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Cetn JI€KCOHA C OTHOJMHEUHBIMY CTAHIHUSAMH U SKCIIOHCHIIUAIIbHBIMU
OTpaHUYCHUSIMU Ha BPEMEHA OKUJIaHUSI TPEOOBAHUIM

B.A. HEMuioCTuBAS, F0.B. MAJIMHKOBCKHIA

PaccMoTpeHa 9KCTIOHEHIMAIbHAS CETh OOCITY)KUBAHUS C OJHOIMHEHHBIMY CTAaHIMSIMH, OTIMYAOIAACST OT
cetn JI)KeKCOHa TOJNBKO TEM, YTO BpeMs OKHIAHMSA TPEOOBAHMSAMH OOCIY)KMBaHHS Ha CTAHIUSAX CETH
OTpaHMYCHO CIy4alHOH BEIMYMHOM, MMEIoLIeH IoKas3aTelbHOe pacrpeneneHue. TpeboBaHus, o0ciy-
JKEHHbIEC B y3JIaX, U TpeOOBaHMUs, HE JOXKIABIIHECS 00CIY)KMBAHHUS, ABUKYTCS IO CETH B COOTBETCTBUH C
Pa3HBIMU MaTpHULAMU MaplIpyTu3anuy. Jloka3aHO, 4YTO HE CYLIECTBYET CTAL[MOHAPHOIO PACHpeeCHHs B
MYJIbTUIUIMKATUBHOM (hopme.

KonioueBble ci10Ba: OTKpBITash CETh MaccOBOTO OOCIYXXHMBaHMS, MaTPULAMH MapIlIpyTHU3alMHu, CTaLHO-
HapHOE paclpeeNeHue, YCIOBUs SProJUUHOCTH.

An exponential service network with single-line stations is considered, which differs from the Jackson
network only in that the waiting time for service requirements at the network stations is limited by a ran-
dom variable with an exponential distribution. Requests served at nodes and those that were not served
move through the network according to different routing matrices. It is proved that there is no stationary
distribution in multiplicative form.

Keywords: open queuing network, routing matrices, stationary distribution, ergodicity conditions.

Beenenue. C pazButrieM HHGOPMAITMOHHON Chepbl BOSHUKACT HEOOXOIUMOCTh HCCIICIOBAHMUS
MaTeMaTu4ecKux Mojenel cereil MaccoBOro OOCITYKMBAHHUS PA3IMUYHOrO TUIA C LIEIbI0 ONTHUMHU3AINH
npoLeccoB 0OcmyKuBaHus. B HacTosiee BpeMs METO/IbI M Pe3yIbTaThl TEOPHH MAaCCOBOTO OOCITYKH-
BaHMS C YCIIEXOM HCIIOJIB3YIOTCS MPH PEHICHUM MpoOieM TeopHH HaAEKHOCTH, aHAIN3E IMPOLECCOB
(YHKIIMOHUPOBAHUS CIOXKHBIX CHUCTEM, pa3paboTKe aBTOMATU3UPOBAHHBIX CHUCTEM YIPABICHUS pas-
JIMYHBIX BUJOB U BO MHOTUX JIPYTUX TEXHUYECKUX, COLUAIBHBIX U SKOHOMHUYECKUX 00acTix. Bo3Hu-
KaeT MOTPeOHOCTh B UCCIIEIOBAHUHU HOBBIX, 00JI€€ CIIOKHBIX BUIOB CUCTEM MAaCCOBOTO OOCITY)KHBAHUSI.

B pa6orax O.B. flky6osuu u B.E. EBnokumoBuu [1], [2] uccnenoBaioch CTalimoOHapHOE paciipe-
JIeJIeHHE BEPOATHOCTEH COCTOSTHUM OTKPBITBIX CETEH ¢ pa3IMYHbIMU TUIIAMU TOJIOKHUTEIbHBIX, OTPHUIIA-
TEJIbHBIX 3asiBOK U CUTHAJIOB U BpEMEHAMHM MPeObIBaHUSI TOJIOKUTENBHBIX 3asSBOK B y3J1aX, OrpaHUYEH-
HbIMU TIOKa3aTeJbHO, pacHpeAeIEHHBIMU CIyJalHbIMU BeTUUYMHAMHU. OTKPBITBIE CETU C BPEeMEHAMHU
npeObIBaHus TPeOOBaHMI, OTPAHUICHHBIMU TIOKa3aTenbHO paccMaTpuBamuch O.E. Jlerynosuu B [3] u
O.B. fIxy6oBud B [4]. OmHako BO Bcex 3THX padotax [1]-{6] mpeamonaranock, 4to TpeOOBaHUs, 00-
CITy’KCHHBIE B y3J1aX, ¥ 3asiBKH, HE JI0’KAaBIINECS 0OCTYKUBaHUsI, BEAYT ceOsl OIMHAKOBO, T. €. UX JIBU-
YKEHUE T10 CETU ONPEAENSIETCA OJTHOM U TOM K€ MaTpULIEH MapLIPYTU3ALINN.

B nHacTosmel cratbe paccMOTpEeHa SKCIOHEHIMAIbHAS CEeTh OOCIY)KMBAaHUS C OIHOJIMHEH-
HBIMH CTAHIIUSMH, OTJIMYAIOMIAsICS OT ceTu J[)KeKCOHa TeM, YTO BpeMs OXUIaHUS TPEOOBAHUSIMHU
o0CITy>)KMBaHUSI Ha CTAHIMSIX CETH OTPAaHUYCHO CIydaiHOW BEJIIMYMHOM, MMEIOIIEH MOKa3aTeabHOe
pacnipenenenue. TpeGoBaHus, 0OCTyKEHHbIE B y3/1ax, U TPeOOBaHUS, HE J0XKIABIINECT 0OCITYXKH-
BAHMSI, IBUOKYTCS 110 CETU B COOTBETCTBUU C PA3HBIMU MaTpULaMU MapUIpyTU3anuu. JlokazaHo, 4To
B 00IIIEM clTydae He CYIIECTBYET CTAllMOHAPHOTO PACIIPEICTICHHUS B MYJIbTUILTUKATUBHOMN (opMme.

1. ITocTanoBka 3agauyu. B ceTb MaccoBOro 0OCITYXHMBaHMsI, COCTOAIIYIO U3 N OJHOJIUHEH-
HBIX CTaHIMH (CUCTEM), TOCTYMHAET MPOCTEHIIHNIA MOTOK TPeOOBAHUHI C MHTEHCUBHOCTHIO A. Kaxkmoe
nocTynarouiee TpeOoBaHUE HE3aBUCUMO OT JPYTUX TpeOOBaHUI C BEPOSATHOCTBIO p,, HalpaBiseTCs

N

Ha i-t0 ctaHuo (i =1,N , z Po; =1). Hucno mect U1 oxkuiaHus TpeOOBaHUI Ha CTaHLUAX Oec-
i=1

KOHeYHOe. Bpemst o0cimyxuBaHus TpeOOBaHUS CAMHCTBCHHBIM MPUOOPOM I -H CTAHIIUU MMEET II0-

Ka3aTelbHOE pacrpeaeneHue ¢ napamerpoM . (i=1,N). Bpemsa oxunaHus Hadanga oOCITyKUBa-
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HUs TpeOOBaHUS B i - CTAHITUU SIBJSICTCS CIYYaHOW BEJTUYMHOM, YCIOBHOE pacipeneiieHne KOTo-

. - . Vi . Txr
poii ( eciu Ha 7 -M CTaHLIMU HaXOAMUTCS 1, TpeOOBaHMIA) MOKa3aTenbHOE ¢ mapaMeTpoM — (i=1,N).
n.

1

Jlpyrumu cioBamu, yCJIOBHAsi BEPOSITHOCTh TOTO, YTO JJIMTEIbHOCTh OKMAAHUS Hayasla 00CIyKH1Ba-
HUS Ka&KI0ro TpeOOBaHUA B I - CTAaHIIMHM 3aKOHYUTCS B IPOMEXKYTKE BPEMEHU [t, t+ h), €CIIi B MO-

. V;
MEHT / Ha CTaHIMHU HAXOJWJIOCh /1, TpeOOBaHMH, paBHa —/ +o(h) npu h — 0, a ycioBHas BEpOsIT-
n.

1

HOCTb 3aBEPILEHUS MTPOLIecca 0XKUAAHUS XOTs Obl OJJHOTO M3 3TUX TpeOoBaHui paBHa v.h+o(h) . Ec-

71 TpeOOBaHKE MOCTYIAET Ha CTAHIUIO, CBOOOIHYIO OT TPeOOBaHUI, OHO Cpa3y HauMHAET OOCITYKH-
BaTbes. [t onpenenéHHocTH OyAeM mpenanonarath, 4Yro TpeOOBaHMs OOCITYKHMBAIOTCS B MOPSIKE
noctyrieHus Ha craniuio (qucuuiuinaa FCFES). Ipeanonaraercs, 4To IpoMeXyTKH BpEMEHN MEXTY
MOMEHTaMH MOCTYIUIEHUs TpeOOBaHUM, BpeMeHa 00CITyKMBaHUS TPEOOBAaHUN M BPEMEHA OXKHJaHUs
TpeOOBaHMH B y3JlaX — HE3aBUCUMBIE CllydyaiiHble BeTUYUHBL. TpeboBanue, 00CIy>KEHHOE B i -i CTaH-
LMK, MTHOBEHHO M HE3aBUCKHMO OT JPYrX TpeOOBaHMUI C BEPOSTHOCTBIO p; EPEXOIUT B j -YIO CTaH-

n

LIUIO, @ C BEPOSTHOCTBIO p,, MOKHUIAET cetb (i, j=1,N, Z p; =1). TpeOoBanue, Bpems OKUIAHHUSL
j=0

KOTOPOTO B i -i CTaHIIMK 3aKOHYMIIOCh, MTHOBEHHO U HE3aBHCHUMO OT JPYTUX TPEOOBAHUI C BEPOST-

HOCTBIO 7, HATIPABIISCTCS. B j -YIO CTAHIMIO, a C BEPOSITHOCTBIO 7;, TOKHpaaer cerb (i,j=1,N,
n

Zrij =1). JInst ynoO6ctBa BBenéMm emg y3en 0, KOTOpbIii OTOXKIECTBUM C BHEITHOCTBIO ceTH. BBeaém
j=0

TaK)Ke CJIEIYIONINE JBE CTAXOCTHUECKUE KBaJIpaTHbIE MaTpullbl nopsinka N +1:

0 Por P -+ Pon 0 py Py - Poy
Po Pu Pn -~ Pwn o "1 "2 Iy

P= , R= ,
Pyo Pwvmi Pn2 -+ Py Fvo w1 Tva oo Ty

KOTOPELIC Ha30BEM MaTpuamM MapmpyTu3aliiuu COOTBETCTBCHHO 06CJIy)KeHHI>IX U HEC JOXIaBIINX-
cs1 obcnykuBanus tpedosannii. Utak, py, =1, =0, r,; = p,; s ocTanbHbix j . O4eBUIHO, MAT-

_ HiDy +Viri/'1{n,-¢1}
M+ v

prunas pysxuus S(n)= (Sij (n)i,j= O,_N), e st 10 s (nl) , 1, — uHaMKa-

n,»:tl}
TOp cOObITHS A, paBHbIi 1, ecnii A npoucxoxut, u 0 B IPOTHBHOM Cilydae, a s, (0)= So; = Po; >
AJIEMEHTSHI i - CTPOKM KOTOPOM 3aBUCST OT Yucia 7, TpeOOBaHUN Ha i -i CTAaHLIUU, TAKXKE SBIIACTCS

CTOXaCTHUYCCKOH MaTpuIled W 10 CMBICIY YIpaBJISIeT IBHKCHHEM TPEOOBAHWUH IO CTaHIUAM
0,1,...,N 0e3 yu€ra TOrO, 32 CU€T Yero (OKOHYaHUSI OOCTYKMBAHUS WIH OXKUJAHUS) TpeOOBaHUE

nokuaaet cranuuio. s i = 03To cneayer U3 NOCTaHOBKY 3a/1auu, a st 1 # ()

ﬁs (n)=; uip +vI ir :;(y +v,I ):1
= H+ Vil Ly = l{n[il}jzoy H+ vl Ce .

byznem Ha3pIBaTh 3Ty MaTpuIly S(” ) MaTpULIEH MapIIpyTU3aLHUU. 3aMETUM, YTO B OTIUYHE OT
cetu JIKeKCOHa, B KOTOPOI MaTpulia MapUIpyTU3aLluy HE 3aBUCHUT OT 4,1 =1, N, u oT cetu ¢ orpa-

HUUYEHHUEM Ha BpeMsl IpeObIBaHUs, B KOTOPOI MaTpuIla MapIIpyTU3aLUK 3aBUCHUT OT 4, V,, i =1,N u
HE 3aBHCUT OT YHCell TpeOOBaHMUN B y3JaX, MaTpULla MAPIIPYTH3AIMH UCCIIEAYEMON CETH 3aBHUCHUT
oT u,v,,i=1,N,aee i-1 CTpoKa ClIeLUAIbHBIM J1OCTaTOYHO MIPOCTHIM 00PA30M 3aBUCUT OT YHUCIIA

TpeOOBaHUH HA 1 -i CTAHINH.
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3aMeTHM, YTO €CJIU MOJIOXKUTh 7, =1, i =1, N, To He 1oKAaBIINECs 00CTyKUBaHUs TpeOOBa-

HUSI TIOCJIe OOCITy’KUBAHUS HA CTAHLUAX OyqyT MOKHJATh CETh, @ €CIU MOJOXUTh p,, =1, i=1,

TO, HA00OPOT, MOKUIATH CETh OYAYT 0OCITYKEHHBIC Ha CTAHIIMAX TPEOOBaHMUS.
OG6o3HaunM uepes A¢, (nl) YCJIOBHYIO HHTEHCHUBHOCTD IIOTOKA TPEOOBAHU, BEIXOASIIETO U3 i -i

CTAHLUH, HAXOJALIEHCA B COCTOSIHUM 7, (i =1,N ) Tak kak TpeOOBaHUS HE POXKIAIOTCS U HE TEps-

IOTCSl IPY MIPOXOXKJICHUN CTAaHIMK, TO B CTAIIMOHAPHOM PEKUME C TOUHOCTBIO J1I0 MHOXKUTENs A (Ha
KOTOPBIM MOXKHO COKPATUTh) BBIIIOJIHAETCS CJIETYIOIINN 3aKOH COXPAHEHHUS:

N —
8j(nj):p0j+28i(ni)szj(ni_l)7 Jj=LN. (D)
im1

Jlanee npenmnosaraercs, 4ro ManI/IL[aS(I’Z) HenpuBoauma. i1 €€ HEeNpUBOAUMOCTH JOCTATOYHO
(HO HEe HeoO0X0oauMO), YTOOBI HEMPUBOAMMON ObuTa XOTS Obl oaHa w3 Matpul, Puiu R. Torma
ypaBHeHue (1), koTopoe OyneM Ha3plBaTh ypaBHEHHEM Tpaduka, 0pu (QUKCUPOBAHHBIX
My Viy NPy By =1,N, OyzeT UMeTh €MHCTBEHHOE IOJIOKUTENbHOE pemeHue. Ecnu usme-
HATH 3TH TMapameTpsl, To pemeHus (1) OyayT GyHKIMAMU OT HUX. 3aMETHM, YTO B KJIACCHYECKOU
cetu JI>kKeKCoHa pelieHue ypaBHEHHS Tpaduka onpeaenseTcs MaTpulie P u He 3aBUCHUT OT Tapa-
METPOB ;[ = I,_N
Jlemma 1. I1pu évinoanenuu (1 )

Zg n)s,,(n,—1)=1. 2)

CxunagpiBas (1) mo j=1,2,..., N 1 uCnosnp3ys CTOXaCTUYHOCTb ManI/II_[BI S(n) nonquM

Zi;gf(nj):prggi(n")ésv(”i_1):1+[Z::5i(ni)(l_si0(”i 1+Zg zg l 1),

OTKyZa BbITeKaeT (2). DU3NYECKUl CMBICIT COCTOUT B TOM, 4YTO (2), yMHOKEHHOE Ha A, BBIpaKaeT
PaBEHCTBO MHTECHCUBHOCTEN BBIXOJIAINETO M3 CETH U BXOJSIIETO B CETh IIOTOKOB TPEOOBAHMIA.

2. YpaBHeHus 17100aJIbHOTO U JIOKAJBLHOTO paBHOBecHsl. COCTOSIHUSI CETH B MOMEHT 1 Oy-
JIEM OINMCHIBaTh MApPKOBCKHMM IIPOLIECCOM WM LENbl0 MapkoBa € HENPEPHIBHBIM BPEMEHEM
n(l): (n1 (l) n, (t) ...nN(l)), rae n(l) — 4hCI0 TpeOOBAHUH HA [ - CTaHIMM B MOMEHT BPEMEHH .

TIpocTpaHcTBO COCTOsIHMIA 3TOro mpouecca X=Z", rne Z, = {0,1,...}. B cuiy HenmpuBoaumocTu

+ 2

MaTpPHULIBI MAPIIPYTU3ALHUH U MOJOKUTEILHOCTH UHTEHCUBHOCTEH BBIXO/1a U3 COCTOSIHUN B MOMEH-
ThI €€ CKauKOB n(t), OYEeBUHO, — HempuBoAUMas 1enb MapkoBa. OO0 ycinoBHsX €€ 3proAUYHOCTH,

KOTOpBIE Jajiee MPEAnoaraloTcsl BhITOJIHEHHBIMH, OyeT cka3aHo Huxke. [lyctsb {p(n), ne X} —eé

MpeieIbHOe IPTOANUECKOE paclpeieieHne, KOTOpOoe B ATOM ciiydae OyJeT e€IMHCTBEHHBIM pellie-
HUEM ypaBHEHHI r100aIbHOr0 PaBHOBECHUS

/1"'2( z pn +Vi(1_7;'i)1{n,¢l})l 1, %0} ZP n—e; ipoz +ZP nte )(ﬂ,pzo +V1rzOI{n ¢o})

i=l i=1

N
e S plnre,—elup, vy )b neX, 3)

i=1 j=1,j#i
YAOBJIETBOPSAIONIUM YCIOBHUIO HOPMHPOBKH z p(n) =1. 3mecp e, — eOVHWYHBIM BEKTOp I -TO
neX
HallpaBJICHUs, IPUYEM MIPEIIIONIATraeTCs, YTO p(n) =0 npu n e X . Pazobsem (3) Ha ypaBHEHUS JIO-
KaJIbHOTO paBHOBecHs. [lepBoe ypaBHEHHE MOIy4YaeTcs, €CIM NPUPABHITH HMHTEHCUBHOCTD MTOTOKA
BEPOSITHOCTH M3 COCTOSIHUS /1 32 CUET MOCTYIUICHHS TPeOOBaHMI B CETh U3BHE MHTEHCUBHOCTH I10-
TOKa BEPOSTHOCTH B COCTOSTHHE 7132 CUET yX0/1a TpeOOBAaHUM U3 CETH:

N
=Y pln+e N +virgly.)  neX. )
i1



Cetu JI>kekcoHa ¢ OJHOIMHEHHBIMU CTAHIMSMH U SKCIIOHCHIIMAILHBIMU. . . 95

OcranbHbie N ypaBHEHUU JIOKAIBHOTO PAaBHOBECHS MOJIYYAIOTCS, €CIM I KaXXI0W CTaHIUU
MPUPABHATH MHTEHCUBHOCTh MOTOKA BEPOATHOCTH U3 COCTOSHUSI n 3a CUET yXoAa TpeOoBaHUU U3
STOW CTAaHIIMM WHTEHCHUBHOCTH MOTOKA BEPOSTHOCTH B COCTOSHHE 71 3a CUET MOCTYIUICHUS TpeOo-
BAaHMI Ha 3Ty CTaHIUIO (MU3BHE U U3 JPYTUX CTAHIIMI)

p(”)(ﬂt (1 — Di )+ Vi (l i )I{n,==l}): p(” -€ )/11701‘ +

N
+ Zp(n +e; —eiijpﬁ +erjil{n/¢0}) neX,i=1,N. (5)
=L
Tax kak (3) monmyuaercs ciokeHueM (4) ¢ MpocyMMHUpPOBaHHBIMU 10 i =1, N ypaBHeHUsiMU (5), TO
BCSKOE PElICHUE JIOKABHBIX ypaBHEHUsSI paBHOBecHs (4), (5) Oymer sSBAATHCS pEIICHUEM TI00ab-
HOTO ypaBHEHHS paBHOBecHs (3).

3. U301MpoBaHHBIH OT CeTH y3eJ B HCKYCCTBEHHOM ciyuaiiHoii cpene. M3onupyem i-10
CTaHIIMIO OT CEeTH, romemnias e€ B GUKTUBHYIO CIYYalHYIO Cpely, OTIMYAIOUIYIOCs OT YCIOBHM €€
(YHKITMOHUPOBAHUS B CETU TOJILKO TEM, YTO B HE€ MOCTYMAET MOTOK MOMEHTOB MOCJIEI0BATEIbHBIX
CKAauKOB IPOIIECCa YUCTOTO Pa3MHOMXEHUSI C MHTEHCUBHOCTBIO POXKIACHUS /'Lgl.(nl.), 3aBUCAILIEH OT
yucia TpeboBaHuil n, B 3Toi craHuuu. [lomydaercs mporecc pa3MHOXKEHUsI U THOEIH i(t) C UH-
TEHCUBHOCTSIMU POXIEHUS Ag, (nl) (nl. = O,l,....) M HMHTCHCHBHOCTSMU rubemn u; +v ]I,

(nl. =1,2,.. ) IIpu 5TOM CTanMOHApHBIE BEPOATHOCTHU Lienn Mapkosa 171.(1‘), €CJIM OHHU CYILECTBYIOT,

YIOBIETBOPSIIOT CIEAYIOIIUM YPAaBHEHHUSIM PABHOBECHS JIJIsi BEPTUKAIBHBIX CEYCHUI B rpade mepe-
XOJIOB MpoIIecca Pa3MHOXKEHUS U THOEIH:

/7"91‘ (ni - l)pi (ni - 1) = (/’li + Vz'I{nﬁ:l})p; (nz) (ni =12,... -)a (6)

DTa cucTteMa ypaBHEHUN MOXKET ObITh 3alicaHa B BUIC
A€, (0)pi (0) = H:D; (l)a (7)
ﬂ’gi(ni _l)pi(ni —1)= (:ui TV, )pi(ni )a (ni =2, 3"'")’ (8)

N3 ypaBuenwuii (7), (8) Haxoaum
pn)=p 0 T] (22 ) ©

N3 ycnoBuss HOPMUPOBKH CIIEIYET, YTO

p0)=| 1+ 4V [ 20 (10)

" KpOMEC TOr'0, 4TO YCJIOBUC
w n-l1
ZHM < o0 (11)

ABJISICTCS. HEOOXOIUMBIM U JJOCTATOYHBIM JJISl CYLIECTBOBAHMSI CTALlMOHAPHOI'O PACIIpECNICHUs, a
3HAYHUT, HEOOXOAUMBIM IS 3PTOJUYHOCTH IMPOLECCa Pa3MHOXKEHUS M THOEIH i(t) Jns noxasa-

TCJIbCTBA JOCTATOYHOCTHU 3TOI'0 YCJIOBUA IJIA SPrOoJUIHOCTH ocTaércs IMMOKa3aThb, 4TO IIPHU BLIITOJIHC-
Huu (11) mporece ﬁ,(t) saBisieTcs: peryisipaeiM. M3 cxogumoctu psaga B (11) cinemyer, 4aro ero o0-

= 2,

y T AtV
IMUH YJICH H— CTPEMHUTCS K HYIIO npu n, —oo. Ho Torma H—

— 00, T.e. pAn
=0 MtV I=1 /151'([) P

0

n
- -tV
ZH//J{—(IS pacxoguTcest K + 00, 4TO ABJISETCS JTOCTATOYHBIM YCIOBUEM PETYISAPHOCTH Mpoliecca
m=1i=1 A€

Pa3MHOKEHHUS ¥ THOEITH.
Wtak, mis SprogAndHOCTH MpoIiecca ﬁi(t), OIHCHIBAIOIIETO M30JIMPOBAHHYIO CTAHIIUIO HE0O0-

XoauMo U JoctatouHo BeinosHeHus (11). [Ipu 3Tom sproauueckoe pacmpeneieHue onpeaesiercs
cootHommeHusME (9), (10) u ynoBiaeTBopsieT paBeHCTBaM (6).
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4. O cranMOHAPHOM pacnpeaejeHun B opme Npou3BeIeHMsI.
JIokaxeM, 4TO BEpOSITHOCTH

p(”):p1(”1)p2(n2)---pN(”N) (12)

C MHOKUTEJISIMH, ONPEACTICHHBIMU C TIOMOINBIO (6), YIOBIETBOPSIIOT YPAaBHEHUSM JIOKAJTHLHOTO PaB-
HoBecus (4). [Ipexnae Bcero ormeTum, uto u3 (6), (12) ciemxyer, uyto
pm) _ Aeln=1)
pi(ni _1) +vl, #1}
p(n_ei):pi(ni_l):'ui_'_vil{”i*l} (13)
p(”) b (nz) A, (ni _1) eop
p(”"'ei) _ pi(ni +1) _ ﬂ“‘c"i(ni)

p(n) Pi (nz) M +vil, Lo

p(n+ej —el.)_ p_,-(n_,- +1) p(n—1) gj(nj) Hi + Vil

= = L, 2o (15)
p(n) pj(nj) pi(ni) ‘9i(ni _1) /LIj+VjI{nj¢0}
Paznenus (4) Ha p(n) MOJICTABJISIS B OJIy4YeHHOE paBeHCTBO (14) u ucnosnb3ys (2), moaydnuM:
lleplo + VlrzOI n ¢O
1= Ae(n,) =2 &(n)s, (n,~1)= 2,
Z /ui + Vll{n #0} z )

T. €. (4) Bemonnsercs. IIposepum Bemonuenue (5). Ecau n, =0, To (5), oueBUAHO, IpeBpalaeTcs
B ToxzecTBO 0=0. Ecnu xxe n, #0, To pa3nenus (5) Ha p(n), MO/ICTABJISISL B MIOJIYYEHHOE PABEH-
ctBO (13), (15) 1 ucnonb3ys ypaBHeHnue Tpaduka (1), momyanm:

—e, Y plnte —e
ﬂi(l_pii)"'v(l Vz)I{nﬂ} %;ﬁpw‘" Z %(ﬂjp]ﬂ'vjrﬂl{n ¢0}):

J=Lj=i

/Ll +VI n ¢l ( ) /Lli + ViI{n-¢l}
= ; _ I _
g, (I’l _1 +jlzj¢l H; A4 I{n 0} /15,-(”[ _1) (ﬂ'/pﬂ +V/r/’ {”"*0})

M+ vl \,Ujpﬂ+v]rﬂl{n,¢0} vl [ }
ey [ /12/:*! /) Vi ) e(n—1) | ,12,‘;, ()50, -1)
£(n,) &(n,) Dy AV,

—_ i I 1- -1 _GiNET |y 1 1— _

8[(”[ _1)(/'[ Male X E n )) & (l’l —1) (ﬂl TV H; +V[I{”i$1}

_ &)

&(n, —1)( (=p)+vi-r, )I{”x#l})’

T. €. (4) BBINOJHACTCS TOTJAa M TOJIBKO TOTAA, KOTJa &, (nl.): &, (ni —1), T. €. KOTJa &, (n,) HE 3aBUCHT
oT n,. Takum 00pa3zoM, HE CyILIECTBYET CTALIMOHAPHOTO PAaCIpEEeICHUsI COCTOSIHUN ceTu B (hopme

MPOU3BEJICHUS] MHOXKUTEIIEH, 3aBUCSIIUX OT COCTOSHUN OTACIbHBIX CTAaHIIUMN.

K coxanenuto, ecnu ajis yIOBIETBOPEHHUS HYJIEBOIO YpPAaBHEHHS JIOKAJIbHOTO PABHOBECHS
B34Th (1), TO 17151 YAOBJIETBOPEHUS YPAaBHEHUM JIOKAIBHOTO PaBHOBECHS TS y3J10B IPUAETCS OpaTh
Apyroe ypaBHeHHe Tpaduka, KoTopoe coBmaaaer ¢ (1), B KOTOpoM B JI€BOM YacTH HaAO B3ATh
gj(nj —1) BMECTO gj(nj)

3ak/ouenue. B HacTosmel paboTe UCCIeIOBAINCH CETH C OTHOJMHEHHBIMUA CTAHIIMSIMH, YTO
OTPAaHUYUBAET BO3MOXHOCTh MPUMEHEHUS MOJIYYEHHBIX Pe3yabTaToB. OTMETUM, YTO BO3MOXKHOCTb
BapbUPOBAHHUS MATPUIIAMH MapIIPYyTH3AIUU OOCITY>KEHHBIX U HE JOXKIABIINXCS 00CTY)KUBAHUS Tpe-
OOBaHMIA MMO3BOJISIET YYUTHIBATH CaMble Pa3HOOOPa3HbIE MPAKTUICCKUE CUTYAIMH U CHI)KATh HEOOXO-
JUMBIM 00pa30M Harpy3ky B «y3KHX MECTax» MCCIEAYyEeMbIX CETeH. A 3TO O4YeHb BAXHO MPU MPOEK-
TUPOBAHUH HOBBIX U MOACPHU3AINH YK€ CYIIECTBYIONUX WH(POPMAIIMOHHO-BBIYUCIUTEIBHBIX CETEH.
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