBA,
HEWTPUHO WM aHTHHEHTPHUHO, HAa CTO BOCEMbBJECAT IPayCoB.

MexaHn3M BO3HHUKHOBEHUS ITPOCTPAHCTBA-BPEMEHH MIEPCIIEKTHBHI (BIIEpE-Ha3am).

LIBeTHOI1 3apsa:

(~—1_.V1)+( S; _ §(<1—g)_)(v1 ~‘<1—g)+(~—1 S;) 180°( v—),l -, 1) +( ~<— 1 §:z_b 1 ><

V(S5 - 55T s V- §i) 180(9T g g (Vs

-y + (s - s;‘l) — 2v o - 2v

g-
T+ G - ST 20T §ag‘}1b - 2* ey

«,—1

OnexTpudecKuil 3apsm;

(v + (5,777 - 53g™) = (v1-85g") + (715,77 1O
o9
W+ @5 -5+ sy

- ™ - ”/3) (v STV G v+ (57 s -

—(V778 *“) AR A B O N B
-,1 -,1,% -,1 —>,1,2/

—2v, +cbg3—>2vﬂ +cg :

~e,—1,-2%4

~—,— ~——1,-%
— 2V, YT —ag .

~ e, —

— 20, 1y Cag
MexaHN3M BOSHUKHOBECHHUS IIPOCTPAHCTBA-BPEMCHH BEPX-HHU3.
LiBeTHoi1 3apsi:

V) +(dy - dag) = (v-dg) + (T71-dy) 1 (v dg ) +
V5) + (i ) — 71y 1) M (5 ) ¢
+ (oo ds 1)<I(v*.1_v->.1)+(d:’1- o .

- oI +(de - dog )

1 1 1 1
— 2V, +u;"g — 2V, - u;'

~—,—1 ~—, =1

— 217: + gy _qg — 2 17: - Ty,
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OnexTpudecKuil 3apsi;

@)+ (dg ™" - dgy”) = (Vidg ™) + (V- dg ) 1 - d )

(VI (dgy -dy ) (- d T H(vi-dgg”) 18°°(~* Lodg )
_,’_(174— -1 d‘— 1,-% (V—>,1_v—>,1)+(d:,l,l/g_d;,l,l/a) N 2v8—>,1 + u,jl%
(V—>1 _d; 1,1/3) (174—,—1_i/~<—_—1)_,’_(d';’:—l,—l/g_d';‘é—l,—l/g) 2~<— 1 ~<_ 1_2/3.

Ocruianuu HeWTpUHO (aHTUHEUTPUHO) CO3MAIOT Ha JIOKYCE MPOCTPAHCTBO-BpPEMs
MaTepuanbHON Bcenennoil B mmockocTsax. Ocummisnus HEHTPHHO CBUICTEIBCTBYET O
HaJIMYUU B JIOKyCe BHYTPEHHETO BpallleHHsd, TO €CTb O PaBHONPABHOCTH OpPUEHTAIUU
CIIMHOBBIX NP B HEM.

L[BeTHO 3apsa (cuHMN):

~—,— 1 ~<— -1 -,1 ,.,4— -1
( )+(t ag ab)_>(v ag ab)+

(~(_ 1 u )+(g—b a_‘r ab)_)(~(_ 1 _)1)+

HO - t:'z (v*' - cy) (@ far ib)xd vty +

~<— -1 ~— 1 ~<— -1

+( (M Car- ab) - (V Cag- ab) + ( -tr—b )+
+( _>'1 - _)‘1) - (V_)‘l' _)'1) + b_)‘l +( b:‘l - Sg_)'l' S;’l - XpOMCOHBPJIIPEIBiTpOH

~ 1 7 -1 ~e,—1 -1 -1« 1 xe-1 i
(¢ ;_g ab ~ ar ab)_)( - _V;l_ ) + b +(b:1_r 'S:z_g S(_ )_) xponfg:gsyllnpOH

CHHSIfl IVIOCKOCTb ~ CHHSIsl IJIOCKast
IPOCTPAHCTBA  MPOEKIHsi IPABUTOHA

LBeTHOI1 3apsan (KpacHBIH):
Ve - 77 D)+ (Earwy) = (ve - Bo) + (071 - ) 12
vz - Vo) + (&7 - Uigy) = (et - t7) + (vr - Tigy) ¥

° ,1 1 . -1 -, ,1 ,1
e - _))Jf((_ ab X oty )+(_,_u;) —

0 e, —1 ~—,—1 ~e,—1 ~—,—1
18—(>)(Ve 'ar )+(Vr 'ub 'tar )+( - Ugp )—
N (ve—>,1 _ VT—>,1) + (t—>,1 _ u;,l) N (V—>,1 _ V:‘l) + (d—>,1 _ d—),l _ d—>,1 _ d—>,1 N

_)(_‘7;— _17<— 1)+(t<— 1_ﬁ<a—b 1)_)(~<— 1 ~<— 1)+(d4— -1 d<— 1_d<— 1_d’<a—l,’—1)_)

-1 —>.1 -,1 -,1 -,1 -,1 KpacHbIit
- (ve - ) + d + (d - d - dg - XPOMO3JIEKTPOH
~e,— ~e,—1 -1 Je—1  Je,—1 KpacHBIH
- (Ve -V )+ d + ( dar - dab - d ) ™ XpOMOMO3UTPOH
KpacHasl MJI0CKOCTh KpacHast 1J10cKast
MPpOCTPaHCTBa MPpOeKUUA rpaBUTOHA

IIBeTHOI 3apsi (3ETCHBIH):

(Ve - Vu 1) + (Cag'u;) - (Vel - ag) + (~_1 -uy) 1800
(~_1'Vu ) + (Cg - ﬁ(a_b) - (ﬁe - Cg ) + (V‘r - uab) 180
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180“(1/_"1 ) + (~<— 1_ a:l—b 1 (v—>,1_ ;,1) + (u—>,1 _ Cg—>,1) N
0 ) oy R T U A
_)(,V—nl_ )+(d—>1 —>1_S;,1_S;,1 N
~e,— 1 7 1 Je,—1 ~e—1 e -1
— (¥, . )+ (dgy d - Sag - Sap ) —
,1 ,1 ,1 ,1 ,1 ,1 i
- (V_) - 1/_> ) + d; + (Sﬁ - Sl:) - d: ) - Xposb(:ggjl;lgll(l:ll‘pOH
~,— 1 ~<— -1 Je,—1 ~<— 1 ~e,—1 Je,—1 i
- (V ) + dag + ( Sab - dar ) - xpo?/l%];%};l;ll?pm-x
3eJieHas IJIOCKOCTh 3eJieHas IJI0CKast
HPOCTPAHCTBA MPOEeKIUA rPaBUTOHA

B mpoctpancTee (V,-V,) popMHpYyeTCs OfiHa U3 MPOEKIMH TPABUTOHA W XPOMODJIEKTPOH
(xpomoro3utpoH). Wnu ero pasHOBHIHOCTH: XPOMOIIO3UTPOHUH, XpoMo(poToH. COBOKYITHOCTb
CHHCH, KPAaCHOW M 3€JCHOM MPOCKIMH MPOCTPAHCTBA CO3JAacT CAMHOC OOBEMHOE «Oemoey
MPOCTPAaHCTBO-BpeMsl peansHoil Bcenennoil. CrenoBarenbHO, YacTHIBI BUIMMON BceenenHoit
SABJIIOTCA 4YaCTUlaMU COCTaBHBIMU IIO TpeM NPOCKIMAM JIOKYCOB (qTO Xopouio BHUIHO,
HampuMmep, MO BJIEKTPOoHY). KpacHble XpOMOZJIEKTPOH W XPOMOHNO3HMTPOH CO37aloT (hOTOH
KPacHOTO I[BETA, 3eJIEHbIE XPOMOIEKTPOH M XPOMOTIO3UTPOH — (POTOH 3€JICHOTO I[BETa, CHHUH
XPOMOAJIEKTPOH ¥ XPOMOIIO3UTPOH — ()OTOH CHHETO I1BETa, HOO ¥ = eé.

Jns 3nMeKTpUYecKH 3apsOKCHHBIX KBAPKOB MEXaHM3MBI BO3HHKHOBEHHS OOBEMHOTO
MPOCTPAHCTBA-BPEMEHH AHAJIOTMYHBI MEXaHU3MaM M LBETHBIX KBapkoB. OQHAKO Hamo
YYUTBIBATh, YTO MPOLECCHI € NIEKTPUIECKHMHU KBapKaMU MPOTEKAOT BHE JIOKYcCa.

Onextpuuecknit  3apsan.  Cosmanwe npoexuun  (Vo-V,) TPOCTPaHCTBA-BPEMEHH
«horonHoi» Becenennoit:

v + (Eg ™ ) = (vp - B ) + (“1 *'%) 180°
TtV + (Gag " - 67 = Ot - 677 + (v - G557 128 10
1so° ,1 -,1,—%: ~e—1 ne—1 / -,1,—%; -,1,—%;
(_) 'tr ’ ((_ 'Cag2 X 'V‘[ )+(t :'Cg 3) -
180 (~<— -1 5; 1/3) " VT, —>1—/3) ~—,— 1_17‘:_— 1)+(t<— 1/3_ ~<—g 1/3) N
@t - vy | b+ (s T s T - b T) — anextpon
(~<_ TG+ b+ (BT -5 - by )~ nosutpon

IJIOCKOCTb "QOTOHHOr0"  mpoekius 6030Ha
MPOCTPAHCTBA Xurrca

Onexrpuuecknit  3apsn. CozgaHue TpoeKIMH  (Ve-V;)  NPOCTPaHCTBa-BPEMEHH
«(poTonHOI» Beenennoi:

Ve -9+ (" - B ) (v; B )+ (7 -y ™) 1

S R i e B (s ) (- v B
B i (e N O e R (T P I
1go° (~<— 1_6<— -1, /3) (V s T 2/3) (~<— 1_ ]7<—,—1)+( ﬁ(_ -1,%4 _ E«- -1, /3)_)
ag u u b a
,1 -,1,-% -,1,— -,1,-13 -,1,— /3a g
- - ) +| dg + (d, -5 - Sg ) — BJIEKTPOH

(~<— -1 ~e- 1)+ d"‘_._l.l/?» 4 (d(_ 1,% _§:l—l;—1.1/3 ~<—1%

— -V ag -Sqg ") NO3UTPOH
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IJIOCKOCTDb "QOTOHHOr0"  mpoeKLus 6030Ha
MPOCTpPaHCTBa Xurrca

Onexrpuuecknit  3apsan. Coszmanme npoekmuu  (V,-V,) TPOCTPaHCTBA-BPEMEHH
«hotonHoI» Becenennoi:

(Ve - T+ (™ - g ) (Ve - G )+ (0w ™)

T 1wl + (@gy " - e ™) — (5t - ¢ ) + (vE - digy ) 18

1o (e - c;‘"%) MR S A

180° (~‘— 1 ze,—1, /3) + (V ;,1,—2/3) 17<— 1 )+( t<— -1,% _ ﬁ_l_ -1, /3)_)
e

N A Vs W N N R (S A I d;’l’_%) — IIEKTPOH

S @ -+ Ay ) (AT dl T - dog " %) — m03uTpOH

10cKoCcThb "GoTOHHOro"  mpoekuus 6030Ha
MpOCTpaHCTBa Xurrca

Pesynprupyroniuii 6anaHc CHII ONPEAENAIOT 3apsiabl dacTul. HeiitpoHsl HecyT Ha cebe
TOJBKO [BETHOW 3apsij, CHiia TPaBUTAILMHM KOTOPOTO, Macca, OyaeT coOupaTrh UX B TEMHYIO
Mmareputo. KyJoHOBCKHE k€ CHIIBI MIPOTOHOB M AJIEKTPOHOB CO3JaxyT OOBIYHYIO AJISI Hac,
«BUAMMYIO» WIH «(pOTOHHYIO», Marepuio. TemHas W OObIYHAs JUIi HAcC MaTepHUu
UACHTHYHBI, OTJINYAACh APYT OT Apyra HaNpaBJICHHOCTHIO MOJIEH, UX CO3AAIONINX U 3apsSA0M
YaCTHL, peardupyomux Ha 3TH moiisi. [loaToMy MBI M NO3BOJNIWIM ce0e HCIOIb30BaTh
HECTaHJapPTHYIO TEPMUHOJIOTHIO, aHAJIOTUYHYIO OOLICTIPUHSITOM.

OKCIIepUMEHTAJIbHOE MOJATBEPXKACHHE OWHEHTpOHHOM mpupoasl BceleHHOW MBI
mpefnonaraeM Jath B craThe «@Pu3Mka HckpubieHHoro mnpoctpactBa II. ComHue —
MUKpPOILYJIbCapy.

PE3IOME:

1. IIpoctpancTBo BeeneHHoM yeThIpeXMEpHO.

2. YerBepTas KOOpIMHATA NPOCTPAHCTBA OOBEAWHSET TPHU JUHEHHBIX KOOPIUHATHI
Bcenennoii chepoit Kanympi-Kielina, cHEXpOHH3UPYS BCIO BeeeHHY0 e IMHBIM BpeMEHEM.

3. Ha wmacmrabe w™enbmmeM MacmTaba coepbr Kamynpi-Kiefina wmarepuanbHOe
IPOCTPAHCTBO OTCYTCTBYET. BHyTpH cdepsi ¢ I, = 1.5 X 10733¢cM mpoucxoauT nepexos ot
BakyyMa K MpocTpaHcTBY Bcemennoil. Bce mporecch BHyTpu chepbl Kamyipi-Kielina
IPOMCXOJAT 38 BpeMs t,= 5 X 107 *4c,

4. Jlokyc — yactuna-none. B gokyce co3naercst eAMHOE IPOCTPAHCTBO-BPEMSI.

Jloxyc comepkuT B cebe TPaBUTOH U AaHTUTPABUTOH.

@DOTOH — aHaJIOT IPaBUTOHA BO BHELTHEM POCTPAHCTBA JIOKYCA.
Jlokyc — reHepaTOp OTHOCHTENBHOCTH MOJIEH.

Martepus Beenennoii OnHeHTpOHHAS

9. Artom Bomopona — ctabmisHast popma OHHEHTpOHA.

10. HeiiTpoH — 351ieMeHT HyseBol rpynnsl MeHeneesa.

11.B TeMHOW MaTepuu CcleayeT OXHIAaTh CYIIECTBOBaHHWE CTPYKTYPHBIX HEHUTPOH-
AQHTHHEHTPOHHBIX BOJIH.

AN

Cnucok aumepamyput / References
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OU3UKA UCKPUBJIEHHOI'O ITPOCTPAHCTBA. I1.
BerkoB E.II. (Poccuiickas ®enepanusi)

Lsemkos Eeeenuii [lagnosuu - kanouoam gpuzuxo-mamemamuyeckux Hayx,
2. Cepeueg [locao

Annomayusn: npugedeHsvl pe3yibmamsl pecucmpayuu axmugnocmu mukponyiscapa Connya
u 06cydcoena usuka e2o 603HUKHOBEHUSL.

Knioueevie cnosa: cornye, 3emus, nyivcap, d1eKmpuyeckutl mox, niama, macuumocgepa,
memnepamypa, 8030yx, JNeKMPOH, HEUMPOH, NPOMOH, K8APKO8aAs Mamepusl, OUHETIMpPOH.

PHYSICS OF CURVED SPACE. II.
Tsvetkov E.P. (Russian Federation)

Tsvetkov Evgeniy Pavlovich - candidate of physical and mathematical sciences,
Sergiev Posad

Abstract: the results of recording the activity of a solar micropulsar are presented and the
physics of its occurrence is discussed.

Keywords: sun, Earth, pulsar, electric current, plasma, magnetosphere, temperature, air,
electron, neutron, proton, quark matter, bineutron.

DOI 10.24411/2410-2865-2024-10102

Iloroga sBnseTcs BaXKHEHIINM NPUPOIHBIM (AKTOPOM, BIHSIOIIUM Ha 3KOHOMHUKY
TOCYIapCTB, PUTMHUKY JKM3HM JIFOJAEH, Ha 370pPOBhE M CaMOUYYBCTBHE KaXJIOTO YEJIOBEKa.
Cpenu pa3nuyHBIX TPOSBICHHH TIOTOABI TeMIepaTypa BO3AyXa 3aHHMaeT OCHOBHOE,
noxanmyi, mecro. bonmee 25 meT 3TO W ABIANOCH Ui HAC MOTHUBOM €KEIHEBHOW €&
peructparm B 12-00 wacoB mHa. B pesynpraTte 3THX ONBITOB Ha (POHE CE30HHBIX
TEeMIlepaTyp BO3/1yXa OBIIM OOHAapyXeHBI MOBTOPSIOUIMECS CTPYKTYPBI HMITYJILCHOTO
xapakrepa, T-IMITyIIbCHI, TpeOyromue BEIsICHeHUs ux npupos! (Puc.1-3) [1].
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Puc.2. [Ipoghunv T-cmpyxkmyp 6030yxa 3emau. 3uma. 2022-2023 zz., 12-00 uacos.
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Puc.3. [Ipogure T-cmpyxmyp 6030yxa 3emau. 3uma. 2023-2024 z2., 12-00 uacos.

CoriacHO CYyHIECTBYIOIIMM Ha CETONHSIIHUI AeHb npeacraBieHusM CojHIE U BCA
COJIHEYHAsI CHCTeMa BO3HHUKJIM U3 IBUIEBOTO 00JIaka M0 CTaHJapTHOMY JUis Beeil BeenenHoit
MEXaHN3MYy: aKKpEIIMU MEK3BE3HOTO BEIIECTBA HA LICHTP TSHKECTH M 00pa30BaHMs BOKPYT
HEro aKKpeIMOHHOTO JAWCKa. B IieHTpe mpH IpaBUTAMOHHOM C)KaTHH BEIECTBA BOSHUKAET
3Be3qa, B HameM ciydae — CoONHIE, CBETHMOCTBIO CBOETrO IHCKA, PETYIHPYIOIIETO
TeMIepaTypHbIii pexxuMm Ha 3emiie. OZHAKO MHOTOJIETHHE SKCIICPUMEHTAJbHBIC ITaHHBIC,
MPE/ICTaBICHHBIE BBIIIE, KAYECTBEHHO OTIMYAIOTCS OT IJIAAKHX TNpoduield TeMmieparyp
BO3/lyXa, CBS3aHHBIX co cBetuMmocThio ComHma. Kak BupHO, Ha (oHE CE30HHBIX
TEeMIIepaTyp, MMEIOIUX W OTPHIATEIbHBIE BEIMYMHBI, MBI MMEEM IIOCIIEOBAaTEIFHOCTh
TEMIIEPaTypHBIX HMMITyJbCOB  TOJBKO MOJOXHUTENbHBIX BeduuunH. ClemoBaTenbHo,
OKCIIEPUMEHTAJIbHbIE JIaHHbIE B OOLICHIPUHSTYIO KOHLENIHMIO INPOGMIS CE30HHBIX
TEeMIIepaTyp BO3AyXa HE BIHCHIBAIOTCA, BBIHYXJas TeM CaMbIM HCKaTh MEXaHU3M HX
BO3HHKHOBeHU. [Tonck reneparopa T-UMITyJIECOB U SIBJISIETCSI MOTMBOM JIAaHHOI CTaThH.

Hayxe xopomo H3BeCTHBI HbIHE KOCMHUYECKHE HCTOYHHKH HMITYJIBCHOTO H3Iy4eHUs,
nmynbcapsl [2]. Haumbonee m3BecTHBI Hayke pajuornylbcapsl. Ilynecap — 3T0 HEWTpoHHas
3Be3/la, BO3HUKIIAS MpU TPaBUTALIOHHOM KOJJIAICEe BBITOPEBLIEH CBEPXHOBOM,
cOpaceiBatomieil ¢ cedst o0omouky. Ilynbcanust HENPEPHIBHOTO HM3IIyYEHUs] HEWTPOHHOMN
3Be3/lbl BO3HUKAeT B pe3yibTaTe mpeneccuud ocu e€ BpameHus. C NepuoJUYHOCTEHIO,
orpezieIsieMOl Tperecchel, y3KHH JIyd HW3JIydeHHs W3 TIPHUIIOISPHON 00JIacTH 3BE3[IbI
MOMaAaeT Ha 3€MJII0 B BHJE KOPOTKOTO HWMIIYJbCa, YTO W JajJ0 3BE3[€ HAaUMEHOBAaHHE
mynscapa [2]. Macca mynbcapa oOBIYHO cocTaBisieT 1-2 conHedHbIX Macc. Ilpu paamyce
MOpsiIKa JECATH KHJIOMETPOB IIOTHOCTH BEIIECTBA B LIEHTpE Iyiibcapa jgocturaer 4.4 X
10%r/cm®. TIpu Takux IUIOTHOCTSX 3B€3/a 3allONIHEHA CBEPXTEKyduell HeHTpOHHOI
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JKUAKOCTBIO U CBEPXIIPOBOISAIIMMU IPOTOHAMH U 3JIEKTPOHAMU. DTO MO3BOJUIO B CBS3U C
npo0OJieMoil KBapKOBOH MaTEepHH MPEAINOIOKHUThH CYIIECTBOBAaHUE TAaKOH MaTepuy B Heapax
HEWTPOHHBIX 3Be31. Cpean COBpEMEHHBIX MyOJIMKalMii MOXKHO HalTH cooOlieHus o 6oiee
€CTECTBEHHBIX, a CIIeIOBAaTeNIbHO, U Ooyiee (PEKTUBHBIX, YeM TEPMOSACPHBIH CHHTE3,
aNbTEPHATHBHBIX TpoIleccax 3Be31000pazoBanus [3]. Mcmons3ys pe3ynbTathl [2], MBI 371€Ch
HaMepeHHI Ha 0a3e peasbHOT0 SKCIEPUMEHTA IPEIIOKUTh HHOH BapuaHT ¢u3uku ComHia.

Bonpmryto ponb B pusmke mynbcapa urpaet ero Marautocdepa. Bommsu myiscapa B Hel
BO3HUKAIOT CHJIbHBIE MATHUTHOE M 3JIEKTPUIECKOE OIS, BBI3BIBAIONIHE «IIPOOO0i» BaKkyyma
Y TCHEPALHIO MM 3JICKTPOHHO-ITO3UTPOHHON 11a3Mbl. Hamboiree cumpbHas reHepanus Takoit
IUTIa3MBI HaO0AaeTcsl B 00JIaCTSAX MOJIIPHBIX IIATIOK IMysibcapa. [10TOKH M1a3Mbl BEI3BIBAIOT
KOpOTalnio, XapaKTEepHYI0 sl IyJIbCapoB, 3acTaBIAIONIYI0 MarHutocdepy myiabcapa
CHUHXPOHHO BpalllaThCsl BMECTE CO 3BE30M U MOJIAPU30BaHHOMN Miaa3Moi. Tak BO3HUKAIOT B
MarHurocgepe Imysbcapa MOCTOSHHbIE JIEKTPOHHBIE ¥ TO3UTPOHHBIE TOKOBBIE CTPYH.

Ora ¢u3MKa HEHTPOHHBIX 3BE3]l BEJIHMKOJICIIHO paspeniaeT mnpobiiemy T-uMIynbcoB
BO3AyXa 3eMIM, €ClId MPEAJIOKUTh OTIMUYHBIN OT SAIEpPHOrO CHHTE3a I'€HEpaTop >HEPruu
ConHna. AprymMeHTOM Aisl 3TOrO SBJSIETCS, BO-TIEPBBIX, M MOXAIyH 3TO IJIaBHOE,
9KCIEPUMEHTAILHO 3a(MKCHPOBAaHHOE MOBBIIICHHE TEMIIEPAaTyphl BO3IyXa B 3MUMHEE U
HOYHOE BpEeMsA, TO €CTh B MEPHOABI OCJIA0IEHHOTO M JaXe IIOJHOTO IPEKPAICHUS
BOo3#eUcTBUA (OTOHHON ocBemeHHOCTH ConHIIEM 3eMHOH moBepxXHOCTH. [Ipmuem
aMIUIATYAb! T-MMITYJI6COB MPU 3TOM HE YCTYIAIOT 110 BEIWYMHE TEMIIEpaTypaMm, CBSI3aHHBIM
CO CBETUMOCTBIO. BO-BTOPBIX, HIMITYJIbCHBIN NMPOQUIb TEMIIEPaTyp, OTIMYHBIA OT IJIaKON
¢ynkimm «poToHHOTO» 000TpeBa 3emin. Koppensus npoaomKUTeTbHOCTH T -MMITYIbCOB
C COJIHEUHBIMH CyTKaMH. B-TpeTbHX, MOBTOPSIOUIASACS W3 roja B Troj C HEOOJBIIUMH
n3MeHeHusIMH Gopma 3-5 cyrouHblix T-ummynbcoB. Bce 3T0 M jgano HaM BO3MOMKHOCTB
MOCTYIHPOBaTh, yTo COJHIIE — MUKPOITyJIbCap.

OcHOBaHMEM JTOT0 TMocTyjaTta sBmwiIack pabora T.KmeitHa o uyeThlpexmMepHOM
NPOCTPAHCTBE, B KOTOPOM Ha MaJlbIX MacliTabax JIMHEHHOEe MPOCTPAHCTBO KOJLUIANICUPYET B
chepy, 0ObEAMHSAIONIYIO JIMHEHHBIE KOOpIWHATHI equHbIM BpemeHeM. Cdepa Kamyisi-
Kneitna, 061amas MIaHKOBCKUMHU XapaKTEPUCTUKAMHE, CO3/IAeT MOIAPHOCTD CKAISPHOTO OIS
BaKyyMa, MpoHHU3bIBaromero BeeneHHyto. B mpenpinymmeit pabote MBI paccMOTpenu poib
JIOKyca HPOCTPaHCTBAa-BPEMEHN B: MOJIIPU3AaLMK Tojeld Bo BceneHHOH, cuHTe3e TeMHOH U
OOBIYHOM MaTepui, B MEXaHN3Max aJpOHH3AINN, CHHTE3UPYIOIIUX KBAPKOBYIO MAaTEpHIO H
MOJIyYEHHH 3JIEMEHTa HyJIeBoM rpymmel MeneneeBa, HeiitpoHa. B3aumonelictBue HelTpoHa
W aHTHUHEHTpOHA NPHBOIUT K IOSBICHHIO OWHEHTpOHa, cTaOMIbHOH (HOpPMOH KOTOPOTO
SBJSIETCST aToM Bojopona. Jlomyckasi CymIeCTBOBaHHE JIOKyca IPOCTPaHCTBA-BPEMEHU B
Henpax CoJHIa, MOYKHO BBICTPOUTH OoJiee MpOCTyIo, OoJiee eCTECTBEHHYIO M0 CPABHEHUIO C
SIEPHOM, IPUPOY 3BE31000pa30BaHMS M CHATh MHOXKECTBO BOIPOCOB HAYaJIbBHOTO MEpHOAa
Bcenennoii, pu3nky TeMHON U OOBIYHON MaTepHid.

OKCIIepUMEHTAJIbHbIE JTaHHbIE ITO3BOJISIOT YTBEpPXKIaTh, YTO TPABUTOHBI JIOKYCOB B
Heapax CoiHIA M UX aHTHIPaBUTOHBI OOBEIUHSIOTCS B JBA JIOKAJM30BaHHBIX aHcamOs,
OTTAJIKMBaHUE MEXAY KOTOPBIMH MpersiTcTByeT opmupoBanmio chepsl LlBapummsaa. Ha
Macmitabax xe 3Toi cdepsl B 1ieHTpe CoHIA BO3HUKAET MUKPOITYJIbcap, OJMH U3 ITOJIIOCOB
KOTOPOTO TEHEPHPYET JJIEKTPOHBI, a BTOPOH — IO3UTPOHBI. DJIEKTPOH-NO3UTPOHHAS
AQHHUTWIIIKS SIBJISETCS MCTOYHMKOM (hoToHOB cBeTuMOCTH COJHIIA, OTBETCTBEHHBIX 32
TIIaKuil ce30HHBIH npoduib Temreparyp Bo3ayxa 3emutd. [lomymapus 3emin HaxoasTCs
00 B HECKOMIIEHCHPOBAHHOM IOTOKE 3JIEKTPOHOB, JTHOO B MOTOKE MO3UTPOHOB, YTO
nposiBigercs B T-ummynscax (Puc. 2, 3). 3umoii 3eMIro rpeeT MoTOK 3JIEKTPOHOB.

PE3IOME:

1. CounHIile — MUKpOTIYJIBCAP.

2. T-ummynecel Bo3mgyxa 3eMIIM SKCIIEPHMEHTAIHHO MOATBEPKIAIOT OWHEHTPOHHYIO
mpupoay marepuu BeeneHHoi.

3. 3emusss corpeBaeTcd AIIEKTPOH-NIO3UTPOHHBIMU TOKAaMH, TI'€HEPaTOpoOM KOTOPBIX
asisiercs chepa Kamynpi-KieiiHa ueTbipeXxMepHOT0 MpOCTpaHCTBa.
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4, HOCKOHLKy JKU3HCHHBIC TIPOLECChl OHAOTCPMUYHBI, T-I/IMHyJ'[bCI)I, no Hamemy
MHCHUIO, MOTYT ABUTLCA BEAYLIUM (baKTOpOM BO3HUKHOBCHHA pa3yMH0171 JKM3HH Ha 3eMiIe.
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N3MEHEHHUE TEYUEHUA BPEMEHMU HA 3EMJVIE B CBSA3U C
IMOCTOAHHBIM UBSMEHEHMEM IIVIOTHOCTHU 3EMJIN, A
TAKXE C IOCTOSIHHBIM YBEJIUYEHUEM 3EMJIEN
YACTOTHI COBCTBEHHBIX BUBPAIITUN
AnueB A.C. (Poccuiickas ®eepanus)

Anuee Anopeii Cabuposuu — meneoicep,
000 “Pyuyu’”, 2. Mockea

AHHOmMayuA: ¢ Hauaia c8oe20 pazeumMus NiaHema 3emiis NOCMeneHHo Hadupaem 3HAHUS,
YUMo ompadicaemcsi 8 NOCMeNneHHOM U HeYKIOHHOM NOBbIUEHUU YACTOmMbl COOCMBEHHBIX
subpayuti. A smo, 6 8010 0yepedb, NPUBOOUM K MNOCMENEHHOMY U HEeYKIOHHOMY
3ameonenuro mevenus 3Hepeuu BPEMA enympu camoti 3emnu. Kpome moeo, usmenenue
meyeHusi epemMeHu Ha 3emie NPouUcXooum u3-3a HOCMOSHHO20 USMEHeHUs NJIOMHOCIU
3emau 6 kascoom eé Inobyce u 8 xasxcoom eé 3emnom Kpyee. Jlsucasco 6 xaxcoom ceoém
I'nobyce u 6 xascoom ceoém Kpyee no Hucxoosweil Bemsu, nauia nianema nabupaem cgoro
naoOmHOCMb U Mamepuanviocms. Koeda npoucxooum nepexoo ¢ Hucxoosweii Bemeu na
Bocxoosawyto Bemsew, nnamema nocmeneHHo 803spawyaemcs K ceoeli  9QupHou U
HeMamepuanbHou gopme.

Knrwouesvie cnoea: npuuumvi 3ameoneHuss U YCKOpeHUs MeyeHus 8pemeHu Ha 3emie,
Kocmuueckue sx3amervl, Hucxooawasn eemss, Bocxooswas 6emew, nepexoo.

CHANGE IN THE COURSE OF TIME ON EARTH DUE TO A
CONSTANT CHANGE IN THE DENSITY OF THE EARTH, AS
WELL AS A CONSTANT INCREASE IN THE FREQUENCY OF
NATURAL VIBRATIONS BY THE EARTH
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Abstract: since the beginning of its development, planet Earth has been gradually gaining

knowledge, which is reflected in the gradual and steady increase in the frequency of its own
vibrations. And this, in turn, leads to a gradual and steady slowdown in the flow of TIME
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energy inside the Earth itself. In addition, the change in the course of time on Earth occurs
due to a constant change in the density of the Earth in each of its Globes and in each of its
Earth Circles. Moving in each of its Globes and in each of its Circles along the Descending
Branch, our planet is gaining its density and materiality. When there is a transition from the
Descending Branch to the Ascending Branch, the planet gradually returns to its ethereal
and intangible form.

Keywords: reasons for slowing and accelerating the course of time on Earth, space exams,
Descending branch, Ascending branch, transition.

BBeaenue

“Aputickas Paca napoounace u pa3eunace Ha 0anéKom cegepe, Xoms Nocie No2pyiCenus
mamepuxa Amaanmuovl niemena eé nepecenunuco oamvute Ha lOe, 6 Asuto. Ilomomy
IIpomemeti mooce coin Asuu, u [eexanuon, e2o cvin, epeveckuii Hoii, - mom, kmo co3oan
nodeli u3 xamuetl mamepu 3emnu, - Hazean JIykuanom cesepnvim ckugom, a Ilpomemeil
coenan b6pamom Amnaca u npukogan k eope Kaexasa cpedu cnezosy”. Enena IlerpoBHa
bnaBarckas.

H3meHneHne miIoTHOCTH 3eMJIH, U3MEHEeHHe e€ cOOCTBEHHOM 4acTOThl BUOpalKi, a TakxkKe
U3MEHEHHE TEYEHHs JHEPruu BpeMs, MNPOXOJAIled CKBO3b Hally MuaHeTy. [IpuduHb
YBEIMYCHUS 1 YMCHBIICHHS IUIOTHOCTH CPEAbl HAa Pa3IMYHBIX IUIAHAX WM YPOBHAX OBITHSL.
IIpyuuHbl yBenMUYEHHs BPEMEHHOW MNPOJOIKUTEIBHOCTH KaKAOrO MOCIETYIOLIETr0 roja
Hamiel ['anakThky, a TakKe H3MEHEHHE MTPOIOIDKUTEIBHOCTH IIMKIIOB OoJiee BEICIINX cdep,
BIUIOTb A0 Hameldl BceneHHoH. IIpHumHBI M3MEHEHHS TEYEHUS BPEMEHU BHYTPH OIHOTO
3emHuoro Kpyra 3a onun rox Hameit ['amaktuxu. Ommoka B pacuérax Kopennsix Pac. Cemb
I'nodycos Ilnanerst Jlyna, mpenka Hamed ruianetsl 3emisi. JKuBotHoe u HeGecnoe
YenoseuecTBo. [IBe mymm coBpeMeHHOro denoseka. Ilepexon, mnm crada 4eaoBeYECTBOM
CBOETO HBOJIOIIMOHHOTO 3K3aMeHa Ha 3peJIoCTh.

Huxasl BHYyTPU BpaMsbl

B cratbe «Jlenp Bpambl v npyrue ero mukibD»y s BCE MOAPOOHO OOBSICHWI B ITU(paXx,
371eCh JAI0 CKATO. AKCHOMa, 51 €€ He pa3 MPHUBOAMI B CBOUX CTaThiX. CyTKHM CONHEYHON
cdepsl Ha ToM pacctosHUM OT CoJNHIA, Te HaXOAWTCA 3eMils, paBHbEI roxy 3emun. Emé
OJTHAa aKCHOMa: 3aKOHBI BceX C(hep OIMHAKOBBI.

Cytku bpamel, nnu cyTku Haueld BeeneHHON Ha TOM paccTOsSHUM OT LieHTpa bpamsl, rioe
pacrnionokeH Hamr o0bekT Ne 1, paBHBI rofy Hamero oobexTa Ne 1, pacrosokeHHOTO Ha
nepudepun chepsl Bpamel, mpomgomKUTENRHOCTEIO B 8,64 Mmimmmapaa 3eMHbBIX JeT. Ho
IUIaHeTHBIE cepsl B cdepax 3BE3] CYIIECTBYIOT TOJILKO Ha JIHEeBHOW ctopoHe bpambr. B
37O *e Bpems, Ha HouHoii cropoHe bpambl miaHeTHble cdepbl pacTBOpeHb! Ha nepudepun
CBOMX 3BE3HBIX cep.

B teuenun Houm Bpamsbl, xoTopas sBiserca ero JIHEBHOH CTOPOHON, OCBEIIEHHOM
cBeTOM ATHH, B 3BE3HBIX chepax He CYIIECTBYIOT IUIaHETHbIE Chepbl Win MUpBIL

B teuenne /Iua Bpambl, a Ha camoM ferne Ha ero HouHOW cTOpoHE, HE OCBEUIEHHOM
CBETOM ATHH, POXKIAIOTCS, SBOJIOIMOHUPYIOT U YMHUPAIOT WIH PacTBOPSIOTCS (PU3MUECKHE
IUTaHEeTHbIE cepbl Ha nepudeprn CBOMX 3BE3IHBIX cdep.

JmmrensHOCcTh [HS Bpambl, kak ¥ MOJNOBHHBEI Tona Hamero o0bekta Ne 1 B cdepe
Bpawmsl, cocraBnser 4,32 Muuinapaa 3eMHBIX JIET.

3a nonoBuHy roga Hamero oobekra Ne 1, mim 3a Jlens Bpambl, Ha ero nepudepun
MPOXOJIUT CeMb ToJ0oB Hamero o0bekra Ne 2 B cepe bpambl. To ecTh monoBuHaA Trojma
Hamero oosexTa Ne 1 COCTOHT M3 CeMH €ro CYTOK, B KaXKAbIE U3 KOTOPBIX MPOXOIUT OJUH
13 ceMH ro/10B Harrero o0sexTa Ne 2 B cepe bpamsr.

Cemb ros10B Hamero oowsexTa Ne 2 u ecth ceMb bonbmmx Kpyros, o KOTOpEIX TOBOPHTCS
B Pabotax Enensr [lerpoBusr briaBarckoii.

Kaxnprit u3 cemu roj0B Hamiero oobsekta Ne 2 pas3nenéH Ha JBe MOJOBHHBL: bobinyro
ManBanrapy u Ilpanaiito, paBHBIX 0 JUIMTENbHOCTH. B nepBoii bonbimoit ManBantape Ha
opbute HbiHemHero CaTypHa NpoOXoamia CBOE HBONIIOLNMOHHOE pa3BUTHE IpadadyIika
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3emumn. 3atem Hactymwia [lpanaiis, pacTBopeHHe (PHU3NYECKUX IUIAHET, B TOM YHCIIE U
npenka 3emiiu.

ITo oxonuanum Ilpanaiiu, a BMecTe ¢ Heil u mepBoro bomsmoro Kpyra, mactymuio
BpeMs pa3BuTHs BTOpoil bonbiioit ManBaHTaps! Bo BpeMs Broporo bomsmioro Kpyra. U3
paHee pacTBOPEHHOTO BEIIECTBA COOpaach HOBas IUIaHeTa, Oadylka 3eMiIn Ha HbIHEIIHEH
opbure IOmmTepa n mponuia cBo€ IBOJIIOIHOHHOE pa3BUTHE. 3areM HacTymwia [Ipamaiis,
pacTBOpeHHEe PU3UIECKUX TUIAHET.

B nauane tperbell bonbmoit ManaBanTape Tperbero bosbmoro Kpyra us panee
pacTBOPEHHOTO BeIIeCTBAa coOpanach HOBas IUIaHETa, MaTh 3emun, JIyHa, Ha HBIHEIIHEH
opbure Mapca, TpoWas CBOW DSBONIONMOHHBIA ITyTh. 3aTeM HacTymwna [Ipamaiis,
pacTBOpeHHEe PU3UIECKUX TUIAHET.

B navane nameil yerséproil bosbmol ManBaHTapel Hamero 4erséproro bombiroro
Kpyra u3 panee pactBopéHHOro BelecTBa mianeTsl JlyHa copMupoBaigack HOBas IJIaHETa
— Hama 3emis. He pacTBopuBIImiica ocToB IaHeTs! JIyHa cTan €€ CIlyTHUKOM.

B Hauane naroit bonbmoit ManBaHTapbl coO0epércst 104b 3eMiIM Ha HBIHEIIHEeH opOuTe
Benepsl, U3 pacTBOpEHHOTO paHee BellecTBa Halleil MiuaHeThl 3eMilsl BO BpeMs 4eTBEPTOU
IIpanaiin.

B mnauvame mecroit bompmoit ManBaHTapel coOepércss W3 pacTBOPEHHOTO paHEe
BEIlECTBA TNPEbIAYIICH (DU3NUECKON IIaHEThl, BHYYKa IUIAHETHI 3eMJI Ha HBIHEUIHEH
opbute Mepkypus.

B mnawane cempmoit Bompmior MaHBaHTapsel coOep€Tcs W3 PAacTBOPEHHOTO paHee
BEIIlECTBA MPEIbIAYIeH (ru3ndecKoll TUIaHeTsl, MPaBHyYKa IUIAHETHl 3eMJI Ha HBIHCIIHEH
opbuTe TIaHeThl, Haxoaduielcsa Ha Omrkaiiem paccrossHuM oT COJHIA M HCYE3HYBIIEH K3
BUJIUMOCTH B CEpeMHE JIeMypUuiickoil Packl.

IInanema, xomopyio coboii samensem Coanye, ovina ewé onudxce k Connyy, uem nuviue
Mepxypuii, u sa6aa1act 0OHOU U3 CaMbIX MAUHCMBEHHbIX U @blcuiux nianem. I oeopam, umo
OHa cmana HeauoOUMOll 8 KoHye mpemvell pacwl. [7, ¢. 240].

3TO ecTh ceMepHyHas Lelb U3 TPEX NpeiKoB 3eMild, caMoi 3eMin U e€ TpEX Oyaymmx
NOTOMKOB. Jlyma y 3Toi ceMepHyHOM enu oaHa Ha BeeX. «KocMudeckast IKoJIa» COCTOHUT
M3 CEMH KJIACCOB Ha BCEX YPOBHAX WJIM IUIaHax. [ImaHeTsl, KOTOpBIE cedac pacroiIokKeHbI
3a CaTypHOM, HAXOATCS B «IOIIKOJIHHOM HOATOTOBUTEILHOM IIHKIIE».

3a MOIOBUHY KaXXIOTO Toaa Hamero oobekra Ne 2 wmu 3a ogHy bonbiryro ManBaHTapy
MPOXOANT POXKJICHUE, IBOJIIOIHS U CMEPTH OJJHOTO 3B€Ha CEMHU3BEHHOM IutaHeTHOH Llerm.

B HbHemHeMm uyeTBEPTOM TOXy Hamero odbekra Ne 2, a To4yHee, 3a HBIHENIHIOKO
yeTBEPTY0 bonbinyro ManaBaHTapy, JO/DKHA IPONTH BECh CBOM LMKIJ Halla IIAHETa
3emurst, win 3a 308 MUJIIHOHOB 3€MHBIX JIET.

Ho 3a nosnoBuHy rosna Hamero o0bpexta Ne 2 mpoXoIuT CEMb €ro CYyTOK, MM CEMb T'OJI0B
Hanrero oobekTa Ne 3 Ha ero nepudepun.

3a cemb roioB Haimero oobekTa No 3 mpoxonsT cBoE pa3Butue ceMb [100ycoB 3emiu:
A, B, C, D, E, F, G, mpogomxutensHoctbio B 11, 22, 33, 44, 55, 66 u 77 MIWIIMOHOB JIET
IIOOYEPETHO.

Kaxnpiit rox o6bexTa Ne 3 COCTOUT M3 CEMU CBOMX CYTOK, WJIM U3 CEMH TOJIOB HAIIEro
o0wekTa Ne 4 B cepe bpambr. Hamn wetBEpThiif 00BekT B cepe bpamel, ato Lientp Hameit
Tanaxtuxu. 3emuble Kpyru u ects rojsl Hameil ['anakTuky.

IIponomkuTenbHOCTh KHU3HM Hamero d4erBéproro 3emHoro Kpyra cocraBmser 6,3
MIJIJIMOHA 3€MHBIX JIET. 32 3TO BpeMs JOJDKHBI IIPONTH CBOE SBONIIOLIMOHHOE Pa3BUTHE CEMb
Kopennsix Pac. Kaxnas Kopennas Paca cocrour u3 cemu Kopennbix Ilogpac. Kaxnas
rozipaca COCTOMT u3 ceMu cBoux Betouek. [IponoskurenbHOCTh 01HOM BeTtouku paBHa 1o
MPOJOIDKUTENHHOCTH Toay COJHIIA, 9TO COCTaBisieT 25 868 3eMHBIX JIeT.

Apxauuecxue [Tucanus ymeepoicoarom, ymo npu Hayane Kaxcoou mecmuou Kanonoi, unu
Kpyea, 3emns poocoaemes 6H06b: npedsapumenvhas 380110YUs ONUCHIBAEMC 8 OOHOU U3
Knue /[3uan u 6 Kommenmapusx 6 ciedyrowux ciogax.
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«Ilooobno momy, kax uenogeweckas [icusa [Monaoa], 6x00s 6 Hosylo ympoby,
noxyuaem Hosoe meno, max u Jicusa 3emau noayuaem Oonee cOBEPUEHHYIO U NIOMHYIO
060104KYy ¢ Kaxcovim Kpyeom nocie mozo, Kax OHa 8HOBb BbIABNAEMCS 8 00BEKMUBHOCTD U3
ympobu [Ipocmpancmeay. ...

IIOCJIE BEJIMKHUX TPY]]OB, OHA CEPOCHIIA CBOU CTAPBIE TPU [IOKPOBA U
OBJIEKJIACh CEMBIO HOBBIMH, U ITPEJJCTAJIA B CBOEM ITEPBOM. [4, c. 57].

Hemuoxko mompaBmo: «mak u [owcusa 3emau nonyuaem 6Oonee coOGepuleHHyI0 U
nAOMHYI0 000104Ky ¢ Kadicovim Kpyzomy. Bruots nmo dgerséproro I['mobyca, mmm mo
yeTBépToro 3emHoro Kpyra, 3emis craHOBUTCS BcE Oonee IUIOTHOM M MaTepHalbHOU, a
3aTeM OHa MOCTENCHHO, B ocTaBmuxcs Tpéx Kpyrax, craHoBuTcs BcE Oonee 3pupHOI 1 BCE
MEHEE MaTepUabHOM.

“Koeoa «boowcecmeennviii Coiny gvisgniemcs, Doxam cmanosumcs ycmpemisioujeli
cunor, akmusHolo Mowwio, komopas evinyscoaem Eounoe cmamo [eyma u Tpems na
Kocmuyeckom — niaawe  nposigienus.  Tpouunvii  Eounvii  ouggepenyupyemes 60
«Mnooicecmear, u moeda @oxam npespawaemcsi 6 my CULy, KOMOpas npuseieKkaem
OCHOBHble amombl U 3acmasisiem ux cooupamscs u covemamscs”. [3, c. 174].

«llockonbky obwas npoooIHCUMENLHOCHIb CYIEeCBOBAHUS HAWEN NIAHEMAPHOU Yenu
(m.e. cemu kpy208) cocmasnsiem 4 320 000 000 nem, u mvl HAXOOUMCS Ce200H:A 8 4-M Kpyee;
U NOCKONLKY OaHHbllL 3eMHol 200 omcmoum Ha 1 995 884 685 nem om nauana kocmuueckot
asomoyuu naanemsvl A; nodmMomy, 80 GPEMEHHOM acnekme, Muvl OO0JINCHbL OOCMUSHYMb
cpeQunHot mouku, unu 6 mounocmu 3,5 Kpyea uepes 204 115315 nem, xomsa 6
NPOCMPAHCMBEHHOM ACneKme Mbl Qaxmuuecku docmuenu eé, npuyém na nianeme D u 6
Hawell 5-ou pace.

Kax uzeecmno, denv bpamvl (npedcmasnsiowuil uiu 0Xeamlearoull 6ce cemb Kpyeos)
pasusemcsa 14 manseanmapam naoc camos 1wea, unu 4 320 000 000 nem; no max xax
Kanuoza obvemaem auuib 4 102u, 8 mo epems, Kak cywjecmsyem 7, - HO3MOMY NpaeuibHas
cymma ***,

Oma acmponoeuueckas paboma ymeepaicoaem, umo. [Qucno nem, komopoe nponemeno
¢ Hauana Batieaceama maneanmapul, pasro 18 617 725 2o0am].

Tatinaa ooxmpuna coobwaem nam, umo: [C mex nop, Kak OXUaH KO2aH, U36eCMHbI 8
Hnouu xax Many Baiisaceama, nauan yenogeyeckyio MaHsanmapy Ha Haweti niaveme D, 8
Odanuom kpyee, npouino 18 618 725 nem]». [5, c. 293].

B nocnenneil ctpouke NaH peanbHbIM BO3pacT Hauleidl 3emuid, paBHbIM 18 MWIIHMOHOB
IIECTBCOT THICSY JIET, KOTOPYIO M IIpeJIcTaBisIeT co0oii Ham [1o6yc D.

C D3BOJIOIMOHHBIM POCTOM IUIAHETA YBEIMYHMBAE€T YacTOTy COOCTBEHHBIX BHOpaImii.
AxcroMa: pacCTOSIHHE MEXTY COJHLEM M KaKIOH M3 IIaHeT, PacroyIoKEHHBIX B cepe WiH
tene CouHila, 3amaéTcs pasHuICH B yactoTe BuOparmii sueprud CoNHI[A U KaXI0H U3 e
TUTaHeT.

OBONIOLMOHHBIA POCT 000K cdepsl BBIpakaeTcs B TOCTENIEHHOM M HEYKIOHHOM
YBEJIMYCHUH 4YacTOThl COOCTBEHHBIX BHOpaiuid. Yem BbIllle 4acToTa BHOpalnuii SHEpPruu
IUIaHeTHI, TeM Ommke oHa k ConHily. BriBon, yem Ouoke mutanera pacrionokeHa k ConHiy,
TEM OHa cTapile 1 Hao00pOT.

Paccrostaue oT xaxxaon mepudepuitHON ceprl A0 HMEHTPaTbHOTO 00BEKTa CBOCH Oolee
BepxHel coepsl 3amaétcs PASHHUIIEM B YACTOTE BMBPALIMIM SHEPIUMH,
BBIPa0aThIBAEMbIX BpalleHUEM LIEHTPAIbHBIM OOBEKTOM M KaXKIIbIM M3 ero nepudepruitHbIx
00BEKTOB.

Omuoka B pacuére Kopennnix Pac

Pacuérel myurensHoctu cemu bosbmmx Kpyros, cemu bosbmmx ManBaHTtap, cemu
I'mo6ycor 3emnn BepHbl. (Enena ITerpoBna biaBarckas Cxkprkanu acTpaIbHOTO CBETa CTP.
294-296). Ho nanee, rae roBopuTCs, 9TO AaH pacdér mis cemu KopeHHsix Pac, man pacuér
MIPOIOJDKUTEIBHOCTH CeMH 3eMHBIX Kpyros. D10 ceppE3Has ommubdKa U s AymMaro, BHECEHHAs
crienuaibHo, NpoTHuB skenanus Enens! [lerpoBHbl. He 3ps oHa B omHOM Mecrte mucana: -
ecnu 51 Bam 00 3TOM ckaxky, MEHS Ka3HST.
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VYka3zaHHas npofomkuTeabHocTh YerBépToit Pacst 6 297 376 Ha camoM nene sBIsETCA
MPOAOJKUTENBHOCTBIO HAIIEr0 HBIHEITHEro 4eTBEPTOro 3emHoro Kpyra umm uerBépToro
roga Hameil ['anaktuku B I'mo6yce D 3emin. A Hamr uerBEpThiid 3eMHOM Kpyr cocrout u3
MaxarorH, IpoJOIDKUTENFHOCTEI0 B 4 320 000 3eMHBIX JIeT W OOCKypauu, 4To BMECTE M
COCTaBJIAET MPOAOJKUTENBHOCTD YeTBEPTOro 3eMHoro Kpyra, B KOTOpoM U MPOXOAAT CBOE
pasButne cemb Kopenneix Pac. Ceifdac Bpems, HaBEpHO, IMIECTON WIIM CEAbMOM BETOUYKH
msitoit Kopennoit Ioapace! nsitoit Kopennoit Pacer.

“IIpododicumensHoCmb  CyYWeCcmeo8ans 4enogeuecmea 6 meueHue cemu Kpyzos
makosa: 1-2-3-4-5-6-7. B kascoom Kpyee HpOOOINCUMENbHOCHb — CYUeCcTn808AHUSA
yejoseyecmed Ha cemu NiAHemax Hawel yenu makoea owce: 1-2-3-4-5-6-7. Ilepuoo
4es1068e4ecK020 CYWecmeo8anis 6 ceMu pacax Ha 0OHOU niaxeme OnAMb-maxky maxkos: 1-2-
3-4-5-6-7". [5, c. 296].

IIpnyuna 3amMenJIeHUs TEYeHUs BPEeMEeHH

Yro o3Hawaer 1-2-3-4-5-6-7? DOrto 3HauuT, uyto BTOpoil bosemoit Kpyr nmo Bpemenu
OyzeTr AMUTHCA B ABA pas3a JoJblle, ueM nepBblit bombmoit Kpyr. Tperuit bonsmoit Kpyr mo
BpEMEHHU Oy/IeT JIMThCS B TPH pas3a JiBa pasa JoJibliie, 4eM IepBblid. ... CenpMoii bonbmoi
Kpyr no BpemeHu OyAeT JUIThCS B CEMb Pa3 J0JIbIIE, YeM TIEPBbIM.

Takoe jxe U3MEHEHUE TEUEHHs BPEMEHH NIPOUCXOAUT B ceMH bonbmunx MaHBaHTapax, B
cemu ['moOycax 3emim, B cemu 3eMHBIX Kpyrax mim B cemu rogax Hamiero oopekta Ne 4,
Hael ["anakTuky.

IIpyurHON 3ameasieHUs TEUeHUsl BPEMEHM B Kaxkaol mnocieayoowmeid bonpmion
ManBaHTape, B KaXIOM IIOCIEIYyIOMIEM 3eMHOM [100yce, B KaXXIOM IOCIEAYIOIEM
3eMHOM Kpyre siBisieTCsl MOCTOSHHOE M MOCTENIEHHOE YBEJIMUEHHUE YaCTOTHI COOCTBEHHBIX
BuOpaumii [Tnaneroii 3emis, e€ I'mo0OycoB, e€ 3eMHbIX KpyroB B CBSI3M C 3BOJIIOIIMOHHBIM
pa3BUTHEM.

Yem Ommwke ruaHera k CojHIly, TeM BbIlIe yacToTa e€ BuOpauuii, TeM MejajeHHee
CKBO3b HE€ CKBO3b HE€ IIPOTEKAET 3Heprus Bpemsi.

Mpsi nonyuaem cBeT oT CounHia, a Bpemsl OT meHTpa Hamero Co3Be3nus. DHeprus,
KOTOpYIO BbIpabaThiBaeT BpamieHneM Hame CosBesgue Is Hamed 3eMin  sSBISeTCS
BpeMeHeM, Kak W 000 npyroii mianetsl [obyca D, pacmonokeHHOW BHYTPH HAIIeTro
Co3sBe3ausl.

CkopocTh TedeHHs BpeMeHM Ha 3emsie 3amaéTcs pasHUIEH B YacToTe BHOpammit
SHEPrHii, KOTOpBIC BBHIPAaOATHIBAIOT BpamieHHeM Haml 1eHTp Co3Be3nus M Hamla IIaHeTa
3emurst. To ke KacaeTcs J1F000M IUIAHETH! PACHIONIOKEHHBIA BHYTPH Cepbl WM BHYTPH Tesa
Hamero Co3se3nus, 310, HaBepHOe, [lnesp!.

Hama 3emis, MOCTOSTHHO M TOCTENEHHO MOBBINIAs YacCTOTy COOCTBEHHBIX BHOpAITHid,
YMEHBIIIaeT pa3HUIly B 4aCTOTe BUOpamuii MexXy CBOEH SHeprueil u sHepruei, uaymen ot
neHTpa Hamero Co3pe3nus. B 3ToM mpuymnHa 3aMe[yieHHs] TEUCHUS BPEMEHH B KaXKAOM
nocneaytomemM bonemom Kpyre, B kaxaom mnocneayromeM [nodyce 3emid, B KaXI0M
nocneayroieM 3eMHoM Kpyre.

Jns 3B€31 Hamedl [anakTHKM BpeMEHEM SIBISIETCS SHEPrHs, MOCTYyHAIoIas OT LEHTpa
Hamell [amaktwku. Akcmoma. B kaxmom Bume chep cpoit 3BYK, coit CBET, cBoé
BPEMJSI. V AbcomoTa ecTh TOJBKO 3BYK, HET HA BpeMeHH, HU cBeta. Y cdep Ne 1 B cepe
AbcomoTa ecTh 3ByK M CBET, HO HeT BpeMeHu. HaunHas co cep Ne 2 B chepe Abcomora n
3aKaHYMBas IATHAAUATHIMA BHAaMHU cdep, IUIAHETHBIMHM, BO BCEX O3THX BHAax cdep
MIPUCYTCTBYIOT CBOH 3BYK, CBET, BpEMSI.

Teuenue Bpemenu B cemu bonbmux Kpyrax u cemu bonbumnx ManBaHTapax NoCTOSHHO
3aMeMNsieTcs, HauuHas ¢ nepBoro bospmoro Kpyra u 3akaHuuBas celbMbIM bosbminm
Kpyrom.

Teuenne BpemeHH B cemHu [noOycax 3emiM TOCTOSHHO 3aMeaisieTcs, HayMHAs C
nepBoro ['moGyca A 3emiu 1 3akaH4MBas cebMBIM, [ 100ycom G.

TeueHne BpeMeHHU B ceMH 3eMHbIX Kpyrax NOCTOSIHHO 3aMeIseTCs, HaunuHasl C IepBOro
3emHoro Kpyra u 3akanuuBas ceapmbiM Kpyrom.
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IMoatomy Takast popmyna nana Enenoit [lerpoBHOW s pacu€ra mMpoaODKUTEIBHOCTH
9THX LUKIOB: 1-2-3-4-5-6-7.

OO0muii 3HAaMeHaTeb 1JI51 pacyéra HUKJI0B

Haiiném oOmmit 3HameHartenb:1+2+3+4+5+6+7 = 28. IIpogomKHTENbHOCTH CEMH
Bonemmux Kpyros pasusl J{Hio bpamsl. IIpogomxurensrocts nepBoro boasmoro Kpyra
cocrasisiet: ([enp bpamer / 28) * 1.

IIponomxurensHoCcTh Hamero yerséproro bonbmoro Kpyra cocrasnser: Jlenb bpambl
nmenuM Ha 28 u ymMHOXkaeM Ha 4 = (4 320 000 000 / 28) * 4 = 617 MIJITHOHOB JIET.

UYerséptriii bonbmoit Kpyr cocrout u3 bonbmoii ManBaHTapbl, BO BpeMsl KOTOPOil
JKUBET W HBOJIONMOHHUPYET Halla IUTaHeTa 3emiisl, n Bpemennoii [Ipanaiin, xoraa ruraHeTa
pacTBopeHa, a €€ MaTepHs paclalach Ha CBOU «KMPIHYUKN» aTOMBIL.

Bpems ku3HuH, OoTHylleHHOe Hamieil 3emiie, paBHO IOJOBHHE HAIIEro YeTBEPTOro
Bonsmoro Kpyra, uto u ects uerséprast bonbuias ManBaHTapa.

Jenum mpopomkutensHocTh 4erBéproro bombmoro Kpyra nHa nBa, momyuaem 308
MWIJIMOHOB JIET, CTOJBKO JOJDKHA MPOXWUTh Hamla IlnaHeTa, a cienoM HacTymuT Toil ke
nponoswkuTesisHocTn Bpemennast [Ipamaiis, Bo Bpems koTopoil /[lyma ruaHers! Oyzaer
ocraBaThcs 0e3 CBOero (hpM3MYECKOro Teja.

3a uyerBépTyro bonbimyto ManBanTapy win 3a 308 MWIJIMOHOB JIET MPOXOIUT >KU3Hb
Hamei maneTsl B cemu e€ [modycax: A, B, C, D, E, F, G.

Haxoxum nponomkurensHOCTS Hamiero 4etBéproro ['mobdyca D 3emum.

(308 000 000 / 28) * 4 =44 000 000 3eMHBIX JIET.

Kaxpmerit I'mobyc 3emmm  cocrout w3 cemu 3emHbIXx Kpyros. Haxommm
MPOJIOJDKUTEIBHOCTh Halmero d4erBéproro 3emHoro Kpyra: (44 000 000 / 28) * 4 =
6 300 000 3eMHBIX JIET, COCTOSAIIET0 U3 Maxarord U 00CKypaIiy.

ITosioBMHA roga Hamero o0bexkTa Ne 1 B chepe Bpamel

JHeEHadA CTOpPOHA,
uaHa Ho4us BpaMebl

Ho4vHasa cTOpPOHA,
uiaH Jlens bpamel

JIeTo o0BeKTA N2 1

BecHa HJIH 0ceHb
o0BeKTa Ne 1

3uMa odbekTa Ne 1

b
CyTo4uHbld 060poT BpaMBI H roJoBas OpoHTA ero H Hamero o6berTa Ne 1

Puc. 1. Cymounwiii obopom unu kpye Bpamwl u 2o0osas opbuma obvexma Ne 1.
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Ha pucynke Ne 1 moka3aHbl JHEBHasi U HOYHAsi CTOPOHBI CyTOK bpambl M ropoBas
opbuta ogHOTrO U3 ero 00bekToB No 1, KOTOPHBIH SIBJISETCS HAIMM OOBEKTOM, KaK M Halllu:
3Be3na, Co3Besaue, ['anakTuka v Bce HAlIM BBIIIE PACIIONOXKEHHBIE CQEPHI.

l'onoBble nBuxeHMs nr000W cdepbl, Kak MW CyTOYHBIC, BCEr/a BBHINISAAT B BHIE
BOCBMEPKH HJIM 3HAaKa OECKOHEYHOCTH, HANpaBJEeHHBIE K IEHTPAILHOMY OOBEKTY CBOEH
Oonee BeIcmiel ceprl. Taxke HAIIOMHIO, YTO CYTKH COJIHEUHOU c(hephl Ha TOM PACCTOSHIH
or ComHIla, TOe HAXOAWTCS 3eMils, paBHBI roxy 3eMiH. 3a CyTO4HBIH oOopotr Bbpamsr,
KoTopblii coctont u3 Jusa m Houm Bpawmsl, mpoxoauTt oauH ron Hamero oobekra Ne 1 B
cdepe bpambl nin B Tese Hameil BeeneHHO.

Cytounsii obopot Bpamsl u ecte Kpyr, mwinm o0opoT BOKpPYr CBOEW OCH, 3a BpeMs
KoToporo Ham o0bekT Ne 1, pacronokeHHbIH Ha nepudepun bpaMel, omuH pa3 IPOXOTUT
IO CBOEH T0JI0BOM OpOUTE 110 HANPaBJICHHUIO K LIEHTPY Halueil Beenenno u oOpaTHO.

Hamr o6bexT Ne 1, xoTopslii pacnionoxeH Ha Puc. 1 Ha cBoeii ronoBoii opouTe B cepeanHe
cBoeit OceHu, ABMKETCS BHU3, yAalLsisIch OT bpaMbl k cBoeMy BpeMeHHU rojia - 3uMe.

OxazaBIINCh Ha MakCUMaJlbHOM yJalleHHMM OT lLieHTpa BceneHHOM, B cepenuHe cBoeH
3uMBI, HAlll OOBEKT Pa3BOPAYMBACTCS M HAYMHACT JABUTAThCS OOPATHO, JAOCTHUras Ha CBOCH
TOZI0BOM opOuTe cepeauHbl cBoeil BecHbl. HukHss mosoBHHa rofoBod OpOUTHI Halero
obwrekTa Ne 1 mpotineHna.

HNMeHHO 5Ty THONOBHHY cBoero roma Ham oOBekT Ne 1 mpoxomut 3a Hour Bpamsr,
KOTOpYIO MbI HazbiBaeM [lHéM bpambl. FiMeHHO HO4Has ctopoHa bpambl maér cBetr cBoMM
obobektam Ne 1. VIMeHHO B 3TOH HOJIOBHHE rOfa WJIM B IIOJIOBHHE «BOCBMEPKMY HAIIIETO
obobekta Ne 1 B 3BE37aX MONEPEMEHHO pOKAAOTCA U ymupatoT Ilnanersl, ux I'mobycsl, nx
3emuble Kpyru. [IpuunHO# cymiecTBoBaHHS IUIaHET B cepax 3BE3J SBISIETCS yAaleHHE
Hamero o0bekta Ne 1 oT ueHTpa BceneHHO. MOIIHOCTH 3HEPTHM, MOCTYMAOMIEH OT
ueHntpa Beenennoil npu ynanenun Hamero oobexta Nel ymensinaercs. [Toatomy B chepax
3BE3]1 YaCTh AJIEKTPOHOB, COOMPAsCh BMECTE, WM CIIHIA’ACh, TPAHC(HOPMHUPYIOTCS B aTOMBI,
U3 KOTOPBIX «COOUPAIOTCS» U POXKIAIOTCS IIAHETHBIE MUPBL.

Korma Ham o00BeKT HaxoguTcs Ha CBOEH TromoBoil opOuTe B BepxHell wactu
«BOCBMEPKN», TO B c(hepax 3BE3N HET IUIaHET, OHM pacTBOpeHbl. CIMIIKOM OIM3KO HAIl
00BEKT B 3TO BpeMs HAXOIUTCS Bo3ie IeHTpa Bcemennoil. VMiMeHHO mosTomy, Koraa
HactynaeT Hous bpamsl, a Ha camom nene Jlens Bpamsbl, B cdepax 3BE31 HET IUTAaHETHBIX
Mupos. IlpuunHON mOSIBIEHHUS W PACTBOPEHMS IUIAHETHBIX c(ep BHYTPH 3BE3IHBIX
ABJISIETCS TO/I0Bast OpOMTa HAIIero Ham oobekTa Ne 1.

I[Inanbl MM ypoBHU

3a monoBUHY 4eTBEPTOTO Toja Hamiero oobekTa Ne 2, uto ecth bonbiias ManBanTapa Ne
4, IpOXOAUT ceMb ro/loB Haiiero oobexTa No 3, nnu cemb [1100ycoB 3emiu.

[MponomkurensHocTh ['nobyca A 3emiu: (308 miH. ner. / 28) * 1 =11 muH. ner.

[IponomxkurensrocTh I'106yca B: (308 MitH. neT. / 28) * 2 = 22 MITH. 3eMHBIX JIET.

IMponomxurensrocTs 'obyca C: (308 mitH. seT. / 28) * 3 = 33 mutH. nieT.

[pomomxurensrocTsh I'100yca D: (308 muh. jer. / 28) * 4 = 44 muH. ner.

IponomxkurensrocTh ['Mmobyca E: (308 muH. ner. / 28) * 5 =55 muH. 1er.

IponomxkurensrocTs ['Mobyca F: (308 muH. net. / 28) * 6 = 66 MIH. JeT.

IponomxkurensrocTh ['Mmobyca G: (308 muH. net. / 28) * 7 = 77 muH. ner.

“Cnedosamenvro, 30pasviil paccyookx mpebyem, umob Inobycel, ocensiowue HauLy
3emmio, naxoounucvy na Opyeux u evicwiux naanax. Kopoue eoeops, xax [nobycwl, onu
BOEJIUHBI (6 COADUNITION), 1o He edunocywnwvl ¢ naweti 3emnéio u, makum oopazom,
NPUHAONIeHCAm K COBEPULEHHO Opyeomy cocmosanuio cosnanus” [3, c. 239].

Camplie Oompiime, cample 3(QUpHBIE W caMmble HeMaTepuaibHble [m00ycet A u G,
pacIioyio’KeHbI Ha IEPBOM IUTaHE WIIH YPOBHE.

Memnsbiie pazMepamu, MeHee dUpHBIE U OoJiee TUIOTHBIE, a TAKXKE C YBEIMUUBIIEHCS
TpaBUTaNKEH BCIEACTBUE YBEINYECHHUS CBOEH muoTHOCTH, [ 100ycs B n G, pacnonoxeHs! Ha
BTOPOM IUIAHE WIIH YPOBHE.
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Emgé Gosee motHble 1 Oonee Marepuanbhblie [100ycsl C u E, pacnonosxeHs! Ha TpeTbeM
IUIaHE UM YPOBHE.

W, HakoHell, caMblil TUIOTHBIA U CaMbIil MaTepUaIbHBINA 3T0 Haml [100yc D, pacmonoxeH
Ha CaMOM HH3ILIEM YeTBEPTOM IUIaHE UM YPOBHE.

[o nopsiaky Ham ['moGyc D 3emim 4eTBEPTHII, HO IO YPOBHIO Pa3BUTHS OH HAXOJIUTCS
B CaMOM HH3Y, TO €CTb SBIISIETCSI CEIbMbBIM [ J100ycOM IO CTEmeHH 3(PHUPHOCTH, a 3HATUT
ABJSIETC CaMbIM IUIOTHBIM W CaMbIM MaTEepHaIbHBIM M3 Bcex ceMu [nmobycos. Ilpm
HUCXOXKIACHUU 3eMJIM B MaTephIo B KadecTBe ceMu | 100ycoB Tepsiercsi 00’KeCTBEHHOCTH,
3HaHWA, CHJIA, TIPH 3TOM HAaOHMpaeTCs INIOTHOCTh M MAaTepHAIbHOCTh IUTaHeThl. HepasymHast
Matepus, B KOTOPYIO TOTpYyKaeTcss 3eMiisl, TakKe JOJDKHA MPOMTH CBOHM ABOIIOIMOHHBIN
MyTh, KA e€ aToM. B 3ToM mpudnHa moTepn 3HAHWHA W 0OKECTBEHHON CHIIBI 3eMIIEH
IPU IOTPY>KEHUH B MATEPHUIO.

“3a mpu c nonosunoil eexa 0o Xpucma, IInamon evipasun c6oé muenue o 3ie, 2080ps,
Umo «6 Mamepuu Cywjecmeyem Cclends, YAPAMAs Cund, KOmopas Npomueumcs 6oie
Benuxozo Cmpoumensay. Oma cienas cuaa noo Xpucmuanckum eiusanuem Oviia npeepaujend
6 GUOAUYIO U HECYWYI0 OMEEMCmMEeHHOCMb, OHa buvlia npespauiena ¢ Camany”’! [2, ¢. 610].

B xocMmuyecknx Kilaccax 9K3aMEH Ha «3peNIoCThb» cAaETcsl He B KOHIE Y4eOHOro roja, a
B €ro cepeauHe, npu nepexone ot Hucxonsmeid BerBu paszsutusg k Bocxonsmieir Bersu
passuTud. Hamre yenoBedecTBo Haxoautcs ceiuac Ha 3ToM llepexone. Ilpumna mopa ans
Ka)XIOT0 4eJIOBEKa CAABaTh 3K3aMEH Ha 3PENOCTb.

Cmp. 247.“Taxum o06pazom, CMaHOBUMCA OYEBUOHBIM, HACKOIbKO COBEPUICHHA
ananoaus medxcoy npoyeccamu Ilpupoovt 6 Kocmoce u 6 umnousuoyansbnom uenogexe.
IHocneonuii ocueém ceou JicusHeHHulli Yukn u ymupaem. Eeo evicuue npunyunul,
omeeuarowue 6 passumuu Ilnanemnoi yenu 36on0yuonupyrouwum Monaoam, nepexooam 6
I6auan, komopwiti coomeemcmeyem Hupeane u cOCmMOAHUAM NOKOs, CYWeCmEYIouum
meancoy osyms Llensamu”. [3, c. 247].

Cocrosinusa HupBaHBI WM TOKOSI €CTh HE TOJNBKO Mex1ay IlmaHeTHBIMU memsMu, HO U
mexay ['mobycamu, u mexxay 3eMHbiME Kpyramu.

Cemb I's100ycoB miianersl JlyHna, npeaka miaHersl 3emJist

Korma I'mobyc A JlyHpl 3akaH4YHMBaeT cBOE HBIKCHHE 1O cBoei Hucxomsmeidr BetBu
Pa3BUTHSI, HAUMHAETCS «cAada 3K3aMEHOBY». Te 00KeCTBEHHbIE CYIIECTBA, KOTOPBIE NMEIOT
HEOOXOIMMYIO YacTOTy BHOpauuii, NepexoxsiT BMecTe co CBOMM [ioOycom A Ha
Bocxomsamyo BerBp s cBoero nameHeimero passutusi B [mobyce A Jlywer Ilo
OKOHYaHMH >KU3HEHHOTO IHKJIa ¢usudeckoro ['modyca A 3TH O0KeCTBEHHBIE CYIIECTBA
«BX01AT» B Mokod mnu Hupsany, oxxunas poxaenus I'mobyca G, KOTOpsIii B CBOE BpeMs
HapOJIUTCS Ha TOM e NePBOM IIaHE WM YpOBHE, 9To 1 ['106yc A.

Te OoXeCcTBEHHBIE CYyIIECTBA, KOTOpBIE HE HaOpamu dYacToTy BHOpamuid s
MPOJOJDKEHNsT cBoero oOyueHuss Ha Bocxomsmeit BerBu passutus B [nmobyce A,
OITyCKaroTca Ha 0ojee HMKHUH ypOBEHb WIIHM IUIaH, «BXOJs» B Hupmany, rie u oxxumgarot
poxnenus ['mobOyca B JIyHsL.
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Hucxogsamas BeTeb H Bocxoasman BeTes cemu I'1o6ycor JIVHEL

Puc. 2. ITnanvt unu yposHu.

ITo oxoHuaHuu >xu3HeHHOro nukiaa [mobyca A JlyHbl HauMHaeT cPOPMHUPOBHIBATHCS
I'mobyc B, rae mpomonkaroT cBOE pa3BUTHE «IBOCYHHKH» ¢ ['1oOyca A, BBINICAIINC H3
CBOETO COCTOSIHUS TTOKOS MJIM HUPBaHBI.

B stom I'mobyce B mpomcxomut Bcé To ke, uro mpoumcxommio Ha ['mobyce A JlyHEI,
TOJIBKO Ha OoJiee HIKHEM, OoJiee MaTepuaabHOM 1 OoJiee TUIOTHOM TuIaHe Wi ypoBHE Ne 2.

Te Go)xecTBEHHBIE CYIECTBA, KOTOPbIE HApabOTaIn HEOOXOIUMYIO YacTOTy BHOpAIWH,
MEepeXOAT BO BPEMsI CJJady CBOETO SK3aMeHa Ha 3peocTh BMecTe co cBouM [nobycom B Ha
Bocxomsamyo BerBp st cBoero panpHeimero passutus B [7o0yce B Jlywer Ilo
OKOHYaHMH >KM3HEHHOTO LKA ¢usmdeckoro [odyca B aTm OokecTBeHHBIE CyIIecTBa
«BX0IAT» B MoKko¥ minu HupBany, oxxumas poxnaeHus I'mobyca F, koTopslif B cBOE Bpems
HapOJIUTCS Ha TOM e BTOPOM IUTaHe WIH YPOBHE, uTo U [ mobyc B JIyHsI.

Te OOKeCTBEHHBIE CYIECTBA, KOTOpPhIE HE HAOpad HYXHYIO YacTOTy BHOparuii 1uis
MPOJOJDKEHNsT cBoero oOydeHuss Ha Bocxomsamieit BerBu passutust B I'mobyce B,
OITyCcKaroTca Ha Oojiee HIDKHHM YPOBEHb WM IUIaH, «BXOJS» B HUPBaHY, i€ U OXHIAIOT
poxxaenust ' mobyca C JIyHsl.

Ilo oxoHuannu >xu3HEeHHOTO IuKiIa [oOyca B 3emnm HaumHaeT copMHUpPOBHIBATHCS
I'mobyc C, rae mponosmkaloT CBOE pa3BHTHE «IBOEUHHKH» ¢ [nobyca B, Bblimenmme w3
CBOETO COCTOSIHUS TOKOSI MJIM HUPBaHBI.

B astom I'mobyce C mpomcxomut BCE TO ke, 4TO mpoucxoauio Ha [nobycax A u B,
TOJIBKO Ha OoJiee HIKHEM, OoJiee MaTeprualbHOM TUIaHe MiTH ypoBHe Ne 3.

Te GoKeCTBEHHBIE CYIIECTBa, KOTOPHIE HapaOOTaIn HEOOXOIUMYIO YaCTOTy BHOpAIIHid,
MOCJIe CAaYHM dSK3aMeHa IepexoasiT BMecTe co cBouM [mobycom C Ha Bocxomsmyro Bersp
JUIA CBOero manbHedmrero passutus B Imobyce C. Ilo okOHYaHWM >KH3HEHHOTO ITHKIIA
¢usngeckoro I'mobyca C 3Ti 60KECTBEHHBIE CYIIECTBA «BXOAAT» B IMOKoW nim Hupsany,
oxumas poxnaeHus ['mobyca E, KOTOpbIM B CBOE BpeMs HapOAMTCS HAa TOM K€ TPEThEM
TUTaHe WK ypoBHe, uTo u ['modyc C JIyHbL.
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Te OoxecTBeHHbIE CyIIeCTBA, KOTOpbIe HE HaOpanu 4YacToTy BuOpauui s
NPOJOJDKEHUST CcBoero oOydenust Ha Bocxomsmeit BerBu passurtus B [nobyce C,
OITyCKalOTCsl Ha OoJiee HW)KHUHM YpOBEHb WM IUIaH, «BXOZS» B HHPBaHY, I'Zle ¥ OXXHUOAIOT
poxnenus ['mobyca D JlyHsl.

B stom ['mo6yce D, caMoM IIIOTHOM M3 BCEX CEMU JYHHBIX [ J100yCOB, MPOUCXOIUT BCE
TO e, 9To mpomcxoamwio B Imobycax A, B m C, TonpKO Ha caMOM HIDKHEM, CaMOM
MaTepHaJIFHOM H CAMOM IUTOTHOM YeTBEPTOM IUIaHE HIIH YPOBHE.

W nma sToM ['mobyce D nnm B pusmueckoii mmanere JlyHa Hamm 00KeCTBEHHBIC TPEIKH
SBIISIIOTCSL HE TOJNBKO OoramM, HO yXe dejoBedecTBoM I HebOecHpiM YenmoBedecTBOM,
Jlynnbivu JIxa nnm Jlynasimu boramu, Jlyaasimu Ilutprucamu winu JIyHHBIMH Y YeHHKaMHU.

Te HebGecusie Jlroam, koTopbie HapabOTadl HEOOXOAWMYIO YacTOTYy BHOpAIii, HOcCie
c/laud dK3aMeHa Iepeuutn Bmecte co cBouM [nodycom D Ha Bocxomsmiyro Bersp s
CBOero janpHeimiero passutus B ['nobyce D. Ilocie oxoHuaHus cBoero oOy4eHHs 3TO
nynaoe HeGecHoe UenoBeuecTBo cTano ManacamyTpamu, WiM ATHUIIBATTa, WM J{xuaH-
Koranamu, obnanarormumu Manacom win Pazymom, KoTopbril moakmodéH k Jlyxy. UMeHHO
OHU ¥ IIPUILIA K HaM Ha ToMolups Ha 3emiro B Buae HebGecnoro YenoBeuecTBa BO BpeMs
yerBEépToro 'mobyca D 3emun, B Hauaine yeTBEpTOro 3eMHoro Kpyra, 1aB Ham BTOpoO# 11aHc
CTaTh HACTOSIIINM YeI0BEYeCTBOM.

Te HeGecubie Jlromn, KoTopble He HaOpadl HYXHYH YacTOTY BHOpamuid Uit
MIPOJIOIDKCHUsI CBOEro oOydeHUs Ha Bocxomsameit BerBu pazeutusa B ['moOyce D JlyHsl,
OITyCKAIOTCA Ha OoJiee HIDKHHH YPOBEHb WJIHM IUIAH, «BXOIS» B HHPBaHY, THE OXHIAIOT
POXIEHUS YK€ HOBOH IITAHETHI, IIOTOMKA IUTaHeTHl JIyHa, TutaHeTsl 3eMIts, [UTd Iepexoaa Ha
He€ M IPOJIOJKEHUS CBOETO Pa3BUTHSI HA CAMOM HHM3KOM M CaMOM IUIOTHOM MaTepHaIbHOM
ypoBHe ObiTus. Ot HeGecuble Jlromu u ecth Hamm nyHHble [Ipapoxurenu, jdyHHbIE
IIuTpucel, KOTOpBIE HE CMOIJIM NPOUTH CBOM 3k3aMeH Ha muaHete Jlyna. Hamwu nyHHBIE
NpeIKH, HE CAABIIME 5K3aMEH, CTalM Ha3bIBaThCS bapxuiafgamy, CIYCTHUBIINCH Ha
Hapoxaaromyiocss 3emito B Buae JKuBoTHoro UYenmoBeuecTBa, He HapaboTraB MaHaca u
yTEepsAB TEM CaMbIM CBs3b € JIyXOoM. Y HUX OCTajoCh JIMIIL CAMOCO3HAHUE U aCTPAIbHOE
teno. Ha 3emite bapxumaner moBepX CBOWX aCTPANbHBIX TEJ MMOCTEIICHHO HAPACTIIIN CBOU
(m3nveckne Teda MO TOAOOHMI0O CBOMX K€ aCTPAIBHBIX Tell. DJTO ecTh Dm3mueckas
Opomonus bapxuman.

Ilepenaua HakonJIeHHbIX 3HAHUH OT MIaHeThl JIyHa miaHere 3eMuisl, OT MpeakKa K
MOTOMKY

“Kpome moco, eduncmeenuwili 6eunblii 3akoH paseépmeisaem 6 Ilpupode (komopas
0010ICHA  ObIMb NPOSGNEHHOU) 8CE Ccywee HA CEMEPUYHOM NpPuHyune, cpeou npouezo u
becyucnennvie xpyeu ILleneii Mupos, cocmasnennvix uz Cemu [nobycos, 6 nopsoxe
nocmeneHHocmu, Ha udemulpéx Huzwux naanax Mupa @opmuposanus (mpu Opyaue
npunaonexcam k Mupy I[Ipoobpaszos). M3 smux cemu moIvbKo O00UH, CAMbBIL HUSWUL U
cambvltl mamepuanbivii uz smux I n106ycos, docmynen Hauemy nO3HABAHUIO, UeCHb OPY2Ux
Jedcam @He e20 U NOMOMY Heguoumwvl 3emuomy 2enazy. Kaswcoas nodobnas Ilenvs Mupos
A6ISIEMCA  NOPONCOeHUeM U co30anuem Opyeou, Husweu u mépmeon Llenu — eé
sonI0WeHuem, mak ckazams . [3, c. 223].

JaBaiiTe paccMOTpHM IIpoIlecc IepeJadd HAKOIUICHHBIX 3HAHWHA OT IutaHeTel JlyHa
CBOEMY INOTOMKY IutaHere 3emis. Bor kak 310 nmaHo B paborax Enensr I[lerpoBHBI
bnaBarckoi.

“Koeoa ITnanemnas Ilenv naxooumcs 6 ceoém nocneonem Kpyee, eé Iobyc A, npeaicoe
yeM OKOHYAMENbHO 3amepemb, 6biCblidenm 6CI0 C8010 DHHepeUuio U 6ce NPUHYUNLL 8
HelmpanbHbll YeHmp JameHmMHOU CUnbl, Jaus-yeHmp, U mem CAaMbIM O0XHCUBOMEOPAEMm
HOBbLU HYKell HeouppepeHyuposanHol cyocmanyuy uiw mamepuu, m.e. 6bi3vleaem e2o K
OdessmenvHocmu unu oaém emy aucuzus . [3, c. 226].

Uro Takoe HEWTPAIbHBIN IEHTpP JIATEHTHOW CWIIbI, WM Jais-nieHTp? Kak oH Moxer
0’KMBOTBOPUTH HOBBIH HyKiIeH Heau((epeHIMpPOBaHHON CyOCTAaHIMU WM MaTE€pUH, WIN
JlaTh €My XH3Hb, eciii 3Ta HequddepeHnnpoBanHas MaTepHs JODKHA TOSIBUTHCS TOJIBKO
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IOCJIe CMEPTH Bcex Io0ycoB npeaka 3emun riaHeTsl JlyHa, nociie Bpemennoii Ilpanaiin,
JUIUTEIBHOCTh KOTOPOH paBHA COBOKYITHOW JKM3HHM MPEIBLIYIIMX CEMHU INI0OOYCOB, B Hayaie
HapoxaeHus [obyca A mnaHeTs 3emis.

IIponomkum nUTHPOBAHUE.

“Ilpeononooicum, umo nododHvIL npoyecc umenr mecmo 6 Jlynnou Ilnanemnou Llenu;
npeononoAHCUM CHOBA, padu 0o8oda — xoms meopus [lapsuna, yumupyemas Hudxice, HeOa8HO
ObvLIa ONPOKUHYMA, U 0adxce ecau axm 3mom He NOOMBEPHCOEH eujé MamemamudecKumu
svryucienuamy, - ymo Jlyna cmapwe 3emau. Boobpasume wecmo I7106ycos-cobpambes
JIynot — 90HbL 00 Hauana pazeumus nepeozo u3z Hawux cemu 1100ycos — 3anumarowux no
omHowenulo opy2 K 0pyzy mo camoe nonodicenue, komopoe Ino6ycei-cobpamvs nauiell
Llenu 3aunumarom cetiuac no omuoweHuto K Hawel 3emne. Tenepv Oyoem necko
npedcmasumsv cebe, kax Inobyc A Jlynnou Llenu oocuensiem I'nodyc A 3emmou Llenu u
samem ymupaem, credyrowuil I nobyc B moii sce Llenu nocvinaem ceoio snepeuio I'nobycy B
6 Hoeoul Llenu; 3amem I'nobyc C Jlynnou Llenu cozdaém ceoé nopoocoenue, cgepy C 6
3emnoii Llenu; u, naxoney, Jlyna (Haws cnymuux) usnueaem 6Ci0 C60I0 JCU3HDL, IHEP2UIO U
cunvl ¢ Huzwui Inobyc nawen Ilnanemnou Llenu — I'nobyc D, u, nepedas ux Ho8omy
yenmpy, oHa CMAaHO8UMCsl, OeUCMEUMenbHo MEPMBOU NAAHeMOl, 8 KOMOPOll cO 8peMeHU
poxcoenuss Haweeo [obyca eépawenue noumu npekpamunocs. JIyna, HecOMHEHHO eCcMmb
CHYMHUK Hawiel 3eMau, HO MO He 8pedum meopuu, umo ona nepeoana 3emne 6cé, kpome
ceoezo mpyna”. [3, c. 226].

BrruucnuM npooKUTENBHOCTD JKU3HY TuTaHeTs! JlyHa. Haxoaum npogoimKUTenbHOCTh
TpeTbeil bonpiioit MaHBaHTapbl, AJUTEIBHOCTh KOTOPOH M €CTh NPOJOJIKUTEIBHOCTh
rianets! Jlyna. ((4 320 000 000 / 28) * 3) / 2 = 231 428 571 3eMHbIX JeT. 3aTeM TakoH ke
IpoAoJDKUTeNbHOCTH anmwiack llpanaiis. To ects 231 MWIIMOH JIeT MNPOLIIO MEXIY
cMepThio Guzndeckoil JIyHsl 1 poxxaeHueM Gpu3ndeckoi 3emiu.

Torma Kkak mpoucxoauia Iepefada HAKOIUIEHHBIX 3HAHUH OT MpeIbLAyIIero
¢usnyeckoro rraHeTHoro tena - JIyHbl K cBoeMy IIaHETHOMY NOTOMKY 3emusi? TouHo
TaKXke, Kak 3TO IPOUCXOUT B CIydae C YeIOBEKOM.

®uznyeckas miaHera JIyHa, B TeUeHHE CBOEH XHM3HH, a TaK)Ke Mepe] YMHPaHUEM WIN
pacTBOpeHHEM, HaKallJIMBaeT 3HaHWA B cBoer Jlymre, a Ta, B CBOIO ouyepenb, NepenacT 3Tu
3HaHUA cBoeMy Jlyxy.

®uznueckas maaHera 3emins, gyepe3 cBoto Jymry (y cemu ruiaHeT-3BeHbeB Jlyma onHa,
kak u Jlyx), rioOyc 3a riao0ycoM, Kpyr 3a Kpyrom, IOJy4aeT HaKOIUICHHBIE CBOUMH
(m3nveckuMu mpenkaMu 3emin 3HaHHA, coXpaHEHHBIE J[yxoM. Moxer mox 3tum Jlaiis-
LEHTPOM H IoJIpa3yMeBaeTcs miaHeTHeIH Jlyx, wiu Beicias Tpuana?

YckopeHue u 3aMe/lJIeHHe Te4eHHs BpeMeHH BHYTpH 3eMHoro Kpyra

3ameieHe TeUEHNUs BpEMEHH Ha 3eMile IPOUCXOAUT OT Habopa er0 YacTOThl BUOpaLHii,
WJIM DBOJIIOLMOHHOTO POCTa B TEUYEHHE CBOEr0 XHM3HEHHOro uukina. Emé oxuH daxrop,
KOTOPBIM BIMAET Ha HM3MEHEHHE TEUCHHMsS BPEMEHM JUISI KaXJIOro OOBEKTa, SBIAETCS
M3MEHEHHE INIOTHOCTH CaMoro 00BEKTa.

VYnpansercs mo cBoeil ronoBoi opOute Hama [amakTuka OT CBOEro NEHTPAIHHOTO
o0BekTa Oolee BepXHEH cdephl, IBUTAsACh Mo cBoeil Hucxomsmeit Betu, yBenmnmunBaercs
IUIOTHOCTH ¥ MaT€pPHAILHOCTB 3eMHOT0 Kpyra.

[Tpubmkaercs o cBoeit rogoBol opoure Hama ['alakTHKa K HEHTPAILHOMY OOBEKTY
cBoell Oonee BepxHEH cdephl, OBUTasch MO cBoel Bocxomsmieidt BerBu, ymeHbImaeTcs
IUIOTHOCTh M MaTepHaIbHOCTh 3eMHOTO Kpyra, mpoxoasdmero CcBOE 3BOJIOIMOHHOE
pa3BUTHE.

Onun rox Hamel ["amakTuku W ecTh oamH 3eMHOU Kpyr. Kaxneri u3z cemu I'moGycoB
3eMJIi COCTOUT M3 ceMU 3eMHBIX KpyToB.

“O0no HecomHeHHO, K020a UYen08eK OmMKpoem GeyHoe O8udiceHue, OH Oydem &
COCMOAHUU NOHUMAMb NO auaiocuu éce mainwvl npupoovt, I[IPOJBH)KEHUE [IPAMO
ITPOIIOPIJUOHAJIBHO COIIPOTHUBJIEHUIO” [1, c. 676].

European science Ne 1 (69) = 28



OTO 3HA4YMT, YTO 4YeM BHIIIE IUIOTHOCTh CPEAbl, TEM BBIIIE CKOPOCTh DJHEPTHH,
MpOXOAdIlel CKBO3b JAHHYIO Cpely. DTO KacaeTcs U DHEPruM, UAYLIeH OT Hallero LeHTpa
CosBesaus, kotopas ga€t CBeT cBOMM 3BE31aM, U siBiseTcsl BpemeHnem i Bcex IUIaHET
Hamero Co3pe3nus. D10 siBIeHHE 00BSICHEHO B MOeH craThe “Marepus u DHeprus”.

IIpu yBenuueHMM MIOTHOCTH CPEIbl UIM MaTE€PUU, CKOPOCTb SHEPIHH, NMPOXOASILIEeH
CKBO3b JaHHYIO cpeny, Bo3pactaeT. Mnm tak. Ecnu OBl cymecTBOBasl BaKyyM, TO CKOPOCTB
MIPOXOKACHUS SHEPTHH CKBO3b HEro ObUta OBl paBHA HYIIO, a y (U3UKOB IIOYEMY-TO
CKOpPOCTh PHEPTUHM B BaKyyMe paBHa OeckoHedHocTH. Ho memo B ToM, dro 0e3 marepuu
npoasmxenne 3aeprun HEBO3MOXKHO.

Ecmu M1 Oynmem paccMaTprBaTh TEUCHHE BPEMEHH BHYTPH KaXXIOTO mukia win Kpyra
(omuo#t bompmoit ManBanTapbl, ogaoro ['moOycel, omHoro 3emHOro Kpyra), To BHyTpH
Kaxoro u3 HUX Ha Hucxonsmieit BeTBU pa3BUTHS CKOPOCTh T€UYEHUS BPEMEHU MOCTOSHHO
yBenuuuBaeTcs. A Ha Bocxomsmedi BeTBu pa3sBUTHS CKOPOCTb TEYEHUS BPEMEHHU
HOCTOSHHO 3aMeIseTCs.

Cemp Kopensnbix Pac He 4BIAIOTCS OTAENBHBIMHM 3aKOHYEHHBIMH LMKIAMH, OHHU
MPOXOAAT CBOMH XXM3HEHHBIH MyTh 3a oauH 3eMHONM Kpyr ummm 3a oaun ronx Hameit
Tl'anaxtukun. Ha Hucxonsmein BeTBu pa3BuTHA CKOPOCTh TEUYEHHS BPEMEHH COBEPIICHHO
MHas, YeM CKOpPOCTb TedeHHs BpeMeHUu Ha Bocxonsmeil BerBu pazurus. I[lpuuém, Ha
W3MCHCHHE TCUCHHUS BPEMCHH BIHSAIOT JABa (DakTopa: TIOCTETIEHHOE M HEYKIOHHOE
TIOBEIIIICHIE YaCTOTHI BUOpAINiA 3eMITH, a TaK)Ke W3MEHECHHE TUIOTHOCTH W MaTepHAIEHOCTH
3emun npu e€ aBrkeHuH no Bocxoasmein n Hucxonsieit BeTssim.

ITosToMy He cepenuna yeTBEpTON KopeHHON Packl aT/iaHTOB pacnojio’ke€Ha Ha CTBIKE
Hucxonsmeit n Bocxonsamed Bertseit, a naras Kopennas Paca — paca apuiines, B
oxonuanuu cBoed [latoit Ilompacel. Ceiiuac Bpems, HaBepHOE, IIECTON WM CEAbMOM
Betouku [Iaroit Ilogpace! Ilstoit Kopennoi Pacel. IIpogomkuTenbHOCTh OJHONW BETOUKH
paBHa rogy ComnHua, uimu 25 868 mer.

Hama mnjaHera IIOCTENIEHHO M IOCTOSHHO YBEJIMYMBAeT 4YacTOTy COOCTBEHHBIX
BUOpaIMii, a 3HA4YUT BCE BpeMs [O/DKHA JBHraThCs BBEPX B CBOEM DBOJIOIIMOHHOM
pa3BUTHH, KaK ¥ BCE TPEACTaBUTEIHN 3eMHOH (hiops! 1 ¢ayHbl. Ho mpouncxoaut cremyromee,
npu ABrkeHuH no Hucxopsmel BeTBu NpouCXOAUT «OTYNIEHUE» KaK CaMOM IJIaHETHI, TaKk
1 Bcex €€ )xuTeneil, a 3areM, o Bocxozsielt BeTBu, IpouCXOAUT «IIPOCBETIEHUEY.

VYBenuuuBaromascs IUIOTHOCTh MAaTEpUM BEAET HE TOJBKO K YCKOPEHHUIO TEYEHUS
BpPEMEHH Ha 3eMIle, HO | K JAeTpaJalii caMoi 3eMiH 1 e€ oOuTaTeneii.

B navane HpiHelIHero roja Hamei [aJlakKTHKHM, WM HALIEro HBIHEIIHETO 4eTBEPTOIO
3emHoro Kpyra 3emmm, u cama 3emis, u e€ xurenu Obutu 3¢pupHeIMUA. B 310 Bpems Ha
3emmro mpunuio HebGecrHoe YenoBedecTBO, KOTOpwle M ObIIM boramm B NepBBIX JABYX
Kopennbix Pacax na 3emue. [Ipu oOwbenunennn B cepenuHe Tpetheit KopenHoi Pacer
Hebecnoro YemoseuectBa ¢ JKuBOTHBIM YesoBeUueCTBOM M MOSBUIOCH COBPEMEHHOE
gesioBedecTBO. Jlo0 Hallero HacTOSIIET0 BPEMEHH NMPOMCXOAMIO MOCTETIEHHOE yBEIHUEHHE
IUIOTHOCTH MAaTepHM, a 3HAYUT U YBEIWYCHHE MAETPajallidl Kak 3eMild, TaK U BCEro
yenmoeuectBa. OT snemypuiieB [lomyOoros, 3areM aTimaHToB 'epoeB, MBI, COBpPEMEHHOE
YeJI0BEYECTBO, CIIYCTHIIMChH B HaIlleH apuiicKOi pace Ha ypOBEHb FOBOPSIIMX KUBOTHBIX.

Hacrynuno nHoBoe Bpems. 3emns nepeuuia ¢ Hucxonsmeidl BerBu pa3Butus Ha
Bocxomsmyro BerBs, 3amyctwiics oOpatHbelii mpomecc. MmenHo ceiidac YemoBeuecTBO
NPOXOANUT CBOM ABOJIIOLMOHHBIA 5K3aMeH. KTo ero cpact, Oyzmer Bmecte ¢ 3emiuéi
JIBUTATBCS BBEPX, K 3upHOCTH, K J[yXOoBHOCTH, K CBeTy.

Tenepr nHama [Imanera BCIO BTOPYIO MOJMOBMHY roja Hamed [amaktuku Oyzper
MIOCTETIEHHO W MOCTOSIHHO YMEHBIIATh CBOIO IJIOTHOCTH, CTAHOBACH BCE Ooiyee 3(PpHpHON U
Bcé MeHee MaTepuadbHOH. [locTemeHHO W TOCTOSHHO OyneT YMEHBIIAThCS CHIIa
rpaBUTanMu, Bc€ >XMBoe Ha 3emie OyneT yBEIWYMBATHCS B pa3Mepax, Tepsisi CBOIO
IUTOTHOCTH M BO3Bpamas cede 3pupHOCTs U pa3yMHOCTh. IIpo sBJIeHNE rpaBUTaIMN JaHO B
Moel cTaThe “OneKTpudeckas MOJISIPHOCTb, MAarHUTHAS MOJSPHOCTD, SIBICHUE I'paBUTALU,
Koneco Cancapsr”.
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BuyTtpu onnoro uukia miau oaHoro Kpyra na Hucxoasieit BetBu TeueHue BpeMeHH,
Onmaromapst TOCTENEHHOMY YBEJIMYCHUIO IUIOTHOCTH MaTepHuu, YCKopsiercs. A Ha
Bocxonsimeli BerBu, TeueHue BpeMmeHH, Onarofapsi THOCTENEHHOMY YMEHBIICHHIO
IUIOTHOCTU MaTe€pHH, 3aMeIIeTCs.

[TosTOMY M3MEHEeHHe TeueHHs BpEMEHHM Ha 3eMie 3aBHCHUT HE TOJBKO OT Habopa ero
YacTOTHl BHOpAaIii B TEeUCHHE CBOETO J>KM3HEHHOTO IMKIA, HO W OT Bocxomammx u
Hucxomsamux Beteii Bcex Ooiree BEpXHUX 00BEKTOB, KOTOPHIM OHA TIPHHAIIIC)KHAT.

Iouemy MBI cmyckaemcsi BHU3, B Martepuio, B ABa pa3a ObicTpee, YeM
noJHNMaeMcs BBepx, k Jlyxy?

JIBmkeHne Hamiel TaHeTHl o Bocxopsmedt Betsu Hamero gerBéptoro 3emHoro Kpyra
OyzeT mpoxXoaWTh B 1Ba paza MemiicHHee e€ mprkeHwms mo Hucxomsmed Bersu. U 3to
OueHb XOPOIIIO, TaK KaK CIIyCKaThCs C TOPBI TOPa3Io Mpolle, YeM MOJHUMAThCS Ha Heé.

Ha mo6oi#t Hucxonsieit BeTBu mporcxoauT yBennueHHE IUIOTHOCTH MaTepuH, YTO U
IOPUBOAUT K OTYIEHHIO, B HAllleM cllyyae KaK caMOM Hamleld IUIaHeThl, TaKk M BCETro
yejoBeuectBa. Ha mo0oit Bocxopsmield BerBu pas3Burust nr000ro nuKiIa IPOUCXOIMT
YMEHBIIEHUE MIOTHOCTH MaTepUH, IPU KOTOPOM CO3HAHHE «IIpocBeTiisieTcs». Iloatomy
TYMaHOWU/IBI, KOTOPBIE PACIIOJIOKEHBI Ha 00Jiee BBICUIMX IJIaHaX OBITHS U IBITAIOIIUECS HaM
MIOMOYb CBOUMH 3HAHUSIMH, CTapaIOTCS CITyCTUTHCS IOHIMKE K HaM U Bc€ 00BsIcCHUTH. Ho Kak
TONBKO OHH HAYMHAIOT CITyCKaTbcs B OoJiee IDIOTHBIE CIIOM MAaTepHH, HAYWHAIOT
CTpEMHUTEIBHO O0TyneBaTh. UyBCTBYS 3TO, OHH OBICTPEHBKO IMOJHUMAIOTCS CHOBA Ha CBOM
YPOBEHb, OTKyZla HE MOTYT HaM MOMOYb, a JIUIIh HAOIIOAAIOT 32 TeM, KaK MBI OECTOIKOBO
JIBUXKEMCS TO B OIHY, TO B IPYI'YIO CTOPOHY, HE BUJS MPAaBUILHOIO MyTH. A MBI HUKAaK He
MOYEM TIOJIHATHCS K HUM HaBepX, HU3Kasi 4acToTa cCOOCTBEHHBIX BUOpaIuii He 1aéT HaM 3TO
CenaTh.

Cmp. 258 «Bce mucmuueckue u OKKyIbmHble CUCEMbL NPUSHAIOM HATUYUE 8 YeNl08eKe
BbICUUUX CUT U CNOCOOHOCMEU, XOmsi 6 OOIbWUHCMEe CIyYyded OHU OONYCKAIOm Ux
cywecmeoganue IUUb KAK BO3MOJNCHOCMb U 2080psim O HEOOXO0OUMOCMU  pa36UmMus
ckpuimblx 6 uenoseke cul. Hacmosuyee yuenue omauuaemcs om  Opyeux OOHOU
0CODEHHOCMbIO: OHO yme@epiicodem, Hmo BbiCULUEe YEHMPbl He MOAbKO CYUeCmayiom
B6HYMPU YENI08EeKA, HO U YO OHU NOIHOCHbIO PA3GUNIbI.

Hmenno nuswue yenmpol nedopaszeumvl. M kax pasz 3mo HedOCmamouHoe pasgumue,
HeNnoHoe (QYHKYUOHUPOBAHUE HUSWUX YEHMPO8 Meuidenm HAM 60CHOIb308AMbCs pabomou
svicuiux yenmposy. [8, c. 258].

Hucxonsmast BetBp - 3T0 4TO-TO BpojA€ JECTHUIBI, O KOTOPOW Hamia 3eMiisi U Mbl
BMECTE C Hel CIyckaeMmcsl BCE HIDKE M HIDKE BO BCE OoJiee YIUTOTHSIOUIYIOCS MAaTE€pHIO OT
Carbs roru k Kanu rore. B nauane XKeneznoro Beka, a He B ero cepelrHe Halla IlaHeTa
JIOCTUTaeT MaKCUMaJIbHOHN MIOTHOCTH M MaTepuanbHOCTH. IIponomxurensHocts Kamu rorn
432 000 mer, a 3HAYMT MaKCHMaJbHOM IJIOTHOCTH HAIlla IUIaHETa JOJDKHA Oblla JOCTHYD
gepe3 216 000 sret. Ho Tax kak Bpems T€U4ET HEPaBHOMEPHO, TO B CBOCH HIDKHEH TOUKe, B
KoTOpoil 3emuisi HaOWpaeT CBOIO MaKCHUMAJbHYIO IUIOTHOCTh M MaTEpPHAIBHOCTH, 3E€MIII
oKazajach UMEHHO ceiiuac, yepe3 6000 net nocne Havana Kanu roru. UMeHHo ceifuac Haiia
anera Haxoautcsl B cepeaue «Erunerckoit TeMb» unu «Uépuoro Bpemenu» B camom
HHU3Y CaMOr0 IUIOTHOTO U MaTEpHUaIbHOIO MIaHa 3eMIIH.

“Mup Oeudicemcs Kpyeamu, 5mo 08UNCEHUE NPOUCXOOUM HOO GIUSHUEM O8YX G3AUMHO
npomugooeticmeyrowux Cui, 0OHA U3 KOMOPHIX O08ueaem yenogenecmso enepéo, Kk Jyxy, a
opyaas 8bIHYHCOaem e20 CRyCKamvCs 8HU3, 8 Oe30Hbl Mamepuu. Yenoseky ocmaémcs auuib
nomoeams mou unu unou Cune. Mbvl celiuac 6 camoll cepeoune ecunemcKou MmbMbl
Kkanurozu, «4éprnoco Bpemenuy, nepsvie 5 000 nem xomopoco O0ANCHBI 3AKOHUUMbCA HA
3emne meancoy 1897 u 1898 e2.”. [6, ¢. 319].

B 1897-1898 romax 3akoHumiock ApikeHwe mo Hwucxomsmias BerBum «ot Cera K
TreMme», Hama TIaHeTa Havyasla CBOM oOpaTHBIN IyTh 1O cBoel Bocxomsmieit BeTsu Hamero
3emuoro Kpyra «ot TbMmbl k CBeTy».
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B nameM HbiHemHeM ueTBEpTOM 3eMHOM Kpyre, NpogomKUTeTbHOCTh KOTOPOIO BMECTE
¢ oOckypanued cocraBiseT 6,3 MHUIMOHA 3€MHBIX JIET, TOJDKHBI IIPOMTH CBOE pa3BUTHE
cemb Kopenneix Pac. MaxcuManbHOM NIOTHOCTH NPU HOCTOSHHONW CKOPOCTU TEUEHUS
BpPEMEHU Hallla [IIaHeTa JOJDKHA Oblila IOCTUTHYTH, ABUrasich 1o cBoeil Hucxonsmeit Betsu
pa3BuTus, B cepeaune yeTBéproi Iloapacs! yerBéproit Kopennoii Pacsl atinanTos. Bmecto
3TOro 3eMisl JOCTUTIIA CBOEH MAaKCHMAaIbHOW IUIOTHOCTH B CEPEIHMHE «ETHIIETCKOH ThMBD)
TosIbKO B KoHLE nsaToit [lonpace! Ilstoit Pace! apuiiues.

Ecmu OB mOCTENIeHHBII U MOCTOSHHBIM HA0OP YacTOTH BHOPALNil «IIPOCBETIICHUE WA
ocozHaHuWe» Hamie [lmaneroit OpT OBl paBeH MO cwiIe €€ «OTYNEHHIO» B CBSI3H C
YBEIMYCHHUEM INIOTHOCTH MAaTEPHH, TO He ObUIO ObI HUCXO0XICHHMS OT 3os0Toro Beka k Beky
Keneznomy, He cramu 06 [lomyOorn IeMypHHAIIBI dKUBOTHBIMHE JTIOIBMH - APUATIAMH.

IlocTeneHHOe SBOJIIOLIMOHHOE pa3BUTHE 3eMIM MPHUBOJUT K IIOCTENIEHHOMY U
MOCTOSIHHOMY YBEJIMYEHHIO YaCTOTHI COOCTBEHHBIX BHMOpalnii, a 3HAYUT K 3aMelJIeHHIO
TedeHusi Bpemenu, npoxozsiero ckBo3p Hamy [Inanery.

Bxoxnenne wnamed Ilnmanerst Ha Oonee MaTepHanbHbIE IUIAHBI WIH  YPOBHH,
JBIOKyIIeics no cBoed Hucxonpdmeidn BerBu, NpuUBOAMT K YIUIOTHEHHUIO MAaTEpUU CaMOil
3emmu. IIpu 3ToM npoucxoauT yckopenue Teuenus Bpemenu na 3emute.

“O0HO HecomHeHHO, Ko020a ueloseK OmKpoem 6eunoe O8udceHue, OH Oydem 8
COCMOAHUU NOHUMAMb NO auanocuu ece matnel npupoovt;, [TPOIBII)KEHUE I[IPAMO
ITIPOIIOPLJMOHAJIBHO COIIPOTUBJIEHUIO [1, c. 676].

Pa3 Mb1 nBrKeMcs cBepXy BHU3 «OT Jyxa k Marepun» Ha cBoeld Hucxoasiei Bersu, a
HE OCTaéMCs Ha OJHOM YPOBHE WM IIaHE, 3HAYUT YIMJIOTHEHHE MAaTEpUU IOPa3io CUIIbHEE
BIMSET Ha YCKOPEHHME TEYEHHS BPEMEHHM Ha 3emiie, 4eM IIOCTENEHHOE U IIOCTOSIHHOE
yBeJIM4EeHHUE 4yacTOThI BUOparuii [InaneToit 3amenisieT TeueHUe BpeMeHH Ha 3emiie.

YBenuuuBaomascs IUIOTHOCTh Marepud B JBa pa3a d((PeKTHBHEH NeHCTByeT Ha
YCKOpPEHHE TeueHHs BpeMEHM Ha 3emje, YeM DSBOJIIOIHOHHOE MOBBIIIEHHE YacTOTHI
cOOCTBEeHHBIX BUOpaLuii 3eMi€il Ha 3amMelIeHHE TeYEeHHUs BPEMEHH.

[ToBeiienue 3eminéit 4acTOTH COOCTBEHHBIX BUOpaIuii AaéT nmoaHsThCs Hautel [Inanere
Ha CTYNEHbKY BBepX. B To ke Bpems, ABmxeHue 3emiu no coeil Hucxopsiuein Bersu
HOPUBOAUT K TOMY, YTO 3€MJIs JOIKHA CITyCTUTHCA Ha JIBE CTYIIEHbKH BHU3.

[Momyuaercst mpocTas Gopmyina mpu ABWKCHUH Hamred 3emuu o Hucxomsmeir Beru
Hamero 4detBéproro 3emHoro Kpyra I'mobyca D 3emmm B Hamiedr werB€proit Bombrmoit
MamnBanTape ot 3onotoro Beka k XKenesHomy Beky: +1 —2 = -1, omyckaeMcsi BHU3 Ha OAHY
CcTyneHbKy. W cTymneHbka 3a cTyneHbkoil BHU3 B Martepuio yepe3 Bce deTsipe HOru BIioTs
1o okoHuanus Hucxopsel Bersu.

B 1897-1898 romax 3akoHumiacs apmwxkenue no Hucxonsmas Bersu «ot Ceera k Teme»
u 3emuIs IIaHeTa Tepennia Ha cBoio Bocxomsuryio BeTBs pa3BuTHSL.

[TosTomy Hama gopmyna: +1 - 2 = -1 Gousbie He padoTaeT. Mbl okazanuck B Kanu Ore
W HACTaJ0O BpeMs MpOHTH 10 CTymeHbkam BBepx oT JKemesnoro Beka obOpatHo K
BponzoBomy, ot bponzosoro k Cepebpsinomy, oT CepebpsiHoro k 3omotomy Beky.

Kak BuzauTe, cOBEpIIEHHO HEBAXKHO B KaKOM Beke BBITUIABIISLIN 5KeN€30, ATIOMUHUN WIIH
cepebpo. Ipoxoxnenue HOr mmn Bekos 3aBucur ot Hucxomsmeit n Bocxonsmeit Berseid,
OpU KOTOPBIX IMPOUCXOJUT CHadala YIUIOTHEHHE W Matepuanuzanus 3eMIH, a 3aTeM
00paTHBIH IpoIecc, BO3BPALICHUE 3eMITH K CBOCH DPHUPHOCTH.

[locTerieHHOE M HEYKJIIOHHOE SBOJIOLMOHHOE pa3BUTHE 3eMJIM Kak ObUIO, Tak M
MIPOI0JKAETCS, MOITOMY IIar BBEPX TakXKe, Kak ¥ paHbIlle paBeH +1 cTymneHbKa.

Ho rteneps, Ha Bocxomsmiein BetBu pa3Butusi 3emin, TUIOTHOCTh M MAaTEPUATBHOCTH
Hameil 3emiM, a 3HAYAT W SBJICHHE TPABHTAIlMHM ITIOCTEIIEHHO M HEYKJIOHHO HAYMHACT
yMmeHbIIaTbes. [103ToMy MBI IPOCTO MEHAEM 3HaK MHHYC Ha 3HAK ILTIOC, HOJydYas He -2, a
+2. CknaapiBaeM +1 u + 2, momydaem +3.

ITo aToii popmysie MbI JOIKHEI TOPa3A0 ObICTpee MOTHUMATHCS BBEpX, K Jlyxy, ueM MbI
onyckanuch BHU3, B Martepuro. Ho neno B ToMm, 4TO 2BONIOLMOHHOE YBeNIHYEHHE 3eMIEH
4acTOThl COOCTBEHHBIX BHOpalMii IPUBOANT K 3aMeUIeHHIO TedeHus: Bpemenn Ha 3emie. K
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TOMY K€ MBI YK€ HaxoquMcs Ha Bocxopsieit BeTsuy, a 3HAUUT y>ke Hauanoch MOCTENIEHHOE
U TOCTOSIHHOE YMEHBIIEHUE IJIOTHOCTH MATEPUHU, UYTO TAKXKE NPUBOJUT K YMEHBIICHHIO
Teuennss Bpemenu na 3emie. Tenepp aBa ¢daktopa BIUSIOT Ha 3aMelUIEHHE TEYEHHE
Bpemenu Ha 3emie.

Msbr npouumn no Hucxomsmieit BerBu mnonoBuHy myTH, A00paBIIMCH 10 CEPEAMHBI
Erunerckoit Tembl, Toe ¥ mpomén mepexon 3emiu ¢ HUcxomsdmed BerBu pa3BuTus Ha
Bocxopmsamyro. 3a 3to Bpems mponna cBoé pa3surue 33 Kopennsie [Toapackr.

B xaxpmoit m3 cemn Kopennrsix Pac cemp Kopennpix Ilogpac, Bcero 49 KoperHBIX
Ionpac. Ceituac 3axangmBaercs martas [logpaca nsaroit Kopennoii Pacer apuiiieB. To ecth
MIPOLUIO ¢ Hayajia Hawero 4eTBéproro 3eMHoro Kpyra nomnnsle yersipe Kopennsie Pacel u
mate [lompac wmameit mstoit Kopenmoit Paceri:  7+7+7+7+5=33. Ilomydaercs, dTO
4eJI0OBEYECTBO 3a MOJOBHUHY CBOETO MyTH B HamleM 4ueTBEPTOM 3eMHOM Kpyre mpomuto 33
Kopennsie [Toapacsr.

3a BTOPYIO MONOBUHY IyTH, OT Matepuu k Jyxy, HaM ocTanock npoitu 16 Kopennsix
Ioapac. Msl Oyznem momHuMaThesi Mo cBoeld Bocxoapsmied BerBu pasButust B aBa pasa
MeEJJIEHHEE, YEM MBI oITycKanuck B Mareputo no csoeid Hucxoaseit Betsu pazButusi.

Ha Hucxoasimei BeTBu pa3BUTUS NPOUCXOIUT YCKOpPEHHMe TedyeHHs IHepruu Bpems
Ha 3eMIIe h3-3a MMOCTENCHHOTO H MIOCTOSHHOTO YIDIOTHEHUSI MAaTePHUH; B TO XKE BpeMs 3eMIIt
MOCTETICHHO W HEYKJIOHHO HaOMpaeT dYacToTy COOCTBEHHBIX BHOpamuii  wiu
SBOITIOIUOHUPYET, YTO MPUBOIUT K 3aMe/JIeHHIO TeueHusi JHepruu Bpems Ha 3emie.

Ha Bocxoasimeii BerBu pa3Butus NpoucXoIuT 3aMelJieHHe TeueHUsl JHepruu Bpemsi
Ha 3emile W3-3a MOCTENEHHOTO U MOCTOSHHOTO YMCHBIICHHS IIOTHOCTH MaTepUH; B TO K€
BpeMs 3eMiIsl MOCTENEHHO M HEYKJIOHHO HaOWpaeT 4acToTy COOCTBEHHBIX BHUOpAIMil WM
SBOJTIOLIMOHHUPYET, UTO TaKXKe MPUBOAUT K 3aMe/lJICHUIO TeueHus IHeprun Bpems Ha 3emite.

W 3T0 o4eHb XOpOLIO AJIS YEIIOBEUECTBA, BeAb MOJHUMATHECS B FOpY ropaszo CIOXKHee,
yeM ciyckatbes ¢ He€. Beé boramu npenycMoTpeHo.

3akaiouyeHue

bareuko C. A., JepeBsuko H.A. “PykoBomctBo mo HyTpuinmonoruun”. Kues
m3garensetBo “ABPUO” 2006. “Heckonvko nem momy HA3a0 epynne amepukaucKux
VUEHBIX YOANOCh PACKPbIMbG MEXAHUIM UCUEePNAHUS 2eHeMmUYecKoe0 pe3eped Oensiuyuxcs
KAemoK. BolaCHUNOCHh, UmoO HUKAKO2O 2eHa CMepmu He cyujecmsyem, npocmo 6 npoyecce
npoodonvHo2o Oenenus morekyavl JHK npoucxodum npoOdonvbHblil  paspulg  mexncoy
Monekynamu, cocmagnaowumu cnupare HK, u 08ouHas yenoyka CcmaHOGUMCS
oounapHoi. Ilocne moeo, kax Kiemka pazoenunace NONOAAM U, 8 KAXHCOOU U3 OOYEPHUX
K1emox oounapunas cnupais [JTHK 610o8b cmanosumcs 0801HOLL, 00CMpausas ce0l cocmas
makum 00pazom, umMo HO6as O0BOUHAS CHNUPATL CMAHOBUMCA UOESHMUYHOU Cmapotl,
MamepuHcKou 080UHOU CRUPATLL.

Ilpu smom 6 npoyecce OeneHusi u nocredyioujeco y0goenus oovepuux yenouex /JHK
npoucxooum ompwvle 08yx KoHyeswvix moaekyl. C Kaxi0020 KOHYA Yyenoyku ompuleaemcs no
00notl monexyne. Taxum obpazom, 6 pesyrbmame 00HO20 OeieHUsl KIemKU 08OUHASL CRUPATb
JIHK cmanosumcs kopoue. Coomeemcmeenno “nomaromces 06a eena’. M max ¢ xaxcovim
Oenenuem. Ienemuueckuii annapam OenAwjenicss KIemKU CMAHOBUNMCA B8CE MeHblue U
MeHbue. Konuuecmeo pe2yisamopHuIX . CIMPYKMYPHBIX 2eH08 NOCMOSIHHO YMeHbuiaemcs. B
KOHYe KOHYO08, HACMYNAem MOMEHm, K020a UMEHWUXCS 2eHO8 Ve HeOOCMAmMOYHO Ol
HOPMANbHO2O CYUeCmeosans Kiemkuy u kiemka nocubaem. [9, c. xx].

51 coBepIieHHO He pa30MparoCch B TeHETHKE, HO YBEPEH, UTO B MPOLECCe JeNCHHH KIETOK
YYacTBYIOT KakK 3JIEKTpUYecKas CHJIa, TaK M MarHUTHASL.

N3 uero cocrout apoitHas crupans JJHK? He Tombko u3 monexyn. Mojekymsl, 3TO TO,
YTO HAHW3aHO Ha JIBOWHYIO CIIUpaib. A M3 4ero COCTOMT cama ABoiHas crupans? K Tomy
K€ WX JIBE, a HE OJHA, JJIeKTpH4ecKas W MarHuTHas. Kaxmas ABOHHas crmpaib, Kak
JNIeKTpUYecKas, TaK M MarHWTHAs, COCTOMT W3 IBYX Pa3HOHANPABICHHBIX IIOTOKOB,
UCXOJAIIEro U Bocxoasiero. bnaronaps 3TuM pa3HOHANpPaBICHHBIM IOTOKAaM M CO31aETCs
JIBOWHAs CIUpalb C ABYMs MOTOKaMHM DPAa3HON MOJAPHOCTH, KaK AIEKTpUYECKas, TaKk U
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MarHuTHas. HaHu3aHBl MOJIEKYJBI M Ha DJEKTPUUYECKYIO [JBOMHYIO CHUpaib, U Ha
MarHUTHYIO JBOMHYIO0 crnupaib. Ho pasneneHue MOJEKyJbl Ha JABE MOJOBHHBI IMpH €€
JICJICHUd TPOUCXOIUT MO JJIEKTPUUYECKOM CIHUpajid, Belb MarHUTHas Ccujia “HE XOYeT
paboTaTh ¢ MATEpUEH”’, B OTIUYUE OT FJICKTPHUUCCKOM.

Hampumep, Bpamaer 3eMiro Wid MaTEpHIO dJIEKTpUUECKasl Cujla, WU JJIEKTpUYecKas
SKJIMITHAKA, & MAaTHATHAS CHJIA, WJIM MarHUTHAs SKJIMNTHKA, OTKA3aBIINCh BpAIlaTh 3eMITIO,
OTTaJIKUBACT €€ OT ce0sl, TeM CaMBIM ITOMOTas JIEKTPHUECKON SKIUITHKE BpaAIlaTh 3EMITIO.
To ke MPOUCXOANUT M Ha MOJICKYJIIPHOM ypoBHE. PaboTast Bcerma BMecTe, SIeKTpHIecKas U
MarHUTHAsI CHJIBI TIO-Pa3HOMY BBITIOHSIOT CBOIO PadoOTy, THaMETPaIbHO MPOTHBOMOJIOXKHO,
HO IIPY 3TOM JOMNOJHsA Apyr apyra. [IoaToMy oHUM Bcerja neprneHAMKYJISpHBI APYT APYTY,
KaK BHYTPH dHEPreTUYECKOro MOTOKA, COCTOSIIIETO U3 HUX, TaK U BHE €TO0.

OnHOBpeMEHHO Ha [BOIHYI0 siekTpoMarHutHyio cnupans JHK, cocrosimyro wu3
SJIEKTPUYECKON M MAarHUTHOU chupajiell B BUJE «BOCBMEPKWY», MEPHEHIUKYISPHBIX IPYT
JIpyTy, HaHHU3aHbl B ONpPEACIEHHOM MOPSAKE MAaTepUalibl, U3 KOTOPBIX COCTOUT MOJIEKYJIa.
MarnuTtHasi cndpallb B BHJ€ BOCBMEPKH pacrlojiokeHa moja yrioM B 90 rpaaycoB Mo
OTHOILEHUIO K DJJIEKTPUUYECKON CHUpald B BHUJAE BOCBMEPKH, COCTaBIAsl BMECTE OJIHY
JIBOMHYIO 3JIEKTPOMAarHUTHYIO CIHpalb C JABYMs pa3HOHAIpaBICHHbIMU NOTOKaMH, KaK B
3JIEKTPUUYECKOM, TAK U B MArHUTHOM JBOMHON CIUpaIsX.

Ha »snexkrpomarHuTHON cnMpanu Ha €€ pa3HOHANPAaBIEHHBIX IIOTOKAX HAaHHU3AaHbI
MaTepuabl, M3 KOTOPBIX M COCTOMT MOJIeKyJa. MaruutHas chnupanb [OMOTaeT
3JIEKTPUUYECKOM CIMpany yAEp>KUBAaTh MOJIEKYJIbl HA CBOMX MECTax, NPUYEM 3TH CIUpPAJIH,
KaK 3JIEKTpUYecKas, TaK W MarHuTHas BpaIlalOTCs, KaK BpaLIalOTCs 3JIEKTpUYECKas M
MarHuTHas SKJIUNTHKA 3EMITH.

B MOMeHT neneHus KJIeTOK 3JIEeKTpUYecKass U MarHUTHAs CIIMpajy pa3ielsstoTCs Kaxaas
Ha JiB€ MOJIOBUHBI, HA JBa pa3HOHAIPaBJEHHbIX MoToka. IIpu 3TOM Mosekyna pa3aensercs
0 AJNIEKTPUUECKON CIHUpaiy, a He M0 MAaTHUTHOMW, Ha JIBE€ CBOM MOJOBUHBI. OHA TOJOBHUHA
MOJIEKYJIBl PACIOJIaraeTcsi B AJIIEKTPOMAarHUTHOM IIOTOKE OJHOM TMOJIAPHOCTH, BTOpas
MOJIOBUHA MOJIEKYJIbl OKa3bIBa€TCA B 3JIEKTPOMAarHUTHOM IIOTOKE JPYrod MOJISPHOCTHU.
ITouemy MmOTOKH? a MOTOMY, YTO W MAarHUTHas W 3JEKTPUYECKAs CIHUPAIU HAXOIATCSA B
MOCTOSIHHOM BpAaLIEHUH. DJIEKTPUUECKasi U MarHUTHAsl CUJIbI B CBOMX CHHUPAJISIX JBHXKYTCS
OT «IUIIOCa» K «MHHYCY» U OT «MHHYCa» K «IUIIOCY», paclojiaraschb TO Ha CBOEH crnupanu
OJIHO MOJISIPHOCTH, TO HA CBOEH CIIUPAIIU APYTOH MOJIIPHOCTH.

Urak, oiHa MONOBHHA MOJIEKYJIbI OCTAE€TCS HA BOCXOJSIIEM MOTOKE 3JIEKTPOMATrHUTHON
Ccrupany, a Jpyras TIOJOBHHAa MOJIEKYJbl OCTa€rcsi Ha HHUCXOIALIEM IIOTOKE
ANIEKTPOMArHUTHOU criupaiiv. M3 3THX ABYX MOJOBHH MOJEKYJIBI JOMKHBI 00pa30BaThCs JIBE
HOBBIE€ MOJIEKYJIBI TYTEM JOCTPAMBAHUSI K HUIM HEOOXOUMBIX MaTepUAIOB Il BOCCO3aHUS
JIBYX TIOJIHOLEHHBIX JOUEPHUX MOJIEKYJI.

PaccmoTtpumM anekTpuueckyr coupalib, MOX0XYH Ha BOCbMEpKY. Paznmenute sty
«BOCBMEPKY» CBEpXy BHHU3 Ha JBE IOJIOBHHBI, WJIM Ha JBa noroka. [lomyuutcs nse
MOJIOBUHKH CIHMPAJIK, OJHA U3 KOTOPBIX JBMKETCS CBEpXY BHHU3, a Apyras CHU3Y BBEpX, U
00BeTMHEHHBIC BMECTE OHH W CO3AAIOT JJICKTPHUUECKYIO CIHPAIh, TOX0XKYIO0 Ha BOCBMEPKY.
JIBa moTOKa, HUCXOISALIMA M BOCXOAAIUMH, WJIM JIBE 3TU IOJIOBUHKU CIHpald 3aJai0T
MOJIIPHOCTD, WJIH «ILTIOC» U «MUHYC» 3JEKTPUUYECKOH cuJe.

TouHO Takke yCTpOeHa MarHUTHAsi CIUPaJb.

S mymaro, 4To MpH JeNeHUH MOJICKYIIBI KAKUM-TO 00pa30M IMOSBITIOTCS HOBBIC JBOWHBIC
AJIEKTPOMArHUTHBIC CIIUPaliv, HO 0€3 HAaHW3aHHBIX HAa HUX HH MOJIEKYJ, HM MX COCTaBHBIX
yacTeil. HaBepHO B MOMEHT 1OCTpauBaHus IIOJOBUHON MOJIEKYJIBI CBOEH BTOPOM IIOJIOBUHBI,
co3/laérca BTOpasi MOJIOBUHA 3JEKTPOMArHUTHOM CHMpaiM, Kak Il BOCXOJSIIEro MOTOKa,
TaK M I HUCXO/ISIIEro MOTOKa.

«Crapass HHCXOJAIIAasl OJEKTPOMAarHWTHAas  CHOUpalb» BMECTe C  IOJOBUHOMN
pasJeNuBIIEHCST MOJIGKYJIBI OOBEIUHSETCS C BHOBb CO3JaHHOW «HOBOW BOCXOJSIICH
CIIUPAJIBIO», CO3/1aBasi HOBYIO JBOWHYIO 3JIEKTPOMAarHutHyro cnupaib. [Ipu sTOoM crapas
[IOJIOBMHA MOJIEKYJIBl JOCTPAWBAE€T CBOIO HENOCTAIOIIYIO IMOJOBHUHY, TaK IMPOUCXOIUT Y
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JOXKJEBBIX YEPBEH, €CIM UX KTO-TO WJIM YTO-TO Pa3pyOHT IoroyiaM, Kaxaas U3 MOJOBUH
JIOCTpanMBaeT HEJOCTAIOIIYIO YacTh U 00pa3yeTcs JBa JOXKICBbIX YEpBsKa.

ITo ananorum, «cTtapass BOCXOASIIas 3JIEKTPOMAarHuUTHasl CIUpanb» BMECTE€ CO BTOPOH
MOJIOBMHOW pa3feiMBIICHCS MOJEKYJIbl OOBEIMHAETCS C BHOBb CO3JaHHOH «HOBOM
HHUCXOJAIIEH CHHMpalIbIOo», CO37aBas HOBYIO JIBOMHYIO 3JEKTPOMATHUTHYIO clupaib. [Ipu
3TOM BTOpasi CTapas IMOJIOBHHA MOJICKYJBl JOCTPAWBACT CBOIO HEJOCTAIOIIYIO IMOJOBHUHY.
Tak 13 ogHOH cTapoil MOJIEKYJIbl HAPOXKIAIOTCS JBE TOUEPHUE MOJIEKYJIBL.

«B konye kKonyos, nacmynaem MoMeHm, K020a UMEIOWUXCS 2€HO8 Yce HeOOCMAMO4HO
0/1 HOPMANILHO20 CYWeCmE08aNUsA KIemKU U KNemKa nocubaemy.

3nece geno B apyroM. Korzma mpouCXOOWT [eneHHE, KOHEYHbIE MOJCKYNbI JABYX
JOYEPHUX MOJIEKYT YHHYTOXKAIOTCS, TEIOMEPHI C KaKIBIM IEICHHEM CTaHOBSTCA BCE
kopoue. Ilponeccy nenenuss HeoOxomuma sHeprusi. [I03TOMy KOHEYHBIE MOJIEKYJIBI
JIOYEPHUX TEJIOMEP AaHHWT'WIMPYIOT, JaBas T€M CaMblM HEOOXOIMUMYIO JHEPTHIO IS
JieNeHus KIeTok. A Kakjaas MOJIeKyJa sIBISeTCsS pe3epByapoM A KUAKOCTU. C KaKABIM
JIeIeHHEeM KJIETOK KOJMYECTBO MOJEKYJI, a 3HaUUT U KOJIMUYECTBO XHUJIKOCTH B OpTaHU3ME
4eJoBeKa yMEHbIIaeTcs. Bec uenoBeka ocTaércs MpPEXHHUM, YBEIHUUBAETCSA IIOTHOCTH
MEePEeropoiok MeX Iy KJIeTKaMH. ¥YBeIHYeHHe IUIOTHOCTH OpraHu3Ma MIPUBOAUT K TOMY, 4TO
BpEMS CKBO3b YIUIOTHHBIIYIOCS MAaTEpHIO HAYMHACT TeUb OBICTpee. YCKOPEHHE BPEMEHH C
BO3pacTOM €CTh HE CYOBEKTHBHBIH, a OOBEKTHMBHBIH mponecc. [lo3ToMy ONBITHBIE
CIIOPTCMEHBI, KOTOPBIM 3a TPHUIALATh, MPOWIPHIBAIOT 0OOJIee MOJOABIM CIIOPTCMEHAM B
pasNMYHBIX CHOPTHUBHBIX IUCHUIUIMHAX. A KOrZJa IUIOTHOCTh Tejla YBEIHMYMBACTCS
HACTOJIBKO, YTO JIEJICHNE KIETOK IIPOCTO HEBO3MOXKHO, YEIIOBEK YMUPACT OT CTAPOCTH, WU
MIOTOMY, YTO CTaJI0 HEBO3MOKHBIM JlaJIbHEIIee IeIeHUe KICTOK.

“C kaoicovim Oenenuem KiemKuy menomepvl CMAHOBAMCS 6CE KOPOUe, U KAJCEMcsl, Ymo
OHU U2PAIOM PONb 8 3aNPOSPAMMUPOSAHHON cmepmu Kiemku. OOHOU U3 OMAUYUNENbHBIX
Yepm PaKosvix KIEMoOK AGNAeMCsA CHOCOOHOCb AKMUBUPOBAMb (hepMenm menomepasy,
KOmopulii He 0aém menomepam YKopauueamuvcs, uymo Oeidem KIemKu HNpaKmuiecku
b6ecemepmuvimu’”’. [10, c. 46].

1. Hmmopmanusayus. Bonvuuncmeo Kiemok Modcem Hnooeiumsbcsi onpeoenénnoe
KOUUeCmeo pas, 8 KiemouHol Kyabmype — oxkono 50 pas. 3amem Oenenue npekpawaemcs, u
Kaemku ymupaiom. Pakosbvie kiemxu npo0oaicarom 0erumscs 6ecKoOHewHo.

2. Tpancgopmayus. YV paxogvix kiemok ne HAOMOOAIOMCS HOPMALbHbIE OSPAHUYEHUS
pocma u OeneHus.

3. Memacmasupoganue. Dmo 00HO U3 CAMbIX PAPYWUMENTbHbIX CBOUCME PAKOBbIX
knremox. OHu npuobpemaiom CnOCOOGHOCMb 08U2AMbCA ¢ Mecma 00paA306aHus U
6mop2amucsl 6 Opy2ue mKaHu.

...Ilepeoti cmynenvio Ha nymu K paKy A614emcs Onyxoib (Heonia3ma)- 6eCKOHmMponIbHO
pacmywas nonyaayus kremox”. [10, c. 88].

Pazymeercsi, HET HUKakoro OeccMepTHsl paKOBBIX KIIETOK. PakoBble KIIETKU — 3TO KIETKH
I[TAPA3UTDBI. U3-3a HenpaBUIbHOTO (QYHKIMOHMPOBAHUS OPraHM3Ma, MPUYMHBI MOTYT
OBITH pa3HBIMH, MPOUCXOANUT cOOH B cHcTeMe opraHm3Ma. HekoTopble KIETKH IIpHU 3TOM
cboe MyTHpYyIOT — TpeBpamaroTcss B mapasuroB. OHHM JUIi CBOEro BOCHPOM3BOJICTBA
(meneHMs) UCTIONB3YIOT PHEPTHIO HE CBOMX KOHEUHBIX MOJIEKYJI, a SHEPTHUIO CBOMX COCEJCH
— 3JI0POBBIX KJIETOK. 3JOPOBOM KIIETKE MPUXOAUTCS TPATUTH HE JBE€ KOHEUHBIE MOJIEKYJIB, a
4eThIpe, I CBOETO JENIEHHs U JIEJIEHUs] PaKoBOM KIeTku — napasura. [loatoMmy TemoMepst
PaKOBBIX KJIETOK HE YKOPAuMBAIOTCS (HE YHHYTOXKAIOTCSI KOHEUHBIE MOJIeKyIbl). OTciona u
MeTacTa3bl - IOJI3YT Mapa3uThl U3 MECT, TJE 3I0POBBIX KJIETOK HE OCTajJoCh, IO BCEMY
opranu3My. beccMepTre pakoBBIX KIETOK-ITAPAa3UTOB 3aKAHYMBAETCS C THOENBIO 3M0POBBIX
KJIeTok. VMIMeHHO 3T0 ceiyac M mpoucxoauT B Poccum. 3apaxéHHas mapasuTaMu MOs
Pomura CCCP wumm yHuutoxkena. Temu e MeToJaMH ceddyac Ha HaIIUX TJa3ax
YHHYTOKaeTCs mapasuramu Poccus, kak, Bupouem, u ['epmanus.
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Abstract: this study explores the operational dynamics of educational simulators based on
virtual laboratories, with a focus on their structural design, functionality, and educational
impacts within the technical and engineering disciplines. Virtual laboratories, powered by
virtual reality (VR) and simulation technologies, offer an innovative platform for learners to
engage with complex scientific concepts and processes in a risk-free, controlled
environment. Through a comparative analysis of existing virtual laboratory simulators—
specifically, the High Voltage Electrical Substation VR Training by Digital Engineering and
Magic and the Avangrid Substation Walkthrough by VR Vision Inc—this paper identifies key
aspects of their operational logic, including the acceptance, specific, and control logics that
guide user interaction and learning outcomes. The research highlights the importance of
intuitive design in facilitating user engagement, the role of interactive elements in
enhancing comprehension, and the implementation of algorithms to prevent element
overlap, thereby improving the virtual learning experience. The findings contribute to the
understanding of how virtual laboratories can be optimized to support educational goals,
offering insights into best practices for their development and use.

Keywords: virtual laboratories, educational simulators, virtual reality, simulation
technologies, engineering education, interactive learning, user interface design,
programmable logic controllers, high voltage electrical substation, avangrid substation
walkthrough.
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Annomayun: 0annoe ucciedo8anue usyuaen onepayuoHHy0 OUHAMUKY 00paA3068amenbHbIX
CUMYTIAMOPOB8 HA OCHOBE BUPTYATbHBIX 1ADOPAMOPULl, ¢ AKYEHMOM HA UX CIPYKMYPHOM
ousaiine, (QYHKYUOHATLHOCHU U O00PA30BAMENLHOM BO30€UCMEUU 6 MEXHUYECKUX U
UMDICEHEePHbIX  Qucyuniunax. Bupmyanvnvie nabopamopuu, pabomarowue Ha 0cHoge
mexuono2uti supmyanvhol pearvrocmu (VR) u cumynsyuu, npeoiazaiom uHHOBAYUOHHYIO
niamgopmy 014 00y4aowuxcs, No360141 UM  83AUMOOUCMBO8AMb CO  CIONCHBIMU
HAYYHLIMU ~ KOHYenyuamu u npoyeccamu 6 0e30NnacHol, KOHMpoaupyemou cpeoe.
Iocpeocmeom cpasHumenvbHo20 AHAAU3A CYWECMBYIOWUX CUMYISAMOPO8 BUDMYALbHBIX
nabopamopuil — 8 YACMHOCMU, MPEHUPOBOUHO20 CUMYAAMOPA  BbICOKOBOILIMHOU
anekmpuyeckoi noocmanyuu VR om Digital Engineering and Magic u 0o6xo0a noocmanyuu
Avangrid om VR Vision Inc — 6 O0annou pabome 6blA8IAIOMCS KIIOYEBble ACHEKMbl UX
ONEpayuoOHHOL 102UKY, BKIIOYAS TIOSUKU NPUHAMUS, Cheyupurayuu u KOHMpOos, KOmopule
HANpasIsom 63aumooelcmeue noav3ogamenss u pezyivmamol oOyyenus. Hccnedosanue
NOOUepKUBAem BAaNCHOCMb UHMYUMUBHO20 OU3AUHA 05t 0becneveHus. B0BIeYEeHHOCU
noab308amens, poib UHMEPAKMUSHBIX INEMEHMOE 8 YIVUUEHUU NOHUMAHUA U Peanu3ayuro
aneopummos O npedomepaujeHuss Nepekpulmusi IAEMEHMos, MmeM CaMbiM  YIyyuas
suUpmyanbHvill 0opasosamenvHulll onvim. Haxooku cnocobcmaeyiom noHumanuio moeo, Kax
supmyabuble  gabopamopuu  Mozym — O0blmb  ONMUMUBUPOBANHLL  OL  NOOOEPICKU
0bpazoeamenvHuIX yenell, npediazds 6321A0bl HA Jyyuue NPAKmuKu ux paspabomku u
UCNONIL308AHUSL.

Knroueevie cnosa: supmyanvnvle aabopamopuu, 006pa30samenbHvle  CUMYIANOPDL,
BUPMYANIbHAA — PedalbHOCHIb,  MEXHON02UU — CUMYIAYUU,  UHIICeHepHoe  00paszoséaHue,
unmepaxmugnoe obyuenue, OU3ALH NOIb306AMENLCKO20 UHmMepelica, npozpammupyemvie
Jozudeckue  KOHMpOIEPbl,  BbICOKOBONLINHASL  INEKMPUYECKAs NOOCmanyus, 00x00
noocmanyuu Avangrid.

The integration of virtual reality (VR) and simulation technologies into the educational
landscape has significantly enhanced the learning experience across various disciplines,
particularly in technical and engineering fields [1, 2]. These advancements have led to the
development of virtual laboratories, which serve as sophisticated educational simulators,
enabling students to gain practical experience in a safe, controlled, and replicable
environment. The purpose of this study is to delve into the operating logic of an educational
simulator based on a virtual laboratory, focusing on its design, functionality, and the
educational benefits it offers. Virtual laboratories represent a leap forward in educational
technology, providing an interactive platform for learners to explore complex concepts and
processes without the constraints of physical lab resources or the risks associated with real-
life experiments [3]. This analysis aims to uncover the underlying mechanisms that make
these simulators effective educational tools, examining how they simulate real-world
conditions, facilitate learning through interactive engagement, and adapt to diverse
educational needs [4].
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Fig. 1. The main stages of the virtual simulator.
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A virtual simulator in the field of engineering primarily consists of three sections (Figure
1): 1. Introduction. 2. Specifics. 3. Results.

The acceptance logic of the virtual simulator involves providing the necessary settings
for performing the laboratory work. The specific logic is determined by the content of the
virtual simulator, outlining the sequence and stages of its execution. The control logic
encompasses the responses to the actions of the student operating the simulator during its
use. To date, several virtual laboratories based on programmable logic controllers have been
developed in the field of engineering [5, 6]. Although their acceptance and control logics
share similar structures, the specifics of their logic may differ based on the content presented
in the simulator, yet their general principles are considered similar. This similarity allows
for their comparison. For comparison purposes, the High Voltage Electrical Substation VR
Training by Digital Engineering and Magic (Figure 2), and the Avangrid Substation
Walkthrough by VR Vision Inc virtual laboratories were selected.

v

Fig. 2. The High Voltage Electrical Substation VR Training virtual laboratory by Digital Engineering
and Magic.

The main distinction of the virtual laboratory developed in this research work from other
virtual laboratories lies in the logic of selecting virtual devices, presenting them, the
processes of their use, and the interaction with instructions.

it

Fig. 3. The interface for interacting with elements and instructions in existing virtual laboratories: a)
High Voltage Electrical Substation VR Training, b) Avangrid Substation Walkthrough virtual
laboratory..

In Figure 3, the interfaces for interacting with elements and instructions in the High
Voltage Electrical Substation VR Training and Avangrid Substation Walkthrough virtual
laboratories are presented. Here, it is possible to identify several shortcomings in the logic
of the virtual laboratory:

1. Constant intersection of virtual laboratory elements, which may hinder the formation
of a comprehensive understanding of the selected laboratory element for the student.
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2. Instructions and tasks are presented in only one direction, making it inconvenient for
the student executing the virtual laboratory and complicating the step-by-step execution of
the laboratory work.

3. The presentation of diagrams in a small and fixed scale, making it difficult for the
student to see and understand the concepts depicted in the object during the execution of the
virtual laboratory.

If the additional function of the hand is not used in controlling the element, only the
device itself is depicted; otherwise, the hand is also displayed alongside the element. In
Figure 4, due to the absence of additional tasks performed by hand when using a
"screwdriver" in the logic of selecting laboratory elements, only the chosen element itself is
reflected in the working window (4-a), or the state after the element has been installed is
shown (4-b). These conditions enable a better formation of concepts for each element for the
student.

Fig. 4. The logic of selecting laboratory elements in the laboratory developed during the research: a)
selection without using hands, b) selection using hands.

Thus, the student can perform the virtual laboratory without changing the main working
window throughout the execution. However, in the examples of the High Voltage Electrical
Substation VR Training and Avangrid Substation Walkthrough virtual laboratories,
instructions cover a large screen and are only displayed in one direction. This situation
creates inconvenience for the student performing the virtual laboratory, negatively affecting
the efficiency of performing and understanding the laboratory work.

In Figure 4, related to the Avangrid Substation Walkthrough virtual laboratory, it is
possible to see that diagrams are provided in a small and unchangeable scale. During the
execution of the laboratory, such presentation of diagrams leads to a poor formation of
concepts regarding the ongoing process for the student. The research resulted in a virtual
laboratory where laboratory information is presented in a segmented manner.
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Introduction.

Deploying multiple applications or microservices in a complex Kubernetes environment
can be a challenging task. The need to manage dependencies, configurations, and versioning
across different components can quickly become overwhelming. That's where HELM comes
in. In this article, we will explore the power of HELM technology and how it simplifies the
process of deploying and managing applications in Kubernetes. Whether you are a
developer, an operator, or a system administrator, understanding the pros and cons of
HELM will empower you to efficiently package, deploy, and upgrade your applications,
while maintaining consistency and scalability. So, let's embark on a journey to discover the
capabilities and benefits of HELM, and how it can revolutionize your application
deployment workflows.

HELM what, why, and how?
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What is HELM?

Helm is a package manager for Kubernetes that simplifies the deployment of
applications and services onto Kubernetes clusters.

Key points:

e Manage Kubernetes Applications: HELM serves as a comprehensive tool for
managing Kubernetes applications. It utilizes HELM Charts, which act as a blueprint for
defining, installing, and upgrading even the most complex applications within a Kubernetes
environment.

e HFELM Charts: These charts are incredibly versatile and user-friendly. They allow
developers to create, version, share, and publish application configurations easily. HELM
Charts describe applications comprehensively, enabling repeatable installations and serving
as a single point of authority for application management.

e FEasy Updates: HELM simplifies the process of updating applications by providing
in-place upgrades and custom hooks. This eliminates the pain points associated with
managing updates, ensuring seamless transitions to newer versions of applications.

e Simple Sharing: Charts are easy to version, share, and host on public or private
Servers.

e Rollbacks: HELM offers the ability to roll back to a previous version of a release
effortlessly. This feature ensures that if any issues arise after an upgrade, the system can
quickly revert to a known, stable state.

Why do we need it?

To answer this question, let's consider the process of deploying an application to
Kubernetes.

For instance, deploying a simple Nginx application to Kubernetes requires creating
multiple manifest files, such as deployment.yaml, service.yaml, and ingress.yaml (to make
the application accessible from the internet). While this approach works, it can become
inconvenient and error-prone, especially when dealing with complex applications or
managing multiple deployments.

Example:

deployment.yaml
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apiVersion:
kind:
metadata:
name: nginx-service
labels:
app.kubernetes.io/name:
spec:
replicas:
selector:
matchLabels:
app.kubernetes.io/name:
template:
metadata:
labels:
app.kubernetes.io/name:
spec:
containers:
image: nginx:1.14.2
imagePullPolicy:
ports:

containerPort:

service.yaml

apiVersion:
kind:
metadata:
name:
spec:
type:
ports:
- protocol:
port:
targetPort:
selector:
app.kubernetes.io/name: nginx-service

ingress.yaml

apps/vl
Deployment

nginx-service

nginx-service

nginx-service

nginx
Always

http

vl
Service

nginx-service
LoadBalancer

TCP
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apiVersion: networking.k8s.io/v1
kind: Ingress
metadata:
name: nginx-ingress
annotations:
kubernetes.io/ingress.class: nginx
spec:
rules:
- example.com
http:
paths:

- : /
pathType: Prefix
backend:

service:
name: nginx-service
port:
number:

Looks simple, but let's say we need to deploy a thousand Nginx applications. At some
point, we will need to update them or add additional information to the deployment.

It will lead us to an infinite operations cycle with extreme error possibilities and an
impossible process of change control.

Imagine manually modifying each deployment manifest or YAML file for every Nginx
application, ensuring consistency across all deployments, and tracking the changes made.
The risk of human error increases exponentially, and it becomes challenging to maintain an
organized and controlled process.

What does it mean to deploy an application to the kubernetes cluster?

It involves the process of a Kubernetes (k8s) administrator opening the CLI, connecting
to the cluster, and logging into the cluster if Role-Based Access Control (RBAC) is enabled.
Then, for each manifest file created, the administrator needs to use the 'kubectl apply'
command. In real-world scenarios, the Kubernetes cluster is often hidden behind a VPN or a
bastion/jump host, making it challenging for the administrator to easily pass files and
manifests into the restricted area.

kubectl apply -f <filename.yaml>

For simple applications like Nginx, typically three manifests are sufficient. However, for
more complex applications such as databases, business applications, or secure API
gateways, deploying six or more manifests per application may be necessary to ensure
proper functionality.

Examples of different manifests that could exist in k8s applications:

Deployment: Manages the deployment and scaling of a set of identical pods.

StatefulSet: Manages the deployment and scaling of stateful applications, providing
guarantees about the ordering and uniqueness of pod creation.

DaemonSet: Ensures that a copy of a specific pod is running on each node in the cluster,
typically used for cluster-wide tasks like log collection or monitoring.

Job: Runs a single task to completion, such as a batch job or a one-time data migration.

CronJob: Runs a job on a regular schedule, similar to a cron job in traditional Unix-like
systems.

Pod: Represents a single instance of a running process in the cluster.
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ReplicaSet: Ensures a specified number of replicas of a pod are running at any given
time, allowing for scaling and self-healing.

Service: Provides a stable network endpoint to access a set of pods, enabling load
balancing and service discovery.

Ingress: Exposes HTTP and HTTPS routes from outside the cluster to services within
the cluster, performing routing, SSL termination, and load balancing.

ConfigMap: Stores non-sensitive configuration data as key-value pairs, which can be
consumed by pods as environment variables or mounted as files.

Secret: Stores sensitive information such as passwords, API keys, or TLS certificates,
which can be consumed by pods as environment variables or mounted as files.

PersistentVolumeClaim (PVC): Requests a specific amount of storage resources from a
storage class, used by pods to dynamically provision and attach persistent storage volumes.

PersistentVolume (PV): Represents a physical storage resource in the cluster, which
can be dynamically provisioned by a storage class or manually created.

Namespace: Provides a way to divide cluster resources into virtual clusters, helping
isolate resources and manage access control.

ServiceAccount: Provides an identity for processes running in a pod, granting
permissions to interact with the Kubernetes API or other resources.

Role and RoleBinding: Defines permissions (RBAC) for a set of resources within a
namespace.

ClusterRole and ClusterRoleBinding: Defines permissions (RBAC) for a set of
resources across the entire cluster.

NetworkPolicy: Defines rules for network traffic within a cluster, allowing or denying
communication between pods based on specified criteria.

Volume: Defines a directory that can be mounted by a container, providing storage for
the pod.

Custom Resource Definition (CRD): Defines custom resource types in Kubernetes,
allowing users to extend the Kubernetes API with their own resources and controllers.

Now, let's talk about HELM. In basic terms, HELM is a tool that simplifies the
templating of Kubernetes manifests. It provides a convenient way to manage dependencies
and customizable fields by utilizing variables defined in descriptive files called values.yaml.
With HELM, all the manifests are converted into Helm templates, making it easier to
configure and deploy applications.

HELM templates and file structure.

The simple file structure for HELM will be similar to this:
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T

Chart.yaml

deploy_script.sh

templates

F— -pull-secret.yaml
F— -secrets_and_secrets-volumes.yaml
-service.yaml

-deployment.yaml
-configmap-volumes.yaml

-job.yaml

-claims.yaml

-rbac.yaml

-ingress.yaml

values-nginx 1.yaml

values-nginx 2.yaml

values-nginx 3.yaml
values-nginx_4.yaml

—
I_
|
|
|
|
|
|
|
L
L
L
L
L

values-nginx N.yaml

The Chart.yaml file serves as a metadata file for a Helm chart. It provides essential
information and configuration options about the chart, allowing users to identify and
manage the chart effectively. The Chart.yaml file is located at the root directory of a Helm
chart and follows a specific structure defined by Helm.

In our example it will look like this:

Chart.yaml

v2
nginx-chart

Deployment.yaml now will be located in the templates subfolder and will look like this:
deployment.yaml
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apiVersion:
kind:
metadata:
name:
labels:
app.kubernetes.io/name:
spec:
replicas:
selector:
matchLabels:
app.kubernetes.io/name:
template:
metadata:
labels:
app.kubernetes.io/name:
spec:
containers:

- name:
image: "4
imagePullPolicy:
ports:

In
||t

I
(@

.Values.image.repository

apps/vl
Deployment

.Values.name

.Values.name

.Values.replicaCount

.Values.name

.Values.name

.Chart.Name
.Values.image.tag
.Values.image.pullPolicy

Ll.ff
IS ERE

- name:

containerPort:

service.yaml

apiVersion:
kind:
metadata:
name:
spec:
type:
ports:
- protocol: TCP
port:
targetPort:
selector:

app.kubernetes.io/name: {{ .Values.name }}

ingress.yaml

vl
Service

.Values.name

.Values.service.type

.Values.service.port

European science Ne 1 (69) = 46



{{ if eq .Values.ingress.enabled true } }
apiVersion: networking.k8s.io/v1
kind: Ingress
metadata:
name: {{ .Values.name H
annotations:
{{- range $key, $value : .Values.ingress.annotations
{ $key R {{ $value | quote
{{- end Y
spec:
rules:
- host: .Values.ingress.hosts.host quote +H
http:
paths:

- path: .Values.ingress.hosts.path quote +
pathType: Prefix
backend:

service:
name: {{ .Values.name 1
port:
number: {{ .Values.service.port }}
{{-end }}

And new file values.yaml which will be the source of real values for HELM chart-based
manifests.
values.yaml

name: nginx-service
image:
repository:
tag: 1.14.2
imagePullPolicy:

replicaCount:

service:
type: LoadBalancer
port:

ingress:
enabled: true
annotations:
kubernetes.io/ingress.class: nginx
hosts:
- example.com
path: /

And now if we need to deploy multiple nginx applications we can just create different
values.yaml changing needed parameters like name and port.
values-nginx_1.yaml
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name: nginx-service 1
image:
repository: nginx
tag: 1.14.2
imagePullPolicy: Always

replicaCount:

service:
type: LoadBalancer
port:

ingress:
enabled: true
annotations:
kubernetes.io/ingress.class: nginx
hosts:
- examplel.com
path: /

And install them one by one with the commands:

helm install my-nginx-release-name --values values.yaml

helm install my-nginx-release-name --values values-nginx_1.yaml
helm install my-nginx-release-name --values values-nginx N.yaml

Great victory!

However, is there a way to enhance the process beyond deploying and managing
thousands of files with individual commands?

Sure...

UHC - Universal HELM chart.

The main idea and principle were taken from the DRY coding methodology.

DRY it now!

DRY (Don't Repeat Yourself) - is a software development principle that promotes code
reuse and reduces duplication. The DRY methodology emphasizes the importance of
avoiding unnecessary duplication of information or logic within a system.

The main idea behind DRY is to have a single, authoritative source of truth for each
piece of knowledge or logic in a software project. When applying DRY, if you need to make
a change to that knowledge or logic, you only need to make it in one place, and it
automatically propagates throughout the system.

Here are some key principles associated with the DRY methodology:

Single Source of Truth: Each piece of knowledge or logic should have a single,
unambiguous representation within the system. Duplication should be avoided, as it can
introduce inconsistencies, increase maintenance efforts, and make the codebase harder to
understand.

Code Reuse: Instead of duplicating code or information, reusable components or
abstractions should be created. These components can be shared and used across different
parts of the system, reducing redundancy and promoting consistency.

Modularity: Breaking down a system into smaller, modular components can help achieve
code reuse and encapsulation. Each module should have a clearly defined responsibility and
should be independent of other modules as much as possible.
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Separation of Concerns: Different concerns (e.g., business logic, presentation, data
access) should be separated into distinct modules or layers. This separation improves
maintainability and allows for easier modification or replacement of individual components.

# First level. Common variables like namespace.
: example

- : gitlab-registry
# Announce group block for parsing script

# Announce blocks with group names if we need to separate different types of
applications

# Inside the group level we are announcing common variables for this group.
: RollingUpdate
: nginx
: Always

: LoadBalancer
: nginx

kubernetes.io/ingress.class: nginx
# Inside the apps level we are announcing application names with specific variables, we
can provide custom variables or override group vars.

:1.14.2

: 8081

examplel.com
o/

:1.11.2
: 8082
example2.com
2/
:1.13.1

: 8083

: gitlab.local.org
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: gitlab.external.org
: busybox
1 1.35.0

Automated Refactoring: Automated tools and techniques, such as refactoring tools or
continuous integration pipelines, can be used to identify and eliminate duplication, ensuring
adherence to the DRY principle.

By following the DRY methodology, developers can create more maintainable, scalable,
and robust software systems. It reduces the likelihood of introducing bugs due to
inconsistent or duplicated code and promotes a more efficient development process by
minimizing the effort required for making changes and adding new features.

So why repeat values.yaml files when we can join them into one.

UHC - values.yaml structure

We can consolidate all the values into a single file for easier parsing in the future.

We recommend using the following structure as a starting point, which can be adjusted
to meet specific requirements.

As you can see, we have significantly reduced the amount of code while describing
multiple applications. Now, when it comes to deployment, HELM alone may not be able to
parse it. However, a simple bash script can handle the task effectively. Alternatively, we
could utilize GitOps tools like ArgoCD or Spinnaker, but for the purpose of our example, a
bash script will do the job.

Bash, the one.

PURPLE="033[0;35m'
RED="033[0;31m'
NoColor="033[0m'

VALUES FILE="$1.yaml"
deploy() {
echo -¢ "${PURPLE} ### Executing deploy function: deploying application $1 ###
${NoColor}"
echo -e "${PURPLE} # helm upgrade --install $1 ./app --history-max 3 --namespace
${NAMESPACE} --create-namespace --timeout  2mO0s --atomic --values
$VALUES FILE ${NoColor}"
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helm upgrade

--install Japp

--history-max

--namespace $NAMESPACE

--create-namespace

--timeout mOs

--atomic

--values $VALUES FILE
echo "\n\n"

}

group deploy() {
echo -e "${PURPLE} Parsing SVALUES FILE to deploy $1 application group!

${NoColor}"
enabled group=$(yq eval "$VALUES FILE" -o=json | jq -r .groups."$1".enabled)
if [ $enabled group == "true" 11 then
for DEPLOY_SERVICE NAME in $(yq eval "$VALUES FILE" -o=json | jq -r
.groups."$1".apps | jq -r '"keys unsorted" | jq -r @sh | tr -d \); do
deploy "$SDEPLOY SERVICE NAME"
done
elif ([ $enabled group == "false" 11 then
echo -e "${PURPLE} Group $1 disabled for deploy! ${NoColor}"
else
echo -e "${PURPLE}Something wrong, please check your YAML file
$VALUES FILE! ${NoColor}"
fi

}

o
HHHH A A

P Hitt

### Execute group deploy func for apps in the main group ###

i it

S I T T g i i
group_deploy main

For this script, we need to pass values file-name, and we should have “yq” and “jq”
Linux tools installed to parse our file.
The command to install our chart will be like this:

deploy all.sh SVALUES FILE

Thats it!

Now we can install thousands of applications at once and manage them in one simple
file.

Important notes:
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It is essential to understand that within every Helm template for any given loop, we are
required to define new variables within the context. This is a mandatory requirement when
working with Golang templates.

Defining new variables within each Helm template loop is crucial for several reasons:

Scope Control: It helps manage variable scope, avoiding conflicts and ensuring
variables are only accessible within their intended context.

Clarity: Makes the template easier to read and understand by clearly outlining what data
a block operates on.

Reusability: Enhances template flexibility, allowing for dynamic adjustments based on
context, such as different configurations for environments or apps.

Error Reduction: Isolating variables reduces the risk of errors from overwrites and aids
in debugging.

Customization: Supports complex configurations by merging dictionaries and setting
defaults, allowing for specific overrides and sensible fallbacks.

This approach is fundamental for maintainable, clear, and flexible Helm templates,
ensuring they can cater to various deployment needs efficiently.

Yes, undoubtedly, this approach has many advantages, but there are also several
downsides. For example, when the number of services increases to several hundred, it
complicates the maintenance of a single file with variables.

Conclusion.

In conclusion, deploying and managing applications in a complex Kubernetes
environment can be a challenging task. The challenges of handling dependencies,
configurations, and versioning across multiple components can quickly become
overwhelming. However, with the introduction of HELM, a powerful package manager for
Kubernetes, these challenges can be effectively addressed.

With our approach of Universal Helm Chart, we go even further to standardize and reuse
Helm Chart that can be applied to multiple applications or services in a Kubernetes
environment. It serves as a template that encapsulates common configuration settings,
dependencies, and deployment instructions for various applications. The Universal Helm
Chart promotes code reuse and consistency by providing a single source of truth for
deploying and managing multiple applications within a Kubernetes cluster. By leveraging
the Universal Helm Chart, developers, operators, and system administrators can simplify the
deployment process, reduce duplication of effort, and ensure consistency and scalability
across their Kubernetes-based applications.
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PA3PABOTKA BBICOKOIIPOU3BOAUTEJ/JIbHBIX REACT-
HPUJIOXKEHUU: METOAbI U ITPAKTUKH OIITUMU3ALIUN
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Annomayus: ¢ smoi cmamve paccMampusaromcs nepeoogvie Memoobl U Cmpameuu
onmumuzayuy npunodicenuti React ¢ yenvio nOGbluleHUsE UX HPOU3BOOUMETbHOCHU,
macwmabupyemocmu  u  ydobemea pabomvl ¢ noivzosamenem. React, nonyusipnas
oubnuomexa JavaScript 01 co30anus noib308amMenbCKuUxX uHmepghelicos, uzeecmua ceoetl
agppexmusnocmoro  u  eubkocmuro. OOHAKO NO  Mepe  YCIONCHEHUST  NPUNONCEHUL
paspabomuuxy  Mo2ym — CMOIKHYMbCA ¢ NpobneMamu  HOOO0EpIHCAHUA  BbICOKOU
nPoOU3800UMENLHOCIU U NIABHO20 63AUMOOCCMEUs. ¢ noav3ogamenem. B smou cmamve
PACCMampueaiomcs Smu npoodemvl, nPedoCmasisis NOOPOOHOe PYKOBOOCME0 NO MemoOam
ONMUMU3AYUU, A0ANMUPOBAHHBIM 0I5 npusodceHuti React.

Knwouesvie cnosa: React, onmumuzayuss npousgoOUmMenbHOCmU, pazoeneHue Kood,
MeMousayusi, ynpasieHue COCMOSHUEM, ONMUMU3AYUSL AKMUBOS, PEHOEPUHZ HA CHMOPOHE
cepgepa, eeHepayusi CMAMUYECKUX Caumos, MOHUMOPUHZ NPOU3BOOUMENIbHOCMU, 6el-
paspabomka.

DEVELOPING HIGH-PERFORMANCE REACT APPLICATIONS:
METHODS AND PRACTICES FOR OPTIMIZATION
Kravtsov E.P. (Russian Federation)

Kravtsov Evgenii Pavlovitch — Senior Frontend Developer,
SBERDEVICES, MOSCOW

Abstract: this article explores advanced techniques and strategies for optimizing React
applications, aiming to enhance their performance, scalability, and user experience. React,
a popular JavaScript library for building user interfaces, is known for its efficiency and
Aflexibility. However, as applications grow in complexity, developers may encounter
challenges in maintaining high performance and smooth user interactions. This article
addresses these challenges by providing a comprehensive guide to optimization practices
tailored for React applications.

Keywords: React, performance optimization, code splitting, memoization, state
management, asset optimization, server-side rendering, static site generation, performance
monitoring, web development.

B mocTosiHHO MeHstroleMcsi MUpe BeO-pa3pabOTKH MepBOCTENEHHOEe 3HAYEHUE HMEeT
CO3[JaHME  MPWIOKEHWH,  KOTOpblE  HE  TOJNbKO  (YHKUMOHAJIBHB, HO W
BBICOKOTIPOM3BOANTENRHBL. React, paspaborannas Facebook, ctama omgHON w3 Bexymmx
OMONMMOTEeK M CO3NAHWS II0JB30BaTENBCKUX HHTEp(EHCOB, mpemiaras pa3paboTdrKam
BO3MOXKHOCTh CO3/IaBaTh JTUHAMUYECKHE | aJaNTHUBHBIC BeO-npmiokeHus.React —
OubnHMoTeKa, KOTOpass MOXKET PEHACPUTh KOMIIOHCHTHI caliTa KaKk Ha CEpBEPHOM, TaK U Ha
KIIMEHTCKOM cTopoHe [1]. OgHako mo Mepe pocTa CII0KHOCTH 3TUX MPUIIOKEHHUH BO3pacTaeT
u npobnema obecnieueHnst ux Oecnepeboitnoit n >ddexruBHoi padoTel. [loTpedHOCTH B
CKOPOCTH ¥ 3(P(PEKTUBHOCTH — ITO HE MPOCTO BOTPOC YIAOBIETBOPEHHOCTH IMOJIb30BaTENIEH;
3TO HANPSMYIO BIMAET HAa BOBJICYCHHOCTH MOJB30BaTesed, KOA(PHUIMEHTH KOHBEPCHH U
o0mmii ycrex HpUIoKEeHUs. JTa PeanbHOCTh JeNIaeT ONTHMH3ALNNI0 TPON3BOIUTEIEHOCTH
HEOTHEMJIEMOI YacThIO Iporecca pa3padoTKH.

Huxe paccmoTpeHna BapuaHThl onTuMu3anuy React mpuinoxeHui.
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Pasnenenue xkoaa (Code splitting)

Paznenenne xoma — 3To mpouecc pazduenus Oonbmioro nakera JavaScript Ha Oosee
MenKkue (parMeHTbI, KOTOphle MOXHO 3arpyxarb 1O TpeOoBaHUI0. TpajniMOHHO BeO-
NPWIOKEHUST 00BEANHSIIOT Bech CBOM Koj JavaScript B oguH ¢aiiin. XoTs 3TOT MOIXO0.I
YIPOIIAEeT pa3BepTHIBAHUE, OH MOXKET INPHBECTH K YBEIMYCHUIO BPEMEHH 3arpys3KH,
MOCKOJIBKY IT0JIB30BATEISIM MPUXOJUTCS 3arpyskaTh O0IbIINe 00bEMBI JaHHBIX, IPEXIC €M
NPWIOKEHNE CTAaHET NPUTOJHBIM JUIS HCIIOJIB30BAHUS, OCOOEHHO IIPH MEAJICHHOM
MOAKIIIOYeHNN K VIHTEepHeTY.

React, Oyny4un 6uOIMMOTEKOM I CO3MaHMUS TI0JIb30BATEILCKIUX HHTEP(ENHCOB, 10 CBOCH
CYTH HE BKJIIOYAET pa3/ielieHue KoJa, HO MOAJEPKUBAET €T0 MOCPEICTBOM AWHAMUYECKUX
omeparopoB import () u 6mbnmoTek, Takux kak React Router mmm Loadable Components[2].
CrpaTerndeckn peanusys pasJelieHHe KoJa, pa3pabOoTYMKH MOTYT TapaHTHpOBaTh, 4YTO
MOJIG30BATENIM W3HAYAJIBHO 3arpy’kaloT TOJBKO HEOOXOIUMBIH KOJ, HEOOXOIMMBIA JUIst
O0TOOpaKEHMsI TEKYIIEro IPEJCTaBIICHUs, TEM CaMbIM yMEHbIIas 00BeM KOJa, KOTODPBIH
HE0OX0IMMO MPOaHaIN3UPOBATh U BHIIOIHUTE TIPH 3arPY3Ke CTPAHHIIBL.

Junamudeckuit wmmopr — 93to ¢yHkuus JavaScript, KoTopas  mMO3BOJSET
pa3paboTyrKkaM UMIIOPTHPOBATH MOAYJH MO TPeOOBaHHIO C MOMOILIBIO QyHKIMU import ().
B mpunoxkennsx React 3Ty (yHKIMIO MOXHO HCIONB30BaTh U pasZelCHUS Kojaa Ha
YPOBHE KOMITOHEHTOB.

[Ipumep uCTIONB30BaHNS JUHAMHIECKOTO HMIIOPTA!

import React, { Suspense, lazy } from 'react’;

const LazyComponent = lazy(() = import('./LazyComponent'));

function App() {

return (
<div>
<Suspense fallback={<div>Loading...</div>}>
<LazyComponent />
</Suspense>
</div>
)i

}

B stom npumepe LazyComponent He 3arpyskaercst 10 TeX HOp, II0Ka OH He TTOTpedyeTcs
MPWIOKEHUIO, TIO3TOMY OH HE BKJIIOYAaeTCsl B MCXOMHBIM makeT. KommoneHnT Suspense u3
React ucnone3yercss A yHakoBKH JICHMBO 3arpy’kKacMbIX KOMIIOHEHTOB, oOecredunBast
PE3epBHBIA TMOJB30BATENBCKUN HHTEpdeHc aIs oToOpakeHHUs BO BpeMs 3arpy3Ku
KOMITOHEHTA.

Pa3pnenenue xoJa Ha OCHOBE MaplIPyTOB CTPaHHIL

s npunoxenuid, ucnoas3yromux React Router, pasnenenue kojga MOXET IPUMEHATHCS
K OTAENbHBIM MapuUIpyTaMm, TapaHTHPYs, 4YTO KOJi, HEOOXOJMMBIH Uil pEeHIEepPHHIa
CTpaHUIIbI, 3arPYKAETCS TOJIBKO TOT/A, KOT/Ia MOJIb30BaTElb EPEXOAUT Ha 3TY CTPAHHMILY.

import React, { Suspense, lazy } from 'react’;
import { BrowserRouter as Router, Route, Switch } from 'react-router-dom";

const HomePage = lazy(() => import('./routes/HomePage"));
const AboutPage = lazy(() => import('./routes/ AboutPage"));

function App() {
return (
<Router>
<Suspense fallback={<div>Loading...</div>}>
<Switch>
<Route exact path="/" component={HomePage} />
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<Route path="/about" component={AboutPage} />
</Switch>
</Suspense>
</Router>
)i
}

B mpuBenennom Brime kome kommoHeHTH! HomePage m AboutPage 3arpyxarotcs
JVUHAMHYIECKH B 3aBUCHMOCTH OT MapiipyTa. DTOT METOZ 3HAYUTEIHHO COKPAIIACT BpeMs
HavyallbHOM 3arpy3KH, MOCKOJIBKY 3arpyXkKaeTcs TOIBKO KO, HEOOXOANMBIH I Ha4albHOTO
MapupyTa.

React.memo

B cdepe paspaborku React QpyHKIHMOHAIBHBIE KOMIIOHEHTHI 3aHUMAIOT JIMIUPYIOIINE
MO3UIMY, B CPaBHEHHU C KJIACCOBHIMM KOMIIOHEHTaMH. UTOOBI ONTUMH3HMPOBATH 3TH
(yHKIIMOHAJIBHBIE KOMIIOHEHTBI, OCOOCHHO B CIIEHapusX, CBS3aHHBIX C YacTbIMHU
MOBTOPHBIMH pEHJEPHHIaMH, React nmpenocrasisieT KOMIOHEHT 0ojiee BEICOKOTO MOpsi/IKa C
uMeHeM React.memo. DTOT HHCTPYMEHT MpeJHAa3HAueH JUIs 3alOMHMHAHUS Ballero
KOMIIOHEHTa, TE€M CaMbIM MpPOIYCKas PEHAEPHHI, KOrja IepeJaHHble €My PEKBU3UTHI
OIMHAKOBEI Ha OCHOBE IIOBEPXHOCTHOTO CpaBHEHMSA. B 3ToM pasmene moxpoOHO
paccMarpuBaeTCsl HCIONb30BaHME React.memo Ui ONTHMHU3aIMH  (QYHKIMOHAIBHBIX
KOMIIOHEHTOB, WIITIOCTPUPYIOTCS €70 MIPEUMYIIECTBA U HIOAHCHI Pealn3aluy.

React.memo — 3TO KOMIIOHEHT OoJiee BBICOKOTO TIOPSAIKA, KOTOPBII OKpYy>KaeT
(yHKIMOHAJIBHBIH KOMIIOHEHT. JTa ylakoBka coolmaer React 3aOMHHUTh KOMIIOHEHT, TO
€CTb OH 3allOMUHACT IIOCIICHUI Pe3yNbTaT PEHIEPUHIa U UCIOIb3YET €ro, €CIM TEKYIIHe
PEKBU3UTHI TaKHe K€, KaK M IIPHU IOCJIETHEM pPEHICPUHIe KOMIIOHEHTa. JTOT IPOLecc
3HAYUTEIBHO COKpAIIaeT KOJHMYECTBO HEOOXOIMMBIX MOBTOPHBIX PEHICPUHIOB, HOBBINIAS
MPOU3BOIUTEIHHOCTD BAIIETO NPUI0KEHUS.

Bort npoctoit npumep ncnonszoanus React.memo B GyHKIMOHAIHHOM KOMIIOHEHTE:

import React, { memo } from 'react’;

const MyComponent = memo(({ message }) => {

console.log('Component rendered!");
return <div>{message}</div>;

s

B »tom mpumepe MyComponent OyneT MOBTOPHO OTOOpaxarbcsi TOJIBKO TPH
HW3MEHEHUHU CBOMCTBA COOOIICHUs. ECiu poIUTe IbCKIii KOMIIOHEHT BBITIOJIHSIET TOBTOPHYIO
BU3YaJIM3aI[MI0, HO CBOHCTBO COOOIIGHUS OCTaeTcs HemsMeHHbiM, MyComponent
MPOIYCTHT 3TAIl PEHICPUHTA, TEM CAMBIM OIITUMHU3UPYsI TPOU3BOIUTECIBLHOCTb.

Xots moBeaeHue React.memo Mo yMOJIYAHHIO HCIOJIB3YeT MOBEPXHOCTHOE CPaBHEHHE
CBOWMCTB, MOTYT OBITh CjIy4ad, KOrjJa HE0OXoauma COOCTBEHHAs JIOTHKA CpaBHEHUS.
Hanpumep, eciau Bamr KOMIIOHEHT IIPHHUMAET OOBEKT B Ka4eCTBE PEKBU3UTA, H BBl XOTHTE
CPaBHHTH TNyOOKHE CBOMCTBa BHYTPH OJTOTO OOBEKTa, BBl MOXKETE IPEIOCTABUTH
CHENHANTEHYIO (PYHKITUIO CPAaBHEHHUS B KQUeCTBE BTOPOTO aprymenTa React.memo.

const MyComponent = memo(

({ user }) =>{
console.log('Component rendered!");
return <div>Hello, {user.name}!</div>;
}s
(prevProps, nextProps) => {
return prevProps.user.id === nextProps.user.id,
¥
)
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Ora mnosb3oBaTenbckas (YHKLMs CcpaBHEHHs rapaHtupyer, uro MyComponent
BBINIOJIHSACT IIOBTOPHYIO BHU3yalIM3allMI0 TOJBKO NpPU HW3MEHEHHMH user.id, HrHOpupys
U3MEHEHHUs B APYTUX CBOMCTBAX MOJIb30BATENs], KOTOPhIE HE BIMSIOT HA BHIXOAHBIEC JaHHbIE
KOMIIOHEHTA.

Xotsa React.memo MoOXeT 3HAUUTEIBHO MOBBICUTH IPOU3BOJUTEIBHOCTD, 3TO HE BCETAA
HEOOXOANMO Al KaXJIOro KOMIIOHEHTa. BOT HECKOIBKO PEKOMEHIamuii O TOM, KOrja
ucnone3oBaTh React.memo:

-HacTele MOBTOpHBIE PEHIEPHUHTH. ECIM KOMIIOHEHT 4acTO IMEPEPHCOBBIBAETCS H3-3a
M3MEHEHHH B €T0 POAUTENBCKOM IEMEHTE, HO €T0 CBOMCTBA HE U3MEHSIOTCS, 00EPTHIBAaHHE
ero B React.memo MoxeT NpeaoTBPaTUTh 3TH HEHY>KHbIE TOBTOPHBIE PEHIAECPHHTH.

-CroxHble KOMIOHEHTHI. Il KOMIOHEHTOB, PEHAEPHHI KOTOPHIX TpeOyeT OOmbIINX
3aTpaT M3-3a CJIOKHBIX BBIYUCICHHMH, TSKENIbIX MaHuImyiasanuii ¢ DOM unu BIIOKEHHBIX
JIOUEPHUX KOMIIOHEHTOB, React.memo MOJKET MIPEJI0KUTh MOBBIIIEHHE
MPOU3BOIUTEIHHOCTH.

-CnycKH 3J€MEHTOB: NPH PEHAEPHUHIe CIIMCKOB IEMEHTOB, TJ€ OTAEIbHbIE 3JIEMEHTHI
OOHOBIIIIOTCS  HE3aBHCUMO, 3allOMHHAHUE KaXKIOTO KOMIIOHEHTa OJJIEMEHTa MOJXKET
MPEJOTBPATUTh MOBTOPHYIO BU3YaJIU3aIUI0 BCErO CIIUCKA, KOIJIa U3MEHSAETCA TOIbKO OJUH
SJIEMEHT.

Bupryanuszanust komnoHeHToB React

Bupryanuzauus B KOHTEKcTe MNpuwiIokeHHMHM React — 53TO MOUIHBIA METOA,
HaIpaBJICHHbII Ha MMOBBIMICHNE TPOM3BOANTEIHHOCTH, OCOOCHHO B CIEHAPHAX, CBSI3AHHBIX C
PEHAEPUHTOM OOJIBIINX CIIMCKOB WJIHM CIIOXHBIX HaOOpoB naHHBIX[3]. OTOT moaxox
MperoiaraeT 0ToOpaKeHUE TOIBKO MOAMHOXeCTBa 3JieMeHTOB B DOM B j11000% MOMEHT
BPEMEHH Ha OCHOBE TEKYIEro OKHAa IIPOCMOTpa IOJb30BATENsl, TEM CaMbIM 3HAYUTEIHHO
yMeHbIass KoiuuecTBo y3i10B DOM, co3naBaeMbIX M YHpaBISIEeMBIX B JIIO0OH MOMEHT
BpeMeHH. B 370l cTaThe paccMaTpuBaeTCs KOHLEHIINS BUPTyalH3aliy, ee IpeuMyIiecTBa u
crocoObl ee peaiu3allid B TPWIOKEHUAX React ansg AOCTHXKEHHS ONTHUMAaJIbHOM
MPOU3BOIUTEIHHOCTH.

B tunmuaaoM npunoxkennn React 6e3 BUpTyanH3alii OTPHCOBKA OOJNBIIOTO CITMCKA HIIH
TaONMHIBI C THICSYAMM D3JEMEHTOB MOXKET NPHBECTH K 3HAYMTEIBHBIM IIpoOieMaM c
MPOU3BOJUTENBHOCTBIO H3-3a2 BBICOKOM CTOMMOCTH MaHunysiuud ¢ DOM u nukios
obHoBieHus[4]. Bupryanuzanus pemaer 3Ty mpobiemy, oToOpakast TONbKO T€ 3JIEMEHTBI,
KOTOpBIC YMEIIAIOTCS B TEKYIIEM OKHE ITPOCMOTpPA MIJIM HEOONBIIOM OKHE BOKPYT HETO, TEM
caMbIM CHIDKasi pabodyio Harpy3Ky Ha Opaysep M yiydiias B3auMOZIEHCTBHE C
MOJIb30BATEIIEM.

IIpenmymiecTBa BUPTyaIu3auu

VYiaydiieHHas — OPOW3BOAUTENBHOCTh.  MHHUMHU3HPYS ~ KOJHYECTBO  BJIEMEHTOB,
oToOpakaeMbIX B JIIOO0H MOMEHT BPEMEHH, BUPTyaJIH3alMs COKpAIlaeT HavaJlbHOE BPeMs
3arpy3KkH, yCKOpSIeT B3aMMO/IeHCTBHE 1 MUHUMH3HUPYET UCIOJIB30BAHNE TAMSTH.

VYiy4ieHHbIH  1OJb30BaTEIbCKUM  MHTepdeiic: Oojee OBICTPBI  peHAEPUHT WU
YMEHBIIIEHNE 33JEpKKH O00ecleynBaloT Oosee IUIABHYIO IPOKPYTKY M Ooisiee ObIcTpoe
pearupoBaHue MPUIIOKEHHH.

MacmrabupyeMocTh: BUPTyaJIn3anys I03BOJIIET 0TOOpaXaTh OONbIINE HAOOPHI JaHHBIX
6e3 ymep6a Uil MPOM3BOANTENBHOCTH, YTO MO3BOJISIET pa3pabaThiBaTh OoJiee CIOXKHBIE U
pecypcoeMKHe IPUII0KEHUSL.

Peanuzanus Buptyanusanuu B React

UroOBl peann30BaTh BHUPTYyAIM3AIMI0 B MPUIOKEHUSIX React, pa3paboTUMKé MOTYT
WCIIONIB30BaTh Takhe OuOnuorekn, kak React-Window wunu React-Virtualized. 3Ot
OMONMMOTEeKN NPEAOCTABIAIOT KOMIIOHEHTHI, ONTHMU3HUPOBAaHHBIE Ui A(PQPEKTHBHOTO
0TOOpaXkeHHs OONBIINX CIIHCKOB, CETOK M TAOJMUYHBIX JTAHHBIX.

HNcnons3oBanue 6ubdmamotexn React-Window

European science Ne 1 (69) = 56



React-Window — Gonee serkast 1 npocrasi OMOJIMOTEKA ISl BUPTYalIn3alUy JUTMHHBIX
CIMCKOB U TAaOJIMUHBIX JaHHBIX. BoT 0a30BbIi IpuMep TOro, Kak HCIIOJIb30BaTh OKHO
pearupoBaHus Uil OTOOpPaXKEHUS OOJIBIIOTO CITHCKA:

import React from 'react’;
import { FixedSizeList as List } from 'react-window',

const MyList = ({ items }) => (
<List
height={150}
itemCount={items.length}
itemSize={35}
width={300}
>
{({ index, style }) =>(
<div style={style}>
{items[index]}
</div>
)}
</List>
)i
B stom mpumepe FixSizeList — 3TO KOMIIOHEHT W3 OKHA pPearupoBaHUs, KOTOPBIi
0TOOpakaeT CIUCOK, B KOTOPOM KaKABIA 3JEMEHT HMeeT (UKCUPOBAHHBINH pa3Mep.
CaoiictBo itemCount ompezessieT o0Iee KOJIWYECTBO JIEMEHTOB B CIIUCKE, a CBOWCTBO
itemSize ompenensieT BBICOTY KaXJOro 3JieMeHTa. KOMIIOHEHT OTOOpa)kaeT TOJBKO TE
AJIEMEHTBI, KOTOpHIE IOMEIIAIOTCS B TEKYHIMH OKpaH IPOCMOTpa, KaK OIpeAeieHO
PEKBH3UTaMH BBICOTHI U LITUPHHBI.
Hcnonb3oBanue Oudimnorexu React-virtualized
React-virtualized mpemmaraer Oonee moNMHBINA Habop (QYHKIWE U1 BHPTyalU3alldH,
BKJIIOYAsi aBTOMAaTHUYECKUN pa3Mep, JUHAMUYECKYIO BBICOTY CTPOK M MakeTsl ceTKu[S5]. OH
HeMHOro cioxkHee, 4eM React-Window, HO mpemraraer OONbIIyI0 THOKOCTH JUIS
YIIOBJIETBOPEHUS Pa3IMUHbBIX TIOTPEOHOCTEH BUPTyaIn3aliy.

import React from 'react’;
import { List } from 'react-virtualized';

const MyList = ({ items }) => (
<List
width={300}
height={150}
rowCount={items.length}
rowHeight={30}
rowRenderer={({ key, index, style }) => (
<div key={key} style={style}>
{items[index]}
</div>
)}
/>

);

B sroM mnpumepe, BHPTYAIM3HPOBAHHOM C ITOMOINBIO PEAKIMH, KOMIIOHEHTY List
TpebyeTcst GyHKMs rowRenderer, koTopas OMHMCHIBaeT, KaKk BHU3YaJH3UPOBATh KaKIYIO
cTpoky. [lomoOHO pearmpyroomeMy OKHY, s YOPaBICHHS pPa3MEpoOM CIHUCKAa U €ro
2JIeMeHTOB TpeOyroTcs cBoiicTBa width, height, rowCount u rowHeight.
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Bupryanuzanus — BaKHBIH MeTOJ] ONTHMHU3alMU NpwiiokeHuit React, ocobeHHO Tex,
KOTOpBIE OTOOpa)xaloT OoJjblMe HaOOphl AaHHBIX. OTPUCOBBIBAs TOJBKO TE€ 3JEMEHTHI,
KOTOpBIC B JaHHBIA MOMEHT BHIHBI, BHUPTyalH3alllsi MOXET 3HAYHUTEIbHO IIOBBICUTH
MPOU3BOUTENBEHOCTh M CKOPOCTh pearipoBaHus Ballero Npuioxenus. Takue GHOINOTeKH,
kak React-Window u Reaction-Virtualized, ympomaror peanusanuio BHPTYaIH3aLUH,
IpEefoCTaBIsAsl HacTpauBaeMble U 3(GEKTUBHBIE pEIICHWA [UIA PEHACPHHTa OOIBIINX
CIHCKOB M ceToK. Kak u B ciydae c JOOBIM METOJOM ONTHMHU3AIMM, BaKHO OLCHUTH
KOHKPETHBIE MTOTPEOHOCTH BaIETO MPUIOKEHUS M BBIOPaTh HHCTPYMEHT, KOTOPBIN JIydIne
BCEr0 COOTBETCTBYET €ro TpeOoBaHUAM, oOecrednBas OaJaHC MEXIY YBEIUYCHUEM
MPOU3BOIUTENBEHOCTH U 3aTpaTaMy Ha pa3padoTKy.
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Abstract: this article investigates a general-purpose framework to numerically analyze game
theoretic models in terms of the stability of equilibria and individual decision-maker behavior.
1t focuses on models equivalent to finite non-cooperative games. We start with a mathematical
formalization of such models and their equilibria and outline an approach to analyze them,
based on evolutionary game theory concepts. We proceed by implementing the approach in an
algorithm inspired by evolutionary optimization algorithms, capable of locating multiple
equilibria with an iterated local search procedure. The algorithm’s convergence to equilibria
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1. Introduction

In the realm of economic and social sciences, understanding the dynamics of strategic
interactions is paramount. The most fundamental proposition in this context is a Nash
Equilibrium concept, based on an assumption of mutually known full rationality of decision-
making agents; it proved itself as a useful concept for theoretic analysis of social
interactions. Despite its widespread application, the Nash Equilibrium presents a significant
challenge: the potential for multiple equilibria, which complicates the prediction of outcome
scenarios in strategic interactions.

In this paper, we propose that if there are multiple equilibria in a model of social
phenomena being investigated, then it is desirable to be able to make plausible predictions
of its dynamics and have an opportunity to influence it.

Tackling the problem of locating multiple equilibria of game-theoretic models could be
started with a simpler task of locating at least one equilibria. A lot of work was done on
creating analytical approaches to calculate equilibrium points [1] [2] [3] [4] [5] [6], [7]. In
addition, there are prior works on the application of evolutionary game theory and
evolutionary optimization algorithms to the same task [8] [9] [10] [11] [12] [13] [14]. There
are also some works on general-purpose genetic algorithms using concepts from game
theory, called Nash Genetic Algorithms, these algorithms are primarily applied to solving
engineering problems [15].

Algorithms locating all Nash Equilibria in a given game are constructed around the naive
idea of utilizing a formal definition of NE and using systems of polynomial equalities and
inequalities based on the game’s payoff structure. There is a major disadvantage of such an
approach: such systems of polynomial inequalities scale up fast with game size (number of
players, strategies involved), quickly becoming infeasible to solve [2].

In this paper, we focus on using an evolutionary optimization approach to tackle this
problem. There is a long history of applications of evolutionary algorithms in the field of
Game Theory [14]. Starting with the works of Axelrod on repeated prisoners’ dilemma [16].
In addition, some works confirm efficiency of evolutionary optimization algorithms in the
task of search for equilibria [9] [11] [10] [13] [8]. These works utilize a coevolutionary
approach and even though the proposed algorithms’ performance hugely depends on
parameters being used, meta-optimization of these parameters is generally not being done.
Moreover, the performance of these algorithms is often measured in non-comparable
statistics, such as the number of iterations needed for convergence, that could not be directly
related to time or computational resources usage, therefore we incorporate in our work
empirical analysis of the influence of parameters of the proposed algorithm on its
convergence dynamic.

2. Model and Algorithm Specification

In the paper, we try to come up with a general-purpose algorithm to investigate the
dynamic of social models taking into account the possible multiplicity of equilibria.
Therefore, we want our algorithm to possess the following properties: flexible model
specification, the capability to handle multiple equilibria, and insight into the dynamics of
the model. To do this we start up with a formalized definition of social interaction or game
in which we are going to search for equilibria. Then we define what would be treated as
equilibria or stable state of the model and show how a model could converge to one or
another equilibrium from an arbitrary state. After that, we propose a numeric algorithm to
tackle this model, inspired by evolutionary optimization algorithms and possessing all the
desired properties listed before.

Model of Social Interaction

We focus our research on non-cooperative game theoretic models, though the analysis
can be naturally extended to other model formulations. The general structure of a game
consists of?

e asetof agents

e for each agent, a set of actions
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e payoff function that assigns a payoff to each agent
I'=(AAY)
' - game
A - agents set
A - actions set
Y - payoff function
The agent set A is a finite set of size n that serves as a list of agents being considered in
the model.
A={ay,..,a,},|Al=n
Actions set A is a space of all possible actions that agents could undertake in the model.
Action sets could be divided into subsets corresponding one-to-one to agents — agents’
decision spaces, representing all actions available to a given player. Then each decision
space is further broken down into decision sets that could be either discrete or continuous
choices, representing for a given agent available choices in a particular decision they make.
For example, in some model there could be 10 firms (agents) each having 2 decision
sets: first — what product out of 5 possible products to produce (discrete decision-set of 5
elements), second — what proportion of taxes should it pay to government (continuous
compact decision-set). In this case, the action set of the model would consist of 10 decision
spaces (one for each agent) each including 2 decision sets — discrete and continuous — 20
decision sets in total.
A={D,,..,D,},
D; - decision space;
A= A; |Al = Al =n;
D;#9, D;={d;,...d; }
dij - decision-set
Vdij: dij is a discrete set OR a compact space

Payoff function W takes a point from the Cartesian product of decision sets contained in
the action set and returns a vector of payoffs of the same cardinality as the agent set, e.g.
containing payoff for each agent. Every payoff of an agent is a real value.

W ﬂd—>P;

del
P=A; |Pl=|Al=mn;
P = {pl; ---,pn}; Di ER

It is assumed that agents have simple preferences over payoffs and payoffs satisfy four
axioms of Von Neumann—-Morgenstern utility theorem [17], thus p; < p; © p; < p;’.

Equilibrium Definition

We use the A; notation to denote the subset of the action set that consists of actions
related to agent I, and A_; notation to denote the subset of the action set consisting of
actions of all other agents. This notation is used with other sets in the same manner, where it
makes sense.

In our model, we assume that agents could choose their actions stochastically. We
represent such rules for each agent by a set of probability distributions over decision sets of
the agent, each of which is called a strategy. By doing this, we allow mixed strategies in our
model.

Vd € A,3¢: ¢ is a random variable with probability distribution over d:
Vo:p € D
®, == set of ¢ corresponding tod € D;, |®;| = |D;|

We propose that agents want to maximize their expected payoffs by tweaking their
strategies. Therefore, each agent solves the following optimization problem:

Va; € A: d; = arg max E[p; € W(®; X A_;)], given A_; constant.
1
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We define a stable state (equilibrium) in the model as a state in which no agent can
increase their expected payoff, given others’ strategies being stable. At least one such point
always exists, because in any game-theoretic model exists a Nash Equilibrium in which this
condition holds by definition [18].

Va € A:3d,: E[p, € Y (D, X A_,)] = E[p, € ¥((D,) X A_p)]

We assume agents to change their strategies by small perturbations with a drift towards
strategies yielding higher expected payoff until there would be no possible perturbations
yielding higher expected payoff than current strategy yields. In this sense, agents in our
model always use totally mixed strategies, because of a non-zero chance for each agent of
changing their strategy to a strategy that includes a previously unused action with non-zero
probability.

Algorithm Specification

Here we summarize the proposed algorithm in pseudo-code:

1. Take GAME_MODEL as input with parameters

2. Generate an initial subpopulation of uniformly distributed in search space individuals
for each decision-set in the model

3. Evaluate fitness for each individual
Apply truncating selection and mutation procedures for each subpopulation
Construct a new generation of subpopulations
If the termination condition is not met, then go to step 3
If equilibrium is found, return found equilibrium
Return log of convergence dynamic

Algorlthm 1: General Structure of the Algorithm

Algorithm Outline

Here we present an algorithm proposed to locate equilibria of game-theoretic models.
We start with a stochastic algorithm of GA (Genetic Algorithm) type (a kind of evolutionary
algorithm), capable of locating one equilibrium per run, depending on an initial seed used in
the algorithm. For locating multiple equilibria, we use repeated local search, e.g. running the
algorithm multiple times with different initial seeds, as a robust naive approach to multi-
modal optimization [19, pp. 59-60].

As an input for the algorithm, we expect a game model as outlined in the Model of
Social Interaction section of the paper. We want to highlight the fact that for the algorithm
to work it is enough to know just the structure of action set A (agents and their decision-sets)
and an interface to compute corresponding payoffs (there is no need actually to know how
these payoffs are calculated). As an output, we expect a found equilibrium or statement of
failing to find one, in either case, the output should contain a log of convergence dynamic,
which consists of individuals’ strategies in each generation and their fitness. This algorithm
could be started several times to find multiple equilibria.

We do not discuss in this article the criteria for determining if an equilibrium is found
because it depends on the particular type of model being investigated. Due to the stochastic
nature of the algorithm and noise in payoffs, every convergence criteria would be based on
heuristics, therefore the most achievable method of determining if the algorithm converged
is the manual inspection of its convergence dynamics.

General Evolutionary Algorithm Structure

® o v
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Evaluation Selection

Initialization

Until termination

Repacement Crossover

Mutation

Fig. 1. Flowchart diagram of an arbitrary genetic algorithm. Adapted from (Wei-Kai Lin, 2009, p. §8).

Evolutionary Algorithm (EA) is a large class of optimization routines inspired by the
Darwinian evolution process [20, p. 2]. Genetic Algorithm (GA) is a subclass of EA. Its
advantage is in universality and it has proved itself as a good-performing search algorithm
on many problems. GA uses string representations of solutions in the search space, each
such representation called an individual or a species. A set of such species presented in a
given iteration called population, iterations called generation. To differentiate species in a
population fitness valuation is used, for example in a task of function maximization a value
of a function in a point represented by an individual could be used as a fitness value. The
general idea of GA is to evolve populations from generation to generation favoring in
transition between generations individuals with the highest fitness value, concurrently
maintaining diversity of population. GA routine consists of a few stages; we will use Fig. /
as a reference for the order of the stages and describe each step presented on the figure
clockwise.

1. Initialization. The algorithm is initialized by creating a population uniformly
distributed across search space.

2. Evaluation. Each species is assigned a fitness value based on its performance on the
target function.

3. Selection. A subset of the population is selected by some rules favoring the highest
fit individuals to be used later to produce offspring and/or to be transferred to the next
generation.

4. Crossover. Selected individuals produce offspring by a combination of their traits,
for example in the case of real-valued vector encoding of points in search space simple
averaging of their components might be used.

5. Mutation. Selected individuals (including offspring) change some of their traits in a
predefined random manner to explore solution space and maintain the diversity of the
population.

6. Replacement. Population of the new generation composed. It is usually preferred to
maintain the population size of each generation on the same level, so parents (members of
the previous generation) and offspring (potential members of the new generation) should be
mixed in some way to form a new generation.

Structure of Populations — Coevolution

Usually, a GA maintains in every generation only one uniform population of individuals
representing solutions in a search space. Each species has a full encoding of a solution in the
search space. To assign a fitness value to an individual its encoding of a solution is used to
calculate the value of the function being optimized and its value is then used to calculate the

63 = European science Ne 1 (69)



individual’s fitness. This works fine when the function being optimized is single-valued or
could be transformed into a single-valued function. However, this is not the case with game-
theoretic models where payoffs of agents cannot be aggregated in a meaningful way
maintaining independence of strategic interests of agents.

Thus, we encode strategies on different decision sets independently and keep individuals
encoding different parts of full solution encoding in distinct subpopulations, therefore we
maintain as many subpopulations as decision sets presented in a model. Consequently, a
single member of a subpopulation could not be evaluated without matching with some
members of other subpopulations, because it is needed to provide a complete point in the
Cartesian product of decision sets to the payoff function to derive an individual’s payoff and
assign fitness. Below we illustrate a possible generation structure of the algorithm dealing
with a sequential form of the game “Bach or Stravinsky”.

1

2,1 0,0 0,0 1,2
Fig. 2. The decision tree of sequential Bach or Stravinsky. Adopted from [21, p. §].
Generation ###
subpopulation 1 subpopulation 2 subpopulation 3
Player 1 Player 2 Player 2
F/B F:F/B B:F/B
1.000; 0.000 1.000; 0.000 0.000; 1.000
0.991; 0.009 1.000; 0.000 0.003; 0.997
0.975; 0.025 0.989; 0.011 0.000; 1.000
0.992; 0.008 0.995; 0.005 0.000; 1.000
Fig. 3. Example of the structure of a generation of the proposed algorithm for the sequential form of
the BoS game.

Fitness Evaluation — Matching Algorithm

To evaluate a species’s fitness from a subpopulation its encoding of solution must be
completed using encodings of one species out of each other subpopulation. So one needs
to match species between subpopulations to evaluate their fitness. Failing to maintain an
exchange of encodings between subpopulations results in the algorithm’s non-
convergence [8].

There are two general approaches to do that in practice: asynchronous and synchronized.
In asynchronous evaluation each subpopulation evolves on its own, periodically
communicating with other subpopulations to exchange information about reference
individuals used to derive complete encodings of solutions [22]. In the synchronized
evaluation for each evaluation of an individual of a subpopulation, the individuals from
other subpopulations are picked at random [23]. For the implementation of the algorithm in
this paper, synchronized evaluation is chosen over asynchronous because of its simplicity
and ease of interpretation in the context of fitness value. It should be noted that the actual
implementation of the matching algorithm hugely influences the convergence dynamic of an
algorithm, as depicted in [24].

We propose a matching algorithm that takes an amount of desired matchings to be
produced (same for each individual in the population) as an input NPAIRS = 1 and returns
a list of NPAIRS » POPSIZE matchings (set of individuals, one from each subpopulation,
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collectively bearing a full encoding of a solution for a model); it is assumed that each
subpopulation has the same size of POPSIZE. We use d; to denote a subpopulation
corresponding to the decision set d;; a collection of all subpopulations denoted by D;
members of subpopulations are strategies over the corresponding decision-set denoted by ¢.
For reference, check Fig. 3. Example of the structure of a generation of the proposed
algorithm for the sequential form of the BoS game. Here is an outline of the matching
algorithm — Algorithm 2 — in pseudocode:

1. Take input NPAIRS = 1
Initialize list of matchings M = @

Make lists d' of members of each subpopulation b
For each member of each subpopulation

initialize counter p = 0

Initialize new matching m = @

For each list d'

Take a random individual i from b’

9. Add i it to the matching m

10. Increment individual’s counter by one p;+= 1

11.If p; = NPAIRS, then exclude individual i from list d’

12. Add matching m to the list of matching M

13.Ifany b’ # @, then go to step 5

14. Return list M

Algorithm 2: Matching Algorithm

Finally, to assign fitness values for each matching list, we sample an action for each
strategy in the matching, and then we derive payoff function values and increase each
matching strategy fitness value by a payoff of the player to which the strategy belongs. This
procedure can be repeated several times for the same matching; in the algorithm and further in
the paper we refer to the number of times each matching is evaluated as a parameter
NGAMES. While the algorithm handling mixed strategies, each evaluation of payoff function
gives payoffs for sample pure strategies. However, equilibrium or stable states are defined in
terms of expected payoffs from mixed strategies. In this context, compounding multiple
evaluations of the fitness value of the same strategy is desirable, with the averaged fitness
value converging to the true expected payoff as the number of valuations goes to infinity.

Selection — New Generations Formation

For the implementation of our algorithm, we used a truncation selection procedure
applied to each subpopulation independently, which in the absence of crossover operations
fully determines the dynamics of the construction of new generations. Truncation selection
is an algorithm with just one parameter DROPOUT_RATE, which specifies as a proportion
(0; 1) of what part of current generation’s least fitted individuals would be dropped out and
replaced by offspring of more fitted individuals. Selection goes as follows: population
members sorted by fitness, then |POPSIZE * DROPOUT_RATE| (but at least one) least
fitted individuals are deleted from population and the same amount of offspring of more
fitted individuals is produced and added to population.

Offsprings of the most fitted individuals in a population (those left after truncation) are
generated by a random selection of individuals in the amount needed to replace dropped
individuals, duplicating it and applying mutation operator to duplicates.

Truncation selection is chosen for implementation because of its simplicity and
robustness in conjunction with the mutation operator. For the overview of possible selection
procedures and discussion of their efficiency please refer to [25].

Mutation

In the proposed algorithm, mutation is the only operation that preserves the diversity of
the population and provides search space exploration means for the algorithm. Encodings of
solutions in the algorithm consist of real numbers in closed intervals. Hence we construct a

b A O
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mutation operator as a function adding to each component of encoding being mutated a
sample of random variable normally distributed with a mean of zero and standard deviation
equal to a given percentage of the component’s boundary interval length, followed by
normalization of encoding to be in alignment with it boundaries. Therefore, the mutation
operator also takes just one parameter MUTATION_MAGNITUDE in a range of (0; 1].

For example, let us consider a case of a strategy over two points discrete decision set
being mutated, while MUTATION_MAGNITUDE parameter is set to 0.03. Let us assume that
its current encoding is {0.5, 0.5}. Its encoding consists of two real numbers, so to mutate it
we are going to use two samples of random variable with normal distribution with mean 0
and standard deviation (1 —0)*0.03 =0.03. So sample obtained and equals to
{0.184,—-0.052}. We add it to current encoding and obtain {0.684,0.448} which doesn’t
sum up to unity 0.684 + 0.448 = 1.132 # 1, thus it cannot be used to encode discrete
distribution. To fix that we normalize components of our encoding as follows

{%;%} = {0.604; 0.396}, which sums up to 1 and can be used to encode a discrete

probability distribution.

3. Algorithm Assessment

In this chapter, we are going to investigate the performance and convergence of the
proposed algorithm empirically by assessing its performance on selected test problems.

Setup of the Experiment

We will be benchmarking our algorithm on a well-known game — “Prisoners’ Dilemma”
Fig. 4.

Player 2
Cooperate Defect
D
g
g -1; -1 -3;0
(=]
=]
Qo
-
5 s |0;-3 -2;-2
|02
B =]

Fig. 4. Prisoners' Dilemma payoffs matrix.

We want to investigate the influence of parameters on the convergence of the algorithm.
To do that we will construct a mesh grid of parameters and evaluate each combination of
them several times.

Let us remember that the algorithm depends on 5 parameters: POPSIZE, NPAIRS,
NGAMES, DROPOUT_RATE, MUTATION_MAGNITUDE. We construct a mesh grid by
taking equally distanced points in specified ranges for each parameter independently and
then combining them. We use the following parameters to construct the mesh grid (notice
that parameters dropout_rate and mutation_magnitude represented here as percentages,
rather than fractions):

Notation: ' PARAMETER NAME':(lower bound, upper bound, number of points)
{'popsize": (5, 100, 7), npairs": (1, 40, 7),
'‘ngames": (1, 1, 1), 'dropout_rate': (1, 80, 12),
'mutation_magnitude'”: (1, 80, 12)}

Intotal: 7+ 7 * 1 x 12 x 12 = 7056 combinations

We keep NGAMES at 1 because its purpose is to control the precision of expected
payoff calculation, for which it could be substituted by NPAIRS parameter, but it could not
be done the other way around, because NPAIRS parameter also influences the diversity of
opponents (or matching encodings) used to evaluate the fitness of each individual. That is,
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with low values of NPAIRS, individuals get biased estimates of expected payoffs of their
strategies relative to the surrounding population of opponents to estimate expected payoffs.
We leave empirical investigation of the effect of NGAMES parameter on algorithm
performance for further research.

Knowing that the only equilibrium of the model is in pure strategies, we propose the
following convergence metric: the model converged if and only if for two consecutive
generations best-fitted individuals of each subpopulation represent the same pure strategies.
When the model converges, we terminate further calculations of the next generations
(further in the text we refer to this as the termination condition); also, we stop calculations
after 40 generations without convergence.

We evaluate each combination of parameters 10 times for 70560 model evaluations in
total.

Results

1. Convergence

First, we construct a histogram showing at which generation the algorithm has
converged, non-converged, and false-convergence results are summed together and shown
in the left-most bar. The number of counts of each outcome is presented in table Fig. 5.

Model Run Qutcome false_convergence non_converged true_equilibrium
Count 62 8747 61749
Percentage < 0.1% 12.4% 87.5%

Fig. 5. Results of test runs on Prisoners' Dilemma.
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Fig. 6. Convergence of the algorithm on Prisoners' Dilemma problem.

As could be seen from the graph Fig. 6, using the provided grid of meta-parameters, the
model successfully converged in most cases. Also, the number of experiments that resulted
in convergence to non-legible equilibrium (false-positive convergence) is negligible.

2. Running Time

To foster faster convergence through exploitation of the parallel nature of the algorithm
we increase the number of model evaluations in each generation to provide better guidance
to the selection operator and thus increase selection pressure on inferior individuals.
Increasing the number of fitness evaluations per generation in a parallel manner means
utilizing more computational power and the number of processors used. In the context of
scarcity of computational resources, it means higher expenses per unit of time. Because of
this, we present a graph of the number of generations needed for the model to converge and
the corresponding average amount of fitness evaluations per generation in Fig. 7.
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Fig. 7. Running Time vs Processors Resource Trade-off.

As could be seen from the graph, the aforementioned trade-off between running time and
computations needed in each generation has an expected form of isoquant. It also could be
seen from this graph that the number of fitness evaluations’ influence on the number of
generations to convergence diminishes quickly after approximately 700 fitness evaluations
per generation.

3. Parameters influence

To investigate the influence of the parameters of the algorithm on its performance, we
start with investigating parameter distributions among algorithm runs across different
outcome categories, showing results in Fig. 8.
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Fig. 8. Parameters’ influence on algorithm run's outcome.

The dropout rate at low levels makes the algorithm too conservative in the exploration of
search space, thus the algorithm fails to converge in a limited number of generations. It
could be said, that with a dropout rate reaching 0, the number of generations needed for the
model to converge goes up to infinity — this analysis is valid with an assumption of an
infinitely large population because, in the current design of the algorithm, at least one specie
is dropped out of population. At the same time, the proportion of runs converging to a non-
equilibrium point is rising with an increase in the dropout rate. With high values of this
parameter, the algorithm does not preserve enough amount of well-performing species
between generations and fails to converge.

Mutation magnitude also defines characteristics of the explorative behavior of the
algorithm. It could be expected that the proportion of non-converged models monotonically
decreases with an increase in mutation magnitude. The proportion of convergences to non-
equilibrium points is generally expected to rise monotonically with mutation magnitude
because, with higher values of the parameter, the algorithm traverses search space more
sporadically. However, we see different results on empirical data with distribution single
peaked around average values of mutation magnitude. It could hypothesized that this effect
emerges due to the fact, that higher diversity of population (in terms of variance of
strategies) obtained with higher values of the parameters leads to better approximation of
expected payoffs of strategies because every one of them is being evaluated against broader
range of complementary encodings of solution space.

Expectations of response dynamics of the algorithm on changes of the NPAIRS
parameter goes fully along with empirical results. With an increase in the parameter’s value,
the proportion of true equilibria rises, and false equilibria — declines, non-convergence —
declines monotonically. This parameter influences the number of evaluations of each
strategy, thus influencing the precision of approximation of expected payoffs of strategies.

The algorithm’s response to change in the NGAMES parameter is expected to have the
same dynamic as in the case with NPAIRS parameter.

The algorithm’s dynamic relative to different sizes of the population is the same as with
values of NPAIRS parameter, although the underlying reason is different — the size of the

69 = European science Ne 1 (69)



population influences the diversity of the population in terms of amount of maintained
species.

Note on Convergence to Evolutionary Stable Strategies

Our algorithm uses truncation selection and mutation as drivers of evolutionary
dynamics in the process of convergence. The relation of this selection procedure to the
classic replicator dynamic [26] was investigated in [25] and [27]. It was shown there that
truncation selection leads an evolutionary system to convergence to an Evolutionary Stable
Strategy (ESS).

ESS is a solution concept in evolutionary game theory defined for models allowing only
pure strategies for agents as stable proportions of pure-strategist individuals with certain
strategies in a population, therefore it could be treated as a stable state of the population as a
whole. For now, we restrict our analysis to models with monomorphic ESS, which is ESS
that could be represented by a single pure strategy, so by now it is enough to be said that
every ESS is a Nash Equilibrium.

The aforementioned works on the convergence of truncation selection to ESS investigate
the subject using classic pure-strategist models, in which individuals are restricted to follow
just one pre-determined pure strategy throughout their lifecycles. It should be noted that
under such conditions, in the absence of diversity-preserving mechanisms, truncation
selection under some circumstances might fail to converge, due to extinction of some
strategies. However, this is not the case with the algorithm proposed here, since it uses
mutation operation to explicitly foster diversity of the population. Hence in the long run it
converges asymptotically to an Evolutionary Stable Strategy of processed model (if there is
any) by the design.

4. Conclusions and Further Research

In summary, this paper introduces a general-purpose numerical approach to investigate
equilibria of mixed-strategy game-theoretic models in practical applications. The conceptual
approach is complemented by an algorithmic implementation. The influence of the
parameters of the algorithm on its performance is studied. The approach is agnostic to model
specification details and treats it as a black box by design. It is also shown and supported by
empirical results that the algorithm is convergent to Evolutionary Stable Strategies as
defined by [26].

Finally, we suggest the following directions for further research:

e Applications of the algorithm to the analysis of system dynamic and equilibrium
states emergence in game-theoretic models

e Analyze the correspondence of the algorithm’s results on different kinds of models to
different equilibria concepts

e Fine-tune parameters to improve the algorithm’s performance on a broad range of
models

e Investigate possible variations of the algorithm combining different heuristics of
evolutionary optimization algorithms and its result on performance and convergence.
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CrnoBo odmrop mpoucxoau oT AHrimiickoro «offshore», 9To qOCIOBHO TIEpEBOIUTCS HA
PYCCKHI SI3BIK «BHE Oeperay, TO eCTb 3a MpeaeIaMu FOPHICIUKIIU.

Odo1ropHBIE CXEMBI WCIIONB30BAINCH €IIe cO BpeMeH ApeBHHX AduH. Bo m3bexanue
yILIaThl HAJIOTOB TpeYecKhe W (PUHCKHE KYIIBl Havyaldd 00be3KaTh TeppuTOpHio AQHH Ha
HECKOJIbKO MHJIb. BCKOpE B KauecTBE HAJOTOBBIX YOEXKMII| CTaTM BBICTYIATh OJU3JIEkKAIINE
MEJIKHE OCTPOBA, Ky/1a 3aBO3MIINCH €3 yIUIaThl MOIUIMH U HAJIOTOB KOHTPaOaHIHBIE TOBAPHI.

B wactHOCTH, CIIOBO O(IIOp 3TO HE FOPUAMYECKOE MOHSITHE U, O0Jiee TOro, HET HU OJTHOTO
3aKOHO/IATETIFHOTO OMPEACICHNUS JAHHOMY SIBIICHUIO HU B OJTHOM 3aKOHO/IaTEIbCTBE MUPA.

Odrop 3T0 3KOHOMUKO-TeoTpaPUUecKuil TEPMHUH, KOTOPBIH 0003HAYaeT OnpeieIeHHbIe
WHOCTpaHHbIE FOPUCIUKINU. J[aHHBI TEPMUH HCIOJNB3YIOTCS MPEUMYIIECTBEHHO B chepe
MEKTyHAPOJHOTO HAJIIOTOBOTO TIAHHPOBAHUS.

B Hacrosimee Bpems IMOJ MOHSITHEM CJIOBa «O(IIOP» BBICTYNACT CTpaHA WIH YacTh
CTpaHbl, B KOTOPOU IIPU PETUCTPAIH KOMITAHUU 00ECIICUNBACTCS OCOOBIHA JIbTOTHBIC PEKUM
perucTpanuy, aIMUHICTPUPOBAHUS W HAJIOTr000N0XKeHHs. Kak NpaBWiIO NpH yCIOBUH, YTO
JIaHHasl KOMIIAHUS BEJIET IEATEIbHOCTD 3a IpeJielaMi MEeCTa HHKOPIIOPALIUH.

OnHako o(IIOpHBIE 30HBI TakK)Ke BKIIOUAIOT B ce0s OMNpe/eleHHblE HETraTHBHbBIE
ACTIEKTBI:

1.  Hemoctarox  mpo3payHOCTH:  OQIIOPHBIE  30HBI ~ YacTO  MPEIaraioT
KOH(UJICHIINATLHOCTh 1 AHOHUMHOCTD, YTO MOYKET CITOCOOCTBOBATH YKJIOHEHHIO OT YILIATHI
HAJIOTOB Y COKPBITHIO JICHEXKHBIX MIOTOKOB.
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2. Huzkuii ypoBEeHb peryarpoBaHus: B OPIIOpaX NPUMEHSIOTCS MEHEe CTPOrue HOPMBI U
NpaBWiia, YTO MOJXKET NPHBECTH K PUCKY (DMHAHCOBBIX MaxHHAIMH, OTMBIBAHHIO JICHET,
KOPPYMIHMH U APYTMM HETaTHBHBIM SIBICHUSIM.

3. YBenuueHHBIE PACXOJbl: HCIIOJIL30BAHUE OQIIOPHBIX KOHCTPYKLIHUI MOXXET OBITh
CBSI3aHO C JOTIOJIHUTEIILHBIMH PAacX0JaMy Ha HaJM4YKe a/IBOKATOB, KOHCYJIBTAHTOB U JIPYTUX
CTEHUATINCTOB U OPTaHU3ALNN U MOAJICPKAHHSA TAKUX CTPYKTYP.

4. PemyTanMoOHHBIE PHUCKU: CBSI3b C O(IIOPHBIMH TEPPUTOPHUSMH MOKET HETaTHBHO
CKa3aThCsl HA PEIyTali KOMIIAHWH WM YaCTHOTO JIUIA, OCOOCHHO €CIIM UX HCIIOIb30BaHNE
accouuHupyeTcs C HeI0OOPOCOBECTHBIMHU NMPAKTUKAMHU.

5. Opuagnueckne CIOKHOCTH: 3aKOHBI M HOPMAaTHUBHBIE AKTHI MOTYT pa3lNyYaThCs B
Pa3HBIX O(QIIOPHBIX IOPUCAUKIHAX, YTO TPEOYET JOMOIHUTEIBHBIX YCHINNA U1 HOHUMaHHS
1 cOOJIIOICHUSI IPABOBBIX TPEOOBAHUIA.

B cBsi3u ¢ aTMMU acniekTamu OQIIOPHbIE KOMIITAHWM YacTO MCIOJIB3YIOTCS JUISL TOTO,
4TOOBI YKIIOHATBCS OT YIUIAThl HAJIOTOB MJIM CKPBIBATh J0XO/IBI.

Xotst oIopsl caMbIM OOBIYHBIM 00Pa30M MOTYT MPUMEHSITBCS [UIsl JIETAIbHBIX LENeH,
TaKUX KakK 3allliTa aKTHBOB WM YIPOILIEHHE MEKITyHApOIHOT0 OM3HECa, HEKOTOPBIE JIFOU U
KOMITAaHWH HCHOJNB3YIOT MX JUISi COBEpIICHHS HAJIOTOBBIX IMPECTYIUICHHH. DTO MOXKET
BKJIOYaTh B ce0s JIOKHOE JEKIApUPOBAHUE [OXOJIOB, MX HE3aKOHHOE YKJIOHEHHE OT
HaJIOTOOOJIOXKEHNsI, a TaKKe JpyrHe HE3aKOHHbBIE ACHCTBHUS, HapyIIAIOIINE HaJIOTOBOE
3aKOHO/IaTEJIbCTBO.

OmmH W3  PacmpoCTPaHEHHBIX METOAOB OKa3bIBACTCSl OCOOCHHO BOCTPEOOBAHO
MOIIEHHHKAaMH. DTO MPaBWJIO O KOHPHUICHINATIBHOCTH, T.€. HE pasIIIallieHne HHPpOpManu
0 BJajeJbliaX M aKTHBax. B CBsI3M C 9THM OY€Hb 3aTPYIHHUTEIBHO OTCICIUTh M HAJIOKHUTh
apecT Ha HMMYIIECTBO WJIM aKTHB KOMIIaHMM OaHKpPOTA, BBIBEACHHBIH COOCTBEHHHKOM B
o(1110p, B MOJIB3Y KPSIUTOPOB.

Jlpyrue MOIIEHHHYECKHE CXEMBI C UCIOJIb30BAaHHEM O(IIOPOB MOTYT BKJIIOYATh B ceOs
co3faHue (PUKTUBHBIX KOHTPAKTOB MEXY O(IIOPHBIMU KOMIIAHUSAMH U (UPMaMU B IPYTUX
CTpaHax C LEJbI0 TEpeBoJia JCHEKHBIX CPEICTB B OQIIOPHI, CO3AaHHE HECTaOMIIBHBIX
CTPYKTYp [UIsl YKJIOHEHUsSI YIUIAaThl HAJIOTOB, a TAK)KE MCIOJIb30BaHUE OPQIIOPHBIX cXeM I
MPOBEICHUSI KOPPYIIIMOHHBIX OTIEPALHH.

B menom, wucmonb3oBaHWE OQUIIOPOB B MOIICHHHYECKHMX CXEMax MpeICTaBIsIET
CEephE3HYI0 MPOOJIEMY JUIi MHUPOBBIX 3KOHOMHK M TpeOyeT Ooiee CTpororo KOHTPOJIS U
PETYJINPOBAHNUS CO CTOPOHBI TOCYIapPCTBEHHBIX OPTaHOB

Ha mpakTuke cymecTByIOT pa3iIMyHbIe MEXaHU3MBI NPUMEHEHHUs O(IIOPHBIX 30H, HO
poccuiickoe yrojoBHOE 3aKOHOAATENECTBO MPeTyCMaTPHUBAaeT OTBETCTBEHHOCTH 33 HUX: 3TO
YKJIOHEHHE OT yriaTsl HAIOTOB (cT. 199 YK P®). OHo siBisieTcss OTHUM U3 CaMBIX YacCThIX
CIOCO0O0B MPU MPUMEHEHHH 0(PIIOPHBIX 30H.

Heo0xoauMo pacuMpurh MPAaKTUKY 3aKIIOYEHUsI COTJIAICHWH O NpeaocTaBIeHUN
nHdopmanuu oT OQIIOPHBIX FOPUCIAUKINKM, a TaKKe IONOJHMTH ctathu 198, 199, 199.1,
199.2, 174, 174.1, 159, 159.1, 159.2, 159.3, 159.5, 159.6 YK P® myHKTOM, B KOTOpPOM
Oyner comepkaTbesi KBATM(UIMPYIOIIMH TNPH3HAK «COBEPUIEHHOE C HCIIOJIB30BAHHEM
BO3MO>KHOCTEH O(IIOPHBIX 30H).

BBenenne  nmaHHOrO  KBaNM(UIMPYIONMIETO  MNpPU3HAKa  Y)XKECTOUYUT  YTOJOBHYIO
OTBETCTBEHHOCTH 3a IPECTYIUICHHS, COBEPILIAEMbIE C HCIOJIb30BaHNEM OQIIOPHBIX 30H, U
TEM CaMbIM TOCIYKHUT CPEACTBOM MPEIyNPEXICHUS MPECTYIICHUH JaHHOTO BU/A.

Jymaetcs, 9To mpeamnonaraeMbele Mepsl OyAyT coaeicTBoBaTh B 3(pdexTnBHOM Ooprde ¢
HKOHOMHYECKOH MPECTYMHOCTHIO.

European science Ne 1 (69) = 74



Cnucok aumepamypul / References

1. Muxatinun A.H. MexayHapoaHslii opIIOpHbIH Ou3Hec: yueOHoe mocobue it By30B /
A.H. Muxaiinun, E.H. Cmupnos, B.b. JloruHoB. — MockBa: M3natensctBo FOpaiiT,
2023. — 191 c. — (Beicmiee obpasoBanue). — ISBN 978-5-534-10834-7. — TekcT:
SIEKTPOHHBII // Obpa3zoBartenbHas miatdopma HOpaiirt [caitT]. —
URL: https://urait.ru/bcode/518042 (mata obpamenns: 10.03.2024).

2. Pymsanyesa E.E. TIpoTHBOACHCTBIE KOPPYIINHN: YICOHHUK U MPaKTUKyM a7st By30B / E.E.
PymsraneBa — Mocksa: U3natensctBo FOpaiit, 2023 — 267¢. — (Bricmiee oOpa3oBaHme). —
ISBNO78-5-534-00252-2. —Tekct: »nektpoHHBIt // OOpa3oBarenmpHas 1iatdopma
IOpaiir [caiit]. “URL: https://urait.ru/bcode/5124375 (nara obpamenwms: 10.03.2024).

3. Tapacos A.H. CoBpemeHHble (pOPMBI KOPIIOPATUBHOTO MONICHHUYECTBA: MPAKTHYECKOE
nocodbue / A.H. TapacoB — Mocksa: MznmarensctBo [Opaiit, 2023 — 320c. —
(ITpodeccnonanbhas npaktuka). — ISBN978-5-534-00449-6. —Tekct: a5eKTpOHHBIH //
Oo6pasoBarenbHas mwiardpopma FOpait [caiit]. —URL: https://urait.ru/bcode/511553(nara
obpamenus: 10.03.2024).

75 = European science Ne 1 (69)


https://urait.ru/bcode/518042

HAYYHOE U3 IAHUE

U3JATEJIBCTBO
«[TPOBJIEMbI HAYKI»

AJIPEC PEJTAKLINH:
153000, PO, UBAHOBCKAS OBJI., I'. UBAHOBO,
VJI. KPACHOM APMUU, J1. 20, 3 DTAX, KAB. 3-3,
TEJL: +7 (915) 814-09-51.

HTTPS://SCIENTIFIC-PUBLICATION.COM
E-MAIL: INFO@P8N.RU

TUITIOTPADIA:

000 «OJIMMII».
153000, P, UBAHOBCKA OBJI., I'. UBAHOBO,
VJI. KPACHOM APMUM, 1. 20, 3 OTAX, KAB. 3-3

U3 JATEJIb:
000 «OJINMITI»
153002, P®, MBAHOBCKAA OBJI., I'. UBAHOBO, VJI. XXUIEJIEBA, 1. 19
YUPEJIUTEJIb: BAJIBLIEB CEPT'EM BUTAJILEBUY

European science N2 1 (69) = 76



SCIENTIFIC PUBLISHING

PROBLEMS OF SCIENCE

$manan HTAP-TAC

(7] s d

KHUXHAS

MAJTATA CYBERL

[oNolel

Bbl MOxeTe cBOGOAHO AENUTLEA (OOMEHUBATLCSA) — KONMPOBATL U PACNPOCTPAHATL MaTepuansl
M cO34aBaTh HOBOE, ONUPasnch Ha 3Tu Matepuansl, ¢ OBASATEJIbHbIM ykaszanuem aBTopcTBa.
Mogpo6Hee o npaBunax uutupoBaHusa: https://creativecommons.org/licenses/by-sa/4.0/deed.ru

LIEHA CBOBOHAA





