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MATEMATWYECKUE MOJEJIN
TEXHOJIOMMYECKUX NPOLIECCOB

C. 1. baytuH, . 0. KpyToBa

YK 517.95+533.6

3afaya 0 NNaBHOM CTOKE B NepeMeHHbIX r, t
KaK XapakTtepuctuyeckas 3apaya Kowm craHgapTHoro Buga

S. P. Bautin, I.Yu. Krutova

UDC 517.95+533.6

Flat flow in variables r, t problem as Cauchy
characteristic problem of a standard form

AHHOTauus

MaremaTrdecky MOOEIUPYIOTCS IJIOCKUE Te-
YeHUS UeaIbHOTO0 II0JIUTPOITHOTO I'a3a B YCJIOBU-
ax peticreusa cuibl Koprommuca. i1 kpasuinHel-
HOI CHCTEMBI YPABHEHNH IMIepOOIMIeCKOro THIIA
TIOCTABJIEHA HAYAJIbHO-KPaeBas 3a71a4a, pelleHne
KOTOPOI OITCHIBAET TeUeHUe, BOSHUKAIOIIEe IIPU
IJIABHOM CTOKE I'a3a Ha OKPY'KHOCTH 3aJTaHHOTO
HeHyJIeBoro paguyca. JlokasaHo, 9rto qaHHAs 3a71a-
4a SABJIAETCA XapaKTepuCcTHIecKkol damadeit Komm
CTAHJIAPTHOTO BUJA U II03TOMY IIPY YCJIOBUY aHa-
JIUTUYHOCTY BXOJIHBIX IAHHBIX y Hee CYIIeCTBYeT
eMHCTBeHHOe aHAJINTUYECKOe peleHne. AHamua
IEePBHIX KO(P(PUIIMEHTOB CXOIAIIUXC OECKOHEY-
HBIX PAJOB, 3aJAI0IIUX II0JIyYeHHOEe aHAJIUTIYe-
CKoOe pelieHune, 000CHOBHIBAET (PAKT BOSHUKHOBE-
HUSA B PAAUAJIBHOM TeUeHUN 3aKPYTKY I'a3a u3-3a
neiictus cuutel Kopuosuca. Ilpu atom B Cesep-
HOM IIOJIyIIAPUH 3aKPYTKA I'a3da UJIEeT B IIOJI0KU-
TeJIbHOM HAlpaBJIEeHUH, TO €CTh IIPOTUB X0Ja Ja-
coBoit crpenkn. A B I0skHOM mosrymapuu Ha060-
pOT — B OTPHUIIATEIFHOM HAIIPABIEHUH (II0 XOIY
YaCOBOM CTPEJIKH).

KnioueBble cnosa:

YPaBHEHHUS C YACTHBIMU IIPOM3BOIHBIMHY, Ma-
TeMaTH4YeCKOe MOJeJINPOBaHUeE, CIINPAJIbHEIE Te-
JeHns rasa, cuia Kopmosmca.

Abstract

There are mathematically simula-
ted ideal polytropic gas flat flows in the
conditions of Coriolis force influence. For
quasilinear system of hyperbolic type
equations there is set the initial-boun-
dary problem, its solution is by described
by the flow which appears (during) gas flat
flow on the circle of the given nonzero ra-
dius. It is proved that this problem is Cau-
chy characteristic problem of a standard
form, therefore under the condition of in-
put data analyticity there is only one ana-
lytical solution. First coefficients’ ana-
lysis of convergent infinite series set the
received analytical solution justifying the
fact of gas swirl in a radial flow appea-
rance because of Coriolis force influence.
While in Northern hemisphere gas swirl
goes in positive direction, i.e. anticlock-
wise. In the Southern hemisphere on the
contrary — in negative direction (by the
hour hand).

Key words:

equations with partial derivatives,
mathematical simulation, twist gas flows,
Coriolis force.
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aTeMaTHYEeCKH MOIEIUPYIOTCS

ILJIOCKYWE TEUEeHUS UIeaIbHO-

T'0 IIOJIUTPOITHOTO Ta3a B YCJIO-
Busx geticreus cuibl Kopuosuca. st
KBa3WJIelHOM cucTeMbl ypaBHEeHUH T'H-
11epOOJIMYECKOro TUIIA ITIOCTABJICHA Ha-
JaJIbHO-KpaeBasi 3a7aJa, pelreHue Ko-
TOPOM OIMCHIBAET TeUYEHHE, BOSHUKA-
olllee TIPU IJIABHOM CTOKE ra3a Ha OK-
PY*KHOCTH 3aTaHHOI0 HEHYJIEBOrO pa-
nuyca. JlokasaHo, 4To TaHHAS 3a7a9a
SIBJISIETCS XapPaKTePUCTUIECKON 3a11a-
veit Komm crasgapTHoro Buma 1 moaTo-
MY IIPH YCJIOBUY aHAJIUTAYHOCTH BXOJT-
HBIX JAHHBIX y Hee CYIIeCTBYeT eInH-
CTBEHHOE aHAJUTUYECKOEe peIleHue.
Anamna mepBhIX K0dQQUITTEHTOB CX0-
IAMUXCA OECKOHEUHBIX PAJIOB, 3a1a%0-
X II0JIyY€HHOE aHAJIMTUYIECKOoe pe-
1eHvie, 000CHOBBIBAET (DAKT BOSHUKHO-
BEHUS B PAIMAJILHOM TEUSHUN 3aKPYT-
KU ras3a u3-3a Jevcrsus cuiibl Koprosu-
ca. [Ipu atom B CeBepHOM mOJIyIIIA pUT
3aKpyTKa rasa uaeT B IIOJI0MKATEIHHOM
HAIIPaBJIEHUH — IIPOTHUB X0 YaCOBOM
crpenkn. A B I0:xm0oM mmosymapum, Ha-
000pOT, B OTPUIIATEILHOM (10 X0y Ya-
COBOM CTPEJIKM).

Cuctema ypaBHeHUI ra3oBom

OVUHAMUKM npy Hannyum cunbl Kopronuca

CucreMma ypaBHEHMI Ia3oBOM IIH-
"Havurgu (CYIT'Jl) nns wmssaTpommue-
CKUX IIJIOCKUX Te€UEHUH MOJTUTPOITHOTO
rasa mmpu yuere cuisl Koprosmca nme-
eT caenyiomuii Bux [1, 2]:

-1
¢, tuc, +Mc(ur +E):0,
2 r
v’ 2
u, +uu, ——+-——cc, = av,
ro(y=1

ey

uv
v, + UL, +— = —au.
r

3neck ¢ — BpeMs; B IIOCKOCTH TIepe-
MEHHBIX X, Y BBeJIeHA TIOJISIPHAS CUCTe-
Ma KoOpauHAT (7, () 1 IIPearoIaraercs,
aro 8/d¢ = 0; ¢ = p* "2 — cropocts 3By-
Ka raaa; y = const >1 — mokasaTeJib 110-
JIUTPOIIBI TA3a B YPABHEHUH COCTOSTHUS

Marematnyeckne MOAENN TEXHONOrMYECKMX NPOLLECCOB

p =p'ly; u, v — paguaNBEHASA U OKPYK-
HAas COCTABJISIOIINE BEKTOPA CKOPOCTH
ra3a CoOTBETCTBEHHO; @ = 2Qsiny — ma-
pametp Kopmosuca; Q — momyJib yriro-
BOM CKOPOCTY BPAIIEHUS 3eMJIH; \J —
mupora Touku O HA ITOBEPXHOCTH 3eM-
JI¥, B KOTOPOM HAXOUTCS HAYAJIO KOOp-
IMHATHOH mockocTH xOy, Kacaencs
moBepxuocTu 3emutu B Touke O. Ecou
toura O nesxur B CeBepHOM II0OJIyIIIA-
pun, 10 0 < y < /2. Ecau B 0xu0M,
10 — /2 <y < 0. Ecoiz Toura O nesxur
Ha 9KBaTope, To y = 0.

B cucreme (1) cranmapTabiM 06pa-
30M BBeJIEHBI Oe3pa3MepHBIe IepeMeH-
HBIE C yYeTOM PABEHCTB

=Cyg-

Ecnu B xadyectBe MacmraboB CKo-
POCTH M PACCTOSHUA IIPU BBEJCHUU
0e3pasMepHBIX IEepPEeMEeHHBIX B3SATHI
uoo=coo=1/3103 m/c, Ty, =10? M cooTBeT-
CTBEHHO, TO 0e3pas3MepHOoe 3HAUYeHIe
koHCTaHTEL Q: Q = 0,000218, a t,,—
MacirrabHoe 3HavYeHWe BpeMeHU —
paBuo 3 ¢. Eciu, He MeHsaa macirTada
CKOPOCTH, YBEJIMYHUTH MaCIITab paccro-
SHWS, HAIIPEMED, B CTO paa, TO 3HAJe-
HUA KOHCTaHT Q 1 {, TaK:Ke yBeJIrmJIaT-
cs B CTO paa.

MocTaHoBKa 3agaun

0 NJ1aBHOM CTOKe ra3sa

IIycts B HAYaJIBHBIA MOMEHT Bpe-
menu ¢ = 0 mpasee Touku r = r,> 0
3aaH OJHOPOSHBLIM ITOKOAIIUI ra3
CO CKOPOCTBIO 3BYKAa, PABHON €IHHU-
me. I mycts ¢ MmomenTa t = 0 B TOUKe
I =, HauMHAeTCA CTOK rasa I10 3aJaH-
HOMY 3aKOHY U = u.(1).

3mech aHaIUTHYECKas (PYyHKITHASA
u = u. () 3amaer paguasbHy0 CKOPOCTh
rasa IpU I' = I, © yJOBJIETBOPAET yC-
JIOBUSAM

u,(0)=0, u(0)<0. 2)

KauecTBennoe nosemenue pyHKITMN
u.(t) B ciIydae IJIAaBHOTO CTOKA IIpeJ-
CTaBJIEHO Ha puc. 1.



u.(t)

Puc. 1

Jlots1 cucremsr (1) CTaBSATCS YCIIOBUS:

ct,r)|.=1, ut,r)|.=0,

v(t,r)

=0, ult,r)

e = (0. (3)

Pemenne samaum (1), (3) npu ye-
JIOBUSX (2) OIHMCHIBAET TLJIABHBIM CTOK
K HaYaJy KOOPAWHAT HA OKPY’KHOCTH
r=r,> 0 IepBOHAYATBHO OHOPOIHOIO
¥ TIOKosIerocs B miockoctu xOy mpu
r=r,rasa.

Cxema TeueHUs B 3ajaye O ILIAB-
HOM CTOKe IIpe[CTaBJieHa Ha pHuc. 2,
rae mudpoit 0 06o3HaYeHa 00J1aCTh II0-
KOSIIIero raaa, a uudgpoi 1 — obaactb
orpesesieHus perenus 3amgayn (1), (3).

t

Puc. 2

[TepBbie Tpu yCJIOBUST M3 COOTHO-
mreHui (3) 00eCIeYnBAIOT HEIIPEePHIB-
HOe IIpUMBIKAHNe perneHns 3agadu (1),
(3) uepes3 3BYKOBYIO XapaKTEPUCTUKY

Ch:r=rytt

K OJTHOPOHOMY ITOKOsIIIieMy rady. dert-
BepToe ycaoBue B (3) obecmeumBaer
€ IUHCTBEHHOCTD PeIeHMs II0CTaBIeH-
HOU 3aJa4U¥ C JAaHHBIMU HA 3BYKOBOM
xapakxrepuctuke C'.

BeCTHMK YpanbCkoro rocyaapcTBeHHOro yHuBepcuteTa nyten coobuieHus - Ne1(9) - mapt 2011

CyuiecTBOBaHWe aHaIMTUYECKOr0
peLueHus y 3agayiv 0 njiaBHOM CTOKe rasa

Teopema. 3adaua (1), (3) npu yenosu-
ax (2) umeem 8 HeKOMOPOIL OKPeCmHo-
cmu mouku (t =0, r = r,) eduncmeen-
HOe QHAIUMUYECKOoe peulere.

JlamHas TeopeMa cpaBeInBa, TAK
kKak 3agada (1)— (3) ABJIsieTcss YaCTHBIM
clIyuyaeM XapaKTepUCTUUECKOM 3aIaun
Komu cranmapraoro sunma [3].

Ceegnenne 3agaun (1)—(3) k Hy»KHO-
MYy BUIY IIPUBOIHUTCS CJIEIYIOIIUM 00-
pasom. Buauase nesaercs cienymoras
3aMeHa IepeMeHHBIX:

E=t-r+r,
C=r-r,. 4)

ITpm sroii 3amene C'-xapakTepu-
CTHKA I = 1+ { CTAHOBUTCA HOBOM KO-
opauHaTHOM ocklo & = 0, a KpaeBoe yc-
JIOBUIE

., =

B HOBBIX IIEPEMEHHBIX 3aaeTCs Ha JIPY-
ol KoopauHAaTHOM ocu C = 0.

Axobman mpeobpasoBaHusa Iepe-
MEHHBIX 10 popMmyaaM (4) BBIUUCIIA-
eTcst CJIeAyIoIM 00pa3oM:

& &
& G

U, CcJIeJ0oBATeJbHO, 3aMeHa IepeMeH-

HBIX (4) HEBBIPOKICHHAS.
IIpousBonmbie ipu 3ameHne (4) pe-

00pa3yoTCs CIEYIONIIM 00pa30M.
IIpousBomHasi 10 BpeMeHHU:

J:
1

1 -1
= =1=#0;

9_0 9 9 _0d , 9, 9
ot 0E ot og ot & 9 0E

IIpomzBomHas mo mpocTpaHCTBEH-
HOU IIepeMeHHOI:

9.0 % 0 %
or & or 9 or

Qe+ lg-9_ 9
% A

FarS



Jlamee moTpebyercss BHI BTOPOM
IIPOM3BOTHOMN IO IIPOCTPAHCTBEHHOM
mepeMeHHOM’:

El{i_iﬂi_i}_
or? \a¢ o0& )\ag ot)

9’ ?
=2 2% °
95> Lo 08’

[Tpu samene (4) cucrema (1) mmepe-
XOINUT B CHCTEMY

(1 -we, -
y-1)
2

_ 2
(v-1)

cué + ucc +

(y-1
2

y-1) cu
2 (C+n)

ce. +(1-wu, +

L

cuC +

,DZ

T R
—au. (5)

+

CCC +uu
(y-1

(1 -wv, +uv, +

_u
C+r)

B monmyuentoit cucreme (5) 111 ymo0-
CTBA JAJTBHEHNIINX BBIKJIA0K ITOCTABIM
TpeThbe ypaBHEHNE B KauecTBe IIEPBOr0
¥ Bce cyiaraeMbie 0e3 IIPOU3BOHBIX TIe-
peHeceM B IpaBble YACTH yPABHEHUI:

I-wv, +uv, =- au,

_w
C+n)

C‘u& + ucg +

(I-w); -

L=
2 ¢ 2

(y-1
2

__(y—l) cu

C+r)’
2

—ﬁccg +(1-wu, +

+Lcc +uu, =U—2

(v-1 ° S C+n)

+av. (6)

Iloryuennast cucremMa B BEKTOP-
HO-MAaTPUYHON 3aIllMCU HMMeeT CJIeIy-
IOITUHM BUJI:

AU, +BU_=C,
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)

G
I
& o ¢

— BEKTOP MCKOMBIX (DYHKIIHI; MATPHU-
ust A, B u Bexrop C raxue:

(I-w); 0; 0
A=l 0 a-w; -l
2
. _ 2 . —
0; (y—l)c’ (1-uw)
u; 0; 0
B=lo =1 |
; ; 9 ;
0; Lc;
(vy-1)
__w —au
€+7)
c-|_ =D _cu |
2 (C+rn)
,02
+av
€+ry)

Havanbusie u OOHO KpaeBoe yCJIo-
BUA OJIA HOJIy‘IeHHOfI CHUCTEMBI:

V(&)= 0,
e&0)]e0=1,
w(,0)| 0= 0;

UE Q)| co= 1. (8), 1,(0)=0,
u{(0) = u., = const < 0. 8)

Ilonyuennas sagaua (6), (8) aBis-
eTca XapaKTepUCTHUUECKOM 3amaven
Komu crapmapraoro suma; aTo0b! 110-
Kas3aTh 3To, JeJIaeTcs ciieayolee [4—6].

Cucrema (7) 3aIIMCHIBAETCS B 9KBH-
BaJICHTHOM BHJE



BeCTHMK YpanbCkoro rocyaapcTBeHHOro yHuBepcuteTa nyten coobuieHus - Ne1(9) - mapt 2011

T.AT,T,'U, + T,BT,T, U, = T,C,
TO €CTh B BHIE
TATW, + T,BT,W, =T,C,  (9)

rae T, T, cyTb cnenpaTbHO I000paH-
HbI€ HEBBIPOXKIEHHbBIC MATPHUIIGL:

(y-1

10 0
7-l0 1 (7—1)’

00 1

a BEKTOP HOBBIX HCKOMBIX (DYHKITHIH 3a-
naeTcsa B BUIe

10 0
_]_) v
W=TU=|0 1 —(YT cl=
00 1 u
iV]
-1 v -1)
2 2
u
u

3amernm, yTo QyHKIHA { IIPOIIOP-
IIMOHAJIbHA WHBAapUAHTy Pumana

2
(y-1

L=u- c,

TaK Kakx

(y-1 L

(=—~t "7

2

HemocpeacTBeHHBIM YMHOKEHU-
eM MaTpuil yoesxmaeMes, YTO CUCTEMA
(9) B mOIPOGHOIT 3aTIMCH UMEET CJIeITY-
IOIITUM BUJI:

(1-w); 0; 0
0; 1-u); %(l—u—c) X
0; (y%l)(l—u—c); 20-u-c)

v, u; 0; 0 v,
X| L [+]0; u; (Y;D(u+c) Lo |=
“ 2 _roy 2o |
) +c); +
7D u+ec u+ec

W
€+mn)
_ (y-1) cu
B 2 (C+r) ’ (10)
cu v?
- + +av
(Z;+r0) (C+ro)

rae B KooppUIlMeHTaX U B IIPABBIX
YaCTAX 9TOM CUCTEMBI HAJI0 UCKOMYIO
QYHKITHMIO ¢ — CKOPOCTh 3ByKa — 34a-
MEHUTH B COOTBETCTBUU C PABEHCTBOM:

c:£+ﬂu.
2

HauasbHble u KpaeBbie YCIOBHUS JIsT
moJtyderHo cucremsr (10):

V(EQ)|e0=0,
(E0]e0=1,
w(€,0)| 0= 0;
w(E,0)| o= 1.(8), 1.(0)=0,

u:(0) = u,, = const < 0.

11

Ilonyuennas sagaua (10), (11) as-
JIsIeTCsA XapaKTepUCTUIECKOH 3astadeit
Komm crammapraoro suma [4—6], mo-
TOMY YTO:

npu & = 0 1 IpH ydyeTe HAYAJTBHBIX
yeaoBuit 3 (11) B MaTpuile, CTOAIIEH
B cucteme (10) mepe1 BEKTOPOM TIPOM3-
BonHBIX W, mociieiHme CTPOKA U CTOJ-
0err CoCTOAT M3 HyJIel, a MHHOD pa3Me-



poB 2X 2, cTOAIINHI B JIEBOM BepXHEM
YTJIy, OTJIMYEH OT HYJIS;

npu § = 0 u Ipu ydeTe HaAUAJIbHBIX
yeaoBuii u3 (11) B MaTpwuile, CTOAIIEH
B cucreme (10) mmepen BEKTOPOM IIPO-
U3BOJHEIX W, oTiiMdeH or HyJis aie-
MEHT, PACIIOJIOKEHHBIN B IPABOM HIUK-
HEeM YIJIy, TO €CTh CTOSIIUNMN B TpeThel
CTPOKE ¥ TPEThEeM CTOJIOIIE.

CyenoBaTresibHO, chopMyIUpPOBAH-
HAas BBIIIIe TeopeMa JOKa3aHa U perre-
uwue 3agaun (1), (3) mpemcraBuMo B Bujie
CXOJIAIIEr0CsT psiza

UG =SV, V0=

, [0 12

060CHOBaHWE BO3HUKHOBEHMNS 3aKPYTKM

ra3a B 3apaye o0 Ny1aBHOM CTOKe rasa

Jl1s1 morkasaTesibcTBAa BOSHUKHOBE-
HUS 3aKPYTKU B TEUEHWH, SIBJISIOIIEM-
s pellleHreM paccMaTpUBaeMO 3a1a-
YK 0 IJIABHOM CTOKe, HeoOXOIUMO II0-
CTPOUTH ITepPBbIe KOa(PMUITIEHTHI PAIa
(12). HamomumM, 4T0 K09 PUITHEHTHI
¢ HOMEpPOM HOJIb

¢,(©)
Uo =1 U (C)
v, (8)

OTIpeeJISTIOTCI HAYa IbHBIMU YCJIOBUS-
M, 3aaHHEIME Ha C'-XapaKTepHCTHKe,
TO eCTh JaHHBIMHU & = 0 — TIepBBIe TPHU
ycaoBus B (11).

J1J1s1 GostbIIe# TPOCTOTHI BHIKIATOK
IIPY TOJIyYeHUU KO(PPUITMEHTOB PsiIa
(12) O6ymem paccMaTpuUBATH CHUCTEMY
ypaBHeHUi B Buje (6) — 6e3 yMmHOKe-
Hudg Ha matpuisl 1), T, u 6e3 BBene-
Hus Bexropa HemaBecTHBIX W. Ilouto-
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skuB B cucteMe (6) aHauenue & = 0, mo-
JIYYUM CJIeAYIOIIHe YPABHEHU:

1 —uy)v, +uyv) =— —au,,

u’O 0
C+r)

(y-1

1 -uy)c, — Cold, + Uyl +

LD e 0D G
2 (C+r)

2
—(chocl + (1 - uo)ul +

2

Trmy T

+———c,C) + u U, =

(y-1

0’

KOTOpBIE TIPH yUeTe SBHOTO BHIa K0ad-
(bUTIMEHTOB C, U, L, TIePEXOIAT B COOT-
HOIIIEHUS

v, =0,

(y-1
C‘l—Tu1 =O,
__2 ¢ +u =0

(y-1

IlepBoe 13 110JIyYEHHBIX COOTHOIIIE-
HUH OJTHO3HAYHO OIpeJiessaeT
v,(0) =0, 13)

a II0CJIegHMe JBa COOTHOIIIEHUA 9KBHU-
BaAJIEHTHEBI 1 3aJaX0T CBA3b

(y-1

5} (C) = 9

u, (9). (14)

3arem cucrema (6) mudpdepeHImpy-
eTCs 10 § U B IOJIyUYeHHbIe YPABHEHUS
noncrasisercs & = 0:

, , (w0, +u,v,)
—ulnl+(1—u0)1>2+u11)0+u()1)1:—7](C°+ro;1 - au,,
(-1 -1 p e 0D L =), (=) (g e)
—u.c, + (1 —uy)c, — 2 cu — 2 Colby + U, C + UyC) + cu + 5 U =~ 5 1(£+roo)1
__ 2 oc — 2 CoCy — Uty + (L —up)u, + 2 o+ 2 cc’+uu'+uu’—2v"u1 +av
(Y—l) 11 (Y_l) 0~2 1771 0 2 (’Y_].) 170 (Y_l) 0+1 1770 01 (C+7‘0) 1°

s
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C yuerom 3HaueHHN K03 PUITHEH-
ToB psiga (12) ¢ HoMepoMm HyJIb U HAu-
neHHOTO Kodddumuenta v,(§) = 0
(cm. (13)) u3 mIepBOro ypaBHEHHUS Of-
HO3HAYHO OIIPEe/IeJIsIeTCa

0,(§) = —aw,(©) (15)
IIpU M3BeCTHOM KoddduruenTe u,(C).
A BMecTO mocIeHUX TPEX YpaBHEHUH
TIOJIYYAIOTCSA TaKHUe:

v, = —au,,
(Y—l)clul_(v—l)u2+
2 2
+("{_1)u,:_(7_1) U ’
C+r)

—Uu,C, + ¢, —

2 ! 2
2, 2
_ . ¢, -
(y-1 y-1)

2 (g
—u, +u, ¢ =0.

2
+—
(y-1

Jlms HaxommeHus KoauirmeHTa
u,(£) mpeobpasyroTcs BTOPOe U TPeThe
YPaBHEHUSI M3 IOCJEIHEN CHUCTEeMBI.
Braugae nya uckI09eHnd ¢, U U, Iep-
BOe ypaBHeHMe yMHOKaeTcs Ha 2/(y — 1)
¥ CRJIAJBIBAETCS C TPETHUM:

—mulcl—clul+ul’—
—— = cF-ul+ ¢ =
G- " -1
= — ul .

€+r)

C momompio cootHormenus (14)
M3 II0JIyYeHHOTO YPaBHEHUS HUCKJIIO-
JaeTcd ¢,

_ulz_(Y;I)u;z+u1,_("{;1)u12_

2 ’
, tu +

-u u =0

1
C+ry)

U IIPUBOOATCS OJTO0HEBIE

10

1
C+7)

B wmrore, nia onpenenenus u, (€)
HoIy4aercs cieaymorias sagada Kormm:

2u — (Y +Dul +

u, =0

1,_('Y‘2"1)u12+2( 1 u, =
C+r)

=0; u1(§)|§:0= U, <0.

(16)

JuddepenrinanbHoe ypaBHeHUe
u3 3amaun (16) ectb ypaBHenne Bep-
HYJLJIA, KOTOPOE C IIOMOIIbI0 3aMEHBI

HepeBO,HI/ITCH B TaKoe ypaBHeHI/Ie 1A y:
1., Qq#h1 1 1
¥ 2 ¥y 2Q+rn)y

7 Iociie yMHOMeHHs Ha (—y2) craHo-
BUTCS JIMTHEHHBIM

Lt 1 y=0
2 2(C+r1)

Oo111ee perreHre 9TOro ypaBHeHUsI:

y=C{C+r, —(y+D(C+n),

TJIe MPOu3BoJIbHAs rmocrosgHHass C orpe-
IIeJISIeTCSA C YIeTOM HA4YaJbHOIO YCJIO-
BUA u3 3agauu (16)

1
—= C\r, - (y+ D,
*1

TO €CThb

1
um/g+(y+1)\/g.

B urore,

C:

y(€)=[u 1\/7+(Y+1)\/a]\/C+ro —(r+DEC+n) =
= §+r0{(y+1)[\/g—1lg+r()}+ L }
v s




CiiemoBaTesbHO,

U (C) =

. a7

1
(Y+1)[\/E—«/§+Vo]+
1
Tu

Bripaskenwne, crosimee B UTypHBIX
ckoOKax, orpuIiiateabHo mpu ( > 0,
TIOCKOJIBKY B 9TOM CJIydyae Pa3HOCThb

(1 [ry —JC+T1, ) OTPHIIATEIHHA, KOHCTAH-

Ta U., TakixKe OTPHUIIATETbHA (CM. IIO-
cienuee ycsosue B (11)).

ITosToMy 11 TIOCTPOEHHBIX K0ad-
dummentos psiga (12) mpu {>0ua >0
(cmyuait CeBepHOrO IOJIYIIIAPWS) C yUe-
ToM popmy.t (13)—(15), (17) cripaBemiu-
BBI TAKVE HEPABEHCTBA:

C+ry

(y-1)
2

1, (0)<0; ¢, (0) =
v,(8) = —au,(§) > 0.

u, () <0;
(18)

B cayuae I0:xHOrO0 Nosy1apus sHax

koadutirenTa v,(6) Tpyroi (cm. (15)):

v,(£) <0, mockoabRy Torma a < 0.
YuurbiBas gopmy sl mpeodpazoBa-

HUS IPOU3BOJHBIX IIPU 3aMeHe Iiepe-

MeHHBIX (4), MeeM

ou

Jdu _al_iu‘ _
or'c lag og )l&0

=4 (©) — 1, (©) = —14,() > 0;

de :k_%‘ -
arle ~|or "9 Jlee

=c;)—c,(O)=—c,(0)>0;

LY e 4 [

or'c {ag o8 )&
_ o*v

=0, -0, (0 =0;
_[Pv_, 0 o oo =
ol Togeg  og? )

)
=07(8) = 20{(0) + v,(8) =v,(8) > 0.

e

19)
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IloaTomy, B yacTHOCTH,

V|.=0,v,].=0,v,].>0. (20)

r

c* c*

[TockobKy BEIIITE TOKA3AHO, YTO Pe-
mrerue 3agauw (6), (8) samaercs aHau-
TUYECKUMU (PYHKITMSIMHU, TO I K0apdou-
muenToB paga (12) cupaBeinBeL CTAH-
mapTHele oreHkH [7, 8]. B uactHOCTH,
¥ 111 KOOPOUIIMEHTOB PsiIa, 3a4a01e-
ro Qpyurmo L(E, (), CyIIECTBYyeT HEOTPH-
naresibHoe uncyao M, uro npu Beex k > 0
B HEKOTOPOI OKpecTHOCTH ToUkKH (€ = 0,
¢ =0) cupaBe1JIMBO HEPABEHCTRO: | v,(©)
& | ¥ < M*L!. 3 aToro mepaBencTBa cie-
JIyeT, YTO B COOTBETCTBYIOIIEH OKPECTHO-
CTH pacCMATPUBAEMON TOUKK HAYAJIb-
HBIN 0Tpe30K psama 1is v(E, §) (mamom-
HEM, uTo L (C) = v, () = 0) 3amaer rias-
HyI0 YacThb 3HaveHn# Qpyrrmmu v(E, §):

g &
9 !

v’ (C) v, (C) k_ .

>y
k=3

CiiemoBaTesIbHO, /I TEUeHU, pac-
CMAaTPUBAEMOTI0 B IIPOCTPAHCTBE PU3H-
YeCKUX IIepeMeHHBIX (f; r), JOKa3aHo,
YTO B HEKOTOPOH OKPECTHOCTH TOUKH
(t = 0: r = 0) Ha 3BYKOBOM XapaKTepHu-
crure CT:r=1t+ I, — UMEIT MeCTO CO-
oruomrenus (19), (20).

Taxum obpasom, ToKa3aHO, UTO

noo deticmsuem cunbe Kopuonuca
8 meueruu, 00paA3YIULEMCA NPU CMOKe
230 HQ OKPYHCHOCMU T =T, CPA3Y NPU
t >0 8 HexOmMOPOU OKPeCMHOCMU 38Y-
roeoli C*-xapaxmepucmuri HAUUHA-
emcsa 3aKpymKa 2a3a.: 8 NOJIOHCUMETLb-
HOM UJIL OMPULANESILHOM HANPAEJIe-
Huax ons cayuaes Ceseprozo unu -
1020 NOJLYWapues coomaemcmaeHHo.

Ha puc. 3-5 s ciayuas CesepHo-
T'0 TIOJIYIIIAPUS IIPUBEIEHO KAUeCTBEH-
HOe MOBeIeHNe Ira30INHAMUYECKUX I1a-
paMeTpoB B 3aja4e O ILJIABHOM CTOKE
B pa3Hble MOMEHTEI BpeMeHH ¢ = !
0<t <t, Hubpamu I u 2 [OMEeYeHBI
KpUBBIE, OTHOCSIIIECS] K MOMEHTAaM Bpe-
MeHH I, i, COOTBETCTBEHHO.

11
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c(t,r) | t=const

Puc. 3

V(t,7) | t=const
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YJIK 517.9+533.6
H.Il. Yyes
MocTpoeHne TpexmepHON IBOIOLUOHHON
anddepeHunanbHon Mmogenyu AUHaAMUKU
NONAUTPOMHOr0 CaMOrpaBUTUPYIOLLIEro rasa

UDC 517.9+533.6

N.P. Chuyev

Construction of a three-dimensional evolutionary differential
model of polytropic self-gravitating gas dynamics

AHHOTaumsa

IIpo6iema MaTeMaTHYECKOTO MOJIEIUPOBAHUS
9BOJIIOIIVY TPABUTHPYIOINUX I'a30BBIX TeJI CBA3aHAa
¢ pereHreM PyHIaMEHTAIbHBIX IIPo0IeM acTpodu-
3UKH, aHAJIUTUYECKUM U3Yy4YeHNEeM BHYTPEHHUX JIBU-
JKeHUH B 3Be30aX U B I'a30BBIX CKOILJIEHUAX. B cra-
The JIJIs1 IIPOCTPAHCTBEHHOI'O CIIyYasi PACCMATPUBAET-
¢s1 METOJ IOCTPOEHUS TPeXMEePHON HeCTaIlMOHAPHON
Ta30JUHAMUYECKOM MOJE/IH JBUKEHUS CAMOTPABH-
THPYIOILIEro ra30BOro 00J1aKa B BUJIE CUCTEMBI KBa3H-
HHHeﬁHLIX ypaBHeHI/Iﬁ C YaCTHBIMHU ITPOU3BOIHBIMU.

TTokaszamo, uro BMecTo ypaBHenus [lyaccona st
TPaBUTAIIMOHHOTO IIOTEHITAIIA MOMKHO UCIIOJIb30BATh
9KBUBAJIEHTHOE 9BOJIIOIIMOHHOE TrdepeHImaIbHoe
ypaBHEHUe CHJIOBOM (DYHKIIUH, UTO TIO3BOJISET COp-
MHUPOBATH CUCTEMY I'a30BOM JUHAMUKHU KaK CUCTEMY
tuna Kosasesckoii.

Kniouesbie cnosa:

crucTeMa ypaBHEHUI ra30BOM TUHAMUKHY, 3aKOH
BCEMUPHOI'0 TATI'OTEHUA, HbIOTOHOBCKHUI IIOTEeHIIH-
a1, ypaBHuenue [lyaccona, cucremMa ypaBHeHUN TAIA
Kosausesckoii.

Abstract

The problem of mathematical modeling of gravi-
tating gas bodies’ evolution is connected to the solu-
tion of astrophysics fundamental problems, analytical
study of intrinsic motions in stars and gas accumula-
tions. In the article for the spatial case the method of
construction of a three-dimensional non-stationary
gas-dynamic motion model of a self-gravitating gas
cloud is examined in the form of a system of quasi-
linear equation with quotient derivative.

It is shown that instead of Poisson equation for
the gravitational potential the equivalent evolutio-
nary differential equation of force function can be
used. It allows to form the system of gas dynamics
as a system of the Kovalevsky type.

Key words:

System of gas dynamics equations, law of univer-
sal gravitation, Newtonian potential, Poisson equation,
system of equations of the Kovalevsky type.

pobsiema MaTeMaTHIECKO-
ro MOIEJIMPOBAHUS 3BO-
JIIOIIMY TPABUTUPYIOIIUX
ra30BBIX TEJI IO-IIPEsKHEMY aKTy-
asibHa [1-15]. B ocHOBe mIOCTpOE-
HUS TAKUX MOZJEJIeH JIEHKNUT 3aKOH
BcemupHoro tarorerus (M. Horo-
ToH, 1643-1727). Bosee 300 et
BBITATOITHECS YIEHbIe PEIIAJIH I10-
crassiennyo V. HeroToroM 3ama-
Uy 0 PAaBHOBECHOM hopMe I'paBU-
THUpYIOIeH sKUIKOM Macchl, Bpa-
maoIecss BOKPYr ocu. JTa 3a-
Java II0JIOKHIIA HAYATI0 TEOPHUH
duryp pasuoBecusi. OrpoMHBIHK
BKJIAJ B PEIIeHNe 9TOM IIPOOJIeMbI
BHecsu X. [oiirenc, A. K. Kiepo,
K. Maxsopen, A. M. Jlesxxaump.
O/1H01 3 OCHOBHBIX (DYHKITHIA,
OIpeNeNdolIuX TeUYeHHne CaMo-
TPABUTHUPYIOIIETO ra3a, SBJIAET-
¢S TPABUTAIIMOHHLIN ITOTEHITHAA.
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CoBpeMeHHBIH 9Tall U3yJYeHUs Tede-
HUH cCaMOTrpaBUTHUPYIOIIET0 I'a3a Xapak-
TepU3yeTcst TIIyOOKUMU MCCIIEI0BAHM-
SIMHM B 00JIACTH aCTPOHOMUH, KOCMOIO-
HUH, TUHAMUAKHA 3Be3/1. BaskHbIe pesyib-
TATHl B 9TOM HAIIPABJIEHUY II0JIyYeHbI
C. Yaummpacerxapowm, B.I1. Koumgpartbe-
BBIM. J|BUIKeHME TPaBUTHUPYIOIIETO I'a-
30BOT0 IIapa PaccMaTPUBAJIOCH KAK MO-
JleJIb 3Be3]] B paboTax M MOHOTrpadusax
K.TII. Cramorosuua [3] u JI. . Cemo-
Ba [4]. O.W. Borosisiernckuii paccmo-
TPeJI TUHAMUKY aauadaTHIeCKuX JIBU-
SKeHUY TPaBUTHPYIOIIEr0 HIeaIbHO-
T'0 ras3a, IPU 9TOM CKOPOCTHU SIBJISIOTCS
JINHEHHBIMU (PYHKITUAMY KOOPIMHAT,
a a3 ¢ IOCTOSTHHOM TIJIOTHOCTHIO 3aTI0JI-
HsIeT HeKOTOpbIi asuuncons [10, 11].

B pabGorax [12-14] paccMoTpeHBI
chepruUeCcKu-CUMMEeTPUYHbIE KCTeve-
HUST CAMOT'PABUTUPYIOIIETO UAeaIbHO-
r'0 ra3a B BAKyyM, UCCJIe0BaHA 3a1a4a
0 pacriajie pa3pbiBa U IIOCTPOEHBI TOU-
HBIe peleHus] HavYaJIbHO-KpaeBoi 3a-
JAYu JJIS HeJIMHEHHOM MHTerpo-mIud-
depeHIMaIBEHON CHUCTEMBI C YaCTHHI-
MU ITPOU3BOJHBIMY B BUJIE CXOJISAIITHX-
CsA CTEIleHHBIX PANOB. B mamHo! cra-
Thbe, KOTOpas SBJISETCSI Pa3BUTUEM
pabot [13—14] mya mpocTpaHCTBEHHO-
T0 CJIy4asi, paCCMAaTPUBAETCS TPeXMep-
Hasl HeCTaIlMOHAPHAS ra3oJuHaMude-
CKasI MOJIeJIb JBUKEHUS CAMOI'PABUTH-
pyrolero ra3oBoro obsiaka. [lokasaso,
YTO BMECTO pelleHus ypaBHenus Ily-
accoHa JIsi TPABUTAIIMOHHOIO ITOTEeH-
IaJia MOYKHO HCIIOJIB30BATh dKBUBA-
JIEHTHOE 9BOJIIOIIMOHHOE IuddepeH-
IaJIbHOE YpaBHEHNE CHUJIOBOM (DYHK-
IIWH, YTO IIO3BOJISIET CDOPMIPOBATE CH-
CTEeMY ra30BOM TMHAMHUKHU KAK CHCTEMY
tua KoBaseBckoii u Jokasarh cyIe-
CTBOBAHWE W €IUHCTBEHHOCTh aHAJIH-
THYECKOro pelnreHus 3agaun Komm ais
9TOM CUCTEMBEI.

1. Wuterpo-audphepeHumnanbHan moaenb
3BOJIOLMKA CaMOrpaBUTUPYIOLLErO
ra3oBoro oonaka
IIycts B MomenT ¢ = 0 B IIpocTpaH-

cree R® samana o6mactsb Q,, 3a1I0JIHeH-

Had naeaJIbHBIM IIOJITUTPOITHBIM I'a30M,
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YACTHUIILI KOTOPOrO IPUTATUBAIOTCS JPYT
K Ipyry no 3akony Heorona. 3aMiHy-
Tasg TpaHMIA JaHHOH obmactu ') aB-
JIeTCsI aHAJUTUIECKON (PYHKI[UEH.
B mauanpuBIl MoMeHT Bpemenu ¢ = 0
B KaKION Touke X = {x; y; z} obyactu
), U3BECTHHI pPacIpeeeHnd BEKTO-
pa CKOPOCTH U = {U; Uy; Wy} TACTHIL
rasa, IUIOTHOCTH p = p,(X), SHTPOIIHH
S = §(x), KOTOpEIe TaKMKe ABJIAIOTCA
AHAJIMTUYCCKUMU (DYHKIIASMHA.

B pamrax mpepiiaraemoit mojesu
TEUEHNS Ia3a HUCCIEAYIOTCA C YIeTOM
CHJIBI COOCTBEHHOIO TATOTEHUS U T'pa-
IVeHTa ra30BOro AaBJiieHns. TedeHns
rasza OyOyT ompedeseHBl pelleHneM
uHTEerpo-TuddepeHInaIbHON CrucTe-
MBI TPeXMepPHEIX YPaBHEHUI ra3oBOM
nuHaMuku B opme JI. Oitstepa [1-5]:

u, +(uVu) + le =V,
p

p, +divpu =0;

s,+Vsu=0, (1.1)

p(x’,t)

-dx’ — HBIOTO-
|x -X

roe ®(x,t) =GJf|

HOBCKHUH IIOTEHIINAJI, CO3TaHHBIN BCei
Maccoii rasa; G — rpaBUTAIIIOHHA I10-
CTOSIHHAS, | X —X' | — paccTosTHIe MeKITy
TOYKAMHU IIepeMeHHo#H o01acTu £2,; ore-
paTop V — omeparop rpagueHTa (PyHK-
IIUH.

Cuna F ¢ kommonerTamm {F; Fy; Fol,
JIeMCTBYIONIAS HA YACTHILY T'a3a — 3TO
CHJIA TPABUTALIAN, KOTOPAA BEIPAMKAET-
s yepe3 rPaBUTALIMOHHBIN ITOTEHITAAJ

F- va@dxg (1.2)

- x|

a TpaBUTAITMOHHBIN ITOTeHITAaJ O yI0B-
JeTBopsieT ypaBHeHuo Ilyaccona

AD(x,t) = —4nGp, (1.3)

e A — omeparop Jlammaca, u

F =V®d(x, t); divF = AD.

15
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Ormernm, uro ypasuerue [lyaccorna
CIIPABEIJINBO IIPHU OIIPEeHeJIEHHBIX [I0-
MIYIIEHUSX OTHOCHUTEJBHO ILJIOTHOCTH
rasa p [7]. Cucremy ypasuenwmit (1.1)
OyneMm perraTh B obaactu (,, KoTopas
SIBJISIETCSI TI€PEMEHHOM 00J1aCThIO U 34-
KOH M3MeHeHUs KOTOPON Hem3BEeCTEeH.
Kpowme aroro, nanuas obiacts ecTsb 06-
JIACTh MHTETPUPOBAHUS IIPU 3aJaHUN
cutel rpasuTatvu (1.2) v 3agaeT QpyHK-
IIIOHAJIFHYIO 3aBUCUMOCTh TPaAeHTa
TIOTEHIIAATIA OT U3MEHEHHsI 00JIACTH HH-
TerpupoBaHusa. TakuMm o00pa3om, BeK-
Top-dyurimsa F siBiisiercss HemaBecTHOM
QyHKIIHEH, 11 KOTOPOM CIIpaBeIInBO
ypaeuenue (1.3) Kak JOMOJIHUTEIHEHOE
ypasuenue cucremsr (1.1). Jlyia samsr-
Kauusa crcreMsl (1.1) ucmosb3yeM ypas-
HEeHUEe COCTOSHUS ITOJIUTPOITHOTO HJIe-
aJibHOTO rasa [9]:

Y —
P=A®L. AS)- Rexp™ : S0 (1.4)

v

rae R, ¢, S, — IOCTOAHHbIE BeJTMINHEL

B cucreme ypasuenunit (1.1) mpwu-
CYTCTBYIOT omeparuu auddepeHn-
POBaHUSA U MHTErpUpoBaHuA. Taxoro
poma mHTerpo-nuddgepeHIInaIbHbe
YPABHEHUA M3yJalOTCA B TUAPOSUHA-
MUKe, TEOPUU YIPYTOCTH, B CTATHUCTH-
JecKoll Mexauuke (ypasHeHUs Bosbil-
mana, Jlaunay u Biacora), 6rostoruu
u np. [Toguepruem, yTo MHTErPUPOBA-
"ue B (1.1) Ipou3BOAUTCS HE TI0 Bpe-
MEHH f, a 0 IPOCTPAHCTBEHHBIM IIe-
PEeMEeHHBIM X, Y, Z.

2. [uddepeHumanbHas mogenb
BVUHAMMKWM CAaMOrpaBUTUPYIOLLErO ra3a
Cucrema (1.1) u ypasuenue (1.3)

I HewaBecTHOM Qyurmmu F obpa-

3YI0T KBA3UJIMHENHYIO CUCTEMY, KOTO-

pas He SABJIAETCA SBOJIIOIMOHHOMN CH-

CTE€MOM, TOCKOJIbKY OTCYTCTBYET IIPO-

ussogHad F,.

Jlasmee mokaskeM, KakuM 00pas3om
cucremsl (1.1) u (1.3) MmosxHO peobpa-
30BATH TAK, YTOOBI ITOJIYYUTE 9BOJTIOIIH-
OHHYIO cucTeMy. JlokaskeM cripaBemiu-
BOCTH B TPEXMEPHOM IIPOCTPAHCTBE CJIe-
OVIONIEN TeOpeEMBI:

Teopema. B obnacmu Q, R? onpe-
OesieHo Osudicerle 2a308bLX MACC, 2PA-
sumupyrwux no zaxony Hviomona,
onucbieaemoe urmezpo-ougpgeper -
anvroil cucmemoti (1.1), (1.3). Ecau
dyrrkyuu u, p, S HenpepwvisHo oughghe-
Dperuupyembl U y008.1emaopaiom ypas-
HEHUIO Hepa3Pbl8HOCIU, MO YPa8He-
nue Ilyaccona

divF = Ad(x,t) = —4nGp(x,t) (1.3)

9KBUBAJIEHTHO TuddepeHnaIbHOMy
YPaBHEHMIO

F, =4nGpu+rot(uxF) (2.1)

npu ycnosuu, umo A® (x,t) =-4nGp,
ons t =0 u ycnosuu HenpepsvieHo20 Npu-
MBIKQHUA 2030 K 8AKYYMY, MO ecmb
p=0ral,nput>0,rnel, ecmv epa-
Huya Q,.

JHlokasatenbctBo. [Iycts cpasemiiu-
BO paBencTBO (2.1). Torna, mpumensis
omepatop div K 00euM YacTAM JTaHHO-
T'0 PABEHCTBA, IIOJIyYUM

divF, = A®, = 4nGdivpu +
+divrot(u x F) = 4nGdivpu,

Tak Kak divrot(uxF) = 0.

Hcmonb3ys ypaBHeHNe Hepa3phIB-
Hoctu cucremsl (1.1), mpeobpasyem mpa-
BYIO YACTh IIOCJIEHET0 PABEHCTBA

0 ap
—AD = -A4nG—.
ot nG ot

Wurerpupyst 0b6e yacT paBeHCTBA
1o ¢ B mipenesax ot 0 1o ¢, moIydum

AD - AD | = -4nGp + 4nGp,,.

YuuThIBasg ycJaoBUE TEOPEMBI TIPU
t = 0, okoHUYATEJIHLHO IIOJIyIUM

A® = —-41Gp.

Tarxum obpasom, pyaruu D(x, 1),
p(X, t), YIOBJIETBOPSIOIIYE YPaBHEeHU-
saM (2.1) u Hepa3pBIBHOCTH, YIOBJIET-
BopsoT ypaBHenwuio Ilyaccomna (1.3).



[Tycrs Terreps pyurimm F = VO(x, t),
p(x, t), u(x, t) yIOBIETBOPSIT CUCTE-
me ras3oBoi guHamuku (1.1), u ypas-
"Henno (1.3), To ecTh CIpaBeIIUBLI
Takke u ypaBHeHus: AD = —4nGp,
divF = —4nGp.

BamaHmoe pacipeesieHre ra30BbIX
Macc B obstacTu €2, co3maeT rpaBUTALIA-
OHHOE II0JIe, TJIABHOM XapaKTePHUCTH-
KOM KOTOPOTO CJIYSKUT HBIOTOHOBCKAS
cuna F(x, t) (1.2).

PacemorpuMm B HEKOTOPEIN MOMEHT
BpemeHu ¢ > 0 BEeKTOpPHBIE JIMHUM, 00-
pasoBaHHBIE BeKTOPHBIM 1osieM F(x, ).

Bosbmem mpom3BoabHYO He3am-
KHYTYIO IIOBEPXHOCTh G,C (), I BEKTOP-
Hble JIAHWHU II0JIs, KOTOPEIE IIPOHHU-
3BIBAIOT €€, & TaKXKe G,, IOBePXHOCTh
o, 1, 1 MOBEePXHOCTE G,, PACIIOTIOKEH-
HYyIO Ha OO0JIBIIIOM PACCTOSIHUHU OT TeJia
Ha cdepe paguyca r (cm. puc. 1). O6pa-
30BaHHAS BEKTOPHAS TPYOKA OrpaHrye-
Ha OOKOBOM ITOBEPXHOCTEIO X = X, UX,,
rme X, — OOKOBas IIOBEPXHOCTH BEK-
TOPHOM TPYOKH MEIKTY TIOBEPXHOCTAMU
G, U Gy, a X, — MY G, 1 G,. [loBepx-
HOCTH G,, X, H G, OTPaHIYHBAIOT IIepe-
MeHHEIH (ras3oBbIi) oobeM o,(?). IIpo-
uuTerpupyem ypasuenwne (1.3) mo 06-
sacta o,(f)

[I] divFdx = -4=nG |ff p(x,t)dx.
o (1) o (t)

[Tpumensis k aToMy 00BEMyY TEOpE-
My ['aycca—Ocrporpasickoro ajist Bek-
Top-pyukimu F(x, t), moayunm

J|Fndo = —4nG [[[ p(x,t)dx =

S o, ()

=—-4nGm(t).
e N — eIWHWYHBIA BEKTOP BHEII-
HelM HopMaau; S — II0JHAA HOBEpPX-

HOCTB, OTPAHIIHMBAOIIAA 00J1aCTh o (£),
TO ecTb S =0, U X, UG,; m(f) — Mmacca
rasa B oobeme o, (f).

Yuurersas, uro F 1 n Ha moBepxHO-

cre Z;, 70 [ Fndo = O ¥ pABEHCTBO 2.2)
21

mpeobpasyercs K BUILY
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[[Fndo + || Fndo = 4nGm(t). (2.3)

[ [

Nsmenus HaIlrpaBJIeHHEe HOpMaJIn
Ha IIOBEPXHOCTH G, IIOJIyIHNM

[[Fndo = [[Fndo — 4nGm(t). (2.4)

[} Oy
IIponuddepenimpyem paBeHCTBO
(2.4) o t. [losrHBIE TTPOU3BOTHBIE OT TI0-
BEPXHOCTHBIX HHTET'PAJIOB TI0 KITKIM
HE3aMKHYTHIM ITIOBEPXHOCTSIM, C YIETOM
3aKOHA COXpaHEeHMUs Macchl B Buje [9]:

d
— ,Hdx =0,
e 1, PO

paBHEI [16]
[I[F, + divF - u + rot(F x u) Jndo =

= Jj[Ft + divF - u + rot(F x u)]ndc. (2.5)

Paccmorpum 061acTh 0,() BeKTOP-
HOM TpyOKH, oOpasoBaHHON moseMm F
U OrPaHWYEHHOH IIOBEPXHOCTAMU G,
%, n o, IloBepxHOCTH G, — 3TO YACTH

cdepsl pamuyca r = /x” + y* + z°, eHTp

KOTOPOM PACITOJIOMEH B Havajie Koop-
muuat. sBectHo, uto div F = 0 qna
TOYEK, PACIIOIOKEHHBIX BHE TPABUTH-
pyrorrero Tesa [6—8], moaToMy I BCeX
TOYEK 3aMKHYTOH 0071acTH 0,(f): div F =0,
10 ecThb osie F aBssercs conenonmain-
HBIM TIOJIEM.

MHTeHCHBHOCTE BEKTOPHOM TPYOKN
COJIEHOMIAJILHOTO TI0JISI €CTh BEJIMYMHA
IOCTOSIHHAS BI0JIb BCe TPYOKH (C yue-
ToM FLlnu Fn =0Ha %,):

/| Fndo = |[[Fndo.

Oy O3

(2.6)

CropocTh N3MeHeHUsI II0TOKA Yepes
IIOBEPXHOCTH O, U 05 PABHA

2 iFndo =% [ Fndo.

2.7
dt o, dt s, @7

Brrumcsnum B pasencrse (2.7) mos-
HYIO IIPOU3BOTHYIO TI0 £, KOTOpas CBO-
JUTCA K BBIYMCJIEHUIO IIPOU3BOTHOMN

17
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OT MHTEerpaJia I0 sKHIKOM IIOBEepPXHO-
CTH U KUAKOMY 00beMy [16]:

d

— [[Fndo =

g Fndo

= [J[F, + divF - u + rot(F x u) [ndo =

= [[[F, - 4nGpu + rot(F x u) Jndo =
L ax 1 _
= JI {G{y PV dx +G ng - undc}.dc =

- H{ngptvll%dx'}ndc. 2.8)

O3

3mech yYTEHO, UTO IOBEPXHOCTHBIM
MHTerpaJj paBeH HyJo, Tak Kak p = 0
Ha I, a Taxxe p(x, ) =0mu(x, 1) =0
BHe 00J1aCTH MHTETPUPOBAHUA ().
Ilepemennas Besmmunua R ects pac-
CTOSTHUIE MEJKIY TOUKaMHU X | X', Irepe-
MeHHOH obnactu Q. R= |x—-x'|, p,—
JacTHAas IPOU3BOHAS (DYHKIVH P IO .
Bcee meiictBua B muTerpanmax (2.8)
IIPaBOMEPHBI, TAK KaK ITOIBIHTETPAITh-
Had QYHKINUA WMeeT HeIIpepbIBHEIE
YaCTHBIE POM3BOJIHBIE M MHTETPAJIBI
CXOJIATCS.
PacemoTrpum moBegerwme mocsieHero
TpoitHoro mHTerpasa (2.8) mpu r — oo:
x—-x’

lim GJjfp,V L dx = lim GJjfp, =—%_dx.
roe g R roe g,

3
[x - x|

Pasgenum B mombiHTErpasibHOM
QYHKITMY YUCIUTEh ¥ 3HAMEHATe b
"Ha r. Ilpu r — o m3-3a orpanuyeH-
HOCTH T€PEeMEeHHON WHTEerpHUpPOBaAHMUI

!
x' € Q, momyunm

’

limX =0, X

:1’

mpu r — . Ha aTom ocHOBaHUM

X—-x’
/|3

lim r*|G[lfp, dx =

o x-x

:rl

=r?

X ’ X 7
Glllp, Zdx|=r"-5Gllp dx
Q I r Q

= G‘H{[— divpu]dx’ =0,

:G‘ﬂpundc
r[

rak kak p=0ma I,
Taxum obpasom, T0Ka3aHO, UTO

d
< [ Fndo=0.
g JFndo

Boaepamasice ¥ paBenctBy (2.7),
HOJIyYNM

d
4 ({Fndo=0.
g JFndo

W3 pasenctsa (2.5) cienyer

[I[F, + divF - u + rot(F x u) Jndo =0.

B cuny mpomn3BosbHOCTH BEIOpAH-
HOM IIOBEPXHOCTH G; OKOHYATEJIBHO
Oy IUM

F +divF -u+rot(Fxu)=
F, — 4npu + rot(F xu) = 0.

Orcioga ciieyeT CIpaBeIIUMBOCTH
YTBEPKIEHUNA TeOpEeMEI

F, = 4npu + rot(u x F)

C YYETOM CBOMCTBA BEKTOPHOI'O IIPOMU3-
Benenud Fxu =—uxF.

Taxum obpasoM, TOKA3aHHASA TEO-
pema mo3BoJisieT cPOPMUPOBATE dBOJIIO-
IIUOHHYIO crcTemy Triia KoBasieBcroii:

u, + (uVu) + éVp =F;

p, +divpu =0;
s, +Vsu=0;
F, + rot(F xu) = +4npu, (2.9)

OITMCBIBAIOIIYIO TEUECHUA CaMOI‘pa6I/ITI/I-
pymoirero rasa.
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Puc. 1

Jlotst cucremsr (2.9) chopmyupyem
3agauy Komm — 3agauy ¢ HavyaIbLHEI-
MU JTaHHBIMU.

Bamauy Komrm moskmo paccmarpu-
BATb B PA3JIUYHBIX (PYHKITMOHATIBLHBIX
KJaccax, Hampumep B knacce C, aHa-
JauTHYecKnX QYHKIINN. 3aJaHue aHa-
JINTUYECKNX HAYATIBHBIX JAHHBIX [IPU
t = 0 OCHOBHBIX BEJINYUH

u(x, t), p(x, 1), S(x, £), F(x, t)
U QYHKIIUH, BXOOAIINX B ypaBHEHUE

COCTOAHUA IIOJIUTPOITHOT'O HMIOeaJIbHO-
T'0 ra3a

.
p=A(s)2-, A(s) = Rexp g,
Y C

v

Jiutepatypa

obecrieuyrBaeT CyIeCTBOBaHME U eH-
CTBEHHOCTH AHAJIUTUYECKOI0 PEIIeHIsT
3amaun Kot f1s1 9108 cricTeMBI Ha OC-
HOoBaHNU TeopeMbl KoBasesckoii [18]
u ee amaJsora [19]. Ilomuepxrem, uto
Ha ocHOBaHMWHU TeopeM [6] u [8] arnasu-
THUYHOCTH HadabHOH dyHrIym F(x, 1)
ompeJiessieTcsl IPU YCJIOBUM AHAJIU-
TUYHOCTH IIJIOTHOCTH P, X IIOBEPXHO-
cTH FO, OTPaHUYUBAIOIIEH 00JIaCTh Q.

3ameuanmue 1. B ciyuae muccireno-
BAHHUS OJHOMEPHEIX IBMKEHUMN rasa
¥ TIPY BBITIOJTHEHUH BCEX YCJIOBUM TeO-
pewmsr citenyer, uto rot(F x u) = 0; Torma
paBeHCTBO (2.1) IIPHMeT CKAJISIPHBIN B/

F, = 4npu,

BIIepBBIE TTOJIyYeHHBIH B [13]. O

1. Jlam6 I'. T'mppomuramura. M.-JI1.: O3, 1947. 452 c.
2. Jluxrenmreiin JI. @urypsr paBHOBecus Bpamaomeiicsa suakocr. M.: Hayka, 1973.

386 c.

3. Cranoroeuu K.II. Heycranousmmmecs npm:xenus crutomrsoit cpenst. M.: Hayxa, 1971.

855 c.

4. Cemos JI.U., Meroner monobus u pasmeproctu B Mmexanuke. M.: Hayka, 1987. 432 c.
5. Taccynn #K.-JI. Teopus Bpamaroniuxca 3sean. M.: Mup, 198. 472 c.
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YNPABJIEHUE

B TEXHUWHECKWUX CUCTEMAX

YK 621.391

B. B. CanoxHukos, Bn. B. CanoxHukos, /1. B. EchaHoB

0 cuHTE3e TecTepoB KOAO0B C CyMMUPOBaHWEM Ha OCHOBE
MCNoNb30BaHMs CBOMNCTB NPOCTbIX M JIMHEUHbIX (PYHKLUNA

UDC 621.391

V. V. Sapozhnikov, VI. V. Sapozhnikov, D. V. Efanov

About codes’ testers synthesis with the summing
on the basis of simple and linear functions properties use

AHHOTauus

HpI/IBO,HI/ITCH HOBBIHA MeTOo CHHTe3a TeCTepOB
KOJOB C CyMMHUpPOBaHUEM, OCHOBAHHBINA Ha pas-
JIeJILHOM peasu3alliy B reHepaTope Tecrepa QyHK-
ITMY MJIaJuiero KOHTPOJIBHOI'O pa3pdana. ,HaHHaH
dyurnusa seiaserca auHeliHon. OyHKIMYU cTap-
IMMX KOHTPOJIBHBEIX Pa3pdAzoB B reHepaTrope pe-
AJIN3YIOTCS C UCIIOJIb3OBAHHUEM CBOICTB IIPOCTBIX
CUMMETPUYHEBIX pyHKIHA. TecTepsl KOIOB ¢ cyM-
MHUpPOBaHMNEM, IIOCTPOCHHBIC II0 U3JIOYKEHHOMY Me-
TOY, 00JIaIAI0T YIIYUIIIeHHBIMU XapaKTePUCTHKA -
MU 6LICTp0,HeI71CTBI/IH II0 CPABHEHUIO C U3BECTHBI-
MUK TeCTepaMu IJId MaJIbIX 3HAYEeHUH YMCJIa HUH-
opMaIFOHHEIX PA3PSII0B B KOJIE.

B craTbe mpemsoxeHsr hopMyIIbI pacyeTa Xa-
PAKTEPUCTUK CJIOYKHOCTHU, KOHTPOJICIIPUT'OTHOCTH
¥ OBICTPOJIENCTBUS HOBOT'O TECTEPa C TYITHUKOBOMN
¥ UTEPATUBHOMU CTPYKTypaMu. J[aH cpaBHUTEIB-
HBIN aHaJIHI3 TeCTepoOB KOJ0B C CYMMUPOBaAHUEM.

Knioyesble cnoBa:

TecTep; reHepaTop; KO ¢ CYMMUPOBAHUEM,;
IIpocTasi CUMMeTpHUYHAS (PYHKIUSA; JUHeHHAasST
pyHKIWST; TYIMKOBAas W UTepATHUBHAS peansa-
TN, XapaKTepUCTUKH TecTepa.

Abstract

There is given a new method of codes’
testers synthesis with the summing based
on the separate realization in a tester ge-
nerator of a function’s low-order check di-
git. This function is a linear one. The func-
tions of high-order check digits in a gene-
rator are realized with the use of simple
symmetric functions properties. Codes’ tes-
ters with the summing built with the help
of the given method have better operation
speed in comparison with known testers for
minor values of information digits in a code.

In the article there are offered the for-
mula of complexity characteristics, con-
trollability, speed operation of a new tes-
ter with terminal and iterative structures.
There is given the comparative analysis of
codes’ testers with summing.

Key words:

tester, generator, code with summing,
simple symmetric function, linear function,
terminal and iterative realization, tester’s
characteristics.
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BeepeHune

IIpu cuHTe3e caMompoBepsEeMBIX
JUCKPETHBIX YCTPOMCTB YaCTO UCIIOJIh-
3yeTcs Ko ¢ cyMMupoBanueM (ko bep-
repa, (n, m)-Ko[), BIIepBbIe OIMCAHHBIN
B pabore [1]. Kox ¢ cymmupoBanmem saB-
JISeTCA pa3JeJIMMBIM: B BEKTOpe Koma
¢ CYMMHUPOBAHKMEM MOYKHO BBIIEIUT M
MHMOPMAIMOHHBIX U k& KOHTPOJIBHBIX
paspanos (k = Jlog,(m+1)[, n=m+k).
JlaHmoe cBOMCTBO Ko/ia ¢ CYMMUPOBAHU-
€M HUCIIOJIb3YEeTCS IIPY IIOCTPOEHNIH CXEM
dyHKITIOHATEHOTO KOHTPOIIsA. CBOICTBA
KOJIa ¢ CyMMHUPOBAHKEM II0 00HAapysKe-
HUIO0 HEUCIIPABHOCTEM B cxeMax PyHK-
IIUOHAJIBHOTO KOHTPOJIS ITOAPOOHO U3y-
JeHHI B padorax [2, 3].

JI7151 KOHTPOJISA COOTBETCTBHUS KOO~
BBIX BEKTOPOB Koxy (n, m) mpuUMeHs-
I0TCSI CAMOIIPOBEPSEMEIE TECTEPHI, KO-
TOPBIE COIEPKAT 1 BXOJIOB U JBA BBIXO-
na [4]. Tecrep obsamaer caeayOITUMHI
CBOIICTBAMU:

1) KOHTPOJIb BXOOHOrO BeKTOpa (BHI-
XOZIBI 2, U 2y IPUHUMAIOT 3HAYEHN A
(1, 0) m (0, 1), ecsi; Ha BXO[Ie TecTe-
pa IIpHCyTCTBYET BEKTOP Koma (1, m),
¥ mpuHUMAaloT 3Hadenus (0, 0) mwin
(1, 1) B IpOoTUBHOM CJIy4ae);

2) camMompoBepKa (I 000 OqUHOY-
HOM KOHCTAHTHOM HEWCIIPABHOCTU
TecTepa CyIIeCTBYeT TAaKOe CJIOBO
koma (n, m), Ha KOTOPOM BBLIXOIBI

YnpaeneHne B TEXHUYECKUX CUCTEMAX

2z, u z, mpuHIMalT 3HadeHnd (0, 0)

wim (1, 1)).

JlJ1s1 cpaBHEHUSA TECTEPOB MCIIOIb-
3YIOTCA CIIEIINAJILHBIEC XaPAKTePHUCTH-
KH (CJIOKHOCTD, KOHTPOJIEIIPUTOTHOCTD
u owicTpomeiicteue) [5]. Ilox cirosxHo-
cThio (L) ToHmMaeTcs 00I1iee YrcIIo BXo-
JIOB JIOTHYECKHUX 9JIEMEHTOB B CTPYKTY-
pe Tectepa. XapaKTepUCTUKA KOHTPO-
JIETIPUTOTHOCTH (1) oIpeaessieT YUCJIO
TECTOBBIX KOMOMHAIINAM, HEOOXOIMMBIX
IJIsT obecrieyeHust OOHAPYHKEHUS BCEX
OJTMHOYHBIX HEUCIIPABHOCTEH BO BHY-
TpeHHel CTpyKType Tecrepa. Brierpo-
nmericTsre (g) OLlEHMBAETCS 110 MAKCH-
MAJILHOMY YHCJIY JIOTUYECKUX dJIeMEH-
TOB, Yepe3 KOTOpbIe HPOXOJAUT IyTh
B cCXeMe TecTepa OT BXOAa J0 ero BEI-
xo0/1a.

Bompocsr cuHTE3a TECTEPOB TSI KO-
JI0B C CYMMHPOBAHHEM PACCMOTPEHBI
B [4, 6-9].

IIpu curTe3e TeCTEPOB KOIOB C CyM-
MHUPOBAHNEM IIPUMEHSIETCS CTPYKTYPA,
npuBegeHHas Ha puc. 1 [4]. B Heii BoI-
JTeJIsIeTCs TeHepaTop KOHTPOJILHEIX pas-
PSIIOB, KOTOPBIN BBIUUC/IAET 3HAYCHS
KOHTPOJIBHBIX PA3PSI0B I10 SHAUCHUSIM
UHQOPMAITIOHHBIX PA3PAI0B, U KOM-
apaTop, OCYIIEeCTBJSIONINA CpaBHe-
HYe BBIYHUCIEHHBIX PA3PSAI0B C pa3ps-
IaMH B KOHTPOJIBLHOM YACTH IIepeaaBa-
€MOr0 KOJIOBOT'O BEKTOpA.

Y1
1 — T'emepatop T Kommnaparop
x, — ——>>
o ° — 2,
L ] L ]
L ] L ] yr
Xy — —P>
Xp+1 ——P
X+ =P
il — Z,
L ]
L ]
Xy ——P»

Puc. 1. CTpykTypa Tectepa koga (n, m)
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CaMBIM TIPOCTHIM BapHUaHTOM IIO-
CTPOEHUS TECTEPOB SBJISAETCSA TIOCTPO-
€HHe CTPYKTYPHI I10 JUIBIOHKTHBHOMN
COBEPIITeHHON HOPMAaJbHOI ¢dopme
(JICH®) dpyuriuit aaredpsl JIOTUKH,
OIMCBLIBAIOIIUX KOHTPOJBbHBIE Pa3ps-
el [4]. B [6] mpuBoguTes MeTop, ¢ mocie-
JIOBATEJILHBIM COeUHEHNEM CXeM KOM-
OMHAITMOHHBIX CYMMATOPOB U IIOJIYCYM-
MaTopoB. B paborax [9, 10] nyist cunTe-
3a TeHepaToOPOB TECTEPOB KOJOB C CyM-
MHPOBAHUEM HUCITOJIB3YIOTCS CBOMCTBA
IIPOCTHIX CHUMMETPUYHBIX (PYHKIIHIA.

Hacrosrmas ctaTbs mocBsIiieHa Ho-
BOMY METOJY CHHTE3a TECTEPOB KOJOB
C CYMMHPOBAHUEM, MO3BOJISIOIIEMY
YIIYUYIIUTD XapPaKTEPUCTUKU TECTEPOB
II0 CPABHEHUIO C METOIAMU, OIIFCAHHBI-
mu B [4, 6-9]. IIpu aTOM MCTIOIB3YIOT-
Cs CBOMCTBA IPOCTBIX CHMMETPUIHBIX
¥ IMHENHBIX DYHKIIAHN, OIMUCHIBAIOIIIX
KOHTPOJIBHEIE PA3PSIIHL.

CuHTe3 reHepartopa Tectepa Koaa

C CyMMUpPOBaHUEM

Pacemorpum xon (n, m). Kox nume-
er 2™ KONOBBIX CJIOB, KAasKI0€ M3 KO-
TOPBIX 00pasdyeTcs CIeIyIomuM o0pa-

30M: K MHMOPMAIIMOHHOMY BEKTOPY
<f,fy ... f,,> IpUIIHICEIBaeTCA KOHTPOJIb-
HBIA <G, .1 8 sz -+ 8, COCTOATITHIH U3 k
paspsinoB. KoHTpoIbHEBIM BEKTOp OTpa-
JKAeT YMCJIO eMHUIL B MH(POPMAIIUOH-
HOM BEKTOpe, 3aIliCaHHOEe B BUJIE JIBO-
wuHoro gymcsia. B rabauie 1 B kauectBe
IpyMepa IIPUBOJISITCS BCe KOIOBBIE CJIO-
Ba xoja (7,4).

B [9] mpuBomuTCs METO/T cCHHTE3a Tec-
TEPOB KOJIOB C CYMMHUPOBAHUEM C HC-
TOJIb30BAHUEM IIPOCTBIX CHMMETPUY-
HbIX yurmuit. [Ipocras cummerpuy-
Had pyHrug [4, 9, 10] omuckiBaeTcs
BBIPAKEHUEM

f7 ()5 %500,%,) =

= \% X X. ..X;
iy iy sy €(1,2,n) 12 U (1)

B mpocrtoit cumMerpudHOn dyHKIHMN
(1) sHakaMu SU3BIOHKIUA 00beInHe-
HBI BCe KOHBIOHKITUN 0e3 MHBEPCHI 0I-
HOTO paHra m.

OYHKIUY, ONUCHIBAOIINE BBIXOIEI
rereparopa (0003HaumM uX Sy, S;,.., S}),
MOT'YT OBITEH OITKCAHBI CJIEIYIONIEeH dop-
myJtoti [9] (3meck u mastee It IPOCTOTHI

Tabruua 1

Komoserie ciioBa xoma (7,4)

Wudopmarmonnsie ciosa

I{OHTpOJIBHI:Ie CJioBa

Ky
=
S

=
N

3

o
=

N

HlRrRIRRRIRR|IO|IO|IC|IC|IO|O|C|O
= =l = = k=R = k= = N = e R k=R k= k= k=]
R lo|lo|r|r|lo|lo|r|r|lo|lo|r|R|lo|lolR

= =l = R =l =l = = = k=R = =R R k=

HlOo|lOo|lOo|o|0o|o|o |||l
=R e e e e N =1 R I Y = R k=R =X =0
oOlr|r|lo|lr|lo|lo|r|r|lo|lo|~r|olr|r]|o




0003HAYEHNI! OITyCTUM ITIepeMeHHEIe X,
B 0003HAYEHUM IIPOCTON CHMMETpPHY-
HOM QYHKITUHN):

S, = ey v e (2)

e m, = 2, mi,, =m + 2" (j e {1, 2,

3,..),a=p 2" +2 p'= [2131
obo3Hauenwe [f] cooTBeTCTByeT OJTrKAT-
1meMy K ¢ YMCJIy, PABHOMY HJIA MEHb-
memy t), p = m — 2l b=a+ 2, ecnm
a+2'< m, u b =0 B IPOTUBHOM CJIyJae.

Taxwum 00pasom, reHepaTop TecTepa
Koma (n, m) peajquayercs B BUJe IBYX
6moxoB A, u A,, cCoOeTMHEHHEIX II0CJIe-
IoBaTeIbHO: OJI0K A, IIpelcTaBJIAeT
€000l peaiM3aIiio IPOCTHIX CHMMe-
TPUYHBIX (YHKIMHA f, BEIMUCIITEMBIX
o dopmyite (1), a 60k A, — peann-
3aITMI0 CHCTeMBI (PyHKIMI S;, BEIYHC-
JIIeMBIX 110 popmyte (2).

Hamopumep, am1a xona (7,4), 3aman-
HOTro Tab/IuIe 1, TeHepaTop OITUCHIBA-
eTCsI CUCTeMOI (PYHKITHIA:

Sy = f() = f2v £
S, =f(x)=1*f"
S, =f(x})=f". 3)

} (3mecn

Ucxonst us (1) dpymwimwm f ' g cucreme
(3) BBIUMCIIAIOTCS CIIEIYIOIIM 00PA30M:

fl=x, v, v, vx,;

f2=x2, v a,x, vVax, v
V Xy VXX, V XgX,S

f2=x2,2, v x,20,0, V

V XGX X, VXXX

f4 =X Xg X3 Xy 4)

[Tpu peasusarmu TPOCTHIX CHUM-
MEeTPUYHBIX PYHKITUH MOKHO M0JIb30-
BaTbCS cJIeaymoliei hopMyJIoi pasJiio-
sweHud [4, 10]:

i, .x,,...x,)=

=[x, %) V(%) V

YnpaeneHne B TEXHUYECKUX CUCTEMAX

VI ) (XX, v
VIR @ X )X, Vo

VX )T X, (B)

IIpaBas vacts dopmyiter (5) B Ka-
YecTBE COCTABJIAIOIINX TAKMKe COjep-
JKUT IIPOCTHIE CUMMETPHYHBIE (PyHK-
IIU¥, K KOTOPBIM IIPHUMEHSIeTCS yKa-
3amHOe pasyoxkenue. Mcmosb3oBanue
mpeobpasoBanus (5) K KaskI0M COCTAB-
JIAINEeN 10 TexX Iop, Imoka ¢opmy-
1a He OyIeT COAepsKaTh TOJIBKO dJIe-
MeHTapHble QYHKIUNA BUaa | 1(xi) =x,
fx,, X) =X,V x, A, X;) = X,X;, TI03BO-
JISIET TOJIYYUTh CIIEINAJIEHOE TYITUKO-
BOe IIpeJcTaBieHue [4].

Hetpynmo 3ameTuTs, 4To PyHKIHA,
OIUCHIBAIOIIAS MJIAJIINA KOHTPOJIb-
HEIH paspsan S, ABJIgeTcd JIMHEHHOH
(cMm. Tabsuiy 1):

S, =f(x))=x,®x,®x,®x,. (6)

IIpu 3amene B cucreme (3) mepBo-
ro ypaBHEHMA BeIpaskeHueM (6) mmoJry-
yaeMm crucreMy QyHKIHIH S,, B KOTOPOH
OTCYTCTBYIOT IIPOCTHIE CHUMMETPUYHEIE
byHEIIMY ¢ HeYeTHBIMU NHIEKCAMMU:

Sy=f(x})=2x, ®x,®x, Dx,;
S, =1 (x))=F*1"
S, =f(xl)=f*. )

Ha puc. 2 npusenena od1mias cCTpyx-
Typa mpemiaraemoro tecrepa. [lpu cun-
Te3e 0JI0Ka S MCIOIB3YIOTCA dJIeMEeH-
eI M2 (cymmaTop o momystio 2) [4].

ITpu mocTpoeruu Gy10ka A, B COOT-
BercTBuH ¢ (5) B [9] ucmosrb3yercs paas-
OMeHVe MHOKeCTBA BXOIHBIX [IepeMeH-

HEIX QyHRIHE M = {x, ..., Xy ons X,
Ha JBa nmoaMHo:kecTBa M, = {x,, ..., xp}
uM, = {xp+1, ..., x,,}. Ilemecoobpasuo

BBIOMPATH YMCJIO P KAK OyrKaiiiiee 1ie-

JIoOe K E YeTHOe YHCJIO (ean TaKUX 4YHu-

ceJI IBa, TO BHIOMpAETCs JI000e U3 HUX):

S
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Puc. 2. 06was cTpykTypa Tectepa koga (n, m)

Taxoit mogxo IIPUBOAUT K IOJIyYe-
HUIO CTPYKTYPHI O0JI0Ka A, TeHepaTopa
¢ HauMeHbIlel cioskHoCcThIO [9]. Paa-
OueHus IIPOBOIATCA 0 TeX II0p, IOKa
He II0JIyYaioTCsa MHOMKECTBA, COIepsxa-
IIKe OOHY WJIK IBe IIepeMeHHEIE.

IIpu sTOM [J1 MCXOMHOrO KOIa OIIpe-
messiercss 6a30BOe MHOMKECTBO IIepe-
meHHEIX M = {x,, ..., L X,,}, COOT-
BETCTBYIOIIee HH(POPMAIIHOHHLIM BEK-
TOpPaM KOJOBBIX CJIOB. Y Ka3daHHOE MHO-
sxecTBO M pasdbuBaercs HA IOIMHOMKE-
crBa M, ={x,, ..., x,} m M, =1{x,,,, ..., X, }.
Brerunciisiroress 0CHOBHBIE IIpeICTaBIIe-
Hust pyHkmumii f oo opmyre (5), mocste
Yero IIpOBOIUTCS JTaJIbHeIee pa3oue-
Hye MHOskecTB M, u M, 1o Tex 1Iop, IoKa
He OyJeT II0JIyYeHO TYIIMKOBOE IIpei-
craBirerre QyHKIM f'. 3aTeM mpous-
BOJIMTCSI COBMECTHAS peau3arus I1o-
JIyYeHHBIX (DYHKIIMIA B BUIE MHOT'OYPOB-
HEBOM CXEMEI C PA3BETBJICHUAMU, Me-
IOIIIAsI M BXOHOB U k BBEIXOIOB.

[Tpu curTE3€ TECTEPOB KOMIOB C CYyM-
MHPOBAHUEM II0 METOOY Pa3meJIbHOM

peanua3aruy QYHKIMA MJIAIIEr0 KOH-
TPOJILHOT'O paspsga He TpebyeTrcs pe-
AJIN3AIUs HEYETHBIX IIPOCTHIX CHMMe-
TPUYHBIX PYHKIIUH B II€PBOM pasdue-
mrm M, u M, Oro cienyeT Hemocpen-
CTBEHHO u3 popmyJIsl (2).
CunreswpyeM reHepaTop TecTepa
komga (7,4). Basosoe muoxxectBo M co-
CTOUT M3 YeThIpeX IepeMeHHBIX M =
={x,, X,, X4, x,}. Boraucnum sHaveHme p:

[5Hi

B pasbuenuwn mosiydaem ITOAMHO-
smectBa: M, = {x;, x,} mw M, = {x,, x,},
KOTOpBIE ABJISAIOTCA 9JIEMEHTAPHBIMU.
OcHoBHBIE TIpeICTABICHUSA OYHKITHN
f! + f* umesor BuS

i, +x,) = £, 0,) v (x,x,)5

2 = 2,) = f(x,,%,) v

sz(xg’xz;) \4 fl(xpxz) : fl(x:%,le),



Xy

fs(xl +'764) = fz(xl,x2)-f1(x3,x4)v
Vfl(xl’xz)'fZ(x3’x4);

f4(x1 + .’XI4) = f2(x1’x2) : f2(x37x4)~

Brnoxu A, u S, cTpoarcsa mo QyHK-
musM cuctemsl (7). Ha pue. 3 mpuse-
JeHa cXeMma IMOJIyYeHHOI'0 TreHepaTo-
pa tecrepa xona (7,4), KOTOPEIM UMeeT
cJIeayIole XapakTepucTuru: L = 36,
t=8,q=5.

Pacuet xapaKkTepucTuK TecTepoB

KOA0B C CyMMMUPOBAHUEM

Hmxe mpuBomstTest hopMyJIbI, 10 KO-
TOPBIM MOSKHO PACCUUTATH XapaKTepH-
CTHKH TecTepa IIPU pasIeIbHON peastn-
3anyy (PYHKIIMH MJIAIIIEr0 KOHTPOJIb-
Horo paspsana. [lo cienymoreit dopmy-
Jie BEIYUCJIISIETCS CJIOMKHOCTD TecTepa:

YnpaeneHne B TEXHUYECKUX CUCTEMAX

Yucsio ypoBHEH TecTepa, Xapakre-
pusyioliee OBICTPOIEHCTBHE, PACCUH-
TBIBAETCS 10 (hopMyJIe

q=q, (10

The q¢'=q, +q, +qye €CTRq, +q, >4y,

9" =qs, + e, ecau 9u, + 4., <5,

KosmmaecTso TecToBBIX KOMOMHAIIMII,
He0OXOAUMBIX [IJId IIPOBEPKHU TeCTepa:
t=t,. (11)

ITpu TynukoBoit peanusaruu 6J10-

Ka A, B IIEpBOM YPOBHE CXE€MBI B OTJIU-
Yre OT MeToda, OIMHUCAaHHOTo B [9], mc-
KJIIOYAIOTCSA BCE JIOTUYECKUE dJIeMEH-
TBI, PEAIU3YIOIINE MPOCTHIE CHMMET-
puuHble (PYHKIIAM ¢ HEYETHHIMU WH-
IexcamMu (JIJaHHOe 3aMedaHue CIeayeT
M3 aJropuTMa pasbreHus MHOKeCTBA

L=L, +L, +Lg +Ly. (9) M exonHbIX mepeMeHHBIX). Takum 00pa-
30M, CJIOKHOCTH OJI0Ka A, reHepaTopa
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Puc. 3. Tenepatop TecTepa koaa (7,4)
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COKpalliaeTcss Ha BeJInuuHy L', xapaxk-
TEePU3YIOILILYI0 CJIOMKHOCTH CXEMEI, IIO-
CTPOEHHOM TOJIBKO IO ITPOCTBIM CHM-
METPUYHBIM (PYHKIIUSAM C HEUETHBIMU
WHIEKCAMHU.

Hatinem dopmy.ty pacuera Besmdm-
ue1 L. I3 anropurma pasbreHus: BXom-
HEIX TIepeMeHHBIX Ha IogMHoxecTBa M,
BCe KogbI (1, m) cyieayeT pasouTh Ha ye-
TBIpe KjIacca, Koabel ¢ m =41, m =4i + 2,
m=4i—-1um =4i + 1. Taxoe nenexnue
KOJIOB CBSI3aHO ¢ BesmunHoi (8). Pac-
CMATPUBAIOTCSA TOJIHKO IIPOCTHIE CUMMET-
puansre gyskmms £+ (™) ¢ Heuer-
HBIMH 3HAYEHUAMH M, CJIOMKHOCTD KO-
TOPBIX IOACYNTHIBAETCS TI0 KOJIMUECTBY
aneMmeHTOB «V» m «MJIN», Heobxomu-
MBIX JIJISI PeaIM3allii CXeMBI 10 Qop-
myJiam. VI3 paasosxenus (5) 1 aJropur-
Ma IIOCTPOEHMS TYIINKOBOM CTPYKTYPBI
TecTepa CJIeIyeT, UTO BCe aJIeMEHTHI «F»
OyIyT ABJIATHLCA IBYXBXOMOBBLIMHM; Ta-
kuM obpasom, Lg = 2. Cro:RHOCTS dJ1e-
merTOB «JIN» Bappupyercs: L, > = 2.
[ToxcunTaB CII0KHOCTE BCEX 2JIEMEHTOB
«» u Bcex amemenToB « 1JIV» B KoHeu-
HOM PAa3JIOKEeHUH, MOJIYYUM UCKOMYTO
Bestmunny L'

h

410

w

L= e

4i-1°

1is2> 12)

N

rIe L4i:4[ik+ i(Zk—2)+i]7

k=1 k=1

. m
ectum=4uIuEmMu p = 5 — 4YeTHEHIE,;

L, =65 k+3 (2k+1)+23 (2k—1),
k=1 k=1

k=1

ecau m = 4i+1 uam m — HEYeTHOE,;
L, =6Sk+32k+1)+
k=1 k=1

+23 (2% —1)— (6 +1),
k=1

ecn m = 4i—1 WK m — HeYeTHOe;

L,.,=123 k+2i+1,
k=1

ecsii m = 4i+2 uam m — dYeTHoe,

m
ap= E — HEYEeTHOoe.

Jlu1s1 pacuera 4mcsia TECTOBBIX KOM-
OmHAIMI, HeOOXOOUMEBIX IJIS IIOJIHOM
TIPOBEPKU TeHepaTopa, IIOCTPOEHHO-
TO II0 METOAY UCII0JIb30BAHMUS CBOMCTB
JIMHEHHBIX ¥ CAMMETPUIHBIX (DYHKITHH
OpH pasgebHOM peayu3aruu QPyHK-
MU MJIAJIIEr0 KOHTPOJILHOTO pa3psi-
J1a, MOYKHO BOCITOJIB30BAThCA popMy.JIa-
MU, IPeIJIOKEeHHLIME B [9].

t=t (A)=t, +1, (13)

, m’ m
TA€ 1}, == —+m HpH YeTHHIX m 1 2

2
, m —4
t;, = ————+ MIIpU YeTHOM /m 1 HeyeT-
4

m ., m’-1

HOM — ; {/ = ———+ m IIpH HEYEeTHEIX
2 4
m

mu —

Otu dopMyJIBl CIIPAaBEIIUBEI, TIO-
CKOJIBKY M3 aJITOPUTMa IIOCTPOECHUS
SICHO, YTO MEHSIOTCS TOJIbKO KOHEYHBIE
dyarimm pasnosxenus. Jlamusie QyHK-
IIUY BXOIAT B IIOCJIETHUN KacKas reHe-
paropa, TeCTOBbIE KOMOMHAITUH JIJIST KO-
TOPOT0 PEATU3YI0TCS Ha BBIXOIaX IIpe-
neiryero. [Ipumep cuaTe3a remeparo-
pa mis xoxa (7,4) moaIYepKUBAET 9TOT
daxr (puc. 3).

Ob6mmee umcyo ypoeHeii 6;10ka A, BEI-
qucaseTcs 1Mo gopmyie [9]

q, = 2]10g2 m[ -1 (14)

B cityuae uctioshb3oBaHMAa UTEPATHB-
HOM CTPYKTYpHI OJI0Ka A, TeHepaTopa
[11], cripaBemuBEI cienympolrmre op-
MYJIBI pacueTa XapaKTepPUCTHUK:

LA1 =2m(m-1)—-4(m-2), (15)

g, =2m, (16)

1



t, =2m. 17

[TockobKy WTepaTHWBHAsS cxema
CTPOUTCS M3 IBYXBXOIOBHIX 0JIEMEHTOB
«» u «MJIN», To mjisa ee mocTpoeHUs
Tpebdyercst m(m — 1) 2JIeMEHTOB, a CJIOK-
HocTh paBHA 2m(m — 1). Ilpu BeImEIIE-
Hun 671082 S, 11 peau3anuy QyHK-
LUK MJIAJIIEr0 KOHTPOJIBHOIO Pa3ps-
Jla COKPAIaeTcs 4acTh JBYXBXOI0BBIX
9JIEMEHTOB B IIOCJIEIHEM YpPOBHE CXe-
MBI. AHAJIM3 UTEPATHUBHBIX CTPYKTYP
PA3TMYHBIX TEHEPATOPOB ITOKA3AJI, UTO
YHCJIO COKPAIIAEeMEIX IBYXBXOOBBIX
2JIEMEHTOB HAXOJUTCS B 3aBUCUMOCTHU
OT YncJIa HHQPOPMAIIMOHHEIX PA3PAI0B
B koze 2(m — 2), a CJIOMKHOCTL COKpAa-
1[aeMo YacTu cXeMbl paBHA 4(m — 2).

Brnox A, peanmmuayer crucreMy IIpo-
CTBIX CUMMETPHUYHBIX (DYHKIIUHA TOJIb-
KO ¢ YeTHBIMU mMHAeKcamMu. OTMeTnm,
YTO IJIT ABYX COCETHUX KOMOB (1, m)
u (n', m + 1), rme m — 4JeTHOe OJIOKHU
A, onuaakxoBsl. JJ1sa Bcex KomoB (1, m)
610K A, ABJIAETCS TPEXYPOBHEBEIM, UTO
ciienyet u3 popmyJsl (2), TO ecTh q = 3.
Onuaxko s xkoma (5,3) cunTes OJI0Ka
A, He TpeOyeTcs, ITOCKOIBKY Peanay-
€TCS TOJILKO OJHA IIPOCTAas CHMMETPHY-
Has pysruua: S, = f 2, st womos (7,4)
u (8,5) urcsI0 ypoBHEM paBHO JABYM.

MHO0eCTBO TECTOBBIX KOMOMHAIIWIA,
HeoOXOVIMBIX JIJI IIPOBepKH OJIoKa A,,
SIBJISIETCST TIOJIMHOKECTBOM TECTOBBIX
KOMOMHAIINI, HEOOXOIUMBIX IJIS IIPO-
BepKu O70Ka A

by, Cly.

Cro:xHOCTB 6J10Ka A, BEIIHCIIAETCA

HEeIOCPeICTBEHHO M0 ChcTeMe (DYHKITHN

S(f") (em. popmyiy (2)) nmubo o dop-

MyJIie, IPeIJIOKeHHOH B [9], 3a UCKIIIO-
yeHMeM yueTa pyHKIHH S

L, =kzle(Si)+[ﬂ};

2 ia 2|

Lm(Si):Zg—[%} +1;
m-2""+1

g=|—%—| 18)

YnpaeneHne B TEXHUYECKUX CUCTEMAX

rme m U k — unciao mHGOPMAIINOH-
HBIX ¥ KOHTPOJILHBEIX PA3PAI0B COOT-
BeTCTBeHHO; [a]_ u [a], — obo3xaue-
HUS OJIMKANIIEr0 MeHBIIero U 00JIb-
1IIer0 K @ LeJIBIX YHCeJI COOTBETCTBEHHO,
pu aToM ecair @ < 0, To [a]_= [a], =0,

1
ecsTu GZE’TO [a]l_=[a],=1,ecmtma—

1esoe, To [a]_= [a], = a.

IIpu peanusaruu 6/10Ka KoMITapa-
Topa (MC) u 610Ka PYHKITME MITaIIIIe-
IO KOHTPOJIBHOTO pa3paa (S,) UCIIoIb-
3y1oTesT aJ1eMeHTs M2.

Jna nocrpoerns 6ora S, TpebyeT-
cst (m — 1) anemenT M2, nj1st mpoBepKU
HPaBUJIBHOCTA (DYHKITMOHUPOBAHUS
KajKJI0r0 M3 KOTOPBIX TpebyeTcs ImoJI-
HBIH TECT, COJIEPIKAIINNA YeThIpe KOM-
Ooumarmu [12].

Umucso ypoBHeit cxeM 6510ka S, BHI-
YHUCJIAETCS TI0 PopMyJIe

s, = 9o ]10g2 m[ > (19)

TZie ¢, — YUCII0 YPOBHEH ajleMeHTa,
peasn3yomnero (pyHKIIUIO HepaBHO-
3HAYHOCTH; ¢, = 2; 3a1HCh |a[ 0603Ha-
vaeT OJIMsKaliIIee 1eJioe, IIpeBoCX0 -
1Iee TaHHOE.

Jna pacgera cimoxHOCTH 67I0Ka S|,
IPUMEHUMO BLIPAKEHIE

LSO =(m-1)L,,, (20)

rre L, — CIIOKHOCTD dJIEMEeHTa, pea-
JIU3YIOIIEro (PYHKITUI0 HepaBHO3HAY-
HocTH; Ly = 6.

XapakrepucTrkn 0JI0KA KoMIapa-
TOpAa MOAPOOHO M3yUeHHI B [9].

3aknoyeHue

B rabnuiie 2 mpuBogaTCsa xapakre-
PUCTUKN HEKOTOPHIX KOJIOB C CyMMUPO-
BaaneM. Tecrepsr Tuna I u II mocrpoe-
HBI 110 MEeTO/TY, u3JIoskeHHOMY B [9]. Te-
crep I comep:xuT reHepaTop ¢ UTEPATHUB-
HOM cTpyKTypoi#i, a Tectep II — rene-
paTop ¢ TYIHUKOBOI CTPYKTYpoit. Tectep
tumna Il mocTpoeH ¢ ucmosL30BaHMEM
CYMMAaTOPOB M TIOJIyCYMMAaTOpPOB [6].
Tecrepsr Tuma IV u V — ato Tectepst
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C UTepaTUBHOM U TYIUKOBOU peasmnaa-
ITUSIMHU, METOJI CHHTEe3a KOTOPBIX pac-
CMOTpPEH B JIJAHHOH! CTaThe.

Tecreprr IV u V obsamator yiyd-
IIIEHHBIMH XaPaKTEePUCTUKAME OBICTPO-
JIeHICTBUS TIPU HEM3MEHHBIX XapaKTe-
PUCTHUKAX CJIOKHOCTH ¥ KOHTPOJIEIIPH-
TOJTHOCTHU JIJISI KOJOB C CYMMHPOBAHHU-
€M C MaJIbIM YHCJIOM WHQOPMAIIHOH-
HBIX Pa3panoB m < 6 1o cCpaBHEHUIO
c recrepamu I u II. Jljtst m > 6 xapax-
TEPUCTUKY OBICTPOIEHCTBUS ¥ KOHTPO-
JIETIPUTOHOCTY IIPe/IIaraeMbIX TecTe-

POB CPaBHUMEI C XapPaKTEPUCTUKAMU
aHaJOTUYHBIX TecTepoB | u I1.

Ilo cpaBuenwmio ¢ Tecrepamu 111 xa-
paxTepucTukru TectepoB IV u V yayu-
IIIEeHEI.

B zaksmrouenue orMeTnM, 4TO IIpe;I-
JIOYKEHHBIN METO] CHHTE3a TECTEPOB KO-
JIOB C CyMMHPOBaHWEM Ha OCHOBE WC-
TI0JIF30BAHUSI CBOMCTB IIPOCTHIX CHMMET-
PUYHBIX ¥ JIMHEMHBIX QYHKITHAM JOII0JI-
HsIEeT MHOT000pa3ue MeTO/I0B II0CTPOe-
HUSI CaMOIIPOBEPSIEMOM KOHTPOJBHOMN
annapatypsl. B

Tabruua 2

XapaKTepUCTUKHU TECTEPOB KOJIOB C CYMMUPOBAHUEM

Tecrep I Tecrep 11

Tecrep II1

Tecrep IV Tecrep V

K
AT ¢ L ¢ q L

53 29 6 8 29 6 8 41

85 75 10 14 73 12 12 92

21 15 79 10 16 77 12 11

96 100 12 16 96 15 12 121

21 15 103 12 19 100 15 12

10,7 125 14 18 118 20 12 140

21 17 129 14 21 116 20 12

13,9 205 18 22 190 30 14 201

29 22 210 18 25 214 30 14

14,1 245 20 24 225 35 14 230

29 24 249 20 27 249 35 14

15,11 236 22 26 260 42 14 249

29 24 291 22 29 283 42 14

16,12 337 24 28 304 49 14 288

29 28 342 24 31 326 49 14

18,14 442 28 32 392 62 14 336

29 25 447 28 35 418 62 14
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MeToanKa NpoeKTUPOBAHUS ANEKTPOMArHUTHOM
COBMECTMMOCTM Ha 3NEKTPUYECKUX NOACTAHLMUAX

A.A. Kosyakov

UDC 621.311.4

Methodology of electromagnetic compatibility projecting
at electric power substations abstract

AHHOTaLMA

B crarbe ormmchIBaeTCs METOMKA TIPOEKTUPOBA-
HUS 3JIEKTPOMATHUTHON COBMECTUMOCTH Ha dJIeK-
TPHUYECKUX IIOACTAaHIIUAX C BBICIIIMM HAIIPAXKEHUEeM
35-500 &B. [IpencraBiieHb! OCHOBHBIE TPUHITATILD
BBIIIOJTHEHUSI MHKEHEePHBIX U3BICKAHUN U CITeIH-
AJIbHBIX MTHKEHEPHBIX PACY€eTOB, HeOﬁXO,I[I/IIVH)IX JJIA
BBIIIOJTHEHUS IIPOEKTHOMN JIOKYMEHTAIIMH TI0 dJIeK-
TpOMaI‘HI/ITHOﬁ COBMECTHUMOCTH, BKJIIOUAd METOI
BEPTUKAJIBHOIO 3JIEKTPUYECKOI0 30HIUPOBAHUS,
METOIbI PACUETHON OIEHKH IepeHaIpsKeHn,
BO3HHKAINUX B KOHTPOJIBHBIX KaGGJIHX IIPA KOM-
MyTaIUAX U KOPOTKUX 3aMBIKAHHUAX, METOJIBI pac-
YeTa IapaMeTPOB 3a3eMJISIONIET0 YCTPOMCTBA IO -
CTAHIINU, HEOOXOIUMBIX JIJIS OIIEHKHU 3JIEKTPOMAT-
HHUTHOM 00CTAHOBKYU M COBMECTHMOCTH.

Knioyesble cnosa:

noncraumusa 35-500 kB, asekTpomarauTHasS
COBMECTHUMOCTL, MHIKEHEPpHble H3bICKaHWs, IIe-
PEeXOHEIE IIPOIIECCHI, 3a3eMJISIOIIee YCTPOHCTRO,
9JIEKTPOMATHUTHOE II0JIE.

Abstract

The article is devoted to the methodology of
electromagnetic compatibility (EMC) projecting
at 35—-500 kV substations. The article depicts the
main principles of engineering surveys and special
engineering calculations that are required for pa-
perwork execution on electromagnetic compatibili-
ty including the method of vertical electric probing,
methods of overvoltage’s evaluation appeared in
control cables at commutations and short-circuits,
methods of grounding device parameters’ calcula-
tions of a substation required for electromagnetic
conditions and compatibility evaluation.

Key words:

35-500 kV substations, electromagnetic com-
patibility, engineering surveys, transient pro-
cesses, grounding device, electromagnetic field.

Introduction
Nowadays at modern 35—
500 kV substations is used a big
amount of microprocessor devices,
used in substations automatics,
relay protection, telemechanics,
communications. All these devices
have low levels of normal working
stability in hard electromagnetic
situation that exists on high vol-
tage substations. That is why
since 2006 all 35-500 kV substa-
tion projects at directorate «Ener-
gosetproject» of Urals Power En-
gineering Company include spe-
cial part, devoted to projection
of electromagnetic compatibility

(EMC). Since that time until Feb-

ruary 2011 we made more than

30 EMC projects. This article de-

picts our main results of 5 years

EMC projecting experience.
Development of 35-500 kV

substation EMC project consists

of the following steps:

1) pioneering works;

2) special engineering calcula-
tions including stray pick-ups
calculation, grounding calcu-
lations and calculation of elec-
tromagnetic fields;

3) choice of microprocessor devi-
ces EMC parameters and pro-
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jecting of special protection means.
All these steps should be depic-
ted in EMC project.

Pioneering works

Traditionally all projecting works
start with pioneering. According to
art. 47.1 of Building code of Russian
Federation [1], projecting without pio-
neering works is even forbidden. But,
according to art. 47.5 of the same law
[1], volume of pioneering works is re-
gulated in project statement. And that
was the problem at the first period of
our EMC projecting experience — pro-
ject customers didn’t want to invest
additional funds for special pioneering
works, that are needed to make special
engineering calculations. The reason of
such a problem was that the base pio-
neering works for building projects in-
clude the research of type of ground,
where substation will be build, and at
standard [2] there are regulated spe-
cific ground resistances, that could be
used also in EMC project.

Pioneering works for substation
building project includes ground re-
search (test boring) only for 10 m, and
for correct development of EMC project
project designer needs data about spe-
cific ground resistance minimum for
100 m. Test boring for such depth is very
expensive and certainly couldn’t be
made because of economic reasons. But
there exists one more method for mea-
suring specific ground resistance for
deep depths — method of deep electric
probing, and use of this method in EMC
projects shows good results.

Method of deep electrical probing
(fig. 1) is based on indirect method of
ground resistance measuring (method
of amperemeter and voltmeter). With
use of thise method we can measure
ground resistances on any depth, but
practically we measure for 100 m depth
and calculate two-level ground mo-
del, that includes two specific ground
resistances pl and p2. Second ground
level with specific ground resistance
p2 starts from depth h.

Pioneering works for EMC projects
we make with use of special instrument
KDZ-1 (fig. 2), calculations of two-le-
vel ground model (fig. 1) — with use of
program ORU-M (reg. No 2002611768).
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Fig 2. Instrument for deep electrical probing KDZ-1



Stray pick-ups calculation

Stray pick-ups calculation at 35—
500 kV substation is a main part of
EMC project. To make these calcula-
tions we use program Interferences
(reg. No 2004610419).

Stray pick-ups calculation consists
of the following steps.

1. Primary acquisition including
results of pioneering works, electrical
scheme, plan and sections of substation,
characteristics of high voltage wires
and control cables, single-phase short
circuit currents for 110-500 kV bus
systems and three-phase short circuit
currents for 6-35 kV bus systems.

2. Bus systems, high voltage equip-
ment and control cables modelling
(fig. 3).

At fig. 3 with blue colour are shown
220 kV bus system and equipment —
current breakers, disconnectors, power
and measuring transformers, overvol-
tage limiters and lines, modelled as ca-
pacities. With green colour are shown
control cables, where stray pick-ups
will be calculated.

YnpaeneHne B TEXHUYECKUX CUCTEMAX

To decrease time of calculation pro-
cesses usually we make separate mo-
dels for high voltage part and for light-
ning protecting system of substation.

3. Calculation of stray pick-ups, that
appear in control cables during short
circuits at high voltage equipment and
bus systems.

During developing the program
of calculations it is very important
to choose the places on the scheme,
where short circuit at high voltage
equipment and bus systems will re-
sult maximum levels of stray pick-
ups in control cables. Developing of
this part of project needs high qua-
lity and experience of project desig-
ner. Mainly there should be chosen
places of short circuits, situated at
bus systems, parallel to main control
cables lines.

Usually calculation program of this
step of stray pick-ups calculation con-
sists of 10-30 calculations for one 35—
500 kV substation. As a result of cal-
culations we receive diagrams of tran-
sients, that will apper in control cables
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Fig 3. Bus systems, high voltage equipment and control cables modelling (3D-view)
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during short circuits at high voltage
equipment and bus systems (fig. 4).

4. Calculation of stray pick-ups,
that appear in control cables during
commutations of current breakers and
disconnectors. Developing of this part
of project also needs high quality and
experience of project designer because
of the same problems of correct choice
of parts of electric scheme, that will be
commutated by current breakers and
disconnectors.

Usually calculation program of this
step of stray pick-ups calculation con-
sists of 6-30 calculations for one 35—
500 kV substation. As a result of cal-
culations we receive diagrams of tran-
sients, that will apper in control cables
during commutations of current brea-
kers and disconnectors (fig. 4).

5. Calculation of stray pick-ups,
that appear in control cables during
lightning strikes at lightning protec-
tion system of substation.

Usually lightning protection sys-
tem of substation consists of several
pin lightning conductors and we cal-
culate stray pick-ups, that appear in
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control cables during lightning strikes
at each lightning conductor. Calcula-
tion program of this step of stray pick-
ups calculation consists of 4-30 calcu-
lations for one 35-500 kV substation.
As a result of calculations we receive
diagrams of transients, that will ap-
pear in control cables during lightning
strikes at lightning protection system
of substation (fig. 4).

6. The final step of this part of pro-
ject is comparing the results of stray
pick-ups calculation to permissible le-
vels of stray pick-ups for microprocessor
devices [3, 4]: first level — 0,5 kV, second
level — 1 kV, third level — 2 kV, fourth
level — 4 kV. If stray pick-ups have high-
er levels (as it is shown on fig. 4), we
use additional projects decisions devo-
ted to screening and limiting overvoltag-
es: connection of control cables casings
to substations grounding; use of metal
cable trays, use of overvoltage limiters.

Use of additional projects decisions
devoted to decreasing stray pick-ups
levels is also modelled in program In-
terferences. Practically with use of com-
bination of these project decisions we
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Fig 4. Result of pick-ups calculation



can decrease stray pick-ups levels in
7...180 times, and it’s enough for every
substation project.

Grounding calculations

Grounding calculations for EMC
projects we make with program ORU-
M — the same program that is used for
calculations of two-level ground model
(fig. 1).

Grounding calculations consist of
the following steps.

1. Primary acquisition including
results of pioneering works, plan and
characteristics of substations grounding
(type of metal, section and depth of
grounding elements laying), single-
phase short circuit currents for 110—
500 kV bus systems.

2. Grounding elements and control
cables modelling (fig. 5). Usually this
model contains elements of lightning
protection system, that are conducted
to substations grounding.

3. Calculation of grounding resis-
tance and voltages, that appear on eve-
ry element of grounding during short
circuits and lightning strikes.

According to standard [5], groun-
ding resistance of 35-500 kV substation
should be lower than 0,5 Q and vol-
tage, that appears on every element of
grounding, should be lower than 10 kV.
To achieve these results we change con-
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figuration of substations grounding,
usually by adding to grounding addi-
tional grounding elements.

As an exception (when specific
ground resistance is high) we use ori-
ginal two-level grounding [6]. The first
upper level of this grounding is connec-
ted to substations power equipment, the
second lower level — to lightning con-
ductors (fig. 6). So, stray pick-ups, that
appear during lightning strikes, don’t
affect on substations power equipment
and control cables, which casings are
connected to grounding. To reduce sub-
stations grounding resistance two levels
of grounding are connected between
each other at the borders of groun-
ding. This decision practically don’t af-
fect stray pick-ups level.

4. If, according to the results of stray
pick-ups calculation, in EMC project
was used additional project decision —
connection of control cables casings to
substations grounding, we should also
calculate currents, that are flowing in
control cables casings during short cir-
cuits. This calculation should be made
to ensure that control cables casings
will bear short circuits currents flowing.
As a result of calculations we receive
diagrams of voltages and currents,
that will apper in grounding ele-
ments and control cables casings du-
ring short circuits (fig. 7).

Fig 5. Grounding and lightning protection system modelling (3D-view)
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Fig 6. Two-level substations grounding (3D-view)
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Fig 7. Results of grounding calculations
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Tab. 1

Normative parameters of microprocessor devices immunit
to electromagnetic fields

Microprocessor . Magnetic field intensity, A/m
O . Electric field -
device immunity . . Power frequency Impulse magnetic
intensity, kV/m ;
level magnetic field field
1 0,1 1 —
2 1 3 —
3 10 10 100
4 100 30 300
5 — 100 1000

At fig. 7 with black colour are shown
horizontal grounding elements, with
red colour — vertical grounding ele-
ments and grounding wires and with
blue colour — control cables casings.
After calculation currents in control
cables casings we make a calculation
of their thermal stability with use of
standard method [5].

Calculation of electromagnetic fields

According to standards [7-9], EMC
project should contain calculation of
electromagnetic fields intensity at the
places of microprocessor devices loca-
tion. At 35—-500 kV substations all mi-
croprocessor devices are located in one
place — at operations point of control.
So, electromagnetic fields calculation
for EMC project includes only three
calculations in one point: electric field
calculation, power frequency and im-
pulse magnetic fields calculation. Cal-
culations are made with use of pro-
grams EMP VL (reg. Ne 2006613744)
and Reactor MP (reg. Ne 2006613743).

Calculation of electromagnetic fields
consists of the following steps.

1. Primary acquisition including elec-
trical scheme, plan and sections of sub-
station, characteristics of high voltage
wires and single-phase reactors, maxi-
mum working currents, single-phase
short circuit currents for 110-500 kV
bus systems and three-phase short cir-
cuit currents for 6-35 kV bus systems.

At this step we always have a prob-
lem with acquisition of single-phase re-
actors characteristics, because produ-
cers of reactors don’t want to give their

characteristics to project designers be-
cause of, as they say, it is a commer-
cial classified information. This prob-
lem should be solved legislatively.

2. Bus systems and single-phase re-
actors modelling in programs EMP VL
and Reactor MP and calculation of elec-
tromagnetic fields. Calculations of elec-
tric field and power frequency magne-
tic field are made in maximum working
regime, calculation of impulse magne-
tic field — in short circuit regime.

3. Comparing the results of electro-
magnetic fields calculation with nor-
mative parameters of microprocessor
devices immunity to electromagnetic

fields (tab. 1).

Conclusions
The results of this work are the fol-
lowing conclusions.

1. Article presents original method of
EMC projecting at 35-500 kV sub-
stations, that was developed at di-
rectorate «Energosetproject» of Urals
Power Engineering Company and has
5 years of practical experience. EMC
projecting at substations demands
high engineering qualification, spe-
cial equipment and programs.

2. Main problems of EMC projecting
are: correct choice of places of short
circuits and commutation schemes
during stray pick-ups calculation;
primary acquisition of single-phase
reactors characteristics.

3. Methodology of EMC projecting
at high voltage substations is
still in development and could be
changed in future. O
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CTPOUTEJIbHbIE KOHCTPYKLIUW

Y[IK 624.072.2. (043)

X. Aroghapos, A. X. droghapos, A. b. Pazymos

OnTUMU3aLUSA KOHCONbHO-0aNn04HbIX CUCTEM

UDC 624.072.2. (043)

H. Yagofarov, A. H. Yagofarov, A. B. Razumov

Optimization of cantilever beam’s systems

AHHOTauus

KonconbHbIe 6aJIKK 10 CHX IIOP He HAILIY IIIH-
POKOTO IIPUMEHEHUSI B KOHCTPYKIUSIX IIPOMBIIIJIEH-
HOT'0 ¥ I'PasKIaHCKOro HagHavyeHus. KorconbHo-6a-
JIOYHAS CXeMa JAaeT 3HAUUTEIbHYI0 9KOHOMHMIO Ma-
TepHasia 1o CPaBHEHHUIO ¢ pa3pe3Hou cxemoi. [1pu
oIIpeieIeHHOM BeJIMYWHE BhLIIeTa KOHCOJIN OTIOPHBIN
MOMEHT CTAHOBUTCS PABHBIM IIPOJIETHOMY, B PE3YJIb-
TaTe 4ero JoCTUraeTcs Hanbosiee appeKTUBHOE HC-
I0JIb30BAHNE MATePUAIa KOHCTPYRImn. OITHMAalIb-
HBIA BBLJIET KOHCOJIM 3aBUCUT OT BUJIA KOHCOJBHON
CX€eMBblI, COOTHOIIIEHU S IIOCTOSTHHOM U BpeMeHHOM Ha-
TPY30K, KOJIMYECTBA COCPEIOTOYEHHBIX CHJI B IIPOJIe-
Te. B paboTe BHIIIOIHEH pacyeT OIITUMAJILHOIO BhLIE-
Ta KOHCOJIA B Ye€ThIPEX KOHCOJIbHO-0AI0UHBIX CXeMax
IpPY PA3JIMYHOM COOTHOIIIEHUH IIOCTOSIHHON U Bpe-
MEHHOH HArpy30K U Pa3JINYHOM KOJIMYECTBE cocpe-
JIOTOYEHHBIX CUJI. BIBeIeHbI (DOPMYJIBI PACUETHBIX
momenToB. Onpesenena ageKTUBHOCTD KOHCOJIb-
HO-0AJI0YHBIX CXEeM II0 CPABHEHMUIO C PA3Pe3Hou 6a-
JouHoM cxeMmoit. CocTaByeHBI TAOIUIIBI OIS IPaAK-
THUYECKOT0 HCIIOJIb30BAHUS IIPHU IIPOEKTUPOBAHUU
KOHCOJIbHO-0QJIOUHBIX KOHCTPYKIIHIMA.

KnioueBble cnosa:

KOHCOJILHO-0aJI0uHAasI cxeMa, KOHCOJIbHAs DaKa,
OIOPHBIN N3TUOAIOIIUI MOMEHT, pa3pe3Hasa 0aKa,
pacmpeesieHHAas Harpy3Ka, COCPEIOTOYECHHAS CHJIA.

Abstract

Cantilever beams are not widely
used in the constructions of industri-
al and civil purposes. Cantilever beam’s
scheme saves the material in comparison
with split scheme. With a certain cantile-
ver span value support moment becomes
equal to cantilever as the result there is
the most effective use of construction ma-
terial. Optimal cantilever span depends
on kinds of cantilever scheme, constant
and temporary loads, number of point
forces in a span. In the article there is
made the calculation of optimal cantile-
ver span in four cantilever schemes at dif-
ferent correlation of constant and tempo-
rary loads, different number of point for-
ces. There are given formula of design mo-
ments. There is defined the efficiency of
cantilever beams scheme in comparison
with split beam scheme. There are made
tables of practical application at cantile-
ver beam constructions’ design.

Key words:

cantilever beam scheme, cantilever
beam, support moment, split beam, dis-
tributed load, point force.
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HUKEeHUe MaTephaIOeMKOCTH
u3HesInil 0e3 yBeIMYeHUs TPY-
JI0EMKOCTH U3TOTOBJIEHUS SBJIS-

eTcsa BAKHOM 3amaveil IIPOeKTHPOBAa-

ausg [1]. KorconbHo-6a/10uHBIE CXEMEBI

IIO3BOJISIOT PEIINTD 9Ty 3a1a4y.

KouconpHble 0ankm HeopaBgaH-
HO MAaJI0 IPUMEHSIOTCA B KavecTBe
HECYIINX KOHCTPYKIIUH ITPOMBIIILICH-
HBIX M TPAMKIAHCKHX COOPYIKEHMMA.
BoamosxHO, 9T0 CBA3AHO ¢ HEI0CTATOY-
HOM M3yUYeHHOCTHIO KOHCOJIbHO-0aJI0Y-
HBIX CHCTEM.

Hawuboiee apruM mpuMepoM KOH-
COJIbHO-0AJIOUHON CHUCTEMBI SABJISET-
CA YKeJIE3HOIOPOKHEIM MOCT Uepes 3a-
suB @epr-od-DopT y BocToUHOTO Oepe-
ra lllormaunum, BosBemeHHEIN B 1882—
1890 rr. [10].

PammonanbHo mpuMeHeHMe KOH-
COJTBHO-0AJIOYHBIX CXEM B IIPOTSIKEHHBIX
KOHCTPYKIIMAX, HAIpUMep, B TPaHC-
HOPTHEIX rajepesax [2, 3]; ux csoi-
CTBA TaKKe HCIOJb3YIOTCSA IIPHU pe-
KOHCTPYKITUU PA3JIMYHBIX IPOJIETHBIX
cTpoeHwmtii [4].

KomcosbHo-0a/109HbIM cXeMaM CBOT-
CTBEHHEI IIPENMYIIECTBA KaK paspes-
HBIX, TAK U HepPas3pe3HBIX 0aJIOYHBIX
CXeM: HeUyBCTBUTEIbHOCTD K HEPABHO-
MEPHBIM 0CATKaM OIIOp, TAK KaK cXeMa
CTATHYECKH OIpPee/InMa; PacuyeTHbIe
U3rudamIIme MOMEHTHI MEHBIIe; I10-
BBIIIEHHAA KeCTKOCTD; 9KOHOMUYIHOCTD.

Kpowme Toro, KoHcobHO-0aI0UHAS
cxeMa 00JIaJaeT IPEeUMYIIECTBOM, CBOM-
CTBEHHBIM TOJIBKO €1f,— BO3MOKHOCTHIO
PeryInpoBaTh YCUJIM 34 CUET U3MEHe-
HUS BELJIETAa KOHCOJIH [5, 6].

IIpu ompemesreHHOM BEJITUYNHE BEHI-
JieTa KOHCOJIM OIIOPHBIM MOMEHT CTaHO-
BUTCS PABHBIM IIPOJIETHOMY, B Pe3yJib-
TaTe 4ero JOCTUTAETCSI MaKCUMAJIBHO
a(ppeKTHBHOE UCTIOIL30BAHIE MaTEePH-
asta KoHcTpykituu [7]. OnTuMasbHBIHT
BBLJIET KOHCOJIM 3aBUCHUT OT BUAA KOH-
COJIBHOM CXEMBI, COOTHOIIIEHUS IT0CTO-
SHHOM U BPEMEHHOM HATPY30K, KOJIH-

CTPOUTENbHbBIE KOHCTPYKLMK

YeCcTBa COCPEIOTOYEHHBIX CHJI B IIPO-
Jjere.

OHAKO CEeroaHs OTCYTCTBYET METO-
JIMKA OITUMHU3AIIAY KOHCOJIBHO-0aJ104-
HBIX CXEM.

B pabore BHIIIOSIHEH pacyueT OITH-
MAaJIBHOTO BBLJIETA KOHCOJIH (IIIapHU-
pa) IJIg 4YeThIpeX KOHCOJbHO-0aJI0Y-
HBIX CXeM IIPU Pa3JIUIHOM COOTHOIIIE-
HUWM TIOCTOSHHON ¥ BpeMeHHOI Harpy-
30K ¥ PA3JIMYHOM KOJIMYECTBE COCPEJI0-
ToueHHBIX cui (puc. 1). 3a Kpurepuii
ONITUMAJIBHOCTH IIPUHSTO PABEHCTBO
OTIOPHOTO ¥ IIPOJIETHOTO M3THOATOIITHNX
MOMEHTOB OTHOAIOIINUX JMI0P, TO €CTh
C YYeTOM HEBBITOJTHOTO 3aTPY:KEeHUSI
IIPOJIETOB BpEMEHHOM HAaTpy3Koi. BoI-
BeleHbI POPMYJIBI PACUETHBIX MOMEH-
ToB [9]. Ompenenena appeKTUBHOCTH
KOHCOJIbHO-0aJIOYHBIX CXEM II0 CPABHEe-
HUIO ¢ pa3pes3uoi baskoit. CocTaBieHbI
TAOJIUIIEI [IJIST TPAKTHYECKOI'0 KCIIOIB30-
BaHUSA ITPU ITPOEKTUPOBAHUN KOHCOJTh-
HO-0aJIOYHBIX KOHCTPYKITHIA.

PaccmaTpuBasiics peasbHO BO3MOK-
HbIe 3arpy’eHus: 0aJIOK PaBHOMEDPHO
pacmpeiesileHHONM HArpy3Kod U cocpe-
JoToueHHBIMU cuiamMu. JIims xasmmoit
CXeMbI OaJIKM HaMIeHO MaKCUMAaJIbHOe
YHCJI0 COCPEJOTOYEHHBIX CUJI B IIPOJIE-
Te, IIPU KOTOPOM Pe3yJIbTAT IOJIydaeT-
¢ TIOYUTH TAKOM sxe (¢ pasHuliei He 60o-
see 5%), Kak Ipy 9KBUBAJIEHTHOM PaB-
HOMEPHO pacupegeIeHHON Harpy3Ke.
To ectsb mpum ywmcsIe cocpeqOTOUEHHBIX
CHJI B IIPOJIETe PABHBIM MJIH 0OJIee aTo-
T0 MaKCUMAaJIbHOTO YHCJIa, COCPETOTO-
YeHHBIE CUJIBI MOYKHO ITPEJICTaBUTH
B BHUJIe paBHOMEPHO paciupeaeIeHHON
HaTpPY3KH.

PesysibraTer pacueroB B BHjeE TO-
TOBBIX (DOPMYJI JIJISI OTIPEIeJIEHUS OTI-
TUMAaJILHOTO BBLIIETA KOHCOJIEH U pac-
YETHBIX H3TH0AIIINX MOMEHTOB IIPHU
3arpysKeHUU pPaBHOMEPHO pacIiipesie-
JIEHHOM HATrpy3KOM CBeIeHBI B TA0JIH-
my 1, cocpeoTOUeHHBIMHU CUJIAMU —
B Ta0IUIEL 2 1 3.
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Puc. 1. PacCMOTPEHHbIE CXeMbI KOHCONbHbIX 6anok
(I, 11, 11, IV — Homep cxembl; A — 3arpyXXeHue pacnpejeneHHon HarpysKoil;
b — 3arpyxeHue cocpesoTOYEHHbIMM CUnamm)
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[TapameTpsr KOHCOTBHBIX DAJIOK,

CTPOUTENbHbBIE KOHCTPYKLMK

Tabruua 1

HATPYKEeHHBIX PABHOMEPHO-PaCIpeaeIeHHON HaTPy3KOoi

Ilapa- Cxewms! 110 puc. 1
METP I-A II-A III-A
L e L 1 L
ol _ Zl1- bl _
I~ [4+3n 8+16n+9n } 5 — 5 [N+ D +2) - (n+1)]
q q| L’ q
M, g(L-zzK)[L(1+n)-2lK] 2[4(1+n)—lK(L—lK)} g[(LZ —4LL)(1+n) +4nl; |
l 2
M, LelLa+m -1 L (L= t)a+n) ®1em
q 2 q 2
M, Sa+nL S(L=2 Y (1+n)
Tabruuya 2
ITapameTpsl KOHCOJIBHBIX 0AJIOK,
HATPY/KEHHBIX COCPEIOTOUEHHBIMI CUJIAMHU C TIOCTOSTHHBIM IITATOM
Kon-Bo CxemsrI 110 puc. 2.1
cun Ilapa-
B IIpO- MeETp I-b II-b 1II-b IV-b
JieTre
1+m 1+m 1+m
l 0,25L —_— _—
K 2(2+m) 2(3+2m) 2(5+ 3m)
1
—G(L -2 % 1 1
4 1 ZG[LA+m)- ~G[LA+m)-
M, mL =GILA+m)-2]| 4 4
2 x| 1+ 4 —21(2+m)] -2L(3+m)]
L-1,
1 mL 1
=Gl |1 =
s 0,25 GL(1 + m) 0,25G(L - 2L,)(1+m)
1
! EL(7+5m_ 1+m 20+ m) 1+m
" Al m)
_m) 3(2+m) 3(4 +3m) 3(3+2m)
1
\ M, . éG[L(l+m)—3lK] gG[L(1+m)— gG[L(1+ m)—
=l [3 o L Jl -3l (1,5 + m)] -3L(2+ m)]
mL 1
M,, Gl |1+ Gl (1 +m) —Gl (1+m) GL.(1+m)
L-1 2 K
1 1
M gGL(l +m) gG(L —-3L)(1+m)
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Oxonuanue mabsn. 2

Koi-Bo CxemsrI 110 puc. 2.1
cun [lapa-
B IIpO- MeETp I-b 1I-b 1II-b IV-b
JeTe
1
ﬂL(14+11m— 1+m 1+m
b 5 5+4m 7+5m
100+ 212m +121m?)
1
=G[L (1 + m) - 1 1
M 2 ITo Tabm. 3 EG[L(I +m)- EG[L(I +m)—
4 . 1,50, [2 + Lle H -21.(2+1,5m)] ~21,.(2,5+1,5m)]
'k
mL 1
M, 1,5Gl | 1+ ~GlL.(1+m) Gl(1+m)
: L-1 2
My 0,5GL(1+m) 0,5G(L—-3l)(1 + m)
1
L a3 +1Tm- 2(4 + 3m) 3(1+m)
" Az Tom)
/289 + 542m + 289m?) 5(8-+5m) 5(4+3m)
%G[3L(1 m)— ) )
a, Y o a6, 3 S GIL(3+2m) - = GI3LAL+m) -
—21 |5+ —50.(2,5+m)] ~51(3 +2m)]
5 L-1
mL LG(15l —2L) x
M 2Gl |1+ 10 K Gl (1+ m)
o11. L — lK
xX(1+m)
1 1
~G(2L - 51,) x ~G(3L-101) %
My 0,6GL(1 + m) 5 5
x(1+m) X1+ m)
O6GosHayeHUs1 BeJIMYUH B TabJIH- P — BpemenHas
max 1, 2 u 3: P COCPE/IOTOYCHHAs Harpys3Ka,
M,, — mposeTHBIN M3THGATOIIMIT =G 6 - nocrosmmas
MOMEHT;, . . COCpPEAOTOYCHHAsA Harpy3Ka.
M, — omopHEIN M3THOATOIIHIL MO-
MEHT; IIpumeuvanue: BeIpaskeHnsa BbLIETA
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My — marubaroniuii MOMEHT B pas-
pesHoit bake;

D — BpeMeHHas1 paBHOMEPHO
p pacrpefieJieHHas Harpys3Ka,
n==—,rme
q — TIOCTOSIHHAsA PABHOMEPHO

pacopeneiCHHasA HarpysKa;

KOHCOJI€H (/) IOy JeHbI 13 yCIIOBHUA pa-
BEHCTBA IIPOJIETHOIO ¥ OIIOPHOT0 H3TH-
baroInero MOMEHTOB OTI0ATOIIHX S0P
(an. = Mon.)‘

O PHeKTUBHOCTE IIPUMEHEHM S KOH-
COJIBHBIX 0AJIOK II0 CPaBHEHHIO C pPas-
PE3HBIMU IKBUBAJIEHTHBIMU OaIKAMH
WILTIOCTpUpyeTcs: rpadurom (puc. 2).
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CTPOUTENbHbBIE KOHCTPYKLMK

Tabnuuya 3

ITapamerpsr KoHCcOIBHOM O0aku 110 cxeme 11-B msa umcia cuit B mpostere 4 u 5
(mommonHeHme K Tabimuiie 2)

Kou-Bo ;
CHUJI m K an' MOH.
B IIpOJIETE L
1+m 1 3
EYZIERY —G|L(1 - 2
=2 3@rm) 5 GL+m)=3] ~GL+m)
4
22 22+ m) ZG[L(l +2m) - 21 | ZG(L +21)(1+ m)
31+m) 1
= 102+ m) = - 2GL (1+
. =1 To@em 5 G[3L+m)-10%] ((L+m)
1+2m 1 1
21 ~G[L(2+3m) -5l ZG(L+5L)1
5(2+ m) 5 [ (2+3m) K] 5 (L+5l)A+m)

/_-
Cxewmsr IT, II1, IV

0,7
0,67-

0,6

Cxema I

0,5

1 23845 67 8 9 101112 13 1415 n(m)

Puc. 2. OTHOLLEHNE MUHUMAITBLHOMO PAcYeTHOro
13rnbaroLLLero MOMeHTa B KOHCOMbHON Oanke
(M= M,, = M,,) K u3rubaioiiemy MOMEHTY

B 9KBIMBANEHTHON paspe3Hoi Ganke (M)

ITo rpadmky BHIHO, yTO HanboIEE
adpderTHBHOM ABJIsTeTCS cxema | ¢ 1mo-
CJIeIOBATEIEHBIM PACITOJIOMKEHIEM ITIap-
HHUPOB, OJHAKO IIPUMEHSThH ee CJIedyeT
000CHOBAHHO, TAK KaK JJAHHAS CXeMa
CKJIOHHA K IIPOI'PeccUupyoIeMy odpy-
IIEHWIO ¥ TP aBAPUU B IIEPBOM IIPO-
JieTe pa3pyIaeTcs MOJIHOCTHIO.

C yBesuyeHmeM J0JIM BPEMEHHOM
HATPY3KU 3 PEKT 0T TPUMEHEHU KOH-
COJIBHBIX 0aJIOK cHMsKaercd. Tak, mpu
OTCYTCTBHI BPEMEHHOI HATPy3KH pac-
YeTHBIM U3ru0arommii MOMEHT B KOH-
COJIbHOM Oaske cocraBiigeT 50 % oT us-
rubarIero MOMEHTa B Pa3pe3Hoi oK-
BHUBAJICHTHOM 0aJjIKe, a ¢ HOABJICHUEM
¥ yBeJIMYEHUEM JI0JIM BPeMEeHHOHN Ha-
IPY3KH 9TOT II0KA3aTeNb IIOIHIMAETCS
mo 67% g cxemsl I u no 100% mua
OCTAJIBHBIX CXEM.

Taxwmm 00pas3om, UCXO/TA 13 KOHKPET-
HOT'O COOTHOIIIEHUS BPEMEHHON M IIO-
CTOSTHHOM HATPy30K MOYKHO BBIOPATH
HauboJIee PAIMOHAIBHYIO I KasKI0-
T'0 KOHKPETHOTO CJIy4Yasi KOHCOJIbHO-0a-
JouHylo cxemy. IIpu aToM ciemyer orme-
TUTb TY 0COOEHHOCTE cXeMHI I, uTo muis
obecIieueHIs HeM3MEHACMOCTH CUCTEMBI
HeobxonuM 0a30BEIN mpoJieT (puc. 3),
OT IIPOYHOCTH KOTOPOro OyHeT 3aBH-
CEeTh IIPOYHOCTh BCEI CUCTEMBI B II€JIOM.

Jlamee mpencraBieHbI BEIBOAEI AHA-
JIUTUYECKUX BBIPAKEHHUMN pPaCUYeTHBIX
apaMeTPOB PACCMOTPEHHBIX KOHCOJIh-
HBIX 0aJIOK.

Cxema I-A (puc. 4)

1. OmmpeneneHre BhLIETA KOHCO-

am (I):
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1
A A A
lx 1 Ik
I | L L L L
Puc. 3. KoHconbHas 6anka no cxeme | ¢ 6a3oBbiM nponeTom 1
a)
T Ik ’L L-lx Ik J, L-Ix
L , L L L L
9
TR EERE R
M, My,

Ik ’L L-21k ’L Ik
L

-
ﬂfof{. A A

/—1\[\% -

Ik ﬁ L-lx

e e e E e

L Ed L4 Cd

Puc. 4. K BbIBOLY aHANUTUYECKNX BbIPDKEHWNA PACYETHBIX MAPAMETPOB KOHCOMBbHON Bankm
no cxeme |-A (a) 1 3KBMBaNEHTHas cxema ¢ paspesHbiMu bankamu (6)

e~ 9L- 20)% . Mpuauvaem M, = M, , 0 ects
mp. 8 ’
M, + M, =M, + M,
ql? qL-2)l ¢
Mo =T =5kl
ye cPL=L(L Q_U_%+qll<2+p_L2_leK=
np. 2 2 K 8 2 2 8 _4
L, ’ _aLl _ql |, pLi ;
Pla™) pL(L 2 2 2
N N Sl ey A E
2 4 (2 “)

2
ql’ —le(q+%)+%(q+p)= 0;

2. 2
' 2 2 2°F 12— LI, 122 L P =0;
4q 8
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OTCrOIa.

i [ =§(4+3n—\/8+16n+9n2).

2. OnpenesieHre pacyeTHLIX HU3THU-
0aIOIINX MOMEHTOB:
B IIpoJieTe

q
M, =4 (L=21)(L 2l +nlL) =

= %(L —21)[LA+n)—2L];
HAa omope
M, =%(L—ZK +nL)=
I
= T LA+ )~ 1 );

0aJI04HOr0

2
M, =L +8p)L = %(1 + )L,

Cxema II-A (puc. 5)

1. Onpe;:[eneHHe BbLJIETA KOHCOJIN

()

q(L-2L)"
Mgp_z_ 8 X i

2 —_—
e L IRTAAY

» _pPL
mp. 8

’

Mg, = p?lK(L - k).

CTPOUTENbHbBIE KOHCTPYKLMK

ITpuaumaem an_ =M, , To ecThb
q P _ q P
M +M? =M + M}

2 2 2

9L _ahL | al’  pL
8 2 2 8

_akL gk’  pkL _pl’.

2 2 2 2

niI

2

p p L
(q+5le2 —(q+5)LlK +(q+p)§=0;

n+1 E—O
05n+1 8

+ E_ n+1 E_
"4 05n+1 8

2
L —Ll + )

oTCroaa:

2. OnpepelieHne pacuyeTHLIX W3TH-
0aIoIIMX MOMEHTOB:
B IIpoJIeTe

M, = %[(L ~21)* +nl? | =

= %[%2(1 +n) -1 (L - zx)}

Ha o1iope
qly
Mon. = 7(L - l}()(l + n)’

06aJI04HOr0

M, = %(1 +n)I2.
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Tabruuya 4

3HaueHus pacueTHBIX IapaMeTPoOB B KOHCOJILHOM baske 1mo cxeme 1-A

n IZK My, an.’ M,,) My %2

0 0,1465 0,0625 gL* 0,125 qL? 0,50

1 0,157 0,1447 qL* 0,25 gL* 0,5788
2 0,160 0,2275 qL* 0,375 qL* 0,6067
3 0,163 0,3111 qL? 0,50 gL* 0,6222
4 0,163 0,3942 qL* 0,625 qL* 0,6307
6 0,165 0,5605 qL* 0,875 qL* 0,6406
8 0,165 0,7295 qL? 1,125 qL? 0,6484
10 0,165 0,8938 gL 1,375 qL? 0,650
© 0,167 0,0833 pL? 0,125 pL? 0,6666

a) : .
?Tr ;;‘LIK‘L L-2lk 'L !;,57_ WTI
L ; L L L i L

¢J..I-H,il.L$¢¢l£$¢¢lL$¢llL$¢ll$$¢llLH,J..ILJHH.‘IH,(‘?

M, My, M My,
7%\% B ( M g

7
oot
P v

.3 . 2 e

D
oyt

Al

Mg,

2 g W p P g 4

t L4 L4 Cd

Puc. 5. K BbIBOAY aHANUTMYECKNX BbIPAXKEHWIA PACYETHBIX NapaMeTPOB KOHCOMbHOI 6anku
no cxeme lI-A (a) n 3KBMUBaNEHTHAs Cxema C paspe3HbiMu Hankamm (6)
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Tabruua 5

3HaveHus pacueTHBIX IapaMeTpPoOB B KOHCOJIBHOM Oasike mo cxeme 11-A

n ZZK MK an.’ Mon.) MB %
b
0 0,1465 0,0625gL? 0,125¢L? 0,50
1 0,2113 0,1666 gL* 0,25qL? 0,6664
2 0,250 0,2812¢L? 0,375qL? 0,7499
3 0,2764 0,40qL? 0,50¢qL? 0,80
4 0,2959 0,5108¢L? 0,625¢L? 0,8332
6 0,3232 0,7655gL? 0,875¢L? 0,8748
8 0,3419 1,0125¢L? 1,125qL? 0,90
10 0,3556 1,2603 qL? 1,375qL? 0,9166
© 0,50 L 0,125 pL? 0,125pL? 1,0
Q) — [S—
,ﬁ ”ﬁ% Ik Ik ﬁr ”Mﬁ
L L
q
r
15 0 1 O O 0 O o P O I O
I L,
A W .
M,
DZEB]ZDZE,D
A
}_J
(
6) J..L.LLLLJ.¢¢¢¢J,iLiiLLLlLJ,L¢¢¢J,iL¢{?

r% L-2Ix ”% L-21x WTX:

4 75 7

Puc. 6. K BbIBOAY aHANUTUYECKNX BbIPAXKEHWIA PACYETHBIX NapamMeTPOB KOHCOMbHOI 6anku
no cxeme llI-A (a) n 3KBUBaANEHTHas Cxema ¢ pa3pe3HbiMi 6ankamu (6)

Cxema III-A (puc. 6) M - ql’
1. Ompenesienne BhLIETA KOHCOJIH on. ’
(l}{):
p(L—-21)*
MP = k7.
MY = q(L - 2l]{)2 _ qle — P 8
i 8 2 )
q(L —4L1) e - PhC
= T’ O11. 2
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52

IIpunnmaem an‘ =M, , To ecThb

q P _ N4 p
My +MP =M! + M

niun

%(qL2 —-4qLl + pI’ —4pLl +4pl}) =
1 2 2
=§(qlK + pl);
4leq+ 4Ll (g +p)-L*(g+p)=0;
2 1 2
L+ L1 +n) _ZL 1+n)=0,

oTcroaa:

1
lK1,2 = —EL(I + n) *

i\/iﬁ(l +n)*+ iLZ(l +n)

o [ =%L[\/(1+n)(2+ n) -(1+n)].

2. OmpenesieHne pacyeTHBIX W3TH-

0aIOIINX MOMEHTOB:
B IIpoJieTe

M, = %[(LZ —4LL)1+n) +4ni ];
Ha oI11ope

2
M, =T (14,

o. _7

06aJI04HOr0
M, = %(1 +n)(L-21).

Cxema I-B (puc. 7)
1. Ompenesienune BBLIETA KOHCO-
am ()

Gil-1,)
Mg =S,

- pll=l).
Y

Ipuammaem M, , =M, , 10 ecTb
MS +ME =MS + M”
p. p. on. on.

niim

GU-l) Pli-1)_Gl Pl

2 2l-1, 2  2-1°

lﬁ—zllK(g+mj+l2(1+m):0,

Tabnuua 6

3HaveHus pacueTHBIX IapaMeTPOB B KOHCOJILHOM OaJsike mo cxeme I11-A

M

n b MM, M,,) M i

0 0,206 0,0213¢L? 0,0432gL? 0,4928
1 0,226 0,0510¢L? 0,075¢L? 0,6793
2 0,232 0,0807 qL? 0,1077¢L? 0,7490
3 0,236 0,1114gL? 0,1394 gL? 0,7992
4 0,239 0,1428¢L? 0,1703¢L? 0,8385
6 0,241 0,2032 qL? 0,2348 qL? 0,8655
8 0,243 0,2658qL* 0,2972 gL? 0,8943
10 0,244 0,3275¢qL? 0,3604 ¢L? 0,9086
© 0,250 0,0313pL? 0,0313pL* 1,0




CTPOUTENbHbBIE KOHCTPYKLMK

G G G L[? G l/(; G J/(:
T ! 77“’_1“\. W?,L'L g
L=21 L L

Mo N o i
;e | ,M,:; , Ik
[

l

N

M\LP
- L

Tul T T

np

l

L

Puc. 7. K BbIBOAY aHANUTUYECKNX BbIPOXKEHWIA PACYETHBIX NapamMeTPOB KOHCOMbHOI 6anku
no cxeme |-b npu yncne cocpesoTOUEHHbIX CU B NPoOneTe 2

oTCraa:

5 5 Y
b1y —l(4+m)i\/12(4+m) -PQ+m)=

=ﬂ5+4m—\/25+40m+16m2—16—16m}=
:£[5+4m—\/9+24m+16m2:|:

=ﬂ:5+4m— (3+4m)2]=

=£[5+4m—3—4m]=7

W l,=0,561=0,25L.
2. OnpegeseHue pacyeTHBIX U3TH-

0AIOIINX MOMEHTOB:

B IIPOJIETE
_G(l—lK)+Pl(l—lK)_
w9 20-1.
1 mL
=—G(L-2[)|1+ ;
o214 |

Ha oTIope

n:%+%:1GlK 1+
9 9l-I 4

6aJI04HOr0

M :%(Hm)

b

Cxema I-B (puc. 8, a)

1. OnpeneﬂeHI/Ie BblJIeTa KOHCO-

am ()

Mg =G(-1);
M =Gl

e 2 PIel-20)
LT

v BIP
oIL. 3l _ ZK °
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54

a) My,

G |G ME
~ L

g L7
h\-\, 312l Ll

" L=3l

F

Fy

Puc. 8. K BbIBOLY aHANUTUYECKNX BbIPDKEHWNA PACYETHBIX MAPAMETPOB KOHCOMBLHON Bankm
no cxeme I-b npu uncne cocpefoTouEHHbIX cun B nponete 3 (a) u 4 (6)

[IpuarMmaem an‘ =M_ , To ecThb

MnGpl+M;=MG + ML

or.

niin

PI(31-21,)
3-1

311,P

G(-1
(b al-1

=Gl +

oTCcroaa:

1. =0,251(7 + 5m — /25 + 46m + 25m*)

niin

L :%(7+5m—\/25+46m+ 25m?).

2. Ompenesienne pacueTHBIX M3TH-

0aIOIINX MOMEHTOB:

B IIpOJIeTe

PI3I-2,)
-1,

=1G[L(1+m)—l,<(3+ mL H
3 L1,

HAa oIope

o =Gl + 3Pl =Gl |1+ mL ;
: 3l-1, L-1

M, =Gl-1)+

06aJI04HOr0
M, = %(1 +m).

Cxema I-B (puc. 8, 6)
1. OmpemeneHre BBLIETA KOHCOJIU

(l}c):



Mr“; =1,5(21-1.) - Gl = G(21 -1,51,),

MS =1,5Gl;
ypr _3PCI=I)2L ) PIGI=5l),
» T T4 41,
yr - 8Pl
4l l

[IpuarMaem an‘ =M, , To ecTh

Mf +MP =M°¢ + M*
p. np. oI o

uiImn G(zl _1’5ll<) +M =
Al-1

1,561, + 5P
a-1,

OTCIOIA:

I = 2114+ 11m — V100 + 212m + 121m°).

2. Ompenesienne pacueTHBIX M3TH-

0aIOIINX MOMEHTOB:
B IIpoJieTe

M =G@i-1,5l)+ ZHBL=50)
v a1

Lol ra+my-1,50 ]2+ mL
2 L-1

K

CTPOUTENbHbBIE KOHCTPYKLMK

HAa orope

M, =15Gl +——% =
: al-1,

0aJIOYHOr0

b

M =%(1+m).

Cxema I-B (puc. 9)
1. OmpemenieHnre BBELIETA KOHCOJIU

(l}c):

ME =2G(2l-1) -Gl =G(3l-21);

M, =Gl

OII.

p _PAOL-41)20
i 5l—1,
_ PI15I-T1,)
- Bl

M7 - 1OZlKP‘
o11. 5l _ ZK
ITpuaumaem an_ =M, , To ecTb

e P _ agC P
an. + an. - Mon. + Mon,

G' G |G G/M,,,

W\

T7

=
//—-[\“"P PP |P
T fat 2
L )’, L Y,

A

Puc. 9. K BbIBOLY aHANUTUYECKNX BbIPDKEHWNA PACYETHBIX NAPAMETPOB KOHCOMLHON Bankm
no cxeme |-b npu yucne cocpesoTOYEHHbIX CUM B NPONETe 5
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_ ¢ _2G _GUI-1) .
nIn G(3l_21K)+M= an_—T(l—lK)——Z =
501
10/l P Gl
=2Gl +—*—, G T,
“ Bl M., 2’
oTcoa: M o 2Pl Pl P
2
- é(33+17m ~ /289 + 542m + 289m?). . Pl
om. 2 :
2. OmpesesieHre pacueTHBIX U3THU-
OarIImx MOMEHTOB: ITpuaumaem an_ =M, , To ecThb

B IIpoJjIeTe

M +M! =MS + M
M, =G@l-21)+ DL Th)

5l -1,
wm Gl Pl G(I-1) Pl
1 2mL - Tt T to
==G|3LA+m)-2l |5+ ; 2 2 2 2
5 L-1.

L(G+P+G=UG+P),

Ha omope 1+m

OTCIONA: L= l.

24 m

— 261, + 0P _oqy 14 ML |,
" 5l—1 L

K S

0aIIIUX MOMEHTOB:

6amounoro My = 0,6GL(1+m). B IIpOJIEeTe
Cxema I1-B (puc. 10, a) M, = ﬂ(l my— Gl _
1. Ompenenenre BbLIETA KOHCOJIH 2
UNE =ZG[L(1+m)—2lK];

ME . M

a) |G G G Mongalllon. |G

M
L=2]

”

6) m .. G _._r: /\ G

1" L=2] el 2(l-lx) LI'-'g L=21 L

ry

,(J I(}
N 72

Puc. 10. K BbIBOLY aHAMUTUYECKNX BbIPDKEHWNA PACYETHBIX MAPAMETPOB KOHCOMBbHON Bankm
no cxeme lI-b npn yncne cocpefoToNEHHbIX cun B nponete 2 (a) u 3 (6)

56

2. OmpesesieHne pacueTHBIX U3TH-



CTPOUTENbHbBIE KOHCTPYKLMK

Ha orope 2. OnpenesieHne pacyeTHBIX U3THU-
Gl, 0AIOIINX MOMEHTOB:
M, = 7(1 +m), B IIpoJIeTe
GL
6a0uHOTO M, = ?(1 +m)-Gl, =

M. =0,25GL1 + m).
b ( ) =%G[L(1+m)—31K];
Cxema II-B (puc. 10, 6)
1. OmpemeneHue BBLIETA KOHCOJIM  HA OIOpe
() M, =Gl .(1+ m);
Mﬁ) =G -1); '

0aJIOYHOr0

G _qy -
Mon._GlK, Msz%(l'i'm)-
M, =Pl
Cxewma II-B (puc. 11, a)
M =Pl. 1. Onpemesienne BBLTETA KOHCOJIM
' (-
[Ipuanmaem M, =M, , TO ecTb Ilo puc. 11, @, . 1): [, > 1,
MG+ I, = MG+ M, g =L,
mwm G(I- 1) + Pl = Gl + Pl
M¢ =0,5Gl +Gl;
1+m
oTcroAA: L= l.
2+m M, =1,5P2l- Pl=2PI;
M? =0,5Pl + Pl.
Q) G |G |G |6 |6 |G |G |G |G |6 |6 |G |G |G |G |6 |G
L0 g P e P10 P 4010 16 |
1 Ikl » =t Lu ) I L=41
41-21x

lc: {G G |G l{: ¢ |G |G |G l

2 k<l b i=u i

G |G J{; lt; ¢ |G J{;

{f
" X
41-21x fl\', L=4] Y

G G G G [f G A f G G G A G G 0 G G
e lelelelojrioleleieleiele i lo i |
E P B S S s 2 W B 12 SV
6) h‘ (f‘ (f. (f. (f. (f. (f. {f. (J‘ I(.I" ‘;.(.I" .!'(.I" . ..(.I'. ‘.rf:. I;r(f. .rfa'. . r!. Y :(J'. . :fr. ) :(;
! L=51 ) I J,sf-zi..- 1 L=51 "},

Puc. 11. K BbIBOLY aHAMUTUYECKNX BbIPDKEHWNA PACYETHBIX NAPAMETPOB KOHCOMbHON Oankm
no cxeme lI-b npn yncne cocpenoToueHHbIX cun B nponete 4 (a) n 5 (6)
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[IpuarMaem an‘ =M_ , To ecThb
G P _ g6 P
M:+M =M, +M_

HJT + 2Pl =

L G@l-1)
2
=0,5Gl + Gl +0,5Pl, + Pl;

.(0,5G +0,5P +0,5G) =
=I(-G-P+G+2P).

2m
24+ m

ITo puc. 11, a, 1. 2): [ <1,

l.

Orcona: [ =

M =1,5G(2l - 1) - Gl =2G1-1,5GL;
M¢S =1,5Gl;
Mf;_ =1,6P2] - Pl = 2P,
M! =1,5PI,.
[IpuarMaem an‘ =M_ , To ecThb
My, + M, =M + M,
niu
2Gl - 1,6Gl, + 2Pl = 1,5GI + 1,5Pl;

1.(1,5G + 1,5P + 1,5G) = I(2G + 2P),

41+ m)
orciona: [ = m .

Ilo puc. 11 (a, mm. 3): I =,
My =0,5Gl;
M¢ =1,5Gl;
Mf;_ =2PI;
M! =1,5PL
Ipuaumaem M, , =M, T0 ecTb
My + M, = M, + M,

nmm 0,5Gl + 2Pl =1,5Gl + 1,5P!,

58

0,5+2m=1,5+1,5m,
oTcrona: m=2.

HNmeem ciremytornme dopmMyJIb:

3(2+m)
2m
m221[ = l;
pH X 24m
opu m=21.=1

CrnemoBaTeIbHO, 00€ IIpeIbIIyIIIe
hbopMyJIBI CIIpaBe I INBEI.

2. OnpepelieEne pacuyeTHLIX W3TH-
0aIoIINX MOMEHTOB:

1pH m<2
M,, =0,5GI(1+m)-1,5Gl =
=0,6G[L(1 +m) - 3l];

M, =1,5GL.(1+m);

mpu m 22

M, =0,5G[L(0,5+m) -1 ]|=
=0,25G[L(1+2m) - 21 ];

M,, =0,5G[0,5L(1+m)]=

or.

0,5G(1+m)(0,5L +1,) =
=0,25G(L + 21 )(1 + m);

M, =0,5GL(1 + m).
Cxema II-B (puc. 11, 6)
1. OmpejiesieHne BBLIETA KOHCOJIHM
(l}c):
Mﬁ; =GGBI-1 -3)=G@2l-1);
M¢ =Gl +Gl;
M, =2P2i-Pl=3Pl

M? =PI + Pl



[IpuarMaem an‘ =M_ , To ecThb
M, + My, = MG, + M,
niu
2Gl-Gl +3Pl=Gl +Gl+ Pl + Pl
(G+P+G)=12G+3P-G-P),

_1+2m
2+m

oTCIOIA l l

K

Ora opmya cripaBeqIuBa IIpu

I<l.<2l
pu m=11.=1
pu m = oo [, = 2I;

_1+2m
2+m

l.

mpu  1<m<ow [

Ecmm m <1, [, <1, Torga:

MS =3Gl-2Gl,;

M =2Gl;
M?” =3Pl
M? =2P.

CTPOUTENbHbBIE KOHCTPYKLMK

ITpuaumaem an_ =M, , To ecThb
G P _ ngG P
M +M, =M, +M,

wiu 2Gl, + 2Pl = 3Gl -2Gl, + 3P,

oTcroaa apu m < 1:
_31+m)
KT 202+m)

2. OmpefesieHne pacueTHLIX M3TH-

0aIoIIX MOMEHTOB:

mpu m<1:

M, =0,6GI1+m)-2Gl, =
=0,2G[3L(1 +m)-10L];

M =2Gl(1+m);
apu m > 1:

M, =0,2G2+3m) -Gl =
=0,2G [L(Z +3m) — 5ZK];

M, =GA+m)©0,2L+1,)=
=0,2G(L + 5L )1 + m);

M, =0,6GLQ+ m).

\I P2

_

Puc. 12. K BbIBOAY aHATUTUYECKMX BbIDOXKEHWA PACYETHBIX NapameTpoB
KoHconbHoM 6anku no cxeme lll-6 npu yucne cocpenoToUeHHbIX CUN B NponeTe 2
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Cxewma III-B (puc. 12)
1. Ompesesienrie BhLJIETA KOHCOJIU

()

Gl

Gl _GU-21)
2 b

G
M, =~ 20-k)- 5

IIpunnmaem an‘ =M, , To ecThb
MC + M? =MC® + M®
mp. mp. oL oIl
WIn

G(-21,) PA-1) _Gl Pl

2. OnpenesieHre pacyeTHBIX U3TH-
0aIIIUX MOMEHTOB:
B IIpoJIeTe

M, =0,25GL(1+m)-0,5GL (2 + m);
Ha 0IIope
M, =0,5Gl.(1+m);
0aJI04HOTO
M, =0,25G(L - 2L )1+ m).

Cxema III-B (puc. 13, a)
1. OmpesiesieHrie BBLJIETA KOHCOJIU

(L
ME =G(1-1,5l,);

MG — %
OIl. 2

2 2 2 2 M, =P(-1);
1+m p Pl
N l = . M ="
oreIOnR T om o =g
@ , 1 ¢ ¥ 4 T
7 7 R 7 ,l
G/2 G G G/2
(I. _‘L_
k" 3121« T K
F'é ;. 7
% L=3] i
6) 1G/2 ::G \.G G G/2|
A ._}.:_._ .
oIk 7L A2k T, I
! L=4] T
8) |G/2 } ¢ |6 |G J__(,‘ G/2|
-
Ik ) Sl2Ik Ik l,
1 — — 1

Puc. 13. K BbIBO[lY aHANUTUYECKNX BbIPAXKEHWIA
pacyeTHbIX NapamMeTpoB KOHCONbHO 6anku no cxeme lll-b
Mpy Yncne cocpeoToueHHbIX cun B nponete 3 (a); 4 (6); 5 (B)
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[IpuarMaem an‘ =M_ , To ecThb
G P _ g6 P
M,+M, =M, +M,

wn G(I-1,51) + P(I-1.) =
=0,5Gl +0,5P1,

=Mz.

orcroma: [ 113
+om

2. OnpenesieHre pacuyeTHLIX HU3TH-
0aIOIINX MOMEHTOB:
B IIpoJieTe

M =%(1+m)—GZK(1,5+m);

np.

Ha orope
M, =0,5GlL (1+m);
0aJIOYHOTO

GL

]‘4]3 =?(1+m)— 3GZK

T(1+m)=

- g(L —31)(1 + m).

Cxewma III-B (pwuc. 13, 6)

1. Onpenenenue BBLIeTa KOHCOJIHI
(p):
ijD =2G(-1.);

MC :%.
orL. 2 ’

M? =2Pl-1,5Pl;

P

M! =
oI 2

Ipuaumaem M, , =M, T0 ecTb
G P _ 2gG P
M +M, =M, +M,

wmm 2G1-2GI +2Pl-1,5P] =
=0,5GI, +0,5P[,

CTPOUTENbHbBIE KOHCTPYKLMK

_4(1+m)l'

OTCrOIa: lK = 54
+4m

2. OnpepelieHne pacuyeTHLIX M3TH-
0AaIoIIMX MOMEHTOB:
B IIpoJIeTe

an. =0,5GL(1 +m) -Gl (2+1,5m);
Ha orope
M, =0,5Gl.(1+m);
0asI04HOTO
M, =0,5G(L -3L)1+m).

Cxewma III-B (puc. 13, 8)
1. OmpesiesieHrie BELJIETA KOHCOJIU

(L)
M =3Gl-2,5Gl;
M¢ =1,5Gl -G,
M! =P@2l-1);
M! =1,5Pl - Pl

o

Ipuammaem M, , =M, 10 ecTb
G P _ agG P
M; +M =M_ +M,

win 1,5G1, - Gl+1,5P], — Pl =
=3G1-2,5Gl, + 2Pl - P,

_2(4+3m),

orcioma: |
8+5m

K

2. OtrpesiesTeHne PacueTHEIX H3TH-
0aroIIMX MOMEHTOB:
B IIpOJIeTe
M, =0,2GL(3+2m) - Gl (2,5 + m);

HAa oIope

M, =1,5GI (1+m)—GLQ +m)=
=G5l —0,2L)(1+ m);

0aJIOYHOr0

M, =0,2G(2L - 51 )1 + m).
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| | | b b o |
0.0 7 T X
b L2l T e L1 ) i) L2k ] I
/ L I I{ I{ [l . Fd
o | | | L |
T s T pwe b s

Puc. 14. KoHconbHble 6akmn no cxeme IV-b 1 akBMBaneHTHas cxema ¢ paspesHbimmu 6ankamm

J/(?

i

@ iﬁ M, i(;

L T’ Mg,
] Ik | 201-Ix)

P = P
5 L=2 7"

o |G 16 I G
I ’% 3020k ”jf Ik

o 6 ¢ |6 e G
Ik ”?f 4121k ”j‘.’ Ik

a6 e ¢ & |6 e
Ik ”%’ 5121 ”jx,’ Ik

Puc. 15. K BbIBOAY aHAIUTUYECKNX BbIDOXKEHWIA PACYETHBIX NapamMeTpOB KOHCOMbHO 6anku
no cxeme IV-b npu yncne cocpenoTodeHHbIX cun B nponete 2(a); 3(6); 4(B); 5(r)

Cxema IV-B (puc. 15, a) M =Gl;
1. OnpeneneHue BBLIETA KOHCOJIA
(Iy): ME —El—l .
w =g (I=1);
g =291~ Gl = S0 -3L)
M! =PIl
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[IpuarMaem an‘ =M_ , To ecThb

Mf +MP =M°¢ + M*
p. np. oI o

niimn

Gl + Pl :g(l—SlK) +§(Z—ZK),

oTCIONA: I = 1+m I
“ 5+3m

2. OnpenesieHre pacuyeTHLIX HU3TH-
0aIOIINX MOMEHTOB:
B IIpoJieTe

G P
M, =E(l_3lk) +E(I_ZK) =
:%(1+ m) —%(3+m);
Ha OIIOpe

M, =Gl +Pl =Gl(1+m);

0aJIOYHOTO
G
ME = Z(L — 21}()(1 + m)

Cxema IV-B (puc. 15, 6)
1. Oupenenenve BbLIETA KOHCOJIH

(-
anp =G(U-1)-Gl, =G(-2L);
M;:: =Gl;
M; =P(-1);
M! =Pl.
Ipuaumaem M, , =M, T0 ecTb
M +M! =M + M.
ww G(I-21)+P(I-1)=GIl +Pl,

1+m

OTCIOIA: L= soom
+2m

2. OmpenesieHne pacueTHBIX M3TH-
0aIOIINX MOMEHTOB:

CTPOUTENbHbBIE KOHCTPYKLMK

B IIpOJIeTe

M, =G(-2)+P(l-1)=

:G?L(1+ m)—GL.(2+ m);

Ha oIope
M, =Gl + Pl =Gl 1+ m);

06aJI04HOr0
G
MB = E(L - 3ZK)(1 + m)

Cxema IV-B (puc. 15, 8)
1. OmpesiesieHrie BELJIETA KOHCOJIU

(-

M¢ =2,5G(2l - 1,) - 2Gl - Gl =
= G(21-2,51);

M =Gl

on. K»

M?” =1,5P(21-1) - Pl=P(2l-1,5);

np.

M! =Pl.
Ipuammaem M, , =M, , 10 ecTb
M, + My, = Mg, + M,
U
G@2l-2,5l )+ P2l-1,5l) =Gl + Pl

_4(1+m)l_

orcioma: [l = s
+5m

2. OnpenesieHrue pacyeTHBIX U3TH-
0arIIUX MOMEHTOB:
B IIpoJIeTe

M :%(Hm) — Gl (2,5+1,5m);

mp.

ma ommope M =Gl (1+m);
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06aJI09HOT0 2. OmpesesieHne pacueTHBIX W3TH-

0aIoIIUX MOMEHTOB:

G B IIpoJIeTe
M, = E(L -3l)1+m).
3GL
Cxema IV-B (puc. 15, 2) M, = 5 (A +n) =Gl (3+2n);
1. OmpeniesieHne BBLIETA KOHCOJIU
(- HAa oIope
M7 =3G(I+1-1)-2Gl-Gl=3G(-1); M, =Gl (1+n)
M =Gl 0aJI0uHOr0
Po_ - G
M, =2P(+1-1)-Pl= M]).:g(3L—101K)(1+n).
=3Pl-2Pl = P(3l-2L);
KouconbHo-0am04HbIe CXEMBI MO-
MP = PlK. TYT IPUMEHATHCA B KOHCTPYKTHUBHBIX
PelIeHnsIX CAMBIX PA3JIMYHBIX 3TAHUHI
[puaumaem M, , =M , T0 ecTb ¥ COOPYSKEeHU, 00eCIIeUYnBas IIPH 3TOM
aKOHOMUYECKU appert [8].
MS + MP =MS + M?” Perxomenpanum mo ompejeeHU0
" " ) ' PacUeTHBIX IIapaMeTpPOB KOHCOJIbHO-
1284051 0aJIOYHBIX CXEM, IPEJICTABJIEHHbIE IIPO-

CTBIMH aHAJIUTUYECKUMU BbIPAKECHMNA-

3Gl -3Gl, +3Pl-2Pl =Gl + Pl, MM, TIO3BOJISAT YIIPOCTUTH IIPOEKTHUPOBA-

HUe u 0yIyT CIIoco0CTBOBATE OoJIee IIu-
POKOMY MX HCHOJIb3oBaHUIO. [

31+n
oTciona: L= gl.
4+ 3n
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BE30MACHOCTb

XU3HELEATEJIbHOCTU

1. U. Knnnu

Y[1K 628.5

WccnenoBanne 3aKOHOMEpPHOCTEN
AMty3MOHHOr0 pacnpocTpaHeHns BPeAHbIX NPUMecei

P. 1. Kilin
Research of regularities

UDC 628.5

of detrimental impurities’ diffusion propagation

AHHOTauus

PaccMmorpeHbl TeopeTuyecKkre IT0JIOMKEHUST
pacrpocTpaHeH!usT BPeIHBIX ra30BBIX IIpUMecei
B TEPXMEPHOM IIPOCTPAHCTBE IIPYU 'PAHUYHBIX yC-
JIOBUSIX: HAYaJIbHOM KOHIIEHTPAIIMH B IIpOeMe,
HEIIPOHHUIIAEMOCTH CTEHKH IIpoeMa U 0eCKOHed-
HOTO yOBIBAHUS KOHLIEHTPAIIMH BPEIHBIX IIPHU-
Meceil Ipu 0eCKOHEUHOM yIAJIEeHUH OT IIpoeMa.

Jlyia monTBepsKIeHUsS W3JI0KEHHBIX II0JIO0-
JKeHUM IIPOBEIeHBI dKCIePUMEHTAaJbHbIE HC-
CJIeTOBAHUS PACIPOCTPAHEHUsST KOHIIEHTPAIIUH
BPEeIHBIX IIpHMeceil Ha pabore GOKOBOTO OTCO-
ca myTeM KOOUPOBaHWA dQPEeKTOB ONTUMHU3A-
UM, MATPHUIGl [JIAHUPOBAHUSA MHOT0O(AaKTOP-
HOTO 9KCIIePUMEHTA.

PeaynbTaThl ncciiemoBaHuii mocsie 06paboTKI
TAHHBIX ITOKA3AJIM Ha HEO0XOAMMOCTD YBEIMUNBATD
pacxo[1 yIaJIsseMoro Bo3yXa Ipy HAJIMIUK Bpe/-
HBIX Ta30BBIX npuMecei Ha 20—40% mo cpaBHe-
HHIO C TeIJION30BITKAMH, TO €CThb 1; = (1,2—1,4)n @
cJIeJTyeT BHOCUTH IIOIIPABKY B CYIIIECTBYIOIIHE Pac-
YeTHl TOJIbKO 110 Teray K = 1,2-1,4. CocraBies
aJITOPATM pacueTa OOKOBOTO 0TCOCA.

KnioyeBble cnosa:

TEIIOTa30BhIIe/IeHHe, TypOyIeHTHas quddy-
315, ONTUMU3AIUA PA0OTEI GOKOBOTO 0TCOCA, KO-
nupoBaHue (hakTopoB, paboyas MATPHUIIA, MHO-
rodaKTOPHBIN 9KCIIEPUMEHT, AJITOPUTM pacyera.

Abstract

The article considers the theoretical
statements of detrimental gas impurities’
propagation in three-dimensional space
under boundary conditions: initial concen-
tration in the opening, impenetrability of
opening side and infinite decrease of det-
rimental impurities concentration by infi-
nite moving off the opening.

To certify the cited statements it was
done the experimental research of propa-
gation of detrimental impurities’ concen-
tration on the operation of side suction by
method of optimization effects’ coding, plan-
ning matrix of multi-factorial experiment.
The research results after data processing
showed to the necessity of increasing con-
sumption of extracting air if there are det-
rimental gas impurities by 20 —40% as com-
pared to surplus of heat, i.e. ;= (1,2—1,4)nQ,
it follows to make amendments in the exis-
ting calculations only by heat K;=1,2-1,4.
The algorithm of side suction is made.

Key words:

surplus of gas and heat, turbulent dif-
fusion, optimization of side suction opera-
tion, factors coding, working matrix, multi-
factorial experiment, calculation algorithm.

Nasen WUBaHoBWY KnnuH, KaHA. TeXH. HayK, AOLEHT; kadepa «/HXeHepHas 3aLmTa OKpYXaloLLeii Cpedbl» YpanbCKoro rocyaapcT-
BEHHOT0 YHUBEpCUTETa NyTei coobluenms, Ekatepunbypr, Poccus. Ten: +7 (341)341-67-90.

Pavel Ivanovich Kilin, PhD, Associate Professor; «<Engineering protection of the environment» department of the Ural State University
of Railway Transport, Ekaterinburg, Russia. Tel.: +7 (341)341-67-90.



OmeoOMeHHasA BEHTUJIALUA U

MECTHBIE BBITSIKHEIE YCTPOMCT-

Ba CO3JAIOT BECHbMA CJIOKHYIO
KapTUHY ABMKEHHS BO3OyXa BHYTPHU
BEHTUJIMPYEMOTr0 TIOMeIleHus. Boico-
Kas CTelleHb TYpOYyJIEHTHOCTH CyIIe-
CTBEHHO BJIMSET HA pacIIpejesieHune
BpPeIHBIX IIpUMece.

Jlotst mocTmskeHnsa TpeOyeMbIxX Tapa-
METPOB BO3AYIITHON CPeIbl Ha OTHeJIhb-
HBIX paboyrx MeCTax 4acTo CO3/IaeTCsa
IIOTOK BO34yXa, HAIIPABJICHHLIN OT pa-
004ero K MICTOUHUKY BBIJIEJICHUS Bpe/I-
HBIX BerecTs. [loaToMy akTyasibHO uay-
JeHMe IIPOIIecca PacIpoCTPAHEeHNUs IIPH-
Mecel B JBIZKYINEMCS HA UCTOYHUK I10-
TOKE BO3/yXa.

B ob6mem Bume muddepeHinain-
HbIE YpaBHEHUs 9TOT0 IIPOIIecca Ipes-
crasJieHbl B paborax B.M. Dubrepma-
Ha [1]. PaccmaTpuBass 4acTHUIlBI Ta30B
(BpeIHbIX BEIECTB), CJIeIyeT paccMar-
pPUBaTh KOHBEKTUBHYIO TP Y3UI0 Be-
mectBa [2—4]. KommmuectBeHHBIE 3aK0HO-
MEPHOCTH IIPOIIECCa, COTJIACHO ITIEPEHOCY
MAacChl BEIleCTBA, IIPOIIOPIINOHATIBHEI
TLJIOIIA/TH TIEPEHOCca, Yepe3 KOTOPYIO IIe-
PEHOCHTCS BEIeCTBO, M BDEMEHH Iepe-
HOCAa, TO eCThb

W= —Dist, 1)
on

roe W — macca mrepeHoCHMOro Berle-
ctBa, Kr; D — roadpdurtment muddy-
aun, Mm?/c; ¢ — KOHIIEHTpAIUA Bpe-
HOTO BEIeCTBA B JOJISIX MJIM IPOIIEH-
Tax, Kr/M”>; n — HOPMAaJIb K IIOBEPXHO-
CTH, M; § — ILIOIIA/b TOBEPXHOCTH, M
t — BpewMd, C.

Pacopocrpanenue mporuBomosox-
HO JeHCTBHIO, HAIIPUMep, MECTHOI'O OT-
coca, KOTOPBIH TOJIKEH 00eCIeInTD JI0-
KaJIM3aITUI0 BPEeIHbIX BBIJIEJIEHUH, 0~
9TOMY CTOUT 3HAK «MHHYC».

OO0ObIyHO paccMaTpuBaeTcs He 00-
IIUH [IepeHoC, 4 KOJIMYECTBO II€PEHO-
CHMOT0 BEIIleCTBA UYepes3 eUHUILY ILJI0-
11 B €IUHUILY BPEMEHHU:

w de
=—= —D—,
v st on )

be30nacHoCTb XXM3HEeLEeATENbHOCTH

rme w — ILJIOTHOCTH IIePeHoca Bellle-
CTBA WMJIM CKOPOCTH AudPy3uu depes
eIVHUILY ILJIOLIAI.

IIoTHOCTE BemiecTBa aHAJIOTUYHA
ILJIOTHOCTH IIOTOKA TEILIa — 3TO TOXKe
BeJIMYMHA BEKTOPHAA W BHEIPAKAETCSA
CJIeIYIONNM 00pa3oM:

W=-D grad c=w,i +w,j +w,k, (3)

e Z,f,l; — eIWHWYHBIE BEKTOPHI
TI0 OCSIM X, Y, 2 COOTBETCTBEHHO.

IIpu sTOM BesTMUMHA TIPOEKIIHIA OY-
JIeT COOTBETCTBEHHO BEIpaKeHa KaK

de
= —D—
e ox
dc
=-D—}. 4
w, % (4)
w, = —DE
0z

IIpusenennsie dopmyIbI 15T THD-
(bysum BerecTBa BepHBI, €CJIU B pac-
CMAaTPHUBAEMBIX CpeIax UMEIOTCS JIUIIh
PA3HOCTH KOHIIEHTPATIVH IIPY [IOCTOSIH-
HBIX WJIN MAJI0 MEHSIOIIMXCS TeMITepa-
Typax U JAaBJIEHUSX, YTO OOBIYHO BCTpe-
YaeTcs IIPU PEITeHUH BOIIPOCOB BEHTH-
JIATINY 17T CO3JTaHUS HOPMAJIbHBIX yC-
JIOBUH Ha paboymMx MecTax.

ITpu HaTMmYMy KOHBEKTUBHOM M-
dysum ypasuenme mauddysuu Oymger
MMEeTDb BU/I

dc
% _pv,
ot ¢ ®)

e V2 — omepatop Jlamnaca, uim

E+u£+vi+w£: DVZC. (6)
ot ox  dy 0z

Toumbre perrreHns 9STUX ypaBHEHUHN
TIOJIyY€eHHI JIJIsT HarboJIee IIPOCTHIX CJIY-
YaeB, B YaCTHOCTH, JIJIsSI TIOJIST KOHIIEH-
TPAIUH OT PA3JTMYHBIX BUIOB UCTOYH-
KOB B HeZlehOpMHUPOBAHHOM ILJIOCKOITA-
paJIJIeIBHOM TIOTOKE IIPY CTAITMOHAaP-
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"HoM peskrme. OHU TIOKA3BIBAIOT, YTO
BpeJHbIE BeIecTBa MOTYT HAXOIUTh-
Ccs HE TOJIBKO HAIIPOTUB HCTOYHUKA,
000PYI0BAHHOI'O MECTHBIM BHITSAKHBIM
YCTPOHCTBOM, HO, C yU€TOM TypOyIeHT-
HOT0 00MeHa, TIOITePEeK IIOTOKA BO3IyXa
¥ B CTOPOHE OT HEro.

Ananurrdecku ara 3amaya CBA3a-
HA C pelleHneM JLIUIITHIeCKUX TUQ-
depeHITMAIBEHBIX YPaBHEHUH 10 TPEM
TIepeMEeHHBIM ¢ HETIOCTOSHHBIMU K09(-
durmenramu. [lockosbKy, ommpasich
Ha COBpEMEHHBIN MaTeMaTUYeCKUI am-
rmapar, HeBO3MOYKHO ITOJIyYHUTE UX TOY-
HOE pelleHune, To, B pe3yJIbTaTe perie-
HUS CJIEYIOIIeN 3a1a4l yCTaAHOBJIeHA
TeopeTHYecKas 3aBUCUMOCTb, OIIeHHUBA-
0ITAsT CBePXY U CHU3Y OKHIaeMOoe pac-
mpeaeseHre KOHIIEHTPAIIUH BPEIHBIX
IpuMeced B BO3JyXe BOJIM3U Ta30BHI-
JIeJISIONIEeT0 000PY/I0BaAHMUSA.

Ha mmockoit 6eckoHeYHOIT TTOBEPX-
HOCTH, HaxoxAmencs B 1utockocTa X0Y,
PACIIOJIOMKEHO OTBEPCTHE ITPOMU3BOILHOM
dopMEI, OrpaHUYEHHOE 3AMKHYTOM JIH-
Hue# S, B KOTOpoe M3 MOJIYIIPOCTPaH-
crtBa Z > 0 IOCTyIAeT BO3AYX 34 CUET
30H paapeskennsd B obstactu Z < 0. [Ipu
aToM BHyTpH obisactu S oOpasyercs
moJte cropocreit V=V (x, ). B obmactn
Z < 0 HAXOUTCS UCTOYHUK BBIIEJICHUS
BPEJIHBIX IIPUMECEH, CO3IAI0IIeH B ILJI0-
croctu XOY, BHyTpH obiractu S, m1oste
rounenTpanuit K = K, (x, y). 9Ta cxe-
Ma 0JIM3KA K YCJIOBHUAM, BOSHUKAIOIIHM
BOJIM3M MECTHBIX OTCOCOB, B YACTHOCTH,
y BBITSIKHBIX IITKA(OB ¥ 000pyI0BaAHS,
PpaboTAamIIEro o Pa3pesKeHUEM.

B arom cayuae, kak OBLIO CKA3aHO
BBIIIIE, B TOJIyIIpocTpaHCcTBe 2 > 0 00-
pasyercs mmoste KoHrteHTparuit K = K (x,
¥, 2), KOTOPOe JOJIKHO YOBJIETBOPSTH
ypaBHEHUIO TypOyJaeHTHON auddy-
aum (1)

% v, %y, a"):ow)

AVPK - |V, —
(Xax Yoy oz

(B IIPEAIIOJIOKEeHU CTAaIlMOHAPHOTO

ok
mpoiiecca, Koraa 8_ =0), rme A — xo-
z

acbdurmenT TYpOYyIeHTHOM U dy3um,
Mm%/c; K — KOHIIEHTpALIMS BPEIHBIX [IPH-
Mecel B IIPOM3BOJIBHOM TOUKE HOJIYTIPO-
CTpaHCTBa, MI/M>; Vs, Vy, V,—mpoex-
IIAY BEKTOPA CKOPOCTH BO3IYIITHOTO II0-
TOKA B IIPOM3BOJILHOMN ToUKe (B CIyuae
Cy10sKHOrO ABHKeHUs Vy v , = [ (x, ¥, 2)).

I'pasnvmbIe yCIIOBHS COTJIACHO TIO-
CTAHOBKE 3aJa9M:

1) HaYaIbHASA KOHIIEHTPAIIMA B IIPO-
eMe

K(x,5,0) s = Ko(x,5);  (8)
2) HEeIIPOHUIIAEMOCTh CTEHKH! T'a30M

0K (x,,0)

=0, (x,y)€cS=0; (9
0z

3) beckoHEeUHOE YOBIBAHNE KOHIICH-
Tpalliy BPeIHBIX IIpUMecei mpu 0ecKo-
HEYHOM yIaJIeHHH OT IIpoeMa

K(x,y,2) >0
2 2 2 (10)
(" +y " +2°) >
Tlonarast BO3IyIITHBIH ITOTOK IIOTEH-
LIMAJIBHEIM, TO ecThb V¢ = 0, IIe ¢ — II0-
TEeHITAJI CKOPOCTH BO3IYIITHOTO TIOTOKA,
TepernuiieM rpaHUYHbBIe YCIIOBUS B CO-
OTBETCTBUH C OIIpeJesIeHrueM ITIOTeHITH-
aJIa CKOpOCTEMH:
1) o oIpejeJIeHUIO ITOTEHITAAJIA
CKOpocTel

09(x,y,0)
0z = V(@) ; (11
(x,y)e S

2) BHe otBepcTHs Ha 1uiockoct XOY
npu Z = 0 umeem V,,= 0, Torga:

wzo, (x,y)eeS=0, Z=0; (12)
z
-0
S 13)

(x*+y'+2%) 5o

HNmeem cormacuo 3anaue Heiimana
pellleHne B BUIE



1
(p(x,y,z) = %.g‘/o(xo’yo) X
dx,dy,

X ‘ . (14)
J@—x) +(y -3, +2°

Jlyisg oThICKaHMA MCKOMON (PYHEK-
muu K (x, y, 2) IpeaIioIosKIM, UTO €CTh
KaKoe-TO YacTHOe peIleHue ypaBHe-
Hus (5), KoTopoe 0003HaUYMM K, B BUJIE

K(x,3,2) = flo(x,5,2)].  (15)

ITogcramoBka BeIpasenus (15)
B ypaBHeHue (5) TaeT YacTHOe pellleHre

K(x,y,2)= C{exp [i cp(x,y,Z)} - 1}, (16)

rae C — IpoM3BOJIbHASA TIOCTOSHHAS
WHTErpUpPOBaAHUS.

Bripasenne (16) ymoBiieTBopseT
ypaBHenuio (7), BTOpOMYy U TpeTbe-
My TPAHUYHBIM YCJIOBHSIM, IIO3TOMY
He SIBJISIETCSI TOYHBIM PEeIIeHHeM JITO-
ro ypaBHEHUS.

BanuireM ToxIeCTBO:

Ko(xsy’o) = —KO(Jz’y’Oz))
exp 2:2
A
xl:exp(p(x’Ty’O)—l} an

nin
K (x,5,0) = A(x,y) K(x,y,0), (18)
K (x,y,0)

'F(:(’y7:) ’
—= 1]
exp

Alx,y) =
roe

W3 BrImensmoseHHOTO ciaenyer:

min [A(x,y,O)]K(X,y,O) <
<K,(x,y,0) <
< ]_{(x,y,O)maX [A(x,y,O)]. (19)

Hcxoms na coobpaskeHus, 4YTO IJIs
JIF000# TOYKH IToJIyIIpocTpancTea Z >0

be30nacHoCTb XXM3HEeLEeATENbHOCTH

00JIBIIEH KOHIIEHTPAITUH B IIPOEMeE CO-
OTBETCTBYET OOJIBINIAS KOHIIEHTPAIIHS
B IOJIYIIPOCTPAHCTBE, BhIpaskeHue (19)
3aIMIleM B BUJIE

min—Ko((x’y’g)) K(x,y,2) <
exp olx,y,0) 4
A
<K(x,y,2)<
K (x,5,0)
exp ¢@x,5,0)
A

K(x,y,2). (20)

< max

Bripasxenue (20) siBistercst popmy-
JIOM OIEHKHU KOHIIEHTPAIIUM B JIIO00M
TOUYKe IoJIympocTpaHcTBa Z > 0. Jna
pacueros B Beipaskeuwue K(x,y,z) mos-
crasuM 10 (16) Berpaskenue ¢(x, y,0)
u ¢(x, y, z) o (14).

[IpaBUIBHOCTS MIOJIyYEeHHEIX pellle-
HUM TOATBEp:KIAeT padboTa oKCIIepu-
MEHTAJILHON YCTAHOBKH IS KICCJIEN0BA-
HUSI PACIIPOCTPAHEHUS KOHIIEHTPAIIAN
BPEIHBIX BBIOPOCOB Y TJIYXHX OTCOCOB
C OJHUM TEXHOJIOTHYECKUM ITPOEMOM,
B KOTOPOM CO3JIAI0TCSI HATIPABJICHHBIE
BHYTPB IIOTOKM BO3IyXa (IJIsT IpemoT-
BpAIlleHUS IPOHUKHOBEHNS IIPUMecei
B IIOMeIIeHHUeE).

VceraHoBKa TO3BOJIAET U3MEHSTH:
a) pacxoisl IIPOCaCkIBAEMOr0 BO3IyXa
1 II0JaBaeMOM I'a30BOM CMeCH B KOH-
dopke, 0) pacmookeHTe UHINKATOP-
HBIX TPYOOK.

Jls1s1 pernennst IpobJIeMBl B3AMHO-
T'0 BJIUSHUSA TEILJIOBBIX 1 TA30BBIX IIOTO-
KOB He00XO0IMMO ITPOBECTH MHOTOaK-
TOPHBIN OKCIIEPUMEHT B COOTBETCTBYIO-
IIyI0 00PAOOTKY IIOJIYIEHHBIX JAHHBIX.
IIpensapuresbHBIE HCCIIENOBAHNUS BhIS-
BIJIM HEKOTOPBIE 3aKOHOMEPHOCTH, UTO
TIO3BOJIMJIO ITOJIyYUTH 00Jiee KOPPEKT-
HBIe JTAHHBIE 9TOT0 MHOTO()AKTOPHOI'O
OKCIIEPHMEHTA.

ITocTraBiieHHbBIE BOIIPOCH U PE3YJIb-
TaTel JIAOOPATOPHBIX HCCIIEHOBAHUMA
HEeIOCTATOUHBI JIJIs PEIIeHUs IIPAKTHU-
YeCKHX 3a7a4, TAK KaK paccMaTpUBa-
IOT CeYEHHEe 0TCOCA U BBIJIeJIEHNEe BPe/l-
HBIX BEIIeCTB B OJHOM ILJIOCKOCTH; Ta-
KHM 00pa3oM, pacCUYUTHLIBAETCS OOKOBOM
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0TCOC IIPHU HYJIEBOM yIAJIEHUU HUCTOY-
HHUKA BBLIJEJICHUN BPEIHBLIX BeIeCTB.
Ha mpakruke MCTOYHUEK OOBIYHO HAa-
XOIUTCA B YKPLITAH (IIpEMeEp TaKO-
r'0 pelleHus IIPeIJIaraeTcsa aBTOPOM).
B ycranoBke mpemycmorpera 06padoT-
KA YOAJISIEMOro BO30yX4; ee MOMKHO IIPH-
MEHATDH B JIA00PATOPHLIX U IIPOU3BOJ-
CTBEHHBIX YCJIOBHSAX IPU PA3JIMIHBIX
Ta30BBIX COCTABJIAIIINX, a HAJMUHE
ras3oB OIPeIe/ATh ¢ UCIOJIb30BAHNEM
xpomMaTorpadgos.

Biusanaune maguuus rasosoit cocTas-
JISTIOIIIEH OIIpeJIesIsIoch Ha OCHOBE aHa-
JIOTUYHBIX MCCJIEIOBAHUM 110 yCTAHOBIIE-
HMIO ONITHMMAJIBHEIX IIapaMeTpoB OGOKO-

1 2

7/

34 567 89 10 |

BOI'0 0TCOCA OT TEILJIOMCTOYHHUKOB [5—7].
Jls1s1 IpoBeIeHNST SKCIIe PUMEHTAIBHBIX
VICCJIETOBAHWIA IT0 OIITUMHU3AIINY PAOOTHI
OOKOBOTO 0TCOCA OT JIMHEWHOTO U KOM-
MAKTHOTO, IIJIOCKOTO0 U OOBEMHOTO WHC-
TOYHHKOB TEILJIOra30BBIIEeIeHNI CMOH-
THpPOBaHA yCcTaHOBKA (pHC. 1), OCHOBHEI-
MU 3JIEMEHTAM KOTOPOM SIBJISTFOTCS MCTOY-
HYK TEIIa B BOIOOXJIAMICHHOM KOMKYX€;
YCTPOMCTBA Tas3omomadn yepes mepdo-
pUpOBaHHBIE TPYOKM W yJacCTOK OTOO-
pa mpob rasa; 60KOBOM OTCOC CO CTEHKOM
¥ IATPyOKOM; CHICTEMA OITPE/IeJIeHMUs pac-
X0J1a yIaJIIEMOr0 BO3IyXa U ITepeMelrie-
HUsT DOKOBOT'O 0TCOCA OTHOCHUTEJIHHO KC-
TOYHHUK TEIIJIOTA30BhIIeICHII.

—~S 12
-~

="

——

Puc. 1. IkcnepumeHTanbHas yCTaHOBKA ANs UCCNea0BaHNs 60KOBbIX 0TCOCOB
1— nopjaya rasa; 2 — Kamepa CTaTu4eckoro AaBneHust; 3 — BOLOOXNKAAEMbIA KOXYX;
4 — UCcTO4HUK Tenna; 5, 10 — Tepmonapsl; 6 — NepgoprUpOBaHHbIE ra30pa3aaToyHble
TPYOKY; 7 — CTEHKA; 8 — BCacblBatoLLee 0TBepCTHe G0KOBOro 0TCOCa; 9 — naTpy6ok
6okoBoro otcoca; 17 — pacxoaomepHas auadparma; 12 — y4yactok otéopa
npob6 rasa; 13 — Teneckonuyeckuii Bo3nyxosos; 14 — nofBuxHas pama



B mporiecce mmpoBeieHMsI OIIBITOB 13-
MEPSINCH TEMIIEPATyPa BO3IyXa IIoMe-
IIEHUs, TeIJIOra30BbIIeJIEHUs UCTOY-
HUKA W YXOISAIIEro BO3OyXa; KOHIIeH-
Tpaius ra3a B paboueit 30He U yXOIs-
meM Boaayxe. [IpoBomuiimce BEIYMCIIE-
HUS KOJIMYECTBA YJIOBJIEHHOTO TeILla,
rasa, a Taxksxke oppeKTUBHOCTU yJIaB-
JIMBAHUS TeIJIa U Iasa.

OIBITHI IIPOBOIMINCE ¢ 00BEMHBIMI
JIMHEMHBIMU ¥ KOMITAKTHBIMU UCTOYHH-
Kamu pasmepom 0,8%0,2 u 0,2%0,2 co-
OTBETCTBEHHO (002 MCTOYHMKA BBICOTOM
0,1 M), a TaksKe ¢ IJIOCKUMH UCTOYHU-
KaMH TellyIa, BMOHTUPOBAHHBIMH 34-
MOJIMIIO C IIOBEPXHOCTHIO BOI00XJIA-
nurenbHOro Koxkyxa. lllupraa mcTou-
HUKA B 9KCIIEPUMEHTAX 0CTABAJIACK TIO-
crossHHOM, pasuoi 0,2 M. B xome axc-
IIepUMEHTA MCIIBITAH NCTOYHUK TeIlIa
paamepom 0,5%X0,2 M r BeICOTOH 0,05 M.
BuayTpu TemIoncTOYHNKOB YCTAHOBIIE-
HBI CIIUPAJIH, 00eCIIeunBaoIre PaBHO-
MEpPHBIA IIPOrpeB MOBEpPXHOCTH. B 3a-
BHCHMOCTH OT II0J[aBaeMOTr0 Ha CIIHpa-
JI HATIPSISKEHUS TeMIIepaTypa TeIwIo-
WCTOYHUKOB MeHsyIach. KoHTpoJib Tem-
IepaTypsl Ha IIOBEPXHOCTH MCTOUHMKA
OCYIIIECTBJISJICS XPOMEJIb-KOIIeJIeBhI-
MU TePMOIAPAaMU, BMOHTHPOBAHHBIMU
B BEPXHIOIO IIACTUHY MCTOYHHKA TEILIA.

T'azoBbIgeIeHre 0T MCTOUHUEKA TeIl-
JIa UMUTHPOBAJIN IT0Iauel YIIeKHUCIIO-
ro rasa u3 6aJIoHa Yepe3 KaMepy CTa-
THUYECKOTO JTaBJIEHUA B I1epOpUPOBAH-
HbIe TPYOKHU, pasMellleHHbIe 10 BCeMy
mepuMeTpy HCTOYHMEKA. Pacxom rasa
B CHCTeMe 3aMepsJIu poraMeTpoM. I'a-
30BBIE IIPOOBI OTOMPAJIH HACOCOM Uepes
ra3ooTOOPOUHYIO TPYOKY B HaIyBHEIE
mrapel. Anasma mpob Besin Ha Xpoma-
Torpade JIXM-8 M/JI.

Boxosoii oTcoc mpemeraBisai cobot
MeTaJLINYeCKU KOHQY30p B CTEHKE
¢ IIepeMeHHBIM PAMOYTOJIbHEIM BCa-
CHIBAIOIIMM OTBEPCTHEM, II0 JIJINHE PaB-
HBIM UCTOYHUKY, & TI0 BEICOTE — TI0JIO-
BHHE ero IITUpUHEL Bricora pacmostosxe-
HUsT GOKOBOTO 0TCOCA PETYJIMPOBAJIACH
TIOABUYKHOM PAMOM 1 TEJIECKOIIMIECKIM
BO3JTyXOBOIOM, PACXO]T BO3/yXa B CHCTE-
Me 3aMepPSLIIH IIPeaBAPUTEILHO IIPOTA-

be30nacHoCTb XXM3HEeLEeATENbHOCTH

PHUPOBAHHOM PACXOIOMEPHOI nuadpar-
Mot u mukpomanomerpom MMH-240.
TemmepaTtypa Bo3ayxa B IIOMEIIEHUN
¥ BHITSIZKHOM BO3IIYXOBOJIE OIIPeIeJsi-
JIach IIPU OMOIIY TEPMOIIap M IO TI0-
Ka3aHusIM TePpMOMeTpa.

AnHaym3 pes3yJIbTaTOB MCCJIEI0BA-
HUH 1 00pab0TKHU JaHHBIX, IIPOBEICH-
HBIX C YIETOM MHOT0(PaKTOPHOT'O JKCITe-
PHMeEHTa, ITOKa3aJI CJIeayolIee.

l'eomerprdeckue pasMephsl NCTOTHU-
KA TeILIOra3oBhIIe IeHUI, PACXO]] yIaJis-
€MOT0 BO3/IyXa U PACIIOJIOKEHIE BBITSIK-
HOTO OTBEPCTHUS BIUIIOT HA 3PPHEKTUB-
HOCTB YJIaBJIMBAHUS ra3a O0KOBBIM OTCO-
coM. YBeJIMueHre KOJTMUeCTBA Ta30BhIIe-
JIEHWH U Pacxoja yaaisieMoro BO3ayXa
IIOBBINIAET CTEIIeHDb YIABJIUBAHUS ra3a
IIpY YMEHBIIIEHWH PA3MEePOB UCTOYHUKA.

AnaymmTrdecKkre MccIIeqOBAHNS HOI-
TBEPIWJIN, YTO IIPU HAJHUYNHU Ta30BOM
COCTABJISIIOIIEH Heo0XO0IMMO BHOCHUTH
KOPPEKTUBBI B pacyeTHBIE (DOPMYJIBI,
4TO M OBLJIO CIEJIAHO IIPY [IPOBEIeHUH
HCITBITAHUH.

3a mapaMeTphl ONTUMU3AIUN, Xa-
paxTepuayioIire pabory OOKOBOTO OT-
coca ¢ TOYKH 3PEeHUs CAHUTAPHO-TUTH-
€HMYeCKoro apperTa, ObLIN TPUHSITHI
K0o(ppUIMEHTEI YIABIMBAHIA OOKOBOIO
orcoca 110 Terty (n Q) nrasy (ng). B pe-
3yJIbTaTe aHAJIN3A ITPUYNH, BJIMSIOITIX
Ha 9 PEeKTUBHOCTHL PaOOTHI HOKOBOTO
0TCOCA, B 9KCIIEPUMEHT OBLIIM BRJIIOYE-
HBI IIIecTh (PAKTOPOB, 00J1aCTh U3MEHe-
HUSI KOTOPBIX IIpUBeIeHa B Tabsuiie 1.

Bri6op ormesbHBIX 3HAYEeHHH @),
G, L ocHOBBIBAJICSI HA COODPAKEHUSIX
paciupeHust 00JIaCTH IKCIIEPUMEHTA,
a TaKKe MUCXOJS M3 TeXHUYECKUX BO3-
MOYKHOCTEH dKCIIepUMEeHTAJILHOM ycTa-
HoBku. [Ipenenbuble sHavenus a, b, h,
H, I Bb1OpaHbI U3 KOHCTPYKTUBHBIX CO-
00pasKe M.

Ha ocHoBe akcmepuMeHTaJIbHBIX
IaHHBIX, OJIyYeHHBLIX paHee B Jabo-
PATOPHBIX U IIPOU3BOJICTBEHHBIX YCJIO-
BHUAX; 34 ONTHUMAJILHBIE pa3Mephl Bea-
CHIBAIOIIIETO OTBEPCTUSA OOKOBOTO OT-
coca MPUHATHL JJIMHA OTBEPCTHUS IIa-
TpyOKa OOKOBOT0O 0TCOCA paBHA JJINHE
WCTOYHHUKA TENJIOTa30BhIIeJIeHN];
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Tabruua 1
KommpoBaume paxTopoB, BKIIIOUEHHBIX B 9KCIIEPHUMEHT
0 OIITHMU3AIINH PabOTEI OOKOBOTO 0TCOCA
Yeon. Hasumenosaume Komosoe YpoBeHs GhaKkTOPOB Wurepsan
00603HAa- HAWMEHO- 4 0 41 BapbUpPO-
yeHune BaHMe BAHUA
alb OrHoIIeHNEe IJIMHBI HCTOYHUKA TEILIO-
Ta30BBIJIeJIEHUN K IIIUPUHE X, 1 2,5 4 1,5
hib OTHoOLIEHUe BEICOTHL UCTOYHUKA TEILIO-
Ta30BbIJEJIEHUI K ero IITUPUHEe X, 0 0,25 0,5 0,25
H/I  OrHouIeHHe BHICOTHI PACIIOIOMKEHN 00-
KOBOTI'0 0TCoca (0T IJIOCKOCTH MCTOYHHKA
TEILJIOra30BBIIeJIEHIH 10 HIKHEH KpoM-
KM 0TCOCA) K PACCTOSHUIO OT OCH JI0 TLJI0C-
KOCTH BCACBIBAHUA OOKOBOI'0 0TCOCA X 0,175 1,01 1,85 0,84
Q Konnuecrso Tensoseinesienuii, Br X, 142 322 502 180
G KoanuecTso rasosnigesieHuii, mr/c Xy 331 413 495 82
L Pacxog Boazmyxa, Mm/c X, 33,4x107 72,2x107° 111x10° 38,8x107°

BBICOTA OTBEPCTHUS ITAaTPyOKa 6OKOBOTO
oTcoca paBHA IIOJYIIUPUHE MCTOYHH-
Ka TeIJIOra30BbIIeJIeHIH.

Wcenenyemerit 00bEKT IIpeIcTaBIeH
KNOEPHETUUECKON CUCTEMOMN «IepHBII
ATTAR» [6].

Jlormueckuit aHa M3 BIUSHUA Qak-
TOPOB HAa IIapaMeTPhl ONTHMH3AIUHN
" 9(pperT UX B3aUMOIEMCTBUSA TI03BO-
JIMJIA B KAYeCTBe MAaTEeMAaTHIECKON MO-
JIeJIH, CBSI3BIBATOIIEl IapaMeTphI OIITH-
MHU3aIuu 1 PaKTOPhl BAPbUPOBAHMNS,
MIPUHATH ITOJIMHOM BTOPOM CTEITeHU:

CTaBJIAJIACH METOIOM YepeIOBaAHNS 3HAa-
koB. KostmrdecTBo OITBITOR OIIpeiesisiioch
1o gopmyute: N = 251 = 32. Kpome Toro,
IIPOBE/IEHEI IIIECTH OITBITOB B OJIMHAKOBBIX
YCJIOBUSIX IIPH CPEIHUX 3HAUCHUSIX Ba-
PBUPYEMBIX (PAKTOPOB JIJIST OIIEHKH II0-
TPeIHoCTH dKcepuMenTa. Jl s mpose-
JTEHVS SKCIIePUMEHTA MaTPUIIA TIJIaH!-
POBAHUSA B KOJOBBIX KOOPAUHATAX C II0-
MOIIb0 TabIMIE! 1 TepeBoauiIack B pa-
00Uy10, TO €CTh KOIUPOBAHHBIE 3HAUCHUS
(hakTOPOB 3aMEHATUCH HATYPAILHBIMHU.
Jlo HavaJsa IpOBEIEeHUS I-T'0 OIIBITA BCEM
M3MEHSIEMBIM B OKCIIEPUMEHTE BeJINYIH-
HAM 3aJaBaJIACh PaHee PACCUNTAHHEIE
3HAYEHUsI, COOTBETCTBYIOIIUE - CTPO-
Ke paboueil MaTPHUIIBL.

Bo Bpems ombIToB 3aMepsIUCh ciie-
IYIOIIYe IIapaMeTPhL: TEMIIEPATypa Bo3-
nyxa B moMmemieHuu (t ), TeMIIepary-
pa ncrodnuka (t, ), TeMIeparypa yxo-
Asmero Boszyxa (I,,), KOHIEHTpaIms
rasa B pabouei sone (K;) u B yxons-
mem Boazyxe (K ).

Brruncsaanch: KoJIMYECTBO YJIOB-
JeHHOro Temaa (@ ,) U KOJIHIECTBO
ynosnersoro rasa (G, ), CTeleHb yias-
JIBAHUS GOKOBOTO 0TCOCA 110 ety (1)

13
y=b+Xbx, +Xbxx,
i=1 j

i<j

21)

re y — IapaMeTp onTuMusamuu (n @
N X X; — He3aBUCHMEIE IEPEMEHHBIE,
IIpeICTaBJIEHHBIE B KOJOBBIX KOOPIUHA-
Tax; iy =1,2,3,4,5,6; 0, 0, bij — ma-
paMeTphl MOAEJIH, KOTOPBIE OIIpeIesi-
IOTCS TI0 Pe3yIbTAaTaM oKCIePUMEHTA.

Jlna ompenenenus koapduiineH-
TOB b, b,, bi]. TIOJIMHOMA HCIIOJIb30BAaJI-
¢S APOOHBIN (PAKTOPHBIN dKCIEPUMEHT
2% ¢ reHepUPYOIINM COOTHOIIEHTEM
X = X, XXX, X5, MATPHUIIA IIJIAHUPOBAHIS
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KOTOPOTO TTO3BOJISET PA3aesIbHO OIIEHUTh
nuHelHble aQdeKTh 1 9 QeKTH map-
HOTO B3aUMOJEHMCTBUSA YpaBHEHU! pe-
rpeccuu. MaTpuiia JIaHUPOBAHUS CO-

u 10 Ta3y ().

Pabouast maTpuIia, pesysIsTaThl 3ame-

POB 1 BBIUHCJICHUI IPUBEIEHEI B TA0-
Jurie 2.
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J1J1s1 IpoBeIeHUST 9KCIePUMEHTAITb-
HBIX 3aM€epPOB U BBIYHCJIEHUH IO OIITH-
MH3ALUH PA00TEI OOKOBOI'0 0TCOCA OT JIH-
HEeMHOTr0 ¥ KOMIIAKTHOTO O6’I)eMHI)IX Hc-
TOYHHUKOB TeHJIOI‘aZ;OBbI,HeJIeHI/Iﬁ CMOH-
THUPOBAHA YCTAHOBKA.

PesynbraTe! skcriepumenTta obpaba-
THIBAJIMCH B COOTBETCTBUU C M3BECTHHBI-
My MeTomukamMu. [lomyueHs caemyo-
IIHe YPABHEHUS PerpecCri:

be30nacHoCTb XXM3HEeLEeATENbHOCTH

M, =0,72-0,05x, - 0,05x, —
-0,18x, +0,18x, + 0,05x,x,;

Mg =0,36-0,03x, +0,07x, +
+0,11x, +0,04x,x, — 0,03x,x, —
-0,04x x,+0,03x,x, —0,03x,x,

- (22)

Orrenka 3HAYUMOCTY K03 PUITHEH-
TOB PErPecCUy ITPOBOMIIACH C TIOMOIITHIO
kpurepusa CrbiofeHTa. SHAYEHUS T0Be-
PUTETBHBIX MHTEPBAJIOB K03 QUITHEH-
TOB IIPUBEJIEHEI B TA0IHIE 3.

Tabruua 3

Pesymbrare! pacuera xkoaddpuImeHTOB
¥ CTATHUCTUYECKUM aHAIN3 YPABHEHUM perpeccuu

Pacuernsie sHavenus

Haumenosanue
N, Mg
b, 0,720 0,360
b, —-0,050 —-0,025
b, —-0,014 0,018
b, —-0,053 —-0,068
b, -0,177 0,015
by 0,027 0,016
b 0,183 0,111
by -0,014 -0,017
b, -0,017 —-0,016
b, 0,048 0,040
Koo dummenTs! ypaBHEeHHIT perpeccuu bis —0,033 —0,030
by g —-0,008 —-0,035
by 4 —-0,001 -0,017
by, 0,004 0,013
by 5 —-0,003 —-0,007
by g 0,012 0,027
b, 0,029 —-0,034
by 5 0,012 0,008
by 0,029 —-0,020
b,s —-0,015 -0,017
byg 0,028 —0,013
b 0,024 -0,013
Jlucnepcus omeItTa S? 0,0098 0,004
Jucmepcus koo pUITIEHTOB yPABHEHUS Sy 0,0003 0,00012
s oot
Jlucrepcust HeaJeKBATHOCTH §” mean. pr 0,0126 0,0056
fHeag. 2,6 23
Pacuernoe suauenne kpurepus Ouirepa F » 1,286 1,4
Tabnumunoe snavenue kpurepusa Ouinepa F, 2,69 2,75
YpoBeHb 3HAYNMOCTH a 0,05 0,05
Briog 06 amexBaTHOCTH ypaBHEHUS AnexBaTHO AnexBaTHO
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AleKBaTHOCTD II0JIyYeHHBIX ypaBHe-
HUM IpoBepsIack o kpurepnio Oure-
pa. Pacuertnie suauenus kpurepus Ou-
1repa U TA0JMYHEIE er0 3HAYCHUA IIPHA
ypoBHe 3HauuMmocTtH a = 0,05 mpuBee-
HbI B Tabmuie 3. CpaBHUBAS UX MEK-
Iy co0O#, MOYKHO CeJIaTh BBIBOJ, UTO
He OTBepraeTca T|IoTe3a o0 ageKBaT-

HOCTH ITOJIyYeHHBIX YPABHEHUU dKCIIe-
PUMeHTaJILHBIM JaHHbIM [8—10].

Anroputm pacuera IpeicTaBIeH
Ha pwuc. 2.

ITosnyuenusie pe3ysbTaThl IPOIII-
JIM ampo0aIiuio B IIPOU3BOJCTBEHHBIX
yenoBusix (Ha PM3 MIIC u kombuna-
Te obcay:xuBanusa naccaxkupor MIIC

Hexonnsie naunmie: @', b°, A", 0%, G*, b=0,2

Y

aM=bMaHfbH hM=thH}{bH

d">x8.=1,13Va"b"

d"sxs.=1,13Va"b

HET
Y

[ =(#"/b"-0,25)/0, 250" =(a"/8" - 2,5)/1, 5| G'=G"(@>xp./d">x8.) " || 0"=0"(d">x8./d'>x8.)’ |

i
X' =(Q"-322)/180P|x' =(G"- 413)/82

Y

Mo = 0,72 — 0,05x",— 0,05x,— 0,18x",+ 0,18x,+ 0,05x" x",

|

Mo = 0,36 — 0,03x",— 0,07x,+ 0,1 1x,+ 0,04x" 2", — 0,03x" x’, —0,04x" x,— 0,03x", x,~ 0,03x,x",

\ i
ngz.ﬁ(xsaxo) |. rlgzﬁ(xnxe) -

[TocTpoenue uzonuHmii
i -
PABHBIX 3HAYCHHH 1), B OCAX X3, X,

[TocTpoeHue H30MUHUIH

Y

=" (. /d )" HH=HDT"H ="

[pu L" , na rpadukax
TPM 3aJIaHHBIX M, W1,

I

Bridop (H/T)

ring
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PaBHBIX 3HAYEHHII 1); B OCSX X,,X

#[leuars: H,L,;, I, Mg Ng —»(]{oucu)=

Puc. 2. AnropuTm pacyeta 60K0BOro 0Tcoca



B ExarepunOypre, ma 3aBomax OIIM
(Pesma, Kamenck-Ypaabckuii, Opck,
lait u op.), ¥ TOATBEPIMITH HEOOXOTH-
MOCTBH BHOCHUTD IIOIIPABKY B PACUETHEIE
dopMyJIBI TI0 TEIION30BITKAM HA Ta30-
BYIO COCTABJIAIONIYIO.

B metoz pacuera, rie 3a 0CHOBY B3s-
THI 3aKOHOMEPHOCTH PACIIPOCTPAHEHUS
KOHBEKTHUBHEIX IIOTOKOB, HEOOXOZHMO
BHECTH COOTBETCTBYIOIINE KOPPEKTHUBEI,
TaK Kak 00beMHOCTh NCTOYHNKA He OKAa-
3BIBAET CYIIECTBEHHOTO BIIUSHUSA HA CTe-

Jiutepatypa

be30nacHoCTb XXM3HEeLEeATENbHOCTH

eHb YJIaBJIWBAHUS IO TEIlIy, HO ee
HEeoOXOIMMO YYHUTHIBATH IIPHU pacdere
CTeTIeH! YJIaBJIUBAHUSA TI0 Ta3y; OITH-
MaJILHBIF PACX0Jl yAAIIeMOTO BO3IyXa
OOKOBBIM OTCOCOM IIPY HAJIMYUU Ta30-
BBIIEeJIeHNH yBesmunBaeTcsa Ha 20—40 %
(B 3aBHCHMOCTH OT MHTEHCHUBHOCTH Ta-
30BBIJIEJIEHUI) TI0 CPABHEHHUIO C OITH-
MaJIbHBIM PACXOMIOM YIaJIsIeMOr0 BO3-
JyXa II0 TeILIY, TO €CTh 1 = (1,2—1,4)nQ
WA B pacyeTHble POpMYJIBI HEOOX0TH-
Mo BEIOUNTE K, = 1,2-1,4. O
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OPrAHU3ALIUA

OBbPA30BATEJIbHOIO NMPOLIECCA

H. 0. AHalukuHa, T. B. PasaHoBa

YK 658.3

KomMMyHMKaTUBHbII NOAX0[, B 00y4eHU
MHOCTPaHHOMY A3bIKY: OCHOBHbIE NMPUHLMMDI U NEPCNEKTUBDI

N.Y. Anashkina, T.V. Ryazanova

UDC 658.3

Communicative approach to teaching EFL:

principles and perspectives

AHHOTauus

Macmrabuble COIUaIbHBIE, 9KOHOMUYECKUE
U IOJINTUYECKHE U3MEeHEeHUs, IIPOMCXOAIINE B Ha-
CTOsIIIIee BPeMs, IIPEIbABIISAIOT HOBbIE TPEOOBAHUS
K CIIeIIMAJINCTAM — BBIILYCKHUKAM BBICIINX y4e6-
HbIX 3aBeneHnit. Ciie0BaTEIBHO, IIPOIECC TIO/T0-
TOBKH CIIEIIMAJIUCTOB HE MOYKET OCTABATHCS IIPEK-
HuM. HeobGXommmbl cOOTBETCTBYIONIHE pPed)OPMEI,
KOTOpHIE 3aTParuBaioT: a) cpepsl IIpodecCHOHAIb-
HOM KOMIIETeHIIMH (COZepIKaHMe M3y4aeMoro Ma-
Tepuasa), 6) METOIUKY IIPeIogaBaHus (UCII0Ib3Y-
eMble IIPUHIMIIBI), B) IICUXOJIOTUIECKHUE ACIIeKTHI
mporecca oby4eHus: (COOTHOILIEHHE POJIeH IIPero-
JlaBaTeJs U CTYIeHTOB, HHIUBU/LY AJIbHO-JIMYHOCT-
HOM opueHTanwu). B mauHo# craThe mpeacrasie-
HBI OCHOBHBIE IIPUHIIUAIIE KOMMYHHUKATABHOI'O II0-
X0/1a ¥ IIOKAa3aHO MX IIPUMEHEHHe B Ipoliiecce 00y-
YeHUs WHOCTPAHHOMY s3bIKy. OlpesesieHa poib
mpenogaBaresis B yueOHOM IIpOIlecce M BIIMSIHUE
COBPEMEHHBIX TeXHOJIOTUH HA COJIEpIKaHue U Me-
TOZ0JIOTHIO O0YYEHUSI.

KnioyeBbie cnosa:

KOMMYHUKATHBHBIH T0{X0/T, INHI'BUCTHYECKAS
KOMIIETEHIUsI, COIMOKYJIbTYPHAsA KOMIIETEHIIVI,
[parMaTU4ecKkas KOMIIEeTeHIIHs, MEeKKYJIbTYPHAS
KOMMYHUKAIIAS.

Abstract

The current social, economic and po-
litical changes that are underway on the
global scale impose new requirements on
university graduates. That means that
university teaching approaches cannot
fall behind this process. The situation
calls for a corresponding reform, invol-
ving professional competencies (learning
materials), teaching techniques (basic
principles), some psychological aspects
(teacher and student roles, individual
catering). The article presents the ba-
sic principles of the communicative ap-
proach and demonstrates their practi-
cal implementation in teaching EFL. The
role of the teacher in educational process
and influence of modern technologies on
the contents and methodology of English
teaching is defined.

Key words:

communicative approach, linguistic
competence, social and cultural compe-
tence, pragmatic competence, cross-cul-
tural communication.
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oday, with relationships between
I nations and cultures rapidly de-
veloping driven by the globaliza-

tion process, hardly anyone can deny
the leading part language plays in
cross-cultural communication. It is
language that gives one access to a
foreign nation’s basic worldview (its
concept sphere), and poses a means of
the thought verbalization which is es-
sential for adequate communication.

With that in mind, seeking to en-
sure that the University graduates are
well-trained to be able to freely commu-
nicate in a multicultural environment,
the Department of Foreign Languages
and Intercultural Communication has
found it reasonable to switch from the
Grammar Translation Method to the
Communicative Method in teaching
EFL. The basic principle of the Gram-
mar Translation Method is the primary
focus on the language system — gram-
mar rules, syntax structures, vocabu-
lary units — with subsequent passage
to speech production (monolog, dialog)
and reception (reading, listening). In
practice it means that students must
produce speech in a foreign language
by using its vocabulary and grammar.
Every person trying to master a foreign
language will have found themselves in
a position where they know the gram-
mar rules and vocabulary units, but
the communication act is hampered
or impossible due to lack of communi-
cative skills. Let me give an example:
in the sentence How do you do we can
define each of the words and identify
the grammar structure as interroga-
tive; accordingly, we could translate
the sentence into Russian as Kax Bubt
nooscusaeme, Karx Bawu oena/How
are you getting on. Yet, such a trans-
lation would be erroneous, as the sen-
tence is a situational cliché used as a
formal greeting.

Greeting: How do you do.

Reply: How do you do.

In the communicative approach
the basic skill to be acquired is verbal
communication implying not only ex-

change of data, thoughts and feelings
between the communicating persons,
but also mastering, consolidation and
usage of language means and patterns.
Thus, the deductive method of language
learning is getting replaced by the in-
ductive one. In our opinion, the induc-
tive method has greater advantages,
as it leaves it to a student to select the
language means and identify their ap-
propriateness. As a consequence, the
material is better and more securely
fitted into the student’s thesaurus. At
the same time the deductive method is
not ruled out completely by the com-
municative approach.

Special attention is given to provi-
ding motivation in learning, using the
functional approach. For instance, the
comparative and superlative degrees
of adjectives and adverbs could be stu-
died inside the topic «Landscape» (the
highest mountain, lake A is deeper than
lake B, etc.). The functional aspect of
this approach lies in the pre-set ori-
entation of the target utterance. For
example, it makes sense to study the
Present Progressive Tense in situa-
tions when a speaker has to refer to a
planned future activity (I'm leaving to-
morrow). Accordingly, Future Simple
could be used to refer to an on-the-spot
decision (I'll lend you some money).

Understanding oral speech deli-
vered in a foreign language may well be
the most difficult task within the process
of communication. That is why in every
lesson we encourage students to hone
their skill of listening for gist and/or
for detail. Such training may be orga-
nized in a number of ways: matching
audio extracts with graphical images,
filling gaps in sentences, etc.

The communicative approach pro-
vides plenty of opportunities for trai-
ning students to solve real-life busi-
ness problems through role playing in
the target language. For example, HR
Management students could be offered
a task of choosing the best candidate
for a job based upon a written or re-
corded CV, etc.



A teacher using the communicative
approach usually faces problems when
trying to assess students’ progress.
Testing is widely used as an assess-
ment method helping eliminate sub-
jectivity in marks. The Department
regularly initiates events promoting
creative thinking in students as well
as adding elements of effective com-
petition. The academic competition in
English has become a traditional event
conducted for Economics & Manage-
ment students.

The notion of communicative com-
petence includes linguistic compe-
tence, socio-cultural competence,
and pragmatic competence. Teaching
foreign languages implies not only
teaching separate levels (i.e. phone-
tic, morphological, lexical and syntac-
tical) of the language system, but also
making deep insights into the cultural
background of a foreign nation: its ide-
ology, customs and traditions, stereo-
types and historical facts — so that the
language units are always bound to the
particular conditions under which they
are used in the real life. Knowledge
of other cultures and respect for com-
municative partners help avoid cross-
cultural conflicts and provide a basis
for effective and positive dialogue [1].
Lack of such knowledge could handicap
cross-cultural communication and even
result in the loss of a potential part-
ner. The term «cross-cultural commu-
nication» may refer to different things.
Thus, the term is used to mean «ade-
quate mutual understanding between
two or more parties of a communicative
act belonging to different cultures» [2];
«mastery of, and the process of maste-
ring communicative activity in a foreign
language» [3]; «the total of the specific
communicative activities of persons be-
longing to different cultures and lan-
guages. It takes place between commu-
nication partners meaning that each of
them is «different» and each perceives
the foreignness of the «partner» [4].
That foreignness manifests itself in the
different stereotypes of the partners’

Opranusauus 06pasoBaTeNbHONo npouecca

thinking and behaviour deeply rooted
in the cultural backgrounds of their
nations. For example, in one country
people would not buy a bottle of cham-
pagne for a celebration if the bottle
is in a burgundy color because this
color is considered the color of mour-
ning. In another country a plane could
crash only because they calculate al-
titude in feet and not in metres [5]. In
still another country when one person
disturbs another one, both should make
an apology. Already the few facts gi-
ven show what a complex and labor-
intensive skill cross-cultural commu-
nication is. It by no means implies dis-
regarding one’s home culture. Here we
see the method reverse itself. Accor-
ding to Dmitry Likhachyov, an essen-
tial prerequisite for successful cross-
cultural communication is the mas-
tery of one’s own cultural values, which
makes students more susceptible to val-
ues of other cultures.

One of characteristic features of
cross-cultural communication is pat-
terning, which means reproduction
of behavioral or cultural patterns.
It is important to remember that an
English teacher is the key communi-
cative partner for EFL students, a per-
son who is usually not a native spea-
ker or a foreign culture representative
(a bicultural person). A teacher may
only play the part of a meduim via
which a foreign culture is brought
to students; the teacher’s personali-
ty deeply rooted in her native culture
acts as a prism refracting the foreign
one. That is why it is so important to
refer to authentic training aids where
the foreign cultural patterns are repro-
duced adequately. The teachers of the
Department regularly attend presenta-
tions of new teaching aids organized by
the language centers «Korifey», «Tal-
isman», «YES» and others. At the mo-
ment the teachers build their lessons
around the authentic «English Files»,
«Reward», «Market Leader», «Business
Result» and other books laying special
emphasis upon cross-cultural studies;
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e.g. students will learn the fact that a
date written as 06.07.2011 will read
June 7, 2011 in the USA, and July 6,
2011 in Europe, etc. The mentioned
books provide for the personalized
approach to teaching as they come in
several levels, aiming at audiences
from beginners through to proficien-
cy students.

State-of-the-art technologies at the
heart of the language training pro-
cess will influence a teacher in choo-
sing an appropriate training technolo-
gy — the basis of the teaching process.
Here we are talking about interactive
techniques allowing for the «subject —
object» model to be replaced by «sub-
ject — subject» interaction between
a teacher and students, a dialogue
which requires the two parties to con-
sciously collaborate with each other [6].
The communicative method requires
students to reflect of the studied ma-
terial, to react, to express their own
thoughts, feelings, and philosophical
concepts with relation to problems dis-
cussed. That is why implementation of
the communicative method automa-
tically triggers a switch to a peer-to-
peer dialogue between a teacher and
a student. For this dialogue to be suc-
cessful, even the type of classroom or-
ganization is of a great importance. The
most appropriate seating has proved
to be the so called «round table». Un-
fortunately, seating students in such
a way is not always possible.

The future plans of the Depar-
tment include development of EFL
teaching aids based on original An-
glophone feature films and documen-
taries. The content of a movie is per-
ceived by contextual guess, direct se-
mantization of speech based on the vi-
suals of the film. Sustained training in
matching spoken words up with their
contextual and situational meanings
(usually exceeding the word stock of
the students), allows for holistic per-
ception of the heard text as opposed to
discreet one (in case of traditional lis-
tening exercises) [7].

Applying information technologies
to the teaching process not only means
using cutting-edge equipment but also
provides an opportunity to deploy a stu-
dent-centered approach, develop stu-
dents’ creative potential, improve their
motivation and autonomy in learning.
One focus area here is the implemen-
tation of software in the teaching pro-
cess, in the form of online lexical and
grammar exercises developing phonetic
and communicative skills. At the mo-
ment, the Department is already using
materials from CDs of the licensed
learning packages. Another area of de-
velopment is associated with the use
of the Internet. One of the skills stu-
dents are to acquire at the universi-
ty is autonomy in learning. A teacher
could give project work assignments to
be performed remotely via the Internet
by students from different countries [8].
Assigning such kind of a task a teacher
should constantly monitor students’ ac-
tivities and progress and be ready to
channel their efforts if need be. Among
other advantages, information tech-
nologies are more affordable, allowing
a teacher to address a wider student
audience and control the process of
knowledge acquisition; they also may
be used afterhours [9]; they provide ac-
cess to the latest developments in the
sphere of teaching.

Other prospective areas of develop-
ment in EFL teaching include building
specialized courses comprising mate-
rial beyond the curriculum which may
be interesting and useful to students.
One of such know-hows is the trai-
ning course called «Overseas Manager
Training» (in the English language).
This course is aimed at future medium-
level managers. The course can also be
used by any teacher interested in the
foreign methodologies for generating
skills and competences of a modern-
day manager. Today, English has been
acknowledged as the international lin-
gua franca. Given the ever-widening in-
ternational contacts in the Russian



economic environment and the current
extremely high level of development
of the management sphere abroad, a
modern manager wishing to conform
to the world’s professional standards
has to learn to master a broad range
of organization and management tools.
Due to the differences in the national
economic systems, these is a naturally
determined adaptation going on in the
Russian language; as a consequence,
we sometimes see distorted represen-
tation of business processes charac-
teristic of Anglophone countries in the
Russian language. Therefore, to ensure
successful cross-cultural communica-
tion, understanding of the modern-day
economic trends and proper interpre-
tation of particular business cases, one
has to master the terminology and lan-
guage models of the source language.
The course comprises theoretic mate-
rials organized into ten topics, as well
as vocabulary learning activities and
exercises, case studies, and tests. The
key to success for this type of courses
lies in the integrated approach, which
means all of the University depart-
ments collaborating closely. Thus,
another area of focus in teaching foreign
languages, as well as any other univer-
sity subjects is ensuring closer coope-
ration of all the University faculties.

In our opinion, one of the issues in
the current educational system is the
under-developed function providing co-
ordination of «the interests of a Univer-
sity and students’ learning needs with
the social services commissioning ad-
dressing the needs of local labor mar-
kets [10]. We see the future in estab-
lishing long-term contacts with busi-
nesses generating the demand for par-
ticular types of specialists.

Jluteparypa
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In conclusion, we would like to men-
tion one more area of our focus, namely,
providing the conditions for students to
obtain a degree in linguistics on the post-
graduate basis or simultaneously with
the major education. Any specialist ha-
ving graduated from a university will be
faced with the need to communicate: with
colleagues, prospective customers, busi-
ness partners, or competitors. In many
ways the professional success and skill
of a graduate will depend on his or her
mastery of the communication theory
and practice. A remarkable qualitative
assessment of the communication skill
and its importance was given by Ameri-
can psychologist D. Carnegie saying that
‘about 15% of one’s financial success is
due one’s technical knowledge and about
85% 1is due to skill in human enginee-
ring’. Language is the main means of oral
and written communication, which in
turn is based on insights into its func-
tional patterns. Unfortunately, today we
see in not only technical specialists but
also humanists a very low level of back-
ground linguistic knowledge as well as
of oral and written communication cul-
ture. Background knowledge is espe-
cially important in the language trai-
ning process: knowledge in the spheres
such as translation theory and practice,
general, historical and comparative lin-
guistics, grammar, lexicology, stylis-
tics, and phonetics. It has been fair-
ly argued by scientists that people are
characterised by «conceptual behavior»,
i.e. their activities are closely corre-
lated with assimilated concepts and
notions which are verbally represented in
their speech. Therefore, it is necessary
to pay special attention to speech style
when assessing professionalism of
a graduate. O
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Mathematical model of vintage analysis

of bank advances portfolio

AHHOTauus

B pab6ore paccmaTpuBaercss pOSHUYHBIA Kpe-
IUTHBINA opTdens 6anka. OCHOBHOM IIeJIBIO UC-
CJIEJTOBAHUS SABJISETCSI PA3BUTHE METOJOB IIPO-
THO3WPOBAHUSA CTPYKTYPHI KPEJIUTHOTO TTopTde-
JIsT: T0JTH 7TeOSITHRIX KpeauToB. Bee BEITaHHBEIE
KPeIUTH pa30UBAIOTCS HA TPYIIIHI (B 3aBUCHMO-
CTH OT HAJIMYHUS U CPOKOB 3a0/KeHHocTn). Ju-
HAMUKA J[0JIeH TOPT( eI OIUCEIBAETCS MAPKOB-
CKHUM CJIyIaMHBIM IIPOIIECCOM C JUCKPETHBIM Bpe-
MeHeM ¥ KOHEYHBIM YHCJIOM cocTosTHu. MaTtpuria
TIePEeXO/THBIX BEPOSITHOCTEH OIEHIMBAETCSI HA OCHO-
Be BUHTAYKHOT0 aHAJIN3a, TO eCTh aHAJIN3a CTaTH-
CTUYECKUX JIAHHBIX O IIePexXojie KPeIUTOB U3 O/I-
HOM I'PYIIIIEI B IPYTYIO B Te€YeHne Mecsria. Paccmo-
TPEHBI PA3JIUMIHBIE CII0CO0BI PA30MEeHMUA KPEIUTOB
Ha TPYIIHI, TPUBEIEHBI IPUMEPHI PACUYETOB JIH-
"Hamukn gosieit moprdestsa. [Ipusenersr dhopmy-
JIBI JIJIS HAXOMKIEHUS YCTOMYMBOTO pacipesiese-
HUS JI0J1e# TOPTQEJIs TI0 KPeIUTaM C PA3JIHIHO-
T'0 BHJIA 3aJI0JIPK€HHOCTSIMH B YCJIOBUSIX CTAOWIIb-
HOM 9KOHOMUYECKOH curyaruu. [IpeioseHHbIN
B CTAThe€ MATEeMATHYECKUH ammapar M03BOJIS-
€T IIPOrHO3UPOBATH COCTAB KPEIUTHOTO ITopTde-
JISL ¥ OIIEHUBATH BEPOSITHOCT Je(oJITa Ha OCHO-
BAHUS CTATUCTUYECKUX JTAHHBIX. MeTobl, naJo-
sKeHHBIE B paboTe, MOTYT OBITH IIPUMEHEHHI K JII0-
00OMY KpPEIUTHOMY ITOPTEITIO.

KntoueBble cnosa:

MapKOBCKHE IMIPOIECCH, KPEJIUTHBIN MOPT-
esth, BUHTQIKHBIN aHAJIN3, TPOTHO3UPOBAHUE,
BEPOATHOCTH JedoITa.

Abstract

In the article the bank retail advances
portfolio is studied. The main objective of
the research is forecast methods’ develop-
ment of advances portfolio structure: parts
of default advances. All the given advan-
ces are divided into groups (depending on
existence and terms of indebtedness). The
portfolio parts’ dynamics is described by
Markovian process with discrete time and
finite number of states. Transitional pro-
babilities matrix is estimated on the ba-
sis of vintage analysis, i.e. analysis of sta-
tistic data about advances transition from
one group to another within a month. Vari-
ous ways of advances division into groups
are considered, the examples of calculation
of portfolio parts’ dynamics are given. The
formulas for stable distribution of portfo-
lio parts by advances with different type
of indebtedness under conditions of stable
economic situation are cited. The mathe-
matical apparatus, offered in the article,
allows to forecast the composition of advan-
ces portfolio and estimate the probability
of default on the basis of statistic data. The
methods, presented in the article, can be
applied to any advances portfolio.

Key words:

Markovian processes, advances port-
folio, vintage analysis, forecast, probabi-
lity of default.
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JIaBHOU 3aa4uell KpeJUTHOM 1es-

TEJIBHOCTU OAHKAa SIBJISIETCS TI0JLY-

YeHMe IIPUOBLIN C ITOMOIIBI0 pas-
MeIlleHre CBOOOIHBIX PECypCoB, Ipe-
JIOCTABJISEMBIX HA YCJIOBUSAX BO3BPAT-
HOCTH, CPOYHOCTH, IIEJIEBOI0 HCIIOJIb-
30BaHUS, TUBEPCUPUKAIINN CCYITHBIX
BJIOKeHUH U mpubsLibHocTH. Kpemur-
HAas IeATeJIbHOCTD IIPUHOCUT OaHKY CY-
IIIECTBEHHYIO MPUOBLIb, €CJIU OHA Be-
JleTCsA MTPABUJILHO, CTPYKTYPUPOBAHO
¥ JIOTHYHO. B mpoTrBHOM ciydae oHa
MIPUBOJUT K yOBITKAM, TAK KAK, BbIIA-
Basi KPeJIUTHI, OaHK IIPUHUMAET Ha ce0s
KpeIuTHEBIHN pruck. KpenuTHbIM prckoM
HA3bIBAETCS IIOTEPS CCYIOM CTOMMOCTH
BCJIE/ICTBHE HEVCIIOJIHEHMS JTN00 HEeHAT-
JIEIKAIIEr0 HCITOJTHEHUS 3aeMIIHKOM
0043aTeJILCTB IO CCy e TTepe] KPeInT-
HO opranmasaruei [1].

KpenuTHBI#T pUCK KOJHMYECTBEHHO
OIIMCBHIBAETCS BEPOSITHOCTHIO TOTO, UTO
3aeMIIUK He BEPHET KPeIuT (II0JIHOCTHIO
WJTH YACTUYHO, BRJIIOYAS HAUVCICHHBIE
110 HEMY IIPOIIEHTHI), YTO BJIEUET 34 CO-
0ot mHaHCcOBEIe mMoTepu Oamka. Be-
POSATHOCTH 9TOTO MOKET OBITH HH3KOM,
€CJIU TIOJIOYKEHYE KJIMEeHTA U ero0 J[0XO0-
Bl CTA0OMJIBHBI UJIW/A ero OM3HeC uIeT
ycmeruo. Ho maske B aTom ciydae ero
HeJIb3sT UCKJIIOYUTE ITOJTHOCTHIO.

Anayms KpenuTHOro ropTdesis mpes-
cTaBJIAET CODOM CHCTEMATHUIECKOE U3Y-
JeHre W HAOJIoJeHne 3a KPeIuTHOMN
JIesATeJIHOCTHIO OaHKa, KOTOPOE IT03BO-
JISIET OIIEHUTH COCTAB M KayecTBO DaH-
KOBCKHUX CCyJ B IWHAMUKe. ¥ IIpaBJiie-
HUEe KPEIUTHBIM IIOPTQesIeM I0CTPoe-
HO Ha CHCTeMe IT0OKa3aTeseil JesaTellb-
HOCTH OaHKA B 00JIaCTH KPEIUTOBAHMUS
KJIMEHTOB. SHAYEHMST 9TUX TOKA3aTe e
He HOCAT CTPOro 00513aTeILHOIO XapaK-
Tepa s Beex 6ankoB. Kasmerii 6aHk
CTPOUT aHAIN3 Ha 0a3e CBOEro OIBITa
¥ aHAJIUTHYIECKUX BO3MOYKHOCTEH, UC-
IIOJIb3Ysl TIPYU 9TOM HHCTPYMEHTaPHIA,
KOTOPBINI HAKOILIEH B OTE€UYECTBEHHOM
¥ MUPOBOM ODAHKOBCKOM IIPAKTHUKE.

OnHUM W3 BayKHBIX 9JIEMEHTOB CO-
BPEMEHHOTO aHAJIM3A ITOPTQEIIS KPeIu-
TOB CJIY:KUT BUHTaXK (Vintage), TO eCTh
pasBepTKa KaKOT0-JIM00 TOKAa3aTesIs

AcnupaHTcKas TeTpab

10 OTHOCHUTEJILHOMY BPEMEHHOMY WH-
TepBasy. BUHTaM)M ITOKa3bIBAIOT, KAK
IIPOCPOYKA C OIpPeeIeHHEIM CTaTyCOM
HAKAIJINBAETCA BHYTPHU ITOKOJIEHUMA
KPEIWTOB, BBIIAHHBLIX OJHOBPEMEHHO
(0OBIUHO B OJTHOM KaJI€HIAaPHOM MeCs-
11e). XapaKTepHBIN BUHTAK — 3aBUCH-
MOCTB IIPOIIEHTA IIPOOJIEMHBIX KPeIu-
TOB B 0011IeM TTOPT(eJIe OT TOKOJIeHHUS,
TO €CTh OT BpEMEHH! C MOMEHTA BEHIIA-
UM KPeJUTOB.

MatemaTtuyeckas Moaeb

OVUHAMUKW KpeauTHoro noptdens

B xome amanmsa guHamMukM I0JIH
HpOoOJIEMHBIX KPEIUTOB Pa3IMYHBIMU
aBTOPAMH HCITOJIb3YIOTCA PA3JIAYHbIE
Kaccupuramu [2] KpeJuToB 110 Cpo-
KaM 3aJ[ePyKKH IIATesKe 1 YPOBHIO BOC-
CTaHOBJIeHUsA. B manmoit craThe paccMa-
TPHUBAIOTCSA [IBA CIIOCO0A IeJIEHUS Kpe-
IWTOB HAa TPYIIIBL YIPOIIEHHAS CXe-
Ma ¢ JeJIeHHeM KPeguToB Ha TPH OC-
HOBHBIE TPYIIIEI U OoJiee JeTaIbHAad,
B KOTOPOM YYUTHIBAETCS BO3MOKHOCTD
BOCCTAHOBJIEHHUS CCYIBL.

MaremaTruecKkas MOIEIb OIIMCAHMS
IUHAMUKHA TOPTQEIs KPeIUTOB OCHO-
BaHA HA OIIMCAHUHN M3MEHEHUS COCTO-
SHWSA OTHEJILHO B3STOT0, CIIyYaHOro,
KpeIuTa Kak MapKOBCKOHN IIEIU C KO-
HEYHBLIM UYWCJIOM COCTOAHHUHI. B sToMm
cIy4yae «COCTOSTHUEM» KpeauTa sSBJIs-
eTcs MPUHAIJIEeKHOCTh TOU WJIU WHOM
TPYIIIe KPEIUTOB IT0 HAJTHYUIO U CPOKY
3aJ0JIXEeHHOCTH II0 BEIILTaTaM. B maH-
HOM craThe OyJgeM WCIOoJIb30BATH MO-
JlesIb C JUCKPETHBIM BpeMeHEM, TO €CTh
JpHUKCHPOBATE COCTOSHUS CHCTEMEI Ue-
pe3 OOMHAKOBBLIE IIPOMEKYTKH Bpe-
menu (0QWH pas3 B mecdrr). bymgem mo-
JaraTh gajee, UTo IIOBeJdeHIe KpPeIu-
Ta (C TOYKY 3PEHUS BHITTOJTHEHUS 00s1-
3aTeJIbCTB II0 ILJIATEXKAaM) He 3aBHUCUT
OT IPEIBICTOPUH U IIPOUCXOTUT CIIydati-
HBIM 00pa30M, TO €CThb IIPOLIECC IIEPEXO0-
JIOB M3 COCTOSIHUS B COCTOSHIE MOKHO
OIMCHIBATH B PAMKAX TEOPUU MAPKOB-
CKUX CJIyYaWHBIX IIPOITECCOB.

Paszobbem Bee KpequThI Ha TPH IPYII-
OB B 3aBUCHMOCTH OT 3300/ IKEeHHOCTH
CO CTATYCOM He MEHBIIIE OIIPeIeIEHHOrO
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KOJIMYeCTBa JTHEH: KpequTsl 0e3 IIpo-
CPOYKHM, B TOM UMCJI€ HOBBLIE; KPEIUTHI
C IIPOCPOUKOi 1-65 mH.; ITpobIeMHbIe
KPEIUTHL, TO €CTh KPEIUTHI C IIPOCPOU-
Ko boJstee 65 mH.

B coorBercrBHE ¢ aTHM mesieHHeM,
Oymem 0003HAYATH COCTOAHUS IIPOU3-
BOJILHO BBEIOpaHHOro Kpeanta X B Mo-
meHT t:X(t) = S, ecaum KpeguT Ges
mpocpodexr; X(f) = S,, eciu mpocpod-
Ka [0 KPeIuTy cocTaBisgeT 1—-65 mH.;
X(t) = S,, ecyy IPOCPOUKA TI0 KPETUTY
cocTaBJigeT bosee 65 mH.

Taxum oOpasom, Bech IOpTdesIh
KpPeIuTOB B MOMEHT BPEMEHU [ MOK-
HO pas3ouTh Ha JoH q,(1), g,(t), q5(D),
cyMMa KOTOpHIX paBHa 1. 3mech q,(t) —
JIOJIS KPEIUTOB B IIOPT(esie B MOMEHT ¢
0T HavaJIa JKU3HHU KPeTUTOB (MX BHIIA-
UM) U3 COOTBETCTBYIOIIEH IPYIIIBL. JTH
JIOJTV BBIYMCJISIIOTCS II0 TEKYIIEMY CO-
CTOSHUIO TIOPTQENIs IPU IIPOBEIEHUN
BuUHTaKHOTO aHasmaa. C apyroit cro-
POHEBI, MOKHO pacCMAaTPHUBATHL 3HAUE-
Hud goneht q,(?), q,(?), q;(f) xax Bepo-
SITHOCTH COOTBETCTBYIOIIUX COCTOSHIM
IUCKpeTHOM 1enu Mapkosa.

JleTanbHBIN CTATUCTUYECKUH aHa-
JIN3 TIOKA3BIBAET, YTO €CTh HEeKOTOpas
CTATHUCTUYECKAS B3aUMOCBSI3b MEKIY
TOBeIeHNeM KOHKPETHOTO 3aeMIIUKa
B IIPEIIIECTBYIOIINE MECALLI U €ro II0-
BeJeHVEeM B maJsibHewirem. Tak, ecau
KPEINUT OTHAKIBI IIOIIAJI B TPYIIILY IPO-
OJIEMHBIX, TO € OOJIBITION BEPOSATHOCTHIO
OH BEPHETCA B 3TO COCTOSIHMIE, X Ha000-
POT, 3a€MIIUEK, IIPOSABHUBIIAIH ce0s «XO0-
POIIIO» B MEpPBBIE MECAIIBI, ¢ DOJIBIION
BEPOATHOCTHIO OY/IeT 1 JAJIbITe BBITIOJ-
HSITh CBOM 00513aTeJILCTBA PETYJIIAPHO [2].

OnHako IpU MCCIIeOBAHUY JUHA-
MHUKM TIOPTQENIS B LEJIOM 9TH JeTaJIn
MOYKHO He YUYUTBIBATH, CYUTAS, YTO Be-
POSATHOCTH IIEPEXOH0B M3 COCTOSHUSA
B COCTOSTHHSI OJJTHAKOBHI B TEUEHUE BCEH
«KM3HI KpenuTa. B aToM ciydae mose-
JIeHe CIyYaiHO BEIOPAHHOIO KPEeIuTa,
a 3HAYUT, U IIOPTQEId B LIEJIOM OIIHCHI-
BAeTCA B PAMKAX TEOPHIO TUCKPETHBIX
MAapKOBCKUX Ilerte [3, 4].

IIpusemem rpad cocTosHHN s
Tpex TPyIII KPeIuToB, PACCMATPUBAS

UX KaK BO3MOJKHBIE COCTOSHUS CJIY-
yaiiHo BBIOpaHHOro Kpemura (puc. 1).
W3 omtricarus rpyIm ciiegyeT, uTo Ie-
PexoJ1 3a OIUH IIar MOYKET IIPOU30NTH
TOJIBKO B COCEIHEe COCTOSTHUE, UTO OT-
paskeHo Ha cxeMe.

Pz P
S "l S5 " s

ek

F 3
F

P P32

Puc. 1. Tpach COCTOSHUIA CUCTEMDI
Ans cnyyas Tpex rpynn

Ha ocHoBanmun uicropnyieckux maH-
HBIX HAXOJATCS BEPOATHOCTHU IIepexo-
Jla W3 OJ[HOT'O COCTOSTHUS B JIPYTOE B Te-
uenmne mecsia. O6o3HaunmM D;;— Bepo-
SITHOCTH IT€PeX0j[a M3 COCTOSIHUS I B j
3a oxguu mar (mecsrr), Hampumep,

P = PX(E+1)=85,1X() =S}

— BEpPOSATHOCTHL TOT0, UYTO KPEIUT
U3 «HOPMAJIbHBIX» Mepelger B Tede-
HHE MeCsIla B KPEeIUT C IIPOCPOUKOI
mo 65 . Ha ocHOBaHUM craTtucTmye-
CKUX JaHHBIX TaKas BePOSITHOCTD OIle-
HUBAETCsI KaK OTHOIIEHNE KOJIMYe-
CTBA KPEIUTOB, ITePEeNIeqIInX U3 TPYI-
bl KPeOUTOB 0€3 IIPOCPOUKH B TPYIIILY
C IIPOCPOUKOM 10 65 TH., K KOJTUIECTBY
KPEeIUTOB IIePBOM IPyiIsl (0e3 mpocpoy-
KH) HA HAYAJIO MeCsIIa.

Ilepexomubie BEPOATHOCTH YA00HO
IpPeICTaBJATh, B BHUOE MATPHUILI IIe-
PEXOTHBIX BEPOSATHOCTEH, KOJTMIECTBO
CTPOK U CTOJIOITOB KOTOPOM PaBHBI YKCITY
TPYIII, B JaHHOM caydae Tpem. Matpu-
11 IIePEeXOJHBIX BEPOITHOCTEH, COOTBET-
CcTByIOIIAsa rpady cucTeMbl Ha puc. 1.

Py Py O
P=|p, Py Py
0 Py Dy

Ecnm maBecTHBI IIepexomHbie Be-
POSITHOCTH, TO MOYKHO CITPOTHO3UPO-
BATh IIOBEIEHIE IIOPTQEIs, COCTOSAIIEr0
W3 CCY/I, BEIIAHHBIX B TE€UYEHUE OTHOTO



Mecsna. Tak Kak HOBBIe KpeIUThHI He SB-
JISTFOTCSI ITPOOJIEMHBIMHY, TO €CTh BCeraa
OTHOCATCS K IIEePBOH I'PyIIIie, TO B Iep-
BBIM MECSIL KU3HH, TO eCThb mpu ¢t = 0
numeem q(0) = {1,0,0}.

Jlasee, B COOTBETCTBUH C II€PEXOI-
HBIMH BEPOSTHOCTAMH HAXOIHM pac-
IpejieJieHre BEePOSITHOCTEH U CTPYK-
Typy mopTdessa mpu ¢t = 1, 2,.., 36 mec.
o opMmy.ie

qt+1)=q@®P, 1

rae ¢(0) = {1,0,0}; P — maTpuiia mepe-
XOJTHBIX BEPOSITHOCTEH.

B pesynbrare, monyuaem rpadpuxmn
3aBUCUMOCTHA BEPOSATHOCTEM COCTOS-
Hui (moJieli B mopTdeste ¢y ¢ paBHBIM
cpoxoM) oT Bpemenu. MosxHo ompere-
JINTH CPa3y paclpenesieHne KpPequToB
10 TpyHIIaM dyepes3 k Mec.:

qk) = qO)P* k=1,2,.,36. (2)

Paccemorpum cieayromuit Mogesrn-
HbI# npumep. [lycTs Ha ocHOBaHUM yce-
PeIHEeHHBIX JaHHBIX 34 IPeIIIecTBYIO-
TITIH TTIEPUO]T YCTAHOBJIEHO, UTO MATPHUIIA
TIePexX0THBIX BEPOATHOCTEN NMEET BU/T,

0,98 0,02 O
P=0,35 0,35 0,3
0 0,25 0,75

Torma, 3HasT MATPUILY TEPEXOTHBIX
BEPOSTHOCTEHN U HAYaJIbHOE COCTOSTHUE
cucTeMbl, 110 popmyie (1) BEIUUCTIAIOT-
s JIOJTA KPETUTOB Kask 0¥ rpyrrsl (0e3

AcnupaHTcKas TeTpab

IIPOCPOYKH, C ITPOCPOUKON M0 65 IH.,
¢ IIPOBJIEMHOM 3310/ KeHHOCTRI0). Vame-
HEHUEe BePOSITHOCTEH BTOPOTO ¥ TPETh-
€ro COCTOSHUM (a 3HAUUT, U JOJIEH IPo-
0JIEMHBIX KPEIUTOB C Pa3JIMYHOM 3a-
JTOJIKEHHOCTBI0) M300pakeHo Ha puc. 2.

Kax Bumso mo rpaduram, npumep-
HO K KOHILy BTOPOT'0 I'oa KU3HU II0PT-
e BEPOATHOCTH COCTOSTHUHN CTAOU-
nnsupyoresa. Kax maBecTHO M3 Teo-
puHu caydadHBIX MapKOBCKUX ITPOIIEC-
COB, TIPH ¢ — 00 BEPOSATHOCTY COCTOSTHUM
OpUOIMIKAIOTCT K (PUHAIHEHBIM Bepo-
araoctaM. BexTop ¢puHAIBHBIX Bepo-
ATHOCTEH ¢ = (> 95 q5) ABAAETCA pe-
IIIeHreM CUCTeMEI [2]:

q =qP,
q +q,+q,=1. 3)

W3-3a TOT0, UTO IIEPEXOIBI ITPOKCXO-
JIAT JIAIIIE B COCE/THEe COCTOSTHUE, Pelrie-
HIeE CUCTeMHI (3) JIJIsT paccMaTPUBAEMOH
CXEMBI MOJKHO [IPUBECTH B SIBHOM BHJIE.

-1
o <[1422, PaPn
1
le p21p32
« Dy
q,=—%q,,
le
. D
Q3:iqZ
pSZ

Jlyia mpuBeIeHHBIX 3HAUYECHUH IIe-
PEeXOOHBIX BEPOATHOCTEH IIoJydaem
BEKTOD d)HHaJH)HBIX BepOHTHOCTefI
g’ =(0,888; 0,051; 0,061).

0,08

0,06

0,04

0,02

0~' | | |
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Puc. 2. 3aBUCMMOCTb J0Neil NPOCPOYEHHBIX KPEAUTOB OT BPEMEHU XU3HU
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Jetanu3auus matemaTuyeckoin mogenu

Pacemorpum Gostee mompoOHO BO3-
MOSKHBIE CPOKH 34 I0JIKEHHOCTH 110 Kpe-
muty. Kpeaur OymeM HasbIBATL IIPO-
0JIeMHBIM, €CJIM MIPOCPOYKA II0 HEMY
cocraBiigeT Oosiee 65 nH. Ilocse Toro
KaK KpeIuT OKa3aJiCsa IIPOOJIEMHBIM,
BBIIIJIATHl IO HEMY OTCJIeKHUBAIOTCS
OT/IeJIbHO, ¥ TP BOCCTAHOBJIEHUU BEI-
ILJIAT II0 TAKOMY KPeIuTy, OH II0I1aaeT
B TPYIIILY BOCCTAHOBJIEHHBIX KPEIUTOB.
Kpenur cunraercsa BoccraHOBIEHHBIM,
€CJTH B TEUEHUE JBYX MECSIIEB OIS
3aeMmuK ymaumBayg He MeHee 30 %
MHHUMAJBHOTO ILJIATEKA.

B cooTBeTcTBIM ¢ 6AHKOBCKOM IIpaK-
THUKOH, BBIIEJIUM IIATH TPYIIIL: KpPeIu-
TBI 0€3 IIPOCPOUKM, B TOM UHCJIE HO-
BBIE; KPEIUTHI C IPOCPOUKOL OT 1 10 35
ITHeM; KPeJIUTHI C IIPOCPOYKOM oT 35 M0
65 qHe; KpeIuThl ¢ IPOCPOUKOL Oostee
65 mTHel; BOCCTAHOBJIEHHBIE KPEIUTHI.

B coorBercTBUM ¢ aTHIM JeJieHTEM,
OyzmeM 0003HAYATH COCTOAHUS IIPOU3-
BOJIbHO BBIOpamHOro Kpeaura X B MO-
MeHT t:X(t) = S,, ecau Kpegut Ges
mpocpodex; X(f) = S,, ecnu mpocpod-
Ka [0 KpeauTy cocTaBiysgeT 1-35 mH.;
X(t) = S;—35-65 mu.; X(¢) = S, — Go-
nee 65 nH.; X(t) = S; — BoccTaHOBIIEH-
HBIU KPeIuT.

Taxwm 06pasom, Bech ITOPTQEIIb Kpe-
JUTOB MOXKHO pa3bmBaeTcs Ha JI0JIH q,
Q9 Q3 4y 95 T1€ q; (t) — 0TI Kpeu-
TOB I-T'0 THUMA B TOpTdesie B MOMEHT ¢
0T HavaJIa KM3HU KPeIuToB (MX BHIIA-
YM) U3 COOTBETCTBYIOIIEH TPYIIIEI

q,+tq,tq;tq, tq;=1.

OTH 10U MOYKHO PacCMAaTPHUBATH
KaK BEPOATHOCTH COCTOAHMI S,.

P
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IIpusenem rpad cocrosHHN Ois
cIy4as HATHA TPYIII KPEeIUTOB; CTPEeJI-
KaM{ YKAa3aHbI HAIIPABJICHUS BO3MOK-
HBIX IIepexooB (puc. 3).

W3 ormricaHus rPyIIn U MPaKTUIECKUX
TaHHBIX CJIEIYeT, UTO IePexo 3a OSUH
IIIar MOSKET IIPOU3OUTH JIJIS COCTOSTHUH
S,, S,, S; ToBKO B coceiHee cocTOAHMe,
IS TIPOOJIEMHBIX KPEIUTOB — JIH00
B BOCCTAHOBJIEHHEIE, JIM00 B KPeauT 0e3
IPOCPOYKH (€CJIH BCA 3aI0JIKEHHOCTh
moraiesa). EcrecTBeHHO, KasKIbIN Kpe-
IAT MOXKET OCTATHCA B CBOEH IpyIIIe.

IlepexomHbie BEpOATHOCTH IIPEICTA-
BHUM B BHJI€ MATPHIIBI IIEPEXOTHBIX BEPO-
SATHOCTEH, KOJIMYECTBO CTPOK M CTOJIOIIOB
KOTOPOI paBHBI YHCJIy TPYIII, B JAaH-
HOM cJiy4dae 5.

p, p, 0 0 0
By by py 0 0
P=10 p, py py O
0 0 0 py D
py 0 0 P, pg

3r1eck p,,— BEPOATHOCTD TOTO, YTO
KPeOuT M3 «HOPMAJILHBLIX» Iepeimer
B TeUeHMe MeCsIIa B KPeIUT C IIPOCpOY-
Kol 1-5 gH., p,; — BEPOATHOCTH TOTO,
YTO KPEOUT U3 «IIPOOJIEMHEIX» IIepei-
IeT B TeUeHHe MecdAlla B KpeauT 0es
TIPOCPOYKH.

Ecnu m3BecTHBI mmepexomHbIE Be-
POATHOCTH, TO MOYKHO CIIPOTHO3UPO-
BaTh ITOBEEeHIE TTOPTQEIsI, COCTOSIIIETO
M3 CCy[, BBIAHHBIX B TEUEHUE OTHOTO
mecsana. Taxk Kak HOBbIe KpeUThI He sSB-
JIAIOTCS IIPODJIEMHBIMHU, TO €CTH BCETIA
OTHOCSATCS K IIEPBOM I'PYIIIIe, TO B IIep-
BBIM MeCAIl KU3HU, TO ecTh npu t = 0
umeem q(0) = {1, 0, 0, 0, 0}.

Py Pys

h 4
el
A
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Ps

Puc. 3. Tpadh cocTosHMiA ans NaTu rpynn



Jlasee, B COOTBETCTBUU C IEPEXO/I-
HBIMU BEPOSITHOCTSIMHU, HAaXOJUM pac-
mpeaesieHrue BePOSITHOCTEH U CTPYKTY-
py moptdens mpu t = 1, 2,.., 36 mec.:

qt+1)=q@®P, 4)

rae P— MaTpuiia rmepexoaHbIX BePOsT-
HocTei. B pesysbrare mosyuaem rpa-
bMKH 3aBUCUMOCTH BEPOSTHOCTEH CO-
CTOSHUM (moJie B TopTdete cCys ¢ pas-
HBIM CPOKOM) OT BPEMEHH.
Paccemorpum ciiemayroruit Mogesrn-
HbI mpuMep. IlyceTs Ha ocHOBaHMu ye-
PeIHEHHBIX TaHHBIX 34 IIPEIIIeCTBYIO-
A TIEPHUO]T YCTAHOBJIEHO, UTO MATPHUIIA
IIePEXOTHBIX BEPOSITHOCTEH NMEeeT B/

095 0.05 O 0 0
0.35 0.35 0.3 0 0

P= 0 025 035 04 0
0 0 0 069 031
0 0 0 0.12 0.78

IIpoBegem pacuer B mporpamme
MathCAD B coorBercTBHU C ypaBHEe-
HueM (4) U MOJIyYnM JUHAMHAKY H3Me-
HeHwusa gosei moprdestsa. Ha puc. 4 uso-
Opaskensbl 1011 TopTdesieit 2—5 TPy
B 3aBUCHMOCTH OT BPEMEHH KU3HU
mopTdess.

Ha rpacdure Bumeo mocrereHHOe
HAKOILJIEHUE IIPOOJIEMHON 3aJI0JI3KeH-
HOCTH (CILIOIIHAS JIMHHUS) U ee II0CTe-
TIeHHAS CTAOMIN3AIIHS HA TPETHEM IOy
SKU3HU TIopTdesiss Ha ypoBHe, 0Jm3-
KoM K 10% OT Bcex BBITAHHBIX Kpe-

AcnupaHTcKas TeTpab

nutoB. EcrecTBeHHO, UTO Takas quHa-
MHUKA HAOJII0IaeTcs TOJIBKO B YCJIOBU-
SIX CTaOMIBHOM 9KOHOMHYECKON CUTY-
aIyu, Koraa MaTPUIla ITePexXoTHbIX Be-
POSATHOCTEH! MAaJI0O MEHSIeTCS B T€UeHUe
CPOKA BBHIILJIAT 110 KPeIUuTaM.

IIpu mcciteToBaHIMI CTATUCTHIECKITX
JTAHHBIX O BEPOSTHOCTSIX IIepexoa Kpe-
JIUTa U3 OJHOTO COCTOSTHUH B JIPYyroe
MOYKHO YYUTHIBATE BPEeMs, IIPOIIIEIIIee
¢ MoMeHTa Beauu kpeaura. Kak mpa-
BIJIO, HEJOOPOKAYECTBEHHbIE 3aeMIIIH-
KU IPOSBJIAIOTCS HA PAHHUX CTAIUAX
JKU3HU TIOKOJIEHUS KPEIUTOB, a II0cJIe
TOTO KaK 9Ta BOJIHA IIPOXOIUT, CKOPOCTh
HAKOILJIEHUS IIPOCPOYKH 3HAYUTEITHHO
cumkaercs [2]. [loaTomy mepexoaHyto
MAaTPHUILY [1eJIaI0T 3aBUCHUMOM OT Iepe-
MEHHOH! BO3pacTa, HAIpuMep, OT WH-
IUKATOPA: MIPEoJI0JIesI JIU KPEIUT BO3-
pact 6 mec. miu Het? Takum obpasom,
JTMHAMUEKA J0JIeH TopTdesis OyaeT omu-
CHIBATHCA BMECTO ypaBHeHUd (4) ciemy-
IOIAMU COOTHOIIEHUSIMU:

q(t + 1) = q()P®), ®)

P® ecnu t < 65,

P()=
© P®, ecnm t > 65.

Xorsa coorHormeHus (5) TouHee OT-
paskanT IMHAMHKY, OJHAKO pas3JjiH-
UM MEKIY MATPULIAMU He3HAUNTEIb-
HHI [1], 4TO TT03BOJISIET paCCMATPUBATH
MOJIEJIH C TIOCTOSHHOMN MaTpHIIei mepe-
XOIHBIX BEPOATHOCTEHN B T€UEHME BCETO
BpEeMEeHH SKU3HU IOPTQeIs.

BB beABAsIIE LIttt ALt etta
R R NS
——pt

-
R R T,
-

20 25 30 35 40
k 36,

Puc. 4. 3aBUCUMOCTb 0NN NPOCPOYEHHBIX KDEAUTOB OT BPEMEHU XKU3HN
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Cpox sxu3HU opTdesIs JOCTATOTHO
IJINTEIHHBIN ¥ B CPETHEN YacTH BePOST-
HOCTH COCTOSTHHUH (IT0JIH1) CTA0HMITH3UPY-
forca. Ilo mosmyyenHOMY IpOrHO3UpYe-
MOMY PaCIIPEIeIeHUIO TTOPTQEJIS IT0 CTa-
TyCcaM MPOCPOUKI MOKET OBITH PACCUH-
TaHbI HEOOXOTUMEBIE Pe3e€PBHI B COOTBET-
CTBHUH C METOAUKON pe3epBUPOBAHMSI.

B pamrax Taxoit momesiu mopTdesin
OTHOPOIHBIX CCY/, C PA3HBIMHU CPOKAMU
SKM3HU OITMCHIBAETCS B TEUEHHE BCETO
CPOKA ITOCTOSIHHOM IIePEeX0IHON MATPH-
neit. Mcxoma ua 9Toro mosioseHn s 00b-
€M CTATUCTUYECKUX NAHHBIX IJIs OT-
CIICYKMBAHUSA BEPOATHOCTEN IIePeX0I0B
PACIITUPSIETCS 10 BCET0 OPTQeJIst OHO-
pomubIX ceyd. [Ipu aToM akTya IbHOCTD
MCCIIENOBAHMSA 3aBUCUMOCTH JUHAMMU-

Jiutepatypa

KU TPYIII OT ITapaMeTPOB MaTPHUITHI TIe-
PEXOTHBIX BEPOATHOCTEN BO3pacTaer.

3akniouyenue

B cratre paccmorpena maremaTtu-
YecKasi MoJae b TUHAMHUKHN KPeIUTHO-
ro moptdesisi 6anka. [Iporaosuposa-
HHe J0JU IIPOOJIEMHBIX KPEIUTOB OC-
HOBAHO HA MOJIEJIM MAapPKOBCKHUX CJIY-
JyaiHbIX mporeccoB. [Ipedmosaraercs,
YTO BEPOATHOCTH BOSHHUKHOBEHHS 3a-
JIOJIKEHHOCTH II0 CJAYYAMHO B3SATOMY
KPeJIUTy OITUCHIBAETCS ITePEeXOIHBIMU
BEPOSITHOCTSIMU, KOTOPhIE He M3MeHsI-
TOTCS HA IIPOTSSKEHNH KU3HU KPeIuTa.
Ha ocrHoBasmu Mogem MOKHO IIPOTHO-
3UPOBATH U3MEHEHUS 380/ IKeHHOCTH
o KpenuTHOMY moprdesto. O
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BeposiTHOCTHbIE MOAENM B OLIeHKE UHBECTULMOHHBIX NPOEKTOB

G. M. Vakulina

UDC 519.872

Probabilistic models in the investment projects’ assessment

AHHOTaLMA

B cratpe paccmoTpeHa BO3MOMKHOCTD
OIpe/IesIeHHs YPOBHS PUCKA HHBECTUIOH-
HOTO IIPOEKTA Ha CTAUU IPUHATHS Pellle-
uust. OCHOBHAs 3a/1a4a COCTOUT B TOM, YTO-
OBl 10 TIPEIOAKEHHOMY OH3HEC-TUIaHY OIIpe-
JIeJIUTH BEPOATHOCTD OTKJIOHEHUS OKHU/Iae-
MBIX PE3yJIbTUPYIONIHX ITOKa3aTesel oT dhak-
Tryeckux. Ha mpuMepe niiaHa JeHesKHBIX
IIOTOKOB IIPOEKTa paccMOTpeHa ImpobseMa
ONMCAHUA CJIIyYAUHBIX BEJIUYUH, OKA3BI-
BAIOIIUX CYLIECTBEHHOE BIUAHUE HA IIPO-
eKT, ¥ UX B3auMocBs3ei. [IpeioskeHs! Ba-
PHAHTHI MOJIEJIMPOBAHUS OU3Hec-IIpoIecca
C HCII0JIb30BAHUEM BEPOATHOCTHBIX TI0/IX0-
JI0B, BBIMIOJTHEHO UMUTAIIMOHHOE MOIEJIH-
poBanue. Crmenad BHIBOI 00 apdpeKTHUBHO-
CTH MOJIeJIeH, 0 BOSMOKHOCTH MX JAJIbHel-
IIeT0 YCJIOKHEHNUS.

Kniouesble cnosa:

VHBECTUIIMOHHBIH IIPOEKT, MaTeMaTHIe-
CKO€ O/KHMIaHHNe, PUCK, BEPOATHOCTHBIE Xa-
PAKTEPUCTUKH, YUCTAS IIPUBEIEHHAS CTO-
HMMOCTb, MaTeMATHIECKOe MOJIeJINPOBAHUE.

Abstract

In the article the possibility of detec-
ting risks level of an investment project on
the decision making stage is considered.
The major task is to detect the probabili-
ty of deviation of the expected resulting in-
dicators from the real ones on the basis of
the offered business-plan. By the example
of project financial flows’ plan the problem
of description of random variate, which in-
fluence the project and their interrela-
tion is studied. The variants of business-
process modeling with use of probabilistic
approaches are offered, simulation mode-
ling is done. The conclusion about models’
efficiency and possibility of their further
complication is made up.

Key words:

investment project, mathematical expec-
tation, risks, probabilistic characteristics,
net present value, mathematical modeling.

HBECTHUITMOHHBIH TPOEKT —

9TO ILJIAH WJIU IIPOTpaMMa Me-

POTIPUATHIH, CBA3AHHBIX C OCY-
IIIECTBJIEHUEM KaITUTAJIHHBIX BJIOKEHIH
C TeJIBI0 UX ITOCJIEIYIONIEero BO3Melle-
HUS ¥ OOJIyYeHus npudbsLiu. Pe3yib-
TAThl HHBECTUITMOHHOI JeATeTbHOCTH
BO MHOTOM 3aBHCAT OT TOT0, HACKOJIb-
KO TIOJTHO ¥ O0BEKTUBHO YUYUTHIBAIOTCS
PUCKH Ha 9Tame MPUHATUS PeITeHU.

NuBecTUIINOHHBIE TPOEKTHI MOK-
HO OIEHUBATH 110 PA3JIUYHBIM KpHUTe-
PHUAM: ¢ TOUKY 3PEHUS UX COITMATBHOMN
3HAYMMOCTH, MACIITabaM BO3I€HMCTBHS
Ha OKPYSKAIOIIYIO CPey, CTEIIEHH BO-
BJIEUEHUS TPYIOBBIX PECYPCOB H T.II.
OpHako IeHTPaJIbHOe MECTO B dTHX
OIIEHKAX IIPUHAJIEKUT dppeKTUBHO-
CTH WHBECTHUIIMOHHOTO IIPOEKTa, IIOJ
KOTOPOM B 00IIeM ciIyuyae MOHUMAIOT
COOTBETCTBUE TTOJIYYEHHBIX OT ITPOEK-
Ta Pe3yJbTATOB KaK dKOHOMUYECKUX
(B yacTHOCTM TIPWOBLIN), TAK U BHE-
9KOHOMUYECKHX (CHATHE COITUATIBHOM
HAPSKEHHOCTU B PETHOHE) U 3aTpaT
Ha IIpoekT. B smTeparype mo wWHBe-
CTUITMOHHOMY aHAaJIM3y XOPOIIOo M3-
BecTHa (opMyJia YHUCTON COBpEMEH-
HOM 1leHHOCTH MHBecTuruii (NPV —
Net Present Value).

BosbMeM 0CHOBHOIT YaCTHBIH CJIY-
vait oreakn NPV, Kortopsrit u 0ymem
HCTIOJIH30BaTh B JAJILHEHIIIEM PAcCMO-
Tpeunu. [Ipemorosxmum, 4To Bce NHBE-
CTHITMOHHBIE TIOCTYTLIIEHUS TTPUXOIATCS
HA HAYaJI0 HHBECTUIIMOHHOTO TIPOIec-
ca, OIIeHKa JIMKBUAAIIMOHHOM CTOMMO-
CTH IIPOEKTA IMpou3BoauTes postfactum,
TI0 UCTEUEHUHN CPOKA JKU3HU IIPOEKTA.

TanuHa MuxaitnoBHa BakynuHa, acnvpaHT; kadeapa «Bbiciuas MatemaTtuka» YpanbCKoro rocyAapCTBEHHOr0 YHUBEpCUTETA NyTeil
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Galina Mikhailovna Vakulina, post-graduate; «Higher mathematics» department of the Ural State University of Railway Transport,
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Torma coorHomenue qjia NPV nme-
eT CJIeTYIONTUHY BU/I;

NPV = -1+5 -2V ¢
n(l+r)  Q+ry,

)N+1 ’ (1)
rae I — cTapToBbIi 00bEM MHBECTHLIMIA;
N — 4mcJI0 IIAaHOBBIX MHTEPBAJIOB (I1e-
PHOI0B) MHBECTUITMOHHOTO ITpOoIlecca,
COOTBETCTBYIOIIUX CPOKY JKM3HU IIPO-
ekra. OOBIYHO B OM3HeC-IIIIAaHUPOBAHUN
OepyTca paBHBIE HHTEPBAJIBI (Hemels,
MECSIII 1 T.JI.), OJHAKO BO3MOYKHO U IIPH-
MeHEeHHe PA3JINYHBIX II0 IJIATEJIHHO-
CTH BpeMeHHBIX ITPOMEKYTKOB; AV, —
Pa3HOCTh ITIOCTYIJIEHUU U TIaTekel
B i-M IIepHofie; I'; — CTABKA JUCKOHTHU-
POBaHMUs, BRIOPAHHAS JJISI 1-T0 IIePHO-
J1a C yYeTOM OII€HOK OYKHIaeMOM CTOH-
MOCTH HKCIIOJIb3yEeMOT'0 B IIPOEKTe Ka-
nuTasia (HalrpuMep, OsKuIaeMasi CTaB-
Ka II0 JOJTOCPOYHBIM KPEIUTAM KN
cTaBKa pe)MHAHCUPOBAHUS, YCTAHOB-
snennasn [IB PO). Ilycrs C — nuksuna-
ITMOHHASA CTOMMOCTh YMCTBIX aKTHUBOB,
CJIOYKHBIIIASCS B X0/I€ MHBECTUITHOHHOIO
mmpoirecca (B TOM YHCJI€ OCTATOYHAS CTO-
MIMOCTH OCHOBHBIX CPEJICTB Ha baJiaHce
MIPEIIPUSITHS), TO €CTh Ta CyMMa, KOTO-
PYI0 UHBECTOP IOJIYIUT B KOHIIE CPOKA
pH JIUKBUIALIAH (MJIK IIPOOAXKe) IIPO-
exra. Taxkum 06pasom, mokasaress NPV
IpeCTaBIgeT cO00M Pa3HUILy MEKIY
BCEMHM EHEKHBIMHU IIPUTOKAMU U OT-
TOKAMH, IPUBEIEHHBIMHA K TEKYIIEMY
MOMEHTY BpeMeHH (MOMEHTY OLleHKHU
WHBECTUITMOHHOrO poekTa). OH moka-
3BIBAET BEJINUMHY JTeHEKHBIX CPEJICTB,
KOTOPYIO0 MHBECTOP OKUIAET IIOJIYIYUTD
OT IIPOEKTA IT0CJIe TOTO KAK JeHe KHbIe
IIPUTOKH OKYIIAT €r0 IePBOHAYAJIbHEIE
MHBECTUIIMOHHBIE 3aTPATHI 1 IIEPHOIH-
YecKue JIeHEeKHbIe OTTOKH, CBI3aHHBIE
C OCYIIIECTBJIEHHEM IIPOEKTA.
NuBecTUITMOHHBIN TPOEKT IIPU3HA-
ercs apdeKkTuBHBIM, Korma NPV 6011b-
1I1e OIPEJIeJIEHHOI0 IPOEKTHOTO YPOB-
s G (B caMOM pacrpoCTpaHEeHHOM CJIy-

vae G = 0). B kosmrruecTBeHHOM aHAIH3e
IIPOEKTHBIX PHUCKOB YACTO PACCMATPHBA-
eTcst BepOsATHOCTE Toro, uro NPV mpu-
MeT 3HaueHne MeHbIinee G.

Yro0s! orrpefesinTh 3Hauenne NPV,
JIOCTATOYHO PACCUNTATDH BEJIMUNHEI Je-
HEKHBIX TIOTOKOB JIJIsI KAsKI0T0 HHTEP-
BaJIa MHBECTUIIMOHHOrO mpoiiecca. O-
HAKO IIPOCTO OIIPEIeIUTh 3HAUYEeHUEe
NPV 110 myt1aHOBBIM ITOKA3ATEJIAM IBHO
HEeI0CTATOYHO. BI1oJIHE BO3MOYKHO, UTO
IIpH HeOJIATOIIPUATHOM PA3BUTUN COOBI-
TUH UHBECTUIINHY He OKyIsaTest. [loaTo-
My Ha oTalle IPUHATHS Pelle s Heo0-
XOIMMO PACCMOTPEThH He TOJIHKO TLJIaHO-
Boe, 0a3oBoe, aHauenne NPV, o u Be-
posTHOCTE TOTO, uTo NPV oTRITOHUTCSA
OT 9TOr0 3HAYEHUA U OKAMKETCS MEHb-
1re HyJIs (IPOEKT OKaKeTcsT Heapek-
THUBHBIM).

OruiireM BO3MOKHOCTD pacuera pu-
CKOBAHHOCTHU IIPOEKTA C IIOMOIIBIO Be-
POSTHOCTHBIX METOOB.

PaccmoTpmm mmpocToit ciryuait: mycth
9KCIIePTY IPEJIJIOKEH ILJIaH JIeHEe KHO-
ro MOTOKa IIPOEeKTa JJINTEIHHOCTHIO
nBa romga. JleHesKHBIN ITOTOK OIMCAH
HOKBApTaJIbHO. B KauecTBe mpoekTa
B3AT Mara3uH, MPOIAIOIUN HECKOJIb-
KO BHJIOB TOBAPOB II0 ONMHAKOBOM IIeHE,
WJIM TOJIBKO OJWH BHJ TOBApoOB (Ma-
rasvH 4YacoB OIpeIeIeHHOM MAapKH).
JlomycTum, 4TO IiIsi 3amycka OusHe-
ca HeoOXOOWMBI MHBECTHUIIUHN pa3Me-
pom 10 muH py6. (TO ecTh B ypaBHe-
mHuu (1) 1 = 10000 TeICc. py0.). Tarxe
JIJISI TIPOCTOTHI IIPUMEM CTABKY JTUCKOH-
Ta 3a 10% romoeeix (B ypasuenuu (1)
r =10 %) u IIPEIIOI0MKIM, UTO B TE€UE-
HHe ABYX IIOCJEOVIOIINX JIeT OHa Me-
HATBCA He Oymer. Omucanme IeHex-
HOT'0 IIOTOKA IIPEeICTABIIEHO B TAOJIHIIE.

JlomycTum, ©HBECTOP pacIiojiaraet
TAKHUMHU CPEICTBAMM M XOUET BIIOYKUTH
HX C IeJIBIO ITOJIYYUTDH He MEeHbIIe BhI-
TOJIBI, YEM OT BJIOKEHUS B OE3PHCKOBBIE
meHuble Oymaru. Pacemorpum, u3 uero
OyIeT CKJIAIbIBATHCSA €ro IPUOBLIb.
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[Tepwon 1 2 3 4 5 6 7 8
Jloxom mpoexTa, TeIC. pyo. 1400 3200 7500 10000 12600 13200 16100 16800
Ilena peanmusaiuu, THIC. PyO. 40 40 50 50 60 60 70 70
O0beM peasn3alinu, IIT. 35 80 150 200 210 220 230 240
Pacxoppr mipoekTa, THIC. pyo. 3050 4175 6675 8175 9575 9925 11425 11825
ITocTrostHHBIE PACXO/IBI, THIC. PYO. 800 800 800 800 850 850 850 850
ApeHpa, KOMMyHaJIbHBIE IUIATEKH, ThIC. pyd. 600 600 600 600 630 630 630 630
®@OT (+ corerpax), ThIC. pyoO. 200 200 200 200 220 220 220 220
IlepemenHbIe pacxosl, THIC. PyO. 875 2000 4500 6000 7350 7700 9200 9600
3akyrouHas CTOMMOCTb, THIC. PYO. 25 25 30 30 35 35 40 40
Oo06beM 3aKyIIOK, IIT. 35 80 150 200 210 220 230 240
VYcoBHO-TIOCTOSTHHBIE pacXosl, Teic. pyd. 1375 1375 1375 1375 1375 1375 1375 1375
[IporteHTHI 10 KpEIUTY, THIC. PYO. 375 375 375 375 375 375 375 375
[Ipouwme pacxonsl, TeIC. Pyo6. 1000 1000 1000 1000 1000 1000 1000 1000
Peaysbrar, TeIC. PYO. -1650 -975 825 1825 3025 3275 4675 4975
JluckoHTHpOBaHME -1609 -928 766 1653 2673 2824 3932 4083
NPV 3395
OCHOBHBIM ITAPAMETPOM J0X0aa Oy- NpQq —zq —c
JeT CHUTAThCS Bblqulca I()HaHLI[)HM}LfIIO SZ- NPV=-1 + Ei %’ @)

BUCSAIIAS OT I[EHBI PeaIM3aIun U 00b-
eMa peasIM30BAHHOIO TOBapa, OT pea-
Ju3anuu). BaskHelIne mapamerpsl
PAacXO0B: 3aTPAThl HA 3AKYIIKY TOBA-
pa, mmocrosiauabie pacxoxsl (OOT, mra-
Ta 3a apeHay ¥ KOMMYHAaJIbLHBIX ILIa-
TesKel, a TAKMKE YCJIOBHO-IIOCTOSHHBIE
pacxombl B BUAE U3EeP:KEK HA pPeKrJyia-
My, 000py/I0BaHue, HAJIOrOB U T.1.). Tak
KaK IIOCTOSHHBIE U YCJIOBHO-IIOCTOSH-
HBIE PACXOJIBI IPEIIT0IAratoTCsT MaJo-
M3MEHUYMBLIMU BeJIMYNHAMU, B MOIEJIN
IIPUMEM KX 32 IOCTOSTHHYIO JeTepMU-
HUPOBAHHYIO BesimunHy. CydaiiubivMm
BeJIMYMHAMU OyIeM CYUTATH IIeHy pea-
JIM3AIH TOBapa (OHA 3aBUCUT OT KOH-
KYPEHTOCIIOCOOHOCTH TOBapa U IoBeIe-
HUS OCTAJIBHBIX UTPOKOB PHIHKA), 00h-
eM IpoJask (3aBUCUT TAKIKE OT KOHKY-
PEHTOCIIOCOOHOCTH TOBAapa M €ro BOC-
TpeOOBAHHOCTH), ITeHA 3aKYIIKU TOBApa
(Tak KAk IMOCTABIIUK TOBApa IPAKTH-
YeCKH He 3aBUCHUT OT MHBecTopa). J s
IIPOCTOTHI IIPETIOIOMKIM, YTO IIePEeMeH-
meie P (ena peanusaiun), @ (06bem
mponak) u Z (1ieHa 3aKyIKU) SBIIAIOT-
CA HE3aBHCHUMBIMHU CJIyYalHBIMH Be-
muunuaavu. Torma NPV Oymer ompe-
IeJIATHCS KaK

e N — KOJIMYeCcTBO MHTEPBAJIOB IIj1a-
aupoBauwus (N = 8); ] — 06beM HAUATD-
ubix maBectuiuii (I = 10000); i — Ho-
Mep KBapTaja; p, — IleHa pPean3allun
B I-M KBapTaje; q; — 00BeM Ipomax
B i-M KBapTaje; z; — IleHa 3aKyIKH
B I-M KBapTaJie; ¢ — CyMMa IIOCTOSH-
HBIX ¥ YCJIOBHO-IIOCTOSTHHBIX PACXOI0B
B KBapTaJl, MAaTeMAaTHUYIECKOe OKHIa-
HIe KOTOPOH UCXOAs M3 TAOIUIILI PaB-
HO 1825 ThIC. PyO. (CpemHee 3Haue-
HHUe, IIOCYUTAHHOE JIJIsI BOCBMHU KBap-
TaJIOB); I' — CTABKA JUCKOHTHUPOBAHMUS,
KOTOpasi B HAIEM cJyyae He MeHseT-
csI B TeYEHUE BCETO IIePHUoIa NHBECTH-
poBauus u paBHa 10% romossix. Ilo-
JIydaeM B UTOTe PACUeTOB:
NPV = 3395 TbIC. pyO. 3)
Ecs iporHO03 eHeKHBIX IT0TOKOB
OBLJI COCTABJIEH Ha OCHOBE TIIATEeJIHHO-
T0 aHaJIn3a PBIHKA, TO MOYKHO ¢ 00JIb-
ILIIOM JOJIe YBEPEHHOCTH CKA3aTh, UTO
cJIyuyaHble BeJIMYUHBL P, ¢ U 2 OyOyT
BeCTHU ce0s1 UMEeHHO TaK, KaK YKa3aHo
B Tabiwurie OumaHec-mtaHa. Hawbosis-
IIMe W HAaWNMEHBIINe 3HAYCHUS 3THUX
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BEJIMYUH COOTBETCTBYIOT MAKCUMAJIHHO
¥ MEHUMAJIBHO BO3MOYKHBIM 3HAUCHHU-
sIM peaJIbHBIX TTOKa3aTesIel.

ITocTpoum Momesnb, B KOTOPOM Ha-
3BaHHBIE CJIyYaNHbIE BEJIMUNHBI IMEIOT
oImpeesIeHHbIe BEPOATHOCTHBIE XapaK-
TepucTukn. C ITOMOIIBI0 9TOM MO
HalileM XapaKTepUCTHUKU CIyIariHON
BesmmuuEsl NPV, Eciin monens anex-
BaTHa (BEPHO OTPAXKAET pPeaIbHBIN
IIpoIIecc), TO MOYKHO OyJeT CUYUTATH,
UTO B JAHHOM HHBECTUI[MOHHOM IIPO-
ekTe peasbuas BeanunHa NPV ob6sa-
IaeT TeMH e CBOMCTBAMHM, YTO M CMO-
nenupoBaHHad Hamu. Torma 6e3 Tpyna
MOKHO HaWTH PUCK Toro, uTo NPV mpu-
MEeT OTPHUIATEeJIbHOe 3HAUYEHNE, TO €CTh
WHBECTUIINU HE OKYIISATCS.

Pacemorpum ciryuait, korma Bee CIy-
JaiHble BeJIMYNHLI UMEIOT paBHOMED-
HOe pacIlipejesieHne, 4to OyaeM 000-
amavaTh cumBosoM U(a; b), rme am b —
TPAHUITEI MHTEPBAJIa PaCIIpeIeIeHUA.
Hcxonsa ua mpencTaBIIeHHOTO OM3HeC-
IJTAHA IIPOeKTAa U IIPUBEIeHHOM BhITITe
tabsmier P~ U(40; 70), @ ~ U(35; 240),
Z ~ U(25; 40) mpeamoJIo:um, 9To CIIy-
JaiHble BeJIUYNHBI He3aBUCUMEL. Tor-
a MaTeMaTH4YeCKoe OKUIaHWe IIPOo-
M3BEIeHUs CIIyYaMHBIX BeJIMUNH PaB-
HO ITPOU3BEIEHUIO MX MATEMATHIECKUX
ORUTAHWN, a MATEMATHIECKOE O3KIIA-
HIUe CyMMBI HE3aBUCHMBIX CJIyIANHBIX
BEJIMYMH PABHO CyMMe MX MAaTeMAaTH-
YEeCKUX OKUOaAHNN:

M[XY] = M[X]MY], (4)

M[X+Y] = M[X]+M[Y],  (5)

M[NPV]=-I+
+§ M[P] M[Q]- M[Z] M[Q]- M[C] (6)
ia 1+r/4) '

Mger mpenamosoRuaIn Bce Ciydai-
HBIe BeJIMYUHBI PABHOMEPHO pacirpe-
neJeHHBIMA. MaTeMaTrndecKoe OKuIa-
HUe paBHOMEPHO pPacIpeieSIeHHOH CIIy-
YaWHOM BeJIMIUHBI ONIPEJIeIAeTCS KaK

M[X]=“‘2*b,

rme a, b — rpaHuIsl HHTEpBaja pac-
HpeaeaeHus OJIs CIyYaiHON BeJInIn-
uel X. Ilogcrasiiaa unciioBele 3HAYe-
HUSA, TOJIYyINM

M[P] = 55,

M[Q] = 137,5,

M[Z] = 32,5,

MINPV] = 902. @)

B mameit mogenn Mmarematuyeckoe
OYKUJTaHMe YHNCTOM IPUBEIeHHOMN CTOM-
MOCTHU OOJIbIIIe HYJISA, HO CYIIIECTBEHHO
MeHbIIle IIJIAHOBOTO 3HAUYEHUd. YiKe
Ha JAaHHOM JTalle HeoOXOOMMO Iiepe-
CMOTpPETH a/IeKBATHOCTE Moaeau. Eciau
MOJeJIb OKAKEeTCI aJeKBATHOI, TO eCTh
BEpPHO OTpaskaloInell CBOMCTBA peatib-
HBIX IIPOIIECCOB, TO OT IIPOEKTA HeoO-
XOOWMO OTKa3aThCSI U OTHPABUTH €TI0
HAa I1epepaboTKy.

Hatinem qucrepcuto caydaiiHoii Be-
nruneel NPV:

DIX-Y]=D[X]+D[Y], (8
DX+ Y] =D[X]+D[Y], (9

D[XY] = M[X] M[Y?] —
— (MIXD)*(M[Y))>. (10)

Jucnepenn ciayvyaiHbBIX BeIUUNH
P, @, Z B cuny nx paBHOMEpPHOTO pac-
IpeesIeHnsT HaXOOATCS 110 (POpMyJIe

DIX] =%, (11)

rme a u b — JjieBas u IIpasasi TPAHUIILL
OoTpe3Ka cooTBeTcTBeHHO. Torma

DIP] = 175,
D[Q] = 3502,
D[Z] = 18,75. (12)

Hatinem qucrepcuio caydaiiHoii Be-
anuuesl NPV:

DINPV] = D[PQ)] + D[ZQ)],
D[PQ] = 12274427,
D[ZQ] = 4119232,

DINPV] = 16953658, (13)



CpenHee KBaapaTUYHOE OTKJIOHE-
HuUe ciaydaitHoi Beaundurbsl NPV Oymer
OIIPEeHeIaThCI KaK

6[NPV] = /DINPV] = 4048,9. (14)

Ilo eHTpaIBLHOIM IIpeIeILHOMN Teo-
peme, cayuaiiHaa BeanunHa NPV kak
cyMMa OOJIBIIIOTO YHCJIA HE3aBUCH-
MBIX CJIaTaeMBIX WMeeT pacIipejesie-
HUe, 0JIM3Koe K HopMaJbHOMY. Torma
dyuxrmio pacopeneneraus NPV mox-
HO IPEeICTABUTH B BUAE

1 @ s—p
miexp _(ZTE dS, (15)

Te | — BEeJIUYNHA MaTeMaTHIECKOTO
OKUJIAHUS, G — CpeJIHEeKBagpaThye-
CKOE OTKJIOHEHWHE.

Haitmem BeposTHOCTD TOTO, YTO Be-
muunaa NPV Oymer menbIe HyJis.
Jlost aToro Bocmoibayemcsa QYHKITHEH
Jlamnaca. JIj1st 3a1aHHBIX BEPOSTHOCT-
HBIX XapaKTepUCTUK CIyJaHOU BeJIn-
yuabl NPV sHauenwve dpyHkImm pacmipe-
nenenusa Oymer pasuo 0,41, uTo coor-
BeTcTBYeT 41%-H0¥ BEpOATHOCTH TOTO,
YTO JAHHAS CIIyJyaiHas BeJIMYMHA IIPHU-

AcnupaHTcKas TeTpab

MeT OTPHUIlATeJIbHOEe 3HaUeHne. Takoi
PHCK HempHreMJeM, U MPOeKT IIPUHU-
MAaTb He CJIeyeT.

Ha pwuc. 1 mpencrasien rpaduk
THUCTOTPAMMBI JIJIS CJAYIaWHOU BeJIU-
yuabl NPV, mocTpoeHHBI ¢ TTOMOIITBI0
MaTeMaTHYECKOTO MOJIEJIHUPOBAHUS
B MathCAD.

Mbgr1 BumM, 4TO (DYHKITHS pacopesie-
JeHus 6u3ka K HopMaabHoi. Taxike
u3 rpaduKa BUIHO, YTO MOJA pacipe-
meneHnsa (MAKCUMYM ILJIOTHOCTH pac-
mpeeaeHns) — OJM3Koe K HyJII0 Yc-
0. Onucas Hally MOJEJIb B IIPOrpaM-
me MathCAD u ocy1iecTBUB IIPOTOHKY
monaeau 10000 pas, MbI TOJTYYMIIH, UTO
BEPOSITHOCTH TOT0, uTO Besrmunta NPV
IPUMET 3HAUYEeHIEe MeHbIIee HyJid, (pas-
Ha 50%). Taxoit prcKk HempremIIeM I
npuHATHA TpoekTa. OmHaKo ageKBaT-
HOM TAKYIO MOJIe/Ib Ha3BaTh HEJIb3s, TAK
KaK MaTeMAaTHYECKOe OKIIAHIE CMOIe-
JIMPOBAHHON HAMU CIIyIaWHON BeJIMIN-
ubl NPV u osxmmaemoe (raHoBoe) 3HA-
yenue NPV, BoiumcieHHoOe 110 ucxon-
HOI TabJInIle, He COBIIANAIOT. SJHAUNT,
HE00XO0TUMO IIePeCcMaTPUBATD MOJIEJIb.

Pacemorpum Gostee citokHBIN mIpe-
IeJIeHT: cIyvyaiHasi BeJIUYnHA, OTpa-
SRAOIIAS 00BEM CIIPOCcA HA IIPOLYKIIHIO,

800 T
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Puc. 1. Tuctorpamma ans cny4as paBHOMEpHOro pacnpeaeneHuns nokasarenen
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“MeeT HOpPMAaJbHOE paclpejelieHue.
Jls Havasa HadineM mapaMeTphl 9TOM
caydaiHo¥ BenmuuHbl. Maremaruye-
croe oxxmpmaumne M [Q] pasuo 170,62.
Temneps, ommpasich Ha TAOJIAILY, OITACHI-
BAIOIILYIO JEeHESKHBIHA IIOTOK, PACCUNTAEM
JVICTIEPCHIO CIIyIANHON BeJTUINHEI

D[X]=M[X-M[X))’, (16)

D[Q) = M[(@ — M[Q))* = 5027. (17)
Temepsr MOHO CHOBa HAMTH Be-
JIMYMHY MATEMATHYECKOTO OKUTAHUSA

W OUCHEPCUU CIAYyUYaWHON BeJIMUUHBI

NPV:

M[P] =55,
M[Z] = 32,5,
M [NPV] = 4441. (18)

Bunno, uto mo cpaBHeHMIO ¢ Ipe-
OBIOYIIUM CJIy4aeM MaTeMaTH4YecKoe
OYKUIAHNE YNCTON IPUBEIEHHOM CTO-
VMOCTH MHBECTHUIIMOHHOI'O IIPOEKTAa
IIOJIOKHATEJILHO W COIIOCTABMMO C ILjIA-
HOBOM BEJIMYMHOM. 3JeCh MOMKHO I'0-
BOPUTH 0 MOJEJIN KaK 00 aJeKBaTHOM,
a 0 IPOEKTe — KaK O IOTEHIIMAJIHLHO
acbdexTHBHOM.

110° [

Brruwmcsum qucnepcuio caydaiHon
BeanunHsl NPV:

D[NPV] = D[PQ] + D[ZQ),
DI[PQ] = 17769443,

D[ZQ] = 5950681,

D[NPV] =23720124.  (19)

Cpentee KBaJgpaTUYHOE OTKJIOHE-
HHe B JAHHOM cJIydae OymeT paBHO
4870. TlpumeHss 1eHTPaAJIBHYIO IIpe-
IenbHyl0 Teopemy u (pyHKIH Jla-
miraca, MmMoJy4aeM, YTO BepPOSTHOCTH
toro, uro NPV Oymer meHbIe HyJId,
paBHa 18%.

Iloctpoum rpacgmr rrcTOrpaMMBI
JIJIsI HOBOM CJIyvyaiHo# Besimunubl. Ha
pHC. 2 BUITHO, YTO paclipeeseHue 0Jms-
KO K HOPMAJILHOMY, HO TeIlephb MOJIA 3TO-
TO pacrpe/ieIeHUsT SBHO 00JIbINIe HyJIs.

IIpu MomenupoBamuy Ipolecca B
cpeme MathCAD mostyunm, uTo Makcu-
masbpHoe 3uavenre NPV pasno 4356
THIC. py0., 8 BEPOSITHOCTH TOro, uTo NPV
IpUMeT 3HaYeHre MeHbIIle Hy s, paB-
Ha 24 %.

B namHoi1 Monenu oxxugaemoe 3Ha-
yenne Beauuuuabl NPV, Beramciien-
Hoe 110 0a30BOMY ILIAHY, 1 MATEMATH-
YecKoe OKHIaHMe CMOIETMPOBAHHOMN

800
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Puc. 2. Tuctorpamma ns cnyyast HOpManbHOro pacnpesieneHus



CIyJaiHON BeJIUMYWHBI HE COBIAIAIOT
IIOJIHOCTBIO, HO OJIMiKe APYT K OPYTy,
YeM B IPEeIBIAyINeM cjaydae. SHAYUT,
IaHHASI MOJIeJNIb JIyYllle OTPpaskaeT Oua-
Hec-IIpoliece.

YToOHI e1r1e TOUHee CMOIEINPOBATE
WHTepecyoInii Hac OM3Hec-IpoIrecc,
He00XOIMMO TaKKe YUNTHIBATH Koppe-
JISAITMOHHBIE CBA3U MEYK/TY CIIyIaHbIMU
BesmmuuHaMu. O4eBHIHO, UTO YeM BEIIIIE
3aKyIIouHAas IieHa, TeM BBIIIIe ITeHa I0-
caenyromei peaymsarmn. OTHOBpeMeH-
HO, 4eM OO0JIbIIIe CITPOC Ha ITPOIYKITHIO,
TeM BBIIIIE IIeHA PeaJIn3allui 1 Haobo-
pot. B sxoHOMUKE JaHHOe SBJICHNE Ha-
3BIBAETCS 9JIACTHYHOCTHIO — UMCJICHHON
XapaKTEePUCTUKON M3MEHEHUS OJHOTO

AcnupaHTcKas TeTpab

OKa3aTessd K JIPYroMy MOKa3aTeJIo.
Koadduimmenrsr koppenanun Mesxmy
HAITUMU CJIYYaUHBIMUA BeJIMYUHAMU
BO3MOJKHO BBIUMCJIUTH HA OCHOBE BHI-
6opok peanbHHIX maHHEIX. C mpyroi
CTOPOHBI, MEJK]Ty TIOBHIIIIEHUEM CIIPO-
ca HA TOBAp U POCTOM PBIHOYHOM CTOU-
MOCTH 3TOTO TOBapa BCerya CyIIecTBY-
€T oIIpeJieJIeHHBIN BpEMEeHHOMH Jiar, KO-
TOPBIN HEOOXOIMMO YYUTHIBATE B 00JIee
CJIOKHBIX MOJTEJISX.

Taxum o0b6paszoM, IIpesIOKeHHbIN
B CTaThe MEeTOJ OIEHKU PHCKOB MHBE-
CTHUIMOHHBIX ITPOEKTOB BO3MOKHO IIPH-
MEHATh, OJHAKO JJId 00Jiee TOYHOTO
IpeICKa3aHus HeoOXOIMMO YCIIOKHE-
Hue monesn. O
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AHHa A. byH3s

YK 621.315.61:621.331:621.311.4

MepcnekTvBbI AUArHOCTUKYN 3NEKTPUYECKON U30NSLUK
000pyA0BaHNSA TATOBbIX NOACTAHLMWNA

Anna A. Bunzya

UDC 621.315.61:621.331:621.311.4

The perspectives of electrical insulation diagnosis of traction

substations’ equipment

AHHOTaums

Paccmorpena cucreMa KOHTPOJISI COCTOSHUS
AIIEKTPUIECKON U3O0JIAIMHI 000PYIOBAHUS TATO-
BBIX ITOACTAHIINNA — CHUCTEMA MOHUTOPHHTA, KO-
Topas paboTaer B peskrMe PeasibHOr0 BpeMeHU
¥ T03BOJISIET MOJIYYUTH HAaubojee JOCTOBEPHbIE
pe3yJbTaThl WCCJIeOBAHUM Garomaps peru-
CTpany U aHAJIU3Y XaPAKTEPUCTUK YaCTUYIHBIX
paspsos (UP).

TIpencrasieHs! sKCIIEPUMEHTAJIBHBIE TAHHBIE,
[IOJIyYeHHBIE B IIPOLIECCE TECTOBOM JKCILIYATAIINHI
CHUCTEeMBbI, OCHOBHBbIE Pe3yJIbTAThI UX aHAJIU3a.

CucreMa MOHUTOPHHTA JJIEKTPUUECKOM U30-
JIAIMHA padpaboTaHa HA OCHOBE IBYXKAHAJBHO-
IO PETUCTPATOPA YACTUYHBIX PA3PSI0B, OTBEUAI0-
1ero 6a30BBIM TPeOOBAHUAM HccIenoBaHwit. s
YCOBEPIIIEHCTBOBAHMUS CUCTEMEI IIPEJITIoMeH Gostee
HepCHeKTHBHBIﬁ BapHaHT perucrparopa 4actmu4-
HBIX Pa3psiioB, MHOTOKAHAIHHBIN.

KnioueBble cnosa:

AJIEKTPUYECKAs U30JIALUS; YACTUIHBIE Pas-
psnsr; perucrparus YP; cucrema MoHUTOPUHTA;
KaIuOpOBKa; MHTEeHCUBHOCTD UP.

Abstract

There is viewed the system of electrical in-
sulation condition control of traction substations’
equipment — monitoring system that works in
real time and allows to receive the most reliable
results of researchers due to recording and par-
tial discharge characteristics’ analysis.

There are presented experimental data re-
ceived in the process of test system operation,
the main result of their analysis.

Monitoring system of electrical insulation is
developed on the base of two-channel recorder
of partial discharges that answers the basic re-
search requirements. For system improvement
there is offered the most perspective recorder of
partial discharges, multichannel one.

Key words:

electrical insulation, partial discharges, par-
tial discharges’ recording, monitoring system, ca-
libration, partial discharges’ intensity.

peu BcexX OTKA30B 3JIEKTPU-
YECKOro 000pYI0BAHUS JOMU-
HUPYIOT Te, KOTOpbIE CBA3a-
HbI C HAPYIIEHUEM JJIEKTPUIECKOM
IPOYHOCTY W30JISIIHI.

CpOK sKCILTyaTaIluy 9JIeKTPHUYe-
CKOro 000PYIOBAHMS HAMHOI'O IIpe-
BBICUJI TapaHTuiitHble 25—30 JeT;
CBOMCTBA MU30JIAIIMA HAMHOIO yXY/I-
IIUJINCH (TaK HAa3bIBAEMBI IIPOIEeCC
CTapeHus).

Wamenenre CBOUCTB M30JIAIIUNA
¥ ee pa3pyIleHre — Pe3yJIbTaT KOMII-
JIEKCHOT'O BO3JIEUCTBUSA JJIEKTPUYIE-
CKOT'O TIOJISI, TEMIIEPATYPBI, YBIIAK-
HEHUs, TaBJIEHUs, paJualliu, Xu-
MUYECKM ArPECCUBHBIX IIPOLYKTOB.
Ha mepBoMm sxe mecTte — BHAHUIE
QJIEKTPUIECKOTO II0JIsI, IJIUTEILHOe
BO3JeMCTBYE KOTOPOr0 TPHBOIUT
K BO3PACTAHUIO JIUJIEKTPUYECKUX
TOTEPD Y CHIKEHUIO dJIEKTPHUIECKOM
apourocTHu [1].

CoBpeMeHHOe TUaTHOCTHPOBAHIE
QJIEKTPUIECKON M30JIAIIUY He IT03B0-
JISeT IPeayIpeInTh ee HapyIlleHue.
Texunueckoe obcayskuBamme 000-
PYIOBAHUSA JIUIIb (PUKCHUPYET II0-
BPEIKIeHUS U30JIAINH IPU IIPOdQH-
JIAKTUYECKUX UCITBITAHUSIX, HO MEK-
Iy HUMHU 9JIEKTPUYECKAST N30JIAITUS
ocraercss 0e3 KOHTPOJISI, YTO CIIO-
CcOOCTBYeT Pa3BUTHIO CKPBITHIX Je-
dexros [2].

AHHa AHpeeBHa ByH3s, acnupaHT; Kadieapa «dNeKTpUYecKue MalmHbl» Ypanbckoro rocyAapcTBeHHOro yHUBepCUTeTa nyTei
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Texuuueckas H30JISAIINASA BBICOKO-
BOJIBTHOT'O 000PYJOBAHUS UMEET HEOI-
HOPOIHYIO CTPYKTYPY, 00yCJIIOBJIEHHYTO
IIPUMEHEHNEM 2JIEKTPOUS0JISIITHOHHBIX
MATEPHUAJIOB C PA3JIMYHBIMU JTHIJIEK-
TPUYECKUMHU CBOMCTBAMU WJIM BHECE-
HUEM BKJIIOUYEHUM, OTJIMIHBIX OT OCHOB-
HOro MaTepuaJsia. Pasnuuns B Tuasex-
TPUYECKUX CBOMCTBAX CJIYIKAT IPUIH-
HOHI IepepacrpeieieHus dJIeKTpude-
CKOTO II0JII M 00pa30BaHUsA yIACTKOB
W30JISAIIMY C IIOBBIIITEHHOM HAIIPSIKEeH-
HOCTBIO 9JIEKTPHUUECKOTI'0 IT0JIs, B KOTO-
PBIX BOSHUKAET YaCTUYHBIN IIPO0Oi Tu-
9JIEKTPUKA — YACTUYHBIN pa3psan [1].

OcHOBHBIE METOIBI ITPOPUIAKTHU-
YECKUX UCIIBITAHUN U30JIAIIHN: U3Mepe-
HUe COIPOTUBJICHUS U30JIAINH, K0I(-
durmenT abcopbITHy; N3MepeHue yriia
IMDJIEKTPUIECKUX II0TEPh; METOJT IIofa-
UM MOBBIIIIEHHOT0 HATIPSKEHUS; METO-
IIBI Ha OCHOBE WICCJIEJIOBAHUS YACTUY-
HbIX paspsamos (UP) [3-7].

C momortwio xapakrepuctur IP (am-
IUTATYTa MAKCUMAaJIBHOTO KasKyIIero-
ca 3apana €, HTHTeHCHBHOCTH) MOXKHO
OIIEHUTH KAYeCTBO M3TOTOBJICHUS TOM
WA WHON M30JIAIMOHHON KOHCTPYK-
ITUH, BBISBUTH MECTHBIE JTIe(PeKTHI, KO-

TOpBIE IPAKTUYECKH HEBO3MOKHO OITpe-
JIeJINTH OOBIYHBIMY UCIBITAHUIMY BhI-
COKHMM HAIIPSKEHNEM HJIU U3MepPeHH-
AMH KAKHX-JIN00 MHTErpajbHBIX Xa-
PaKTepHUCTUK M30JiAIMu. biaromaps
CJIYyJYaHON TPUPOJie BO3SHUKHOBEHUS
YP nma majnpHEWIIUX HCCIeIoBaAHUN
B 2008 roxy ObLIIa paspaboTamHa UMUTA-
IIMOHHAS MOJIeJIb II0BEIEHUS dJIEKTPH-
YeCKOHN U30JISAIINH C OJTHUM BRJIIOUEHU-
M [11]. Ha 6ase mamnHo#i Mogesu 1mos-
BIJIACH BO3MOYKHOCTD ITOJIYYNTH HAKOO-
Jlee TOYHBIE U JJOCTOBEPHBIE CII0COOHI pe-
rucrpanmu YP, ocHoBaHHEBIE Ha paboTe
B pesKHMe peasIbHOr0 BpeMeHHu (ChcTe-
MBI MOHUTOPHWHTA).
IlepBas mogo0HAsA crcTeMa KOHTPO-
JIST COCTOSTHUS JJIEKTPUUECKON H30JIsI-
MU B YCTPOHCTBAX 9JIEKTPOCHADKE-
HUS $KeJIE3HBIX I0por ObLIa paspabdora-
Ha JIJIs PacHpeIeUuTeIbHOTO YCTPOi-
crBa 10 kB Tarosoii moxcTaHIINM U 3a-
OyIeHa B TECTOBYIO JKCIIIyaTaIAIO
B 2009 romy [2]. OmbrrHBIN 00paserr
OBLI IOCTPOEH Ha 0a3e JByXKAHAJIBLHO-
ro uameputeasa YP R-400. [Tpuwitumn-
aJIbHAS CXeMa ITOIKJII0YEeHUS OTBITHO-
ro obpasia k cucreme muH PY-10 kB
mpeacTaBJieHa Ha puc. 1.

Cexnusa mug PY-10 kB

oo}

i

Cr

BricoroBosbTHBIIT
6JI0K

R400

[V

RTCT-5

Koarcunanpubrit
COeIUHUTEJILHBIN Kabesb

e

Koarcunanmpabrit

H3MepUTeIbHbIH Kabesb

Puc. 1. MpuHuMnuanbHas cxema nofaKYeHus onbiTHOro o6pasua K cucteme LmH PY-10 kB



B mporrecce skcITyaTaiimu omeITHO-
ro 00paaiia OBLIN MOJIyYeHbl 9KCIIePH-
MEeHTAJIbHBIE TAHHBIE — U3MEeHEeHUe aM-
ILIATY OBl MAKCHMAJIBHOTO KAYKYIIEeTOCs
3apana @, B KOHTPOJIHIPYEMOM 00Bex-
Te IJIs TPeX IMEePHOI0B BPEMEHH, KaK-
IIBIA M3 KOTOPBIX COCTABJIAI TPOE-UeT-
Bepo cyTok. VIaMepeHuns IIpoBOIUIINCE
¢ 17.06 o 21.06.2009 r., B aBTOMATH-
YeCcKOM peskuMe, ¢ MHTepBajoM 30 MUH.

IlapamtenpHo pUKCHpPOBAIHCH HA-
rpy3Ka TATOBOM IOACTAHIUK (puc. 2)
[8] u maHHBIE O M3MEHEHWIO IIOTOX-
HBIX YCJIOBHUHA — AaBJIeHUe, TeMIlepa-

Hkn

AcnupaHTcKas TeTpab

Typa, OTHOCUTEJIbHAA BJIAKHOCTD, TOY-
Ka pocsl (puc. 3—4).

Ha ocumoBanmu aHanmsa Tpex me-
PHOIOB BPEMEHU MOYKHO YCTAHOBUTH
YETKYI0 3aBUCHMOCTH (DOPMHUPOBAHUS
OUKOB xapaxTepuctuxk 4P Bcienm 3a
JefCTBHEeM HATPY3KU HA TOACTAHITHMN.
OpvH U3 TAKKX IIEPUOI0B BpEMEHH 3a-
BHUCHMOCTY AMILIUTY THI MAKCHUMAJIBHO-
o KasKyIierocd 3apaga @, OT IoJIHOH
¥ AKTUBHOM HATPY30K TATOBOM II0/ICTAH-
MU IIPeJCcTaBJIeH Ha PUC. 2.

Kaxaprii muk Harpysku IojcTaH-
IIUM COIPOBOMKIAETCS OTKJIUKOM UP:
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Puc. 2. Viamenenmne amnantyabl Oy, aKTUBHOI M NONHOIA MOLLHOCTE B KOHTPONMPYEMOM 06beKTe
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Puc. 3. smeneHue amnutyapl Q,, TeMnepatypbl BO3fyxa 1 0THOCUTENbHOA BNXKHOCTY BO3AyXa

17.06.09, 4.00-17.00 — meticTBHE HA-
rpy3km; 17.06.09, 11.00-20.00 — ot-
kiaug 9P.

Bo Bcex mepmomax BpemeHU uM-
IIyJIEC AMILIUTYIEL @, MMeeT IpubIIm-
3UTEJILHO TAKYIO e IIUPUHY, KAK M-
IIYJILC HATPY3KHU: IIPOIOJIKUTEILHOCTD
OJTHO¥ M3 Harpy30K — 13 yacos, mocJie-
noytoruit 3a Heit muk YP — 9 uacos.

Bemmeckn YP 3aBucaAT He TOIBKO
OT BEJMYUHBI TeMmIrepatypsl (puc. 3),
HO M OT XapakTepa ee M3MeHEeHUs.
To ecTb BesM4MHA aMILTATYIBI €, YBe-
JIMYMBAETCS IIPU POCTE TEMIIEPATYPHI,
KaK TOJIBKO ee POCT mpekparaercs — IP
IJIABHO CXOIsT Ha HeT. JlanHas 3ako-
HOMEPHOCTD ITPOCMATPUBAETCS B KasK-
JIOM U3 IepuoIoB Bpemenu. [lomobuas
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AcnupaHTcKas TeTpab
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Puc. 4. ismereHunst amnautyapl Q,, 1aBNEHIS, TOYKW POCI

3aBHUCHMOCTE HAOJIIONAETCSI U C BJIAK-
HOCTBIO, Korma Bemiecku 4P asiaror-
CsA CJEICTBUEM He TOJBKO MUHHMYyMa
IPOIIEHTA OTHOCUTEILHOM BJIAKHOCTH,
a TaKsKe U ee MaJalolnero xapakrepa.

O0BsicHUTD TTO00HYI0 B3AUMOCBSI3b
MOYKHO BO3HHKHOBEHHEM YACTUYHBIX
Pa3psI0B KaK BHYTPH 9JIEKTPUUECKOM
KOHCTPYKIIMH, TAK ¥ HA €€ IIOBEPXHOCTH.
Buyrpennne paspsamgbl — ciieqCTBUS
BRKJIOUEHUN WX 00JIacTeil ¢ IIOHH-

SKEHHOM 2JIEKTPUUECKOM IIPOYHOCTHIO.
[ToBepxHOCTHBIE pa3psabl 00yCIOBIIE-
HBI HEOQHOPOIHOCTBI0 HAPY:KHON Ua-
ety uaonanuu. Hexoropele mpucoemu-
HEHM IePBOM CEKIIUH IIIMH, HAIIPUMED,
HM30JISTOPHI IITMHHOT0 MOCTA, HAXO/IAT-
¢ Ha OTKPBITOM BO3[IyXe U MOIBepIKe-
HBI BJIUSHUIO aTMOCQEPHBIX YCIOBHUH.
VYBenuueHne BIAKHOCTA IPUBOIUT
K YBEJIMYEHUIO 9JIEKTPIYECKOMN IIPOTHO-
CTH BO3yXa W CHUKEHUIO PA3PSITHOTO
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HamnpsxeHus (baromapst SBJICHUIO al-

COPOIIHI), ITI03TOMY BOSHHKHOBEHME Ya-

CTUYHBIX Pa3psiJIoB CTAHOBUTCS OoJiee

3aTpynHUTENIbHO. Ilpu manbHeimem

YBEJIMYEHUH OTHOCUTEILHOM BJIAYKHO-

CTH H30JAIMS HAYMHAET BIIMTHIBATDH

U yIEPsKUBATh B CBOMX IOPaX KallejIb-

Ku Bogbl. HakomenHad B HeOOIBIIINX

KOJIMYECTBaX BJjIara IIyHTUPYeT HeoJ-

HOPOIHOCTH ITIOBEPXHOCTH U [eJIaeT BO3-

HUKHOBEHME TIOBEPXHOCTHBIX Pa3PsI0B

HEBO3MOYKHBIM.

JlaBeHre oxas3bIBaeT 3HAYUTEIb-
HOe BIIMSHHE TOJBKO HA ra3000pasHbIe
nuasiekTpuky [4]. B ucbrranusax yaact-
BOBaJIA TBEP/Ias U30JIAIHs (KabesibHas
bymara, kepamuka, crexso). [loatomy
¢ IOCTATOYHOM CTEIIeHbI0 TOUHOCTH yT-
BEPIKIATDH O B3ANUMOCBSI3Y aMILIATYIbI
Q) 1 naBnenns Henbada. Ho, mpoana-
JIN3UPOBAB UHTEPECYIOIIe 3aBUCHMO-
CTH, HEeJIb35d He OTMETUTD CBSI3b PE3KO-
T'0 CIIaa JaBJIEHUS, KOTOPOe XapaKTe-
pH3yeTcsa yriIoM HAKJIOHA ero KPUBOI,
u naTeHcuBHocTr UP (puc. 4).

B pesynbrare anasmsa skcepuMeH-
TAJIbHBIX JAHHBIX ObLJIO YCTAHOBJIEHO:
0 HamboJIbIIAs WHTeHCHBHOCTDL 4Ya-

CTHYHBIX Pa3PAI0B IIPOSIBIIAETCS

HA IIOBEPXHOCTH H30JIAIIMOHHBIX

KOHCTPYKIIHI, 0COOEHHO IIpW Ha-

PYKHOM yCTAHOBKE 000PYOBAHMS,
O BBICOKHE 3HAYEHUS OTHOCUTEJILHOMN

BJIQYKHOCTH BO3JyXa CIOCOOCTBYIOT

00IIIeMy CHIKEHUIO aMILIATY TBI Ua-

CTUYHBIX PA3PAI0B, YTO 00BICHIET-

s IIIyHTUPOBAHNEM Je(PEKTHBIX I10-

JIOCTel KAIJIAMU BJIATH HA IIOBEPX-

HOCTHBIX YYaCTKAX U30JIAIINH, Tpa-

HUYAIIUX ¢ BHEIITHeN cpesoi;

O IIpW IIOBBIIMIEHHBIX TEMIIEpaTypax
B JHEBHOE BPEMs CYTOK IIPOHUCXOIUT
TIOHMKEeHYe 3HAYEHUA OTHOCUTE Ih-
HOM BJIAYKHOCTH BO3IyXa, YTO IIPHU-
BOJIUT K OCBOOOIKIEHIIO OT BJIATH OT-
IeJbHBIX Je)eKTHBIX IOJIOCTEH H,
KaK CJIeJICTBHE, K POCTY 3HAYECHUS
AMILIUTYIBI YACTUYHBIX PA3PAIOB;

o arMocdepHoe JaBJIeHIE U SHAYCHNE
TEMIIEPATYPEI (TOUKH) POCHI IIPAKTH-
YeCKH He BJIUAT Ha YPOBEHb pas-
BHUBAIOIIUXCS YACTUYHBIX Pa3PA/IOB;

O YaCTUYHBIE PA3PAILI IPAKTUUECKHU

He CBSI3aHBI C ITapaMeTPpaMu Harpya-

Ku (TOKAMM, MOIIHOCTSIMH).

Jls1st maHHOM cCTEMBI MOHUTOPHH-
ra perucrpaTop R-400 6bL1 BEIOpaH KAK
HaunboJIee MPOCTON 1 SIKOHOMUYHBIHN Ba-
PHAHT, CITOCOOHBIIN BBITTOJIHATEH HEO0XO0-
numble pyuakimu [9)]. B cBsi3u ¢ coBep-
IIIEHCTBOBAHMEM CHUCTEMBI KOHTPOJIS CO-
CTOSTHUS U30JISIIIUN PACCMATPUBAIOTCS
0oJiee IepCIIEKTUBHBIE ITPUOOPHI, Ha-
mpumep, peructpaTop P R-2200, ume-
OIIUH KOMILJIEKT allapaTHBIX U IIPOo-
TPAMMHBIX CPEJICTB OTCTPOUKHU OT MM-
IyJIbCHBIX TIOMEX.

OTIUIHUTEIBHOM 0COOEHHOCTHIO IIPH-
6opa R-2200 aBisercsa Hatmyme BCTPO-
eHHoI1 aKcriepTHOM crcteMbl PD-Expert.
HcmonbsoBanme B PD-Expert mHatopa
Pa3JIMYHBIX CIIOCO00OB ITPEJICTABJICHUS
U aHaJIN3a PaCIIpPeaeSIeHUs YaCTHIHBIX
PaspsioB, a TAKIKE HAJUYNE BCTPOEH-
HOI 6a3bI 00pa30B 1ed)eKTOB TO3BOJISIIOT
BBIABJISATE U JUQPepeHIInpoBaTh pas-
JIMYHBIE TUTIBI ¥ MECTA BOSHUKHOBEHUST
nedexrToB B usossaiun [10].

JlJis TOBBINIEHHUS TOCTOBEPHOCTHU
TOJIy9aeMBbIX Pe3yJIbTATOB ITPOM3BO/I-
CTBEHHO-BHEIPEHYECKOM (upmMoi
«/lmmpyc» B mprbope peasr3oBaH Ha-
00p IMATHOCTUYECKUX AJITOPUTMOB aHa-
34 BXOTHBIX UMITyJIbcoB. Hambosee
BaKHBIM SIBJISIETCSI TO, YTO BCE ITH aJI-
TOPUTMBI paboTAIT B CTAIMOHAPHOM
peskurMe, YTO II03BOJISIeT MAKCHMAJIb-
HO 00JIEIYHTD MPOIEAYpPY JUATHOCTHU-
KW COCTOSTHUS HM3OJIAIIUN TI0 YPOBHIO
YACTUYHBIX PA3PSIIOB.

OcCHOBHBIE aJITOPUTMBL: AHAJINS Ya-
CTOTHBIX CBOMCTB ¥ (DOPMBI KasKII0r0
BXOJHOT'O HWMIILYJIbCA; WCIIOJIb30BaHIE
MAaTPHUIL [MEePEKPECTHON HABOIKU WM-
IyJIbCOB C OJTHOTO KAaHAaJIa HA JPYTOH.
IIpakTudecku aTO BBITVISAIUT KAK CHH-
XpOHHOE CPaBHEHWE aAMILIUTYH HUM-
nysibcoB UP B roHTpoOSIMpyeMoM Ka-
HaJle ¢ aMIUIUTYI0M WUMITYJIbcoB P
B JPYTUX KaHAJIAX; aHAJN3 BPEMEHU
3aIra3aIpIBAHU, UM BPEMEHHU oIlepe-
JKeHUs, IIPUX0a UMILYJIbCA C KOHTPO-
JIMPYEMOro KaHaJia OTHOCUTEIbHO M-
IIYJIbCOB, PErUCTPUPYEMBIX C IPYTUX



KaHas0B. TexXHUYeCKre CPeICTBA IIPH-
00pa MMO3BOJIAIOT PA3INYATH UMILYIHCHI
ot UP, pasmesieHHbIe B IPOCTPAHCTBE
YYACTKOM Ka0esId VI IINUHBI JINHON
oT 1 M; aHAIU3 U CpaBHEHUE IT0JIAPHO-
CTH MMILYJILCOB, IPHUIIEIIINX C COCEeI-
HUX M3MEPUTEJILHBIX KaHAJIOB. B crmy
0COOEHHOCTEN MPUMEHAEMBIX JATUNKOB
YP u cxeM uX BEJIIOUYEHHS IOJISPHOCTE
VIMITYJIbCA, 3aPETUCTPHUPOBAHHOIO B Ka-
OeJte, B KOTOPOM BO3HHK WMITYJIBC, IIPO-
THUBOIIOJIOMKHA IIOJAPHOCTA MMIIYJIh-
ca YP B gpyrom kabese, JJ1s1 KOTOPOTO
9TOT K€ MMILYJIbC ABJISETCA BHEIITHUIM.

Jiutepatypa

AcnupaHTcKas TeTpab

Hcmonb3oBanme aTUX aJrOpUTMOB
aHaIM3a U «pa3dopKM» BXOTHBIX MM-
myabcoB UP or matumkos YP mosso-
JIeT pa3gesiaTh MeCTO BO3HMKHOBE-
HMS YACTUYHOr0 Pa3paa, MaKCHMAJIb-
HO YYMTHIBAS KOHCTPYKTUBHEIE U JKC-
IJTyaTaIMOHHbIE 0COOEHHOCTH BEICOKO-
BOJILTHOT'O 000PYIOBAHUS PA3IMIHOTO
tumna. J{marsocruyeckme paboTeI MOTYT
OBITH BBITIOJIHEHEI B TPAHCROPMATOPAX,
QJIEKTPHUYECKHX MAIIIMHAX, Ka0eJIbHBIX
JIMHMAX, KOMILIEKTHO-PACIIPEIe TUTEIh-
HBIX YCTPOMCTBAX, BEICOKOBOJIBTHBIX BHI-
raovatenaax. O
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WHTEJUIEKTYAJIbHAS
COBCTBEHHOCTb

MateHT Ne 2392150
NateHToobONanaTeNb: YpanbCKuii rocyapCcTBEHHbI YHUBEPCUTET NYTEN COOOLLIEHNS
AsTopbl: Mapwwuna E. B., Muxanes A. H.

Cnoco06 oToOpaxeHUsi NOKa3aHWi NyTeBoro ceetocopa
Ha NOKOMOTUBHOM CBETOCHOpE M YCTPOUCTBO
ANA €ro 0CYLLECTB/IEHMS

Method of display of the traffic light aspect on the
locomotive signal light and device for its realization

N3obpeTeHre OTHOCUTCSA K TEXHH- Lienb U300peTeHN — IIOBLICHUTH IIO-
Ke yIpaBJIeHUs MOABMKHBIM COCTABOM MEXO0YCTOMYMBOCTD IIepegaBaeMBbIX
VLJTH TI0€3/I0M B IIeJIOM ITyTeM IIPUBee- II0 PEeJIbCOBBIM IIEIISIM CHUTHAJIOB O II0-
HUS B JeMCTBUA IPEeAYIPeIUTEILHEIX KA3aHMUAX IIyTEBOr0 CBETodopa.
CHUTHAJIOB C IIOMOIIBI0 KOIMPOBAHHBIX

UMILYJIBCOB.
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Puc. 1. YCTPOICTBO 0TOGPaXXEHMS NOKa3aHuil MyTeBOr0 CBETOGOPA Ha JIOKOMOTVBHOM CBETOOPE
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MpakTnyeckas akTyanbHOCTb

IIpeumyrecTBo JaHHOrO Crocoda
3aKJIIOYAETCS B TOM, YTO KOJTUPOBAHIE
KaskI0r0 CUTIHAJIA, 00eCIIeYnBAIOIIEro
TOpeHue CUTHAJIBLHOM JIAMITEI HA IIyTe-
BOM cBeTodope, orpaskaamIeM 0JI0K-
YYACTOK, OCYIIECTBJISAIOT IIePUOIUYe-
CKOM II0CJI€I0BATEIbHOCTHIO JBOMY-
HBIX CUTHAJIOB C aBTOKOPPEJIAITMOHHOM
QyHKIIMEH, T03BOJIAINIIEH ITOBBICUTD
TIOMEeX03aIUIIEeHHOCTh IepeIaBaeMo-
TO CHTHAJIA, TIOAI0T Ha COTJIACOBAHHBIN
GUIBTP, KOTOPBIN PUKCUPYET B PEJIh-
COBOM 1€l HAJIUYKE COTJIACOBAHHOTO
C HUM CHUT'HAJIA, TIOBBIIIAS TEM CAMbIM
BEPOSITHOCTH €ro 0e30IIHO0YHOTO IIPH-
eMa, a IpUMEeHEeHUe IIePUOIUIECKOM
II0CJIeIOBATEILHOCTH JTBOUYHBIX CHUI-
HAJIOB C aBTOKOPPEJIAIIUOHHON QPyHK-
I1eH, O3BOJIAIONIEH ITOBBICUTE IOME-

XO03alIUIIEeHHOCTD I1IepegaBaeMoro Cur-
HaJia, IIOBBIIIIAEeT HOMeX0yCTOI‘/JI‘II/IBOCTB
ImepegaBaeMoro Curgala.

0xupaemblii pesynbTat

Hcnosib3oBaHMe IIpejiaraemMmoro
crrocoba 0ToOpasKeHusI IOKA3aHU IIy-
TeBOro cBerodopa Ha JIOKOMOTUBHOM
cBeTohOpe U YCTPOMICTBO IJIsI €T0 OCY-
IIECTBJIEHUs] UCKJIYaeT Heo0XoIu-
MOCTB TOYHOM KAJIMOPOBKY IIPUEMHUKA
JIOKOMOTHMBHOM CUTHAJIA3AIIAY U IIepe-
JaTYNKA CUTHAJIOB O IIOKA3AHUSIX IIy-
TEBBIX CBETO(POPOB, IIOCKOJIBKY IIPHEM-
HUK BBITIOJITHEH Ha 0a3e COryIacOBAaHHOIO
mbTpa B 6e30ITMO0UYHO TPUHUMAET
BXOJTHOM COIVIACOBAHHKBIM COTHAJI II0 €r0
3apaHee M3BECTHOMN CTPYKTYpPe U TOMK-
JIECTBEHHO 0TOOpAKAET ero Ha JIOKOMO-
THBHOM CBeTO(ope.

MaTeHT Ne 2399815

MaTteHToo6nagatens: YpanbCkui rocyAapCTBEHHbIA YHUBEPCUTET NyTEN COOOLLEHMS

AsTopbl: ®edenosa T.C., Tayrep B. M.

YcTponcTeo ans npeoOdpa3oBaHnsl BpawLaTebHOro

ABWXEHWUA B NnocTynaTtesibHoe

Ha 0CHOBE POJIMKOBMHTOBOW Nepepayu

Device for transformation of rotary motion
into translational motion on the basis of roller drive

M3zo0pereHue 0THOCUTCS K 00JIaCTH
MATITUHOCTPOEHUS, B YACTHOCTH K BUH-
TOBBIM MEXaHU3MaM.

Llenb n300peTeHnss — moOBBEICUTL HA-
IPY30YHYIO CIIOCOOHOCTH POJIMKO-BUH-
TOBOY IIepesiayu.

MpakTnyeckas akTyanbHOCTb

YeTpoiceTBO a1 ITpeodpa3oBaHusa
BpPAIATEIHLHOIO JBUKEHNA B IIOCTYIIA-
TeJIbHOE HA OCHOBE POJIMKO-BUHTBOM
mepeiayvu, coaepsKalee BUHT C Pe3b-

0ol m pPoHMK ¢ paboueil IIOBEPXHO-
CTBIO B BUE Psia KOJbIIEBEIX BBICTY-
II0B, PACIOJIOMKEHHEIX C IIIaroM, PaB-
HBIM IIIary pe3bObl BUHTA KAaK C BHY-
TPEHHUMHU, TAK U HAPYKHBIMA KOJIb-
LIEBBIMU BBICTYIAMU IIPSIMOYTOJIEHOIO
OpouUIIsi, OTJIUYAIOIIEECS TeM, YTO
pe3nba Ha BUHTE U IIPOQUITH KOJIbIIe-
BLIX BEICTYIIOB Ha pabodeli II0BEPXHO-
CTH POJIMKA BBIOJIHEHBI IIPSAMOYTOJIb-
HEBEIMH, YTO COOTBETCTBEHHO II0O3BOJIAT
HOBBICUTEH HATPY30YHYIO CIIOCOOHOCTD
mepeaaydmn.



WNHTennekTyanbHas COGCTBEHHOCTb
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Puc. 1. YcTpoicTBo Anst npeo6pasoBaHns BpalLaTeNbHOro ABMXEHIS
B NOCTYNaTeNbHOE HA 0CHOBE POJIMKOBUHTOBOM Nepesayn

0Xxupaemblii pesynbtaT

Hcnons3oBanme mpemaaraeMoro
YCTpOMCTBA II03BOJISIET ITOBBICUTE IIOTPY-
30YHYIO CITOCOOHOCTE POJIMKO-BUHTOBOM
Imepemavn 3a CUeT Iepexona OT Toued-
HOI'0 KOHTAKTA IIOBEPXHOCTEM Pe3b00Bo-
T'O ¥ KOJIBIIEBOI'O BEICTYIIOB K KOHTAKTY
II0 IIJIOCKOCTAM, ITPH 3TOM POJIMKO-BHH-

TOBas Iepeaava ¢ POJIUKOM C BHYTpPEH-
HUMH KOJIBIIEBEIMU BLICTYIIAMMU SIBJISET-
cs1 6oJIee KOMIIAKTHOM 1 00eCIIeYnBaeT
0OJIBIIIYIO IJIOIIAIh KOHTAKTOB Pe3h00-
BBIX BEICTYIIOB C KOJIBIIEBLIMU 110 OTHO-
IIeHUI0 K POJINKO-BUHTHOBOM IIepesa-
e ¢ POJIUKOM C HAPY:RHBIMU KOJIbIIE-
BBIMH BBICTYIIAMH.

MaTeHT Ne 2403662

MateHToo6nanatenn: YpanbCkuin rocyaapCTBEHHbIA YHUBEPCUTET MyTen CoobLLeHns
AsTopol: LLlymakos K.T., Ebumos A. B., Bep6uukuii B. A., LLituH A. H.

YCTPOMCTBO ANA NUTAHUA U pacnpeaeneHns 3NeKTPUYECKON
3HEepruM Ha NPOMEXXYTOYHbIX TArOBbIX NOACTAHLMUSAX

Device for supply and distribution of electric power
on intermediate traction sub-stations

M3zo00perenne oTHOCHTCS K cXeMaM
TJIABHBIX U pacIipeaeTuTeIbHBIX ceTel
IepeMeHHOI0 TOKAa, & UMEHHO: CIIYKUT
IJISI COeTUHEHU ceTel OMHOM 1 TOH Ke
YaCTOTHI, TUTAEMBIX OT PA3HBIX UCTOY-
HUKOB.

Lienb n3obpeTeHns — pacirupuTh
(byHRLLI/IOHaJII)HI)Ie BO3MOKHOCTHU yCT-
poiicTBa IpU COXpaHEHUU KOJIMIECTBA
QJIEKTPOTEXHUYECKOT'O 060pyJIOBaHI/IH
B HEM.
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Puc. 1. YCTpOICTBO ANS NUTAHWS U pacnpeneneHuns aneKTpuieckon aHeprum
Ha NPOMEXXYTOYHbIX TArOBbIX MOLCTAHLMSX

MpakTnyeckas akTyanbHOCTb

YeTpoHceTBO IS IIATAHUSA KU pac-
mpenesieHUs dJIEKTPUUECKOM 9HEepTuH
HA TPOMEKYTOUHBIX TATOBBIX TTOCTAH-
IUSIX, BKJIIOYAOIee YJYacTKH BBOJIA,
VYACTKH IIPUCOeTUHEHUs TpaHcdop-
MAaTOPOB U IIEPEMBIYKY, OTJIHYIATOILYIO-
csl TeM, YTO YYaCTKHM BBOJA, COEpIKa-
e pa3beIuHUTEIN U BEIKJTIOYATEeIH,
C OJHOIT CTOPOHEI, BKJIIOUEHBI B PACCeY-
KU OTHOIIEITHOM JIMHUM JJIeKTpoIepe-
1ad, a ¢ JPYrof CTOPOHBI, COETUHEHBI
C yJacTKaMU ITPUCOeIUHEHUS TpaHC-
dhopmMaToOpoB, COCTOAIIMX M3 OIHOIO
pa3beqUHNATENIA, OOIIe TOUKH yIacT-
KOB BBOJIA ¥ YYACTKOB IIPUCOETTHEHUS
TpaHCPOPMATOPOB COETUHEHBI MEKIY
€000 IMePEMBIYKOM, BKIIOYAIOIIEH IBA
pasbeIuHUTe .

JlamHoe yCcTpoMCTBO MMeeT 3HAYU-
TEJILHO MEHBIIIee YHCJIIO dJIEKTPOTEXHU-

YeCKOoro 000pyA0BAHMUS, YeM TPAHIUT-
HAas TSITOBAsI ITOJICTAHIIUS, HO IIpegHa-
3HAYEHO TOJIBKO JJIs ITUTAHUS [I0Tpe-
OuTesieil yepe3 MOHMIKAIONINE TPAHC-
dopmaTopsI.

Oxupaemblii pesynbTat

Hcmones3oBanme mpenaraeMoro
yCTpoicTBa NJIsd TUTAHUA U pacipeie-
JIEHUS 9JIEKTPUYIECKON SHEPTHH Ha IIPO-
MEYKYTOUYHBIX TATOBBIX MOJCTAHITUSIX
II03BOJIUT COXPAHUTH TAKOE Ke KOJIH-
YECTBO JJIEKTPOTEXHUYECKOT0 060py-
JOBaHUS, KaK B TATOBOU IIOJICTAHITIN
Ha oTHaMlKax, HO IIPW 3TOM pacHIups-
eT QPYHKIIMOHAJbHBIE BO3MOYKHOCTHU
yCTpoicTBa JI0 TPAH3UTHOM HOJCTaH-
IIUU 3a CUYeT IIepeHO0Ca BBIKJIIOUATEeJIs
3 yYacTKa IIpUCOeIUHEeHN Tparcdop-
MaTopa Ha y9acTOK BBOJIA IIPOMEIKYTOY-
HOM TATOBOM IIOJACTAHIIUH.



YBaxaembie konneru!

WHdopmupyto Bac 0 TpedoBaHuUAX,
npeabsaBASEMbIX K 0(DOpPMNEHUIO CTaTeu.

IIpu matGope ucronbayitre Word-2003
wmu Word-2007; mrpudt (110 BceMy TeKCTy,
B TOM YWCJIe B PUCYHKAX U TAOJIHUIIAX) —
tum Times, paamep mpudra — 14, Mesx-
CTPOYHOE paccTrosgure — 1,5, ab3aIiHbIN
orcryrn — 1,25 (1,27) cm, mona — 2cm;
paccTaHOBKA IIEPEHOCOB II0 BCEMY TeK-
CTY — aBTOMATHYECKas.

Ha6op dopmyir: mpocreie dopmyibt
u coueranusa cumBonos (x° <y E = mc?;
aZ+bi=c% Q, lyj) — TOJILKO B TEKCTO-
BOM DesKHMe, CJIOKHBIE

9
1 < P . G{l
= Zxn; |

j=1

7]

‘ 1 e,
(8" =—— fonj—
n—1| = n

unu §) — TOJBKO B pelarTope hopMyJt

(Bctpoer B Word).

Hanwncaume Oyks: pycckue (a, 0, B,
A, B, B), rpeueckune (O, %, Q, ¥, a, B, 6, €,
A, 1), a Takke U@pst 1 pyurmym (1, 2, 3;
I, II, III; max, lg, sin u T.11.) OHUIITyTCS
TOJIBKO IIPsIMO; JaTuHckue (a, b, n, A, B,
N u t.1.) — TobKO0 KypcuBoMm. Uckirroue-
HUE — KYPCHUB BO BCIIOMOTATEILHOM TEK-
cre (cioBa «Tabmauma» u «Puc.», mpume-
YaHUS B PUCYHKAX U CCHLIKU B TEKCTE HA
9TU IPUMEYAHUS).

OdopmiteHne Tekcra: JIEBBHIA Bepx-
HUMA Kpall — WHUIUAIE, (paMuans; 3a-
rosioeok — Bce OykBol [TPOIIMICHBIE,
JKUPHBIE, PACIIOJIOKEHNEe — II0 IEHTPY
Habopa; TabJUI[ UM PUCYHKOB: B TabIH-
11ax pasmep mpudTa — Ha MOJITOPa-IBa
pasMepa MeHBbIIle, YeM B OCHOBHOM TEKCTE
(11,5-12), pacrmosioseHue TEKCTa B «IIIaII-
Ke» TaOJIUIIBI — II0 TIEHTPY, B CTOJIOIAX —
10 MIUPUHE; MEKCTPOIHOE PACCTOSTHIE —
1; ciroBo «Tabuia» — KypcruBHOE Havep-
TaHWe, B IPABHIA Kpail TaOIUIH]; Ha3Ba-
Hue Ta0IUIEI — HaYepTaHue HOPMAaJIbHOe
(upsMoe), pacroJIoKeHre — II0 IEHTPY
tabauel. B pucynkax (rpadukax, gua-

rpamMmax): pagMep MOAPUCYHOUHOM IO/ -
nucu — 14, pacrioJioxkeHue — II0 IIeHTPY
Habopa, ciioBo «Puc.» — rypcus, Has3Ba-
HUEe PUCYHKA — HOPMAaJIbHOe HavyepTa-
HUe, OIIICAHNE PUCYHKA (QKCILIMKALIAI) —
HOpMAaJIbHOEe HauepTaHUe, YCIOBHBIE 000-
3HAYEHUST — KyPCUBHOE HAYepTaHUe, UX
pacundpoBra — HOpMaJibHOe. Pacrosio-
sKeHre TabJINI] ¥ PUCYHKOB — CTPOTO TI0-
cJIe CCHUJIKY HA HUX.

Kpome Toro, pucyHkm o0s3aTesibHO
PUJIATAoTCsa K MaTepuasty (OQUH PUCY-
HOK — oauH daitr; popmar — *.¥jpg).

CchUIKH HA JTUTEPATYPY B TEKCTE IIH-
LIyTCcsA B KBaIpaTHBIX ckoOkax ([1], [1, 2]
win [3-5]); uymeparusa ckBosuas. Cru-
COK JINTEPATYPBI/UCTOYHUKOB OOPMIIS-
ercs mo 'OCT 7.0.5-2008.

B kom11e cratbu 00513aTEIEHO CTABUT-
csI TaTa OTCHLIA MATePHUAJIA B PEIAKITHIO.

O6wbem cratbu — He Oosiee 14-Tu
CTPaHUIIL,

Haspanue daitna: @avunus. [Tepsoe
ciroBo 3arosioBra. Muororoune. [locesn-
Hee ¢j10B0 3arojoBka (Cumopos. Cunres. ..
9JIEKTPOIIPUBOJIOM).

K marepmainy (crarnpe) obssaresinb-
HO IPUJIATAITCS (OTIeIbHBIM (haityiom):
VIIK, cBenenus o0 aBTope, aHHOTAIINA,
KJII0ueBHIe cJIoBa (HasBauwue daiia: YK
000. Cumopos. CuHTe3... 3JIEKTPOIPHU-
BOJIOM).

MarepuaJis 718 0uepeIHOTO HoMepa
skypHasia «Becraur Ypl'VIIC» nmpuruma-
forest o 30 drciia mepBoro Mecsia KBap-
tasa (1o 30-ro saBaps, 30-ro ampess, 10
30-ro uroJst, no 30-ro okTAOpst). MaTepu-
aJIbl, TIOCTYIIUBIIINE B PEIAKIHIO II0CTIe
30-ro uwmciia, 6yAyT OIyOJIUKOBAHBI TOJIb-
KO B CJIEIYIOIEeM HOMepe.

Vermenruoit paborsr!

JI. Bapviwrukosa,
JIUMEePAMYPHbLU U 8bINYCKAIOULULL
pedaxmop scyprana «Becmnurx YpI'VIICy



Penakuus xypHana «BectHuk YpI'YIIC» uHgpopmupyet, yto C.C. TutoBbiM, W.T. Tunbkom
n A. 0. PoxxHéBbiM, aBTopamu cTatbu «MccnefoBaHne TOYEYHOro KaHana ¢ J10KOMOTUBOM
(TKJ1-C)» («BecThuk YpI'YIIC», Ne 3—4, 2009 r.), npu ochopmaeHnu matepnanos bina gony-
LLiEeHa TEXHNYECKas OLUIMOKa — MPoMyLYeHo UMS OGHOro U3 coaBTopoB. COCTaB aBTOPCKOro
KONIIEKTUBA HEOOXOAUMO 4MTaTh TaK:

«CBepeHust 00 aBTopax:

Anekcanpp JleonmpoBuy FaBpuniOK — Kavf. (u3.-mar. Hayk; IHCTUTYT maremaruku
1 mexaHukun YpO PAH.

Cepreii CepreeBny TUToB — [1-p (hn3.-Mart. HayK, npodheccop Kady. «MpuknagHas matemaru-
Ka» YpanbCKoro rocyfapCTBEHHOro yHuBepcuTeTa nyTei coobLeHmns. E-mail: Stitov@usaaa.ru.
Wropb F'epmanoBuy TunbK — KaH. TexH. HayK, aupektop HILL «[pomanekTpoHuka» npu Ypass-
CKOM rocyjapCTBEHHOM YHUBEpCUTETE NyTen cooblueHms. E-mail: Melnikova_i@npcprom.ru.
Anexkceit OpbeBu4 PoXXHEB — VHXEHEP YpanbCKoro rocy4apCTBEHHOM0 YHUBEPCUTETA My-
Tewn coobuieHust. E-mail: Alexon@k66.ru»

Coastope! cTaten C.C. Tutos, U.T. Tunbk, A. 10. PoXHeB MpuHOCAT CBON U3BUHEHUS AJTEK-
canapy JleoHnposuyy FaBpusioky 3a J0CaiHOE HeA0pa3yMeHue.
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