YBAXKAEMbBIE YUTATENMA!

XypHany «Haykoemkme TeXHONOMMMU B KOCMMYECKMX MCCNEAOBAHMAX
3emnn» (H&ES) B 3TOM rogy ucnonHsercs wectb ner.

Haw XypHan npoponxaetr MHOrONETHIO MCTOPMIO NyBauKaumi
«Tpynos CK® MTYCH» (Cesepo-Kaskazckoro ¢punmana Mockosc-
KOro TEXHMYECKOrO YHMBEPCMTETA CBSI3U M MHPOPMATMKM) M
npoponxaeT paseuBaTbcst Kak Hay4yHoe uspanue. C 2012 roga mbi
YBESIMUYMUIM KOSIMYECTBO BbiMyckoB Ao YeTbipex, a ¢ 2013 roga oo
LIeCTM HOMEpOB B rog,

H&ES — HayuyHO-TeXHMYECKMUI XypHON ans cneuuan1cToe B obnactu
COBPEMEHHBIX MHPOKOMMYHUKALMOHHBIX TEXHONIOTMIH U ABTOMATH-
3UPOBAHHBIX CUCTEM YNPABNEHUS, CPEACTE KOCMUUYECKMX MCCNEROBAHMM
3emnu U uHPOpMaUMOHHOM Be3onacHOCTH.

B xypHane ny6nmkyloTcs HOBOCTM O COBLITUAX B BbILLEYKA3AHHBIX
obnacrax, penopTaxm M MHTEPBLIO BEAyLUMX KOMMAHWM, MHEHMs
CNEeuManUCTOB, HOBbIE TEXHONOIMM, MHHOBALMOHHbIE PaA3PaBOTKH,
obopyaoBaHME M pelueHus, AHANUTUYECKUE CTATbM, MOPKETUHIOBbIE
MCCnefoBaHMS U Ap.

XypHan ocsewaer gocTUxeHUs M npobnembl POCCUMCKMX MHPO-
KOMMYHMKAUMM, BHEAPEHWE MOCNEeAHMX AOCTMXEHMM OTPACIM B
OBTOMATM3MPOBAHHBIX CUCTEMOX YMPABEHUs!, PA3BUTHE TEXHONOIMM
B MHPOPMAUMOHHOW 6E30NaCHOCTH, MCCNeaoBaHMS KOCMOCQ,
pa3BUTHE CMYTHUKOBOrO TENIEBUAEHMS U HOBUrALMM, UCCIIEAOBAHME
ApPKTHKH.

Lieneeas ayautopus no pacnpocTpaHEHMIO XypHANd: TeNeKOMMY-
HUKALMOHHbIE KOMMAHMM; AUCTPUBLIOTOPLI TENEKOMMYHUKALMOHHOTO
06opyAoBAHMS M YCnyr; pa3paboTymkm M npoussogutenn obopy-
AOBOHMS; KOMMOHMM, 3AHMMAIOWMECS XKeNe3HOHJOPOXHbIMM,
BO3AYLUHBIMU M MOPCKMMM NEPEBO3KAMM; MPOBAMAEPbl OXPAHHO-
MOMCKOBbIX YCNYT; reofe3nyeckme U KapTorpapuyeckue OpraHM3aumm;
rocyAaapCTBEHHblE BEAOMCTBA M OPraHU3aLMK; NPodusbHbie y4ebHble
3aBegeHus.

Ocoboe MecTo B U3AAHWUM YAENEHO PE3ynbTATAM HAYY4HbIX MCCNERo-
BAHWMM MONOALIX YYE€HbIX B OBNACTM CO3AAHMS HOBLIX CPEACTB M
TEXHOJNIOrMM KOCMMYECKMX MCCNEeAO0BAHMM SEeMM.

Xypxan sxogut 8 cuctremy PUHL, nogaHbl foKkyMeHTb B nepeyeHb
BAK, paccmatpuBaetcs ero BknioueHWe B MeXayHapopHbie 6as3bl
nanHbix SCOPUS u WoS.

MbI npurnawaem Bcex pykoBoauTeNnei OpraHm3aumii, NPeanpusTMin
U yupexaeHUM NpUHSTb ydacTie B pa3eutum xypHana H&ES: crats
QBTOPOMM CTATEN M CMOHCOPOMM HALLErO U3AAHMS.
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XKypHan exonut B cucteMy Poccuiickoro nuaekca
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HayuyHoro uuTtuposahus (PUHLI)

MHeH1s aBTOPOB He BCeraa COBMOAQIOT C TOYKOM 3pEHHS PEACKLIAM.
3a conepxaHme PEKTIaMHbIX MATEPHQITOB PELAKLAS OTBETCTBEHHOCTH
He Hecet
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MH(I)OKOMM)/HMKGLIME, 3AKOHOOATENLCTBO B obnactm  ces3u

® KOHOMMKA CBAI3M

XKypHan “Haykoemkie TEXHOMOMM B KOCMUHECKMX MCCIENOBAHMSIX
3emmn” (H&ES) sapervctpuposan @enepansHori cryx6oi o
HaL30Py 30 COBIOAEHNEM 3AKOHOLATENLCTBA B CHEPE MACCOBLIX
KOMMYHMKQLWAA M OXPAHE KySTbTyPHOTO HACTIES.

MEPMOOMNYHOCTb BbIXOOA — 6 HOMEPOB B O[],
CTOMMOCTb OAHOIO 3K3EMIMIAPA 500 PYB.
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HOBOCTH

Poccuiickaa komnanus 3A0 "MLUCT" coo6wmna o 3anycke B NPOU3BOACTBO OMNbITHOW NAPTUM
YHMBepcasnbHbIX MUKponpoueccopoB dnbbpyc-8C. MonyueHue rotoBbix 06pasLLOB MUKPOCXEM
oXxxupgaeTcs B okTa6pe 2014 ropa

Mukponpoueccop dnbbpyc-8C —
NONHOCTBIO POCCHICKAs paspa-
6otka. Kpucrann mukponpouec-
COpa CNPOEKTUPOBAH MO TEXHO-
normm 28 um, umeet 8 npouec-
COpHbIX Sfep C YNyuleEeHHOM
64-pa3psagHoM ApXMUTEKTYpPOM
dnbbpyc 3-ro nokoneHus, Kawi-
NamsTb 2-ro ypoeHs o6wmm o6b-
emom 4 merabaiita u 3-ro ypos-
Hs o6beMoM 16 merabaiit.

Ha 6ase mukponpoueccopa
Anbbpyc-8C nnavupyetcs opra-
HM30BATb MOCCOBOE NPOU3BOACT-
BO cepBepoB, paboumx CTaHLMM
M APYIUX CPEACTB BbIYMUCAMTENb-
HOM TeXHWKM, NPesHA3HAYEHHbIX
AN NPUMEHEHUs B FOCyAdpCT-
BEHHbIX yYpexXaeHUsx 1 busHec-
CTPYKTYpPAX, NpeabsBnsiowmx
NoBbILEHHbIE TPEBOBAHMS K MH-
dopmaumnoHHoi BesonacHocTH,
a TaKkxe Ans npuMeHeHus B obna-
CTU BBICOKONPOM3BOAUTENbHBIX
BbIYMCNIEHUH, 06pabOTKM CHrHa-
nos, TenekoMMyHukaumu. Uuxe-
HepHble 0bpasubl 4-npoueccop-
Horo cepeepa Ha 6ase npouec-
copos nbbpyc-8C ¢ nponssoau-
TensHocThio 1 Tepadnonc byayt
m3roTtosneHsl B koHue 2014 r.
OrteyecTBeHHAs APXMTEKTYypa
Anbbpyc paspabotaHa B Poccun
M MMeeT psaf YHMKANbHBIX OCO-
6eHHocTen. K HUM oTHOCATC:
BO3MOXHOCTb BbIMOSIHSATL HO KAX-
noM sgpe po 25 onepaumi 3a
OAMH MALIMHHBIN TAKT, 4To obec-
NeynBaeT BLICOKYIO NPOM3BOAM-
TENbHOCTb NPU YMEPEHHOM TAKTO-
BOM 4ACTOTE; TEXHONOIMS AMHA-
MMYECKOM ABOMYHOM TpaHCAs-
uMu, nossonsiowas obecneun-
BaTh 3¢pdeKTMBHOE MCMONHEHME
NPUNOXEHUA M ONEepPALMUOHHBIX
CUCTEM, PACMPOCTPAHSAEMBIX B
OBOMYHBLIX Kopax x86, B TOM umc-
fle B MHOTOMOTOYHOM PEXMME;
NOAAEPXKKA PEXMMA 3ALUMLLEH-
HbIX BbIYMCIEHUH C 0cObbIM anna-
PATHBIM KOHTPOSIEM LLeNIOCTHOCTH
CTPYKTYpPbl NAMSTH, KOTOPAS NO3-
sBonser obecneunTb BbICOKMM
ypoBeHb MHdOpMaunoHHoi 6Ge-
30MACHOCTU MCMOMb3YIOWMX €ro
NPOrPAMMHBIX CUCTEM.

Bazosoin onepauuoHHomn cucre-
MoK ans nnatdopmsl dnbbpyc
sensetcs OC «dnbbpyc», nocr-
poeHHas Ha 6ase agpa Linux.

CucteMa nNporpamMMMpoBaHMs
nnatdopMbl NOAAEPXKMBAET A3bi-
km C, C++, Java, Poptpan-77,
®Poprtpan-90.

Poccurickue BocbmmsaepHble
npoueccopsi Baikal.

B cBsA3M ¢ nocnegHMMM caHKLMAMM
co cropoHsbl IT-komnanmit CLUA
MuHNpOMTOPr aKTMBHO MweT
30MEHY AMEPMKAHCKMM mpoLec-
copam Intel u AMD. Oxupaercs,
YTO YXXe B CiefyIoLLEeM rofy Y Hac
6yneT BbiNyLLEHA IMHENKA POCCHMA-
CKMX MHOrosaepHbix umnoe Baikal,
BbINONHEHHbIX MO 28-HaHOMeT-
posoMmy npoueccy.

Oxupaertcs, 4TO npoueccops
Baikal 6yayt ucnonbsosatscs B
KOMMbIOTEPAX FOCYYPEXAEHUM.
Takue KOMAAHMM eXEroaHo 3aKy-
natot nopsigka 700 Thic. nepco-
HanbHbIX kKomnbtoTepos U 300 Toic.
cepBepoB Ha obLuyo CyMMy OKO-
no 800 mnH. gonn. B uenom o6b-
€M ACGHHOTO pbIHKA COCTOBASET
5 MnH. geBAMCOB Ha CyMMy no-
psaka 3,5 mnpa. gonn.

BnonHe BeposTtHo, uTO paspa-
60TKA AAHHBIX POCCUMMCKMX MpPO-
ueccopos 6yget ybbitouHa. Begp
Tonbko B npownom rogy Intel no-
TPATMAA HO UCCNEAOBAHMS B STOM
cdepe nopsgka 3,5 mnppa. gonn.
O6bem nHBeCTUUMI B pa3paboT-
KY HOBBIX POCCHICKMX NpoLecco-
POB NOKA He PACKpPbIBAETCS.
Bbinyck HOBbIX BOCbMMSAEPHbIX
NpoLEeccopoB €  MHAEKCAMM
Baikal M 1 M/S u TakTosoii uac-
toton 2 [Ty sannanupoBaH Ha
Hauano cnepytowero rogd. Nocr-
poeHbl umnbl ByayT HO 64-6UTHBIX
appax ARM Cortex A-57. Pa6o-
TATb KOMMLIOTEPBI C IPOLECCOPAMM
Baikal 6yayT nop ynpaenennem
opHoM U3 Mogudmkaumi Linux. A
K koHuy 2016 r. nnaHmpyertcs Ha-
YaTb BbINYCK HOBOFO MOKONEHMS
npoueccopos — 16-saepHbIX YMMOE,
nocrpoexHbix no 16 HM npoueccy.
3a BbINYCK HOBBIX NPOLECCOPOB
oTBEYOET fouepHee npeanpus-
e «T-nnardopmbi» — «barkan
3NEKTPOHMUKCY.

Yunel Baikal 6yayT nponssoauts-
cs npu nomowy O6beauHeHHOM
npubopocTpoUTEnbHOM Kopmno-
pauun (OlK), kotopas BxoguT B
«Poctex», ¢puHaHcMposaTbes —
yepes CIl donpa mHdpacTpyk-

TypHbIX M oBpasoBaTenbHbIX
nporpamm «PocHaHo» u «T-nnar-
dopm» «T-HaHO». UN3BecTHO, YTO
COBMeCTHOe npeanpusaTHe yxe
nonyuuno 1,2 mnpga. py6.
MowwHsI¥ poccurickmii MuKpo-
npoueccop «nbbpyc-4C».

3A0 «MUCT» coobwmna, uto ee
YeTbipexbAAEPHBIM  MUKPONpPO-
ueccop «Inbbpyc-4C» (pabouee
HaseaHue — «Inbbpyc-2S»),
FOTOB K CEPUIHOMY NPOM3BOACTBY.
Mo 3asenenuio npouseoputens,
HOBbIM uMn obecneynBaeT NpPous-
BOAMTENbHOCTb, COMOCTABUMYIO C
MMKPONPOLLECCOPAMM BEAYLLUMX
3apyBexHbIX KOMNAHHUH.

Hoeas paspabotka 3AO «MLICT»
NO3BONMT NPOBECTH 3AMELLEHUE
MMMOPTHBIX BbIMUCIMTENbHBIX CHC-
TeM TaMm, rae atoro TpebytoT coob-
pakeHus MHPOPMALMOHHOM Beso-
NACHOCTU M TEXHONOTMYECKON He3a-
BMCMMOCTM — HANPUMEP, B APMMM.
Ha cerogns «9nbbpyc-4C» — ca-
MBI BbICOKONPOWU3BOAUTENbHBIM
MuKponpoueccop B noptdene
KoMnauuu. «dnbbpyc-4C» —
64-paspsapgHblidi  yHUBEPCAnbHbIMA
Mukponpoueccop. OH cogepxut
4 sppa, paboTatowmx Ha YacToTe
800 MILU, noapepxueaer Tpu
kaHana namstu DDR3-1600.
Mopaepxusaetca obbvepuHeHue
A0 4 uMnos B MHOronpoueccop-
HYIO cUCTeMy € ObLUer NaMsTbIO.
Mpoueccop nponsseneH no Tex-
Honormn 65 HaHomeTpos, ero
cpepHee 3HepronoTpebnenue
cocrasnset 45 Barr (k cnosy,
npoueccopsi Intel Haswell umetor
wratHyto yacroty ao 3,5 My, a
uX 3HepronotpebneHne Bapbu-
pyetcs ot 35 po 84 Br).

3a oauH TAKT KAXAOE /PO HOBO-
ro NPOLLECCOPA MOXET BbIMOMHMUTL
23 onepauuu, Toraa Kak ans npo-
ueccopos tmna RISC sta upudpa B
Heckonbko pas Huxe. Hecmotps
HQ OTHOCHMTESNBHO HEBbICOKYHO TAK-
TOBYIO YACTOTY, HO MHOTUX Pearb-
HbIX 30A0Y0X MMKPOMPOLECCOp
«Onbbpyc-4C»  obecneunsaer
NPON3BOAMUTENLHOCTb, COMOCTABU-
MyI0 C BeAyLMMM 3apPyBeXHbIMM
Mukponpoueccopamu. o cpaste-
HUIO C NpefpiAyLUMM MOKONEHWEM
(npoueccopom «Inbbpyc-2C+»)
B OPXMTEKTYpy HOBOro npouec-
copa 6bIIM BHECEHBI CyLIECTBEH-

Hble yNyulleHus: BBeAeHa anna-
paTHas noaAepxka Ans ABO-
M4YHOW TpaHcnsuum 64-paspsa-
Hbix kogos Intel/AMD, po6asne-
HO NOAAEPXKA ABOMYHOM TPAHC-
ASUMM B MHOFOMOTOYHOM PEXM-
Me, yBenMYeHd K3wW-namsTb. Tak-
xe nepepaboTaHa nopcucTema
paboTbl ¢ NAMATLIO: OCBOEH CTAH-
napt DDR3-1600, ysenuueHo ko-
NIMYECTBO KAHAJIOB MAMSTH, MOBbI-
weHa 3¢ddekTMBHOCTE paboThl B
MHOrONPOLECCOPHBIX CUCTEMAX.
Bazosoin onepaumonHon cucre-
MOM Ans npoueccopa sBnsercs
OC «2nbbpyc», nocTpoeHHas Ha
ocHoBe sappa Linux Bepcumn
2.6.33. B ee cocras BxopsT Me-
Hepxep naketos U 6onee 3 Tbicay
NPOrpaMMHbIX NAKETOB M3 COCTA-
Ba auctpubytmea Debian 5.0.
KommeHTapumsi rnasHoro
peaakropa H&ES

KoHcrantnHa Jlerkosa:
Anbbpyc-4C ctpomntcs Ha 65-HM
TeXnpouecce, XAPAKTEPHOM Ansi
paspabortok Intel ¥ AMD 10-netHen
BABHOCTH. DT0 He aBnsietcs 6onb-
WMM MPensiTCTBUEM AN UCNOSb-
30BAHMs NPOLLECCOPA B MPOMBILL-
NeHHbIX U BOEHHbIX 0bbekTax, rae
npo6nemMa KOMNAKTHOCTU U 3Hep-
ro3¢peKTMBHOCTM HE CTOMT; MOX-
HO HOPALMBATL SAPA M MOMb30-
BATbCS HeNoxuM (Ha Bymare) umc-
nom onepaupmi Ha sapo. Ho B no-
TpebuTenbckom cekTope ycT-
poicTe Ha 6ase 3TMx npouec-
COpPOB XAATb HE CTOMT — KOHKY-
peHumn Intel, AMD, NVIDIA,
Mediatek u apyrum onu He co-
CTABAT — 3[,€Ch TEXHONOTMYECKOe
oTcTraBaHue BypeT yxe oueHb ce-
pbe3HbIM. DTO Y3KOHANPABAEH-
Hoe pewenue. Takxe He xBataer
KOHKPETMKM MO AaTe HaYanda Bbi-
nycka npoueccopa U MHbopMma-
UMM no npoueHTy 6paka npu
Bbinycke «Onbbpyc-4C».

4 HAYKOEMKME TEXHOAOTMIN B KOCMNHECKMX MCCAEAOBAHMSX 3EMAA
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HOBOCTHU

Pacxopbl poccusH
HO COTOBYIO CBSi3b
U3MEHUNUCh

Komnanus Synovate Comcon
onybnukosana pesynbTaThl
perynsipHoro MccnepoBaHus
PocHHpeke, B koTopom coob-
L aeTcs, YTO B HACTOsLEE Bpe-
Msi fons monb3oBaATesNed Mo-
6unbHbIX TenedoHos B Poccun
cocrasnsier 94% (aaHHble
1 nonyrogunsa 2014 r.).
CmapTdoHbl CTAHOBSTCS BCE NO-
nynspHee, BbITECHSS MOBUIbHBIE
TenedoHsl.. Hanpumep, ecnu B
2010 r. cMapTdoH 6bin y Kax-
AOr0 AECATOro Nosb30BaATeNs, TO
no aaxHbiM 1 nonyrogus 2014 r.
«YMHbIH TenedpoH» ecTb yxe y
Kaxkgoro Tpetbero. bonbwmHer-
Bo cmaptédoHoB paboraet nog
YNpOBAEHUEM ONEpPALMOHHOM
cuctembl Android, 1 gons Takmux
YCTPOWMCTB TOSLKO PACTET.
PoccusiHe mcnonbsyior Tenedo-
Hbl HE TONbKO ANIS COBEPLUEHMS
BbI3OBOB, HO TAKXE f/1sl OTNPAB-
k1 1 nonyuenns SMS (86,9%),
Bbixopa B uHTepHet (77,3%),
dotorpadupoeanms (62,3%),
npocnywMBaHus My3biku (57,5%),
urp (44,2%) v pabortsi ¢ npuno-
xeHusmu (37,1%). Yro kaca-
€Tcsl PAaCXOAOB HA COTOBYIO
CBA3b, TO 30 nocnegHue 5 ner
OHM CHU3MANCL NMPUMEPHO HA
120 py6., cocraBue okono
535 py6. B Mecsy, (aaHHbIE Ha
1 nonyrogne 2014 r.).
MHTepecHo, 4to Bnopenblil 06bi4-
HbIX TenedoHOB NNATAT NONTU B
ABA PA30 MEHBLLE MO CPABHEHUIO
C BIAAENbLAMM CMAPT(OHOB.

Mapenue IT

Hons uHHOBAUMMK B MHIOPMa-
LIMOHHBIX TEXHOJNIOTUSIX Pe3KO
ynana 3a nocnegHue rogl.
OpHako B pOCT NOLWAM HEKOTO-
pble apyrve otpacnu (Hanpu-
mep, obpabatbiBaiowpe M po-
6biBalowme npoussopctea). B
uTore 3a nocnegHue TpU roga
obwas fona MHHOBAUMM, €CiM
CYMTATb MO BCEM NPOMBILLSIEHHO-
CTM, BO3POCAA HA HECKOJbKO
nyHkToB. M ecnu no otpacnsm
ecTb onpepeneHHbI pasbpoc,
TO ecnu 6patb reorpadryeckmi
cpes, B uenom no Bcel Poccuy,
AONS OPraHM3auMM, 3aHUMAlO-
WMXCA MHHOBALMOHHOM pAes-
TENbHOCTbIO MPUMEPHO OAMHA-
KOBA B KOKAOM denepanbHOM
okpyre (Heckonbko HWXe cpea-

Hero Tonbko B FOPO u CKPO).

Yucno MarHUTHbIX 6ypb YBENIMUMBAETCH OCEHbIO U BECHOM

Heeunanmbie rnasy marHuTHbie 6y-
pu Ha ConHue MHO# pas cnocob-
Hbl HOHECTU HE MeHee CepbEe3HbIM
Bpen, Hexenn obbluHble Bypu Ha
3emne. Ux noseneHue He TOnbKO
OTPAXAETCS HA 3[OPOBbE M CAMO-
YYBCTBMM JIIOAEH, HO M NPUBOAMT K
npobnemMam CBSI3M, HAPYLIEHMIO
CUCTEM HABMUraLUMM, BO3HWKHOBE-
HUIO HexenaTenbHbIX (M Aaxe
PO3pYLIMTENbHBIX) BUXPEBbIX MH-
BYKUMOHHBIX TOKOB B TPaHchop-
MaTopax 1 Tpy6onposoaax.
MostoMy npeackazaHue reomar-
HUTHBIX Bypb HOCTONBKO Xe BaX-
HO, KOK M MPOTHO3 yparaHa.
leomartutHble 6ypu BO3HMKAOT
M3-30 NOTOKOB CONHEYHOM MNNIA3MbI,
copepxawmx B cebe Bz-komno-
HEHTY MEXMIAHETHOTO MArHUTHO-
ro nonsi. 3Ta KOMMOHEHTA UMEET
NPOTUBOMONOXHOE FEOMArHUTHO-
My nonto 3eMnu HanpasneHue, U
YeM 3HauMTenbHee €€ BENMYMHA B
NAA3MEHHOM NOTOKE, TEM CUIbHEE
MHTEHCUBHOCTb BYpb.
MacwrabHbie BbIGpOCH ConHeu-
HOM NNa3Mbl MOPOXAAIOT Lenble
MArHUTHblE OBNAKA CONHEYHOro
BETPA, M B NEPUOALI BECEHHErO M

OCEHHEro PABHOAEHCTBUS M3-3a
HUX BO3PACTAET FEOMArHUTHAS aK-
TMBHOCTb. EcTb Heckombkmx runo-
Te3, OBBACHSIOWMX, MOYeMy Mar-
HUTHBIX Bypb 6onblue BEcHOW M
OCEHBIO, HEXENM 3UMOM M NIETOM.
Poccuitckme yuéHbie us Huxero-
POACKOro YHUBEPCUTETA OPXMTEK-
Typbl M cTpouTensctsa U Huxero-
POACKOro MeparorMyeckoro yHu-
BEPCMTETA MOMLITANMCh BbISIBUTH
CBA3b MEXAY CE30HHOM 3ABUCMMO-
CTbIO FEOMArHUTHOM OKTUBHOCTU M
B3OMMHOM OpPMEHTALMEN Mdar-
HUTHBIX 061aKOB M 3eMnu.
Pesynbtathl Mccneposanuit ony6-
nMKOBaHBI B XypHane «Kocmuuec-
kue uccneposanus» («Mposene-
HME OPMEHTOLMM MATHUTHBIX 06-
NIOKOB COSTHEYHOTO BETPA B CE30H-
HOM BAPMALMM F€OMArHUTHOM QK-
TMBHOCTM», N24, 2014 r.). Pabota
yuéHbix  6bina  nopgepxaHa
PDODPU (npoekt N212-05-0425) u
MuHucrepcteom obpasoeanus K
Haykn PP (no roczapanuio «Pas-
paboTka COBPEMEHHbIX METOHOB
NPOrHO3MPOBAHMS MarHuTochep-
HO-MOHOCHEPHOTO COCTOSHMUS B
uensx obecrnevyeHus ycrnewHbix

KOMMYHMKALMIA HO OCHOBE MOMC-
KA ¢yHAOMEHTANbHbIX 3AKOHO-
MEpPHOCTEN BAIMAHMUS COSNHEYHOM
QAKTUBHOCTM®).

Mayume cratmctuky, yuéHsie noka-
30, YTO CE30HHBIE BAPUALMM Fe-
OMOFHUTHOM 3ABMCAT OT TOrO, KAK
B3AMMHO OPUEHTUPOBAHBI OCK Mar-
HWUTHBIX 0BIAKOB M OCb, COEANHSIIO-
LWOs MOrHUTHbIE Monoca 3eMnu.
Csolo rmnoTesy wuccnegosatenu
NPOBEPUNM C MOMOLUBIO CTATUCTHU-
YeCKMX AAHHBIX O HOMPABIEHHOCTH
MOrHUTHBIX 0651aKOB, OBHAPYXEH-
Hbix B 1980-2004 rr.

Oxkasanocs, B nepuoa paBHOAEH-
cTBuiA (netom u 3umoit) ece 100%
061aKa € MAnbIM HAOKIOHOM OCH K
NAOCKOCTU SKAMMTUKM Bbi3bIBAIOT
6ypH, a B neprop, CONHLECTOSHUIM
(oceHsto u BecHoi) — Tonbko 80%.
Mockonbky nons MMEHHO TAKMX
0651aKOB B OCHOBHOM AOCTUraiOT
3emnu, yuéHble BenatoT BbIBO, 4TO
M3-30 MX OPUEHTALMM B NPOCTPAH-
CTBe MArHuTHBIX Bypb 6onblue B
MEXCe30Hbe, d HE 3UMOM M NIETOM
— KOFAQ WX OPMEHTALMS He TaK
6naronpusTHA Ans B3AMMORENCT-
BUSI C MOTHUTHBIM NosieM 3eMnu.

KeaHTOoBOE cocTosiHue $OoTOHA yAanoch TeNenopTupoBarb

Ha 25 KUNOMeTpoB

KeaHtoBsyo Tenenoprauuio Ha
25 kM ocywectBunn PUIMKHM
Yuusepcuteta Xeneeol. B ceoem
3KCMEPUMEHTE Yy4eHble Pa3HEecsM
ABA 3dMyTAHHbIX $OTOHA Ha pac-
cTosiHMe B 25 KM NO ONTMYECKOMY
sonokHy. OpgHa U3 yactuy (sTopas)
oKasanack Npu 3TOM B KpUCTane,
nepepaér Lenta.ru co cceikoM Ha
xypHan Nature Photonics.

Hanee $b13MKM U3MEHMAN KBAHTO-
BOe COCTosiHWe nepeoro $hOToHa,
NoAEeNCTBOBAB HO HEro TPETbUM.
B pesynbrarte cocrosiHue BTOpOM

yactmusl (koTopas Haxopunach B
KpMCTanne) U3MeHUnocs.

Takum obpasom yueHbie Habnio-
[anM NposiBReHne KBOHTOBOW He-
noKanbHOCTU: x0T $OTOHbI BblAK
pasHeceHbl Ha paccTosHue 25 KM,
M3MEHEHME COCTOSIHUS OHOTO U3
HMX CKA3QNOCh HA APYTOM.
Ncecneposarenu ynyuwmnu csoe
npegbiayliee [OCTUXEHWE fecs-
TUNETHEU AABHOCTM, KOrgd Ha
paAcCCTOsiHME LECTU KUIOMETPOB
TENenopTMPOBANM  COCTOsIHWE
¢oToHa.

Poccuiickue yuéHbie onacatorcs, uto k 2030 rogy
ApKTUKaO NONTHOCTbIO pacraeT

Poccuitckme yuéHble onacaioTcs, 4to
k 2030 r. apkTMKa NOAHOCTLIO pac-
taet. Ha kondeperumm «CocrosiHme
APKTUYECKMX MOPEMN U TEPPUTOPUI
B YC/IOBMSX M3MEHEHMs KIMMATA»
B ApXaHrenbcke CneuuanucTsl,
npepcraensiowpme ApPKTUHECKMU M
QHTAPKTUYECKMIM HOY4HO-UCCrefo-
BATENbCKMIM MHCTUTYT, BbICKA3QNM

NPEeAnoNoXeHNe, YTO ApKTUYeCK1e
NbAbl MOTYT MOMHOCTLIO UCHE3HYTb
yxe uepe3s 15 ner, k 2030 r.,
nepenaét «Apktnka-MHdox».

YuéHble NOSICHAIOT, YTO AKTUBHOE
TasiHWE APKTMYECKOro fbAa Ha4a-
nocb B 90-x rogax npownoro se-
KA, A MUK COKPALLEHMs NepsHOro
nokposa npuweénca Ha 2012 r.

TenenopTauus no onNTOBONOKHY
ocCylLecTBNSeTCS TPYyAHEe, YeM
no Bo3ayXxy. TO CBA3GHO €O B3d-
mmopencTenem GOTOHOB CO CTek-
NIOM, B XOf€ KOTOPOro OHM Teps-
IOT 3HOYMTENbHYIO 4ACTb NepBo-
HayansHoM MHopmaumun. B xo-
Ae paboTbl yueHble OTMETMAM Bbi-
COKYI0 TOYHOCTb CBOMX M3Mepe-
HUHA.

Mo ux cnoeam, 3To MoxeT npuse-
CTU K mporpeccy B MCMOnb30Ba-
HUU 3ANYTAHHbIX ¢OTOHOB B KBAH-
TOBOM KpunTorpadmmu.

3a 3710 Bpems nnowaab ApPKTH-
YECKMX NEAHMKOB COKPATMNIACH B
[BA PA3d U HO CETrOAHSLWHMMI AEHb
cocrasnset 3,37 MaH. KM2.
OpHako, oTMeualoT Uccneposare-
nu, cenvac 8 Apktuke Habnioga-
eTcs MOHMXEeHWe TeMnepaTypsl,
NO3TOMY MPOLECC TASHWS NbAOB
MOXET 3aMeaNUTbCS.

HAYKOEMKME TEXHOAOTMIN B KOCMNHECKMX MCCAEAOBAHMSX 3EMAA
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Hdonga windows phone He MeeT HUKAKOro 3HAYEHUs

Inaea Microsoft, Cates Hagenna,
B POMKAX CBOETO BbICTYMEHMUS HA
exeropHom obege 8 Toproeoi na-
nate Cuatna paccMoTpen MHoXe-
CTBO TeM, CBA3QHHLIX C €ro BuAe-
HMEM KOMMNAHMM B LLENOM, O TAKXe
noroBopmn o nepcnekTmeax Gyay-
wero paseutus. Ho B yactu BbI-
crynnenms, rae Hopenna oteeuan
HQ BOMPOCHI U3 3010, HECMOTPS HA
ApYXecTBeHHylo atMocdepy, eMy
npvwnocs o6CcyauTs M BOMPOCHI
Toro, kak Microsoft 6yaet 6opotb-
cs ¢ manon gonert Windows Phone
Ha peiHke. Mpaega, Bonpoc, koTo-
pbii 3aaan rnaea Toprosoy nana-
o1 Cuatna, Mop HoyroH, 3syuan
oueHb aunnomatmuHo: «Kakoso
BaLe BuaeHWe ByayLiero no3mum-
onnpoeanmns Microsoft B Bonpo-
Cax yBEnMYEeHMs [OAM HA Mo-
6UNbHOM pbIHKE AAs yCHNeHMs
CBOMX KOHKYPEHTHbIX MO3MLIMIA2».
Catbs Hagenna ckasan, uto He
cToMT 06paLLaTL BHUMAHKE HA BO-
N0 PbIHKA, KOTOPYIO 3QHWMMAeT
Microsoft: «Korpa Mbl onpegens-
eM [onlo, 3aHMMAEMYlO  HA
MOBMILHOM PbIHKE, Mbl HE yMdEM
0 Hel kak 06 obbeme, KOTOPbIM Y
HAC eCTb Cenuac, B PAMKAX Cylue-
crytowmx ¢popmdakropos. Ycr-
poHtcTBa M MX pasmepbl ByayT
NPUXOAMTb U yXxopuTb, ByayT me-

Kuranckue xakepbl arakyior amepukaHckun BMNK

Xakepsl, CBI3AHHbIE C KUTAMCKMM
NPABUTENBCTBOM, PeryispHo ata-
KOBQ/IM KOMMbIOTEPHbIE CETH aMe-
PMKAHCKMX KOMMAHMM, 3QHMMAB-
LIMXCS TPAHCMOPTUPOBKOM aMe-
PUKAHCKMX BOMCK M BOEHHOrO
obopyaoeanus. O6 atom coob-
waet areHtcteo Reuters co ccbin-
ko Ha goknag Cenara CLLA.

B TeueHue ropa cotpyaHuuarowas
¢ MuHucTepcteom oboponbl CLLA
komnauus Transcom nogsepriack
KaK MMHUMYM 20 aTakam, us KoTo-
pbix cnyx6a 6esonacHocTH cMor-
na 3apHKCMPOBATb TONBKO ABE.
CeHatop wrata MuuuraH ot ge-
MokpaTuyeckoi naptun Kapn
JleenH yBsepeH, 4To nopobHbie
BTOPXEHMS B MUPHOE BpeMs B ce-
TM NOAPSAYMKOB MMHUCTEPCTBA
060pOHbI CBMAETENbCTBYET O ar-
peccusHoM Hactpoe Kutas B ku-
6epnpocTpaHcTee.

Mexay Tem, akcnepT no kubep-
6esonacHocti Omutpuit Annepo-

HSITbCS X PA3MEPbI, AAXEe B Npe-
Aenax ogHoro ropa Bkl Bypete
CMEHSITb HECKONbKO CMAapTdOHOB.
OTOT pLIHOK MHTEPEceH He YCT-
POWCTBAMM, O €r0 MOBMILHOCTBIO.
Ecnn xe roBoputh 0 TOM, HO Yem
Mbl KOHLEHTPUPYEM CBOE BuUpe-
HMWe, TO 3TO HEe YCTPOMCTBQ, a nto-
AU, KOTOpPbIE C HUMM B3AMMOAEMCT-
ytoT. [Inarcdbopmbl 1 onbIT Ucnosnb-
30BAHMSI BOMKHBI CTPOUTLCS HAYM-
Has ¢ mogei, 3to dyHpament. Co
BPEMEHEM KOJIMHECTBO YCTPOMWCTE,
OKpyXalowmx Bac, byaeT pactu.
70 ByAyT YCTPOMCTBA NOMEHbLUE,
yctpoiictea nobonblue, ycTpoMcT-
BA, KOTOPblE Mbl €LLE HE MOXEM
cebe npepcTaBuTbL, HO KOTOpbIE
3aeTpa 6yayT ans Hac obbigeHHOC-
toto. Ho uto B uepepe 3Tmx ycr-
powcTs ByaeT NOCTOAHHBIME

Bawwu umndposbie BocnoMmMHaHMUs,
OMbIT MCMOMb30BAHMS, KOTOPBLIMA
AOMXeH 6biTb HEM3MEHHbIM BHE
3ABMCMMOCTH OT TOrO, KOKMUM YCT-
POMCTBOM Bbl MONb3yeTech Ceu-
4ac. DTO CyTb HALLErO MBILLMIEHMS,
MMEHHO TOK Mbl NPEACTaBAsSieM
cebe MHHOBALMM KAK CErogHs,
Tak M B Byaywem. Takxe Mbl
NAOTHO OBOCHOBANUCH B 3TOM
Kpocc-nnaTtpopMEHHOM MHpeE.
BHe 3aBucHmocTH oT nnarpopmbl,
Bbl MOXETE BE3Je YBUAETb HAC —

BMY coobwmn B cBOEM AOKNaae,
YTO B TO BpeMs, KOK BOOPYXEH-
HbIE CUMbl UCNONb3YIOT CEKPETHbIE
CeTH, He CBA3GHHbIE C MHTEpHe-
TOM, YOCTHbIE KOMMAHMMK HE B CO-
cTosiHMM o0becneymnTb aBeKBATHBIN
YPOBEHb 3ALMTHI CBOMX CETEeM.
Dkcnept cooblaet, 4To B Teye-
HME MHOIMX NneT BCS NOrMUCTMKA
CHaBXEeHNs aMEePMKAHCKOM ap-
MMM OT eabl U Tonnuea o 6oe-
NPMNAcoB, O TAKXE BO3AyLIHOE
coobLeHne, HaXOAATCS NoA Npu-
cranbHbiM BHMMaHueM Kutas.

Danubie PBP rosopst o ewe
6onee nnayesHor cutyaumu. Co-
FMACHO AOKNAAY, CETM KOMNAHWM
Transcom M ee noapsAYMKOB
B3/IAMBIBANMCE  KAK  MMHUMYM
50 pasc 1 uons 2012 r. C2008
no 2010 rr. kuTaMCKME Xakepb
MMeNIM [OCTYNn K 3/1IeKTPOHHOM
noute, K NAPONsSM Nonb3oBATe-
neW, NPOrPAMMHBIM KOJAM M fO-
KYMEHTAUMM TPAHCMOPTHOM KOM-

MKOHKM, KOTOpble AQIOT AOCTyn K
MO ot Microsoft, ectb Ha no6om
tenepoHe. HesaxHo, pabotaer
oH Ha Windows Phone unu Her.
370 Hawa ocHosHas uens: Office,
Skype ceituac gocTynHel Ha npak-
TMYeckn nobom yctpoiictee. U
Minecraftl Ha tenedoHe kaxgoro
8-netHero pebeHka TOYHOY.

HecmoTps Ha paseepHyTbIM KOM-
mentapui, Cateas Hagenna He pan
KOHKPETHOro OTBETA, KaK OHM CO-
6upatotcs ysennumeats gonio 6e3
CBOMX YCTPOMCTB, A TOSLKO fMLLb
NpeanoX1s [OCTYMHOCTb CEPBM-
coB Ha apyrux nnardopmax. eno
B TOM, 4TO MPMHLMMN BOBNEYEHMS B
3KkocucTeMy He byaet paboTtath Ao
Tex nop, MOKa YenoBeK He BOC-
Nonb3yeTcs YCTPOMCTBOM, KOTOpoe
NOATONKHET ero K BOBJIYEHMIO B
3Ty cpeny npunoxenui. lNpaepg,
TakMM obpasom raea Microsoft
MOF MOMBITATLCS HAMEKHYTb Ha
otkas ot 6peHpa Windows Phone.

navmm. Ae 2012 r. 6binu B3noma-
Hbl KOMMbIOTEPHbIE CeTH 3adpax-
ToBaHHoro Transcom cygHa.

B mae HbiHewHero ropa CLLA o06-
BUHMAW NATEPbIX KMTANCKMX Ou-
LlepoB BO B3/IOME CETEW OMEpPH-
KQHCKMX KOMMQHMM, CBS3AHHBIX C
SAEPHOM M MEeTannypruyeckomn
NPOMBILUNEHHOCTBIO, O TAKXE C
conHe4HoW 3HepreTmkon. Llenbio
B3NOMA 6bINA MOMLITKA XMLUEHMs
HoBeMwMx paspabotok. Mocnep-
HUIA MHUMAEHT NPOMU3OLLEN B ABryC-
Te HbiHewWwHero roga. Toraa KMTam-
CKME XAaKepbl MPOHMKAM B KOM-
nbloTepPbl OAHOM M3 KPYMHENLLMX B
CLLA 60nbHuuHbIx ceteitr Community
Health Systems, noxut1e nuuHbie
naHHble 4,5 MnH. naumeHTos.
OpHako, HECMOTPS HA BCE 3TW MHLM-
LEHTbl M CTONMb TPEBOXHBIM JOKIOA,
Cenara CLUA, noconscteo Kutas
NPOAOHXAET COXPAHSTb MONYa-
HMe B OTBET Ha BCe OBBUHEHMS B
kubeparpeccuu.

B Kpbimy nponpér
MeXAYyHApPOAHbIN
¢$opym, NOCBALLEHHDBIN
HOBEHWLUMM
TEXHOJIOTUAM

MexayHapogHbii dopym
«Kpbim Hi-Tech-20145» cocrout-
cs B CeBacronone. On 6yper
npoxogutsb ¢ 25 no 27 ceHts6-
ps. Oprannsaropamu dopyma
BbICTYNQIOT Munucrepcteo
obpasoeanuns 1 Hayku Poccuii-
ckon Pepepaumm u MNpasurens-
cteo ropoga Cesacronons coe-
MecTHO ¢ 3aKOHOAATENbHBIM CO-
6panmem ropopa Ceeacronons.
Meponpustie nocetst npeg-
CTGBMAM HAy4HOro M 6u3Hec-
coobuects 13 15 ctpan mupaq,
B ToM uucne O6beauHEHHbIX
Apabckux Imuparos, Taieaks,
Xopsarnu, Anxwupa, Ervnta m gp.
«Kpbimv Hi-Tech-2014» npu-
3BQH 06BbEANHUTL ycunus npega-
cTaBuTenen Hayku, obpasoea-
HUs, BU3Heca U BNacT1 ans pea-
AM3AUMM NEPCNEKTUBHBIX MHHO-
BALMOHHBIX NMPOEKTOB.

B pamkax Popyma sannauupo-

BaHo nposepeHre X MexayHa-
POAHOIO CANIOHA MHHOBALMM M
usobpeteHunin «<Hosoe Bpems».

[porpammort  npepycMoTpeHbI
MeXgayHAPOAHBIM KOHKYPC paspa-
60TOK, SIPMAPKA MHHOBALMIA 1 HO-
BbIX TEXHOJSIOMMM, MPE3eHTauuu
OPraHW3ALMNA-3KCIOHEHTOB.
KoHnrpeccHas 4acts Popyma
OTKpOEeTCs NeHApHbLIM 3ace-
paHmem «locypapcTeo, Hayka
M 6M3HeC B MHHOBALMOHHOM
PO3BMTHUM SKOHOMMKMY», O 3ATEM
HAYHYT CBOIO paboTy TemaTHuec-
Kue cekumn: Marepuansi ¢ yHu-
KQIbHbIMW CBOMCTBAMM i SMeK-
TpoTexHuyeckoro obopyposa-
Hus; [NepcnekTueHble MmaTtepua-
Tbl, MOKPBITUS M TEXHONOTMM NS
CENbCKOXO3SAMCTBEHHOTO MaLUK-
HOCTpoeHus M npubopocTpoe-
Hus; DHeprocbeperaiowpe Tex-
HONOTMM U BO30BHOBNsIEMBIE MC-
TOYHMKM 3SHEPrMM C YyHEeTOM
TpeboBaHMit k HesonacHocT
aKonornu 1 notpebureners; Tex-
HOJOTMM MO YNYHLLEHUIO COCTOSI-
HUs OKpyXatoLuei cpeapl; MHHo-
BALWMOHHBIE MPOEKTbI ANsl CyA0- U
OBMOCTPOEHMS.

B paborte koHrpeccHoM Yacti npu-
MyT yuyactme cebiwe 220 y4éHbix,
nsobpeTarenen M MHHOBATOPOB,
npeacraensiowmx Gonee 100
BY30B, OKGAEMHUUYECKUX U OTpaAC-
nesbix MHCTUTYTOB. CBbie 60%
BLICTYNQIOLMX — AOKTOPA HAYK.

WwWw.h-es.ru
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HOBOCTHU

Bcepoccuiickas Hay4yHoO-TexHu4Yeckas KoHdepeHuus

«TeopeTuueckme v NpUKIAAHbIE NPO6GJIEMbI PA3BUTUSAU COBEPLUEHCTBOBAHUS

CGBTOMUATU3IUPOBUHHbIX CUCTEM YNPABJIEHUS BOEHHOINO HaO3HA4YEeHUa» COCTOoANUCh

29-30 okratipg 2073
aHKT-TMeTepGypr

C 29 no 30 okTa6ps 2013 r. &
BoeHHo-kocMMueckoi akapemmu
um. A.®P. Moxarickoro npoeegeHa
Bcepoceuiickas HayuHo-TexHMuec-
Kas koHpepeHuus «TeopeTyeckne
M NpMKIagHbie Npobrembl passu-

THS U COBEPLLEHCTBOBAHMS ABTOMO-
TU3MPOBAHHBIX CUCTEM YNPABNEHMs!
BOEHHOTO Ha3HAYEHMSI».

B pabore koHbepeHuuu B
TeYeHne JBYX HEW NPUHSSIM Yua-
cte npeacraeutenm 66 Hay4Ho-
NPOM3BOACTBEHHbLIX OPraHM3d-
umi m BY3oB 13 25 ropopoe u
HayuHbIX LeHTpos Pocenu, a Tak-
xe npepcrasutenu leHepanbHo-
ro wraba BC P® u onepatueHo-
CTpATerMyeckmx KOMAHAOBAHWM
BOEHHbIX OKPYTOB.

Pabota koHbepeHumn npoxo-
AMIA B PAMKAX [BYX MAEHAPHBIX M
BOCbMM CEKLMOHHBIX 30CEAAHWM.

Ha nneHapHoMm 3acepanmun c
BCTYNUTEJIbHbIM CJIOBOM BbLICTY-
nun 30MeCTUTENb HAYANbHMKA
BoeHHo-kocMHuueckon akagemmu
M. A.D.Moxaiickoro no y4eb-
HOM M HayyHOM paboTe, poKTOp
TEXHUYECKMX HayK, npodeccop
reHepan-marop MeHbkos M.M.

OCHOBHbIE NONOXEHWS NPOEK-
ta «KoHuenuun passutna ACY
BC P® Ha nepurog ao 2025 r. ne-
pea y4actHMKamu packpsin Bpro
HayanbHuka 7 ynpasnenus Mnas-
HOro ONEepPATMBHOTO YNPABIEHMS
f’w BC P® kanutaw 1 panra
Konoeanos B.E.

Beicrynnenune samectutens pu-
pektopa Cankr-lNetepbyprckoro
MHCTUTYTA MHPOPMATHKM M ABTO-
matusaumm PAH poktopa Texhu-
yeckux Hayk, npodeccopa,
3acnyxeHHoro pestens Hayku PP
Cokonosa b.B. 6bino nocesiwero
NepcrnekTMBHBIM HAMPABNEHUIM
pasBuTHs TexHONOrMI 06paboTkm
M aHAnM3a MHGOPMAUMM B cHCTe-
Me MHPOPMALMOHHO-TENEMETPU-
yeckoro obecrneyeHus.

K Bonpocy nHdopmaumoHHoro
NPOCTPAHCTBA OBTOMATU3UPOBAH-
HOM CMCTEMBI YNPABEHUS C Tep-
PUTOPUANBHO-PACCPEAOTOYEHHDI-
MM NePBOUCTOMHMKAMM MHPOPMa-
UMM obpaTnnics B CBOEM BbICTYM-
NEHUN reHepanbHbid AUPEKTOP
3AO0 «HIMLU, UPC», rnasHbIM KOHCT-
pyktop ACY MP «3apHuua-M»,

AOKTOP TeXHHYeCKMX HAyK, npo-

¢deccop Cmmnphos b.MM.

B poknapge HayuyHoro pykoso-
amtens OAO «ICKB «Anmas-
AHTei», reHepanbHOro KOHCT-
pyktopa cuctembl C-50M, pok-
TOPA TEXHMYECKMX HAyK, Npo-
deccopa besens 4.B. 6binm ocse-
WweHbl Npobnembl pa3BUTHS U CO-
sepweHcteoBanus ACY BKO u
MEXBMAOBOrO MWCMBLITATENBHOrO
nonuroHa MO PO,

B 3saknioueHue nneHapHoro 3a-
CefaHMs BbICTYNMA FNOBHBIA Ha-
yuHbiid cotpyaHnk OAO «MAK
«BbiMnen», goktop TexHMuyeckux
Hayk, npodeccop Parees B.D. c
AOKAAOM O NPUMEHEHWUM MAnbIX
KOCMMYECKMX QannapaTroB: MX
COCTOSIHMM M NEepCrnekTUBAX.

Ha kondepeHunn pabortanu
yeTbipe CeKUMM:

— COCTOSIHWE M NEPCREKTMBbI Pas-
BUTMS OBTOMATU3MPOBAHHBIX CHC-
TEM ynpaeneHus BoMckamu (opy-
X1eM) nop npenceaaTensCTBOM
K.B.H., goueHta BeuepkuHa B.b.;

— MATEMATU4ecKoe, MPOrpaMM-
Hoe obecneueHne M MHbOPMALM-
OHHas 6e3onacHOCT B ABTOMATH-
3MPOBAHHBIX CUCTEMAX YNpaEne-

HUS NOA NPEeACeaTensCTBOM A.T.H.,
npodeccopa Manyitnosa 0.C,;

— COCTOSHME M NepCneKTHBbI
PO3BMTMSA TEXHONOMMM U CPEACTB
paspaboTku, TeHnueckoro obec-
MeYeHns M SKCnIyaTauuu aBToO-
MOTU3MPOBAHHBIX CMCTEM yNpaB-
neHus nop NpepceaaTenbCTBOM
k.T.H. Jlerkosa K.E.;

— GBTOMOTM3MPOBAHHAS ob6pa-
60TKa M aHANU3 M3MEPUTENbHOM
MHPOPMALWM NOA NPeaceaaTensCT-
BOM K.T.H., goueHTa Yukypoea B.A.

B xope pabotbl ueTbipéx cek-
UMM BbINo 30CNYWAHO M 0BCyX-
neHo 287 poknapos.

TemaTnka cekumit Boctpebosa-
HO M OTBEYAET NEepeAoBbIM HA-
NPABAEHWUSM HAYYHBIX MCCNEepo-
BAHMIA B 06110CTM PA3BUTHS U CO-
BEPLUEHCTBOBAHMS QABTOMATM3M-
POBAHHBIX CHUCTEM YNpPABIEHMUA
BOEHHOTO HO3HAYEHMS.

B xope pabotbl koHpepeHumH,
MPOPAMMHBIM KOMWUTETOM MPHHSTO
pelieHue O NpoBeAeHUM KoHbe-
peHumn «Teopetnueckue M npu-
KnagHble npobnembl pasBUTHS U
COBEPLUEHCTBOBAHMS QBTOMATU3U-
POBAHHBLIX CUCTEM YNpPABJEHUs
BOEHHOrO Ha3Ha4YeHus» Ha 6ase
BoeHHo-kocMMueckon akapemmm
um. A.®D. Moxaiickoro ¢ nepuogmu-
HOCTBIO Pa3 B ABA FOAQA M BKITIOYEHM-
€M e€ NpoBeAeHHs B MIIQH HAY4YHOM
pabotsl BoopyseHHbix cun PD.

Mopeops mrorn pabotsl KoHbe-
peHumu, yuactHukamu HTK «Teo-
peTMyeckMe M MPUKNOAHbIe Mpo-
6neMbl pa3BUTHS U COBEPLUEHCTBO-
BOHMS OBTOMOTU3MPOBAHHBIX CUC-
TEM YNPABNEHUs! BOEHHOTO HA3HA-
YEHMS» OTMEYEH BbICOKMM YPOBEHb
opranusaumn eé paboTsl U BbIPA-
xeHa rnybokas GnarogapHocTb
pykoeoactey BoeHHo-kocmmuec-
kot akagemmn um. A.®P. Moxaric-
KOrO M OPrKOMMTETY.

8 HAYKOEMKME TEXHOAOTMIN B KOCMNHECKMX MCCAEAOBAHMSX 3EMAA
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MexyHapOHbIIT KOHTPECCHO-BBICTABOYHBII TPOEKT
HABVTALIIOHHBIE CUICTEMBI, TEXHOJIOI IV 11 YCIIYT

VIII MEXXTYHAPOTHBI/
HABUT ALIVIOHHBIVI ®OPYM

WWW.GLONASS-FORUM.RU
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TemaTuka:

- CocTosHVe 1 nepcrekTrBbl pa3sutna cuctembl MTIOHACC 1 3apy6exHbix
HaBUraLVIOHHbIX CMY THUKOBbIX CUCTEM

| - OCHOBHble TEHAEHLMM Pa3BNTUA POCCUIICKOTO PbIHKa HAaBUFaLMOHHbIX
ycnyr n obopyaosaHua

- MpaKTn4eckunit onbIT UCMONb30BaHNA TEXHONOMUIA CMYTHUKOBOW HaBMTraLvi
B Pa3/INYHbIX OTPACAX POCCUCKOWN SKOHOMUKMN

- HaBuraunoHHble TeXHONOTMN B UHTENNEKTYaNlbHbIX TPAHCMOPTHBIX
cncTemax

- WHdpopmaLMoHHO-HaBUraLMOHHbIE YCIyry, CUCTeMbl 1 060pyaoBaHe
[1A MaccoBOTO pbiHKa

- HaBuraynoHHble TeXHONOMMN Ha NaccaXXMpPCKOM TpaHcnopTe

- HaBuraumnoHHoe 1 HaBUraLMOHHO — CBA3HOe 06opy/oBaHNe BeAyLX
POCCUMCKINX 1 3apy6exHbIX NpousBoanTenei

- TeonHpopMaLMOHHbIe CUCTEMbI Pa3fIMYHOTO MPUMEHEHUA
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A BNEAN

foToBUTE CraproBas NpeMbepHble 3a6poHupo-
HOBYIO NAOWaAAKa ANS NOKa3bl MUPOBbLIX BaTb CTEHA
NPOAYKUMUIO? AeMOoHCcTpauyuu! pa3pa6oToK on-line
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HOBOCTH

CBepXxHOBbIE B3PbIBAIOTCA KAK NPeAcKasaHo

Poccurckue actpodusmukmn u ux 3a-
py6exHbie konneru enepebie nog-
TBEPAMIN TEOPETUYECKYIO KOHLEN-
LMIO TOFO, YTO CBepxHOBble TMNa la
— 3TO TUFOHTCKME TEepPMOsAEPHbIE
B3pbIBbl BenbiXx KAPAMKOB, cBEpX-
nnoTHbIx ocratkos 3se3g. O6 stom
OTKPLITUM FOBOPMUTCS B BbILLEALIEN
28 aerycra cratbe B XypHane
Nature, nuanpytowmmm asTopamu
KOTOPOM SBASIOTCS ACTPODU3MKM
13 UHCTUTYTa KOCMUYECKMX Mccne-
nosaui PAH.

SpkocTb M npepckasyemoe nose-
LeHUe onTUYeckUX KpMebIx Bnecka
nopapunu csepxHosbiM Tuna la
HO3BAHME «CTOHAAPTHbIE CBEYM»,
KOTOpbIE MCMONb3YIOT ANS BbIYMC-
NeHUs PACCTOSHUM Mexay obbek-
Tamu Bo BcenenHon. Yxe otciopga
BMAHA BAXHOCTb 3TMX OBBLEKTOB
AN aCTPODU3NKM B LIENIOM.
Lenouka pacnapos 56Ni— 56Co—
56Fe BbicBoboxpaetr 6Honbloe
YMCINO rAMMOA-KBOHTOB U MO3WUTPO-
HoB. Ha HauanbHoM 3Tane pacium-
peHuns obonoukn (10-20 pHei)
raMMa-KBaHTbl «rMBHYT» B 060-
NouYKe, HArpeBas ee M Bbi3biBAS
cBeyeHKne 060N0UKM U ONTUHECKOM
amanasoHe. lMospgHee obonouka
CTOHOBMTCS MPO3PAYHOM M FAMMa-
KBOHTbI MMEIOT BO3MOXHOCTb BbIM-~
™ 13 060M04KM.

CunraeTcsi, 4TO CBEPXHOBLIE THMA
la sensoTcs pesynbTatoM Tepmo-
SAEPHOro B3pbIBA YrNepogHO-KMC-
nopogHoro 6enoro Kapnuka, B
npouecce KOTOPOro CUHTE3UpYeT-
cs1 6onbLLIOE KONMYECTBO PaaMOaK-
TmBHOro Hukens-56. Mocne B3pbi-
BA MPOMCXOAMT LEnoYka pacna-
[OB: HMKEeNb NPeBpaLLaeTcs B KO-
6anbT-56, KOTOpLIN 3aTEM pacna-
npaetcs B xeneso (56Ni—56
Co—56Fe), B xope 4ero poxaatot-
Csl MHOTOYMCINEHHbIE ramma-¢doTo-
Hbl. OHM B3aMMoOAenCTBYIOT € pac-
wmpstowencs obono4ukon ceepx-
HOBOW, HarpeeaioT ee M obecneym-
BAIOT MOLLHOE ONTUYECKOEe CBeve-
Hue obonoukn. Habniogenune atmx
dboToHoB fokazano 6bl BbieyKa-
3aHHYIO runoTesy o npupopae
ceepxHoBbIX la.

OpHako, XOTs yXe OTKPbITbl COTHM
TAKMX CBEPXHOBBIX B PA3HbIX ra-
NAKTMKAX, MX FAMMa-U3nyveHue
HU pasy He 6bINoO 3aperncTpupo-
BaHo. [leno B ToM, 4To 3a BClO KOC-
Muyeckyto 3py, To ecTb 6onee no-
NyBeKd, He NMPOM3OLLIO HU OJHOrO
B3pbIBA CBEPXHOBOM TMNa la HKU B
OfHOM M3 BAMXKAMIIMX K HOM ra-
naktMk. A ramma-usnyyeHue oT
pacnagos 56Ni 56Co 56Fe mox-
HO HABNOAATL TOMBLKO C MOMOLLBIO

KOCMMYECKOro Teneckona M Tosb-
KO HENPOAONXUTENLHOE BPEMS.

M BOT HaKOHeL, y4€HbIM MOBE3NO.
15 aveaps 2014 r. Hoeas cBepxHO-
Basi TMna la B3opeanack B ranakTu-
ke M82. HaseanHas SN2014J,
OHa OKA3anack AOCTATOYHO Baus-
ko (11 MunnuoHoB ceeToBbIX NET),
ytobbl opbuTanbHas obcepBaTto-
pus UHTETPAJ1 cmorna Bnepsbie
Hanpsmylo OBHAPYXWTb M3nyye-
HME B OBYX COMBIX SPKMX FOMMO-
JIMHUAX U NOJIHOCTbIO NOATBEPAMTL
TeopeTuyecKyio KOHUenuuio
cBepxHOBbIX TMNA la kak rurawT-
CKMX TEPMOSIIEPHBIX B3PbIBOB.
BaxHoctb aTOro cobbitns He Tonb-
KO B TOM, 4TO MOATBEPAMIMCH TEO-
petuyeckme npepckasauus. He-
CMOTPSl HO AONrYI0 WUCTOPMUIO Ha-
65108EHUM M YUCTIEHHBIX BKCNEPU-
MEHTOB, AeTanbHas GU3MKA B3Pbl-
BOB CBEPXHOBbIX TMNA la M aBonio-
LMsi KOMMOKTHOM 3Be3Abl-npeptue-
CTBEHHMKO AO B3pbIBA OCTAETCS
NPeAMeTOM ropsiYMX CrOpPOB.
B 6onbmHcTBe Mogenei obonou-
KA CBEPXHOBOW OCTOETCS Henpo-
3PAYHOM AJ15l FTAMMA-M3NyYEHHUs Ha
npotsxkeiun 10-20 pgHer nocne
B3PbIBA — MHBIMW CIIOBOMM, B 3TO
BpeMs €€ Henb3s YBMAETb B raOMMa-
nyyax. Co BpemeHem obonouka
craHoBuTcs Bonee Npo3payHon U
6onbwas 4aCTb rAMMA-KBOHTOB
MPOXOAMT CKBO3b HEE M MOTYT BbITb
30perMcTpUpPOBaHbI OPBUTANbHDI-
MM 06cepBATOPUSIMM.

o cux nop atoro He crnyvanocs,
npexge BCero NoToMy, YTO MCTOY-
HUKM ObINM CAMILKOM ACNEKM M
BCMBIXMBAIOT OHU AOCTATOYHO pef-
Ko. U3 ncTopUyecknx XPOHMK Mbl
3HAEM, HOMPUMEP, YTO NOCIEAHUM
HOAEXHO MAEHTUGULMPOBAHHBIN
e3pbie SNla B Hawei lanaktvke
cnyumncs B 1604 r. — ato 6bina
ceepxHoeas Kennepa. «Ham oyeHb
MOBE30, M NPEXAE BCEro NOTOMY,
4To B pacnopsikeHun yueHbix UK
PAH 6bina opburansHas obcepea-
topus MHTETPAJT», rosoput rnae-
HbIM Hay4HblM coTpyaunk MKU
PAH akapemnkPawmng Cionses,
Hay4HbIM pykoBoauTenb ot Poccum
MeXayHapoaHoH ob6cepBaTopum
MHTETPAJI.

Hosocrtb o (cnyuarnHom!) oTkpbiTim
6113KOI CBEPXHOBOM B raNaKTUKe
M82 npuwna 21 aueaps 2014 r.
Actporom Crus Doceu ¢ rpynnom
CTyAeHTOB M3 YHMBEPCMTETCKOro
konneaxa JloHaoHa 3aMeTHM Ho-
BYIO sApKylo 3Be3gy, Habnogas
M82 B HebonbwoM Teneckon,
CBOMCTBA KOTOPOM OBHO3HAYHO
FOBOPSIT O TOM, YTO Mbl UMEEM AENO

co ceepxHoBoM Tvna la, nonyume-
wei HassaHme SN2014). Tanak-
TMKa M82 HaxopuTca Ha paccros-
Hum e 11 MunnmMoHoB ceeToBbIX NeT
OT HOWeEW, 4YTO Cpa3y CcAenano
SN2014J) kanpupatom Ha 6nau-
xarwyto SNla 3a nocneghue
HECKONbKO AECATKOB JeT.

Takoe pepkoe cobbiTHe MHALMMPO-
BANIO MHOrOYMCrEHHble Habnoge-
HUs Teneckonos M obcepeaTtopuit
BO BCEM Mupe, BKio4as obcepea-
topuio MHTETPAJ1. «Msbi 6naro-
papHel PoccuitckoMy Hay4dHOMy
komutety npoekra MHTEIPAJT 3a
cornacvMe npepeaTth PerynspHyto
nporpammy HabniopeHui 1 noTpa-
TUTb MMIITIMOH CEKYHA, U3 POCCHM-
CKOM KBOTBI HABRIOAATENLHOrO
BPEMEHW Ha HabnofeHWs 3ToM
CBEPXHOBOW.

MMeHHO B xope 3TMX HabnlopeHMM
Mbl YBMAENU NepBble MPU3HAKM
pacnaaa paAMOAKTUBHOFO KO-
6anLTa B CNeKkTpe ramma-uanyye-
HWUSI CBEPXHOBOM», — T[OBOPMT
Pawup Cionses. lMNocne B3pbiBa
raMMa-¢pOoTOHbl,  MOPOXAEHHbIE
pacnagom Hukens M kobanstq,
PACApPOCTPAHAIOTCS Yepes BeLLecT-
BO 060SI0YKM U TEPSIOT CBOIO SHEP-
TUIO B PE3YNbTATE KOMMTOHOBCKOrO
paccesiHus 1 3ddeKTa oTAauU.
Hukeons-56 pacnapgaetcs B
kobanet-56 Bcero 3a 10 gHei. B
3TO BPEMS BELLECTBO CBEPXHOBOM
elle Henpo3payYHO AN raMMa-
KBOHTOB, M TONbKO M3My4eH1e pa-
BMOCKTUBHOTO HMKeENs, pacnoso-
KEHHOro BO BHELUHEW Y4ACTM pas-
netaioweics o60NOYKM MMeeT
WwaHc BbIMTH M3 obonouku. Mocne-
aylowmit pacnag kobansta-56 B
xene3o-56 3aHuMmaeT ropasgo
6onblwe spemenn (~111 gHei), n
K MOMEHTY, KOrga paclupsio-
wasics 060N04KA CTAHOBUTCS MOY-
TM npo3payHoM, kobanbt-56 po-
MMHMPYET, NPeBpaLLds CBEPXHO-
Byto TMna la B gonroxusywmii mc-
TOYHMK TFAMMO-MHMI KobanbTa.
«Habniogenns  obcepsatopmu
MHTEIPAIT mexay 50-m 1 100-m
OHSIMM C MOMEHTA B3PbIBA HOAEX-
HO 30PErMcTpPMpPOBANM U3NydYeHUe
B ABYX HanMbonee MOLLHbIX FAMMa-
NMHMAX PACNAAA POAUOAKTMBHOIO
kobanbta 56Co Ha 3Hepruax 847
n 1237 k3B, a Takxe KOHTUHYYM
HQ 3HepruM B COTHU K3B», — roso-
PWT NepBbIM ABTOP CTATbM, ony6-
NUKOBAHHOM B HOBOM BbIMyCKe
Nature, segywmin cotpyarmk MKH
PAH unen-koppecnongent PAH
Eerenuni Yypaszos. UHbiMM cnosa-
MM, HOBNIOAEHWS NOMHOCTbIO Noa-
TBEPAMNM pabouylo runotesy —

NpeacKasbiBAnoCh, 4TO TEpMO-
SAEPHBIM B3PbIB YrNepOJHO-KMCIO-
poaHoro 6enoro Kapauka ponxeH
BbIPOAXATLCS UMEHHO B TOKOM Kap-
TUHE U3NYYEHMs.

«Bce actpodusmnkm pagel, 4to Ha-
KOHEL-TO JOKA3dTeNbCTBO NPUPO-
Abl cBepxHoBbIX la cocrosnocs, no-
TOMy 4TO BCe 6binM ybexpeHbl B
BEPHOCTM OCHOBHOM runotesbl. S
[AXe BO BPEMsl AOKSIOAA HA OAHOM
M3 KOHdepeHuMH cnpawuean,
€CTb NI y KOFO-TO COMHeHMs, 6e3
BCEX 3TUX AAHHBIX, YTO peyb UaeT
MMEHHO O TEPMOSIAEPHOM B3pbiBe
— HM Y KOFO COMHEHMI He Bbino.
Ho opgHo peno, HeT comHeHuH,
ppyroe — npsMoe AOKO3aTeNbCT-
BO», — roBoput EereHni HYypazos.
CeepxHoeas SN2014J npogonxu-
NA UCTOPMIO U3YHEHMS CBEPXHOBBIX
POCCHMMCKMMM aCTPODU3NKAMM, KO-
TOpas yxe 3HAeT Cly4au Heobbl-
4yaMHoro BeseHus. 27 net Hasag
obcepeartopus «PeHtren» Ha Mogy-
ne KBAHT kocmmueckoi craHumm
MUP otkpbina ramma-usnyyeHue
ot ceepxHosor SN1987A 8 Bonb-
wom Marennanosom O6nake. 1o
6bina cBEPXHOBAS APYrOro TMNA —
tmna ll, koTopbie poxpatotcs B pe-
3ynbTate KOMNAMNCA MACCHMBHOM
3se3gbl. byayun otpaneHa ot
3eMnM HA pacCCTOsiHME «BCEroO»
179 Tbica4  CBETOBLIX  ferT,
SN1987A crana 6nuxanwen
cBepxHoson Tvna Il B coBpemen-
Hyl0 3MoXxy opburtanbHbix obcep-
BATOPMM.

«Ham HeobbluaitHO nosesno, Kor-
pa B pespane 1987 r. ceepxHosas
BTOpPOro TMNAa BCMbIXHYNA MNO4YTU
OfHOBPEMEHHO C 3anyckom 06-
cepearopum «PeHTreH» Ha Mogyne
KBAHT, — Bcnomuuaer Pawmg
CioHsiEB, HOYYHbIM PYKOBOAMTENb
MexgayHapogHoi obcepeaTopmm
«Pentren». — Yxe B asrycre 1987 r.
Mbl YBMIENM XECTKOE PEHTrEeHOB-
CKOe W3ny4eHue, KoTopbie npep-
CKO3bIBANM TEOPUM».

«Me1 Hageemcs, uto ycnex obcep-
satopuit  PEHTTEH/KBAHT u
MHTEIPAJ1 6yget npoponxeH o6-
cepsatopuer «Cnektp-PeHTren-
lamma» — npoponxaer Pawug
CioHsieB. — DTO COBMECTHbIM Mpo-
ekt Poccun 1 fepmanmm, kotopbin
no3eonut npoeect ob63op Bcero
Heba B pEHTFEHOBCKMX NyyaXx C pe-
KOPAHOM YyBCTBUTENBHOCTbIO, MO3-
BOJSIIOLLEN MCCNEAOBATb CBOMCTBA
TeMHOM 3Heprun Bo BcenenHow,
M3y4aTb POCT M SBOSIIOLMIO CBEPX-
MOCCMBHBIX YEPHBIX AbIP, BECTH MO-
MCK COMbIX 3K30TMYECKMX OBbeK-
ToB BO BceneHHoM.

10
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TEXHOAOTI M

POCT OBLEMOB MH®OPMALLIUM U KOPMOPATUBHBbIX
NMPUJIOXXEHUA OBYCNABJIUBAIOT BHEAAPEHME
OJILW-TEXHOJIOTUA

AdwapnuT.,
Komnanms LSI

BepaoTenbHbiit Hakonutens (SSD)

M GN3W-NamaTb He SABAAIOTCS

YeM-TO HOBLIM AN BOMbLIMHCTBA
niogen. Te us Hac, kto obnagaetr USB-
HOKONWUTENEeM MM CMAPTPOHOM, NNAH-
WeToM, Mcnonb3yloT  ¢naW-NaMaTb
nocrosiHHo. HecMoTps Ha To, uto ¢pnaww-
NAMSTb LWMPOKO PACNPOCTPAHEHA HA MO-
TpebUTeNnbCcKOM YpOBHe, BHeApeHWe B
Kopnopaumsx U apyrMx 6usHecax npo-
XOAMUT HOMHOTO MeaneHHee.

Mpenmywecrea mcnonszosanms SSD
M ¢bnaw 6beccnopHbl. TeeppoTenbHbie
HakonuTenu BbicTpee M HOMHOTO HaZEX-
Hee M3-30 OTCYTCTBMSI ABMXKYLUMXCS Yac-
TeH, uto obecneuneaet 6onbLIyIO YCTOM-
YMBOCTb K YAAPAM M BUBPALMM, LULMPOKMHM
pManasoH pabounx temnepatyp. Pas-
eute SSD u nsw-texHonornn npwu-
WNOCh HA OYEHb MPABMJILHOE BpPeMs.
MHorune opraunaaumnm passeprynm CXI-
UHOPACTPYKTYPY € MCMONb3OBAHUEM
TPAAMUMOHHBIX XecTknx auckos (HDDs),
KOTOpble, C OAHOM CTOPOHbI, MOTYT Xpd-
HWUTb BonbluMe 06beMbI AAHHbLIX AeLIeBo,
HO, C APYTOM CTOPOHBLI, paboTaioT cnuLw-
KOM MEepJIeHHO M He cnocobHbl MATH B
HOFy C MOCTOSHHO PACTYLUMM KONMYECT-
BOM KOPMOPATMBHBIX MPUAOXKEHUH M
YBENIMUMBAIOLLENCS CKOPOCTbIO pPaboTs
npoueccopa. OT1o npueeno K 6onbwomy
paspbiBy MeXay NpOonycKHOM cnocobHo-
CTbIO BBIMUCIEHMIH U NPOU3BOANTENBHOC-
ThiO MPUNOXEHMS.

B HepasHeM wMccnepoBAHMM KOM-
naumu LS, no pesynbratam onpoca 400
UOMOoe, 70%
YUYACTHMKOB ONPEeReNn1am JOCTYN K CeTH M
CX[] kak pee ocHoBHble 06nacTn “y3kmx

MeHepxepos BCEX

Mmect” uHdpacTpyktypbl. [poussoau-
TESIbHOCTb MPUIIOXEHMUs CTPAAdeT, TaK
kak CX[, 1 cetesble MHbpacTpykTYpbl 60-
PIOTCS 30 BO3MOXHOCTb OTBEYATb Npefb-
aBnseMbiM MM TpeboeaHuam. B To Bpems,
kKak 93% onpolueHHbIX NPU3HAIOT BAX-
HOCTb NPOMW3BOANTENBHOCTH NPUIIOXKEHMS
pns csoero 6usHeca, TpU YeTBEpTM nog-
TBEPXAAIOT, YTO NPUNOXeHUs He obecne-
YMBAIOT HEOOXOAMMYIO NMPOMU3BOAMUTEND-
HOCTb.

Crout otmetuts, uyto 40% onpo-
WEHHBIX NOAYEPKMBANM CBOE XEnaHWe
3anycKaTb OCHOBHblE NMPUSIOXEHMs B fBA
pasa 6bicTpee, noutM Tpetb xoTenu 6ol
3anyckatb npunoxenus Ha 50% 6GbicT-
pee, 1 15% yuyactHukoB xotenu 6bl pa-
6otatsb B 4 pasa 6eictpee. C nocneacTsu-
MM HEAOoCTATKA MPOM3BOAUTENBHOCTH
npunoxeHui crankusaerca 40% onpo-
WEHHBIX, YTBEPXAQs, YTO AAHHAS Npo-
6nema NPUBOAMUT K CHUXKEHMIO KOHKYPEH-
TocnocobHoctn Ux 6usHeca. 26% roeo-
pST, 4TO 3TO NPMBOAMT K MOTEpe [OXO-
pos, a 17% — k notepe KiMeHTOB.

Hecmotps Ha TO, 4TO MHOrME U3 yya-
CTHMKOB onpoca npu3HaioT, yto SSD
MOFYT NMPMBHECTM 3HAYUTENbHOE YCKO-
peHne Ha yposHe CX][], npeoponesas
“y3kue Mmecta” nNpoM3BOAMTENBHOCTH
TPOAMUMOHHBIX MEXAHMYECKMX XKEeCTKMX
BMCKOB M AOCTUrAsl OY€Hb BbICOKOW MpPO-
ussogmtensHocty CXI, okono 90%
FOBOPST, YTO BbIHYXAEHbl BO3AEPXATbCA
OT MHBECTULMM B TEXHONOIMUIO M3-3a ee
BbICOKOM CTOMMOCTM.

KoHeuHo, $naw TexHonorus ropasgo
popoxe, yem HDD, ogHako TpagmumoH-

Hble HAKOMMTENM He NOAREPXMBAIOT
HeobX0AMMYIO NPOU3BOANUTENBHOCTb.
Oanuans buso, aHanutuk komnaHmm
IDC, cpaeuueaetr HDD c rpysoebiMu ne-
PEBO3KAMM, C MOMOLLBIO KOTOPLIX TOBAP
[OCTOBASETCS HO APYroM KoHel, 3emnu B
TeYeHMe YEeTbIPEX C NONOBMHOM MECALEB,
a SSD — c peaKkTMBHBIM COMONETOM,
KOTOpbIM AOCTABMT TOT Xe rpy3 Yepes
Heckonbko 4Yacos. “Heyxenu rpysoeas
[BOCTOBKA KOXETCS BAM AEMCTBUTENbHO
KOrAa peyvb MAET O YEeM-TO
OYeHb LLEHHOM ANISl BAC, O YEM-TO, 4YTO He-

agewiesne,

ob6xoanmo nonyumnTb BeicTpo?” — cnpawm-
gaet Januanb. OuesugHo, 4To ANsi HEKOTO-
pbIX BELUEM rPy30Basi MEPEBO3KA BMOJSHE
MOAXOAMT, HO HE ISl KPUTUHECKM BAXKHBIX.

To Xe camoe KACAETCS XPAHEHMs.
OrseT, ecnu yuntbieate ¢bnsw, 3aknoya-
€TCsl B MCMONb30OBAHMM MPABMIBHOTO KO-
NIMYECTBA ACHHBIX B MPABUIILBHOM MECTe
CXO-nHppactpykTypbl, 4TO MOMOXET
pepXatb pacxopbl Noj KOHTPOJIEM M
obecneunsatb HEOBXOAMMYIO MPOM3BO-
BUTENbHOCTb €3 3aMeHbI CyLLECTBYOLLE-
ro NPUIOXEHMS.

Apxutektypa LSI® Nytro™ npeg-
nAaraeT WHMPOKMI CMEKTP UHTENEKTY b=
tBepgoTenbHbix CX[-pewenun,
yckopsiowmx npunoxeHns L O[os.
Hanpumep, pewenne Nytro XD nomora-
eT 6U3HEeCaM YCKOPMUTb MX CyLLEeCTBYIO-
wue uusectmummn SAN, He menss CX[
obopynoBaHMe, NOCPEACTBOM BbICOKOM
Bmectumoctn ¢ndw ¢ MO kawuposa-
HUs/ yCKOPEHMs, KOTOPOE XPAHMUT 4aCTO
UCMONb3yeMble AAHHbIE HA KApPTe YCKO-
peHus npunoxenus Nytro WarpDrive™.

HbIX
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3a cyeT TOro, YTO 4ACTO MCMONb3yeMble
AAHHbIE NEPEMELLAIOTCS Ha CepBep, Bpe-
Ms OXMAOHMS MOXET COKpOLaeTcs ¢
MMANUCEKYHA O MUKPOCEKYHS,

Takum obpasom KawmMpoBaHue cep-
BEPA MOXET COKPATMTb BPEMs OKMAAHMS
8 10 pas.

Hakonutens ¢ npsmbiM nogknioye-
Huem (DAS) He ucuesHer B 6nvxkaiiuee
Bpems, Befb 3To Haubonee m3secTHas
dopma CX[ 8 LLOe. Ho HeBonbwoe ko-
nnyectso ¢naw, KoTopoe MoxeT 6biTb
NPUMEHEHO B CYLLECTBYIOLUMX PELIEHUAX
DAS u SAN, moxeT npuBHecTM 3HA4M-
TenbHbIM NPUPOCT MPOU3BOANTENBHOCTH U
NOMOYb YCKOPWTb NPOU3BOAUTENBHOCTD
npunoxenus 8 10-12 pas.

Kapra Nytro MegaRAID® cospaHa
AN YCKOPEHMS MPUIIOXKEHHM C UCMOMb30-
sBaHuem BHegpeHHoro LS| RAID-onChip

M MHTENNEKTYQNbHOTO K3WMPOBAHMS
nocpepactsom sctpoerHoro dnaw CXI.

Haubonee yacro ncnonbsyembie gaH-
Hble XPAHSTbCS M FOTOBbl K JOCTYny C
énaw, obecneumeas camoe HU3Koe Bpe-
Ms oxupaanus, cokpawas ero 8 30 pas no
cpasHenuio ¢ HDD.

Ewe oamMH HemanoeaxHbIM BONpOC —
KOFAd peyb 3aXoauT 06 MCMOoNb3OBAHMM
énaw B 6U3Hec-cpeae, 3TO pelieHne pa-
60TAET HAMHOrO Ny4we 30 CYET MH-
teHcusHoro CX[ uTeHus, a He MHTEHCHMB-
HOM 3anucu. bonbwunHcTBO noTpebu-
TENbCKUX MPUIOXEHMM, TAOKMX KOK Ha-
npumep iTunes, paboTaioT B pexmme MH-
TeHcuBHoro uteHus. He Mmenee 90%
dnaw UcnonbsyeTtcs cerogHs B TPAH3AK-
UMOHHbIX Harpyskax Takux kak CRM,
TOProBbl€ CUCTEMBI MNIU cpeabl ans obcny-
XuneaHus knuentoe. Haubonee pacnpo-

X mMexx0yHapoOHbIli mpaHcnopmHubil gopym

02MPAaHC

27-28 mapma 2014, Co4u

CTPAHEHHOE COOTHOLIEHWE [OCTYyna —
70% utenns/30% sanmcu.

Yem MeHblue 3anucel penaertcs Bo
¢nsw, Tem Bbille NPOM3BOAUTENLHOCT,
NO3TOMY MMEET CMbICN PA3BepPHYTb sl
B NPHUNOXEHUAX UHTEHCUBHOIO YTEHMUA.

Opyrumu  crioBamu,
noaxogd ¢naw u TpaguumonHbix HDD mo-
XeT 6bITb HOMYYLWMM BOPUAHTOM AEHCT-
BMM ANs NONyYEHWUs! MOKCUMOSTbHOM OTAd-
un B GusHece ot ero CXO-uHdpactpykry-
pbl C TOUKM 3PEHMS MPOU3BOANTENIBHOCTH
npunoxenus. MNogobHbl 06pazom npous-
BopguTenu ncnonbayior SSD B cmapdonax
M NAQHWeTAX, HO No Bonbluei YacTH Bce
ewe wucnonesyior HDD B Hoyt6ykax,
KOMNaHMsM TpebyeTcs npuHSATL 060CHO-
BAHHOE pEeLLeHME O HaMNYHLLIEM Afis CBO-
el MHPPACTPYKTYpPbl CMELEHUH rdw U
HDD.

CMELIAHHbIN

Peructpauus

Y4aCTHUKOB:

+7 (495) 646-01-51
+7 (812) 448-08-48
www.yugtrans.com

WwWw.h-es.ru

HIGH TECH IN EARTH SPACE RESEARCH
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NMPUMEHEHME NACCUBHbIX ®A3OBPALUATEJEN
B POPMUPOBATEJIE KBAAPATYPHbLIX CUTHANOB

Ay6poeun B.C.,

PreOY BMO «Mopaosckuii rocysapcTBeHHBbINA

yHusepcutet umenn H.IM. Orapésa»,
vsdubrovin13@mail.ru

Hukynun B.B.,

®reOY BMO «Mopgaosckmii rocysapcTBeHHbINA

yHusepcutet umenn H.M. Orapésa»,
nikulinvv@mail.ru

Kniouessbie cnosa:
¢opmmpoBarenb, CTPYKTypHQs CXEMQ,
nepefaroyHas ¢pyHKLMS, YACTOTHbIE
XAPAKTePHCTUKM, KBAAPATYpPHbIE
curHanbl, ¢pasoBbii punbTp.

AHHOTAUMSA

OPMMPOBATENIM KBAAPATYPHbIX

CMTHONOB HOXOZST LUMPOKOE NPU-

MEHEHME B POAMO3NEKTPOHMKE,
QBTOMATHKE, CUCTEMAX SEKTPO- U PAAMO-
CBS3M, B GBTOMATM3MPOBAHHLIX CUCTEMAX
ynpaeneHus, B cunosol npeobpasosa-
TENbHOM TEXHWKE MPU MOCTPOEHWUM PyHK-
LMOHANBHBIX M MPELM3UOHHBIX M3MEPH-
TenbHbIX reHeparopos. [pu aTom, kak npa-
BMNO, TpeByIoTCS LUMPOKMIA AMANA3O0H Yac-
TOT dopMHpyeMbIX KonebaHui, Bbicokas
CTQ6M"bHOCTh 4YACTOTbl 1 amMnnuTyabl KBag-
PATYPHbIX CUMTHASIOB, MOCTOSIHCTBO ¢aso-
BOFO CABMIQ MEXAY BbIXOAHBIMM CUTHANQ-
MM, BO3MOXHOCTb MMKPOMMHMATIOPU3A-
UMM, BBICOKASI HOAEXHOCTb, MPOCTOTA CXe-
MoTexHuyeckux peweHni. [ns nocrpoe-
HMS MHOTODASHOrO YNPABNSEMOrO reHe-
paTopa NpUMEHSIIOT pasnuuHbie $asospa-
watowpe uenu, ocywecrsnsiowpe baso-
Bbiid cagur curianos Ha 90 (270) snekTpu-
YeCKMX rpapycoB, U GOPMMPOBATENM KBA-
APATypPHbIX CUrHANOB, BbIMNOJHAlOWMNE
AansHelwee npeobpasoBaHMe B CUCTe-
My MHOroba3HbIX FAPMOHMYECKMX KO-
nebaHMM, MAM MPUMEHSIOTCS BCENpO-
nyckaiowpe (basossie) dbunbTpsl nepsoro
nopsgka. OgHako, ans obecneuenus pa-
60TOCNOCOBHOCTH reHepaTopa B LUMPO-
KOM AMANA30He 4acToT HeobXoauMbl Ao-
CTATO4YHO CJ/IOXHbleé Nnpeun3noHHbIe YCT-
poicTea — ynpaensemsie dbasospaware-
M U NpeobpasoBaATENM «Y4ACTOTA — Ha-
npsixeHue» nMBO «nepuop — Hanpsixe-
Hue». 308040 3aKI0YAETCs B NOCTPOEHUM
AOCTATOMHO NpocToro ¢popmuposaTens
KBOQAPATYpPHbLIX CUTHANOB, paboTatoLuero B
LUMPOKOM AManasoHe Yacrtot 6es npume-

HeHMs ynpasnsieMbix ¢pasospallaTenei u
npeobpasosarenen «yacrora (nepuog) —
HanpsixeHue» Ha 6ase cepuitHO Bbimycka-
€MbIX MHTErpanbHbIX MUKPOCXEM HEBbICO-
KOM CTENEeHN MHTErpaLMM C MUHUMOTbHBIM
Ha6OPOM MCMOMNb3yeMbiX KOMMOHEHTOB.
PaspabotaHa ctpykTypHas cxema dop-
MMpOBATENs KBAAPATYPHBIX FAPMOHMYEC-
knx konebanuii. Crabunusaums ebixopg-
HbIX MAPAMETPOB CMFHAMIOB OCYLUECTBAS-
eTcs C nomoLbio BbICTPOAENCTBYIOWMX
3AMNOMMHAIOLWMX YCTPOMCTB U AenuTenem
HanpskeHus. Mony4eHbl pacyeTHble cooT-
HOLLEHMs NO3BONSIOLLME PACCYUTATL ONTH-
ManbHble 3HAYEHMs1 KO3bULMEHTOR aM-
HOMMYECKOro YOCTOTHOrO AMAMNA30HA.
MpoBepeH akcnepUMeEHT Ha MaTemaTHyec-
KOW MOBEenu B MPOrpaMMHOM MNakeTe
PSIM-9. PaspabotanHbit popmuposa-
TeNb KBAAPATYPHbIX CUTHANOB MOXET HaM-
TM NPUMEHEHKUE B MHOrOdA3HBIX CUCTEMAX
npeobpa3oBaTensHOM TEXHUKM, B KBAapa-
TYPHBIX MOAYNSTOPAX-BEMOAYNATOPAX
CUCTEM CBSI3M, B YMHOXMTENSIX Y4ACTOTbI €
cucremor PAMMY. Pesynsratsl maremaru-
4eCcKOro MOAENMPOBAHMS MOSHOCTLIO NOA-
TBepp,MJ'IH nojsly4eHHblé pacyeTHbieé COOoT-
HoweHuns. PaspabotanHbii popmuposa-
Tenb ctabunbHo paboTaeT € BXOAHLIM
FOPMOHMYECKMM CUFHONIOM, OMMAMTYAA M
4ACTOTA KOTOPOrO MOTYT U3MEHSTBCS B LUM-
pokux gmanasoHax (bonee opHoM aeka-
abl). Popmuposarens MoxeT 6biTb BbINON-
HEH B MHTErpPanbHOM MAM rMOPUEHOM MC-
MOMHEHUN C MCMONb3OBOHMEM COBPEMEH-
HbIX OMEPALMOHHLIX YCHMIIUTENEN M Aenu-
TeneM, BbINONHEHHbIX Ha 6a3e Npeuy3moH-
HbIX QHQJIOrOBbIX MEPEMHOXMTENEen, He
TpebyloWwmMX HANMYMS  MOACTPOEUHBIX
3N1EMEHTOB.
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MocraHoBka 3apaumn

®Dopmupoearenu keagpatypHbix curHanos (PKC) HaxopsT
LUIMPOKOE NPUMEHEHME B PAAMOINEKTPOHMKE, ABTOMATMKE, CUC-
TEMAx 31eKTPO- U PAAMOCBA3M, NPU NOCTPOEHUM MPELMU3HUOH-
HbIX M3MepuTenbHbiX reHeparopos [1-10]. B cunosoit npeob-
pPa30BATENbHOM TEeXHUKE (4ACTOTHO-pErynMpyembit npUBoa,
UCTOYHUKM BecnepebOoMHOro MUTAHMS) MCMONb3YIOTCS TAKXKE
[11-13] reHepaTopsl kBagpaTypHbix curHanos (KC), nocrpo-
eHHble Ha 6asze PKC. Ha 6ase PKC u IKC crpostcs [14-18]
byHkumoHanbHble reneparopsl (Pl), Mcnonssyiowme npuHLMA
bOPMUPOBAHMS NMHEMHO-U3MEHSIIOLLETOCS CMrHANA M3 ABYX
CUTHQONOB, CABMHYTBIX APYr OTHOcUTenbHo apyra Ha 90 anek-
Tpuyecknx rpagycos [19-27].

Wupokui amanason uvactotr dopMMpyembix konebaHui,
BbICOKASI CTABMABHOCTb YACTOTHI M QMMAMTYAbl KBAZPATYPHbIX
CUTHANOB, MOCTOSHCTBO (PA30BOrO CABUIA MEXAY BbIXOAHBIMM
CUFHANAOMM, BO3MOXHOCTb MMKPOMMHMATIOPM3ALMM, BbICOKAS
HOZEXHOCTb, MPOCTOTA CXEMOTEXHMYECKMUX PELUEHUM — AANEKO
He NOMHbIA nepeyeHb TPeBOBAHMM, NPenbABASEMBIX K TAKMM
reHepatopam U GOpPMMPOBATENSM KBAAPATYPHBIX CHMFHANOB.
Pewnts Becb KOMMnekc 3aaay, CTosAWMX nepes paspaboTum-
KOM, 1 BbIBPATH Nyuluee peleHre — 3a404a He TPUBUANBHAS.

OpHuM M3 cnocoboB NocTpoeHus MHOrodpasHOro ynpae-
nsemoro reHeparopa Ha 6ase PKC sasnsetcs npumeHeHue
pasnnuHbix ¢$a3oBpaALAOWMX LeneH, ocyliecTBasiowmx ¢a-
30BbIi caBur curHanos Ha 90 (270) snekTpuueckmx rpagyco..
3atem ¢ nomolwpio cneupansHoro GbopMMpoBaTEns OCYLLECTB-
nsetcs npeobpa3oBaHME KBAAPATYPHbIX CMFHANIOB B CMCTEMY
MHOrodasHbIX rapmoHuueckux konebanui [28,29]. AnstepHa-
TMBHOE pELLEHME ANs NOCTPOEHUsS MHOrOGA3HOTO reHepaTopa —
npumeHeHue Bcenponyckawowmx (pasosbix) GunbTpos nepso-
ro nopsgka [28-30].

Mpu 3TOM KaK B NepBOM, TOK M BO BTOPOM cnyyae ans obec-
neyeHns paboTocnocobHOCTU reHepaTopa B WIMPOKOM AMAna-
30He YacToT Heobxoanmsbl ynpaensemsie pasospawaren [30]
U Npeobpa3oBATENM KYACTOTA — HAMPsXKEHWe» NMbo «nepuog —
Hanpskenne» [31-33].

3aa04a 3aKN04AETCs B MOCTPOEHWM AOCTATOMHO MPOCTOro
dbopmupoBaTens KeBaApaTYpHbIX CUrHanos, pabotawowero B
LWMPOKOM AMANA30HE 4YacToT 6e3 NMpUMEHEHUs YNpaBAsieMbIX
dasoepawareneit U npeobpasoearenei «yacrora (nepmog) —
Hanps>keHMe» Ha 6ase CEepUIHO BbIMYCKAEMbIX MHTErPabHbIX
MMKPOCXEM HEBLICOKOM CTEMEHM MHTErPaLMM C MUHUMANbHBIM
HOBOPOM MCMOMb3yeMbIX KOMIOHEHTOB.

Mertop pelwueHuns

CrpykTypHas cxema $bopMMpoBaTENs KBAAPATYPHBIX rap-
MOHMuYecKMX konebaHuit nsobpaxeHa Ha puc. 1.

®PopmupoBaTens COAEPXMT ABA NACCMBHBIX Heynpasnsie-
MbiX da3oBpawiaTens, ABA YCTPOWCTBA BbIGOPKMU-XPAHEHMS
(YBX), mBa opHosubpatopa (OB), gea penutens (O) v nea
komnapartopa. Heynpaensembie dasospawarenn (PB) co-
pepxat RC-uenu M NOBTOPUTENM HO OMEPALMOHHBIX YCHUIMUTE-
NSX BAS UCKIIOMEHMS BAMSIHUS HAFPY3KM HO napameTpbl ¢a3os-
pPaLLAOWMX LEenen.

Mepeparounas ¢yHkums nepsoro ¢asospawaTens coort-
BETCTBYET QNEPUOAUYECKOMY 3BEHY NEPBOro NOpsaKa

Hy(s)=[1/t-s+1),
a nepeparoyHas $yHKuMs BToporo ¢asoBpaLaTens — peasb-
HOoMY auddepeHUUpYIOoLLEMY 3BEHY
Hy(s)=[ty-s/(15-5+1),
rae T =R C| u 1, =R,C; — noctosHHble BpeMeHM dasospa-

warenei; S — KOMMIEKCHAS NePEMEHHQSs.
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Puc. 1. CrpykrypHas cxema dopmuposarens

Mpu R =R,=R wn C;=C,=C nocTosHHbIE BpPEMEHM
T =T, =T, d nepefatoyHsie pyHKuMKU dbasospalaTenem
Hi(s)=1/(t-s+1); (1)

Hy(s)=1-s/(t-s+1). (2)
MNMopcraeuB 3HAYEHME KOMMNEKCHOM MEPEMEHHOM §= jO B

ypaeHenus (1) u (2), nepeiigeM K KOMMIEKCHBIM YACTOTHBIM
$yHkumam dasospaliarenei

H{(jo)=1/(1+ jor);
H,(jo)= jot/(1+ jot).

®Daszosbil capmr ¢1(®m) Mexay BbIXOAHbIM M(f) U BXOAHbBIM
Ny(t) konebaHuamu nepeoro pasospawiatens

¢1(0) = —arctg(o1),
a ¢asoBbi casur @, () mexay BbIXogHbIM M, (f) M BXOAHBIM
Ny(t) konebanusmu BToporo dasospawiarens
¢(w)=7/2—arctg(0T).
®Dazosbit casur Y(®) Mexay konebanusmu M,(1) wm
M (1) npu nobbix UBMEHEHMSX YOCTOTBI O W NOCTOSHHOM Bpe-
MeHu T 6BypeT HeusMeHHbIM M coctaenath 90 anekTpuyeckMx
rpagycoe
V(®)=02(0)—¢(0)=7/2.

Koadduumentsl nepepaum ¢asospawarener byayt 3asu-
CeTb OT YACTOThI

WwWw.h-es.ru
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TEXHOAOTI M

Hi(o)=1/V1+0%* ;
Hz((J))Z(,OT/\/l-i-(Dsz .

Ha puc.2 musobpaxeHsl aMnauTyaHO-4ACTOTHbIE XAPAKTE-
PUCTUKM, TO €CTb 3ABUCMMOCTH KOIPPMULMEHTOB MEPEnayM
dasoepawarenei ot yactotsl fj =0 /27 .

\ 4
~

Puc. 2. YacrotHble xapaktepuctrku dbasospawarenen

Mpwu yactote cpesa wy =1/t koadduuneHTs pasospawa-

Tenel MMeloT pasHble 3HadYeHns Hy(og) = 1/\/5 . B ananaszone
yacrot o ©®( ko3dbduuMeHT nepeaaum nepsoro ¢pasospalya-

tens H|(®) uW3MeHseTcs He3HAYMTENbHO, a KO3¢pduUMEHT

nepepaun sToporo ¢pasospawartens /7,(®) pesko ymeHblia-

€TCs C yMeHblueHneM vacTtoTbl. [locne YactoTsl cpesa npoucxo-
OMT pe3Koe yMeHblueHne koddpduUMEHTA nepeaayu nepBoro
dasoepawatens npuM OTHOCHUTENBHO CTABMIBHOM 3HAYEHWM
ko3¢ puumeHTa nepeaaum BToporo pasospaiyartens.

MN3meHeHne koadpdurumeHToB Nnepenayum yaobHo oueHMBaTh
C NOMOLLBIO NOrapUPMUUECKMX XAPAKTEPUCTMK

Ly (0)=201g H;(0) =-201gV1+ 0t ;

Ly (0)=201g H, (o) = 201g(w1) - 201g V1 + 01> .

MN3meHeHne koadpduumeHToB nepegaun dpasoepaiiarenen
OTHOCMTESNBHO YACTOThI Cpe3a

AL = Ly ()~ Ly (0) = 201g(0/0) = 201g(f/ f) . (3)

Us (3) cnepyer, uto ecnu pguanasoH paboumx uacroT
baszospalareneit nexuT cneBa MM CNpaea oOT YACTOThI cpe3d
©®o = 27f, TO MU3MEHEHME 4ACTOTbl f; MCTOYHWMKA FAPMOHMYE-

CKMX CMUFHONIOB HO OfHY AEKAAY NPUBEAET K U3MEHEHMIO OTKIO-
HeHun amnantys curHanos B 10 pas (20 gb), uto sensetca He-
ponyctMmo 6onbluoi BennunHoM ans GbopMUpoBaTens KBaapa-
TYPHBIX CUTHANOB.

Mpu ontTMManbHOM BbIGOpE COOTHOLUEHWUM MeXAy YacTOTOM
cpe3a U pabounM auanasoHoM HAacToT ( fimin — fmax ) MOXHO

3HAYUTENBHO YMEHbLUMTb OTHOCUTENBHOE M3MeHeHMe Ko3¢du-
LMeHTOB nepepayu basoBpaLLaTenen.

Pacnonoxum (puc. 2) 3HauyeHue HMXHEN yacTOTBl finin
CneBa OT 4ACTOTHl fj, O 3HOYEHME BEPXHEM 4ACTOTHI [y

CMpaBa OT YaCTOThl f; M BBEAEM Cnepyiowpme 0603HAYEHUS

o= min/fO; B=fmax/Jo: Y= Smax/ Jmin s

C YYETOM, KOTOPbIX 3AMMLUEM BbIPAXEHMS AJisi KO3 PULUUEHTOB
nepepaun dasospawatenei ana rpaHMYHbBIX 3HA4YeHM pabo-
YUX 4ACTOT

H](fmin)zl/ 1+a® ’ H2(fmin):0l/\/1+a2;
Hy(fra) = V1487 5 Hafraa) =BA1+57 . (4)

3apaaMM JOMNOSNHUTENbHBIE YCOBUS
Hl(fmin):H2(fmax); (5)
H, (fmax) = HZ(fmin) .

B pesynbrare pewweHus AByx ypaBHEHMH 1 1+0? :B/1/1+B2

" 1/\/1+B2 :B/\/1+a2 nonyuMm ypasHeune B =1/0, onpe-
pensiowee 30BUCMMOCTb Mexay KoadduumeHtamm o U B

Mpu 30A40HHOM AMANA30HE M3MEHEHMS YACTOT BXOAHOIO CHr-
Hana Nj(f) MOKCMMANbHOE 3HAYEHWE YACTOTHl fia =7 fimin s

C YYEeTOM KOTOpPOro
Hy(fra) =7-0/y1+(y-0)? . (6)

Mopcraeue sHauenne H(f,;,) n3 (4) n HaltpeHHoe 3HaYe-

Hue H5(finax) 13 (6) B ypasHenue (5), Haltpem U3 ypasHeHuUs

11+a? =y-a/y1+(y-a)?

onTMMarnbHoe 3HavyeHue koapPpuumeHTa

topt = 1747

Mpyn M3MEHEHMM YOCTOTBI BXOJBHOTO CUMFHANA HA OAHY AeKamy
(y=10) onmmansHoe sHaueHUe KosddULMEHTa Upy=1/ J10~03 1€,
MPU 3TOM B =7 0o 3,16

Takum obpasom, npu onTMManbHOM Beibope KoadduumeH-
TOB 0. M [}, onpepensowmx pacrnonoxXeHne HUKHEN U BEpXHeH
4ACTOTbI BXOZHOIO CUrHANA OTHOCHUTENBHO YACTOTHI Cpe3aq, YAa-
€TCS YMEHbLUWUTb OTHOCMUTENBHOE M3MEHEeHWE KO3pPULMEHTOB
nepepaun ¢asospawartener Ha 10 gb, a, cnegoearensHo, K
OMMIIUTYAHBIX 3HAYEHWUM CUTHANOB HA Bbixogax dasoBpauiare-
nei npumepHo B 3 pasa. CTabunmaaums aMNAUTYAHBIX 3HAYe-
HUIA BbIXOAHBIX CUTHANOB OCYLLECTBASETCS C MOMOLUbIO ABYXKQ-
HanbHoro ctabunuaaropa amnantyapl [34-36].

Mpu noctynneumn Ha Bxop dasospawarenen (puc. 3)
rapMoHuyeckoro curiana Ny(f) = Ay sin(®f) ¢ amnauTygHbIM

3HauyeHMeM Aj M HyneBoW HA4anbHOM GA30M HA MX BbIXOHAX

nocrne OKOHYAHMA MepexogHOoro rnpouecca TakKxe YCTaHABJIU-
BAIOTCA rAPMOHUYECKUE konebaHus

M ()= AgH | (0)sin(wf + @) = A; sin(of + ;) ;
M, (1) = AgH » (0)sin(wf + @, ) = A, sin(of + @)
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TECHNOLOGIES
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Puc. 3. BpemeHHble guarpammsl

Komnaparopel dopmupytot u3 curHanoes M (1) m M, (1)
curHansl npsimoyronsHon dopmel Di(f) u D, (t). OpHosubpa-
Topbl, cpabateiBaiowMe No nepeaHeMy GpPOHTY MOCTyNAOWMX
HO MX BXOAbl MMMYNbCOB, GOPMUPYIOT y3kue umnynbscel 77 n Tj,

nocTynaiolme HA YNpAaBAsiolWwmMe BXoAbl YCTPOMCTB BbI6OPKM-
xpanenus YBX-1 u YBX-2.

Mockonbky Bpems NpUxXona ynpasasiOLMX UMMNYSIbCOB BCE-
rAA COBNAAAET C MAKCUMASbHBIMM (QMMAMTYAHBIMM) 3HAYEHMS -
MU curHanoB M (1) m M,(t), a BAUTENBHOCTM YNPABASIOLMX

MMMY/bCOB HOMHOIO MeHbLUE nepuoaa bopMupyembix koneba-
HWM, TO NOCTOSHHbIE Hanpskeuus £y u E, 6yayT npaktyecku

POBHbI AMMAMTYAHbIM 3Ha4YeHusM 4, U A, curHanos, To ectb
Ey=4 wn Ey,=4,. Takum obpasom, YBX eeinonHsioT posnb

MUKOBbIX AETEKTOPOB.
Ha sbixope penutenent -1 v [1-2 bopmupytotcs curians

M, (1) _ A [sin(x+@)]

Mockonbky dazosbiit casur mexay konebaumamm Ni(7)) u
N,(1)) pnsa noboro 3Ha4YeHUs 4acToTbl paseH 7/2, To, nono-
xue ¢ =0 (nepeHoc cuctemy koopauHaT u3s Toukn O B TOUKy

O,, KGKNOKA3aHO HA pMC. 3), MOXHO 3anMcaTh
Ni(t)= A" -sin(x); No(1)=A" -cos(x),

¥
rie A =1 — HOPMMPOBAHHOE 3HAYEHWE AMMIIUTYAbI BbIXOAHbBIX
koneb6aHui bopMMpoBaTens, PABHOE EAMHMLE.

MonyueHHble pe3ynbTaThbl

1. ®opmupoBaTenb KBOAPATYPHbIX CUIHANOB MOXET HAM-
TM NpUMeHeHWe B MHOroda3HbIX cucTeMax npeobpasosaresnb-
HOM TEXHMKM, B KBAAPATYPHbIX MOAYNSTOPAX-AEMOAYNATOPAX
CHCTEM CBSI3M, B YMHOXMTENSIX YacToTsl ¢ cuctemon PAIMY.

2. PesynbtaTtbl MOTEMATUYECKOrO MOAENMPOBAHMS B NPO-
rpamme PSIM-9 nonHocTbio noaTBEPAMAM NONyYEHHbIE pacyeT-
Hble COOTHOLLIEHMS.

3. PaspabotanHbiit popMuposaTens ctabunsHo pabota-
€T C BXOAHbIM FTAPMOHUYECKMM CUrHANOM, OMMIMTYAA M 4OCTOTA
KOTOPOrO MOFYT M3MEHSITbCS B LUMPOKMX AvanasoHax (6onee
ofHOM fekaapl).

4. DopmupoBaTenb MOXET ObiTb BbINOSHEH B MHTErPAsib-
HOM MAM rMBPUAHOM MCMOMHEHMM C MCMONb3OBAHMEM COBpE-
MEHHbIX OMEPALMOHHBIX YCUIIUTENEN M AENUTENEN, BbINONHEH-
HbIX HO 6a3e MPEeuM3UOHHBIX GHANIOTOBbIX MEPEMHOXMTENEH,
He TpebyIoLWMX HANUYMS NOACTPOEUHbIX 2NIEMEHTOB.

Jiuteparypa

1. Benopycos A.M., LLlageHkos tO.A. CospemeHHble MeToapl 06-
paboTku curHanoe B paguMonpuemHeix yctporcteax // CneumansHas
TexHuka. — 2011. — Ne5. — C.32-38.

2. Baeunos A.A., Conogosuukos A.M., LUnarinep B.B. Huskouac-
TOTHbIE M3MepUTenbHbIe reHepaTtopsl. — J1.: DHeproatomuspar, 1985.
- 104c.

3. Fony6 B.C. KeapgpaTypHble MOZynsTOpPbl M BEMOAYNSTOPLI B CUC-
TeMax paguocesasmn // Dnektpounka: Hayka, TexHonorus, Busnec. —
2003. — Ne3. - C.28-32.

4. fly6posun B.C. PopmuposaTtens KBapgpaTypHbix curHanoe //
FOxHO-cMBUPCKMIA HayuHbIH BeCTHUK. — Buick, 2012. — Boin. 2(2). -
C.35-38.

5. Oy6posun B.C., Hukynuu B.B. Ynpasnsembit popmuposatens
KBOAPATYPHbIX rapMoHMYeckux curHanos // Becthuk Mosomkckoro
rocyfapcTBeHHOro TexHonoruyeckoro yHusepcuteta. Cepus: Pagumo-
TEXHUYECKME M MHPOKOMMYHMKALMOHHBIE cucTembl. — Mowkap-Ona,
2013. = Ne1 (17). - C.5-11.

6. fly6poeun B.C., Hukynun B.B., Hukynuu A.B. BesbiepumonHas
cUCTeMa ynpaeneHus GopMUpPOBATENs KBAAPATYPHBIX FAPMOHUYECKMX
curHanos // MiaMepuTenbHas U BbIMMCIMTENbHAS TEXHMKA B TEXHONO-
rMyeckmx npoueccax = BumiposansHa Ta obuncnioBanbHa TexHIka B
TexHonoriyunx npoueccax = Measuring and Computing Devices in
Technological Processes. — XmenbHuukuid, 2013. — Ne2. — C.98-101.

7. ®eguyn A.A. PopMrpoBaHUe U NPUEM PABUOCHUIHANOB C MC-
NoNb30BAHMEM KBOAPATYPHBIX CXEM NPeobpa30BAHMS YACTOThI: QBTO-
ped. kaHg. TexH. Hayk. — Taraupor, 2010. - 16 c.

8. Mar. 103993 Poceuitckas DPepepaums, MNK” HO3 B 19/00.
YMHOXMTenb 4actotbl kBagpaTtypHbeix curHanos / [dy6posun B.C,,
3io3nH A.M.; saseutenb u narentoobnapgartens HHOY «Capanckuia
Hom Haykn n texunkn PCHUMOO». —201014148151/09; 3asen.
25.11.10; ony6n. 27.04.11, bron. Ne12. — 2 c.: 1 un.
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Abstract

Quadrature signal shaping units are widely used in electronics,
automation, electrical and radio systems, automated control systems,
power converter equipment, in the construction of functional and pre-
cision measuring generators. For this purpose, as a rule, a wide range
of frequencies of generated oscillations is required, high frequency
stability and amplitude of quadrature signals, constancy of the phase
shift between the output signals, the possibility of miniaturization, high
reliability, simple circuit design. For the construction of a multiphase
controlled oscillator various phase shifters are used carrying out the
phase shift of the signals at 90 (270) electrical degrees, and quadra-
ture signal shaping units further transforming into the system of multi-
phase harmonic oscillations, or all-pass (phase) filters of the first order
are applied. However, to ensure efficient operation of the generator
covering a wide range of frequencies quite sophisticated precision
instruments are needed — controlled phase shifters and converters
"frequency — voltage" or "period — voltage". The task is to construct a
fairly simple quadrature signal shaping unit operating in a wide fre-
quency range without using controlled phase shifters and converters
"frequency (period) — voltage" on the basis of commercially available
integrated circuits with low degree of integration with a minimal set of
components used. The block diagram of the quadrature harmonic
oscillations shaping unit has been designed. Stabilization of the output
parameter signals is performed by quick-access storage, and voltage
dividers. Design ratio allowing to calculate optimal values of dynam-
ic frequency range coefficients re obtained. An experiment on mathe-
matical model in the software package PSIM-9 is carried out. The
designed quadrature signal shaping unit may be used in multiphase
systems converter technology, quadrature modulators-demodulators
communication systems, PLL system frequency multipliers. The results
of mathematical modeling have fully proven the calculated ratio. The
designed shaping unit operates well with input harmonic signal, the
amplitude and frequency of which may vary over a wide range (more
than one decade). Shaping unit may be configured integrally or
hybrid type using modern operational amplifiers and dividers, pro-
duced on the basis of precision analogous multipliers that do not
require trimming elements.

Keywords: Shaping unit, block diagram, the transfer function,
frequency response, quadrature signals, phase filter
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YMNPOLWEHHAS MATEMATUYECKAS MOAEJIb
ABUTATENSG BHYTPEHHEIO CrOPAHMA

Mowucees A.A.,
K.T.H., 25 TocHUM xmummoTtonormm MO PO,
slow.coach@yandex.ru

KnioueBbie cnoea:
maremMaTtmnyeckas Moaesb,
3KCﬂepMMeHT, KGHH6POBO'4Hble
napaMeTpbl, ypasHeHne 6anaHca,
GCMHXPOHHCM MAaLlnHa.

AHHOTAUMA

aspaboTaHa ynpolieHHas Mare-

MaTMyeckas Mopenb ABMraTtens

BHYTPEHHEro CropaHus, npegHas-
HOYEHHAs A1 MOLENMPOBAHMS BAMSHMS
XUMMOTOMNOTUYECKMX U TpUBonoruyeckmx
$aKTOPOB HA AMHAMMKY ABMraTens M ero
kng. Mogenb 6asmpyetcs Ha cooTHoLwe-
HMM ana 6anAaHCa MOLLHOCTM ABUraTens M
€ro Harpysku, CO3A0BAEMOM ACMHXPOH-
HbIM FEHEPATOPOM, O TAK Xe 0bycnoeneH-
HOW TpeHueM B uunuHape. Ee ocoberHoc-
ThIO ABASETCS TO, YTO AJIN UMUTALMM OMHO-
MMKM BABSIEHMS B LUAMHAPE UCNONb3YeTcs
MHOMKATOPHAS BMArPAMMA ABMraTens, d
CMELLaHHOe TPEeHWe annpoKCMMUpYeTCs
sasucnmoctsio lepen — Lltpubeka. MMo-
cnepHee, B YOCTHOCTM, NO3BONSET OLLEHUTD
BAMSHWME M3HOCA M 3Arps3HEHUs napbl
MOPLUEHb — LUMAMHAP HA CMA3O04HYIO Cno-
cobHroctb 1 KM asurarens. O6biuHOM ue-
NbI0O MATEMATUYECKOrO MOAENUPOBAHMS
TEXHONIOTMYECKMX MPOLLECCOB SBMSETCS
NPOrHO3MPOBAHME NPOTEKAHUS STUX NPO-
LLeCCOB B PA3MMYHbIX YCIIOBMSX, B TOM YMC-
ne — He OXBATLIBAEMbIX HATYPHBIM 3KCre-
pnumentom. K nogo6Hoi mogenu obbiuHO
NPenbsBAsIOTCS ABA OCHOBHbIX Tpebosa-
HUS — YHMBEPCANBHOCTM U OAEKBATHOCTM.
YHMBEpPCANLHOCTE MO3BOASIET MCMOMb-
30BATb MOAENb M B LWIMPOKOM AMANA30HE
BHELUHMX YCIOBMMA, B TOM YMCIE — B COCTA-
Be mogenend 6Gonee BbLICOKOrO YPOBHSI.
ApekeaTHocTs obecneuneaetr  cooT-
BETCTBME MOAENM KOHKPETHBIM YCIOBMSM
npoBeAeHus dKCnepuMeHTd. YKasaHHble
TpeboBAHUS OMpPEemensioT TUMNMUYHYIO
cTpyKTYpYy Mogenu. B ocHosy nocnegHei
30KknapbLIBaeTcs B KA4YeCTBe Kapkaca
6a30Bas MOAENb, ONMCHIBAIOLLAS NPOLECC
B 06LwmMx yepTax. ABEKBATHOCTb NPU 3TOM
obecneynBaeTcs B XoAe NapaMeTpUsaLmm
MOAENM Mo pe3ynbTaTam CPABHEHMs C Ka-
NUBPOBOYHBIMM 3KCMEPUMEHTAMM. DTO

obycnaenmBaeT ocHoBHble TpeboBaHMs K
uHTepdency mogenu — Hapsigy co BXOAd-
MM, onpepensiowmmMK yCroBus nposege-
HUS YUCNIEHHOTO SKCMEPMMEHTd, OHdA
BKJTIOYOET NPEfBapMTENIbHO HACTPAMBAE-
Mble kannbposoyHblie napametpesl. [onHo-
TA M HENPOTUBOPEYMBOCTb CUCTEMBI STMX
napameTpoB onpepenser OfeKBATHOCTb
MoAenM M AMANa3oH ee NPUMEHEHMs.
Mpepnaraemas pabora nocesiweHa
CO3[OHMIO YNPOLUEHHONW MATEMATMHECKOM
Mogpenu pABuratens BHYTPEHHero cro-
PaHMs, NpeAHA3HAYEHHOM ANl MOAENMPO-
BAHMS BIIMSHMS XMMMOTOJIOTMYECKMX M
TPUBONOrMYECKUX NPOLECCOB HA AUHAMM-
Ky ABMraTesnsi, ero Kng v CMA304HYIO cro-
cobHocTb. Mogenb nossonsietr nposoanTh
YMCNEeHHble 3KCMEPUMEHTbI, BOCMPOMU3BO-
AslMe oTAesbHbIE 3TAMbI CTEHHZOBbIX UCbl-
Tavui. B nepcnektuBe, kak npegnonara-
€TCsl, 3TO NMO3BOJSIUT 3OMEHNTL NPOBEAEHUE
OfHOTMMHBIX HATYPHBIX 3KCMEPUMEHTOB
MX YMCNIEHHBIMM aHanoramu, 4to obecne-
YMT SKOHOMMIO BpeMeHM U cpencTs. B ka-
yecTBe KANMOPOBOYHBIX 3KCMEPUMEHTOB
NpU1 HACTPOMKe MOAENM NPEAIaraeTcs uc-
Monb30BATb CTEHAOBbIE MCMBLITAHMS HA YyC-
TaHoeke MM-1, npoeoanmbie B cooTeeTCT-
emm ¢ F[OCT 20303-74 [1]. Moatomy eup-
TYQnbHbIM [BUraTENlb B COCTOBE MOAENM
HArpy>eH Ha UMUTATOP ACUHXPOHHOM Ma-
WKMHbI, A NOTEPU HO TPEHWE B fABMUrarene
OMMCLIBAIOTCS B 3A0BMCMMOCTM OT M3HOCA
MOPLUHS M CTEMEHW €ro 3arps3HeHus B
pamkax mogenn lepen — LLtpubeka [8].
St dakTopbl BAUSAIOT HO KO3IPDULMEHT
TPEHMs Napbl NOPLUEHb — LMAMHAP, A TAK
e Ha BeSIMYMHY 3a30pa MeXAy MOpLUHEM
M CTEHKOW LUMNMHAPA M, CNEefoBATENbHO,
HQ BEJIMYMHY CMELLAHHOrO TpeHus. B gane-
HeWLEeM Mbl NpeHeBpexem BIAMSHUEM M3-
HOCa M 3arpsA3HeHMus Ha KodbPpUUMeHT
TPEHMs, OrPAHMYMBLUMCD MCCIIEAOBAHUEM
MX BIIMSHUS HO BENIMYMHY 3030pa, NPpeano-
naras ee U3SMEHeHWe PABHOMEPHbIM.
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BasoBoe ypaBHeHue mopgenu. Mogens 6asupyetcs Ha
COOTHOWEHMM 6aNaHCa MOLLHOCTM M HArpY3KM [BUraTens,
HOrPY>XXEHHOTO HO CCMHXPOHHYIO MOLWMHY B FEHEPATOPHOM
pexume. Mo aHanormu c [2] ypaeHeHue BanaHca umeeT Bua;

Jdo’
———=pFor-p,For-N, (1)

2 dt
rae J — MOMEHT MHepuMM KpWBOWMNQ, Kr*M’; ® — TeKkywas
uMKnM4eckas yacrota, pag/c; p — aaenexue B umnuugpe, Ma;
p, — Hanpsxenue Tpenus, [a; r — paguyc kpueowwmna, M;
F —ceuenme umnuuapa, M; N, — MOLHOCTb BHeLUHeM Harpy3ku, Br.
Mepeeit unen B (1) npeacraBnser MowHoOCTb ABuraTens, a
BTOPOM M TPETHI — MOLLHOCTb CMA TPEHMS U HArPY3Ky COOTBET-
cteeHHo. Harpyska peuratens MMMTUpyeTcs AMHOMMYECKMM
TOPMO30M HO 6a3e ACMHXPOHHOM MawMHLL. B asuratensHom
peXume 3Ta MALWMHA BLICTYNAET B POAM CTAPTEPd, A XAPAK-
TepHOe [J19 Hee CBOMCTBO camoperynupoeaHus [3] noseonser
MCMOMb30BATb €€ TAaK e Ans CTabunnsaumm 4yactotel 060poTOB.
B cootsetcteuM ¢ [4] TArOBLIM MOMEHT MALWMHLI OnpeaenseTcs

®2

c,
COOTHOLLEHMEM Mz‘T(wO—a)), roe ®, — HOMMHQMbHAS

UMKIMYeCcKas 4actota 060pOTOB ABuraTens, Kotopas cYyMTaeTcsa
CMHXpOHHOﬁ, C, — 3JIeKTpOMeXaHMn4eckas NoCToaHHAs MALUUHBI,
® — MArHUTHBIM NOTOK B MawunHe, R - conpoTueneHune obmoT-
KM. Tarosas MOLWWHOCTb npu 3TOM cocTasnsaer

2
c,®

N,=——aw,(®-®,). B cutyaumm, koraa Tekywas uacrora

npesbilLlAeT HOMUHAJIbHYIO, MALWUMHA NepexoauT B reHepartop-
HbIA PeXWM M BbICTYNAET B Ka4ecTBe AMHAMHUYECKOro Topmo3q,
HArpy>XarwLwero asuraTtens. TOpMOBHOﬁ MOMEHT B 3TOM Ciy4yae

2
c®d
coctaenser M =———(w—®,), Q MOWHOCT HArpy3KM
2
c,®
N, :Ta)(a)—a)o). Bo Bcem ananasoHe 060poToB COOTHO-

wenue (1) npuobperaer Bua:

J do® c,®’
———=pFor-p,For——
2 dt

Hopmupys ero Ha HoMuHanbHOe 3Ha4YeHue MowHoctM N,

nonyyaem:

(- ,)max(o,, ®)

2

dl &
Jo, \@) _pFro, o Pifro, o
2N, di N, @ N, o (2)
RO @
-0 — 1 |max|1,—|.
RN, \ o, ,
Jog
Beoas 7T = — XAPOKTepHOE BpeMms pPasroMa,
2N,
N, c,®w;}
Po = — XQPAKTEPUCTUHECKOE AABNEHME U 71, = ——— - —
Fro, RN,

HOPMMPOBAHHYIO HOMMHAJLHYIO HArpy3Kky, npeobpasyem (2)
K BUAY:

T%=ZT\/L_I—ﬂ'ﬁ_\/;—I’ZO(J;—l)max(l,\/;) (3)

5

w .
roe u =| — | — HOPMMPOBAHHBIM KBAZPAT YACTOTI;
o
_p .

T =-— — HOPMMPOBAHHOE [ABJIEHWE B UMIMHAPE;

Py

_ Py
7T, =—=— — HOPMMPOBAHHOE HANPSXXEHNE TPEHUS.

0

Peanuzauus ynpouweHHow mopgenu. Ob6was cxema
Mopenu npueegaeHa Ha puc. 1. Mo cywecrsy, aTo cxema peanu-
3auMM pelueHns ypasHeHus (3) ¢ BO3MOXHOCTbIO BAPbUPOBA-
HMUSI MOLLHOCTM ABMraTtens U CMHXPOHHOM uyactotbl. OcHoOBHOM
0COBEHHOCTbIO MOAENM SBASIETCS TO, YTO AN OMMCAHMS AWHA-
MMKM OOBNEHUS B LMIMHAPE UCMONb3YETCS MHAMKATOPHAS AMa-
rpamma gsuratens [5]. MocnepHss npepcrasnser cobon 3aeu-
CMMOCTb JOBJIEHMs B [iBUraTene OT CMeLLeHMs MOPLUHS HA pas-
NIMYHBIX TAKTAX ABMUraTens. DTMM TAKTAM COOTBETCTBYIOT pa3-
NMYHBIE OMANA3OHBI YA NOBOPOTA KPMBOLWIMAA (KONEHYATOro
BANA), KOTOPBLIA SABNSETCA [OMOMHWUTENbHBIM BXOAOM MHAMKA-
TOpHOM puarpammel. B mopenu wHaMkaTopHas auvarpamma
peanusoBaHA B BMAE NIMHEMHbIX MHTEPMONATOPOB ACBIEHWS B
30BMCUMOCTM OT MONIOXEHMS MOPLUHS, COOTBETCTBYIOWMX PA3-
NIMYHBIM TOKTAM ABMFATENs M BbIBMPAEMBIX MO BENIMYMHE Yrna
nosopota kpueowwuna. Kak npasuno, uHamMkatopHas pua-
rPAMMO COOTBETCTBYET HOMMHOSIBHOM MOLUHOCTM ABUrdTens.
Ins yyeTa BO3MOXHOM HEHOMMHANILHOCTU MCMOMb3YETCs pery-
NUPYEMBIM MYNbTURNMKATMBHBIM BOKTOP g, MMEIOWMM CMbICH
CTENeHM OTKPLITUS BUPTYQNbHOTO BPOCCEns NOAAYM.

BxopgHble napameTpbl MHAUKATOPHOM AUArPAMMBI — CMeLLe-
HME MOPLLUHS X U Yrosl MOBOPOTA KPUBOLLMMA ( — hOPMHUPYIOTCS
B KMHEMATMYECKOW MOAENMU KPUBOLUMMHO — LUATYHHOrO MeXxd-
HM3Ma. DTa mogens npeobpasyeT LUMKIMYecKyto yactoty o=27f
B KUHEMATUYECKME NMAPAMETPBI, K YUCITY KOTOPbIX MOMUMO CMe-
LeHMs MOPLUHS M YINa MOBOPOTA KPMBOLUMMA OTHOCSTCS CKO-
pOCTb MOPLUHS V, YCKOPEHUE A M Yros MOBOPOTA WATYHA f3,
MCMONb3yeMbIX B ACNbHEMWEM Afs pacyeTd TpeHus. Yron
NOBOPOTA WATYHA HOPMMUPYETCS HO BbIXOAE MHTErPATOPA LK~
NIMYECKOM YACTOTHI M NPUBOAMTCS B MpPEeAessl nepuMoaa nyTem
BbIYMCNIEHMUS OCTATKA OT [ENEHUs MHTErPAna HA BESIMYMHY ne-
pvopa. [ns pacyeta nNpouMx KMHEMATMHYECKMX MAPAMETPOB
MCNONb3YIOTC COOTHOLLEHMS, NpUBEAEHHbIE B [5]:

x=r[(l-cos¢g)+ %(1 —cos2¢)]
v=ro(sing + %sin 2¢)

a=ro’(cosg+ %cos 2¢)

S = arcsin(A sin ¢)
p
rae A =—=~0,25 — oTHOWeHME ANUHbI KPUBOLIMNA I K AJIUHE

/

waryHa [.
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X
KHHEMaTHKa " > UHAUKATOpHAS
KIIIM N JuarpaMmma
o=2nf ) \ fo‘/;
a—> S=S(v)
S A
— koo punmrent R MOJIEID Tir
TpeHusl TpeHuUs
Ho —» T
p J—
u
N
start _S active l g
UMUTATOP
stop more_P noJlauu
less P
ny n
> HMHTATOP L,
HHAMUYECKOTO
more_f0 o &
TOpPMO3a —» fo
less fO ——

]: (Var =1)maxq, )

Puc. 1. O6was cxema mogenm

OTHOCUTECJIBHOC J1aBJICHUC OTHOCHUTECJIIBHOC JaBJICHUC
B HUJIUHIPE Ha CTCHKY HUWJIUHApA

cuiia
UHEpLUU

+ + |e— a

Fr— u
= T — S KpHBa.
vV R R nBast

v 1 X LT | Tepcu - LlITpubeka

ZO : |

- X
N, "
t F T
k i qHCII0 KO3 PUIIEHT
\ Sommepdenbaa CYXOro TpeHUs

a0COJIIOTHOE JIaBJICHUE
Ha CTEHKY LIMJIMHJpA

Puc. 2. Mopaenb cMellaHHOro Tpexus
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YNOMMHABLUMICS BbiLLE MYJIBTUMAMKATMBHBIM $AKTOP, Y4M-
THIBAIOLMI HEHOMMHASIBHOCTb MOLLHOCTH, POPMMUPYETCS MMM-
Tatopom nopayn. OcHoeor nocnegHero sensietcs PID peryns-
TOP MOLLHOCTH, PEANM3OBAHHBIN MO CXeMe, NpuBeaeHHOM B [6].
BeixogHoM ¢pakTop g aBTOMATMYECKM BAPbUPYETCS B AMANA30-
He [0,1]. Heesska no mowHoct N paccuntbiBaeTcs oTHOCU-
tensHo yctaskn N, ¢popmupyemoi sagatumkom [7] ¢ nomo-
wpto GUHApHBIX KomaHg more_P, less_P.

Harpyska peuratens ¢popMmmMpyeTcs MMUTATOPOM AMHOMM-
4eCKOro TOPMO3d, OCHOBOM KOTOPOIO SBASETCS PErynsTop CHH-
XpOHHOM uvactoTbl f,. HopmupoBaHHbIA BbiXxOp perynstopa
npeacraenseT coboi HOPMMPOBAHHYIO Harpy3sky n,. [pu 3Tom
B COOTBETCTBMM C (3) TekyLias HOPMMPOBAHHAS HAFPY3KA CBsi-

3QHA C HOMMHAJILHOM COOTHOLLIEHUEM 1, = N, max(l,\/;)(\/;—l).

Ins BapMauMm CMHXPOHHOM YACTOTbI MMMTATOP BKIOYAET
3a[aTYMK TOro Xe TMNa, YTo B MHUTaTope nogayn. C noMolubio
6uHapHbix komaHp more_f,, less_ f, ocywecrensercs nepena-
CTPOMKA CMHXPOHHOM 4YACTOTHI B 30AC0HHOM gvana3soHe. Mmu-
TATOPbI MOAAYM U AMHAMMYECKOTO TOPMO3A OKTUBUPYIOTCS MPU
nycke geurartens npusHakom active. OH dopMUpyeTcs HO Bb-
XOpe TpUrrepa € NPUOPUTETOM Mo cOPOCYy NpM NOAaYe KOMAH-
pbl start. C6poc NpU3HAKA M 3KCTPEHHBIM OCTAHOB ABMraTENs
OCYLLECTBAISIETCS N0 KOMAHAE OCTAHOBA stop.

HopMHpoBAHHAS MOLWHOCTL MOTEPb OMpeAenseTcs HOPMM-
POBAHHBIM MOMEHTOM TpeHus T;. OH dbopmupyeTcs B Moaenm
TpeHus, 6onee nogpobHo onucaHHOM Huxe. Bxopamu 3tom
MOAENU SBASIIOTCA YCKOPEHWE MOPLUHS d, Yron NoBOpoTA WaTy-
Ha [ U ko3 puumeHT TpeHms |l CKOPOCTb NOPLUHS V BXOAUT B
Mopenb onocpefoBaHo yepes uucna 3ommepdenbaa S, koTo-
poe sBAsSieTCS BXOAHbLIM MpU pacyeTe Ko3DPULMEHTA TPEHMs
Hapsay ¢ koadduumeHToM cyxoro TpeHus . CoBmecTHO ¢ Ha-
rpy3KoM, CO3AABAEMON AMHOMMYECKMM TOPMO3OM, NOTEPMU HA
TpeHue 0bpasyIoT CyMMApPHYIO HArPY 3Ky ABMrATENS.

B cooteetcteum ¢ (3) HeBanaHc MOLWHOCTM M CyMMAPHOM Ha-
rPY3KM MHTErPUPYETCS B MHTErPATOPE C MOCTOSIHHOM BpeMeHu T,
dbopMHpys Ha BbIXOAE€ HOPMMPOBAHHBIM KBOZPAT 4ACTOTHI U.
MocnepHui, B cBOlO Ouepeab, NpeobpasyeTcs B TEKYLLYIO NU-

HelHylo yactoty f Zf()\/;ld TEKYLLYIO UMKIMYECKYIO YACTOTY
o =2rf, nopasaemMyio HA BXOA KMHEMATUYECKOW Mopenu
KPMBOLUMMHO-LIATYHHOrO MEXAHM3MA. MexaHnuyeckuit kng asu-
ratens B paMKax NPeAnoXeHHOro NoAxoAd onpepensercs co-
Nom _ _ 7

N g;z'\/; )

MopenupoBaHue TpeHus. Pacuet TpeHus ocylecTsns-
€TCS C MCMOJIb30BAHMEM AOMOJSIHUTENbHBIX BbIXOJOB KMHEMATH-
YeCKOW MOAENN — CKOPOCTU M YCKOPEHMS MOPLUHS, a TAKXe yr-
na nosoporta waryHa. B cootsetcteumn ¢ [5] Benmumna Hanps-
XEHUS TPEHWS COCTABASIET:

OTHOLWWEHHNEM ¢e =

rae N, =(pF +ma)tgf — cMna pABREHMs MOPLUHS HA CTEHKY

UMNUHAPQ; | — KO3 PULMEHT TPEHUS; 1| — OAMHAMMYECKAS BSA3-
KOCTb CMA3KM; M — NPUBEAEHHAS MOCCA MOPLUHS.

Beoas HOpMMpPOBAHHOE HAMPSXXEHWE TPEHUs, HAXOAUM Ans
HOPMMPOBAHHOIO MOMEHTQ:

Py ma
Tp=——=|7+

Py Py
O6was cxeMa pacyeTa HOPMUPOBAHHOTO MOMEHTA TPEHMS
npueeaeHa Ha puc. 2. [ins pacyeta ko3¢pPUUUEHTA CMELLAHHO-
ro TPEHMs MPU HANMYUM CMA3KM UCTOSIb3YETCS €r0 30BUCUMOCTD
ot umcna 3ommepdensaa — kpueas lepeu-LUtpubeka [8], npu-
BegeHHas Ha puc. 3. Yucno 3ommepdensaa paccuutbiBaeTcs

F nv
M3 COOTHOLWEHUS S = — , TAe Z, — BEJIMYMHA 3a30Ppa MeXay

2y

Higp .

n
NOPLIHEM M CTEHKOM LMAMHAPA. DTy BENUUMHY Mpeanaraercs
BBECTU B BUAE z, = ——, rae k B panbHeilueM paccmatpuBaert-

€Sl KOK HAOCTPOEYHbIM MAPAMETP MOAENM.

0,251
k03 Ppuument
TPeHUst

rpaHu4Hoe
Tpenue

BSI3KO0€
TpeHue

0,20
0,15+

0,10+

3arpsi3HeHHe

0,05~ (Sms fm) P

YHCI0

0,00-, . , , | 3ommepdennaa
0,00 0,01 0,02 0,03 0,04 0,05

Puc. 3. Kpueas lepcu-LUtpubeka

OcraHoBKMCs Ha annpokcumaumu 3asucumoctn W(S). Yuu-
TbIBASI, YTO HYJIEBOMY 3HA4YeHMIO uucna 3ommepdenbaa coot-
BeTcTBYeT KO3 PULMEHT CyXOro TpeHusa Ly, a npu S > o umeer
mecto acmntotuka lMetposa L—>S, cooTBeTCTBYIOWAS BA3KOMY
TPEHMIO, BOCMOb3yEMCS AnMPOKCMMALIMEN BUAQ:

1=t +bS)e™ +8 (4)

Mpu manbix S ee popma cooTseTcTBYET hOPME CKOPOCTHOM
3ABUCMMOCTH Ans Ko3ddHUMEHTA rpaHnyHoro Tpenus [9], uto
NOATBEPXACET LenecoobpasHocTs ee Ucrnonb3osBaHus. Mapa-
MeTpbl annpoKCMMALMK onpeaenstoTcs koopanHatamm (S , 1)
MMHMMYMQ KPUBOM, YAOBMETBOPSIOWMMKM ycnosuio S > 1 . U3
(4) Haxopaum ans 3TMX KOOpAMHAT:

,u(Sm ) = (,uo +bS, )exp(—cSm )+S, = u,
H1'(S,)=bexp(-cS,)—c(u, +bS,)exp(—cS,)+1=0
unu
c(u, =S, )=1+bexp(-cS,)

5
(IUO + bSm )exp(—cSm ) + Sm = lum ( )

Paspewas (5) otHocuTensHO b, nonyyaem:

c (/Um - Sm ) Sm = /‘lm - /u() exp (_CSm )
b = |:C(/um - Sm ) - 1:| eXp (CSm )

B npeanonoxenuu ¢S, >>1 npubamxeHHo Haxoamm un3 (6)

(6)

napamMeTpbl annpoKCUMauum
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/le
C =
Sm (:um_Sm)
bz(/um_Sm)eXp /’lm
Sm (lum_Sm)

Annpokeumauus (6) 6bina Mcnonb3oBAHA AN MOJENUPOBA-
HUS BIMSHUS TPEeHMs B Mogenu aeuratens. B kauectse koadpdu-
LMEHTA CyXoro TpeHus 6bino BeibpaHo 3Hauvewue 1, = 0,18
(TpeHre nMonMpPoOBAHHOM CTANAM O MONMPOBAHHYIO CTANb), O B
KAQYECTBE BENMYMHBI OMHAMMYECKOW BSA3KOCTM — 3HAYEHWE
n = 0,005 Mac, cootBeTCTBYIOWEE BA3KOCTM XMOKOM CMECH
Taxenbix yrnesogopoaoe npu 100°C [10]. MUHMManbHBIN KO-
3¢ duLpeHT TpeHms | Gbin BeibpaH pashbim 0,03, a Touka mMu-
HumyMa Ha 15% Huxe. HavanbHas BennumHa 3asopa mexay
NOPLIHEM M CTEHKOM LMAMHAPA BbIBMPANACh C MOMOLULIO HA-
CTpOeyYHOro napameTpa k myTeM MCXoAHOM NOATOHKM NOJ MAK-
CUMAsbHBIA KN,

MopenupoeaHue nsHoca u 3arpssHeHud. Brnusnue
M3HOCA M 3Arps3HEHMs B KOKOM - TO CMbICIE MPOTUBOMONOXHO.
Mpu 3arpasHeHnM 10OKM NOPLLHS BENMYMHA 3A30PA CHUXAETCS
M BO3PACTAET BA3KOCTHOE TPEHME, MPUBOASA K CHUXKEHMIO KN, U
cMa304HOM cnocobHocTU. Molowue ceoicTea (Kak M npegsa-
puTenbHas npupaboTka napsl NOpLEHs — UMAMHAP) obecneyn-
BAIOT YBENIMYEHME 3A30PA M ero NPpUBAMXKEHUE K ONTUMANBLHOM
BENIMYMHE C COOTBETCTBYIOLUMM BO3PACTAHWUEM KN,

M3Hoc napsl nopweHs — LMAMHAP TAK X€ NPUBOAMT K YBe-
NIMYEHMIO 3a30pQ, HO B CUTYAUMM ONTUMANBHOCTU MOCTEZHErO.
Kak cnepcteme, Tak xe napaioT cMA304Has cnocobHOCTb U Kng
30 cYeT BO3PACTAHMS FPAHWYHOrO TpeHuus. Mopenuposanue
usHoca 6asmMpyeTca HaO PACCMOTPEHMM paBOTbl CUN TPEHUS HAA

8eOPMMPOBAHHBIM  MATEPUANIOM TPYLLENCS MOBEPXHOCTM.
B cooteercteum c [11] ata pabota cocraesnser:
a=o v =N g 7)
D
UN
roe o, =—— — HanpsxkeHue TpeHus; V =Sh, — obbem
[}

AedopmupoBaHHoro matepuana; S, — ¢pakTuyeckas nnowane

KoHTakTa; h, — ry6uHa aedopmaumm (Tekymii MsHoc).
Haxopanm us (7) ans mowHocTH TpeHus:
dA S dh
Pp=—t=—Nu—r (8)
TTd s, e
M, paspewas (8) oTHOCWUTENbHO NMHEMHOM CKOPOCTM M3HOCA
dh

dr
dh P S S
v S Pe [ Po (9)
dt  Nu S S
P/
roe v ZN—' — CKOPOCTb CKOJIbXX€HUS, NPUPABHUBAEMAS KUHE-
U

. S
MATU4EeCKOM CKOPOCTH NMOPLLUHSA ?q) — OTHOCHTEJIbHASA naouwiagb

KOHTAKTA.

[nsa oueHKM OTHOCHUTENIbHOM MOLWAAN KOHTAKTA MCMOJb3Yy-

N 1- 47
eM dyHkumio 6HespasmepHoro napametpa d =— ,

RL E
ucnonsdyemoro B dopmyne lepua ana uunmugpa [11]. 3gecsb
N — HopmanbHas Harpyska HA cTeHKy uMnmMHapa, R, L — paauyc

M panmHa nopuwHs, E, i — Moaynb ynpyroctm u koagpuumeHT

.S
Myaccona. MpuMem 3Ty dyHKUMIO CTENEHHOM: ?‘D =d“, rpe o
— HacTpoeuHbii napamertp. Moacrasnss ee B (9), nonyuaem gns
JIMHEMHOM CKOPOCTU U3HOCA:
dh

wo_ vda
dt

a AJ19 MOCCOBOM:

dm =27RLpvd"’
dt

roe p — MAOTHOCTb TPYLLErocs MATepuana, B AGHHOM criyvade
cranu.

MpupaBHUBAS MACCOBYIO CKOPOCTb M3HOCA €€ 3HAYEHMIO NO
pe3ynbTaTtam KanuMbpoBOYHOro 3KCMEPUMEHTA, HAXOAWUM COOT-
HOLLEHME AJ1 HOCTPOEYHOrO NAPAMETPA:

% =27RLpvd"

rae M — unTerpanbHbiit M3Hoc; T — AnuTensHOCTL KANUB6pPOBOY-
Horo akcnepumenTa (96 yacos B cootsetctum ¢ [1]).

Mpouecc 3arpasHeHus ByaeM MHTEPNPETMPOBATH KAK QA-
copbuMio 3arpsA3HAIOWEro Marepyana Ha lobke nopwHs. Ons
MOAENMPOBAHMS 3TOrO NPOLLECCA BOCMOJNb3YEMCS YPABHEHUEM
apcopbumonHoro 6anawca [12]:

dar

—=K (1-0)-K,0

dt u( ) d (]0)
I' = ph,0

rae K, K, — maccoBbie ckopoct1 apcopbumn u pecopbumm;

p — NNOTHOCTB 3arps3HsioWwero matepuana; h, — MakcMmansHas

TONWMHA 3arpsa3HeHus; O — pons 3arps3HEHHOM NOBEPXHOCTH.
Beops cpepniolo TonwmHy sarpssHenns f, = h,0, npeob-

pasyem (10) k Buay:

dh, K K
—L=—(h—h,)-—Lh, (11)
dr ph, Phy
M
h K
T—Lih =——a p
d " K,+K,
7= Phy
Ka + Kd
Mbl BUOAMM, YTO pABHOBECHAA A0ns 3Grpﬂ3HeHHOﬁ noeepx-
K
HocTu cocraensier § =——— . OTciopa nonyvaem ans cpea-
" K,+K,

Hel TONWMHbI 3arpa3Henns /i, = h,0 , rae cornacko [1] 6, co-

OTBETCTBYET CYMMAPHOM AOJNie 3Arps3HEHHOM MOBEPXHOCTH,
NONYYEHHOM MO PE3yNbTATAM KANMBPOBOYHOrO 3KCMEPUMEHTA,
a MAKCMMAnbHas TOMWMHA 3arps3HeHus h, cooTseTtcTByeT Be-
NUYMHE UCXOAHOTO 3a30pa.
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Mpeanonoxmm, 4To HaYANBLHAS BEAMYMHA 3a30pa BLIGPAHA
TAK, YTO OHO COOTBETCTBYET MUHUMYMY KO3 PULMEHTA TPEHMS
Ha kpueor lepcu-LUtpubexa. MNpu Hanuumm usHoca sasop yee-
NUYMBAETCS HA BENMYMHY JIMHEMHOrO M3HOCA, A 3arpsisHeHWe
NPUBOAWUT K €ro CHUXEHWIO HA BENMYMHY CPeAHEeM TOMLWMHbI
3arpssHeHuns. Yucno 3ommepdensaa npu atom npuobperaer
BUA:

F nv

= (12)
N, z,+h, —hp

Takum 06pa3om, yBenuueHue 3030pa 3d CHET U3HOCA Npwu-
BOAMT K CHMXEHMIO yncna 3ommepdenbaa M yBENUUYEHMIO KO-
3¢pdUUMEHTA TPEHMS MPU CMELEHUU NO BETBU FPCAHUYHOrO
TpeHus. B ceolo ouepepp 3arpsisHeHME YBENMUMBAET YMUCNO
3ommepdenbpa U Ko3hPUUMEHT TPEHMSI MPU CMELLEHMM MO
BeTBM BA3BKOCTHOro tpenus. Ob6a acddekta npmMeoaaT K CHu-
XEHMIO CMO304HOM CMOCOBHOCTU M COOTBETCTBYIOLLEMY CHUXE-
HUIO KNp, ABUFATENS OTHOCUTENBHO MAKCMMOSTBHOTO 3HAYEHMS.

DopMUPOBAHME CTATUUECKUX XAPAKTEPUCTUK. B co-
oteeTcTBMM ¢ [13] OCHOBHBIMM CTATUYECKMMM XAPAKTEPUCTHKA-
MM OBUraTens sBASIOTCS CKOPOCTHbIE M Harpy3ouHbie. [epebie
npeacTaenaioT coboi 3aBUCMMOCTM OT YACTOTbI ABMrATENs Ta-
KMX NAPAMETPOB KOK MOLHOCTb, MOMEHT, MHTerpanbHbii G u
ynenbHbll g, pacxoppl Tonnmea. Bropeie — saBucMMocTH oT Ha-
rpysku paspexeHus B uunuHgpe AP, a Takxe MHTErpanbHOro m
yaensHoro pacxopos. B pamkax npepnoxeHHoM auHamuue-
CKOM MOBENIM CKOPOCTHbIE M HArpy3O4HbIE XAPAKTEPUCTMKM
CTPOSATCS KAK MOPAMETPUYECKME KPMBBIE HA YYOACTKAX MOHO-
TOHHOCTM OPryMEHTOB - YaCTOTbl M HArpy3ku. [1pu 3Tom no ocsm
abcumcc M OpAMHAT OTKNAALIBAIOTCS OTHOCHTESNbHBIE 3HAYEHMS
GPryMEHTOB M PYHKUMM, BLIPAXEHHBIE B MPOLEHTAX OT HOMM-
HOMbHBIX 3HOYEHUH.

B stMx ycnoeusx npegnaraertcs cnepylowas npouegypa
POPMMPOBAHMS CTATUYECKMX XaApakTepucTMK. B xope passo-
POTA U HAFPYXEHUS BUMPTYASNbHOTO ABUraTens GpopMMpyIoTCs
HOMMHQSbHBIE 3HOYEHWMS MOLLHOCTM, YACTOTbl, MOMEHTA, pas-
PEXEeHMs,, MHTErPANBHOIO M YAENbHOro pacxopoe Tornuea. Mo-
Crie 3aBEPLUEHMS| HArPYXEHUs MOLLHOCTb MOHOTOHHO CHUXAET-
€Sl C UCNONb3OBAHUEM COOTBETCTBYIOLLEro 3agatymka. Ha yua-
CTKE CHMXEHUSI POPMMUPYIOTCS BPEMEHHbBIE 30BMCUMOCTH OTHO-
CUTENbHBIX MOLLHOCTM, PA3PEXEHMS, MHTETPANBHOrO M YAEsnb-
Horo pacxopoB. MHTepnpeTupys MX KAk NapameTpuyeckue
30[0HUS APryMEHTA U PpYHKLMM, CTPOSTCS HArpy304HbIE XAPAK-
TEPUCTMKU. AHONIOTUYHO CTPOATCS CKOPOCTHbIE XAPOKTEPMUCTH-
KM NP1 MOHOTOHHOM CHUXEHMM YOCTOTbI ABUrATENS.

OrHoCUTENbHbIE 3HAYEHMS| NAPAMETPOB, UCMOJb3yEMbIE NPK
NOCTPOEHMUM CTATUYECKMX XAPAKTEPUCTMK, DOPMUPYIOTCS He-
NOCPEeACTBEHHO B PAMKAX NOCTPOEHHOM Mogenu. McknioueHune
COCTOBASIOT yAenbHbIA PACXOA g M pa3peXeHWe B LMnMHApe
AP. YpenbHbi pacxop npeactasnseT cobou OTHOLEHMe TeKy-
wero uMHTerpansHoro pacxoga G, paccuuTteiBaemoro no crene-
HMU OTKPbLITUS BUPTYQNbHOFO APOCCENS M BLIPAXEHHOrO B NpO-
LLeHTax, K OTHOoCcUTENbHOM MowHocTH n. [ns dopmuposanmns AP
ucnonb3syetcs cnegyiowmi npmem. Mo oTHocuTenbHoMy 3Haue-
HUIO OTHOCUTENBHOTO AABEHMS B LUAMHAPE, POPMUPYEMOMY B
MOJENH, BbIYUCASETC CKOMb3SALWMMA MUHUMYM, KOTOPbIM MHTEpP-

npeTMpyeTcs KaK AABAEHWE HA TOKTE BCACHIBAHMS. YcpepaHeH-

HO€ 3HAYEHME 3TOM BESIMYMHBI BbIYMTAETCA U3 OTHOCUTENIBHOrO
5

atmocéepHoro gasneHus — . Pesynbtar sbipaxaeTcs B npo-
Py

LLEeHTAX M POCCMATPMBOETCS KOK OTHOCMUTESIbHOE [aBNEHME
pa3pexXeHus, KOTOPOe M MUCMOJNb3YETCs ANl MOCTPOEHUSI COOT-
BETCTBYIOLLEM HArPY304HOM XAPAKTEPUCTUKM.

KauecrBeHHOe TecTupoBaHue mopenu. Mopens 6bina
peanusoeaHa B rpaduyeckon cpepe LabView ¢ napamerpamy,
BbiOpaHHbIMK B cooTeeTctBuM ¢ [1]. KavectseHHoe TecTpoBa-
HUE MOAENM NPoBOAUNOCL B GOPME YMCNEHHBIX SKCMEPUMEH-
TOB, BKNIOYQAS:

®  MMWUTALMIO MYCKA M PA3rOHA ABUrATENS;

®  WMWUTALMIO CTYNMEHYATOrO U3MEHEHMSI MOLLHOCTH;

®  WMWUTOLMIO OCTOHOBA ABWrATENs AMHAMMHYECKMM TOp-
MO30M;

®  MMWUTALMIO SKCTPEHHOrO OCTAHOBA ABUIATENSI.

McxonHbBIM COCTOSIHUEM ABUIOTENS CYMTANOCH 3ATOPMOXEH-
Hoe ¢ HyneBoW Harpy3kol. CUHXPOHHAs YaCTOTa MO ymon4a-
Huio cooTteetcteoBana 25 ry (1500 06/mun). 3anyck peuraTe-
Nsi OCYLLECTBAANCSA KOMOHAOM start, a pa3BoOpPOT — ACMHXPOHHOM
MALUMHOM B ABUraTenbHOM pexmme. JMHamuka nycka U paseo-
poTa oTpaxeHa Ha puc. 4. [IBUraTensHOMY pexuMmy MALUMHbI
COOTBETCTBYET OTpMUATenbHAs Harpy3ska. Ha stane paseopota
OHO MMEET MMMYNbCHbIM XAPAKTEP, A MOCAe €ro 3aBepLUEHMS
cTabunuanpyercs, KOMNEHCUPYs TPEHWE B ABMraTene npu Hy-
neeBon MowHocTU. YacroTa geuratens npu 3ToOM yCTAHABIMBA-
€TC HA NOJCMHXPOHHOM YPOBHE.

Puc. 4. Myck u passoport geurarens
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M3MeHeHHe MOLIHOCTM ABMraTens OCYyLECTBASETCs Mo Ko- 40,0-
Mangam more_P, less_P, cooTBeTcTByowmMM yBenuueHuio M 35,0~
yMeHbLUeHMIo nopaym Tonnmea. Harpyskoi gsurarens npu astom 30,0-
SIBASIETCS QACMHXPOHHAS MALMHA B FEHEPATOPHOM pPEXMME. %0
[MostoMy uyacTtoTta gguratens npu yBenMYEHMM MOLLHOCTM TAK 20,0-
Xe yBenuumeaetcs, obecneunsas poct Harpysku. [pu cHuxe- 15,0-
HUM MOLLHOCTU MMEET MEeCTO MPOTUBOMONOXHbIM 3ddekT. Pas- 10,0-
HMLLA MEXAY MOLLHOCTbIO M HArpy3KoM obycnoBneHa BAMSHUEM co-
TPEHMs, PACTYLEero ¢ MOBbILUIEHMEM YACTOTH M yBbiBaOLWEro ¢ ool
e T L Ny T T T T T T TN T T ATy
noHuxeHnem. JMHaMuka aeuratens npy U3MEeHEHUU MOLLHOCTH 0 42 44 46 48 S0 S2 54 S6 S8 60 62 64 66 f8  70
bt e e e e et e et et e e e et e e st e e e e s
OTpaxeHa Ha puc. 5. sartere
CHHXP, YacTOTa T e Tt i T i R W P W
40,0 acvtive R T AR PeL AP APt SRR AP R L T
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Puc. 5. CryneH4yaToe M3MEHEHNE MOLLHOCTH

MMUTaOUMS OCTAHOBA ABuraTtens AMHOMMYECKUM TOPMO3OM
OCYLLECTBASANACL M3 UCXOAHOTO COCTOSIHWUSI MOKCMMQINBHOM HO-
rpPy3ku npu cMHXpoHHoM vactote 25 lu. [uHamuka octaHoBa
npueegeHa Ha puc. 6. M3 MCXOAHOro COCTOSIHMS CHMHXPOHHAS
yacrota cHmxkanack go 0. 3To BbI3bIBANO yBenM4YeHMe HArpys-
KM € nocneayiolwmm npesbilueHMeM Hap MowHocTbio. Kak cnep-
CTBME, MPOUCXOANIIO CHUXEHWUE YACTOTbI ABUIATENS M €r0 OCTa-
HOB. MOLWHOCTL NOTEPb TAK XE€ CHMXANACh CO CHMUXEHUEM Hac-
TOTbl. DKCTPEHHbIA OCTAHOB ABMraTENs UMUTUPYETCs GOpPMMPO-
BAHMEM KOMAHAB! stop. MIcXoaHbBIM COCTOSIHMEM NP 3TOM SBAsET-
Csl HArPYXXEHHOE COCTOSIHWE ABMraTens MPU CUMHXPOHHOM YaCTO-
Te 25 lu. [IuHamuka atoro npouecca otpaxeHa Ha puc. 7. Ko-
MaHpaa stop cbpackiBaeT Npu3Hak active, a TAK Xe MOLHOCTb 3
cyeT OBHyNeHUs CTEeneHWM OTKPLITUS BMPTYQNbHOrO APOCCEns
nopauu. Mo Mepe CHUXEHUS MOLLHOCTM CHMXANACL HArpy3Kd,
CO3[0BAEMAS AMHAMMYECKMM TOPMO3OM. TOPMOXEHME fBMra-
Tens Ha Bbibere OByCNOBREHO BAMSHMEM TPEHMS, BENMYMHA
KOTOPOrO CHMXAETCS MO Mepe yBbIBAHWS 4acTOTbI.

Puc. 7. DkcTpeHHbIM OCTAHOB ABMUraTens
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KauectBeHHOE MccnefoBaHMe BAMSHMS M3HOCA M 3ArpsizHe-
HUS OCYLLECTBASNOCh B XOAE YMCNEHHOTO 3KCMEPUMEHTA MO
M3MEHEHMIO 3030PAa 30 CYET TOro Mnu uHoro sddekra. B mc-
XOAHOM COCTOSIHUM MPU NPOBEAEHNM IKCMEPUMEHTA ABMUraTENb
6bi1 NONHOCTBIO 3ArpPYXeH, a CMHXPOHHAS YACTOTA COCTABASNA
25 Tu. KoadpdbuumeHT TpeHMs B xoae 3KCNEPUMEHTA BbIYUCASI-
cs no kpusoi lepcu-LUtpubeka, a BxopgHoe uncno 3ommep-
denbpa — B cootetctemm ¢ (12). Kak ykassiBanock Beiwe, mc-
XOAHbIM 3a30p Z, 6bin BEIGPAH TaK, 4TO Bbl COOTBETCTBYIOLEE
uncno 3ommepdenbaa B OTCYTCTBUM M3HOCO M 3Arpsi3HEHMS
COOTBETCTBOBANO Hbl MMHUMANBHOMY KO3pDULMEHTY CMELLIAH-
HOro TpeHus (Touke MMHMMYMa kpueoi [epcu-LUitpubeka).
TeKywmit U3HOC B XOAE 3KCMEPUMEHTA PACCYUTLIBANCS MyTEM
MHTErPUPOBAHMS CKOPOCTM JIMHEMHOTO M3HOCA, O TEKYLLAsl TOM-
LWMHO 3arpsa3HeHns — M3 COOTHoWeHMs apcopbumoHHoro 6a-
nauca (11).

DparmeHTbl CTATMYECKUX XAPAKTEPUCTUK ABUIATENS NPUBE-
peHbl Ha puc. 8, 9. Harpy3ouHas XapakTepUCTHKA BKAOYAET
3ABMCMMOCTM MHTErPASILHOTO PACXOAA U PA3PEXEHUS B LIUAMH-
Ape OT MOLHOCTH U KAOYECTBEHHO COOTBETCTBYET NPUBEAEHHOM
B [13]. OcobeHHOCTbIO CKOPOCTHOM XAPAKTEPUCTUKM SBASETCS
TO, YTO NPMU CHUXEHMM YOCTOTbI BBUFATENS HATPY3O04HBINA FrEHe-
paTop nepexoamut B MOTOPHbIM pexuM. MowHocTb geuratens
NPy 3TOM PACTET HECMOTPS HO CHMXEHME PACXOAA TOMMMEQ.
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Puc. 8. Harpy3souHas xapakrepuctuka

100,0
90,0
80,0
70,0
60,0
50,0
40,0-|
30,0
20,0~
10,0

,0-) | ' ' ' | ' | ' I ! | ' | ' | ' ' '
50 10,0 150 20,0 25,0 30,0 350 40,0 45,0 50,0 55,0 60,0 65,0 70,0 75,0 80,0 85,0 90,0 95,0
OTHOCHTENBHAA MOWHOCTE, %
OTHOCHTENEHBIR pacxoa, %

Puc. 9. CkopoctHas xapakTepmcTmka

Pesynbratel mogenMpoBaHus MsHoca npueegeHsl Ha puc. 10.
YBenuueHue 3030paq, KAK U NPEANONAranock, NPUBOAUT K CHMU-
XEHMUIO CMA30YHOM CMOCOBHOCTM M POCTY MOTEPb 3a CYET rpa-
HMuHoro Tpenus. Kak cnepcteue, MMeeT MeCTO CHUXEHWe no-
NEe3HOM HArpy3kM M Kng. AHANOTMYHBIM 3PDEKT UMEET MECTO
NPy MOLENUPOBAHMM 3ArpsA3HEHMs, PE3yNbTAThl KOTOPOrO OTO-
6paxeHbl Ha puc. 11. B otanume ot cuTyaumm usHoca cHuxe-

HMEe CMA304YHOM CMOCOBHOCTM M KNp NPOMCXOOMT MPU yMeHb-
LWEeHWM 3a30pa, A POCT NOTEPb MPOMCXOAMT 3A CYET yBENMYE-
HMS BA3KOCTHOrO TPEHMS.
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MepcnekTuBbl ganbHeWwnx uccnegoBaHuim. OcHoe-
HbIM HAMPABNEHUEM AANILHEMLLIETO PA3BMTMS MPEACTABIEHHOM
pO6OTbI ABJIIE€TCA nepexon oT ynpou.l,eHHoﬁ Mopenu pgeurartens
K 6onee AeTOanOﬁ. B 4YACTHOCTH, NnpepnosaraeTcs nepei’im oT
MMMUTAUMU BUHOMMKA AABNEHMS B LUMIMHAPE C MOMOLLbIO MHAU-
KATOPHOM AMArpaMMbI K NOAPOBHOMY POCCMOTPEHMIO BHYTPM-
LUMIMHAPOBLIX NPOLLECCOB, BKOYAS:

° MoaeNIMpoBaHue CMeC606p03OBOHM$I,'

° UMUTAUUIO KUHETUKU U TEPMOAUHAMUKA TOPEHUSA

° UMUTALMIO FO3006MeHHbIX npoueccoBs U ap.

nnGHMpyeTCﬂ TAK Xe AOMNOJIHUTEJIbHO ﬂpOpO6OTGTb BOnpo-
Cbl MMUTALLMMU OCHOBHbIX TpM60ﬂ0l‘M‘leCKMX npoueccos B gBura-
Tese npu HAJIU4YMKU CMA3KU C LENbIo NMPpUMEHeHUa ans 601166
AeTANIbHOroO MOAENTMPOBAHUA XMMMOTOJIOTMYECKUX NMPOL,eCCOoB.

BbiBOgbI

1. PaspaboTtaHHas ynpoleHHas MOAesb ABUIaTENs BHYT-
peHHero cropaHus, NPeAHAsHAYeHa s MOAESTMPOBAHMS BAMS-
HUS XMMMOTONOIMYECKMX M TpubonorMyeckux ¢akTopoe Ha
OMHOMMKY ABUraTtens v ero kng. Mogens nossonser nposoanTh
YMCNIEHHbIE KCMEPMUMEHTbI, BOCMPOM3BOASLLME OTAENbHbIE 3TA-
Mbl CTEHAOBLIX MCMLITAHMI MOTOPHbLIX Macen. B nepcnektuse,
KAK MpeAnonaraercs, 3T0 AACT BO3MOXHOCTb 3OMEHWUTb OAHO-
TUMHbIE HATYPHbIE SKCMEPUMEHTbI MX YMCIIEHHBIMM QHASIOTAMM,
4TO 06EeCneynuT SKOHOMMIO BPEMEHU M CPEACTB.

2.  [lna HactpoWku Mopenu npepanonaraercs MCnosb3o-
BATb PE3Y/bTATbI CTEHAOBLIX MCMLITAHMM MOTOPHBIX MACEN HA
ycranoeke MM-1 B cooteetcteun ¢ TOCT 20303-7 4. Moatomy
BUPTYQNbHbIM [BMUraTENb B COCTABE MOAENM HATPYXAncs Ha
cybmopenb aCMHXPOHHOM MALUMHBI, O MOTEPU HA TPEHME B ABU-
ratene OnMCbIBAnIMCb B 3ABUCUMOCTH OT BAMSIHMS M3HOCA M 30-
rPA3HEHMS NAPbI MOPLIEHb — LMIAMHAP HO MEXOHWYECKMH Knpg
ABMrATENs U CMA30Y4HYIO CMOCOBHOCTD.

3.  Mogenb 0CHOBBIBANACH HA COOTHOLWEHMM NS BanaHca
MOLLHOCTU ABWUraTens M €ero HArpysku, CO3AABOEMOM OCHH-
XPOHHOM MOLMHOM B reHepaTopHoM pexmume. Ee ocobenHo-
CTblO fIBNSIETCS TO, YTO AN MMMTALMM AMHOMMKM [OBNEHMS B
LMIMHAPE MCrONb3yeTcs MHOMKATOPHAS AMArpAaMMA ABUraTens,
O HEHOMMHQNbHOCTb MOLLHOCTM YYMTBIBAETCS PErynmpyembim
MYNbTUMIMKATUMBHBIM  POKTOPOM, MMEIOLLMM CMBICST CTEMEHM
OTKPbITUS| BUPTYQSILHOFO APOCCENs MOAAUM.

4. Yuet TpeHns 6a3MpoBancs Ha ANNPOKCMMALMM KPUBOM
lepcu-LUtpubeka n ee mucnonbzoBanum ans pacuetra koadu-
LMEHTA CMELUAHHOrO TPEHWSt B 3ABUCMMOCTM OT 4ucid 30M-
Mepdenbaa. Beoa B coctas atoro umcna ¢$HakTopos, yUMThI-
BAIOLMX M3HOC U 3Arpsi3HEHUE NAPbI MOPLUEHb — LMAMHAP MO-
3BOJIMIT OCYLUECTBUTb MOAENMPOBAHMUE 3TMX NPOLLECCOB M Kaye-
CTBEHHO OLEHWTb MX BAMSIHUE HA AMHAMMKY CMA3OYHOM Cro-
coBHOCTU U KN, aBUraTens.

5. TloctpoeHue ckOPOCTHBIX M HArPY30UHLIX XAPAKTEPH:
CTMK BUPTYQNIbHOTO ABMraTeNs OCYLLECTBASNOCh B COOTBETCTBUK
C HoMeHknatypou napametpos, onpegenedHon B [OC]
14846-81. XapakTepucTku CTpoMnmCh B BUAE NAPAMETpUYe:
CKMX KPMBBIX MO BPEMEHHBIM 3ABUCUMMOCTAM BYHKUMM M apry-
MeHTOB, popMMpyeMbIX B XOfe MoaenupoBaHus. Mx ananu:
YKO3bIBAET HO KQYECTBEHHOE COOTBETCTBME MOCTPOEHHOM HO:
rpy3ouHor xapaktepuctuku npueegeHHon 8 FOCT. OcobeHHo:
CTbIO MOCTPOEHHOM YOCTOTHOM XOPAKTEPUCTMKM SBASIETCS BO3-
pPACTOHME MOLLHOCTM MPU HU3KMX YOCTOTOX 3d CYET Nepexopc
HArpy304HOrO reHEPaTOPa B MOTOPHbIM PEXMM.

6. Mogens 6bina peanusoeaHa B rpaduryeckon cpepe
LabView ¢ napametpamu, sbibpanHbiMu B cooTseTcTBmM ¢ TOCT
20303-74. Ee kauyecTBEHHOE TECTMPOBAHWE MPOBOAMNOCH E
bOpMe UMCNEHHBIX 3KCMEPUMEHTOB, BKIIOYAS UMMTALMIO NyC:
KOBbIX, OCTOHOBOYHbIX M MEPEXOAHbIX NPOLECCOB, MOCTPOEHME
HArpy304HOM M CKOPOCTHOM XAPOKTEPUCTUK, O TAK XE MOAENH:
POBOHME M3HOCA M 3ArPA3HEHMS NAPbI MOPLIEHb — LMUAMHAP
AHQNM3 pe3ynbTaToB NPOBEAEHHBIX 3KCMEPUMEHTOB, BKKOYAS
MOJENMPOBAHME M3HOCA M 3Arps3HEHMS, MOKA3BIBAET, YTO MO
penb obecneynMBaeT KAYECTBEHHYIO QAEKBATHOCTb MMMTALMK
OCHOBHbIX MPOLECCOB B ABUraTene.
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THE SIMPLIFIED MATHEMATICAL MODEL
INTERNAL COMBUSTION ENGINE

Moiseyev A.A., Cand.Tech.Sci., 25 State Research and Development
Institute of a himmotologiya of MO Russian Federation

Abstract
The simplified mathematical model of an internal combustion engine intended
for simulation of influence chemical motor-logical and the tribologicheskikh of
factors on dynamics of the engine and its efficiency is developed. The model
is based on a ratio for balance of the engine capacity and its loading created
by the asynchronous generator, and which is also caused by friction in the
cylinder. lts feature is that for simulation of dynamics of cylinder pressure the
indicator diagram of the engine is used, and the mixed friction is approximat-
ed by dependence of Gersi-Shtribeka. Last, in particular, allows to estimate
influence of wear and pollution of couple the piston — the cylinder on lubricant
ability and efficiency of the engine. The normal purpose of mathematical sim-
ulation of technological processes is prediction of course of these processes in
different conditions, including — not enveloped by full-scale experiment. Two
main requirements are usually imposed to similar model — universality and
adequacy. Universality allows to use model and in a broad range of external
conditions, including — as a part of models of higher level. Adequacy provides
compliance of model to specific conditions of carrying out experiment. The
specified requirements define typical structure of model. In a basis of the last
the basic model sketching process is put as a frame. Adequacy thus is provid-
ed during parametrization of model by results of comparing with gage exper-
iments. It causes the main requirements to the model interface — along with the
inputs defining conditions of carrying out numerical experiment, it includes
beforehand the setup gage parameters. Completeness and consistency of sys-
tem of these parameters defines adequacy of model and the range of its
application. The offered operation is devoted to creation of the simplified
mathematical model of an internal combustion engine intended for simulation
of influence chemical motor-logical and the tribologicheskikh of processes on
dynamics of the engine, its efficiency and lubricant ability. The model allows

to make the numerical experiments reproducing separate stages of stand "~ mﬂ,uﬂ" <=

oo . q . l‘“‘ 4o - yrr= AL
tests. In the long term,'as itis st‘Jpposc'ed, it wnl! allow to replace carrying out the ::::::“,,ml (DOTO[‘pa'qj Ty
same full-scale experiments with their numerical analogs that will provide sav- i A -
ing of time and means. mariagrinchuk.com
Keywords: mathematical model, experiment, gage parameters, +7 Q05 Q68 6458

balance equation, asynchronous machine.
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KnioueBbie cnoea:

PaAMoOnUHUS, KEKAMETPOBAS PAAMOCBS3b,
MHOrOKQHAbHOE PasMoONPUEMHOE
YCTPOMCTBO, ONTMManbHas paboyas 4acrora,
NporpamMMHoO-onpeaenseMoe pagmo.

AHHOTALUMSA

PensioXeH HOBbIM METOR MpHema

COOBLLEHMI B CUMNNIEKCHBIX PaAHO-

FIMHUSIX, OCHOBAHHBIM HO MPUMEHE-
Hun SDR-TexHonormi u MHorokaHanbHbIX
nepenporpamMMMpyeMbIX pPagMonpuem-
HbIX ycTpoMcTB. PaHee kauvectBo oumncd-
POBKM MpPMHATOrO papmocurHana 6bino
OFPAHMYEHO KOYECTBOM 3BYKOBOM KAPTbI,
OfHAKO, 30 MocnefHMe NsTb NeT Npoun3o-
Wwen o4YepesHoM Npopbis B 061ACTU MK-
HUATIOPU3AUMKU U MHTerpaumu. MpuHLMn
pa6otbl SDR ocHoebiBaeTcs Ha oundposke
NPUHATOrO PAAMOCUIHANA M JASbHENLLEN
obpaboTke ero yxe B uudppoBor popme.
Mpu sToM TexHonorus npsimoro undpo-
BOro NpeobpasoBaHMst U NPSMOro und-
POBOrO CMHTE3A C AUANA3OHHBIMU PUNBT-
PAMM MO3BOASET MOMY4UTh MOKCUMASBHO
BbICOKME XAPAKTEPUCTUKM MPUEMHOTO
Tpakta. bonbwas Harpyska no okoHua-
TenbHOM 06paboTke NPUHUMAEMOro CHr-
HONA NOXMTbCS HA KomnbioTep. B npeana-
raemMomM Metoge npuem cooblueHns ocy-
LWECTBASIETCS 30 CYET MPUMEHEHMS mpen-
BAPMTENBHOM MPOCTPAHCTBEHHOM Cenek-
UMM U undposoit 06paboTku coobLueHus
¢ wucnonb3osaHneM SDR-texHonorui.
Pabouas uactota npuema onpepensietcs
aetromatnyecku. Paktmuecku B MHOro-
KAQHANbHOM PAAMONPUEMHOM YCTPOMCTBE
MPOrPaMMHO POPMUPYETCS MHOXECTBO
PAAMONPUEMHMKOB MO KONIMYECTBY pas3-

peleHHbIX AN BAHHOM PAAMOAMHUM
durKepoBaHHbIX pabounx yacrot. Llar
nepecTporkM YaCTOTHOM CETKU M BMA pa-
BMONMHUM MOXET BbiITb M3MEHEH npo-
FPAMMHO MO MCXOAHBIM AAHHBIM OMEPATo-
pa (a6oHenta). Mpu 3ToM nog BMaoOM pa-
BMONMHUM MOHUMAETCS UAEHTUDUKALMOH-
HOsl ABTOMYCKOBAs KOMBMHALMA paanonm-
HWM, MPeALIeCTBYIOWAs HAYAY Nepeaaym
coobueHns. BeposTtHocTb noxHoro npu-
eMa OBTOMYCKOBOWM KOMBMHAUMM M3-3a
YBENMYEHUs KONMYECTBA KAHANOB OBHO-
BPEMEHHOTO NpUeMa MOXeT BbiTb CHMXe-
HO A0 304AHHOTO YPOBHS 30 CYET yBEnu-
yeHus ee pnuubl. Npeanaraemeie MeToasl
MOXHO OTHECTM K pecypcocbeperaiowmm
TEXHONOIUAIM, NOCKONbKY OHW MO3BONSIOT:
OCYLLECTBUTb BEAEHUEe HAEeKAMETPOBOM
paanocesasm 6e3 NpUBS3KM HO NPUEMHOM
CTOpOHe K paguofaHHbIM (6e3 obpaTHoro
KAHANAa CBS3M M 4YACTOTHO-BPEMEHHOrO
PACAMCAHMS); OTKA3ATbCS OT MCMOMb3OBA-
HMSl CUCTEMBI EAMHOTO BPEMEHM HA PaaMO-
LEHTPAX; COKPATWUTb KONMMHYECTBO MEPCO-
Hana, o6CcnyXMBAIOWMX PAANONMHUM; UC-
KNio4YnTb OWKBKM mepcoHana npu ne-
pectpoike MApKA PAAMONPUEMHMKOB
MPUEMHOrO PAAMOLEHTPA; CHU3UTb SHEp-
reTMKy pOAMONIMHMM; MOBBICUTH SKOHOMM-
yeckMi 3¢ deKT; MOBLICUTL BEPOSTHOCTb
J[loBefeHMs coobLleHMM [0 aBOHEHTOB 3
CYeT BEAEHWUs PAAMOCBA3M HA ONMTUMASb-
HbIX pabounx yactotax; eectm paboty ¢
YHOCEAO0BAHHBIMU PAAMONMHUAMM.
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BeepneHue

M3Ha4yanbHO, ¢ MOMEHTA 30POXAEHMS PAAMOCBA3M OCHOB-
HbIM TpeboBaHWeM ycnewHoro ¢GyHKLUMOHUPOBAHMS noboK
papmonuumm (PJ1) sensnoce ctporoe cobniogeHne xecTkmx Tpe-
GOBAHMI MO COOTBETCTBMIO YACTOT NEPEAAYM U Npuema y abo-
HeHTOB. [Ins kaHanos ces3u B gekametrpoeom (AKM) auanaso-
He BONH AGHHBIE YACTOTbI 3APAHEE M3BECTHbI MO YACTOTHO-
BpemeHHoM matpumue (YBM) u uameHsiioTca kaxapiit yac B cooT-
BETCTBME C COCTOSIHUEM MOHOCdEPbI MO AONTOCPOYHOMY MPO-
FHO3Yy, KOTOPbI B BOMBLIMHCTBE CAYyYAsX NMWb NpUEAU3UTENb-
HO XAPAKTEPU3YET COCTOSIHWUE €€ CIOEB.

Paccornacosanue B yctaHoBke YacToTsl nepeaaym (npue-
Ma) npuBoaMT K cbosiM B npueme cooblieHnin. Bmecte c Tem,
poctmxeHus B obnactu SDR-texHonoruu, cosganmm ebicoko-
npou3BoAMTENbHBIX aHanoro-umMdposbix npeobpasosarenen
(ALM) “ nporpaMMHO-NOrMYECKMX MHTErpafbHBIX CXEM
(MNNC) 5 nokonexnns NO3BONAIOT CO3AATb MHOFOKAHASbHbIE
paguonpuémnusie yctpoictea (PIY). CepuitHo yxe Bbinyc-
katotcs 32(64)-kanansHeie PMY, onucanme kotopbix npuse-
nervo s [1].

MocranoBka 3apaun

AHONKU3 XAPAKTEPUCTUK NEPCNEKTUBHON 3MEMEHTHOM 6a3bl
U 3¢ PEKTUBHBIX ANropUTMOB 06paboTKMU LUPPOBBIX CMFHANOB
MOKA3bIBAET, YTO NPOKTMYECKM BO3MOXHO peanmsoeats PMY B
cTaHpapTHoM TMnopasmepe Espomexannku (19 groimoe, 4(8) U)
C YMCNIOM HE3ABMCMMBIX KOHOSIOB MAPAAAENbHOro  npué-
ma/obpabotkm go 50-100 Teicau. CnegosarensHo, npu ware
CeTKM YACTOT YCTAHOBKM pPAAMOMNEpeaaiolero yCcTporcTBd
(PNAY) 100 Iy asyms MHorokaHanbHbimu PIY Bynet nepekpsit
avanasoH go 20-tv My, yero dbakTMuyecku AOCTATOYHO Ans
peanusaunn KM pagmocessn.

Takum obpasom, NpencTasnsieTcs BO3MOXHOCTb peanu3a-
uMM Hoeoro cnocoba poseaeHMs coOBLIEHUH JO YAANEHHbIX
obvektor no JJKM paarokaHany 6e3 3HaAHMS 4aCTOTHI Nepeaa-
uu Ha npuémHom pagmouenTpe (MPLL) 1 B To Xe Bpems noseo-
NSOWero BeCTU Nepeaayy HA ONTMMANBHOM AN AAHHOrO MO-
MeHTa BpeMeHu pabouen yactote (OPY). BHegpenue npepno-
XeHHoro Metopa ¢yHkumoumposanus PJT nossonut noebicutb
BEPOSATHOCTb MPUEMA COOBLLEHMI 30 CYET UCKNIOYEHUS OLMBOK
npu ycranoeke yactotsl PIIAY u PMY, a Takxe 3a cuét obecne-
yeHus pabotbl Ha OPY B pexwume on-line.

Onpegenenne OPY B pexnme peanbHOro BpeMeHM MoOXeT
6bITb PEANM3OBAHO C MCMOSb3OBAHMEM AMMAPATHO-NPOrPAMMHOTO
komnnekca (AMNK) tmna «Muuap», ¢ npumeHeHuem Metopa
HOKOHHO-BO3BpATHOro 3oHauposanus (HB3) npu nomowm
CUIHANOB C NIMHEMHO-4acToTHOM Mogynsumen (JTYM) [2]. Mpum
atom B AlMNK «Muuap» uenecoobpasHo fononHUTENLHO pea-
nusoeatb anroputm Bbibopa OPY paguoTtpaccsl no AAHHLIM
BepTMkansHoro 3oHgupoeanus (B3) [3]. Yiitn ot xectkoro 3a-
kpennenus PMY 3a kananom (PMAY) BosmoxHo ysenuumsas
annapaTtypHble 3aTpartsl (goeoas konuuectso PIY po konuue-
ctBa $uKcMpoBaHHbIX pabounx yactot PJ1). M ecnm panHas
npobnemMa A0 HeAABHEro BpeMeHW Bbina NPAKTUYECKM He pas-
PELWMMOH, TO C BHEAPEHMEM MHOFOKAHAMbHBIX APOrPAMMHO-
HOCTPOMBAEMBIX PAAMOYCTPOMCTB, NpUbnMkKeHMe K ee pelue-
HMIO BCE OTYET/IMBEE.

Peanusauua mHorokaHanoHoro PIMY

Ha SDR-TtexHonorum

PassutHe TexHONOrMIA NPOMUCXOAMT MOCTOSHHO, U C KAXKABIM
rofaom KomnbtoTep BCé Gonblue 1 Gonblue BXOAUT B HALW 0bMxOA.
lMpumeHeHne komnbioTepa B npakTtuke nocrpoerus PJ1 Ha npo-
TAXeHUM nocnegHux 15 net orpaHuuMBanocs BegeHuMem anna-
patHoro XypHana, ynpasneHuem TpaHcusepa no  RIG-
uHTepdency aa obpaboTkon curHana B uMdpPOBbLIX BUAAX CBA3M.
Co CTpeMMTENbHBIM YBENMYEHUEM BbIYMUCIMTENBHBIX MOLLHOCTEN
M MMHMATIOPU3ALUMEN MHTErPasbHBIX CXEM, CTANO BO3MOXHO
BCTPAMBATb MMKPOKOMMBIOTEPbI B KSIACCUYECKME TPOHCHMBEPDI.
CHavana o6pabaTtbiBany AETEKTUPOBAHHBIM HU3KOYACTOTHBIN
(HY) curnan, notom cranu oumdpoBLIBATL CUrHAN YXE HA HMU3-
Kol npomexyTtourHoit yacrote (MY) — 12 ~ 48 kl'u, u yxe npo-
rPOMMHO KOAMPOBATh/ AEKOAMPOBATL Mobble BUALI MOAYNSLMM.
Ha aToM po HepaBHEro BpeMeHu M OCTAHOBMAOCH PA3BUTME BCEX
TPOHCMBEPOB € YNOPOM HA MPUMEHEHME KOMMbIOTEPA NpH pac-
LUIMPEHUM CepBUCA ynpaBneHus M otobpaxenuns. OgHAko npuH-
umnbl 06paboTkM cUrHana octanuck Bcé Te xe, uto 1 80 net Ha-
304, KOraa NOsSBUAACL CAMA MAES NPUHUMNA 06paboTku curHana
Ha MY. Ocranuce 1 Te xe npobnembl ¢ NOGOYHBIMM KAHANAMM
NPUEMA, HENMHENHOCTBIO MHOXECTBA KACKAAOB 06paboTku cumr-
HOMQ, KOYECTBEHHOM GMALTPALMM M 3AAAYAMM NPABMIBHOIO
6anaHca ycuneHus no KACKQAAM U CBA3AHHBIMM € 3TUM LLYMOMM.

OTnnumnTenbHOM 0COBEHHOCTHIO NPEAIaraemMoro MeToaa sis-
nsetcs To, 4To Ha nepepatoweM pagmouertpe (MAPLL) OPY ne-
penaum cooblueHus B MHTEPECaX TOro MAM MHOrO KOPPECMNOH-
peHTa (aboHeHTa) onpepenseTcs B COOTBETCTBME C €ro reorpa-
durueckum pasmelueHrem m ¢ ysetom YBM astomartnuecku. B To
Bpems kak Ha [NPL, npeasaputensHOM YCTAHOBKM YACTOTHI NpUe-
Ma u yueta koopamHart MIPLL ve Tpebyetca. Ito Takxe asnsertca
OTNIUYUTENBHON OCOBEHHOCTBIO MPEAaraeMoro MeToga OT akK-
TMBHO NPUMEHSIEMbIX eLue C NPOLOro BekKa no Hacrosiiee Bpe-
Msi 4acToTHO-aaanTMBHeIX paguonuumii (YAPJT) [4]. B npeana-
raEMOM MeTofe MpMeM COOBLUEHMS OCYLLEeCTBSIETCS 30 CHeT
NPUMEHEHUS MPeaBAPUTENBHOM MNPOCTPAHCTBEHHOM Cenekumm
(npu nsBectHbIX koopamHatax MAPLL) u umdposoi obpabotku
coobueHuns ¢ ncnonbsosanmem SDR-texHonorui. Paboyas vac-
TOTA NpUEMa ONpepaensieTcs aBTOMATUYECKM, HaNPUMep, HA Oc-
HOBE anropuMTMoB metoanku ¢yHkumonnposanus AlK sosepar-
HO-HOKJIOHHOTO 30HAMPOBaHMs MoHocdepsl [2]. PakTnyeckn B
MHorokaHansHom PIY nporpammHo dopMupyeTcs MHOXeCTBO
PAAMONPHUEMHMKOB MO KONIMYECTBY PA3PELIEHHbIX As SAHHOM
P11 $pukcrporarHbix pabounx uactrot: N=AF/Af, rpe N — konunue-
CTBO KOHANOB (NpOrpaMmHO-GOPMUPYEMBIX MPUEMHUKOB) B
MHorokaHansHom PMY; AF — nonoca uyacrtor PJ1; Af — war yac-
TOTHOM ceTku Bo3byautens. CxemHas peanusaums npegnarae-
Mmoro cnocoba ¢opmrposanus PJ1, pabotatoweit 6es mcnonbso-
BOHMS 30paHee 304aHHBIX paboYMx YaCTOT NpUBEAEHd Ha puc. 1.
Mpepnoxennas PJ1 paboraet cnepytowmm obpasom.

Ha nepsom stane Ha nepepaiolier CTOpoHe € MOMOLUBIO
MoHocdepHO-BONHOBOM CiyXBbl HO OCHOBE MCMONb3OBAHMS AON-
rocpoyHbix (12-rofoBbix, FOROBbIX, CE30HHBIX, MECSYHBIX) U KPAT-
KOCPOUYHbIX (BHEBHbIX, HOYHbIX) POAMONPOrHO30B CONHEYHOM
OKTMBHOCTM, 0 TAKXE Pe3ynbTATOB BEPTMKANBHOTO MM BO3BPAT-
HO-HAK/IOHHOMO 3OHAMPOBAHMS MoHOCdepbl ¢ nomowsio JIYM
curnanos AMNK BH3 monochepsr 9 Ha MOPL, 2 ocywecrtensetcs
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QHaNM3 cocTosiHMa cnoes noHocdepsl (cpeasl PPB 1) ¢ uensio
onpegeneuns OPY gns dopmupyemort pagmoTpaccel ¢ y4eTom
paroHa reorpaduyeckoro pasmewnenus obwvekra (MPL, 3). Mpu
5TOM B KQYECTBE ANNAPATYpbl MOHOCHEPHOTO MOHUTOPMHIA M
LOMArHOCTUKM PAAMOKAHANOB ¢ ucnonb3oBaHuem JTYM curnanos
9 moryT ucnonb3osatbcs, Hanpumep, AlMK BH3 wuoHocdeps
«Muuap» [2], KoMnnekc TEXHMYECKMX CPEACTB HOKIOHHOTO 30H-
ampoBsanma moHochepbl «Crpmyc», 6asosas craHums MoHocdep-
Horo moHuTopuHra «Jlanb» u gp. [3]. Bce nepeuncnerHbie kom-
NAEKCbl POAUOMOHUTOPMHIA MO3BONSIOT QAANTMPOBATL AAHHbIE
nony4Ydaemble C MOCTOPOHHUX (B TOM uucne U 3apy6exHbIX) CTaH-
umi B3 1 HB3 moHocdepsbl ans 3apaHHoM paguotpaccel. B pe-
3ynbrate aHanmsa coctosiHus cpepbl PPB nonyyenHas OPY pgns
dopmupyemoit PJT c yuetom anmHel paamoTpaccel U reorpacpum
pasmewsenns obwvekta ([MPLL 3) nocrynaer Ha ynpasnsiowmi
exog «OPY» 6noka pukcaumm OPY 10 u ganee Ha Bo3byauTens
6 Pnay 5.

Ha sTopom atane uHdopmaums, npegHasHaAYeHHAs ans ne-
peaaum B PJ1 B BMAe KogorpamMmbl oT UCTOYHMKA cooblyeHMs 4
MOCTynaeT Ha MHPOPMALMOHHBIHM Bxog Bo3byautens 6 PMAOY 5.
MapannenbHo ¢ 3TMM HA YNPABASIOWMIA BXOA, «3anpeT U3MeHe-
Hus OPY» 6noka ¢pukcaumun OPY 10 ot ucTouHUKa coobiueHus
4 noctynaet curian 3anpeta uameHenns OPY Ha nepuog Bpe-
MEHM nepepaum Koporpammel. ITo cessaHo ¢ Tem, uto AlK
BH3 noHocdeps 9 ocyuiectenseT MOHUTOPUHI COCTOSIHMS Cpe-
obl PPB nocrosHHo, B pexume on-line, 4to MoxeT npusect K

e 1

cmere OPY B Bo36yanTene B MOMEHT Nepeaaym KOJOrPAMMSI, A
TAKXKE K YXYALIEHWUIO 3NEKTPOMArHUTHOM OBCTAHOBKM (3nek-
TpomarHutHon cosmectumoctn — IMC) na MAPL, 2. Mocrynue-
Wwas Ha nepepavy Kogorpamma otnpasnsetcs abonenty PJl
(obbekTy) U3 Bo3byauTens 6 Ha BXOp ycunuTens MOLHOCTU 7
PNAOY 5 u panee yepes ADY 8, rae npeobpasyercs B BbICOKO-
yactotHoe konebanus Ha OPY pnanaszoHa KM BonH, cpepy
PPB 1 Ha ADPY 11 npreMHOM CTOPOHI.

Ha tpetsem 3Tane Ha NpMeMHOM CTOPOHE NPUHSATBIM PaaMO-
curian us ADPY 11 nocrynaer Ha 610K COrNACOBAHMUS C QHTEH-
Hoi 12, npegHa3HA4YeHHbIM Ans cornacoBaHus npuxstoro ADY
11 papmocuriana c kaHanbHBLIMKM TpakTamu npuema 15 MHoro-
KaHanbHoro nepenporpammupyemoro PIY 14. B gaHHol moge-
nm BCA 11 BbicTynaet B ponn MHOFOKAHABHOTO AMHAMMYECKO-
ro NPOCTPAHCTBEHHO-YACTOTHOTO GUILTPA € NAPAMETPUHECKUM
yNpaBAEHUEM Ero XapakTepuctTukamu. [5, 6].

C ero BbIXOA0B NPUHATbIM CUrHAM NAPANNENbHO NOCTynaer
B LLEMOYKM TPAKTOB npuemMa 15 , Kaxabii M3 KOTOPbIX COCTOMT
M3 NPOrpaMMHO-HACTPAMBAEMOrO AMANA3OHHOIO CENeKTUB-
Horo ¢unbtpa (P ) 16, BeIXOA KOTOPOro nNapannensHo noa-
KMIOYEH K COOTBETCTBYIOLLEMY M-MY 3JIEKTPOHHOMY KJlO4Yy
(Kn_) 18 u m-My cornacoBaHHOMY $UnbTPY HO ABTOMYCKOBYIO
koMbuHaumio (CD ™) 17, BbIXOA KOTOPOro COEAMHEH C
YNPABASIOWMM BXOAOM M-ro 3neKTpoHHoro kntoua 18, Beixog
KOTOPOro MOCTYNaeT HA BXOA M-ro AeTekTopa/aemogynsropa
(AM_) 19.

1 Cpepa pacnbocTbaHeHUs pPaauoBoOJIH (MoHocdepa)

. hMHeﬁHo-qacromo- 2 ! I_3_ ______ 221
M onyvarenb 21
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Puc. 1. CrpykTypHasi cxeMa pagmonmMHUM, NOCTPOEHHOM MO NPeAsaraeMoOMy MeToay:
AQY - anrenHo-PpupepHoe ycrporctso; BCA — 6nok cornacosauus ¢ antenHor; @ — bunbtp m-ro kaHana;
C® ™ — cornacoBaHHbIM GUILTP HO ABTOMYCKOBYIO KOMBMHAUMIO m-ro kaHana; Kn — 3neKkTpoHHBLIM Koy m-ro KaHana;
OM,_ — petektop/pemopynstop m-ro kaHana
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Mpu cpabaTbiBaHMM M-ro cOrnAcoBAHHOro ¢GuNLTPA HA AB-
TOonyckoByto KoMbuHauumuio 17 m-ro Tpakta npuema 15 MmHo-
rokaHansHoro nepenporpammupyemoro PIY 14, kotopsii 6bin
HactpoeH Ha OPY (43 Bcero goctynHoro npuMHMMaemoro aua-
NAa3oHA BOJSIH) YNPABASIOWMIA CUrHAN C BLIXOAA M-FO COrNAaco-
BAHHOTO PUALTPA HA ABTOMYCKOBYIO KOMBMHAuMIO 17 oTKpbiBa-
€T m-M 3NeKTPOHHBIM Kio4 18 M npuHATas Kogorpamma nocry-
naeT HA € m-ro cenektMBHoro ¢punbtpa 16 Ha m-1 pertek-
Top/aemogynatop 19. [ns nosbiweHus BEPOSTHOCTM Npuema
COOBLIEHUs MPU  YACTOTHO-MPOCTPOHCTBEHHOM PA3HECEHMM,
KOraa Konmu coobLueHus MOryT MOCTYNnATb NO HECKONbKMM Ka-
Hanam, Mcnonb3yeTtcs UBeHTUdMKALMS C NOCNEeAyOWMM MAXO-
PUTAPHBIM CIOXEHMEM MPUHSATBIX KOMMM coobLueHus, YTo pea-
nuayertcs B 6510Ke ONTUMANBHOIO COXEHWS MPUEMA CUTHANA MO
napannensHeiM kaHanam 20, M BxopoB KOTOpOro coeamHeHsl
COOTBETCTBEHHO ¢ M BbIXOAOMM AeTeKTOpOB/AeMOaynsITOpoOB
19 Ttpaktoe npuema 15 MHOrokaHaNLHOro nepenporpammm-
pyemoro PMY 14. C sbixoga 610Ka ONTUMANBLHOMO COXEHMS
npueMa CUrHana no napasnmnenbHsiM KaHANaM 20 NpUHATBIA cur-
Han NocTynaeT HA pernctpupytowee ycrponctso 21 u panee B
BMAE KOJOrPAMMBI — NosyyaTento coobuerus 22.

Mop Bugom PJ1 3geck noHmmaetcs MaeHTMPUKALMOHHAS aB-
Tonyckosas kombuHaums PJ1, npepwectsyrowas Hayany nepe-
paun coobuwenus. Mpu stom asTonyckosas nocnegosarens-
HocTb (All) (koMBMHAUMS) SBASIETCS OTAUYUTENBHBIM MPU3HAKOM
PJ1. BepositHocTb noxHoro npuema All us-3a ysenuueHus ko-
NUYECTBA KAHANIOB OJHOBPEMEHHOIO MPUEMA MOXET BbITb CHMU-
X€Ha A0 3040HHOrO YPOBHS 3d CYET yBenuyeHus ee anuHel. Ha
nepegatowen cropoHe PJT war cetku Bo3Byautens MoxHo
obecneunts ¢ kpartHocteio Brnoth ao 10 Iy (v gaxe 1 Tu),
OfHOKO 3TO BAMSET HA POCT YMCAA PAAMONPUEMHMKOB,
NporpammmMpyembix Ha ocHose ucnonbsosanus MJIUC.

YunTbiBQS, YTO YACTOTHBIM COBMUI MEXAY COCEAHMMM KAaHA-
NAMM NPUEMA CUIHANA MEHBLLE MOJSIOCHI CMEKTPA CUMFHANQ, HA
peluaiowee ycTpoMCTBO (610K NPUHATUS PELLEHMS) MOXKET Mo-
CTYNUTb HECKONbKO Konui coobwennit. Kpome Toro, npu mc-
nosb30BaHUM M TeppPUTOPMANBHO-4ACTOTHO-PA3ZHECEHHBIX MC-
TOYHMKOB CMrHaNA (4TO, KOK NPABMIO, NPUMEHSsIETCS Ans nepe-
AAa4M MHOPMALMM HO YAQEHHbIE MOPCKME OBBEKTHI), MMEIoLLMX
Manbii Ko3hOULMEHT KOPPENILMU MEXAY KAHANAMM, KOMMYECT-
BO TAKMX KOMWUM CUrHana (coobLueHms) AONONHUTENBHO YBENUYM-
Baetca B M pas. OgHMM M3 SKOHOMMUHBIX CMOCOBOB C TOHKM
3PEHUSI COKPALLEHMSI BbIYMCIIUTESNbHBIX OMEPALMIM NPU CUHTE3E
CYMMApPHOrO peLLEeHUs O NPUHATOM MH$popMALMM sBRsETCs no-
3HOQYHOE BECOBOE MUXOPMUTOPHOE CIOXEHWE, MATEMAaTM4eCcKH
onucanHoe B [7]. [laHHBIM NpUHLMA, ONMCAHHLIA B Mpouecce
paspaboTtku MHorokaHansHoro PIY nossonser nepeitti k cos-
AAHMIO NoMexo3salpmieHHbix PJ1.

Tunsl paguoONMHNA AEKAMETPOBOIO AUANA30HA

B Hacroswee Bpems Haubonee WMPOKOE MPUMEHEHME B
OKM puanasone sonH umetot Tpu tmna PJ1. Paccmotpum mx
3¢ PeKTUBHOCTD.

OueHnM BEpOSTHOCTb foBeaeHus cooblenunid npu paborte L
y3kononocHsix PJ1 ¢ sakpenneHHbiMM pabounmm yactotamu (PY)
(PJ11m1na) e ananasone AF, copepxawem M paspeleHHbix PY,
N 13 koTopbix cny4aiHbiM 06pa3oM 3aHsTbl nomexon. B pamkax
BAHHOM Mmopenn Bynem CYMTaTh, YTO MPM COBMAAEHMM HACTOTI

nepepaum geyx u 6onee PJ1 unu nomexu m PJT nponcxogut no-
Teps coobwenni. Toraa, ecnm N = 0, To B AF MoxHo opraHuso-
BATb COBMECTHOE pyHKUMOHMPOBAHME 6e3 noTepb coobLueHui)

o _
n(]aJx = M PJ11 tuna. Ecan N # 0, To BeposaTHOCTH AoBeaeHMs

coobuwenus ot oaHow [(P3 117((1)) Jn ot ecex K(P1 21(ay)
PJ1 moxHo HaMTK no dopmynam:

1
Pf‘3=1-Nﬁ, 0
N
PO # N<M-_L.
0, N>M-—L. (2)

M3 soipaxennid (1) u (2) Bugro, uto yxe gna N =100 + 300
KOYECTBO CBAA3M CTOHOBMWTCS HEYAOBETBOPUTENBHBIM ACXE MU
cpaeHuTensHo Hebonbwom umcne PJ1 (L =10 4 20). CywecteeHHo
nyyliMe XApAKTEPUCTUKM MO JOBEAEHMIO COOBLLEHUIM MOryT BbiTh
Mony4eHbl A1 YOCTOTHO-QAANTUBHBIX pagmonuHmid (YAPIT) (PI1 I
T™Mna) ¢ m HenepekpbiBaowwmucs PY. B atom cnyuae

1, N=m-1,;
N i N—i
P i {m m
1 _ —_— =
E vig)\t7m) - NEm
i=m

It )
Péu)= 1—P.1()

«Mnarom» 3a yny4weHue KaYECTBA CBA3M B Cly4YdAE MUCMOSb3O-
Banus PJ1 Il Tuna sensetca cHmxenue umcna PJ1, kotopbie moxHO

PA3MECTMTb B BblAENEHHOM 4aCTOTHOM AnanasoHe L max ' ((II)) =

= Mycmy=(Lmax"¢y)/m . Ommerum, uto ans YAPI ¢
PABHOAOCTYMHbIMU YOQCTOTAMM BO BCEM AMANA30He AF TeopeTmnie-

CKM leaXT((lI)) = M, 0BHOKO NPM 3TOM COCTOSHUE CMCTEMBI
(konnextmea PJ1), cooTeTcTBYIOIWEE KAYECTBEHHOMY MPUEMY MO
BceM PJ1 okasbiBaeTcs HeycTOMUMBLIM. DTO NPUBOOUT K PE3KOMY
yBenmueHuio notoka cmeHsl PY npu nepexoge xota 6b ogHoi PJ1
B pexum noucka «4mcrom» PY u, kak cnepcteme, K yxyaleHuto
npuema B ogHMX M obpbiBy ceasu B apyrmx PJ1 [8]. PaccMotpum
HekoTopble xapaktepuctkn PJ1 ¢ nceepocnyvaiHoM nepe-
crpoiikor paboumx uacror (MMPY) (PJT Il Tuna). BepostHoctb
[OBEAEHHUs OpHOro 3HAKa cooblenus xota 6bl oT ogHow PJI,
pabotatower B konnektmee u3 L PJ1, MoxHo npepctaeuts B BUAE
L-1
p(m _ M(l _ l) _
1 M M

Ecnm e nepepaya Kaxporo 3HAKa coobLUEHHS OCYLLECTB-
nsetca nocnegosarensHo k pas (co cmeHor PY nocne kaxpgoro
M3Ny4YeHMus), a Ha NpuMeMe NPOMU3BOJMUTCS ABTOBbIGOP 3TOro

3HOKQ, TO TOrAA BEPOSTHOCTb €r0 JOBEAEHWS PABHA:

4
. i -
Pl((liljj _ Z ¢t Py (1 — pi)
i=1 (3)
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II »
Us (3) cnepyer, uto gns noboro Pl[] Y50 BCEraa Hampetcs

Takoe k, Koropoe obecneynt BbIMOMHEHWE HEPABEHCTBA
le =1-¢2, rge € — cKONb YrooHO MANGS BEAMYMHA. TAKMM

06pa3oM, ¢ NoMoLLbIO k-KPATHOrO MOBTOPEHMS Nepeaayn KaxXao-
ro 3HaKa MoXeT 6biTb BOCTUTHYTA Tpebyemas BEpPOSTHOCTb Npa-
BUnbHOro npuema gaxe npu L > M. Mpu pelseHmn npaktmyeckmx
30404 NO OPraHM3AUMM CBS3M OCHOBHOM MHTEPEC, KAK MPABMIO,
NPeacTaBnseT HaOXOXAEHUE BEPOSTHOCTU AOBEAEHUs cOOBLLeHUs
OT BCEX KOPPECMOHAEHTOB, OBHAKO B obliem Buae dopmyna ans
P[m} . .

Ty OKA3bIBAETCS AOCTATOYHO FPOMO3AKOM M CIIOXHOW AaXe
AN MAWMHHOTO cyeta. [lercTBuTensHo, ¢ yueTtom popmyn, nosy-
YeHHbIX B [?], McKomMas BEpOATHOCTb PaABHQ:

n- k
(AN (Ml

& e 2 (7 )z e ()0

iq

mmn Z

x(’n._kl-q—l)! ) (4)

rae CyMMMpOBAOHME Mpou3Boamtcs no MHoxectsy G, cogepxa-
LeMy BO3MOXHble pa3buenus L no k.

nsa MHXEHepHBIX PACYETOB MOXHO BOCMONb3OBATLCS MPM-
6amxeHHOM bopmynon

L
oy () [ (1)
P)Z(k) Pz(k) a Pl(k)

(5)
MorpewHocts dopMynsbl (5) obbsicHsieTcss OTCYTCTBUEM B HEM
y4yeTa 3aBMCMMOCTM MEXAY BEPOSTHOCTIMM OBHOBPEMEHHOrO
MPABMALHOrO NPUEMA PA3MMYHBIX 3HAKOB, MPUYEM C yBENMYe-
HueMm k, B cuny ocnabneHus 3TOM 3QBUCMMOCTM, TOYHOCTb ¢op-
Mynbl noebiwaetcs. Ona k=1 u M > L norpewiHocts popmyibi
MOXHO OLEHWTb criegylowmm obpas3oM (c uenbio ynpoueHus
3anucu cumtaem N =0):

M, m(M-1) (M-L+1) [ 1}/ 1y
- -

L

L-a L-12

- e T
B 10 xe Bpems

Cpasnueas (?) 1 (10), nonyyaem

[]Il} III
2(1)
(6)

U3 (6) cnepyer, uto yxe ans Pi(fl(lll)) = (0,9 MOrPeLHOCTb Bbl-

uncneHmn He npesocxogut 10%.

Takum obpasom, no cpaeHenuio ¢ PJ1, paborarowmx Ha
duKkenpoBaHHeiX vactotax, a Takke YAPJl, paguonmHum c
MMNPY nossonstor obecneunts ycTOMUMBYIO PAAMOCBA3b AAXeE
NPM NpeBbILEHUM OBLIEro KonMYecTsa GYHKLUOHMPYIOLWMX
POAAMONMHUIA HAJ, KONMYECTBOM BblAENEHHbIX paboumx 4acTor.
Kpome Toro, AONONHUTENbHBIM NONOXMTENbHBIM cBOMCTBOM PJ1
c MIMPY sensetca «yxop» or AKM kaHnana ¢ naketMposaHuem
oWwKBOK, K KAHANY CO CAYYOMHBIMM OLUMBKAMM, YTO NO3BONSET
ucnonb3osatb 6onee a3 dekTBHbIE KOABI.

OpraHusaums paboTbl paguoIMHUMN

6€e3 cucTembl eAUHOr0 BPEMEHU

HecMoTps Ha TO, 4TO U3 TpeX PACCMOTPEHHBLIX TUMOB PaAUO-
nmHviA Hanbonee nepcnektueHoM npepctaenserca PJ1 ¢ MMPY,
OfHUM U3 ee HeJOCTATKOB ABNSETC HeobXxoanMMOCTb obecneyeHus
CMHXPOHHOM nepecTpoiku Bo3byautens (na MAPL) v PMY
(Ha MPLL), nytem «npuessku» k cucteme eguHoro spemenn (CEB).
Mpu >TOoM MOryT BO3HMKATL PACCOrNACOBAHMS  MPUEMO-
nepegaowmx ctopoH PJ1 M3-30 KOHEYHOro 3HAYEHMs CKOPOCTH
PPB npu opraHusaumm ceasm Ha 6onblume paccrosHus (6onee yem
OJHOCKAYKOBAS paguoTpacca).

B HacToswee Bpems obecneyeHme XeCTKOM CUHXPOHU3ALMM
HO ManbIX POAMOLEHTPAX (YAONeHHbIX MOBMNbHBIX O06bekTax)
[OCTATO4MHO 3aTpaTtHo. BMmecte ¢ Tem, npepnoxeHHbiit meTtod
MHOTOKQHANBHOTO PAAMONPUEMA MO3BONSET OCYLLECTBUTL paboTy
PJ1 6e3 ucnonszoesanms goporocrosiei annapatypsl CEB.

Mpeacrtasum, 4TO MAKCMManbHAsS AAMHA coObLieHMs co-
craenset n 6ut. Mpu kopoBoi U3bLITOYHOCTM 4 0bWas ANMHA
coobueHns coctaeut 4n 6ut. B cnyyae nepepgaun coobuienms
uubopmaumnonHor anmuel 1000 6uT 06wmit 06vem coobuyeHus
coctraeut 4000 6uT. Takum obpasom, ecnm Kaxapii 6UT coob-
WEHU MEepPesaBaTh HA YACTOTE M3 MepeyvHs PAa3peLueHHbIX
YBM, Tto konmuecteo PY takxe cocraeut 4000. Cnegosarens-
HO AN MPUMEMA BLESIOM MPU HANMYUM TOYHOM CUHXPOHM3IALMM
poctatouyHo mMmeTb 4000 kaHanos napannensHoOro npuema.
A npu cHMXeHWUU TpeBOBAHUM K TOYHOCTM CMHXPOHM3AUMM (B
30BMCMMOCTM OT BO3MOXHOM norpetuHoctu ycraHoeku CEB no-
Tpebyetcs gononHutensHo 4Yacrot AT/At, rpe AT — 310 3aaaH-
Hoe Bpems gonyctumon paccuuxponmsaummn CEB wa MAPL, u
MPLL, a At — Bpems nepepaum ogHoro 6MTa MHPopMaLMM Ha oa-
HOM MOPUMOHANBHOM YacTtoTe). [ns ydyeTa 3anasppiBaHKUS U one-
PEXeHWs PACCUHXPOHM3ALMM (MOMOXKMTENBHOTO U OTPULLATENBHO-
ro PAccornacoBaHusi) JOMONHUTENBHO BO3MOXHO MCMONb3OBAHME
4acToT M3 npegpigywmx 1 nocneaytowpx YBM TMIPY.

Takum 0BpasoM, Npu BMTENBHOCTM Nepepayn 6uta mHepop-
maupn B 5+10 mc, yto ana IKM pagrokanana sensetcs xapaktep-
HBIM NP UCMONb30BAHMM gononHuTensHbix 8000 kaHanos npuema,
ONTUMASNBHO-AOMYCTUMOE  BPEMSI PACCMHXPOHM3ALMM  COCTOBMT
+ 20+40 c. A ata BennumnHa yxe xapaktepHa ans PJ1 6es mucnons-
3osanma CEB. OuesumaHo, uyto ans AGHHOrO METoAa MHOFOKQHQSb-
Horo paguonpuema He Tpebyetcs TouHom cucremsl CEB npu opra-
Husaumm pabotbl PJT & pexume MMPY (nosensetca BosmoxHoCTb
yntn ot CEB, nockonbky oBbluHble KBAPLbI TUMOBBIX EKTPOHHBIX
4OCOB MMEIOT HeToUHOCTb xoaa He 6onee 10 c. B MecsLy).
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MpepcraBneHue Nosny4yeHHbIX Pe3ybTaToB PaspaboranHoe MHorokaHanbHoe PIY Hapsgy ¢ asymepHbim
B Hacroswee Bpems OAO «Mutentex», coBmectHo ¢ BoeH-  n3sobpaxeHMem cnekTporpammbl MO3BONSET OCYLUECTBNSTh €€
HOM aKOAEMMEN CBA3M PEaNU30BANA MOKET YCTPOMCTBA MPUE-  TPEXMEPHYIO MPOEKLMIO, YTO CyLLECTBEHHO MOBbILIAET BO3MOXHO-
Ma coobuieHmit 6e3 paguoaaHHbIx (pUc. 2) ¢ KONMYECTBOM KA-  CTM QHANM3A cUrHana, B Tom unane u gna PI1 ¢ MMPY (em. puc. 4, 5).
Hanos B MHorokaHansHom PIY go 16500.

Puc. 2. BHelwwHuit BMA peicTBYIOWEro MOKETA MHOTOKaHanbHoro PITY
(Ha SDR-TexHonorusx)

MpuHuMNb paboTbl CUCTEM MHOTOKAHANBHOFO MpUEMa pa-
AMOCUIHANOB paHee WMPOKO BbinM UCMONb3OBAHBI AN AHANM3A
M KOHTpons pagnoadupa. AHanorom MHorokaHansHoro PITY
SIBNSIETCS COBPEMEHHbIM QHANM3ATOP CNEeKTPa, Hanpumep GbUPMbI
Tecktronics, obecneunsaiowpii GOPMUPOBAHKME CNEKTPOrPAMM €
BM3yanbHbIM MPEACTABAEHMEM OMIMIMTYAHO-YOCTOTHOM XApPAK-
tepuctukn (AYX) 3apanHoit nonocel yacror. Cnektporpamma

pencteylowmx pagmuonunmii JKM aranasoHa BonH, nonyyeHHas = — —
¢ noMolwsio paspabotanHoro mHorokaHanbHoro PMY npepcras- Puc. 4. MocLITaBUPOBAHHAS CEKTPOrPAMMA AEHCTBYIOLUMX
nset U3 cebs AMNIMTYAHO-YOCTOTHO-BPEMEHHYIO 3BMCUMOCTH paavonmnumii ¢ MMNPY, nonyyenHas ¢ nomolwpio paspabotaHHoro
pruc. 3 (BepxHss BepTUKANbHAS MONYOCh — QMMAMTYAd, FOpU- MHorokaHanbHoro PIY (yacrothbiit guanason PJ1 ¢ MMNPY
30HTANIbHASE OCb — YACTOTA, HWUXHSIS BEPTUKANbHAS MONYyOCh — nokasaH ¢purypHoit ckobkoii)

Bpems). Mpu 3ToM amnauTypa onpepenseTcs LBETOM NIMHUK B
rPaAAUMSX XENTO-KPACHOTO (HA HMXKHEM YaCTM CMeKTPOrpaMm-
Mbl), B 30BUCMMOCTH OT MOLHOCTM MPUHUMAEMOTO CUrHANA.

CocpepoToueHHbIM Mo cnekTpy curHan (nomexa) otobpaxa-
€TCs HO CMEKTPOrpaMMe B BUAE BEPTUKANBHOM NMHMM (CM. HMX-
Hioto yactb puc. 3), a JIYM curHan 3oHanpoBaHms MoHocdepsl —
HaknoHHol nuHuei. KpacHas BepTukansHas npepsisuctas nu-
Hus — otobpaxaet paboty PJ1 B knoueBom pexmnme azbyku
Mopse. [loctpoeHne TOKOM CNEKTPOrpaMMbI  AKTMHECKM .
npeacraensier U3 cebs napannensHoe GyHKUMOHMPOBAHME N
PIY 6e3 peMoaynsTopoB HO KOHKPETHbIM CUrHAN.

oo oo o TR B Posos et ror BT 5 I Ko

Puc. 5. MacwrabuposaHHas TpexmepHas npoekuus (3D)
cnekTporpammsl gencteytowmx paguonuumi c MMPY, nonyyenHas
C noMolLLbio pa3paboTaHHoro MHorokaHansHoro PIMY
(yacrotHbiit guanason PJ1 ¢ MIMNPY nokasan ¢urypHom ckobkoi)

3aknioueHue

Takum 06pasoM, MHOFOKAHAMbHLIM PagUMONpHeM, pean1sa-
UMsi KOTOPOrO CTANA BO3MOXHOW 6narogapsi COBpeMEHHbIM
SDR-TeXHONOrMSM M MOSIBNEHMIO BbLICOKONPOWU3BOAMUTENbHBIX
AU u NMJIUC 5 nokonenuns nossonser:

— OCyLLeCTBUTb aBTOMaTM3UpoBaHHOe BeaeHne KM paamo-
cBsA3n paKTMUECcKM Be3 NPUBA3KM HO NPUEMHOM CTOPOHE K paauo-
AaHHBLIM (6e3 0BPATHOrO KAHANA CBS3M M YACTOTHO-BPEMEHHOTO
pacnmcanms);

— NOBbLICUTL BEPOSTHOCTb JOBefeHUs coobleHnit ao abo-
HeHTOB 3a cyeT obecneyeHuns pagmocssasn Ha OPY;

Puc. 3. MacwurtabuposaHHAs cCneKTPOrpaMma AEMCTBYOLUMX
POAMONMHMI AEKAMETPOBOrO AMANA30HA BOSH, NONYYEHHAs
€ noMoLupio paspaboTaHHoro MHorokaHansHoro PIY

www.h-es.ru HIGH TECH IN EARTH SPACE RESEARCH 35



TEAEKOMMYHUKALIMM

— obecneunts paboty pagmonuumm ¢ MMNPY 6es goporo-
crosiwen cucrembl CEB, komneHcuporas ee oTcyTcTBME yBENM-
yeHneM KaHanbHoro pecypca PIY.

Mcxops M3 M3NOXKEHHOTO M yUMTHIBAS OMHOMMYHOE PA3BUTHE
3NEKTPOHHBIX 3JIEMEHTOB Af1 YCTPOMCTB, peanmayembix Ha 6ase
SDR-TexHONMOrMiM NpeacTaenseTcs BO3MOXHBIM €O3aaTh B 65iu-
Xauliee Bpems MEepPCrnekTUBHYIO MOMEXOYCTOMYMBYIO MHOrOAMd-
nasonHyto (ekmtovas COB 4 YKB ananazowsl BonH) PJ1 ¢ ucnons-
30BOHMEM MPUHUMMOB MOCTPOEHUs MHorokaHansHoro PITY.
MpeanoxeHHble MeToabl MHOFOKQHANBHOrO PAAMONPUEMA HA
OPY 6es ucnonbzosanns CEB B mopepHMaupoeaHHOM BUae
MOFYT CYLUECTBEHHO MOBbLICUTb BEPOSTHOCTHO-BPEMEHHbIE Xd-
pPAKTEPUCTUKM MHDOPMAUMOHHOrO OBMeHa B CreuManbHbIX
CUCTEMOX CBAA3M.
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Abstract

The new method of reception of messages in simplex radio lines based
on application of SDR technologies and multichannel reprogramma-
ble radioreceiving devices is offered. Earlier quality of digitization of
the accepted radio signal was limited to quality of the sound card,
however, over the last 5 years there was the next break in the field of
miniaturization and integration. The principle of work of SDR is based
on digitization of the accepted radio signal and its further processing
already in a digital form. Thus the technology of direct digital trans-
formation and direct digital synthesis with band filters allows to

receive the highest characteristics of a reception path. Big loading on

final processing of the accepted signal to lay down on the computer.

In the offered method reception of the message is carried out due to
application of preliminary spatial selection and digital processing of
the message with use of SDR technologies. Working frequency of
reception is defined automatically. Actually in the multichannel radio-
receiving device the set of radio receivers by number of the fixed
working frequencies allowed for this radio line is programmatically
formed. The step of reorganization of a frequency grid and a view of
the radio line can be changed programmatically on basic data of the
operator (subscriber). Thus under the guise of the radio line the iden-
tification autostarting combination of the radio line preceding the
beginning of transfer of the message is understood. The probability of
false reception of an autostarting combination because of increase in
number of channels of simultaneous reception can be reduced to the
set level af the expense of increase in its length. The methods offered
in article can be referred to resource-saving technologies as they
allow: to carry out maintaining a decameter radio communication
without binding on the reception party to radio data (without the
return communication channel and the time-and-frequency schedule);
to refuse use of system of uniform time on the radio centers; to reduce
number of the personnel, serving radio lines; to exclude errors of the
personnel at reorganization of park of radio receivers of the reception
radio center; to lower power of radio lines; to raise economic effect;
to increase probability of bringing messages to subscribers due to
maintaining a radio communication at optimum working frequencies;

to conduct work with the inherited radio lines.
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Keywords: a radioline, shortwave a radio communication, a multi-
channel radioreception arrangement, the optimum working frequen-
cy, software define radio.
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AHHOTALUMSA

aCCMATPMBAIOTCS BOMPOChI OPraHMu-

3aUMM NPOLLECCOB YNPABNEHUS WH-

bOKOMMYHUKALMOHHOM ceTblo crie-
unnbHoro HasHauenus (MKC CH) exops-
WMX B COCTAB CNOXHBIX MHDOKOMMYHM-
KAUMOHHBIX cHUcTeM, obecneumsBaiomx
nogaepxaHue Ha TpebyemMom ypoBHe
nokasatenen Kayectea ob6CAyXMBAHMSA
CMeLnonb3oBATENEN M HANPABIEHHbIX HA
HENoCpeACTBEHHOE M3MEHEHWE napame-
TPOB, onpeAenarwmx Ka4yeCteeéHHble no-
kasartenu ¢yHkumonuposanms MKC CH
— npoueccos ynpasneHus 3¢ppekTMBHOC-
toio. Llenbio sensetcs ¢popmuposanue
Mofenen M npouepyp ynpasneHus 3¢-
dektmeroctoio MKC CH, kotopas goctu-
raetcs nytem paccmotpenns MKC CH
Kak obbeKkTa ynpaeneHus, npeacrasne-
HUs ee B BUAE MHOrOYPOBHEBOM MOAENH,
KQXAbl4 M3 YPOBHEW KOTOPOM mNpefo-
CTABASET COOTBETCTBYIOLUME YCAYTH, Xa-
pakTepHble ans aaHHoro yposHs. lNoka-
3QHO, YTO ANsl BbINONHEHMS 30404, BO3NA-
raembix Ha MKC CH, ocobenHo B ycnosu-
X CMNOBOrO U MHPOPMALMOHHOIO Npo-
TMBobopcTBa, TPebyeTca uTobbl OHA Npe-
BOCTABNSANA OBOCHOBAHHBIM PAHXMPO-
BOHHbIﬁ nepeyeHb rAPAHTUPOBAHHbLIX YyC-
nyr CBA3M COOTBETCTBYIOWMX Cnyxb6: Te-
nedoHus, nepegaya ganusix (ML), anek-
TponHas nouta (3M), arnoewit obmen
(PO), eupeokoHdepeHucsazb (BKC) u
1.4. Tpebyemoro ka4YecTsq, Ans 4Yero He-
06X0AMMO peLnTb MHOTOKPUTEPUAsb-
HYI0 ONTUMM3AUMOHHYIO 3agady. CaenaH
BbIBOJ, O TOM, YTO MHOrOypOBHEBOE Yn-
pasnenne MKC CH B cnoxHbix ycnosusix
HEBO3MOXHO 63 rMbkoro onepaTMBHOro

pacnpepeneHus NPeaoCTaBASEMbIX Crew-
Nonb30BATENSM YCNYr B pPearbHOM Mac-
wrabe speMenn. [pu aTom obecneyeHme
rMbkocTH, MacwTabuUpyeMocT M BO3-
MOXHOCTM HAPALLMBAHUSA HOMEHKNATYPbI
Tpebyembix ycnyr npu ynpasnenmn MKC
CH HeBo3MoxHo 6e3 paumoHansHoM op-
FOHM3AUMM Npoueayp YNPOBAEHHUS KOM-
MAEKCOM NPeaaraembix yCcnyr.

Ha ocHoBse BbiGopa kauecTBeHHbIX Noka-
3atenen M kputepues 3¢PppeKTUBHOCTU
dyHkumonupoeanms MKC CH npegnara-
IOTCS MOCTOHOBKM 30A0Y YNPOBAEHMS,
obecneunsaiowmx byHKLUMOHMPOBAHME
MKC CH c TpebyembiMM nokasatensimu
Ka4yecTed 06CJ1)’)KMBGHM$|, U BbiiBIEHMUE
HEOBXOAMMBIX YCNOBMIA AN NOCTPOEHMUS
OCHOBHbIX MEXOHM3MOB PELIEHWs YacT-
HbIX 3aAa4 YynpasneHUd, COBOKYMNMHOCTb
KOTOPbIX rApAHTUpPYyeT ¢GOpPMUMPOBAHUE
MEXAHU3MOB PELUEHMs OCHOBHOM 3aAA4M
— ynpasnenne sdpdektnHoctoio MKC
CH. BeepeHHOe noHsiTMe cocTosiHWe Y-
pasnenus MKC CH, nossonusluee gocra-
TOYHO CTPOro PACCMOTPETb BAPMAHTbI
OOCTMXEHMSI LieneM, NOCTABMIEHHbIX ne-
pea MKC CH, u ceazars nx c npoueaypa-
MM ynpaeneHus, a Takxe chopmynupo-
BATb psaAa ONTMMUIALMOHHLIX 3aadayv ans
CO3[aHMS NpoUeayp ONTUMANLHOrO Yn-
paenenns 3¢PpekTUBHOCTbIO ee pyHKUMU-
oHupoBaHus. OCHOBHBIMM PE3yNbTATAMM
ABNAIOTCA NOJyYeHHbleé MEeXAHMU3Mbl U
npoueaypbl ynpasnenuus 3¢dPpekTMBHOC-
o0 MKC CH, koTopble moryT cnyxwutb
6a30i1 g CO3[AHMA KOHKPETHbIX anro-
PUTMOB YNPOBAEHMS M COOTBETCTBYIOLLE-
ro CrneuMansHoro NporpammHoro obec-

nevyeHus KOMMIEKCOB CPeACcTB OBTOMATH-
saummn ACY UKC CH.
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NHPOKOMMYHUKALIMOHHDbIE CETU CreLuasibHOro

HA3HAYEHUS KOK O6beKT ynpaBneHus

TeneKoOMMYHUKALMOHHbIE U MHPOKOMMYHUKALMOHHBIE CETH
CMEeLMANbHOrO HA3HAYEHUs B COOTBETCTBMMU ¢ 3akoHom PP «O
ceasu» [1] npepHasHaueHbl ans npepocTaeneHns Tpebyembix
YCAyr CBSI3M MOMb30BATENSIM CTPYKTYP ANsS HYXA OBOpOHSI,
6e30MaCHOCTM rOCYAAPCTBA M NOAAEPXKAHWS NPABOMOPAAKA
CMNeunonb3oBaTENsM.

DyHKUMOHMPOBAHHUE MHPOKOMMYHUKALMOHHBIX CETEN cre-
umansHoro HasHavenuns (MKC CH) ocywectensietcs B cnoxHeix
YCNOBMAX, KOrAA BO3MOXHbI PA3MMYHbIE CTPYKTYPHbIE M MH-
$pOpMALMOHHbIE BO3AENCTBUS, HOCSLLME B 3HOYMTENBHOM CTe-
NeHU npeayMbineHHbIM xapaktep [2-4], npeanonaraer rmb-
KO€ OMepaTMBHOE WM3MEHEHWE MX CTPYKTYPbl U OPraHM3ALMIO
ynpaBneHus UMK B peanbHom macwtabe spemeHu. [pu atom
HeobxoanMbie TMBKOCTb, MACLITABUPYEMOCTb M BO3MOXHOCTb
HOPALWMBATL HOMEHKNATYpy TpebyeMsix ycnyr obecneumsaioT
noctpoenne MKC CH & cooteetcTemm ¢ KoHuenumei rnobanbHoM
uHpopmauroHHon mHbpactpyktypsl (Gll) [5, 6] u wupokoe
NPUMEHEHNE COBPEMEHHBIX MHGOPMALMOHHBIX, TENEKOMMYHMU-
KAUMOHHbIX TEXHOSNOTMIM U TEXHOMNOMMI ynpasneHus puc. 1.

YCﬂyFH, TIPEAOCTaBIIIEMBIC I[J-l OpTraHOB yNpaBJI€HHSA, CIICUITOIB30BATEIIAM
CHCTEM YNpaBlIeHHs ¥ MPUKIAIHBIM MPOLIECcaM CPeICTB aBTOMATH3ALHU I
ITY ACYV - IP-tenedonus, I1]], OI1,0, BKC u np.

______________________________ Ceprepa cnysGMKCCH s
Venyru unbpa-

CTPYKTYPHOTO
ypomnz IKCCH ______ | AT 8

| bezonacHocTh

Venyru
Hy Bwuusr
MIPOMEKYTOYHOTO T
yposust UKC CH
TenekoMM yHUKALMOHHAS

TpaHcnopTHas cetb UKC CH\‘

VYeayru 6a30Boro
yposust UKC CH
(ceru cBs3H,
TPHIIOKECHHS
[0JIb30BaTeN

OOBEKTOBas CETh O06bekToBas ceTh

Puc.1. MHoroyposHesas apxutektypa cospemeHHbix MKC CH

Hecmotps Ha cnoxHocTb obecneyerus GyHKUMOHUPOBAHUS
MKC CH B cnoxHbix (nogyac koHnukTHbIX) ycnosusx [2-4],
Tpebyetcs, uto 6bl OHA Bbina cnocobHa nepepats TpebyeMbii
o06beM MHbOPMALMM C FTAPAHTUPOBAHHBIM KOYECTBOM OT OBHMX
MHAMBUAYANbHBIX MAM KOPMOPATMBHLIX CMELMONb3OBATENEN K
APYrMM CNeLnonb3oBaTENSM BO BPEMS MHTEHCUBHBIX CTPYKTYp-
HbIX M WMHPOPMALMOHHBIX BO3AEMCTBMM HA MPOrPAMMHO-
annapaTtHbie komnnekcel M obopyaoeaHme kak camor MKC CH,
TOK HO QBTOMATM3MPOBAHHYIO cUCTeMy ynpaenenus eto (ACY
UKC CH), uro npeponpegensior paspaboTky crneumanbHbiX
nogxopnos k opranmsauuu ynpasnenms MKC CH.

B HacToswwee BpemMs M3BECTHO 3HAYMTENBHOE YMCNIO CMOCO-
60B OpPraHU3aUMM YNpaBneHus ceTamu u ycnyramu [7 9], koto-

pble He Bceraa npumeHumsl 1 adpdektmeHsl npu ynpaenenmnn MKC
CH B cuny ee cnoxHoctv u mynbtmcepsucHocTn. MMoatomy, u ¢
y4eToM Toro, uto apxutektypa cospemeHHbix MKC CH copepxut
TPM OCHOBHbIX ypoBHs (puc. 1), ynpaenenue eto Takxe uenecoob-
PA3HO OPraHM30BATH MO TPEM YPOBHSM YNPABNIEHUS: YNPABNEHUe
MHOPACTPYKTYPHBIM  YPOBHEM, YNPOBAEHWE MPOMEXYTOUYHBIM
ypoBHeM, ynpaenenue 6asoebim yposHeM MKC CH, Ha kaxpgom
M3 KOTOPbIX NPOLECChl YNPABAEHWE OCYLLECTBASIOTCS MO ASTU OC-
HOBHbIM 30AA4Y0M, K KOTOPbIM OTHOCATCA 3aAA4U ynpaBneHus npo-
M3BOAMTENBLHOCTBIO YPOBHS, 6e30MacHOCTbIO, CTPYKTYPOM M appe-
caupmei, pecypcamm YPOBHS M COOMHBIMU CUTY QLUSMM.

Mpu sTom kaxaei yposeHs apxutektypbl MKC CH ueneco-
06pa3HO NPEACTABUTL CETEBBIMM MORENSAMM:

— MHPACTPYKTYpPHLIM ypOBEHb LenecoobpasHo npepcra-
BWUTb COBOKYMHOCTbIO CETEM ycnyr (kaxpaas ceTb npeacrasnsier
cob0oi MHOXECTBO Y3SIOB YCNYr MAM CEPBEPOB YCNYr, CBS3QH-
HbIX BMPTYQsbHbIMM KOHQNAOMM C OMpPEeAEeneHHOM MpOMyCKHOM
€nocobHOCTbIO), MPU 3TOM CREKTP YCAYr, KOTOPble NPeAnararT-
ca B pamkax storo yposHs MKC CH, pocratouHo wmpok u
MOXeT AMHAOMMYECKM MEHSTbCS BMECTe C M3MEHEeHMeM JOCTYr-
HbIX PECYPCOB M YCNOBUIA PYHKLMOHMPOBAHMS;

— MPOMEXYTOUHBINM YPOBEHb LLeNecoobpasHO NPeacTaenTbL Co-
BOKynHOCTbIO ceTei ycnyr middleware, kaxpas us kotopeix npea-
craBnseT coboi MHOXECTBO COOTBETCTBYIOLMX CEpBEPOB (cepse-
pa 6e30nacHOCTH, ayTeHTUGUKALMM U T.4,), CBA3AHHBIX BUPTY Qb=
HbIMM KOHONOMM C OMpPEREeneHHONW NpPOMyCKHOM CnocobHOCTbIO,
NpU 3TOM KOMMOHEHTbI YCIYT YPOBHS MCMOMb3YIOTCS, Npexae Bce-
ro, ans obecneyeH s MeXCETEBOrO B3AMMOLENCTBUS M COBMECTHO-
ro GYHKUMOHMPOBAHUS HECKONBKMX MPUIOXEHUM CPEACTB ynpaB-
NeHNs 1 cneunonb3oBsaTenei, No3sonss o6bEAUHSTE KOMIMOHEHTbI
ycnyr 6a30B0Oro ypoBHs U NoaaepX1eaTh MHGPACTPYKTYpPY, KOTO-
pas HeobxoauMma ans npegocTaeneHus scero Habopa ycnyr;

6030BbIM YpOBEHb AOCTATOYHO NPOCTO NPEACTABAseTcs ce-
TEBOM MOAENbIO, T.K. PAKTUYECKM NPEACTABAEH COBOKYMHOCTbIO
TPAQHCMNOPTHOM CeTH, ceTerd AOCTYNd M CceTed TPAAULMOHHOM
cBa3u (TenedoHHas ceTb, ceTb Nepeaaym AAHHbIX U T.4.).

MNpu npeacTtaBneHMM KAXAOro YPOBHsS CETEBOM MOAENbIO,
ynpaeneuue Ha kaxaom ypoeHe MKC CH uenecoobpasHo ocy-
LLECTBASTb MO MSTU OCHOBHBIM 30AAYAM CETEBOTO YNPABMEHMS, K
KOTOPbIM OTHOCSTCS 3AAQYM YNPABAEHUS MPOU3BOANTENLHOCTLIO
ceTM ypoBHs, 6e30MacHOCTbIO, CTPYKTYpOM M appecaume,
pecypcamm ceTH YpoBHsi U COOMHBIMM CUTYQLMAMM, pUC. 2.

Ynpasiaeane UKC CH

Ynpasnenue udpacrpykrypsasiM yposiem MKC CH:
YNpaBJICHHE MPOU3BOUTENBHOCTLIO HHppacTpyKkTypHOTro yposHs MKC CH;
ynpasienue 6e30nacHOCTBI0 m[d)pacrpyk'rypnoro yposust UKC CH;
ynpasjieHHe CTPYKTYpOii M ajpecaumeii HHPpacTpyKTypHOTo ypom—m HKC CH;
ynpasieHnue pecypcamu uHdpactpykryproro yposus MKC CH

yrnpapjieHne cOOMHBIMU CHTYalMsIMU HHpacTpykTypHOro ypous MUKC CH.

VYupasnenue yposaem middleware UKC CH:
yTNpaBJieHUe MPOU3BOUTENBLHOCTBIO YpoBHs middleware UKC CH;
ynpasienue 6e3onacHoctbio yposHs middleware UKC CH;
yNpaBJieHHe CTPYKTYPO# M ajpecanueil ypoBHs mlddleware HKC CH;
ynpasienue pecypcamu yposts middleware MKC CH
ynpaBjieHue COOWHBIMU CUTYALMSIMH YPOBHSI mlddleware HKC CH.

[

Ynpasnenue 6azoBbiM yposHem MKC CH:
yINpaBJjieHHe NPOU3BOAMTENBHOCTHIO GasoBoro yposusi UKC CH;
ynpasienue 6e3onacHocTbio 6azosoro yposus MKC CH;
ynpaBjieHHe CTPYKTYpO#i 1 aapecaiuei 6a3oBoro ypomm HKC CH;
ynpasienue pecypcamu 6azosoro yposus MKC CH
ynpapjieHue COOMHBIMU CHTYalMsIMH 6Ga30BOro ypomm HKC CH.

Puc.2. Apxurektypa 3apau ynpaenenus MKC CH

WwWw.h-es.ru
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M3 Bcex npoLeccoB ynpaeneHus, KaxXabli M3 KOTOPbIX B TOM
MnKU MHOM cTenenun BamsieT Ha 3¢ dektmeHoctb MKC CH, Heno-
CPEACTBEHHO BAMSIOT HO NAPAMETPbI, OTPAXAIOLME €€ KAYECT-
BEHHblE XAPOKTEPUCTUKM, TOMBKO MPOLECChl YNPABAEHWUS Npo-
U3BOAMTENBHOCTBIO KAXAOIO U3 TPEX YPOBHEH, T.€. yNpasneHue
adpdektusrocteio MKC CH npeacraensietr coboit komnosuumio
MPOLLECCOB YMNPABMIEHUS MPOU3BOAUTENBHOCTbIO MHPPACTPYK-
typHoro, middleware 1 6a3oeoro yposHei.

Mpoueaypsbl ynpaenexnus a¢ppexkrusHoctbio UKC CH

®Dynkumonmposanmne MKC CH c onpepeneHHbiMM KavecT-
BEHHbIMM NOKA3ATeNIIMHU, NMPU KOTOPbLIX €e OCHOBHbIE LieJI1 Bbl-
MONHSIOTCS, XAPAKTEPUIYIOTCS OMPEAENEHHBIM COCTOSIHUEM
ynpaeneuus S [10], npu a3ToM Bce cocTOsIHUS yNpaBneHus, Ko-
TOpble MoryT BcTpeuatscs B npouecce ynpaenenus MKC CH,
MOXHO MOAPA3AENUT HA ABA NMOAMHOXECTBA — YNPABMSEMBIX,

npu kotopsbix 3agaHHas uens MKC CH C BCEraa AocTuraeT-

ICN

csl, U Heynpaensemsbix, korga 3ta uens C, .., He gocturaercs.

ICN

O60o3HaunMM {S} MHOXECTBO BCEX BO3MOXHBIX COCTOSIHMIA

ynpaenenus S, BcTpeyaiowmxcs B npouecce ynpasnenus MKC

CH. Mycre {S:}— nNOAMHOXECTBO MHOXECTBA COCTOSIHMM

ynpaBneHus {S_} , rae MKC CH HeynpasnseMma, T.e. He Bce uenu

us C = {CK,N} pocturatotcs, a {S;} — NoAMHOXecTBO cocTos-

Hui ynpasnenus, rae MKC CH ynpasnsiema, T.e. Bce uenu us
C={C,, } Aocturatotcs.

OueBugHo, uto
{SHU{S:} =1{S}. (1)
Kaxpomy snemeHTy MHoxectBa {S} uenecoobpasHo no-
CTABMTb B COOTBETCTBUE YMCNO, HE npeBbiwatowee 1 13 MHOXe-

ctBa P{S}, koTopoe onpepaenseT BepOATHOCTb NOSBIEHMS 3TO-

ro cocrostus S . B cuny upeseeiuarton cnoxnocrn MKC CH

YMCIO BNIEMEHTOB MHOXeCTBA {S} HACTONBKO BENMKO, YTO NOA,

P{S} nonyctMMo NoHMMATb NNOTHOCTb BEPOSTHOCTH, T.€.:

[Pisyds=1. (2)

CootHoweHue (2) onpepenser, uto BHe obnactu {S} He Mo-

ryT BCTPETUTbCS peanbHble coctosHus ynpaenenus MKCCH §'.
[ns BbINONHEHMS LEenen npu ynpasneHnn 3pdeKTUBHOCTLIO

MKC CH Heobxopnmo cooTseTcTBylowmMM obpasom (c nomo-

WblO  YNPABAEHMS) M3MEHWUTb  COCTOSHME  YNPABAEHMS

S.=F(U,Z,), xotopoe 3asucut OT ynpasnenus U, 1 coso-
KYMHOCTM BHewHux Bosgenctemi Ha MKC CH Z . MNpwu sribope
onpepenexHoro ynpasnewus U, — NONy4aeTcs BNONHe KOH-

KpeTHoOeé Ka4iecTBo O6CJ1)’)KHBOHMe CI'IeLl,I'I011b3OBGTeﬂeﬁ, T.e.
BNoJiHe onpepgeneHHoe 3Ha4YeHMEe KAa4eCTBEHHbIX nokasarenem

dyHkumonunposanus MKC CH Q( ..... ), d 3TO NPUBOAMT K HEKO-

TOPOM 3KCTPEMANbHOM 30Aa4€e:

0(Z.,S.)— max . (3)

U fies €E

c

PeweHue 3ToM sKkcTpemManbHOM 3apa4YM  HEKOTOPOE YNpaB-

*
nexue Ucﬁm, SBNSIOWEECS OMNTUMASIbHBIM YNpPABieHUEM 3¢-

¢dekmmsHocTbio MKC CH. B aTom peluennn ucnonb3osaHa mogesnb
MKC CH v yuteH pecypc, BbigensieMbli HQ ynpaeneHme = .

MuoroyposHesoe ynpaenedne MKC CH B cnoxHbix ycno-
BUSX HEBO3MOXHO 6€e3 rubKoro onepaTMBHOro pacnpegeneHus
NPefoCTABSEMbIX CMELMONb3OBATENSM YCIYr B peasnbHOM
Macwrabe spemeHu. lNpu 3Tom obecneyenne rMbkocTH, mac-
WTABUPYEMOCTM M BO3MOXHOCTU HOPALUMBAHWS HOMEHKIIATYPbI
Tpebyembix ycnyr npu ynpasnenmn MKC CH HeeoamoxHo 6e3
PALMOHANBHOM OPraHM3ALMM NpoLesyp YNPaBIeHHs KOMMeK-
COM NpeasiaraeMbiX ycnyr.

ns BbLINOAHEHMS! KOHKPETHOM 3aAAYM B PA3AMYHBIX CHOX-
Hbix ycnosusax MY ACY tpebyetcs onpegeneHHoe cooTHoOLUe-
HME MPEeAoCTABASEMbIX FAPAHTUPOBAHHLIX YCIYr CBS3M, KOTO-
poe obecneyMBaeT TOT MAM MHOM YpoBeHb 3dPeKTUBHOCTU
dyHkumonunposarms MKC CH, onpepensiembix B MiockocTu
NPEefoCTABASEMbIX YCIyr, B KOHEYHOM CYeTe, 3HAYEHMSIMM no-
Ka3aTenei KavyecTBEHHOro ¢yHKLUMOHUPOBAHMUS COOTBETCTBYIO-
wux cnyx6 MKC CH (IP-tenedonus, MM, 3N, @O, BKC u np.),

T.e. COOTBETCTBEHHO Q/me Q,,D. QEM_ QFT. QVKS :
o(i) o(i)
Q V= f 1 (Q[PTG)’ QPD. QEM, QFT. QVKS ) 4 (4)

rae O(i) — i-a 3apaya.

Takum obpasom, HEOBXOAMMO peLIMTb MHOFOKPUTEPMASb-
Hyl0 304Qa4y MO TAKOW OPraHM3AUMM YNPABAEHWUS YCITYraMM
MKC CH (coBokynHOCTH npefocTaBisieMbIX YCIyr Cneunonb3o-
satensm — IJ1 u npuknagHbim npoueccam MY ACY), kotopas
obecneynT skcTpeMyM nokasarenio 3pPeKTMBHOCTU PyHKLMO-
Huposauus MKC CH npu npoeegenmnu O(i) 3a404M, T.€.:

eXtrQl(;;zc = extr[ f ()(i)(Qmcha Orp. Oprr. Orr. Opks )] - (5)

B npuHuMne, 3Ta 30pa4a MOXET BbITb pelweHa METOAAMM
MHOTOKPUTEPUANBHOM onTMMM3aumn no [lapeto (pelwenuem
304044 ONTUMM3AUMKM sBRseTcs MHoxecTso [apeto) [11].

Kaxpas cnyx6a UKC CH npu nposegermn O(i) sapaum

ponxHa obecneunts cootsetcTBylowmM obbvektam ACY onpe-
LeNneHHbIM YPOBEHb YCNyr CBSA3W, KOTOpbIM TpebyeT cooTBeTcT-
BYIOLLEN OPraHU3aummu 3ToM cnyxbel. B ycnoeumsx byHkumoHu-
poBaHus cnyx6 npu koHbnMKTEe X napameTpsl, B obliem cny-
yae, SBASIOTCS CYYQMHBIMU BESIMYMHOMM, O CYYQHHOE BpeMs
NPeAoCTABNEHUS COOTBETCTBYIOLLEH YCIyrH, MOXET BbiTb nony-
YEHO MPU PACCMOTPEHMM OCHOBHBIX CXEM MHPOPMALMOHHOrO
B3AMMOAENCTBMA M ByaeT paBHO CyMMe CITy4aMHOro YMcna ciy-
YQMHBIX 3HAYEHWIM BPEMEH NPOBEAEHMs TEXHMYECKMX Omnepa-
LMM MO MOSTYYEHMIO U NPEfOCTABNEHUIO KOHKPETHOMY MOJb30-
sartenio (OJ1 mnu npuknagHomy npoueccy MY ACY) cootsertct-
BYIOLLLEM YCIYTU CBSA3M:
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N()(f)

o) _ )
TSerlj[s - z tte,/\‘ope/‘ 4 (6)
j=1

rae 1Y) — j-a TexHMueckas onepaums no nosy4eHIo M npe-

tex oper
AOCTABMIEHMIO COOTBETCTBYIOLEN YCIYTH CBA3M.

Ons npusepenHbix ocHoBHbix cnyx6 UKC CH moryT 6biTh
MONy4YeHbl COOTBETCTBYIOLLME BbIPAXKEHMS:

NII’I'(DU(”
o) _ (2]
T/PT«D - Z trex oIPT® * (7)
j=1
N"“()u)
o) _ )
TPD - z tzexoPD : (8)
Jj=1
NE”O(/)
o@i) _ )
TEM - z tteonM . (9)

=
N7 0w
o@) _ ()
TFT - z tte,\'()FT :
J=1

VKS
N o)

o@) _ ()
TVKS - z tle.\‘()VKS :
j=1

(10)

(11)

BMmecTe c TeM, y4eT clly4aMHOroO YMCNA TEXHMYECKMX onepda-
UMM NO NPefOCTABNEHMIO COOTBETCTBYIOWEMN ycnyru ceasu MKC
CH nocTaTo4HO CNOXHO OPraHM3OBATH, MO3TOMY, YYMTHIBAS,
4TO Ans BGONMBIIMHCTBA UCMOMb3YeMbIX CTYX6 NPU OpPraHU3aLMm
0BCNYXMUBAHMS AMUCMEPCUS CIYHYAMHOTO YMCIA TEXHUYECKMX
ONepauMii HEBENMKA, TO LenecoobpasHO MCNONb3OBATL BESIU-

YMHY CPEAHEro 3HaueHus uucna onepaunii N o), T.e.
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Kak npaBuno, ans Kaxpon TEXHWMYECKOW Oonepaumu pJim-

) )] )] ) )
tfe,\‘ oIPT® ! ttex oPD’ tlex oEM ! tfex oFT * trex oVKS

6biTb 3080HA GYHKUMS PACNPEAENEHUS CAYHYOMHOTO BPEMEHM

TeJNIbHOCTbIO MoXxeT

() (/) ) )
€e nposeaeHus F(trexomrcb < T;exOIPTq))' F(trexoPD < T;exoPD)’

) (/) ) 7 ()] )
F(treonM SY:@.\‘OEM)' F(tfeonTSTt'éxaFT)’ F(ttexoVKS ST;exoVKS)’
npu 3ToM npuMmeHsis npeobpasosavue Jlannaca-Ctunbtbeca
(NNC) [12] k sbipaxennam (12) (16), moxHO nonyuutb BMA,
yHKUMI pacnpepeneHus cryuaiiHbix BpemeH T, T\,

O(i) O(i) O(i)
To'r T Ty nmbo HenocpepcTBeHHO, nM60 Ha ocHoBe

YETLIPEXMOMEHTHOM QMMPOKCMMALMK C MOCIEAYIOWMM NPUME-
HeHWeM ceMencTa pacnipeaenennid Mupcona [12].

Beibop kputepues 3chHeKkTMBHOCTM cTpaTErmi ynpasneHus
MKC CH He moxet 6biTb popManmsosaH U basmpyeTcs Ha pe-
3ynbTatax 06OCHOBAHMS OCHOBHLIX Noka3saTtenei 3ppeKTUBHO-
ct1 ee dyHKUMOHUpPOBaHMs. Tak ecnu BeIBPaHbI TAKME CBOMCTBA
MUKC CH kak P{t <'t_ } (BeposTHOCTb CBOEBPEMEHHOM Npeaoc-

TABNIEHWSI COOTBETCTBYIOLWLEN YCIYTM M T:; (cpenHee Bpems

NPeAoCTABNEHUs YCIyrH), TO B KAYECTBE KPUTEPUEB ONTMMATb-
HOCTM BbLIPABOTAHHOrO MAGHA YNPABAEHWUS YCIYTAMM, HYXHO
BbIOMPATL TaKME, KOTOpble Bbl NPOM3BOAMAM y4eT 3TMX napa-
MeTpoB Npu GOPMMUPOBAHMM NNAHA YNPABAEHUs, A Npoueaypa
ynpasnenus ycnyramu B MKC CH noseonsna ¢$opmuposats
MAGH YNPABAEHMS MO MOKCUMASIbBHOMY 3HOQYEHMIO OLEHKM BEnM-

unhbl P =P{t <t _} ManM MMHUMONBHOMY 3HQYEHMIO BENMYMHBI

t <t

' <1,,,, - ECTECTBEHHO, 4TO TOoraa B KayecTse nokasarens s¢-

* *
dexTMBHOCTM NnaHa ynpasnenus Buibupaetcs P, wmm 7,

npaeuno Beibopa nnaHa ynpasneHus byaet coctosTb B Boibope
MCXOAALLEro HAMPAB/IEHWUS B COOTBETCTBMU C KPUTEPMEM MAK-
*

L3 *
cMManbHOTO P, MAM MMHMManbHoro f, <t

3HAYeHUa UH-

dopMaLMM arperMpoBaHHOM MO KOHKPETHOMY MOKA3aTeno

sapdektmeHoctt MKC CH, npepacraBneHHoM B BMpe matpwuy,
* e *
P() =[P, (1) won T, =l

.
%ij

Mpu BbIGOPE KPUTEPUS ONTUMANBHOCTM MAAHA YNPABAEHUS
HEO6XOAMMO YUMTBIBATE M CTEMEHb CIOXKHOCTU MONYYEHUS YMC-
NEHHOro 3HAYEHMsI COOTBETCTBYIOLEro nokasartens. Tak nony-
YeHMe [AOCTOBEPHOM (COCTOSTENbHOM) OLEHKM BEPOSTHOCTH
cBoeBpeMeHHoro npegocrasnenus ycnyrm ans sced MKC CH
npegcraenset coboM 30404y AOCTATOYHOM CAOXHOCTH, NPAKTH-
Yeckoe BbINOJNIHEHUE KOTOPOM MoTpebyeT 3HAYUTENbHbIX Bpe-
MEHHBIX M BbIYUCIMUTENbHBIX 3ATPAT M, CAMOE FIABHOM, HE no-
3BONSET UCNONb3OBATL 3TU 3HAYEHMS NPU OPraHM3ALMM onepda-
TuBHOro ynpasneHus s dektusHoctoio MKC CH. 3o xe cnpa-
BEAJIMBO M Ans TAKOro nokasarens 3¢p¢deKTMBHOCTU KAK Bepo-
ATHOCTb OTKA3A B NPEAOCTABAEHUM YCIYTH, BEPOSTHOCTb OTKA3d
B 06cnyXMBaHMK NonHoro Tpe6oBaHMs U T.4.

.

B 3Tom nnaHe Beibop nokasatens 7, Gonee npeanouTMTe-
neH n gna kaxporo ¢parmenta MKC CH ¢ ogHOTUNHBIMM TeX-
HOMOTUSAMM  POPMMUPYIOTCS  YOCTHBIE MAAHBI  YNPABAEHMS
Yoy g'el" |g , B KQYECTBE KPUTEPMEB ONTMMASIBHOCTM KOTOPbIX,

BbiGMpaioTca imbo T,

min

= |min (t;i,.) , mbo T;min = lmin (t;‘,m,,.)
Mpu 3TOM BO3MOXHBI ABA BAPUAHTA MPUMEHEHMS STUX KpUTE-
PMEB NPU NOCTPOEHUM MIIAHA YNpasneHus 3¢ eKTUBHOCTbIO.
Mepebit BapuaHT npeacrasnset coboi HenocpencTseHHOE
noctpoenune nnaHos ynpasnenns B MKC CH no sbibpaHHoMy

nokasarento T; . On npeaycMaTpmeaeT yTOYHEHME TeKyLUMX

- * *
oueHok nokasarened T, =/, . npu obcny-

a
XMBAHMM KOXKAOTO CMELNONb30BATENS NOCne ycnewHo obeny-
XeHHoro Tpebosanus. Bmecte ¢ TeM faHHBIM BAPUAHT B IBHOM
BUAE He yuuTbiBaeT cTpykTypHble usmeHeHuns B MUKC CH B

i
Unm Tﬂ =

*
t,\'cm ij
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pe3ynbTate Bo3aercTBui. [1oaToMy Ans onepaTtMBHOM peakumm
Ha HMX npu ynpasneunn adpdektnsHoctbio MKC CH Heobxo-
OMMO BBOAMTb COOTBETCTBYIOLUME MEXAHWU3MBbI YNPABIEHMS, KO-
Topble BNOKMPYIOT HQ BpeMsl BOCCTAHOBNEHMSI BblYMCIEHME

*
unum ty(:m kg

BTopoi BAPMUAHT CBA3AH C MNONYYEHMEM QHANMTUYECKMX Bbl-
PaXeHUI Ans cpeaHMX BpeMeH ob6cnyXuBaHus. [lencTBUTeNnbHO
cpepHee BpeMs 0BCyXMBAHWS 3QBUCHT OT CPEAHErO BPEMEHM
3apepxku ero Ha kaxgom ysne ycnyr MKC CH, cpegHero spe-
MEHM ero HenocpeacTBEHHOro 06CNyXMUBAHMS, OT ANIMHBI TPAC-
cbl 06CNYXXMBAHMS, U3MEPEHHOM B YMCne 0B6CnyXMBAEMbIX yya-
CTKOB M BpeMeHW nepepaun TpeboBaHMs Ha Tpacce obcnyxu-
BAHMS.

Bpems obcnyxusanms 6ypet BenmunHon cnyvaiHoi. Myctb
M3BECTHbI BEPOSTHOCTM COOTBETCTBYIOLMX COCTOSIHMM Y3NOB
o6cnyxueanms MKC CH P, (t),....P(t),...P.(t),...P, .(t). B cooT-
BETCTBMM C 3TUM 3QAEPXKKA OBCNYXMBAHMS BO3HMKAET TONBKO
TOrAA, KOrpa BHOBb MOCTynueluee TpeboBaHWMe 3acTaHeT Bce
kaHansl obcnyxuBaHus cooteetcTBylowero ysna ycnyr MKC
CH sanstbiMu. Torpa cpenHee BpeMs 3aaepXku M ob6paboTku
ob6cnyxueanus Ha yane ycnyr MKC CH cocrasuT:

- *
OLUEHOK CpeaHMUX 3Ha4YEeHUN BEeSIMYUH to g

n+s—1

_ ) n+s—1 ~_n+1)
f= Zts(r:‘])f;jﬁ- Zug]
j=n

3
n,,

(17)

J=n

MonyuyeHHble AHANUTMYECKME BLIPAXEHWS AN CPeAHMX
BpeMeH OOCNYyXMBAHWUS BLIZENAIOT Te MNAPAMETPbI MAAHA
ynpaenenus s¢pdektmeHocteio MKC CH, kotopelie BnusioT Ha
kayecTBo obcnyxuBanus. Tak, yeM MeHbLie B Tpacce obcnyxu-
BAEMbIX Y3SIOB YCIYT, TEM MPU MPOUYMX PABHLIX YCIOBUSIX MEHb-
we cpeaHee BpeMs obcnyxueanus. To ecTb, BbiAeneH OauH U3
NAPAMETPOB, HEMOCPEACTBEHHO BAMSIOWMIA HA  MEXAHM3M
yNpaBneHus — 3TO YMcno obcnyXMBAEMBIX Y310B yCiyr B Tpacce
obcnyxusanus. CpegHee BpeMs 06CnyXMBAHMUS 3ABUCUT TAKXKE
OT BPEMEHM 30AEPXKM 0BCNYXMBAHMA HA KAXAOM y3ne ycnyr —
310 BTOpOM napametp. [lponyckHas cnocoBHOCTb KAHANMOB M

TPAKTOB — TPETUIM NAPAMETP, onpeaensiowmii ¢opMMpoBaHHue
MAGHA yNPABneHus.

Takum 06pa3om, MCXoas U3 ONpeaeneHHOro CyLULEeCTBEHHOTO
ceorctea MKC CH — cpegHero BpemeHn obcnyxueaHus criew-
NONb30BATENEN, BO3MOXHO BbIAENMTb MAPAMETPLI (MokasaTenu),
Mo KOTOPbIM HEOBXOAUMO OCYLLECTBASTE ONTUMM3ALMIO MICAHA
ynpasneHus 3¢ peKTUBHOCTBIO M CTPOUTb MCXOAS U3 3TOrO CTPa-
TErMio M npoueaypbl YNpaBNEHWUS METOAAMM MHOFOKPUTEpPM-
anbHoM onTuMMsaumm nubo no Mapeto, nMbo ckanspusaumen
M NosTyYeHUEM OAHOro MHTerpanbHoro nokasarens [11].

Jiuteparypa

1. Jlerkos K.E. O HekoTOpbIX NOAXOAAX K MOBbILLEHMIO 3P PEKTMB-
HOCTM CMCTEMbI YNPOBAEHUS B POMKAX M3MEHEHWS NOAXOAA K QBTOMA-
TM3auMM M MHpopmaumu // MobunbHble TENneKOMMYyHMKAUMM. —
2013. - No7. - C.48.

2. Jlerkos K.E. OcHoBHble TeOpeTHYeCKME M NpUKNAgHbIe Nnpobne-
Mbl TEXHMYECKOM OCHOBbI CHCTEMBI YNPABNEHUS CMELMANLHOrO HA3HA-
YEHUsl U OCHOBHbIE HOMPABMEHWS CO3AAHWUS MHPOKOMMYHUKALMOHHOM
cuctemsl cneupansHoro HasHayenus // T-Comm: TenekoMmyHMKaumm
u Tpancnopt. — 2013. = T.7, Neb. — C. 42-46.

3. Jlerkos K.E. Mpouenypbl  BpeMeHHbIE XQPAKTEPUCTMKMU onepa-
TUBHOTO YNPOBAEHUs TPAPUKOM B TPOHCMOPTHOM CETH CMELManbHOro
Ha3Ha4eHus nakeTHol kommyTaumun // T-Comm: TenekoMmyHMKaLMM
u Tpancnopt. — 2012. - T.6, Neb. — C. 22-26.

4. Jlerkos K.E., JoHuyeHnko A.A. BepostHocTb notepu nakera B
6ecnpoBOAHbIX CETAX CO CIY4YQWHBIM MHOXECTBEHHBIM AOCTYMOM K
cpepe nepepaun // T-Comm: TenekOMMyHMKAUMM M TPAHCMOPT. —
2011. -T.5, Ne5. - C.32-33.

5. Jlerkos K.E., Jonuyenko A.A., Cagoeos B.B. CoBpemMeHHble Tex-
Honorun BGecnposogHoro wupokononocHoro goctyna 802.16E u LTE:
nepcnekTvebl BHeapeHus Ha TpaHcnopte // T-Comm: TenekoMmyHM-
kauuun n parcnopt. — 2010. - T.4, Ne2. — C.30-32.

6. Jlerkos K.E., flonyeHko A.A. becnpoeoptbie MESH cetn cneuu-
anbHoro HasHaueHus // T-Comm: TenekoMMyHMKAUMM U TPAHCROPT. —
2009. - T.3, Ne3. - C.36-37.

7. Jlerkoe K.E., onyeHko A.A. AHan13 cuctem nepeaaym B ceTsax
6ecnpoeopHoro pocryna // T-Comm: TenekoMMyHMKALMM U TPAHCMOPT.
—2009. -T.3, Ne2. — C.40-41.

T r

KPbIMCKUn &

/ TPAHCMNOPTHbII ®OPYM

24-25 viiona 2014, r. AnywTa, Kpbim

PETUCTPALUA
YYACTHUKOB:

+7 (495) 646-01-51
+7 (812) 448-08-48

y

] 22—
49 HAYKOEMKME TEXHOAOT M B KOCMNYECKNX MCCAEAOBAHMAX 3EMAM 1-2014



QUESTION OF EFFICIENCY CONTROL IN SPECIAL
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Abstract

Questions of the organization of management processes by an info-
communication network of a special purpose (ICN SP) the difficult
infocommunication systems which were a part providing maintenance
at demanded level of indicators of quality of service of specialusers
and directed on direct change of parameters, defining quality indica-
tors of functioning ICN SP 2 management of efficiency are considered.
The purpose is formation of models and procedures of management
by efficiency ICN SP which is reached by consideration ICN SP as
object of management, its representations in the form of the multilevel
model, each of which levels provides the corresponding services,
characteristic for this level. In article it is shown that for performance
of the tasks assigned to ICN SP, especially in the conditions of a power
and information antagonism, it is required that it provided the reason-
able ranged list of the guaranteed communication services of the rel-
evant services: telephony, the data transmission (DT), the e-mail (EM),
the file exchange (FE), video conferencing (VC) of, etc. demanded
quality for what it is necessary to solve a multicriteria optimizing prob-
lem. The conclusion that multilevel management ICN SP in difficult
conditions is impossible without flexible expeditious distribution of
services provided to specialusers in the real scale of time is drawn.

Thus ensuring flexibility, scalability and possibility of building of the

nomenclature of demanded services at management ICN SP is impos-
sible without the rational organization of procedures of management
of a complex of offered services. On the basis of a choice of quality
indicators and criteria of efficiency of functioning ICN SP statements of
problems of the management providing functioning ICN SP with
demanded indicators of quality of service, and identification of neces-
sary conditions for creation of the main mechanisms of the solution of
private problems of the management which set guarantees formation
of mechanisms of the solution of the main objective — management of
efficiency ICN SP are offered. The entered concept a condition of
management ICN SP which has allowed rather strictly to consider
options of achievement of the objectives, put before ICN SP and to
connect them with management procedures, and also to formulate a
number of optimizing tasks for creation of procedures of optimum
control by efficiency of its functioning. The basic results are the
received mechanisms and procedures of management by efficiency
ICN SP which can form base for creation of concrete algorithms of
management and the corresponding special software of complexes of
means of automation of management information system ICN SP.
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noaxoan K ObOCHOBAHMIO PALLMUOHAJIBHOIO COCTABA
KOMMMNEKTOB BOEHHO-TEXHU4YECKOTIO MMYLLIECTBA CBA3U
49 PEMOHTA TEXHUKU CBA3U C BOEBbIMU NOBPEXXAEHUAMUA
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Kniouesble cnosa:

BOCCTQHOBJIEHUE BOEHHOM TEXHMKM CBS3MH,
KOMIMIEKT BOEHHO-TEXHUYECKOTO MMYLLECTBA
CBSI3M, SKCMyATAUMOHHBIE OTKA3bI,

60eBble NOBPEXAEHMS,

MeToaMKa popMHMPOBAHMS,

Mogesib OrHeBOro BO34eMCTBHSI.

AHHOTAUMA

CGXHbIM HAMpPABJIEHWEM Mpouecca

3KCNYaTALMM TEXHMKM CBA3MU U AB-

TOMATM3NU POBAHHBIX CUCTEM YIi-
POBNEHUS B BOEHHOE BpPEeMs SIBNSIETCS
BOCCTOHOBNIEHMe ee paboTocnocobHoc-
™. lNpu 3ToM TexHu4eckoe cocTosHME
obpasuoe bGypeT XApPAKTEPM3OBATHCS
KOK 3KCMAYATALMOHHBIMM OTKA3AMM, TAK
U 60eBbIMM NoBpexaeHusmu. OnbiT yue-
HUM MOKA3bIBAET HECOCTOATENBHOCTb CUC-
TeMbl TEXHMYECKOro obecnevyeHms CBs3M
M QBTOMOTM3MPOBAHHLIX CUCTEM YMpPAB-
NEHUS MPU peLleHnn 30804 BOCCTAHOBIe-
HWUSI TEXHUKM [OXKE C IKCMIYATALMOHHbI-
MM OTKQ3OMM, He roBOps yXe O BO3MOX-
HbIX MHOFOYMCNEHHbIX 60EeBbIX NOBPEX-
aeHnsx. OAHOM M3 OCHOBHBIX MPUYMH Ta-
KOFO COCTOSIHWSI AeN SIBASIETCA OTCYTCTBUE
TAKOM COCTABASAIOLWEN MATEPUANBHOIO
obecneyeHns npouecca BOCCTOHOBJE-
HUS, KOK KOMMIEKTbl BOEHHO-TEXHMUYEC-
KOro MMYLLECTBA CBA3M. AKTYanbHOCTb
pPACCMATPMBAEMOro BOMNPOCA No3BoAMNa
chOpMynUpPOBATL LESb MCCIEA0BAHMS,
ero obbekT U npeamert. Llenb nccnegosa-
HWUs — COBEPLLUEHCTBOBOHUE CUCTEMbI BOC-
CTQHOBNEHUS BOEHHOM TEXHUKM CBSI3M.
O6beKkToM MCCneaoBaHMs ABASETCS CUC-
TEMA BOCCTAHOBSIEHMSI BOEHHOM TEXHMKM
CBSI3M, A NPEAMETOM — npouecc GopMUpo-
BAHMSI KOMMJIEKTOB BOEHHO-TEXHMYECKOro
UMYLLECTBA CBS3U AJ11 BOCCTAHOBMEHMS
BOEHHOM TeXHMKM cBsA3un. [posepeHHbIN
CQHONMM3 CYLLECTBYIOLLENO NOJIOXEHMS e

B AOHHOW NpeaMeTHOM obnacTM noseo-
nmn chopMynuposatb TpeboBaHUA K
dopMHpyeMbIM KOMMAEKTAM M 30404y HA
pa3paboTky HeobxoaMMOro metogudec-
Koro obecneyeHMs OLLEHKM M pacyeTta pa-
LMOHAONBHOFO COCTABA PACCMATPUBAE-
MbIX 3anacoe. Bonpocbl, cBszaHHble ¢
BAMSHMEM HOAEXHOCTHBIX XOPOKTEPMC-
TUK TEXHMKM CBS3MU Ha ee paboTocnocob-
HOCTb, B HOCTOSILL,EE BPEMS OCBELL,EHbI A0-
cratouHo nonHo. MoatoMy cospanme 3a-
NAcoB C AAHHBIX NO3MUMI noTpebyeT, no
MHEHMIO QBTOPOB JIMLWb HeboNbLIOKU Kop-
pektMpoBkM. OCHOBHbLIM pPe3yNbTATOM
paboTbl cTano obocHoBaHWe Heobxogu-
MOCTM pa3paboTkM Mopenu OrHeeoro
BO3AEMCTBUS MPOTMBHMKA HA 06pasupl
BOEHHOM TeXHUKM cBa3M. [JaHHas mogenb
CTAHET OCHOBHBbIM MHCTPYMEHTOM, KOTO-
pbii MO3BOMT NOAYYMTb UCXOAHBIE LOH-
Hble Ans MeTOAMKM 0BOCHOBAHMS HOMEH-
KIOATypbl M KOJNIMYECTBEHHOrO COCTABA
dopMmupyembix KomnnekTos. PeweHnem
YACTHBIX 30AA4 Mbl HE TONbKO JOCTMIHEM
LleSIM UCCEeROBAHMS, HO M NocnocobeTBy-
€M POA3BUTMIO APYFMX HANPOBJIEHMM MO-
BbileHMS 3PPEeKTUBHOCTU PYHKLMUOHM-
POBAHMS CUCTEMbI BOCCTOHOBMEHMA. B ua-
CTHOCTM, UCMONb3Ys PA3PABOTAHHYIO MO-
nenb, MOXHO ByaeT 060CHOBATL CUCTEMY
TpeboBAHUIM K NOKA3ATENSM KA4YecTBd M
KpUTEPHUSIM OLEeHKM 3¢ dEKTUBHOCTH ApY-
FMX CTPYKTYPHbIX 3/1€MEHTOB CHUCTEMBI
BOCCTOHOBJIEHMS, TOKMM KOK PEMOHTHble
OpPraHbl U CPeacTBa TexHU4eckoro obec-
neyYeHMs NPoLLEecca BOCCTAHOBAEHMS.
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B nocnegHee Bpems coBpemeHHble unbpoBbie O6pPA3LEI
TEXHWUKM CBS3U M ABTOMATU3UPOBAHHBIX CUCTEM YMNPABNEHMs
(TC u ACY) nprobpenu UCKNIOUUTENBHO BAXHOE 3HAYEHUE OIS
YCTOMYMBOrO M ONepaTMBHOro ynpaeneHus soickamu. Mocnea-
HWE YYEHMS NPOAEMOHCTPUPOBANM, YTO BOMBLIMHCTBO 3aAAY MO
NPefOCTABAEHUIO YCIYT CBA3M JOMKHOCTHBIM NIMLAM NONEBbIX
MYHKTOB YNPABAEHUs PELLAnock MMEHHO MMM [1].

MpumMeHUTENBHO K CMeuManbHbIM CUCTEMAM CBA3M Npobnemy
nopaepxanms TC u ACY B roTOBHOCTU K IPUMEHEHUIO BO MHOFOM
ycyrybnsietT HecoOOTBETCTBME BO3MOXHOCTEM CUIT U CPEACTB CyLue-
CTBYIOLUEN CUCTEMbI BOCCTOHOBJIEHMS MOTPEBHOCTSIM BOMCK CBSI3M,
B YACTHOCTM HeobecrneYeHHOCTb PEMOHTHBIX OPraHOB KOMMeK-
TAMM BOEHHO-TexHM4eckoro umyluectsa ceasu (KBTUC) ans pe-
moHTa TC u ACY c nospexaeHnsmu. KOHCTPYKTHBHbIE 2neMeHTBI
TC u ACY B 3aBMCMMOCTHM OT BHELUHMX BO3AEUCTBYIOLWMX HAKTO-
POB, 1 B NepBYIO o4epesb OT OrHEBOrO BO3AEHCTBUS, NOABEPXKE-
Hbl PA3PYLUEHMSM pPasnuyHoi ctenenu. [pu sTom creneHs pas-
PYLWEHMS CyLLEeCTBEHHbIM OBPA3OM 3ABUCUT OT dNEMEHTHOM 6a-
3bl, BXOAALWEN B cocTas Tex Mnu uHbix TMnos TC u ACY.

M3sectHble 3apa4m, nocesweHHble dpopmuporarmio KBTUC,
pewwanuc NyTeM OLEHKM NPEAnonaraemMbix NoTepb HA OCHOBE
npoueHTHOro cootHoweHus Boixoga TC u ACY B onpegenen-
HbIA BMA PEMOHTA U HE PACCMATPUBANM XAPAKTEPUCTUKM CTOM-
KOCTM KOHKPETHBIX KOHCTPYKTMBHBIX 3M1EMEHTOB K MOPAXAlo-
wuM dpaktopam opyxms. CyluecTByiolwme METOAUKM OPUEHTH-
POBQOHBI HO CO3AAHME KOMMIEKTOB 3AMACHBIX YOCTEM, MHCTPY-
MEHTA M MPUHAANEXHOCTEN OMPEeAeneHHOro BMAA B MEPBYIO
oyepeab OpUeHTUpPOBAHHbIe Ha BoccTaHoenenne TC u ACY ¢
3KCMAYATAUMOHHbLIMKA OTKasamu [2]. [na yctpaHeHuus BoeHHo-
HAYYHBIX M MPAKTUYECKMX MpoTMBOpeunid Tpebyertcs paspa-
60TKO COOTBETCTBYIOLLEN METOAUKM OBOCHOBAHMS PALMOHANb-
HOro HOMEHKJIATYpPHOro U KonnyectseHHoro coctasa KBTUC.

Kaxapi obpaszey, TC u ACY (e panbHenwem 6yaem HA3bI-
BATb OBBLEKT) C TeYeHUEM BPEMEHM I MPUHUMAET ABA COCTOAHMS:
paboTtocnocobHoe, Koraa oH cnocobeH BbINOMHSTh CBOM OCHOB-
Hble PyHKUMM, U HepaboTocnocobHoe. B HepaboTocnocobHoe
COCTOSIHME EMEHT MOXET NEPEXOANTb B HOPMASbHBIX YCIOBUSX
3KCMYATAUMM M B pe3ysbTaTe BO3AeWCTBUM npoTueHuka. Cre-
[OBATENLHO, B BOEHHOE BpeMs ByayT MMeTb MecTo: 3KChnaydara-
LMOHHbIE OTKA3bl — MOBPEXAEHMs 3MEMEHTA, BbI3BAHHbIE BO3-
LOEMCTBMEM HO HEro 3KCMayaTauuoHHeix dakTopos &(f), He ces-
3QaHHBIX C BO3AEMCTBMEM OpYXMs; BoeBble MoOBpexXaeHus — no-
BpexaeHWs obpasua, BbI3BAHHbIE BO3AEMCTBUEM HA HEro Opy-
Xus U (Mnm) conyTeTBytowmx nopaxatowwmx paktopos A(f).

Mpouecc nocnegosatensHoro nepexona o6bEKTA U3 OAHOrO
cocTosHus B Apyroe 6yaeM HA3bIBATb NPOLLECCOM BOCCTAHOB-
nenus. CocrosHue obbekta z(t) npeacraenser coboi MHOXeCT-
BO, BK/IOYQIOLLEE COCTOSHMSI €r0 KOHCTPYKTMBHbBIX 3SIEMEHTOB
(anekTpoHHbIM Mogynb, M3MepuTenbHbie npubopbl, 6a3oebie
HecyliMe KOHCTPYKUMM, COefmHMTEnbHbie Kabenu, aHTeHHo-
MAYTOBbIE YCTPOMCTBA M Ap.) B MOMeHT 1, T.e. z(t) = {z[(1)},i=1,
2,..m,ic/,1={1,2,.. m}, rae | — ynopspgoyeHHbI! nepe-
YeHb MHAEKCOB 3MEMEHTOB OBbEKTA, M — YMCIO SNEMEHTOB
obbekra. MpuHumaem z[t) = O, ecnu anemeHT i NOBpPexXAEH UK
oTkasan B MOMeHT 1, () = 1 — B npoteHoM cnyuae. Toraa npo-
LLecC M3MEHEHMs COCTOsIHUS obbekTa ByaeT 3akno4aThes B Mo-
CnesoBATENbHOM MOBPEXAEHUU M BOCCTAHOBAEHWM 3NIEMEHTOB.

MHTEHCUBHOCTb BO3AEMCTBUS MO SFIEMEHTAM CHUCTEMBI CBSI3M
xapakrepusyetcs ee notepsmu B TC u ACY onpepeneHHoro
TMNA 30 NPOMEXYTOK BpemeHW At BeaeHus 6oeBbix AEHCTBUM
PaBHbIM OAHMM CyTKOM (cpepHecyTouHble notepu) [3]. Mycts .
MOMEHTbI BO3LEMCTBUIA NPOTUBHMKA Ha obbekT, [ = 1, 2,..., n,
roe n — obliee YMCNO BO3AEWUCTBMIM 3Q OAHM CYTKM BefeHMs
onepauuu, a f, — MOMEHTbl BOCCTOHOBSIEHMS MOBPEXAEHHBIX
obbekToB Ha uHTepBane At . Takum obpasom, }. — MOMEHTbI
BO3JEMCTBUM, MNPUBOASLUME K OTKIIOHEHMIO XOPAKTEPUCTUK
obbekTa ot TpebyeMbix 3HAYEHWH, a T, — MOMEHTbI peanmaaumm
yNpasnsiowmx BO3AEHCTBUM HO 06beKT, KoTopbie obecneunsa-
0T BOCcTaHOBREHWe Tpebyembix xapaktepuctuk. Mpouecc us-
MEHEHMs COCTOSHMI OBbEKTA OCYLLECTBASETCS B pesynbrare
pean13aumm MHOXECTBA YNPABASIOWMX BO3AEMCTBMI (ynpas-
nenun) u(t) = {u(t)}, I =1, 2,..., n, popm1pyeMbIx opraHom
YNpABsIEHWUS BOCCTAHOBMIEHUEM OBbEKTa.

YcnewHoe peleHue 3a04a4 BOCCTAHOBNEHMs MO BOCMOMHE-
Huio notepb TC u ACY Ha 3neMEHTaX CUCTEMBI CBSI3U C HOYQNOM
M B xofe 6OEeBbIX AEMCTBUIM BO3MOXHO TOMLKO NPU HANMYMM O~
peneneHHbIX 3aMACOB BOEHHO-TEXHMYECKOro uMylectea (BTH),
obecneunsalox paboTy PEMOHTHBIX OPraHOB MO KOMMEHCA-
UMM BO3MOXHBIX MoTepb. B cootetctBMM ¢ pykoBoaswmmu po-
KyMmeHTamu [4] paHHble 3anackl coctaensoT 3a6naroBpeMeHHO
cozpasaemble KBTUC, obecneueHne peMoHTHbIX OpraHoB KoTo-
PbIMM JOMXHO PEAnM3OBbIBATLCS CUCTEMOM CHOBXEHWS HO OCHO-
Be nporHo3a notepb TC n ACY. PaupoHanbHbii cocras KBTUC,
HOMPSIMYIO 3ABUCSLUMIA OT KAYECTBA MPOrHO3HOM OLEHKM MOTEPb,
ByneT onpepensTb KA4ecTBO npouecca BocctaHosnenus TC u
ACY B xope 60eBbix AeHCTBUM M 3P PEKTUBHOCTb DYHKLMOHUPO-
BAHWS CUCTEMbI TEXHMYECKOro obecrneyeHus CBS3M M ABTOMATH-
3upoBaHHbix cuctem ynpasnenus (TOC u ACY) B uenom.

Mpu onucanmm npouecca popmuposanms KBTUC ueneco-
obpasHo ucnonb3osaTth He Bce BUHAPHbIE NepeMeHHble Z(t), a
TONBKO MepeyeHb MHAEKCOB 1 (f) C [ anemeHTOB, koTopbie By-

AYT HAXOAMTbCS B COCTOSIHUM OTKA3Q I, MIM MOSY4AT MOBPEX-
AEHUs I, B MOMeHT f, T.e. anemeHToB, Ans kotopeix z(t) = 0.
B sToM cnyuae npouecc popmuporanms KBTUC moxHo npega-
CTABUTb KAK MHOTOLLAroBbIM AMCKPETHBIM Npouecc, 3agasae-
MBI MHOEKCAMM 7 =r(t].) NoBpeXAeHHbIX 3nemeHToB. MHaue

ropopsi, B MOMEHT BPEMEHU f] nepeoro B03ﬂel‘:1CTBHS| Mbl UMEEM
MHOXeCTBO I'IOBpe)K}J,éHHbIX 3JIEMEHTOB ]/'1 =7.

Ha MomeHT BpemeHu t, nocnegHero Bo3aencTBUs NPOTMBHM-
Ka Mbl BynemM MMeTb MHOXECTBO MOBPEXAEHHBIX EMEHTOB C
MHOEKCAMM

R(At)z{rl,rz,...,rn}. (1)

B onpepeneHHbIit MOMeHT f, He npesbiwalowmi Tpebyemoro
BPEMEHW BOCCTQHOBNIEHMS T (4 <7 ) MAODKHO 30BEPLUMTLCA
BI'p B BTP ?

BOCCTQHOBJIEHWE 3NIEMEHTOB.
3Hasi CyTOYHble MOTEPM 3/IEMEHTOB MOCKE N BO3[EMCTBUM,
onpegensieMble BboipaxeHnem (1), MoxHo cosgaTb Heobxoaumbie
3anackl Ans Mx BoccTaHoeneHus. HeobxogMmo oTMetnTb, YTO
nop, NpoLEecCOM BOCCTAHOBNEHUS obbekTa ByaeM NOHMMATbL Co-
BOKYMHOCTb OMEPALMI MO 3aMEHE Ero NOBPEXAEHHbBIX KOHCTPYK-
TMBHBIX 3NEMEHTOB paboTOCNOCOBHBIMA OHANOFAMM M3 COCTaBA
KBTUC, T.e. ByaneT MMeTb MECTO OrperaTHbii METOA PEMOHTA.
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Puc. 2. O6was cxema pelueHHs 3aaa4m

Takum obpasom, ynpoLLeHHas CTPYKTypa npouecca ¢op-
muposanmns KBTUC moxet 6biTb npeactaenexa s suge (puc. 1).

Mpouecc ¢popmuposanns KBTUC ocywecrenserca B pe-
3yNbTATE PEANU3ALMM MHOXECTBA YNPABASIOWMX BO3AEHCTBUH,
dopMHpPYEMBIX JIMLOM MNPUHMMAIOWMM peLlieHre. Tak Kak
KBTUC cocrasnsiot 3anackl, cospgasaembie 3a61aroBpemMeHHo
HO OCHOBE NMPOrHO3d MOBPEXAEHUM, PE3YNbTAT YNPABASIOLMX
Bo3geicTemit U He BypeT 3aBuceTb OT BpeMeHM t U 3anuiueTcs B
emupe U = {u}.

Kaxpoe ynpaenenne bynem XxapakTepu3oBatb NOAMHOXE-
CTBOM MHAEKCOB MOBPEXAEHHbIX 31EMEHTOB r. M3 aToro cnepy-
€T, 4TO COBOKYMHOCTb U, NpeAcTaBnseT coboi pe3ynbTar ynpas-
neHYecKoro pelueHus, cpopmmposaHHbii B Buae onmcn KBTUC,
BK/IIOYQIOLLEN MepeyeHb 3anAcHbIX 4acted, Tpebyembix Aans
BOCCTOHOBMIEHWSI MOBPEXAEHHbIX 3NEMEHTOB ObBbekTa nocne
BO3J€MCTBMS HQ HEFO B MOMEHTbI BDEMEHM 1.

B cootBerctBMM C BLIBPAHHBIM ynpaBneHuem U, = T,
Heobxoaumo, uTOBbl HOMEHKNATYPHBIM M KONMYECTBEHHBbIN
coctae  KBTUC cosnopan ¢ nepeuHem wuHpekcoB R(Af)
3N1EMEHTOB, KOTOpPblE B COOTBETCTBUM C MPOrHO30M ByayT Haxo-
OMTbCS B NOBPEeXAeHHOM cocTosHum, T.e. U = R(At). MNpepcraens-
€TCS, YTO HEeAOCTATOYHO JIULLbL CNPOrHO3MPOBATL MOTEPU B XOAE
60eBbix aercteui. HeobxoanMMo, B COOTBETCTBUM C onpepeneH-
HbIM BECOBbIM KO3 PULMEHTOM KAXAOrO aneMeHTa (Koadduum-
eHT k, KOTOpbIi OnpeaensieT LLEeHHOCTb 3MIEMEHTa), M3 BCel CoBo-
kynHoct R(At) BbibpaTe Takue 3neMeHTbl, PA3peLLeHHbIN
CYMMOPHBIA 06beM KOTOPbIX COOTBETCTBOBAN Bbl NO HOMEHKNA-
TYPHOMY M KONMYECTBEHHOMY coctasy ontumansHoro KBTUC.

Torpa ynpasnsiowme BO3geNCTBUS MO  HOPMMUPOBAHMIO
KBTUC 6yayT npeacraensats coboi GbyHKUMIO CrieayioLLero suaa

U= f(R(AD), k) (2)

Takum obpasoM, ans 3pPeKTUBHOrO NPUMEHEHUS METOLOB
BbIPABOTKM peleHnit npu ¢OPMUPOBAHMM  PALMOHANBLHOIO
coctasa KBTUC HeobxopmMmo pelumTs cnegyloime OCHOBHbIE
3apaum.

1. PaspaboTtate MmeTogMueckuit annapart, no3eo-
nsowmi bopmuporatb paumoHanbHeid coctas KBTUC ¢ yue-
TOM BHewHux Bo3aenctBuit Ha TC u ACY u akcnnyaTaumoHHbIX
dakTopos.

2. Paspaborate MeToguueckuin annapar ans oUeHKH
notepb TC u ACY, T.e. popmannsoBatb npouecc BO3AeHCTBUS
nopaxatlwmx $aKToOpoB HA KOHCTPYKTMBHbIe dneMeHTbl TC 1
ACY, KOTOpbIM MO3BOAMT MONYYUTb MCXOAHbIE AAHHbIE A
peLueHus nepBoM 30A04M.

Mpu BbIGope nokasartener 3¢¢eKkTMBHOCTU HeobxoanMmo
OPMEHTMPOBATLCS HA 3Af04YM, PELUAEMbIE CMCTEMOM BOCCTA-
HoeneHusa npu obecneyernn cuctemon TOC u ACY tpebyemoit
YKOMJIEKTOBAHHOCTH BOMCK CBSI3M FOTOBOM K MCMOJIb3OBAHMIO
no npegHasHayenuio TC u ACY.

B kauectBe yHMBEpPCANbHOro KPUTEPMS, OLEHWUBAKOLLErO
eknag KBTUC B nosbiwenune addpektmBHocTM GyHKLUMOHMPOBA-
HUS CMCTEMbI BOCCTAHOBJIEHMS, LieNecoobpasHO MCMosb3oBATH
byHkumio ycronumsoctn obpasua TC u ACY v(At) [5], koTopas
onpegenseT BeposTHOCTb paboTtocnocobHoro coctosHus TC u
ACY B ycnoBusx Bcex BUAOB BO3AEHUCTBUM MO BbIPAXEHUIO
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V(A7) =K - 9(AD),

rae K — koadpduumeHT rotoBHOCTH, onpepensiowmii BeposT-
HocTb pabotocnocobHoro coctosHus TC u ACY B nioboit
MOMEHT BpPEMEHM B HOPMAJIbHBIX YCNOBMAX 3KCMAyATALMM;
0(At) — pyHkums xusyyectn TC u ACY, onpepensiiowias sepo-
ATHOCTb €ro0 HEMOBPEXAEHHOTO COCTOSIHUA B YCNOBMAX paspy-
LWAIOLWMX BO3AENCTBUM.

Ornnumsa ¢(At) ot K onpepensitot cneunduky uccnenosaHms
BAMsHMA nokasatens pocrarouHoct KBTUC wHa v(At) uepes
BPEMs BOCCTOHOBNEHMS OTKA3UBLUMX (MOBPEXAEHHbIX) 3neMeH-
ToB. B kauectee nokasatens gocrarouHoct KBTUC suibepem
koappuumeHT ero rotosHoctM K, npepcrasnsiowmit coboi
BEPOATHOCTb TOFO, YTO B NPOMEXYTOK BpeMeHU At oTKas KOM-
MAEKTd, 3AKMOYAIOWMIMCS B HEBO3MOXHOCTM YAOBNETBOPUTHL
NOCTYNMBLUYIO 30SBKY HO 3QMACHOM 3/1IEMEHT, He NPOM30MaeT.

Takmum 06pasom, CTPYKTypa 304041 MO OLEeHKe Tpebyembix
sanacos KBTUC moxet 6biTb npeacTaenexa e suge (puc. 2).

JaHHas 3apa4a, B CPABHEHUM C M3BECTHBIMM MOCTAHOBKAMM
M Metopgamu pelueHus 3apay cospganns KBTUC, umeer cne-
ayowpme ocobeHHOCTH:

— yueT npu GOPMMUPOBAHMM 3ANACOB KAK SKCMAYATALMOH-
Hbix oTka3os anemeHToB TC M ACY, Tak 1 Bo3aeHcTBUE HA HUX
nopaxarowmx GakTOpoB OpyXHs;

— paspaboTka Mogenu orHesoro Bosgencteus Ha TC u ACY;

THE APPROACH TO A JUSTIFICATION
OF RATIONAL REPAIR COMPLETE SETS
FOR MILITARY COMMUNICATIONS
EQUIPMENT COMBAT DAMAGE REPAIR

Vladimir Volovikov, Military Academy of Communications
Department of technical communications providing and automation
postgraduate student, bbcvvc@yandex.ru

Sergey Semenov, Military Academy of Communications
Department of technical communications providing and automation
professor, semsem@yandex.ru

Abstract

An important direction of the operation of communication equipment
in time of war is to restore her health. In this case, the technical condi-
tion of the samples will be characterized as operational failures and
damage. Experience shows the inconsistency of the system of mainte-
nance for solving recovery techniques even with operational failures,
not to mention the many possible combat injuries. One of the main
reasons for this state of affairs is the lack of a component material sup-
port the recovery process, as sets military equipment connection. The
urgency of the issue led to the formulation objective of the study, its
object and subject. The purpose of the research — to improve the sys-
tem for recovery inmilitary hardware connection. The object of study
is the recovery of military communication equipment, and the subject
— the process of formation of sets of military equipment due to restore
military communications. The analysis of the existing situation in this
domain allowed us to formulate requirements for formed sets and the
problem in the development of the necessary methodological support
of the assessment and calculation of rational consideration of stocks.
Issues related to the influence of reliability characteristics of communi-
cations technology on its performance, now covered adequately.
Therefore, the creation of reserves, with these positions require,

— 30BUCMMOCTb PYHKUMM (2) OT MHTEHCMBHOCTM BO3[EMCT-
BMS| MU BAXKHOCTM BOCCTAHABJIMBAEMBIX SNIEMEHTOB.

B kayectse BbIBOJO CreflyeT OTMETMUTb, YTO Y4ET YKA3GHHBIX
ocobeHHocTei npu bopmmrposanmu KBTUC nossonut nosbicuts
3¢ PekTMBHOCT PYHKLMOHMPOBAHMUS KAK CUCTEMbI BOCCTAHOB-
nenms TC u ACY, tak 1 cuctembl TOC u ACY B uenom.
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according to the authors only small adjustments. The main result was
the rationale for the development of a model of fire impact on the
enemy military equipment connection. This model will be a key tool
that will provide baseline data for the study methodology nomencla-
ture and quantity of generated sets. Solution of particular problems,
we not only reach the objectives of the study, but also be able to
develop other ways of increasing the efficiency of the repair system.
In particular, using a model that can justify a system of performance
requirements and quality criteria for evaluating the effectiveness of
other structural elements of the recovery, such as repairing bodies and
the technical support of the repair process.

Keywords: repair of military communications equipment, repair
complete sets, operational failures, combat damage, the formation
method, the model of fire impact.
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KOMIMAEKCHAS

BE3OINACHOCTb

TPU NPOCTLIX NPABUJIA YCUJIEHUSA
BE3ONACHOCTU MOBMUJIbHbIX YCTPOUCTB

Bpapnu A.,
Cisco Consulting Services

Kniouessbie cnosa:

bring your own device (BYOD), Cisco,
MOBMIILHOCTb, MOBMIIBHBIE YCTPOKCTBA,
MHPOPMALMOHHAS 6e30MACHOCTD,
YHMPHUUMPOBAHHAS ceTb, 6ecrnpoBoaHAs ceTb.

3pbiBoo6pasHoe pacnpocTtpa-

HEHMe KOPMNOPATUBHON MOBMIL-

HOCTW BbI3bIBAET B KOMMAHMSIX
rny6okne nepemeHsl U nopoi He obxo-
putca 6e3 npobnem. OgHa U3 Hanbonee
ocTpbix — npobnema MHPOPMALMOHHOM
6e3onacHocTy.

HepasHo Ha camte YopTtoHcko#
wKonbl 6BU3HECA A NPOUUTAN CTATHIO, rAe
yteespxgaetcs, urto 8 CLLUA k 2015 r.
KOSIMYeCTBO MNoJsb3OBATENEN, Mpenno-
YMTAIOWMX BbIXOAUTL B MHTepHeT ¢ no-
MOLLBIO MOBUIBHBIX YCTPOMCTB, NPEBBICUT
YMCNIO TeX, KTO MpPeanoyYnuTaeT MCrosb-
30BATb ANS 3TOM LENM NepCoHasbHbIe
koMnbtoTepbl. OTKpbITbIE [AHHbIE, MOBbI-
LeHWe [OCTYMHOCTM Hdlen MHbopMa-
UMM rOCyAOPCTBEHHBIM OPraHOM M MHO-
roe fpyroe ckidablBOETCS B MOLLHYIO
TeHAEeHUMIO, CTaBswylo nog sonpoc Ge-
30MACHOCTb MOBMIbHBIX CETEW M YyCT-
povcrte. Kak nopaepxars wmpokoe npo-
HUKHOBEHMe BecrnpoBOAHbIX YCTPOMCTB B
XWU3Hb COTPYAHMKOB, U3bexas npobnem
¢ MHpopMaunoHHoH 6esonacHocTbio?

OpuH 13 cnocoboB peleHns 3TUX
npobnem coctout B cobniogeHnn Tpex
NPOCTbIX (M BMECTE C TEM HEJOCTATOMHO
MCMOMb3yeMbiX) MPEAOCTOPOXHOCTEN.

Ucnonb3yiite naponu

B amepumkaHckmx kopnopaumsx 4acro
WYTST, YTO CAMbIM PACNPOCTPAHEHHbIN
NApoJyib — C/NIOBO «NAPOJIb». Sta wyTKa
KOXKETCsi CMEeLLUHOM NULLb A0 Tex nop, noka
Bbl HE nOﬁMeTe, 4TO gnga 6OJ1bLIJMHCTBQ MO~

6unbHbIX ycTpoitcts ycranoska JIIOBOTO
napons (nycte gaxe cnoea “napons”)
crana 6bl 6onbwMM WAroM Bnepes ¢
TOYKM  3peHuss  MHPOPMALMOHHOM
6esonacHoctu. CornacHo pesynbtaram
MCCnefoBaHMS, MPOBEAEHHOrO QHANUTH-
yeckoi komnanunen Harris Interactive no
sakasy CTIA v npountHpoBaHHoro B yno-
MsIHYTOM NMy6nMKaumu YOPTOHCKOM LUKOSbI
6usHeca, bonee MONOBMHLI MOMb3OBATE-
nei 6ecnpoBogHbIX YCTPOHCTE BoobLue He
MCMOsb3YIOT 15 MX 3ALUMTbI HUKOKMX NApO-
nen UK NepCoHanbHbIX MAEHTUGUKALMOH-
Hbix PIN-kogos. lMockonsky yrposa ans
3TMX YCTPOWCTB CO CTOpPOHbI Kubepnpe-
CTYMHWKOB BMOJIHE peanbHd, CMAPTHOHbI
M NAaHWeTbl 0653aTENbHO HYXHO 3aLm-
WaTh ¢ nomolLupto antusupycHoro MO u
naponem.

Co3pnas naponb, Bbl AOSMXKHbI TPABMUIb-
HO ero xpaHuTb. [nobanbHoe uccneposa-
HWe, npoBeaeHHoe KomnaHuen McAfee,
ycraHoeuno, 4to 15% onpolueHHbix xpa-
HST CBOM NAPOMM HA MOBMAbHBIX Tenedo-
Hax. Bbonee nosnoBMHbI ONpoLIeHHbIX ne-
peadloT CBOM MAPONM APYTMM JIIOASM.
KoHduaeHumanbHoCTh Naponei nomoxer
COKPATUTb PUCK B Cly4Yde, ecru BaLlE YCT-
POMCTBO MOMOAET B PYKMU 3510YMbILLIIEH-
HUKQ.

BYOD

Ewe HepaeHo UT-pykoeogutenmn mor-
nM nopaatbes ceoum $obusm M 3anpe-
T BYOD, TO ecTb Ucnonb3oBaHue B pa-
60Te NMYHBIX MOBMIIbHBIX YCTPOMCTB. DTH
AHu1 ywnu B npotunoe. BYOD yxe Hukyaa
He peHetca. Cerogns, korga 6onee 80%
komnaumi BYOD B ToM mnu mHom ctene-
HW PA3peLMnM, HacTana nopa paspabo-
TATb 3penble cTpaTerMm U cnocobbl pelue-
HWs NpobneM, CBA3AHHBIX C MCMOMb30BA-
HUEM JIMYHBIX YCTPOWCTB B CnyXebHbix
uensx. lMNonHomacwrabHas cTparteruns
BYOD ponxHa BknwouaTth BHegpeHue
byHKumMit 6e30NacHOCTM Ans MOBMIbHBIX
YCTPOMCTB, B TOM uucne obsisatenbHoM

3AWMTBl 3TUX YCTPOMCTB C MOMOLLbBIO
naposied M MPUHYAUTENLHOTO CTUPAHMS
MHbOPMALMK B YAANIEHHOM PEXUME, YTO
nossonsieT yaansite KOHPUAEHUMANbHYIO
MHPOPMALMIO C XKECTKMX AUCKOB B CITY-
Yae KpPAXMW MAM MOTEPM YCTPOMCTBA.
Takue pelueHWs B PABHOM CTEMeHM Bbi-
rofHbl COTPYAHWUKAM, PYKOBOAUTENSIM
MT-oTaeno. M KOMNAHUSM.

ApxutexkTypa 6e30nacHoOCTU

Komnanmn moryt ykpenute MHpop-
MauMoHHYlo 6e30nacHOCTb € MOMOLUbIO
obbeanHeHus nposogHbiX, Becnpoeoa-
HbIX M BMPTYQSbHbIX YOCTHbIX CETel B
€AMHYI0, XOPOLUO 3ALUMLLEHHYIO CETEBYIO
uHpacTpyktypy. YHubMUMpOBAHHAS
ceTb CO3AdET MOJIHYIO MPO3PAYHOCTb HA
YPOBHE CMCTEM, MO3BOJISS YCTAHOBMTD,
KTO HOXOAMTCSA B CETU M YEM OH B HEM 3a-
Humaetcs. OHa ocyuiecTBiieT MOHMTO-
PMHI BOCTYNA K KOHOMAEHUMANBHOM MH-
dbopMaLMK U OLLEHUBAET YrpO3bl B PEXM-
Me peanbHoro BpemeHu. Kpome Toro,
OHa ynpouaeT pa3paboTky U BHegpeHHe
NoAUTUK MHPOPMALMOHHOM Be3sonacHo-
cT1 B Macwtabe Bcei ceTh.

Komnanuu, xenatowme ykpenuts be-
30MacHOCTb ceTeld ¢ bonee BbLICOKMM
YPOBHEM reTepoOreHHoOCTH, CMOryT pe-
WKTb 3Ty 30A0YY C MOMOLLbIO JOMOMHM-
TenbHbiX onumi. OnaceHus no nosopgy
MHPOPMALMOHHOU Be3onacHoCTM MoryT
3aMeanuTb PAcnpoCTPaHEHWE MObBMb-
HbIX TEXHONOrMIA B BM3Hece, HO MofHo-
CTblO OCTQHOBMTb 3TOT MPOLLECC UM He Nog,
cuny. lNpwu ycnosuu BHeapeHMs npaBub-
HbIX MOJIMTUK M peLueHMi ans MHbopMma-
LUMOHHOM 6e30NacHOCTM MOBMAbHbIE YCT-
POMCTBA MOTYT MPMHECTM OrPOMHYIO
nosib3y BCEM OPTraHM3ALMSM, B TOM YMcre
BALLEN.

MNonHas peanusaums npuHUMNA
BYOD nosbiwaet npou3soanTenbHOCTb M
cokpawaeTt pacxogsl (http://www.
cisco.com/web/RU/news/releases/txt/
2013/05/053013b.html).
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MHOOPMALUMOHHAS

N KMBEPBE3OTNACHOCTb

AYAMNT BESONACHOCTU B CUCTEME YINPABJIEHUA
BE3OMNACHOCTbIO CETEBOIO B3AMMOENCTBUS
HA OCHOBE UCINOJIb3OBAHUA CUCTEMbI AOMEHHbIX UMEH

Mapkun A.0.,
Akagemmns PCO Poccuy,
admin@nikitka.net

KnioueBble cnosa:
MOHMTOPMHTI, AyAHT,

ynpasneHue 6e30nacHoCTsI0,
MH$OpMaLMOHHAs 6e30MacHOCT,
MOHMTOPMHI 6€30MaCcHOCTH,
ayamt 6e30nacHoCcTH,

DNS, cucteMa AOMeHHBIX MMEH.

AHHOTAUMA

MpeacraeneHo onucaHue cucTeMbl ayam-
Ta 6€30MACHOCTU B CUCTEME YNPABAEHMS
CEeTeBOro B3OMMOAEMCTBMS HA OCHOBE
cUcTeMbl fOMeHHbIX MmeH. lMpepctaenex
TAKXe anroputm paboTbl AAHHOM cucTe-
Mbl, 0BOCHOBOHA €ro MPMHLMUMMANBLHAS
peanusyemoctb. Ha ocHoee npeanoxen-
HbIX nokasaTtenen 3¢pPeKTUBHOCTH PYyHK-
LMOHUPOBAHMUS MPEANAraeMon CUCTEMbI
MOKA3QHbI €€ NPeMMyLLECTBA Nepea u3-
BECTHbIMM CMCTEMAMM ayauTa besonac-
Hoctn. OnucaHa TunoBas CTPyKTypd
KOMMABIOTEPHOW CeTH, peanuayiouias
npeanaraemMyto CMCTeMy, M MpeacTaene-
Hbl pe3ynbTaThl anpobaummu cucTeMsl Ha
ucnbitatensHom creHge. OCHOBHBIM pe-
3ynbTaTtoM paboTbl SBASETCS QANrOPUTM
bYHKUMOHUPOBAHMS CUCTEMBbI ayauTa Ge-
30MACHOCTM HO OCHOBE MCMONb3OBAHMS
CUCTEMBI [JOMEHHbIX MMeH. Mcnonb3oea-
HUS CMCTEMbl AOMEHHBIX MMEH B LensiX
ocyliecTeneHus ayauta 6esonacHocTu
MO3BONSET 3HAYMTENLHO YBENMUYMUTL CTe-
MeHb OXBATA SMEMEHTOB NOKAMbHbIX M
rno6anbHbIX CETEM, NOABEPraeMbIX ayam-
Ty, d Takxe obecneunts Gonee MONHbLIM
HaBoOp KOHTPONUPYyEMbIX NAPAMETPOB
ceTeBoro B3ammopencTeus. Pesynbratsl
NPOBEAEHHOTO MCCNEROBAHMS MOATBEPXK-
[eHbl HAMMYMEM ABTOPCKOrO MATEHTA HA
usobpeTteHne 1 cBUAETENLCTBOM 06 0du-
LUMANbHOM PerucTpauyum NPOrpamMsl Ans
DBM. B HacToswee BpeMs nokanbHbie U
rnobanbHble ceTM MHPOPMALMOHHBIX
cuctem TpebyloT peanmMsaumm Henpepbis-

HOro MpoLecca AAMMHUCTPATUBHOIO Y-
pasnenus. Mpu 3ToM PyHKUMM agMUHMC-
TPMPOBAHMs 3ATPArMBAIOT, KK npobrne-
Mbl, CBSI3QHHbIE C MPOMU3BOAMTENBHOCTbIO
M HAAEXHOCTbIO PaBOTHI CETH, TAK U C ee
6e3sonacHocTbio. MMockonbky MOAHOCTbIO
UCKNIOYUTb BO3MOXHOCTb BO3HUKHOBEHMS
HELUTATHBIX CUTYOLMM HEBO3MOXHO, pe-
WeHWe 3aKIOYAeTcs B TOM, 4To6bl 06Ha-
pyXuBaTh npobnemsl Ha Haubonee paH-
HUX CTAAMSX, M MONY4ATb O HUX Haubo-
nee nogpo6Hyto MHpopmaumio. Ons pea-
NU3ALMM STOTO PELUEHMs YaLLe BCErO MC-
MONb3YIOT METOA MOHWUTOPMHIA CHUCTEMbI
u ee besonacHoctU. besonacHocts no-
KanbHoM ceTu (B Bonee oblem cMmbicne —
3AWMLLEHHOCTb €€ OT BHELWHWUX U BHYT-
PEeHHMX BPEOHOCHBIX AencTBuM) obec-
Ne4YMBAETCs ABYMS METOAAMM: AYAUTOM U
koHTponeM. [lpeanaraertcs cuctema
ayanta 6e30NacHOCTM B CUCTEME YNpPAB-
neHuns 6e30NACHOCTbIO CETEBOrO B3AMMO-
BENCTBUS HQ OCHOBE MCMONb3OBAHMS CHUC-
TeMbl JOMEHHbIX MMeH. PasHoobpasune
Knaccos yrpo3 MHdpopmaumoHHomn 6eso-
nactoctn (UB), peanmayembix ¢ ncnosnb-
30BaHMEM 0cobeHHOCTEN PYHKLMOHMPO-
BAHWS MPOTOKONIOB MEXCETEBOro B3aM-
MopeHcTeus, TpebyeT oT cnyx6bl agMu-
HucTpupoeaHus Mb kopnopaTueHbIX
UHPOPMALMOHHBIX CUCTEM, KOK COOTBET-
CTBYIOWMX MNPOrPAMMHO-AMMNAPATHBIX
KOMMIEKCOB MOHUTOPUHIA M OLLEHUBAHMS
coctosiins Mb B aTom HanpasneHuu, Tak
U COOTBETCTBYIOLMX METOAUK UX UCMOSb-
30BOHUS B PA3MMYHBIX, AMHAMMYECKM
BO3HMKAIOLMX CUTYALMSIX.
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INFORMATION

AND CYBER SECURITY

B ycnoeusx ¢yHKLUMOHMPOBAHMUS CUCTEMBI YNPABAEHMS
6€30MaCHOCTbIO CEeTEBOrO B3AMMOAEMCTBMS SBASETCS HanMuue
knacca yrpo3 UMb, onpepensembix craHgaptamu [3, 4] u apy-
FMMM, SIBIISIIOTCS CETEBbIE YrPO3bl, TO €CTb KIACCHI Yrpo3, peanm-
3YEeMbIX C MCMOMNb3OBAHMEM MPOTOKOJIOB MEXCETEBOrO B3AUMO-
perctens. OcobeHHOCTbIO NpeanaraeMol CUCTeMbl AyAMTa
6€30MAaCHOCTM SBASETCS MCMONb3OBAHME CHMCTEMbI AOMEHHbIX
umeH. K uumcny yrpos, ucnonb3yrowmx cuUCTEMY [OMEHHBIX
MUMEH, OTHOCSITCS YrpO3bl, OCHOBAHHbIE HO MoaMdMKALMKM Nake-
ToB DNS-TpaH3akumi, KoTopble OTHOCATCS K KNACCy Yrpo3, Ha-
MPOBMEHHBIX HO CO3ACHWME B CETM NOXHOro mapwpyTta. Mx no-
TEHUMANbHAS OMACHOCTb 3AK/OYAETCS B BO3MOXHOCTM nepe-
XBATA ACHHBIX, NEPEAAIOMXC MEXAY KIMEHTAMM CETEBbIX
CepBMCOB M CEPBEPAMM 3TUX CEPBMCOB. TakMM 06pa3oM, B py-
KaX 3M0YMBILUNEHHUMKOB MOFYT OKA3ATbCSi AYTEHTUhMKALMOH-
Hble [AHHbIE COTPYAHMKOB OPraHM3ALMM Al JOCTYNA K pecyp-
CaM KOHKPETHOro cepBuca.

HeobxoaMMO OTMETUTb, YTO NPAKTUYECKOE OTCYTCTBME pea-
NU3AUMH NPOrpPAMMHO-AMMAPATHBIX KOMMIEKCOB, O TAKXE Me-
TOAMK MOHMTOPMHIA M OueHUBaAHMsS knacca yrpo3 UMb, ocHo-
BAHHBIX Ha Moandumkaummn naketos DNS-tpaHsakumi, npu no-
TEHUMANbHO BbICOKOM OMACHOCTH PEeanu3auuu B KOPrNopaTHB-
HbIX MHPOPMALMOHHBIX CUCTEMAX ATAK TUMA: GHANIM3 CETEBOrO
TpaduKa; NOAMEHA JOBEPEHHOro OBbLEKTA CETH; HOBS3bIBAHMUE
NOXHOro MAPLIPYTA; BHEAPEHUE NOXHOrO 0bbLEKTA CETU M Co-
OTBETCTBYIOWMX ITUM OTOKAOM Yrpo3, OMpPEREnseT OCHOBHOEe
NPOTMBOPEYMUE, YCTPOHEHUE KOTOPOrO BO3MOXHO MyTEM ped-
NU3AUMM NPESSIaraeMOM CUMCTEMbI AYAMTA M MOHMTOPMHIA Yr-
po3 Ub ceteeoro Baanmopencrems.

1. Nokazarenu 3¢pPeKTUBHOCTU CUCTEMBI YNPABIEHUS

6e30nacHOCTbIO CETEBOro B3AUMOAENCTBUS

B kauecrtse nokasarens Pe3ynbTaTUBHOCTM npegnaraeTcs
MCMONb3OBATL 3ALUMLLEHHOCTb CETEBOTO B3AMMOREMCTBUS KNU-
€HTa U HHd)OpMQLIMOHHbIX CEepPBHUCOB, UCMOJIb3YIOLWNX CUCTEMY
[OMEHHBIX MMEH, BbIPAXAEMYIO BEPOSTHOCTbIO HOAEXHOM 3a-
WMTb MHPOPMALMMU:

N
r=T]~" (1)
i=1
rae P, — BEPOATHOCTb 3CLUMILEHHOCTM MHPOPMALMM HA i-M

obbekTe, yyacTeylolwem B ceteBoM Baammopenctemn; N — ko-
NMYecTBO OBBEKTOB, AN KOTOPLIX OCYLLECTBASETCS yNpasneH1e
uHpopMaLUoHHOM Be30NacHOCTbIO.

3awmIeHHOCTb MHPOPMALMM HA i-M OBbekTe 3ABUCMT OT
3AWMLEHHOCTH MHPOPMALMM B KAXAOM COCTOSIHMM (pexume
pabotsl) kaxgoro obbekta. TakMM 0BPA3OM, 3ALMLLEHHOCTb
MHPOPMALMM Ha i-M 0BbEKTE BbIPAXAETCS:

M
P=1-]0= Py )
k=1

rae Pj — BEpPOSTHOCTb 3ALMILEHHOCTU MHPOPMALMM HA i-M

obvekte B k-M coctosiHun (pexunme paboTbl) asTomatMaupo-
BAHHOM cUCTEMb; M — KONMYECTBO COCTOSIHMIA ABTOMATM3UPO-
BAHHOM CUCTEMBI.

B knaccuuyeckom cnyuae 3apaua no obecneuyeHuio Heso-
MACHOFO CETEBOrO B3AMMOAEMCTBMUS PELUAeTCs NyTeM YCTAHOB-
kn Mexcetesoro akpaHa (MC3) B sawmwaeMom cermeHTe ce-
TH, KAK MPABUIILHO, NOKANbHOM. [1pyU 3TOM KONMYECTBO anemeH-
TOB KOMMblOTEPHOM ceTU N, HG KOTOPLIE PACMPOCTPAHSETCS
nonutuka 6esonacHoctn MCD, orpaHuMyeHa pasmepamu 3a-
LUMLLLOEMOrO CErMEHTA.

Mpeanaraemas cuctema ynpaeneHus GesonacHocTbio ceTe-
soro eaanmopencTeus (CYBCB) nossonsioT BHe 3aBMCUMOCTH OT
TOMOJSIOMMM CETU U PACMONOXEHUS TOYKM MOHUTOPUHIA (Mexce-
TEBOrO 3KPAHA) U KIMEHTOB OCYLLECTBASTL YNpABneHue MHdop-
MAUMOHHOM 6e30MaCHOCTBIO M MOHMTOPMHI CETEBOTO B3AMMO-
nencteus. Konmuectso oxsaTbiBaeMbIX TAKOM CUCTEMOM MOHMTO-
puHra snemeHtoB cetM — N, M, o4eBnaHo, 4to Neyew > Nopon.
Kpome Toro, paHHas cuctemMa No3BONSET OCYLECTBASTL YNpPAB-
nexme MHGOPMALMOHHON BE30MACHOCTBIO U MOHUTOPUHT CeTe-
BOrO B3AMMOJEMNCTBMS KOAK HA 3TAME YCTAHOBMEHMS coeamHe-
HMs, TOK M Ha 3Tane MHGOPMALMOHHOTO OBMEHA KAMEHTA M
MHPOPMALMOHHBIX cNyX6, ocylwecTsnaTs GbunbTpaumio Tpadu-
KA C y4eTOM NIoBbIX 3HAYMMBIX MOSIEN CETEBBIX NAKETOB, YNPAB-
neHue AOCTYNOM KSIMEHTOB K MHOPMALMOHHLIM cnyx6am no-
Cne yCTAHOBSIEHWUS COeAMHEHMS, GUNbTPaLMIO TpadmKa HA Ha-
nuyYne cBeleHMM KOHPUAEHUMANBHOTO XAPAKTEPA M CBEAEHMH,
COCTABASIOWMX FOCYAAPCTBEHHYIO TaWMHY. Takum obpasom, ec-
nM B Kayectse kputepus 3PpPEKTUBHOCTU BHIBPATL 3ALIMLLEH-
HOCTb MHbOPMAUMK, TO ¢ yueToM popmyn (1) u (2) ero moxHo
NPeacTasuTh B BUAE:

NC’HCWI Mcucm angm anom
Pcucm: H (1 - 1_[(1 _Pik)) > Pnpom: 1_[ (1 - H(l _F;k))'
i=1 k=1 i1 k=1

roe P, — BEpOSTHOCTb HAAEXHOM 3awmTbl MHOPMALUKU B
npeanaraemom cucteme, P, — BEPOSATHOCTb HOAEXHOM 3ALUM-
Thl MHPOPMALUU B CUCTEMAX-NMPOTOTUMAX, MCMOSb3YEMbIX B
PAMKAX NOKASbHBIX CETEM.

2. AnropuTtm pa6oTbl CUCTEMBI YNIPABNIEHUS

MHPOPMALIMOHHON 6€30MACHOCTbIO

CceTeBOoro B3aMMoaencTems

B coctaB TMNOBOM KOMMBIOTEPHOM CETH, PEANU3YIOLLEN
NPeanaraemMyto CUCTEMY, BXOAAT CeAyioLLMe SEMEHTbI:

1. Knnentckas MIBM (Knuenr).

2. WNutepHet-nposaipep (B cocrase: kawupyrowmn DNS
cepeep, Wwno3).

3. BcnomorarenbHbii KMeHT.

4. CUCTEMO BOMEHHBIX UMEH.

5. Touka MoHMTOpHMHra (MexceTeBoM akpaH, ¢unbTp, npo-
Kcu-cepBeep).

6. Cepeep MHGOPMALMOHHOM CyXObl.

Mpumep TMNoBo# npeactasneH Ha puc. 1. B kayectse knmen-
Ta MoryT BbicTynate kak [MTDBM nonb3osartenei KoMnbloTepHOM
CeTH, TaK M pasnuuHbie cnyx6el (Hanpumep, FTP, WEB, SMTP,
POP). B kauectee MHPOPMALMOHHBIX Crlyx6 BbiCTynaioT nobbie
cnyx6bl, UCMONb3YlOLWME CUCTEMY AOMEHHbIX MMeH. K HuM oTHo-
carcs, Hanpumep, WEB, FTP, EMAIL, POP, SMTP, IMAP. Ha puc.
2 npepcTaBneH anroput™m paboTtbl cucTembl ynpasneHns 6eso-
MACHOCTbIO CETEBOTO B3AMMOJEMCTBUS, Peanm3yemoro TUNoBoOM
KOMMbIOTEPHOM CETbIO, MPEACTABNEHHOM Ha puc. 1.
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KIHEHTa K HH}OPMALHOHHOK
cys0e, 06paboTka 3ampoca
MH(pOPMALMOHHO ¢y KO0 1
Tiepe/iada OTBETa KIHEHTY uepe3
TOYKY MOHHTOPHHIa

TP

Oran 18. O6pabotka oTBeta
MH(OPMALIHOHHOI CITy kOB B
TOYKE MOHHTOPHHTA —
MEJKCETeBOM SKpaHe

71164|7

Oransi 19-20. [epenaua otsera
HH(OPMALMOHHOI CITyIKObI
KIIHEHTY

17
Konery

Puc. 2. Anroputm paboTbl cucTembl ynpasnieHus 6€30nacHoCTbio
CeTeBOro B3AMMOAEMCTBMS HA OCHOBE MCMONb3OBAHMS
CUCTEMbI BOMEHHBIX MMEH

Ons ycnewHoW peanusauum NpepsiaraeMor CUCTEMbl yaa-
NEHHOro MOHMTOPMHIA M YNPABNEHWUS MHPOPMALMOHHOM Be3o-
MACHOCTbIO CETEBOrO B3AMMOLENCTBMS HO OCHOBE MCMOMb30BA-
HUS CUCTEMbl AOMEHHBIX MMEH HeOBXOaMMO BbINONHEHWE PSAd
YCINOBUM:

1. Cywecreyer koHTponupyembit DNS-cepsep, oteeuato-
MM 30 KaKyto-nM6o (nobyto) 30HY cMCTEMBI JOMEHHBIX MMEH.

2. KnueHT obcnyxusaetcs MHTEPHET-NPOBAMAEPOM C KILLIMU-
pytowmm DNS-cepeepom nnbo mssecten uHon DNS-cepeep,
YClYraMu KOTOPOrO NOfb3yeTcs KIMEHT, U [AHHBIA CepBep siB-
NSETCS KILMPYIOLLMM.

3. B MomeHT nonyuenns DNS-oteeTa oT KoHTponupyemoro
DNS-cepsepa B kawe DNS-cepsepa wuHTepHeT-npoeaiaepa
oTcyTcTByeT 3anuch ¢ uenesbiM DNS-umeHem ysna mHdpopma-
LIMOHHOM cnyX6bl.

4. B Touke MoHuTOpuHra cyuwiecteyet 6asa IP-agpecos u
OOMEHHBIX MMEH LeneBbiX MHPOPMALMOHHBIX CyX6bl, B OTHO-
LIEHMM KOTOPLIX BEAETCS MOHWUTOPMHI U YNpPABAEHME CEeTEBbIM
B3AMMOJENCTBMEM C KITMEHTOM.

Ons MHALUMANKU3AUMKM NPOLECCA MOHUTOPUHIA HEOBXO0AMMO
oCyLecTBUTb 3anpoc Ha paspewenrme DNS-uMeHn 13 3oHbI, 3a
KoTopyto oteedaeT koHTponupyembiii DNS-cepeep. Bnarogaps
3TOMY, NOSIBASIETCS BO3MOXHOCTL cdopMmuposats DNS-oteeT Ha
MOJSTy4YEHHbIM 3AMPOC C 3AAAHHBIMU MAPAMETPAMM.

CornacHo pekomeHgaunsm RFC 1034 [1], RFC 1035 [2],
YCTAHABNMBAIOWMX NOPSAOK GYHKLMOHUPOBAHMS, creumdpuka-
LMIO M NPUMEHEHME CUCTEMbI AOMEHHBIX UMEH, NpU popMHUpo-
BaHuu DNS-oteeta ponyckaetcs pobaenenue, Tak HasbiBae-
Mbix nonen "Additional".

HaHHble nons HeobxoanMbl ans 3anuck IP-appecos ecnomo-
raTenbHbIX Y3708 PA3AMYHBIX TUNOB, B TOM YMCAe, Afs NpeaoT-
BpaweHus nosTopHoro obpauwenns k DNS-cepeepy, B cnyua-
AX, KOTAA NO OnpefeneHHbIM NPUYMHAM, OCHOBHOM y3ern, 3a-
nuce KoToporo nepepaetcs B nose "Answer", okasbiBaeTcs He-
BoCTynHbIM. B cnyyae npumeHeHus npepnaraemMoi cuctemsl, B
none "Additional" sanuceisaercalP-aapec, crassawpmiica B coort-
BETCTBME [OOMEHHOMY MMEHM LeneBod MHPOPMALMOHHOM
cnyx6e, HO PeanbHO MPUHAAIEXALUMA TOYKE MOHMTOPMHIA —
MEXCETEBOMY IKPAHY.

Peanusaums paHHbix dYHKUMM B NpepsiaraeMoMn cucTeme
BO3/IOXEHA Ha Tak HasbiBaembid DNS-kommyTatop, anroputm
paboTbl KOTOPOro NPEeACTABNEH HA pUC. 3 U PEANM30BAH B OB-
TopckoM nporpamme ans DBM [6].

HoBuzHa npepnaraemoro peluenus no peanusauum anro-
pUTMa paboTbl cMcTeMBbl YNpaeneHus MHGOpPMALMOHHOM 6eso-
MACHOCTbIO CETEBOrO B3UMMOJEMNCTBMS MOATBEPXKAAETCS HAMM-
umem aetopckoro nateHta [5]. Mocne Toro kak B npouecce
paspewenuns 3agaHHoro DNS-umenn kawmpytowmi DNS-
cepsep uHTepHeT-nposaigepa (ISP) nonyuyaer DNS-otsert, TO
MPU OTCYTCTBMM 3ANMUCEN B CBOEW KILI-MAMSATU COOTBETCTBYIO-
WMX 3aMUCsIM M3 gononHuTensHeix noneid DNS-oteeta, oH no-
MeLLaeT 3T 3aMMCH B KILL-NAMSTb.

Takum obpasom, B kaw-namste DNS-cepsepa uHTepHer-
NPoOBAMAEPA NMOMELLAIOTCS 3AMMUCH, YCTAHABIMBAIOWME COOT-
BETCTBME AOMEHHbBIX UMEH MHPOPMALMOHHBIX CnyX6, ans KoTo-
pbix 6yaeT ocylecTensTbcsi MOHUTOPMHT, U IP-agpeca, npuHag-
NeXALLEro TOYKe MOHUTOPMHTA.
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Hmnopt
napamMeTpoB

203
TTpuem DNS 3ampoca
ot DNS ximenra
Ha pa3pelleHne
3amanHoro DNS umenu

— 204 |

Pasz6op DNS 3anpoca u
naeHTHdUKanus HHGOpMaLUn
W3 3amnpoca

— 205

®opmuposanue DNS oTseTa

— 206
3anuce JOMOJHUTEIEHOTO
nosisi B DNS oTBet Ha ocHOBe
3a/laHHBIX TAPaMETPOB

r 207

Ilepenaya DNS otsera

— 208

AyJIUT IPOU3BEICHHBIX
JIedCcTBUI

209 Al

Konerng

Puc. 3. Anroputm pabotsl DNS kommyTatopa
B coctase koHTponnpyemoro DNS-cepeepa

C sTOoro MoMeHTaq, B cnyyae, ecnu knueHt popmupyet DNS-
3anpoc HA paspelleHne UMEHM y351d Lenesol MHPOPMALMOH-
HOM cnyX6bl C AOMEHHBIMM MMEHEM, XPAHSLLMMCS B K3Lle npo-
BAMAEPA U COXPAHEHHOTO M3 AOMOJSIHUTENbHBIX MOMEM, Mony-
yeHHbIX nocne obpabotku DNS-3anpoca "scnomorarensHoro”
knuenta, To DNS-cepsep uHTepHeT-nposaitnepa dopmupyer u
otnpaensetr DNS oTseT knmMeHTy Ha ocHoBe pAHHLIX U3 CBOErO
kawa. Takum o6pa3oM, KIMEHT NonyyYaeT paspelueHne AOMEH-
HOTO MMEHM 3anpOoLIeHHONW MHGPOPMAUMOHHOM cnyxbbl ¢ IP-
aApEecOM, MONy4YeHHbIM OT KoHTponupyemoro DNS-cepeepa u
XPpOHSLWEMcs B MOMEHT 0bpaboTku 3anpoca KAMEeHTa MHTEp-
HeT-NPoOBAMAEPOM B K3W-NAMSTA nposangepa. [lpu 3ToM
IP-agpec npuHaanexuT He LenesBor MHPOPMALMOHHOM CRyXK-
6e, 3anpaAlMBAEMON KIMEHTOM, a Touke MoHuTopuHra. Coort-
BETCTBEHHO, Aanee, obpalleHne KIMEHTa K Lenesoi MHdopMa-
uMoHHOM cnyx6e npoucxoaut no IP-agpecy, npuHaanexauwe-
My Touke MmoHuTopuHra. lMpu obpaweHnn knmMeHTa no nony-
yeHHoMy IP appecy k Touke MOHMTOPUHIA, B KOTOPOM HA OCHO-
BAHMMU MpeponpeaenieHHbIX NAPAMETPOB CETEBOM MOAUTUKM
6e30MNaCHOCTU NPOM3BOAMUTCS PSA YNPABASIOWMX BO3AEHUCTBUM.
K atMm pgeicTBusM oTHocuTCS:

1. Pazbop nony4eHHOM OT KNIMEHTA TPAH3AKLMM.

2. BeipaboTka M NpMMeHEHWE YNpaBAsIoWwmMX BO3AEHCTBUM.

3. AyauT nonyyeHHbIX TPAH3AKUMI M NPOM3BEAEHHbIX AeM-
CTBUM.

4. DopMMpPOBAHME HO OCHOBE AAHHBIX MOMYYEHHOM KIMEHT-
CKOM TPAH3AKUMM 3anpoca K MHPOPMALMOHHOM criyxbe.

B Touke moHuTopuura — MC3 ocywecrensercs npeobpaso-
BaHue cetesbix agpecos (Network Address Translation — NAT),
yTo noseonsieT obecneunTs ero "npospauHyio” paboTy ¢ TOuKM
3PEHMs KIMEHTA M LeneBoi MHPOPMALMOHHOM CryX6OM.

3. Anpo6auus pe3ynbTaroB paspaboTKu anropuTtma

cucTembl ynpaeneHus 6e30nacHoOCTbIO

CceTeBoro B3aMMoAencTBus

Anpobaums npeacTaBneHHbIX Pe3yNnbTaTOB NPOMU3BOAMNACH
C UCMONb3OBAHMEM MCMBITATENBHOTO CTEHAA B BMAE KOMMbIO-
TEpPHOM CeTH, NpeACTaBneHHOM Ha puc. 1.

B coctas KoMnblOTEpHOM CETH BXOAAT:

1. DNS-cepsep Ha 6ase nporpammHoro obecneveHus
BIND 9.4, otseuatowmit 3a 3oHy ".a", ¢ BOMEHHbBIM MMeHEM
"ns.a".

2. DNS-cepsep Ha 6ase nporpammHoro obecneveHus

BIND 9.4, orteeuaiowmit 3a 3oHy ".b", ¢ gOMeHHBIM MMeHeM

"ns.b".

3. Knuentckas M3BM c IP agpecom 10.0.33.13.

4. Touka MOHUTOPUHIA — MeXceTeBoM 3KpaH ¢ |IP-agpecom
10.0.33.13.

Mexay BceMM 0BBLEKTAMM KOMMBIOTEPHOM CETU HACTPOEHO
cetesoe B3anmmopenctene. MMpuHUMN paboTbl KOMNbIOTEPHOM
CEeTMU 3aKNIOYAETCs B CIEAYIOLLEM.

Mexay DNS-cepeepamu nepecbinka 30H HACTPOEHA TAKMM
06pa3oMm, YTO nony4as 3anpoc HA PA3PELIEeHWUs] JOMEHHOro
MMEHM M3 30Hbl, 30 KoTopbiM oTBedaeT apyrod DNS-cepsep,
Tekywmit DNS-cepeep dopmupyeT U oTnpasnser K HeMy no-
eTopHbii DNS-3anpoc u, nonyuus ot Hero oTeet, popMmupyeT U
otnpaensetr DNS-oteet knuenty, chopmuporasiiemy nepsbii
3anpoc, OAHOBPEMEHHO MOMELLLAS B CBOIO K3LL-MAMSTb OTBET OT
sroporo DNS-cepsepa. Takum obpazom, mogenupyetcs pabo-
Ta DNS-cepsepa uHTepHeT-nposaigepa.

Ha nepsom stane Ha DNS-cepeepe, oTBeuaiowem 3a 30Hy
"b" sanyckaetcs, ckpunt "fakedns", peanusyowmit paboty
DNS-kommyTaTtopa. B 3apauy ckpunta exogut obpabotka no-
nyyennoro DNS-3anpoca Ha paspewenue gomeHHOro MMeHH
u3 3oHbl ".b" u pobaenenme B DNS-otBeT gononHuTenbHoro
nons "Additional" gns sapaHHoro gomMeHHoro uMexn (B Nnpume-
pe — "victim.com"), cooTseTcTBylOWMM LEeNeBON MHPOPMALM-
OHHOM cnyx6e, ans KoTopol BypeT oCylecTBAATbCS MOHMTO-
PMHT 1 ynpasneHne 6e30nacHOCTbIO CETEBOrO B3AMMOAENCTBUS
C KIMeHTOM, M ¢ 3apaHHbiM IP-agpecoM (B npumepe —
"10.0.33.13"), cOOTBETCTBYIOLMM TOUKE MOHUTOPUHIA — MEX-
ceteBoMy 3kpaHy. 3anyck ckpunta "fakedns" ¢ 3apaHHBIMM
napameTpamu, Mogenupytowmii paboty DNS-kommyTtatopa
OCYLUECTBASETCS KOMOHAOM, MPEACTABNEHHOM HA puc. 4.

®aitn [paeka Bua TepmuHan Bknagkn Cnpaeka

Puc. 4. Komanga Ha 3anyck DNS-kommyTatopa

WwWw.h-es.ru
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N KMBEPBE3OTNACHOCTb

Ha sTopom atane nponcxoaut bopmmpoBaH1e U nepeaaya
DNS-3anpoca gns pomeHHoro umenu "test.b" ot knmuenTa B cuc-
TEMy AOMEHHbIX MMeH, cocToswemy M3 DNS-cepeepa "ns.a" u
DNS-cepsepa "ns.b". MNpu stom nepeuunsiv DNS-cepeepom
(DNS-cepeepom MHTepHET-NpOBAAEPA) ANs KNMEHTA SBASETCS
DNS-cepeep "ns.a". CtpykTypa sanpoca npeacrasneHa Ha puc. 5.

) file:///root/Desktop/spoof/a_dns.cpp - KDevelop

®ain fpaska Bun fpoext C6opka Orzanxa Cuewapww 3anamxw OkWo Cepsuc Hacrpoika Cnpaska

Fle EdR View Go Captre Analyze Statistics Help

Bae D@xe QBe-2F2 EE Q0 $¥ex 8

[P ser. v % Expression.. | & Owncrure | o Dpnmenurs|

No.  Tme. Source Destination Protocol  info
1 0.000000 10.0.33.13 10.0.33.2 NS Standard query A test.b |
20.000523  10.0.33.2 10.0.33.3 DS Standard query A test.b |
40004263 10.0.33.3 10.0.33.2 DS Standard query response A 10.0.33. [
5 0.004325 10.0.33.2 10.0.33.13 DNS Standard query response A 10.0.33.13
64.994609  Vmware_fc:3e:73 Vmware_de:07: dc ARP Wno has 10.0.33.37 Tell 10.0.33.2 [
74.994615  Vmware_de:07:dc Vivare_fci3e:73 AP 10.0.33.3 is at 00:0c:29idei07:dc |
85.004278  Vmware_fc:3e:73 Vinvare_91:d4:84 AP Who has 10.0.33.137 Tell 10.0.33.2

b Frame 1 (66 bytes on wire, 66 bytes captured)
b Ethemet II, Src: Viware_91:d4:84 (00:0c:29:91:04:84), Dst: Viware_fc:3e:73 (00:6c:29:c:Je:73)
b Intemet Protocol, Src: 10.6.33.13 (10.6.33.13), Dst: 10.0.33.2 (16.6.33.2)
b User Datagram Protocol, Src Port: 41797 (41797), Dst Port: domain (53)
~ Domain Name System (query)
IRespanse In: 51
Transaction I0: 0xba3s
b Flags: 0x0100 (Standard query)
Questions: 1
Answer RRs: ©
Authority RRs: 0
Additional RRs: 0
< queries
~ test.b: type A, class IN
Nane: test.b
Type: A (Host address)
Class: IN (0x0001)

0000 00 OC 29 fc Je 73 00 Oc 29 91 d4 84 08 00 45 00
0010 00 34 89 72 00 60 40 11 9a bG 0a 00 21 0d 62 00  .4....@.
0020 21 02 a3 45 00 35 00 20 08 03 bd 35 01 00 00 O

0030 00 00 00 00 00 00 04 74 65 73 74 01 62 00 00 O1 ...
004000 01

File: “/rootDeskiop/farming® 3245 B... - Packets: 30 Displayed: 30 Marked: 0

GIT

Profile: Defaut

Puc. 5. Crpykrypa nakera DNS-3anpoca ans gpoMeHHOro MMeHu
"test.b" oT knueHTa B cMCTEMY BOMEHHBIX UMEH

Ha tpeTtbem stane popmupyetca u nepepaetcs DNS-oteet gns
[oMeHHoro MmeHu "test.b" ¢ pononnutensHbim nonem "Additional”
M 30ACHHBIM AOMEHHBIM MMeHeM "victim.com",cooTBeTcTByOLMMA
UHGOPMALMOHHOTO cityx6e, KOTOPOMY NOCTABNEH B COOTBETCTBME
3apanHbid IP-agpec "10.0.33.13", cooTtsetctBylowmid Touke Mo-
HutopuHra. Ctpyktypa naketa DNS oteeta B gaHHom cnyuae
BBIFNSAMT TAK, KAK NPEACTABAEHO Ha pyc. 6.

Ha yetBepTom atane ocyuiecTenseTcs NpoBepka HANMYMS B
kaw-namstm DNS cepeepa "ns.a" gomeHHoro umenn "victim.com”,
cooTeeTcTBYIOWEro MHOopMaumoHHoH cnyxbe, Ho ¢ IP agpe-
COM, COOTBeTCTBYlOWEM Touyke MoHuTopuura — "10.0.33.13".
lNposepka ocyuwiecTBnseTcs KOMAHAOMW, MPEACTABAEHHOM HaA
puc. 7.

mc - root@CentOS-vict.a:/var/named/chroot/var

®aitn [paeka Bua TepmuHan Bknapgku Crnpaeka

Puc. 7. MNpoeepka Hanuuus B kaw-namst DNS-cepsepa "ns.a"
fOMeHHOro nmeHH "victim.com"

Ha natom sTane npuMHMMaOeETCs OTBET O HANMYMM B K3LU-
namaty DNS-cepsepa "ns.a" pomeHHoro umenu "victim.com".
Crpykrypa DNS-otseta npepcraenena Ha puc. 8.

i farming - Wireshark =ER
Fle Edt View Go Caplure Analyze Statistcs Help

Bae DRxwd Ber»TE EE AQQAHN @M% B

() siter: | [ 7] 4 Expression...| &5 Ouncrurs |  mpumenure

Destination

No. |Time. | Source

Protocol Info
D6 Standard & A10.0.5.13
Standard query respanse A 10.0.33.13

14 14,6089 10.0.33.2 10.0.8.13 3

infai

< Donain Neme Systen (respanse)

[Tine: 0.004489000 seconds]
Transaction 10; 033
b Flags: 0x8400 (tandord query response, Nl error)
tuestions: 1
Asver Rs: 1
Authority #s: 1
Additional Rs: 1
v Oueries
< victin.con: type A, class IH
Nane: victin.con
Type: A (Host adress)
Class: N (@0001)
< Ansvers
© victin.con: type A, class TN, addr 10.0.33.13
Nane: victin.con
Type: A (Host address)
Class: I (@o0a1)
Tine to ive: 7 days
Data length: &
Addr: 10.0.33.13
< Authoritative nameservers
© con: type 15, class IN, s victin.con
Nane: con
Type: 15 (Authoritative name server)
Cass: 0 (@o0a1)
Tine o ve: 7 doys
Data Length: 12
Nene server: victin.con
< Additional. records
© victin.con: type A, class TN, addr 10,0.33.13
Nane: victin.con
Type: A (Host address)

= Closs: I (0x000)
farming - Viireshark U
Tine 10 Live: 7 doys
Fle Edt View Go Capture Analyze Statistics Help tata Length: 4
=) Addr: 10.0.33.13 ol
7 S
BEe D@x@8 Qe-92F2 BB Q0 Heox B 000 000 20 fc 3 P00 M Ae 07 G 8 005 00 oe. .. E
— 0010 0067230000 FF 11 SF 340002 03000 L8 =t
‘MEHN [¥] 4 expression ‘ & Ouncrurs | f Mpumennte 6620 2102003580 260073 a5 b3 31 B4 0000 61 1,565 4..7...
el = 0030 00 01 00 01 00 01 06 76 €9 63 78 69 6 03 63 6 v ictnco H
9 OMO 54100 00 01 00 01 06 76 €9 63 78 69 64 03 63 61 m......v ictin.co [
No. Tme. Source Destination Protocol Info Bl i 000,00 20,51 % 20 3020000 2020 i g c
3 File: *Jroot/Desktop/faming” 3245 B... _ Packets: 30 Displayed: 30 Marked: 0 Profile: Defautt
5000435  10.0.33.2 10.0.33.13 3 Standard query response A 10.0.33.13 ’_
45N Vmre fceT3  Vmarededl:kc AP Mo bas 10.0.5.9 Tell 10.0.3.2 g

'~ Domain Mene Systen (response)
IBeuest Tn: 3
[Tise: 0003532000 seconds]
Transaction I0: Gxdtss
b Flags: 0x6469 (Standard query response, Mo error)
tuestions: 1
Saswer s: 1
Authority Res: 1
Additional Rs: 1
v tueries
v test.b: type A, class IN
Nome: test.b
Type: A (tost adress)
Class: T (ox0001)
< Mnswers
< testb: type A, class IN, addr 10.0.3.13
N test.b
Type: A (Host address)
Cass: I (040001)
Tise to Live: 7 days
Data tength: 4
Addr: 10.0.33.13
< Authoritative nameservers

I

< con: type IS, class T, ns victin.con
Nome: con
Type: NS (Authoritative nase server)
Class: I (010001)
Tine to Live: 7 days
Data length: 12
Mo server: victin.con

© Atitional records

¥ victin.con: type A, class IN, addr 10.0.3.13

Nome: victin.con
Type: A (tost adress)
Class: T (ov0001)
Tise to Live: 7 days
Data tength: 4
Addr: 10.0.33.13

File: */rootDesktop/farming” 3245 B... - Packets: 30 Displayed: 30 Marked: 0 Profile: Default

Puc. 6. Crpykrypa nakera DNS-oteeta ans pomeHHOro uMenu
"test.b" ¢ pononnutensHeiM nonem "Additional"”
M 3a80HHBIM BOMEHHbIM MMeHeM "victim.com"

Puc. 8. Crpyktypa DNS-oteeTa 0 HOnMuMM B K3LL-NAMSATH
DNS-cepeepa "ns.a" pomeHHoro umenn "victim.com"

OuesnpHo, YTO NpM AanbHEMWEM OBPALLEHWUM KIMEHTA K
y3ny "victim.com" no IP-agpecy u3 nony4enHoro DNS-oteetaq,
obpaweHne 6yget npoucxoauts no IP agpecy, sapaHHomy B
napametpax k ckpunty "fakedns" u cootsetcTBylOWEMY TOUKE
MOHUTOPUHIA — MeXceTeBOMy 3KkpaHy. [lposepka aaHHOro
dakTa ocylecTBAsSeTCS KOMAHAOMW, NPEACTABAEHHOM Ha pUc. 9.

mc - root@CentOS-vict.a:/var/named/chroot/var

®aitn [lpaska Bua TepmuHan Bknagkn Cnpaeka

Puc. 9. MNposepka cooteetcreus IP-appeca yana "victim.com"
3aaaHHOMY B npouecce GyHKLUMOHMPOBAHMS
DNS-kommyTaTtopa "fakedns"
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BbiBOALI M HANPABNEHUS AASIbHEWLLMX UCCIIEAOBAHUI

Ha ocHoBe npoBefeHHOro 3KCMEpPUMEHTA MOXHO CAenatb
BbIBOA, YTO, NP BbINOSHEHMM NEPEUUCIEHHBIX YCIOBUM M Bnaro-
[APS UCMOMb30BAHMIO CUCTEMBI JOMEHHBIX UMEH U JOBABNEHMIO
pononuutensHoro nons "Additional" 8 DNS-kommyTatope npu
obpaboTtke 3anpoca HA paspeLleHne AOMEHHOTO UMEHM Lerne-
BOM MHPOPMALMOHHOM ClyXBbl, BOSHUKAET BO3MOXHOCTb OCY-
LLEeCTBNEHUS KOHTPOSS CETEBOTO B3AMMOAEMCTBUS KIIMEHTA MU 30-
AAHHBIX MHDOPMALMOHHBIX CAYX6 BHE 3ABMCMMOCTM OT MX pac-
MONOXEHMS U TOMONOrMM KoMnbloTepHoM cetu. Mosiensietcs Bo3-
MOXHOCTb MOHUTOPMHIA M KOHTPOJISi CETEBOTO B3AMMOAEMCTBUS
KJMEHTA M 30AAHHBIX MHPOPMALMOHHBIX cnyx6 Ha 3Tane ycra-
HOBJIEHWUS1 CEAHCA COEAMHEHMS M HA 3TANe MHPOPMALMOHHOTO
obmeHa, 4To nossonser obecneuntb uUNLTPAUMIO TpadMKA HA
HONMYME CBEAEHMIM KOHPUAEHUMANLHOrO XAPAKTEPA M CBeae-
HMH, COCTUBNISIIOLLMX FOCYAAPCTBEHHYIO TAMHY, NPEeAOTBPALLEHME
HECOHKLMOHMPOBAHHOTO pocTyna K uHdpopmaumn. B pamkax
HANpPaBJIeHWMM AANIbHEMLLUMX MCCIIEA0BAHMI Npeanaraercs:

1. PeanuMsoBatb npeanoxeHHyo CUCTEMY B [EMCTBYIOLLEN
cetM MHTepHET C MCNONb3OBAHME TEXHOJNIOTMIM BUPTYQNbHOIO
XOCTUHIa NM60 PU3UYECKMX CEPBEPOB.

2. MNpoeeputs paboTy NPeanoXeHHOM CUCTeMbl NPU B3AM-
mopeictenn ¢ DNS-cepsepam uHTepHeT-npoBaigepos, Mc-
MONb3YIOWMX PA3NMYHOE NPOrPAMMHOe obecrieyeHus, BbISIBUTb
npeaensl MPUMEHUMOCTH CUCTEMBI, CYLLECTBYIOLLME OrPaHMYE-
HUs U YCIIOBMS MCMOJIb3OBAHMS B AieicTBYIoLEeN ceTn UHTepHer.

3. PeanusoBath NpeanoxeHHyl0 CUCTEMY B KOYeCTBE NPOTO-
TMNA CUCTEMbI YAQANEHHOrO MOHMTOPMHIG, KOHTPOAS AOCTYnd M
ynpasneHus MHGOPMALMOHHOM 6e30MacHOCTbIO CETEBOO B3aM-
MOAENCTBUS BbIAENEHHON KOPNOPATUBHOM CETU OPTraHM3ALMM.

OcobeHHOCTAMM NPEAnaraeMoi CUCTEMbI SBASIOTCS:

1. Peannsaums gocryna k uibopmaupoHHomy obMeHy yaaneH-
HbIX MOSb30BATENEMN M YAANEHHBIX MHPOPMALMOHHBIX PECYPCOB.

2. BO3MOXHOCTb NONYYEHUs AOCTYNA U MOHUTOPUHT Tpadu-
KQ yAQNEHHbIX NONb3oBATENEN U MHPOPMALMOHHBIX PECYpPCOB,
ucnonbaytowmx SSL/TLS (pabotatowmx no npotokony HTTPS).

3. "Mpo3paunbii" pexnm paboTsl TOYKM MOHUTOPHHIA.

4. OTcyTCTBME HAPYLIEHWUH B PEXMME PYHKLMOHUPOBAHUS M
CTPYKType pacnpeaeneHHon MHPOKOMMYHMKALMOHHOM CeTH
(MTKC npoeaiigepa, nporpaMMHO-anNnapaTHAs cpepa npo-
BAMAEPA M MOMb30OBATENS, MPOrPAMMHO-ANMNAPATHAS Cpead
cepBepoB MHPOPMALMOHHBIX PECYPCOB).

5. HesasucuMocTb OT pacnonoxeHus nonb3oBaTenem M
MHPOPMALMOHHBIX PECYPCOB.
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SECURITY AUDIT IN THE SYSTEM
OF SECURITY NETWORKING CONTROL
BASED ON USING DOMAIN NAME SYSTEM

Markin D.O., postgraduate student Academy FSD of Russia,
Oryol, admin@nikitka.net

Abstract

The paper presents description of security audit system in the system
of security networking control based on using domain name system.
The algorithm of the system operation is shown; its principal feasibili-
ty is justified. Basing on the offered efficiency indicators of system
operation it's shown the proposed system advantages over the known
security audit systems. The typical structure of compute network that
implements the proposed system is described in details and also the
results the system testing on the test bench are presented. The main
authors result got in this paper is the algorithm of security audit sys-

tem operation based on using domain name system. The use of the

domain name system in order to implement security audit allows to
significantly increasing items as local area network as global network
too. Also it provides more complete set of controlled parameters
using during security audit. The results of the study confirmed by the
author's the patent for the invention and certificate of the computer
program official registration.

Keywords: Monitoring, auditing, security management,
information security, monitoring security, audit security,
DNS, domain name system.
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TEXHUYECKWME
TPEBOBAHMS K CTATBIM

MANUSCRIPT REQUIREMENTS

Format

1. All files should be submitted as a Word document.

2. Articles should be between 15000 and 20000 characters
(incl. spaces).

3. Article Title to be submitted in native language and English.

A title of not more than eight words should be provided.

Author Details (in English and native language)

Details should be supplied on the Article Title Page including:

* Full name of each author

* Position, rank, academic degree

* Affiliation of each author, at the time the research was completed
* Full postal address of the affiliation

* E-mail address of each author

Structured Abstract (in English and native language)

Abstract should be: informative (no general words), original, relevant
(reflects your papers key content and research findings); structured
(follows the logics of results presentation in the paper), concise
(between 250 and 300 words).

* Purpose (mandatory)

* Design/methodology/approach (mandatory)

* Findings (mandatory)

* Research limitations/implications (if applicable)

* Practical implications (if applicable)

* Social implications (if applicable)

* Originality/value (mandatory)

It is appropriate to describe the research methods/methodology if
they are original or of interest for this particular research. For papers
concerned with experimental work describe your data sources and
data procession technique.

Describe your results as precisely and informatively as possible.
Include your key theoretical and experimental results, factual infor-
mation, revealed interconnections and patterns. Give special priority
in your abstract to new results and long-term impact data, important
discoveries and verified findings that contradict previous theories as
well as data that you think have practical value.

Conclusions could be associated with recommendations, estimates,
suggestions, hypotheses described in the paper.

Information contained in the title should not be dublicated in the
abstract. Try to avoid unnecessary introductory phrases (e.g. the
author of the paper considers).

Use the language typical of research and technical documents to
compile your abstract and avoid complex grammatical constructions.
The text of the abstract should include key words of the paper.

Keywords (in English and native language)
Please provide up to 5 keywords on the Article Title Page, which
encapsulate the principal topics of the paper.

Figures

All figures should be of high quality, legible and numbered consecu-
tively with arabic numerals. All figures (charts, diagrams, line draw-
ings, web pages/screenshots, and photographic images) should be
submitted in electronic form preferably in color as separate files, that
match the following parameters:

References
References to other publications must be in Harvard style and
carefully checked for completeness, accuracy and consistency.

TPEBOBAHUA K MPEACTABJIEHUIO MATEPUAJIOB

Mpepnoctaensemas ans ny6AMKALMM CTATbS JOSKHA BbITb AKTY-
anbHOM, obnaAaTh HOBM3HOM, OTPAXATh MOCTAHOBKY 3QAAYM,
CopepXaTb OMMUCAHME OCHOBHBIX PE3YNbTATOB MCCIEHOBAHMS,
BbIBOAbI, O TAKXE COOTBETCTBOBATb YKA3AHHBIM HUXE MPABUIIOM
odopmnenus. TekcT ponxeH BbiTb TWATENbHO BBIYUTAH ABTO-
POM, KOTOpPbLIA HECET OTBETCTBEHHOCTb 30 HOYYHO-TEOpEeTHUYeC-
KM ypOBEHb My6nnMKyemoro marepuand.

1. CraTbs nogrotaenmeaetcs B pegaktope MS Word.

2. PopMynbHbie BBIPAXEHMS BBIMOJSHSIOTCS BO BCTPOEHHOM
dopmynbHom pepaktope MS Word 2003 unu B pepakTtope
Math Type. Takxe B oTaenbHOM nanke JOMKHbI COAEPXATHCS
3KCnopTUpoBaHHbIe M3obpaxenns ¢popmyn B ¢popmare TIFF
(kauectBo M30bpaxenmit He Menee 600 dpi). Haseanmnsa dai-
NOB [ONXHBI COOTBETCTBOBATbL HOMepam ¢$opMyn B cTaTbe
(Hanpumep: Popmyna 2-1 tiff).

3. O6bém cratem ¢ anHotaupen — ot 10 go 20 Thic. 3HAKOB.
PucyHku u Tabnvubl B 06beme CTATbU HE YUUTLIBAIOTCS.

4. O6bveM anHotaumm 250-300 cnos. AHHOTAUMS AOMXHA BbITh
uHpopmaTHBHOM (He copepxaTtb OBLWMX CNOB), CTPYKTypHpO-
BAHHOM, OTPAXATb OCHOBHOE COAEPXAHME CTATbM: MPEAMET,
Lenb, METOAONOIMIO MPOBEAEHWUS MCCNEfOBAHWUM, Pe3ynbTaThl
UccnepoBaHui, obnacte X NpuMeHeHus, Bbisoabl. [puBoasaTcs
OCHOBHbIE TEOPETUYECKME U IKCMEPUMEHTASNbHBIE PE3YNbTaTI,
dbakTHyeckue aaHHbIE, OBHAPYXEHHbIE B3AUMOCBA3M U 3AKOHO-
MepHOCTU. BbiBOABI MOrYT COMPOBOXAATLCS PEKOMEHAALMSAMM,
OLIEHKOMM, NPEAIOXEHUSIMH, TUMOTE3AMM, OMMCAHHBIMMU B CTATHE.
5. Kniouesble cnosa (He meHee nsTH).

6. dbammnms, MM, OTYECTBO BCEX OBTOPOB MOJSIHOCTbIO, MOMHOE
HO3BAHWME OPraHM3AUMM — MecTd paboTbl KAXAOro dABTOPA,
MOYTOBBLIM AAPEC, AOMXKHOCTb, 3BAHUE, YHEHAS CTEMEHb KAXAOTO
QBTOPQ, OAPEC 3MEKTPOHHOM NOYTHI Aflsl KAXAOro ABTOPd.

7. Cnvcok nuTepatypbl He MeHee NATM HOMMEHOBAHWM, ANs CTa-
TeM — C YKA3OQHMEM CTPAHML, ANSl KHWAT — € YKa3aHWeM obero
YMCNA CTPAHUL, B KHUTE, AJ1s MHTEPHET-CAMTA — € YKA3AHMEM [ATbI
obpateHms.

8. PopMynbl HyMepyIOTCs B KPYfbIX CKOBKAX, MCTOYHUKM — B
npsmbix. Hymepauus dopmyn u npuseseHune B cnmcke MCTOYHM-
KOB, HO KOTOpPbIE HET CCbINIOK MO TEKCTY, HE AOMYCKAETCS.

9. Ha aHrnuickom sisbike NpepocTaBnseTcs: HO3BAHWE CTATbM,
AN KOXKAOro GBTOPA MMS U haMMUIMsS, MecTo paboTbl, AOMX-
HOCTb, 3NEKTPOHHbIM OAPEC, OHHOTAUMS, KIIOYEBbIe CIOBA M
cnuckn nutepartypsi (no crangapty Harvard).

10. Cratbs NnpepocTaBnseTcs B 3NeKTPOHHOM BUAE, eauHbIM dai-
NOM, UMEIOLLMM CreAyIoLLYIO CTPYKTYPY: 3drfidBue CTaTby, cBepe-
HUs 06 QBTOPAX, KIIOYEBbIE CNOBA, OHHOTAUMS, TEKCT CTATbM
(Bkmiouas unnioctpaumm, Tabnamusl U GopMyIbl), NPUCTATENHBIN
CMIMCOK IUTEPATYpPbI, AHFOA3bI4HbIM 6ok, Takxe npeacrasnsercs
OTAENbHAS NAMKA € 3KCMOPTMPOBAHHLIMM M306paxeHUsMU
dopmyn B popmarte TIFF, no Tpe6oBAHUAM YKOA3AHHBIM B 1.2,

11. K cratbe npunaraetcs skcnepTHoe 3aK/IIOYEHUE O BO3MOX-
HOCTM ONyBNMKOBAHMS CTATBM B OTKPLITOM MEYATH M ABE PeLeH-
3UM KOHAMAATOB MAM AOKTOPOB HAYK MO Mpoduio niaHupye-
MoM ny6avKaumMm MmaTepmanos.

BHumanue! Pegakums ocrasnser 3a cob6oi Npaso OTKNOHWUTbL
NpeAcTaBneHHbIE MATEPHANbl, 0POPMIEHHbIE HE MO YKA3AHHBIM
MPABUIIOM.
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