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I. BBEJIEHUE

B TedeHme mocieAHHX JIET TEIEKOMMYHHUKAITH-
onnsle cetu (TC) mperepnenn CyIIECTBEHHBIX H3Me-
HEHHMH, IPUYEM 3TOT IPOLECC MPOJOIDKACTCS M HPHU-
BOJUT K HEOOXOAMMOCTH W3MEHEHMS IMOAXOIa K WX
MOCTPOEHHIO. 3HAYUTENBPHOE YBEIMUCHUE HOMEHKIIA-
Typsl HHpoKoMMyHHKannoHHEIX ycuyr (UKY) u xo-
JMYECTBA ONEPATOPOB, UX MPENOCTABISIONUX, U3Me-
HWIO CHTYallMI0O Ha pBIHKE HH(POKOMMYHUKAIWH.
[epcnextuabie TC nomkHBI 06ecrieYnBaTh BBHICOKO-
KadeCTBEHHOE IpefocTaBieHue Bcero cnekrpa MKV,

© O.M. JomackuH, 2014

3alpOLIEHHOT0 II0JIb30BaTENIeM, yYHUTBIBas TpeOoBa-
HUSl, U ONEpaTopoB M Mojb3oBareneidl. M3MeHmnuch
MeTosl omnperneneHus Harpysku TC, mpu 3ToM ydu-
TBIBAETCSI HArpyska, oOpa3oBaHHAas 3a CUET MpPeIo-
craBinenus Bcex UKY. Iloctpoenne TC momkHO OcC-
HOBBIBAaTbCS HAa NPHHIUNAX, OTIMYAIOIUXCA OT
MIPUHITUIIOB CO3JIaHUS CYIIECTBYIOIINX CETeH, II0-
CKONBKY coBpeMeHHbIe TC UMEIT IpyTyIo CTPYKTYpY
1 GYHKIUH.

TemaTuka ¥Mccie0BaHus, HEKOTOPbIE pe3yibTa-
TBI KOTOPOTO IPEACTABIICHBI B 3TOH paboTe, Hampas-
JeHa Ha pa3BuTHe coBpeMeHHBIX TC B VYkpaunHe u
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MO3BOJISIET pelarh MpoOJIeMBbl, CYHIECTBYIOIIUE IPH
MPOEKTUPOBAHUHN CEeTeH M OpraHu3allid JOCTyNa K
UKY u mnpu 3TOM TECHO CBfi3aHa C OCHOBHBIMH
HaINpaBICHUSIMU Pa3BUTHS TEICKOMMYHUKAIUN B MH-
pe, OIPEAEIEHHBIX B OCHOBHBIX JCHCTBYIOIIUX HOP-
MAaTHUBHBIX JOKYMEHTAX U 3aKOHAaX.

IIpu npoekTUpoBaHUM CETEW BaXXHO HMETh
NPEACTaBICHHE O OyAymeM pa3BUTHH HArpy3KH.
EctectBenHo, uTo mporeccel pasButus TC, moie-
JKalllie CTaTUCTUYECKOMY IPOTHO3UPOBAHUIO, HOCAT
ciaydaiiHblii xapakrep. llpemmaraemas aBTOpOM MO-
Jenb pa3Butus TC COOTBETCTBYET MPEICTABICHUIO O
paclpoCTpaHEHUU OHHHIEMHM, €CIH IOAKIIOYESHUE
nonb3oBarend K TC B Kakol-TO Mepe TpaKTOBaTh Kak
3aboneBanne 6e3 BBI3AOpOBICHUA. OmHAKO, B 3TOM
Cilydae IOTy4eHbl OYEHb I'POMO3JKHE W HEYHOOHBIE
JUTsL BeaucieHni BeipakeHus [1]. Ilostomy B pabote
JUISL TIPAKTUYECKH BA)KHOTO CIydast OOJBIIMX TEppH-
TOPHH, 0OCITy>)KUBAEMBIX CETHIO, PACCMOTPEHBI ACUMII-
TOTHYECKHE (POPMYJIBI, JAIOLINE MTPOCTHIC BBIPAKCHUS
BEPOSATHOCTEH COCTOSHHIM M MOMEHTOB pacIpeseiie-
HUS, a TaK ke NMPpOoaHAJIM3UPOBaHA BO3MOXHOCTh IPH-
MEHEHHsI JIOTHCTHYECKOH (QYHKIMHM JJsl ONUCAHUS
mpoliecca MOAKIYEHHUS M0JIb30BaTeel mpu NporHo-
3UpoBaHuM nporiecca pazsurus TC.

1. AHAJIN3 COCTOSIHU S BOITPOCA

K Hacrosmemy BpeMEHH BBINOJHEHBI MHOTO-
YHCIICHHBIE WCCIICNOBAHUS B OOJIACTH IPOEKTHUPOBA-
HUS TEJICKOMMYHUKAIIMOHHBIX CETel, BECOMBIH BKIIaN
B pELIEHHE KOTOPBIX BHeCHM pPaboThl PormHckoro
B.M., Xapkesuua A.J., [aBbimoBa B.I'., Heiimana
B.U. , Jloumenuca .5., CoxonoBa H.A., Kpusyusr
B.I'., bepkman JI.H., CrexnmoBa B.K., TlomoBckoro
B.B., l'aiiBoposrckoii I'.C. Psn uccnenoBanuii B o6ia-
CTH IPOEKTHPOBaHUS U pa3Butus TC BHINOIHEH B pa-
6otax ¢ ywyactuem aBTopa. lIpm 3TOM MpeasokKEeHHI
HEKOTOpBIE MOAXOAbI K CO3JaHHI0O MaTeMaTH4eCKOn
Mozenu pazButus TC. 3agauu, pemiaeMble aBTOPOM,
3aKJIIOYAlOTCSl B BBIOOpE BapwaHTa Oyaymieil cerw,
YJIOBJIETBOPSIIONIETO MPOTHO3UPYEMbBIM K 3TOMY Bpe-
MEHH TpeOOBaHUAM C 3amaHHOH 3¢ddekTuBHOCTRIO. A
TaK k€ JIOJDKHBI OIPEAENIATh IPOIECC PAa3BUTHS CETH
BO BPEMEHH C yYETOM €€ MCXOJHOTO COCTOSIHHUS, YTO
MO3BOJMUT 00ECTIEYUTh ONTUMANIBHBIA MEPEXod OT Cy-
IIECTBYIOLIEH CeTH K CeTH B KOHIIE MCCIIEyEeMOro Ie-
pHrosia yepe3 HEKOTOpble (PUKCHPOBAHHBIE TPOMEKY-
TOYHBIE COCTOSHUSL.

Jns ompeneneHHs 3aKOHOMEPHOCTEH, OIHCHI-
Barommx mnpomneccsl pa3Butus TC, B 3aBUCHMOCTH OT
KOHKPETHBIX YCJIOBHH HCIIOJIB3YIOTCSI pa3jInuHbIe Ma-
temarndeckue monenu [2]. B [3] cdopmymmpoBana
obmas mpodieMa cHHTE3a pa3BUBAIOLIMXCS HHPOP-
MallMOHHBIX ceTel, a B [4, 5] npeioKeHbl HEKOTOpbIe
HOAX0Mbl K ee pemnieHuto. Iloaxonsl kK co3naHUIO MO-
nerneit passutust TC paccMorpensl B paborax [6-11],
T7Ie aHAIM3UPYETCS BO3MOXKHOCTH HCIOJB30BAHUS
Pa3IUYHBIX MaTeMAaTHYECKUX (QYHKIHN U OMUCAHUS
nporeccoB m3MeHeHus: emkocty TC, U yKka3aHbI ycio-
BUS, TPH KOTOPBIX IIEIECOO0pa3HO HCHOJIH30BaHUE
Tol wium wHOW ¢yHKIMU. B paborax aBTOpa mpen-
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CTaBJICHBI PE3yIbTaThl UCCIEJOBAHUM, BHINOIHEHHBIX
IIPU YCJIOBMM JOCTATOYHO OOJBLIMX 3HAYCHHWIl uucia
BCEX MOTCHIHMAIBHBIX MONb30BaTENICil Ha paccMaTpH-
BAEMOM TEPPUTOPHHU.

1. IOCTAHOBKA 3AJTIAYHN

B nansHo#l craThe pemiaeTcs 3amada CO3JaHUS
MaTeMaTHIECKON MOJIENH Pa3BUTHA TEICKOMMYHHKA-
OUOHHOW CETH Ha OCHOBAHWHU PE3YIBTATOB HCCIIEIO-
BaHM, B KOTOPBIX MPUHUMAJ y4acTHE aBTOp, Mpe-
CTaBIICHHBIX B paboTax [9-11].

BBenem 0003HaYCHHS:

N — KONMMYECTBO MOTEHIMAILHBIX IOJIb30BATE-
JIel Ha TEpPPUTOPUH, KOTOpas paccMaTpUBAaeTCs B
JIaHHOM 3ajaye;

m(t) — KOJIIMYECTBO IOJIb30BATEIICH, TTOAKIIIOYCH-
HbIX K TC K MOMEHTY t;

T, — MOMEHT BPEMEHU, B KOTOPBIN MOJIKII0Ya-

eTcs K ceTH N-i monb3oBarens (N =2, ..., N);
N — cpeaHee YHCIIO MOJB30BATENEH, MOAKIIO-
YEHHBIX K CETH, K MOMEHTY {;
0., — IPOMEXYTOK BPEMEHH T, —Tpy_q -
IIpenmnonaraeTcsi, 4To O, SIBISIOTCS B3aHMHO

HE3aBUCUMBIMH CITy9aiHBIMH BEIHYMHAMH C HKCIO-
HEHIMAJIHHBIM 3aKOHOM PacIpeaeICHIS.

[Tpu mocTaHOBKE 3aJadyl CIIENAaHO IMPEIIOI0KE-
HHE O TOM, UTO JKEJaHWE MOIKIIOUNTCS K CeTH y JIUII,
HE SABIAIONIMXCS IIOKa moab3oBaTelsMu 3Tod TC,
MPSIMO  TIPOTIOPITHOHANEHO KOJMYECTBY ITOJIB30BATE-
JIed, y)Ke TOJKIIOYEHHBIX K ceTu. TO ecTh, eCclu K
MOMEHTY t CyIIeCTByeT pOBHO 7 TOJIb30BaTeNei, TO
BEPOSTHOCTh ISl KKJOTO MOTEHIIMAIHLHOTO MOJIb30-
BaTeJs OJKIIOYUTHCS K CETH B TEUCHHE MPOMEKYTKA
Bpemenu h pasHa [9]

k%h+0(h).

Kpome Toro, npezronaraercsi, 4To MOTEHIHAAIb-
HBIC TOJIb30BATEIM B OTHOIICHUH WX CKIOHHOCTH K
noakmoueHuio kK TC He 3aBUCAT ApyT oT Apyra [9].

IV. OCHOBHAA YACTb

Ha ocHOBaHuM ucCCleNOBaHHUH, NPOBEICHHBIX
paHee, aBTOpPOM CZEJIaH BBIBOJ, YTO JaKe IPH N3BECT-
HBIX Tlapamerpax A 1 N Henb3s MOJYYIHTH XOTS OBI B
KaKOW-TO Mepe JOCTOBEPHOHW HMH(OpPMAIMH O YHCIIE
T10JIb30BaTelel, OAKIIOUEHHBIX K CETH K MOMEHTY {,
160 3TOMY MPENATCTBYET CIMIIKOM OOoJbIIast TUcIep-
cust Benmmunasl M/N. TlpuuuHa B TOM, 9TO B Ka4eCTBE
HayaJIbHOrO MOMEHTa BPEMEHH B paboTe, MpelcTaB-
nerHoil B [11], Ob1 BEIOpaH MOMEHT, KOTJa CyIie-
CTBYET IIMIIb OJUH IIOJIb30BATellb, BKJIKOUYCHHBIH B
CeTb.

Ho, ucxops 3 3TOro COCTOSIHUS, JJaKe TPH TOU-
HO W3BECTHBIX IIapaMeTpax MOJIENH, II0JIy4aroTCs
TOJBKO INaTKWe TUHOTe3bl. JIpyrHMH cjoBaMu: B
CTpaHe, KOTopas elie He o0JajaeT TeJeKOMMYHHKa-
LINOHHOM CEThIO, HEIb3s! C/IENaTh JI0CTAaTOYHO TOYHBIX
IIpecKa3aHuid 0 OyyIieM pa3BUTHH CETH.
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CoBceM HHaue 00OCTOUT JI€1I0, €CIIM UCXOAUTD U3
COCTOSIHMS, KOTZJa JOds O 4 BCEX MOTCHUHUAIBHBIX
noJp3oBateneit yxe moakimroueHa k TC. Hac uaTepe-
cyer Bpems t(oq, oy, N), KOTOpO€ MPOJUIUTCA 10
TOr0 MOMEHTA, KOTJla 0JIs BKIIOYEHHBIX II0JIb30BaTe-
Jell NOCTHTHET 3HadeHUA o, (Ipu o< ,<1).

MaremaTtuyeckoe 0KuJaHue 3TOr0 HACTYIUICHUA 3TO-
T'O MOMCHTA BPEMCHHU 3a/1a€TCS BbIPAKCHUEM

Z XU(NN—U)' @

Na;<v<Na,

H(O‘l- Ao, N):
a TUCTiepCHs

2
Gz(al,az,N)= Z W(Z)

Noaji<v<Na,

BBeném 0603HaueHus

N
A(OL , o ,N): . (3)
' ’ N0L1<§No¢2 L (N_U)
u
N3
B%(ay,0,, N)= S E—)
' ’ No,<v<Na, UZ(N_U)Z

Torz[a HCTPYAHO IIOKa3aTb, YTO HMCHOT MECTO
PpaBCHCTBA:

N—w

lim A(ali Ao, N): A ((Xl, o, ):In [1_& L] (5)

o; l-a,

lim B? (ay,0,, N)=B? (a0, )=(ay-a; )x
N—w

_ , (6)
X ! + L ]+ 2In[—1 %1 %2 ]
020 (1—“1)(1—“2) oy l-a,

a I u(ocl,ocz, N) u Gz(ocl,az, N) HMEEM:

u(al,az, N)=A(OL1,(12, N)/K

(7
c?(ag,a,, N)=B%(ay,a,, N)/NA? @

Janee, UCIONb3ysl XapakTepUCTHYeCKHe (yHK-
IIMM, MOKHO IIOKa3aTh, 4YTO T\ Ol1, Ao, N) pacmpe-

JACJICHO AaCUMITOTHYCCKHU HOPMAJIbHO. I/ITaK, JJIA

oonpmux N cripaBeiuBO, 94TO

P{ t(og, 0, N)= Aoy, 0,)/2 mgx}ch(x), (8)

B (ag,0,)/ A
2

! Ie'zz d. ©)

J2x

rjue () (X):

U3 (8) cpazy xe cinenyer NOBEpUTEIbHBIA HH-
tepsan amt t(aq, a,, N) ¢ kosdduumentom mose-
pus s:

W3 (10) cnexyet, uTo NOBEepUTEIbHBII HHTEPBAI
mis t(oy, a,, N) crarmeaercs K HyTIO BMecTe ¢

1/ +/N . Urak, ecnu npearnonarath 3aKOHHOCTb IPH-

HSTOI MOJIENH, TO IPY M3BECTHBIX Mapamerpax A u N
MOJKHO cJeNlaTh JOCTATOYHO HAJEXKHBIC IpeIcKasa-
HUsI, HO TIPH YCJIOBUM, YTO K HAa4yallbHOMY MOMEHTY
MIPOTHO3a 3aMeTHast 10JIsl BCEX MOTCHIHAIbHBIX T10JIb-
30Bareleil y)Ke MoJKI0YeHa K CeTH.

Tenepb Hac CHOBa MHTEPECYET paclpeielicHUe
nomu o (t)=m(t) N monb3oBaTeneil, MOAKIIOUEHHBIX K
cet k MoMeHTy t, ecu o (f) k MomenTy t = 0 umeno
3Ha4YeHHE o ;. B cooTBercTBHM ¢ ypaBHeHHeM [10]

n
T, = Zav MMEET MECTO COOTHOLICHHE
v=2
P(at)<a)=1-P (t(a,a,, N)<t). (11)

Ortcroza ¢ momosio (8), cootHommeHus 1 — O(x)
= @(—X) ¥ NOACTaHOBKH A(ocl, o, ) n B (al, a, )
clemyer

P(a(t)ﬁoc):tbx

\/N—(mli-m-m %1

-a 1-a,

l-0; o 1l-a

C MoMOIIBIO 3TOTO ypaBHEHUST MOYKHO TIOKa3aTh,
YTO BEJTMYHMHA

4N ,(13)

-2 [Inl_&1 +T+sthsech2T2
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l-a,
o

rme T=At—In

, TOXE pacrpeseseHa acuMII-

TOTUYECKH HOPMAJIbHO C MaTeMaTHUECKUM OXHJaHU-
eMm, paBHbIM 0, u nucnepcueit 1.

Tenepb JErko MOJYYUTh COOTBETCTBYIOIIUN J0-
BEPUTEJIbHBIN UHTEpPBAJ I a(t ) Ecmu N gocrarou-

HO BEJIMKO, TO U3 3TUX PE3YJbTATOB CJIEAYET, YTO CTa-
THCTHYECKHE KojeOaHus uymciaa moas3oBareiei TC
MOTYT OBbITh HEOOJIBIIUMH, €CIIH Pa3BUTHE CETH YiKE
BBIIUIO U3 HAYAJILHOM CTaIuHu.

DTO 03HAYAET, YTO TEMEPh YIKE MOXKET OBITh HC-
MOJIb30BAHA JIOTHCTHYECKAs KpUBast BU/IA
1

a= E 1 +th(ot —p)) , (14)

Bemuunaa w=A/2 MoOkeT OBITh MCTOJIKOBaHA

KaK MHTCHCHBHOCTh POCTA B MOMEHT «IOJYHACHIIIE-
Hus» (o0=1/2), T. e. KaK cpejiHee YHUCIO BHOBB MO/~
KJIFOYCHHBIX MOJIb30BATENCH B SAUHUIYY BPEMEHHU, Je-

JIEHHOE Ha 4YHCJIO YK€ CyHIeCTBYIomuX, eciu 50% mo-
TCHIMATBHBIX TOJI30BATEICH yXKE MOJKII0YEHBI. To-

p InN+C

rqa —=———— — MOMEHT [OJIYHACHIIIEHHSL.
0} A

V. BBIBO/IbI

B pesynbraTe BBINONHEHHBIX HCCIEI0BAHUN
MOJKHO CIENaTh BBIBOJA O TOM, YTO €CNIH KOJIHYECTBO
MNOTEHIMAIbHBIX MOIb30BaTENIEH Ha PACCMaTPUBAEMOM
TEPPUTOPUU JOCTATOYHO BEIUKO, TO CTATHCTUYECKHE
KoJie0aHUs YKcia T0JIb30BaTeNed TeIeKOMMYHUKAIIH-
OHHOM CETH MOTYT OBITh HEOOIBIINMH, €CII PAa3BUTHE
CEeTH y’Ke BBIIIJIO U3 HaYaJIbHON CTaIHH.

3T0 03HaYaeT, YTO B TAKOM ClIy4yae IIPaBOMEPHO
WCIIONIb30BaHUE JIOTUCTHYeCKOH (yHKImu. Jlormeru-
yeckass (pyHKUIUSI NPUMEHSETCS Uil ONHCaHMs MpO-
LECCOB, C TOYHOCTBIO BBIIIE AMMPOKCUMUPYIOIIEH
(DYHKIIMH, Y4TO MTO3BOJISICT MPUMEHUTH JIOTHCTHYECKYTO
MOJIeNb A1 TPOrHo3upoBanus passurus TC.
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RESEARCH OF STATISTICAL LOAD FLUCTUATIONS IN THE TELECOMMUNICATION NET-

WORK DEVELOPMENT PROCESS

The problems of the design and development of telecommunication networks in the modern world are consid-
ered. An approach to the development of a mathematical model of the telecommunications network is offered.
Solution of the problem includes the study of requirements model for the development of the network by increas-
ing its capacity, the amount and kinds of information and communication services.

Keywords: Telecommunication network — Mathematical model — Network requirements —Development of the tel-

ecommunication network.
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