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WHCTUTYT ASPOKOCMUYECKKX NPUBOPOB Y CUCTEM

A3pokocMuyeckue U3MepUTENbHO-BbIMUCITUTENBHBIE KOMMNEKChI

YK 629.76.78

A.A. Apucmos
CTYAEHT Kacheipbl a3POKOCMUYECKIX U3MEPUTENBHO-BBIYMCITNTENBHBIX KOMMIEKCOB
B.B. lMepntok — Hay4HbIl pyKOBOLAUTENb

V‘-IEBHO-JIEMOHCTPALIVIOHHI:IIZ CTEHA ANA OTPABOTKUA ANNFOPUTMOB
OTHOCUTENbHOW OPUEHTALIUM MUKPOCIMYTHNKOB HA OPEUTE

CoBpemeHHas KOCMOHaBTMKa nofBepraeTcs u3mMeHeHusM. PaHee ucnonb3osanuck kpynHorabapuTtHble
CMYTHUKW Maccol OKOMo COTEH kumorpamm. [ins BbIBO4A OHOTO TaKoro CMyTHUKa Ha opbuty Tpebyetcs uc-
nonb30BaTh 3HAYNTENLHOE KONMYECTBO PecypcoB. Ha AaHHbIN MOMEHT BCe 60nee LMPOKO MPUMEHATCS CNyT-
Hukn maccon ao 15-20 kr, 06beanHsemble B rpynnbl. PAcCMOTPUM NpenMyLLecTBa 1 HELOCTATKM TaKiX CyTHU-
KOB MO CPABHEHMIO C MPEXHAMM.

MpenmyLiecTsa:

1) BO3MOXHOCTb BbIBECTI Ha OPOUTY HECKOMBKO CMYTHUKOB CPasy;

2) 6oree BbICOKas HAOEXHOCTb CUCTEMbI MUKPOCMYTHIKOB MPU PELLEHM OBHON W TOM e CO CnyTHUKaMm
npeabIayLLMX MOKOMEHWIA 3aaum (CoXpaHeHe paboTocnocoBHOCTM rPYNMbI MPK BbIXOAE 13 CTPOS OQHOTO CMYTHUKA);

3) HEKOTOpOe yMeHbLLEHNe CTOMMOCTY BCErO NPOEKTa.

HepocraTku:

1) B CBSI3M C ManbIM1 pa3mepamu 1 Maccoil HEBO3MOXHOCTb UCMONb30BaTh KpynHorabapuTHbIE paamo-
CUCTEMbI C HanpaBNeHHON aHTEHHON. B cBS3K ¢ 3TM 06nacTb Ha NOBEPXHOCTY NNaHeTbI, MOKpbIBaeMas OfHUM
CMYTHUKOM, 3HAYUTENBHO YMEHbBLLAETCS, @ AN CBA3M MEXY YneHamu rpynibl MUKPOCNYTHUKOB Hanbonee Le-
necoobpasHo ncnonb3oBaTh PaaMocucTeMsl 6e3 HanpaBneHHbIX aHTEHH W NepefaBaTh MHAOpPMAaLMI C MOMO-
LLbto TakuX TexHonorui, kak Wi-Fi unu Bluetooth;

2) N0 TEM e NMPUYMHAM HEBO3MOXHO YCTAHOBWTb BUraTENM U TONNMBHbIE Baki Ans HUX. [ns koppekuum
0pbUTHI TaKMX CMYTHUKOB MOXHO UCMONb30BaTH TOMBKO MaXOBUKU.

PaccMoTpiM YMpPOLLIEHHYI0 CXEMY OMTUKO-3NIEKTPOHHON OTHOCUTENBHOM HABUraLMW [BYX CMYTHUKOB
copmarta Cubesat. Ha nepsom ycTaHoBneHa kamepa, Ha BTOPOM — 24 MHpakpacHbIX CBETOANOAA, pacnorno-
XEHHbIX Ha OOKOBbIX CTOPOHAX CMyTHUKA rpynnamm no 4 Wwrykn. Ha kaxaoi OoKoBOA NaHenu pacnonoxeHue
TaKoW rpynnbl AOMKHO BbITb YHUKAmbHLIM, YTO MO3BONUT TOYHO ONPEAENUTH, KaKol CTOPOHOM M Kak MMEHHO B
NPOCTPAHCTBE PACNONOXEH CNyTHUK. 3Has pasmepbl HAbNAAEMOro CryTHUKA U TOYHOE PacroNnoXeH e CBe-
TOAMOZO0B Ha KaXzoi rpaHu, MOXHO ONpeaenuTb KOOpAMHaTLI BEpLUMH Kyba. [lanee Bynem B pacyeTax Mcnons-
30BaTh MIMEHHO 3TW KOOPAUHATHI A5 YIPOLLEHUS BbIYMCTIEHWA.

MpuMeMm, 4TO OCK KOOPAMHAT, OTHOCUTENBHO KOTOPbIX PACCMATPUBAETCS MONOXKEHUE CMYTHUKOB, pacno-
NOXeHb! crieaytolmm 0bpasom: ock OY HanpasneHa BepTukarnbHO BBepxX, ocb OX — Mo HanpaBneHuto aBmxe-
HUs cnyTHWKa, ocb OZ — BnpaBo Ans Habntogatens, cMoTpsLero Bgons ocv OX. MonoxeHne BegoMoro cnyT-
HMKa OTHOCUTENBHO BEayLLEro onpeaensercs Tpems yrnamu dinepa. Onpenenym MaTpuLbl HanpaBRSOLMX
KOCWHYCOB NPy NEPeXoae OT UCXOAHOM cuctembl koopamnHaT 0XYZ k cucteme koopamHat OXpYnZs, CBA3AHHON
C Kopnycom BeayLLero cnyTHuka. CHayana paccMOTpUM NOBOPOT CMYTHWUKA U3 UCXOGHOTO MONIOXEHWUS OTHOCH-
TenbHO ocu 0X Ha yron  NpOTMB YacoBOW CTPENKM, eCrv HabnioaaTh ¢ NONoXUTeNsHoi YacTi ocy 0Y:

cosy 0 —siny
A,=| 0 1 0 | (1
siny 0 cosy
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Matpuua Ay — 310 onepatop, NpeobpasyioLumii HavanbHble koopauHatel X, Y, Z B koopauHatel X, Y', Z'.
AHamnorM4yHo paccMoTpUM MOBOPOT Ha yron § oTHocuTenbHo oc OY’' NPOTUB YAcOBOW CTPENKM Npu
HabnoaeHNN CO CTOPOHBI NOMOXUTENBHOI YaCTH NPOMEXYTOYHO ocn OZ”:

[cos9 sind 0
Ag =|-sinS cosS 0]. 2)
0 0 1

AHanornyHo nomny4um Tabnuy Npu NOBOPOTE Ha Yrony ¥ NpoTWUB YaCOBOW CTPENKN OTHOCUTENBHO NPO-
MeXyTo4Ho! ocu OZ” npu HabMoAEHUN CO CTOPOHbI MONOXUTENBHOM YacTh NPOMEXYTOYHOM ocn OX:
K 0 0
A, =|0 cosy siny |. (3)

|0 —siny cosy
MonHas yenoyka npeobpasoBaHuil TakoBa:
[XbeZb] =A, [X'Y'Z'= A Ay [X"Y"Z"]= A ASAW[XYZ]. (4)

Benem o603HaueHne A = AY AgA,,, roe maTpuua A — nckomas MatpuLia npeobpasoBaHis 13 Havanb-

Holt cucTeMbl koopauHat OXYZ B cuctemy koopamHat OXpYbZb, CBA3AHHYIO C BEAYLWM CYTHUKOM. B pesynb-
TaTe NoNnyyum creayiowyee:

[XbYb2Zp] = A[XYZ]. (5)
B atom cnyyae matpuua A UMeeT cneayHoLLyto CTPYKTYpY:
C0S 9 - cosy sind —c0s 9 siny
A =|siny-siny —cosy-cosy-sind  cosy-cosY  Ccosy-siny-sind+siny-cosy |. (6)

siny-cosy -sin3 +cos-siny  —siny-cosY Cosy-Cosy —siny-siny -sin9
Tak Kak mMaTpuua HanpaBnsoOLMX KOCMHYCOB A SBMSIETCS OPTOroHanbHoW, To obpaTHas matpuua
C = A= AT umeeT criegytowui Bug;
€0s9-cosy  siny-siny —cosy-cosy-sing  siny-cosy -sinS + cos- siny
A= sind cosy-cosd —siny-cos 9 7)
—C0S9-siny  cosy-siny-sin3+siny-cosy  €osy-cosy —siny-siny -sind
Matpuua C no3sonsieT nepeiTi 06paTHO OT CUCTEMbI KOOPAWHAT, CBA3AHHO C BELYLUWM CrYTHUKOM, K
“3HayanbHoi cucTemMe KoopAnHaT:
[XYZ]=C[X,Yb2p]. ®)
PaccmoTpim anropuTm U3MepeHust paccTosHus 40 06bekTa C NOMOLLbI0 KaMepbI, MPUHSB 1S yNpoLLe-
HUS, YTO BEJOMbI CMYTHUK HENOABMKEH OTHOCUTENBHO OAHOM W3 0ceit. He NpUHLMNNansHO, Kakyio npu 3TOM
0Cb BbIOPaTh, TaK kak CyTHUK Kybuueckuit. Ha puc. 1 npeactaeneHa cxema, Ha OCHOBe KOTOPOiA Byaem fenatb
BbIBOAbI. KoathdhnumeHT MaclutabuposaHns nuHabl kamepsl Kt = LA.
Paccmotpum tpeyronbHikin DCB 1 MOD. OHu nogo6HbI no npuaHaky Asyx pasHbix yrnos (MOD = DCB
=900, ODM = CDB kak BepTukanbHble). Toraa cnpaBeanuBo CreaytoLee paBeHCTBO:
h Ly —f 9

Bbipasum nuHeiHbIin pasmep M3obpaxeHus CryTHUKa Yepes ero pasmep B NUKCensx 6 v paspeLueHue
Kamepbl k nukcenemn/cm:

h=k-o. (10)
3 ypaBHeHwmii (9) v (10) Bbipasum ko3dhuLMEHT k:
TN )
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Lc

i

ac

\ 4 A 4

Puc. 1. Cxema B3auMHOro pa3meLLieHns uccnegyemoro obbekra:
f — chokycHoe paccTosiHMe NH3bI 06BEKTUBA;
h — BepTUKanbHbIit pa3Mep OTCMEXMBAEMOTO CryTHUKA;
hc — nonyyeHHoe u3obpaxeHrue cnyTHIUKa npyu kanubposke;
h’ - nonyyeHHoe 13oBbpaxeHne 06beKTa NPU pearbHbIX M3MEPEHHSIX;
L — n3BecTHOe paccTosiHue 4o 06bekTa, Ha KOTOPOM NPOBOAUTCS KanMBpoBKa;
L - paccTosiHue 1o 06bekTa B peanbHbIX YCrOBHUSIX;
M, D, O, C, B - Toukm

BBeeneM koadduLmeHT kamepbl kos NO CEAyHOLLEn hopmyne:
f (L, -f)-a
PR C-d (12)
k h
[laHHbIN K03hMLMEHT onpesensieTcs Npu kanubpoBKe M B AanbHENLIEM UCTIoNb3yeTes ANs onpeaene-
HUS PacCTOsHNS L 10 BEAOMOrO CMyTHUKA NPY B3aMMHON OpUEHTALMM:

h
L:kosﬁr (13)
o

roe a’ — pa3mep Nomy4eHHOro Npu U3MepeHt 3obpaxeHns obbekTa.

Jonyctum, 4to kKanubpoBka NPOBOAMTCS NPy Cneayowmx napametpax: Le=5.5 m; h=0.1 m, =0.5 m, pas-
peLueHne maTpuubl kamepbl paBHo 3.7 Mn (1920x1920). Toraa no copmyne (12) kos=9.6-104 nukcenei. fony-
CTUM, 4YTO BO BpeMsi paboTbl Ha opbuTe kamepa nomny4yuna u3obpaxeHue CnyTHUKA pasmepom 50 nukcenen.
Torpa no dopmyne (13) pacctosHue Ao a1oro cnyTHUka L=192 M. OLeHM norpeLHoCTb NOMy4eHHOTo pesynb-
TaTa, NPUHSB, YTO OLNGKa MaTPULIbl KAMEPLI COCTABASET Ad = 1 NUKCENb.

Torpa:
AL =" Aa =[kos M A (14)
da (xz
dL
AL = |— b = |kps | aa .
da a? [ins Hawmx 3HayeHuin no copmyne (14) ownbka M3MepeHust paccTosHUs

COCTaBNSAET NPUMEPHO 4 M. Takum o6pasom, Mbl nonyumni L= (192+4) m.
[laHHas ownbka MoXeT ObITb YMEHbLUEHA C MOMOLLBIO LOMONHUTENBHON 06paboTky NoMnyYeHHoro 13o0-
paxeHus. Mpu 3TOM UMEETCS OrpaHUYEHNe Ha BpeMs BbINONHeHNs 06paboTku, Tak Kak CMyTHUKM ABUKYTCS CO
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3HaUMTENBHON CKOPOCTBIO, U MPOBOAUTL U3MEPEHHS! PACCTOSIHUS MEXAY HMMU HEOBX0AMMO CO 3HAUUTENBHON
yacToTolt. Takum 06pa3oM, yMeHbLUMTL UTOTOBYH OLLMGKY MOXHO MyTeM UCMONb30BaHHs NpoLeccopa C BbICo-
KOif TaKTOBOW 4acTOTOM, CIOCOBHOTO BLINOMHSATL Goree CroXHbIE anropuUTMbl M3MEPEHIS! PACCTOSIHUS 33 Npy-
€MreMoe Bpewmsi.

B pesyrbTaTe MOXHO cenath CriefyioLLuii BbIBOZ: UCMONb30BaHUE METOAA TEXHUYECKOTO 3pEHUS SBIIS-
€TCs OnpaBAaHHbIM 1 NEPCNEKTUBHBIM B PELLEHUN 3a4ad YNpaBneHnst MpOCTPaHCTBEHHBIM PacnonoXeHnem
MMKPOCTYTHIKOB B IPYMNUPOBKe U, NPEXe BCEro, Ans ONPeLeneHnst TEKYLLEro PacCTOSHIUS MEXZY COCEAHUMM
CMyTHUKaMK. OTW BO3MOXHOCTW MPeLnonaraeTcsi UCNomnb3oBaTh B [anbHEALNX UCCReaoBaHNsIX, Hanpumep,
npy aBTOMaTM3aLyWK CTbIKOBKM. BMecTe ¢ TeM nMpoBeAeHHble pacyeThbl MOKa3blBalOT CPABHUTENBHO BbICOKME
OLLMGKY B ONPEAENEHUM YrIOB MPOCTPAHCTBEHHON OPUEHTALMM, YTO TPEBYET JONONHUTENbHBIX MCCTIENOBaHMIA
11 pa3paboTK1 HOBbIX MOAXOAO0B K PELLEHNH0 3aAaY4 OLIEHKU MPOCTPAHCTBEHHOI OpUeHTaL MK Ha 6ase onTUyeckux
METO/I0B.

Bubnuorpadmyeckuin cnucok

1. Nypbe A. W. AHanuTnyeckas mexanuka. M.: ®usmanurt, 1961.
2. OnTnyeckue BblucneHus. dnektpoHHas ubnuoteka. URL: http://lib.alnam.ru/book_copt.php (nata obpatue-
Hus: 12.04.2018).
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YOK §31.383

A.H. Apmembes
MarucTpaHT kadeapbl a3pOKOCMUYECKUX M3MEPUTENBHO-BBIMCIIUTENBHBIX KOMMIEKCOB
B.A. Tynbicee — [OKTOP TEXHUYECKNX HayK, MPOECCOP — Hay4HbI PYKOBOANTENb

PELUEHWE 3AOAYU UOEHTUOUKALIMM NAPAMETPOB MOﬂEJ'IE?I,
MCNONb3YEMbIX NMPU KOMMNEKCMPOBAHUA BUHC U CPEACTB BHELUHEW KOPPEKLIUK

Ha cerogHsLLHMIA feHb A9 BbIpabOTKM HABUraLMOHHbIX 1 AMHAMUYECKIX NapameTPOoB LLMPOKOE pacnpo-
CTpaHeH1e NoNyYnnmu CToxactyeckve metoabl 06paboTku MHGOpMaLMK, B TOM YMCie METOAb! KarMaHoBCKOI
unbTpaLmmn. SPEKTUBHOCTL Takux UMLTPOB CyLECTBEHHO 3aBUCUT OT TOHHOCTM ONUCAHNS HEBENOLLYMHBIX
BO3MYLLEHMI M OLUMBOK M3mMepeHnin. Kak crneacTeue 0HOM 13 OCHOBHBIX 3afay SBNSETCS UAEeHTUdMKaLms na-
pameTpoB hOPMUPYIOLLKX UALTPOB, UCMOMb3YEMbIX ANSt ONUCAHUS 3TUX NPOLIECCOB.

B npeanoxeHrHoi paboTe paccMaTpuBaeTCs BOIMOXHOCTb MAEHTM(MKALMK NapaMeTpoB METOLOM Ba-
puauun Annara [2]. B nocnegHee Bpems 3TOT METOZ MOSy4mI LUMPOKOE PacnpoCcTpaHeHne Npu UCCnefoBaHnm
CBOWCTB CMyYaiHbIX OLWMOOK YyBCTBUTEMbHBIX 3NIEMEHTOB MHEPLMANbHBIX CUCTEM (TMPOCKOMOB W aKkcenepo-
MeTpOB).

P M3BECTHbIX MPUGOPOCTPOUTENBHBIX HUPM BKNHOYAET OLIEHKY BapuaLmn AnnaHa B cnewudmkaLmum Ha
MHepynanbHble npubops! [3].

B nuHeitHo# nocTaHOBKe 3aA4auv OLEHVBaHNSA MOAEeNb NOBEAEHUS AMHAMUYECKON CUCTEMBI B paCLLIMPeH-
HOM NPOCTPaHCTBE COCTOSHWN MMEET BuE,

Xp(K) = @ (k) (k ~ 1)+ Gy (K)E K) . £ (K) & N{O.Q(K)) 1)
Mozenb U3MepeHns nmeeT Bng
25(k) = H (K)xp (K) + v (), v, (K) € NO,R(K)} )

rhe Xp(k) - BEKTOp COCTOSHWS [MHAMAYECKOW CUCTEMbI pasMepHocTu N ; z,(k) - BEKTOp M3MepeHuil
pasmepHoctu m ; Hp,(k) - wu3BecTHass B obwem cnyyae matpuya pasmepHocTd mxn ; vp(k) -
LieHTPUpOBaHHb I BEKTOP OLUIMGOK U3MepeHMii C koBapuaLMoHHoI MaTpuLien Ry (k) ; £y (k) - LeHTpUpoBaHHsiil
BEKTOP OLINOOK BO3MYLLEHMIA C KOBApUALMOHHOM MaTpuLieit Qp(k); <Dp(k) - MaTpuua CoCTosHuS, Gp(k) -
MaTpuLia BOaMyLLeHus cucTemsl. MpeanonaraeTcs, 4o napametpsl &, (k) 1 vy (k) He 3aBucat mexay coboit

11 0T BekTOpa HavanbHbIx ycnosuit x(0), x(0) e N{x(0),P(0)} .

CyTb MeTOfa BapuaLmn AnnaHa COCTOMT B BbIYUCNEHNN AUCNEPCUM Pa3HULbI COCEOHMX OTKNOHEHWN [1],
a He caMux OTKMOHEHWI LIEHTPUPOBAHHOTO CIy4aliHOro NpoLiecca, kak 3T0 AenaeTcs npy onpeaeneHuy Knac-
CHYecKoit BbIGOPOYHON aucnepcum.

Mpeanonoxum, 4to umeetcs L Habopos 13 M 3HaYeHMIA CyYailHoi NOCNea0BaTEeNbHOCTH

X1 X2 0o XM XM 410+ XM ""X(L—1)M+1""XLM

i=1 =2 i=L
M ONA KaXA0ro U3 HAX BblMUCNAETCA CpeLHEE 3HaYeHne
_ = _
MW:MZUMW%MWW- @3)

i=1

Bapvauus AnaHa onpegenseTcs cregytoLym COOTHOLLEHNEM
L1
2

2 =— 5 (XM -
GA(M)—Z(L_1) i§1(x,+1(M) Xi(M))”. )

Ortctopa cneayeT, YTo Bapraums AnaHa npeactasnsieT coboil OLeHKy OAHOM BTOPOIA AUCNEPCUM Pa3Ho-
CTU CPEAHNX 3HAYEHNIN X;(M) , pacCHMTaHHbIX ANs Kaxaon rpynnbl [3].
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Wcxoas 3 npesnonoxeHnst 06 OCHOBHbIX M3BECTHbIX LLYMOBbIX COCTABSHOLLNX MHEPLMANbHBIX U3MEpU-
Tenen B COOTBETCTBUM C [2, 3], TaK1X KaK Cry4aiHblii HAKMOH, BUHEPOBCKWIA npoLiecc, Benblil LWwyM, (rmnkkep-

LUyM, LUIYM KBaHTOBaHMWSI, MOXHO NPeACTaBuUTb BapuaLyio AnnaHa GzA (t) BcRepyoLeM BUaE:

3
hay 5
5 5)

3HaueHuns koapdmumeHTos R, K, B, N, Q xapakTepuaytoT NHTEHCUBHOCTb OTAEMbHbIX LLYMOBbIX COCTaB-
NSIOWMX BbIXOLHOTO CUrHana uameputens. B Tabn. 1 nokasaHbl COOTBETCTBYHOLLME TUMOBbIE YIbl HAKMOHA
norapummUyeckoro rpacmka ¢ onMcaHnem ux xapaktepuctuk [1, 4].

2 21t T 22 21 2
ox(n=R ?+K —+B“—In2+N“-+Q
m

Tabnuya 1
XapakTepucTuki ox(7)-rpacvka
HaknoH | Bapuauus | KoadpdmumeHt | Tun NOrpewiHoCcTM B TEpMUHAX CEKTPanbHOM NOTHOCTA
rpacmka Annaxa nonvHoma wyma / Bapuauum AnnaHa ox?(7)
1 c? Q Benbii Wym BbIXOAHOrO curHana
2 | Lym KBaHTOBAHWS
B ﬁ N Benblit LWwym npupaLyenmsi BIXOAHOMO CUrHara
< | cnyyaitHoe 6nyxaaH1e BbIXOAHOTO CUrHana
0 B22In(%) B OnnKKep-LUYM BbIXOAHOTO CArHana
P | HeCTabUNBHOCTb CMELLEHNS Hyns
iy ¢ K BuHepoBckuit npoLiecc
: 3 lcnyyaitHoe BnyxaaHue 3MeHeHs BEIXOAHOTO CurHana
2.2
+1 01; R CriyyaiiHbIit HAKITOH

Onpepenenue 3HaveHnin koadduunentos R, K, B, N, Q 0bbI4HO oCyLLeCTBASETCS NyTeM annpokcuma-
LK Mo METOAY HauMeHbLUMX KBaapaToB [1, 2]. B obluem cryyae npu aHanuse LUyMOBbIX COCTaBMSHOLMX Bbl-
XO[HOTO CUrHana u3MepuTens NPOBOANTCS NOCTPOEHME B forapudmuyeckom Maclutabe on(z)-rpaduka nsme-
HeHWs (hyHKLMM KBaAPATHOTO KOPHA U3 BapuaLum Annana ox2(z), Bl4ucnenHomn no copmyne (4), 0T BpeMeHm
OCpeaHeHns .

OTmeTuM, YTO ANS psia NPOLECCOB MMEETCS ONpeAeNeHHas KopPenaLms MeXay CPESHUMM 3HAYEHUAMMN
Ha cocefHuX WHTepBanax. B aToi CBA3M PaccMOTPUM CHayana TOYHOe pelleHne Bapualum Anaxa ans npo-
Liecca Co Cly4anHbIM HaKMOHOM.

Mpesnonoxvum, Mogens ONUCLIBAETCS NOCNEA0BATENBHOCTbI

x(t) =V At (6)
Ha repBoM uHTepBane NocneaoBaTenbHOCTL MMeeT B, (6)
Xo,X0+VAT,X1 +VAT. (7)
[lanee CyMMUPYIOTCS OTCUETHI 1 HAXOUTCS CPEMHEE apudMETHIECKOe MO hopMyre
X; = %(MXO +MVAT +(M—1)WAT +..VAT) = %(Mx0 +va . @)
Kak cnieacTaue MOXHO 3anmcaTb
X=X =Xy —Xo, ©)

Yuutbias, 4to Xy = Xo +MATV , Bapuauus Annana 6ynet umets Bug
B 202772 (/2.2

G%: L-1 (MZVZATZ):MVAT :Vt

2(L-1) 2 2

(10)



A3POKOCMWUYECKME M3MEPUTENBHO-BbIYMNCINTENBHBLIE KOMMNEKCHI

Bocnonb3oBaBLUKCE N3MOXEHHON MeTOJJVIKOVI, MOXHO NoKa3aTb, YTO TOYHOE 3Ha4YeHne BapuaLlumn AnnaHa

2
A7 6E7I0r0 LyMa GyaeT paBHO G5 = Q— a ANS BUHEPOBCKOTO npoLiecca ByaeT onpeaensThLCa BbipakeH1em
T
2
2=, ATQ (1)
3 6t

2
AT Q
OTNUYALLMMCS OT NPUBOANMBIX B paboTax no BapuauusimM AraHa Ha BENUUMHY e
T

TeopeTuyeckwii pacyeT Ans BUHEPOBCKOrO NpoLiecca nokasan, 4to, kpome KoadduLmeHTa, CyliecTsyeT
BTOpOE craraemoe — oluubka Bapuaumm Annana (puc. 1).

; BuHepoBCckMiA Npouecc
107 T T

g
105 W\fm (\F

10° 10’ 102 10° 104
Bpemsa ocpeaHeHMA 7.C
Puc. 1. Bapuauws AnnaHa ans BUHEPOBCKOro npouecca

B psie nccneposaHuii mpeanonaraeTcsi Hanuume elle ABYX COCTABMSIOMX — MapKOBCKOTO Lyma U
CUHYCOMAANBHOTO WyMa [5]. XapaKTepHble HakNOHbI rpadivka B NorapuMUYeckomM MacluTabe s aTUX xapak-
TEPUCTUK NPUBEAEHDI Ha puC. 2.

OAK(T) i

Kopennmposan il (maprosckmii) wym

CUHYCOMABNLHEIR LLIYM

DANKKep-LIYM

Puc. 2. XapakTepHble HaKIOHbI norapudmMn4eckoro rpagpmka
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B pamkax gaHHoi paboTbl Gbin paccMOTpeH MeToA MAEHTUDMKALMN NapaMeTPoB C MCTONb30BaHIEM
Bapvauyv Annaa. MpeacTaBneH TouHbI aHaNMUTUYECKHIl pacdeT BapuaLmy Annaxa Ans pasinyHbIX MPoLec-
COB, MpY 3TOM PaccUMUTaHHbIE NapamMeTpbl COBMANM C TeM, YT NPeanoxun AnnaH, 3a UCKMoYeHNEM BUHEPOB-
CKOro mpovecca. B coOTBETCTBIM C NPUBESEHHON METOAMKOM pa3paboTaHo v MPOTECTUPOBAHO CrieLuanbHoe
nporpamMmHoe oGecrieyeHie, No3BONAIOLLIEE NPON3BOANTL pacyeT Bapuaumn Annaxa. MpeanonaraeTcs Aanb-
Helilee peLueHue Anst Gornee CroXHOro ONMCcaHUs MPOLIECCOB, MPEACTaBNSIOLMX Pa3NuYHble KOMOUHALMM CO-
CTaBNSAILMX 1 MPOBEEHNE AabHENWIMX UCCTIEAOBAHMIA MPY HANMYMM MAPKOBCKUX MPOLIECCOB, YTO XapaK-
TEPHO [ ONMUCAHMS YYBCTBUTENbHBIX ANEMEHTOB, TaKkIX Kak akcenepoMeTpbl U TMpOCKOMb.

Bubnuorpaduyeckuii cnucok
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Y/K629.784

P. 1. QypkuH
MarucTp kadeapbl a3pOKOCMUYECKMX NPUOOPOB M U3MEPUTENBHO-BBIMCIIUTENBHBIX KOMMIEKCOB
A. 1. [puzcopbes — Hay4Hblil PyKOBOAMUTENb

OLIEHKA COCTOSIHWUA BOPTOBbIX CUCTEM U ANEMEHTOB KOHCTPYKLIMK
KOCMWYECKOIO ANMAPATA NOCPEACTBOM EECMPOBOAHON NEPEAAYM OAHHBIX

Ha 6opTy kocMuyeckoro annapata (KA) cyliecTyeT MHOxecTBO BopToBbIx cuctem (BC) n anemeHToB
KOHCTPYKLWM 13aenus, kotopble TpebyioT koHTpons. TenemeTpudeckue cuctembl (TMC) npegHasHaueHs! 4
nony4eHns AOCTaTO4HON U JOCTOBEPHON MHAhOpMALIMK, KOTOPas 3aTeM UCTIONb3YeTCs ANs OLEHKWN COCTOSHUSA
KOHTPONMpPyeMbIX BOPTOBbIX CUCTEM W KOHCTPYKLWM 3nenus. TpaauLmMoHHO AaHHas 3afaya peLlaeTcs nyTem
YCTaHOBKM B KOHTPOMbHBIX TOYKaX KOHCTPYKLM 1 GOPTOBbIX CUCTEM AATHMKOB 1 NpeobpasosaTeneit pasnuy-
HbIX TUNOB, KOTOpbIE NoakmoyatoTcs K TMC ¢ NOMOLLbHO 3NeKTpUYEeCKux NPOBOAHbIX kaHanos casan. TMC no-
CpeaCcTBOM CBOEN CUCTEMbI KOMMYTaLMW 0BecrneumBaeT cH0p M3MEPUTENBHBIX CUTHAMOB C NOAKMIOYEHHBIX AaT-
UMKOB, KOTOpbIE 3aTeM nofBepraloTcs 06paboTke, oLMdpPOBKe 1 yNakoBKe B TenemeTpuyeckuit kaap, nepeaa-
BaeMblil N0 PafuoKaHany Ha Ha3eMHbIA NyHKT npuema. CTPYKTypHasi Cxema TpaauLMOHHOM NPOBOSHON Cu-
ctembl cbopa fanHbix (MCCL) npueegeHs! Ha puc. 1.

SIeKTpHUIecKHe
NPOBOJHEI® KAHATET | — — — — — — — — —— — — — —— — — —
——————————— CEBAIH

DK

Puc. 1. CtpykTypHas cxema MNCC[:
JIK — nokanbHb Il KomMmymamop;
OK - cpopmuposamerns kadpa;
[JMA - 0amyuko-npeobpasyrowasi annapamypa

Takve MCC[ obnapatoT cneayowymm npuHUMnuanbHas HegoctaTkamm:

- CIMOXHOCTb MPK MOHTaXe, CBA3AHHbIE C NpOKMaaKon kaberel Ans nepegaqm TenemMeTpuyeckon
MHAOPMALMN 1 3NEKTPONMUTaHIS B MaccvBe GOPTOBON annapaTypbi;

— YCNOXHEHME MOMCKa HEMCTPaBHOCTEN, BO3HMKAIOLLMX B MPOBOAHBLIX CUCTEMAX, TaK Kak Ha niobom
y4acTke NpoBOAA MOXET BO3HUKHYTb OBPbIB.

MpuMeHeHe GeCrpOBOAHBIX CUCTEM NO3BONUT PELUNTL 3TU W psg Apyrux npobriem. OgHako CTouT 3a-
MeTUTb, YTO B HacTosilee Bpems BecnpoBoaHble cuctembl cbopa faHHbix (BCCL) B pakeTHO-KOCMUYECKON
TEXHWKE Ha [JaHHbI MOMEHT He HaLLMu LUMPOKOTO NpYMEHEHUS.

BecnpoBoaHble CUCTEMbI MMEIOT MHOXECTBO NPEUMYLLECTB MO CPABHEHMIO C NMPOBOAHLIMU CUCTEMAMM:

1
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— OTCyTCTBME HEOOX0AMMOCTH B NpoKnaake kabenen Ans aneKkTPonuUTaH!s W Nepeaayn AaHHbIX;

— HW3Kas CTOUMOCTb MOHTaXa, Mycka Hanagku 1 TeXHMYeCKoro 06CryK1BaHUS CUCTEMBI;

— MWHMManbHble OrpaHYeHs N0 pa3meLLieHto 6eCcrpoBOAHbIX YCTPONCTB;

— BO3MOXHOCTb BHEAPEHNS U MOAUCUKALIMK CETU Ha SKCTnyaTUpyeMoM obbekTe 6e3 BMelLaTensCcTBa
B NpoLece (hyHKLMOHNPOBaHNS;

— HaAeXHOCTb W OTKA30YCTONYMBOCTb BCEI CUCTEMBI B LIENOM NPU HapyLLIEHWUM OTAENbHBIX COEANHEHNI
Mexay yanamu.

Mpu paspaboTke GecnpoBOAHBIX 4ATYMKOB HEOBXOANMO YuMTLIBATSL CrieaytoLne (akTopbi:

— HeoBX0AnMbI aBTOHOMHbIE AATYWKMA, NOSTOMY OHW AOMKHbI NOTPEBNATL MUHUMANBHOE KOMIMYECTBO
3Heprum;

— YaCTOTHbIN Anana3oH 6ecnpoBOAHbIX AaTYMKOB HE [OKEH «repecekaTbes» ¢ pabounumn yacTotamm
pasnuuHbIX cnctem KA [2].

BecnpoBoaHble yCTPoiCTBa 0COBEHHO aKTyanbHbl Ha MPOTSKeHHbIX KA (6onbluve AnuHbl kabenei) n KA
CO CIOXHOM CUCTEMOII pa3BepTbIBaHMS (FPOMO3aKME MexaHU3Mbl, 0becneynBatoLe BbiaBYKEHWE Kabeneit).

PaccmMoTpiM akTyanbHOCTb NpUMEHEHUs 6ECNPOBOAHBIX YCTPOCTB Ha NpUMEPEe U3MEPEHUS Temnepa-
Typbl Ha KA TpaHcnopTHo-3HepreTudeckuii Mogynb (TAM). OnuHa KA TOM coctasnsieT 60-70 M €O CROXHOM
cuctemoi passepTbiBaHs [3]. CyLyecTByeT Ba OCHOBHbIX Criocoba N3MepeHus TemnepaTypbl — KOHTAKTHbIE U
HeckoHTakTHble. Ha KA TOM Lenecoobpa3sHo 1cnomnb3oBaTh BeCKOHTAKTHBIN CMOCOD 13MepeHus TemnepaTypbl
(c nomoLbio TENNOBK30POB) cucTeM obecneyeHus Tennosoro pexima (COTP) sHepreTUYeCKoi YCTaHOBKM, Tak
KaK [aHHbI BapuaHT AacT nonHyto kapTuHy Tennosoro nons COTP 3Y, kotopoe, B CBOK 04epeab, NO3BONNUT
onpefenuTb MecTa NoTeHUMarnbHbIX TennonoTepb. Takke cTout oTMeTUTb, YTo COTP ¢hyHKUMOHMPYET B Bonb-
LUMX AvanasoHax Temneparyp, 4TO MOXET OkasaTb HeraTUBHOE BO3LENCTBME Ha YyBCTBUTEMbHBIE ANEMEHTbI
AaT4YMKOB TEMNepaTypbl. [lns nonyyeHns onTUManbHON KapTWHbI TEMMOBOrO MO, TENMOBU30PbI AOIMKHbI ObITh
pasmelLLeHbl B MecTax Bnmuakux kK Hopmanu obbekTa KoHTpons. Mo KOHCTPYKTUBHbIM 0coBeHHocTsam KA TOM
TakuM MECTOM ANs TENMOBKU30pa SBMSETCH OKOHEYHOCTb COMHEYHOM NaHenu. PacnonoxeHue TeNnoBM3opoB
npeacTaBeHo Ha puc. 2.

n
Cb
ObBexT
I I KOHTPOIA
BOC
4 O0BeKT
KOHTpOIA
a
Cb
n

Puc. 2. Mecra pacnonoxeHus Tennosuaopos Ha KA TOM
EOC - smo 610k obecnequgarouyux cucmem;
Cb - conHeyHas 6amapesi;
ET - 6ecnposodHoli mennosusop
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ConHeyHble MaHenu He nMpeanonarakT Pa3MeLeHNs Ha HUX AOMONMHUTENbHbIX MPOBOAHBIX KAaHANOB
CBSI3W (OrpaHNYeHHOE KOMMYECTBO TOKOCHEMHBIX KOMEL; YK BbICTPOeHa kabemnbHas ceTb 663 BO3MOXHOCTY
U3MeHeHMs ee 0bnmka). BoaMoXHbI ABa BapuaHTa peLleHust faHHON Npobrembi:

1. PaspaboTka HOBOIA COMHEYHOI NAHENM C Y4ETOM Pa3MELLIEHISI Ha HIX MPOBOAHbIX TEMNOBU3OPOB;

2. MpumeHeHve 6ecnpoBOAHbIX TEMNOBU3OPOB.

MepBblit BapuaHT SIBNSETCH (hMHAHCOBO-3aTPaTHBIM, MO3TOMY LIeNecoobpasHo akLeHTMpoBaTb BHUMa-
HUe Ha BTOPOM BapuaHTe.

BecnposogHyto cuctemy cbopa gaHHbix (BCCJ) dyHKLMOHaNEHO MOXHO pasbuTb Ha TPK YacTu:

1) cpeacTBa nepBuyHOro NpeobpasoBanus 3mepsemon sennuuHbl (CIM);

2) 6nok TpaH3uTa uamepeHuii (BTH);

3) cuctemy nutanus gatumkos (Cr1A).

0606LweHHas cTpyktypa BCCL npefcTasneHa Ha puc. 3.

BCCO T™MC
Crm1 BTH
BPO : MiEpoxoRTpOLIED
N Becnpososoi P e N DOpMEPOEITEE BPI
maraex Nel ST Eagpa
T A
¥ Ot Goprosoif ceT
Becnposomsoit i _ Mozyns ¥ T
narm Nen Pamaonomyms Nak
[
— CILg

Puc. 3. CtpyktypHas cxema BCCJ]

CINM npeacrasnsiet coboit Maccys 6eCnpoBOAHbIX AAT4YNKOB.

B BTW BxopsT:

- bnok pagnoonpoca (BPO);

- MUKPOKOHTpONnep.

BPO npepcraensieT coboit KOMNNEKT pagnomoaynen, KoTopble NPUHUMAtOT paguocurHansl ot CI.

MwKpOKOHTPOMNep BbINOMHSET (DYHKLMIO y3na ynpasneHust paboToit paguomoayneit BPO nyTem Bbigayu
KoMaHg.

Mogynb ynpaBneHus nutaHnem npeobpasyeT NocTosHHOe 6OPTOBOE HAMPsHKEHWe B HANPSKEHWE, Npu-
emnemoe Ans anemextos bTU.

dopmupoBartens kagpa npeobpasyeT MHOPMALWMIO, NONYHEHHYHO OT TENNIOBU30POB B TENEMETPUYECKIN
kaap Ans ee fanbHenwen nepeaaym Ha «3emmtoy.

OcHoBHas Lienb NpUMEHEHNS! AATYMKOB C PagvoKaHaoM — NOMHOCTLIO M3BaBUTLCS OT KabenbHO ceTn
MeXy MaccvBOM AaTynkoB i cuctemol kommyTauum TMC. OpHako OTCyTCTBME MPOBOAHOM CBA3W CO3AaeT
HOBYt0 NpoBnemy, CB3aHHyto ¢ opraHu3auueir nutaxus CIM. B TpaguumoHHON NpoBoaHO cucteme cbopa
JaHHbIX nuTaHne noctynaet ot TMC. B BCCL] TMC nuwaeTcs BO3MOXHOCTM 0becneymBaTh nuUTaHEM nog-
KNKOYEHHbIE K €€ KOMMYTaTOpaMm AaT4uKu.
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[ins pelueHuns aToii npoGreMbl MOXHO 3aAeiCTBOBaTL CreayHoLLME PELUEHNS.

1. Mcnonb3oBaHue JaTuMKoB C aBTOHOMHbIM UCTOYHKOM NMUTaHMS, COCOGHBIM (DyHKLIMOHUPOBATH B Te-
YeHWe BCEro cpoka NETHON akcnnyataumy uapenus. Ha Bpemsi paboTbl aBTOHOMHBIX MCTOMHUKOB NMUTAHUS B
coctase 6eCnpoBOLHOrO JaTuMKa BIMSIET CKOPOCTb NEpPeayum JaHHbIX OT JaTuika K MPUEMHMKY, YEM OHa HUXE,
TEM HUXe SHepronoTpebrieHne; criefoBaTenbHo, CTOUT aKLEHTMPOBATh BHUMaHWe Ha CTaHgapTax rpymmbl

WPAN, TaK kak OHM pacCuuTaHbl Ha HU3KOCKOPOCTHbIE CETH.
Mpw aHanu3e ctaHaapToB 6ecnpoBoaHbIX ceTel (6a30Bble XapakTepUCTUKM CTaHAapToB 6ecnpoBOaHbIX
ceTell npeacTaBneHsl B Tabn. 1) 6bino BbISBMEHO, YTO Haubonee NpeanoYTUTENbHLIM SBNSETCS CTaH4apT

802.15.4 n ZigBee.

CpasHeHue ctanaapToB rpynmnsl WPAN

Tabnuya 1

Crangapr 802.15.3 802.15.4 n ZigBee Bluetooth (802.15.1)
Ckopoct nepefai, 55-480 0.025-0.25 1-3
M6/c
[lnanasoH, m [o 100 120 10-30
Yacrora, My 2.4

OnucaHue

PaspabatbiBancs
KaKk BbICOKOCKOPOCTHOM
craHgapT WPAN-ceTei

AN BbICOKOTEXHOMOMNY-
HbIX BbITOBbIX YCTPOUCTB
(NpeHa3HaYeHHbIX, kak
npasuno, Ans nepeaayu
MyTbTUMEAUIHbBIX fAaH-

802.15.4 n ZigBee va-

CTO OTOX/ECTBNAIOTCA,
Tak B OCHOBe CTaHAapTa
ZigBee nexuT cTaHgapT
802.15.4. Mpeaycmatpu-
BaeT bonbLuyio obnacTtb
NPUMEHEHNS, a He «3a-

TOYEHHOCTbY NOA KOH-

Ha cerofHsWHMi AeHb
XOPOLLO pa3BuT W Npu-
MEeHSeTCa Ans CBA3N MO-
OUNbHBIX TENEgOHOB,
KK, nepudbepun.
He paccuutaH Ha cetn ¢
HU3KUM 3HepronoTpe6-

TNeHneM

HbIX) KpeTHbIE LN

Mepuog «akTMBHOCTMY YCTPOWCTB, BbINOMHEHHbIX NO TEXHOMOrMN ZigBee kpaitHe Marbl, 4To 0becneyu-
BaeT NPOAOIIKMTENbHbI CPOK cryxObl 6aTapen [1].

2. Bkntouenue B coctaB BCC] cobcTBEHHON cucTeMbl reHepaLmm anektpoaHeprm (CrM), npegHasHa-
YEHHOM NS MUTaHWS UCKIIYUTENBHO 6ECNPOBOAHBIX A4ATYUKOB W MOCTPOEHHO:

—Ha COMNHeyYHbIx baTapes;

—130TOMNAX.

CrouT yunTbiBaTh Takke Bo3gencTeue paguaumn Ha BCCL. Paguaums sBnsetcs oOgHUM M3 rmaBHbIX
(bakTOpOB, BbI3bIBAIOLLMX BO3HUKHOBEHME 0TKa30B W cboeB B pabote HopToBbix cuctem KA. PaguaumonHas
onacHocTb Ha KA cBsizaHa ¢ pasnuyHbIMM paguaLmMoHHbIMA pdeKTamm, KOTOpble BO3HWUKAKOT B 3ieMEHTax
00opynoBaHus, Haxoasawwmxcs Ha 6opTy KA, B peaynbTaTe NPOXOXAEHNS Yepe3 HUX YacTUL, BbICOKOW SHEPTUM.

PannaumorHble 3pheKTbl MOXHO PasaenuTh Ha ABE KaTEropum.

1. [lo3oBble ahcpekTbl (PagnaLmoHHble nosica 3eMnu, CONHEYHbIE BCMbILLKW);

BO3HWKAIOT B NOMYNPOBOAHMKOBbLIX CTPYKTYpax B OCHOBHOM Ha pa3fesiax kpeMHust u okucna. Mpueogsat
K CBMrY MOPOroBbIX HANPSKEHWIA 1 0TKa3aM, CBA3aHHbIM C yMeHbLUeHWeM BbICTPO4EeNCTBIS BCIEACTBIE U3Me-
HeHus KpyTu3Hbl BAX.

2. 3hheKTbl 0AMHOYHBIX CO0EB (BO3AENCTBUE TSKENbIX 3APSIKEHHBIX YaCTuLL).

BkntovatoT B cebs acphekTbl MOKanbHOM MOHW3ALMM 1 TUPUCTOPHBINA SddeKT. MPosBAAOTCS B N3MEHE-
HUM TTOTUYECKOTO COCTOSHWS NEMEHTA UMM NTOTUYECKOTO BbIXofa. HeMcnpaBHOCTH 3TOTO TUMa MOTYT BO3HUKaTb
He TOMbKO B FOTUKe, HO W B Griokax ynpaBneHus u bnokax namsTu.

3anava OLEHKM paauaLMoHHOI CTOMKOCTM ByeT pa3aeneHa Ha fga aTana:

1. PacyeT npeaenbHO JonyCTUMON HakonneHHoN 403kl 1 pacyeT koadduumeHToB 3anaca (K3).

2. PacyeT BepOSiTHOCTY BO3HWUKHOBEHWS! OAMHOYHBIX COOEB 1 KaTaCTPOUYECKNX OTKA30B 3a BPEMS pa-
60Tbl BPIA.
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Briok-cxema anroputMa MeTofukv obecneyeHmst panmaLyoHHON CTOMKOCTM SNEKTPOHHBIX KOMMOHEHTOB
(9K) BCCA npueeneHa Ha puc. 4:

Pecypesi Ha
dopruposare
Merom e

Anamns Tex. Kpurepimn 0152308
zananmz (1)

(Coctoamme cxemer
onesia cToftkocTy Ha
4aCTOTHI
c6ocE 1 mepeuHa
amementoe (2)

Krnac geraneii

Pacurer s peane skcmyatamat

OPH,
pacuet KoTopeIx

Cyspamposasmte uactor choes P
[Heobxomm (3)

KOMITTEKIYIOMID HHemne

aCYET 4acTOTEI
Goes Boipanten
P11 (4)

Pacwer obmeft

HacTote! choce
napena (5)
AHaiis momyseHHbIX
GHHBIX, CpaBeHie

pﬂC‘lTEHDﬁ HacTOTBI
c6oes ¢ nonycrmoit (6),

Bemon

Hynosrersopermte tpeosarmmt |

Heymornemsoperne pebobamna

Hynoanersopete tpebozarunt

Puc. 4. Briok-cxema anroputma MeToankm 06ecrneyerns pagnaLoHHOR CTORKOCTH
9K BCCA

KoHcTpyKTUBHbIE CMocobbI NOBbILIEHUS pagnaumorHon ctoiikocT K BCCU: ucnonb3osaxme cnewuanb-
HbIX KOPMYCOB, NTAKOBOW 3aLLMThI MOKPLITUA, IPUMEHEHE NPUHLMMNOB PE3EPBUPOBAHUSA U T.M. ATOT cnocob Tpe-
6yeT NpUMeHeHs CreLmanmanpoBaHHbIX MaTepuasnos KOPMycoB U NOKPLITUA. Ha aTane pesepeupoBaHmus Mac-
WwrabupoBaHMe CXeMbl OrpaHUYEHO M ANS COXPaHEHWS PaAMALMOHHON CTOMKOCTM CuCTeMbl 6e3 yxyalweHus
HaleXHOCTM M3-3a YBENMNYEHNS ee COXHOCTU BaXHO YCTaHOBUTbL BanaHc Mexay pe3epBupoBaHUEM 1 CIOX-
HocTblo BCCH [4].
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YOK 621.318

M.A. Enpunyes
CTYAEHT Kachepbl a3POKOCMUYECKIX PUBOPOB 1 U3MEPUTENBHO-BBIYUCTIUTENBHBIX KOMMIEKCOB
B.B. IMepntok — kaHOnWAAT TEXHNYECKMX HayK, AOLEHT — Hay4HbIi PyKOBOAUTENb

YYEBHO-AEMOHCTPALIMOHHbIN CTEHA MAFHUTHOIO NOABECA
ana ASPOAMHAMUYECKOIO 3KCNEPUMEHTA

A3poanHaMUYECKNIA 3KCNEPUMEHT (AQ) — COBOKYMHOCTb MEPONPUSTUA W METOLOB, peanuaytowmx Ha
3KCMEPUMEHTarbHBIX YCTaHOBKaxX W CTEHAAX, UMW B YCIOBMAX peanbHOro noneta, MOAEnMpoBaHue TeyeHuit
BO3/lyXa M UX B3aUMOLENCTBNS C UCCreayeMbiM 0ObEKTOM C LieMbto UX 3yveHns. MpoucxoxaeHve u passutie
AD cBs13aHO C NOTPEBHOCTSIMM PELLEHUst MHOXeCTBa NpobreM a3poanHaMuKv CaMoneToB U Apyrux Netatenb-
HbIX annapaTtoB. TeopeTUYeCcKkUin NOAXOL He BCeraa N03BOSISIET NOMYYMUTb UCHEPNbIBAIOLLME AAHHBIE M adpoaun-
Hammn4eckie xapaktepuctuku JIA 4OCTaToOuHON TOYHOCTW BBMAY HECOBEPLLEHCTBA MaTEMATUYECKUX MOZEenen
SIBNEHUA B cuny Ux n3ndeckoir crnoxHocTu. Moatomy A sBnsioTcs Hanbonee HaaexXHbIM 1 YacTo Heobxoau-
MbIM CPELCTBOM OMpeaesNieHNs aspoAnHaMUYECKNX XapaKTePUCTIK ieTaTenbHOro annapara.

B HacTosiLee Bpems Bonbluas YacTb aspoarHaMUYECKUX UCCNEL0BaHMIA U 3KCNEPUMEHTOB NPOBOAST B
adpoAnHaMueckux Tpybax, Tak kak 370 NO3BOMSET U3yyaTb PasnuyHbIE NapameTpbl Ha MOAENSX U OTAENbHbIX
anemeHTax JIA, 4To B YCNIOBMSIX IETHBIX UCTbITAHWUA NPAKTUYECKM HEBO3MOXHO. IpW 3TOM TPaZMULMOHHBIN Cro-
€06 chukcaLmm Moaenelt B a3ponHaMUYECKoit Tpybe Npu CTaTUHECKUX 1 AMHAMUYECKUX UCMbITAHWSIX NPeAno-
naraet Hanuuue MexaHW4eckux MoLAepKUBAOLLMX YCTPOICTB — AEPXKABOK UMK LUAPHUPHBIX Y3M0B, KOTOPbIE
nonagarT B BO3AYLLUHbIA MOTOK 1 UCKAXAIOT €ro CTPYKTYpPY B HENOCPEACTBEHHOM BNK30CTM OT Moaenu. Benu-
UnHa MOrpeLLHOCTY, BO3HMKAOLLEN u3-3a cnocoba cmkcaLmy Moaenu, Bo3pacTaeT C yBENUYEHUEM Yriia aTakw.

B 37011 CBSI3M BaxXHEALLMMI TPpebGOBaHNAMI K a3poaMHaMUYECKM SKCnepuMeHTaM sensieTcs obecneve-
HWe MaKcMMasnbHO BO3MOXHOMO Nogobus YCNoBMAM HaTypHOTO ABKeHWs. CTaHOBWTCA O4YEBMAHBIM, YTO NPo-
BeaeHne AS TpaguuUMoHHbIM cnocobom He cnocobeH AaTb HEOBXOANUMON B COBPEMEHHON aBMaLMK TOYHOCTY.
Heobxogum cnocob cukcaumu JIA B aspoamHammyeckoir Tpybe 6e3 KpenexHbiX YCTPONCTB, nonagatoLumil B
BO3AYLUHbIA NOTOK. OfWH U3 Taknx CocoboB — UCMOMb30BaHWe aapOMarHUTHOTO NOABECA, KOTOPbIN OCYLLECTB-
NSIeT NPUHLMN «3NEKTPOMAarHUTHOR NeBUTaLMMY.

B I'YAI B koHUe 80- IT. NPOBOANUNMCH UCCMES0BaHNs B 3TOM cdepe, U faxe Obin peann3oBaH AeicTBy-
foLLmit 0bpaseL; MarHUTHOrO NoaBeca A1 a3pOAMHAMMYECKOTO 3KCNEPUMEHTA B JO3BYKOBOM NOTOKE /1S He-
Gonbwmx mogeneit (Becom o 10 kr). OpHako B TeyeHne 90-x Ir. GorbLuast YacTb MONMyYEHHbIX Pe3yrnbTaToB,
BKIIOYas AeicTaytowmin obpaseL, uccrneaoBaTeNbCkoi YCTaHOBKM, Obiny 6e3B03BPATHO YTEPSHLI.

B HacTosiee Bpemst Ha kacbeape Ne 11 [YAT Begetcs paspaboTka yuebHO- AEMOHCTPALMOHHOTO CTEHAA
3NeKTPOMarHuUTHoro noageca (puc.1).

3aecb MoryT ObITb MCMONb30BaHbI NOKYMHbIE SMEKTPOMArHUThI, NMTAaeMble OT MOCTOSIHHOTO HaMpPsHKEHMS!
12 B unmn 24 B ¢ Tokom 1-2 A. MOXHO MCnonb3oBaTh 3MeKTpOMarHuT cobcTBeHHo cbopku. B atom crnyyae
1MeeTCs BO3MOXHOCTb 3aAaTh NapameTpbl dfieKTpoMarHuTa nytem nogbopa Takux napameTpoB, Kak TOMLLMHA
MEe[HOV NPOBOIOKM M YNACNa BUTKOB, @ TaKKe BbICOTY KaTYLLKW. BEKTOp aneKTpoMarHuUTHOM Curbl MOXET BbiTh
paccumTaH HeckonbkumMm crnocobamu.

1. OHepreTnyeckuin cnocod, ucnonbaytomin popmyny (1):

Fole229C; )
2 ox
rae F — BeKTOp aneKkTpoMarHUTHOR Cubl; W — YUCIO BUTKOB 0OMOTKM 3neKTpoMarHuTa; | — Tok B 0bmotke; G —
NPOBOAMMOCTb MarHUTONPOBOAA N1 NOTOKA, CO3AaHHOTO TOKOM |; X — KoOpAMHaTa NONOXEHUS UCMbITYEMOTO
Tena; i — opt no ocn OX.
2. Cnocob aneKkTpu4eckoro nons, UCnonb3yroLmin popmyny (2):

Fd
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€, — OTHOCUTENbHAsA MPOHMLIAEMOCTb Cpefbl; E — HANPSKEHHOCTb SNEKTPUYECKOrO NOMS; N — eANHUYHASA
BHELUHSS HOpManb anemeHTa dS.

Puc. 1. MpuHumnranbHas cxema y4ebHO-AEMOHCTPALMOHHOTO CTEHA SNEKTPOMArHUTHOrO NoaBeca:
1 - aneKmpoMazHUm, 2eHepupyouUl MagHUMHoe none;
2 - ucnbimyemoe mesio, 3ameHstouiee 8 0eMoHCmpayLUoHHOM cmeHOe Modesb uccredyemoeo J1A;
3 - 0amyuk (unu komnsiekc 0amyukos), KOmopbIe N0360A0M onpedensimb MeKywee MecmonooXeHue Uc-
nbimyemozo obbekma;

4 - cucmeMma ynpaeneHusi, KoOmopasi Ha 0CHOB€ NOMy4YeHHbIX AaHHbIX ¢ KOMNieKkca damyukos peaynupyem
pabomy anekmpomMagHUmMa U, Kak credcmeue, ynpasesisiem noioXeHUeM UcnbImyemo20 06bekma 8 npo-
cmpaHcmee;

5 - ucmoyHuUK numarus, obecneyusatouuli 8cto cucmemy Heobxodumoli anekmposHepauel;

6 - cmapmosasi niowadka, ¢ NOMOWb Komopoli ocywecmensemces 8gedeHue ucnsimyemoli modenu J1A e
none delicmeus anekmpoMazHuma

Vicnonb3oBaHWe camofenbHOTO ANeKTPOMarHTa no3BossieT UCKIIOYUTb U3 CONEHOMAA KeNe3HbIN cep-
[EYHMK B Crlyyae UCMoNb30BaHWS B UCTILITYEMOM TENE NOCTOSHHbIA MarHuT.

McnbiTyemoe Teno, M3rotaBnmMBaemoe C UCMOMb30BaHUEM MarHUTHbIX U HEMArHUTHbIX 3NEMEHTOB. B cny-
4ae Heucrnonb3oBaHMs dnekTpoMarHuTa 6e3 cepaeyHnka MOXXHO NOMECTUTb B LIEHTPE Mace Tena NoCTOSHHbIN
MarHuT, K NpuMepy, HeOAMMOBBIIA, LMMMHAPUYECKON (hOpMbI. OTO MO3BOMMUT YBENNYNTL CUIY B3aUMOAENCTBISA
corneHomaa 1 UCnbITyeMOro Tena u HebombLLIOro anekTpomarHuTa (kak npumep — 600 BUTKOB MeHOrO npoBoaa
TonwwHow 0,35 MM, HaNpsHKeHWe UCTOYHWKa NuTaHus 5B). OgHaKo Npu UCNOMNb30BaHUW OTHOCUTESBHO BbICOKNX
TOKOB W HANPSXKEHMIA, YBENUYEHUW YUCNa BUTKOB W AMaMeTpa NPOBOSIOKY LienecoobpasHee 1Cnomnb3oBaTh aek-
TPOMArHuT C XeNe3HbIM CepAEYHNKOM.

Komnnekc gatunkoB MoxeT 6biTb peanv3oBaH B pasnnyHbIX BapuaHTax.

1. OnTuyeckast cuctema ¢ UCNoNb30BaHMEM CBETOAMOAA WK NaMMbl HaKanuBaHWs BULMMOro/MHgpa-
KpacHoro/ynbTpacdnoneToBoro CrekTpa 1 hoTopesncTopa, pearvpyoLLero Ha ato uanyyeHne. HuxHas rpaHb
MCMBITYEMOrO Tefla HaXOAWTCS Ha OMPEAEneHHON BbICOTE MeXay OTOAATYMKOM W UCTOMHUKOM M3MYyYEHNS,
3aropaxueas ero. B aT0 BpeMs 3MEKTPOMArHUT «NPUTSMUBAET» MCMbITYEMOE Temno BBEPX, M OHO NepecTaeT
3aropaxueatb oTogatymk. CurHan ¢ otoaaTymka nonafaeT B CUCTEMY YNpaBfieHus), KOTopas OTKIoYaeT
aneKkTpomarHuT n UT, nog AeNCTBMEM CuMbl TSHKECTU ONYCKAETCS BHWU3 W 3aropaXvBaeT UCTOYHUK M3MYYeHus.
CurHan ¢ cotopaTumka nepectaeT nocTynatb M SMEKTPOMArHUT BKIKOYAETCS BHOBb. OTOT LMKN MPOUCXOANUT
HaCTOMbKO BbICTPO, YTO NPK BU3yanbHOM HabMIOAEHNM BbIrNAAMT Tak, kak 6yato VT napuT B Bo3ayxe. Boamox-
Hasi cxema peanuaaLym npeacTtasneHa Ha puc. 2 [1].

2. B cnyyae ncnonb3oBaHus VT ¢ NOCTOSHHLIM MarHUTOM B Ka4ecTBE AaT4uka MOXKHO MCMONb30BaTh
[aT4vK X0nna, pacnonoXeHHbIN Ha OHOM 0CK C CONeHONAOM. HeobxoanMo HanpaBuUTb 4aT4MK YyBCTBUTENb-
HOI1 30HOW HeNocpeaCTBEHHO K UT ans ero koppekTHoit paboTbl. Ero MoxHO pacnonoxuts nubo nog ucnbiTye-
MbIM TENOM, Ha KPENneHUn Ans CTapToBoi nnowaaky, Mbo nog He, Npy YCrOBUK, YTO OHA U3rOTOBNEHA U3
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nnactuka nbo Apyrux MaTepuarnos, He BHOCSLLMX NOMeX B paboTy AaTumka, NGO HEMOCPEACTBEHHO BHYTPM
coneHonaa. Heobxoanmo HanpasuTb AATUMK YyBCTBUTENLHON 30HOM HEMOCPEACTBEHHO K UIT fNst ero kKoppekT-
Hoit paboTbl. Mone kaTylwkv He ByaeT co3naBaTh CUMbHBIX NOMEX, Tak kak MarHUTHOE Mone MarHuTa B 3ToM
KOH(UrypaLmum HaMHOTO 6OMbLLE MarHUTHOTO MOMS KaTyLUKN.

+] |_100,0/508 B
I
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Puc. 2. Cxema makeTa ANEKTPOMarHUTHOro noaseca ¢ UCnosb3oBaHNEM CpOTOpeSVICTOpa

Bo3moxHas cxema peanusauuu npeacTasneHa Ha puc. 3.
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Puc. 3. Cxema anektpomarHuTHOro noaseca pabotaroLLero Ha gatyuke Xonna

3. PazmonokaumoHHble CUCTEMbI BbICOKON YaCTOTbI NO3BOMNST ONPEeAENUTL NOMOXEHUE Tena B NPOCTPaH-
CTBe MOCPEACTBOM PagmoniokaLumm. [laHHasi cuctema JoMmKHa COCTOSTb U3 aHTEHHbI-epefaTuMka 1 aHTEHHbI-
npuemHmKa. MpUHLMN JeACTBIUS aHanorMyeH NpUHLMNOM AEACTBUS C UCMONb30BaHUEM.

4. CuCTEMbI TEXHNYECKOTO 3PEHNS — CIOXHAs CUCTEMA, ONpeAensioLiast MONOXKeHNe Tena C NOMOLLbO
CBETOAMOAA — MapKepa, PacronoXeHHOro HenocpeacTBEHHO Ha UT. Buaeokamepa, Npyu noMOLLM crieLmanbHoi
06paboTku n3obpaxeHus, nepeaaeT yrnpasnsioLLen CUCTEME [aHHbIe O NOMOXEHUM Tena B MPOCTPAHCTBE U Ha
X OCHOBE NPOMUCXOAWT YNpaBreHe 3NEKTPOMarHuUTOM.

CyucTema ynpaBrieHnst peannayeTcs B 3aBUCUMOCTM OT CIIOXHOCTU UCMONb3yeMOi CUCTEMbI JaTuMKoB. K
npumepy, cryyan (1) MoxeT BbiTb peann3oBaH C UCMONb30BaHMEM 3-X OUMONSPHBIX P-N-p TPAH3UCTOPOB, CMy-
Yai (2) ¢ MCnonb30BaHMEM MONEBOrO TPAH3NCTOPa C U30NIMPOBaHHbLIM 3aTBOPOM C KaHaNoM N-Tuna (Hanpumep,
IRFZ44N) a peanusaups (3) notpebyeT ncnonb3oBaHNe OTAENbHOTO KOMMbIOTEPA CO CneLnanbHbIM MPorpaMM-
HbIM 0BecneyeHnem, Takum kak LabView.

ACTOYHMK nuTaHNs MOXET ObITb Peanu3oBaH UMMYMbCHBIM UM NUHEAHBIM BIIOKOM NUTaHS, a Takke n
afjanTepoM CeTeBOro HanpsikeHusi. OH nofbupaeTcs B 3aBUCMMOCTY OT TpebyeMbIx NapaMeTpoB 3NeKTpomMar-
HUTa W BCEIA CUCTEMBI B LIEMNOM.

CrapToBas nnolyazka MoOXeT ObITb Kak CTaTU4HOW, NpeaHa3Ha4eHHON ANs NpeoTBpPALLEHUS NafeHui
WT ¢ GonblLuoil BbICOTLI MPY BLIKIIOYEHUN CTEHAA; €8 MOXHO peanin3oBaTh Takke W C NOABYKHOM NNOLIAAKON,
koTopas obecneunt nocteneHHoe BeeAeHne VT B none AeACTBUS MarHUTHOTO NOMS KaTyLUKK.
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OnucaHHbIN y4eBbHO-AEMOHCTPALMOHHBIIA CTEHL KOHEYHO HE MO3BOMWUT BbIMOMHSATL NOMHOLEHHbIE a3po-
[AuHamnyeckue uccneposanus. OgHako peanu3oBaHHble My ero Co3aaHnN MPUHLMMLI NOCTPOEHUS U 3aKOHbI
ynpaBneHus MoryT BbITb UCMONb30BaHbI B 06pa3oBaTENbHbIX LENsX Ans MOLTOTOBKW CreLManucToB B obnactu
pa3paboTku CMOXHbIX cUCTeM ynpaBneHus. Mpu aTom B kayecTe 0ObeKTa 1CCNeAoBaHUs BbICTYNaeT peanb-
Has cucTema aspokocMUYECKor cdepbl. B fanbHeiileM BO3MOXHO UCMONb30BaHNE NOMyYeHHbIX Pe3yrbTaToB
QNS CO3AaHNsA MarHUTHOro NoABeca HOBOMO MOKONEeHWs. B YaCTHOCTH, B OTNINYME OT paHee UCMOMNb3yeMbIX Cu-
CTEM onpeeneHns NPOCTPaHCTBEHHOIO NONOXeHUs 0ObeKTa NpeanonaraeTcs UCMoNb30BaHNe He CBETOANOA-
Hble NUHEIIKK, @ KaMepbl C CUCTEMON TEXHUYECKOro 3peHns. 3To obecneunt Boree BbICOKME AMHaMUYecKie
XapaKTepuCTMKN CUCTEMbI yNpaBreHus.

Bubnuorpadmyeckuin cnucok
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noasecom. M.: Hayka, 2010.

2. CanoxHukos I".A., Borocnosckuit C.B. Teopus u npakTika n3mepuTenbHbIX ANEKTPOMArHUTHbIX Nog-
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YOK 062.1

A.C. Xypaenes
MarucTpaHT kadeapbl a3pOKOCMUYECKUX M3MEPUTENBHO-BBIMCIIUTENBHBIX KOMMMEKCOB
B.B. IMepntok — kKaHAMAAT TEXHUYECKUX HayK, JOLIEHT — HayuHbIA pyKoBOAMTENb

MPOEKTUPOBAHWE UMUTALIMOHHOM 3D-MOJENN MUKPOCMYTHUKA

B HacTosiee Bpemst 6OMbLUON WHTEpEC NPOSIBNAETCA K CO3LAHNI0 M UCTIONb30BaHWIO Manbix KOCMUYe-
CKVX annapaToB — afekBaTHoM 3aMeHe 6onbluMX. PakeTa-HocuTenb faxe Nerkoro knacca crnocobHa BbIBECTU
Ha opOUTY HECKOMbKO MUKPOCMYTHUKOB. Kpome 3Toro, Ans 3anycka NPUMEHSIIOTCS KOHBEPCUOHHbIE HannmcTi-
Yeckue pakeThbl, KOTOpbIE B COOTBETCTBUM C AOTOBOPAMU YHUYTOXKAIOTCS MyTeM 3anycka B KOCMOC C MOSe3HOM
Harpy3kon.

MwukpocnyThuk (MC) xapakTepuayeTcs He TONIbKO Manion Maccoi, HO Takke W CHKEHHBIM 3HepronoTpet-
NeHneM, OTHOCUTENBHO HEBLICOKOI cebecTOMMOCTbIO N3roToBNeHus. MpoekTupoBaHue NogobHoro poaa uage-
Uit SBNSIETCS NEPEXOAOM Ha CreayHOLLYH CTYNEHb Pa3BUTIS) KOCMUYECKON TEXHUKM.

B ocHose noaxoaa npoektupoaHns MC nexut MogynbHbIA MPUHLMN NOCTPOEHNS CNYTHIUKA 13 TUNOBbIX
cnyxebHbIX NOACUCTEM M NONE3HON Harpy3ku, NO3BONSHOLLMIA (DOPMUPOBATL MacLLTABUPYEMYIO apXUTEKTYPY 1
TEXHUYECKWE XapaKTEPUCTUKW CyTHWKA No npuHUMny LEGO-koHcTpykTOpa. Moaxoa OCHOBaH Ha UCMonb3oBa-
HUM OTKPbITbIX CreuuduKaLmii, ONUCHIBAIOLMX MEXaHUYeckue, aneKTpuyeckue, UHAOPMALMOHHbIE UHTEP-
heitcbl Mexay cryxebHbIMU NoAcMCTEMaMU 1 MONE3HON Harpy3koit. BoibpaHHbIi dhopm-chakTop (ky6 unm npa-
BUMbHbIIA rekcaaap) 0bYCroBMEH MCKMKOYUTENBHO BOIMOXKHOCTAMM, YAOBCTBOM 3anycka nnatcopMbl B Kaye-
CTBE MOMYTHON HarpysKu.

Mpu cosnaHnm MC 3aaencTBYeTCS 3HaUUTENbHOE KONMYECTBO YHU(MLIMPOBAHHBIX MUHMATIOPHBIX Nek-
TPOHHbIX KOMMOHEHTOB, UCMONb3YIOTCS HOBbIE MOAXOAbI: B OPraHU3aLv apxXMTEKTypbl KOCMUYECKWX annapaToB
(KA), B npoLiecce NpoeKTUPOBaHWS, U3roTOBNEHMS, UCTbITaHUA 1 3anycka KA, obecneunBatoLLme B KOHEYHOM
UTOre HaAEXHOCTb ero PYHKLMOHMPOBAHNS B YCTAHOBMEHHbIN MPOMEXYTOK BpeMeHu. Ha puc. 1 nokasaHbl Th-
noBble NpUMeEpbI KOHCTPyKumiA MC.

Puc. 1. Mpumep peanbHbIX KOHCTPYKLUMOHHBIX AeTanei kopnyca MC

OcHOBHble [OCTOMHCTBA NpumeHeHns 3D-moaenu:

o Onpepenexue onTUManbHO KOMMNAHOBKK Lienesoi 1 6optosoi annapatypbl MC.

o Onpepenexue LigHTpa Macc 1 MOMEHTa UHEPLMM 1 NPUHLMNOB AEACTBUI ANS WX NPUBEAEHUS K Tpe-
ByembIM 3HaYEHNAM.

o [IpoBepka NPOCTPAHCTBEHHbBIX NEPECEYEHUN.

o YcTpaHeHue 60MbLUNHCTBA KOHCTPYKLMOHHBIX OLUMOOK Ha 3Tane NpoeKTUpPOBaHWUS MOZENM.

e YcTpaHeHu1e HechanaHCMpOBaHHOCTY BPALLAIOLLMXCS SNIEMEHTOB.

B kauecTBe MHCTPyMEHTapus ANs co3naHns uMuTauuoHHoi 3D-mogenu 6bin Boibpan SolidWorks, B
BUAY €ro 06LINPHBIX BO3MOXHOCTE.

Ha ocHoBe BOCTYNHOW/OTKPLITON MHGOPMaLMKM pas3mepoB rabaput, CHOPOUHbIX YEPTEXEN U NPOYEro,
6bina cospaHa Tunosas 3D-mogens.
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ay

Puc. 2. Mpumep paspabotanHoro kopnyca B SolidWorks

B kauecTBe «HanonHeHus» bbina paspaGOTaHa TunoBasa nnata, NnokasaHHasa Ha puc. 3.

¢ %

Puc. 3. Tpumep noctpoeHus Tunosor nnatbl B SolidWorks

Puc. 4. Mpumep nccnesoBaHns TENNOBOro BNusHUA Ha nnaty B SolidWorks

B kauecTse npumepa MMKPOCXEM, MCMONb30BaHHbIX Ha nnate, bbinu ncnonb3osaHbl kopnyca: TQFP-48,

TQFP-52, TSOP-16.. e
Z\IS
()

5

Puc. 4. Mpumep kopnyca ¢ 0AHOMN TUNOBOWN NMATOM B pa3Hbix MPOEKLMSX 1 pa3pese

m—
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Puc. 5. Mpumep umutauymonHoir 3D — mogeny B SolidWorks

Ha paHHoM aTane paspaboTaHa MMKUTaLMOHHas MOAENb MAKPOCTYTHUKA, BKIKOYakoLLas B cebs CUroByio
KOHCTPYKLIO (KOPNYC, CHABKY-NAHENM, KpeneX v T.4.), @ Takke TUNOBOE HaMoMHeHNe MUKpPOCTyTHUKA (nnaTa).

Brarogapsi COBpEMEHHbIM MHXEHEPHBIM MakeTaMm, a TOYHee — paspaboTka MMUTALMOHHOM Mogenv B
CATP SolidWorks (SW), no3sonut paspabotaTth C BbICOKON TOYHOCTHIO JOCTOBEPHYHO MOAENb MUKPOCTYTHIKA
y)Ke Ha 3Tane NpoeKkTUPOBaHHS, a Takke paccunTaTb MaTeMaTUYECKy0 MOAENb ABKEHMS, CBA3N, KOMMOHOBKM
W opyroe.

o KOHTpOnb NpaBMIbHOCTY KOMMOHOBKM C TOUKW 3peHUs paboTbl GOpTOBbLIX CUCTEM.
ToyHOCTb NONOXEHWS LieHTpa Mace B 3D-mogenu.
Hannuue v ka4ecTBO UCMONHEHUS NpoekTa 6OpTOBOI kKabenbHOI CETH.
MopgenupoBaHie 3neMeHTOB kapkaca CnyTHWKa.
KoHTponb NpaBribHOCTY KOMMOHOBKM C TOHKW 3pEHIS UCMbITaHWI Ha a3pornofBece.
C1MMETPUYHOCTL KOMNOHOBKM 3D-Moaenu (TEH30p MHepLm).
MpaBunbHOCTL BbiGopa k03hHLMEHTOB MaxoBUYHON CTabunmuaauum PD-perynsatopom.

o [loCTpOEHHME KMHEMATUYECKON/AMHAMUYECKO MOAEN COOPKM NO3BONSIET BKIKOUUTL B MOLENb CUTlbl,
MOMEHTBI, NPYXMHbI, AEMNEPbI 1 T.4.

o [IpaBUMbHOCTL PACNONOXEHUS MAaXOBUKa U AATHUKOB.

Bubnuorpaduyeckuii cnucok

1. CrapocotHukoB H.O., ®egopues P.B., Boibop onTumanbHON KOHCTPYKLMK Kapkaca 1 KOMMOHOBKM
MWUKPOCNYTHMKA [N151 AMCTaHLMOHHOTO 30HAMpoBaHus 3emnu // Mpnbopbl 1 MeToabl namepenuit. 2014, N2,

2. Shanil Kanji Mechanical Aspects of Design, Analysis, and testing for the NORSAT-1 Microsatellite.
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YK 620.179.16

[.A. 3eneHyoea
MarucTpaHT kadepbl a9POKOCMUYECKIX M3MEPUTENBHO-BBIMUCIIUTENBHBIX KOMMIIEKCOB
B.I". HukumuH — kaHanAaT TEXHUYECKUX HayK, AOLEHT — HaYy4HbIN PYKOBOAUTENb

CPABHUTENbHbIA AHANU3 NPEAENBHOW YYBCTBUTENBHOCTU KOHTPONSA
9X0-CKBO3HOIr0 METOA NNUCTOB NPOAONbHBIMX BOTHAMU

Ha ceroHsWHWA AeHb K Ka4ecTBY NIUCTOBOMO MpokaTa NPeLbsBNSIOTCS O4YeHb BbICOKME TpeboBaHus.
Mpy MaccoBoM CAATOYHOM KOHTPONE B NOAABNALLEM BOMBLUMHCTBE CRy4aeB UCMONb3YeTCs YNbTPa3ByKoBOM
MeTOZ UcCneaoBaHus npokara. MccnegosaHne NpoBOANUTCS MW MOMOLLYM Y3KOTO HanpaBNEHHOro nyyka none-
PeYHbIX UMW NPOAOMbHbIX BOSH. [laHHble BOMHLI 06pa3ytoTcs 3a C4eT Nbe303nekTpuyeckux npeobpasosatenei.
YcraHoBuB npeobpasoBaTenb Ha NpokaT, ero NPOCBEYMBAEMYIO YACTb MOXHO NPEACTaBUTb, KaK LMNUHAP, rAe
BbicoTa OyAeT SBNSETCA ero TONLWMHON, a paguyc OyneT COOTBETCTBOBATL CEYEHMIO YNbTPA3BYKOBOTO NyyKa.
[ins Toro 4To6bl NPoCKaHMPOBaTL BECh NUCT, TpebyeTcs nepemelyath npeobpasoBarenb A0 TeX Nop, Noka He
OyzeT 3aKOHYEH KOHTPOIb BCErO M3aenist. HeCcnnoLHOCTY NPUHSTO AENUTh Ha NPOTSKEHHbIE 1 HEMPOTSKEH-
Hble. OTO 3aBUCHUT OT OTHOLLEHMS pa3Mepa AedekTa 1 CeYeHNs ynbTpasBykoBOro Mydka. Tak, K IPOTSKEHHbIM
OTHOCATCA Te AeeKTbl, KOTOPbIE MOMHOCTbIO NEPEKPLIBAKOT 3BYKOBOW NYYOK, COOTBETCTBEHHO K HEMPOTSKEH-
HbIM OTHOCSTCS Te, YbM Pa3MePbl MEHbLLE NyyKa.

PeanbHas 4yBCTBMTENbHOCTb YbTPA3BYKOBOTO KOHTPOMS OLIEHMBAET BbiAnseMocTb Aedektos. OHa
onpepenseT nepeyeHb MUHUMANbHbIX Pa3MEepOB HECMOLIHOCTEN Pa3NUYHbIX TUMOB (TPELLMHBI, PIIOKeHbI, BO-
IOCOBWHbI, PACCNIOEHMS, BHYTPEHHME Pa3pbiBbl, PBAHMHBI W T.M.) KOTOPbIE MOXHO OBHAPYXUTbL B Pa3NNYHbIX
uagenusix [1]. Hanpumep, B NMCTOBOM npokate AedeKTbl OLEHUBAKTCS BENIMUNHON PacKpbITHS M CBOUMU raba-
PUTHBIMM pa3Mepami. icxoas 13 3Toro, roBOps O YYBCTBUTENBHOCTU B OTHOLLIEHMM NUCTOBOIO NMpokaTta, oHa
OyneT 3aBMCETb OT [BYX COCTABHbIX YaCTe: HEMOCPEACTBEHHO OT PaCcKPbITUS U Pa3MEPOB.

CornacHo HOpMaTMBHbIM [OKYMEHTaM, YyBCTBUTENBHOCTb KOHTPOMNS XapakTepuayeTcs HauMEHbLIMM
packpbITUEM AedheKTOB, KOTOPbIE BO3MOXHO BbISBUTL Ha NPeAenbHON YyBCTBUTENLHOCTH.

Mpw NpoBEAEHUN KOHTPOIS 9X0-METOAOM YTbTPa3ByKOBO! AEEKTOCKONUM NpsIMbIM NpeobpasoBaTenem
NPOAObHLIMW BOMTHAMM, IPOUCXOANT U3NYYeHIe 1 NonepeyHoit BoMHbI. OBbIYHO 3TOT 3ddeKT HUKak He BNUseT
Ha KauyecTBO KOHTpons. OgHaKo Npy UCMONb30BaHWM BTOPOTO BPEMEHHOTO MHTEPBana npy KOHTPOne MoXeT
BO3HUKHYTb CUTYaLMs,, KOTla CUrHan oT nonepeyqHoi BomHbI ByneT ABnseTcs NoMexou. B 4acTHOCTU, K JaHHbIM
CUTyaLMsM OTHOCATCS Cyyau, Koraa NPOUCXOANT KOHTPOIb M3AENNIA C Manoil TONLWMHON. B Takux cnyyasx a1o
ByneT cka3biBaTbCA Ha AOCTOBEPHOCTY 0BHapYXeHs peanbHOro AedekTa v onpefeneHi ero pasmMepos [2].

Mpw KOHTPONE NUCTOB 3XO-CKBO3HBIM METOAOM NapasuTHLIA CUrHan NONepeyvHoN BOMHbI, U3Ny4Yaembli
Nbe303neKTpu4eckum npeobpasosarenem, konebniowumes no TomnwuHe, nonagaeT B paboumit MHTEpBan
MeXay NepBbIM 1 BTOPbIM MPOLLEALLMMY UMMYNIbCAMM, HTO MOXET OrpaHuuMBaTh YyBCTBUTENBHOCTb KOHTPONS

(puc. 1).
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Puc. 1. Momexu 3x0-CKBO3HOTO MeToaa

BbinonHss paa npeoGpaaoBaHmﬁ, nony4yaem WHTerpanbHoe COOTHOLUEHWe ANdA onpedeneHua amnnun-
TyAbl CUrHana aK\/CTI/NeCKOVI nomMexun OT pacnpocTpaHsoLLeecd B MaTepuane nsgenns nonepeqH0|7| BOJTHbI:
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o i kea)? sv1-x2
J-2J1(ktax) 2J1(kt OLBX) G1(X)e 127_[( t ) xdi+
0 keax kiopx

1 i kea)? s\ 1-x
+J. 2J1(ktax) 2J1(kt (XBX) Ez(X)e /27_[( t ) Xy +

Uy = 2kea)?
i =2ka) ksax kyoBx

a 2
— (ki a) 1-x
+I2J¢k@x)zh«taﬁx)3() kel
ktaX thBX

1

Ha puc. 2 u 3 npefcTaBneHb rpacvikin 3aBUCMMOCTM aMMNUTYAbl NOBOYHO U3NYYEHHON NONepeYHo
BOMHbI Uy curHana ti, perucTpupyemoro npreMHUKoM, oT 0606LLEHHOM paccTosHUS S Ans pasnnyHbIX COOT-
HOLLEHWI NPUEMHMK — u3nyyaTenb B (puc. 2); BONHOBLIX pa3mepoB npeobpasosatens kia (puc. 3), BbIMUCTEH-
HbIX MO BbILLENPUBELEHHOI hopmyne.

0.04

0.03]

U(S.1.30.0.5-106

6)0.02

)
uls,2,30,0,5.10)
uls.3,30,0,5-109)

)

U(s,4.30.0,5v106

0 1 2 3 4 5 6 7 8 9 10

s
Puc. 2. 3aBucMMOCTb aMnnuTy bl NOBOYHO U3NYYEHHOM NONEPEYHON BOSHbI
0T 0606LLEHHOr0 paccTosHNA S Ans pasnuyHbIX Matepuanos, Ans cnyyas B=1 un ksa = 30

uls,1,10,0,5-109) 01

L(sl200<10
L(Sl}OO‘lO
ol

5,1,40,0,5-10%)
: 0.08]¢

Puc. 3. 3aB1cMOCTb NOBOYHO U3MYYEHHOI NONEPEYHON BOMHbI 0T 060GLIEHHOMO PaccTosHUA S
[Ans pa3nuyHbIX BONHOBLIX pa3MepoB npeobpasosatens kya, Ans cTanu
C COOTHOLLEHVeM pa3MepoB npeobpasosatenen f=1.
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Ha puc. 4 v 5 npeacrasneHbl rpacuku 3aBUCUMOCTW OTHOLLEHWS aMNITYA NOMEXM MONEPEYHOMN BOHbI
t1 K NpogonbHOMY nones3HomMy curHany |, BoinaxeHHoe B aeunbenax, ot 0606LLEHHOrO paccTosHUA S Ans pas-
JIMYHBIX COOTHOLLEHMI Pa3MEPOB NMpUEMHUK — u3nyyatens B (puc. 4); BONHOBbIX pa3MepoB npeobpasoBatens
kya (puc. 5).

{Lﬂt(s.l.sc.o.s 109))
20log ——2 2t

ulls,1,30,0,5 106U40

fUlt(s.Z,JO.O,SﬂlOE”
2010 22202 0
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20 log ——
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) -109)
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Puc. 4. 3aBMCUMOCTb OTHOLLIEHWS aMNNKTYL NOMEXU MONEepeYHON BOMHbI K NONIE3HOMY NPOLONLHOMY cUrHary
0T 0606LLEeHHOr0 PaccTosHNS S Mpy pa3nuyHbIX COOTHOLLEHUSIX Npeobpa3oBaTenb — u3nyyatens f,
ONs CTanm ¢ COOTHOLLEHWeM pa3MepoB Npeobpasosatenen f=1

(wnls.1.10.0.510))
20108

20)
DLu'l(s.L.m,o,s-loé)f
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20logf —————— |
uls.1.20,0,5.10%) )
s s
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Puc. 5. 3aB1CMMOCTb OTHOLLIEHUS aMNNTYZ NOMEXM NONEPEYHO BOMHbI K NONE3HOMY NPOLAONbHOMY
curHany ot 06o6LLEHHOT0 paccTosHNA S ANs pa3nuyHbIX BOMHOBLIX pa3mMepoB npeobpasoBatens kia,
QNS CTanu ¢ COOTHOLLEHWeM pa3MepoB NpeobpasosaTenen f=1

MpoaHanuauposas rpadvku, NPUBEAEHHbIE BbiLLe, MOXHO CAENaTb BbIBOL, YTO MPU KOHTPOIE NPOAOMb-
HbIMM BONTHaMM 9X0-METOAO0M C YMEHbLLEHNEM BOMHOBbIX Pa3MepoB Npeobpa3oBaTenst ypoBEHb NOMEXM CyLLe-
CTBEHHO BO3PACTaET, 4TO MOXeT ObITb NMPUYMHOI NEPEOpaKoBKM NPOKATa NpY KOHTPOME KOHTaKTHBIM COCOBOM
C perucTpaLmeli curHanos BO BTOPOM BPEMEHHOM MHTepBare.

[laHHbIA MeToA NoaxoauT Ans obHapyxeHnst AecheKToB B NMMCTOBOM npokaTe. Ho Bo usbexaHue nepe-
GpaKoBKM NpokaTa, BO BTOPOM BPEMEHHOM WHTepBare CrefyeT Npo3ByyuBaTh INCT 6onee TwaTenbHo.

Bubnuorpaduyeckuii cnucok
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25



A3POKOCMWUYECKME M3MEPUTENBHO-BbIYMNCINTENBHBLIE KOMMNEKCHI

YOK 629.783

A.B. KoHoHeHKO
CTYAEHT Kachepbl a3POKOCMUYECKIX U3MEPUTENBHO-BBIYMCITNTENBHBIX KOMMIEKCOB
B.I". HukumuH — kaHauEaT TEXHUYECKUX HayK, AOLEHT — Hay4HbI PYKOBOAUTEMb

UCCNENOBAHUE CUCTEMbI YNPABNEHWA OPUEHTALIMEN
YNPYroro KOCMU4ECKOI O ANMNAPATA

3apgaya ynpaBneHus opueHTauumeir ynpyroro kocmuyeckoro annapata (KA) octaeTcs aktyanbHon faxe
cnycts 61 roga nocne 3anycka NepBoro UCKyCCTBEHHOTO CryTHUKa 3emnu. TouHas opueHTaums KA BaxHa npu
nepeAaye faHHbIX CO CMYTHUKA, T. €. BO BPEMS CEaHCOB CBSA3M, NPY CbEMKE 3EMHOI NOBEPXHOCTU, MPU UCCHe-
[0BaHWM AanbHEro KOCMOCa C NOMOLLbHO Pa3fnyHbIX HAYYHbIX MHCTPYMEHTOB, @ Takke BO MHOTUX ApYriX Cry-
yasix, CBA3aHHbIX ¢ paboToii annapata Ha opbuTe.

OpHako Hanuume HaBeCHbIX dneMeHToB Ha KA cunbHO 3aTpyaHseT paboTy cUCTeMbl aBTOMATUYECKOTO
yNpaBneHus 3-3a BO3HUKAIOLLMX B Pe3ynbTaTe BO3MYLLAIOLNX BO3AENCTBMIA yNpyrinx konebaHmin KOHCTPYKLM.
[laHHble konebaHus HeraTMBHO BMUSIOT HA ONpeAeneHre TeKyLLMX yrioB opueHTaumn KA, no cyTu, OHM CTaHo-
BATCS MOMEXOi B cucteme. Ytobbl n3bexatb ee noseneHus, Tpebyetcs nmbo oTdmnbTPOBaTh MONE3HbINA CUr-
Han, nubo pelwmTb Npobremy elle Ha 3Tane HOPMMPOBAHIS YNPaBSIOLLMX BO3AECTBUIA. B faHHOM pabote
paccmaTpuBaeTcs BTOPO NyTb.

[pyrum hakTopom, KOTOpbIN 3aTPYAHSAET YNpaBrneHue OpueHTaluen, SBMSETCA NOBEeAEHWe OpraHoB
ynpaBneHus npu pabote cucTeMbl. 3amMeTM, 4TO MPK UCNONb30BAHWM TONBKO MULLb PEaKTUBHbIX ABUraTenei
HEBO3MOXHO peanu3oBaTh JeiCTBUTENBHO BbICOKOTOYHOE YrpaBneHne, noatomy Ha 6opT MHorux KA yctaHas-
NIMBAIOTCS CUMOBBIE TMPOCKOMbI — FMPOAUHBI. [IpYruM UX MPEUMYyLLECTBOM SBNSETCS TO, YTO Hanuume Takux
YCTPOWCTB NO3BONSET NPOBOAWTL NPOPUAMPOBAHIE YNPaBNSHOLLMX BO3AENCTBMIA, O KOTOPOM Aarnee Takke nom-
AeT peyb. OgHaKo NOMMMO MONOXKUTENBHBIX KAYECTB TMPOANHOB, CrieayeT YNOMSHYTb, YTO OHU 0BnagaloT cy-
LLeCTBEHHbIM HeJOCTAaTKOM — CMOCOBHOCTbIO BbI3bIBaTb JONOMHUTENBHBIE BUOpaLmK, NepeaatoLnecs Ha Kop-
nyc KA. U ato, nomumo ynpyrux konefaHmit HaBeCHbIX 3NIEMEHTOB, CTAHOBUTCS YacTbI0 MOMEXM, MOCTyNatoLLen
B konebaTernbHbIi KOHTYP.

Mepeiigem K NOCTPOEHMIO MaTeMaT4eCckon MOAENN PaccMaTpUMBaEMon CUCTEMbI. YCMOBHO pasaenim
KA Ha xecTkoe 1 ynpyroe Teno, pacCMOTPUM UX MO OTAENbHOCTU. [IBUXEHME KECTKOMO Tefla OTHOCUTENbHO
LieHTpa Macc xapakTepuayeTcs ypasHeHuammu dinepa [1]:

do
I)(Tf’(+(IZ—Iy)mymZ =M,; (D
do
IyTty+(IX Iy )wymy =My ; ©)
do
’ZTt2+(IV Iy Jogwy =M, 3)

rae Iy, ly, lz— rmaBHble MOMEHTBI MHEpLIMK KocMudeckoro annapata. OaHako Ans Toro 4Tobbl 13bexaTth BbIPOX-
[eHVs ypaBHeHW npu yrnax nosopoTa Gonbe 180°, Bocronb3yemcsi KBaTePHUOHHBIM CMOCOBOM 3aaaHus
opueHTaumn [2]:

ek:/\-ik-/\, “4)
rfie ex— OPTbl CBA3AHHOTO C TeNoM 6asuca, ik — OpTbl CUCTEMbI OTCHETA, @ A — HOPMUPOBAHHbIA KBATEPHUOH.

B obLiem cnyyae aBWXEHWE NPUCOeaMHEHHOO rMBKoro Tena onmcaTb 0BbIKHOBEHHBIMM AndbepeHLm-
anbHbIMM YpaBHEHNSIMU HE YAaeTCs — He06X0AMMO MCMONb30BATb METOALI KOHEYHO-3NIEMEHTHOTO aHanu3a. Ho
B NepBOM NpUOMMKEHN AMHAMUKY TMBKOro Tena MOXHO MOAENMPOBaTh KOHEYHbIM HabopOM OCLMNNSTOPOB,
ONUCbIBaEMbIX IMHENHbIMM AnddepeHLmManbHbIMI YpaBHEHUSMU BTOPOTO Mopsiaka ¢ BO3DYXAeHWeM B NpaBoii

yactu [3]:
d%0; do; 2 (= dd
dti)l =—20/v,—j;’ —ViQ; +[5i m j ®)
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rae ¢i— nepemeHHas, XxapakTepuayloLLas YIIoBOe OTKIIOHEHHE i-r0 OCLMMNATOPA OT NOSIOKEHNS PAaBHOBECHS,
Ci— K03(hULMEHT AeMNUPOBaHHS i-ro koneaHus, vi— COBCTBEHHas YacToTa, §i— 3HaueHsl BEeKTopa NHepLy-

(O]
i YITIOBOE YCKOPEHWE LieHTpanbHoro Tena. PaboTty Takux oc-

LMAMSTOPOB MOXHO BOCTPOU3BECTU C NOMOLLbHO KonebaTenbHbIX 3BEHBEB.
Kak 6bIno ckasaHo paHee, paccMaTpyBaeTCst CUCTEMA C TMPOLVHOM B POMW OpraHa ynpaenenus. B 06-
LLeM Cryyae ero noBeSEHNE ONUCLIBAETCS AUtdEpeHLManbHbIMU YpaBHEHUSIMIM BTOPOTO nopsiaka [4]:
Jnp+np=Haoy —Hcoz1p0—Jn(by0 +Mpy +Mpe; 6)

OHHbIX (baKTODOB BNNAHWA, @ NpoM3BOaHadA

JX1dJX1 + m(bx1 + d(l)x»] = MOLH - Hp *H(Dyo - KaWap - md)xo + d(,OXO +MaTsignmX0 s 7N
rae M — 0eicTByIoLLMIA MOMEHT, J — KMHETUYECKU MOMEHT UHEPLM, W — YrNoBast CKOPOCTb. [laHHble ypaBHe-
Hust 06pa3yioT cUCTeMy [BYX CBSA3aHHbIX AnddepeHLManbHbIX YPaBHEHWI OTHOCUTENBHO PEryNUPYEMbIX KO-
opavHart. Tak kak B paboTe paccMaTpuBaeTCs ynpaBrieHue TOMbKO Mo OAHON U3 oceit cesizanHoi CK, B Mogenn
Oyaem ncnonb3oBaTh OAHOOCHBIN TMPOAVH.

B paboTte nccnepyem HeKoTopbIE peneiHble 3aKoHbl YNpaBneHus:

1) npocTeiilliee UMNYNbCHOE YrpaBreHue;
2) Hynb-(OMHUTHOE ynpaBnexue [5], KITOpoe MOXKHO BbIPa3nThb C MOMOLLbIO (POPMYIbI:
u(t) =up[ M[t]—1[t =7, ]+ [t —c ][t =7y — ] ] (®)
rfie Tc — BpeMs Nof4a4v BTOPOro MMMynbea, Ty — ANMUTENBHOCTb MMMYMbCa;
3) yrpasnexue ¢ npothUnMpoBaHNEM YNpaBISIoOLLEro BO3AENCTBUS;
4) HyNb-COMHUTHOE yNpaBneHue ¢ NpoUINPOBaHNEM.

Mogenupoarue npoussegem B nporpammHon cpege MATLAB-Simulink. Ha puc. 1 npeactasnena ynpo-
LLEHHas CTPYKTYPHAs CXeMa CUCTEMbI OPUEHTALMM, COTNTACHO KOTOPOW CTPOMTCS MOLENb.

B aaHHoit paboTe paccMaTpuUBaTCS MCKIHOUMTENBHO 3aKOHbI PA3OMKHYTOTO YNpaBNeHus!, NO3TOMY AaH-
Hble C M3MepuUTEneit He ByayT UCTONb30BATLCS B KOHTYPE YNpaBneHus!.

JKécTkoe Teno
ynopggilﬂma + Vameputenn
Ynpyroe Teno

OB6bekT ynpaenexus

Anroputm
ynpaeneHus

Puc. 1. CTpyKTypHasi cxema cUCTEMbI yNpaBreHus OpueHTaumen

CToMT Takke OTMETMUTb, YTO 13 TPEX YrnoB nonoxeHus KA paccmaTpuBaeTcs yron pbickaHbs U ero name-
HeHue. Hynb-puHUTHOE ynpaBneHue ocywectensieTcs no 11 ToHy ynpyrux konebanui. MpodunuposaHe
yNpaBnsoLero BO3AENCTBUS Ha TMPOANH MPOM3BOAMTCS C MOMOLLBIO anepuoaMYEcKoro 3seHa Nepeoro no-
psgka. [Ins AaHHOW MoZenu nporpamMmMHbIiA Yron peickaHbs coctasun 12 rpagycos. Nonyumnsliasics moaens
npeacTasnexa Ha puc. 2, B Mofenu xecTkoe Terno usobpaxaet 6nok «6DOF KsatepHuony, npeobpasyroLui
ynpaBnstoLne Cunbl U MOMEHTbI B U3MEHEHWe Yrna nomnoxeHus xecTkoro Tena. CoicTea 6roka nokasaHsl Ha
puc. 3, B HUX MOXHO yBUAETb MacCy annaparta 1 ero TeH30p MHepLMK. YNpyroe Teno npeAcTasneHo Habopom
konebaTenbHbIX 3BeHbEB, COOTBETCTBYIOLLMX FAPMOHUYECKMM OCLMINSTOpaM.

OpHaKo CTOUT OTMETUTb, YTO UCTIONB30BaHHOE HyNb-(hMHUTHOE yNpaBneHne B AaHHOM MOLEMNU, KOTOpOe,
kak ObIno Cka3aHo, OcyLLeCTBNSIETCS N0 11 TOHY ynpyrux konebaHui, HEBO3MOXHO MpK OTCYTCTBUM anropuTMa
BbIPaboTkM BTOPOro UMnynbca. Ecnv nogate MMMYMbC TON Xe HanpaBNeHHOCTU B HeYAaYHOE BPeMS, TO BECh
CMbICA YNPaBMneHUs NoTepseTCs, a BMECTO AeMNupoBaHus konebaHnit MOXeT NpOU30NTI UX MHOTOKPaTHOE
ycuneHue.
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Puc. 2. Mogenb cuctembl opueHTauum B cpene MATLAB-Simulink

“4 Function Block Parameters: 6DOF Keareprion (xecToe Tenc) ==
6DOF EoM (Body Axis) (mask) (link)

Integrate the six-degrees-of freedom equations of motion in body
ais.

Parameters

units: [Metric (Mks) g

Ve (mis) Mass type: [Fixed -
X, (m) Representation: [Euler Angles -]
Fe ™) Body Tnitial position in inertial axes [Xe,Ye, Ze]
EulerAngles ¢ gy (ad) .
DCM Initial velocity in body axes [U,vwl:
000
V,, (mfs) fooo]
Fined Initial Euler orientation [roll, pitch, yaw]:
" tem Mass w (rad/s) [0oa]
ks dw/dt Tnitial body rotation rates [p,q,r]:
[0oa]
A, (mis)
Initial mass:

6DOF Karepruon (ecTroe Teno) v

Inertia:

[900 0 0; 0 5400 0; 0 0 5400]

Puc. 3. OkHo cBoiicTBa 6roka «6DOF KsaTepHMoH»

OnbITHBIM CNOCOBOM BbINo ONpeaeneHo, YTo Npu cnage GyHKLMK Yrna NonoxeHus 1 npy GM3ocTy 3Ha-
YeHWst hyHKLMM K HyMIo, Nofiaya NOBTOPHOTO UMnynbca GyaeT crnocobCTBOBaTL AEMNGUPOBaHMIO koneGaHui.
Mo AaHHOMY ONMUCaHWIO B TOIA e MOAENM Bblin NOCTPOEH anropuTM™, peaynbTaToM paboTbl KOTOPOro SBNSETCS
3HaYeHWe BPEMEHM NOJAYN BTOPUIHOTO UMMYNbCa Ha BUPTYanbHOM MOHUTOPE (pUC. 4).

OpraHoM ynpaeneHus B MOENMPYEMON CUCTEME, Kak FOBOPUIIOCH PaHEE, BbICTYNAET IMPOANH, KOTOPbIi
npescTaBnsieT coboi MexaHUYECKYI0 CBS3KY 13 ABYX (DYHKLMOHaMBHBIX YaCTeiA: CUIOBOTO FMpOCKona U MpuBoaa
BpaLLEHWsi paMku. B kauecTBe NpuBOAa YalLe BCEro UCTOMNb3yeTes LaroBblil ABUraTenb, 1 IMNYTbCHOE Yrpas-
TNEeHMe B TAKOM Cry4ae MOXET BbI3blBaTb AONOMHUTENbHbIE KOMEBGaHUs YIpyroro KOCMUYECKOro annaparta, ofi-
HaKo WX BENMMYMHA Ha HECKONbKO MOPSKOB MEHbLUE KomeBGaHWi, Bbl3biBaeMbIX HEMOCPEACTBEHHO YyrpaBie-
HueM [6]. Mcxoas U3 aToro, NOCTPOeHa MOLENb IMPOAMHA, OCHOBaHHas Ha NepeaaToUHbIX (yHKUMSX 3neMeH-
TOB, CTPYKTYPHO BXOASALNX B COCTaB AAHHOTO OpraHa ynpasneHus (puc. 5).
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1685

Display

In1 Out

h 4

AnorpuTm

Puc. 4. PeaynbTat paboTbl anroputma

Puc. 5. Mogenb rvpoanHa

B pesynbTaTe MoenupoBanus paboTbl CUCTEMbI MPU YETBIPEX BUAAX YNPABRSIOLLMX BO3AEACTBIUN Bbln
nomny4eHsb! rpacdukin 3aBUCUMOCTY YITa pbiCKaHbs OT BpEMeHM (puc. 6).

a) 8

r)

Puc. 6. Mpadmku n3mMeHeHUs yrna nonoxeHus:: a) Npu UMNYNbLCHOM ynpaBneHnm;
6) npu HyNb-HMHUTHOM YMPaBREHUH; B) NPY YNPaBreHUM ¢ NPOPUNMPOBAHMEM UMMYTIbCA;
r) NPy HYNb-(PUHUTHOM YNpaBnEeHUN C NPOHMNMPOBaHNEM
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[laHHble rpachuky cornacyloTcs ¢ paHee nomnyyYeHHbIMU pedynbtatamu [7]. MoxHo coenathb BbiBOg, YTO
1CMOMb30BaHNe HyMb-(PUHWUTHOMO 3aKOHa YNpaBneHus ¢ NPoUINPOBaHNEM YNPaBSIOLLEr0 MMMYNbCa BO3-
MOXHO 1 XenaTenbHo. [ins nonyyeHHo MoLenu Bpems NepexoaHoro NpoLecca Npu 3ToM cTano pasHbiM 18 ¢,
4TO MOXHO CYMTaTb NOMOXMTEMbHBIM PE3yNbTaToM Npu 3aAaHHoM TouHocTK B 0,5 rpagycos.
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YOK 629.7.072

A.A. llezkuli
MarucTpaHT kadepbl a9POKOCMUYECKIX M3MEPUTENBHO-BLIMUCIIUTENBHBIX KOMMIIEKCOB
B.A. MamaeB — kaHaMaaT TEXHUYECKUX HayK, AOLIEHT — Hay4HbIi PYKOBOAUTEMb

WHTENNEKTYANbHAA CUCTEMA NMOAAEPXKW YNPABNEHUA NPOLEECCOM OBYYEHUA

CoBpeMeHHble MHTENNEKTYarbHble 0byyaroLLMe CUCTEMbI MOCTOSIHHO COBEPLUEHCTBYIOTCS, Npeanaras,
kaK obyyaroLmmcs, Tak 1 0byyatoLLMM BCE HOBbIE 1 HOBbIE CMIOCOOLI Nepeaaym 1 NomyYeHns 3HaHuiA.

Ha cerogHsiHWiA AeHb 06yYeHne SBNSETCS COXHBIM NPOLLECCOM, YNpaBneHne KOTOpbIM SBNSETCS OT-
[ienbHON TEMOI UCCneaoBaHuii.

Ha puc. 1 npeactaBneHa cxema 06yyeHmst kak ynpaBneHus.

Y ]

MAMSTb '—> ro i
]

]
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rs
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Puc. 1. Cxema 0by4eHus kak ynpaBneHus:
IO - reHepatop otBeTOB; OW — 0Byyalowas nHdopmaums; BHC — 6nok HachILEHNs CEMaHTUKON;
I3 — reHepatop 3agay; OY — 06bekT ynpasnerus; X — cpefa ynpasneHus;
Y — cocTosHne namsTi obydaemoro; Z* — Lenb ynpasBneHnsi; R— pecypcbl ynpaBnexus;
® - anropuT™ ynpasneHus

BonbLUMHCTBO HoBeWLLMX pa3paboTok B 0bpasoBaTenbHON chepe Tak Unv MHadye CBS3aHbl C COBPEMEH-
HbIMY TEXHUYECKAMU JOCTUKEHUAMU.

B pabote paccmatpuBaeTtcs paspaboTka cucTeMbl NOAAEPXKKMA YNipaBReHns npoLeccoM obyyeHmns Ha oc-
HOBE MOTMBALIMOHHON (hOPMbI aAaNTUBHOTO TECTUPOBaHMS 0by4aemoro.

OCHOBHbIMM OCOBEHHOCTSIMI JaHHON CUCTEMbI SBNSOTCS:

1. Wcnonb3oBaHue HeYeTKO NOTUKK NPU OLIeHKE OTBETOB TECTUPYEMOrO — ECIIN TECTUPYEMBIN OTBE-
TUN NPaBUNBHO Ha YacTb BOMpoca (Hanpumep, koraa Hago Haitu 10 oTnmumiA, Hawen 5 unu 7), To BONpoc He
NPOCTO He 3aCHMTLIBAETCS, @ My NPUCBANBAETCS HEKOTOPOE KONMYeCTBO Banmnos (MW MPOLIEHTOB), YTO B KO-
HEYHOM CYeTe NPMBOANT K Honee TOYHON OLeHKe 3HaHMin 0by4aemoro.

2. BO3MOXHOCTb UCMONb30BaHNs Pa3nuyHbIX NOACKA30K Npu OTBETE Ha NtoBON BOMPOC U3 TEKYLLMX
BOMPOCOB TECTA 3aKPLITOrO TWMA — ECNW TECTUPYEMbIN HE 3HAET OTBET Ha MOCTaBNEHHbI Nepes HUM BOMPOC,
TO eMy NpegsiaraeTcsi HECKONbKO BapMaHTOB MOLCKA30K, C MOMOLLbHO KOTOPbIX OH MOXET BbIYUCINTL (HaWTw,
yragatb 1 T.4.) NpaBunbHbI 0TBET. B AaHHOM cryyae npoLecc noucka npaBunbHOMO OTBETa PasBuMBaeT y Te-
CTUPYEMOrO0 CrIOCOBHOCTb K NOUCKY NPaBMIBLHOTO PELLEHIS Ha OCHOBE OrpaHU4YeHHOro Habopa MCXOLHBIX faH-
HbIX. B 0TnmMumMe oT cuTyaumu, koraa NoAckaskv OTCYTCTBYHOT W 0BYYalOLLMIACS, HE 3HAIOLLMIA NPaBUBHOTO OT-
BETa, JOMKEH «TKHYTbY» B NEPBbIIA MONABLUNIACS OTBET, YTO HEe NPUHECET eMy HIKaKO! NOMb3bl, Tak Kak NpoLece
noucka NpaBWUMbHOTO PELLEHNUs Jaxe He 3amyCTUTCS, MonyyeHne MOLCKaskm MOTUBMPYET TECTUPYEMOro Ha
AarnbHelillee peLueHe 3aaa4m C NpUMEHeHEM COBCTBEHHBIX 3HAHWN.
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YunTbiBasi onucaHHbIe 0COBEHHOCTH, 3HAYNTENBHO YCIIOKHSETCS CUCTEMA KOHTPONSH 3HAHUA TECTUpYe-
MOrO, TaK Kak OHa JOMXHA NPUHUMATL BO BHUMaHWE He TOMbKO NpaBUMbHbIE WM HENMpaBUMbHbIE OTBETHI Ha
BOMPOCI, KOraa He0bX0AMMO NPOCTO NOCHUTATb KOMMYECTBO (MW MPOLIEHT) NPABUITbHBIX OTBETOB W BbICTABUTbL
OL{EHKY, COOTBETCTBYIOLLYO NOMYYEHHOMY YMCITY, HO M BOMPOCHI, OTBETHI HA KOTOPbIE BbIfW YaCTUYHO NPaBUIb-
HbIMU, @ TaKKe KONMYECTBO 1 Ka4eCTBO, UCNOMb30BaHHbIX NOACKA30K B COBOKYMHOCTM C MOMYYEHHbLIM MOCNe UX
NPUMEHEHNS Pe3yrnbTaToM.

[ns Toro, 4ToBbl BbISBUTL, KaK MMEHHO COOTBETCTBYHOT YACTUYHbIE OTBETLI HA BOMPOCHI PeasnbHbIM 3Ha-
HWAM TECTUPYeMbIX, He0BX0AMMO NPOBOAMTHL OTAENbHbIE UCCEA0BAHNS HA BOMBLLIOM KONMYeCTBe 0by4YaeMbiX.

Takasi ke cuTyaLus CKnagbiBaeTCcs U C OLEHKOI BIUSHIS MOACKA30K HA KOHEYHbIR pe3ynbTaTt TecTupo-
BaHWS 1 ero CONOCTaBNEHNE C 3HAHMAMU TECTUPYEMOTO.

3HaunTenbHO 06nerynTh JaHHbIA NPOLECC MOTYT HeMPOHHbIe ceTu [1].

Tak kak 06BEKTOM AAHHOTO UCCNENOoBaHNS ABNSIOTCS UCKYCCTBEHHbIE HEMPOHHBIE CETU, TO B amnbHeN-
LUeM TEPMUHOM «HEMPOH» ByaeT 0603HAYATLCH UMEHHO HENPOH UCKYCCTBEHHBIX HEMPOHHBIX CETENA.

HenpoHHas ceTb COCTOMT 13 OTAEMbHbIX HENPOHOB [2].

Ha puc. 2 npeacraBneHa cxema yHKLMOHMPOBaHUS HelpoHa [3].

Puc. 2. Cxema (byHKLMOHMPOBAHUS HEMPOHa:
1 - 8x0dHoU 8ekmop napamempos,
2 — cymmamop,
3 - byHKYUS akmusayuu HelipoHa,
4 - 8bIX00Has1 UHhopMayust

Kak B1uaHO Ha puc. 2, cxema (pyHKLMOHNPOBAHUS HENPOHA COCTOUT W3 YETbIPEX OCHOBHbIX 3MEMEHTOB.

1. BxoaHoi BEKTOp NapameTpoB, KOTOPbINA npeacTaBnsieT coboit MHopMaLMio, MOCTYNAtLLY0 Ha BXOA
HelipoHa. Kaxablii aneMeHT 13 BekTopa NapaMeTpoB Ha BXOAE B HEMPOH YMHOXAETCH Ha COOTBETCTBYIOLNNA
€My 3MeMeHT BeKTopa BECOB. ONEMeHTbI BEKTOpa BECOB W3MEHSIKOTCS B npolecce 0byyeHusi, no3sonss
HENPOHY aanTMpOBaThCs K CyLIECTBYIOLIEN CUTYaLMM 1 NPaBUIbHO pearupoBaTh Ha MOCTYNAtoLLY0 BXOHYIO
UHGopmaLmio [4].

2. Cymmatop, npeactasnsitoLLmit cobom thyHKUMOHaNbHbIA GOk HERpOHa, 3afadelt KOTOpOro ABNSIETCS
CYMMWPOBaHUe BCEX NPOM3BEAEHMIA ANeMEHTOB BXOAHOTO BEKTOPA C COOTBETCTBYHOLMMM UM SNIEMEHTaMM BEK-
TOpa BECOB.

3. OyHKUMS aKTUBALMM HEMPOHA, NPEACTaBNALLAsA CoD0I 3aBUCHMOCTb 3HAYEHNS BbIXOAHO NHAOpMa-
LM HEMpOHa OT 3HaYeHus, NepeSaHHoro CyMmMaTopoM [5].

4. BbixogHasi MHdhopMaums, T.e. Ta MHGopmaLmsi, KoTopas nepesfaeTcs ApYruM HEpoHaM.

HelipoHHas ceTb COCTOMT M3 MHOXECTBA OTAEMbHbIX HENPOHOB, KOTOPbIE COBPaHbI B ONpeaeneHHyio
cTpykTypy [6].

Cxewma [jaHHOW CTPYKTYpbI NpescTaBneHa Ha puc. 3 [7].
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AccounaTtuBHbIn

BxogHon
BbixogHon

Puc. 3. Cxema HellpoHHOI ceTu, CobpaHHON 13 OTAENbHbIX HEMPOHOB

HenpoHHas ceTb yCnoBHO pa3byBaeTCs Ha Criow, Kaxabli 13 KOTOPbIX 0B03HaYaeTCs COOTBETCTBYHOLMM
TEPMUHOM:

1. Bxo0HoU croli: faHHbI CrOM HE COCTOMT U3 HEMPOHOB, a NpeACTaBnseT coboi MHopMaLmIo, NOCTY-
MakLLYt0 Ha BXOJ HEPOHHOM CeTH, T.e. BEKTOP BXOAHbIX MapameTpoB. Kaxaomy napameTpy COOTBETCTBYET
OLMH 3NEMEHT, N03TOMy 06LUee KOMMYECTBO ANIEMEHTOB CIOS COOTBETCTBYET KONMYECTBY 3NIEMEHTOB B BEK-
TOPEe BXOAHbIX NapameTpoB. K HUIM MOXeT A00aBNATLCA Takke [ONONHUTENbHbIA ANEMEHT ANs CABUra.

2. AccoyuamugHbii croli: JaHHBIA CNIONA MOXET COCTOSATb Kak U3 OHOTO, Tak U 13 HECKOMbKUX CrOeB,
KOTOpble PacnonoXeHbl MeXay BXOAHOM 1 BbIXOAHOM MHGhopMaLmeit. Kaxabii croii nonyyaeT B kKa4ecTBe BXOA-
HOM MHEOPMALIK BBIXOAHYK MH(OPMALMIO OT NpeaLLecTBYIOLLEro Cnost (4ns NEPBOTO acCOLMATUBHOIO Crost
NpeaLIEeCTBEHHUKOM SIBNSIETCS BXOAHOM COWA, @ ANst NOCNENHEro — BbIX0AHOM). Takum o6pasom, nomnydyaetcs,
4TO KaX[bli CMOVA FTOTOBMT BXOZHYH MH(hOpMaLMIo 415 nocneayoLero. Hukakux orpaHUYeHuin Ha Konn4ecTeo
CMOEB VNN KONNYECTBO NEMEHTOB B CIOE He CyLecTByeT [9].

3. Bbixo0HOU crioli: paHHbIN Croi COCTOUT W3 HEMPOHOB, KaX bl U3 KOTOPbIX COOTBETCTBYET KOHKPET-
HOMy knaccy. BeixogHas uHdopmaLms, hopMupyemas AaHHbIM CrI0SM, MOXET TPaKToBaTbCs Kak (yHKLMS pac-
npeaenexns BEPOSTHOCTW NPUHALNEXHOCTU uccreayemoro obbekta K 3agaHHoMy Habopy knaccos. Konmnye-
CTBO HEPOHOB AAHHOTO CIIOSi COOTBETCTBYET KOMMYECTBY KNACcCOB, KOTOPbIE NPeLCTaBNEHbI B 00y4atoLLent Bbl-
6opke. Mpu Hannuum B 06y4atoLLei BbIGOPKE BCETO ABYX KMACCOB MOTYT UCMONb30BATLCS Kak ABa HEMPOHa, Tak
11 0OJWH, COCTOSIHME KOTOPOro byaeT COOTBETCTBOBATL florndeckomy ‘true” unu “false”. B cnyyae “true” uccneny-
eMblit 06BEKT NPUHAANEXUT K OIHOMY Kraccy, B cryyae “false” — k gpyromy [10].

[MpuMepom NpocTenLLeil HEMPOHHOM CETU MOXET SIBNSTLCS OANH HEMPOH, KOTOPLIA MPUHUMAET Ha BXOA
MHOPMaLMI0 13 BHELLHEN cpeabl (Hanpumep, 6annbl BbINYCKHWKA BbICLLETO y4eBHOr0 3aBeAeHMs N0 pasHbIM
npeameTam) W B KauecTBe BbIXOAHOM MHOpMaLmMK BbiaaeT “true” unu “false”, kak oTBeT Ha Bonpoc: «Tpyao-
YCTPOUTCS N A@HHBIN CTYZAEHT B TEYEHWe roAa Nocne OKOHYaHNs 0byyeHus B BbiclueM y4ebHOM 3aBeaeHn?y.

MprMepPOM MHOTOCIOMHOI HEAPOHHOI CETU MOXET CNYXMTb HENPOHHAs CETb, pacnosHatoLlas 13obpa-
KEHWS1, Ha BXOZ KOTOPOW nogaeTcs u3obpaxeHus (T.e. MaTpuLia SPKOCTU OTAENbHbIX MUKCENEN), @ Ha BbIXOAE
[aHHOMY 1300paXeHMI0 CTaBUTCS B COOTBETCTBUE OAMH U3 UCMOMNb30BaHHbIX B 06yYatoLLen BbIDOpKe KnaccoB
(Hanpumep, XWBOTHOE, NTULLA NN YETIOBEK).

Kaxnblit M3 cnoes AaHHOW HEMPOHHOM CETY OTBEYAET 3a CBO YacTb paboTbl:

— NePBbIt CMOVA pacrosHaeT NPOCTEMLLME SNEMEHTI: MUHUK, U3rMBbI U T.4. M NOLAET Ha BXOA Creayto-
LLeMy CFI0H0 YKe roTOBbIA Habop NPOCTENLLMX 3NIEMEHTOB;
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— CNeLyoLMA CMOIA, NOMYYMB Ha BXOA HABOp NPOCTEALLMX S1IEMEHTOB, nepepabaTbiBaeT UX OTAENbHbIE
MenkKue CTPYKTYpbI, KOTOPbIE NOAAKTCA Ha BXOA CreaytoLleMy CIok, KOTOPbIA B CBOK ovepedb nepepabartbl-
BaeT WX yxe B Bonee KpynHble CTPYKTYpbI. Takm 06pa3om, 3a onpeaeneHHoe KonM4eCTBO LaroB U3 npocTeii-
LUKX SNEMEHTOB CTPOUTCS BEKTOP BXOLAHbIX AaHHbIX ANst BBIXOGHOTO COS;

— BbIXOAHOM CIOM Ha OCHOBE NOAAHHOIO eMy BEKTOPA BXOAHbIX AAHHbLIX MPUHUMAET peLUeHme O NpuHag-
NEXHOCTU M30DpaxeHus k Tomy unm gpyromy knaccy [10].

[Mpu ncnonb30BaHUM HEMPOHHOW CETU NS OLIEHKWN Pe3ynbTaToB MOTUBALMOHHOM (hOpMbl afanTMBHOMO
TECTUPOBAHNS BXOAHOM CION HEPOHOB NpeACcTaBnsieT coboi BEKTOP, COCTOSALMA 13 NPaBMIbHbIX OTBETOB Ha
BOMPOCHI UMW WX YaCTyW (HaNpUMeP, eCNn Hafo HanTh 10 OTNYMIA, TO B BEKTOPE BXOAHOM MHGOPMaLMM AaHHbIA
BOMPOC MOXeT BbiTb NpeacTaBneH AByms criocobamu: nubo B BUAE YMCNa, COOTBETCTBYHOLIErO KONMMYECTBY
HalAeHHbIX OTNMYMA, Nnbo B Buage 10 aneMeHTOB BEKTOPA, Kaabl M3 KOTOPbIX MOXET NPUHUMATL TOMbKO
3HaueHue “true” unm “false”); anemeHTOB, OTBEYALMX 3a UCNONb30BAHME MOACKA30K (ecnu B 3apade 5 nog-
CKa3oK, TO UM JOMKHbI COOTBETCTBOBATbL 5 3NIEMEHTOB BEKTOPA), M 3NIEMEHTOB BEKTOPA, KOTOPbLIE YKa3blBatOT
Ha TO, NOCNe Kakoro KONMYECTBa MCNOMb30BaHHbIX MOACKA30K OblN JOCTUHYT NPaBUNbHbINA OTBET.

MepBbIit CNOW HEMPOHHOI CETM NOMyYaeT Ha BXOA MHEGOPMALMIO OT BXOAHOIO Crlosi CETW B BUAE 3HaYe-
HWS PYHKLWM aKTUBALM 3IEeMEHTA BEKTOPA BXOAHON MHGOpMaLK.

Kaxablin HEipOH BTOPOTO COSi HEMPOHHOM CETW MONyYaeT Ha BXxoa Habop 3HaueHuiA, KOTopble Nonyya-
I0TCA Ha BbIXOZE HEMPOHOB MEPBOrO CMosi, CrPYNMMPOBaHHBIX MO ONPeAeneHHOMY Npu3Haky: no Tuny (oTBeT
UNW NoAckaska), no Homepy Bonpoca. COOTBETCTBEHHO, Ha BbIXOZe HEMPOHOB BTOPOrO Crosi MOXeET ObIThb ABa
TMNa BbIXOAHbIX 3HAYEHMIA: OfHW OTBEYAIOT 3a CyMMAapHYH0 OLEHKY OTBETa Ha KOHKPETHbIN BOMPOC C y4eTOM
1CMOMb30BaHHbIX NOACKA30K, a ApYyr1e — 3a KOMMIEKCHYIO OLeHKy OTBETOB Ha BOMpOCH! 6€3 1Cnonb3oBaHms
MOLICKA30K MK 3a aHanmu3 1Cnonb30BaHNs NOLACKA3OK.

BbIX0[HOM CrOM HEPOHOB NONYYaeT Ha BXOA MHOPMaLMo BTOPOTO CMost HENPOHOB, Npeobpasys ee B
HECKOMbKO OLIEHOK 3HaHMIA TECTUPOBAHMS:

1. OueHka 3HaHuI TeCTMPYeMOro B Hayane TecTa (6es yyeTa noAckasok).

2. OueHKa 3HaHWit TECTUPYEMOrO MO KOHKPETHLIM BOMpOCaM (MM rpynnam Bonpocos).

3. OueHka 0by4aemocTy TecTUpyemoro (3htheKTUBHOCTb UCTONb30BAHMS NOACKA30K).

4. OueHKa 3HaHWIt TECTUPYEMOTO B KOHLIE TeCTa.

PaccMoTpum paboTy HEMPOHHOI CETY NS OLEHKW 3HAHMIA TECTUPYEMOTO HA NPUMEpE OLiEHKN pesynbTa-
TOB TECTa C ABYMS BONPOCaMM, B KOTOPOM NMpu OTBETE Ha NEPBbI BOMPOC, TECTUPYEMbI JOMKEH OTMETUTL BCE
BO3MOXHbI€ NPaBuIbHbIE OTBETHI U3 NATW NPEANOXEHHBIX, @ HA BTOPO — BCE BO3MOXHbIE NPaBUibHble OTBETHI
13 4 npefnoxeHHbIX. [ins nepsoro Bonpoca NpaBubHBIMU OTBETaMU SIBNISIOTCA NEPBbIA, BTOPOIA U TPETUi, a
[0S BTOPOTO — NEPBbIA U TPETUIA.

B npoLiecce BbINOMHEHWS TECTUPOBaHMS 0ByYatOLLMIACS MOXET UCMONb30BATb NSITh BULOB NOACKA30K ANS
Ka)X[oro 13 BOMPOCOB.

Takum 06pa3om, nocne 3aBepLUEHUS TECTUPOBAHNS Ha BXOA HEPOHHON CETW MOCTYNaeT BEKTOP BXOA-
HbIX [JaHHbIX 13 JeBATHAALATI SNEMEHTOB:

1) anemeHTbI ¢ Homepami oT 1 1o 5 — 5 0TBETOB Ha NepBbIit BOMPOC, KaXKAbIA 13 KOTOPbIX MOXET NPUHU-
MaTb 3HayeHune 1 unu 0, eCni AaHHbI BapuaHT Gbln OTMEYEH UK HET, COOTBETCTBEHHO;

2) aneMeHTbI C HoMepamm oT 6 40 9 — 4 oTBeTa Ha BTOPOI BOMPOC, KaXAblA 13 KOTOPbIX MOXET NPUHK-
maTb 3Ha4eHue 1 unn 0, ecnv AaHHbBIA BApUaHT Bbll OTMEYEH UK HET, COOTBETCTBEHHO;

3) anemeHTbI ¢ Homepamm oT 10 go 14 — 5 nofckasok K NepBOMy BOMPOCY, Kaxaast N3 KOTOPbIX MOXET
NpuHUMAThH 3Ha4yeHne 1 unm 0, ecnn AaHHas noackaska bbina 1Cnonb3oBaHa UK HET, COOTBETCTBEHHO;

4) anemeHTbI ¢ HoMepamm oT 15 1o 19 — 5 noacka3ok KO BTOPOMY BOMPOCY, Kaxaas U3 KOTOPbIX MOXET
npuHAMATh 3HayeHne 1 unm 0, ecnn faHHas noackaska bbina 1Cnonb3oBaHa Uk HET, COOTBETCTBEHHO.

[ins npeAcTaBNeHHOr0 BEKTOPa BXOAHBIX JaHHBIX HE TPEBYeTCS ONONHUTENbHOE YMHOXEHIUE Ha KaKue-
nmbo koahuLMeHTbI nepes nepeaadelt Ha BXoA HEMPOHHON CETU, Tak Kak BCE 3NeMEHTbI MOryT NpUHUMaThb
TONBKO OFHO M3 ABYX 3HaYeHu 0 unm 1.

Kaxpplih anemMeHT BXOAHOMO BEKTOpA MOCTYMaeT Ha OTAENbHbIA HEMPOH NEPBOTO CIIOSt HEMPOHHOW CEeTH
€O CBOEI (hyHKLMEN aKTUBALMM (HOMEpa HEMPOHOB COOTBETCTBYIOT HOMEPAM SMEMEHTOB).
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B atom cnyyae ans HellpoHOB NepBoro crnosi ¢ Homepamu 4, 5, 7, 9-19 (aaHHbIe HEMPOHBI COOTBETCTBYHOT
HenpaBunbHbIM OTBETaM, KOTOPble He A0MKHbI ObITb OTMEYEHbI U NoACKa3kaM) hyHKLMS akTuBaLum OyaeT Bbl-
rMAAeTh creaytowmm obpasom:

f(x)=1-x, (1
rfie X — COOTBETCTBYIOLLUMIA ANEMEHT BEKTOpA BXOLHBIX JaHHbIX.

[lns HepoHOB NepBOro cnosi ¢ Homepamu 1, 2, 3, 6 1 8 (gaHHble HEMPOHbLI COOTBETCTBYIOT NPABUbHBIM
oTBeTaM, KOTopble AOMKHbI BbITb OTMEYeHbI) PYHKLMS akTUBaLmK ByaeT BbIrsaeTb CneayioLM o6pasom:

f(x)=x, @)
Tfie X — COOTBETCTBYHOLLUMIA ANEMEHT BEKTOPA BXOLHBIX JaHHBIX.

WHhopmaLms ¢ BbIXOA0B HEAPOHOB NEPBOTO COS NOCTYNAET Ha HEMPOHbI BTOPOrO CMOS B BUAE BEKTO-
POB BXOZHbIX JaHHbIX, CrPYNMMPOBAHHbIX N0 ONPeneneHHOMY NpU3HaKY:

1. nepBbIit HEAPOH BTOPOTO CIOS — BEKTOP BXOAHbIX AAHHbIX COCTOUT U3 NAT 3NIEMEHTOB, COOTBETCTBY-
IOLLMX HelpoHam 1-5;

2. BTOPOW HEMPOH BTOPOTO CrOS — BEKTOP BXOAHBIX JAHHbIX COCTOUT 13 YETbIPEX AIEMEHTOB, COOTBET-
CTBYHOLLMX HEMPOHaM 6-9;

3. TPETUIn HeMPOH BTOPOTO CIIOS — BEKTOP BXOAHbIX AAHHLIX COCTOUT U3 NATI 3rIEMEHTOB, COOTBETCTBY-
foLLmx HepoHam 10-14;

4. 4eTBEPTLIA HENPOH BTOPOrO CMOSt — BEKTOP BXOAHbIX AaHHbBIX COCTOMT U3 NATM 3IEMEHTOB, COOTBET-
CTBYIOLLMX HelipoHam 15-19.

Ha Bxoe Kaxaoro HelpoHa BEKTOP BXOAHbIX JaHHbIX MO3NEMEHTHO YMHOXAETCS Ha BEKTOP BECOB (ANs
[aHHOTO CNyyast OrPaHNYMM 3HAYEHWUS! BECOB NOMOXMTEMbHBIMI YACTIaMK), 33 CHET KOTOPOrO MOXHO perynmpo-
BaTb CTEMEHb BAXHOCTM KaXXAOr0 13 OTBETOB UMM KaXKAO0W 13 NOACKA30K. 3aTem NoMyYeHHbIe 3HaYeHNs CyMMU-
pytoTCS, B pPe3ynbTaTe Yero Ha BbIXOAEe CyMMaTopa Kaxmoro 13 HEMpOHOB BTOPOTO CMOS MONYYaeTCs YNCHo,
KOTOpPOe MOXET MPUHUMATB Mtobble NONOXMTENbHbIE 3HAYEHNS (TaK Kak Beca MOTyT MpUHMMATh Nntobble noro-
KUTenbHble 3Ha4eHus). B kauecTse (hyHKLW aKTUBALMM MOXHO UCMONb30BaTb (YHKLMIO, ONCaHHY0 (opmy-
non (2).

VHhopmMaLms ¢ BbIXOA0B HENPOHOB BTOPOTO CMOS MOCTYNaeT Ha HEPOHbI TPETLETO COS B BUAE BEKTO-
POB BXOAHbIX AaHHbIX, CrPYNMMPOBAaHHbIX TakM 06pa3oM, YTOBbI OLEHUTL YETbIPE OCHOBHBIX NapaMeTpa, Ko-
TOpble NOKa3bIBAKT 3HaHMS M 0By4aeMoCTb TEeCTUPYEMOrO.

Tak KaK OLeHMBaeTCs YeTbipe napameTpa, HO OAWH 13 napameTpoB TpebyeT ABYX OTBETOB, TO KOMWYe-
CTBO HENPOHOB BLIXOAHOIO CFI0S PABHO NATY:

1) NepBbIi HEMPOH BbLIXOAHOMO CrOst OTBEYAET 3a OLEHKY 3HaHWIA TECTUPYEMOro B Havane TecTa (6e3
y4eTa NOACKA30K) — €70 BXOAHOM BEKTOP COCTOMT U3 YETLIPEX SNEMEHTOB, T.€. MHGOPMALMK C BbIXOLOB BCEX
YeTbIpex HelipoHOB BTOPOrO COSt (BEKTOPbI BECOB NO3BONAIOT NPY CYMMMUPOBAHUN 31IEMEHTOB BXOAHOMO Bek-
TOPa UCKIMHOYNTL 13 OLIEHKW OTBETHI HA BOMPOCHI, KOTOPbIE BbNK JaHbl C UCNONb30BaHWEM MOLCKA30K);

2) BTOPOW HEpPOH BLIXOAHOTO CMOS OTBEYAET 32 OLEHKY 3HaHWA TECTMPYEMOro no NepBoMy BOMPOCY —
Ha ero BXof NocTynaeT MH(OpMaLms OT NEPBOTO W TPETLENO HEMPOHOB BTOPOrO COS (AaHHas MHopmaLms
NO3BONISIET OLEHUTb U MPABULHOCTb OTBETOB Ha BOMPOC, W KONIMYECTBO MCMONb30BaHHBIX MOACKA30K);

3) TPETUIN HEMPOH BLIXOLHOTO CIOSi OTBEYAET 3@ OLIEHKY 3HAHWI TECTUPYEMOrO Mo BTOPOMY BOMPOCY —
Ha €ro BXof, NOCTyNaeT MHGopMaLysi OT BTOPOTO W YETBEPTOTO HEMPOHOB BTOPOTO CIOS (faHHas HdopMaLms
NO3BONSIET OLIEHNTb U MPaBULHOCTb OTBETOB HA BOMPOC, W KONIMYECTBO MCMOMb30BaHHBIX MOACKA30K);

4) 4eTBepTbIit HEAPOH BbIXOAHOrO CrIOst OTBEYAET 3a OLieHKY 0by4aeMocTi TecTUpyemoro (3ddekTue-
HOCTb UCMONb30BaHMS NOACKa30K) — Ero BXOAHON BEKTOP COCTOMT U3 YETbIPEX 3NEMEHTOB, T.€. MHdopMaLm C
BbIXOAOB BCEX YETbIPEX HEPOHOB BTOPOrO Cros (AaHHas MHA(OPMAaLMS NO3BONSAET OLEHUTb Pa3HULY MeXay
OTBETaMM C UCMIONb30BAHNEM MOLCKa30K U 6e3);

5) NSTbI HENPOH BLIXOAHOTO CMOS OTBEYAET 3a OLIEHKY 3HAHMIA TECTUPYEMOTO B KOHLE TecTa — Ha ero
BXOZ1 NOCTYNaeT MHGopMaLWsi OT NEPBOTO 1 BTOPOTO HEAPOHOB BTOPOTO Crost (MO AaHHOM UHOPMALIN MOXHO
OL|EHNTb 3HAHUS TECTUPYEMOTO Ha MOMEHT 3aBEPLLEHMS TECTA).

Kak 1 ons BTOporo cnosl, Ha BXofe Kaxaoro HempoHa BEKTOP BXOAHbIX JaHHbIX NO3NEMEHTHO YMHOXa-
€TCS Ha BEKTOP BECOB (A5 JAHHOTO CIy4as OrpaHNyvM 3Ha4eHWst BECOB MOMNOXUTENBHBIMM YUCHAMK), 38 CHET
KOTOPOTrO MOXHO PErynmnpoBaTh CTeneHb BaXHOCTY MH(OPMALMK OT Kaxaoro U3 HepoHOB BTOPOro cros. 3a-
TEM NOMyYeHHble 3HAYEHUS CyMMUPYIOTCS, B pe3ynbTaTe Yero Ha BbIXOAE CyMMaTopa Kaxmoro 13 HeMpoHoB
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BTOPOTO CIOSI MOMy4aETCS YMCO, KOTOPOE MOXKET NMPUHUMATb NHObIE NONOXUTENBHbIE 3HAYEHNS (TaK Kak Beca
MOTYT NPUHAMATB MtoBble MONOKUTENbHBIE 3HAYEHNS).

B kayecTBe hyHKLMM aKTMBALMM ANst HENPOHOB BBIXOLHOTO CMOS MyYLUE BCETO BbIBpaTh Takyt (yHKLMIO,
KOTOpas N03BOMNT NpK Mi0ObIX NOMOXMTEMbHbIX YACAX Ha BbIXOAE CYMMATopa, Ha BbIX04e HelpoHa nony4arb
uncna ot 0 go 100, koTopble Hanbonee 6n3kK K UCNOMb3YEMON NPK PYYHON OLIEHKE TECTUPOBAHMS LuKane:

flg)=—2,
1+e72 3)
TLle Z — YMCrIo, MoMyyaloLLleecs Ha BbIXOL4E CyMMAaTopa HENpOHa.

BekTopbl BECOB 17151 BCEX CMOEB HEMPOHHOM CETU NONyYatoTcs B npoLiecce ee 00yyeHns Ha obyJaroLLen
6a3e AaHHbIX.

OpBHWUM 13 NPOCTENLLMX ABNSETCH METOA, KOTOPbI COCTOMT 13 CIEAYIOLLMX STanoB.

1. CospaeTcs npeABapuTenbHbIA Habop BEKTOPOB BECOB.

2. [Ins KaXQoro M3 HNX OLIEHMBAETCS Ka4ecTBO paboThbl HEMPOHHOM CETH.

3. Boblbupatotcs HaunyyLume BEKTOpbI.

4. Tytem HeBomMblUMX M3MEHEHWIT U3 POAMTENBCKOrO Habopa co3maeTcsi HOBbIN NPEeABaAPUTENbHBINA
Habop.

5. lMpoucxoauTt Bo3BpaLLEHWE Ha BTOPON Luar.

Takum 06pa3om, Ha KaxaoM Liare NPOUCXOANUT YNYYLLIEHUE KadecTBa paboTbl HEPOHHON CETH.

Mpu Hanuunun gocTaToyHoi 6a3bl Anst 06y4eHUs HEMPOHHOI CeTH (OTBETbI Ha TECT M UCMONb30BaHHbIE
NOLCKa3KN ANs KaXA0ro TECTMPYEMOrO C OLEHKOM, koTopast Obina B pesynbTaTe nocTaBneHa AaHHoOMY 0byuya-
f0LLIEMYCS XMBBIM NpenogaBaTenem no KaxgoMy 13 OLieHBaeMbIX TapaMeTpoB) OHa OpraHnU3yeTcs B npoLiecce
00y4eHus Takum 06pa3om, 4To Hanbonee BaxHble 1S OLEHKM 3neMeHTbl OyayT MMeTb BOMbLIMIA BeC, YeM Te,
KOTOpbIE He MoKa3bIBaoT YPOBEHb 3HAHWI U CnocobHoCTe 06y4aemoro.

WtaK, 1cnonb3oBaHI1e HeMPOHHBIX CETel NPy MOTUBALIMOHHOM (hopMe aarTMBHOMO TECTUPOBAHIS MOXET Mo-
MOYb HE TOMBKO OLIEHWUT 3HaHMS TECTUPYEMOTO, HO W caenaTh BbiBOAb! 06 30heKTMBHOCTY fanbHeiLuero ero obyye-
HIS, YTO MO3BOSISET PACLLMPUTL BOIMOXHOCTV NOAAEPX KM 0BY4EHINS B CrIeAYHOLMX HANpaBReHnsX:

©aaanTupoBaTb MapLupyT obyyeHns NoA WHAMBWAYanbHble 0cOBEeHHOCTK 0by4aeMoro, 3Hasl, Kakue
MIMEeHHO 3afaHus gatoTcs emy Bonee nerko (napameTp «OLeHKa 3HaHUA TECTUPYEMOTO MO KOHKPETHbIM BOMPO-
cam [nm rpynnam BonpocoB]»), 1 B kakix obnacTsix Haubonee 6bICTPo UAET YCBOEHE MHAopMaLK (napameTp:
«OueHka 0by4aemMocTn TecTupyemoro [3thdheKTMBHOCTb MCMONb30BAHMS MOACKA3OK]»);

© TOYHO OLIEHMBATb NPOABUKEHUe 0By4aeMoro no MHAMBIMAYaNbHOMY MapLUpyTy 0By4eHus (napameTpbi:
«OLeHKa 3HaHWit TECTUPYEMOro B Hayare TecTa [0es yyeTa NoACKa3okK]»);

© MOTUBMPOBATL 0OY4aeMOro NyTeM HarnsAHOM 4EMOHCTPALNM MYCTb MEANEHHOT0, HO MPOLBKEHUS €r0
B 0CBOEHWM BbIOpaHHOI TemaTnk («OLieHKa 3HaHWI TECTUPYEMOrO B KOHLE TECTan).
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A. B. Hebb1108 — [OKTOP TEXHUYECKUX HaYK, NPOGECCOp — HayuHbIiA PYKOBOAUTEMb

METOAbI COBEPLLEHCTBOBAHWUA ASPOJNIO0K

OpHol 13 OCHOBHbIX 0COBEHHOCTEN Pa3BUTMS COBPEMEHHOTO CyLOCTPOEHUS SBMSETCS POCT CKOPOCTEN
XOfa CyAOB, OCYLLECTBNIAEMbIA 3 CHET MOBbILIEHUS MOLYHOCTE SHEPreTUYECKMX YCTAHOBOK, a TaKkke paLmo-
HanbHOro NPOEKTUPOBaHMs hopM 06BOAOB KOPMYCa U HECYLUMX NOBEPXHOCTEN.

Cnoco60B NOBBLILLEHWS CKOPOCTY Cy0B Heckonbko. Hanbonee pagukanbHbIM SBASETCS NOABEM Kopryca
CyQHa v3 Boabl B BO3ayx — B cpeay noutu B 800 pa3 MeHee NioTHYt0, YeM BOfa, a, CNefoBaTenbHo, u bonee
nogatnueyto. M3eecteH psg cnocoboB nogbema CyaHa U3 BOAbI 1 CHKEHWUS ero CONpOTUBIEHUS — IIIMCCUPO-
BaHe, NOABOAHbIE KPbIMbsl, «BO3AYLUIHAs CMa3kay, BO3AYLLHas nogyLuka u achchekT 6nm3ocTyn akpaHa.

Bonbluas NpoTsKEHHOCTb Hallel CcTpaHbl 0T Kombekoro nonyoctpoBa fo YykoTku — obycnasnusaet
HonbLUoe pa3HooBpasme KNMMaTUYeCcKkX, METEOPONIOrMYECKMX M MPUPOSHBIX YCMOBMIA, @ TakKe CYLLECTBEHHbIE
pasnuynsi B BO3MOXHbIX NMYTSX Pa3BUTUS OMOPHON [OPOXHOIM CETU OTAENbHbIX PeroHoB. CypoBbIi KnuMar u
cnabopasBuTas JopoXHas ceTb [enaiT HeobXoaMbIM CO3LaHUe 1S STUX PalioHOB HOBbIX TUMOB TPAHCMOPT-
HbIX CPEACTB, CNOCOBHbLIX HAAEXHO NepeaBUraTbCst MO BOAHLIM y4acTkam 1 no CHEXHOMY MokpoBy. C 9kOHOMU-
4eCKoM TOYKM 3peHus Hanbonee LenecoobpasHbiM SBNSETCS UCMOMb30BaHUE B YKa3aHHbIX PErMOHaX CTPaHbl
amMNOUIHBIX TIIMCCUPYIOLLMX TPAHCMOPTHbIX CPEACTB.

Co3gaHue ONTUManbHOM KOHCTPYKLMM a3poriofoK 4O CUX Mop 3aTpyAHAETCS OTCYTCTBMEM TEOPUN Npo-
€KTUpOBaHWs Takoro pofa CynoB. BecbMa BaxHbIM ANs NpakTUKK NPOEKTUPOBAHMS rINCCEPOB NPeaCTaBnsaeTcs
YCTaHOBMEHWE KPUTEPHS, MO3BONSIOLLEr0 OAHO3HAYHO ONpeaenuTb Ans KOHKPETHbIX YCIIOBUIA SKCMTyaTaLmum
Hanbonee noAxoasLLMiA MaTepuasn onopHON NOBEPXHOCTH ANS Pa3NuyHbIX TUMOB NOACTMNAIOLLENA NOBEPXHOCTY.

XapaKTepHble PeXuUMbl JBIKEHWNS a3pONOAOK — FMMCCMPOBaHUE MO BOAE, COMPOBOXAALNECS BOMHO-
06pa3oBaHNeM, 1 CKOMbXEHIE MO CHErY, CONPOBOXAlOLLEECs (POHTAHMPOBAHNEM CHEra U3-NoA AHWLLA.

Mpn ABWXEHUM rMccepa Kak Mo BOAE, Tak M MO CHEry MpoucxoguT AedopMupoBaHWe NoBepxXHOCTU
Cpefbl, YTO FTOBOPUT O NPUBEAEHUM B COOTBETCTBME HaNPSKEHHO- AepOPMMPOBAHHOTO COCTOSHUS CPEAbl BU-
KEHWS1 1 @3POrNMCCEPOB NPM YCTAHOBUBLUMXCS YCMOBUSIX Ha FpaHULe X pa3gena. QKOHOMUYHBIE PEXUMbI [BU-
KEHWs rnnccepa Beeraa OyayT cBs3aHbl C YMEHbLUEHUEM BO3MYLLEHWS Cpeabl ABWKEHWS!, 0COBEHHO B norpa-
HW4HOM croe. [loBUTLCS 3TOr0 MOXHO Npexae BCero onTuMu3aumei 068og0B Kopryca rnvccepa.

[ins onTUMmM3aLmmu BO3AYLLIHOMO BUHTa U 0OBOAOB KOpMyCa asponiofKi UCNOb3YETCs NPOrpaMMHbIiA Na-
ket Solidworks. Lienbto nccnenosanus SBNseTcs cokpalleHne obbema notpebnsiemMoro Tonnuea, noBbilleHe
CpenHel CKOPOCTM asponoaKi U YMEHbLUEHWE BPEMEHU BbIXO4a Ha rMNCCUPOBaHIE.

/3BecTHO, YTO 3ajaya BbIbOpa NapameTpoB BO3AYLUHOMO BWHTA CBOAMTCA K ONPeAeneHuio ero ava-
MeTpa, yrna yCTaHoBKW NIonacTen B pacieTHbIX CEYEHNSIX, YaCTOTbI BPALLEHNS, KO3 duLMeHTa peayKummn npu
3a[jaHHON CKOPOCTU ABWMXEHUS U MOLLHOCTM fBuratens, obecneunsatolmux Havebicluee 3Havenne KM suHTa.
B nocnepnHee Bpems akTyansHol crana npobnema Lyma, noaToMy HeobxoamMmo faTb PeKoOMeHLaLUn 0 Yucne
ronacreii BUHTa. /13BECTHO OCHOBHOE MPaBMIIO: YeM MeHbLLE AUaMETp BO3AYLLHOMO BUHTA NP TOM Xe Yucrne
000pOTOB, TEM HWXE YPOBEHb LyMa, OGHAKO MPK 3TOM YMEeHbLIAeTCs Tsara BUHTa. KomneHcupoBaTb noTepro
TAMM MOXHO 3a CYET yBeNu4YeHus Yicna nonacteit. OAHaKo BCE 3TO MOXHO AenaTh B JOCTATOMHO Y3KUX rpaHu-
Lax.

Mpu pacyeTe BO3AYLLUHbIX BUHTOB ANS CAMOMETOB 0ObIYHO MCMOMb3YHT AMArpaMMbl CUCTEMATUHECKUX
MOZENbHBIX W HaTYpHbIX McTblTaHuit. OcobeHHOCTbI0 BO3ayLHbIX BUHTOB Anst CA aBnsetcs To obcTosaTenb-
CTBO, YTO OHMW 3KCMNYaTUPYIOTCS NPK O4EHb MarbIX 3HAYEHUSIX OTHOCUTESbHOM MOCTYNK, 3TV 06NacTh Ha ama-
rpaMmax Ans CamoneTHbIX BO3MYLUHbIX BUHTOB He NpopaboTaHbl 1 PyKOBOACTBOBATLCS UMM HEBO3MOXKHO.

B cBs13u ¢ 3TVM Gbinn Npon3BeAEHbI pacyeThl BO3AYLLHOMO BMHTA ANst a3POSIOfKW B NPOrpaMMHON cpeae
SolidworksFlowSimulation.
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3apaya 3akntoyaeTcs B ToM, 4ToObl BbIOpaTh MOLHOCTL ABUraTens, paboTatoLero Ha BUHT, W 4acToTy
BpaLLieHust BUHTA, 06ecneymnBatoLLme HanBbICLLWIA MPOMyNbCUBHbINA KO3AULMEHT. Kpome TOro, Hy)XHO BbiGpaTh
reoMeTpyIo NIONacTy (LUMpKHa, KpyTKa, NPOCUIMPOBKA CEYEHNI), OTBEYAIOLLYI0 NOCTABMEHHON 3aaavye.

PesynbTatbl, noNy4eHHble ANs BO3AYLIHOMO BIHTA (puc. 1):

1. CpeaHee 3Ha4eHne CKOpOCTM BO3AYLLHOMO noToka — 140 m/c.

2. CpepHee 3HaueHve yncna Maxa — 0.39.

3. CpenHee 3HaueHue Cunbl T — 1745 H.
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Puc. 1. PesynbTaT pacyeta BO3LyLIHOIO BUHTa

Pe3synbTatbl, NONMy4YeHHbIE 415 COOCHBIX BO3AYLLHbIX BUHTOB (pUC. 2):
1. CpegHee 3HaueHue yncna Maxa — 0.38.
2. CpenHee 3HaueHne cunbl Tarv —3080 H.
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Puc. 2. PesynbTat pacyeTa COOCHbIX BO3AYLUHbIX BUHTOB

B0O3MOXHOCTb fienaTh MpuBIMKEHHbIE OLIEHKM TS BO3AYLLHOTO BUHTA 6€3 NeTanbHbIX PacyeToB CyLle-
CTBEHHO 0BrerdyatoT paspaboTKy asponogkM.

38



A3POKOCMWUYECKME M3MEPUTENBHO-BbIYMNCINTENBHBLIE KOMMNEKCHI

C TOYKM 3peHst NONyYeHns HanbOoNbLUEN TAM Ha MECTE U MpY ABKEHWM C HEGONMbLUIMMI CKOPOCTSIMM,
xapaktepHbiMu ans FCA, npumeHeHWe nonacteit BUHTa C 3ayXeHHbIMW KOHLiAMI HEBLIFOAHO, Tak Kak notepu
npu atom Bo3pacTatoT Ha 15—20 %. JlyuLue BCero NpUMEHsATb BUHTBI C MakCUManbHO LMPWHOW NOMacTh Ha
0,50—0,55 R 1 Wwmnpok1m KoHLOM nonacTu. BecbMa adhdeKTHBHbI Takke NonacTu, y KOTOPbIX LWMPKUHA Henpe-
PbIBHO YBENWYMBAETCS OT KOMIS K KOHLLY.

Ha 60K0BO# MPOEKLMI NONACTU BUHTA LiEHTPbI TSXXECTU BCEX CEYEHWI AOMKHbI NIEXaTb B OAHON NOCKO-
CTW, NepneHANKYNAPHOM K OCW BpALLEHUS BUHTA, MO0 OTCTynaTb HEMHOTO Briepes B CTOPOHY ABWXKEHUS (3TO
pasrpyxaeT nonacTb Npu u3rnbe ee oT AENCTBUS LEHTPOBEXHBIX Cin).

B HacTosLee Bpems BeaeTca pabota no onTUmMm3aLm 06B0A0B KOpnyca asporiofku C LienbIo yMeHbLLe-
HWS BO3AYLLHOIO COMPOTUBMEHMUS W YBENWYEHNS YCTOAYMBOCTM K DOKOBBIM BO3LEACTBIUSAM BHELLHWX CUM.

Bu6nuorpaduyeckuii cnucok

1. fOBeHanbes /.H. Aspocanu. JlenuHrpag, 1927. 132 c.

2. Ocrawos B.I'., Cananep J1.6. nuccupytowme cHeroxogpl-amudun. Hosocubupek: CubTunnpoekT,
1991. 164 c.

3. Terentiev A.G. Kirschner I.N., Uhlman J.S. The hydrodynamics of cavitating flows. Backbone Publish-
ing, USA, 2011. 598 p.

39



A3POKOCMWUYECKME M3MEPUTENBHO-BbIYMNCINTENBHBLIE KOMMNEKCHI

YOK 629.7.072

M. C. Ma3ukoe
MarucTpaHT kadepbl a3POKOCMUYECKIX MPUOOPOB U U3MEPUTENBHO-BBIYUCTIUTENBHBIX KOMMNEKCOB
B.Al. Mamaeg — kaHOMOaT TEXHUYECKUX HayK, AOLEHT — Hay4HbIi PYKOBOAUTEMb

OLIEHKA 3HAHUH OBYYAEMOrO NYTEM UCMONb30BAHUSA
YCOBEPLUEHCTBOBAHHOW HEMPOHHOU CETU

3HAUMMOCTb U LIEHHOCTb MOMYYEHUS U NPUMEHEHNS HOBbIX 3HAHWUIA, YMEHWUA W HAaBbIKOB NOCTOSHHO pac-
TYT, NO3TOMY HEODXOAMMO NOCTOSHHO CTPEMUTLCS OCBaMBATh HOBbIE APGEKTUBHBIE TEXHONOTMM 0BYYeHNS.

B npouecce obyyeHns y4acTBytoT MUHUMYM ABa YeroBeka — yuuTenb U obyyaemsiit. MpenmyLlectso
TaKoro npoLecca 3akniyaeTcs B TOM, YTO 00y4aeMOMy HY)XHO 3aTpauMBaTb MEHbLUE BPEMEHW Ha MOWUCKM U
0CBOEHIe HeobXxoaMMOro Matepuana. YunTenb, 3Has cnabble v CUnbHble CTOPOHbI YYEHUKa, MOXET HanpaBuTb
nocreaHero No ONTMMarbHOMY MyTW OCBOEHMS! HOBOO MaTtepuana. B To e Bpems — 310 3aTpaTHbIi NyTb B
0By4eHun, NOITOMY NPW MCMOMNb30BaHUK ANEKTPOHHBIX CPEACTB HeOBXOAMMO 3aknadblBaThb B HUX Hanbonee
COBEPLLEHHbIE METOAMKN 0By4YeHms

Mockonbky B npouecc 0by4eHnst BoBRekaeTcst BCe Dombluee YMCno Nioaei, npouecc oby4eHns cTaHo-
BuTCS Gonee 3aTpaTHbIM, B CBS3N C 3TMM BO3HUKAET BONPOC aBTOMaTM3aLuy npouecca obyyeHuns. B nocnegHue
rofbl aKTMBHO Pa3BMBAIOTCSA UCKYCCTBEHHbIE HelpoHHble ceTi (MHC) u reHeTuyeckue anroputmel (FA). Kpome
TOro, ucnonb3osaHne IHC cBOAWT K HYMIO BNUSIHUE NUYHOCTHbIX B3aMMOAECTBMIA. MICTOPNS HEMPOHHBIX CeTei
HaumHaeTcs ¢ noHaTMs MHC. HelipoHHble CeTH — BbIYUCAMTENbHbIE CTPYKTYPbI, MOAENUPYIOLLME NPOCTbIe B1o-
nornyeckue npoweccsl, 0BbI4HO accouumpyemble C NPOLeCcami YenoBeYeckoro Mosra. Mx MoxHo npeacra-
BWTb, Kak pacnpeaeneHHble 1 napannenbHble CUCTEMbI, CNOCOBHbIE K aaanTMBHOMY 0BYYeHMI0 NyTemM aHan1aa
MOMOXUTENBHbIX U OTpULATENbHbIX BO3AEACTBMIA. DNeMeHTapHbI Npeobpa3osaTenb B TakOW CUCTEME — UC-
KyCCTBEHHbI1 HEpOH. B HacTosLee Bpems NpeanoxeHo 1 u3y4eHo 6onbLLoe KONMYeCTBO Mofenen Heipono-
[06HbIX 3aNeMeHTOB 1 HeNpoHHbIX ceTen [1]. UHC npeacTaBnsieT MHOXECTBO CBA3aHHBIX Mexay coBoM Herpo-
HOB, MMEIOLLAS HECKONBKO BXOAHbIX W BbIXOLHBIX CUrHANoB. CnocOBHOCTb NPOBECTH OLEHKY 3HaHWI C UCMONb-
30BaHNEM HeYeTKOM NOMVKK NO3BONSET UCMONb30BATH €€ B anroputMax obyyeHus.

B kauecTBe npumepa Bo3bMEM ABYXCIONHYHO MCKYCCTBEHHYHO HEpOHHYto ceTb (MHC), umetowwyto 7 Bxo-
008, 7 1 4 HEMPOHOB NPOMEXYTOYHOTO Crost U 4 HelipoHa Ha Bbixode (puc. 1). B Buge Bxogos MHC moxHo
CMOoNb30BaTh pasnunyHble 3agaHns. OHM MOryT ObITb Kak 3aKPLITOrO (C BapuaHTaMmu OTBETOB), Tak 1 OTKPBITOTO
(c ucnonb3oBaHWem nons Ans BBoga) Tvna. Mocrne nonyyeHUst OTBETOB NPoOUCXoauT 1x 0bpaboTka Kaxabii
OTBET Ha 3aJaHue NocTynaeT Ha CBOM HelpoH. COOTBETCTBEHHO, Ha puC. 1 NpeaCcTaBneHa cxema OLIEHKM TecTa,
COCTOSILLEro 13 Cemu 3aAaHuit. [pu 3agaHnsx 3aKpbITOro TUNa KaXaOoMy U3 OTBETOB COOTBETCTBYET HEKOTOPOE
konnyecTeo 6anmnos. ECn 0TBET COCTOUT U3 OAHOIO NYHKTa — HET HEO6XOAUMOCTY B JOMOMNHUTENLHON 0bpa-
60Tke (pe3ynbTaT nogaeTcs Ha cooTeeTCTRYHOWMIA BXOg MHC). Mpu BbIOOPE M3 HECKOMbKWX MYHKTOB — B 3aBU-
CUMOCTM OT UX COMETaHNS MPOU3BOANTCS NOACcYET 6annos. B 3aaaHusx OTKPLITOro TMNA, NpY NONYYeHUN 0TBETa
B BWfE 4nCna unm Hekoero Habopa CUMBOIOB (TeKCTa), MPOM3BOAMTCS BbICTaBNEHWE 6annos B 3aBMCKMOCTY
0T BNM30CTM K NPaBUNBLHOMY OTBETY, IA€ MaKCUMaIbHOE WX YUCTIO MOXHO MOMyYUTh 3a MOMTHOe COBMageHue.

[Ins NOBbILLEHNS BEPOSTHOCTY NPABUIBHOMO OLIEHNBAHMS HEMPOHHO CETbIO (HambonbLuero npubnuxe-
HUS K OL|eHKe, BbICTABNEHHON Y4NTENEeM/KCNEepTOM) BbINONHEHHOMO 0By4aeMbIM 3a4aHus, nepes BXOAHbIMM
HelipoHaMN PEKOMEHIYETCS PacionoxXuUTb kKoHeuHble aBTomatsl (KA), kotopble ByayT npoussoanTs npepobpa-
60TKy Kaxaoro 3afaHus, kak npeanaraetcs B [2]. B aTom 3akmioyaeTcs raBHOe OTNNYMe OT Npumepa, Npuse-
[AeHHoro B [3] KonuyecTBo aBTOMaTOB COOTBETCTBYET MakcuMarbHOMy banny 3a KOHKPETHOE 3afjaHue, T.e. UX
KOM4eCTBO COOTBETCTBYET YMCITY BbICTABNsAEMbIX OLeHOK. B ntore Ha Bxoa MHC Gyaet noctynath curHan ot
aBTOMaTa, COOTBETCTBYHOLLETO KOHKPETHOMY 3HaUEeHIM0. ITO NO3BOMMT COKPATUTL KOMMYECTBO BCEBO3MOXKHBIX
KOMBMHALWA, YTO, B CBOKO 04EPE/b, AT BO3MOXHOCTb YMEHbLUMTL KOMMYECTBO BEKTOPOB AaHHbIX, He0bXoam-
MbIX ans obyveHus cetn. MckyccTBeHHas HeMpOHHas ceTb OyaeT obyyaTbes ObicTpee U apdekTUBHEE, YTO
NO3BONUT YBENWYNTL BEPOSITHOCTb NPaBUNBHOI OLIEHKW. B kayecTe npumepa MOXHO NPUBECTY CMEMYIOLLYI0
cxemy (puc. 2).
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OtseTbl Ha

3aaHuA . . _oit i Pesynstat
1-01i4 cnoit 2-0it coi Y
(6anner)

Puc. 1. Cxema MHC

Koneunsle
ABTOMATEL BxogHofi Hetipor
HHC

OTBeThbl
Ha
TecToBoe

3ajaHue

Puc. 2 Cxema npenobpabotku ¢ ncnonb3osaHnem KA

B kauecTBe MCTOYHMKA ANst OQHOrO BXOAHOO HEMPOHA UCMONb3yeTCst O4HO 3aAaHue. B 3aBucumocty ot
€r0 CMOXHOCTM W TNa OTBETA (3aKPbITOrO/OTKPLITOMO THNA) ONPeAeNnseTcs MakcuManbHoe konm4ecTao 6annos.
B kauectBe npumepa T3 MOXET CIyXuTb OAHA 13 HABUraLMOHHbIX 3afay [4]. PaccMoTpum npumeps! npeaob-
paboTku pe3ynbTaToB Ans TECTOBLIX 3aAaHUA OTKPLITOMO M 3aKPbITOrO TMMOB.

B kauecTBe npumepa ucnonb3osaHns B T3 OTKPLITOMO TUNa paccmMoTpum cregytollee T3 Net (npasunb-
HbIA OTBET YKa3aH HXKE).

[laTb onpepeneHWe SKBMBaneHTHOrO BeTpa. HanucaTb HepocTalowye CnoBa B COOTBETCTBYHOLIME
A4eikm.

OKBMBanEHTHbIM BETPOM HadbiBaeTcs (1) BeTep, (2) koToporo coBnaaaer ¢ (3), a 3HaueHue ero ckopocTu
npy aHHOM NUINOTAXHOM PEXUMe NoneTa Co3AaeT TaKyio e (4) kak v (akTuyeckuit BeTep.

OtserT: 1. 2, 3. 4,

MpaBUnbHbINA OTBET:

1. YCroBHbIi.

2. HanpaeneHue.

3. lnHneir 3apaHHoro nyTw.

4. lMyTeByto CKOPOCTb.
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KoHeuHEle
ABTOMATBI

Bxoauoii HefipoH
HHC

YenoBHblt

Hanpasnerne |
JInHMA 3a0aHHOTO Iy TH I/

IlyTepas ckopocTh

OtBeTH
Ha
TECTOBO
e
3a/1aHIe

INNN

Puc. 3 Cxema npepnobpabotku ans 3agaHust Ne1

Ha puc. 3 npeacraBneHa cxema npepobpaboTku. Mocne BHECEHWS OTBETOB B COOTBETCTBYHOLLME MONS
(6nok «OTBETLI Ha TECTOBOE 3aAaHWE») MPOUCXOANT NPOLIECC Pacrno3HaBaHMs U NPOXOXAEHWE Yepe3 KOHEYHble
aBTOMaThl. Ha BbIXOfE KOHEYHbIX aBTOMATOB MOXET ObITb MO0 HOMb (OTCYTCTBME CHrHana), Nnbo eamnHuLa
(Hanuume). Bbixogbl KOHEYHbIX aBTOMATOB COeANHEHbI C BXOAaMN HenpoHa. COOTBETCTBEHHO, €CAM COBNanm
BCe OTBETbI — 4 curHana, npy Tpex coBnageHusx — 3 v Tak ganee. Takum 0bpa3om, Ha BXOAHOW HEAPOH NOCTy-
NawT TOMbKO Lenble ynucna. B JaHHOM crnyyae BWA OKHa ANt OTBETOB 3aBUCKT OT CTPYKTYPbI pacro3HaHus.
Camblit npocToi cnocob — cosaaHue YeTblpex OTAEMNbHbIX OKOH ANs BBOAA OTBETA C NOCNEAYIOLLEN NOCUMBOIb-
HOI1 CBEPKOIA MONYYEHHbIX AAHHbIX C NPaBUIbHBIMW OTBETaMM W BbIBOL BbICOKOrO YPOBHS CUrHana npy nofHoM
CoBMafeHum.

B kayecTBe TECTOBOrO 3afaHuns 3akpbITOro Tuna paccMoTpum criegytowiee T3 Ne2.

3aBMCHUMOCTb Yrna cHoca U MyTEBOI CKOPOCTM OT U3MEHEHMS HAaNpaBNeHWst BETpa.

Yka3aTb COOTBETCTBUE 3N1EMEHTOB B Tabn. 1 v undpax Ha puc. 4.

Puc. 4. 3aBucumoctb yrna cHoca (YC) n nyteBoi ckopoct (W)
OT U3MEHEHMS HanpaBneHus BeTpa

B naHHOM cryyae HeoBXoMMOo NPaBUNbHO PaccTaBUTL BapuaHTbl OTBETOB (puc. 5). /3 konuyecTsa Ba-
PUaHTOB OTBETOB BUAHO, YTO MakcuManbHbIit 6ann 3a faHHoe 3apanue Gynet paseH 12. MonyunTb €ro MOXHO
TOMbKO NPV NONHOM COBMaAEHNM NONYYEHHbIX OTBETOB C BEPHBIMA.
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Tabnuya 1
OtBeTbl Ha 3apaxne Ne2
OnNeMEHTHI 112 |3 |4 |5 |6 |7 |8 |9 [10
Yron cHoca, YC4 O
Yron cHoca, YC» 0
Yron cHoca, AYCs (0]
Yron BeTpa, YB+ O
Yron BeTpa, YB2 O
MeTeOopOrIor1YECKoe HanpaBneHue BeTpa, uamepsie- 0
MO€ OT UCTUHHOTO Mepuamnana A
MyTesas ckopocTtb, W, (6]
BoaayluHasi ckopocTb, V 0)
Ckopoctb Betpa, U 0] 0
— Ml [ Vroacmoca, VO
— M2 1 vroa cHoca, ¥Cp
— X3 | vrox cHOca, AVCy
| "¢ | Vroaserpa.VE;
OTBeTH
Ha — nNs | VYroaeerpa, VB;
TECTORO
e
Nz =
zamaHHe [ S = Ad
1 NaT ] ﬁ
- E_f
| oM | IT’
1 elo M i

Puc. 5. Cxema npegobpabotkm ans 3agaHus Ne2
Anroput™ npeacTtaBneH Ha puc. 5. OTBET Ha 3afaHue pasbuT Ha 12 anemMeHTapHbIX YacTel, kaxaas u3
KOTOpbIX OTBEYAET 32 OTAEMbHbIN 3neMeHT. MpUCyTCTBYIOT OTBETI, NOXOXVE APYr Ha Apyra. Mpyu BbiGope He-
NpaBuUNLHOTO OTBETA HE BCE OCTABLUMECS BapyaHTbl MOTYT UMETb OAMHAKOBOE Konn4ecTeo 6annos. B cesisu ¢
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9TM BO3MOXHO NOSIBNEHNS He LIeMnoro Yu1cna Ha Beixofe. Bo n3bexatne nogobHbIx cuTyaLuiz JonyCTMO ycTa-
HOBMNEHWE Nepea BbIX0AaMM KOHEYHbIX aBTomMaToB. Mocne npoxoxaeHns Yepes KA Ha Bxop HeiipoHa MHC yxe
ByneT nocTynatb Lienoe Yucno.

[ns oueHkn BNNUSHUS npegsapuTenbHon 06paboTki KOHEYHbIMM aBTOMaTaMu Bbina CMOAenupoBaHa
HelpoHHas ceTb B cpege MATLAB [5], umetowas 7 BxoaHbIX HEAPOHOB U 4 Ha Bbixode (puc. 1). B kavectse
obyyatoLen BbIGopku Bbin MCMOMb30BaH MAccyB, CoaepXxaLLmuit 57 BEKTOPOB BXOAHBIX AaHHbIX, COAEepX)aLlnX
TONbKO Lienble Yncna. MakcumanbHbin 6ann B 3aaHuns U UX KONMYECTBO WAEHTUYHBI, Kak B npumepe [3]. B
3aBMCMMOCTY OT CyMMbl 6ansnoB 3a Bce 3afaHns NpON3BOAMTCA oueHka (5746 — oTnuyHo, 45-28 — xopoLwo,
27-11 - ygosneteopuTenbHo, 10-1 — HeynoBNeTBOpUTENBLHO). Mocne 3Toro cocTaBneHb! 2 TUNa BEKTOPOB AaH-
HbIX, COOTBETCTBYHOLLMX OAHOMY MPOVAEHHOMY TecTy. PasHuLa 3akmio4aeTcs B TOM, YTO MEPBbIA MaccuB CO-
LepXuT Lienble 3HaueHus (BxogHoli Bektop 1), T.e. npowwesLine Yepes KA, B 0TINYME OT BTOPOTO, COLEpKaLLEero
ApobHyto YacTb (BxogHOM BekTop 2). [ocne aToro npousseseHa noodepeaHas nogava Ha exogsl MHC gaHHbIx
BEKTOPOB. /IcX0aHbIE faHHble U pe3ynbTaThl NpeAcTaBneHs! B Tabn. 2. Mepsbiit cronbel, — HoMep napbl BEKTO-
POB, UMEIOLLMX OAMHAKOBYO CyMMY; 2 U 3 cToN6LbI — BekTOpbI, Nofasaemble Ha Bxog MHC; 4, 5 — nonyyeHHble
AaHHble Ha Bbixoge VIHC; 6 — cpaBHeHme oLeHku, nonyyenHol ot VHC c oueHkoi yuutens; 7 — cymma 6annos.
OueHKoW Ha BbIX0Ae SBNAETCS HeMPOH, 0BNafatoLLmit CUilbHENLLMM CUrHarnoM. B gaHHOM criyyae — Yem Bnvke
3HaYeHwe K eanHNULE, TEM BbiLLE BEPOSITHOCTb COOTBETCTBUS BXOAHOIO BEKTOPA JAHHOMY BbIXOLHOMY HEAPOHY.
Mpw coBnaaeHn C OAHUM U3 BEKTOPOB, MCMONb3YEMBIX MPY 0By4EHMN, Ha BbIXOAE MOSBUTCS BEKTOP, COAEpka-
LUWIA TONBKO OLHY €AUHULY W OCTabHbIE HYMU.

Tabnuya 2.
VicxopHble AaHHble M pesynbTatbl ang UHC
Ne . . . OueHka
BxopHon Bek- . BbixoaHow BoixogHom Cymma
o/ TOp 1 Bronwoit BekTop 2 BekTop 1 BEKTOp 2 KENAS- | Gannos
n mas/IHC
0.9999 0.9999
...... 720 A RT 4T T -0.6925 -0.9936
1| [7;7;9;1;7;8,10] | [7.3;7.3;9.4;0.6;7.1;7.7;9.6] 0.6831 0.9928 5/5 49
0.0000 0.0000
0.9999 0.9999
2| 1793659 | [637.39328645287) | ome | GO0 5/5 46
0.0000 0.0000
-0.0000 -0.0000
3| [5;3;4;2;,56;7] | [4.6;2.7;3.8,2.5;5.1;5.9;7.4] ggggg (())gggg 4/4 32
0.0000 0.0000
-0.0003 -0.0003
4 | [1;7,54;0,0;9] [6.6;7;4.7;4;0.3;0.4;9] 8323? 82823 4/4 32
-0.0000 -0.0000
-0.0000 0.0000
5| 4122208 | [B71222033] e |t | 14
-0.0261 -0.0302
-0.0000 -0.0000
6 | [5302205] | (6290419180549 | 00000 | Dood 313 17
-0.0051 -0.0031

[Mpu cpaBHEHUM MOMYYEHHBIX pe3ynbTaToB BUAHO, YTO Ka4eCTBO pacno3HaBaHUA Nny4dlle B 6onbLUMHCTBE
Clny4aes C BEKTOPOM, coAepXallim Lienblie 3Ha4eHus. B nepBoM Nnpumepe 3aMeTHO CHUXXEHWE YPOBHSA CUrHana
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Ha BbIXOZle HEiPOHOB, OTBEYAIOLLMX 32 OLIEHKM «XOPOLLO» U «yLOBNETBOPUTENLHO». Kpome Toro, npu nofaye
BEKTOPa, COAEPXKALLIEro He Lienble 3HaYeHIs!, Ha HEMPOHaX, OTBEYAIOLLMX 38 OLIEHKM «OTIMYHOY U «yOOBNETBO-
PUTENBHOY, YPOBEHb CUTHANOB OTNNYAETCS He3HaUMTENbHO (Ha 0.0063). 370 roBOpPMT O TOM, YTO Npu HebOMb-
oM 13meHeHuu (=0.1) BXOAHOMO BEKTOPA BEPOSTHOCTL HEBEPHOI OLiEHKW YBENuuMBaeTcs. MogobHas cutya-
uns npocnexunsaeTcs B npumepe Ne5 ¢ ypoBHEM curHana Ha HelpoHax, OTBEYAIOLLMX 33 OLIEHKW «XOPOLLOY W
«ypoBneTeopuTenbHoy. Mpu aTom B npumepax Ne 2 1 6 npocnexunsaeTcs NoBbILEHWE LyMa 1S BEKTOpa C
LeMbIM1 3HAYEHUAMK, MO CPaBHEHWIO ¢ APoOHbIMM. OfHAKO B JaHHOM Cryyae 3TO He KPUTUYHO, Tak Kak He
NPUBOAMT K NOMy4eHMIo 6rIM3KIMX YPOBHEN CUTHANa ANS HECKOMbKIX OLIEHOK.

Takum 0Bpa3som, ucnonb3oBaHWe npeasapuTensHO 06paboTku MyTeM UCMOMb30BaHNS KOHEYHbIX aBTO-
MaToB nepeq Bxofamu HelipoHoB MHC no3sonsieT CBECTU BXOAHbIE faHHbIE K LieMnbIM Yucram, Y4To No3BonsieT
MOBbICUTL BEPOSTHOCTb NPABUMLHOMO OLIEHNBAHMS (Pacro3HaBaHms).
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E. H. Myxuna
MarucTpaHT kadeapbl a3pOKOCMUYECKUX M3MEPUTENBHO-BBIMCIIUTENBHBIX KOMMMEKCOB
B. I". HukumuH — xaHompaT TeXHUYeCKUX Hayk, AOLEHT — HayYHblii pyKOBOAUTENb

HEWTPANU3ALIUA YNIPYIUX KOJ'II?BAI:IVII?I KOCMWUYECKUX AMNMAPATOB
C NOMOLLb NMHEWHOW HENPOHHOWU CETU

CoBpeMmeHHble kocMudeckue annapatbl (KA) B OCHOBHOM MMEKT HEXECTKYHD KOHCTPYKLMIO kopryca, a
TaKke MHOXECTBO OOMbLUMX BbIHOCHBIX 3NIEMEHTOB (COMHEYHbIE MaHemnu, aHTeHHbI), KOTopble ABNSKOTCA rMb-
KMMU KOHCTPYKLWSIMU, YTO Npn opreHTaumun KA npuBOauT Kk BO3HUKHOBEHWIO ynpyrux konebanuii [1, 2]. Ha GopTy
KA pa3smeLLatoTcs nprnbopbl v arperatbl TEXHONOMMYECKNX CUCTEM, KOTOPbIE MOTYT ObITb MCTOYHMKAMI MEXaHH-
Yeckux Bo3MyLLeHMIA. [laHHble Bo3myLLeHus npu asuxeHnn KA no opbute moryT Bo3byxaaTb BubpaLmv B Ln-
pokom ananasoHe yactoT (0... 150 ') n cnocobCTBOBaTH BO3HUKHOBEHMIO BbIHYKAEHHbIX YNPYrX KonebaHui
cocTaBHbIX yacten KA.

Mpockonnyeckue aatunkv KA Hapsgy ¢ U3MepeHreM yrnoBoro NOMOXEHUS Kak XeCTkoro Tena Bocnpu-
HUMAIOT ynpyrue konebaHus kopnyca. Ynpyrie AecopmaLum Kopnyca BHOCST NOrPELLHOCTY B NOKa3aHus Jaxe
naeanbHo paboTatoLmx rMPOCKONMYECKIX YCTPOACTB. 3 LLMPOKOTO CnekTpa YacToT ynpyrux konebaHuit Hanbo-
fee CyLLEeCTBEHHOE BNUSHWE Ha NOrPeLLHOCTY MMPOCKOMMYECKUX YCTPOICTB 0ObIYHO OKa3biBaloT NepBbIe ABe-
TPY rapMOHUKN 3TUX KonebaHmil.

Puc. 1. MexaHn3m norpewuHocTu 13-3a ynpyrix konebanui

duanyeckas CyLHOCTb MOTPELUHOCTEN TMPOCKOMMYECKUX YCTPOICTB, BbI3BAHHBIX YNPYriMi konebaHusiMm
kopnyca KA, 3aknioyaeTcs B criegytowiem (puc. 1): kopnyc KA 2, cosepLuatowuin ynpyrie konebanus. [ins onpe-
AENeHHOCTI MpeACTaBNeHa TONbKO BTOPas rapMoHuka aTix konebaHuii. Ecnv LeHTp Mace rupockonnyeckoro
yCTpoiicTBa 1 CoBNaaaeT ¢ My4HOCTbIO BTOPOWN rapMOHUKW KonebaHui, To NorpeLiHocTy OT ynpyrix konebaHuil
paBHbI Hymio. B atoit Touke ocb OrXr, cBA3aHHas C rMpOCKOMMYECKUM AaTUUKOM YrioBbIX ckopoctedt (AYC)
nepemellaetca napannensHo oci 01X abcontoTHo xecTkoro KA [2]. Ecnm ke rupockonuyeckoe yCTPONCTBO
CMeLLEHO OTHOCUTEMbHO YKa3aHHOI TOUKY, TO, AaXke MPU OTCYTCTBUM Y TMPOCKONa COBCTBEHHBIX YXOLOB, HEMO-
aBuxHas vacTb 1YC, ckpennenHas ¢ kopnycom KA, npu ynpyrux konebaHnsix OCHOBaHWs COBEPLLAET YrMoBble
nepemeLLeHNst OTHOCUTENBHO POTOPA, YCTAHOBMEHHOTO Ha OCK TMPOCKOMMYECKOrO YCTPOICTBA, YTO 03HaYaeT,
4TO B CUCTEMY YNIPABNEHNs! MOCTYMAET NOXHBIA CUTHAN, NPOMOpLMOHansHbIA A, . MorpelwHocTs AS), npu-

HUMaeT MakcuManbHble 3HaYEHWs], KOria TMPOCKOMMYECKOe YCTPOMCTBO PaCcMONOKEHO B Y3MOBbIX TOYKaX BTO-
POW rapMOHMKN ynpyrux konebanun (Ha puc. 1. NokasaHo LUTPUXOBOW NUHNEN).

AHanuTuyecku Ans OfHOW M3 AOMUHUPYIOLMX MO aMNAUTYAEe rapMOHUK Ynpyrux koneBaHuii norpeLu-
HOCTb TMPOCKOMNYECKOTO YCTPOMCTBA, U3MEPSIOLLETO YIMOBbIE 3BOMIOLMM NETATENbHOrO annapata, MOXeT
6bITb NpeacTaBneHa popmynon:

A8y :A9y+A8~y sinoyt, (1)

o
rae A9y - noCTosHHasi COCTaBNSIOLAs MOPELHOCTH; AS™), - aMNIUTYAHOE 3HaYeHMe rapMOHUYEcKOM Co-

CTaBSHOLIEI NOTPELUHOCTY; @, - KPYroBas YacToTa AOMUMHMPYIOLLEi FapMOHWKM yrpyrux Konebanuii.
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YacToTbl NepBbIX rapMoHKK ynpyrx konedaxni KA oBbl4HO He NPeBbILLAOT HECKOMbKUX repLy u 6rmaku
K yactoTam coBCTBEHHbIX konebaHuii xecTkoro Tena. C y4eToM 3Toro 06CTOSTENLCTBA NOSBIEHIUE FAPMOHUYE-
CKUX COCTaBNSIOLNX MOTPELHOCTH, onpepensemblx (opmynon (1), MOXeT NpUBECTW K TseNbiM nocnea-
ctBuaM. OcobeHHo onacHbl ynpyrve konebaHus, Bbi3biBalOLLME NOMOXMTENbHYI0 0BpaTHYI0 CBS3b B KaHamnax
CUCTEMbI yNpaBneHns.
C rvpockonuyeckoro 1YCa B cucTemy yrnoBoii cTabunmaaummu nocTynaeT CyMMapHbIi CUrHan:
9r=9£A38, (2)

rae 9 - oTknoHeHue abconioTHo KecTkoro kopnyca KA; A8, - NOTPELIHOCTb TMPOCKOMMHECKOrO YCTPOiACTBa,

onpegensiemast popmynon (1).

[ins nckntodeHus BIMsiHUA ynpyrux konebanuin Heobxoammo, YTobbl B cUrHanax MHopMaLMoHHO-U3Me-
PUTENBHOTO KOMMIEKCa OTCYTCTBOBANM CUrHarbl ynpyrux gedopmauuii [2].

Llenblo ganHoi paboTbl SBNSIETCA UccnefoBaHe METOAA HeTpanuaaLumuy ynpyrix konebaxuit ¢ nomo-
LUbIO NIMHEHON HENPOHHON CETH.

HelipoHHble ceTu, NCKyCCTBEHHas HelmpoHHas ceTb (MIHC) — aTo cucTema coefyHEHHbIX U B3auMogen-
CTBYIOLLMX Mexay coBOM NpocTbIX MPOLECCOPOB, UCKYCCTBEHHBIX HeMpoHOB (MH), paboTatowwmx napannensHo
[9]. Takue npoueccopbl 06bIMHO 04EHb MPOCTHI (0COBEHHO B CPABHEHMM C MPOLIECCOPaMM, UCMOMNb3yEMbIMU B
nepcoHanbHbIX koMnblotepax). MHC MoxHO 06y4nTh ANs pelleHs onpeaeneHHoN 3a4ayuu, UBMEHs BENUYMHY
BECOB (k03(hhuLmeHTOB) cBA3M Mexay HeipoHamu. OByyeHre MHC npoucxoauT Takum 06pasom, 4Tobbl BXO4-
Hble (hyHKLMM onpeaeneHHLIM 0bpa3om npeobpa3oBbiBany 3afaHHbIii Lieneson Bbixod. MHC obyyaetcs, onu-
pasiCb Ha CXOXECTW CUrHANOB BbIXOLA W LIENW, O TOW NOPbI NOKa OHW HE COBMaayT APYr C APYroM.

[na mogenuposaHus B cpege Matlab BxogHo# curHan npeAcTaBneH kak CyMma CoCTaBnstoLLen curHana
1 afANTUBHOI CUHYCOMAAnbHON nomexw [5].

B nakete Simulink 6bina noctpoeHa Mogens HexecTkoro KA (puc. 2), Ha pucyHke 3 npeacTaBneHb! rpa-
bukn BXOAHBIX AaHHbIX Mogenn KA.

Puc. 2. Mogenb HexecTkoro KA

Co3naavm [BYXCOIHYHO CETb C NPSIMOiA CBSI3bH0 C CUTMOBUAHBIMM CKPLITHIMU HEPOHAMM W NIUHEAHBIMU
BbIXOZHbLIMM HeipoHamu. Ha BXxog KOTOpOi NOAAETCs CUrHan, NonyyeHHbI ¢ AaTimka, 00y4aroLLMM CUrHANoM
— ABNSAETCA LieneBom curHan. KonnyecTBo CKpbITbIX HEMPOHOB B AaHHOM Criy4ae 8.

Bbibepem anroputm 06yyeHue — B aaHHOM cnyyae 310 anroputm JleBeHbepra-Mapksapara. Metog on-
TUMM3aLWK, HANPABNEHHBIA Ha PeLLeHe 3aaaY O HaUMEHbLLIMX kKBagpaTax Obin pa3paboTaH Ans npubnmkeHus
K ckopocTu 06yyeHns BTOporo nopsiaka 6e3 Bbluncnenns matpuubsl l'eccuaqa. Koraa dyHKLMS nponssoauTent-
HOCTI UMeeT hopMy CyMMbI KBALPATOB (Kak 3TO TUMMYHO Ans 00yYeHNs ceTeil C NPSMOIl CBA3bI0), TO MaTpuLa
'eccnana MoxeT GbITb annpoKCUMMPOBaHa Kak

H=JJ, (3)
W rpagneHT MOXHO BbIYUCINUTD Kak

g=Je, (4)
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roe J — MaTpuua skobuana, kotopasi COLEepXMT Nepeble NPOU3BOAHbBIE CETEBbIX OLINOOK OTHOCUTENLHO BECOB
Y1 CMELLEHWHA, a e - BEKTOp CETEBbIX OLUMBOK. AkoBGMaHCKyt0 MaTpuLly MOXHO BbIYMCITNTL C MOMOLLbHO CTaH4apT-
HOro MeToAa 0BPaTHOMO PacrpOCTPaHEHUS, KOTOPbI HAMHOTO MEHEE CIIOXKHBIN, YeM BbIYMCTIEHNE MATPULbI
l'eccuana [7].

— = »

Puc. 3. BxoaHble AaHHbIE: @) Lienesoi curHan; 6) curHan Ha BbIXOAe C AaTuuka; B) ynpyrve konebaHns

OTOT anroput™, No-BUAUMOMY, SIBNSIETCA CaMbIM ObICTPbIM MeTO4OM Ans 06y4eHust crnaboHEpPBHbIX
HE/MpOHHBIX ceTelt yMepeHHOro pa3Mepa ([0 HECKOMbKUX COTEH BECOB).

O6y4eH1e NpogomKanoch fo TEX Nop, Moka oLUKGka NPOBEPKM He YMeHbLUMNach A4S LWECTU UTEPaLUA.

Mean Squared Error - cpeHss kBagpaTHas pasHuLa Mexay BbIXoAbIMW CUrHanamv 1 uensmm (puc. 4).
YeM HuKe 3HaueHue, TeM nyyiue Hawa NHC obyumnace.

Best Validation Performance is 0.1277 at epoch 5
10%F

Train
Validation
Test

Best

=]
i
T

=
T

]
©
T

Mean Squared Error (mse)

<
T

102k s
0o 1 2 3 4 5 6 7 B 9 1 1

11 Epochs

Puc.4. OByyeHne MHC

PerpeccuoHHble rpacuky (puc. 5) oTobpaxatoT ceTeBble BbIXOAbl B OTHOLLEHWM Lienen ans obyvenns,
NpOBEPKYX 1 HABOPOB TECTOB.

B naHHoi pabote Obino NpoBeAeHO MOLAENMPOBAHME UCKYCCTBEHHOM NIMHEIAHON HEMPOHHON CETU B kave-
cTBe Uudposoro ¢unbTpa. PesynbTaThl MOAENMPOBaHUS NpeacTaBneHHbl Ha puc. 6. Kak BugHo u3 puc. 4
CpeaHsist KBaipaTHasi pasHuLa Mexay BbiXoabiMU curHanamu u uensmu pasHa 0,1277, roe Hynb 03HavaeT
OTCYTCTBYE OLUMOKM.
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Training: R=0.99944 Validation: R=0.99931

Output ~= 0.99*Target + 0.17
@
Output ~= 0.99*Target + 0.11

0 10 20 30 5 10 15 20 25 30
Target Target
Test: R=0.99921 All: R=0.99939
30 30

Output ~= 0.99*Target + 0.22

&
Output ~= 0.99*Target + 0.17
&

5 10 15 20 25 30 0 10 20 30
Target Target

Puc. 5. JlunenHas perpeccus MHC

Function Fit for Output
| e N N T

25—

Output
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Puc.6. PesynbTaThl MOgenMpoBaHms

w
&

Ha pwuc. 5 perpeccuonHble gaHHble R pasHbl 0,99, B uaeanbHoOi CETU OHM AOIKHbI NafgaTh BAOMb JIMHWM
45 rpagycos, rae ceTeBble BbIXOAbI PaBHbI LensmM. 3HadyeHne R=1 o3HauaeT 6nmakyto cBsisb, R=0 — cnyyaiHyo
3aBucumocTb. B noctpoerHoi HC perpeccnoHHble AaHHbIe paBHbI NOYTM eeHuLe, @ CPeaHeKBagpaTnieckas
OLwMbKa NOYTH PaBHO HYIH, YTO NMOKa3bIBAET XOpOLUWE pe3ynbTaThl.
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BJIOK MPEQYNPEXOEHWUS CTONKHOBEHWIA 9KPAHOMMAHA C KOH®JIUKTYIOLLMMW OB EKTAMM

06xo4 NPensTCTBUN Ha aKBAaTOPUW SBNSETCS aKTyanbHON 1 AOCTATOYHO CROXHO! 3agaqent. Mpu Bbico-
KOV CKOPOCTU [BVXKEHMS KpaHoMNaHa HeobxoauMo peLuaTtb npobremy NpeaoTBpaLLEHS CTONKHOBEHUS C ApY-
MU TPAHCMOPTHBIMI CPEACTBAMM Wi HENOABVKHBIMI MPENSTCTBASAMM NPY JeduluTe BpeMEHN AN MaHes-
pUpOBaHWS 13-3a Manoro pagvyca AeNCTBUS pagnonokaLoHHoi ctaHuuv [1]. Vicxoas na atoro, BaxHbIMM 3a-
Aadvamu sBnaoTcs obHapyxeHne KOHNMKTYtoLLero o6bekTa cpeAcTBaMM PaaMonoKaLum 1 BbICTpoe NpuHATUE
peLLeHNs O MaHEBPUPOBaHNUM 3KpaHoMnaHa.

B paHHoi paboTe paccmaTtprBaeTCs SkpaHonnaH Tuna b, KoTopbiii MOXET CoBepLUaTh KpaTKOBPEMEHHbIE
«ropKu» C Lienbto obneta NpensTCTBUA C BbIXOZOM 33 NMpeaenbl AeACTBIMS 3kpaHHOro agpdekTa. B kavectse
npumepa Bbin BbIBPaH TpaHCNOPTHbIA SkpaHoNnaH «Cnacatenby, napameTpbl KOTOPOro onucaHbl B [2]. AkpaHo-
nnaH npeanonaraeTcs NPUMEHATb NPY MOUCKOBO-CriacaTeNbHbIX onepaLyusx B ApKTUke u TUXOM okeaHe.

Puc. 1. AspoamnHammnyeckast KOHUrypawus skpaHonnaHa no camoneTHoi cxeme [3]

[ns oBHapyxeHUs KOHNUKTYHOLEro 06BbEKTa NPUMEHSIETCS PAAMONIOKATOP, YCTAHOBNEHHBIN Ha XBOCTO-
BOM kure unu crabunusatope. PaaunonokaLmorHas CTaHuMs AoMmKHa nepefasatb B 6ok npepynpexaenus
CTONKHOBEHWU AaHHbIE O KOOPAMHATAX W CKOPOCTSX KOH(MMKTYIOLMX 0OBEKTOB ANs aHanmaa cUTyaLum Ha ak-
BaTopuy 1 BbIbOpa ONTUMAanNbLHOMO BapuaHTa 00XoAa, PeKoMeHLyeMoro nunoTam k ucnonHermio. Mocne Toro,
KaK KOH(IMKTYIOLLMA 0BBEKT 0BHapyxeH, HeoOX0AMMO NPUHSATL PELLEHNe O MaHeBpUPOBaHuK. 1o ycnosusam
6e30MacHOCTV noneTa HeJoNyCTUMbI PE3KUE MaHEBPbI kak B NPOAONBHOM, TaK 1 B MOMEPEYHOM kaHanax ynpas-
NEHMs, KOTOpble MOrYT NPUBECTY K BbIXOAY NeTaTerbHOro annapara 13 akcnnyartaumoHHol obnactu (yxoa ot
9KpaHa) UM K CTONKHOBEHWIO C MOBEPXHOCTbIO BOLbI.

W3meHeHme BbIcOThI noreTa 6e3 pucka BbIxofa 3a Npeaenbl 3KCrnyaTauuoHHON 0bractn BO3MOXHO
TONbKO NPU BepTUKaNbHON Neperpyske ny~1, a pasBopoTbI N0 KYpCy — TONMbKO NpW HEBGOMbLUNX yrnax KpeHa
HaxoAALMXCS B AuanasoHe uameHeHns £20 rpag. CriefcTeueM aTUX OrpaHUyeHIi  SBNAETCA OTHOCUTENBHO
HM3Kas MaHeBpeHHOCTb. [1Ng cnefoBaHus no 3afaHHOMY MapLupyTy u 0bxofa NpensaTCTBUI MOXHO paccMaT-
puBaTb Kak MaHEBP B FOPWU3OHTaNbHON MOCKOCTH, Tak U BEPTUKANbHbIA MaHeBp [4]. B GonblUMHCTBE Cryvaes
Pe3KOE YBEMUUYEHME BbICOTbI BUXEHUS OKa3biBaeTCs 6onee athheKTUBHbBIM, YEM PE3KMIA OBOPOT B FOPU3OH-
TanbHOW NNOCKOCTH, B KOTOPOM MHEPLIMOHHOCTb 3KpaHONNaHa nposensaeTcs Hambonee cunbHo. MaHeBp «ma-
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nasi ropka» npeanonaraeTcs NPUMEHSTb B TeX CIy4asx, Korga npy NosBIEHNM Yrpo3bl CTONKHOBEHWS C NpensT-
CTBUSIMM Ha aKBaTOPWUW NMUMOTbI MO TEM UM UHBIM COOBPAXEHUSM OTKA3bIBAKOTCS OT BbIMOSHEHMS KypCOBOTO
MaHEeBpa ¥ NPeAnoYMUTaKT COBEPLUMTL 0OMET NPENSTCTBUN B BEPTUKANbLHOI NockocTH [5].

PaccMoTpiM MaHeBp pacxoxaeHus C NpensTCTBMEM B TOPU3OHTANbHOM NNOCKOCTH (puc. 2). Mpu ropu-
30HTanbHOM MaHeBpupoBaHUK, Hanbonee NPOCTbIM 1 Be30nacHbIM SBMAETCA «NIOCKMIAY PA3BOPOT C yriamu
kpeHa, 6rmakimm k Hynto y=0. LieHTpocTpemmuTenbHas cuna co3naeTcs TONbKO 3a C4eT yrna CkonbxeHus. Mpu
NMOCKOM Pa3BopOTE MONYYaeTCs MakCUManbHbIN paanyc pa3BopoTa U, COOTBETCTBEHHO, MakcuMarnbHas Heob-
X0[MMas Ans MaHeBpa AucTaHuus Ly, Heobxoaumo 0TMETUTB, YTO OT MOMEHTa 06HapYXeHUs NpensTcTeus 40
Hayana maHespa TpebyeTcs onpeAeneHHoe Bpems ty ANs pacno3HaBaHWs NPENSTCTBYSA, OLEHKN CUTYaLun 1
NPUHATUS PELLEHNS O BbIMOMHEHNN MaHeBpa. VIHorAa 3T0 BpeMs MOXET U3MepATLCS [ecaTkaMu CeKyHA, 3a 3To
BpeMsi 9kpaHoMnaH npeofonesaeT paccToskue L= V*ty B HanpaeneHun npenstctaus [6], rae V - ckopocTtb
aKpaHomnnaHa.

O6HapyxkeHHe Hauano
NPensTCTBHA MaHeBpa

L

1
Puc. 2. MaHeBp pacxoxaeHus ¢ npensiTcTeuem
B rOPWU30HTaINBHOI NMOCKOCTU

| L L 1 L L
o 10 E) E) ) E) & n £l
e

Puc. 3. M'padhmk nepexoaHoN xapakTepucTuku 3BeHa,
VIMUTUPYIOLLEErO AMHAMWUKY MaHeBpa 3KpaHonaHa no ropu3oHTanm
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Puc. 4. I'padvk nepexoaHoN xapakTepucTuku 3BeHa,
UMUTUPYIOLLETO IHAMUKY MaHeBpa SKkpaHoMmaHa fo BepTukani

MepeaaToyHas (yHKUMS anepuoaMyeckoro 3BeHa Nepeoro Mopsaka OMMChIBAET AMHAMUKY MaHeBpa
9KpaHoNnaHa no ropu3oHTan 1 BEpTUKanK, KoTopas onpeaenseTcs no cneaytowen dopmyne [7]:

ke
W) =777
roe ke — KO3(MULUMEHT yCUneHnsl, NpUHUMAEMbIN 38 eauHULLY; Te — NOCTOSIHHAS BpEMeEHM B.

Mo AaHHOI NepeaaTo4HoM (yHKLMK, C NOMOLLbo NpumnoxeHus Simulink, Gbinn nonyyeHs! rpadmku ne-
PEXOMHbIX XapaKTEPUCTUK 3BEHA, UMUTUPYIOLLMX AMHAMUKY 3KpaHOMMaHa no ropusoHTanu ¢ NOCTOSIHHON Bpe-
meHu =10 ¢, No BepTuKanu ¢ NOCTOSIHHOM BPEMEHM t=4 C.

O6xop NpensaTCTBUIA 3aKNKOYaETCS B NOMCKe OMTMMANbHOTO MaHeBpa Ha OCHOBE MHGOpPMAaLMK O NokaLm-
OHHOW 0BCTaHOBKE Ha akBaTOPUK U 3HaHWsi COBCTBEHHBIX MAHEBPEHHBIX CMOCOBHOCTE, a Takke B peanusaLmm
BbIOpaHHOro MaHeBpa. B ganbHemwweM s pellerus 3Toi 3agaqn Oynet paspaboTaHa MeToauka Bbibopa on-
TMansHoro no 6e30nacHoOCTI, BPEMEHM 1 PACXOLY SHEPrv MaHeBpa akpaHonnaHa ans obxosa npensTcTaus.
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E. B. CaseHkoea
MarucTpaHT kadepbl a9POKOCMUYECKIX M3MEPUTENBHO-BBIMUCITUTENBHBIX KOMMIIEKCOB
P. H. ManaxaHoe — kaHaMAaT TeXHUYECKMX HayK, AOLEHT — HayYHbIA PYKOBOAUTEMb

METOJMKA OETEKTUPOBAHUA 3HAKOB 1Al KBAJPOKONTEPOB

B HacTosiLee Bpems KBaAPOKONTEPbI HALLMK LLIMPOKOE NMPUMEHEHUe B Pa3nYHbIX 3a4adyax: NoMcK, Mo-
HUTOPUHI OKpYXatoLen cpeabl, HabntoaeHre. C 1x NOMOLLbIO AOCTYN K CPeAaM, B KOTOPbIE HE MOTYT NonacTb
NIOAV NN ApYTve TPaHCMOPTHbIE CPEACTBA, CTAaHOBUTCS NEMKOAOCTYNHLIM. 3TO 0COBEHHO aKTyarnbHO Ans Takux
9KCTPeManbHbIX CUTYaUWi, Kak, HanpuMmep, passedka. B kayecTBe HaBurauwu Ans KBaApOKONTEPOB LUMPOKO
NPUMEHSIOTCS cucTeMbl rnobansHoro nouumonnposanns GPS unu MMOHACC, ogHako, Anst HEKOTOPbIX KOH-
KPETHBIX CPeL, CUrHanbl U3 HaBUraLMOHHbIX ceTeit MoryT BbiTb Gecrionestbl [1]. CneayeT OTMETUTb, YTO pa3Bu-
TIe BbICOKOMPON3BOANTENBHBIX KOMMbIOTEPOB W NOSIBNEHUE Ha PbIHKE HELOPOrUX BUAEOKAMEP BbICOKOTO Kave-
CTBa CTUMYNNPYET LLIMPOKOE UCMONb30BaHWe B KBAAPOKOMTEPAX CUCTEM KOMMBIOTEPHOIO 3peHNs.

Cpeau MHOTMX 3afiay HaBUraLMW M yNpaBneHus KBapOKONTEPOB COXPaHSIET akTyanbHOCTb npobrema
aBTOMAaTWUYECKON MOCaAKW NeTaTenbHOro annapara Ha OnpeAeneHHy NocagoyHyio nnolaaky. B atoi npo-
6neme MOXHO BbIAENNTb HECKOMbKO aKTyanbHbIX 3a4ay: pacrosHaBaHue NoCagouHON NMOWaaK, OLEHNBaHNE
CTEMNEeHM ee NPUrogHOCTY 1 6e30MacHOCTM 1St NOCaKM, HABEAEHWE 1 aBTOMATUYECKas NOCaaka KBaLpoKonTe-
POB Ha 3afaHHbIN Mapkep NOCafOYHOM NNOLLAaKM.

B cratbe npeanoxeHa mMeToauka pacnosHaBaHWs MOCafOMHON MMoLadkW, npeacTasnsiowyo coboi
LMdpy 1K 3HaK, o4epyeHHble Kpyrom. Mpumepbl n3obpaxeHni niowagok npueeaeHsl Ha puc. 1. Tak kak pe-
anbHble 1300paXeHns NNOLAA0K ANs NOCAAKM KBaLpPOKONTEPOB aBTOPY He NpeaCcTaBnseTCcs BOIMOXKHBIM Mo-
Ny4nTb, B KavecTse Habopa 06y4aloLLmX AaHHBIX MCMOMb3YIOTCS N30BPaXeHNs AOPOXHBIX 3HAKOB, BHELLHE CXO-
Xue ¢ obpa3suamm NNoLaaoKk Ans nocaaky.

Puc. 1. O6pasubl 1306paxeHuit NocagouHoi nnoLaakm

B pabote peann3oBaH nepBbiit 3Tan pa3paboTki METOAMKI PAcro3HaBaHUS AOPOXHBIX 3HAKOB, KOTOPbIit
BKIto4aeT B ce6s NoMCK AOPOXHOIO 3Haka Ha M306paeHUM UNn B Kaape BUAEOLETEKTUPOBAHUS.

MocmaHoska 3ad0a4yu OemekmuposaHusi 06bekmoe

3agava [eTeKTUPOBaHUS SBNSETCS COXHOA ANS MalUMHbI N0 MHOTMM MpUdMHamu. Cpeam HUX MOXHO
BblAENUTb CrieaytoLLme.

1. PasHoobpasue opMm 1 LBETOB NPeACTaBUTENEN KNacca 0OBbEKTOB.

2. MepekpbITHe feTekTUpyemblx 00bekToB. Ha npakTuke, C TOUKM 3peHus kamepbl, 00beKTbI MOry ObiTb
BUOHbI TOMbKO YaCTUYHO.

3. PasHas cTeneHb OCBELLEHHOCTM 0BBEKTOB. B 3aBUCMMOCTH OT BpeMEHM CYTOK OAMHAKOBbIE OBBEKTHI
MOTYT BbIrMSAETb W BOCTPUHAMATLCS aBCOMIOTHO NO-PasHoMy.

Llenb feTekTupoBaHus — onpefenuTb Hanuuue obbekTa Ha U30BpakeHnu U HailT ero NomnoxeHne Ha
1CX0aHOM U30BpaxeHuu. MonoxeHne 06bekTa, B 3aBUCMMOCTY OT BbIGOpa anropuTMa AETEKTUPOBAHNS, MOXET
ONPeensTbCs KOHTYPOM 3TOr0 06beKTa UK ke BblAeneHHo 001acTbio Ha N30bpaxeHuu, coaepxallei 0bb-
€KT.
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Memodk! peweHust 3ada4u demekmupogaHusi 06bexmos

MHOXeCTBO BCex METOAOB PELLEHMS 3afja4 AETEKTUPOBAHIUS MOXHO Pa3feniTh Ha CrieayHoLLme OCHOB-
Hble rpynmbl.

1. MeTogbl, KOTOpbIE ANs OnnUCaHWst 0BbeKTa UCMONb3YT NPU3HaKKM, Hanbonee xapakTepHble Ans 06b-
€eKToB. B kauecTBe Npu3HakoB MOryT 6bITb BbIOPaHbI TOYEYHbIE 0COBEHHOCTM 06BEKTa, MMBO NpU3HaKK, NOCTPO-
€HHble 4151 30BpaxeHus, COfepKaLLero ToNbKO OOBbEKT.

2. MeToabl novcka 06BEKTOB, COOTBETCTBYIOLLMX LIABNOHY — HEKOTOPOMY OMMCaHNI OOBEKTOB.

B kauecTBe npumepa Ans METOLOB NEPBOIA rPyNMbl MOXHO NPUBECTI METOZ, TUCTOrPaMM OPUEHTMPOBAH-
HbX rpagueHToB (HOG) — ofnH 13 LWNMPOKO MCTIONb3YEMbIX anropuTMOB BbiAENEHUs Npu3Hakos. Ha nepeom
aTane u3obpaxeHne Npeobpa3oBbIBAETCS C MOMOLLbIO raMMa-KOpPEKLMN 1 BbIYUCTISIOTCS ero nNepBble Npous-
BOAHbIE. 3aTeM M30bpaxeHne AeNUTC Ha MamneHbkie naTy, HasblBaeMble sueikamn. B kaxaoi sueike -
CTOrpaMma BbI4MCNSIETCS HA OCHOBE OpUMEHTALMKN BEKTOPA rPajveHTa 1 €ro BENUYMHbI C MCNONb30BAHNEM MUK-
ceneit BHYTPW 3TON suemkn (puc. 2). 3aTem, nyTeM pacCMOTPEHUst COCELHUX sueek popmupyoTcs 6roku, v

TUCTOrpaMMa si4eek BHYTpY 3Toro 6roka obbeauHseTcs [2].
huﬂl bhaukd bl

BEE N ...
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Puc. 2. NMpumep pasdreHmnst Nons BeNMYMHLI TPafueHTa Ha S4eiiku
11 OCTPOEHUS TUCTOrPaMM BEMUYMH MO HanpaBneHusam

MpeumyLLECTBO AaHHOTO anropuTMa — B MOAAEPXKKE MHBAPUAHTHOCT UCKaXEHUA 0OBbEKTa, KpOME 13Me-
HeHust ero opmbl. OHaKO NPUMEHEHUE 3TUX JETEKTOPOB HA M30OPaKEHUM C BbICOKUM PA3pELLEHUEM HeLle-
necooBpasHo, Nockonbky Ans 06paboTky Bcero u3obpaxeHuns TpebyeTcs MHOro BpEMEHM.

[ins MeToL0B BTOPOW rpymnbl MOXHO NPUBECTY LLIMPOKO UCMOMb3YEMble B HACTOSILLIEE BPEMS CBEPTOYHbIE
HelpoHHble ceTu. B aToM MeTofe Ha U3obpaxeHue npuMeHseTcs Habop Saep CBEPTKM, U BbIXOA C KaXaoro
A0pa VHAMBMAYaNbHO CyMMUpYeTCs. 3aTeM KOHeuHast (hyHKUMS nomnyyaeTcs nyTeM o6beanHeHNs CyMMUpO-
BaHHbIX 3Ha4eHmit. MpenMyLLEeCTBOM AAHHOTO METOAA SABMAETCS BbICOKOE BbICTPOAENCTBIE 1 TOHHOCTb, OAHAKO
TpebyeTcs 6onbLLOoi 06beM NepBOHAYAMNbHBIX AAHHbIX.

B HacTosien paboTe CTOMT 3aaaya pacrno3HaBaHUs 3HaKOB B peanbHOM BpeMeHU, NoaToMy 6bino npu-
HSATO peLUeHNe UCNONb30BaTb CBEPTOUHbIE HEMPOHHBIE CETU 13-3a BbICTPOAENCTBMA 3TOr0 MeToaa.

Mpednacaemas memoduka

CeepToyHas ceTb cobupaet uHdopmaLmto u3 Habopa 60 dunbTpoB CBEPTKU, KaKabI C KOIDdMLMEH-
Tamu 9x9x3. Bbixoa NepBoro criost CBEPTKY NpeacTaBnseT coboii TeHsop 12x12x60, rae kaxablit cpes npep-
CcTaBnseT coboit kapTy npuaHakos (T.e. 60 kapT yHKLMA). 3aTeM BbINOMHSETCS CYMMMPOBaHUE MyTeM Mpo-
CTPAHCTBEHHOTO pa3fenieHns Kaxaol kapTbl NPU3HAKOB Ha YETbIPe pPaBHble 0BNacT U HaXOXAEHUS Makcu-
MarbHOr0 3Ha4eHust B kaxaol obnact. HakoHeLl, 3BNeYeHHbI BEKTOP MPU3HAKOB HEMMHENHO TpaHCHOopMU-
pyetcs B 300-MepHOE NpOCTPaHCTBO, rae CBEPTOYHAs CeTb MbITaeTCH NMHENMHO OTAEeNUTb ABa knacca (3Hak
[OPOXKHOTO [BIKEHUS OT M0OOro Apyroro 3Haka) B 3TOM NPOCTPaHCTBe.
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Puc. 3. ApxuTekTypa CBEPTOYHON CETH ANS AETEKTUPOBAHMS JOPOXHbIX 3HAKOB

Ha puc. 3 npuBeneHa apxutekTypa CBEPTOYHON HEMPOHHOM CETW ANS AETEKTUPOBAHNS [JOPOXKHbIX 3HA-
koB. YepHbIn, cepblit 1 Benblit LBeTa 06o3HavatoT ceepTky, LReLU — cnoi obbeanHerus.

C (c, n, k) 0Bo3HavaeT ceepToYHOE AP0 N pasmepom kxkxc, a P (k, s) 0603HayaeT 06beanHAOLLMIA Coi
pa3smepa kxk u warom s. HakoHe, uncno LReLU yka3sbiBaeT koappuumeHT yHKLMM akTuBaLmm.

[ins 0byyeHns CBEPTOUHOM CeTU MCMONb3yeTcs Bblbopka NONoXUTeNbHbIX 06pasLoB, a Takke Bbibupa-
I0TCS HEKOTOPbIE Y4aCTKI U30BPaXeHUs (naTum) cnyyanHbiM 06pa3oM B KaxaoM N30BpaxeHum B kayecTse OT-
puuaTenbHbix BbIGopok. Mocne 0byyeHns ceth 6bINO BbISBNEHO, YTO Takol Habop AaHHbIX He obecneynBaeT
XOPOLLY0 TOYHOCTb. [Insi yTOUHEHWst Mofenu Bbin ucnonb3osaH metog hard-negativemining. B atom meTope
BCE MaTyi, KOTOpble KNaccUULMPYOTCS Kak NOMOXMTENbHbIE, CPABHUBAIOTCS C OrPAHNYUTENbHBIMI NONAMMN-
aTanoHamu. Te naTyu, KOTOpble He COBNAZAIOT C rpaHMLiaMi 3TarnoHa, ONpeaensioTCcs Kak HOBbIE KeCTKO-Hera-
TUBHbIe 0bpasLibl. iMes Bce KeCTko-0TpuLaTenbHble Natyu, cobpanHble co Beex yuebHbix 06pa3os, CBEpPTOY-
Has CeTb HACTPOEHa Ha HOBBbIN HABOP JaHHbIX.

Mpouenypa AeTEKTMPOBAHMS C UCMONb30BAHEM CBEPTOYHON HEMPOHHOM CETU HauMHAeTcs Co cagura
mackm 20%20 no u3obpaxeHnto 1 knaccudmkaLyMv natya nog Mackoii. Mocne Toro, kak Bce NUKCENM NpockaHu-
POBaHbI, 306paxeH1e yMeHbLIAETCSs, U NpoLeaypa NOBTOPSIETCS HA MEHbLUEM M306paXeHUN HECKOMbKO pas,
4Tobbl 06ecneunTs 0BHapyxeHne bonee Bnn3kx 0ObekToB. MpUMeHeHMe Takoi npoLeaypbl Ha N300paxeHnn
C BbICOKVM Pa3peLLeHeM MOXET 3aHSATb HECKONBKO MUHYT, MOITOMY HYXHO HalTh 3(hdeKTMBHbI CNocod Bbl-
MONHEHMS BbILLEYKa3aHHO NPOLeLypbl B PEANbHOM BPEMEHN.

B HacTosiLiee Bpemst NpoaBUHYTbIE BCTpOeHHbIe nnatdopmbl, Takue kak NVIDIA DrivePx 1, umetot cne-
LnanbHbIA MOLyIb rpaduyeckoro npoLeccopa. 1o NO3BONSIET BbINOMHSATH BbICOKO BbIYUCIIUTENBHBIE MOAENH
B pearnbHOM BPEMeHH, NO3TOMY paccMaTpyBaETCs Takas e nnatopma Ans pelueHns 3agayu. B peanusavum
[eTeKTopa CKONMb3SALLEro OKHa eCTb [Be OCHOBHble MPOBNembl ANS BbIYUCAMTENBHON TeXHUKW. C oaHoI CTo-
PoHbI, ABa Mu Boree natya usobpaxeHns moryt obpabaTbiBaTbCs OGHOBPEMEHHO B 3aBUCUMOCTM OT Kornye-
CTBa siaep rpadpmyeckoro npoueccopa. OAHaKo BbILLEYNOMSHYTHIA NOAX0M Mpeanonaraet, YTo ABa nocneao-
BaTeMbHbIX NaT4a ABASKTCS HE3aBUCUMbIMU U SAPA CBEPTKV MPUMEHSITCS Ha KaXAOM (parMeHTe OTAENBHO.
C opyroi CTOpOHbI, Nepeaaya NepekpbIBatLLMXCS naT4ei n3obpaxeHns Mexay OCHOBHOW NaMsATbIo U rpacu-
4eCKIM MPOLIECCOPOM BbINOSHAETCA ThICAYM Pas, YTo OTpULATENLHO BNUSET Ha BpeMms 06paboTku. Utobbl pe-
LWKTb 3TV fBe npobnembl, NpeanaraeTcs cneayowuin NoAXon ANS peanuaaLi MeToAa CKoMb3ALLEro OkHa Ha
rpacpmyeckom npouieccope (puc. 3). Bxoa cBepTouHOi ceTu npeactasnseT cobon usobpaxenune 20x20x3, a
BbIX0f, CNosi 06beanHeHUs — TeH3op 2x2x60. Kpome Toro, Kaxaplit HEAPOH B NEPBOM MONHOCTbIO NOAKMIOYEH-
HOM Cfo€ COeAMHEH € 2x2x60 HelpoHaMu B NpeablayLLeM Croe.

[ns kaxmoro nukcens Ha n3obpaxeHUn NepBbIM LWAroM siBnsieTcs 06pe3ska yuacTka u3obpaxeHns pas-
mepom 20x20 nukcenei, 4Tobbl 3aTeM NPUMEHNTb Habop CBEPTOYHBIX (PUNBTPOB Ha 3TOM natye. Cnegyert oT-
MeTUTb, YTO 82% nukcenein sBNATCA obWMUMM ANS ABYX NOCneaoBaTenbHO NONYYeHHbIX natyelt. B pesynb-
TaTe B NaMsiTb rpaduyeckoro npoleccopa nepenaeTcs U3BbITOYHOE KONMMYECTBO NUKCenel. B ¢Bs3n ¢ aTuMm
NPUHATO pelLeHue nepeaBaTh N306paxeHme C BbICOKUM paspeLleHreM B namsiTb rpadpyeckoro npoLeccopa,
a siapa CBepTKM NPUMEHSITb OAHOBPEMEHHO Ha pa3HbIX yyacTkax. Ha cnepytowlem ware B cybanckpeTuampyto-
Lem cnoe 0BbEeANHSIOTCA NUKCENM € BbIxoAa Cnos ceepTku. Korga cBepToyHas ceTb nomyyaeT n3obpaxerue
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20x20, cnoit CBEPTKM reHepupyeT kapTy npuaHakoB 12x12 ans kaxaoro sgpa. 3atem cnoit 06beauHeHUs Bbl-
umcnsieT MakcManbHble 3HaueHus B obnactsx 6x6. PaccTosHne Mexay kaxaoi obnacTbio cocTaBnsieT 6 nuk-
ceneit (war = 6).

ceeptka 12x12 06beanHsIOLWMIA cnoi cnoi 06beanHeHns
6x6, war 1 300x60x2x2
= W O
e B I

= o g
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Puc. 4. OcyLiecTBneH1e [eTEKTOPa CKOMb3SLLEr0 OKHA NSt CBEPTOYHON HENPOHHOI CETM

Takum 06pa3om, BbIXOA Crost 06beNHEHUS Ha KapTe C OAHUM NMPU3HAKOM NpeLCTaBnseT coboi kapTy
npu3Hakos 2x2. MpeAnonoxum, YTo MMetTCA fiBa NocneaoBaTenbHbIX naTya, 0603HaYeHHbIX MyCTbIM 1 3aKpa-
LUEHHbIM NpsSIMOYTonbHUKamm B crioe ceepTku (puc. 3). Croi o6beanHerns ByAeT BLIMUCTISTL MakCUManbHoe
3HaueHue 6x6 obnacteit. Bbixoa cnost o6beanHeHUs ANs NyCTOro NpsSIMOYronbHUKa JomkeH BbITb paccunTaH ¢
1CNOMb30BaHNEM 4 MamneHbKUX MyCTbIX MPSIMOYTONbHUKOB, NOKA3aHHbIX HA CPEAHEM pUCyHKe. Ha cneaytoliem
Lare Takke 06bEANHSIOTCSA 3HAaYEHUs BHYTPM 3akpalLeHHoi obnactu. [lanee, war cnos uameHsietcs Ha 1 u,
Takum obpa3om pesynbTaT 06beAMHEHNS NYCTOM M 3akpalleHHon obnacTein He byaeT nocnesoBaTeNbHbIM.

B MeToge ckonb3siLero okHa pacnpocTpaHeHa npakTika 0BpaboTkv natyelt kaxaple 2 nukcens. 10
Nerko peann3oBaTh, U3MEHMB LUAr Crosi 06 bEANHEHNS NONHOCTHI CBEPTOYHOTO CMOS HA 2 U COOTBETCTBYHLLMM
06pa3om CKOppeKTMPOBaB KO3(MULIMEHT pacLUMPeHUs SApa CBEPTKM HA NEPBOM, NOMHOCTLIO MOAKIHYEHHOM
cnoe. HakoHel, Ans pean1sauyym MHOrOMaclUTabHOro CKOMb3sLLEro OKHa HYXHO TOMbKO CO3AAaTh Pa3nuyHble
MacLutabbl MCXxogHOro M30BpaxeHnst U MPUMEHUTDL NSt HUX CKOMb3silee OkHO. Ha puc. 5 nokasaHa ougHka
0bHapyXeHWs, BblMCTEHHAs NPW JETEKTUPOBAHMN 3HAKOB Ha M30BPaxEHUsIX C BbICOKUM Pa3peLLeHUeM CBep-
TOYHO CETbHO.

o

Puc. 5. OueHka oBHapyxeHus
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O6HapyeHne JOPOXHBIX 3HAKOB B M306paXEHUsIX C BLICOKUM paspeLLeHueM SBnsieTcs Hanbonee Tpy-
[OEMKOW YacTbio KoHBeilepa 06paboTku, NoaToMy GbiNo BblYMCNEHO BpeMsi 06paboTkM kKaxporo cros oT-
nenbHo. CBepTouHas ceTb noBTopsieT 06paboTky n3obpaxenns 100 pa3 v BbIMMCISAETCS CPeAHee Bpems Ans
kaxgoro crosi. CocTosiHue cucTeMbl UKCUPYETCs BO BPEMS BCEX BblUMCTEHMIA. B Tabr. 1 npuBeseHbl pesynb-
TaTbl ANS NATYU pasnuyHbIX MacluTabos 13obpaxeHus. bbino 0TMeYeHo, 4To Bpemsi 06paboTki CKOMb3ALLMM
OKHOM 1306paxeHmii C BLICOKUM paspeLLeHnem NsTi pasnnyHbix Maclutabos coctaenset 62,266 mc, YTo paBHO
obpabotke 19,13 kagpa B cek. Takke BbluMCIIEHO BpeMsi 06paboTki NPK N3MEHEHWM Liara Cnosi 00beanHeHUs
ot 1004.

Tabnuya 1
Bpems 06paboTki HEPOHHOM CETbH MATU Pa3NUYHbIX MaclTaboB N300pakeHUs (MUNNMCEKYHAbI)

HassaHve cnos Bpems 06paboTku n306paxeHns pasHbix Macltabos
OfIHAM CIOEM (MC
1020x600 816x480 612x360 480x240 204x120

BxopaHoit cnon 0.167 0.116 0.093 0.055 0.035
Cnoit cBepTky 7.077 4.525 2.772 1.364 0.321
Relu 1.744 1.115 0.621 0.330 0.067
Cnoit 06beguHeHs: 6.225 3.877 2.157 1.184 0.244
[NonHOCBA3aHHbIN 8.594 5.788 3.041 1.606 0.365
Relu 2.126 1.379 0.746 0.384 0.081
BbixogHow crion 1.523 0.893 0.525 0.285 0.101
PesynbTat 27.656 17.803 10.103 5.365 1.336

PesynbTaThl NOKa3blBaKT, YTO HellenecoobpasHo ycTaHaBnMBaTh War B 1, Tak kak Ans 0BHapyxeHus
[OPOXHOr0 3Haka Ha u3obpaxeHum Tpebyetcs 60 mc (6,25 kaapos B cek.) Kpome Toro, oH noTpebnseT bonbluoe
KonM4ecTBO MamsiTh rpacdpuyeckoro npoeccopa. OgHako MoxHO obpabaTbiBaTh 19 kagpoB B Cek., YCTaHOBMB
war B 2. Kpome Toro, yMeHbLLEHWE BpeMEHM 06paboTkm Mexay waramu 3 U 4 He3HaYNTENBHO.

W/ nocreaHee, HO He MeHee BaXXHOE: MOXHO MPUMEHWUTb KOMBMHALWMIO Wwaros 2 1 3, YTobbl ynyyLwnTh
o6bwee Bpems 06paboTki. Bpems BbINOMHEHNs MOXET GbITb AONONHUTENBHO YNYYLIEHO NyTEM aHanu3a cTatu-
CTUKM 0a3bl AaHHBIX.

Pesynbmamsi

[ins Toro YTo6bI NPON3BOANTHL NPOLIEAYPY AETEKTUPOBAHMS, CBEPTOYHAS HEMPOHHAS CETb A5 0By4YeHus
WCMONb3yeT METOL rPafMeEHTHOrO Cycka C OTXMIOM CkOpocTH 00y4eHms. CkopocTb 0By4eHus uKcupyeTcs o
0.02; umnynec go 0.9; L2-perynspusauus go 10-5; ctyneHyatocts cpyHkumm o 104 ckopoctb omxura o 0.8;
oTpuuaTenbHblit HaknoH LReLU go 0,01 u makcumanbHoe konuyectso utepauuit o 150 000. CeeptoyHas ceTb
cHavana oby4aeTcs, UCnomb3yst 3TANOHHbIE OrpaHUYUTENBHbIE 0BNacTX, a Takke oTpuLaTeNbHble 06pasLbl,
nonyyeHHble CcryvaitHbiM 06pa3om ¢ usobpaxenns. [lanee TPEHUPOBOYHBIN HAbop AaHHbIX [OMONHAETCS
KECTKO-HEeraT1BHbIMM 0Bpa3Lamm 1 ceTb cHoBa oby4aeTcs. Ha puc. 6 nokasaH rpacuk 3aBUCKMOCTH TOYHOCTM
CMCTEMbI OT NMONHOTbI. MOA TOYHOCTLHO NOHUMAETCS TOYHOCTb CUCTEMBI B NPeAenax knacca, T.e. Aons 06bek-
TOB, [EICTBUTENBHO MPUHAAMEXALMX KNaccy AOPOXKHbIX 3HAKOB OTHOCUTENbHO BCeX OOBEKTOB, KOTOPblE
HEMPOHHas ceTb OTHECNa K 3TOMY Knaccy. [onHoTa CUCTEMBI — 3TO [OMS HaGEHHBIX KnaccudnkaTopom 06b-
€KTOB, MpUHaANEexXaLynx Knaccy, OTHOCUTENBHO BCex 0OBEKTOB 3TOTO Kracca B TeCTOBOW BbIGopke. TOYHOCTb U
NONHOTa onpeaensTCs cneayioLm 0bpasom:

Precision = TP / (TP+FP) (1)
Recall = TP / (TP+FN), )

rae TP — UCTMHHO nonoxuTensHoe peluenne; TN — UCTUHHO oTpuuaTenbHoe peLleHne; FP — NoXHONONoXu-
TenbHoe pelueHne; FN — NoXHOOTpULATENBHOE peLLEHME.
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96 —— T T

95

precision

94 -

i
84 =53 ag 20 22 94 L
recall

precision | 93.85 | 94.78 | 95.31 | 95.53 | 95.65 | 95.72 | 95.77 | 95.84 | 95.89 | 95.93 | 95.98
recall | 95.57 | 94.96 | 94.61 | 94.25 | 93.92 | 93.62 | 93.23 | 92.99 | 92.49 | 87.69 | 84.74

Puc. 6. Mpadpmk 3aBUCMMOCTW TOYHOCTM OT MOMHOTI

CpepHss TOYHOCTb CKOMb3SLLER CBEPTOYHOI ceTu cocTasnseT 95,89%, UTo ABNSETCH XOPOLUMM Pesynb-
TaToMm.

[lanee 6bIN0 NPUHSATO peLlEHUE 1CMOMb30BaTL NOCT-00pabOTKY OrpaHUIMBAIOLLMX KOHTYPOB AMs YMEHb-
LUEHUS NOXHOMONOXUTENbHBIX PE3yNbTaToB AETEKTUPOBaHUS. ges COCTONT B TOM, YTO €CMW OrpaH14mMBalo-
LA NPAAMOYTONBHUK KNAccLMPOBaH Kak MONOXMTENbHbINA, BCE OrpaHMYMBatOLLME NONS Ha PacCToOsHUN {-
1,0, -1}x{-1,0, -1} Takxe LOMKHbI BbITb KNACCMULIMPOBAHBI NONOXATENLHO. [pyrumu crioBamm, ecnm obnacTb
13006paxeHNst COAEPXKUT AOPOXKHbIA 3HAK, TO B 9TOM PerMoHe JOmKHO ObiTb He MeHee 10 OrpaHMumMBarOLLMX
KOHTYPOB, TaKXe KNaccuuLMpyeMbIX MONOXUTENBHO. MPUMEHSIS 3Ty METOANKY, NOKHOMONOKUTENbHbIE pe-
3ynbTaThl MOTYT ObITb 3HAYUTENBHO YMeHbLLEHBI. Ha puc. 7 nokasaHbl pe3ynbTaTbl AETEKTUPOBAHUS Ha He-
CKONbKIMX M30BpaxeHusix 4o 1 nocne nocneaytowiein 06paboTky orpaHNIMBAIOLLMX KOHTYPOB.

Puc. 7. PesynbTaT A€TEKTUPOBaHWS C NOCNeaytoLLen
00paboTKOI OrpaHN4MBaIOLLMX KOHTYPOB
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Takum obpasom, obHapyxeHne 06bEKTOB — OfHA W3 TPYAHbLIX 334a4 B TEXHUYECKOM 3peHuu. B cTatbe
Obina NpefcTaBneHa MeToaMKa ETEKTUPOBAHMS Ha OCHOBE CBEPTOYHOI HEMPOHHOI CETH, KOTOpasi aHamnmau-
pyeT n306paxeHusi C BbICOKUM pa3spelleHNeM B peanbHOM BPEMEHW U C TOYHOCTLI0 95,89% obHapyxmBaeT
[OPOXHbIE 3Hak. Takas cucTeMa MOXET ObITb NMPUMEHeHa Ans CUCTEMbI aBTOMaTUYECKON NOCaAKN KBafpOKO-
nTepoB. B ganbHeilwmx pa3paboTkax MaHUpyeTcs KnaccuguumMpoBaTb 0GHapyKeHHbIE 3HaKW ANs peannaa-
LM NOFHOLIEHHOM CUCTEMbI Pacro3HaBaHMs 3HAKOB.

Bubnuorpacdmyeckuin cnmcok

1. Weiss S., Scaramuzza D., Siegwar R. Monocular-SLAM-based navigation for autonomous micro hel-
icopters in GPS-denied environments // Journal of Field Robotics (USA). 2011. Vol. 28. No. 6. Pp. 854-874.

2. . LeCun Y, Bottou L., Haffner P. Gradient Based Learning Applied to Document Recognition / IEEE
Press, 1998. P. 46.
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YK 044.438

A. C. CamyneHkoe
MarucTpaHT kadheapbl a3pOKOCMUYECKUX M3MEPUTENBHO-BBIYMCIIUTENBHBIX KOMMMEKCOB
10. 1. MeaHo8 — kaHOMAAT TEXHUYECKUX HaYK, [IOLEHT — HaYYHbIi PYKOBOAUTEMb

UCCNENOBAHUE METOAOB UAEHTUOUKALIMA MOLIENN DATHUKA YT TIOBbIX CKOPOCTEM (OYC)
ansa 3A0AYM ®UHUTHO-BPEMEHHOW OLIEHKM CUTHANOB

1 2 3a nocnegHue rogbl TOYHOCTb U Hapex-
HOCTb  MUKDOSMEKTPOMEXAHUYECKUX  CUCTEM
e _oEE (MOMC) paTumkoB BO3pocna, YTO NO3BOMSET MX
e BHeApATb B aBuaLMOHHble npubopbl. OcobeHHo
1 370 HeobX0AMMO B YaCTHOI Maron asvaLuu, rae
s | = 4 334acTyto aBuaTopbl He CNocobHbI No3BonuTL cebe
sl poporocTosilume uameputenu. o cpaBHEHWIO ¢
o0 o Knaccuyeckumu npubopami, M3MepUTENM, OCHa-
o o - o weHHble MOMC, obrnapatoT npenmyLiecTBOM No
o s o o rabapuTHBLIM 11 SKOHOMUYECKUM XapaKTEpPUCTUKaM.
o0 o oas oas OpHako 3apava obpabotkm curHanos ¢ MOMC
oo o s e [1aTYMKOB OCTAETCA aKTYanbHON.
oo o o8
oan MoBbILLEHNE TOYHOCTU U3MepUTENEN CyLue-
oac ouc oac oac CTBEHHO BnsieT Ha 6e30MacHOCTb KCMyaTMpoBa-
= — b o HWS NeTaTenbHbIX annapaTos.
o £z e . OCHOBHbIMY LiensiM1 AaHHoit paboTbl ABnS-
— nmc:
x Y z . WAEHTUMKALMS MOZENM MOrpeLLHO-

00038 pac () 00076 mafc () 0.0153 rpan/c () 0.0305 /e (®) ONg1 rpan/c cTY;

4
9#_ w708 oo o . MogenupoBanue B MathCAD 15 no-
10— concomsams: 1.00m0x i rpewwHocTn YC nocne wHTerpupoBaHus B Buae

BuHepoBckoro npovecca;

. MOZENMPOBaHNE NOrPELUHOCTM CryT-
HWKOBOI HaBuraumoHHon cuctemsl (CHC) B Buge
6enoro wyma;

© MOAENMPOBaHNE aNrOpUTMOB  (PUHUTHO-BPEMEHHOM OLEHKW curHanos, wunbtpa Kanmana u
apanTueHoi 0bpaboTku;

e paspaboTka nporpamHoro obecneyeHms.

Mporpamma (puc. 1) HanncaHa Ha si3bike C++ ans paboTsl ¢ MOMC, B OCHOBHbIE (hyHKLMW NpOrpaMMbl
BXOZWT: OTODPaXeHWe KOOPAMHAT, NOCTPOEHNE rpauKoB, MAEHTMGNKALMS MOLENM NOTPALLHOCTH.

OkHo nporpammbl, puc. 1

1) BbIOOP pexuma 3anucu unn YTeHUst perucTpoB;

2) KHOMKa BbINOMHEHNS 3aM1CH UMK YTEHUS);
) aapec perucTpa;
) 3anMCb NN YTEeHWe AaHHbIX PErvCTpa, 3aBUCKT OT Bhibopa pexuma (1);
) Tabnuua 3HauyeHuit perucTpos;
)
)
)

Puc. 1. OkHo pa3paboTaHHOM nporpamMmbl

3
4
5
6) 0OHOBNEHWe TabnMLbl 3HaYEHMIA perucTpoB (5);
7) yrnoBas CKOPOCTb B yrnax B cekyHay (c amckpetHom 0,23 c);
8) rpachuk 3HaueHuin 1YC, MOXET BbIBOAMTL 3HAYEHWS N0 TPEM 0CAM Kak [0, Tak W NOCne MHTerpupoBa-
HUS;

9) BbIBOA 3HayeHui [1YC nocne MHTerpupoBaHus, B rpagycax;

10) cTpOKa COCTOSHNS KOMaHL;
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11) 3anyck paboTbl A4aT4MKa B HEMPEPLIBHOM PeXUME.
OpHum 13 n3meputeneit bbin BoiGpaH AaTumk yrnosoi ckopocTit hmpmbl BOSH cepun BMG160 co cne-
DYIOLLMMN XapaKTepUCTUKaMK, MPeLCTaBrneHHbIMY B Tabnuue.

Tabnuya
XapaKkTepucTHKM faTumka yrnosoii ckopoctn BMG160
[Napametp [aHHble
Konuyectso 6uT gaHHbIX16 16 bit
[lnanasoH namepeHuit +2000°/¢
YyBCTBUTENBHOCTL +16,4°/¢
CwmelLeHme Hyns +1°/c
WHTepdeiic SPI
[nanasoH paboymx Temnepatyp -40...+85 °C

[Mony4yeHHble nokasaHus ¢ JaTumka yrioBon ckopocTi npu Bbibopke 2500 namepeHmii (puc. 2):
— ofiHo uamepenve coctaensiet 0.23 c;

— maTeMaTuyeckoe oxuaaHe 0,463243 °/c;

— ancnepeus 92,6798°/c2;

— 30Ha YyBCTBUTENBHOCTM £15,6 °/C.

PVIC 2. 3aBUCUMOCTb yrnoaom CKOPOCTW OT LWara usmepeHua

B npouecce uaeHTUMKaLMY Nomy4eHHON peanuaaLiuy 6610 BbISBNIEHO YTO MOAEbIO NOMEXW SBNSETCS
Oenbliit LWym.

OcHoBHoI Lienblo paboTbl Gbina OLeHKa YrioB NOMOXeHNst NeTaTeNbHOro annapata B NPOCTPaHCTBe,
KOTOpble NOMy4atoTCsl NOCHe UHTETPUPOBAHMSI, NOMYYEHHbIN rpacuk 3HAUEHUS KOOPAMHATBI MO OAHOI 13 0ceN
npeacTasneH Ha puc. 3. Kak M3BECTHO, 3T0 BUHEPOBCKMIA MPOLIECC, Y KOTOPOTO AMCTEPCHst MPONopLMoHarnbHa
BpPEMEHM!.

okt A
mh A

) ‘1\ “\ h'\“w" | d ‘A'.‘A ¥ \
¥ VML \

i ."‘\’ b A

Puc. 3. Tpadpuk 3aBUCUMOCTM Yrria NOSIOKEHIS B MPOCTPAHCTBE OT Lara U3MepeHus
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S R T HO « | w0, &0

“‘11 «— 0

w01 < md(1) for i€ 2. dim

102 «— md(1} u]{ « md(1)

vy o o

vl < 0 Lf2i « md(1)

for i = 2. dim ; \

2. sinf 2.2

vl «— md (1) wio; “, "]nLU]i_] sm(-'n’ﬂ]
w2, e md (1} in « SIGO]-quO{

wli e ||72,'1t’1| uli:.— sin| 2.—7:—1»2.{:;
wi

Ve VL g+ SIG1 1'u.Jli'1.|ld

P —
Puc. 5. Anroputm MofienvposaHmus curHana

Puc. 4. Anroputm MofienvpoBaHmus curHana ¢ Genbim wymom

C BUHEPOBCKMUM npoLieccom

Ha ocHoBe nonyyeHHbIX M3MepeHuin curHan bbin cMmogenvposaH B Matematinyeckom nakete MathCAD.
ANropuT™M MOAENMPOBaHIS NPeACTaBNeH Ha puc. 4, rae v1,v2 — cnyJaitHas BenuumHa ot 0 o 1; @1 - yrno-
Bas CKOPOCTb; V — NOMyYeHne yrna B npocTpaHCTBe.

Ha HavyanbHoM aTane uccnefoBaHus ncnonb3osarncs Tombko [1YC, nomexoit KOTOpOro sBNSETCs BUHE-
POBCKMIA MpoLiecc. Tak Kak 3afaya NonyyeHnst TOYHbIX YroB B NPOCTPAHCTBE NOApasyMeBaeT KOMMMEKCHYI0
00paboTKy, B kayecTBe BTOpOro uameputens bynet nopobpaH Takoi [aTuuk, ¥ KOTOpPOro nomexa Oyaet siB-
nATbCA 6enbIM LWyMOM.

Mpw 0b6paboTke cUrHAMOB TaK e MOAENMPOBarcs BTOPOi M3MepUTENb C NoMeXoi B Buae benoro Lwyma
(puc. 5).

Mocne Moaenv1poBaHMs CUrHaNOoB C ABYX AAaTYMKOB UCCNEA0BANOCh HECKOMbKO anropuTMoB 06paboTku
13MepeHuir:

o hunbTp Kanmana;

e  (PpMHUTHO-BpEMeHHas 0bpaboTka;

e  ajanTtuBHas obpabotka.

Ha ocHoBe MogenupoBaHrms Obinu nonyyeHbl gucnepcum ownbokaaanTueHo 06paboTku, (MHUTHO-Bpe-
MeHHOM W unbTpa KanvaHa kotopble NpeAcTaBneHsl Ha puc. 6.

10 T T
] e L e L e e
sh | i
Drwef2;
Drwefl2; sk _
DrwefADD g,
4 J
2 Il 1 1
0 1x10° 20’ 3107 4x10°

i

Puc. 6. ameHeHre aucnepcin owmbkv OT BpeMeHn

Kak BuaHo u3 puc. 6, ans Bcex Tpex BuaoB obpaboTkv ancnepcun ownbok HUIeM He oTMYatTCs Apyr
OT Jpyra, 3T0 FOBOPUTb O TOM, 4YTO (DUHUTHO-BpeMeHHast o6paboTka He ycTynaeT dunbTpy Kanmawa.
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Puc. 7. Qucnepcus owmbkv OT AUCKPET: CNNOLIHAs NUHUS — aaanTueHas 06paboTka; nyHKTUp — u-
HUTHO-BPEMEHHas; TOYeYHas (CoBnagaeT C MyHKTMPOM) — unbTp Kanvaxa

B paboTe 6bino npoBeaeHo UccneaoBaHue anroputMoB (unbTpa Kanmawa, hnHUTHo-BpeMeHHoi obpa-
60TKM 1 aBanTUBHON.

AHanus nokasar, 4to MeTof (hUHUTHO-BPEMEHHON 06paboTkM N0 TOYHOCTU He ycTynaeT dunbTpy Kan-
MaHa, npu uccneaoBaHu pobacTHOCTY U NOMEXO3aLUMLLIEHHOCTM anropuTMbl Nokasanu 6nnskue pesynbtarsl,
KaK Hanpumep Ha puc. 7, Npu n3meHeHun napametpa d (auckpeT) ot 1 go 5, dunbtp Kanmana u uHUTHO-
BpeMeHHas 06paboTka nokasanu 0AMHaKOBbIN Pe3ynbTaT; y afanTUBHOMO anropuTmMa AUcnepeus oLnbkn oka-
3anacb HemMHoro 6onbLue.

Bubnuorpadmyeckuin cnucok

1. Wnee M. Qt 5.3. MpodpeccroransHoe nporpammupoBatine Ha C++. CI6.: BXB-Metepbypr, 2015.
2. WeaHos (0. M., HukutuH B. T. HdopMaLmoHHo-cTaTucTUYeckas Teopus uameperuin. Cr6.: MYATT,
2011.
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YOK 620.179.1

J1.A. CunbyeHkosa
CTYAEHT Kachepbl a3POKOCMUYECKIX U3MEPUTENBHO-BBIYMCTTNTENBHBIX KOMMIEKCOB
B. I". HukumuH — KaHmpaaT TEXHUYECKNX HayK, AOLEHT — Hay4HbIi PYKOBOAUTEMb

PACCMOTPEHWE BO3MOXHOCTHU MPUMEHEHUA YNIbTPA3BYKOBbIX AE®EKTOCKOMNOB,
OCHOBAHHbIX HA TEXHONOI M ®A3UPOBAHHbBIX PELETOK,
ANnA KOHTPONA KAYECTBA CBAPHbIX COEAWHEHWK

Ha ceropHsLHN AeHb Ba30Bas TEXHONOMMS ynbTpa3ssykoBoro koHTpons (Y3K) n3secTHa U NoHATHA MHO-
TM, HENpepbIBHOE pasBuTIE annapaTHOro 1 MPOrPamMMHOro obecneyeHns NPUBOANT K NosiBneHmto Bce Bonee
KOMMaKTHbIX W MHOrOGYHKLMOHaMNbHbIX NpuBopoB. TpaauumMoHHas ynbTpassykoBas Ae(EKTOCKONUS C UCNOMb-
30BaH1eM ManorabapuTHbIX NOPTaTUBHbLIX NPMBOPOB 1 OAHO3NEMEHTHbIX MOM ABNAETCH OCHOBHLIM METOAOM
KOHTPONS KayeCTBa BO MHOMMX OTPACHSX MPOMBILLNIEHHOCTM 1 cdhepax obcnyxusanus [1].

MwupoBO# OMbIT NOKa3bIBAET, YTO UCMONb30BaHWE CPELCTB YNbTPA3BYKOBOIO HEPA3PYLLALLETO KOHTPOMS
B MaLLMHOCTPOEHUN, METanMypriu, SHepreTuke, CTPOMTENbCTBE, TPAHCMOPTHOWN MPOMBILLSIEHHOCTM Cnocob-
CTBYeT YNyYLLEHMIO Ka4ecTBa NPOAYKLMM, obecneyeHmnio Ge3aBapuitHoN aKCTnyaTaLun SHEPreTUHECKNX ycTa-
HOBOK W TPAHCMOPTHbIX CPEACTB, MOBBILLEHUO MPOM3BOAUTENBHOCTY TPYAA, CHUKEHUIO MaTeprUanoemMKocTy
KOHCTPYKLII 1 COOPYXKEHWIA, yIy4LLEHIIO Ka4eCTBa BbINyckaeMoil NpoaYKLMK, SKOHOMUM CbIPbEBbIX U TPYAO0BbIX
PECypCOB (3TO aKTyanbHOCTb).

TunoBble cpeacTBa ynbTPa3BYKOBOMO KOHTPONS NpeaHasHayeHs! As U3MepeHns MHAOPMaTUBHbIX Na-
pameTpoB OeeKTOB, TakuX Kak amnnuTya axocurHana, koopavHathl Aedekta, ycrnoBHble pasmepsl. CoBep-
LLIEHCTBOBaHME YNbTPa3BYKOBbIX AE(EKTOCKONOB 1 METOAMK HA MPOTSKEHWUM YXKe TPex AeCATURETUIA NpoBo-
[MTCS B paMKax ykasaHHbIX MHGOpMaTUBHbIX napameTpoB. CO BpeMeHeM ymyullanucb XapakTepucTuki ae-
bekTOCKONa - YMEHbLUMAKCH ero rabapuTbl U BEC, MOSIBUNUCH CEPBUCHBIE (YHKLIMM, TaKWe Kak BpEMEHHas pe-
rynyupoBKa YyBCTBUTEMNBHOCTM, 3aMOMUHAHNE HAaCTPOEK U AaHHbIX KOHTPOMS, ¢BA3b ¢ OBM u 1.4. Pewenue o
rOHOCTYW U3AENUS NPUHUMAETCS HA OCHOBE aHan13a BCE TEX Xe NapameTPOB — aMNuTybl, KOOPAUHAT, YCIOB-
HbIX pa3vMepos.

[anbHeiilee ynyJlleHre ynbTpa3BykoBOW annapatypbl ONPeAensnocs B NepByto o4epesb AOCTUKEHN-
SIMU MUKDPOSMNEKTPOHUKU. Co3aH1e TEXHOMOTUN UHTErPanbHbIX CXEM, NOSBNEHNE MUKPONPOLLECCOPOB CTUMY-
NMPOBANo peanu3aLyio HOBbIX Maei B yNbTpa3sykoBom annapatype. B 1970-1980-x rr. npeobnagano Hanpas-
neHve co3gans npubopos ¢ passepTkamu Tuna B (B-scan) n C (C-scan). B passepTke B feTekTMpoBaHHbIE
9xocurHarbl 0TobpaxaroTcs Ha NNockocTy, a B passepTke C dhopmupyeTcs uobpaxeHue (Bua ceepxy). B atux
npubopax He NPUMEHSIETCS NPOCTPAHCTBEHHAs 06paboTka aXocKrHanoB, NO3TOMY M306paXeHns nonyvarTcs
CUMbHO Pa3MbITbiMK. [NaBHOE MPENUMYLLECTBO 34€eCh B TOM, YTO U30BpaxeHne AedeKToB, AaxXe CUMbHO KCKa-
KEHHOE, Myylle BOCPUHMMAETCS OnepaTopoM, YeM axocurHan. Kpome Toro, npubop BblgaeT NpOTOKON KOH-
Tpons [2].

MeTonpl 06paboTku axocurHanoB, NoBbILLALLME Ka4ECTBO U30BpaxeHuit, uMetoT obLiee Ha3BaHue —
MeToZ CuHTe3upoBaHHoOM anepTypsl (Synthetic Aperture Focusing Technique). [JaHHblit MeToa Bnepsble Gbin
€o3[aH Ans nonyyeHns usobpaxeruin B pagapax. MosgHee 1CMoNb30Bancs B MEAULMHCKUX YbTPa3ByKOBbIX
ckaHepax. A B NocnefHe rofbl BeJyTCa UCCRea0BaHus No ero UCMonb3oBaHuio B npubopax ynbTpassykoBOro
KOHTpONsi MeTanna.

SAFT-3%0 — 370 METOf, OCHOBaHHbI Ha CO3AaHMN CEHOKYCUPOBAHHOMO akyCTUYECKOro NOMS B 3aaHHbIX
06nacTsx KOHTPONS NyTeM CKaHUPOBaHWS MHOTO3NEMEHTHOW AP 1 korepeHTHO! 06paboTku NPUHATLIX CUrHa-
nos. Wcnonbayetcs AP, 13nyyaroLLas noo4epeaHo Kax/abiM anemeHToM. OTpaxeHHbIit CUrHan npuHUMaeTcs
BCEMM 3neMeHTamu. /3 nonyyeHHbIX JaHHbIX (hopMupyeTcs MaTpuLa u3 A-CkaHos.

YnbTpa3ssykosble AeeKTOCKOMbI UCMONb3YIOTCA HE TOMBKO AMNS KOHTPONS KaYecTBa CTarbHbIX U ApYruX
MEeTanMYECKUX KOHCTPYKLIMIA, HO M NSt KOHTPONS U3AENUIA M3 NNACTUKOBbIX 1 KOMMO3UTHbIX MATEPUANoB, CTEK-
NOBOJOKHA 1 KepaMmuKu.

Havnbonee pacnpocTpaHeHHble 06nactu npumMeHeRns:

- KOHTPOIb CBAPHbIX LUBOB - 0CHOBHas 0bnactb npumeHermus Y3K;
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- NepBMYHbIE MeTanbl - 6anku, 6pycbs, NpyTKU, NOKOBKY, TPYOHbIE 3aroTOBKY;

- MHpaCTPyKTypa - MOCTOBble Banku, 60NTOBbIE COEAMHEHMS, XENe3HOAOPOXHbIE PENbChl, MeTannu-
Yeckue KOHCTPYKLMM;

- HedpTeXUMMYECKAs NPOMBILLIEHHOCTb - TPYOONPOBObI, PE3epBYapbl, HECYLLE KOHCTPYKLMK;

- 3KCMNyaTaLWOHHbI KOHTPOMb - XENe3HOLOPOXHbIe Koneca W Banbl, LWacc CaMoneToB W MoABECKM
ABuraTens, kpaHoBble CTPenbl, BeAyLUMe Barbl, pe3epByapbl 1 COCYAbl NOA AaBMEHUEM;

- IPOM3BOACTBO - TOYEYHbIE CBAPHbIE LBbI, NASHBIE LB, INTbIE U3AENNS, KOHTPONb NPOYHOCTM KOMMO-
3UTHBIX MaTepnanos;

- KOMNO3WTHbIE MaTepuars - feTanu CaMoNeToB, BETPSHbIE TYPOUHbI, ABUraTENM U3 KOMNO3UTHBIX Ma-
TEpUanoB, CTEKIOBOMOKHO.

B nocrneaHee Bpems 60MbLLOI NHTEPEC BbI3bIBAIOT CUCTEMBI C (Da3MPOBaHHBIMU PELLETKaMi, MCMONb3y-
f0LLME CMIOXKHYIO TEXHOMOTMIO Ha 6a3e MHOroanemMeHTHbIX MAM Ans reHepaumun HanpaBneHHbIX Ny4eil 1 co3aa-
HUS NONEPEYHbIX N30BPaXEHMIA, aHANOTUYHO MEAULMHCKOI YNbTPa3BYKOBOM BU3yanu3aLmm. [laHHble Aedek-
TOCKONMb! LUMPOKO UCIONb3YKTCA ANS KOHTPONS Ka4YeCTBa CBAPHbIX COEAMHEHNI.

YnbTpa3ByKoBOI KOHTPOMb (ha3vpOBaHHbIMK peLLeTKaMu UMeeT npeumyLecTBa nepes obbluHbIM Y3K.
MoXHO M3MEHSTb Yron HaKMoHa Nyya 1 hoKycUpoBKy. Perynupyemas reoMeTpus 3xo-CurHanos MUHUMU3NpyeT
NOXHble NHOuKaumy. ®asnpoBaHHble peLLeTKu NO3BONSoT 06CnenoBaTh reOMETPUYECKN CMOXHbIE AeTany 6e3
HeobX0AMMOCTM NepemelLieHnst 00bekTa unm aatyuka [3).

MpenmywiecTsa:

- pasnuyHble Yrmbl BBOAA My4KOB MOTYT BbITb CreHepupoBaHbl C MOMOLLbI0 OFHOMO Npeobpasosatens,
0XBaTbIBaOLLEro ropasfo bomblLyio WHTepecytoLyto Bac obnactb (0bnacTb, nposepsemas Ha Hanuune ae-
ekTa);

- 6onblumit OXBAT NO3BONSET N yMEHbLUATL CKOPOCTb CkaHMpOBaHWUS 06bekTa, 1 yBenuuuBaTh paspeLua-
10LLLY}0 CMIOCOBHOCTb KOHTPOMS, UMK COBMELLATL UX;

- MonyYeHre peanbHbIX N306paxeHUiA NONOXEHNS U pa3MepoB LedeKTOoB, a Takke UX MHTEpRpeTaLms,
nponcxoauT BbicTpee W NpoLue;

- BCE [laHHble, Y4uTbIBaIOLLME NOCNEA0BATENLHOCT KOHTPOMS, MOTYT ObITh 3anMcaHbl B peanbHOM Bpe-
MeHW;

- OTYeTbl NPEACTABNATCA B BuAe 1300paxeHuns, YTo obneryaeT ynpoLeHne NoHMMaHNs pesynbTaTos
KOHTPONS ANs nepcoHarna.

BBuay 3TUX OCHOBHBIX MONOXMUTENbHbIX KAYECTB NEpes NPeAnpUsTUSAMU BCTaeT BOMPOC: MCMOMb30BaTh
N NepefoBble METOAbl B COBPEMEHHOM AedeKTocKonmun, obecneynsas HamBbICLLEE Ka4eCTBO U KOHKYPEHTO-
CNocoBHOCTb BbINyCKaeMon NPOAYKLUMM, UM He BHEAPSATL B MPOLIECC KOHTPOMS HOBbIE PELLEeHNs, UCTOMNb3ys
CTapblil NPOBEPeHHbIA cnoco6. OfHaKo OH He MO3BOMWUT YMyYLIMTL NPOWU3BOLCTBEHHBIA MPOLECC, COKPATUTL
Bpems paboTbl, yMEHbLUUTH NPOLIEHT NepebpakoBkm (3TO Lienb).

YnbTpa3ssykoBas 4eEKTOCKONMUS Yalle BCEro MPUMEHSIETCS NS OLEHKM Ka4ecTBa CBapHbIX COeauHe-
Huit. MpuHUMN paboTbl NPOCTOro AedeKTocKona COCTOMT B CrieAyHLLEM.

Mbesonpeobpa3oBaTenb M3nyyaeT BOMHY BHYTPb MeTanna cBapHoro Wwea. Koraa BonHa otpaxaeTcs ot
nedhekTa B CBApHOM LLIBE — Ha 3KkpaHe Aedektockona (hopMUpyETCs UMNYNLC ONpeeneHHoN amnamuTyasl. Ecnn
B CBapHOM LUBE fiepeKTbl OTCYTCTBYIOT, UMNYMNbC He BO3HUKAET. BennunHa uMnynbca cpaBHUBAETCS C STanoH-
HOIA, 1 COrNacHO HOPMATMBHOM [JOKYMEHTALMN NPUHUMAETCS PeLLeHIe 0 4ONYCTUMOCTY 0BHAPYXeHHbIX Aedek-
TOB W TOBHOCTY CBAPHOTO LUBA. B 3aKrioyeHme no ynbTpa3sykoBOMY KOHTPOSIO YKa3bIBATCA XapakTep fedekTa
(NPOTSHKEHHBIM UMW TOYEYHBIN), aMNNUTYAa CUrHana, YCroBHble pasmepbl fedekta. Mo pesynbTatam 3akio-
YeHWst NPUHMMAETCA peLLeHe 0 paboTocnoCOBHOCTI KOHCTPYKLMK B LienoM. Ha cerogHALWHNIA AeHb Hanbonee
NepPCneKTUBHbIM HaNpaBeHMeM pPasBUTIS YrbTPA3BYKOBOMO KOHTPONS ABMSETCA TEXHONOTUS (ha3npoBaHHbIX
peLLeTOK. MpUMeHeH1e AaHHOM TEXHONOTMM Ha MPAKTUKE MPU TEXHUYECKOM AWarHoCTUpPOBaHUM 060pyA0BaHMS
NO3BONSIET 3HAYUTENBHO MOBLICUTH KAYECTBO KOHTPOMS.

TexHonorus ynbTpa3ByKoBOW (Pa3npOBaHHON PELLETKN OCHOBaHa Ha reHepupoBaHWM YNbTPa3ByKOBbIX
BONTH 1 UX MHTEpdepeHumm. MpeobpasoBatenb (KpUCTanm) peLeTkv NpeacTasnsieT cobol MHOXECTBO Nbe3o-
3NEKTPUYECKMX 3NIeMEHTOB, coBpaHHbIX B ofuH 6ok [4]. Hanbonee pacnpocTpaHeHHoe konuyecTso 16, 32, 64
1 128 3anemeHToB B 6roke. MporpaMmmupyemblil reHepaTop KOHTPONMPYET BCe aneMeHTbl Anst PopMUpOBaHUS
nyyeir. B pesynbTate uHTepdEpeHLMmM BOMH, UCXOASALLMX OT BCEX 3NIeMEHTOB, (POPMUPYETCS pesynbTupytoLLas
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BONHa nog TpebyembiM yriom BBOAA, U NPOU3BOAMTCS CKAHUPOBAHWE. 3aTeM reHepaTop MEHSIET yron BBofa
pesynbTUPYHOLLE BOMHBI, 1 MPOLECC CKaHUPOBaHMA NoBTOpseTCs. [py MCnomnb3oBaHUN METoAa KOHTpons da-
31POBaHHbIMU PELLETKAMW FeHepUPYETCS YNbTPa3ByKOBON NyY C HACTpaMBaeMbIMK YrIOM BBOAA, (POKYCHbIM
paccTosHNEM 1 pa3MepoM (POKYCHOTO NATHA.

Mpu 3TOM TaKKe MOXKHO HACTPOWUTL FreHEPUPOBaHNE Nyya B pa3HbiX CEKTOPax (hasnpoBaHHOM PELLETKM.
OTN PYHKLMK OTKPLIBAIOT LIEMNbIA PSA HOBbIX BO3MOXHOCTEN. Hanpumep, MOXHO BbICTPO M3MEHWTL NapaMeTpel
yrna 1 U3MEeHNTb HanpaBfeHne CkaHUPOBaHWS, He nepeasuras JaTumk. Takum o6pa3om, aTa TexHOMorus 3ame-
HaeT coboi Lienylo raMmy JaT4MKOB W AaXe HEKOTOPbIE MEXaHUYECKNE KOMMOHEHTBI.

Mpw KOHTPONE NYYOM C NePeMeHHbIM YTIoM KO3 dULMEHT 0bHapyeHWs AedeKToB, kak NpaBuo, BbiLue
BHE 3aBMCUMOCTY OT WX OpUEHTaLMN. [Tpy 3TOM COOTHOLLIEHWE CUTHAT-LUYM OCTAETCH ONTUMAIbHbIM.

Mpaduyeckn cxema GOPMMPOBaHUS Pe3ynbTUPYIOLLE BOMHbI C HEOOX0AUMBIM YrMOM BBOAA B MeTann
nokasaHa Ha puc. 1.

L)

Puc. 1. Cxema dopmnpoBaHms B ha3npoBaHHO peLLeTke pe3ynbTUpyIoLLEei BOMHbI C HEOBXOAUMBIM YrioM
BBOAA B npoLecce WHTepdepeHLM COCTABNSIOLLMX €€ BOH

TpafuMUMOHHBIA YNbTPa3BYKOBOW KOHTPOMb OCHOBAH Ha OTpaXeHuu Nnyya oT Aedbekta B MaTepuane u
npeAcTaBneHnn pesynbTara B Buae A-ckaHa (puc. 2).

&

Puc. 2. Peaynbtat oTpaxeHus nyya Ha A-ckaHe

MeToz hasnpoBaHHOI aHTEHHOW peLLeTKV NpeacTaenseT coboi TO e camoe, eCIv UCNOSb3YHTCA 1306-
paxeHust A-ckaHa. OHaKko MHOrVe Nonb3oBaTeny npeanoynu 6bl UCMonb3oBaHne u3obpaxeHuin S-ckaHa Ans
BbINOMHEHUS U3MEPEHUIA W AUArHOCTMKN.

Buayanusauus ocHoBaHa Ha BbIBEAEHWUM KaXXOO0r0 CkaHa OTAEMbHO Ha akpaH B Maclutabe 1:1, noatomy,
K NpUMepy, Npu MOMOXeHUM Kypcopa Ha 13obpaxeHun nog yrnom 45° moxHo nonyuuts A-CkaH Ha nyye nog
45°. Bbl MOXeETE NepemeLLaTh Kypcop «MPeaCcTaBNeHHbIil B AeKapTOBbIX KOOpAUHATaX» Mo kpasm AedekTa u
nonyyatb MHGOpMALWIO O FMyBMHE 1 NMOLLAAK NPK COOTBETCTBYHOLLEM NOMOXEHUM Kypcopa (puc. 3).

Puc. 3. Mpumepbl M306pa)KeHMFI OTAeNbHbIX CKaHOB B 3aBUCUMOCTW OT 3/1IEMEHTa aHTEHHbI
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MpuMepsl Ha peanbHbIX AedekTax Bbinu BbIMOMHEHbI HA PeanbHoOi feTanu Ha CBapHOM COEWHEHWUM
TonwwHoi 40 mm, yrnom 45°. Ha npeanpustim umetotcs npubop Krautkramer USM 36, paboTatowui B knac-
cuyeckoM pexume, u gedektockon A1550 IntroVisor, paboTarowmit Ha NpuHLMNE has3npoBaHHbIX PELLETOK
(puc. 4, 5).

Puc. 5. Pexum pabotbl gedpektockona A1550 IntroVisor

Ha puc. 4 1 5 4eTko BUAHbI pasnnumns Mexay pexumamn pabotbl AByx npnbopos. O4eBMaHO, YTO Npu
Knaccuyeckom metoge pabotbl ¢ ucnonb3oBaHuem npubopa KrautkramerUSM 36, cneumanucty byaget cnox-
Hee 1 3aTpaTHee OLeHUTb NapameTpbl AedekTa, 3aHeCTV pesynbTaThl B NPOTOKON KOHTpONs. Mcnonb3ys fe-
extockon-tomorpady A1550 IntroVisor, MOXHO BbICTPO OLEHNBATL pe3ynbTaThl POBEPKN U3AENNS, @ AaHHbIE
OyoyT yxe BHECEHbI B COOTBETCTBYHOLLMIA NPOTOKON B npubope. Ecnv B nepBoM cryyae NpuaeTcs oLeHMBaTh
AaHHbIe BPYYHY0 C METOAON 1 HOPMaMM KOHTPONS, NOPOIA MPOU3BOAS HEJOMr e, HO 3aTpaTHbIe pacyeThl, TO
BO BTOPOM Cily4ae TOMOrpaMma YeTKO NoKka3sblBaeT pasmepbl, ry6uHy 1 opueHTauuio fedekTa.

CoTpyaHukamn Hay4HO-Npon3BoaCcTBeHHON upMbl «AKC» («AKYCTUYECKME KOHTPOSbHBIE CUCTEMBIY)
Obin COCTaBMIEH OTYET MO KOHTPOMIO Ka4ecTBa CBaPHbIX COEANHEHNI CerMeHTa NonuaTUieHoBoro Tpybonpo-
Boga [6].
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[ins ero npoeegenus 6bin B3sT Aedekrockon A1550 IntroVisor, npeobpasoBaterb - aHTEHHas peleTka

M9171.

[aHHble, koTopble BbInK MCNOMNb30BaHbI AN HACTPOIKM Npubopa: paboyas yactota — 2,5 My, uMnynsc
B030yxxaeHus nepuogbl — 1,0, ckopocTb ynbTpassyka — 2325 m/c, rpanuubl 063opa - + 30°, yeunenne — 23 ab,

ApkocTb — 37 ab.

YnbTpa3sBykoBOW KOHTPOMNb NPOKU3BOAMNCA B pexume Tomorpad ¢ PeKOHCTPYKLMENR n306paxeHns B BUae
B-ckaHa. Ocku3 cBapHOro coeamHeHUs (puc. 6) 1 pesynbTathbl (puc. 7, 8) NpeacTaBneHb! HUXE.

Harpesare/ibHglit
EMEHT

Tpyba I1D

i i ey l_—_.

Mydrra

Orpaxcarens Ne 1
Huru Hakanusanns

Orpaxarens Ne 3 Buytpennss
OBEPXHOCTh TPYObI NP XOpOLIEM
CraBieHnH MyQTsl ¥ TPYOb

Orpaxkarens No 2 BHyrpenHas
NOBEPXHOCTE MY(TEI NPH
OTCYTCTBHH CIUIABIEHHA MY(TEI

Orpaxarens Ne 3 Buyrpenuss
NOBEPXHOCTL TPYDBI [PH XOPOIIEM
CIUIABIEHHH MY(ThL 1 TPYObI

u TpyOsl

O SO O I

Orpamxarens No |
Huti HakaiusaHus

&
il

Puc. 7. BuayanuaaLus rofHOTO U3MIENNs Ha TOMOrpaMMe
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1335 25122014 =

20.00 mm

[ DE

0

Orpamarens No |
Hutn Hakanusasus

Orpaxarens Ne 2 BHyTpeHuss
HOBEPXHOCTE MY(THI IIPH
OTCYTCTBHH CILIABIEHUH MY (T
1 TpyOLI

Puc. 8. Busyanusauus HerogHoro usgenus Ha Tomorpamme

C nomoLLbIo nakeTa rpadn4eckoro NPUNOKEHHSs!, BXOASLLMX B COCTaB paclumpennst Phased Array System
Toolbox, koTopble NpeAHa3Ha4eHb! Ans aHann3a CeHCOPHbIX PELLIETOK 1 PAAMONOKALMOHHBIX CUTHAMOB, a Takke
pacyeTa OCHOBHbIX NapaMeTpoB pagapos, B nporpammupyemoii cpede MatLAB 6binn caenaHbl Bu3yanuaawm
paboTbl Takux NpuBopoB. B kauecTee npumepa B3sT Npeobpasosartens, conepkalunii B cebe 16 aHTeHH, uay-
WX Apyr 3a gpyrom, T. €. MUHENHOe pacnonoxeHue. 3aeck HabnofaeTcs nocnefoeartensHas pabora aua-
rpaMm HanpasneHHocTH (puc. 9).

(4] Sensor Array Analyzer - - - =N E s

File Help N
& < & )

7 ¥ Array Settings

B

3D DirectivityPPattern
Array Type: Uniform Linear = 1 MHz No Steering

Element Type: | Cosine Antenna =
Cosine Power: [1 1]
Number of Elements: 16
Element Spacing: 2 m o

Signal Frequencies: 12+06 Hz

Propagation Speed: 36+06 s
Steering
Taper: [None = R,
a
g
H5 =
7 ¥ Visualization Settings CB] £
Bl E10 £190 3
View: 3D Array Drrsctviy - 3 &
Option: Polar v 10
Show Geometry: [7
7 ¥ Array Characteristics a i
Aray Directiy: 19.34 08I at0 Az 0E1
Armay Span *0my=30mz-0m @

Number of Elements: 16

Puc. 9. Matematuyeckas Mogenb avarpamm HanpaeneHHocTH npeobpasosatens ¢ 16 aHTeHHamm
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Pabota npubopa ocyLecTBRseTCS B pexume paboTbl NpsMOro ckaHnpoBaHus. 3agaHa yactora 1 MIy;
AMVHa U LWMPKHA NenecTka packpbiTis anepTypa 2 aHTeHH Mo cepeauHe akTMBHO paboTaloT B AaHHbI MOMEHT.

MaBHOE AOCTOMHCTBO NPUBOPOB C MCMONB30BAHWEM aHTEHHOW PELUETKN — BO3MOXHOCTb ONEPaTUBHON
BM3yanu3aLun BHYTPEHHNX CBAPHbIX COEANHEHNA B MOBUNBHOM BapuaHTe, N03BOMAIOLLAS YNPOCTUTL METOAO-
norvto Y3K 1 noBbICUTb €10 NPOU3BOANTENBHOCTb. JTO CBOICTBO 3HAYNTENBHO 0bMerYaeT KOHTPOMb W ynpo-
LaeT WHTepnpeTaLyio pesynbTaTos. V3obpaxeHne fedekTos, Aaxe CUNbHO UCKaXEHHOE, Nyylle BOCNPUHM-
MaeTcs onepaTopom, Yem axocurHan. Kpome Toro, npubop BblgaeT npoTOKON KOHTPONS.

AHann3 aByMepHbIX M300paxeHnin AedeKToB, a He OTAembHbIX A-CKaHOB NO3BONSET HA KAaYeCTBEHHO
HOBOM YpOBHE peLLaTh 3aauv no BbISBNEHMI0 AeeKTOB, UAMEPEHWIO X Pa3MePOB, ONPeAeneHmio UX Tuna u
peanbHoi KOHGMrypaLum KOHTPONMPYEMOTO CBAPHOTO COEAUHEHMS.

[laHHbIit MeToA KoHTpons obnajaeT Takke 6onee BbICOKOW NPOM3BOAMTENBHOCTLI0 M BO3MOXHOCTAMM
aBTOMaTU3aLMU.

OpHako HeobXoAMMO BUAETL OrPaHNYEHUS U HEJOCTATKM, NpUCYLLMe Npubopam JaHHOro Tuna.

MHorokaHanbHbIit AedheKTockon croxHee, rabaputHee 1 Txenee 0bbIYHOTO AehekTockona BCreacTame
6onbLuero yucra kaHanos. MponopLMoHanbHO UX YKCTY YBENNYMBAKOTCS SHepronoTpebnenue npubopa, raba-
puTbI akKymynaTopa u camoro npubopa.

Heobx0aMMOCTb NPUMEHEHNS 3KPAHMPOBAHHBIX MHOTOXMITbHbIX kabeneil CHKaeT HaAeXHOCTb U yao-
poxaeT KOHCTpyKLmio. Kabenb aecbektockona, kak U3BECTHO, ABMAETCSH OAHUM U3 CaMbIX HACTO OTKa3bIBAOLMX
9MEMEHTOB.

OpHuM 13 coepxmBaloLx (akTopoB BHEAPEHWUS 3TOr0 NOKONEHUs NpBopPoB ABMAETCS LieHa, koTopas
B HACTOsILLiee BPEMS MOXET COCTaBNATb OT HECKOMbKIX JECATKOB ThICAY AONMAPOB, U, B Pa3NNYHbIX BapUaHTax
KOMMMEKTaLMM, AOXOAALLAN IO HECKOMNBKUX COTEH ThICSY.

BBeneHue B Npon3BoaCTBEHHbIN NPOLECC AEEKTOCKOMNOB, OCHOBaHHbIX HA MeToAe LdpoBom (ha3upo-
BaHHOM PELLETKM, BOIMOXHO TOMbKO Mocne pa3paboTku METOAUYECKON 1 HOPMATMBHOM [OKYMEHTALMN U MOBbI-
LUEHNeM KBanudukaLmn nepcoHana.

OT0T npouecc noTpebyeT 3aTpaT BpeMeHU 1 MaTepuanbHbIX pecypcoB. Ho aTo Heobxoanmo, Tak Kak
ucnonb3oBaHue Y3K yxe ceityac 4acT npupocT Npov3BOAUTENBHOCTH, BbISIBNSIEMOCTU Ae(EKTOB CBaPHBIX CO-
€[MNHEHWUIA, YTO NPUBEAET K CHUKEHNIO OKOHYaTEeNbHOIN CTOMMOCTI NPOAYKLAM M NOBLILLEHNIO €€ KayecTsa.
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YOK 681.2.085

U.A. likanukoe
MarucTpaHT kadepbl a9POKOCMUYECKIX M3MEPUTENBHO-BLIMUCIIUTENBHBIX KOMMIIEKCOB
A.F0. KpbICcuH — KaHOMAAT TEXHNYECKUX HayK, AOLEHT — Hay4HbIit PyKOBOAUTENb

WCCNEAOBAHUE NMPOLEAYPbI KANIMBEPOBKW SNEKTPOHHOIO MAFHUTHOIO KOMMNACA

Komnac siBnsieTcs HaBuraLyoHHbIM YCTPOCTBOM [iN1s1 ONpeAeneHus Kypca neTaTensHoro annapata [3].
CyLuecTByIOT pa3nnyHble BuAbI KOMNACOB, HAMPUMeEP, MarHUTHBIA, MHAYKUMOHHBINA, ruponosykomnac 1 ap. B
HacTosiLLee BPeMs HEMpepbIBHO pacluMpsieTcs cepa NPUMEHEHUS SNEKTPOHHBIX MarHUTHbIX KOMNACoB, KOTO-
pble ABNSOTC HEAOPOrMMU U KOMNAKTHBLIMI YCTPOCTBAMM.

TunoBas CTPyKTypa COBPEMEHHOTO 3NEKTPOHHOMO MarHUTHOMO koMnaca BKMoYaeT LdpoBoi AaTymk
MarHUTHOM MHAYKLMM, MUKPOKOHTPONMEpP, Bnok nepeaayn AaHHbIX W YCTPONCTBO MHauKaumn [1]. B kavecTse
UYBCTBUTEMbHbBIX 3/1EMEHTOB MarHUTHbIX KOMMNACcoB LUMPOKO WCMONb3YKTCS MarHUTOPE3NCTUBHBIE [ATUMKN,
NO3BONSIOLLME ONPEAENSTh NPOEKLMIN BEKTOPA MarHWUTHOM MHAYKLAM HA COOTBETCTBYHOLUWE OCU YyBCTBUTENb-
HOCTM fjaTumKka.

[ns BbIYMCNIEHNS NPOEKLNI BEKTOPA MArHUTHON MHAYKLMU JOMKHbI ObITb U3BECTHBI KOIPDULMEHTDI
YYBCTBMTENBHOCTW M CMELLIEHMS! HYNS MO KaXaoii 13 ocel Aatunka. [ns nonyvenms rpyboi oLeHku MoryT bbiTb
CMONb30BaHbl KOAMMULNEHTBI, NPUBELEHHbIE B TEXHUYECKOM OnucaHuu gatuvka. OgHako Ans nomyyeHus
TOYHOI OLIEHKI CrieayeT NPoBOAMTL NPOLIeAYpPY KanubpoBKy, NO3BONAIOLLYHO ONpenensTb NapamMeTpbl AaTynka
fonee TOYHO.

HeobxoamMmo 0TMETUTb, YTO OpUEHTALWS JaTuMka OTHOCUTENBHO Kopnyca komnaca B obLuem cryvae
HeussecTHa. [ing nepecyeTta NpOeKLMiA BEKTOPa MarHUTHON MHAYKLMAM U3 CUCTEMbI KOOPAMHAT, CBA3aHHOM C
[aT4MKOM, B CUCTEMY KOOPAMHAT, CBA3aHHYI0 C KOpnycom npubopa, HeobX0aMMo NPUMEHUTL MaTpULY Hanpas-
NAOLLMX KOCUHYCOB, KOIPDULIMEHTLI KOTOPOII TaKKe ONPEAENsIoTC C NOMOLLbI0 MPOLieAYpPb! kanuBpOBKX.

OreKTPOHHOMY MarHUTHOMY KOMMacy, kak W BCEM CYLLECTBYIOLMM KOMNacam, CBONCTBEHHbI MOrpeLL-
HocT. OpHoM 13 Haubornee CyLLECTBEHHbIX SBNSAETCS AEBMALMOHHAS MOTPELIHOCTb. [leBuaLus BOHUKAET B
pesynbTaTe BO3AENCTBIMS MArHUTHOrO nons (eppoMarHUTHBIX MaTepuarnos NeTaTenbHoro annapara Ha Yys-
CTBUTENbHBIA SNEMEHT AaTunka. Kak npasuno, Aesuaumst LENUTCS Ha KPyroByo U MOMyKpYroByr. MpuumnHoi
BO3HUKHOBEHMS KPYrOBOW [€BMALMM SBISIETCS HANWYMe MarHUTOTBEPAbIX MaTepuarnos, obrafatolmx cBoit-
CTBaMW NOCTOSHHOTO MarHuTa, Bbnuan gatuuka. Kpyrosas fesnauns xapaktepuayeTcs NOCTOSHHOM BENUYMHOM
VHAYKUMM BHELIHErO MarHUTHOTO MOMst U He 3aBMCUT OT Kypca neTtaTenbHoro annapara. MpuinHon BO3HUKHO-
BEHWS NONMYKPYroBON AeBMaLMK SBNSETCS Hanuyue MarHUTOMSrkux Matepuanos. MonykpyroBas aesuaLms ss-
NAETCH M3MEHSIOLLENCS BENUYMHON MHAYKLUMM BHELLIHErO MarHUTHOTO NOMS U 3aBUCKT OT Kypca NeTaTenbHOro
annapara [2].

[ins onpeneneHus napaMeTpoOB SMEKTPOHHOTO MarHUTHOTO KoMnaca, HeobXoauMbIX Ans YCTpaHEeHMs
BbILLENPUBEAEHHBIX NOrPELLHOCTEN, MOXET BbITb MCMOMb30BaHa NpoLieaypa kannbpoBkK, BKoYaloLLas creay-
f0LLIMEe OCHOBHbIE 3Tanbl [2]:

— YCTaHOBKa koMnaca Ha NOBOPOTHbIIA CTON (MOBOPOTHYIO NaTdhopmy)

— U3MepeHue NPOeKLMiA BEKTOpa MarHUTHOM MHAYKLMW BO BPEMS BPaLLEHIS MOBOPOTHOMO CTONA (MOBOPOTHOM
nnatgopmb)

— U3MEHEHWE OPUEHTALMM OCEll KoMnaca, C MOCNeAyLLMM BbINOMHEHWEM NpeabiayLLero aTana

— BblYMCrEHIe KanuOPOBOUHbIX KO3 PULNEHTOB

Hwxe paccMOTpeH MaTemaTuyeckuii annapart BbIYMCTIEHNs KanBpOBOYHbIX KOIPDULIMEHTOB.

PesynbTaThbl M3vepeHnin NpoekLmMn BEKTOpa MarHUTHON MHAYKUMM 06pasytoT 0bnako Touek, no CBOeN
thopme 6nm3koe k annunconay, KOTOpbIA ONKUCLIBAETCS YpaBHEHUEM CrieaytoLlero Buaa [4]:

x—x)? (y-vy 2 (z-zp)
( 320) ) bZO) L CZo) . (1)
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roex, y, Z— KOOpAWHaTbI TOYeK MOBEPXHOCTU JNNMNCA, Xq, Yo, Zg— KOIMULMEHTbI CMELLEHUS Hyns, a,

b, ¢—nonyocu annuncounga.
YpasHeHwe (1) MOXHO NpeaCTaBuTL B BULE MATPUYHOTO YPaBHEHUS C BEKTOP- CTONGLIOM KanubpoBou-
HbIX KO3Ch(PULIMEHTOB, CreayHoLLero Buaa:

2X0
2
2
8/2220
2 2 ¢
X :[x y z —-y° -z 1} a2/ , (2)
b2
2
a/
2
c
2,2 g2 2_g2/ 2

B pesynbTate cepuit M3vepeHnin BEeKTOpa MarHUTHON MHOYKLWM HA OCHOBAaHMK OpMyrbl (2) MOXHO
chopMnpOBaTh CUCTEMY YPaBHEHMIA:

Wxt =HnxeXex1 ©)
rae W1, Hpxg — MaTpuLbl CHUTAHHBIX M3 AaTunKa 3HaYeHUA, Xg,q— MaTpuLa kannbpoBoUHbIX KO3 huLeH-

TOB.
KannbpoBoyHble KOI(hdMLMEHTbI CUCTEMBI YPaBHEHMIA (3) MOTYT BbITb BbIYMCNEHDI MPY MOMOLLN Me-
TOLa HaMMeHbLUMX KBagpaTos [4]:

T, T'yT
X6x1 =[H6xn HnXBJ H6xn Why1 =

113 anemenTOB MaTpuLpbl X MOryT ObiTb HakAeHbI 3HAYEHNS KOIPMPULNEHTOB CMELLIEHNS HYNS 1 YyB-
CTBUTEMNBHOCTY N0 KaXaoM M3 ocei [4]:

o= (5)
_X(2)
o= ox @) (6)
LX)
072X (5) (7)
a=X(6)+xo? + X(4)yg? + X (5)z? 8)
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__a
b= X(4)' )
a
“TX() (10)

HaitneHHble koadhduLmeHTbl No3BoNsAT 6onee TOYHO ONPeaenuTb NPOEKLN BEKTOPA MarHUTHOM WH-
DYKLJAM HA OCY ANEKTPOHHOTO MarHUTHOro komnaca. ®opmyna (11) ycraHaBnmBaeT CBA3b MEXIY CKOPPEKTMPO-
BaHHbIMU 11 CYUTAHHBIMW C JAT4MKa 3HAYEHNSIMI MPOEKLINM BEKTOPA MarHUTHOM MHOYKLK:

My 1/\/5 0 0 My —xo
My |=M_mys| O b 0 |[M,-y|. (11)
M, 0 0 e || M, -z

rae Myq, Myq, My — CKOPPEKTUPOBAaHHbIE MPOEKLYM BEKTOPA MarHUTHOA MHAYKUMY B CUCTEME KOOPAMHAT

komnaca, M _ms,3— MaTpuLia HanpasnaioLmx KOCUHYCOB, ONPeensiolias YrnoByio OPUEHTALMI0 CUCTEMbI
KOOpAVHAT CBA3AHHOI C AATUMKOM, OTHOCUTENBHO reorpathnieckoil CucTembl kKoopamHart), M, , My , M, —pe-

3ynbTaTbl U3MEPEHIS], CYUTAHHBIE W3 faTuuka.

Kanubposka aMeKTPOHHOTO MarHUTHOTO KoMraca sIBNsieTcst He0BX0AMMON NPoLeaY POt ANs MOMyYeHNs
TOUHbIX OLIEHOK BEKTOPA MarHUTHOI MHAYKLyW. MpoLieaypa kanuBpoBky NO3BONSIET ONpesenuTs 6onee TouHble
XapaKTePUCTUKY aTuuka, a Takke MOXET ObiTb aBTOMATU3UPOBaHa W peanuaoBaHa B NporpaMmMHoM obecne-
YEHIUM MUKPOKOHTPONTepa.

Bubnuorpadmyeckuin cnucok

1. Wkarmkos . A., . 0. KpbicuH. CTpyKTypa anekTpoHHOro MarHuTHoro komnaca / LLlectbaecar aessras mex-
JyHapog. cTya. Hayu. koHd). FYAIN. C6. gokn. B 2 4. Y. 1. TexHuueckue Hayku. CM6.: YA, 2016. C. 161-163.
2. Wkanukos W. A., . FO. KpbicuH. UccnenoBaHne METOLOB KOMMEHCALMM MOTPELUHOCTEN 3MIEKTPOHHOIO Mar-
HWUTHOTO Komnaca / CemuaecsTas MexayHapog. CTyA. Hayu. koHd. MYAM: C6. gokn. B 2 u. Y. 1. TexHuueckve
Hayku. CM6.: TYA, 2017.

3. bpacnasckuit . A. v gp. AnaumoHrHble npubopsl. M.: MawwmHocTpoeHue, 1964. 736 c.

4. NXP. AN4246. Calibrating an eCompass in the presence of hard- and soft iron interference. 11. 2015.
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YOK 629.7.067.8

C.A. lWupses
CTYAEHT Kachepbl a3POKOCMUYECKIX PUBOPOB 1 U3MEPUTENBHO-BBIYUCTIUTENBHBIX KOMMIEKCOB
C.C. [lepenénkuH — kaHOMAAT TEXHUYECKNX HaYK — HAYYHBIA PYKOBOAUTENb

PACHET NPOYHOCTM U NNABYYECTU KOPNYCA
OTAENAEMOIro BOPTOBOIO PEFTMCTPATOPA NONETHOW MHOOPMALIMA

BopToBble yCTpOMCTBa perucTpaLyi NoneTHoN MHGOpMaLMK NpeaHasHauveHbl Ans cbopa, HakonneHus
1 COXpaHeHs MHhopMaLv O napameTpax noneTa (CKopoCTH, BbICOTE, KYpee, MONOXEHUM NeTaTensHoro an-
naparta [J1A], napameTpax cuctem u arperatos J1A), 3BykOBOI 1 peyeBon MHGOpMaLMK (NeperoBopoB akunaxa,
3BYKOBOW 06CTaHOBKW B kabuHe 1 canoHe JTA). HakonneHHas B noneTe MHGOPMaLMs NO3BOMSET HE TONBKO
paccnefoBath MPUYUHbI NETHOrO MPOUCLLECTBMS, HO U peLaTh 3aaadu SKCNyaTaLMOHHOTO KOHTPONS aBuaLim-
OHHOW TEXHWKN W KOHTPOMS TEXHWUKM NUMIOTUPOBAHMS.

[ins 6opTOBBIX YCTPOWCTB PErucTpaLuy, ycTaHaBNMBaEMbIX Ha CaMoneTax 1 BEPTONeTaXx, akTyanbHo:

- COOTBETCTBME XapPaKTEPUCTUK YCTPONCTB COBPEMEHHBIM POCCUICKAM M MEXAYHAPOAHLIM HOpMAaTKB-
HbIM JOKyMeHTaM, Takum kak All-21, A-25, KT-160D, ED-112 u 1.4,

- YMyYLIEHME TEXHUYECKUX XapaKTEPUCTUK MO COXPAHEHMIO 3aperucTpUpoOBaHHO UHAOpMaLUK B Crly-
Yae aBMaLMOHHOTO NPOUCLLECTBHS;

- MUHUMK3ALMS rabapnUTHO-BECOBLIX XapaKTePUCTHK;

- COBMelLLieH1e 3afay no perncTpaLmu B 0GHON CcuCTeMe napameTpU4eckon U peyeBoit/3BYKOBOM WUH-
opmavmy;

- yBEnu4eHne BO3MOXHOCTEN PErUCTpaLi NapameTpUYeckorn MHGopMaLuy;

- MOBbILIEHNE HAEXHOCTH.

Peructpatop, yctaHaBnuBaemblit Ha BopTy neTaTenbHOro annapata, Npu asuakatacTpode noasepra-
€TCS BO3ENCTBII0 BOMbLLOro KONMYeCTBa paspyLUaloLLmX PaKkTopoB (MexaHUYeckuX, TeMnepaTypHbIX), 4TO MO-
KET NPUBECTY K NOPYE UMM YHUYTOXEHMIO 3aNNCaHHON MHOpMaLMK 1, BCELCTBMe, K npobriemam npu ee farb-
HelLwen pacLuncpoBKe.

[insi NOBbILLEHNS! COXPAHHOCTM 3annCaHHOM NoNeTHON NHAopMaLWMK NpoBoANUTCS paspaboTka BopTOBOI
CMCTEMbI PEr1cTpaLmuu HopMaLum, BKItoYatoLas B cebs otaensieMbli 6rok.

Llenbto pa3paboTku SBSETCH CO3AaHMe CUCTEMbI HAKOMMEHNs, OTAENEHNS U MapKMpOBaHWUS MECTomNo-
NOXEHMS perncTpaTopa noneTHon UHchopMaLymi, obecneumBaioLLen COXPaHHOCTb HAKOMMEHHOM MHGOpMaLMM
1 paboTOCNOCOBHOCTL CPEACTB MaPKUPOBAHMS:

- B CNyyae aBWaLMOHHOIO NPOVUCLLECTBMUS HAL 3eMHO NOBEPXHOCTHIO;

- B CNyyae aBWaLMOHHOrO NPOMUCLLECTBUS Haf, BOAHON MOBEPXHOCTHIO;

- B YCMOBWSX BO3OENCTBUS paspyLuatLLmux (akTopos.

B coctas cucTembl AOMKHbI BXOANTD:

- OTAensieMblit 6rok;

- pasbeaMHUTENbHBIA 6roK;

- TPEXKOMMOHEHTHbIN AaT4NK Neperpyaok.

CucTema JomKHa peLuaTh CieayloLLue 3agayn:

- perucTpauyo noneTHol WHopMaLmm, HeobXoaUMon Ans paccrefoBaHUs NETHOTO MPOUCLLECTBUS
(copepxaHue MHOpPMALMK AOMKHO COOTBETCTBOBATL MH(OPMALMM, PETUCTPUPYEMOIE B HEOTAENSEMOM aBa-
PUAHOM perncTpaTope);

- 06paboTKy CUrHanoB [ATUMKOB, BXOASALLMX B COCTAB CUCTEMbI U BbIpaboTka KOMaHab! Ha OTAeneHue
OB;

- otaenenve 6noka OB OT BO3AYLWHOMO CyAHa B BO3AYXE C MOCMEAYIOLLMM CryCKOM N0 TPaeKTopuy,
6113KOI K TPAEKTOPUM BO3AYLLHOTO CyaHa.

- otaenenve bnoka OB OT BO3AYLLHOTO CyAHa B BOAHOM CPeAe C NOCMEAYIOLLMM BCMMbITUEM;

- 3alLMTy COAEPXKMMOro HaKONWUTENS perucTpaTopa OT BO3AENCTBIS paspyLUaloLLyX (akTopos;
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- MapKupoBaHye MecTononoxeHnst OB ¢ NOMOLLb aBapuitHOTO paauoMasika Ha NMPOTSKEHNM He MeHee
150 yacos.

B npouecce paspaboTku cnacaemoro GOpTOBOrO PerucTpaTopa, B LENsX YMEHbLUEHUS 3aTpaT W Tpyao-
€MKOCTY Ha NPOBEAEHME 3KCNEPUMEHTaNbHBIX UCTIbITAHUIA, NPOU3BOAUTCS NX KOMMbIOTEPHOE MOAENMPOBaHME.

MopenupoBaHue npoeoautcst B nporpammHon cpegde AnsysWorkbench. Ansys — 370 yHMBepcanbHast
nporpaMMHasi cUCTEMa KOHEYHO-3NEMEHTHOMO aHanu3a, No3eonsiolas pelaTh CTalyoHapHble U HecTaumo-
HapHble NPOCTPAHCTBEHHbIE 3aa4n MeXaHukn fedopMUpyeMOro TBEPLOrO TeNa U MEeXaHWUKU KOHCTPYKLMA
(BKNKOYas HeCTaLMOHaAPHbIE FeOMETPUHECKN W (IN3UYECKU HENMMHEIIHbIE 3a[ja4W KOHTAKTHOTO B3alMOLEeNCTBMS
3NEMEHTOB KOHCTPYKLMIA), 3aia4i MEXaHWKM XWAKOCTU W rasa, Tennonepeaayu 1 TennoobmeHa, anekTpoauHa-
MUKW, aKYCTUKM, @ TaKKe MeXaHWKN CBSI3aHHbIX Monei.

Llenbto gaHHOro pacyeTa SBNSIETCS UMUTALMS MPOBEAEHNS MCMbITAHWI CNAcaeMoro alLuLLeHHoro 6op-
TOBOFO perucTpaTopa noneTHoM WHAOpPMaLMK Ha yaap O KeCTKyio NOBEPXHOCTb CO CKOPOCTLIO He MeHee 25
m/c, a Takke onpefeneHre NoNoXUTENbHOM UK OTPULIATENBHON NaByvecTyt Npu (yHKUMOHUPOBAHUN B BOS-
HOW cpege.

Ocku3 paspaboTaHHoOro kopnyca otaensieMoro 6roka nokasaH Ha puc. 1.

BHYMpeHHUU Kopnuc ua

coeponnacmuKa HapyxHwl kopnyc u3

Op20HOMKOHU

OnopHeil duck

400

Konwuo cunoboe 300

JmMn

baomopeuHsl omcek

Puc. 1. 3ckus otnensiemoro 6roka

Mogenb oTaensiemoro 6510ka NpeobpasoBaHa B YNPOLLEHHYH PacHeTHYI0 MOLENb, BBIAAY 04EHb BbICOKON
PEeCcypco3aTpaTHOCTV pacyeTa yaapHOro BO3AECTBUS Ha NEPCOHANbHOM KOMMLOTEPE (puC. 2).
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/
/

_ Tbepdas naBepxHocms

———
N
\
OnopHbI Quck U3 OP2THOMKAHU— M\ Kopnue u3 opzanomkaru
\ \
bumapedul omeek ), :

Kopnyc 3MN - -

\_Coeponaacmuk

 ——
Tbepdas nobepxHocmb
Puc. 2. PacyeTHas ocecummeTpuyHasl Mogenb

[INs OLeHKM MPOYHOCTY CHUMIOBOTO KOMbLi paccMaTpuBancs yaap Tonbko LeHTPpanbHoM YacTbio 3d (puc.
3) MOfieNn¥ ¢ MMMTaLMENn OCTaNbHOTO KOHCTPYKTUBA SKBUBATEHTHLIMIA MACCaMU.

\
CunobBoe konbug

OnopHbi0 duck

[/
Cpeponnacmuk—" /

/
/

,//
-
-

Puc. 3. PacueTHas mogenb 6okoBoro yaapa
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Yaap 0 BoAy MofenvpyeTcs B TPEXMEPHOM NOCTaHOBKe (puc. 4), paccMaTpuBatOTCS TpU BapuaHTa nage-

HUS.
25M/¢C
l / l 25m/c
\2im /c
o BodHaa nobepxHocmb
L /
1
Puc. 4. PacueTHas cxema yaapa otaensiemoro 6roka o sogy
CsoiicTBa MaTepuarnos, NpUMeHAEMbIE B PaCHETHbIX MOAENSsX, NpeacTaBneHsl B Tabn. 1.
Tabnuya 1
XapaKTepuCTUK1 MaTepuanoB OCHOBHbIX 3NIEMEHTOB MOAENH
N Matepwuansl
apawetp Cnnae BT6 | OpraHotkaHb | Cdbeponnactuk KomnayHg
[noTHoCTb, Kr/MM3 4430 1150 635 1000
Mogynb tOHra, Ma 1,226-10" 2,3:10° 3,3:109 -
Koadh. Myaccona 0.3 0.3 0.33 0.495
Mpepen Tekyyectn, Ma 9,1-108 5107 8,2:107 -
KacatenbHbIn Mogynb ynpyrocTy, Ia 1109 5,14-108 0 -
MapameTp Kynepa-CaitmoHgca C 20000 - - -
MapawmeTp Kynepa-CaimoHgca P 3 - - -
MpenensHas gecdopmaums 04 0.475 0.1 -
MpeaensHoe HanpsikeHue, Ma - - - 8-106
Mapametp Mynu-PuenuHa A, Ma - - - 5,129:105
MapameTp MyHu-PuenuHa B, Ma - - - 6.163-104

Mogenu 6rnoka B pacyeTe yaapa o Bofy NpeacTaBneHbl abcontoTHO TBepAbIMM Tenamm ¢ Maccoi 8,6 Kr.
B pesynbTate pacueta nony4yeHo, 4TO Npu yaape BepXHeil YacTbio oTAensemoro b6roka kopnyc aedop-
MUMPYETCS, HO pasrepmMeTH3aLK He MPOUCXOaMT (pUC. 5), @ NP yaape HKHEN YacTbio YacTb kopryca paspy-
LwaeTcs (puc. 6), Ho ToNbKO 10 MecTa npwxkuma kopnyca k 3MIM. Meperpyaka 3MIN npy nageHnn HUKHeR YacTbio
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(puc. 3) cocraensiet 5000 g, npu NageHUM BepxHeit vyacTbio (puc. 5) 1600 g. Jecopmauus kopnyca npu yaape
B €10 BEPXHIOK YacTb cocTaBnsieT 40 Mm.

Puc. 5. Busyannsauus koHeuHow ctagum ynapa (cnesa — Hanpaso)
BEpXHelt YacTbio Kopnyca oTaensiemoro 6noka

\S—

Puc. 6. Busyanuaauus kKoHe4YHO CTaguu yaapa (cnpasa — Haneso)
HUXHEN YacTbio kopnyca oTAensemoro 6roka
Mpu yoape 60KOBOM YaCTbIO pa3pyLLEHMS KOpMyCa 13 OpraHOTKaHW He MPOUCXoauT, neperpyska B 3MIM

1600g.
B pesynbTare pacyeta Ha MnaByyecTb NOMyYeHO PacroNoKeHUe BaTEPIMHAM (PUC. 7) MPU MAIOTHOCTU

BoAHOM cpefbl 1025kr/MA3.

Bamepnurus

168.73

Puc. 7. Dckns pacnonoxeHns BateprnHum
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PesynbTaTbl pacyeTa Ha neperpy3aky npu yaape 0 BOLHYI0 NOBEPXHOCTb NPeLCTaBreHbl Ha puc. 8.

6 LS-DYNA keyword deck by LS-PrePost

BapuaHThbl
A_Tpsamoe nageHne
5 B_MaaeHue no 45rpagycoe
L € _MNageHue nnawms

- 4
+
w L
bl
2 3
=
o L
=
x
g 2
3
=
o L
» B

1

0l —B € | = — A

0.03 0.05

Bpewms, ¢
Puc. 8. PesynbTaTthl pacyeTa nageHus otgensemoro 6roka B Bogy

Ha puc. 8 B1aHo, YTo MakcuManbHas neperpyska npu nageHuu B Bofly, BO3HUKAET NP NafeHuu nnaLms
1 coctaenset npumepHo 600 g.

XapakTepuCTUKX KOMNO3ULMOHHBIX MaTEPUAnoB, NOMYYEHHbIE U3 OTKPbITHIX UCTOYHWKOB, UMEIOT BOrb-
LUOW pa3bpoc CBOWCTB, NO3TOMY CBOWCTBA MAaTEpPUAroB, OTBETCTBEHHbIE 38 AMHAMUYECKYIO MPOYHOCTb U pas-
pyLLeHue, Ans pacyeTa 6panuch B CTOPOHY YXYALUEHWUS IPOYHOCTM.

Mo pesynbTaTam pacyeTa BUIHO, YTO HApYXHbIil KOpryc oTAensiemMoro 6roka nossonseT obecneyntb
repMETUYHOCTb aBAPUIAHOTO Masika NPW NageHUM O TBEPAYI0 NOBEPXHOCTb CO CKOPOCTbIO 25 M/C.

Cnepnyet obpaTuTb BHUMaHKE, 4TO MakcumanbHas neperpyska 3MI1, nonyyeHHas B pacyete (5000 g),
GonbLue neperpysky, Ha KOTOPYH UCTIbITbIBAETCS 0TAENbHO Brok MM (3600 g).

PesynbTaTbl 4aHHOrO pacyeTa B YacTu AMHAMUYECKINX BO3LENCTBUN TpebytoT 0bsi3aTenbHo akenepu-
MEHTambHOM NPOBEPKU.

Bubnuorpadmyeckuin cnmcok

1. KsanudukaumorHble TpeboBarust KT-160D, ycrnoBus akcnnyatauuy 1 okpyxatoLlei cpeapl ans 6op-
TOBOIO aBMaLMOHHOTO obopyaoBaHws. URL: http:// rfimmunity.com/wp-content/up-
loads/2017/04/KT_I60D_RTCA_Russian.pdf (zata obpallenus: 14.05.2018).

2. ED-112. Minimum operational performance specification for crash protected airborne recorder systems.
URL: https://global.ihs.com/doc_detail.cfm?document_name (nata obpaluenus: 14.05.2018).

3. 0CT 1 01080-95. ObLue TexHn4eckme TpeboBaHWS. YCTPONCTBA perucTpaLym 6opToBble C 3aLLmLLEH-
HbiMu HakonuTensmu. URL: https://standartgost.ru/g _1_01080-95 (nata obpaiienus: 14.05.2018).

4. TexHnyeckue JOKyMeHTaLMW Ha 6OpPTOBbIE CUCTEMbI COOpa W PerncTpaLui NoNeTHoON UHhopMaLm
npeanpustus AO HIMO «MPUBOP».
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CUCTeMHbI aHanu3 u NorucTuka

YOK 338.24: 621.31

E. A. AHdpeesa
CTYAEHT Kachepbl CUCTEMHOTO aHanmaa v NorucTukm
H. A. Cno6odyukoe — kaHomaaT BOEHHbIX HayK, MPOeccop — HayuHbI PyKOBOAMTENb

OBOCHOBAHUE NEPEXOJA MATEPUAIBbHO-TEXHUYECKOIO CHABXEHUA NPEANPUATUA
C KOHCONMUANPOBAHHOIO CKNADA

OpraHusauus cuctembl cHabxeHus B paboTte NpeanpusaTAS SBNSETCS OAHUM U3 CaMblX CAIOXHbIX are-
MEHTOB B ero pabote. MatepuanbHo-TexHuueckoe cHabxenne (MTC) - aTo [eATenbHOCTb, HanpaBneHHas Ha
obecreyeHne NpeanpuaTUS MaTepuanbHbIMKU pecypcamu, HeoBXoaUMBLIMM NS BbINONHEHNS NPOU3BOACTBEH-
HOI1 MpOrpamMMbl B NNaHOBOM NEPUOE C MUHUMANbHBIMK U3aepxkamu. MnaHosbiMK nepuogamu B8 MTC npeg-
NpUSITUS SIBNSIOTCS FOA, NONyroaue, kBapTanb!, Mecsibl. [pon3BOACTBEHHBIA NPOLECC MMEET TPU OCHOBHbIE
cTagum: cHabxeHwe, NPON3BOACTBO, CObIT. MaTepuanbHo-TexHNYeCkoe CHabxeHVe, SBNAsCh NepBoi cTaanei
NPOW3BOLACTBEHHOIO LKA «CHabXeHWe-Npon3BoACTBO-CObITY, 0becneumBaeT MaTepuanbHyld OCHOBY M3ro-
TOBMeHus npogykuun. OT MaTepuanbHO-TEXHUYECKOTO CHabXeHs! 3aBUCUT PUTMUYHOCTb, S(DEKTUBHOCTD, Ka-
4eCTBO, 3aTpaThl 1 CEBECTOMMOCTb BbiMyCkaeMoii NPOAYKLMM, NPpUbbIfb 1 PUHAHCOBbIE pesynbTaTbl NPeAnpu-
ATUS.

MaBHoOIt 3afayel MaTepuanbHO-TEXHUYECKOro CHabXeHNs ABNSETCS CBOEBPEMEHHOE W ONTUMArbHOe
obecneyeHve npeanpusTs HeobXoaMMbIMU MaTepUanbHBIMI PECYPCaMi COOTBETCTBYHOLLEN KOMMNEKTHOCTY
1 kavecraa [1].

[ns MmaTepuanbHO-TEXHUYECKOrO CHabxeHust MioboMy NpeanpusTI0 He0BX0AMMbI MEPONPUSATUS MO pe-
anu3aLmu CMCTEMHOTO NOAX0AA K YNPaBMeHMo MaTepuanbHbIM NOTOKaMK B npeaenax cryx0obl CHabxeHus.

Mpw LEHTPanM3oBaHHOM CHabxeHUN JOMKeH ObITb CO3MaH YETKUA MEXaHU3M KOHTPOMS U ynpaBneHus
CKIaACKMMM OCTaTkaMy NPELnpUSTUA. OTO NO3BONMT ONTUMM3MPOBATBL KOMMYECTBO 3aKynaemoro Cbipbs, U He
3amopaxvBaTh (HAHCOBbIE PECYPChI B MIULIHMX CKNafckux octaTkax. OQHOM U3 TeHAEHLMIA B COBPEMEHHOM
6u3Hece Npyu opraHn3aLmmn CHabXeHNs SIBNSIETCS CO3aHNe KOHCONMAaLMoHHoro cnaaa. Cknag KoHConuaaLmum
- 9T0 NOMELLiEHWEe ANs XpaHeHWs TOBAPOB, NPeAHA3HAYEHHbIX ANS KOMMNEKTaLmM pa3HOPOAHbIX rPY30B nepes
nocTaBkoi. Ha cknage KoHConmMaaLum oCyLLecTBASETCS rpynnupoBka TOBapoB No noTpebutensm, no Tuny, ot
CpokoB NocTaBkil. OCHOBHbLIM MPEUMYLLECTBOM CKMaAa KOHCONMAALMM SBNSETCS TO, YTO OH MOXET HAXOAUTLCS
B COBMECTHOM BMafieHnm Cpasy HECKOMbKUX IpUANYECKUX L. ITO N03BONSET POPMMPOBATH U3 TOBAPOB Kpyn-
Hble CMeLLaHHbIe (KOHCONMMAMPOBaHHBIE) NapTMM W 3HAYUTENBHO COKpaLLaTh PACXOAb! He TONBKO Ha XpaHEHHE,
HO M Ha TPaHCMOPTUPOBKY.

K cknagy koHconuaauun npeabsaBnsioTCs AOBONBHO Cepbe3Hble TpPeBOBaHWs N0 OCHALLEHWIO NoMeLLe-
HWi1 B CBSA3N C TEM, YTO OH SABNSETCS YHUBEPCAmbHbIM, He 060PYA0BAHHLIM NOA KOHKPETHBIA BUA NPOAYKLMM.
Yem 6onblue co3naHo pasHOOBpasHbIX YCOBWIA ANs XpaHEHMS, TEM BbIrOHEE YCIyr CKNaaa KoHconmaaluy,
TaK Kak aTo MO3BOMSIET XPaHUTb Cpa3y HECKOMbKO BMAOB TOBapa OAHOIO BnafenbLa O4HOBPEMEHHO.

CTaHgapTHBIN Cknag KOHCONMAALMM MMEET B CBOEM COCTaBe:

- PasNNYHYI0 TEXHUKY NS MOTPY304HO-Pa3rpy30dHbIX paboT (Morpysyuku, nnatchopmsl, wrabenepol,
kpaH-6noku, nebegaku);

- HECKONbKO BApUaHTOB (B TOM YKCNe aBTOMATU3MPOBAHHbIE) CUCTEM Y4eTa CKIaaMpyeMoro ToBapa;

- OXpaHHble CUrHanM3aLm HeCKOMbKUX BUAOB;

- 00LMPHYIO cucTEMY BUAEOHAOMOAEHMS;

- XonoaunbHoe\Mopo3ubHoe 06opyaoBaHue st 06eCreYeHUs COXPaHHOCTH CKOPOMOPTSLLMXCS TOBa-
poB;
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- KnUMaTn4eckoe 060pyaoBaHmMe st TOBApOB, TPeOYIOLLMX 0COBLIX YCMOBMIA XpaHEH!s 1 CieLnansHOro
MUKPOKIUMATa;

- MaTepuanbl 1 MexaHu3Mbl 1Sl yNakoBKW 1 NNOMOMPOBaHMS Pa3nuyHbIX TOBApOB [2].

Mniockl LEHTPanu30BaHHOro cHabxeHus::

- CHXEHME LieH Ha MPOAYKLMIO, TaK Kak WAET 3akyrnka GonbLuMMM NapTUSMU Ha 3HAYUTENbHbIN KaneH-
AapHblil nepuog;

- IPOCTOTA B MOACHETe (hMHAHCOBLIX 3aTpaT, Tak Kak AOrOBOP OPOPMIISIETCS Ha 3HAUUTENbBHBIN KaneH-
AapHbIi neprog, 1 3Has o6LLyto NoTpe6HOCTL NPeANPUATS, BOIMOXHO Cpasy NOACYUTaTb 3aTpaThbl Ha MOKYNKy
1 [oCTaBKy TOBapa;

- NPV 3aKIHYEHNUM TAKOTO TUMa JOTOBOPa BO3MOXHOCTb NPELNPUSTUS NOMY4UTb KpeauT B 6aHke;

- YMeHbLUEHME pUCKa NOCTaBKN HEKAYECTBEHHOW NPOLYKLM.

Kak npaBuno, u cknag, 1 noTpebuTenb HaXoAaTCs Ha 3HAYUTENBHOM PACCTOSHUN PYr OT pyra, a npo-
3BOCTBO, AAXe CamMoe MOAEPHU3NPOBAHHOE, NEPUOANIECKN AaeT cbou. M3-3a aToro BO3HMKaeT noTpe6HOCTb
B CPOYHOI NOCTaBKE HOBbIX MaTePUanoB, YBENMIEHUM UMk YMEHbLUEHWM PaHEee COrNacoBaHHbIX NOCTaBok. Lie-
noyKa COrMacoBaHUs W MPUHATUS PELLEHMI A O BHECEHUM U3MEHEHMIA B NMaH NOCTaBOK MOXeT AOCTUraTh He-
CKOMbKUX AHeit. Takum 06pa3oM TepsieTcsi onepaTUBHOCTb B YNpaBreHM nocTaskamu, LieHoobpasoBaHueM Ha
3aKynaemble pecypchbl, 3a BbIGOPOM MOCTaBLUMKOB 1 3a pacnpeaeneHuemM 06bemMoB 3akyrnok. B aToi cesian no-
BblLLAETCs TPeBOBaHWS K OpraHu3aLv TpaHCMopTMPOBKY. B cTaHaapTHyto CUCTEMY C UCMOMNb30BAHNEM KOHCO-
NWAMPOBAHHOTO CKIaia BKMIOYaeTCst 00bIYHO CrIEAYIOLNE SMIEMEHTI:

1. TpaHCnopTUpOBKa LUTYYHOrO rpy3a CO Cknafa OTNPaBUTENSs HA KOHCOMWAALMOHHBINA CKNaf Ans Kom-
nneKkTalum napTuu.

2. ObpaboTka rpy3a Ha KOHCONMAALMOHHOM CKITaje, KOTOPast MOXET BKMOYaTb B ce65 LONOMHUTENBHYHO
yNaKoBKy, NPUMEHEHMe Tapbl 1 Mp.

3. TamoxeHHOe oopMIIeHIe M NOArOTOBKA APYrUX JOKYMEHTOB AMs TPaHCTIOPTUPOBKA.

4. OTnpaBka c60PHOrO rpy3a B CTPaHy Ha3HaYeHUs aBTOMOOUIBHBIM, BOHBIM, XENE3HOLOPOXHLIM UK
aBM1ALMOHHBIM TPAHCMOPTOM.

5. TamoxeHHast 041CTKa B CTPaHE Ha3Ha4eHusl, a Takke 0pOPMIIEHNE JOKYMEHTOB, HEOBXOAUMBIX Ans
nocnefytoLLeil peanusaluy ToBapa U Ucnonb3oBaHUs 060pyaoBaHHS.

6. [locTaBKa LUTYYHOTO rpy3a no ykazaHHOMY afpecy.

MpoLecc nepeBo3ki COCTOUT U3 COBOKYMHOCTH ONepaLiuii 0T NOAFOTOBKM rpy3a k OTMpaBKe M 10 Nomyye-
HUS, CBSI3aHHbIX C NepeMeLLeHneM rpy3a B NpocTpaHcTee. CaM xe MPOoLEece nepemeLLeHnst COCTOUT U3 COBO-
KYMHOCTM MOrpy304HO-Pa3rpy30yHbIX, MEPErpY30yHbIX OMepaLyii B MyHKTax Nepefayy rpysa ¢ OfHOMO BMAA
TpaHCnopTa Ha [ApYroi, TPaHCMIOPTUPOBKM, MPOMEXYTOYHOTO XpaHEHHs 1 NOAAYYW NOABIKHOTO COCTaBa Nnog, no-
rpy3o4Hble paboTbl Liukn TpaHCMOPTHOMO NpoLiecca COCTOMT 13 3TanoB MogaqM NOLBWXHOMO COCTaBa nog no-
TPY3Ky, TPaHCMIOPTUPOBKY W Pa3rpyaky.

[locTaBka MOXeT OCYLLECTBNATLCS MO HECKONMbKUM CXEMaM: OT Ckrnaga Ao ABepu, OT ABepu 4O ABEpH, OT
cknaga po cknaga. Kak npasuno, 60NbLWMHCTBO rpy30BnafensLEB BbIGUpaeT BapuaHT AOCTaBKM OT ABEPU [0
ABepy (Nof KIHY): KNUEHT Ha3blBaEeT aapec, oTkyaa TpebyeTtcs 3abpathb rpy3, v agpec, kyaa ero Heobxoaumo
[0CTaBUTb. 3aKka3umKkoM YCIyr MOXET BbICTYNaTb OTNPaBUTENb, MOMyYaTeNb UK TPETbS CTOPOHA.

OCHOBHblE MpenMyLLECTBA, XapaKTepHbe A4S JAHHOMO TUNa NepeBO30K — 3TO 3KOHOMUYHOCTb W yaob-
cTB0. CyLLECTBEHHasH 3KOHOMUS! JOCTUTraeTes 3a cHET AHHEKTUBHOTO UCTIONb3OBAHMUS IPY30BOrO MPOCTPaHCTBA.
Mpu TakMX yCroBUsX ABASIOTCA AOCTYMNHBIMU fiaXe aBUanepeBo3ky, KOTOpbIE B LIEMOM OTANYALOTCS BbICOKOI
LieHoi. OBblYHO NepeBo3ka COOPHLIX rPY30B NPOKU3BOAMTCS B hopMaTe «OT ABEPU K ABEPUY, NOITOMY YA0DCTBO
A@HHOTO BAA TPAHCMOPTMPOBKM TaKKE HEOCMOPUMO.
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I. A. BoHdapes
CTYAEHT Kachespbl CUCTEMHOTO aHanmaa u NorucTukm
3. A. Munb - [OKTOP TEXHUYECKWX HayK, MPODECCOP — HaYUHbI PyKOBOAMTENb

MUPOBOW OMbIT UCNONb30BAHUA APOHOB
B OTPACINU NEPEBO30K MAJNTIOFABAPUTHbIX TPY30B

B HacTosiLee Bpems BO BCeM MMpe NpOJOMKaeT pa3BuBaThCs NorucTika B chepe nepeso3ok. Orpom-
HbIM Hay4HbIM NPOPBLIBOM CTaro UCMONb30BaHNe HECNNOTHbIX NeTaTenNbHbIX annapaTos, HO, K COXamneHuto, B
3TO Pa3BMBAIOLLIENCS OTPACTN Y)Ke BO3HWUKAIOT NPobrieMbl, CBA3aHHbIE C 6e30MacHOCTLIO MCMOMb30BaHUs Gec-
NUNOTHbIX NeTaTenbHbIX annapaTos B rPaXaaHcKoit chepe U LienecoobpasHOCTH UCNOMb30BaHUs poBOoToB, Ko-
TOpble 3aMeHsIoT Ntofel 1 cokpallatoT paboune mecta. B cTatbe paccmatpusaeTcs UCTOpUS BeCNMOTHBIX
netaTenbHbIX annapaToB U WX MPaKTUYeckoe NpUMeHeHne Ha 6naro oBLLecTBY kak NpUMep passUTUS TPaHC-
MOPTHbIX YCMyr. OTO MOMOXET U3y4nTb JaHHYK OTpacnb U 0603HAYNT CyLiecTBytoLmMe Npobnembl, cTosime
nepes Hamu.

MepeBo3ka pasnyHbIX rPY30B C NOMOLLbHO JPOHOB LUMPOKO MCMONb3YETCS B pa3nuyHbIx obnactsax ans
[0CTaBKu:

—  MeAuKaMeHTOB 1 BUONOrYECKMX MaTepUanos;

—  TPy30B pa3Hbix rabaputos 6e3 NunoTa B aBTOHOMHOM BapyaHTe Mo 3anporpaMMMpoBaHHOMY MapLL-
pyTy;

—  MWLLEBbLIX NPOAYKTOB;

—  MOYTI;

—  TOBapOB W3 MHTEPHET-MaraauHa.

OpHolt 13 nepBbIX KOMMepYeckyto BecnnnOTHYI0 AOCTaBKY OpraHM3oBana HemeLkas noytosas cnyxba
DHL. KomnaHus ucnbitana nunoTHbin obpasey, ApoHa B koHue 2013 1. v Yepes AeBsiTb MecsLEB 3anycTuna
cRyxBy CPOYHBIX MOCKLINOK Ha 0cTPOB MiocT B CesepHoM Mope y nobepexbs MepmaHin. Mo3xe 0 HamepeHn
ucnonb3oBaTh BecnunoTHukM 3assunn Amazon, Google, noytoBas cnyxba FedEx n Heckonbko nuuuepuit B
pasHbIX CTpaHax, B ToM uucne v B Poccuu. B Hosibpe 2017 1. cTano u3BecTHO 06 yCnewwHOM 3aBepLUeHUmn Mac-
wrabHoit nporpammbl Mercedes-Benz no TecTupoBaHuio OpOHOB ANs AOCTaBKM MOBCELHEBHbIX TOBAPOB B
LLiseitapuu. Mporpamma gnvnack Tpu Heaenu, ¢ 25 centsdps no 13 oktabps 2017 r., coobiaet npecc-cnyx6ba
aBTOKOHLepHa Daimler AG, pogutenbckoit komnaHun Mercedes-Benz. B TeueHne aToro BpeMeHmM ApoHbI Bbl-
nonHunv 100 noneTos u gocTasunu HebonbLUKME MOKYMKM K Creyuan1anpoBaHHbiM dyproHam Mercedes B pas-
Hbix YacTax Litopuxa. B pamkax akcnepyMeHTanbHoro cepsuca Obin NPOAEMOHCTPUPOBAH BbICOKWIA YPOBEHD
6€e30nacHOCTK, 1 KOHLIEPH NnaHMpyeT paclumputb nonetsl B 2018 . [1].

3ayacTyo OpOoHbl UCMONb3YIOT B MEAULMHCKUX LIENsiX, Hanpumep, [OCTaBka aHanu3oB W3 YAaneHHoro
HaCeNeHHOro NyHKkTa B nabopaTtoputo B paiLeHTpe, AocTaBka (OCOGEHHO SKCTPEHHas AOCTaBKa) KpoBM NS
nepen1Banuil, aHTMBMOTKOB, aHTMLOTOB B YAANEHHbIE MEANYHKTI UK KIWHUKKW. Bce aTo 3aTpaTHo no Bpe-
MEHW W CMIOXHO B NPUMeEHeHU, Ho Brarofaps ApoHaM AaHHas onepauyst 3HauMTenbHoO onTuMuanpyeTcs. Ewe
OfWH BapWaHT Takoi AoctaBku — ¢ BopTa cyaHa Ha beper B 30Hy, rae ecTb NOCTpajaBLUMe NOCne LITopMa,
3EMMETPSACEHNS UK MHbIX CTUXMAHBIX BeacTauiA. Mo aaHHbIM OOH, 8 13 10 KpynHerwnX ropogos Mupa pac-
nonoxeHol Bonn3u GeperoBoii nuHuK, a 44% HaceneHust Mupa (CBbilLe 3 Mnpa Yen.) npoxusaeT He aanee 95
munb ot bepera. Bnepablie B CLUA GecnunoTHUK JOCTaBuUn MeaukameHTbl Ha nobepexbe Hbto-[hxepcn ¢ ko-
pabns. OkcnepuMeHT NPoBoAMNa HekoMMmepyeckast opraHusauus FieldinnovationTeam. Komnanus Flirtey yxe
[A0CTaBnsAna fekapcTsa npy NOMOLLM APOHOB, NeTaBLLKX Haj cywwei B 2015 r. [naBHbIM OTNMYMEM B AOCTaBKE
MeanKkamMeHToB BeCnUNOTHYKaMIN 3aKMKOYaeTCs B TOM, YTO MeAMKaMEHTbI 1 MeauLMHCKue Npobbl Xpynki 1 Ka-
NpU3HbI, MOSTOMY HEOOXOAMMO WCKIKOUUTL TPSICKY U YYECTb WHblE MOTEHUManbHble Npobnemsl. C NOMOLLbI0
6ecnunoTHUKOB OCBOWNM Takke JOCTaBKY rpy3oB W B 0BpaTHOM HanpasneHun — ¢ Bepera Ha cyda B MOpe.
PasHoobpasHble orpaHnyeHns Ha MCnonb3oBaHe APOHOB BBENM yxe 59 ctpaH [2], oaHako B CLUA yxe Hava-
10Cb CMArYeHne — Marnble ApOHbI MOrYT MCMOMb30BaTh KOMNaHWK, paboTatoLme ¢ HeABMKUMOCTLIO, (hepmepl,
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KMHOKOMMaHWUM 1 psif LipYrvux KOMMepYeckux onepatopos. CrieayeT no3aboTuTbCs 0 3aluuTe NEpeBo3nMbIX Ma-
TepuanoB OT BO3AENCTBUS TeMnepaTypbl, Hanpumep, TEPMOKOHTEHEPOM, YTO HEMANOBaXHO NpW NepeBo3ke
MeAMKaMEHTOB, BEZb HEKOTOPbIE NpenapaThl CNEAYET XpaHUTb B CreLanbHbIX YCrnoBusix. Hekotopble gocTas-
nsemble NPOAYKTbI YYBCTBUTENbHbI K TPSICKE — 3TO TakKe BaXHO MPWUHUMATL B pacyeT Npu opraHu3auun go-
CTaBKu.

Mp1MepoM NOMOXUTENBHOTO CMONL30BAHNS APOHOB MOXET NOCIYXMTb Takke cosnaHue B CLUA becnn-
NOTHUKOB CaMOETHOrO TUNa, KoTopble OyayT AOCTaBNATL KPOBb M MeAuKaMeHTbI. [locne ycnewuHoro 3anycka
ycnyr B PyaHge, Zipline HaumHaeT pa3sopaunsaTth cepsuc B Tpex wratax CLUA. Monyyns nepsbiit onbIT peanb-
HOWM [eATenbHOCTH, KanudopHuickas komnaHus Zipline nnaHupyeT HauyaTb OKasaHWe aHanorMyHbIX YCryr B
MapuneHnpe, HeBage u BawmHrtoHe. [loctasku BymyT OCYLLECTBNATLCS, B YACTHOCTH, HA TEPPUTOPUN MHAEN-
Cckux pesepBaumii. Komnanus Hayana nocTaensTb MeaukamMeHTbl U kpoBb B PyaHae B utone 2016 r., 3akntoums
COOTBETCTBYHOLLEE COrMaLLEHNe C NPaBUTENLCTBOM CTPaHbl. 104 KOHeL, aBrycTa, B 30HE OKa3aHUs YCryr oka-
3anacb NPUMEpPHO NONoBMHa TeppuTopuy cTpaHbl. B CLUA koMnaHusi nnaHupyeT opraHn3oBaTh Ty Xe yCryry,
4to 1 B PyaHge. Zipline yxe nposena npeasaputenbHble neperosopsl ¢ npasntenscteom CLUA 1 HamepeHa
noAaTb COOTBETCTBYIOLLYIO 3asBky B FAA. [locTaBku nnaHWpyoTCs B YaCTHOCTU Ha ocTpos Smith, B Mapunerg
1 Ha octpoBa CaH XyaH, BalmHrToH. Zipline akcnnyaTupyeT 6ecnnunoTHUKK Zips C SNeKTpOMOTopamu, KOTopble
CNocobHbI NepeBO3nTL Nopsiaka 1 Kr KPOBM UM MeAMKaMEHTOB. OTU APOHbI MOryT nponeTatb Ao 120 km ot
OfHoW 3apsaku. locnutans MoXeT 3akasaTb foctaBky no SMS, 6ecnnnoTHUK cOpocuT NOCkINKY Ha HeGOMbLLOM
napatwtote. Camonetuk Becom 10 kr opueHTMpyeTcsi no GPS 1 ¢ NOMOLLbO COTOBOI CETH, [OCTaBKa MOXET
6bITb OCyLLECTBIEHA 3a MonYaca, YTo MPaKTUYECKU UCKIoYaeT HeobXOANMOCTb OXNaXAeHNs npenapaTos B
nopore. B Pyanpe yxe pabotaet fo 15 6ecnnnoTtHukos, cnocobHbIX BbinonHuTb A0 150 goctaBok B AeHb. Takme
komnanuu, kak Matternet u Flirtey Takke paspabaTbiBaloT aHanornyHble CUCTEMbI OCTaBKM rpy30B becnumnot-
Hukamu. B npownom rogy Flirtey npoBena nepsyto gocTaBky, paspelueHHyto FAA, B MeOULMHCKWIA LIEHTp B
wrate BupmkuHus [3]. Zipline nnaHupyeT paclumMpsTb CBOK AeATENBHOCTL B BocTouHon Adpuke v B Apyrux
pernoHax «co CPeHUM JOCTaTKOMY.

Woeto GecnunoTHukos ¢ fedmbpunnstopamu npeagnarana komnanus Google B CLUA. B HupepnaHgax B
2014 r. paspaboTanu creumanmav1poBaHHbIlit GECIMNOTHUK CO BCTPOEHHBIM Aedmbpunnstopom. OfHako nep-
BOE BHEJPEHWe APOHOB B MPaKTWUKy OKa3aHWs MepBOi MOMOLLM Mbl, BOIMOXHO, yBuauM B KaHage. B atoi
CTpaHe 3agyManuch Takke Haf A0CTaBKo! fenbpunnaTopoB no BO3AYXY AN OKa3aHWs NOMOLLM NI0ASM, 1C-
NbITbIBAKOLLMM OCTAHOBKY cepAaLa. AnnapaTbl CNoCOBHbI 4OCTUrATb HY)XXHOTO MECTa aBTOHOMHO UMK B pexuMe
TeneynpaeneHus. OnepaTops! KONN-LEHTpa no TenedoHy, ¢ KOTOPoro npuLLen Bbi3oB, byayT 06bACHATb Nio-
AsM, 0Ka3aBLLMMMCS PSAOM C NOCTPaAaBLLMM, NOPSAOK NPUMEHeHNs Aedubpunngropa, 1 OCTaHyTCS Ha CBA3N
A0 NpuBbLITUS KOMaHABI CKOPOI MOMOLLM.

B cenbckyto MecTHOCTb JpoH JobepeTcs [0 nocTpagasLuero ObICTpee CKOpOW, a y4nTbIBas TO, YTO Mpy
OCTaHOBKe CepfLia YernoBeka c4eT MAET Ha MUHYTbI, APOHBI MOTYT CMacTy Hemarno XuaHei. HanbonbLume npo-
6nembl BO3HUKAIOT Y XUTENel CENbCKUX U ManoHaceneHHbIX PaioHOB, KyAa ckopasi OMOLLb MOXeT AobpaTbes
NLWb Yepe3 JecATKM MUHYT rocne Bbi3oBa. B mogeny [4] npeanoxeHa «cetb» u3 81 6a3bl co cta 6ecnnnoTHU-
kamu B BOCbMU MyHULNanuTeTax arnomepauymm bonbLuoi TopoHTo. B cenbckol MecTHOCTH ApoH fobepeTcs
[0 NpefenbHO yaaneHHoro MecTa 3a 9 MiH, B TOPOLCKUX YCIOBUSIX MOMOLLb NpuLLia Obl 32 4 MUH.

Pa3paboTumnku NnaHUpyioT BHEAPUTL CUCTEMY B pamkax criyxObl akcTpeHHol nomolum 911. JpoHamu
OyayT ynpaensTb kBanuduUMpoBaHHbIe onepatopbl. OnepaTop no ynpasneHuio BecnUnoTHBIMU neTaTenkb-
HbIMM annapatamu AOCTaBUT [pOHa CO CreLan1anpoBaHHbIM 060pyaoBaHUeM [0 nopora AoMa, OTKyAa UCXo-
[JWT BbI3OB, @ OnepaTop KoNm-LeHTpa 00bACHUT No TenedioHy, kak NpoBecTy aedmbpunnsumio [4]. Tpebyemble
TEXHONOIMK CYLLIECTBYIOT yXe CerofHsi. [IpoHbI MOTYT NETeTb CO CkopoCThbio cabile 100 KM/Y Aaxe B CypoBbIX
KaHaACKUX MOTOAHBIX YCMOBMSX, @ UX FPY30NOABLEMHOCTW AOCTATONHO, YTOOLI AOCTaBUTL AedubpunnsaTop B
3afjaHHyo TOuKy. Moao6HbIE MHHOBALMW COKPALLAT Pa3pbiB MEXY YPOBHEM BE30MaCHOCTU rOpOXaH M KuTe-
new cenbckon MecTHocTW. KaHafckve BNacTy NoTpaTuam AECATKA MIH AOMA. Ha TO, YTOBbI Thicsun aedmbpun-
NATOPOB BbINW pacnpeaeneHbl No XOKKEMHbIM KaTkaM, a3ponopTam W ApyriM MecTaM B CTpaHe.

Ecnu 6patb onbiT Poccun, To MOXHO BbiAENUTb HEBOMbLLUOE KOMMYECTBO PEanu3oBaHHbIX BapuaHTOB
[0CTaBKM C pa3nnyHbIX rpy30B C NOMOLLbI0 ApoHOB. B ceHTsibpe 2015 r. coToBbIn onepatop Yota npu napTHep-
cTBe ¢ KonTep-3Kkenpecco ocyLLecTBNAN AOCTaBKY CBOMX CUM-KapT C MOMOLLBIO APOHOB. [ins 3TOr0 B YeTbipex
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MOCKOBCKIX Napkax 6blnu yCTaHOBMEHbI MPOMO-CTEHABI, K KOTOPbIM NpUneTan ApoH. [esyluka-npoaasel, CH-
marna ¢ ApoHa CUM-KapTy 1 OTAaBana ee KnueHTy.

B utoHe 2014 r. B 1. ChikTbiBkap komnanus «Jofo Muyya» BMecTe ¢ poccuitckum ctaptanom «Kontep
OKCnpeccy» OCYLLECTBAANM JOCTaBKY NULILIbI APOHAMMU.

TopXeCTBEHHbI 3anyCK NepBoro ApoHa-faocTasLuyka «Moytsl Poccum» 3akoHuMncs HeyaayHo. Annapat
POCCMIACKOTO NPOM3BOACTBA C AANbHOCTbIO NoneTa Ao 60 kv AomkeH Gbin AOCTaBUTL rPy3 BECOM 2 Kr U3 YNnaH-
Yna B ceno HmkHuin CasHTyin. OHaKo yke Yepes HeCKONbKO CeKyH Nocre 3anycka MalluHa notepnena kpy-
LLeHWe, BPe3aBLUNCh B XWro oM. HecMoTps Ha HeyaauHbIit 3anyck, NpeAcTasuUTeny komnanun «Movta Poc-
CUI» 33BUMK, YTO HE OCTAHOBSTCS Ha 3TOM, U BCKOPE NPOAOIKaT TECTUPOBaHHS.

Brivkaiiluen nepcnekTUBON B pa3BUTUM APOHOB SBNSIETCA NPUMEHEHWe HECIMNOTHUKOB, CMOCOBHbIX aB-
TOMaTU4ecku uberatb CTONKHOBEHWUA C NPENATCTBUAMM M APYIMMW BO3AYLLUHbIMK 06bekTamu. B 6nmxaiiiuem
OynyLuem oHM aBTOMATUYECKN, NO Mepe HagoBHOCTY, ByayT HAaNPaBNATLCS Ha BNUKALLYI «3apsSAHY CTaH-
LWo» ANs NoA3apsifkM, YTo HeobXoaMMo Anst MONHOLEHHOTO BbIMOMHEHWs! 3aAay, NOCTaBNEHHbIX annapary,
Oyab TO AOCTaBKa B TPYAHOAOCTYNHbIE MECTa UNW ke A0CTaBKa rpy3a A0 nokynatens. 34ech MOXHO BCMOMHUTb
0 npoekTe «Ynen» — Hebockped, KOTOPLIA CAYXUT ad9POAPOMOM ANs Thicsd 6eCNMNOTHUKOB. JlorucTudeckue
0onepaTopbl APOHOB CMOTYT BbICTPOUTL Haubonee ahheKTUBHYIO CUCTEMY rPY30NEePEBO3oK ANs Nerkiux Tosa-
poB, 6narogaps Co3aaHWIo Takon BEPTMKANbHOM CTaHLMKW. KOHLeNT BNUCLIBAETCA B MAEKD PbiHKA NOKynaTens,
Ha koTopoM Takwe ruranTbl, kak AMAZON v Uber xoTaT focTaBnsTb noTpebutensm Bee, 4To 3akasaHo, B Ntobon
MOMEHT BpeMeHM [5].

Tunosoe Bpems paboTbl Ans BoMbLLMHCTBA HEBOMbLLMX KBaAPOKONTEPOB — 3T0 nopsaka 20 MUH., nocne
yero Gatapeto 6eCMUNOTHIKA HYXHO 3apsikaTb Ui 3amenuTb. Komnanns AMAZON 3anateHToBana TexHormno-
TUK0 CO30aHNs «3apsAHbIX CTaHLMA» Ans GeCnUMOTHUKOB, — HAaNPUMep, MOHTUPYS YCTPOMCTBA Ha YNUYHble
CBETUMBHMKN.

«3apsAnHNKN» MOXHO ByAeT ycTaHaBnMBaTh Ha coHapu, cTonbbl ¢ 060pYAOBaHMEM COTOBOW CBA3M,
0ChUCHBIE 30aHMSs, PEKNaMHBIE LNTBI, ONOpPbI NEKTPONepeaay 1 Apyrue BepTuKanbHble CTPYKTYpsl. Odopmne-
HWe naTeHTa eLle He 03HayaeT, YTo Amazon roToB MPUCTYNUTbL K CO3AAHINI0 CUCTEMbI ANS «fo3anpaskuy Bec-
NUNOTHWKOB B kakoM-nubo ropoge. Ho aToT naTeHT JEeMOHCTPUPYET CUCTEMHBIA Noaxon Amazon K Teme f1o-
CTaBkN BecnuioTHMKaMK, KoMnaHus, Be3 BCAKUX COMHEHWUA, NMOTHO YBA3bIBAET CBOW NnaHbl Ha Byayluee ¢
ApoHamu [6]. Ecnu B uTore craHumm noasapsaky Ans 6eCnUNOTHUKOB HAYHYT NOSBNATLCS HA OCBETUTENbHbIX
cronbax, aTo CTaHeT XOPOLUWM NepBbIM LLAroM B CO3AaHUM CCTEM FOPOACKON [AOCTaBKM POHAMM.

MpoaHanuanpoBas MMPOBOIA OMbIT MCMOMNb30BAHMS POHOB, MOXHO CAENaTb BbIBOA, YTO B Donbluen
Mepe pa3suTie ByaeT HanpasneHo B 061acTb TPAHCMOPTUPOBKIM MEAVKAMEHTOB, Tak Kak MHOTME KOMMaHm yxe
TECTUPYIOT 1 MCMONbB3YIOT AaHHYH0 TEXHOMOTMIO, a Takke BKNaAbIBAIOT B €€ Pa3BiUTMe OrpOMHbIE CPEACTBa.

Ha pbiHKe Tpyada yxe nosiBunack HoBasi npodeccus «onepatop No ynpasneHuio 6ecnnnoTHbIMKM neTa-
TenbHLIMM annapaTtamu». Bonpocs! o LienecoobpasHocTy NPUMEHEHNS W XU3HECTIOCOBHOCTY JaHHO TEXHOMO-
TN yxe He 06CYXIaKTCS, BCE SKCNEpThI NbITAKTCS MPOBECTH 3KOHOMUYECKME NPOrHO3bl ee pa3suTus. o pe-
3ynbTatam COCTaBMEHHbIX NMPOrHO30B KOMMEPHECKOe NPUMEHeHNe BecnnnoTHUKOB npuseaeT k 2025 r. k co3aa-
Huio B CLUA 100 TbiC. AOnonHMTENbHBIX paboyunx MeCT, a HaLuoHarmnbHas 3KOHOMUKA MOMyYUT OrPOMHbIE A0-
xogbl. Mo pesynbTatam uccrnefoBaHuit, onyBNMKOBaHHEIM B aMEPUKaHCKOM exeHeaenbHuke Aviation Week &
Space Technology, 06bemM MUPOBOro pbiHKa pa3paboTok 1 NPOM3BOACTBA HECNMMNOTHBIX NeTaTenbHbIX annapa-
TOB B npegacTosee Bpems (2019-2023 rr.) coctasut 3 Mnpa fonn. Okono 6 Mnpa fonn. bygeT u3pacxoaoBaHo
Ha NPOu3BOACTBO GECMMNOTHBIX annapaTtos, 7 MApA AONN. — HA NPOBEAEHNe HaY4YHO-UCCNE[oBaTENLCKUX U
OMbITHO-KOHCTPYKTOPCKIX paboT B 06nacTi 6eCcnunoTHONM TEXHUKK, U 3 MIpA AONN.— HA CepBUCHOE 0BCHyXU-
BaHue 6ecnunoTHuKOB [7].

B 3aknioyeHre MOXHO CkasaTb, Y4TO MCMOMb30BaHMe BECNUMOTHBIX NeTaTenbHbIX annapaTos UMEET psa
NPENMYLLECTB, TaKMX KaK: CHUXEHWE CTOMMOCTY TPaHCMOPTUPOBKM rpy3a; NepeBo3ka rpy30B B OMACcHbIX 30HaX,
B Nepwop katacTpod; AoCTaBKa rpy3a B TPYAHOAOCTYMHbIE PailOHbI; 3KOHOMWUYHBIM PacXod TONAMBA; MUHUMN-
3aLms AOPOXHbBIX aBapuil U MPOMCLUECTBWIA; MOBBILLEHME NMPONYCKHOM cnocobHocTM fopor. OfHako HeCcMoTpS
Ha BCe MpeuMyLLecTBa, UMEeeTCs W P HeJOCTaTKOB, TakuX Kak CTONKHOBEHWE APOHOB C NHOABMM, OMacHoe
cOrnvKeHre C Apyroit aBUaTEXHUKON, CTONKHOBEHNS CO 3AaHMAMM, COOPYXKEHUSMM, NamaTHUKamu. [ocne BHed-
peHust Kyaa-nubo Takoit TEXHONOMMM Mbl 0BecneynBaeM YCOBEPLUEHCTBOBAHWE TOW UMW MHOI OnepaLuu, YTo
Cnoco6HO B KOPHE NOMEHSTb AanbHeNLLee passuTe APOHOB U M3MEHUTL WX MO3WLMIO Ha pbiHKE. [lpoHam eLue
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HEenoABNacCTHbI NONETbl Yepe3 rpaHuLbl rocyaapcTs, YTO obecneynBano bbl y,uaqun?l " 6bICprII7I cnocob TpaHc-
NOPTUPOBKK B yAaneHHblIe MeCTHOCTW, HO BCe ellie Bnepean aAna pasamaaromeﬂca WHHOBaLW.
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YOK 656.1

I. B. Bbicmpos
CTYAEHT Kachespbl CUCTEMHOTO aHanuaa 1 NorucTUkm
3. A. Munb - [OKTOP TEXHUYECKWX HayK, MPODECCOP — HAYUHbI PyKOBOAMTENb

PA3PABOTKA TEXHUYECKWUX METO0B ANA CHUXKEHUA YPOBHA LIYMA
NPW YBENUYEHNUA MOLLHOCTEN MHOIO®YHKLIMOHANBHOIO MOPCKOI'O NEPEFPY304HOIO
KOMNIEKCA «BPOHKA»

CaHkT-TeTepbypr, kak 13BeCTHO, Bbln 0OCHOBaH Bo Bpemst CeBepHO BoMHbI Mexay Poccueit n Lisewmeit
3a BbIxoa k banTuiickomy mopio. Henbasi He npuaHatk, 4To CaHkT-TeTepbypr — 310 He TOMNbKO OAMH 13 CaMblX
KpacuBbIX rOPOLOB MIPA, HO 1 OAMH U3 KPYMHEMLUMX NOPTOB CTPaHbI, M €ro Mo npaBy MOXHO Ha3blBaTb MOp-
ckumun Bopotamu. 'py3oobopoT Bcex noptoB CaHkT-MeTepbypra B 2017 1. nepeBanun 3a 62 MiH TOHH.

Pa3BnTie nopToBbIX MOLWHOCTE poccuickoit yactn duHckoro 3anuea u passutue CaHkT-MeTepbypr-
CKOrO TPaHCMOPTHO-NOTMCTUYECKOTO Y3na SBNSAKTCA OOHUM U3 MPUOPUTETHBIX HanpaBneHUA MoLepHU3aLmMn
TpaHcnopTHoi cucTembl Poccum [1].

MpoekT cTpouTensCTBa aBaHnocTa «bpoHka» peannsyeTcs B pamkax KoHuenuuy pa3suTis neperexTms-
HbIX paiioHoB bonbLuoro nopta CaHkT-MeTepbypra. B kayecTse 3akasumkos KoHuenuu BoicTynunu MuHuctep-
cTBO TpaHcnopTa PP u Mpasutenscteo CaHkT-MeTepbypra.

B cooteetcTBuM ¢ KoHuenuuern aBaHnopT «bpoHka» npuaBaH CTaTb OAHAM W3 KIHOYEBbIX rPy30BbIX pait-
oHoB bonbuworo nopta CaHkT-MeTepOypra, MHTErpUPOBaHHbIM B loructuyeckyto cuctemy CankT-letepbypr-
CKOrO TPAHCMOPTHOIO y3na 1 NpegHa3HayeHHbIM 415 00paboTku KOHTENHEPHbIX 1 HaKaTHbIX rpy3oB. B pamkax
aBaHnopTa «bpoHkay pa3paboTaH npoekT MHOrOGYHKUMOHANBHOTO MOPCKOTO NEPETPY30YHOr0  KOM-
nnekca (MMIK) «BbpoHka», COCTOSALMIA U3 ABYX 3TaMNOB, KOTOPbIE NPEACTABMNEHbI Ha puc. 1.

Puc. 1. MnaH peanusawym Nepsoro 1 BTOPOro 3Tarnos NpoekTa

MepsbIii aTan (BBOA B akcnnyatauuto B 2015-2016 rr.):

—  KOHTEMHepHbI TEPMUHAN MOLLHOCTbIO 1,45 MIH T B rog;

—  TepMWHan HakaTHbIX rpy30B Ha 260 TbIC. eAMHML, aBTOMOBMNBHON 1 CneLuanbHOM TEXHUKM B rog.

Bropoit atan (BBoA B akcnnyaTaumio B 2015-2017 rr.):

—  pacluMpeHmne KOHTEIHEPHOrO TePMIMHaNa W YBENUYeHNe ero MOLHOCTM A0 1,9 MAH T;

—  ONTMMM3aLMs KOMMNIEKCA HaKaTHbIX IPY30B MpY COXPAHEHUM Er0 MOLLHOCTY;

—  CO3[aHue NOrMcTUYECKOro LIEHTPa Ha TEppUTOpUM 3anafHee ocHoBaHus KOxHo 4ambbl koMnnekca
3aLUMTHBIX coopyxeHuit CaHKT-MeTepbypra OT HAaBOLHEHMIA.

CrpaTernyeckoe npeumyLLecTBO BCEro NPOEKTa 3aKnioyaeTCcs B CHUKEHUM TPAH3UTHOMO BPEMEHM Nnpo-
xoxaeHus cynos no CaHkT-Metepbyprckomy MOPCKOMY KaHany kak MUHUMYM Ha TpW Yaca B OfHY CTOPOHY 3a
cyeT BIM30CTM OTKPLITO akBaTOPUM PUHCKOTO 3anKBa, a TakKe B BOIMOXKHOCTW NpueMa nepenekTUBHbIX TUNoB
Cy[0B, KPYMHENLLMMM U3 KOTOPbIX SBASIOTCS KOHTENMHEPOBO3 knacca Panamax v napom knacca Finnstar.
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MpoeKT peanuayeTcs Ha KXHOM nobepexbe PUHCKOTO 3annBa B paitoHe NpUMbIkaHUS Aambbl KoMnnekca
3aLmMTHBIX coopyxeHnin CaHkT-MNeTepBypra OT HABOAHEHWIA K CylLecTBYytoLLEei BeperoBoil YepTe B rpaHuLiax
MyHuumnansHoro o6pa3soBanus T. JToMoHoCcoB [2].

CepbesHoit NPeAnoCkINKOM K peanu3aLumn NpoekTa cTan BO3POCLUWIA B NPeaKpU3NCHbIe rogbl AednumuT
MOPTOBbLIX MOLLHOCTEN B pervoHe bantuiickoro Mopsi. Poccuiickue v 3apybexHble 3KCnepThbl, HECMOTPS Ha Ce-
TOAHALLHMIA KPU3IC, CXOAATCS BO MHEHIW, YTO eXEroAHbIN NOTOK rpy30B, A0CTaBASEMbIX B POCCHI0 Yepes nopThl
BanTuitckoro mops, k 2025 r. gocturHet 130 MnH T (puc. 2). B aTix yCnoBusix NporHo3upyembin 4euynt cym-
MapHOI MOLLIHOCTM BCEX POCCUIACKMX MOPTOBLIX KOMMNIEKCOB PUHCKOrO 3annBa, BKIo4as NpoeKTupyeMsle, co-
crasut 50 MnH T [3].

O MporHo3s rpy3oo60poTa, MAH TOHH
O MporHo3 pasBUTUA POCCUINCKMUX MOPTOBbIX MOLLHOCTEN, MJIH TOHH

B PocT seduumTa POCCUACKUI NOPTOBBIX MOLLLHOCTEN, MIH TOHH
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Puc. 2. PbiHOK nepeBo30K KOHTEMHEPOB W HakaTHbIX FPY30B B PEM1OHE BOCTOYHOM YacTu
banTuickoro mops Ha HanpasneHu Espona — Poccus

Peanusauus ctpoutensbctea aaHnoptoB bonbioro nopta CaxkT-MeTepGypr, 1 B nepsyio ovepedb —
CTPOMTENbCTBO aBaHnopTa «bpoHKay, NO3BONUT YLOBNETBOPUTL NEPCTIEKTUBHYO NOTPEBHOCTL pervoHa B 06-
paboTke MOPCKMX rPy30B W NOBLICUTH NpuBnekaTensbHocTb CaHkT-MeTepbypra kak KpynHemLwero y4acTHuka es-
POMNENCKOro PbiHKa MOPCKWX NepeBo3ok [4].

TpaHcnopTHbIE NOAXOALI K aBaHMOPTY peanusytoTcs bnarogaps HenocpeacTaeHHoi 6nmaoctu Konbue-
BOW aBTOMOOWNbHOM aoporv 1 asTopoporn A-120, oBecneumBatoLmx BbIX0L aBTOMOBMILHOTO TpaHCnopTa Ha
OCHOBHbIE MarucTpanu pernmoHa bes co3gaHns AOMONHUTENBHON Harpy3ki Ha YINYHO-HOPOXHYH0 ceTb CaHKT-
MeTepOypra v 3a CYET BbIBO3A rPY30B XeNe3HOAOPOXKHLIM TPAHCNOPTOM Yepes cTaHumu Kotnbl 1 BeiimapH, no
NepeneKTMBHON Xene3HOAOPOXHON BeTke aTuMHCKOro HanpaBsneHns 1 Yepes craHumio Lywapsi.

B cBA3K ¢ yBennyeHremM MOLLHOCTeN nopTa (Mo CPaBHEHMIO C MPOEKTHLIMM) U YBENNYEHNEM MHTEHCUB-
HOCTI Harpy3kv Ha NOABOLSALUMA TPAHCMOPT, MPOUCXOAMT aKTMBHbIN M3HOC OPOXHOTO NONOTHA Ha Bnuanexa-
Lyel pa3Bs3ke ¢ NOPTOM «BpoHKay, a Takke KombLeBoln aBToaopork. MocTynatoT 3asiBKi OT XWMbLIOB [OMOB
BOMM3M Kene3HOJOPOXHbIX MarucTpanelt o npobneme obecneyenns npasa Ha GnaronpusTHyio0 cpefy.

CobCTBEHHbIE UMM apeHLOBaHHbIE TOKOMOTMBBLI C COCTABOM WUMEKT MPaBO Bbie3Aa Ha MyTu obLlero
nonb30BaHus. Tak kak MHOTMe Xene3HoAopPOXHbIE Nepeesabl B AaHHOM HanpaBeHUu He UMErT BUaayKoB, TO
YBENNYNNOCH BPEMS, 3aTpaynBaeMoe MEeCTHbIMU XUTENAMWU Npu Bbesde unn Belesge u3 ropoga. C 2015rT.
KOMMYECTBO COCTABOB YBENUYWIOCH Ha ABA B YETHbIE 1 HA YETbIPE B HEYETHbIE AHW (NP TPUALATY rPY30BbIX
noesgax B CyTKW), YTO BeLeET K NOMHOMY CMeLLEHMIo rpaduka [ABKEHUS NacCaKUPCKOro Xene3HoAopOXHOro
TpaHcnopTa [5].

AZMUHUCTpaLMS ropoga NPUHMMAET PeLLEHUe MO CHUKEHWIO YPOBHS LYMa Ha TEPPUTOPUAX KUMOA 3a-
CTPOWKW NYTEM YCTaHOBKM LUYMO3ALUMTHBIX KPAHOB U OrPaXOEHWA. [INs CHUKEHWS YPOBHS LyMa B nOMelLLe-
HUSX WO W 0BLLECTBEHHON 3aCTPOIKU NpeanonaraeTcs YyCTaHoBKa LLYMO3ALUMNTHOTO OCTEKIEHNS OKOH.
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B cnyyae, ecnv komBuHaLKS JaHHbIX LWYMO3aLUNTHbBIX MEPONPUSATUIA He 0BecneumBaET AOCTUKEHIE HOP-
MaTWBHOIO YPOBHS LUyMa, NpeaycMaTpuBaeTCcs pacceneHne Xunblx 4oMoB. Mo Uiy 3awuThbl OT LyMa 3KpaHb!
NoLpa3nensTCs Ha 3BYKOOTpaxXatoLLne, 3ByKOMOrmoLLaioLLme U KOMOUHUPOBAHHbIE.

Mpv BO3BEAEHWM LLYMO3ALYMTHBIX 3KPAHOB BAOSb XENe3HO! Aopork Heobxoammo, YTobbl BOMHa 3BYKa
He BO3BpaLLanach K noesaam, Yero 3ByKoOTPaXatoLLMin TMM akpaHa 0becneynTb He MOXKET, Tak Kak UCTOYHMK
LUyMa W CTOpOHa, NPOTUBOMOMNOXHAS OT 3aLUMLLAEMOro 06beKTa, NONy4YaeT NOBbILIEHHYHD LLYMOBYH Harpysky,
4TO HeJoMyCTUMO ANs JaHHOTO BUAA TpaHenopTa. Ha Takom yyacTke onTuManbHbIM BbIGOPOM SBNSETCS 3BY-
KOMOTOLLAIOLLMA TN 3KPaHa U3 MONTHOCTbIO NEPOPUPOBAHHBIX NIUCTOB, HE UMEIOLLMX MPO3PaYHBIX BCTABOK.

B coctaB npoekTa BKMoYeHbl MEPOMPUATUS MO CO3AAHNI0 YETLIPEX aBTOMOBUMbHBIX MyTENPOBOAOB B
cTBope [1BopLioBoro npocnekTa B nocenke MapTbiwkuHo, MeTeprodekoit ynuubl B Ctapom Meteprode; Pon-
LUKMHCKOrO Wocce, ynuubl FOHHaToB B PhibaLikom.

Co CTOPOHbI POCCHICKUX XENE3HbIX LOPOr NPEANOXEHO NpeaycMOTPETb NPOKNALKY AONOMHUTENbHBIX
NpUeMO-0TNPaBOYHBIX NyTel nonesHoi AnuHon 1050 M. BbinonHeHbl NPeanpoekTHbIe NpopaboTku, B KOTOPLIX
CofiepXaTcs KOHCTPYKTUBHbIE M 06BEMHO-MNAHNPOBOYHbIE PELLEHIS MO PEKOHCTPYKLIAM XKene3HOA0POXHON ny-
Teit ot OpanueHbayma go MMMK «BpoHkay.

B 6yayLiem ecTb HeobXxo4MMOCTb CTPOUTENLCTBA HOBOI Xene3Hoi aoporu B 06xog MeTpoasopLoBoro
1 KpacHocenbCckoro panoHoB Ha yyacTkax Bnagumupckas (1) — MoauHo (2) — Tanupl (3) — BpoHka (4) (puc. 5).
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Puc. 5. MepcnekTBHOe HanpaBneHue pa3suTIs HOBOTO XEMNE3HOAOPOXHOO MyTy
B 06XO0f KMNbIX PaOHOB U PaiOHOB C KyMbTYPHBIM HAacneauem

MOXHO C YBEPEHHOCTbIO CKA3aTb, YTO aHHbIA NOPT SBMAETCS BaXHOM COCTaBNsIoLLE «HOBOTO Lerko-
BOTO MyTW». YuuTbIBas BHELUHENONUTUYECKyto o6cTaHoBKy, CaHkT-MeTepbyprekuit nopT Habupaet Bee 6omb-
LLIYI0 aKTYambHOCTb Npu 060poTe rpy3oB Yepes Poccuto B cTopoHy Kutasi u B cTopoHy EBponelickix cTpaH. MopT
SBNSIETCS OTMPABHON TOYKOI Arsi MOPCKUX CYOB, @BTOMOBUBHONO M XENe3HOJOPOXHOrO TpaHcnopTa. Ans
CaHkT-MeTepbypra 04eHb BaxHO BbiTb YaCTHHO MCTOPHUYECKM CIOKMBLIENCS TPAHCTIOPTHON CUCTEMBI, BKMOYa-
foLLien B ce6sl MHOXECTBO TPAHCMOPTHbIX CUCTEM. ITO YCUNMBAET SKOHOMUYECKOE Pa3BUTHE HALLETO PErvoHa 1
CTPaHbI B LIENIOM, CO3MAloTCs HOBbIE PbIHKM KUTaCKUX M €BPOMelickiX ToBapoB. Ho, HECMOTPSI Ha BCe BblLLe-
MEPEeYNCIIEHHbIE MONOXMUTENbHBIE ACMEKTh BIUSHUS HA 3KOHOMMKY CTpaHbl, JaHHbIA NOPT MMEET HeraTuBHble
CTOPOHbI [i15 KUTeNeit toro-3anafa ropoga, yXyAllast yCrioBus MpoXMBaHUs B paitoHax, Gnmanexaluymx K xe-

nesHoi gopore.
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YOK 656. 016

E.K. BuneHckas
CTYAEHT Kachespbl CUCTEMHOTO aHanmaa u NorucTukm
H.A. Cno60od4ukos — kaHAMAAT BOEHHbIX HayK, NPOGECCOp — Hay4HbIi PYKOBOAMTEMb

AHANW3 3HEPTETUYECKWX YCTAHOBOK NS PEGPWKEPATOPHBLIX KOHTEMHEPOB
HA XXENE3HOJOPOXHOM TPAHCMOPTE

B HacTosee Bpems BCe Gonbluee pacnpocTpaHeHne nomyyaioT KenesHoJopoXHble pedpuxepaTop-
Hble KOHTEHEPHbIE NepPeBO3KY BBUAY MCYEPNaHNS 3KCMyaTaLMOHHOMO pecypca pedpuepaTopHbIX BaroHOB
11 OTCYTCTBUS X COBPEMEHHOTO NMPOVU3BOACTBA.

MpeumyLLecTBa UCNOMb30BaHMS PedpIKEPaTOPHbIX KOHTENHEPbI, 3aKMI0YaKTCS B CreaytoLLem: Bo-nep-
BbIX, YHUBEPCANbHOCTb KOHTEHEPA, KOTOPbIA MOXHO MOrpy3nTh Ha Noboi BMA TpaHCNopTa; BO-BTOPbLIX, aBTO-
MaTu3aLys npoLiecca neperpysKi rpysa ¢ O[HOTO BIAA TPAHCMIOPTa Ha APYroi C MUHUMAMbHBIMI BpEMEHHLIMM
U3AEPXKKaMM, C UCKIOYEHNEM NEPErpy3ky Camoro rpysa; B-TPETbUX, YMEHbLIAETCS KONMYECTBO NEPErPY30UHbIX
onepauui, a, cresoBaTenbHO, YMEHbLUIAETCS PUCK NOPYM rPy3a; B-4eTBEPTbIX, BOIMOXHO OCYLUECTBNEHNE A0-
CTaBKY rpy3a «oT ABEPY JO ABEPHY.

HecmoTpst Ha psif NpevMyLLecTB, Npu BBEAEHUN B 3KCTIyaTaLuio pecpuKepaTopHbIX KOHTEMHEPOB BO3-
HUKaEeT PSA CNOXHOCTEN M3-3a PasHWLIbl B TEXHOMOMMYECKOM NPOLIecce NepeBO3KM BarOHOB 1 KOHTEHEPOB MO
KenesHoit fopore. [ns KOHTEiHEPOB HEOBX0AUMbI creLnanbHble (hUTUHIOBbIE MNaTopMbl (0BbIHbIE MM
YANVHEHHBIE) 1, KOHEYHO Ke, ECNU PeYb WAET 0 pedpuKepaTOpHbIX KOHTENHEpPaX, TO U SHepreTuYeckue ycra-
HOBKM, 0BecneunBatoLLme hyHKLMOHMPOBAHNE XONOAUbHbIX arperaTos.

[ins sHeprooGecneyeHns pedpuxepaTopHbIX KOHTENHEPOB, Kak MPaBUIIO, MCMONbL3YIOTCS BaroHbI-amek-
TPOCTaHLMW, HO OHW YMEHBLLAKT NONE3HYI ANMHY noe3ga. B To e Bpems, He 1CMOoNb3ys AOMOMHUTENbHbIN
MOABWKHON COCTaB, MOXHO WUCMOMb30BaTL Boree KOMNAKTHbI BapuaHT: aBTOHOMHbIE AU3eNb-TeHePaToOpHble
ycraHosku (AIY) PKB-15, «[Mporpeccop-01», ux xapakrepucTuku npueegeHs! B 1abn. 1, 2.

AOIY «Mporpeccop-01» (puc. 1) coctouT:

- 13 in3enb-reHepaTopHoro 6roka ¢ Au3enb-reHepaTopoM U CUCTEMOI MOHUTOPUHIA U YNIPaBEHNS;

- TONNKUBHOTO BNoKa C TONNMBHbIMK Bakamu;

- CbeMHOro 3axBaTa — 2 LUT.

Mpwn nomoLym BonToBbix coeamnHeHnin 6noku ALY «Mporpeccop-01» coeanHeHbl Mexay cobon u obpa-
3YI0T €ANHYI0 KOHCTPYKLMIO.

ALY PKB-15 (puc. 2) dhyHKLMOHanbHO U no coctaBy obopynoBanus aHanornyHa ALY «Mporpeccop-
01» v OTNMYaEeTCH BMECTUMOCTbIO TOMMMBHOTO H6aka W KOHGUrypaLmen HecyLLeit MeTannoKOHCTPYKLMM.

B yrnax onopHoit pambl ALITY pacnonoxeHbl (UTUHI ANS YCTaHOBKW Ha ynopbl nnatdopmbl. [abapur-
Hble pa3mepbl B nnaHe 1 pacnonoxenue yrnosbix ¢utuHroB ALY «[Mporpeccop-01» u PKB-15 cootBeTcTBylOT
pasmepam 1 pacrnonoXeHnto UTUHIOB koHTenHepa AnuHon 10 cyToB. CheMHble 3axBaTbl NpeaHa3HaueHb!
ans kpennenus ALY k pedbpuxepaTopHOMY KOHTEHEPY.

Moakrtoverve ALY K XonogunbHON YCTaHOBKE PEqpUKEPaTOPHONO KOHTENHepa OCYLLECTBASETCS MU Mo-
MOLLW MPUCOEANHUTENBHOO Kabens, BXOASLLIEro B COCTaB XOMOAWNLHONO arperaTa ped)pykepaTopHOro KoHTelHepa.
Ynpasnenue ALIMY ocyLLecTBNAETCS ANCTaHLMOHHO, MO0 HEMOCPENCTBEHHO M3 AN3enb-reHepaTopHoro 6roka.

Tabnuya 1
XapakTepucTuka BaroHa-Aun3enb-anekTpocTaHLum
MapameTpbl BaroH-An3enb-anekTpocTaHums
[abapuTHble pasmepbl abaput 1-BM
HomuHanbHas MowHoCTb, KBT [Ba ansenb-reqeparopa vna AFMA-75 mowHocTbio 75 KBT kaxabii
Pog Toka TpexasHblil NnepeMEHHBbIN
HomuHanbHoe Hanpshkeve, B 400B
HomuHanbHas yactota, 'y 50 Iy
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Xapaktepuctukm ALY «Mporpeccop-01» 1 PKB-15

Tabnuya 2

MapameTpbl

3HaueHue

«[Mporpeccop-01»

PKB-15

Ycnosus akcrnyaTaumu

ot muHyc 50 OC go nntoc 50 OC, BnaxHocTb Bo3ayxa Ao 98%
npu Temnepartype nnoc 25 0C

gaggﬂ”gﬂgggg‘:’“"epb" MM (ANt X Wi~ 2991x2438x1300 2991x2438 2896
MakcumanbHas macca C TOnnmMBOM, Kr 4730 3700
HomuHanbHas MoLwHOCTb, KBT 15/25

Pog Toka nepeMeHHbIi, TpexdasHbii
HomuHanbHoe Hanpshketve, B 380/460

HomuHanbHas yactorta, 'y 50/60

Bpems HenpepbIBHOI paboTbl, (CyTkM) 24-40 | 24-36

Tonmierent Brox Luzens-reseparopHeni GRok

7

| 190 )

T z 11

2
L)

2438

| 2787

Puc. 1. «Mporpeccop-01»

2991

250

2638

U
s
=

287

Puc. 2. PKB-15

Mopkntodermne koHTeiHepoB U ALY K ceTu anekTpocHabxeHust NnaTopMbl NPOU3BOASAT B COOTBET-
CTBUM C TEXHWYECKOW OOKyMeHTaumeln Ha nnatdopmbl, ALY u koHTerHepbl. Mpumepsl nogknoderns AQNY

nokasaHbl Ha puc. 3.

PaswmeLueHve koHTerHepoB u ALITY Ha (UTUHIOBOM Nnatdhopme MOXKET BbiTb PasnnuyHOE, HEKOTOpbIe
BapWaHTbl PacMonoXeHUs NpUBELeHb! Ha puC. 4.
Mpu pasmeLLieHnm B COOTBETCTBIM CO CXeMaMU, MPUBEAEHHBIMU Ha PUCYHKaX:
- 4a — nogbop KOHTEHEPOB NPOM3BOAAT B 3aBUCMMOCTU OT UX Macchl 6pyTTo;
- 4B — macca OpyTTO KOHTElHEpa He JOMmKHa NpeBbIwaTh 14 T;
- 41 — pa3HOCTb Macc bpyTTO KOHTENHEPOB He JOMKHA NpeBbIWaTh 6 T.
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a)

6)

Puc. 3. Mpumepbl nogkntoueHns ALY K ceTh anekTpocHabxeHus nnatopmbl:
a — noakntoyeHne AAY «Mporpeccop-01»; 6 — nogknioyeqve AQY PKB-15
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Puc. 4. BapuaHTbl pacnonoxeHus koHTeiiHepoB u ALY Ha mTuHroBomn nnatgopme
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Wcnonb3oBaHue aBTOHOMHbIX AU3EMb-TEHEPATOPHBIX YCTAHOBOK NO3BONSIET:
 YBENNYUTb NOME3HYI0 ANMHY NOe3fa;

© YMEHbLINTL HEOBXOANMOE KOMMYECTBO TOMMNBA;

 0fecneynTb NoMHyto aBTOMATU3ALMIO.
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YOK 168

M. C. lesopkbsiH
CTYAEHT Kachepbl CUCTEMHOTO aHanmaa u NorucTukM
H. H. Maliopoe — kaHanpaT TEXHUYECKUX HayK, OOLEHT — HaYYHbIA PYKOBOAUTENb

TPAHCMOPTHBIE NPOBNEMbI B OCBOEHWW CEBEPHbIX MECTOPOXIEHUI

AkTyarnbHoCTb BblbpaHHOI TeMbl 0ByCroBNEHa TeM, Y4TO CaMoe CEBEPHOE MecTopoxaeHne Poccun siB-
NAeTCs KNagoBom Npupogbl U xpaHuT B cebe 6onee 250 MITH T HedhTH 1 KoHgeHcaTa, a Takke 320 mnpg M3 rasa.
HoBbIl NOPT — 0AMH M3 CaMblx TEXHOMOTMYECKN CMOXHbIX ChIPbEBbIX MPOEKTOB B HacTosLee Bpems. [naBHom
ero npobnemoit cTano oTcyTcTBUE IPPEKTUBHONM NOMUCTUHECKOI CXEMbI. OTOT BOMPOC BOMHYET JKCNEPTOB C
MOMEHTa OTKpbITUS 3anexeit. CeBepHbI MOPCKOA NyTb BaeH AMNs Halen CTpaHbl, 3TO KpaTyalwui nyTb
Mexay eBponeiickoi YacTblo Poccum v [lanbHium BocTokom ¢ nocnegytowmm BbixogoM B EBpony v B CTpaHbl
Asunatcko-TuxookeaHckoro pervoHa. Ho kpyrnorogniHas MHycoBas Temneparypa, Henpoxoaumblil neg, yaa-
NEHHOCTb OT BCeX HedTenepepabaTbiBaoLLMX CTAHLWIA, XENEe3HOLOPOXHbIX 1 aBTOMOBUNBHBIX LOPOr — BOT
rnaBHOe NPensaTCTBUE TakoN LIEHHON HaXOAKW.

YepHoe 301070 Ha nonyocTpoee fAman 6bino obHapyxeHo B 1964 r. B aTo Bpems noscrogy Obinu nerko
[OCTYMHbIE CKBAXMHBI, @ MMEIOLLMECS TEXHOMOTUN He YCTIEBANM 3a XEeNaHWeM UCCMEeLoBaThb Takue CroXHble
TeppuUTopuM, NO3TOMY paboTbl Ha MECTOPOXAEHUN BbiNK OCTaHOBMEHbI M BO30BHOBMANCH TOMBKO CMYCTS Mof-
Beka. HoBonopToBckas HedhTb OTHOCKTCS K BbICLLEMY KNaccy, OTCloAa U NPOSIBNSIETCS Tako! MHTEPeC K MECTo-
poxaeHuto. Ho v Bonpoc BbIBO3a CTOMb APAroLeHHOro NpoayKTbl He AaBan MoKos aKCnepTaMm U BHOCUN TpyA-
HOCTK B pa3paboTky npoekTa. Beb AaHHOE MECTOPOXAEHWNE HAXOAUTCA Ha FiMane, 3a NONSPHBIM KPYroM, rae
1o bnkanwwero ropopa Canexapa 360 km., 4o nobepexbst Obckoit rybl — 300 km.

Mepsyto napTuto HedhTn pasmepom 12 000 T BbIBE3NM C MECTOPOXAEHMUS X.-4. TpaHcrnopTom. Cxema
6bina HenpocToir. CHavyana npoayKums rpysunach B aBTOLMCTEPHbI, 3aTeM, npeogonesas nyts B 200 kM no
3MMHUKY, OCTaBNANach A0 X.-4. CTaHuum «[atoTtar, 3atem Yepes (npumepHo) 800 KM LUCTEPHbI BbIFPYXanich
Ha YcuHckom HedptenepepabatbiBatolleM 3aBoae. W aaxe Takoro Manoro Konn4ectsa XBaTtuno, Ytobbl oue-
HUTb NEpCNeKTMBLI 1 YBUAETb HEAEKTUBHOCTL AaHHOM CXeMbl. KOHeuHo, 31T nyTb TpeboBan MeHbLLe BCero
BMOXEHMIA, HO, BO-NEPBbIX, MPOMYCKHAs CMOCOBHOCTb TAKOro BapuaHTa kpailHe Mana, a BO-BTOPbIX, NIETOM
TYHOPA CTAHOBMUTCS HENPOXOANUMON.

PaccMoTpeB HECKONbKO AECATKOB BapuaHTOB, Obin HanaeH camblin apekTuBHbIA. OH NpeBocxoaun
OCTanbHbIE 1 3KOHOMUYECKM W NOTUCTMYECK. [locTaBka rpy3a — no Mopto. [ipyrie Bubl TPaHCMOPTUPOBKM TPpe-
6oBanu BonbLLKX BNOXEHUA 1 yCTynanu BbIOpaHHOMy. PaccmaTpusanach Takke oTrpyaka HeddTi no Tpybonpo-
BoAy. [ins 3TOro Hy»HO OblNo NOCTPOMTL TPYOONPOBOA OT MECTOPOXAEHNS [0 brvxaiien HedTenepepaba-
TbIBAKOLLEN CTaHLMN NPOTsHKEHHOCTbO 740 kM. M oTrpyska no xenesHomn gopore. Oba BapuaHTa He cMornu Obl
obecneunTb NPoeKTy IPDEKTUBHYIO OTIPY3KY M NepeBarky Cbipbsi B HYXXHOM 06beme, YTo, B CBOK 04Yepefsb,
peLuanock NOCTPOIKoN TepmmHana «Bopota ApkTukuy B Obckoit rybe. bnarogaps aTomy komnanus «asnpom-
HeTb» MOXET OTrpyXaTb 0kono 8,5 MiH T HedhTH B roa.

B «chasoputax» 6bino YeTbIpe HanNpaBneHUs 4OCTaBKM Chipbsi 10 MOPHO.

1. TpaHcnopTMpoBKa NpoaykTa no Hedhtenposoay AnuHoit B 100 kM Ao Mbica «KameHHbIit». TpaHcnop-
TMPOBKa MOPCKMM TpaHCnopToM B nopT r. MypmaHck. Peannsauus Hedptn B 3anagHyto Espony, CeBepHyio
Amepuky, Kutair, KOxHyto Kopeto, Anoxuio.

2. TpaHcnopTUpoBKa NpoaykTa no HedhTenpoBoay, AnvHoi B 450 kv [0 BaxToBOro nocenka «Cabettan.
TpaHcnopTUpOBKa MOPCKUM TPaHCMOPTOM B nopT r. Mypmatck. Peannsauus Hedptv B 3anagHyto Espony, Ce-
BepHyto Amepuky, Kutait, KOxHyto Kopeto, AnoHuto.

3. TpaHcnopTupoBka nNpoaykTa no Hedptenposogdy, AnuHon B 450 kM 4o nocenka Xapacasan. TpaHcnop-
TMPOBKa MOPCKAM TpaHCnopToM B nopT . MypmaHck. Peannsauus Hedptn B 3anagHyto Espony, CeBepHyio
Amepuky, Kutai, KOxHyto Kopeto, Anoxuio.

4. TpaHcnopTMpoBka NpogykTa no HedTenpoeogy, AnnHoi B 280 kM o baiipapalikoit rybbl. TpaHcnop-
TMPOBKa MOPCKMM TpaHcnopToM B nopT . MypmaHck. Peannsauus Hedptn B 3anagHyto Espony, CesepHyio
Awmepuky, Kutan, FOxHyto Kopeto, AnoHuto.
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C TOYKY 3peHust MOPCKON MOTUCTMKN, KOHEYHO, Camblil yA0OHbIA BApUaHT — 3T0 TepMUHarn B Xapacasai,
He Hafl0 AenaTb HUKaKWX KptokoB. [laHHbIi BapuaHT no3sonun 6bl npsiMoi Aoporoi, Yepes Kapckoe Mope fo-
CTaBUTb He(hTeNpOaYKT B NopT r. MypmaHcka. Ho B TakoM cryyae npuwnock 6bl CTpouTh HedhTeNPOBO ANVHON
250 km. OueHWB BCe NMKOCHI 1 MUHYCbI YETbIPEX BapuaHTOB, BbIGOP OCTAHOBWUNCS Ha MOCTPOEHUN TpyBonpo-
BOAa OT MECTOPOXAEHNS 40 Mbica KameHHbIn. ObLas npoTsikeHHoCTb Tpybonposoaa coctasnset — 100 km.

Bpewmsi, koTopoe TpaTuTCs Ha focTaBKy HedT, 6naropapst BoibpaHHoMy cnocoby, 3aMeTHO cokpaTu-
nock. Tenepb, B 3anaaHyto EBpony yepHoe 301070 nocTynaeT BCEro 3a 5-7 AHen nocrne 3axofa TaHkepa B
mopckoi nopT MypmaHcka, B CeBepHyto Amepuky 3a 9-14 gHei, B Kutait 3a 21 aeHb, a B HOxHyto Kopeto n
AnoHuto 3a 19 1 13 AHEN, COOTBETCTBEHHO.

S 27,3 TbIC. T
o 105 km. .
OBBI OPT HedTenpoBoay 'repmllja):iane «BOPO’I]')H
ApPKTHKI)
MN-os AAman
2500 km.

BapeHueso mope Kapckoe mope

(3,5 Hegenn)
TpauncnopTupoBka TaH-

Ke;iamn B IOPTHI 3amaj- Tepesanika B npOl‘IMB
vt Fonams nopry Mypmat- Kapckwe BopoTa

PucyHok. Cxema TpaHCNopTMPOBKW HedhTH

TpaHcnopTupoBka HedTH C CamMoro CeBEpPHOr0 MECTOPOXAEHUS OCYLLECTBISETCA TaHKepamu B COMpo-
BOXOEHMM aTOMHBIX TEAOKONOB C CamMoro Havana o nponuea «Kapckue BopoTay.

CambIit MOLLHbIV 13 An3enbHbIx negokonos knacca Arc 130A/Icebreaker 8, «AnekcaHap CaHHUKOBY Bbin
MocTpoeH B . Boibopr v BBeaeH B akcnnyatauuio B 2017 T.

KntoyeBble xapakTepucTukin CyaHa.

o CobCTBEHHAs ciCTeMa NOrpyskn Ha BopT:

> BbIneT cTpenbl — 26,7 M,

» Ipy30nogbeMHOCTb — 26 T.

o [lnnHa — 121,7 m,

o lllnpuHa - 26 ™,

o MowHocTb - 21,5 MBT,

e QOcanka - 8 m.

o PabotaeT npu aKkcTpeManbHo HU3kux Temneparypax (-50 C).

o Bpemsi aBTOHOMHOM paboTbl — 40 cyT.

o MakcumarnbHast MaHeBpeHHOCTb — 360 rpagycos.

o Hynesot copoc.

B TpaHcnopTupoBke HedTH C MeCTOpOXaEeHUS «HOBbIA NOPT» MPUHUMALOT y4acTue TaHKepbl knaccos Arc
5nArc 7. TaHkepb! knacca Arc 7 n03BONSOT BbIBO3UTH HE(Th KPYITIOTOANYHO. TaHKepbl AaHHOTO Kacca MoryT
ABUraTbCs BO NbAax CaMOCTOATENBHO MO KaHany, NpeaBapuTenbHO NOATOTOBNEHHOMY aTOMHbIM NELOKONOM.

OCHOBHbIe XapaKTEPUCTIKM BCEX TaHKEPOB, pabOoTaIOLLIMX HA CEBEPHOM MECTOPOXEHNM, NPELCTaBMEHbI
B Tabnuue.
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XapaKTepuCTukY TaHKEPOB

Tabnuya

Tun Artic Shutlle Tanker | AcTtpaxaHb Artic Shutlle Tanker

Knacc ARC 7 ARC 5 ARC7
Ocapka, MakcumanbHas, M. 9,5 9,8 9,5

[OnnHa, m. 249 155,6 249
LLnpuHa, M. 34 24,5 34
BbicoTa, M. 15 13,4 15
CkopocTb, y3nbl 14 15 20
MowwHoCTb rugpaBnnyeckoro npusoga, kBT 2x11000 1x8580 2x11000

[nsa obcnyxmBaHus npoekta «HOBbIA NOPT» CO3AaETCs CreynanbHbIA (roT, BKIIYAKWWA HOBbIE Ne-
[oKonbl 06ecneyeHnst 1 TaHKepbl B apKTUYECKOM UCMIOMHEHNM, CNOCOBHbIE NPEOAONEBaTh MbAbl TOMLMHON A0
1,8 M, ocaakoit 9 M, rpy30M0ABEMHOCTBIO 0KOMO 35 ThiC. T M 060pYA0BaHHBIE HOCOBLIMM NOTPY304HBIMU YCTPOI-
CTBaMW [Ns 3arpy3ky Cbipbs € BalleHHOro TepmMuHana.

Tepmunan «Bopota Apktuku» BygeT crnocobecTBOBaTh HapalLMBaHmIio rpy30nepeBo3ok no CesepHOMY
MOpCKOMY MyTu, a MapLpyT Aman — MypmaHcK JOMKeH CTaTb OAHAM U3 MEPBbIX NOCTOSIHHO UCMONb3YeMbIX

OTPE3KOB 3TOr0 TPAHCMOPTHOrO Kopnaopa.

BuGnuorpadmyeckuii cnucok

1. Hasapos A.B., JlockytoB A./. HelpoceTeBble anropuTMbl NPOrHO3MPOBaHNA W ONTUMM3ALMN CU-

crem. CIMb.: Hayka n TexHuka, 2003. 384 c.

2. NAO «la3npom-HedTb». URL.: http://www.gazprom-neft.ru/ (gata obpailerus: 04.04.2018).
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YOK 656.025

A.A. 3a820p0odHsis
CTYAEHT Kachespbl CUCTEMHOTO aHanmaa u NorucTukm
H.A. Cno6od4ukos — kaHAMAAT BOEHHbIX HayK, NPOGECCOp — Hay4HbIi PYKOBOAMTEMb

OLIEHKA 3®®EKTUBHOCTU UCMOJIb3OBAHUA NHOOPMALIMOHHbLIX CUCTEM KOHTPOIA
NPU OPrAHU3ALIUN NEPEBO3KK CKOPOMOPTALLUXCA rPY30B

B ycnoBusx COBpeMEHHOr0 pblHka MHAYCTPUS CKOPOMOPTALLMXCS rPY30B CTPEMUTENBHO pPa3BUBaETCS U
npuobpeTaeT 3HaYNTENbHbIN 00bEM. MepeBo3kn CKOPONOPTALLMXCS FPY30B CTaHOBSATCA Gonee BocTpeboBaH-
HbIMM Ha (hOHe N3MEeHEeHs MOTPEBUTENLCKOI COCTaBNSIOLEN: POCT AOXOA0B HAcemneHus B psae CTpaH, name-
HeHWe 0bpasa Xu3HN W OMeTbl, Y4TO, COOTBETCTBEHHO, YBENUUMBAET NOTPEBHOCTL rpaxaaH B CBEXMX TOBapaXx.

OpraHu3auus nepeBo3ki CKOPOMOPTALLMXCS PY30B ABASETCS CIIOXKHON NOTUCTUHECKON 3aAa4en, TaK Kak
AaHHbIe rpy3bl He06X0ANMO TPaHCMOPTUPOBATL C COBMIOAEHNEM TEMNEPATYPHOTO M BNAXHOCTHOTO PEXIMOB,
a Takke TpebyeTcs yunTbiBaTb NPeAenbHbIE CPOKM HAXOXKAEHWs rpy3a B Lenw. Mpu opraHusaLum nepeBo3ku
cnepyeT NPUHMMATL BO BHMMaHWE HOPMY CTECTBEHHOW YBbinu (3aBuCALLEt OT BUAA rpy3a, YCroBui U Anu-
TENBHOCTW NEPEBO3KY, NEPErpy3kv 1 XpaHeHWsl, KMMaTUYECKOA 30HbI, Tapbl U YNaKoBKK), NPEBbILLIEHNE KOTO-
poii HeusbexHo, ecnn He cobntoaaTh TpeboBaHWUS K NepeBo3ke.

B 3aBucumocTy ot cnocoba TemnepaTypHoit 06paboTku U pexuma nepeBo3ku CKOPOMOPTALLMECS rPpy3bl
YCMOBHO JENST Ha rpynnbl:

1) rnyboko3aMOpOXeHHbIE — rPy3bl, NEPEBO3MMbIE MK TemnepaType Hixe -18°C;

2) 3aMOpOXeHHble — rpy3bl, NepeBo3uMble Npu Temnepatype -18°C...-6°C;

3) oxnaxaeHHble — rpy3bl, nepeBo3nmMble npu Temnepatype -5°C...-1°C;

4) oxnaxaaemble — rpy3abl, nepesosnmble npu Temnepatype 0°C...15°C;

5) otennsemble.

CkoponopTALLMecs rpy3bl NEPEBO3AT Kak B U30TEPMUYECKOM NMOABUKHOM COCTaBE — OT pedhpuxepaTopoB
[0 TEPMOCOB, TaK 1 B YHUBEpCanbHOM NMOABWXHOM cocTase. Mpouecc nepeBosky TpebyeT koHTpons. C noBbI-
LLEeHWeM TemnepaTypbl YCUNMBAETCS aKTMBHOCTb BUOXUMUYECKMX MPOLIECCOB B rPy3e. YBENMYEHNE BNaXHOCTH
Mo CPaBHEHIO C HOPMATUBHOM BbI3bIBAET KOHAEHCALMIO BMark Ha MOBEPXHOCTY rpy3a 1 CO3AaeT YCroBus Ans
PasBUTUSI MUKPOOPraHU3MOB, @ YMEHbLLUEHIE BRAXHOCTU HKE YCTAHOBNEHHBIX NPEENoB NPUBOANUT K MHTEH-
CMBHOMY WCMaApEHWIo BNaru 13 rpysa.

B HbIHeLLHee Bpems NSt KOHTPONst COBMIOAEHNS TEMNEPATYPHOTO U BNAXHOCTHOTO PEXMMOB NPUMEHSIOT
MHAOPMALIMOHHbIE CUCTEMbI C UCMONb30BaHWEM TeXHUYecKoro obopynoBaHus. VHdopmaLmoHHas cuctema
npencTaBnseT coboii COBOKYMHOCTb coaepxalLeiics B 6asax AaHHbIX MHopmaLmm 1 obecneumnsaioLLmx ee 06-
paboTky MHOPMALMOHHBIX TEXHOMOMMI U TEXHUYECKINX CcpeacTB. CNyTHMKOBAs cUCTEMA HAaBUraLmn SBNSETCA
Pa3sHOBMAHOCTbIO MH(hOPMALMOHHON cucTembl. Ha 6ase Takux cnyTHukoBbIx cuctem kak FOHACC n GPS pas-
pabaTbiBalTCA TPEKEPLI 1 KOHTPOMMEPHI, K KOTOPLIM MOXHO NOAKMIOYNTL, B TOM YMUCIE, [ATYMK TeMnepaTypbl
B pedhpuxepaTope.

OpHWM 13 NpUMEPOB SIBNSIETCS TPEKep, NPOM3BEeAEHHbI komnanuen «aeMouy. «FneMou» — cepsuc
reornokaLmmu noABuxHbIx 06bekToB. CepsrC NPesocTaBnSeTcs KoMnaHnaM U U3nyeckum nuuam — no Bcen
Poccun, a Takke 3a ee npegenamu. Ycnyra ocHoBaa Ha TexHonorusix GPS/TTTOHACC/LBS, npu aTom ucnonb-
3ytoTcst kak GPS-Tpekepbl, Tak 1 MOBUbHBIE NPUIOXEHNS!.

Tpekep umeeT BCTPoeHHyo GSM-aHTeHHy, kapTy namaTi microSD emkocTbto 128 Mb, a Takke obecne-
umBaeT noppepxaHve asyx SIM-kapT. PabotaeT OT akkymynsTopa M B TeMnepaTypHOM AuanasoHe -
25°C...55°C [1].
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Puc. 1. «FpeMou» A8 (v5) Tpekep GPS/TMOHACC Puc. 2. latunk Temnepatypsl 1-Wire

[aTtumk n3mepsieT Temnepatypy B avanasoHe ot -55 go +80°C ¢ ToyHOCTbIO A0 Nonrpagyca. ITv ceeae-
HWS BMECTe C HaBUraLMOHHON WHAOpMaLMen NepeaatoTcs B pexume peanbHoro Bpemenn yepes GSM-ceTb B
parta-LueHTp cepauca «geMouy. [MporpammHoe obecneveHue HenpepbiBHO KOHTPOMWpYeT Temnepartypy,
npeaocTaBnAs WNPOKME BOIMOXHOCTY 4118 YAANEHHOTO MOHUTOPUHTA:

*  KOHTPOMNb TeMnepaTypbl OHNaiH;

+  0TODpaXeHWe CTOPUYECKVX 3HAYEHMIA Ha rpachuKe;

+  TabnuyHoe npeacTaeneHue C BblaeneHemM MHMMYMOB U MaKCUMYMOB.

Cwctema komnaHum «I'aeMou» No3BonseT HaCTPOUTb MOMEHTAMbHbLIE ONOBELLIEHMUS O BbIXOAE 3HAYEHMI
Temnepatypbl 3a Jonyctumble npeaensl — no SMS, e-mail u Ha akpaH gucneTyepa [2).

OpHolt U3 pa3HOBMAHOCTEl CPEACTB KOHTPONS SABNSETCH TePMOMHAMKATOp. [puMepomM CryxuT anek-
TPOHHbI MHOrOpa3oBbIit TepmonHamnkatop Kbto-tar Linm Jok P (Q-tagCimDoc R), npouasefeHHbIi komnaHuen
Bepnnnrep & KO. AT, KOTOpbI NPUMEHAETCS AN MOHUTOPWHIA W KOHTPONS TEMNepaTypbl B TEPMOKOHTEIHE-
pax unu aBTopedpwkepatopax. Takoro poga TepMOMHAMKATOP B OCHOBHOM WUCMONb3YHT NSt KOHTPOMS XOro-
[0BOV Lenu. [laHHbIA TEPMOMHAMKATOP MOMHOCTLI) COOTBETCTBYET TPeOOBAHUAM CaHUTapHO-3MUAEMUONOrU-
yeckux npasun CM 3.3.2.332-16 «YcnoBus TpaHCMOPTUPOBAHWS U XpaHEHUst MMMYHOBUOMNOMMYECKNX Nekap-
CTBEHHBIX NpenapaTosy.

( Kbto-tar® L/Im dok P
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Mapamerp1 |
Napamerp 2 1
Napamerp 3
Mapamerp 4 |
Napamerp 5
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Puc. 3. TepmonHaukatop Kbto-tar Lifim gok P

Pabounit granasoH Temnepatyp: -30°C...55°C. Mpeaensl TpeBOMM — 40 5 HE3aBMCUMO NPOrpaMMmUpye-
MbIX NpeaenoB Tpesoru. iHTepBan uamMepeHus Temnepatypbl — Kaxayto MUHYTY. [03BONsieT IpOU3BOANTL aHa-
N3 AaHHbIX 6€3 NPUMEHEHNS KOMMbIOTEPA W CNELManbHOro NporpaMMHoro obecneyeHmns HenoCPeACTBEHHO
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Ha akpaHe ycTpoiicTa. OfHako umeeT BCTpoeHHbI nopT USB, uto no3sonseT B AanbHeMLLeM 3KCnopTMpoBaTh
OTYeT C rpadmkom u3MeHeHus Temneparyp. Pecypc paboTbl TepMonHANKaTopa, 06yCnOBEHHbI PECYpPCOM
6atapeu, He MeHee 24 mec. [3]

Tarkke MOXHO paccMOTpeTb TepMoMeTp UHpakpacHblit MASTECH MS-6530, koTopbli 103BoNsieT onpe-
[enstb Temnepatypy obbekta Ha paccTosHMM. TepMOMETp M3MEepsieT LMPOKWIA AManasoH Temmnepartyp: -
20°C...537°C, Ho He No3BONSET B aBTOMATWN3MPOBAHHOM PEXUME (PUKCMPOBATL UX NepemeHy [4].

Puc. 4. TepmomeTp nHcppakpacHbin MASTECH MS-6530

Bce BbilLenepeyncrieHHbIe Cnocobbl KOHTPONsH COBMIOAEHNS PEXMMOB NEPEBO3KY TPEBYIOT SKOHOMUYE-
CKWX 3aTpaT CO CTOPOHbI FPy30nepeBo3ymka: 06opynoBaHMe W ero yCTaHoBKa, MpodnnakTuka KOppekTHoM pa-
60TbI 060pYyAOBaHMS, NPOrpaMmMHoe obecneyermre 1 T.n.

Takum obpa3om, 3peKTUBHOCTL MCNONBb30BAHUS MHEOPMALMOHHBIX CMCTEM KOHTPONS HeobXxomumo
OLIEHMBATb B 3aBUCMMOCTY OT LLUMPOKOTO CTIEKTPa U3AEPXKEK, 3aTpayeHHbIX Ha obecreyeHre nepeBo3ky CKopo-
NOPTALLNXCS TPy30B. Kaxmoe npeanpustie CamocToATENBHO ONpeaensieT HeobXxo0aMMOCTb UCNONb30BaHUS C-
CTeM, TaK Kak BaXHbIE PONM WUrpaloT COCTOSIHME MOABWXHOIO COCTaBa, KOMMETEHTHOCTb NEPCOHana, a Takke
HayanbHoe COCTOSHME rpy3a.

Bubnuorpadmyeckuit cnucok

1. MpodeccuonansHbi IMIOHACC/GPS TepmuHan Ans CnyTHUKOBOTO MOHWUTOpUMHra TpaHcnopTa. URL:
https://www.gdemoi.ru/gps-treker/a8/ (nata obpawieHus: 18.04.2018).

2. [fatumk Temnepatypbl 1-Wire. URL: https://www.gdemoi.ru/support/gps/tenemeTpusi/aatynk-
Temnepatypbl-1-wire/ (gata obpallerms: 18.04.2018).

3. TepmouHamkatopsl (TepmonHamkatop Kbto-tar Linm Jok P). URL: http://www.termoindikator.ru/prod-
ucts/termoindikator--qtag-clm--doc-r?tab=tabOptions (nata o6patyeHus: 18.04.2018).

4. KoHTponbHo-u3MeputenbHble npubopbl (TepmomeTp uHdpakpacHsin MASTECH MS-6530)». URL:
https://www.protehnology.ru/termometr_infrakrasnyy_mastech_ms-6530 (aata obpawerus: 18.04.2018).
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YOK 656.2

A.H. MenbHuk
CTYAEHT Kachespbl CUCTEMHOTO aHanmaa u NorucTukm
H. H. Maliopoe — kaHanpaT TEXHUYECKUX HayK, OOLEHT — HaY4HbIA PYKOBOAUTENb

BE3OMACHOCTb MPU TPAHCMOPTUPOBKE HE®TK, FTA3A U NPOAYKTOB HE®TEMNEPEPABOTKN

HedtaHas v rasoBas npombiluneHHocT Poccuiickon ®eaepauii SBRsOTCS OCHOBHBIM CEKTOPOM TOM-
FIMBHO-3HEpreT4eckoro komnnekca crpabl. OT yenewwHoro (yHKLMOHMPOBAHNS 3TON OTPaCcNN 3aBUCHT ad-
(beKTMBHOE YAOBNETBOPEHIE BHYTPEHHErO W BHELLHETO Cpoca Ha HedTb 1 NpoayKTbl ee nepepaboTku, obec-
neyeHne HanoroBbIX MOCTYNNEeHUA B BIOMKET U SHepreTudeckoir 6e3onacHoCTh CTpaHbl. besonacHocTb npu
TPaHCMOPTMPOBKe HE(hTY 1 ra3a ABNISIETCS OCHOBHLIM hakTopom 6ecnepeboitHoro obecneyeHus NpeanpusTUi.
CobntogeHne TpeboBaHmit TeXHWKM 6e3onacHoCTy, deaepanbHbIX 3aKoHOB, TpebOBaHUA TPAHCMOPTHOM LOKY-
MEeHTaLMW MOXET NpeaoTBPaTUTL JKOMOrMYeckue katacTpodbl, 3KOHOMUYECKE NOTEPM, MPOU3BOACTBEHHDIN
TpaBMaTU3M.

Memods! obecneyerus 6ezonacHocmu npu mpaHcnopmuposke Heghmu
Hed)Tb n He(bTeI'IpO,ELyKTbI OTHOCATCA K ONacHbIM rpy3am. I'IepeBoaKa OnacHbIX rpy30B OCYLLECTBNAETCA
BCEMM BUAAMU TPaHCNOPTa: aBTOMOBMIIBHBIM, XENe3HOA0POXHbIM, BO3AYLHBIM, MOPCKUM, peyHbIM. Ha kax-
):lbll7| BUA TpaHcnopTa CYLLEeCTBYIOT CBOW TPAHCMNOPTHbIE OKYMEHTaL UK, yCTaHaBnnBatoLlue TpeﬁOBaHMﬂ fo ne-
peBo3ke onacHbIX rpy3os. B cootBeTcTBMM C pexkomeraauusmMm OOH ans nepeBoauMbIX OnacHbIX rpy3os Bbina
OCyLLEeCTBNEHa KraccudukaLms, Kotopas npeaycMaTpyuBaeT AeneHne OnacHbIX rpy30B Ha Knacchl ONacHoCTH

i1].

Tabnuya 1
Knaccbl onacHoCTu rpy3os
1 knacc B3pbiByaTble MaTepuansl
2 knacc ['a3bl CKaTble, CKWKEHHbIE N PACTBOPEHHbIE NOA AABNEHNEM
3 knacc TNerkosocnnameHsOLNECS XMAKOCTH, TBEPAbIE BelLecTBa
4 knace CamoBosropatoLumecs BellecTsa ; BelecTsa, Bbiensiouue Bocnnave-
HAIOLLMECH rasbl Npy B3aMMOAENCTBUN C BOLOM
5 knacc OkucnsioLLMe BeLLecTBa 1 OpraHn4eckve nepokcuab
6 knacc FnoBuTble BELLECTBA U MH(EKLMOHHbIE BELLECTBA
7 knacc PagwoakTveHble MaTepuansl
8 knacc Efkve 1 Koppo3noHHbIe BellecTsa
9 knacc Mpoyme onacHble BeLLeCcTBa

Mpexge Yem Nepeso3nTb HedTb U HedhTENPOAYKTLI, HEOBXOAMMO ONPEAENUTL Kakyto ONacHoCTb Ans
TNIoAieN 1 OKpYXatoLLen cpeabl OHW NpeacTaBnsioT. HedTenpoaykTel 06nagarT LenbiM pspoM 0cobeHHoCTeN,
KOTOpble CYLLEeCTBEHHbIM 06Pa3OM BRUSIOT HA OpraHW3aLyio TPAHCTIOPTUPOBKA. MMaBHENLMMM 13 HUX SBNs-
I0TCS1: OTHEOMACHOCTb, B3PbIBOOMACHOCTb, CMIOCOGHOCTL 3MEKTPM30BATLCA NPU ABKEHUH, BbICOKas Ucnapsie-
MOCTb 1 BSI3KOCTb HEKOTOPbIX HE(HTENPOLYKTOB, @ Takke BPEAHOCTb HeDTENPOLYKTOB AMs 300POBbS.

Kputepuem, pasgensiolm HedbTeNnpoayKTbl MO CTEMEHU OFHEOMacHOCTM, SIBMSIETCS TemmnepaTtypa
BCMbILUKM NApoB HedhTenpoaykToB. HedTenpoayKTbl SBNSIOTCS NErKOBOCNNAMEHSIOLLMMUCS 1 TOPHOYUMM K-
kocTsiMu. HedpTenpoayKTbl MOTYT BOCNNAMEHUTLCS W 63 Hanuums nameHn Npu HarpeBaHnu ux Ao onpefe-
neHHol TemnepaTypbl. Temnepatypa, npy KOTOpON BOCMNAMEHSIKTCA Napbl FOPHOYMX XuakocTei 6e3 nogHece-
HUS! K HAM OTKPBITOTO OTHS1, HA3bIBAETCS TEMNEepaTypoii CaMOBOCTNaMEHEHMS!.

B3pbIB napoB HedhTenpoayKTOB, Aaxe NPW MOSHECEHUM K ra30BOMY NPOCTPAHCTBY OTKPBITOrO OrHS, BO3-
MOXEH NUWb MpU ONPedeneHHOM NPOLEHTHOM CoAepxaHun atux napoB B Bo3gyxe. CormacHo TOCT
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12.1.017.80 HammeHblLee COAepxaHue NapoB roployero B BO3Ayxe NMpy HOPManbHOM Temnepatype W aTMo-
cthepHOM aBNEHNM, PU KOTOPOM BO3MOXEH B3PbIB, HA3bIBAETCS HU3LLIMM NPEAENOM B3PbIBYATOCTH FOPHOYEro.
HambonbLuee xe NpoLEHTHOE CoaepaHe NapoB rOPKYEro B BO3AYXE NPy HOPMAnbHOI TeMnepaType 1 aTmo-
cthepHOM AaBnEHUN, NPU KOTOPOM Takke eLLie BOIMOXeEH B3pbIB, Ha3bIBAETCH BEPXHUM NPEAENioM B3pbiBYaTO-
cT. [pomeXyTOK Mexay NUKOBbLIM ¥ HU3LLIMM NpesenamMy B3pbIBYaTOCTM HA3bIBAETCS 30HOW B3PbIBYATOCTY [2].

Tabnuya 2
[Mpeenbl B3pbIBYATOCTM Hanboree B3pbIBOONACHbIX XWAKOCTEN
Haumerosane Huawwit npegen Bbicwmin npegen
HedTenpogyKToB
- CopnepxaHue B Bo3ayxe, % CopnepxaHue B Bo3ayxe, %
BeHaunHbI 11 6,0
TTurpovHbl 1,5 45
KepocuHbl 2,0 3,0
BeHson 1,4 74

EAVHCTBEHHBIN BUA TPAHCMOPTUPOBKMA HeddTW, AN KOTOPOrO XapakTepHb! HU3KME OnepaLyMoHHble 13-
LEepXKN TPyBOnpoBoaHbIin. OH MOXET UCNONb30BATLCS Kak ANs Nepekadku HedhT, Tak 1 Ans Nepekadkn pas-
Nn4HbIX HedhTenpoaykToB. HopmaTuBHbIA CPoK akcnnyaTaumun Tpybonposoga coctasnset 30 net. Tpy6onpo-
BOA - 9TO MarucTpanb 13 cTanbHbix Tpy6 avametpom 4o 1500 Mm. YknagbisatoT Ha rny6uHy [o 2,5 MeTpos.
Hedtenposoab! ocHalleHbl 06opyaoBaHueM ans 06e3BoOXMBaHUS W ferasauun HedTi, obopyaoBaHrem Ans
NOLOrpeBa BA3KMX COPTOB HETU.

[ins nopaepxaHust He06X0AMMOro IaBNEHNs YCTAHABNMBAKOT CieLuanbHbIe NepekaunBatoLLne CTaHLmu.
Mpw OBWKEHUN HedpTenpOAYKTOB NO TPybam W Npu MPOXOXAEHUM MX Yepe3 Croi Bo3dyxa B BuAe Kanenb
(Hanpumep, NpK HanMBE B XeNEe3HOAOPOXHbIE LIUCTEPHBI, TAHKEPbI) BO3HMKAET CTaTUYECKOE AMNEKTPUYECTBO.
OHo obpasyeTcs BCreacTsue TpeHUs HethTenpOaYKTOB B NEPBOM Cryy4ae O CTeHKu Tpy6b, a BO BTOPOM — O BO3-
Byx. HedbTenpogykT nonyyaeT 3apsabl SMeKTpU4ecTBa OAHOTO 3Haka, Tpyb6onpoBoAab! U BO3ayX — Apyroro. AB-
NSSICb XOPOLUMMM AW3NEKTPUKAMU, HeDTENPOAYKTbI COXPAHSIKOT SNEKTPUYECKUE 3apsiabl B TEYEHWUE ANUTENb-
HOro BpeMeHu. Paspsabl CTaTUYeCKoro aNeKTpUYecTea MeXay U30NnMpoBaHHbIMM TpybONpoBOAaMM, aBToLM-
CTEPHaMM Ha LUMHAX U 3a3eMNEHHbIMI NPeAMeTaMu MOTyT MOBMeYb 3a CoBoI 3aropaHue Unu B3pbiB NapoB
HedhTenpoayKToB. [ins NpeaynpexaeHns CKOMNeHUs CTaTUYECKOro anekTpuyecTsa Heobxoanmo, 4tobel Tpybo-
NPOBOAHbIE CETU, COEANHSIOLLNE PasNNiHbIe 06BEKTHI HedpTebas, NpeacTaBnAnmM ANEKTPUYECKN HENPEPbIBHYIO
3a3eMneHHyto Lenb [3].

CBeTrble nerkue HedpTENPOAYKTHI (ra30BblE, MYCKOBbIE, aBUALMOHHbIE N aBTOMOOUNbHbIE BEH3MHBI) CO-
[EepxaT 3HauMTENbHOE KONMMYECTBO NErKoUcnapsioLmxcs yrnesogopoaoB. Mpu ncnapeHuy nerkux paxwmit
HedhTenpoayKT TepsAeTCS KOMMYECTBEHHO M YXYALLAeTCs Takke ero kayectso. B pesynbTate notepu nerkux
(bpakumit HedhTeNPOAYKT 13-3a 3HAUUTENBHOTO U3MEHEHUSI (DU3NKO-TEXHUYECKMX KOHCTAHT YacTO He MOXET
6bITb HENOCPELCTBEHHO UCMOMNb30BaH W MOANEXUT «MCMpaBreHntoy. HackileHre Bo3ayxa napamu 6eH3uHa B
NapoBOM MPOCTPAHCTBE pe3epByapoB NPOUCXOAMUT YPE3BblHalHO BbICTPO, NpUyeM BCAEACTBIE HanNyNs KOH-
BEKTMBHbIX TOKOB PACCMOEHWUs! NapoB He HabmofaeTcs, U KOHLEHTPaLWs NapoB BO BCEX TOYKaX ra3oBOro npo-
CTpaHCTBa 0CTaeTCs NPUMEPHO OAMHAKOBOW. Mo3ToMy B Liensx NpeaoTBpaLLeHns NoTepb Hanbonee LieHHbIX,
NErko ncnapsioLmxcs ppakuuii Takue HedTENPOAYKTHI HEOBXOAMMO XPaHNUTL W TPAHCTIOPTUPOBATL B repmMeTy-
31pOBaHHbIX pe3epByapax [4].

MHorve TeMHble HedhTenpOLYKTbI U Macna npy HU3KUX TemnepaTtypax 0bnagatT 3HauMTeNbHON BA3KO-
CTbto. MoTepu Ha TpeHre Npu nepekayke Takux HedhTenpoayKTOB No TPYBONPOBOAAM 1 MPU UCTEYEHUN U3 Xe-
Ne3HOA0POXKHBIX LUCTEPH BbIBAT HACTOMBKO GONBLUMMM, YTO MPOLIECCHI NEPEKaYKMN U BbITPY3KM YacTO CTaHO-
BSATCS HEBO3MOXHbIMM ©€3 NPOBEEHNS CrieLuanbHbIX MeponpusTUin. YacTb He(hTenpoayKToB (rnaBHbIM 06pa-
30M napauHUCTbIe HedpTeNPOAYKThI) 3aCTbIBAET NPU CPABHUTENBHO BbICOKMX TemnepaTypax. [epekadka Ta-
KuX HedpTenpOoAyKTOB 1 BbINONHEHWE APYIX CKNAACKMX OnepaLmil TakKe 4acTo OKasblBatoTCs 3aTpyaHUTENb-
HbIMM W [aXe HEOCYLLECTBUMbIMU. TMO3TOMY ANs MPUBELEHWUS BA3KMX W 3aCTbIBAKLLMX HE(TENPOSYKTOB B
TpaHcnopTabenbHoe, NOLBIKHOE COCTOSIHWUE HEOBXOAMMO CHU3UTL WX BA3KOCTb M MyTeM Nogorpesa obpaTuTb
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B XUOKOe COCTOsiHME. oaorpeB HedhTENPOAYKTOB PE3KO CHUKAET WX BA3KOCTb, 0COBEHHO B 06MacTy HU3KMX
Temnepatyp, v N03BONSET TPAHCNOPTUPOBATL Takue HedTenpoaykTbl 6e3 0cobbix 3aTpyAHEHUIA.

Mapbl HedhTenpoLyKTOB M HedhTW BPEaHbI ANs 3A0POBbS YENOBEK, @ Napbl CEPHUCTBIX HE(HTENPOAYKTOB
obnagatoT cunbHbIMK 0TpaBRstoLMMI cBoitcTBamu. OcobeHHO BpefHb! Txenble 6eH3nHbI, cogepxalyve beH-
301, ¥ 3TUNNPOBaHHble 6eH3nHbI. OTpaBneHue nioaei HeTAHbIMM NapaMu MOXET NPOM3ONTI NPYU PEMOHTE
OYMCTKE PE3epByapoB U LUCTEPH, HEAOCTATOMHO OYMLLEHHBIX OT 6EH3IHA U B HEAOCTATOYHO BEHTUMPYEMbIX
nomeLleHusix. OnacHblil Ans 300POBLS NPeen COAEPXKaHUs NapoB B BO3AYXE CYUTAETCS paBHbIM Ans 6eH3MHa,
nurpounta, kepocuHa — 0,3 mr/n v gns ceposogopogHoro raza — 0,01 Mr/n. YuutbiBas aTo, cknafckue nome-
LeHus Anst HedhT HeoBXOAMMO NPOEKTUPOBATD C YCUIEHHOM BEHTUNALMEN, a paboTbl B ONACHOM Ans 340po-
Bbs aTMOCChepe NPON3BOANUTL B CreLiManbHbIX MPOTUBOrasax ¢ cobriofeHeM COOTBETCTBYIOLLMX MEPONPUSTUI
no TexHuke 6e3onacHoCTH 1 oxpaHe Tpyaa [2].

HedTb 1 HedbTenpoayKTbl OTHOCATCS K ONacHbIM rpy3am. [lepeBoska onacHbIX rpy30B OCYLLECTBNSETCS
BCEMM BUAAMM TpaHCNopTa: aBTOMOBUIbHbIM, XENEe3HOAOPOXHbIM, BO3AYLLUHbIM, MOPCKAM, PEYHbIM. Ha kax-
Abl BUA TPAHCMOPTa CYLLIECTBYET CBOW TPAHCMOPTHbIE OKYMEHTaLWK, ycTaHaBnMBatoLLme TpeboBaHms no ne-
PeBO3Ke OMacHbIX rpy3oB. HedtenpoaykTsl 06nagatoT LenbiM psigom 0cobeHHOCTEN: OrHEONaCHOCTb, B3PbIBO-
0MacHOCTb, CMOCOBHOCTb AMEKTPU30BATLCA NPU ABMKEHWM, BbICOKAS MCMApeMOCTb 1 BA3KOCTb HEKOTOPbIX
HedbTenpoLyKTOB, a Takke BPeaHOCTb HedhTeNpoayKTOB Ans 30opoBbs. [ins obecnevenns 6e3onacHocTu npu
TPaHCMOPTUPOBKE HeTENPOAYKTOB HEOBXOANMO NPOEKTUPOBATL CKITAACKNE MOMELLEHNS C YCUNEHHON BEHTU-
nsumen, a paboTbl B oNacHoON Ans 340pOBbs aTMOCHEPe NPOU3BOANTL B CNeLMarnbHbIX NPOTUBOrasax ¢ cobnto-
AeHMeM COOTBETCTBYIOLLIMX MEPOMPUSATUI NO TexHWUKke Be3onacHoCTK 1 oxpaHe Tpyaa. HedTenpoaykTbl HyxHO
XpaHUTb 1 TPaHCMOPTMPOBATL B repMeTU3MPOBaHHbIX pe3epByapax. LIMCTepHbl n KoHTeiHepbl 0BopyaosaTth
CMCTEMaMM KOHTPONS AaBMEHMS, TEMNepaTypbl 1 BNaXHOCTM.
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YOK 656.13:005

B.B. Py6uHoe
CTYAEHT Kachespbl CUCTEMHOTO aHanmaa u NorucTukm
H.A. Cno6od4ukos — kaHAMAAT BOEHHbIX HayK, NPOGECCOp — Hay4HbIi PYKOBOAMTEMb

OLIEHKA 3®®EKTUBHOCTU MPUMEHEHMSA ABYXCTYNEHYATON CUCTEMbI BbIBO3A
TBEPAbIX BEbITOBbLIX OTXO0B

ExxeaHeBHO B M1pe NpOM3BOANTCS OFPOMHOE KONMYECTBO OTXOA0B, Noanexalunx nepepaboTke unu pas-
MELLEHMI0 Ha MOMUIoHax 3axOpoHeHus. Bompocam, kacatowmmcs yTunusaumm TeepablX ObITOBbIX OTXOA0B
(TBO), yaensietcst ocoboe BHMMaHe. Co3gaHue NOMroHOB 3aX0pPOHeHMs Anst 06ecneyeHnst nOTPeBbHOCTM Kax-
[0T0 PEervoHa KOHTPONMPYIOTCS Ha roCyaapCTBEHHOM ypOBHE. BMmecTe ¢ TeM aBTOMOOMMbHbIE NpeanpuaTyS,
3a7eiCTBOBaHHbIE B 3TOI Chepe, CTPEMATCH COKPATUTL BHYTPEHHWNE U3AEPKKM W NOBBLICUTL 3PMEKTUBHOCTL
paboTbl NOABIKHOTO COCTaBa.

OCHOBHbIMM 13AEPXKaMI TaKUX NPEANPUATUIA SBNSAKTCA PacXoabl Ha TONAMBO W FOPHYE-CMa30UHbIE Ma-
Tepuansl Ans aBToMobunen. YmMeHbLLeHe npoberoB TpaHCMOPTHbIX CPEACTB, HE BAMSIOLLEE Ha Ka4ecTBO Bbl-
MONHSIEMbIX YCIYr — OCHOBHOM NPMHLMN ONTUMU3aLMY PaboTbl NPeanpUATUA.

B HacTosiLLee Bpems LIMPOKO UCMOMb3YKTCA iBa BapuaHTa opraHusauum cxem obpaluenus TEO: ogHo-
CTyneH4aTas v ByXCTyneHyatas.

OpHocTyneH4aTast cxema paboTbl — 3T0 cUCTEMa, NPY KOTOPOI aBTOMOBUbHAS TEXHWKA, 3aAENCTBOBaH-
Has B npouecce BbiBo3a TEO paboTaeT no MapLupyTam Mexay 3aka3qmkoM YCAyr U NOMMIOHOM 3aXOPOHEHMS.

[lByxcTyneHuaTas cxema paboTbl — 3T0 Cxema, N1 KOTOPOIA Ansi MyCOPOBO30B, BbiBO3AwWwMX THO, opra-
HW30BaH NyHKT nepepaboTkn. 3T MycopoBO3bl 0Opa3ytoT NepByio CTyneHb B cxeme obpalleHns TEO. Btopas
CTyNeHb OPraHn3yeTcs Mexay NyHKTOM nepepaboTki 1 NonuroHoM. Ha Helt paboTatoT KOHTEiHEPOBO3bI, BbIBO-
3ALYMe HA NONMUIoH YKpynHeHHbIe napTumn TBO. Tak kak OHK NepeBO3AT yxe nepepaboTaHHble TBO, ynnoTHeH-
Hble W MPUrOTOBNEHHbIE K 3aXOPOHEHWIO, Takue KOHTETHEPOBO3bI CNOCOBHLI 3a peic nepeBoanTb borbLuee Ko-
nnyecteo TBO, Yem 06bi4HbIe MycopoBo3bl. O6bem TBO 3a peitc B 4-5 pa3 6onbLue, B 3aBMCHMOCTY OT MeToAa
npeccosanus TBO Ha neperpyae.

CraHuum neperpy3a (MyHKTbI nepepaboTki) pacrnonaraioTcst BHYTpU 0BCNyXMBaeMbIX TeppUTOpUA, Ans
CHWXEeHUs Npoberos MycopoBo30B NepBOM CTyneHu. CTaHuuu nepepaboTki 06pasyroT LEHTPbI TAFOTEHWS MO-
TokoB TBO.

OCHOBHbIMM NPEMMYLLIECTBAMM ABYXCTYNEHYATON CUCTEMbI CHUTATCS:

© BoamoxHOCTb opraHusaumu rmybokoii nepepabotku TBO.

o CHixeHWe npoberos MycopoBO30B MEPBOIA CTYNEHMU.

o BbiB03 THO GonbLlunmm o6bemamm 3a OfMH peiic.

K HepocTaTkam Takom CUCTEMbI OTHOCST:

o CNOXHOCTb OpraHn3aLum paboTtbl.

o BonbLune 3aTpaTbl HA CTPOUTENBLCTBO W OpraHU3aLyio Neperpy304HbIX MyHKTOB.

CymmapHbIii npober aBToMobuneit B pamMkax OLHOCTYMEHYaTon cuctembl ByneT onpeaensitbes no dop-
myne:

n
R1:Z(2*S*k), Q)
i=1
re N — KOMUYeCTBO PeicoB HeobxoanMoe Ans BbINOMHEHWS nnaHa, S — cpeaHss AnvHa nieya obpaluerus
MycOpoBO3a (0T agpeca 4o nonuroHa/neperpysa), k — koaULNEHT HepaBHOMEPHOCTM.

CymmapHbiii npober aBTomMobunen npu peanusauum AByXCTyneHYaTon cucteMbl ByaeT onpeaenstscs

no chopmyne:

Ry =Ri+>((2*P)*k), )
i=1
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rae Ry — TpaHcnopTHas paboTa Ha nepBoit CTyMeHU, M — KONNYECTBO PeiicoB KOHTENHEPOBO30B BTOPOI CTY-

neHu, P — paccTosiHue Mexay NyHKTOM neperpysa 1 NonuroHoM, k — KoamuLNeHT HepaBHOMEPHOCTM.

[ins oueHkn SdeKTUBHOCTM NMPUMEHEHNS [BYXCTYNEHYaToNn cuctembl BbiBoda TBO Heobxoanmo pac-
CMOTpETb TPM BapiaHTa opraHmsaumuu paboTbl NPEANpUSTUS ANS KaXA0A U3 CXeM, NPU KOTOPbIX:

1) nonuroH 3axopoHeHnst TBO pacnonoxeH BHyTpW OCHOBHO oBcnyxueaemoit Tepputopum (puc. 1 [1A
n 1B]);

2) nonuroH 3axopoHeHusi TBO pacnonoxeH Ha nepudepun obCryKMBAaEMON TEPPUTOPUM UM HA He-
6onbLUOM paccTosiHum OT Hee (puc. 1 [2A, 2B));

3) nonuroH 3axopoHeHust TBO pacnonoxeH Ha 3HaYUTENBHOM PAcCTOsHUM OT 06CIyXVUBaEMOi Teppu-
Topum (puc. 1 [3A n 3B)).

o~

3b

Puc. 1. BapuaHTbl cxem opraHusauum paboTbl NpeanpusTus B 3aBUCUMOCTM OT PAcCTOSIHIS 40 NOSUMOHA:
- obcryxvBaemas TeppuTopus;
@i —nonuroH TBO;
M — CTaHuns neperpyaa;
— ., — MapLpyTbl MyCOPOBO30B NEPBOWA CTYNEHM;
— - MapLUpyTbl MyCOPOBO30B BTOPOW CTYNEHM.

[ns nposeaeHns aHanusa no Tpem BapuaHTam opraHu3aLmmu paboTsl LienecoobpasHo NPUHSATL HEKOTO-
pble 0buyme ycnosus:

o [lnameTp obcnyxuBaemoit obnactv 60 km.

o CyTouHbIN 06bem TBO - 600 m3.

o O6bem THO B cpeHeM BbIBO3UMbI OLHUM MyCOPOBO30OM MEPBOIA CTYNEeHU 3a ofnH peiic 30 m3.

o 06bem TBO BbIBO3MMBI KOHTEAHEPOBO30OM BTOPOWN CTyneHu — 200 M3,

o [Tpeanonaraemble NyHKTHI nepepaboTki OpraHU3yTCA BHYTPM 06CNYxMBaeMol 06nacTit No NpuHLmMny
LieHTpa TAXeCTH.

o CpeaHss AnvHa nneya obpalyeHnst MycopoBo3a nepBeoii CTYNeHN BHYTPW 0BCNYxMBaEMON TeppuTopun
S=30 km.

o KoachdmuneHT HepaBHOMEPHOCTH k=1.

[lononHuTenbHbIe YCrioBust Ans NEPBOTO CyYas:

o PaccTosHne Mexay NONUroHOM M CTaHuuen neperpyaa 35 km.

[lononHUTeNbHbIE YCHIOBWS AMs BTOPOTO Cryyast:

o PaccTosiHne Mexay NONUroHOM M CTaHuyel neperpyaa 55 km.

 [ToNUroH OTAANeH OT OCHOBHOTO palioHa oBCnyxuBaHus Ha 25 kM (Mpober MycOpoBO30B NMEPBON CTy-
neHv yBenuumBatoTcs Ha 50 kv 3a kaxabin peiic, S=30+25=55).

[ononHuTenbHbIe YCroBus Ans TPETLEro Chyyas:

o PaccTosHie Mexay NoNUroHOM W cTaHuuen neperpyaa 85 km.

o [lonuroH oTaaneH OT 0CHOBHOMO paitoHa obcnyxueanmus Ha 60 km (npober MycopoBO30B NepBoi CTy-
nexu yBenuumsatotes Ha 120 kv 3a kaxapii peric, S=30+60=90).

PesynbTaThl pacHeToB Ans KaX[oro BapuaHTa npuseaeHsl B Tabnuue.
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Tabnuya
Mpoberu aToMoBUMEN NPY MCMONb30BaHUM Pa3HbIX CXEM OpraHu3aLum paboTbl
c [Mpober aBTomobu- | Mpober aBTomMo6K- | CymmapHbIii Npo-
Xema opraHu3aummn , ., 8 » y
paBoTbi neit B NepBo CTy- neit Bo BTOpoit | Ber aBTomobunedt, | PasHuua
NEHM, KM CTYMEHM, KM KM
1. MonuroH B6nK3K 06cnyxmMBaeMoii TeppUTOpUM
OpHocTyneHyatas 1200 - 1200 -15%
[IByxcTynexyaras 1200 210 1410
2. MonuroH Ha HeGONbLILOM PacCTOSIHUW OT 06CNYXUBAEMON TEPPUTOPUM
OpHocTyneHyatas 2200 - 2200
[ByxcTyneHyatas 1200 330 1530 -31%
3. MonuroH cunbHO yaaneH oT 06cnyx1MBaeMon TEPPUTOPUN
OpHocTyneHyatas 3600 - 3600
[ByxcTyneHyatas 1200 510 1710 - 53%

Ha puc. 2 npeacraBneHbl 06'be,U,I/IHeHHbIe pesynbTatbl UCCreaoBaHUA.

4000

3500
3000
2500

2000 —&— OpHOCTyneHyaTan cucrema

1500 [ByxcTyneHyaTas cucrema

1000

500
0

1 sapuaHT 2 BapuaHT 3 BapuaHT

Puc. 2. CpaBHeHWe 3aBUCUMOCTY TPAHCMIOPTHOM paboTbl NpeanpuUsTUS OT PacCTOSHUS
[0 NOMUTOHa 3aXOPOHEHHS NPU CMONb30BAHUM Pa3HbIX CUCTEM BbIBO3A

B pesynbTate npoBeAeHHOr0 UCCNENoBaHNS MOXHO CAeNaTh crieaytolumre BbiBogbl 06 apheKTUBHOCTY
CMOMb30BaHUs JBYXCTYNeHYaTon cucTeMbl BbiBo3a ThO.

lMpumeHeHWe OBYXCTyneHYaTon cucTembl BbiBoda TBO adhcheKTMBHO B Cryyasx, Korga nosroH 3axopo-
HeHus BbIHECEH 3a Nepudepuio OCHOBHOI 06cnyxnBaemon Tepputopin. C yBENuYEHeM paccTosiHWs 4O no-
nuroHa 3eKTUBHOCTL NPUMEHEHNS ABYXCTYNEHYATON CUCTEMBI CUIbHO BO3PACTAeT, YTO AenaeT Takyk cu-
CTEMY He3amMeHUMON. BaxkHbIM hakTopOM, BIIUSIOLLWM Ha COKpaLLieHre Npoberos aBTomobunen, sBnsetcs npa-
BUIbHOE PacronoXeHne CTaHLum neperpysa.

CymmapHbIi npober aBToMoOuUnelt npy peanuaavyn OAHOCTYNEHYATO! CUCTEMbI CUIbHEE BO3pacTaeT ¢
YBENNYEHNEM PaCCTOSIHWSA O MOMMIOHa, OfHAKO B Cryyae, Koraa MonvMroH pacnonoxeH B6nmau obenyxusae-
MOW TEPPUTOPMM, OAHOCTYNEHYaTas cuctema bonee addekTnBHa, Yem ABYXCTyneHyaTas. B Hebonblumx Hace-
NEHHbIX MYHKTaX, UMEIOLNX COBCTBEHHBIIA MOMMIOH ANS 3aXOPOHEHWUS OPraHM30BbIBaTb ABYXCTYMEHYATYIO CU-
CTeMy HeapEKTUBHO.

CoBpemeHHble cxembl 0bpatyeHns TBO co3natoTcs KpYNHbIMU NPEANPUSTUSIMA, KOTOPbIE CTPEMSITCS
0XBaTUTb CBOWM BNUsHWEM BCe Bonbluyto Tepputoputo. BHyTpeHHre cxembl obpaeqns TBO B HaceneHHbIX
NYHKTaX OTMUPAIOT W BKITKOYAIOTCS B PErMOHarbHble CxeMbl. Kpome TOro, yCUnmBaeTCst TEHOEHLMS COKpaLLeHus
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Konn4ecTBa NONMIOHOB B PEMYOHAX MyTEM CTPOUTENbCTBA KPYMHBIX MONMUIOHOB 06CYXVBAIOLLMX BCHO TEPPUTO-
puio peroHa. Mo3ToMy OfHOCTYMEHYaTble CUCTEMbI 0BpaLLeHNs UCONb3YIOTCA BCE pexe, HeCMOTPS Ha UX
3(pHEKTUBHOCTb, Ha HEBOMBLION TEPPUTOPUN.
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YOK 519.8(075.8)

B. . lWapunosa
CTYAEHT Kachespbl CUCTEMHOTO aHanmaa u NorucTukm
H. H. Maliopoe - kaHanpaT TEXHUYECKUX HayK, OOLEHT — HaYYHbIA PYKOBOAUTENb

BOMPOCHI NPAKTUYECKOIO UCMOJIb3OBAHWUA CUCTEM MACCOBOIO OBCITYXUBAHUA (CMO)
ana MOAEPHU3ALIMX TPAHCMOPTHBIX CUCTEM

MogepHu3aLys TpaHCNOPTHBIX CUCTEM OTHOCUTCS K NPUOPUTETHBIM 3a4a4aM rocyapCTBEHHOrO perynu-
POBaHWs MHOTUX CTPaH, TaK kak B 60MblUeil CTeNeHN UIMEHHO UX COCTOSHUE BNMSET Ha Co3AaHne bnaronpust-
HbIX YCHIOBUIA ANS PA3BUTIS SKOHOMMUKN W COLMarbHOM Cepbl CTPaH.

Bosbmem, k npumepy, asponopT. B HacTosLee Bpems Nio6oi a3ponopT ABNSETCH TEXHUYECKN CIIOXHBIM
obbekToM, B 0becnevennn paboTbl KOTOPOro 3a4eiCTBOBaHbI JECATKM MHAOPMALMOHHBIX cucTeM. MpakTuye-
CKu BCE COBPEMeHHOe 060py0BaHNe UIMeeT BCTPOEHHOE NPorpamMMHoe obecrneyeHmne u NOAKNIYEHO K okankb-
HOI1 ceTn. HecTauvoHapHble MOTOKM (BO3AYLLHbIX CYA0B, NACCaXMPOB W Ap.), NocTynatowme B xab, HyxaatTcs
B NOCTOSHHOW perynuposke. [laxe B nudTax 1 ackanatopax eCTb AaT4MKN, KOTOPbIe CBOEBPEMEHHO cooBLaloT
0 HeoBX0aMMOCTY NPOBEPUTH MM 3aMEHUTD BbIXOASLLYHO U3 CTPOS AeTanb. C 3TUM 1 noMoratoT pa3obpaTscs
CMCTEMbI MacCOBOr0 06CyXWBaHHS!.

Cucmemb! Maccogo2o 06CTyKUBaHUsI — 3TO CUCTEMbI, B KOTOPbIE B CMy4aliHble MOMEHTbI BpEMeHU no-
CTynatoT 3asBKM (TpeboBaHMs) Ha 0BCNyXMBaHKE, NPY 3TOM MOCTYNMUBLLME 3asiBK OOCIYKMBAIOTCS C MOMOLLBIO
VIMEIOLLNXCS B PACMIOPSHKEHNN CUCTEMBI KaHaMoB 0BCIyXMBaHMS.

AHanu3z cywecmsytowux memodos modesnuposarus CMO

B Teopuu maccoBoro obenyxmBaHUs M3y4atoTcs CUCTEMBI, HA BXOA KOTOPbIX NOCTYNaeT Cny4aiHbIi no-
TOK 3as1BOK (TpeboBaHmit), Npuxoaswmxcs B 0bLieM criyyae Ha criyyaiiHble MOMeHTbI BpeMeHu. MocTynusLuas
3asBKa 06CNyxMBaeTCs B CUCTEME MyTEM NPEAOCTaBNEHNS el HEKOTOPbIX PECYPCOB Ha Kakoe-To Bpems U, By-
Jy4u B TON UV MHO Mepe 0BCryxeHHoM (1nn He oBenyxeHHON), nokuaaeT cuctemy. Hanbonee xapaktepHblit
MOMEHT (PYHKLMOHMPOBAHMWS CUCTEM MacCOBOrO 0BCIyXMBaHUS — 3TO HaNU4ne odepeaeit, B KOTOPbIX 3asiBKM
XOYT MOMeHTa 0CcBOGOXAEHNS PECYPCOB, 3aHATBIX 06CYKUBAHWEM APYTUX 3aSBOK.

B npocreiiem cnyyae cuctema MaccoBoro o6cyxuBaHns OnpefenseTcs NoTOKOM 3asBOK, ANMHOM oue-
Peau W aucLMNINHON obCnyxmBaHus (MopsakoM BbiGopa 3asiBOK U3 o4epeny), YMCoM KaHamnos (Mprbopos)
obcnyxuBanus, pacnpefeneHemM AnUTenLHOCT obenyxuBaHns. B Bonee CnoxHbIX cnyyasx paccMaTpuea-
€TCS HAEXHOCTb NPMBOPOB 0BCNYXMBAHMS.

Mokasatenu adhdekTrHocTn CMO:

1) nponyckHas cnocobHoctb CMO:

— abconioTHas (CpeaHee YKCNo 3asBoK, KoTopoe cMoxeT obenyxute CMO B egnHuLy BpemeHm);

— OTHOCUTENbHAs (OTHOLLEHWe CPeHero Yucna 3asBsok, obcnyxueaemblx CMO B eguHuLy BpeMeHH, K
CpeaHeMy YuCny NOCTYNMBLLMX 3@ 3TO BPEMS);

2) cpefHas NPOLOSKUTENBHOCTL Nepuoaa 3aHsToctn CMO;

3) koacpdouumeHT ncnons3oBaHus CMO (cpeHsis fons BpeMeHu, B TedeHun kotoporo CMO 3aHsTa 06-
CyXWUBaHMEM 3aSBOK);

4) cpepHuii poxof, npuHocumblil CMO B eguHWLY BpeMeHM.

Memodb1 modenuposarus CMO

CywecTsytoLupe meToabl MogenuposaHust CMO MOXHO pa3aenuTb N0 HECKOMbKM KPUTEPUAM:

1) no cTpykType:

— 0fHOKaHasbHblE — CUCTEMI, Y KOTOPbIX OAHA 04Yepesb, a TakKe kaHan Ans 06CnyXMBaHUS TONbKO
OLVMH — OZWH NPOMYCKHOM NYHKT;

— MHOrokaHamnbHble — CUCTEMbI, Y KOTOPbIX OAHa 06LUas ovepedb, a kaHanos Ans 06CnyxMBaHUs He-
CKOMbKO;

— 0iHO(Pa3HbIE — OQHOPOAHbIE CHCTEMbI, KOTOPbIE BbIMOMHSIOT OAHY U Ty Xe onepaLyto 00CnyXuBaHus;
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—MHOro(a3sHbIe — CUCTEMbI, B KOTOPbIX kaHamnbl 06CyXMBaHWS PaconoXeHbl NOCNENOBATENLHO U Bbl-
NOMHSIOT pa3nnyHble onepauun obenyxvsaHns. Bee 3asBku, 06CNYxeHHbIE B OQHOM y3ne, HanpaBnsoTCS B
cnepytowui ysen;

— 3aMKHYTble — CUCTEMbI, B KOTOPbIX 0BCMyXeHHble TpeboBaHNS MOTYT BO3BpALLATLCS B CUCTEMY M
BHOBb NOCTYNaTh Ha 0OCNyX1BaHKE;

— pa3oMkHyTble — CMO, B KOTOPbIX XapaKTEPUCTUKMA MOTOKA 3a5BOK HE 3aBUCAT OT TOrO, B KakoM COCTO-
AHUM cama CMO;

2) no ancymnnmnHe obenyxmsaHus (Mo AOMYCTMMOMY BPEMEHM OXMAAHWNS 3asIBOK B O4epeam):

— cucrema 6e3 0TkasoB (Tox — );

— CHCTeMa C orpaHiieHHbIM oxvaaHnem (0 < rox < «);

— cucrema bes oxunganus (rox = 0);

3) no cxeme obCnyxUBaHUS W XapakTepy NOCTYNMeHUs (Mo AucumMnnuHe BiGopa ovepeai) 3asBKu Bbl-
GuparoTcs U3 ouepean:

— B MOPSAKe NOCTYNNeHNs;

— 04epeay B cnyvaitHoM nopsike. Ecnm Bce 3asBku paBHOMPaBHbI, TO BEPOSTHOCTb Bbibopa ntoboi u3
Hux Bynet pasHa 1/k, rae k — obiyee uncno 3assok. Cam BbIGOP — 3T0O MOAENMPOBAHWE MONHOM rpynnbl COObI-
TUA. YAaneHne napameTpoB 3asBkv U3 04EPEaM MOXET OCYLLECTBAATLCS Kak BO BTOPOM Cyyae, a MOXeT Kak
B OCHOBHOM anropuTme;

— 10 MUHUManbHOMY BpeMeHy oxvaaHmns. Heobxoaumo npu nocTaHOBKe 3asiBKM B 04epeab 3anoMHUTL
MOMEHT BO3MOXHOrO 0TKa3a, a npy BbIbope 3asBKN U3 04epean HanT COOTBETCTBYHOLWIA MOMEHT C MUHUMATTb-
HbIM 3Ha4eHneM. YaaneHue 3asBku 1 CABUM NAapaMeTPOB OCYLUECTBSETCA aHANOrMYHO NPeAbIAYLLEMY MyHKTY,
HO LMK HAaYMHaAETCs C HoMEpa BbIBPaHHOM 3asiBK;

— 1o npuoputery. Mpn nocTaHoBKe 3asBKM B 04epefb He06X0AMMO MO 3a4aHHOMY B YCNIOBIUM NpaBuiy
cchopmmupoBaTh NPUOPUTET MOCTYNUBLLEN 3asBKW W 3aNOMHMTL ero. [1pu Bbibope 3asiBKu MpocMaTpyBaeTCs
MacCumB MPUOPUTETOB M BbIGUPAeTCs 3asiBka C HaubombLLMM NPUOPUTETOM. YianeHue napameTpoB 3asBku 13
04epefy OCYLLECTBNAETCS Kak BO BTOPOM Cry4ae.

4) no cnocoby Bbibopa kaHana:

— 110 MUHUMarbHOMY BPEMEHN 0CBOBOXAEHNS;

— B CryYaitHOM nopsiake;

— 110 NpUOpUTETY.

5) No 0AHOPOAHOCTM 3aBOK:

— C OAHOPOAHbIM MOTOKOM 3a5iBOK (BCE 3asiBKV OAMHAKOBbI NO CBOUM XapaKTepucTiKam);

— C HEOAHOPOAHbIM NOTOKOM 3a5IBOK (KaXkaas 3asBka xapakTepuayeTcs no-pasHomy).

OpHOpOZHbIit CTaLMOHapHbI NOTOK 6€3 nocneaencTaui SBRseTCs NOTokoM MyaccoHa. Yueno cobbiTuil
TaKoro NoToKa, BbINaAaoOLMX Ha MHTEPBan ANUHbI X, pacnpeneneHo no 3akoHy MyaccoHa — Haubonee YacTo
ncnonb3yemomy B CMO.

AktyansHoctb CMO Kak MHCTPYMeHTa [nst UCCRea0BaHUs N MOLLEPHU3aLMM TPAHCMOPTHBIX CUCTEM BO3-
pacTaeT C KaxablM rogom, NoToMy YTO B TEPMUHAX CHCTEM MAcCOBOro 06CRyXM1BaHWUS OMMUCLIBAKOTCS MHOTUE
peanbHble CUCTEMbI: BbIMUCTIMTENbHBIE CUCTEMBI, Y3Mbl CETE CBA3M, MaraauHbl, NPOM3BOLACTBEHHbIE Y4aCTKM
— nioBble cUCTEMbI, TAE BO3MOXHbI O4EPEean W 0TKa3bl B 06CykuBaHNW. CUCTEMbI MacCoBOro 06CyXMBaHNS
OTNMYAIOTCS BbICOKOM HArNAQHOCTLI0 0TOOPaKeHUs MogenvpyeMblx 0GLEKTOB U BCREACTBUE 3TOTO CPaBHU-
TeNbHON NPOCTOTOM Nepexoaa OT peanbHbIx 06BbEKTOB k cooTeTcTBytowmMM CMO.

Bubnuorpadmyeckuit cnucok

1. TacHukoB A.B., Knenos C.J1., HypmuHckuin E.A. 1 oip. BBeaexue B MaTemaTuieckoe MOAenN1poBaHme
TpaHcnopTHbIX notokos M.: MLIHMO, 2013. 225 c.

2. [awkesuy AL, CekvpuH A.W., Qawwkesuy A.[l. MoaenupoBaHue cUCTEMbI MaccoBOro 06eyxuBaHust
nepeso3ky naccaxwpos. JoHeuk: AHTY, 2012. C. 30-31.
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3KcnnyaTa|.m;| n ynpaeneHue a3pokoCMUYeCKUMKU CUCTeMaMu

YK 629.735.33

E.A. benkuHa
CTYAEHT Kadheapbl AKCNyaTaLum 1 ynpaeneHnst adpoKoCMUYECKUMM CUCTEMaMK
H.A. Og4uHHUKOBa — KAHAUAAT TEXHUYECKMX HayK, AOLEHT— Hay4HbI PyKOBOAMTENb

PA3PABOTKA U MPOEKTUPOBAHUE YINTOMEPA A5 KAHANA CTABUITU3ALIUA KPEHA

MpoekTupyembliit npubop «Yrnomep» (danee — npubop, yrnomep) oTHocuTcs k obnacti kopabnectpoe-
HUS 1 KacaeTCs TEXHNYECKIMX CPEACTB U CrIocob0B KOHTPONS OCTONYUBOCTY U MOPEXOAHBIX CBOWCTB MOABOAHbIX
06BbEKTOB.

Llenb pa3paboTku — NOBbILLIEHWE TOYHOCTY OMPELeneHns napaMeTpoB OCTOAYNBOCTY MOABOAHbIX 06b-
€KTOB OMbITHLIM MyTEM NPW MOMOLW METOAA KPEHOBaHWS C BO3MOXHOCTbK) OMpeAeneHns AomyCTUMOCTY
Havarna perucTpaLuy AaHHbIX 1 JOCTATOYHOCTY BPEMEHM 3aMWCH W TOYHOCTM ONPELENEHNS OCPEAHEHHOTO 3Ha-
YeHus yrna KpeHa.

KpeHoBaHMe — 3TO HaknoHeHWe CBOOOAHOO, CTATUYECKN YPaBHOBELLEHHOMO 0bbekTa MyTem BO3aei-
CTBMS! Ha HEro 3afJaHHOrO KPEHALLEro MoMeHTa. Lienbto KpeHoBaHWs NoABOAHLIX 0OBEKTOB, cornacHo [1], siB-
nseTcs onpeaeneH1e napameTpoB OCTONYMBOCTY OOBEKTA (METALIEHTPUYECKMX BbICOT ANS PA3NNYHBIX NOMO-
KEHWIA) ANs fJanbHENLWero NpUBEEHNS UX 3Ha4eHni Kk Tpebyembim.

OcT0iYMBOCTb — CNOCOBHOCTL NNaBYYEro CPeACTBa NPOTUBOCTONTb BHELHM CUMaM, BbI3bIBaIOLLMM €70
KpeH n anddepeHT, 1 BO3BpaLLATLCS B COCTOSHNE PABHOBECKS MO OKOHYaHWUM BO3MYLLIIOLLErO BO3AENCTBUS.

MeTaLeHTpuyeckas BbIcOTa — KpUTEPMIA OCTOMYMBOCTM CyaHa. MpeacTaBnseT cobol BO3BbILLEHWE Me-
TaLeHTpa Haj LEHTPOM TSHKECTW NMnaBaiowlero Tena. Yem 6onblue 3TOT nmapameTp, TeM BbIlE HavanbHas
OCTOM4MBOCTb CyAHa. IMpu NprobpeTeHnN OTPULIATENBHOTO 3HAYEHNS METALIEHTPUYECKON BbICOTbI CYAHO yTpa-
uMBaeT cnocobHocTb Nnasath 6e3 kpeHa. OnpeaeneHne MeTaLeHTPUYECKOI BbICOTbI NOKa3aHo Ha puc. 1.
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Cuna nnasywectn OCTOHYHBOCTH

Puc. 1. OnpepeneHne MeTaLEeHTPUYECKOI BbICOTbI

KpeHoBaHue sBnseTcs 0653aTenbHbLIM 3NIEMEHTOM MOPCKUX UCMbITAHUA NSt CTPOSILUMXCS (MOLEPHM3N-
pyeMbIX) roNoBHbIX 06LEKTOB B CEPUN U UCTIONB3YeTCS ANst NOATBEPXKOEHUS COOTBETCTBUS TApaMeTpOB OCTOM-
4nBOCTU 06BEKTOB TPEDYEMBIM 3HAUEHUAM.

B HacTosiuee Bpemsi Npy NpOBEEHUM ONblTa KPEHOBaHWSI, Kak MpaBuo, UCTIONb3YOTCS CrieaytoLume
CpeACTBa U3MEPEHMS YITIOB KPEHA:
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—  BECKM — BEPTUKAMNbHO MOABELLEHHbIE B MOMELLEHIUSIX OGBEKTOB, HUXHMIA KOHEL, KOTOPbIX CBOBGOAHO
kavaetcs B Hakax ¢ macrnom. OTKMOHEHWE BECKOB (UKCUPYeTCs HabnioaaTenem BuayarbHbIM Cnocobom no
NPUKPENTEHHBIM K Baykam ropu3oHTanbHbIM NHelikam. Mo 3Ha4eHUsIM OTKIOHEHWI BECKOB NPOWU3BOAMTCS Ne-
PecyeT 3HaueHuil yrnoB kpeHa 06bekTa;

— yrnomepbl onTudeckue YO-2, BbinyckaBLumecs paHee KueBckiM 3aBogoM «ApceHany, KoTopble Ceit-
yac CHsITbI ¢ Npou3BoAacTaa. MpuHumn paboTsl npubopa 0CHOBAH Ha M3MEPEHIM YTIIOB MEXZY NAOCKOCTbIO OMOp
HEMOABWKHON YacTU W MONOXEHUEeM CBOBOAHOI NOBEPXHOCTU XIUAKOCTY B rEPMETUYHON CTEKMSHHON amnyne
KavaloLLencs YacTu. Yron HaknoHa npubopa OTHOCUTENBHO FOPU3OHTANBHOTO YPOBHS XKIAKOCTY (rpaHuLa pas-
Aena «Bo3ayX-KWAKOCTb») B aMnyre 3aMepsieTcs Mo LLkare 0TCHETHOTO MUKPOCKONa, paccMaTpyBaeMoi Yepes
CUMMETPUYHBII okynsp. YO-2 npeactasneH Ha puc. 2;
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Puc. 2. Yrnomep ontuyeckuit YO-2

— VHKNHOrpadhbl, NPOM3BOASLLME 3aNKCh NEPOM C TYLUbIO Ha MUNNUMETPOBYIO Bymary Ha 6apabaHe,
MpeLCTaBNeH Ha puc. 3;

Puc. 3. WHknuHorpadp
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—CnUCTeMbl peructpauum napameTpos aswxenus (CPTIO) u cuctem ynpaBneHns MaHeBpyUpOBaHUeEM
(CYM) obbexToB.

Wcnonb3yembix npubopos AOMKHO BbITb He MeHee TPeX, T. €. 3aMepbl CHUMAKTCS B TPEX PasnnyHbIX
TOYKaX A5 MOBbILLIEHUS TOYHOCTY.

cnonb3oBaHue CyLLECTBYHOLLMX B HACTOSILLIEe BPEMS CPEACTB N3MEPEHMS YITIOB KpeHa CBS3aHbl CO Cre-
DYHOLUMIN TPYAHOCTAMM:

—1CMONb30BaHue BECKOB He BCeraa yaobHO BCeLCTBIME FPOMO3AKOCTM 1 HE0OX0AUMOCTH novcka noa-
XOLALLMX MECT 3aKpenseHus (AnuHa Becka JOrmkHa ObiTb, Kak Npasuno, He MeHee 3-5 m);

—1CMONb30BaHWe OMTUYECKMX YTNIOMEPOB MOXET ObiTb 3aTPyOHEHO B CBA3M C HEOOXOANMOCTbI0 TOY-
HOTO BU3yanbHOTO KOHTPONS Yepe3 OKynap Ny3bipbka BO3AyXa, KonebnioLerocs Aaxe Npu Hanuumn HesHauu-
TENbHOW Kayku, a Takke HeobXOANMOCTbI0 NOAKPYUNBAHWS BUHTOB AN1S CMELLEHUS LKarnbl AeneHuit Npu Bbl-
Xofie ny3blpbka 3a A1anasoH U3MepEeHUA BCNIEACTBUE CO3AaHNS HAKMOHEHNS UMW HAMMYMS Kauky;

——OnpeaeneHne YrmoB KpeHa kak npy UCnonb30BaHWM BECKOB, TaK 1 OMTUYECKUX YrIOMEpPOB, MPOMCXO-
[QVT BU3yarbHO (Yepes OKyNsp ONTUYECKOro YIIoMepa UK Mo LUKarne OTKIOHEHWS BECKOB), kak NpaBuno, Tpems
HabntogaTensamu, AUKTYIOLLMMM CHSITbIE NOKa3aHWs TPEM YneHam ucnbiTatenbHoi napTuu. Takas pabota npea-
CTaBNsETCS TPYA03aTPaTHOM, a pe3ynbTaThl 06paboTki CUMBHO 3aBUCST OT YENMOBEYECKOTO (haKTopa;

—1CMONb30BaHUE UMEILLMXCS CUCTEM PETUCTPaLMM NapaMETPOB BWKEHMS HEBO3MOXHO B TPEX pas-
NIMYHBIX TOYKAX M He Bcerna obecneynaeT He0BX0aMMY TOYHOCTb.

Yrnomep no3BOnWT NPOM3BOAUTL 3aMephbl, perucTpaunio 1 obpaboTky pesynbTaToB 3amMepoB YrioB
KpeHa 06beKTOB NpW MPOBELEHNM KPEHOBAHMS, CO3aBaTb apXvBbl M3MEPEHWUA 1 UX Nepefady Ans AanbHen-
Lwen 06paboTkM ¢ MOMOLLbIO CrieLmanbHo pa3paboTaHHOro NPOrpamMMHOTO KOMMEKea, Npon3eoasLuero obpa-
60TKy pe3ynbTaToB B COOTBETCTBUM C TpeboBaHuaMM [1].

MpoekTpyembin npubop [omkeH obecneunBaTb U3MEPEHUE U PErMCTPaLMI0 3HaYeHMIA yrna kpeHa B
npoLiecce NPOBEAEHUS UCTIbITAHWIA MO KPEHOBaHMIO OOBEKTOB, a TakkKe BbIYUCNIEHUE CPELHETO apudmeTye-
CKOrO 3HaYeHMs OT 3afaHHOTO Yrna HaKMOHEHWs, BbIYUCMIEHWE NO 3apErUCTPUPOBAHHBIM 3HAYEHUAM YrNoB
HaknoHa (kpeHa) obbekTa 3HaueHwih amnuTyabl GOPTOBOM Kayku 1 MaKCUManbHOM aMnauTyabl OTKIOHEHWUA
MaTeMaTN4eCckoro OXmaaHUs yrna kKpeHa 3a BbibpaHHbIA Nepros BpeMeHH.

Mpnbop LOMKEH BbIMONHATD:

— nporpamMmHo-annapaTHy'o 06paboTky MHPOPMALWK O TEKYLLMX Yrax HaKMOHEHNS UCTbITYEMOro 06b-
ekTa;

— PEerucTpaLmio yrna HakrnoHa ¢ 4actoTon He MeHee 1 T'u;

—XpaHeHue Mony4eHHoN MHGopmaLmy;

— nepeaady 3aperucTpupoBaHHom 1 06paboTaHHON MHGOPMALMKM Ha BHELLHWIA HOCUTENb MH(hOpMaLK;

—oTobpaxeHne Xofa perucTpauui, HasBaHue pexima, oTobpaxeHue yrna HaknoHeHUs 06bekTa Ha
Aucnnee U3fenus B peanbHoM BpeMeHH;

— hopMUpOBaHHIe 3MEKTPOHHOIO apxuBa B TEKCTOBOM (hopMaTe C NPUBSA3KOM KO BpEMEHMU;

—onpepeneHne cpeaHero apuPMeTHECKOTO 3Ha4EHNS Yra HAKNOHEHUS 1 BbIBOA €ro Ha Aucnnen Bo
BpeMs 3anucy.

Bubnuorpadmyeckuii cnucok

1. PIB5.0011-81. KomnnekcHas cuctema koHTpons kayectsa. Oblas mMopckas TexHuka. McnbitaHus
rocyAapCTBeHHble HaaBOAHbIX kopabneii n cyno BM®. KopabnectpoutensHas yactb. Tunosas nporpamma,
1983.
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YOK 629.735.33

C.A. bynasuH

CTYAEHT Kachepbl 3KCTyaTaLym 1 ynpaBneHns a3poKOCMU4ECKMMM CUCTEMaMM

E.A. ly3ul

CTYLEHT kacheapbl KCMyaTaLmuy 1 yNpaBeHus a3poKOCMUYECKUMM cUCTEMaMM

H.A. Og4uHHUKO8a — KaHOWAAT TEXHNYECKMX HaYK, AOLEHT — Hay4HbIi PYKOBOAUTENb

HAHOCMYTHUK. NPEUMYLLECTBA U HEQOCTATKHN

HaHocnyTHuku umetoT maccy oT 1 go 10 kr. Yacto npoekTupyrotcs ans paboTbl B rpynne, HeKoTopble
rpynnbl TpebyloT Hanu4us 6onee KPYNHOTO CNYTHIUKA AN CBA3M C 3emnen.

CoBpeMeHHbIe HAHOCMYTHUKY OTANYAKTCA OTHOCUTENBHO BOMbLLOH (PYHKLMOHANBHOCTBI0, HECMOTPS Ha
CBOW Manbii pasmep. Mx 0bnactb NpUMeHeHUs LLMPOKa — OT MOMbITOK AMCTAHLMOHHOMO 30HAMPOBaHNS 3emMmi
[0 KOCMUYECKUX HabNIoAeHMIA:

- oTpaboTka HOBEWLLMX TEXHOMOTN, METOAO0B W NPOrpPaMMHO-annapaTHbIX PELLEHNIA;

- obpasoBarenbHble NporpamMMb;

- 3KONOTMYECKMIA MOHUTOPMHT;

- 1ccrenoBaHns reounsnyeckux noneit;

- acTpoHoMu4eckue HabniaeHus.

HaHokocMuueckve annapartbl (Macca He npeBocxoauT 10 kr) paspabaTbiBanuch 1 0CHOBLIBANNCh, Hau-
Has C CaMblX MepBbIX 3aMyCKOB UCKYCCTBEHHBIX CryTHUKOB 3emni. OAHaKko aneMeHTHas OCHOBa Paaunoanek-
TPOHWKM CAEPKMUBana (GOPMUPOBAHME JAHHOTO HanpaBneHus. B HacTosLLee BpeMs KONMYECTBO 3anyCKOB He-
6onbLUMX KOCMUYECKUX arperatoB y4ebHOro M y4ebHO-Hay4HOro HasHa4yeHWs B rof MPEeBbICUIO nonTopa Ae-
cATKa W TEHAEHLMW K ero COKpaLLieHmIio Hikak He npeasmuasTcs. CoBepLUeHHO O4EBUAHO, YTO He MOCHESHIoNn
porb UrpakT (hMHAHCOBbIE XaPaKTEPUCTUKM: CYLLECTBEHHO MEHbLUMIA PACXOA MaTEpPUanoB Ha CUCTEMY CaMOro
kocmuyeckoro annaparta (KA), NOHWXeHWe 1, B HEKOTOPBLIX CryYasX, Aaxe 04eHb 3aMeTHOE YMeHbLUEHUe Tpy-
[o3aTpar Ha uccnefosaHue, U3roToBKka 1 NepeBo3ky K MecTy nycka [1].

®opMMpOBaHNe KOCMUYECKUX HABUTaLMOHHbIX METOLOB W CNOCOGOB peLLerns 6annmucTuyecknx 3afay, a
Takke Co3aH1e KOMNAKTHbIX METOAOB HaBUraLmm NO3BONMMN ONPeSeniTb MECTONOMNOXEHUE, CKOPOCTb, OpoU-
TanbHble XapakTepyUCTMKW NPOCTPaHCTBa NS HeBONbLUMX NOApa3AeNeHnin, KOTopble MO MOPSAKY NO3BONSET
yperynupoBatb paano usnyeckux 3afay B COOTBETCTBUM K U3YYEHMIO TEPPUTOPUM M MPOCTPaHCTBA: pacnpe-
[eneHne paanoBOMH OTCREXMBATL CMYTHUK U CNYTHUK-3eMnsl, y4ebHOI esTenbHOCTH, KOTOPbIe MPOUCXOANT B
1oHocbepe, u3yyeHne atMocdepsl, NNOCKOCTb 3eMnu, NaHeT W B rMybuHe ux aeictaus B paguo. C gpyron
CTOPOHbI, (POPMUPOBAHME MMUKDPOIMNEKTPOMEXAHWKM C MUKDOINEKTPOHMKOW, KOHEYHO, MOTYT 3HAYMTEMbHO
YMEHBLUUTB BEC W Pa3Mep B KaYeCTBE Mepbl CBOWCTB (TMPOCKOM, COMHEYHbIE W 3BE3AHbIE METPOB, UH(paKpac-
HbI FOPU3OHT) W UCMPaBHbIX UHCTPYMEHTOB (4BMUraTenk, MaxoBuki) M 0becneveHme ux B3aMMofencTBIS B BO3-
[DyXe; KOMMbKTEPbI NS CUCTEM YETKON OPUEHTALMM 1 CTAabUNM3aLMKN KOCMUYECKUX annapaTos [2].

To4HOCTb OpUeHTaLMK 1 cTabunu3aLmy CMCTEMbI Manblx CMYTHUKOB NO3BONSIOT, B MOPSAKE UX OYepea-
HOCTM, UCMONb30BaTb BECbMA HAMpaBNEeHHble aHTEHHbI M NeperTy B AManasoH rurarepla Ans opraHuaaum
BbICOKOCKOPOCTHBIX KaHaNoB nepeaayn MHGopMaLmuu, a Takke Ans MOHUTOPUHra aTMocdepbl 3eMnu, KoCMu-
4eCKoro NPOCTPAHCTBA W COMHLE B MUKPOBOSTHOBOM CMEKTPE.

WHHOBaLMOHHas TBEPAOTENbHAs MUKPO3NEKTPOHHas pa3paboTka NO3BOMSET pacnonoXuTb Ha nog-
NOXKe NNoLLaabio pacropsiaka Nepeoro kKBagpaTHOro CaHTUMETpa HEKOTOPOe KOMMYECTBO MUMMMOHOB TPaH3K-
CTOPOB, paboTaloLLMX Ha YacToTax B e4nHNLbI rurarepl. JlabopaTopHble 3TanoHs! yeunureneit Ha 6unonsipHbIX
1 MONEBbIX KPEMHWEBBIX TPAH3UCTOPaX YAaYHO AENCTBYIOT Ha YacToTax, MPEeBbILAWMX COTHIO rurarepl.
YpauHo ocBamBaeTCs TeparepLoBblil CriekTp. MHHOBALMOHHbIE UHTErpanbHbIe TEXHOMOTMN paspeLLatoT coeau-
HATb PaAMOCXeMbl, CXEMbl @HANOroBOI M Y1CIIOBOV 3MEKTPOHMKM B kopnyce 1-ro npubopa, ByaTo nepesoanT
CMOCOBHOCTM TEXHWKM Ha pyron, Haubonee BbICOKNN YpoBeHb [3].

Bonpoc paguaL oHHoi CTOMKOCTY paavoaneKTPOHHBIX U MAKPOMEXAHUYECKIX KOMMOHEHT NO-NPEXHEMY
akTyaneH. 310 0bycnoBneHo npexae Bcero Tem, 4to Ans 60pToBoM annapatypbl Manbix KA, 0cobeHHO Hay4Ho-
y4e6HOro Ha3HaueHMs, MPUMEHSIOTCS LUMPOKO PaCcnpPOCTPaHEHHBIE, NErKO JOCTYMHbIE SNEKTPOPaAMoM3aenis B
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06bIYHOM NMPOMBILLNIEHHOM UCTIONHEHWU. [ins NpoBeAeHNst UcCrieoBaHui B 3T0i 06NacTy Marble KocMUYecKme
annaparbl UCMOMb3YI0TCS JOCTATOYHO LUIMPOKO. 3AECh BaXHO COBMELLIEHUE M3MEPEHUS paauaLmoHHol obeTa-
HOBKY Ha GopTy KA 1 nccnefoBaHus yCToMYMBOCTI paboTbl GOPTOBbLIX CUCTEM, UX 3IEMEHTHOI Gasbl 1 ferpa-
[JaLMOHHBIX NMPOLIECCOB B HUX, BbI3BAHHbIX BIUSHUEM KOCMUYECKO CPeabl U BPEMEHM.

Takum 06pa3om, HaHOKOCMUYECKIE annapaTbl BNIOHE NPUrOAHbI ANs PELLUEHNs 3aa4 KOCMUYECKO pa-
AVODU3NKM 1, B NEPBYIO 04epefb, Hay4YHO-Y4eBHbIX 3aaay. CpaBHUTENBHO HEBBICOKME 3aTpaTbl Ha MPOU3BOA-
CTBO M 3anyck AenatoT Marible KA LOCTynHbIMM Arisl BY30B, @ MUKPOINEKTPOHHAS U MUKPOSMEKTPOMEXaHMYECKas
anemeHTHas 6a3a NO3BONSET peLuaTh LUMPOKMIA CMIEKTP UCCNeaoBaTENbCKIX PaaMoMU3NYecKX 3afay 1 Herno-
CPEACTBEHHO NPUMbIKAOLMX K HUM 06pa3oBaTenbHbIX 3aau.

Bubnuorpadmyeckuit cnucok

1. AsoeB I. J1. 'HHoBaLMOHHbIe knacTepbl HaHoMHAYCTpuM. M.: BUHOM. Jlabopatopus 3HaHuit, 2012.
296 c.

2. Kocmuueckue nporpammbl // ®epepansHoe kocmmudeckoe areHTcetso. URL:
http://www.federalspace.ru/115/ (nata obpaweHus: 20.03.2016).

3. NMiobutenbckas kocmoHaBTuka // MonynsipHas Mexanuka. URL:
http://www.popmech.ru/technologies/13811-kosmos-na-lyubitelya-orbita/ (nata obpaLenus: 20.03.2016).
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YOK 629.735.33

C.A. BynasuH

CTYAEHT Kacheapbl 3KCnnyaTauum 1 ynpaeneHnst adpoKoCMUYECKUMM CHCTEMAMM

E.A. y3ul

CTYAEHT Kacheapbl 3KCnyaTauum 1 ynpaeneHnust adpoKoCMUYECKUMM CHCTEMAMN

H.A. O84uHHUKOBa — KAHAMLAT TEXHUYECKMX HAyK, AOLEHT — HAayYHbIA PYKOBOAUTEMb

KWAHEMATUYECKAA CXEMA YPABHEHUA ABUXXEHWA YYBCTBUTENBHOI O ANIEMEHTA

MukpomexaH4eckiin BUOPaLMOHHBIN TMPOCKOM, MOCTPOEHHBIA C UCNONb30BAHUEM KapAaHOBON CXEMbI,
He UMEeET BpalLLaLLMXCs YacTel, a BMECTO TOrO UCMOMb3yeTcs BUOpaLMs BOKPYr TOPCHOHOB. [upockon npea-
cTaenseT cobol kapAaHOBYI0 KOHCTPYKLMIO C MACCHBHBIM 3/1eMEHTOM, CMOHTUPOBAHHBIM Ha BHYTPEHHEN kap-
[aHoBOW pamKe. BHyTpeHHss kapaaHoBas pamka MOXET PaccMaTpuBaTbCs Kak rMPOCKOMNYECKUI SNEMEHT, a
BHELLHAS — Kak MOTOp.

BHeLUHSIS 1 BHYTPEHHSS paMku COeNHEHbI NPY MOMOLLM TOPCUOHOB. TOPCUOHbLI UMEIT Maryo XecT-
KOCTb Ha Kpy4eHWe Mo CPaBHEHMIO C XECTKOCTbIO Ha 13rnb. BHelLHss pamka coBepLUaeT BbIHYXAEHHbIE YITo-
Bble konebaHus ¢ Manoi amnIUTyAON W BbICOKOI YacTOTON BOKPYT OCK CBOWX TOPCHOHOB (ocu Y Ha puc. 1).

|
A

A

g -

PucyHok. KapaaHoBasi cxema MUKpOMEXaHU4YECKOro BUGPALIMOHHOTO TMpocKona

lMpn 3TOM BHYTPEHHSS paMKka CTaHOBMTCS YyBCTBUTENbHOM K YrNIOBOI CKOPOCTU, HANPaBMIEHHOM MO OCy
nepneHANKYNSpHON NNockocTh rupockona. OHa coBepLuaeT yrnosble konebaHns BOKpYr OC1 CBOMX TOPCUOHOB
C amnnuTyaoi 1 ¢a3oi, KOTopble 3aBUCAT OT MEPEHOCHON YrMOBON CKOPOCTU. Bo3byxaeHne BbIHYXOEHHbIX
konebaHuit MOXeT OCYLLECTBNATLCS SNEKTPOCTATUHECK, @ U3MEPEHME BbIXOLHOTO CUrHana - Npyu NOMOLLM M-
KOCTHOrO AaT4nKa. OneKTpoabl HaNbINSIOTCH Ha MOBEPXHOCTY BHELLHEN U BHYTPEHHEH kapAaHoBbIX pamok [1].

YpaeHeHus d8uxeHUs Yy8cmeumenbHo20 dneMeHma

CocTaBum auddepeHumanbHble YpaBHEHUS ABWXEHWS YYBCTBUTENBHOMO SNEMEHTa KapLaHOBOrO MUK-
pomexaHn4eckoro rupockona. KapaaHosas cxema BUOPALMOHHOTO rMpocKona MMeeT ABe CTeneHu ceobogbl.
lMonoxeHne YyBCTBUTENBHOMO aNeMeHTa B NPOCTPAHCTBE OAHO3HAYHO onpenenseTcs AByMs 0606LLeHHbIMM
koopauHaTamu. B kauecTse 0600LLEHHbIX KOOPAMHAT NPUMEM Yron NOBOPOTa BHELLUHEH kapAaHOBOI pamKm OT-
HOCUTEMbHO Kopnyca W yron MoBOpOTa BHYTPEHHEN paMKii OTHOCUTENBHO BHeLHeR. OBo3HauMM 31 yribl B 1
« COOTBETCTBEHHO (CM. puc. 1). BBeAeM fekapToBble CUCTEMbI KOOPAMHAT, CBA3aHHbIE C 0CHOBaHWeM npubopa,
BHELLHeN 1 BHyTPeHHew pamkamu. OHu nmetoT obLuee Havarno B TOUKe NepeceyeHns oceil nogseca rmpockona.
0O603Haumm ux Oxjy;zj, roe i=0 - NS CMCTEMbI KOOPAWHAT, CBA3aHHON COCHOBaHNeM npnbopa, i=1 - ¢ BHELHeN
paMKOM 1 =2 — CBA3aHHYHK CBHYTPEHHEN pamKol. [lepeHOCHYI0 yrnoByo CKOPOCTb 3aaauM ee NpoeKLMsM Ha

CUCTEMY KOOPAMHAT, CBA3AHHYI0 C OCHOBaHWeM npubopa: Q3 = {Qx,Qy ,QZ} .

Monyynm BblpaxeHns Ans ee NpoeKkUUi B CUCTEMAX KOOPAWHAT, CBA3AHHBIX C BHELLHEN W BHYTPEHHEN
pamkamu [2]. Mpoeynpyst BekTop abComMOTHON YrMOBOM CKOPOCTM HA OCK CUCTEM KOOPAMHAT, CBA3aHHbIX C
BHELLHeN 1 BHYTPEHHE pamMkaMi, MOXeM 3anucaTb CeayioLne COOTHOLLEHMS:
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Qyq = Qycosp—Q,sinf

0y =0,+f (1.1)
Q,1 =Qysinp +Q,cosP
Qy0 =Q,c0sB—Q, sinB+a, (1.2)

Q= (Qy + B)cosa +(QysinB +Q,cosp)sina,
075 =(QysinB+Q,cosB)cosa — (Qy + B)sina ,
[ncbchepeHumansHble YPaBHEHNA ABIKEHUS YyBCTBUTENBHOTO 3MeMEeHTa NOMyyMM MpK MOMOLLM YpaB-
HeHui Jlarpanxa 2-ro poaa:
ddT dT ddT dT
adr 9T _py,, 99T _dT _y . (1.3)
dtdp dp dtda  do
rae T— nonHas KUHETUHECKas HEPIA CHCTEMbI, KOTOPYIO HAXOAMM B BIAE CYMMbI KUHETUHECKUX SHEPrit ee
2
anemenToB T = > T;,a T; Haxo[uM U3 COOTHOLLIEHUS:
=t
2 2 2
2T; = 1 Q0 + 1 QY +17/Q7; = 2051 Q4 Q i = 21,702 = 20 Q71O
ECM y4eCTb, YTO KOHCTPYKLMS YYBCTBUTENHOTO 3MEMEHTa r1pocKona CUMMETPUYHA OTHOCHTENbHO
LIGHTPa Macc, TO €ro LIeHTPOBEXHbIE MOMEHTbI MHEPLIMM PaBHbI HYTIH, U BbIDAKEHME ANS KUHETMYECKOM SHep-
MW NPUMET BUA;

1 2 2 2 2 2 2
T= E(IX1QX1 Q1 +11Q71 + 13000 +1,,2Q) +IZZQZZ) (1.4)
0606LLeHHbIe CyMbl B NPaBOiA YacTh ypaBHeHMI (1.3) uMetoT BuA:
Mg =—ciB—fiB+My ()M, = —Coa—Fyct,
rae C4,Co — YIMOBbIE XECTKOCTM TOPCUOHOB, fy,f) — KO3APDMLMEHTbI EeMNUPOBAHNS BHELLHEI 1 BRYTPEHHEN

PamMOK COOTBETCTBEHHO, M2 (t) — MOMEHT BHELUHWUX CUN, BbI3bIBAIOLLMX BbIHYXOEHHbIE konebaHus Hapy)KHOVI

pamku. KapgaHoBasi KOHCTPYKLSI YYBCTBUTEMBHOMO 3MEMEHTa MogpasyMeBaeT Masible amnauTyabl YrioBbIX
konebanmit no yrnam o1 . 370 NO3BONSET NMHEAPU3MPOBATL TPUTOHOMETPUYECKNE (DYHKLMM, MPUHSAB
sino = a,cosa ~ ., Sinf ~ B,cosp ~ 1

1 npeHebpeYb YneHamu, B KOTOPbIE 3TW YrIbl BXOAAT BCTENEHSX, BblLEe NepBoil. MofacTaBnss Bbipaxe-
HWe ans KuHeTuveckon aHeprum (1.4) B ypaBHenus (1.3) u, NpUHAMAs BO BHUMaHWE ManocTb 060BLEHHbIX

KOOPAVHAT, NOMy4aeM Ansi POM3BOSILHOTO BEKTOPA YITIOBOM CKOPOCTY BpaLLieH!s 0CHOBaHMs 2 AnddepeHum-
arbHble YPaBHEHNS ABVKEHNS YYBCTBITENBHONO rIEMEHTa KapAaHOBOTO MUKPOMEXaHUYECKOrO rpockona

héi+(h +/1)a+c1a—GQzB—D1(Q§ —Qﬁ)a—[gz h+Q, | —D1QXQy]B+

+D/Q,Q, +Q, h+Q, I, =0,
12exscy x 1 x 1 (15)

Iop+(f, +/2)B+c2B—GQZa—D2(Q§ _QE)B+[D1QXQ}/ +D1Q;, -Q, D1]OL—

7DZQny + Qy /2+Qy /2 = M2 (t)

rae i, 1o, G, Dy v Dy - koadbthuLmeHTbl, 3aBUCSLLME OT reOMETPUYECKUX NapaMeTPOB KOHCTPYKLM crieayto-
Lym obpasom:

h=lyp,lp=lyq+1y9, G=lyo+1y9-1y,
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D1=lyp-1y2,Da=lp1+ 1501y -1y. (1.6)

[Insi NOCTOSIHHbIX reOMETPUYECKIX XapaKTEPUCTUK MONYYEHHYI0 CUCTEMY YpaBHEHMIA MOXHO Npeobpa-
30BaTh K BUZY

a+2h1a+k12a—GQZB—d1(Q§ —Qﬁ)a—[gz—dpxgy]ﬁ—
7d1Qny+Q).< :0, (17)

5+2hZB+k§ﬁ—gQZa—d2(Q§ —Qﬁ)mda(gxgy —Q,)o—

_dZQXQZ +Qy =my (t),

e h = %/ K2 =i 11,0 =Dy fjmy (£) = My (£) .

MonyyeHHble cucTeMbl AndhepeHLManbHbIX ypaBHEHMIA ONUCHIBAOT NOBEAEHNE YyBCTBUTENBHOTO 3Mne-
MEeHTa KapAaHOBOrO MUKPOMEXaHWYECKOTO fMpockona npy NePEMEHHOM Kak Mo BENMUYMHE, Tak U N0 Hanpasne-
HIIO NPOU3BONBHO OPUEHTUPOBAHHOM BEKTOPE NMEPeHOCHOI YTIoBOI CkopocTh €2 . [INs NOCTOSHHOTO, HO MPO-
13BONIbHO OPWEHTMPOBAHHOTO MO OTHOLLEHMIO K MIIOCKOCTW Npubopa BeKTopa NMepeHOCHOM YITIoBOH CKOPOCTU
cucTema ynpocTuTes U NpUMeT B

. . 2 ; 2 2

&+ 2y + ko — g QB —dy (Qy —Qz)a+d1Qy (QB+9,)=0, .
B+ 2hofs + k3B — gQ,c—dy (Qﬁ —0? )B+QX (€200 - 0y, ) = my ().

Ecrv BekTop 13mMepsieMoi NepeHOCHOI YToBOI CKOPOCTU OPUEHTUPOBAH NEPMEHANKYNISIPHO NNOCKOCTM
npubopa (pUcyHoK), T. e. Q = {0,0,Q}, 10 cuctema (1.8) Bymet nmeTsb Bug
i+ 2hy6 + (k12 + d1QZ)a — 9B =0,
B ' (1.9)

5+ 2hofs +(k§ +d292)[3 + 9,06 = my (1),
MonyyeHHble ypaBHeHus (1.9) SBNAIOTCH HENMHEHBIMW OTHOCUTENBHO M3MEPSIEMOIA BENUYMHBI - Q.

Kpome aToro, B 06LeM cnyyae KoaduLMEHTBI ypaBHEHUA SBNSIOTCS (DYHKLMSMW BpeMeHu. HaxoxaeHue pe-
LUEHWIA TaKoW CMCTEMbI NOAPa3yMeBaeT UCMONb30BaHWE YNPOLLAIOLLMX AOMYLLEHWI.

Bubnuorpadmyeckuit cnmcok

1. Menbnop [.C. Mmpockonuyeckue cuctembl. M.: Beicw. wkona, 1971. 4. 1. 568 c.
2. MatBees B.B., Pacnonos B.A. Mpubopsl 1 cucTeMbl OpueHTaLmun, cTabunusaumu 1 HaBurauum Ha
M3MC-gatumkax. Tyna, 2017. 224 c.
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YOK 681.586.2

A.A. KanumoHoe
CTYLEHT kacheapbl KCMyaTaLuy 1 YNpaBleHUs a9pOKOCMUYECKUMMU CUCTEMAMK
C.9. CkopuHa — kaHAnAaT TEXHUIECKNX HayK, AOLIEHT — Hay4HbIA PyKOBOAUTENb

MUKPOMEXAHWYECKUE CEHCOPbI ABUWXKEHWA BECMUITOTHOIO JIETATENIBHOIO AMMAPATA

OpHWM 13 HanpaBREeHuit PasBUTUS MHEPLMANBHBIX HABUTALMOHHBIX CUCTEM SBISIETCS NPUMEHEHHUE B HUX
MUKpOCUCTEM. MHTerpupoBaHHble B 6eCrMNOTHBIN NeTaTenbHbIi annapat MUKPOCXeMb! JOMKHbI 0becneynBaTh
BO3MOXHOCTb PEr1CTpaLmi BCeX NapameTpoB ero ABKEHUS C 3aaHHO TOHHOCTbIO 1 06afaTh ManbiMv Mac-
€Ot 1 rabapuTHBIMKM pasMepamu.

MukpomexaHudeckue akcenepomempbi. MUKpOMEXaHUYeCKMe akcenepomeTpbl ABASIOTCA OOHUMM U3
NepBbIX KOMMOHEHTOB MUKPOJNEKTPOMEXaHMYECKUX ccTeM. OHUM NO3BOMSIKOT U3MEPUTL HAKIOH, U3MEHEHWEe
nonoxeHus 06bEKTa Ny YCKOPEHUSIX, IMHEHOE W BpaLLiaTenbHOe YCkopeHue, neperpysku, BubpaLiv 1 yaapsl.
YcnoBus aKkcnnyaTauun TEXHUYECKkUe XapakTepucTuk MOryT ObiTb COBEPLUEHHO pasHbiMu: paboune auana-
30HbI TeMnepaTyp oT -60°C go 125°C, gnanasoH namepenuit ot +£0.2 g 1o £200 g, TpeHg HyneBoro curHana o
0.005 g/uac., cToumocTb konebrneTcs OT HECKONMbKUX JEeCATKOB [0 HECKONMbKUX Thicsy pybnei, a rabaputHble
pa3smepbl MOTYT COCTaBNATb €AUHULbI U AECATKA MURMUMETPOB. Ha CerofHsLWHUA fAeHb CYLLECTBYET MHOXe-
CTBO MUKPOMEXaHWNYECKIX aKCenepoMeTpoB, OTAnYatoLmxcs dopmol, rabapuramu, usrotosutenem. Mpu atom
KnaccudmumpoBaThb 3TM AaTHMKN MOXKHO MO CMeAYIoLLMM Npu3Hakam, npueeseHHbIM Ha puc. 1 [1].

KnaccudukaLisi MKpOMEXaHIYeckIX
aKcenepomMeTpos

I
i 1 i

Mo Hanuuuio oBpaTHov caA3M: Mo wicny creneteit coGoab! CTE_ﬂeHEﬂ CB0GOL! Mo xapakTepy nepemeleHNs UHEPLIMOHHOI
MHEDLIVIOHHO/ MaCChl flaTyuKa: Macchl:
- MpAmonokasbiBatolme
- KomnercauyonHoro vna - OnHoockble - C nocrynarenbHbim nepemetLiehuen (OceBbie)
-[lByocHbie -C yrnosbimM nepemeLtieHnem (MasThykosble)
-TpéxocHble
o Tvny dedhopmMaLy YYBCTBATENBHOTO SNIEMeHTa:
Mo cnocoby npeoBpasosanvs aedopmawmit 8 Mo B4Ry BbixonHoro cArHana:
- ViaruBHble edhopMaLm (KOHCOMbHb I NOABEC) ANEXTPUIECKVIA CUTHaN:
- flechopmaLiuu kpyyeHns (MoABEC Ha TOPCHOHaX) - AHarioroBble
- CnoxHble echopmaLii ¢ kpyyeHunem - EMKoCTHBIE - uckpeTble
- MonynpoBsozHVKoBbIe a) Yacrothble
- MpeoBpasoBatent Ha p-n — nepexofax 6) undpposie
- Mpeobpazosateny Ha MAB (TT0BEPXHOCTHO —
aKyCTUYECKWX BONHAX)

Puc. 1. Knaccudpmkaums MukpoMexaHnieckux akcenepomeTpoB

Mo Hanuuuio 06paTHOI CBSI3W Pa3nnyatoT MUKPOAKCENEPOMETPbI Ha MPSIMONOKa3blBatoLLME U KOMMEHC -
LoHHoro Tuna. Cxema NpsiMOro akcenepoMeTpa NpefcTaBnsieT cOBoi NOCNef0BaTENbHOE COEAMHEHNE re-
MEHTOB M3MEPUTENBHON LIEMN 1 YyBCTBUTENBHOTO 3neMeHTa. A B MpuBGopax KOMMEHCALMOHHOMO Tuna ocy-
LECTBNSAETCS KOMNEHCUPOBAHNE CUMbl MHEPLIMM YyBCTBUTENBHOTO SNIEMEHTA APYIoi CUION, KOTOPYID MOXHO
U3MepUTb C HeoBX0AMMOIA TOUHOCTbIO. MuKkpoakcenepomMeTpsl NofoGHOMo TUNa — 3TO CUCTEMA C OTpULaTeNb-
HoW 0BpaTHOI CBSA3bI0, KOTOPas NO3BONSIET YMEHBLUUTb 3HAYEHIE OTHOCUTENBHOM MOMPELLUHOCTH.

Mo uucny cTeneHeil cBO6OAbI MHEPLMOHHOM Macchl 3TU MpuGOpbI AEnsT Ha OOHOOCHBIE, ABYOCHLIE U
TPEXOCHbIE.

MuKpoakcenepoMeTpbl Takke [ENsTCs No BULY NepemMeLLeHIst MHEPLMOHHON MacChl Ha MasITHUKOBBIE W
oceBble. B nepeom cnyyae npu AeCTBIM YCKOPEHMS MO OCH YYBCTBUTENMBHOCTY, UHEPLIMOHHAS Macca U3MeHsIeT
CBOE MOJOXEHHE, KOTOpOE (DUKCUPYETCS AATYMKOM NepemeLeHi. CurHan oTknoHeHus npeobpasyetcs Tak,
YTO CO3[1AETCS MOMEHT, MPUBOASLLMA MHEPLMOHHYIO MAcCy B UCXOAHOE COCTOsHUE. B ycTaHOBMBLIEMCS COCTO-
SHWAM CUTHarM C BbIXOAA CXEMbI MPE0BPa30BaHNs SBMSIETCS BbIXOAHBIM CUTHANoOM MUKPOMEXaHWHECKOTO aKce-
nepometpa.
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Puc. 2. KoHcTpyKTUBHas Cxema MUKpOMEXaHUYeCcKoro akcenepomeTpa MasiTHikosoro Tina [1]:
1 — Kopnyc; 2 — MHePLMOHHAs Macca; 3 — TOPCHUOHbI; 4 — HENOABWXKHbIE 3NEKTPOABI;
5 — OnopHbIit aNEMeHT; 6 — AnaneKTpuyeckas Kpbiluka

OceBoil akcenepoMeTp MOXET UCMONb30BaTLCS [ U3MEPEHUS NIMHEIHbIX YCKOPEHHI Npu BUBPALMAX
W [iNS KOHTPONSt NONOXEHUS GECTMNOTHOTO NETaTeNbHOro annaparta. Mpu A4eNCTBIM YCKOPEHUS B HANPABNEHU
0CY YyBCTBUTENBHOCTY MHEPLMOHHAs Macca, NOABELLEHHas Ha YNpyrx TOPCUOHaX, nepemellaetcs. CurHar,
CHUMaeMblii C jaTynka NepeMeLLeHit, NPUBOANT K BO3HUKHOBEHMIO BHELLUHMX CUM, CTPEMSILLMXCS BO3BPATUTH
VHEPLMOHHYIO MaCCy B YCTAHOBMBLUEECS MOMNOKEHIE.

Puc. 3. KonctpyktusHas cxema MMA ocesoro Tuna [1]:
1 — MHepLMOHHas Macca; 2 — TOPCHOHBI; 3 — HEMOABWXKHBIE NNACTUHbI

Mo Tvny aedopmaLym ynpyroro noaseca YyBCTBUTENBHOTO 3NeMEHTa B MUKpOaKCenepoMeTpax MoryT
1CNOMb30BaTLCS KOHCOMbHbINA NOABEC, NOABEC HA TOPCUOHAX UV MOABEChI, UMEIOLLME CIIOXKHbIE AedopmaLimi
C Kpy4eHueM.

Mo cnocoby cbema BbIXOAHOTO curHana 6blBaloT eMKOCTHbIE, Npeobpa3oBaTeny Ha p-n nepexogax u
npeobpa3oBaTENM Ha NOBEPXHOCTHO-aKyCTUYECKIX BONTHOBbIX PE30HATOpax. EMKOCTHbIE AaT4MKu NO3BONSIOT
PELUMTb LUMPOKWIA KpYT 3aAa4: ONPefenuTh TEKYLLME KOOPAMHATI (3Has HauanbHbIE KOOPANHATHI), NepeMeLLe-
HUe 1 yckopeHue BecnunoTHoro neTatenbHoro annapata. MpuHLUMN AeiCTBIS EMKOCTHOMO akCenepoMeTpa oc-
HOBaH Ha M3MEHEHUM EMKOCTM YyBCTBUTENBHOMO AMEMEHTA C SNEKTPOAAMU NPU NepeMELLEHAN MHEPLIMOHHON
Macchl, IBNSIOLLENCS €ro YacTbto, Nof, AENCTBUEM YCKOpeHHs.. [pUMeHeHe EMKOCTHON TEXHONOTW B AaTuu-
kax, UCMonb3yeMblx Ha 6eCnunoTHUKaX, CBS3AHO C X Manoil NoTPeBNSEMOil MOLLHOCTbI0, HU3KOI TeMnepaTyp-
HO¥l BOCTIPUMMYMBOCTBIO, BbICOKO YYBCTBUTENBHOCTBIO, OTHOCUTENBHO MasbiM CMELLEHUEM HYMS, BbICOKOI
Ha[eXHOCTbH, HU3KOM LieHe M XOPOLLIMM LLYMOBbIM CBOACTBaM.
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Puc.4. Cxema anddepeHUnanbHoro €MKOCTHOrO MWKpOaKcenepomeTpa [1]:
a, 6 — dmsnyeckas Mogenb M3MepUTENLHOI CTPYKTYPI: 1, 3 — HEMOABWKHbIE METanNnYeckue obknaaku; 2, 4 —
3adhmKCpOBaHHbIE NeYaTHbIE MNaThbl; 5 —NoABMKHAN obknaka; 6 — MHepLMOHHas macca; 7, 8 — cnou Ananek-
TpuKa; S —huKcpoBaHHas NnoLLaab NepekpbiTUs 0bknagok; d1, d2 -nepemeHHble paccTosHUS Mexay obknag-
Kamu; a — akcenepoMeTp B COCTOSHUN NMOKOSt; 6 — NoA AeCTBMEM YCKOPEHUS a; B — 3KBUBAMNEHTHAS SNeKTpH-
Yeckas Cxema; I — pa3meLLieH1e N3MepuUTenbHbIX 0cei U CTeneHelt cBoboabl oTHocUTeNbHO kopnyca UC.

|
J

2

Puc. 5. TeHsogatumk Ha p-n nepexoge [1]

Ha puc. 5 npencraBneH TeH30A4aTUMK, CMOHTUPOBAHHBIA HA KOHCONbHOI Banke. TyHHENbHbIA p-n-nepe-
XOf, NOMy4eH nyTeMm BNABNEHUS KOHYMKa MPOBOMOKM W3 aMOMUHWS B MNACTUHKY U3 KpeMHWs. [ins nutanmus

19



OKCMNYATAUMA N YNPABINEHUE ASPOKOCMUYECKMMW CUCTEMAMU

YCTpONCTBa HEOBX0AMM UCTOYHWK NOCTOSIHHOTO TOKa. Koraa Ha koHconb AencTByeT cuna F1, p-n nepexon TyH-
HenbHOro AnoAa NoABepraeTcs OAHOOCHOMY PaCTSKEHMIO B MIOCKOCTW Nepexoaa. AHanoryHoO Npu NpUnoxe-
HWK cunbl F2 nepexop UCMbITbIBAET 0AHOOCHOE HaMPSHKEHUE CKaTus.

g/i/é.

Puc. 6 Cxema 4yBCTBUTENBHOMO dreMeHTa MuKpoakcenepometpa [1]:
1- KOHCOMb; 2 ~MHEPLIMOHHAs Macca; 3 — OTpaxaTeni MoBEPXHOCTHO-aKyCTUYECKOrO BONTHOBOTO Pe3oHa-
TOpa; 4 — BCTPEYHO-LUTLIPEBLIE Npeobpa3osaTeni

Mpu BO3AEMCTBIM YCKOPEHHS,, KOHCOTb, HArpyXeHHast MHEPLIMOHHOA Maccoii m, UCTbITbIBAET AedopMa-
UM, Ha noBepxHOCTSIX U3rnba HaHeCEHbl Pe3oHaTopbl, 00pa3oBaHHble OTPAXATENAMU W BCTPEYHO-LITbIpE-
BbIMU NpeobpasoBatensmu. It aecopmaLiv NPUBOLST K IPOMNOPLMOHANBHOMY U3MEHEHIUK0 COBCTBEHHBIX Ya-
CTOT Pe30HaTOPOB.

MukpomexaHudeckue aupockonsl. MUKpOMEXaHUYECKUe TMPOCKOMbI CTIONb3YTCS Ans cTabunusauum
HanpaBneHus [BKeHNst GECTUMOTHOrO NeTaTenbHOro annapara, U3MepeHHsi ero CKOPOCTM NoBOpoTa U yrna
HaKMoHa B MHEPLManbHOM NPOCTpaHCTBe. TexHUJeckVe XapaKTEPUCTUKW W YCIOBUS SKCMNyaTauumi criegyio-
Lwue: paboyne grana3oHbl Temnepatyp ot -40°C go 130°C, ananasoH nsmepenuin ot £20%c go £500%c, apeid
HyNs 00 AECATKOB °/yac., CTOMMOCTb KonebneTcs OT HECKOMbKIX [ECATKOB A0 HECKOMbKMX Thicay pybnen, a
rabapuTHble pa3mepbl MOTYT COCTaBISTb €AMHULbI U ECATKA MANNMMETPOB.

OCHOBHbIMM 3MEMEHTaM1 MUKPOMEXaHUYECKUX TUPOCKOMOB SBMSIOTCS: MHEPLMOHHAs Macca, ynpyruii
NoLBEC, aHKEPbl, dNeMEHTLI NMPSMOro U 06paTHoro npeobpasosatens. JONOMHATENBHO MUKPOMEXaHUYECKUI
TMPOCKON MOXeT COLePXaTb Takue [OMONMHUTENbHbIE SNEMEHTI, kak KOMNEHCATOPbl U3MEHEHWSI ANWHbI YTpy-
TUX 3IEMEHTOB, KMHEMaT4eckue cBsiau, obecneunsarome nbo cuHxpoHuam asuxenuns MM, nubo yBenuye-
HWe macwTabHoro koadduumeHTa [2]. Bce 310 MHOroobpasme MOXHO KnaccuguumMpoBaThb COrnacHo puc. 7.

K MUKDC KVX TPOCKONOB
o KONU4ECTBY MHEPLIMOHHBIX MACC: Mo konuuecTsy oceit Mo Tuny nonseca
y N
YYBCTBUTESILHOCTA:
- Opromaccobie - MexaHuueckve
-MHoromaccosble (aBe 1 Gonee) - O7IHOKOMMNOHEHTHbIE - HekoHTaKkTHbIe
- [IBYKOMMOHEHTHblE
W [0 BUAY Nepe MelLIeHIts UHEPLIMOHHbIX Mace ‘I‘Io Tuny npusopa (obpatHoro Mo Tvny natumka cbéma curHana
S (M): npeobpasoparens): npsMoro npeofpasopatens):
- Kurematnyeckan cassb Mexay - V1M B oHOit T - MarHuToanekTpuyeckue - OnekTpocTaTuieckue
VHEPLIMOHHBIMI Maccamit
o U - MepemettigHie M B HECKOMBIMX NNIOCKOCTSX - OneKTpOMarHuTHble - Martutoanextpuieckne
- UreyreTeyer - Mbeoanextpuecine - Mbe3ope3ucTuBHble
- dnexTpocTaTMeckme - OnTnyeckme

Puc. 7. Knaccudpmkaums MukpoMexaHnieckux rupockonos
VHepunoHHas Macca — 370 OANH M3 BaXHEMLLWX SrIEMEHTOB MUKPOMEXaHU4ecKoro rupockona. Ee nocty-

natenbHoe [ABWXEeHWe NpUBOAUT K NOABNEHUIO KONIMYECTBA ABUXEHUA, @ BpalLlaTebHOE — K MOMEHTY Konnye-
CTBa ABWXeHus. 1o 3ToMy NpuU3HaKy MOXHO pasnuyaTb OLHOMACCOBbIE 1 MHOTOMACCOBbIE.
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OT KonnyecTBa YyBCTBUTENbHbBIX OCE MUKPOMEXaHUYECKOTO MMPOCKONa Mbl MOXEM OCYLLECTBNISTb M3-
MepeHu1e OTHOCUTENbHO OAHOI MNK ABYX KOOPAMHATHbIX oceit. CnegoBaTenbHO, NpUbopsl MOXHO Knaccudu-
LiMpOBaTh Kak OHOKOMMOHEHTHbIE UK ABYXKOMMOHEHTHbIE.

[Ins MUKpOMEXaHU4YECKUX TMPOCKONOB U3BECTHbI Ba TMNA NOABECOB: MEXaHNYECKMe U HEKOHTAKTHbIE.
MexaHn4eckue nogeech! CyLeCTBYIOT B BUAE YNPYriX SNEeMEHTOB pasnuyHoi dopMbl (NeTns, cnupans, cTep-
XeHb 1 p.). OfHM MOryT pacnonaratbCs o NepUMETPY MHEPLIMOHHbIX MACC - HapyXHble UnK BHeLLHKe. [ipyrue
MOTyT pacnonaratbCsi B Camoi MHEPLMOHHOM Macce, MO0 Mexay HeCKONMbKUMM MHEPLMOHHBIMIA Maccamm -
BHYTPEHHMe. HEeKOHTaKTHBIM NOABEC MOXET BbiTh NPUHLMNNANEHO MobbiM, peani3oBaHHbIM Ha (U3NYECKOM
npuHUMNe, obecneymBaloLLemM NeBUTaLMI0 MHEPLIMOHHOM Macchl. HEKOHTaKTHBIM NOABEC MOXeT BbiTb Ha3BaH
no PU3M4ECKOMy NPUHLMNY ero paboTbl: ANEKTPOCTATUIECKIA, MArHUTHBIA W Ap.

Tak kak ans paboTbl MUKPOMEXaHUYECKOTO MMPOCKONa B PeXMe ABMKEHUS He0bX0ANMO NoaaepxmBaTh
NMOCTOSIHHYIO aMNAUTYLy U 4acTOTy KonebaHuii YyBCTBUTENBHOIO ANEMEHTa, B OHOMACCOBbIX CXeMaXx [ns pe-
LUEHUS 3TON 3aAa4M UCNONb3YIOTCA Pa3NNYHbIE AATYMKM U SNEKTPOHHBIE LienK, B TO BpEMS!, Kak B MHOTOMacco-
BbIX PABEHCTBO YaCTOT M aMmnnnTyA obecneynsaeTcs NPUMEHEHNEM KHEMATUYECKON CBA3M.

B MuKpoMexaHWyeckux rupockonax CyllecTByeT [Ba BWAA B3aUMHOMO NepeMeLLeHns HEPLMOHHBIX
macc. B ogHoM cnyyae MHepLMOHHbIE Macchl (M Macca) nepemMeLLaloTcs B 0AHOM NAOCKOCTU. B Apyrom nHep-
LIMOHHbIE MACChl B PEXMME YyBCTBUTENBHOCTW BbIXOLSAT U3 NAIOCKOCTU UX NEPEMELLIEHNUS B PEXIME ABUKEHNS.

B MuKkpomexaHuyeckux rupockonax ucnonb3ytotces nobble Buabl 0B6paTHbIX npeobpasosaTenei (akToa-
TOpbI), 06€CneYMBatLLNX MPUBOA MHEPLIMOHHBIX MACC B PEXUME [ABUKEHUS C HyXHbIMW NapameTpamu: Marii-
TO3NEKTPUYECKMNE, SNEKTPOMArHUTHBbIE, MbE303NEKTPUYECKIe, dneKTpocTaTieckue. POBHO Tak xe MoryT bbiTb
1cnonb3oBaHbl Mobble TUMbl AaTyKka Cbema curHana (npsmsle npeobpasosateni) BolpabatbiBatoLLye MHGOp-
Mauuio 06 M3MepsieMbIX BEMMYMHAX: ONTUYECKME, MArHUTOINEKTPUYECKIE, ANEKTPOCTATUYECKUE, Nbe30pesn-
CTMBHble 1 Ip. [2]

Takum 06pa3om, CeroaHs 4enoBEYECTBO MMEET LUMPOKMIA BbIGOP MUKPOMEXaHUYECKUX aKCENepoMeTPOB
11 TMPOCKOMOB, UMEIOLLMX Pa3Hble XapaKTepPUCTMKM C pasHbIMU LieHOBbIMM AnanasoHamu. HecMoTps Ha Takve
CBOWCTBA, Kak cBepxmanble rabapuTbl, Manas Macca 1 Manoe aHepronotpebneHue, Bce ewye nayT paboTbl No
YNYYLIEHMIO TOYHOCTM STUX AATUNKOB.
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T.Jle
CTYLEHT Kacheapbl KCMyaTaLun 1 YNpaBIeHUs B a3POKOCMUYECKUX CUCTEMAX
I.H. HedenuH - kaHaMAAT TEXHUYECKMX HayK, [OLEHT — HayYHbIil PYKOBOAUTEMb

YNbTPA3BYKOBbIE JATHYUKU T30U

YnbTpa3ssyk, 3Byk YacToToit 6onee 16 Kl YenoBeyeckuit CNyx He BOCTIPUHUMAET, TEM He MEHEE CKO-
POCTb €ro pacnpocTpaHeHnsl B BO3AYLLHON Cpefe WU3BECTHa, U cocTaenseT 344 m/c. Pacnonaras gaHHbIMK O
CKOPOCTM 3BYKa M BPEMEHU €0 PacnpoCTPaHEHMs!, MOXHO BbIYUCIUTL TOYHOE PacCTOsHUE, KOTOPOE MpoLuna
YNbTPa3ByKoBas BOMHA. ITOT NPUHLMM NOMOXEH B OCHOBY paboTbl yNbTPa3ByKOBbIX AaTHMKOB.

YnbTpasByKoBbIE AATUMKN LUMPOKO NPUMEHSIOTCA B CaMblX pasHbIX cepax NPoM3BOACTBA, U B HEKOTO-
pOM pofe SBNSIOTCA YHUBEPCaNbHbIM CPEACTBOM PELLEHUS MHOTVX 3afay aBToMaTU3aLmuy TEXHONOrNYeCcknx
npoLieccos. Takue AaT4Mku NPUMEHSIOTCA 151 ONpeseneHns YAaneHHOCT U MECTOHaXOXAEHUs onpeaeneH-
HbIX OOBEKTOB.

Onpegenexne ypoBHS XMAKOCTW, KOHTPOMb MEPeABWKEHNs 06beKTa, M3MEPEHNE PACCTOSHUA — NNLLb
HEKOTOpbIE M3 BO3MOXHBIX MPUMEHEHWI YNbTPA3BYKOBbIX 4ATUUKOB.

Kak npaBuno, Ha NpOM3BOACTBAX HEMANO MCTOYHWKOB 3arpsisHEHUS!, YTO MOXeT CTaTb Npobnemon ans
MHOTMX MEXaHW3MOB, HO YrbTPa3ByKOBOW AaTuuk, B cunmy ocobeHHocTelt ero pabothbl, abconoTHo He Bontes
3arpsi3HEHWIA, NOCKONbKY KOPMYC AaT4mKa, NPy HEOO6X0AMMOCTH, MOXKET BbITb HAZEKHO 3aLUMLLEH OT BOIMOXKHBIX
MexaHu4eckux Bo3aencTami [1].

YnbTpasByKoBbIE AATYMKM YPOBHS UCMONb3YHT AN GECKOHTAKTHOTO M3MEPEHUst NOCTOSIHHOTO W npe-
[eMNbHOTO YPOBHS XUAKUX W ChiMy4nx NpogyKToB. [laTumk COCTOMT 13 reHepaTopa ynbTpassykoBOro CurHana,
NPUEMHOTO YCTPOICTBA W 3MEKTPOHHOMO KOHTpomnepa. YnbTpa3BykoBoi AaTuuk paboTaeT no npuHUMNY pa-
Aapa. Manyyaemblit ynbTpa3ByKoBOM MMMYMbLC OT AATuMKa OTPaXaeTCs OT NOBEPXHOCTU U nonagaeT obpaTHoO B
aatuuk. Mo BpeMeHu pacnpocTpaHeHus NpSIMOro M OTPaXXeHHOTo curHana cyasT 06 ypoBHe Wiu BbICOTE MOMo-
XeHust 00bekTa.

1. Hanyyerue 38yK0B020 UMNYIbCa 2. OmpaxceHue
A |
“ # b #
St Lo
i Tl T
_ﬂl‘ﬁ_’ __________ S,
I
My - «----- gil

LY ! &
il o 3. Monyverue 3xa cuzHana
Puc. 1. MpuHunn paboTbl ynbTpa3BykoBOrO faTuuka

B 3aBuCUMOCTYM OT 06nacTh BHeOPEHUS, BbINYCKAIOTCA AATYNKMA YPOBHS C MOPOrOBbLIM UM aHamnoroBbIM
BbIXOZAMK, a Takke LmdpoBbIMK HTEPdEericamu, k npumepy, PrifiBus, RS485. YnbTpa3sykoBble JaT4nKi KOM-
NaKTHbI, UMEIOT HAAEXHYI0 KOHCTPYKLMIO, HE UMEIOT MOABWKHBIX YacTei U NpakTYecKn He HyxgatTcs B 06-
CnyxuBaHnW. IHHOBALMOHHAs SNEKTPOHWKA YNbTPa3BYKOBbIX AATYXKOB YPOBHS W UX NPaBUNbHbIA MOHTaX N03-
BONAIOT ybpaTh NOMeXu, BO3HWUKatoLWe OT curHana.

Hatumnkn U-GAGET30U npeacTaBnsitoT coboit koMGOpTHbIE ANs UCNONb30BaHNUS yNbTPa3ByKoBble AaT-
YWKM, KOTOPbIE OTAMYHO NOAXOANAT ANS CaMbIX TPYAHbIX YCIOBMIA aKkcnnyaTaumu. MpocToe nporpaMmm1poBaHie
C MOMOLLbHO KHOMOK rapaHTupyeT rbKOCTb BO MHOTUX Cryqasx npumeHerns. OHM UCKIIUMTENBHO NPUrOAHbI
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Ansi 32a4 U3MEPEHUS, HanpUMep, NS KOHTPONS YPOBHS BbICOTbI NONOXeHNs 0bbekTa. [latunk obnagaert cre-
neHbto 3awuTbl IP67, 4To No3sonseT emy paboTaTh B XECTKMX YCOBUAX OKpyatoLen cpeabl. Mpubop rapaH-
TUPYET Takke paboTocnocobHOCTL B LUMPOKOM [Anana3oHe TeMnepaTyp okpyxatoLen cpeabl: -25...+70°C.

B patumke umeeTcs ABa NepekntoyaroLLmMx Bbixoga, KOTopble MOryT ObiTh 3anporpaMMmUpoBaHbl BHE 3a-
BUCUMOCTY APYT OT ApYra Ha pasnuyHble rpaHnyHble 3Ha4YEeHUs U3MEPUTENBHOIO AnanasoHa, MMbo COBMECTHO
Ha CXOXMe rpaHnYHble 3HaueHms. Kaxabli BbIXOL MOXET ObiTb YCTAHOBMEH Ha 3aflaHHOE 3Ha4eHue, CUMMET-
PUYHO PACNONOXKEHHOE BHYTPW U3MEPUTENBHOIO OKHA LWnpWHOA 10 MM [2].

Tabnuya 1.
XapaKTepucTuKu ynbTpa3ByKoBOro Aatumka yposHs T30U
/amepuTenbHbIn [MNogkntoyexne HanpsixeHune AHanorosbIi CkopocTb
[AManasoH u va- nuTaHus BbIXOA cpabarbiBaHus
cToTa
150 Mm...1 ™ Kabernb 2 M 5-koH- | 12...24B noctosiH- 4..20 MA 48 mc
228 k'y TakHbIA pa3bem HOro TOKa
M12x1
300 MMm...2 M Kabenb 2 M 5-koH- | 12...24B noctosH- 4..20 MA 96 mc
128 Ky TakHbIA pa3bem HOro TOKa
M12x1

Puc. 2. YnbTpa3sykosble AaTunki yposHs T30U

B 3akntoueHme HyXHO 0TMETUTb, YTO YNbTPa3BYKOBOM CNOCOD U3MepEHMs ABNSETCS COBPEMEHHbIM, Bec-
KOHTaKTHBIM 11 JOCTaTOYHO TOYHbIM, HA OCHOBE 3TOr0 CNocoba BO3MOXHO MOCTPOEHME O4eHb rMBKON CUCTEMB,
KOTOpast MOXET ObITb NPUMEHEHA BO MHOTUX LIENEBbIX OTPACHSX.

CoBpeMeHHble ynbTpa3syKoBble M3MEPUTENM ManbIX BbICOT W YPOBHS MOMNOXKEHUS HAAEXHO W apdek-
TUBHO MPUMEHSIOTCS B LUIMPOKOM JMana3oHe U3MEHEHWsI AaBneHIsl, TEMMEPaTypbl, NIOTHOCTH, BMaXHOCTU W
3NEKTPONPOBOAHOCTM BO3AYXa NPW HaNN4WM NEPEMEHHBIX N0 BENMYUHE WU HANPaBNEHWNIO AENCTBUS CUN, U3ME-
HEHUW NOMNOXEHWs B NPOCTpaHCTBE [3].
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M. C. MakapeHko
MarucTpaHT kadheapbl a3pOKOCMUYECKUX MPUBOPOB U M3MEPHUTENBHO-BLIYMCITUTENBHBIX KOMMIEKCOB
B. H. deHoza — kaHAMAAT TEXHUYECKUX HayK, JOLEHT — HayuHbIi pyKoBOAMTENb

EMKOCTHOW NPEOBPA30BATENb MFHOBEHHOIO PACXOJA KOMMNOHEHTOB TOMNUBA

YenaHve co3aaTh BbICOKOHAAEXHbIE aBUALMOHHBIE 1 KOCMUYECKUE ABUTaTENbHbIE YCTAHOBKY CBS3aHa
C HeoBXOAUMOCTbI0 JOCTOBEPHOM OLIEHKM MX TEXHUYECKOTO COCTOSIHUSI B MPOLIECCE LUTATHOM 3KCmnyaTaLuy.
['NaBHOI 0COBEHHOCTBIO TaKiMX NMPUGOPOB AOMKHO BbiTb OTCYTCTBUE MEXAHUYECKUX YYBCTBUTENbHBIX SIEMEH-
T70B. Ha iaHHblit MOMEHT 0AHO 13 Hanbonee NEPCNEKTUBHbLIX HANPABNEHWI PA3BUTUS COBPEMEHHOI aB1aLMOH-
HOW NPOMBILLNEHHOCTY SIBNSIETCS Pa3BUTUE CTYTHUKOB 1 MUKPOCTYTHUKOB. CnefioBaTenbHO, A5 BbINOMHEHNS!
MOCTaBNEHHbIX 3afja4 [OIMKHO YYUTbIBATLCS: raBapuThl MpuBopa, NPOCTOTa KOHCTPYKLMK U BO3MOXHOCTb WC-
MOMb30BaHMS TEXHOMOMMIA «HEBLICOKOTO YPOBHS», LUMPOKO MPUMEHSIEMBIX B MPMBOPOCTPOEHMM [1].

Brarogaps “CMomnb30BaHMI0 HOBBIX (PU3MUYECKMX MPUHLMMOB U3MEPEHNS CKOPOCTY NOTOKA, Takue Kak Uc-
Monb30BaHUe EMKOCTHbIX NPeobpasoBaTenei Ans KOHTPOMs pacxofia KMOKOCTH, MOTYT UCMONb30BaTLCA U B
Apyrux otpacnsix npubopoctpoenus. Obnagas «MUHUATIOPHBIMUY pa3mepamu U obnagaroLLme BbICOKOR YyB-
CTBUTENBHOCTBIO K MasbiM pacxofam, OH1 MOTYT 3HAUUTENBbHO YNIPOCTUTh U YAELEBUTb MPOU3BOACTBO.

[insi peleHus noctaBneHHoN 3afaun GyaeT UCnonb3oBaThCs EMKOCTHOM METOf, KOTOpbIi OCHOBAH Ha
nonsipu3aLmv AUINEKTPUYECKON XUOKOCTU MU [ABIKEHAM €€ B SNEKTPUYECKOM MOJIe C MOMOLLBI0 eMKOCTHOTO
npeo6pa3soBaTens. Ero NpuHLMN [eiCTBUS OCHOBAH Ha ABWKEHWM BMECTE C [MANEKTPUYECKOM KMOKOCTHIO
aNeKTpU4EeCKIX 3apsaoB. Takke paspabaTbiBaeTcs MOAESb EMKOCTHOTO NPeoGpasoBaTensl, KOHCTPYKLMS KOTo-
poro 6yfeT npeacTasneHa B BUAE TPYGbl M3rOTOBNEHHON 113 N30MALMOHHOTO MaTepuana 1 pacnonaraloLmmncs
CHapYM KOMbLIEBbIMMU 3MEKTPOAAMM, T1e HEYETHbIE SNIEKTPOb! COEAMHSIOT OIHUM NPOBOAOM, @ YETHbIE — ApY-
M. B uTore, npu ABWKEHUN 3apSI0B Ha KOHLi@X NPOBOAOB BO3HWKAET U3MEPUTENbHBIN CUrHAM CUHYCOUAaMb-
HoW hopMbl, YacToTa f KOTOPOro ONPEeaENseTCs ypaBHEHNUEM:

v
2d
rae V — ckopoCTb [BUKEHUS KUAKOCTH; d — PACCTOSHWE MEXAY OCAMM [IBYX COCEAHMX 3MEKTPO/OB.

C NOMOLLbI0 [JAHHOMO MPUHLMMA MOXHO WCCMEoBaTb NMPOLECChI, MPOTEKAlLLMe B JaTuuKke, Npexae
BCErO BMEHNS «CHOCA 3apsiaay Npu ABIKEHMM paboyei KuakocTy.

3a ocHoBy OygeT BpaTbCst eMKOCTHbIN NpeobpasoBaTenb pacxoAa AUaNEKTPUYECKNX XUOKOCTEN, rae au-
3MEKTPUYECKAS KMTKOCTb, PACXOZ KOTOPOW N3MEPSIETCS,, NIOAAETCS B NPOTO4HYI0 kamepy 2 (pucyHOK). Mpy 3Tom
Ha BbIXOi€ YCTPOICTBA YNpaBeHs 6 IPUCYTCTBYET HANPSKEHIE MOMOXUTENBHON UMK OTPULIATENbBHOI NoNsip-
HOCTW. [uanekTpudeckast XUAKOCTb, HaXOASLLAsC MEXZY anekTpoAamu, 0GpasyroLLyMy NepBYIo rpynny KOH-
AeHcatopos Cy, MONsipU3yeTcs v KoraeHcaTopbl Cq 3apshkatoTes.

Ecnun ectb Kkakoi-nnbo pacxof AMSNEKTPUYECKOR XWAKOCTW, TO B kamepe 2 OHa BygeT npoTekatb €O
CKOPOCTbI0 V, 3HAYEHWe KOTOPOIA NPONOPLIMOHANLHO BENWYMHE pacxofa. YacTb 3apsigoB nonsipu3oBaHHoON Aau-
3MEeKTPUYECKON KMAKOCTM BYAET yHeCeHa 13 NpocTpaHcTBa nog, anektpoaamu Cy. B aTom cnyyae HanpskeHue

Ha koHaeHcaTopax Cy ByAeT yMeHbLIaTbCs 13-3a MPOTEKaHUS NONAPU30BAHHON AM3NEKTPUIECKON XUAKOCTH
Mexay anektpoaamu korpeHcatopo Co . Bbixop koHpeHcaTopos Cp MOAKMIOYEH K BXOAY YCTPOICTBa ynpas-
nenus 6. Koraa nossutcs HanpskeHus Ha koHpeHcatope Co , YCTPOWCTBO ynpaeneHus 6 bynet meHsiTs nonsp-
HOCTb HamnpsKeHWst, nofaBaeMoe Ha KonpaeHcatop Cq Ha NPOTUBOMONOXHOE. B pesynbTaTe AvanekTpuyeckas
KMAKOCTb, MPpOTeKatoLLas Mexay 3neKTpoami koHaeHcatopa Cy, NonsipusyeTcst HanpshkeHeM obpaTHoi no-
NISIPHOCTY, @ NONSIPHOCTb HAMPSKEHUS! Ha KOHAeHcaTopax Cy M3MEHWUTCS, MOCHe Yero NpoLEeCce NoBTOPSIeTCS.
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PucyHok. Briok-cxema emMKOCTHOro npeobpasoBaTens pacxoaa AUSNEKTPUYECKIX XUAKOCTER

Peauctop 5 npegHasHayeH ans obecneyeHns CpeaHero 3HaueHns NOCTOAHHOWM COCTABNSAIOLLEN HA KOH-
peHcatopax C,, paBHoro Hymo. Ha Bbixode ycTpoicTaa ynpaBneHus 6, COBAMHEHHbIM C KOHTAKTOM 7 Ans

MOAKMKYEHNS U3MEPUTENBHOTO YCTPONCTBA POPMUPYETCS NIOTUYECKON HAMPSKEHUE C YaCTOTOM NPoOnopLuo-
HanbHoM pacxogy xuakoctu [1].

A3 BblLLeCKa3aHHOTO MOXHO CAenaThb BbIBOAbI.

1. TpenmyLiecTeamu JaHHOTO nNpeobpasosatens sBNseTcs paboToCnocoBHOCTb B CNIOXKHBIX YCIO-
BMSX, KOMNAKTHOCTb M MPOCTOTa peanu3amu.

2. Tpw uccnegosanum npubopa BO3HUKAeT Psii BOMPOCOB OTHOCUTENBHO PACMIONOKEHMS, KOHCTPYKLM
[aT4YMKOB U UX BMUSIHWS HA MPOXOXKOEHNE XMIKOCTU U YYBCTBUTENBHOCTU U3MEPEHUIA, BIIUSIHWS NapameTpoB
KUBKOCTW W ap.

3. Tlpu uccnenoBaHum 1 CO3aaHUM EMKOCTHOTO Npeobpa3soBatens HeobxoaUmo ByaeT yuuThIBaTh Me-
TOAb! U3MEPEHMS KUAKOCTM 1 MPOBECTI aHANM3 YKe U3BECTHbIX CTaTe! U 30BPETEHMI N0 JaHHOMY BOMPOCY,
B35B BO BHUMaHWe BCE HEAOCTATKN KOHCTPYKLMA W ApYr X NapameTpoB.

Bubnuorpadmyeckuit cnucok

1. Cynumos 10.B., Tutaperko A.K. EMkocTHOI npeobpasoBaTtenb pacxoaa ANINEKTPUYECKIX XMOKOCTEN
Il EctectBeHHble 1 TexHnyeckue Haykv 2009. Ne, C. 310-311.
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YOK 528.526.6

T. H. lempawesuy
CTYAEHT Kachepbl AKCTNyaTaLymi 1 yNpaBneHus B a9pOKOCMUYECKUX CUCTEMAX
H. A. O8YuHHUKO8a — KAHOMAAT TEXHUIECKUX HaYK, AOLIEHT — HAy4HbI PYKOBOAUTENb

MUKPOMEXAHUYECKWA FTUPOCKON

B HacTosLee Bpems MukpomexaHuyeckue rupockonsl (MMIY) HaxoasT LWmMpokoe NpUMeHeHe B aBTOMO-
6unecTpoeHun, MeanLmMHe, MOBUNBHBIX TenedoHax, HaBuraLmu, 3HepreTuke, HedhTAHONM W ra3oBoN MPOMbILL-
NEHHOCTM, CUCTEMaX ynpaBneHns ANs OnpeAeneHns YrioBoro nonoxeHns obbekta. Mx NpuMeHsIoT Takke B
kayecTBe Aemndepa onTuyeckux Npubopos (buHOKNK, Teneckonbl, BuAeokamepbl) Ans cTabunusauun nsobpa-
KEHUA.

Hapsgy ¢ paciumpeHnnem obnacti npumeHerns MM, nocTostHHO Bo3pacTaioT TpeboBaHs K TOYHOCTHBIM
11 3KCMNyaTaLMOHHLIM XapakTepucTkam rupockonuyeckux npubopos. MMI™ ucnons3yetcs ans usmepeHns yr-
NIOBOW CKOPOCTM 1 COCTOUT M3 MHTETPUPOBAHHOTO YCTPOMCTBA (3MEKTPOHHOTO YMna) C KBApLIEBOV NOAMOXKOM,
rabapuTHble pasmepbl KOTOPOrO COCTaBASIOT [ECATKU-COTHW MUNMMETPOB, COCTOSLNE U3 MEXaHWN4eckoro
UYBCTBMTEMBHOTO 3IEMEHTA W 3MEKTPOHHbIX CUCTEM YNpaBNEHHS.

KOHCTPYKTUBHBIM y310M, onpefensitoLmm (yHKLMOHaNbHbIE BO3MOXHOCTM MUKPOTMPOCKONa, SBNSETCS
UyBCTBUTENbHbIN 3neMeHT (43). Y3 MuKkporpockona MOXHO Ha3BaTb MHEPLIMOHHOW Maccoii B Mogeece C npu-
BOZIOM, 06eCneynBatoLLMM PEXUM BIKEHMS, Ha KOTOPBIA NPU HaNM4UM NEPEHOCHON YrMOBOA CKOPOCTU BCres-
CTBWE BO3HMKAIOLLEro yckopeHust Kopuonuca u COOTBETCTBYIOLLMX eMy CUIT UHEPLINK, TeHEPUPYIOTCS BTOPKY-
Hble konebaHus (PEXIUM YyBCTBUTENBHOCTH).

MMI™ oTnmnyatoTcs BUAaMM NEpBUYHBIX U BTOPUYHBIX KONebaHuin MHEPLMOHHOM Macchl. [epBuYHbIE KO-
nebaHus Ha3bIBaKOT TaKKe PEXUMOM [BIKEHUS UMW JBWKEHUEM MO KOOPAWUHATE BO3OYKOEHUS, BTOPUYHbIE —
PEXNMOM YyBCTBUTENLHOCTM UMW ABUXEHWEM MO KOOPANHATE BbIXOAHOTO curHana. B Tune nepsas 6yksa o3Ha-
YaeT BKA NepBUYHbIX KonebaHui, a BTopast BTOpUUHbIX L — Linear (noctynatenbHblii), R — Rotate (Bpaliatenb-
HbIN).

Ot Toro, kak aBuxeTcs Y3, MMIT MOXHO pa3genuTb Ha Tpu rpynnbl:

1) LL-tuna(LL-rupockonbl), ABWxeHUs Y3 no ABym cTeneHsm cBo60oabl Ha3bIBaKOT MOCTYNATENbHBIMY;

2) LR- vnm RL-tuna (LR- unn RL-rupockonbl), coveTatolmx B cebe pasnnyHble fBimkeHnst Y3: noctyna-
TeNbHOe MO OAHON M3 OCeN U BpaLyaTenbHoe Mo ApYroi;

3) RR- Tuna(RR-rvpocKonbl) ¢ BpalLaTenbHbIMi ABMWKEHNAMM YO K M3MepsSemMoi YrnoBoOM CKOpPOCTY Mo
ABYM CTeneHsam ceo6ogb!.

Ha faHHbI MOMeHT Hanbonee nepcnekTuBHbIMK siBnstoTess MM LL-Tuna ¢ nocTynaTenbHbIMU BXOA-
HbIMM 1 BbIXOAHbIMYM KonebaHuamu Y3, Tak kak uMetoT Gonee BbICOKYH paspeLLatoLLyto cniocoBHOCTb No cpas-
HeHuto ¢ MMI™ LR-Tuna n RR-Tvna, koTopble ucnonb3ytoT B coux YO yrnosble konebanus [1].

B aByxmaccoBom MMI™ LL — Tna eCTb ABe NOABWXHbIE MHEPLMOHHbIE Macchl (kaxaas nnowagpto 4
MM2), ofBeLLEeHbl Ha YNPYruX aneMeHTax oTHoCUTENbHO 6a30BOr0 3aneMeHTa KOHCTPYKLWKM U3 cTekna (puc. 1).
Maccbl nocpescTBOM Tpex (NeBblit, NpaBblid, LiEHTPanbHbIA) aNeKTpocTaTUYECKuX Burateneii rpebeHyaTon
CTPYKTYpbI MPUBOAATCS B BUOPALMOHHOE ABUKEHWE CO CKOPOCTLIO V napannensHo nnockocTy 6asbl. Bektopsl
CKOpOCTel HaxoaaTcs B NpoTueodase Apyr k Apyry. Mpn Hanuumn yriosoi ckopocTh Q BOKPYr BXOAHON OCH
nog Aeitcterem cun uHepLm Kopronmca F1v Fz, opHa macca 6yaeT nogHUMaThes, a Apyras — onyckatbes no
OTHOLLIEHMIO K NAOCKOCTU BUOpaLmn. HYyBCTBUTENbHbIE NNACTUHBI 3NEKTPOA0B EMKOCTHOMO npeobpasosatens
nepemeLLEeHmit (hopMUPYIOT BIXOLHON CurHan rupockona. MIMetoTes Takke nnacTuHbl Ans pOPMUPOBaHUS KOH-
Typa 3NeKTpOCTaTUyYeCKor 0BpaTHoOMN CBA3N.

[loCTOMHCTBOM 3TOr0 TMNa SIBNSIETCS €0 BbICOKAN 3aLLUMLLIEHHOCTb OT NMHENHbIX Neperpy3oK, BubpaLy-
OHHas 1 yaapHas NpoYHOCTb, koTopas obecneynsaeTcs BO3AYLLHbIM AeMNdUpoBaHNem B noasece 1 andde-
peHumanbHbIMM CTPYKTYpaMi noaeeca U cucTembl cbema. CepBUCHas ANEKTPOHMKA B UHTErpanbHOM UCMOfHe-
HWM PaCronoXeHa Ha OJHON NOAMNOXKKE C MEXaHUYECKON CTPYKTYPOIA B OBHOM YMNE, YTO CYLLECTBEHHO CHIKAET
YpOBEHb Napa3snTHbIX 1 LLYMOBbIX CUTHANOB B CUCTEMe CbeMa. ELLie 0AHNM JOCTONHCTBOM 3TOTO THUNA ABASETCS
TO, 4TO He Hazo obecneynBaThb BakyyM B KOpryce rupockona [2].
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Puc. 1. Cxema nocTpoenus asyxmaccosoro MM LL — tuna

®upma ANALOG DEVICES B HacTosiLiee Bpems cepuitHo BbinyckaeT rupockonbl ADXRS 623 ¢ guana-
30HOM u3mepeHns 150 rpap/c. ADXRS623, 3T0 MOMHbIA LATUKK YrNOBOA CKOPOCTH (TMPOCKOM), KOTOPBIA MC-
nonb3yeT NpoLecc NoBepXHOCTHOI MukpoobpaboTku Analog Devices, Inc. (puc. 2), 4Tobbl co3aaTh (yHKLMO-
HamnbHO NOMHBIN M HEJOPOTo AATHMK YIIOBOI CKOPOCTH, MHTEPUPOBAHHBINA CO BCE HEOOXOAMMOI SNEKTPOHM-
Kol Ha oguH uun. BeixogHoi curHan, RATEOUT (1B, 2A), npefctasnsieT cobolt HanpsikeHre, nponopLyoHans-
HOE YrrIoBOW CKOPOCTYW BOKPYT OCH, KOTOpas SIBMSIETCS HOPMarbHOM K BEPXHEN NOBEPXHOCTM ynakoBku. Monoca
nponyckaH1sl 3aaeTCst BHELUHMM KOHAEHCATOPOM. [Nl METOA0B KOMMEHCALMW NPELyCMOTPEH BbIXOA TEMNe-
patypbl. [1Ba LMGpPOBLIX BXOAA CAMOAMArHOCTUKW 3MEKTPOMEXaHUYECKM BO3OYKaaloT AaT4nK ANs NPOBEPKM
npaBuibHOI paboTbl Kak AaTumka, Tak 1 cxem (popmupoBanus curHana. ADXRS623 gocTyneH B KOMNEKTe ¢
KepaMm14eCcKoi LIapoBoii peLeTkon pa3mepom 7 Mmx7 Mmx3 Mm (CBGA).
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Puc. 2. T'mpockon ADXRS623
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ADXRS623 paboTaeT no npuHLmMny pe3oHaTopHOro rMpockona npu yekoperusix Ao 2000g. [1se vyBcTBu-
TeNbHble K KPEMHUIO KPEMHIUEBbIE CTPYKTYPbI COAePXaT Kaap CriaxuBaHus, KOTOPbINA 3NeKTPOCTaTUYECKN NpK-
BOZMTCS B Pe30HaHC, Co3aaBasi He06X0aMMbI 3NEMEHT CKOPOCTU [iN1st CO3aaHms cumbl Kopronuca npy BpalLe-
HUKM. Pe3ynbTUpyIoLLMiA CUTHan NofaeTcs Ha PSiA CTyMeHel YCUeHns u 4emoaynaLmn, KOTopble reHepupyioT
BbIXOAHOW CUTHan aneKTpU4eckol ckopocTu. KOHCTPYKUMS ¢ ABYMS JaTuMkami OTKMOHSIET BHELUHWE CUMbl U
Bubpauyio. M3roToBnenne aartymka ¢ NOMOLLBIO CUCTEMbI KOHANLIMOHMPOBAHMS CUrHarnoB obecneynsaer Lie-
NOCTHOCTb CUrHana B WyMHbIX cpepax. [ins paboTbl anekTpocTaTuieckoro peaoHatopa Tpebyetcs ot 18 no 20
B. Mockonbky T0M1bK0 5 B 06b14HO LOCTYMHbI B 6OMBLUNHCTBE MPUMOXKEHWIA, HA Y1NE BKMKOYEH 3apsiaHbIA HAacoc.
Ecnu umeetcs BHeLWHWit nctouHuk nutanus ot 18 po 20 B, aea koHaeHcatopa Ha CP1-CP4 moryT 6biTh ony-
LUEHbI, M 3TO NUTaHWNE MOXHO NOAKNKYNTL K koHTakTy CP5 (6D, 7D). O6patute BHUMaHKe, 4to CP5 He pomxkeH
ObITb 3a3emneH npu nogade nutaHus Ha ADXRS623. HecMoTpsi Ha OTCYTCTBWE NOBPEXAEHMIA, NpU onpeae-
NEHHbIX YCMOBMSX 3apsHbIA HACOC MOXET HE 3amyckaTbCs Mocrne Toro, kak 3emns yaaneHa 6e3 npegsapu-
TENbHOrO 13BneYeHus aHepruv n3 ADXRS623.

Mmpockonbl ADXRS MoryT ucnonb3oBaTbCs, Hanpumep, kak aBTOMOOWMbHbIE AaTyMKkM NepeBopoTa.
Kpome Toro, nx MOXHO NPUMEHSITL B UHTEMPUPOBaHHbIX ¢ GPS cucTemax Hasuraumu, B cuctemax crabunmaa-
LM pasnunyHbIX NOABMKHbIX 0OBEKTOB U BO MHOTUX APYriX cry4asx [3].

Ha nytu coBepeHcTBoBaHus MMI™ cTouT MHOrO npo6rem, TpebyroLLmx peLleHs Ha HOBOM YPOBHE pas-
BUTWA MexaHukn. OHI CBA3aHBI C MOMCKOM HOBbIX TEXHOMOTMYECKMX MPUEMOB (POPMUPOBAHNS MUKPOMEXaHN-
YeCKIUX CTPYKTYp C HEOOXOAMMbIMM XapaKTepUCTMKaMi pa3mepoB, pa3paboTKoi CUCTEMbI CbeMa MoKasaHui,
ycTonumBo pabotatoLLeit npu MukponepemeLeHusx Y3, n obecneyeHnem Tpebyemblx XxapakTepucTUK YyBCTBU-
TENbHOCTW B HU3KOYACTOTHOM 0brnacTu pabounx Yactor. OTTOro, HaCKONLKO YAACTCA NPOABUHYTLCA B PELLEHMN
aTux npobnem, 6ynet 3asuceTs 1 Oynywee MMI [4].

Bubnuorpadmyeckuii cnucok

1. Pacnonos B.A. Mukpomexaruseckue npubopsl. M.: MawwmHocTpoeHue, 2007. 400 c.

2. Mepkypbes W.B., Mopankos B.B. [lnHamnka MUKPOMEXaHUYECKOTO W BOMIHOBOTO TBEPAOTENBHOTO -
pockonos. M.: ®uamarnur, 2009. 226 c.

3. MatBees B.A. 'mpockon — ato npocto. M.: MI'TY um. H. 3. BaymaHa, 2012. 191 c.

4. HeanonutaHckuit A.C. MukpomexaHuieckve BubpaumoHHsie rupockonbl. M.: Koruto-LleHTp, 2002. 118
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YIK 004.42

A. 4. Acmeayamypoe
CTYAEHT Kadhepbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 NPOrPaMMHbIX CUCTEM
A. B. lllaxomupo8 — kaHanaaT TEXHUYECKIMX HayK, AOLIEHT — Hay4YHbIA PYKOBOANUTENb

MPEOBPA30BAHUE GOTOrPA®UI B 3D-MOAENU

Kaxablit YenoBek exeaHEBHO CTaNKMBaETCs C Npobnemoit BbiIbopa BeLLer, B TOM YKCTIe 1 0aexab!.
Hwxe npuBeaeHo TeXHUYECKoe 3agaHne MobUNbHOTO CepBuca, NO3BOMSIHOLLETO COKPATUTb BPEMS NOMCKa are-
MeHTOB rapAepoba, a Takke BbICTYNatoLLEro NeperekTUBHLIM PeKNaMHbIM UHCTPYMEHTOM Ans buaHeca.

Heobxoaumo paspaboTaTb NpunoxeHue, B KOTOPOM NOMb30BaTeNb CMOXET CO3aBaThb HOBbIE COMETa-
HWS 0AEXAabl, He OTKPbIBAs peanbHoro LWwkada.

OTanbl Co34aHNs BHELLHEro BUaa.

1. ®opmupoBaHu1e Moaenn urypbl Nonb3oBaTens.

1.1, C nomoLLbto BCTPOEHHbIX (hopMm.

1.2. Monb3ysicb AeTanbHOI HACTPOIKOI NapamMeTpoB (LUMpUHA nieY, ANHa TYMOBMLLA, LLIMPWHA Tasa u
T.4.).

2. [obaeneHue mopenei ogexabl.

2.1. Bbibop rotoBbix 3d Mogeneit B OHNaitH MarasuHe.

2.2. [lobaBneHue moaenu ogexabl no QR-kofy Ha aTukeTke B ohdpnaiiH MarasuHe.

2.3. Tpeobpa3soBaHue opexabl B 3d 06LEKT: NONb3oBaTeNb AENAeT HECKOMbKO CHUMKOB OAHOrO are-
MeHTa OAeXabl C HECKOMbKUX pa3HbiX paKypcoB, OTChbinaeT doTorpadmu Ha cepsep. [lanee Bu3yanusatop Ha
OCHOBE MMetowmxcst doTorpaduii Aenaet 3D mMogenb M BbicbinaeT obpatHo. Mocne Yero nomnb3oBatens B
CBOEM BMPTYarbHOM rapaepobe umeeT AOCTYN K AaHHOM MOAEenu.

®yHKuMs fobaBneHus Mogenen ofexabl B BUPTYanbHbIi rapaepob nonb3osatens B odpdnaniH mara-
31HE ynyJllaeT noBeaeHYecke 0COBEHHOCTY NOKynaTenel, yMeHbLLIas HEONPeLeneHHOCTb BbIGopa Npu OT-
CYTCTBWM BO3MOXHOCTW NPUMEPKN JaHHOTO anemMeHTa rapaepoba B CoYeTaHuu C y)xe UMELUMCS Y Nofb30-
BaTens.

Mpeumywecmea dns busHeca

[laHHoe NpunoxeHne ABISETCH MHCTPYMEHTOM peknambl Ans oddnaiH MarasuHoB M TOProBOi Nio-
LaaKoit, 06beanHsAOLLEN BCe MarasuHbl 04eXab!.

[ins 6u3Heca arperatopbl TOBapHbIX NPEANOXEHUA — 3TO JONONHUTENbHbIN KaHan Npofax, a 3ava-
CTYH0 M KaHan NpoaByKeHNst COBCTBEHHbIX YCIYT UM NPOAYKTOB, TaK Kak arperatopbl HepeaKo NpeanarakT
CBOWM y4aCTHWUKaM MapKETUHIOBYIO NOAAEPXKKY — Kak Ha KOMMEpPYECKOW, Tak 1 Ha HEKOMMEPYECKOI OCHOBE.

MapkemuHzosas noddepxka
HuwweBbIit arperatop MOXET cTaTb (hiarMaHoM, KOTOpbI NOMOraeT LiENoMy CErMeHTY pbIHKa «0CBO-
UTbCS» B CETU.

YeenuyeHue npodax

Hepeako arperatopbl CTAHOBATCS He AONONHUTENbHBLIM, @ OCHOBHbIM KaHarnom npogax. Bnagumup Op-
nos, ynpaenstowwi naptHep Obed.ru, pacckasbiBaeT, YTO 40NN KNMEHTOB, Npuxoasiumx ¢ Obed.ru, B HekoTo-
pbix pectopaHax gocturaet 80%.

B nouckoBo# Bbigaye CChirkv Ha canT HebOMbLUMX KOMNAHUA — MUHWU-OTENei, PECTOPaHOB, peruo-
HamnbHbIX CNYXO Takch — Nerko TepATCA cpeamn 0ObABNEHMIA KPYMHBIX UTPOKOB pbiHKa. [ns nofobHbIX Hece-
TEBbIX MarasvHOB OAEXAbl arperatop — peanbHbIi LIAHC NPUBMEYb MOKyNaTens.

129



A3POKOCMUYECKME KOMMNbIOTEPHbLIE /1 MPOrPAMMHBLIE CUCTEMbI

Bopbba ¢ 803spawjeHuUeM OHnaliH-NOKYNoK

Bo3sBpalLieHre oHnaiH nokynok — orpomHas npobnema Ans oHnarH-maraaunHoB. Mokynatenb NOHUMAET,
4TO BO3BpalLeHue BecnnaTtHo, 1 Mofia Ha BO3BpaT pacTeT.

C pocTom BO3BPATOB PaCTYT M NOTEPU MHTEPHET-Mara3uHoB, KOTOPbIE M0-HOBOMY pa3MeLLaloT ToBap
Ha cknage, NpoBepSIoT kKayecTBo, nepeynakosbiBatoT. K cnosy, B 2017 . y 04HOTO U3 KPYMHENLIMX PUTENOB
noTepu coctasunu nopsaxa 400 Mnpa Aonn. u3-3a BO3BPALLEHHON NPOAYKLMA.

CraTucTuka Bo3BpaTa NpoaaHHoON Ofexap!:

1) ocpcpnaitH maraauHbl — 8%;

2) oHnanH maraautbl ~ 30%.

BupTyanbHas npumepka ofexabl Npu3saHa coKpaTUTh A0S BO3BPATa B UHTEPHET MaraanHax 3a cyeT
BMPTYarbHOM MPUMEPKM.

OcHoBHble Npo2HO3Upyembie Npobnemb|

1. BbICOKOe Bpems 0xuAaHus roToBbix Mogenei npy 6onbLLOM KOnMYecTBe npucnaqHbIx doTorpa-
(huit pasHbIx 06LEKTOB. PelueHune: Co3faHne HeMPOHHON CETH, KoTopast No3BONMT NpeobpasoBbiBaTh 2D M306-
paxeHus B 3D ¢ nocneaytoLer KOPPEKTUPOBKOI BU3yanuaaTopa.

2. MNoppobHas fetanusauus 3D-mogeneit: TUN TkaHu, NNOTHOCTL MaTepumana, NPo3paYHoCTb (M T.4.)
BEAYT K yBEenu4eHmno Tpebyemoro Mecta Ha cepsepe W B NaMATV MOBUIbHOTO YCTpoiCTBa nonb3osatens. Pe-
LUEeHME: YMeHbLLEHWE NoNMroHanbHocTh 3D mogeneit, hopmMmpoBaHie BoMnbLIMX MOLLHOCTE Ha CepBepe, YTo
obecrneynT Nonb3oBaTeNio NOMNb30BATLCH CBOMMM MOAENAMW OAEXAbI TONbKO NpU NOAKMIOYEHUN K CEpBEpY,
€CIN HEeT BO3MOXHOCTY CKayaTb MOAENb Ha YCTPONCTBO.

O®OPMIIEHME T3 110 FOCT 34.003-90

CornacHo FOCT 34.003-90 «ABTOMaTM3WPOBaHHbIE CUCTEMBI. TEPMUHBI W ONpeseneHus paspaboTkay
TEXHUYECKOE 3aAaHue BKIOYAeT B CeBs cnepytoLume NyHKTbI:

Obuwue ceedeHus

PaspaboTatb MOBGUNBHOE NPUMOXEHME, NO3BONAIOLLEE NONb30BaTENHO NoLbupaTs CBON rapaepod no
UMeloLLMMES 130BpaxeHNsM Oaexabl, Takke peann3oBaTb BOIMOXHOCTb NOMCKA BUPTYanbHOM NPUMEPKU U
MOKYMKW OHNalH OAEXAbl B MarasnHax.

HasHaueHwe 1 Lienu co3aanmns (passuTus) CUCTEMbI:

Monb3oBaTtenb Oonblue He TPATUT BPeMs Ha MOUCKM OAEXab! B LKAy, a C NOMOLLbI0 roToBbIX 3D Mo-
Aenel cBOEro Tena v rapaepoba co3aaeT HoBble COYETaHNS.

MaraauHb! Takke 06nagaioT MoAensAMIN OAEXAbl HOBOW M MPeAbIAYLUNX KONNEKLMIA, 4TO NO3BONSET CO-
KpaTuTb BPEMS B O4epefisiX, aBTOMAaTM3NpOBaTh NpoLecc noabopa 1 Nokynku oaexabl B oddnaitH marasu-
Hax.

Xapakmepucmuka 06bexkmos asmomamu3ayuu
OBbEKTOM aBTOMATU3ALMM SBNSETCSA MNATAHOM Lkad B 0BLLEM NOHUMAHUK, JTM LUKadhoM ABASETCS
BECb rapaepob nomnb3oBaTens, a Takke Te BELLM, KOTOPbIe OH 3aX0TeN BHECTU B CBOM BUPTYasbHbIiA LWKad.

TpebosaHus Kk cucmeme

MobunbHas onepaumoHHas cuctema — He Himke Android 4.4. Paspabotka Ha |OS paccmatpuaeTcs B
nepcnekT1Be, TaK Kak nnaTexecnocobHOCTb NONMb30BATENs PONW He UrpaeT, BaxHa pacnpocTpaHeHHocTb OC.
Mnatdopmoii Android Bnagetot 80.7% nonb3osateneii, B To Bpems, kak [0S npucytctsyet y 17,7%. Kpome
TOro, Ans paspabotunka Android snsieTcs Gonee GromkeTHON OC, YTO ABNSETCSH OQHUM U3 KIKOYEBbIX (haKTo-
poB Bbl6opa nNnaThopmbl.

Heobxoaumo Hannume 6a3oBoro cepepa s xpaHeHus 3D moaeneit MarasnHoB.

CocTas 1 cogepxaHue paboT Mo co3aaHnto CUCTEMbI:

1. PaspaboTka — co3gaHue anropUTMoB, peanuaaumsi.

2. TecTupoBaHue.

3. BHeppeHve — pasmeLeHune npunoxenune B marasuHe PLAY MARKET, cospaHve caiita npunoxeHus
€O BCelt HeobxoaMMoii Ans nomnb3oBaTens MHOPMALMEN U CO CChINKOW Ha CKa4MBAHME MPUIOXEHNS.
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MopsinoK KOHTPONS 1 NPUEMKM CUCTEMBI:

1) TeCTMpOBaHME CEPBEPOB NPM PA3NINYHOM HArpy3ku CUCTEMBI MyTeM 0OpalLLeHus BONbLIOro Konuye-
CTBa NONb30BaTenei k cepeepy.

2) npoBepka ka4ecTsa paboThl Ha Bcex Bepeusix OC, a Takoke Ha pasnnyHbIX NOMYNsSPHBIX paspeLue-
HUSIX 3KpaHa.

TpeboBaHus k cocTaBy v cogepaHuio paboT no noarotoBke 0ObekTa aBTOMATU3aLNM K BBOAY CU-
CTEMbI B 6/CTBME:

3akynka cepaepa, MOBMIbHBIX YCTPOACTB € pasnuyHbiMu Bepeusimu OC, a Takke ¢ pasnnyHbIMK paspe-
LUEHUSIMM 3KpaHa Anst NPOBEAEHNS TECTOB, apeHaa NOMELLEHNs Ans YCTaHOBKY Cepeepa, apeHaa noMelwe-
HMS, @ TaKke 3aKyrnka HeobxoaumoNn Meben 1 TEXHUYECKNX CPEACTB Ans obecneveHns KoMGopTHON paboTbl
odhmca.

TpebosaHus K O0KyMEHMUPOBaHUIO

CornacoBaHHblit PaspaboTunkom 1 3akasunkom nepeyeHb noanexalmx papaboTke KOMNNEKTOB 1 BU-
[0B [JOKyMEHTOB, cooTBeTCTBYIoOLLMX TpeboBaHusam FOCT 34.201-89 n HT[ otpacnv 3akasuuka.

AcTouHmKM pa3paboTki: HacTosLLEe TEXHUYECKoe 3a4aHne pa3paboTaHo Ha OCHOBE CrieayHoLLMX AOKY-
MEHTOB 1 MHhopMaLmoHHbIX MaTepuanos: FOCT 34.003-90 ABTOMAaTH3MPOBAHHbIE CUCTEMBI. TEPMUHBI 1
onpegenexus

BuGnuorpadmyeckuii cnucok

1. Ceprees A. A. busHec-nnanuposanue. M.: HOpaiit, 2016. 463c.
2. URL: geektimes.com (nata obpatyeHus: 12.05.2018).
3. TOCT 34.003-90 ABTOMaTU3MPOBaHHbIE CUCTEMBI. TEPMUHBI U OMPELENEHS.
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YOK 004.71

. A. BozdaHos
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
®. A. Tay6uH — [LOKTOP TEXHUYECKNX HaYK, MPOCHECCOP — Hay4HbI PYKOBOAUTENb

OCOBEHHOCTU CETEBOIO CUMYNIATOPA NS-3 NSt EECMPOBOAHBIX CETEM

Ha ceropHsiLHWiA AeHb CETEBbIE TEXHOMOTMN Pa3BMBAOTCS O4YEHb BbICTPLIMM TEMNamMm. 3HauuTemnbHast
porb B paboTe Bcex 6ecnpoBoAHbIX CeTel 0TBeAeHa NPOTokonam MapLupyTusaumin. OHu NOMOratT oCyLLecTs-
NATb CaMOOpraHnU3aLmio y3noB W AOCTaBKY NaKeTOB ONMTMManbHbIMW MapLUpyTaMu B COOTBETCTBUM C anropuT-
Mamu, NepeynCcneHHbIMU B UCMONb3YEMOM B CETU NPOTOKOse. C MOMOLLBI0 MPOTOKOMOB MapLLpyTU3aLumu OnTH-
MW3MPYETCS NCMONb30BaHWE PECYPCOB CETU, TakWX Kak pacxop SHepriu, UCMonb3oBaHne NPoLECCOPHOTO Bpe-
MEHW, NamMaT W T.4.

CnepoBaternbHo, NpoToKonbl 6ecnpoBOAHBIX CeTel HeOBXOAMMO U3yyaTb, U ANS 3TOMO CyLUECTBYIOT pas-
NNYHbIE CETEBbIE CUMYNATOPBI, B CTaThe ByaeT pacCMOTPEH OAMH U3 HIX —ceTeBOW cumynsaTop NS-3.

OpHolt 13 caMblx BaxHbIX Npobnem B uccnenoBaHnsx 6ecnpoBOAHbIX CETel ABNSETCH Takke BbICOKas
CTOMMOCTb CreLan1aupoBaHHoro 060pyaoBaHms. IMEHHO NoaToMy Bbinv Co3naHbl NPOrpamMMHbIE NPOAYKTHI,
NO3BONAIOLLME BbINOMHATL UMUTALMOHHOE MOAENUpoBaHue 6ecnpoBoaHbIx ceTel. MosieneHue nogobHoro MO
NO3BONWIO NPOBOANTL HEOBXOAUMBIE UCCMELOBAHNS U 3KCTIEPUMEHTBI FOPa3ao 3KOHOMHEE M NonyyaTb npak-
TUYECKM TE Xe pesynbTaTbl, YTO U Ha peanbHOM 060pyA0BaHUM.

BecnpoBoaHble KOMMbIOTEPHbIE CETU — 3TO TEXHONOMS, NO3BONSIOLIAS CO3AaBaTh BbIYUCIUTENbHbIE
CETH, MONHOCTbIO COOTBETCTBYIOWME CTaHAapTaM AN 0BblYHbIX NPOBOAHBLIX ceTe, Be3 Mcnonb3oBaHUs Ka-
6enbHoN NpoBOAKM.

B kayecTBe HocuTens MHGOpMaLWMK B TaKUX CETSX BbICTYNatoT paanoBonHbl CBY-guanasoHa, a Takke
MHPaKPaCcHOE, ONTUYECKOE UMK Na3epHOe U3My4YeHue.

CyuiectyeT MHOXecTBO 6ecnpoBoaHbix TexHonoruit: WiFi, WiMAX, Bluetooth. Kaxpas TexHonorvs 06-
nagaet onpefeneHHbIMI XapakTepuCTUKaMK, KOTOpble onpedensioTcs ee obnacTblo npumeHeHms. Cylle-
CTBYIOT pa3nnyHble NoAxXoabl K knaccudukaLmn 6ecnpoBOAHbIX TEXHOMOMI:

[No danbHocmu delicmeust

1. becnposogHble nepcoHanbHble cet (WPAN — WirelessPersonalAreaNetworks). Mpumepb! TexHo-
noruit — Bluetooth.

2. becnposogHble nokanbHble cetn (WLAN — WirelessLocalAreaNetworks). lMpumepsl TexHomo-
it — Wi-Fi.

3. BecnpoBoaHble cetn macwraba ropoga (WMAN — Wireless Metropolitan Area Networks). Mpu-
mepbl TexHonornin — WiMAX.

4. becnposogHble rnobanbHble cet (WWAN — Wireless Wide Area Network). Mpumepsbl TexHono-
rnt — CSD, GPRS, EDGE, EV-DO, HSPA.

Knaccucpukayusi no obnacmu npumeHeHus

1. KopnopatuBHble (BeLOMCTBEHHbIE) BECNPOBOaHbIE CETU — CO3AaBaEMble KOMMaHUsMM Ans cob-
CTBEHHBIX HYXA.

2. Onepatopckue 6ecnpoBoaHbIe CeT — CO3AaBaeMble onepatopami CBA3N AN BOIME3HOTO OKa-
3aHUS yCnyr.

Knaccucgpukayus no muny opaaHusayuu 6ecnpogodHbix cemeli

1. Pexum Ad-Hoc (IndependentBasicServiceSet (IBSS) unu Peer-to-Peer) — npocTeiiuas cTpykTypa
NOKanbHOW CeTH, Koraa aboHeHTCKMe CTaHuuW (HOYTOYKM UnKM KOMMbIOTEPbI) B3aUMOLENCTBYIOT Hemocpesd-
CTBEHHO APYT C ApYroM.

2. B pexume BSS y3nbl ceTh B3aMMoaencTByoT ApYr C APYrOM He HanpsiMyto, a Yepes TouKy JocTyna
(AccessPoint, AP);

3. Pexum ESS nossonsieT 06benHUTb HECKOMbKO TOYEK LOCTYNA, T.€. 0ObEeANHSIET HECKONbBKO CeTei
BSS. B gaHHoM cryyae Toukv JOCTYNa MOryT B3aMMOZECTBOBATL 1 APYT C APYroM.
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Mpy naeanbHbIX YCNOBUSX PAcpOCTPaHEHUS PAAMOBOMH 30Ha MOKPbITUS OAHOM TOYKM JocTyna Oyaet
“MeTb criefyloLLue 3HadeHus: ceTb ctangapTa IEEE 802.11a - 50 m; cetvt 802.11b, g, n — nopsigka 100 m.

MapLupyTusauus — 370 NpoLecc onpeaeneHns ONTUMANbHOTO MapLUpyTa CrefoBaHNs AaHHbIX B CETAX
cBA3n. MapLupyTbl MOrYT 33AaBaTbCs aAMUHUCTPATUBHO (CTaTUYeckue MapLUpyThbl), MO0 BbIYMCASTLECS C MO-
MOLLbIO Pa3NNYHbIX aNropUTMOB MapLLPYTU3aLMK (BUHAMUYECKUe MapLLPYTh).

PaanuyaloT Tpu BUAa MapLUpYTU3aLMu: NpocTas; (IUKCUPOBaHHast, aianTUpoBaHHas.

OcobeHHOCTb MPOCTON MapLUpyTU3aLMK 3aKkNiYaeTcs B TOM, YTO Npu BbIGOpe MapLupyTa He y4uTbiBa-
€TCS U3MEHEHME TOMOMOTAN CETU W U3MEHEHME COCTOSIHUS CETH. [pocTas MapLpyTuU3auums He obecneynBaeT
HanpaemexHyto Nepeaaqy NakeToB 1 UMEeeT HU3KYI0 3hdEKTUBHOCT.

®uKcMpOBaHHas MapLLPYTU3aLMs XapaKTepU3yeTcs TeM, YTO Npu BbIGOpe MapLupyTa nepeaayu yuuTb-
BAETCA M3MEHEHWE TOMOMOTM U He YYMTLIBAETCH U3MEHEHNE Harpy3Kki CeTu. [INg Kaxaoro yana HanpasneHue
nepeaayu BelbUpaeTcsa no Tabnuue MapLIpyToB, KOTOPas onpeaenseT kpaTyailume nyTu.

AzanTvBHas MapLUpyTU3aLms OTNINYAETCS TEM, YTO MPUHSTUE PELLEHMS N0 HANPABMNEHMKO Nepeaayn
NakeToB OCYLLECTBNAETCA C Y4ETOM U3MEHEHWS TONOMOMAM U Harpy3kn CeTU.

B HacTosiLee Bpemst GeCrpoBOAHbIE CETU Nepeaayn faHHbIX aKTUBHO Pa3BUBAKOTCS, B TOM YnCne
6orbLUoe pacnpocTpaHeHue nony4aeT Takol knacc, kak Adhoc-ceTu.

OT0 oaHopaHroBble BecnpoBOAHbIE CETU Nepeaayn AaHHbIX C NepeMeHHON TOMOMOrel 1 OTCYTCTBUEM
crnewmanbHoON CTPYKTYPBI, TAe KaXabli Y3eN CETU MOXET BbINOMHATL (YHKLMM MapLLpyTU3aTopa W Takxe npu-
HUMaTb y4acTue B peTpaHCALuM NakeToB. [laHHbIe CETU NPUMEHSIIOTCA BO BPEMS BOEHHbIX [EeMCTBUI, B CH-
CcTeMax TpaHcrnopTa 1 cunosbIx CTpykTypax. Ctpyktypa Adhoc-ceTn nsobpaxeHa Ha pucyHke [1].

® Vien cern

; | BoHa PASHOBHANMOCTH
P A J/ yana

Yeranosaennoe
MEAY YIAAMH
COSTHHeHHE

PucyHok. Mpumep cTpyktypel Adhoc ceTn

Cneuyduka 3TUX CeTel COCTOUT B TOM, YTO X TONOMOMMS MOCTOSIHHO U3MEHSIETCS B CBSI3N CriepemelLie-
HWEM Y3MOB CETW UMM M3MEHEHWEM YCTOBUI pacnpocTpaHeHns paguocurHana. Tawke ans Adhoc ceTen, kak u
ans nobbix Apyrux 6ecnpoBOaHbIX CETEN, XapaKTepHbl OrpaHNYeHHas Nonoca NponyckaHus U 3oHa paauoBu-
aumocTu [1].
CyLuecTBytoLMe HA AaHHBIA MOMEHT NPOTOKOMbI MapLUPYTU3aLMM MOXHO KnaccuduumpoBath creayto-
LM 06pasom.
o [lo TMny 1cnomnb3yeMbix AN MapLIpyTU3aLMK AaHHbIX [1]:
1. Tononoruyeckue.
. leorpacpnyeckme.
Mo npuHumny paboTbi [1]:
. MpoakTuBHbIe Unu TabnuyHble.
. PeaktuBHble unu pabotaroLuue no 3anpocy.
. TwbpuaHble.
Mo kpuTepuio onpeaeneHns onTumansHoro MapLpyTa [1]:
. MpoTokonbl BekTopa paccTosHus [1].
. [poTOKOMbI CO CAIOXHOM METPUKON MAPLLPYTOB UKW MPOTOKOMbI COCTOSHNS KaHaNoB.
Mo uncny 3ageicTBOBaHHbIX B MapLupyTu3aumn yposHen IMBOC (ceTesas mogenb OSI) [1]:

o ND—- 0 Who—=> 0 N
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1. OpHoypoBHeBble.
2. MexypoBHeBble.
o [lo HanMuWIo NOAAEPXKNA HECKOMbKIX MapLUPYTOB A0 0AHOro agpecata [1]:

1. OpHonyTeBble.

2. MHoronyTeBble.

B HacTosLLMit MOMEHT U3BECTHbI CeayoLLMe NPOTOKOMbI MapLLpyT13aummn B 6ecnpoBogHbix Adhoc ce-
tax: AODV (AdhocOn-DemandDistanceVector); DSR (DynamicSourceRouting); OLSR (OptimizedLink-
StateRouting); FSR (FisheyeStateRouting); LANMAR (Landmarkroutingprotocol); ZRP (ZoneRoutingprotocol)
[1].

Kaxgbiit knacc npoToKonoB UMeeT CBOM NPenMYLLIECTBA 1 HeAOCTaTKW Npyn ucnonb3osanum B Adhoc ce-
T5X. CpaBHeHue NpOTOKONOB 3aTPyAHEHO TeM, YTO Ha MpoLece nepesaqy faHHbix B Adhoc ceTsix okasbiBakT
6onbLuoe BAMSHWE pa3nnyHble haKTopbl, KOTOPbIE HOCAT CryyaitHbIX XapakTep. Mo3ToMy OCHOBHBIM UHCTPY-
MEHTOM CpaBHWTENbHOMO aHanuaa NPOTOKONOB MapLpyTU3aLuM SBASETCH MUTALMOHHOE MOLENUpPOBaHMe,
KOTOpOE OCYLUECTBNSIETCS MOCPEACTBOM KOMMLIOTEPHBIX MPOrpaMm — CUMYNSITOpOB, 63 NpUMEHeHNs peanb-
Horo obopyaoBaHus [1].

Ha cerogHsilUHNI AeHb M3BECTHO [OCTATOMHO MHOMO CETEBbIX CUMYNSTOPOB. OfHMMM U3 MONYMSIPHbIX
npoayktoB senstotcs OPNET, OMNET, OMNET++, NS-2, NS-3. CyLuecTBytoT Takke y3kocneLmanuavpoBaH-
Hble CUMYNATOPbI, CO3AaHHbIE NULLb ANS MOAENNPOBaHNUS OnpeaeneHHoro 060pyaoBaHus.

NS-3 aABnseTcs AUCKPETHO-COBBITUIHBIM CETEBBIM CUMYNATOPOM C OTKPLITHIM KOLOM M CBOBOAHBIM Mpo-
rpaMMHbIM 0becneyeHnem, pacnpocTpaHsemsimM noa nuuenanen GNU GPLv2, u opueHTUpOBaH Ha mccneno-
BaTemnbCKoe NpUMeEHeHe, a Takke NpuMeHeHue B obpasoBaTtenbHbix Lensx. MexoaHble koabl NS3 oTKpbITbI
[ONs UCCNeAoBaHNs, MoANGUKaLMM M MCNONb30BaHMS W JOCTYMHbI Ha caliTe npoekTa hitp://www.nsnam.org [2].

NS-3 cospaH, 4tobbl 3ameHUTb co60 CyLecTByrOWMiA nonynsapHbI NS-2. NS-3 — 370 HOBbI CUMYNATOP
W'y Hero HeT obpatHoit coBmecTumocTi ¢ NS-2. OcHoBHOe oTrnumne mMexay NS-2 u NS-3 coctout B TOM, 4TO
OHW UMeIoT pasnuyHble sgpa (C++ 1 Python), npoTokonbl CnpoekTMpoBaHbl, 4ToOb! BbITb Hanbonee Grmakumu
K MPaKTUYECKUM peann3aLmsm, ucnonb3ayoTcs 6onee adekTuBHbIE BUPTYanbHble MalnHbl. NS-3 npefocTas-
NAeT BO3MOXHOCTb TPACCUPOBKM W cBopa CTaTUCTUKM AN M3MEHeHNs Bbixofa Modeneit 6e3 HeobxoanmocT
nepekoMnUNALMY Sapa MoLenupoBaxms [2].

NS3 sBnsieTcs 04eHb IMBKUM 1 B TO e BPEMSt MOLLHBIM CPELCTBOM MOLENMPOBAHMS 3a CYET MCMOMb30-
BaHusa C++ B kauecTBE BCTPOEHHOIO A3blka onucaHus mogenei. Momumo C++, MOXeT UCNONb30BaTLCS Takke
Python. Oba siabika B cuMynsiTope paBHOMPaBHbI M IPUHAMAKITCS AMst ONUCaHWSt MOAENel TENeKoMMYHUKaLW-
OHHbIX CUCTEM.

B NS3 paspabotaHbl Mogenu 6ecnpoBogHbIX TUNOB CETel, NO3BONSHOLLMNE NPOBOAUTL MOLENMPOBaHUE
Aaxe C ABMKYLLMMMCS 06beKTamu B TPEXMEPHOM NpocTpaHcTBe. PaspaboTaHbl Moaen Ans nocTpoeHUs Npo-
BOAHbIX TONONOIMiA PA3NMYHON CIIOXHOCTH, @ Takke CMeLLaHHbIX [3].

CvmynsTop He uMeeT COBCTBEHHOTO rpacuyeckoro MHTepdelica, OaHaKko Ans CPELCTB BU3yanu3aLum
mozeneit ucnonb3ytTes Takue npoekTbl, kak NetAnimator u PyViz.

NetAnim sBnsieTcs aBBTOHOMHbIM aHMaTOPOM, OCHOBaHHbIM Ha QT. B HacTosLee Bpemst OH aHuMUpyeT
MOZEenMpoBaHue ¢ NOMOLLbHo ¢haiina Tpaccuposku XML, cobpaHHoro Bo Bpems MoaenvpoBaHus. MNepsas Bep-
cus Bbina paspabotana [xopmxem ©. Painnu.

CyLLecTByeT Takke Takon rpadmyeckuin uHTepdenc, kak PyViz, ato Bu3yannsaTop, KOTOpbIi He MCNOSb-
3yeT (haiinbl TpaccpoBku. ITO MoXeT ObITb Hanbonee NonesHo Ans Lener o0TnaaKu, T.. BbISCHUTb, IBNSIOTCS
N MoZieny MOBUIBHOCTY TEM, YTO Bbl OXMAAETe, FAe 0TOPAcHIBAKOTCS NakeThl U T. 4. CYLLECTBYET Takke BCTPO-
€HHas MHTepaKTUBHas KOHCOMb python, KOTopas MOXET UCNONb30BATLCS A OTNAAKN COCTOSHUS 3anyLLEHHbIX
00OBEKTOB. XOTS OH B OCHOBHOM HanucaH Ha Python, oH paboTaer kak ¢ Python, Tak u ¢ cumynsaumsamm Ha C++.

B pesynbTate MOXHO caenath BbiBoA, YTO NS-3 UMeeT psif CyLLEeCTBEHHbIX AOCTOMHCTB:

oNS-3 sBnsieTca €BOGOAHBIM MpOrpaMMHbIM - 06ECneveHnem, pacnpoCcTpaHSeMbIM MOA  fULEH-
3uert GNU GPLv2;

©NS-3 ABNS€TCA 04eHb MOLLHBIM CPEACTBOM MOAENNPOBaHISA 3a CYET Ucnonb3oBaHus C++ B KayecTee
BCTPOEHHOTO fi3blka OnucaHns mMoaenei. Takke, nomumo C++, MoxeT ncnonbaosatbes Python. Oba sisbika B
CUMYTNSITOPE PaBHOMPABHbI U MPUHUMAOTCA AMNS ONUCAHWSI MOAENEN TENEKOMMYHUKALMOHHBIX CUCTEM;
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o 13 IPUBELEHHOTO MpUMepa BUAHO, YTO Mbl MOXEM CO3[jaBaTb COBCTBEHHbIE MOAENM Nt0BO CIOKHOCTY
WM UCMOMb30BaTh YXKe TOTOBbIE;
e paboTa Hafl CUMYMNSTOPOM He MPEKPALLAETCs, €T0 MOCTOSIHHO YNYYLLAKT.
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YOK 003.09

A. B. bozdaHosa

CTyAeHTKa kacheapbl a3POKOCMUYECKNX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM

B. B. Xpycmanes

CTYAEHT Kadhepbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 NPOrPaMMHbIX CUCTEM

A. 4. Acmeayamypoe

CTYAEHT Kadhepbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 NPOrPaMMHbIX CUCTEM

E. M. 3abaes

CTYAEHT kadhepbl a3POKOCMUYECKIMX KOMMBIOTEPHBIX 11 NPOrPaMMHbIX CUCTEM

10. E. LleliHuH — [OKTOP TEXHUYECKMX HayK, NPOdheccop — Hay4HbIA PyKOBOAUTENb

LIMOPOBAS 3ALLMTA PYKOMMCHOM NOAMUCH

B HacToslee Bpems yAOCTOBEPEHWE B MOAMMHHOCTY AOKYMEHTa BO3MOXHO Wi No G1OMETpUYEeCcKM
XapaKTepuCcTMkam YenoBeka, Unv no LudpoBOiA NOANNCK, B 3aBUCUMOCTM OT TOTO, NPESCTaBNEH JOKYMEHT B
LudpoBom unu nevatHom Buae [1]. Mepebii cnocod ocyLecTBASETCS NPK MOMOLLM CrieLnarnbHO SKCNepTHabl,
onpegensioLLen NOANMHHOCTb nogYepka v nognucy. laHHbIA MeToa OCHOBaH Ha aHanuae CiMbl JABNEHUS Ha
nmcT Bymary 1 no xapakTepHbIM ABKEHNSM Pyku aBTopa. Hegoctatkamu JaHHOrO METOAA ABNSOTCS BbICOKas
CMOXHOCTb U CTOMMOCTb, @ Takke Manas JOCTOBEPHOCTb Npu paboTe C konuei nognucy, BbIMONHEHHON Ha
KonupoBanbHo! TexHuke. BTopoli cnocob ocyLLecTBNSIETCS NPY NOMOLLYM CrieLManbHbIX aCCUMETPUYHBIX KpUn-
TOCTOWKMX MaTemaTnyeckux anroputMos. Co3aaHne nognucy BbINOMHAETCA NPY MOMOLLYM 3aKPbITOrO Kilkova, a
ee ugeHTUdMKaLms npu nomowm oTkpbiToro. OCOBEHHOCTb acCMMETPUYHON KpunTorpadum 3aknioyaeTcs B
TOM, YTO KpaliHe CNIOXHO MO OTKPLITOMY K4y MOMy4uTb 3aKpbITHIA. Bbigaya cepTudmkatos Ans Ludposoi
nognuem ocyLuectenseTcs «MUHMCTEPCTBOM CBSA3M M MaCCOBbIX KOMMYHWKaLmii Poccuiickon ®eaepauumy. [o-
CTOWMHCTBaMM AaHHOTO METOAA SBMNAETCS BO3MOXHOCTbL NPOCTOI NPOBEPKI CepTUdmKaTa, He TpebytoLuen cne-
LjnanbHol aKenepTuabl. MUHYCOM AaHHOrO MEeTOAa ABNSETCA OTCYTCTBUE BOMOXHOCTW MOAMMCK ByMaxHbIX
[OKYMEHTOB.

B paboTe npeanoxeHa nges 06beanHEHNs pyKOMMCHOM U LMchpOBOI NOAMMUCH, @ UMEHHO JobaBneHNs B
PYKOMMCHBIIA TEKCT LMEPOBOTO criesa, COLepX)allero OTKPLITbIA KMoy BnagensLa NoAnMcH U HEKOTOpYHo Cry-
kebHyto MHOpMaLMio 0 NOANMUCLIBAEMOM AOKyMeHTE. HaHeceHue LMEpOBOro criefa [OMKHO OCYLIECTB-
NATLCA Takum cnocobom, YToObl OH MOT BbITb CHMTaH NPY NOMOLLK kKamepbl MOBUIBHOTO TenedoHa.

[ns peanu3aumu onucaHHoN BbiLlLe WAeN NnaHupyeTcs paspaboTathb pyuky (nanee — CryptoPen), ocy-
LLEeCTBASIOLLYI0 KOAMPOBaHWE LiNpOBOro creaa npy NOMOLLM U3MEHeHUs LBeTa. MamMeHeHve LBeTa, Hanpu-
Mep, MOXeT NpOW3BOAMUTLCS NPU MOMOLLYW ONpeAEeneHHOro A03UPOBAHNUS YEPHUN YeTbIPEX LIBETOB (KpacHoro,
3€1eHOr0, CMHEro 1 YepHoro). [loaupoBaHne Kanenb YepHUN MOXET NPOU3BOAUTLCA MO aHANOTUW C KapTpu-
[KaMmu CTPYMHOTO NpUHTEpa, @ MMEHHO, NMPK NOMOLLM Nbe303MNeKTprYeckoro Metoga. CTOUT OTMETUTb, YTO Ha
CETOAHALLHUIA AeHb CyLECTBYIOT 3apybexHble pyyKku, NO3BOMAIOLLME PUCOBATL OFHUM W3 16 MIH LIBETOB.

[ins 3apanus cepTudmkata, KOAUPYEMOro B LMdpoBoi cnef, HeobXxoanMo peanaosaTh CPeaCcTBO KOM-
MYHUKaLM C MOBMIBbHBIM YCTPOCTBOM MoOMb3oBaTens. [ns 3T0ro NpefiaraeTcs MCNonb3oBaTh OfHY U3 Tex-
Honoruit GecnpoBoaHON Nepeaayun AaHHbIX, k npumepy, Bluetooth. MobunbHoe npunoxexue Takke JOMKHO
MMETb BO3MOXHOCTb CYMTaTb M PacKOAMPOBATH LiMcpOBOIA Cried Npy MOMOLLYW KaMepbl.

Takum 06pa3om, MOXHO BbILENUTb OCHOBHbIE CocTaBnstowye yactu CryptoPen:

- Kopnyc;

- Kaptpuox;

- ynpaBnstoLas nnata (Coaepxalas MUKpOKOHTponnep 1 mogynb Bluetooth);

- aKKyMynsTop.

B kavecTse npotoTuna 6bina paspabotaHa pydka, CTepxeHb KOTOPOit Bbii NPUCOEANHEH K LaroBOMY
CepBonp1BoAY (Mpu NUCbMeE PyYKon nonyyancs cBoeobpasHbIi LWTPHX-kog). CepBONPUBOA YNPaBASNCS C MUK-
pokoHTponnepa ATTiny, yctaHoBneHHoM Ha nnate Arduino UNO. [Insi KOMMYHUKaLWK C MUKPOKOHTPOMIEPOM
ucnonb3oBancs nocnefoeatenbHbIn uHTepderc UART, koTopbIi Yepes cneumanbHyo Mukpocxemy bbin noa-
kntoyeH k USB nopTy komnbioTepa.
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MporpamMmHas coctaBnsioLas NPOTOTUNA COCTOUT W3 [iBYX YacTell, @ UMEHHO, Nporpammbl Anst MUKPO-
KOHTpOMNepa v NporpaMMbl 4N koMnbloTepa. MporpamMma Ans MUKPOKOHTPONNepa OCyLecTBASET NpUeM Ko-
MaHgbl v ganHbix no UART v ynpaBneHue cepBonpruBoaoM Takum 0bpa3om, 4tob nocnenoBatensHo To you-
paTb, TO BblABUraTh CTEPXKEHb PYYKN OMPefeneHHON NocneaoBaTensbHOCTLI0. MporpaMma Ans KoMmbloTepa
“MeeT rpacuyeckuit MHTEPCENC, NPK NOMOLLM KOTOPOTO MOXHO BHECTW AaHHble, HE0OXOaMMBIE A4S KOAMPO-
BaHMS, 1 NO3BONAET OTNPABUTL 3TU AaHHbIE B NOCNE[OBATENbHBIA NOPT KOMMbIOTEpa.

MpoToTin 6bIN yeneLwHo npeacTaBneH Ha «BcepoccuiickoM yHnBepcuteTckom Mera XakatoHey.

PaccmoTpuM npuHLMN LBETOBOMO KOAMPOBaHMS LMdpOBOro creda. Habonee 4acTo B KOMMLIOTEPHbIX
cuctemax ucronbayetcs RGB Mopenb, B KOTOPOIA LBET NPEACTaBNSETCS COBOKYNMHOCTbIO Tpex OaiT, Kaxablil
113 KOTOPbIX YCTaHaBNMBAET KOMMYECTBO OIHOTO U3 Tpex 6a30BbIx LBETOB. Tak kak HanpaBNeHWe pyyku 3apaHee
Hen3BeCTHO, a CKOPOCTb NUCbMa MEHAETCS, KOAMPOBaHME HEOBXOANMO OCYLLECTBNATL ONpeaeneHHbIMU nake-
Tamm, NPUYEM Kaxablii NaKeT JOMKEH NPeACTaBNATLCA OAHUM ONpPeAENeHHbIM LIBETOM. Kax b NakeT AOMKeH
COCTOSITb U3 MOJIS HOMEPA U NONS faHHbIX. M3-32 Hen3BekHbIX NOrPELUHOCTEN Npy J03MPOBAHUN KPaCKM U CHM-
ThbIBaHWA LiBETa kamepol HeobXoaMMO UCNOMb30BaTL KOPPEKTUPYHoLLMe kogbl. OfHaKo 0COBEHHOCTBI0 MK KO-
[MPOBaHNK LIBETOB cucTeMolt RGB sBNSieTCs T0, YTO EKOAMPOBAHUE MO MUHUMYMY PACCTOSHUS XEMMUHTa HE
ABnAeTCs 3EKTUBHBIM, Tak Kak pasHble GUTbI UIMEIOT pasHble BEPOSTHOCTM OLIMBOK (KPacHbIN LIBET C CUHIM
OYeHb CINOXHO CnyTaTb, a 4Ba OTTEHKA KPaCHOro nepenyTaTh O4eHb Nerko, XoTs B 060Mx cnyyasx MHGopmaLms
“3MeHunack Ha oauH 6ut). OgHUM 13 cnocoBoB peLLeHns 3Tol NPoBnembl ABASETCS UCTONb30BAHNE KOJOB C
HepaBHOW 3aLMTON. [1Ns yMEHbLLEHNS BEPOSTHOCTM OLUNOKW BOCTIONb3YEMCSH MEHEee MHTENNEKTyarbHbIM Cro-
coBom mcnpasneHns oLwmnbKi 1 MPOCTO OTEPOCUM MO YEThIPE MRaALLKMX 61UTa y Kaxaoro U3 LIBETOB, Takum 06-
pasoMm, nonyynM 12 MHAOPMALMOHHBIX BUT, 8 13 KOTOPBIX MOXET ObITb MCMOMB30BAHO ANS KOAMPOBAHWS WH-
chopmauuun, a 4 ans KOAMPOBaHWS HOMEPA MaKeTa.

Mpu UCMONL30BAHUM BbILIEOMMCAHHOTO METOAA KOAMPOBAHUS HEN3BEXHO NOBTOPEHWE HOMEPOB Nake-
TOB, YTO TpebyeT pa3paboTku JOCTATOYHO CMOKHOTO METOfA AEKOAMPOBAHMS, ONPEAENSIOLLEro aHanuTe-
CKUMM METOLIaMM: KaKoW NaKET K Kakoii NoArpynne OTHOCUTCS.

B naHHol cTaTbe Obin NpeanoxeH MeToa LidpoBO 3aLLMTbI PYKOMMCHOR nognuey nytem gobaenenus
LMcpoBOro criefa noBepX PyKOMUCHOTO TekcTa. bbin paccMOTpeH peann3oBaHHbIi MPOTOTUN U ONKUCaH OAWH
13 BO3MOXHbIX MPUHLIMMOB KOAMPOBaHWS MHopmaumun. [lanbHenwne nccnegoBanus 6yayT HanpasneHsl Ha
aHanus n paspabotky 6onee ahheKTUBHOTO MeToAa KOOMPOBAHWUS W OEKOAMPOBAHMS LMEPOBOro creaa, a
Takxe paspabotky annapatHoi nnatcopmbl CryptoPen.

BuGnuorpadmyeckuii cnucok
1. CtenaHos E.A. MHdopmaLmoHHas 6e3onacHocTb 1 3alymta uHgopmaumm. M.: Mndpa-M, 2001. 304 c.
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B. A. Bbicmpos
MarucTpaHT kadeapbl a3POKOCMUYECKUX KOMMBIOTEPHBIX 1 NPOTPaMMHbIX CUCTEM
A. B. flkosneg — kaHOMOAT TEXHUYECKUX HayK, AOLEHT — Hay4Hblit PYKOBOAUTENb

AHANIUTUYECKWA OB30P METO0B OEPABOTKW PEYEBON MHOOPMALIMK

HevnHBa3snBHast 1 AWUCTAHLMOHHAS AMArHOCTUKA COCTOSHWSI YenoBeka (BKMYasi COCTOSHUE ero 34opo-
Bbsl) CEroaHs SBNSIETCS aKTyanbHbIM HanpaBneHUeM HayUHbIX MCCriedoBaHuii 1 pa3paboTok B MeauuuHe. AHa-
13 Hay4HbIX NyGIMKaLMi NOKa3bIBaeT, YTO HaMBONbLUMIA UHTEPEC NPELCTABNAIOT Tak1e AaHHbIE O YEroBeke,
kak ero n3obpasxeHue n ero ronoc.

Haleii Lenblo SBNSIETCA MCCNELOBaHWE M UCMONb30BaHUE MeTOAO0B 06paboTKM peyeBbIX CUTHAmNOB.
Hwxe npeacrasneHa cxema mogenu, paspaboTaHHas Hay4HbIM pykoBoauTenem fAkosnesbim A.B. [2]:

Mopnenu «paboTbi» ¢
ronocoM Yenoseka

Mogenu «paboTel» ¢ u30GpaxeHuem Yenoseka [Mogenu «paborbi» ¢ hmamnonornieckumm
nokasatenamu yenoseka

Sepxuii yoosems oderel Bopxwul yposens wodeneii

Sepxuul yposens Modenel

] L] L L A
Mopenw pacnozHasanmsa
j8IH T 4 i
Mogenk fonoca encseta AHBBRRTATEHOE PEKOHCTPYKLM NAua TMUA YenBeKa nyneca Tpemopa AbixaHuA
ABUKEHNA NVUEBLIX MbiIL

|
|
|
|
i E |
Moneny TpexmepHoi Moaenu STpyKTYpbI Kou | Mopnenn Mogenu Monem
|
|

Mopenu
UHGDOPMATUBHbIX NPA3HAKDB
3 roncca yenosera

7 ii yposeHs Mogena sbiseneHms ‘ Mopenh BbIsBNEHVS MHOPMATUBHBIX
wodenetl VHEDOPMATHBHIX NIPU3HAKOB | NpU3HAKOB W3 (HM3AONOMUECKUX
|
|

Ha nvue Yenosera roxasarenei yenoeexa

——— !

Mapenv ceaseit NpU3HaKoB Ha enoseka

Huxuil yposss mcdenit (B roM0CE 4enoBeka) ¢ ero COCTORHMEM U 310POBLEM

Puc 1. Cxema moJenu ana onpeaenexHua (*)I/ISVIOJ'IOFVIHGCKOFO COCTOSAHUA YenoBeka

Ymo makoe peub?
CnoBo «peyby» [OMr0 UCMOMb30BaNoCk B HLITOBOM OBLLEHWM, Npexae Yem CTarno Hay4YHbIM TEPMUHOM.
CoBpeMeHHOEe NOHMMaHWE peyn COAEPKNUT HECKONMbKO onpeaenermit. HekoTopble 13 HIX MpUBEAEHbI Htke [3].
o Peub — 3710 06LLUEHWe Miofer C NOMOLLbHO A3bIKOBbIX 3HAKOBbIX EAMHMLL: CMOB, CUHTAKCUUYECKUX KOH-
CTPYKLMIA, TEKCTA, MHTOHALMIA, YaCTO Npu Noanepxke HeBepbanbHbIX CPEACTB, KECTOB, MUMUKA W Mp.
o Peyb — 370 aKyCTU4YECKMIA CUrHAN.
lMpumep peyeBoi (hpasbl B BUAE PeYeBoro curHana (puc. 2) [5].
Memodk1 npeobpa3osaHus peyesbIx CuzHanos
O6paboTka peyeBbIX CUrHaNoB — 06nacTb Hayku, B KOTOPON OCYLLECTBASOTCS (OUMbTpaLus, yCuneHue
11 U3BNEYeHne MHAOPMaLK, KOAMPOBAHKE, CKaThe U BOCCTaHOBNEHWE peyn [1].
MeToap!:
npeo6bpasosaHue Pypbe;
BelBneT-npeobpasoBaHme;
npeobpa3sosanue nbbepTa-XyaHra;
KencTpanbHbIA aHanus;
KOPPENALMOHHBIA aHanus;
HEPOHHbIE CeTH;
CKPbITbIE MapKOBCKWE MOZENN.

AR NN N N NN
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Cmpykmypa cpedcme peaucmpayuu u 0bpabomku peyesoeo cueHana
[ins 3anucy 1 06paBoTKM PeYeBbIX CUTHANOB HYXHO MMETb XopoLlee 06OpYAOBaHHE, NOCKOMbKY OT
HEro 3aBUCUT CTeneHb Ka4yecTBa Nnony4YaemMblX AaHHbIX.

LLTypean NPOCAN NPOADIKATE PAIBOROT

Puc. 2. Cxema cnektpa peyeBoit pasbl

MwukpodhoH (nepBuyHbIi Npeod-
pa3oBaTerb aKyCTU4YEeCcKoro cur-
Hana B 3NeKTpUYecKmit)

AyanouH- AUN (npeobpa3sosa- Cocpt
Tepdeiic TeINb aHanoroBoro (obpa-
3MEKTPUYECKOrO CUr- 6otka)

Hana B u1dpy)

Puc 3. Cxema ycTpoiicTBa perucTpalmm peyeBoro curHana

MukpoghoHbi

MwkpodhoHbI pa3nuyatoT Ha ABa TUNA: KOHLEHCATOPHbIE U AMHaMUYeckie. [ns kaxaoro Buaa ayanocur-
Hana npeanoYTUTENbHBI CBOM XapakTepuctuku (puc. 3) [4].

Tabnuya 1
XapaKTepucTHKka KOHAEHCATOPHOIO U AMHAMUYECKOrO MUKPOOHa
Tun MukpodhoHa KoHpeHcaTopHble [uHamuyeckue
XapakTepucTuku
[MpepnoytuTensHele 06bekTbl Ans | 3anuck 06bEKTOB ¢ 6onee Bbico- | 3annch 0GBEKTOB CO CpeaHeil 1
3anncu KOl 4aCTOTON: Tapenku, akycTu- HW3KOW YacToTol: bapababl,
yeckyie ruTapa, NMaHuHo, Bokan u 6ac-rutapa u T.4.
T.0.
Bec avnadparmbl TNerkas Tsxenas
BHyTpeHHsis cxema AKTUBHas lMaccuBHas
XpynkocTb Anagparmbl Bbicokas Huskas
XpynKkocTb MUKPOGOHa Bbicokas Huakas
YyBCTBUTENLHOCTb K M3MEHEHMIO Bbicokas Huskas
OKpYy>KatoLLiei cpefp!
3anac ycuneHus [o nosiBnexns Manblii BonbLuon
obpatHoi cBsan
CpegHsia ueHa MoxeT noxoauTb go 5000 — 400-500 gonn. 3a Wwryky

10000 gonn. 3a WTyKy
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Ayduourmepdpeticsi (ALII)
AyanonHTepdeiic ucnonbayetcs Ans Gonee YETKOIM M YUCTON 3anmcy curHana. Huke npuseaeH cnncok
HEKOTOPbIX MONYNSPHbIX YCTPOUCTB (Tabn. 2) [6]:

Tabnuya 2
XapaKTepucTika ayamonHTEPdEcoB
Tun noicio- Konuuectso BuTHOCTb/Ya- ®aHTOMHOE CTOMMOCTD,
HasBaHve BXOLOB/BbIXO- | CTOTa AUCKPETM- nuTaHue
YeHuns gonn.
[0B 3auwm (no) +48V
Yamaha AG03 USB 2.0 3/3 246ut /192Ky | 149,99
Roland Tri- USB 2.0 212 240ut/96ky | 129
Capture UA-33
M-Audio M-Track USB 2.0 22 246ut /192y | v 99
2x2
Roland Studio USB 2.0 16/10 246ut /192Ky | v 799
Capture UA-1610
Avid Mbox 3 USB 2.0 4/4 2406ut /48Ky | 499,99
Universal Audio Thunderbolt 10/4 246ut /192Ky | 899
Apollo Twin MKII
DUO
Arturia AudioFuse USB 2.0 14/14 246ut /192y | 599 /599
€Bpo
Zoom UAC-2 USB 3.0 212 246ut /192Ky | v 249
ESI Juli@ XTe PCI-E 212 24 6ut /192 Ky - 169

[MpoepammHoe obecneyeHue
lMocne npoxoxaeHus 3ByKOBOTO CUrHana Yepes MUKPOGoH 1 ayauonHTepdeic nonb3oBaTtenb NonyvaeT
3BYKOBOW (haiin. Huxe npuBoauTcs Tabnuua xapaktepucTuk (puc. 4) [7]:

Ofpabotia Komauectso Tomneprx

Tlporpamm 3ByKosamIe MyneTaTpeos HopMamuzaipis Mactepn Tloppepsx Tunersu
sEyKaus BCTpOSHHELS 2 ASIO-
B b Bl pesKHM TpomKocT HT annaruHos E
BHReoaiinos s¢dexton npafizepos
3BYKOBOH
TIpodHan
Hop Mam3a Her Her Her Ta Her Her Her Her
Bep i
Top
BecrmatHo
Ana
WavePad TTa Her T Ta Her Cpenne Ma T
JIOMANIHIK
K
TIpodHan
WaveLab TTa TTa a Ta TTa Moro M T
Bepa
Sound TIpotuan
TTa TTa a Ta TTa Muoro a T
ForgePro Bepaist

Puc. 4. XapaktepucTuku nporpaMmHbIx 0becneyeHmit
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Mpy HanucaHWM cTaTbyt Gbin CO3AaH NPOTOTUN MPOrPaMMbI, 3aMMChIBAIOLLMIA (DU3MOMOrMYECKUe Nokasa-
Tenu, B TOM YMCre W ronoc, ¢ nomoLybto nosurpad «Ouaxa-7My. [lanee npeactout pabota aHanusa peyn ¢
LieNbHo AaNbHENLLEro onpeneneHms oLeHKM (U3MONON1YecKoro COCTOSHIS YernoBeKa.

Bubnuorpadmyeckuit cnmcok
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.. Bacunenko
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
B.P. Jlyyue — [OKTOp TEXHUYECKNX HayK, NPOECCOP — HaYUHbI PYKOBOAMTESb

PA3PABOTKA CUCTEMbl ABTOMATUYECKOIO PACNO3HABAHUA
NONA N BO3PACTA

B cBs3n ¢ nocnegH1MmM reononmnTuYeckmMm cobblTuaMM BONPOC NOBbILLEHUS Be3onacHOCTH 06LeCTBEH-
HbIX MECT CTaHOBUTCS aKTyanbHbIM. YnyJlueHne 6e30nacHOCTI BO3MOXHO 3a cyeT bonee LMPOKOro, YeM Cceil-
yac, pacnpocTpaHeHus cucTem gocmotpa. Cuctema, ocyLLecTBRsOLas aBToMaTieckoe pacnosHasaHue nona
1 BO3pacTa MOXeT HallTV LUMPOKOe MPUMEHEHME B MOWUCKE OMAcHbIX CYOBEKTOB, YbM MPUMETbI U3BECTHBI, @
n3obpaxenuns B 6azax AaHHbIX OTCYTCTBYIOT.

Ha cerogHsLWHWA AeHb CYLLECTBYET OFPOMHOE KONUYECTBO CPEACTB AN PeLleHns 3a8aY, CBA3aHHbIX C
pacno3HaBaHueM u3obpaxeHui. Cpeay HUX 0coboe MeCTO 3aHUMAKOT anropuTMbl 06paboTkM JaHHbIX Ha OC-
HOBE CBEPTOYHbIX HEMPOHHbIX CETeil — CO3AaHO (M HaXOAMTCS B OTKPLITOM AOCTYNE) OrPOMHOE KONNYeCTBO
WHCTPYMEHTapWEB NS UX peanuaauum.

o CBepToYHble HelpoHHble ceTh (CHC) — MOLLHbI MHCTPYMEHT NS peLleHus 3agad knaccudukaumm
BXOZHbIX JaHHbIX, KOTOPbIA N03BONSET caenath 0606LLeHMe BHYTPU Knacca.

o AnroputmMbl Ha ocHoBe CHC uYpe3BblYaitHo HapeXHb! — Ha CErOHSLLHUIA eHb C X MOMOLLBIO Yike Bbina
[pocTurHyTa owmbka knaccudpukamuv B 0,03%, YTo npeBbilaeT cnocobHOCTb YenoBeka K pacno3HaBaHuio.

o CHC siBnsit0TCS LUMPOKO pacnpoCTPaHEHHON TEXHONMOTUEN, B OTKPLITOM JOCTYNE HAaXOAATCS PasnuyHble
MHCTPYMeHTapuy ans pabotbl ¢ Humu (Caffe, PyTorch, OpenNN).

CBEePTOUHbIE HEMPOHHbIE CETU OYEHb MOXOXM Ha 0ObIYHbIE HEMPOHHBIN CETU: OHW TakKe NpeaCcTaBnsT
abcTpakumMm HelpoHoB, KOTOpble MetoT 0byyaeMble BXOAHbIE BeCa (1 CMeLeHme). Kaxabin HeipoH nonyyaet
HEKOTOPbIN BXOAHO BEKTOP, CYMMMPYET €ro SNeMeHTbI W BblaeT Ha CBOW BbIXOA Pe3ynbTaT HEKOTOPOi
DYHKLMW OT CYyMMBI.

Tak B 4em xe otnmnume? C TouKM 3peHus peanuaaummu coBpemerHblx CHC genaetcs oTkpbIToe npeano-
NOXEHME, YTO BXOAHbIE [JaHHbIE SBNSIOTCS M306paxeHUeM, 4TO NO3BONSIET pean13oBaTh ONpeaenEHHbIE CBOI-
CTBA B apXMTEKTYPE — 3HAUUTENbHO YMEHBLLWUTL KONMYECTBO NapameTpoB CeTH.

0630p apxumekmypb|

[ns ynobcTBa Aanee TepMUHbI «CBEPTOYHAS HEPOHHAS CETbY U «anroputM 06paboTki AaHHbIX Ha
OCHOBE CBEPTO4HON HEMPOHHOW CETU» OTOXAECTBNAKTCS.

Mpocreiwas CHC npencTaBnseTcs kak nocnenoBaTenbHOCTb CIOEB, KaXzablil CrIoN nomnyvaeT HeKoTo-
Pblit BXOOHOW BEPKTOP, NOJSY4aET Ha ero 0CHOBE BbIXOLHOM BEKTOP (BEKTOP aKTMBALMit HEMPOHOB) M NepeaaeT
€ro criefiyroLemy croto Yepes audeprHUMpyemyto yHKUMI0. Ha JaHHbIA MOMEHT NPUHATO pasrpaHnymBaTh
M0 (PYHKLIMOHANBHOCTW TPU OCHOBHbIX TUNA CIIOEB:

1) cBepTouHblil cnoit (Convolutionallayer, conv);

2) cnow Myna (Poolinglayer, pool);

3) npocToit HelipoHHbIf cnoit (fully-connectedlayer, fc).

3 komBuHauwmin aTux cnoes 1 nonyyaetcs CHC [1].

Mpumep npocteiwweit apxutektypbl CHC (ans knaccucpukayum CIFAR-10):

[INPUT -> CONV -> RELU -> POOL -> FC -> OUTPUT]

o INPUT — BXxoaHO# CIOW, COLEPKUT 3HAYEHNs IPKOCTEN nukcenen usobpaxenus (puc. 1).
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Puc. 1. BxoaHoi croi, npeobpa3oBaHHbIii B JBYMEPHBIN BEKTOP APKOCTEN NUKCENen

o CONV — cBEPTOYHbIIA CMOWA, BbIYMCISIET CYMMbI SIPOKOCTEN MUKCENel, NOAAILLMXCS Ha BXOAbI COCEa-
HUX HEMPOHOB, MOMHOXEHHbIE Ha BeCa 3TUX BXOAOB (puC. 2).

Pa3mep «coceackoro» pervoHa SIBNSIETCS pa3MepoM CBEPTOYHOrO (hWMbTpa, MnM SAPOM CBEPTKM
(kernel).

(0 fetoplne pal gk g gl (/N (N
0 1 0 1 {0 -1
0 0 1 N 1
0o 2o
o 1 i -1 -2 6
0o oo

3 10 |-1

Puc. 2. NpumeHeHre dunbTpa Ans «CBOpaUMBaHNs» BXOAHOTO BEKTOpa

o RELU - cnoif, Nnpou3BoasLumii HEKOTOPOE MO3NeMeHTHOe npeobpasoBaHue, (Hanpumep, max [0, X]).
Pa3mepbl BXOJHOTO 1 BbIXOSHOTO BEKTOPOB 3TOFO CIOSt OAMHAKOBI.

ePOOL - cnoit, ymeHbluawwWwmii pasmepsl (puUC. 3) BXOOHOTO BEKTOpa MO [BYM M3MEPEHUSM
(downsampling).

1124
>~ N 112 |5 |6 7|8 6
3lz24lol 3
112 12—

224 S

Puc. 3. YMeHbLUeHWE pa3mepoB BXOQHOTO BEKTOPA

o FC (fully connected) — croit, B BbIXOAHOM BEKTOPE KOTOPOrO HaX0AATCS BEPOSTHOCTU MPUHAANEXHOCTY
n3obpaxeHnst kakomy-nnbo knaccy (Hanpumep, ecnu croit UMeeT BbixogHoi BekTop 1x1x10, TO KOnM4ecTBo
knacco, Ha koTopble CHC cnocobHo pasgenntb BxogHble n3obpaxerus, pasHo 10).

Cywecmsyrowue peanusayuu Ha 0CHo8e apXumeKmypb! CHC

CerofHs cyLUecTByeT MHOXeCTBO MoaudukaLmin CHC ans peLueHns pasnnyHbix 3agay, B TOM Yucne Ans
3afau, CBA3aHHbIX C pacro3HaBaHus nuL. BoT HekoTopble 13 HUX:

© YOLO - «you only look once» [2].

B cpaBHeHuy ¢ apyrumm CHC Ha ocHoBe pervoHanbHoro npeanonoxerust (fast RCNN), kotopble cno-
COBHbI HaxoANTb 06BEKTLI B Pa3nuyHbIX permoHax n3obpaxeHus, rae npeanonaraeTcs Hanuine STanoHHoro
00pa3a, BbInonHss 06paboTky HECKONbKIX PErMOHOB MO HECKOMNbKO pas3, apxutekTypa YOLO Gonblue noxoxa
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Ha apxuTeKTypy 00bI4HOM (HECBEPTOUHOIT) HEMPOHHON CeTW. DTa apxuTEKTypa pasmensieT BXoAHoe n3obpaxe-
H1e Ha HEKOTOPYHO CETKY W AMNs KON sUeliku BbIMMCIISIET BEPOSITHOCTb HAXOXKAEHUS B Heil aTanoHa (puc. 5).
CTOMT OTMETUTb, 4TO pa3Mepbl 3TanoHa MoryT BbiTb 60MbLLE pa3MepPOB sHEEK.

e S0 (HIR

S x S grid on input Final detections

Class probability map
Puc. 5. MpuHumn pabotbl YOLONet

o FaceNet [3].
YHuBepcanbHas cucTema Ans pacnosHaBaHus (kem SIBNsieTcs) M knactepusauun (obwime uepTsbl y
rpynnbi) nuu. MeToa 0CHOBaH Ha eBKNMZOBOM BROXeHUM ¢ ucnonb3osaHrem CHC (puc. 6).

£)| DEEP ARCHITECTURE |©)|L2|2) o |©)

Oz—oomm=m

Batch

Puc. 6. ApxutekTypa FaceNet, ocHoBaHHast Ha CHC B gononHuTenbHoi «obpeTtke»

o AlexNet [4]

dense dense
\13 \ dense
T s

Max pocling 4096 4096
pooling

]

o
Py
v
o
w

H

Puc. 7. ApxutekTypa AlexNet

«Knaccuyeckas» CHC (puc. 7), anroputm, CPOEKTMPOBaHHbIA ANs pa3aeneHns Bcex BXOAHbIX 1306pa-
xeHuit Ha 1000 knaccos. OBnapgaeT OTHOCUTENBHO MarbiM KONMYECTBOM NapaMeTpoB, NPOCTa B peanuaawuy.
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Tak KaK 1151 YCOBHOTO pacno3HaBaHus nona 1 BospacTa Heobxoaumo pasgenerue Ha 32 knacca (ecnu
6paTb Bo3pacT oT 5 10 80 neT BKNKUMTENBHO, C MHTEPBANOM B 5 NeT), TO 4151 peLUeHus NofL3aaaym pacnosHa-
BaHus ByaeT BMOMHE JOCTATOMHO Takom ceTw, kak AlexNet. BoaMOXHO Takke 1Cronb3oBaHue kakon-nnbo apy-
roit CHC (nnbo fpyroro anroputma) Ans peLleHmns 3a4aqn HaxokaeH!s L Ha U3o0paxeHnm.

Bubnuorpadmyeckuit cnucok
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YOK 004.75

B. A. Bonkoe
CTYLEHT Kacheapbl a3POKOCMUYECKIX KOMMBIOTEPHBIX M NPOrPaMMHbIX CUCTEM
A. 10. Cblujukoe — Hay4HblIl PyKOBOLAUTENb

FEHEPALIMA UCXOQHOr0 UCMONHAEMOrO KOAA ANs NAPANNENbHBIX BbIYUCTEHUIA
HA PACNPEOENEHHBIX BbIMUCNUTENBHBIX CUCTEMAX

PacnpeneneHrHble BblMUCAUTENbHbIE CUCTEMbI NPEACTABNSIOT COBOM CNOXHbIE MHOTOMYHKLMOHANbHbIE
CUCTEMbI, KOTOPbIE COCTOST M3 HECKOMbKMX BbIYMCINTENBHBIX Y3MO0B (MPOLIECCOPOB, MOAYMEN, MaLUMH), B3au-
MOAENCTBYIOLMX MexXay cobOoi MOCPEACTBOM CETEBbIX kaHarnoB. JEKTUBHOE NPOrPaMMMPOBAHNE MHOTO-
NPOLLECCOPHOI pacnpeaeneHHON BbIYUCTIMTENBHON CUCTEMBI SBRSIETCS COXKHOM 3aaadei Ans paspaboTymKoB.
OTU CUCTEMbI OPUEHTUPOBAHBI Ha BbINOSTHEHWE LUMPOKOTO CMeKTpa 3aAay: aCTPOHOMUYECKIE NCCNEAoBaHMS,
MOZENMPOBaHNe NPUPOAHbIX NPOLIECCOB, PELLEHNE PECYPCOEMKNX 3aAad, 3adayn B 06racTu TenekoMMyHmKa-
LA, MOBMIBbHBIX YCTPOIACTB M CeTell.

Mo MeToaam ynpaBneHus pacnpefenerHble BblYUCAUTENbHbIE CUCTEMbI MOXHO Pa3feniTh Ha LieHTpa-
N130BaHHbIE (3a yNpaBneHue CUCTEMON OTBEYAET AUCMETYEPCKMIA BbIMMCIIUTENbBHBIA Y3€M) U AeLeHTpann3o-
BaHHbIE (BbIYMCIINTENbHbIE Y3Nbl NPEACTABNAOT COBOI aBTOHOMHbIE MOLYNW, B3aUMOLEICTBUE MEXIY KOTO-
PbIMM OCYLLECTBASETCS NOCPEACTBOM 06MeHa AaHHbIMM). [leLieHTpanu30BaHHbIe CUCTEMbI B NOCNEAHEE BPEMS
HabupatoT NoNyNsIPHOCTb 3a CYET CTPEMUTENBHOTO pa3BuThs ceTeit IBM.

OcHoBHolt 3apayent paboTbl ABNANOCH NMpefocTaBneHue pa3paboTymkam BO3MOXHOCTM BbIMOMHEHMUS
CNOXHbIX MapannenbHbIX MporpaMM, cosaaHHbIX B Bu3yansHomn cpege VIPE [1], Ha HECKOMbKMX annapaTHbIX
nnatgopmax, 06beAMHEHHBIX B €ANHYI0 PacpeeneHHYH BbIYUCTIUTENBHYHO CUCTEMY.

[ins cospaHms Takoro MexaHuama Heobxoanmo BbiNo pewwnTb PAA 3a8ad:

1. peanu3oBaTb cnocob pacnpeaeneHns 3afay Ha MHOXECTBO MPOLIECCOPOB;

2. paspaboTartb W pean13oBaTb MexaHi3M 0BMeHa AaHHbIMW MEXAY npoLeccopamu;

3. paspabotaTb MeTOfbI reHepaLyi MPOMEXYTOYHOO Kofa ANs KaXaon annapaTHoOi nnaTopMbl.

B ocHose koHuenuun cpeabl paspabotku VIPE nexut BuayanbHbin s3bik VPL. MHTerpupoBaHHas cpeaa
VIPE nogxoaut ans pa3paboTku BbICOKO3(EKTUBHbIX KPYMHOBNOYHBIX MPOrpaMM, OPUEHTUPOBAHHBIX HA Na-
pannenbHble BCTpaneaemble cuctembl. Cpena umeeT noagepxky dpeiimeopka OpenVX [2], 6ubnuotekm
OpenCV u gpyrix NpeamMeTHO-OpUEHTMPOBAHHbIX G1ONMOTEK.

Cpepa BuayanbHoro nporpammupoBaHust VIPE npeaHasHayeHa ans cosgavus nporpamm (puc. 1) u
“MeeT rpacpuyeckmint HTepdeic, AatoLwmii BO3MOXHOCTb BU3yanbHOrO NoAXoAa k nporpammupoanmto. VIPE
NpesocTaBnsAeT TEXHOMNOMMIO U MHCTPYMEHTbI AN1S NPOEKTUPOBAHNS NapannenbHbIX anropuTMoB, Nporpammu-
POBaHWs 1 OTNALKM ANSt MHOTOSIAEPHbIX BCTPaUBAEMbIX NNaTciopM, BKIoYas HEOJHOPOAHbIE.

I

Puc. 1. Cpepa paspabortku VIPE
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Cxema nporpammbl, paspaboTaHHas B cpege VIPE, cOCTOUT U3 0nepaTopoB pasinyHbIX TUMOB, 06bek-
TOB-[aHHbIX 1 CBSA3ei MeXay HUMM.

CrpykTypa 6a30B0ro reHepupyemoro koaa Ans sisbika VPLnogpasymeBaeT Hannine onepaTopos, KOTo-
pble ABNSIOTCA NPeACTaBneHeM onepaumin Hag AaHHbIMKU, NPeACTaBNeHreM ypaBnstoLMX AeCTBUA, CamMuxX
00BEKTOB-AaHHbIX M NIMHKOB. JIMHK — CTPYKTYPa, KOTOPas XPaHUT NPOMEXYTOUHbIE AaHHBIE B MOMEHT BbIMOMHE-
HWS NPOrPaMMbl.

B KkauecTBe anroputma pacnpefeneHus onepaTopoB Ha npoLeccopbl Obin BbIGpaH LMKNMYECKWIA anro-
puTM round-robin, KOTOpbI NO3BONISIET PABHOMEPHO pacnpesenuTb Harpy3ky Ha Bce npoueccops (puc. 2). An-
roputm round-robin 6bin BbIGPaH NO NPUYKHE TOTO, YTO OH ABNSETCA KPalHe NPOCTbIM, Ha NepBbIX 3Tanax uc-
CnefjoBaHNs rnaBHON Lienbio bbina HeoBXoAMMOCTb NPOBEPKM MEXaHU3MOB Nepefayn AaHHbIX MeXAy npoLec-
COpamMm W KOPPEKTHOW reHepaLmn (yHKLUA 06MeHa AaHHBIMM.

2

Create

kernel )
matrix

1 1 1 2

L L 2 o L
ih]”:de \ Resize | | | CvFilter2p | | ifnh:g‘]’::
S 9 ! " (IplImage) | " (IplImage) | " multiproc
(IplImage) s (IplImage)

2
L
Show
. Image
" multiproc
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Puc. 2. Mpumep nporpammbl VIPE ¢ paccunTaHHbIM pasmeLLeHeM Ha ABYX MOAYNSX nnaTdhopmbl

Anroputm round-robin Ha npakTuke sBRseTCH He3EKTUBHBIM ANs faHHOW 3adayqw, B GyayLLmx peanu-
3aLmax 3T0T anroputm 6yaeT 3ameHeH Ha Bonee CoBepLUEHHBIN.

B npouecce reHepauymm koa 3anucbiBaeTCs B OAMH ain, hparMeHTbl Koga NoMeyaloTcsl HOMEPOM NPO-
Lieccopa, Ha KOTOPOM OHYW JOMKHbI BbITb BbINOMHEHBI. Mocne 3TOro Kaxabii parMeHT koga pacnpeaenseTcs
no hainam Ans Kaxgoro NpoLeccopa B COOTBETCTBUM C MOMEYEHHbLIM HOMEPOM, KOTOpbIE BoCNeAcTBuM 6yayT
CKOMMUAMPOBAHBI B OTAENbHbIE GUHAPHBIE (hairbl ANs KAXAO0rO BbIYMCIIUTENBHOTO YCTPONCTBA pacnpeaeneH-
HOW CUCTEMBI.

leHepaLys kofa OpUEHTMPOBaHA Ha AELiEHTPanM30BaHHbIE MHOTONPOLIECCOPHbIE pacnpeaeneHHbIe Bbl-
yncnuTenbHble cucTeMbl (puc. 3), B KOTOPbIX KaxAabl Y3eN CUCTEMbI ABNSETCS HE3aBUCUMBIM, U B3aUMOAEH-
CTBME MEXLY y3namu OCYLLECTBRSETCA HanpsiMyto, Be3 npuMeHeHus gucneTyepckoin IBM.

=
N

e
Puc. 3. ApxutekTypa AeLeHTpan13oBaHHON CUCTEMbI
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Heobxoa1mo KOppeKTHO NepeaaBaTh AaHHbIE MEXAY OnepaTopamy, KOTOPbIe HAaXOLATCS Ha PasHbIX Npo-
Lieccopax. Ecrnn onepatopbl coefnHeHb! Apyr ¢ ApYroM IMHKOM M HaXoAsTCs Ha pasHbIX npoLieccopax, Heob-
XOLMMO reHepMpPOBaTh KOZ, OCYLLECTBASIOLNIA Nepeaaqy AaHHbIX MEXAY STUMU NPOLIECCOpamy.

B 0Tnn4nm oT KNNeHT-CepBepHOIT apXUTEKTYPBI, KaXAbli Y3en C TOYKW 3peHns obMeHa AaHHbIMI AOMKEH
O[HOBPEMEHHO BbINOMHSATL POSib KaKk CepBepa, Tak v KNneHTa.

Brino paspabotaHo AP onisi B3auMozencTeus Mexay npoueccopamu. 31o Habop (yHKUMIA, koTopble
BKMIOYaloT B ce05 MHMLManM3aLmio 1 oTKNKYeHe cepBepa npuema coobLueHi, a Takke dyHKLM nepesaym
11 npyema [JaHHbIX.

API u3onupyet reHepatop koga oT NporpamMMHOI peanuaawmmn ceTeBoro 0bMeHa B KOHKPETHOW cucTeme
1 MO3BONSIET U3MEHSTb (OyHKLUMM 0OMeHa AaHHbIMM MOA CcneumduKy KOHKPETHOM nporpaMMHo-annapaTHom
nnatcopmbl, B TOM YuCne W nonb3oBaTensam camoi nnatgopmsl. O6MeH AaHHBIMW B TEKyLLEN peanusaLum
APlocyLLecTBNAETCSH aCUHXPOHHO.

B kauecTBe npoToTMna Ans peanuaaum 6bin BolbpaH COKET MHTEPENC C UCNONb30BaHMEM NPOTOKONA
TCP, koTOpbIV FapaHTUPYET KOPPEKTHYIO Nepeaaqy AaHHbIX U NOAAEPXMBAETCSH BOMbLUINHCTBOM ONEPaLMOHHBIX
cucTem.

MocpencTBoM BbI30Ba hyHKLMIA API MOXHO OCYLLECTBNATL Nepefayy AaHHbIX MeXay npoueccopamu. Ho
AnS 3TOr0 He0BXOAMMO YEeTKO ONPEeAENnUTL NOTUKY reHepaLni (yHKLMIA NpuemMa 1 nepefayn LaHHbIX B Liensx
KOPPEKTHOrO BbIMONHEHUS NPOrpaMMbl Ha BCEX MPOLLECCopaX.

Ecnu onepatopbl pacnonoxeHs! Ha pasHbix MPoLeccopax v CoeanHeHbI NIMHKOM (puc. 4), To HeoBxoanMo
creHepupoBaThb (yHKLWM 0BMEHa AaHHBIMM.

1 2
L L
i:_nu:;e . Resize
(Toitenoe] (IplImage)

Puc. 4. ®parmeHT nporpammbl

Mpwn nepegaye AaHHbIX OT onepaTopa Heobxoanmo creHepupoBaTth dyHkumio SendLink nocne ero Bbl-
nonHenus. [ins onepartopa, NPUHAMAKOLLEro AaHHble, B CBOK ovepedb OyaeT creHepupoBaHa dyHkums Re-
ceivelLink nepeg BbinonHeHuem (puc. 5).

CVLoadImageVal(&link 841, "/image jpg"): ReceiveLink(&link 841, 1);
SendLink(&link 841, 2): CVResizeVal(&link 841, &link 1246):

Puc. 5. CreHepupoBaHHbIit kog Anst 0GMeHa faHHbIMU MEXay onepaTtopami

®yHkums SendLink npuHMMaeT B ka4ecTBe apryMeHTa aapec nuHKa, Ha KOTOPOM XpaHATCs AaHHble, Mo-
fyyeHHble B pesynbTaTe BbIMOMHEHUS onepaTopa, M HOMep MpoLeccopa, Ha KOTOPbI 3T AaHHbIE AOMKHBI
ObITb NepeaaHbl.

B aprymenTbl dyHKUnM Receivelink Heobxoanumo nepepath agpec NuHKa, kyna byayT 3anucaHbl BXOA-
Hble AaHHbIE, M HOMEP MpoLeccopa, OTKYAa He0BX0AUMO OXuaaTb NPUEM [JaHHBIX.

Mpoueccop, NpUHAMAIOLLMI AaHHble, AOMMKEH 3HaTb HOMEP MPOLEccopa, OT KOTOPOTO CrieayeT MpUHU-
MaTb AaHHbIE, NOTOMY YTO MOTYT ObITb CUTyaLM, KOrAa ABa NPOLIECCOPa OTCLINAIOT AaHHbIE HA OAMH W TOT Xe
NpOLIECCOop, 1 B TaKMX Cy4asx MOXET MPOU3ONTW HEMpaBUMbHbIA NOPSAOK NpUeM-nepeaayn AaHHbIX, ecnm
NpOBEPKN Ha HOMeEp npoLieccopa, 0TKyAa JaHHble CTOWUT OXWAATb, OTCYTCTBYET.

Mocne Toro, kak NpoLeccop 2 NpuHAN AaHHbIe OT npoLieccopa 1, BLINONHSAETCS OnepaTop, apryMeHToM
KOTOPOro ABNSETCS NNHK, COAepXaLyui AaHHbIe, NPUHSATBIE C APYroro npoLeccopa.

PaspaboTaHHbIii reHepaTop kofa Ans MHOrONPOLIECCOPHOM pacnpefeneHHoN BbIYMCIUTENbHON CU-
CTeMbl N03BONSAET reHepupoBaThb KOA He TOMbKO Ans ABYX NpoLeccopos. Jlorvka reHepaLim koga Ans Tpex u
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6onee NpoLeccopoB HAYEM HE OTRMYAETCS OT reHepaLvm Kofia Anst ABYX NpoLeccopoB. MeHepaTop Kofla Takke
NpOBepsieT HanM4Me NuHKa Mexay onepatopamu W reHepupyeT napy Send/Receive 4ns nepegatoLen v npu-
HUMaLOLLE CTOPOHBI.

B xoze pa3paboTkm Obin yCnewwHo creHepyupoBaH 1 MPOTECTMPOBAH KOZ, 15 pacnpeaesieHHOM BbluMcnu-
TEMNbHON CUCTEMBI, COCTOSALLE 13 16 BbIMMCAMTENBHBIX MOAYMEN.

lMpeacTaBneHHble UCCEA0BaHNA NOAX0AA reHepaLmun koga v npoToTMna NporpamMMHoOro obecneyeHms
Ans paspaboTky NporpamMMHOro obecneyeHns Ans pacnpeneneHHbIX MHOroMPOLECCOPHBIX BbIMUCITUTENBHBIX
CUCTEM NOKa3bIBaT MHOroobeLLatoLpe pesynbTarbl.

OT0 [JaeT BO3MOXHOCTb NPUMEHSTL pa3paboTaHHble MporpamMmbl kak Ans cuctem ¢ obLLeit namMaTbio, Tak
1 Ans pacnpefeneHHbix cucteM 6e3 nepenpoekTMpoBaHUs anropuTMoB U nporpamm. OTo 13baBnseT paspa-
6oTumnka OT HeobXxoaMMOCTM BPYYHYID MPOrpaMMMpOBaTh MPOLEAYPbl MEXCETEBOMO B3aMMOAENCTBUS, 3ab0-
TUTLCS 0 pacnpefeneHnn paboyeit Harpy3ku (B CPEACTBE HaNMUCaHWS KoL), NPeaynpexaaTh O CUHXPOHU3ALMN
11 BNoKMpoBKaXx.

[anbHeilwme uccnegoBaHus 1 pa3paboTku ByayT oxBaTbiBaTh aCNeKTbl ONTUMU3ALMW 0BOMEHa AaHHBIMK,
NpUMeEHEeHME CYLLECTBYIOLLMX MHCTPyMeHTOB aHanuaa VIPE ans aHanusa apeKTMBHOCTY pacnpeaenerus pa-
6ouyeir Harpysku, paspaboTki U obecneyeHst BO3MOXHOCTU UCMONb30BaHNS AOMONHUTENBHBIX NpoLeayp 06-
MeHa AaHHbIMM, BKIOYast aCMHXPOHHbIE (hyHKLMM 1 MpoLieaypbl FPYNMNOBOro B3auMOZENCTBHS.

BuGnuorpadmyeckuii cnucok
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A. 10. ly6aHoe
MarucTpaHT kadeapbl a3pOKOCMUYECKMX KOMMBIOTEPHBIX 1 NPOTPaMMHbIX CUCTEM
B. P. Jlyyue — [OKTOP TEXHUYECKMX HAYK, NPO(ECCOP — Hay4HbI PYKOBOAUTENb

BbIEOP ONTUMAIILHOIO METOA PACMO3HABAHWA 'KECTOB JIANOHU
HA OCHOBAHUM LIENEBbIX MOKA3ATENEW

CoBpeMeHHbIN YpoBEHb PasBUTUS MHOPMALIMOHHBIX TEXHOMOTMA CNOCOBCTBYET NOSBMEHMIO HOBbIX WH-
Tepdelicos. [Ing eCTECTBEHHOrO B3aMMOLENCTBUS YENOBEKA M KOMMBIOTEPA YKe HeJOCTaTO4HO KNaBuaTypbl 1
MbilwK. Bee yalle mcnonb3yeTcs pacnosHaBaHue AMHAMUYECKUX KECTOB YenoBeka. [ins ux «3axsara» MoryT
ObITb MCNONb30BaHbI Pa3NNYHbIE YCTPOCTBA: KMHEMATUYECKME AATUMKM, YNIbTPa3BYKOBbIE NOKATOPbI, CUCTEMbI
CTPYKTYPMPOBAHHOM NOACBETKM 1 MHOroe Apyroe. Ho Haubonee pacnpocTpaHeHHbIM YCTPOCTBOM SBMSAETCS
Buaeokamepa [1].

MeTopb! 06HapyxeHust 06bekTa Ha M306paKeHN MOXHO pa3feniTb Ha TPY OCHOBHbIE FPYMMbI: CKeNeT-
Hble, Ha ocHose 2D (2-dimensional) mogenu obbekta n Ha ocHose 3D (3-dimensional) mogenu obbekTa. B
CKENETHbIX MeToZax UCCNeLyeTCs KOHTYP CUMyaTa: COBEPLLAETCS MOWCK YTIOB, BbICTYMOB, BMAAMH, TOYEK 3KC-
Tpemyma. [ins nonyyeHus nHhopMaLmm o hopme KOHTYpa BbIAENSKTCS rpaHuLbl 06bekToB. MockonbKy 06b-
eKkToM 0BHapyxXeHUs ABNSETCS NafoHb, XECTbl KOTOPON MMEtT BOMbLLYI0 BapUaTUBHOCTL KOHTYPOB, TO aHHas
rpynna METOAOB HaknaablBaeT Psif OrpaHUYEHMIA Ha KONMYECTBO MCMONb3YEMbIX KECTOB [2].

B metogax Ha ocHose 3D mogenu pykv npeacTaBnsoT B BUAE CMOXHbLIX TPEXMEPHBIX MOBEPXHOCTEN
KNaccumuUUUPYIOTCS C MOMOLLbIO HEAPOHHBIX CeTel. [MaBHbI HEAOCTATOK JaHHOW rpynnbl METOA0B — PECYpP-
coemKocTb. Kpome Toro, Ans UCnonb30BaHUS METOA0B TpebyoTes kaMepb! C BO3MOXHOCTbIO ONpeaeneHns ry-
OUHbI M306paxXeHNs.

MeTopp! Ha ocHose 2D Moaenu obbekTa BMeCTo 06beMHbIX MOAENEN UCTONb3YIoT AByMepHOe 1306pa-
KeHWe, a B OCTaNbHOM [aHHas rpynna COOTBETCTBYET rpynne MeTofos Ha ocHose 3D mogenu. Brarogaps
VCMONb30BaHNI0 ABYMEPHbIX N306PaXEHMA CHUKAETCS BbIMUCTITENbHAS COXHOCTL U Anst paboTbl ¢ M3obpa-
KEHWaMW AocTaToyHO BeB-kamepbl. Ho 2D MeToabl ABMAKTCA MEHee TOYHbIMU MO CPABHEHWIO C BbilLenepe-
YNCNIEHHbBIMW FPyNNaM1 MeTogoB [3].

Mockonbky paboTa HaleneHa Ha co3aaHue nporpaMmMHoro obecnedenust ans GuiToBoro 06opyaoBaHus,
TO Ha UCMoNb3yeMble PeCypChbl HaKNaablBatoTCs PSR OrpaHNdeHnin. Huskas BbluMCUTENbHAS MOLHOCTb fn-
Heliku MukponpoLeccopos ARM, ncnonb3ayembix B 6bITOBOM 060pyA0BaHUM, CyLLECTBEHHO YMEHBLIAET Y1CTIO
KECTOB NPW UCMONb30BaHNM CKENETHBIX METOAOB U He NO3BOMNSET UCMOMNb30BATh METOAb! HA OCHOBE TPeXMep-
Hol mogenu obbekTa [4]. [ins ganbHeiiwen pabotbl Obina BbibpaHa rpynna METOAOB HA OCHOBE ABYMEPHOM
MoAenu.

Cpeau rpynnbl METOZOB C UCMOMNb30BaH1eM ABYMEPHOIO M300paxeHns HanbonbLUen TOYHOCTbIO U BbICT-
pogeiicTeuem obnagaet metoa Buonbi-[xoHca [3]. MeToa no3sonseT ob6HapyxmBaTb 06BLEKTLI B peXxMe pe-
anbHoro Bpemenu. Ero npegnoxunu Mayn Buona n Maikn Dxoxc B 2001 r. MeTog ucnonb3yeT TEXHOMOrMio
CKONb3SALLEro OkHa. [lBurasick No 130BpaXeHuio ¢ NOMOLLbI Kackaga cnabbix KnaccugukaTopoB onpesens-
€eTcs, eCTb MW B paccmMaTpuBaeMom OkHe nuuo. MeTtog cocTouT 3 anroputMa obyveHns 1 anroputma pacmno-
3HaBaHWs. B kayecTee Npu3HaKoB AN anropUTMa pacno3HaBaHWs aBTopamy Bbinu NPeAnoxXeHbl NPU3HaKW
Xaapa, Ha OCHOBe BelBneToB Xaapa. Kaxabiit BeABNET xapaktepuaupyeTcs pa3MepoM CBETION U TEMHOMN 06-
nacTeit, NpoNopLMSMM, a Takke MUHUMarbHbIM pa3mepoM. M1306paxeHne MOXHO NpeaCcTaBuTb B MHTErpanbHoi
¢hopme B BUAE MaTpULbI, Pa3Mepbl KOTOPOIA COBNaakT C pa3Mepamm UCXOQHOTO M3obpaxeHus |, rae kaxablii
3NEMEHT PacCUUTLIBAETCS MO hopMye:

i<x, j<y
(x.y)= Z I(r.c),
i=0,j=0
rae | (r, ¢) — spKOCTb NUKCeNa CXOLHOTO U306paXeHNs.
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Kaxabint anemeHt matpuupl |l (x, y) npeactaBnsieT coboii Cymmy nukcenos B npsimoyronbHuke ot (0,0)
00 (x, ¥). Ons toro, 4to6bl BLIMUCAUTL CyMMY NPSIMOYTONbHON 06MacTit B MHTErpanbHOM npeacTaBneHuy 13ob-
paxeHust TpebyeTcs BCero YeTbipe onepaunmu obpalueHnst kK MaccuBy M Tpu apudMeTUYecKie onepaummn. JTo
no3BONSET BLICTPO paccunTLIBATL NPU3HaKK Xaapa A1S u3obpaxeHns B 06y4eHUM 1 pacnosHaBaHuu.

/3HavanbHO OCHOBHO 3agayen anroputMa bbino obHapyxeHue nuu. [ins obHapyxeHWs nagoHn B BU-
[eonoToke, AeTekTop Buonbi-IxoHca MoxXeT BbiTb MOAN(ULMPOBAH C UCTONb30BaHWEM HOBOTO Habopa npu-
3HakoB Xaapa (p1CyHok). Mpn3Hakm a-c SBNSI0TCA TPAAWULMOHHBIMM Npu3Hakamu Xaapa. Hanpumep, Tun a mo-
KET BapbMpOBAaTLCS B 3@BUCMMOCTM OT LUMPUHBI W BbICOTbI, @ TakKE OT COOTHOLUEHWS LUMPUHBI ABYX MPSIMO-
yronbHbIX 0bnacTen, Ho Ux BbICOTa He AOMKHA OTnMYaTLCS. MMPU3HaKK d-ro TUNa W NO3BOMSIOT NPaKTUYECKN
NPOW3BONBHO CPABHUBATb NNOLLAAM, MOCKONbBKY PACTONOXeHWe U pa3Mepbl NPSMOYTONbHUKOB MEHee orpaHi-
YeHbl. [lonycTUMbI 1 NepekpbIBatoLLMecs 06nacTi, YTO CYLLECTBEHHO MOBbILIAET TOYHOCTL OBHapYxeHUs na-
[O0HM C UCTIONb30BaHNEM MOAU(MLMPOBAHHBIX MPU3HAKOB Xaapa.

E] b I d =)

PucyHok. Habop npuaHakos Xaapa anst 0bHapyxeHus nagoHm

TouHOCTb OBHapYKeHNst KeCTOB NagoHN C NOMOLLbID MeToaa Buonbl-[koHca CyliecTBEHHO NoBbILA-
€TCA Npu NpeABapuUTENbHON CermeHTaLmun usobpaxeHns. Takum 0bpa3om, COBOKYNHOCTb anroputMa Buonbl-
[IxoHca 1 anroputmMa cerMeHTaLmm 13obpaxeHns No3BoONSKT 0OHaPYKMBATb XECTbI B peanbHOM BPEMEHU C
BbICOKOM TOYHOCTbIO 1 HU3KMM Noka3aTenem oLwnbok. Huakas BbIMCIINTENBHAS CNOXHOCTb anropuTMOB AOMYC-
kaeT ucnonb3oBaHue aHeprocbeperatomx ARM npoLeccopos, ycTaHOBMEHHbIX B GbITOBOM 060pya0BaHMK, a
[Ons BUAEONOTOKA JOCTATOMHO MCMONb30oBaHWe BeB-kamepbl. Ha 0CHOBaHMM Takux LiENeBbIX NokasaTenei kak
PecypCcoeMKoCTb, GbICTPOAENCTBME, TOHHOCTL U BApUaTUBHOCTL XECTOB, anroputM Buonbl-[xoHca ¢ ucnons-
30BaHNEM MOAMGULIMPOBAHHbIX NPU3HAKOB Xaapa M NpeaBapUTenbHON CermeHTaumen n3obpaxeHus, sens-
€TCs ONTUMAnbHbIM 151 06HAPY)KEHUS KECTOB NagoHN.
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YOK 004.021

A.C. Eedokumos
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
K. H. PoxxdecmeeHckas — Hay4Hblii pyKOBOAUTENb

BEPXHAA TPAHULA 3AAEPXEK NEPEOAYN OAHHBIX B CETAX SPACEWIRE

TexHonorust SpaceWire npegHasHayeHa Ans CO3AaHNS KOMMYHUKALMOHHBIX ceTeil Ha 6opTy neTatens-
HbIX 1 KOCMUYECKMX annapaToB W OTBEYaeT NocnefHM TpeboBaHWAM a3pOKOCMUYECKMX CUCTEM B 0bnacTy
KoMMyHuKkaumi [1]. Ytobbl ceTb SpaceWire oTBevyana 3agaHHbIM TpeboBaHUsAM paboTOCNoCOBHOCTM, HaLex-
HOCTM 1 OTKa30yCTOYMBOCTM HEOBXOAMMO YUNTLIBATL MHOTME NapaMeTpbl MpW NPOEKTMPOBAHWM JAHHO CETU.
OpHWM 13 Taknx NapameTpoB SBNSETCS 3afepkKa nepegaqy AaHHbIx. O4eBnaHo, YTo Bpems nepepayn MHGop-
MaLv 3aBucUT oT criocoba nepefayn naketa B CETH, HanpuMep, OT MeTOAA MapLUPYTU3aLMW NakeToB.

B cootBeTcTBMM CO cneumdmkameir ctaHgapTa SpaceWire ceTeBble y3nbl paboTatoT ¢ npegaBaembIMmn
nakeTamu B pexvme MapLUPYTU3MPYIOLLETO KOMMYyTaTopa (MapLupyTtuaatopa) [2]. MpuHsB nepeble 6aiThbl 3aro-
noBKa nakeTa, y3en NPUHUMAET peLLeHre O MapLUpyTU3aLMU NPUHATOrO NakeTa Ha onpeaeneHHbIN BbIXOOHON
nopT (MOpTbI) y3na, Nocne Yero ocTanbHble 6aliTbl NOCTYNAOLEro NakeTa «Ha NeTy» KOMMYTUPYIOTCS B BbIXOA-
Hoit nopT, 6e3 HeobxoarmocTy GycepusaLnm nakeTa LIENMKOM B NAMSATH CETEBOTO y3na. MapLupyTusaums ocy-
LecTBnseTCA NMbO No 3afaHHOMY B NPOXOASLLIEM MaKeTe HOMEPY BbIXOAHOrO nopTa (Mpu NyTeBo MapLLpyTH-
3aumu), Nnbo no HacTporkam TabnuLbl MapLLIPYTU3aLWK (NP1 MapLLPYTU3aLMKM N0 NOTUYECKUM aapecam).

«YepBsiuHasy MapLipyT13auuns [2, 3] — 3T0 MeTof MapLUPYTU3aLM NakeToB, OTHOCALLUMACS K KaTeropum
MeTOZO0B KOMMYTaLMKM «Ha NeTy». Kaxabli nakeT copepuT 3aronoBok C aapecoM HasHadeHus naketa, npeg-
CTaBfeHHbI N1Bo Kak uaeHTudmkaTop nonyyatens, nubo kak nyTb no cetu. C OAHOM CTOPOHBI, «4ePBSYHAsA»
MapLpyTU3aLums obecneumBaeT MUHUMAbHbIE 3aAEPKKN AOCTaBKI NaKeTOB NP OTCYTCTBUM KONMN3NA, MUAHN-
MarbHble pasmepbl Bydepos 1 annapaTHble 3aTpaThbl B CETEBbIX Y3nax, C APYroil CTOPOHbI B CIy4ae KOnnuaui
YepBsYHas MapLLPyTU3aLMA MOXET Bbl3BaTb AOMONHUTENbHbIE 3aAePXKK1 NaKeTOB B MPOMEXYTOUHBIX CETEBBIX
yanax.

«YepBsiuHasy MapLpyTU3aLmMs npeacTaBeHa Ha puc. 1, KOTopbIil nokasbiBaeT nepeaavy naketa ot of-
HOTO y3nia [0 ipYroro Yepes MapLupyT13aTop. 3aronoBok naketa 0603HaueH YepHbIM LIBETOM, OCTambHas 4acTb
— 3eneHbIM LBeTOM. Kak Tomnbko MapLupyT13aTop NPUMHUMAET 3arofioBoK, OH Cpa3y npoBepsieT TpebyeMblit Bbl-
X0fHo nopT. Ecnn Tpebyemblin BbIxogHON NOpT CBOOOAEH, MapLUpyTM3aTop YCTaHaBNMBaeT COeAnHeHMe
MeXay BXOAHbIM W BbIXOAHLIM MOpTaMu. 3aTeM nakeT nepeaaeTcs Yepes MapLUpyTu3aTop. Kak Tonbko MapLu-
pyTM3aTop NpUHUMaeT CMMBON KoHUa nakeTa (EOP unu EEP), oH pa3spbiBaeT coefnHeHe u 0cBOOOXAAET Bbl-
XO[HOV NOPT NS CreaytoLero nakeTa, KOTopbIA MOXET MOCTYNUTL OT NoBOro BXOAHOrO nopra.

Yzen MapuipyTtusatop Y3en
[E— ]

MapLupyTn3aTop NpUHAAN 3aroNoBOK NakeTa v NposepseT TpeGyeMblil BbIXOAHOW NopT

Yzen MapuwpyTuzatop Yzen

MapLupyTn3aTop YCTaHOBWA COEAMHEHNE MEXAY BXOAHbLIM U BbIXOAHBIM MOPTaMU 1 NepeaaeT naket

Yzen Mapupytnsatop Y3en

MpuHss cumeon EOP, MapLupyTM3aTop 3aBepLuaeT CoeAHEHNe U 0CBOBOXAAET BBIXOAHOM NopT

Puc. 1. «YepBsiyHas» MapLupyTusauns
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Mpy paccMOTPeHUW CETEBBIX TEXHOMOIMIA C TOUKM 3peHust obecneveHnss kayectea cepsuca (QoS)
00bI4HO MAET peyb O rapaHTpoBaHHOM QOS, T.€. rapaHTUPOBaAHHOTO 0BECNeYeHNs CETEBOI TEXHONOTMEN He-
KOTOPbIX XapakTepUCTUK Nepefayn JaHHbIX B ceT. Hanbonee pacnpocTpaHeHHbIMU XapakTepUCTMKamu, KOTo-
pble MCMOMb3YITCA NPWU PaCCMOTPEHWM KayecTBa cepauca, 0becneymBaeMoro CeTbio Ans MHPOPMALMOHHBIX
MOTOKOB NPUKNaAHbIX 3a4a4 B DOPTOBbIX CETAX, ABNSIOTCH:

— 3afiepxka JOCTaBK/ NakeTa Yepes CeTb;

— NPONyCKHas CnocobHOCTb, NpesocTaBnsiemMas MHHOPMALMOHHOMY NOTOKY.

B 60opTOBbIX CETSAX He BbIBAET HEM3BECTHbBIX MHAOPMALIMOHHbIX NOTOKOB, HEMPEACKa3yeMbIX AnUH Nake-
TOB, KaK W1 HEM3BECTHbIX TPeBOBaHWI OT NPUKMAAHLIX 3a4ay K MPONYCKHOM CNOCOBHOCTM UAKM KO BPEMeHW Ao-
CTaBKY NakeTa. Ha npaKTuke NpoeKTUpoBaHue BOPTOBbIX CETE! HAYNHAETCS C aHanW3a 3aady pacrpeaeneHHoN
60opTOBON CETH, NHEOPMALMOHHBIX NOTOKOB YCTPOWCTB, MO KOTOPbIM NMPOBOAUTCS aHanNM3 MEXaHU3MOB U Xa-
PaKTEPUCTMK CETH, COOTHOLLIEHUS NOKa3aTeneil CeTv 1 TpeboBaHMIA NPUNOXEHUA K MHPOPMALIMOHHBIM NOTOKaM.
Ecnu ceTb He COAEPXMT HUKaKMX SBHbIX BCTPOEHHbIX MEXaHU3MOB nopaepkku QoS, HO OHa rapaHTUPOBaHHO
obecneunBaet Tpebyemble XapakTepuCTUKW Nepeaayyn HEOPMaLMOHHBIX NOTOKOB (BpeMs [OCTaBKW NakeTa,
MPOMYCKHYt0 CMOCOBHOCTB), 3HAYNT, 3TO CETb C HeobxoaMMbIM QOS.

B pabote paccmatpuBaeTcs TOMbKO 04HA XapakTepucTUka nepefadn AaHHbIX — 3afepxka JoCTaBku na-
KeTa yepes ceTb, B TOM YMCTe 3aAePKKN MHPOPMALMOHHBIX NakeToB. MIHpOpMaLMOHHBIN NakeT 0TNMYaeTcs ot
yNpaBnSoOLMX KOAOB TEM, YTO MUMEET TONMbKO OAMH UCTOYHWK U TOMBKO OAWH MPUEMHMK, @ Takke OH MeHee
NPUOPUTETEH MO CPABHEHMIO C TaM-KOLAMU U NPepbIBaHNSMM.

Mo BpemeHeM [JoCTaBkW nakeTa T MOHMMAeTCs BPeMms OT Hayana nepedadu nepeoro 6uta nepeoro
GaitTa naketa 13 OKOHEYHOrO Y3na-UCTOYHMKA A0 Npuema nocrneaHero 6ruta nakeTa CeTeBbIM KOHTPOMNEPOM
OKOHEYHOro y3na-npuemHuka. Konnuaus (puc. 2) — nepeceyeHne B 0AHOM BbIXOAHOM NOPTY KOMMYTATOPa KOH-
KypUPYHOLLWX MOTOKOB AaHHbIX, MAYLNX U3 PA3NUYHbIX BXOAHbLIX NOPTOB.

K
Notok 1 it Mk
NoToK 2 Konnuaua
d.c-."-

Puc. 2. Konnunaus

MwHuMansHoe Bpems OCTaBKM nakeTa byaeT B cryyae, Korga nakeT NpoXOauT MO NyTH OT OKOHEYHOTO
y3na-1CTOYHMKa 10 OKOHEYHOTO y3na-NpuemMHuKa 6e3 BO3HUKHOBEHWS KOMMU3WIA B BbIXOAHbIX NOPTaX MapLLpy-
TM3aTopa no BCcemy NyTw cnegoBaHus naketa. O6paboTka 3aronoBka naketa B MapLLpyTU3aTope NpoUCXoauT
Ha neTy, No NoCTynneHnto nepBoro baitTa nakeTa, 1 nocne MapLUpyTM3aLumn — ONpeaeneHus BbIXOAHOMO nopTa
MapLupyT13aTopa, nepesaya nocTynatowmx 6ainTos uaeT NpsiMo B BbIXOAHOM NopT, 6e3 npomexyTouHoro 6y-
hepupoBaHmsi, CO CKOPOCTBLIO NOCTYNIEHWUS NAKETa N0 BXOAHOMY MOPTY MapLLPyTU3MPYIOLLETO KOMMYTaTopa.

Mpw AnnHe naketa B n Bant (n*10+4 6ut, BKNtowas EOP) MuHMManbHoe Bpems OCTaBKU nakeTa, Tmin
MOXHO OLiEHUTb, KaK

*
(n1044) s o
F
rae F — ckopocTb nepegayn no kaHany, but/c; t, — Bpems 0b6paboTkyv BaliTa 3aronoBka nakeTa B MapLUpyT13u-
PYIOLLEEM KOMMYTATOPE; S — YACTIO CETEBbIX Y3NOB (MAPLUPYTUMPYIOLLMX KOMMYTaTOPOB), Yepes KOTOpbIe Npo-
XOLMT NyTb OT Y3MNa-MCTOYHMKA A0 Y3Na-NpUeMHmKa.

Mpu BO3HWKHOBEHWM KONMW3WUA, BPEMS AOCTABKW MakeTa Mo NOTUYECKOMY MyTW MeXOY OKOHEYHbIMM
ycTpoicTBamn ByneT yBennumeaThbCs. B cnyyae BO3HUKHOBEHUS KOMMWU3UK B BbIXOAHOM NMOPTY KOMMYTAaTOpa,
nepefaBaemblil NakeT JOMmkeH ByaeT oxmaaTb 0cBOOOXKAEHUS BbIXO[HOMO NOPTa OT Nepeaayn Apyroro naketa,
KOTOPbIN yXe HaYan nepeaaBaThCs B 3TOM BbIXOAHOM NopTy. Kpome TOro, B 04epeau Ha nepeaaqy MoryT CTOsiTb
11 Apyrvie nakeTbl, NOCTYNUBLUME U3 APYIMX BXOAHbIX MOPTOB, Y€l MyTb MPOXOAUT Yepe3 TOT e BbIXOAHOI NOpT.
MapupyTtuaatopbl SpaceWire peanu3yioT LMKIMYECKy0 AUCLMNIWHY apBuTpupoBaHusi NakeToB OT PasHbiX
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BXOAHbIX MOPTOB, M B CAMOM XYALLEM Cryyae nakeTy NpuUAeTcs KaaTb B BbIXOAHOM MOPTY, MOKA Yepes 3ToT
MopT He NepefazyTcs Mo OFHOMY MaKeTy OT ApYruX 13 k-1 BXOAHbIX NOPTOB KOMMyTaTopa [3]. Ecriv naketbl,
nepeaaBaemble Mo KOHKYPUPYIOLIMM FOTUYECKUM MYTSM, UMEIOT OAMHAKOBBIIA MPUOPHUTET, TO OLEHUTb HAMXyA-
Liee BpeMs OXMGaHNUs Ana nakeTa, Ts, NPy MPOXOKAEHUN YEPE3 OAMH MAPLLPYTU3MPYIOLLMI KOMMYTATOP MOXHO
Kak

m-1 *
ni*10 + 4
Ts= ('7” j

rae m eCtb YACNO BXOAHbIX MOPTOB, OT KOTOPbIX UAYT NYTU Yepes TOT Xe BbIXOAHOW nopT KOMMyTaTopa, 4YTo U
nyTb And paccmatpnsaemoro naketa, m<k. C Y4€TOM 3TUX (bak'ropoe MaKCMManbHoe Bpems A0CTaBKM NakeTa
Tinax MOXHO OL€HUTb, KaK MMHUMarbHOe BpemA AOCTaBKK naketa Timin NIOC MAKCUMANbHOE Bpema OxuaaHus
BO BCEX KOMMyTaTOpax uU3-3a KONNN3NA Ha nyT¥ nakeTa:

s ((m-1

n*10+4

Tnax =Tmin +Z Z [%‘th . 2
A

OT0 AOCTOBEPHbIE, HO rpybble rpaHuyHble (CBEpXY) OLeHKW. Bonee TouHble BEpXHIE U HUKHUE OLEHKM
MOrYT BbITb NOMYYeHbI MO aHaNorMyHbIM HopMynaM npu PaccMOTPEHUN KOHKPETHOM CIPOEKTMPOBAHHON CETM
SpaceWire ¢ HaCTPOEHHBIMK MYTSMM NPOXOXKAEHUS NAKETOB YEPE3 CETEBbIE Y3Tbl.

[ns nonyyeHust Bonee TOYHbIX 3HAYEHUA 3aAEPKEK HEOBXOAMMO Y4MTbIBAT HEKOTOPYHD OCOBEHHOCTL
ceteit SpaceWire. [leno B Tom, 4to B ceTv SpaceWire, Npu Hanuumm Konnmauu, MoryT BO3HUKaTb AOMOMHUTENb-
Hble 3aAepPXKM NPOXOXAEHNS NakeTa Yepe3 CeTeBbIE YCTPOINCTBA, Bbl3BaHHbIE ADEKTOM YEPBAYHON MapLLpY-
TM3auuu [4].

T1 T2

l Konnuaual [

T3 4 K1 1 K2
Konnusmua 2
—-[loToK N21, oTT1 K T5 K-4 R TS

»-MoTokNe2, oTT3 K T4

=-MoTorkMNe3, oTT2 K TS T
T4

Puc. 3. ekt YepBaYHOI MapLpyTU3aLMK

OdbchekT YepBaYHON MapLupyTu3aLum (puc. 3) GyaeT B TOM, YTO NakeT (MOTOK HOMep 2), HayaB nepeaa-
BaTbCS 13 BbIXOHOTO MOPTa B TOMKE KONNU3UM (konnuaus 1), BCTpeyas Ha CBOEM NyTu CreayHoLLy KOnmuamio
(konnuaus 2), MOXeT GbITb TaM 0CTaHOBNEH. ECIv npy 3TOM OH He ycnen NoNHOCTbH NepesaThes 13 BbIXOAHOTO
nopta (Ha kommyTaTtope K-1), To OCTaHOBUTCS ero nepegaya, U Tam BbIXOAHOM NMOPT OCTAHETCS 3aHSAT 3TUM
nakeToM, Moka TOT He CMOXeT ABWUHYTLCS Aanblie No cBoeMy nyTu. B pesynbTtate nakeT (noTok Homep 1) oka-
KETCs 3afepkaH Ha Bpemsi, Borbluee, YeM YUCTOE BPEMS Nepeiady nakeTa Takoi ANMHbI Mo kaHany. Takum
06pa3om, 1Cronb3ays NpeacTaBneHHbIe Bbille (OPMYbl U Y4eT [aHHO! 0COBEHHOCTN YEPBSAYHON MapLLpyTK-
3aLUW MOXHO MONMYYNTb BEPXHIOK rPaHuLY 3afepkek nepeaayn AaHHbIx B ceTsix SpaceWire.
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MonyyeHHble OLEHKI NO3BONSIOT OMPEAENUTh, HACKOMBKO CPOEKTUPOBAHHAS CETb rapaHTUPOBaHO YAo-
BNETBOPSIET NPOEKTHbIM TPeBGOBaHUAM, U UCTIONL30BATL WX AN AANbHEMIIEro CTPYKTYPHOO W FIOMMYecKoro
MpoeKTUPOBaHs GOPTOBOI CETU Ha NPUHLMNAX MCCMeA0BaHS MPOCTPAHCTBA NPOEKTHBIX PeLLeHni . Kak noka-
3blBaeT OMbIT aHanMsa npakTyeckux npuMepos GopToBbIx ceTeit SpaceWire KoCMUYECKX annapatos, ANg
MHOTVX 113 HUX HA OCHOBE TaKOro Pofja OLIEHOK BO3MOXHO MOCTPOUTL U HACTPOUTL CETb, FAPaHTUPOBAHHO YA0-
BNETBOPSIOLLYIO MPOEKTHBIM TPEGOBaHNAM.
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A. B. XepoHKkuH
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
A. B. flkosneg — kaHOMOAT TEXHUYECKUX HayK, AOLEHT — Hay4Hblit PYKOBOAUTENb

OCOBEHHOCTW NPOEKTUPOBAHUA BA3 IAHHbIX
ana NONUrPA®UYECKOU PEFUCTPALIMA ®U3UONOIrMYECKUX OAHHBIX

3anava 06paboTky MeANLIMHCKIX AaHHBIX — aKTyanbHas Ha CerofHsALHUA AeHb 3a4ava, npeanonarato-
Lwas 06paboTKy 6onbLIoro o6bema pasHOPOAHbIX AaHHBIX, 3a4aCTYHO BbINOMHAEMAs B PEXMME peanbHoro Bpe-
MEeHW. 3TN AaHHbIE MOTYT MPUMEHSATLCS B MHOBbLIX NPUNOKEHNSX, CBA3AHHBIX C MEANLIMHCKON AUArHOCTUKON,
1ccnefoBaHNsMM, B TOM YUCTE CpeacTBamMi MaluMHHOro 0Byyenus [1, 2]. Ho nepen 06paboTkoit aTX AaHHbIX
X HeobxoAnMo cobpaTh 1 yNopsACYNUTL TakM 06pa3oM, 4ToBbl OHM Bbinn NPUFOAHBI ANS UCNONB30BAHNS KaK
MOXHO 60NbLLIMM CNEKTPOM CpefcTB 0BpaboTky, T.e. MMENW YHUBEPCanbHYIO U YA0BHYI0 CTPYKTYPY.

B HacTosiLee Bpems C YenoBeka MOXHO CHATb MHOXECTBO pasHooBpasHbix nokasateneil. ameperus
9TUX Nokasatenei 6asnpyloTcsa Ha cambiX PasHbiX PUIMHECKNX NPUHLMNAX:

®  M3MepEeHe 3NEKTPUYECKOI MPOBOAMMOCTY KOXN (KOXHO-ranbBaHnyeckas peakuus, KI'P);

e U3mepeHre 06bema KPOBEHOCHBIX COCYZ0B W BHYTPEHHIX OpraHoB (nneTuamorpamma, M);

®  W3MEpEHME PACTSKEHNS IPYAHON KNETKM NpY AbIXaHWM (BEPXHWI 1 HYXKHWIA JaTunku abixanus, BOX,
HOX);

®  M3MepeHve AaBneHns B Aatyuke Ha mMarxeTe (AL);
M3MEPEHME COCTaBa M XapaKTEPUCTUK BAbIXaEMOro/BbIbIXaeMoro BO3Ayxa (CnupomeTpusi)
13MepeHue YacToTbl CepaeyHbIX cokpatyeHuit (YCC).

Puc. 1. VcnbiTyemblid ¢ 3akpenneHHbIMW Ha HeM JaTyukamu
ONs U3MepeHnst (PU3NONOrMYECKIX NokasaTernen

®uamnonoruyeckue nokasatenm (Grl) MoxHo uamepsTb nonurpadguyeckn. CyTb 3TOro METoAa 3aknova-
€TCA B CNELYIOLLEM: Ha MCMbITYEMOM 3aKpennseTcs HEKOTOpbIA Habop AaT4MKOB (Hanpumep, kak Ha puc. 1),
nocne yero ALIM, k koTopomy 3TOT Habop AaTYMKOB MOAKIHOYEH, CUHXPOHHO 3aMUCLIBAET X B NaMsiTb KOMbI0-
Tepa. Takoit MeToA No3BONSET NPeAbABNATL UCMbITYEMOMY Pa3NuYHbIe CTUMYIbI, OCHE YEro PerucTpupoBaTh
camu CTUMyIbI U PeakLMio OpraHn3Ma YenoBeka C ykasaH1em BPEMEHHbIX METOK.

Y peanuaauuu 3TOro METOAA €CTb psA crieludmryeckux npobnem.

1. He cylwecTByeT yHMBEpCanbHOrO KOMMMEKCHOTO CPEACTBa PErucTpaLi, No3BoNsioLero 3anmchl-
BaTb BCE MoKasaTenu.
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2. Tpou3BoguTENM MHOTUX CPEACTB PEMUCTPALIMW 3a4aCTyto NOMELLAT 3anuCbiBaeMble JaHHbIE B 3a-
KpbITblE W, 3a4acTyto, cneuudmuyeckme gopmatbl (hainos, KOTopble MOryT ObiTb OTKPbITHI NKLWb MO npousso-
[uTeneil cpeacTs peructpaumu. bonee Toro, Yacto Takoe MO He NO3BONSET NONYYNUTL JOCTYN K NPSMbIM U3ME-
PeHWsM CUrHanoB, a NpocTo NPeAoCTaBseT pesynbTar 1x 06paboTku.

3-3a aTMX Npobnem BO3HMKaeT He0bX0AUMOCTb pa3paboTki MPOrPaMMHOMO CPEeACTBa, MO3BONSIOLLEro
nony4atb npsmsle nameperust O cuHxporHo ¢ N kaHanoB, a 3aTeM pa3melyatb ux B popmate, NpUrogHoM
ans nocnegaytowein obpabotku B ntodom MO.

B pamkax peanusaLum Takoro nporpaMMHOro npoaykTa Heobxoanumo npopaboTars:

© CTPYKTYpY 6a3bl AaHHbIX, B KOTOPYI0 ByAyT 3anuckiBaTbes Uameperus OIT;

e  B3aMMOLEWCTBME NPOrpaMMHOro NPOAYKTa C annapaTHbIM CPpeacTBoM peructpauuu OfT;

o (byHKUWIO 3anmucy namepeHnin O Hanpsimyto B 6a3y AaHHBIX B PeXUME PeasibHoro BpeMeHm;

o yno6HbIi NONb30BaTENLCKUNA MHTEPENC, Yepes KOTOPbI YENOBEKY-0NepaTopy NPOrpaMMHOro npo-
BykTa byneT yaobHO oTcnexusaTh NPOLECC U3MEPEHUS, @ TaKKe NOACTPanBaTh €ro napameTpb.

MporpamMMHbIe CPeACTBa ANs peanuaaLiti NpoayKTa C BbILIEONUCAHHLIMW (OYHKLMAMI AOMKHBI BbITh [3]:

®  OTKPbITBIMM W JOCTATOMHO MOMYNSPHBIMK, YTO MAHUMU3UPYET (IMHAHCOBbLIE 3aTpaThl M obecneuunt
pa3spaboTynka MOLLHOM NOAAEPXKKON COOOLLECTBa;

®  YCTOWNYMBBLIMM K BbICOKMM BbIHMCIIUTENBHBIM HArpy3kaMm paccMaTpuBaeMoit 3apayu;

e MpOCTbIMM B UCTMONb30BaHNM.

B Hanbonblueit ctenenm aTum Tpebosannam yaoenetsopstot CYB[] PostgreSQL ¢ HapcTpoiikoi CitusDB
[4], obecneunBatowen napannenuam npu obpabotke cobpaHHbIX AaHHbIX, cpeda paspabotku Visual Studio
2017 Community ¢ ncnonb3oBaHueM s3bika C# 1 ckpunToBoro s3bika Python. C nomoLwbio s3bika C# peanuao-
BaHbl (hyHKLMK B3aumogencTeus ¢ CYB[l, B TOM Yncne 1 MHOrOKaHarmbHas 3anuch B pexume peanbHoro Bpe-
MeHM, a Takke Nomnb30BaTeNbCKMI MHTEPENC, T. €. OCHOBHbIE (hyHKLMWM peanu3oBaHbl Ha OAHON nnaTdopme,
4TO CUMbHO ynpoLLaeT paspaboTky.

PaccmoTpum pesynbTaTthl NpogenaHHoi paboTbl.

n MainWindow
= L |
OroBpaxerie | Mcnsmyessie | Msmepenie | Hactpodicy
fon. kaHan 10000 Kre “ |1. OpraHnsauMoHHbIe HEAOCTATKM Ha
paboTe NOCTOAHHO 3aCTABAAT MEHA
HEepBHUUATE, NEPEXMBATH,
10000 o
4000 HanpsraTbes.
M_—
b7 8000 —————————7—
2400 2500 2400 2500
BepxHuii AaTUMK AbIXaHUA HukHMiA faTuUmMK AbixaHuA
10000 10000
5000 5000 f—m—
METop#Ka MCUXONGTMHECKOTD TECTAPOBaHAR:
Metopuka Boiiko
b o —
2400 2500 2400 2500
Neporiknn Arron Bragmuposins
Mnertusmorpamma Tpemop
5000 HauaTh TecT: Hie
TDDDD7W
8500
e e e——
v

Puc. 2. CkpuHLLOT okHa nporpammbl Full Viewer
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@ MPC Data Writer - o x

3anuce Kawepa 1 | Kamepa 2 | Mosurpad

Cocrosmme: Ocranoenera
Bpeus 3anvcu: 000000

Myne [CAUsers\pingv\Desktop\Patora\anten | []

Vnpasnenve kamepamn

= =

(==

Ynpassenne sapeom
Mrxpodon (M-Track Plus)

Camera URL: | http://182.168.0.101/axis-cgi/mjpg/video.cqilfps =25

Puc. 3. CkpuHLOT okHa nporpamMmbl Data Writer

question gender
id_question SERIAL o id_gender  SERIAL
question 1t CHARACTER gender tila CHARACTER VARYING(SD]
A
testee measurement
answer id_testoe SERIAL /" id_moasurement SERIAL
id_answer  SERIAL id_gender INTEGER s id_measurement_channel  INTEGER 7
> <
id_question  INTEGER /" sumame  CHARACTER VARYING(1024) id_testee INTEGER 7
id_festes  INTEGER /" name  GHARACTER VARYINGI1024) measurement_ampiitude  DOUBLE PREGISION
answer_grade INTEGER parenium  GHARACTER VARYINGI 10241 measurerment_valus DOUBLE PRECISION
birtn_date  DATE measurement_timestamp  DATE
my rement_channel
e photo_dots zasurement_channe
o~ o LR G < 10_measurement_channel  SERIAL
id_photo oot wieger A t_channal_fila  CHARACTER VARYING(100)
photo_dats  CHARAGTER VARYING(200) -
id_testee INTEGER
phato_number INTEGER -
id_phate: INTEGER
dot
Id_dot SERIAL

doi_x DOUBLE PREGISION

dot_y DOUBLE PREGISION

Puc. 4. CtpykTypa ucnonb3ayemoit b1

Mporpamma Full Viewer, npenctaBneHHas Ha puc. 2, No3BONsET 3anucbiBaTb AaHHbIE CUHXPOHHO B pe-
XuUMe peanbHoro Bpemenu B B[], npesocTaBnsis nornb3oBaTenio BU3yanu3aLmio U3MEpeHUid nokasateneit B
BUE HacTpanBaeMbIX rpacukoB B PeXuMe pearnbHOro BpEMEHU.

Crpyktypa b[l, koTopyto ucnons3yet nporpamma Full Viewer, npeactasneHa Ha puc. 4. [laHHas CTpyk-
Typa MO3BOMSIET 3aMMUCbIBATb U3MEPEHMS MO KaXOOMY U3 8 kaHanoB KOHKPETHO MOAENM NonMrpachmyeckoro
KoMMneKca, a Takke yuuTbiBaeT NpedbsBisieMble UCTbITYEMOMY CTUMYIbI 1 YCTAHOBOYHYHO MHEOpMALIO MO
Hemy (®KO, ospacr, non u 1. 4.). bbina paspabotaHa Takke nporpamma Data Writer, npeacTaBneHHas Ha puc.
3, KoTOpas NO3BOMSET CUHXPOHHO 3anuCbiBaTb BUAEOPSA, ayAuo Psif U Camu U3MEpeHUs ANsi nocneayoLLen
nx 06paboTkm.

MepcnekTvBbl pa3paboTKM Takoro MPOrpaMMHOrO MPOAYKTa COCTOAT B NocneaytoLUel pa3paboTke eaun-
HOro cpeacTea Aans peructpauun ®rN B 6a3e AaHHbIX M B dopmaTe anmos Ha XKeCTKOM AUCKe, YTO NO3BOSINT
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HanaguTb 4ns TEX UK MHBIX OpraHM3aLuii, OTAENOB eauHyto 6a3y AaHHbIX M3mepeHuid OI1, a Takke B nocne-
aylolem paspaboTaTb NporpaMMHBIA NPOAYKT ANS 1x 06paboTki, B TOM YMCre W B pexuMe peanbHoro Bpe-
MEHH, YTO NO3BOMNMT UCTIONbL30BaTh 3TW AaHHbIE Ans 0becneyeHns NiobbIx UccnenoBaHUi U paspaboTki Mean-
LIMHCKUX COBETYHOLLIMX U SKCMEPTHBIX CHCTEM, OCHOBAHHBIX HA MeTOAax MaLMHHOMO 0by4yeHus [5).

OtmeTum, 4to TpeboBaHms K pa3paboTaHHOMy NPOrpaMMHOMY MPOAYKTY, NO Mepe yBenuyeHus obbema
11 pa3HOpPOAHOCTM MonyyYaembix U obpabaTbiBaeMblx JaHHBIX, CKopee Beero, ByayT usmensTses. [ins yaosne-
TBOPEHNs 3TUX TPeBOBaHMIA, MO MHEHWIO aBTOPOB CTaTb, AN NOMCKA 3aKOHOMEPHOCTEN Ha 3TOM MUraHTCKOM
maccue SQL 1 NoSQL gaHHbIX noTpebyeTcs ucnonb3oBaTth TEXHOMOMMW MaLLMHHOMO 06y4yenus. MpoaykT mo-
XeT ObITb ynyYLLeH Takke B 06nactu ncnonb3osanus TexHonorui Big Data: Hadoop (dbpeiimBopk ans paboTbi
¢ 6onbLuMMK AaHHBIMK), A3bika R, Moaenyu pacnpeaeneHHbIx Bbluncnennin MapReduce 1 1. . CTOUT OTMETUTS,
Y4TO 3TU TEXHOMNOIMM SBNAIOTCS MNLLL OBHUMM U3 MHOTOYMUCAIEHHBIX BAPUAHTOB peanu3aLm faHHOro NoAxoaa.
Momumo atoro, ByaeT pa3paboTaH elle OauH KOMMOHEHT CMCTEMBI, KOTOpbIiA ByaeT obpabaTbiBaTh nonyyae-
Mble JaHHbIE, N0 BO3MOXHOCTM, B PEXUME peanbHOr0 BPEMEHM.
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AHANN3 BbIMNONHUMOCTW 3A[IAY B AlITOPUTMAX COBMECTHOIO
MHOroAAEPHOIO NMNAHUPOBAHWUA PEANBHOIO BPEMEHU
CO CTATMYECKUM METOJOM HA3HAYEHWA NPUOPUTETOB

AKTUBHOE pa3BUTME COBPEMEHHbIX CUCTEM peanbHoro Bpemenu (CPB, real-timesystems) nosso-
NseT NPUMEHNATL UX B KAYECTBE OCHOBbI [N CUCTEM aBTOMATU3UPOBAHHOTO YNPaBMEHNs, CUCTEM Cneun-
anbHOro HasHayeHWs, BCTpanBaeMbix cuctem (embeddedsystems) u cuctem CMeLaHHOW KPUTUYHOCTM
(mixed-criticalitysystems). 3Ta TeHaeHUus HabniopaeTcs B Pa3NUYHbIX OTPACNSX NPOMbILLAEHHOCTY
(Hanpumep, B aBMOHWKE, GOPTOBBIX KOCMMYECKMX, aBTOMOBMIBbHBIX 1 XeNe3HOJOPOXHBIX cucTEMAX), a
Takxe B 0TPacnn MHAOPMALMOHHbIX TEXHOMOTMIA (CeTeBblE MyNbTUMENUAHbIE, TENEKOMMYHUKALIMOHHbIE 1
MoBunbHble BCTpauBaeMble cuctembl). MogobHble CPB Bee valle 6a3npyoTcst Ha MHOrosAepHO (MHOro-
npoLeccopHoi) annapaTHoit nnatdopme.

B cBAA3M € 3TMM BaXHbIM BONPOCOM SIBNSETCS 3 EKTUBHOE UCNONb30BAHMS BbIYMCTIUTENBHBIX Pe-
CYPCOB [JaHHON CUCTEMBI.

BaxHenwumm ceoicteom CPB siBnseTcs He TONbKO NOofy4YeHe KOPPEKTHbIX Pe3yrnbTaTos BbIMOMHe-
HWsl, HO W cOoBMioAeHNe 3apaHee OnpeseneHHbIX BPEMEHHBIX orpaHnyeHuii. CnegoBaTensHO, CyLeCcTByeT
Habop TpeboBaHuit, cobriogeHne KOTOpbIX AOMKHO ObITb rapaHTUPOBAHO anpHUOPHO (40 cTapTa CUCTEMBI).
A NpegocTaBuUTb 3TV rapaHTUM NO3BONSIOT METOAbI M aNropuTMbl NnaHupoBaHus (scheduling) npuknagHbix
3aday, a Takke MEeTOAUKM aHanuaa BbIMOMHMMOCTH (NnaHupoBaHus) [1].

B HayuHo-uccnepoBatenbckux pabotax, nocesuieHHsIx CPB, 6onbluoe BHMMaHWe yaenseTcs an-
ropuTMam NnaHMpoBaHWs — Habopy npaBun, COrMAacHO KOTOPOMY NPOM3BOAMTCS NEPEKMIOYEHUE 3afay 1
BblgeneHne um TpebyeMbix pecypcoB. ITn anropuTMbl 6asupyoTcs Ha MOAENN 3aAa4 PeanbHOro BpEMEHH,
koTopas coaepxuT Tpebyemyto MHOpPMaLMI 0 BPEMEHHbIX XapakTepucTikax 1 napameTpax 3agauyu, Mo-
[enn kpumuyeckux cpokos (aeanaiHos, deadline) 3apay, a Takxe annapaTHoit Mogenu [2).

MoxHO BbliQenMTb [Ba TWMA anropuTMOB  MNAHMPOBAHWA:  MONMWUTWUKM  MNAHMPOBAHMS
(schedulingpolicies, scheduler, nnanupoBLwwk) u Tectbl nnanupyemoctu (schedulabilitytests). MonuTukn
NNaHMPOBaHMS KOHTPONMPYIOT pacnucanue 3agad. OHn paboTaloT B CUCTEME OAHOBPEMEHHO C 3aavamu
Ha 3Tane UCMOMHEHNS W B PeXMMe OHNaH NPUHUMAKT PELLEHUs NO NNAHUPOBAHMIO, OCHOBBLIBASCH Ha Xa-
paKTepuUCTUKaXx U OrpaHnYeHnsIX 3aaad. TecTbl INaHUpyeMoCTy 40 3amycka CMCTEMbI NPOM3BOASAT NPOBEPKY
cobnogeHns rapaHTUil BoINOSHEHUS 3a4ay K 3adaHHbIM AeAnaiHam.

[laHHas cTaTbsi MOCBSILLEHA BaXHOW COCTABMSIOLLEN, MCMONb3YEMO NpyU NPOBEAEHUN aHanu3a
NNaH1pyemMocTyh 3agay B CUCTeMax peanbHOro BpeMeH — TecTam nnaxupyemocTtu. B pabote paccmatpu-
BaEeTCs OAMH U3 KNacCoB 3(EKTUBHBIX anropuTMOB NMNAHMPOBAHUS — anNropuTMbl COBMECTHOMO MHOTO-
SLEPHOTO NMNAHMPOBAHMS CO CTATUYECKUM Ha3HA4YeHUEM NPUOPUTETOB Ha YPOBHE 3adauy [3]. AnropuTmbl
[aHHOro Knacca akTMBHO NPUMEHSIOTCA B COBPEMEHHBIX KOMMEPYECKNX ONepaLMoHHbIX CUCTeMaX peanb-
Horo BpemeHu (OCPB) v runepsusopax (Hanpumep, VxWorks, LynxOS, PikeOS, DeOS); B kauectse npes-
NUCaHWUA ykasaHbl BO MHOTUX CTaHAApTax 1 KOHUeNnuuax (Hanpumep, B aBuoHuke — ARINC-653, B aBTOMO-
6unbHoit otpacnu — OSEK n AUTOSAR [4]). Ains npeAcTaBuTeneii AaHHOTO knacca anroputMoB B paboTe
np1BeAEHO ONuCaHne, UCCnefoBaHNe U CPABHUTENbHBIN aHanua Tectos nnaxHupyemoctit DA n RTA.
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CuctemMHas mogenb

B panHoit paboTe ncnonbayeTcs cnopaguyeckas Mogenb 3agay peanbHoro Bpemeru. Habop (MHoxe-
def
CTBO) 3afiay COCTOWT M3 N CMOpPafUyeckux 3agay t = {r,} . Kaxpas sapava t; onpedenseTcs KOpTexem

i 2 (Ci.Dy.T;), the C; - Hauxynuwee BpeMst BbINONHeHHs (worst-caseexecutiontime, WCET), D; — oTHocu-
TenbHbI ieAnaitH n T; — MUHUMArbHOE BpeMs MeXay NoCTynneHnami paboT (Takke HasbiBaeMblil NepuoaoM).
Bpems BbIMONHEHWs 3ajaum T; HE [OMKHO MPEBbIATb €e OTHOCUTENbHbIA AeAnaliH M nepuoa, T.e.
Ci < min{D,- ,T,} . B naHHo# paboTe paccMaTprBatoTCs CMCTEMbI C HesiBHBIM AefnaiHom (implicitdeadline), roe
Aennain coBnagaeT ¢ nepuodoM 3apayn, T.e. D; =T;, u orpaHnyenHsIM AeanaiHom (constraineddeadline),
rfie OTHOCUTENbHbIA AeAnaliH He NpeBbilaeT nepuofsl 3afay, T.e. D; <T;.

Kaxpas 3apgava cnopagmnyecku nopoxaaet (reHepupyeT) 6eCKOHeYHy0 nocnefoBaTenbHOCTL paboT.
Kaxpas pa6ota Jf 3afiau T; XapaKkTepu3yeTcs MOMEHTOM MOCTYMMEHUA T, rJ v MomenTOM 3aBepLUEHNs ff
MomeHTbI nocTynnexnst nocneaoBaTenbHblX paboT kaxaon 3agayn T; pasnensioTcs MUHUMAnbHLIM Bpeme-
Hem nocTynnenns T;. Elle ogHol BaXHON XapaKTepucTuKoi 3ajaum SBnseTcs BpeMs oTknuka(responsetime)
Rj — MaKcumanbHblit 13 Bcex paboT MHTepBan BPEMEHH OT NOCTYMNEHNs 10 3aBepLUeHIs paboTbl

R; = max (f/ —r/ )
J €T

3agauv ABnKTCA He3aBUCUMbIMU (OTCYTCTBYIOT OTHOLLEHMS MPEALIECTBOBAHS) U BbITECHSEMbIMY, @
KaXpoe OTAenbHOe SAPO NPOLLEccopa MOXET BbINOMHATL He 6onee oAHOM paboTbl B OAMH MOMEHT BPEMEHMU.
PaboTa He MOXeT BbINONMHSATLCA OAHOBPEMEHHO Ha HECKOMbKMX Siapax (napannenbHoe BbinonHeHue). Miobas
paboTa 3aaun MOXET HayaTb CBOE BBIMOMHEHME HE paHee, YeM 3aBEpLUMT CBOE BbINONHEHWE NpeablayLuas
paboTa faHHON 3aaaum.
def

AnnapaTHasi MOZIENb OMUCLIBAETCS Kak M UAEHTUYHBIX MPOLECCOPHBIX saep: mt = {s,} roe s; -

i=1"
€MKOCTb (CKOpOCTb) i-oro npovieccopa (sapa) v s; = 1.0 ans cero ananasoHa 1< i < m . EMkocTb npoLeccopa
XapaKTepu3yeT ero BbIYUCTUTENbHBIE BO3MOXHOCTM N0 BbIMOMHEHWIO pacnucaHus 3apay. Ecnv sagava sbinon-
HSIETCS 33 OAHY eANHNLYY BPEMEHN C EMKOCTBIO S;, TO €€ 0CTaBLUEECS BPEMS BbINONHEHNS AEKPEMEHTUPYETCS
Ha 3HaueHue S;.
[ins yno6cTea nanoxeHus MaTepuana BefeM KnaccudukaLyio pabot 0THOCUTENHO BPEMEHHOTO UH-
Tepsana [a,b]:
o «BXogswas» — pabota, NOCTyNEHWe KOTOPOM NPOUCXOAUT A0 MOMEHTA BPEMEHU &, HO HEKOTOpas
4acTb paGoThl BLINOMHSETCA B MHTEpBane [a,b];
o «ucxopswasy — paboTa, NOCTyNMeHMe KOTOPOIA MPOUCXOAUT A0 MOMEHTa BpeMeHn b, HO HekoTopas
4acTb paBoTbI BLINONHAETCA M0CTE MHTepBana [a,b];
e «BHYTPeHHss» — paboTa, koTopasi NOCTYNaeT W 3aBEPLUAETCS BHYTPW MHTEPBana.
Ha puc. 1 npeacrasneHbl Bce Tpy TMNa paboT 0THOCUTENBHO BPEMEHHOTO MHTEPBana [a,b] .J,j pabota

&0

ABnseTcs “BxofslLen’”, J,-2 paboTa ABnaeTca “BHyTPeHHew', J,;3 pabota sBnseTcs “ucxopslen”.
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‘N ;o i

Puc. 1. MocnenosaTensHocTb paboT 3agayn T;

Takxe BBEEM ellie HECKOMbKO BaXHbIX MOHATUA. BbiuciumernbHas Hagpyska (workload) W,-(a,b)
paboTbl J/ Ha MHTepBane BpeMeHu [a, b] — 06beM NpoLECCOPHOTO BPEMEHM (CYyMMapHOE KONMYECTBO €ANHUL,

BpemeHm), Tpebyembiit pabote Jij [7151 BbINOMHEHNS HA MHTEpBarne BpeMenu [a, b]. Obwas sbmMucumensHas
Hazgpyska (totalworkload) W(a,b) — CYMMA BbIYMCIIUTENbHBIX HArpy3oK W,-(a,b) Aans Bcex pabor,

BLINOSTHSIEMbIX Ha MHTEpBaNe BpemeHm [a,b].

AnropuTMbl COBMECTHOTO MHOTOSIAEPHOrO MIAaHUPOBAHUSA PeasibHOro BpeMeH!
CO CTaTU4YeCKUMU NpuopuUTeTaMun Ha ypoBHe 3agayd

CoBpeMeHHble anropuTMbl NAAHMPOBaHNS PeanbHOTO BPEMEHM 1 MEeTOAb! aHanuaa nnaHupyemocTy
[arneko He BCEra B COCTOSHNM 3(h(EKTUBHO MCMONb30BATb BbIMACTIMTENbHYIO MOLHOCTb, NPEAOCTABNAEMYHO
MHOrosiiepHbIMM annapatHsiMv nnatopmamu. CriefoBaTenbHo, 0cobYyHo akTyanbHOCTb NpuobpeTaeT BONpoC
3(hheKTUBHOMO pacnpeaeneHns BolYMCINTENbHLIX PECYPCOB MEXIY 3a4adyaMn Ha MHOrosAepHON annapaTtHo
nnatdpopme. CriegyeT NOSICHUTD, YTO ANS paccMaTpUBaEMOro Kpyra CUCTEM Nog 3(EKTUBHOCTLIO MOHMMA-
€TCA YNCNEHHas XapaKTepucTIKa, onpeaenstoLLas CoBOKYNHOe YACMO NMNaHNPyeMbIX anropuTMOM NNaH1poBa-
HMs HabopoB 3agay npu cobmnioAEHNN BPEMEHHBIX XapaKTepUCTUK BCEX 3afay Npu CPaBHUTEMLHO BbICOKOM
YPOBHE K03th(hMLMEHTA UCNONb30BAHNS MHOTOSIAEPHOM annapaTHon NnaTgopmbl.

ABTOpbI JAaHHOM CTaTbW HA NPOTSIKEHNM NOCNEHUX NET B CBOWX paboTax paccmMaTpuBaloT 3dhdhekTuB-
Hble anropuTMbl NnaHnpoBanmus. Ecnu B npoLunbix paboTtax BHUMaHWe aBTOpOB CTaTbit BbINo CKOHLEHTPUPO-
BaHO Ha MCCMeA0BaHUM 1 CPaBHEHUN anropuTMOB COBMECTHOMO MHOTOSAEPHOTO NaHNPOBaHUs Co CTaTiye-
CKUM NpUOpUTETaMU Ha YPOBHE paboT 1 AUHAMUYECKUMM NpuopuTeTamu [5], TO B JaHHOI CTaTbe BHUMaHUE
yAenseTcs knaccy anroputMoB COBMECTHOrO MHOTOSJAEPHOTO NNaHUPOBaHWUS CO CTaTUYECKUMM NPUOpUTETaMM
Ha ypoBHe 3apau (GlobalFixed-Priority, G-FP).

B coBmecTHbIx (global, fullmigrating) MHorosiiepHbIx anroputMax nnaHMpoBaHus 3agayn/pabotbl nna-
HUPYIOTCS, HAXOASACh B €NHON 0Yepeam roTOBHOCTM K BbIMOMHEHMIO, M MOTYT CBOBOAHO nepemelLatscs (Mu-
rPUPOBaTh) MEXY NPOLECCOPHBIMM sapamm [6].

B anroputmax nnaHupoBaHus CO CTaTUYECKUMW MPUOPUTETaMM Ha YPOBHe 3apay (staticpriorities,
statictaskpriorities, fixedtaskpriorities) kaxaoi 3agaye 4o crapta cucTeMbl NPUCBAUBAETCS YHUKANbHbIA HEN3-
MeHHbI1 NPUOPUTET, KOTOPBIN Kaxaas paboTa HacneayeT OT 3agayn, nopoavsLuen ee [7].

[ns Ha3HauYeHUs NPUOPUTETOB B anropuTMax NnaH1pPOBaHMS PearnbHOr0 BPEMEHN CO CTaTUYECKMMM
NpUOpMUTETaMK Ha YPOBHE 3aAay CYLLECTBYHT pasnuuHble MeToAbl (priorityassignmentorder) [8]. Kaxaplit u3
MeTOAO0B ANs pacnpeaeneHns NpUopuTeToB MeXay 3afaqami YYUTbIBAET OAUH UMK HECKOMNbKO NapaMeTpoB
3agav. Haubonee n3BecTHble U3 AaHHbIX METOZOB, NOAAEPKUBAIOLLMX MHOTOSAEPHbIE CUCTEMBI, PacCMaTpU-
BalOTCS W UCCNEAYIOTCS B paMKaXx [AaHHOI CTaTby:

1. YactoTHo-MOHOTOHHbI MeTog (RateMonotonicPriorityOrdering, RMPO); HamsbIcumin npuopuTteT
Ha3Ha4aeTcs 3apaqe ¢ HaumeHbLM neprogom T; [9, 10].

2. MoHoToHHbIN No AeanaiiHy meTog (DeadlineMonotonicPriorityOrdering, DMPO); HavBbiCLmii npu-
OpUTET Ha3Ha4aeTCs 3afajye ¢ HauMeHblLMM AeanaiHom D; [11];
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3. MeToa HasHayeHWs NPUOPUTETOB MO PaA3HOCTW Mepuoda M K Hauxydwwx BPEMEH BbIMOMHEHNS
(Periodminusktimesexecutiontime, TkC); HauBbICLUMiA NPUOPUTET HA3HAYaETCS 3afade C HaUMeEHbLUER pasHo-
cTbio T; —kC; [12]. KoadhdpuumeHT k SiBRSETCS BeLyecTBEHHbIM YMCTIOM, 3aBUCSILLMM OT KONYECTBA SAep:

_ m—1+~/5m? —6m +1

k= .
2m

4. MeTop HasHa4eHWs NPUOPUTETOB MO PA3HOCTK AeAnaiHa W HauXyaLero BpEMEHM BbINONHEHNS
(DeadlineminusComputationtimeMonotonicPriorityOrdering, D-CMPO); HauBbICLMiA NPpUOPUTET HasHavaeTcs
3afjaye ¢ HaumeHbLuel pasHocTbio D; —C; [13].

5. MeToz HasHa4eHus NPUOPUTETOB NO PA3HOCTW AeAnaiiHa U k HauXyALWX BPEMEH BbINOMHEHNS
(Deadlineminusktimesexecutiontime, DkC); HauBbICLUMI NPUOPUTET Ha3HAYAETCA 3afaqe C HaUMeHbLLEN pas-
HocTblo D; —kC; .

TecTbl nnaHupyemMocTu

C TOYKW 3pEHNst TeOpuM NaHUPOBAHMS pearnbHOro BpeMeHU Habop 3aady T Ha3blBAETCs 8bINOMHU-
mbim (feasible) Ha 3apaHHON NpoLEeccopHON NnaTgopMe TOrAa W TOMbKO TOrAa, KOraa CyLecTBYeT HEKOTOPbIN
anropuTM NNaHNMPOBaHNS A, KOTOPbI MOXET NNaHMPOBaTh BCE BO3MOXHbIE paboTbl, NOpoxaaemMble Habopom
3afad T, NOMHOCTbIO BbINOMHSAS BCe NX BpeMeHHbIe TpeBoBaHus 1 orpaHinyeHns. B caoto ovepeas, Habop 3a-
faJy T HasblaeTcs A -niaHupyembim (schedulable) Ha 3agaHHON npoLeccopHoil NnaTopme Toraa 1 TOMbKo
TorAa, korga A cobriofaeT BCe BpeMeHHble TpeboBaHMS 1 OrpaHNHeHNs MpU NNaHUPOBAHNM BCEX BOIMOXHBIX
Habopos paboT, KoTopble MOryT BbITb MOPOXAEHLI BCeMM 3adadamn T; € T [14].

TecT nnaHupyeMocT A — anropuTM, KOTOPbIA MPUHUMAET B KAYECTBE BXOAHbIX AaHHBbIX cneLudmka-
Lyt Habopa 3agay (Tvn, KONMYeCTBO, NapaMeTPb U T.4.) 1 MHOrOSAEPHO NPOLLECCOPHOM NNaTcopMbl, 1 onpe-
[enseT, ABNAeTCA NM fAaHHbIA Habop 3afay A nnaHupyembiM. TECT NiaHpyeMoCTyi HasbiBaeTcs docmamoy-
Hbim (sufficient), ecnu oH onpeaensieT NuLLb HEKOTOpPbIE A -NnaHupyeMble Habopbl 3aaay. TecT nnaHupyemo-
CTU Ha3blBaeTcs Heobxodumbim (necessary), ecnu Bce Habopbl 3aaay, koTopble ABASKOTCS HENMaHpPyeMbIM
MONMUTMKOIA NNaHUPOBaHUS A , B COOTBETCTBUM C pe3ynbTatamu paboTbl TECTa NNaHMPYeMoCTH A Takke onpe-
[ENAITCS, KaK HennaHupyemble. TeCT NNaHUpyeMoCTH, KOTOPbIA SBASETCS [OCTaTOYHbIM U HEOOXOaMMbIM,
Ha3bIBaeTCa MoyHbIM (exact). Takum 06pa3oM, TOUHBIN TECT NNaHNPYeMOCTH onpeaenseT Bce A - nnaHupye-
Mble Habopbl 3aaau.

BaHo noHMMaTb, YTO AOCTATOYHbIN TECT NNAHMPYEMOCTU A He onpedenut Habop 3agad kak A -nna-
HUpYeMbIiA, eCliv Ha CaMOM Aene OH TakoBbIM He aBnseTcs [14].

TecTbl NNaHMPYeMOCTM NPUMEHSIOTCA 0 Havana aktuieckoro yHkumoHuposakus CPB (B pexvme
ocbnaitH). MoaTomy OHM MOTYT BbiTb BbIMUCTIMTENBHO CNOXHBIMM W 06naaaTh ANUTENbHLIM BPEMEHEM BbIMON-
HEHWs,, €CIN NPW 3TOM OHU CMOTYT YNYYLLIMTb NMPOU3BOAMTENBHOCTb CUCTEMBI HA 3Tane ee UCMOMHEHUs ((yHK-
LiNOHMPOBAHWS, B PEXUME OHMalH), @ Takke CMOTYT MOBBICUTL BbIYUCTITENBHYIO 3PEEKTUBHOCTb UCMONL30-
BaHus pecypcoB. CTONT OTMETUTb, YTO pa3paboTka TECTOB NNaHUPYEMOCTH — He camas npocTas 3agaya. Oco-
6eHHo Ans 3apay ¢ 6onbLUOI BapUaTUBHOCTbI0 NOBEAEHNS BO BPEMS BbINOMHEHNS, T. K. TECTbI JOMKHbI rapaH-
TUPOBATb, YTO HU OAMH JeAnaitH 3aaaun He GyAeT NpomyLyeH.

KnioyeBbIM MOHATMEM MHOMMX TECTOB MAaHAPYEMOCTW sABRsSeTCs uHmeppepeHyus(interference).
WnTepdpepeHumst |; 3afaum t; Ha T, 3apady npeAcTaBnaeT cobov CyMMy [TIMH BCEX MHTEPBATIOB, B KOTOPbIX

pabota 3afaun T, C cambiM GOMbLIMM BpEMEHeM OTKMUKa rOTOBA K BBIMONHEHWIO, HO HE BbIMOMHSETCH, a
paboTbl 3adaun T; BbinonHaloTcsA [14]. Ha pucyHke 2 B TOM 4mMCne MPOMANMIOCTPUPOBaHa MHTEPdEpeHLs
3afjauum T; Ha 3ajady Ty .

Obwas uHmepeperyusil, BCex 3afay Ha Ty 3apadvy NpeacTaBnseT coboi CymMy AMMH BCEX
MHTepBAanoB, B KOTOPbIX paboTa 3aaadn Ty C caMbiM BOMbLUMM BPEMEHEM OTKNMKA FOTOBA K BbIMOMHEHNIO, HO

He MOXeT BbIMOMHATLCH W3-3a 3ajay ¢ Gonee BbICOKMM npuopuTeToM. OHa OMpeaensieTcs COrnacHo
chopmyne (1).
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A
I = Z#k’vk . 1)

m
CPU3 I Bl | I, bl o
CPU 2 L | | n I .
CPU 1 [N I L fE Ly R
i r+R,

- pa60Ta Ti( 3aja4dun c cambim 60/bLLIMM BpeMeHeM OTK/IMKa

Puc. 2. MnTepthepeHLms Bcex 3aaad Ha Ty 3agady

Mpu hopMynMpoBaHUM TECTOB MMaHUPYeMoCTH HEOBXOAMMO OMpPefenuTb YCroBMS, MpU KOTOPOM
Habop pabot OyaeT HennaHupyeMm. [ins aToro HeobXxoaMMo NpeanonoXmMTb, YTo Habop 3apay T He sBRSETCS
nrnaH1pyeMbIM Ha M WAEHTUYHbIX NpoLieccopax. CriefoBaTenbHO, AOMKHbI CYLLECTBOBATb HABopbI paboT, no-
POX[EHHbIX T, MpoMycKarowye AeAnaitHbl. Mpesnonoxum, 4To Aeanaik nponyctut pabora sapaun ty . Pa-

60Ty, NponyckaloLLyto feAnaiH, Aanee byaem HasblBaTb npobremHol. IHTepBan Mexay nocTynneHuem npo-
6nemHoit paboThbl 1 3aBepLUEHWEM (UMK NPONYCKOM AaHHOM paboToii aefnaiHa) fJanee byaem HasblBaTh npo-
671EMHbBIM OKHOM.

Tect nnanupyemoctn DA

Ha Tekywmit MOMEHT B CcOOBLIECTBE CMCTEM peanbHOrO BPEMEHU yxe paspaboTaH psp TecToB
NNaHMPyeMOCTW Ans COBMECTHbIX MHOTOSAEPHbIX anropuTMOB NNaHUPOBaHNS peanbHOro Bpemern. OfHUM 13
cambix HeTpeboBaTenbHbIX C TOYKW 3PEHUS HakMagHblX PacxodoB Ha 3Tane WCMOMHEHWs SBnseTcs TecT
NnnaHMpyemocT, pa3paboTaHHbiil yyeHbiMM BepToHbs, YupuHeit v Junapn gns anroputma «HauBbiCLLMi
npuopuTeT 3apade ¢ bnwxanwmum geanaitHom» (GlobalEarliestDeadlineFirst, G-EDF) n anroputma G-FP B
COOTBETCTBMM C METOANKON pa3paboTku TecToB nnaHupyemocTu [5, 15]. [lanee aHHbIN TecT ByneM HasbiBaTb
«AHann3om pepnaiHa»  (DeadlineAnalysis, DA). B HekoTOpblX MCTOYHWKAaX OH 0bo3Havaetcs
abbpesnatypoBCL (0T umeH aBTOpOB NybnmMkaLmu, B KOTOPOW TeCT BriepBble Obin npeactasneH). Tect DA
1Cnonb3ayeT cnopaguyeckyto Mogenb 3agad ¢ orpaHuyeHHbIMK feanaitHamu (constrained-deadline).

Tect nnanupyemoctu DA ana G-EDF

Cchopmynupyem TecT nnanmpyemocti DA ans anroputma nnanuposanus G-EDF. [ins atoro Heobxo-
[AMMO PaccUMTaTh BEPXHIOI0 W HIXKHIOK FPaHULibl NNaHUPYEMOCTy.

Yro6bI npobnemHas paboTa nponycTuna cBoii AeanaiiH, BCe m NPOLEeCCOPOB AOMKHbI BbIMOMHATb ApY-
rve paboTbl cTporo 6onblue Dy —Cy, eanHuL BpemeHn. CriefoBaTenbHo, HKHAS rpaHuuannanupyemocti Wy
Ans npobremMHoro okHa onpeaenseTcs cornacHo dopmyne 2.

Wy =Cy +m(Dy —Cy). )
OTtmeTnm, 4TO hopMmyna 2 ABNAETCS CnpaBeanuBoil Ans nboro anroputMa, OTHOCALLErocs K Knaccy He npo-
cTanBatoLLmx Be3 Harpy3aku (workconserving) [14]. B Takux anroputMax He BbiBaeT npocTamBatoLLyx (He BbINOn-
HsloLMX nonesHyto paboty, idle) sgep, ecnv MeeTcs 3agadya, roToBas K UCMOMHEHMIO, U eLLe He HasHaueHHas
Ha apyrve sopa.

Yro6bI onpeaeniTb BEPXHIOK rpanmLly cipoca obLuei BelMMcnuTenbHoi Harpyski W, B npobnemHom
OKHE, UCMOb3yeM NOHSATUE MHTEPdEPEHLNM, PACCMOTPEHHOE BbILLE.

BepxHsas rpanuua cnpoca obLyel BbIMMCIUTENBHON HArpy3ki B NpOBIEMHOM OKHE BbIYMCNISETCS MO
opmyne 3.

Wy =Ci + Y ik 1(3)

i#k
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[anee cchopmynupyem BEPXHIOK rpaHuLy UHTEpdEPEHLM T,-J( (BEPXHSIS rpaHuLa NNaHupyeMocTy).

3ameTum, 4TO HUKakas «ucxoasLasy pabota He MOXET nomeluaTb npobnemHoi pabote B npobnem-
HOM OKHe, T. K. OHa Mo OnpefeneHuto uMeeT 6onee NO3AHMA AeanaiH, Yem npobnemHas. Mo3ToMy Mbl MOXeM
paccMoTpeTb CUTYaLMIo, KOTAa fieAnaitt nocnesHeit (B faHHOM MHTepBare) paboTbl 3a4aun T; HaXo[uTCs B
KoHLie NpobnemHoro okHa. T.e. ee AefnanH CoBnaaaeT ¢ AeanaitHom npobnemHoii paboThl, a BCe Apyrve pa-
60Tbl 334a4M T; BbINOMHAIOTCA MAKCUMAIbHO MO3AHO, TaK, YTO UX AeAMnaliHbl COBNaaatoT C BpEMEHeM X 3a-
BepLueHIA. B Takom (Hauxyawem) cryyae uHtepdepeHums l; . 8 npobnemHom okHe Gynet MakcumansHa. Cu-
Tyauus nsobpaxeHa Ha pucyHke 3[16].

]

T T, T, T,

i D,modT, |D,/T,|-T,

r‘, Mpo6nemHoe okHo ( Dy) t:,

Puc. 3. Hanborbluas nHtepcepeHLms 3aaayun t; B NpOBNEMHOM OKHE NS anroputma nnaHuposakus G-EDF

Mepeasi paboTa 3afaun 7; B NPOBIEMHOM OKHE MOXET BbINONHsTLCS He Goniee min(C;,DxmodT; )
eanHuL, BpemeHn. Kaxgas n3 nocnegytowmx pabot MoxeT BbinonHaTes C; eanHiL Bpemenm. Konuyectso
Takux pabor onpepensiercs kak | Dy /T; |. B pesynbTate anst Ti,k nony4yaem BbIpaxeHue.

Ii,k < Ti,k = \‘S_k‘i 'C,‘ + min(C,-,kaodT,-)
I

Tecm nnaHupyemocmu: Habop 3agay t sensetcs G-EDF-nnaHupyeMbiM Ha M MAEHTUYHBIX NpoLeccopax,
€CTM NS KKAOTO Ty € T, BbIMOMHAETCH OAHO 13 ABYX YCNOBUA — 4 unm 5.

> imin(Dy ~Cy. ) < m(Dy ~C )(4)

i#k

Z]min(Dk _Ck’ﬂ,k) =m(Dk —Ck)Uﬂf #k:0 <Ti,k < (Dk —Ck)(S)

i#k

[NceBOokoa AaHHOTO anropuTma NpeacTaBneH Ha puc. 4. BpemeHHas CrnoXHOCTb anroputma —O(nz)

Anropurm 1: Tecr mranupyemocr DA st asropurma wiannposanust G-EDF
Data: 7 - MHOXKECTBO Beex 3a/at B HAG0pe 1M - KOJIMHUECTBO [IPOLECCOPOB
Result: 0 - na6op 3ama4 naanupyem uiau 1 - nabop 3a1ad He [IAHIPYEM
Procedure schedCheckDAgedf (T, m) is

foreach 7, € 7 do
if 3=, min(Dy — Cy, I;1) > m(Dy, — Cy) then
| return 0
end
if Zz#k min(Dk — Ck, L,k) = m(Dk — Ck) and Vi 7/: k: L,k > Dy, — C}, then
| return 0
end
end
return 1
end
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Puc. 4. Anroputm Tecta nnaHupyemoct DA ans anroputMa nnanuposanmus G-EDF
Tect nnanupyemoctu DA ansa G-FP

B anroputme nnaHupoBaHus G-FP npuoputeT 3agayam HasHadaeTcst 4o ctapTa cuctemsl. CnepfoBa-
TenbHO, NomeLaTb npobnemHoi paboTe B NPO6IEMHOM OKHE MOXET TOMNbKO 3agava ¢ 60MbLUMM NPUOPUTETOM.

Bynem cunTatb, 4To 3apaun NpeaBapuTeNbHO OTCOPTMPOBAHBI B MOPSILKE YMEHbLUEHWUS NPUOPUTETA,
TOrAA BEPXHAS rpaHuLa cnpoca obLLei BbIYUCIUTENBHON Harpy3ku B NpoBrIeMHOM OKHE BblYUCASETCS Mo dhop-
myne (6).

WU = Ck + ZTi,kU (6)

i<k
[anee cchopmynupyem BEpXHIOK rpaHuLly UHTepdepeHLmmn ﬁk .
WHTepepenLns ByaeT MakcumarnbHoi, korga nepsas pabota 3ajaun T; BbIMOMHUTCA Kak MOXHO

Gnnxe K ee AeanaiiHy, Npu 3TOM HauMHas BbINOMHATLCS B MOMEHT a, a kaxzaasi nocneaytoluast pabota sagaun
T; BbINOMHSIETCS KaK MOXHO paHbLue. CuTyaLys usobpaxeHa Ha pucyHke 5.

T, T, T, T,
R PR )
T, Rt I R e
i R s
BRI RLES O e a e a eSS eseseserorssesess =
|D,+D,—C | T, Dy+D,—C,—(|Dj+D,—C,|-T))
k i i i i i 3 i i i
a Mpo6nemuoe okHo ( D,) b

Puc. 5. HanBorbluas nHtepdepeHLms 3agauu t; B npobnemMHoM okHe
ANs anroputma nnavuposanus G-FP

MocnegHss pabota 3agaum T; B MPOOBNEMHOM OKHE MOXET BbINOMHATLCS He Gonee
min(C;,D +D; —C; —N; - T;) eanu, Bpemenn. Kaknas us npegbiaylyux paGot MOXeT BbINOnHsTeCs C;
eanHnL Bpemern. KonnyecTso Takux paboT onpeaensieTcs no gopmyne

Dy +D;-C;
NI—\‘ k T,I /J
i

B pesynbTate ans Ii,-yk nony4aeM BbIpaxeHue.

lik < kg =W;(Dy)=N;-C;+min(C;,Dy +D; —C; —N; -T;)

Tect nnanmpyemoctu: Habop 3agay t siBnsietcs G-FP-nnaHupyeMbiM Ha M MAEHTMYHBIX NpoLieccopax, ecnm
QNS KaXOoro Ty € T, BbINOHSAETCH O4HO U3 BYX YCNOBMIA — 7 Unu 8.

ZDmin(Dk _Ck'Ti,k ) < m(Dk _Ck )(7)

i<k

ZDmin(Dk _Ck’ﬂ,k) =m(Dk —Ck)uﬂi <k :0<E,k S(Dk —Ck)(8)

i<k
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[NceBOokoa AaHHOMO anropuTMa npeacTaeneH Ha pucyHke 6. Ero BpeMeHHas CrnoXHOCTb COCTaBnAeT

o(n?).

Anroputm 2: Tecr nnanupyemocrn DA mist anropurwma mnanuposanust G-FP

Data: T - MHOKECTBO Beex 3a/ad B HaDOpe M. - KOJMIECTBO MPOIECCOPOB
Result: 0 - naop 3ajaq manupyem mwin 1 - gabop 3a7a4 He IAHHPYEM
Procedure sched CheckDAgfp (T, m) is

foreach 75, € 7 do
if 3, min(Dy, — Cy, L x) > m(Dy, — Cy) then
I return 0
end
if Z1<k H]'IH(Dk - Ckaji,k) = m(Dk - Ck) and Vi<k: L,k > Dy — Ok then
I return 0
end
end
return 1
end

Puc. 6. Anroputm Tecta nnanupyemocti DA
Ans anroputma nnaxuposanns G-FP

TecT nnanupyemoctn RTA ans anroputma G-FP

Tect nnanupyemocTn AHanusa Bpemeru oTknuka (Response Time Analysis, RTA) naHavansHo Obin
paspaboTaH Ans OAHOSAEPHbIX anropUTMOB NNTAaHUPOBAHWS CO CTATUYECKUMI NPUOPUTETAMU Ha YPOBHE 3aaau
(FP) [17]. Bns anropuTMoB AaHHoro knacca RTA SBNSieTCS TOYHbIM TECTOM NaHUPYEMOCTM, KOTOPbIA CPaBHM-
BaeT HauxyALuee BpeMs OTKMKA Kaxaoi 3ajayv ¢ ee feananHom. Hanxyalwee Bpemst OTKNMKa MOXeET ObiTb
BbIYMCNEHO NPY aHanN3e KOHKPETHOI CUTYaLM, Ha3bIBAEMON KPUTUYECKM MOMEHTOM, B KOTOPON Y BCEX 3aaad
BpeMsi MOCTYNNEHUs CoBNagaeT.

B 2007 r. BepToHbst Npeanoxun paclumpenue Tecta nnanupyemocti RTA anst G-FP [18], sensitoLerocs
[0CTATOYHbIM TECTOM MNaHUPyeMOCTU ANS MHOMOSAEPHBIX cucteM. OTa moamdmkaums u byaet paccMmatpu-
BaTbCA B JaHHOM paboTe.

TecT nnaHupyemocT RTA nossonseT AONONHUTENbHO COKPaTUTL MHTEPMEPEHLIMIO ANS OTAENbHbIX
3ajad, BbIYMCMAS BEPXHIOW [PaHWULy BpemeHW OTKIWKA ONs Kaxaoid 3ajaun. [laHHbI TecT aHanoruyeH
DATecTy, HO 1CMOMb3yeT MeHbLUee NPOBNEMHOE OKHO.

T, T, T, T,
T; o o o
le+R1_CiJ'T| Rk+Ril_C)‘_(leqFRi_CiJ.Ti)
a Mpo6nemHoe okHO (R, ) b

Puc. 7. Hanbonbluas uHteptepeHLms 3agayn t; B npobneMHoOM OkHe Ans anroputma nnaxmposanmus G-FP

Tect nnanupyemocTit RTA 0CHOBaH Ha UTEPATUBHOM pacyeTe BpeMeH OTkMKa R Kaxaow 3apaqu.
Mpouenypa pacyeTa HTEPdEPEHLMN 1 CONYTCTBYHOLMX BENMYWH aHanor1yHa Tecty nnaxupyemoctu DA. Cuu-
TaeM, 4To HauasnbHoe sHavenie Ry = Cy . Mocneayoluve BbluMcrigHus ByayT NPOM3BOAMTECS MO (hopMynam,
NpeacTaBneHHbIM HUXKe:
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= R +R; -C;
Ni (Rk ) _| Bk i i
Ti

Ii,k Sﬁ,k(ﬁk):m(ﬁk):N/(ﬁk)C,+min(C,~,§k +§/ —C,‘—N,'(EK)J-/)

ﬁk <~ Ck + %ZEmm(ﬁk _Ck +1'Tf,k (ﬁk ))

i<k

[anee, HeoBX0MUMO NpoaHanMaMpoBaTh Nomy4eHHoe aHavexne Ry .Ecnu Ry > Dy , To 3apada 1y He

nnanupyema. CnefoatenbHo, 1 Habop 3aaad T He nnaHupyem. Ha aToil NpoBepKe anropuTM 3aBepLLaeT CBOI0
pabory.
[NceBookoa AaHHOrO anroputMa npefcTaBneH Ha pucyHke 8. Ero BpemeHHas CROXHOCTb paBHa

O(n3 -D,znax) .

Anropurm 3: Tecr mnanupyemocrn RTA st anropurma mwianuposanus G-FP

Data: 7 - MHOXKeCTBO BeeX 3aJiad B HaOOPE 1M - KOJHYECTBO IIPOLECCOPOB
Result: 0 - na6op saza4 mianupyeM uin 1 - Habop 3aja4 He IIAHIPYeM
Procedure schedCheckRTAgfp (7, m) is
foreach 7, € 7 do
| Ry = Dy
end
updated = true
while updated == true do
foreach 7, € 7 do
newBound = Cy + | L 37, min(Ry, — Cp + 1, I 1(Ry))
if newBound > D), then
I return 0
end
if newBound > Ry then
Rj, = newBound
updated = true
end
end

end

return 1
end

Puc. 8. Anroputm Tecta nnaHupyemoct RTA ans anroputma nnanuposaHus G-FP

WccnepoBaHue TecToB nnaHupyemocTu

B pamkax faHHo# paboTbl NpeacTaBnstoTCS pesynbTaThl NepBOHaYanbHoro (6a3oBoro) MccnefoBaHms
3¢hheKTUBHOCTM TecTa NnaHupyemocTi DA ans COBMECTHBIX MHOTOSIAEPHbIX aNrOPUTMOB MNaHUPOBaHMS Ce-
menctea EDF n anroputma G-FP, a Tatkke Tecta nnaHupyemoctit RTA ans anroputMa nnanmposanus G-FP ¢
NPUMEHEHWNEM Pa3NnYHbIX METOAOB Ha3Ha4yeHWs NpuopuTeToB. K COBMECTHBIM MHOTOSAEPHBIM anroputmMam
cemeiictea EDF otHocsTest G-EDF, «HamBbicwumin npuopuTeT 3agade ¢ bnvxanumm aennanHom noka peseps
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BpeMeHu HeHynesoly (Earliest Deadlineuntil Zero Laxity, EDZL) u «HamBbiclwumit npuoputeT 3agade ¢ bnmxait-
WKUM AeanaiHoM noka peseps BpemeHn gonycTumblity (Earliest Deadline Firstwhile Permissible Laxity, EDF-
PL). Takxe B paboTe NpOBOAMTCS CPABHUTENbHBINA aHaNU3 pe3ynbTaToB UCCHES0BaHMS.

[ins uccnegoBaHys TECTOB NNAaHUPYeMOCTH anroputMoB cemeiicTea G-EDF n G-FP ncesgocnyyanHbim
obpasom Obino creHepuposaHo 100 000 HabopoB cropaanyeckinx 3agady, Kaxabli U3 KOTopbix obnagaeT 3a-
AaHHbIM (0AMHaKOBLIM ANs Bcex Habopos 3aaad) o6LMM KOI(MULIMEHTOM UCMONb30BAHNS CUCTEMBI, NOCNE-

[A0BaTENbHO M3MEHSIOLLMMCS B AnanasoHe Uy, € [0.1,m]. OhheKTMBHOCTL (YPOBEHb MNAHUPYEMOCTH) Kax-

[0T0 TeCTa NNaHUpyeMOCTY 1Sl 3aaHHOTO 3HaYeHUs KoahULMEHTa NCMONb30BaHMS OLIEHMBAETCS MPK aHa-
nu3e napameTpos Bcex 100 000 Habopos 3agad Anst onpeaeneHns koadduumeHrTa yenexa (successratio):

__ Habopbl 3aaay 6e3 nponycka feaAnaitHos
BCe Habopb! 3agay

SR 100

Kaxapiit Habop 3apad T ¢ 06LMM KO3(hMLMEHTOM ncnonb3osaHuns Uy, reHepupyeTcs cneayowmm
06pa3om. KoadpdhmLmeHT 1cnonb3oBaHus 3ahaum t; ONpesenseTcs ¢ UCnoNb3oBaHEM HEMpepLIBHOrO PaBHO-
MEpHOro pacnpefieneHus B npefenax ananasoHa uj € [0.1,1] . HenpepbisHoe pacnpeneneHue koadduumeH-

TOB MCNONb30BaHMS 3aAay obecneymBaeTcs ¢ nomoLybio Metoaa reHepaumu UUniFast-Discard[13, 19], koTo-
pbiit nepebupaeT Bce BO3MOXKHbIE 3HAYEHUS KO3 (PULMEHTOB MCMONB30BAHWS 3aAaY, BIOCNEACTBUM UCKITHOYas
Habopb! 3afay, B KOTOPLIX KOSPMULMEHT CTONb3oBaHNS 3aaayn 6onblue 1. Mepuoa 3aaaqn t; paBHOMEPHO

pacripefeneH B ananasoHe T; € [25Mc,200Mc]. [paHuLbl JaHHOTO Anana3oHa Bbiny BbiGpaHbl Ha 0CHOBE pe-
arnbHbIX NEPUOAOB NPUNOXEHUIA Ans aBnoHMk [20]. HauxyaLuee BpeMs BbINOMHEHUS 3a4ayn pacCyuTbIBaETCS
kak C; =U;T;. B naHHOM 1ccneaoBaHM CMIONb30BANNCh 3afjauu C OrpaHNYEHHBIM 1 HESBHBIM [ienaiHamu.
Mpw orpaHn4eHHOM AeanaitHe OTHOCUTENbHbIN AeAaltH 3a4a4v OnpeaenseTcs cryyvaitHbiM 06pa3om B UHTEp-
Bare OT BPEMeHM BbINOMHEHUS 3aaa4n Ao ee nepuopa, T.e. D; € [C,-,T,-]. B kaxpgom Habope 3aaay konnyecTso

3afad coctaensano 5m. Mcnonbays creHepupoBaHHble Takum 06pa3om Habopbl 3aAay, NPOM3BOAMTCS OLEHKa
3 heKTUBHOCTN TECTOB NNAHUPYEMOCTY (MCNONb3Ys KOANULIMEHT ycnexa).
[Mpu nccnemoBaHUM paccmaTprBanuch Crieaytolume cyvau KonMYecTsa saep B MHOTOSIAEPHbIX anna-

paTHbIX MnaTchopMax: m e [2,4,8,16].

B pamkax nccnenoBaHust 6bi0 NpoBeeHo YeTbIpe Cepum (rpynbl) BbIMUCTIMTENbHbIX SKCNEPUMEHTOB,
OTNMYaloLLMeCS TUMOM JeAnaitHa (HesiBHbIA UK orpaHnYeHHbIA) M HABOPOM CPaBHUBAEMbIX TECTOB NMNAHMPY-
€MOCTI, anropUTMOB NMNaHUPOBaHNS U METOOB Ha3HAYEHUS NPUOPUTETOB AMS aNrOPUTMOB NIAHMPOBaHMS CO
CTaTUYECKUMM NPUOPUTETAMI HA YPOBHE 3a4au.

B nepBoit cepun aKCNEPUMEHTOB paccMaTpuBancs cryyaii Cnopaguyeckinx 3agad ¢ orpaHuyYeHHbIM
[neanaitHom 4ns TecTo nnaHupyemocTv DA anroputmos nnaHupoBaHus cemenctea EDF (G-EDF, EDZL, EDF-
PL [5]) n Tecta nnanupyemoctu RTA ans anroputma G-FP ¢ pa3nuyHbiMi MeTogamin HasHaueHnst npuopmTeTos
3afayam. PesynbTaThl AaHHOW CEepuM 3KCNEPUMEHTOB NpUBEAEHbI Ha pucyHkax 9.a — 9.r. Ha kaxaom rpadmke
npeacTaBneHa 3aBUCUMOCTb KoadhdunLMeHTa ycrexa oT 3Ha4eHus obLuero koadduLmeHTa UConb3oBaHNs Ci-
CTEMbI.

[Mo uToram nepsoi cepun SKCNEPUMEHTOB TeCT NnaHnpyemocT RTA ¢ npuMmeHeHneM MeToga HasHa-
yeHns npuoputeta DKC npogemoHCcTpupoBan Hamnyywine pesynbTaTbl N0 YPOBHIO NAAHMPYEMOCTH, a TeCTbl
nnaxupyemocTu DA ans anroputmoB nnaHnpoBanus cemeiictea G-EDF AeMOHCTpHPYIOT HanxyaLme pesynb-
Tathl. [py yBENn4eHnM Konu4ecTaa NPOLIECCOPHbIX SAEP BO3pacTaeT pasHOCTb MeXAy TeCTaMu NnaHupyemo-
ctn RTA ¢ npumeHeHnem metoaoB HasHaueHus npuoputeta DKC n D-CMPO, a adhcheKTMBHOCTb TECTOB nna-
Hupyemocti RTA ¢ metogamn DMPO, RMPO u TkC yxyawwaertcs.
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Puc. 9. ddeKkTBHOCTb TECTOB NNAHMPYEMOCTH CrIOPagUYEcKuX 3agay
C OrpaHnyeHHbIM JeAnaiHoM

Bo BTOpOI1 Cepuy aKCNepUMEHTOB paccMaTpyUBaniCh Copagnyeckie 3agadn Ans Tex xe TecToB nna-
HUPYEMOCTH, HO YXe NSl Cryvas HEsIBHOMO AeanaitHa. Pe3ynbTaThl AaHHOM CEpuM 3KCNEPUMEHTOB NPUBELEHDI
Ha pucyHkax 10.a — 10.r.

[Mo uToram BTOpO# cepum SKCNIEpUMEHTOB TECTbI NNaHupyeMocTi RTA cTabunbHO NpeBOCXOANT TeCTbl
nnaxvpyemoct DA. TecTbl nnaHupyemocTv ans anroputmo G-EDF [eMOHCTPUpYIOT Hauxygwme pesyrb-
Tatbl. C yBENNYEHMEM YMCra NPOLECCOPHBIX siaep 3chdeKTUBHOCTL TecTa nnanupyemocT RTA ¢ meToaom
HasHayeHus npuoputetos DMPO yxyawaetcs, a TecT nnanupyemoct RTA ¢ MeTOgoM HasHayeHus npuopu-

TeToB DKC HaumHaeT NPEBOCXOAUTb TOT Xe TeCT, HO C NPUMEHeHWeM MeToda HasHa4yeHua npuoputeTa D-
CMPO.
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Puc. 10. SdhpeKkTMBHOCTb TECTOB MNAHMPYEMOCTM CrIOpaanYeckuX 3agay
C HesiBHbIM AeAnanHom

B TpeTbei cepum aKCEPUMEHTOB paccMaTpuBancs Cryyai Cropagmyeckix 3afay ¢ orpaHuyeHHbIM
pepnaitHom ans Tectos nnanmpyemoctv DA n RTA gns anroputma G-FP ¢ pasnuyHbIMi MeTogamu HasHave-
HWsl NPUOPUTETOB. Pe3ynbTaTbl JaHHOM Cepun SKCNepUMEHTOB NpMUBEAEHbI Ha pucyHkax 11.a— 11.r.
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Puc. 11. SddeKkTBHOCTb TECTOB MNAHMPYEMOCTM CrOpaanyeckuX 3agad
C OTPaHNYEHHbIM ieAnaliHoM

[To utoram TpeTbelt Cepumn IKCNEPUMEHTOB BUAHO, YTO TECTbI NNaHupyemocTi RTA cTabunbHo npesoc-
xopasT TecTbl DA. CambiMy He3a(hEKTUBHBIMM METOLAMM HA3HAYEHWS PUOPUTETOB MO UTOraM SKCIEPUMEHTOB
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okasanmucb TkC n RMPO. C yBenuyeH1eM Konu4ecTa npoLeccopHbIx saep apheKTUBHOCTb TECTOB NMaHMpY-
emoctn ¢ metogom DMPO yxyawaeTtcs, B T0 xe Bpems MeTog DkC HaumHaeT npeBoCXoamnTb ocTanbHble Me-
TOMb! HA3HAYEHNS NPUOPUTETOB.

B 3akniounTtensHoi cepum 3KCNEpUMEHTOB paccMaTpyBasCs Cyyaii Cniopaanyeckux 3aaad ¢ HesBHbIM
nepnaitHom ans Tectos nnanmpyemoct DA n RTA gns anroputma G-FP ¢ pasnuyHbiMi MeETOgamMu HasHave-
HWS NPUOPNUTETOB. Pe3ynbTaTbl JAHHOM Cepun SKCMEPUMEHTOB NpUBEAEHbI Ha pucyHkax 12.a — 12.r.
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Puc. 12. dhdeKTBHOCTb TECTOB NNAHMPYEMOCTH CrIOpagUYeckiX 3agay
C HesIBHbIM AeaN1anHOM

[Mo uToram YeTBEPTON CepuM AKCMIEPUMEHTOB MOXHO CAeNaTb BbIBOAbI, YTO TECTbI MNaHNpyeMocT
RTA crabunbHo npesocxogst TecTbl DA, cambiit adekTvBHbIA TECT nnaHupyemoctn - RTA ¢ npumeHeHnem
meToAa HasHaueHus npuoputeta DKC. Cambiin Headh(EKTHBHBIA METOA HA3HAYEHUS MPUOPUTETOB NO UTOram
mopenupoBaHust - DMPO. Mpu yBenuyeHnm konn4ectsa Saep TeCTbl NNaHUPYeMOCTH, KOTOPbIE UCTONb3YIOT
metop DkC, HaumHatoT npeBocxopuTb TecTbl ¢ MeTogom D-CMPO.

B naHHo# cTaTbe 6bIno NpoBeaeHo 1ccneaoBaHue TecToB nnaHupyemocty DA n RTA gns anroputmos
COBMECTHOTO MHOTOSIIEPHOr0 NNaHNPOBaHWS CO CTaTYECKM Ha3HaYeHMEM NPUOPUTETOB Ha YPOBHE 3aaad C
NPYMEHEHNEM PasNnyHbIX METOOB Ha3HaYeHUs NPUOPUTETOB M ANS anropuTMOB NNaHMpoBaHWs knacca G-
EDF.

Mo pesynbTatam uccnenoBaHus TECTOB NNAHUPYEMOCTU MOXHO CAeNaTh BbIBOA, YTO TECT NnaHupye-
mocTv RTA gns anroputma G-FP npoaemMoHCTprpoBan Hamnyulime pesynbTaTbl OTHOCUTENBHO TecTa niaHu-
pyemoctn DA ans anroputma G-FP no ypoBHIo nnaHnpyemocTi. XoTb TecT nnaHupyemoct RTA nmeet 60mb-
LUYIO BbIYMCIINTENBHYIO CIIOXHOCTb, €r0 NPUMEHEHWe onpasaaHo, Tak kak RTA no3sonsieT noBbicUTb agdek-
TUBHOCTb UCMONb30BaHMUS BbIMUCTIMTENbHBIX PECYPCOB CUCTEMBI Ha 3Tane UCMOMHEHNS!.

Takxe pesynbTaTbl UCCNEAOBaHUS NPOAEMOHCTPUPOBANK, YTO Hanbonee 3hdEKTUBHLIM METOAOM
Ha3HaueHus npuoputeToB sensetcs DC. CTouT 0TMETUTB, YTO BbIGOP METOLA HA3HAYEHNst NPUOPUTETA HUKAK
He BNMUSIET Ha HaknagHble Pacxodbl NAAHNPOBLLMKA Ha 3Tane UCMOMHEHMS, HO MPK 3TOM MOXET 3HAYNUTENbHO
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YAYYLWKTb pesynbTaThl TECTa NNaHUpyeMOoCTy.

[Mpu ncnonb3oBaHUM 3aAay C OrpaHyYeHHbIM AeAnaiHoM aheKTUBHOCTb BCEX TECTOB
NMaHMPYeMOCTH U METOLIOB HasHa4eHUs NMPUOPUTETOB YXyALIAETCS.

PesynbTaTbl TECTOB MNaHWpyeMOCTV ANs anropuTMOB CO CTATUYECKAMU NPUOpPUTETAMU Ha YpPOBHE
paboT ¥ auHamuyeckumn npuoputeTammn (cemencteo G-EDF) okasanuck 6onee neccuMUCTUYHBI, YeM TEeCTbl
NNaHPyeMoCTy CO CTaTUYECKMMM MPUOPUTETAMU HA YPOBHE 3aday. OTO CBA3AHO C TEM, YTO B anropuTMax co
CTaTU4eCcKUMM MPUOPUTETaMW HAa YPOBHE 3aday BbITECHWTb 3ajavy MOXeT TOMbKO 3ajaya ¢ Gomblumm
NPUOPUTETOM (Takie 3aa4y ONpeaensoTcs A0 cTapTa CUCTEMb).

CTOUT 3aMeTUTb, YTO TECTbI MNAaHNPYEMOCTU AN COBMECTHbIX MHOMOSAEPHBIX anropyuTMOB NnaH1po-
BaHWs 3a4aCTyI0 ABNSIOTCS NECCUMUCTUYHBIMK. TO 03HaYaeT, YTo Habopbl 3agaY, KoTopble ByayT OTKIOHEHbI
TECTamu NNaH1pyemocTy, MoryT BbiTb NNaHMPYeMbl Ha 3Tane BbINONHeHUs cuctemsl. CrienosaTensHo, yBenu-
YeHWe CTPOroCTY TECTOB NNaHUPYEMOCTU SIBNSIETCS KIOYEBbIM BONPOCOM ANt COBMECTHBIX MHOrOSIAEPHbIX arn-
TOPUTMOB NIAHUPOBAHUS.

B npogomkeHne AaHHbIX paboT nnaHupyeTcs MpOW3BECTM MCCredoBaHWe ApYrMX  TecToB
NNaHMpyeMocTH, KOTOpble MOryT oOka3aTbcsi Oonee CTporumn M WUMeTb 6onee BbICOKWA  YPOBEHb
nnanupyemoctu. K Takum Tectam, Hanpumep, OTHOCATCA «AHanu3 fJeAnaiHa ¢ orpaHMYeHreM BXOAALLMX
pabot» (Deadline Analysiswith Limited Carry-in, DA-LC) [16], «AHan13 BpeMeHW OTKMMKa C OrpaHuYeHnem
Bxoaswmx pabot» (Response Time Analysiswith Limited Carry-in, RTA-LC) [21] u «[ceBgonnanupyemoe
yCrnoBKe B aHanuse BpemeHn oTknuka» (Pseudo-Schedulability Conditionin Response Time Analysis, C-RTA)
[8]. Takke npeanonaraeTcs NPOM3BECTU UCCNEROBAHNE AOMONHUTENbHbIX METOAO0B HAa3HAYEHS PUOPUTETOB
3afjavam, NpUMeHsIeMbIX B anropuTMax nnaH1poBaHUs CO CTaTU4YECKUM MPUOPUTETOM Ha ypoBHe 3agaun. K
[aHHbIM MeTofaM OTHOCATCS «YacTOTHO-MOHOTOHHbI METOS Ha3HaYeHUs MPUOPUTETOB C Pa3feneHneM no
koachcuumeHTy ucnonb3oBaHus» (Rate Monotonicwith Utilization Separation, RM-US) [6], «MOHOTOHHbIA Nno
AennaiHy MeTof HasHaueHns PUOpUTETOB C pasaeneHnem no nnotHocTuy (Deadline Monotonicwith Density
Separation, DM-DS) [22], «MOHOTOHHbI N0 3ana3fblBaH1io METOS Ha3HaYeHWs NPUOPUTETOB C pa3feneHnem
no nnotHoctuy (Slack Monotonicwith Utilization Separation, SM-US) [23], «OnTuManbHbIA MeTof HadHaueHus
npuoputeToB» (Optimal priorityassignment, OPA) [24] n «HagexHblil MeToq Ha3Ha4yeHUs MpUOpUTETOBY
(Robust Priority Assignment, RPA) [25].
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YOK 004.93.12

K. A. KopayHoe
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
B. P. Jlyyue — npocheccop, [LOKTOP TEXHUYECKUX HAYK — Hay4HbII PYKOBOAWTENb

OB30P METOM10B PACMO3HABAHUA UCNONb3YEMbIX
Ona OBHAPYXEHWUA NOAEN HA U30BPAXEHWK

CyLueCTBYHOLNIA NPOPLIB B KOMMBIOTEPHOM 3PEHMM 3a NOCNEAHME oAbl OTKPbIN paHee HedoCTYMHbIE ro-
PW30HTBI M CTUMYNMPOBAI NOMCK HOBbIX 06NACTEN, Fae MOXHO NPUMEHSITb AaHHYH TEXHOMOTHIO.

OpHa 13 HOBbIX 3aAad, KOTOPYto CTaBAT nepes coboko OXpaHHbIE CUCTEMBI — 3TO 3a[aya aBToMaTnde-
CKOTO pacno3HaBaHus 06bekTa (YenoBeka) B 30He HabnogeHus.

PacnosHaBaHue YenoBeka B 30He HabMoAeHNS ABNAETCS FMABHON LIENbIo OXpaHHOro komnnexca. Mpak-
TVKa Nokasarna, YTo XWBOW Yerosek, HabnogaroLLmMin o kamepam 3a obbekTamu, He Tak coeplueHeH. Cneao-
BaTemnbHO, MMEET MECTO YernoBeYeCKMid (PakTop U MOXET NPOM3OITY kpaxa, XynnuraHcTBo, pasboit. Beero atoro
MOXHO 136exaTb, eci BOCMONb30BATLCA «KOMMbIOTEPHBIM 3pEHUEMY, TEM CaMbIM Y6paB 13 cucTeMbl Habio-
[EHNS YENOoBEYECKU (DAKTOP, 1 B HYXKHBIA MOMEHT CUCTEMA YKAXET Ha NOA03PUTENbHbIA OOBEKT.

PaccmoTpum Tpu MeToaa pacno3HaBaHns 06bekTa Ha n3obpaxeHun, KoTopble 3apekoMeHaoBanu cebs
B CTOPMYECKON PeTpoCneKTUBE:

1. KOHTYpHbIit aHanua.

2. HOG/SVM.

3. CBepTOoYHbIe HEMPOHHbIE CeTu.

masHble npobrnembl fokanu3aLmmn obbekTa ¢ KOTOpbIMU Mbl CTarnkuBaeMcs:

1. 3aropaxuBaHue 0ObEKTOB Apyr Ha gpyra.

2. 3acBeTbl 06BLEKTOB.

3. Mnoxoe pa3peLueHue n300paxeHns (CMasaHHble CUNYaTbI).

0630p meToA0B

KoHmypHb i aHanus

Cnepaa WCnonb3oBancs KOHTYPHbIA aHanu3 Ha OCHOBE AMCTAHTHOTO NpeobpasoBaHus C MCMOMNb30Ba-
HWEM BblIENEHHBIX KOHTYPOB.

Ha n3obpaxeHuy BbiAENsOTCS 3aMKHYTbIE KOHTYPbI, PACLUMPSIOTCA U CPABHUBAKTCS C HECKOMbKUMM
3TaNoHHbIMM KOHTYpamu 06bEKTOB.

BbisicHunoch, 4T AN1S AaHHOM 3a4auv Takoi NOAX0A HeA0CTAaTOMHO NPUOAEH: KaK yXe 0TMeYanoch, Ha
1300paxeHnsx 00beKTbI 3a4acTyto CTOAT BMOTHYHO, YACTUYHO NepeKpPbIBAKOTCA APYr APYroM, a NioXoe ocBe-
LLeHWe eLLie cunbHee NopTUT cutyauuio (puc. 1). Bee 310 AenaeT XoTb Ha CKOMbKO-HNOYAb Ka4yecTBEHHOE Bbl-
[eneHune KOHTYPOB HEBO3MOXHbIM.

k

e

D

a) b)

Puc. 1. AHanu3 KOHTYpOB, OTNINYHO paboTatoLLuii B NabopaTopHbIX YCroBusiX (a),
HO HENMPUroLHbINA 4N1S AaHHOW 3agaum (b)
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HOG/SVM

Ha cMeHy KOHTYpHbIM MeToZaM B Hauare 3Toro CTONETMS NpULLIO ucronb3osaHe HOG-LeckpunTopos.
Anroputm pa3busaeT 1306paxeHre BHyTPU CKONMb3SLLEr0 OkHa Ha HeBoMbLUMe HE NepecekatoLLmecs kKBaapar-
Hble CErMEHTbI, N5 KaXOOr0 U3 HUX CHUTAeM UHTEHCUBHOCTU U3MEHEHNS LIBETOB B Pa3NUYHbIX HANPaBNEHMSX,
KOTOpble 3aTeM Hopmanuayem no 6moky (puc. 2). Ha gaHHbix npusHakax HOG-geckpuntop (Histogram of
Oriented Gradients), oby4aetca GuHapHbIin knaccudukaTop (MpuUcyTcTBYeT OOBEKT / OTCYTCTBYET OOBEKT).
06bI4HO B kadecTBe obbekTa BhicTynaet SVM (Support Vector Machine); utobbl yMeHbLUMTL Nepeobyyerue,
ncnonb3yloT SVM, Tak kak paamep [eckpunTopa BemnuK, @ TPEHMPOBOYHBIX AaHHbIX O4eHb Maro.

[ins 0ByyeHnst NpoBoANTCS HECKONbKO payHAOB. Mocne kaxaoro payHAa y4acTok, Ha KOTOPOM HEBEPHO
0BHapyxeH 06bEKT, NOMONHSET TPEHMPOBOYHYIO FPYNNY B KA4ECTBE CMOXHOMO OTpULIATENLHOrO NpuMepa. fMo-
cre YeTbIpex-naTh payHaoB Knaccuukatop AOCTUrAET CBOETO M ka TOYHOCTY W YryYLLIEHNE NpekpaLLaeTcs.

m

f
|
i

L

a) b)
Puc. 6. HoG-geckpuntopbl 6yTbinok (a);
npumep paboTbl anroputma Ha doTorpadun BUTPUHBI (b)

Takolt nogxof onepaTuBeH kak B 0by4eHnu, Tak 1 B pabote (Bpems 0byyeHnst 3 M /payHa*d payHaoB,
nouck 0ObEKTOB 3aHMMaET NpUbN3MTENBLHO 1 ¢ Ha n3obpaxeHun b). Haxoaut 0bbekTbl pasHbix 06bemos. Oc-
HOBHOW € HeA0CTaTOK OTHOCSLLMIACSA K AAHHOM 3afaye — AOBONbHO HEBLICOKOE KaYECTBO OOHAPYKEHNS.

[aHHblit MeTog UcTonb3yeT Gonbluee KONMYECTBO HAOpMAaLMK 1 faeT Bonee TouHbI aHanus u3obpa-
XEHWSI MO CPABHEHMIO C KOHTYPHBIM METOLOM.

CeepmoyHble HelipoHHbIE cemu

Bonee coBepLueHHbIM CNOCOBOM CUMTAKOTCSH CBEPTOUHbIE HEMPOHHbIE CETH, Tak kak OHW 0ByyaioTcs B
npoLiecce cBOeil paBoThbl 1 MOBbLILLAIOT CBOK TOYHOCTb. B 3aayax KoMMbIoTEPHOTO 3pEHIUsi CREpTOuHAs HEMpOH-
Has CeTb NPEBOCXOANT KNACCUYECKYI0 apXMTEKTYpy W3-3a y4eTa KoppensLum Mexay COCeaHUMM NUKCENsaMK,
HaxoAsLLMXCS Ha (haKTUIECKUX M30BPAKEHUSIX.

CBepTOYHbIit CIOM UMEET CrieaytoLLe OTANYUTENbHbIE 0COBEHHOCTH.

1. JlokanbHas CBA3HOCTb. HelpoHbl BHYTPU CNOSI COEANHEHDI INLLL C HeBOMbLLOK 06nacTbio Npeablay-
wero. MHOXeCTBEHHOE MOCNeAoBaTENbHOE COEAMHEHNE TaKNX CMOEB BEAET K (DOPMUPOBAHMIO HENMMHENHBIX
(hunbTPOB, KOTOPbIE NOCTENEHHO CTaHoBSTCS Bee Gonee rmobanbHbIMK, TO ecTb 0603peBaloLmn Gonee 06-
LUMpHble obnacTn u3obpaxeHunsi. AT NO3BOMSET HENPOHHOI CETU cnepea chOPMUPOBATL XOPOLLNE NPU3HAKM
Anst HeBOMbLUMX KYCOYKOB M30BPaXeHUs, a 3aTeEM Ha MX OCHOBE CO3[aTb MPU3HaKW ANs Y4aCTKOB pa3MepoM
nobonee.

2. O6Lme napameTpbl. B CBEPTOYHOM CMOE OAMH W TOT Xe (hunbTp UCnoMb3yeTcs Ans Bcex obnacteit
BXOsiLLEro u3obpaxeHus. Takol NOAX0A CUNbHO MOHUKAET KOMMYECTBO HACTpauBaeMbIX NapameTpoB Crios,
T.€. Bpemsi oBy4eHusi n konniecTo Tpebyemoii namsit. Kpome 3T0ro, CUMbHO OrpaHN4MBAETCS 3anoMuUHato-
Las cnocobHOCTb HEMPOHHO CeTW, NoATankMBas ee npu 0byyeHnn k 060BLEeHNI0 NoKa3aHHO MHGopMaLmK,
a He MONMKCEnbHOMY 3amOMUHaHWIO KaXA0ro NOKa3aHHOro M30BpaxkeHus.
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13 HepocTaTKOB Hel7|p0HHbIX ceten HYXXHO OTMETUTb Gonbluoe KONN4YecTBo Tpe6yeMb|x ana 06yquM$|
[aHHbIX U OTHOCUTENBHO HU3KYH0 CKOPOCTb pa60TbI.
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B. B. Kopombicnios
CTYLEHT Kacheapbl a3POKOCMUYECKIX KOMMBIOTEPHBIX M NPOrPaMMHbIX CUCTEM
E. H. 516n10K08 — Hay4Hblil pyKOBOAMTEMb

NUCCNEAOBAHUE XAPAKTEPUCTUK KOMMYTATOPOB KAHAIIbHOIO YPOBHSA

B coBpemMeHHOM Mupe BaXHEWLIMM pecypcoM siBnsieTcst uHdopMauums. HeobxogumocTb bbicTporo ao-
CcTyna K UCTOMHWKY MHcpopmaLm unvn ee obMeHy HabntogaeTcs Bo Bcex cepax AesTenbHocTh Yenoseka. Celt-
Yac OCHOBHbIM 1 Hanbonee pacnpocTpaHeHHbIM cnocobom obmeHa HopMaLel SBNSIOTCA CETU nepenayy
[JaHHbIX.

B cBs31 ¢ BypHbIM pasBuTUEM TEXHOMOTUA U NOSIBNeHNeM GONbLIOTO YMCra SMEKTPOHHBIX YCTPONCTB, B
anroputm paboTbl KOTOPbLIX 3aNOXeHbI NPoLeaypsl o6MeHa UHAOpPMaLMeN Yepes CeTH, Harpyska Ha CETH ne-
pefayn faHHbIX BO3PACTAET, YTO B CBOIO OYepedb NMPUBOAWT K YBEMMYEHUIO BPEMEHM, 3aTpaunBaeMoMy Ha
nepegayy MHGoOpMauMU Mexay ABYMS OKOHEYHbIMM y3namu ceTu. Elle ogHWM ¢hakTopom, BIMSOWMM Ha
BpeMs AOCTaBKM AaHHbIX, ABASETCH Ha3HaYeHWe pasnuyHbLIM TMNam npeaaBaeMoit MHAOpPMAaLMN PasHbIX Npu-
OpMTETOB, B pe3ynbTaTe Yero OAHW AaHHbIE NEPEAAOTCS MaKCMMarbHO ObICTPO, @ Apyrie O4eHb AOMTO.

B ocHoBHOM 3aaepxka nepesiaqn AaHHbIX B CETH CKNaablBAETCs U3 ABYX BEMUUMH:

1) 3apepxku nepefayyn no kaHanam Cesam,

2) 3a4epXKK1 NPOXOXAEHMNS TPAH3NUTHBIX Y3M0B.

B nokanbHbIX CeTAX, B CBA3W CO CPABHUTEMbHO HEGOMbLUMMW PACCTOSHUSAMU MEXOY OKOHEYHbIMM
yCTpOMCTBaMK, DOMbLLYIO POSIb UTPAIOT 3a4EPXKKN B TPAH3UTHBIX y3nax (KoMMyTaTopax).

CeTeBbIM KOMMYTaTOPOM (SWitch) HasblBaeTCS YCTPOCTBO, NpegHa3HauYeHHOe ANs COeAuHEeHUs He-
CKONMbKMX Y3MOB KOMMbIOTEPHON CETU B Npeenax OfHOTO MW HECKOMbKAX CErMeHTOB ceTu. OCHOBHOI npuyu-
HOI1 3afiepek KOMMyTaTopa, NOMMMO HEMOCPEACTBEHHOTO BPEMEHN HA KOMMYTALMIO MOPTOB, SABNSETCS BO3-
HUKHOBEHMWE CUTYaLWK, KOTAa, OAMH Kaap OXWAAeT B O4epe/y noka nepeaaeTcs ApYron.

[ins aHanuTU4eCcKoro uccnenoBaHns JaHHOM cUTyaumuy Haubonee YacTo NPUMEHSIIOT UHCTPYMEHTbI TEO-
pu1 Maccooro obcnyxueaHnsg. B npocTeiluem BUAe CETEBOI KOMMYTaTOp MOXHO NPeACTaBuTh B BUAE CH-
cTeMbl Maccosoro obcnyxusarus (CMO) Tuna M/M/1, nokasaHHo! Ha puUCyHKe 1, Ha BXOL KOTOPOIA nocTynaeT
NyacCOHOBCKMI NOTOK 3asIBOK

k
Pr(k,t) = %e*“(x >0),

roe Pr(k,t) — BEPOSTHOCTb TOrO, YTO 3@ BPEMS T B CUCTEMY MOCTYNUT Kk 3a8BOK; A — MHTEHCUBHOCTb MOTOKA

3a9BOK, CUCTEMa UMEET OfiHO 0BpabaTbiBaloLLee YCTPOICTBO W BpeMsi 0BCYXMBaHUS 3a9BOK MMEET SKCTIOHEH-
LmMarnsHoe pacnpegenexme.

BxoagHoOM noTok

i\ BbixoAHO NOTOK
—_— HakonuTenb 4>©—>

Puc. 1. Cucrema M/IM/1

Ecnu BxogHo notok CMO reHepmpyioT HECKONBKO UCTOYHMKOB, 1 KaXablil M3 MOTOKOB MCTOYHMKOB SIB-
NAEeTCA NyaCCOHOBCKMM, TO MHTEHCUBHOCTb BXOAHOMO notoka CMO MOXHO MonyYnTb, CIIOXMB UHTEHCUBHOCTH
BCeX noTok [1].

n
A=2"M,
i=1
rae A — MHTEHCMBHOCTb BXoaHoro notoka CMO, N — 4ncro MCTOYHWMKOB, A; — WHTEHCMBHOCTb MOTOKA i-ro

WUCTOYHUMKa.

178



A3POKOCMUYECKME KOMMNbIOTEPHbLIE /1 MPOrPAMMHBLIE CUCTEMbI

O,D,HOI;I 13 BaXHEMLLINX XapakTepUCTUK Ka4ecTBa 06CJ'Iy)KI/IBaHVIﬂ CUCTEMbBI ABNAETCA 3arpy3ka:

A
p==
n
TAe L — UHTEHCUBHOCTb NOCTYNNEHUS 3asIBOK B CUCTEMY, @ {1 — MHTEHCUBHOCTb OGCNYXVBaHMS. 3aMEHUB [

1 .
Ha g nonyumm p =19, rge 9 - cpeaHaa AnuMTenbHOCTb Oﬁcﬂy)KVIBaHVIH. Ecnn BxoaHo# noTok cucTeMbI Co-

CTOWT M3 HECKOIbKMX NOTOKOB 3aSIBOK (3asIBOK Pa3HbIX TUMOB), TO CyMMapHas 3arpy3ka CUCTEMbI POBHa:
M M
R=2"pi=> %9,
i=1 i=1
rae 9; — cpepHss ANUTENbHOCTb OBCMYXVBaHMA 3asBOK Tuna i. [laHHOe MccnepoBaHue paccmaTpyBaeT

TONbBKO CMCTEMBI, paboTatoLme B CTALMOHAPHOM PEXUME, 3TO TaKie CUCTEMI, B KOTOPbIX 3arpy3ka R <1.

B cuctemax maccoBoro 06CcnykuBaHUs BpEMS OXUOAHUS 3asiBKM B O4Epeam B TOM YUCHE 3aBUCUT 1 OT
AUCLMNINHBI 0BCRYXMBaHWSI.

[ns faHHoro nccnenoBanus Gbiny UCMONb30BaHbI CREaYHLWME AUCLUMNANHBI 06CTYXUBAHWS:

1. be3 npuoputeTHas aucumunnmuHa obenyxmsanus (FIFO/LIFO)

v 2
2 A9
i=1
o==E—;
2(1-R)
rae o - cpegHee Bpems 0XunaaHua 3adaBOK BCEX TUMOB, 8,2 - BTOpOﬁ HayanbHbIn MOMEHT ANNTENbHOCTU 00-

CNyXuBaHus 3asBok Tvna i =1,...,M.
2. Iucumnnuta obenyXmBaHus ¢ OTHOCUTENBHBIMW NPUOPUTETAMM

M
> n0?
<
O =,
2(1-Ry—1)(1-Ry)

e my — CpeaHee Bpemst OXwaaHWs 3asBok umerowux npuoputeT k =1...M, Ry_4=p1+---+py_q ¥
Ry =py+-+-+py — 3arpysKi, Co3aBaeMble NOTOKaMM 3aBOK Zq,...,Zx_q4 W Z4,...,Zx COOTBETCTBEHHO.

3. IvcumunnuHa oBenyxvBanus ¢ aGCoMIOTHBIMI NPUOPUTETAMM
k
Re_19 29
oy = k—1k i=1

= + y
1=Ret 2(1-Ri)(1-Ry)
rie oy — CPeAHee BPeMs OXWAAHWS 3asBOK MMEtoLLMX abContoTHbIA npuoputeT k =1,...,.M.

4. JvcumunnuHa ¢ goobenyxnBaHneM 3asiBok
148
91 (1 —Pq ) + T
| =—F",
1-p
npu k=1mn

k
ZMSI'Z
Sk (1 - Rk ) + %
(1=Ri-1)(1-Rx)
npu k >1, rae o, — cpeaHee Bpemks 0X1aAaHUS 3asiBOK, MeIoLNX npuopuTeT k =1,... .M.

Wy =
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5. Iucymnnuta oBenyxuBaHus Co CMELLAHHbIMW NPUOPUTETAMM (3aiaHHast MaTpuLiel npuopuTe-
TOB)

2
S ZI‘eMgP Pi . ZieMgf) 7i9]
1= Diea) P 2[1—2,-€Mg§>pf]@-Z,-engpf)

roe MO — MHOXeCTBO BCeX 3adBOK B CUCTEME, M{(Jz{) — NOAMHOXeCTBO NOTOKOB 3aABOK, UMeoLLX 6onee BbICO-

Wy ,kEMo,

Knin abCONOTHbIIA NPUOPUTET, YeM 3aABKM NOTOKa k; M((Ji) — NOAMHOXECTBO NOTOKOB 3aABOK, MO OTHOLUEHUIO K

KOTOpLIM 3asiBkM MOTOKa k He 0bnagaroT Goriee BbICOKMM abComioTHBIM NPUOPUTETOM; M{,i) — NOAMHOXECTBO
MOTOKOB 3asIBOK, MMENLLMX Gonee BbICOKUA OTHOCUTENbHbIIA UMM aBCOMIOTHBIA MPUOPUTET MO OTHOLLEHMIO K
3asBkaM NnoToka k ; M((j) — MOAMHOXECTBO 3asIBOK, MO OTHOLLEHMIO K KOTOPLIM 3asiBKM NOTOKa k He oBnajatoT

6onee BbICOKUM OTHOCUTENbHBIM UMk aBCOMOTHBIM MPUOPUTETOM.

[ins pac4eToB 3afepXek B COOTBETCTBIW C AUCLUMNNMHamu (1-5) Bbinv B3ATbl NPOM3BONBHbIE 3HAYEHWS
WHTEHCWBHOCTEN BXOAHBIX MOTOKOB, BPEMEHM OBCYXMBaHWS, U NPUOPUTETOB, YAOBNETBOPSIOLLME YCIOBMIO
CTaLMOHAPHOCTM CUCTEMbI, NPUBELEHHDIE B Tabn. 1.

Tabnuya 1
MoTokm A 9 [MpropuTeTsl
MoTok 1 0,1 0,4 1
MoTok 2 0,2 0,5 2
MoTok 3 0,3 0,5 3

MarpuLa npruopuTETOB ANst AUCLMNINHBI 0BCNYXUBAHWS CO CMELLAHHBIMI NPUopUTETaMM (5) UMeET BUL;

rae I, I v Il - Homepa BXOAHbIX NOTOKOB, 2 — abCONKTHBIA NpuopuTeTe, 1 — OTHOCUTENbHBIA NpuopuTeT, 0 —
OTCYTCTBME NPUOPUTETA NOTOKA, CTOSILLETO B /-0 CTPOKE, NEPes NOTOKOM B j-0M cTonbue.

PesynbTaTbl pacyeToB 3aepek B COOTBETCTBUM C AucLMNNMHAaMK obCnyxuBaHus (1-5) npueeaeHs! B
Tabn. 2.

Tabnuya 2
[MoTokn Oucumnnuba 1 | OucumnnuHa 2 | Oucumnnuia 3 [Oucumnnuna 4 [Oucunnnmua 5
MoTok 1 0,527941 0,490625 0,408333333 0,408333333 0,408333
Motok 2 0,627941 0,605378 0,560804264 0,560804264 0,626211
Motok 3 0,727941 0,748769 0,846443228 0,846443228 0,813149

B GonbluMHCTBE CryyaeB 3agepxka nepefayn kagpa rno CeT OT UCTOYHIUKA K MPUEMHUKY He orpaHmnym-
BaeTCS 3a1€PXKKON NPOXOXAEHNS OGHOTO KOMMYTATOPa, Tak Kak 3a4acTyto KOMMYTAaTOPOB B CETH CTOUT 60MbLLE.
Mo3TOMY MMEET CMbICI NPOBOANTL PACcYeThl 3aAePeK C y4ETOM BCEX TPAH3UTHbIX KOMMYTATOPOB, NPUHUMAS
BO BHUMaHe TOT (DaKT, YTO CyMMapHbIE UHTEHCUBHOCTW BXOAHbIX MOTOKOB Pa3NuyHbIX KOMMYTAaTOPOB MOTYT
OTNMYATLCS, HO CaMK KOMMYTaTOPbI AOMMKHbI NO-NpeXHeMy paboTaTb B CTALMOHapHOM pexuMe.

Talke CTOUT OTMETUTb TO, YTO B HE3ABUCUMOCTU OT TONONOTMM CETY Nepesadn faHHbIX U Y1crna KoMMY-
TaTOPOB B HEW, B pacyeTax 3afepek MPUHAMAKOT Y4acTy TONMbKO TPaH3UTHbIE KOMMYTATOPbI, Tak kak B 06LLeM
cnyyae nyTb OT UCTOYHMKA K MPUEMHMUKY CBOAMTLCS K MPOXOXOEHWUIO NMHEItHON NOCnea0BaTeNbHOCTU KOMMY-
TaTopoB (puc. 2 a). Mpumep N1HENHON NOCHeLoBaTENbHOCT KOMMYTATOPOB B HEMMHEHON apXUTEKTYpe CETH
npencTaBneH Ha puc. 2 6, B.
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NeTouHnK MpremHmK
—{Switch 1 Switch 2 Switch 3 ——
a)
UCTOYHUK ——|— ——————————— -
—>Switchl— ! UCTOuHMK —|
[ |
Switch 2 ! L,A,,,,,k,,,ﬁ‘
! Switch 1 Switchi2
Switch 4 ———* ! 1
=T ~ NpremHuK |
Switch 3 —— }
1
Switch5 —— == NpremHmk
Switch 4 Switch 3 ——»
Switch 7
8)

Switch 6 ——*

6)
Puc. 2. MocnegoBaTtensbHOCTY KOMMYTATOPOB

Takum 06pa3om, npu NOCNeLOBATENBHOM COEAMHEHNM KOMMYTATOPOB BbIXOAHOM MOTOK OAHOTO KOMMY-
TaTOpa ABMSETCS BXOAHBIM NOTOK, UMM YacTbio BXOJHOMO NOTOKA, A4S NOCNEAYHLLEro KOMMYTaTopa.

CornacHo Teopeme bepke, ecnn cuctema paboTaeT B CTALMOHAPHOM PEXMME 1 BXOZHOM NyaCCOHOBCKMIA
MOTOK 3asIBOK UMEET UHTEHCUBHOCTb A, TO BBIXOAHOM NOTOK 0BCNYEHHbIX 3aSBOK ByAeT MMeTb TOXeE Myacco-
HOBCKOE pacnpeaesnieHne C MHTEHCUBHOCTbLIO A, YTO U BXOZHO [2].

CornacHo Teopeme [XeKkcoHa, Ans cryyas, Korha HeCkonbko 0BCMyXmMBaloLLMX cMCTEM 06BEANHEHBI B
CeTb C NETNAMM (PUC. 2 B), KAXAYHK CUCTEMY MOXHO paccMaTpuBaTh Kak HesaBucumyo [2].

Ha ocHoBe Yero MoXHO caenaThb BbIBOS OT TOM YTO, 3Hast TOMONOTMK CETH, YKCIIO KOMMYTATOPOB, UHTEH-
CMBHOCTM BbIXOJHbIX NOTOKOB UCTOYHWKOB U WX afpecaToB, MPUMEHSIs B pacyeTax pasnuyHble AUCLUNUHBI
00Cny)K1BAHUS MOXHO:

e paccuuTaTh NPUGNM3NTENBHYIO 3arpy3ky CeTy;

e onpeaenuThb y3kue Mecta ceTu;

e rliepepacnpeneniTb NPUopUTETLI MOTOKOB, AN JOCTVKEHUS OMpeAeneHHbIX Lenen, Hanpumep, K Ao-
CTMxeHuio 6onee cbanaHcpoBaHHON paboTbl CETH.
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YOK 621.391.8

A.C. Ky3bmun
MarucTpaHT kadeapbl a3POKOCMUYECKIX KOMMBIOTEPHBIX U MPOrpaMMHbIX CUCTEM
®.A.Tay6uH — [OKTOP TEXHUYECKMX HayK, NPOECCOp — Hay4HbIA PYKOBOAUTENb

CPABHEHMWE METOOB AEKOAWPOBAHWA TYPEOKOAOB

Kpamkoe onucaHue myp6okodos

Typbokoaepbl MOryT COCTOSATb M3 CBEPTOMHBIX KOAOB MW B10YHbIX KoAoB. Hanbonee nonynsipHbIM 5iB-
nstoTcs TYpOOKOAEPbI OCHOBAHHbLIE HA CBEPTOYHDIX Kogax. ATO NOLATBEPXKAAETCS TEM, YTO Npu paboTe Ha Bbl-
COKNX ckopocTsix anst 6esowmboyHoit nepepaun TpebytoTcs LOCTaTOMHO AnWHHbIE Koabl [1]. Ha puc. 1 npuse-
[neH Typbokog, ucnonb3yemblit B ctaHaapte LTE ¢ MHorouneHamm:

! 1

I 2y
Ck | 1
T S D D = !
| 1
1 + )& 1
I ~ 1

MNepemexutens e 4 Buxogst

e /b: nnn r |

Puc. 1. Typbokoaep Ha OCHOBE NapanmnensHOro BKIOYEHMUS ABYX CBEPTOUHBIX KOAEPOB

C y4eToM NpuBEAEHHOIT CxeMbl TypBokofepa creayeT, YTo Aekofep LOMKeH ObiTb BbINONHEH B BUAE
KackaZHOro COeAMHEHNSs [IBYX OTAENbHbIX CBEPTOYHbIX AeKofepoB. Ha puc. 2 usobpaxeHa CTpyKTypHasi cxema
nekogepa Typbokoga [1].

X, R I

CBepTOUHbIMA
y Aexogep 1

‘ K

Oemyastunnexcop | Ye

MpuHaATHE '
MepemexuTent + HECTHMX —»
PeLEHHI

Y

CBepTOUHbIMA
Aexogep 2

Puc. 2. CTpykTypHas cxema fekoaepa Typbokoaa
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MpUHSATBIM KOAUPOBaHHBI NAKET AaHHbIX Pa3aenaeTcs B AEMyNbTUNNEKCOPE Ha TPU NOTOKA KO[OBbIX
CMBONOB: X” — MH(HOPMALMOHHbBIE CUMBOSTbI, Y — NMPOBEPOYHbIE CUMBOSTbI, CHOPMUPOBAHHBLIE MEPBbLIM CBEP-
TOYHbIM KOAEPOM U Y' — MPOBEPOYHbIE CUMBOSTbI, CHOPMMPOBAHHbIE BTOPLIM CBEPTOUHBIM KOAEPOM, TO CTb,
MOMyYeHHbIE U3 NEPEMEXEHHOM UHAOPMALMOHHOM NOCTEA0BATENBHOCTH.

[JexoduposaHue.

[exonnpoaHue TypbOKOAOB OCYLLECTBNAETCA CreaytoLmm 0Bpa3om. [MepBoHayanbHo OCyLLEeCTBNSETCS
AEeKOAMPOBaHME NepBbIM COCTaBHBIM AEKOAEPOM HEMEPEMEXEHHBIX MH(POPMALIMOHHBIX CHMBOSIOB Ha OCHOBE
nHopmarm X Y. Ha Bbixoge hopmupyeTcs oLeHka MHOPMALMOHHOTO NakeTa («MSrkMe» peLueHus), KoTo-
pasi nocTynaeT Yepe3 YCTPOMCTBO YepeaoBaHUS Ha BTOPOM COCTABHOW AEKOAEP, B Ka4ecTBE anpuopHON MH-
chopmaLmn 0 NpuHATOM nakeTe. Ha cnepytoLen nony-utepaumuyn BTOPOI COCTaBHOM AeKOAep, MONy4MB nepe-
MEXKEHHYK MH(OPMALMOHHYI0 MOCNeA0BaTeNbHOCTb M MPOBEPOYHbIE CUMBOSIbI CO BTOPOTO KoZepa, Npou3Bo-
[JUT OEKOAMPOBAHME C Y4ETOM anpyopHOI MH(opMaLmu. Ha BbIxoae nomy4yaeTcst HOBas YTOYHEHHAS OLEHKa
MHEOPMALIMOHHOTO NMOTOKA, KOTOPYKD MOXHO HanpaBuTb BHOBb HA NEPBbI COCTABHON AEKOAEp, TEM CaMbIM
NpOW3BECTI BTOPYIO UTEpaLMio JEeKOAMPOBaHUS UK HanpaBuTb Ha BNoK «PUHATUS KECTKUX PELLEeHNi», Ha
BbIXOE KOTOPOro ChHOPMUPYHOTCS OKOHYATEMbHbIE PeLLeHns [2].

ABTOpbI TypOOKOLOB NPEANOXMIN CNOCOH MUHUMU3ALMM BEPOSTHOCTHON OLUNGKY B KaXOOM OTAEMNbHOM
6uTe nHopMaLmoHHON nocnegosatensHocTH [1].

B otnnune ot anroputMoB, B KOTOPbIX HAX0AMTCS Haubomnee BEPOSITHOE KOLOBOE CIIOBO, KOTOPOE MOXET
6bITb Nepeparo, B anroputme MAP paccuuTbIBaETCS anocTepuopHast BEpOSTHOCTb ANs Kaxaoro buta nHaop-
MaLMOHHOI NocrneAoBaTeNLHOCTY. PacyeT anocTepropHOi BepOSTHOCTI OCHOBAH Ha OBHOBMEHUN AaHHbIX NO-
NyYeHHbIX NPy AETEKTUPOBAHUN UCXOLHOTO curHana [1].

MepBbIM 3TanoOM HeOBXOAMMO paccymUTaThb OTHOLLEHWE (yHKLUMIA npaBaonofobus A(dk) nm nx norapud-
moB L(dk) ,HasbiBaembix LLR (loglikelihood-ratio — BennunHa norapucoma oTHOLLEHUS PYHKLMA NpaBAONOAo-
Ouns):

1m
C(PA=1x)) [ 2P
L(dg)=n =In 0
P(d =0x) Zmpk’m
rae P(d|x) — anocTepropHas BEPOSTHOCTb MPUHATOTO CUrHaMa, Px™ — BEPOSITHOCTb TOTO, YTO k=B COCTOSIHUM

koaepa Sk=m npu NPUHSTON KOLOBOW nocnefoBaTenbHocTH C.
Wcnonbays copmyny baiteca, 3anuwem BolpaxeHne ans pacyeTapy-m:

(1)

im  PC{ " Idy =i,S =m,CR)P(CR,1 | dy =7,k =m,Cy )P (dy =7,S =m,Cx)
Py = N . (2)
Plet')
MocneaHuit YneH nponsseaeHns (4) npeacrtaenset coboi METPUKY BETBU S&:M , kKOTOpas BbIXOAWUT W3
COCTOAHMA M B MOMEHT BpeMeHM k:

82{*’" =P(dy =i,S =m,Cy). (3)
[ins kaHana ¢ aganTuBHbIM 6enbiM rayccosckum wymom (ABILL) n gucnepcuent wyma o?BenmymHa Mo-
eT BbITb NpeacTaBneHa B BUAE:

L N\2 i \2
. 1 x=ug , 1 Ye—vk
LI S UL R V. SR dy (4)
kK = — kT — k-
2M2ns 2M2ns
MeTpMKa COCTOSIHWUSI M B MOMEHT kK npu npamomM npoxoae no KOAOBOVI peLueTke:

aff =P(Cf " dy =i,8 =m,CY). (5)
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TO4HO TaK e BTOPO COMHOXMTENb BbIpaXeHUs (2) npeactaBnsieT coboin METPUKY COCTOSIHUS M B MO-
MEHT k npu 06paTHOM NPOXOAE N0 KOJOBOM peLueTke. AHaNorMyHbIM 06pa3oM ee MOXHO NpeaCcTaBUTb B BiAE
CyMMbl BEPOSITHOCTEN BCEX NEPEXOLOB B MOMEHT k+1:

B = Z(P(dk =0,k =mCiei S = m)+P(dk =18k =mCii" 1Sk=m).  (6)
m

CnepnyeT 0TMETUTb OTNINYME MEXAY aNnropUTMOM MaKCHMasnbHO NpaBAonoA0BHOM AeKOANPOBAHNA U an-
roputmom MAP. B nepBoM 1geT NOCTOSIHHOE CPaBHEHME 1 0TOOP A1s1 NoucKa Hammny4Llero nyTi. Bo BTopom xe
BbINOMHSAETCS MOWUCK MaKCMManbHO NpaBaonoaobHoro buta.

Anroputm MAP Heuenecoobpa3sHo Ucnonb3oBaTh B annapaTHoit peanusauun Typbogekogepa, notomy
4TO OH COAEPXKUT BONbLLIOE KOMMYECTBO ONepaLuil CIIOKEHWUS! U YMHOXKEHNS], YTO NPUBOLNT K HEXBATKE NOrnye-
ckux anemeHToB Ha MJINC unu HepasyMHOM ux 1cnonb3oBaHuu. [laHHas npobnema pellaeTcs nepexosom B
norapudmuyeckyto 0bnacTb (415 3ameHbl onepaLmn YMHOXEHUS CIIOXEHNEM) U BBEAEHWEM annpoKcuMaLmui
Ans YNpOLLEHNs pacyeTa:

In(ex+ey +ez)zmax(x,y,z). @

ANroput™, UCMOMb3YKOLWMIA AaHHYIO annpoKCUMAaLMI0 Ans pacyeTa MeTpuk, HasbiBaetcs Max-Log-
MAP.Max-Log-MAP npocT 1 He TpebyeT BbIYMCTIEHNS SKCTIOHEHT 11 3HAHWS [ANCTIepCUM KaHana.

Onpeaenum In(om), In(ow™) v In(Bx™), kak Diém, Agm, Bym. Tora hopMyribl NSt pacHeTa METPUK CoCTo-
SHUIA 1 METPUK BETBEW BYAYT BbIrMSAETb CreaytowmM obpasom:

1 ab(im)_ pib(jm)
AT =InS et Ok
j=0

1 f(jm) , pjm
B =InY et Pk (8)
j=0

1 i im
. .\ XU +Y vy
m 2 k
DL’ =In Akft}(e<s ( )

Vicrionb3ysi anmpokeumaLiuio (7), MosysumM ypoLLeHHble (opMynbl pacyeTa MeTpuk (o?=1):
A;(n ~ maX(Afgqym) +D£31(/,m))
I
B ~ f(im) | njm
ke =max{ Bt Ok )
j

im i im
D™ ~ app(dy )+ xguk +ygvi"
B pesynbTare nonyuum BbipaxeHue 45t pacyeTa «MsArkoi» OLEHKW Ha BbIXO[E COCTABHOTO [EKOAepa,
KoTopoe 6yaeT uMeTs Bug;

L(dx)= max(A,'(" +Dm +B£(+11’m))fmax(A,’(" +Dgm +B£(+O1'm)) (10)
m m

[laHHbIit anropuTm SBNseTCS Haubonee NONyNspHbIM aNropUTMOM AEKOAMPOBAHMS TYpOOKOAOB Ha Npak-
TUKe Bnaropaps CyLleCTBEHHOMY CHIKEHUMIO CIIOXHOCTY BbluMCTeHUA. bnarogapst aTomy, OH UMEET BbICOKYIO
CKOpOCTb paboTbl 1 HeBOMbLLOK 06bem ucnonbayemoii noruku Ha MINC. Ctout oTmMeTUTh, Y4T0 Max-Log-MAP
npourpbiBaeT MAP o 0.5 gb [3]. Opyrumu cnosamu, NnaTon 3a ynpoLLeHue SBASETCS CHKEHUE NOMEXOYCTON-
UMBOCTU NEpefayn LaHHbIX.
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—+—Log-MAP
—PF— Max-Log-MAP

‘ . ‘ . ‘ . ‘ ‘
0 0,2 0,4 0,6 08 1 12 14 1,6
Eb/No, a6

Puc. 4. CpaBHeHwe Typ60-4ekofepoB ¢ pasnuyHbIMU KOMMNOHEHTHbIMM Aekogepamu (k = 1024)

Pe3ynbTaTbl CpaBHEHWS OMUCAHHBIX Bbille anropuTMOB AekoaupoBaHus Typbokoga B kaHane ¢ ABILU
nokasaHbl Ha pucyHke 4. MopenvposaHue bbino npoBeaeHo Ans 8 utepaunit aekopepa B pabote [4]. B kave-
ctee Typbokoaa 6bin paccmotpeH Typbokog craHgapTta 3GPP LTE [5], KOTOpbI COCTOMT WX ABYXCBEPTOUHbIX
KOZI0B C BOCEMbIO COCTOSHUSIMI 1 OJHUM BHYTPEHHUM nepemexuTenem. Kak BUAHO Ha NpeacTaBNEHHOM rpa-
uke, anroputm Max-Log-MAP cunbHo npourpbiatoT fekogepy Log-MAP.
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METO[bl ABTOMATUYECKOW KNACCU®UKALIU M3OBPA)KEHVII7I OBBETOB
CO CNOXHOWN MEHAIOLLENCA ®OPMON

O6nacTb KOMMLIOTEPHOTO 3pPEHNS MOXET BbiTb OXapakTepu3oBaHa kak Monoaas, pasHoobpasHas 1 an-
HamMW4HO pa3BuBatoLLascs. B HacToslLee BpeMst HET CTaHAapTHON POPMYNMPOBKY TOTO, KaK AOMKHA peLLaTbes
npobnema KoMMbIOTEPHOrO 3peHus. BMecTo aToro cyLyecTsyeT 60MbLLOe KONMYECTBO METOA0B, KOTOPLIE 3aBN-
CAT OT KOHKPETHBIX 334a4 KOMMbIOTEPHOrO 3peHns. B 6onbLUNHCTBE NpaKTUYECKUX NPUMEHEHMIA KOMMbIOTEP-
HOTO 3pEHUst KOMMbIOTEPbI NPEABAPUTENBHO 3anporpaMMUpOBaHb AMs PELLEHUS OTAEMbHbIX 3aAay, HO Me-
TOAbI, OCHOBAHHbIE Ha 3HAHUSX, CTAHOBATCA BCe 6onee obLLMMM.

KoppensiumoHHble METOAbI, KOTOPble paccMaTpUBaKT U30BPaXeHUs B LIENOM, UMEKT OrpaHNYeHHble
BO3MOXHOCTY Npy paboTe ¢ 06bEKTaMM CO CMOXHOM MeHsitoLLelics popmoit. CyLiecTBytOT cnocobbi ¢ Bblgene-
HMEM FoKanbHbIX TOYEK M MOCTPOEHMEM OMUCAHNS UX OKPECTHOCTEN, a Takke Cnocobbl, aHanuaupyloLLue oT-
AenbHble 06nactu n3obpaxeHui.

[Ins onucaHuns nokarbHbIX OKPECTHOCTEN XapaKTepHbIX TOYEK KOHCTPYMPYHOTCA CrieLmanbHble Aeckpun-
TOPbI, KOTOPbIE Obl MaNo MEHANMUCH NPX Pa3NUYHBIX FEOMETPUYECKUX 1 (DOTOMETPUYECKIX NPeobpa3oBaHMsX
n3obpaxenns. CywecTayet psa TpeboBaHmii K 4eckpunTopam NokanbHbIx 0cobeHHocTen usobpaxerus. Mep-
BbIM 13 HIX SIBNSIETCS WHBAPUAHTHOCTb — OMUCAHWS OAHO W TOM e TOUKM, T.€. 06nacTy, nexalien Ha gByX
BapuaHTax OfHOTO 1 TOro e M306paXeHns, He AOMKHbI CUMbHO OTNMYaTbCH. BO-BTOPLIX, AECKPUMTOPLI
BOMKHbI 06naaTh YHUKaNbHOCTbIO — AECKPUMTOPLI ABYX pa3Hbix 0COBEHHOCTEN AOMKHbI 3aMETHO OTINYaTLCS
Apyr ot apyra. Kpome T0ro, AECKPUNTOP AOIKEH BbITb YCTOMYMBEIM, T.€. JECKPUNTOP OAHOM U TO 3Ke TOUKN He
[OIMKEH CUMbHO MEHATLCS NPU FreOMETPUYECKNX NpeobpasoBaHusx 3obpaxerus. Hanbonee nonynapHLIM ae-
CKPUNTOPOM Ha AaHHbI MOMeEHT siBnsieTcs AeckpunTop SIFT, koTopblit 6bin npeanoxeH B 1999 r. 310t pe-
CKpUNTOp MpefcTaBnsieT coboil NOKANbHYIO MMCTOrpamMMy HanpaBneHuii rpagueHToB u3obpaxeHus. OkpecT-
HOCTb XapaKTepHOM TOYKW AENNUTCA Ha YeTbIpe KBaapaTHbIX CekTopa. B kaxaom nukcene BHYTPU KaXaoro cex-
TOPA BbIMUCASIETCS PaNEHT M306paKeHNs: HanpaBneHue U Moaynb. 3aTeM MOLYNW FPaaMEHTOB YMHOXaIOTCS
Ha BEC, KCMOHEeHLManbHO yObIBAKOWMIA C yaaneHueM oT Touku uHTepeca. Moctpoerune SIFT n3obpaxeHo Ha
puc. 1[1].
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Puc. 1. Moctpoenue aeckpuntopa SIFT

B 2008 r. 6bIn npeactasneH brimkailunit koHkypeHT SIFT-geckpunTopa, SURF-peckpunTop [2]. B naeir-
HOM CMbICIle OH NOXOX Ha CBOEro NpeALLeCcTBeHHMKA, HO NpoLieaypa OnUCaHNs OKPECTHOCTY HTEPECHON TOYKM
HECKObKO MHas, NOCKOMbKY B HEW UCMONb3YIOTCA HE TUCTOrpaMMbl B3BELLEHHbIX PaANeHTOB, a OTKMMKN MCXOA-
HOro M30bpaxeHus Ha BelBneTbl Xaapa. Ha nepBom Liare nonyyeHust AeckpunTopa BOKPYr TOUKU WHTEpeca
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CTpouTCs KBapaTHas 0bnacTb, Takke, kak 1 B SIFT-geckunoTpe, KOTOPYI0 OPUEHTUPYHOT NO HEKOTOPOMY Npes-
NoYTUTENBLHOMY HanpaBnenuio. 3atem 0bracTb pasfenseTcs Ha KBagpaTHbIe CekTopa. B kakgoM 13 cekTopos
B TOYKaX, MPUHaAnEexXallyux perynsapHoi CeTke, BbIYUCIAITCA OTKMMKW Ha ABa BWAA BEWBNETOB — rOPU3OH-
TanbHO M BepTUKanbHO HanpasneHHble [3]. MpusHaku Xaapa AenaTcs Ha HECKOMbKO TUMOB B 3aBUCUMOCTH OT
MHOXecTBa Df— MHOXeCTBO AOMYCTUMBIX 3HAYEHUIA MPU3HaKa:

— 6uHapHbIi npusHak: Dr = {0,1};

— HOMWHaIbHbIN Npu3Hak: D — KOHEYHOEe MHOXECTBO;

— MOPSAKOBbIN Npu3Hak: Dr— KOHEYHOe ynopszoYeHHOe MHOXECTBO;

— KONWYECTBEHHbI NpuaHaK: Ds— MHOXECTBO AECTBUTENbHBIX YMCEN.

[MpocTeiwnin NpAMOYronbHbIN NpU3HaK Xaapa MOXHO ONpeaeniTb, Kak pasHOCTb CyMM MUKCENeN OBYX
CMEXHbIi 0BnacTen BHYTPU NPAMOYTofbHIUKA, KOTOPbI MOXET 3aHUMAaTb PasniyHble MONOXEHUS Ha 1306pa-
KEHUN W M3MEHSTb MacluTab. Takoi Bua Npu3HaKoB Ha3bIBAETCS ABYX NPSMOYrombHbIM. Brona v [koHC Takke
ONpeaenun Tpex NPAMOYrofbHbIE W YeTbIpex NPSMOYronbHbIe NPU3HakW. Kaxablil NpusHak MOXeT nokasaTb
Hamuuue unu OTCYTCTBUE KaKOW-NMBO KOHKPETHOW XapaKTepuCTIKK M300paKeHWs, Takol Kak rpaHuLibl unv 13-
MeHeHue TekcTyp. Hanpumep, ABYX NPSMOYTOMbHBIA NPU3HAK MOXET NoKa3aTb, F4e HaXOAWTCA rpaHuLa Mexay
TEMHbIM W CBETMbIM pernoHamu. Mo3xe JuHxapT n Maig npeacraBunu ugeto HaknoHeHHbIX Ha 45 rpagycos
npuaHakoB Xaapa. Cnocob okasancs yaayHbiM 1 HEKOTOPbIE HAKMOHHbIE MPU3HaKKM Obln CMOCOBHBI NyyLue
onucbIBaTb 06bekT [4]. Mpumep npusHakoB Xaapa uobpaxeH Ha puc. 2. B SURF-geckpuntope ans Bbluncne-
HUS rpapneHTa 130bpaxeHmii UCToNb3YIOTCS BepTUKaMNbHbIE U FOPU3OHTaNbHbIE MPU3HAKK Xaapa, BblaeneH-

-l N~

SURF

OF.ERT

Puc. 2. MpusHakn Xaapa

Ele ogHUM MeTogoM pacno3HaBaHus n300paxeHuii senseTcs MeTof Buonbl-[koHca, UMEHHO 3TH yye-
Hble NepBbIMY NPEACTaBUNM NPU3HAKK Xaapa. ATOT METOf, ABMSAETCS OAHUM 13 JIyHLUNX MO COOTHOLLEHMIO 3¢)-
(PEKTMBHOCTM PacnO3HaBaHMS K CKOPOCTM paboTbl. ITOT AETEKTOP 0BNafaeT Takke HU3KON BEPOSTHOCTBIO IOXK-
Horo obHapyxeHusi. MeToa Buonbl-[)x0HCa OCHOBaH Ha NpuHLMnax:

- UCMONb3YI0TCS N30BPaXEHNs B MHTErPanbHOM NPpeaCcTaBneHuu, YTo NO3BONSET BbICTPO BbIYUCAATL He-
00xoauMble 0ObEKTHI;

- UCMOMb3YIOTCA NPU3HaKK Xaapa, C NOMOLLbK KOTOPbIX MPOUCXOAMT MOUCK HY)XXHOrO 0BbeKTa;

- ucnonb3yeTcs 6YCTUHT (OT aHrn. boost — ynyJlleHne, yeunexnue) ans Boibopa Hanbonee NoaxoasLLmMx
NpU3HaKOB Ans MCKOMOro 06beKTa Ha JaHHON YacTu u3obpaxkeHus:;

- BCe NpW3HaKi NOCTYNaloT Ha BXO4 KnaccucukaTopa, KOTOPbIi AaeT pesynbTaT «BEPHO» NMBO «oXby;

- MPX CKaHMPOBaHWUM OKOH NEPEMEHHOTO pasmMepa UCMOoNb3yTCs Kackadbl MPU3HaKkoB Ans BbICTporo oT-
BpacbiBaHus OKOH [5].

[ins Toro 4toObI NPOU3BOANTL Kakue-NMbo AeNCTBUA € AaHHbLIMKM, B MeToge Buonbl-koHca 1cnomnbay-
€TCA MHTErpansHoe npeacTaBnexme n3obpaxeHnin. Takoe NpeAcTaBneHne MCNONb3yeTCs YacTo U B APYriX Me-
Tofax, K npumepy, B BenBneT-npeobpasosanusx, SURF 1 MHOrux apyrux pasobpaHHbix anroputmax. WHTe-
rpanbHoe NpeAcTaBNeHne N03BoNSET GbICTPO PACcCUMTLIBATH CyMMAPHYHO APKOCTb BEPTUKANBHO UMW FOPU30H-
TanbHO OPUEHTUPOBAHHOMO NPSMOYTONbHMKA Ha AaHHOM 1306paXeHU, NpuieM Kakom bl NPSMOYTONbHUK He
6bin1, BpeMst pacyeTa HeU3MeHHO. MHTerpanbHoe npeacraBneHre n3obpaxeHus — 3T0 MaTpuLa, conagatoLLas
Mo pa3mepam C UCXOAHLIM u3obpaxeHneM. B kaxaom ee anemMeHTe XpaHUTCS CyMMa MHTEHCUBHOCTEN BCeX
nuKcenei, HaxoOALWMXCS NeBee W Bbllle JaHHOTO aneMeHTa, NpUMep NpeacTaBneH Ha puc. 3.
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Puc. 3. Mpumep nHTErpansHoro NpeacTaBneHns

ByCTUHT — koMnnekc MeTof0B, COCOBCTBYHOLLMX NOBLILLEHNIO TOYHOCTY aHaNUTYeCkux Mogenen. dd-
bekTMBHAs MOAenNb, Aonyckatowas Mano owmbok knaccudukaLmm, HasblBaeTcst «cuibHONY. «Cnabasy e,
HanpoTWB, He MO3BONSIET HAZIEXHO Pa3AensThb KNacchl UM AaBaTb TOYHblE NpeackasaHus, fenaet B pabote
6onbLUoe KonmyecTBO oLwmbok. Moatomy GYCTUHT (OT aHrn. boosting — NOBLILEHWE, YCUNEHWe, YNyuyLleHue)
03Ha4aeT AOCMOBHO «ycureHne» «cnabbix» Moaeneil — 310 NpoLieaypa nocnesoBaTenbHOr0 NOCTPOEHHS KOM-
Mo3uLMM anropUTMOB MALLMHHOTO 0BYYeHHs:, KOra Kaxablii Criefyiowmii anropuT™M CTPEMUTCS KOMMEHCUPO-
BaTb HE[OCTATKW KOMMO3MLMK BCEX NPEAbIAYLLMX anropuTMoB [6].

B KOHTEKCTE anropuTmMa MMeeTcsl MHOXECTBO 06BEKTOB (M30BpaXeHWi), pasneneHHbIXx HeKoTopbIM 06-
pasoM Ha Kkrnacchl. 3aiaH0 KOHEYHOE MHOXECTBO M306paKeHUH, NS KOTOPbIX M3BECTHO, K KAKOMY KIaccy OHM
OTHOCSTCS (K NpUMepY, 3T0 MOXET BbITb KNacc «pOHTaNbHOE MOMOXEHUE HOCay). ITO MHOXECTBO Ha3blBa-
eTcs obyyaroLLeit BbIGopKoi. Knaccosasi npuHaanexHoCTb ocTanbHbIX 06BEKTOB HenaBecTHa. Tpebyetcs no-
CTPOMTb anropuTM, CoCOBHBIN KnaccuuumpoBaTh NPOM3BONbHbIA 0GBEKT 13 UCXOAHOTO MHOXeCTBA [7], npy
9TOM MCTONb3YHTCS Takue NOHATUS, Kak:

- KnaccuuumpoBaTh 0GBEKT — 3HAUWT, yKa3aTb HOMEP (MNM HaUMEHOBaHMe Knacca), K KOTOpOMy OTHO-
CUTCA JaHHbIN 0OBEKT;

- KnaccudmkaLms oGbekTa — HOMep Uk HaMMEHOBaHWE KIacea, BblaaBaeMble anropuTMOM Kraccudu-
KaLuu B pesynbTare ero npuMeHeHUs K AaHHOMY KOHKPETHOMY OBBEKTY;

- KIaccuemkaTop— 370 annpoKCMMUPYHOLLAst (PYHKLUS, BbIHOCSLLAS PELUEHUE, K KaKOMY UMEHHO Knaccy
[aHHbI 0OBEKT NPUHALNEXNT;

- 0byyatoLas BbIGOpKa — KOHEYHOE YNCTIO JaHHbIX.

CaMbIM COBPEMEHHBIM 1 Hanbonee COBEPLUEHHBIM SIBNSIETCS METOL pacno3HaBaHus u3obpaxeHuit npu
MOMOLLM CBEPTOYHbIX HEMPOHHBIX CETEW, KOTOpble 06ECneYnBatOT YaCTUYHYID YCTOMYMBOCTb K U3MEHEHUSIM
macluTaba, CMeLLeHsIM, OBOPOTaM, CMEHe pakypca M NPOYMM MckakeHUsiM. CBEPXTOYHbIE HEAPOHHbIE CETM
0BBLEAVHSIOT TPK apXMTEKTYPHbIE Maeu — Ans 0BecneyeHns UHBApUaHTHOCTH K M3MEHEHNIO MacluTaba, noBo-
POTY CABUIY W MPOCTPAHCTBEHHBIM UCKAXEHUSIM:

- NokarnbHble peLenTopHble nons (06ecneynBakoT NoKanbHyI0 ABYMEPHYH CBA3HOCTb HENPOHOB);

- 0blwMe cuHanTuyeckme koadduumeHTsl (0becneynBatoT AETEKTUPOBaHWE HEKOTOPbIX YEPT B N0GOM
MecTe 1300paeHms 1 YMeHbLUAIT 06LLee YNCIO BECOBLIX KOIGULIMEHTOB);

- epapxuyeckas opraHu3aLys ¢ NpoCTPaHCTBEHHbIMM NofBbIGopKaMU.

OcHoBHolt npuunHoi yenexa CHC crano koHuenums o6wwmx BecoB. HecMoTps Ha 6onbLuoil pasmep, 311
CETM UMeloT HebOMbLLOE KONMYECTBO HACTPaNBaEMbIX NAaPaMETPOB MO CPABHEHMHO C UX MPEAKOM — HEOKOTHY-
TpoHoM. MmetoTcst BapuanTel CHC (Tiled Convolutional Neural Network), noxoxue Ha HEOKOTHUTPOH, B Takux
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CETAX NPOUCXOAMT YaCTUYHbIN OTKa3 OT CBSI3aHHBIX BECOB, HO anropuTM 0By4YeHIs OCTAETCS TEM XE W OCHOBbI-
BaeTcs Ha obpaTHoM pacnpocTpaHeHuu ownbkn. CHC moryT BbicTpo paboTaTh Ha NocneaoBaTenbHOM MaLLmHe
1 BbICTPO 06yyaTbCA 3a CYeT pacnapannenveaHis npoLecca CBEPTKV MO Kaxaoi kapTe, a Takke oBpaTHol
CBEpPTKM NPpu pacnpocTpaHeHny oLwnbky no ceu [8].

B 3akntoueHne HeobXoaMMO OTMETUTb, YTO Ha JaHHBI MOMEHT CBEPTOYHAS HEMPOHHAS CETb 1 ee MoaK-
buKaLmM CYMTAIOTCA MyYLLMMM MO TOYHOCTU W CKOPOCTYW anropuTMamm HaxoxaeHns 06bekToB Ha cueHe. Hauu-
Has ¢ 2012 r., HEMPOCETN 3aHMMAIOT NepBble MECTA Ha 3BECTHOM MEXLYHAapOAHOM KOHKypCe No pacnosHaBa-
Huto 0bpa3os ImageNet.
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CENAPABE/BbHbIE KOLbI

KoauposaHue, obecneunBatoLLee onpeaeneHHble hopMbl NPOCNEXUBAEMOCTY ANS 3aLLUThI LM(POBbIX
00OBLEKTOB OT MMPATCTBA, LUIMPOKO M3y4anock B NocneaHMe roabl, Hanpumep, B [1]. [ns npeoTepalleHns aTtaku
YCPeAHeHus,, KoTopas SBMSEeTC OAHON U3 Hanbornee YacTo UCMONb3yeMbIX aTak CroBOpoB, B [2] Bbina npeano-
xeHa koHuenuuat-AND-koga ycToitumsoro k konnmaum (t-and-ACC) ans obHapyxeHus 3noHaMepeHHbIX Nofb-
30BaTenen, NPUMHUMAIOLLMX y4acTue B atake ycpeaHeHus. K coxaneHuto, KonnyecTBO KoLoBbIX croB B t-and-
ACC, koTOpoe COOTBETCTBYET KONMYECTBY OTNEYATKOB NasbLieB, MPUCBOEHHbIX aBTOPU30BAHHLIM NOMb30BaTE-
NAM, CIMLLKOM Masno Ans UCMoNb30BaHNS B LMGPOBON CCTEME OTNEYATKOB NarnbLeB ¢ 6OMbLLMM KONMYECTBOM
nonb3oBateneit. Ytobbl yBENMUMTL KONMYECTBO KOLOBbIX CIOB, B [3] Obin BBEAEHO Takoe NOHATHE, Kak cena-
pabenbHbIN kog.

B cTaTbe onucaH oavH M3 METOLOB 3aLMThl LMGPOBLIX O6BEKTOB OT HEMeranbHoro KoNMpoBaHms, pac-
CMOTpEHbI cenapabenbHble koAbl Ha 6a3e NPOEKTUBHBIX NMOCKOCTEN M AeKOANPOBaHWE cenapabenbHoro koaa.

Onpepenenue. Myctb C - (n, M, q) - koA, rae n — AnvHa KOAOBOrO €nosa, M — KONNYeCTBO KOAOBbIX
CMnoB, g — MOLHOCTb andasuTa. Toraa aToT ko 6yAeT HasbiBaTbes cenapabenbHbim, unnt-SC (n, M, g)-koaom,
ecnu ans Gy, C2€C, Takux 4to 1 < |C4| <t, 1 <|C2 <t n C1#C, BbINONHAETCS CreayioLLee YCrnoBue:

desc(C1) #desc(Co),

roe desc (Co) = Co(1) X ... X Co(n),T.e. Ca(i) # Ca(i) xoTs Obl ANS OAHOM KOOPAMHATHI i, 1 S i< n.
CenapabernbHble Kofbl MOTyT BbITb NOCTPOEHBI HA OCHOBE MPOEKTUBHBIX MNOCKOCTEN.
[ns noctpoeHus cenapabenbHoro koaa Ha 6ase NPOEKTMBHOM MNOCKOCTM HEOBXOAMMO MOMyYUTh TaK
Ha3bIBaEMYyI0 ynakoBKy. YnakoBka nony4aetcs cneaylowum obpasom:
-CTPOUTCS NPOEKTMBHAS NMOCKOCTb CTEMEHN N;
-ypansietcst npsiMast U3 Toi NAOCKOCTY;
-yaanseTcs Touka, NpUHagnexallas aTon npsMon;

2

Torga nonyyaetcs (n +n,n? +n,{n,n+1},1)-ynakoska ¢ n 6rokamu pasmepa nu n? 6rokamu pas-

mepa n+1.
[ins npumepa paccMOTPUM NPOEKTUBHYHO NAOCKOCTb CTENEHM 2. YAanuUM U3 Hee TOUKY W NpaMyto, kak
MOKa3aHo Ha PUCYHKe.

0 e

1,
@ 1 2
3 //’ 3~
/T //
4 / 5@ 96 107 5@

chyHOK. YnaneHue Touku 1 NPSMOit U3 NPOEKTUBHOM NIIOCKOCTMU CTENEHN 2

Takum obpasom, nonyyaetcs ynakoska {0,1,4}, {0,3,5}, {0,2}, {1,2,3}, {1,3}, {2,3,4}, c nomoLbto koTOpOI
1 NonyyaeTes Kog.

190



A3POKOCMUYECKME KOMMNbIOTEPHbLIE /1 MPOrPAMMHBLIE CUCTEMbI

Ytobb! NOCTPOUTL KOO U3 I'IOJ'Iy‘-IVIBLLIeﬁCH ynakoBKK, COCTaBnAeTCA T36nmqa pasmepa (n2+n) Ha

(nz +n) , KOTOpas 3anofiHAEeTCA No crneayroLemy npasuny:

- 6epetcs oauH Bnok;
- CTpOKa M 3amnosHAETCA TaK, 4T ecniv B GrioKe ecTb 3HayeHme k, To B k-om cTonbLe CTaBuTcs eauHuua;
- 3anonHsieTcs BeA Tabnuua;

. m
- €CNK B AYelike mxk cTout €AnHnua, 1o ABNAETCA KOOOBLIM CIIOBOM;

B Tabnuue npvBeaeHo nomnyyeHre cenapabenbHOro koaa 13 NPOEKTUBHOI NMOCKOCTY CTENEHM 2.
Takum obpasom, nonyyaetcsa 2-SC(2, 16,6)-cenapabenbHblit KOA, KOTOPbIA BLIFSANT creayoLM o6-
pasom:
0001112233344555
0140350312313234.

Tabnuua
[MocTpoeHwe Tabnmubl Ans IOCTpoeHs cenapabenbHoro koga

o 1 2 3 4 5
o 1 1 1
1 1 1 1
2 1 1
3 1 1 1
a 1 1
5 1 1 1

Koanuuws HapywwuTtenei, coenasLumx (anbLuMBbIA OTEYaToKy, MOXET ObiTb 0bHapyxeHa no cneayto-
Lemy anropuTmy:

- Bbl6UpaeTCs HeHyneBas koOpAMHaTa v;

- B KOZIOBOM CIOBE NPOBEPSIETCA 0TCYTCTBME O HA JaHHOI NO3uLK;

- €CMNM ANS BCEX HEHYMEBBIX Y B BbIGPAHHOM KOLLOBOM COBE OTCYTCTBYET, TO NOMb30BaTEMb, KOTOPOMY
OHO MPUHAANEXMT, ONPELenseTcs kak NoA03pEBaAEMbIi.

Ho aaHHbI anroputm He siBnsieTcst 3heKTUBHBIM Anst 0GHapyXeHNst Y4aCTHUKOB CroBopa.

Paccmotpum (7, 7, 2) -kog C = {c1,..,, ¢7}, rae ¢ = (0,0,1,0,1,1,1)7, c2 = (1,0,0,1,0 ,1,1)7, ¢3 =
(1,1,0,0,1,0,1)7, ¢4 = (1,1,1,0,0,1,0)7, ¢s = (0,1,1,1,0,0,1)7, ¢ = (1,0,1,1,1,0,0™ ¢7 = (0,1,0,1,1,0,0)". Mpeano-
FIOXUM, YTO norb3oBatens Us, KOTOPOMY HasHayeH C1, 1 nonb3osatens Uz, KOTOpoMy HasHaueH C7, cobupatoTes
BMeCTe AN BbINONHEHNs aTaky croBopa. 3atem obHapyxuBaeTcs Bektop uexoga y = (0,0,0,0,1,0,0)T. Ucnons-
3ys anroputm Bbilwe,Us n Uz naeHtudmumpytotes kak nogospesaemble. OfHaKo anroputm He MOXET OfHO-
3HayHo onpeaenntb Ur 1 U7. OH MoxeT Tonbko nokasatb, 4to Us, Us, Us n Uy siBnsitoTcs nogo3speBaembimm.
Tenepb npeanonoxum, yto nonbaosatenu Ui, Us n Uz, HasHauYeHHbIEe C1, Cs 1 C7, COOTBETCTBEHHO, 0ObeaNHs-
t0TCS 41151 NPOBEAEHNS aTaku croBopa. Toraa obHapyxeHHbIn BekTop ucxoga y = (0,0,0,0,0,0,0)T, a anroputm
MAEHTMNLMPYET BCEX NMONb3oBaTeneil kak nofo3peBaeMbiX.

[laHHbIit anroput™M MoXeT ObITb YNyyLLeH creaytolwmM obpasom (Bce Lark NpeablayLuero anroputMa
COXpaHsIoTCs):

- eClv NoAo3peBaeMblIx Norb3oBaTenen Bonblue 2, TO BbibMpatoTCs 2 Takux NONb30BaTeNs M NpoBeps-
€TCsl, Kakol BEKTOP UCXOa OHW MOITI MONYuMT;

- Onepauus BbIMOMHSIETCS s BCEX Nap;

- €CNM MOMy4MnoCh 0AHA Takas napa, TO OHa W CYUTAETCS NOL[03PEBAEMOIL;

- eCMM He MOMyYNnach HU OfjHa Takasi napa, TO 3TO 3Ha4MT, YTO B Koanuumm Bbino Gonblue, Yem 2 Xymnuka;
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B pabote faHHOro anroputMa He MOXET NMONMYYMTLCS HECKONBKO Takux nap, Tak kak koj sIBNseTCs cena-
pabenbHbIM.

B ctatbe aHbl KoMBUHATOPHbIE OnMMcaHUs cenapabenbHbIX KOAO0B, ONMUCaHbl MPOEKTUBHBIE MIOCKOCTH,
npuBeLeH NpuUMep NocTpoeHUs cenapabenbHoro kofia, a Takke NpUBELEH NpUMep anropuTMa AeKOAUPOBaHNS
hanbLUMBOTO OTMeYaTka nanbla.

Wcxops u3 aToro, MOXHO caenathb BbIBOA, YTO MPY HeYAaYHOM 06HapYXeHWM XKynuka Ha paHHeM aTane
anropuTMa Bpemsi, 3aTpayeHHoe Ha AEKOAMPOBAHME, CYLLECTBEHHO BO3PACTaET.

BuGnuorpadmyeckuii cnucok

1. Boneh D., Shaw J. Collusion-secure fingerprinting for digital data. IEEE Trans. Inf. Theory. Sep.1998.
Vol. 44. No. 5. Pp. 1897-1905.

2. Trappe W., Wu M., Liu K. J. R. Collusion-resistant fingerprinting for multimedia. In Proc. IEEE Int. Conf.
Acoust., Speech, Signal Process. Orlando. FL 2002. Pp. 3309-3312.

3. Cheng M. Miao Y. On anti-collusion codes and detection algorithmsfor multimedia fingerprinting. IEEE
Trans. Inf. Theory. Jul. 2011. Vol. 57. No. 7. Pp. 4843-4851.
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YOK 004.932

A.A. OscsiHHUKO8
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
A.B. Slkoenes — kaHAMAAT TEXHUYECKUX HaYK, LOLEHT — HaY4HBIN PYKOBOAUTEND

KOMMbIOTEPHbIE METOAUKU U3YYEHWA YENIOBEKA MO EF0 U30OBPAXEHUIO

HewHBa3nBHas W ANCTaHUMOHHAs AMArHOCTKa COCTOSHUS YenoBeka (BKMKYas COCTOSHWE ero 3[opo-
BbS) CEroAHs ABNAETCS aKTyanbHbIM HanpaBneHeM HayyHbIX MCCeAoBaHUA U pa3paboTok B MeauLnHe. AHa-
N3 HayYHbIX MyBnMKaLMi nokasbiBaeT, 4TO HaMBOMbLUMIA UHTEPEC NPELCTaBNSOT Takme faHHbIe O YENoBeke,
kaK ero n3obpaxeHue u ero ronoc.

C MeauuMHCKOM TOYKM 3peHusi, u3obpaxeHne YenoBeka MOXHO paccMaTpuBaThb Kak 06BEeKT aHanuaa,
COfiepXalLLi AUAarHoCTUHECKM LIEHHYIO MHEDOPMALMIO: TEKYLLIEe COCTOSHIUE YeroBeka (puanonormieckoe, amo-
LioHarbHoe, NCUXONOrMYeckoe, 1 T.4.), UK COCTOsHUE 300poBbs. [pobnema cocTonT B NOUCKe U 13yyeHue
MOLXOA0B K U3BMEYEHMIO STON MHGOPMALIM U3 U30BPaXEHMS.

MpoBefeHHbIN aHanua HayYHbIX CTaTel nokasar, YTo B OTEYECTBEHHON NpakTuke NofobHbIe Hanpasne-
HUS U3yYEHUS YENOBEKa Mo ero N30BPaXEHMI0 eLLe HEAOCTATOYHO MCCMe0BaHbl U He NPEeaCTaBMeHbl B HayY-
Hoit nuTepaTtype. Ha aaHHbIii MOMEHT Haubonee NepCnekTUBHO U aKTUBHO Pa3BUBAETCS HECKOMBKO Hanpasne-
HUiA aHann3a 13obpaxeHuii NuUa Yyenoseka:

. pacrnosHaBaHue v, nofa 1 Bo3pacTta, pacno3HaBaH1e XecToB, pacno3HaBaHue UHONBUAYanb-
HbIX AEACTBUAN NNULEBLIX MbILLL;

. PEKOHCTPYKLMS NLa Ha OCHOBaHMN ABYMEPHbIX U300paXeHuit;

. OTCNEXNBaHWe COCTOSIHWE KOXHOTO MOKPOBa.

MepBoe HanpaBneHWe HaLEeneHo Ha pacno3HaBaHWe HEKOTOPbIX XapakTEPUCTHK, KOTOPbIE MONyYakTCs
13 u3obpaxeHnin nuua, nubo Tena yenoseka. Anroput™ Hyper Face paspaboTaH ¢ 1Cnonb3oBaHWeM riyouH-
HbIX CBEPXTOMYHbIX HEMPOHHbIX CETEN. [JaHHbIA METOA MOXeT OfHOBPEMEHHO 0OHAPYXMBaTb NUL0, HAXOAUTb
TOYKW Ha NULe, OLeHMBaTh Nosbl 1 onpeaensatb non. CuHue NpAaMoyronbHUkM 0603HaYaoT 0BHapyxeHHbIe
MYXCKIe ULa, a PO30Bble — XEHCKWe, Haj HUMW pacronaralTcs nokasaTenu Ans oLeHKM No3bl ANs Kax[oro
nuua. Mpumep paboTbl anroputMa npusegeH Ha puc. 1 [1].

Puc. 1. O6HapyXeHWs N, Nokanuaawumm nokaLyi, OLeHKM No3bl U onpeseneHre nona ¢ NOMOLLbI0
anroputmoB Hyper Face

Mo 37O HanpaBneHWe MOXHO OTHECTM Takke pacno3HaBaHWe WHAMBUAYanbHbIX AEACTBUA NULEBbIX
MbilwL. OHO LUMPOKO UCMONb3YeTCs B AMArHOCTMKE HEMPONCUXWUATPUYECKUX PacCTPONCTB, BUNONSAPHbIX pac-
CTPOICTB, Aenpeccum 1 Win3odpeHnn. ins Kaxmoro kagpa aBTOMAaTUYECKW OTCMIEXMBAKOTCS TEOMETPUYECKUE
W3MEHEHMS B NULIEBbLIX KOMMOHEHTAX (KPACHbIE MUHUM). @ TEKCTYPHbIE N3MEHEHUS! 0BHAPYXVUBAIOTCS B CUHMX
NpSIMOYronbHUKaX (pUc. 2). AT U3BNeYeHHbIE (YHKLMM NOAATCA Yepes creuuarnbHble MaTeMaTUYeckume Knac-
cudnKaTopbIl NS ONpeaeneHns akTUBHOCTM kaxaoro 6roka fenctauit [2,3].
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Image/video Feature extraction Action unit likelihoods

Puc. 2. PaCrIOSHaBaHVIﬂ VHAMBMAYamNbHBIX AEACTBUA NLEBbIX MbiLL (AUS)

Brtopoe HanpaBneHne — peKOHCTPYKUMS nuua no LBYXMEpHbIM u306paxeHusiM. TpexmepHasi peKkoH-
CTPYKLMS L@ hopMUPYeTCS Ha OCHOBE MaTEMATUHYECKUX MOAENEN, NOCTPOEHHbIX HA OCHOBE MHOXECTBEHHBIX
1306paxeHuit nnua oagHoro 1 Toro xe cybbekTa. Mpu 3TOM peLlaoTcs CROXHEeNLLNe MeToaNYeckne 3aaayu,
CBSA3aHHbIE C YCTaHOBMNEHMEM COOTBETCTBUI Cpeam 60NbLIOTO Yncna no3, BbIpaXeHuii niua npy HepasHOMep-
HOM OcBelLeHnn. Hanbonee u3BecTHOM siBNsieTCA rpynna Matematudyeckux mogeneit 3DMorphableModels,
npeacTaBnstoLme coboi MoLLHbIe TPEXMEPHbIE CTAaTUCTYECKME MOAENM (DOPMbI U TEKCTYPbI NLA YenoBeka,
rnokasaHHas Ha puc. 3.

3D TnoBarbHast MOferb rMaBHbIX KOMMOHEHT
{ ’ (HavanbHoe NpubnuxeHue) (c) ]
3
1
0

+90°

~
P
o

! -y
4
‘ i (d)
30 - I |
AsTomaTiieckoe OGecneyeHue NroTHoro cooTeeTcTansiNISP no6anbHas
3a LSFM
OpueHTUpoBaHme (a) (ot Normal Iterative Closest Poin) (b) LSFM mogens KasHan

Mogernb rnaBHbIX
KOMMOHEHT

NaBHbIX
KOMMOHEHT

TIOCTPOCHHBIE U3 OCTABIIMXCACUYHCTBIX»
anHbIX Mozenn LSFM (e)

Puc. 3. TpexmepHble cTaTucTUYECKIE MOZENN (hOPMbI 1 TEKCTYPbI NULA YenoBeka
(aHrn. 3DMMs, 3D MorphableModels)

OHa LUIMPOKO NPUMEHSIETCS BO MHOMMX 06MacTsiX, B YaCTHOCTU TaKuX Kak KOMMbIOTEPHOE 3peHue, Yeno-
BEYECKMI NOBEAEHYECKN aHaNN3, KOMMbIOTEPHas rpadvka 1 YEPENHO-NMLIEBAs XUPYPrUs U MpW 3TOM NMOCTO-
SHHO COBepLUEHCTBYIOTCA [2,4]. CylLecTBYIOT TaKkke NOAXOAb! N0 B3AUMHOM PEKOHCTPYKLMM M30BpaxeHuit nuy,
B COOTBETCTBYIOLMX APYr Apyry napax. B coBpemeHHol npakTuke u3obpaxeHus muua moryT GbiTh NpescTas-
neHbl pasnnyHbIMu criocobamn — B chopme 2D 13obpaxeHui B BUAMMOM, TENMOBOM W MHpakpacHoM cBeTe
1 [p., NO3TOMY aKTyarlbHO CTaHOBUTCS 3afada UCCNefoBaHNs NOAXOL0B AMs MOCTPOEHMS METOAO0B Noucka 1
pacno3HaBaHus M300paxeHus nuLa, NpeAHa3HauYeHHbIX AN OHOBPEMEHHON 06pabOoTKM HECKOMbKMX HABopOB
MCXOMHBIX AAHHBIX «MYNbTUCEHCOPHOI» NpUpoAbl [5].

TpeTbe HanpaBneHne 3aHUMAETCS U3yYEHEM CTPOEHIS! KOXW M 3ab0NeBaHuii, KOTOpble CONPOBOXaa-
I0TCS NaTONOMMYECKMMU M3MEHEHWSIMU KOXHbIX NOKPOBOB, BONOC W HorTeit. PaspabotaHbl npubops! 1 anro-
PUTMbI, MO3BONSIOLLME MPOBOAUTL KOHTPOMb 33 COCTOSHUEM KOXM. OHU NPOBOAST aHanm3 ee COCTOSHUS Mo
TakuM napameTpam, kak penbec NoBepXHOCTU, pa3Mep Mop, PaBHOMEPHOCTb MUrMeHTauuu 1 ap. Mog 810
HanpaBneHUe MOXHO OTHECTM KNaccUUKaLMIO YPOBHSI paka KoXM C MOMOLLbIO FNyBOKMX HEMPOHHBIX CETEA.
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HeWpoHHas ceTb, paspaboTaHHas y4eHHsIMu Stanford University, 06yyeHa ¢ ucnonb3oBaHnem Habopa AaHHbIX
13 129 450 nobpaxeHni, coctoswme n3 2 032 pasHbix 3abonesaHuin, ee cxema nsobpaxeHa Ha puc. 4. [lo-
CTUraeT TOYHOCTM B cpeaHeM 72% npu paspeneHnn 3abonesanuii Ha 3 knacca, u 55% npu pasgeneHum 3abo-
neBaHuiA Ha 9 KNaccoB, Koraa Bpayu-4epmMaTonoru AoCTUru pesynbTatos 66% 1 54% cooTBeTCTBEHHO [6].

Skin l2slon image Desp convolutions! neursl network (Inception v} Ireining classes (757) Inference classes (varies by task)

@ Acral-lentiginous melanoma
# Amelznotic melanoma & # 2% malgnant melznacytic leslon
@ Lentigo melanoma

L]
i
\
# Blueneius

@ Halo nevus & © 8% banign melanocytic lesion
Comvolution # Mongallzn spat
gl L

MaxPool

Concat
= Dropout "
= Fully connected .
= Softmax .

Puc. 4. Cxema rny6okoil HEAPOHHOM CETH ANs KnaccudnkaLmm pakoBbix 3a60eBaHnit Koxu

CornacHo npoBefeHHOMY 0630py METOAMK MOXHO OLIEHUTb MCMONb30BaHWe U306paxeHuil B 3afavax
MEAMLMHCKOI ANarHOCTUKM.

[locTonHcTBA:

. HEeMHBa3WBHbIE METOADI;

. [OCTYMHOCTb Ans NoTpebuTens;

. HW3Kas cebecToMMOCTb OTAENBHOTO UCCRELoBaHMS.

Hepoctatku:

. BbICOKast TPyLOEMKOCTb pa3paboTki NpoayKTa;

. «3aKPbITOCTbY OTAEMbHBIX Pa3paboToK, HEBO3MOXHOCTb MOMYYEHUS MONHOTO BEKTOPA LaHHbIX
«n306paxeHe-CoCTOSHIE YENoBeKay.

Peanuaaums gaHHbIX NOAXOAOB U3y4YeHUs YenoBeka no ero 3obpaxeHuio B 3agadax MeauLmMHCKON au-
arHOCTUKM SIBNSIETCS CNIOXHON Npobnemon, Ans pelleHnst KoTopoi TpebyeTcs NpUnoXuTb Hemanble yeunmus
MEAMLIMHCKOTO W TEXHUYECKOTO NpogeccuoHanbHbIx CoobLLEeCTB. Mpn HanucaHum cTaTbi yxe bbin co3gaH npo-
TOTWN NPOrpamMmbl, NOKA3aHHbI HA PUC. 5, 3anuCbiBatOLMIA U3MONOrMYeckue nokasatenu, n3obpaxeHue ye-
noBeKa 1 ronoc ¢ nomoLplo nonurpada «fnaxa-7My. _1

Puc. 5. MpoToTtun paspaboTaHHoi nporpaMmbl
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Pa3paboTaHHbIii NPOTOTIM NO3BONSIET NOKAAPOBO 06paboTaTh BUAEO3aNKCh, pacrnosHaBas NMLo nauu-
€HTa 1 Bblaenss 68 aHaTOMMYeCKMX ToUeK Ha HeM ¢ nomolybto 6ubnuotekm OpenCV u dlib, Gnarogaps koTo-
POMY BO3MOXHO AaNbHEMLLEe U3y4EHNE [BWKEHNE NNLEBBIX MbILLL.
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M. U. Paduoros
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
®. A. Tay6uH — [LOKTOP TEXHUYECKNX HaYK, MPOCHECCOP — Hay4HbI PYKOBOAUTENb

MIMO-OFDM CUCTEMbI

Pactywmi cnpoc Ha MynbTUMeANiAHbIE YCAYW U POCT CBA3AHHOTO C IHTEPHETOM KOHTEHTa NPUBOAAT K
YBEMNUYEHMIO NHTEpeca K BbICOKOCKOPOCTHOM CBA3M. TpeboBaHMe K LUMPUHE MOM0Ckl NPOMyckaHus 1 TMBKoCTy
npegnonaraeT UCnonb3oBaHne 3cheKTMBHbIX METOAOB Nepeaayu, KoTopble Bbl COOTBETCTBOBANM XapakTepy-
CTUKaM LUNPOKOMONOCHBIX kaHanoB, 0Co6eHHO B 6eCNPOBOAHON Cpefae, rAe kaHan ABNSEeTCH O4EHb CIIOXHBIM.

B 6ecnpoBogHoi cpeae curHan pacnpocTpaHseTcs OT nepeaaTynka K NpUeMHUKY Yepea borbLLoe Yncrno
PasnnYHbIX MYTEll, KOTOpble B COBOKYMHOCTM HA3bIBAIOTCH MHOTOMYYEBOCTHIO. [1pU pacnpocTpaHeHn MoLL-
HOCTb CUrHana nagaeT u3-3a Tpex 3heKToB: NOTEPS NyT, MaKPOCKOMUYECKIX 3aTyXaHWUN 1 MUKPOCKOMMYECKUX
3aTyxaHuin. 3aTyxaHue curHana MoxeT ObITb CKOMNEHCUPOBAHO C MOMOLLbH PA3NMYHbIX METOLOB PAa3HECEHMUS.
PasHeceHve npeanonaraet nepeaady curHana Yepes HeckoNbKo He3aBUCUMbIX MyTelt, HanpuMep, BO BpEMEHMU,
4acToTe UNK NPOCTPAHCTBE U 0OBEANHEHNE UX B MPUEMHUKE. TEXHOMOrMeN, KOTopas MCMoMb3yeT NPOCTPaH-
CTBEHHOE pa3HeCeHWe C MOMOLLbI0 HECKOMbKUX Mepedalollux U NMPUEMHbIX aHTEHH, SBMSETCA TEXHOMOorns
MIMO.

MIMO (aHrn. — Multi ple Input Multiple Output) — cuctema cBSi3n C HECKOMbKUMU NEPeaaloLLMn 1 He-
CKONbKUMMW NPUEMHBIMI aHTEHHaMK. 3TO NO3BONSET Pa3NNYHBIM TPaKTaM CUrHanoB NePeHOCUTb AaHHbIE, Bbl-
61pas oTAenbHble NyTW AN KaXA0A aHTeHHbI, YTOObl MCMOMb30BaTh HECKONMBKO MyTeN NPOXOXAEHUS curHana
[2]. MpuHUMA pa3HeceHns 3aKmioyaeTcs B NPEAOCTABMEHNN MPUEMHIKY HECKONBKO BEPCHIA OAHOTO W TOTO Xe
CcurHana. 3a Cc4eT TOro, YTO KOMMKM CUrHana NpoxoasT pasHble MyTu, TO BEPOSTHOCTb TOMO, YTO OHW BCe OyayT
NOABEPKEHBI 3aMUPaHNAM, 3HAUMTENBHO CHUXaeTCH. COOTBETCTBEHHO, Pa3HECeHWe No3BoNSET cTabunmanpo-
BaTb CBA3b W MOBLICUTH NPOM3BOANTENBHOCTL, YMEHbLLAS YacToTy owmbok [2]. NS noBbILLEHNS NPONYCKHOM
cnocobHocTu BecnposoaHoro kaHana MIMO, ogHoi 13 addeKTMBHbIX MpoLeayp SBNSETCS MCMNOMNb3oBaHUe
NPOCTPaHCTBEHHO-BPEMEHHOTO  KoAMpoBaHus. [poCTpaHCTBEHHO-BPEMEHHOE KOAWpOBaHWe npefnonaraet
pasbueHure NoToka faHHbIX Ha 6ok 1 nepeaady 1x B pasHble MHTepBanbl BpemeHu. Takum 0bpasom nepegava
NPOUCXOAUT B MPOCTPaAHCTBE W BO BpeMeHW. Hauboree npocToit M pacnpocTpaHeHHO! CXeMON MpocTpaH-
CTBEHHO-BPEMEHHOr0 KOAMPOBAHMS ABNSETCA cxema AnamoyTw, COrnacHo KOTOPOiA JaHHble B KOAEpe nepeaa-
10TCS B COOTBETCTBUM C MaTpuLien [4]

X1 X2
H=| . .
X2 X2

. .
Takum 06pa3om, nepsas aHTeHHa nepeaaeT NOAPSA CUMBOMbLI (Xq) U (—Xp), BTOpas — (Xo) 1 (X4 ).
Mocne NPOXOXAEHUs Yepes kaHan cUrHambl B MPUEMHIKe MOTYT ObITb ONMCaHbI CneaytoLLMM 06pa3om

1y = hyXq +hypXo +y

= —h22X; + h21Xj|' +Ny

roe r — NpUHUMaeMbli BEKTOP CUrHana, h — kaHanbHas MaTpuua, N — BEKTOp Luyma.
Ha puc. 1 usobpaxeHa cuctema MIMO ¢ aByms nepegaroLmmu 1 AByMS MPUEMHBIMUA aHTEHHAMM.
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hil

h2

Tx

KapaneHad MaTpHEIa

Puc. 1. Cucrema MIMO 2x2

Takum obpasom TexHonorus MIMO ncnonb3yeT HecKonbKo aHTeHH ¢ 0benx CTOpoH, 4To obecneynBaeT
pasHeceHue npu nepefade u pasHecenue npu npueme. OHa NpUMeHMa BO BCeX TUNax ceTei, Takux kak PAN,
LAN, WLAN, WAN, MAN [2]. Cuctema MIMO moxeT NpuMeHsITLCS pasnuyHbiMu cnocobamu Ans yBenuyeHus
CKOPOCTW Nepeaayy, yBenuyeHns auanasoHa nepegadn uim AN nosblleHns HagexHocT. OfHako AaHHble
CBOWCTBA He MOryT ObITb peanuaoBaHbl 0fHOBpeMeHHO. OBbIYHO CKOPOCTb Nepeaayn MoXeT bbiTb yBennyeHa
3a CYET yMeHbLUEHWs AnanasoHa nepefayy v HaaexHoCTW. HanpoTuB, AManasoH nepedadn MOXeT bbiTb yBe-
nYeH 3a cyet Gonee HM3KON CKOPOCTW NepeaaYm U HaaeXHOCTH, B TO BPEMS Kak HaZeXHOCTb Nepeaayi MoXeT
ObITb YryyLUEHa 3a CYET CHUKEHWS! CKOPOCTU Nepefayn 1 auanasoHa. Utobbl ynyywmnTs BCe TpU napameTpa
cuetembl MIMO ucnonbaytotes coBMecTHo ¢ TexHonornein OFDM, koTopble B COBOKYNHOCTM 06pasytoT cuctemy
MIMO-OFDM.

OFDM (aHrn. Orthogonal frequency-divisionmultiplexing) npeactasnsieT cobom TEXHOMOTNI0 Nepefayn, B
KOTOPO! MOTOK BXOAHbIX AaHHbIX Pa3b1BaeTCs Ha MHOXECTBO napannenbHbIX NOTOKOB, KaXabl U3 KOTOPbIX
nepeaaeTcs Ha CBOE MOAHECYLLel (opToroHansHom) Yactote. B OFDM LieHTpbI NOgHECYLUMX YacToT pa3MeLLa-
10TCS TaK, 4TO MWK KaXAO0r0 MOCNEeAYHILLEro CUrHana coBnaaaeT C HyneBbIM 3Ha4eHeM npeablayLero (puc. 2).
Takum obpa3om AoCTynHas nonoca YactoT pacxogyetcs 6onee pauuoransHo [1]. MapameTpbl NOLHECYLMX
CUrHaroB (HanpuMep, cuHycoug) noabuparoTcs TakM 06pa3om, 4ToBbl OHM BbinK MO OTHOLLEHWIO APYT K APYrY
OpTOroHanbHbl. [ng GbICTPO peanu3aumy JaHHOTO LEiCTBUS C NOMOLLBIO BbIMUCTIUTENbHBIX YCTPONCTB UC-
nonb3ytoT anroputm obpatHoro Geictporo npeobpasosaHus Pypbe (OBIMN®). OpTOroHaNbHOCTL NOAHECYLLMX
NO3BONSIET Ha MPUEME BbIAENUTb Kaxaylo MOAHECYLLYIO U3 CyMMApHOro CUrHana Aaxe B Cryyae YacTuyHoro
nepekpbITUS NOMoC MX CnekTpos [1].

OFDM spactrurm

SIPANNTANT

Puc. 2. Cnextp curHana OFDM
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OpHuM 13 TnaBHbIX NpeumMyLlecTs TexHonoru OFDM 3akntovaeTcs B ee cnoco6HOCTY NPOTUBOCTOSTL
CMOXHbIM YCNOBUAM B PaayoKkaHane, B NepByto 04epeab YCTPaHATb MEXCUMBOIBHYIO MHTEPdEpeHLMio 1 6o-
POTLCS C Y3KOMOMOCHBIMM MOMexamu. [pyrumn ee npeumyLiecTBami sBNSKOTCS NPOCTas peanusaums MeTo-
Aamu Lucposoit 06paboTky, a Takke BOIMOXKHOCTb MCMOMNb30BAHUS Pa3nUYHbIX CXeM MOAYNALMK ANS pasHbIX
MOLHECYLLMX, YTO NO3BONSET aAANTUPOBATLCS K YCIIOBUAM PACTIPOCTPAHEHUS CUrHANA M K pasnuyHbiM Tpedo-
BaHWAM K Ka4ecTBy npuHUMaemoro curdana [1]. bnok-cxema cuctembl OFDM n3obpaxeHa Ha puc. 3.

Serial to -
. . Modulation ¥
Binary input »|  parallel  |—» — IFFT
converter QaMm
T i > Channel » Receiver
FET [ * Demodulation Pa::.lt:ll to Binary
I QAN output
converter

Puc. 3. Cuctema OFDM

TexHonorus OFDM Hawuna ceoe npuMeHeHme B LucpoBom paanoselyaHui (DAB), B HaseMHOM Tenese-
LaHuK, Npu Nepeaade BUAeo BbICokon YeTkocTn HDTV, a Takke B M3BECTHbIX TEXHOMOMMSAX NOCNEAHEN MUK
ADSL, HDSL [1].

TexHonorum MIMO n OFDM - 310 fiBe yBepeHHbIE TEXHOMOrMM, KOTOpble 0BEeCneYMBatoT BbICOKYHO CKO-
pOCTb Nepeaayn AaHHbIX, koTopas Heobxoauma Ans WMPOKONONOCHbIX BeCnPOBOAHBIX CUCTEM CBS3M, Takux
kak 4G [3]. MIMO B couetanun ¢ OFDM obecneumsaeT BbICOKYHO MPOMYCKHYI0 COCOBHOCTb M NyYLLYK NPOU3-
BOAUTENBHOCTb CUCTEMbI. JTO JOCTUraeTcs 3a cyeT Toro, Yto cuctema MIMO-OFDM nepenaeT HesaBuCUMble
MOAYNMPOBAHHbIE NOTOKM AaHHbIX YePe3 HECKOMbKO aHTEHH OiHOBPEMEHHO. B npuemHuke, nocne OFDM ge-
moaynsumun, MIMO aekodep Ha kaxaoM M3 NoakaHanoB U3BnekaeT AaHHbIE U3 BCEX NEPefaroLLX aHTEeHH no
BCeM nogkaHanam [2]. Takum o6pa3om, 3a c4eT COBMECTHOTO ucnonb3oBanus TexHomnoruie MIMO u OFDM no-
ny4aeTcs AOCTUYbL BCex WX npeumyLyects. brok-cxema cuctemsl MIMO-OFDM n3obpaxeHa Ha puc. 4.

. OFDM OFDM _
modulation demodulation | |
MIMO MIMO
space- space-
Input data  |—| time tinze OQutput data
coding | | OFDM orpM | | | decoding
modulation demodulation

channel estimation

Puc. 4. Cucrema MIMO-OFDM
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Wtak, MoXHO caenaTb BbiBog, 4To cuctembl MIMO-OFDM sBnsitotcs Hanbonee achdhekTUBHBIM METOLOM
nepegaun ans 6ecnpoBoaHbIX cuctem csisu. Mcnonb3osanue TexHonor MIMO no3sonsieT 4OCTUYb BbICOKOM
CKOPOCTM NepeaaYu, BbICOKOWM HAAEKHOCTH, a Takoke YBENUYMTb AnanasoH nepegayn AaHHblx. OgHako, kak ro-
BOPWOCH BblLLUe, AaHHbIE CBOACTBA He MOTYT ObiTb peanu3oBaHbl ogHoBpeMeHHo. TexHonorus OFDM pelaet
3Ty Npobrnemy, No3BONsS NOBbLICUTL HALEXKHOCTb NEPeaaym U aaanTUPOBaTLCS K YCNIOBMSIM PacrpoCTpaHeHus
CurHana, a ucnonb3oBaHue ee CoBMECTHO ¢ TexHomorven MIMO no3sonsieT Takke AOCTUYb U BbICOKOM CKOPO-
CTW Nepeaaym gaHHbIX. imeHHo noatomy MIMO-OFDM Halwuno Wwupokoe npuMeHeHne B 6ECNIPOBOAHBIX CETAX
CBA3M.

BuGnuorpaduyeckuii cnucok
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YOK 004.931.2

H.B. Ceepdens
MarucTpaHT kadeapbl a3POKOCMUYECKMX KOMMBIOTEPHBIX 1 NPOTPaMMHbIX CUCTEM
B.P. Jlyyue — [OKTOp TEXHUYECKNX HayK, NPOECCOP — HaYUHbI PYKOBOAMTESb

METOAbI SIFT W HOG )11 PACMTO3HABAHUA OB bEKTOB HA U30BPAXEHUU

3apava AeTeKkTMpoBaHNs 0BGBEKTOB Ha N306paXeHNe 04YeHb BaXHa, HO MPK MOUCKE Mbl CTaNKMBaEMCS C
HEKOTOPbIMM TPYAHOCTAMM: UCKIIOYEHNE Kak MOXHO BOMbLUEro KonnyeCTBa HeMH(POPMATUBHBIX MPU3HAKOB MpK
COXpaHeHUN AaHHbIX 060 BCEX CYLLECTBEHHbIX ANS 3a4a4u pacno3HaBaHWs XapakTepucTHKax UCCNeLyeMoro
bparmeHTa 1306paxeHns; ONTUMM3aLIMs CKOPOCTI PaCcHETOB.

B cTaTbe paccmMoTpeHbl MeToAb! peLleHus aTux npobnem. [ins onpegeneHus 06beKTOB Ha N306paxeHUn
HeobXxoAMMO HalTi 06BEKT 3a4aHHOTO KNacca, M eIt OH MPUCYTCTBYET, TO ONPeAenUTb KOOpANHATLI ero rpa-
HuL. Mpy noncke oBbekTa 3a4aHHONo Knacca On1chIBaOTCH HEOOX0ANMBIE MPU3HAKW, ANS 3TOr0 NCMONb3YTCA
pasnuyHble METOAbI, (DOPMUPYIOTCH AECKPUMTOPbI 1 COBEPLLIAETCS PSf APYriX AEACTBUIA, YTO JOMKHO NO3BO-
naTb 6€30WMB0YHO ONpeaenuTb 3aLaHHbI 0DbEKT.

B xoe pelueHus NOCTaBNEHHON 3afja4 NpeanaraeTcs K MConb30BaHWK0 Tako Habop anropuTMOoB:

1. npeaBapuTenbHas obpaboTka (KoppekLms u3obpaxeHus);

2. pa3bueHue obnacteil (nouck obnacrei, conepxalyx 00bekTbl);

3. knaccucpukaums (nomck Tpebyembix 06bEKTOB B HaiileHHbIX 06acTsix);

4. Bepudukauns (NpoBepka TOHHOCTM 3aaHHOrO KnaccudukaTopa).

Ecnu kopoTko, TO Ha BXx0oA noaaeTcs u3obpaxeHune, a Ha BbIXofe MoMyyatoTes koopanHaTbl obbekTa 3a-
AaHHOro Kknacca. Ero BblMMCINTENbHAS CMOXHOCTb, OTHOCALIAACSH K BPEMEHW BbIMOMHEHUS anroputma, He
nomkHa npesbiwath O (n2), rae n — pasMepHOCTb BXOAHbIX AaHHBIX) [1].

[laBaitTe paccmMoTpuM [iBa anbTepHaTUBHbIX, Hanboree 4acTo UCNONb3YeMbIX, TOAX0AA K PELLEHNIO AaH-
HOV 3a0aum.

1. Anroputm SIFT (paccMaTpuBaeT NokanbHbIe ONMCaHNs).

2. Anroputm HOG (paccmatpusaet rnobarbHble onucanus).

Tenepb 6onee NoapoBHO 0 KaXaoM MeTozE.

MeTog SIFT (Scale Invariant Feature Transform) o6HapyXvBaeT 1 ON1CbIBAET NOKanbHbIE 0COBEHHOCTU
n3obpaxeHus [2]. Anroputm paboTaet B 4Ba sTana:

—onpefeneHme KNiYeBbIX TOYEK;

—MOCTPOEHIE JECKPUNTOPOB At OKPECTHOCTEN 3TUX TOYEK.

Ha nepeom aTane HeobX0AMMO BOCMONb30BaTLCA Nupamuaoil Maycca: nupamuaa u3obpaxeHuin, nony-
YEHHBIX W3 UCXOAHOTO, NMYTEM YMEHbLUEHUS pa3peLueHnst. [ocne npuseneHnst n306paxeHuil Kk ofHOMY pasmepy
MPOUCXOANT BbIYMCIIEHWE PA3HOCTM rayccaHoB. [N 3TOro K KaxaoMy 130BpaxeHmnio NpUMeHseTcs unbTp
laycca(1):

1 X2 4 y?
G(x,y,c):—zexp —72}/ , (1)

2nc 26

roe x — abeuycca B NUKCensx; y — opanHaTa B NUKCensx; 0 — paguyc pasMbIThs B MUKCENSIX.

Ha nepsom 3tane nu3obpaxeHue CTAHOBUTCS yCTOMYMBO K MacluTabuposanmio [3]. MoTom BbibupatoTcs
ocobble TOUKM, B KOTOPbIX 4OCTUrAETCS IOKANbHBIA 3KCTPEMYM Pa3HOCTEN rayccuaHoB, kak NoKasaHo Ha puc.
1.
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e

IMupamuna pazHocTel
rayccHaHoB rayccHaHoB
a. 6.

Puc. 1. Mnpamnaa MayccuaHoB (a); HaxoxkaeHue Toyek akcTpemymos (6)

MocneaHwii 3Tan — 310 MOCTPOEHME NIOKANBHOTO [ECKPUNTOPa AMs Kaxaoit 0coboii Touku, XapakTepu-
3yI0LLEro HanpaBreHue rPaNeHTOB B MUKCENSX BHYTPU HEKOM OKPY)XHOCTM. [leckpunTop SBNsieTcs BEKTOPOM
XapaKTepHbIX NPU3HAKOB, AAOLLIMMYCTONYMBOCTL K IOBOPOTY.

Kak pesynbTaT HopManuaauuu SeckpunTopa, NosBNsETCA U YCTONUMBOCTb K M3MEHEHUSIM OCBELLEHMS
[3].

Kopotko, anroputm SIFT paboTaet no cneaytoLyen cxeme:
1) NOCTpOEHWe Nupamuabl U300paxeHuir;
2) npuBeaeHne N300paxeHuit kK 0OfHOMY pa3Mepy;
BbIYMCNEHNE PA3HOCTM rayCCUaHoB;
HaXOXAEHWe NOKaMbHbIX 3KCTPEMYMOB;
onpegaeneHe OKPECTHOCTU 0COBOM TOYKM;
BbIYMCNEHNE TPaANEHTOB;
7) NOCTPOEHWe BEKTOpa XapaKTEPHbIX NPU3HAKOB.

Y [aHHOrO anropuTMa eCcTb NIHCh! U MAHYCH.

MpenwvyLiecTsa:

— YCTOYMBOCTb K MaCLUTab1pOBaHMIO;

— YCTOYMBOCTB K MOBOPOTY;

— YCTOMYMBOCTb K M3MEHEHNAM OCBELLEHNS;

— YCTONYMBOCTB K HANMUMIO LLyMa.

HepocrtaTku:

— BbICOKAs BbIYMCAUTENBHAS CIIOXHOCTb [2];

— HepaboTOCNOCOGHOCTL METoAa NpU:

- PA3NNYHBIX YCMOBUSX OCBELLIEHNS ([eHb/HOUb);

® HannyuM OTPaXaroLLX NOBEPXHOCTEN;

® CUIbHbIX OTNMYKSX yrna o63opa [2].

Mepeiigem k geckpuntopy HOG.

[Jeckpuntop HOG (ot aHrn. HistogramofOrientedGradients — ructorpamma HanpaBneHHbIX rpagneH-
T0B), KaKk 1 SIFT, ABNAETCA OAHUM 13 AECKPUNTOPOB, KOTOPLIE UCMONB3YIOT ANS ONpeAeneHns 06bEKTOB Ha
1300paxeHnn. M3HayanbHO faHHbIA geckpunTop Obin pa3paboTaH 1 MCNoNb30BaH AJ151 TOro, YToDbI pacnosHa-
BaTb NneLexonos [4].

Deckpuntop HOG nmeeT cxoaHbIit npuHLmMn paboTsl ¢ geckpuntopom SIFT. Ux pasnuume 3akmniovaercs
B paccmatpusaemoii obnactu: SIFT paccmaTtpuBaeT OKpecTHOCTM kniodeBon Touku, HOG paccmatpusaert Bce
n3obpaxeHue.

3apaHHoe 130BpaxeHne COCTONT U3 BIIOKOB, KOTOPbIE COCTOST M3 SHEEK, COCTOSALLMX U3 nukcenei. M-
cTorpamMma HanpaemneHHbIX rPaANeHToB BbIYUCAAETCS ANS Kaxaoi suyeiikn. B xone o6beanHeHNs 3HadeHni,

3
4
5
6
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KOTOpbIE MONMYYUNM [N1S1 KaXKaoi siueiiki, 06pasyeTcs BEKTOP XxapakTepucTuk 6roka. MocTpoeHue BEKTOPOB npo-
UCXOAUT AN Kaxaoro 6rioka. B 6onbLUMHCTBE CBOEM, GNIOKM NEpeKpbIBAOT rpaHMYaLLmMe NUKCENK Apyr apyra.
COBOKYNHOCTb BEKTOPOB XapaKTEPUCTUK CO Bcex 6okoB, kak pesynbTat, faeT HOG-geckpuntop Beero u3ob-
paxeHus. PucyHok 2 unntoctpupyet paboty HOG-geckpuntopal4].

Puc. 2. Moctpoenne HOG-aeckpuntopos

HOG-aeckpunTOpbl UCMONb3YHKT Pa3NnyHbIE KNaccugnKkaTopbl, Hanpumep:
1. Random Forest
2. SWM

BoiBogb!:
[Mockonbky anroput™ SIFT He ucnonbayeT MHAOPMALWID O B3aUMHOM PacNoNOKeHUN SEeCKpUNTOPOB
KItOYEBbIX 3IEMEHTOB, OH ManONPUrofeH, B oTnndue ot anroputma HOG, anst aHann3a usobpaxeHui, copep-
Xalymx noBTopsioLMecs aeTann. Hanpumep, n3obpaxeHus NpogyKLvK Ha Nonkax cynepmapkeTa.

Bubnuorpadmyeckuit cnucok
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YOK 004.051

I1.B. CynpoHosu4
CTYAEHT Kacheipbl a3POKOCMUYECKIX KOMMBIOTEPHBIX 1 MPOrPaMMHbIX CUCTEM
K.A. KypuybIH — KaHoVOaT TEXHUYECKUX HayK, AOLEHT — Hay4Hblit PYKOBOAUTENb

YNYYLLEHUE NPOU3BOAUTENBLHOCTU MPOGAMMEPA MPU MOMOLLM JAVAAGENT A

MpodunuposaHue — cOop xapakTepucTuk paboTbl Nporpammbl: BpeMs BbIMOMHEHUS OTAENbHbIX ¢hpar-
MEHTOB MPOrpamMMbl, YACMO BEPHO MPEACKa3aHHbIX YCMOBHBIX NEPEXOAOB, YUCIO BbI30BOB TOMO MMM WMHOMO
PparmeHTa n T. 4. [1]

MpocunmpoBaHue bbiBaET creayioLLmx BULOB:

o CPUusage — ncnonb3oBaH1e nporpaMMoit NpoLLeCCopHbIX MOLLHOCTEN, rae nporpamma BonbLlue BCero
“cnonb3yeT npoLeccop.

o Memoryusage — 1CMoONb30BaHWE NPOrpaMMoN NamsTi, YTO NO3BONAET HANTU yTeukn NamsTy, 3abpo-
LLIEHHYIO NamMsiTb, 30MBM 1 T.4.

o Networktraffic — ucnonb3aoeanue nporpammoti ceTeeoro Tpaduka.

o |Outilization — ncnonb3oBaHue cpencts BBoga/BbIBOAA. [omoraeT HalTi Takve npobnemsl, kak y3kue
mecTa.

o Sockets — aKTUBHOCTb COKETOB. MOHUTOPMHI 38 KONMYECTBOM OTKPBITbIX COEANHEHNIA, Kak AOMTO 3T
COEJMHEHNS OCTAKTCS OTKPbITBIMM, YTEHWE U3 COKETA, 3anuChb B COKET [2].

Tenepb paccMOTpUM npodaitnepbl, KOTOPbIE UCMOMb3YIOT BbILLENepPeYNCIEHHbIE MHCTPYMEHTBI:

— Honestprofiler — npocbannep, ucnonb3ytowumin async Get Call Trace. 3ToT meToa AenaeT gamn
TONbKO aKTMBHbIX NOTOKOB W He MpUBSA3aH k Toukam besonacHoro Bxoda, async Get Call Tracec amynupyet
TONbKO java Koga.

— Perfmapagent — npodaiinep, ocHoBaHHbIN Haperf. [JaHHbIA MHTepenc cneauT 3a cHeT4MKamm npo-
Lieccopa 1 3anucbiBaeT B NamMsThb 3Ha4eHNs (haitnosbIX 4ECKPUNTOPOB, KOTOPbIE W ABNAOTCS camnnamu. Mocne
9TOr0 AaHHbIE AECKPUNTOPbI NPe0bpasyTCs B BbI30BbI METOAOB W BbIBOAATCS Nofb3osatento. Mpobnema aaH-
HOro BapuaHTa B TOM, YTO B aMsTb 3anucbiBatoTcs Gonblume 0BbEeMbI faHHbIX, 13-3a YEro UIMEETCs PUCK yTepu
HeKkoTopbIX 3anuceit Tabnuubl. He npeobpasyeT Takke UHTepnpeTpyeMble MeToabl.

— Asyncprofiler — npodaiinep, coBmelatowumin B cebe async Get Call Trace u perf. 310 06beauHseT
nnckl 060MX MHCTPYMEHTOB M AaeT Hambonee NOMHyio kapTuHY. [JaHHbIA Npodhaiinep MoXeT NOAKMYATLCS K
java-npoueccy B noboi MOMEHT BpemMeHu npy nomoLuy attach-mexanmama [3].

Asyncprofiler 3anyckaetcs yepes bash-ckpunt cnegytowmm obpasom:

JIprofiler.sh [geicTaue] [onuws)] <pid>

[laHHbIA CKpUNT UMeeT KomaHabl (Tabn. 1)

Tabnuya 1
Cncok komaHg bash-ckpunta
Komarna | MapameTp | Onmcanve
Jenctaus
-h/-? - BbIBECTH CNUCOK KOMaHA
start - Hayatb npodunupoBaxme
stop - OcraHoBMTb NpOhKMpoBaH1e
status - BbiBecTn cocTosiHWe npodnnmnpoBanms (HeakTueHo/pabotaeT N cek)
list - BbIBECTM CNMCOK LOCTYNHbIX COBbLITUN Npodhaiinepa
collect - [MpodpmnuposaThb onpeaeneHHbli Nepuoa BPEMEHM
Onuum
cpu/alloc/lock/cache-
-€ X Kakoe cobbITve npocdpmnmuposath
misses
-d seconds Mpodpunuposatb N cek
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KomaHga [NapameTp Onucanve
-f filename Ha3sBaHue BbIxogHoro (aiina
=i ns VI3MeHMTb MHTEpBaN CaMNIMPOBaHMS
-b bufsize /13meHnTb pa3mep 6ydepa BbI30BOB METOA0B
-t - MpodhnnnpoBaTh pasHble NOTOKMA OTAENBHO
-S - BbIBOAMTL MMEHa KnaccoB 6e3 NakeToB, B KOTOPbIX OHW HAX0AsATCS
-0 format BbiBoguTh: summaryltraces|flat|collapsed|svg
-title title HasBaHue rpacuka
--width pixel size LLInpuHa rpacpuka
--heigh pixel size BbicoTa rpadmka
--minwidth pixel size MuHnManbHas WwupuHa rpacuka
--reverse - I'padhmk, HauMHaOLLMIACS C KOHUA
<pid> ID npouecca jvm
ips IMonck paboTatoLLer jvmaBToMaTnyeckm

Mpumep ncnonb3oBaHus asyncprofiler npuseaeH Ha puc. 1.

kreb@kreb:~/mine 3 profiler-m er$ sudo ./profiler.sh start -i 999000 -s jps
Started [cpu] profiling
kreb@kreb:~/mine nc-profiler-mas sudo ./profiler.sh stop -o traces jps
: 572383855 (16 samples:
Target.method1

Target.main

: 566413043 (16.41%) samples:
Target.methodz
Target.main

Puc.1. Mpumep ncnonb3oBanms asyncprofiler

Asyncprofiler — MOLHbI MHCTPYMEHT NPOGUINPOBAHIS, HO B HEKOTOPbIX CUTYaLMsX [axe ero Harpyska
MOXeT CTaTb KpUTUYECKON. ITy NpobnemMy MOXET peLumnTh javaagent, KOTOPbIA YBENNYUT NPOU3BOANTENBHOCTL
33 CYeT (DYHKLIMOHMPOBAHMS «BHYTPW» jvm.

Javaagent - aTo knacc, cogepxaLui premainjava MeTog, T.€. MeTOZ, KOTOPbIV 3anyckaeTcs nepes npo-
rpamMMOoii Ans CoBepLUEHNS Kakux-nnbo NpoBepok uin Manunynsaumii. OgHako, Tak kak, javaagent sensietcs java
MeTOZ0M, TO OH paboTaeT no npasunam jvm.

B utore noctaeneHa cneaylowias 3aaava: peannu3osatb javaagent, KoTopblit 6yaeT oTBeYaTh 3a NOAKHO-
YeHue asyncprofiler K HyXkHOMy NpoLiECCy 1 B3aUMOZAECTBME C NONb30BaTeNeM.

MpoekT cocTomT 13 2 knaccos — Profiler Agent, koTopbIii cOBCTBEHHO 1 fBNsieTCA Javaagent knacc-noTok
Controller, oTBevatoLuit 3a B3aUMOLENCTBIE MeXay Nonb3oBaTenem u npodaiinepom. Profiler Agent uhmuma-
nmuavpyeT v 3anyckaet Controller, nocne yero 3aBepluaeTcs. Knacc-notok sBnsieTcs AEMOHOM, T. e. paboTtaeTt
Ha NPOTSKEeHUN paboTbl MporpamMMmbl, ecrint He Bbina BBeAEeHa KOMaHaa OCTaHOBKY.

Javaagent nMeeT HeMHOro OTRMYaILLMIACH (HOPMAT 1 CMINCOK KOMaHA:

[neitctaue], [onups](=[napameTp]), [onums](=[napameTp]) (tabn. 2)

Tabnuya 2
Cnuncok komaHg javaagent
Komanna | MapameTp | Onucanme
[enctaust

help - BbiBecTn cnucok komaHa

start - Havatb npodunmpoBaxme

stop - OcraHoBuMTb NPOhMNMpOBaHUe
status - BbiecTu cocTosiHue npodmnupoBaHus (HeaktusHo/pabotaet N cek)
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KomaHga [NapameTp Onucanue
list - BbIBECTM CMCOK JOCTYMHBIX COBLITUA Npodhainepa
Onuum
cpu/alloc/lock/cache-
event ) Kakoe cobbITve npodpmnuposatb
misses
file filename HasBaHue BbIxogHoro ¢aiina
interval ns /13MeHWUTb MHTEpBaN CaMNNMPOBaHUS
framebuf bufsize /13meHnTb pa3mep 6ydepa BbI30BOB METOA0B
threads - [MpochmnmpoBaTh pasHble NOTOKM OTAENbHO
simple - BblBOAMTL MMeHa KnaccoB 6e3 NakeTos, B KOTOPbIX OHW HAaX0AATC
collapsed samples/total BbIBECTM CBEPHYTbIE CTEKM BbI30BOB
svg samples/total BoiBecTu rpachvk B popmate SVG
summary - BbIBecTu cBOAKY NPOUNNPOBaHMS
traces number of traces BbiBectu N camnnos
flat number of methods BbiBect NmeToaoB, 6onblue BCEro Mcnosb3ayoLumx npoLeccop
-itle title HassaHve rpadmka
--width pixel size LUnpuHa rpadomka
--heigh pixel size BbicoTa rpacuka
min\;idth pixel size MwHumanbHas WwupuHa rpaduka
--reverse - I"'padpumk, HaYMHAKLMIACS C KOHLA

lMpumep “cnonb30BaHUs NpUBELEH Ha pUC. 2.

sudo java -javaagent:../ProfilerAgent.jar -jar Target.jar

: 12055998137 (19.24%) samples:
Target.method1
Target.main

: 12030605426 (19.20%) samples:
Target.method2
Target.main

Puc.2. Mpumep ncnonb3osaHus Javaagent

CpaBHuM ckopocTb paboTbl npodaiinepa, 3anyLyeHHoro Yepes javaagent, 1 npodbainepa, 3anyLLeHHoro
06bl4HbIM NyTeM (Tabn. 3).

Tabnuya 3
CpaBHeHue 3anycka Yyepes bash-ckpunt u Javaagent
Komanga\MeTtog 3anycka Bash-ckpunt, ms Komanga\Metog 3anycka Javaagent, ms
Start —o collapsed jps 853 start,collapsed 249
Start —i 999000 jps 883 start,interval=999000 229
stop —o summary,flat jps 728 summary,flat 47

BuaHo, 4to B cpegHem yepes Javaagent npochainep pabotaet ObicTpee 6onee yem B Tpu pasa. 310
CBSA3aHO C TeM, YTo Javaagent'y He Hy)XHO Kax[blit pas uckatb pidjvm-npoLecca n akTueuposarh attach mexa-
HM3M, KOTOPbIA M 3aMELISIET 3aMyCK CTaHLAPTHBIMU METOAAMM.

B pesynbTate npoBeAEHHOrO MHOI cCneaoBaHns Obinn npoaHanuaupoBaHsl CpeacTaa Npodunmuposa-
HUsINporpamm, pa3paboTaHHbIX Ha A3bIKE java, 1 U3y4YeHa BO3MOXHOCTb YNyuLLEHIs! BbIBPAHHOTO CpeaCTBa.
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Wccneposarme nokasano, 4to Hanbonee ahdheKkTUBHLIM SBNseTCs asyncprofiler, coBmeLatoLmil B cebe
npeumyLLecTBa ocTanbHbIX CPEACTB NPodunMpoBaHns. [aHHbIi npodaiinep UMeeT BO3MOXHOCTb NOAKMIoYe-
HUs K paboTaroLLei NporpamMme, HO Heo6X0AUMOCTb UCMOMb3oBaHUs attach MexaHuama 1 novcka Heobxoau-
moro pid npouecca 3amMeansieT ero paboty.

[ins yBenuyeHns ObicTpogeicTus bbin paspaboTaH Javaagent, KOTOpbIA AaeT BO3MOXHOCTb NOAKIIO-
unTb asyncprofiler k jym yepe3 nativebubnuotekn 6e3 ncnonb3oBaHus BHellHWxattachmexaHuaMoB 1 noucka
pid npovecca. 310 YBENMYMIO NPOM3BOANTENBHOCTL Npodhainepa bonee yem B 3,5 pasa. OgHako eAMHCTBEH-
HbIM BapMaHTOM 3arycka cTan 3anyck BMecTe ¢ NporpaMmmon.

BuGnuorpaduyeckuii cnucok

1. Beb-caiit Xabp. Do it yourself java profiling. URL: https://habr.com/post/143468/(nata obpalyeHus:
14.05.2018).

2. JUG. WUckycceTso java-npodunuposanms. URL: hitps://jug.ru/talks/meetups/the-art-of-the-java-profil-
ing/ (nata obpalyeHuns: 14.05.2018).

3. Beb-caitt Xabp. B nouckax nepcopmatca. Y. 2: Mpocdmnuposarue Java nog Linux, URL:
https://habr.com/company/jugru/blog/338928/(nata obpaluenus: 14.05.2018).
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YOK 004.3

E. 0. TapaHosa

CTyAeHTKa kachepbl a3POKOCMUYECKUX CUCTEM W TEXHONOMIA

J1. B. LlamyHoe

CTYZEHT Kacheapbl a3pOKOCMUYECKUX CUCTEM W TEXHOMOTWIA

B. H. MeaHo8 — KaHAMLAT TEXHUYECKWX HAYK — HAYYHbIA PYKOBOAMTENb

noaxoabl U METOAbI PEANU3ALIMK PEKOHOUTYPUPYEMOIO PAOUO

CyLLeCTBYIOT pasnuyHble MOAXOAbl B peanu3aLum apXUTEKTyp pekoHdurypupyemoro paauo. Llenbto
HacTosien paboTbl SBNSETC NPOBEAEHNE CPABHUTENBHOTO aHamnn3a CYLLECTBYIOLLMX PEKOHDUIYPUPYEMbIX
apxuTekTyp paguocucTeM. [lanee npueaeH kpaTkiii 0630p STUX apXUTEKTYP.

Software Defined Radio (SDR) — nporpammHo-onpegensiemas paguocuctema, paspabatbisaemas ¢ 1970
IT., peanu3yemas Ha annapaTHoM ypOBHe B Bufe paavonpuemMHika /nepefaTyuka, No3BonsioLas ¢ NOMOLLbo
MO ycTaHaBnMBaTh UIK U3MEHSTb PAAMO NAapaMETPbI, Takue kak, AuanasoH YacToT, TUM MOLYNSLMM UMK Bbl-
XO[HYH0 MOLUHOCTb [1]. XOTS KOHLienLms NporpaMMHo-OnpeAensiemMoit paguocucTeMbl He HOBa, GbICTPO pa3su-
BalOLLMECS BO3MOXHOCTU LMPPOBOA 3NEKTPOHMKW CAENANM BbINOMHUMBIMUA HA NPaKTUKe MHOTUE MPOLECCHI,
KOTOpblE paHbLLe Bblnn TONMBKO TEOPETUYECKM BOIMOXHBIMU. SDR SBNSIETCS OCHOBOW AMNs peanu3auum Takux
apxuTekTyp, kak Software Communication Architecture, koTopas paspabatbiBanack B pamkax nporpammbl Joint
Tactical Radio System.

Joint Tactical Radio System (JTRS) — 310 nporpamMma pa3suTisi pagyocucTem B BOEHHOM TaKTUYECKOM
3BEHE YNpaBneHus!.

Software Communication Architecture (SCA) — aT0 OTKpbITas apxuTekTypa, NPeLSoKEHHAs B pamkax
JTRS v npefcTaenstowas coboii BonnoLeHue koHuenuyun SDR, kotopast npeanaraet paspaboTynkam KoMmy-
HUKaLMOHHOTO 060PYAOBaHMS CTAHAAPTHBINA CNOCOO CO3aaHus, HACTPOIKM 1 YNPaBNEHNs CUrHanamn nNpuro-
KEHWIA, KOTOPbIE BbINOMHSAOTCS Ha nnatdopme [2].

Ha puc. 1 npeactasnena apxutektypa SCA, koTopas BKMtouaeT B cebs cneaytowme obbekTbl:

—  YCTpoiiCTBa FeHEPUPYIOLLME CUrHAMbI, HAanpuUMep, Mofem, ethernet u T.n.;
nporpamma, reHepupyolas opmy BonHbl (waveform);

—  onepauuoHHas cpega (operatingenvironment), Bkntovatowias npomesxytoyHoe M0O;

—  aapo SCA (SCA Core Framework).

CpeqcTea, KoTopble B3aMMoAeincTBytoT ¢ komrnoHeHTamu SCA nocpegcTteom waveform: Habopsl API,
PacnonOXeHHbIE B BEPXHEN YacTy PUCYHKa — 1S Nepeaayu npuemMa CUrHanos, B HUXKHEN YacTy — ans paboTbl
annaparHon nnatgopmbl.

Radio Set Operating Ervironmert (CE) Radio Set
Audio Desice Moderm Device Etheret Device| |Specific Control

= = feee=

J'I'NCMs>< JmMX
(A e )
e

SCA/AEP APIS SCA APIS
‘Operating Emironment
Middlenare, SCA Core Framework

Data/Messaging Posix Raa]—'l'lme
== = ||| =

Puc. 1. Apxutektypa SCA Ha annapartHoit nnatgopme
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Tak SCA, nepBoHa4anbHO CO3aaHHbINA Anst BOEHHON KOMMYHUKaLWMKW, NPeAnaraeT sa3blK ON1caHns HTep-
eiicos, rae onucaHue KOMNOHEHT peanuayetcs Ha ypoBHe APl u Middleware (OC), uTo ans rpaxaaHckux Le-
neit 06xoaNTCS LOBOMBHO [OPOrO.

KomMyHMKaLns nporpaMMHbIX KOMMOHEHT NPOUCXOANUT C NOMOLLbHO TOTMYECKO MPOrpaMMHO LUMHBI, UC-
nonb3ys MOAeNb «KnneHT-cepeep». OcHoBHOM naeen co3aanus SCA Bbina nonbiTka OpraHM30BaTh NEPEHOCH-
MOCTb NPUIOXEHUA MEXY Pa3NMYHBIMI annapaTHbIMI apXMTEKTYpaMu, koTopast He bbina peanuaoBata B non-
HOM 06beMe B CUIy MPUHSATLIX aPXUTEKTYPHBIX PELLEHNI.

C 6bICTpbIM Pa3BUTMEM NMPOrPaMMHbIX M annapaTHbIX BO3MOXHOCTEN NOsBNISETCA npobrema obHoBme-
HWS yCTAPEBLUNX TEXHOMOMMI CUCTEM PAAMOCBA3N, Tak Kak Ans UX 3ameHsl HeobxoanMo MoanduLmMpoBaTs an-
napatHyto nnatcopmy. [ns pelueHus atoii 3apgaum Havanacb paspabotka Reconfigurablen Radio System
(RRS), 1, B yactHoctu, Reconfigurable Mobile Device.

Communication Services Layer

Mobility
Adumiistrator Poicy Lt | Monifor ‘
Manager
__________________ . Multiradio Interface
(MURT)
Radio Control Framework =
Fadio e Unified Radio
Connection [ ittty * Application Interface
Manager (URAI)

Reconfigurable Radio
Frequency Interface

(RRFI)

Puc. 2. Apxutektypa RMD

Ha puc. 2 npeacrasneHa apxutektypa RRS Ha ocHoBe RMD, cocTosilas U3 YeTbIpex KOMMOHEHT, KOTO-
pble onpesensTCs Kak:

—  YpoBeHb KOMMYHUKaLMOHHbIX yenyr (Communication Services Layer — CSL) BkntovatoLmit B cebs
4 obbekTa — aAMUHUCTPATOPA, YNpaBreH1e NONUTUKON MOBUIBHOCTM, CETEBOMN CTEK 1 MOHUTOD;

—  cpepa ans ynpaenenus paguo (Radio Control Framework — RCF), Bkntovatowas B cebsi 5 obbek-
TOB — yNpaBreH1e KOHUrypaLUsAMK, yrIpaBReHUe PaanNo-COEAMHEHUEM, MyNbTUPAAMO KOHTPOIED, yrpaBe-
HUe pecypcamm, KOHTPOMrep NoToka;

—  papuonpunoxenus (Unified Radio Applications — URA);

—  papuo-nnatcopma, CocTosLas 13 paguonepenaTinka v paguonpueMHIKa, a Takke aHTEHHBI.

Peanusauus 1 onucaHue komnoHeHT RRS npoucxomuT Ha NporpaMMHOM YPOBHE, YTO NMO3BONSIET ONTH-
MM3npoBaTh pa3paboTky cucTembl. YNpaBneHe NpoTokonamu, NpeAcTaBneHHbIX B BUe NPUIoXKeHHIA, ynpo-
wwaeT paboTy NnaTopmbl, YTO OTKPLIBAET BO3MOXHOCTL 06paboTk NiobbIX NPOTOKONOB BECNPOBOAHON CBS3M
[3].

MporpaMMHble KOMMOHEHTbI B3aUMOAENCTBYIOT IPYT C APYroM NOCPELCTBOM TPEX UHTEPENCOB:

—  MmynbTupaguouHTepdeitc (Multuradio Interface — MURI);

—  wnHTepdeiicpaguonpunoxenmii (Unified Radio Applications Interface — URAI);

- peKoHUrypupyemblpaguodactoTHblnHTepdeiic (Reconfigurable Radio Frequency Interface —
RRFI).

MpenmywiecTsa u HegocTaTk RRS 1 SCA apxutekTyp npeactasneHsbl B Tabn. 1, 2.
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Tabnuya 1
MpenmywiecTsa u HegocTatkn SCA

Cnabble n MpenmyLiecTsa u HegocTaTkn SCA

CUMbHble
CTOPOHbI ap-

XUTEKTYp
Cnabble cTo- | — He obecneyeHa NePeHOCKMOCTb MPUMNOXKEHUA MEXAY Pa3NUYHbIMU peanu3aLmamu

POHBbI SCA;

- He obecrneyeHa B3ayMHas ONTUMKU3aLMS annapaTHoil U NporpaMMHON YacTy;

- CNOXHbIA, TpebyeT BonbLuoi 06beM kofa, TEM CaMbIM HE[OCTAaTOMHO 3(deKTHUBEH
Anst KOMMEPYECKUX MPUIOKEHMIA;

- HehopManu3oBaHHas MOAENb «KIMEHT-CepBEP» NS B3aUMOLENCTBUS MEXZY Npo-
rPaMMHBIMI KOMMOHEHTaMM

CunbHble | — MOBTOPHOE MCMONb30BaHWE MOLYNEN NPOEKTUPOBAHNS NPX ONpeseneHHON KOHpu-
CTOpOHbI | rypauum OC 1 annapaTHol YacTu

Tabnuya 2
IMpeumyLlecTsa u HegocTatkn RRS
Cnabble n MpenmyLiecTsa u HegocTaTkn RRS
CUMbHble
CTOPOHbI ap-
XUTEKTYp
Cnabble cTo- | — YaCTMYHO peann3oBaH Ha NpakTuke
POHbI
CunbHble | — NEPEHOCUMOCTb KOH(MIYPaLMOHHOTO KOfa;
CTOpOHbI | — OpraH13aums B3anMOLEeNCTBIS MeXAY Pa3ninyHbIMW NPOTOKONaMM, KOTOpbIe npesd-
CTaBMeHb! B BUAE NPUNOXEHWIA ANs peanusaLii MyrnbTUPaamo CUCTEMbI;
- ynpaBnexue paayo-pecypcamm

Ha ocHoBe pe3ynbTaToB, NPeACTaBneHHbIX B Tabn. 1 1 2, MOXHO OTMETUTb, YTO Kaxaas apxuTekTypa
YMeeT onpefeneHHbIe Pasnuyusi, UCXOas U3 KOTOPbIX MOXHO caenath criedyrolwmin Bbisoa: RRS obnagaet
HauborbLLen «MBKOCTbIOY, HO pean3oBaH Ha NPaKTUKe BCEro NULLb YaCTUYHO, B TO BpeMst kak SCA BO3MOXHO
MCNOMb30BaTh Ha NPaKTUKE, HO OH CRIMLLKOM CIIOXEH AMs U3y4eHWsi U paboTbl C HUAM.

Bubnuorpadmyeckuit cnmcok

1. Dillinger M., Madani K., Alonistioti N. Software Defined Radio: Architectures, Systems and Functions,
2003. 33 c.

2. Software Communication Architecture Specification. User's Guide / Joint Tactical Networking Center,
San Diego. 2015.9-11 c.

3. Reconfigurable Radio Systems (RRS). Radio Reconfiguration related Architecture for Mobile Devices
/ ETSI EN 303 095 Vol.1.3.1. 2017. C. 10-12.
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YOK 004.896

M.B. YepedHukos
MarucTp kadeapbl a3pOKOCMUYECKMX KOMMBIOTEPHBIX M MPOTPAMMHbIX CUCTEM
M.O. Anexcees — kaHaNAAT TEXHUYECKUX HAYK — HAYYHBIN PYKOBOAUTENb

0 NPUMEHEHWW CUCTEM MALUMHHOIO OBY4EHMA
K 3A0AYAM NOMEXOYCTON4YUBOIO KOOUPOBAHUA

Teopust MaLLMHHOMO 00YYeHNs 3apoamnacs NPaKTUYECKV OAHOBPEMEHHO C MOSIBNEHNEM MEPBbIX KOMMb-
I0TEPOB 1 Ha NPOTsBKeHUM nocnegHux 70 NeT SBNSETCA aKTUBHO pasBuUBarOLLENCS AncUmMninHon. Ee noctosH-
HOE pa3BuTHE BbI3BAHO POCTOM BO3MOXHOCTEN COBPEMEHHBIX BBIYUCIIUTENBHBIX CUCTEM, elle 6onee cTpemu-
TeNbHbIM POCTOM 0OBEMOB [aHHbIX, 4OCTYMHbIX ANS aHann3a, a Takke NOCTOSHHBIM pacluMpeHreM obnacTy
NpUMEHeHWs METOLOB MaLLMHHOTO 06y4eHus Ha Bce bonee LWMpokui knace 3agay 06pabotku faHHbIx [1]. Mnas-
HO1 3ajayeil MaLMHHOTO 0byYeHNs SBNAETC aBTOMATU4YECKOe OnpeAeneHre B3anMo3aBuUCUMOCTEN MEXOY
HabntogaeMbiMM 1 CKPbITBIMM NEPEMEHHBIMU 00beKTa, C TeM, YTobbl NS NPOM3BONLHOTO 0BbeKTa No ero
HabntogaeMbIM KOMMOHEHTaM MOXHO BbIN0 OLEHNTb BO3MOXHbIE 3HAYEHUS CKPbITbIX KOMMOHEHT.

HelpoHHble CETH — MaTeMaTU4eckie MOJENH, a TakKe UX NpOorpaMMHble UK annapaTHble peanu3amu,
MOCTPOEHHbIE MO MPUHLMMY OpraHM3aLun M yHKLMOHMPOBAHWUS BONOrMYECKUX HEWMPOHHBIX ceTeil (ceTel
HEpBHbIX KNETOK XWBOro opraHuama). HeiipoceTn UMetoT BO3MOXHOCTb 0ByyaThbCs, B YeM W 3aKNKYaeTcs OAHO
13 TMaBHbIX UX NPEUMYLLECTB Nepes TPaauLMOHHBIM anroputmMamu. TexHudecku obydyeHue 3akmiodaeTcs B
HaxoxaeHUn koahhULMEHTOB CBA3eI Mexay HeipoHamu. B npouecce 0byyeHns HelpoceTb CnocobHa Bbisie-
NATb CNIOXKHbIE 3aBUCUMOCTY MEXAY BXOAHBIMU JaHHBIMU W BbIXOAHBIMY, @ Takke BbINONHATL 0600LeHne. 310
3HaYMT, 4TO, B CNyYae ycreLHoro 0By4eHms, CeTb CMOXET BEPHYTb PE3YNbTaT Ha OCHOBAHWM AaHHbIX, KOTOPbIE
0TCYTCTBOBANM B 06yyatoLen Boibopke [2]. Ha puc. 1 npefcTaBneHa npoctas HelmpoHHas ceTb.

I ¥ I3 f I

Puc. 1. MpocTas HelpoHHas ceTb

HeWlpoHbl B Helt pacnpegeneHbl Mo L ypoBHSM, Ha KaaoM U3 KOTOPbIX HAaxoauTes Ik HelpoHoB. [ns
HarnsAHOCTM KaXabl HEMPOH, KDOME BXOAHbIX W BbIXOAHbIX, NPELCTABNEH B BUAE [BYX Y3NOB: OAUH CyMMK-
pyeT BXOAHbIE CUrHanbI, BTOPOiA npeobpasyerT ux.

B 3aBUCUMOCTY OT (PYHKLMIA, BbINOMHAEMbIX HEMPOHAMM B CETH, BbIAENSIOT TpK 1X Tvna [3]:

1) 8x00HbIe HellpoHbI (Ha HUX NMOAAETCA BEKTOP, KOAMPYIOLLNIA BXOAHOE BO3AENCTBME);

2) 8b1X00HbIe HElipOHbI, (BbIXOAHbIE 3HAYEHUS, KOTOPbIE NPEACTABNSIHOT BbIXOMAb! HEMPOHHOI CETH);

3) npomexymoyHble HelipoHbI (COCTaBNSIOT OCHOBY HEMPOHHbIX CETEN).

MalumnHHoe 0By4eHme - Knacc METOA0B UCKYCCTBEHHOTO UHTENEKTa, XapakTepHOt YePTOI KOTOPLIX B~
NseTCs He NPsMOe peLLeHve 3ataqu, a obyyeHne B NpoLiecce NPUMEHEHNS PELLEHIA MHOXECTBA CXOAHbIX 3a-
Aau [5]. Lienbto MalwmHHOMO 0By4eHUs ABNAETCS YacTUYHAs UMK NOMHas aBTOMATU3aLMa PeLeHNs CrIoXHbIX
NpodheCccuoHanbHbIX 3aAay B CaMblx pa3Hbix 06n1acTsix YenoBeYEeCKoi 4eATeNnbHOCTY.

MpyMeHeHne c1CTEM MaLLMHHOTO 0BYYeHUs ANS 3afay MOMEXOYCTONUNBOTO KOAMPOBAHNS CBOAUTCS K
cnepytowym obnactam.

o [lekogupoBanme:

O BO3MOXHOCTb JEKOAMPOBATH 3a rPaHMLe MUHUMANBHOTO PACCTOSHUS BNAOTb 4O NPOU3BOANTENbHO-
CTW AEKOAMPOBaHMSA MO MakcUMyMy anoctepuopHom BeposiTHocTu (MAP);
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O MOryT BbITb UCMONb30BaHbI AN HEKOTOPbIX KNaCCOB HEMUHEMHBIX KOAOB, He obrapatolmx addek-
TUBHbIMM anropuTMamm AeKOANPOBaHS.

o Knaccudmkaums kopos:

o B KpunTorpacuyeckux 3agavax, Hanpumep, Ans aHanu3a 1 KnaccucmkaLmum KOLoB, UCMONb3YEMbIX B
nocT KBaHTOBOW kpunTorpacum (wudpel Mak-Onuca, Hugeppaiitepa).

Ha puc. 2 npeactaBneH rpachmk 3aBUCMMOCTI BEPOSITHOCTM OLUMBKM OT OTHOLIEHMS curHan/wym (signal-
noiseratio) aAns Tpex ocHOBHbIX TUNOB Aekoaepos [6] (SDD, softdecisiondecoder — gekogep ¢ «Msrkumny pe-
wexuamu; HDD, harddecisiondecoder-aekogep ¢ «xectkummuy» pellennsamu; RNND, random neural network
decoder - HelipoceTeBoit ekonep).

Mo pesynbTatam aHanuaa puc. 2 Heobxoaumo caenatb BbiBog 06 3dEKTUBHOCTU MCMONb30BAHNS
HepOCETEBOO AeKoepa Mo OTHOLLEHNIO K AEKOLEpY, OCHOBAHHOMY Ha XECTKUX pelueHusiX. Tak, npu cukeu-
poBaHHOM 3HaueHn SNR HelpoceTeBOM AeKogep NOKa3bIBAET 3HAUUTENBHO MEHbLLYIO BEPOSTHOCTb OLLIMBKY,
6nn3Kyio K pesynbTatam MArkoro 4ekoanpoBaHmus. Ha puc. 3 npeactaeneH rpadmk 3aBUCUMOCTU BEPOSTHOCTH
OLMOKM OT OTHOLLEHUsicrHan/Wwym Ha 1 Butans nonsipHoro (a) u cnyJaitHoro (b) koo [2]. Ha rpacuke npo-
BefieHbl Takke KpUBbIE AN1S pa3fnyHOro kKonmyectaa obyyaroLLyx anox Mep.

. Probability of word error versus SNR for HDD, RNND, and SDD
10 T T T T T T T

G——© HDD

#—#—%  RNND

+—+— SDD

Probability of word emor
PR |

SNR (dB)

Puc. 2. BeposTHocTb owmbkn ans kopa Xammunra (7,4) 8 AWGN kaHane [6]

Heobxoaumo caenarthb BbIBOL, YTO BEPOSITHOCTb NOSIBNIEHMS OLLIMBOK 3aBUCUT OT KONU4ecTBa 0ByyaroLLmx
3M0X crieaytoLM 0bpasom: Yem bonblue Npor3BeeHo 0ByYaloLLmMX AMOX, TEM MEHbLUEE KOMMYECTBO OLWMOOK
BO3HMKAET Npu AekoavpoBaHuu. Mpu yBenuueHUn Yncna obydatowwmx anox uccrneayemas Kpuasi HaumHaeT
npubnumxatbes kK MAP, maximum posterior — Makcumymy anocTepuopHoi BepOSTHOCTM (Hanbosee TOYHbIN, HO
KpailHe TPYAoeMKuiA cnocod [eKoaMpoBaHus).
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BER

Ey/N, [dB]
(a) Polar Code
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(b) Random Code
Puc. 3. BnusiHue yncna obydatowumx anox (Mep) Ha BEpOSTHOCTb OWwnbKku (BER)
B 128-64-32 HCpns 16-61toBOro koga co ckopocTbto = 0.5 [2]

BbixoaHolt croit HeipoceT MoxeT BbiTb NpeAcTaBneH [3):

o bytamu kofoBOro CMoBa: B TakOM Cyyae Ans koaa XaMmmuHra (7,4) noHapobutcs 7 HelpoHOB B Bbl-
XO[IHOM Crioe.

o OHMM HEPOHOM ANS KaX[oro KOAOBOro CrioBa: B TakoM Cnyyae Ans koga XammuHra (7,4) noHapo-
6uTcs 16 HEAPOHOB B BLIXOAHOM COE; KaXablii HEMPOH BbIXOLHOTO Cnosi ByaeT UMETb onpeadeneHHbIi Bec,
03HaYaKLLNN «yBEPEHHOCTbY HEMPOCETW B JaHHOM BapuaHTe oTBeTa [4].

MuHycom JaHHOro BapuaHTa siBnsieTcs bonbluee Yn1Cno BbIXOA0B HelpoceTu (16 BMeCTo 7), ¢ gpyron
CTOPOHbI Takas opraHusaums HC ynobHa Ans 1cronb3oBaHns B CIMCOYHOM AEKOAVPOBAHWM.

O6yyeHne HepoceT MOXeT BbiTb MPOMU3BEAEHO NO CPEACTBAM UCMONBb30BAHUS METOAA IPAANEHTHOTO
crycka ¢ MUHAMKU3aLEi! KonnYecTBa OLNGOYHBIX knaccudukaLyin. pagueHT — BeKTOp, ykasblBatoLLuii Hanpas-
neHve HanbonbLIEro BO3pacTaHnst HEKOTopoil pyHKUMK F(x). OTClofa MOXHO cienaTthb BbIBOA, YTO BEKTOP Mpo-
TMBONONOXHBIA rPAAWEHTY — yKkasblBaeT Ha HanpaeneHune, B KOTOPOM hyHKLUMS F(x) yObiBaeT bbicTpee Beero.
Torga, Mes HeKOTOPYIO (YHKLMI0 NOTEPb W ABUrasiChb N0 HaNpaBMeHIo, NPOTUBONONOXHOMY rpaaneHTy byaet
[OCTUMHYTa MUHAMU3ALWNS KONYECTBA OLLMBOK.

L. G. Tallini n P. Cull B coei pabote “Neuralnetsfordecodingerror-correctingcodes” npeanoxunn metog
06y4eHs HepOCeTU He NO KOLOBLIM CrIoBaM U olwmbkam, a no cuHapomam [3]. B Takom cryyae ceTb onpege-
nsieT Haubonee BEPOSITHBINA NATTEPH OLMBKM. [INs BbICOKOCKOPOCTHbIX KOJOB 3TO MOXET OKa3aThbCsi O4eHb adh-
PEKTMBHO.

BaxHon npobnemon 4ns aekoaupoBaHus kogos ¢ nomoLbio HC aensioTes 6onblume kogbl (C 60nbLunm
KONM4YeCTBOM KOAOBbIX COB), TaK kak 0by4eHWe CTaHOBUTCS CRIOXHO OCYLLeCTBUMbIM. Hanpumep, Ans koga
XammuHra ¢ fecaTbio npoBepoyHbiMi cumeonami (1023/1013) Heobxoanmo 0ByunTb ceTb Ha 21013 koaoBbIX
CroBaXx, 4TO SBNSETCA BbIYUCIUTENBHO CIIOXHOW 3afaqert. 310 BaXHOE OrpaH1yeHIe, KOTOPOe MOXHO NPEoao-
neTb AN perynspHbIx (Hanpumep, anrebpanyeckux Unu CBepTOYHbIX) KOAOB. B 3TOM Cnyyae Aoka3aHo, YTo
QNS perynsapHbIX KOAOB HEMPOCETb MOXET BbIpaboTaTb NPaBUIo EKOAMPOBAHMS, KOTOPOE yCneLwHo byaeT pa-
6oTaTh 1 C TeMU CIoBamK, KOTOPbIE OTCYTCTBOBANM B 0byyaloLLeil BbIGOpKe.
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MpoBeneHHbIA 0630p NoKasan, YTo HEMpPOHHbIE CETU MOTYT BbITb 3CHhEKTUBHO MCMOMNb30BaHDI AN fe-
KOAMPOBAHMS NOMEXOYCTONYMBLIX KOAOB. [1NS CRyYaiHbIX U NONAPHbIX KOLOB Manoi AnnHbI AocTUraeTcs ad-
(PEKTMBHOCTb 1EKOAMPOBaHNS N0 MaKCMMyMy anocTepnopHoit BepositHocTh (MAP), Ho o6yuyeHne orpaHnieHo
9KCMOHEHLManbHbIM POCTOM CRIOXHOCTYW NpY YBENUYEHUN Konn4yecTaa bUT B KoJoBbIx cnosax. Hanbonee wH-
TePECHbIM OKa3bIBaETCA TO, YTO HelpoceTb cnocobHa 0600LWaTh CTPYKTYPUPOBaHHbIE KOAI, YTO JAET Hagexay
Ha NMPUMEHEHNE HelpOCETEBLIX anropyuTMOB AEKOANPOBAHUSA AN KOA0B BOMbLLON ANMHLI. YPOBEHb pa3suTUS
[EeKOAMPOBAHMS MONAPHBIX KOLOB B HACTOSILLEE BPEMS CUMbHO OrPaHUYEH BbICOKO CNIOXHOCTBIO JEKOAMPOBa-
HUS W OTCYTCTBIMEM BO3MOXHOCTY pacrnapasnnenieanis, YTo NPMBOAMT K KPUTUHECKUM 3aAepKkam npu Aekoan-
poBaHuu [2].

HeWnpoceTeBoi Aekoaep OnuckbiBaeT XOpOLLO pacnapannienysaemylo CTPYKTYpY, YTO NO3BONSET CMOMb-
30BaTh Napanmnenvam npu AekoanpoBaHuK. JTo JenaeT AeKoaep Ha OCHOBE rMy6OKOro MaLLMHHOTO 0By4YeHms
NepecneKTMBHON anbTepHaTUBON AEKOANPOBAHWIO KaHanoB C MCMONb30BaHWEM NMOCNEAOBAaTENbHbIX anropuT-
MOB.
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WHCTUTYT UHOOPMALIMOHHbIX CUCTEM
U 3ALUTBI UHOPOPMALIUU

YK 004.942

E. . banakuHa
CTYAEHT kadeapbl 6e30MacHOCTU HOPMALMOHHBIX CUCTEM
T. M. TamapHukoga — fOKTOP TEXHUYECKUX HayK, NPOGHeccop — HayyHbIN PpyKOBOAWUTENb

MUCMNONb30OBAHUE TEXHONOIMN DATA MINING ANA UHTENNEKTYANbHOIO AHAJIU3A TEKCTA

MpennoxeHo nocnegoBaTenbHOE PeLUeHne 3afayn aHanusa TekcTa ¢ NpuMeHeHnem TexHonorum Text
Mining.

®yHKLMOHaNbHbIE BO3MOXHOCTI COBPEMEHHO TexHonorumn Text Mining pacnpocTpaHsTCs Ha LMPOKWIA
Knacc 3agad, B OCHOBHOM CBSA3aHHbIX C MOUCKOM MH(OPMALIMM, aBTOMATUHECKON reHepaLn TeKCTa, aHanm3oMm
PbIHKOB. B mocnegHne nsaTb NeT OTKPbINCA Lenbld CNeKTp OTpacrnen, B KOTOPbIX BO3MOXHOCTK Text Mining
TONBKO HAYMHAIT MCMONb3oBaThbes. K 1x ymcny oTHOCATCA KopnopaTuBHas 6U3HEC-aHanMTMKa, MOHUTOPMHT
couuanbHbIX Meaua v fenosas passeaka [1].

Text Mining — 310 TexHonorus aHanmaa TeKCTOB, Nossonswolas obpabatbiBate Oonblime 06bEMbI
HECTPYKTYPUPOBAHHOM MH(OPMaLWK, U3BNEKATb 3HAHMS W BbICOKOKAYECTBEHHYHO MH(OPMALWIO U3 TEKCTOBbLIX
maccuBoB. MHCTpymeHTbl TextMining no3BonsioT aBToMaTUYeck aHanuanpoeaThb coaepxarie 6a3 fanHbIX,
BeD-caltToB, OMOTOB, 3MEKTPOHHOM MOYTHI, MECCEHMKEpPOB, 4YaTOB M APYrMX BMOOB WH(OPMALWMOHHOM
B3anUMogeicTaus. Takas TEXHONOrus rnyOuHHOro aHanu3aa TekCToB crnocobHa «npocenBatby 6onblume 06bEMbI
HECTPYKTYPUPOBAHHON WHGOPMaLM W BLISBNATL U3 HWUX TOMbKO CaMoe 3HauMmoe, YTobbl YeroBeky He
NPUXOAUNOCH CaMOMY TPaTUTb BPEMS Ha A0ObIYY LIEHHbIX 3HaHMIA «BPYYHYO» [2].

OCHOBHbIMM CTagusaMM peLueHns 3agad cpeacteamu Text Mining npveegeHs! Ha puc. 1.

(1. MMouck MHdJOpMaLMVI] [ ]

1110101
1110101

1110101
1110101

\4
2. MNpengapuTensHas
obpaboTka fokymeHTa

3. Useneyexue
MHdo pMaLLn

Puc. 1. 3tanbl Text Mining

4. Mp1meHeHne MeTofoB
TextMining

Ha atane noucka VIHCbOpMaLl'VIM 1 onpeaenexns UCXoaHbIX AaHHbIX Heobxogumo onpeaennuTtb, Kakue
OOKYMEHTbI JOMKHbI ObITb noaBeprHyTbl aHanusy, u obecneunTb 1x OOCTYNHOCTb.
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MpenBaputenbHas o6paboTka [OKYMEHTOB NoApa3ymeBaeT  HeobxoduMble npeobpa3oBaHus
[OKYMEHTOB [N1s MpeAcTaBneHns ux B Buge, C koTopbiM pabotatoT metogsl Text Mining. Lenbto Takux
npeo6pa3oBaHuil IBNSIETCS yAaneHue NMLLHNX CIOB W NpuaaHue TekcTy 6onee cTporon hopmbl.

W3eneyeHne uHdopmaumu npegnonaraeT BbiAeNeHMe B aHaNM3MPYeMOM AOKYMEHTE KIKYeBbIX
NOHATUIA. KntoueBble NOHATUS — 3TO Hambonee YacTo BCTPeYaloLLMecs CroBa W CNOBOCOYETAHUS B TEKCTE,
KoTOpblE, COBCTBEHHO W ONpeaensiT ero TemaTuky [3].

Ha atane npumeHenus meTogos Text Mining n3BnekatoTcs LWABMOHbI 1 OTHOLIEHMS!, CKPLITbIE B TEKCTE.
LLlaBnoH MoxeT BbITb MOCTPOEH B BIAE CEMAHTUYECKON CETH, KOPPENALWMOHHON MaTPHLIbl MEXAY KMIOYEBbIMM
cnosamu, (peiiMoBOM MOZENN WAM [PYromM BM3yanusupoBaHHOM Buge. Busyanusauus npeanonaraet
rpacuyeckoe NPeACTABNEHNE U3BNEYEHHDIX KIIOYEBBIX MOHSATHIA, 4TO NoMoraeT BbICTPO MAEHTUULMPOBATL
rnaBHble TeMbl U MOHSATUS, @ TakKe ONPefenuTb UX BaXHOCTb.

MocnegHuii War B NpoLiecce aHanu3a TekcTa NpeanonaraeT MHTEPNpeTaLmio NofyYeHHbIX Pe3ynbTaTos.
Ha aTom atane k paboTe NOAKMOYAETCS NNULIO MPUHUMAIOLLEE PELLEHNE — aHANUTUK N0 paboTe C TEKCTOM.

Kak BugHO M3 copepxaHus atanos Text Mining npuMeHeHWe Komnnekca TEXHWK K aHanusupyemomy
TEKCTY B pesynbTate MOXeT ObiTb NOMyYeH WabnoH, cnocoBCTBYIOLLEN M3BMEYEHNIO CEMAHTUYECKNX CBA3EH
MeXay OTAENbHbIMM CIOBaMM, NPY MPUYEM STOT NPOLIECC JOIKEH BbIMOMHATLCS aBTOMATMYeCkM 6e3 yyacTus
YeroBeka, a NOHNMaHWe CMbICa TEKCTa NPOUCXOAMT C y4acTueM YenoBeka.

CemaHTI4eCKMe CeTH onpeaensioTes kak rpad obLLero Buga, B KOTOPOM MOXHO BbIAENUTL MHOXECTBO
BepLLUMH 1 pebep. Kaxgas BeplumHa rpada npeactaBnseT HeKOTOpbIN 0ObeKT, a Ayra — OTHOLUEHMe MeXay
napov 06bEKTOB. B kaueCTBe Takux 0OBEKTOB MOTYT BbICTYNATh MOHATUS, COBLITUS, NPOLIECCHI U T.A.; CBOICTBA
0BBLEKTOB TakKe MPEACTABNSIOTCH BEPLUMHAMU CETU W CyXaT ANS ONUCaHUs KraccoB 0BbekTos. MmeHa
BEPLMH 1 Ayr COBMajalT C MMeHaMi COOTBETCTBYHOLMX OOBLEKTOB M WX OTHOLLEHMIA, UCMOMb3yemblX B
npodreccnoHanbHOM a3bike NpobnemHoi obnactu. MeTka v HanpaBneHue Ayrv KOHKPETUMPYIOT CEMaHTUKY.
MeTk1 BEPLLUMH CEMAHTNYECKON Harpy3Ki He HECYT, a UCMOMb3YHTCA Kak CripaBoyHas MHAOPMALKS.

[lyra 1 cB3bIBaeMbIe €10 BepLUnHbI 06pa3ytoT noarpad, ABNSWNACA MUHUMANbHON MHOPMALIMOHHOM
efnHuLe B cucTeMe aHanu3a Tekcta. bonee croxHble noarpadibl CeTh OTpaxaloT U bornee CroxHble PakTb
(yTBEPXOEHMS).

O6beKTbI MOTYT BbITh TPEX OCHOBHbIX TUMOB: 0BOBLLEHHBIE, KOHKPETHbIE W arperatHble. OB06LLEHHbIN
00beKT Ha camoMm Jene npeacTaensieT coboit Lienblit knace 06bekToB (Donee HU3KOMO YPOBHS) NpeaMeTHON
obnacTu. Toraa kak KOHKPETHbIA 0BBEKT NpeAcTaBnsAeT coboit HEKOTOPLIM 06Pa3OM BbIAENEHHYHO CYLIHOCTb 13
knacca. MogarperaTHbiM MOHMMaETCS 0ObEKT npeaMeTHON 06nacTu, CoCTaBneHHbIN U3 Apyrux obbekTos. B
Ka4ecTBe arperaTHOro MOXET BbICTyNaThb kak 060BLLEHHBIN, Tak 1 KOHKPETHbIA 0OBEKT.

Mexgy ABymMst obbekTami MOTyT CyLLECTBOBATb Pa3NNYHOMO Tuna OTHOWEHWs. B kavectse Haubonee
pacnpocTpaHeHHbIX (6a30BbIX) MOXHO OTMETUTL CMEAYIOLLME OTHOLLEHNS Mexay 0bbekTamm:
npuHaanNexuT (06bEKT NPUHAANEXUT AaHHOMY Knaccy);

— obnagaet (00bekT 0bnafaeT HEKOTOPbIM CBOMCTBOM);

— 3HayeHue (onpepensieT 3HaueHus CBOCTB 06bekTa);

CnefcTeue (OTpaxXaeT NPUYNHHO-CNIEACTBEHHBIE CBSA3M: CBONCTBO SIBNSETCS CMECTBUEM HEKOTOPOI
MPUYMHBI).

B pabote paccmaTpuBaeTcsi BO3MOXHOCTb MpUMeHeHWst TexHonorum Text Mining B Bompocax
NpenoTBpALLEHUS MOTEHLMANbHBIX YTPO3, KOTOPbIE MOTYT BbITb CKPbITHI B COOBLLEHMSIX.

B Hactosiee Bpems npobnema 6e30nacHOCTM B MecCeHmkepax, CoLManbHbiX CeTsX, dopymax
3NEKTPOHHBIX MUCbMaX SIBMSETCS aKTyanbHOM, aHanM3 3TUX AaHHbIX MO3BONUT NPECEYb HEXENATEMbHYH0 yTeUKY
MHEOPMALM UMW NNAHUPOBAHWE BPaXaeOHbIX JENCTBUN MO OTHOLLEHMIO K KOMY- Ui Yyemy-nn6o [4].

lMpegnaraetcs Ccredyowmin NPOrpamMMHbIA  KOMMMEKC, peanuaylowmin TexHornornmo TextMining ans
BCKPbITUS NOTEHLMANbHBIX YrPO3 B aHANU3MpyeMoM TekcTe, NpeacTaBnsitoLymin coboi npoToTun SKCnepTHOMN
CUCTEMI.

[MporpamMMHbII KOMNIEKC COCTONT W3 CreaytoLLmx mMogynen (puc. 2):

- pelwatens (MHTepnpertaropa);

— paboyeit namsTy, HasbiBaeMol Takke 6a3oi faHHbIx (B[);

— bas3bl 3HaHui (B3);

— KOMMOHEHTOB NPUOBPETEHNS 3HAHUIA;
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— 00bSICHUTENBHOMO KOMMOHEHTA;
— KOMMOHEHTa BU3yanu3auum pesynbTarta [35].

WHTepdeiic OB bSCHEHMS MpuobpeTtenme

3HaHuI

Pewatens
Pabouas namsatb

(Ba3sa aaHHbIX) basa 3HaHuit

>
>

A

Puc. 2. CTpykTypa nporpaMMHOro Komnnekca

basa faHHbIx (paboyas namsTb) NpeaHasHavyeHa Ans XpaHEHUS UCXOAHbIX U MPOMEXYTOUHbIX AaHHbIX
3afjauu, KoTopas peliaeTcs B TEKyLUM MOMEHT BpeMeHW. B pelsaemoii 3agaye paboyast namsTb XpaHuT
aHanu3upyemblit TEKCT, MaCcCMBbI KNIOYEBbIX CI0B U CIIOBOCOYETAHUIA, Pa3nuyHbIe METPUKN TEKCTa, Hanpumep,
paccTosiHWS MeXAay CroBamu, CoBapb CMHOHUMOB U BbISIBNIEHHbIE LIABMOHbI.

basa 3HaHWi npegHasHayeHa [N XPaHEHWS AONTOCPOYHBIX [aHHbIX, OMMCHIBANOLLMX CBOWCTBA
npobnemHoi 06nacTu 1 NpaBun, ONUCLIBAIOLLMX NPeobpa3oBaHUs AaHHbIX. B pamkax pelwaemon 3agaqvm 6asa
3HaHWI COBEPXNT BCe MPOLEAYPbI NpeABapuTENbHON 0BPaboTkM TEKCTa U OLIEHKN CMbICIOBOTO BECA KITOYEBbIX
MOHSATUN.

Pewarenb, WCnonb3ys WCXOAHble AaHHble M3 pabodeit NamsaTM U 3HaHWs hopmupyeT npasuna
hopmMMpPOBaHMS cCeMaHTM4ecKoit ceTu. MpouexoauT aToT npolecc cnepyiowwmm obpasom. Kaxablii anemeHT
CeTU — KIKYEeBOE CrOBO — XapaKTepu3yeTcs YMCNOBON OLEHKOW, TakK Ha3blBa€MbIM CMbICIIOBbIM BECOM.
CMbICIOBOW BEC ONMpeaensaeTcs MCXOAA M3 YaCTOTHOrO aHann3a TekcTa. [1oporoBoe 3HayeHue NOBTOPSEMOCTH
cnosa B oblleM obbeme TeKCTa, MO3BONSAIOLIEE CMOBO OTHECTW K KIIOYEBOMY MOHATUIO MM HE OTHECTY
BbIOMpaeTCa KCMepTOM UCXOAS M3 TEMaTUKW M 0bbeMa aHanmuanpyemoro Tekcta. OT KonnyecTBa KIoueBbIX
NOHATMIA OYAET 3aBUCETh LUMPUHA NOCTPOEHHON CEMAHTUYECKON CETU.

CBsi3n Mexay napamu MOHSTWA, B CBOK OYepedb, TaKKe XapaKTepuayloTcs Becamu. OTW OLEHKM
MO3BONAT CPABHUTb OTHOCUTENbHBINA BKNAA Pa3fuyHbIX MOHATUI N UX CBA3EA B CEMaHTUKY TEKCTa, BbISBUTL
6onee unu meHee nogpobHo npopaboTaHHyK B TEKCTE TEMATUKY, 3aAaTh Cnocod COPTUPOBKM MHEOpPMALMK, U
HaKoHeLl, MO3BONSAT B3rNAHYTb HA BECb TEKCTOBbIA MaTepuarn no nnactaM - CMbICMIOBbLIM Cpe3aM pasfuyHom
rny6uHbl [5].

Brxaiiwee K MOHATMIO YMCNO MPEACTABMsSET €ro cMbicrioBoit Bec. Ero 3Hauvenne (o1 1 po 100)
MOKa3bIBAET, CKOMb BAXHYIO PONb UrpaeT NOHATIE ANS CMbICNA BCErO TEKCTA — Kak MHOTO MHGOpMaLK B TEKCTe
Kacaetcs JaHHOro NoHATWS. MakcumanbHoe 3HaveHve, pasHoe 100, roBOpUT O TOM, YTO MOHATWE SABMSETCA
KIHO4EBbIM W NPEeSCTaBNAET BaXHENLLYI0 TeMy TekcTa. ManeHbkoe, B6M3koe k euHILEe 3HAYEHNe NOKa3bIBaET,
4TO COOTBETCTBYIOLIAS TeMa MNuLb BCKOMb3b YMOMSHYTa B TEKCTE W B HEM O4YeHb Mano WHdopmalum,
OTHOCSILLIEACS K AAHHOMY MOHSATMIO. BTOpOE umncno, cTosiee nepes CMbICNIOBbIM BECOM, ONvke K packpbiToMy
y3ny, npeacTaBnseT BEC CBA3N OT NOHATUA B BEPLUNHE PackpbiTOro Chucka K AaHHOMY. Bec cBssel Takke
Bceraa npuHumaet 3Hadvene ot 1 fo 100. bonbluoe 3HayeHWe Beca CBA3M OT OAHOTO MOHATUS K APYromy,
6rnuskoe k 100, ykasbiBaeT Ha TO, YTO NOAABMSHOLAS YacTb MHGOPMALWM B TEKCTE, KacatoLascs nepeoro,
KacaeTcs B TO e BpPeMs W BTOPOrO MOHATUS — NepBas TeMa NouTKh BCErga M3naraeTcs B KOHTEKCTe BTOPOIA.
Manoe eanHU4HOE 3HAYeHMe OTPaxaeT TOT (haKT, YTO NEepBOe NOHATME Cnabo CBA3aHO CO BTOPBIM U O4eHb
Marno 1HGopMaLmK No Nepeoil TeMe KacaeTcs B TOXe BpeMs 1 BTOPOA. Tak xe Hago MMeTb B BUAY, YTO CBA3b
MeXay napoi NOHATUA CeTU BCera ABYCTOPOHHS, OAHAKO CBA3b OT NEPBOr0O MOHATUS KO BTOPOMY AANEKo He
BCerga UMeeT TOT e CaMblii BEC, YTO 1 obpaTHasi, 0T BTOPOro K nepBoMmy.

KOMMOHEHT NpuOBpeTEHNs 3HaHWIA HeobXOAMM ANS HAMOMHEHMS 3KCMEPTHOM CUCTEMbI HOBbIMM
3HaHWUAMM. 3TO MOTYT BbITb HOBbIE CIOBAPHbIE COBA, HOBbIE anropuTMbl 06paboTku TekcTa v apyroe.
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O6BACHUTENbHBIN KOMMOHEHT NO3BONAET YBUAETb MPOMEXYTOYHbIE Pe3ynbTaThl, YTO 06BACHSET, Kak
cucTeMa Nonyyuna peLueHe 3agayn 1 kakie 3HaHUs OHa Npu 3TOM Ucronb3oBana. Hanuume 31oro KOMMOHeHTa
NOBbILLAET AOBEPHE K MOMYYEHHOMY Pe3ynbTaTy CO CTOPOHbI NNLA NMPUHUMAIOLLETO PELLEHME.

WHTepdenc no3sonsieT peann3oBaTb YAOOHbLIA pexum paboTbl C SKCMEPTHOW CUCTEMON 33 CYeT
yAO0BHOro BBOLA MCXOAHBIX JaHHbIX, BU3yanu3aLmn pe3ynsTaTos 1 T.n.

[locTOBEpHOCTb BbISBNEHWS CKPLITLIX LWABMAOHOB B TEKCTe MNaHWpYeTCs NpOBEPUTb Ha OTKPbITbIX
MCTOYHMKAX B CETW VIHTEpHET-CaliTax u CTpaHuLax nonb3oBaTeneil coLumanbHbIX CeTel.

PaspabartbiBaeMblii IPOrpaMMHBIA KOMANEKC MO3BOMUT NEPENTI OT AaHHbIX K UX CMbICTY, BbIAENUTH
KNIOYEBbIE MOMEHTbI TEKCTa, CYLHOCTH, CBA3M, COCTABUTb AMOLIMOHANLHbIN NOPTPET, a TaKkke cAenaThb BbIBOALI
06 MH(hopMaLMOHHO Be3omacHOCTU TeKcTa.
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UCCNENOBAHUE 9G®GEKTUBHOCTU NMUHENHON KNACCUDUKALIAM
HA NPUMEPE BbIBOPKU « TUTAHUK»

M'mbenb TuTaHuka — 0aHO M3 Hanbonee TparnyHbIx kopabnekpyLueHuii B uctopumn. OJHOI U3 MPUYMH TOTO,
4TO KOpabnekpyLUeH1e NOBMEKNO Takue XepTBbl, CTana HexBaTka cnacaTerlbHbIX LWMONOK 4s NacCaxy1poB v
KomaHgpl. Hekotopble rpynnbl ftogen umenu G6onbLue LWAHCOB BbIXUTb, YeM APYrue, HanpuMep, KeHLLMHbI,
AEeTW 1 naccaxupbl NepBoro knacca. B 3agave npeanaraeTcs NpUMEHUTL CPEACTBA MALLMHHOMO 06y4eHus Ans
onpepenexus Toro, KakiMe Maccaxupbl UMEKT LWAHChl BbKMTb B 9TON Tpareguu [1]. Tak 3Byt onucaHue
COpeBHOBaHMs, koTopoe npeanaraeT Kaggle. Lienbto paboTbl, onmcaHHo! B 3TOI CTaTbe, ABMSAETCS OLEHKa
3 PEKTUBHOCTU NPUMEHEHIUS NIOTUCTUYECKON PErPeECcCUN B PELLEHNM AaHHON 3aAaum.

MawmHHoe obyyeHne (Machine Learning) — o6wmpHbIl noapasfen MCKYCCTBEHHOTO WHTENNeKTa,
“3yyatolmit MeToabl MOCTPOEHUS anropuTMOoB, CnoCoOHbIX obyyatbes [2]. OpyrMmu croBamm, aTo METOA
BOCCTaHOBMEHNS] HEN3BECTHOM 3aBUCMMOCTM MO Habopy MMEIOLMXCS M3MEPEHUH, Ha3biBaeMbIX 0ByyaloLLel
Bbl6opko. OgHUM 13 anropuTMOB MaLUMHHOTO ODYYeHWs SBNSETCA MOCTPOEHWe MOAENM NOrUCTUYECKom
perpeccu [3].

OcHoBHas 1aes NOrMcTUYECKON PErPECcCN 3aKMI0YAETCs B TOM, YTO NMPOCTPAHCTBO MCXOAHBIX 3HAYEHMIA
MOXeT ObITb pasaeneHo rpaHuLen Ha ase obnactu. B paccmatpraemom criyyae no COBOKYMHOCTM MPU3HAKOB
B OfHY W3 HWX NONajaloT Te Naccaxupsl, KOTOPbIe CKOPee BCEro BbIKMBAIOT, @ B APYryl0 — Te, Yel LaHC Ha
BbhKMBaHWe Man. ECiv npesnonoxuThb, YTO X — BEKTOP NMPU3HAKOB naccaxmpa, 8 — BekTop koadhduLNeHTOoB, TO
(yHKLWS 3apaeTca popMynon:

1+e’°TX
3agava norucTYECKO PErpeccun 3akni4aeTcs B noucke Takuxd, YTobbl rpadmk yHKLMM NPOXoAun
Mexay ABYMS 3adaHHbIMM obnacTamu, B JaHHOM cryyae, ecnm f(x)<0.5 — naccaxwp nonagaeT B obnactb ¢
Manoi Bbik1BaeMOCTbH, a ecnu f(x)=0.5 — B 0bnacTb BbiXMBLUKX. [Ins STOr0 Noucka NPOM3BOAUTCS KOHEYHOE
KOMMYECTBO UTEpaLMiA, Ha KaxaoW 13 KOTOPbIX BbICYMTLIBAETCS 3HAYEHNE (PYHKLMM NOTepb J:

1 o . N
J(8)=— 2 (=i *In(7i) - (1-yi) In(1-7)),
i=1
rae ¥; =f(X;) - npeackasaHHasi BEPOSITHOCTb MPUHAANEXHOCTU OGBEKTA K NEPBOMY KITACey, ¥ — UCTUHHAR

MeTka ofbekta. PYHKUMS NOTepb NOKa3blBaEeT, HACKOMbKO CUMbHO oOwmMbBaeTcs MoAenb Npu onpeaeneHnm
LLIAHCOB BbbKMBaHWS naccaxupa. Moka yHKLMS NOTepb He PaBHA KAKOMY-TO MaroMy 3Ha4€HMI0, N0 Hel MOXHO
NPOBOAUTL TPAAMEHTHBIN CNyCK. MPaAMeHTHBIN CNycK — 3TO METOA HaXOXAEHUS NOKanbHOrO MMHUMyMa
(Makcumyma) hyHKLIMN C NOMOLLbIO ABWKEHUS BLOMb aHTUrPagneHTa, To eCTb BAOMb BEKTOPA, HanpaBneHHoro
B CTOPOHY CKOpeilero yobiBaHus dyHKumM [4]. VTaK, HyXHO ABMraTbCsi B HANpaBNEHUU aHTUrPaaueHTa no
YHKLMM OLIMBKK, Ha KXAOM Luare 06HOBMSAS 3HAYEHWs! BEKTOpa KOS(PPULNEHTOB:
9,‘ = 6, - Otﬂ.
00;

Mpn aTOM o — LWar rpagueHTHOro cnycka, Manas koHctaHta ot 0 go 1. A yacTHas npoussogHas

BblYKCNSETCA Mo hopmyne:
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ol 1Z . .
26, m;()’: YI) Xji-

B pabote ucnonbayloTcs gBe BbIGOPKM: TPEHUPOBOYHAS, B KOTOPOW 3apaHee U3BECTHO, BbIXMM N
naccaxup; 1 TeCToBas, B KOTOPOI HYXHO NpefckasaTb BbKMBAEMOCTb Naccaxupa. [laHHble B TEKCTOBOM BUAE
pasgeneHbl 3anaTbiMi. OpHa CTpoka — AaHHble 06 ogHOM maccaxwupe. HekoTopble faHHble MOryT GbiTh
HEeM3BECTHbI 1 MponyLeHbl. [ins peluenns 3agayun HyxHo: 1) npoussecTi 06paboTKy UCXOAHBIX AaHHBIX; 2)
06Y4nTb Ha 3TUX AaHHbIX MOLENb NOMMCTUYECKOI perpeccum; 3) oLeHUTb KauecTBO 0BYYEHHOM MOAENM NyTeM
CpaBHEHWsl pe3ynbTata ¢ 0TBETaMu.

13 chaitna faHHble ans 0bpaboTku 3arpyxatoTcs B TabnuyHbIn Bua. Ha puc. 1 BUAHO, YTO OHM AensTcs
Ha YMCrOoBbIE M TEKCTOBbIE. YTOBBI MPOLOMKUTL PELLEHIE 3aAa4u W BOCMONb30BATLCS METOLOM JTOTCTUYECKOM
perpeccum, HyHo BbIBpaTb, kakue JaHHble MoHagobsTcs Ans obyyeHust Moaenu, a 3aTeM nepeBecTH uX B
NPUrOAHbIA 4Nst MALWMHHOTO 0ByYeHUs BUA.

Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
0 0.0 3 Braund, Mr. Owen Harris male 22.0 1 0 A/521171  7.2500 NaN S
1 1.0 1 Cumings, Mrs. John Bradley female 38.0 1 0 PC 17599 71.2833 C85 C
2 1.0 3 Helkkinen, Miss. Laina female 26.0 0 0 3101282 7.9250 NaN S
3 10 1 Futrelle, Mrs. Jacques Heath female 350 1 0 113803 53.1000 C123 S
4 0.0 3 Allen, Mr. William Henry male 35.0 0 0 373450 8.0500 NaN S
5 00 3 Moran, Mr. James male NaN 0 0 330877 84583 NaN Q
6 0.0 1 McCarthy, Mr. Timothy J male 54.0 0 0 17463 51.8625 E46 S
7 00 3 Palsson, Master. Gosta Leonard male 2.0 3 1 349909 210750 NaN S

Puc. 1. YacTb TecToBOM BbIOOPKM NOCTIE NEpeBoAa B TabNNYHbINA BUA

[aHHble BkmiovaoT B cebs mums (Name), knacc maccaxupa (Pclass), non (Sex), Bospact (Age),
KOnM4ecTBO POACTBEHHNKOB Ha BopTy (SibSp — konnyecTeo BpaTtbes, cectep u cynpyros, Parch — konnyectso
poauTenei u fetei), ctoumocTb 6uneta (Fare), Homep buneta (Ticket), Homep katoTbl (Cabin) 1 nopT nocaakw
(Embarked). He Bce 3T faHHble sBnstTcs GnaronpusTHeiMu ans obydennss mogenu. K npumepy, He
ucnonb3yetcs Homep GuneTa, Beab OH HUKAK He BNUSIET Ha LLAHCHI BbIXUTb. Takke OTKuabiBaeTcs cTonbey
«KalTay, Tak Kak B HEM CMWLLKOM MHOrO MpOnyLeHHbIX AaHHbIX (Tabn. 1). CtoumocTb Buneta Hanpsmyto
3aBMCUT OT KNacca naccaxupa, No3ToMy aToT cTonbeL, Toxe MOXHO 0TOPOCHTD.

Tabnuya 1

AHanm3 AaHHbIX TPEHMPOBOYHO BbIOOPKK
Survived | Pclass | Name | Sex |Age | SibSp | Parch | Ticket | Fare | Cabin | Emabrked
891 891 891 891 | 714 | 891 891 891 891 | 204 889

/3 nons «Mwms naccaxupa» MoxHO 13eneyb obpatyeHue (Hanpumep, "Mrs", "Dr"), Tak kak cTaTyc MOXeT
BNUSATb HA BEPOSTHOCTb BbbKMBaHMS. K TOMy e, onmpasicb Ha TUTYMbl, MOXHO Gonee TouHo nogobpathb
CPefHWIA BO3pacT ANns NacCaxupoB, Y KOTOPbIX OTCYTCTBYeT MHGopmaLms B aton rpace. Cosgaem cronbey
«Crartyc», B KOTOpbIit 3aHocuM yncna ot 0 go 4, rae: 0 — “Miss’, 1 - “Mrs”, 2 — “Master’, 3 - “Mr”, 4 —Bce
ocTanbHble. [ing ynobcTea aennM naccaxvpoB Ha Bo3pacTHble rpynnbl, rae 1— ot 0 go 15 net, 2 — ot 16 go
31, n Tak panee, NpeaBapuTENbHO 3aNOMHWUB HEOOCTaKWMe AaHHble BO3pacTa CPedHUM 3HadeHuem Ans
naccaxmpoB TekyLuero cTatyca. 3an1cbiBaeM 3Tv AaHHble B cTonbel «BospacTHas rpynna» (AgeGroup).

Cron6upl «bpatbs/Cectpbl/Cynpyriy 1 «Pogutenu/fetn» o6beanHsieM B 0AMH C HasBaHWeM «CeMbsi»
(Family) no Takoit noruke: cknagblBaem KONMYECTBO BCEX POLCTBEHHWUKOB Ha 6OPTY M nonaraem, Y4To CeMbsl
MareHbKas, ecnm naccaxup nyTewwecTByeT C OAHUM-ABYMS-TPEMS POACTBEHHUKaMU; ceMbs 6onbluas, ecnm
KONM4YecTBO POACTBEHHMKOB Ha BOpTy npesbilaeT Tpex. Ecnu naccaxwup nyTelwectByeT oauH, B rpade
«CeMbsi» 0TMEYaeM «HeT.
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Ocraetcs T66J'II/IL|a CO cnefyroLwmnmn oaHHbIMK: Knacc naccaxupa, nor, Bo3pactHaa rpynna, ctatyc, nopt
nocagkv u cembs. Bug Bbl60pKM C 06p860TaHHbIMM AaHHbIMKW NPEACTaBeH Ha puc. 2.

Pclass Sex AgeGroup Status Embarked Family

0 3 male 2 3.0 3 small
1 1 female 3 1.0 Cc small
2 3 female 2 0.0 S no
3 1 female 3 1.0 S small
4 3 male = 3.0 S no
5 3 male 3 3.0 Q no
6 1 male 4 3.0 S no
7 3 male 1 20 S big

Puc. 2. OtobpaHHble 4ns 06y4eHus faHHble

[ns nocnepytowero oby4eHns MOAENM HY)XHO MPUBECTM BCE MPU3HAKW B YMCrOBOV BuA. Moatomy B
cronbue «nomn» cnoea "male" n "female" 3ameHstoTcs Ha umdpsl 0 n 1 (1 — ABnseTcs MyxuuHon, 0 — He
ABNsAeTCs MyxuuHoit). Ctonbel «nopT nocagkuy pasfenseTca Ha Tpu ctonbua. Egunuua ctout B 0gHOM 13
HMX, @ B OCTanbHbIX — HynW. Mo 31O Xe noruke pasaensetcs cronbusl «Cembs» U «Bo3spacTHas rpynnay.
Mocne aTOro nepeBOAWM AaHHble W3 TabnWMYHOrO BMAA B CKANSAPHbIA: Tenepb Kaxagomy naccaxwpy
COOTBETCTBYET BEKTOP NPU3HAKOB B BuAE Yncen. MoxHO NpucTynuTh K 0By4eHuio.

Basg war o = 0,01 u konnyecTBo utepaumii n = 10000, nonyyaem, 4to Mogenb obyyaeTcs 4o Tex nop,
noka 3HayeHue (yHKUuM noTepb He pasHo 0,45. Mpu 3TOM TOYHOCTb MpefckasaHuii Ha TPEHUPOBOYHOM
Bblbopke cocTtaBnsiet 81.7%. Mocne 3Toro MOXHO NPOBEPUTL TOYHOCTb MpeackasaHuii Ha TECTOBOI BbIGOPKE.
CpaBHMB NOMy4eHHble pesynbTaTbl C OTBETAMM, MOMY4aem, WYTO MPaBWUMbHO MPEACKA3aHHbIX 3HAYEeHWN
okasblBaetcs 78.2%

Wtak, B maHHoi paboTe bbina uccnefoBaHa 3GhheKTUBHOCTb NIOTUCTUYECKON perpeccui Ha npumepe
BbIOOPKK « TUTaHWK». [JaHHble BbIGOPKM Obinv NpoaHanu3npoBaHbl, 06paboTaHsl U UCMONb30BaHbI B 0By4eHUM
mogenu. TOYHOCTb NpefckasaHnii B KoHLE 06y4eHms coctaBuna 78.2%. Lienbio panbHenwwen paboThl sBnsetcs
ynyylleHue nomyyeHHoro pesynbrata. Ckopee BCEro, Ha TOYHOCTb MPEACKA3aHUl MOXET MOBMWSTb ydyeT
6onbLUero Y1cna NpuU3HaKoB, a Takke NOCTPoeHne 6onee CroXHbIX MOAENEA.
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PEANU3ALINA FONIOCOBAHUA HA NNAT®OPME ETHEREUM

'onocoBaHmMe B HaLLW [HW YaCTO SBMSETCS ANEKTPOHHBIM, Byab TO ronocoBaHue 3a nyylyto paboTy Ha
KOHKYPCE, UNK ToNocoBaHue Ha cobpaHinM akUMoHepoB. ONEKTPOHHOE TONOCOBaHWE AenaeT 3TOT NpoLecc
6onee npocTbIM 1 BLICTPLIM OT Nepeaayu ronoca ubupatenem 4o nogcyeTa BCex ronocos. Ho HecMoTps Ha
BO3MOXHOCTH, KOTOPble MPEefoCTaBMnsAeT ANEKTPOHHOE roNocoBaHWe, TpeboBaHMii K HEMY He MeHbLue, YeM
TpeboBaHui, npeabsBRsemMblX K 0BblyHOMY ronocoaHuto. OpHum W3 TpeboBaHWil SBRSETCH TO, YTO
BO3MOXHOCTb r0fI0COBaTh JOMKHA ObITb TOMBKO Y AOMYLUEHHbIX K FONOCOBAHMI0. Y OAHOIO rONMOCYHLEro He
[OMKHO ObITb BO3MOXHOCTM MPOronocoBaTh ABaXabl. A B HEKOTOPbIX Cryvasx Heobxogumo obecneyunts
AHOHWUMHOCTb  rorocytolux. Yacto BO3HMKaeT npobrema [oBepus aaMUHUCTpaTopy, T. €. nuuy,
OpraHu3yIoLLEeMy MPOLIECC roNocoBaHus, u nporpamMmHomy obecneueHunto (M0). Mog npobnemoit posepus
apmuHucTpatopy 1 M0 B 3T0i paboTe nogpasymeBaeTcs Cryyaii, korga 1s-3a AeNCTBMA aAMUHUCTpATOPa U
13-3a M0 noacyeT ronocos NpoMcxoauT HeeepHo. JTa npobnema TpebyeT pelueHns. [eLeHTpan13oBaHHbIN
Nnofxo4 No3BONsET pewwmTb npobremy AOBEpUst aaMUHUCTPATOPY MyTEM MepeHoca YacTi ero (pyHKUMA Ha
He3aBMCUMbIE OT HEro yanbl CeTu. Takoit MPMHLMN MCNonb3yeTcs B TexHonorum "Blockchain” [1].

MpennonaraeTcs CyLLECTBOBAHNE HECKOMbKMX Y3MOB, KOTOPbIE BbIMOMHSIOT OfIHU U TE XE BbIYMCIIEHNS.
OTY BbIYMCIIEHNS AOMKHbI COBNACTb. COCTOSHWE CMCTEMBI ONpEeaEenseTcs COCTosHMEM BOMbLUNHCTBA Y308, T.
€. nx koHceHcycoM. TexHonorus "Blockchain" peannsosaHa B cucteme "Ethereum” [2]. Kpome Toro, cuctema
"Ethereum" gaet BO3MOXHOCTb pelnTb npobnemy aosepust MO ¢ NOMOLLbHO TEXHOMOMMN CMapT KOHTPAKTOB,
rapaHTMpyloLLelt NpaBUMbHOE BbLINONHEHME MPOrpaMM B CUCTEME 33 CYET MPOBEPKM Pe3ymnbTaToB WX
BbINOMHEHUS BCEMM y3namu cetu. Llenbio pabotbl siBnsieTcs paspaboTka nporpaMMHOrO komnnekca Ans
rONocoBaHMs, YAOBMETBOPAIOLLIEro TpeboBaHMAM, OnMcaHHbIM Bbiwe. [ns peleHns npobrembl AoBepus
anmunmcTpatopy v MO npegnonaraeTcs ucnons3osath nnatgopmy "Ethereum”.

ApxuTekTypa peanuayemoil cucTembl (puc. 1) COCTOMT M3 Tpex OneMEeHTOB: CMapT KOHTPaKT,
BbINOMHAIOLWMIA OCHOBHbIE OfepaLyy: NOACYET ronocoB, MPUNOXEHWe NOMb30BaTeNs, HyXHoe Ang paboThbl
cucTeMbl Yepe3 web-uHTepdieic, u nokanbHbIN y3en cetn "Ethereum”, SBNSIOLLMIACS CBA3YIOLMM 3BEHOM
MeXay CMapT KOHTPAKTOM W MPUOXEHUEM.

AnropHT™MBI H HHTepdeiic ro;rocyrmero Ioacuer ronocon

JloxaabHasi HHQpacTpyKTypa Baokeiin

[ 2 [ 2
TIpnno:xenue

AAMHHHCTPATOPA, JlokaabHbIi

roJiocyromero y'}e.‘l CeTH
nan Ethereum

HabJIIJaTe/st
« « CMapT KOHTPaKT

(Ha Bcex y3J1ax)

Puc. 1. ApxutekTypa cMCTEMbI FONIOCOBAHMS

MpUnoXeHe MOXET OTNMYATLCS B 3ABUCMMOCTM OT PONW MONb30BATENs B MPOLECCE [OMOCOBAHMS.
AIMUHMCTpaTOp YNpaBnsieT NPOLECCOM [ONOCOBaHWS, HO He WMeeT [OCTyna K CEeKPETHbIM [aHHbIM
ronocytoLLKX, FONoCyHoLLuii ronocyeT, a HabniaaTenb MOXET CNeaMTb 3a NPOLECCOM FONOCOBaHMS.
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Mepeuncnum HekoTopble 0cobeHHOCTY NnaTdopMbl "Ethereum", BaxHble Ans peanu3auum cuctemsl. Bo-
nepBbIX, S3blk NporpaMmmnpoBaHmns nnatdopmel "Ethereum”, "Solidity", o6nagaet nonHoTol No ThOPUHTY, 4TO
[enaeT BO3MOXHbIM peanu3aumio rorocoBaHus Ha 3Toi cucteme [3]. Bo-BTOPbIX, BbIMOMHEHWE CMapT
KOHTpaKTa B Hel CTOWUT HEKOTOPOro KOMMYeCTBa BamioTbl CMCTEMbl. CTOMMOCTb BbIMOMHEHUS KaXA0ro cMapT
KOHTPaKTa 3aBUCUT OT €0 BbIMUCAIMTENBHOM COXHOCTW. TakuM 06pa3oM, KOA CMapT KOHTpaKTa JOmkeH ObiTb
NPOCTHIM U ONTUMU3NPOBAHHBIM, YTOBbI YMEHBLLUUTE CTOUMOCTb Er0 BbINOMHEHMS.

B kayecTBe OCHOBbI [N MOCTPOEHWS MPOrPaMMHOTO KOMMMEKca BblbpaH NpOTOKOM OTKPLITOM CETH
ronocoBaHus [4], noToMy 4To OH 0becneymBaeT aHOHMMHOCTb B ELIEHTPaN30BaHHON CUCTEME FOIOCOBaHNS,
HO Ans ero npumeHeHust Ha nnatgopme "Ethereum", ucnonb3yetcs ero agantaums [5]. AganTupoBaHHbIN
NPOTOKON COCTOWUT 13 NATU 3TanoB.

1. Hactpoiika (SETUP).

. Peructpaups (SIGNUP).

. Oukcauus (COMMIT) - onumoHanbHbIA aTan.
. Tonocosanue (VOTE).

. Moacyer (TALLY).

CHavana Bce n ronocylowwx cormacyit napy(G,g), rae G - KOHeWHas LKIMdeckas

g~ wN

MynbTUNAWKATUBHAsA Tpynna BblMETOB MPOCTOrO Mopsigka ¢, a § — ee reHepatop. Ha arane HacTpoiiku
afMuHucTpaTop fo6aBnseT agpec y4eTHoM 3anucu B cucteme "Ethereum” kaxgoro M3 ronocytowmx B Cnvcok
JONyLUEHHbIX A0 rOnocoBaHWs. AOMMHACTPATOP TaKkKe BKMKYAET WX OTKIIOYAET OMNUMOHANbHbIA 3Tan
(ukcaummn, ycTaHaBnMBaeT BOMPOC ONOCOBaHMS. PaccMOTpuUM  oCTanbHble dTanbl  Ha  Mpumepe
B3aMMOAENCTBMS rONOCYHOLLEro 1 CMapT KOHTpakTa (puc. 2).

Ha stane pervcTpaumin kaxablii 13 ronocyoLnx BoIbMpaeT Lemnoe X; € [1,q —2] B ka4eCTBe CEKpPETHOTo

KMioua, BLIMMCNAET MyBMMYHbIR KNiow g% 1 He MHTepaKTUBHOE [10KA3aTeNbCTBO C HYNeBbIM pasralleHrem
ZKP(X,-), ucnonb3ys aspucTuky Ouata-lammpa [6]. My6nmnuHbIn KoY M AoKa3aTeNnbCcTBO C HymneBbiM

pasrrnaeHrem nyGnukytoTcs. B KOHLE 3Tana BbIMMCTIATCA MHOXUTENM, KOTOpble BYAYT UCMonb3oBaHb! Ans
CKPbITIS FOMOCOB, MO CriefyloLei dhopmyrie:

roe i — HOMEp roroCyHLLEro, N — KONMYECTBO FONOCYHOLLMX.
Ecrn yyecTb, 4To nioBoit uneH rpynnbl G SBNSIETCS reHepaTopoM g , BO3BEAEHHBIM B KaKyt-TO CTEMEHb,

MOXHO npeacTasuTs Y; = g¥imodq. , Torna Zx,-y,- = Omod(q —1). Ha onuvoHansHoM aTane dukcalmm Bce
i
ronocytoLme nybnmKylT X3l OT 3alwndpoBaHHOrO ronoca H(E (vi )) , YTO He NO3BONAET UM U3MEHUTbL CBON

ronoc B fjanbHeiLweM npoLecce ronocoBaqus. 3awmgpoBarHbIi ronoc £ (v,- ) BblUMCrSETCA N0 hopmyne:

E(v))=9"g",
rfie Vj — romnoc, KoTopbilit MOXeT NPUHMMATh 3HaueHs 1 umn 0, Tak kak paccMaTpyBaETCs roNocoBaHue TOMbKo
C ABYMS1 ONLMAIMK, HANPUMED, «a» UMK KHET».

Bo Bpems aTana ronocoBaHusi BCE ronocytolme nybnmkyloT CBou 3alMdpoBaHHble ronoca £ (v,~) "
[0Ka3aTeNnbCTBO «OAMH-M3-OBYX», BbINOMHEHHOE C Wcronb3oBaHneM TexHukm CDS (Cramer, Damgardand
Schoenmakers), utobbl NOKa3aTk, YTO rOMOC V; MPUHUMAET OAHO U3 [ONYCTUMbIX 3Haueruit — 1 umm 0 [7]. Ha

iy 2V
aTane noAcyeTa BbIYMCNSETCS NPOM3BEAEHMEe BCEX 3alUMpOBaHHbLIX FONOCOB Hg igli=gi
i

nepebopoM  BbIYMCISETCS  [MCKPETHBIA norapudm  (MakcuManbHasi CROXHOCTb  paBHa  KOMWMYECTBY
TONOCYIOLLMX), YTODbI HANTK KONMYECTBO FONIOCOB «/ay.
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W13-3a Toro, 4yto cuctema "Ethereum" B3umaeT nnaty 3a BbINOMHEHWE CMAPT KOHTPAKTOB B CBOEI CETH,
3aBUCALLYIO OT UX CIOXHOCTW, HeOOX0AMMO 3HaTb pa3mep 3TOW MnaThl Nepes TeM, kak 3anyckaTb NpoLecc
rONOCOBaHMS B Heit. [1ns TOro ytobbl y3HaTh CTOMMOCTb NPOBEAEHMUS FONOCOBAHMSI, HYXHO MPOBECTU CEPUIO
3KCMEPUMEHTOB B YaCTHOM CeTH.

o H50E-02
§_4,00E-02
o 3,50E-02 —
Z 3,00E-02 —
2,50E-02 e
2,00E-02 e f——
1,50E-02
1,00E-02
5,00E-03
0,00E+00

CTONMOCTB roJ10COBA

5 10 15 20 25 30 35 40 45 50 55

KoanuecrBo roJIOCYOLIHX

=« ]I aAMHHHACTPATOpA Jlis ronocyromero
Puc. 2. [pachukm 3aBMCMMOCTY CTOUMOCTM OT KONUYECTBA rONOCYHOLLMX

Mo rpacpmky (puc. 3) 3ameTHO, YTO CTOMMOCTb NPOBEAEHNS FONOCOBAHIS ANS afMUHUCTPATOPA IMHENHO
BO3PACTaeT C yBENMYEHNEM KONMYECTBA FONOCYHOLLMX, B TO BPEMS Kak CTOMMOCTb [15 FONOCYHOLEro ocTaeTcs
HEM3MEHHOW. OTO CBSI3AaHO C TeM, YTO BbIYACTIMTEMbHAS CMOXHOCTb  (DYHKUWA, BbI3bIBAEMbIX
aAMWHICTPATOPOM, 3aBUCUT OT KONMYECTBA rONOCYIOLLMX, @ NPY BbI30BE (OYHKLMIA, FONOCYHOLLMX UX KOMMYECTBO
He UMeeT 3HaueHms. [padmk 3akaHuMBaeTCa Ha 3HaYeHN «55 ronocyioLLmx» He crydaitHo. Mpu fanbHenwem
YBENNYEHUM KOMM4ecTBa ronocytowmx cuctema «Ethereum» He nossonsieT npoBecTu ronocosaHue. 370
CBAA32HO C €€ OrpaHNYEHNEM Ha 3aTpaTbl BbIYMCIUTENBHOM MOLLHOCTY.

B 3aknioueHne BaxHO OTMETUTb, YTO peanuaoBaHHas CUCTEMa rofloCOBaHNS MOAXOANUT ANs NPOBEAEHMS
mManomacLuTabHoro ronocoBaHus, Takoro kak ayautopHoe. lMnatcopma "Ethereum" HaknagbiBaeT Ha cmapT
KOHTPaKTbl OFPaHUYEHMUs, KOTOpbIE HE MO3BOMSKT OPraHW3oBaTh ronocoBaHWe C BOMbLUMM KOMMYECTBOM
Y4aCTHWKOB (B ONMCAHHOM peanu3aLmi MakcuManbHoe KOMMYECTBO rofocyHoLLMX 55), NO3TOMY MOXHO caenaTth
BbIBOA, YTO ANSA TakWX Lenen ata nnatdopma He noaxoawt. [ns macwrtabHoro ronocosaHus Tpebyertcs
CneLmranmanpoBaHHbIil GrOKYerH.
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YK 004.85

A. [j. ApaHowyk
CTYAeHT Kacheapbl MHOKOMMYHMKALMOHHBIX CUCTEM
A.N. Becenoe — kaHangat TEXHNYECKNX HayK, AOLEHT — Hay4HbI PYKOBOAUTENb

UCCNENOBAHUE ABNEHWA NEPEOBYYEHUA
B 3AJAYE BOCCTAHOBIEHUA NMHEMHOW PEFPECCUU

3a nocrnegHee [ecATUNETUE anropUTMbl MALIMHHOTO OBYYeHWs Havamu aKTWBHO MCMONb30BaThCs B
NoBCeAHEBHOA kM3HW. OpHako, HeCMOTPS Ha nporpecc B [AaHHOW obnacTW, CywwecTByeT psA
(byHAaMeHTanbHbIX NPobrem, peLLEHNE KOTOPbIX He HANAEHO Mo ceil AeHb. OAHOM U3 CYLLECTBEHHbIX MPoBrem
ABMAETCH TaK HasblBaeMblil «3ekT nepeobydeHns», 3aknoyatoLmiccs B NOACTPONKE NapamMeTpoB MoAenH
Mnof 3aKOHOMEPHOCTY, MpUCYLUMe TONbKO obyyatoLleil BbIOOpKe, HO He BCEil reHepanbHOM COBOKYMHOCTH. B
AaHHoON paboTe Ha NpuMepe MOZENV NMUHEIHON perpeccuy uccneayetcs npobnema nepeobyyeHus, a Takke
paccmaTpu1BaeTCs perynapusaums kak oanH u3 cnocobos 6opbbbl € Heil.

NvHeliHas perpeccusi— 3TO MEeTOA BOCCTAHOBMEHWS HEW3BECTHOW 3aBUCMMOCTW MeXAay Lieneson
NepemMeHHon y e R 1 npuUsHakamu X e R™no MHOXeCTBY W3mepeHuin (oByvarolen Bbibopke) {(x,-,y,-))},

i=12,...,n [1]. Mpegnonaraetcs, 4TO 3aBUCUMOCTb MOXHO NMPUONU3NTENBHO ONMUCaTb NUHENHON (DyHKLMER

y~w'f (x)+b, rae f(-)— cyHKLUMA reHepaLM HOBbIX MPU3HAKOB. [ YNPOLLEHNS U3MIOXKEHNS MIOTIOKM
m=1, T.e. ByeM cuuTaTh, YTO NPU3HAKM SBNAIOTCSA CKaNsPamy, a 3aBUCUMOCTb OMUCHLIBAETCS MOMIMHOMOM

p .
ZW]'X/-]_1, T.€. UCNONB3YTCA NONIMHOMUANbHbIE NPU3HAKK. 3apaya BOCCTaHOBMNEHUS IMHENHOM perpeccum
=

3aKIYaeTCs B NONCKe BeKTOpa KOIPMULMEHTOB W TaK, YTODbI OH Haumy4LuM 06pa3oM annpokCUMMpoBan
AaHHble 13 obyyaroLLeit BbIbopky. Mpoueaypy noabopa napameTpoB HasbiBalOT 0By4YeHUEM.
[nsa dopmanuaaumn NOHATUS «annpoKCMMaLmMy Hammny4wmm obpasom» UCronb3yeTcs Mepa kavecTBa
M . . 2
[2]. Camoi npocTon Mepoit kavecTBa L Ans 3agaun perpeccum siBnsieTcs L(y,y') = (y—y’) ,rae y' —ato
OLieHKa pearbHOro 3Ha4eHus LieneBoit nepeMeHHoN.
[ins 0byyeHns MoAenM NoNb3yKTCS NPUHLMNOM MUHUMM3ALMM SMMUPUYECKOTO pucka. PUCKOM rMnoTesbl

h HasblBaloT OXMOAEMOE 3HauyeHue (yHKLMM CTOMMOCTML:Q(h):IL(h(x),y)dP(x,y),rne P(xy)
pacrnpefieneHne OBBEKTOB B MPOCTPAHCTBE MPU3HAKOB. HO TakoW WHTErpanm He mocuMTaTh, TaK Kak
pacnpegenetme P(X,y) HenssecTHo. OfHAKO MOXHO MOCHMTATb SMIMPUECKYIO OLIEHKY PUCKa, Kak CpeaHee
3Ha4eH1e yHKLMN CTOMMOCTM:

Q) =138 (x).)

MycTb BbibOpKa cocTouT M3 13 Touek cuHyconabl Ha nHTepBane [0; 4]
¥

100

-1.00

Puc. 1. Beibopka
lMpumep MaTpuLybl, COCTOSALLEN U3 12 NPU3HAKOB, NPUBEAEH HIXKE.
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1 % - x118 xﬂ

1 % - xlg xﬂ
X= o : R

1 % - x118 XH

1 x - x}g x1111

OMNMpUYECKoe CpeaHeKBaapPaTUYHOE OTKIOHEHWE ONPEeAENSeTCs kak
2
L :HX w— yH ,
rae X > R1242 _ NpU3HaKK;, W € R geca (KoathdMLMeHTBI NpY NpU3HaKaXx); y € R'24_ orger.
BoabMeM cryyaitHoe w 1 nonpoGyem ero ynyywmntb. O4YeBMIHO, YTO YEM NyYllE W, TeM MeHblue Byaet
amMnMpuyeckii puck Q.
12 T 2 1 2 1 T
Q(w)=— ( ‘—x-w-) =—|yi—Xw||" =—(y—Xw —Xw).
(w) ZnE Yi—Xi Wi 2n||y' | 2n(y ) (y—Xw)
YtoBbl HailTW BEKTOp MapameTpoB, AOCTABMSIOLMIA MUHUMYM 3SMMUPUYECKOMY PUCKY, BO3bMEM
NPOU3BOAHYH):

Q(w) o 11 T TyT 1 T T

=—— =2y Xw+w X' Xw|=—(-2X"y+2X" Xw|.

oW 8w2n(y y-4 ) Zn( y )
[pupaBHsieM ee K Hynto:

1

%(—ZXTy+2XTXw) =0,

w=(xTx) "' xTy.
(x™x) xTy

BbiBegeHHas hopmyna no3BonsieT BbICYMTLIBATL BECA NS NIMHENHOMN perpeccuy.

Y [aHHOro noaxofa ecTb CYLIECTBEHHbI HEJOCTATOK: PeLUeHUs), HalaeHHble Takum obpasom, ByoyT
CKIMOHHBI K nepeobyyenuto. Mbl roBopum, 4to Mogenb obnapaet oboblualolLeit cnocobHOCTbI0, Toraa, Korga
owubka Ha HOBOM (TeCTOBOM) Habope AaHHbIX (B3SITOM W3 TOTO Xe pacripedeneHus P(X, y)) mana, unu xe
npeackasyema. MepeobyyeHHas mogenb He obnapaeT oboblyarollert cnocobHOCTbI0, T.e. Ha obydatoLem
Habope [aHHbIX OWwWbKa Mana, a Ha TeCTOBOM Habope [aHHbIX owMbka CylecTBeHHO Gonblue. B gaHHOM
cryyae Tak W MONyyYMnoch, MOMMHOM YETKO MPOXOAUT MO AaHHBIM TOYKaM, HO MIOXO MpeAckasbiBaeT eé

nanbHeLee noseaeHue.

\ /
os{ [ 1 / \
/ - /
\/ \ f )
004 \‘ /‘ \
\ /

Puc. 2. MocTpoeHHas mogens

3ameTuM, 4TO NpU YBENMYEHUM KONUYECTBA NPU3HAKOB AaHHON MOAENW YBENMYMBAETCS HOPMa BECOB
BekTopa. 10T (hakT 0OBACHAETCH TeM, 4TO B AaHHOM Chyyae onepauus B3STUS 0OpaTHOM MaTpuLbl MOXET
ObITb BbIYMCIIUTENBHO HECTABUIBHOM, TaK Kak 3Ta MaTpuLia MOXET UMETb ONpPeAenuTENb PaBHbIit U1 Bn3kuit
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K HyIto, YTO MPUBOAMT K YMEHbLUEHUIO COBCTBEHHBIX YMUCEN MATPHLbI, KOTOPbIE YYacTBYHOT B (HOPMUPOBAHIE

n

2 1 2 .

[AaHHbIX K03(hULMEHTOB MO hopmyre HOH :ZE(V,T'V) , e Bj— cobCTBEHHOE YmMCro, a V) — COBCTBEHHbIN
j=1Pj

-1
BEKTOp MaTpuLpl (XTX) xT.

Hopma Ownbra
5 —
I‘J ‘\\\\\

1 [ 4 \

[ \

/ \

/ \
i [ y \

[ \
| \
20 4 { 2 \
[ \
[ \
10 /
s / : \
- ~ B =&
04 — 0 p S
2 4 6 8 10 2 4 6 10
Kon-80 npwsHakos Kon-80 npusnakos
a

Puc. 3. ObyyeHre Moaenu NUHEIHON perpeccum:
a) poCT HOpMbI BEKTOPa; 6) pocT oLwmbKM npeackasaHns

Paccmotpum cnocob Bopb6bl ¢ nepeobyyeHnem 3a cHeT NpUMEHEHUS perynspusauuu. Perynspusauus
— 3T0 cnoco® YMEHbLUTb CMOXHOCTb MOAENW, YTobbl MpesoTBpaTUTh NepeobyyeHne WnM MCMpaBUTh
HEKOpPEKTHO nocTaeneHHyto 3agadvy [3]. OBbluHO 3TO AocTuraeTcs AobGaBneHMEM HEKOTOPON anpuUopHON
wHcopmaLwm K yerosuio 3agasn. Hanpumep, L(Xy,w)=L(X,y,w)+aR(W), rae a - 310 koatuLeHT
perynspusaLmy, NoKasbIBatoLLMI BEC YCOBUSA R B LieneBoit (yHKLmMM.

Kak yxe 6bln0 3amMeyeHo, 0OHMM 13 Npu3HakoB nepeobyyenns senatoTca Gonblune Beca y Bektopa
napameTpoB, MO3TOMy NOMPobyeM YMeHbLWWTb WX KBagpaTHYl0 HOpMy. OTOT MeTOA HasblieaeTcs L2
perynsipusauuen [3].

R(w) :1w2 :1§:w2 :1wTw
27225 T
HoBas hyHKLMSI CTOUMOCTY MPUMET BUA:
L(w) :zi(y—Xw)T (y—Xw)+%wTw.
n
BbIUMCTIM MPOM3BOAHYIO M0 NapaMeTpam:
oL(w) o1
ow ow 2n
Mpu1paBHAEM NPOU3BOLHYIO K HYFTHO M BbIPA3MM HOBbIA BEKTOP W
XTy +XTXw+aw = 0,

(yTy - 2yTXw + wTXTXw) +%wTw:—XTy +XTXw+ow.

w=(XTX+0E) XTy |
(XTx+ag) XTy

KpvBble, nokasbiBaloLuye U3mMeHeH e oLMbKV annpokcMMaLmi U pocT HOpMbl BEKTOpa NapameTpoB Ans
perynsipu3oBaHHoM MOAEnM, npuBeseHbl Ha puc. 4. MpeackasaHHas kpuBas npuBefeHa Ha puc. 5. MoxHo
3aMeTUTb, YTO WCMOMb30BaHWE PEerynspu3aLym no3BONMMO YMeHbLNTL AdhdekT nepeobyyeHis, Npu 3TOM
coxpaHnB 0606LLaloLLY0 CNOCOBHOCTL MOAENN.
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Puc. 4. OByyeHune Moaenu NMHEIHON perpeccum ¢ perynspusaLmen:
a) poCT HOpMbI BEKTOPa; 6) pocT oLwmnbKM npeackasaHns
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Puc. 5. Hosbliih rpacovk mogenu

Takum obpa3om, B pabote 6bina paccmoTpeHa npobnema nepeobyyeHns B 3apaye BOCCTAHOBNEHWS
NUHeHol perpeccun. Ha MopenbHbIX [aHHbIX MPOAEMOHCTPUPOBAH POCT HOPMbl BEKTOPA MapaMeTpos,
BO3HMKaIOLLMA Npu nepeobyyeHnn moaeni. MpoaHanuavuposaH MeTod 60pbbbl ¢ NepeobyyeHnem, 0CHOBaHHBIN
Ha MPUMEHEHUN perynsipu3aLuy napameTpoB B (yHKLMM 3MNUPUYECKOro pucka. [laHHblil METOA no3Bonun
NOCTPOUTL NOMMHOMMANbLHYK MOAENb, 0BnazatoLLyIo BbICOKOM 0606LLatoLLei CNOCOBHOCTbIO.

Bubnuorpadmyeckuii cnucok
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H. H. CmenaHuwuHa
CTYAeHT Kacheapbl MHOKOMMYHMKALMOHHBIX CUCTEM
M. P. FunbMymOuHo8 — kaHauaaT TEXHUYECKUX HayK, JOLEHT — Hay4HBbIA PYKOBOANTENb

AHANN3 3OOEKTUBHOCTU METOAOB MOAENUPOBAHUA ®OHA

CeWyac LUMPOKO MCMOMb3YIOTCH CUCTEMbI BuaeoHabmogeHns, Hanpumep, B oducax, Ha Aoporax, B
0BLLECTBEHHbIX 3aBEAEHUsX. B BONMbLUMHCTBE CMy4YaeB Takue CUCTEMbI MUMEKOT MHOTO Kamep, YTO YCHOXHAET
paboty oneparopa. [ins aBToMaT13aLum Takux CUCTEM B HIX aKTUBHO BHEAPSIOT anropuTMbl BUAEO aHaNUTUKK,
NO3BONAIOLLME JETEKTUPOBATL ABMXKYLMECH OOBEKTBI, OCYLUECTBIATH UX MOEHTM(NKALMIO U CONPOBOXAEHME.
B naHHoi paote nposoamTcs 0630p HECKOMbKMX METOAO0B MOAENNPOBAHNS (POHA U X CPABHEHME.

Mopgenb wuccnemyemoil cUCTEMbl WUMeeT CredylollMe [OMyLEeHWs: Kamepa KeCTKo 3akpenneHa,
napamMeTpbl Kamepbl He W3MEHSKTCS, OTCYTCTBYIOT peskie nepenadbl SApkocTW. [lepBbiM  Larom
DEeTEeKTUPOBaHMS ABUXKEHWUS SABNSETCA pasfeneHue nepefHero nnaHa v oHa — AN 3Toro Npou3BOANTCS
BblYMTaHWE MOAENN (poHa M3 TeKyLLero Kkagpa C NPUMEHEHWEM MOPOroBOro 3HayeHus. Ha puc. 1 nokasaH
npuMep SeTeKTUpOBaHNs 0ObEKTOB NEPeaHEro nnaHa ¢ NOMoLLbio MoAen doHa. MaeanbHeiM cnyyaem Bbino
Obl Mcnonb3oBaHme thakTuyeckoro oHa, T.e. kagpa 6e3 06beKToB NepeaHero Nnaa, Ho Yalle BCero cuctema
He umeeT Takoro kagpa. Mogenb hoHa SBMSETCS OLEHKOM Tekyllero doHa B kagpe. Mopenb obHoBnsieTcs
kagp 3a kagpoM, YTobbl MakcMMarbHO OTpaXaTb U3MEHeHWs, MPOMCXOAsLME B Kape: U3MEHEHNEe SPKOCTH,
TeHU, obnaka, nosiBreHne HoBbIX 06bEKTOB B hoHe W T.4. OT kayecTea Mogenu hoHa 3aBUCMT TOYHOCTb
onpeaenexns 0BLEKTOB NepedHero nnaHa, W, COOTBETCTBEHHO, AanbHelwwas pabota ¢ HUMM, Hanpumep,
pacno3HaBaHwe v knaccudukauus. Takke, B 6omnbLUMHCTBE CUCTEM HEOOXOAMMBIM YCTOBUEM SBNSAETCS paboTa
B pearnbHOM BPEMEHW, a 3HauuT, anropUTMbl AOMKHBI BbITb BbIMMCIMTENLHO MPOCTbIMK. [Ans TOro YToGbI
npeaycMOTPETb 3TU COKHOCTM 1 caenatb CUCTEMY afanTUBHOM K U3MEHEHNAM BbINo NPELOKEHO MHOXKECTBO
anropuTMOB Mo MOAENMPOBaHMK0 (HOHOBOrO M3obpaxeHus [1]. Kaxabiii MeTor MOAENMPOBaHUs CNpaBnsieTcs ¢
onpeaeneHHov 3agaqen.

Puc. 1. Mpumep getekTupoaHnst 00bEKTOB NepeaHEro nnaxa ¢ NOMOLLb0 MoLenu goHa:
a) ucxopHbIi kaap; ©) Macka nepegHero nnaxa; B) Moaenb oHa

MogenuposaHue (DOHOBOrO Kazgpa B MOMEHT BPEMEHM (MpOWU3BOAMTCS MO HEKOTOPOA MpeabicTopum
npeablaywmx kagpos B, = f (I, I;_4, ..., Iy). Tpouecc MogenupoBaHus (iOHOBOrO Kafipa COCTOWT W3 LuaroBs
VHUUManu3aumm u 06HoBneHns. C NOMOLLbHO MHALMAanW3aLmMm MOAENN nomnyvaeTcs nepsblit (OHOBBIA Kaap.
[lanee ¢ KaxzabiM HOBbIM LLArOM NPOMCXOANT OOHOBIIEHWE MOLENW Ha OCHOBE MpeablayLiei Mogenu oHa u
TekyLLero kagpa.

[nsa paccmotpenus Obinu BbIOpaHbl METOAbI MOZENMPOBaHUS (hOHA U3 [ABYX KIACCOB anropuTMOB:
CTaTUCTUYECKUIA, OCHOBAHHBIN Ha HAKOMMEHUM CTaTUCTUKU, N BEPOSTHOCTHBINA, OCHOBAHHbIN Ha HOPMarbHbIX
pacnpefenexusix.

MeToa 3KCMOHEeHUManbHOTo CriaXuBaHUs OTHOCUTCA K CTaTUCTUYECKOMY Krnaccy anroputMoB — Ans
NOCTPOEHUS MOZENM (hoHa MCMONb3YTCS faHHble U3 npeablaylumux kagpos [2]. ObHoBneHWe mMogeny doHa
NpOMCXOAMT MO CrieaytoLen opmyne:

Bt+1 = (llt +(1—(1)Bt,
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roe Bi— Tekywwas Mogenb oHa, [—TekyLwuii kaap, o — koahduuneHT 3abbiBanns 0 < a < 1.

Mpu ucnonb3oBaHMN METOAA 9KCMOHEHLMANbHOTO CrNaxuBaHWs Ha Modenu (hoHa nosBRAlTCA
«npu3paku» 0O6bEKTOB NepeaHero Nnaxa u3-3a BNUsHUS NpeablayLumx kagpoB. Yem MeHblue KoahuLMEHT a,
TEM MEHbLLE 3TO BAUSHWE.

Ewe ogHMM cTaTMCTMYeCKUM METOAOM SBMSIETCS B3ATME MeawaHbl. [ns nocTpoeHus Mmopenu
ucnonbayetcsd N npedbloyLmx kafpoB. 3HAYEHUEM KaXaoro MUKCens Mogenn poHa SBMSETCH SNEMEHT C
nHoekcom N/2 13 OTCOPTMPOBAHHOrO MaccuBa 3HAYeHWA 9TOrO MUKCENs B Mpedblayluux  Kagpax
{16, v), 11 (x, y), o, Ly (x, y) }. MeTo@ MeauaHbl YCTOWUMB K WM3MEHEHMSIM SIpKOCTM, HO Tpebyet
GonbLUMX 3aTPaT NAMATH W BbIYUCIIUTENBHO CIOKHEE 3KCMOHEHLMAMNBbHOMO CrNaXMBaHMS.

Mpy HanW4nMM SUHaMUYECKN MeHsIoLLerocst poHa, HanpuMep, KavaloLmMecst AepeBbs, ABUKEHNE BOAbI,
MOXHO MCMONb30BaTh BEPOSITHOCTHbIE MeTOAbl. OHUM U3 HUX ABNSIETCS CMECH HOPMAbHBIX Pacnpeaenexui
[3]. B MeToge cmecy HopMarbHbIX pacnpegeneHnin Kaxabli MKCenb M300paxeHnst ONUCLIBAETCS B3BELIEHHOM
CyMMO# K HopMaribHbIX PACTpedeneHuil C HeKOTOPbIM MaTeMaTYeCcKM OXUAAHUEM M U JUCTIepCUen o U
BECOM W;: B MeTofle Ha 6a3e cMecu HopMarbHbIX pacnpeaeneHnin UICTOPUS 3HAYEHUA KaXKAO0ro NUKCens kaapa
MOXeT BbITb OnMcaHa CMEChbI0 HOPManbHbIX pacnpeneneHuii:

K
P(l(x.y))= ;Wi,m(/t(xv}’)’mi,tvclz,t)x

TOe Wi¢— BEC i-10 MPOUEecca B MOMEHT BPEMEHU f, Mj— MaTeMaTu4eckoe OXugaHue i-ro nmpouecca, af—
ancnepews i-ro npouecca, K — Konmyectso npoLeccos, N — yHKUMUS NNOTHOCTU BeposTHOCTU. MapameTp K
3afaetca ucxoas u3 obbema namsaTy U BbIYUCIUTENBHON MOLLHOCTK. B cTaTbe [3] npeanaraetcs ucnonb3osatb
3HayeHust oT 3 [0 5.

Bec oTpaxaet 4acToTy Ucnonb3oBaHMs NpoLiecca B CMECH, NOITOMY A5 KaXaoro MUKCENs CymMma BECOB
MPOLECCOB paBHa eauHuue YK, w; = 1. Tpu NOSBREHMM HOBOTO 3HAYEHUS MMKCENA €My WLeTCs
nogxoasiwee pacnpegenexue. Mocrne aToro MUKCeNb Knaccudmumpyetcs B OH UK B NepesHud nnaH, a
napameTpbl MpoLeccoB OGHOBNAIOTCH. 3HAYeHWe Kaxaoro nukcens Modenu oHa opmupyeTcs kak
MaTemaTnyeckoe OXuaaHue npoLecca, MMetoLLero HaubonbLUKiA Bec.

ObheKTMBHOCTb METOAOB MOZENMPOBaHUS POHA OnpefensieTcs KauecTBOM Camoii Moaenn oHa 1
TOYHOCTbIO Macku NepeaHero nnaxa, nony4yaeMoil ¢ ee NOMOLLbH. JTU XapaKTEPUCTHKA MOXKHO OLEHUTb N0
cnesytoLym KpUTEpUsM.

1. PSNR (aHen. Peaksignal-to-noiseratio) ans oLeHkn kayecTBa NOCTPOEHHOI Moaenn. PaccuntbiBaeTcs
MeXay nomny4eHHON Mogenbio hoHa M 3TaroHOM, BbIGPaHHBIM BPYYHYH):

2
PSNR =10lg WHmaxval ,
WH —
22 (1)-1(0))
i=1 j=1
roe W, H — wnpuHa 1 BbicOTa kagpa, maxval-MakcumanbHOe 3HaueHue nukcens, /(i) —3HayeHve nukcens B
kagpe no koopauHatam (i);
2. Kputepuit F1-SCORE, oueHvBatoLLmil Ka4yecTBO cerMeHTaLmuu nepeaHero niaxa.Kputepuii cumutaetcs
MexXgy Nomny4eHHO MacKoil NepeaHero nna1a u atanoxoM (groundtruth):
2TP

2TP+FP+FN’
roe TP (TruePositive) — konmnyecTBO MUKCENeM, NPaBUMbHO KNaccUMUMpOBaHHbIX B nepepHuii nnaH, FP
(FalsePositive) — konu4ectBo nukcenen oHa, knaccuduumMpoBaHHbIX B nepegHuit nnaH, FN (FalseNegative) —
KOMM4EeCTBO NUKCENeN, OLWMBOYHO KnaccudmumpoBaHHbIX B hoH. Ins pacyeta cpeaHero 3HauveHus F1-SCORE
QNS BCeh NocneaoBaTenbHOCTM MConb3oBanack hopmyna:

1 N
Flag =1 2F1)
i=1

rae N - Konn4ecTBO KafpoB nocneaoBaTenbHoCTH, F1~ 3HadeHne F1-SCORE ans kaxgoro kagpa.
Ins  oueHkn adekTMBHOCTM paboTbl  METOJOB  MOAENMPOBaHWS  ¢OHa  MCMONb30Ban1Ch
BWAEOMOCNEeSOBATENBHOCTY C UMEIOLLMMCS 3TANOHOM Mackv nepegHero nnaxa (groundtruth) u3 Tectosoro
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MHoxecTa CDnet 2014 [4]. [laHHOe MHOXECTBO NpeacTaBnseT coboit TUNoBO Habopa AaHHbIX, CoAepXkaLLmMX
pearnbHble BUAEONOCNEA0BATENBHOCTY CUCTEM BUAEOHAOMIOAEHMS.

[lanee nokasaHbl NoMny4eHHble pe3ynbTaTbl CpaBHeHNst PaBoTbl METOAOB U NOMYyYeHHbIE MOAENM (hoHa.
B cpaBHeHU ncnonb3oBanuch CreaytoLLye napamMeTpbl METOAOB:

e [ns 3KCMOHEHUManbHoro crnaxueanus a = 0,09;

e [115 MeamaHbl KONMYeCcTBO cnonb3yemblx kagpos N = 50;

e [nsi CMECY HopManbHbIX pacrpeseneHuii Konm4ecTso NpoLeccos K = 4.

[aHHble napameTpbl Gbiny BbIGpaHb! OMbITHBIM MYTEM W AAIOT NyYLUNE pe3ynbTaTbl ANs KaXA0ro MeToaa
(tabnuua).

Tabnuya
CpaBHeH1e MeTof0B MOfIENMpOoBaHHs oHa
B OKCNOHEHLManbHoe Cwmecb HopMarbHbIX

naeo [MapameTp MepavaHa .

CrnaxuBaHue pacnpefeneHuii
highway F1 0,6 0,75 0,8
PSNR 23,3 26,2 30,6
peoplelnShade F1 04 0,55 0,6
PSNR 27,4 29,1 31,5
canoe F1 0,2 0,25 0,3
PSNR 18,3 18,2 22,3

Puc. 2. CpaBHeHne mogeneii hoHa, nocneaosaTensHoCcTb highway:
a) 3KCMOHEHUManbHoe CrnaxvBaHue; 6) MeguaHa; B) CMeCb HOpManbHbIX pacnpesneneHuit

=_— - —==d = 3

a) 6)

Puc. 3. CpaBHeHve Moaenei goHa, NocneaoBaTeNibHOCTb canoe:
a) 3KCMOHeHUManbHoe CrnaxvBaHue; 6) MeguaHa; B) CMeCb HOpManbHbIX pacnpeneneHuit

MonyyeHHble pe3ynbTaTbl MoKa3biBatoT, YTO MyyLlasi MofeNb hoHa 1 Gonee KaYecTBEHHas CerMeHTaLust
nepesHero nnaHa nonyyatoTcs Mpu WUCToNb30BaHUM MeToda CMecu HopMarmbHbIX pacnpeaenenuit. Metoa
MeauaHbl Takke AAeT XOpOLUME PesynbTaTbl, MOYTW HE YCTynasi B KAYecTBE CEerMeHTaLuu MeTOdy CMecu
HOpMarbHbIX pacnpeseneHuil.
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B 3aKkmioueHMe HyXHO OTMETWUTb, 4TO MEeTOfbl MOAENMPOBaHMsl (DOHa aKTWUBHO WCOMb3yTCH B
anropuTMax BMOEOAHANATUKA W TMOBbILIEHAE KayecTBa 3TWX METOAOB B HacTosllee Bpems sBnsieTcs
BOCTpeBGoBaHHOM 3afaqe.
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YOK 004.67

®.1. dypaes
CTYAEHT kachespbl 6e30MacHOCTH MHOPMALIMOHHBIX CUCTEM
A.B. AhaHacbesa — HayuHbIN pyKOBOAUTENb

NPEACKA3AHUE NOBELAEHUA NOTOKOB
B CUCTEMAX XPAHEHUA OAHHBIX

CucTema xpaHeHus fanHbIx (CX[) — aTo cuctema, kotopast obecneumsaeT xpaHeHue 6ombLumx 06bemMoB
[aHHbIX, @ Takke obecneunBaeT HageXHOCTb M Be30TkasHoCTb Joctyna. CerogHs, koraa mup Bee 6onblue
NepexoANT Ha ANEKTPOHHBIN 4OKYMEHTO0B60POT, BO3pacTaloT NOTPeBHOCTU B XpaHEHUN Pa3nnyHbIX AaHHbIX. K
TOMY e ObICTpoe yBenuuyeHme 0ObEMOB AaHHbIX TpebyeT NOCTOSHHOM MOAMGUKALMKM CUCTEM XpaHEHMS
AaHHbBIX W pacLLMPEHns NX Gr3NYecknx BOIMOXHOCTEN. AKTyanbHO 3aayei Ha CErofHsALLIHNA AeHb SBNSETCS
npeackasaHne noBefeHUs CUCTEMbI MPU U3MEHEHUN ee NapameTpoB, Tak kak 370 N03BOMSET CBOEBPEMEHHO
CKOpPeKTUpOoBaTb NOTPEBHOCTH CUCTEMBI B PECYPCAX.

B paHHoM cTatbe OyayT npoaHamM3vpoBaHbl CyLECTBYHOLUME MOAENW Npeackas’aHns NoBeAeHus
CMCTEMbI BO BPEMEHM, a Takke OyaeT pacCMOTPEHO, Kak HaiT OnTuMarbHble napameTpbl Ans paboTbl aTux
MOZENeit, UCXOOs M3 MMEIOLLMXCS [aHHbIX. Ha OcHOBe MpoBeAeHHOro aHanu3a, 6yayT BblAeneHbl Takke
[OCTOMHCTBA W HEAOCTATKM KaXAON U3 pacCMOTPEHHBIX MOAenei 1 U3 Hux 6yayT BbIOpaHbl Te, KOTopble AaoT
HanMeHbLUYHO OLWMBKY NpeackasaHus.

Mo pesynbTatam aHanusa OOMBLIOMO KOMMYECTBA CUCTEM XPaHEHWS [aHHbIX MOXHO CcAenatb
Ccneaytowme BbiBoabl. [laHHbIe 0 paboTe CUCTEM XpaHeHWs AaHHbIX 0BragaloT creaytowei cneLmudmKoii:

o oLieHka paboTbl CX[] cknapblBaeTcs M3 MHOXECTBA NapameTpoB;

© MOHUTOPWHT BCEX NapamMeTpoB NPOUCXOANT Yepe3 Marble BPEMEHHbIE NPOMEXYTK;

® JaHHbIe MOHUTOPUHIa 061aAatT NePUOANYHOCTBIO.

3TN 0COOEHHOCTM MPUBOAAT K TOMY, YTO 06BEMbI AaHHBIX MOHWUTOPMHra BbICTPO pacTyT, W K3-3a
OrPaHN4EHHOCTI NPOCTpaHCTBa for-hairbl CoaepaT MHGOPMaLMIO 3a KOPOTKUE WHTepBasbl BPEMEHM, Kak
npasuno, He NpeBbILLaloLLMe ABYX Heferb. Kpome Toro, YacTble 3amepbl NPUBOAST K BOMbLUNM CTAaTUCTUYECKAM
BbIGpPOCaM OTAENbHbIX AAHHBIX.

HeobxoanMo HalTi Takoit MeTod NpeAckasaHus, KOTOpbI MO ManoMy WHTepBanmy BPeMEHM NO3BOMUT
npegnckasatb paboTy Takux CUCTEM, a TakKe HaikTW ONTUMarbHbIA anropuT™ Ans (UNbTPaLMK JaHHBIX.

B xope uccnenosanus Anst punbTpaumu JaHHbIX Gbin BbIOGPaH MMHERHBIA (UALTP CO CKOMb3SLLMM
cpegHuM. 310 UNbTp, Ha BbIXOAE KOTOPOro 0Opa3yeTcs CpefHee 3HaYeHue TOueK, Y4acTBYHWWX B
unbTpaumm:

Ko 1

(=2 2K +1

j=K

X(t-)),

rae k — napameTp urbTpa, 0TBEYAIOLLMIA 33 KONMYECTBO TOYEK, y4acTBYIOLLMX B (oUnbTpaLmuy, a t — 3aaaHHbIn
MOMEHT BPEMEHM.

B npumepe (pucyHok) npuBedeH rpaduk, MOMyuYeHHbId MO pesynbTaTaM MOHUTOPWHTA pearbHO
CyLLECTBYIOLLEN CUCTEMbI XPaHEHNS AAHHBIX O W Nocne NNHENHON UnbTPaLMK CO CKOMb3SALLMM CPEAHUM MpH
napametpe k = 3.

Kak BugHO w3 rpachmkoB, nocre NPUMEHEHWS MMHEMHOTO (PuMbTpa CTano BO3MOXHBLIM PasnyuTb
33BMCUMOCTY B NOTOKE COBLITUIA CUCTEM XpaHEHUS AaHHbIX, @ TaKKE X NEPUOANYHOCTD.

B cratbe 6OymyT paccMoTpeHbl YeTblpe MOAENM MpefckasaHns: npocTas NMHeiHas perpeccus,
3KCroHeHUnanbHoe crnaxwsanue, ARIMA (4,0,1) u mogenb Holt-Winters.
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T N

PucyHok. MepBblit napameTp CXI 40 v nocne NpuMeHeHus NMHERHoro dunbTpa
CO CKOMb3SALLMM CPESHUM

MpocTast NUHelHas perpeccus NpeackasbiBaeT HanpaBneHHOCTb NoToka. ObLLas dopmyna npu ycrosum
O[IHOM He3aBWCcUMoi nepemeHon [1]:

y=Bo+Pix+e,
—1<Bg <1, —1<By <1,
rae Bo,By — noabupaemble koadduLmenTbl. B obiem cnyyae, ans Toro, 4tobbl HaNTM KOSHPULMEHTI,
WCMOMb3YI0T METOA HaUMEHbLUMX KBAAPaToOB OLWMGOK

N N
Se? =3 (yi —Bo i)
i=1 i=1
OKCMOHEHLMANbHOe CriaxvBaHue npeackasbiBaeT OyayLne 3HaueHusi, 0CHOBbLIBAsICb Ha NpeablayLLmX,
npu 3TOM BMUSIHUE MPedblOYLLEro 3HAYEHUs! HA MpeAckasaHWe 3aBWUCUT OT ero BRM3oCTV Mo BPEMEHM K
nckomomy. Obwas dopmyna [2]:

jra=ayr +a(1-a)yrq+a(1-a) yr g +...

0<a<1,
roe a— napametp, nogbupalowwmincs Ucxoas M3 3ajadyn MUHMMK3aLUWMM CyMMbl KBagpaToB owwnbok, T —
HacTpauBaeMblil Nepuoa NpeackasaHms.

ARIMA (VHTerpupoBaHHasi Mofieflb aBTOPErPECCUM — CKOMb3SLLEr0 CPedHero) coaepxut B cebe 3
napamertpa (p,d,q), rae p — KONMYECTBO NPeablAYLLMX 3HAYEHUA, Y4ACTBYIOLNX B NpeAckasaHun,d — cTeneHb
AnddepeHUMpoBanns,q — KONMYECTBO NapamMeTPOB CKOMb3ALLETO CPeaHero.

Paccmotpum mogens ARIMA (4,0,1). O6Lwas coopmyna [2]:

Y11= (1+01)yr = (01-02)y71-(02-03)y7_2 ~93y7-3 + 0467,
Yr42=(1+01)7 111~ (01-02)y7 —(902-03)yr-1-03)72,
0S91S1, 0S(p1$1, 0S(|)2S1, 0S(|)3S1.

PaccmatpuBaeMble paHee MOAENM He y4uTbiBany NEepUOLMYHOCTb AaHHbIX. B paccmaTpvaembix
cucTemMax MHorve Habnogaemble NOTOKM UMEKT CBOMCTBO MOBTOPSITLCS NOCHE NPOXOXAEHHNS ONpeserneHHoro
nepuopa. Kak npumep, nepuogom MoxeT ObiTb opuH pabouwit eHb, Hegens, mecsd, rog. Mogerb
npeackasanus Holt-Winters [2] cnocobHa yunTbiBaTh 9TM 0COBEHHOCTH.

V4= It * b+ St_myq,
rae:.

ly=a(y;—sp_m)+(1-a)(l_1+b4),
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St =Y (Yt —lt—1=b1) +(1=7)St-m.
by =B (I _It—1)+(1_ﬁ )bt—‘h
raely — napameTp, OTBEYaIOLMIt 32 BEC, YPOBEHb AAHHbIX, S; — NapaMeTp, OTBEYAIOLMI 3 NMEPUOSUYHOCTL
[aHHbIX, by — NapameTp, OTBEYAIOLLMIN 33 HANPABIIEHHOCTS rpachuka, m — napameTp, 06o3HaqatoLMil Nepuog,

B, y,a - noabupaemble napameTpbl, Takue YTo:

0<p'<1, 0<y<1,0<a<i.

[ns onpegeneHus ONTMMarnbHbIX MapaMeTpoB anropuTMbl peluanack ONTMMM3ALMOHHAs 3ajava
MUHUMU3aLMN CyMMbI KBaLpaToB OLWMBOK.

PaccMoTpum pesynbTaTbl NpeAckasaHus Ha ABYX Pa3nUuHbIX MOTOKAX M3MEpsieMblX NapameTpoB
peanbHo CyLLECTBYIOLLEN CUCTEMbI XpaHeHWst AaHHbIX. Bce Moaenu obyyanuch no AByM AHSIM paboTbl cucTeMbl
1 NpefckasblBany noBefeHue Habnoaaemoro napamMeTpa Ha TpeTuii AeHb. B Tabnuuax, npuBeLeHHbIX HIKeE,
cronbet; N — 3T0 KONM4ECTBO TOYEK OT HA4ana NpefckasaHns, y4acTBYIOWMX B MOACHETE CyMMbl KBaApaToB
owmbok. OcTanbHble cTONOLbI NOKa3bIBaKOT 3HAYEHME CyMMbI KBAApaToB OLWWOOK, KOTOpas nonyyunach Ans
AaHHbIX Mofienei.

Tabnuya 1
PesynbTaThl NpeckasaHus No NnepeoMy napameTpy

Ne NuHeitHas OKCMOHEeHLMansHoe ARIMA(4, 0, 1) Holt-

perpeccusi Crnaxueaxue Winters
5 163.70 9126.34 1724.76 112.94
10 1808.08 50141.23 13020.23 286.99
15 27925.71 61099.77 63895.03 1180.20
20 71124.43 63261.45 138993.45 1518.22

B tabn. 1 Bbinn ncnonb3osaHb! MpefBapuTeNbHO ONTUMM3MPOBAHHBIE NapamMeTpbl anroputMos (PBy =0

, o B=1

ana  JNIMHEeNHon

perpeccun,a=0.615,  ans

9KCMOHeHLUManbHoro

CrnaxmsaHug,

¢1=0.1¢0,=01¢3=0.1e=0.99, ana mogenn ARIMA (4, 0, 1), [3* =0, y =0.95, a =0 ans mogenu Holt-

Winters)
Tabnuya 2
PesynbTathl npeAckasaHus no BTOPOMY napameTpy
Ne JInHenHas OKCNOHeHLUmarnsHoe ARIMA(4, 0, 1) Holt-
perpeccusi Ccrnaxueaxue Winters
5 5244.75 2313.57 48.52 611.53
10 28657.80 12210.00 1117.55 616.40
15 50865.39 21583.22 2571.55 680.35
20 94565.89 46522.42 3354.87 749.13

B Tabn. 2 Bbinv nonyyeHbl napameTpbl anroputmoB (g

0.1, By =1 ona nuueitHoin perpeccun,

a=0.327, ons akcnoHeHumanbHoro crnaxuesanus, @4 =0.2,¢5 =0.1,953 =0.1,6 =0.99, ans mogenn ARIMA

(4,0,1)," =0, y =0.95, a = 0 anst mogenv Holt-Winters).

B xopme wccnegoBaHust Obino BbisSBEHO, 4YTo Mogenb Holt-Winters nyuwe Bcero npeackasbiBaet
coctosHue napameTpos B CX[, ofHako nHorga oHa MoxeT npourpeisatb Mogenu ARIMA (4, 0, 1) B Toukax,
nexallmx HenocpeaCcTBEHHO CeaoM 3a 0By4aloLLMM NepUoaOM.
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Tabnuya 3

I'IpemmyUJ,eCTBa M HEOOCTATKN PaCCMOTPEHHbIX MO,D,GJ'IGI;I

Mogenb

+

TNvHeliHas perpeccus

XopoLLo npe/ckasbiBaeT napameTpbl,
o6napatoLLme CBOMCTBOM NMHEHOCTY

[noxo npenckasbizaet
napameTpbl C NepUOANYECKOI
cocTaBnsioLLen

OKCMOHeHLUMansHoe CnocobHo npefckasaTb 3HaYEHWe, BOKPYT lnoxo npefckasbizaet
CrmaxuBaHme KOTOpOro KoNnebnioTcs 3HaueHs napameTpbl C NePUOANYECKOI
napameTpa COCTaBNSOLLEN
ARIMA (4,0, 1) XopoLuo npeackasbiBaeT Touku, 6nnskme k BbiCTpo TepsieT TO4HOCTb
Havany npefckasaHus npegnckasaHus
Holt-Winters XOpoLLo npefckasbliBaeT kak napameTpsbl,

obragaroLme CBOCTBOM MIMHEAHOCTH, TaK
1 NepUOANYECKIE TPachUKM

HenpezckasyemocTs npy
noABnNeHnn anepnoanyHoCT B
noBeJeHUN NapameTpa
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Lliapanosa [.A.
CTYAEHT Kachepbl MHHOKOMMYHMKALMOHHBIX CUCTEM
M. P. FunbMymAuHoe — KaHAWAAT TEXHUYECKUX HayK, OLEHT — HayuHbIil pyKOBOAMTENb

AHAIU3 BNUAHUA ANNTOPUTMOB LLYMOMOMABJEHUA HA PABOTY ANIFOPUTMOB TPEKWUHIA

B HacTosilee Bpems CyLLECTBYET NOHSTME KOMMbIOTEPHOE 3peHue (computervision), nog KOTOPbIM
nofpas3ymMeBatoT 06acTb CO3LaHNS KOMMbIOTEPOB, CMOCOOHbIX aHanM3upoBaTh LNdpoBbe U30GpakKeHNs
BMLEOMAHHbIe, 1 U3BNEKATb 13 HUX MHGOPMALMIO, @ TaKkKe anropUTMbl, BbIMOMHSIOLME TE e (YHKLMM, 4TO 1
3puTENbHas cucTeMa Yenoseka. KOMMbOTEPHOE 3peHuMe BKMoYaeT B cebs anroputMbl 4ETEKTUPOBAHMS,
KnaccudmkaLmm 1 TpekMHra 0GbEKTOB MHTEPECa.

AnropuTMbl TPEKWHTa, KaK 1 ApYrie anropuTMbl KOMMBIOTEPHOTO 3pEHHSs, COCTABMSIOT OCHOBY MHOIMX
NPUNOXEHNA U MPUMEHSIETCS MOYTU Be3ae. Hanpumep, B MeanauHLycTpum, MELULMHCKUX MPUIOXEHUSX U
O1onorMyecknx MCCnefoBaHmMsx, B poboTOTeXHUKe M OECnMMOTHLIX annapatax u T.4. Takke Gnarogaps
anropuTMam KOMMbIOTEPHOTO 3PEHNST MOXHO YNyuLUWTL aHanu3 GorbLUMX HaBopOB BUOEOLAHHBIX, MOBLICUTL
NPON3BOAMUTENBHOCTL 33 CYET COKPALLEHUS| KOMWYECTBA PYYHOTO TpyAa, HEOOXOZWUMOro Ans BbIMOSMHEHUS
3af1a4u 1 obecneyeHns eCTECTBEHHOO B3aMMOAENCTBIS ¢ MaluHamu. OfHaKO anropUTMbl TPEKUHTa He Beeraa
paboTaloT TOYHO, MOITOMY B HaCTosiLee Bpems paspabaTblBatoTCcs anropuTMbl COCOOHbIE CMPaBUTLCS C
OCHOBHbIMU Npo6remMamMu TPEKWHra, TakMMU Kak U3MEHEHWE OCBELLEHMS! B Kafipe, U3MEHeHe No3bl M MacluTaba
obbekTa u np.

MocTaHoBKa 3agaun TPEeKuHra

[naBHas 0cobeHHOCTb HeobxoauMast MaluMHaM, Ans TOro YTOBbl OHM MOIMW «BUAETHY, MOHUMATb W
pearvpoBaTb Ha OKPYXeHWe, - 3T0 WX CnocobHOCTb OBHapyXWBaTb U OTCNeXuBaTb 0BbEKTbI MHTepeca [1].
Ortctopa onpefeneHne 8udeo mMpekuHa — 3TO NPOLECC OLEHKM MONOXEHWs OaHOrO unu 6onee o6bekToB C
TEYEHNEM BpeMeHW no daHHoMmy Buaeopsay [1]. 3apava eudeo mpekuHea hopmynmMpyeTcs crieaytowmm
006pa3om: u3Ha4anbHO MMEeTCs Hekas MocneaoBaTenbHOCTb BUAEOKaapoB. Ha nepeoM kaape dukcupyeTcs
PervoHbl OIHOTO WM HECKOMbKMX 0OBEKTOB. VI Ha mocneaytowmx BuaeoKaapax OTCEXMBAETCA MONOXEHNE
3TUX 0OBEKTOB.

B pamkax wuccnegoBanus Obina BBEeAeHa HOBas MOCTaHOBKA 3afauM: WMEETCs  Hekas
nocneaoBaTeNnbHOCTb BUAEOKAAPOB, Ha MEPBOM Kaape (PUKCUPYETCS PErvoHbl OHOTO MIM HECKOMbKMX
00bekTOB. 3aTeM K KaxaoMy Kaapy BUAEONOCNeA0BaTENBHOCTY MPUMEHSIETCS anrOpUTM LLYMONOAABMEHNS 1
OTCNEXMBAETCS NOMOXEHNE 3TUX 0OBEKTOB.

MpumeHeHne
Boibop obbekTa ]

MocnenosaTensHOCTL Kagpa
{— WHTepeca Ha 1 Myl neHns

Kaapos Firpe

| — t

Puc. 1. Cxema anroputma BUAEOTPEKWHTa, UCXOAS U3 NOCTaBMEHHOMN 3aauu BUAEO TPeKuHra

obvekta

OueHka adhheKTUBHOCTH

KauecTBo Tpekepa 3aBUCUT OT NOCTaBMEHHOI 3aa4u 1 OT CoAepkaHus BUaeo psiaa. Ytobbl nsbexats
CYOBEKTUBHOCTM BU3yarbHOW OLIEHKW, TPeBYeTcs aBToMaTyeckasi mpoleaypa - 0GbekTMBHas oueHka. [Ans
unccnenoBaHus Gbina BasTa knaccuukaLMoHHas OLeHKa:

F—score:ﬁ @))
P+R

roe
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Takke B ka4ecTBe HE3aBUCUMOIA OLieHKM Obina B3sTa OLEHKA KAa4yecTBa OTCIEXWUBAHWUS OAHON Lienu
(Single-targetscores)[1].910 npocTas Mepa OWNOK1 MeXay OLEHKON COCTOSHUAX 1 HacToswmm (GroundTruth)
MONOXEHUEM ¥ — eBKITMAOBO PACCTOSIHME:

d=+/(xq —x2)2 +(y4 +y2)2 (4)rpe X, yi— KoopauHaTbl LieHTpa

OFPaHUYMTENbHOA paMKW pesyrnbTaTa TPEKMHra W UCTUHHOTO NOMOXeHus oObekTa. Yem MeHblue 3TOT
napametp, Tem 6rivxe LIeHTPbI ABYX OTPaHUYMTENbHBIX PAMOK HAX0AATCA APYr K APYrY, @ 3HAYUT OTKIOHEHWe
B OTCEXMBaHUN 06BEKTA MUHUMAIBHO.

OKCnepuUMeHT

[ns npoBepeHns wnccneposanus Obinn oTobpanbl 10 BMAEONOCNEAOBATENBHOCTEN C Pa3HbIMM
CLEHapMAMK, K Kaxaoi nocrnefoBaTensbHoOCTU Obin NPUMEHEHb! anropuUTMbl TPEKWUHTA ANsi CONPOBOXAEHMS
obbekTa, Mpy 3TOM K KaXgomy Kagpy CHavana MpUMEHsNCS anroputm LwymonogaeneHus. Mocne uero
oueHnBanacb 3(EeKTUBHOCTb NPUMEHEHUS LUYMOMOAABNEHUS MyTEM CPaBHEHWS OLEHOK O M nocre
NPUMHEHWS! anroOpUTMOB LLYMOMNOAABMEHUS.

[ns nccneposaHns Gbinv 0TOBPaHbI COBPEMEHHbIE anropUTMbl TPEKUHTa:

o Tpekep TLD (Tracking-Learning-Detection) — anroputm, paboTaiowuit B peansHOM BpeMEHH,
COCTOMT UX TPex KOMMOHEHT paboTalolux napannenbHo — AeTEeKTUPOBaHWe, TPekuHr u oBydeHue. o
pesynbTatam paboTbl NEpBbIX ABYX LEVCTBUA, KOMMOHEHTA OOYYEHWS CrEHEPUPYET MHOXECTBO MPUMEPOB
MONOXUTENbHbIX M OTPULIATENbHBIX KNACCOB ANs HAAEKHOCTN 0BHapyXeHus [2].

o Tpekep MHorokpaTHoro obyyenus (aHes. MultipleInstance Learning — MIL) — anropuTm ocHOBaH Ha
kackape BeiBnetoB HAAR, Ans HafgeXHOCTM paccMaTpuvBaeT Tekyliee MecTononoxeHue oObekTa kak
NONOXUTENbHbIA NPUMEP 1 HeGONbLUOE OKPYXEHWNE BOKPYT TEKYLLETro MEeCTOMONoXeHNs, 4Tobbl reHepupoBaTh
HECKOMbKO NOTEHLMarnbHbIX NOMOXMTENbHbIX MPUMEpPOB [3].

o Tpekep cpeaHero notoka (aHrn. MedianFlowTracker, cokp. MF) — anroput™, 0CHOBaHHbIi Ha OLIEHKE
CMeLLeHns cpeaHero noToka. C Kaxaon uTepaupelt anropuTm WULLET CMELLEHHbIE MUKCENN 1 0TOpackIBaeT Te
NUKCenM, KOTOPble He OTHOCATCS K 06bekTY [4].

o Tpekep, OCHOBaHHbIN Ha unbTpe koppensuuv saep (aHen. Kernelized Correlation Filter — KCF),
9TOT TPEKEP OCHOBLIBAETCA Ha MAesX, MPEACTABNEHHbIX B MPeabIAYLLMX ABYX TpeKkepax, Cronb3ayeT TOT (akT,
4TO MHOXECTBEHHble NOMOXMUTENbHbIE MpUMeEpbl, ucnonb3yemble B Tpekep MIL, umetoT 6Gonblme
nepekpbiBatoLecs obnact. 3TM  NepeKpbIBaloLLMeCs [aHHble NPUBOAAT K HEKOTOPbIM  MPUSTHBIM
MaTeMaTU4eckuM CBOMCTBAM, KOTOPbIE UCMOMb3YIOT 3TOT Tpekep, YTobbl caenatb OTCrexuBaHne ObicTpee u
TOYHEE B OAHO 1 TO e Bpems [5].

o Tracker Boosting— ato Bepcusi Ada-Boostanroputma, Ho pabotatolasi B peansHom Bpemenu. Ada-
Boosts cBoto ouyepeab - anroputm, KOTOpbIi ucnonb3yeT kackapsensnetoB HAAR. 3ToT knaccudmkatop
HeobxoauMo oby4aTb BO BPEMS BbINONHEHUS C MONOXUTENBHBIMU 1 OTpULATENbHBIMW NpUMepamMu 06bekTa
[6].

Takke ans aHanu3a Obinn 0TobpaHsb! CreayioLLe anropuTMbl GUMbTPALMM U LLYMONOAABMEHNS:

o [ayccoBckuitcounbTp (aHen. GaussFilter, cokp. GF) - cwunbTp, ucnonbayiowmit rayccoBckoe
pasmbIThe (rayccoBcKoe sApo). He yunTbIBAET pa3Hyr MHTEHCUBHOCTb MUKCENENA, B pesynbTaTe NonyvaeTcs
1306paxeHne Co CMasaHHbIMU KpasiMu.

o BunatepancHein ¢unbtp (aHen. BilateralFilter — cokp. BIL), dunbTp ucnonbayeT HeCcKombko
rayCCOBCKWX (PUMbTPOB, OAWH W3 KOTOPbIX SBNSETCSH (PYHKLMEN PasHOCTH NuKCenen. epsas rapaHTupyer, 4to
ANs pa3MbITUS YYUTBIBAKOTCS TOMbKO Onu3nexalyme nukcenu, B TO BPeMS kak BTOpas (yHKUMS pasHOCTM
WHTEHCVBHOCTEN rapaHTUpyeT, YTO ANs pa3MbITUS CHUTAIOTCS TONBKO MUKCENM C OANHAKOBON MHTEHCUBHOCTbIO
ANS LeHTpanbHoro nukcens. Takum 06pa3om, OH CoXpaHseT Kpasi, MOCKONbKY MUKCENN Ha kpasix byayT umeTb
6onbLuyto BapuaLyio UHTEHCUBHOCTH.
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o lllymonopaBnenne HenokanbHbix cpepHux (aHen. Non-LocalMeansDenoising — NLM), dunbTp,
OCHOBaHHbI Ha BbIYUCTIEHWM CPEAHErO LiBeTa Hanbonee noxoxux nukceneit. CXoACTBO OLEHMBAETCS NyTeM
CpaBHEHWs! BCEro OKHA BOKPYr KaXOOro MUKCens, a He TOMbKO LBeTa, OTCIOAA W Ha3BaHWe - HerokanbHoe
cpegHee [7].

o lllymonogasnenue ¢ nomolubto 00yyeHus cnosapeii (aHrn. DenoisingviaDictionaryLearning, cokp.
DL) [8].

[ns oueHkn adekTBHOCTM paboTbl TpekepoB 6binn OTOOpaHbl BUAEONOCNELOBATENBLHOCTU C
pasHbIMM CLEHapuaMM, CofepXalluMu npobnembl TPEKWHra: W3MEHEHUEe OCBELLEHHOCTH, M3MEHeHWe
macluTaba, YacTuuHble U NOMHble NPerpaxaeHns, aechopmauuns, ABKeHNe kamepbl U BbICTpoe ABUXEHME,
n3meHeHmre nosbl 1 apyrue. OueHuB paboTy anroputMa Ha NOAOBHBIX NOCNEAOBATENBHOCTSX, MOXHO OyneT
ckasaTb, HACKONMbKO XOPOLLO anropuTM CMpaBmstoTCs C OCHOBHbIMKM Mpobnemamu BMAeO TpekuHra. BaxHo
OTMETUTb, YTO B pacCMOTPEHMe Obinv B3SiTbI NOCNEA0BATENLHOCTH, COAepXallne MUHUMATbHOe KOMYECTBO
npobnem B cLieHapum, Takum 06pa3oM MOKHO BbINO OLIEHUTb, HACKOMBKO TPEKEP CNPaBNSETCS C TOM U APYroM
npobnemoi.

PesynbTarthl
B pesynbTate npumeHeHWs MeTogoB pumbTpauMu K kagpam  BWAEONOCHe[oBaTenbHOCTEN W
NPUMEHEHNS anropUTMOB TPEKUHTa Bbinu NonyyeHs! creaytowme pesynbTathl (Tabnuua).
Tabnuya

Haunyutme pesynbTaTbl paboTbl anropuTMOB TPEKUHTA A5t Kax Aol NoCnefoBaTenbHOCTY 40
MPUMEHEHUS aNTOpPUTMOB LUYMOMOAABMEHWS 1 Mocre

Ne n/n Dataset Before After Best

1 Jumping MIL MIL+DL MIL+DL
2 Walking2 Boosting Boosting

3 MountainBike Boosting MIL+BIL

4 Subway TLD TLD+DL Boosting+DL
5 Walking Boosting Boosting

6 FaceOcc2 MedianFlow MedianFlow
7 FaceOcc1 MedianFlow KCF+GF

8 CarDark Boosting Boosting+BIL MIL+GF

9 BlurFace MedianFlow MedianFlow+DL MedianFlow+DL
10 Crowds Boosting Boosting+BIL MIL+DL

o [Ins TpekepoB B OCHOBHOM MPUMEHEHWE anropuTMOB LLYMONOAABMEHINS NONOXUTENBHO NOBANSNO
Ha Ka4ecTBO paboTbI.

o Tpekep KCF B cpaBHeHus C apyrumu anroputMamu pabotaeT HeapdeKTMBHO M Jaxe ¢
NpYMEHEHNEM anropuTMOB LLIYMOMOLABNEHNS HE CNpaBnsieTcs ¢ AedopmaLment 06beKTa 1 HanMUMeM NOXOKMX
o0bekToB B Kkagpe. [pu aTOM npuMeHeHue rayccoBckoro unbtpa ans anroputma KCF noBbiwaert
3 heKTUBHOCTb paboTbl.

o Tpekep MedianFlownyuwue Bcex cnpaBnsieTcs ¢ YaCTUYHBIMW W NOMHBIMK NPErPaxaAeHNSMM.

o Tpekep MIL ny4we Bcero cnpasnsietcs ¢ ObICTPbIM ABWXKXEHNEM U ABKEHUEM KaMEPbI.

o Tpekep Boosting nyywe Bcex cnpaBnseTcs ¢ nperpaxaeHnsmm n gedopmaumein obwvekta. U B
CpaBHEHWM C ApYr MM anropuTMami fyyLue BCEro CnpaBnsncs ¢ 3afadel ConpoBoxaeHns obbekta, aaxe 6e3
VCMONb30BaHNs anropyUTMOB LLIYMOMOAABIEHS.

o Tpekep TLD ycTynaet B achtheKTUBHOCTY ApYrUM Tpekepam, Aaxe ¢ UCNONb30BaHWEM anropuTMoB
LUyMONOfaBneHus!.

o Anroputm DictionaryLeaming, npuMeHeHHbIR AN8 LWYMONOAaBeHs, NOMOXUTENbHO BRKAN Ha
kayecTBO paboTbl Tpekepos, HO npu NpUMeHeHWM 3aTpaunMBaeTcsi MHOrO BpemeHw Ha obpaboTky kagpa,
NoSTOMY He PEKOMEHOYeTCA WCNonb3oBaTb 3TOT anroputM. Takke OH 3HAYMTEeNbHO MOBMMAN Ha
addekTneHocTb paboTbl Tpekepa TLD n MedianFlow.
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o [lpn npumeHeHun anroputmos Wymonogasnenns Non-LocalMeans u BilateralFilter 3ameyeHo, uto
3TU  anropuTMbl ymyyllalT 3heKTUBHOCTL paboTbl TPEKEPOB, HO YCTYMawT [APYrAM  anroputMam
LUyMONoAaBneHus.
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