Good and Evil from the Point of View of Physics

Mark Zilberman, MSc
Shiny World Corp., Concord, Ontario, Canada

Abstract

The article analyzes the concepts of "good" and "evil" from the point of view of physics. Although the physical
concept of “entropy” as a measure of disorder was the first candidate who could serve as the physical basis of these
ethical concepts, in fact it is not suitable for this purpose. However, the “entropic potential of the event” Z (T, A)
that describes the impact of the event A that occurred in the moment Tp in the system R to the entropy of this
system at the future moment T (T > To) is well suited for our analysis. The article describes methods for calculating
the “entropic potential of the event” for certain real-life events and discuss several other related ideas, such as
“time factor”, “averaging” and “universality”.
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BBenenne

Uto ecTh 00IIEro ¢ TOYKH 3PSHUS u3uKky B CISAYIOMUX COOBITHIX:

a. Komanup nosydaer npuka3 oOCTpENsTh TOPOL

b. KTo-To CphIBaeT I[BETOK B HaYasIe JieTa

C. B opranusme yenoBeka pacTeT pakoBas OMyXoJib

d. Jlocock youT 110 IyTH Ha HEPECT

€. TyuHblil 4eI0BEK €CT HE310POBYIO MUILLY

?

B obnactu smuku 3TH COOBITUS MOXKHO CTPYIIHPOBATH M 0003HAYMUTH KaK Jpambl pa3HOTO
Macitaba. OJTHaKO MOXKET JIU @u3uKa CrpynIupoBaTh BCE 3TU COOBITUS U HAUTH B HUX 00IIHe
yepTel? B ¢u3nke ecth BeIMUMHA, Ha3bIBaeMasl «3HTPONUEI», KOTOpas, Ha MEPBBIA B3I
MorJia Obl TOJIONTH B KaYECTBE CBOMCTBA, 00bETUHSIONIETO BCE CITyYaH, epEUHUCICHHBIE BhIIIIE.
Bo Bcex ciyuwasix pa3pylIeHHMs WM CMEpPTU SHTPONHUS PACTET, YTO JENAeT €€ TIJaBHBIM
KaH/IUaTOM JIJIsl TPYNITHUPOBKH JpaMaTHUHBIX COObITHH (2)-(f) Bhiie. OJHAKO HAa CAMOM JIeie
SHTPONUS HE COBCEM MOAXOAMUT JUIs STOW TpynnupoBKd. B ciywasx b m d sHTpomnus

[P IPNT3 [IPN13

JelcTBUTENbHO pacTeT. OJIHaKO B ciayyasx “a®, “c* u “e* surponus ymenvuaemces. B ciydasx
“c* m “e oHTpomMs yMEHBIIAETCS, TaK KaK YEJIOBEUYECKMH OpraHu3M IpEBpaIacT
HU3KOOPTaHU30BAHHbIE MHUTATENIbHBIE BEIIECTBA M BOAY B 0oJiee BBICOKOOPTaHM30BAHHYIO
Ouosoruueckyro Tkanb. Ho u B ciryuae «a», B COOTBETCTBUH € Teopuel HHHOpMAaLIUU, SHTPOIUS
CUCTEMBI YMEHBIIAETCSI B TOT MOMEHT, KOTJa KOMaHUp MOJydaeT MpUKa3 00CTPesITh TOPO/I.

PaccmoTtpum Oonee moapoOHO ciydau a, C U €.



 Cinyuaii «a». [lo mocTymieHus NpUKa3a KOMaHIWP HE 3HA, TPUIACTCA JU UM
o0cTpenuBaTh TOPO WU HET. BepoATHOCTH MOTy4eHUs 3TOTO MpHKa3a He ObLla paBHA
Hu 0, au 100%, a Haxomwiace Mexay HuMHU. [lomyueHue mnpukaza yBEITHUYMUIO
KOJINYEeCTBO MH(GOpPMAIMK B 3TOW CHCTEME U ClieNiana CUcTeMy Ooiee onmpeaesieHHOH,
YeM J10 NOCTYIUIeHUs puka3a. Ciaea0BaTesbHO, SHTPOIMS CUCTEMbl YMEHBIINIIACh, KaK
TOJIBKO KOMaHAMp MpouuTai npukas. [IoHsITHO, yTO mo3xe, Korja HauHeTcs obcTpen
ropoja, pocT HTPONUHU OyJaeT orpoMHbIM. HO HEmocpencTBEeHHO B MOMEHT IpPUXOa
IIPUKa3a SHTPOIMS YMEHBIIAETCS.

* Cayuaii «c». TpyaHo mnoBepuTh, HO POCT PAKOBOM ONYXOJIM — 3TO IPOLECC,
CHWXKAIOLIMK DSHTPONUI0O B OpraHu3Me denoBeka. OH mpeBpamaeT MeHee
OpTraHU30BaHHBIC MMUTATEIBHBIC BEIIECTBA M BOAY, OTPEOIIsieMbIe YEITOBEKOM, B Oojee
OpPTraHU30BAHHBIA U PACTYIINK OMOJIOTHIECKUI MaTEepUa OITyXOJIH.

* Taxkas ke cuTyauus ¢ npuMepoMm «e». HemoBedeckoe Telno MPEeBpalaeT caxap U
MUIIEeBbIE KpacUTeNnu, cojaepxkamuecs B KoHdeTe, B Oolee OpraHu3OBaHHBIC
OMOJIOTUYECKHE MOJIEKYJIBI B OpraHM3ME YeloBeKa. T.e. HENMOCPEATBEHHO B 3TOT

MOMCHT SHTpPONHA YMCHBIIACTCA.

Kak Buanm, ¢Qusmdeckoe CBOWCTBO <«OHTPOINUA» HE BIOIHE MOAXOAUT JUIS
TPYIIIUPOBKH ciydaeB (a) — (€) kak coObITuid pocta 3HTpornuu. C Apyroil CTOPOHBI, MBI
SMOILIMOHAIBHO MapKUpyeM Bce 3TU (a) — (€) COOBITHS KaK «IUIOXHE», MOCKOJIbKY H3-3a
HUX yXYJIIaeTcs MpUpoJia, OOIIECTBO U )KU3Hb JIFO/IEH.

Ecnu yBenuueHue SHTPONUU HE TIOJIXOJUT JIJIS TPYIIIUPOBKHU ATHX CIy4aeB, MOXKET JIH
(u3MKa NPEATIOKUTh YTO-TO €1le /IS TPYNIUPOBKU? MBI Takke MokeM nepedpa3upoBarhb
3TOT BOIPOC MO-APYTOMY: Umo makoe 000po u 310 ¢ mouxku 3penus Gusuxu? MoxeT nu
¢u3nKa MpeUIOKUTh OIpPENeJIEHHOE CBOMCTBO JJIsl ONUCAaHHWA M MaTeMaTH4eCKOro

pasnuuenus ao6pa u 3na? Vinm 370 HEeBO3MOXKHO?

1. Anaau3

1.1 BOHpOCBI «MOYCMY» U «KOTda».



Haunem nHamr ananus co ciemyromiero Bornpoca. [/ouemy Mbl Ha3biBaeM COOBITHS (a) -
(e) mmoxumMu u HecyacTIUBBIMHU? [loTOMy M, YTO TPOUCXOAUT YTO-TO ILIOXOE 8
Ooarnnwiil Mmomenm? Vi moToMy, 94TO IPOU30UIET YTO-TO III0X0E 8 OVOyuem?
OueBuaHO, U3-32 TOTO YTO YTO-TO IJIOXOE€ MPOU30MIeT B OyaymieM. B TOT MOMeHT,
KOT'/1a KOMaHUp MOJTYYHII IPUKa3, e1le HUYEro MI0X0ro He MPOU301LI0. B TOT MOMEHT,
KOT/la TYYHBIH 4YEJOBEK €CT CIEAYIOUIYyI0 KOH(]ETy, TakKe HE MPOU3OILI0 HUYETro
wioxoro. OH/OHa MPOCTO HAcIAXIaeTCcs KOH(PETaMu 1 MIPEBpaIaeT caxapa U MUIIEBbIe
N00aBKH B CI0XKHBIE OMOMOJIEKYJIBI B CBOEM OpTraHU3MeE.

Bce mpo06iiembl BO3HHKAIOT B OyayIiem, a He cpazy. CoObITHs (a)-(€) mpoCcTOo 3amyCcKaroT
0yO0yuue Tparunueckue COObITHS.

B cnyuae (a) yacts ropoga OyeT yHUUYTOKEHA.

B caygae (b) nBeTok He Oyner pactd, He OyaeT KOPMHUTH MY, W JIIOOU HE OyIyT
HACJIAXKAAThCS €r0 KPACOTOM.

B cnyuae (¢) kT0-TO, BEpOSITHO, YMpPET H3-3a paka.

B ciyqae (d) y youToro iococst He OyIeT MOTOMKOB, H 3TO BPEMEHHO 3aMEJIUT POCT
MOITYJISALUY JIOCOCS M 00Iell 6momacchl Ha 3emiie, TOKa KOHKYpPUPYIOIINUE PHIObI He
BEPHYT OMOLIEHO3 B paBHOBECHE.

B ciyudae (e) TyuHbIil yenoBek OyneT KUTh MEHbIIE, U ero/e€ BKJIal B YEIOBEYECKOe
00111ecTBO OYIET MEHBIIIE, YeM MOT ObI OBITh.

Jpyrumu ciioBaMH, BO BCEX BBIIICYTIOMSHYTHIX CiIy4asx (a) - (€) DHTpOINUs B KOHEUHOM
umoce 6ynet pactu. Ho ona Oynet pactu B Oyy1ieM, a He MTHOBEHHO, HE B TOT MOMEHT

KOT1a UCCiIeayemMoce coObITHE MMPOUCXOAUT.

1.2 Bropoii 3aK0H TepMOJUHAMHUKHU M CKOPOCTh POCTa SHTPOIUU
C npyroil cTOpoHBI, B COOTBETCTBUH CO BTOPBIM 3aKOHOM TEPMOJIMHAMUKH SHTPOIHS
OyZeT pacTu B ONMCAaHHBIX CHCTeMax B JIOOOM ciydae. B yem pasnuna? Pasnuna B
CKOopocmu pocTa SHTPONHHU. BTOpON 3aKOH TEPMOJAMHAMUKU JUKTYET HAMpaBJICHUE
M3MEHEHHUS SHTPOIUHU B U30JUPOBaHHOM cucteme. OHAa MOXET TOJbKO pacTu. OHAKO
BTOpOM 3aKOH TEPMOJMHAMUKH HE TUKTYET CKOpoCcmb pocTa SHTpornuu. M3-3a coObITHi

(a) - (e) sHTpOIHUSA B 3TUX cHCcTeMax OyAeT pacTH ObIcTpee, yeM 0e3 3TUX COOBITUH.



1.3 «OHTPONHIHBINA MOTEHITAAT COOBITHS

Nrtak, Mpl Hanmu OOIIHOCTH B COOBITHSAX BhImE () - (€). DTO ycKOpeHue pocra
SHTPONUH 6 OYOyuem TI0O CPABHEHHUIO ¢ MUPOM Oe3 3TuX coObiTuid. [loguepkHeM, 4To
3TO HE HEMEUICHHOE YBEITUYCHHE YHTPONHH (KOTOPOE HE MPOUCXOIUT B COOBITUSAX (a),

(c), (e)), a pocT PHTpONUU B OYAYIIEM U3-3d ITHX COOBITUH.

Ectb mu B Qu3uKe TEpMUH, KOTOPBI OMUCHIBACT BIIMSHUE TEKYIIETO COOBITHS Ha
Oyayiee M3MEHEHHE SHTPONUU cucTeMbl? Jla, ¢pu3nka MMeeT TakoW TepMHH, U OH
Ha3bIBaeTC  «OHmponuiinbim  nomenyuanom coovimusay [1].  «OHTpONHUIHHBIN
MOTEHIMANl COOBITHS» OINpPENEeNIeTCsS Kak pa3HHIA MEKIY MaTeMaTHYeCKUMU
OXKUJaHUSAMH [2] SHTPONMU CUCTEMbI B OyIylieM, CIEIaHHBIMH 00 W HOCAe

AHAJIN3UPYEMOIO COOBITUSA. «DHTPONUUHBIN MOTEHLHAT COOBITHS» HMEET IPOCTYIO

hopmyiry
Z(T, A) = ST(To+dT) - ST(To-dT), (1)
I'ne
. To - MOMeEHT, KOT/Ia MPOU30LLIO COOBITHE A;
. T - HekoTopsiii MOMEHT B Oyayiem (T>To);
. Z(T, A) - «DHTPONUIHBINA TOTEHITAAT COOBITHS A, TIPOUCIIISIIETO B MOMEHT

To, 1 paccurTaHHOTO 117151 OYIyIIETO MOMEHTA T

. ST(To+dT) - MaTeMaTHUYECKOE OKUIAHHE SHTPOIUHU CHCTeMbI Ha MOMeHT T,
ClIEJIaHHOE Cpazy Mociie COOBITHS A;

. ST(To-dT) - MaTeMaTHUeCKOE OKUIAHHE YHTPOIUU CHCTEMBI HA MOMEHT T,
C/EJIaHHOE HEMOCPEICTBEHHO Tepes] COOBITHEM A.

Hazpanue cucremsl «R» He nossinsercs B popmysie (1) B sBHOM BHJie, HO, KOHEYHO, MbI
Bcerga OyzieM Mpearnoyiarath, YTO BCE pacCMaTpUBaeMble COOBITHS MPOMCXOIAT B
cucreme R.

"DHTPONMIHBII NOTEHIHAN COOBITUA" XOPOUIO MOAXOAMUT JJIsl HAIIero aHalu3a,
MIOCKOJIBKY OH ONUCHIBAET M3MEHEHHE HHTPONHU B CUCTEME B OYIYILIEM, 8bI36AHHOE
coObITHEM A.

MareMaTHuecKoe OXHJaHUE SHTPONUU JUIsI HEKOTOporo Oyaymiero MmomeHTa T

coctaBisieT ST(To-dT), BeIUMCIIEHHOE HETMOCpeACTBEHHO Tepen coowsituem A. Ilocie



coOBITHS A MaTeMaTHYecKoe OXUIAHWE SHTponuu i Oyaymero momeHta T
cranoButca ST(To+dT). Ecim ST (To+dT) < St (To-dT), 3T0, MO CyTH, O3HAYaeT, YTO
COOBITHE A 3aMEIIUIIO POCT SHTPONUU B CUCTEME M 3ALIUTHIIO €€ OT Jerpafaluy H
paspylieHus, mo kpaitHeit mepe, 10 MmoMmenta T. Iyt Takux ciiydaeB "DHTPONUMUHBIN
MMOTEHITA COOBITHS" A OTpHIIATEIIBHBIN

Z(T, A) = S7(To+dT) — S1(To—dT) <0 (2)
Bepno u obpaTHOe, eciau pa3HUIIAa MATEMAaTHUECKUX OXKHUJIAaHUM SHTPOMHUH MOCIE U JI0
COOBITHS A MOTOKHUTENbHA, TO ecTh ST (To+dT) > St (To-dT), 9T0, MO CyTH, O3HAYaeT,
9T0 COOBITHE A YCKOPHJIO POCT SHTPONHUH B CHCTEME U YCKOPHUJIO JETPaJalldi0 3TOH
CUCTEMBI, TIO KpailHel mepe, 10 mMomeHTa T. Jlns Takux ciiydaeB SHTPONUKHBIN
noteHIan cooprtus Z(T,A) MOJI0KUTEIIEH.
Tem campIM SHTPONUNHBIE MOTEHIUANBI COOBITHH, «IOJE3HBIX» ISl CHUCTEMBI,
SIBJIAFOTCSI OTPHUIIATEIHPHBIMU BEIMUYMHAMH, & SHTPONUHHBIC MOTCHIUAIBI COOBITHH,

«BPCAHBIX» TJIs1 CUCTEMBI, ABJIAIOTCA MOJOKUTCIbHBIMUA BEJIMYWHAMMU.

2. [IpuMeHeHNe «OHTPONMUITHOTO MOTEHIHAJIA COOBITUS» K ciaydasiM (a) — (e).

HpoaHaJIH3preM, SABJIIOTCA  JIM  3HAKHU ((BHTpOHHﬁHOFO IHoT€HIHajia COOBITHS» B

MIPECTAaBICHHBIX BBIIIC CIyYasx (a)-(€) OTpUIATEIbHBIMH WA TOJOKHTEIbHBIMH.

2.1.1 OueHka HSHTPONHUMHOrO TOTEeHIMaNa coObITus «Komanmup mnomydaer mpukas
obcTpenats ropo». HazoBem 310 coObITHEM «A» (M ONpeieINM aHATU3UPYEMYIO CUCTEMY
R kak npureniee coobuieHre, KOMaHAUpa, MyLUIKH, U TOPOJ, KOTOPbIi OyZeT 00CTpesiH).
B MomeHT uTeHus npukasza sHTponus (MH(opmannoHHas) yMmeHblnaercs. OgHaKO Kak
TOJIBKO HauMHAeTCs OOoMOapaMpOBKa, 3[aHHS B TOPOJIE pa3pylIalOTCs, JIIOJAU THOHYT, a
SHTPOIHUS CHIIbHO Bo3pacTaeT. [IocKoIbKy BEpOSITHOCTh MOMYUYUTh NPHKa3 HE ObUIa paBHA
1, MaTemaTHuyeCcKHe OKUAAHUS OyayIeil SHTPONUH, BEIUMCIIEHHBIE HETOCPEICTBEHHO JI0 U

ITOCJIC MTOJYUCHUA ITpHUKa3a, pa3jIMIHbI.

2.1.2 HeckonbKo CIIOB O Mamemamuyeckom oxcuoanuu. «MaTeMaTHdecKoe OXKHIaHue)
CIIy4yallHOMl BENWYMHBI OMNpEAENsIeTcs] KaK «CymMMa [POU3BEICHUM, TOJYyUYEHHBIX
YMHOXXEHHEM KaXKJOTO 3HA4YeHWs CIydyalHOM BEJIMYMHBI HA COOTBETCTBYIOLIYIO
BepoATHOCTH» [2]. Ecnu B paccMaTpuBaeMoM ciiydyae 0003HAUUTh MPUPOCT SHTPOIHUH B

MoMeHT T B pe3ysbTaTe o0CcTpesa ropojia Kak «Sy, a yepe3 «p» 0003HaYUTh BEPOSTHOCTh



TOTO, 4YTO MOJyYEHHOE COOOIIEHHE COJEPKUT KOMaHAY «HadaTh 0OCTpen», TO MOIYyYUM

MAaTEMAaTHYCCKUEC OKHAaHUA

SH(To+ dT)=S,
St(To- dT)=S*p.

JIeWCTBUTENBHO, 10 MpPHUXOJa COOOIEHHUS «HayaTb OOMOapAMPOBKY» BEPOATHOCTh
OoMOaparpoBKHU ObLIAa paBHA P, a IPEAIoIaraéMblid MPUPOCT SHTponuH ObuT S*p. OgHAKO
rocje TPUX0Aa COOOIIECHHsS «HAavyaTh OOMOApAMPOBKY» BEPOSTHOCTH OOMOApIUPOBKU
CTAaHOBUTCS pPaBHOM 1, a pacueTHbI NPUPOCT SHTponuu paBeH S. COOTBETCTBEHHO

SHTPONUUHBIN MMOTSHIIMAN IPUXO0a COOOIICHHS «HaYaTh OOMOAapINPOBKY» PaBEH
Z(T, A) = S7(To+dT) — St(To— dT)=S - S*p=S*(1-p) (3).
2.1.3. PaccMOTpUM CMBICI SHTPONUIHOTO TIOTeHIMAaa B (popmyiie (3).

® BO-HepBLIX, 3HTpOHHI>iHBII>i INOTCHOUAT ITOJIOKHTCIICH. 9T0 0XKHJIaeMBbIN pe3yiibTar,

IOCKOJIBKY B pE3yJIbTAaTC 60M6ap,[[I/Ip0BKI/I OHTPOIINA 3HAYUTCIBHO BO3PACTacCT.

* Bo-BTOpBIX, MOCKOJBKY BEPOSITHOCTH P HaxoauTcs B uHTepBaie [0,1], sHTpONUTHBIMA
norenmman Z(T, A) maxomgutcs mexay S m 0. Mmeer im 310 (U3HUECKUN CMBICT?

IIpoBepsiem.

Cnyuait p=1. Ecniu BepoSITHOCTB p MOJIYYUTh KOMaHIy «HadaTh 00cTpem» paBHa 1,
TO CUCTEMa TMIOJTHOCTHIO IeTepMUHUPOBaHA. Takum 00pa3oM, MOTyICHHE KOMaH bl «HAYaTh
o6omOapaupoBky» sBisiercss 100% oxumaeMbiM COOBITHEM M €ro MPUXOJ HE MEHSIET
CKOPOCTh POCTa DHTPOMUU TaK KaK BEPOSTHOCTh OoMOapaupoBku Obuta u ectb 100%.
CoOTBETCTBEHHO MPUXO] KOMaH/IbI «Ha4aTh O0MOApAUPOBKY» HE BIUSAET Ha JAadbHEHIINN

POCT SHTPONUHU U, CIIEJOBATEIBHO, YHTPOIMUMHBIN MOTEHIMAN ITOr0 COOBITHS PaBeH HYIIIO,

Z(T, A)=0.

Cayuaii p=0,5. Eciin BeposITHOCTb p HOJIYYUTh KOMaHIy «HadaTh oOcTpem» Obuia
pasna 0,5, To B 50 % ciy4aeB obcTpen He ocymiecTBisieTcst. COOTBETCTBEHHO PacyeTHBIH
MPUPOCT DHTPONUU TEpe] MPUX0a0M Tpukaza coctaBuin S*0,5. TloctymieHne KoMaHabl
«Ha4yaTh OOMOapIMpPOBKY» HW3MEHWIO OXHIaeMblii pocT sHTpommu ¢ S*0,5 ma S.

CoOTBETCTBEHHO 3HTpOI'IPII>iHLII>i MNOTCHIIMAJI 3TOT'O COOBITHS PaBCH

Z(T, A) = S-S*0,5 = S*0,5.



Cry4aii p~0. Eciu BEposSITHOCTB P MOTYUYUTh MPUKA3 «HAYaTh 0OCTpe» ObliIa 0YCHB
maia (okoso 0), TO 0XKHIaeMbIi IPUPOCT IHTPOITUH, PACCUUTAHHBIN 10 IPUXO0/Ia MPHUKa3a,
TaKke OBUT IPUMEPHO paBeH Hyimo, ST(To—dT) = S*p ~ 0. [0BOPS MPOCTHIM A3BIKOM, JIFOIH
OXKHUJIaJIH, 4TO 00cTpera He OyIeT U CUTyalHs pa3pelnTcss MUPHBIM mmyTeM. [locTyrienue
KOMaH/bl «HayaTh OOCTpET» HM3MEHHJIO OIEHKy pocTa sHTpormmu Ha ST(To+dT)=S.

COOTBGTCTBGHHO, 3HTpOHHI>iHI:II>i IHOTCHIIKAJI 3TOI'O COOBITHS MOJIOKUTEJIEH U OUYE€HD BEJIHK.

Z(T,A)=S-0=S (4).

[Ipore roBopsi, 4eM HeodcudaHHee COOBITHE, YBEIUYUBAIOIICE SHTPOIHIO, TEM
Ooublile SHTPONUIHBINA MOTEHLMAN 3TOT0 coObITUS. BepHo u obpatHOe, ecnu coObITHE,
YBEIMYUBAOIICE SHTPOIUIO, 0KUAAEMO - SHTPOIUHHBIA MOTSHIIUAI 3TOTO COOBITHSI OYCHb
HH30K, TaK KaK 3T0 COOBITHE HE OTKJIOHSCT OYAYIYIO SHTPOITHIO OT 0XKHIAEMOT'0 3HAYCHHSL.
Kak MbI yOequance, BO BCEX PaCCMOTPEHHBIX CIy4YasX SHTPOIMHUHBIN MOTCHIMAT UMEET

(bU3NIECKUA CMBICIL.

2.1.4 O6 unrepBasie Bpemenu T. Heo6xonumo Takxke OTMETUTD, YTO BPEMEHHOM HHTEpBal
Mexay MoMeHTOM To u MomentoMm T, Uit KOTOPOrO MBI BBIYHCISIEM MaTeMaTHYECKUE
OIICHKH, JTIOJDKEH OBITh docmamouno 6ovuium. Eciv oH CIHMIIKOM Man (HanpuMmep, BCero
2 CeKyHIBI Mociie MOMEeHTa To, KOTJ]a KOMAHIUP MOIyYaeT MPUKa3), ToO 00CTpeI enie He
HaunHaercs ® ST(To+dT) ~ St(To-dT). Ecmu OH J0CTATOYHO BENWK, HAUMHACTCS
O60oMOapIUpPOBKA U OIIEHKA BBITIIAIUT CIEAYIOMIUM 00pa3oM ST(T0+dT) > ST(To-dT). Bonee

mopoOHO GakTop BpeMeHU OyaeT o0cyxaeH B pa3zene 3 «DakTop BpeMeHn».

2.2.1 Ouenka 3HTPONUHHOrO MOTeHIMAaNa coObITUS «KTO-TO CpbhIBaeT 1BETOK B Hayale

JeTa». ITo coObITHE MPUBOJUT K (KaK MUHUMYM) 3 MOCIEICTBUSM.

* Her xopma nans muen. Ilockonabky IIBETOK MOrMd B Hauajie JieTa, y MYeld HET
JoCTyna K 3TOMY HCTOYHMKY MHIIA. OJTO HEMHOIO YMEHBIIAET HX TMOMYJSALHIO H,
COOTBETCTBEHHO, OMomaccy 3eMii IO CPaBHEHUIO CO CIIydaeM, KOI/la LBETOK He ObLI

COpBaH.

* [ToTeps kpacoTsl ajist yenmoBeka. He oOCykmast B TaHHBII MOMEHT, 3aMeIISIET JTN
POCT SHTPONUH MPOCMOTP KPACUBBIX MPEAMETOB caM Io ceOe, Mbl JOJHKHBI OTMETHUThH, UYTO
TIOIU NIOOAT OKPYXaTh ce0s KpacHBBIMU TIpeaMeTaMH: OyKeTaMu I[BETOB, KapTHHAMH,

KpacHuBOM MeOEIbI0, XyA0)KECTBEHHOU MOCYAON | T. /. YUUTHIBAs, YTO BCE ATH MIPEIAMETHI



MPHUPOJBI M UCKYCCTBA CTOST JOPOXKE, YeM TPOCTasi MOCyJa W/WIH TOJHOE OTCYTCTBHE
MPEIMETOB HCKYCCTBA, MBI BUIMM YTO Yy JIIOJICH €CTh JKEJIAHUE OKPYKATh ce0sl KPACUBBIMU
N3 OCIIUAMU. He BaBasACh B ACTAJIN, MOKHO COIJIACUTBHCA C TCM, UTO KPAaCHUBaAA OKPYIKarOMias
cpena aenaer >KU3Hb 4YeJoBeKa Oosiee KOM(OPTHOW U MO3BOJISIET JIOASM KHUTh JOJbIIE U
ObITh OoJiee MPOAYKTUBHBIMU B cBOeil pabore. C TOYKM 3peHUs] (PU3UKU 3TO O3HAYACT
VBEIIMYCHUE  TPOM3BOJICTBA  BBICOKOOPTaHM30BaHHOW  OWomMacchl ¢ OOJbIICH
MMPpOAOJDKUTCIIbHOCTBIO JKU3HHU, YTO BBI3BIBACT 3aMCIAJICHUC CKOPOCTU pOCTAa SHTPOIIMU Ha
3emiie. OOCy)KaaemMoe COOBITHE «KTO-TO CPHIBAET IIBETOK B Hadyalie JIETa» YMEHBIIAeT
KOJIMYECTBO KPacOThl, HAOJIOAaeMOM JIFOJIBMH, YTO B PE3YJIbTaTe YBEIMYMBACT CKOPOCTh
pocta suTponuyu Ha 3emie. (Marematudeckoe oxumanne ST(To+ dT) Takke BKIIOYAET U
CTelMaNbHbIE CITyYaH, KOT/Ia IIBETOK OBbLI COpBaH /ajs OyKeTa ¢ KOTOporo OyneT HamucaH
HATIOPMOPT, WJIM KOT/Ia I[BETOK OyJeT MojapeH BMECTe ¢ Npu3HaHWeM B JiroOBu. Ho
BEPOSITHOCTh TAaKWX COOBITUH Maja M, COOTBETCTBEHHO, MX BKJAJ B MaTeMaTUYeCKOE

oxxunanne St(To+ dT) Toxe oueHb Mai.)

* OT0 COOBITHE TAK)KE CHUKACT BEPOSATHOCTD TOTO, YTO ITOT THIT IIBETKA OYJIET KHUTh
B Oynymem. B mpenensHoM ciydae 3TO MOXeT ObITh MOCIeAHUN BH IIBeTKa U3 KpacHoii

kaurd IUCN.

2.2.2 9HTp0HHI>iHBII>i IIOoTCHOHaJl 3TOIro CO6BITI/I}I OIMUCBIBACTCA TOYHO TAaKHMM K€, KaK B
dbopmye (3).

Z(T, A) = S1(To+dT) — St(To— dT)='S - S*p=S*(1-p) (4),
rae p — BCpOSITHOCTI) CO6BITI/I$I «KTO-TO CpLIBaeT OBETOK B Ha4YaJIC JIC€Ta», a S — HpI/IpOCT

SHTPOIINH 0 TIPUINHAM, ONTMCAaHHBIM B IyHKTe 2.2.1. Kak mb1 BuanMm, Z(T, A)>0 u 3aBucur

OT BEPOSTHOCTH P.
Ananu3 ¢puzndeckoro cMbicia Gopmyiisl (4) 1aeT aHATOTUYHBIE PE3YIbTaThI.

Cayuaii p=1. Eciu cuctema aeTepMUHUPOBaHA U BEPOSTHOCTH THOEIH 1IBETKA COCTABIISET
okoiio 100%, To SHTpONUITHBINA MOTEHLMAN 3TOr0 cOOBITUS oueHb Man. Hanpumep, eciu
LIBETOK POC Ha 3aJJHEM JIBOPE Y IOMa, OH BCE PABHO MTOTMOHET IIPH CTPHKKE ra3oHa. B aTom

cllyyae SHTPONMUHBIA noTeHuan atoro codsrtust Z(T, A) ~ 0.

Cayuaii p=0,5. AnanoruyHo 1. 2.1.3 SHTPONUIHEII MOTEHIIHA 3TOT0 COOBITHSI PaBEH



Z(T, A) =S-S*0,5 = S*0,5.
Cny4aii p ~ 0. AHa;mornyHo 1. 2.1.3 SHTPONUIHBIN TOTSHITUA TOTO COOBITHS
Z(T,A)~S.

DTy CUTyalMI0O MOKHO MPOMWJIIIOCTPUTOBAThH CIy4aeM, KOT/a IIBETOK POC Ha KiIymbOe B
00IIECTBEHHOM TapKe, Iie BEPOSITHOCTh OBITh COPBAHBIM O4YeHb Majia. COOTBETCTBEHHO,
TOT, KTO CPBIBA€T 3TOT I[BETOK, COBEPIIAET MAJIOBEPOSTHOE COOBITHE, KOTOPOE PUBOJIUT K
pocty sHTpomnuu, paBHOMY S, B MoMeHT T. Takum oOpa3om, SHTPONMIAHBIN MMOTCHIINAT

3TOTO COOBITHUS paBeH S.

2.3.1 Ilpoananu3upyeM >HTPONHMMHBIN MOTEeHLMANT coObITHs «B opraHmzMe uenoBeka
pacTeT pakoBas OImyXxoJby». [lJig 10CcTaTOYHO OOJIBLIOr0 MHTEpBaja BPEMEHH 3TO COOBITHE
nMeeT 2 ucxoaa. YemoBek ¢ OImyXoJIbio JIM00 YMpPET U3-3a paka, 1u00 BeikuBeT. O003HAYNM
BEPOSITHOCTh cMepTH Kak p. COOTBETCTBEHHO, BEPOSTHOCTh BbDKMBaHUS paBHa (1-p).
[Tpupoct sHTponMu S B pe3yibTaTe CMEPTH YeslOBEKa IO CYLIECTBY SBIISETCS CyMMOM
MPUPOCTA DHTPOIUU B pe3yjbTaTe pa3pyllIeHUs Tela 4YejoBeKa KaK OHOJOTHYEeCKOTro
oobekta (Sp) W OTCYTCTBMS BKJIaja 4YeJIOBEKa B pa3BUTHE 4YEJIOBEYECTBA U
COOTBETCTBYIOIIETO 3aMEJICHUSI CKOPOCTH POCTa SHTPOIUH (Sp), 4TO HE MPOU3OUACT U3-3a

CMCPTHU 2TOI'0 YCIIOBCKA.

B cootsercTBum ¢ [3] Sp MOXHO oueHHTH Kak moTepio 1,3*10%° 6ur mmdopmaruu B
pe3yabpTaTe pa3pyllieHus OpraHu3Ma YejloBeKka Kak Oumosiorudeckoro odwekra. (CormacHo
[4] oTa oueHka oyeHb Ipybas M «MOXKET pPacCMaTPUBATHCA KaK HEKOE «HYJIEBOE»

npUOIHKEHHE. )

3aMmelJIeHHe CKOPOCTH pPOCTa OHHTPOMHHM 3a CYET pa3BUTHUE 4YelloBe4YecTBa Oyaer
paccMoTpeHo B pazzene 4 «YcpenHenue». B cCOOTBETCTBUU C 3TUM MMYHKTOM 3aMeJICHUE
pocta sHTponuu (Sp) 3a CUET Mporpecca COCTaBiIsgeT B cpeaHeM mpuMepHo 1% ot Sp (mo

KpalHe# Mepe Ul KaKI0ro HHAWBUAYyMa, sxuBIIero 1o 1750 roxa.)

Paccuutaem 3HTpOl'IPII>iHLIﬁ IIOTCHI AT coonITHs «B OpTraHHU3MC YCJIOBCKA PACTCT paKOoBas

onyxoib». B coorBercTBUM ¢ hopmyroii (1)

Z(T, A) = S7(To+dT) — ST(To—dT)



Maremarnueckoe oxumanue >HTponuu ST(To — dT) mist momenta T, paccuuTaHHOE 110
Hayaja pocTa paKoBOH OMYXOJIH, IPEICTABIISAET COO0M CYMMY OLIEHOK Sh U Sp I MOMEHTA

T, canenmannbix B MomeHT (To—dT)
ST(To—dT) = Sb,7(To— dT) + Sp.1(To—dT) (5).

Matremaruueckoe oxumanue 3aTporuu St(To+ dT) s momernrta T, paccunTaHHOE MOCIHE
Hayaja pocTa paKoOBOM OMYXOJIH, IPEICTABIISET CO00M CyMMY OLEHOK Sp U Sp [UII MOMEHTA

T, cnenanHbIXx B MOMEHT To+ dT (mmocie Toro, KaK mpou301u1o coobITHe A)
ST(To+ dT)= Sb7(To+ dT) + Sp.7(To+ dT) (5a).
CoOOTBETCTBEHHO, SHTPOITUHHBINA TOTCHIIUAT COOBITHS A UMEeT BU]T
Z(T, A)=S7(To+dT) — St(To—dT) =
Sb.T(To+ dT) + Sp.1(To+ dT) - Sb.1(To—dT) - Sp1(To—dT)=
[Sb,7(To+ dT) - Sb,7(To— dT)] +[Sp.r(To+ dT) - Sp.7(To— dT)] (6)

2.3.2 ®opmyna (6) moka3bpiBaeT BaXHOCTh MOMEHTa T, JJIi KOTOPOTO MPOU3BOIAUTCS

MaTEMAaTHU4YCCKas OLICHKA.

* Eciu T paBHo 200 rogam, To Sb,T(To+ dT) = Sb,1(To- dT), moCKOJIbKY 4eTIOBEK BCE PaBHO
YMHUpAET ¥ MaTEeMaTHYECKOE OXHJIaHUE POCTa OMOJIOTHYECKON SHTPOIUU JIAeT OJHO H TO

K€ 3HAYCHHUC.

« Ecu T pasHo 10 cexynmam, To Sb1(To + dT) cHosa paHO SbT(To - dT), mocKoMbKY

HUHTEpBaJI CJIUIIKOM KOpOTKI/Iﬁ 1 00a MaTeMaTHYCCKUX OXUJaHUS HCPAZJTIUIUMBI.

» OnHako, ecnu T GoJble, YeM oxuaaeMas MPoJ0JKUTEILHOCTD JKU3HH YEIOBEKa C ITOU
(dhopMoii paka, HO MEHBIIIE, YeM OXKHJIaeMast MMPOJIOJKUTEIIEHOCTD )KH3HU TOTO K€ YeJIOBEKa
6e3 paka, TO OJKHIaeMblil pocT GHosormdeckoit suTpormn SbT(To+ dT) cocTaBiseT okono
10% (pe3ymbTaT cMepTH uenoBeKa) M MaTeMaTHuecKoe oxuaanue SbT(To- dT)=102*Ppy,

rae Pnat - BEPOATHOCTb YMEPCTh OT €CTCCTBCHHBIX ITPUYHH.

[Tockombky Prat <1, B mo6om ciydae Sb,T(To+ dT) > Sb,1(To - dT). OTmMeTnm Takxe, 9TO
BEPOATHOCTh YMEPETh OT €CTECTBEHHBIX MPHUUUH Pnat 3aBUCUT OT Bo3pacTa. Uem Ooblie
BO3pacT, TeM BbIIIE Pnat (4711 MPOCTOTHI MpeHeOperaeM BBHICOKUM Phat B TIEPBBIE MECSIIBI

JKU3HH).



2.3.3. PaccMOTpHUM Tereph BTOPYIO YacTh ypaBHerus (6) Sp.1(To+ dT)- Sp.1(To—dT). B Hem
MIpe/ICTaBJIeHa pa3HUIla B POCTE SHTPOIUHU H3-3a HECIIOCOOHOCTH YEeIOBEKa BHECTH CBOU
BKJIaJ] B Pa3BUTHE YEJIOBEUECTBA M COOTBETCTBYIOILIEE 3aMEAJIEHUE CKOPOCTH pOCTa
sHTponuu B Oyaymem. 1o pa3neny 4 «YcpeaHeHue» 3aMeyIeHHe pocta YHTponuH (Sp) 3a
CUeT MpOorpecca COCTAaBISET B cpeaHeM okono 1% or Sp (T.e. ~10%* 6ur). Tak kak 3710
3aMeJUICHUE He IPOM30IeT U3-32 CMEpPTH UeloBeka, To B cpeaaeM Sp.1(To+ dT)> Sp.1(To—

dT) u Sp.7(To+ dT)- Sp,7(To— dT)>0.

Matemaruueckne oxumanns SpT(To — dT) u Sp7(To + dT) mIs KOHKpETHOTro
YeJOBeKa TAaK)Ke 3aBUCAT OT BO3pacTa M WHAWBUIYAIBHBIX KAdecTB dYelloBeKa. Yem
TaJaHTJINBEE aHAJIM3UPYEMbI YEJIOBEK, TEM BBINIC OILEHKA €ro BKIaJa B pPa3BUTHE
yenoBedyecTBa. COOTBETCTBEHHO MaTeMaTHueckoe oxunanue Sp1(To— dT), paccunTanHoe
st momenta T, mMenbiue, a pasaocts Sp1(To+ dT) - Sp7(To— dT) Gombiue. TouHO TaK *e
YeM MEHBIIIEC BO3PACT aHAIM3UPYEMOTO YEIOBEKa, YeM BBIIIC OLIEHKA €T0 BKJIaJl B Pa3BUTHE
yenoBedecTBa, TeM MeEHbIIE MaTeMaTHdeckoe oxkupanue suTpommm SpT(To — dT),

paccuntanHoe it MoMeHTa T, 1 Tem 6onbire pasauma Sp.1(To+ dT) - Sp.r(To— dT).

JI1s Halero aHaM3a BaXkeH 3HaK pasHoctu [Sp.1(To+ dT)- Sp.1(To— dT)], KoTopsIit
take nonoxkutened, kak u  [SbT(To+dT)-SbT(To—dT)], kak MOKa3aHO BHIIE.

COOTBCTCTBGHHO, 3HTp0HHI>'IHBII>'I MNOTCHIUAII aHAJIU3UPYCMOT'O CO6BITI/I$I IIOJIOKUTCIICH.
Z(T, A)=[Sb.T(To+dT) - Sb.1(To— dT)] +[Sp.T(To + dT)- SpT(To—dT)] >0 (7).

2.3.4. O6cymum ¢usndeckuit cmbici hopmyisl (7). Bo-nepBbIX, NOJYEPKHEM, YTO MBI
paccmatpuBamy pasHocTs Sp.T(To + dT)- Sp.1(To— dT) kak cpeonee snauenue Ons 6onbULON
epynnwl moaeu (moapodbHee B paszpene 4 «YcpemHeHue» Hmwke). s HEKOTOPBIX
MHIMBHI0B pasHocTh SpT(To + dT) - Sp1(To — dT) MoXkeT OBITH HYIEBOH MM Jaxe

OTpI/IL[aTeJILHOﬁ. Huxe IMPUBCACHBI HCCKOJIBKO ITPUMEPOB.

* Ecnu genoBek Ha 100% HeoOpaTuMo mapaanu3oBaH MM OTOBIBAET MOKU3HEHHOE
3aKJII0UEHHE B TIOpbMe (6€3 IIIaHCOB Ha 0CBOO0XK /IeHNE U 0€3 KOHTaKTa C BHETHUM MUPOM),
ero BKJIaJ[ B Pa3BUTHE OOIIECTBA OTCYTCTBYET H, caenoBatensHo, Sp1(To+ dT) = Sp.1(To—
dT). DHTpOnUIAHBIA MOTEHLMAI pacCMaTpPUBAeMOro coObITHs «PakoBas OMyXoJb pacTeT
BHYTPH TeJa 4eloBeKa» IS TaKUX JIIOJIEHl TeM He MeHee IOJIOKUTENIeH HM3-3a MepBOi

«6Hroornueckoiy kommoreHnTs! [Sb,T(To+ dT) - Sb1(To— dT)]>0



o Jlna ciydasi, KOT/Ia YeJIOBEK SIBIISIETCS «HETIOWMaHHBIM CEPUHHBIM yOHMIIEI,
pazHocTh Sp.T(To+ dT) - Sp.7(To— dT) MoXeT OBITH OTPULIATENBHOM. JeHiCTBHTEIBHO, pacyeT
MaTeMaTHYeckoro oxumanus sHrpormu SpT(To — dT) Ul HOCTATOYHOTO MPOMEKYTKA
BpemeHH T BKITIOYaeT B ce0sl pOCT SHTPOIHH, BHI3BAaHHBIN JAITBHEUITMMH Y€JI0BEUSCKUMU
CMEPTSIMH C JJOCTATOYHO BBICOKMMH BEPOSTHOCTSAMH. Ecin Mbl 0003HaYMM BEPOSTHOCTH

youiicTB B Oynymiem Kak Pki, Pz, Pk3 1 T. 1., MBI moxyuum
SpT(To— dT) = Sk+ Pka*Sb*1.01 + Pio*Sb*1.01 + Pka*Sb*1.01 u T. 1., (8)

rae Sp — TMPUPOCT DHHTPONHUHM B pe3ylbTare pa3pylieHUs Telna YeIOBeKa Kak
6uonornyeckoro oonekta (~10%° 6uT), Sk — M3MeHeHHe YHTPONUHU B pe3ynbTaTe APYroii
nesTenbHOCTH 3Toro venmoeka u 1,01 — xoaddurment, yuuteiBaromuid 1%-ii Bkiafg
yOWTBIX JIIOACH B TPOTPECC 4YeJOBEYECTBa, 4YEro HE MPOU3OHACT U3-3a UX
npexxaeBpeMeHHol cmeptu. [lockonbky coObiTHe «PakoBast omyXxosb pacTeT B OpraHu3Me
YeN0BEKa» COKpAIIaeT MPOJOJIKUTEIbHOCTh KU3HU ATOr0 YOMMIIBI M YUCIIO MX KEPTB,
MateMaTHdeckoe oxuaanue Sp.1(To+ dT) craHoBUTCS MEHBIIE

SpT(To+ dT) = S+ Pia*Sh*1.01 + Pio*So*1.01 i ke
Sp,T(TO +dT) = Sk

COOTBCTCTBGHHO, pasHua MaTCMaTHYCCKUX O)KI/II[aHI/Iﬁ OTpULATCIIbHA

Sp,T(To + dT) - Sp.7(To —dT)=
[Sk+Pk1*Sp*1.01 + P2*Sp*1.01] - [Sk+ Pka*Sb*1.01+ Pro*Sp*1.01+ Pya*Sp*1.01...] < 0.
WHpiMH clioBaMU, SHTPONMMHBINA NOTeHLMan coOblTud «B opranusme udenoBeka
pacTeT pakoBas OIYyXOJIb» OTPULIATEIIEH, €CIIM PAacCMaTPUBAEMBIN YEIIOBEK SBIISCTCS
«HENMOWMaHHBIM CEpUHHBIM yOuiiei». ITo 0XMIaeMblil pe3ynbTaT, KOTOPBIH MbI

(hopmMaM30BaIH C TOMOIIIBIO SHTPOITMMHOTO MOTEHITMAIA COOBITHSI.

2.3.5 Pe3tome. B 00macTi 3TUKM MBI Ha3bIBa€M CMEPTh YEJIOBEKA «Tpareiuei», cMepTh
TAJaHTJIIMBOTO YEJOBEKa «YXKacHOM Tpareauei», a CcMepTb CepuUHHOro YyOMHIIBI
«CIpaBeUINBOI». Mcronp30BaHWE HHTPONUIHOIO MOTEHLMANA COOBITHS T03BOJISET

(hopmanM30BaTh U ATH TEPMHUHBI.



2.4.1 OteHKa YHTPONMUHHOTO TOTEHITHANIa COOBITHS «JIocOoCh MOrubd Ha MyTH K HEpeCTy». B
3TOM cllydyae YOUTBHIN JIOCOCh HE OyJIeT HEPEeCTUThCS M, CIIEJOBATEIbHO, 3aMEAJIUT POCT
MOMYJIAUU JIococss W oOmel 6momaccel Ha 3emue. [loHATHO, yTO 3Ta HMma Oyner
3aM0JIHEHA APYTUMHU JOCOCSIMH, TIOTOMY YTO PECYPCHI, UCIOIb3yEMbIE YOUTBHIM JOCOCEM,

CTAHOBATCA NOCTYITHBIMH.

2.4.2 Kak 1 B Apyrux ciiydasx, SHTPOIUUHBINA MTOTSHITUA 3TOTO COOBITHS CUIILHO 3aBHCHUT

OT MOMCHTa T, AJI1 KOTOPOTI'O0 MBI BBIYUCIIACM CIICAYIOINC MATCMATUYCCKUC OLICHKH.

* Eciu momenT T remeonenno cnemyet 3a MoMeHTOM To, Koraa mocock Obut your (t.e. T ~
To), MaTemaTuueckoe oxkuganue >arponuu St(To— dT)=S*p, rae S — NPUPOCT SHTPOIUH
M3-32 YHUUTOXKEHHUS JIOCOCS KaK OMOJIOrH4ecKoro o0beKTa, a p — BEPOSATHOCTH TOTO, YTO
nocock Oyaer your. Jlns ouenkwu, caenanHoit B MoMeHT (To+dT), MaTemaTrueckoe
oxunanue St(To+dT) pocta SHTpOIHMH paBHO S, MOCKOIbKY B MoMeHT T ~ To eme He
MIPOU30IUIO0 HUKAKUX JIPYTHX COOBITHIA.

COOTBETCTBEHHO SHTPOIUUHBINA MOTEHIMA 3TOTO cOObITHS Ipu T ~ To paBeH
Z(T, A) =S1(To+dT) - ST(To-dT) = S - S*p=S*(1-p) (9).

« Ecn moment T ouens nanek ot To (Hanpumep, T=To+100 ner), To ST(To+dT) =
ST(To-dT), moToMy 4TO yOUTHII T0COCH OY/IET 3aMEHEH JIPYTHM JIOCOCEM, TaK KaK PecypcHI,

HUCITIOJIB30BAHHBIC Y6I/ITI)IM JIOCOCEM, CTAaHYT JOCTYITHBIMHU.

* Eciu momenT T docmamouno nanek ot To (HanpuMep, HECKOJIBKO JTHEH/MECSIIER),
10 pasuuna St(To+dT) - ST(To-dT) cHauana GyaeT pacTu, IOTOMY 4TO B IOTIOTHEHHE K POCTY
SHTPOIUH U3-3a YHUUTOXKEHUS JOCOCS KaK OMOJIOTHYECKOr0 00BEKTa, MOMYJISLUS HOBOTO
Jococst OyJieT MeHbIIIe, YeM OHa MOorJIa Obl OBITh IIPU YCIIEUITHOM HEPECTE JIOCOCS U MOCIIe

9TOro YMCHBIINUTCA 10 0, IMOTOMY YTO MOITYJIAHA JIOCOCA BEPHETCA K HOPMCE.

2.4.3 B 065acTH 3TUKHU MBI CUUTaeM 4To coObITHE «JIoCOCh YOUT MO IyTH Ha HEPECT» XYyKe,
geMm coObiTue «Jlocock yout». Otpakaer nu 310 Qusndeckuii moaxon? [a, moromy uto
MMOMHMO POCTa DHTPOIHUU 33 CYET YHUYTOXKCHHUS JOCOCS KaK OMOJOTHYECKOTO O0BEKTa
OyZeT BPEMEHHO COKpAIIAaThCS TMOIYJISALHUS JIOCOCS M COOTBETCTBYIOMAs Oromacca. JTo
03HauaeT OONBIIYIO PA3HUIlY MEXLY MaTeMaTHdeckuMu oxunanusamu St(To+dT) u St(To-

dT) u, COOTBETCTBEHHO, Ooublliee 3HAaYeHHE SHTponuitHoro morenuuana Z(T, A) =



St(To+dT) - St(To-dT). B mpeaenbHOM citydae, Koraa MOCIEIHUA JIOCOCh B JIOKATHHOM
MONYJISAIMK TTOTHOAeT Ha MyTH K HEPECTy, IHTponukHbIN nmoteHnuan Z(T, A) cTaHOBUTCS
eme Oosplie u3-3a ropazno Oosbliero BpemMeHH T, HEOOXOAMMOTO MPHPOAE s

BOCCTaHOBJICHHSI MECTHOM MOILYJIALIUY JIOCOCS. U COOTBETCTBYIOIIEH OMOMACCHI.

2.4.4 Pestome. B obOmact 3THKM MBI Ha3blBaeM YOWKCTBO JIOCOCS Ha MyTH K HEPECTY
«IJIOXUM», @ YOUICTBO MOCIEAHET0 JOCOCs B MOMYJSLUU Ha MMyTH K HEPECTy — «OUYEHb
wIoxum».  lcnonb30BaHWE  DHTPONMHHOTO  IMOTEHIMAda  COOBITHUS  IO3BOJISICT

(dhopManr30BaTh U TH TCPMUHBL.

2.5.1 OteHka SHTPONUIHOTO MOTEeHIMAaNa COOBITUS « Ty4HBII YeTOBEeK CheAaeT euie OJIHy

koH(peTy». AHanoruyso 1. 2.3.1 u popmyse (6) umeem

Z(T, A) = S1(To+ dT) — St(To—dT) =
So.T(To+ dT) + Sp.7(To+ dT) - Sb.1(To—dT) - Sp.7(To—dT)=

[SbT(To+ dT) - SbT(To— dT)] +[ Sp.(To+ dT)- Sp(To— dT)] (10),
raie Sp — TMPUPOCT DSHTPONHMH B PE3yJbTaTe pa3pylICHUS Tela 4YeJIOBEKa Kak
OMOJIOTMYECKOTO0 O0BEKTa, a Sp — OTCYTCTBHE BKJIaJla ATOTO YEIIOBEKA B Pa3BUTHE

YCJIOBCUYCCTBA N, COOTBCTCTBCHHO, 3aMCAJICHHUEC CKOPOCTH POCTa SHTPOIINU (Sp), KOTOpPOC HE

HpOI/I3OI>'I):leT HU3-3a MEHBIIIEH MPpOAOJIKUTCIIBHOCTU KU3HU 3TOTO TYHYHOI'O YCJIOBCKA.

2.5.2 Haxe ecnu ¢opmynsl (6) w3 mynkta 2.3.1 u (10) BBIMISAAT OJWHAKOBO,
pacripesieNieHis BepOsTHOCTEH, (pOPMUPYIONINX MaTeMaTHUecKue OKHAaHus SbT u SpT,
paznuunbl. opmyna (6) oMUCHIBaeT MPaAKTUIECKH HEOOPATUMBIH MpoIlece pocTa pakoBOM
OMyXOJH B OpraHu3Me UYeJOBeKa C BBICOKOM BEPOSATHOCTHIO CMEPTH M HU3KOU

BCPOATHOCTHIO BEIDKUBAHMA.

Pacripe/ienieHns BEpOATHOCTEH MaTeMaTHUeCKnX okumannit Sb.T u SpT dpopmyis (10)
uHble. Harmpumep, npu 10CTaTOYHON CHJIE BOJIM aHATM3UPYEMBIN TYUHBIA YE€TTOBEK MOKET
CHU3UTb CBOM BE€C W BEPHYTbCA K HOPMAJbHON MPOJOJKUTEIBHOCTH SKH3HHU.
COOTBETCTBEHHO KOJMYECTBO BO3MOXKHBIX COOBITHN, (OPMUPYIOMIMX MaTeMaTHUYECKUE
oxufanus SbT U SpT, 3HAUNTENBHO GOMbIIE, a CHCTEMA TOPA3I0 MEHee IeTePMHHUPOBAHA.
OpnHako, MOCKOJNBKY Mbl aHanu3upyeM coObiTHe «TydHBI YeloBeK ecT HE3TOPOBYIO
MUIIY» B MOMEHT ITOKa OH/OHa €IIle CTPaiaeT OKUPEHUEM, 3HAK SHTPOITHUIHOTO MTOTCHIIHAA

Z(T, A) B popmyie (10) octaercst HOTOKUTENBHBIM.



3. ®axkTop BpeMeHH

Kak mbl Buzmenu Beille B pazgene 2, Uil docmamoyno Oonblmioro BpeMeHu T
«OHTPONUIHBIN ToTeHITuaN cOOBITUsY Z(T, A) MOKHO OIICHHUTb, @ UHOTJA U TOYHO BHIYHCITUTH.

Tenepb IMMOsICHUM, UYTO O3HAYACT TCPMUH «OOCMAmMoOuHO».

3.1 Ecnu moMeHT BpeMeHu T, 111 KOTOpOro Mbl OLIEHMBAEM SHTPONUINHBIN MOTEHIIHAI
coObITus A, 04eHb 0JIM30K K To, To MaTeMaTudeckue oxkunanus ST(To+ dT) u St(To—dT) ouenn
OJIM3KU JPYT K IPYTY U, COOTBETCTBEHHO, SHTPOIUUHBIN MMOTEHIINANI COOBITHS, OIICHCHHBIN Ha

sror MoMeHT T, mpubnu3nuTensHo pased nymo, Z(T, A) = St(To+ dT) - ST(To—dT) = 0.

3.2 Ecu momeHT BpeMeHu T, JU1ss KOTOpOTO MBI OLIEHHUBAEM SHTPOIUIHBINA OTESHIHAT
cobbITHs A, oueHb jganex oT To (HampuMep, COTHH JIeT), TO MaTeMaTHdeckue oxuanus St(To
+dT) u ST(To— dT) He MOTYT GBITH PACCUMTAHBI B HEJETEPMHUHUPOBAHHBIX CHCTEMAX, TAK KaK
KOJIMYECTBO COOBITHIA Mexay MoMeHTamMu To M T CIMIIKOM BENHMKO W BEPOSTHOCTH 3THX
coObITuit 3apanee HensBecTHHI. (TOT (hakT, YTO SHTPONMITHBIN MOTEHIIUAT COOBITUI HE MOXKET
OBITh pacCcUMUTaH, HE O3HAYAET, YTO OH HE MOXKET OBbIThb oyener; cM. paznen 4 «YcpeaHeHue»

HUXKE.)

3.3 Takum 00pa3oM, MBI MOXEM OIPEACIUTh «IOCTATOYHO OOJBIION BPEMEHHOM
naTtepsam» (T - To) Kak HHTepBaI, KOTa MaTeMaTHdeckue oxuaanus oxuaanus St(To+ dT) u
ST(To— dT) MoryT 6BITH BHIYMCIEHHI (C OMpEeNeHHOH TOYHOCTHIO) M 3TH MaTeMaTHYecKHe
OYKUJIaHUS SHTPOIUH CYIIECTBEHHO OTJIMYAIOTCA JIPYT OT JIpyra. B 3aBUCMMOCTH OT COOBITHS
A 3TOT «aocTaToyHO 00bII0N HHTEpBas BpeMeHn» (T - To) MOXKEeT UMeTh IIUTENBbHOCTD OT
CeKyHJ (IJi1 WHISTEPMUHUPOBAHHBIX WH(OPMAIMOHHBIX CHCTEM, TaKUX KaK Te€HEpaTOpbI
CIIy4aifHbIX YHCET WM JIOTOTPOHBI) IO COTEH JIET I 3HAYUTEIbHBIX COOBITHI B UCTOPUU WITU

BaYKHBIX U300pETEHUI ¢ HU3KON BEPOSTHOCTHIO TIOBTOPEHUSI.

3.4. TIpowsuTrOCTpUPYEM TEPMHUH <«JIOCTATOYHO OOJBIION BPEMEHHOM HMHTEPBAI
cienyromuM npuMepoM «Komawawp momydaer mpukas oOCTpensTh ropoa». B mepBbie
HECKOJIBKO CEKYHJ| SHTPOMUSI CHUCTEMBI MaJlaeT, MOTOMY YTO CHCTEMa MEHSIET COCTOSHHE C
HeompeaeNeHHoro (0O0CTpenrBaTh TOPOJA WM HET) Ha ompeneneHHoe (oOctpenuBath). B
MOCTICYIOIINE HECKOIBKO YacOB OSHTPONHS CHCTEMBl 3HAYMTEIFHO BO3pacTaeT H3-3a
paspyiieHuii U cmepreil oT O60MOapAMPOBOK. MaTeMaTH4ecKoe OXHAaHWE DSHTPOMUU B

Macira0e JIeT 3aBUCHT OT TOr0, KTO OTH JIFOJH, )KUBYIIUC B 3TOM O6CTpCJ'I}IHHOM ropoxae. Ecmu



3TO MPOCTO OOBIYHBIE JIIO/IU, HE MJIAHUPYIOIINEe HAYMHATH BOMHY WM yOUBaTh U MOpadoIaTh
JOpYTHX J0JIeH, To 60MOapIupoBKa X rOpo/ia 3HAUUTENBHO YCKOPUT pOoCT SHTponuu. OaHaKo,
€CIM TOpOJ TMpeAcTaBisieT coOoM, Hampumep, Hauuctckuid bepnun 1939 roma, ero
OoMOapIupoBKa B JOJITOCPOYHOM MEPCIEKTHBE MOXKET 3HAYUTEIHHO 3aMEIUTh CKOPOCTh
pocTa PHTPOINHUHU, MOCKONbKY rubenb [wtinepa um ero Onmxkailliero OkpyXeHHs MoOrja Obl
IIPUBECTU K CHUTyauuu, Korga Bropas mupoBas BoiiHa He HaumHaeTrcs. COOTBETCTBEHHO
OTPOMHBIX Pa3pyLICHHUI U pOCTa S3HTPOIMUH U3-3a BOMHBI HE IPOUCXOJNT, YTO JCIIAECT S1945(To
+ dT)<<S1945(To - dT) ¥ PHTPONMIAHBINA MOTEHIAAN ITOTO COOBITHS OKA3BIBAETCS CYIIECTBEHHO

orpunarenbbiM Z(1945, A)«<0, rae T=1945, ron 3aBepiienus Bropoit MUpoBOii BOIHBI.

3.5 Kak BHIHO W3 BBHIIEIPUBEACHHOTO MPHUMEPA, B MacIITa0e HECKOJIBKHX CEKYH]I
SHTPONUNHBIA MoTeHUMan coObiTus «KomaHaup nojyyaer mpuKa3 oOOCTpeNsiTh TOopo»
OTpHLIATENIbHBINA, B MaciiTabe HECKOJBKMX YacOB — PE3KO MOJOXKHUTEIbHbIM, a B MacuTalde
HECKOJIBKHX JIET OH MOKET CHOBA CTaTh CYIIECTBEHHO OTPULATENBHBIM. Bee 3T0 moguepkuBaer

BaXXHOCTb (haKTOpa BPEMEHU B SHTPOIUUHOM MOTEHIIHANIE COOBITHUS.

[TockobKy MBI HCIIOJB3yeM SHTPOIUHHBIN MOTEHIMAT COOBITHS KaK (PH3UYCCKYFO
Mepy 0obpa W 31a, TPUBEICHHBIN BBILIE IPUMEP WLTIOCTPUPYET ClIadOCTh OLIEHOK 000pa W 31a
B TCUCHUE KOPOTKUX MEPUOJ0B BpeMeHHU. TOJIbKO MO MPOIIECTBUH IOCTATOYHOTO BpEMEHHU (B
HEKOTOPBIX CITy4asX uepe3 JECATHIICTHS ) Mbl MOXKEM CKa3aTh, OBLIO JI COOBITHE XOPOIIIUM HITH
TUIOXUM, HJIU C TOYKHU 3pCHUS (U3WKH, OBLI JIM SHTPOMHHHBIA TOTEHIIHA dTOTO COOBITHS

OTPULIATEILHBIM WIH MOJIO0KUTEIbHBIM.
4. Ycpennenue

4.1. O3HayaeT U MyHKT 3 BHIIIE, YTO B MACIITa0€ HECKOJIBKUX CTOJIETUM OOJBIITUHCTBO
peanbHBIX COOBITUM YCPENHSIOTCSA, W WX DHTPONUNHBIE TOTEHIMAJIBI CTAHOBSITCS

MPeHeOPEeKUMO MaTbIMU?

JIeCTBUTENBHO, YEPE3 HECKOJIBKO COTEH JIET HUKTO HE BCIIOMHMT, YTO «KTO-TO COpPBaJ
LBETOK B HayaJe JIeTa», WIH «KTO-TO YMEpP OT PaKOBOW OIMyXOJIN», UITU <«JI0COCH OB yOUT Ha
IIyTH K HEPECTY», WIIN «TYYHBIN YEJIOBEK HMJI MEHbIIE 4eM MOT Obl» U T. 1. O3Ha4aer ju 3To,
YTO TOCJIEACTBHUS BCEX 3TUX COOBITMH CMEIIMBAIOTCS C MHJUIMApAaMH MOCIEICTBUNA IPYTUX
COOBITHI ¥ IOITOMY SHTPONUIHBIE TOTEHIIUANIBI 3TUX COOBITUI CTAHOBSATCS HEBBIYHUCIUMBIMU

W HAYTOKHBIMU B MacIuTade HECKONBKHUX CTOJIETHIA?



Her, He o3Havaer. 310 mpaBa, YTO SHTPONUKHHBIE TOTEHITUATBI OOJBIITMHCTBA COOBITUI
CTAaHOBATCA HEBBIYUCIMMBIMU B MacuiTabe HECKOJIbKHX CTOJETUH, MOTOMY YTO UX
MOCJICACTBUA HCPA3JIMYUMBI, 4 UX BCPOATHOCTH - HCBBIYHCJIIMMBIL. OI[HaKO preI[HeHHBIf/'I
SHTPONUIHBIA MOTEHIMAT HE CTaHOBHUTCA IMpeHeOpexuMo MaibiM. Hmxe Oyner mokasaHo,

rnoyemy.

4.2 T.K. MBI aHAIM3UPYEM, CTAHET JIM DHTPOMUUHBIA MOTCHIHAN TEKYIIMX COOBITHI
paBHBIM HYIIIO B MacIiTade BEKOB, TO JIUIsl HaYalla paCCMOTPUM COOBITHSI, KOTOPBIE MPOU3OILITH
B npouuioMm, Hanpumep, 200 ner Hasaa. Moxem 1M Mbl CKa3aTb, 4TO SHTPOIUIHBIE
MOTEHITUAIBI COOBITHA, Mpou3omeamux 3a nociaeaaue 200 aet, paBHbl Hyt0? O4eBUAHO, MBI
HE MOXEM YTBep)KIaTh 3T0. HbiHemHui Mup Ha mopsaok cioxHee, yem 200 et Ha3ad, U B
HEM MHOTO CYIIHOCTEH, KOTOPBIX HE ObIO B TO Bpemsi. UHUCIEHHOCTh HaceJIeHUsT HAMHOTO
Oombire, yem Obu10 200 5eT Ha3aa, W, KPOME TOro, UMEET OONBIIYIO TPOJOKATEIHBHOCTh
KU3HU. Bce 3T M3MEHEHUs SBISIOTCS PEe3yIbTaTOM COOBITHI, MPOUCHIEANINX B TEYCHUE ITUX
200 ner. DTO oO3HAYaeT, YTO YCPEAHEHHBI SHTPONUIHBIA MOTEHIMAT BCEX COOBITUH,
peain30BaHHbIX B aHanusupyemom 200-neTHeM nepuone, He paBeH 0. B nmpoTtuBHOM citydae
MBI KUJIU OBI B T€X )K€ yCIIOBUSX, uTO U 200 j1eT Ha3a1, 1 UMeIH ObI Ty XK€ MPOI0JDKUTEIBHOCTh

JKU3HU, YTO U B IIPOIIIIOM.

Hano Taxke OTMETUTb, YTO K aAHAIU3UPYEMBIM COOBITHSIM OTHOCSATCS HE TOJIBKO
n300peTeHus], CeIbCKOX03I1CTBEHHbIE, MEUIIMHCKIE U HAay4yHble pa3paOOTKH, T.. COOBITHS,
3aMeAIAonMe pocT 3HTponuu. OHM TakKe BKIIIOYAIOT B ce0sl HACWIIBCTBEHHOE BHEIPEHHE
COLIMAJIBHBIX TEOPHi, 2 MUPOBbIE BOWHBI, MAHAEMUH, TEHOLUIBI U APyTrUe COOBITHS, KOTOpPhIE
3HAYUTENBHO YCKOPWIN pocT 3HTponuu. OpHaKo, HECMOTpPs Ha 3TO, 00wjas cymMma BCEX
COOBITHH MO3BOJIMJIA YEJIOBEKY YBEIMYUTh YUCIEHHOCTh HACEIEHUSI U JKUTh JOJIbIIE, TIOCTUYb
MHOTMX HOBBIX pE€3yJbTaTOB B HAayKe, TEXHHKE M MCKYCCTBE, T.€. MMEET B CPEIHEM
OTPULIATENIbHBIA SHTPONUNHBIA nNoTeHnHan. (OTMETUM OJIHAKO, YTO €ClIM B KayecTBe
aHaJIM3UpPyeMol cucteMbl R MbI OyZieM paccMaTpuBaTh HE TOJBKO YEJIOBEUECTBO, a IIETUKOM
IIaHeTy 3eMJisi, TO Mbl JOJKHBI OyJleM TakKe€ yUWUTBhIBaTh POCT SHTPONHU HU3-32 aKTHUBHOI'O

WCIIOIB30BaHUsI HEBO30OHOBIIIEMBIX pecypcoB mocie 1750. Mbl 3To o0cyauM HUXKE B MTYHKTE

4.5)



4.3 TlombITaeMCsl BBIYUCIUTL CPEIHUM DHTPOMUHHBIN MOTCHIMAN, WHTETPUPOBAHHBIN
[0 BCEM COOBITUSIM UEJIOBEYECKOM HCTOPUHU. XOTS ITa 3aJadya KaXeTcs CIHIIKOM
aMOUIIMO3HOM, MBI BCE )K€ TONPoOyeM ee pelnTh. B 3Toii cTaThe Mbl IPOaHATH3UPYEM TOIBKO
OMOJIOTMYECKYIO COCTABIISIONIYIO, 0€3 yueTa JOCTH)KEHHUH B HayKe, TEXHUKE U UCKyccTBe. s
Hayaja paccMoTpuM Bpems 110 1750 roma, T. €. Bpemsi, NPEALIECTBYIONIEE MPOMBIIIICHHON
peBostoniuu. /o 3TOro MoMeHTa JIt0I1 MOYTH HE UCII0JIb30BalId HEBO30OHOBIISIEMbIE PECYPCHI
(aed1h, yromip, ra3) ans o0orpeBa, OXJIaXKICHUS U TPAHCIOPTA, YTO 3HAYUTEIHHO YIPOIIAET
pacuetel. B coorBercTtBUM ¢ [5] HaceneHue 3emHoro mapa B 1750 roxmy coctaBiisiio
795 000 000 yemoBek, a YUCIIO JIFOACH, POJUBIINXCS 3a BCIO HCTOPHUIO YesoBedecTBa 10 1750

roga, COCTaBJIAAJIO IIPUMCPHO 97 MUWJIJIMApI0B.

Yactp 3TOro mpupocTa MOIMYJISIMK TPOU30IILIA 32 CYET OOBIYHOTO BOCIIPOM3BO/ICTBA,
AQHAJIOTUYHOTO PA3MHOXKEHHUIO JKMBOTHBIX, @ YacTb ATOr0 IPUPOCTA MOIYJSALUU - 332 CUET
UMBUIM3AIMU U HAIWYMS WHTEIUIEKTa y Jtojed. be3 mHTennekra u MUBUIM3AUHN JIOAN HE
cMOIIHM OBl PACIIUPUTH apeall CBOCH KU3HU 3a MpeJelibl 30HbI KoMmdopTa B AQpuke, U pocT
YHUCJIEHHOCTH HaceJeHUs Obl1 Obl AaHAJOTMYEH POCTY UHUCIEHHOCTH IPYTUX IPUMAaToB,
KUBYIIUX B TeX ke ycnoBusix. CormacHo [6], 001iee KoJIMYeCTBO BCEX MPUMATOB (32 BBIYETOM
YeloBeKa) B HACTOSIIEe BpeMsl COCTaBisieT mpuMepHO 4 MuLInoHa. TakuMm oOpa3oM, MbI
MO>KEM OLIEHUTb, UTO 0€3 MHTEeIJIeKTa ¥ IIUBHIIN3AI[MH YeI0BeUecKas MOMyJIsIHs COCTaBIsIIa
Obl He OoJiee 4 MIJIJTMOHOB 0co0Oel (CyMMa Bcex MPUMAaToB, HE cUMTas yesnoBeka). [Ipuunna
Tako oneHku npocta. Eciu Ob1 Huma komdopta B Adpuke, OTKy1a TPOU3OIILIH JIFOIH, MOTJIa
MOJIIEP>)KUBATh OOJIbIIIEEe HACEIEHUE, TO ITO TAKXKE MO3BOJIMIIO Obl YBEIUYUTH MOMYJISAILHUIO U
Apyrux npumaroB. OHako o0l1ee KOJIMUECTBO BCEX MPUMATOB (HE CUMTas JIF0JIei) coCTaBIsieT

Bcero 4 MUJUIMOHA, yTo cocTasisieT MmeHee 1/1000 coBpeMeHHO yenoBe4ecKoi MonyJsuu.

D10 o3HayaeT, uyTto mo kpaitHeit mepe 790 000 000 yemosexk B 1750 romy Obuin
MPOIYKTOM COOBITHH, NpPUHAANEKANUX [MBUIM3ALKUUA, a HE TMPOCTOMY >KHUBOTHOMY
Pa3MHOXKEHHUI0. 3Has 9TO M OILIEHUB, YTO O0IIee YUCIOo JrofAeH, poausmuxcs a0 1750 rona,
coctapmsier 97 MwuIHapaoB [S5], MBI TOJy4aeM YBelIWYeHHWE OWOJOTUYECKOW MAacCCHhI,
MIPOM3BEICHHON YesioBeueckor nupmm3aiued B 1750 roay, kak 790 000 000 * 1,3 * 10% Gur
~ 10% 6uT. 3nech 1,3*10% 6ur — 570 MHPOPMAIMS coepKamascs B TeNe YeT0oBeKa COTTIACHO

[3]. (Ora BenuumHA, KOHEYHO, SIBISETCS MPUOIU3UTEIHHON OIEHKOM, KOTOpast MOXKET OBITh



CKOPpPEKTUPOBaHA B X0j€ OyIyIIMX HCCIEAOBAHUN, MO3TOMY Mbl HE HAaCTaUBaeM Ha 3TOM

TOYHOM 3Ha‘ieHI/II/I.)

Otu 10%® 6uT ObUIM TIOPOXKIEHBI COOBITHAMH, coBepineHHbIME 97*10° mogbmu,
poauBmumucs 10 1750 roxa [S]. Apyrumu cioBamu, B CpeIHEM KaXK/IbIN Y€I0BEK, JKUBIIHH 710
1750 rona, oTBeTcTBEHEH 3a reHepanuto 10%/(97*10°%) = 10%* 6ut 6uonornyeckoii uHGoOpMaIu
B 1750 romy. be3 coObITH#, TPOW3BEACHHBIX ATUMH JIOAbMU (WU €CM OBl CPEIHUMA
SHTPONUIHBIN MOTEHIINAI STUX COOBITUI OBLT paBEH HYJIIO) MBI BCE €IIIE KUK TOJIbKO Adpuke
B 30HE KOM(OpTa, UMETU KOPOTKYIO MPOJIOJDKUTEIILHOCTD KU3HHA U HACcEJICHUE B HECKOJBKO

MUJIJIMOHOB Y€JIOBCK, @ HE B HCCKOJIBKO MUJLIIMAPA0B.

Bompoc o konmuyecTBe COOBITUH BO BCEX HYEIOBEUECKHMX >KMU3HSX MEHee siceH. Bo-
MEePBbIX, MBI MOXEM HTHOPHUPOBATH BCE JCTCPMHUHHPOBAHHBIC COOBITHA (TaKHE KaK MPUEM
UL, TbIXaHUE, MOYEUCITYCKAHUE, COH U T. J1.), TOCKOJBKY NE€TEPMUHUPOBAHHBIC COOBITHS
HUMEIOT HYJIEBOU SHTPONUNHBIN MOTEHIIHAI COTJIACHO [1]. KonuuectBo
WHJETEPMUHUPOBAHHBIX COOBITUI B )KH3HU Y€JIOBEKa 3HAUUTEIbHO MeHbIIe. [l03ToMy MOXKHO
C YBEPEHHOCTHIO TOJIarath, 4To JIOU COBEPIIAIOT HE 00JIee OJJHOTO UHIETEPMUHUPOBAHHOTO
MOCTYIIKa B MUHYTY. JTa oreHka gaet 60 coOwrtuii B wac u 60 * 16 gacoB ~ 1000 coObITHii B
AeHb. D10 o3HauyaeT ~365 000 cobbituii B rox u 365 000 * 30 jer ~10 cobbITHII B TeUueHHE
XKU3HM 4enoBeka, rae «30 ner» cornacHo [7] — 3TO cpeaHee 3HA4YE€HHE OLIEHKHU
MPOJOJKUTENBHOCTH KU3HH 4esioBeka 10 1750 r. [lockonbKy cpeqHuil BKIaJ B yBEIMUEHUE
OMOJIOTMYECKOW MacChl MHTETPUPOBAHHOE TI0 KOJUYECTBY JKH3HEU BCEX JIIOJEH, )KUBIIUX 10
1750 ropa, cocrasisier 10%* 6ur, cpenHee coObITHE B MCTOpUU yenoBedecTBa 10 1750 roma

MOPOXKIAITI0 10%4/107 = 10" Gur.

4.4 BrionHe oueBuaHO, uto 101 — BecbMma CIIEKYJISITUBHOE YHCIIO, U MBI HE JIOJKHBI
moJilaraTbCsi Ha OTO TOYHOE 3HAYeHWE. BoO-TIepBBIX, IMOCKOJIBKY OIIEHKA «OJHOTO
HEJCTEPMUHUPOBAHHOTO MOCTYNKAa B MUHYTY B T€UCHHE KH3HU UEIOBEKa» SIBISETCS JIUIIb
BEpXHEH OIEHKOH, pealibHasl 4aCTOTa UHAETEPMHUHHUPOBAHHBIX MIOCTYIKOB, BEPOSTHO, HAMHOTO
menbine. Eme Gomee HeompeneneHHO# sBusercs BenmumHa 1,3*10%° 6ur kak omenka
nH(pOpMalIUY, KOTOPYIO COJAEPKUT YeJIoBeUecKoe Teso coriacHo [3]. OHO MOXET OTINYaThCs

OT peaJlbHOT0 3HA4YEHHUs Ha MHOro mopsakoB. Ilaparpad 4.3 mpocTo WILTIOCTPUPYET METO.



OIICHKU CpeHEH BEIMYMHBI "HSHTPOIMUWHOTO MOTEHIHAJA COOBITHUS" YCPEAHEHHOTO 0 BCEM

coOpITusaM 1o 1750 roxa.

4.5 OueHka cpegHero HTPOMUITHOTO MOTEHIMAIA, HHTETPUPOBAHHOTO 110 COOBITHUSIM,
npowusomenmum mnocie 1750 r., mpeacrapiser coboil ropazno Oosiee CIOKHYIO 3aady. IDTO
CBSI3aHO C UCIIOJIb30BAHUEM HEBO300HOBJISIEMBIX pecypcoB (HE(Th, yroib, ra3 U T. J.) IS
o0orpeBa, OXJXJCHUS W TPAHCIOPTHPOBKH, KOTOPHIC 3alyCTHJA POMBIILICHHAS

PEBOITIOIIHSL.

Haunem c moBTOpeHUsI pacueToB, BbINOJIHEHHBIX B pa3zaeie 4.3. B coorBercTBuH C [5]
pa3HMIla B 4YMCIEHHOCTH HaceineHus Mexnay 1750 m 2020 rogamu cocTaBisieT OKOJIO 7
MuutMapaoB  4denoexk  (7,772,850,162 —  795,000,000). CoOTBETCTBEHHO, H30BITOK
OMOJIOTUYECKON Macchl, MOPOXKIACHHBIM muBHiIM3amued Mexay 1750 u 2020 romamm,
coctapiser 7*10°%1,3*10%° 6ur =~ 10% 6ur. D10 mNpeBhIeHHE OBLIO TIOPOKIEHO
KOJUIEKTUBHBIM BKJIAJA0M 19 MuimapioB yenoBek, *kupmux Mexay 1750 u 2020 rogamu [5].
COOTBETCTBEHHO BKJIaJ] KayKJI0T0 YEJIOBEKa, xuBLero mexay 1750 u 2020 rogamu, cocTaBiisieT
10%%/(19*10°%) =~ 5*10% 6ur. (OTmeTnM, uTO BKIaj mojel, »*uBmmx nocae 1750 rona,
yBemuumiics B 50 pa3 Mo cpaBHEHHIO ¢ BKJIAI0M Jofei 10 1750 rona, kotopsrii cocrassn 1024

OUT, KaK IMOJCYUTAHO B pazjeie 4.3).

At 5*%10%° 6ur GbutH nopoxkaeHsl 365,000 coGpitussMu B rox *50 met ~1,8%10'
COOBITUH B TEUEHHWE JKM3HUW UeNoBeka, Trne «50 met» — 2JTO CcpeaHsisi OlleHKa

MPOJIOKUTENILHOCTH KU3HU YesioBeka B Mupe mexay 1750 u 2020 rogamu coriacHo [7].

ITockonbKy cpeHUI BKJIaJ B yBEIMYEHUE OMOIOTHYECKON MacChl, MHTEIPUPOBAHHBIH
10 KU3HM Bcex Jrofel, poausmuxcs Mexay 1750 u 2020 rogamu, coctaBisieT 5%10%° 6ur,
cpenHee coObITHE B HcTOpuK Mexay 1750 u 2020 mopomumo 5*10%%/(1,8*107) = 3*10' 6ur
ouonornveckoit mapopmanuu B 2020 roxy. CHOBa oTmMeTuM 30-KpaTHOE YBEIMYECHUE BKIIA/IA
CpeaHero coOBITHS B 3aMeJUleHue pocta sHTponuitHoe mexay 1750 u 2020 romamu mo

cpasrenuto ¢ 10'7 6uramu B nepuon g0 1750 rona.

K coxanenuto, curyanus mociie MpOMBIIUICHHOW PEBOJIONNH OKa3bIBACTCSI HAMHOTO
CJIOKHEe, TTOCKONIBbKY ¢ 1750 roma nuMBWIM3aIlMs aKTUBHO HCIOJIB3YET HEBO300HOBIISIEMBIE
WCTOYHUKU pecypcoB (He(Th, yroyb, Ta3 U T. 1I.) Uit 000TpeBa, OXJIXKACHUS U TPaHCIIOPTA.

Eciu paccMaTpruBaTh YC€JIOBCUYCCKOC OGH.[CCTBO KaK HU30JIMPOBAHHYIKO CUCTEMY, TO MOXHO HC



YYUTBIBATh UCIOJIb30BAaHNE HEBO30OHOBIsIEMBIX pecypcoB. OIHAKO, €CIIM MBI pacCMaTpUBaeM
W3MEHEHUs HTponuu Ha 1iaHere 3emist mexay 1750 u 2020 rogamMu, Mbl TakKe JOJKHBI
YUYUTBIBATh POCT OSHTPONHUH, BBI3BAHHBIM OTOIUICHHUEM, OXJIAXIACHUEM, TPAHCIOPTOM,
MIPOU3BOJICTBOM AIEKTPOIHEPTUH u JIpPYTrUMU OTpacisiMu, HCTIOIb3YIOIUMHU
HEBO300HOBJISIEMbIE UCTOYHHUKH. [103TOMY MBI HE MOKEM TOYHO YTBEPKJaTh, yTo 30-KpaTHOE
yYBEJIMYCHUE TPOM3BOJICTBA OMOMACcCChl W COOTBETCTBYIOIIEE 3aMEUICHHE CKOPOCTH pOCTa
sHTponuu Ha 3emse B nepuon ¢ 1750 mo 2020 roa, KOMIEHCHpPOBAJIO HCIIOJIb30BAHUE
HEBO300HOBJISIEMbIX HCTOYHHUKOB C COOTBETCTBYIOIIMM YCKOPEHHEM pPOCTa JHTPOIIUHU.

OcTaBuM 3T0 11 Oy AYITUX HUCCIICTOBAHUM.
5. boapnias mikaJa

Kak mbl paccmarpuBaiu B pazzene 4.5, ectb masc, yto nocie 1750 yenoBeuecTBo B
CpelHEeM YCKOpSieT pOCT SHTponuH Ha 3emsle, a He 3aMmeanser ero. Ecim Oynymue
UCCIICIOBAaHUST M pacueThl MOATBEPIAT 3TO, O3HAYaeT 1M 3TO, yTo mocie 1750 roma

CYHICCTBOBAHUC moneﬁ cTao 3Jo0M?

5.1. Kak mbl Buzenu B pasgene 3 «@PakTtop BpEMEHW», SHTPONUNHBIA NOTEHIUA
3aBUCUT OT MOMEHTA, JIJIi KOTOPOTO MBI BBINOJHSEM OlleHKY. Pasznen 3.4 wuttocTpupyer, 4To
COOBITHE MOXET UMETh OTPUIATENbHBIN PHTPONHMMHBIN MOTEHLMAd B MacuTabe CeKyH],
MOJIOKUTETIFHBIA SHTPOMUIHBIA TOTEHIMAN B MaciiTabe 4YacoB M CHOBa OTPHUIIATENbHBIN
SHTPONUMHBIA TOTEHIMAT B Macmitabe jeT. Bo3moxkHO, Hambosee MpaBUIBHBIM METOJIOM
OBLII0 OBI paccMaTPUBAThH SHTPONHUITHBIN TOTEHITHA KaK MATEMAaTHUYECKUH MpeIe, K KOTOpOMY

CTPEMUTCA pa3HULlda MCKIAY ABYMA MATCMATUYCCKUMU OKUTAHUSAMHU.
Z(T, A) = limr— [ST(To+dT) - ST(To-dT)] (11)

Hpo6neMa B TOM, YTO MbI YaCTO HE MOKCM paCCUHUTATb 3TOT MPEACII, U OaXKE HC MOXKEM

OLICHUTH €0 3HaK. LIe.]'IOBCLIGCTBO, OJHAaKO, ABIAOTCA HCKIIIOYCHHUCM. Tlosscanm moyemy.

5.2 B Hactosiee BpeMsi Bce JKUBBIE OpraHM3Mbl Ha 3emJjie NpeBpalaroT 0a3oBbIE
NUTaTeNbHbIE BellecTBa B 0oJiee OpraHM30BaHHY0 Onomaccy. He Tonbko 110111, HO U KaxJ10€
pacTteHue, KUBOTHOE, pbl0a, HACEKOMbIE, OAKTEpUHU U T. JI. HEMIPEPHIBHO MPEBpAIAET caxap,
BOAY M Jpyrue 0a30Bble MHUTATEIbHBIE BEIIECTBA B 00Jie€ BHICOKO-OPTaHU30BAaHHBIE OENKH,

KJIETKH W OHOJIOTHYeCKHue CTPYKTYPHI. KpOMe TOro, OHHU TaK¥XE BOCHPOU3IBOIAT cebs B



OOJIBIIIEM KOJIMYECTBO KOIHM, YTO YBEJIWYHWBaeT o0beM Omomaccel Ha 3emie. Jliogu He
SIBJIAIOTCS UICKJIFOUEHUEM U3 3TOro npouecca. OHaKo B HACTOSIIEE BPEMs TOJIBKO JIFOJIU UMEIOT
IIAaHC PacIIMPHUTH CBOIO 00JacTh CYLIECTBOBaHMA 3a mpenenamu 3emiau. Hukakue pacreHus,
HUKAKHE JIPYTUe JKUBOTHBIC WM PHIOBI HE MOTYT caenaTh 3T0. (CHopbl, BEPOSTHO, MOTYT
BBDKUTH B KOCMOCE, HO OHHU HE UMEIOT CBOOOJY BOJIM U HaMEpEeHUs paclIMpUTh CBOM apea
oOuTaHus 3a npezensbl 3emin). ToabKO 01 UMEIOT MOTEHIIUAT U YKEeJIaHUe PACUIUPUTH CBOIO
cpeny oOuUTaHUs IO BCEH COTHEYHOU crcTeMe U nayiee. KoHeuHo, Ui 3TOro aHann3a BakHa HE
apeasl obuWTaHUs dYeJIoBeKa caM 1o cebe, a 00JacTb, € BO BCEICHHOM MPOUCXOIMT
npeoOpa3oBanue Oojiee MPUMHUTHBHOM MaTepuu B OoJjiee OpraHU30BaHHYIO Ouomaccy.
[Tockonbky 3Ta 007MacTh U 00BEM OHMOMAcChl OYAYT PAacCUIMPATHCA C TEUYECHHEM BpPEMEHH,
MaTeMaTH4ecKoe OXHAaHHE ST o(To+dT) CTAHOBHTCS MHOIO MEHBIIE MATEMATHYECKOrO
oxunanus Stou(To-dT) ¢ Teuennem Bpemenn ( St—x(To+dT)<KStw(To-dT) ), 1 3HaK mpesena
Z1—.(T, A) B popmyie (11) craHOBUTCS OTpHULIATEIbHBIM. UeM OoJibIlie BEIMYMHA BPEMEHH T
B (opmyie (11), Tem Goinblie 061acTh, rA€ OYAYT KHUTh JIOIU, TEM OOJbIIE 0O0bEM BBICOKO-
OpraHM30BaHHON OuoOMacchl OyJeT MPOU3BEACH, U TeM Ooiblne OyIeT pa3HHIA MEXIy

MaTeMaTHYECKUMU OXHUIaHUSIMHU B popmyie (11).

5.3 Tpenynpexnenue. CooOpakeHus, NpeACTaBICHHbIE B pasuene 5.2, OymyT
CIpaBEAIMBBI TOJIBKO B TOM CIIydae, €CJIU JIIOJIU CMOTYT CKOPPEKTHPOBATh YCKOPEHUE pocTa
SHTPOIINH, CBA3AHHBIM C HCIOJIb30BAaHMEM HEBO30OHOBIISIEMBIX MCTOYHUKOB SHEPIHH, TaK
9TOOBI OHO CTAJI0 MEHBIIIE 3aMeIJICHUS POCTa YHTPOIINH, TOPOXKIACHHOE HAIIeH [IMBUIIH3AINECH.
B npotuBHOM ciydae cuTyarusi, KOTopyro Mbl Habmo1aem nociie 1750 rona (yckopeHue pocta
SHTPOINUU H3-3a HCHOJb30BAHUS HEBO300HOBISEMBIX HCTOYHHUKOB 3HEPTUU BO3MOXKHO
NPEBBIIACT 3aMEJIEHHE pPOCTa HHTPONUU H3-3a MPOU3BOJACTBA OHMOMAcChl M ApPYTUX
peAMETOB) OyAET MPOCTO PACIIUPEHO Ha APYrHe TUIAHETHI U najnee. [ unorernyeckas «chepa
JaiicoHa» MOXeT ObITh OJHUM M3 METOJIOB PELICHUs TPOOJIEMBI, U, BEPOSITHO, CYLIECTBYIOT U

JPYTHE METOIBI.
6. 3akiaouenue

Hcnonvzoeanue @usuxu 6 smuxe. Kak mokKa3aHO, (HU3HUECKOE CBOWCTBO
«OHTPOINUNHBIA MOTEHIHAN COOBITHUSD), UCHOJB3YeMbIH B (Quiocodckoir obmactu “ITHKA”

IIO3BOJISICT HaAM q)OpMaJ'II/ISOBaTB U B HCKOTOPBIX ClIy4dasiX BBIYUCIIMNTHL BCIMYHHBI «)106pa» n



«3na». «OHTPONMMHBIN MOTEHIIUAI COOBITHS) JaeT (GU3MUECKYyI0 OCHOBAHHWE WHTYUTHUBHBIM
TEPMHUHAM «JI00pO» M «3JI0» U IMO3BOJISIET CpaBHUBATh, 4 MHOTJA U MOKa3bIBaTh B LU]pax,
HACKOJILKO XOPOIIMMHU WJIM HACKOJIBKO IUIOXMMH SIBJISIOTCS OIpPEACIICHHbIE TOCTYIKH U

COOBITHA.

Hzmepumocmo. « QHTPONUNHBIA MOTEHLMAN COOBITUS» JaeT HAM METOJl U3MEpPEHUs
«100pa» U «3na». Mcnonb3ys ero, Mbl MOKE€M I0Ka3aTh C IOMOILIbIO YHCEJ, YTO COpBATh
[[BETOK B Hadaje JieTa Xy)ke, YeM COpBaTh IBETOK B KOHIlE jera (cm. 2.2.1, 2.2.2), MoxeM
OLIEHUTh, HACKOAbKO TIJIOXUM SIBIISIETCS cepUMHbIN youiina (cM. 4.3 - 4.5) u T. 1. OueBUHO, 4TO
METO/bl, IPEACTABICHHBIE B 3TOH CTaThe, MOT'YT OBbITh HUCIIOJIB30BaHbI JJIs aHAJIN3a 100pa U 371a

B MHOKCCTBC JPYIrux CO6BITPII>1, KOTOPBIC MBI MOKEM IIPOAHAJIU3UPOBATD.

Cpasnenue cooblmuil pasHvlX NpUpoobl. «IHTPONUUHBIA TOTEHIIMAT COOBITHS»
MO3BOJISICT HAM CPAaBHHUBATH JOOPO W 3710 COOBITHH, MPUHAICKANUX COBEPIICHHO PAa3HBIM
obnactsm. Hampumep, Mbl MOXKEM pacCYMTaTh, HACKOJIBKO COOBITHE «yOWICTBO JIOCOCS TO

IIYTH K HEPECTY» XYIKC YEM «COPBATh IBECTOK B HA4YaJIC JICTA».

KOHGLIHO, B OOJIBIIIUHCTBE CJIY4acB B OTUKE Mbl MOKEM CKa3aTb, ABJIACTCA JIU COORITHE
I[06pOM WA 3JIOM. OI[HaKO, HCIOJIB3YSA mMOoJ1bKO UHCTPYMCHTBI OTUKU MBI HC MOKCM IIOKa3aTb
B 4YHCJIaX «HACKOJIbKO XOpPOLIW» HJIU «HACKOJIbKO IIJIOXH» CO6LITI/IH, OCOOEHHO €CIIHU MBI
CpaBHHUBAcM COOBITHS pa3H0171 IpUpoOabI. ((3HTpOHI/II\/’IHBII‘/JI MMOTCHIMAI COOBITHS» TTO3BOJISICT HAM

caeciaTh 9TO.

VYuueepcanonocmos. TepMHH «IHTpONUS» NMPUMEHHUM K OYEHb LIUPOKOMY CIIEKTPY
COOBITHH, OT (PU3UKU M XUMHUH 0 UCKyccTBa U HH(popMarui. COOTBETCTBEHHO «IHTPOMMUHBIN
MOTEHIMAJ COOBITHS TaKXe MPUMEHUM K OYeHb LIIUPOKOMY CIEKTpY coObITuii. ITockombKy
«QHTPOINUNHBIA TOTEHIIMAN COOBITHS» PabOTaeT B KAUECTBE OCHOBBI JJIsl HAILIMX MHTYUTUBHO
MOHATHBIX TEPMUHOB «J00pa» U «371a», Mbl MOXXEM NMPUMEHUTh 3T UHTYUTHUBHO MOHSITHbHIE
TEPMUHBI K TOpa3o O6osee MIMPOKOMY TUAMa30Hy COOBITHI M clenaTh UX BBIYUCISIEMBIMU U
COMOCTaBUMBIMHU. VIHBIMU CJIOBaMH, Be3/I€ /i€ TEPMHUH "SHTPONUNHHBINA MOTEHLUAT COOBITHS"

MPUMEHUM, MOHATHS "100pa" U "371a" TakKe MPUMEHUMBI U CPaBHUMBI MEKIy cO00ii.
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