Dyndamenmasvras u NPUKAAOHAA
mamemamura,Omck, OMI'Y.~1994, c. 90 — 106.

YK 519.6

MATEMATUYECKAS MOJIEJDL DTDOTEDE3A
AK.Tyn

[as mocTpoeHns MoAeI Pa3BUTHA CYIep>THOCA Oy, 1eM NCXOIUTh I3 11l
m3BecTHoro ncropuka JI. H. T'ymmresa [1,2]. OcHoBHBIM 11a Hac ABIAETCA
mpeJcTaBleHne 0 TaccuoHapHocTH. HygeM cunTaTh, 9To CyIepsHOC, KaK He-
KOTOpOe 00beJUHEHNe PAa3INIHBIX >THOCOB, 00pa3yeT CHCTEeMY, MMEIIyIo
TaKue 1o JCUCTeMbI KaK IacCHOHAPUN, CyOIacCHOHAPHIN, TaPMOHIIHBIE 10 11
(Maccer), oprasmsamus (I, MeHee TOUHO, TOCYJapCTBO), HayKa I TeXHIKA,
Ky IbTYpa I ICKyCCTBO 1, HAKOHeIl, JaHImadT.

Hpumewm, aTo nccaeayercs passurie m 3THOCoB &; (1 = 1,...,m), acocTa-
BIAIOLIIE UX IOJCHCTEeMBI IacCHOHAPHEeB, CyOMacCHOHAPUeB, MapMOHIIHBIX
JIoJel, OpraHu3alin, HayKNl U TeXHOKN, KYJIbTYPhl U HCKYCCTBa U JIaHI-
madTa 06JaJal0T KOIMIeCTBEHHBIM YPOSHEM NACCUOHAPHOCMU 00O3HATAe-
MBIM COOTBeTCTBeHHO depe3 P, S;, M, O;,T;,C;, L;.

JuHAMIKY pasBUTHA B3aIMOIeHCTBYIOIINX STHOCOB, TO €CTh UCTOPUIO 5T-
HOCOB OyJeM OMUCHIBATEH CUCTeMOn AuddepeHInalbHbIX YPAaBHEHI, 3a,1a10-
IIIX CKOPOCTH U3MEHEHIA YPOBHA MaCCHOHAPHOCTH, COCTABIAIONIIX IX II0 J-
cucteMm. Bpems t (roawr) 6ygeT meHaThea Ha orpeske [0, 1200]. Yucao 1200
— 3T0 BpeMs CYIIEeCTBOBAHUA KYILTYPHO-ICTOPUIECKOTO TUIIA, CBA3AHHOTO C
JTaHHBIM >THOCOM [3,5].

cTopus sTHOCA HAUMHAETCA ¢ HEKOTOPOTo MOMeHTa BpeMeHn t = () mpn
BIIOJIHE OIpeeJeHHBIX HAYalbHBIX YPOBHAX MaCCHOHAPHOCTH

Pilizo = P, Mili=o = My, Sili=0 = Sios (0.1)

Oili=o = Oj0, Cili=o = Cig, Lili=o = Lio.

B moyenT BpeMeHnu t = tl ATHOC MOXKeET HNCIBITaThb HaCCHOHaprIﬂ TOJI-
I0K, KOTOprﬂ MNpuBOANT K YCHUJICHIIO obMeHa MMaCCHOHAPHOCTBIO BO BCEX VKa-
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3aHHBIX BHIIIE ToAcucTeMax. HaccumoHapHBI TOTI0K 3THOCcA &; — 3T0 PYHK-
nus 11;(¢), xoTopyio BBoguUM B cucTeMy ypaBHeHHu. Ee Bug ompeneasercs
Ha OCHOBE COOOpaKEHNI, KOTOPHIEe HAM MOKaXKYTCA Ho/lee MIN MeHee pa3yM-
HBIMII.

O4eBUIHO, YTO HBOMIOINIO 3THOCA HEIb3S OMUCHIBATH U30JUPOBAHHO OT
BHEIIIHET' 0 BANAHNUA NPYTUX 3THOCOB.

1. DaccuoHapuu

}prBeHb MMaCCUOHAPHOCTH PZ MO OCUCTEMBI ITaCCHIOHAPNEB OIINCBIBACTCA CJe-

FOIeIl CXeMOIT
AYIOT Buocdepa

P, Bbaccuonapuwiii Tordox 11;

i

Péi_) Pp; Pw; Pg;

YHIUYTOXKeHNe TaJaHTOB Tl'ubessb B BoliHAX
Camouctpebierue buurpamnus

B - "cropesias” nmaccuoHapHOCTD
[ ] — mojcucTema

Buc.1

n nuddepeHInaIbHBIM YPaBHEHIEM

dP; —
o :PHi+PMi+Pé*;'|_)_POi_PWi_PEi_PPi_Pé*i)_PLi' (1.1)

31ech
P = kpi - 11,

kpni >0
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— BHEIIHHUNI MaCcCHOHAPHBIN TOIY0K, kpr; — KOQQUINEHT, OIpeaelsioInnl

J0JII0 TTACCHOHAPHOCTH BHEIHeT'0 TOXYUKa, IPIXO0AIIVIOCA Ha IacCIoHAPIEB,
0 <kpm <1;

. AP
PMi = k‘pMi X (szgn(%(t — h))) Mz
dr;
t) =
o (1) =0

npu t < 0, rage h > 0 — pukcupoBaHHOE HUCIO,
rae Y — GpyHKIUA XeBucama,

(x) = I, >0
A= 0, =<0,
- ap
PG = (sl e =) 5.
K >0,

P! = kipd - x(t = 600)\ (P! — P)S,
~ IpUTOK (COOTB.: OTTOK) MACCHOHAPHOCTH OT MOICHCTEMBI TaPMOHNITHBIX
TI0JCN U CybIacCIoOHApUeB, O3HAMAIOMINI M0 IePKKY (COOTB.: IPOTUBO -
CTBIE) CO CTOPOHBL HAPO Ia YCIINH MacCCHOHAPNEB B MOMEHTHI TI0IbeMa (Co-
OTB.: Cllafga) YPOBHS IACCIOHAPHOCTH HAaCCHOHAPUEB, k(_;i — koapPurinent
"MemaHcTBa” (Ha3BaHIE CBA3AHO ¢ TCHICHIICH CyOIacCCHOHAPHIEB TPABUTH

JYHIINX TPeICTaBUTENCH >THOCA HA CTAANN Claga pa3BUTHA >THoca ([2,

c.202, 456], [6, c.342]);

Poi = kpoi - x(kpoi) x(F) P;

— OTTOK MAaCCUOHAPHOCTH, O3HAYAIONINN YCILINA TacCHOHAPIEB TI0 CO3 TaHIIO
OCHOB T'OCY/IapCTBEHHOCTH ¥ dTHOca [3, ¢.32 — 36];

Py = ZkPWij 045 | B
J#i

— HOTepH HMaccHoHapleB B BOUHAX, kpyy;; — K03 dUINeHT NoTepb B BOUHE €
J— M 3THOCOM, 0;; — HaJIHU'1e BOUHBL C j — M 3THOCOM,

1, ecann &; BoweT ¢ &;
Tij (t) — Yo s .
, ecan & He BoweT ¢ &,
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Manee

Ppi = kppi - 1P

— IIoTepu IMMaCCUOHapHOCTH H3-3a sMUI'Dallllll (66FCTB&) [MaCCuOHAPUEB B I'O-
CydapCTBaX DTUKTATOPCKOI'O NI TOTAaJIUTAapPpHOI'O THUIIOB,

1, cCJan & ANKTATOPCKOI'O UM TOTAJIUTAPHOT'O THUIIA

Ti(t) = 07

cCJan 51 MHOI'O THIIA,

Haxowner, «wien

Ppi = kpp; - P;

— XapaxTepusyeT MOTepu YPOBHA MACCHOHAPHOCTHU TOJACUCTEMON TacCHOHa-
pUEB 3a cYeT MEKIYYCOOHOU OOPBOBI MEK Iy TaCCHOHAPUAMIE,;

Pri=kpri- B

— 3aTpaThl IacCHIOHAPUEB Ha Ipeobpa3oBaHle OKPYXKAIIEro JaH AmadTa.

2. Cy6naccuoHapuu

[NuddepennuaibHoe ypaBHEHNe, OMpenendioliee YPOBEeHb MacCUOHAPHOCTH
IO ACUCTEMBI CyOIlacCIOHAPUEB, NMeeT BIU

dS;

= SHi — Spi — SWi- (2.1)

dt

Ono oTBedaeT cxeme

Buocdepa

ST J Bbaccuonapuwiii Toawok 11;

Spi

T'ubear B Bonnax
Buc.2

31ech
St = ks - 11,
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ks > 0,
— BHENIHUN TacCHOHAPHBIN TOITOK;
. dP;
Spi = kspi - X (Slgn(ﬁ(t — h))) Si,
kspi = kl(;g)l >0,

— OTTOK MaCCUOHAPHOCTHU U3 MOICUCTEMBI CYOTAacCHOHAPIEB, O3HAYAOININ
O AePEKKY CO CTOPOHBI CyOTAacCHOHAPUEB YCIINU MAacCCUOHAPUEB — aBaH-
TIOPUCTOB B MOMEHTHI [0 JbeMa UX YPOBHSA INacCHOHAPHOCTH MaCcCHOHAPUEB;
nanee

Swi= | Y kswij-0oi; | Si.
i
kswi; > 0,

— IoTepu cybmaccHoHapueB B BOUHAX, kgyy;; — Kodb@UINEHT IoTephb B BOIHE
C j — M 3THOCOM, 0;; — HaJIH'le BOIHBL C j — M 3THOCOM;

3. TapmMoHUYHbIE JIOANU

Cxema u auddepeHInaibHoe yYpaBHEHIe, ONpeIeasionee YPOBeHb TacCHo-
HAPHOCTU TOCUCTEMbBI TAPMOHUYHBIX IO T€1, UMEIOT BT

Buocdepa

M H Baccuonapusiii Torvok 114

(M ——

Mrc;
e Mp;

Mo; | Mw;
T -

T'ubear B BonHax

Buc.3
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dM;
dt

= Mu; + Mrci — Mp; — My, — Mo; — M, (3.1)

rie

My = kg - 1L

— BHENIHUN TacCHOHAPHBIN TOITOK;

m
Mrc; = E (ki - T 4 kacij - Ci),
=1
- HpI/ITOK HaCCHOHapHOCTH n3 IIoACuCTEM HaYKI/I n KYJIBTypr JIIO6OFO 3THOC&7
O3HAYAIOIINI 00pa30BaHIle HapO THEIX MacC;

dP;
Mpi = k‘Mpi X Slgn(—dt (t — h)) Mz
karpi = kparis
— OTTOK IMaCCHUOHaApPHOCTH M3 IIOJCUCTEMBI 'aPpMOHNIHBIX JIIO,HefI, O3Ha'Ialo-
HJ;HfI moaaepXKKy CO CTOPOHBI Hapoda yCI/IJII/IfI [MaCcCCOHapueB B MOMEHTHI

moabeMa YPOBHA ITACCHOHAPHOCTHU [TAaCCUOHAPUEB; OJaJece

Myy; = E knewij - 0ij | M;
i
~ MOTepH TapMOHITHEIX Mofdell B BoitHaxX, kyyi; — Kod(DUIHEHT ToTeph B
BOTIHE ¢ j — M DTHOCOM, 0;; — HAJITIe BOHHEL ¢ j — M DTHOCOM;

Mo; = karoi - X(O) — O;) (600 — t) M;

— HOTepH MacCHOHAPHOCTH, UAVINeN Ha yKpeILIeHHe T'oCyIapCTBa 3a CUeT
OrpaHI'eHNA IpaB Hapoda B IePHo MONLITOK CO30aTh CILILHYIO [eHTPAIN-
30BaHHYIO CICTEMY YIIPABICHI (BBeeHIe KpemocTHoro npasa B Hoccnm) [4,
c.112]; Takume MOMBITKN JOJKHBI MPOUCXOAUTH B MEPBYIO MOJOBUHY KI3HM
DTHOCA MU YCJIOBUN, KOTJa YPOBEHDb MacCHOHAPHOCTH I0ICICTEMBI OPTaHN-
3l He oveHb BHICOK, O; < OY;

Myp; = karri - M;

— 3aTpaThl TAPMOHUYHLIX JTIOICH HAa MpeoOpa3oBaHme OKPYIKAIOIIEro JaHI-
madTa.

Jamevanue. apmonuunsie aoan y JLH.I'ymuaeBa umetor mo ompenene-
HITIO HYJIeBYIO TMAacCUOHAPHOCThb. MBI OTXOIUM 37€Ch OT TAKOT'O B3TJAJa Ha
OCHOBHYIO MAaCCy 4JIeHOB 3THOCA.
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4. Opranusanusi

Kaxabin 5THOC co3JaeT CBOIO CUCTEMY caMoyIpaBieHus, cBoio OpraHmsa-
I[I1f0, KOTOpas B OMpeNeleHHBIX YCIOBUAX MOKET O3HAdaTh HAANYTIE TOCY-
JapCTBEHHON CTPYKTYPHI IIN MIPOCTO rocygapcTsa. ['ocyzapcTBo co3maeTcs
YCUINAMI TTacCHOHAPUEB, 3a CIeT orpaHmIeHns cBobo1 Hapoaa un T.4. [una-
MUKY moacucTeMbl ~ OpraHusaliusa’ 3a1aeM ¢ TOMOITbI0 1uddepeHITnaIbHOro

ypaBHCHUA
dO;
= Op, + OE\Z) + Owp, + Owari + O(V{/F())i + Opri—
Oy = Oy} = Ok = Ol = 04 = O (4.1)
I CXeMBI

Op; A
(=)
ol [ ] %%

Op; '=— L; Jpyrue >THOCH

1 1
OCi OTi

O¢; 0%
Buc.4

31ech
Op, = Poi

— IPUTOK MAaCCHOHAPHOCTH 3a CUeT YCIINHI TMacCHOHAPHUEB MO CO3TaHUI0 T'0-
Cy1apCTBa;

O\ = Mo,

— IPUTOK ITaCCHOHAaPHOCTHU 3a CHUeT 3aKpeIIOIICHNA Hapoda;

Owp, = Z kpwji - 0ij P
i
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— IPUTOK MacCUOHAPHOCTHU BCICACTBUE THOEIN MACCUOHAPUEB 3THOCA ] B BOI-
HaX C THOCOM 1;
Owwmi = Z kswji - 0ij M
J#i
— MPUTOK MacCUOHAPHOCTH B CleCTBUE THOEIN CyOTacCHOHAPHIEB 3THOCA | B
BOITHAX C YTHOCOM 1;

Ol = > Fomoi - 0ii X (M; — M)\ (P; = Py)x(0; — 0;)0;
j#i
— IIPUTOK IMaCCUOHAPHOCTHU B CJay'ac HO6€,H]:)I DTHOCa 81 B BOfIHe C 39THOCOM
£;, ycaoBueM mobensl ABIAeTCA Golee BEICOKHU YPOBEHb MACCUOHAPHOCTH Y
[MaCCuoOHaApPUEB U T'aPMOHUMTHBIX JIIO,HQIL/’I DTHOCa 81 ( TO €CTb 6OJIee BbICOKI/IfI
60€BOI IyX HapOJ0B 3THOCA &), a Takke 6oJee BHICOKNI YPOBEHb OpPTaHM-
30BaHHOCTH 5THOCa 817

(=) _ (-) 3 , . . . . NO.
Owoi = E :kOWOij -0 X(Mj — Mi)x(P; — Pi)x(O; — 0;)0;
J#i
— OTTOK IIaCCUOHAPHOCTH B CJAY1ac IIOPpakKeHNsA 3THOCA & B BOfIHQ C 5THOCOM
&}, ycroBueM MopazkeHnA ABAgeTcA 6oee HI3KIN YPOBEHb MaCCHOHAPHOCTH Y

MTACCIOHAPIEB I Y TAPMOHUYHBIX JTfonen 3THoca &; ( To ecTh 6oee BBICOKNN
60€BOI IyX HApO 0B 3THOCA &) U 60JIee HI3KUI YPOBEHb OPTAHII30BAHHOCTIL;

04 = kowi - \(O; = 0N x(t — 600)0;

—~ OTTOK MacCUOHAPHOCTH BO BTOPOW TOJOBUHE CYIIECTBOBAHUA THOCA TPU
VCIOBUU TOCTATOYHO BHICOKOT'O YPOBHA MacCHOHApPHOCTU opranusanun O; >
O}, osmavaromuil cTpemIeHIe HApOJHLIX Macc K cBO6Oe, CHATHIO OTPaHI-
JeHNN Ha UX IpaxkaHcKkne mpasa [4, ¢.112];

Ori = Loi

— HNPHUTOK MacCUOHAPHOCTHU U3 momacucTeMbl JlaramadT”, onpeaerdonini
BINAHIE OKPYZKAIOIMIEro dTHOC JaHmadTa Ha (GopMUpPOBaHIe KOHKDPETHOTO
TUIa OPTAHU3AINI DTHOCA;]

O%Fi = k(l)Ti ) X(Oi - O})Oi

— rocyJapcTBeHHas Mo AepKa HayKH B CIyTae J0CTaTOTHO BBICOKOTO YPOBHA
maccuoHapHocTH opranmsamun, O; > O}

2 19 .
O7; = kopy - 10;
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— OTTOK YPOBHA ITaCCHOHApPHOCTH, HﬂYIHHﬂ Ha I'OHEHUA pAda HayTIHBIX H3bI-
CKaHNI B rocygapcCrBax IUKTaTOPCKOI'O I TOTAJIUTAPHOT'O TUIIOB;

Oci = k(l)(]i - O
— mogaepEKa KyJIbTYPHI I'OCY1apCTBOM;
2 2
O¢i = koci - Ti0i

— majeHHe YPOBHA MACCUOHAPHOCTH MHoAcUcTeMbl ~OpraHmsalusa  3a cdeT
TOHEHNN TeX LN NHBIX HAMPaBIeHNHN NCKYyCCTBA B TOCYIapCTBAX IUKTATOP-
CKOT'O I TOTATNTAPHOTO THUIIOB.

5. JaykKa U TexHHuKa

[luHaMuKa ypOBHA IMaCCHOHAPHOCTH IIOJCHCTEMEBI HAYKI OMpeIeaseTCs cXe-
MOTI

(T )

Vj Pj|—1 Tp; T |V M;

o | L

Tonennsa mayIHbIX
HalpaBJeHUN

Buc.b

I ypaBHeHUEM

dT;
dt

= Tpi + T30 = T5) — T, (5.1)

e
m

Tp; = ZkTPji - P
=1

— NPHUTOK MAaCCHOHAPHOCTU 3a CYeT HAYIHOU AeATEJbHOCTH MacCHOHAPUEB
BCEX 3THOCOB, KO3 GUIEHT ko p;; MOKa3bIBaeT JOII0 BKIada d3THoca &; B pas-
BUTHE HAYKN U TEXHUKU d3THoca &;;

76! = Fro: - (0 = 00,

k(TJE))z = k(l)Tia
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— rocyJapcTBeHHas Mo AepKa HayKH B CIyTae J0CTaTOTHO BBICOKOTO YPOBHA
maccuoHapHocTH opranmsamun, O; > O}

(=) _ 1.(=)
(=) _ 1.2
kTOi - kOTia
— ITaJeHne YPOBHI ITaCCUOHAPHOCTH HAYKN 3a c4ueT FOHQHI/Iﬂ Ha P Hay'THBIX
H3bICK&HHI>i B I'ocyaapCrBax ANKTATOPCKOI'O I TOTAJIUTAPHOT'O THUIIOB;

Ty = Z krarij - Ti
j=1

— OTTOK IMaCCHOHaPHOCTH U3 IIOJJCHUCTEMBL HAYKH 3THOCaA gi, I/I,HYIIJ;I/IfI Ha o6pa—
30BaHI¢€ HapoOJOoB BCe€X 3THOCOB.

6. KyiabTypa u uckyccTBoO

ﬂHHaMHKa YPOBHJ IMTaCCUOHAPHOCTH IIOACUCTEMEBI HAYKH OIIpeaes1eTCsa ypaB-
HeHeM

dCZ + —
7 ZCPi—l-C(ji-l-C(()i) +CLi_C(()i) — Cui, (6.1)
CO CXeMon
(o J)—
Li |—|CLi Cyvi | —| V5 M;
P — ' _
o
O |—|co? PO R
0]7] 7£ i — CCZ
Buc.6
31ech

CPi = kCPi ’ Pia



100 A.K.I'vir. Maremaruieckas MoJjerb 3THOM€HE3a

kcpi = kpci,

— OPUTOK MacCUOHAPHOCTHU 3a cYeT JeATeJbHOCTH MacCUOHApUeB B 00.1aCTH
KYJbTYPHBI U NCKYCCTBa, KOdPPuiineHT kpc; — 1011 TacCHOHAPIEB, MOCBATIB-
IIX KU3Hb UCKYCCTBY U KYJIbTYPHOU AeATEIbHOCTH;

-y
Cei=11- x| sign(—) X (P — PiO)X(t — 500) Z kocji - C;

dt -
J#
— HOPUTOK IACCHOHAPHOCTH 3 MOACHCTeM KYJAbTYPBI APYTUX STHOCOB Ha
sTale craja yPOoBHA HacCIOHAPHOCTI CBOUX MMaCCHOHAPIEB IPU YCIOBUL, ITO
STOT yPOBEHb ellle JOCTATOTHO BBICOK; 3TO MOMEHT 3alMCTBOBAHUA 1yZKON
KyJIbTYpHI B (aze cmafga [2, ¢.201];

+ +
C(()i) - éO)z - O;,
k(C'+O)z = klOC’ia

— mogaepikKa KyJAbTYPBL IOCYIapCTBOM, IMeOIas MeCcTO, IO-BIINMOMY, BO
BCe BpeMd CyIlleCTBOBaHHNE 3THOCa, XO0TA C paBHH‘IHOﬂ MHTCEHCUBHOCTBIO, ITO
_|_
MOZKHO OIIMCBIBATH C IIOMOLIBIO II€PEMEHHOT'O KOBdf’)df’)I/IIJ;I/IeHTa k(CO)z?
(—) _ 1.(=)
COZ —_ k OZ ° TZO“

(=) _ 1.2
kCOi - kOCia
- HaﬂeHHe ypOBHH HaCCHOHapHOCTH HO,HCHCTQMBI KyJIbTypr 3a cyerT FOHeHHfI
TeX NMJAN MHBIX HaHpaBJIeHHfI I/ICKyCCTBa B FOCy,HapCTBaX ﬂHKTaTOpCKOFO n
TOTaJII/ITapHOFO TI/IHOB;

Cri = L¢;

— HNPHUTOK MacCUOHAPHOCTHU U3 momacucTeMbl JlaramadT”, onpeaerdonini
BIIAHIE, OKPYKAIOIIEr0 3THOC, JaH madTa Ha (popMUIPOBaHIe KOHKDPETHOTO
KyJIbTYPHOTO TUIMA dTHOCA;

Cui= Y _ ke - Ci
j=1

— OTTOK IMaCCHUOHAPHOCTH U3 IIOACHUCTEMBI KYJbTYPBL 3THOCA gi, I/I,HYHIHI;’I Ha
O6pa30BaHI/I€ HapoJoB BCEX 3THOCOB.
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7. JlamgmadT

[luHaMuKa ypoBHsA MaccumoHapHOCTH moacucTeMbl JlangimmadT” ompegens-
eTCA CXeMOIl

Fi |— Lp; Loi — O;

M; |— L Loy ') G

Buc.7
1 ypaBHEeHIeM
dL;
pral Lpi+ Ly — Loi — L. (7.1)
31ech
Lp; = P, Ly = My,

— BKJAJ COOTBETCTBEHHO MACCUOHAPUEB U TaPMOHUYHBIX JI0eU B TIpeodpa-
30BaHUe JaHImadTa,

Loi = kroi- L;

— OTTOK MacCUOHAPHOCTU 13 moacucTeMsl JlaumadT”, mayIimunm Ha popMu-
pOBaHIe COOTBETCTBYIOIIET0 THIIA OPTAaHU3AINN 3THOCA,

Lei =krei- L

— OTTOK MacCUOHAPHOCTU 13 moacucTeMsl JlaumadT”, mayIimunm Ha popMu-
pOBaHIe COOTBEBETCTBYIONIET0 KYABTYPHOTO TUIIA YTHOCA.

8. JavajbHbIe yCJIOBUA

HagaapabIe JdaHHBIC (01) MOZKHO 3adaBaThb B 3aBUCHIMOCTH OT TeX MCXOIHBIX
yCJIOBI/IIL/’I7 B KOTOPHBIX OKa3bIBaeTCA I/ICCJIQ,HyeMbII;’I peaJIbeIfI OTHOC Ha MOMECHT
ICIIOJb30BaHNs Halllell MaTeMaTHIIeCKON MO O€IM.
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Ecan MBI HHTepecyeMcs NCTOpHell XTHOCA ¢ MOMEHTA, eT'0 3ap 0K JeHII, TO
KaK IpaBIIO, JaHHBII DTHOC KaK 00beJUHEeHNe POACTBeHHBIX dTHOCOB Ha-
cIefyeT KaKyl-TO NOII KyJIbTYPhI 3THX 3THOCOB ILIN IpeIlleCTBYIOMEro
>THoca (— Tperun mapaMerTp [yMmiuieBa, ompelelsiolInil >THOUeHe3 [2, c.
456]). Hampumep, 3amagHo — eBPONEHCKIN CYNEPITHOC YHACACIOBATI KY.Ib-
Typy IPeKO — POMAaHCKOI'0 3THOCA, POCCHICKHI CYIepITHOC — KyJAbTYPY
Hpesuen Hycu u Botoron opasl u T.41.. HTo o3HawaeT, 9TO MBI JOJKHEL
nonarath Cyy # 0. OTcio1a BHTeKaeT HAINYNe HeTPUBUAILHOTO PeIIeHI
cuctemsl ypasaenun (1.1) — (7.1).

Brnoame ecTecTBeHHO paccMaTpHBaTh BapUAaHTHI, KOTJa HEeHYJIeBEIMHI Ge-
pyTcsa ocTalbHBle HadalbHble gaHHBE (0.1).

9. KoadpodpuinueHThl. Y4deT OHMOJOTNYECKUX M COIMUAIL-
HbIX (PAaKTOPOB.

B cucreme ypasaenni (1.1) — (7.1) mMeers Macca pa3InaHBIX KOQQUINEHTOB.
fcHo, YTO mpex 1e, YeM HaUNHaeTCA MOUCK PelleHNN HeoOX0 AMMO 3a1aTh IIK
OonucaThb Bce KO3PPUINCHTHI.

HexoTopsie xoddpduiineHTH nMeloT ocoboe 3HadeHne. Tax KoxdpuimeHT
kpo;, B CIydall ero 3aBUCUMOCTHU OT IPUPOTHO — KINMATHUECKUX U JaHI-
maTHHIX XapAKTEePUCTUK, ABIACTCA, II0 CYUIECTBY, (IIepBBIM) JaHAMA(THO
— reorpadutieckKnM mapaMeTpoM ['yMmieBa, ompeneIsionnM STHOTeHe3 (CM.
[2, ¢.456]). HTo "x&ecTKas ¢BA3b »THOCA ¢ KopMamuM JgaHamadTom”. Hpn
OJArOMPUATHBIX YCIOBUAX kpo; > (0, 1 ero Bo3pacTaHUe O3HAadaeT, UTO
VCIINA MaccuoHapueB Mo co3ganmioo OpraHusannu 6.1aroTBOpHBL. Ecin ke
kpo; < 0, To ycmius maccumoHapieB padboTalOT MPOTUB CTAHOBACHUA TOCY-
TapCTBEHHOCTHU B dTHOce; npu kpo; = 0 ycuing maccumoHapueB HUYETo He
Ma¥oT MAsA YCUICHUA OpraHU30BaHHOCTH >THoca. B caydae kpo; < 0 B ypas-
aHernnu (1.1) ectecTBerHo wieH FPp; paBeH HYIO.

Kax mpaBmio, ko3dUITNEeHTH 3aBUCAT OT MHOTUX BEINYNH, XapaKTePU-
3YIOUINX Te0bIONeHO3 (OKPYXKAIOMNN JaHmadT, PErioH), COCTABIAIIICH
KOTOPOT'O ABAAeTCA caM >THoC. Ecan ucxoauThs u3 mMogean 6uocdepsl, n3-
ToKeHHOU B [7], To Ko>dPUINEHTH TOIKHBL 3aBIHCUTH OT TaKUX XapaKTe-
PUCTHUK KaK MEHAMIINECs BO BpeMEHH OMOMACCHI JIeCHOU 1 TPaBAHOU PAaCTU-
TeIbHOCTH, OMOMACC KUBOTHOU U CEIbCKOXO3ANCTBEHHOU THUIIN, YHCICHHO-
CTH HaceJIeHNsA dTHOCA (PermnoHa), BIAKHOCTH PerIMOHA, ero 3arpa3HeHHO-
CTU, 6IOMACCHI TYMYycCa, BeIMYNHBI KAMNTala Ha TYITY HaceJIeHUA, COCTOIHIA
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IPOU3BOICTBA MAaTePUATbHBIX IEHHOCTEN I Pa3paboTKN MUHEPATbHBIX TPU-
pOaHBIX pecypcoB. TakuMm o6pa3oM B Halllell MOJEIN MPOUCXOAUT yIeT BJIU-
AHUA O1OCHEPHON U, YACTUYHO, COINATBHOU COCTABIAIONINX, OTIPeACIAOIINX
STHOTCHE3.

YdeT cormocdephl IpU MOCTPOCHIN MaTEeMATUHeCKO MO T6I1 YTHOTeHe3a
B TIOJHOU Mepe MOKa HeBO3MOKEH, MTOCKOIbKY OTCYTCTBYET MaTeMaTHdeCKasa
MOIeb COINOTeHe3a.

B To Bpems kak 6nocgepHbIie Ipolecchl (61oTeHe3) onucaHsl B [7], a 5THIH-
JeCKIe MPOIeCChl MBI THITAEMCA CMOIGIIPOBATH B JAHHOU CTAThe, NCIOAb3Y A
TakKe KaK B [7], CHCTeMHBIN TOIXO 1, B 00IIEM — TO, OCHOBOIOJATAOIIee
yiaernne B.I.Bepuanckoro o 6mocdepe, cnpoexnupoanuoe JI.H.['ymuaeBsiM
Ha dTHOoC(EpPYy, Ha CeToTHA HET YIOBACTBOPUTEIHLHON MAaTEMATHUUECKOU MO-
eI CONMATBLHBIX MPOIECCOB, CTHIKYIOMIENCS ¢ MePBBIMU IBY M.

Hpu momeanpoBanun 6moc@epHbIX TPOIEccOB aBTOPHL [7] HCTOIb30BAIN
MOHATHE (610 )MACCHl TTOACHCTEMBL, TIHAMIKA KOTOPOU OMHCHIBAIACH COOT-
BeTCTBYOMUM JAuddepeHInaIbHbIM YpaBHeHeM. MBI 1CIOIb30BaTN TOH-
TUE YPOBHA NACCUOHAPHOCTNAU TIOICUCTEMBI, KOTOPBIN TaKKe OTMUCHIBAIN (-
(pepeHMATLHBIM YpaBHeHeM. HaccnoHapHOCTE — 5TO, IO CYIIECTBY, JOKAIb-
Had QIYKTyalusa OMOXIMITYIECKOU DHEePruu KIBOTO BEIIeCTBa, BCILIECK aK-
TUBHOCTU TOU YaCTU OMOMACCHI HEKOTOPOT'O PEermoHa, KOTOpas COCTOUT U3
M0 IeH, BXOSIINX B JAHHBIX Te06momeHo3 (pernoH). CTHIKYIOMNNICS 0 X0 T
TIpU OTNCAHUU COITNAIBHBIX TPOIECCOB JOMKEH, BUINMO, ICXOIUTh U3 TOTO,
YTO O6MOMacca MOKET He TOIbKO MeCTaMHU B3IBIOUTHCA, OXBadeHHAs CTpa-
CTBhIO, HO U MPUHUMATh TY WIN MHYIO DBOMOINOHUDPYIONIYIO (GOPMY B IDaHU-
11aX, KOTOPOU PACILICIIeTCA SHEPTUI CTPACTI.

YkazanHasg popMa — 3T0, BO3MOKHO, OOIIECTBEHHO — 3KOHOMIYecKas (hop-
MaIusa Wil KyJAbTYPHO — UCTOPUYECKUHI TUM (—OT0 OO0IIeCTBA € MOJIUTUYE-
cxoit cuctemon PS, ((popmoit 061IeCTBEHHOTO YIPABICHII ), 3KOHOMITECKON
cuctemonn ES,(dopmont cobcTBerHOCTH), peanruen R,, MOpalIbio U HpPaB-
crBerHocbio M N, n Ttax natee. Hoka auib mepeducieHbl MO ICHUCTEMBI; BO-
IPOC KAKON eIUHBIN TapaMeTp UM COOTBETCTBYET TaK, YTO UM IO ICUCTEMbI
MOTYT o6MeHHBaThCA (ypoBeHb cosHaHuA!!). Bupodem, moae3Ho moMHUTS,
yTo cormacHo B.J.BepHamcxkomy "MBICAb He ABIfeTCA (POPMOU DHEPTUH, a
MPOU3BOAUT MeNCTBHSA Kak OyaATo enl oTBedatomnue” [2, ¢.46]. HosTomy ncko-
Masg XapaKTepUCTHKa MOACUCTEeM O0IIecTBa A0TKHA OBITh KaK - TO CBA3aHA
C TPOU3BOTHBLIMI TIPOIlecca MBIILTeHNIA. K03 UIINEHTH COOTBEeTCTBYONINX
nuddepeHnaIbibX ypaBuenun 1ia PS;, ES;, R;, M N, ..., 6yayT yxKe 3aBu-
CUTh OT dTHHUYecKux mapamerpos F;, S;, M;, O;,T;,C;, L;, a Takike oT 610-
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c(pepHBIX, HAIPUMeEpP, OT YUCICHHOCTHU HaceleHusa (F;, HATUYUA TUIIEBHIX Pe-
cypcoB @;, 1, X;, Fj, cocTogansa KpyrosopoTa BoABL, yIiIepoa, a30Ta 1 T. 1.

(en.[7]).

10. O sHake ypoBHA HAaCCUOHAPHOCTHU

BrotHe MoXKeT oKasaTbCs, UTO Kakad — aubo u3 ¢yuxkuun P, M;, O;, S;, C;
0 Mepe M3MeHeHHs ¢ MpUHIMaeT OTpUllaTeIbHOe 3HATEHIIe.

Hycrs, manpumep, Pi(t)) < 0. Torga B ciaydae HOIOKNTEILHOTO KO-
duunenTa kpo;(t;) < 0 4rer Op; cnoco6CTBYeT YBEINYICHNIO YPOBHI Opra-
au3anuu. Hogemy? HTo MOXKHO MHTepmpeTuUpoBaTh CICIVIOMINM 00pa3oM.
"OTpunare bable” TacCHOHAPUN — O CYHIECTBY KOHCEPBATOPHI, OKa3bIBa-
0Illee COMPOTUBICHIE MOMBITKAM CXOAY pedopMIPOBaATh OPTAHU3AIIOHHYO
CTPYKTYPY dTHOCA B HEOIATONPUATHHIX AAA DTOTO YCIOBUAX. AHATOTUYHBIN
CMBICI IMEIOT ~OTpuliaTebHble” CyOIaccIoHaAPUL.

OrpunareabrocTs OJ; T0MXKHA 03HAYATh TEHICHINIO K OCIA0JICHIIO Opra-
HI30BAHHOCTH >THOCA, OCIadMeHne TOCYIapCTBa I DKOHOMUKI, pa3pyIleHIe
DKOHOMUYIECKUX CBA3eN, TPk TaHCKON 0TeTCTBEeHHOCTH 0 Te1.

AHaToTUYHO MOXKHO UHTEPIPETUPOBATH oTpunaTeabHocts 1;, C;.

11. YcaoBue rubejm 3THOCA

B cuay ckasansoro B §10 ciegyeT 3aKII0MITh, ITO YCIOBHEM IIOeIN 3THOCA
E; ABAAETCS CyIIeCcTBOBaHIIe TaKOI0 MOMEHTa BpeMeHN t(, A11 KOTOPOTO P
Bcex t > 1

Pi(t) <0, M;(t)<0, Oit)<D0.

Hayxy u ky1bTypy MOZKeT YHACIeI0BATh WHOU dTHOC.

12. Bpewmsa Haggmoma 3THoOca

B ypaBuenmax (1.1) — (7.1) mMOTCA “LIEHBL, COJepiKalline BHIPAKCHIIC BILIA
x(t — 600). Ho cymecTBy, 5T0 03HaIaeT KECTKOE OTDAHNYCHIEC HA BHIGOD
JOIYCTHMBIX BapHaHTOB Pa3BUTHA >THoca. IIHawe roBops, ampmopu Hpe-
moJaraTcs, ITO IepBBe MIeCTBCOT JeT CO3JAlTCS BIIOJAHE OIpeleJeHHBIe
YCIOBHA 1A DHOTeHe3a, a B MOCICAVIOIIee IOl 3TH (PaKTOPBL yKe He
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paborator. Yucio 600 mpuobpeTaeT poib BHEIIHErO (CBBINEC TaHHOTO) Ia-
paMeTpa, I COOTBETCTBYIOIIAA 3I0Xa IIPHOOpeTaeT CMBICA 3allIaHIpPOBaH-
HOT'0 KPI3uca. Bpam i ¢ o J00HBIM 06CTOATEIBCTBOM CIeAYeT CONIACHTCA.
Cxopee BpeMs KU3HI 3>THOCA, I KPU3MCHBIE DIIOXN B €r'0 Pa3sBUTUN JOJKHBL
OBITH OIpeJeJeHBl I3 CaMOIl MOJeIN, TeM 3aKlalblBaThCA n3HadaabHo. Ho-
»ToMy BhIpaxkeHue Y (t — 600) cieayeT 3aMeHNTH Ha Ipyroe, HAIPHMep, Ha
X(sign(dP;(t — h)/dt))). Hro osmadaer, 9T0 cooTBeTCTByIOIEe (PaKTOPHI
cpabaTBIBAIOT He B MepBBIC IIeCTLCOT JIeT KU3HI 3THOCA, a JINIIb TOrJa, KO-
rJa 1yTh paHbIle Ha II0 JbeMe OBLIN IacCHOHAPHIN. BIpodeM MoKHO 3aMeHATh
60Jee CIOKHBIM BEIPaZKeHIIEM

dp;

% sign(ﬁ(t—h)) X sign(%(t—h)) ;

VIUTBIBAOIITNIM OﬂHOBpeMeHHbIﬁ JKII3HEeHHBIN ITOPBIB ITIaCCHIOHAPUEB I Hapoda.

13. ODaccuoHapHOe HaIIpAXKeHUe

B xHuure [1, ¢.273] BBeeHO MOHATHE NACCUONAGPHO20 Hanpaxcenud. HTo mac-
CHUOHAPHOCTD, IPUXOAANIAACA Ha OJHOTO WIeHa dTHOCA.

OHpeﬂeJII/IM NAacCUORAPHOE HANPANCERUE 3THOCA & KaK BCINYINHY

Pi(t) + Si(t) + Mi(t)
Ni(t) ’

mi(t) =

ruoe Nz — YHNCJCHHOCTDH HaceJeHUA >THOCa 51

B [1, ¢.339 - 340] npuBexena kpusas (cm.Huc.8), apasomascs o6061me-
HueM 40 MHINBUIYaIbHBIX KPUBHIX S>THOTEHE3a, IMOCTPOCHHBIX [IIA Pa3/Iimd-
HEIX CYIIePATHOCOB, BOSHUKIINX BCIeCTBIE Pa3INTHBIX MacCIOHAPHBIX TOIT-
K0B. Ho3TOMY IpaBIIBHOCTH MaTeMaTHIeCKON MO eI dTHOTCHe3a CIeIyeT
IPOBEPATH II0 TOMY, KaK yAacTCA B ee paMKaX MOIYINTh 3Ty KPUBYIO IIac-
CHOHAPHOTO HAIIPAKEHNA, IMEIOIIell CJIe VIO BILI:
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t,romnnr

0 300 600 1200

Buc.1.Kpusas naccmorapHOro HalnpAXeHnsa

14. KomMmbloTepHOEe MOAeJnpOoBaHUE

Heito mpoBemeHo mpocTeniee KOMIbIOTEpHOE MOJIEIUPOBAHUIE BapUaHTOB
BO3MOZKHOTO MPOTEKAHINI THOTCHe3a HA OCHOBe CHCTeMBI ypaBHeHnn (1.1)
~(7.1) u (0.1). HaccmaTpuBadincs aBa dTHOCA TUKTATOPCKOTO THIIA, BEIY-
e MepuoandecK BOUHBL ApyTr ¢ apyrom. HouTu Bce xoaxdduiineHTH Opa-
JMUCh mTocTossHHBIMU. Holy4deHHas KpuBas MacCUOHAPHON HANIPAKEHHOCTU Ka-
qeCTBEHHO mmoxomta Ha Ty, uro npusognTcesa JIL.H.Lymmiesbim (em. Hime.8).
BeIABAAIOTCA pa3inMdHBIe THIHI X0da 3THoreHe3a. Homee moapobHOMY m3.J10-
KEHIIO Pe3YIbTATOB KOMIILIOTEPHOT'0 MO IETIPOBAHNSA Oy 16T MOCBAIICHA CIe-
OVIONIasg CTaThA.
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