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B pabore nccieayercs MaTeMaTU4ECKOE OMMCaHNE DKOHOMUYECKOTO MOBEIECHUS TOMAIIHUX XO-
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IUHAMUKY TUIOTHOCTH pacipenesieHrs JOMAITHUX XO3SICTB 10 ABYM XapaKTEPUCTUKAM: (PUHAHCO-
BOMY COCTOSIHUIO 1 noxofaM. OCHOBBIBAsICh Ha CTATUCTUYECKNX JaHHBIX PoccTaTa 06 SKOHOMMUYE-
CKOM TIOJIOKEHUHU TOMAIIHUX X03sicTB Poccun, ucciemyercss BOIPOC O COMNTACOBAHHOCTU CTaTH-
CTMYECKUX JaHHBIX ¢ peleHueM ypaBHeHUs Konmoroposa—®okkepa—ITnanka. 3agaya popmanu-
30BaHa B BHJE€ MWHWMM3ALMU OTKIIOHEHMS pelreHus ypaBHeHuss KomMoropoBa—®Pokkepa—
ITnaHkKa OT CTATUCTUYECKUX JAHHBIX 324 CUET YIIPaBJIEHUS pacxodaMu JOMAIIHUX X039icTB. IIpen-
CTaBJIEHO YHCIIEHHOE pelIeHrWe SKCTPEMaJbHON 3amayd, MPUBENEHBI PE3YJIbTaThl PacyeTOB.
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1. BBEAEHUE

MognennpoBaHre 5KOHOMUYECKOTO MOBEASHMS JOMAIITHUX XO3SIICTB OIMpPAaeTCs Ha KOHIEILIIO pa-
LIMOHAJIBHOTO PEIpe3eHTAaTUBHOIO 9KOHOMMYECKOI'O areHTa U BOCXoauT K padorte @. Pamces [1]. Mo-
JIeJIN TIOBEJIeHUST peNpe3eHTaTUBHOTO JOMAIITHETO XO3SIMCTBA ISl Pa3/IMYHBIX COLMAIbHBIX CJIOEB pa3-
pabarbiBanuch B [2], [3] 1 UICIOIB30BANIMCH IUISI aHAIM3a COCTOSIHUS PhIHKA IIOTPEONTEILCKOTO KPeaIy-
Ta. JJuHAaMHUKa TIOBEACHMS PEIPEe3eHTATMBHOIO JOMAIITHEro XO3SiCTBa xapaKTepu3yeT “cpemHee”
MOBeIeHUe TOMAIITHUX XO3SCTB B pacCMaTpMBaeMoOM coliMajibHOM cioe. MccienoBaHue ToBeaeHUS
0OJIBIIIOTO KOJIMYECTBA TOMAIITHUX XO3SMCTB B paMKaxX COLIMAIBHOTO CJIOSI II03BOJISIET O0JIee KaueCTBEH-
HO OTCJIeXXKHBaTh UX 9KOHOMMWYECKYIO TMHAMUKY. BOJbIlI0oe KOJIMYECTBO TOMAIIHUX XO3SIMCTB MOXHO
OIMUCBIBATh TJIOTHOCTBIO UX pachpeneseHus: mo (GpMHAHCOBOMY COCTOSTHUIO U noxomam. PruHaHCcoBOe
COCTOSIHHE — BEeJIMUMHA, XapaKTePU3YIOIIasi Pa3HUILY MEXIY TOCTYIHBIMU TMKBUIHBIMU CPEICTBAMM C
JIeTIO3UTAPHBIMU CUETAaMU JIOMAIITHEeTO XO3SIMCTBA M €r0 3a40JKeHHOCTBIO TIepel 6aHKOBCKUM CEKTO-
poMm. [InHaMUKY 3BOJIIOLIMU TUIOTHOCTY paciipeae/IieHUsI MOXKHO OTMCAaTh ¢ TIOMOIIIbIO ypaBHeHUsT KoJi-
MmoropoBa—®Pokkepa—IInanka (cm. [4]).

B nanHoi1 paboTe uccaeayeTcsl BOIPOC O KauyeCcTBE MOACIMPOBAHUSI SKOHOMUUYECKOTO TTOBEICHUS
JOMAaIIHMX XO3SMCTB ¢ MoMolbIo ypaBHeHUsI KomoropoBa—®okkepa—IlinaHka B cpaBHEHUM CO CTa-
TUCTUYECKUMMU JAHHBIMU 00CIe0BaHMsI GI0IKeTOB JoMaHuX xo3siicTs (OBJ1X) B Poccuu 3a mepuon
2015—2020 rr. [5]. B pa3n. 2 mocTaBieHa 3aaadya COIIaCOBAHHOCTH HAOJII0JaeMOM CTaTUCTUKY C JUHA-
MUKOI pacrnpeleeHUsT JOMAaIlIHMUX XO3SIMCTB, OIMCchiBaeMoii ypaBHeHeM KoimoropoBa—®okkepa—
INMnanka. B pasn. 3 npeacTasiieH aJTOPUTM YMCJIEHHOTO pellieHUs JaHHOI 3a1a4u, pe3yabTaThl KOTOPO-
ro anpo6upoBaHbl Ha JAHHBIX POCCUICKOI CTAaTUCTUKHU W MpPEACTaBICHBI B pasd. 4. B 3akimoueHue
(pa3n. 5) o0cyxXnarTcs IMyTU JaJIbHEHIINX UCCIeIOBaHUIA.

DPa6ora Bbmontena ripu hbuHaHcoBoii momrepxxke PH® (Ipant 23-11-00129).

408



OB OJJHOM OBPATHOW 3AJIAYE 409

2. BAJAYA MOAEJINPOBAHUA JUHAMUKUA INIOTHOCTHU PACITPEOEJIEHUWA

Mubr ImojJara€M, 410 JO0XOAbl JOMAIITHETO XO3SI1CTBA S SIBISIIOTCSI CTOXaCTUYECKUM IIpoOLECCOM U OITN -
CbhIBAIOTCA CTOXaCTUYECKUM ,Z[I/I(l)(bepeHL[I/IaJIbHLIM YpaBHCHHUEM

dS = S (ydt + cdW),
S(0) = S,

rae Y € R xapakTepusyeT TeMIl pocTa 10X000B, d W — croxacTuueckuil auddepeH1man BAHEPOBCKOTO
npouecca W, ¢ > 0. Ilycte M () — TUKBUOHBIE CPEACTBA JOMAIITHETO XO3SMCTBA, KOTOPHIE OMUCHIBA-
1oTcs nuddepeHIaIbHbBIM ypaBHEHUEM

dM

e S@) — p(OC(#) + H, (t) — Hp(1), (D
rae C(f) — pacxombl JOMAITHETO XO35TUCTBA; p(f) — MHIEKC TTIOTPEOUTETBCKUX IIEH, PACTYIIIUNA C TEMIIOM
vHbaIUMU j, T.e. p(t) = poe'/', Do > 0; BenmuuuHa H,(¢) € R onuceiBaeT 3aMMCTBOBaHUS 1O MOTPeOU-

TeJIbCKOMY KpeNTYy, a BenmuuuHa H ,(f) € R xapakrepusyeT nonojsHeHne/CHITUE coepexkeHuit B hopme
JIeNO3UTOB B KOMMepUeCcKMX 0aHKax. MiaMeHeHue 3ano/ikeHHOCTU L(f) = 0 onuckiBaeTcst AuddepeH-
UaJTbHBIM ypaBHEHUEM

9L — [, () + r, LG, @)
dt

rae r;, > 0 sIBjsieTcsl HPOLIEHTHOM CTaBKOM IO MOTPEOUTENBCKOMY KpeauTy. I3MeHeHue cOepexXxeHuil B
¢dopme nero3utoB D(¢t) = 0 onuckiBaeTcs nuddepeHIInaIbHbIM ypaBHEHUEM

% — H,(t) + ryD(t), ©)

rae rp > 0 ABJAsIeTCSI HPOLIEHTHOM CTaBKOI MO NeN03UTaM, IPUYEM NIPEATIONATAETCS BBIIIOJTHEHUE YCI0-
BUSI OTCYTCTBUSI apOuTpaxa, T.e. r;, > rp > 0. 3akoH Puiepa cBA3bIBa€T MEXIY CO00il JTMKBUIHBIC

cpenctBa M(t) c TOTpeOUTETBCKUMU pacxolaMu JoMalliHero xo3siiicra C(f) yepe3 BeTUYUHY 1 >0, xa-
pPaKTEepH3YIOIIYIO0 CKOPOCTh OOpaIeHUS JeHET 0
M(t) = Op()C(¢).
ITycth x(f) — buHaAHCOBOE COCTOSTHUE OMAaITHEro xo3siicTBa. OHO 3agaeTcs BhIpaskeHUEM
x(t) = M(t) + D(t) — L(¢). 4)

PauvionanbHOE MoBeaeHUE MTPEATIOIATaeT, YTO JOMAIITHEE XO3SIICTBO He UMEET 3a00IKEHHOCTH 10 110~
TpeOUTETBCKOMY KPEIUTY U cOepeskeHUII B KOMMEPUECKUX OaHKaX OMHOBPEMEHHO, TO3TOMY

L(t) = max{M (t) — x(t),0} = (M (t) — x(z‘))+ ,
D(t) = (x(t) — M(2)), .

Huddepenuupys ypaBHeHue (4) B cuity ypaBHeHUi (1)—(3), MbI ITo1ydaeM IUHAMUKY U3MEHEHUS (-
HAHCOBOTO COCTOSIHUSI JOMAIITHETO X0O3CTBA
dx ¢ Lpp—p, (M =x) +rp(x—M), x(0)=x )
d 0 L + 7 ) 0-
Takum o6pazomM, GUHAHCOBOE COTOSTHME X JTOMAIIIHETO XO3SHCTBA U €ro TOXOIbI .S OMUCHIBAIOTCS TU-
HaMHYECKOM CUCTEMOM

Z,—x=S—lM—rL(M—x)++rD(x—M)+,
t

0

dS = S(ydt + cdW),
x(o) = x()a
S(0) = S,.
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B pab6orte [2] uccnenyercsd 3amada paMCeeBCKOTO TUIIA O MAKCUMM3ALUU JUCKOHTUPOBAHHOIO T10-
TpeOJieHUsI peIpe3eHTAaTUBHOIO JOMAIIIHEro XO3sMCTBa, KOTOpoe ympabiisieT moTrpebineHueM C(r).
YcioBue pacruiaThl IO ITOTPEOUTEITLCKOMY KPEIUTY K KOHEYHOMY MOMEHTY BpEMEHU BJIeUeT OrpaHu-

m) . Ecti manHOe HepaBeHCTBO HapylIaeTcs, TO JOMAaIllHee
ro—
XO3SIICTBO HE MOXET pacIiaTUThCS C HoépegI/ITeJILCKI/IM KPEIUTOM IIPU CIIOXKUBILIEHCS KOHBIOHKTYpE
(em. [2]).
ITyctb m(x,S,?) onuchIBaeT MJIOTHOCTb pacnpeaeeHus] JOMAIIHUX XO3SIMCTB 10 (P)MHAHCOBBIM CO-
CTOSTHMSIM X M ToXomaM S B MOMEHT BpeMeHU ¢. B [4] BeiBenmeHo ypaBHeHne Kormoropoa—®dokkepa—
Ilnanka, KOTOpOe OMUCHIBAET IBOIOILIMIO IUIOTHOCTH pactpeneneHus m(x, S, )

om(x,S,1) 19>
ot 205>

C HaYaJIbHBIMMU YCJIOBUAMMU

YCHMEC Ha CI)I/IHaHCOBOC COCTOSTHUE X =

(56°(x, Sym(x, 5.,1)) + 9 (Sm(x, S, 0(x, S)) + 2 (mf (x,5)) = 0, (6)
oS ox

m(x,S,0) = my(x,S), 7)

rae f(x,S) sBiasieTcs paBoi yacThio IuddepeHInaIbHOTO ypaBHEeHU (5), T.€.

f(x,S)=S—éM—rL(M—x)++rD(x—M)+. (8)

3ameuyanue 1. OTMeTHM, YTO IR JR m(x,S,1)dSdx = C, V't e [0,T] B ypaBHeHuu (6), C > 0.

IMyctb m(x,S,t) — HabIOmaeMasl CTaTUCTUMKA IUIOTHOCTHU paclipelesieHUs JOMAalllHUX XO3SMCTB Ha
BpeMeHHOM otpeske [0,7’]. B maHHoOi1 paboTe ucciaeayeTcs 3amaya BOCIIPOMU3BEICHUSI CTATUCTUUECKOM
IUTOTHOCTH pacripeneieHus Ai(x,.S,t) ¢ momoiisio ypaBHeHus: Konmoroposa—®okkepa—Ilnanka (6),
(7) 3a cuet ynpaBJieHUs JUKBUIHBIMU cpeacTBamu M (¢), T.e.

W ;aa (62 (x, Sym(x, S,1)) + i(sm(x S,01(x,5)) + —(m(x S,0f(x,S)) = )
m(x,S,0) = m(x,S,0), (10)
T
- - B 2 .
J= ! [ | (7Gx, 8,0 = m(x,,0))" dSdxdr — emin (11)

rae Wx,S, 1) = 0(x, S, )C in (), Chpin(f) — MUHUMaJIBHOE MTOTpEOIEHNE B MOMEHT BpeMeHu ¢ € [0,T].

st perieHus1 aKcTpeMaibHOM 3amauu (9)—(11) Heo6XxoaUMO BBINIMCATh COMPSIKEHHOE YpaBHEHUE.
ITyctb v(x,.S, 1) — mankast GyHKIMSI ¢ KOMOAKTHBIM HocuTesieM. [TocTpouM JarpaHxuaH 9KCTpeMaib-
Hoii 3agauu (9)—(11), roe B kauecTBe MHOXUTEs JlarpaHxka BboicTynaet pyHkius v(x,.S,7):

P(m,v) = j ” i(x, S, 1) — m(x, S, )|’ dSdxdt + j j m(x, S, TW(x,S,T) —
0RR, (12)

_ v 126 v
i(x, S, 0W(x, S, 0)] dSdx — ! l Rj m(x, S 1)[ 2(5 SIS et S }dexdt

3ameuanue 2. 17151 rosiydeHus JarpanxkuaHa (12) Mcnoyib3yeTcsi MTHTErpUPOBaHUE 10 YaCTsIM B ypaB-
HeHuu KonmoropoBa—®okkepa—IliaHka.

CornpsikeHHOE ypaBHEHUE JJIsl SKCTpeMalibHo 3amaun (9)—(11) umeet Bun

ov | 1 28V
Y ilo’S + S 13
o 27 9 Y f (13)
C TECpMMHAaJIbHBIM YCJIOBUEM
v(x,S,T) = 0. (14)

IIpencraBuM aJiropuT™M pelieHus1 aIKcTpeManbHoi 3amaqu (9)—(11):

IIar 1. 3agmaeM HavaJbHOE YIIpaBJIeHUE Mo(x, S).
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IIar 2. Pemaem ypaBHenue Konmoroposa—®oxkkepa—Ilmanka (9), (10) B mpssMoM BpeMeHU.

IIar 3. PemmaeM comnpskeHHOoe ypaBHeHUE (13), (14) B mONSITHOM BpeMEHMU.

Iar 4. Haxonum HoBoe ynpasinenue M “(x,.S), tae k € N — HoMep UTepalu:

+}“D'|]

M '>x M <x |

M(x&“Mx%x®+hm&T fr
0x\0
rae 4 > 0 — 1ar cxomMuMocCTH,

I] 1, ecmm a> b,
ab 0 wuHaue.

IIar 5. Ilepexogum K 1Iary 2 10 Tex Mop, IokKa He OyAeT BHIIIOJIHEH KPUTEPUIL OCTaHOBA

77T <o

3. YMUCJIEHHOE PELIEHUE DKCTPEMAJIbHOU 3AJIAYA

3.1. Pasnocmuas cxema oas ypaenenus Koamoeoposa—Pokkepa—Ilranka

OrpaHu4MM MHOXECTBO (PMHAHCOBBIX COCTOSIHUI X U MHOXeCTBO AoxonoB S. Ilycts x € [-L,, L,],
SelS,S],tmel, >0,1L,>0,S, > S, = 0.Pa3zobseM quamnazoH GUHAHCOBBIX COCTOSTHUM Ha M + 1y3-
JIOB, IMana3oH J0Xoa0B Ha H + 1 y3710B, BpeMeHHOM oTpe30K Ha N + 1 y3/10B. BYHCM noJiaraTh, YTO BCe

$-5

pa3oueHust paBHOMepHBI. OTIpeie UM JJIMHBI OTPE3KOB: Ax = L+L ,AS = , At = % Hns an-

BEKTHUBHOI1 yacTu ypaBHeHUs1 KonmoropoBa—®okkepa—Ilnanka (9) Mbl MCIOIB3YeM TTPOTUBOITOTOY -
Hyto cxeMy [omyHOBa TIepBOTO TTOpsnKa. Pa3HOCTHBIE CXeMBI TAKOTO BHUIA OBUIM YCITEIITHO TIPUMEHEHBI
B paborax [6—S8].

Bbynem npunepuBatbcs cieayroimx ooo3HaueHuid. ITyctob m}’k XapaKTepu3yeT 3HaueHue (QYHKIIUU

m(x,S,t) B Touke (jAx,kAS,iAt), j=1,M —1, k =1,H —1, i = 0, N. Pa3HOoCcTHas1 cxeMa ypaBHEHUs
KonmoropoBa—®okkepa— HnaHKa (9) npencrassieTcsl B BUlE

) , ) 2 , 2
_ i 2 i i 2 i
My = my, + E_ASQ (mj,k+lSk+1 (Gj,k+1) 2m kSk ( 7, k) +m; 1Sk (Gj,k—l) ) -

_Arf At| i i i i
( ek k+ﬂ(‘ S 17’ ] [m o, —m 1 f 1 ja (15)
T2 ' 3 3

/k 1+ k— l+— Jk— l+
J=LM—1 k=2,H-2 i=0,N—1,

rae

i ; ;
M, ecmm S lY/ 1 < 0, Mg €Cm S8 It
i 2 7 i 5

= m =
ol ; : ] )

S+ ! = Jt=k i
2 My, CCIH Sk%Y'j’k%/O, 2 m;, ecmm S

Mmur HaKJIagbIBacM TOMOTECHHBIC YCIJIOBUS Heiitmana Ha rpaHMue obnacTu:

i i _ i —
f = fM 1+ T y’ 1 'YJH 1 =0, W TpaHMYHBIC YCIOBUS mj, = m;y_ = m; = My, =0, rie
7" p

j=1,M—1,k=1,H—1,i=0,N—1.

CxemMaTM4HO, pa3HoOCTHas cxeMa ypaBHeHUs1 Konmmoroposa—®oxkkepa—IliaHka MOXeT ObITh Mpe-
CcTaBjieHa B cienymoiieM Buae (dwr. 1).
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H
e
H—1 %0%0%0X%X0X0X0OXOXIXIXEXOXIXSXOX
+ + 4+ + + 4+ ++ 4+ + o+
H—2 %0%0X%X0X0%X0X0XOXIXEIXIXEXSXEOXOX
+ + + + 4+ 4+ + + 4+ + F o+ o+
H—3 %0X0X0X0X0OXOXOXIXSXSIXOXOXSXOX
+ + 4+ 4+ 4+ + + ++ o+ + o+ 4
H—4 % 0%0x%xexexexXexexexexexexexexex
+ + 4+ + + 4+ ++ 4+ 4+ ++ o+ C
R BN T R BN BT BE BN BN BN BN B R R X oM .0k
+ + + 4+ 4+ 4+ + + 4+ 4+ +F + o+ o+ :
4 X EXOXOKONXONXOKOEXOXOXOXOXSXOXOX xfj+1,2vk
+ + 4+ 4+ 4+ + +++++ 0+ o+ 4 i
3 IXeXOXOXOXOXOXOXEXSXSXSXOXSXSX + ) kew2
+ + 4+ + + 4+ ++ 4+ 4+ ++ 4+ + , ,
2 XOEXOXOXOXOXOEXOXOEXOEXOXOXOXEOXEOX xfllz,k:fM—1+1/2k:0
+ + 4+ + + 4+ ++ 4+ 4+ ++ o+ : ,
1 XX OKOKOXOXONXONXSNOXOXOXOXOXOX +ijl/2:yj‘H71+1,2:O
N TR S S T T S S S S A A
0
J o AW —

®@ur. 1. PazHocrtHas cxema ypaBHeHUs1 KonmoropoBa—®okkepa—Ilnanka.

EctecTBeHHBIM Tp€6OBaHI/ICM ABIACTCA HCOTPMNLATCIIBbHOCTD INIOTHOCTU pACIIpCACIICHUA. Bpra)KC—
HHUEC 3TOIO TpC6OBaHI/IH MOXHO 00€CIICYUTH 3a CUET YCHOBI/Iﬁ n3 CJ'[e,I[y}OH_[eﬁ JICMMBI.

j M-1)x(H -1 N
Jdemma 1. ITyems m' € RM ™™D gengemes mampuueii ¢ neompuyamenstoimu komnonenmamu. Iycmeo

6= max KG;’k’ ede I€ {0,...,N —1},J € {l,....,.M -1}, K € {l,..., H —1}. Ecau gvinoanenui ocpanuue-
iel,jed ke

nus (16), (17) na ff'+1k, j=1,M-2,keK,iel, uy'_H] jed, k=1,H-2,ie I, moeda mampuya
J 5, Js 5

1 o RM-DX(H1)

m cocmoum U3 HeompuuyameabHovlX 31eMeHn06.

2 _ ~2
Ax( 6" 1 SZ_L </ <&x[ 1 6 1 SZ, (16)

2 2a827F 2ar) e T 220 2 AS8?

AS (6° 1 @ Lloy  <AS (1 5 1 @ (17)

25 \2as? " aar) ey Tas oA 248 )
2 2

ede Sy, = min{S,.,,S,}.

i

Hoka3arenscTBo. 3adukcupyem i, j, k. Ham HeoOxoaumo nokas3aTb, YTO KOMIIOHEHThI m}_l’ k> Mgt

i i i
Mij > Mj g1, M;

i1k ABIAIOTCA HEOTPMLATCIbHBIMU BEJIMUNHAMM. ):[J'[f[ 3TOr0 HEOOXOAUMO pPacCMOTpPEThb

Y , - JIeTKo BUIETh, YTO BETM-

BCEBO3MOXHbIE KOMOMHALUN 3HAKOB BEJIUYMH [~ Lo S ! Y. -
s, k142
2

. 1, 1
—l4=.k e+
7 S
d i i ; i
YUHBI f, A f, Ll MEePEMEIIAIOTCS TOPU3OHTAIBHO BIOJIb KOMIIOHEHTOB M,y , M, My
2 2

B 3aBUCUMOCTU OT CBOMX 3HAKOB, TOINa KaK BEJMYMHbI y’_k 1s y’_k .1 TIEPEMEIIAIOTCS BEPTUKATHHO
Jk=T kel
2

i i i
BIOJIb KOMITIOHCHTOB Mje15 Mjgs M pig-

i i i i i i i j
TIpy KOMIIOHEHTAX M)y 4, M) 41, Mgy, My, 3HAKYM BemauH f |, f Y |,y | Bxons-
> > > ’ /+§ k /—1+§,k j,k+5 j,k—l+5

II1e CO CBOUMM MHOXUTENSIMU B ypaBHeHUEe KonmmoropoBa—®okkepa—Ilimanka (15) moJ0XKUTEIbHBL
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(Harpumep, eciu . < 0, Torma sTa BeJIMYMHA COOTBETCTBYET Y311y m; +1.4 V1 BXOIIUT CO MHOXUTEJIEM
=, ;
2
_At 0, TaKMM 06pa30M, 3HAK B y3JIe n1’ 'i+14 TIOTIOXHUTENIEH).

[Ipexne yeM rnepexoauThb K pacCCMOTPEHUIO 3HAYSHU ST mj « B IEHTpaJIILHOM Yy3J¢€ (i, j, k), pACCMOTPUM
nonapoOHee JamacuaH B ypaBHeHuu (15). ITyctb
1 At At 1 At s2 (& 2
¢ = Sk+1(0 k+l) » 0, = Sk(G k) s 03 =580,
2AS° . AT 2AS8° !
OueBugHoO, yto @; = 0, @; = 0. BentmumnHa @, = 0 B cooTBeTCTBUU € yenoBuaMu KypaHTa o cxonumo-
CTU SIBHOM pa3HOCTHOM cXeMbl mapadoymyeckoro ypaBHeHus (15) (cM. [9]). MbI HakyiagbiBaeM orpaHu-

yeHnus: KypaHra B Bue ? s A S2 1, rae .S, sIBJIsieTcsl MpaBoii rpaHuLell (pa3oBOro mpocTpaHcTsa .
S’

Temeps paccMOTpUM TIEHTPANBHBIN y3en (i, j, k). Ecu MBI moKaxeM, 4TO 3HAUYCHUE m},k SABJISIETCA

HEOTPULIATEIbHBIM IS CIydast f L >0, f L <0, y’.k . >0, Y’,k L <0, Torma masa Opyrux BO3-
Js J1+, okt Jok=l4
2 2 2 2

1Y | 3HaYeHue m), TaKxke Oyner
2

MOXHBIX CJTy4aeB COYETAHMsI 3HAKOB BeMuuH [ | , f© | , 7 . .
it Sk k=142
2 2

b
J-1+=k
2

HeOoTpULIaTEIbHBIM. PaccMOTPUM KOMITOHEHTHI m},k IUTSl TaHHOTO ciiydast 1j1s y3na (i, j, k). CormnacHo
orpaHuueHusM (16), (17) MBI TToJTydaeM CIEAYIOLIYIO OLICHKY:
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Takum 06pa30M MBI ITOKa3ajin, 4YTO 3HAYCHUA KOB(b(lDI/IL[I/ICHTOB COOTBETCTBYIOIIIMEC KOMITOHEHTAM

mj 1k mj P m;,k, ' k1> mm «» Ipy orpaHndeHusix (16)—(17) sBnsioTcs HeoTpULaTeTbHBIMU. Jlemma

Js
JoKa3aHa.

3.2. PaznocmHuas cxema 045 conpsisiceHH020 ypasHeHu s

IIpexne yeM nepexoauTh K pa3HOCTOM cXeMe IJIsI COIPSIKEHHOTO YpaBHEHUSI, OTMETUM, YTO JTMC-
KpeTHoe ypaBHeHne KoaMoropoBa—®okkepa—Ilnanka (15) MoXeT OBITh 3alIUCAHO Yepe3 UHIAUKATOP-
Hble (PYHKIIUU:

it i 1 At (
2

m;x = /k + - IAS /k+1Sk+1( ijk+1) 2’”/ kSk( jk) + m;’,k—lslf—l (Gij,k—l)2) -

At i j i j
- =Im; S -0, +m; S A, -
AS( Jok+1 k%ylj’k% Y +E<0 Jik k+%’Ylj,k+% Y, =0

: )
S 1, _
3 ik 1+- 1<0 Skl k—l+%ylj,k—l+% Y 120]
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C y4yeToM HyJIeBbIX TPAHUYHBIX YCJIOBUIA, JarpaHXWaH K IMCKPETHOI 3KCcTpeMalibHO# 3amaue (18)—
(20) umeet BUI
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Boinenum cinaraemple ¢ KOMIIOHEHTaAMU m’/ «- C y4eTOM rpaHUYHBIX YCJIOBUIA Ha TJIOTHOCTb pacnpene-
N-1 __ .
JIEHUsT m W TEPMHUHAIBHOTO YCJIOBMsI Ha COMNpsiKeHHYO ¢yHkmo v, =0, j=2,M -2,

k =2,H — 2, narpaHxuaH (21) MOXHO MpenCcCTaBUTh B BUIIE
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Pl iy
i-1 23 — /5 3,3 1 AT 1
Vi3 = o i=1,N -1, (31)
5 /’l Li—1
]
il gi—l v
i-1 _ B g2~ 8 1n-3Y3,H-3 .
Vigy = P , =1,N-], (32)
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il gi—lvi
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Takum ob6pa3zom, conpsiKeHHOE ypaBHEHUE 3aJaeTcsl TMHAMHWUYECKUM ypaBHeHHEeM (22), TepMu-
HaJIbHBIM yCcaoBueM (23) 1 KpaeBbIMU ycaoBUsIMHA (24)—(35).

3ameuanue 3. Eciu 3HaMeHaTenb oOpaliiaeTcs B HOJIb B ypaBHeHUsIX (24)—(35), TO 3TO COOTBETCTBY-
€T HYJIEBOI MJIOTHOCTH paclipe/ieieHUs B JaHHOM TOUYKe, U 3HaUYE€HUE CONPSIKEHHON nMepeMeHHO Mo-
KET OBITh JTI00BIM. /1151 orpenesieHHOCTH OydeM CUMTaTh, UYTO COMpPSKEHHAsI IIepeMeHHasl B 3TOM TOYKe
paBHa HYJIO.

4. PESYJIBTATBI PACUETOB

Cratuctnyeckue maHuele OBJIX cobupatorcst PoccraToMm eXekBapTajlbHO M OXBAaTHIBAIOT OKOJIO
50000 momarrHux xo3sicTB U3 82 peruoHoB Poccuu. Ha ocHOBe maHHBIX 1O YPOBHIO MOTpeOIeHUS Ha
JIYLIy HaceJICHUSI 3T PeTMOHBI ObLIM pa3aelieHbl Ha 3 TPYIHIbL: O0TaTylo, CpenHioo u 6eqnyo. Cornac-
Ho craTucTuke OB/1X, 0K0I0 MOJIOBUHBI JOMAIITHUX XO3STIACTB U3 GEIHOI IPYIITbl PETMOHOB IMPOXUBA-
10T B TOPOJICKOM THIIE HACEJIEHHOTO ITYHKTa, a OCTaBllIeecs] MOJIOBUHA B cejie. ITOCKOJIbKY CTUJIb KM3HU
B TOpOJie OTJIMYACTCs OT CeJia, TO JaHHas IpyIlla perMOoHOB OblLIa pa3iaciieHa ellle Ha nBe. B kaxmoit
IPYIIe PETMOHOB BBIACSIOTCS CJIOU HACEJIEHUS C pa3HBIMU YPOBHSIMMU TIOXOIOB M PACXOIOB.

Cpenn yaacTHUKOB orpoca OB I X MbI BEIIEIMIIN 3aeMIIIMKOB B KasKIIOM TPYyITIe pETMOHOB. 3aeMIIIN-
KU JIeJISITCS. Ha JBa TUIIA: HU3KOJOXOIHbIE M BHICOKOIOXOMHbIE. OHM MMEIOT pa3Hble MOBEICHUYECKIE

1
InmapaMeTpbl, TaKNE KaK CKOPOCTb O6paH_ICHI/I${ JCHET 6, TEMII pOCTa 10XOO0B Y, nMapaMeTp BOJIATUIIbHO-

CTU J0XOA0B G. [paHu1Ia pa3aeaeHns 3aeMIIIMKOB Ha HU3KOJOXOAHBIX U BLICOKOIOXOHBIX TPOBOAUTCS
C MoMoIIBI0 ITporpaMMHoro koMmiuiekca [10]. UHTtoOnl o6ecnieunTh HEMPEPHIBHOCTL 3TUX ITAapaMETPOB,
BBOJIUTCS “cepasi 30Ha”, IEHTPOM KOTOPOIA SIBISIETCSI TpaHU1IA Pa3ieJIeHUS 3a€MIILMKOB, CKJIEUBAIOIIAs
napameTpsl 6, G, Y N0 HENMPEPHIBHOCTMU.

Yyactauku orpoca OBJIX MEeHSIOTCST KaXK bl TO, HO B TeYeHME KaXKIOT0 ro/la ONpaIrmBaloTCs O~
HU U Te Xe JOMallTHUe Xo3sicTBa. Mcxomst M3 3TOro, alrOpyuTM MICHTU(MUKAIIMA CTAaTUCTUYECKOM
TUIOTHOCTHM pacIipenesieHUs IIPOBOIMIICS B KaxKaoM roay He3aBucuMo ¢ 2015 mo 2020 r. B kauectBe npu-
Mepa pacCMOTPUM JOMalllHUE X035 CTBa, MpoXuBalollne B cpeaHeii rpymnmne peruoHoB B 2020 r. Cra-
TUCTUYECKYIO TNIOTHOCTh PacrpenesieHusI MTOCTPOUM Ha TUIOCKOCTH S, X, OCHOBBIBAsICh TTPAKTUIECKU
Ha 5000 moMalIHUX XO3SIMCTB, KOTOPbIE OKa3a/IMCh 3aeMIIMKAMU U3 CPEeIHEN Ipynnbl peruoHoB. O00-
3HaYMM 4epe3 Dy HHU3KOIOXOAHBIX 3aCMILMKOB, a Yepe3 D, — BblcOKoAoXoaHbIX. Ilycts 6, = 0.01,
6p, =0.02,6, =1, 6, = 3. lng ynobcTBa MacIITAOMPOBAHMUS ICHEXHbIE eAMHUILIBI OyileM TOHUMATh
B ThIcsiuax py6neit. Ilapamerpsl cetku: L, = 500, L, =150, S =0, §, =60, M =400, H =100,

N =100. BpemeHHoli Topu3oHT 7' = 1, mapaMeTpbl ONTUMHU3ALUOHHOTO AJIOTPUTMA i = 4, € = 107,
OrpaHUYMM BapuallvIo YIIpaBJIeHUS Ha KaX A0 nTepauuu BeandnHoi 0.2 . OnTuMu3anuio 0yaeM mpo-
BOIUTH B 00JIaCTH TLJIATEXKECITOCOOHBIX 3aEMIIIUKOB, B C/Tydae, eC/IM JoMalllHee X031CTBO HaXOAUTCS B
061acT 6aHKPOCTBA, MBI CAMTAEM, UYTO €TO ITOTpeOIeHINE HaXOAUTCST Ha MUHUMYMe. DYHKIIMOHA 9KC-
TpeMaIbHOM 3a1a41 TaKKe pacCMaTpUBAETCS Ha 00JIACTH TUIATEXKECTIOCOOHBIX 3a€MIITUKOB.
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Ha ¢wur. 2—7 npencraBieHsl pacdeTHBIC TaHHBIC, TTOJIYICHHBIC C TTIOMOIIBIO PEIIeHUs YpaBHEHUS
KonmoropoBa—®okkepa—Ilnanka B pasnuuHbie BpeMeHHbIe nepuonbl 2020 r. Ha ¢wur. 2, 4, 6 mokasza-
HbI IJIOTHOCTH pacIipeiesieHusl B TPEXMEePHOM OTOOpakeHuH, a Ha ¢ur. 3, 5, 7 — B IIPOEKIIMU Ha TJIOC-
KOCTh JOXOI0B M (PUHAHCOBOTO COCTOSIHUSI. CMHUM 1LIBETOM M300pakeHbl 3aeMIIUKU, KPACHBIM —
0aHKpPOThI, KOTOPbIE HE UMEIOT BO3MOXHOCTH PACIIJIATUTHCS C TOTPEOUTETbCKIUM KPEIUTOM MPU TEKY-
I 9KOHOMUYECKO cUTylMU. OpaHXXeBbIM U300pakeHbl JTOMAIIITHUE XO3SIMCTBA, KOTOPhIe HEe OepyT
3aiiMbl IO MOTPEOUTENBCKOMY KpeauTy. 3eieHasl 1oJjioca BAOJb OCU X — “cepasi 30Ha”, CKJIeUBalolas
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®wr. 2. PacueT rIOTHOCTU pacripeesieHusT JOMaIIHUX X03s1iicTB B stHBape 2020 1.

Baukpotsl: 6.24%; 3aemuiuku: 84.98%; npoune: 8.78%
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®@ur. 3. PacueT rIIOTHOCTHU pacripeae/ieHusT JOMaIIHUX X03s1icTB B stHBape 2020 T. (BUI CBEPXY).

0 HENMPECPLIBHOCTU ITapaMETPbl HU3KOJOXOAHBIX U BbICOKOJOXOAHbIX 3a€MIIIMKOB.
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®ur. 4. Pacyer ILTOTHOCTHU pacrpeaesieHUs JOMAIIHUX X03s1icTB B uioHe 2020 .

bankpoThl: 6.5%; 3aeminuku: 84.34%; npoune: 9.16%
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@ur. 5. PacyeT IUIOTHOCTY pacnpene/ieHUsI JOMAIIHUX X03sicTB B utoHe 2020 r. (BUI CBEpXY).

[ns maHHOTO TIpUMepa cpeaHee OTKJIOHEHHE TUIOTHOCTU pacIipee/ieHus, TIOJTydeHHOM TTpU pellie-
Hum ypaBHeHusi KonmoropoBa—®okkepa—IlnaHka, 1o cpaBHEHUIO CO CTATUCTUYECKOI TNIOTHOCTBIO
pacrpeneiaeHus cocTaBiseT 9.4%, T.e.

T
! fQJ lii(x, S, 1) = m(x, S, 1)| dxdSdt

. = 0.094,
” (x, S, f)dxdSdt
0Q
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®ur. 6. Pacyer IUTOTHOCTHU pacnpenesIeHUs JTOMalTHUX X03s1icTB B fekaope 2020 r.

Baukpotsl: 6.86%; 3aemuiuku: 84.51%; npoune: 8.63%
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@ur. 7. PacyeT IUIOTHOCTU pacmpeae/ieHUsI JOMAIIHUX X03sicTB B nekabpe 2020 r. (BUa CBepxy).

VIS ) — o0JacTh IUIATEXEeCIMOCOOHBIX 3aEMIIMKOB Ha IJIOCKOCTH X U S. CpC,I[HI/IC OTKJIOHCHUA OJIA
OCTaJIbHBIX I'PYIIIT pETUMOHOB Ha BCEX paCCMAaTPpMUBACMBIX II€pHUOodax IpeacTaBJICHbI B HpI/UIO)KeHI/II/I.

OTMeTUM, 9TO IJIST TaHHOTO IIprMepa OBbIIH TTPOBeneHHI 139 nTepanuii airopuT™Ma ImonuckKa MUHUMM -
3aTopa, MPeaCcTaBIeHHOTO B pasm. 2. [10CKOIbKY MBI UIIEM JIOKAJIbHBII 3KCTPEMYM 3aa4yl, HET rapaH-
TUA MOHOTOHHOCTHU UTEpaIlMOHOTrO ajiroputMa. B ciydae HapylieHUsI MOHOTOHHOCTHU, BOCIIPOU3BO-

JUTCA TIpeabiayiast uTepauusd U ACJIUTCA 1ar CXoauMOCTU h IIoI10JIaM. ,Z[I/IHaMl/IKa I/ITCI)&L[I/IOHHOVI CXO-
JIMMOCTHM TIpeIcTaBlIieHa Ha ¢ur. 8.
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@ur. 8. 3HaueHMe GYHKIMOHAIA SKCTPEMAIbHOM 3a1a4i B 3aBUCMMOCTH OT HOMEpa UTepaliy ONTUMU3ALIMOHHOIO
aJIropuTM™a.

OxkT1s6pBb, 2020. CTtaTcTHKa MOTPpEeOIeHUS
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®@ur. 9. Cratuctuueckoe norpedieHue no gaHHeiM OBIX.

IMpencraBuM 3adyeHne MOTPEOIIEHNS, MOJIYYEHHOTO MPU PEIIEHNH SKCTPEMaIbHOM 3a1a4i U CpaB-
HHM €TI0 CO CTaTUCTUYECKUMU TaHHBIMU B OKTsI0pe 2020 1. (cM. ¢pur. 9—11). Kak BumHO, HaiineHHOE I10-
TpeOJIeHrEe COMOCTABISIETCS CO CTATUCTUYESCKUMM JaHHBIMU, IIOTPEIIHOCTh COCTaBJIsIeT nopsiaka 7% .
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PasHu1a pacxonoB: pacyeT MUHYC CTaTUCTUKA
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®ur. 10. PazHuiia pacCYUuTaHHOTO MOTPEOIEHUS U CTATUCTUYECKOTO.
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®ur. 11. PaccuntanHoe rmorpebiieHue.

5. BAKJIITOYEHHUE

B paGote nccienoBajcs BOIIPOC COINIACOBAaHHOCTHU craThUcTUYecKuX naHHbix OBX ¢ nuHaMuKoii
IUIOTHOCTH paclipeaesieHUsT JOMAITHUX XO3SIMCTB IO J0X0AaM U (DMHAHCOBBIM COCTOSIHUSIM C peIlleHU-
eM ypaBHeHUs1 KoamoropoBa—®okkepa—IliaHka. MHOXECTBO BCEBO3MOXHBIX PEIICHUN YpaBHEHUS
Konmoroposa—®okkepa—IlnaHka ¢popMupyeT MOANPOCTPAHCTBO, HA KOTOPOE MCKalach MPOCKIIUS
CTaTUCTUYECKUX JTaHHBIX. 3a1a4a (hpopMain3oBaHa B BUAE DKCTPEMAaIbHOI, MPeICcTaBIeH UTepallMOH-
HBIi QAJITOPUTM MOKUCKA MPOEKIIUM, TIOCTPOSHBI COOTBETCTBYIOIINE PA3HOCTHBIE cXeMbl. UUCIIEHHBIE pe-
3yJIbTaThl JEMOHCTPUPYIOT BO3MOXHOCTD OITMCAHUS SBOJIOLIMY SKOHOMNYECKOTO MMOBEISHMS TOMAIII-
HUX XO3STICTB ¢ moMolIbio ypaBHeHUs: KoaMoropoBa—®okkepa—I11aHka Ha KaueCTBEHHOM YpOBHE.
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Temoit IS TAJbHEMUINEro NCCIEeTOBAHUS MOXET CJIY>KUTb NUCITOJIb30BaAHUNEC HOCTpOCHHOfI IIPpOCKIINN

B KaueCTBE BXOAHBIX JAHHBIX JIJISI OTNPEAeICHUS TTOBEACHYSCKUX XapaKTepPUCTUK JOMAITHUX XO35ICTB:
OTBpAILEHUS K PUCKY U KO3 DULIMEHTA TMCKOHTUPOBAHMSI, KAK 3TO ObLJIO peaJIM30BaHO [JISI pENPE3EH-
TaTUBHOTO JOMAIITHETO X035 CTBA (CM. [2]); HACTpOiiKa MOBeIeHUeCKUX XapaKTePUCTUK JOMAIITHUX XO-
3AUCTB U1 UACHTU(UKALIUY TTOJTydeHHOTO MOTPEeOIeHUS B pa3pe3e COLMAJIbHBIX CJIOEB Ha pernoHallb-
HOM YPOBHE, IOCTPOEHUE IIPOTHO3HBIX CLIEHAPHUEB.

ABTOp BBIpaxkaeT MCKPEHHYIO MPH3HATEILHOCTh CBOEMY HAyYHOMY PYKOBOIUTENIO, AJIEKCAaHIPY

AJ'ICKCCCBI/I‘IY ]J_[aHaHI/IHy 34 PYKOBOACTBO M ITOMOIIIb B UCCIIEAOBAHNUN CTOXaCTUYCCKHX 3ada49 paMCCCB-

CKOTO THIIA.
Ilpunoxcenue
OTKJIOHEHHE OT CTaTUCTUYCCKUX TaHHBIX.
T
[{[1Ax, S,2) = m(x, S, )| dxdSdt
Ta6mmma 1. 22 -
j jj w(x, S, HdxdSdt
0Q
To bennas rpymra bennas rpymma CpenHsis rpyIina Boraras rpynna
A DPETMOHOB, TOPOI PETHOHOB, celo DPErMoHOB pEervoHoOB
2015 8.5% 12.3% 10.3% 7.5%
2016 9.3% 11.3% 9.2% 12.5%
2017 9.6% 8.4% 11.4% 9%
2018 10.2% 7.4% 7.3% 9%
2019 8.9% 11.3% 8.3% 7.3%
2020 11.2% 8.6% 9.4% 13.3%

10.
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