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Ilocmanoexka 3a0auu

OnbIT pa3pabOTKM W IKCIUTyaTallUd JAaTYUKOB MEPEMEHHBIX
napinenuii [1 - 5] mokaspiBaeT, YTO YAaCTHUYHOE, a MOJ4Yac IOJHOE
OTCYyTCTBHME HHpOpPMALlUM O JAUHAMUKE JlaTYMKa B  YCIIOBHUSIX
JKCIUTyaTallii  OOBSICHSAETCS HEAOCTAaTOYHOCTHIO 3HAHUH O €ro
MOBEJAECHUH B YCIOBHUAX aTTECTAMOHHBIX HcHbITaHu. Cepbe3Hou
MPUYMHON BO3HUKHOBEHHUSI JaHHOU MPOOJIeMbl SIBIsieTCS TOT (akKT, 4TO B
HACTOSIIIIEe BpEMsSI HCIIOJTHEHHE CTEHIOBOTO OOOpPYJOBAaHHS B psc
CIydyaeB HE OTBEYaeT TPEOOBAHUAM, MPEIBIBISIEMBIM PETrJIaMEHTOM
aTTECTAIIMOHHBIX UCTIBITaHHUU. [10 GOJIBIIOMY cUeTy, 3TO BBIpakaeTcs B
HEBO3MOXXHOCTH  BOCIPOU3BEACHUS  UJICATBHBIX  HMCIHBITATEIbHBIX
BO3JICCTBUM, KaKUMH SBIISFOTCS, HANpUMEpP, O-UMIYJIbC, CTYIICHb,
FapMOHUYECKUI CUTHAJL.

Tak, npuOIMXKEHWE BXOJHOTO BO3JCUCTBUSA, aIMPOKCUMHU-
pYIOLIEr0 O-UMMYJIbC, K HUJCATbHOMY MOCPEJICTBOM YMEHbIICHUS
JUIMTEILHOCTH  TMOJApPa3yMeBaeT  YBEJIUYEHHE  €ro  aMIUIUTY/bI,
HEOOXOJIUMOE IJIsi BBEJCHUS JaTUUKa B PEXKUM CBOOOJHBIX KOJIEOaHUH.
Mexny TeM, JaTYUKU OOJaal0T JIMHEHHOCTBIO XapaKTEPUCTHUK JIUIb B
OTPAaHUYCHHOM JIMana30He aMIUIMTY]l BXOJHBIX BO3JIEUCTBUHN, B CBS3H C
YeM BCAKOE TMPEBBIIMICHHE HX MOIIMHOCTH OTpaXkaeTcsi B BUJE
HEJIWMHESHHOCTY THIIA HACHIIICHHUS.

B paGotax [6, 7] BBEIEHO YCIIOBHE NPUTOJHOCTH HMITyJIbCa
JIAaBJICHUSI B Ka4eCTBE MCIILITATECILHOIO BO3JCHCTBHS, BO3ZHUKAIOIIETO B
YCIOBHUSX  dJIEKTporuapaBiandeckoro sddexkra (takoir  dPdexr
HaOII0IaeTCsl TPU B3PHIBE METAJUTMYECKOTO0 ITPOBOJHHMKA B JKHIKOMN
Cpelie Y MCMOJIb3YETCs I BOCIPOU3BEACHUS UMIYJbCOB B CTEHIOBOM
o6opynosanuu tuma UK/, UKY, UAY [7 - 9]).

JlaHHOE yClOBHE YTBEpPXKAAET CIEAYyIOIee: B TOM cliydae, eCiu
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JUIMTENIBHOCTh T TAaKOTO HUMITYJIbCa, OO0JIaaloniero MpsIMOYTOJIbHOM,
TPEYroJabHOM, KOJIOKOJI000pa3HoU u T.M. Gopmoii, He mipeBblimaer 0.37,
rae T — mepuoJ; COOCTBEHHBIX KOJEOAHHMM MaT4yHMKa, UMITYJIBC MOXKHO
CUMTATh UJCATbHBIM UCIBITATEIbHBIM BO3/ICMCTBUEM, TOT/Ia KaK OTKIIMK
JaTYnuKa paccMaTpuBaTh KaK npUOIMKEHUE MMITYJIbCHOM
XapaKTEPUCTHUKHU.

JIeCTBUTENBHO, JaHHOE YCIOBHE SIBISETCA  METOOUYECKU
KOPPEKTHBIM Il JAATYUKOB, COOCTBEHHBIE YACTOTHI KOTOPBIX JIEKAT
BHYTpU CHEKTPAIBHOU I10JIOCBI BO3JICUCTBUS (Hanmpumep,
uACHTU(PUKAITIS JUHAMUAYECKHUX XapaKTEPUCTHK JATYMKOB,
COOCTBEHHBIE YACTOTHI KOTOPBIX PACHoJIOKeHbI BHYTpH mosockl 0 — 300
k[’ BO3MOKHA C MOTPEHOCThIO 3 — 15% mpu JIUTENBHOCTH UMITYJIbCA
3 Mmkc [8, 9]).

HekoppekTHOCTh  3amaun  uJEHTU(PUKALKMK, OO0YyCIOBICHHAs
HEHAOJI0AAeMOCThI0  BXOJa, T.€. OTCYTCTBUEM HHGPOpMAIMH O
BPEMEHHBIX XApPAaKTEPUCTUKAX HCIBITATEIbHOIO BO3JEHCTBUS, paHEE,
TEM HE MEHee, MO3BOJIMIa pa3paboTaTh psii METOAUK UACHTU(MUKAIIIH
OTUHAMHYECKUX XApAaKTEPUCTUK JAaTYAKOB 1O HX OTKIMKaM Ha
WCTIBITATENIbHOE BO3JCUCTBUE TUIA O-uMmyJibca. Tak, myonukanuu [10 -
13] conmepkar onucaHusi cnoco0OB, OCHOBaHHbIX Ha aHaiu3e Dypne u
HaLEJIEHHBIX Ha 00pabOTKy KOPOTKMX pealn3aluil OTKIMKOB, a TAKXKe
MapaMeTPUIECKIX METO/I0OB, B KOTOPBIX MPEAINOIaraeTcsi BRIOOp ydacTKa
(Y4acTKOB) OTKJIMKA, 00JIaJalOIINX HAUBBICIIMM 3HAYEHUEM OTHOIICHUS
curHan/mym. Kpome Toro, Hapsgy ¢ BbIOOPOM ydacTKa OTKJIMKA
YIOMSIHYThIE METOJIMKU TPEIoJaraloT TakKe OTOpachlBaHUE €ro

. 1
IIEPpBOIro noaynepuoaa, T.€. n = lnt% HHGPBHX OTCUCTOB, COACPIKAIINUX
1]

BBIHYK/IAIOIIYI0 COCTABIISIFOIIYI0O M CBOOOJHBIE KOJICOaHMs AaTuuKa, H,
BMECTE C TEM, IMOCJIETHUI MONyNepruoa Kak HauOoyiee 3allyMJICHHYIO
94acTh OTKIMKA. TakuM 00pa3oMm, YHMCIO OCTAIOMIMXCS LEIBIX NEPUOI0B
OTKJIMKA JIOJDKHO 00ecreYnBaTh MUHUMAIIbHOE 3HAYCHHE METOJUYECKON
norpemHocT uaeHTudukamuu [13].

Mexny Tem, OrpaHWYeHHE AIUHBI peanu3alii, Kak H3BECTHO,
COIIPOBOKIAETCS TPOSIBJIGHUEM psijia HEIOCTATKOB, CPEeIu KOTOPBIX
HanOoJiee CYHIECTBEHHBIM SIBJIICTCS  yXYIIICHHWE CHEKTPaJIbHOTO
paspeuieHus U yTeuka B CHEeKTpajabHON oOnactu. (BcmoMHMM MONHOTEHI
panu, 4TO B3aUMOCBS3b BXOJHOTO BO3ACUCTBUS M OTKIIMKA MOXKET OBITH
oTpeJieieHa HHTErpaioM (ppeAroab-MoBa THIIA B ipeaenax 0 — o).

HIupoKOMONIOCHOCTh AATYMKOB TEPEMEHHBIX [aBICHUN HOBBIX
MOKOJIEHUH HE TIO3BOJISIET CYUTATh YIOMSIHYTOE YCIOBUE MTPUEMIIEMBIM C
TOYKH 3PEHHS YIOBJIETBOPEHHUS YaCTOTHOTO JAHMAla30Ha HCIBITAHHUS.
OueBuIHO, B TaHHOM ClIy4ae 3a7ada HICHTU(PUKAIWN TUHAMHUYECKUX
XapaKTepUCTHK CBOAMTCA K Ooyee oOmiel 3amade, CMBICT KOTOPOU
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3aKJIIOYAEeTCS B ONPEACICHUHM  XApaKTEPUCTUK IO  BXOJHOMY
BO3/ecTBUIO M3BecTHOM (opmbl [14 - 17]. Omgnako Takas 3ajada
BKJIIOYaeT B ce0s 7aubo mpobiieMy MOJETUPOBAHUS BXOJHOTO
UCIIBITaTeIbHOTO Bo3aecTBus [18 - 22], mubo mpobieMy BbIICICHHS
UMITYJIbCHOM XapaKTEPUCTUKHU JTaTUUKA M UCIIBITATEIBHOTO BO3CHCTBUS
W3 OTKJIMKA.

B macrosmieir paboTe paccMaTpuBaeTCs pemieHHue MpoOIeMbI
BOCCTAHOBJICHHS UMIYJbCHOU XapaKTePUCTUKHU JaTYAKa n
WCTIBITATENIBHOTO BO3JICUCTBUS C HCIOJIb30BAHUEM TEXHUKU OOPaTHOTO
BEUBJIET-TIpe0oOpa30BaHms, a TAK)KE PEIICHUE 3a/1auu MapaMeTPUIEeCKOM
UIeHTU(UKAITIN TaTINKOB.

CwT

Cpenn  w300uUiMs  MOJAXOJOB K  00OpabOTKE  CHUTHAJIOB,
NPEICTABICHHBIX  CEroJHS  Ha  «IOTPEOUTENIbCKOM  PBIHKE,
KOHTHUHYaJIbHBI BEMBJIET-aHAIN3 BBIJICISETCS KaK JOCTATOYHO THOKUN U
B TO K€ BpeMs BeChbMa MOIIHBIH MHCTPYMEHT 4YaCTOTHO-BPEMEHHOTO
aHaIM3a.

Paccmotpum B L, (R) 0asuc, MPEICTABJIAIOIMHA  COOOM
COBOKYMHOCTh  BEUBIET-QYHKIHKA, TIOPOXKIAEMBIX  MAaTEPUHCKHUM
BeiiBeToM () TOCPEACTBOM €ro TpaHCIALMi (CABMIOB) M JWJIaTaLlUid
(pacTsbKeHUN /UM CHKATH) U yIOBIETBOPSIONIUX YCIOBUSIM [23]:

— JIOKaJbHOCTH BO BPEMEHHOMW W YaCTOTHOM o00JacTsaX (HaTu4us
KOMITAKTHOT'O HOCHUTEJIA);

—  KBaJpaTHYHON MHTErPHPYEMOCTH, I|qJ(tX2dt <o;

— HaJIWYUS HYJIEBOIO CPEIHEro W/WIM MOMEHTOB OoJiee BBICOKOTO

[oe]

nopsaka J; = -]’tiw(t)dt =0, oOecre4ynBaroOIMX CBOUCTBO BEHBIET-

(YHKUMIA OCYLIECTBIATh aHAIM3 «TOHKOW» (BBICOKOYACTOTHOM)
CTPYKTYpPBbI CUTHaJA, noz[aBnﬂ;I ero JAMUHAPHBIE COCTABIISAIOILUE;

°|Lv( )

—  YCIIOBHIO dw= I dw=c, <o, B KoTOpoM (W)

€CTh CDypbe—06pa3 BeHBneT—cpyHKuHH.
OO1iee BbIpaXEHUE, OMNPEACISIONIEe NPSIMOE KOHTHUHYaJIbHOE
npeoOpa3oBaHye CHrHana s(t), IMEET CieIyromuii BU:

CWT(a,b)=(s() (), (1)

rac
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1 -b
()= —uwH =24 )
( ) \/5 Oa [
31ech a,b MPEACTABISAIOT COOOH TIEpeMeHHbIe MacIiTada U CIBUTA

BeliBner-pynkuun (2) takue, yto « JR™ - {0}, bR, Torna kak CWT (a,b)
— CIIeKTpaJIbHbIE KO (PUITMEHTHI CUTHAJIA.

OueBuaHO, MHTErpajgbHas (opmMa BHyTpeHHEro npouseaeHus (1)
3aIIACHIBACTCS B BUJC:

CWT(a,b)= % }s(t)wé:—b%ﬁ. 3)

W3 naHHOTO BBIpaKEHUS BUAHO, UYTO OOECIIEUYEHHE CBOWCTBA
YaCTOTHO-BPEMEHHON  JIOKAJM3allMM B BEUBIET-MpeoOpa3oOBaHUU
JOCTHraeTcs IMOCPEICTBOM HCIOJIb30BaHUs sapa (2), MpUYeM poJib
YacTOThl 3/I€Chb WIrpaeT NEepeMEHHas a, TOrJAa KakK MCIHOJb30BaHUE
MEPEeMEHHOHN clIBUTa b 00ECIeUrBAET JOKATU3AlNI0 BeUBIET-(QYHKIINH,
a, CIIEIOBATEIIbHO, CHUHIYJSAPHOCTEM CHUrHajla BHYTPU BPEMEHHOTO
Hocutens. [elictButenbHo, 00pa3 @Dypbe MaTEpUHCKON BEUBIIET-
dbyHKIIUU, B 00IIEM cllydae 3allMChIBAEMOM ¢ TIOMOIIBIO BhIpaKeHUs (2),
UMEET BUJ:

o= 7 J WE P e = Japlae . )

[Io aHamorMm cO CHEKTpalbHOHW IUIOTHOCTEID Dyphe S(w),

XapakTepu3ylolel pacrpeelieHue SHEPrud MEXy TapMOHUYECKUMU
COCTaBJIIOIIMMHU CUTHAJIA
A 2
S(@)=|7(w) .

rne f(w) — ero oOpas ®ypwe, crekTpanbHas ILIOTHOCTh CHTHAla Ha
IJIOCKOCTH (a,b ) CyTh

S(a,b)=|cwr(a,b)’. (5)
boree HO,Z[p06HO€ HN3JIOKCHUC TCOPCTUICCKUX OCHOB

KOHTUHYaQJIbHOTO  BEHBJET-aHalM3a, a TakKe €ero WHKEHEPHBIC
PUIIOKECHHUS MOXKHO HalTH B paboTax [23 - 26].

Keanmoeanue nepemennvix macuimada u coguza

Kak w3BecTHO, CHUTHAIBI (DU3UYECKOTO MPOUCXOKIACHUS HMEIOT
KOHEUHYIO JUIMHY pealu3alid U 3aHUMAlOT OTPaHUYEHHYIO TMOJIOCY
4acToT. B cBsi3u ¢ 3TUM pe3ynbTaT npeoOpa3oBaHus MPU OMPEICIICHHBIX
YCIOBUSAX pelaeMod 3a7aydl  JIOMYCKaeT HalMyue BO3MOXKHBIX
MOrpEmHOCTeN  aHanu3a. lIpencraBisieTcss  TakKEe  COBEPILIEHHO
€CTECTBEHHBIM TOT (DAKT, YTO KOHTUHYaJIbHOE BEHBIIET-IpeoOpa3oBaHue,
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TCOPETUUCCKU HCHOJIHsIeMoe aist (R, bUR, aOR™ - {0}, sABmsercs
Hepealn3yeMbIM  Ha  IIPAKTHUKE, a II0OTOMy  IOJApa3yMeEBaET
HEO0XO0JIUMOCTh KBAHTOBAHUSI IEPEMEHHBIX a,b .

KBanToBaHnue Maciirtada Hp€06p330BaHI/ISI MOJXKCT
OCYHCCTBIIATLCA IOBYM:A CHOCO6aMH, N3 KOTOPBIX HepBBIﬁ, Hauoboee

O‘lGBH,Z[HBIﬁ, 3aKJIIOYAaCTCA B HMCIIOJIB30BAHHUMN IIpaBWIIA a; :aé, rac
ap =const, TOraa Kak BTOpOﬁ, HH)KeHepHBIﬁ, OCHOBBIBACTCsA Ha

CJIEYIOIINUX COOOPaKEHHUSX.

[TockonbKy MacuTaOupyromas nepeMeHHasl BEHBIET-PYyHKIUN U
ee IeHTpajdbHas 4YacToTa, a TOo4yHee HacTpoika ¢uiasTpa (4),
MOPOXKAAEMOr0 BEUBNET-PYHKIMEH, 0OpAaTHO MPONOPLUUOHAIBHBI APYT

1
apyry (f.=—), HMeeT CMBbICI 3aJaHUE€ MHTEpBala W3MEHEHUs
a

MacIITabupyIome MNepeMEeHHON, OOYCIIOBICEHHOTO  MPEACTIbHBIMU

HU3KOYACTOTHOMU u BBICOKOYAaCTOTHOM COCTaBJISFOIIUMU
aHaJIM3UPYEeMOro CUrHania:

a ={ka|k=1,4). ()
3nech Aa — IIar OpUpalieHus MaclTaOupyrolmeld nepeMeHHou, A —

KOJIMYECTBO TAKUX MPUPAIICHUN.

KBanToBaHue mnepeMEHHOM  CIBUra, Ha  HAll  B3MJIA,
11eJ1IeCO00pa3HO OCYIIECTBISATh B MPEAMNOJIONKEHUM PABEHCTBA Illara ee
MPUPALICHUS ATy JUCKPETU3ALNU CUTHAJIA:

b={mey|m=1N}, (7)
rae N — 4ucjIo OTCUETOB CUTHAalIa.
TOFI[a BBIPAKCHUC JJIA KOHTHHYAJIBHOT'O BEHBIIET-

npeoOpa3zoBanus (3) MOXKET OBITh IEPETTCAHO CIEAYIOIINM 00Pa3oM:

CWT (k,m)= % 2 S(iAt)qJE%E

unu ¢ yaetom npasui (6), (7) KBaHTOBaHUSI IEPEMEHHBIX a,b B BUJIE:

1 < . At — mAb
CWT(k,m)=——— ¥ s(inrpE= "= =
NkDa G O kKAa 0O
1 X —m At

= —— 3 s(apg " 2 )
Oo6patHoE BeUBIET-IpeoOpa3oBaHue, COOTBETCTBYIOIIIEE
BOCCTAHOBJICHHIO CUTHAJIA MO €r0 CIEKTPAIbHON (DYHKIIMU, MOKET OBITH
ONPENENEH0 KaK BHYTPEHHee mpoussenenne CWT(a,b) ¢ BelBieT-

(GYHKITMEH, NCIIOJIb3yeMOW B KaduecTBe Oa3uca:
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o b, da
/)= . f _J;CWT(a,b)qJ%fTQibaz | )

Kak BUAHO, BBIMOJHEHHE OOpPATHOTO BEHWBIIET-TIPEOOpPa3OBaHUS
MOoApa3yMeBaeT HEOOXOIUMOCTh  HMHTETPUPOBAHHS  MPOU3BEICHHS
CwI(a,b) u () B mpemenax bOR, aOR' -{0}, 4TO, COBEpLIECHHO
€CTECTBCHHO, TAK)KE HE MPEACTABIIACTCS IEeIIECO00pa3HBIM Ha MPAKTUKE.
B cBsi3u ¢ 3TUM mpaBuia KBAHTOBAaHUS MaciTada W CIBUTA MOTYT OBITh
NIPUMEHEHBI TaKKe K TIPOIeaype 00paTHOTO BEHBIET-TIPeoOpa3oBaHus, a
dbynkuuonan (9) — tpanchopmupoBan k (perimMam, oOlee BhIpAKEHUE
TS KOTOPBIX UMEET BH/I;

052 2mmM

3neck B,C NpeACTaBIAIOT coO00i KoHCTaHThI Pucca [23, 24].

B uwactHOCTH, 1711 OpPTOHOPMHUPOBAHHOrO 0a3uca, B KOTOPOM
B =C =1, BeipaxkeHue (9) 3anucpiBaeTcs CAEAYIOIUM 00pa3oM:

s(t) = lmZCWTk m mg—g

Od4eBUHO, BBIpAKEHUE MPAaKTUYECKOW  pean3ainu
00paTHOTO BeﬁBneT—npeo6pa3OBaHHﬂ (9) ¢ yuerom mnpaBun (6), (7)

NIPUHUMAET BHI:
At cwr(k, B— H
s(z ) lmzl m l.|J Aas

Hapamempuueckan uoenmugpukayus

OnpenenuM IEHTPaIbHYIO dYacToTy f, Oa3uCHOM BeHBIET-

GYHKIIUA TIPU @ =1, JJIS 9€T0 MOCTPOUM (DYHKITHIO sin ¢, HAMITyYITAM
00pa3oM amnmpoOKCUMHUPYIOIIYI0 IEHTpajdbHbIM (TJIABHBIN) BCILIECK
BeiiBneTa (cM. puc. 1):
w
Je = gy

Hanee, mocTpouB B BEIOpaHHOM 0a3nce BEHBIET-CIEKTP OTKIIMKA,
paccumTaeM s Touek (a;,h;) MAKCUMAIbHON KOHIIEHTPALUH SHEPIUM
CIIEKTpa TICEBIOYACTOTHl f; (aHamorm 4actoT Dypbe) ¢ MOMOIIBIO

BBIpa)KCHI/IH
1
= f 10
/i " Atfc (10)

JlelicTBUTEIbHO, ICJIbI0 BCSIKOW JWIaTalldd BEWBJIET-(QYHKIIUU
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fe
.

C nossnennem mnakera Wavelet Toolbox («MHcTpymMeHTapus
BEUBJIET-aHAIM3a») KaK OJHOTO W3 mpuioxkeHuit cucrembl MATLAB
pelieHne 3a7ayu UICHTU(PUKAKMKA YacTOT COCTABJISIONIMX CHUTHAJIOB,
MOXHO CKa3aTh, CTAJI0 TPUBUAJIBHBIM. Tak, onmpeneneHue LEeHTPaIbHOU
4acTOThl BEWBIETOB, peanu3oBaHHBIX B makeTe Wavelet Toolbox,
OCYILIECTBIISIETCA C MOMOIIbI0 (QyHKIMU centfrq, oOmMi BUJ KOTOpOM
MOXET OBITh CJICAYIOIINM:

f= centfrq (‘wname’)

f=centfrq (‘wname’, N)

W

ABJACTCA N3BMCHCHUC I.[GHTpElJII:HOfI YacTOThI BEMBJIETA B a pas:

If; x, app] = centfrq (‘wname’, N, ‘plot’),
rie  wname — UAeHTU(GUKATOp UMEHU BeiBiera, ‘plot’ ecThb
3ape3epBUPOBAHHAS  OMIIMS, BKIIOYAIONIAs PEXKUM Tpaduueckoro
OTOOpaKEeHUsI B OTACIILHOM OKHE BEWBIIETa U alMpPOKCUMHPYIOLIEH ero
HEHTPAJIbHBIA BCIUIECK TapMOHUKH (BEKTOp app), X — BEKTOD,
comepxanmii abcuuccbl rpaduka, N — MOKaszarelb CTENEHU yucia 2,
ONPEIEIAIOIUI YUCIIO 3JIEMEHTOB BEKTOPA X.

1
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Puc. 1. Betignem u annpoxcumupyrowas e2o yeHmpaibHblil 6CHAECK CUHYCOUOA.

i
0 2 4 B g

P fm e dmm =

WNnentuduxarms MICEBJIOYACTOT BEWBIIET-CIIEKTPA,
COOTBETCTBYIOIIUX  3HAUEHHUSM  MacIITAOMpyIOIIed  MepeMEeHHOMH,
OCYIIIECTBJISIETCS C UCTIOJIb30BaHUeM GyHKIU scal2frq:

f=scal2frq (A, ‘wname’, delta),

raie A — BEKTOp 3HA4YeHWW MacliTabupyromeid NepeMeHHOU, delta —
UACHTU(DUKATOP TIEPEMEHHOW, 3aJafoled mar auckpeTu3anuu. llpu
3TOM JJIMHA BEKTOpa f, BO3Bpam@aemMoro (QyHKIMEH, paBHA [JIMHE
BEKTOpa A BXOJIHBIX JAHHBIX.
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U

RN [ )

1F---5--

g0

20

time b

6)

Puc. 2. Omxnux oamuuxa JIICO10 Ne907 u ezo getienem-cnexmp.
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time b

0)

Puc. 3. Omxnux oamuuxa JJIIC0O08 Ne2 180 u ezo setignem-cnekmp.
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HNuTepecHo oTMeTuTh Takke TOT (akT, uro mnaker Wavelet
Toolbox mpenycmarpuBaeT OLEHUBAHUE LIEHTPAJIBHOM  YacTOTHI
BEMBJIETA U, CIEA0BATENbHO, HAECHTU(PUKALIMIO TICEBA0YACTOTHI CIIEKTPA,
paccuuThIBA€MOM IO 33JaHHOMY 3HAUEHMIO MacluTaba Ha OCHOBaHHUU
BeipaxkeHust (10), B repuax, 4YTO MNPEACTABIAETCS BechbMa yIOOHOMN
OCOOEHHOCTBIO.

Ha puc. 2, 3 wu300pakeHbl OTKIWKH JAaTYMKOB, TMOTyYCHHBIE
METOJIOM aKTUBHOW MMITyJIbCHON maeHTuukamuu Ha ctenae UKJI-7, a
TaK)K€ BEHBJIET-CIEKTPhl OTKJIMKOB, PACCUUTAHHBIE C HCIOJIb30BAHUEM
BeiiBneT-pyHkimu Mopie [23 - 26]

t2

W(t)=e 2 cosst.

JlanHast ¢yHKIMSA 00JaaeT 4aCTOTHOM JIOKaNIM3alMeH, JIydIiel cpeau
npyrux 0a3ucoB, W B CBA3M C OTUM ABJIsieTCa HauOosee
MPEAMOYTUTENHHON B 3aa4axX UACHTU(GUKAIIMN YaCTOT COCTABJISIONINX
CHUTHAJIOB.

3Has LeHTpalbHyl0 4acToTy BeiBiaeta Mopne (0.8125 TI'm),
ONpeNeIUM COOCTBEHHBIE YACTOThl JATUYUKOB, a TaKXKe IIUPUHY
CIIEKTPAJIbHOM MOJIOCHI HCIIBITATEIIBHBIX BO3/ICHCTBHIM.

Tak, mpu yacrore mauckperuzauuu f, = 10 MI'n Ha ocHOBaHuUM

BeIpakeHust (10) umeem it natumka JI1C0O10 Ne907:
a =12, £ =7¢/s = 677080 I'n,

a

an =30, f2 = 270830 FI_[,

rae ap,a —  3HaAUeHUs  MacmTabuWpymoomend  MepeMeHHOMH,
COOTBETCTBYIOIIME JIOKAJBbHBIM MAaKCUMyMaM CHEKTPAa WMITYJIbCHON
XapaKTEPUCTUKH.

Jnara3on U3MCHCHUSA MacIITabupyromen TIEPEMEHHOM,
ONPENEISIIOIUNA  CIEKTP HCHOBITATENIBHOTO BO3JECUCTBUSA, JEXKHUT B
npeaenax 2.5 — 5, 4To COOTBETCTBYET moJsioce yactot 1.625 — 3.25 MI'n,
a TaKKe MMEET JIOKAJIbHBI MaKCUMyM, HaOJI0jaeMblil ipu a =3.5 (2.32
MTI'n).

AHaNOTUYHBIM 00pPa30M MOXKHO MOJYYUTh 3HAUEHHE COOCTBEHHOU
yacTtoThl naatuuka JI[ICO08 Ne2180, paBuoe 812500 I'm, a Taxxe
paccuuTaTth  MpEeaeNbl  CHEKTPAJIbHOW  MOJIOCHI  HCIBITATEIBHOTO
Bo3zeiicTeus. Tak, ams a0[2.5;4.25] crexTpambHas monoca BO3AEHCTBHS

nexut B npeaenax 1.91 — 3.25 MI'n u uMeeT JIOKaJbHbI MaKCUMYM,
HaOIr01aeMblil pu @ =3.5, T.e. 2.32 MI'11.
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Helcomopbte pe3yiomamobl O 60CCMANHO6/IEHUIO UMRYJTbCHBLX
XapakmepucmuK u ux unmepnpemauus

Ha puc. 4 — 7 u300pakeHbl OTKIUKH JAaTYMKOB MEPEMEHHBIX
JABJICHHI, MOJTyYEHHbIE METOJ0M AKTUBHOU MMITYJIbCHOU
unentudukaruu Ha creaae WKJI-7; BeWBIET-CIEKTPHl OTKIIUKOB,
paccUuTaHHbIE C HCIOJB30BAHMEM OHMOPTOrOHAJBHBIX CIUIAHOBBIX
BeuiBieT-GyHkui [24] nopsakoB (6,8), a TakKe HCHBITaTeIbHBIC
BO3JIEHCTBUS u UMITYJIbCHBIE XapaKTEPUCTUKU JATYUKOB,
BOCCTAaHOBJICHHBIE IO IAaHHBIM BEUBIIET-CIIEKTPAM.

[Ipy paccMOTpeHMH PHCYHKOB BHJHO, YTO CHEKTPbl OKJIMKOB
JNATYUKOB COAEPKAT 2 COCTABIISIIOIINE, U3 KOTOPBIX OJHA COOTBETCTBYET
CIIEKTPY MMITYJIbCHOM XapaKTEpHUCTUKH, MPOSBISIOLICHCS B BUJE psiaa
JIOKaJbHBIX MAKCUMYMOB, TOTJIa KaK Apyras — CIEeKTPY HUCIBITATEIbHOTO
BO3JIEUCTBHUSI, JIeKallero B 0osee BBICOKOYACTOTHOM 00J1acTH (CIEKTp
UCTIBITATENIbHOTO BO3/IEUCTBUS BBIIEIIECH PSIMOYTOJILHUKOM).

MOXHO 3aMETHUTh, YTO CIIEKTPHI UCTIBITATEIIbHBIX BO3JICUCTBUN HE
UMEIOT JIJIMTEIbHOCTH, PAaBHOM TMEPBOMY MOJIYNEPUOAY OTKIIMKA
natuvka.  Od4eBMOHO,  CTENEHb  MPOSIBJIEHUS  BBIHYXIAIOLIEH
COCTABJISIIOLIEH B OTKIMKE ONPENESeTCs MOJOCOM MPOIyCKaHHUS
aTTECTYEeMOI0 JaTYUKA.

CTouT OTMETHTb, YTO HAMOOJBUIMM CIOPIPU30M B pEUICHUHU
NOCTABJICHHOW 33Jlayd SIBUJIACh HE CTOJIBKO BO3MOKHOCTH OBICTPOTO
BOCCTAHOBJICHUSI HMITYJIbCHOM XapaKTEPUCTHUKUM M HUCIBITATEIIbHOIO
BO3JICHCTBUSI, KaKOBYIO oOOecreunsl BeWBIIET-aHAIN3, CKOJIbKO (opMma
BBIHY>K/IAIOIIEN COCTABJISIIOLIEH: PUCYHKH YOEIUTENbHO HILTIOCTPUPYIOT
TOT (haKT, 4YTO HCIBITATEJIbHOE BO3JCHCTBHE BOBCE HE SBIAETCS
OJIMHOYHBIM UMIYyJbCHBIM! HampoTtuB, Oyayun CHHTE3UpPOBaAHHBIM
MOCPEACTBOM B3pbIBA MPOBOAHUKA B IKUJKOW cCpene, BO3AECHCTBUE
IpencTaBisgeT coO0OM HM YTO MHOE, KaK CEepPUI0 HJIM, MOXKHO CKa3aThb,
NAaKET HUMITYJIbCOB, IOPOXKIAEMBIX TMPOLECCAMHU, IPOTEKAOIMIUMU B
KaMepe CTeHJa B TEUEHHUE HBOJIOLMHU  3JIEKTPOTUAPABIAYECKOTO
saddekra. [Ipu >TOM BechbMa BaXKHBIM SIBISIETCSI TO OOCTOSITENICTBO, UTO
MOJIyYeHHbIE  pe3yJbTaThl B  IOJHOW MEpE  COMIACYIOTCS  C
npencraBieHus M 0 pusuke 3ddexrta, pasBUTHIMU B padorax [18-22,
27-33] u B MX CBe€T€ MOrYT OBbITb HMHTEPIPETUPOBAHBI, HAIPUMED,
CIEAYIOIIUM 00pa3oMm.

HucneprupoBaHue  NOpOAYKTOB  B3pblBA  NPOBOJHMKA, T.€.
B3pBIBOOOpA3HOE paclIMpeHue o00J1aka, HAMOJHEHHOTO MPOJYyKTaMH
B3pbIBA, MPUBOJUT K TOMY, YTO Ha TpaHHUIIE pa3jena cpen o0Jako —
KUIKOCTh 00pa3yeTcss 30Ha MOBBIIIEHHOTO JABJIEHUS, 00YCIOBICHHOTO
cKaTUeM OJu3NexalluX CJIoeB KUAKOCTH. CKa3aHHOE 03HAYaeT, YTO B
KUAKOCTH 0Opaszyercs (pOHT yAapHOW BOJHBI, IO OOEMM CTOPOHAM
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KOTOPOT0 AaBJIEHHUE, CKOPOCTh U IJIOTHOCTh MPETEPNEBAIOT pa3phiB. [log
BO3JICVICTBUEM [1aBJICHUS NMAJAIOIIEH BOJIHBI NPUBOAUTCS B JBHKCHUE
yopyras CUCTEMa JaTyHKa, T.€. UMEET MECTO IMPOLECC HMITYJIbCHOTO
HarpyxeHusi. Takum o00pa3oM, pa3BUTHE B UMITYJIbCHOW Kamepe
yIAapHOM BOJIHBI COOTBETCTBYET HMIIYJIbCY, II€PBOMY M3 IIaKeTa
MMIYJbCOB UCTIBITATEILHOTO BO3/IEUCTBUSI.

[Tamenrie BOIHBI HA BHYTPEHHIOIO MOBEPXHOCTh KaMEPhI TPUBOUT
K BO3HUKHOBEHHUIO CJIO)KHOM CHCTEMBI OTPAXKEHHBIX BOJIH, B
COBOKYIHOCTH OOpa3yIomuX CXOMSIIAECS JBWKEHUS KUIKOCTH.
[ToHsITHO, pe3ybTATOM BO3HUKHOBEHUS OTPAYKEHHBIX BOJIH JIJISl IaTUMKA
ABJSETCA Pa3TPyKEHUE €T0 YIIPYTOU CUCTEMBI.

BzaumopencTBue «XBoCTa» NMPAMOM U OTPAXKEHHOM BOJIH JAPYT C
IPYroM MPUBOAMWT K 3aPOXKIACHUIO KaBUTALIMOHHOW 30HBI, JIOKAJIHU-
3YIOIIEHCsT Yy BHYTPEHHEW MOBEPXHOCTH Kamepbl. Omyckas moapo0-
HOCTH, XapaKTEePU3YIOIUE YCIOBUS POXKICHUS KaBUTALIMU U (PUHKY €€
aBoJIIONMH (TTopoOHee 00 ATOM cM., HarpuMmep, B [29, 31, 22]), ckaxxem
cinenyromee. KaBuranvonHas 30Ha, (AKTHMUECKH «BBICTHIIAIOIIAS
BHYTPEHHIOIO TIOBEPXHOCTb KaMEphl, I[0J BO3JCHCTBUEM PE3Yb-
TUPYIOLIETO JaBJICHHUS HAYMHAET COBEpIIaTh OOBEMHBIC KOJICOaHMS,
HallOMMHAIOIINE MYJIbCAIMU Ta30BOT0 Iy3bIPSA U MOPOXKAAIOIINE CEPUI0
MMIOYJbCOB, OTYETIIMBO BHUIUMBIX Ha TpaduKe HCHBITATEIHLHOTO
BO3/eiCcTBUS. JleliCTBUTENBHO, B MOMEHT 00pa30BaHusi 30HbI KaBUTALIMU
HEMOCPEACTBEHHOE BO3JECUCTBHE MaAalOlIEed YIAapHOM BOJHBI Ha
YOPYT'YyI0 CHCTEMY JaTdvKa NpeKpamaercsa. Temepp BOJIHA OKa3bIBACT
JUIIb KOCBEHHOE BIIMSIHUE HA MPOLECC HArpyXeHus, yIapssch
XBOCTOBOM YacCThIO O KABUTAIMOHHYIO 30HY.

OTpaxeHrne XBOCTa YyAAPHOW BOJHBI OT 30HBl KaBUTALMU
IPOTEKAeT B YCIOBMSX SJIEKTpOTrHUpaBindeckoro s¢dexra momoOHO
SIBICHUIO OTpaXX€HHsI OT ynpyrou moepxHoctu [33]. Jleno B ToM, 4TO
HEJIOCTAIOIIEE JAaBJIECHHWE B XBOCTE€ YJIApPHOM BOJIHBI HE ITO3BOJISIET
MOJIaBUTh KAaBUTAIIMIO, a CIIOCOOHO MPHUBECTU JHIIb K 3apPOKICHUIO
JOTOJTHUTENBHOW KaBUTALMOHHOM 30HBI [28, 31]. HerpynHo goragarscs,
YTO €€ MOBEJCHUE BJIMSET HAa JUHAMHUKY YIOPYrod CHUCTEMbI JaTuyMKa
TaKXe€ KOCBEHHO.

OO6pa3zoBaHue 30H NEPBUYHON M BTOPUYHOW KaBUTALIMU HABOAUT
Ha MBbICIIb O BEPOATHOM IIEPEXOAE BCEro o0beMa KHUAKOCTH B
KaBUTHPYIOLLIEE COCTOSIHUE. [TonoGHOE COCTOSIHUE  MOKHO
0XapaKTEpPU30BaTh HAJUYUEM B CPENE KaK KPYIHBIX 30H KaBUTALWH,
co3Jaronux OMEHUsI HU3KOW YacTOThl, TAK U 30H MEHBIIUX OOBEMOB,
4acTOThl OMEHHs KOTOpBIX BbIlIe. MOXHO CKa3aTh, JKUJIKOCTb TEMepb
NPEICTaBIAeT COOOM EeAUHYI0 OCHWUIMPYIOIIYI0 CylepKaBaepHy,
pa3sMepsl KOTOPOM ONPENENISIIOTCS pa3MepaMu HUMIYJbCHOW KaMephl.
OTMeTuM, KU3HEACATEIHLHOCTH U THOEIH CylepKaBEpHbI COOTBETCTBYET
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(V)

paAd UMITYJIBCOB M3 IMIAKCTA UMITYJIBCOB HUCIIBITATCIIBHOI'O BO3CUCTBHUA, A

[33].

(V)

TAaKIKC OTACIBbHBIC BCIVICCKHU U ITYM €T'0 BTOPOHU ITOJIOBHUHBI

Puc. 4. Omxnux oamuuxa JIX612 Ne74942184 u e2co umnynvcuas xapaxmepucmuxa.
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Puc. 5. Omxnux oamuuxa JJIIC0O10 Ne907 u e2co umnynvcHas xapakmepucmuxa.
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Puc. 6. Omxnux oamuuxa JJIICO08 No2 183 u e2o umnynvcHas xapakmepucmuxad.

Ne830182 u eco umnynvcnas xapakmepucmuxa.

Puc. 7. Omraux oamyuuxa JIX612M
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ﬂonwmum €éJ/ibHble 3ameuanus

OOpatumMcst BHOBb K PaCCMOTPEHHUIO puc. 4 — 8 i TOro, yToObl
cAenarb psii  JOMOJHUTENbHBIX 3aMEUaHUd M 0XapaKTepU30BaTh
MOBEJCHUE JaTYUKOB B CBETE BBIJBUHYTOM THUIIOTE3bI O CTPOCHHUHU
BXOJHOTO UCIBITATEILHOIO BO3EHCTBUS O0Jiee MOaPOOHO.

B wyactHOCTH, moOciie OTpabOTKM NEPBOrO0 HUMITyJIbCa Ha BXOJ]
mupokonosiocHoro aatuumka JIX612 No74942184 mnomaerca npyrou
HMMITYJIbC, TOCTUTAOIINM CBOErO0 MaKCUMyMa B MOMEHT BpeMeHH 0,9 MKC
(cm. puc. 4). Peaknusa patyMka Ha JaHHOE BO3JCHCTBHE TaKXKe
MPEJCTABISIET COOOM UMITYJbC, MAaKCUMyM KOTOPOTrO HaOIIOJaeTcs C
3ama3piBaHUEM, paBHBIM puMepHO 0,3 Mkc. TpeTuii BXOIHON UMITYJIbC
(ero MakCUMyM COOTBETCTBYET BpeMeHH 1,9 MKc), ueTBepThIid (3,3 MKC)
U naThiid (4,3 MKC) MMIYJIbCHI OTPa0aTHIBAIOTCS JATUYUKOB C TEM JKE
3ama3apiBaHueM. l[lpumedarenen Takke TOT (akT, YTO pa3HECEHHE
UMITYJIbCOB BO BpPEMEHU TMO3BOJIAET JATYUKY JIOCTHYb pPEKHUMA
CBOOOIHBIX KOJIEOaHWUIA.

AHaJOTUYHBIM 00pa30M MOKHO OXapaKTEepHU30BaTh IOBEJICHUE
natuuka JIIICO10 Ne907 (cMm. puc. 5). 3nech, OAHAKO, CTOUT OOpATUTh
BHMUMAaHHWE Ha TO, YTO BXOJIHOW MAaKET HMMITYJbCOB JAaTUYMK KaK Obl
«punpTpyeT». OUeBHIHO, YaCTOTa CIECIOBAHWS HWMITYJIBCOB TaKeTa
NPEBBIIAET YACTOTHBIM JMana3oH JaHHOTO JaTyuka. Hampotus,
OJIMHOYHBIC WMMITYJbChI, HaOM0aeMble B MOMeHTHI 2,8; 4,0; 5,7 u 6,9
MKC COOTBETCTBEHHO, YAOBJIETBOPUTEILHO OTPA0ATHIBAIOTCA TATYUKOM C
3amna3pIBaHUEM, paBHBIM IpuMepHo 0,3 MKC.

OnucanHas BbIIIE CUTyalusi HaONO/IaeTcid TakKe B PEaKIUuu
naturka JIIICO08 Ne2183 (cm. puc. 6) Ha MaKeT BXOJHBIX HWMITYJIHCOB
UCIIBITATEIbHOTO BO3/ICUCTBUSI.

Otknuk  patumka JIX612M  Ne830182, ero ummnyibcHas
XapaKTEPUCTHKA W  HUCIBITAaTENIbHOE BO3JIEUCTBUE, M300paKEHHBIE Ha
puc. 7, BooOme mnpuMeuaTenbHbl. Kak BHIHO, MCHBITaTEIbHOE
BO3JICHICTBHE, TIOJJAHHOE Ha BXOJ JAaTYMKA, MPECTaBIsIeT co00i ciabo
3aTyXalNIyl0 CEPUI0 HMMITYJIbCOB, HAMOMUHAIOUIYI) CTOXACTUYECKUI
curHas. Peakuus natumka Ha moJoOHOE BO3IEWCTBHE NPEICTaBISACTCA
BITOJIHE OUEBHIHOM: TAKOBOU SIBJISIOTCS JBa KOJieOaHUsI, HaOII01aeMbIE B
MOMEHTHI BpemeHu 0,3 1 3,8 MKC COOTBETCTBEHHO.

OTmeTuM, TIO OCSAM aOCIIUCC pPacCMAaTPUBAEMBIX TpadUKOB
OTJIOKEHBI HOMEPA OTCYETOB CUTHAJIOB.
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3akarouenue

B Hacrosmelr paboTe paccMOTpEHO peuieHHe MNpoOJeMbl
BOCCTAaHOBJICHUSI MMITYJIbCHBIX XapaKTEPUCTUK JATYUKOB IEPEMEHHBIX
NABJICHUN W HCIIBITATENIBHBIX BO3JCHCTBUN, CUHTE3UPYEMBIX B3PBIBOM
METaJUIMYECKOTO0 MPOBOJHMKA B KHUAKOM cpele, a TakkKe KpaTKo
PAcCMOTPEH BOIIPOC MapaMeTPUIECKON uaeHTHu(GUKanuu qaTankoB. Kak
BHUJIHO, amlmapaT KOHTHHYaJbHOTO  BEHBJIET-aHAIW3a  I[O3BOJIMI
BBICKA3aTh TMIIOTE3Yy, COIJIaCHO KOTOPOM HCHBITATEIbHOE BO3JEHUCTBHE
npecTaBiIsieT coOol makeT uMIynbcoB (B oTmmume or cnoco6os
KJIACCUYECKOTO aHanusa, BEUBJIET-aHAIN3 o0ecrieuynBaer
KOJIMYECTBEHHON M KaueCTBEHHOUN MH(pOpMaIuel He TOJIBKO O 4acToTax,
HO, 4YTO HE MeEHee BaXHO, uHpopManueld O BpPEMEHHBIX
XxapakTepucTukax. B 3rom, Oe3ycinoBHo, aHamu3 @ypbe ocTaercs
npourpaBmuM). B TO ke Bpems, NPOBEIEHHBIM pacyeT YaCTHBIX
JUHAMUYECKHUX XapAKTEPUCTUK JaTYMKOB HATAIKUBAET HA MBICIbL O TOM,
YTO anmapar KOHTHUHYaJbHOTO aHajiu3a MOXET ObITh C YCIEXOM
OpUMEHEH B 3aJayax NapaMeTpUuecKod UACHTU(UKALMM JIpYrux
CPEICTB HW3MEpEHWil, a Takke (QUIbTpalu  H3MEPUTEITHHOU
nH(popmanuu.
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YK 519.6

MOAEJIMPOBAHUE U UCCITEAOBAHUE
B CPELOE MATLAB CINEKTPOB CUTHAIOB
MHOIOYPOBHEBbBIX UHBEPTOPOB HAINPAXEHUA

Acanos A.3., PomanoBckuii D.A.
Kamcxuii 2cocyoapcmeennwiii noiumexHuueckutl UHCMumym,
2. Habepeoicnvie Yennol
e-mail: redison@e-mail.ru

B nocnenmnee Bpemss HaOdOJaeTcs  pOCT  HMHTEpeca K
pEryJIMpyeMOMYy MPUBOJY, COCTOSIIIEMY M3 aBTOHOMHOI'O HHBEPTOpA
HanpspkeHuit  (AMH) ¢ miecTbio  MOJHOCTBIO  YIPABISIEMBIMU
tpan3ucTopubiMu Katouamu (TK) m acunxponnoro asuratens (AJl) 6e3
HYJIEBOI'O MPOBOJAa B OOMOTKE craropa. Takod 3JIeKTpONpHUBOJI, Kak
npaBuio, obnanaer 6osnee BbicokuM KIIJ mo cpaBHeHHIO ¢ JIpyrumu
TUIMAMU NPUBOJIOB. CXeMa M €ro MPUHIUI IEUCTBUS IIUPOKO U3BECTHBI.
[Ipu »TOM 171 peryaupoBaHUsl BBIXOJIHBIX TIEPEMEHHBIX MPHUBOJIA
OOBIYHO MPUMEHSIETCSI OJWH U3 3aKOHOB IMIUPOTHO-UMITYJIHCHOM
monymsitiuun  (LIHMM).  PerymupoBanme  9acToThl  Tpex(da3HOTro
HanpsokeHus: Ha Bbixoge AWMH ocymiecTBisercss myTeM HW3MEHEHHS
gactotrel mnepekmodeHnit TK. M3Menenwe aMmmmTyapl Tpexda3zHOTO
HanpspKeHUsT  MPOU3BOJUTCS € MOMOIIBIO  MHUPOTHO-UMITYJIBCHOTO
perynupoBanus (LLIMP), cyTh KOTOPOTro COCTOUT B U3MEHEHUHU IIHMPUHBI
UMITYJIbCOB HANPSIKEHUS.

C uenpr0 JanbHEHIIEro YJy4YIIEHUS KayecTBa BBIXOJIHOTO
HaIpsDKEHMS, YOPaBISIOMIETO JBUTAaTEIEM, BO3MOXKHO IPUMEHEHUE
JOTIOJIHUTENIbHO KBAHTOBAHUS HANIPSKEHUI MO YpOBHIO. Mcnonbs3oBanue
TaKOTO KBAaHTOBAHMUS IMPUBOJUT K NPUMEHEHUIO TaK HAa3bIBa€MbIX
MHoroypoBHeBbix AWNH. Ilo npuHmuny AelWCTBHS MHOTOYPOBHEBBIC
WHBEPTOPHI MOXHO TIOJIpa3JeiNTh Ha aBTOHOMHBIC MHBEPTOPHI (ha3HBIX
HanpsokeHud (AM®H) u  aBTOHOMHBIE WHBEPTOPHI  JIMHEWHBIX
Hanpsokenuit (AWJIH) [1]. AUOH npuHIUNUanibHO OTJIWYAETCS OT
AWJIH, npexne Bcero, HaJIMYMEM B HEM HYJIEBOrO MPOBOAA,
CBSI3BIBAIONIETO HYJEBYIO TOUKY HArpy3KH C HEWTpaIbHBIM (HYJIEBBIM)
MOTEHIIMAJIOM MHOTOYPOBHEBOI'O MCTOYHHMKA MOCTOSHHOTO HAIPSKEHUS
(¢,). bmaromaps »odtoit ocobennoctu AM®DH HemocpeacTBEHHO

dbopmupyer (asubie Hampsbkenus, a AWJIH nHenmocpencTtBeHHO
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dbopMupyeT TMHEHHBIC HATIPSDKEHUS, OTKY/a M UX Ha3BaHUSI.

B Takux mHBepTOpax B mporiecce MpeoOpa3oBaHUsl MOCTOSTHHOTO
HaNpsOKEHUST B MEPEMEHHOE MPOW3BOJUTCS KBAHTOBAHHWE HAIPSKCHUS
(dpaznoro nmns AUDH, nunerinoro mis AWMJIH) mo ypoBHIO ¢ 1iarom
KBaHTOBAHUSI, PAaBHBIM

AU = (¢N¢ _¢0)/N¢ :Un/N¢ ,
rae N, — 4ucio ypoBHEH MHBEPTOPA; ¢N¢ — HauOONbIINA TOTEHIHAI

MATAIOLIETO0  WMHBEPTOP  HANPSDKEHHWST  OTHOCUTENIBHO  HYJIEBOTO
noreHuuana, U, — IOJHOE HanpspDKEeHUE NUTaHus HHBEpTOpa. CXxembl

TaKUX HMHBCPTOPOB IIHTAOTCA OT IIOCIACAOBATCIBHO COCIMHCHHBIX
HNCTOYHHUKOB IIOCTOAHHOI'O HAIIPAKCHHA, YHCIIO KOTOPBIX PABHO 2N P

g AUOH u N p UL AWNJIH. HcTOYHMKM HMEIOT OINHAKOBLIE

HanpspkeHus: BenuunHon AU.

MmuoroypoBueBbsiii AWJIH mnpencrabmsier coboit  00o01eHue
oObryHoro AMH, KoTOpblii B JaHHOW TEPMUHOJIOTMM HA3bIBAETCS
onHoypoBHeBbiM AWJIH. Hamuuue nyneBoro mnposoga B AMDH
oOecrieunBaeT ero BakHbIM npeumyinectBoMm nepen AWJIH: 8 AUDH
pEe3YNbTUPYIOMUKA  BEKTOp  (a3HBIX  (JIMHEWHBIX)  HAIPSHKEHUH,
n300pakeHHBIH B Tpex(a3zHOW cHUCTEME KOOpAMHAT WM  Ha
KOMILUIEKCHOW IUIOCKOCTH, B JIFOOOM TOJOKEHHH MOXKET HaXOJUThCS
MPOU3BOJIBHYIO JIIUTEIbHOCTh BPEMEHM OTHOCUTEIBHO JAPYTHMX €ro
IoJI0KeHUH. I10 o3HavaeT, uto AUDH, B otiimumne ot ANJIH, crocoden
dbopmupoBaTh MHOTO(MA3HBIM CTYyNEHYATHIH TEPUOJUYECKUNA CUTHAI
IPOU3BOJILHON (DOPMBI.

Hnsa npumenenuss MHoroypoBHeBoro AMPH wmum AWJIH B
OPUBOJIE TEPEMEHHOTO0 TOKa CIEAyeT OOECHeYUTh BO3MOXKHOCTD
IJIABHOTO PETYJMPOBAHUS HANPSHKEHUS C BBIXOAA 3TUX WHBEPTOPOB.
[IycTh NpUHATHI AONMYIIEHUS: UCTOYHUKU MOCTOSHHOTO HAIpPSKEHUS
MMEIOT OECKOHEYHO Maylble BHYTpPEHHHE conportuBiieHus, TK
MIPEACTABIISIIOT COO0H McaTbHBIC BEHTHIIH.

B caysae npumenenus AWDH  MOXHO  OCYIIECTBHUTH
npubmmkenne (a3HOTO HampsHKEHUS K CHHYCOHWJAE 3a CuYeT BbIOOpa
COOTBETCTBYIOIIMX MPOAOJDKUTENBHOCTEH CTyNEeHEeH (QopMupyemoro
cTyneH4yaToro curHaia. IlycTe cTymeHuarelii CUTHaJI 3aJaH  Ha
npomexytke [—7 /2, +7 /2] u CUMMETPUUEH OTHOCHTEIHHO TOYKHU
Hayajga KoopAuHaT. 31ech 1 — MEPUOJ KETAEMOI0 CHHYCOUJIAIILHOTO
cur"aya (pazHoro HanmpsHKEHUS BUA:

u,(t)=U, sin(ar),
rie U, — aMINIMTyZHOE 3HAYEHHE JKEJAEMOI0 CHHYCOHJAIbHOIO
HaNpsDKeHus; W =27T/T — yrioBas 4acToTa.
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a
u, =U, Ein(a)
t
tAti . .
]
AU 4]
i—1 !
At
it T/4 T/2 t
uh
tAtt Al‘l tAtt
8
AU
T/4 T/2 T t

Puc. 1. [Ipubnusicenue paznoeo nanpsincenusi ¢ vixooa AUDH k sncenaemoti cunycouoe:
a — nepeceyenue TUHUNL KBAHMOBAHUL C JCeNAeMOll CUHYCOUOOU, 6 — onpedeneHue
MOMEHMO8 HAYALA U NPOOOINCUMENLHOCEN NPAMOY2ONbHbIX NAOWAOel,

6 — MUNOBOL CIYNEeHYAMDbLU CUCHAL HANPSHCEHUSL.
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[Iycts B (opmupoBanuu (Ha3HOro HAIPSKEHUS HUCIOJIb3YIOTCS
JMIIb T€ YPOBHU HANpspKeHUs nutaHus U, , B KOTOpPbIE YKIIaJIbIBACTCS

aMIUIATyJa  kejgaemoro curHana (puc. 1, a). Torma uucio
3aJICCTBOBAaHHBIX B MHBEPTUPOBAHWN MHTEPBAIOB KBAHTOBAHUS MOYKHO

ONpPEeNeNIUTh M0 PopmyIie:
[ . mN¢
N, =ceil9— —~ (1)

. v MAX _
rze 4epes cell(X ) obo3HaueHO Ommkaiee nenoe, =X ; U, =U, —

MaKCHUMaJIbHOE aMIUIMTYIHOE 3HAYEHHE JKEIaeMOr0 CHHYCOUAAIBHOTO
HanpsHKSHUSI.

MoMEHTBI BpeMEeHH, COOTBETCTBYIOIIUE MEPECEUCHUIO KETAEMOTO
CUHYCOMJAIBHOTO CHTHAjJa C COCEIHUMHU TOPU3OHTAIBHBIMH JIMHUSIMU
KBaHTOBaHWs CHUTHaJla TIO YPOBHIO Ha mpomexytke [0, +T7 /2],
onpenensitores no Gpopmynam (cMm. puc. 1, a):

arcsin H—— [J—
N, U B
Ha unrepsane [0, +7 /4]: ¢, = ,i=0,Ny —1;
w
Ha unrepsane [+7 /4,+T /2]: ¢; =T /2 —¢;, i =0,N —1.

B cnydae ecnin U, =AU [N, BO3HUKHET €Il OJMH MOMEHT

BpPEMEHHM, COOTBETCTBYIOLIMN MEPECEUEHHIO (MM KACAHHIO) HKETAEMOTO
CHUHYCOMJAIBHOTO CUTHAJA C OJHOM M3 TOPU3OHTAIBHBIX JIMHHM
KBaHTOBaHMS: [, =T /4.

!

JUis  Haumydmiero npuOmmkeHuss  (OopMbl  TE€HEPUPYEMOTO
CTyHeH4YaToro (pa3HOro HANPSKEHHUs K CUHYCOMJIE CIIeAyeT 00eCreunTh
PAaBEHCTBO  IUIOLIAJIEM, OTPAaHWYEHHBIX  KPHUBOM  JKEJIAEMOTO
CUHYCOHUJAJIBbHOIO CUTHAJIA U COCEIHHMH TOPU3OHTAIBHBIMU JIMHUSAMU
KBaHTOBaHUs CUTHana (S, , ) ¥ IJIOWAAEH, OrpaHUMYEHHBIX KPHUBOU
(opMHpPYEMOTro CTYIEHYaTOr0 CUTHAJIA U COCEAHUMHU TOPU30HTAIbHBIMU
JMHUSIMU KBaHTOBaHUsA curHana (S ,;), Kak IoKa3aHo Ha puc. 1, 6. Otu

IJIOIIAM MOKHO ONPENEINUTH 10 (hopMysiam:

O 0
S. =2, Isin wrdt — (¢, =t Ji —1)AU D+ (T /2 -2¢,)AU
i E
i=LNy; 2)
Sy =0t DU, i =LN}, (3)
rae  Af, — TOpPU30OHTaNbHAsA IPOJOJDKUTEINBHOCTh IPAMOYTOIbHOU

wiomaau S, (puc. 1, 6). Ha ocHoBanuu paBeHCTBa S =S, ©

sin Al

yaetoM (2) u (3) BenuuuHy Af, 1OCIIE€ HECIOXKHBIX MPOMEKYTOUHBIX
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Hp€06p330BaHI/Iﬁ MOJKHO IIPCACTABUTL B BUIC:

OuU .U
At =2%[COS((‘II'—1)_COS((‘II' )] - (ti —li, )(l _I)E"' g -2,

=LN,. 4)

Jns obecnieuenuss cUMMETpud  (HOPMHUPYEMOTO  CHUTHaja
OTHOCUTEJILHO Hauajga KOOpAMHAT M W30€KaHUs BO3HUKHOBEHMS
HEXeNaTeNbHbIX (Da30BBIX CIBUTOB TApMOHUK (HOpMHUpPYeMOro (a3HOro
HAmpsDKEHUsT  HEOOXOJMMO  PAacHoOJIOKHUTh  MPSAMOYTOJBHUKH €
wiomaasiMu S,, B TOPU30HTAJIBHOM HAMNpaBlIE€HUHM CUMMETPUYHO

OTHOCHUTETLHO BEpTUKAIbHOM ocu +7 /4 [ TONOKUTEITHHOU
MOJIyBOJIHBI CUTHAja U CUMMETPUYHO OTHOCHUTENbHO ocu —71 /4 nmnsa
OTPUILIATENBHON TMOJYBOJHBI CHUTHajia. Ha OCHOBaHWUM H3J0KEHHOTO
TpeOOBaHMSI MOMEHTHI BPEMEHH, OIpPEACNAIONIMEe Hayalo JTUX
IPSIMOYTOJIBHUKOB, MOYKHO OIPEACIIUTH C yueToM (4) u3 popmyIs:
In, = T L D [Cos(ati)_cos(axi—l)]-'-ti -t (i—l),
2w 2 AUw

=LN,. ®)

Herpynno yoenutbest, uto GopMUpyeMblii TAKUM 00pa3oM CUTHAI
(da3HOro HampspKEHUS MOXET ObITh MPEACTABICH B BUAE KOHEYHOU
CyMMBI CHTHAJIOB, M300paX€HHBIX Ha pHC. 2, 6. CymecTByeT oOmIas
TUIOBass (opMmyna sl Pa3joKEHUsS TAaKUX CHTHAJIOB HaIpSHKEHUS B
rapMOHI/IquKHﬁ pan [2]:

Uy (t tp,» 00 SLLURN ,221{ cos 2k "'1)0-’[At ]sm[(Zk +1)wr], i =1LN, N,

C yueroM mocienHero BbIpaxeHUs, a Takke (5) da3Hoe
HarpsbkeHue Ha Beixoae AVMDH MoxHO npeicTaBUTh B BUE:

01 O
S’ :
wils fo o B a0 |
(t u,,w :Tz%ZCO 2k +1)a)|]AUw|j-cos( Naln x5 (6)
D Dl-ti m_ti—l(i_l) ] g
B s1n[(2k + l)at] ]
a H

Breipaxkerune (6) mpeactaBiseTr coboi o0mIyro QGopMymy s
BBIYUCIICHUS BPEMEHHOMN 3aBUCUMOCTH (ha3HOTO HAIIPSHKCHHS HA BBIXOJIC
AV®H npu 3agaHHBIX  aMIUIATYJE€ M YacTOTE  JKEJIAeMOTO
CHUHYCOUAJILHOTO CUTHAA. BhIpakeHne Takke yIo0HO I IPOBEACHUS
rapMOHHYecKoro anamusa opmupyemoro (asHoro Hampsokenus. [Ipu
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u3BeCcTHOUM (opme (a3HOro HANpSHKEHUS JWHEWHOE HaNpsDKeHHE Ha
Bbixosie ADH, npencraBieHHOE CUMMETPUYHO OTHOCHUTEIBLHO Hayaia
KOOPJIMHAT, MOKHO OTIPEJEIUTh U3 BhIPAKECHUS:

‘LU, w)=u,t ¢ -TN12,U,, )+ uy’ [ +7/12,U,,,). (7)
Ha ocuoBanuu (6) u (7) jauHeliHOE HamNpsDKEHHE Ha BBIXOJE
AW®H nocnie HecI0KHbIX npeo6pa3OBaHHp"I MPEICTABUTCS B BUJIE:

Tcos@ﬂc +1 S
]
O U @os(atl) [|+ B

(t U, ,w :TU,; Zcos 2k +1)w[AUw D—cos(ax )E E X[ (8)
D ] %'t -t —1( 1) . S
%sin[@k +1)ar] S
N O

Ha  ocHOBaHMM  TOJYYEHHBIX  BBIPAXKEHHU  BBIIIOJHEHO
KOMIIbIOTepHOE MojenupoBaHue B cpene MATLAB nuHEHHBIX U
da3ubpIX HanpsbkeHui ¢ Beixojga AVUDH npu paznuyHoM uuncie ypoBHEH
WHBEPTOPA U NPHU PATUYHON aAMIUIUTY/IE€ KETAEMOr0 CUHYCOUIAIBHOTO
cur"asia (pazHoro HampsikeHusi. B pe3ynabTaTe rapMOHUYECKOTO aHau3a,
B YAaCTHOCTHM, YCTaHOBJEHO, YTO IIpU IUIABHOM H3MeHeHuu U, OT

MAaKCUMAJIBHOTO 3HAQYEHUs [0 HyJlIs aMIUIMTyaa |-d TrapMOHHKH
dbopmupyemoro ¢azHoro (JIMHEHWHOTO) HANPSDKCHHS TaKKe IUIaBHO
U3MEHSAETCS OT MAaKCHUMaJlbHOTO 3HaueHuss 10 Hyis. Ha puc. 2 B
KauecTBE MpHUMEpa MPUBEAECHBI BPEMEHHBIE 3aBUCUMOCTHU JIMHENHOTO U
da3Horo HampspkeHus ¢ Bbixoja S-ypoBHeBoro AV®H npu 3amanHOM
aMIUTUTY/IE KEJIAeMOr0 CHHYCOUIAIBHOTO (Da3HOTO HANPSIKEHMUS.

OnucaHHbIi cIOCO0 KBAaHTOBAHUS MOKHO OMPENIETUTH KaK CIIOco0
KBAaHTOBAHUS [0 YPOBHIO C CHMMETPUYHOM CHHYCOUIAIbHOMN
TYCKpeTu3anuei no speMenu. B cioydae ncnonb3zoBanus AVNJIH naHHbIM
croco0 HempuemJieM, TaK KakK 3/1€Ch MPUXOIUTCS MOCTOSSHHO COXPaHSITh
OJIMHAKOBBIMM ~ MEXAY  COOOM  MPOJOJDKUTENIBHOCTH  CTYINEHEH
BBIXOJHOTO CHTHajJa JIMHEMHOTO HAINpsbkeHusd. B mpoTuBHOM ciiyuae
JMHEWHOE HaMpsHKeHUE JIMOO CUIIBHO OTJIMYAETCSl OT CHHYCOUAAIBHOTO,
6o  Qusuuecku Hepeanmnzyemo. [lo 3TOM mnpuunMHE CUTHAN
dbopMupyeMOT0  JTMHEWHOTO  HANpPSDKCHHWS  3[€Ch  MPUXOIUTCS
npubIMXKaTh HE K CUHYCOMJAIBHOW, a K TpanenuuianbHoi ¢gopme. B
cBsi3u ¢ otuM  npeanaraercss B AMJIH  perynmpoBath
IPOJOJKUTEIBHOCTh CTYNEHEH CUTHAla, Ha3bIBAEMYIO I[EPUOIOM
nostopsiemocty uHBepTopa (7 ;57 ).
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IInHeAHoe HanpsaxeHWe Ha Beixoge AWMPH, (N=1000)

Menaemblid curHan

—  Ny=5

-T -5T/8  -2T/3 -T2 -T/3 -T/6 0 +T/6  +T/3  +T/2 +2T/13 +5T/6 +T
{c.

PazHoe HanpaxeHWe Ha Boixoae AMIDH, (N=1000)

JKenaemblid curHan

——  Ny=5

; i.. | . ‘.. ;' . | ‘. . .i. . .i. ..‘ o i.. | . i.. ‘.. . | ;. . .‘. . .i. ..‘ =
-T 5T/ -2T/3 -T2 -TH3 -The 0 +T/6  +T/3  +T/2 +2T/13 +5T/k6 +T
{c.

Puc. 2. Bpemennvle 3asucumocmu HanpsajiceHuil ¢ 8bixooa
5-ypoenesozo AUDH (U, =0,78 [ "¥).

[Tycts BenuuuHa 7 5, U3MEHSETCS B AUANIA30HE |_T /(6N ,),T /3].

Torma d¢akTuyeckoe 4dYHMCIO 3aJEHCTBOBAHHBIX B HHBEPTUPOBAHUU
MHTEPBAJIOB KBAHTOBAHMSI MOYKHO OINPEAEIUTH 10 (HOpMyJI€E:

]Vq, (THBT ): ﬂoor%%
THBT

rae uepes floor( X' ), mono6Ho (1), o003HaueHo Onmxaiiee nenoe, < X .

dopMupyeMbIii CUTHAJ JIMTHEMHOTO HANPSKEHUsS B JAHHOM Cllydae
TaK K€, KaK U B MPEAbIAYLIEM, MOXET ObITh NPEJCTABIECH B BHUJE
KOHEYHOM CYMMBI CHTHAJIOB HAIpsDKEHUS C BHJIOM, Kak Ha puc. 1, 6.
OpnHako, B JaHHOM CIIy4a€ HEKOTOpPBIE M3 3THX CHUTHAJIIOB HMEIOT
xapaktepubie (aszoBele casurd. I[lpu nemom 7T/ (6T HBT) CUTHAJIBI C

XapakTEePHHIMA (PA30BBIMH CHBUTAMH HCUYE3aIOT, U (OPMHpPYEMOE
JMHEWHOE HAaNpPsKEHUE MMEET CTYINEHYaThli TpaneuuuaanbHblii Bua. B
OPOTUBHOM ciiydae B (OPMHUPYEMOM JIMHEHHOM HAIpSHKEHUW Ha
BEPXHEM MHTEPBAJIC KBAHTOBAHHUS MOSBIISIIOTCS XapaKTEPHbIE UMITYJIbCHI
ammutynoit AU . JlokazaHO, YTO CHUTHAJ JIMHEMHOTO HampsHKEHHS,
(opmupyeMbIii 110 TIPEIOKEHHOMY Crmoco0y Ha BbIxoge N, -
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YPOBHEBOTO AWJIH, uMeeT cienyouiee MaTEeMaTU4YeCKOoe
IIpPE/ICTaBIICHUE:

”]zv¢ (t’THBT ’w)zﬁﬂ (t’THBT ’w)"' u, (t’THBT ’w)"' u, (t’THBT ,w), )

rae
1 H
7 (taTHBT © 4A_U;) TN ? COS aﬂc +1)C<)B E"HBT %

X sm[(2k + l)at]

! cosgﬂc +1)0J&+—N¢T”BT %lx
=4A—U’i 2k +1 Ho 2
T f= Ny O [V 1 %
XZsm§2k+l)wg—EA%—i+5%HM

b

) E 1 lcosgﬂc +l)g§< E
”,z, (taTHBT W ; l A Lk
é& azk +1)wET— d %sm[zk +1)o.t]§
311ech U najee
A = (h,a=> O,
,a<0

rmue

- (2]\745 +1)THBT :

JlokazaHo, 4YTO TMpU ONHMCAHHBIX BBIIE JOMYIICHUSIX U
CUMMETPUYHONM  Harpy3ke ¢Gopmyna mepexola OT JIMHEWHOro
HaMpPsHKEHUS!, CHMMETPUYHOTO OTHOCUTEIBHO Havajla KOOPAMHAT U OCH
abcumce, K (a3HOMY HANpPSDKEHUIO, TPEACTABICHHOMY  TaKke
CUMMETPUYHBIM OTHOCUTEIILHO Hayajaa KOOpAUHAT, UMEET BUI:

u, ()= u, (=T /12)+u, [+ T 12))/3. (10)

Ha ocnoBanuu (9) u (10) mociie HECNOXHBIX MPeoOpa3zoBaHUM
BPEMEHHAs 3aBUCMMOCTh (Da3HOTO HANpPsUKEHUs Ha Bbixoge N, -

ypoBHeBoro ANJIH npeactaButTcs B BUAE:

”g¢ (tﬂTHBT 7w)=ﬁ¢ (tﬂTHBT =w)+ ”;b (toTnBT =w)+ ”Z; (t IIBT > ) (11)
rie
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AU &
ﬁd)(taTHBTsw):F )

1 1 H
ﬁlj Cosaﬂc +1)0)§ EQHBT %X
X cos gﬂc +l)ggsin[(2k + l)at]

1 cosgﬂc +1)E§<
2k +1 6
u (l‘ T = _ 88U < xCos%k +1)wHT + N¢THBT
oL )= ; 5 He 2
N
x Z¢sin§2k +1)wm BN— —i ; E’m %

- 1 cos’ 52/( +1)E§<
16AU & 2k 6

u;'b (taTHBT ,(4)) T,

3 %cosaﬂc +1)wg ar % [(2k +1)at]

IR

JnHeliHoe HanpsxeHWe Ha Boeixoge AKIMH, (N=1000)

+U
+Us2
“:ﬁ oH.
3
U : o Ny =5 | —— :
I i i I I i i i 1 1 I T T T T T i I 1 i i i ]
-T -5T/8 2T/ -T2 -1/ -T/6 0 +T/6  +THR  +T722 +2T/3 +5T/6 +T
{c
®asHoe HanpaxeHwe Ha Boixoge AWIH, (N=1000)
+U -
+U/2
'x:{ 0
3
-ur2
| | | | | | | | | | I I T I I | | | | | | |
-T -8T/e 2T/ -T2 -T/3  -Tké 0 +T/6  +T/3  +T/2 +2T/3 +5T/6  +T
{c

Puc. 3. Bpemennvle 3asucumocmu HanpssiceHull ¢ bIx00d
5-yposnesoco AUJIH (T,,, =T/22).
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Boipaxkenus (9) u (11) npencraBisitor coboi oOmue GopMyibl
JUTSl BBIYMCIICHHUS BPEMEHHBIX 3aBUCUMOCTEH JHHEHHOro u (ha3Horo
HanpsbkeHus: Ha Bbixoqe AWJIH nipu 3apanHoM nieproie moBTOPSieMOCTH
U 33JJaHHOM YacTOTe >KEeJTaeMOT0 CHUTHajla. BeIpakeHus Takke ymaO0OHBI
JUIsL  TIPOBEACHHS ~ TapMOHMYECKOro  aHaiu3a  (OpMUPYEMOTo
HampspkeHus. Ha OCHOBaHMM TOJMYYEHHBIX BBIPAKEHHN BBITIOIHEHO
KOMITBIOTEpHOE MoJenupoBanue B cpene MATLAB nuHEHHBIX H
¢azupix HanpspxeHuit ¢ Beixona AVJIH npu pasnuyHoM udncie ypoBHEH
WHBEPTOPA U MPH PA3IMYHOM 3HAYEHUU NIEPHUO/A TOBTOPSEMOCTH.

B  pesympraTe TrapMOHHMYECKOTO aHalW3a, B  YaCTHOCTH,
YCTAHOBIIEHO, YTO NPH IJIABHOM u3MeHeHuu Ty o1 T /(6N ;) mo T'/3

amumityaa 1-ii rapMoHHKH (dopMupyeMoro JuHerHoro ((asHoro)
HaIpsUKEHUS TUIABHO U3MEHSETCS OT MAaKCUMAJIbHOTO 3HAYEHHUs 10 HYJIA.
Ha puc. 3 B xauecTtBe nmpumepa NpUBENCHBI BPEMEHHBIE 3aBUCUMOCTH
JTUHEWHOTO U (ha3HOTO HANPSLKEHUs ¢ Bbixojaa S-ypoBaeBoro AUJIH npu
3a/IaHHOM 3HAY€HHH [1€PUO/IA IOBTOPSIEMOCTH.

Da3Hoe HanpsaMeHWe Ha Bxoae W Bbixoge 8-ypoeHesoro AUDH

s CueHan 3adarus MANOH AR
-0.75 _ CUaHan c SbIXOOa MAMQJH .........
_1il\\\\III\\III\\\\III\\III\\i\i\i\\ili\\ili\i\\iii
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

n

®aszHoe HanpaxeHWe Ha Bxode U Beixoge 1-ypoeHesoro AMPH

P S o CuaHan 3adarusg AUOH S O
_075_ ............. Lolh Lo CuaHaﬂCGbIXOOa AM@H ..... o P P Lt

\iii\\iil\\\\III\\III\\I\I\I\\II;\\;;;\;\\iii
6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
n

Puc. 4. Daznvie nanpsioicenus ¢ 8vixooa 8-yposnesozo u 1-yposnesoco AMDPH
npu ompabomie Hcenaemo20 CUHYCOUOAIbHO20 (ha3H020 HANPANCEHUS.
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PaccMmoTpenHbie crocoObl peryMpoBaHUs ONMUPAIHUCH JIUIIL Ha
NpPUMEHEHUE KBAHTOBAHMS IO YPOBHIO, OJIHAKO I€JI€CO00pa3HO
COBMECTHOE NMPUMEHEHHE KBaHTOBaHMs 110 ypoBHIO U IIIMM. Ha puc. 4
B KaueCcTBE IpUMeEpa NPUBEIACHBI PE3yJIbTaThl MOJAEIUPOBAHUSA B CpEE
MATLAB nanpsikenuii ¢ Beixona 8-ypoHeBoro AU®H npu orpaboTtke
KEJIAeMOro CHHYCOMJANbHOrO HampsbkeHus (nmpumensiercs UM
¢a3HOTO CHUTHAlla M KBAHTOBAaHHE €r0 MO YPOBHIO) M |-ypoBHEBOTO
AUN®H (npumensiercst Tosbko [HIMM ¢a3noro curnana).

Jumepamypa

1. Acanos A. 3., Pomanosckuii 3. A. 1lnaBHOE peryiupoBaHUE YPOBHS
CHTHajia B  MHOTOYPOBHEBBIX HWHBEPTOpax  HampsokeHus  //
Onektporexnuka, 2000, Ne 12. C. 21 — 26.

2. bponwmeun U. H., Cemenosies K. A. CnpaBoUYHUK TIO MaTeMaTHKe
JUIS UHKEHEPOB U yvamuxcs BTy30B. M.: Hayka, 1980.
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YK 519.6

UHTETPUPOBAHHAA CUCTEMA
MOAEJIMPOBAHUA 3NEKTPOINMPUBOOA
NMEPEMEHHOI'O TOKA B CPELOE MATLAB

AcanoB A.3., PomaHoBckuii J.A.
Kamcxuii 2cocyoapcmeennwiii noiumexHudecKutl UHCmumynmn,
2. Habepeoicnvie Yennvl
e-mail: redison@e-mail.ru

['maBHOM TPYIHOCTBIO, CHEPKUBAIOLIEH aHAIU3 W CHUHTE3
pPEryJIMpYyEeMOro 3JEKTPONPHBOJIa IMEPEMEHHOIO TOKa Ha OCHOBE
acuHXpoHHOTO nBurarens (A/Jl), sBseTcs CI0)KHOCTh MAaTEMaTUYECKOTO
OMMCaHUs MPOIECCOB, mpoTekarmux B HeM [1, 2, 3]. IIpumensemblie
ynpoueHuss Mojaenu A/l M 3JeKTponpuBOAa B LEJIOM, Kak IPaBUIIO,
CBOJATCA K €€ JIMHeapu3aluh (3aME€HE HEKOTOPhIM JIMHEHHBIM
JUHAMUYECKHM 3BEHOM) M MPHUBOJIAT K YMEHBLUIECHUIO [JHAra3oHa
pEryJaupoBaHMs 4aCTOTHI PUBOJA, B IIPE/ieTax KOTOPOro YIpaBiIeHUE Ha
IIPAKTUKE OCTAETCS YCTOMYMBBIM.

[IpuBOoI TEPEMEHHOr0 TOKa COCTOMT W3 HEYIPaBIISIEMOTO
BBINIPSIMUTEINS, ABTOHOMHOTO uHBepTropa Hampspbkenus (AWH) u
ACHMHXPOHHOTO »3yeKkTpoaBuratenss. Ilpm wmopennpoBanuu npuBoAa
ynoOHO cuuTath, 4YTo OH coctouT u3 AMUH u AJl. Yuer npucyrctBus
HEYIPaBISIEMOr0 BBIIPSMUTEINS IIPU STOM IMPOU3BOAUTCS YEpE3 HATUUNE
B MOJIEJIM JIOMOJIHUTEIbHBIX U3MEPSIEMbIX BO3MYILAIOMINX BO3ECHCTBUM,
XapaKTEPU3YIOIINX IyJbCAllMM HANPSIKEHUs Ha ero BbixoJe. B cocras
ATUX MyJbCAlUM BXOASAT TaKXKe TMYyJIbCAllMd HANPSIKEHUS CETH,
MUTAOUIEH BBITTPSIMUTEb.

MoxHO TOKa3aTh Ha OCHOBE METOAa ycpenHeHus [4, 5], mupoko
HCIIOJIb3yEMOT0 npu aHau3e IIUPOTHO-UMIYJIbCHBIX
npeoOpa3oBarenel, 4To npu npuMeHeHuu B kauectse AMH unHBepropa
(da3HBIX HAMPSKEHUHN 3TOT Mpeodpa3zoBaTeNb C JOCTATOYHON TOUHOCTHIO
MOXXET OBITh TPEACTABIEH COBOKYITHOCTBIO M3 M  HECBSI3aHHBIX
HEMPEPHIBHBIX JIMHEWHBIX YCUIIUTEIbHBIX 3BEHBEB, I m — 4ucio ¢a3
oomoTku craropa AJl. DTo 00BSICHSETCS TEM, YTO IMPOTHO-
UMITYJIbCHAsI ~MOAYJSILMS, TNpHUMEHsAEMass B 3aKOHE  YIIPABIICHHS
UHBEPTOPOM, OOECeunBaeT YCPEeIHEHHOE (QOPMUPOBAHUE KPHUBOM
Tpedyemoil ¢Gopmbl. TakuM 00pa3om, METOA YCPEAHEHHUS IMO3BOJSET
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JIMHEAPU30BaTh UHBEPTOP U MPUHSITH JOMYIICHUE O €T0 HENPEPHIBHOCTHU.
Jlanee cuuTaercs, 4TO B MPUBOJIE MPUMEHSETCS aBTOHOMHBIA MHBEPTOP
dazupix HanpsbkeHuit (AM®H). B stoM ciydyae 3amaum aHanusa H
CHUHTE3a CHCTEMBbI yIPaBJIEHUS NMPUBOJAOM MEPEMEHHOTO TOKA, MO CYTH,
MOTYT OBITh CBEJCHBI K 3ajJadaM aHajlu3a W CHHTE3a CHUCTEMBI
ynpasienust A/l

Mamemamuueckoe moodeauposanue pezyaupyemozo 31eKmponpueooa
nepemMenHo20 moxa

MaremaTnyeckass MOJEIb ACHHXPOHHOI'O 3JIEKTPOJIBHUIATENS C
OJIHOM CTOPOHBI JOJAKHA OBITH MPOCTOM (MMETh KaK MO>KHO MEHBIIUI
MOPAOK) C 1edblo obOecredeHns: BO3MOXKHOCTH —pealu3allid  Ha
KOHKpPETHON MHKpo-DBM anropurma ynpaBieHHs], & C JPYTroil CTOPOHBI
NOJDKHA JUIA PELICHUs 3aJayd yNpPaBJIEHUs OIKCHIBATH ITPOLIECCH B
peasbHOM JBUTATENE C JOCTATOYHOM JJIsl MPAKTUKU TOYHOCTHIO. B cuity
3TUX JIBYX B3aUMHO IPOTHBOPEUYUBBIX TPEOOBAHUN INPU MOCTPOCHUU
MaTeMaTtudeckod wmonenu AJl chemyeT NpUHATH psAl  JONYLIEHUH,
NO3BOJISIIOIIMX IOJYYUTh HAWMEHBIINK IOPSIOK MOJENH, HO HE
OPUBOASIIMX NPU ITOM K 3HAYUTEIBHOM ITOTEPE TOYHOCTH OINHCAHHUS
npoueccoB B jaBurarene. lMcxoas W3 JaHHBIX COOOpa)KeHWH, mpu
nojsyyeHuu wmojenau AJ] ObUIM  NPUHATHL  CIEAYIOUIME OCHOBHbBIE
JNOMYIICHUS:

1. Muoroda3zHoe HampsOKeHHWE, TUTAIONMee JJICKTPOIABUTATENb, U
0oOMOTKH camoro A/l SBISIFOTCSI CAMMETPUYHBIMHU.

2. BozayuiHbli 3a30p B JBUTATElIE SBJISETCS PABHOMEPHBIM (HA CTATOpPE
u porope A/l oTCyTCTBYIOT 3yOlIbl).

3. CranbHble y4yacTKM MarHutonpoBoJoB AJ[ Bcergja MMEOT HyJIEBOE
MarHuTHOE  COIIPOTHBIICHHE, W B  IPOLECCE  yIPABICHHUS
AJIEKTPOJBUTATENb HE HAXOAUTCS B PEKMME HACBIIICHUS.

4. O6moTkH ctaTopa u poropa AJl pacmpenensitoTcsi BIOJIb €ro 3a30pa
10 CHHYCOUJAIIBHOMY 3aKOHY.

5. OTcyTCTBYET BIMSHHE Ha IMPOLIECCHI B JIBUraTese TEMIIEPATypHBIX U
KJIIMMAaTHYECKNX W3MEHEHHH OKpPYXaIoLIEeld Cpelpl, a TaKkKe psaa
BPE/IHBIX TEXHOJIOIMUECKUX (PAaKTOPOB (IKCLEHTPUYHOCTh CTATOpa U
poTOpa, KOHYCHOCTB POTOPA, AJUTMIITUYHOCTD 3a30pa U IIp.).

[locpenctBoM mpouenypbl MNpUBEIEHUS OOMOTKH  CTaTopa
ACUHXPOHHOTO JJIEKTPOJABHUraTedsi K JBYX(a3HOW M MOCJIEAYIOLIEro
IpUBENIEHUsI poTopa K cratopy moaenb AJl mpuoOperaer nByxdaszHbie
cratop u portop. IIycTp acCHMHXPOHHBIN BIEKTPOJBUTATENb HMEET
nByx@azHbele cTatop U poTop. B atom ciiydae moxens A/l Ha3bIBaeTcs
000011eHHOM (cM. puc. 1).

182



Tpyoul konghepenyuu «llpoexmuposarnue undxiceHepHvIX U HAYYHBIX npunodxcerull 6 cpede MATLAB»

Puc. 1. Ilpocmpancmeenuas mooenb 0000 eHHOU 1eKMPULecKol MAUUHDBL.
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HNcxognas wmonenb 0OOOOIIEHHON SJIEKTPUUECKONM MAIWHBI B
HEIOJBIIKHBIX OCSIX O M 3 C y4eTOM IPHHATHIX AONYIICHUHN, HATHYNS

Hy.HBC&I_[I/Iﬁ HaIps’KCHUS TTUTAHWUA Ha 00OMOTKAaxX craTopa ABUIATCIIA U
PaBCHCTBA HYIIIO HaHpH)KCHI/Iﬁ MMUTAHWUS Ha 0OMOTKaX poTOpa ABHUIaTCIIA
HUMECT BUA:

ris vl

+usa sasa dt sa > U sB

<

d
tug =R i dtgsﬁ

sa

20000

ra“ra

d d
=R i, +t+—9, +pwD,;;0=R i, +—3, - pwd., , 1
PP P B glg B p (1)

d
szEwr =L, pigig —igig)—M,

s MO0

e U, , U, — HAMpshKeHus nutanus cratopa AJl mo ocsm a u 3, B;

usaf , usﬁf — IIyJIbCallu HAIPAKCHUU ITUTAHUA CTAaTOpa I10 OCAM aun [)’ ,

B; M. — momeHT conporuBineHusa Ha Bany AJl, H B1; i, i

craropamo ocsim 0 u B, A; i, I,; — TOKH POTOpA 110 OCSAM O 1 B, A;

%)

sa

— TOKH

@, — moTOKOCUEIIeHUs: cTatopa 1o ocsim a u 3; @, D5 —

MOTOKOCIEIUICHUSI pOTOpa MO OCsiM O W [3; W, — YacToTa BpallCHUs

Baja poropa, pan/c; R, R,; — aKTUBHbIC COMPOTUBICHHUS OOMOTOK

craropa no ocsim 0 u B, Om; R,,, R,; — aKTHBHBIE CONPOTHBIEHUS

ra

00MOTOK poTopa 1o ocsim @ u 3, Om; p — yucio nap moiroco AJl; J

— MOMEHT HWHepuuu Bama potopa AJl, xr[1°; L, — B3auMHas

m
WHAYKTUBHOCTH OOMOTOK JABUTATENs, [ H.
Mopens COCTOMT W3 MATH YPaBHEHUW W COJIEPKUT JEBATH
HEU3BECTHBIX. [[1s1 MCKIIOYEHMs JUIIHUX HEU3BECTHBIX MOTYT ObITh
VICIIOJIb30BaHbl YPABHEHUS:

_L i +L Qsﬁ =Ls[3is[3 +Lml

s m lror?

E _ . _ . (2)
@ =Ll tL,i;Bs=Lgig+L,ig

sa

rae L., Lz — NOJHbIC HHIYKTHBHOCTH OOMOTOK CTaTopa 1o ocsiM 0 |
B,Tn; L, L, — NONHBIE HHAYKTHBHOCTH OOMOTOK POTOpa MO OCAM
awupf,In

B kadecTBe MNEpPEMEHHBIX COCTOSHHUS MOJEIM MOTYT OBITh
NPUHATBHl pa3iUyHble IepeMeHHble. Ecin B KadyecTBE NEPEMEHHBIX
coctostHust AJl IPUHATBI IEPEMEHHbIC I, Ii5s L,y 5 L5, W,, TO C YUETOM

(2) ¥ TOrO, YTO aKTUBHBIE U PEAKTUBHBIC COMPOTHBJICHUS B3aUMHO
NepHeHANKYIApHBIX (pa3 ctaTopa (poTopa) paBHBI MEXKIY COOOM, MOJEND
AJl (1) mocne HECHOXHBIX MpeoOpa3oBaHUM MO MPUBEICHUIO K
HOpMalibHOU opme Kotm mpumet Bu:
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N d . Rer . Lirz . Rer .
EEZSG - X2 lsa +p)(_21sﬁwr + X2 lra
U LL, . L, L,
E +p X2 lr,Bwr +X2 usa +X2 usaf
Bd . L?n . Rs ros Ler .
DZZSB __pX_zlsawr - XZ lsﬁ -p XZ lrawr +
B m m m
= RL, L, L,
O] + X2 B +X2 Usp X2 Uspr
] m m m
Od . _RsLm LsLm . RrLs
lem - X2 sa -p X2 lstr - X2 lra -
- L Lr . Lm Lm
E -p XZ lr[)’wr _X2 sa _X_Z saf
Bd . LsLm . RsLm . Ler .
Dglrﬁ 4 X2 lsawr + X2 lsB +p X2 lrawr -
— -——u - .
E P IED GRS Gl ’
D d _Lm . . . . 1
ngr _p_J(lsﬁlra _lsalr'B)_p2J c
rac
X =LL,-L}.

N3 cucremsbl (3) BUAHO, 4TO ToOJiydeHHas monenlb AJl umeer
OATBHIA MOPANIOK (YKCIIO TEPEMEHHBIX COCTOSIHHUS PaBHO TMSATH) U
SIBJISIETCS CYIIECTBEHHO HEJIMHEHWHOM, T.K. COACPKUT IPOU3BEACHUS
MEPEMEHHBIX COCTOSIHUA. BO3MOXHO Takke npencrapieHue moaenu AJl
B MOJSIPHOM CUCTEME KOOpJMHAT, OJHAKO B 3TOM CJydyae MOJYyYUTCS
ropazno Oosiee TpOMO3[Kas CUCTEMA HEJIMHEWHBIX YypaBHEHWIA,
cojepikaiiasi TMOMHUMO TIPOU3BEICHHN TEPEMEHHBIX COCTOSIHUS UX
OTHOIIICHUS, & TAKKE UX CHUHYCBI U KOCUHYCBI. Kpome aToro, moaens Al
B TOJIIPHOU CHUCTEME KOOpAMHAT OyAeT UMETh, KAK MUHUMYM, IIECTOMN
nopsiiok. OCHOBHBIM K€ JJOCTOMHCTBOM MOJIYYEHHON MOJICNIH SIBJISIETCS
BO3MOYKHOCTh €€ 3aIlliCH B BUJIC:

n

n m r R
xizzal'jxj-i-zaijkxjxk+kzlbz‘kuk+zeilflﬁ i=ln,
= f= = =

rne n=5, m=2, r=3; x, (i=lLn) — mnepeMeHHBIE COCTOSHHUS

MozenupyemMoro oobekTa; u, (k =1,m) — ynpaBisomue CUrHaJIbI AJis
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Mozenupyemoro  oowekra;  f, (I =1_r) — BO3MYILIEHUA A

MOJICIIUPYeMOro 00BeKTa; a;, d;, b, W e, — mapameTpsl OObeKTa.

ijk
Takast 3amuch HO CyIIECTBY MpeACTaBiIsieT cOOOI BhIpOXKAAOLIEECs B
KOHEYHYI0O CyMMY pa3liokeHne B OeckoHeuHblii psg Teinopa (B
OKpPECTHOCTHM  TOYKM X, =...=x, =u, =...=u, =f, =...=f, =0)
OpaBOM YacTH MOJENHU OOBbEKTa YIpaBICHMs M SBISETCS Hauboee
ynoOHOM 3amMchbio Monaenu AJl ansg  cUHTE3a ONTUMAlbHOIO U
aJaNTUBHOIO YINPABICHUS HEJIMHEHHBIM OOBEKTOM (AaCHHXPOHHBIM
AIIEKTPOJIBUTATEIIEM).

AHanmornyHo mnonyyaercs wMoxaenb AJl, rae nepeMeHHbIMHU
COCTOSIHUS SBIIFOTCS TOKM CTAaTOpa, IOTOKOCLEIUIEHUS pOTOpa M
4aCTOTa BPAILEHUs Bajla POTOpA:

D d RsLi +RVL%71 . Rer
00l =~ — ) sa +2—®r0{
D dt XI'MLV XI'MLV

B .\ L L L, .
Jd. __RL*+RIY RL,

—1 = _
Odr ™ XL o ¥ XL *
H L L

—0 . U, +—Lu
E XZ r Xan SB X; Sﬁf
U g RL,. R,
BEQU 7 7 D . p@,Ba)
U g RL
D_g - r m — r Q w
Ddt B Lr sB Lr P,
O

d L 1
U =—w =""(i .8 —-i B.)-— M
E dt r pJLr ( sB*ra sa r,B) p2J c . (4)

HetpyaHo BuaeTh, 4TO OHA HECKOJIBKO MPOIIE MPEIbIAYIIEH.

[apamerper momenu Al (a;, ay, b, u e;) MOryT ObITh

ompesienieHbl TUOO HAa OCHOBE MapaMeTpPOB PEATbHOTO ACHHXPOHHOTO
ABUTATENsA, JIMOO B TMPOIECCE MPOBENCHUS AKTHBHOTO (DAaKTOPHOTO
HKCIIEPUMEHTA.

Hopmupoesanue mooeneii aCUHXPOHHO20 Oguzameis

[IpuBenennpie  BbllE  Maremarnueckue wMoaenun Al ¢
KOPOTKO3aMKHYTBIM POTOPOM YAOOHBI MO CBOEMY BHUAY ISl CHUHTE3a
CUCTEM YIpPaBJICHUS MPUBOJAOM IMEPEMEHHOIO0 TOKAa. JTU K€ MOJENH
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MOTYT HCIIOJIb30BaTbC M MPU KOMIBIOTEPHOM  MOJEIMPOBAHUU
nporeccoB B AJl, omHako B dopme (3), (4) oHM mpeacTaBIICHBI B
aOCOJIIOTHBIX BEJMYMHAX. 3aMuch ke mojeneil A/l B OTHOCUTENIbHBIX
equHuIax (0. e.) mo3BoiseT: 1) npeacrtaBuTh UX B 00Jiee IPOCTOM BHJIE;
2) 00JIeTYUTh KOHTPOJIb MPABUIBHOCTH PACUYE€TOB MPHU KOMITBIOTEPHOM
MozenupoBanun Ha [I9BM unm MUKpOKOHTposuiepe; 3) ynpOCTHUTh
CpaBHEHHUE MMOBEJEHUSI aCHHXPOHHBIX 3JIEKTPOABUTATENIEH B PA3IMYHbIX
pexumMax padoThl, CPABHEHUE MAIIMH Pa3JIMYHbIX MOIIHOCTEH U THUIIOB;
4) BeIpaXKaTh pa3HbIE MO CBOEH CyTH (DU3MUECKHE BEIMYMHBI OJHUM U
TEM K€  YHUCJIOM,  Hampumep,  3aBUCUMOCTH  HalpsDKEHUS,
MOTOKOCLIETUIEHHUS], IOTOKA, UHAYKIHH B BO3YIIHOM 3a30p€ MAIIUHbI OT
MAarHUTOJIBWKYIIEH CHJIBI MOTYT OBITh BBIPXKEHBI OJHOM W TOM K€
KPUBOW.

[IpencraBnenne moaenu AJl B 0. €. MOXKET ObITh OCYIIECTBICHO
B pe3yJbTaTe€ BBINOJHEHHUS MPOLEAYPbl HOPMHUPOBAHUS MOJIEIU
ACHHXPOHHOTO 3JEKTPOABUTATETIS.

3Ha4YeHUs pEAbHBIX IMEPEMEHHBIX M MapaMETPOB AJIEMEHTOB
IIPUBOJIa IEPEMEHHOIO TOKA HAXOJSTCS B BEChbMa IIMPOKOM JUAIa30HE.
B xome ympaBnenus AJl wiM  KOMIBIOTEPHOTO MOJEIMPOBAHMS
mporieccoB B AJ[ mo mepe o0pabGoTku wWHPOpMAMH O IBHKCHHUH
MPHUBOJA OCYIIECTBISIIOTCS MHOTOKpATHbIE apu(MeTHYecKue omnepannu
HaJl €ro MNEepeMEHHbIMH W TapaMmMeTpaMH ero 3jeMeHToB. Ilpu sTom
MIPOMEXYTOYHBIE PE3yIbTaThl MOTYT CIABUTATbCA B O0JIACTh 3HAYEHUA,
JAeXallUX BOJIM3M TpaHUI] OrPAaHMYEHHOrO [HMAMA30HA YHCEJ, BHYTPH
kotoporo II9BM wiM MHKpPOKOHTpOJUIEp NPOU3BOIUT omnepauuu. B
UTOTe HAONIOMAETCS MOTEPs TOYHOCTU PE3YJIbTATOB BBIYUCICHUS WU
BO3PACTAET OMACHOCTh NEPENOIHEHUS pa3pAIHON ceTku DBM.

1 TOBBIIEHUS TOYHOCTH BBIYMCICHUNA W YMEHBLICHUS
OMACHOCTU  TEPEMOJHEHUs]  pa3psAOHOM  CETKUM  CIEoyeT Iepen
BBITIOJIHEHUEM KOHKPETHBIX pacyeToB (BHE IIpoliecca YIpaBICHHUS)
IPOU3BECTU TMPOLEAYPY HOPMUPOBAHHS MATEMATHYECKONM MOIEIU
npuBoja (aBuraresnsi). CylHOCTh MPOLEAYPbl HOPMUPOBAHUSL COCTOUT B
BBIOOpE TpeX He3aBHUCHUMBIX 0a30BbIX (Qu3ndeckux BenuunH (BDB),
4yepe3 KOTOpPbIE MOTYT OBITh OJJHO3HAYHO OIPEAEIICHbl BCE OCTaJbHBIE
b®B, Bcrpewarommecs B npuBoge. Ilpm  onpenenennn  bOB
UCIIONIB3YETCSl TEeopusi Tomoomst [6], ydWTHIBarOIIas COOJIOICHHE
10100MsI TIPOIIECCOB, OMUCHIBAEMBIX (yHIaAMEHTAIBHBIMHU (DU3HMUECKUMU
3aKOHaMH B TPOCTPAHCTBE PEATBHBIX 1 HOPMHUPOBAHHBIX BEJIMYHUH.

s mpuBOia mepeMEeHHOro Toka B KadyecTBe He3aBUCMMbIX bDB
yIOOHO MPUHATD:

1.U, =\2U gy — 0a30Bas GU3MUECKAs BENMYMHA HANPSHKCHHUS,
paBHas ~ aMIUIMTYZHOMY  3HAYCHHWIO  HOMHHAJIBHOTO  (ha3HOTO

CHUHYCOHNAAJIBbHOI'O HAIIPAKCHHA CTAaTOpa ABUI'ATCIIA, B.
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2.1, =21 gy — OasoBas (U3MYECKas BENMYMHA TOKA, paBHAas

AMIUIUTYJHOMY 3HAYEHHI0 HOMHHAJILHOrO (ha3HOTO CHHYCOUIATEHOTO
TOKa CTaTopa JBUTaTens, A.
3.T, =p/w, =p/2ITf,) — O0asoBas (Qu3MyecKas BeIUYHHA

BPEMEHHU, paBHas HOMHHAJIBHOMY IE€pUOAY BpAIlEHHs MOJs CTaropa
asurarens, c¢/pax; rae p — ukcno mnap moimocoB AJl,  f, -
HOMHHAaJIbHAs YacToTa ()a3HOr0 CUMHYCOMJAIBHOTO HAIPSKEHUSI CTaTopa
JBUTaTEIIA, c.

Torpa mpousBoaHbIe 0a30BblEe (DU3UUYECKUE BEJIMYMHBI MPUBOJA
(nBuratensi) mpeacTaBATcs dYepe3 HezaBucumble bBDB crnenyromum
obOpazom:

1. bazoBas (pusmyeckas BeqInynuHa CONPOTUBIEHUS, OM:

R, =U,/I,.
2. bazoBas (pusnyeckas BelMUMHA UHIYKTUBHOCTH, [ H:
3. bazoBas (u3nueckas BelIuurMHa eMKOCTH, D:
C,=T,1,/U;,.
4. ba3zoBas (pusnyeckas BelnuMHa MOMeHTa Bpatienus, H [31:
M, =T, U,I,.
5. bazoBast (u3HdecKas BeMMUMHA MOMEHTA HHEPIUH, KT [31°
—73
6. bazoBas (u3nyeckas BeIMYMHA MOIIHOCTH, BT :
P, =U,I,.
7. bazoBas (usmyeckas BelIMUMHA TMOTOKA (MOTOKOCHUEIICHHS),
BO:

Hpyrue npousBognsic b®B BBOAUTL HE 00s3aTENBHO, T. K. OHHU
OTCYTCTBYIOT B Mojiesisix A/l, 3anrcaHHbIX B Aa0COMIOTHBIX BETMYMHAX.

ITocne onpeneneuuss Bcex bMB mnepemMeHHbIE W TApaAMETPhI
AJIEMEHTOB MPHUBOJA (JIBUTaTessl) AENATCS Ha COOTBETCTBYIOIIME WM
0a3oBble (hU3MUECKUE BEIUYMHBI. B pesynbpTaTe Mmporecchl B MPUBOJC
ONMUCBHIBAIOTCA TEPEMEHHBIMM W IapaMeTpaMud €ro 3JIEMEHTOB,
MpEJCTaBICHHBIMU B 0. €. Tak, HopmupoBaHHyto mozaeib AJl (3) MoxHO
3amucaTh B BUJIE:

n n m r -
xizzcijxj-'-zcijkxjxk+/Zbikuk+zeilfl> i:Ln’ (5)
= = = =)
rIe
n=5,m=2,r=3;u,=u,/U,, u, =usﬁ/U6,
fi :”saf/Uﬁa /5 =us@"/U6’f3 =M_./M;,
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X) i /1o, %y Zig [l x5 Zig /15, x, =i [1;, x5 =0, T,
¢ =ep ==RL, X}, ey ey ==RL /X,
Ci3 = Cy :Erl\:m/)zi » C31 = Cyp =I§Sljm/jz31 )
Clas = ~Ca1s :piiz /Xi > Clgs = ~ 35 =pvrl\:m/)zvri )
C3p5 =~ Cy1s =_pESEm /)Zfz > C345 = ~Cyss :_p[\:s[\:r/)zfi )

Coy ==Csu =L, [(p]),
by=by, =L, /X}, by =b,=-L,/X,,
ey =en =L, [X), e =e, ==L, [X) , ex ==1/(p*J).
31€ech, B CBOIO OYEPEb:

R,=R,/R;, R, =R,[R;.
L,=L,/L;,L,=L,/L;,L,=L,/L;; (0)
X =L L -L>,J=J/J,. (7)
Ocranbhble KOOQHUIHUEHTBI cucTeMbl (5) ¢;, ¢, b, ¥ e;, He

YIOMSIHYTBIE BBIIIE, TOJDKHBI OBITH IPUHSTHI PAaBHBIMU HYJTIO.

W3 cucteMbl BHUIHO, 4YTO [JIs OmNpeneseHdus abCOIIOTHOTO
(peanpHOTO) 3HAYCHHWS HEKOTOPOW TMEPEeMEHHONW MOoJaeNnn OO0BEeKTa,
IPEJICTaBICHHOH B 0. €., JIOCTATOYHO YMHOXXHTh 3Ty TECPEMCHHYIO Ha
COOTBETCTBYIOIIYIO €if 0a30BYI0 (PHM3NUYECKYIO BEIMUUHY.

HaubGonee  ymoOHOM 111 HaOMIOJCHUS  HEU3MEPSEMBIX
nepemMeHHBIX AJl okazamaceh Mozaenb (4), B KOTOPOW B KadecTBe
NEPEMEHHBIX  COCTOSIHHMS ~ JBUTATEIS MPUHATBI TOKHM  CTaTopa,
IOTOKOCIICIUICHUsT POTOpa M 4YacToTa BpaileHus Baia poropa AJl. B
pe3ynbTaTe MmojgydeHa HOpMHpOBaHHAs Mozaenb AJl, koTopas B ciydae
CUMMETPUU B3aMMHO TIEPIICHIUKYJISPHBIX (a3 cTaTtopa W poTropa H
3aKOPOYEHHBIX 0OMOTOK POTOPA UMEET BUI:

xi=iaijxj+iaijkxjxk+ibikuk+iei,f,, i=Ln, (8)
= = = =T
e
n=5,m=2,r=3, u =uy,/U;, u, =uy /U,
fr=u [Us, [y =ug [Us, f3=M /M,
X, =i 15, x, =i 15, %3 =8, /@5, x4, =B /05, x5 =0, T,
ay =dy :_(E‘;Ei +ErZi1 )/)ij[jr > O3z =y :_Er/[j
a; =ay =R,L, /X)L, ay=a,=R.L,[L,,
Qs ==ays =pL,, [X ), ays == aus == p,
ayy ==as, =L, [(pJL,),
b, =by =L /XZ € =€y =[jr/)?i,es3:—l/(p2j).

s 2
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o
3nece R, R., L ,L,.,L, , X, nJ onpenensatorcs us (6) u (7).
Ocranbhbie K0opduunents cucremsl (8) a;, ay, b, u e, HE

YIIOMSIHYTBIE€ BBIIIIE, IOJDKHBI OBITH IPHHSTHI PABHBIMH HYITIO.

W3 cucremMbl BUAHO, 4YTO JUiA OOpeneieHus aOCOIIOTHOTO
(peasibHOr0) 3HAYEHUsSI HEKOTOPOW TMEPEeMEHHON MojAenn OO0beKTa,
MPEJICTaBICHHON B 0. €., JIOCTaTOYHO YMHOXXUTH 3Ty NEPEMEHHYIO Ha
COOTBETCTBYIOILYIO €/ 0a30BYIO (PU3NYECKYIO BEIUUUHY.

Komnviomepnoe moodenuposanue npoyeccos 6 ACUHXPOHHOM
1eKmpoosuzamene

CrpykTypHas cxeMa Mozelu 00bekTa (5) Mg KOMIBIOTEPHOTO
MOJICTUPOBAHUS ACUHXPOHHOTO AJIEKTPOABUTATENsl H300pakeHa Ha
puc. 2.

OnucaHHbie HOPMHUPOBAHHBIE MOJENH ACUHXPOHHOTO
ANEKTPOABUTATENS PEAM30BAHBI B CUCTEME HWH)KCHEPHBIX M HAyYHBIX
pacduetoB MATLAB. Ilpu 3TOoM 1j151 MOATBEPKIAECHUS JOCTOBEPHOCTH
MOJIYYEHHBIX PE3yJIbTaTOB MOAECIMPOBAHUE MPOBOAWIOCH MAPAIIIETBHO
B cpene  mporpammupoBaHus — cuctembl MATLAB wu B
crielMaM3upoBaHHOM  cucteMe Simulink, Bxonsgmed B cocTaB
MPOrPaMMHBIX MTPOIYKTOB, BbImyckaeMbix (hupmoii The MathWorks, Inc.

[IpuMeHUTENBHO K MO/JICITMPOBAHUIO B cpene
nporpammupoBanus cuctembl MATLAB  pa3pabotan  KOMILIEKC
MPOLEYP U MPOrpaMM, OCYIIECTBISIOIIUX:

1. BBon B guanoroBoMm pexume napamerpoB AJl, a Takxke
BXOJHBIX M BO3MYUIIAIONIUX BO3JACUCTBUN 1Ji1 Hero (MUTAIOIIMeE
JIBUTaTellb HAMPSHDKEHUSI U MOMEHT COMPOTHUBIICHUS Ha €ro Baly).

2. PacueT nepexoaHbIX MPOLECCOB B ACHHXPOHHOM JBUTATENE I10
ONMCaHHBIM MOJIEIISIM.

3. IlocTtpoeHne Ha 3KpaHE MOHHUTOpPA B JHAJIOTOBOM DPEXUME B
0. €. TpaUKOB BPEMEHHBIX 3aBUCHUMOCTEH BXOJHBIX M BO3MYIIAIOIIUX
BO3JIEUCTBUI ISl IBUTaTensi, TOKOB B 0OOMOTKax craropa u poropa AJl,
YacTOThl BpAIICHUS Baja pOTOpa JABUTATENsl M DJIEKTPOMArHUTHOTO
MOMEHTa Ha Baiy poropa A/l.

4. CoxpaHeHue TOCTPOCHHBIX BPEMEHHBIX 3aBUCHUMOCTEN B
mobom u3 rpaduaeckux popmaros: WMF, BMP, JPeg, TIFF.

I[Ipy  3TOM  YUCIEHHOE  HHTETPUPOBAHME B  MPOILECCE
KOMITBIOTEPHOTO MOJEIUPOBAHUSL OCYIIECTBISIETCS HA OCHOBE SIBHBIX
dbopmyn Pyrare — Kyrra [7] 4-T0 11 5-T0 IOPSAIKOB C IEPEMEHHBIM IIATOM
VMHTErpupoBaHus.  lMccienoBaHnio  MOABEPrajiiCh  ACMHXPOHHBIC
nsuratean MouHocThio oT 0,5 1o 100 kBT ¢ paznuyHsIiMu 4uciaMu mnap
MOJIFOCOB U PA3JIMYHBIM XapaKTepOM WU3MEHEHHUSI MOMEHTA HArpy3KHu.
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> X
u ks 1 X1
bu X @ Y
X
Xs
> X1
—> X2 ; X
—> b= X5 @, >
X
xs
> X/
u: =1 1 X5
— ba X: Q3 Y
X
xs
> X/
> x> - X4
ba X5 @y Y
xs
xs
Ll'x
fi > X o ] Xs
es Xi Qs X > >
x
x

I S
e f J—
zo UJ« 2 s 4 é Zo U 1 @ jv ¥ é

Puc. 3. I'pagpuxu epemennvix 3aeucumocmeil npoyeccos 6 A/[, nonyyennvix
8 pe3yibmame KOMNbIOMeEPHO20 MOOENUPOBAHUSL.
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B kauectBe mpumepa Ha puc. 3 npuBeJeHbI TpapuKH BPEMEHHBIX
3aBUCUMOCTEMN HEKOTOPBIX MePEMEHHBIX COCTOSIHUS U
AJIEKTPOMArHUTHOTO MOMeHTa st auratess 4A112M4 MOIIHOCTBIO
5,5 kBT ¢ unciaoMm map moJIFOCOB, PaBHBIM 4, U HANPSHKCHUEM MUTAHUS

220B ¢ wacrotoii 50c”' (HOMMHANBHAs YACTOTa BpAINIEHHs Baja

poropa n,,, =750 00/MUH ) B peKUME XOJIOCTOrO X0jaa (PH MOMEHTE

Harpy3kd Ha Baly, paBHOM HyI0). Pesynbratel s ymobcTBa
BOCTIpUSATUSL U CpaBHEHHsI (aHaiIM3a) MPEJCTABICHBI B OTHOCHUTEIBHBIX
eAMHULIAX. 3JeCh EOUHHUIBI Ha OCSAX OpAWHAT COOTBETCTBYIOT
HOMHHAJIbHBIM 3HAYEHHUSIM COOTBETCTBYIOIIMX BennunmH. Ha rpaduxax
BpEMsl YKa3aHO B HOMHMHAJIbHBIX NEPHOJAX MOJs craropa (H.ILILC.)
ACMHXPOHHOTO  JBWratens  (OMHOMY  €AHMHWUYHOMY  JICTICHUIO
coorBercTtByeT 1 H.m.m.c., win 0,08 ¢). HomuHaneHbI niepuoj mosist

cTatopa paBCH BpCMCHHU IIOJIHOTO 060p0Ta nmojrs1  ¢ratropa IIpu
HOMMHAJIbHOM 4acTOTe IMATAOIICTO ABUTATCIIb HAIIPAKCHUA.

Jumepamypa

1. Acanos A. 3., Pomanoscxuii 3. A. KoMIblOTEpHOE MOAEINPOBAHUE
MIPOIIECCOB B aCHHXPOHHOM JJiekTpoasurarene //MapopMannoHHbIe
TEXHOJIOTMHA B MHHOBAIMOHHBIX mpoekTtax: Tp. III mexnaynap. Hayy.-
texH. koH}. Y. 1. Mxesck: M3a-Bo MkeBckoro paamosasona, 2001.
248 c. C. 30 —32.

2. bawapun A. B., Hosuxoeé B. A., Cokonoeckuti I'. 1. YmupapieHue
AJIEKTPOIIpUBOAaMU: YueOHoe mocobue AJig By30B. JI.: DHeprousaar.
Jlenunrp. otn-uue, 1982. 392 c.

3. bawapun  A.B., Ilocmnukos  FO.B. llpumepsl  pacuera
aBTOMATU3UPOBAHHOTO AJEKTporpuBoaa Ha DBM: YuebGHoe mocobue
I By30B. 3-¢ uzn. JI.: DHeproaromusnar. JleHunrp. ota-uue, 1990.
512 c.

4. Asanecos B. M. lnBapuaHTHOE yIpaBiI€HUE CIEASAIINM HHBEPTOPOM
HanpspkeHus // Dnextporexnuka, 1999, Ne 4. C. 34 — 40.

5. Cmamuueckue arperathl 0ecniepeboitnoro nuranus / [lox. pen. @. U.
KoBanesa. M.: Dueproaromuzaar, 1992.

6. [yxman A. A. BBenenue B Teoputo nogodus. M.: Beicu. mik., 1973.
295 c.

7. Dormand J. R., Prince P.J. A family of embedded Runge-Kutta
formulae // J. Comp. Appl. Math. 1980. V. 6. P. 19 — 26.

192



Tpyoul konghepenyuu «llpoexmuposarnue undxiceHepHvIX U HAYYHBIX npunodxcerull 6 cpede MATLAB»

YK 621.774.37

MOAEJIMPOBAHUE NMPOLIEECCA BOJIOMEHUA
NMPYTKA

bacun M. E., bospumnos M. I'., Konmoropos I'. JI.
Ilepmckuti 2cocyoapcmeenHblli mexHuueckuil ynugepcumem, 2. Ilepmo
e-mail: bme(@perm.ru

[TpunsTHIE 0003HAYEHUS:
I
j» O;, €; — KOMIOHCHTBI TEH30pa HANPSDKCHUH, BI3KHX
HaIpsDKEHUH, 1edopMaliuii;
* [
O, — Ipeles TEKYYECTH U1l aKTUBHBIX HAIIPSKEHNN;

S;> S;, a; — KOMIIOHEHTHI [E€BMATOPA HANPSHKCHUH, AKTHBHBIX

HaIpsKEHUHM, OCTATOYHBIX MUKPOHAIIPSKEHUM;
* ~
0, , 0,, — IHTCHCUBHOCTb aKTUBHBIX 1 OCTaTOYHBIX HAIIPSIKECHUI;

o

*

O/, 0,, — IpoeKuusi BeKTopa d0, Ha HampaBleHHE O, , TPOSKIU
%
BeKTOpa d0U,, HA HAIIPABICHUE T, ;

€. — HaKoIUIeHHas IUIacTHYecKas aedopmanus;

W, Vv — BEKTOpa NepEMEILEHNI, CKOPOCTH;

v, E, G —koaddunuent [lyaccona, Momynu ynpyrocTa nepBoro u
BTOPOTO pOJa;

T, p, P —Ttemueparypa, INIOTHOCTb, JABJICHHUE;

A, u — YIpyrue nmocTosiHubie Jlame;

X> N, a —Ko3p(ULIUEHT TEIIONPOBOIHOCTH, BA3KOCTH, TUHEHHOTO

pacHIupCHU:A TCIA,

Cp — yAcCJIbHAasA TCIINIOCMKOCTD,

— KOJIMYECTBO TEIIA, BBIICIAEMOE UCTOUYHIKOM;
— NIpOoOHBIE PYHKIIHH;

— 007acTh, 3aHATas UCCIIEyEMBIM TEJIOM;
— rpanuia obnactu Q;

v» g, [, — wactn rpanmuel [, Ha KOTOpBIX 3a/aHbI

COOTBCTCTBYIOIINEC I'PAHUYIHBIC YCJIOBHUSI.

w

2

n  — BEKTOp HOpMaJIH;
Q

r

r
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TpeHue MNpOTATUBAEMOl 3aroTOBKM O CTEHKH BOJOUYUIBHOTO
KaHajla 3aTpyJHseT mpoiecc AehOpMHUPOBAHUS, MOITOMY IO MeEpe
BO3MOYXHOCTH CHUJIbI KOHTAKTHOTO TPEHHUSI HEOOXOAMMO YMEHbIIATh. DTO
JIOCTUTAETCs MPEABAPUTENBHON 00pabOTKON MOBEPXHOCTH (TpaBJEHUE,
aHONMPOBAaHWE, OKHCIICHWE, HAHECEHHE pPa3IUYHBIX IOKPBITHII),
NPUMEHEHUEM CMa30K M CO3JaHMEM YCJIOBHH, 00ecreunBaronux
BO3HUKHOBEHUE KHUJIKOCTHOTO TpEeHUs BMECTO CyXOro.
MHorouyucieHHple  HaOJMIONEHUS TOKa3aJid, YTO BO3HUKHOBEHHE
AKUJIKOCTHOTO TPEHUS 3aBUCUT OT BA3KOCTH CMa3KH, YCJIOBHI €€ BBOJIA B
neOpMaIlMOHHYI0 30HY, a TaKXe OT CKOPOCTH BOJIOUYEHHUS, (POPMBI

BOJIOYMJIBHOTO KaHajla U CpeHEl TeMIiepaTyphl 1e(pOpMaIlMOHHOMN 30HBI
[10].

—
4 v, Q O

Puc. 1. Bonouenue c euopoournamuueckum 6600om cmasku. 1 —npymox; 2 — eonoka, 3 —
mpyoyamas Hacaoka, 4 — MuKpo3asop, 3anoJIHeHHbIll CMA3KoU, 5 — pe3epeyap 015 cmasku, 6

— cmaska nod ammocgepuvim oasnenuenm. R, — paouyc npomazusaemoeo usoenus; R,, L, —

gHympennutl paouyc u onuna nanopnou mpyoxu nacaoxu, R, L, —navanenwiii paouyc u
€80000Has ONUHA pabouezo KoHyca 8onoKu, 0 — Y201 HaKIoHa obpaszyoujeli KOHyca 8010KU;
hy — monwuna cnos cmasku na éxode 6 30y degpopmayuu, V, — ckopocms eonouenust
uzoenusi.

B cBsi3u ¢ 00pa3oBaHreM y BXOJla B BOJIOYMIbHBIA KaHAT YIIPYTron
30HBI BCECTOPOHHETO CKATHUSl HA KOHTAKTHBIX TTOBEPXHOCTSIX MOSBIISETCS
HOpMaJibHOE HamnpsbkeHue. [loaTomy ni1st BBOJa CMa3Ku MEXKIY MPYTKOM
U KOHTAKTHBIMHU MOBEPXHOCTAMH HEOOXOAMMO, 4TOOBI OHA MO0J/1aBaJIaCh
1O/l JaBJICHHEM, HECKOJbKO MPEBBIIIAIONIMM YKa3aHHOE HOPMaJbHOE
HampspkeHue. B TpaguIMOHHOM MpOIECCe BOJOYEHUS MPOTATUBAEMBIN
IPYTOK MPOXOJUT Yepe3 HEKOTOPbIH 00beM CMa3KH, HaXOISIIEHCS Mo
aTMOC(epHBIM JaBJICHUEM Y BXOJla B BOJIOYWIbHBIM KaHal. (CMaska
BBOAUTCA B JeDopMaAlMOHHYIO 30HY 3a CHYET CIEIUIEHUs ¢
OpoTArMBaeMbiM  MeTtauioM.  [lpm  mpubnmxeHun K = 30HE
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nehopMUPOBaHUS YacCTh CMAa3KU MOXKET OTTOHSITHCS, BCJIEICTBHE ITOTO
CMa3oyHas IJIEHKAa PE3KO YTOHYAETCs, BO MHOTHMX MECTaX pa3pyllaeTcs
U TPEHHUE CTAHOBUTCS HAa HEKOTOPHIX YUACTKAX CYyXHUM.

Jnst  mpemoTBpamieHusi TaKoW CHUTyallud pa3paboTaH METo]
TUIPOJIMHAMUYECKOTO0 BBOAA CMasku [5, 9], KOTOpbIN 3akirodaercs B
TOM, YTO y BXOJia B KaHAJI CO3JaeTCs MOBBIIIICHHOE JaBJICHUE CMa3KH 3a
CYET BO3HUKHOBEHHUS THUIPOJMHAMUYECKOTO H(deKkTa Tpu TPEHHUH
CMa3KM O JABMXKYIIMICS npyToK (cM. puc. 1). CBOOOIHO HaXOsAIIasICs B
pesepByape 5 cMa3ka 6 TPUTSATHBAETCS JBIDKYIIUMCS TPYTKOM [ |
BOBJIEKAETCS B MUKPO3a30p 4 MEXIy TpyOKoH-HacaaKoi 3 u MpyTKoMm 1.
B pesynbrare Takoro BOBJICUEHMS AABICHHE CMa3Kd y TOBEPXHOCTH
IPOTATMBAEMOr0 MeETajuia, JABUXKYIIErocsl B HacaJke, MOCTENEHHO
MOBBINIAETCA [0 BEJIMYMHBI, OOECIIEUMBAIONICH BBOJ CMa3Ku MEXIY
MPYTKOM U KOHTAKTHBIMH ITOBEPXHOCTSAMH.

BBICOKOCKOPOCTHOE ~ BOJIOYEHHE TpEArojaraeT MpPUMEHEHHE
KUIKAX CMa30K, CIIOCOOHBIX oOecmeunTh 3PPEeKTHBHOE OXJIAKICHHEC
npyTka Mexnay mpoxomamu. OIHAKO MPH 3TOM WHOTJA HAOIIOJAI0TCSA
BBIXJIONBI  cMa3ku. [IpyTok BbIXOAMT W3 BOJOKM B  (opwme,
HaroMuHaromen "0aMOyK": yJacTKH TJIAKON ONeCTSIIe MOBEPXHOCTH
YepeayloTcs C BBITSAHYTHIMU IIE€HKaMu. [ eoMmeTpuyeckre mapaMmeTpsl
YepeayIOMUXCsl YIaCTKOB OMpPENEeNSIOTCS yCIOBUsAMHU BosoueHus. [lpu
BBIXJIONIAX CMa3KH MPOUCXOAMUT YEpPEAOBAHUE PEKUMOB TPEHHS, UTO
MPUBOIUT K 3HAYUTEIbHBIM KOJICOAHHSIM YCUIIHSI BOJIOUEHUS BCIICICTBUE
W3MEHEHUs Ko3(pUIMeHTa TpeHUs W K TOSBICHUIO JUHAMUYECKUX
MEepPErpy30kK B y3jax HHCTpyMeHTa [5, 9].

Paccmotpum 3amady BBICOKOCKOPOCTHOTO THIPOJMHAMHYECKOTO
BOJIOYECHHA. ODTOT TMPOILECC COCTOUT U3 YMNPYyroro 1aedopMUPOBAHUSA
BOJIOKU 2, YIPYTOIUTACTUYECKOTO Ae(POPMHUPOBAHUS MPYTKa / U BSI3KOTO
TEUCHUSI HEC)KUMAEMOM HBIOTOHOBCKOM CMa3Ku B MHKpO3azope 4.
[TpuaNMarOTCs CleAyIoue MOMYIICHHUS: pacCMaTPUBAEMbIN IMPOIIECC
BBICOKOCKOPOCTHOTO ~ THAPOJWHAMUYECKOTO  BOJOYCHHS  SIBISETCA
HECTAI[MOHAPHBIM, OCECHMMETPUYHBIM U HEM30TEPMHUYECKHM; BOJIOKA
CUMTAETCA YIPYTrOW, OAHOPOAHOM, HM30TPOIHOM; CMa3Ka CUYHUTAETCS
BSI3KOM, HEC)KMMAaeMOW; MaTepuai MpyTKa CUUTACTCS OTHOPOIHBIM,
U30TPOITHBIM, ero NOBEICHUE OTHCHIBACTCS Teopuen
HEU30TEPMUYECKOTO  IUJIACTUYECKOTO  TEYEHUsT € JIMHEHHBIM
AHU30TPOINHBIM  YIOPOYHEHWEM;  JUIsl  pacyeTOB  HMCHOJb3YyeTCs
WIMHApUYECKas cuctema koopanHaT. COBMECTHOE COCTOSIHUE BOJIOKH,
IPYTKa U CMa3KHU OMUCHIBAETCSI CUCTEMOM YpaBHEHMUIA:
ypaBHEHUE paBHOBECHS

Mo+ pr= p%, (1)
dt
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YPaBHCHUC TCIIJIOIIPOBOAHOCTH

d|\pc, T

% -m(p ™ W, @)
YpPaBHEHUE HEPA3PBIBHOCTH

D= 0, (3)
(i)I/IBI/I‘IeCKI/Ie COOTHOIICHUA

o=f,(s7T), 4)
IrCOMCTPUUCCKUC COOTHOIICHUS

E=1, (v) , (%)
C CUJIOBBIMUA

nlo=F, x@ ., (6)
KHHCMAaTHN4YCCKUMHU

v="V, x| (7)
TCIIJIOBBIMU I'PAHUYHBIMHU YCIIOBUAMUA

T=T,x0(C [T ), (8)
FpaHHqHBIMH YCJ'IOBI/ISIMI/I Ha JABJICHUC

p=pr,xD(' iy F)' )

[TpeoOpazyem ypaBHeHHE paBHOBecus (1) W TEMJIOMPOBOIHOCTH
(2) meronom I"anepkuHa K BUAY

-[@ [To,d+ !FFED A+ J;FED k@—lp%@b &2=0, (10)
Q

d(pcpT)
ITWQ—J’WWQ+I)@7DD @2 - Fﬂ nlgg 0, (11)

Q
rie @, — Habop MpPOOHBIX BEKTOPHBIX (DYHKIMH, MOCTPOECHHBIA Ha
OCHOBE IIOJIHOM M 3aMKHYTOH CHCTEMbl CKaJApHbIX (YHKIUH ¢,
k=12,....
3aBUCMMOCTh ~ KOMIIOHCHT — TEH30pa HANpsuKeHWid  J,;  OT
KOMITOHEHT TeH3o0pa AedopManuii £ st ynpyroro aehopMUPOBaHUSA
BOJIOKM 3aIyileM B BuE [2, 12]

o, =g, (v)d; +2Ge; (v) =9, (3A +2G)¢", (12)
rae
1
£, =§(Diwj+m ). (13)
UTtoObl CBsI3aTh KOMIIOHEHTHI TeH30pa jaedopmaiuii E; C

KOMIIOHEHTaMHU BEKTOpa CKOPOCTU V Pa3jOXKUM BEKTOp MepeMEIleHUu
w B psn Telnopa no BpeMeHH 0KoJio ¢ — Af 1 HaiiieM w(t,[)]

w(D=v (600 +w(r -0, o (o). (14)
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3aBUCHUMOCTbD MCIKIAY KOMIIOHCHTAMH TCH30pPa H&Hpﬂ)KeHI/Iﬁ O, n
BCKTOPOM CKOpPOCTH V HBIOTOHOBCKOM CMa3KM MOKHO 3aIlMcaTh B BHUAC

[6]

0, =-pd, +0;, (15)
Lov. ov, U

o, =nE—+—0 16

ik r’prk axl.% ( )

Ucnonws3ys mnoaxoawsl, ykazaHHele B [3, 11], 3anumem
3aBUCHMOCTb NPHUPALICHAN TEH30pa HANPSHKEHUA O, OT NpHUpalieHUH

TeH30pa AepopMaruii

do =D Ilde +RdT . (17)
riue
A0 x o U L
Dijrq =2G EFiréjq _ASijSVq +m6ij5rqE’
,=idEai.— u d“al..+ 3 d”a,i—
7 EdT 7 1+pdT " (1+p)A-2p)dr
—%aﬁ,j +2G(H +M)S;
—zU
dem A 3G
2(0'1*) 3G+E +Ea
_ 3 3G 0o, o, dE, L
-m ¥ * i + ’
20, 3G+E +E, ol E, dT
M:m 3 2 3(3 S:mCmn’
2(01*) 3G+E +E,
1, 0, =0, u do; =99, de’ +90r dT;
oer oT

b

* * * * %
, 0, <0, um 0, <0, udo, <

00, dg[pDJraoT a7
o€ oT
ldu 1+udE
Cy =g “H zu 5 i
HE4T E? art
[IpeoOpazyem ypaBHEHWE Hepa3phIBHOCTH (3) Uil  BS3KOM

HEC)KMMAEMOM  KUIAKOCTH  COTJJaCHO  METOAY  HMCKYCCTBEHHOM
ckuMaeMocTH [ 1]

i F o

aa—[;+a2(D]]v): 0. (18)
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DU3NYECKU CMBICI MMEET CTAallUOHAPHOE PEIICHUE YpaBHEHUS
(18). TlapameTp a MOXHO HHTEPHPETHUPOBATH KaK CKOPOCTh 3ByKa H
MOJIOKUTh P =q’ p. Meron HMCKYCCTBEHHOM  CKMMAeMOCTH
MPEAINoJIaraeT CIAEAYIOMNN anropuT™M pemeHus. W3  ypaBHeHuUd
paBHOBeCHsI TOJYYaeTcsl NpelBapuTeNbHas OlleHKa 3HadeHud V. Ha
BTOpPOU CTaauu

1.
A (5p) =—[v,
T
rae 0p = p"*" — p' . 1, nakonen, Ha TpeTheM FTare
(n+l) _ =
v =9

HOI[06HaSI HEsIBHAs CXeMa IT03BOJISET M30aBHTHCS OT JKECTKOI'O
OI'PaHMYCHUA HA IIar 110 BpCMCHH.

Puc. 2. Paouanvhvie nepemewyenus. Puc. 3. Paouanvhvie nanpsaicenus.

Puc. 4. 3onwl ynpyeocmu u nnacmuunocmu. Puc. 5. PaouanvHvie nepemewyerus.
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Puc. 6. Paouanvhvie nanpsacenus.

Puc. 7. Ckxopocmu. Puc. 8. lone oasnenus.

Jlnst perieHust BBINIEYKAa3aHHOM 3a7aud MOXKET OBbITh MPEI0KEH
CIeNYIOIMIA  alNropuT™M peuieHus. B HavyalibHOM  NpUOIMKEHUH
MPUHUMAIOTCS U3BECTHBIMH paclpeiesieHus ToJiel TaBiIeHus] cMa3ku P
u Temriepatypbl T uccineayembix cpea. O0IacTh pacyeToB MOKPHIBAETCS
CeTKOM M3  KOHEYHBIX  DJJIEMEHTOB. 3aTéM 10  U3BECTHBIM
XapakTepucThuKkaM u3 YypaBHeHus paBHoBecus (10) ompenensitorcs
KOMITOHEHTBI BEKTOPa CKOPOCTH NepeMeleHnid v. [1o n3BeCTHOMY MOJI0
CKOPOCTH JJI1 BOJOKM  OIpPEACNAIOTCS KOMIIOHEHTBl  TEH30pOB
HampsDKeHUH u aedopmaruii; i SKMIKOCTH O MPeoOpa3oBaHHOMY
ypaBHeHUIO HepaspeiBHOCTH (18) — mone gaBnenus P; s
NPOTATMBAEMOr0 MaTepuasga BBIUMCISIOTCS KOMIIOHEHTBI TEH30pOB
HaMpsHKEHUH U negopManuii ¥ ONpeiesisiioTCs yIPyTrue U MIacTUYecKue
30HBI. 3aTeM, U3 ypaBHEHUs TeruonpoBoaHoctd (11) paccuutsiBaeTcs
temriepatypa T . Ha ciaemyroiem miare, CHoBa onpeiesnisieM KOMIIOHEHTHI
BEKTOpa CKOPOCTH V, U TaK Jajnee. BbIYMCIEHUS MOTYT MPOJIOJKATHCS
710 TOCTYO>KEHHSI HEKOTOPOTO BPEMEHHOTO 3HAYEHUSI.

JlaHHBIN aITOPUTM OMUCHIBAET pElICHUE HECTAIIMOHAPHOM 3a/1aun
U TIO3BOJISIET MPOCIEIUTh pa3BUTUE MOJEIUPYEMOIO TMpoLecca BO
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BPEMEHH.

UucnenHbli MeToA pa3paboTaH B CHUCTEME MaTEeMaTUYECKHUX
pacuetoB MATLAB 6.0 Ha ocCHOBE HHCTPYMEHTOB [Jis TE€HEpalUuHu
KOHEYHO-’JIEMEHTHBIX ceTok 1makera PDE  Toolbox. Meron
MakCUMaJIbHO  TOJHO  HCHOJIb3yeT  MPEUMYIIECTBA  MAaTPUYHBIX
BBIUKMCIICHU M HWMEET BBICOKME CKOpPOCTHbIE MoOKazarenu. Jlid
ONTHMMM3allMM  pacyeToB 1o  MeroAy  lajmepkuHa  BBEIEHBI
JOTIOTHUTEbHBIE (DYHKIMU A1 pabOThl ¢ MHOTOMEPHBIMU MacCHBaMH.
Ha ocnoBe rpaduuecknx Bo3moxkHocTeir cuctemsl MATLAB 6.0
pa3paboTaH cOOCTBEHHBIN BU3yalln3aToOp PE3yIbTaTOB.

Ha puc. 2, 3 mnpencraBiieHbl pe3ysbTaThl PELIEHUS TECTOBOM
HECTALIMOHAPHOW 3aJa4u TE€PMOYNPYTOCTH, OMPEAEIICHbl KOMITOHEHTHI
nepeMenieHuii, aedopmaiii U HampsHKEHUH 1O CEYEHUIO UIMHHOTO
OCECMMMETPUYHOTO LWJIMHApPA MpPU TMOCTOSIHHBIX TEMIIEpaTypax Ha
BHYTPEHHEW M BHEIIHEW MNOBEPXHOCTSIX, Mpu yciaoBuu 4yto V =0,3,

E=200°mITa, x=0,001Btr - M - °C", ¢, =1 - ¢* - °C", Ha

p
BHyTpeHHel moBepxHoctH p, =0Ila, 7, =20°C, u Ha BHEIIHEH

noBepxHoctd p, =0Ila, 7, =30°C. CmyiomHoi JIMHUEH HAa PUCYHKax

yKa3aHO aHaJuTh4ecKoe [8], 3HakoM "0" — YhCIEeHHOE pellleHuE.

Ha puc. 4 - 6 mpencraBieHbl pe3yibTaThl pPEUIEHUSI TECTOBOM
3a/layd  IUIACTUYHOCTH, OIpPECNICHbl KOMIIOHEHTHI IepeMEIICHUH,
nedopmariiii ¥ HarpsHKEHUH TT0 CEYSHHIO JUTMHHOTO 0CECHUMMETPUIHOTO

IMINHApPA TpH yenoBuu 4to V =0,49, E =210’ wmIla, Ha BHyTpeHHEi
nosepxnoctu p, =100° wmlla, na BHemHe#t mosepxuoctu p, = O0Ila.

CmolHoOM TMHUEH Ha PUCYHKAX yKa3aHO aHajnuTuuyeckoe [4, 7], 3Hakom
"0" — ynucneHHOE perieHue.

Ha puc. 7, 8 mnpeacrtaBiieHbl pe3ylbTaTbl PEIIEHUS TECTOBOMU
3a/1a4M TEUEHUSI BSI3KOM HEC)KMMAEMOM KUIKOCTU B TpyOe, onpeeneHbl
KOMIIOHEHThl ~CKOPOCTHM W  JaBJEHUA IO CEUYCHUI0 JUIMHHOTO
OCECMMMETPUYHOTO IUJIUHApA TpU YCIOBUU 4TO ] =1, Ha BXOAe
p; =1001Ia, na BeIXOAE p, =0Ila. CrutomHON JIMHUEH HA PHUCYHKAX

yKa3aHO aHanuTuueckoe [6], 3HakoM "o" — YHhCIIEHHOE pelleHUE.

Takum oOpa3oM, B paboTe NPEmJIOKEHAa TOCTAaHOBKA 3a/1ayu
MOJICTTUPOBAHUS TIPOIECCa BOJIOYCHHS KPYIVIOTO TPYTKAa B PEKHUME
THJIPOJIMHAMUYECKOTO TPEHUS, YKa3aH aJlfTOPUTM COBMECTHOTO PEIICHUS
3aJa4  YIPYrollaCTHYeCKOro  J1e)OpMHUPOBAHHS HWHCTPYMEHTA W
W3JICMsI, JIBYDKCHUS OJKHJIKOCTH C YYE€TOM HECTAIl[MOHAPHOCTH W
HEU30TEPMUYHOCTH Tpoliecca. Pe3ynbTaThl HCCICIOBAHUS TECTOBBIX
3aJ1a4 CBHJICTEIBCTBYIOT O MaJbIX OTKJIOHCHHSX MEXKIY YUCICHHBIM U
AQHATUTUICCKUM PEIIICHHEM.
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YK 519.6

NMPOEKTUPOBAHUE MHTEPAKTUBHbLIX CUCTEM
NMPOrPAMMHOIO YINPABINEHUA U
PEFYNMPOBAHUA B UHCTPYMEHTAJIbHOW CPEQE
MATLAB

Botys C.IL.", YerBepos C.I0?

1 - -~ 2 .
DeodepanvHulil UHCMUMY M NPOMBILUIEHHOU cobcmeeHHocmu, ~LlenmpanbHubiil
HayuHo-uccredogamenvckul uncmumym «LJUKJIOH», . Mockea
e-mail: bsp serg@pol.ru, serge(@gbm.ru

AKmyanbHocms memol

CoBpeMeHHasT MUKPOAJIEKTPOHHAS HWHIYCTPUS WHTEPAKTUBHBIX
CUCTEM MpPOTrpaMMHOrO ympasieHus U peryaupoBanus (HUIICY)
OpPHMEHTHpPOBAaHA HA  WCIIOJB30BAHME B  CBOMX  IOJCHUCTEMax
BCEBO3MOXKHBIX IHEProcOEperaronfux BBICOKOTEXHOIOTUYHBIX CHUCTEM,
3aIUTHBIX Y3JI0B, WHTEIUICKTYIbHBIX JaTYMKOB W YCTPOHCTB B
UHTErpaJbHOM  HCIOJIHEHUWH. B  mporecce KU3HEHHOTO — IMKJIA
(uccrnenoBanusi, pa3pabOTKU, MPOCKTUPOBAHMS, TMAaTEHTOBAHUS U
AKCIUTyaTallii) MOJAOOHBIX CHUCTEM BO3HUKAIOT 3aJlayd, CBSI3aHHbBIE C
00paboTKON BCe BO3pacTalIMX 00beMOB HHMOpMalMH (CUTHAIOB —
JTAHHBIX pa3nu4HON pusndeckoit mpupoas). OCOOEHHOCTH pa3pabOTKH U
JKCIUTyaTalliM COBPEMEHHBIX, KaK TMPaBHIIO, pPAcCHpe/eIeHHbIX B
JOKANBbHBIX WM TI00aIbHBIX BeUMCIUTENbHBIX ceTax UIICY cocrout B
TOM, YTO K HUM TMPEIBIBISIOTCS TMOBBIIICHHBIC TPEOOBAHUS HE TOJHKO
TEXHUYECKOTO, HO M OpPraHU3alMOHHOTO Xapaktepa. llpu »sToM
TUHAMAYHOE Pa3BUTHE MHUKPOSJIEKTPOHUKU MOCTOSHHO CTAaBHUT 3aJ1ayH,
KOTOphIE HE MOTYT OBITh pEIIEHBl CYHIECTBYIOIIUM apCEHAIOM
TEXHOJIOTHYECKHUX CPECTB.

BO3MOXXHOCTH ~ MUKPOSJIEKTPOHUKHA  TMOCTOSHHO  OMEPEKAIOT
TeXHOJIOTUYecKuil ypoBeHb pazpabotku HUIICY wu, B ocoOeHHOCTH,
TEXHOJIOTUYECKHE M OPraHU3alMOHHBbIE YPOBHM MX HCCIIEIOBAHUS H
skciutyatanuu. Tak, B mocienHee BpeMs IIUPOKOE PACTIPOCTPAHEHHE
MOJIYYMJIA HOBBIE (PUBMKO-XUMUYECKHE TEXHOJIOTHH, TIO3BOJISIONINE
OCYUIIECTBJISITh TOYHOE YIPABJICHUE HE TOJBKO MNapamMeTpamu, HO H
CTPYKTYpOU CUHTE3UPYEMOTI'0 BEIlIECTBA HA MOJIEKYJISIPHOM YPOBHE.
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AHanu3 myOJMKaUil OTEYECTBEHHBIX U 3apyOeKHBIX aBTOPOB,
MOCBSIIIEHHBIX C(HOPMYIUPOBAHHBIM BBIIIE IMpoOIeMaM, IMOKa3al, YTO
IIMPOKOE  PACHPOCTPAHEHUE BBICOKOTEXHOJIOTMYECKUX IPOLIECCOB,
HaIlpuMep, B MUKPOAJIEKTPOHUKE CIIEPKUBAETCS OTCYTCTBUEM METOIOB
U CPEACTB sl aBTOMATU3MPOBAHHOIO HCCIIEIOBAHUS IPOLIECCOB
CHUHTE3a HCXOAHBIX KOMIIO3MIIMH, TOHKUX (U3UKO-XUMUUYECKUX
MPOIIECCOB  IEHTPOPYTUPOBAHUSI, MHUKPOCTPYKTYp INIEHOK U HX
ANMEKTPOPU3NIECKUX CBONCTB, METOJOB OOpAaOOTKH W WHTEPIPETAIHH
JaHHBIX ~ PAa3NUYHOW  (UBMKO-XUMHUYECKOM W  HMH(OpMAIMOHHON
npuponasl. Ilpu 3TOM oOCHOBHas mpoOiemMa — HECOOTBETCTBHUE
BBICOKOTEXHOJIOTUYECKUX TMPOIECCOB, MPOUCXOIAIMINX B MOAOOHBIX
NCIIY u MeTronoB ympaBi€HHsS COOTBETCTBYIOIIMMH IPOLECCAMU HX
UCCJIeI0BaHUS, Pa3pa0O0TKH, MPOEKTUPOBAHUS U IKCILITyaTaIUH.

B mnpouecce pelieHus AaHHOTO CHEKTpa 3adad HEoOXO0IUMO
WHTEHCUBHOE Y4acTHE CHEIUAINCTOB (JIMI, MPUHUMAIOIIUX PEIICHUE —
JITIP) pa3nuyHbIX cnenuain3aiuii Ha BceM ku3HeHHOM nukie NCITY.
Pemenne nmogoOHOro pojaa 3amady MEXAUCIUIUIMHAPHOTO HAMPABICHUS B
SHEPreTUKe, XMMHUHU, METAJUIOBE/ICHUN, HAHOTEXHOJIOTHUH U Jp. TpeOyeT
MPUMEHEHUSI aJIeKBAaTHBIX MO YPOBHIO HHTEIJIEKTa KOPIOPATUBHBIX
ABTOMATU3UPOBAHHBIX CUCTEM Hay4YHBIX UCCIIETIOBAaHUM u
COOTBETCTBYIOLINX AKCHEPTHBIX CUCTEM c JTUHAMUYECKU
MEPECTPANBAEMOIN HE TOJIBKO MPOTPaMMHOM OOOJIOYKOH, HO U Camoi
CTPYKTYpOWM  OpraHM3aliil  TEJICKOMMYHUKAIIUOHHBIX  CBSI3EH U
untepdeiicos ¢ JIIIP m ux MHOroQyHKIMOHATFHOTO MOHUTOPUHTA
(pa3paboTKH, WCCIENOBaHUS, OKCIUTyaTalldd M 3allluThl) Ha BCEX
YPOBHSIX (Ha MPUKIATHOM, GU3UUYECKOM, ITPABOBOM U JIp.).

B nononHeHue Kk 3TOMY CleyeT OTMETUTh OCOOYI0 3HAaYUMOCTh
COBPEMEHHOr0  TpeOOBaHHS  PHIHOYHOM  SKOHOMUKH K  JIHO0OM
TEXHUYECKON pa3paboTke — ee MaTEeHTHAash YMUCTOTa WM COOTBETCTBHE
POEKTUPYEMOM CUCTEMBI YCJIOBUSIM (KpUTEpUSIM)
NAaTEHTOCIOCOOHOCTH, AaKTyaJbHOCTh 3alllUThl aBTOPCKUX TIpaB HE
TONBKO  pa3paborumkoB Tex win uHbiXx HCIIY  (oObekToB
npombinuieHHoW coocTtBeHHOCTH — OIIC), HO M TeX, KTO 3T CUCTEMBbI
UCTIOJIB3yeT  TpU  pa3padOTKE  COOTBETCTBYIONIMX  OOBEKTOB
uHTemekryanbHoi cobctBeHHoctu (OMC) Ha OoCHOBE HMCIOJIB30BAaHMS
JOKaJbHBIX W T00anbHBIX BeruucauTeabHbIX ceTell (JIBC u I'BC).
CoBpeMeHHbBIE TeMIbI Tporiecca WH(PpOpMaTHU3AMMKN MPABOBOW 3aIUTHI
naHHoro kiacca BbicokoTexHosornueckux OUC (OIIC) 3anoxeHsl B
®denepanpbHoM 3akoHe Poccuiickoit ®enepanun  “O0 wuHopmanmwy,
nHpopMatuzanmu u 3anure napopmaruu” ot 20 depans 1995 r.

B 1ol cBs3M 1enb HacTosmeld padoThl — CHUCTEMHBIM aHAIIN3,
pa3paboTka M HCCIEAOBaHUE METOJOB MU WHCTPYMEHTAIIbHBIX CPEACTB
MATLAB nns o6paboTku MH(pOpMAIMd B WHTEPAKTHUBHBIX CHCTEMax
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Ip

OTpaMMHOI'0 YIIPABJCHHUA HA BCCX CTAAUAX HUX JKH3HCHHOI'O IIMKJIA Ha

OoCHOBEe TmpuMeHeHHs «OTKpbITOM TexHoioruu skcrneptussl OIIC B
Internet» [3].

I[JISI JOCTHKCHU A IIOCTaBJICHHOM OCJIN CTaBATCA MW PCIIANOTCA

CIEAYIOIIUE 3a/1auH:

CUCTEMHBIM aHanmM3 TPOOJIEMBbI YIPaBICHUS W PETYIHPOBAHUS
npoleccaMi B3auMOJAEUCTBUA CyObeKTOoB W 00bekToB B WCITY
(U3UKO-XUMHUYECKUMH ¥ HH(POPMAITMOHHBIMH TIPOIECCAMU;
pa3palboTKa anmapaTHbIX CPEACTB UHTEPAKTUBHON MHOTOKaHAIbHOMN
cucteMbl coopa U 00pabOTKH MEPCOHUPUITUPOBAHHBIX 0a3 JaHHBIX
(BA) u 6a3 3unanmit (b3) B HCIIY Ha ocHOBe (hopMHupoBaHHUS
nepcoHuUIMpoBaHHbIX Tpado-aHanmuTrnueckux napaaurm (I'AlIl);
aHanu3 u ¢dopmanuzanus O0O0BEKTHO-OPUEHTUPOBAHHBIX MOJIEICH
OCHOBHBIX 3TanoB 3kcneptussl UCITY;
Co3JaHWe CTPYKTYphl HW Habopa 0OBEKTHO-OPHEHTHPOBAHHBIX
WHCTPYMEHTAJIbHBIX CpEIICTB TUTSI aBTOMATU3HPOBAHHOTO
dbopmupoBanust niepconuduiupoBanusix  bJ[ u B3  mpaBoBoii
o6onouku OUC (OIIC) UCITY;
pa3paboTKa ajlropuTMOB M IMPOrpaMMHOro obecrnedeHust Trpado-
aHaJTUTUYECKOro Meroaa oopadotku nndopmaiuu B UCITY.
Hayuynass HOBuM3Ha Hacrosimied pabOThI  3aKIOYaeTcsl B

CJIEIYIOLLEM.

1.

Brnepseie nns UCITY ¢(usnko-xumudeckuMu ¥ HHPOPMAITTOHHBIMH
npoleccaMu  OCYIECTBICHAa (opManmu3aius 3aadyd  yIpaBICHHUS
B3aUMOJIeHicTBUEM CYOBeKTOB U 00bekTOB MCIIY Ha OCHOBHBIX
sranax >xu3HeHHoro 1ukiaa MCITY B I'BC;

Pa3pabotan Meroa cuHTE3a CTpaTErvil YNpexJarolero KOHTPOJI
HUCIIY Ha ocHOBe MNpUMEHEHHUs amnmapara Tpado-aHATUTHYECKUX
OMHApHBIX  MOJEH  BBIYMCIUTEIBHBIX  Tabmui.  OcOOEHHOCTH
pa3pabOTaHHOTO METOJa COCTOUT B TOM, UYTO Ha €ro OCHOBE
MpeaocTaBisieTcsl BO3MOXKHOCTH JIIIP B WMHTEpaKTUBHOM pEKHUME
CUHTE3UPOBATh CTPATErHI0 KOHTPOJS M YNPABICHHS CYyObEKTaMU U
oowvexktamu MCILY, ynoBneTBOpSIONIyI0 MPHUHIMITY OTPaHUYECHHOU
CJIOKHOCTH;

BnepBble mpensiokeH W pa3paboTaH OPUTHMHAIBHBIA  CIOCOO
MHOTOKaHAJTbHOTO HW3MEpPEHUs M 00paboTKu HMHGPOpPMAIMH B CETH
(JIBC u I'BC), mosBonstomuii CkuMaTh WHOOPMAIUIO HAa OCHOBE
aIPUOPHBIX U alIOCTOPUOPHBIX JAaHHBIX O B3aMMOJCHCTBHH CYObEKTOB
n o0bexToB UCIIY;

BrniepBbie J0Ka3aHO, 4YTO HA OCHOBE CHHTE3a MEPCOHUPHUITMPOBAHHBIX
'AIl Ha »Tane KMMUTAUMOHHOIO MOJEIUPOBAHUA ISl 3aJaHHOM
HNCIIY BO3MOXEH HE TOJbKO aBTOMATU3MPOBAHHBIM KOHTPOJIb U
nporHo3upoBanue pecypcHbix 3arpar JIIIP, Ho u HaOmogeHue u
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yopaBjieHHe 3a (PYHKIMOHAJIBHBIMM BO3MOXHOCTSMH KaXKJIO0ro W3
anementoB UCITY.

5. Pa3zpaboranbl IpOrpaMMHO-aInapaTHbIe CpelcTBa TUTSI
B3aMMOCBSI3aHHOTO OTOOpPaKEHUST MHOTOMEPHBIX IMapaMeTPUYEeCKUX
3aBUCUMOCTEM Ha AKpaHe MOHUTOpA. Oco0eHHOCTh

AITOPUTMHUYICCKOTI'O oOecrnieyeHus1 COCTOHUT B TOM, YTO IIPpOLECC
BU3yaJIN3allu MHOI'OMCPHBIX HOaHHBIX Q)YHKHHOHaJIBHO CBiA3aH C
TpC6OBaHI/I$IMI/I HJIX KOTHUTHUBHBIMHW BO3MOKHOCTSMHU KOHKPCTHOTO

JITTP.
1. Cmpamezuu uccnedosanun u pazpadomku.

@opMHUPOBaHUE COBPEMEHHBIX CUCTEM YNPABIEHUS MPOUCXOIUT B
YCIOBUSIX PAAUKAIBHBIX COLUUAJIbHO-D)KOHOMHUYECKUX TIEPEMEH —
IIPOUCXOJIUT CJIOM CJIOKMBILIETOCS B T€UEHHE 00Jiee CeMU JCCATUIECTHM
YKJIaJla YKOHOMUKHU M CBSI3aHHBIX C HUM IPABOBBIX M HJIEOJOTHMUYECKUX
CUCTEM B3auMOJIeHCTBUA CyOBeKTOB U 00heKTOB (C-O) UCITY. [lanubie
npoiiecchl  mpoucxoniar B Poccum  Ha  QoHEe  KapauHAIBHOM
PEKOHCTPYKLIMM HEKOrJa MOrydel CBEpXIEepkaBbl, 00JagaBLIEH
OrPOMHBIM MOTEHLUHAJIOM B PA3JIMYHBIX 00JIACTAX HAPOJHOIO XO34KCTBA.
Onna u3 ocHOBHBIX NpobsieM Poccuu cOCTOMT B BO3MOXKHO KOPOTKHE
CPOKM OCYHIECTBUTH MPOPBIB B COBPEMEHHOE LMBHIM30BAHHOE
MOCTUHAYCTPUAIBHOE OOIECTBO Ha OCHOBE pa3pabOTKH U BHENPEHUS B
MIPOU3BOCTBO BCEBO3MOKHBIX AHEProcOeperarImx
BBICOKOTEXHOJIOTUYHBIX CHCTEM, 3AIIUTHBIX Y3J0B, MHTEIJIEKTYaIbHbBIX
NATYUKOB M YCTPOMCTB B HHTErpajbHOM ucnoiaHeHud. [lpu sTtom B
Iporpecce COBPEMEHHOM IMBUIM3AlMKU HMHGOpMAIMs CcTaja Wrparth
ONPENEIISIOULYIO POJIb.

B atoii cBsi3u Ha Bcem xu3HeHHOM 1ukie (OKK) UCITY BbizbiBaeT
OCTPYIO0 HEOOXOJMMOCTh PEIICHHE 3aJ1ay, CBSI3aHHBIX C (HOPMUPOBAHUEM
HAJCKHOW  YIPEXKAAIONIe cTpaTerud 3aiuThl  HUHGOPMAIIMOHHBIX
pPECYpPCOB, HECAHKIIMOHWPOBAHHBIE JEHUCTBHUS B OTHOIIEHHH KOTOPBIX
MOTYT HAHECTH HENONpPaBUMBIM ymepd cyObekTaM U OO0BEKTaM
MOJAOOHBIX CHCTEM YOpPaBICHUS M  PETryJIMpPOBaHUsS, a TaKKe
obOecrieueHnI0 0e30macHOCTH  (YHKIIMOHUPOBAHMSI COOTBETCTBYIOIINX
BC (JIBC unu I'BC), conepxanux UCITY.

B npexxneii cucrteme ynpaBJieHHs CYIIECTBEHHBIM 00pa3oM ObLIn
CMEUIEHBI KPUTEPUHU LIEHHOCTH MH(OPMAIIUU U 3TO HEU30EKHO MPUBETIO,
C OJHOW CTOpPOHBI, K CTPATErHsM MAaKCHUMAJIbHOTO 3aCEKPECUYMBAHUS
nanHbix B MCITY, a ¢ aApyroil — Kk HEONpPaBIaHHOMY PaclpOCTPAHEHUIO
HAIMOHAIBHO 3HAYUMBIX MH(POPMAIMOHHBIX PECYpPCOB, B OCOOEHHOCTH
CBEJICHUI O HAYYHO-TEXHUYECKHX JOCTHKEHUSX, B PE3yJbTAaTE YEro 3a
OECIICHOK MepeaBaiuch pa3padOTKU APYTHUM CYObEKTaM, MO3BOJIUBIIINE
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UM OCYLIECTBUTh TEXHOJOTUYECKUU MPOPBIB B PAAE CTPATETUYECKHU
BOXHBIX oOOJMacTel ¥  COCTAaBUTh KOHKYPEHIIMIO  aBTOpaM M
npousBoauTessiM aHaioruuHbiXx UCITY u TexHomorui.

B pesynbrare aHanu3a mokasaHo, 4YTO cucTeMa MHGOPMAIIMOHHON
6e3onacHoctu CITY Ha Bcem ee XKII mo cBoel CTpyKType HE MOXKET
OBITH TIpOIE  3amuIaeMoll  WHPOPMAIIMOHHONW  CHUCTEMBI.  IJTO
oOycnoBieHo TeM, 4To wuHpopMmamuoHHeiii pecypc (HMP) B UCITY
MPUCYTCTBYET TOBCEMECTHO, SIBISICTCA  COJAEpKaHUEM  JEHCTBUI
yenoseka (JIITP) u Bo MHOTOM SIBJISIETCSl pe3yJIbTaTOM €ro Aeicteuid. B
TOM CBA3M IIOCTAaHOBKAa 3aJaud O (POPMHUPOBAHUU CTpATErHid
YIOPaBICHUS YOPEXKAAIONIUX 3aIIUTY BCEX MAHHBIX, COAEpXKAIIUXCS B
HNCIIY He uMeeT mpakTUUECKOTO cMbIcia. OCHOBHBIM KPUTEPUEM B
ABTOMATH3UPOBAHHOM pEKHUME CHUHTE3a MEXAHU3MOB YIIPEKIAIOIIEH
sammuTel UCITY, dyukmuonupyronux B JIBC wmmu I'BC, nomkna
ABJISITBCS.  LIEHHOCTh  00pabaThiBaeMbIX  JAHHBIX I KaXXJOro
KOHKpPETHOTO cyObekTa. B cBOIO ouepesb, 3Ta LIEHHOCTh OIMpeaesaeTcs
€ COLHMAJIBHOM 3HAYMMOCTBIO i1 KoHKpetHoro JIIIP, xkoropas
OTIpeIeNsieTCsl CTENEHbI0 yiepOa OT 03HAKOMJICHUSI C €€ COJEp:KaHUEM
OpPYrUMU CyOBEKTaMH MPOTHB BOJM NEPBUYHOrO 0OJagaTens (aBropa
OUC, npaBoodnanarens OIIC u T.1.) TeX WK UHBIX CBEACHUM.

B oTOli CcBSi3M B YCIOBUSIX MNPUMEHEHUS] OTKPBITBIX CETEBBIX
texnonoruit skcmeptusbl OIIC B Internet/Intranet na ocuose I[IMC
3amava obecnieuenus cucremHoi 6ezonacHoctu UCITY (ee cyOBbekToOB 1
00BeKTOB) B OTKpbITOM uHpopmaunonHon cpene MATLAB B
HACTOSIIIIEEe BPEMsI IPEJICTABIIAET U3 CE0s MOUCK PEIICHHs] BOZHUKAIOLTUX
po0seM B OCHOBHOM B CJIEAYIOIIUX HAMTPABICHUSX:

— pa3zpaboTka METOJOB  aBTOMATU3UPOBAHHOTO  KOHTPOJA |
0e3yCIIOBHOTO 0O0OecreueHusl MpaBoOBOM 00OJOUYKH B3aUMOJIEHCTBUS
C-O B UCI1Y, kak B nponecce aocryna k unpopmanuu u UP B 'BC
(JIBC), Tak u B mpolieccax orpaHudeHusi Takoro jnocryna k P u
cunte3a HoBeIXx OUC (OIIC m 1.m.) B I'BC (JIBC) Ha ocHOBe
nucriospzoBanust UT UCITY;

— pa3paboTKa METOJOB KOMIUIEKCHOM OLIEHKH COBPEMEHHBIX
uHpopmanmoHHbix cucteM U BC, ¢ TOUkM 3peHus yCTOMUMBOCTU K
Pa3JIMYHBIM BPEIOHOCHBIM BO3AECHCTBHSIM.

2. Pazpabomka memoooe u mooeneil.

Paccmorpena  pa3paboTka METOAOB CHHTE3a  MIPOOJIEMHO-
opueHTHpoBaHHBIX (mepconuduuposannbix) MCIIY, ana wambonee
CJIOKHOTO ciyydas, cBsizaHHoro ¢ 3amutoil OUC B I'BC npou3BosiabHOM
TOMOJIOTUH, HAa OJJHOM U3 HamOoJiee pacnpocTpaHeHHoM nojikinacce OUC
— oOwekrax mpombinuieHHoOW cobctBeHHocTn (OIIC), a mMeHHo, Ha
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U300PETEHUSIX, CBA3AHHBIX C YKOHOMHEN TEIJIOBOM SHEPTUU B CHUCTEMaX
TEIJIOCHA0KEHHUS MPOMBIIIJICHHBIX MPEANPUITHIN U KIIbIX 30aHui. [1pu
3TOM caM TMpOLECC AaBTOMATHU3alMU CUHTE3a CTPATETUid 3allUThl
pPa3IMYHBIX TEXHUYECKUX pelieHuil aanHoro kiacca OIIC paccmotpen
HA OCHOBE NPUMEHEHUs OOOOIICHHBIX KOTHUTHUBHOM MOJAENTH IS
aBTOMATHU3UPOBAHHOTO (QopmupoBanusi mnpaBoBoid obomouku OIIC u
HEUETKUX CTPYKTYp OCHOBHBIX 3TanoB nareHtoBanus OIIC, Ha ocHoBe
nercTByronmx B Poccun colMaibHO-NMPABOBBIX PETYISTOPOB (3aKOHOB,
HOPMATHUBHO-TIPABOBBIX aKTOB U T.I1.).

bosbmmHCTBO MU3BECTHBIX TEXHUYECKUX pelIeHuI
CYIIECTBYIOIINX OTOMUTENIBHBIX CHUCTEM KWJIBIX M IMPOU3BOJICTBEHHBIX
NOMEUIEHU TMPEACTAaBICHO B BHUJE CIHEAYIOUIEH HEpaApXUYECKU
yHOPsAI04eHHON MHOTO(aKkTOpHOM 1iKaib! cioxkHoctd (MILIC):

Z=USG)\ ’F'He SDII(/\1+1) D(G,A)DQ, Q:{Oo 17 27 }9
oA

npudueM i moosix (0,,A) 0(0,A) 00, npu (@, <a,) mm (A <A)),
BCETr/a BBIMOIHACTCA S, , #S,, U S,, US,, .

Hampumep, S¢; — yCTpOHCTBa CHCTEM OTOIUIEHHS C 3aBUCUMOM
CXeMOM TpUCOeIMHEHUs 0e3 cMeleHus; Sp, — C 3JIEBaTOPHBIM
CMELIEHUEM; Sp3 — C HACOCHBIM CMEIICHHUEM; S(4 — HE3ABUCUMOM CXEMOMU
IPUCOECIUHEHNs C UUPKYJSLMOHHBIM HACOCOM U [JIp.; Sij — YCTPOMCTBO
CUCTEM TOPSYETr0 BOJAOCHAOKEHUSI C OTKPBITOM CXEMOW MPUCOEIUHEHUS
K CETH C BEPXHUM U HUKHUM aKKyMYJIATOpaMH, S;; — K 3aKPBITON CETH C
BEPXHUM U HIDKHUM aKKyMYJIATOpaMu U 1p.; S, , — YCTPOHUCTBO CHCTEM

COBMECTHOI'O OTOIUICHUSI U TOPSIYEro BOJOCHAOXKEHUS C MapasuleIbHOU
CXEMOM IPHCOEIMHEHHS K 3aKpBITOM TEIUIOBOM Ce€TH, S, ;.,— C

a

HIOCIIEIOBATEILHOM CXEMOH, S, ., — C IMOCJIENOBATEIILHON CXEMOH M
PETyJIATOPOM  OTOIUIEHUS M AP, S ., — YCTPOMCTBO — CHUCTEM

COBMECTHOTO  OTOIUJIEHUS U TOpSiYEro  BOJOCHAOXKEHUs ¢
OPUCOECIUHEHNEM K  OTKPBITOM  TEIUIOBOM CETM Ha  OCHOBE
UCIIOJIb30BAHMSA CXEMbI HECBA3aHHOTO PETYIUPOBAHHSA, S, i) 41
CBSA3aHHOT'O PETyJINPOBAHUS U JP.

[Io aHanorum C BBIIIEIPHUBENCHHBIMU IIKAJIAMH CIIOKHOCTU IS
OTONUTENBHBIX cHCTeM MoryT ObITh mnpezactaBieHsl MIIC cunTe3a
3aKOHOB ()OPMUPOBAHMSI MHTEPAKTUBHBIX YINPABJISAIONIMX BO3JCHCTBUI,
Hampumep, S, —  MHOXKECTBO  TPEXIO3ULMOHHBIX  PEJICHHBIX
XapaKTePUCTHK, COOTBETCTBEHHO €r0 IMOAMHOXeCTBa: S, — 0e3 30HBI
TUCTEpE3UCa, S, — C TIOJIOXKUTEIBHOM 30HOW TIHCTepe3uca, S, - C
OTPULIATEIILHOM 30HOM THCTEpPE3uca NOCTOSHHOM IIUPUHBI, S, - C
OTPULIATENBHOM  30HOW  THUCTEPE3UCAa W YaCTHBIMH  LUKIAMH
MEPEKIIOYEHNN U JIP.
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Hcxons W3 yclIOBHM CXEMHOW WM aJrOpUTMHYECKOH (paBHO,
IPOrpaMMHOM) peanu3aiuii, KaXJOMy M3 TIOJMHOXKECTB TaKOro
HUKHETO YpOBHA, KaKk S, MOXHO IOCTaBUTh OMNpEIEICHHBIN Ha0O0p

(GYHKIIMOHATBHBIX JJEMEHTOB {f;, f3, ..., fi,} WM OMEPaTOpOB U3
pa3peElICHHOro MepeyHs F.

B pesynpTaTe mokazaHo ciemyromiee

Ymeepocoenue 2.1. Ha otame MoAenupoBaHUS BO3MOXKHA
aBTOMATU3UPOBAHHAA OIEHKA HE TOJIbKO PECYpCHBIX 3aTpar, HO H
HAJKHOCTU (0€30MacHOCTH, JKMBYYECTH W IMPABOBOM 3aIMIIEHHOCTH)

KaXJI0r0 M3 TOAMHOXECTB Z :USM takux crpykryp HUCIIY, ans
aA

KOTOpBIX: S, O, ,., Ha,A)00 0=1{0,1,2, ..}, mI1  IOOBIX

(@,A) 0@,,A) 00, mpu (o, <d,) unu (A <A,), Bcerma BBIIOIHAETCS
Sor ESe, M S, O, , , Ha BCEM HX )u3HEHHOM 1uKie B 'BC.

Heuetkue nponeccel oTkpbiToi TexHosnoruu 3aumTsel OIIC UCITY
OMKCBIBAKOTCS MHOKECTBOM WJIM HA0OPOM OOBEKTHO-OPUEHTHUPOBAHHBIX
MpOLIEAYP M COOTBETCTBYIOIIUM OTKPBITBIM MHOMXECTBOM HEYETKUX
cymectBeHHO HenmuHenHbIX ¢yHkiuil (CH®), nanpumep: Fij, Wij u Dij
— KOHTPOJIb MPOIIECCOB, CBSI3AHHBIX C MPAKTUKON MEepEenucku "3asBUTEIh
— Wuctutyt" M BbIIECTOSIIIME OpraHu3amuu, "3asaBurens — Otaen" u
"3asBUTEIIb — Oxcnept”, 00ecIreunBaroT MMOIKJTFOYEHUE
cootBercTByommx bJ[ u B3 nmns npunstus pemieHUss B MOAOOHBIX
cutyanusx; Rij — mpakTuka coctaBieHuss U Oo(QopMIIEHHUS 3asBOK Ha
OIIC; Bij — meToapl aHaNM3a U CUHTE3a HOBBIX CBOWCTB U (PYHKIUMH B
sasgBigembix OIIC; Tij — BJA u b3 uHIUBHMAYanbHOTO OMBITA
OpUMEHEHUsT 3aKOHA, MpaBUJI M HOPMATHUBHO-PACIOPSIUTEIbHBIX
nokyMeHToB B mporiecce sxcneptusbl OIIC; Hij, Aij, Kij u Gij — meTos!
U cpeacrtBa aBromatusnpoBaHHoro anaimuza OIIC, moucka aHanoros,
uHTepakTuBHON Kinaccudukanuu OIIC u MHOTOKpUTEPHAIBHOM OLEHKH
OIIC; Vij — npakTrka npuMeHeHus: 3akoHa mpu npaBoBoii 3amute OI1C;
Pij — mpaktuka npumenenus "lIpaBun coctaBneHus 1 Moaavu 3asiBKU Ha
OIIC"; Sij — mpakTHKa pacCMOTPEHHUSI CIIOPOB, CBS3aHHBIX C MPABOBOM
samuron OIIC

B pesynbTaTe nokazana ciemyromas

Teopema 2.1. MHOTONO3UITMOHHBIE HEUETKHE (MU "pa3MbIThIe")
ces3u Bcero MHoxkectBa CH® »skcneprusel OIIC UCITY B I'BC
MPOU3BOJIBHOW TOMOJIOTMH, MOKHO OJIHO3HAYHO OMPEJEIUTh HA OCHOBE
KOHEUHOW KOMOMHAIIMU 3HAYEHUN UX UHJIEKCOB.

Tak mst pacemoTperHoro 3aeck npumepa: (i=00j=0) — oTcyTcTBUE
KOH(QJIMKTa WM CBeAeHMH o TakoBbix; (1=10J=0) - Haguuume
BO3/CHCTBHS cO cTOpoHbI "3asBuTens" (oOpaiieHus, mpochObl, Kano0bl
u T.11.); (1=0Lj=1) — mHanuuue BO3AEHCTBUS CO CTOPOHBI "DKCHEPTU3HI"
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(yBemomiieHHs, 3ampoca, OTkaza W T.a1.); (1=104=1) — Hanmuuue
BCTPEYHBIX WJIM B3aUMHBIX BO3/1eicTBUI "3asBUTENb — DKCepTu3a'.
ABTOMaTH3UpOBaHHOE (OPMUPOBAHUE MEPCOHU(DUIIMPOBAHHBIX
B/l u B3 pmia paccmatpuBaemoro 3aechk npumepa Bzaumoaenctsus C-O
NCIIY ocymecTBisieTcs € TOMOIIBIO  CIEAYIOIIETO MHOXKECTBA

NpoOIEMHO-OPUEHTUPOBAHHBIX Heuetkux CH®: 0f) — pexum

npocmotrpa b/l m B3 HeopuumanbHOrO TONKOBaHMS HOPM MpaBa,

KOTOpBIE B OONBIIMHCTBE CIIydaeB MPeAIeCTBYIOT o(puuuansHomy; Oy

. 0 (8)
— peXuM O(UIMATILHOTO TOJIKOBaHUS HOpM TmipaBa; Oy unu Opf —

noakmouenue bJ m B3 "Odummanmeroro wmm HeodwurmanpHOTO

S
TOJIKOBAHHA KOHCTUTYIHHHOHHOI'O 3aKOHOAATCIILCTBA Pq)"; (OSZ) HJIN QI(_IQ)

— nogkmouenne b/ m B3 "Odunuansnoro" nmu "Heodummansaoro"

(T)
TOJIKOBAHHUS TATEHTHOIO 3aKoHoxarensctsa PO"; ... Op’ — mpouemypa
npeanucanus — ocyuiectButh mnpocmorp b/l u B3 "bubmmotek

MIOMCKOBBIX  3ampocoB(00pa3oB) B  OPUIHUAIBHBIX  HMCTOUYHHKAX

". QA) Q(A)
TOJKOBaHMA HopM mpaBa'; ¢, &, — COBMECTHOE pacCMOTpEHHE

opUIMAIBHBIX W HEO(UIIMATBHBIX HCTOYHUKOB TOJIKOBAHUM HOPM
Mpasa.

B pesynbrare cripaBeyinBo clieayroniee

Ymeepocoenue 2.2. MuoxecTBO (YHKIIMOHAIBHBIX CBS3EH
aBTomMaTu3upoBaHHOM cuctembl 3amutel OMC B UCIIY cBomutcs k

P
cnenyroneMy Habopy 0OBEKTHO—OPHMEHTHPOBAHHBIX MPOIEIYP: Q((, )) -

(S)
3ajaHusl pexkumoB mnpocMmotrpa BbJ u B3; Q(.) — CEJIEKTUBHOTO

L)
nogkmodeHus K bJ[ u b3; Q<( )’ — noruueckoro anammsa B u B3; 0 -

4
aHanuza 3anpocoB (Tezaypyca) k B/l u Bb3; Q((. )) — OOBeAMHEHUS WIIH

cuHTe3a pexxuMoB npocmotpa b/ u B3.

[Tpu 5TOM MOKa3aHO, UTO OOIIMI rpado-aHATUTHISCKUN TTPODHUITH
("AIl) — HyneBOW ypOBEHb Yy KaXJOIO IMOJb30BaTeNs (najnee — JIMLA,
npuHumaroiiero pemenue — JIIIP) mpu mepBoM BXoAe B CHUCTEMY
reHepanuu O0BEKTHO-OPUEHTUPOBAHHBIX TIporenyp (opMupyercs Ha
OCHOBE login — KOHTpOJII UIMEHH M CKOPOCTH €ro BBOAA U password —
KOHTpOJIsi mudpa U CKOPOCTH €ro BBojJA. Bce ocraibHble mapaMeTpsl
(MX YUCJIO U MPEIMETHOE UM KOHTEKCTHOE HaIMOJIHEHUE) (OPMUPYIOTCS
Ha OCHOBE mapameTpoB pabouelt cpenbl, okpyxkaromiei JIIIP B nanHo#
BeruncnurenbHoit cucteme (BC). Mectononoxenune ['AIT JIIIP Ha
cepBepe MOXKHO 3aj]aBaTh, HaMpuUMep, Tak ke, kak u B Windows NT ¢
nomoiesio User Manager for Domains. Eciiu B janHO#N yueTHOM 3amucu
3anan nmyTh K I'All, To mpu BbIXOJIe MOIB30BATENS U3 CUCTEMBI TPOQPIIIH
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OyneT coxpaHsATbCS Kak B Karanore, Harpumep, NTuser.dat, Tak u Ha
JoKanpHOW MammuHe. [Ipy 3TOM OCHOBHOE MPEUMYIIECTBO COCTOUT B
ToM, 4Tto caM rpaduueckuii o0wvekr (I'’A  mnpodmib) ero
(GyHKIMOHATBHBIE XapaKTePUCTUKHU (TpeameTHas oonacts — [IpO u 1.11.)
Y Ha3HAuYCHUE M3BECTHBI TOJIBKO KOHKpeTHOMY JIIIP. IIpoucxomut 3t0
Oomaromapss Tomy, To ['AIl 5TO0 HWYTO WHOE, KaK “‘OTIEYATOK’ WM
rpaduueckas MHTeprpeTanus KorHuTuBHbIX Aeiictuil JIIIP B mpouecce
peLIeHUsI KOHKPETHBIX 33/1a4, CMBICJIOBOE 3HAUYEHHE KOTOPBIX JOCTYIHO
WM U3BECTHO TONbKO aaHHomy JIIIP wm Ttompko. Ilpmuem kaknblit
MOMEHT  BBIXOJla W3  CHUCTeMbl  (OPMHpPOBaHHUS  OOBEKTHO-
OPUEHTHPOBAHHBIX MPOLEAYP COIMPOBOXKIACTCA TE€HEpPALMEd KOIUHU
I"'AIl, chopmupoBanHO# 10 naHHOTO ceaHca. [Ipu 3ToM 3Ta KOmus OyaeT
nepeuMmeHoBaHa B NTuser.man. [losToMy mpu KakIoM HOBOM BXOJE
JITTP B cuctemy konuu I'All cpaBHuBatoTcs ¢ Tekyuiei Bepcueit I'All u
JaJie€ COXPAHSAIOTCA C HOBBIM PEUTHHIOM, HANpUMEp, B MOPSAIKE
BO3pacTaHusi ux Onm3ocTy K Tekymed komuu ['AIl. DToT KpuTepuii
01M30CcTH, HAa OCHOBE KoToporo (opmupyerca pedtunr unu MIIC,
MOXET (POPMUPOBAThH CaM MOJB30BATENb HEMOCPEICTBEHHO B JUHAMUKE
B3aumozercTeus ¢ BC Ha oCHOBe aHanu3a MoJy4aeMbIX IpaduuecKux
npumutuBoB ['AIl Mmu CH® B 3amanHoil mpenmMerHoil obOmactu. B
Cly4yae, €ClIM B JAHHBIH MOMEHT CEpBEP HENOCTYIIEH, HCIIOJIb3YETCS
nokanbHas konus ['A npoduns.

Onpedenenue 2.1. llpenmernas d¢opmaruzamus rpado-
aHanuTUYecKux OmHapHbIX mapamerpuueckux moieit (BIIII) sto Takas
MOCJIEIOBATENBHOCTh (pOopMUpOBaHUSI Tpaduueckux OWHAPHBIX MOJIEH,
Korma Kaxnao mkane OuHapHoro monst (BII) mpunuceiBaeTcss win
Ha3HavaeTcs KOHKpeTHbIM JIIIP comepskarenbHash XapakTepUCTUKA WU
OIleHKa M3 3aJJaHHOU MpeaMETHON obsiacTh Ui paccMmarpuaemont JITIP
cutyanuu sxcneptussl OMC (OI1C) B UCITY.

Onpenenenue 2.2. bubmuoreka srtanonusix ['AIl — wHabop
TECTOBBIX rpado-aHATUTUYECKUX Npoduiieid, chOpMUPOBAHHBINA B paMKax
3aJJaHHOTO MHO’KE€CTBA MH(POPMALIMOHHBIX TOJIEH.

B pesynbraTe nokasaHo

Ymeepxcoenue 2.3. Hcnonap3ys CHCTEMHYIO IMOJIUTHUKY,
HanpuMmep, Windows NT Server, rpado-anamurndeckue mpoduan
B3anmozeiicteuss C-O B UCITY Moryt xpaHuWThcs Ha JIIOOOM cepBepe
I'BC u He 00s13aHbI HAXOIUTHCS HA KOHTPOJUIEPE TOMEHA.

Hanpumep, npu Bxoze mnoinb3oBarenss B cucreMy Windows NT
Server MpOBEPUT €r0 YYETHYIO 3allMCh HA MpEeIMET Hanuus myTd K ['A
npodumto monb3oBarens. Eciau OoH ykazaH W yHUKalleH, TO CHCTeMa
IPUHUMAET UMEHHO €TO0.

Crneocmeue 2.1. CreuwanbHO ONHUCHIBATH IIpaBa JOCTyIa K
rpado-aHaTUTHIECKOMY npoduIIo MOJIb30BATEIIS BC HET
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HEOOXOIUMOCTH.

OTOT HEeMaNOBaXKHbIN nonoxutenbHbiil 3@dext BIIIT u ocHoBHOE
JOCTOMHCTBO MPEJIaraéMol CTPAaTerMd CHHTE3a CETEBOM TEXHOJIOTMHU
o0ecreunBaeTcsl 3a CUET MCXOJHOM MOCTAaHOBKM M Ha3HaueHus rpado-
ananutuaeckoro npoduns JIIP 8 UCITY.

Ecmu T'A mpoduns B MOoMeHT t;; u monydenHbiii ['A npoduns B
MOMEHT {; CYIIECTBEHHO DPa3JNYaroTCs, KaK B JUHAMUYECKOM, TaK U B
KOTHUTHUBHOM KoHTeKkcTe B3ammojeiicteusa C-O B UCIIY, Tto cucrema
NOCTyINa NMEPEeXonnuT B pexuM rpynnupoBku JIIIP ¢ omaum m tem xe
login u password, HO ¢ MHOXECTBOM Tpado-aHATUTHIESCKUX MPOQIITCH.
Takum obpazom ocymiectBisiercs aenenue JIIIP wa mpodunu BHYTpH
OJIHOTO M TOTO € MMEHU M Mapodisi (B YACTHOCTH, STO COCTOSIHHE WM
cuTyanusi OyaeT HaOmoAaThCs TOrAa, KOrAa IMOJA OAHUM M TEM HKe
UMEHEM U TapoJieM OyyT padoTaTh B CETH Pa3IMYHBIC MMOIH30BATEIN ).

OpHako 3TU CUTyallMd B3aUMOJICHCTBUS CYOBEKTOB U OOBEKTOB,
HalpuMep, B paMKax aBTOPCKOTO TIpaBa B CETHU IMOJb30BaTENEH
MATLAB kak pa3 1 Hy>KHO BBISIBJISITh U KOHTPOJUPOBATH. [[J1 3TOTO B
NOJOOHBIX ciydasx (opMupyercs psall TECTOBBIX HH(POPMAIIMOHHBIX
MOJIEM WM MEHI0, Ha KOTOPBIX TEXHOJOTHYECKU IPEIOCTABIIAECTCS
BO3MOXHOCTH nporectupoBarts JI[IP B quHamuke ero B3auMOJIEVCTBUS C
BC ¥ mnonyuuTh COOTBETCTBYIOLIMI OJHO3HA4YHBIA OTBEeT. Ecinu B
IIPOLIECCE TECTUPOBAHUSA JOCTOBEPHO OMNPENEIAETCS, YTO ATO APYroe
muno, cucrtema renepauuu ['All npepgnaraer JaHHOMY MOJIB30BATEIIO
3apPEruCTPUPOBATHCS WM 3AIIOMHUTH AATy BXOXKICHHUS B CUCTEMY.

B nmnepBom ciydae — ums cBoemy rpado-aHAIUTUYECKOMY
npouiit0 3a7aeT HEMOCPEACTBEHHO CaM I0JIb30BaTelb, BO BTOPOM
CUTyallud — CHCTEMa B NPUHYIMTEIBHOM PEKHUME cama MPUCBAUBAET
TEKYIIyl0 JaTy U J00aBiIeT €€ K HMCXOJHOMY HMEHHU (Hampumep,
ucxogHoe uMmsa Obuto nameOl emy mnpumnuchiBaeTcs B KOHEIl 4epes
neduc — Tekyias gaTa v Bpems).

B 1ol cBs3u Ha 0aze mpemsiaraeMoro rpago-aHaTuTHYECKOTO
Merona U ['All cucTeMHON TONUTUKU OCYIIECTBISIOTCS CIIEAYIOIIUE
JEVCTBHS:

— BO-TEPBBIX, BU3yaIM3allUsl CTAaHAAPTHBIX (HOPMATHBHBIX WJIU
MPAaBOMEPHBIX) CTpaTeruii padoThl B 3aJlaHHOW MPEAMETHOMN
obnactu (3To Habop rpado-ananuruueckux BIITI, oTobpaxkaronux
Mpouecchl pemeHuss TUnoBbix 3anad 3amuTel OC B BC — unm
Ha0op HeKux rpado-aHATUTUYECKUX AITAJIOHOB PEUICHUS TeX WIH
WHBIX M3BECTHBIX 3a7]a4, TECTOBBIX MPUMEPOB U OTOOpaKeHHE
COOTBETCTBYIOIIUX TPACKTOPUN UX PELICHUS);

— BO-BTOPBIX, JIWHAMUYECKHM KOHTpOJb 3a nacucrBusmMu JIIIP wu
conpoBoxaenne OUC (OIIC u t.11.) uou UCITY B BC Ha ocHOBe
OCHOBHOTO CBONCTBA (mpeuMy1iecTBa) I'AII
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KOH(HUICHIIMATBHOCTh TIpoliecca (POpMUPOBAHUS JAUHAMHUYECKUX
MOJICKA30K U HAKOIUIEHHUS rpado-aHATUTUUECKUX JTaHHBIX;

— B Tpetbux, unentudukanus JIIIP B UCITY u ero ¢pyHKIIMOHATBHBIX
noTpeOHOCTEH (paBHO, BO3MOKHOCTEH B TaHHO# BC);

— B 4yeTBepThiX, cuHTe3 ['All mepcoHnUIMPOBAHHBIX MJISI CHCTEMBI
B3aumoerctus JINIP-OUC-TIpO-BC.

N BmecTe c 3TUM, NOXKalyld, camMoO€ TJIABHOE, NPEAOCTaBJICHA
B03MOkHOCTH JIIIP ocymecTBiaTe 00paboTKy (CKaThe, 0OTOOpaKEHUE U
3alllUTy) COOTBETCTBYIOIIMX MHOTOMEPHBIX JIAHHBIX M CBEJACHHI
pa3IMYHON (PU3NYECKON MPUPOBLI B PATUYHBIX MPEAMETHBIX 00JIACTIX
B cetu Internet/Intranet.

3. Hekomopbuie ocobennocmu MuKponpoueccopHoll peanu3ayuu.

PaccmoTpum pa3paboTKy y3JI0B MUKPOIPOLIECCOPHOU CHUCTEMBI
cOopa, 00pabOTKH (perucTpanuu, OTOOpaKEHUs, CXKATUA) U 3aLIUTHI
(konupoBanus) nHdopmanuu B pacnpeneneHusix UCITY [15] Ha ocHoBe
dopmuposanusa ['All JITIP B unctpymentansnoii cpene MATLAB. [Ipu
stoMm B cpene MATLAB ocymectBieHa pa3paboTKa OTAEIbHBIX
QJITOPUTMOB HOBOTO CMOCO0a MHOTOKaHAJIbHOW OOpPabOTKM U 3allUTHI
unpopmaruu B pacnpeneneHubix MCITY, ucnonb3yromniero B KauecTse
OCHOBHOT'O T€OMETPUYECKOr0 MPUMUTHUBA HE TOUKY, a MPSMYIO JTUHUIO.

PaccmarpuBaroTCsi MHCTpyMEHTAJIbHBIE CpPEICTBA W OCHOBHBIE
0COOEHHOCTH Tpado-aHATUTHUYECKOTO METOJIa JTUATHOCTUKU COCTOSHHS
pacrpeiesIieHHbIX CUCTEM UHTEPAKTUBHOTO yIpaBIICHUS u
pPEryJupOBaHMs PA3BETBICHHBIMU CETSMU PA3TMYHOTO HA3HAYEHUS U
¢usnyeckoil TPUPOIBI HA OCHOBE NPUMEHEHHsS OTKPBITBHIX Internet-
texHosorui. [Ipu 3TOM pazpaboTtaHa opuruHaibHasi cucTeMa 00pabOTKU
JAHHBIX, COJIEpKalllasi HA KaX/I0M YPOBHE MHTEPAKTUBHOTO M3MEPEHUS,
obpabotku m perucrpanuu S;; (roe 1,j=1,2, ...) MHOrokaHaJbHBIX
YCTPOWCTB HW3MEpPEHHUs, OOpabOTKM W perucTpanu (HU3HIECKUX
curHanoB. Kaxmoe u3 S;; MHOIOKaHaJIbHBIX YCTPOMCTB 1-rO ypOBHSA
COEIMHEHO, 110 KpailHel Mepe, C OJHUM MHOTOKaHAJIbHBIM YCTPOMCTBOM
u3MepeHus, oopaboTku u perucrpanuu (i-1)-ro wiam (i+1)-ro ypoBHs.
Kpome Toro, kaxiaoe Sij MHOTOKAaHAJIIBHOE YCTPOMCTBO BBINOJIHEHO B
BU/JIE TIOCIIEA0BATEIBHO COCIMHEHHBIX 0JI0Ka HOPMHUPYIOIIUX YCTPOUCTB
1, xommytaropa 2, AIIIIl 3, ycrpoiictBa (hOpMUPOBAHMUS CTAaTHUUYECKUX
KOOpJIMHAT Tpado-aHATUTHYECKOTO pactpa 4, BUACOKOHTPOJIBHOIO
YCTPOMCTBA 5, MMIIYJIBCHOTO peryjaropa 7 W YCTPOWCTBA
dopMupoOBaHHA IUHAMHYECKHX NpUpalleHud Tpado-aHaTUTHIECKOTO
pactpa 6.

OpUTrHHAIBHOCTh ~ paccMaTpUBA€MOM  37€Ch MHOTOKAHAJIBLHOMN
CUCTEeMBbI cOOpa U OOpaOOTKH MaHHBIX COCTOUT B TOM, YTO MPUHIIUI
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paboThl €€ OCHOBAaH Ha HOBOM CIIOcOOe cOopa u 00pabOTKH JTaHHBIX:
NpeIBapUTEIFHO BXOJHBIE CUTHAJBI (JIAHHBIE) Pa3IeNsioT (BBIIACIISIOT)
Ha J[BE TPYNIbI KaHAJIIOB WHTEPAKTUBHOTO M3MEPEHHSI, COOTBETCTBCHHO
He3aBUCUMBIX [i(t) 1 3aBucHMBIX Uj; ®) = £;[Bk(t)] curnanos (rae f;[Bi(.)]
— "Hekotopass CH® ot Py(t), t — Bpems, i,j = 1,2, ...; k= 3,4, ...), 3atem
OCYIIECTBIISIOT KOMOWHATOPHBIA OIPOC, HAIIPUMEp Mepedop COYeTaHUIA,
COOTBETCTBYIOIIETO  YHCJIAa KAHAJIOB M3MEPCHHsT W  H3MEPEHHE
aMIUTMTY/IBl CHUTHAJIOB MO0 KaxaoMy KaHany. [lpu sToM wu3MepeHme
CUTHAJIOB W3 IIEPBOM TPYIIIbI OCYIIECCTBISIOT HAa OCHOBE 3HAYCHUU
pas6poca ux HwkaEX B = inf Bi(t) 1 Bepxuux B = sup Bi(t) Ot>0
NPEeIOB U3MEHEHHUS C YYETOM JOIMYyCTHMOM, HAampuMmep, aOCOIFOTHON
NOTPEITHOCTA M3MepeHus (HampuMmep, KoopauHaT coctosHus {X,Y,Z}

tracking symbol u T.I1.) Ha COOTBETCTBYIOIEM BPEMEHHOM MHTEpBaje I;
= 4 ~4 m3mepenus Ut U [4,,44],1,=1,2, ....
JITMTENBHOCTh BPEMEHHOTO HHTEPBAa 1; yCTAaHABIMBAIOT PaBHOM

CyMME [ITUTEIBHOCTEH OJTAJIOHHOTO CHWTHAja, BEIWYUHY KOTOPOTO
BEIOMPAIOT HE MEHEE BEIMYMHBI MHEPIIMOHHOCTH TIPOIIECCa PETUCTPAITHH
u He Oonee 1/(K¢*F.x), Tme Ky — moctossaabl K03 dutment, F .. —
MaKCUMajbHas dYacTOoTa W3MEHEHWsS CHTHaja pPacCOTIACOBAHMS, W
KOPPEKTUPYIOIIETO CHUTHAJa, BEIMYMHA KOTOPOTO paBHA MHTETPATHLHOM
BEIIMYMHE M3MEHEHUS HOPMHPOBAHHOTO CHUTHAja PacCcOTjacoBaHUS Ha

IPEIIECTBYIONEM UHTEPBAIE 1 .

B Hauaye kax0ro BpeMEHHOTO WHTEpBajia POPMUPYIOT UMITYJIbC,
JUTATEIbHOCTh KOTOPOTO YCTaHABIWMBAIOT HA OCHOBE HMHTETPAIHLHOTO
3HAYCHUS KBaJpaTa HOPMHUPOBAHHOTO CHUTHAJa paccorjacoBaHUS Ha
MPEAMISCTBYIONMIEM BPEMEHHOM HHTEpBaJie, TMOJSPHOCTh KaXIOTO
UMITyJTbca (POPMHPYIOT Ha OCHOBE HEMIPEPHIBHOTO CIICKEHUS 32 3HAKOM
Pa3HOCTH MEXKIy TEKYIIUM CHTHAJOM pAacCOTJIACOBAHHS U  €Tro
3HAYCHHEM B MOMEHT OKOHYAHHS TPEIMISCTBYIONIETO IEepUoaa M
3allOMUHAHUS 3HAaKa JTOH pPa3HOCTH B  MOMEHT OKOHYAHUSA
NPEIIECTBYIONIETO BPEMEHHOTO HHTEpBaja

OAHOBpPEMEHHO C OTUM 3allOMHHAIOT 3HAYEHUS AaMIUIUTY]
CUTHAJIOB W3 BTOPOH TPYIIBI 3aBUCUMBIX KaHAJIOB HW3MEPEHHUS TNpHU
COOTBETCTBYIOIIUX (PUKCUPOBAHHBIX KOMOMHALUAX CHTHANOB [y (t) ms
BCeX Kk W3 mepBOW TPyNIbl KaHAJIOB HM3MEPEHHUS C TOCIEAYIOIINM
CKaTUEM  TIONYYCHHBIX  3HAYCHWM HAa  OCHOBE  KAaHOHHYECKHUX
npeoOpa3zoBaHuil (Hampumep, UCHoyb3ysl kaHoHu4Yeckue ¢hopmbl Komm
Tperbero k = 3 wmmm derBeproro mopsaka k = 4) u perucrpamnmeit
NOJyYEeHHBIX HW3MEpeHWuH B Buae Habopa w3 i = 1, 2,
HOMOTpaUIECKUX WM OMHAPHBIX IMOJIel OT k HEe3aBUCHMBIX CHTHAJIOB
U3 TIEPBOM TPYMITHI KaHAIOB U3MEPEHUSI.
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B cpaBHeHMH C W3BECTHBIMH MHOTOKAHAJIBHBIMU CHUCTEMaMHU
UHTEPAKTUBHOIO cOopa n 00pabOTKM JaHHBIX, MTpeasiaracMas mo3BoJisieT
perucTpupoBaTh  uMH(MOpMaAIMIO B Tpollecce  HCCIeOBaHUS,
MPOEKTUPOBAHUS U IKCILTyaTallMM CIOXKHBIX paclpeesieHHbIX (U3UKO-
XUMUYECKUX ¥ MH(POPMAIIMOHHBIX TEXHOJIOTMUECKUX MPOIIECCOB B BUJE
muoromepubix ['A BIII, nanmpumep, B Buae HoMorpaguueckux oopas3on
BBIYHCIUTEIBHBIX TaONHI], KOTOPBIE TMPEIACTABISAIOT 00pa3 (CedeHwue)
MIPOCTPAHCTBA IMApaMEeTPOB JJIs 33JaHHOTO HMHTEpBaJla BPEMEHU U UX
B3aUMHOE BIUsSHUE (B3aUMOCBS3b), HAa 33JaHHOM MHOXKECTBE
(1OTTyCTHMOM MHOKECTBE) U3MEHEHHUS X aMIUTUTYIHBIX 3HAUYCHMUIA.

[Ipu sTOM OCHOBHBIE MeToAbl KoaupoBaHus Takux OUC kax
BUJIEO W ayAHO 3aluCHh  OCHOBAaHbl Ha KOJMPOBAHWUU BHUJEO/AYIHO
curHasia u onpenensatorcs crangapramu H.320, MPEG-1 u MPEG-2 u
np. JaHHble METOABl M COOTBETCTBYIOIIME CHOCOOBI KOAMPOBAHMS
OPUMEHUMBI K  PEryJIsIpHOM  IMOCJEIO0BATEbHOCTH  JIBYMEPHBIX
BUJICOKAJIPOB U OTCUETOB ayJMOCUTHANA. B oTiinuue oT 3T0TO0, CTaHIapT
MPEG-4 wumeer [neno HENOCPEACTBEHHO C ayJUOBU3YyaJIbHBIMU
00bEKTaMH,  HUCHOIB3YyS  TEXHUKY  OOBEKTHO-OPHUEHTHUPOBAHHOIO
koguposanust OBC (Object-based coding).

B Hacrosmee BpeMs HauOosee pa3BUTHI JIBa Kjacca CIOCOOOB
OBC: npuMmeHUTENBHO K 00BEKTaM Hem3BecTHOU (opmbl (object-based
analysis/synthesis coding — OBASC) u nmpuMeHUTETHHO K W3BECTHBIM
oobekram TtHma knowledge-based coding - KBC. OtnensHbiM
HarpaBJICHHEM npuMeHeHus obmero noaxona OBC sBnsercs “o01acTh-
OpHEeHTUpOBaHHOE” KoaupoBaHue. I[lpu sToM TmoOHATHE “006yacTh”
ompeneNsieT mapaMmeTpbl Kajapa, WMEIIIET0 OJIMHAKOBYIO BEIUYHHY
APKOCTH, @ caM OOBEKT 3aJaeTCsl COBOKYMHOCThIO TakuX oOmacteid. Tem
CaMbIM OTPAaHUYMBACTCS HA0Op SJIEMEHTOB, COCTABIAIOMINUX OOBEKT,
OJTHAKO BO3pacTaeT Ha0Op ANMEMEHTOB, UMEIOIINX PA3TUYHBIE (POPMBI.

B 37011 cBSI3M cipaBe 1 IMBO

YTBepxnenue 3.1. Bmenenue ampuwopHOW wHPOpMAIMH O
cuenapuu nosegeHus JIIIP B UCITY no3BossieT CyleCTBEHHO CHU3HTH
o0beM obpabaTreiBaecmoit unpopmanuu B 'BC (JIBC).

Kpome »toro, B mpouecce komupoBanus OHMC B HUCITY
PENOCTABISAECTCA BO3MOXKHOCTh OCYHIECTBIIATh uaeHTudukanuwo JIITP
NyTeM MapaMeTPUUYECKOTO paCTPUPOBAHUS U300paKEHUsI HA OCHOBE €ro
nepconuduimporannoro I'All BzaumoneiictBust JIITP-OUC B peansHOM
Macitabe BpeMEeHH.

OcHoBHass  0COOEGHHOCTh pa3zpaboTaHHOro Meroja Tpado-
aHanuTuueckoro koaupoanuss OMNC cocTouT B HCHOJIB30BAHHUU
MOABUKHO-B3aUMOCBS3aHHOT'O KOOPJMHATHOTO 0a3uca,
MPEAOCTABIIAIOIIET0 BO3MOKHOCTD:

— coBMecTUTb mporiecchl uneHtudukanuu JIIMP u npuanMaeMbx um
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pelieHnii B Tpolecce YNpaBiICHUS U PEryIUPOBAHUS CIOXKHBIMU
(U3UKO-TEXHOJIOTMYECKUMUA U UH(POPMALMOHHBIMU IPOLIECCAMU B
3aJJaHHOM KJIacC€ HHTEPAKTUBHBIX CHUCTEM YIpaBICHUS U
perylIupoBaHus;

— OIpeAeNsaTh WM 3aJaBaTh AOMYCTUMbIE O00JACTH MHTEPAKTUBHOTO
B3aumozeiicteus JIIIP ¢ mynpTumMenna oObeKTaMu B 3aBUCHMOCTH,
HaIpumep, oT BEKTOpa JOMYCTUMBIX napameTpoB,
XapaKTEPU3YIOUIUX CTENEHb CBOOOBI, MPEJOCTABICHHONW aBTOPOM
(marentoBnanensiem OIIC u 1.11.) OUC;

— OCYIIECTBIISATH YIPABIAEMYI0 HABUTALMIO BHYTPU 3alaHHOTO
IPOCTPAHCTBA NTAPAMETPOB JIOMMYCTUMON 00J1aCTH;

— ocymectBiATh uaeHtupukanuo OMC Ha OCHOBE MCNONIb30BAHUS
napamMeTpoB MEXKIyHapoAHOW cuctembl Hymepamuu (ISAN -
International Audio-Visual Number, ISRC — International Standard
Recording Code);

— U3MEHATh YYacTKA MO3ULMOHUPOBAHMS HAOMIOAEHUS HA HKpaHe
MOHUTOpa (BHIEOKOHTPOJBHOTO YCTPOWCTBA M T.II.) U HAXOAMTH
palMOHaJIbHBIE CIOCOOBI TOCTHXKEHUS LIEIIH.

3akarouenue

[IpuBeneHsl pe3yabTaThl anpodauu pa3padoTaHHbIX AJTOPUTMOB
U Y3JI0OB MHUKPOIIPOIIECCOPHOM CHUCTEMBbl nJisi cOopa, o00paboTku
(perucTtpanum, OTOOPaKEHUS, CXKATHSA) M 3aUTHl  (KOJIUPOBAHMS)
unpopmaruu B pacnpenenennsix MCIIY nHa ocHOBe (opmupoBanus
I'AIT JIIP. IIpm »>ToM ocymecTBiIeHa pa3paboTKa OTACIBHBIX
ITOPUTMOB, HOBOTO CIIOCO0Aa MHOTOKAaHAJIBHOTO O00paOOTKH U 3aIlUTHI
uHpopmanuu B pacnpeneneHHsix MCITY, ucnonb3yroniero B KauecTse
OCHOBHOT'O T'€OMETPHYECKOTO MPUMUTHBA HE TOUKY, & MPSMYIO JTUHUIO.

Paccmotpensl  mpoueccel  npoekthpoBanus B MATLAB
MO3UILIMOHHBIX PETYJSATOPOB pPACHPENECICHHBIX CHCTEM TOpSYEro M
XOJIOJIHOTO BOJIOCHA0XEHUS, PACCMOTPEHBI MPUMEPHI HCCIIEIOBAHUS U
pa3pabOTKH MUKPOIIPOILIECCOPHBIX Y3JIOB TEPMOCTPYHHBIX IMEUYATAIOIINX

YCTPOWCTB.
PaccmoTpensl npumeps! popmupoBaHus "MEHIO" aMHUHUCTpATOPa
npeaIaraeMom MHOTOYPOBHEBOI MHTEPAKTUBHOU CUCTEMBI

IPOrPAaMMHOTO YIPABJICHHS TMPOILIECCOM H3MEpEeHUs, 00padOTKU W
perucTpanuu  (PU3NUECKUX BEIIMYUH, XapaKTEPU3YIOIMIMX COCTOSHUE
Pa3BETBIEHHBIX CETEH rOPSYETO U XOJIOJIHOTO BOIOCHAOXKEHUS. 31ech Ha
puc. 1(a) npuBeaeH GparMeHT CaMOKaINOPOBKU KaHAJIOB YCTPOUCTB (S;))
M3MepeHus, OO0pabOTKM W PErucTpaldd COCTOSHHUS WHTEPAKTHUBHBIX
CUCTEM YIIPABJICHUS U PETYJIUPOBAHUS.
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—[ S0M1.BESP 1310.96 13:25:49 KpBaHTOBaHME (JUCKDETM3IALMA) BXOHLIN CHTHANOE [«]=]

) supe) %10+

r0.002 10 A

a)

=] 803.58P 24.02.97 11:15:32 PACTIp &MeTEHHAT 0P ADOTHA FAHHBIX [=]=]

0)
Puc. 1.

Ha puc. 1(6) npuBemen ¢parmeHT Tpado-aHATUTHIECKOTO
IpOTOKOIa OOpabOTKH JAHHBIX B MHOTOKAHAJIBHBIX W3MEPUTENbHBIX
ycTpolcTBax  Sj, Si;, Sp U Si3 WIA TIPOTOKOJ COCTOSIHUSA
COOTBETCTBYIOIIMX  HHTEPAKTHBHBIX  CHUCTEM  YIpaBJICHUS U
perynupoBanus. ['pado-aHaAIUTUYECKHUI MPOTOKOJI MPEACTABICH B BUJIE
BU3YaJbHOTO OOBEKTa Ha DJKpaHe MOHUTOpA JHIA, MPUHUMAIOIIETO
perenue. J[aHHBIN MPOTOKOJ yCTaHABIMBAET HE TOJIBKO YUCIIOBBIE, HO U
"oOpa3Hbie" - rpaduueckue COOTHOUICHHS MEXIy HOPMHUPOBAHHBIMU
3HAYEHUSMHU aMIUUTYJbl (A), 4acToThl (W) W HEOOXOJUMOIO 4Yucia
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ypOBHEH KBAHTOBaHUS (Nn) BXOJHBIX CUTHAJIOB. BbIBOAMMBIE Ha 3KpaH
MOHMUTOpPA JaHHbIE (QOPMUPYIOTCS B COOTBETCTBHUM C 3aJaHHOU
HOTPEIIHOCThIO  (TOYHOCTBIO,  JOCTOBEPHOCTbIO  WJIM  CTEHEHBIO
MHPOPMALMOHHOM  3alllUThl  T.I.)  BOCHPOM3BEIEHUS  BXOJHBIX
aHAJIOTOBBIX CHUTHAJOB B JUCKPETHOM (QopMe MNpeACTaBICHUs IS
MOCIIEAYIOIEN JUArHOCTUKU COCTOSIHUSA COOTBETCTBYIOLLIUX
pacnpeiesieHHbIX ~ MHOTOYPOBHEBBIX ~ HMHTEPAKTHBHBIX  CHCTEMax
MIPOTrPaMMHOT0 YIIPABIIEHUS U PETYIUPOBAHHUS.

Ha puc. 2. mpencraBieHbl TECTOBBIE INPUMEPHI HCCIIEIOBAHMS
TUAPO-ra30IMHAMHYECKHUX IIPOLIECCOB, MPOUCXOISIINX B
TEPMOCTPYHHBIX MEYATAIOIIUX T[OJIOBKAaX, HAa OCHOBE COBMEILECHHUS
YUCJIOBBIX U OOpa3HbIX MPEACTaBICHUN rpado-aHATUTUYECKUX JAHHBIX
00 uccnexyemom mnpouecce. [Ipu 3ToM B npouecce 00pabOTKH BXOJIHBIX
CUTHAJIOB OCYIIECTBIIIETCS UX HOPMHUPOBKA C MOCIEIYIOINUM O0pa3HbIM
NpEICTaBICHUEM B BUJI€ OMHAPHBIX MOJIEH JaHHBIX.

I=l| S09.E5P 12.10.96 17:24:15 MconeJosaHHe TMgpo-ra3oJHHaMHYeCEME NPpOUeccoB |v|

Puc. 2.

['pado-ananuTrueckass HMHTEpPHpETAUUsl JIaHHBIX  IO3BOJISET

3¢ (HeKTUBHO pelmaTh 3aJa4i Ha HaXOXAeHHE (MOMCKOBBIC 33]a4M U T.11.)

M 3aJaud  Ha JOKa3aTenbCTBO (uaeHTHdUKauuu), 3SHPexTHBHO

MCnoab3ys ABpUCTUKY JIIIP B MHTEpaKTUBHBIX CHCTEMAX MPOTPAMMHOTO
YIPaBJICHUS U PETYJIUPOBAHUS.

B pesynbrare mokas3aHo, 4To IIpeIaraéMble CpeIcTBa MO3BOJISIOT:

— cuHre3upoBath B cpene MATLAB B UMHTEpakTUBHOM pPEXUME

poOJIEeMHO-OPUEHTUPOBAHHBIE ~ CIOCOOBI  IUdpoBoil  rpado-

AHAJIMTUYECKON JAMArHOCTUKUA COCTOSIHUSI PACIpPEIECICHHBIX B CETH

CUCTEM TMPOTPAMMHOTO  YIOpaBJiCHUS OOBEKTaMU  Pa3IUYHOU

(bu3HYECcKON NMPUPOIBI;
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— aBTOMAaTU3UPOBaTh  OCHOBHBIE  TIPOLIECCHI,  CBSA3AHHBIE  C
dbopmupoBanuem rpado-anamuruueckux bJ[ m b3 B 3amanHOM
npeaMEeTHON 00J1acTH;

— OCYILIECTBIISATh MOHHUTOPUHI CJOXHBIX (DU3UKO-XUMHUYECKUX U
nH(POPMAIMOHHBIX TpoleccoB Ha 0aze wucnonb3oBanus TCP/IP
npoTtokoiia B cetu Internet/Intranet;

— OCYUIECTBIATH coKaTue MHOT'OMEPHBIX napaMeTpUyYECKuX
3aBUCUMOCTEl W CHUTHaJOB B pEaJbHOM MaciiTade BpEeMEHH,
oOecrieunBasi BICOKAN YpOBEHb 3aIUTHI U TTOMEXO3AIUIIEHHOCTH
CUCTEM, UCIOJIb3YIOMIMX pa3pabOTaHHbIE MHKPOIPOIIECCOPHBIE
CpeICTBAa W aNTOPUTMBI A Tpado-aHATMUTHYECKOW 00paboTKH
JTAHHBIX.
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UCCNEOOBAHUE HANMPAXEHHOIO COCTOAHUA
NIMCTOBOWU 3AIrOTOBKMU NMPU U3rOTOBNEHUU
TPYB BOJIbLLOINO AUAMETPA

['onuapos K.A., Ueuynun 1O.b.
Vpanvckuii cocyoapcmeennwiii mexHuieckuil yHusepcumem, 2. Examepunoype
e-mail: mlv@248.ru, mlv@yandex.ru

Opanum u3 Haubojee NPOU3BOAUTEIBHBIX CIIOCOOOB MpHU
U3rOTOBIIEHUU TpyO Oonbiioro pguamerpa ssisercss U-oOpa3Hblid
npoliecc mocieaoBaresibHOM 1npeccoBoil GopmoBku. DdopmupoBanue
MOMEPEYHOT0 CeYeHUsl TPYObl B 3TOM CIOCOOE MOKHO pa3/iesuTh HA TpU
OCHOBHBIX OTMEpaliu, KOTOPhIE MOCIEA0BATENHLHO BBITIOJHAIOTCS JPYT 32

apyrom (cM. puc. 1).

SAaroToOBEA

IMepram cragea

6’6

Bropas cragma

Tpetea cTagma

o]

Puc. 1. Ocnoeuvie onepayuu npu uzeomoenienuio mpyooi.

Y

B HavanpHOM cTaguuM NPOU3BOAUTCS TIMOKa KPOMOK JIMCTa Ha
mupuHe okosno 300 mMM. Bo BTOpoil cTaauM JHCT € OTOTHYTHIMHU
KPOMKaMH Ha Ipecce IpeaBapuTenbHoil popmoBku npespamaercs B U-
oOpa3Hyl0 3aroToBKky. Ha 3akiIOYMTENIBHOM 3Tane  3aroToBKa
IpeBpalaeTcs B HUIMHAPUYECKYIO HE3aMKHYTYIO TpYOy ¢ TpeOyembIM
3a30poM TOX CcBapHOM moB. B  mpomecce aedopMupoBaHus
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NEepPeMENICHUs] OTACNbHBIX TOYEK 3arOTOBKM JOCTUTAIOT BEJIUYHH,
COM3MEPUMBIX C  XapakTepHbIMH  pa3Mepamu  TpyOwl, ¢dopma
nehopMUpPOBaHHON MOBEPXHOCTU 3HAYMUTEIBHO OTJIMYAETCS OT
HaYaJIbHOM, KPOME TOTO, B OTJEIbHBIX OOJIACTSAX 3arOTOBKH BO3HHUKAIOT
30HBI TUTacTHYecKuX nedopmanuid. [lnomans 3TUX 30H HA HayaJIbHOM
sTane AePpOpPMUPOBAHUS CPABHUTEIHHO HEBENWKA, B JaJbHEUIIEM, IO
Mepe VYBEIMYEHHsS Harpy3Kd, 3aMETHO YBEJIIMYMBAETCI, a NpH
OKOHYATEJIIbHOM OOXaTHH TPAKTUYECKH COMOCTaBUMa C TUIOIIABIO
BCEro TOIEPEeYyHOro CedeHus NucTta. B mporecce m3MeHeHus (Gpopmbl
MONEPEYHOI0  CEYEHMsS]  JUCTOBOM  3arOTOBKM  HANpsDKEHHUS B
paccMaTpUBaEMbIX IJJACTUYECKHUX 30HAX CTAHOBATCS COM3MEPUMBIMU C
IpeiesioM MPOYHOCTH Marepuana. [loaToMy HaubOonbIIMii UHTEPEC IS
OIICHKM MPOYHOCTU 3arOTOBKH, BBICHEHMsI YCIIOBUM, MPU KOTOPBIX
BO3MOXHO BO3HMKHOBEHUE TPEIIUH U OINPEACIICHUS] BEIUYMHBI yCHIIUS
(GOpPMOBKHM TPENCTABISET 3aBepIlaroias CTagusi TEXHOJIOTHYECKOTO
mpoiiecca.

Hudbdepennnanbuble  ypaBHEHUS, OINUCHIBAIOIIME  MPOIECC
u3MeHeHus:  (opMbl  3arOTOBKM  Ha  TpeThed  CTaauu  TIpH
OCECHMMETPHUYHOM Harpy>KeHWH, B KOOpAWHATax Jae(hopMupoBaHHOU
MTOBEPXHOCTU MOKHO IIPEICTABUTH B CIEIYIOLIEM BU/JIE:

ON cosd) Qg
l+¢ Ng - N)+—=5+ ,

oS =—(1+eg)[—( 0) R, qs]—xsQs
0Qq _ cosd) sind
a—ss—_(l"'gs)[ . Qs — . Ne_R_SSO"'qg]"'Xst:
oM cos

s =1+ e )P M - M) Q)
0S

(D

a—u—1+s —cosd —W(L‘FX)
S > SR,
a—W=u(—+ ) —sind
0S Ry ks >
683_
as 1

rae Ns, Ng COOTBETCTBEHHO MEPUIMOHAIBHOE U OKPYKHOE MOTOHHOE
ycwime; Mg , Mg - MEpUIMOHAIBHBIN U OKPY>KHOW TOTOHHBI MOMEHT;
Qs — TmMOroHHas momepedHas CWIA; (s , (¢ COOTBETCTBEHHO
MEpUANOHANIbHAS U pagualibHasl pacIpeAeiICHHas Harpy3Ka; U, W OCEBOE
U OKPY)KHOE TepeMeleHne; dg - YroJ MoBOpOTa CEUeHHs; € — OceBas

nedopmarusi; Xs — KPUBU3HA DSJIEMEHTa B  MEPUIHMOHAIHLHOM

HampaBieHun; Rgy — paamyc KpUBU3HBI  HenePOPMUPOBAHHOM

MOBEPXHOCTH; ¢ - yroil MeXAy TMPOAOJIBLHONM OChIO DJJIEMEHTa H
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HOPMAJIBIO K IE(POPMUPOBAHHOM MOBEPXHOCTH.

[lepoie Tpu auddepeHnanbHbIX YpaBHECHUS IOJyYEHbI U3
YCIOBUI paBHOBeCHS Ae(POPMHUPYEMOro 3JEMEHTa, TPU OCTaIbHBIX
YpaBHEHHs  YCTAHABJIMBAIOT CBS3b MEXKIY IEPEMEHICHUSAMH U
nedopManusImu.

®du3uveckrue COOTHOIICHUS JUII  paccMaTpuBaeMoOro  BHJA
Harpy>KeHHs MOXKHO 3aIiucaTh B BUJIC:

Ns = C;1€+C12891K 1 XK 12X »
Ng = C1&,+C€TKy 1 XK 22 X0
Mg = K 1&+K €61 D11 XsTD12Xg » (2)
Mg = Ky1€+K2€g1tD1i XstD22Xe ,
rae €, Xeo — COOTBETCTBEHHO AeopMalvs U KPUBH3HA B OKPYKHOM

HanpasineHuu; Cij, K, Djj = 12:j=1,2;) — TapaMeTppl ’KECTKOCTH, KOTOPbIE
OTIPENICIISTFOTCS U3 HIKETIPUBEACHHBIX BBIPAKCHMI:
h h

2 2

C=Cy= 1[1E (I-w)dg, C,, =C, = _IhHE (1-w)dg,
2 2
h

2
K=K, = _J;E (1-o)ed, K, =K,, = [uE"(1-0)dg, 3)

[E'(1-0)cde, Dy, =Dy, = [uE'(1-0)dg

%N\U‘ )

v | 8

D,,=D,,

m‘ 'h.m\:‘

roe E - MEPEMEHHBI MOJYJIb YIPYTOCTH Marepuana; [ - epeMEHHbIN
kod(ppunmeHT nonepeuHort aedopmanuu; V - koddduiment Ilyaccona;
W - byHKIMS acThaHOCTH Mibrommaa [1].
- E _3v+(1-2v)w )
(1-p)(1+v)’ H 3-(1-2V)w
Henuneltnbie TpaHUYHBIE YCIOBUS MOYKHO 3aMKcaTh B MAaTPUIHOM
BUJIC:

G,(Y)=0, mnpuS=S,,
Gy (Y)=0, mpuS=S,,
rme Y = {Ng,Qq,Mq,u,w,9} - BeKTOp-PYHKIMI UCKOMBIX BemuanH;Go
1 Gy - HEJIMHEWHBIE ONepaToOphl Pa3MEPHOCTH 3.
[IpuBenennsie  Bbiie  cooTHomeHust (1) —(5)  oOpasyroT
HEJTHHEHHYIO KPaeBYIO 3aJady OTHOCHTENIBHO IIECTH HEH3BECTHBIX Y,

npudeM guddepenimanbaple  ypaBHeHHs (1) OTHOCATCS K Kjaccy
CWJIBHO HETTMHEWHBIX. AHAIUTUICCKUX METOJIOB PEIICHHUS TPUBEICHHON

(5
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KpaeBOM 3aJauM B HACTOAIIEE BpPEMS HE CYLIECTBYET, a YHCIIO
YUCJIEHHBIX METOJIOB PEIICHHS BECbMa OTPaHUYECHO [2, 3].

Hcnonb3zoBanue Meroaa JuHeapusanuu  HbroroHa-Padcona
MO3BOJIIET CBECTHM MCXOJHYH) HEJIMHEMHYI0 KpaeByl 3aJady K
MOCJIEI0BATEIbHOCTH JIMHEMHBIX KpaeBbIX 3anad. VHTerpupoBaHue
MOJIyY€HHOM TakuM 00pa30M CHCTEMbI JHHEWHBIX NU(]QepeHInanbHbIX
YPaBHEHUH OCYLIECTBIISUIOCH C HKCIOJb30BAHUEM IIaKETa MPUKIIAIHBIX
nporpamm MATLAB, c 310l 1ienbio Obl1a pazpaboTana mporpamma st
MHTETPUPOBAaHUsS ypaBHEHMM Ha oOcHOBe Meroma Pynre-Kyrra
YeTBepTOro mnopsaka. M3BecTHo, 4To a1 00ecnedeHHs] CXOAUMOCTH B
uTepallMoHHOM MeTojie HbloToHa TpeOyeTcss JOCTaTOYHO OJIM3KOE K
UCTUHHOMY 3HAQUYEHHUIO HayalbHOE TMPUOIMIKEHHE, KOTOpoe, Kak
NpaBWJIO, HW3HAYaJIbHO HEU3BECTHO. YCTPAHEHUE OTMEUYEHHOIO
00CTOSITEILCTBA  MPOU3BOAWIOCH IMYTEM HCHOJB30BAHHUS  METOMA
MOCJIEI0BATEIBHOTO TOBBIIIEHUSI HArpy3kd, IpU OTOM pEIIEHUE,
MOJIyYEHHOE Ha MPEAbIAYIIEM IIare Mo Harpy3ke, sBIsSJI0Ch HadalbHbIM
npubIMKEHUEeM [JIs Tocienytoniero mara. Eciu 4ducino uTepanuii
OKa3bIBAJIOCh  JOCTATOYHO OOJBIIMM W  MPEBBIIAIO  3a/IaHHYIO
M3HAYaJIbHO BEJIWYHMHY, MPOU3BOAWIOCH JUMOO YMEHBIIECHUE IIara
WHTETpUpPOBaHUsA, JIMOO  yMEHbUIEHWE  Harpy3kd. V3MmeHenue
KECTKOCTHBIX MTapaMEeTPOB 3arOTOBKH, OOYCIOBIIEHHBIX MJIACTUYECKUMHU
nedopMausiMU, YYUTBHIBAJIOCH IIyTe€M BBEIEHUS B PAacCMOTPEHHE
peasibHON AuarpamMmbl 1eOpPMUPOBAHHUS MaTepuana, IMOJTYYCHHOH B
1a00paTOPHBIX YCIOBHSIX B PE3yNbTaTe PacTsHKEHHS 0oOpas3IoB W3 TOTO
xe Marepuana. Jluarpamma negopMupoBaHus 3a7aBaiach B TAOJIUYHOM
BUJIE ISl JUCKPETHBIX 3HAYeHWM aedopMaivii, B UHTEpBAJIC MEXKIY
3aIaHHBIMU 3HAYEHUSIMH UCIIOJIb30BAIACH JIMHEHHAs WHTEPHOJISIIUSL.
[IpenyioxkeHHBINH MpUeM MO3BOJIET ¢ TPEOYEMON TOYHOCTHIO ONPEACIISTh
dbyHkuuo miactuyHocTy Wnbtommua [1] U, Kak ciaeAcTBUE, BHIUUCIATH
NnepeMeHHbIe MapaMeTphl xkecTkocTu (3). Beluncienue mnapameTpoB
KECTKOCTH OCYIIECTBIISNIOCh YHCIEHHBIM METOJIOM, C MCIOJIb30BAHHEM
OpOrpaMMbl  YUCJIEHHOIO UHTErPUPOBaHUS  COOTHOIIEHH  (3).
OnucaHHBIN BBIIIE aNTOPUTM pean3oBad B Buae nporpammsl B ITTIII
MATLAB.

Huxe mnpuBeneHbl pe3ysbTaTbl pacuera HanpsKEHHO-AEPOpMU-
POBAHHOI'O COCTOSIHHSI JIMCTOBOM 3arOTOBKM TOJIIMHOW 20 MM U3 CTaiu
17TC ¢ npenenom mnpounoctu 530 MIIA, npenHasHaueHHOW ISt
U3roTOBIICHUsT TpyObl auametpoM 820 wmm. PaccmarpuBainoch
Harpy>KeHUe 3aroTOBKM Ha ToclieqHed craguu dopmousmeHeHus. s
WUTIOCTPALIMK PE3YyJIbTATOB BHIYMCICHHUN Ha pHUC. 2 MPUBEAECHBI (POPMBI
neOpMUPOBAHHON TOBEPXHOCTU 3arOTOBKU ISl YETHIPEX 3HAYCHHI
BepTUKanbHOrO  mepememenus Uy, ©  XapakTep  M3MEHEHUsA
WHTEHCUBHOCTU HalpsikeHUuW. benpiMu JuHHSIMU Ha cepoM (oHe
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0003HaUE€HO HaYaJIbHOE TOJIO)KEHHE 3aroTOBKM Ha TPETheH CTaauu
dbopMou3MEHEHUS, KOTOpOE TO3BOJSET HArisagHo CchOpMHUPOBATH
npeacraBieHne 00 OoTIMyuu  (HOpPMBI  MOMEPEYHOI0 CEUEHUsS Ha
paccMaTpuBaeMoi ctaauu 1eOopMUPOBAHUS OT UCXOTHOTO.

Uy=100 rmx Uy=145 nma

o.

1

BN <240 MIla
[ 1>=240 MIla
Bl =450 MIla

Uy =190 nma Ty=205nma

Puc. 2. Pacnpedenenue nanpssicenuti npu 0eghopmuposanu 3a20moeKu.

Tpu  1BETOBBIX  OTTEHKA COOTBETCTBYIOT TpEeM  HHTEpBaJaMm
WHTEHCUBHOCTU HaNpsHKEHUH, MPUBEICHHBIM Ha puc. 2. YepHbld 1BET
COOTBETCTBYET OO0JACTH IUJIACTHYECKUX AehopMallvii, MOCKOJIbKY IS
ctamu 171'C npenen texkydectu paBen 450 MIla. Ananus uapopmanuu,
IPUBEACHHON Ha puUC. 2, CBUACTEIBCTBYET O TOM, YTO HAYaJbHBIN dTam
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nehopMHUpPOBaHUS HA TPEThEH CTaJMM XapaKTepu3yeTcss oO0pa3oBaHHEM
iacTuueckux  aedopmanuii B CpPaBHUTEIBHO  Y3KOM  30HE,
pacloOJIOKEHHOM HAa  CTBIKE  KPHUBOJIMHEWHOM  LWJIMHAPUYECKOU
MOBEPXHOCTH 3aroTOBKU C NPSIMOJIMHEHWHOW, MPU 3TOM MaKCUMaJlbHast
BEJIMYMHA WHTEHCUBHOCTM HampspkeHud paBHa 477 Mlla. C
YBEIIMUYEHUEM TIEPEMEIIEHMS  IUIOIIAAb PAacCMATPUBAEMOW  30HBI
BO3pPACTAET, OJHOBPEMEHHO YBEIMYMBAETCS BEIMYMHA WHTEHCUBHOCTH
Hanpsukennid u 1 U,=145 mm cocrasisser 492 MlIla. Ilpn conmxennn
CBOOOJHBIX KPOMOK JBYX 3€pKAJIbHBIX OTHOCHUTEIBHO BEpPTUKAIHHOU
ocu vactel 3arotoBku (Uy = 190 MM) H3MEHAIOTCA TPaHUYHBIC YCIIOBHH,
YTO, B CBOIO OUYEpE/b, IPUBOJNUT K NIEPEPACTIPEACIICHUIO UHTEHCUBHOCTH
HanpspkeHui. [Ipy 3ToM nporcxoauT cMmelieHre 00JacTH MIaCTHYECKUX
nedopmaiinii B BEpXHIOI YacTh 3aTOTOBKH, B TO CEYEHUE, T]IEe JEHCTBYET
MaKCUMAaJIbHBIA M3rMOAIONIMI MOMEHT. DTOT MPOIIECC COMPOBOXKIAETCS
HEOOJIBIIIUM CHIDKEHHEM MAaKCHUMaJIbHOW BEJMYMHBI HMHTEHCUBHOCTU
HanpsbkeHnit 10 483 MIla. JlanpHelmee yBeaudeHue mporuda
OPUBOAUT K  YMEHBUIEHUIO TUIOHIAAM  OOJacTH  IJIACTHYECKUX
nedopmaliii ¢ HE3HAYUTEIBHBIM  TIOBBIIIEHWEM HMHTEHCHUBHOCTH
HanpspkeHudd  go 487  MIla, uto OOBsCHSIETCS YBETUYCHHEM
U3rudaromero MomeHTa. B mpuBeneHHBIX pe3ysbTaTax pacyeToB
[OJIAraJIoCh, 4YTO BHEIIHAS HArpy3ka OT IITaMIa IPUKIAAbIBANIACH
cratnuecku. [lpu yBenmMueHMM CKOPOCTH IIEPEMEIICHMUS BEPXHEU
MOJIOBHHBI IITaMIla HEOOXOJIMMO BBECTH IOIPaBKY Ha JUHAMUYHOCTD
HarpyxeHus. Bmecre ¢ TeM, TNOJyYEHHbIE pACUETHBIM IIyTEM
MaKCUMAJIbHbIE 3HAYEHUS MHTEHCUBHOCTH HAIPSKEHUN pacroararoTcs
B HEMOCPEACTBEHHOW OJIM30CTU OT TMpejesia MPOYHOCTH Marepuana.
OtMedyeHHOE OOCTOATENHCTBO TMO3BOJISIET 3aKIIOYUTH, YTO, C YYETOM
HEOAHOPOJHOCTM  Marepuajga 3arOTOBKM W HEPaBHOMEPHOCTH
pacrpeneneHrs BHEIIHEW Harpy3kd IO JJIMHE 3arOTOBKH, BO3MOYKHO
NPEBBIICHUE TpeJesa MTPOYHOCTH MaTepHaa 3arOTOBKH B OTIEIbHBIX
TOYKaX TMOMEPEYHOr0 CEUeHUsT U, KakK CIeJCTBUE, O0Opa3oBaHUE
MUKPOTPEILIHH.

Jlumepamypa

1. Unvrowun A.A. Ilnactuanocts. M.: JI. , 1948. 376 c.

1. Knumanoe B.H., Yynunm B.B., Ionuapoé K.A. CunbHblld W3rud
COCTaBHBIX OO0OJIOYEUHBIX KOHCTPYKIMH MPHU OCECUMMETPUYHBIX
ynpyro-mactuyeckux  aedopmanusax //HMccnegoBaHust mpocTpaH-
CTBEHHBIX KOHCTpYKIMiA: MexBy3.c0. Cepaiosck 1987. C. 3-13.

2. Msauenxos B.U., I'pucopves HM.B. PacdeT cocTaBHBIX 00O0JOUYEUYHBIX
koHCcTpykIui Ha DOBM:CnpaBounuk. M., 1981. 216 c.
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NMPUMEHEHUE CUCTEMbI MATLAB A4 PELLEHUA
3A0AY OBPABOTKU U3OBPAXEHUM

Kypasens .M.
Quszuko-mexanuyeckuu uncmumym um. 1. B. Kapnenka HAH Ykpaumnwi,
2. JIvsos, Yrpauna
e-mail: zuravel@ah.ipm.lviv.ua

CrpeMuTEeNbHBIM TPOrpecc KOMIBIOTEPHOW TEXHHUKHU IOCTYKUJI
CTUMYJIOM K Pa3BUTHIO WH(OPMAIMOHHBIX TEXHOJOTHN B Pa3IMUHBIX
o0nacTsaX HayKd M TeXHUKU. [IoCKOJIbKY OJIHOM W3 HamOoJiee ya0OHbIX
dbopMm mnpenoctaBieHUs HHPOpPMANUU SBISIETCS HW300pakeHHE, TO
CO3JJaHUE MOIIHBIX BBIYUCIHUTEIbHBIX MAIMH JaJ0 BO3MOXHOCTb
CO3JJaHUSl HOBBIX TMOJXOJI0OB, METOJOB M aJITOPUTMOB IU(POBOI
00pabOTKH BU3YaJIbHBIX JaHHBIX.

3amaun, KOTOpPhIE CTaBATCSA B paMKaxX 00pabOTKH U300paKEeHU, HE
BCErJa BO3MOXHO pEUIMTh C TMOMOIIBIO HM3BECTHBIX METOJO0B. ITO
MPUBOAUT K HEOOXOJMMOCTH pa3palOTKH CIEUUATBHBIX aJIrOpPUTMOB
00paboTku Bu3yanbHOW mH(popMmarmu. K omHON U3 Hambosee yaoOHbIX
CUCTEM I WCCIECOBAHMA W CO3JaHUS HOBBIX METOJO0B 00paboTKu
M300paKEHU OTHOCHUTCS TAKET NPUKIAIHBIX TmporpamMMm Image
Processing Toolbox, Bxonsamuii B cuctemy MATLAB.

Kpome mpoOnembl co3gaHusi BbICOKOI((HEKTUBHBIX METOI0B
00pabOTKH BUJICOAHHBIX, AaKTYaJIbHOU SIBIISIETCSl TAKXKe 3a7ada BhIOOpa
U3 HEKOTOpOTro Halopa aJIropuTMOB ONTUMAJIBHOTO, KOTOPBIH
oOecrieunBasl Obl MaKCHUMajlbHOE, C TOYKH 3PEHHS BHU3yaJbHOIO
BOCHPUATHS, KadecTBO 00paboTku. OcCTaHOBMMCS Ha PACCMOTPEHHUH
JTAHHOTO BOMpoca OoJee AeTalbHO.

3amaue 0ObEKTUBHOM OIICHKM KauecTBa YIESUIOCh 3HAYUTEIbHOE
BHHMaHHUE HCCIEAOBaTeNe U, Kak CJIEACTBUE, 3TO MPUBEIO K
CYILLIECTBOBAHUIO OOJBLIOT0 KOJMYECTBA MOAXOAOB K ONPEIEICHUIO
kKauecTBa u3oOpaxenuit. K Hambomnee ynorpebnsieMbiM OOBEKTUBHBIM
OIICHKaM KadecTBa m300paxeHus orHocsares [ 1-3]:

CpenHsIs pa3HOCTD -

A=Y S [ f(x.3) = f x| (MN); (1)

x=1 y=1
MIPOHOPMUPOBaHHAs Koppessius (normalized cross-correlation) -
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NK = Z zf(x ISy ERY Z z[f(x W @)
KauecTBO Koppensiuuu (correlation quality) -
CO=3 > fenT@NI Y 3 f(xp); 3)
MakcuMalbHas pasHocTh (maximum difference) -
D = max{|f (x,) = F (6.0} ; )
BEPHOCTH H306pa>KeHH;I (image fidelity) -
IF=1- Z [feen -7y Z Z [ )] D 5)

CpeaHEKBaJpaTUYHasl JlalJIaACMAHOBAsl TMOTPENIHOCTh (1ap1as1an mean
square error) -

(6)

rac
f(xe,y} =f(x+1Ly) +f(x =Ly) +f(x,y +]) +/(x,y 1) 4 H(x,y);

CpeIHeKBapaTHYHAs HOFpeHIHOCTL (mean square error) -

MSE = S0 = f(x,) (7)
w22l I
MaKCHUMaJIbHadA CPCAHCKBAApaTH4YHAA ITOTIPCINHOCTDb (peak mecan square

error) -
PMSE = Z z[f(x n-fe] [ma{rept]s ®

MIPOHOPMHUPOBAHHAS a6COJIIOTHa$I norpemHocTh (normalized absolute
error) -

NAE = Z z\f(x »=F )|/ Z zlf(x »; ©)

x=1 y=I x=1 y=1
IMIPOHOPMHPOBAHHAA CpeI[HeKBaI[paTH‘-IHaﬂ HOFpeH_IHOCTB -

NMSE = zz[f(x »=Fey] /zz[f(x yl =1-F: (10)

x=1 y=1 x=1 y=1
HOpMa Lp (MUHKOBCKOTO0) -
1

M N X pD/p
Z Z‘f(xﬂy)_f(xay)‘ E , p=123,..; (11)
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OTHOIICHHC CI/IFHEIJ'I/HIYM -

M N ) M N “ 2D
SNR=1010gm§_Z eSS [ran-fep| a2
=1 Y= X=1 y=1 []

OueHkn KauecTBa, MpeacTaBieHHble BbipakeHusmu (1) - (12),
yIOOHBIE B UCIOJB30BAaHUHU, TEM HE MEHEE, OHHU HE BCErJa MO3BOJISIOT
OOBEKTUBHO OLICHUTh KAaue€CTBO M300pa)KE€HUs, B OCOOEHHOCTH C TOYKHU
3p€HHsT €ro  BHU3yalbHOro BocnpusAtusa. (OCHOBHONM  HEIOCTaTOK
BBIIICTIPUBEICHHBIX TOAXOJ0B 3aKII0YaeTCsl B MCIOJIb30BAHUM JIUIIIb
OJIHOTO TapaMerpa JJJis OLEHKM KauecTBa HW300paKe€HUs, 4To Jis
OOBEKTUBHOTO OLIEHUBAHUS HETOCTATOYHO.

[IpenyioxkeH METOA OLEHKM BU3YIBHOIO KauyecTBa, KOTOPBIA
paccMaTpuBaeT n300paskeHNE C BEPOSTHOCTHON TOYKHM 3pEHHSI 1 OCHOBAaH
Ha 3aKOHaX 3puTeabHOro Bochpusitus [4]. Takol mNOAXOA MO3BOJSET
OOBEKTHBHEE, MO CPABHEHHWIO C JPYTMMH HW3BECTHBIMU METOJAMH,
MPOBOJIUTh OIIGHKY BH3YaJlbHOTO KauecTBa H300paKEHUH, a TaKke
CIIy’)KAT HWHCTPYMEHTOM Ui OIICHKH 3()(PEKTUBHOCTH METOIOB HX
oOpabotku. [Ipumepsl  HCTOIB30BAHUS  MPEAJIOKEHHOTO  METoAa
IIPUBEJICHBI HA puC. 1.

1- 0, =1,7973 2- 0, =1,7994 3- 0, = 1,8133

4- O, =1,7424 5- 0, =1,7775 6- 05 =1,8196
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7- O, =2,2214 8- 0, =2,5150

10- O, =1,6269 11- O, =1,7495

13- O, =1,7222 14- O, =1,7280

16- O, = 1,9489 17- O, =1,9772 18- 0, =2,0118
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19- O, = 1,8431 20- 0, =1,8511 21- O, =1,8533
22- O, = 1,8081 23- 0, =1,9439 24- 0, =2,1815

Puc. 1. Unnrocmpayus npumenenuss Memooa KOIu4ecmeeHHoU OYeHKU Kauyecmed
u300padiceHuil.

N3 pucyHka BHAHO, 4YTO Ui CEepUd  H300paKeHHI
MUHUMAJIHYIO OLIEHKY KayeCTBa MMEIOT M300paxKeHusi, KOTOpbie ObUIH
pa3MbIThl (TepBas KOJIOHKA), a MaKCUMaJlbHyl0 - 0OpaboTaHHbIE
METOJIOM YyiydleHue (TpeThs KojoHKa). KomnyecTBeHHas OIlEeHKa
XOpOIIO KOppenupyeT ¢ BU3YyalbHBIM BocmpustueM. [IpoBeneHHbIe
MCCIIEIOBAaHMUSI M3BECTHBIX METOJOB OLIEHKH KadecTBa W300pakeHUi
MOKa3ajal, 4YTO OHM MeHee dSPPEKTUBHBI TO CPAaBHEHHUIO C
NpenoKEHHBIM MeTO0oM. HemocTaTkoM MPeaioKeHHOTO METOo/a
ABIIIETCS HEKOPPEKTHASI OLIEHKA KaYyeCTBa 3allyMJICHHBIX U300paKeHUH.
OTOT HEAOCTATOK MPHUCYIIMM BCEM METOJaM, KOTOphIE MpPU OIEHKE
KauecTBa U300paKeHUs UCTIONB3YIOT Ty WJIM UHYIO MEpY KOHTpacTa. ITo
CBA3aHO C TEM, YTO METOJl OIEHKM KauecTBa He oOecreunBaer
UACHTU(UKAIIMKI PE3KUX TEPENaioB IPKOCTEH.
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VK 621.333.025.629.423

MOAEJIMPOBAHUE CUCTEM
PErYnIMPOBAHUA KOOPOUHAT B ACUHXPOHHOM
ANEKTPONPUBOOE C MOMOLBbIO NAKETA POWER

SYSTEM BLOCKSET

3aropckui A.B.
Opnosckuii 20cyoapcmeennvlii mexHuieckui ynusepcumem, 2. Open
e-mail: power@orel.ru

Beeoenue

Onexrpomexannueckue cucreMbl (OMC) Ha ocHOBe TpexdazHbIX
ACUHXPOHHBIX JBUTATENIel Ha CETOAHSIIHUI JIeHb SIBIISAIOTCS CaMBIMU
pacnpoCTpaHEHHBIMHU KaK B MPOMBINIJIEHHOCTH, TaK U B KOMMYHAJIbHOM
U CEJIbCKOM XO03sicTBe. B HacTosiiiee BpeMs JaHHbIE CUCTEMbl aKTUBHO
BHEJIPSIOTCSI Ha TPAHCIOPTE, B CTAaHKOCTPOEHUU M POOOTOTEXHUKE.
ViMeHHO OHHM BO MHOTOM OIPEAETSIOT rI00anbHOE SHEPronoTpedaeHue,
T.K. Ha HUX MNpUXOAUTCA mnpeoOpazoBaHue okojgo 50% Bceit
MIPOU3BOANMON B MUPE 3IEKTPOIHEPTUH.

Takoe mMHMpPOKOE NPUMEHEHHE ACHMHXPOHHOI'O 3JIEKTPONPUBOAA
(OIT) oOycnoBAEHO MPOCTOTOM UW3TOTOBIEHUSI W  JKCIUTyaTallUH
acMHXpOHHBIX jaBuratenedt (AJl), MEHbIIUMHU TIO CpPAaBHEHUIO C
JIBUTATEJISIMU TIOCTOSIHHOTO TOKA, MAaccoil, TabapuTHBIMU pa3Mepamu U
CTOMMOCTBIO, a TakXKe BBICOKOM HAJEKHOCThIO B paboTe u3-3a
OTCYTCTBHUSI MIOJIBU’KHOTO MEXaHUYECKOTO IIETOYHOTO KOHTaKTa. OJIHAKO
BIJIOTH JI0O HEJAABHEro BpeMeHW acuHXpoHHOMY OIl oTBoaunace posib
IPOCTOTO HEYMPABIISEMOI0 WIH yIPABISIEMOr0 MPUMUTUBHO UCTOYHUKA
MexaHudecko  sHepruu. OJHMM U3 OCHOBHBIX  (PAKTOpPOB,
CAECPKUBAIOIIMX JI0 HACTOSIIEr0 BPEMEHU pPa3BUTHE HAAECKHOIO H
HEJIOPOTOro peryJmpyeMoro aCHHXpOHHOIO 3JIEKTPOIPUBOJA, SIBIIAETCS
CJIO’)KHOCTb €r0 MaTEMaTUYECKOTO OIHMCAHMS.

Cn0>XKHOCTh MaTEMaTUYECKOI0 ONUCaHus U MojaenupoBaHus OMC,
BKIIOYarommx B ceda AJl u  3ieKTpoHHBIE TpeoOpa3zoBaTeNH,
3aKJII0YaeTcsi, TJIABHBIM 00pa3oMm, B pemeHud auddepeHantbHbIX
YpaBHEHUH KaK MHHUMYM ISTOrO TMOpSJKAa C HEJIUHEHHBIMU U
HECTaOWJIbHBIMU BO BpeMeHHu napamerpami [1, 2]. OnbiT padotsl ¢ IMC
JaHHOTO BHJA [3-5] mokasain, 4yTo JJis UX YUCIEHHOTO MaTeMaTH4eCKOro
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MOJICIMPOBAHUSI XOPOILIO 3apEKOMEHIOBAIM ce0si JBa OCHOBHBIX
noaxona: 1) cTaHAapTHBIM, OCHOBAHHBIM Ha HAMMCAaHUU COOCTBEHHOIO
IpOrpaMMHOro oOecredeHus, onuchiBaromero kak AJl, smeKTpoHHbIH
npeoOpa3oBareib, TaK U CUCTEMY YIPABJICHHS; 2) C HCIOJIb30BAHUEM
nakera pacmpenuss MATLAB - Power System Blockset.

Hcnonb3oBaHue MEpBOro M3 MOAXOAOB SIBISETCA, MO MOHSATHBIM
MpUYMHAM, CJI0)KHOMW 3a/1a4yeil ¥ OMPaBIaHHO TOJBKO B HCKIHOUUTEIBHBIX
Cly4asiX, Halmpumep, MPU KECTKUX TPEOOBAHUAX K BBIYUCIUTEIHHBIM
pecypcam. Hampotus, ncnons3oBanue makera Power System Blockset,
opraanyHo cBsizanHoro ¢ IIIIT Simulink, mo3Bonmmo B Kparyaiimme
CPOKM pealu3oBaTh U HccieaoBaTh, Takue OMC C acHHXPOHHBIM
anexktponpuBogoM (ADII) kak: 1) ADII ¢ BEeKTOpHBIM yIpaBICHUEM C
OpHEHTAaINEH YIPABJISTFONTUX BO3/ICHCTBUI o BEKTOPY
MOTOKOCILIETUIEHHUST C POTOPOM IMPU MCIOJIB30BAHUM TOKOBON MOJENH
uaeHTugukaropa mnotokocuemienus [6]; 2) ADIl ¢ BeKTOpHBIM
yIPABJICHUEM C OpUEHTAIIMEN YIPaBIISIONIUX BO3JEUCTBUIM MO BEKTOPY
MOTOKOCLEIUIEHU €  pPOTOPOM  TMpPU  HMCIHOJIb30BAaHUU  MOJIEIH
uaeHTudUKaTOpa MOTOKOCUEIJIEHUsT 1Mo Hanpspkenuto [6]; 3) ADII B
COCTaB€ C TUPHUCTOPHBIM peryisitopoM HampsbkeHus (TPH). Cnenyer
OTMETHUTb, YTO MPUMEPHl MOJENEH, BXOJMAIIME B COCTaB IAKeTa B
OOJIBIIMHCTBE CJIy4aeB HE YAOBIETBOPSAIOT MNPEIBSABISEMBbIM, MpPH
pELIeHNH pealIbHbIX 337a4, TPeOOBaHUSAM, OJHAKO, OTAE/IbHbIE OJIOKU U
pelIeHnsl MOTYT YCIIELIHO HMCIOJIb30BaThCS B COCTaBE pa3padOTAHHBIX
MOJENEN.

Bexkmopnoe ynpaenenue A/l

Jns MopenupoBaHusT M JalbHEHINIENH peanu3ali B KayecTBe
0a30BOT0 AJIrOpUTMA BEKTOPHOTO YNPaBIICHUS ObLI BHIOPAH alrOPUTM C
OpHUEHTAaINEH YIPABJISIFOITUX BO3/ICHCTBUIA o BEKTOPY
MOTOKOCILIETUIEHUS C pOTOpOM. JlaHHBIM anroputMm siBisieTcss Haubosee
1eJeCO00pa3HbIM ISl TIIYOOKO PEeryjJupyeMoro BBICOKOJAMHAMUYHOTO
ADII [5-7]. ®yHkuuoHanbHas cxema takoro JII B 3ToM ciiyyae nmeer
HaWMEHBIIIEE YHUCJIO NEPEKPECTHBIX CBS3EH B OTIMYUE OT METOJOB
YOpaBJICHHUS C OpHUEHTAlMeld 1O BEKTOpaM T[JABHOTO IMOTOKAa U
MOTOKOCHEIUICHHUS] CO CTATOPOM. A BBIpaXXEHUSI MOMEHTA aCUHXPOHHOTO
AIEKTPOJABUTATENSI C KOPOTKO3aMKHYTBIM POTOPOM U CKOPOCTH B 3TOM
ClIy4ae CpaBHMTEJIBHO IPOCTHI [§].

['maBHOKM  mpoOJAEMOl  MOCTPOEHUS  CUCTEM  BEKTOPHOTO
ynpasienuss AJl mpu HENOCPEJACTBEHHOM OPUEHTUPOBAHUU IO TOJIIO
ABJISIETCSl TIOJlydYeHHE TeKylled uHdopManuu o0 OMOPHOM BEKTOPE
MarHuTHoro nortokocuerieHus [9, 10]. HMcnonp3oBaHuE JaTYMKOB
WHAYKIIMM MarHUTHOTO TIOJIE B BO3JYIIHOM 3a30p€ MallMHbl Ha 0ase
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2eMEHTOB XoJila WIM IPUMEHEHHE JONOJHUTEIbHBIX CTAaTOPHBIX
oOMoTok st u3MmepeHuss OJIC mo3BoNIsSIET CUCTEME  YIpaBJICHUS
nojyyaThb  JIOCTOBEpHYIO  HH(popmamuio o0  0a30BOM  BEKTOpe
norokocuemieHus. (OJgHakKo, O5TO Bie4eT 3a COO0OW HW3MEHEHUus
KOHCTPYKLMM [JIBUTATENsl, €ro TEXHOJIOIMYECKOTO YCIIOKHEHUsS, a
CIEA0BATENBHO, yNOpOkKaHuA. Takxke nmardukyd XoJula CyLIECTBEHHO
CHIDKAIOT HAJIE)KHOCTh CHUCTEM BEKTOPHOIO YNPABIECHUSA, TAaK Kak
Ype3BBIYAITHO YYBCTBHUTENBHBI K ynapaMm H BuOpamusiM. B sToil cBsizu
ABJISIETCS NEPCHEKTUBHBIM NPUMEHEHUE UACHTU(PUKATOPOB
OPHUEHTHUPYIOIIETO BEKTOPA C U3MEPEHUEM TOKOB, HANPSDKEHUN W, €CIU
TpeOyercsa, ckopoctn AJl. Mogenn wuACHTU(PUKATOPOB BEKTOPOB
NOTOKOCLICIUIEHUSI ¢ POTOPOM JENATCS Ha JIBa OCHOBHBIX Kitacca [6]:

1. Maremarnyeckass MOJeNlb HUACHTU(UKATOpPA MO TOKY HMEET
CICIYIOIIUN BUL:

R o G

rae W, - BeKTOpa MOTOKOCHEIUIEHUS C POTOpoM; R, - mpuBeneHHOE
CONPOTUBJICHUE POTOPHOW O0OMOTKM nBurartens; L, - coOcTBeHHas
MHIYKTUBHOCTh OOMOTKH poropa; L, - B3auMHas HHIYKTHBHOCTBH
oO0MOTKH cTtatopa u portopa; I' - Bekrop Toka cratopa; P - umcio map
TIOJTFOCOB; ()~ YIJIOBasi CKOPOCTh BpAILlEHHS POTOPA JIBUTATEIIS.

2. MaremaTrueckasi MOJeTb UACHTU(UKATOpPA MO HANPSHKECHHIO
MPEJICTaBISET COOOM:

_—a —RSZS M-I

m

riae V; - BeKTop HanpsiKeHUsl Ha CTaTope; R, - IPUBEJIEHHOE
CONPOTUBIIEHUE CTATOPHONM OOMOTKM JBurarens; L, - coOCTBEHHas
UHAYKTUBHOCTh OOMOTKH CTaTOpAa.

B (1) u (2) BeKkTOpHBbIE BEJIUYMHBI MPEJICTABICHBI CIEAYIOIICH
crpykrypoit X' =[xq xBi]T, T.6. BCE BEKTOPHBIE BEJIMYHHBI
npeoOpa3oBaHbl B OPTOTOHAIBHYIO CUCTeMY KoopauHat (O, [3), :KeCcTKo
CBSI3aHHYIO CO CTaTOPHON OOMOTKOM.

Kak mokazanu pe3ynbTaTbl 3KCIEPUMEHTOB U MATEMaTUYECKOE
MojienupoBaHue ¢ momomibio maketa Power System Blockset (cwm.

L +L1I°, (2)

puc. 1 u 2):
1. ToxoBasg MoaeNb HIEHTUPHUKATOPA:
— IO3BOJISET XOpOILIO0 OIIPENENATh MO3ULIUIO BEKTOpA

MOTOKOCIIETUIEHUS C POTOPOM Ha HU3KUX U HYJIEBBIX CKOPOCTSX;

— HUMEEeT TPYAHOCTH HCIIOJIb30BAHMSA Ha BBICOKMX CKOpPOCTAX H3-3a
HaJIM4Msl IEPEKPECTHBIX CBSI3€H B KaHANaX yNpaBIICHHUS;

— 3aBUCHMA OT IIOCTOSIHHOM BPEMEHU POTOpA.
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2. Mopenb uaeHTUdUKATOpa MO HANPSDKEHUIO 00JaJaeT CIeAyIOIUMU
KAueCTBAMU:
— TMPOCTOTOM OCYIIECTBIEHUS, T.K. HE TPEOyeTCsl yCTaHOBKA JaT4yHKa
CKOPOCTH Ha BaJly JABUTATEIS;
— TPYAHOCTBIO UCIOJIb30BAHMS HA HU3KHUX CKOPOCTSIX,
— XOpOILIMM KadeCTBOM ONIPEACIICHUS MOTOKA pOTOpa Ha CPEIHUX U
BBICOKHX CKOPOCTSIX;
— mpu Hacklmenun ¢akropsl L,/L,, U O oOKa3pBalOT yMEpPEHHOE
BO3/ICHCTBHE.
3. [ns yMmeHbIIEHHUs BIUSHUSA CONPOTHUBICHHA OOMOTOK cTatopa u
pOTOpa, CHJIBHO 3aBUCSAUIMX OT TEMIEpATypbl JBUTATENsS, HEOOXOIUMO
MCIIOJIb30BaTh CIELUATbHbIE aJalTUBHBIE aJlTOPUTMbI HAOIIOJaTENEH 3a
MOTOKOCILETIEHUEM C POTOPOM, pa3pabOTKa KOTOPBIX U SIBISIETCS OJTHOM
U3 OCHOBHBIX TMpOOJIEeM TIPU CO3JIaHUU COBPEMEHHBIX CUCTEM
BEKTOpHOTrO ymnpasieHus AJl, mpuueM HX peanu3anus TOJKHA JIEYb B
OCHOBY HNPUHIUITHAIIBHO HOBBIX CUCTEM yIipaBiieHus A/l

ADII B cocrae ¢ TPH. VYmnpasieHue CKOpOCTbIO BpalleHUs
potopa B ADIl MOXKET OCYLIECTBISATECA METOJAOM HM3MEHEHUS
HANPSKECHUS, NPUIOKEHHOIO K JIBUTaTEN0, MPU MOCTOSHHOM 4YacTOTe
MUTAIOIIET0 HANpsDKEHUs. DTOT METOJA MOKET MCHOJIb30BATHCS IS
pPEryJIupOBaHMUsl CKOPOCTBIO B HEOONBIIMX NpeAesax | SBISETCS
3 (PEKTUBHBIM  TOJBKO  JJII  TEXHOJOTUYECKHX  YCTAaHOBOK  C
HArpy304YHbIMU XapPaKTEPUCTUKAMH, HE BBIXOJAIIMMHU 3a JOCTATOYHO
y3Ky10 [5] rpaHuny momycTUMOW MO HarpeBy oOJacTU MOMEHTOB Ha
BaJly JBUTATENsl B NPOJOJDKUTENBHOM pexume. OOHAKO OH IMIUPOKO
npuMeHnsieTcs 11t ooneruenus mycka AJl [4]. Hus aToro B cocraB ADII
BKJIFOYAIOT THUPUCTOPHBIN PEryJsiTOp HANpsHKEHUST C COOCTBEHHOM
cuctemoil ympasnenusi. [Ipumenenue nakera Power System Blockset
MO3BOJIWJIO B KpaTyalllMe CPOKHM IPOMOJEIUPOBATH KaK CHCTEMY
ynpasieHuss TPH ¢ cooTBeTcTByrOIMM anroputmMom, Tak u Becb ADII B
1esaom (cm. puc. 3).

Heobxoaumo otmeTuth, uto npumenenre ADII B cocrase ¢ TPH
TpeOyeT  CHCTEMHOI0  MAaT€MaTHYeCKOro  MOJEIMPOBaHUS B
JTUHAMUYECKUX W CTaTMYEeCKUX pexumax Bcert OMC, B Kotopoit
mnanupyetcs npumenenre TPH coBmectHo ¢ A/l ¢ KOPOTKO3aMKHYTHIM
poropom. Tak Ha puc. 3, MOKa3BIBAIOIIEM PE3YIbTAThl MATEMATUYECKOTO
MozenupoBanusa nmycka A/l ¢ momompro TPH Ha HacocHyro Harpysky
Py HEKOPPEKTHOM BBIOOpE MapaMeTpoB [JIsi CUCTEMbI YIPABIICHHUS,
BUJIHO, YTO HapsiAy C OrPaHUYEHUEM MYCKOBBIX TOKOB U ITyJIbCallMil
momeHTa Ha Bainy AJl, B aunamuke DMC HaOmronarorcs OueHus, 4To
HEJOMYCTUMO B PEATIbHBIX CUCTEMAX.
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Puc. 1. Mooenwv u pesynbmamol mooenupoganus eekmoprozo ynpagierusi AJII ¢
MOKOBbIM UOEHMUPUKAMOPOM NOMOKOCYENTEeHUS C POMOPOM U HEUHUM KOHMYPOM
cmabunuzayuu y2no8oi cKopocmu

237



Yacme 2. [Ipumenenue cneyuanusuposantblx NaKemos NPUKIaoHslx Npozpamm

e - s
= -
4L

eyt
! "

L]

[ -]

AT byl ]

aE

KOpoTEGAAMKHY THA SCHHNPOHHER ORAraTa e 3BT (S0 oo ) 6000

CHTATOfHbEM TOKRK

S — H
| | 1 1
1:;\_-?. NS CRODOET b HAFE FRe i | Esns
— T T T T
00—

—

e S

DO P 10 WO H A0 L
mnrui sl 1% pmng'c

L]

HU

MOMaEHT Had AAT

——

A Ml T T Q0 LG T C DO TOpOM
I

i8 )
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KOHMYPOM CIMabunusayuy y2no080u CKoOpocmu
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Jlns  WCKIIFOYEHHMS  OTHX  HETAaTUBHBIX  SBJICHUM  MOXET
NPUMEHSTLCA DA CHEIUATBHBIX JIeMI(GUPYIOMIUX CUCTEMY B II€JIOM
Mep, TJIaBHBIM 00pa30M CBS3aHHBIX C KOPPEKTUPOBKOW MapameTpoB
CHUCTEMBI yIpaBJIEHUs, 3TO U OBLIO MPOJEIaHO MPH MOJCIUPOBAHHHU B
cpene MATLAB 6.0.

Buoieoownt

[Tpumenenne maketa Power System Blockset B cpene MATLAB

UL MOJEJIMPOBAHUS  CHUCTEM  PEryJupoBaHUsl  KOOpAMHAT B

ACMHXPOHHOM  JJIGKTPOIIPUBOJE B  COCTaBe C  BJIEKTPOHHBIMU

peodpazoBaTeISIMHU O3BOIUIIO:

1. 3HauuTENBHO COKPATUTH BpeMs KaK Ha CO3/JaHHME MOJENEH, Tak U Ha
OPOBEJCHUE  YMCIEHHBIX  OSKCIIEPUMEHTOB  C  Pa3jIMYHBIMU
QIrOpUTMAMH  yNpPaBICHUS W MapaMeTpaMy BBIILIE OMMCAHHBIX
AIIEKTPOMEXAHUYECKUX CUCTEM.

2. CpaBHUTh Ha OJTale MOJEIMPOBAHUS pa3IMYHbIE AJITOPUTMBI U
cucremsl ynpasieHus AJIIL.

3. Ouenuth noBeaeHUE AaHHOTO poga DMC B pa3IMYHBIX peXUMaAX U
COCTOSIHUAX 0€3 MpoBeACHUS (PUINYECKOTO OSKCIEPUMEHTA, IpH
YIOBJIETBOPUTENBHBIX pPE3yJIbTaTax.
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YK 519.6

WCCNEQOBAHUE NOKANbHbLIX OCOBEHHOCTEM
BPEMEHHOIO PAOA C UCIMOJNIb3OBAHUEM
NMAKETA PACLUMPEHUU WAVELET TOOLBOX

Mangpukosa O.B., Tpucranos A.b.
Kamuamckuii 2ocyoapcmeennvlil mexHuueckuti yHugepcumenn,
2. [lemponasnosck-Kamuamckuu
e-mail: neringa@mail.iks.ru

Beeoenue

Bo MHOrux mnpuiaoXeHHsX 1o 00padOTKE 3KCHEPUMEHTAIbHBIX
JaHHBIX BCTaeT MpodiiemMa OmpeAeNieHHuss TOYHOTO  MOJIOKEHUS
OCOOEHHOCTM  CUTH&JIa W OLIEHKM XapakTepa 3TOH OCOOEHHOCTH.
[IpuMeHeHre MHTErpaJbHOTO Mpeodpa3oBaHus U pAnoB Pypre BecbMa
TPaJULMOHHO Ul aHajdu3a crauuoHapHoro curHana. [Ipm @Dypsbe-
aHaJIu3€ B KAuye€CTBE OCHOBHBIX Oa3MCHBIX (QYHKIHUH HCHOJIB3YIOTCS
CHUHYCBI, KOCUHYCbl U KOMIUIEKCHbIE 3KCIOHEHThl. IlnaBHast Oa3zucHas
(yHKIMA, Takas, Kak CHHYCOMJA, HE MOXKET NpPEACTaBIsITh pPE3KUe
nepemnajsl curHainoB. Hanuuue B cUrHaje pe3KuX NMUKOB U MEpenaioB
BBI3bIBACT YBEJIMYECHHUE YHUCJIA TAapMOHUK OYEHb MaJjOW AaMIUTUTY/BL,
KOTOpbIE BIUSAIOT Ha (OPMY BOCCTAHABIMBAEMOIO CHIHaja M 3a
npenesaMd  €ro  JIOKalbHBIX ocoOeHHocTed. B pesymbrare 1o
COCTABJISIFOLIUM CIIEKTpa MPaKTUYECKH HEBO3MOXHO OLIEHUThH XapakKTep
OCOOEHHOCTH CHUTHaJIa M TOYHOE TOJIO)KEHHE JTOW OCOOEHHOCTH.
HeoOxoaumocTh  MCMONAB30BaHMS  JpYyrux  Oa3suCHBIX  (DYyHKLHMMA
noauepkuBasack JI.M. MannensmramomMm eme B 20-X rogax, OH TOBOPHII,
YTO «3HadyeHue pasnoxeHuss @Dypbe B OOJbIIEH Mepe CBA3AHO C
PE30HAHCHBIMU CBOMCTBAMU JIMHEMHBIX CHUCTEM C IOCTOSHHBIMU
napaMeTpamu; MpH Mepexo/ie K JIMHEHHBIM CUCTEMaM C MEepEMEHHBIMU
napaMmerpamu pasnoxeHne Oypbe nepecraer ObITh 11e1eCO00pa3HbIM U
MeCTO (DYHKIUMHI COS U SIN JOJKHBI 3aHATh IpYrue QYHKIUN.
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Beiienem-npeoopazosanue
BBenem dyukimio ¢ 0L’ (R), YAOBICTBOPSIOIIYIO YCIOBUIO

= ()’

[T o

1 Ha30BeM €€ «0a3MCHBIM BEHBIIETOM.
OTHOCHUTENBHO KaxxXJa101ro 0a3uMCHOTO BeHBIIETA HHTCI'PAJIBHOC
BGﬁBHGT-Hp€06paBOBaHI/I€ OIIPCACIIACTCA KaK

(7, £ Xb.a) =|a|‘5if(t)¢§;—b%ﬁ, re abOR: a#0.

0O003HaYUM

—laFoHZ?
8,.(1) =|a ¢ELE[

WuTerpanpHOe mpeoOpa3oBaHUe MPUMET B
W, rXb.0)=(1.9,.).
BeiiBner-npeoOpazoBanue  o0magaer  CBOMCTBOM  MAacIITaOHOMN

HMHBApUAHTHOCTH:
Wif(t/a)=1/aW(ala,,bla,).

brnaromapss 3TOMy CBOWCTBY MBI MOXKEM  OMPEIACIATh HAJIUYHE W
XapakTep 0COOCHHOCTEH curHalla. A TakKe, CIeyeT 3aMETHTb, YTO €CIIH
foc"(t,), 1o K03pdUIMEHTH €€ BEeUBIET-IpeoOpa3oBaHus Npu b=t
JOJDKHBI TIOTYHHSITCS HEPABEHCTBY:
2
W(a,t,)<a"?, npu a -0,

TO €CTh IO 3HAYEHUSIM KOI()PHUIMEHTOB Ha MalbIX MacIiTadax MOXHO
CYJIUTh O PETYJIAPHOCTH (PYHKLIHUN B KOHKPETHOW TOUKE.

f t»
=
ad y /
Puc. 1.

[Tockonmpky c poctoM MacmTaba Oa3ucHas BeHBIET-QYyHKIUA
YBEIIMYMBACTCS, 3aXBaThiBasi BCE OOJBINMHA BPEMEHHOW JHMAIa3oH
(IMama3oH WHTETPUpPOBaHUs), KOdPumeHT B Touke (ag,bp), Oymer
3aBHCETh OT 4acTH psAfa. Jlmama3zon 3TOT Tem OoJjble, YyemM OOJbIie
MaciTad, MOATOMY BBICOKOYACTOTHAs HWH(OpMAIUs BBIYHUCISICTCS HA
OCHOBE MaJIbIX OTPE3KOB PsAJa, a HU3KOYACTOTHAS — HA OCHOBE OOJIBIINX

(puc. 1).
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‘Iacmomno—epemennaﬂ JdoKaauzauun

[IpITasich Npeo0NeTh TPYAHOCTH YACTOTHO-BPEMEHHOIO aHAJIN3A,
J1. Tabop B cBoeit pabote B 1946 1. BBeN «(PyHKIIHUIO-OKHO» BPEMEHHOM
nokanu3anuu. B kauectBe pyHkiuu okHa ["abop ucnonab3oBan GyHKIIMIO
lNaycca:
1 -
g, ()= e * g=const>0
2ma

Hns  moboro ¢ukcupoBaHHOTO @, TmpeoOpazoBanue [abopa
byuknuu f 0L (R), ONPEaCIIIeTCs KaK

(T /) @) = [(e™ f(0)gq(t = b)dt

JlanHoe mpeobOpaszoBaHue JoKanmu3yeT mpeodpazoBanue Dypbe
(GbyHKIUYU f B OKPECTHOCTH ¢=D.

«llmpuHy» OKHA oONpeAeTuM KaK YIBOCHHYIO  CpEIHE-
KBaJPaTUYHYIO JJIUTCITLHOCTh

27, = 2 Sj’x g2 (x)dx =2Ja
el 0

BumHo, 9TO mmprHA OKHA ONPEIeNsieTCs TOCTOSTHHOM (.
N3 pasencta [lapceBans nis npeodbpazoBanus ['adbopa

(7 )@ = (£.65,) = - (7.GL),

/2

CJICOyCT, 4TO

[ f(e)ga (= bydt = E\/geibw %(6""/} (Mg (N —wdn .

Jpyrumu cioBaMH C TOYHOCTBIO 10 \/Zefbw npeoOpa3oBaHue

®Oypre GyHKIUMU f C OKHOM g, paBHO OOpaTHOMY MpeoOpa3zOBaHUIO
Dypbe C OKHOM g,

(£.G50) = (7. H})
I[eKapTOBO IMPOU3BCACHUC
[b—\/ab+\/5]xm— R s
’ e 2da B

HAa3bIBACTCA YaCTOTHO-BPCMCHHBIM OKHOM, I'/IC H@pBBIfI MHOXKHTCJIb €CTh
BPEMCHHOC OKHO, a BTOpOﬁ — 49aCTOTHOC.
H_II/IpI/IHOﬁ YaCTOTHO-BPCMCHHOT'O OKHA HA3bIBACTCA BCIIMYMHA
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1
2+/a . BeICOTOM - — .
Ja

CrnenyeT 3aMeTHUTh, YTO IIUPUHA YACTOTHO-BPEMEHHOT'O OKHAa HE
MEHSIETCS TIPU PACCMOTPEHHUH CIIEKTpa HA PA3NUYHBIX YacTOTax. IJTOT
(dakT orpaHMYMBaeT MCHOJb30BaHUE mpeoOpa3oBanus [abopa mpu
MCCIIEIOBAaHUH CUTHAJIa HA OYCHb BBICOKMX U HU3KUX YacTOTaXx.

W [T B

S S K |

Puc. 2.

[IpeoOpazoBanne ['abopa ¢ TPOU3BOJBHBIM OKHOM  €CTh
KpaTKOBpeMEHHOE npeoOpa3zoBanue Dypsoe.

B ornuuume oT KpaTkoBpeMeHHOro mpeoOpazoBanHus Dypsoe,
KOTOpO€ O0EeCleunBaeT PaBHOMEPHYIO CETKY B YaCTOTHO-BPEMEHHOM
00J1acTu, BEUBIIET-TPeOoOpa30BaHue UMEET HEPABHOMEPHOE pa3pelIeHHE,
YTO MO3BOJISIET UCCIIEN0BATh CUTHAJ KaK JIOKAJIbHO, TaK U MOJIHOCTHIO.

T.x. yacToTa 0OpAaTHO MPOMOPIMOHANIEHA TEPUOAY, TO TpeOyeTcs
OoJiee y3K0e OKHO JUIsl JIOKQJIM3AIlM BBICOKOYACTOTHO COCTAaBIISIOIICH
CUTHaJIa U 06oJiee MHUPOKOE JJII HU3KOYaCTOTHOM COCTaBIISIOIICH.

HuTerpansHoe BelBIET-IpeoOpa3oBaHue JOKAIU3YET aHAIOTOBBIN
CUTHAJI BO BpDEMEHHOM OKHE

|_b +at” —aA¢,b +at’ +aA¢J,

IIpumensss paBeHctBo llapceBanmsd, mo aHanorMM C MPEIBIAYIIAM MBI
MOJIyYdM, 4YTO HMHTETPAIbHOE  BEWBIET-peoOpa3oBaHUE  TaKKe
J'IOKaJII/I3yeT CHUTHAJI 110 4aCTOTEC C OKHOM
* *

(o 1 A w 1 A [

O—~—8y "8y

Ja a a a [
Ananornuno mnpeoOpazoBanuio ['abopa BBeneM YacCTOTHO-BPEMEHHOE
OKHO JJISI UHTETPATbHOTO BEHBIIET-IPEOOPA30OBAHMS:
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) . v 1, w 1, 0
[b +at —al,,b+at +aA¢]>< G———4,,———4,
Ja a a a "[]

BumHo, Yro  OKHO  aBTOMATHYECKH  CY)KaeTcs  IpHU

BBICOKOYACTOTHBIX SIBJIEHUAX (MajbIX MacliTadax) U pacIiiupsercs IpH
HU3KOYACTOTHBIX (OOIBIMX MacmTadax).

n A
W
[ e it T
a, E i
! ! >
b2+612 b2+a2t p
Puc. 3.

JI71s1 BBICOKOYACTOTHBIX KOMIIOHEHT CUTHAJIa BEMBIIET-OKHO UMEET
OOJIBIIYI0 IIUPHHY IO OCH YacTOT, HO CXKHMMaeT MOJIOCY IO IIKale
BPEMEHH, HE  Hapyumasd, TakuM  o0paszom, COOTHOIIICHHE
HeonpeaeneHHocTH ['eizenbepra. biaromgapst 3ToMy CBOMCTBY BEUBIIET-
OKHa Ha3bIBatOT OKHamu ['eizenOepra. Takum oOpa3oM, BEHBIIETHI
XOpOUIO JIOKAJU3YIOT HHU3KOYACTOTHBIE «IETaau» IO OCH YacTOT M
BBICOKOYACTOTHBIE XapaKTEPUCTUKHU IO BpeMEHHOW ocu. IIpumeHenue
BelBIIET-TIpeoOpa3oBanus Ja€T XOpOIIME PE3YJbTaThl, OCOOEHHO KOTra
KOMITOHEHThl CHUTHAJIa C BBICOKOM YacTOTOM HMEIOT HEOOJbIIIYIO
JUIUTEIIBHOCTh, a HU3KOYACTOTHBIE KOMIIOHEHTBI — JIOCTaTOYHO
Oomnpiyro. He BBI3BIBaCT COMHEHHH, YTO OINMHCAHHBIE MPEUMYIIECTBA
BEUMBJIET-aHAJIM3a BECbMA MOJIE3HBI I AaHAJIN3a CII0KHBIX CUTHAJIOB.

[lepeuncnsas TOCTOMHCTBA BEWBIET-AHAIN3a, CIEAYET 3aMETUTD,
YTO TMOCIEIHUN HE BCErga MOXKET 3amMeHuTh Dypbe-ananus. Hampumep,
JUTSI TIOCTPOCHHMS OPTOTOHATIBHBIX BEUBIIET-0a3MCOB YACTO MCTIOIB3YIOTCS
OCHOBHBIE MTPUHIUIIBI pa3noxeHust Oypre. [[puMeHeHne nHTErpaIbHOTO
npeoOpazoBanus U psagoB Dypbe (B BBIUUCICHUSNX, AHATUTHYECKUX
npeo0pa3oBaHUAX) OUYEHb HArJSAHO, BCE HEOOXOIUMbIE CBOWCTBA H
(GbopMyIIbl BBITUCHIBAIOTCS C TTOMOIIBIO BCEro IBYX (YHKIUU Sin U COS.
MHorue TeopeMbl BEMBIET-aHAIN3a JOKA3bIBAIOTCS C MOMOIIBI0 Dypbe-
aHanu3a. JTU JBa TUIIA aHAJIU3a JOMOJHSIIOT IPYT ApYra.
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Tunwi geiie1em-pynxuyui

B Hacrosiee Bpemsi CyIIECTBYET OIPOMHOE KOJMYECTBO Pa3HbIX
TUTIOB BEWBIET-PYHKIIUA M, YIUTHIBAs OCHOBHBIC CBOMCTBA BEUBJICTOB
Pa3IMYHOrO THUIIA, MOKHO TO100paTh HanboJiee MOAXOAsIINE Oa3uCHbIE
GyHKUMM AJ1 pElIeHUs] KOHKPETHBIX 3a1ad. [[1s mpaBuiibHOTO BhIOOpa
0a3uca HEOOXOAMMO 3HATh MPHU3HAKH, KOTOPHIMHU JOJKHA 00JaaaTh
(GyHKIHS, 9TOOBI OBITH BEUBIETOM:

1. BeiiBAeT MAOMKEH OBITh JIOKAIW30BaH U BO BPEMEHHOM
IIPOCTPAHCTBE, U 110 YaCTOTE;

2 [$)d =0,

3. 4acTo JJIsA HpHJIO)KGHI/Iﬁ OKa3bIBACTCs H€O6XOIII/IMBIM, YTOOBI HE
TOJIBKO HyneBOﬁ, HO M BCC IICPBBIC M MOMCHTOB ObLIH PaBHBI HYJIO:

Ixnl//(x)dx =0,n=0,1,..., N.

Takol  BEWBJIET HA3bIBACTCA  BEUBIECTOM m-IO  IOPSJKA.
OGnanaromue OOJBIIMM  YHCIOM HYJIEBBIX MOMEHTOB BEHBJIETHI
MO3BOJISIIOT WMTHOPUPOBATh HamOoJiee pEryJspHble MOJIUHOMHUAILHBIC
COCTABJISIIONIME CHUTHAJAa W  aHAIM3UPOBATh  MEJIIKOMACIITAOHBIC
O0COOEHHOCTH BBICOKOI'O MOPSIIKA.

PaccmoTpyiMm B KadyecTBE NPUMEPOB HEKOTOpPbIE HW3BECTHHIE
BEUBIIET-0Aa3UCHI.

Kaxnprii  BeliBIeT wWMeeT XapakTepHbIE OCOOCHHOCTH BO
BPEMEHHOM W YaCTOTHOM MPOCTPAHCTBE, MO3TOMY MHOTAA C MOMOILIBIO
pa3HBIX BEHBIIETOB MOKHO TOJIHEE BBIIBUTh W MNOMYEPKHYTHh TE€ WIIU
WHbIE CBOMCTBa curHaia. Hago Takke y4yWuTBIBaTh, 4YTO BEWUBIET-
K03 PUIIMEHTHI coaepkaT UHPOPMAIIUIO HE TOJIBKO O CUTHAJE, HO U O
BEUBIICTE.

Ecnu mpousBoiHas BeMBieTa Tak)Ke ABISECTCS BEUBIET-QyHKIUEH,
TO MBI MOKE€M MOJIYYUTh BEHBJIET 00Jiee BBHICOKOTO TMOPSAKA, KOTOPHIM
uMeeT OO0JIbIlIe HYJIEBBIX MOMEHTOB U TO3BOJISIET U3BJIEYbh UH(POPMAIIUIO
00 ocoOeHHOCTSX 00JIee BBICOKOTO MTOPSIIKA, COJEPIKAIINXCS B CUTHAIE.

Ha puc. 4 nokazaHbl HEKOTOPbIE U3BECTHBIE BENBIIET-(DYHKIIUU.

Haar-BeiiBner  sABisIETCS ~ OPTOTOHAJILHBIM, JTUCKPETHBIM.
OrnpeneneHHbIM HEJIOCTATKOM BEUBJIETA SIBJIIETCS €r0 HE TJIAJKOCTh U HE
cummeTpusi popMbl. JlaHHBIN BEUBIET yI00EH JJIsl aHAIU3a HErJIaJKuX,
CKaYKOOOPa3HBIX (PYHKIIHIA.

Morlet-BeiiBner MOPOKIAAET HEOPTOTOHAJIbHBIN Oasuc,
HEKOMIIAKTEH:

W(x) = exp(—x>/2)cos(5x) .
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BeiiBneT-0a3uchl 4acTO KOHCTPYHPYIOT Ha OCHOBE MPOM3BOJIHBIX
dbynkiuu [Naycca:

0" [exp(—x>/2)]
ot '

bonee BbICOKME TIPOM3BOAHBIE HMEIOT OOJBIIE HYJIEBBIX
MomeHTOB. Ha pucynke mokazansl Gaussian 1-ro u 3-ro mopsiikoB.

W, (x) =(=1)"

Ananu3z cuzHanoe c 10KaaIbHbIMU 0COOCHHOCMAMU

Ha pwuc. 5-7 mnokasaHbl HEKOTOpbIE BO3MOKHOCTU BEHBIIET-
MpeoOpa3oBaHusl B BBISIBICHUM PA3UYHBIX XapaKTEPHBIX OCOOECHHOCTEH.
BeiiBneT-npeodpazoBaHue MpuUMEHSETCS K CUTHAJaM, MOCTPOCHHBIM Ha
OCHOBE (DYHKIIHI C XOpOIIO M3BECTHBIMH CBOMCTBaMU. BepxHme wactu
PUCYHKOB coJepXaT cam curHai. BeiiBner-koaddumumentsr [W(a,b)]
MOKa3aHbl B BHUJIE€ MPOEKIMI HA IJIOCKOCTh ab (BpeMEHHOM Mmacuitao,
BpEMs); TI0 OCH a0CITMCC OTJIIOKEHO BpeMs b, TI0 OCH OpJMHAT MacITad
a. llBeToM mokazansl 3HaueHus W(a,b) mo moxymnro. CBetnbie o0nacTu
COOTBETCTBYIOT OOJIBIIIUM 3HAYEHUSIM KOA(D(DUIIMEHTOB, YEPHBIC TUHUH —
HYJIEBbIM 3HaueHusiM W(a,b), OTTEHKaMH CEpOro IBETa B KaXXIOU
00J1acTH BBIJICJICHBI JUaIia30Hbl 3HaUeHUn W(a,b).

Puc. 5 nokasbiBaeT pe3ysbTaT BEeHBIET-aHAIN3A JIeTbTa (PYHKIUH.
W(a,b) Ha wMenkux wacmTadbax I03BOJISIIOT ONPEACIUTh TOYHOE
MOJIOXKEHUE OCOOCHHOCTU CHUTHaNa. XapakTep OCOOEHHOCTH B TOUKE
OTIpENENAETCS W3 ACHMIITOTHYECKOTO TIOBEACHUS KOA(D(UIIMEHTOB
BEUBIIET-TIPeOOpa30BaHUs MPU CTPEMIICHUU MaciTada K Hy0. PHCyHOK
JEMOHCTPUPYET SBHOE NPEUMYIIECTBO HTOTO METOJla B aHaM3e
CUTHAJIOB C PE3KMMHU MepenajamMu MO CPaBHEHHUIO C MPeoOpa3oBaHUEM

Dypse.
Ha puc. 6 nmoka3zana oOpaboTka cuHycouaaibHOTO curHaia. Ha
KapTUHE 3HAYCHUU ko3 punreHToB JIETKO pa3nnyarTcs

NepUOJMYECKUe TMOBTOpsAromuecs naerand. OHUM  yKa3bIBalOT Ha
€IMHCTBEHHYIO XapaKTEPHYIO YaCTOTY CUTHaja U MMOCTOSHCTBO MEpUO/a.
bonbive 3HaueHus K03(PQOUIUEHTOB SIBISIIOTCS PE3YyJIbTATOM CHUIBHOM
KOppeNsILIUM ~ MEXJy COCTaBIAIONICN CHUTHala W BEWBJIETaMH
COOTBETCTBYIOIIMX MacCIITa00B.
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sk x| |
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Wavelet function psi

05 k

Puc. 4. [Ipumepwl setieiemos: Haar(ssepxy, cnesa); Morlet(ssepxy,
cnpasa), Gaussian 1-2o nopsoka(cepeduna, ciesa); Gaussian 3-2o
nopsoka(cepeouna, ciesa), dMey (6Hu3y, no yeHmpy).
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Analyzed Signal
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“Walues of Cab Coefficients for a = [1:1:32] -- Coloration mode ©init + by scale + abs
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|
Scale of colors from hIM 1o el

Puc. 5. Betisnem-npeoopazosanue denbma gpyuxyuu &t-256) c a=1:32, t=1:512 ¢
ucnonvzosanuem setignema Metiepa.

Curnan, OpENCTaBICHHBIH  Ha  pHUC. 7, COJIEPKUT
MOCJIEIOBAaTEIbHOE  BKJIIOUEHHE  JIByX CHHYCOMJ C  3aMETHO
OTIIMYAIOIUMHUCA 4YacToTamMud. KapTuHa Kod3(QPUIIMEHTOB COIEPKUT
MEPUOIUYECKHE IETANIM KaK MMPU MAJIbIX, TaK U MIPU OOJBIINX 3HAYEHUSAX
KO3 (UIIMEHTOB, TPUYEM MOMEHT BKIIOYEHHUS BTOPOH CHHYCOWIBI
JOCTATOYHO YETKO BBIPAKEH (3aMETUM, YTO CHEKTpajIbHbIE METOMbI B
aTOM ciydae He 3¢ dexTuBHBI). Ha prucyHKke Takke MmoKa3aHbl 3HAYCHUS
K03 (UIIMEHTOB, KOTOpPbIE COOTBETCTBYIOT Maciutabam a=16 u a=6
(HKHSIA 4yacTh pucyHKa). [lomydeHHBIE cpe3bl JIEMOHCTPUPYIOT Kak
BEUBIIET-IIPeOOpa30BaHUEe PACKIIA/IBIBAET CUTHAJ HA COCTAaBIISIONINE, U
KaXKJ1asi COCTaBIIAIONIAsl CUTHANAa, B COOTBETCTBHHM C COJEPKALIUXCS B
HEW 4acToTax, MOMajaeT B OMpENeNICHHBIN Arana3oH MacmTaboB. DTOT
PUCYHOK TakKe JAEMOHCTPUPYET Xopoiiee (UIbTPYyIollee CBONCTBO
BeWBIIET-TIPe0Opa30BaHUsI.
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Analyzed Signal
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“alues of Cab Coefficients fora = [1:1:22] -- Coloration mode : init + by =scale + abs
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[
Scale of colors from MM to Rl

Puc. 6. Betisnem-npeobpaszosanue cunyca c a=1:32, t=1:512 c ucnonrvzosanuem
seuenema Mexican Hat.
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Puc. 7. Betisnem-npeoopazosanue cueHaia, COCMasieHHo20 U3z nocied08amelbHO
BKAIOUAIOWUXCSL CUHYCOUO C PASHBIMU YACMOMAMU C UCNOIb308AHUEM Belislemd
Mexican Hat.
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GUI WAVEMENU nakema npocpamm MATLAB

Wavelet Toolbox — maker pacmmpenuss MATLAB, B xoTtopom
peanu3oBaHbl (PYHKIMM BEWBIET-aHAIN3a, COAEPKUT MHOXKECTBO
BCTPOCHHBIX BEHBIIETOB, NPEIOCTABISAET BO3MOXKHOCTH CO3/aHUS
BeWBIIETa TOJIb30BATENsl, BKIIOYAaeT B ceOs cpeAcTBa (UIBTpALUU U
KOMITPECCUH CUTHAJIOB H T.J.

I'padmueckuit  unTepdeiic monb3oBarens (GUI) mo3Bosser
MOJIyYUTh AOCTYM KO MHOTUM QyHKIMsIM Wavelet Toolbox.

OctanoBuMcs Ha 0030pe rpaduueckoro uarepdeiica u GyHKUIUH,
JOCTYT K KOTOPBIM OH MPEI0CTABIISET.

MeHto, BbI3bIBaeMoOe KomMaHaoM Wavemenu, COJAEPKUT MYHKTHI,
OObEIMHEHHbIE B JIOTUYECKHE TpymHmbl: (GYyHKOHUA (OCHOBHBIE U
CrielMaibHbIe) A PabOTHI C OTHOMEPHBIMH U IByMEPHBIMH CUTHAJIAMH,
Ui TpocMOTpa HMHGOpMAnMK O BeWBJIETax, a Takke (QyHKIUM I
npeaoOpaboTKU CUTHAJIOB.

B e b Tl | i b 1 i
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O/IHOMEPHBIMK [ \tl\ arvdan Pusslisn 1400 [ ——Y /\// | onHOMepHEIMH
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Tamdwnmns ‘o avried 03 Fremgerss o, § whem vl |
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CBOMCTE Ty - A Eutnsion npeno6paboTku
CHTHAJIOB
= |

Puc. 8. I'nasnoe menro GUI

Kpatkyro wuHpOpMamuio Mo KakIoOMy H3 BEHBIETOB MOXKHO
noyduTh B pazaene "Wavelet Display" rpaduueckoro umHTEpdeiica.
s mpocMOTpa MAaTEpUHCKOTO BEHBJIeTa CleAayeT BbIOpaTh MyHKT
"Wavelet Display" B I1aBHOM MEHIO: TOSBUTCS COOTBETCTBYIOIIAs
naHeJdb WHCTPYMEHTOB. 3ajiaBasi TpeOyeMbIil THIl BEHBIETa, MOKHO
YBUETH BCIO HHPOPMALIUIO.
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Tpyoul konghepenyuu «llpoexmuposarnue undxiceHepHvIX U HAYYHBIX npunodxcerull 6 cpede MATLAB»

Hcnonvzoeanue Continuous Wavelet 1-D ona oopadbomku cuzcnanos

Continuous Wavelet 1-D — conmepxut cpeacTBa OJHOMEPHOTO
HETIPEPHIBHOTO BEWBIIET-aHAIN3a: TIOCTPOCHHE BEUBJIET-CIIEKTPOB C
WCIIOIb30BAaHWEM  Pa3IMYHBIX BEWBJIETOB B pPa3sHOM JIHAIMa30HE
MacmTaboB, TPOCMOTP K0P GUIIUESHTOB HA 3aJaHHOM MacITade, JIMHAHI
JTOKAJIbHBIX MAaKCUMYMOB, a Tak)K€ CEPBHCHBIX (YHKIUH YIpaBIICHUS
0TOOpaXeHHEM (M3MEHEHHE I[BETOBOM raMMBl,
yBEJIMYECHHE/YMEHbBIIICHUE U300PaKEHUS U T.11.).

PaccMoTpuM HECKOJIBKO TIPUMEPOB.

B  kauectBe mpumepa OymeM  HUCIONIB30BaTh  CHTHA,
cojepkamuiicss B TectoBoM aiiie mishmash.mat, koTopbiii nomKeH
HaxoauThes B katanore MATLAB toolbox/wavelet/wavedemo.

DTOT CUTHAJI UMEET CIICTYIOTII BU/T:

k. . m0.125k* . . 1m0.6902k
s(k) = sin(——) + sin(————) +sin(————
(k) (3N) ( N ) ( N )

rae N - NpoJaoKUTEIbHOCTh CUTHAJIA, B HallleM ciiydyae - 1024 orcuéra;
k=1..N.

Jnst 3arpy3ku cur”Hasia BbiOupaem nyHKT MeHto "File->Load
signal".

Hama 3amaya - 1pu [OMOIIM HEMPEPHIBHOIO  BEWBIIET-
npeoOpa3oBaHus ONpeaeanuTh BUI curHaia. [[is Hayana npousBeném ero
aHaJIM3, UCTIOJB3Ys BelBieT Xaapa B macmradax ot 1 mo 32. J{ns atoro
HEO00XOANMO:

— BbIOpaTh Tum BeliBneTa ("haar") u ypoBHu macmrabupoBanus 1-32;

— HaXartb KHOTMIKY "Analyze";

— TIOCJIE BBIMIOJHEHHUS BBIUUCIEHUN OTOOpa3uT Tpadux BeHBIET-
kodddummentoB. Ilpm 3ToM  MOXKHO  3a/aBaThb  BApPUAHTHI
MPECTaBICHUS BBIYUCICHHBIX BeBIeT-KOd(GduiineHToB (puc. 9).

[TomyunBimecs: BelBIeT-KO3(D(PUIIMEHTH Mano MH()OPMATHBHBI;
0 HUM HENb3sS TOYHO CKa3aTh HU O BHUJAE CHTHala, HU TeMm Ooiee
MOJIyYUTh KAKWe-TO YHCICHHBIE OIEHKH. OJTO CBSI3aHO C TEM, 4YTO
BeiBIeT Xaapa Mayo MOIXOAUT JIJIs aHAJIM3a CUTHAJIOB TTOJOOHOTO THIIA,
TaK KaK O4Y€Hb IUIOXO JIOKAJTM30BaH B YACTOTHOM 00JIACTH U UMEET BCETO
7Ba HYyJEBbIX MOMeHTa. J[ns aHamm3a paccMaTpHBaeMoro CHUTrHaia
npennoututenbuee BeiiBiaer Coif (Coiflet) nopsiaka Bbeime 3-ro,
KOTOPBIN UMeeT 00Jiee MOIXOSAIINE XapaKTEePUCTUKH.

PesynbpraThl aHanu3a curHaia c¢ nomoinbto Beinera Coif 3-ro
nopska (umeroiero 6 HyJeBbIX MOMEHTOB) TpeacTaBiieHbl Ha puc. 10.
BunHo, 4T0 cCUTHAN COCTOUT U3 3-X KOMITOHEHT.
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Puc 9. Ilanenvb uncmpymenmos Henpepvl8HO20 Gelislem-aHaiu3a CUCHANA,
COCMABNIEHHO20 U3 CYMMbL CUHYCOUO C PAZHBIMU YACMOMAMU C UCNOTIb30BAHUEM
geugiema Haar.
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Puc. 10. Ilanenv uncmpymenmos HenpepvleHO20 8elislem-ananiu3a 00HOMEPHO20
cuenana c ucnonvzosanuem sevsnema Coiflet 3-eo nopsioka.
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Tpyoul konghepenyuu «llpoexmuposarnue undxiceHepHvIX U HAYYHBIX npunodxcerull 6 cpede MATLAB»

CymiectByer  BO3MOXXHOCTh ~ BBIBOJUTH ~ CaMH  BEHBIET-
K03 PUIIMEHTH! WM UX a0COM0THOE 3HAaYeHue. J1Jis ATOro HeooXoAMMO
BbIOMpaTh pexxuM u3 MeHio "Coloration mode", HaxoagmuMcs MpsIMO
HaJ kHomKoM "Analyze". IIpu BbIBOJIE caMUX BEMBIET-KOAI(DPHUIIMESHTOB
nBera 'Macmtabupyrorcs' MeXKIy MHHUMYMOM M MaKCUMyMOM
3HadYeHn K03 duimeHToB. [Ipu BeIBogEe WX aOCOMIOTHBIX 3HAYCHUU -
1BeTa "'MacmTabupyoTcs" Mexay HyJIEM U MaKCUMAJIbHBIM 3HAYCHHEM
koa¢unmenToB. lanHas QyHKIMS 4acTO OBIBAET MOJIE3HOM.

Oopadomka u ananu3 OAHHBIX pecUcCmpPanuu 00beMHOI AKMUBHOCMU
paoona na Ilemponaenosck-Kamuamcxkom zeoounamuueckom
noauzoue c ucnoav3osanuem nakema Wavelet Toolbox

BeiiBner-ananu3 mnpeacTaBisieT WMHTEPEC IS PEUICHUS CaMbIX
pPa3HOO0Opa3HBIX 3aja4, BKIIOYAs U TaKyl aKkTyalbHYIO, Kak mpolsema
MOWCKa HOBBIX MPEABECTHUKOB 3emiieTpsiceHuid. CUrHallbl B 3ajlayax
reo(pU3UYeCcKOro MOHUTOPUHTA SIBIISIIOTCSI HECTAIIMOHAPHBIMU, U HECYT B
cebe pazHoOOpa3Hyl0 HHPOPMAILIUIO: W3MEHEHUE MOTOIHBIX YCIIOBUIA,
CE30HHbIE U3MEHEHUS, IIIYMbI, BCE 3TO HAKJIaJbIBAET CBOM OTIIEYATOK HA
OCHOBHOM CUTHAJL BeiiBner-ananus MO3BOJISIET BBIJICIIUTH
HMHTEpeCcyoIytl0 uHopmaiuioo. B oTiuuue OT KpaTKOBPEMEHHOTO
npeodpazoBanust Dypbe, KOTOpOE 00ECTIEUNBAECT PABHOMEPHYIO CETKY B
JaCTOTHO-BPEMEHHOMW  00JIacTH,  BEHBIET-PEOOpa30BaHHE  HMEET
HEPAaBHOMEPHOE pPa3peIlieHHe, YTO MO3BOJISIET MCCIENO0BaTh CUTHAI C
JIOCTATOYHOU CTETEHBIO JIOKATU3AIIUH.

Eme B Hawane XX BEKa OCHOBOIIOJIO)KHUKOM pPYCCKOH
ceiicmonorun  b.b. TomuuubbiM Obula BbICKa3aHa UAES MPOTHO3A
3eMJIETPSICEHUN MO U3MEHEHUSIM XUMHUYECKOr0 COCTaBa MOJ3EMHBIX BOJ
W noAmouBeHHoro raza. Ha puc. 11, 12 noxkaszaHbl pe3yiabTaThl
00pabOTKM  JaHHBIX perucTpanuud OOBEMHOM AaKTUBHOCTH paJoHA
[OARn] na IlerponaBnoBck-KaMuaTcKOro reoAMHaMU4Y€CKOTO MOJIMTOHA
3a mepuon ¢ 1997 mo 2002 rr. Touka 1 pacnosioxkeHna Ha riayoune 1
METp OT MOBEPXHOCTH, TOUKA 2 yAalieHa Ha 25M OT TOYKHU | U HaxoauTcs
Ha TayOMHe 4 MeTpa OT MOBEPXHOCTH.  BeiBner-kodppuimeHTs
[W(a,b)] nokazaHsl B BUJE MPOEKIMI HA TIOCKOCTh ab (BpeMEHHOU
MaciTad, BpeMs); 0 OCH adCUUCC OTIOKEHO BpeMs b, 0 OCHU OpAUHAT
BpeMeHHOM wmacmTad «. llBeromM mnoka3zansl 3HaueHus W(a,b) 1o
Moaynto. CBeTible 00JACTH COOTBETCTBYIOT OOJBIIMM 3HAYEHUAM
KO3(pUIIMEHTOB, YEpHbIE JHHUM — HYJIEBBIM 3HaueHUsM W(a,b),
OTTEHKaMH CEepOro IBETa B KaXJOM 00JIaCTU BBIIENEHBI JIUANa30HbI
3HaueHuit W(a,b).
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Puc. 11. Beiisnem-npeobpasosanue cuenana m.1, ¢ ucnonv3osanuem OUCKpemHo2o
getigiema Meyer. Bepxuss uacmo cooepoicum cam CueHall; 8etignem-kosphuyuenmol
[W(a,b)] noxazanwl 6 6ude npoexyuil Ha niockocms ab (spemennoti macumao,
8peMs); HUJICHAS Yacmb epagura nokasvieaem snavenus Wia,b), komopule
coomseemcmaytom macumaoy a=631.
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Puc. 12. Beiinem-npeobpazoganue cucnana m.2, ¢ UCHOIb308AHUEM OUCKDEMHO20
getisnema Meyer. Bepxuss uacms co0epicum cam CusHau, getignem-kodgguyuenmol
[W(a,b)] noxazanvl 6 6ude npoexyuti Ha n10cKkocmo ab (epemennon macumao,
8peMs); HUMCHAS Yacmb epagura nokasvieaem snavenus Wia,b), komopule
coomeemcmaytom macuimaoy a=376.
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Puc. 13. Betienem-npeobpaszosarie memnepamypHozo psoa, ¢ UCHOIb308AHUEM
ouckpemnozo eeusrema Meyer. Bepxuss uacmuv cooepaicum cam cueHai, eeusiem-
Koaghuyuenmot [W(a,b)] noxazanvl 6 6ude npoexyuti Ha n10ckocmo ab (8pemennou
Macumao, 8pems); HUNCHS wacmo epaghura noxkazvieaem 3navenus W(a,b),
Komopble coomeemcmayom macuimady a=631.

BepxHue 4YacTM KapTUH JIEMOHCTPHUPYIOT MEPUOAMYECKUI
XapakTep CHUTHAJIOB, YTO TOBOPUT O TPHUCYTCTBHUM CE30HHOM
KOMITOHEHTHI B MOIMTOYBEHHOM Ta3e.

Ananusupys rpapuku W(a,b) nna 1.1 u TeMmnepaTypHOro psiia
(puc. 13), BUIHO, 4TO CE€30HHAs KOMIIOHEHTA, MPUCYTCTBYIOMIAS B Psijie
T. 1, 3aTylieBhIBa€T BO3MOXKHBIE JOJTOCPOUYHBIE TMPEIBECTHUKOBBIC
aHomanuu B tuHamuke OARn.

Ecnmu nonro- m cpegHe- CpouYHbIE aHOMAIWU HOCST XapaKTep
MJIaBHBIX OOMMUX M3MEHEeHWH B moBeneHun OARn u, OHH, BO3MOXHO,
MOTYT OBITh BBISIBJICHBI CIICKTPAIbHBIMA METOIAMH, TO KPATKO-CPOUYHBIC
MIPEABECTHUKH, KaK TIPABUIIO, HOCAT UMITYJIbCHBIN XapaKTeP U BBIJCIHUTH
WX  CIEKTPATbHBIMH METOJaMU HEBO3MOXXHO. [l  BBIABIICHHUS
BO3MOXHBIX KpPAaTKOCPOUHBIX TMPEABECTHUKOB HaKkaHyHEe Hauboiee
CWIBHBIX 3eMJIETpsiCEHUH o00paboTka MPOBOAMIACH JIOKAIBHO IS
pa3NMYHBIX y4acTKOB curHaia. Ha puc. 14, 15 moka3zaHbl OTAENBHO
pe3ynbTarhl 00padoTku nepBbix 360 u 925 3HaueHuid psga. B mepsom
citydae psii 000pBaH 3a 3 JHS 10 3€MJIETPSICEHHS], BO BTOPOM ClIydae — 3a
5 1HeHW, 4TO MCKIIIOYaeT BJIMSHUE NocTcericMuueckux 3(P¢eKkToB Ha
«mpouutoey. s ycrpaneHuss kpaeBoro 3¢dexra oba psga ObLIM
JIOTIOJTHEHBI 3HAYEHHUSMH CE30HHOTO XOAa. MOMEHTBI 3eMIIETPSICeHUI
nmokasasnbl crpenkamu. Puc. 14, 15 moka3piBaroT SpKO BBIpaKEHHBIE
Bapualuyd 3HAa4eHUN KO3(PPUIIMEHTOB HAKAaHyHE 3EMIICTPSCCHUN, UTO
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MOJTBEPKIAET BO3ZMOKHOCTh BBIJIETICHUSI KPAaTKOCPOUHBIX U3MEHEHU B
CUTHAJIe CPEACTBAMU BEWBIIET-aHAIHN3A.

AHanu3upysi BEeCh psii, Mbl MOXXEM HaOJI0JaTh BO3MOYKHbBIC
JIOJITOCPOYHbIE MPEABECTHUKOBBIE aHOMAJINHU B JIMHAMHUKE pajioHa (pucC.
16). O6nactu rpaduka, yKaspBAOIIME HA HAJIMYUE aAHOMAJHM,
3amTpuxoBaHbl. CTpenkaMu TIOKa3aHbl MOMEHTHI 3E€MJICTPSICEHUH,
MPOM3OIIC/IINX 32 AHAIM3UPYEMBIN mepruos. BrineneHHbIe aHOMATHH
SIBJISIFOTCSL PE3YIbTATOM CHJIBHOH KOPPEISIMA MEXKIY COCTABIISFOIICH
CUTHAJIa W BEHBJIETAMH COOTBETCTBYIOIIMX MAaCIITA00B. DKCTPEMYMBI
COOTBETCTBYIOT Pa3HBIM YPOBHSM JCTAIM3AIIUHU, YTO TOBOPHUT O Pa3HBIX
CoJIepKaIiX WX BPEMEHHBIX JHAMa30Hax.

[TpuBeneHHbIE MPUMEPHI HATJISIIHO JIEMOHCTPUPYIOT HEKOTOPHIC
BO3MOJKHOCTH OTHOCHTEIFHO HOBOTO MaTEMaTHYeCKOro armapara,
TIO3BOJISIONIETO BBISBUTH M HATJISAIHO TMOKa3aTh CTPYKTYpY CHUTHAJA U
naroriero nHQpopMaImio o0 Maciradax mporecca.

Analyzed Signal {length = 421) |

12000

10000

100 150 200 250 300 350
Ca,b Coefficients - Coloration mode : init + by scale + abs

EE
Scale of colors from MIH to MAX
Coefficients Line - Ca,b for scale a=11 (frequency = 0,061}

S000

-5000

Puc. 14. Betienem-npeobpaszosanue nepgvix 360 snauenuii psaoa m.2 00NOJIHEHHbIX
CE30HHbIM X000M C UCNONb308AHUEM OUCKpemHo2o gelignema Meyer. Bepxusas uacmo
cooepacum cam cueHal, seuerem-kodgpuyuenmol [Wia,b)] nokaszanwi 6 ude
npoexyull Ha niockocms ab (spemennoti macuimao, 8pems); HUICHSS 4acmb
epaghuxa nokazvieaem 3navenus Wia,b), komopwie coomeemcmeyiom macuimaoy
a=11; cmpenkou nokazaxn MOMeHM 3eM1empPACEHUS.
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Anahyzed Signal (length = 986)
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15000

10000

5000

200 300 400 500 600 T00 LI} 00
Ca,b Coefficients - Coloration mode : init + by scale + abs

Scale of colors from MIH to MAX

Coefficients Line - Ca,b for scale a =16 (frequency = 0.042)
5000 — T T T T T T T
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Puc. 15. Beiisnem-npeodpazosanue nepgvix 950 3navenutl psoa m.2 00NnoJIHeHHbIX
CE30HHbIM X000M C UCNONb308AHUEM OUCKpemHo20 getieiema Meyer. Bepxwss uacmo
cooepoicum cam cueHal, seusiem-kodgguyuenmol [W(a,b)] noxazamei 6 sude
npoexyuil Ha niockocms ab (8pemenHoll macuimao, 8pems); HUNCHAS Yacmbo
epagura noxasvieaem 3navenus Wia,b), komopvie coomeemcmayrom macuimaoy
a=16, cmpenkou noKa3aw MOMeHmM 3eMiempPACEHUs.

R 1I]d Analyzed Signal (length = 3134}

1 1 I 1 1 1
500 1000 1500 2000 2500 3000

Ca,b Coefficients - Coloration mode : init + by scale + abs

856

631
586

Scale of colors from MIH to MAX
Puc. 16. Beiisnem-npeobpazosanue cucHaia m.2, ¢ UCno1b308anuem OUCKPEemHo20 geligiema
Meyer. Bepxuss uacmo cooepoicum cam cueHal, selsiem-kosgpguyuenmot [W(a,b)]
NOKA3ambvl 8 8ude NpoeKyull Ha nIockocmy ab (epemennoli macuimaob, epems,).
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BeiiBner-npeobpazoBanue ABJISIETCSA 3amMeyvaTeIbHbIM
nonosiHeHueM @Dypbe-aHann3a, MO3BOJISIET IMOCMOTPETh HAa IPOLECC
HECKOJIBKO C HWHOM TOYKH 3pEHHUS U TOJY4YHTh OoJiee AEeTalbHYIO
uHdopmaruio o curHaie. [lpumepsl TakkKe JIEMOHCTPUPYIOT
BO3MOXKHOCTH U npeumyliectBa cucteMbl MATLAB, koTopas siBisieTcs
yAOOHBIM WHCTPYMEHTOM B TIEPBHUYHON OOpaOOTKE ITaHHBIX, COMECPKHUT
BCE HEOOXOAMMBIE CPEACTBA JIS PEAIU3aUU MAaTEMATUKH BEIBIIETOB.

Aeémopvl  61azooapsam  cmapuie20  HAYYHO20 — COMPYOHUKA
Uncmumyma  eyakanonoeuu /{BO PAH (e. Ilemponasenosck-
Kamuamckuy) @upcmosa I11I.  3a npedocmasnenunvle OanHble U
mamepuanvl 8 061acmu CeucMoN0UU.

Jumepamypa

1. Yyu Y. Benenue B BaiiBieThI: [lep. ¢ anrn. M.: Mup, 2001, 412 c.

2. /lbsakonos B. MATLAB. OG6paboTka CHUTHajJOB U HW300pa)KEHUHU.
Cneunanenbiii cnpaBounuk. CII06.: TTutep, 2002. 608 c.

3. Acmagrvesa H.M. BeiiBner-aHanu3: OCHOBBI TEOPUU H MPHUMEPHI
npuMmenenus // Ycmexu ¢usmdeckux Hayk, 1996, T. 166. No 11.
C. 1145-1170.

4. Nlpemun HU.M., Heanos O.B., Heuumauno B.A. BelBiersl u ux
ucrnosb3oBanue // Ycnexu ¢puzndeckux Hayk, 2001, Ne 5. T. 171.
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YK 621.313.3

UCCNEOOBAHUE ABTOHOMHbIX MHBEPTOPOB
HAMPAXEHUA C UCNOJIbBOBAHUEM LLUIUPOTHO-
UMIMYJIIbCHOU MOoAYNAUNA

Mupoumrnuk JI.H., Tonouko O.U., IlaBEnkun A.A.

Honeyxuii Hayuonanvuslll mexHuyeckuu yHugepcumem, /Joneyk, Yxpauna
e-mail: den_mira(@ubkr.net

[Ipu MonenupoBaHHM aBTOHOMHBIX HWHBEPTOPOB HAIPSKEHUN
(AVH) ¢ mupoTtHO-uMnynbcHOM moayssinuer (IIMM) B npunoxeHuu
Simulink nporpammuoro mnaketa MATLAB yno6Ho wucnonb3oBaTh
Osoku u3 gAemoHcTpanuu Oubnuorekum Power System Blockset. B
YaCTHOCTH, OJIHa U3 AeMoHcTpanuid (psb3phPWM) npencrasnser codoi
moaens AWH c¢ MM c¢ IGBT-tpansuctopamu [l1],  KoTOpbIe
HCIIOJTB3YIOTCS B KQUE€CTBE YITPABIISEMBIX KITFOUCH.

E€ memoctaTkoM SIBISIETCS TIOSBJICHUE BCIIECKOB HAIPSIKEHUS
MIPOTHBOIIOJIOKHON TMOJSPHOCTH TIPW TNPUOMKEHNH KodhduimeHTa
monyisitiuu - K, (mapamerp modulation index 3amackupoBaHHOM
noacucteMbl DISCRETE PWM GENERATOR) k equnuiie.

Jlnst ycTpaHeHUsT STOTO SIBIIGHHUS MOKHO JOIOJHHUTH MOJIETh
DISCRETE PWM GENERATOR moxacucremoinn  “zaderzhka”,
n300paxEénHom Ha puc. 1.

(boalean)

o[ »{%y

In1

Transpart
[ralay

Puc. 1. Iloocucmema "zaderzhka".

BbIXOAHOW CHTHAJI 3TOM MOJICHUCTEMBI PABEH JIOTHYECKOMY
IMPOU3BEACHUIO BXOJHOIO CHTHAJIA Ha TOT K€ BXOAHOW, HO
3aJICp)KaHHBIM  HA ONPEICIEHHBIM MaJbli IMPOMEKYTOK BPEMEHHU,
BEJIMYMHA KOTOPOTO MOKET OBbITh YTOYHEHAa MpPU MOJIETUPOBAHUH.
Takum o0pa3oM, Mbl (PaKTHUUECKH MOJIy4aeM 3aJepKKy Ha BKIIOUCHUE,
KOTOpasi HWMEET MeCTO B peajbHBIX MpeoOpa3oBaTensax s
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pEeAOTBPAIICHUS PEKUMOB KOPOTKHX 3aMbIKAaHUHN TIPH MEPEKITIOUCHUSIX
TPaH3UCTOPOB.

Mogens 3amackupoBaHHOM mogcucteMbl DISCRETE PWM
GENERATOR c¢ pomonmuutenbHbIM 3BeHOM "zaderzhka" m3obOpakeHa
Ha puc. 2.

mindex

Internal_Phase

:

(1

Signalis)

Triangle

Freq_used

Discrate
Triangulariaveform

Puc. 2. Modenv cucmemol ynpasienuss mpanzucmopamu.

Ha puc. 3 npencrarnens! ocumuiorpammel padotet AVH ¢ LM
¢ noacucremont "zaderzhka" (3,a) u 6e3 ne€ (3,0) npu K,=1 (Bo Bcex
UCCJIEIOBAHUSIX, TMPOBOAUMBIX B paboTe, TMEpUoa JUCKPETHOCTH
T,=5*107 c).

OpHoit u3 obnacTeil MpUMEHEHUs TaKUX WHBEPTOPOB SIBIISIOTCS
CHUCTEMBI BEKTOPHOTO YHPABJIEHUSA DJIEKTPOIPHUBOIOM IEPEMEHHOTO
TOKA.

[IpencraBnenre AMH nponopuyoHanbHbIM WM allepuoANYECKUM
3BEHOM C MAJIOW IOCTOSHHOW BpeMeHM T, 4acTo MCIOJIL3yeMOE IpH
UCCIIEOBAHUH 3aMKHYTBIX CUCTEM YIIPABICHUS SJIEKTPOINPUBOJAMH, HE
NAa€T BO3MOXHOCTHM OLEHHTh BIIMSHUE [ApPaMETPOB  PEAIbHOTO
WHBEPTOPA HA JUHAMHYECKHUE XapaKTEPUCTUKH MIPUBOJIA.

Ha puc. 4, a n3o0paxkeHbl MOMEHT, CKOPOCTh U MOTOK pOTOpa B
CUCTEME BEKTOPHOTO  yNOpPAaBIEHUS IIpU IMYCKE JBUTATENsA C
BEHTWJIITOPDHOM  Harpy3koil u  mpeoOpas3oBareieM B BHJE
anepuoguyeckoro 3sena ¢ 7,=0.005 c.

Ha puc. 4, 6 npeacTaBieHbl Te ke MEePEeXOHbIE MPOIECChl, HO C
y4€TOM 0coOeHHOCTeH mpeoOpaszoBaTens (yactora Momymsaiuu 4.1k ).
AHalIM3 TUHAMUKH MOKA3bIBAET, YTO IPHU 3TOM HE TOJBKO MOSIBISIOTCS
BBICOKOYACTOTHBIE yJIbCalluu, HO U YBEJIMYUBAETCS
NEepEPETYIUPOBAHUE 10 MOMEHTY.

262



Tpyoul konghepenyuu «llpoexmuposarnue undxiceHepHvIX U HAYYHBIX npunodxcerull 6 cpede MATLAB»

1

]

]

]

]

]

1
=
o}
[}
=

B000 F- - -

-8000

0.01 0.o1s 0.0z 025 003 003 0.04

005

-3000

0.035 0.04

0.03

0.01 0.015 0.0z
0)

oo

Puc. 3. Ocyunnoepammol nanpsiscenuil Ha evixooe AUH:

a) c ucnoavzosanuem onoxka "zaderzhka";

0) 6e3 0oNnoIHUMENbHBIX OJI0KO8.
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Ha puc. 4, B noiay4eHsl IEPEXOIHBIE MTPOLIECCHI P HANPSHKECHUU
3BE€HA MOCTOSIHHOTO TOKAa, PaBHOM IOJIOBUHE OT CBOETO HOMHHAJIBHOTO
3HaueHus. Ciaeqyer OTMETUTh, YTO COTJIACHO [2] HalpsKEHHE MUTAHUS
3B€HA MOCTOSIHHOTO TOKa cliefayeT BeiOupath u3 ycnosus U,=U, /0.612
(rne U, — peicTByolllee 3HAYEHWE HOMUHAIBHOTO JIMHEHHOTO
HanpspkeHust auratens). M3 pucyHka BUIHO, YTO B OMNpPEAEIEHHBIN
MOMEHT BPEMEHU UHBEPTOP HE MOXKET «BBITSHYTh» JABUTATEIb, TaK KaK
dbopMHpYET MAITYyI0 aMILTUTY Ty OCHOBHOW TAPMOHUKH HATPSKCHHUSI.

Ha puc. 4, r npeacraBieHbl Te€ ke NEPEXOAHBIE MPOLECCHI, HO C
gactotol monymsumu lxI'm. M3 pucyHka BHAHO, YTO CO CHMIKEHHEM
YaCTOThl YBEIMYMBACTCS AaMIUIUTyAa IMyJbcaluii MoMmeHTa. MOKHO
MoKazaTb, YTO C yMEHbIIEHWEeM KO3(PUIMEHTa  MOIYJALHUH
BBICOKOYACTOTHBIE MYJIbCAIIUM MOMEHTA TAKKE YBEITUYUBAKOTCA.

Takum o06pa3om, mpeoOpa3oBaTesib BHOCUT B CHUCTEMY IMOMHUMO
BBICOKOYACTOTHBIX ITyJbCallMii, aMIUIMTy/a KOTOPBIX 3aBUCUT OT
YacCTOThl MOJYJISALMU, €II€ W JOMOJHUTEIBHYIO KOJeOaTeNbHOCTh MPH
0TpabOTKE MOMEHTOM CHUTHAJIA 3aJaHHUSI.
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25
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0.5
a

2)
Puc. 4. Ilepexoonvie npoyeccol 6 cucmeme 6eKMOPHO20 YNPAGLEHUSL:
a) ¢ anepuoouvecKuM 36eHOM 8 8uoe UHeepmopa, 6) ¢ Mooelvio uHeepmopa (Hacmoma
mooynsayuu 4. 1kly, U;=Uy,); 6) uneepmop ¢ U;=Uy,/2;
2) uneepmop ¢ wacmomotui mooyaayuu 1xkly.

[IpumeHeHne  OOBIYHOTO  ABTOHOMHOIO  WHBEpTOpa IS
ACMHXPOHHBIX JBHTATENICd, pPACCUMTAHHBIX Ha HamnpsbkeHue 6xB,
3aTPYAHEHO MO Py IIPUYNH:

— OTCYTCTBHE BBICOKOBOJIBTHBIX MOJTYITPOBOJHUKOBBIX
OBICTPOJCHCTBYIOIINX BEHTUIIEH;

— Oounbliue rabapuThl KOHAEHCATOPHOM YCTAaHOBKM B  3BEHE
ITIOCTOSTHHOTO TOKA;

— mpobnemMa “IIMHHOTO Kabens’, KOTopas COCTOMT B TIOSBICHUU
MEPECHANPSDKEHU Ha 3aXMMaxX JBUTATENS] W3-32 MNPOXOXKICHUS
UMIYJbCHOTO HAMPSKEHUS C KPYThIM (PPOHTOM 4Yepe3 JIMHUIO C
pacrpeaenéHHbIMU TapaMeTPAMH .

Bce atu mpo6iembl penaroTcs NpuMeHeHHeM KOMOWHUPOBAHHOTO
BBICOKOBOJITHOTO ~MHBEPTOpA, CXE€Ma KOTOpOTro H300pa)xkeHa Ha
puc. 5 [3].
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Puc. 5. Cxema svicokosonbmnozo npeobpasosamens.

JlaHHO€ YCTpPOMCTBO COCTOUT M3 HECKOJBKHX IOCIEA0BATEIbHO
COCAMHEHHBIX HWHBEPTOPOB B Kaxaouh ¢aze, npu »stom MM
UCIIOJB3YETCSl TOJBKO B OJHOM M3 HUX. Takol BapHaHT MOCTPOCHHS
CUJIOBOM LIETH OBUI MOJIOXKEH B OCHOBY HMCCIIEJOBAHUN MPOBOJMMBIX Ha
kadenpe snexkrporexuuku JouHTY. 3akoHbl ynpaBieHUss HHBEPTOPOB
MPEACTABICHBl HA puc. 6 (AJI1 MaKCUMaIbHOTO 3HAUYECHHS HANPSKEHUS
6 kB npu uacrore 50 I'm). Kak BumHO W3 puc. 6, a-r, HampsHKEHUs
ynpasnenuss AUH U,; - U,s ©UMEIOT mpsIMOYTOJIbHYIO (OpPMY, U TOIBKO
HarpspkeHue ynpasieHus U, UMeeT ClokHYI (opMmy, KoTopas i
peasm3anuu npeanosaraet ucnosns3oBanue IIHMM. B 1o xe Bpems
HanpspkeHus: U,;-U,; aOCOJIIOTHO OJMHAKOBBI. Ot ¢dakTopel B
3HAYUTEIBHON CTEMEHM YIPOIIAIOT BBINOJHEHHUE, KAaK CHJIOBOW LMW,
TaKk W CHUCTEMbl yIpaBjieHUsi TmpeoOpazoBatesneM. s CHKEHUS
MyJIbCAllMid BBIXOJHOTO HAMNPSHKEHUS U COOTBETCTBEHHO YIIYUYIIEHHUS €T0
rapMOHHUYECKOTO COCTaBa IIeJeco00pa3Ho  ucmoyb3oBaTh B Uy
OJIHOTIOJIIPHYIO MOAYJIALIMIO, OCLIMJIOTPAMMAa BBIXOJHOTO HaIPSKEHUS
MpUBEJCHA Ha puC. 6, 1.
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_________ —allz1-Uz3

—

S pwem

0.01 0.0z 0.03

0.04

0.05

0.06

Puc. 6. 3axonwt ynpasnenus unsepmopamu a3zl npeoopazosamens U,;-U.s,, Uy,
U.s, U.s u 8bixoonoe nanpsiscerue U.g.

Puc. 7. Ocyunnoecpamma nunetinozo u ghaznozo Hanpsicenus npeobpaszoeamens, a
maxaice MoK uepe3 Hacpy3Ky.

268



Tpyoul konghepenyuu «llpoexmuposarnue undxiceHepHvIX U HAYYHBIX npunodxcerull 6 cpede MATLAB»

151

PSIr

F - - — - - - - - - - - - - — -4 -

1] Bt SLETEE

Puc. 8. Cucmema BEKNOPHO2O ynpaeilerHus ¢ 6blCOKOBOJIbIMHbIM npeo6pa306ameﬂeM.

Ha puc. 7 npeacTaBieHsl OCHIILIOTpaMMBI (Pa3HOTO M THHEHHOTO
HaIpsUKEHUH, a TAKKE TOKa yepe3 Harpy3Ky. PasHoe HAPSIKEHUE UMEET
6 cryneHelt, a nmuHerHoe —12. Takum 06pa3om, Mbl BMECTE C HIMPOTHO-
UMITYJIbCHBIM peryJIMpoOBaHUEM codeTaeM aMILTUTYAHOE
peryimupoBanue, npu uyém MM npoucxomut ¢ MNOCTOSHHBIM
kodddumentom  moaymsiuu.  CrienoBaTenbHO, MPeoOpa3oBaTeb
(dbopMHpYET Ha BBIXOJIE TIOYTH UICATIbHYIO CHHYCOU Y. AHAIU3 CIIEKTpa
BBIXOJTHOTO  JIMHEMHOTO  HampsDKeHWs]  TOoKaszal, 4YTo  Hauboliee
CYLLIECTBEHHOW W3 BBICIIMX T'APMOHUK SBIIAETCS — IATasg, aMILIUTY]a
KOTOpPOM cocTaBisieT 2% OT aMIUIUTY/bl IEPBOM TAPMOHUKH.

OTOT BBICOKOBOJIBTHBIM MpeoOpa3oBaTeslb MOKHO HMCIOJb30BaTh
nnss noBbliieHua  KIIJ[  miaxTtHOM  BEHTWUIIALIMOHHOM — YCTaHOBKM.
Ilepexonnble MpPOLECCHl TNPHU IIyCKE JBHUTATENsl C BEHTHWIATOPHOM
Harpy3koi n300paxeHsl Ha puc. 8.

Jumepamypa

1. I'epman-I'ankun C.I. KomnproTEpHOE MOJEIUPOBAHUE TMOJIYIIPO-
BoHUKOBBIX cucTeM. CI16.: KOPOHA npunt, 2001. 320 c.

2. Ulpetinep P.T. MaTtemaTUu4eCKO€ MOJCIMPOBAHUE AJIEKTPOIPUBOJIOB
MEPEMEHHOTO TOKa C TMOJIYIPOBOJHUKOBBIMU TPE0Opa3oBaTEIIMU
yactoTbl. EkatepunOypr: YPO PAH, 2000. 654 c.

3. Energy-saving type Mitsubishi high- voltage inverter. Revised
publication, effective May, 2000.
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YK 581.3

PA3SPABOTKA NOACUCTEM CAIP P3A B CPELE
MATLAB

Mocuu C.I.

Braoumupckuu cocyoapcmeennwiil ynusepcumem, 2. Baaoumup
e-mail: smosin@ieee.org

Jlmst obecniedeHWs ~ KOHKYPEHTOCIIOCOOHOCTM  Ha  PBIHKE
ANEKTPOHHBIX  YCTPOWCTB  (PUPMaAM-TIPOM3BOIUTENSAM  TIPUXOIUTCS
yIOBIETBOPATh  BO3pacTarolue TpeOOBaHUs, MPEAbIBISIEMbIE K
BBIITYCKAEMON MMH TPOJYKIIMU, OCHOBHBIMHU CPEIM KOTOPBIX SIBJISIOTCS
o0OecrieueHrWe BBICOKOTO KayecTBa W HAACKHOCTU AJIEKTPOHHBIX
YCTPOMCTB W COKpallleHWE BpPEMEHM C MOMEHTa Hadaja WuX
OPOEKTUPOBAHMUSI IO BBIYCKA Ha PBIHOK, 4YTO Tpebdyer oOT
IPOU3BOAUTEIICH JOTIOJTHUTENBHBIX (bMHaHCOBBIX BJIO’KEHUM.
CokpaineHusi 3aTpar, CBS3aHHBIX C PEIIEHWEM JaHHBIX 3a/lay, MOKHO
TOOWUTBCS  TYTEM  HCIOJL30BAHMS  TMEPEIOBBIX  TEXHOJIOTHH |
METOA0JIOT Ui aBTOMATU3UPOBAHHOTO MPOEKTUPOBAHUS u
ABTOMATHU3AIIMKU KOHTPOJISI KAYECTBA.

C  pa3BUTHEM  MHTETPAIIBHOM  TEXHOJIOTUU  MPOUCXOAUT
KaQ4eCTBEHHOE€ W3MEHEHHE TOIMOJOTUYECKUX ¢  (PYHKIMOHAIBHBIX
XapaKTEPUCTUK COBPEMEHHBIX HHTErpanbHbix MuKpocxeM (MIMC). Ha
¢oHEe TOBBINMICHUS] CTENEHU HUHTerpanuu W MuHuariopuzanun MMC
MOSIBJISIIOTCST HOBBIE apXUTEKTYphl MUKpocxeM (Hampumep, MEMS —
Micro Electro-Mechanical System, MCM — Multi-Chip Module, SoC —
System on a Chip), yBennuuBaeTcs HaOOP BBIMOJIHIEMbIX UMHU (DYHKITHA,
BO3pacTaeT CHpOC Ha CHENUATM3UPOBAHHBIE CMENIaHHbIe (aHaJIoro-
udpoBeie) MUKpocxembl, paboraromme B BY u CBY nuamasone,
OCHOBHBIMHU TOTPEOUTEISIMU KOTOPBIX SIBJISIOTCS Takue JIUHAMUYHO
pa3BUBaIOIIKECS BBICOKOTEXHOJIOTUYHBIE HaIpaBJICHUS Kak
TEJIEKOMMYHUKAIITUOHHBIC MIPUIIOKEHMUS, KOMIIBIOTEPHbIC u
MyJIbTHEMeNa  TexHojoruu. Jlms  moBbimieHUus  3PGEKTHBHOCTH
MPOEKTUPOBAHUS COBPEMEHHBIX CPEICTB PaaNO3IEKTPOHHOM
anmapatypsl (PDA), uCHONB3yHOIMX BCE TMOCIEAHUE JIOCTHUXKEHUS
WHTETPAIbHON TEXHOJIOTUH, BO3HUKAET TOTPEOHOCTh B TIOUCKE W
pa3paboTKe HOBBIX METOJOB M MOJX0J0B, KOTOpPbIE OYIyT pearn30BaHbl
B BHUJE CAMOCTOSITEIBHBIX TOJCUCTEM M BKJIIOYEHbI B MapuIpyT
npoekTupoBanus cooTBeTcTBytonmx CAIIP.
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OcOOEHHOCTBIO  TOCIIETHUX JIeT SIBISETCS  MCIOJIb30BaHHE
CIICHMAIIM3UPOBAHHBIX ~ MAaTeMaTU4YECKUX  IMAKETOB B  KAauyeCcTBE
UHCTPYMEHTapus Il Pa3pabOTKH M TMOCHEAYIOIIET0 HCCIEI0BaHUS
METO/IOB MOJICIUPOBAHUSL JJIEKTPOHHBIX cXxeM. B o00pazoBaTeNbHBIX U
Hay4YHO-HCCJIEI0BATEIBCKUX OpraHu3aluaX HauOOJbIIICH
MONYJSIPHOCTBIO  TOJIB3YETCA  CpeAa  MAaTeMaTU4YECKUX  PacyeToB
MATLAB. J[laHHOE O0OCTOSTENHCTBO OOYCIOBICHO BO3MOKHOCTBHIO
WCIIOJIh30BaTh YK€ TOTOBBIE MaTEeMaTHYECKUE TPOIEAYpPhl U (DYHKITHH,
YTO  TMO3BOJISIET  3aHUMAThCAd  OTPAOOTKOM W HUCCIEIOBAHHEM
HETIOCPEACTBEHHO PEAM3yeMOro METO/a, HE OTBJIEKAsCh HA HAITMCAHUE
WCTIOJIb3YEeMbIX B HEM OTJEIbHBIX MaTeMaTHYECKUX MpeoOpa3oBaHUN U
BbruucieHud. Cpega MATLAB no3BojsieT pemarb BBIYUCIUTENbHBIE
3a1a4uM, CBSI3aHHBIE C BEKTOPHO-MAaTPUYHBIMU MPEACTABICHUSIMU,
CYILIECTBEHHO COKpariasi BpeMsi, KOTOpoe MOTpeOOBaNoCh Obl MPU HUX
OpOrpaMMHUPOBAaHUM HA CKaJSIpPHBIX SI3bIKaX MOPOrpaMMUPOBAHUS
BBICOKOTO YPOBHSI, IPU 3TOM cucTemMa obnanaer C-nmogoOHbIM BXOIHBIM
S3BIKOM, YTO 00ECIIEUMBAET MPOrPaMMHUPOBAHUE PEIIAEMbIX B HEH 3a/1au
B npuBblyHOM cTujie. Kpome toro, MATLAB nipenocraBisier mupokue
BO3MOXKHOCTH [UIsI pa3paboTKM M peanu3anuu MpodhecCHOHATbHBIX
NPWIOKEHUH, a TakkKe o0ecrneynBaeT THMOKYH CBSI3b C JPYTUMH
MpOrpaMMaMH.

bnaromaps mHoxkectBy goctouHCcTB cuctemMbl MATLAB 1o
CPaBHEHUIO C IPYTUMU MaKeTaMH MaTEMaTHYSCKHUX PAacueToOB OHa ObLia
BEIOpaHa aBTOPOM B KauyeCTBE CpeAbl pa3padOTKH  TOJICHCTEM
CXEMOTEXHUYECKOTO MOJEIUPOBAHUS U TECTONPUTOTHOTO
POEKTUPOBAHUS aHATIOTOBBIX YCTPOMCTB.

Pa3zpabortannas cuctema (ReadSpice) siBnsieTcss pa3HOBUIHOCTHIO
Spice-nOAOOHBIX CHUCTEM, OTJIIMYUTEIBHOM OCOOCHHOCTBIO KOTOPOM
SABJISIETCSA peaiv3alus N0 MOJIYJIbHOMY IMPUHUMUIY HA OCHOBE OTKPBITOU
APXUTEKTYPBL, YTO MO3BOJISIET JIETKO OCYLIECTBIIATh €€ MOACPHHU3ALINIO U
HapamuBaHue. J[aHHas cucCTeMa UCHOJIb3yeTCsl Kak Tpu OO0ydeHUu
ctyaeHToB ocHoBam CAIIP, Tak u B HayuHbIX ucclienoBanusx. C ogHol
CTOPOHBI ~ CTYJEHTBl HMMEIOT BO3MOXKHOCTh M3y4yaThb MPHUHIUIIBI
paspabotku [10 CAIIP u ¢opmupoBanus MaTeMaTHUYECKHX MOJEJCi
AJIEKTPOHHBIX KOMIIOHEHTOB, CPABHUBATH PE3YJIbTaThl MOACIUPOBAHUS B
3aBUCUMOCTH OT HCHOJIb3YEMBIX METOJOB BBIYMCICHHM, MOJY4YaTh
JIOCTYT HE TOJIbKO K BBIXOJHBIM, HO U IPOMEKYTOUHBIM JTAHHBIM.

CymiectByroniue Spice-oi00HbIE CUCTEMBI SIBIISFOTCS 3aKPBITHIMU
U1 TOAKJIIOYEHHS BHEIIHMX IOJCUCTEM, TO3TOMY OTKPBITOCTh
aApXUTEKTYphl ~TO3BOJISIET HUCIOJIb30BaTh ReadSpice B  HayyHO-
UCCJIEIOBATENLCKUX padoTax MpHU pealu3aluu, OTJIAJKe M UCHBITAHUU
HOBBIX WJIM MOJU(PUIIMPOBAHHBIX METOJOB aHaU3a AJIEKTPOHHBIX
YCTPOWCTB.

271



Yacme 2. [Ipumenenue cneyuanuzupo8aHHbix NaAKemMos NPUKIAOHBIX NPOSPAMM

Kommiexe nmporpamm cuctembl ReadSpice COCTOUT M3 OCHOBHOM
BBI3BIBAEMOM TIPOTpaMMbl — MEHEKEpa M psfa JOTOJHUTEIbHBIX
MOANpPOrpaMM, KOTOPBIE peaInu30BaHbl B BHJIE OTACIBHBIX M-(aiiios.
MeHemKkep BBINOJHICT YIPABIAIONYI0 (YHKIIMIO, CBS3aHHYIO C
BBI30BOM HEOOXOJHMMBIX MOJNPOTpaMM, IOATOTOBKONM M Tiepeaadeit
COOTBETCTBYIOIINX JaHHBIX, 00pa00TKOM omuoboKk. OaHON U3 OCHOBHBIX
MOANPOrpaMM CHUCTEMBI SBJISIETCS MOANpPOrpaMMa YTEHHUSI HUCXOIHOTO
onucaHusi cxembl W (OPMUPOBAHUS €€  MATEeMaTUYECKOro
MpPEICTaBICHHs, TpeOyeMoro is MPOBEJACHUS pacdyeToB. B kadecTBe
HCXOJHOTO OMHUCAHUS HCHOJIb3YEeTCSl BXOAHOM S3bIK Spice-1moJo0HBIX
CHUCTEM, KOTOpPBIM COCTOUT W3 JBYX YacCTEW: OMNUCAHUS CXEMbl W
ONKMCaHUA 3aJJaHUi Ha MOJICJIMPOBAHHUE.

dopMHUpOBaHHE YPABHEHHH CXEMbl OCYILIECTBISIETCS Ha OCHOBE
METOJIa y3JI0BBIX IMOTEHIIMAIOB, CUCTEMa KOTOPBIX B MaTpUIHOU dhopme
UMeeT caeayromuil Buf [1]

NI

!

I O

N

<

oY o
=0HEAR
OoOpo0

[\

N

2

4 . o,
rae Y — Marpuia npoBoaUMOCTeR, V' — BEKTOP Y3J10BBIX NMOTEHLIUAIIOB, 1
— BEKTOp TOKOB (/; — TOK, BTEKawIIMid B I-i y3en). Takum oOpazom
00bekT MoaenpoBanus B cucteme MATLAB MoxeT ObITh TIpeICTaBIICH
TpEMsI MacCHUBAMH, OJIMH W3 KOTOPbIX COOTBETCTBYET MATPUIIC
MPOBOJIMMOCTEN, a JIBA JPYIMX — BEKTOPY Y3JOBBIX MOTEHIHATIOB H
BEKTOPY TOKOB, YTO TIO3BOJIIET HCIHOJB30BaTh IMPU MPOBEIACHUU
pacdyeToB BCTPOEHHYI) B CHUCTEMY pealu3aldi0 MATPUYHBIX U
apu(METUKO-JTOTHUECKUX OTEepPaIIIiA.

B o0mem cinydae 3HaYeHUsS IPOBOJAMMOCTEH,  Y3JIOBBIX
MOTEHIIMAJIOB U TOKOB SBJISIIOTCS KOMIUJIEKCHBIMU 4MciaMu. B Spice-
NMOAOOHBIX CHCTEMax, pealu3yeMbIX Ha S3bIKaX MPOrpaMMUPOBAHMS
BBICOKOTO YPOBHS, MOJ KOMIUIEKCHOE€ YHCJIO BBIICISIIOTCS  JBE
MIEpEMEHHbBIE — OJIHA TI0J] ACHCTBUTENbHYIO, Apyras M0Jl MHUMYIO 4acCTh,
a TpU BBINOJHEHUH OINEpaluii HajJ TaKUMH YHUCIIaMH HEOOXOJIUMO
VYHUTHIBATh MPaBUiia 00pabOTKH KOMIUIEKCHBIX uncel. [IpenmyriiecTBom
cucteMbl MATLAB sBnsiercs npeacTaBieHUE KOMILJIEKCHOIO YHWCIa B
BHJIE OJHOM MEPEMEHHOM, YTO TMO3BOJSET YNPOCTUTh MOHUMAHUE
pean3yeMbIX METOJIOB, TMOBBICUTh HMX HATAIHOCTh, @ KPOME TOrO
Omnepanuy HaJl KOMIJIEKCHBIMHA YUCJIaMH BBITTOJHSIOTCS aBTOMAaTUYECKHU.

3a mpoBeJeHUE KaXJ0ro BUJA aHalu3a B cucteme ReadSpice
OTBEUYAET OTAeIbHas mnoanporpamma. IloanepxuBaroTcs CleAyrOLIne
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BU/Ibl aHAJIM3a: MOJIEIMPOBAHUE CXEM B CTATUYECKOM, MaJOCUTHAIBHOM
U TMEPEXOJHOM PEXHUME, pPacyeT YyBCTBUTEIBHOCTH B CTATHUKE W
yacToTHOM oOnactu. IIupokuit cnekTp TrpaduyecKux BO3MOKHOCTEH
cucreMbl MATLAB oOecneunBaer ymoOCTBO M HarJISIHOCTH
BU3yaJIM3allMM PE3YJIbTATOB MOAECIUPOBAHUS.

Cucrema ReadSpice sBnsercds OCHOBOM Il MPOBEACHUS
HCCIIEIOBATEIbCKUX PaboT B 00JACTH YUCICHHBIX METOJOB M METOIOB
aBTOMATH3AIMKM CXEMOTEXHUYECKOro MoAenrpoBanusi. Ha 6a3e cucteMbl
ReadSpice BBIIOTHSAIOTCS HCCIEIOBAHUS METOJOB MOJICTUPOBAHUS
HEJIMHEWHBIX AHAJIOTOBBIX  CXEM, KOTOpBIE MOTYT  OBITh
KJIaCCH(PUITUPOBAHBI 10 TPEM OCHOBHBIM TPYIIIIaM MOAXO0B: aHATU3 BO
BPEMEHHON 00JIacTH, aHajdu3 B YaCTOTHOM 00JIACTU M COBMECTHBIM
aHaJIM3 B YaCTOTHOM M BpeMeHHOM o0iacTsaX. OcoOblil HHTEpEC CBSI3aH C
Pa3BUTHUEM MOCIIEIHENW TPYNIIbI MOIXOI0B.

CoBMecTHBIH METOJ, B YAacTOTHOW M BPEMEHHOM o00JacTH,
OTOXIECTBIISIEMBIM C TpuUMEHeHHue mpeoOpazoBaHusi Dypbe, cTaul
U3BECTEH KaK METOJ TapMOHUYECKOro OanaHca. 3/1eCh HMCHOJIb3YyeTCs
pa3feseHne CXEeMbl Ha JJMHEMHYIO U HEJIMHENHYIO MOJICXeMbl. JInHeHas
MOJICXeMa aHAIM3UPYeTCS B YAaCTOTHOM 00JIacTH, a HETWHEWHas — BO
BpeMEHHOM oOmactu. IlepemMeHHbIE, ONHCHIBAIOIIME COCTOSIHHE
HEJTMHEWHOMN TMOJCXEMBI, OMPENEISIOTCS C MOMOINBIO MPeoOpa3oBaHUs
dypbe OTKINKA HEIMHEHHOU MOJCXEMBI BO BpEMEHHOM o0nacTu. 3ateM
OHU CpPAaBHUBAIOTCA OTKIMKOM B 4YacCTOTHOM 0O0JacTu JIMHEHHOM
nojacxembl. OCHOBHOW MpoOJIeMOil MeToJa TapMOHHYECKOTO OamaHca
aBisieTcsi Oouiblliasi pa3MepHocTh ypaBHeHuil. Cucrema MATLAB
MO3BOJIIET YCTPAHITh MHOTHUE OTPAHUYEHHUS CBSI3aHHBIE C PA3MEPHOCTHIO
pelmaeMbIx 3a7a4 3a CYET MCHOJIb30BAHUS TUHAMUYECKOW IMaMsTH, YTO
PENOCTaBIsIET BO3MOXHOCTh 00padaThiBaTh BEKTOPHBIE OOBEKTHI
NPAKTUYECKU MPOU3BOJIBHOW Pa3MEPHOCTH.

Cucrema  ReadSpice  ucnonb3yercs  JJisi  TMPOBEACHUS
UCCJIeIOBaHUM B 00JACTHM TECTOMPUTOJHOTO MpoekTupoBaHusi. Ha ee
ocHoBe Oblma paspaborana moacuctema CAIIP TectupoBanms s
JMHEUHBIX aHANOroBbIX cxeM (TestWare), koTopasi mpeaHa3HAYeHa s
(GbopMHpOBaHUS BXOJHBIX TECTOBBIX BO3JACHCTBUH U CIPABOYHHKOB
HEHCIIPAaBHOCTEH, OOECMeYnBaOIMMUX OOHAPYKEHHE W JIOKATH3AIIUIO
OJIMHOYHBIX HEWCIPABHOCTEH B COOTBETCTBYIOIIHMX cXeMax. B obOmem
ClIydae moJ CHPaBOYHHKOM HEHUCIPABHOCTEW IMOHUMAETCS CTPYKTypa
COZIepIKalllasi OTKJIMKM UCIPABHOW W HEUCIPABHOM CXEMbI Ha BXOIHBIE
TECTOBbIE BO3JICHCTBUS. B KauecTBEe BXOJIHOIO TECTOBOI'O BO3JICUCTBUS B
cucremMe TestWare WCHONIB3YyEeTCS CHUHYCOWJAJIbHBIA CUTHal C
4acToTaMH, OOECIIEUYMBAIOT MPOSIBICHUE HEUCIPABHOCTEM Ha BBIXOJE
CXEMBI.

Mertoauka, Jiexkaimass B OCHOBE Iojacuctembl TestWare,
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UCIOJIb3yeT CBOMCTBAa (DyHKIMHM 4yyBCTBUTEIbHOCTH [2]. Ilpu anamuze
CXEM TOJ YYBCTBUTEIBHOCTHIO TMOHUMAKOT BIHMSHUE W3MEHEHUS
napamMeTpoB KOMIIOHEHTOB M BHEIIIHUX YCIOBUN PabOThI CXEMbI Ha ee
BBIXOJIHBIE PEAKIMU WU Mepeaatounyro (ynkiuio. KomuuecTBeHHas
OIIEHKA BJIMUSHUS HEKOTOPOTO KOMIIOHEHTA WM XapAKTEPUCTUKU CXEMBI
HAa U3MEHEHUE BBIXOTHOW (DYHKIIMU CXEMBI ONPEAETSETCS BRIPAXKEHUEM

SF :a_F
*oox
rme S7 - dynkuus uyscTBUTEnbHOCTH, F — auddepeHuupyemas

(yHKIMS 1eny (BBIXOIHOM MmapameTp), X — BHYTPEHHHM rapameTp.

C menpro COKpalleHUs BBIUYMCIUTENBHBIX 3aTpaT U IOBBIIICHHUS
TOYHOCTH PAcueTOB JJIsl aHAJIN3a DJIEKTPOHHBIX CXEM ObLIN pa3paboTaHbl
CHelMalIbHble METO/bl pacyeTa KOod((ULUUEHTOB YYBCTBUTEIBbHOCTH.
Ilepen ocTanbHBIMH METOJ NMPUCOEIUHEHHOW CXeMbl 00JalaeT psAaoM
IIPEUMYIIECTB, KOTOpPbIE OOYCIIOBIMBAIOT €T0 MUPOKOE MCIOIb30BaHUE.
[IpruMmenenrne MeTo1a MPUCOEIUHEHHON CXEMBI 3a OJJHOKPATHBIA pacyer
IBYX CXeM (MCXOOHOW W NPHUCOECIWHEHHOH) TMO3BOJIAET PACCUHUTAThH
KO3 (UIIMEHTHl YYBCTBUTEIHHOCTH OJHOW BBIXOAHOW GyHKIMH F 10
BCEM BHYTPEHHUM IapaMETPAM CXEMBI X;.

JlaHHBII MeTON WCHosb3yeTcs B mnoacucreme TestWare. Ero
BBIOOp  OmpeleieH MpPOCTOTOW  peamu3anuu. UyBCTBUTEIBHOCTD
paccuMThIBaeTCS Kak IPOU3BEACHHE TOKOB W/WIM  HAINpPSHKEHUN
UCXOJHOM M TPHUCOCAUHEHHOM CXeM. 3HA4YeHUS JAHHBIX BEIUYMH
(GopMupyroTcss B pe3yibTaTe BBINOJIHEHMSI aHalIM3a CXEMbl B
CTaTUYECKOM  WJIM  MAaJOCHTHaJIbHOM  pexnmmax. Tak  Kak
4yBCTBUTEIBHOCTh OF/0x B peXUMe MaJoro CurHajga sBJISIETCS

KOMIUIEKCHOW BEITMYMHOM, TO OTKJIOHEHHE MOAYJS M (a3bl BBIXOJHOU
XapakTepUCTUKUA  OLEHMBaKOTCS  BblpaxeHussmu (1) wu  (2)

COOTBETCTBEHHO [3]:
6|F| F 1
= |FIReEE ] 1)

O(argF ? 1 @& 2

B pesynpTaTe BBINOJHEHHs AaHaIW3a YyBCTBUTEIBHOCTH JUIS
KaXJ0M  BBIXOJHOM  XapaKTepUCTHUKUH  (QOPMHUpPYETCSI  MacCuB
K03 (UIIMEHTOB YyBCTBUTEIBLHOCTH, KOTOPBINA 3aTEM HMCIIONB3YETCS AJIS
MOCTPOCHUS CIPABOYHUKOB HEHCIPABHOCTEH U BHIOOpPA BXOJHBIX
TECTOBBIX BO3JIEVICTBUN.

Ucnonb3zoBanne cucrembl MATLAB  OTKpbIBaeT IIMPOKHUE
BO3MOKHOCTH TI0 PEIICHUIO 3a7]a4 Pa3IUYHBIX MPOOJIEMHBIX 00JIacTel.
O6nanasg pa3BUTBIM MAaTE€MAaTUYECKHM aIlapaToOM CHCTEMa IO3BOJIAET
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MOJIb30BATENI0 peIIaTh CBOM 3aJadyd, OTpabaThiBaTh HOBBIE HJIEU U
MOJIXO/Ibl HE OTBJIEKASICh HA pealn3alldi0 OTACIbHBIX MAaTeMaTHYECKUX
npeo0pa3oBaHuil KaK AJI€MEHTapHbBIX, TaK U cnenuduueckux. O0mmpHast
OMONMOTeKa MHCTPYMEHTAIBHBIX CpeICTB (foolboxes) mpenocTaBlsIeT
MIUPOKUA HAOOp CHEUATU3UPOBAHHBIX MAaTeMAaTHYeCKUX (YHKIIHM,
HEOOXOUMBIX /ISl peHICHUS] pa3HOOOPa3HBIX TEXHUYECKUX 3a/1a4.

Ha nu4yHOM ombIT€ J0Ka3aHO, YTO JIETKOCTh MCIOJb30BaHUS
JAHHOTO HMHCTPYMEHTAapus MW  MHOrooOpasve  MpeaoCTaBIsieMbIX
BO3MOXHOCTEM MO3BOJIAIOT PEATM30BBIBATH PA3IMYHBIE TMPUIOKEHUS,
CYILLIECTBEHHO COKpauasi odiiee BpeMsl MX pa3padOTKH, HE ycTymas, a
3a4acTyl0 JaXke BBIMIPbIBaSE B KAYECTBEHHBIX XapaKTEPUCTHKAX
MOJIY4aeMbIX MOACUCTEM, IO CPABHEHUIO C UX peaTM3allMsIMU Ha A3bIKaX
IPOrpaMMHUPOBAHMS  BBICOKOTO YpoBHS. JlaHHBIE 00CTOSATENHCTBA
obycnaBnuBaror cuctemy MATLAB kak He3ameHHMOE CpeiCTBO,
UCIIOJIb3yeMoe Uil peanu3anuu HekomMmepueckux mnoacuctem CAIIP
PDA, BBINOTHEHUS UCCIEN0BATENHCKUX PA0OT U OOYyUEHHUS.
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YK 519.6

NMAKET HAYYHbIX NMPOIMPAMM
"AHAJIN3 MHOIMOMEPHbIX OAHHbIX"

Myxa B.C.

Yupeoicoenue oopasosanus "benopycckutl 2ocyoapcmeeHHblil YHUGepCUmem
ungopmamurxu u paouosnekmponuxu”, Munck, beropoccus
e-mail: mukha@gw.bsuir.unibel.by

WNurterpupoBannbli B MATLAB mnaker HayyHBIX MpOrpaMm
"Anamu3z Mmuoromepubsix JlanHbIX" pa3palaTeiBaeTcs IS aHANIM3a
JETEPMUHUPOBAHHBIX U CTOXACTUYECKUX, HEMPEPBIBHBIX M JTUCKPETHBIX
MHOTOMEPHBIX JaHHBIX. Ero 0COOEHHOCTBIO SIBISIETCS HMCIOJB30BAHHUE
MHOTOMEpHO-MaTpuyHoro mnojaxoxaa [1,2]. IlpuBegeM TeopeTHyuecKkue
MOJIOKEHHSI, JIEKAIME B OCHOBE IMPEJIAraéMoro NakeTra, U yKaXKeM UxX
IPOrpaMMHYIO PEATU3ALIUIO.

Muoromepront  (p-mMepHOit)  (n; Xn, X...Xn ) -Marpunei A4

HA3BIBACTCA CHCTEMA YHMCEN MIM HEPEMEHHBIX &, ; , g = Ln,,a=1p,
PACIOJIOKEHHBIX B TOYKAX p -MEPHOTO MPOCTPAHCTBA, OMPEILISIEMOTrO
KOOPAWHATAMH Iy, l,,...,1, [1,2].

O6o3Hauaercs p -MepHasi MaTpHIla CISAYIOITUM 00pa3oMm:

,i, =Ln,,a =G.

COBOKYIHOCTh MHIEKCOB (i,...,[,) MHOIOMEPHON Matpuibl A

OyneM Ha3pIBaTh MYJIBTHHUHACKCOM M 0003HAa4aTh OJHUM CHMBOJIOM
i =(,.i,). Torma Bmecto o6o3HaueHust (1) MONKHO TIPUMEHSTH

cienyroee 0003HaYeHHE MHOTOMEPHON MaTpUIbl A :
A=la].
Ecmu ny =n, =..=n,=n, To MaTpuia Ha3bIBACTCS TUIICPKBAJPATHON
WA p -MEPHOU MATPULIEH 71 -TO TIOPAAKA.
Muoromepnas Marpuua A~ Ha3bIBaE€TCI  CUMMETPUYHOMU
OTHOCHTEJIBHO JIBYX CBOMX WHICKCOB i,,ig, €CIM KaX/ble JBa ce

JJIEMEHTA, IIOJYYarOlUecs OIUH U3 JPYroro IEpeCcTaHOBKOW J3THUX
MHJIEKCOB, OJIMHAKOBBI, TO €CTh €CIIN
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iy gigiy, — iy,

MHuoromepHas MaTpuLa Ha3bIBACTCS CUMMETPUYHON
OTHOCHUTEJIBHO HECKOJBKMX HHJIEKCOB, €CIIH OHa CHUMMETPUYHA
OTHOCHUTEJILHO JIF000M Maphl U3 HUX.

MHoroMepHasi MaTpula Ha3bIBa€TCsi CUMMETPUYHOM, €CIM OHa
CUMMETPUYHA OTHOCUTEIIBHO BCEX CBOMX MHJEKCOB.

Ilycte A - p-mepHasd matpuna z-ro nopsaka 1. Hosas marpuna

A" =

AJIEMEHThl  KOTOPOM  CBSi3aHBl € 3jemMeHTamMu  Matpuibsl (1)
COOTHOIIIEHUSIMHU [ 1]

T
a.

ll...i

 ig =Ln,a=1p,

P

rae ial,...,iap - Kakas-HHOyab TEepeCTaHOBKA WHJICKCOB il,...,ip,

Ha3bIBACTCA TpaHCHOHHpOBaHHOﬁ OTHOCHUTCIIbHO MaTpulbl A
COOTBCTCTBCHHO ITIOACTAHOBKEC

[ToncTaHoBKOW (MM MEPECTAHOBKOM) HA3BIBAETCS B3aUMHO
OJIHO3HAYHOE OTOOpakeHue (OMEeKIMs) MHOXKECTBA UHIEKCOB ij,...,i, Ha

cebst [3]. D10 OTOOpaKEHHE MHOXKECTBY MHIEKCOB (ij,...,[,) CTABUT B

COOTBETCTBUE MHOXKECTBO HHICKCOB (i ,...,0, ), TAK 4TO
P
(g seeesly ) =T (G5l -

Ecnmu 7, u T, - ABe MOJICTAaHOBKM HAa OJHOM M TOM Y€ MHOXECTBE
WHJIEKCOB (il,...,ip ,

cee p a eee l ,
T, = T, =g
- g-lp,

IDI(S (iarl ,...,iap), (i B, ,...,iﬁp) - HEKOTOpHIE MEePECTaHOBKM MHOYKECTBA

(i,---,1,)), TO IOACTAHOBKA I3, NEHCTBYIOLIAs COTJIACHO BBIPAYKEHUIO
(ip, venlp ) =T (11 (iy5..50 ),
Ha3bIBACTCS CYNEPIO3ULMEN IOACTAaHOBOK 7] U 1, m 0003HaYaeTcs Kak
I =T, UT5.
MO>KHO BBIICTUTH HECKOJIBKO THUITOB MOACTAHOBOK [3,4].
TOXIECTBEHHOW ITOACTAHOBKOM HAa p HWHIAEKCAX Ha3bIBAECTCS
IIOJICTAaHOBKA BUA
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i
1---
E =F =E r E
P i
1-.- p
OO6paTHOM TOJCTAaHOBKOW JjIi TIOJACTAHOBKM 1  Ha3bIBaeTCs

noacTaHoBka 7', yIOBIETBOPSIONIAs PABEHCTBY
Tr'=r"'r==k.
[ToncTranoBkoi THNA “Bliepen’” HA30BEM MOJICTAHOBKY BUa [4]:

B = I 'iz l'p'_, ip_.H1 i.p P
PURTRNY S i e L
B KOTOPOW HMXHAS CTpOoKa (popMmMupyercs U3 BEpPXHEU MEPEHOCOM r
JIEBBIX UHJIEKCOB BIPABO (BIIEpEN).
[ToncTanoBkoi THNA “HA3aa’” HA30BEM MOJACTAHOBKY BHAA
i I e Lo e 1
L R - L
p-r+2 p 1
B KOTOPOW HMXKHAS CTpoKa (popMmMupyercs U3 BEpPXHEU IMEPEHOCOM r
MPaBbIX UHIEKCOB BJIEBO (Ha3anm).

Sewo, wro B, UH, =H, B, =FE,6, To eCTh MOACTAHOBKH

p-r+l p-r

B,,u H,, - B3aUMHO 0OpaTHEIC:
— 71 — p-l
By =Hypps Hyp =By,
[ToncranoBKOi THIA “BHEpe-HA3al” HA30BEM MOJCTAHOBKY BUA

il cee ir cee l — +1 cee i
B.H, = pos d

: : g p2rts,
p—S+1 ecee lp cee ll cee l]”

B KOTOPOH HIDKHSIS CTpoKa (PopMHpyeTcs M3 BEPXHEH NEepeHOCOM 7

JIEBBIX MHEKCOB BIIPaBO (BIIEpeT) U § MPaBbIX MHACKCOB BJIEBO (Ha3anm).

HpI/IMep 3allMCH HCKOTOPBIX ITOACTAHOBOK.

[ jkim jkim [ jkim
Bs, = B Hsy= .. B,H, = =t
Imij mijk klij

[ToBTOpHOE TPAaHCIIOHUPOBAHHWE MHOTOMEPHOM MaTpPHIIBI MOXKHO
3aMEHUTh €€ OJHOKPATHBIM TPAHCIIOHUPOBAHWEM COOTBETCTBEHHO
HEKOTOPOUW HOBOM MOJICTAaHOBKE [4], T. €. eclin

I, =1, I,
TO
(A" = 45,

[Ipennaraemass Bepcus TakKeTa HAy4YHBIX MPOrpaMM HMEET
cpeacTBa I paboThl C UHJICKCAMH U MYJIbTHHHIEKCAMHU MHOTOMEPHBIX
MaTpull M TOACTAaHOBKaMHU. B YacTHOCTH, MMEITCS MPOrpaMMbl IS
nepecyera 3HAYEHWM WHIAEGKCOB B 3HAYCHUS MYJIbTUHUHICKCOB W
HA0OOpOT, TMOJicueTa 4YHuCiIa TMOSBICHUNA 3HAYCHUH MHICKCOB B
MYJIbTUUHICKCE, (OPMHPOBAHUS TPHUBEJICHHBIX  BBIINIC  THUIIOBBIX
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MOJCTAHOBOK [IJIs TPAHCIIOHUPOBAHKSI MHOTOMEPHBIX MaTPHLL.
PaccmoTpum onepanuio yMHOXEHHUSI MHOTOMEPHBIX MaTPHLL.
IIycte A - p-MepHas MaTpuua 7 -ro MopsIKa,

A= Aiy.i, | Iy =1Ln,a :G, (1)

B — g-MepnHas maTpuua n-ro nopsika,
B= bjlqu Je =Lna=1q . (2)
Pa300beM MYNBTUUHIACKCHL i = (i),..s0,), J = (Jisees J,) ITUX MATPHL HA

COCTABJISIIONITUE MYJIbTUHH/EKCHI CIICAYIOMIUM 00pa3oM:
1= (i),e001,) = lsc,

j = (jla---ajq) =csm,

rae
[=(,0 1),
S =(S1555)),
C=(Cp5esCyy) s
m = (my,...,m,)
51
KtA+u=p,
A+U+v =gq.

Torma matpunet 4 u B (1) u (2) MOXHO 3amucaTh CJEAYIOIIUM
obOpazom:
A =Halsc

B=|b

csm

5

2
A€ KaXAbld W3 WHACKCOB MYJIbTUUHIEKCOB [,s,c,m mpoderaer

3HayeHus ot 1 110 ».
Marpuna

b

D= Hdlsm
3JICMCHTHI KOTOpOﬁ ONIPCACIIAOTCA BBIPAXKCHUCM
dlsm = Z alscbcsm >

c

Ha3biBaeTcs (A, ) -CBEpHYThIM mpou3BeAcHreM matpuly 4 u B [1, 2].

Oo6o3Hauaercs (A, ) -CBepHYTOE MPOM3BEACHUE Kak A’“(AB). Takum
o0Opazom,

D="H(4B)= .

Z alscb csm
c

Matpuna E(A, ), yIOBIETBOPSIOIIAs PAaBEHCTBY
MHAEQA ="M EQ A = 4,
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rie A — p-MepHas maTpuiia n-ro mnopsaka (2.3), HaseiBaeTcs (A, U)-
enMHUYHOW Matpuien. M3 ompenenenus (A, U)-eTUHUYIHON MaTPUIIBI
cienayer, 4to 310 (A +2U)-MepHas wMatpuiia n-ro mnopsaka. Ee
AIIEMEHTBI OTIPENETIIOTCS POPMYITON
EO\1) :”ecm” _ %, ecau ¢c=m ,

, eciu c*m
Tl MyJABTHUHICKCHL m = (my,...,m,) A ¢ =(cy,...,C, ) COACPIKAT MO U

UHJICKCOB.

PaccMoTprM MHOTOMEPHO-MaTpUYHOE YpaBHEHHE

MAX)=EQA, p), 3)

rne A=(a,.) — TpPOU3BOJIbHAS p-MEPHAs MaTpHULa 71-T0 IOPSIKA,
[ = (ll,lz,...,l”),s =(8],89 5058y ),C = (cl,cz,...,cu), m= (ml,mz,...,m”),
p=A+2uU, E(A,u) - (T =A+2U)-mepHas (A, U)-eqdHAYHAS MATpUIIA
n-ro nopsinka, X =(x,,) - HeusBecTHas (T = A + 2[4 )-MepHas MaTpuia
1 -TO TIOPSAIKA.

Marpuna X =(x,,), yH#OBIeTBOpswowmwas ypaBHeHHIO (3),
Ha3bIBacTCs mpaBoit (A, U)-oOpatHoii k MmaTpuile A u 0003HAYaETCs

A7' (A, ). Amanormuno, marpuma X =(x,,), YAOBIETBOPAOILAs
ypaBHEHUIO

XA =EQA, ),
HasbIBaeTcs JieBoH (A, U)-oOpaTHOW kK MaTtpuie 4. MOXHO IMOKa3arh,
4yro JieBas W mpaBas (A, )-o0paTHble K A MaTpPHUIBI 7-TO TOPSIKA

coBrnanatot. Ouu 06e 06o3Hauarores kak A~ (A, 1).

[TakeT Hay4HBIX MPOTrpaMM HMEET CPEICTBa JJIsi (OPMUPOBAHUS
TUIIOBBIX MHOTOMEPHBIX MATPHI], OOpAIlCHHS MHOTOMEPHBIX MAaTpHII,
pelIeHHuss  MHOIMOMEPHO-MATPHYHBIX  JHHCHHBIX  ajareOpanmdyecKux
ypaBHEHHUI 00IEro M CoeluaabHoro Buaa, pacuera (0, ) -CBEpHYTOrO
IPOM3BEICHUS MHOTOMEPHBIX MaTPHII.

[Tycte Y — p-MepHas MaTpuIia 7 -ro Mmopska,

=ln

-

p

......

a X - g-MepHas MaTpulia 1 -TO TopsJIKa,

, i =Ln.., j,=Ln.

OnHOPOIHBIN p -MEPHO-MATPUUYHBINA TOJMHOM k -ii CTENEHU ¢ -MEpHO-
MaTpUYHOM MepeEMEHHON X HMeeT cleAyrollee npeAcTaBieHue [2]:
y="M(4x*)y,

e X* - (0,0)-cBepuyTass k-a creneHb MaTpuibl X ; A:HaGBH -
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(p + kq) -mepHast MmaTpulia 7 -TO TIOPSIJIKa, CAMMETPUYHAS OTHOCUTEIIEHO
MYJIbTHHHJEKCA 3, colepKamero kg WHICKCOB.

[Tpou3BOJIBHBIN p -MEPHO-MATPUYHBIA MMOJTUHOM K - CTENEHU ¢ -
MEpPHO-MaTPpUYHOM NMEPEMEHHON X HMMEET CIEAYIOLIEE MPEACTABICHUE

[2]:
k
Y= O,iq(DiXi)a
2

rme X'=1, D. - (p +ig)-MepHblE CUMMETpPUYHBIE NpU [ =2

l
OTHOCHUTCIIbHO CBOHUX lq IMOCJICAHUX MHACKCOB MAaTPHIIBI.

I[aI[I/IM OIIpCACIICHUC MHOTOMCPHO-MATPUYHBIX OPTOI'OHAJIbHBIX

MOJIMHOMOB BEKTOpHOU mnepemeHHoil [7,9,10]. Ilycts Q - HekoTopas
3aMKHyTas 00J1acTh mpocrpancTea R”, ,O(x), xUQ - HeoTpunatenbHas
¢ynkus Ha Q (BecoBas (yHKIUS), Takas, YTO MOMEHTHI V;,

CYILLECTBYIOT,
v, =[x plxldx <o, i =0,1,2,...
Q

u L, (p,Q) — MPOCTPAHCTBO (PYHKITUH ¢ MHTETPUPYEMBIM KBaJIpaTOM B
Q c Becom ,O(x) [10].
MHoromepHo-MaTpu4HbIii  moauHOM O, (x) CTCIICHU M

BEKTOPHOM mepeMenHoi x [ R" omnpenennm clieayronmm 06pa3om:

0, (x)= %0”‘ (C;m,k)xk)= %0”‘ (ka(*k’m)) m=0,1,2,..., (4)

rae Cgm, k)~ (m + k)—MepHHe MaTpuULbl K03()PHUIIMEHTOB,
, m=0,12,.., k=0,12,..,m,

CI/IMMCTE)I/I‘IHBIG OTHOCHUTCJIbBHO MHJACKCOB ABYX CBOHMX MYJIbTUHMHICKCOB

(.., )

*
Cir oy

Comiy =

Jpeee jk) Y yJIOBJIETBOPSIIOLIUE YCIOBUIO

Conio = o)™ oty = (s f

Onpeodenenue 1. llocnenoBaTenbHOCTh MHOTOMEPHO-MATPUYHBIX
IMOJIMHOMOB Qm(x),m=0,1,2,..., (4) HazoBeM OpPTOrOHAJILHOW B

L, (,O, Q), CCJIM BBITIOJTHSIOTCS YCIIOBHSL:
(0 npu k=0,1,.,m-1,

gj}Qm (x)0x (x)o(x)ax =g (5)

omauuen om 0 npu k =m.

B Teopum OpTOroHadbHBIX TOJMHOMOB MHOTHMX TEPEMEHHBIX
paccMaTpUBAalOT JBE€ TOCJIEIOBATEIIBHOCTH TMOJIMHOMOB: OCHOBHYIO
P, (x) U COIPSKEHHYIO ¢ HeH O, (x), m=0,L2,...,.

Onpeoenenue 2. OCHOBHBIM MHOTOMEPHO-MAaTPUYHBIM TTOJIMHO-
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MOM CTCIICHHU m B LZ (p,Q) 6y,[[eM Ha3bIBATh ITOJIMHOM BH 4

m—1 m—1
P, (x)=x"+ > 0.k (C(m’k)xk )= X"y 0.k (ka(k’m)), m=0,12,..., (6)
k=0 k=0
rae Ciy, x) — (m + k )-mepHbIe MaTpuIE KO3BHIIEHTOB,
Clonge) =Cii jroji | M=0L2,., k=0,12,....m—1,

CI/IMMCTE)I/I‘IHBIe OTHOCHUTCJIbBHO MHJACKCOB ABYX CBOHX MYJIbTUHMHICKCOB

(.., )

Jpees jk) Y yJIOBJIETBOPSIIOUIUE YCIOBUIO

m+k .,k Bk+m,k

—~H —
C(m,k)—C(k’m) ,C(m’k) —C(m’k) .
Onpeoenenue 3. MHOrOMEpPHO-MAaTPUYHBII MOIMHOM P, (x) (5)

Ha30BCM OCHOBHBIM OpPTOIOHAJIBHBIM ITOJJMHOMOM CTCIICHH m B
L2 (p, Q), CCJIK OH OPTOrOHAJICH K OJHOPOIHBIM ITIOJIMHOMAaM

1L,x,x2,..,x"

R (e} pler =[] " KOk o
5 romauuen om 0 npu k =m.

Onpedenenue 4. IlocnenoBareabHOCTH MHOTOMEPHO-MATPUYHBIX
OJUHOMOB P, (x) 6) u 0, (x) (4) OyneM Ha3bIBaTh BIIOJIHE

GroproropManbEEME B L, (0, Q) (BGOH-MOCIEI0BATETBHOCTAMI), €CITH
BBITIOJIHAIOTCS cooTHOIeHus (5), (7) u (8):

0, k=01,...m-1,
[0, Bt =Ty o k= m

3nech D)~ 2m -MepHas MaTpHIa, NMEIOIIAs CIIETYIOLIYIO CTPYKTYPY:

Dy = ‘di,...imjl...jm s Uoveosys Jloewes Sy = L0
DNIEeMEHTHI 3TON MaTPHUIILI OTIPECIISIOTCS BIPAKEHUEM:
_Omlmyl..m)!, transp(iy,...,i,,) = transp(jy,..., j,, ),
et , transp(i,...,i,, ) Z transp(jys.., j ., ),

B KOTOPOM tmnsp(il...im) O3HayaeT J00YyI MEepecTaHOBKY 3HAYEHUU

(8)

UHIEKCOB 1,...,i,, m, +...+m,=m, m; - KOIUYECTBO IOBTOPCHHUU B

NOCJIEAOBATEIbHOCTH Iy,...,1, 3HaYeHus k,k =1,m.

OOmast Teopusi OPTOTOHAIBHBIX CHUCTEM MOJMHOMOB BEKTOPHOM
NepeMEeHHo coxepxkurca B padore [10], Teopuss MHOroMepHO-
MaTpPUYHBIX OPTOTOHAIBHBIX MTOJIMHOMOB DpMHuTa U Jlareppa - B padotax
[7,8,9].

[Taker mmeeT mporpamMmsl pacueta KO3(PPHUIMEHTOB U 3HAYCHU
OpPTOTOHANBHBIX TOJIMHOMOB BEKTOPHON NEPEMEHHOH, TpaduvecKon
WUTIOCTpalus MoJMHOMOB Opmuta, Jlareppa, Jlexannpa, YeOsimieBa
OJIHOM U JIBYX IIEPEMEHHBIX PA3JIMYHBIX CTEIICHEM.
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B Hacrosiiee Bpemsi paclpOCTpaHEH KIACCUYECKUM MOAXOA K
MOJIMHOMaM MHOTHUX TNepeMeHHbIX. Ero 0coOEHHOCTBIO SIBIISETCS
pacCMOTpeHHME  KaXJI0M  mepeMeHHOM  oTaenbHo.  Hampuwmep,
KJIACCUYECKOE TPE/ICTABIIEHUE CKAISPHOTO MOJMHOMA BTOPOW CTENEHU
N TIEPEMEHHBIX X|,X,,...,X, UMEET BUJ:

— 2 2
y=aytax t..ta,x, ta, . x\x, ta,,,xx; . rax .. ta,,x,.

[IpenyiaraeMplii  MakeT MpPOrpaMM MO3BOJIAET paboTaTth C
MOJIMHOMaMH BEKTOPHOW NEPEMEHHOM B Kiaccuueckoil ¢opme. s
TOTO HWMEIOTCS TPOrpaMMbl  pacdeTa 3HAYCHHWH KIIACCHYECKOTO
CKaJIIPHOTO TOJMHOMA MHOTHX TIepeMeHHBIX Buaa (3) 1o ero
Ko3ppuuueHTam a,,d,,d,,... U paciera ero MHOIOMEPHO-MaTPUYHBIX
KO3 PUIUEHTOB M0 KJIACCUYECKUM KOIPPUIIUEHTAM a,d,,d,,... .

[IpencraBnennass B pabotrax [7-10] Teopusi OpPTOTOHAIBHBIX
CHUCTEM IIOJIMHOMOB BEKTOPHOW TMEPEMEHHOW TIO3BOJISIET TIOMYYUTH
dopManbHOE pa3nokKeHHE INIOTHOCTH BEPOSATHOCTH CIyYalfHOTO BEKTOpa
¢ =(&,,¢,,....¢,) B paa ['pama-1llapibe Mo OpTOroHaIBHBIM MOJTHHOMAM.

Psn  D'pama-lllapabe 171 IJIOTHOCTH  BEPOSTHOCTH  fr (x),

x =(x,,X,,....,X,) TO OPTOTOHAJIBHBIM IOJIMHOMaM P, (x) 6) u 0, (x)
(4) nmeet cnenyromuii Bun [10] :

/()= p() Y ~0,0, () ©)

=0
Koapduuuentst D,, 3TOrO0 psifa onpeaenstorcs Gopmyioit:

D, = £J;Pm (x)fg (x)dx.

[Tockonsky nosimHOM P, (x) B (9) umeer Bux (6), To popmymny s
K03 GUIUEHTOB D, MOXHO 3alucaTh B BUJE

m—1
—,(m) 0,k (k)
=0

rac % ék) - MOMCHTHI k-0 nopsaKa AIIPOKCUMHUPYCMOTO

pacnpenenenus fg (x)

[TakeT comepkuT mporpaMMsbl sl pacyeTa kKodhuireHToB psga
I'pama-Illapase u 3HaueHuit psipoB ['pama-Illapnbe-Opmura, I'pama-
[Tapnse-Jlareppa, I'pama-Illapnbe-Jlexxanapa ans anmpoKCUMalUu
MHOTOMEPHBIX  IUIOTHOCTEW BEPOSITHOCTH. [lockompky — miid
anmpokcuMaruu psgoM ['pama-lllapnbe TpeGyercs BecoBast GyHKIUS -
MHOTOMEpHasl IUIOTHOCTH BEPOSITHOCTH, TO B IIAKETE pPEATN30BAHBI
IIPOTPaMMBbl pacyeTa 3HAYCHUM IIIOTHOCTEN BEPOATHOCTH MHOTOMEPHBIX
pacrpeneneHuii:  HOPMaJIbHOro, ramMma, XH, IUIFOC-JIMHEHHOTO,
PaBHOMEPHOTO.
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I[JISI IMOCTPOCHHUA  MHOTOMCPHO-MATPUYHBIX  OPTOIOHAJIBHBIX
ITOJIMHOMOB BGKTOpHOﬁ HepeMeHHOﬁ H€O6XOIII/IMO HUMCTb MOMCHTEI
BCCOBBIX (1)YHKI.[I/Iﬁ — MHOI'OMCPHBIX IUNIOTHOCTEH BCPOATHOCTH. B makere
pC€aJIn30BaHbl IIPOTpaMMbl paCd€Ta MOMCHTOB MHOI'OMCPHBIX PacCIIpC-
I[GJ'IGHI/Iﬁi HOPpMAJIbHOT'O, 'aMMa, XU, XU-KBaaApar, YeObImena u Ap.
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VJIK 004

NMPUMEHEHUE CUCTEMbI MATLAB AJ1A
OLEHKW AUATHOCTUYECKON 3ODEKTUBHOCTHU
BEUBNET-NPEOBPA30OBAHUSA 3KI BbICOKOIO
PA3SPELLEHUA Y BOJIbHbIX UBC

[Tonknernos C.I'.
Cesepo-3anaouwiii 3a0uHblll mexHudeckuti ynusepcumem, 2. Cankm-Ilemepbype
e-mail:george(@graph.runnet.ru

Koneuno#i menbt0o paboTHl sBIsETCS pa3paboTKa METOJIOB
aBTOMATHUYECKOTO BBIICJICHUS Ha JJIEKTPOKAPAMOTPAMMAaX BBICOKOTO
paspeuieHus MPU3HAKOB HAYAIBHOW CTAAMKM HIIEMHYECKOW OOJe3HH
cepaua  (MBC). Ha ocHoBe MeToga  BeWBIIET-IIPEOOpPa30OBAHMUS

MIpEeANoIaraeTcs BBISIBUTh  OTJIUYHUTEIIbHBIE YaCTOTHO-BPEMEHHBIC
ocobenHoct 'y OonbHbIX WBC ¢ HavanbHBIMM  KIMHUYECKUMU
nposiBieHusIMU.  [Ipu  co3maHWM  TIPOTPaMMBI MCIIOJIb30BAJIHCh:

nporpamma MATLAB Bepcus 5.2. ¢upmser MathWorks Inc u maker
STATISTICA FOR Windows Bepcus 5.0 ¢upmsr StatSof Inc. 3ammch
OKI' mpoBoaunace ¢ yactotol auckperusamuu 1670 repiy B Tpex
oproroHaibHbIX oTBeAeHUsAX X, Y, Z (OKI' BbicokoTrO pazpemienus). s
o0pabotku  ucnonb3zoBaduck (parmentel OKI' comepkamume QRS
KOMILJIEKC.

Bolunciienre HenmpephIBHOTO BEHBIIET-IPEOOpa30BaHUs CUTHAA S
OCYILECTBIISIETCS C MOMOLIBIO KOMaH/IbI

COEFS=cwt(s,[64 128 256],'morl',,'plot’).

PesynbraT nokasan Ha puc. 1.

N3 Bcex 3HaueHuil Ha puc. 1 BeiOepeM 48 3HaUYE€HHI C TOMOILBIO
KOMAH/IbI: a=COEFS (:,50:10:200). Bribpanusie 3HAYEHUS
IIPOHYMEPYEM CJIEBA HAIPABO U CHU3Y BBEPX.

33,34,35,36,37,38,39,40,41,42,43,44,45,46,47 48,

17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,
01,02,03,04,05,06,07,08,09,10,11,12,13,14,15,16.
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50 100 150 200 250

Puc. 1. Bwibpannvie 48 3nauenuti 015 OUCKPUMUHAHMHO20 AHATU3A
nokazauwt 3naxkom 'X'.

ANE - 26 wars.
a4
o
2 b a
o
s [ " N : o I:||:|
LA s+ O o: o
s B 2
1 F A & h
o e Ejn
P RGN TN ¢¢§E%nn nujn
<;>
E_,: ok o £ e o, dp%&' rT'J Iu] & o a
2 & o ¢ oo . g
o & 2 <>.§,EE| o
e, O%s o # 7 of o
1+ Gt @ % & o a &
¥ o .
o
2 ® o &
2ot 2 o
40 o @
o o o
L & o
= o & 1M
o & 24
-4 -3 2 -1 ] 1 2 3 g4 v G332
Root 1

Puc. 2. Pe3ynomam OucKkpumMuHanmH1o2o aHaiusa
no mpem epynnam nayuenmos: G_1:0 - 30oposvie 1i0ou 0o 30 niem; G _2:1 -
300posvie atoou nocie 30 nem; G_3:2 - 0OonbHble uneMuyecKol 001esHbI0 cepoya.
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C moMonipr0 MomaroBoro AMCKPUMMHHAHTHOTO aHAJIW3a U3 BCETO
MHOE€CTBa 3HaUYCHUM 10 TpeM oTBenieHusIM 48*3=144 orobpano 26.

o orBesieHn0 X oroopano 11: 0103 0611 14 16 18 22 38 47
10 OTBEJICHUIO Y 0TOOpaHo 9: 1014 192228303341 48
0 OTBEJICHUIO Z 0TOoOpaHo 6: 02 04 22 24 31 47.

Pe3ynprar = AMCKPUMHMHAHTHOrO  aHaau3a B 26-MEpHOM
MPOCTPAHCTBE MH(POPMATUBHBIX TOYECK BEUBIIET-U300PKECHUS O TPEM
rpynmnaM NalueHTOB MPUBEICH Ha puUC. 2.

Buoteoownt
[IpoBeneHHbIC HWCCIIETOBAHUS [MO3BOJIMIA pa3paborathb
KOHKPETHBIE MEXaHU3Mbl 0OHapyxeHus npu3HakoB MbC Ha HayanbHOM
CTaJiuM, TPOBeCTH paHHIO auarHoctuky WBC, OOHApPYKHUTh

Bo3pacTHbie pu3Haku Ha DKI' Bbicokoro paspemienusi. Pazpaboranusie
METO/Ibl U QJITOPUTMBI MOXKHO MPUMEHSATHh B PA3JIMYHBIX MPUKIIATIHBIX
3a/ayax.
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VJIK 004

®UNBLTPALUNA CEUCMOCUITHANOB B WAVELET
TOOLBOX

[Tymkun J1.B., ITermkun /1.B.

Tenzenckuil 2ocyoapcmeennblii ynugepcumem, 2. Ilensa
e-mail: avtomat@diamond.stup.ac.ru

Cpenn  w300uUiMs  MOAXOJOB K  OOpabOTKE  CHUTHAJIOB,
NpEeACTaBICHHBIX CErO/IHS Ha MOTPEOUTENLCKOM PHIHKE, BEHBIIET-aHAN3
BBIJICJIACTCS KaK BeChbMa MOIIHBIA W TMPH 3TOM JOCTATOYHO T'HOKHI
MHCTPYMEHT YacTOTHO-BpeMeHHOW o00paboTku. Ananmu3 B 0Oasuce
BEHBIET-PYHKIIUNA WU, B YACTHOCTH, €r0 OBICTPHIE AITOPUTMBI, CpPEau
KOTOPBIX CIIEyeT BBIACIUTH CXeMy Mamia u JIUQTUHT, SBISIOTCA
MEePCIEKTUBHBIM CPEICTBOM OOpPa0OTKH CEMCMOCUTHAIOB, MOCKOIBKY
MO3BOJIAIOT TOBBICUTH 3(PPEKTUBHOCTH BBHIYUCIUTENBHBIX MPOIEAYP
00pabOTKH, YBENWYHTh CKOPOCTb pACIO3HABaHWs  HAPYIIUTENIEH
OXpaHSIeMbIX OOBEKTOB, YMEHBIINTh U30BITOYHOCTH HH(POPMAITMOHHBIX
MOTOKOB O COCTOSIHUU OXPaHsIEMOro 00bEKTa U, TaKUM 00pa3oM, PEeIIuTh
B HEKOTOPOI CTETIEHU MPOOIEMY «IPOKISATUS PAa3MEPHOCTH.

Wnentudukamuss  HapymuTeneii  OOBEKTOB,  OXpaHSIEMbIX
crUcTeMaMH KPYTJIOCYTOYHOTO MOHHTOPUPOBAHMS, MPEACTABISIET COOO0M
BEChbMa CIIOKHYIO 3aJady: IIOMHMO, COOCTBEHHO, WICHTU(UKALUU
CyObeKTa, BTOPralolIerocs Ha OXpaHSAeMbIi OOBEKT, OIpeeTIeHus
xapakrtepa (mar wim Oer) ¥ HampaBiICHUS €ro JBW)KCHUS, pPELICHHE
JAHHOM  3a7aud  MOApPAa3yMEBAeT NpPEABAPUTEIbHYI0  00pabOTKy
ceificMOCUTHaNa, OT KadecTBa KOTOPOM BO MHOTOM 3aBHUCHUT pEIICHHE
3amaun uaeHtuukanud. ['oBops o 3amade GuiabTpanuu, HEOOXOIUMO
MOTYEPKHYTh, YTO CEHCMOCUTHAIIBI SIBISIFOTCSI KpailHEe HEPETYISAPHBIMU U
MO3TOMY MMEIOT BECbMa CIOXHYIO CTPYKTYPY; TAaKH€ CUTHAIIBI COIepIKAT
HE TOJBKO BHOPOCEHCMUYECKYI0 HH(POPMAIUIO, TOPOKIAEMYIO
OpsIMBIMA M OTPQXCHHBIMU ~ KONEOAHMSIMH  TPyHTa, a Takke
aKyCTUYECKYI0  COCTABJIAIONIYI0, CHHTE3MPYEMYIO yAapaMH HOT
HApyIIUTENs. W TOPOXKIAIONIYI0 BHOpOaKyCTHYECKHe KoJjeOaHus, HO
BMECTE C TeM celicMuueckuil (GoH BeTpa, Aoxknas u T.4. Heobxommumo
OTMETHTb, YTO HEPETYJSIPHOCTh CEWICMOCUTHAJIOB TIPU 3TOM B OTPOMHOM
CTETIEHU OIPEENIeTCsl TUIIOM TPYHTA M €r0 COCTOSHHUEM B Pa3IUYHBIX
CE30HHBIX yCJIOBUAX. CIIOKHOCTh JAaHHOW 3a7aud yCyryOJsieTcsl Takxke
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HEOOXOJUMOCThIO 00pPabOTKH CEMCMOCUTHAJIOB B peajlbHOM MacIiiTade
BPEMEHU.

Inibeal sagnad [yellow] and s denosed werson (blue)

0.0

0.06

.04

0.0z

.02

.04

0.06 ‘

algnal of 14343 samples. Tolal time 5 291 seconds
Puc. 1. @uﬂbmpauuﬂ celicMocueHana npu uCnoilb306adHUU MUHUMAKCHOZO0 nopoea.

Ucnonp3oBanne cucteMbel MATLAB m, B 4acTHOCTH, IMakeTa
Wavelet  Toolbox  mo3Bonmmino  yAOBIETBOPUTH  OOJBIIMHCTBO
TpeOOBaHUI, MPENBIBISIEMBIX TMPAKTUKOW MEPUMETPOBON OXpaHbl K
KauecTBy (WIbTpalldd CHUTHAJOB U, YTO HEMAaJOBa)XHO, BPEMEHHU
o0paboTku ceiicMocurHaigoB. B Hacrosimieidt pabore mnpearaercs
perieHne 3amayd  QUWIBTPALMM CUTHAJIOB CEMCMONPUEMHUKOB C
UCIIOJIb30BAaHUEM JIMCKPETHOTO BeHBIeT-aHan3a. B  OCHOBe Bcex
npouenyp ¢guibTpanuu, peanu3oBaHHbiX B makere Wavelet Toolbox,
JIEKUT MPOCTOU aJTOPUTM JIMCKPETHOIO MHOTOYPOBHEBOTO PA3JIOKEHUS
CUTHaja, TpemoJuHra (moporoBo 00paboTku) Kod(PhUIHEHTOB
pa3joXKeHUs] M TOCJIENYIOIIET0 BOCCTAHOBICHHS CUTHana. B pokmaze
paccMaTpuBaeTcsi HECKOJbKO TpoueAyp GuibTpalluu B CBETE UX
NPUMEHUMOCTH K 3a7aue 0O0pabOTKH CEMCMOCUTHAJOB: (UIIbTpALUs C
A 2
d,=d,

o 1
WCIONb30BaHNeM oueHku pucka [lreiina R, (r)=L—‘ B
J

TIPE/IIOIOKEHUN TayCCOBOCTH ceficMornyma, rae R, (1) - kBagpaTHdHas
(yHkums moteph, L; - AJMHA peanv3alvu BEUBIET-KOIP(HUIMEHTOB

pasnokKeHus  ypoBHA  j, d,d; —KOd(QOHULUMEHTBI  Ppa3JIOKCHUS

OT(l)I/IJ'IBTpOBaHHOFO CHUT'HAJIa )51 CHI'HaJla, THIIOTCTUYCCKHU HC
COACPKaICro aI[I[I/ITI/IBHHﬁ myMm COOTBCTCTBCHHO, (bI/IJILTpaHI/ISI C
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HCIIOJIB30BAHUCM KPUTCPUA I[OHOXO-I[)KOHCTOH& T=20’1110ng , rae O —

aucnepcus myma, (QUIbTparus C HWCIOJIb30BAHUEM MHHUMAKCHOTO
KpuTepus (CM., Harpumep, puc. 1).

Iratial ssgnal [pellos) and 25 derioised vergion (hlus)

1 T T T T T T T
i i i [ i

[ i i i [ [

¥ [l [ 1 L !

.| i pa R et

i
A Ao S RNV S S
DAt ]
1 N N N
[ i i i i i
1 1 ] 1
3 e .

1] 000 2000 3000 4000 5000 GOO0 7000 8000 9000
Signal of B156 samples. Tolal leme is 2.48 seconds

Puc. 2 Qunempayus ceticmocuenana npu ucnonb308aHuu
2nobanvroco nopoea bepea-Maccapa.

nitial sagnal [yellow) and its denoised version (hlue)
0.1 T T

006
L

L0

D02 |-

1 .

006 ‘ i
1 5000 10000 15000
Signal of 14343 samples. Total time is 2 58 seconds

Puc. 3. Qunempayus ceticmocuenana nup ucnovzosanuu nopoza bepea-Maccapa
OMHOCUMENLHO YPOBHSL PA3TIONCEHUS.
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Ha npaktuke aaIuTUBHBIA CEMCMUYECKHM IIIyM, KaK IPABUIIO,
OKa3bIBA€TCS OKPAUICHHBIM, B CBSI3M C YE€M TE3UC, NPUHUMAEMBbII
OTHOCUTENIBHO WIyMa g KpurepueB llreitna, JloHoXo-/[)kOHCTOHA U
JIp. CTAHOBUTCS HecnpaBeauBbIM. [loaTomMy B paboTe paccMarpuBaeTcs
TaK)K€ BO3MOXHOCTh (DUIIBTpPAIMU CEMCMOCUTHAJIOB C MCIOJIb30BAHUEM
robaneHOro mnopora bepra-Maccapa (cMm. puc. 2), a Takxke C
WCTIOJIb30BAaHUEM [OPOTOB, PACCUMTHIBAEMBIX OTHOCUTENIBHO YpPOBHEH
paznoxenust curHana (cMm. puc. 3). (Kcratu, npencrasisieTcs
MHTEPECHBIM clenytomui (akt: st oO0padOTKM Ha KOMIIBIOTEPE C
nporeccopom Pentium 200MMX cBeime 8000 OoTCUETOB HMCXOIHOTO
CUTHAJIA, COOTBETCTBYIOIIMX 2.7C MOHUTOPHUPOBAHUS TMPU YaCTOTE
muckperusanuu 3 k1, TpebyeTcs mpuMepHO 2 ¢ peaJbHOTO BPEMEHH,
YTO MOJTHOCTBIO YJIOBJIETBOPSIET PEXKUMY TPEBOTH).

B pabotre mpuBOAMTCS  TaKXKE CpPAaBHHUTENIbHBIA  aHAIN3
pe3ynbTaToB (UIBTPAIIMM CEHCMOCUTHANIOB, COJEpPKAIUX pPA3THYHbIE
3HAYEHUSI OTHOIICHMSI CUTHAJ/IIYM, OIIEHKM BPEMEHH, HEOOXOAMMOTO
JUISL OCYHIECTBIIEHUS (QWIbTpAallUd B peajbHOM MaciTabe BpeMEHH,
HEKOTOpbIE pe3yJbTaThl WIACHTU(GUKAIMN HApPYIIUTENIed MO JaHHBIM
OT(GWIBTPOBAHHBIX CHUTHAJIOB, a TaKXKe MAOTCS PEKOMEHIAIUA TI0
MPUMEHEHUIO YIIOMSIHYTBIX POLeAYp (PUIbTpaLvu.

Jumepamypa

1. Donoho, D.L., Johnstone, I.M. ldeal spatial adaptation by wavelet
shrinkage // Biometrika, 1994, V.81. P. 425-455.
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VIIK 517.83

NMPOrPAMMA CPABHUTEJIBHOIO AHAJTU3A
CMEKTPOB NJIAHOB 3KCMNEPUMEHTOB A5
UCTMNbITAHUUN OATHUKOBOWU AMNMAPATYPbI

Cazonos B.B., Kopuarusn I1.H.
Tenzenckuil 2ocyoapcmeennblii ynugepcumem, 2. Ilensa
e-mail: avtomat@diamond.stup.ac.ru

B  Hacrosmee BpeMs  METOABI TEOPHUHM  IIAHUPOBAHMS
AKCIIEPUMEHTOB HAXOJAT IIMPOKOE MPUMEHEHUE TMPU HUCHBITAaHUAX
naT4YuKoBOM anmapartypsl ([JA) Ha METPOJIOrMYECKYI0 HAaIe)KHOCTh. JIist
MOJAOOHBIX HCHBITAHUN CYHIECTBYET OOJBIIOE KOJIMYECTBO CIIEKTPOB
IUIAHOB, yJOBJETBOPSIOUIMX CaMbIM  Pa3sHOOOpPA3HBIM  KPUTEPHUSIM
ONTHUMAJIbHOCTH.

W3BecTHbIE  CNELMATM3UPOBAHHBIE  MPOrPAMMHBIE  TAKETHI,
o0JamaloT  BO3MOXKHOCTBHIO T€HEpaluh  Pa3HOOOpa3HBIX  IUIAHOB
AKCIIEPUMEHTOB U OOpabOTKM JKCHEpPUMEHTalIbHBIX JaHHBIX. Kak
OpaBWJIO, MOAOOHBIE MAKEThl PAaCCUMTAHbl HAa TEHEPALMIO IUIAHOB B
LEJIOYUCICHHOW pEeIIETKE, 4YTO II03BOJISIET MCCIEHOBATEN0 CTPOUTH
perpeccuoHHble Mojenu B Oazuce pyHkuuit Yomma-Anamapa. B to xe
BpEMs, Ha CErOJHALIHUN JEHb JOCTAaTOYHO IIMPOKO HPHUMEHSIOTCA
MoJienu (PyHKLIMU OTKIMKa B BUie panoB Pypee [1] u mogenu B Oaszuce
JTUCKPETHO-3KCTIIOHEHIIMaNbHbIX (yHKIMN Bunenkuna-Kpecrencona [2].
CymiecTByronMe CTaTUCTUYECKHME TAKETbl HE MOTYyT OO0ECHEeYHTh
TEHEPALMI0 U BBIYHCIECHHE HEOOXOIMMBIX XapaKTEPUCTHK MOJO0OHBIX
IJIaHOB.

OaHUMU W3 BOKHEWILNX XapaKTEPUCTHK IUIAHOB 3KCIEPUMEHTOB
SABIISIFOTCSL:

1. ko3ddunreHTsl BAUSHUS  TOTPEIIHOCTH  3aJaHUsl  BIHSIOIMINX
(akTOpOB Ha IUCIIEPCUU OLICHOK MOJAEIN
g =Diat.
D

ij
X :

J
2. k03P GUIHUEHTHI BIUSHUS MOTPEITHOCTH OLIEHKU (DYHKIIMHM OTKJIMKA Ha
JUCTIEPCUU OLIEHOK MOJIEIH
_Dla;}
S, =————.
D

y
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Takue XapakTepUCTUKHU TMOJIY4YarOT MO pe3ysbTaTaM HMUTALUOH-
HOTO CTAaTHUCTHUYECKOIO0 MOJEIMPOBAHUS, SBISIOIIETOCS OIHUM U3
ATaIoB MoCcTpoeHus Mojener Gpynkiuu otkiuka A (puc. 1) [2].

YKazaHHBII METOJ MO3BOJISIET UCCIEAOBATENIO MOHATH TOHKOCTH
pELIEHUs] TOCTABIEHHOM 3a/lauyd, BBIABUTH BO3MOXHBIE HCTOUYHHKU
MOTPEUIHOCTE M TOJYYUTh CBEJIEHHS O JOBEPUTEIBHBIX HHTEpBajax
OLICHOK mapaMeTpoB mozenen. Mimes B cBoeM cocTaBe OJMH U3 JYUIIHNX
IFE€HEPATOPOB  CIYYalHBIX  4YHMCENl C  pPa3IMYHBIMU  3aKOHAMH
pacmlpesieNieHrs, a TaKkKe IHUPOKUM HAOOp CTAaTHCTUYECKUX (YHKIUH,
cucreMa MATLAB sBnseTcss uaeanbHbIM CpPEICTBOM peaTU3aLMU
MOJ00HOM MPOLETYPHI.

CyTb METOAMKH CTATUCTUYECKOTO MOAEIUPOBAHUS 3aKIF0YAETCS B
HAJIOKCHUU aJINTUBHOTO IymMa ¢ Jucrepcied D, Ha 3HAYCHHUS

(GYHKIIMM OTKJIMKA, BBIYUCISEMOM COTJIACHO BBIOPAHHOMY CIEKTPY
IUIaHa M Ha 3HAa4YeHMs BIUAIOMMX (QaKTOpoB ¢ aucnepcueit D,
J

MPOBECHUM CTATUCTUYECKUX HWCIBITAHHN U 00pabOTKE HAKOTUICHHBIX
JNaHHbIX [2,3].
Craructudeckas o0pabOTKa BKIIOYACT:
— ompejeeHne MaTeMaTHISCKUX OXKUIAHUN OIEHOK K03((OUITMEHTOB
PErpeCCHOHHBIX MOJIETIEH;
— olpezesieHue Iucnepcuii oneHok koagduurentos D{a,} ;

— TMOCTPOEHHE ‘DMIHUPUYECKUX’ 3aKOHOB PACIPENCICHUS OIEHOK
K03 bUIIMEHTOB.

Ucnonb3yst  BcTpoennble  (Gynkuuu  Statistic  Toolbox,
MPOU3BOJIUTCS TMPOBEPKA 3aKOHOB pACMpENENCHUs] MO0 KPUTEPUSIM
Kosmoroposa u ITupcona. Kpowme YKa3aHHBIX XapaKTEPUCTHUK
BBIYUCIISIIOTCS CIEAYIOIIHUE:

— MaTpuua, obpaTHas nH(GOpMaIMOHHOI MaTpuie dumepa - D', rie
®=FFufF- MaTpulla, COAEpHKalllasi YACJICHHbIE 3HAYEHUSI BCEX
0a3uCHBIX (DYHKIIUN B KaXKJIOM U3 HAOJIOICHUH;

— ymucino oOycinoBieHHOCTH (o  EBknmamy) Marpuiel — IjiaHa,
MOKAa3bIBAIOIIEE UYYBCTBUTEIBHOCTh OIIEHOK KO3 UIIMEHTOB K
MOTPEIIHOCTSIM UCXO/IHBIX JaHHBIX.

Takke HMeeTCsi BO3MOXHOCTh BHU3yallM3allMd CIHEKTpa IUlaHa
AKCIIEPUMEHTA TIPU KOTMYECTBE (PAKTOPOB HE MPEBBIMIAOIINX 3.

Bce  monydeHHble ~— XapaKTEPUCTUKU  MOCIAE  MPOBEICHUS
MCCTICIOBAHMS 3aMUCHIBAIOTCS B (haidl oTUeTa.

AHaJIN3 CTIEKTPOB IJIAHOB MPOU3BOJUTCS B JTUATIOTOBOM PEKUME C

UCTIONb30BaHUEM CpEACTB rpaduueckoro uHTEepdeica Mmoap30BaTels
(GUI) cucremer MATLAB.
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Jumepamypa

1. Tkauee C.B., Muxomuwn B.J[. llnanupoBaHue 5>KCIEpUMEHTa JJIsi
UCIBITAHUS ~ JaTYMKOBOM  ammaparyppl Ha  METPOJIOTHYECKYIO
HazexxHocTh. [Tensa: M3a-Bo Ilens. roc. yn-ta, 1996. 184 c.

2. Iluckapes C.I1. 1lnanupoBaHuEe 3KCHEPUMEHTA MPU MOAECIHPOBAHUU
XapakTepUCTUK JaTYMKOBOW ammapatpybl B 0a3uce JUCKPETHO-
OKCMIOHEHIIUANbHBIX (QyHKIu: [lucc... xana. TexH. Hayk. l[lensa,
ITens. roc. yn-t, 2000. 201 c.

3. Muxomun B.J[., Caszonoe B.B., Kopuaeun I[1.H. WccnenoBaHue
BIUSHUAS HETOYHOCTH 3aJIaHUs BIHASIONINX (DAKTOpPOB HaA OIICHKY
KO3 PUITMEHTOB PErpecCHOHHON MOJIENU METOJOM HMHUTAIMOHHOTO
CTaTUCTUYECKOTO MojaenupoBaHusi. MexBy3. c0. Hayd. Tp. Jlaruuku
CUCTEM H3MEpEHHUsi, KOHTpoJsi u ynpasieHus. [lensa: M3n-Bo IleHs.
roc. yH-Ta, 2001. C. 135-143.
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VK 621.396.2

UCMNMOJNIb3OBAHUE MATLAB AO5A
MOAEJIMPOBAHUA CUCTEM CBA3U

Cepruenko A.b.
Canxm-Ilemepbypeckutl 20cy0apCcmeeHHblll 2JIeKMpPOMexXHUYeCcKUll
yuusepcumem «JIDTH», . Cankm-Ilemepbype
e-mail: sandy@ieee.org

1. Beeoenue

TexHonoruu mepeaadd MHGOpPMAIMU 3aHUMAIOT B COBPEMEHHOM
MHUpE Bce 0oJiee BaXKHOE MECTO, Jiejiasg KpalHe aKTyaJbHbIMUA BOTPOCHI
pacyeTa U MOJEIMPOBAHUS CUCTEM CBSI3U.

Takue 3aa4M MOTYT PeIIaThCs C UCIIOJIH30BAHUEM MPOrPAMMHBIX
IPOTYKTOB JIBYX KaTEeTrOpHiA: CHEIUATN3UPOBAHHBIX cpen
MOJICIMPOBAaHUSI M YHUBEPCAJIbHBIX  MAaTeMAaTHYECKUX  IaKEeTOB.
JIOCTOMHCTBAMH  CIIEIIMAIM3UPOBAHHBIX  MPOTPAMM  SBJISIFOTCS WX
ONTHMU3AINS 11 KOHKPETHBIX 3a/1ad U JOCTUTaeMasi 0J1aromaps SToMy
Oosbiiasi CKOpoCcTh paboThl. OpHako TJIaTOM 3a 3TO  SBIAETCS
HEJI0CTaTOYHAas THOKOCTb, 3aTpyaHsIONIas MOJIETUPOBaHUE
HECTaHJAPTHBIX AJITOPUTMOB U MPOTOKOJIOB. ITOTO HEAOCTATKA JTUIIEHBI
WM TIOYTH JIMIICHBI TPOTPAMMHBIE MPOAYKTHI OOIIEro Ha3HA4YCHWS,
CpeAu KOTOPBIX JUIUPYIOIIEE TMOJIOKEHUE B 00JIACTH TEXHUUYECKUX
BBIYUCJICHUN 3aHUMaeT npou3BoauMbiil ¢hupmoiri The MathWorks, Inc.
nakeT MATLAB® ¢ ero MHOrO4YMCJIECHHBIMU MPUKIAIHBIMUA MMaKeTaMU
pacHIMpeHuUs.

Hnsa wmopenupoBanusi cuctem cBsisu B MATLAB ecty nBe
BO3MOYXHOCTH: BBITIOJIHEHUE pacuemos, ONKCHIBAIONINX Mepenavy
uHpopMan, W COOCTBEHHO OuHAMUYECKOe MOOeIUpPo8anue C
MOMOIIBI0 CUCTEMBI MozenupoBaHus Simulink®. DTu BO3MOXKHOCTH
peanu3yloTCcs CIEIYIOIUMHU CHEeIUATU3UPOBAHHBIMU KOMIIOHEHTAMU:
Communications Toolbox coaepxur HeoOXxoaumMmble  (QyHKIUU
MATLAB, a Communications Blockset mpegocraBiser B
pacropsbkeHHe TMoJb30BaTelsi HaOoOp OJIOKOB [Jisi  MOJAECIUPOBAHUS
CUCTeM cBsi3u ¢ omotibio Simulink. biioku u ¢pyHKIIMN OpUEHTHPOBAHBI
B OCHOBHOM Ha MOJIEIMpOBaHUE (PU3UYECKOTO U KAHAIBHOTO ypOBHEH
nH(OPMAIMOHHBIX ceTel (coracHo cemuypoBHeBoi mozaenu OSI).
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PaboTa yka3zaHHBIX CHEIMAIM3UPOBAHHBIX MAKETOB OMUPAETCS Ha
obmme GyHKIMU TUGPOBOM 00pabOTKH CUTHAJIOB, PEAIM30BAHHBIC B
nakere pacuupenus: Signal Processing Toolbox u nHa6ope 6:10k0B DSP
Blockset.

Ha puc. / mokazana 0000mieHHass CTPYKTYpHAsi CXeMa CHUCTEMBI
cBsi3u [1, 2].

[Tepenarunk
re-----=-""=-"=-"""-=-"-"=-""=-"-="==-"=-"=-"=-"=== hl
[lepenannoe | |
coobuieHne | ITomexoycroiunBoe I
Konuposanue y Ly Moyssimms :
| UCTOYHHKA KOZMPOBaHHE
I
y
e . - - T _ I [Iympr,
Kapan | ToMexu
—
IIpuemuuk CBSI3U
e hl
[Ipunstoe
coobuieHue 1 JlexomMpoBaHue ITomexoycroitunBoe

<
HCTOYHUKA ACKOANPOBAHUC

=i
@
=
=
E
2
=
S

Puc. 1. Cmpyxmypuas cxema cucmemul c653u.

Ha3naueHneMm cUCTEMBI CBA3U SBIISIETCS NEpenada coooujeHus u3
OJIHOM TOYKM B JPYIYIO Uepe3 KaHuanl c6Aa3u, O0JaJaronuii
OnpeeIeHHbIMH CBOMCTBAMU (B YaCTHOCTH, MPOMYCKAIOUIUN JIHIIIb
HEKOTOPYIO TOJIOCY 4YacToT). st pemieHuss 3Toil 3ajauu MpUXOAUTCS
OCYUIECTBJISTh LENbIN Psii MpeoOpa3oBaHUi.

[Ipexxne Bcero MCXoAHOE COOOIIEHUE MOABEPTaeTCsl NEPBUYHOMY
KOJIUPOBAHUIO  (KOOUposanuro  uUCmMoOuYHuKa), 1elb  KOTOPOro —
npeoOpa3oBaHKe aHAIOTOBOTO COOOIIeHHus B Iu(ppoBoe MO0 ckaTtue
nHopmaruu. Cleayomuil 3Taln — HoMexoyCmouyugoe KoOuposaHue.
3nece B COOOIIEHHME BHOCUTCS M30BITOYHOCTH C ILENBI0 OOECHEYHTH
BO3MOYXHOCTH MCTIPABJICHHS Ha TIPUEMHON CTOPOHE BCEX MITH HEKOTOPHIX
BO3HHUKIINX B TIporecce mepemadn omuoOok. [locine mnpuMeHeHwHs
MOMEXOYCTOMYMBOTO KOJA COOOIIEHUE TOCTYNMAaeT B MOOyaamop,
npeoOpa3yronun nudpoBoe coo0IIIeHHE B aHaJIOTOBBIN
MOIYJIMPOBAHHBIA CUTHAJI, 3aHUMAIOITUH 33JJAaHHYIO MTOJIOCY YaCTOT.

B mporecce npoxoxaeHUss MOIYJIMPOBAHHOIO CHUTHaJIa 4Yepe3
KaHan Cc6A3u CUTHANl TOJBEPraeTcs BO3JAEHCTBUIO IIYMOB M IOMEX.
NckaxeHHbIN CUTHA MOCTYMAeT Ha BXOJ MPUEMHHUKA.

CTpyKTypa MPUEMHON YaCTH SIBISIETCS 3ePKAIBHBIM OTPaKCHHUEM
CTPYKTYPBI TIepeaTINKa — CUTHAJ MPOXOIUT Yepe3 OJIOKH, B OOpaTHOM
NOPSIAKE OCYHIECTBIAIONIUE MPeoOpa3zoBanHusi, 00paTHBIC MO0 OTHOIIEHHUIO
K TeM, YTO TPOM3BOAWINCH B MepefaTdymke. [Ipexknae Bcero curHaml
NoABEpraeTcss oOdemooyrayuu, B TPOLECCE KOTOPOW aHAIOTOBBIN
MOJYJIMPOBAHHBIA CUTHAN TpeoOpasyeTcs B IU(poBOE COOOIICHHE.
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Jlanee TpOU3BOIUTCSA O0eKOOUPOBAHUE NOMEXOYCMOUYUUBO20 KOOd, TIPU
3TOM Oyiaroapss KOPPEKTUPYIOIIMM CBOWCTBaM KOJa BO3MOKHO
UCIIpaBJeHUEe YacTu (MM BCEX) OMIMOOK, BO3HUKIIHUX B IpoIlecce
nepenaun. Ilocie wucnpaBiaeHUs OMIMOOK CIEAYET 0eKoOUpoBaHue
UCMOYHUKA — BOCCTAHOBJICHUE UCXOJHOTO COOOIIICHHUS.

B cooTBercTBMM C NPUBEAEHHOW CXEMOHW MOYHO BBIJICIUTh
CIIEYIONIE OCHOBOTOJIATAIONINE TPYNIbl (YHKINNA, peaTn30BaHHBIX
kak B Communications Toolbox [3], Tak m B Communications
Blockset [4]:

— (DyHKIIMHM MOJICTUPOBAHUS M aHAJIN3a CUTHAJIOB;

— (yHKIIMM KOAUPOBAHUS/IEKOIUPOBAHUS NCTOUHHKA,;

— (dyHKIMH KOJIMPOBAHM S/ JEKOAUPOBAHUS KaHasa CBSI3U
(TOMEX0yCTOWYMBOTO KOJUPOBAHUS/IEKOAUPOBAHHS);

— (OYHKIIMHM MOYJISIAY/ AEMOTY ISV,

— (DyHKIIMM MOJIETUPOBAHMS KAHAJIOB CBSI3H.

Kpome toro, B makere pacmupenusi Communications Toolbox u
Habope OsokoB Communications Blockset umeroTcst 1OMOTHUTEIBLHBIE
byHKIIMU W OMOIMOTEKH, peaau3yrolue Oojiee CreruaIn3upOBaHHBIC
BO3MOHOCTH.

2. Ilakem pacwupenusa Communications Toolbox

[laker pacmpenuss Communications MpegHa3HAYEH IS
BbIOJIHEHUA B cpene MATLAB  pacdeToB, CBSI3aHHBIX C
MOJEIUPOBAHUEM TEIIEKOMMYHHUKALIMOHHBIX CUCTEM. B nepByro ouepean
GyHKIMM TMaKeTa OPUEHTUPOBAHBI HA CUCTEMBI ITUGPOBOM CBSI3H, HO
UMEIOTCS M PYHKIIMH aHATIOTOBOM MOIYJISIIUN U IEMOIYJISALIHH.

K BO3MOXHBIM 00MacTaIM NpPUMEHEHHUS TMaKeTa OTHOCATCA
MOJICJIMPOBAHUE Tepeaui JaHHBIX MO TeIe(OHHBIM CeTSIM (MOJEMHBIC
npotokonsl, VDSL, HDSL, ADSL), paanokananam (paaunotenedoHbI
DECT, coroBeie cett GSM) u pa3HOOOpa3HBIM (PH3UYECKUM Cpenam
KOMITBIOTEPHBIX CETEH.

Jns  ucnonws3oBanus mnakera Communications HE0OXOAUMO
HaJIM4Ke yCTaHOBJIEHHOro maketa Signal Processing.

Pa3nenenne ¢yHKUMA TakeTa Ha CMBICIOBBIE TPYNNbl B
3aBUCHUMOCTH OT UX Ha3HAYEHUs COOTBETCTBYET NPUBEIACHHOM paHEe Ha
puc. I CTPYKTYpPHON CXEME€ CHCTEMBI CBS3U. B COOTBETCTBUM C 3TOU
CXEMOM MOXHO BBIJICIHUTH CIEIYIOIINE TPYIbl (PYHKIIMMA MMaKeTa:

— (yHKIMHM MOJIETMPOBAHUS U aHAJIM3a CUTHAJIOB;

— (hyHKIIMHM KOAUPOBAHUS/ IEKOIUPOBAHUS NCTOYHHKA,;

— (GYHKIIUU TOMEXO0YCTOWYHBOTO KOJUPOBAHUS/IEKOAUPOBAHHS,
— (yHKIUHU MOTYJALMH/ AEMOTY AN,
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— (QYHKIUHU MOJECIUPOBAHMSI KAHAJIOB CBSI3H.

Kpome a3Tux rpymm, HENOCPEACTBEHHO  CBA3aHHBIX €O
CTPYKTYPHOM CXEMOM TEIEKOMMYHUKAIIMOHHOW CHUCTEMBI, B IIAKETE
Communications ©UMeeTCs eIie HECKOJIBKO TPy (PyHKITHH:

— (GYHKIIUHU pacyeTa CreUualbHbIX (QUIBTPOB;
— (DyHKIMM BBIYMCIEHUN B KOHEUHBIX NMOJSIX (TI0JsAX [amya);
— BCIIOMOraTelibHble (PYHKLNU.

Paccmotpum 311 rpynnsl GyHKIUN noAgpoOHEe.

2.1. @yukyuu mooeauposanusn u AHAIU3A CUZHATIO8

Jns  MonenupoBaHHMS — TEJIEKOMMYHHUKAIMOHHOW  CHCTEMBI
HEOOXOJAMMO HMMETh BO3MOXHOCTh CO3[aBaTb MOJEIN CHUTHAJIOB H
mymoB. Illymbl, OYEBHIHO, SBISIIOTCS CIIyYaWHBIMH IHPOLIECCAMMU.
CrnydaliHBIMUA ~ SIBJISIFOTCS. M COOOIIECHMsI, TOJJIeXKAIlIUe Iepeaaye.
Paznuume mexay moyie3HbIMA M IIYMOBBIMH CITyYailHBIMU MHpOLIECCAMU
3aKJIF0YAETCS B UX CTATUCTUYECKUX CBOWCTBAX.

Takum 00pa3oM, MOJETUPOBAHUE CUTHAJIOB U IIIYMOB B CUCTEMAaX
CBSI3U CBOJMUTCS B KOHEYHOM CUETE€ K IE€HEpalUH CIIy4alHbIX YHUCEN C
3aJIaHHBIMU CBOMCTBaMHU. B [OmONHEHWE K TeHeparopaM CiIy4YalHbIX
yrcell rand u randn, umeromumMmcsa B 0a3oBoii oudnunoreke MATLAB,
naker Communications mpeAoCTaBIsIET B PACHOPSHKEHHUE MOJIb30BATENS
HECKOJIBKO 0oJiee CiennaaIn3npOBaHHbIX (QYHKITUH.

@yukuus randint MO3BOJSET CO3/1aTh MATPHIy CIyYalHBIX
YHCEJI, PABHOMEPHO PACHPEAECICHHBIX B 3aIaHHOM MHTEpBaJIe. biauskoun
0 CMBICTY, HO Oojiee THOKOW siBisieTcss (yHKIus randsrc, KoTopas
MO3BOJISIET 3a/aBaTh aigasum (TO €CTh MHOXXECTBO HCIIOJIB3YEMBIX
HEJBIX YHCell, He 0053aTEIbHO COCTABIISIONINX HEMPEPHIBHBIN TUAMa30H)
U BEPOSITHOCTU TOSIBJIEHUSI B COOOIIEHUU OTIEIbHBIX CHMBOJIOB 3TOTO
andapuTa.

Oyukius randerr npegHazHadeHa At GOpMUPOBAHUS OIIMOOK B
nuppoBom curHane. OHa AaeT MaTpuily, B KaXKJI0M CTpOKE KOTOPOW
MMEETCSl 3aJlaHHO€ 4YHCIIO CIYyYalHO PAacCIOJIOKEHHBIX HEHYJEBBIX
AJIEMEHTOB.

C momomipio GYHKIIMH WEN MOJEIUPYETCS NUCKPETHBIA OembIit
rayCCOBCKMM IIyM C 3aJaHHOM MOIIHOCThIO. ['eHepupyembiil mIym
MOKET OBITh BEIIECTBEHHBIM HJIM KOMILIEKCHBIM.

JInsl OLlEHKM MOMEXOYCTOMYMBOCTH CHCTEMBI CBSI3U HEOOXOAMMO
MPOU3BECTU CPABHEHUE UCXOJHOrO (IMEepeaBaeMoro) COOOIIEHUsI C
cO0O0IIIeHNEM, TTOIYYeHHBIM B pe3yabTaTe MpHeMa, U ONPEeIUTh YUCII0
U BEPOSATHOCTh OIIMOOK, BO3HHUKIIMX B Tpolecce Nepenadyu. ITH
JEUCTBUS BBITIONHSIOTCA (yHKIMsIMU symerr u biterr, nepBas wu3
KOTOPBIX MOACYUTHIBAET YHUCJIO HECOBMNAJAIOIINX CUMBONO8 B JIBYX

299



Yacme 2. [Ipumenenue cneyuanuzupo8aHHbix NaAKemMos NPUKIAOHBIX NPOSPAMM

COOOIIEHUAX, a BTOpAsi — YHUCJIO HECOBMAMAIOIINX OUMOE B TBOUYHBIX
NPECTABICHUSX ITHX CUMBOJIOB. KpoMe umcina ommbok, 06e GyHKINN
MOTYT BO3BpaliaTh JOJIIO OMIHUOOK B OOIIEM YUCJIE CUMBOJIOB (OMTOB) M
WHIMKATOPBI MECT BOSHUKHOBEHHSI OIITHOOK.

[Tocneqaue nBe (GYHKIMM JAHHOW TPYNIBI MPETHAZHAYCHBI IS
rpaguIecKoro 0TOOPAKEHUSI CUTHAJIOB ¢ KBaJIpaTYPHOW MaHUITYJISAIIHCH.
Oyukuusa eyediagram  BBIBOAMT TakK HA3bIBAEMYIO  2ld3K08YIO
ouazpammy, a pynkuus scatterplot — ouaepammy paccesanus.

2.2. @ynkuuu KoOupoeanus/0eKoOupoeanus UCMmoOUHUKa

KomupoBanue wucrounuka (source coding) mnpeaHazHAYEHO IS
TOro, 4TOOBI MpeoOpa3oBaTh UCXOAHYIO GoOpMy CcOOOlIEHUsS B
MPUTOAHBIN s iepenayn Gopmat. B obmiem ciydae 3T0 KOIMpPOBaHUE
MOXXET BKJIIOYaTh B Ce€OSl AUCKPETU3AIMI0 U KBAHTOBAaHUE, a TaKKe
yCTpaHeHUe H30BITOUHOCTH, UMEIOIIEHCS B ICXOJHOM COOOIICHHUU.

[Taker Communications CcoOIEpPXUT (GYHKIUH, BBITOJIHAIOMINE
CJIETyIOIINE OTIEpaIlui KOJIMPOBAHUS/ IEKOANPOBAHUS UICTOYHHKA!

— HEpaBHOMEPHOE KBAHTOBAHHE W ONTUMHU3ALMS MapaMeTPOB TaKOTO
KBaHTOBAHUS;

— Jorapu(pMHUUYECKOe U IKCIIOHEHI[MATIbHOE MPe0Opa3oBaHMUs;

— nuddepeHnmranbHas UMIYIbLCHO-KOJ0Bass Moayisiiusa (AMKM) u
ONITUMU3ALINA €€ TTapaMeTPOB.

2.2.1. Hepagnomephnoe Keanmosanue

HepaBHOMEpHOE  KBaHTOBaHME  OCYIIECTBIAETCS  (PyHKIMEH
quantiz. OHa mnoO3BoOJISIET TpeoOpa3oBaTh MPOU3BOJIBHBIE 3HAYCHUS
BXOJHOTO  CHTHaJla B  HOMEpa ypOBHEM  KBAaHTOBaHUS W
COOTBETCTBYIOIIME KBAaHTOBAaHHbIE 3HaueHHs. B KadecTBe mapaMerpoB
3a/1af0TCSl TPAHULIBI 30H KBAaHTOBAHUS U COOTBETCTBYIOIIHME 3TUM 30HAM
KBaHTOBaHHbIE 3HaueHus curHaiga. C nomompo GyHkuu lloyds MoxxHO
ONTHMU3HUPOBATh MAapaMEeTpbl KBAaHTOBaHMs. DTa (PyHKUUS MOAOUpAET
IpaHulbl 30H U KBAHTOBaHHbIE 3HAUEHUS HA OCHOBE TECTOBOro Habopa
BXOJHBIX OTCYETOB, MHHHMMU3HUPYS CPEAHEKBAJPATUUYECKYIO OIIMOKY
KBaHTOBaHMA. J[JI1 ONTUMU3ALMK UCIIOIB3YETCS anroputm Jlnoiiaa.

2.2.2. Jlozapugpmuueckoe u IKCnHOHEHUUAIbHOE NPEOOPA306aAHUA

HpI/I KOOIUPOBAHUUN PCUYCBLIX CHUTHAJIOB HCKAXKCHHUSA CHUIHAJIOB C
MaJIbIM YPOBHCM OKa3bIBAIOTCA 3HAYUTCIBHO 3aMCTHCC Ha CIIYyX, 4YCM
VCKa)KCHMS CUTHAJIOB C OOJIBIITAM YPOBHEM. K TOMY XKC pequoﬁ CHUI'HaAJl
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UMEET CPABHUTEIBHO OOJIBIION nuxgaxmop, TO €CTh MUKOBBIA YPOBEHb
CUTHAJIa 3HAYUTEIBHO TMPEBBINIAET €ro  CPEeIHEKBAIPaTHUYECKOE
3HaUYE€HHUE, a 3HAYUT, OOJBIIME BBIOPOCHI CIYYAIOTCS PEIKo. ITO
MO3BOJISIET UCIOJIb30BaTh HEIMHEHHOE KBAHTOBAaHUE, MPU KOTOPOM IIar
KBAaHTOBaHMS I OONbIIUX (1O MOAYJII0) 3HAYEHWM CUTHaia OOJblIe,
geM Uil Majiblx. TakuMm o0pa3oMm, HWHACKC KBAaHTOBaHUS (HOMEP
KBaHTOBAHHOTO YPOBHS) HEMTMHEIHO 3aBUCUT OT BXOAHOTO CHTHAIa, 3Ta
HEJIMHEWHAasT 3aBUCHUMOCTh TMPEACTABISICT COOOM JorapupMUUECKyrO
¢yHkmuio. J[7as BOCCTAHOBIIGHHS CHUTHAja WHCIONB3yeTcs oOpaTHOe
(9KCTIOHEHITHAIBHOE) TTPE0Opa30BaHHUE.

JlaHHBI CcOCO0 KOIUPOBAHUS/IEKOTUPOBAHUS TPUMEHICTCS B
anmaparype tenedonnbix cranuui (Pexomenpmanumsa ITU-T G.711).
Jlorapudmuueckoe npeoOpa3oBaHUe MO3BOJSIET CXKATh OUHAMUYECKULL
ouana3ox CUTHAJIAa U YMEHBIIUTHb KOJIMYECTBO IBOMYHBIX Pa3psiioB,
HEOOXONUMBIX JJIi  ero mpenacraBieHus. I[lpu  ucnonb3oBaHUU
napaMeTpoB KoAupoBaHus, ykazaHHbIX Pexkomenpanuu ITU-T G.711,
ATO TO3BOJISIET YMEHBIIUTH TPEOYEeMYI0 CKOPOCTh MEpe/layu JaHHbIX B

nontopa  paza  (12-paspsgHoe  ABOMYHOE YHCII0 nocie
Jaorapu(pMHUUYECKOro  NpeoOdpa3oBaHUs  MPEJCTABIAECTCS  BOCEMBIO
paspsiiamn).

B makere Communications o0a yKa3aHHBIX TpeoOpa3OBaHUsA
ocymiecTBisitorest pynaknuern compand. OHa TMO3BOJIIET peaTnu30BaTh
JIBa HCIIOJIb3YeMbIX Ha NPAaKTUKE BapHaHTa NpeoOpa3oBaHUs — Tak
Ha3piBaeMble 3akoHBI A w W (A-law wu p-law), HeckombpKO
pa3IYaronuecs criocobom dbopMupoBaHUs
9KCITOHCHIIMATLHOM/TOTapU(PMUIECKON 3aBUCHMOCTH.

2.2.3. /lughpepenyuanvnan umnynvcno-koooean mooyaayus ([IHKM)

Eme oamH cnoco® yMEHBIIUTh CKOPOCTb TMEpelaud JaHHbBIX,
HEOOXONMUMYIO TpHU Mepelade PEeUeBbIX CUTHAJIOB — HCIOJIb30BAHKE
TOTO (paKTa, YTO PEUEBON CUTHAJ M3MEHSETCS BO BPEMEHH JOBOJBHO
wiaBHoO. biiaromapsi 3 ToMy MOXHO npedckasvliéams CUTHAN, GopMupys
JUHENHYI0 KOMOWHALMIO MPEeAbIAYIIMX ero 3HadeHud. OcraTodHas
owubKka npeockaszanusi OKa3bIBACTCA MAJOH, W AN €€ KBAaHTOBAHUSA
MOXHO HCIOJIb30BaTh MEHBUIEE YHCIIO YPOBHEW. DTa HAEs JIEKUT B
OoCHOBe MeTona nuddepeHTnanbHON UMITYIBCHO-KOJOBOW MOTYJISIIAH
(JAMKM) (differential pulse code modulation, DPCM).

OyHKIUA dpcmenco MPOU3BOJAUT mud epeHnmanTbHoe
KOAMPOBAaHUE COOOINEHHUs, TPU OSTOM 3a7ar0TC KO3 UIIMEHTHI
npeacKa3bIBaoIiero (GpuibTpa W MapaMeTpbl KBAaHTOBAHUS OIIMOKU
npeackazanus. @yHkuus dpcemdeco BOCCTaHABIMBAET HCXOLHOE
coobmienne. YtoObl MHUHUMH3UPOBATh HUCKWKEHUS  COOOIIECHHS,
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BO3HUKAIONME B Tpouecce audPepeHnnanbHOro KOJUPOBAHUS U
JNEKOJUPOBAHUS, HEOOXOJUMO TIPABWIBHO  BBIOpPATh  MapaMeTphl
JUKM — k03¢ duiineHTsl npeicKa3bIBaoIEero (puibTpa, TpaHuIlbl 30H
KBAaHTOBAHMS W KBAaHTOBaHHbIE ypoBHU. C(nenatb 3TO MO3BOJISIET
bynkuus dpcemopt, KoTopas MOAOMpPAaET YKa3aHHbIE IapaMeTphl,
MUHUMU3HUPYS CPEAHEKBAAPATUUYECKYI0 OIMMOKY KBAaHTOBaHUS IS
TECTOBOM MOCIEA0BATEIbHOCTH OTCYETOB.

2.3. DynKuuu nomMexoycmoudueo20 KOOUpoBaHus/0eKoouposanus

I/II{CSI HOMCXO}’CTOIZ‘IHBOFO KOJAUPOBAaHUS 3aKIHOYACTCA B TOM, YTO
K IIepcaaBacMoMy COO6HI€HI/IIO I[O63BJI$II-OTC§I M30BITOYHBIE CHMBOJIBI.

OTH M30BITOYHBIC CHMBOJIBI CBs3aHbI OIIPCACIICHHBIMHA
MAaTCMAaTHYCCKUMH COOTHOMCHUAMHM C CHMBOJIAMH COO6HIGHI/IH. HGHB
BHECEHUS M30BLITOYHOCTH — CACIIaTb BO3MOJKHBIC KOIHUPOBAHHBIC

COOOIIEHUsT KaK MOYXHO OOJIbIIE OTIMYAIOIIUMUCS IpyT OT npyra. Jlms
U3MEpPEHHsI  CTETIEHW OTOr0  OTJIMYUS  HCIHOJB3YETCS  K0O0Boe
paccmosinue —  MHHHMAJIBbHOE  YHCIO  CHUMBOJIOB,  KOTOPBIMH
pa3nnyaoTcs JBa KOAUPOBAHHBIX cO00meHUsA. OT KOJIOBOTO PaCCTOSHHUS
3aBUCHT KOPpeKmupyioujas cnocooHocms KoJa, TO €CTh BO3MOXHOCTb
oOHapyXMBaTh W/WIU HCIPABISATH C €ro IMOMOIIBI0 HEKOTOphIE U3
MPOM3OIIEAINX WCKakeHui. [Ipyn mexomupoBaHWM KoAa C KOJOBBIM
paccTosiHueM dy MOXXHO OOHapyXuTh OMMUOKH KpaTHOCTH (dp— 1) u
UCIIpaBUTh OmMOKHU KpaTHOCTH ((dy — 1)/2).

Koapl MOXHO pa3nenuTh Ha JBa OONBIINUX Kilacca — O0uHble
KOABl U cgepmoyHble KOnbl. [Ipu WCMOIB30BAHUM OJ0YHLIX KOJOB
UCXOJHOE COOOIICHHE ACIUTCS Ha OJIOKM M KaXIbIi OJIOK KOAHUpyeTcs
HezaBucuMo. Kogaep mins ceepmounoeo Kojga TPEACTaBIsSET CoOOM
YCTPOMCTBO C MaMSTHIO, U JOOABIsieMble H30BITOYHBIE CHUMBOJIBI 3aBHCST
HE TOJBKO OT TEKYIIero ()parMeHTa COOOIIEHHUs, HO W OT BHYTPEHHETO
COCTOSHUSL KOjlepa, TO €CTh B KOHEYHOM CYETe OT MPEAbLIYIINX
dbparmenToB coobmienus. [laker Communications mo3BosIET padboTaTh
Kak ¢ OJIOYHBIMH, TaK U CO CBEPTOYHBIMH KOJTAMH.

2.3.1. bBrounwie Koot

[TakeT mopAep:kuBaeT padOTy C MPOU3ZBOJIBHBIMU JUHEUHbIMU
OouHbIMH KOJaMH. VIMeeTcsi Takke [OMOJHUTEIbHAS MOAAEPKKA
HECKOJIbKHUX 00Jiee Y3KUX KJIACCOB KOJIOB — IMKJIMYECKUX KOJOB, KOJOB
boyza—Yoynxypu—XokBunrema (bUX), xkomor X3MMHUHra u KOIOB
Punpa—Comnomona.

OyHKIMKU BBICOKOTO ypoBHs encode u decode OCYIIECTBIISIIOT,
COOTBETCTBEHHO, KOJMPOBAHHWE M JIEKOJUPOBAHUE COOOIIEHUS C
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UCIOJIb30BaHUEM OJO0YHOro Koza. THI HCIOJIb3yeMOro KoJia 3a7aeTcs B
quclie TapaMeTpoB (PyHKLIUH.

JluneliHpI OJOYHBIA KON B OOIIEM ciydae OIHMCHIBACTCS
nopooxcoarowert  mampuyer.  KomupoBanue  O1oka  (BEKTOpa)
IPOU3BOJMUTCS IIyTEM €r0 YMHOXKEHHS Ha IOPOXKIAIOLIYI0 MAaTpUILY.
[ToMmuMo mOpOXKAAIOIIEH, CYIIECTBYET HPOBEPOUHAs Mampuya KOHa.
OHa MOXET UCIOoNb30BaThCA JJIsI OOHApYyXKEHUS OLIMOOK — TpH
OTCYTCTBUM  OWIMOOK YMHOKE€HHE KOJIMPOBAaHHOro OJIoOKa Ha
MPOBEPOYHYIO  MaTpHIly  JOJDKHO  JlaBaTb  HYJEBOM  BEKTOP.
[TpeobpaszoBanre MOPOXKTAOIICH MATPHUIBI B MPOBEPOUHYIO U 0OpaTHO
ocytiecTBisieTcs: GyHKIMEH gen2par.

Ecin yMHOXEHHME KOAMPOBAHHOIO OJIOKa Ha IPOBEPOUYHYIO
MaTpUlly HE JaeT HyJEBOrO BEKTOpa, TO IMOJIyYEHHBIH pe3yibTar (€ro
Ha3bIBAIOT CUHOPOMOM) TIO3BOJSIET ONPENENINUTh, Kakue HMEHHO
CUMBOJIbI OBLIM MCKaXXEHbI B Impoliecce nepenaun. Ecnu kox sBisercs
JBOMYHBIM (TO €CTh CHUMBOJIBI MOTYT NpPUHUMAaTh TOJbKO 3HaueHus 0
u 1), 3TO MO3BOJSET UCHPAaBUTHh OMIMOKH. JleKoaupoBaHuE JTMHEHMHOIO
0JIOUHOTO KOJa, TaKUM OOpa3oM, MOXHO OCYIIECTBUTH C IMOMOUIbIO
TaONMILBI, B KOTOPOM [UJISl KaXIOro 3HAYEHWs CHHJIpPOMA YyKa3aH
COOTBETCTBYIOIIMKA BekTop omubok. Co3maTe Takyl TaOJWIy Ha
OCHOBaHMM TMPOBEPOYHOM MaTPHUIBl KOJA TMO3BOJSET (PYyHKUHUA
syndtable.

Oyukuus gfweight mo3BoniseT onpenenuTs KOJOBOE PACCTOSIHUE
JUIsL  JIMHEWHOTO OJIOYHOro KoAa MO €ro MOPOXKAAIOWEH WM
IPOBEPOYHON MATPHULE.

2.3.1.1. [Juknuueckue K0Obl

[uknuyeckne KOAbI— 3TO MOAKIACC JIMHEWHBIX KOJOB,
oOnagaronmx TEeM CBOWCTBOM, 4YTO IIMKIWYECKas IepecTaHOBKa
CUMBOJIOB B KOJAMPOBAaHHOM OJIOKE€ JaeT JpYrol BO3MOXKHBIM
KOJMPOBaHHBIA OJIOK TOro ke koxa. i paboThl ¢ UUKIMYECKUMH
kojgamu B makete Communications UMEIOTCS ABE (PYHKITUU: C TIOMOIIIBIO
¢ynkmun  cyclpoly MOXHO TMONy4YHTh TOPOXKIAIOUINN  MMOJTMHOM
LHHAKIMYECKOrO0 KOJA, & UCIOJIB30BAB 3TOT IOJIMHOM B KadyeCTBE OJAHOTO
u3 mapameTpoB QyHKIMU cyclgen, MOXKHO MOTYYUTH MOPOKIAAIONIIYIO U
MIPOBEPOYHYIO MaTPHULIbI AJI1 JAHHOTO KOAA.

2.3.1.2. Koovt BUYX

Konet BUX sBisitoTcs OAHMM M3 TMOJKIACCOB ITUKIMYECKUX
0s104HBIX KOAOB. [Inst paGoThl ¢ HUMHU (YHKIHMH BBICOKOTO YpPOBHS
BBI3BIBAIOT crielrain3upoBanubie GyHkiuu behenco (konupoBanue) u
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bchdeco (nexomaupoBanue). Kpome toro, dynkmus bechpoly mospossier
pacCUMTHIBATH MTAPAMETPhI WU MOPOKAAOIIUN MOJIMHOM JIJI1 IBOMYHBIX
konoB bUX.

2.3.1.3. Koovit Xommunza

Koapl XamMmuHra sSBASIOTCS OJHUM M3 MOAKJIACCOB ITUKIUYECKUX
O7104HBIX KOMOB. J[TMHAa KOAMPOBaHHOTO Oj0Ka aJst HUX paBHa 2" — 1.
[lopoxxknmaromass ¥ IpOBEpPOYHAss MaTPULBl I KOJOB X3MMHHIA
reHepupytorcs ¢pynkuueir hammgen.

2.3.1.4. Koovt Puoa—Conomona

Konel Puma—ConoMoHa SBISIOTCA  OJHMM W3 IOJKIACCOB
UKINYECKUX OJIOYHBIX KOJOB. DTO €IMHCTBEHHBIE MOJAECPKUBACMbIE
nakerom Communications KoAbl, KOTOpble paboOTalOT HE ¢
OJIHOOUTOBBIMHU, @ C MHOTOOMTOBBIMH CHMBOJIAMH.

s pabotsl ¢ komamu Pupga—ConomMoHa (QYHKIMH BBICOKOTO
YpOBHS  BBI3BIBAIOT  CIEUUAJIM3UPOBAHHBIE  (PYHKIHMH  I'SeNnco
(konupoBanue) u rsdeco (nekonupoBanue). Kpome Ttoro, ¢QyHkuuu
rsencode u rsdecode MoO3BOIAIOT KCNOJB30BaTh IIPU KOAUPOBAHWUU U
JIEKOAUPOBAHUM HKCIIOHEHIMANBHBIA (OpMaT MJaHHBIX, a (QyHKIHH
rsencof u rsdecof oCymECTBISIOT KOAMPOBAaHUE M JEKOAUPOBAHHE
TekcroBoro  (aiina. Hakxonen, ¢yHkuus  rspoly reHepupyet
NOPOXKAAIOIINE MOIUHOMBI U1l Ko10B Puia—ConoMoHna.

2.3.2. Céepmounsie K00l

Kak y>xe roBopusnocs, Kojep JUisi CBEpTOYHOTO KO/a MPeCTaBIsET
co0oit ycTpoiicTBO ¢ mamsThio. [locTynaromniye Ha BX0OJ KOAepa CUMBOJIBI
10 OMpEJEICHHOMY 3aKOHY MEHSAIOT BHYTPEHHEE COCTOSIHHE KOJepa.
BbIxo/iHbIE CHUMBOJIBI (CUMBOJBI KOJAMPOBAHHOTO COOOILEHHUS) 3aBUCST
OT BXOJHBIX CHUMBOJIOB M OT BHYTPEHHETO COCTOSIHHS Koaepa. OTOT
MPOIECC PEATN3yeTCs C MOMOIIBIO PYHKIIMKA cOnvenc.

JlexoaupoBaHre CBEPTOYHOIO KOJAA MPOU3BOJUTCS MO AJITOPUTMY
Burepbu ¢ynkumeii vitdec. IlommepkuBaroTcsi MATKOE U IKECTKOE
JNEKOUPOBAHHUE.

B Bepcum 2.0 makera Communications IO CpPaBHEHHIO C
OPEeAbIAYIIMMA BEPCUSIMU CHJIBHO H3MEHEH ¢GopMar NpecTaBlICHUS
CBEPTOUYHBIX KOJIOB — TEIeph OHU OMUCHIBAIOTCS HATJISAHOW mabiauyetl
nepexooos. Takke CYIIECTBEHHO U3MEHEHa pealu3alusi MATKOro
JEKOJIMPOBAHUS CBEPTOYHBIX KOOB.
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2.4. Mooynauyus u demooynayus

Jlnst mepenayuu 1o Jar000My KaHaly CBsi3U IUGPOBOE COOOIIEHUE,
NpeCTaBIAIoNIee Cco0OW TMOCJIEeNOBATEILHOCT CHUMBOJIOB (4UHMCenN),
HE00X0IUMO MpeoOpa3oBaTh B aHAJIOTOBBIM CUTHAN — HU3MEHSIONIYIOCS
BO BpPEMEHM (PU3MYECKYIO0 BEIMYMHY (Hampumep, HamnpsbkeHue). Kpome
TOT0, KaHaJl CBSI3U CIIOCOOEH MPOIYCKATh JIUIIb ONPEACTICHHYIO MOJIOCY
YacTOT, TaK YTO COPMHUPOBAHHBIM AHAJOTOBBIA CUTHAN JOJDKEH ITOU
II0JIOCE COOTBETCTBOBATH. Y Ka3aHHOE MPE0Opa30BaHUE OCYILECTBISAETCS
nyTem mooyaayuu. OOpaTHbINA TPOLIECC HOCUT HA3BaHUE 0eMOO0)IAYUU.

CymHocTh mponecca MOAYISUUMUA COCTOMT B TOM, YTO
nepeaaBaeMoe COOOIICHUE HCIONb3YEeTCs NIl U3MEHEHUS KaKuX-JTu0o
napameTpoOB Hecyuje2o KojeOanus (4Yalle BCEr0 — CUHYCOUIAIBHOTO).
DTO TMO3BOJISIET CO3[aTh MOJAYJIMPOBAHHBIA CHUTHAJ, 3aHUMAIOIIHMA
3aJIaHHYIO T0JIOCY YacTOT.

[Taker Communications COAEPXHUT (YHKIMH IS pean3aluu
aHaJIOTOBOM M IU(PPOBON MOAYJIALMHU U AeMoayssiuun. [Ipu aHamoroBoi
MOJAYJSIIMA  BXOAHBIM CHUTHAJIOM SBJIIOTCS OTCYETHl HEKOTOPOM
@yuxyuu, Tpu  MUGPOBOM —  TOCIETOBATEIBHOCTh  CUMBOIOB.
MonynupoBaHHBII ~ CHTHAlT  MOXET  MPEACTaBIsAThCS MO0 B
BelecTBeHHOM BuJe (passband simulation), 1u60 B BHJIE KOMIUIEKCHOM
orubaromer (baseband simulation). COOTBETCTBEHHO TPHUBEACHHOM
kinaccuukanuu nmeercs 8§ QyHKITHN:

— amod — anHanororas MOZYJISAMSA, BEIIECTBEHHBIM BBIXOJHOU
CUTHAJL;

— amodce — aHajoroBas MOJIYJISALIMS, BBIXOJHOM CHTHal B BUJE
KOMILIEKCHOM Oru0aroIiei;

— ademod — anHasoroBas AEeMOZAYJIALMSA, BEHIECTBEHHBIM BXOJIHOU
CUTHAJL;

— ademodce — anHanoroBasi IeMOAYJISIMSA, BXOAHOM CUTHAJI B BHJIEC
KOMIIJIEKCHOH OTHOAarOIIEeH;
— dmod — nudpoBast MOIyIAIMS, BEIICCTBECHHBIM BBIXOAHOW CUTHA,

— dmodce — 1udpoBass MOy, BBIXOJHOW CHUTHall B BHUJIE
KOMINIEKCHOM Oru0aroIiei;

— ddemod — mumdpoBas nemMoxyIANMs, BEIMICCTBEHHBIM BXOIHOMN
CHUTHAJI,

— ddemodce — 1mudpoBas AeMOAYJALMSA, BXOAHOM CHUTHAI B BHUIC
KOMINIEKCHOM Orn0aroIiei;
OyHKIUAMU  TAKETa TMOMJIEPKUBAOTCS  CICAYIOIIAE  BUIbI
AHAJIOTOBOW MOIYJISILIAN:
— aMIUIATYIHAsI MOJTYJISILIUS;
— aMIUIMTYIHasi MOJYJISILMS C MOJIaBJICHHOW HECYIIEH;
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— OJIHOIIOJIOCHAS MOJYJISIINS;
— YacCTOTHAsl MOJYJISALINS;
— (azoBas MoxyIALMS;
— KBaJpaTypHasi MOZYJISIHS.
[Tpu 1 poBoii MOIYISAIUHA BO3MOKHBI CJIETYIOLTUE €€ BUIBI:
— aMIUTUTYIHAs] MAHUITYJIS U,
— YacTOTHasi MAHUITYJISALINS;
— MUHHUMaJIbHAs YaCTOTHAsI MaHUITYJISIIHS,
— (azoBasi MaHUITYJISIINS;
— KBaJpaTypHas MaHUITYJIALIHS.

[MudpoBass MOAyISAIUS M ASMOAYISIIHS BKIIOYAIOT B ceOs JBE
craguu. [Ipu Mmoxymnsiuu udpoBoe cooOIIeHne CHavana mpeoopasyercs
B QHAJIOTOBBIN MOIYIUPYIOIIUH CUTHAJ C TIOMOIIBIO GyHKIIMH modmap,
a 3aTeM OCYIIECTBIsETCA aHanororas Moayisuud. llpu nemonynsauuu
CHayaJia MoJy4aeTcsl aHAJIOTOBBIM TEMOAYJIMPOBAHHBIA CUTHAN, & 3aTeM
OH mpeoOpasyeTcss B IU(poBOe COOOIIEHUE C TOMOUIBI0 (YHKIHUUA
demodmap.

Hakonet, Tpu nociiequux GyHKIUUA 3TON TPYNIBI MPeIHA3ZHAUCHbI
JUTsl pabOThI C KOHKPETHBIMU CUTHAJILHBIMHU CO3BE3IUSIMU KBAJIpaTypHOI
Manunyssuud.  Oynxkumu  qaskenco u  qaskdeco  mpousBomst
KOJUPOBAHHE M JICKOJAMPOBAHHWE COOOIIEHUS C HCIOJIb30BAHUEM
«KBaJI[paTHOTO» cO3Be3/1us, a GyHKIMs apkconst MO3BOJISIET BHIBECTH HA
AKpaH U300paKEHNE «KOHLIEHTPUUYECKOT0» CO3BE3IU.

2.5. Mooenuposanue kananoe ceéa3u

CdopMupoBaHHBIi B pe3yJbTaTe MOAYJIALMHU CUTHAJI OCTYIAET B
KaHAJI CBS3M, I/IE OH MOABEPraeTcs BO3JEHCTBHIO IIYMOB M ITOMEX.
[TosToMy  (yHKIMM  MOIENUPOBAHHUS  KAHAJIOB  CBSI3U  JIOJKHBI
o0ecreurnBaTh BHECEHHE B CUTHAJ MCKAXEHHUM COTIIACHO MCIOJIb3yEeMbIM
CTaTUCTHYECKUM MOJIEIISIM.

Hannas rpynmna ¢yskiuii nmakera Communications B JaHHBIN
MOMEHT TMpeJCTaBieHa JUIlb OAHOW ¢GYHKIMEH awgn, KOoTopas
MO3BOJISIET TOOABUTH K CUTHATY aJITUTUBHBIN O€JIblii HOPMAJIBHBIN IITyM,
peann3oBaB IMPHU 3TOM 3aJaHHOE OTHOIIEHHE curHail/myMm. I[Ipu stom
MOIIHOCTh CHUTHAJNla, 3HAaTh KOTOPYI0 HEOOXOAMMO [IJsi pacyera
TpeOyeMoro YpoBHsS IIyMa, MOXET 3aJaBaThCsi B SBHOM BHJIE JIMOO
U3MEPATHCS ABTOMATUYECKHU.

2.6. Cneyuanvnsie punompol

B cucremax cBs3u HCIIOJIB3YCTCA 0O0JIBIIIOE KOJIMYSCTBO (1)I/IJII>TPOB
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pa3HooOpa3HOro Ha3HaueHus. B  OCHOBHOM mMOTpeOHOCTHM pacyeTa
¢unbTpoB B MATLAB ynoBnerBopsitoTcsl cpecTBaMu MakeToB Signal
Processing u Filter Design, mostomy maker Communications cOIepKUT
IUIIb (PYHKIUU [JI pacuera CHelUaIu3upOBAaHHBIX (UIBTPOB JBYX
THUIIOB.

@ynkuus hilbiir BeimonmHseT pacder pekypcuBHOTO (UIBTPA,
anmpokcuMupytoiero npeodpazosanue ['mnpoepra. Ounstp ['mnsbepra
BHOCUT Ha BCEX YacCTOTaX OJMHAKOBBIN (ha30BBIA CIABHT, paBHBIA 90°,
COXpaHsii NPU 3TOM HEU3MEHHBIMU AMIUIUTYAbl BCEX CIEKTPAIbHBIX
COCTABJISIIOUIUX. DTOT (QUIBTP HMCHOJB3yeTCs (PYHKIUMEH aHaIOroBOM
Moaysuu amod mpu OAHOM U3 CIOCOOOB (POPMUPOBAHUSL CHUTHAJIA C
onHomnoyIocHOM Momymsiiued. Kpome toro, nmpeoOpaszoBanue ['nnnbepra
UCIIOJIb3yeTCsl  JUIsl  pacyeTa  MHHMMOW  4YacTU  KOMILJIEKCHOTO
AHATIUMUYECKO20 cueHald, 00JaAatouIero 0OTHOCTOPOHHUM CIIEKTPOM.

OyHKIMSA ~ rcosine  BBHIMIONHSET — pacueT  QuibTpa  C
KOCHHYCOUIAJTbHBIM CTJIAKMBAaHUEM aAMIUTUTYTHO-4aCTOTHOU
xapaktepucTuku (raised cosine filter), MUPOKO HCMOIB3YEMOTO IS
dbopMHpOBaHUS CIEKTpAa CHUTHAja TPH KBAIPATYPHOU MAaHUIYJISIINU.
Jlis pacdyeToB BBI3BIBAIOTCA JBe (YHKIMH OOjiee HHU3KOTO YpPOBHSA:
rcosfir (HepeKypCHUBHBIN BapuaHT) U rcosiir (peKypCUBHBIN BapUAHT).

Oyukius reosflt moBbIIaeT 4acTOTy AMCKPETH3AllMM CUTHANIA B
[[EJI0€ YHUCJIO pa3, OCYIIECTBISISI HMHTEPIHOJSIHIO C HCIOJIb30BAHUEM
buIbTpa ¢ KOCUHYCOUAAIBHBIM criaxkuBanuem AUX.

2.7. @ynKkyuu evluucieHuil 6 KOHeuHvlx noaax (noasax Ianya)

Ilonem Ha3bIBa€TCS MHOXKECTBO JJIEMEHTOB, OO0Jajaroiee

CIEIYIOIIMMHU CBOMCTBAMM.

1. JIma »2JeMEHTOB TMOJs ONpEAENEHbl OMNEpallud  CIONHCeHUsi W
VMHOMCEHUs,, TIPUYEeM  Ppe3yJbTaTbl ITUX ONEpaluid  JOJKHBI
MPUHAJJIEKATh STOMY K€ MHOYKECTBY.

2. Jlns onepauuid CIOKE€HHUS W YMHOKEHHUS BBINOJHIIOTCA OOBIYHBIC
MpaBujia aCCOLUATUBHOCTH, KOMMYTAaTUBHOCTH U TUCTPUOYTHUBHOCTH.

3. Tlone mOJKHO COAEpkKaTh Hyne6ou 3nemenm, Takor 4to a + 0 = a jpis
J1000T0 3JIEMEHTA MO a.

4. Tlone AOJKHO coAep)KaTh eOUHUYHbBLU d7eMeHm, TaKou 4To a X 1 =a
JUTST JTFOOOTO dJIEMEHTA TIOJIA d.

5. Imsi KaXAoro OdiIeMEeHTa a JOJDKHBI CYIIECTBOBATH 0OpaAmMHbIlL
aniemenm no ciodxcenuto (—a) M, €Clii @ HE PABHO HYJIIO, 0OpamHblll
anemenm no ymuoxcenuio (a ).

Hampumep,  cylmiecTBYlOT  MOJs  BEHIECTBEHHBIX  YHCED,
palMOHANBHBIX YHUCEN, KOMIUIEKCHBIX 4YHCEeN. OJTH TOJiA CcoJepxkar

OECKOHEYHOE YUCIIO DIIEMEHTOB.
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Koneunvie nons (mons IT'amya) — 93TO ToJIsl, COAEpIKAIIKE
KOHEYHOE 4YHCIIO0 31eMEeHTOB. OHHM HUCIHOJIb3YIOTCS B TEOPUHU Tepeadu
COOOIIeHUH, 1 0OCOOEHHO B TEOPUHU MOMEXOYCTOMYMBOrO KOJAUPOBAHUS.
ITaker Communications COAEPKUAT JOBOJIBHO OoJiblioe  (OKOJIO
JIBAJIATH) YUCIO (DYHKIMH, peanu3yrolIuX BBIYUCICHHUS B KOHEYHBIX
noisix. OJTo, B 4YacTHOCTH, (yHkuum cioxenus (gfadd, gfplus),
BbiuutTanus (gfsub), ymHoxeHuss snementoB (gfmul) u monrHOMOB
(gfconv), nenenust snementoB (gfdiv) um mnomunomoB (gfdeconv),
bunpTpanmm  (gffilter), pemenus cucTeM JMHEHHBIX ypaBHEHWN
(gflineq), moucka MUHUMAaJbHBIX MOJIMHOMOB (gfminpol), npoBepku
MOJIMHOMOB Ha HENPUBOJAUMOCTb U MTPUMUTUBHOCTH (gfprimek), noucka
NpUMUTUBHBIX MOMHOMOB (gfprimfd), onpenenenus paHra mMaTpuilbl
(gfrank), momcka kopHedt monauHOMOB  (gfroots), reHepamuu
UKJIOTOMHYECKMX  kiaccoB  (gfcosets), BbIBOJa DIJIEMEHTOB B
noJIMHOMUaNLHOU hopme (gfpretty), morcka MPUMHUTUBHBIX MOJIMHOMOB
3amanHou crernenu (gfprimdf), npeoOGpa3oBaHus MOIMHOMHAIBHBIX
npeacTaBieHuit (gfrepcov) m mMuHuMM3anuu ux JauHbl (gftrunc), a
Takke mpeoOpazoBanus popMaToB MpeacTaBiacHUs deMeHTOB (gftuple).

2.8. Bcnomozamenvuvie pynkuyuu

K oroif rpynme otHOcsATCS ~ (DYHKUIMH, HE  CBSI3aHHBIC
HEMOCPEACTBEHHO €  MOJCIMPOBAHMEM  CHUCTEM  CBS3H, A
OCYILECTBIISIOIINE BCIIOMOTaTENBHBIE OIIEPALINH.

Heckonpko byHKIMI CBSI3aHbI C npeoOpa3oBaHuEM
npenctasieHus yncen. Oynkuus de2bi npeobpasyeT AecsITUUHBIE YUCIa
B BEKTOpbl MX JBOMYHOIO IIPEJCTAaBICHUS, COJEpXKallUe HYJIH U
eauHuLbl, a QyHkuus bi2de ocyuecTBisier oOpaTtHoe npeoOpa3zoBaHUE.
OyHkuus oct2dec mpeodpasyer BocbMEpUYHbIE YKciia (TIPEACTaBICHHBIE
B JICCSITUYHOM 3aMucH ¢ Ucnoiab3oBaHueM nuudp 0...7) B necATUUHbIE.

JIBe  (QYHKIOMM CBsI3aHbl C  MPEJICTaBICHUEM  CTPYKTYpbI
CBEpPTOYHOTO Koja B BHiae Tabmuubl nepexomoB. Dynkuus istrellis
IIPOBEPSET, SABILIETCA JM MNEPENAHHBIM €M mapameTp KOPPEKTHOM
Tabnume  mepexomoB, a  (Qynkmus  poly2trellis  mpeoGpasyet
NOJMHOMUATIFHOE TPEJICTaBICHHE CBEPTOYHOTO KoJa B TaOIHILy
IIEPEXO0/IOB.

OyHKIMS marcumq BBIUKCIAET 0000meHHyo Q-GyHKIHIO
Mapkyma. B wyacTHOCTM, C €€ TIOMOLIBIO MOYHO pPacCUMTaTh
UHTETpaJIbHYI0 (DYHKIUIO pacnpesenenus 1 3akoHa Panes—nPaiica (o
TOMY 3aKOHY paclpenesieHa orudaromias y3KOMOJOCHOIO CIy4yailHOro
CUTHaJIa NPU HAJIMYUU I€TEPMUHUPOBAHHON COCTABJISIOLIEH ).

Hakonen, ¢ynkuus vec2Zmat no3posisieT npeodpazoBaTh BEKTOP B
MaTpUlly C 3aJaHHBIM YHUCJIOM CTOJIOLOB, pacroiaras COAEPKUMOE
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BCKTOpa II0O CTpOKaM MAaTpulbl KW IIpU HCO6XOI[I/IMOCTI/I JOITOJIHAA
IMOCJICAHIOO CTPOKY HYJIAAMH.

2.9. Ilpumep ucnonvzoeanun nakema Communications

B xadectBe mnpuMepa HCHOIB30BAaHUS BO3MOXKHOCTEH Makera
Communications  pacCMOTpPUM  MOJETHPOBAHWE  TPUEMHUKA U
nepeaaTyrka MojaemMa, paboTaromero B COOTBETCTBUH ¢ Pexomenmanmeit
ITU-T V.32bis ([5]; moctaTouno moapoOHOE onucanue (HOPMHPOBAHHUS
CUTHAJIa MMEETCA TaKke B KHHUre [6]) W peamu3yrolero CKOpoCTb
nepenaun  gaHHbIX 14 400 6ut/c. KoHeuHo, MaHHBI NPOTOKON B
HACTOsILIIEE BpeMs SIBJISIETCS YCTapeBIIMM, HO OH 00JilajaeT MHOTMMHU
XapaKTepHbIMU YepTaMu CUCTEM LU(POBON CBA3M M Ojaromapsi cBOeu
IPOCTOTE yI00€H sl UCTIOIb30BaHUS B YUEOHBIX U IEMOHCTPAIIMOHHBIX
LEJISIX.

BXonHbIM CHTHajIOM MoJeMa SIBISETCS IOCIEJ0BATEIbHbIN
OUTOBBIN MOTOK JaHHBIX, AJI1 KOAMPOBAHUS U MOIYJSALHUU KOTOPOIO B
npotokosie V.32bis ucnosb3yeTcs cienyoomas MoCieq0BaTeIbHOCTh
MpOLIEYD.

1. BxogHoii OWTOBBI TOTOK IAHHBIX MPOXOIUT dYepe3 cKkpemoep,
CTPYKTypHasi cXeMa KOTOporo Imoka3aHa Ha puc.Z2. CkpemOnuep
MIPEICTABIISIET COOOW PEeKYPCUBHBIN (DUIBTpP, ONEpaIuu CIOKEHUS B
KOTOPOM MPOU3BOAATCS 10 Moayiio nBa. [lopsmok ¢uustpa m =23,
MOJIOKEHHWE OTBOJA: JUJIS BBI3BIBAIOIIETO Moaema n =18, s
oTBevaroliero monaeMa n =5. Ha3nauenue ckpemOiepa — caenartb
CUTHAJ M1CEBIOCITyYallHbIM.

33,[[6[))1(1(3 Ha m TaKTOB

| 3azepkKa Ha 71 TAKTOB
I I

-1 -1

it 74 it 4 >z : z >z

il

Puc. 2. Cmpyxmypuas cxema ckpembnepa.

6. CxpeMONMMpOBaHHBI OWTOBBIA TOTOK pa3OMBaeTCI HA CUMBOJIbL
JUTUHOM 110 6 OuT.
7. IBa mepBeIXx OuTa CHOPMUPOBAHHOTO CHMBOJA TOABEPTAIOTCS

muppepeHInanTbHOMY KOJIUPOBAHMUIO. 910 KOJINPOBAaHHE
MaTeMaTUYECKH OMUCHIBACTCS clienyromum odpazom: Y(n) = (Q(n) —
Y(n—1)) mod 4. 3pecy (Q(n) — 1enoe 4YHUCIO, MNPEICTABIIEMOE
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IBYMsI ~ KOOUpyeMbIMH  Outamu, Y(n)—  pe3ynbTUpPYIOIICE
JIBYXOUTOBOE 1esoe YUCJIO, Y(n—1)— pe3yabTar
nudpepeHnnanbHOTO KOJUPOBAHMS MPEIBIIYIIIEr0 CUMBOJIA.

8. HuddepenunanpHo-koaupoBaHHbie OUTHI Y (1) U Y,(n) mogaroTcs Ha
CBEPTOUHBIN KOJAEp, CTPYKTypHasi cXxema KOTOpOro NpHBEACHa Ha
puc. 3. Koxgep ¢dopmupyer m30bITouHbIll OMT Yo(n), mporyckas Ha
BbIX0]1 OUTHI Y1(n) U Y,(n) 0€3 u3BMEeHEHUI.

Y2, | v2,
Y1n§ Y1,
v vV Yv
® & &
v v
|—T—>@—>®—>T—>@ O T ;YO”

Puc. 3. Cmpyxmypnas cxema ceepmounoeco kooepa.

9. U30witounsiit Out Yo(n), muddepeHInaTbHO-KOAUPOBAHHBIE OUTHI
Yi(n) wu Yyn) wm uerblpe Outa, HE MOJABEPraBIINECs
nuddepeHnnanbHOMy KOJINPOBAHMUIO, o0pa3zytor CHUMBOI,
nepeaBaeMblii B T€YEHUE OJHOTO CHUMBOJIBHOTO TaKTa (CMMBOJIbHAS
ckopoctb — 2400 cuMBOJIOB/C). DTOT CHUMBOJ OTOOpa)aeTcsi Ha
KOMIUIEKCHYIO ~ IUIOCKOCTh  C  HCIOJIb30BAHUEM  CO3BE3MMS
KBaJpaTypHOW  MaHMMOYJSALMM, T[OKa3aHHoro Ha puc.4. B
paccmatrpuBaembix — jganee MATLAB-npuMmepax  UCHOJB3yeTCA
co3Be3aue, chopMUpOBAHHOE 3apaHee B BUAEC BEKTOpPAa KOMILIEKCHBIX
gyucen W coxpaneHHoe B MAT-daitite  map32144.mat
(unentudukarop mnepemeHHord — constellation). [lns co3manus
puc. 4 wucnosb3oBaHa (yHkuMs modmap, BbI30B  KOTOPOH
OCYUIECTBJISIETCS JJI 3TOTO CIEAYIOIUM 00pa3oM:

load map32144
modmap('qask/arb’, real(constellation), imag(constellation))
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J Fupme b 1 M= B8
Fie B ‘o et Jab fgechs Heb

ODOF@& & A FF PpT

%

+ b
R i i b

Puc. 4. Cozsezoue keaopamyproti manunyasayuu, ucnonvzyemoe mooemamu V.32bis
npu cxopocmu 14 400 oum/c.

10.J;1 cy>eHus TOJIOCHI MOAYJUPYIOLIEr0 CUTHajda W OcCJiabJaeHus
MEXCUMBOJIBHOW WHTEPHEPEHITUHN TMOTYUEHHBIN MOCIE OTOOPaKCHMUSI
KOMITJIEKCHBIN CUTHAIT TIO/IBEPTaeTcs WHTEPTOJISAIAN c
HCIIOJb30BaHeM (popMupyromiero ¢puiabTpa HKHUX yacTtoT (DHY).
B kaudectBe Takoro QuibTpa, Kak mnpaBuiio, ucnonb3dyercs OHY c
KOCHHYCOUANIbHBIM criaxuBanueMm AUX (raised cosine).

11.KoMriekcHbIi curHan sy(f) mociie (UIbTpalMK HMCTOJB3YeTCS IS
MOJYJISAIIMU Hecylero kojebanus ¢ yactoron fo= 18001, B
pe3yibTaTe  4ero - IMoJIydaeTcsi ~CUTHaJI  Mepefayd  JaHHBIX

s(1) = Re[sm(?) exp(721¥o1)].
2.9.1. ®ynxkyusa mooenuposanusn nepedamuuxa mooema V.32bis
Peanuzyem Mopenp mnepegaTuMka MojeMa B BHUAEC (PYHKIUHU
mod32144, xoropass OyaeT moyiydaTh Ha BXOJE BEKTOP IEpeaaBaeMbIX
OMTOB X ¥ BO3BpaIaTh BEKTOP OTCYETOB MOIYJIMPOBAHHOTO CUTHAJIA Y:
function y = mod32144(x)
CkpeMOiniep, NPEACTABIAIOMNNA COOONW TUCKPETHBIN (DUIBTP,
MaTeMaTHUYECKHE ONepalryd B KOTOPOM BBIMIOJHSIOTCSA O MOJIYJIIO JIBa,
yno0HO peanuzyeTcs ¢ nmomoirsio pyakuuu gffilter:

xs = gffilter(1, [1 zeros(1,17) 1 zeros(1.,4) 1], x(:)");

PaB,Z[CJICHI/Ie CerM6JII/IpOBaHHOFO OUTOBOIO TIOTOKAa XS Ha
IIIECTUONTOBBIE CUMBOJIBI BBIIIOTHSIETCS C IIOMOIIIBIO (bYHKHI/II/I vec2mat:
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sy = vec2mat(xs, 6);

Jlanee 1Ba TEpBBIX OWTAa CHMBOJIOB Sy IIOJBEPrarOTCs
mudepeHInaTbHOMY KOJAMPOBAHUIO, MPU 3TOM IIPeoOpa3oBaHUE Iap
OWTOB B IICJIBIC YMCJIA U OOPATHO OCYIIECTBIISACTCS C MTOMOIIBIO ()YHKITHMA
bi2de 1 de2bi cooTBeTCTBEHHO:

bits12 = sy(:,1:2);

y12 = bi2de(bits12);

y12(2:2:end) = -y12(2:2:end);
y12m = cumsum(y12);
yl12m(2:2:end) = -y12m(2:2:end);
y12m = mod(y12m, 4);

bits12m = de2bi(y12m, 2);

CBepTouHBIN KOJ, COOTBETCTBYIOIIMI CTPYKTYpHOHR CXeMe pHucC. 3,
ABJIIETCS HEJIMHEMHBIM, MO3TOMY OH HE MOXKET OBbITh 3a/laH B BUJE
KO3((UIMEHTOB MOJUHOMOB. 3aloJIHSEM IOJsI CTPYKTYphl conv_code,
ONMCBIBAIOIEN KO/, BPYYHYIO:

conv_code.numInputSymbols = 4;
conv_code.numQutputSymbols = §;
conv_code.numStates = §;
conv_code.nextStates=[0231;4756; ...
1320;7465;...
2013;6574;...
3102;5647];
conv_code.outputs =repmat([0123;4567],4,1);

Teneps OCYyIIECTBIISIEM COOCTBEHHO CBEPTOYHOE KOJIUPOBAHUE
nuddepeHanTbHO-KOIUPOBaHHBIX ~ OUTOB  bits2lm ¢ momolbio
GyHKIIMHM convenc:

bits12m = bits12m’';
bits12m = bits12m(:);
bits012 = convenc(bits12m, conv_code);

PesynbpraTr paboThl cBepTOUHOTO KojAepa bits012 mpencrapiser
co00Ol BEKTOp, B KOTOPOM TIOCIIEIOBATEIBHO PACIOIOKEHBI TPOUKH
uHTepecyomux Hac OutoB. IIpeoOpasyeM BeKTOp B Marpuily cC
nomoiplo  ¢GyHKIMM vec2mat U 00beIUHAEM pe3yJabTaT C TEMHU
YETBIPbMS CTOJIOIIAMU M3 MAaTpHUIlbl Sy, KOTOpbIE HE IIOJIBEprajucCh
JOTIOJTHUTENbHBIM ~ TIpeo0pa3oBaHusM. B pe3ynbrare moiydyaem
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CeMHOHUTOBBIE CHMBOJBI B OWTOBOM (Sy7) u gnecatudHoMm (sy_dec)
NIPEICTABJICHUU:

sy012 = vec2mat(bits012, 3);

sy7 = [(sy012) sy(:,3:6)];
sy_dec = bi2de(sy7, 'left-msb');

Nmerommecs: B makere Communications ¢yHKur 1udpoBoi
MOJYJSIHMHA, K COXAJICHHUIO, HE pealn3yloT (OpMHpPOBAHUE CHIEKTpa
CUTHAJIa TP KBaApaTypHON MaHUMYJAINH, MMOITOMY HaM MPHACTCS
OCYIIIECTBUTh HEOOXOAMMBIC IIaru BpyuHyto. [Ipexe Bcero 3arpyxkaem
ONHMCAaHUE HCIOJIB3YEMOTO CO3BE3USI W OTOOpakaeM CEeMHOUTOBBIC
CHUMBOJIbI Ha KOMIUIEKCHYO IIJIOCKOCTh C TIOMOIIBIO PyHKIMKH modmap:

load map32144
sy _mapped = modmap(sy_dec, 1, 1, 'qask/arb’, ...
real(constellation), imag(constellation));

Tenepp mnpou3BoguM  (POPMHUPOBAHUE CIEKTPA,  BBIIOIHSISA
UMHTEpNoOJsiui0 curHaita sy _mapped c¢ wucnosb3zoBanueM SQRT-
BapuaHTa pUIbTpa ¢ KOCUHYCOMAANbHBIM criaxuBanueM AUX. Yactora
JUCKPETU3AlMKM TOBBIIIAETCA MPU 3TOM B BOCEMb pa3, 10 3HAYEHHUS
2400 x 8 = 19200 I'm:

Fd =2400;
Fs = Fd*8;
s_m = rcosflt(sy _mapped, Fd, Fs, 'sqrt');

Hakonen, WHTEpPHOJMPOBAHHBIM CHUTHAJI S_IM  TMOJABEPraeTcs
aHAJIOrOBOM KBaJApaTypHOU MOIYJIALMH C TOMOIIbIO GyHKIUHA amod:

Fc =1800;
y =amod(s_m, Fc, Fs, 'qam"');

MonynupoBaHHBI CUTHANI Yy SBISIETCS PE3YyJbTaTOM pPadOThI

byHKIUH.
[IpoTecTupyem (yHkuuro, mojgaB Ha ee Bxoja BekTop u3 10 000

ouT, chopMUpPOBaHHBIN ¢ TOMOIILI0 PyHKIIMK randint:

x = randint(1, 10000);
y = mod32144(x);

[lockonbKy mpH KBagpaTypHOW MOIYJSLMM aMIUIMTyAa U (asza
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CUTHaJla MEHSIOTCS OJHOBPEMEHHO, TpadMK TOJIYYCHHOTO CHUTHAIa HE
ciumkoM HarjisigeH. OJIHAaKO BCE JK€ BBIBEIEM €ro HayalbHBIN
(¢parMeHT, a Takke TIOKaKEeM OIIEHKY CIIEKTPajJbHOW TUIOTHOCTH
MOIIIHOCTH TOJYYEHHOTO CHUTHAJIa, TMPOU3BEAS €€ METOJOM Yaiua C
nomorbio pynkuun pwelch nakera Signal Processing:

plot(y(1:200))
pwelch(y, [], [], [I, 19200)

[TomryuenHbie rpad UKy MpeCTaBICHBI HA PHC. J.

J Frguae Me. | M=
Fe Edd Www [l [ook i Hel

DFHE kAR @BED

1 1 !

a &4 120 150 200

} Frguae Me. | M=
B Bl Wwen [t [eok i el

DFEHES kAR a0

Wk PEL Evamais
] T T

Prowdiat S 11l Dueresiry (oBYHE)

O 1600 2000 3000 4000 5000 6080 7000 BI0D DGOD
Frasyumancy |HE]

Puc. 5. Chopmuposannviii cuenan mooema V.32bis (crnesa)
U e2o cnekmp MowjHocmu (cnpasa).
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2.9.2. ®ynuxkyusa moodenuposanus npuemuuxa mooema V.32bis

Oynknus demod32144, peanusyromass NOPUEMHUK MoOJeMa
V.32bis, BeIMoJHAET mIpeoOpa3oBaHus, OOpaTHBIE MO OTHOIICHHIO K
npolieccaM, MPOUCXOAIUM B nepenatunke. DyHKIMS NMpUHUMAET Ha
BXOJI€ MacCHB OTCYETOB MOJYJMPOBAHHOTO CHUTHAlla Y W BO3BpAaIlaeT
BEKTOP NPHUHSTHIX OWTOB Z:

function z = demod32144(y)

[Ipexxme Bcero 3agagnuM HEOOXOAMMBIE KOHCTAHTBHI: CHMBOJLHYIO
ckopocth Fd, Hecymyro wactoty Fe u yactory nuckperusamuu Fs:

Fd = 2400;
Fc=1800;
Fs = Fd*8;

Kak yxe roBopusoch, QyHKUIMU LUPPOBOM MOAYIALMM NAKeTa
Communications He TOAAEPKUBAIOT (POPMUPOBAHUE CIIEKTpa NpU
KBaJpaTypHOW MaHumyisuud. lloatomy nemonmynsunio CHrHaina
MPUAETCS PpPeaqn30BaTh, BPYYHYIO BBINOJHUB HEOOXOAMMBIE IIATH.
CHavana paccuntaeM QWIBTP C KOCHHYCOMJAIBHBIM CTJIaKWBaHUEM
AUYX, uACHTUYHBIN TOMY, KOTOPBIN HUCIIOIB30BAJICA B epeaaTurke. [
ATOrO CIYKUT (PYyHKUHUSA rcosine:

b = rcosine(Fd, Fs, 'sqrt');

Tenepp NPOU3BOAMM aHAJOTOBYHO JEMOIYJISIUIO C MOMOILIBIO
bynknuu  ademod, ykazaB pacCUuMTaHHBIM (UIBTP B KayecTBe
ucnons3zyemoro GHY:

x_m = ademod(y, Fc, Fs, 'qam’, b, 1);

BeiBomuM  amarpaMmy  paccessHHUST € TOMOIIbIO  (PyHKIUU
scatterplot, 4TOOBI MOCMOTPETh, KAaK MNPUHATHIE TOYKH JIOXKATCA Ha
KOMIIJIEKCHYIO IIIIOCKOCTE:

scatterplot(x_m, Fs/Fd)

Hanee ¢ mnomompo ¢GyHkiuu demodmap wWIeM TOYKH
UCIIOJIB3YEMOT0  CO3BE3AMS, OJMKaWlue K MOPHUHATBIM — TOYKaM
(CcUMBOJIbHAsI CKOPOCTh 3ajlaHa B BHJC JABYXDJIEMEHTHOTO BEKTOpa,
BTOPOM 3JIEMEHT KOTOPOTO YKa3bIBAET IOJI0KEHUE ONTUMAIBHBIX TOUEK
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AUCKPCTHU3allUU CI/IFHaJIa):

load map32144
sy = demodmap(x_m, [Fd 1], Fs, 'qask/arb’, ...
real(constellation), imag(constellation));

Kpome Toro, mis mnocinenyromed peann3anuyd HCOPaBICHUS
OIMOOK C TMOMOINBID CBEPTOYHOIO KOJ@ HEOOXOJMMO HalTH
OmKaille K MPUHSATBIM TOYKAM TO3UIMU BOCBMU  YACHIUYHBIX
c036e30Utl, COOTBETCTBYIOIINX BOCHBbMH BO3MOKHBIM KOMOHMHAIUSM TPEX
BBIXOJIHBIX OUT CBEPTOYHOTO KOJIepa:

for k=1:8
syl(:,k) = demodmap(x_m, [Fd 1], Fs, 'qask/arb', ...
real(constellation((k-1)*16+(1:16))), ...
imag(constellation((k-1)*16+(1:16))));
sy1(:,k) = sy1(:,k) + (k-1)*16;
end

[Ipu o6paboTke (punpTpamMu B MPUEMHHKE U MEPEAATUUKE CUTHAI
MPUOOpETAET HEKOTOPYIO 3aJEPXKKY, KOTOpas B HAIlleM MpUMEpPEe paBHA
mectd cumBojaM (o ymondaHuto ¢yHkuuu rcosflt u  rcosine
PACCUYUTHIBAIOT (QUIBTP, JUTMHA UMITYJIBCHON XapaKTEPUCTUKH KOTOPOTO
COOTBETCTBYET IIECTH CUMBOJBHBIM TakTaM). [losTomy HeoOxoammo
YAQUINTh TNEPBBIE MIECTh MNPUHATHIX CHMBOJIOB, COOTBETCTBYIOLIUX
HAa4YaJIbHOMY TIepeXOoJHOMY Tmpoleccy ¢unbTpanuu. Jlaiee BeEKTOp
JECATUYHBIX TPEJCTABICHUN CHUMBOJIOB Sy IMpeoOpa3yeTcsi B MaTpUILy
OMTOBBIX MpEICTABICHUH ¢ TOMOIIBI0 PyHKIMH de2bi:

sy = sy(7:end);
syl = syl(7:end,:);
sy_bits = de2bi(sy, 7, 'left-msb');

[TonroroBka CTpyKTyphl conv_code, ONMMCHIBAIONIEH CBEPTOUYHBIN
KOJI, MPOU3BOJIUTCS TOYHO TAK XK€, KaK 3TO JIEJIAJIOCH B IIEPEIATUUKE:

conv_code.numInputSymbols = 4;
conv_code.numQOutputSymbols = 8;
conv_code.numStates = §;
conv_code.nextStates=[0231;4756; ...
1320;7465;...
2013;6574;...
3102;5647];
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conv_code.outputs =repmat([0123;4567],4,1);

K coxanenuio, croco0 peaau3aluu MATKOTO JIEKOJIUPOBAHUS
CBEPTOUYHBIX KOJIOB, PCAJIM30BAaHHBIM B HACTOSIICe BpeMs B (YHKIIHH
vitdec makera Communications, TIUIOXO MPHUCIOCOOJEH IS
JEKOJUPOBAHMSI CUTHAIBHO-KOJOBBIX KOHCTPYKIIMHA  KBaapaTypHOU
MaHAyJsIuu.  [lo3ToMy  HCHoONb3yeM  JKeCTKOE  JIEKOJIWPOBAaHMUE,
MPEABAPUTEIILHO BBIICIMB TEpPBBIE TpU OWTAa KAXKIOTO CHUMBOJIA H
mpeoOpa30BaB UX B OJTHOMEPHBIA BEKTOD:

y012 = sy_bits(:,1:3);

y012 =y012';

y012 =y012(:);

y12 = vitdec(y012, conv_code, 40, 'trunc’, 'hard');

Anroputm ButepOu monsbiTancs UCIPaBUTh OMIMOKH, UMEBIIUECS
B JIBYXOMTOBBIX KOMOWHAIIMSX, 3aIUIICHHBIX CBEPTOYHBIM KOJOM.
OmHako B KaXIOM CHMBOJIE HUMEIOTCS €IlIe 4eThlpe Owura,
nepenaBaBiiecs 0e3 Tako 3amuThl. YTOOBI 00ECHIEUUTh KOPPEKILIHUIO
MOJIHBIX MIECTHOMTOBBIX CHMBOJIOB, MBI IOJIBEPraeM HCIPABICHHYIO
MOCJIEIOBATEIBHOCTh Y12 CBEPTOUHOMY KOOUPOBAHUIO, YTOOBI IOJIYYHUTh
WCTIPABJICHHBIE 3HA4Y€HUsI U30BITOUYHOrO Outa. Pe3ynbTupyromniue
TPEeXOUTOBbIE KOMOMHAIIMY OIPENEISIOT HOMEPA YaCTUYHBIX CO3BE3/IHA,
B KOTOPBIX CJIEIyeT MCKATh TOYKH, COOTBETCTBYIOIIUE HCIPABICHHBIM
cuMBoiaM.  Pe3ynbTaThl  OTOOpa)k€HUsT  MPUHATBIX  TOYEK  C
UCIIOJIb30BAHUEM YACTUYHBIX CO3BE3/IMN COXpaHEHbI B MaTpulle syl, Tak
YTO celyac Mbl TPOCTO BHIOMPAEM U3 HEE HYKHBIE DJIEMEHTHI,
chopmupoBaB HAOOp JUHEWHBIX HHJEKCOB C IMOMOIIbIO (YHKIHUU
sub2ind. Ilocne 3TOro wucHpaBliieHHbIE CUMBOJBI TPEOOPa3yrOTCs B
OUTOBBIC MIPEICTABICHUS C MOMOIIbIO (GyHKIMK de2bi:

bits012_corr = convenc(yl2, conv_code);

bits012_corr = vec2mat(bits012_corr, 3);

y012_corr = bi2de(bits012_corr, 'left-msb’);

sy = syl(sub2ind(size(sy1), (1:length(sy))', y012_corr+1));
sy_bits = de2bi(sy, 7, 'left-msb');

Cnenyromuii 3tan — auddepeHnnaibHOe JEKOIUPOBAHUE JIBYX
OUT KaXgoro cuMBojia. JlJIs S5TOro Mbl BBIAEISIEM O3TH OWTHI,
npeoOpa3yeM HMX B II€JIOE€ YHCIIO M 3aTEM IIOMApHO CKJaIbIBAEM 3TH
YHCJIa, COOTBETCTBYIOIIHME COCEIHMM CHMBOJAM, Oepsl JBa MIIAJIIINX
Outa or pe3ynabrara. IlomydeHHBIE YHncIa MpeoOpa3yroTcs oOpaTHO B
OUTHI:
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y12 = sy bits(:,2:3);

z12 = bi2de(y12);

z12dec = bitand([0;z12(1:end-1,:)]+z12, 3);
sy_bits(:,2:3) = (de2bi(z12dec));

[Tocnemuuii 3Tam — aeCKpeMOIMPOBaHHE OUTOBOTO MOTOKA. MBI
ynansieM U30BITOYHBIA OWT, TMpeoOpasyeM MaTpHily IIeCTUOUTOBBIX
MH()OPMALIMOHHBIX CHUMBOJIOB B OHMTOBBIA TOTOK H peaU3yeM
neckpeMOiep, KOTOPhIN MPEeACTaBIseT cOO0H HEPEeKypCUBHBINH (QHUIBTD,
JIETKO peanu3yeMblil ¢ noMomibio pyHkuuu gffilter:

zs = sy_bits(:, 2:end);

zs = 78';

zs = 78(3);

z = gffilter([1 zeros(1,17) 1 zeros(1,4) 1], 1, zs');

Bektop aeckpeMOiIMpOBaHHBIX OUTOB Z SIBISIETCS PE3YIbTATOM
paboThl QyHKITUY.

[TporecTupyem ¢yHKIUIO, TIOJIaB Ha €€ BXO0J C(HOpMHpPOBAHHBIN
paHee BEKTOP Y OTCYETOB MOAYJIMPOBAHHOIO CUTHAJIA!

z=demod32144(y);

Ha puc. 6 mokazana auarpamMma paccesiHusi, cpopMupoBaHHas
Hame ¢yHkuue. BuaHO, 4YTO TPHUHSATBIE TOYKH COOTBETCTBYIOT
UCIIOJIb30BAHHOMY CO3BE3/IUIO0 (CM. paHee puc. 4).
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Puc. 6. [luacpamma paccesnus, evigedennas gyukyueti demod32144 npu npueme
cueHana.
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[IpoBepyM MpaBUIBHOCTH MpPHUEMA, CpPABHUB TEPEAHHYIO U
OPUHATYIO MOCHEAOBATENIbHOCTA OUT C MOMOIIbI0 (YHKIHUHA Symerr
(TTOCKOJIBKY MBI CPAaBHHMBAE€M BEKTOPHI, COJIEpPKAIIME TOJIbKO HYIH U
eauHUIBl, PyHKIMU symerr u biterr B JaHHOM cllydae OKa3bIBAIOTCS
AKBUBAJICHTHBIMH). [IpUHSATHIM BEKTOp COAEPNKUT HA JBa HJIEMEHTa
OoJplIe, YEM IMepedaHHblid, OCKOJIBKY NPH Nepeaade BXOJHOW CUTHA
OBbUT JOMOJIHEH JABYMSI HYJEBBIMU OUTamMu Jyisi (DOPMUPOBAHUS 1IETOTO
Yyclia IIEeCTUOMTOBBIX CHMBOJIOB, MO3TOMY IPHU CpPAaBHEHHUU HYXKHO
BbIIeUTh niepBbie 10 000 aneMeHTOB:

symerr(x, z(1:10000))
ans =

0

Kak BugnTe, CUTHAI IPUHST MPABUIIBHO.

JlaHHBIN TIpUMEp SIBISAETCA JEMOHCTPALMOHHBIM M HE PEaU3yeT
psaaa GyHKIMI, HEOOXOANUMBIX B peanbHOl cucteme 1uppoBoi cBszu. K
TakuM  (PYHKIIUSM  OTHOCATCS ~ aganTuUBHAs  QuuibTpanmus IS
KOMITCHCAllUM HWCKaK€HUW, BHOCHMBIX KAaHAJOM CBS3M, BPEMEHHAad
CUHXPOHHU3ANMS, Tepeaavya CIy)KEOHbIX CUTHAIIOB Ui yCTAHOBIICHUS
CoeMMHEeHMsT U T.M. Bce 93TO0 Takke MOXKET OBITh peal30BaHO
cpeanctBamu  MATLAB ¢ wucnofb3oBaHuEeM NPUKIAAHBIX IAKETOB
Communications, Signal Processing u Filter Design.

3. Haoop 010k06 Communications Blockset

O6nacte nmpuMmeHeHus: Habopa 6110koB Communications Blockset
Ta *xe, 9ro U sl makera Communications Toolbox — monenupoBanme
CUCTEM CBS3HM, B NEpBYIO odepenb LuppoBeix. B Habop Bxomsr 10
OMOIMOTEK, HEKOTOPBIE U3 KOTOPBIX COJAEPIKAT BIOKEHHBIE OMOIMOTEKH.
[llectr  OuOMUOTEK  peanu3yroT (YHKIUH, UMEIOIIME MOpsiMOe
COOTBETCTBHUE C NPUBEACHHOW HA PUC. / CTPYKTYPHOU CXEMOW CUCTEMBI
CBS3M:
— Comm Sources — UCTOYHUKH COOOIICHUI;
— Comm Sinks — monydarenu cooOIIeHUI;
— Source Coding — KoaupOBaHUE U JIEKOAUPOBAHUE UCTOYHUKA,
— Channel Coding — nmomexoycToi4YMBOE KOAWPOBaHHUE/ JAEKOIUPO-
BaHUE;
— Modulation — MoynsIUs/ IeMOTYIISAINS,
— Channels — mMonenu KaHaJIOB CBA3U.
Kpome Toro, B Habope umeeTcst psi JOMOTHUTENBHBIX OMOINOTEK:
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— Basic Comm Functions — 6;10Kk1 HU3KOYPOBHEBBIX OIEPAITHi;
— Synchronization — 6;10ku CHHXpOHHU3ALIUU;
Interleaving — Onoxu nepemMexxUTENEH/ AeTIepeMeXUTENCH;
Utility functions — BcrioMoraresnbHbIe OJIOKH.

PaccmoTpum cocTtaB 6ubnmoTek Habopa mojipoOHee.

3.1. Comm Sources (ucmounuku cooouienuil)

B »T0i1 Oubnmnoteke conuepxarcs OJIOKH, MpeAHA3HAYCHHBIE IS
TeHEpALMK COOOIICHH, IIIyMOB U MOMEX. JTO T€HEPaToOpbl CIy4alHbIX
IEJBIX YHCEI C PABHOMEPHBIM pacHpeleliCHUEM, paclpeacICHHEM
ITIyaccona u pacnpeaenenuem bepHymM; reHepaTop MCEBAOCIyYalHOU
MOCJIEIOBATEILHOCTH, CO3/1aBaEMOM C TTIOMOIIBIO CABUTOBOTO PETUCTpA C
00paTHOW CBS3BI0; TEHEPATOPHI ITyMa C PAaBHOMEPHBIM, TayCCOBCKHM,
PAJIEEBCKUM M PANCOBCKUM pAaCMpEeICHUsIMU; TE€HEPaTop JIBOMYHBIX
omubOK, aHanoruyueii ¢yHkuu randerr makera Communications
Toolbox; 0ok 4ureHWs NaHHBIX W3 (aiija; HAKOHEI, JBa TeHeparopa,
YIOPABJISIEMBIX HANPSXKEHUEM — JUIsl HETPEPBIBHOTO W JIUCKPETHOTO
BPEMEHU MOJICIIUPOBAHUSI.

3.2. Comm Sinks (noayuamenu cooowenuii)

B »T0i1 OMOIMOTEKE COAEPIKUTCS BCETO YEThIPE OJI0KAa — CUETUHK
omunOOK, aHANOTWYHBIA (QyHKIMH symerr nakera Communications
Toolbox, 610k 3amucu TaHHBIX B (aill u aBa OJIOKA aHAJIM3a CUTHAJIOB C
AMIUTUTYJJTHOM WM KBAJApPAaTypHOM MAHMIYJSIUUEN, OTOOpakarouIux
ITIa3KOBYIO UarpamMMmy M guarpammy paccessHus. OIWH U3 3THX JIBYX
OJIOKOB TpeJHa3HAYeH [UIsi MOJENeld C HENpepbIBHBIM BPEMEHEM,
BTOPOl — AJi1 MoOJeleld ¢ JAUCKPETHbIM BpeMEHEM. BrIBogumbie
ayarpaMmbl  AaHAJIOTUYHBI  Te€M, 4YTO (opMHUpyrOTCS  (QyHKUUAMHU
scatterplot u eyediagram nmakera Communications Toolbox.

3.3. Source Coding (koouposanue u oexkoouposanue
UCMOYHUKA)

HomMmenknaTtypa 0JI0KOB JaHHON OMOIMOTEKH B 1I€JIOM COBMAAAET C
COCTaBOM  (PYHKIIM COOTBETCTBYIOIIEH KAaTErOPUM U3  MaKeTa
Communications Toolbox, ogHaKO OTCYTCTBYIOT OJIOKH, PEeaU3yIOIIHE
ONITHMU3AIIHIO napaMeTpoB KBAaHTOBAHUSI. EnuHCTBEHHBIM
CYLIECTBEHHBIM  JIOMOJHEHHEM  SIBIISIETCS ~ Haimuuue  OJIOKOB,
OCYUIECTBJISIOMUX U] PepeHInaibHOe KOAUPOBAHUE U JEKOIUPOBAHHE
JIBOMYHOTO CUTHAJA.
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3.4. Channel Coding (nomexoycmoituugoe
Kooupoeanue/oexoouposanue)

JlaHHas OMONHMOTEKA COJEPKHUT JBE BJIOKEHHBIX OMOIMOTEKH —
otaenbHo s 6104HBIX (Block) 1 cBeprounsix (Convolutional) xo10B.
Homenknarypa momnepXMBaeMbIX KOJOB B TOYHOCTH Ta e, YTO U B
makere Communications Toolbox. EAMHCTBEHHBIM IOIMOJHEHHEM
SABISICTCS  HaM4Yue  OJIOKa, OCYIIECTBISIONIETO  JIEKOIUPOBAHUE
CBEPTOUHBIX KOJOB HE TO airoputMmy Butepbm, a mo MakCUMyMmy
anoctepuopHoit BepostHocTH (6110k APP Decoder).

3.5. Modulation (moodynayus/0emodynavus)

JlanHast 6ubIMoTEeKa COIEPIKUT YETHIPE BIOKESHHBIX OMOJIMOTEKU:

— Analog Baseband Modulation — aHamoroBas MoIyISLUA,
MOJIETUPOBAHUE KOMIUIEKCHOW OrM0Oaroiei;

— Analog Passband Modulation — ananoroBas MOIyJSIIUSA,
MOJEIUPOBAHUE BEIIECTBEHHOIO CUTHAJIA;

— Digital Baseband Modulation — uudpoBas wmomgynsIHM,
MOJICJIUPOBAHUE KOMILJIEKCHON OTHOAaroIIeH;

— Digital Passband Modulation — 1udpoBas MomgyIsAIUA,

MOJEJIMPOBAHUE BEUIECTBEHHOTO CUTHAJIA.

JIBe mnocnenHux OUOIMOTEKH, B CBOK OYEpEnb, COAEpPIKAT
BJIOKEHHBIE OMOIMOTEKH IS OTACTBHBIX BUIOB MOIYJISIIHH.

[To cpaBuenuto ¢ maketom Communications Toolbox cpenu
MOJJIEPKUBAEMbBIX ~ BHJIOB  AHAJOrOBOM  MOIYJISLIMM  OTCYTCTBYET
KBaJpaTypHas MOAYJSALHUA, a Uisl UM(PPOBOM MOAYISLUUU OTCYTCTBYET
ClieMabHAsl  NOJAJEpPKKA  KOHLUEHTPUYECKUX  CO3BE3OUH  IIpHU
KBaIpaTypHOH MaHUMYJALMH. 3aTO paclIupeH HAOOP MOAIEePKUBAEMbIX
Pa3HOBUHOCTEH YaCTOTHONW MAaHMNYJSAIIMU C HENpepbIBHOW (a3oi, a
Takke  jJoOaBiieHa  mojjepkka  (pa3oBOl  MaHMIYJISUUU  C
b epeHnanTbHbBIM KOAUPOBAHUEM.

3.6. Channels (mooenu kananoe cesasu)

B nanHyro OMOJIMOTEKY BXOAST OJIOKH, pEATM3YIOIIUE MOJEIU
KaHaJIOB CBSI3U YETBHIPEX THUIOB: KaHala C aJJIMTUBHBIM TayCCOBCKUM
mymoM (pabota 3TOro OJIOKa aHajJorMYHA (PYHKIIMA awgn I[aKeTa
Communications Toolbox), kaHalOB C PANEEBCKUMHU U PaliCOBCKUMU
3aMHUpaHUSIMH, a TaK)Ke JBOMYHOTO CHMMETPHYHOTO KaHaja C 3aJaHHOU
BEPOSATHOCTHIO OLIMOKH.
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3.7. Basic Comm Functions (610Ku HU3K0ypo8HesblX onepayuil)

JlanHas 6ubMoTeKa CoIepKUT JBE BIOKEHHBIX OMOJIMOTEKU:

— Integrators — deTblpe OJIOKa HMHTETPaTOpPOB, padOTAMOIIMX C
HEIPEPHIBHBIM U TUCKPETHBIM BPEMEHEM MOICTTUPOBAHMSI;

— Sequence Operations — O0J0KH, TO3BOJISIONINE BBITOIHATH
pasIu4HbIC OIEpaIMy HaJ IOCJICA0BATeIbHBIMU ITOTOKAMH JTaHHBIX
(ckpeMOnupoBaHue W JAecKpeMOIupoBaHue, AyOJUpPOBAHHE
3HAUCHUH U yCTPaHEHHE TyOJUpPOBaHUs, BCTABKY HYJICH, BBIJCIICHHUEC
HEKOTOPBIX 3JIEMEHTOB I10 3aIaHHOMY IIpaBUJIy, BHECEHUE (Da30BOTO
CIBUTA M BBIYUCIICHHE (PA30BOT0 CABUTA MEXKTY JIBYMsI CHTHAJIaMU ).

3.8. Synchronization (cunxponu3zayus)

B nanHoli OMOIMOTEKE CONEPHKUTCS YEThIpE OJI0KA, peATU3YIOIIHNX
pa3IMyHbIe BAPUAHTHI CUCTEMBI (Pa30BOM aBTOMOJICTPOMKHN YaCTOThI. DTU
0JIOKM NpeJHa3HA4YeHbl Ui MOJEIUPOBAHMS MOJICUCTEM BPEMEHHOWU H
($a30BOI CHHXPOHHU3AIIUHN B CHCTEMAX CBSI3H.

3.9. Interleaving (610Ku nepemescumeneii/0enepemexcumeieii)

B psne ciydaeB ommbku npu nepenade UHGOPMAIMH 110 KaHATY
CBSI3W BO3HUKAIOT nakemamu, TO €CTh HCKaKaeTCsl cpa3y HECKOJIBKO
nepeaaBaeMbIX MOAPsiA CUMBOJOB. [lia oGneruenust 60ppObI ¢ TaKUMU
omMnOKaMH B CHCTEMaxX CBS3U  HCIOJB3YIOT  nepemedceHue —
NEePEeCTaHOBKY  MOCJENIOBATEILHOCTH CHUMBOJIOB Ha  Mepearomei
ctopoHe. B mpuemHHMKe mpou3BogUTCS OOpaTHas TMEpecTaHOBKa
(mnenepemexenue). B pe3ynbTaTe JenepeMeKEHHs TMaKET OIIMOOK
IpeBpalIaeTcs B CEPUI0 OOUHOYHLIX OUIMOOK, pPACIPENeNCHHBIX BO
BpEMEHU. OTO OO0JIEr4yaeT uCHpaBiIeHUE OIMMOOK C MOMOUIBIO
KOPPEKTUPYIOIINX KOJIOB.

JlanHast OMOIMOTEKa COAEPIKUT JIBE BIOKEHHBIX OMOIHOTEKH:

— Block — 06ouHble TIEpeMEXUTENN, MPOU3BOASIINE MEPECTAHOBKY
CHMBOJIOB B TIpeziesiaX OTACIbHBIX OJIOKOB,;

— Convolutional — cBepTOUHBIE TIEPEMEKUTEIN, MPOU3BOIAIIIC
HEMPEPBIBHYIO TEPECTAHOBKY CHMBOJIOB, HE pa3esisi COOOIIECHUE
Ha OTJIEJIbHBIE OJIOKHU.

3.10. Utility functions (écnomozamevHnule 010Ku)

B nmanHyro OuOmMoTeKy BXOAMT dYeThIpe Oyioka. [IBa W3 HHX
peam3yroT mpeoOpa3oBaHUE ACCATHYHBIX YHUCET B WX OHWTOBBIC
npeACcTaBiIeHUs] U 00paTHO (3TH OJI0KW aHajoruyHbl GyHKIMsAM de2bi u
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bi2de nakera Communications Toolbox). Tpetuii 670K OCyIIECTBISAET
npeoOpa3oBaHUe YPOBHEM M MOIHOCTEH CHUTHAJOB W3 JIMHEHHBIX
€IUHUIl B JeruoOensl WM HaoOopoT. Hakonen, mnocneaHuit OJ0K
peanusyer mpeoOpa3zoBaHUe CXEeMbl KOAUPOBAHUS JAaHHBIX (HAIpUMeEp, C
UCIIOJIb30BaHKEeM Koja ['pes).

3.11. Ilpumep ucnonv3osanus navopa 6a0koe Communications

Cpean neMOHCTPALIMOHHBIX MOJENEN, MOCTaBISEMbIX B COCTaBE
Habopa 6moxkoB Communications Blockset, nmeercsi psa MHTEpEeCHBIX
npumMepoB. OOuH U3 HUX, NOKa3aHHBIA HA pHUC. 7, PEATU3yEeT MOJEIb
CUCTEMBbl II€pelaud JaHHBIX C  HCIOJb30BAHHEM  JAUCKPETHOU
MHOTI'OYAaCTOTHOW MOAYJSALMHU. Takas MOAYJSALMS UCHOJIB3YETCA B PSAE
texHonorud XDSL, mnpegHa3HaueHHBIX i1 CKOPOCTHOM Tmepenayu
JTAHHBIX 110 A0OHEHTCKHUM TeJIe(OHHBIM JIMHUSIM.
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Puc. 7. Mooens, peanusyrowasn nepedaiy OaHHbIX C UCHOIb30BAHUEM
MHO20YACMOMHOU OUCKPEMHOU MOOYAAyuU, npumensemotl 6 mexuonocuu ADSL.
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B BepxHell yacTu pucCyHKa IOKa3aHa oOIIasi CTPYKTypa MOJEINH,
BHU3Y CJIeBa OTOOpa)kaeTcsl pacnpeiesieHne oO0Lie CKopocTu nepeaadn
JaHHBIX IO YAaCTOTHBIM KaHajlaM (rpauk IOKa3bIBaeT YHUCIO OWuT,
nepesaBaeMoe 10 KaxAoMy M3 256 4YacTOTHBIX KaHAJOB), a BHU3Y
CIpaBa JEMOHCTPUPYETCS CIIEKTP MEpelaBaeMoro curxaia. BujaHo, 4to
(Gopma crekTpa B 1IeJIOM HOBTOpsieT rpaduK pacnpeaeneHuss CKOPOCTH
nepeaadn JTAHHBIX. HepaBHOMEpHOCTD pacnpeneneHus
MH(OPMALMOHHON 3arpy3Kd KaHAJIOB MCIIOJB3YETCS MU pealn3alyu
MakCUMaldbHO 3()()EKTHBHOTO HCIIOJIB30BAHUA BO3MOXKHOCTEH KaHaia
CBSA3M M yUe€Ta IOMEXOBON OOCTaHOBKH.

4. 3axknrouenue

[Taker pacumpenus Communications Toolbox u HabGop O6s0KOB
Communications Blockset mo3BoJsifoT MOAETMPOBATh CHUCTEMBI CBS3H
caMoro  paszHooOpazHoro  HazHauenus. Ilpu  HeoOXOAUMOCTH
BO3MOXKHOCTH 3TUX KOMNoHEHTOB MATLAB Moryt OBITH JOIOJHEHBI
nyTeM Cco37aHus COOCTBEHHBIX (QYHKIMH u OJIOKOB JMOO TyTeM
MPUBJICUYCHHS erle Oojiee CIeNnaTu3upOBaHHBIX MakeToB. [Ipumepom
Takoro makera sisercs Habop O6moxkoB CDMA Reference Blockset,
MpeAHA3HAYCHHBIA I MOJICITUPOBAHUSI CUCTEMBI OCCTIPOBOIHONU CBSI3H
C KOJIOBBIM pazjiefienuem aoctyna (ctanaapt [S-95A).

JIumepamypa

1. Ipoxuc /[»c. UudpoBas cBsa3b. Ilep. ¢ anrm.  /Ilog pen.
J. . Knosckoro. M.: Paguo u cBs3b, 2000.

2. @eep K. becnpoBonmHas nudpoBas CBsA3b. MeETOIbI MOIYJSIUU |
pacmmmpenus cnektpa. Ilep. ¢ anrn. M.: Paguo u cBszs, 2000.

. Communications Toolbox User’s Guide. The MathWorks, Inc., 2000.

Using the Communications Blockset. The MathWorks, Inc., 2001.

. A Duplex Modem Operating at Data Signalling Rates of up to 14400
bit/s for Use on the General Switched Telephone Network and on
Leased Point-to-Point 2-Wire Telephone-Type Circuits. ITU-T
Recommendation V.32bis. ITU-T, Geneva, 1991.

6. Jlacymenkxo O.HU. Mopaemsbl. CripaBounuk nosnb3oBatesns. CII0.: Jlansb,

1997. 368 c.
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YK 519.6

NMPEOBPA3OBAHUE CUMBOJIBHOIO
NOJIMHOMA B CUMBOJ1bHbI MACCUB
KO3PDPULIMEHTOB

Tonouko O.U., ®enopsik P.B.
Jloneykuti 2cocyoapcmeenHbll mexHuyecKuil ynueepcumem, 2. /[oneyx, Yxkpauna
e-mail: toi(@elf.dgtu.donetsk.ua

[Ipy pemenun 3amady  MNOJMHOMHAIBHOTO CHHTE3a CHCTEM
aBTOMATUYECKOTO YMPABICHHUS YacTO BO3HUKAET HEOOXOIMMOCTH B
npeoOpa30oBaHUM  CUMBOJIBHOTO  TOJIMHOMAa C  CHUMBOJIbHBIMH
K03 (UIIMEHTaMH B CUMBOJIBHBIN BEKTOP €ro KO3 (OUIIMEHTOB.

CymectBytomiast B Symbolic Toolbox ¢ynkmus v=sym2poly(P)
BBITMIOJIHIET aHAJIOTUYHOE MpeoOpa3oBaHUE TOJBKO IS CHMBOJIBHOTO
MOJIMHOMAa  C  YHCIACHHBIMH KO3 duireHTamu. Hanpuwmep,
[OCJIE10BATENbHOCTh KOMaH 1

syms p
G=2*p"2+3*p+1
gv=sym2poly(G)

(bOopMHpYET YNCICHHBIN BEKTOP
gv=[2, 3, 1] (class(G) — sim, class(gv) — double).

[TonmpiTka mpoAeNaTh aHAJIOTHYHYIO ONEPAIMi0 C TOJHHOMOM C
CUMBOJIBHBIMH KOd(DPUIIMEHTaMH TPHUBOIUT K BBIBOAY COOOIICHHUS
«Input has more than one symbolic variabley.

Jlis  yCcTpaHEHHs OSTOTO HEJAOCTaTKa MOXXHO pa3paboTarh
JIBYXapryMEHTHYIO (DYHKIIMIO, TIEPBBIM BXOJHBIM ITApaMETPOM KOTOPOM

SIBJISIETCSI CUMBOJIBHBIA  ITOJIMHOM P, da BTOPBIM — HC3aBHUCHMAsA
CUMBOJIbHAsA IICPCMCHHAA X, TAK YTO
P(a,x)=ax"+ax""+.+ax+a,,. (1)

Ota (QYHKIUS MOXKET OINpeaAeyiaTh KO UIMEHTH MOJIMHOMA «;
MOCJIEIOBATENbHON TMOJCTAHOBKOM B HEro x=(0 © MNOCIEAYIOUIUM
peoOpa3oBaHUEM MHOTOUJICHA MYTEM BBIYMTAHUS U3 HETO CBOOOIHOTO
yjieHa W JIeJICHUS T[OJy4eHHOTO pe3yjbTaTa Ha HE3aBUCHUMYIO
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NIepEeMEHHYO:
4, =P(a0), P_(alx)=[P(ax)=a,]/ x. (2)
[TocnenoBaTenbHOCTH onepanuii (2) cieayeT mpoaoKaTh 10 TEX
1op, TOKa 3HaUY€HHUE MOJIMHOMA HE CTAaHET HYJIEBBIM.
XOT ONUCAaHHBIA AJITOPUTM MPEAEIBHO IMPOCT, peaau3aus ero
CpEICTBAMU MPUJIOKEHUS BBI3BIBAET OMPEACIICHHBIE TPYIHOCTH.
Hampumep, ©6e3 wucnonas3oBanus m-GyHKIUH 0€30IIMO0YHO
BBITIOJTHACTCS CISAYIONIAsl MTOCIeI0OBATEIIbHOCTh KOMaH]T

symsbcxa

P=b*x”"3+(b+c)*x"2+b*c*x+c

P1=P; i=1;

while P1~=0
x=0; a(i)=eval(P1); syms x
Pl1=collect(P1-a(i),x); P1=simple(P1/x); i=i+1;

end

a=fliplr(a);

[TonpiTKa K€ CO37aTh HAa OCHOBE 3TOM MPOrpaMmbl (HYHKIIMIO
TEpNUT Heynauyy. Ee BbINOMHEHUE MpephiBaeTcsl ¢ cooOlIeHueM 00
omuOke Ha kKomaHzae a(i)=eval(Pl). Ommbka ycTpaHsieTcs NpU 3aMeHe
3TOW ONEpaIy OJTHON U3 KOMaH]

a(i)=maple('eval',P,[char(x),'=0']);
a(i)=maple('eval',P sprintf(' %s=0',char(x));
a(i)=subs(P1,x,0);

Takum o6pazom, QyHKIMS, peliaroias MOCTaBICHHYIO 3a7ady, MOXKET
BBITJISIZIETH CIIEAYIOIINM 00pa3oM:

function a=poly2koef(P,x)

syms a; i=1;

while P ~=0
a(i)=subs(P,x,0);
P=collect(P-a(i),x);
P=simple(P/x); i=i+1;

end

a=fliplr(a);

Cnenyer oOpaTuTh BHMMaHHE Ha TO, 4YTO MPU OTCYTCTBHH
omepanuy ynpouieHus simple BeipaxkeHus P/x Tpu  ouepeaHOM
BbinosiHeHuu subs(P,x,0) uiu maple('eval',P,[char(x),'=0']) Bo3HUKHET
CUTyallds <«JICJICHME Ha HOIb». llpeaBapuTenbHOE WCIOJIb30BAHKE
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¢bynkuuu collect Takke MoMoraer MpeAOTBPATUTH 3Ty CUTYAIMIO, Tak
KaK MPHU CIIOKHBIX BBIPAKEHUSAX TSI KOIDPUIIMEHTOB OJHOM KOMAaH/IbI
simple nHOT1a OKA3bIBAETCS HEIOCTATOYHO.

Jumepamypa

1. Ilomemxun B.I'., Pyoakos I[I.A. Cuctema MATLAB 5 st cTy1eHTOB.
2-e u3a. M.: IMAJIOT-MUODU. 1999. 448 c.
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YJIK 528.94 + 528.9:002.6

COBMECTHOE UCNOJNb3OBAHUE TMC U MATLAB
B NAHOWA®THOM KAPTOIPA®UPOBAHUA

[MInokux A.A.

Hnucmumym 600muwix u akonoeuueckux npoorem CO PAH, 2. bapuayn
e-mail: saa@iwep.ab.ru

OaHUM U3 NPUOPUTETHBIX HAYYHBIX HANPABJICHHN B HACTOSIEE
BpEMsl SIBJIAIOTCS MCCIENOBAaHHUS B cC(epe 3KOJOTHH, T/I€ ILIUPOKOE
pacnpocTpaHeHue MOJTYYHIIO COBMECTHOE HCIIOJIb30BaHUE
reorpaM4ecKux M KapTorpauyeckux METOJOB M MaTeMaTHYECKUX
Mozened. Ha pgaHHBIE MOMEHT HEOCHOPUMBIM (DAKTOM SIBJIAETCS
npeobiiajaHie TMPUMEHEHUs Teorpaduyeckux  UHGOPMAIMOHHBIX
cucteM (I'MC) pns pemienust 3amad, CBSI3AHHBIX C KMCMOJIb30BAHUEM
kaptorpaduueckoil mHpopmauuu. Kak U OOJBUIMHCTBO CEpPBE3HBIX
IpOrpaMMHBIX TNPOJIYKTOB, Hauboznee pacnpocrpaHeHHble ['MIC, Takue
kak ArcInfo nmm MapInfo, HecMoTpsi Ha HajaMunMe BHYTPEHHUX SI3BIKOB
nporpammupoBanuss  (Avenue u  MapBasic  cOOTBETCTBEHHO),
HNOJJIEPKUBAIOT  BO3MOXKHOCTh  MOJKIIOYEHUE  JIONOJHUTENIbHBIX
monynei (Extension), peaqn30BaHHBIX B IPYrUX MPOrPaMMHBIX Cpelax.
Kpome ToOro, mnpu mnporpaMMHUpOBAaHMM HA BHYTPEHHUX SA3bIKaX
CYILLIECTBYET BO3MOXXHOCTh THOJKIIOUEHHs] OMOJMOTEK Mpouenyp H
(GYHKIMI U3 IPYTUX SA3BIKOB MPOTPAMMUPOBAHHMS.

[Ipu pazpaborke ['MC-nipunoxeHuil cleayeT Y4YuThIBaTh TOT
¢dakt, dYro nns pemieHUs OONBIIMHCTBA 3aJad, CBS3aHHBIX C
npumenenneM [MIC mpu kapTorpadupoBaHuM, JOCTaTOYHO CO3JaHUS
06a3 nmaHHBIX (B BHAE TaOMWI), OJIEMEHTHl KOTOPHIX HMEIOT
OPOCTPAHCTBEHHYIO NPUBSI3KY U 3JEMEHTApPHBIX MpoueAyp paldoThl ¢
HUMHU. BcneactBue 3TOro BHYTpPEHHHE SI3bIKM IPOrPaMMHUPOBAHHUS B
I'MIC opueHTHpOBaHbI B MEPBYIO OYEpPEb Ha pa3pabOTKy MPHIOKEHUN
TAKOro THUMA, B YHIEpO HPOCTOTE CO3AAHMUSI U CKOPOCTH pealu3aluu
pemienuss Apyrux 3azaad. [lostomy, mpu paspabotke cinoxsoro I'MC-
OpoeKTa CJIeJyeT BHUMATENIbHO TMOAXOAUTh K BOMNpPOCY BbIOOpa
MIPOrPaMMHBIX CPEICTB, UCIOIb3YEMBIX Ha €r0 OT/AEJIbHBIX dTalax.

Bce mHOroo6pasme kaprorpaduueckux 3aaad YCIOBHO MOXKHO
pa3nenuTh Ha 3 TUIA:

1. reomerpuueckue (MIPOCTPAHCTBEHHBIC) 3aJauyd, MPUMEPOM KOTOPHIX
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ABJISIIOTCSL 3a/1aud TOJCUETa IUIOIMIAAed W TEePUMETPOB KOHTYPOB,
HAaWMEHbIIIET0  (HauOOJBIIEr0) PACCTOSHUS MEXAY TpYIIaMH
OOBEKTOB, MOJYYEHHUE CJIOS TOJUTOHOB OBEPJEHHBIM HaJOKEHHUEM
JPYTUX CIIOEB, MoJydyeHne nudpoBoit mojaenu penbeda u T.1.;

2. cneuupuyeckue BBIYUCITUTEILHBIC 3aj1a4, SIBIISIFOIIIAECS
3aBEpIIAOIIEH cTaauein pacueToB, HCTOJIB3YOIIUX
KapTorpaduueckyro uH(pOopMaIuio, HarpuMmep 3a/1a4u

TUAPOJIOTMYECKOT0 MOJIETUPOBAHMUS.

3. 3a7aun,  CBSI3aHHBIE C  MCIOJIb30BAaHUEM  COAEPKATEIbHBIX
XapaKTEPUCTUK KapTOrpapupyeMbIX SIBIEHUM, MPUMEpPaAMU KOTOPBIX
ABJIIFOTCSL  33Jlayd  TPYNIUPOBKU TEPPUTOPHUAIBHBIX E€IUHHUIl IO
KOMIIJIEKCY TIOKa3aTesieH, BBISIBJICHUE AHAIUTUYECKUX XAPAKTEPUCTUK
CUHTETUYECKOTO IMOKA3aTeNsl U T.1., U HE YYUTHIBAIOIIKE B IIPOLIECCE
MOJEJINPOBAHUS UX POCTPAHCTBEHHOTO MOJIOKEHHUS.

JInst 3aa4 1epBOrO THUIIA XApAaKTEPHBIMU SIBJIIFOTCS CJIEIYIOLIME
0COOEHHOCTH:

— YUYUTBIBasi NPOCTPAHCTBEHHYIO cHenu(puKy KapTorpapupyembix
SIBJICHHUI, 3TU 3aJ]a4M SIBJISIOTCA JOCTATOYHO PaCIpOCTPAHEHHBIMU;

— tak kak ['MC opueHTHpOBaHbl Ha pabdOTy C MPOCTPAHCTBEHHBIMU
JAHHBIMH, TO OCHOBBI JUJISl pEAIM3allMM TaKUX 3a/1a4 YXKE 3aJI05KEHbI
B HUX;

— HECMOTpsS Ha NPUMEHEHME ITHX 3a7ad Uil pas3jInYHbIX LIeJIeH, OHU
SBJIIOTCS JOCTATOUYHO OAHOOOPA3HBIMH.

[ToaTomy moaaBinsroniee MX OOJMBIIMHCTBO YK€ PEeaTu30BaHO U, B
OCHOBHOM, C TIOMOUIbIO BHYTPEHHUX SA3BIKOB MPOrPAMMHUPOBAHHUS
HanOonee pacrnpoctpaHeHHbix [TMIC u, 3a4acTyto, BXOJUT B KOMILUIEKT
ctangaptHod  noctaBku ['MIC-OpueHTHPOBAHHOTO  MPOrPaMMHOIO
oOecreyeHus.

3amaun BTOPOTO THMA SIBISIIOTCS JOCTATOYHO CHEHH(PUUESCKUMH,
IpU PEIIEHUH KOTOPBIX IPUMEHSIOTCS CI0XXHBIE MAaT€MAaTHYECKHE
BbluncieHus. Kak mnpaBuio, mnporpamMmHoe oOecnedeHue s MX
pelieHuss pa3pabaThlBa€TCAd OTIEIBHO, C NPUMEHEHUEM IOMYJISPHBIX
cpen nporpamMmupoBanus, Takux kak Delphi, Visual C u 1.1. [Ipunumas
BO BHHMMAaHHUE HAJIMYME CIIOXKHBIX BBIYUCIMTEIBHBIX aAJITOPUTMOB,
CYLIECTBYET BO3MOXKHOCTh (YYMTHIBAsI POCTOTY NMPOTrpaMMHUPOBAHUS) U
HEOOXOAUMOCTh  (YUMTBIBAs  XOPOIIYKD  CKOPOCTb  BBIUHCIICHHI)
npuMeHenue cucremsl MATLAB it pemenns 3tux 3aaad.

Onnako HanOoiiee MEPCIEKTHUBHBIM HAMPABICHHUEM MPUMEHEHUS
cucteMbl MATLAB Ha AgaHHBIi MOMEHT MOKHO CUHMTAaTh TPETUH THI
3aj1a4, JJIS YCIEUIHOTO PEHIeHHS KOTOPhIX HEOOXOoAMMa MpocTas Hu
s dexkTuBHAs OpraHu3alus JOCTyNa K JaHHBIM, 3aJOKCHHBIM B
KapTorpapuueckoe IIPOU3BEJECHUE. [Tpu UCIIOJIb30BaHUU
COZIEpKATENbHBIX XAPAaKTEPUCTHK CJIEAYET y4ecTb TOT (PaKkT, 4YTO B
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OTJIMYME OT KapT oOIIero HasHadeHUs (Tornorpaduyeckux, (QU3NKO-
reorpadMYecKux U T.J1.) JJig OOJIBIIMHCTBA TEMAaTHYECKUX KapT He
CYILIECTBYET YETKO (POpMaIM30BaHHOTO MOAXOAAa K HMX COCTaBIEHUIO.
[TosTOMy MHOTHE TeMaTUYECKHE KapThl COMPOBOXKIAIOTCS CIIOXKHBIMU
JIeTeHIaMU, UMEIOIMMHU, OJJHAKO YE€TKO BBIPAKEHHYIO CTPYKTYpy. [Ipu
HEO0OXOMMOCTH aBTOMATH3aLlMU MPOLIECCOB U3BICYCHUS U3 KapThl AJIS
JaJbHEHIIIETO UCIOIb30BaHUE HE TOJBKO CaMOTO KapTOorpaupyemMoro
CUHTETHUYECKOTO TMOKa3aTelsl, HO U €r0 aHAIUTUYECKUX COCTABIISIONINX
MOCIIEA0BATEIBHOCTD ACUCTBUIA BBITTISAUT CIASAYIOIINM 00pa3oM:
1. ompenenenue npaBuil GOPMUPOBAHUS CHHTETHUECKOTO TTOKA3aTeNs;
2. BBISIBIEHHE CTPYKTYpbl 3allUCH CHHTETHYECKOTO TOKa3aTells uepe3
€ro aHAJTUTHUYECKUE COCTABIIAIONINE;

3. mporpaMMHas peajau3alus npoueayp padoTsl C 3TONH CTPYKTYPOM.

TunuyHbIM ~ OpPUMEPOM  KapThl, OoTpaxaromend  Kpome
KapTorpadupyemoro MoKa3aTes u €ro aHAJIUTUYECKHE
XapaKTEePUCTHUKH, SBJISETCS JaHamadTHas kapta. TekcToBoe onucaHue
AJIeMEHTa JIETEH bl JTaHAMAQTHOW KapThl COCTOUT U3 OITUCAHUS T'€O0JIOTO-
reoMop(oJIOrMYeCKOro,  PacTUTEIBHOTO  (re000TAaHMYECKOr0) |
MTOYBEHHOTO KOMIIOHEHTOB JIaHAmAadTa W CBSI3ed MEXKIy HUMH U X
cocTapisifomuMHu.  Bexymmm  ¢dakTtopom  BeigeneHus —JaHAmadTa
ABIACTCA penbed, BTOPUYHBIM — KOMOHMHAIIMA PACTUTEIBHOCTH W
OYBEHHOTO TOKpoBa. [Ipuuem B onucanuu penbeda, pacTUTETLHOCTH U
MOYBEHHOTO TIOKpOBa TaKXK€ MPOCIIEKUBACTCS HYETKO BBIPAKEHHAS
CTpyKTypa. B kauecTBe mpumepa MOXKHO pPacCMOTPETh CTPYKTYpPY
3aMUCH OJIHOTO W3 JaHAmA(TOB, MPEJACTaBICHHBIX Ha JIAHIIIAPTHOM
Kapte Amntaiickoro kpas wmacmTaba 1:500 000: "ckioHBI J10XKOMH
JPEBHET0 CTOKa TEpPpacUpOBaHHBIE, IMOJOTHE, ClabopacujieHEHHBIE C
060raTo-pa3HOTPaBHO-TUITYAKOBO-KOBBUILHBIMU JIYTOBBIMH CTEISIMA U
COJIOHIIOBO-COJIOHYAKOBBIMU Jyramu Ha OOBIKHOBEHHBIX,
BBIIIEJIOYEHHBIX U COJIOHIIEBATHIX YEPHO3EMaX U Oepe30BBIMU KOJKAMHU
Ha CEPBIX JIECHBIX OCOJIOACIIbIX MoYBax'".

MoOXHO BBIIENIHUTH CJIEAYIONINE 3JIEMEHTHl TaKOM 3amucu (CM.
puc. 1):

— —KapKac, TPEACTABIAIIIANA CcO00W 005S3aTeabHYyI0 CTPYKTYpY
(mapgmadT, Tpymnma KOMIIOHEHTOB JaHAmadTa, KOMIIOHEHT
nanamadTa);

— —CBSI3M MEXIY TI€0JOro-reoMop(oJoruyeckuM KOMIIOHEHTOM
naHAmadTa ¥ MOYBEHHO-PACTUTEIHHBIMU KOMIIOHEHTaMHU (CBSA3U
MEXy IMOYBEHHO-PACTUTEIBLHBIMU KOMIIOHEHTAMH OTPaXaroT HUX
KOJIMYECTBEHHOE (TIJIOIIaHOE) COOTHOIICHHE);

— —CBS3M MEXKIy KOMIIOHCHTaMH JaHAmadTa BHYTPH TPYIIIHI
KOMIIOHEHTOB (MMEIOT TOJIBKO CBSA3YIOIIUN CMBICH);

— —CBS3M MEXJy THIaMU KOMIIOHEHTa JaHamadra (OTpaxaroT
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KOJIMYECTBEHHOE COOTHOIIEHHUE MEXKy THIAaMHU OTHAEIBbHO B3SITOTO
KOMITOHEHTA JIaHamagra);
— — XapakTepucTUKW (MOATHIMBI) THUMA KOMIIOHEHTa JaHamadra,
MpeACTaBIAIONMEe COO0M ero cnenuuyeckre CBoOMCTBa (Hampumep,
B CJIOBOCOYETAaHUMU 'JIyroBble CTENMU'" XapakTepHCTHKa '"Iyropble"
OTpa)kaeT HaMOOJBIIYI0 BIIAXKHOCTh IOYBEHHOIO IOKPOBA IS
pacTUTENbHOro TUMa "crenu").

[Ipu 5TOM HamO YYUTHIBaTH TOT (PAKT, YTO XAPAKTEPUCTHKA THUIIA
KOMIIOHEHTa JaHamadTa MOXKET OTpakaTb HECKOJbKO PpPa3TUYHBIX
cBoiicTB. Harpumep, nonsitue kiaaccudukalus crenei mno BIaXxHOCTH Ha
"cyxue", "3acynuuBeie"”, "HacTosmue" U "myroseie" B KiacCU(DHUKAILINH,
UCIIOJIb3yeMOM Il KapT Takoro macmraba, B UTOre OTpa)KaeT TakKwue,
yalie BCEro  KOJIMYECTBEHHBIE, TMapaMeTphbl, KaK MPOIEHTHOE
colepKaHue BJard B IMIOYBE, XHUMHYECKHH COCTaB U MOIIHOCTH
rYMyCOBOTO TMOKpoBa U T.a. Ilpuyem Uit pa3iMyuHBIX  THIIOB
dukcupyroTcs pa3nuuHble HAOOPHI 3TUX MapameTpoB. Hampumep, myra
M0 YBIQKHEHHOCTH NOJAPA3JEIAIOTCS Ha CTENHbIE M HACTOSLIUE.
[ToaTOMy  KOJIMYECTBEHHBIE  IOKa3aTeNd  TUIIOB  KOMIIOHEHTOB
nanamadTa 3aMuchIBAlOTCS B OTAENbHbIE 0a3bl NAaHHBIX, a padoTa C
HUMH  OCYILIECTBISIETCS TMOCPEACTBOM 0as3bl JaHHBIX, XpaHsen
CTPYKTypy 3amucu JaHamadTa dYepe3 ero KOMIIOHEHTHl (B BHJE
dbuKcaru CBA3EH pa3InIHOTO POja).

Jlnst 3anucu CTPYKTYpbl U 00s13aTE€IBHBIX 3JIEMEHTOB CYIIECTBYET
2 pa3nUyHBIX croco0a 3alKCH: 3aMuch "OJAHUM IpeaIokeHueM"
W 3alliCh CBsA3EH B BUJE TaOnuIbl. BTopoit criocol siBisiercss Hanbosee
ecrectBeHHbIM 17151 [ YIC, u, moatomy, nerue peanuzyeM. O4eBUIHO, YTO
IpU 3aMKMCU B BHJIE€ TaOIMIBI OOJIIIMHCTBO SU€eK HE OymyT HUKAKUX
cceutok  (mnsa  manamadTHOM KapThl AnTailickoro Kpas Macmraba
1:500 000, copmepxameit 193 osnementa nereHasl 2,3 % sAueex
3aM0JHEHBI) U, CJIEI0BATEIbHO, U1l YCKOPEHHOTO JOCTyNa K JaHHBIM U
YMEHBIIICHUST 00bEMa  HMCIOJB3YeMOW  MaMATH  IEJIECO00pa3HO
MPUMEHUTh METOJl 3allMCU Pa3psHKEHHBIX (Sparse) marpuil. XoTd
peann3oBaTh MPOLEAYPHl pabOTHI ¢ (POpPMATOM Pa3pPsIKEHHBIX MATPHIL
JOCTAaTOYHO NPOCTO M C TNoMollblo BHyTpeHHero s3bika ['MC, Ho,
YUUTBIBas TOT (PakT, 4To BpeMsl, 3aTPAau€HHOE Ha JOCTYI K JaHHBIM,
3anumaeT 10 80 % Bcero BpeMeHH padOThl aJrOPUTMA, a CKOPOCTh
paboTsl mporieayphl, HanucanHod Ha MATLAB Ha nopsiok BeIlIe, yeM
B Avenue, To nenecoodpasnocts npuMeHeHuss MATLAB, kak cucTemsl
IPOrpaMMHUPOBAHMS C XOPOLIUMHU "CKOPOCTHBIMHU'" XapaKTEPUCTHUKAMH,
BBITJISITUT BIIOJIHE OYEBUHBIM.
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B nocnennee BpeMs B CBsI3u ¢ O0raThiM pa3HOOOpa3ueM mpooem,
pemaeMblx ¢ nomombio ['MC-TexHOJIOTWH, MNPOUCXOIUT pA3AECIECHUE
IpOrpaMMHOro oOecredeHuss To €ro HasHaueHuto. Eciau  pasblie
co3naBainch noinHoBecHble [ C-nakeTsl, TO ceiuac cTaBKa JelIaeTcs Ha
['MC-ocHoBy ("reoMmerpuyeckue" aarOpuUTMbl, aJTOPUTMBI PaOOTHI C
0a3zaMu NMaHHBIX W WHTEpdeEnc) W MoaKiIodaeMbie Moayau. [Ipu sTom
YIPOIIAKOTCS CIOCOOBI MOAKIIOUEHUSI OMOINOTEK MpoLeayp U QyHKIUMI,
HaMKUCaHHBIX C MOMOUIBIO JAPYTUX SA3bIKOB MPOTPaMMHPOBAHUS, B TOM
YUCJIE U CHEIUATU3UPOBAHHBIX, UTO OTKPHIBAET MIUPOKHE BO3MOKHOCTH
Il UX TPUMEHEHUs TpU  PElICHUH  3a7ad, CBSI3aHHBIX C
KapTorpauuecKkuM MOJICTMPOBAHUEM.

Pabora nmognepxana rpantamu PODU Ne 01-05-65334 u Ne 02-
05-81013.
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