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C. B. iBopHuKOB, A. B. llWEHNYHNKOB
BoeHHas akagemusa casn (CaHkT-MNeTepbypr)

Momexo3almueHHass MoAenb paanonnuHum
B YC/IOBMAX ANHAMMYECKOT0o NpegHaMepeHHOro Bo3aelicTBums

MpoaHanunaupoBaHa 3PHEeKTUBHOCTb M3BECTHbLIX PEXUMOB (DYHKLWOHUPOBAHUA PAAMONUHUUN B YCNOBUSIX
[OVHAMUYECKOro BO3felicTBUA. Ha ocHOBe MoJyYeHHbIX pe3ynbTaToB 060CHOBaHA aKTyalbHOCTb CUHTE3a No-
Mexo3allMLeHHbIX Mogeneli (YHKLMOHMPOBAHUA paanonvHum. CopMynnpoBaHa Lefb UcCnefoBaHus, Ans Ao-
CTWXEeHNs KOTOopoii BBeleHO NOHSATHe CTpaTeruuynpasaeHus pecypcaMn paguonvHumn. 3afaHbl orpaHuyeHus
Ha napaMmeTpbl NpejHamMepeHHOro Bo3f4elicTBUSA. Ha ocHOBe Teopuu crydyaiiHbiX NPOLECccOB MOMyyeHa Mogenb
paguonMHUM NPU AUHAMUYECKOM NpejHaMepeHHoM BO3aeicTBU.

MomMexo3alWnLLeHHOCTb, MeTo ynpaBseHusi, MoAe b pagnoIMHUN, NpegHaMepeHHoe BO3/eNCTBME, OLeHKa
3chdpekTUBHOCTU

Ob6ecneyeHne ahPEKTUBHOCTU JIMHULA pagmnocBsi3v
6bIJ10 U OcTaeTcsA MPUOPUTETHbIM Ha BCex 3Tanax
MnocTpoeHUs 00beAUHEHHO aBTOMaTU3MPOBaHHOIA
ungpoBotid ceTu cBA3M [1]. YunTbiBas Temnbl pocTa
BO3MOXHOCTEM pagnOTeXHUKN, BeCbMa aKTyaslbHbIM
ABMseTCcA o6becnevyeHne NoMexo3alMULeHHOCTN U Npo-
MYCKHOIA CNOCO6HOCTY COBPEMEHHOIA ceTU paAnoCBA3N.

16

MeToAbl MOBbIWEHNA MOMEX03aLNLLEeHHOCTN SN-
HUA pagnocBs3n npeacTasseHbl B paboTax [2]-[5].
MpennioXeHHble pelleHUsA OCHOBbIBATCA Ha yBesin-
YyeHUN 6asbl CMTHasa ¢ UCNosIb30BaHMEM Pa3/INUYHbIX
TexHosorniA. Bonpocbl MOBbIWEHWUSA MNPOMNYCKHOIA
CMOCOGHOCTU JIMHNIA PaiMoCBA3N HAaLIIN OTpaXxeHue
B paboTax [6]-[12], B KOTOpbIX Ha OCHOBE MeETOAOB
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TEopuun CcBSA3M MOJSIyYeHbl MOMEXOYyCTOoAUYMBbLIE CUT-
HaslbHble KOHCTPYKLUN.

HeobxoAnMMo 3aMeTUTb, YUTO pa3paboTaHHbIA Me-
ToAMYeckUiA annapaT NPUMEHUM K [0CTaTOYHO Y3-
KOMY KJlaccy BHELIHWUX BO3AeMCTBUIA, TaK Kak npefa-
rnonaraeT cTalLMOHApHOCTb BHelHelA cpeabl. Kpome
TOro, Npu paspaboTKe MeTOAWK He YYNTbIBASINCL KO-
rHATUBHbIE CBOMACTBA CUCTEMbl MPOTUBOAEIACTBMSA,
nposiBAsWMECS B ANHAMUYECKOM W3MEHEHUU Ma-
pamMeTpoB BO3AEMACTBUS Ha PagUOSIMHUIO, KOTopoe

onpegesiuM  Kak AuWHaMuMyeckoe rnpegHamMmepeHHoe
Bo3gericTBme. [ 060CHOBaHMA cAe/laHHOro BbIBOAA
nposesgem 0606UWeHHYO OLEHKY 3(PheKTUBHOCTU
BO34EMCTBMA KOMMJieKca MNpOTUBOAEMACTBUA Ha pa-
AVONNHUIO, DYHKLVWOHUPYIOLW YO Ha rpynne 4acToT.

BBesem cnepywuwme AoNyuweHNs 0THOCUTESIbHO
cMcTeMbl NpPoTUBOAEMCTBUA. Mpeanosiokum, 4To B
MH(pOPMaLLMOHHOLA 6a3e WMMelTcAa [faHHble 06 uc-
nosib3yemMbIX B Paguo/IMHUN CUTHANIbHbIX KOHCTPYKLM-
AX, a TakXe pacnosIoKeHUN UCTOYHMKOB pagunonsnyde-
HusA. MocTaHoOBKa NpefgHaMepeHHbIX MOMeX OCyLLLeCcTB-
NSAeTCS Mo OTHOWEHWUK K OAHOM CUMHaJIbHOMA KOH-
CTPYKLNM NPU YCIOBUN [0CTATOYHOIO 3HEPreTNYecKo-
ro pecypca, a aroputMbl (QYHKLMOHUPOBAHUSA KOM-
nsekca MNpoTUBOAEMACTBMA MO3BOMIAT ANHaAMWNYECKUN
N3MEHATb peXnMbl ero QpyHKLUMoHMpoBaHUA. Mopacu-
cTema pagnopasseakn obnagaeT AOCTaTOYHOMA MOLLLHO-
CTbi0 A4/19 BbISIBZIEHUS TPYMMbl BblAe/IEHHbIX HYacToT.

B OTHOWeEHWN pagnosIMHUKN MOMIOXMUM, 4YTO ANA
ee (YHKLMOHMPOBaHMA BblgesieHO m paboumx da-
CTOT. JHepreTmyeckne pecypcbl paguoIMHUN COUN3-
MepMMbl C pecypcamMmu KoMmMsiekca NpoTUBOAEIACTBUS.
B pagnonvHuUM npumeHseTcs MeToA rpyrnmnoBoro uc-
nosib30BaHUs 4acToT, peasin30BaHHbIM pas3/IMYHbIMN
COBPEMEHHBIMU peXxXmmMamu PYHKLNOHUPOBAHUA pa-
avonunnunia [2]-[4], [13], [14].

C yyeTOoM cpAefiaHHbIX OONYLIEHUIA U orpaHuye-
HWIA 3aflavya CMCTeMbl MPOTUBOAEMCTBUA CBOAUTCA K

BbISAB/IEHMIO (haKTa N3Ny4YeHUA Ha paboymx yacToTax
M oONTUManbLHOro pacnpefesieHNsa CBOeEro aHepreTu-
yeckoro pecypca. Heo6xog4nMmo oTMeTUTb, 4YTO 3aa-
uun pacnpefesieHNs pecypcoB [A0CTATOYHO TOYHO
hopmManusywTca MeTodamMun nccsiefoBaHMsa onepaynii
[15]. Byaem nonaraTb, YTO WX pelleHUs SABAAKOTCA
OCHOBOM CUHTe3a (YHKLUWOHa/NIbHbIX MoAesetA Cu-
CTeMbl NPOTUBOAEMCTBUA, peasin3yoLero npMHUnNbI
AVHaMMNYecKoro nsMeHeHus Bo3aecTBuUS.

B 3TUX ycnoBuaX HauboNblIMIA MHTepec npepn-
CTaB/iseT OUEHKa cpefilHero BpPeMEeHW peakuuun cu-
CTeMbl MPOTUBOAEICTBUA, NoA KOTOopbiM 6yaemMm Mmo-
HMMaTb BPEMEHHO WHTepBasl 0T Havasia GyHKLMO-
HUPOBaHNA pPagMoO/IMHUM A0 NOCTaHOBKW MpeAHame-
PEHHbIX MomMex. 3aMeTuMm, 4YTO cucTema BBeAEHHbIX
[0NYyLEeHNIA HeCKO/IbKO 0606LLaeT YHKLMOHATbHYO
Moenb AeCTPYKTUBHOr0 BO3AelCcTBUA. BmecTe ¢ Tem
OHa No3B0JISeT MO/YUUTb 0606LWEHHYIO OLLEeHKY 3(d-
heKTUBHOCTU COBPEMEHHBbIX PEXMNMOB (PYHKLLMOHU-
poBaHUA paguoIMHNIA.

B 3adaHHbIX OrpaHUYeHWAX cpefHee BpeMsA pe-
aKuuu onpepesiuMm Kak cpefiHee BpeMsa peakKuuu ans

pa6oueii yacToTbl p , i=1m. [OAns onpefeneHus

LaHHOro napameTpa 6yAeM nosiaraTb, YTo 06Hapy-
KeHue paboueid 4YacTOTbl PaAMO/IMHUMA BO3MOXHO
npyv OAHOBPEMEHHOM BbIMO/THEHUN TPeX YC/I0BUIA:
HaNMMuUUN pagnoun3slyyeHus, 3/1eKTPOMarHUTHoOUA fo-
CTYMHOCTU U BPEMEHHOro KOHTaKTa MpueMHUKa Mo-
NCKa CUCTEMBbI NPOTUBOAEACTBUS C paguon3syyeHnem.

Ha puc. 1 npuBegeHa MoAenb Moucka paguvons-

Ny4yeHUs Ha i-iApaboyeli yacTtoTe, i = 1m.

Hannune wmnsny4vyeHus Ha i-4 paboyeid 4vacToTe
npeAcTaBUM CNydYabiHbIM MMMY/IbCHbIM MOTOKOM CO

cpeAHVM BpeMeHeM Wu3fnyvyeHus tM- un cpegHUM
BpeMeHeM nay3bl tm= 3/1eKTPOMarHUTHY A0CTYyn-

HOCTb (3MJM) 3TOoro M3siydeHmUa aHasioruyHo npeg-

T MoTOoK n3ny4yeHns

ANeKTpoMarHWTHasl 0CTYMNHOCTb

Iy

aMAar

063."

Mounck



cTaBnmM CI'Iy‘-IaI7IHbIM MMMNOY/bCHbIM MOTOKOM CO

cpeAHVM BpeMEeHeM 3/IeKTPOMarHUTHOUA JocTyn-

HOCTMH t3M,El|i N BpemMeHeM 3}'IeKTp0MaFHI/ITHOI7I He-

AOCTYNHOCTU TH

Mpw nocnepoBaTelbHOM 0630pe MOJSI0CbI HYacTOT aHa-
nn3 i-A4 paboyeid 4acToTbl MpeacTaBUM OeTEPMUHMPO-

BaHHbIM UMIY/IbCHBIM MOTOKOM C MepuoAom 063opa T,63
M BpeMeHeM KOHTaKTa /K. Mpegnosiokum, 4To ans 06-
Hapy>XeHus (pakTa U3/TydeHUss Npu ero HaIMYUN 1 NeK-

TPOMarHUTHOIA A0CTYMHOCTU HEO6XoAMMO /K N MRIT=

BBenem 0603HaveHUN:

Ynear Y (Tew + Tir) ;

1)
Yt = W3nr/(/wnr' +Tr) = F wen-Tn
M3 onpegeneHns BepoOATHOCTWU CAy4YalAHOro cO-
6bITUA creayeT:

~IMAr = bMA-/ (bMA- + hi 3MA-) = F 3MAr*sMAr.

CpefiHee BpeMs peakLuun tp- onpeaesiuMm ¢ Uc-

nosib3oBaHMEM 3/1EMEHTOB Teopuu CI'Iy‘-IaVIHbIX NM-

NyNbCHbIX MNOTOKOB [16]:

N1
(N 1V ( 1 n
- =]
ToBT 4 f N
Wn=ln
M Fntn
Vn=1

roe /coBlw- - cpefHee BpeMs coOBMageHUs i-X MOTOKOB
nsnydyeHunsa (n = 1) n goctynHoctu (n =2); Fn, tnh -
cpefHAA yacToTa U cpefHAA ONNTENIbHOCTb h-ro no-

TOKa COOTBETCTBEHHO.
[Ona npeactaBneHHoA Ha puc. 1 mogenu 6es yde-

Ta nocnepoBaTesnibHoro o63opa (N = 2) umeem:

1
1
¢ (
mni BMAO-
1
—1

Famar 'amMarvsnr vanr
C yyeToM [eTepMUHUPOBAHHOIO MOTOKa rocse-
faoBaTesibHOro o63opa nosiocbl YacTtoT (puc. 1):

4

~coBT  Di
amar

1
=l K. @
F3mar 'smarFuven-Ter

YuntbiBasa (1) npeobpasyem (2):

Tanr SM/I- . ®

amgr + I A9MA- Yt

Ans ynpoweHus (3) Npeanosiokum, YTo BpeMs pa-
60Tbl PagMOSIMHUN Ha OAHOM 4YacToTe (MKCUPOBAHO:

Mr-="Th. Torgac ydeTom (1) OKOHYATE/NLHO NOSTYUUM:

Thbmar T . @

Bmar +TH  AOMAOr g

roe T- nepuof NporpaMMHOIA nepecTpoiku paboyeti
YacToTbl Npu paboTe pPagMOSIMHUM Ha HECKOSIbKKX
yacToTax.

Ha puc. 2 npeacTaBfieHbl pe3ysibTaTbl aHa/IUTU-
4eCcKOro MOAEes/INPOBaHUA C MCMNO/1b30BaHWEM Bblpa-
XeHus (4). B KayecTBe MCXOAHbIX AaHHbIX Mnpegno-

naranocb, 4yto K = 2mc, Tamar = 180c.

N3 aHanusa pe3ynbTaToB crleyeT, 4TO Tpu
(YHKLUNOHUPOBAHUWN PaAUONTIMHUN Ha OOHOIA YacToTe
AN B afanTUBHbIX peXXuUMax Ha rpyrnne 4acToT, Xa-

pakTepusyemblX OoTHoweHuem t T =1 npeanHame-

peHHOe BO3AeMCTBME Ha ee pecypcbl OyaeT oKasaHo
3a BpeMms, He npesbliwawwee 0.1 c. Mpn pyHKUMO-
HUPOBAHUWN pPagUOSIVHUN B pexume MporpaMMHOA
rnepecTpovikum paboueinr yacToTbl Ha 1000 yacToTax u
3aKOHe  MCMoJ1b30BaHUSA

npons3BoJZiIbHOM 4yacToT

Tdp/T = 0.001 n BpemA peakuuUn cUCTEMbI MPOTUBO-

nevicTBus BospacTeT Ao 10 c.

MpoBeaeHHas oueHKa 3PPEKTUBHOCTU CUCTEMbI
NpoTUBOAEMACTBUA HOCUT 0606LEHHbIIA XapakTep. Of-
HaK0 OHa Harns4Ho rokasblBaeT, UTO CyLLeCTBYyHLULIMNE
anropuTMbl PYHKLLMOHUPOBAHUA PagNO/IMHUIA B CBOEIA
COBOKYMHOCTM He ob6ecrneuymBaldT UX 3QPEKTUBHOE
(DYHKLUMOHMPOBaHUE B YC/10BUAX AMHAMUYECKN U3Me-
HALWeECcA KOHQIMKTHO cuTyauun. CriegoBaTesibHO,
paspaboTka Moaesniebi U MeToAO0B MOoMexo3alwnTbl pa-
OVOIMHUIA B 3TUX YC/10BUSIX ABMISIETCA A0CTAaTOYHO aK-
TyasibHOUM npobsieMoiA. B HacTosiLeli cTtaTbe npeacTas-
N1eH 04VH U3 NOAX0A0B K peLleHUo yKazaHHOro KJsiacca
33/1a4, OCHOBaHHbIIA Ha Teopuun criyvaiAHbIX NpoL,eccoB

*p,Cc

0.1

0.4 0.6
Puc. 2



N MOHATUU KO3ID(DULMEHTOB WCMO/b30BaHUA 3/1EMEH-
TapHbIX MeTOA0B ynpaB/ieHUs.

AnNa panbHeMLWnX paccyXXAeHUA BBedeM criefylo-
wure noHATUA. Mog cTpaTerneri ynpaBsieHUs paguonu-
HWelA 6yaeM MoHMMaTb COBOKYMHOCTb 3/1eMEHTapHbIX
MeTOoA0B YyrpaBfieHUss. A 3/IeMeHTapHbIM MeToA0M
yrnpasseHna 6yfem cumTaTb COBOKYMHOCTb CMoco60B,
HanpaB/IEHHbIX Ha A0CTMXeHne Tpebyemoro 3HayeHus
3PPEKTUBHOCTU  (PYHKLMNOHNPOBAHUA  PagUOSIUHUN.
OTNNUNTENBHBIMN CBOMACTBAMWU 3/1EMEHTapHbIX MeTo-
[0B ynpaB/fieHUs ABAAITCA UX AasibHelAwWaa Hedenu-
MOCTb, CUCTEMHOCTb MpWU (GopmMUPOBaHUU CcTpaTeruu
ynpassieHus. o[ CUCTEMHOCTbIO 3/IeEMEHTapHbIX Me-
TOAO0B ynpaBsieHUsa 6ydemM MOHUMaTb UX CTPYKTYPHO-
DYHKLMNOHANIbHYIO0 B3aMMOCBA3aHHOCTb, YYMUTbIBas, 4TO
HeKoppesIMpoBaHHble 3/1eMeHTapHble MeToAbl yrnpassie-
HMA 06pa3yloT 0TAe/bHbIE CTpaTernmn yrnpaBieHuns.

MpumepaMmun afleMeHTapHbIX MeToA0B yrpaBsieHUs
pecypcaMmun pagmonMHUN ABNAIOTCA ee (YyHKLMNOHUPO-
BaHMe Ha (UKCMPOBaHHOI 4YacToTe, 4YacTOTHO-ajan-
TVBHbIIA PEXUM, PEXUM MPOrpaMMHOLA MepecTpoiiku
paboyeli 4acTOTbl Ha BblAE/IEHHbIX YacToTax W Ap.
[16]. B HacTosAwWwelA cTaTbe MOJSIOKMM 3/1EMEHTapHbIe
MeToAbl yrnpaB/sieHUs M3BeCTHbIMW. B Takoia nocTa-
HOBKe Lefiblo fBiseTcA pa3paboTka cTpaTerum
ynpaB/aieHUs pecypcamMu paguoniMHUM B YCI0BUAX
M3MEHALWEeroca A4ecTPyKTUBHOI0 BO3AeACTBUSA.

CTpaTervm ynpasJ/lIeHUs pecypcamMu ornpepesium
KO3 (pMLMeHTaMN UCMONIb30BAHNA 3/1EMEHTapHbIX
MeToAO0B YyMpaBJieHUa pagnosiInHUeri a U CUCTeMbl
npotmeoAdelAcTBuA p. [ns 3TOoro BBeAEeM MOHATUSA
BEKTOPOB WCM0/1b30BaHMA 3/1eEMEHTapHbIX MeTo[0B
ynpaBsieHUsl pecypcamu paguosiIMHUN W CUCTEeMBbl
npoTUBOAEMACTBUSA.

MpefnonoXum, 4To cncTema yrnpaB/ieHNs pecyp-

caMmn paguonunHmun wncnonbvdyet | =2,3,..., L ane-

MeHTapHbIX MeToA0B yrnpaBsieHus. Torga nog Koag-
(DULMNEHTOM MCMONIb30BAaHUAJ -0 3/1eMeHTapHOro Me-
Toaa 6yAeM MoHMMaTb OTHOLIEHME CYMMapHOro Bpe-
MEeHHOro MHTepBasa UCMNosIb30BaHUSA 3/1IEMEHTAPHOr0
MeToZa T" . K Mepuoay OLEeHKU

aj = TEj/ Tou,.

Ha BpemMeHHOM npomexyTke T,u cTpaTeruu

ynpaBsieHUs pecypcamMmu paguosiIMHUN N CUCTEMblI
Koa-

aF 06pa3yr0T BEKTOp uCnoJsib3oBaHUA

npoTMBOAEIACTBUA OCTalTCA HEU3IMEHHbIMW.
pULneHTbI
3/leMeHTapHbIX MeTOoA0B CUCTEMOLA YMpaBJieHUs pe-

cypcaMu paguonvHUN:

A =(al a2 ... alL). 5)

Heob6xoanMmMo OTMEeTUTb, 4YTO BbipaxeHue (5)
onpegesiieT 3HayeHUs BeKTopa KOIDPULMEHTOB uC-
MoNb30BaHWA 3/IeMeHTapHbIX MeToA0B B YacTHOM
cnyyae npwu yCc/i0BUW CTaLMOHapHOro BO3AeMACTBUA.
B obwem cny4dae B YyC/I0BUAX AMHAMWNYECKOr0 BO3-

LeACTBUS BEKTOP A 3aBUCUT OT BPEMEHMU:

A (t) = [al(t) a2 (t) aL (D)].

AHaNoOrn4YHbLIM 06pa3omM onpeaesMM BeKTOp MUC-
Nno/sib30BaHUs 3/ieMeHTapHbIX MeTOoA0B YnpaBrieHus

cuctemoin npotusogetictemsa B(t).

HaxoxpaeHne anemeHToB BekTopa A (t), onpe-
[ensuLero crpatervio yrnpaBsieHUs pecypcaMmu pa-
ONONMHUN, B 006LWEM c/liyyae ABAAeTCA HeTpuBUaSb-
HOM 3agadeli, Tpebywweid dopmanusaumm ana pas-
JINYHBIX YCMIOBUIA BHeLWHero Bo3geticTeBusa. lpuse-
AeM pelleHVe OaHHOM 3ajadun ansa cayyas, Korga co-
BOKYMHOCTb 3JIeMeHTapHbIX MeTOo40B B034eMACTBUSA
CUCTEMbI MPOTUBOAEMCTBUSA 06pa3yeT MpocTeALLnNA
noTokK. Mpwu ycnoBun, 4To KaAoMy 3/ieMeHTapHOMY
MeToAy YynpaB/ieHUs pecypcamMmu paguosiMHUM cooT-
BETCTBYET eAVHCTBEHHbIUA MeTon npefHaMepeHHOoro
BO34EIACTBUA, MOTOK 3/IEMEHTaPHbIX MeToA0B yrnpas-
NeHns pecypcamMmun pagmosiMHUM C A0CTaTOYHOIA Tou-
HOCTbI0 TaKXe MOXHO nosiaraTb NPOCTEMALLNM.

Mpu 3TOoM [0/XKHbI BbINOMHATLCA cregylouime
ycnosus:

- 4MC/10 UCNOMIb3yeMblX 3/IEMEHTapHbIX MeT0o40B
yrnpaB/sieHWs 3a pacyeTHbIMA WHTepBasl BpPeEMEHMU
L0/DKHO He 3aBUCETb OT KOHKPETHOro BpeMEeHHOro
WHTepBasia 1 onpeaenAaTbCa TO/IbKO OAJ/INHOMA nocnen-
Hero (CBOMACTBO CTaLMOHAPHOCTHN);

- B KaXAbIA TeKyLWWiA MOMEHT BPeMEHU UCMOoSb-
3yeTca TO/IbKO OAWH 3/1IEMEHTapHbIMA MeTog ynpaBre-
HUA (CBOLMACTBO OpAVHAapHOCTN);

- KOJIMYECTBO 3/1EMEHTapPHbIX MeTOA0B yrpaB/ieHUs
3a KOHKPETHbIM NHTEepBasli BPEMEHU He 3aBUCUT OT TOro,
CKO/IbKO 3/1eMEHTapHbIX MeTOL0B MCMo/1b3yeTcs Ha Apy-
rmx nHTepsanax (0TCyTCTBME Moc/efeiAcTBUS, YTO Mpak-
TWUYECKWN 03HaYaeT OTCYTCTBME KOPPensALUVNOHHbIX CBA3ELA
MeXAy 3/1eMeHTapHbIMU MeToAaMn ynpaBsieHNs).

B pamkax caeniaHHbIX OFpaHUYeHUIA NpeacTaBUM
Modenb PafuoNIMHUM B BUAE HEMPepbIBHOM Lenwu
MapkoBa. Torpga BeposATHOCTWM COCTOAHWIA onpepge-
MM KoahhuumeHTaMm MCNoNb30BaHUA 3/1eMeHTap-

HbIX MEeTO0A0B yrnpaB/ieHNA:

aj=lim aj(t), j =1L. (6)
Ana BbinonHeHusa ycnosusa (6) Heobxoaumo,
YTOObI BCE CYLLECTBEHHbIE COCTOAHUSA MoAenn 6blnun

cBsi3aHHbIMU. [pyvMep TakoiA MoZesnn paguosiuHum



npeacTaBsieH Ha puc. 3. Kpyramu Ha Heli o603Hauve-
Hbl BO3MOXHble (Tpebyemble) COCTOSAHUSA JIMHUM pa-
avocesasn. KoahnLMeHTbl UCMO/1b30BaHUS 3/1IEMEH-
TapHbIX METOAO0B ynpaB/ieHUs pecypcamMu paguosiu-

Huu al, a2, ..., aL onpeaensaT COCTOAHUSA JINHUN

pagunocBsA3n. BepoAaTHocTu Pu, P12, P21, sees P jj,

Pj-1j, Pjj_1, ..., Pt1 (J=1,L) - BepoAaATHOCTU

rnepexofia U3 04HOro COCTOSAHUA B Apyroe, 3Ha4YeHUs
KOTOpPbIX MOryT 6bITb pacCYMTaHbl Ha OCHOBE MOA4XO0-
[0B K OUeHKe rokasaTeneil apeKTUBHOCTU (PYHK-
uuoHmposaHua paguonuHnn [2], [3], [4], [13], [17].
Ana onncaHua PYHKLMNOHNPOBAHUA CUCTEMbI Ha
puc. 3 Bocnosib3yemMcs ypaBHeHUssMun Konmoroposa [18]:

iy
— —=pnal _pl2uR2 +p2lwdl_plIOI +pLlai;
dt
<dao @)
Nd? =P22a2 _P2lal+P12a2 _P23a2 +P32a 3.

Ana peweHunsa cuctembl (7) yd4Tem, 4To Npu npo-
cTelilleM NoToke Bo3AelACTBUSA
L L L
£ aj =5y £ £ pjs=1
j=1 j=1s=1
B KauyecTBe npmmepa paccCMOTPUM (PYHKLMNOHU-
poBaHWe MoAenn paguonuHUN NPU UCNOSIb30BaHUU
Tpex a/leMeHTapHbIX MeToA0B yrnpassaeHusa (puc. 4).
MpeAnonoXum, 4yTo

P11= P22 = P33 =
= P12 = P21 = P23 = P32 = P31 = P13 = V9.

Pe3y/nibTaTbl MOAEes/IMPOBaHUSA C MCMNOJIb30BaHUEM
npensiokeHHoA MeToAMKU MoKasblBalT, 4YTo Nt06oiA
M3 Tpex 3afieMeHTapHbIX MeToA0B 3afaeTcs Koapdu-
LMEHTOM MCMOMIb30BaHMUSI paBHbIM HyJl0, ABa ApYy-
rmx - c¢

KoahpuumeHtTamm 12. CnepoBaTesibHO,

0OWH M3 MeTOoA0B MOXeT OblTb UCKJ/IIOYEH U3 anro-
pyuTMa PYHKLMOHUPOBAHMUSA pPagnNoINUHUN.
Mpwn

P11=P22 = P33 = 0;
P12 = P21 =P23 =P32 =P31 =P13=V6

rnosyyaem aHaslornyHblA pesynbTaT. MNpnyem gaHHbIA

aniropuTm UCK/O4YaeT BO3MOXHOCTb nepexoga moje-

JIN B O4HO U TO e COCTOsAHWE 3a OAlHY nTepayuio.
Mpwn

P11 = P22 = P33 = 0;
P12 = 0.21; P21 = 0.34; P23 = 0.05;
P32 = 0.05; P31 = 0.3; P13 = 0.05

nonyyaem al=0.55; a2 =0.41, a3 =0.04.

Takum 06pa3oM, Ha OCHOBE Teopuu CcAy4aiAHbIX
npoL,eccoB MnpeasioXkeHa MoAeslb MoMexo3alwmnTbl pa-
OVOMIVHUK  NpKn

HecTauMOHapHbIX  MapameTpax

BHELIHEro BO3A4EMCTBUS, OMUCbIBAEMOro rMpocTeii-
WKUM MoToKoM. MeTopn TpebyeT co6/1I0AeHNS OrpaHu-
YeHNIA Mo MNOTOKY BO3AEMACTBUA 3/IEMEHTAapHbIX Me-
TOA0B YMNpaB/ieHUs U HEOGX0AMMOCTU 3a4aHusa nepe-
X0AHbIX BeposTHocTelA mMogenu. [LOoCTOMHCTBOM Me-
ToAa fBNAeTCS BO3MOXHOCTb YNpaBfeHUs (yHKLNO-
HUpoOBaHWEM MoAenn pafuo/IMHUM Ha OCHOBe Mo-

CTpoeHuns rpada PYHKLUOHUPOBAHUA.
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S. V. Dvornikov, A. V. Pshenichnikov

Military Academy of Communications (Saint Petersburg)

Noise Immunity Radio Link Model in Dynamic Intentional Exposure

Abstract. To ensure the required interference immunity of a radio link is a crucial task nowadays. The existing solu-

tions in this field are based on signal spectrum spreading methods. In the age of radio engineering development applica-
tion of specific technical solutions when building a noise immune radio system is ineffective. In this case, one of the most

challenging tasks is taking into account the dynamic effects on the radio link resources. The solution to this problem can be
obtained by the development of complex operation algorithms for radio system. This paper proposes noise immune radio
link model taking into account the dynamic intentional impact on its resources. A distinctive feature of the proposed ap-

proach is determination of radio link resource control strategy. For that purpose, a concept of vector of elementary control
methods is introduced. On the base ofthe random process theory a noise immunity radio link model is developed.

Key words: Noise Immunity, Control Method, Radio Model, Intentional Impact, Performance Evaluation
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