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MolenupoBaHvrfl. wMrreAaHcHbrx xapaKTepr4crr4K pa.uuorexHlrqecKr,rx ycrpoficrB
(PTy) H HarpaBJreHa Ha ynyqrueHrde rexHr4rrecKnx xapaKrepllcrl4K
paAr{orexHnrrecKnx ycrpoficrB cncreM paAnonoKarlnt4, TeJreKoMMyHuKar\vpI
r4 Apyrr4x cHcTeM, [pr,rMeHreMbrx B pa3JIHtIHbrx ycnoBvrflx 3Kc[nyutarlnr4.

PTy .nBJrrrorcfl Ba)KHefimuun KoMrroHeHTaMH coBpeMeHHbrx cucreM
repeAaqrl r,rn$opMarlurr (CIII4), o6ecilequBaroqlrMr4 Bo3MolrHocrb repeAarrrl
H rrprdeMa cHfHaJroB Ha orpoMHbre paccro flHvrfl. OAnaro oru ycrpoftcrBa rracro

pa6oraror He roJrbKo B rrrlrpoKoM 4narra3oHe qacror vr MorrlHocrefi cr,rrHarra,
HO W H3MeHqIOIIIHXCfl ycnoBr,rflX 9KCrrnyATAIIVtVL qTO IIpHBOAHT
K CyrqecTBeHHbrM Bapr{arlnflM KoMfIJreKcHoro collpoTvrBrrelJr4fl Hafpy3Kr4
(Hnnne4aHcau), oco6eHHo Ha rroABrlDKHhIx CIIZ. 3ro BeAer K paccornacoBaHlrrc
c BbIXoAHbTM co[poruBJreHr4eM IacrorrHnKa cnrHarra v cnoco6crByer
rIoflBJIeHIlro B TpaKTe orpax(ennofi BoJIHbr, Bbr3brBafl. H3MeHenvrfl. pexuMa
pa6oru PTy H yxyAmafr rx xapaKrepracruKtl.

flpoqeccbl, cBt3aHHbIe c yMeHblrreHr{eM MorrlHocrn paAuockrrnalra,
npI{BoAflT K CyrqecrBeHHoMy cHH)KeHrIrO AitrrbHocrr{ paAHonrllJvru
(paavoJIoKaIIHH, paAuocnxsu), yMeHbrueHr{ro roeSSHupreHTa rroJre3Horo
[eitcrsws paAl{orepeAarqr4Ka, ocra6leHr4ro rryBcrBr4TeJrbHocrr4

paAI4orIpHeMHHKa v ApyrrdM He)KeJrareJrbHbrM rrocneAcrBr,rrM. 3ro,
HecoMHeHHo, yMeHblrlaer e$SercTrrBHocrb PTy H) Anfl o6ecneqeHus
orlTnMalrnofi [pol{3BoAlrrenbHocrr{, rpe6yer or pazpa6orrrr4Ka rrpr4MeHeHut
peTrleHnfi, cBt3aHHbIX c a4arrrvrBHblM ruHpoKorroJrocHbrM corJracoBaHueM.
OlHofi rr3 KJIIoqeBbIx 3aAarl B oroM KoHTeKcre -rrBJrrercs rorrHoe npu6tmKeHrae
xapaKTepl4cruK HMrIeAaHca corJracyeruofi Harpy3Kra K ee pea.JrbHoMy 3HaqeH flfr,
Koropble Moryr 6urr oqeHb cJro)KHbrMrr r4 TpyAHbrMr4 rnfl MoAenr4poBaHufl.

3aaaqa corJlacoBaHufl HMrIeAaHcoB B PTy aKTr{BHo Lr3yrraercfl
B IIocneAHHe HecKoJIbKo [ecflTuteruit, rAe 6ulo [peAno)KeHo HecKoJrbKo
MeroAoB arlrrpoKcrrlr.a\uu ux HM[eAaHcHbrx xapaKTepncrr4K. OAHaro
6olrurnHcrBo grHX MeroAoB ofpaHI,IrIeHbI B Bo3Mo)KHocrI4 TorlHofo
MoAenllpoBaHrlt HMrIeAaHcHbrx xapaKTepr,rcrrrK PTy. TpagwllroHHbre
[oAXOAbI, TaKHe KaK CTpyKTypHo-[apaMerpHrrecKr4e MeroAbr vr MoAeJrr.r
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Alralla3oHHbrx SKBLIB€IJIeHTOB, MOryT TOJIbKO aIr[pOKCI{MLIpOBaTb

xapaKTeprrcrlrKll I{MIreAaHCa ycTpoficrB B y3KoM AI4aIra3OHe qaCToT. 3TO

orpaHlrqeHlre Bo3HI,IKaer U3-3a rlpuoylqefi ycrpoficrBllM c]Io)KHOCTI'I

xapaKTepI,IcTLrK I{MrIeAarICa, KOTOpbIe I,I3MeH'K)TC' B 3aBI,ICI4MOCTI{ OT TIaCTOTbI

Lr 3aBr,rc.flT oT HecKoJIbKI,IX oaKTOpOB, TaKI'IX Kar( reOMeTpI{t ycTpoftcTBa'

cBoficrBa Marepr{aJla u ycnoBvfl 3Kclllyararluu, qro floATBepx,qaerct

pe3ynbTaTzlMlr sKcnepuMeHTaJIbHbIx I,ICCJIeAOBaHI,Ifi IIO OIIeHKe BITI/JIHHfl

ycJroBr,rfi 3KcrrJryaralluv Ha zMneAaHcHbIe xapaKTeplrcTI'IKI{ PTy,

BbrrroJrHeHHbrx AI{ccepTaHToM.
Heo6xoAuruocrb rotlHoro [peAcraBJIeHI{l IrMrIeAaHcHbIx xapaKTepucrlrK

PTy Arrt pe[reHl{rl 3aAaqu runpoKoflonocHoro coulacoBarll{t [pLIBeJIa

r paspa6orre HoBbrx MeroAoB, Halp€tBJIeHHbIX Ha [peoAoJIeHLIe orpaHraqenufi
cyrqecrByrou[x IroAXoAoB. O.qnofi vrc BHeIITHI{x anuporcrauaqr'Ifi
I'IMTIEAAHCHOft XAPATTCPVTCTLIKVI AIITEHHII 'BJI{ETC' I,ICTIOJII3OBAHI4E

MareMarr,rqecnnx uo4eneft .
OAnrarvr r{3 rrepc[eKTl{BHbrx MeroAoM arIupoKcI,IMarII4I,I I{MrIeAilIcHbIx

xapaxrepucrrar PTV rBJrflercr I{crroJrb3oBaHue aJrroplrrMoB o[TI{MLI3aIIuIlt,
Koropbre rro3BoJrtr,T nafiru onruMaJlbHoe pelrreHrle Aannofi 3aAarII,I fl)ireM
rrrepaTlrBHofo rror{cKa HanJryquero ua6opa [apaMeTpoB Ivrareuarn'recrofi
MoAeJrlr r,rMrreAaHca PTY, roropble MI,IHI,IMI,I3LIpyIor 3aAarrHylo IIeJIeByIo
rpymqnro. Tarue uareMarr{qecKl{e MoAeJrI{ rvroryr 6urr pa:pa6orauu na
ocHoBe AaHHbrx, noJryqeHHbrx B xoAe 3KcrIepuMeHTaJIbHbIx IrccneAosanl,Ift nnu
qr,rcfleHHbrx MoAgnupoBanIafi. OAuaro B crarl4crvqecKr,Ix MoAeJrrx AoJDKHo
yql4TblBarb, qro 3TH MoAeJII{ UOryr 6Urr HeAOCTaTOqHO TOIIHbIMI'I, TaK KaK OHLI
ocHoBaHbI Ha r{3MepeH[tx, I{Melouux B cBoeM cocraBe o[ru6rr,r
u florperuHocrr4 pa3nr,rqHofi npupo4u. flosrouy, Ant noJryqeHns 6oree roqHLIx
pe3yJrbraroB, Mbr AoJD(HEr rrcrroJrb3oBarb MeroAbr MareMarr,rqecrofi o6pa6orrr,I
u crarucruqecKoro aHaJII{3a. 3ro nossolrlrr raK)r(e r4cnoJrb3oBarb arlropl{TMbl
orrTrrMr.r3arll,Iu AItfl rror{cKa orrTr{MaflbHofi cxeuu corJracoBaHlu, KoTopat
cofJracyer r{Mrre,{aHc ycrpoficrna c nunr,reft rlepe.4arllr B rrrrpoKoM Ar,ra[a3oHe
rracror B ycJroBr{f,x r,r3MeHrrcrqeroct I,IMneAaHca couracyeMofi uarpysru.

Taruu o6pa3oM, paspa6oma HoBbrx MeroAoB arrnpoKcI,IMaIII{I.I
nMrreAaHcHbrx xapaKTeprncrr{K paAr,rorexHuqecKlrx ycrpoficrr B 3aAaqax
tul,IpoKoltonocHoro cofJracoBaHl{t raueer 6omruoe 3HarIeHI,Ie Altt coBpeMeHHbIX
CIII4. To.rHoe MoAeJrrrpoBaHue xapaKTeplrcrr,rK nMrreAaHca ulrpoKo[oJrocHoro
PTy r{Meer peuaroqee 3HaqeHlre 4rs. Aocrr,Dr(eHr{r ourunraruofi
npol,I3BoAr,rreJrbHocrlr ycrpoficma Ir noBbrrueHu.r o6ruefi erf(perrnnHocru
paAl,IorexHr4rrecKofi cucreMbr B IIeJIoM, qro o6ycranruanaer axryiurbHocrb
Aansoft .qucceprarluu.

B 4uccepraquu Vcaes B.O. sunonnun o6sop v aLranrvrs MeroAoB
r.r MeToAr,rK MoAeJrr.rpoBaHr,rr corJracyeMbrx Harpy3oK IIo r{x r,rMneAalrrcHbrM
xapaKTepucTr{KaM, rro pe3yJrbTaTaM KoToporo, B KaqecTBe MaTeMaTlrqecKoro
annapara, 6ru ru6pau MeroA MaKpoMo,qeJrlrpoBanur. 3ro o6ycloueno reu,
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IITO AAHHbIX IOAXOA [O3BOIflCT PACCMATPI'IBATb BXOAHOC COIPOTI{BNCHI'IE

Harpy3Kr,r B Br{Ae npocTbrx MaTeMarLrqecKr,IX MoAeneft c BblcoKoft crerleHblo

TOqHOCTI{ L He paCClII4TbIBaTb ero B BnAe cxeMHbrx 3KBI{BaJIeHTOB.

B 4uccepraqrll{ corlcKarenerra paspa6oraHa MeroAl'na tfopul'Iponarur

aHaJrr,rrlrqecKofi uoAem,r I,IM[eAaHcHbIx xapaKTepucrl'IK luupoKorroJlocHblx

PTY, r4e B KaqecrBe MareMarl,Iqecroft uo4elu LIMrreAaHca I'IcrIoJIHyerct
gpo6Ho-pauuoHaJlbHrlfl {yurqur I{MrIeAaHca, pa3JloxeHHat MeroAoM fenepua

Ha pe€rJrbHyro LI MHI,IMyI9 cocraBJltloulue, o6raAaroqas cBoficrBal\41l

Susuvecrofi peanl,I3yeMocrla. 3r[r[errunHocrr paspa6omnnofi MeroAlIKI{

HaurrAHo rlpoAeMoHcrpl,IpoBaHo upu pactlere uo4eleft nMneAaHcoB

pa3JrrrqHblx KJIaCCOB Hafpy3OK, a TaKxe pemeHueM TecToBbIx 3a,{aq no

pe3yJrbrarirM pellreHlrfl Koropbrx 6rrno ycrauoBJleHo, rITo paccql'ITaHH€ul upll

[oMorrlr{ paspa6oranuofi uero4fixra anaJlurl{qecKirt MoAeiIb Iarr,rueAauca PTV

rro3BoJrrer yMeHbruI,ITb orur,r6ry ra rropf,AoK an[poKcI'IMaIIuu pealruoft

u unrauofi cocraBfitlouLtx I,IMrIeAaHca corulacyeuofi uarpysKl'I' qucJIeHHo

3aAaHHbrx Ha AI{CKpeTHOM ptAe qacToT, IIo cpaBHeHI,[Io co cTpyKTypHo-

lap€IMerpr{rrecKl,IMt4 MeTOAaMI,I MOAeJII,IpOBaHVfl. IIIII'{TTe.I.aHCOB Harpy3KI,I.
I'4cxolr. I,I3 Toro, tITo I,IMIre.qaHcHbIe xapaKTepI{crLIKI,I coBpeMeHHbIx PTY,

KOTOpbre onpeAeflf,roT c TIoMoIIIbIO 3KCIepI{MeHTUIJIbHbIX UCClegOnanUfi,
I'IMEIOT CIOXHTTfi BLIA, LI3MEHflIOTC' KAK BO BPEMEHI{, TAK It B 3ABHCI,IMOCTII OT

ycJroBr,Ifi gKcnJryararluu, I{ co,uepxar crry.raftHble cocraBr.flIolque caJvlofi
pasnnunoft npnpoAhl, To MoAeJIu, paccqI,ITaHHbIe rro oTI,IM AarIHbIM,
craHoBrrcq, rro MeHbluefi uepe, He oIrrI,IMaJIbHbrMI{. Taxuru o6pasou,

Ar{ccepraHrou 6rura paspa6orana MeroAI,IKa MareMarl{tlecrofi o6pa6orru
pe3yJrbTaToB t43MepeHlrf, HeCTaIIuoHapHoro I,IMrIeAaHca coHlacyeMofi Harpy3K[,
no3BoJuroqafl paccql{Tarb MareMarl,IqecKr,Ie MoAeJILT Hecralll{oHapHoro
uM[eAaHca rur{poKorroJrocHbrx paAlrorexHl,IqecKux ycrpoftcrn c 3a,quurHbIMLI
[apaMerpaMlr AoBeplrreJrbHofi nepoxrnocrl,I, orHocurenrnofi florpellrHocrtl I,{
a6corrorHofi orrru6Kr,r uilflpoKcnMalluu. flpe4roxeHH€It MeroAuKa TIo3BoJILIJIa
orIeHHTb v c$opnrnpoBarb MareMaruqecKyro MoAenb I,IM[eAaHcHbIX

xapaKrepr{crr.rK Ay AD-44/CW-TA-3 0-512 B pa3nuqHbrx ycnoBl4tx
gKcrrnyararlvrkr c AoBepnremnofi BepoqrHocrb He MeHee 0r9, orHocl4relrsofi
rrorpeuHocrbro He 6oree l0 oh, v o6ecuerruTb a6comorHyro oruz6ry
arrrpoKcr,rMarlvrr He 6oree l0%.

Cre4yer orMernTb, rrro Bo3Mo)KHocrr{ rro coxpaHeHuro rpe6yeMoro
ypoBHfl [epeAaqH MorrlHocTpr B ycnoBHrx r43MeHeHr4fl, HMrreAaHca Harpy3Kr4 He
Moryr 6stm 6esrparudrrHbrMlr, B cBfl3u c rIeM, coHcKareJIeM, c rroMolrlbro
MeroAHKr4 cnHre3a cornacyrcql4x rlenefi (CU) p^nfl ruHpoKorroJrocHbrx PTy
c H3MeH-flrolqr{Mcfl r,rMrreAaHcoM Harpy3KH, ocHoBaHuofi Ha MeroAe
BerrlecrBeHHbrx rracror H pazpa6orausofi MeroAr{Kr,r MareMarurrecrofi
o6pa6orKn pe3ynbraroB H3MepeHlafl. Hecrarlr4oHapHoro HMrreAanca
corJracyervroft Harpy3KH, 6ura paspa6oraHa MareMarnrrecKafl MoAenb
ruHpoKorroJrocHoro corJracyrcqero ycrpoficrBa (IIICy), orruqarorlaflcfl
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yrreroM orKJroH eHnfl. KoMrrJreKcHoro corrporvrBrrelgln.fl. Harpy3Kr4 H pa:6poca

HoMr{HiuroB oJreMeHToB CII, Iro3BoJrflrorrlafl rrpoeKTnpoBarb IIICy

B cocpeAororreHHoM gneMeHTHoM 6azuce c Bo3Mo)KHbrM yrreroM 4o6porHocrl4
peaKTHBHbrx eJreMeHToB rrpH ycnoBHI4, rITo cTpyKTypa qerl'I 3a4aHa

3anepurarcqr4M oraroM IHccepraIIHoHHofi pa6oru flBt4Jrocb rrpoBeAeHrre
HarypHbrx v [onyHarypHbrx LrccneAosaHnfi pa6orocnoco6Hocrr4
paspa6oraHHbrx MeroAr{K B 3aAarrax uupoKorroJrocHoro corJracoBaHu.fl.
Pesynrrarbr rrpoBeAeHHbrx r{ccneAonauHft roATBep4wtu 6olee cla1uttbHoe
3HarreHr4e ypoBHfl [epeAaqu MoITIHocTH B ycnoBr4fx H3MeHflrcrrlefocfl
14 MrreA AHCA Hafpy3Kr{, TaK :

paspa6oraHHafl MeroAHKa o6pa6orKn pe3ynbraroB r43Mepewvit
I,IMrreAaHca paAHorexHHqecKHX ycrpoficlB rro3BoJrvna orIeHHTb 14 o[Lrcarb
HMreAaHcHbre xapaKreprrcrkrKra aHreHHoro ycrpoficrBa (Ay) AD-44/CW-TA-
30-512 aH€ulurIa.Iecrcofi Mo4eJrbro (AM) c sucorofi crereHbro aAeKBarHocrr{
(c AoBepl,Iremnofi BepoflTHocrb He MeHee 0,9 v orHocrarelrsofi
rorpetuHocrblo He 6olee 10 o 

), rITo rIo3BoJIIlJIo craHTe3npoBarb
ruI,IpoKorlonocHyto CII, o6ecuerrnBaroqyrc yMeHbrrreHrre rrorepb ypoBHfl
roeSSHIII4eHra rrepe1laqv MorrlHocru (KIII\O Ay AD-44/CW-TA-3 0-512 rprd
paclonoll(eHrrn efo B pa3nHrrHbrx ycnoBlr.f,x sKcrrnyararryr4 He MeHee qeM Ha
50% rlo orHoIrIeHHro K rlorepflM, roryrreHHbrM 6es cnHTe3npoBaHnofi IIICI,
a raK)Ke o6ecneql,IBatoqyro ypoBeHb KIIM He MeHee 0,9 rrpu orKJroH ennvr
r,rM[eAanca Harpy3Kr{ or 5 ,qo 25 Otvt

- pa3pa6oragnafl, MeroAI,IKa o6pa6orKn pe3ynbraroB r.r3Meperuufi,
LIMrIeAaHca paAHorexHHrIecKVX ycrpoficrB rro3BoJrnlra orIeHHTb 14 orrncarb
HMreAaHcHbIe xapaKTepr,rcruKr{ J-aureHHbr (6ucrpopa3BeprbrBaeMoro
cHrHiL[I,I3aIII4oHHoro rcdunreKca <llayo) B BLrAe AM c srrcoxofi crerreHbro
aAeKBarHocrll (c 4onepl{Tenruofi BeporrHocrb He MeHee 0,9 H orHoclrreJrbsofi
rlorperuHocrbto He 6oree 10 yo), qro rro3BoJrrlno cuuTe3r4poBarb
IrIHpoKoIIoJIocHyro Cq, o6ecueqr,rBarouyrc yMeHbrrreHne crerreHu Blr:aflHnfl,
napuarywft I,IMrIeAaHca Harpy3Kr4 Ha ypoBeHb repeAarru MorrlHocrvr (KCB),
BbI3BaHHO|O rIO[aAaHHeM r.rHOpOAHbrX rrpeAMeroB Me)KIy H3nyqareJreM
H o6necoM. O qenr cBldAereJlbcrByer 3HarreHrae KCB<2,5 n pa6oqeM Anarra3oHe
qacror rIpH orKJroHeHHu r4MueAaHca Harpy3Kr.r Ao 40 orr,r.

MareMarnqecK€ul MoAenb IIICy ro3BoJrnra yMeHbrrr.rrb ycpeAHeHHbre
rlorepu ypoBHfl KIIM or BXoAHoro (nrrxo4Horo) rpaKra K KoMrrJrerccnofi
Harpy3Ke B pa6oueM Auala3oHe rracror, TeM caMbrM o6ecuerrktrb ycpeAHeHusrfi
BbIHrpbIIrI B rloreHrlna[bHo Aocrrlxcnuofi AalrbHocrvr Aeficrnr4fl pa1;norvr64u Anfl
paAuocraHqrln P-181-5Hy or ZYo Ao l5% (250-2300 rnr) e paMKax roryrreHHbrx
gKcrreplrM eHTuurbHbrx prccJre4onaHrafi .

HosrtNan pe3ynbraraMn, 3Haqr4MbrMt4 [Irfl orpacnu HayKH, o6tacru
I4ccneAogaHllfi H rlpaKTlalrvl- [peAcraBJreHHbIMI{ B Al,IcceprarluvI, flBJrflerc.fl:

- Mero Al/^Ka SopvrnpoBaHllt anaJwrruqecxofi MoAenH rlMrreA a:aca
mI'IpOKoIIOJIOCHrIX paAHoTeXHLIqeCKHX yCrpOficTB, oTJrr4qarcqarcfl yrreTOM
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ycnoBr4 ir $uzwqecxofi peanr43yeMocrr4 H pa3no)KeHneM 4po6Ho-parluonamnofi
Synxqrau r4MrreAanca Ha peaJrbHyro H MHHMyro cocraBnrrorrlne MeroAoM
fenepua, qro rro3BoJrfler yMeHbruHTb orura6xy v ropflAoK arrrrpoKcwvra\uv
pealrnofi v usnnaofi cocraBnflrolqnx HMrreAar'ca cornacyevrofi Harpy3Kr,r,
rII{CJIOHHO 3aAaHHbIX Ha AI,ICKpOTHOM Pfl!1e TIaCTOT, trO CpaBHeHIrtIO

co cTpyKTypHo-[apaMeTpHqecKr4Ma MeToAaMH MoAenvpoBaHnfl, HMrreAaHcoB

Hafpy3KH;

MeroArrKa o6pa6orKr{ pe3ynbraroB rr3MepeHvrfl, HecrarlnoHapHbrx
I4MrIeAaHcoB corJlacyeMblx Harpy3oK, orJruqaroulaflcfl. $opnaupoBaHr.reM
MareMaruqecrcofi MoAenH rdMrre AaHca paAnorexHuqecKr,rx ycrpoficrB Ha ocHoBe
orIeHoK MaTeMaTHrIecKofo o)KlaAaHvrfl. Id3MepeHHofo HMIIeIaHCA, rro3BonqrcilIat

IlonyrlHTb MaTeMaTHqecKHe MOAeJIH,' HeCTaIIHOHapHbTX HMIIeIaHCOB

rul,IpoKorloJlocHbrx paAzorexHr4qecKllx ycrpoficrB c 3aAaHHbrMH rrapaMerpaMr4

AoBepnrersHofi BepotrHocru,r orHoclare.lnsofi rrorperuHocrr4 14 a6comorsofi
oun6xn a[rpoKcnM a\wvr;

BuuolHeHHat ZcaesHNa B.O. :nay-ulaafl pa6ora orJrnrraerct
IlenocrHocrbto v 3aBepueHHocrb[o. flocraBJreHHbre Anr HccneAoBaHrrr qenb
vt gap'aqw BbIrroJIHeHbI B rroJIHoM o6reue. Bce HayqHT-re [oJro]Kenkrfl,
BbIfIOJIHeHbI KOppeKTHO VI C HCrrOJIb3OBaHr{eM CTpofofo MareMaTr{qecKofo
ailnapara, BbIBoAbI vt peKoMeHAaqvu y6e4zreJrbHbr vr rpeAcraBJr.rrror
3HarluTelrHufi rlpaKTl4.Iecrufi HHTepec. CauocroflTeJrbHo BbrrroJrHeHHhre
aBTopoM rlccneAoBaHnr cBrrAereJrbcrByror o ero cnoco6Hocrn perrrarb
TBopqecKue 3a4a1z., HaxoAr4Tb perueHrlfl cJroxcHbrx 3aAarr. Hayuuue
pe3ynbrarbl BHeApeHbI B yue6nuft rpoqecc, o rreM cBr4AereJrbcrByror aKTbr
o BHeApeHHr4.

3Ha.IHreJIbHbIe HayrlHbre pe3ynbrarbr, [onyqeHHbre Ar4ccepraHToM B xoAe
HccneAonauufi, oKa3arlucb noJre3HbrMrd p^nfl TexHktrrecKux paspa6oroK B pflAe
KoHcrpyKropcKnx vr HayrrHo-r4ccJreAoBareJrbcKnx yqpe)Klesufi pecuy6Jrr{Ku.
IIpoayKTt4BHbIM rilfl o6onx cropoH oKa3aJrocb recHoe corpyAHrdrrecrBo c fO
(HIIII HAH Eelapycn, OOO <[enrepec)), yqpe)KAeHr{eM o6pasoBaHr4n
<<BoeHlaafl. aKaAeMHt Pecuy6JIHKH EenapycbD, BoeHHhrM SarymreroM
v Hayqno-o6pa3oBareJlbHblM IdHHoBaIIIaoHHbrM rleHTponr CBrI rexHoJrorufi vr r4x
MerponofuqecKoro o6ecuerleHr{fl IryUI y.rpe)Kl envrfl, o6paso BaHHfl dfyl4P>.
Ha ocHoBalnvrn rrero 6urn [onyqeHbr 11 aKToB vr 2 clpaBKH o Bo3Mo)r{HoM
rIpaKTHrIecKoM HcfIoJIb3OBaHHH pe3ynbTaroB AHCCeprarIr4oHHbrx
I4ccnenonaHnfi.

CoucrcareJlb ony6nuKoBarl rlo reM e Awcceprarluu 28 rerrarHrrx pa6orbr,
B ToM -trncre 12 crarefi s pelleH3l{pyeMhrx H3Aanvrflx, peKoMeHAoBaHHbrx BAK,
16 re3ncoB AoKnaAoB vI Marepr4€uroB rcoH$epeHqraft. Taruu o6pasovr,
rpe6on aHr4fl BAK K ony6ruEKoBaHHocru pe3ynbraroB AuccepraqproHHoro
v ccneAoBaHr{s co6lrcAeHbr.

lracceprarlnoHnafl, pa6ora
B coorBercrBun c rpe6onaHnflMvr

rroAroroBneHa K 3arrIHTe, oSopvureHa
BAK H cocror.rr r4s BBeAeHrrq, o6uefi



xapaKTepucrr4Kn pa6oru, rrerbrpex rJIaB, 3aKJlroLrenvrfl,, 6w6tuorpa0nqecKoro

CIII'ICKa LI TpeX [pI4JIO)KeHI4LI.

XaparcrepucrrlKa HayqHofi, nayuno-rleAaror[qecrofr ll c.nyxe6nofi
]IEf TEJIbHOCTII COIICKATEJIfl

B upoqecce pa6orrr HaA Al'IccepruJueit VIcaeB B.O. npoanran ce6r
noJrHocrbro csopunponauulrMcr HayqHbIM pa6ornlrrou, roroprrft cuoco6en
caMocrof,TeJlbHo ocyqecrBJltrr uayvHufi rroncK, yMeer BbIrIoJIHflTb
ueo6xOqrauue HayqHble I,I IIHt(eHepHbIe paCtIeTbI, [paBIanEHO aH€IJILI3LIpOBaTr

nonyqeHHbre p$yJIbTaTbI L AOBoAI{rb I{X Ao IIpaKTLIqeCrofi peiUILI3aIIIiLI. I4ueer
T pe6yeuue 3HaHI,Ifl s o6nacru nn$oprvraqraoHHbrx rexHoJlorufi, uanrrru pa6oru
c cLIcTeMaMu npoBeAeHI'It I'I AoKyMeHTI{poBaHIlrs LIHXeHepHbIX pacqeToB'

MareMarurrecKr,IMl{ raKeralr,ru Matlab n . Mathcad, AWR Microwave Studio
r,r CST Studio, qro Iro3BoJII{JIo eMy npoBecrrr nonsouacruta6noe
MATEMATI'IqECKOE MOACJII{POBAIIUE PA:PA6OTATTNrIX MATEMATLIIICCKI,IX UO4CTTEfi

vMrre.{ancoB ra IIICY p€rsnvqHblx Harpy3oK.
B Hacroslqee BpeMf, Zcaee B.O. npoxoAllr crryx6y B AoJIxHocrI'{

r{Hx(eHepa yre6uofi na6oparopuu ra$e4pu aBroMarI,IKtI, paAI'IoJIoKarI[lI
r{ [pveMo-rrepeAarcIqux ycrpofictn frpex,qeHu{ o6paronanux <Boenna.q
aKaAeMr,r.rr Pecny6rurru Benapycr>. Hay.rrrrre lIccJIeAoBaHLIt [poBoAI'IT
n o6nacru MareMarl,{qecKofo MoAeJII,IpoBaHI{t LIMIreAaHcoB PTy
u lpoeKrr,rposaHr,rs IIICV rax n OBrI/YBII ,{naua:onax qacror, rar n CB9,
3apeKoMeHAoBfrrr ceoq KaK fpaMoTHbrH, Tpe0oBareJIbHbII4

r,r Ar4crltrrrJrHHr,lpoBaHHhrfi o Q uqep .
Bsrnol
VponeHb HayqHofi KBilJrr{S wnaryftr v laayrrHble pe3ynbrarbl, ronyqeHHble

B xoAe pa6oru HaA Ancceprarlvrei1 cBI4AereJIbcrByIor o roM, rITo l4caes B.O.
cooTBeTcTByeT Tpe6oB a]F|lrirflMr, trPeAbflBnfleMbIM K COHCKaTeJI,flM yrleHofi

crefreHn KaHAr4Iura TexHHrrecKHX HayK, 14 3acnylrcnBaer rrpl4cy)KAeHr4fl, ylqteHofi

crerreHH KaHAr4A ara rexHHrrecKr4x HayK rro c[erlr4aJrbHocrr4 05. 1 2.04

<PaAraorexHr4K&, B ToM rrucre cr{creMbl r4 ycrpoficrBa reJreBzAeHr{fl)) 3a:

1. Paspa6orasHyro MeroALrKy SopvrnpoBaHnfl aH€urltruqecKofi MoAerIu

r4MrreAaHca paAHorexHr4qecKHx ycTpoficrB, oTJrr{qarouyrocfl yqeToM ycnoBl4fi

QrasHuecKofi peail.r3yeMocrv H pa3no)ICeHIaeM Apo6Ho-parlaoHarbHoft QyHKIII4H
r4MrreAaHca Ha pearrbHyro w MHr.rMyro cocraBnflrorrlr4e MeToAoM fenepua,
rro3BoJrflrorqyro yMeHbrrrrrrb orrrr46Ky Bbrrrr4cneHr{fi H ropqAoK Apo6no-
parlHoHanbHofi sy"*tIVW, ofrr{cbrBaroqefi pearbHyro H MHHMyro cocTaBJrflrorrlHe
r4MneAaHca cofJracyeMofi Hafpy3Kkr, Lrr[cJreHHo 3aAaHHbrx Ha Ar{cKperHoM Pqle
rracToT, [o cpaBHeHHro co cTpyKTypHo-[apaMeTpr4rrecKvrMvr MeToAaMr4
MoAenkrpoBaHr4fl [rMrreAaHcoB Hafpy3KH (HanpzMep, trnfl aHTeHHhr Tvffra
nu6parop ropr43oHruurbHbrfi 1narta3oHHbrfi yMeHbrrrr4Tb oruu6ny

arrrpoKcraMarlkrv Ha 18% p^nfl peanbHofi cocraBJrflrorqefi, Ha 17% 1^nfl MHr4Mofi
cocTaBnqroqefi vr yMeHbrrrr4Tb [opsAoK MaTeMaTr4rrecKofi MoAenH rrMrreAaHca
Ha2).
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2. Pazpa6orauHyro MeroAHKy o6pa6orKu pe3ynbraroB Ll3Mepelauit
LrMrreA alca paAnorexHr4qecKr{x ycrpoficrB B 3aAaHHbIx ycnoBntx
gKcrrny arar1nr4 orJrurrarculyrcct 3aAaHI{eM rpe6yeMblx AoBepHTeJIbHbIx
Beposruocrefi v HHTepB anra Anfl peanrHofi v usnuoft cocraBnflrolrllax
r4MrreAaHca B 3aAaHHOM AkrAfra3oHe qacToT vI o[peAeJIeHI{eM MHHHM€uIbHOIO
KoJrrrqecrBa Heo6xoAuMoro rrncra H3Mepeuufi I,IMrreAaHca Ha KarKAofi qacrore

c yrreroM rrorperunocrefi rd3MepHTeJIt, rlo3BoJltrcqyrc rlonyrluTb
MaTeMaTHqecKHe MoAenH HMIeAaHCOB IIIHpOKOIIOJIOCHbIX paAI,IOTeXHHqecKHX

ycrpoficrB c yqeroM rrorpetuuocrefi H3Mepenufi c 3aAaHHbIMH rapaMerpaMl4

AoBepnrelrHofi BepoflrHocrrd (0.5-0.99), orHocurelruofi rlorpetuHocrl{
(1-3 0%) u alco.rrorHofi ouu6rH arrrpoKcldMallvrv He 6oree tUyo, rpe6yeMblMl4

Anfl pacqera corJracyrcqrdx ycrpofi crn (nanpnM€p, ilonyql{rb MareM arrlrecKyto
MOAenb HecTaIIHOHapHOfO I,IMTIeAA}ICA aHTeHHbI AD-25/CW-3 srz
c AoBepr{relnnofi BepoflTHocrbro 0,9, orHocnrenrHofi rorperuHocrbto tUoh,
u o6ecrrerrlrrb a6coruorHyro orun6ry arrpoKcldMaqvIr He 6oree l0%).

Ha.ranbHHK ra0e4pbl TaKTvIKvI vI
B O OppK e}Infl, paAHOTeXHHqeCKI{X
sofi cr yqpexc4 eHnfl, o6paso Banvrfl
<<BoeHlnar. aKaAeMr{t
Pecny6JrnKlr Eerapycb)
KaHAr4AaT TeXHr{qeCKprX HayK,

TIOJIKOBHIIK

09.06.2023
lI.B.Eofixaqen

@arru, r,r3JrolrceHHbre B {oKyMeHTe, He yAocroBep.rlro.

fopo4 MHscr. ,{enxroe HroHr ABe rblcflrrn ABaAuarb rperbero roAa.
fl., Jleneurrco feHHa4nfi BraInMHpoBr{q, HaqarbHlrK yqpe)KAenrlfl,

o6pasoBaHvrfl. <<BoeH:nafl. aKaAeMHt Pecuy6JIutKH Eerapycb)), cBr{AerenbcrByro
rroAnrrHHocrb rroArrrrcu rroJrKoBHprKa EofircaqeBa II.B., rroArrncaBruefo
AoKyMeHT B MoeM rrpncyrcrBvrr4. JlzqHocrb rroJrKoBHHKa EofircaqeBa il.B.,
[oA[HcaBrrrefo AoKyMeHT, ycTaHoBJreHa.

Pecriy6rrnKlr B elapycb )

reHepaJr-uafiop f .B.Jleneuro


