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MOJOEMPOBAHUE OOCTATOYHOCTU
MOBWJIbHbIX NMOAPA3AENEHUA SKCTPEHHbIX
CNY>XBb NP BO3HUKHOBEHUUN CUTYALUIA
MOBbILLEHHOW CJIOXKHOCTU

Pa3paboTaHbl MaTeMaTyeckme Moaenu yHKLUMOHUPOBAHWS CUCTEMbI IMKBUAALMMN ONACHbIX CUTya-
umn (noxapos, HaBoAHeHwn, ATM 1 Ap.), TpeOytoLwmMx onepaTMBHOrO NPUBMEYEHNs OrpaHNYeHHOrO
yncna (2—3) MobubHbIX NOApPa3aeneHn COOTBETCTBYIOLLIMX SKCTPEHHbIX CNy>KO0. MMokaszaHo, YTo OHM
MO3BOSIAIOT ONPeAeNNTb HeoOXOAMMOE KONMYECTBO NPMBIEKAaEMbIX MOOUITbHbBIX NMOApPa3aeneHuin ans
NUKBUOAUMN PA3INYHBIX ONACHbIX CUTyaumn. OnpefeneHbl KpUTHYeckme COCTORHMS Takom CUCTEMBbI,
Korfa MobunbHble NoApasaeneHns He CMOryT ObiTb NpuBfeYeHbl. [okazaHa BO3MOXHOCTb peLleHums
3aflay aHanM3a 1 CrHTe3a AaHHOWM CUCTEMbI.

KnioueBble cfioBa: onacHas cutyaums; MobunbHble noapasaeneHus; SKCTpeHHble Cny>obl; rpad co-

CTOAHWNA CUCTEMbI; BEPOATHOCTb OTKA30B.
DOI: 10.18322/PVB.2016.25.10.59-66

CoBpeMeHHbII dTall pasBUTHsI 00IIECTBA XapaKTEPH3Y-
€TCsI BOSHUKHOBCHUEM BCE OOITBINIETO YMCIIa PA3THIHBIX
OTIACHBIX CUTYaIWii (moXkapoB, HaBomHeHnH, JITTI u op.),
TpeOYIOINX ONEPAaTHBHOTO MPUBICYCHHS MOOHIBHBIX
TIOJIpa3IeNICHAH YKCTPEHHBIX CITYKO — IMOXKAPHBIX, CKO-
poii menunuHckoil nomoruu (CMII), cnacareneii, mo-
muud 1 ap. [1-3]. DTo 0OTHOCHTCS KaK K IPOMBIIIUIEH-
HBIM MPEANPHUATHIM M HAaceJleHHBIM MyHKTaMm [4, 5],
TaK U K KPYITHBIM JIOPO’KHBIM MarucTpalisiM U 00bek-
TaM B ApKTH4YecKoi 30He [6, 7].

B omHOM ciywae A TOKaMH3aluy M THKBUIAINH
OTaCHOHM CHUTyanuu (Hampumep, Hokapa) Tpedyercs
MPUBJICYCHUE TOIBKO OJHOTO MOOMIBHOTO MOJpAa3ze-
JeHns (HanpuMep, Mo’KapHOTo Kapayia), B Ipyrom, 0o-
Jiee CIIOKHOM, CITydae — JIBYX MOJpPA3ACICHUH, B S
Oosee cIOKHOM — TpexX (HarmpuMep, IoKap MO THOBBI-
meHHoMy HoMmepy [8]).

B cBsI3u ¢ 9THM IpencTaBIseTCs eIeCo00pa3HBIM
IPOBECTH MOJEIHMPOBAHKE IIPOLIECCOB IpHEMa — 00-
CITy’)KUBAHUS BBI30BOB C IEJIBIO ONPEICICHHS HE00X0-
JUMOTO YKciIa MOOUJIBHBIX MOAPA3IEICHUN IS JTUK-
BUJIAIIMM OTMACHBIX CUTYallMil C TapaHTHUPOBAHHOH Be-

POSITHOCTBIO, @ TAK)KE OLIEHKN BEPOSITHOCTEN COCTOSIHUM
CHUCTEMBI “‘OIacHble CUTYyalluu — MOJpa3/AesICHUs IKC-
TPCHHBIX CITY>K0”, 4TO TO3BOJIHUT CIUIAHUPOBATh MECTA
WX gucioxanuu [9].

g pemenust JaHHBIX 337249 MOXKET ObITh UCIOJb-
30BaH MaTeMaTHYECKHI armapaTr UCCIEAOBaHUs Ofle-
pamuii u Teopun MmaccoBoro oociyxkubanus [10]. Ipu
9TOM COCTaBIISICTCsI TIepeYeHb COCTOSHUM {S} nccneny-
€MO¥ CHCTEMBI (B JAHHOM CITydae ‘‘ONMacHbIC CUTYalun
— MOOWIJIBHBIC TTO/Ipa3AeieHus ), U U3 aHAJIN3a CTaTH-
CTHKH OIPEIENISIOTCS CPETHIE 3HAYCHUSI BPEMCHU {7}
Iepexofa CHCTEMBI W3 OJHOTO COCTOSHHS B JIPYTOC.
[onarasi, 9To BENMUYMHBI {¢} CIyIallHBI U TOTIHHCHBI
9KCIIOHEHIINALHBIM 3aKOHaM pactipenenenus [11, 12],
MOKHO IIOJTyYHTh BEKTOPBI HHTCHCUBHOCTEH IEPEXOI0B
{A} u {u}, ABIAIOIIMXCS MMapamMeTpaMH SKCIOHEHIIHU-
aJIbHBIX 3aKOHOB pacIpelleIeHusl.

Bekrop {A} o0OycnaBiuBaeT 4acTOTYy BOSHUKHOBE-
HUSI OTTACHBIX CUTyanuil. B Hero BXomst mapameTpsr:
Ais Ay, Ay — YaCTOTA BOSHUKHOBEHUS CHUTYaIHH, Tpe-
OyIOIIMX IPUBJICUYEHUS COOTBETCTBEHHO OHOTO, JIBYX,
TpexX MOOWIIBHBIX MOApa3neieHuid u T. 1. Bextop {p}
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B roxapuas oxpana

OTpa)KaeT CKOPOCTH JIMKBHUJIAINN OTACHBIX CHUTYaIlHi
U COIEPKUT NAPaAMETPBI: [}, [y, [y — CKOPOCTb JIUKBH-
JAINU CUTYaINi, TPeOYIOMNX MTPUBICICHUS COOTBET-
CTBEHHO OIHOTO, TBYX, TPEX MOOMIBHBIX MTOApa3Ieie-
HUAN U T. ]I.

Ha puc. 1-6 nmpuBenensl rpadbl mepexo10B sl CU-
CTeMbl “‘OlacHblEe CUTyallud — MOOWJIbHBIE MOpa3ie-
JeHus” TPU Pa3IUYHbIX KOJIMYECTBAX 7 MOOMIIBHBIX
nopasieseHuit™, Korua BO3MOXKHbBI CUTyaluu, TpeOy-
IOLIME IPUBJICYEHUS OTHOTO HITH JIBYX MOOMIJIbHBIX MO~
paseneHnii SKCTpeHHbIX ciyx0. CUCTEeMBI U3 m ypaB-
HEHWH B MPENOJI0KEHUHN O CTAIIMOHAPHOCTH MPOIIEC-
COB, COOTBETCTBYHOIIUE rpadham nepexonos Ha puc. 1—6
U COZIeprKalllie BEPOSTHOCTH {p} cocTostHuit {S}, mpu-
BeZicHBI B Tabn. 1. Tam ke nmpuBeneHbl KPUTHYECKHUE
BEPOSATHOCTH OTKA30B: P, — BEPOSITHOCTb COCTOSHUS
Syc» KOTZIA 3aHATHI BCE MTOAPa3aeneHus (KaHaIbl 00CITy-
JKUBaHM) U HU Ha KaKy10 BHOBb BO3SHUKILIYIO OITACHYIO
CHUTYAIMIO HA OTHO MOOMITBHOE ITOZIpa3/IeNICHUE OTIIPaB-
J€HO OBITh HE MOXKET; pj; — BEPOSITHOCTb COCTOSIHUS
S}, KOT/Ia Ha BO3HHKIIYIO CHTYALHIO, TPEOYIOIIYIO MPH-
BJICYEHHs] OJJHOBPEMEHHO JIBYX IOJpAa3/eiICHUN, OHI
HE MOTYT OBITh BBICJIaHBI.

Ha puc. 7-9 npuseznens! rpadsl nepexoioB, Korjaa
BO3MOXHBI CUTYyal[MH, TpeOyrolIrue MPUBICUYECHUS O
HOTO MOOMJIBHOTO MOIpa3ieTIeHHst TMO0 IBYX MU TPeX
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Puc. 1. I'pad nepexonoB st AByXKaHAIBHOM CUCTEMBI (11 = 2),
00CITy’)KUBAIOIIEH BBI3OBEI, TpeOyromue 3aaeiicTBOBaHUS MO0
OITHOTO, TOO OJHOBPEMEHHO IBYX KaHanoB: O — KaHal 00-
CIIy’)KHBaHUS cBOOO/IeH; @ — KaHaJI 00CIIy)KUBACT OJIMH BbI30B,;
@®—@® — BLI30B 00CIIY)KMBAIOT Cpa3y JBa KaHaia; S, — IM0J-
HBII 0TKa3 (HU OIMH BEI30B HE IIPHHIMAETCSI K 00CITY )KUBAHUIO);
St = Sy U S| — 0TKa3 B 00CITyKHBaHUH “ABOHHOT0” BBI30BA

Puc. 2. I'pad nepexooB At TpEXKaHAIBHOW CUCTEMEI (1 = 3),
00CITy>KUBAIOIIEH BBI30OBEI, TpeOyromue 3aaeiicTBOBaHUS 100
OJTHOTO, TNOO OJHOBPEMEHHO JABYX KaHAJIOB (00O3HAYEHUS CM.
Ha puc. 1): Spp= Sy YU S5 U S3 — 0TKa3 B 00CTy)KUBaHUH “‘ZIBOM-
HOT'0” BBI30Ba

* B Teopu# MaccoBOro 00CIyKUBaHUsI IPUHSITO HCIIOJIB30BATH TEP-
MUH “KaHaJ 00CITy)KHBaHUsI’, aHAIOTMYHBIN TOHITUIO “MOOHIIb-
HOE ToJIpa3ienenHue’”.

MOJIpa3/IeJICHU i OTHOBpEeMEHHO. B Tabi1. 2 mpuBeieHbI
BEPOSATHOCTH {p} COOTBETCTBYIOIIMX COCTOSHUH {S},
a TaKk)Ke BEPOATHOCTH KPHUTHUECKUX COCTOSHUH P,
Py ¥ pryp- BEpOATHOCTE pyj; COOTBETCTBYET COCTOSIHUIO
Siy1» KOTTIa BOHUKAET OTKA3 B OJTHOBPEMEHHOM IIPHObI-
THH TPEX IMOIPa3IeICHUH (HapuMep, moxKap 10 OBBI-
LIEHHOMY HOMepY), €CJIi TOro TpeOyeT BHOBb BO3HHK-
asi oracHasi CUTyauusl.

Penienue cucteM TMHEHHBIX aJIreOpandecKkux ypas-
HEHUH, IPUBEJCHHBIX B Ta0. 1 U 2, ¢ 1eIblo ompese-

Puc. 3. I'pac mepexo1oB 111 4eTHIpeXKaHAIBHOM CHCTEMEI (11 = 4),
00CITy)KMBaroIIel BBI30BBI, TPEOYIOIINE 3aeiCTBOBAHHSA OO
OJTHOTO, TH0O OIHOBPEMEHHO JBYX KaHAJIOB (00O3HAUYEHUS CM.
Ha puc. 1): Spp= Sy Y S3 U S — 0TKa3 B 00CTy’)KUBaHUHU “ABOM-
HOro” BbI30Ba

Puc. 4. I'pad nepexo10B [uIsl MATHKAHAIBEHOH cUCTEMEI (1 = 5),
00CITy’KUBAIOIIEH BBI30BEI, TpeOyromue 3a1eiicTBOBaHUS MO0
OJTHOTO, THOO OHOBPEMEHHO JBYX KaHAJIOB (00O3HAYEHUS CM.

Ha puc. 1): Sy = Sy U S5 U S7U Sy — 0TKa3 B 00CIyKUBaHUU
“IBOMHOr0” BHI30BA
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Tt B OLIEH BBI30OBBI, TPEOYIOLIHE 3aeHCTBOBAHMS TMOO OJTHOTO, THOO OJJHOBPEMEH-
Sis

OTKa3 B 00CIIy>)KUBaHHUH “IBOMHOT0” BHI30Ba

Tabnuua 1. Cuctembl anrebpanyeckmnx ypaBHEHNUIA COrnacHo rpadam Ha puc. 1—6
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i Puc. 5. I'pad mepexo10B 711 HIECTHKAHAIBHON CUCTEMBI (11 = 6), 00CTyKUBa-
|
‘
Il
‘
1 HO JIByX KaHaJIOB (0003Ha4eHUs cM. Ha puc. 1): Sy =Sy, U SgU S U S5 —
‘
Il
‘
|
|
‘
]

n|m Cucrema ypaBHEHHI IIpumeuanus
214 ==+ M)pot Wp T P AHaNUTHYECKOE PelIeHue:
0="npo— (ki + )P+ 20p3 Py = 140y + 0oy + 0,507
0="2%py— My P; P1= % Pos 21’2 = 0y Pos
= 0,507 p,;
0="Rpy - 2pps Py = % Pos
Porx = ((XZ + 0,5(112)]70;
P~ Po TP
315 0=+ 2)po+upr+ Py 0=Apo— (A + 2 T )Py + 21p3 + 1 py; Pow = Pat D5
0=2pg— Ay T ) o+ 1y pas 0=A1py = (A +21) p3 + 3pyps; Pu=Powt P2
0="2%p1— (1 T M) Py T A py; 0=Ap3—3uyps
419 0=t A)potwpr t Py 0=hpg— (A T Ay + 1)y +20p3 + 1, Py Porc=Ps P71 Pg;
0=2pg— (M + Ay + 1) Py ipy + 21 ps; 0= Ay — (A + Ay + 20 p3 + 3Wps + o p7; | Pt~ Pow ™ Ps
0=2p + Mpy— (Mo T 1y T A py + 214p7; 0= Ay py — 21 ps;
0=Ap3— Gy *A)ps +4mps; 0=2A,p3+ hips— (W +21)) ps 0= Ayps — 4ppg
5012[0=—y+A)po+ 1oy + Py 0=Apo— Ay + Ay + )Py + 2WP5 + Wy D Porx =P T P10+ P11
0=2Xpg— Ay + 2+ ) pr + yps + 21, ps; 0=Aypy — (A + Ay +20) p3 + 31p6 + 1y p7; | Pt~ Porx tprtpy
0=2p;1 + A py— (A + Ay + [y + 1) py + 21407 + 2, pg;
0=2,py— (A +21) ps + ypgs 0= 1p3— Ay + Ry +31) pg + 4Py + 1y P13
0=2p5 + Mpy— (Mg + 1o +210) p7 + 31y pros 0= Ay py+ Aps — (21, + 1) pg;
0=Rpe— A1y * A)po + S p11s 0= Ry pe+ Aps — (o + 31y) Pros 0= Aipg — Sy py
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OkoHyanne tabn. 1

Cucrema ypaBHEHHI

IIpumeuanust

6 [15/0=—(A+A)po T Py TPy 0= Apo— (A + Ay + 1) py + 21 p3 + Ly pygs
0=2%p1 + Mpy — (Mg T Xy + Wy + 1) py + 217 + 2, pg;

0=2p3+ hypy— (A + A+ Wy +20) pr + 31y Py + 21, P10
0=22p4 + My ps— (A + 21 T 1) Py + 210 P1os 0= 2y ps =31, py;
0=%1pg— (g T2y H4p) pro T Sy P13+ Mo P14

0=21p1o— Ay +51) P13 T 61y p1s; 0= Ay pio+ Ay pyy — (Ky T 41 Pras
0=%pi3— 61 pi5

0=— +2)po T WP+ Py 0=k po— (A + Ay + 1) py + 20 p3 + 1y s
0=2%p; + Mpy — (Mg + Xy + Wy + ) py + 217 + 21, pg;

0=2yp3 + Mpy— (A + 2y + 1y + 210 py + 3Py + 215 pyo;

0=2ps— Ay + Ay T4 pio + 5P + Ko P55

0=2p6 T Mpy— (A + 2y + 1y + 31y pyy + 4pys + 21, 6

0=2%,p7+ Mpg— (A + 20, + 2p) P13 + 314P16, 0 = Aypg — Wipy33

0=21p1g— (hy + Ay + 50 pra + 61yP1; + 1y Pig;

0=2p1s— (A +61y) pr7+ Typios 0= Aopiy + Aipys — (Ko + Spy) pisgs
0=Xp17—Tip1e

0=2py— M T A T ) Py + 1y Py T 21, ps; 0= Ay py — (A + A +200)) p3 + 31y P + b P73

0=2 py— (A + 2y +21,) ps + ypg + 3 po; 0=Ayps — (A + Ry +31) pe+4Wpio + o P11

0=2p6+ X p7— (A + 1y +30) Py AP 0= Ay py + 4y pg— 2y + 21)) pyo;

0="2pg— (A + 2+ ) Py + 1y Py + 21, P53 0=Aypy — (Mg + Ay +200) p3 + 3pp6 + o prs
0 =20, = (M + Ay + 2W)ps + ypg + 3opg; 0= Aips — (A + Ay + 3p)pg + 4upio + Wopiss

0=2,ps+ Mps— (A + 20, + 1y) pg + 2P 1o 0=Ryps — (A + 3p,) po + Wypy3;

0=2p10+ Mp1y— (M + oy T 4R pis + Sprgs 0= 2 pyy + A1 — Cpy + 31 pis

Pore =Po T P12t PiatPiss
P = Porx +p13

Porx = P13 T P16 T P1g T D193
P =Porc T P12 T P15 T P17

Mpumeuanue. o =A;/l; 0y = Ay/ll, — NPUBEICHHBIE HAIPY3KH.

Tabnuua 2. CuctemMbl anrebpanyeckix ypaBHeHWn cornacHo rpacdam Ha puc. 7—9

n|m CucreMa ypaBHEHHI

[Mpumeuanus

317 10==+A+2A)pot pr Ty + 13 ps;
0=21pg— (M + A+ 1) py + 2Py + 1, ps;
0=2%pg— (A + W) pr + Wyps; 0=2A3po— K3 p3;
0=np;— (M +2p) py + 3P

0="2p; + hipy = (W + 1)Ps; 0=Apy—3p1pg

0=—Q + 2 *A3)po + WPy + WPy + U3 P3;

0=n1pg— (A + Ay + A3+ W) py + 2014 + Wy Ps + 13 P

0=22p0— (A + Myt ) Py + iP5 + 21507 0 = A3 po — (Mg + W3) P53 + P
0="Ap; = (A + Ay +20) py + 3p4pg + Wy Po;

0="2p +Mpy— (A + 1y + 1y)ps +21pg; 0 = A3 py + Ayps — (M3 + 1Y) s
0=2%p, =2, p7; 0=Apy— Ay +311) ps + 4Py

0=2,p4 T Mips— 2y T 1y)po; 0=Aipg—4ppyg

0=— + Ay + X3)py + Wiy T 1Py + 13 P33

0=n1pg— (A + Ay + A3+ 1) py + 204 + Wy ps + 13 po;

0=2p0— Ay T Ayt A3+ W) py T yps + 21, P + H3 P53

0=23pg— (A + 2y + 13) p3 + Py + Wy pg;

0=21py— (A + Ay + A3 T 20) py + 3Py + 1y Pro + M3 P12

0=2p; +Mpy = (Mg + Xy + 1y + 1)) ps + 2Py T 21, P15

0=2py = (A +25) ps + ip11s 0= A3 py +Ap3— (M + 1y + ) pr + 20P12;
0=R3pr t hp3— (M3 W) pg; 0=Rips— (A + Ay +30) o + 4P i3+ o Py

0=23ps+ Mp7— (W3 + 20) pr12s 0=Apo— (A +4p)) pi3 + Spps;
0=2,p9+ Mp1g— (o + 31 P1g; 0= Aypy3—Spypys

0=2ps + Mps — (g + 1o + 20 pro + 3p1gs 0= Ao ps + Mpg— Qo + 1) prs;

AHanUTHYECKOE pelIeHNE:
pal =14+0, +0, +o0; +
+0,507 + a0, + alo,/6;
P = 04Po; Pr = OoPgs P3 = O3 Pos
2 . .
Py = 0,501 pg; ps = a0, py;
2 .
P = Po0i03/6;
Porx = P3 +p5 +p6;
Pi=Pow T P2t Pss Pmi=put P

Porx = Ps T P71 P9t P13
P = Porc TP3 T D5+ Pg;
Pm=PutPtp,

Por =Ps TP TPt

TPt s
Pu=Pox TPt P77t D10t P13
Pm=pPutp3tpstpy

Mpumeuanune. o =A/Wy; o =2Ay/Ho; 03 = A3/l3 — NPUBENEHHBIE HATPY3KH.
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Puc. 8. I'pad mepexonoB ai1st yeThIpexXKaHAIb-
HOM cHCTeMBI (17 =4), 00CITy)KUBAIOIICH BBI-
30BBI, TPEOYIOIIHUE 33/1€HCTBOBAHUS TNOO0 OTHO-
ro, 1100 OJJHOBPEMEHHO JIBYX KaHAJIOB, MO0
Tpex KaHayoB (0003HaYeHNsI CM. Ha puc. 1 u7);
St = Som Y S3U S5 U Sg — 0TKa3 B 00CTyKH-
BaHWH “IABOIHOTO” BBI30BA, Sy = SjpU S, U S,
— OTKa3 B 00CIIy)KHBaHUH “TPOHHOr0” BHI30Ba

JICHHS BEPOSITHOCTEH {p} cocTostHUH {S}
9Yae BO3MOXKHO YHCIICHHBIMH METOJAMHU

30BAHUCM CICIHUATIBHBIX KOMITBIOTCPHBIX IIPOrpaMM.
TeMm He MeHEe B YaCTHBIX ClIydasiX CyIICCTBYIOT U aHaJIN -
TUYECKNE PCIICHUA, KOTOPBIC TAKKEC IMPEACTABIICHBI B

Tabn. 1 u 2.

Puc. 6. I'pad nepexonoB 1t ceMUKaHAIBHOM cUCTEMEI (1 = 7), 00CITy)KUBAIOIIEH BBI-
30BBI, TPEOYIOIINE 331CHCTBOBAHUS JIMO0 OHOTO, TG0 OJJHOBPEMEHHO JIBYX KaHAJIOB

(0603HaueHHs cM. Ha pHC. 1). Sip= Sy U So U 812U S5 U S17 — 0TKa3 B 00CTyKHBa-
HHUH “TBOHHOIO” BHI30Ba
S. N So . e
4 a 1 M 0 g ;
( 1 ]©) 5 [ JOl®) 000 ( o o JIN
oo My M3, i
A, 43 i i ! !
M e B3 0 ST I PSR T T
i A A }}\11 A SZ 3 i
1 00 00 : ; [ o J©) 1 SOTK i
) s, M T ! 3

Puc. 7. I'pad mepexomoB Ui TpexXKaHAIBHOM CHCTEMEI (771 = 3), 00CTYKHBAIOIICH BbI-
30BBI, TPEOYIOIIHE 3a/1eH{CTBOBAHUS JINOO OHOTO, THOO OTHOBPEMEHHO JIBYX KaHAJIOB,
100 OTHOBPEMEHHO TPEX KaHaIoB (0003HAYCHUS CM. Ha puC. 1): @—@—@® — BhI30B
00CITyKUBAIOT cpazy TpH KaHana; Sy= Sy, S, U S; — 0TKa3 B 00CIy)XKUBaHUH
“IBOIHOTO” BBI3OBA, Sijp = Spp U S| — 0TKa3 B 00CTyKHBaHHH “‘TPOHHOTO’ BHI30BA

M

, B OOIIeM CITy-
WJIU C UCTIOJIb-

Ha mpaxTuke ¢ HCTIOTb30BaHHEM BEpOSTHOCTEH CO-
CTOSIHUI MOTYT pelaThcs 3aJadd aHaju3a U CHHTE3a
CHCTEMBI JINKBUIAIIMH OTIACHBIX CHTYAIIH C PUBIICYC-
HUEM MOOMIIbHBIX IOAPAa3IeIeHUI IKCTPEHHBIX CITYKO
[4, 5, 12]. B mepBom ciryyae (3aa4a aHaJIn3a) 10 U3BECT-
HBIM HHTEHCUBHOCTAM {A} ¥ {|1} ¥ UMEIOILEMYCS YUC-

ISSN 0869-7493 MOXXAPOB3PbIBOBE3OMACHOCTb 2016 TOM 25 Ne 10 m



B roxapuas oxpana

Puc. 9. I'pad mepexonoB A NATUKAHATIBHOM CUCTEMBI (72 = 5), 00CTYKHBaIOIICH BBI30BBI, TPEOYIOIIHE 381 ICTBOBAHIS TUOO OTHO-
ro, 1100 0OTHOBPEMEHHO JIBYX KaHAJIOB, JIN00 Tpex kaHaiuoB (0003HaueHust cM. Ha puc. 1 u7): Sy =S, U Sg U S; U S)gU S|3 — oTka3

B 00CITy)KMBaHNH “IBOWHOTO” BBI30Ba; Sijp = S U S3 U S5 U Sy — 0TKa3 B 00CIy)KNBaHUH ““TPOHHOr0” BBI30Ba

JIy MOOMJIBHBIX TIOZIPA3IEIIEHHIA 77 MOTYT ObITh HaliIeHbI Taxum 06pa3om, B 1aHHOI padoTe MpUBEACHBI Ma-
BEPOSITHOCTU KPUTHUECKUX COCTOSTHUN {P ., P Prpif B TEMATHUECKUE MOJIEIU pabOThl CUCTEMBI JTUKBUAIIUU
cZienaH BbIBo/I 00 3(h(peKTUBHOCTH CUCTEMBI B 11eJIoM [ 12]. OITACHBIX CUTYAINH C MPUBJIEYCHUEM MOOMIIBHBIX MO
Bo Bropom citydae (3a7a4a cuHTe3a), HAMPUMED, TI0 3a-  pa3leleHui SKCTPEHHBIX cyx0. B nanpHeimem ma-
JIAHHBIM TPeOOBaHUSAM K JIOMyCTUMBIM 3HAYCHHUSIM Be-  HHUPYETCS MPEICTaBUTh PE3YIbTAThl YNCICHHOTO MOJIe-
POATHOCTEH {P 10 P11> Prinf on M M3BECTHBIM MHTEHCHB-  JIMPOBAHHMSI IPUMEHUTENBHO K PEIICHUIO 33/1a4 aHAIIM3a
HOCTAM {A} 1 {1} MOXET OBITh ONPENEICHO HEOOXO - Y CUHTE3a yKa3aHHOW CHCTEMBI C IPUMEHEHUEM KOHK-
MOE YHCIIO 77 MOOMIIBHBIX ITofpa3aenacHuit [12]. PETHBIX KOJIMYECTBEHHBIX XapaKTEPUCTHK.
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ABSTRACT

The system of response on the emergency situations is represented here. This article also represents
complicated cases when involvement of several types of mobile units is required to react on different
emergency situations.

Firemen, rescuers, ambulance or police can be involved as mobile units. Mathematical models
which describe the work of this system with involvement of two or three units of different types are
developed here. These models allow to define necessary amount of mobile units to liquidate dange-
rous situations with guaranteed probability and these models also allow to define the estimate of
probability of the system conditions “dangerous situations — emergency services units”.

This object is solved by using the mathematical apparatus of exploring the operations and theory
of mass service. Solving of this object intends to arrange the list of conditions {S} of the explored
system. The time average {¢} of transition from one condition to another is also defined from the ana-
lysis of the system. If we set that the quantities {¢} are accidental and they are subordinated by
the exponential laws of arrangements, we can get vectors of intensity of transitions {A} and {u},
which are the characteristics of the exponential law of arrangements.
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Vector {A} determines the frequency of occurrence of dangerous situations. It consists of: A, —
frequency of occurrence of situations which demand involving one mobile unit; A, — two mobile
units; A, — three mobile units etc. Vector {u} reflects speeds of liquidation of dangerous situations
and it contains quantities: p; — speed of liquidation of situations which demands involving one
mobile unit; 1, — speed of liquidation of situations which demands involving two mobile units; p1; —
three mobile units etc.

Diagrams of transition for two or three different types of involving units are shown in this article.

The system of equations in the presumption about stationarity of processes is shown in this article.
They are corresponded to the diagrams of transitions and they contain probabilities {p} of conditions
{S}. Critical probabilities of refusals are also shown here: p,,;,,,, — probability of condition S,,;,.,,
when all the units are occupied and no mobile units can be sent to emersed dangerous situations.

The possibility of solving the objects of analysis and synthesis of the given system is also shown in
this article.

Keywords: danger situations; mobile units; emergency services; system state diagram; possibility of
refusal.
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