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Y ¢pokyci yBarun

METOAUKA OLIHHOBAHHSA CTAJIOCTI TENEKOMYHIKALIAHOT MEPEXI
B YMOBAX Jiil 30BHILUHIX HENPOTHO30BAHUK
JAECTABLJI3YH YK ®AKTOPIB

Jorii mepexi.

4icTb Mepex 3B°a3Ky.

HaBepeno meToguKy po3paxyHKy oyiHKK cTanocTi TeNeKoMyHiKayiiHoi Mepexi B yMoBax Jii 30BHIUHIX HENPOrHo30BaHHK
AecTabinizyoynx haktopie, 3abezneqyBaHoi 3aBAAKH NiBBHLEHHIO HagikHOCTI 3aco6iB 3B’A3KY Ta BAOCKOHANEHHIO TONO-

KniouoBi cnoBa: ctanictb TenekomyHikalliiHoi Mepexi; Teopist katacTpod; Gichypkadii; KoediLieHT roTOBHOCTI; HamiMHICTb i X1BY-

Bcemyn

3abesmeueHHA cTaaoro MYHKIIIOHYBaHHA TeJIEKO-
MyHiKanifiHol Mepe)ki YKpaiHu B 1itoMy — 3aBIaHHA
3araJbHOIeP:KaBHOI Baru, po3B’I3aHHA SKOT'0 IOPA
31 CTBOPEHHAM i PO3BUTKOM CUCTEMU IleHTpaIidoBa-
HOT'O YIOPaBJiHHA 3a3HAYEHOIO TEJIEKOMYHiKaIliTHOIO
MepesKkero, MiABUINeHHAM HagifiHocTi 3acobiB, cucTeM
i 06’ekTiB 3B’A3KY, YIOCKOHAJEHHAM TOIIOJIOTii Me-
pesx 3B’A3KY € po3pobKa e(peKTUBHOI MEeTOAMKH OIli-
HIOBaHHS CTAJIOCTi TEJIEKOMYHIiKaIiTHOIT MepesKi, 110
3a3Ha€ BILIMBY 30BHINIHIX HEITPOTHO30BAHUX [IeCTa-
6inisyrounx gaxropis ([IP).

TosmoBHE B3aBAAHHSA CHUCTEMH BiJHOBJIEHHS KUT-
TEMIATBLHOCTI Meperki moJiArae B ImoeTamHoOMY 3a0e3-
IeUeHHi 3aJaHOl KiJIbKOCTI KaHaJIiB Ha 3as3majerigb
MO3HAUEHUX HAWBaKIMBIIIINX HaOpsAMax 3B A3KY B
iHTepecax mAep:KaBHOTO YIPaBJIiHHA, 000POHU, Oe31Ie-
KU Ta OXOPOHU IIPABOIOPAAKY B pasi Oyab-axkux (Ha-
BiTh MacoBUX) pyiiHyBaHb HA MePeKi 3B’ A3KY.

ITopsan i3 BUKOHAHHAM T'OJIOBHOTO 3aBJaHHSA CUCTE-
Ma BiTHOBJIEHHA Mae€ MiATPUMYBaTU CTAJICTh PYHK-
IMiOHYBaHHA TeJeKOMYHIKAI[iHOI Mepe:ki YKpainu 3
HEe0oOXiTHO AKiCTIO B yMOBaX MOKJINBUX PYHHYBaHb
OKpeMUX MiJISHOK MepeXKi, JiHii i 06’eKTiB 3B A3KY,
KOJII MOXKe WTHCS PO PO3TOPTAaHHS MOOITbHUX 3a-
cobiB 3B’A3KYy B palioHaxX HaA3BUUYAWHUX CUTYAIliif,
a TaKOoXK O0XiTHUX i pe3epBHUX MepesK 3B’ A3KY.

OcHoéHa wacmuHa

Cmanicmv QYyHKYiOHYE8AHHA MereKOMYHIKAYIl-
HOI Mmepedci 03HaAUa€E 3MaTHICTh Mepeski BUKOHYBaTHU
cBOl (pbyHKIIIl Ipu BUXO/i 3 JIaAy YacTUHU ii eleMeH-
TiB mig BonauBoM [P, 110 MOXKYTH IPU3BECTU I [0
karactpodpu. Haromicte kKamacmpogamu HasuBa-
I0ThCA CTPUOKOIOAIOHI 3MiHM cTaHy, AKi BUHUKAIOTH
Yy BUTJISAI PAanTOBOI BiAIIOBiAi cmcTeMu Ha IIOCTYIOBY
(maBHY) 3MiHYy 30BHIIIHiIX yMOB. 30Kpema, KOJU B
poJi cucteMmu BUCTyNAaEe TeJeKOMYHiKaIliiiHa mepe-
JKa, KaTacTpoda MoKe CIPUYNHUTHUCS 0 epe6y10BU
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miei Mepeski a6o meramop(o3 OKpeMux ii eJeMeHTiB
YHACJiOK 3MiHU ITapaMeTpiB, BiJ AKWX BOHU 3aJje-
JKaTh.

V¥V Teopii KaTacTpod IIUPOKO BIKUBAHUM € TEPMiH
6ighyprayia, 110 0O3HAUAE «DPOBTANYKEHHA» i BUKO-
PUCTOBYETHCA IJIA THO3HAUYEHHA BCLIAKUX AKiCHUX
TpaHchopMalliii TuX UM iHIMKUX 06’€KTiB mpu 3MiHi
napaMmeTpiB.

Eeonwyitinuill npoyec MaTeMaTUUYHO OIMCYETHCSA
BEKTOPHUM moJieM y pasoBomy mpoctopi. Touka ¢a-
30BOTO IIPOCTOPY 3aZla€ cTaH cucTeMu. IIpukIageHuis
o 1iei TOUKM BEKTOP BKAa3ye Ha IIBUAKICTh 3MiHUI
craHy.

YV nmeAKmMX TOYKax abCOJIOTHA BeJMUYMHA BEKTOpa
MOJKe IIEPETBOPIOBATHUCH Ha HYJIb. TaKi TOUKY Ha3uBa-
I0Th NONLO}CEHHAM piéHO6azu (CTaH, He 3MiHIOBaHUMN
IIPOTATOM IIEBHOTO yacy). Pas3oeuil npocmip cucreMu,
10 onucye B3aemo3B’ 30K [P i miniit 38’ asky (JI3),
ABJIsI€ COO0I0 TOCTATHINM KBaAPAHT miomuHy (puc. 1).
ITo oci abemuce BigkIageHno kinskicTs JI3, a mo oci op-
nmHaT — KinbkicTs [IP. Touka P — mOJIOXKEHHA PiB-
moBaru. Touka A BiamoBifgae piBHOBa)KHiM KiabKoCTi
JI3 ipu Kinbkocti [[P, MeHIITii1 32 piBHOBaKHY .

iGN

JI3
Puc. 1. ®a3zosuii npocrip moxeni D — JI3
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fAx 6aummo, i3 IMHOM Yacy B CHUCTEMi BCTAHOBJIIO-
IOThCA KOJIMBAHHSA; PiBHOBaKHUM CTaH — HECTiHKUI.
YcraHoBIeHE KOJUBAHHA 300PaKaETHCA 3aMKHEHOIO
KpuBom y azoBomy mpoctopi. Taka KpuBa HasuBa-
€THCA 2PAHUYHUM YUKTLOM.

Kpusi y dpasoBomy mpocTopi, yTBOpeHi mocJigos-
HUMM CTaHAMHU IIPOIleCy, HA3WBAIOTHCA (A306UMU
kpuéumu. B oroJi TOUKM, KA He € IIOJOKEHHAM
piBHOBaru, moAis h)a3oBOro MPOCTOPY Ha (pa30oBi Kpu-
Bi Bif0yBaeThCca TaK caMo, K i OMiJ Ha mapajeabHi
npsaMi: ciMeilicTBO ()a30BUX KPUBUX MOKHA IIEPETBO-
puTH Ha ciMeliCTBO MapalieJIbHUX MPAMUX 3aBAAKU
raankii samini koopauHat. IIpoTe B OKOJI ITOJIOKEH-
HA piBHOBaru cCUTyaIllisd HeIo cKJagHimia. K moxa-
3aB cBoro uvacy A. Ilyamkape, moBeminkKa (asoBux
KPUBUX B OKOJII IIOJIOKEHHS PiBHOBArWM B CHUCTEMi
3arajJbHOTO IIOJIOJKEHHS Mae KiJbKa XapaKTePHUX
ocobsmBocTeit (puc. 2). BinbIil ckaagHi BUIagKy 3BO-
IATHCSA OO0 IMOJAHUX Ha puc. 2 y pasi maaux 3MiH Bin-
TIOBiIHMX ITapaMeTpiB.

Craui Hecramni
s 2
Dokyc Bysox Cimgio Bysoxn Doxkyc

Puc. 2. Tunosi (pa30Bi mopTpeTH B OKOJIi TOUKH PiBHOBAru

Cucremu, 1110 OIUCYIOTH PeajbHi eBOJIIOIiNHI ITpo-
mecHu, sIK IMIPaBUJIO0, ABJIAIOTH COO0I0 CCTEMHU 3aTaJib-
HOTO TOJIOKEeHHs. A/Ke Taki cucTeMu HEOIMiHHO
3aJIe’KaTh BijJ mapamerpiB, AKi HiKosu He O6yBaioOTh
BigoMmi. YHacaimok majoi sMiHM Bcix il mapamerpis
cucTeMa He 3araJbHOTO MOJIOKEHHS IIePEeTBOPIOETHCS
Ha CUCTEMY 3arajbHOTO MOJIOKEeHHS.

Taxkum unHOM, yCi BUTIaAKM, CKJIAIHIII, aHixK IO~
HO 3a3HaUYeHi, B3araji Kamydu, He IOBUHHI Tpamaa-
THUCS B IPUPOLi, i iX, 3maBasocsa 6, MOKHA i He pO3-
rasagaT. 3a TAKOro MiAXOAy 3HEI[iHIEThCS OiabIia
yacTuHa Teopil gudepeHIialbHUX PiBHAHD 1 B3araJi
MaTeMaTUYHOTO aHaJidy, e TPamuIlilfiHO OCHOBHY
yBary npugijadaTb MaJOIiHHUM, ajie CKJIAAHUM IJI
IOCTiI}KeHHA BUIIaJKaM He 3araJbHOTO IIOJIOKEHHS.

Ane Hacupaszi Bce 30BCiM iHaKIITe, AKIITO HAC I[iKa-
BHUTHL HE caMa II0 co0l cucremMa, a cucreMa AK 00’ €KT,
10 3aJIe’KUTh BiJl OJHOrO UM KiJBKOX IIapaMeTpiB.
IiiicHo, po3rasHeMo IPOCTip ycix cucteM (puc. 3), mmo-
niseHwuii Ha 06JIacTi, yTBOpPEHi cucTeMaMu 3arajbHOTO

Puc. 3. OnHonapamMerpuyHe ciMeiicTBO
SIK KpUBa B IIPOCTOPi cucTEM

noJsioykeHHsA. IloBepxHiI mojisy BiAmoBifaOTL BUPO-
I:KEeHUM CHCTeMaM; IPU MaJiii 3MiHi mapaMeTpiB Bu-
POJsKeHa cucTeMa CTae HEBUPOIKeHO10. Po3riianeMo
OoJHOIIapaMeTPUUYHe ciMelCTBO cucTeM, 300parkeHe
KpuBoio Ha puc. 3. I1a KpuBa MOKe TPaHCBEPCAIHLHO
(mim HeHYJIBOBUM KYTOM) IIEPETHUHATH MEXKY HOIiTy
pisHUX obJjacTeii HEBUPOAKEHUX CHUCTEM.

Takum ymHOM, X0Ya IIPU KOXKHOMY iHIAWBigyaIb-
HOMY 3HAUeHHi ITapaMeTrpa CHUCTeMy MajJuM 30ypeH-
HAM MOJKHA IIePETBOPUTU HA HEBUPOMIKEHY, IIHOTO
He MOYKHAa 3p00UTH OJHOYACHO ITPU Pi3HUX 3HAUYEHHS
napamerpa: Oyab-saKa KpuBa, HaOJIUKeHa 10 PO3TJIs-
IyBaHOI, mepeTUHAE MeKy IOIiJy Ipu OJIU3BKOMY
3HAUeHHI mapaMerpa (BUPOAKEeHHA, YCYHEeHE MaJIIM
30ypeHHAM IIPU JAaHOMY 3HaUeHi mapameTpa, 3HOBY
BUHUKAE IPU JeAKOMY 0JIM3bKOMY 3HAUEHHI).

Om:xe, BUPOIKEHI BUMIAAKU HEYCYBHi, SAKIIO PO3-
TIAJaeTbCS He iHAWBiAyaJbHa cucTeMma, a Iije ci-
MelicTBO. fIKIO ciMelcTBO ogHOIIapaMeTPUYHE, TO
HEeYCYBHUMU € JUIle HaNIPOCTiIlli BUPOAKEeHH A, AKi
300paskarThCcsa MesKaMU KO-posMipHOcTi oamu (TOO-
TO 3aJAl0ThCA OJHUM DPIiBHAHHAM) y IIPOCTOPi BCix
cucteM. Bij cKIamHIIINX BUPOIKEHUX CUCTEM, SAKi
YTBOPIOIOTH MHOYKHUHY KO-PO3MIipHOCTI JBa B IIPOCTO-
pi Bcix cucTem, MOKHA O30y THCA MAJIUM 30ypPeHHAM
OJHOIIapaMeTPUUYHOTO ciMelicTBa.

SK110 Hac I[IKaBUTH ABOIIapaMeTPUYHE CiMeHCTBO,
TO MOXKHA HE PO3IJIANATU BUPOJKEHUX CHUCTEM, AKi
YTBOPIOIOTHL MHOKWHY KO-pPO3MipHOCTEH TpH, i T. A.

Tum caMmuM BUHHKAE iepapXis BUPOAKEHb 3a KO-
po3mipHOCTAME i (hOPMYETHCA CTpaTeriga ix mocJii-
MKeHHS: CIIOYaTKY CJIil BUBUATH BUNAAKHU 3arajbHO-
TO cTaHy, IMOTiM BUPOKEeHHS KO-PO3MipHOCTiI OAUH,
noTiM — Ko-po3MmipHocTi BaiT. A. IIpu nbomy gocri-
JUKEeHHS BUPOJYKEHUX CUCTEeM He IOBUHHE 00MesKyBa-
THUCS BUBUEHHAM KApPTUHU B MOMEHT BUPOIKEHHS,
ajie Ma€ BKJIOUaTH B cebe omuc rmepedymos, 110 Biaody-
BalOTHCA, KOJU IMapaMeTp, 3MiHIOIOUNCH, IPOXOIUTD
uepes BUPOAKEHe BHAUEHHS.

Buknazeni mioiiHO 3arajibHi MipKyBaHHsS HaJje-
skaTh A. Ilyankape i 3acTOCOBHI He JuIIle TIPU JOCJIi-
JIKEeHHI I0JIOXKeHb PiBHOBAru €BOJIIOI[IMHUX CHUCTEM,
a I OXOILTIOIOTh OiJIBIIY YaCcTHHY BCHOTO MaTeMaThu-
Horo aHauigzy. IIpore ycmixu B peanisarmii HamiueHOT
A. Ilyarkape nporpamu 3 Teopii 6idyprariii samuiia-
I0ThCA B OiJIBIIIOCTI PO3AiTIiB aHaNi3y JOCUTH CKPOM-
HUMU, YaCTKOBO Yepes3 BeJINKi MaTeMaTUYHi TPYAHO-
I1i, a YaCTKOBO ¥ YHACJIIJOK IICUXOJIOTiuHOI iHepIii
aKcioMaTUYHO-aATe0paivHOTO CTHUIIIO.

IToBepHeMoOCS 0 MOJIOXKEHDb PiBHOBAru eBOJIIOIil-
HUX cucTeM. IIoKU 1110 PO3B’sI3aHUM MOKHA BBasKa-
THU JINIIEe TUTAHHSA IIPO IepebyaoBy (ha30BUX KPUBUX
mpu O6ipypramiax mosoKeHb PiBHOBArW B OJHOIIA-
paMeTpUYHUX ciMelicTBax 3arajJbHOTO CTaHy; YiKe
BUIIaIOK HaBiTh ABOX IIapaMeTPiB BUXOAUTH 3a paM-
KM MOJKJUBOCTEH CHOTOTHINIHHLOTO MaTEeMATHUUYHOTO
amapary.
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PesysnbraTu mociimkeHHs 3araJibHOTO OJHOIIApa-
MEeTPHUUYHOTO ciMeilicTBa HaBemeHo Ha puc. 4 i 5. 3o-
Kpema, Ha puc. 4 300pa’keHO OJHOIapaMeTPUUHE
ciMelicTBO eBOJIIOI[IMHUX IIPOIleciB i3 OmHOBHMIip-
HM (ha30BUM IPOCTOPOM (II0 oci abciuc BigKIameHO
3HAUYEHHA IIapaMeTpa €, II0 OCi OpAUHAT — CTaH IPO-
mecy Xx).

X

Puc. 4. KpuBa piBHOBaru oqHOmapaMeTpuYHOro cimeicrea
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Puc. 5. IlepeTBopeHHS HETUOBUX Oi(pypKaiiil Ha TUIOBL
npu MajoMy 30ypeHHi cimeiicTBa

Hnsa omHOmapaMeTPUUHOTO cimMelicTBa 3araJibHO-
TO TOJIOKEeHHS PiBHOBATHM MPU BCIIAKNX 3HAUEHHAX
mapaMeTpa MaeMo TJIaAKy KPUBY, TaKy AK KpuBa I
Ha puc. 4. Y sarajgpHIiIIIOMy BUIAIKy PO3MipHiCTH
MHOTOBHUJY CTaHIiB piBHOBaru AOpPiBHIOE KiJBKOCTI
napaMeTpiB. 30KpeMa, Iie 03Hauae, 10 300paskeHi Ha
puc. 5 niBopyu 6idypkaiiii B cimelicTBi 3arajbHOTO
CTaHy He TPAILIAIOThCA: IPU MaJoMy 30ypeHHi cimeii-
cTBO ' IIepeTBOPIOETHCA Ha IJIaAKy KPUBY OJHOTO i3
300paskeHuX Ha PUC. D IPaBOPYY TUMIB.

IIpoexTyBanHa KpuBoi [ Ha Bich 3HAUEHb TapaMeT-
pa B pasi ofHOIapaMeTPUUYHOro ciMelicTBa Ma€ JIUIIIe
ocobsmBoCTi TUy cKAanku. [Ipu O6inpimift KigbKoCTi
mapaMeTpiB 3’ ABAAIOTBCA W CKJIAMHIINT 0COOJIMBOCTI
3rigHo 3 Teopiero YirtHi. Hampurmaazn, y saraabHUX
IBOTApaMeTPUUHUX CiMelicTBaX HPOEKTYBaHHS TIO-
BepxHi piBHOBaru I" Ha IJIOMIMHY 3HAUEHb IapaMeT-
PiB MOJKe MaT! TOUYKH 3MOPIIOK, e 3JIUBAIOTHCS TPU
TIOJIOYKEHHSA PiBHOBAru.

TaxuMm yrnHOM, IPU 3MiHi MapamMeTpa BHOKPEMJIIO-
I0ThCcA 0co0amMBi, abo Oiypkariiini, sHaueHHA Ia-
pamerpa (KpuUTHUYHI 3HaUeHHS IpoeKIii a, b, ¢, d Ha
puc. 4). ITosa uMu 3HAUYEHHAMHU TOJIOKEHHS PiBHO-
Baru rJIafiKko 3aje:kaTh Bij mapamerpiB. Ilpu migxoni
nmapaMeTpa Ao 0i(pypKaIiiiHOro 3HAUEHHS II0JIOKEH-
HS piBHOBarm «3HUKAaE», 3JIMBAIOUNChH 3 iHmuM (260
JK «i3 HiYOTO0» HApPOIKYETHCA Mapa I0J0KeHb PiBHO-
Barm).
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I3 gBOX, 1110 HAPOIKYIOTHCA (UM 3HUKAIOTH) PA30M
TIOJIOJKEeHDb PiBHOBAru OJHE CTiliKe, a Apyre — HeCTilKe.

Y MOMEHT HapOIKeHHA (UM 3HMKHEHHA) o0uaBa
TOJIO}KEHHS PiBHOBArWM PyXalThCSA 3 HECKiHUEHHOIO
MIBUAKICTIO: KOJM 3HAUYEHHA ITapaMeTpa BigpisHs:a-
eTbcs Bif O6idyprariifinoro Ha €, o6uaBa 6JIU3bKI 110~
JIO}KeHHS PiBHOBaru BiamajieHi oguH BiJl OJHOTO Ha
BiicTaHb MOPAIKY V€.

IlepeGymoBy cimelicTBa (ha30BUX KPUBUX HAa ILJIO-
IIMHI B 3araJbHOMY OJJHOIIapaMeTPUIHOMY ciMelicTBi
yHaouHo€e puc. 6. Crifike mOJIO}KEeHHA piBHOBaru —
6Y307, CTUKAEThCA IIPU 3MiHiI ImapameTpa 3 HeCTii-
KUM — Ci0n0M, IiCJIs 4OoTro 00uABa 3HUKAIOTL. ¥ MO-
MEHT 3JUTTsS Ha (pasoBiii MJIOIMHI cIlocTepiraerhes
KapTHUHA He3araJbHOTO IIOJIOXKEHHA — ci010-6Y30/.

Ax BunuBae 3 puc. 6, nepedymosa, Mo CyTi, OAHO-
BUMIipHA: y3HOB:K oci abcimc BigOyBaroThcA Ti cami
SABUIIA, 1110 i Ha oci x (quB. puc. 4), TOAi AK Y3T0BK
oci opauHaT nepebymoBu Hemae 30BciM. Takum um-
HOM, IIepedyAoBY Uepes CiIo-By30JI icTaeMO 3 OLHO-
BUMipHOI 1epe0ymoBu «HAA0yIOBOIO» OCi OpAMHAT.
BusBaserscs, yci mepedynoBu Im0JI0KeHb PiBHOBAru
B 3araJIbHUX OQHOIApaMeTPUUYHUX CUCTeMaXxX AicTae-
MO 3 OJHOBUMIipHUX epedyI0B 3a JOIIOMOTOIO aHAJIO-
riumoi Hag0y/I0BU.

LN
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Puc. 6. Cigmro-By30.1: THIIOBA JIOKaJbHA Oidypranis
B OJJHOIIAPAMETPUYHOMY CimMeiicTBi

SAxImo crase mMoOMKEeHHA PiBHOBAru OIMMCYE BCTAa-
HOBJIEHUI PeKUM y JeAKill peanbHill cucTeMi, cKa-
JKiMO B TeJIeKOMYHIiKaIiliHi#i Mepeiki, TO mpu HOro
3JIUTTi 3 HECTINKUM MOJIO}KEHHAM PiBHOBAru cucreMa
Mae 3poOUTH CTPUOOK, IIEPECKOUYUBIIN HA a0COJIOTHO
iHmMMY perkuM: IIPU 3MiHI mapaMeTpa PiBHOBaXKHUM
CTaH B JAaHOMY OKOJIi 3HHKae. CTPpUOKHU IILOTO POIY
W IpusBeJHd OO0 HeoOXimHOCTi PO3POOKM METOAUKU
OIIiHIOBAaHHSA CTAJIOCTI TeJeKOMYHIKAI[iMHOI Meperki
B YMOBax Ail 30BHIIIHIX Henmporuo3oBaHux [ P.

ITorasuuku crasocti (HagifiHocTi i skmMByJOCTi) Te-
JeKOMYHIKaI[ifiHOI MepesKi MaioTh, AK Bigomo, imo-
BipHicHUI XapakTep, i IX OI[iHIOBaHHA 3iICHIOETHCA
3a JIOIIOMOTOI0 PO3PaxyHKiB HAa OCHOBI HMOKa3HUKIiB
HaIillHOCTI i JKMBYYOCTI eJIeMeHTiB pealbHOI TeJIeKOo-
MyHiKamifinol mepeski.

Metoauka po3paxyHKOBOI OIiHKH cTajiocTi (HAa-
mifiHOCTi i *KMByUYOCTi) MepeKi eseKTpo3B’sa3Ky Oa-
3yEThbCSI Ha BUKOPUCTAHHI MaTeMATHUYHOTO amapaTy
BUIAAKOBUX rpadiB 3i BCTAaHOBIEHHAM 3B’ A3HOCTI
MixK eJleMeHTaMu I'pada 3a JOIIOMOTOIO0 METOIY IIepe-
6opy mpocTux Kim. Mepeka 3B A3KY MOIEIIOETHCS
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rpadoM Meperki, BepIInHaMu i pedpaMu IKOro € By3-
Ju Ta JiHii 3B’ A3Ky. Bepmunau rpada ABIAIOTH COO0I0
BY3JIU 3B’s3KY, a pedpa — CYKYIIHIiCTB JIiHill 3B ABKY
(1iHi#t mepegaBaHHA), AKi CIOJIYYaIOTh BEPIIINHY I'pa-
da mik coboro. Ycim enemenTam rpada (BeprrmHam
i pe6bpaM) IPHCBOIOIOTHL BaroBuil Koe(imieHT, 110 €
KoedilmieHTOM TOoTOBHOCTI By3ja ab6o JiHiI 3B’A3KY
IpU pPO3PaxyHKY IIOKa3HMKIB HaJillHOCTi Mepeski
3B’A3KY (IIpU PO3PaxXyHKY MOKA3HUKIB JKHUBYYOCTI
BaroBuMu KoedirieHTamMu € Koe(illieHTu omepaTus-
HOI TOTOBHOCTI BY3JIiB i JiHi#l 38B’aA3Ky). ¥ moOymoBi
rpada Mepeski 3B’sI3Ky BHOKPEMJIIOIOTH ABa IIOJIOCU
(oBi BepIIMHU — «BUTIK» i «CTiK»), AKi BU3HAUYAIOTH
HAIpAM 3B’ A3KY.

Memod po3paxynK06020 OUiHI06AHHA 36’ A3HOCMI
enemenmia zpaga 3a JOIIOMOr0I0 IIepedopy IIPOCTUX
KiZn monsArae B TOMy, W0 IJiAd BUOPAaHUX IIOJIIOCIiB
rpada MepesKki STiHO 3 aJTOPUTMOM BCTAHOBJEHHS
3B’A3KY BifIdHAUAIOTHCA BCi Koja (UM ILIAXHU), IIO
AKUX MOKe OyTH BCTaHOBJIeHO 3’enuaHHd. Ilix nodi-
€10 36’A3H0Ccmi PO3YMieThCsA TaKa MOMid, KOJU MiXK
«BUTOKOM» i «CTOKOM» y Po60OTO31aTHOMY CTaHi ic-
HY€ X0u OU OflHe IIPOCTe KOJI0. SIKII0 MiXK ImosifocaMu
Meperki B po00TO3IaTHOMY CTaHi HEMae 3KOQHOTO IIPO-
CTOTO K0JIa, TO B IBOIOJIIOCHIN Mepe:ki Hacrae momis
HesB’sa3HOCTI. Ilim npocmum Konom pos3ymiloTs mo-
ciaimoBHiCTH pebep i BepinH rpada 6e3 meTesis i mapa-
JeJsieii, AKi 3aMUKaIOTh MMOJOCH (BUOPaHi BEpIIMHN)
Mik cob6oro. Jlani Ha rpadi Mepe:ki BUAIIAOTH yci
IpocTi KoJa n; Mi’K BUJIiJIEHOIO IApOIO MOJIIOCiB (BYS3-
JiB) v; TA v; MepeKi.

ITpu 3agmaHux KoedimieHTax TOTOBHOCTL (UM oIle-
paTuBHi#l TOTOBHOCTI) AJA BCiX ejgeMeHTiB rpada
3B’A3HICTH ABOMOJIIOCHOI MepeKi MiK BUIAIIeHUMU
BYSJIAMH U; T U; yCTAHOBJIIOETHCA METOLOM 006’egHaH-
Hs IPOCTUX KiJI 3 ypaxyBaHHAM e(eKTy IIOTJIUHAHHA.

IIpu mpakTUYHUX PO3pPaxXyHKaX IEePeiK IIPOCTUX
Kim abo muisaxiB u’fj MiX BysJiamu v, i v; 00MEKYIOTh
TITBKU TUMM [OUIAXaMU, AKI MIiCTATH ZOIYCTUMY
KiJIBKiCTh TPAHBUTHUX AIJIAHOK, 3aJE€KHY BiJ gomyc-
TUMOTO PiBHA CHOTBOPEHBb IlepenaBaHOl iH(opmalii
o JiHii 3B’ A3KY.

KinbkicTs TpaH3UTHUX HAiNAHOK BU3HAYAE DAHT
T ax OPOCTUX Kin. Takum umHOM, MOBHUI MEPeJiK
IPOCTUX KiJ MiK Bys3jsamMu 3B’A3KY CKJATa€TbCA 3
ypaxyBaHHAM MaKCHUMAaJIbHO IOIYCTUMOI KiJbKOCTI
TPAaH3UTHUX AiIAHOK (0OMeKeHHs PAHTy MPOCTUX KiJg).

36’asnicmio p’gj k-ro musaxy p’ﬁj 3 IepesiKy Beix ki
11;; HA3UBAETHCA CILIbHA HMOBIPHICTE CIIPABHOTO CTa-
HY BCix pebep i BepIIuH, 10 YTBOPIOIOTH I1e KOJIO:

pi=[10-a.)= []r.-

Vueu?j Vueu?j

(1)

ne p, — Koe(dilieHT TOTOBHOCTI (YK OIepaTUBHOI ro-
TOBHOCTI) @-TO ejieMeHTa MOCJIiTOBHOCTI pedep i Bep-
IIFH, 10 HAJeKaTh ILIAXY u’fj;

q,=(1—-p,) — KoedilieHT HErOTOBHOCTI (YU omepa-
TUBHOI HETrOTOBHOCTi) @-TO eJeMeHTa IIOCJIiOBHOCTI

pebep i BepIuH, 110 HAJNEKATH ILIAXY u’fj (pu po-
BeleHHI peaJlbHUX PO3PaxyHKiB nmuM KoedimieHTOM
KOPHCTYBaTHCA 3PYUHiIlle, HixK KoedimienTom p, ).

ImoBipHicTE p;; 3B A3HOCTI Bif v; o v; — Te nmo-
BipHiCTBH CIIpAaBHOTO CTaHy MPUHAWMHI OZHOTO KOJIa 3
ycix MOKINBUX Kija a00 (y pasi ooOMerkeHHA KiTbKOCTi
TPAH3UTHUX [JJIAHOK I’ ) IPUHAWMHI OJHOTO KOJIa 3
JOIIyCTUMUM PAHTOM:

py = o =1-T] (1-p})
Vuf}emij

VYV peasbHHMX yMOBaxX KOJia YacTO B3a€EMO3aJIEKHi,
TOGTO MalOTh CIiJbHI pedpa i Bepmiuuu. Ilpu nipomy
MNMOBipHiCTEH 3B’ I3HOCTi, po3paxoBaHa 3a (POPMYJIOIO
(2), mae zaBulieHe 3HaueHHA. CIpaBKHE 3HAUEHHS
JicTaHeMO, SKIMO IPU PO3paxyHKax 3a (hopMyJoro
(2) micas pPoSKPUTTA AYIKOK yCi WJIeHU, I0 MaioTh
TMOKA3HUKMU CTeIMeHs, OiJbII Bif OqMHUIN, 3MiHUMO
Ha OJWHUIIIO, III0 BiAIMIOBiae YHEMOXKJIMBJIEHHIO I10-
Iii 6araToKpaTHOTO BpaxyBaHHsS KoedillieHTa rOTOB-
HOCTi (200 oIIepaTUBHOI TOTOBHOCTi) OAHOTO pebpa uu
onuiei Bepmuuu. Taki gii mosHauarTh cumMBoJIOM E
i Ha3MBaOTL nozaunaHHam. PopMmyJia IJda po3pa-
XYHKY 3B’ A3HOCTi HaOupae TaKOTO BUTJIALY:

(2)

p;=E p;;‘ale— H(l—pi’;) . 3)

fojemi]-

KinbkicTs cmiBMHOKHUKIB, 1[0 6€pyTh ydYacTb ¥y
dopmyrnax (2) i (3), HOpiBHIOE KiJBKOCTI IPOCTUX KiJ,
a y Tux, II10 BXOAATH mo dopmyiu (1), ropiBHIOE Kirb-
KocTi pebep i BepiiuH B ogHOMY KoJi. Takum umHOM,
TOKa3HUKM HAMIMHOCTI i sKMBYYOCTi Mepeski eIeKTpo-
3B’A3KY (3a MMOBIipHiCTIO 3B’SIBHOCTi JABOIIOJIIOCHOTO
rpada) 00UUCIIOI0TD 3TiAHO 3 hopMyJIoio (3).

Bumoru m1ozo cransocTi pyHKITIOHYyBaHHA TEJEKO-
MyHiKaImiiitHol MepesKi BKJIIOUAIOTh Y cebe BUMOTH 10
moKasHUKa HagitiHocTi (Taba. 1) i Bumoru o »KuBY-
YOCTi OCHOBHUX HANIPAMIB 3B’ A3KY (Tabia. 2).

Tabauuys 1

TexHiuHI HOPMH I[0I0 MOKA3HUKA HAXINHOCTI
(koedinieHTa rOTOBHOCTI) MepesKi eJIeKTPO3B’ A3KY

Koedinient
roTosHocTi, K.
Hopma, He MeHIII K

Tun mepe:xi e1eKTPO3B’ A3KY

Mepesxa MisKMiCcbKOro i MisKHAPOLHOTO

TeJIe(DOHHOTO 3B’ A3KY 0,999
Mepesxa 30HOBOTO TesIe()OHHOTO 3B’ A3KY 0,9995
Mepesxa micieBoro resaedOHHOTO 3B’ ABKY 0,9999
Meperka nepeaBaHHA JaHUX 0,99
Tabauys 2

Bumoru 10 :KMBY4YOCTi OCHOBHMX HANIPAMIB 3B’ SI3KY
3aJIeKHO BiJ 30MTKY, AKOT0 3a3HAE Mepeska eJIeKTPO3B’ A3KY
mix aiero 3oBHimHIX (D

PiBeHs 30UTKY, 10 iOTO
3a3HA€ Mepeska 3B’ AZKY
wig giero 3oBHimHIX D, %

KoedimienT oneparuBHOi
TOTOBHOCTI JJISI KAHAJIIB 3B’ A3KY

Io 50 (Bucoxwumit) 0,80-0,7
ITo 30 (cepenmiit) 0,85-0,75
o 10 (au3bpKuii) 0,9-0,8
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ENCKNH3HB Y ¢okyci yBaru

YpaxyBaBmiu Bci HaBeeHiI BUMOTHY A0 CTAJOCTi (PYHKIIIOHYBaHHA TeJeKOMYHIiKaIliliHOl Mepeski, mogamo
ysaraJbHeHY il apXiTeKTypy Ha puc. 7, CKOPUCTABIINCH 3aTaJIbHOIPUAHATUMY YMOBHUMY ITO3HAYEHHAMU.
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7 N /‘&\\ I i Mepexl, I_I_IO.uOXOH'JIIOIOTI: .BI/I-
o ﬁ-ﬁ\\ [/ MOT'M OO HALIWHOCTL Mepeikl Ta
\ s T KHUBYYOCTi OCHOBHUX HAIIPSAMiB
! 3B’A3Ky. PospaxoBaHo Koedi-
Ii€eHTHM TOTOBHOCTi IJIsI PisHUX
TUIIB Mepe:X eJeKTPO3B’ A3KY.
HocaimxeHi MOKa3HUKY iCTOTHO
BILIMBAIOTh HA METOAUKY OIli-
HIOBAaHHS CTAJIOCTi TEJIeKOMYHi-
KaIliiiHol mMepeski B ymoBax mii
B0BHIIIHIX  HEIIPOrHO30BAHUX
Iectabinmisyrounx GakToOpiB.
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THE METHOD OF ESTIMATING THE STABILITY OF THE TELECOMMUNICATIONS NETWORK
UNDER THE ACTION OF EXTERNAL DESTABILIZING FACTORS PREDICTED
The technique of calculation of the telecommunication network stability in the conditions of action of external destabilizing factors
praojected by increasing the reliability of communication and improving the network topology is given in the article.
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