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ONTUMMBAIIUA APBUTPAKHBIX CAEJIOK BAHKA
C IEHHBIMHU BYMAT'AMHU

Boatsan A.B., [Tucanen J.B., bopeas O.A. (kag. TM, [{onl TV, 2. /loneyx, Yxpauna)

OpHUM U3 HaNpaBlICHHUH AEATEIbHOCTH KOMMEPUYECKHX OAaHKOB YKpauHbI SBISIOTCS
oTiepaluy ¢ EHHBIMH OyMaramu, ¥ B YaCTHOCTH, C aKIUSIMHU aKIHOHEPHBIX 001mecTB (AO).
[Tpuyem, 6aHKM MOTYT BBICTYNAaTh Ha PHIHKE LIEHHBIX Oymar B KauecTBE AMHTEHTA, IOCpE.l-
HHKa Wiy uHBectopa [1]. Cpean ToproBeix oneparuii 6aHka Kak (POHIOBOTO MOCPETHHUKA SB-
JaseTcss apOWTpaK, T.e. MOJy4YEHHE IO0XO0/a MOCPEJCTBOM KYIUIM-POJaKH IIEHHBIX OyMmar.
OpHako Npy BHITMOJHEHUH TaKUX onepanuidi 0aHK Bcerna AOJDKEH YUUTHIBATh U TOT PUCK, KO-
TOPBIA ABIISETCA HEOTHEMIJIEMOW YacThIO PHIHKA IICHHBIX OyMar, Tak Ha3bIBA€MbIi MHBECTH-
IIUOHHBIA PUCK [2]. DTO 0COOEHHO Ba)XHO B YCIOBHSIX COBPEMEHHOTO PBIHKA IICHHBIX Oymar
YKpaunbl, XapaKTEpHU3YIOIIErocs HHU3KOW JIMKBUAHOCTBHIO (MM €€ OTCYTCTBHEM) aKIUd
OOJBIIMHCTBA SMUTEHTOB, 00PA30BABIIMXCS B MpoIlecce MpUBaTU3aliu. 1103TOMy BOMPOCH!
ONTUMH3AIMU aPOUTPAKHBIX CAEIOK OAHKOB C LIEHHBIMU OyMaramMu SIBJISIIOTCS aKTyaJbHBIMU
B HACTOSILEE BPEMS.

PaccmoTrpuM onMH mpumep, KOTOPBIM HEPEAKO BCTPEYACTCS B MpakTHKE. JlomycTum,
4yTO O0aHK Kynui Ha BHeOMp>keBoM phiHKe maker akuuii AO “X” 03.01.2000 r., 3ammaTuB 3a
Hero 100 exunui. /laHHBIe aKIMKM HE WMEIOT aKTHBHOTO phIHKAa. B TO e Bpemsi OaHKy u3-
BECTHO, UTO MHTEPEC K ITHM aKLHUsIM IposBisieT pupma “Y” u rotoBa ux npuodpectu 3a (100
+ A) enunut, e A — apOuTpakHsiid 1oxo 1 6anka. OqHako cTparerus GupMsl “Y” 3akioda-
ercs B crneayromeM. [IpenmnonoxurensHo B cepeanne HossOpst 2000 r. mpoiineT obiiee codpa-
Hue AO “X”, Ha KOTOpOoM OyIyT paccMaTpHBAaTbCS BOIPOCHI, CTPATETHUECKU BaXKHbIE MJIS
paboTHI 001IIECTBA, B PEIICHUN KOTOPHIX HAMepeHa y4acTBoBaTh pupma “Y”. CrnenoBarenbHoO,
MaKeT aKlUi, MpeIaraeMblii K mpoaaxe 0aHkoMm, Gupma “Y” roroBa nMpuoOPECTH TOJIBKO B
koHIe OKTsA0ps 2000 r. Jlms monTBepkmeHWs cBoWx HamepeHwid ¢upma “Y” roToBa
03.01.2000 r. cnenats 6aHKY 4aCTUUHYIO MPEOIIIATy, a OCTABIIYIOCS YacTh CYMMBbl BHECTH B
koH1e okTa0ps 2000 r. Toraa ke ¢upma caenaer nepeperucTpanno akuii Ha CBOe UMs.

[Ipu naHHBIX yCIOBHSIX HaM HEOOXOAMMO ONPEIEINUTh, YEMY JO0JDKHA OBITH paBHA BEJH-
YHA YaCTHIHON NPEe0IUIaThI (a), 9TOOBI yAOBIETBOPUTE 00€ JOTOBAPUBAIOIINECS CTOPOHBI —
MOKYTaTess U NpoJaBLa.

[IpousBenem pacyeT BBITOJBI U MOTEPH I KaXI0W u3 cTOpoH. s GaHka Beiroaa Oy-
JIeT 3aKJII0YaThCs B CIAEAYIOIIEM: UCIIOIb30BaHUE TIOJYUYEHHOW CyMMBI (@) Ui pa3MeIleHus U
MOJIy4€HHUs A0X0J1a:

aNi
A 6, — % >
rae N — 9uciio Hed OT MOMEHTa 3aKII0UEeHHs JI0TOBOpa KYIUIU-NPOAAKU MEXIy OaHKOM U
bupmoii “Y” 10 MOMEHTa OKOHYATeIbHOTO pacuera (Hanpumep, 31.10.2000 r.); 1 — cpeanss
roJioBasi MPOLEHTHAsl CTaBKa CTOUMOCTH JAeHEXHbIX pecypcoB Ha 2000 rox (B COOTBETCTBUH,
Hanpumep, ¢ [ 3 ] 1=0,35); 366 — uncno nHEH B roay.

CornacHo 1.4.6 [lonoxeHus o mopsike pacuera pe3epBa Ha MOKPHITHE BO3MOMKHBIX
yOBITKOB OT omepaluii ¢ IeHHbIMU OyMaramu, yTBepkaeHHoro [loctanosnenuem [IpaBnenus
Hanmonansaoro 6anka Ykpaunbsl oT 30.12.99 1. Ne629, npu Hanu4duum npenoriatel 0aHK HE
dbopmupyeT pe3epBbl Mo obeciieHnBaHUE IEHHbIX Oymar. [Ipu 3TomM OaHK ocTaBisieT “He
CBSI3aHHYI0 PE3€pPBOM CYMMY BIIOKEHHM B akiuH, T.€. 100 eqUHUII, 1 MOKET TaKKe HUCIIOTb-
30BaTh €€ JIsl MOJIydeHHs 10X0Aa

100 Ni
Ao =366

B T0 xe Bpems, Oank, HegononayuyuB cpa3y (100 + A — a) enuHull, UMeeT Ha JaHHOM
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(100+A —a)Ni

366

[Motepu Ganka Takke OyIyT 3aKIIOUaThCS B HAIWYMHM MHQISAIUHN, YTO BBIpaKaeTrcs B
BEJIMYMHE HEJOTIOyYEHHOTO J0X0/a

A5 =100+A-a

oIepanry HEJOTIOTY YEHHBIA JJOX O yi 6, =

(100 +A —a)
1+ jN/366 °
I7ie j — OXKHIaeMblil cpeqHuid Tog0Bol npupoct uHsamu. Hanpumep, no ganuasim MHTEp-
dakc-Ykpanna (Ha Hagano oktsops 2000 r.) j = 0,27.
Taxum o6pa3om, Beirona 6anka: Je=/UHe1 + 62— He3—Hdoea >0. ()
Jis pupmet “Y”, Ha000pOT, HHDISAIIMOHHBIE TIPOIIECCHI MPUBOAAT K TOMY, UTO IIATUTH
(M0 CTOMMOCTH JICHET) B MOMEHT 3aKPBITHS CICIIKH Hal0 OyJeT MeHbIe. A COKOHOMIJICHHBIC

CpEeZACTBa €CTh CPE/ICTBA 3apabOTaHHBIE!
100+ A -
a1, =100+A—a (100+4-a)
1+ jN /366
Yacth cyMMBI, KOTOPYIO (UpMa BBIIIAYMBACT 0aHKY B MOMEHT 3aKpPBITHS CICIKH,
ocTaercs Ha BceM npomeskyTke Bpemenu (ot 03.01 no 31.10.2000 r.) B ee pacnopsikeHuw, T.€.

MOXKCT IPHUHECTU MUWHAMAJLHBI I JOXO0d:
T - (100 + A —a)iN
P 366
C npyroii CTOpOHBI, cyMMa MpeaoIuIaTh (a), yiiadeHHas (GUpMoi, oTBiIedeHa u3 00o-
poTa, 4TO IMPUBOJIUT K yIIYIIIEHHOHN BBITOZE
aNi

Ao =366

¥ 9Ta 9acTh CyMMBI (M3-32 HHMIAINNA) CTOUT JOPOXKE, UeM, ecii Obl OHA ObliIa yIulaueHa He
03.01.2000r.,a 31.10.2000 .:

a
=q—-——-
Ao, 1+ jN/366
Torna Beiro1a GUpMbI HAo=Hp +Hgo—Hp3—Hga > 0. 2

W3 ypaBuenwmii (1) u (2) He0OX01MMO, 33JaBIINCh 3HAYCHUSMH 1, ] ¥ 3Hast N U A, onpe/1enuTh
BEJIMUYWHY (2), B3AMMHO yJIOBIIETBOPSIONIYIO OaHK 1 pupmy “Y”. Ctparerust 6aHKa COCTOUT B
MOJIyYeHUH MAaKCHMAJIbHOM MPEeNoIUIaThl, a CTpaTerus GUPMbI — B yIJlaTeé MUHHUMAaJIbHO BO3-
MOYHOUM MEPBUYHON MPEOTUIATHI, YTO MPUBOJUT K PEIICHHUIO CUCTEMBI ABYX HEPABEHCTB W
OTIPEJICIICHUI0 UHTEPBAIBHOMN (€C/IM TaKOBAas CYIIECTBYET) OLIEHKH HCKOMOTO TapaMeTpa a.

3nast N = 300 nnueit; 1= 0,35; j = 0,27 u npunsas A = 20 enunuil, u3 ypasHenui (1) u
(2) momyunm: 0,76 a>27,38; 0,94 a<56,07.

Torma ontumansHOe 3HaueHue (a) Oyaer HaxonuTbes Ha uHTepBae (36,0 ; 60,0).

[Ipu pacuere uHTEpBaIbHON OLEHKH BEJIMYMHBI () BO3MOXKEH YUYeT pa3IndHONU CTOU-
MOCTH JICHEKHBIX PECYPCOB ISl OaHKA ¥ (PUPMBI.

Takum 00pa3om, MpeIOKEHHBI BapuaHT pabOThl KOMMEPYECKHX OaHKOB IO ap-
OUTpaXHBIM CJIENTKaM C IIEHHBIMU OyMaramu Io3BOJISIET ONPENeIuTh (PMHAHCOBEBIN pe3yJIbTar
CHENIKM C YYE€TOM B3aMMHOM BBITO/IbI IpojaBIia (0aHKa) U MOKYyMAaTessl, a TAKXKE paccuuTaTh
BO3MO’KHBIE TTapaMEeTPBhI CACIKU.

Cnucoxk autepatypbi: 1. llennsie Oymarw/ Ilom pea. B.M.Konecnukosra,
B.C.TopkanoBckoro. — M.: ®uHaHchl U cratuctuka, 1998. — 416 c. 2. bonrsan A.B. Ilpo6Gie-
MBI YNPaBJIEHNUsI UHBECTULIMOHHBIM PUCKOM B COBPEMEHHBIX YCIOBUSX U BO3MOKHBIE ITyTH UX
pemienus / / Te3ucsl AOKIAIOB U BBICTYIUIEHUM HAay4YHO-IIpaKTHYeCKON KoHpepeHuuu “du-
HaHCBI, IEHbI'M, KPEIUT: TEHACHIMHU U MepcneKkTuBbl pa3putusa’. — Jlonenk, 1999. — C. 23 —
26. 3. Caxno A. Bamotnas 3aBucumocts // Kommanwson. - Ne 37 (189). — C. 32 — 33.
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HEKOTOPBIE BOITIPOCHI MIAPAJUIEJTbHO-KOHBEHUEPHOM OBPABOTKH
JOKYMEHTOB B CKAHIIEHTPE

BumnsikoB FO.M., XamkoBckuii B.B. (xagp. MOIl 5BM, TPTY, e. Tazanpoe, Poccus)

Pacmmpenue chepbl mpUMEHEHHUS! CPEACTB BBHIYHMCIUTENILHON TEXHUKH B CBOIO O4Yepe]b
OCTpPO CTaBUT BOMPOC O 0ojiee aKTUBHOM HCIOJBb30BAHUM KOMIBIOTEPHBIX (POPMATOB IS
XpaHeHus U nepeaayu uHpopmaiuu. B cBsi3u ¢ 3TUM 0cO0yI0 aKTyalbHOCTh PUOOpena mpo-
OneMa TPUMEHEHHUS COOTBETCTBYIOIIMX IMPOTPAMMHO-ANIapaTHBIX KOMIUIEKCOB U CPEACTB
Ui 00paboTKHM, XpaHEHUsI U 00eCIeYeHusl A0CTyna K HHPOpMAaIKu B 3JIEKTPOHHOM BHUJE, a
TaK ke MepeBo/ia MHYOPMAIIUK C TBEPAbIX HOCUTENEH B KOMIIBIOTEPHBIE (POPMATHI.

Takoil nepeBoi OCYLIECTBIISIETCSA MOCPEACTBOM IIOCIIEIOBATEIFHOTO NPUMEHEHHS TEXHO-
JOTHH CKaHMPOBaHMs, 00pabOTKH N300pakeHUH M ONTHYECKOTO pacro3HaBaHus Tekcra. Ta-
KuM oOpa3om, it 3(hdeKTUBHON paboThl TpeOyeTcsl crenuanbHas OpraHu3alus IporpaMm-
HO-aNmapaTHbBIX PeCcypCcoB, JIIOJEH, TEXHOJOTHHA, KOTOpas 00BbeAMHSACTCS OOLIMM MOHATHEM
«CxanueHTp». CKaHIIEHTP BKIIIOYAeT OBICTPHIN TOKyMEHTHBIM CKaHep, CTAHIIMU CKaHHPOBa-
HUS, PacTiO3HaBaHUs, BepUPUKAIH, 00BETMHEHHBIE B CETh, COOTBETCTBYIOIIEE MPOTPAMMHOE
o0ecredeHne, ClenualbHO HOATOTOBICHHBII NIEPCOHAIL.

O06paboTKa JOKYMEHTOB B CKAHLEHTPE MPOUCXOAUT NapajuleIbHO-KOHBEHEPHBIM CIIOCO-
O0M, IIpH KOTOPOM JTOKYMEHT MO’KET MPOXOJHTH CIEAYIOIINe Tarbl 00pabOTKU: CKaHUPOBa-
HHe, CeTMEHTaIMs, paclo3HaBaHue, Bepuukanus, skcnopt. Mx uHpopMaTHBHAS XapaKTepH-
CTHKa NpuBeAcHa B Tadmuue. 1.

Tabmuna 1.
Pexumbl
Ha3Banue ABTO Pyunoii
Kp. O6. Kp. O6.
CxaHnupoBaHue JA Sch A | ScM
IIpenobpadotka | A ot oA | QM
CermeHnranus JA st JA | sM
PacrnosnaBanne | JJA RA HET | RM
Bepudukanms HET |V* JA | VM
DKCIOPT JIA E* HET | EM

Jlis peanm3an BEIYMCIUTENBHOTO MPOIIECCa HCIONB3YETCsl CHelnaJbHOE NIPOrpaMMHOE
obecrnieueHne, MOCKOJIBKY CTAaHIAPTHBIE CPENCTBA CIIOCOOHBI 00ECTEYUTh TOJHKO COBMECT-
HYI0 pabOTy HECKOJbKMX pab04YuX CTaHLMU HAJ OAHMM IaKkeToM pacmno3HaBanwus. [Ipu sTom
aBTOMaTH3alMsl CTAHOBUTCS KpallHE OrpaHUYEHHON M CYIIECTBEHHAs 4acTh MOTEHIMAJILHO
BO3MO’KHOM ()yHKIIMOHATbHOCTH TE€PSAETCH.

Kpome peanuzanum npruOpUTETHOTO OOCITY>KHUBaHUSI HEOOXOIMMO HCIOJIb30BaTh KOHBEM-
epHyI0 00pabOTKy M ONTUMHU3AIMIO OOCITY>KMBaHHS 3asBOK TakKuM 00pa3om, 4TOObI yMEHb-
HIUTH O0lIee BpeMsl paclio3HaBaHUsS TPYMIbI 3asBOK (HalpuMep, OT OJHOTO 3aka3uuka). [l
WUTIOCTPALMK NPEUMYIIECTB KOHBeHEpHONW 0O0paOOTKM M ONTUMHU3ALMU PACCMOTPUM Clle-
JIYIOLIUH CITyYa.

B kauecTBe UCXOIHBIX YCIOBHUN IMOJOXKHM, YTO MMEIOTCS OTCKaHMPOBAaHHbIE M300pake-
HUSI, CETMEHTAIUsl IPOM3BOAUTCS aBTOMAaTUYECKU, BepuUKals He IPOU3BOAUTCA. DKCIOPT
OCYILECTBIIIETCSA TOJIMCTHO B TEKCTOBBIM (opMar, T.e. KaXIOMy BXOJHOMY H300pa’KEHHIO
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nocje o0paboTKH OyIeT COOTBETCTBOBATH TEKCTOBBIN (paiiy ¢ pacmo3HaHHON MH(OpPMAIUEH,
3as1BKa COCTOUT U3 4-X JIMCTOB, UMEIOTCA JIBE CTAHLMM PACHO3HaBaHMs C Pa3IMYHOM IpPOU3-
BOJUTEJIBHOCTBIO (ClIydail cCTaHIMH pacno3HaBaHMs C OJIMHAKOBOM IPOU3BOIUTEILHOCTHIO HE
paccMaTpuBaeTcss BBUAY €ro o4eBUAHOCTH). COOTHOLIEHHE NMPOU3BOIUTEIBHOCTH CTAHIUU
NpUBEACHO B Tabmuie 2.

Tabmuma 2.

ITanbl 00padoTKU Crannus 1 Crannusa 2
CermeHTHpOBaHUE 5 cek. 5 cek.
Pacno3uaBsanue 100 cek. 50 cek.

[ToHsATHO, YTO B MPOCTEHIIIEM Cllydae Kakaas CTAHIMS PAclO3HABAHHS CaMOCTOSTEIHLHO
MIPOU3BOJIUT BCE ITAIBI 00PAOOTKH, MEPEXos K ClieAyoIIeMy HeoOpaboTaHHOMY JIUCTY B 3a-
siBKe. BpeMeHeM OKOHYaHUsT 00pabOTKH SIBJIIETCS MOMEHT 3aBepIIeHHsS 00paOdOTKU MOCie-
Hero JiucTa 3asBku. Ha puc. 1 mpencTaBieHa BpeMeHHasl AuarpaMmma, Ha KOTOPOH SICHO BHIHO
NpEeuMyieCTBO UCIIOJIb30BaHUA HpOCTOfI OIITUMHU3aAlNN.

HeoONnTUMU3NpPOBAHHAA
3afBKa
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Puc. 1. Bpemennas nuarpamma o0paboTKH 3asiBOK

[IpuBeneHHbIE BBILIE PE3YJIbTATHl CBUICTEIBCTBYIOT O HEOOXOJAMMOCTH HE TOJBKO HC-
MOJIb30BAaTh METOJIBI pacnapavienBaHusi 00paObOTKH 3asiBOK HA Pa3JIMUHBIE CTAHIMH PACIIO-
3HaBaHHWs, HO TaK XK€ HCIIOJbB30BATH MCTOJAbl JUCIICTUCPU3ALUU 3adBOK I YMCHLIICHUA
BpeMeHH 00paboTku. 31ech HEOOXOIMMO OTMETHTH CJCIYIONIYI0 OCOOCHHOCTH 00paboTKH
3as4BOK. HpeI[CTaBJ'IeHHI)IG B Ta6n1/1ue 1 nmapaMeTpbl IPOU3BOAUTCIIBHOCTH CTAHIIUH PAaCIIO3HA-
BaHM HEOOXO0MMO paccMaTpHBaTh, KaK yCJIOBHBIE, IIOCKOJIBKY B PEATLHOM PEXHUME 3apaHee
HEBO3MOXHO OIpPEAEIUTh BpeMsl MPOXOKJIEHHUsSI 3TAalloB 00paOOTKU KaKABIM U3 JUCTOB. To
€CTh CTAaHIIMS PAcCIO3HABAHUS 3aTPAuMBAECT pa3HOE BpeMs Ha 00pabOTKy pa3HBIX JIMCTOB 3a-
saBkHA. CTaTUCTUYECKHUE JAHHBIC TIO3BOJIAIOT HMCXOJAHWTH W3 MPCAIOJIONKCHUA O TOM, 4YTO IJIA
JMCTOB OJHOW 3asBKM BpeMeHa oOpabOTKM Ha 3Tamax OyayT JOCTaTOYHO OJM3KHMMH IO 3Ha-
YEHHUI0, HO HE PaBHBIMH. DTO COOTHOIIICHHE BhIPAXKAETCS CIEAYIOMIEH PopMyIoit:
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Vi,jeR,|L, —tj‘SS,

i#j
rae ‘R - MHOXKeECTBO, CoJiepIKallee BCE JIMCThI JAHHOM 3asBKH,
i, ] — HEKOTOPBIE JIMCTHI 3aBKH,

{; - BpeMs 00pabOTKH i-T0 JHCTa.

Jliis peanu3anuu napauieIbHOM ceTeBOM 00pabOTKU Ha HECKOJIBKUX CTAHIMAX PacIio3Ha-
BaHMA M OIpENeNICHHs OYepeIHOCTH BBHIOOpA JIMCTOB HA PAaCIO3HABAHWE BBECTH BBOIUTCA
MapupyTtuzatop. Pabora mapmpyTuzaropa 3aKkio4aeTcs B ONMpeeIeHH 04epeIHOCTH 00pa-
OOTKHU JIMCTOB 3aBOK, C TEM, YTOOBI 00ECIIEUNTh PAaBHOMEPHOE MPOIABIKECHHUE 3asiBOK C PaB-
HBIM [IPUOPUTETOM, U O0Jtee OBICTPYI0 00pabOTKy BHICOKOIIPHOPHUTETHBIX 3asBOK. V3BecTHBIE
METOJIBI TIOCTPOCHUS TUCTIETUepoB [1] mpemararoT UCIOIb30BaTh AJITOPUTMBI ¢ A0COJTFOTHBI-
MU [IPUOPUTETAMH, OTHOCUTEIbHBIMU IpuopuTeTamMu U ap. Kak nokazano B [2] Takoro pona
AITOPUTMBI MOTYT IPUBOJAMTH K CIIy4dastM, KOI/Ia PY HAJIMUUU B OYEPEAN BBICOKOIPUOPUTET-
HBIX 3asBOK, 3asBKH C 0oJiee HU3KUMHU MPUOPUTETaMHU HE OOCITyXMBaAIOTCS. Takux cuTyarmit
MOJKHO M30€raTh, UCIOJIb3Ysl BEPOATHOCTHYIO TUCTIETYEPU3AIHIO, T.€. TOCTABUB B COOTBETCT-
BUE KaXJOM 3asiBKE BEPOATHOCTH 00CTykuBaHus. OHAKO, BO3HUKAIOT CIydau, KOTaa OOImit
XapaxkTep BEPOATHOCTHOW IUCHETUYEPU3ALUM HAPYILIAETCS, U MPOUCXOAAT Pa3IMYHOIO pojaa
UCKKEHUS B JUCIMIUIMHE O0OCTyXMBaHUs. J{71 KOMIEHCAIlMM BO3JEHUCTBHS JMHAMHYECKUX
¢daxTOpoB, TO €cTh (HaKTOPOB, ACHCTBUE KOTOPHIX U3MEHSIETCS BO BpeMsi 0OCITYKUBAHUS, BBO-
JUTCSI MOHUTOP CTaTUCTUYECKUX XapaKTEPUCTHK BBIXOJIHOTO MOTOKA. COBOKYITHOCTH CTaH-
LU pacro3HaBaHUs, YNPaBICHUE KOTOPBIMHU OCYILECTBIISIETCS OJIHUM JIUCHETYEpOM, OyneM
Ha3blBaTh KJIACTEPOM pacrno3HaBaHusA. [I0CKONBKY CTaHIMM paclo3HaBaHUS MOTYT J100aB-
JSITHCSL B KJIACTEP M YAAJATHCSA U3 HETO B MPOU3BOJIbHBIE MOMEHTHI BPEMEHU (Hampumep, Mo-
Clle MOJy4YeHMsl 3a/laHusl, 10 TEXHUYECKUM MPUYMHAM CTAHLMS paclo3HaBaHMs OTKIHOYaeT-
csl), MEXJy AUCIETYEPOM U KaXKJION M3 CTAaHLUUI peau3yeTcsl CHHXPOHM3ALMOHHbBIN KaHaIl.
JlaHHbIEe 110 3TOMY KaHaJIy NEpPEeAaroTCs NEPUOINUECKH U MO3BOJISIIOT YBEAOMIISTh JUCIIETYED
0 COCTOSIHUM CTAaHIIMM PACTIO3HABAHUS.

PaccmoTpumM kpaTko paboTy BeposiTHOCTHOro aucnerdepa. Ilpu mosBieHun cBoOOAHON
CTaHLMM PACHO3HABAHUS JUCIETYEP BBIOMPAET MO CIy4yalHOMY 3aKOHY (B COOTBETCTBUM C
pacrpezieieHueM Ha BXosux 3asBkax Py, Po, ..., Py) ouepennoit muct U3 3asBKU U nepeaacT
ero Ha pacro3HaBaHue. OTHOBPEMEHHO MEpPENAacTCs CChLJIKA HAa COOTBETCTBYIOLIUN 111a0JI0H
JUIsL pacrio3HaBaHUs U MPU3HAK ONEepalyu, ONPEENAIONMNA TeUCTBUS CTAaHIIMU PAcllO3HaBa-
Hust. CTaHIMA paclo3HaBaHUs N0 OKOHYaHMM pabOThl MepeaeT pe3ysbTaT AUCIETYEpy, KO-
TOPBI OTMEUYAeT BpeMsl OKOHYaHUs pabOThl U (PUKCUPYET NPHUOIM3UTEIbHYIO HPOU3BOIM-
TEJIbHOCTb CTAHIIUU JUJISl JAHHOM 3as1BKH.

Jns peanmzanuu Takoro aucrnerdepa mHTepBan [L...H] pa3zbuBaercs Ha ydacTku, mpo-
nopiroHanbHbie 3HaueHus M (Py, Py, ..., Py), peanmmsyercss paBHOMEpHO pacmpeereHHas Ha
uarepBaine [L...H] ciydaiinas Belw4rHA W BBIOUpPAETCS 3asBKa, COOTBETCTBYIOIIAS HOMEPY
MHTEpBaja, KyJia romnaja ciay4yaiiHas BeIUM4ruHa. MOHUTOPUHT XapaKTEPUCTUK BBIXOIHOTO I10-
TOKA J1aeT BO3MOKHOCTb OTCJIEIUTh 3aJaHKs, HE NIOTABIINE HA PACIIO3HABAHHUE U, €CIIM UX KO-
JMYECTBO MPEBOCXOUT HEKOTOPYIO MOPOTOBYIO BEIUYUHY, U3MEHUTh BEPOSTHOCTHBIE Xapak-
TEPUCTUKU AUCTIETUYEPA.

Cnucok sutepatypsi: 1. Kneitapok JI. BeraucnourenbHeie cuctemMsl ¢ ouepensmu. Mup,
M. 1979. 2. MamaroB FO.A. Opranuzanuus paboTsl MyssTunpoueccopusix CLIBM ¢ mHoro-
YpOBHEBOM MaMAThIO //JlUC Ha COMCKaHUE YYEHOU CTENEeHHU A-pa. TEXH. HayK.
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NPUMEHEHME HEHPOHHBIX CETEH JJIsSI WIEHTU® UKATIUA
IQJIEKTPOMEXAHNYECKHUX CUCTEM

Boaxos P.B. (kagh. AL, JI'TY, 2. Pocmos-ua-/{ony, Poccus)

HeiipocereBas mapaaurmMa CUCTEMHOH MACHTH(HUKAIIMKA aBTOMATU3UPOBAHHBIX TEXHO-
JIOTUYECKUX MPOLECCOB MHTEPECHA TEM, YTO IO3BOJIIET IIEPEUTH HA HOBBIE NIPUHLIMIBI a/1all-
TUBHOTO YNPAaBJIEHUS JTMHAMUYECKMMU CUCTEMAMH. ACCOLIMATUBHO-3BPUCTUYECKUE BO3MOXK-
HOCTH MO3ra Ipu pacrio3HaBanue 00pa3zoB, CaMOOOyUEHHUH U T.II. HAMHOTO MPEBOCXOJIAT BO3-
MOKHOCTH COBPEMEHHBIX «JIETEPMHUHHUCTCKUX» aJITOPUTMOB ajantaiuuu. VcKyccTBEeHHbIE
HEHPOHHBIE CETU KaK CYIIECTBEHHO NapajuIeJIbHO pacIpe/ieIeHHbIE MPOLECCOphl, 00anar-
1€ CIIOCOOHOCTBIO K COXPAHEHHUIO U PENPE3EHTAMU OINBITHOIO 3HaHU [1], MOTYT B Kakoi-
TO CTENEHHW SMYJIMPOBAaTh MO3TOBYIO JEATENbHOCTb, PACIIUPS BO3MOKHOCTH M IOBBIIIAS
s dextuBHOCTH yrpaBieHnus. Pemennas A.H. Komvoroposemm u B.M. ApHonbaom 13 mpo-
6nema I'mnpbepra (M00yI0 HENIPEPHIBHYIO (PYHKIMIO N MEPEMEHHBIX MOKHO TOJIy4HTh C T10-
MOIIBIO OTIepaNril CJIOXKEHHUS,, YMHOXKEHHSI U CYTIEPIIO3UIMN U3 HETPEePhIBHBIX (PyHKIWI 0of-
HOTO TiepeMeHHOro [1]) 000CHOBBIBAET MCIOJBL30BAHUEC MCKYCCTBCHHBIX HEHPOHHBIX CETCH
(MHC) kak yHHBepCcaJbHBIX anmMpOKCUMATOPOB HESIBHBIX HENMHEHHBIX (YHKIWH, 3aTaHHBIX
TOJIbKO HEKOTOPHIM MHOKECTBOM 3HAUE€HUH CBOMX apryMeHToB [2]. I[locTpoeHne aganTUBHbIX
CHCTEM YNPAaBJICHUS YacCTO BKIIIOYAET KaK ATal — UACHTU(PHUKALNIO 00BEKTa yHpaBIeHHUs, 110-
ATOMY CHUCTEMHas HACHTU (UKL - IepcrieKTuBHast 00macts npumeHenns MHC.

PaccMoTpuM 3amady CUCTEMHON MICHTHU(PUKAMK TUHAMHUYECKOW MOJIENH JIBUTATEIS
MIOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30YK/IEHUEM CIIENYIOIEro BUaa:

di,
dt

U,=C,-F-w+I,-R,+L,

dw
CMF]a _MC :JE,

dI,
Uf :Rf1f+Lf7’

rae U,,U ;- HanpsDKeHUE SIKOPS M HAIPSDKCHHE BO3OYKAeHNUS, [, ] ;- TOK SKOPS M TOK BO3-

Oy»kIeHus, F - MarHUTHBIA IOTOK, W- yrnoBas ckopocTs asurarend, C,,,C,-

o~ KOHCTPYK-

TUBHBIE KOO(QQHUIHMEHTBI ABUTaTens, M .- MOMEHT CONPOTHBJICHHS (HAarpys3ku), J - MOMEHT
uHepuuu. Ilycts F'= const (He paccMaTpuBaeTCsl MPOMEKYTOK BPEMEHHU IyCKa JIBUraTess).
CunTe3npyeM CTPYKTypy HWACHTH(GHUIMpYomeld Monend. byneM cdyutaTh BXOAOM JaHHOTO
JMHAMHYECKOTO OOBEKTa — HamnpshkeHue sikops U, , BBIXOJOM — YIJIOBYIO CKOPOCTb W,
BHEIIHMM BO3MYIIIEHMEM — MOMEHT conportusienus M .. Torga cTpyKrypy HEHpOCETEBOM
MOJIeJIM 0OBEKTa MOKHO MPEJCTaBUTh B CIIENYIOIIEM BHJE - PHC. 1, rle w, - Ha4albHOE 3Ha-
yeHue yriioBoil ckopoctu. 3anaua MHC — HayuuThCsl BBIUUCIATH OTKIOHEHHS YTJIOBOM CKO-
POCTH U TOKa SIKOPS Uepe3 3aJaHHbIi MPOMEXYTOK BpEMEHH Ha OCHOBE MH(DOPMAIUK O TEKY-
IEM COCTOSIHUM JUHAMHUYECKOTO 00BhekTa. Ha ocHOoBe mHpOpMarmm 00 OTKIOHEHUSX YTJIO-

BOI CKOPOCTH M TOKa AKOpsl cuctema OyJeT UMETh BO3MOXHOCTb BBIUHUCIIUTh TEKYyIIIUE 3HaYe-
HUSI CKOPOCTH U TOKA AKOPS B CIEAYIOIINNA JUCKPETHBIM MOMEHT BPEMEHH.
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delta w—

delta Ia

Neural Network

Puc. 1 Ctpyxkrypa HeiipocereBoii moaenu 1T ¢ He3aBUCUMBIM BO30YXKICHUEM

Bocnonbzyemcest it uaeHTUGHUKAIUU ABYXCIOHHON TpsSMOHAINPABICHHOW HeHpoce-
TBIO, COCTOSILIEN U3 9-TH CUTMOUAAIBHBIX HEMPOHOB B CKPHITOM CJI0€ (BXOAHOMW JJIsl HEHWpPO-
CETH) U ABYX aJaJIMHOB B BBIXOJIHOM CJIO€. AJJalMHBI UCTIOJB3YIOTCS U MacIITaOMpOBAHUS
3HAYEHUH TUCKPETHBIX BBIXOJIOB CKpBITOTO ciosi. Takum o6pasom, MHC conepxur 4 Bxona u
nBa BeIxoja. Ha ocHOBe ampuopHOil mHGOpMAIMK 0 HACHTUPHUIMPYEMOM OOBEKTE 3a7auM
CJIeTYIOIIee MHOKECTBO TPEHUPOBOYHBIX MabIoHOB {P, T} :

MuoxectBo P — Bxomel: w=0,10, 20,...200 pad/c, I, =-50,—45,-40,..,.504,
v, =0,30,60,..,3008, M, =0,10,20,...,60H - m, a TaK)K€ MHOXXECTBO yCTaHOBHBIIMXCS
3HaYeHUH W U [, BBIYUCIIAEMBIX U3 YPAaBHEHUH CTaTUKU HA OCHOBE KOMOMHALMK BAPUAHTOB
v, =0,30,60,..,3008, M. =0,10,20,...,60 H - m . Beruucisas Bce BO3MOKHbIE KOMOMHALIUH

JAHHBIX MAPaMETPOB W YUCICHHO pemias cuctemy nuddepeHIMaTbHbIX ypaBHCHUH, 3aa10-
Y0 UACHTUPULIUPYEMBIN OOBEKT, ISl TAHHBIX HAYAJBHBIX YCIOBUN TOJYYHUM MHO>KECTBO

BBIXOJIOB — I, COCTOSILEE U3 3HAYEHUN NPHUpAILEHUH w M [, Yepe3 MPOMEKYTOK BPEMEHH
paBHbIil 50 Mc. Takum 00pazom, YMCIO AIEMEHTOB MHOXKECTBA TPEHHUPOBOUHBIX 11a0OJIOHOB
pasHo 15000 u niens uaeHTUQUKAIMK — "HAYYUTh" HEHPOCETh C MUHUMAIBHOM OIIMOKOH MO-
JIETTMPOBATh PEAKIINIO OOBEKTA.

[Ipu oOyuenun Helipocetu ¢ ucnonb3oBanueM [T SNNS [4] 3a 200 nukios otpa-
00TKa €€ TPEHUPOBOUYHBIX IIA0JIOHOB OCYIIECTBIIETCSA C OIIMOKOM BCETO |e | <1073, ITpose-
JIeM TECTUPOBAHME MOCTPOECHHOM CHCTEMBI: OIINOKAa OTPaOOTKMU CTYINEHYAThIX BO3ACHCTBUIA
(mo Bxomy U, ) HEHpOCETEBOW CUCTEMBI |g |< 4% (puc. 2). Ha puc. 2 n3o0OpaxeHbl epexo/i-
HBIN TIporiecc w(¢) u ommOKa o0TpabOTKU HepoceTeBoi Mojaenu. Eme oqun Tect oTpaboTKu

3aJJal01lEero BO3JEUCTBUS (KOCHHYCOUJABHBIA CUTHAJI C JIMHEHHO HapacTarouled 4acToToi)
MPEICTABJICH HA puc. 3 (peakus HeUpOCeTH U 0OBEKTA, M OIIMOKA MTPEACKA3aHUs ), IPH 3TOM

omIMOKa CUCTEMBI |5 |< 0.4% . Cnemyer OTMETHTh, YTO B MHOXKECTBE TPECHHUPOBOYHBIX I1a0-

JIOHOB OUIMOKA 33/1aHUsl YIJIOBOM CKOPOCTHU |8 |: 5% , CylIeCTBYIOT aHAJIOTUUHbIE MOTPEIIHO-
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Puc.2. OrpaboTka cTyneHuatsix Bo3aeiictBuii Puc. 3 OtpaboTka CHHYCOMIANBHBIX BO3EHCTBUI

CTH U B 3a/IaHUU OCTAJIbHBIX NEPEMEHHBIX ([JIs1 HAPSDKEHUS Ha sIKope |8 | =10% ), noatomy

TOYHOCTb OTPAaOOTKM 33JalOIIMX BO3IEHCTBUI MOKa3bIBaeT, 4To mpousomen 3¢dekr 0600-
nieHus (generalisation), T.e. koppektHoe nioBenenue MHC npu BXOJHBIX CHTHAIAX HE MPeab-
ABJIAEMbIX el Ha sTane oOyuenus. Peakuus MHC noka3piBaeT, 4To Ha HEKOTOPOM MHOXECTBE
TPEHUPOBOUHBIX 11a0JIOHOB, KOTOPBIE 3a/1aHbl C HEKOTOPOI TOUHOCTBIO, W HEOOJIBIIIOM YHCIIE
IIMKJIOB OHA "Haydmiace" OTpabaThIBaTh TWHAMUKY TOBEICHUS 00beKTa, paboTas mpu 3TOM
KaK IIpe/icKa3aTellb.

[IpoBeaeHHoE Hccieq0BaHUE NOKA3bIBAET MEPCIEKTUBHOCTD IPUMEHEHHS MTAapaJurMbl
HCKYCCTBEHHBIX HEMpPOHHBIX ceTell K 3ajadam ymnpasieHus. @ynkuuonupoanue MHC, kax
npeJcKa3aTessl NOBEIEHUSI OOBEKTOB U CHCTEM, IO3BOJISIET PACIIMPUTH €€ NPUMEHEHUE HE
TOJIPKO B 3a/1a4aX CUCTEMHOW HMICHTU(UKAIMHM, HO W B 3aJadax aJalTHBHOTO yTPaBJICHUS,
JUISL BEIPaOOTKH ONITUMAJIBHOTO YTIPABIISIONIETO0 BO3JEHCTBUS Ha OCHOBE MH(popmanuu o Oy-
nyuiem noseaernu OVY.

Cnucok autepatypbi: 1. Boponosckuii I'.K., u np. ['eHeTnueckue anropurmsl, uc-
KyCCTBEHHBIE HEHPOHHBIE CETH M MPOOJIEMBI BUPTYalbHOU peanbHocTH. — X.: OcHOBa, 1997,
112 c. 2. 3aenues U.B. Heliponnsie cetn: ocHoBHBIE Monenu. - BI'Y, 1999, 76 c. 3. Po3eno-
nart @. IIpuHnunel HelipoauHamukuy: IlepuenTpoH u Teopust MexaHn3mMoB Mo3ra. — M.:Mup,
1965. 480c. 4. Zell A. Stuttgart Neural Network Simulator User Manual. University of Stutt-
gart, 1995, 312 p. 5. bpyckun J[.3. Dnexrpuyeckue mamuubl. — M.: Beiciias mkona, 1987.
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PA3PABOTKA JEMOHCTPAIIMOHHOI' O ITIOCOBUA 11O
HAJIAZKE CBEPJIWIBHOI'O CTAHKA CYI1Y HA OCHOBE
BUJIEOCBEMKMU U INIEPCOHAJIBHOI'O KOMIIBIOTEPA

Taepunos ILA." (kag. TM, JouHTY, 2. Joneyx, Ykpauna)

HemanoBaxkHyto posjb B MalIMHOCTPOUTENIBHOM OTpacid UrpaeT MPUMEHEHHE 3JIEK-
TPOHHO-BBIUNCIIUTENIBHBIX MallluH. Yke ceiiuac OBM ocylecTBIIAIOT yIIpaBlI€HUE CTaHKAMU
U JTaXKe IEJbIMH IIeXaMH, ¢ UX MOMOUIBbI0 pa3pabaThIBAIOTCS TEXHOJOTHYECKHE IMPOLECCHI,
NPOU3BOACTBEHHBIE IIaHBI OHM O0JET4aloT paboTy KOHCTPYKTOPOB, TEXHOJOTOB M IPYTHX
TEXHUYECKUX PAOOTHUKOB, 3HAYMTENIBHO COKpallash BpeMs Ha HU3TOTOBJICHUE MPOIYKIHH,
BCJICZICTBHE YETr0 CHIDKACTCs €€ ce0eCTOMMOCTh M TMOBBIIIACTCS SKOHOMUYECKask 3((HeKTHB-
HOCTb IIPOU3BO/ICTBA.

[ToaroroBka cnenuaMnCcTOB JJIsi TAaHHOW OTpACiM TakKe HeMbIcauMa 0e3 IMpHMeHe-
Hus OBM, Onaromapst KOTOPBIM yCKOPSIETCS POIiecC OOYYEHUs U MOBBIIIACTCS YPOBEHb OC-
TAaTOYHBIX 3HaHMHA. COBPEMEHHBIN CTICIIUATIUCT JOJDKEH 001a1aTh yMeHueM paboTarh ¢ KOM-
NBIOTEPaMU, YIPABIATh UX PabOTON C MOMOIIBIO pa3pabOTaHHBIX UM MPOTPAMM H YMETh HC-
MOJIb30BATh YXKe pa3paboTaHHBIE TTAKETHI.

[IpumMeHeHne COBpEMEHHBIX METOIO0B Pa3pabOTOK M HCIOJIB30BAaHHE TOTOBBIX MPO-
IPaMMHBIX TPOJYKTOB — BOT II€Jb PAlMOHAIBHOTO UCIIOJIL30BaHMs KOMITBIOTEpoB. [Ipu onpe-
JICNICHHOM TOJATOTOBKE KaXIbIi YEIOBEK MOKET COCTaBHTh MPOTPaMMy, OOJIErYaromIyro
KHU3Hb HE TOJIBKO ce0e, HO U IPYTUM JIFO/ISIM.

[Maker mporpamm Microsoft Office kak Henp3s GoJjiee MOIXOIUT ISt ATHX IIETICH.
[TpocToTa, y106CcTBO M HATIISIHOCTD MOJTYYaeMbIX MIPOAYKTOB, OyIb TO AIIEKTPOHHBIE TPE3eH-
taruu PowerPoint wim nokymentsl Word, Tabimia Excel wmm 6a3sl naHHbIX Access, IPUBO-
JSIT K TOMY, 9TO KOMITBIOTEp BCE CHJIbHEE BHEAPSETCS HE TOJIKO Ha MPOW3BOJICTBE, HO WC-
MOJIB3YETCS TAKXKE CTYJIEHTaMH B y4eOHOM Tporiecce.

Hananka aBToMaTH3upOBaHHOTO OOOPYJIOBAHUS C MPOTPAMMHBIM YIIPABICHUEM SIB-
JSIeTCSL OHUM W3 OTBETCTBEHHBIX ATAINOB €ro 3KCIuTyaTanui. KauecTBEHHO BBHITIOJHEHHAS Ha-
JajKa TPUBOJHUT K TOBBIIICHHIO MPOU3BOIAMTEILHOCTU TPYy/Aa U KadecTBa MPOJYKIHMH, CIIO-
cOOCTBYET JI0JITOBEUHOCTH 000PYJOBAHUS.

Hananka — Gosibiioit KoMIIIEKC 1eMCTBUM, HANIPaBI€HHBIX HA MOATOTOBKY KaK HOBOTO,
TaK U HaXOJSIIErocs B 9KCIUTyaTallul 000pyI0BaHUS K paboTe M Ha MojAep kaHue ero pado-
TOCHOCOOHOCTH.

Hacrtpoliika — neicTBus, IpHUCyIIUE MPOLECCY NOATOTOBKM HAXOASLIETOCS B HOp-
MaJbHOM SKCIUTyaTal[MOHHOM COCTOSIHMUA 000pyI0BaHUS K 00pabOTKe 3aroToBOK. Takum 00-
pa3zom, HacCTpoOiKa cTaHKa Ha 00pabOTKy 3aroTOBOK TO YacTh HAJIQJOYHBIX padoT, a HajaKa,
B CBOIO OU€pE/ib, — OIHA U3 BaXKHBIX COCTaBHBIX YacTeH 3KCIUTyaTalluu 000pyAOBaHMUS.

IIpu ncnonszoBanuu ctankoB ¢ UIIY B MenKkoCepUHOM MPOU3BOJICTBE BAXKHO JOC-
TUYb BBITIOJIHEHUS] HACTPOMKH 3a KOPOTKOE BpPEMSI.

Hacrpoiika ctanka Ha 00paOOTKy BKJIIOYAeT B ce0s MOJATOTOBKY M YCTAHOBKY PEXy-
IIET0 MHCTPYMEHTA U KPENeKHOW OCHACTKH, pa3MellleHne paboyuX OpraHoB CTaHKa B UCXOJI-
HOM 111 paboThI MOJIOKEHNH, TPOOHYI0 00pabOTKY MepBOM JeTaiu, BHECEHUE KOPPEKTUB B
M0JIO’KEHUE UHCTPYMEHTOB M PEXXUMbI 00pabOTKH, UCTIPABIIEHNE MOTPEIIHOCTEN U HEA0UETOB
B YIIPaBJIAIOLIEH IpOrpaMMe.

*
CraTps BBINOJIHEHA 0] pyKOBOACTBOM golieHTa Kosanenko B.1M.
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s MOATrOTOBKM BHIEOPOJIMKOB HCIOJB30BAIACH BUACOKAMEpa, CIELUAIbHBINA Iepe-
XOJHUK Kamepa - komrmbiotep, MGI VideoWave — nporpamMma Bueo 3axBaTa, OIH(PpPOBKH
KapTUHOK U BUJICOM300paKeHHUSI.

[MoaroroBka rpaduueckoil yacTH OCYyIIECTBIsUIach B mporpamme Microsoft Paint,
nocTaBisieMoil ¢ oneparoHHO# cuctemoit Microsoft Windows 9.x. Takske ObUTH HCHIOJB30-
BaHbl porpammbl Adobe Photoshop 5.5 ¢ monmomuenusimu (pluggins) nns 06pabdotku doro-
rpadun cranka, Visual Basic for Microsoft Office mis co3manus ynpaBisiOmUX KHOMOK U
CCBLJIOK.

Pa3zpaboTka CTPYKTypbl M aJropuTMa CO3/1aBa€MOT0 IMaKeTa BeJach MO MPUHIIMITY
CKPEIMBAIOIIETrOCs BETBJICHHS, T. K. TOT aITOPUTM HauOoJiee TOYHO OTBEYA MOCTABICHHON
3anaue. Ilepexon k 610kaM makeTa OCyIIECTBISIETCS MO CAeAyIoleMy npuHuuIy: «OCHOBHOE
MeHIO» <> «TeMay. ITo MO3BOMIIO TIOTYUYUTh MOHATHBIA HHTEpQEIc U cAenaTh MakeT ya00-
HBIM J1aKe JUIA I0JIb30BATENIs, HE 3HAKOMOI'O C KOMIIBIOTEPHOU TeXHUKOM. [lo3TOMY 3TOT Ma-
KET MOET OBITh MCHOJB30BaH HE TOJIBKO CIICIHAIMCTOM HJIM IMPEToiaBaTesieM, HO U O0bIY-
HBIM CTYZICHTOM, YTO HEMAJIOBaKHO B y4EOHOM IIpoliecce JJisl MOBTOPHOU MpOopabOTKKU MaTe-
pHraa UM 3aKpeIICHHs 3HaHUN O HEM.

B m000# yacTu mporpamMMbl PeIyCMOTPEH BBIXOJ B OCHOBHOE MEHIO WJIM BO3BpPAT
Ha NpEeIbIIyIIMH claii, 4To ObUIO peaJ30BaHO MOCPENCTBOM BCTaBKH YIIPABJISIOIIMX KHO-
IIOK B CJIAMJIbI.

3amycTuB BBINICYKa3aHHBIN MMPOTPaMMHBIN MMAKeT MyCKOBHIM (paiiiom start.bat, 3Ha-
KoMsTCS ¢ MH(popManueit o mporpamMe. 3aTeM, MOMaB B OCHOBHOE MEHIO, Oyaromaps mpo-
CTOMY MHTYHUTHBHOMY UHTEpdeiicy 6e3 Tpya MOKHO U3yUUTh KPATKOE COJIepIKaHue Mpeiia-
raeMoro BalleMy BHUMAaHHIO MaTepHala H, IIETIKOM JIEBOW KHOIKHM MBIIIH, BEIOpaB HEOOXO0-
JUMBIA IIYHKT MEHIO, IPUCTYNUTh K €r0 HEMOCPEACTBEHHOMY n3ydeHuto. [locne yero, o3Ha-
KOMHBIIIUCH, MOKHO JIMOO CHOBA BEPHYTHCS B MEHIO, JIMOO MPOAOJDKUTH W3yUEHHUE CIEIYI0-
IEN TEMBI.

B npenenax ogHON TeMbl BO3MOKEH ITOBTOPHBIN IPOCMOTP BUAECO POJIMKOB HaXKaTH-
€M JIEBOW KHOITKH MBIIIH Ha COOTBETCTBYIOLIEM U300paKeHNH, HATJISLAHO IEMOHCTPHUPY FOIIUIA
MPOUCXOIALINE IPOLIECCHI, ONIMCAaHHBIE B TEKCTOBOM COIPOBOXK/ICHUM.

Takke Bbl MOXKETE MEPEUTH K CIEAYIOUIEMY claiay JaHHOW Tembl. [locpencTtBom
YOPABJIAIOMIMX KHOMIOK MOYXHO NEPENUTH K PUCYHKaM, WIITIOCTPUPYIOLUIUM COOTBETCTBYIOIINE
ITYHKTEI.

['maBHBIM 1OCTOMHCTBOM NMPUMEHEHHUS BUAECO POJIMKOB SIBJISIETCS MOJIHAS PEaIUCTHY-
HOCTb U JI€TaJbHOCTh 110 CPABHEHUIO ¢ KOMIIBIOTEPHOM aHUMAIHE.

[Ipu mcmonb30BaHUM JAaHHOTO METOJAA CTYACHT MOXKET 0oJiee TIIATENbHO W3YyYHTh
BCE ATalbl HAJIA/IKH, YTO MO3BOJISIET JIyUIlle MOHATh U YCBOUTH CYLIHOCTh HAJIAJAKU CBEPIMIIb-
HoTo cTtanka ¢ UIIY u tem cambiM 00serduTh yueOHbIN mporecc. [Ipu pa3paboTke 1eMOHCT-
palMOHHOTO TTOCOOUS HCTIOIh30BaHA HIKENPUBEACHHAs uTeparypa [1-3]

Cnucok aurteparypbl: 1. Mapromur P.b. Dkcmyatanus v Hanmajka CTaHKOB C
YITY u I1P: yueOHoe mocoOue Al MallMHOCTPOUTENbHBIX TEXHUKYMOB. M. MammHocTpoe-
Hue, 1991, 272¢. 2. Cranoxk cBepmwibHbiil ¢ UITY monemn 2P135®2. PykoBoacTBO 1O dKC-
wiyatatmu. 3. Kysnenos }0.U.,MacnoB A.P.,boiiko A.H. «Ocnactka a5 crankoB ¢ YITY:
CnpaBouHHK», 2-¢ u31.,niepepad. u pomn. M; MammuocTtpoenue, 1990, 512c.
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CIHIHEKTPAJIBHASI JUATHOCTHUKA MAIIIUH
3BonapeB A.I'., Hamko M.B. (xapp. SMuTOD3, [JonHTY, 2. [loneyk, Yrpauna)

PaGoTa mocBsiieHa aBTOMaTHYECKOMY OTPEACIICHHIO HEUCTIPABHOCTEH MPH MOMOIIU
KOMIbIOTEpA. AKTYaJIbHOCTh €€ 00YCJIOBJICHA YCIIOKHEHUEM TEXHUYECKUX YCTPOUCTB, KOTO-
poe MpuBeENIO K HEOOXOIUMOCTH MCIOIB30BATh JJISi JUATHOCTHPOBAHUSI KOMITBIOTCPHBIC TEX-
Hosioruu. OJIMH U3 MEPCIEKTUBHBIX B HACTOSIEE BPEMsl METOJOB JMATHOCTUPOBAHUS - aHA-
T3 CTIEKTPATbHBIX «IOPTPETOBY» CHTHAJIOB aTYMKOB BO BpeMs pabOThI yCTAHOBKU B peaib-
HOM BpeMeHHu. CUCTEMBbI TUArHOCTUKHU, OCHOBAHHBIE HA 3TOM METOJE, YKE YCIEHIHO MpUMe-
HSIOTCS B pa3MyHBIX oTpacisx [1]. B HacTosimielr paboTe mpencTaBieH NpUMep MX HCIIOTb-
30BaHUs Ui TUarHOCTUPOBAHMS YCTPOMCTBA MO BBIXOAHOMY MapameTpy.

CriekTp curHala, moJlydeHHOTO OT KaKUX-JIMOO TaTIYMKOB, 3a9acTyro OoJiee nHpopma-
THUBEH C TOUKH 3PEHUS TMAarHOCTUKH, yeM caMm curHai (puc. 1). MuaauBuayanbHbie 0COOCHHO-

CTU CIIEKTPOB PA3JIMYHBIX CHUTHA-

J(/ “\ [ \ ﬁ JIOB JICTY¢ BBISIBUTH W HCIOJIB30-

| \ / \ ’| BaTh JJIS aHajaM3a COCTOSIHUS yC-
\ el \ f TAHOBKM.

SRR ]

CTBa JMAarHOCTHPOBAHUS - CpaB-
} HEHHE WH/IMBUIYaIbHBIX OCOOCH-

// HOCTEH CTEKTPOB CHTHAJIOB pabo-
Yell yCTaHOBKU C 3aHCCCHHBIMH B
0a3y JaHHBIX CIIEKTpaMH, COOT-
BETCTBYIOIIUMHU PA3JIMYHBIM pe-
KuMaM pabOThl YCTPOWCTBA WIIH

Puc. 1-T'pacukn n cnekTpbl Nynbcauum Ha- HCUCIIPAaBHOCTAM.
NPs>KEeHUA Ha BbIxoae gaTtyuka: a — B Hop- Cucrema COCTOMT M3 all-
ManbHOM pexume, 6 - Npu HapyLleHun pe- [IapaTHOM MW IIPOrPaMMHOH  CO-

CTaBISOMMKX (puc. 2).

OcHOBy anmapaTHOW 4acTH cocTaByisieT BeicokoTouHbIN ALIIl. B xo1e skcnepuMeHToB
YCTaHOBJIEHO, YTO I JUarHOCTUPOBAHMs C TOUHOCTBIO HE MeHee 95% nocrtarouyHo 6-8 pasz-
psagoB. OCHOBHOE TpeOOBaHUE - YACTOTa JAMCKPETU3ALMH, ONpeAessieMasl XapaKTepoM HC-
cienyeMblx curHaioB. Moxer ObITh ucrnosibzoBaH ALl ¢ mapamerpamu: MakcuMasbHOE
BXOJHO€ HampspkeHue 1B ;makcumanbHas yactoTa auckperusanuu 44 kl'1, HEIMHEHHOCTH
0.01%, mud pepernmanpHast HemuHeHHOCTH 0.0025 %.

Huarnoctupyromasi cucrema padoraer cieayromuMm oopazom. CUTHajIbl OT OJHOTO
WIN HECKOJIBKMX JATYMKOB MAIIMHbI MOJAIOTCS Yepe3 COoriacyromue 3eMeHThl Ha Bxoq AL
U 1ocJsie ouu(ppOBKU aHATU3UPYIOTCS MPOTrpaMMOM TUAarHOCTUKH. [IporpaMMHO oCyIecTBIIs-
eTCs TpeIBapHUTEeNIbHAs HHTEPTOIANUS U IppoBas GUIBTpals CUTHANA, B TUPPOBOM BHIE
OH MOJAeTCsl Ha MPOTPaMMHBIN aHanu3aTop crekTpa. [lomyueHHbIl ClieKTp MOTyJieM JIoruye-
CKOTO aHajM3a CpaBHUBAETCS CHAaydajia CO CIEKTPOM CUTHaJa HOPMaJIbHOM pabOThl AMArHO-
cTUpyeMoro ycrpoiicta. [Ipu 3ToM aHanu3upyeTcst He BCe CHEKTPHI, a TOJIbKO UX UHAUBHUIY-
aJlbHble 0COOEHHOCTHU (HAJIMYUE ONPEIEICHHBIX TapMOHMK, OTHOIIIEHNUE UX aMIUIMTYA U T.1.),
TaK Kak Jake IpH HOPMaJIbHOW paboTe yCTpoilcTBa CUIHAjbl JATYMKOB PA3JIMYHBI IPU pa3-
HBIX peKuMax padoThl.

[Ipu 3HaUUTENBHBIX OTKJIOHEHUSX B CIIEKTPE BBIACTCS MPEIBAPUTEIILHOE COOOIIIEHUE
0 HapyUIeHUH pekuma paboThl yCTPOICTBa M MPOBOAMTCS €T0 JETalbHbIM aHAINU3, B PE3YJib-
TaTe KOTOPOro TOYHO, BIJIOTH /10 OT/AEIBHOIO AJIEMEHTA, JIOKAJIN3YeTCsl HEUCIIPABHOCTb.
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Puc. 2. CtpykTypa yCcTpoHCTBa TUAarHOCTUPOBAHUSI.

JlnarHoctupoBaHue peaJM30BaHO MPU MOMOIIHU CHEUUAIN3UPOBAHHOTO IPOTPAMMHO-
ro obecrieueHusi. AHaJIU3 OCYIIECTBIISIETCS B PEaJbHOM BPEMEHH, YTO TO3BOJIAET OBICTPO U
KayeCTBEHHO JIOKAJIM30BaTh HEUCIIPABHOCTD UJIM HApPYILIEHUE PEXKUMOB PaOOTHI.

[IporpammHas yacTh BKJIIOYAET B c€0sl HECKOJIBKO B3aMMOCBSI3aHHBIX MOJYJIEH:

1. Moynb TONTy4YeHHs: OUU(PPOBAHHOTO CUTHAJA C MUHUMAJIBHOM TIOTPEIIHOCTHIO, CO-
CTaBHOU YaCTBhIO KOTOPOTO SIBIISIETCS aITOPUTM MHTEPIIONISIIUKA  TIPH MTOMOIIHM nojmHoMa Jla-
rpanxa 1o 6 ysnam [1], [2] mo3Bosronuii BOCCTAaHOBUTH (POPMY CUTHAJIA C YACTOTOH BIUIOTH
1o 22 kl'm;

2. Moayib HUGPOBHIX (PHIBTPOB U CIEKTPAJIBHOTO aHAIM3a, PEATM3YIOIIUHA TOIyde-
HHE CIIEKTPOB C JOCTATOYHON CKOPOCTBIO U TOYHOCTHIO;

3. MonyJb 0a3bl TAaHHBIX

4. MOZlyJb JIOTUYECKOIO aHAIN3a, OCYIIECTBIISAIONINNA CPaBHEHUE MOIYYEHHOIO CIIEK-
Tpa Co CIeKTpaMu B 0a3e TaHHBIX.

AnroputMmbl pabotel MoayJsied 1,3,4 mOCTAaTOYHO M3BECTHBI, MOATOMY OTPAHUYUMCS
paccMOTpEHUEM OCOOCHHOCTEHW U XapaKTEPUCTUK MOAYJS 2, TaK KaK OHH SBIISIIOTCS OCHOB-
HBIMU [T CUCTEMBI JHATHOCTHKH.

[puHIMI NOMyYeHHsT CIEKTPATbHOM IUIOTHOCTH aMIUJIUTYJI OCHOBAaH Ha NMPUMEHEHUH
osicTporo mpeoOpaszoBanus Dypwe (FFT) [4], mia onpeneneHuss aMIUIUTY] YaCTOTHBIX CO-
CTaBJIAIOUIMX M TMOCIEIYIOEH MHTEPNOISIIMHU JAJI TOJY4YEHUs] HENPEpBhIBHOTO crekTpa. B
nporpamMme MpeayCMOTPEHBI pa3iInIHbIe CIIOCOOBI MHTEPIIONISIINA U OTOOPAKEHUSI TIOTydeH-
HOTO CIIEKTpa aMIUIUTY[, YTO MO3BOJISIET paboTaTh C MHOXKECTBOM PAa3JIMUYHBIX CHUTHAJIOB U
3HAYUTEJbHO PACIIMPUTH C(epy ee NPUMEHEHHUsS! B 3aBUCUMOCTH OT 0COOEHHOCTEN CUTHAJIOB.
Tax, HanpuMmep, TN oToOpaskeHust Triangular JaeT BRICOKYIO TOUHOCTh IpU padboTe CO CHeK-
TPAJIBHBIMU COCTABJISIIOIIUMH OOJIBIION aMILJIMTY/bl, HO COCTAaBJISIOLIUE C MajoOW aMILUIUTY-
71011 00BIYHO cHIIbHO UCKaxkeHbl. C npyroii croponsl, Blackmann nmeer maiyto To4HOCTb, HO
BHOCHT MUHHMaJTbHBIE HCKKEHUSI B (DOPMY CIIEKTpa.

I'paduk crnekTpanbHON MIOTHOCTH, OJYyYaeMbIil TAKMM METOJIOM, AUCKPETEH, U KO-
JMYECTBO TOYEK NpeoOpa3oBaHUsl UTPaeT BaKHYIO poOJib JJI Mocieayrouero aHanusza. Kak
U3BECTHO, OBICTpOEe mpeobpaszoBanne Dypre Tpebyer m = 2" Touek mpeoOpa3oBaHMsA. ITO
YHUCJIO BRIOMpaeTcs Ucxo s u3 4actoThl Auckperusanuu ALl u ocoGenHocTel nccnemyemo-
IO CUrHaja MCXOJd U3 CIEAYIOIIHUX COOOpa)KEHUH: €CIIM CUTHAN SIBJISIETCS TapMOHHYECKUM
WIN NOJIUTApMOHUYECKHUM, TO KOJIMYECTBO TOUYEK IpeoOpa3oBaHus
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m=1+15f, /1. (1)

1€ fmax - MakKcUMalbHast yactota auckperusanuu AL, T'm;
f| - vactora nepBoii rapMOHMKHU cUrHana, [.
JUIs1 OCTaJIbHBIX CUTHAIOB

m21+1.5f /Af, )

rae Af 2 min(f, — f;_,) - Pa3HOCTb MEXIY 4aCTOTAMH JABYX CMEKHBIX CIEKTPaAIbLHBIX COCTaB-

JSIOMIMX CUTHAJA, HeOOX0AUMast JJIsl X pa3/ielIcHusl.

[porpamma mpexycmatpusaer g0 1,6-10% Touek mpeoGpasoBamus s AWama3oHa
0...22 x['u. DTo MO3BOJISIET NOMYUYHUTh TUCKPETHOCTD criekTpa 1o yacrore 10 0.4 ' npu Bpe-
MeHH npeoOpaszoBanus okono 0.4 c. Ilocnenyromue aHaiu3 M CpaBHEHHE JUIATCS B OOIICH
ciokHocTH He O6onee 0.5 c., Tak 4TO CUCTEMa rapaHTHPOBAHHO MOJyYaeT pe3yJbTaT JAUarHo-
CTHKH MEHee 4eM 3a | CeKyHHy, UYTO TMO3BOJSIET C JOCTATOYHON CKOPOCTBIO CIEIUTH 3a HC-
MPAaBHOCTBIO YCTPOMCTBA.

baza maHHBIX COAEPKHUT CIEKTPaJbHBIE «IIOPTPETHD» CUTHAJIOB, COOTBETCTBYIOIIUE
pa3IM4YHBIM peXUMaM pabOTHl JUATHOCTHPYEMOTO YCTPOMCTBA WIIM €r0 HEHUCIIPABHOCTSIM.
Ecmn nunamuka paboThl TUarHOCTHPYEMOTO YCTPOWCTBA W3BECTHA, TO BO3MOKHA TPOTPaMM-
Hast SMYJISIIHSL €r0 HEUCIIPABHOCTEH MPH MOMOIIM W3BECTHBIX MPOTPAMMHBIX NPOAYKTOB [3].
Takas meronuka mokaszana cedst 3 pekTUBHON: pacuyeTHbIE CIEKTPHl OTINYAINCH OT peallb-
HBIX He OoJiee ueM Ha 10%. Ecnu auHamuka paGoThl JUArHOCTUPYEMOTO YCTPONCTBA HE U3-
BECTHA, HEOOXOIUMO CO3/1aHue 0a3bl JaHHBIX B dKCIepUMeHTe. B manHoi paboTe ObUM Mpu-
MEHEHBI U PACUETHBII, U HKCIEPUMEHTAIBHBIN METOIBI CO3/1aHuUs 0a3bl TaHHBIX.

[Iporpamma peammsoBana Ha kommbioTepe. [IpeaycMoTpen BbIOOp 00beKTa qUarHo-
CTHPOBAHMS, HECKOJIBKO PEXHUMOB (HACTpOWKa, aHaiM3, 0a3a NaHHBIX, AUArHOCTHKA), KOH-
TPOJIb AUATHOCTHPYEMOTO CUTHAJIA, TIPEJICTaBJIEHUE ero crekrpa. [IporpaMma aBTomMaTHyecKu
JIeNIaeT BBIBOJI O HAJIMYMHM HEUCTIPABHOCTHU M YKa3bIBAE€T HEUCTIPABHBIN 3JIEMEHT.

OnwucanHas mporpaMma OblIa OTJIQ)KEHa W ONMPOOOBaHA Uil AHMATHOCTHPOBAHHS HC-
TOYHHMKA MUTAHUS, COAEPIKALIETO MITATHBIH HA0OP (YHKIMOHAIBHBIX 3BEHBEB. VcTBITaHHSA
MOKa3aJI BO3MOXXHOCTbH JIOKAJM3alUH HEUCTIPABHOCTH C BEPOSTHOCTHIO OKOJIO 95%. B xoxe
JMAarHOCTHKH PEANBHOTO yCTPOMCTBA CHMCTEMa IMO3BOJIsIa OOHapykuBaTh Oonee 40 pazmmd-
HBIX THUTIOB HEHCIIPABHOCTEH W HAPYIICHUH PEKUMOB pabOTHI, HEMOCPEICTBEHHO ONPEIEIIsis C
TOYHOCTBIO JI0 95% BBIIEAIINE W3 CTPOS dJIEMEHTHI. [Ipr MHOKECTBEHHBIX HEUCTIPABHOCTSX
Y HAJIMYUU MOCTOPOHHUX MCTOYHHUKOB IrymMa B 60% cilydaeB cucTema pearupoBaia ajeKBat-
HO.

BrIiBO A — mpencraBieHHOE BHIIIE YCTPOMCTBO pabOTOCIIOCOOHO B KA4eCTBE peajlb-
HOI'O MpOoTOTHIIA JJII JUArHOCTUKU. C IMPUMCHCHUEM KOMIIBIOTCPHBIX TEXHOJIOTHI BO3MOKHO
NPUHIAIHATEHO HOBOE JHAarHOCTHPOBAHUE B PEAJbHOM BPEMEHH IPH BBICOKON A PEKTHBHO-
CTHU U YHUBEPCAILHOCTH.

Cnucok sutepatypbl: 1. Hamueira B.M., Cnnuenko F0.M., Janunos B.D. Mukpo-
NPOIECCOPHBINA OTPENIEINUTENIh MECT pa3repMeTH3alMu. //MeTobl U MHUKPOIPOLECCOPHBIE
cpeactBa Ludposoro npeoOpazoBanus u 00padoTku curHasoB/COOPHHUK TE3UCOB JIOKJIAOB
koH(pepenuuu. Pura. 1991. T.1 C.384-386. 2. Mathcad 2000. Signal Processing Function
Pack. 3. Electronik Workbench EDA v 5.1. Interactive Image Technologies LTD, 1996.
4. http://m-v-a.newmail.ru/soft/os.htm.
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IPOI'PAMMHBIA MOJYJIb ABTOMATU3UPOBAHHOI O
NCCIEOJOBAHUA DJIEKTPOIIPUBOJA ITIOCTOAHHOI'O TOKA

Kocrenuu B.B. (A1, AI'TY, 2. Pocmog-na-/{ony, PD)

DNEeKTPONPUBO] — OJUH W3 HauOOJiee OTBETCTBEHHBIX JJIEMEHTOB B OOJIBIIMHCTBE
TEXHUYECKHUX CHCTEM U TEXHOJIOTHUECKUX IMPOLEecCOB. ' MOKOCTh M MpeaMeTHass OPUEHTHPO-
BAaHHOCTH MPOTPAMMHBIX CPEJICTB PEUICHUs 33/1a4 ONEPaTUBHOIO MOJECIUPOBAHUS €T0 JHMHA-
MUKH TIPY UCTIOJIb30BaHUU PA3IMYHBIX JIBUTATENIed M PEryIATOPOB 3HAYMTEIHHO MOBBIMIACT
3¢ (HEeKTUBHOCTh HAyYHO-UCCIIEIOBATENBCKUX PaboT B 31O oOnactu. [loaToMy B maHHOU pa-
00Te mocTaBiIeHa U pelleHa 3aj1a4da CO3aHusl MPOTPAMMHOTO MOJIYJISI, CO CIEAYIONMMHU BO3-
MO>KHOCTSIMU:

- MOJICIMPOBAaHUE JBUTATENSI MOCTOSTHHOTO TOKA C PAa3JIMUHBIMUA COOCTBEHHBIMHU Ta-

pameTpamu;
- MOJICIIMPOBAaHUE SJIEKTPOIPUBOJA C MPOU3BOJILHO 33/IaHHBIM PETYIISITOPOM U pas-
JUYHBIMHU OTPUIATEIIHLHBIMUA OOPATHBIMHU CBSI3SIMU;

- TIOCTpoeHHe rpaUKOB MEPEXOIHBIX MPOIECCOB U (PA30BHIX MOPTPETOB;

- aHaJM3, MacIITabMpOBaHUE U MEpPeHOC rpaduyeckol WHPOpPMAIMK B IpyTrHe MpPHU-
JIOKEHUS;

- COXpaHEHHE TOJYYCHHBIX JaHHBIX B YHCJICHHOM BHUJE I NEepeaayd UX IpyTuM
MaTeMaTHYECKUM MPHUIIOKEHHUIM.

[IporpaMMHBIH MPOAYKT MPEACTABICH B BHJE MCIIOJHAEMOTO MOy privod.exe B
KOMIUIEKTE ¢ KOHPUTYpaMOHHBIMU (aiiamu U ¢aitnamu nomoiu. Moyis paboTaer B cpe-
ne omnepanuonHoW cucteMbl Windows 32-bit u BeITISLAMT Kak craHmaptHoe Windows-
NpUIOKeHHe, 001aasi BCeMU XapaKTEPHBIMH JJISI TAKOTO MPUIIOKEHUSI OCOOESHHOCTSIMH Tpa-
¢udeckoro mHTEpdeiica. brarogaps stomy pabora ¢ MoaysieM He TpeOyeT MporpaMMHUpPOBa-
HUS UCXOJTHOW MoieTH cucTeMbl. OHO OCYIIECTBIISICTCS 3aJJaHUEM YHUCICHHBIX MMapaMeTPOB U
AQHATIMTUYECKUX BBIPAKECHHI.

[Iporpamma moctpoeHa Ha 0a3e HHTETpUPOBAHHOW cpenbl paspaborkm Borland
Builder C++ 5.0 ¢ ucronp30oBaHHeM HEKOTOPBIX MOJIYJICH 1 KOMIOHEHTOB, IMOCTABIISIEMBIX B
nauHHou cpene. [IporpamMma oGnamaeT MyJIbTHOKOHHBIM HHTEp(deiicom. B kaxIoM okHEe MOXK-
HO 10O 3a7aTh Kakue-MOO yCTAaHOBKM NMPOTPAMMBI HJIM MApaMeTpbl MOJENH, JHOO Mpo-
CMOTPETH PE3yIIbTATHl MOACITHPOBAHHSI.

Mopemuposanue JIIT ocymectBisgercs noaHoi cucremoit V.

-

p=w
° 1
=—(cF (). —M
J( (i,)i. ¢)
{ e 1
i =— (U, —i.R, —cF(i,)w)
L}Z
L= —iR)
kg Lg (53 6 (51

rae (P -yrojnoBopora Bana, (U - €ro CKOPOCTb; J — MOMEHT HHEPLUMHU POTOPA; C- IOCTOSHHAS

JIBUTATENS; F'— MarHUTHBIN TTOTOK; i, M ¢ - TOKH SIKOPSI U BO30Y KIaeHUs; M, — MOMEHT COTIPO-
TuBNeHUs; L, u Le - MHIYKTUBHOCTH HeTIeH sikops U Bo30yxaenusi; U, nu U; — BXOIHbBIE Ha-
IPSIKEHUS ITUX Lenel; R, U R, — X aKTUBHBIE CONIPOTHUBIICHMUS.
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[TapamMeTpsl nBUTaTENs 3a/1aI0TCS B CHEIMATbHOM OKHE (PUCYHOK 1) B BUJE yucCeN WU

MNapamerps mogenu

BeeauTe napamerpu ABMraTensa
Ynpaenaowee soznedcTene Ut):

Mo kaHany Aakopa [Ua):

Mo kaHany soztysxaeHHA [Ue): |2UU

lNapamerpu gEUMrarena(udcaeHHBE KOHCTaHTHI):
Ofwes coNpOTHENEHHE B LENM
akopa Ra ., Or= 10
ConpoTUENEHME EOSEUHKLEHHA 1000
RE . Om=

Koam ppHuMenT mexankieckoll  [oon
¥APAKTEPMCTHEM C=

MHoykTHEHDCTE AKopA LA, Th= (01
MHOYKTUEHOCTE KaTYWEK

gostiywaeHuA L, [TH = 1.5

i orEHT MHEPLMK Skopa J = 0.00028

Bosmymamnmee sosnedcreue Mct)

MareHT conpoTueneHHa Mo, Ho M = |EI,535

BrifepyTe 0AWH M3 CTAHAAPTHHX HAGOPOE NApaMeTpoB:
|m0de|‘| ﬂ

CoxpaHTe ‘ Sarpgsmb| ﬂ OyMcTUTE 6aag|

o anHﬂTbl i DTMBHHTb|

Puc. 1. OxHo BBOJ@ mapameTpos JIIIT

** MNapaMeTpul peryaaTopa M=l E

Cnocot zananua MM perynaropa
{* C nomownwo M9

(" C nomowewn cHcTems JY

N% perynaropa

[ [ e [ "l
R R A R "l

Cucrema Y j

rn4 YpagHeHwA gnaA MNC[ana #1-43 perynaropal |

q/ anHFlTbl x EITMEHHTb|

Puc. 2. OkHO BBOJ1a MapaMeTpOB perysiTopa.
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BBIPQXXEHHUI OT BpeMeHH “t”. Perynsatop Moxer ObITh noakimo4deH B KOHTYp CAP mo ogHOMYy
U3 JIBYX KaHAJOB: sIKOps M BO30yxkneHus. [lomyckaercst e ¢popmel 3axanust MM peryisito-
pa: mepeaarouHoit GpyHkmumei u cucremoit JIY B popme Komm. Jlns 3amanust MoJenu peryis-
TOpa HE0OXO0IMMO BbI3BaTh OTJEJIBHO OKHO BBOJA NIApaMETPOB peryJisitopa (pUCYHOK 2), Ine
HepeKyrouaTesieM crnocoda MOKHO BBIOpaTh (GpopMy 3amanHus ¥ BBOIOM Kod(purmeHtoB [1D
peryisTopa (WM MaTEMaTUYECKUX BBIPaKEHUM IPaBbIX YacTel ypaBHEHUH) 3a/1aTh €ro Ma-
TEMaTUYEeCKYI0 MOJelb. /laHHbIe, MTOyYEHHbIE B 3TOM OKHE, OYAyT CYMTaHBI B MPOLIECCE MO-
JIeIMPOBaHMs MEPEXOIHBIX NPOLIECCOB M BKIIOYEHBI B MOJENb Beel cuctemsl. Kpome Ttoro,
IIPY MOJICTTUPOBAHUYU YUIUTHIBACTCS OOpaTHAsI CBS3b, €€ XapaKkTep U KOIPPUIMEHT Mepeaadn.
Onu 3a1a10TCs B OT/IEJIBHOM OKHE, BBI3BIBAEMOM, KAK U JIPyTHE BBILIE NIEPEUUCICHHBIE OKHA
U3 TJIaBHOTO MEHIO IIPOIPaMMBI.

[Ipumep ncHoONb30BaHUs MPHUKIATHOTO MOJYJIS MIPUBEIEH HA pUCYHKE 3. 3/1ech B Kaye-
cTB€ 00BEKTa MOIEIMPOBAaHUS BBICTYNWI ABUraress Ha 240 B MomHoCTBIO 5 J1.C.

pacukn noBegeHnsa cuctemsl
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Puc. 3. TIpumep noctpoenus I1I1 B nBurarene

Pa3paboTaHHbIi MOAYJIH UCTIONB3YETCSI B HACTOAIIEE BpeMsi B yueOHOM Tporiecce kade-
pot AIIIT IT'TY u MoxeT npuUMEHATbCS B HAyYHbIX UcclienoBaHusAX. [IpakTuka paboTel ¢ HUM
MOKa3aja MEpPCHEKTUBHOCTh CO3/IaHUSl MOJAOOHBIX IMPEIMETHO OPHUEHTUPOBAHHBIX HE TIpO-
MO3JKHX, OBICTPOJECUCTBYIOIIMX U TMOKMX B HCIOJB30BAaHUM MPOrPAMMHBIX CPEACTB. DTO
CTaJ0 BO3MOXHBIM OJlarojiapsi MOSBJICHUIO OTEPAIMOHHBIX cpell, moao0Heix Windows, u
A3BIKOB BU3YAJIbHOT'O MIPOTrPAMMHPOBAHHUS.
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PA3PABOTKA CUCTEMBI AYAUOKOH®EPEHIICBA3HU

Kyasbauxkuii A.XO. (xagh. MOII 9BM, TPTY, e. Tazanpoe, Poccus)

Kongepenncps3p — oHa u3 Hauboyiee MHTEHCHMBHO Pa3BHBAIOIIUXCS 00yacTeil co-
BPEMEHHBIX HMH(POPMAIIMOHHBIX TEXHOJIOTHH, CBSI3aHHAs C OOMEHOM MEXIy HECKOJIbKUMHU
MOJIb30BATEISIMA MYJIbTUMEIUIHON MHpOpManueil (ayano u BUACOCUTHANBI, OOMEH (aiina-
MU, 3JIEKTPOHHAsI 10CKa).

K npenmy1iecTBam cHCTEM JaHHOTO KJacca MOKHO OTHECTH BO3MOXHOCTH OpPTaHH-
3auK OOMICHUS! TEPPUTOPUAIBHO YIAJICHHBIX a0OHEHTOB, JEIIEBU3HA JAHHOTO BHJA CBS3H
10 CPAaBHEHHUIO, HANIPUMEP, ¢ BUAeoTene(GoHNeH, BOSMOKHOCTh OOMEHA Pa3HOTO poja JaH-
HBIMHU, COBMECTHas paboTa C TOKYMEHTaMU U MPUJIOKEHUSIMHU, BO3MOXKHOCTh 3aIUTHI Tepe-
JaBaeMoi MHGOPMAIIUH H T. 1.

PazpabatsiBaeMast cucreMa KoH(EpeHIICBA3M OPUEHTUPOBaHA Ha MCTIOIb30BaHue B [P-ceTsx ¢
KOMMYTaIlel MMakeTOB, OTIMYUTEIIFHONH 0COOCHHOCTBIO KOTOPBIX SIBIISIETCS HETapaHTUPOBAH-
Hast TOCTaBKa NepeIaBaeMbIX JaHHBIX.B To ke BpeMs mpu nepepaye ayauo 1 BUAEO TaHHBIX B
pearbHOM BpEMEHH HEJIb3s1 UCTIOIB30BaTh MPOTOKOJIBI, KOTOPBIE ObI 00eCTIeYUBaIT BEICOKOE
Ka4ecTBO Mepe/lavur JaHHBIX, T. K. BpeMsl Ha MOBTOPHOE MOJTyYeHHE TOBPEKIEHHBIX WU yTe-
PSIHHBIX MAKETOB CIMIIKOM BeNHKO. [ToaToMy mpu pa3zpaboTKe JaHHOM CHCTEMBI PELIaiCh
npoOJIeMbl, CBI3aHHBIE C MOTEPSMHU HIIM UCKAKESHUSIMH TIepeIaBaeMbIX ITAKETOB, HAPYIICHHEM
MOPSIIKA TTOJTyYEeHUsI TAKETOB HA MPUEMHOM CTOPOHE, C)KaTHEM TTepeIaBaeMOro CUTHaJa,
YIPaBJICHUEM CKOPOCTHIO MEPEIaBaeMOro CUTHaja, aIaNTaluel ee K N3MEHSIOLIeHCs TIPOITy-
CKHOM CTIOCOOHOCTH KaHaJla Nepeadn TaHHbIX, 3aIIUTON epeaaBaeMoil nHpopManuu u T. 1.
OpHako OJHON U3 OCHOBHBIX 33/1a4 MPH Pa3padOTKe CUCTEMbI KOH()EPEHIICBSI3U SIBISIETCS BbI-
00p cXeMbl KOMIIPECCUH TEPEIaBaeMbIX ayIHOCHTHAIOB. [y O JOOHBIX PUIIOKEHUI OC-
HOBHBIMH KPUTEPHUSIMH BIOOPA KOZIEpa KPOME CTENICHH CIKATHS SBIISIETCS €ro OBICTpOaeHCT-
BUE, TAK KaK MPU MHOTOTOYEYHON KOH(PEPEHIIMHU MPUXOAUTHCS 00padaThIiBaTh HECKOJIBKO TI0-
TOKOB ayJIMOJIAHHBIX OJTHOBpEMEeHHO. KpoMe Toro BaskHa OpUIHMHAILHOCTH aJITOPUTMOB H
BO3MOKHOCTB TIPOCTOM 3aIIUTHI MH)OPMAIIMU HA UX OCHOBE.

[ToaTomy B KadecTBe 0a30BBIX AITOPUTMOB ayIHOKOMIPECCUH OBLTH BBIOPAHBI MOMIH-
(GunMpoBaHHBIE AITOPUTMBI JI€TBTA-IPEOOPa30BaHUI BTOPOTO TOPSAIKA, ONTUMHU3UPOBAHHBIX
M0 TOYHOCTHU U OBICTPOICHCTBHIO.

Coxatne JOCTUTAeTCs 3a CYET 3aMEHBI TIOJHOPA3PSIHBIX OTCYETOB BXOIHOTO CHTHAJA,
OJTHOOWTHBIMU 3HaYEHHUSMHU KBaHTa MOy sinuHi. CyTh HCIIOJIB3yEeMOTO METOJIa CHKATHS 3BY-
KOBOTO CHTHajla COCTOUT B pa30MEHHH BXOJHOTO CUTHaja Ha OKHA OTIPE/IeIICHHOW UTHHHBI, U
aJIanTalyy Beca KBaHTa MOAYJIIIIMU U KO3 UIMEHTa KOMITAHAUPOBAHUS [T KaXXIOTO OKHA.

JlaHHBIE ANTOPUTMBI OTIMYAOTCS BBICOKHM OBICTPOJIEHCTBHEM, BBICOKUM K03 (durmen-
TOM CXaTusl, TepelaBaeMoOro CUTHaja (BBIXOJHOM CHUTHAN TpeOyeT CKOpOCTH Tepenadydl OT
9,6 Kbut/c.), mpu npreMIeMOM Ka4eCTBE 3ByHYaHHsI BOCCTAHOBJICHHOTO CHUTHAJIA.

B xoziexe peann3oBaHbl AJTOPUTMBI aaNTAllMA KA4eCTBA IEPEAaBaeMOT0 CUTHAIA, K ITPOITY-
CKHOM CIIOCOOHOCTH KaHaJla nepeadu NaHHbIX. [Ipu nmepenade curyaia uepes onpe/eieHHbIe
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NPOMEXYTKH BPEMEHH, MepeIaroIire CTOPOHBI 0OMEHHMBAIOTCS MH(YOPMAIIUEl O KOJINIeCTBE
MOTEPSTHHBIX MAKETOB JIaHHBIX.

Ha ocHoBe 3TuX JaHHBIX IPUHUMAETCS pelieHre 00 N3MEHEHUH KauecTBa MepejaBaeMoro
curHaia. Eciu norepu npesbimator 5 — 10 %, To kauecTBa nepeiaBaéMoro CUrHaja yMeHb-
IIaeTCsI, IPY 3TOM MOBBIIIAETCS KOIPPUIIMESHT CKaTHs, MHAYE KaueCTBa CUIHAJIA MJIH OCTaeT-
Csl, WM yJy4lIaeTcsl, IpU 3TOM K03 urmenT cxarust ymensiiaercs. B otmuune ot 60J1b-
IIMHCTBA CYLIECTBYIOUIMX CUCTEM KOH(EPEHIICBS3H, AJI1 N3MEHEHHS KauecTBa Iepe1aBaeMo-
r'0 CHTHaJla He TpeOyeTCsl aropUTMHYECKOT0 U3MEHEHHUS allTOPUTMa KOJUPOBAHHUS, HIIH HC-
MOJIb30BAHUS HECKOJIBKHUX aJITOPUTMOB.

Hano oTMeTHTh, 4YTO AaHHBIE aNTOPUTMBI KOJUPOBAHUS JIETKO MO3BOJIIIOT 00ECIIEYHUTD 3alllH-
Ty nepenaBaemMoii nuapopmarmu. MizmMenenne oaHoro OuTa, nepenaBaeMoii HHpOpMaIum, Be-
JIET K IoTepe Bceil nHPOPMAITMOHHON YaCTH CUTHAJIA.

Cucrema xoHpepeHicBsi3u pa3padorana ¢ yuetom Pexomenganuii ITU-T H.323 u moxer pa-
00TaTh B KOH(PUTYypalny Kak ¢ BBIIEICHHBIM CEPBEPOM, TaK U 0€3 HeTO.

[Tpu mepBOM ciydae Bce MOTOKH MHGDOPMAIIUK U YIIPABICHUS IPOXOIAT Yepe3 cepBep, Ha KO-
TOPOM 3aIlyCKaeTCsl MEHeKep YIpaBieHus, Oepyuii Ha ce0s yrpaBIeHHe CEaHCOM JaHHOU
KoH(epeHInH. B ero pyHKIMN BXOIUT pacchlIKa MPUIIIAIICHUH BO3MOKHBIM Y4aCTHUKAM
KOH(epeHIINH, KOHTPOJIb TOCTyIa K KOH(pepeHIHHU (110 TapoJII0 U 110 MPHOPUTETaM I10JTh-
30BaTeseit), KOHTPOJIb Ka4ecTBa MePeIaBaeMOro CUTHaJA JUIS KaXKI0TO OT/IEJIBHOTO MOJIb30-
BaTelsl, KOHTPOJIb HH(POPMAIIMH O TTOJIH30BATENAX, MUKIIUPOBAHUE CUTHAJIOB, 00paboTKa U
KOHBEPTUPOBAHUE CHTHAJIOB C PAa3HBIMU AIITOPUTMaMH KOJIUPOBAHUS U T.JI.

Ha cepBepe MoryT ObITh OPraHN30BaHbI IPYIIIHI I0JIB30BATENCH. DTO CAEIAHO IS pa3rpaHu-
YEeHUS JIOCTYIIA K Pa3IMIHBIM (PYHKIMAM CUCTEMBI KOH(EPEHIICBSI3H.

Bo BTOpOM BapuaHTe QPYHKIMU CepBEepa peaTn3yIOTCs MPOTrPAMMHBIM 00eCTICYeHUEM
YYaCTHUKOB KOH(EpEeHIMH. JTO MO3BOJISIET OPTaHN30BhIBATh KOH(MEPEHIINH JIF000H KOHDUTY-
pauuu, B OTJIMYKE OT MEPBOT0 BapUaHTa, HO UMEET CBOM HEJIOCTATKH B BHUJIC YCIIOKHEHUS all-
TOPUTMOB YIIPABJICHUS MOTOKAMU JaHHBIX W 3aIIUThl OT HECAHKIIMOHUPOBAHHOTO JOCTyMa K
pecypcaM CUCTEMBI.

[Tnanupyercs, 4TO 1aHHAs cUCTEMa OyIeT 3HAUUTEIBHO JICIIEBIIC U3BECTHBIX aHAJIOTOB (32
CYET ee MPOTPaMMHOM peaM3alliy | UCIIOJIB30BAHMS COOCTBECHHBIX OPUTHHAIBHBIX AJITOPHUT-
MOB KOMIIPECCUH ayAUOCUTHAJIOB).

B HacTosiee Bpemst 3aBepIiaeTcs peaamusalys CUCTEMbI 0e3 BblIeIeHHOTO cepBepa. [Ipoekr
HAXOJUTCS B CTAUH OTJIATKU. BemyTcst Takxke pabOTHI 0 OPraHU3aIuU BHICOKOHPEPEHIIC-
BSI3U C BUJICOKOMIIPECCUEH HAa OCHOBE OPUTHHAJIBHBIX OBICTPOACHCTBYIONINX AJITOPUTMOB
JenpTa-npeoOpa3oBaHuil BTOPOTO HOpsIKa.

PaspabaTpiBaemas cucteMa ay THOKOH(EPEHIICBS3U SBISICTCS TIOJTHOCTHIO TIPOTPAMMHOM, He
TpeOyeT crenuaIn3upOBaHHOTO alapaTHOro 00ecreyeHus: 1 OpUeHTUPOBAHA B TIEPBYIO OYe-
peIb Ha UCTIONB30BAHKE B JIOKAJIBHBIX M KOPIIOPATUBHBIX CETAX VISl OpraHU3aI[ii COBEIa-
Hull, KoHpepeHIui u T.1. OCHOBHBIE MOMEHTHI Oy IyT MCIIOIB30BaHbI M TIPU Pa3pabOTKe CHUC-
TEeMbI KOH()EPEHIICBA3HU JJI UCTIOIB30BaHUs B TJIOOAIBHBIX CETSIX.
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KOMIBIOTEPHA SI MOJEJb /151 UCCJIEIOBA HAI
YKOHOMHUYHOCTH U DKOJOIr' MUHOCTH MHOTOTOILTUBHBIX JIBC

Jlapowma E.H. (xag. AIIIT, I'TY, . Pocmog-na-/[ony, Poccus)

B nannoii pabote npeanaraercss aBTomatusupoBanHas cuctema (AC) KOMIBIOTEPHOTO
MoaenrpoBanus pabodero npouecca B [ABC ENGINE, npeactaBisiomas JEMEBY0 albTep-
HATUBY TEXHOJIOTHH JIE€TAJILHOTO MOJICIUPOBAHUS BHYTPULMIMHAPOBBIX mporeccoB [1]. Oc-
HOBHAsl Wes, UCTIOJIb30BaHHas mpu co3ganuu AC, COCTOUT B TOM, YTO HECKOJIBKO YaCTHBIX
uH(popmannonHo-mMareMaTuueckux moaeneid (MMM) HHTErpupyroTCcs B €IWHBIA MMUTAILIH-
OHHBIN KOMITJIEKC Ha YPOBHE MPOTPAMMHOM pean3aiuu.

AC ENGINE peanu3oBaHa B ByX BapHaHTax - HCCIEIO0BATEILCKOM U ydueOHOM. Hc-
cenoBatensckas Bepeus AC o0benunser Tpu UMM, nipeanioxkeHHsle B [2], - eazo0unamuue-
CKY10, KUHEMUYecKyl0 U mepmoOUHamMu4eckyio, a Takxke HHPOPMAIIMOHHO-CIIPABOYHYIO CHC-
Temy. B cocraB yueOHOH Bepcuu BXOASAT Hanbosee NpocTas M HarjsiAHas TEPMOIHMHAMMYeE-
CKasi MoJieJIb pabouero mpouecca, MoJeidb TEPMOXUMHYECKOTO aHaIN3a MPOJYKTOB CTOPAHUS
¥ MOJYJIH TIOJIEPIKKH 00y deHHSI.

Hccneoosamenvckasn eepcusa AC Bxmouaetr: 1) 6a3y nannbix (BJl) mo cymectByromum
KOHCTPYKIMSAM; 2) MOJYJIb TEPMOJUHAMUYECKOTO aHaIn3a; 3) MOJYJb JAE€TAILHOTO MOJEIH-
POBaHUSI XUMHH TOPEHHS TOIUIMBO-BO3AYIIHOTO 3apsiia; 4) MOIYyJb pacueTa Ta30dHHAMHUKH
TOpeHusi; 5) MOIyJib BBOJA-BbIBOJIa, MHTEITPUPOBAHHYIO B CUMBOJIBHO-TpahUUEeCKUil UHTEP-
¢etic nons3oBatenst. CtpykrypHas cxema AC ENGINE npuBeneHa Ha puc. 1.

WHTEFPUPOBAHHbIV CUMBOJIbHO-TPA®UYECKN MHTEP®ENC MONIb3OBATENA

Mogaynb TepmoamHamuye-
CYbMO TexHn4ecknx CKOro aHanuaa
napameTpoB

Mogaynb xvuMmunyeckom
KUHETUKM

B[l no TexHn4yeckum napa-
MEeTpaMm CyLLEeCTBYHOLLLMX
KOHCTPYKUNIA

Mopaynb razoavHaMuku
ropeHus

Puc. 1. CtpykTypHas cxema uccnenonarenbckoil Bepcun AC ENGINE

B 6aze dannvix XxpaHarcs TEXHUYECKUE XapaKTepUCTUKU cyiecTByromux JBC; s BHe-
cenusi nomnosHeHuit u u3meHeHuit B bJl B coctabe AC ENGINE umeeTcsi COOTBETCTBYIOIIAS
CYBU. Ilpennonaraercs ucnosibzoBanue bJ[ Ha paHHHX 3Tamax pa3pabOTKH HOBBIX KOHCT-
PYKLUI IpH MEPBUYHOM BbIOOpE TEXHUYECKUX PEIIeHUil pa3pabaThiBaeMoro apuratesns. Ta-
KOBBIMU SIBJISIOTCSI: KOMIIOHOBOYHAsl cXeMa, pabo4uil 00beM HWIMHAPOB M X YUCIIO, YaCTOTa
BpallleHUs] KOJIEHBala U Jip. BHeceHHe B KOHCTPYKIMIO HEOOXOAMMBIX YTOUYHEHUN W/WIU W3-
MEHEHHMI OCYILIECTBIIIOTCS MIPU MOMOIIM BBIIIENEPEUUCIIEHHBIX aHaIUTHUecKuX cpencts AC
- MOAYJIEH TePMOIMHAMUYECKOT0, XUMUKO-KMHETHYECKOTO U ra30/IMHAMHYECKOI0 aHAJIU3A.
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Monynne mepmoouHamuueckoeo aHau3a ABIsETCs MpoTpaMMHON peanu3anueil Kiaccuue-
CKOTO PHEPreTHYECKOTO aHajm3a padodero MUKJa MOPIIHEBLIX MAIIHMH [0 METOIUKE [2].

Monynb xumuueckou KuHemuku peann3yeT OPUTMHAIbHYI METOJUKY HMMHUTAIMOHHOIO
MoaemupoBanus ropenus B [IBC, cripaBeyiuBy10 B OOJIBIIEH WU MEHBIICH CTETICHH JIJIS JTFO-
OBbIX MOPIIHEBbIX JBUTATENEH U YIIIEBOAOPOIHBIX TOIUIUB.

Snpo Monryns eaz00uHaMUKU 2opeHus COCTAaBIseT HyJbMEpHas MaTeMaTHYeCcKasi MOJCIb
JTUHAMHUKU-CMEIICHUSA-TOPEHHUS TOIUIMBHOTO (hakesia B JIBUTATEJIE C JFOOBIM - KaK BHELTHHM,
TaKk ¥ BHYTPEHHUM cMeceoOpazoBaHueM. Moayib XOpOIIO MPHUCHOCOOIEH sl MOJIeIUpPOBa-
HUs pabdouero npouecca B JIBC ¢ BociiaMeHEHHEM OT CKaTHs U MHKEKTOPHBIM BIIPBICKOM,
r7ie 3apsiJl 0COOEHHO HEOJHOPOJIEH 10 COCTaBy U TEMIIEpAType, U MPaBOMOYHOCTh IIPUMEHE-
Husg MMM XuMHU4ecKol KHHETUKU MOYKET OCIIApUBATHCS.

[Toncucrema 6600a-6vi600a peann3oBaHa C HCIOJIB30BAHUEM KaK CHUMBOJIBHBIX, TaK U
rpaduueckux Bo3MoxkHoctelr IBM-coBmectumbix 1K, uto nemaer ee qoctynHoit U yaoOHOK
B OKCIUIyaTalluM IIUPOKUM KPYI'OM HCCIIEAOBATENEH-IBUTaTeIUCTOB M HMHXEHEPOB-
KOHCTPYKTOPOB.

O6o0mn0uka AC 1 0IBp30BaTENBCKUN HHTEPQEIC 3aPOTPaMMHUPOBAHBI C HCIIOJIH30BAHUEM
cucrembl Delphi, a pacueTHple MOIyJIM TIOJCHCTEM - aNTOPUTMHUYECKOTO s3bika DopTpaH.
[Tpu cocTaBieHNH ¥ KOMIWIALUHN nporpaMMHoro koga AC mpeaycMoTpeHo ee (pyHKIMOHH-
poBanne Ha moObIx IBM-coBmectumbix IIK; B 3To# cuTyanuy eIWHCTBEHHBIM MAIIHMHHO-
3aBUCHMBIM 3JIEMEHTOM OCTAETCS BpEMs OTKJIMKA CUCTEMBI Ha 3aIPOCHI NOJIb30BATEIS.

HNMuTanioHHble BO3MOKHOCTH HCCIIEA0BATENbCKOT0 BapuanTta AC MO3BOJISIIOT pelaTh C
ee MOMOIIBI0 pa3HOOOpa3Hble MPUKJIAIHBIE 337aul, B YAaCTHOCTH, ONTHUMHU3ALMU paboyero
nporecca JIBC, nuarHocTuku, (pakTOpHOTO aHadM3a M BaXHOCTHOTO PAHXUPOBAHUS MPOTE-
KalOIMX MPOLECCOB, IPUMEHEHNS aJIbTEPHATUBHBIX TOIUIMB U CHWXKEHMS TOKcuuHocTH OT.
Jli 3THX 1eneil ciy’KUT COBOKYITHOCTb BBIUMCIISIEMBIX MOKA3aTeNe - MHTErpalbHbIX, MIHO-
BEHHBIX M 9KCTPEMAJIbHBIX, OMPECIICHHBIX B [2].

Ha ocnoBe Bbrumciasiembix AC JaHHBIX MOYKHO, BO IEPBBIX, ONPENEIUTh aJ€KBATHOCTh
paznuuHblXx yacTHeIXx UMM ropenust B /IBC koHKpeTHOMY ucciieayeMoMy Ipolieccy, BO-
BTOPBIX, CIUITAHUPOBATh IPU HEOOXOJAMMOCTH I'MOPUIHBIN TEXHUKO-MaTeMaTHYECKUN JKcIie-
PUMEHT, ¥ HaKOHEIl, pacCUUTaTh BCe HEOOXOIMMbIE HHTETPAIbHBIC XaPAKTEPUCTHKH IIHKIIA -
KIII, yoenvHouii pacxoo monauea v ap.

Yuebnas eepcuss AC ENGINE nmeeT yHUQUIIUPOBAHHYIO 0JI0YHO-MOIYJIbHYIO CTPYKTYPY
(cM. puc. 2), OCHOBHBIMH 3JIEMEHTAMU KOTOPOU SIBJISIOTCS: TJIABHBIN YNPaBISAIOLIUI MOIYJb
(T'YM), CUM, monyins tectupoBanus (MT), pacuerHsrit Mmoayns (PM), Moayis rpaduyaeckoii
Bm3yanmzamu (MI') u renepatop otuetos (I'O).

AnanTanus M3Ha4YaldbHO HcclefoBarenbckoro nakera ENGINE pnis ucnoib30BaHUS B
y4eOHOM Mpolecce By3a MpeECieAyeT CIeAyoIMe Henu: 1) 03HaKOMUTh CTYyAEHTOB C COBpe-
MEHHBIMU TEXHOJIOTUSMU MHKEHEPHOI'O KOMIIBIOTEPHOTO MOJIETMPOBaHMs Ha TUIIOBBIX 3aja-
yax W3 BbIOpaHHOW MMM 00JIaCTH CcrelHaIu3aluy (B JaHHOM Cllydae - TEeIUIOIHEPIeTUKH); 2)
BbIpa0OTATh U 3aKPENUTh HABBIKU MPOBEJAEHUS UHIUBUIYAJIBLHOTO U TPYIIIOBOIO YHUCIEHHOTO
HKCIIEPUMEHTA; 3) HAYYUTh COCTABIITH NMPAKTHUECKUE PEKOMEHIANNHU, GOPMYIHPOBATh TEX-
HUYECKHE TPeOOBaHUs U BBIABIATH OOIIME 3aKOHOMEPHOCTH B OTHOIIEHHWH MOJIEIUPYEMBIX
TEXHUYECKUX CHCTEM IO pe3yJibTaTaM KOMIBIOTEPHOTO MOJIETUPOBaHUs; 4) pa3BUTh CIIOCO0-
HOCTb 3((EKTUBHO M0JIy4aTh, YCBaUBATh, IepepadaThiBaTh HHPOPMALIUIO, a TAKKE CUCTEMA-
TU3UPOBATh U COXPAHITh BHOBB IOJIyYEHHbIE JaHHbBIE MPU MOMOILN KOMIBIOTEPHBIX CHUCTEM;
5) mpakTUYEeCKH HCCJIEN0BaTh BIUSHUE pslla (aKTOpPOB, XapaKTEPHU3YIOIIUX OpraHU3alMIo
pabouero mporecca B JIBC, Ha ero 3KOHOMHKO-DKOJIOTHYECKUE TOKa3aTesu; 6) caMOCTOSs-
TEJIbHO CPOPMYIMPOBATH BBIBOJBI O MyTSAX M crocofax onTHUMM3aluu pabodero mpoiiecca
JIBC B 4acTh 5)KOHOMHYHOCTH U SKOJIOTUIHOCTH.
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FMABHbIW YNPABNAIOLWWUA MOAYIb

CM MT PM MI™ o
I [
WHdopmauus BapuaHTbl TecTu-
0 pabouyem npo- poBaHusi
uecce no pasgenam

Puc. 2. Crpykrypnas cxema AC ENGINE, anantupoBaHHOU 7151 Ta00paTOPHOTO MPAKTUKY-
Ma TEXHUYECKOTO YHUBEPCUTETA

Hasnauenne I'VM - ocymecTBIsATh B3aUMOJEHCTBHAE BCEX MOIYJIEH U OPOKAAEMBIX MU
COOBITHI CO CTAaHAAPTHBIMU MOJYJIIMU M COOBITUAMU Windows B 4acTH BBITIOJHEHUS (OpMY-
JIUPYEMBIX 3aTaHUI.

CHM npenna3HaveH Uil XpaHEHHUs U BBIJIAYH 110 TPEOOBAHUIO TEOPETHYECKOW HHPOpMa-
MM B MpeIMETHON 00JacTH KOHKPETHOH 1abopaTopHOW paboThl, MCIOIB30BAHHBIX B TPO-
IpaMMe paCUETHBIX METOJUK, IPYTUX CIIPABOYHBIX JaHHBIX.

Haznauenne MT - 00sierduTh mperno1aBaTelto KOHTPOIb 3HAHHUNA: /ISl TPABHIBHOTO OTBE-
Ta Ha Bce Ipemyaraemble B pamkax MT Bompochkl JOCTaTOYHO aKTUBHO YCBOWTH MaTepHall,
npenoctaBigemblii CHM, a ycneniHoe NpoxokJIe€HHE TECTUPOBAHMS CIIyXKHUT JOIYyCKOM K
pac4yeTHOM YyacTu paboThI.

B PM 00bearHeHbI BBIYNCINUTEbHbBIE AITOPUTMBI U TIPOLIEAYPbI BBO1a-BbIBOJIA.

MI npenna3zHaueH it 0TOOpakeHHsI Pe3yJIbTaTOB BBIUYUCICHUN B yIOOHOM JIsi BOCIIPHU-
aTus BUje. B coctaB TaHHOTO MOJIYJIS BKIIIOUEHBI TAKKe CPENICTBA COXPAHEHHUS TpaduuecKux
00BEKTOB B (popMe OMTOBBIX KapT, MO3BOJIIONINE MOJMy4YaTh TBEPIbIE KOMUH Oe3 IpuBieYe-
HUSI IOTNIOJIHUTEIIbHBIX IPOIPaMMHBIX cpeacTB Windows.

Oyukiueir 'O oT4eTOB SIBISIETCS KOMIOHOBKA PE3YJIbTATOB BBIMOJIHEHUS BCEX 3TAINOB
71a00paTOpPHO-pacUYeTHONW paboThl B (hopME MPOTOKOJIA-OTUETA C OLIEHKOW MPEIBAPUTEIBHOM
MOJITOTOBJIEHHOCTH 00y4aeMoro 1o pe3yjbTaTaM TECTUPOBAHMUS.

IIpy BBINIOJIHEHNH BBIYMCICHUN HCXOAHBIE TAHHBIE U PE3yJbTAThl IPOBEACHHBIX pAaHEE pac-
YETOB MOTYT CUHTHIBATHCS W3 MOJB30BaTeNbcKkol BJl, a Takxke coxpaHsThes B HEl. D10 00-
JIETYAIOT MPOBEJICHNE YUCIEHHOTO SKCIIEPUMEHTA.

AC ENGINE BHenpeHa B Hay4YHbIE UCCIICIOBAHUS U YUeOHBIH mpotiecc kadeaps! “Oxpana
TpyJa U OKpyXkaroien cpeapl” JJoHCKOro rocyJapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA: C
€e MOMOUIBIO MOJIY4EH P PE3yJbTaTOB, BAXKHBIX U LEJIEH MOBBILICHUS YKOJIOTUYHOCTH U
SKOHOMHUYHOCTH Ha3€MHBIX TPAHCIIOPTHBIX CPEJICTB, a TAKKE YJIy4YIIEHbl JEMOHCTPALIMOHHBIE
BO3MOYXHOCTH IIPAKTUYECKUX 3aHATHH.

Cnucok sutepatypbi: 1. Los Alamos Code Supports Diesel Engine Design Tests //
Signal (USA). 1995. V. 49. Ne 6. P. 25. 2. Sluenko O.B., 3aropoaniok B.T. Kommneroteproe
MOJIEIMPOBAHNE 3a/1a4 MPUKIATHON (U3NKo-xuMudeckor nuHamuku. - Pocros w//l.: CKHI]
BII, 2001. - 199 c.
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ONPEAEJIEHUE TEXHOJIOI'MYECKOI'O IAPAMETPA OBIIEHA
JJIA MHOTTOMHCTPYMEHTAJIBHOU HAJTAIKHA C UCITIOJIB30OBAHUEM
BBIYVCJIMTEJABHOM TEXHUKHA

Jlooko A.A., KoBanenko B.W. (ka¢h TM, [lonHTY, 2. /loneyk)

OpanM u3 Haubosee MPOU3BOAUTEIHHBIX METOJ0B 00pa0OTKH SBISETCS MCIIOJIb30Ba-
HUE MHOTOMHCTPYMEHTAIBHBIX HANAJ0K, YTO COKpPAIAaeT BPEMsi HA WM3TOTOBJICHUE JCTAIIH.
OCc0OEHHOCTBIO YKAa3aHHOTO METOJa MPUMEHUTEIFHO K TOKapHOW 00paboTKe sSBIIsIeTCS HEOO-
XOJIUMOCTD OTIpeeNicHHsT O0Iel /Ui BCel HAJIQJAKU 4acTOTHI BpaIleHUs IMUHAENS. Bumy
AKTyaJIbHOCTH yYKa3aHHOTO BOIMPOCA PacyeTOM MHOTOMHCTPYMEHTAIBHBIX HAJAJIOK HCCIENO0-
BaTEJM 3aHUMAIOTCS B T€YEHUE JITTUTEIHLHOTO BpeMeHH [ 1, 2].

Jlyist ompeniesieHusl 4acTOThl BpAIICHUS IITUHACIS, OOIIel I HalaKi WHCTPYMEH-
TOB, HCIIOJIL3YIOTCS PA3IMIHBIE METOIUKH, Hanpumep [2]. B cooTBeTCTBUU ¢ 0OMICTIPUHITOM
METOJMKOW YacTOTa BpAIlEHWs MIMUHACIS OMNpenessieTcsl W3 yCIOBUS OOecriedeHHus Hau-

OoabIIcH MPOU3BOAUTCILHOCTU C UCIIOJIb30BAHUCM AHAJIMUTUYCCKUX 3aBHCUMOCTEH.

[To meTonuke [2] BhIUKCISETCS SKOHOMHUECKH 000CHOBaHHAsI, 0OIIas JIsl HaJIAJKH,
4acTOTa BpalICHUs INMUHAENA. B pesynbrare u3yueHus 1aHHOTO Bompoca Obuia pa3paboTaHa
porpaMMa, peau3yrolias AIroOpUTM C YYETOM BbIIIEyKa3aHHOW METOIUKH.

PaccmMoTpuM anroput™m omnpeseneHus SKOHOMHUYECKH OOOCHOBAaHHOW (0Omien s

HaJ'IaIIKI/I) YaCTOTHI BpalllICHUA ITMHACIIA, HCIIOJIF30BAHHEIH B mnporpaMmme.

JInst BEIOJIHEHHS pacyeTa HEOOXO0IMMO MMETh CXeMy 00pabOTKH JeTalli ¢ MCIOJIb-
30BaHUEM MHOTOMHCTPYMEHTAJIBHOW HAJIAJKH, a TAaKK€ KOHCTPYKTHUBHO-TEXHOJIOTHYECKHE
XapaKTEepUCTUKU 00padaThIBa€MbIX MMOBEPXHOCTEH: TUAMETPbI U JJIMHBI IOBEPXHOCTEH, 3Ha-
yeHus TIyOuH pe3aHMs, XapaKTepUCTUKU HHCTPYMEHTAJIbHOTO MaTepuaia (3HaueHHs L),

HOPMAaTUBHBIC CTOMKOCTH PEKYIIHUX UHCTPYMCHTOB U ITPOYCC.

Pacuer o6melt s HajmaKu 4acTOTHI BpAIEHUs IINMUHACHSA Ui cilydast A = conct
BBITIOJTHACTCSI TIPOTPAaMMOM B CIIEAYIOIIEH MOCIEA0OBATENbHOCTH (ITyHKTHI | —5 BBIMOJIHSIOT
JUISL KQXKZIOTO I-T0 MHCTPYMEHTA HAJIAJKH; OCTAJIbHBIE IYHKThHI pacdyeTa OTHOCSTCS K HalaJKe
B LIEJIOM).

1) OnpenensitoT 4acTOTy BpAIllEHUS IIMUHIENIS, COOTBETCTBYIOIIYIO CKOPOCTH Vigpp
(V100 — cKOpOCTB pe3aHusi, KOTOpasi COOTBETCTBYET CTOMKOCTH MHCTPYMEHTA, PaB-

Hoi#t 100 MuH.):

1000 -V,
ny00; :—E.D%OOZ ; (1)

rae D; — nuametp 00pabaTbiBaeMoil MOBEPXHOCTH.

2) IIponopuuoHanbHBIA U3HOCY UHCTPYMEHTA (IIPU V;9g;) pacueTHbI KO3 (HUIHEHT:
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H
1000
Wiooi = E—J : (2)
o0
3) Koaddumment pesanus:
L. .
ﬂ“i — Lrezz : (3)
cyn

re Lye-i— ANMHA pe3aHus | — 0 HHCTPYMEHTA;
Loy —xon cynmopra.
4) dakTuueckoe BpeMsi 00pabOTKH KaXJ0H U3 IMOBEPXHOCTEH:

Lresi = THi ) 7\‘1'; 4
rae T,;— HOpMaTUBHAsA CTOUKOCTb.
5) ®@akTudeckoe 3HaYeHUE KOd(PPHIMeHTa, MPOTIOPIIMOHATBFHOTO U3HOCY WHCTPYMEH-
Ta:

l‘ .
Wi =Wig; - ;ZZOZ : (5)

6) Ilocrie BeIYUCTICHHS BBIIICTIPUBECHHBIX MAapaMETPOB ONpenessitoT Kodddumment,
IIPOTNIOPLIMOHAIBHBIN CYMMapHOMY M3HOCY BCEX MHCTPYMEHTOB HAJIAJKU:

Wy =2 W, (©)

TJIe 71 — KOJIMYECTBO HHCTPYMEHTOB B HAJAJIKE.
7) Beruucasitor oO1ryto A HajlaJK| YacTOTY BpallleHUs! ITHHACIS:

1000 %

No6wy. =

(WZ,u )%l

Pazpaborannas nmporpamma (Ha si3pIke mporpammupoBanust DelphiS), mo3BossieT BbI-
HOJIHATH pacyeT OOLIEH I MHCTPYMEHTAIbHON HallaIKM YaCTOThI BPAILEHUs IITHHACTS Mogy
C OJIMHAKOBBIMH XapaKTEPUCTUKAMU UHCTPYMEHTAIBHOTO MaTepuaia.

Cnucok autepartypsl: 1. [IporpeccuBHbie pexylire HHCTPYMEHTHI M PEXKHUMBI pe3a-
Hust MetauioB: CrnpaBounuk/ B.U. bapanuukos, A.B. XKapunos, H.Jl. IOnuna u nap.; Ilox
o6mur. pen. B.W. bapanuukosa. — M.: MammHoctpoenue, 1990. — 400 c. 2. Temuun ['.1 1. MHo-
TOUHCTPYMEHTHbIE Hanaaku. Teopus u pacuer. Mamruz. M.: 1963 — 544c.
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KOMIIBIOTEPHBIE U3MEPEHUS MEXAHUWYE CKUX BEJIMYUH
Heuenopenko H.A., Yamko M.B. (kagh. DMuTOD3, /lonHTY, 2. JJoneyx, Yrpauna)

Pabora mocesimieHa Ucnoyib30BaHMI0 NepcoHanbHoro kommbsiorepa (I1IK) B merposo-
U, AKTYaJbHOCTh TEMBI 00YCIIOBIICHAa COKpAIlEHHNEM BPEMEHH, HEOOXOIMMOTO ISl IPOU3-
BOJICTBa M3MEPEHHUH M 00pabOTKH M3MEPHUTENbHOW HH(OPMAIUM, MOBBIIICHHEM TOYHOCTH
U3MEpEHU, y100CTBOM XpaHEHHUS! U UCIOJb30BaHUs PE3yJIbTaTOB U3MEPEHUM, KOTOPHIE IIpe-
nocrasirer 11K.

KommnbroTep naeT BO3MOKHOCTH BBIIOJIHATh U3MEPEHUS OJITHOM BEJIMYHMHBI, COBMECT-
HbIE U3MEPEHUsI, HAOMIOAaTh U (UKCUPOBATH M3MEHEHUE BEIMYMHBI BO BPEMEHH — «OCIMILIO-
rpadupoBanue» [1]. Llenb cTarbu — NpeaCcTaBUTh YCTPOUCTBA M CHOCOOBI M3MEPEHHH C TMO-
mousto [1K.

CxeMa KOMIIBIOTEPHOTO U3MEPEHUSI O JHO W B €J MY U H bl IIOKa3aHa Ha puc. 1.

npeobpasoBaTenb Heanek-
TPUYECKON BENMMUYUHBI B 3EK-
TPUYECKYI0

—>

1~

—N WHavkauma (gucnnen)

F, Flu >
L, L/u U
0 o/u ,

yCIAMTeJ'Ib

N

nsmepsiemas
BENMYMHa

ObpaboTka pe3synb-
::> TaToB U3MEepPEeHNA

MepcoHanbHbIN

AHanoro-unposon

Puc. 1. Cxema npsiMoro nsmepeHumst.

N3mepsiemas BenmuuHa (cwia, aedopMaiius, TeMieparypa) npeoOpasoBeIBacTCs B Ha-
npsbkeHue (eKTpudeckuil Tok). HanpsbkeHne mnoaxmoydaercs K yCHIMTENI0, KOTOPBIN Mpo-
MOPLIMOHAJIBHO YBEIMYUBAET €r0 10 3HAYEHMS, JOILyCTUMOTO I aHAJIoro-Uu(poBOro mpe-
oo6pazosatenst (ALIT). ALIIT npeoGpasyer ero B Ko (COBOKYMHOCTb €AMHUI] U HYJICH) U Tie-
penaer B kommnbtotep. 11K 1o 3amanHOl mporpamMMe BBIBOAMT 3HAYEHHUE B JECATUYHOM BUJIE
Ha JUCIJICH, B 3aIIOMUHAIOIIEE YCTPOMCTBO, BHITIOJIHSAET aHaIN3 (CIIEKTPAIbHBIN COCTaB, MaK-
CUMaJIbHbI€ 3HAUEHUS U T.J.) U ONpEAeNsieT METPOJOTHUYECKHE MapaMeTphl (JJOBEPUTEIbHBIN
MHTEPBaJ, MOTPEUIHOCTH U IIp.).

Mertposornaeckue 0COOEHHOCTH ATOW TEXHOJIOTWH B HAIMYHMH CHENH(UIECKHUX TIO-
TPEIIHOCTEN — YCHJIMTEINsI, TorpenHocTe kBanTtoBaHuss u auckperHoctd AL Tlorpem-
HOCTb, BHOCHUMAs YCHUJIMUTENEM, OIpPENesieTcs] JOMyCKOM PE3UCTOPOB, M3 KOTOPBIX OH H3TrO-
ToBJeH. OUEBUHO, UTO MPUMEHEHHUE PE3UCTOPOB C AOMYCKOM 5% MCKIIIOYAeT BO3MOKHOCTb
MOJIyYUTh KJ1acc TOYHOCTH 1,0 mim myyie.

[TorpemHocTs KBaHTOBaHUs omnpezensercs paspsanHocTsio ALIL u kiaccom 3TajnoHa,
KOTOPBIA B HEM HCTOJB30BaH sl cpaBHeHus1. Bocemupaspsaanasiii ALl ciocoben dhopmupo-
BaTh 256 3HAYCHUHN (28), YTO TIPU Auana3zoHe uaMepenus 5 B naer 3Hauenue kBanrta = 20 MB,
KOTOpO€ U SABJIAETCA aAAUTUBHOU norpemHocTeio ALIIL. [l nomydenuss npuemiieMon OTHO-
CUTEJIbHOM MOTPEIHOCTH MU3MEPEHUSI YCUIMTENb CJEIyeT HAacCTpauBaTh TaK, UTOObI MaKCH-
MaJIbHO BO3MOKHOE 3HaUY€HUE M3MEPSIEMOIN BEJIMYHMHBI ObLIO BO3MOXHO OJIMKE K BEPXHEMY
npeneny nuanazona ALIL. Ho Bo BcAakoM ciydae OTHOCUTENbHAS MOTPEIIHOCTh HE MOKET
ob1Th Menblie 0,4%. ALII ¢ 12 pa3psanaMu MOXET CHU3UTDH aJJUTUBHYIO NOTPEIIHOCTh PH



58 HNudpopmanoHHbIe TEXHOJIOTHH

ATAJIOHHOM HampsbkeHnu 5 B mo 1MB 1 o6ecnieunTs 0THOCHTEMBHY O TOTPemHOCTh 0,02%.

Pazpsgnocts ALIIT HEO6XOIMMO COOTHOCHUTH C TOYHOCTBIO €0 MCTOYHHKA ITAJOHHO-
ro HampspkeHus. B kadecTBe 3TanoHa NpUMEHSETCs CTaOWIMTPOH C TEPMOKOMIIEHCALUEH
KPEMHHUEBBIM JIMOJIOM, BKIIOYCHHBIM B IMPSIMOM HAIpaBJICHUH: TeMIlepaTypHble Koddduim-
€HTHI JTM0JIa ¥ CTAOWIMTPOHA OJAMHAKOBBI, HO MPOTHBOIOJOXKHBI 1O 3HaKy. CTaOMIBHOCTD
TaKOTO dTajloHa cocTaBisieT 1 — 5%, uyTo /i OOJIBIIMHCTBA MHKCHEPHBIX MPUMEHEHUN MPH-
emsiemo. OnHaKo, 11 6oJjiee TOYHBIX W3MEPEHUI M3BECTHBI MCTOYHHUKU OTIOPHOTO HANpsKe-
HHs1 ¢ TOUHOCTEIO 0,1%.

JInHaMHUYECKY10 MOTPEIIHOCTh U3MEPEHHUS OIIpeAesaeT yacToTa nepexiouennii AL
Ecnm x — u3mepsiemast BeJIMIMHA, TO a0COTIOTHAS IOTPEIIHOCTD IUCKPETHOCTH

A= A (1)
ot

rae Af— JUIMTEIIbHOCTD IIUKJIA U3MEPEHMUS, C.

Y 100HO OIIEHUTH, KaKyI0 HAUOOJBIIYIO YacTOTy CUTHaia criocoden m3meputsh ALIIT ¢
3aJIaHHOW TOYHOCTHIO. [y ATOTO MpWHUMaeTcst x = a-sin2zafit , At =1/f;, cnemoBaTensHoO,
Ax = (2nfy/ fy)Acos 2nafit, ato mpu cos 2nfit.=1 maer Ax = 27Af,/ f;, a OTHOCHUTENBHAS TIO-
IPEITHOCTh

5=g=27f&’ (2)

TJIE fy M f;— 9acTOTa U3MEPSIEMOT0 CUTHAJA U YacToTa Auckperuzauuu ALIIT.

N3 popmyiiet (2) MokeT ObITH HalijieHa HAMOOJbBINAsS YACTOTA CUTHAJA, KOTOPHIN U3-
MepsieTCsl, WIM MUHUMaJbHAas 4acTOTa JUCKPETU3aIllH, ¢ KOTOpOoW moinkeH padortars ALIT
JUIS. I3MEPEHHsI CUTHAJIA 33JJaHHOM YacTOThI — MPH IOy CTHUMOM norpemHocty o. Hampumep,
npumeHenue B kadectse ALl 3BykoBO# KapThl KOMIBIOTEpA 00ECTIEYMBAET U3MEPEHHUE CHUT-
HaJa, M3MeHstomerocs: He opictpee 100 B/Mmc.

[IK mosxeTr ObITh IPHUCIIOCOOJIEH /11 COBMECTHB X HM3MEPEHHU M — KOCBEH-
HOT'O M3MEPEHUs OJIHOM BEIMUYMHBI WM U3MEPEHUSI HECKOJIbKUX BeIUYUH. Takue n3MepeHus
MOTYT OBITb HEOOXOJUMBI MPU OMNPECICHUM 3aBUCUMOCTH MEXIy BennduHamu. Cxema
npeacrasieHa Ha puc. 2. Ucnonssyrores asa ALII, moakmouennsie k nsym noptam [IK. Hc-
CIIEyeMbIH 3JIEMEHT (Ha CXeme
> pPE3UCTOp) MOJKIIOYAETCS K HC-
TOYHHUKY HampsDKeHHs (TOKa)
— — 2anARmALA LA HEOOXOIUMON MOIIHOCTH. TOK
AU M3MepAeTCs TOCPEACTBOM IIyH-

Ta, HANpPSKEHUE MOCPEICTBOM

—{ > H NPEACTBNEHNE | omprens. ALl mpeo6pasyer

L/u pesynbrara [MaJieHre HaIpsHKEHNS HA IITYHTE
- (amcnnen) p y

— — U HOPMHPOBAHHOE HampsKEHUE
AU Ha pe3uctope B IUPPOBON KOJ
u BeoauT B IIK. IIpoueccop IIK
Puc. 2. Cxema COBMECTHOTO U3MEPEHWSI. MIPOU3BOJUT  MaTEMaTUYECKHE

OTepali U BHIBOJIUT Pe3yJIbTar

Flu

1l

B JIECITUYHOM BHUJIE HA TUCIUIEH, JIMOO 3alIOMUHAET.

KoMnbroTrepoM MOKHO M3MEpPUTh, NPEACTABUTh U PETHUCTPUPOBATH M3 M € H A IO -
nuecs CHUTHAalbl B pealbHOM BpeMeHH. «OcCIUIorpaMMa» IOJIydaeTcs Ha JKpaHe
nuciies npumenenruem ogHoro AL ¢ moMomplo cOOTBETCTBYOIIEH ITpOorpaMmbl. Kcroms-
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3oBanue 1ByX ALII no3Bonser pexxum pabotsl Y(X) - pa3BepTKy OJHOTO HapaMmeTrpa B (yHK-
1 apyroro. KpoMme Toro, MOHO MMHUTHPOBAaTh KOPOTKOE IOCIECBEUEHHUE (IITATHOE IS
OONBIIMHCTBA OCIUIUIOTPAOB), IIIUTEITHLHOE MOCIECBEYCHHUE (I KOTOPOTO 0€3 MPUMEHEHHS
[TK HEoOXx0oMuM crienranbHbIi ocuuiuiorpad), ¥ PeKUM «OKIyIIed CHHXpoHM3anumy». Crenu-
(ruecKoil MOTPEIIHOCTHIO SBJISETCA OTCYTCTBHE B OCHMUIOTPAMME COCTABIISIONINX CUTHAIA,
UMEIOIMX YaCTOTY, OOJBIIYIO MOJOBHHBI 4acTOThl auckperusammu AL (B cooTBeTCTBUM C
teopemoil KoTenbHUKOBA).

[IporpammMHOe oOecneueHUE KOMIBIOTEPHBIX U3MEPEHUN CKIIaJbIBACTCS
u3 Tpex vacreid: apaiisepa AL, mporpammbr 00pabOTKH pe3yibTaTa U3MEPECHUS U TPOTPaM-
MBI BbIBOJIA. [lepBas 3aBUCHUT OT YCTpOMCTBA U JIMOO MOCTaBIsIeTCS (PUPMON-U3TOTOBUTEIEM
ANII, nubo cocraBisieTcsl MOJB30BATEIEM NPUMEHUTENBHO K HM3TOTOBJIEHHOMY CaMOCTOS-
TEJILHO YCTPOUCTBY. BTOpast u TpeThs 4acTu MOTYT OBITh B3SITHI Ha cepBepe [2] 0o Takxke
COCTABJICHBI II0JIb30BATENIEM.

Hwxe npencraBiaeHbl HEKOTOPBIE CPEACTBA U3MEPEHUS] MEXAHUYECKUX BEJIMYUH.

Wzmepenne cunbl Te H3oMeTpuuyeckum naraukom (TH). Cunma F nedopmu-
PYET CTaJIbHYIO JI€Tallb, BMECTE C HEl pacTsarusaercs (cxumaercsi) T, n3MeHsieTcs ero co-
NPOTHUBJIEHNE, MOSIBIISIETCS HAPSDKEHUE HA BBIXOJE MOCTA U3 PE3UCTOPOB, B KOTOPBIN BKIIIO-
yeH T/ (AR—U).

N3mepenne cuimbl CTPYHHBIM JaT4Y U KOM. ['eHepaTrop MMIyJbCaMH 3acTaB-
JeT KoedaTbesl CTPYHY, YaCTOTOMEP M3MEpSIeT 4acTOTy CBOOOIHBIX KOJieOaHHMH CTPYHBI,
KOTOpasi 3aBUCUT OT CUJIbl, C KOTOPOM CTpYHa HATSHYTA.

N3mepenne MOMeHTa CHJI BpalarOLIeCs, HAIPUMED, MIEKTPUYECKOM, MamnHel. Hc-
MI0JIB3yEeTCsl TO, YTO MOMEHT POTOpa paBEH MOMEHTY CTaTOpa, a TOT NPONOPLMOHAIIEH pa3-
HUILIE CUJI Ha onopax. M3Mepsis cuibl, MOKHO U3MEPUTh MOMEHT.

JInst u3mMepeHnst yCKOpEHUsl U3MEpSIeTCsl Crujla, C KOTOPOM M3BECTHAsE Macca JEHUCTBY-
€T Ha JIaTYUK [IPU YCKOPEHUU.

N3mepenne cKOpoCTH MPOU3BOAMTCS AIIEKTPUUYECKONW MAIIMHOM, paboTaromieii B pe-
JKUME reHepaTopa, Wik UHTETPUPOBAHUEM YCKOPEHHUS.

Msmepenue nepemenieHus (s) MOXKET OBITh BBIMIOJHEHO HEMOCPEACTBEHHO TATYMKOM
TepeMeIIeHHIT MM HHTEIPHPOBAHIEM CKOPOCTH (V) Wi yckopenns (a) s = [vdt , s = [[adt.
NMuTerpupoBaHue naeT pe3yJbTaT C MEHbIMEN NOTPEMHOCTHIO,
4eM MpsIMOE U3MEpeHUe Uitk Au(depeHITpoBaHHE.

B kauecTBe martumka mepeMelIeHUH WM PacCTOSIHUS MOpsIKa MUWUIMMETPOB  IPU
KOMIIBIOTEPHBIX M3MEPEHHAX MPUMEHsIeTCs TpaHchopMaTopHbele mpeodpazoBaTenu. [TpuHmm
JEUCTBUS UX B TOM, YTO MAarHUTHBIN MOTOK, CO3/IaHHBIN OJTHON M3 OOMOTOK Ha MarHUTOIPO-
BOJIe, MHAYKTUPYET B apyroit oomotke J/IC, xotopas usmepsiercs. 3nauenune DJIC 3aBucur
OT BO3JIYIIHOTO 3a30pa MEXKAY MOJBMKHOM M HENOJBMKHOW 4acTSIMU MarHUTONpPOBOJA. DTH
npeoOpa3oBaTenan JIETKO COTJIACYIOTCA C U3MEPUTENbHBIM IPUOOPOM U UCTOUHUKOM MUTAHUS
MyTeM 0/100pa BUTKOB.

BB o 1. [I[puMeHeHrE KOMIBIOTEPHBIX TEXHOJIOTHM JAET BO3MOXKHOCTh M3MEPUTH
MEXaHUYECKUE BEJIMIMHBI B pEaTbHOM BPEMEHH U C 3aTIOMUHAHUEM TIPU BBICOKOH 3P eKTrB-
HOCTU ¥ YHUBEPCAJIBHOCTH.

Cnucok aurepatypsni: 1. 'éus I1. Kak npeBpaTtuth nepcoHaiabHbI KOMIBIOTED B
n3MepuTenbHblii koMiuieke: [lep. ¢ ppanm.- M.: IMK, 1999.-144 c. 2. www.dmk.ru
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PA3PABOTKA JEMOHCTPAIIMOHHOI' O ITIOCOBUA JIA ITIOAI'OTOBKH
METOIANYE CKUX MATEPHAJIOB C UCTIOJIB3OBAHUEM TPEXMEPHOI'O
OBBEMHOI'O MOJAEJINPOBAHUA

Onydpuenxo A.A." (kagp. TM, JonHTY, 2. Joneyx, Ypauna)

CerosiHs yke CMEJIO MOKHO YTBEPXKIaTh, 9YTO UHPOPMAIMOHHBIC TEXHOJIOTHU 3aHSIU OJI-
HO W3 JIMANPYIOMUX oOnacteil Hamiel kxu3Hu. KoMIbloTepsl MPOHUKIM TIIyOOKO BO BCE OT-
paciu Haykd, 00pa30BaHUs, TPOMBIIIICHHOCTH U MHOTHE JIpyTHe cephbl YeT0BEUCCKOM aesi-
TENBHOCTH. B JaHHOU cTaThe MBI PAaCCMOTPUM, KaKUM 00pPa30M MOKHO HCIIOJIb30BAaTh KOM-
NBIOTEPHBIE pa3pabOTKH B MpoLecce 00ydeHHUSI.

B ocHOBY pa3paboTku JaHHOTO MaTepuaia ObLT MOJI0KEH MPUHIMIT HATJIHOCTH. Ye-
JIOBEK TOJTyYaeT U nepepadaTrhiBaeT HanOoJbIIee KOJMuecTBO nHpopMamu (oxoiso 80%) de-
pe3 3peHue. DTOT (aKTop SBUICS OAHUM U3 OCHOBOIIOJIATAIOIIUX MPH pa3pabOTKe MpecTaB-

JIEHHOTO METOJIUYECKOTO HOCOOUS.

Ceiiuac crynentsl JJoHHTY uMerOT BO3MOKHOCTH CIyLIaTh TEIENEKIMU. DTO OOBIYHO
pAL TEINEBU30pPOB, COCIMHEHHBIX C TEJICKaMEpOM, HAXOIAIIEHCS HaJ AEMOHCTPALMOHHBIM
CTOJIOM, PACIOJIOKEHHBIM BO3JI€ Ipenoaasarend. [Ipenonasarens uMeeT BO3MOKHOCTD IIOKa-
3bIBaTh PUCYHKH, BBINIOJHEHHBIE Ha Oymare wiu IUICHKE M J1aBaTh MOSICHEHUS K HHUM, HE 3a-
HUMAasiCb PYTHHHBIM BBIPMCOBBIBAHMEM HMX Ha Jocke. Ho ecim nmpucoeavHuTh mocieaosa-
TENBHO WJM MNapajlJIeIbHO TEIEKaMepe KOMIIBIOTEP, TO YK€ IMOSBISETCS BO3MOYKHOCTH HE
TOJIBKO JIEMOHCTPUPOBATh PUCYHKH, BBIIIOJIHEHHbIE HA HEM, HO M IOKa3bIBaTh BUaco(dpar-
MEHTbI, aHUMAIHIO, IIPOCITYIIMBATh 3BYKOBBIE 3alMCH, B TOW WIM UHOW Mepe WLIIOCTPUPYIO-
1ye u3naraeMblil marepuan. Ilpu 3ToM JeKIMU CTaHOBSITCS HaMHOTO Oosiee JUHAMUYHBIMU,

HACBIICHHBIMA U UHTCPCCHBIMHU.

Hcxons U3 BBIIEH3I0KEHHOTO ObUT MPEIJIOKEH U PEaM30BaH METOJ| MOATOTOBKU
JOTIOJTHUTENbHBIX JIEKIMOHHBIX METOJUYECKMX MaTepUaioB, KOTOPbI OTBeYaeT TPeOOBAHUIO
MaKCHMaJIbHON HAIrJISIIHOCTH U MPOCTOTHI BocnpuaTud. IIpu 3ToM ObLIO YYTEHO, UTO HE BCS-
KW YeNOBEK MMEET HaBBIKM PabOTHI C KOMIBIOTEPAMH, H MOCOOHe OBLIO peann30BaHO MO
NPUHIUAITY UHTYUTHBHOCTH, TO €CTh BCE HEOOXOIMUMBIE TIOJICKA3KH, YTO ¥ KOTAa HEOOXO0IUMO
CeNaTh, YTOOBI MOy YUTh XKEJTAeMbIi pe3ybTaT, IPUBEIEHBI IPSIMO B IIPOrpamMmMme.

JeMoHcTparmonHoe nmocooue O6b110 BhITIOJIHEHO B porpamme MS PowerPoint makera
Microsoft Office 2000. Jlns 3amycka mporpaMmbl He TpeOyeTcss UMETh YCTaHOBJICHHBIM Ha
koMmmbiorep MS PowerPoint, To ecTh mporpamma He3aBUCUMa U B CBSI3M C 3TUM SIBISIETCS
ruOkoii. CucreMHble TpeOoBaHUS K KoMIibioTepy Heenuku: 486DX100 ummu Pentium, 1Mb
Buneonamsat, 16Mb O3V, OC Windows 9x nmu NT, npumeprno 40Mb auckoBOro npocTpan-
ctBa wm CD-ROM.

.
Paborta BhITIONTHEHA 0T PYKOBOICTBOM notieHTa Kosanenko B.U.
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B kauectBe 6a30Boro Matepuana ObUIM U3TOTOBJIEHBI aHUMAIIMOHHbIE BUICOPOJIMKH, pea-
mu3oBaHHble B iporpamMMe 3D STUDIO MAX 3. [Ipu ux Bu3yanu3anuu Oblia UCTOJIb30BaHA
koHBepTaims B popmar MPEG2, Tak kak OOJBIIMHCTBO KOMIBIOTEPOB CIIOCOOHO BOCHPOU3-
BeCTH 0€3 MoTeph B KaYeCTBE U CKOPOCTH NMPOUTPBIBAHUS JAHHBIN (opMaT KOMIPECCHU BU-
neodaitoB. 9To0 00yCIOBIECHO TEM, YTO €IIe JAJIEKO HEe BCe YueOHBbIC 3aBEICHUSI OCHAIICHBI
MOIIIHBIMH COBPEMEHHBIMH KOMITBIOTEpAMH, IMO3BOJIIIOIIMMH IPOUTPHIBATh OoOJiee COBEp-
mieHHble Gpopmatsl koMmpeccun. M XoTs pasmep ¢aiinos, cogepKaumx aHUMAIMOHHBIE PO-
JMKH, TIOJyYHJICS HECKOJBbKO OOJBIIMM, Ye€M IPH HUCIOJBb30BaHUH, Hampumep, (opmara
MPEG4, Ho 3aT0 nIocobue moydnsiock 00Jee yHHBEpPCaTbHBIM, UTO TAKKE HEMATIOBAXHO.

Taxoke yHHBEpCAIbHOCTh MOCOOMS 00eCeuynBaeTCs TEM, YTO C TOMOIIIBIO porpaMMbl MS
PowerPoint M0oxHO Tipu HEOOXOAMMOCTH OTKOPPEKTUPOBATH JIO00H 3JIEMEHT MOCOoOus, Kak
TO: YIPAaBISIOUINE KHOTKH, TMOJCKA3bIBAIOIINE HAIMUCH, WHTEpdeiic mocodus u mpouee.
Taxke MOKHO W3MEHHUTh MOPSIAOK 3arpy3Kd TEMaTHUYECKHX 3KPAaHOB, C MOMOLIBIO KOTOPBIX
OpraHn30BaHO MOCOOWE, BCTaBUTh APYIHe aHUMALMOHHBIE POJHUKUA. DTO TO3BOJSIET TOJHO-
CThIO OpPraHM30BATh JIEMOHCTPALMIO 110 CBOEMY BKYCY M B COOTBETCTBHM CO CBOMMH JK€la-
HUSIMU.

B kauectBe npumepa Obu1 BeIOpaH ctaHoK Mojenu 16b16T1 ¢ cucremoit UITY «Dnektpo-
auka HI[31-01». B mpoaeMoHCTpUpOBaH MpOIecC MOATOTOBKY CTaHKa Ha 00paboTKy Je-
TaJau ¥ IPUMEP BBOJIA YIIPABJIAIOLIEH IporpaMMsel B cuctemy YITY.

Jliis 3amycka mocoOusi HeOOXOAMMO 3ammyCTHTh (haiir start.bat ¢ KOMIIAKT-IHCKAa WIH C

KECTKOTI'O AMCKa U3 I1allKu, B KOTOpOﬁ HaxXoJuTCA JEMOHCTPALIMOHHOC rnocooue.

IIoce 3arpys3Ku ITOCcOOUS MOABJISCTCS IJIABHOE MEHIO C KHOIIKaMH, Ha KOTOPbIX HAXOAUT-
Cs Ha3BaHUC Pa3ZCJIOB, 3arpyKar0oluxcs o HAXKATHUIO HAa HUX. ITocobue OpraHnu30OBaHO B BU-
A€ OTACIIBHBIX TCMATUYCCKUX 3KPAHOB. Ha KaXIOM M3 DKpaHOB MPCAyCMOTPCHBI KHOIIKH BO3-
BpaTa B MCHIO, BbIXOJda U3 rmocoous u APYTrue BCIIOMOTATCIIbHLIC YIIPABIAIOIIHUC 3JICMCHTEI. B
npouecce 1EMOHCTpAIM aHUMAIIlMOHHBIX POJIMKOB MX MOYKHO B 000 MOMEHT OCTAHOBHUTH
WJIM 3aITyCTUTDb 3aHOBO HaA IOKAa3 IMPU MOMOIIN HaXATHA JICBOM KJIABUIIIH MBIIIKH, OpCABapu-

TCJIbHO HABCIA €€ YKA3aTCJIb Ha aHI/IMaHI/IOHHHﬁ POJIHK.

I[OCTOI/IHCTBOM NPUMCHCHHS aHWUMALMOHHBIX POJIMKOB ABJIACTCA WX HAITIAHOCTH, BO3-
MOHOCTb USMCHCHHUA U PCAAKTUPOBAHUA ITPHU HAJIMIUH UCXOJHBIX q)aﬁJIOB, CPAaBHUTECJILHO C

BHJIEOCHEMKOM HEOOJIBITION UX pa3Mep U 00Jiee BHICOKOE KaueCTBO M300paKeHU.

Hcnonp3oBaHue 1aHHOTO METOJa MO3BOJIAET 0OJee HAMIAJHO HNPOJAEMOHCTPUPOBATH U
MIOMOTAeT CTYAEHTY INyO)ke YCBOUTH M3JIaraéMblii Marepual, abCTpaKkTHOE IpeCTaBlICHHUE

KOTOPOTO HC BCCTAa NICTUHHO.
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ABTOMATHM3AIIVMA CUHTE3A JIUHEMHO-KBAJJPATUYHOI' O PETYJIATOPA
JJIsA YIIPABJIEHUSA ITPUBOJAMM YHUBEPCAJIBHOI'O
PEJIbBCOBAJIOYHOI'O ITPOKATHOI'O CTAHA

Paduxos I'.11l., TumonoB A.B. (ka¢h. AT, [JonHTY, 2. [loneyx, Ykpauna)

CoBpemeHHBIE penbcoOaIOUYHbIE MPOKATHBIE CTaHBl NpEJHA3HAYEHBI UL MpPO-
KaTKH Pa3JUYHBIX IMHUPOKO MPUMEHSIEMBIX Npoduiiel — TaBpOBBIX Mpouiei, peib-
COB, MIMPOKOTOJOYHBIX 0ajoK, mBeiepoB. XKemnaemas opma BeIIABIMBACTCA U3 3a-
FOTOBKM JBYMS MapaMy LUJIMHIPUYECKUX BAJIKOB (II0O OJHON HA KaXJyH U3 F€OMET-
pPUYECKUX OCEM), KOTOpPhIE MEPEMEIIAIOTCS C MOMOIIBI T'MAPABINYECKUX MPHUBOAOB
[1].

Hens ynpasneHuss — 00ecneyuTh NOCTOSHCTBO TOJIIHUHBI IPOKATA M0 OCSM X U )
B Mpejenax 3aJaHHbIX AOMYyCKOB. OTKIOHEHHS B TOJIIMHE MPOQUISL MOTYT OBITH BbI-
3BaHbl IBYMsI IPUYUHAMMU:

1) Bapuamueil TOJIIUHBI U TBEPAOCTHU 3aTOTOBKHU;

2) HaIM4ueM 3KCIEHTPHUCUTETA NMPOKATHBIX BAJKOB.

Jlns Toro 4To0Bl YMEHBIIUTH BIUSHUE 3TUX BO3MYIIEHUN, HEOOXOAUMO peryJiu-
pOBaTh BEJIMYHUHY 3a30pa 3a CUET BBEACHUS KOHTypa oOpaTHOH cBsa3U. [lockonbky 3a-
30p MEXJY BaJKaMH U3MEPHUTH CIIOKHO [2], TO BMECTO U3MEPEHUS TOJIIIUHBI PO QU
U3MepsAEeTCs CUila HaKaTHs BAaJIKOB.

Ha ochHoBe 3Tux JomymieHHil MOXXHO IMOCTPOMUTH CIEAYIOUIYIO CTPYKTYPHYIO
CXEMY JIJIS MOJIEJIH TIpollecca MpOKaTKU Mo Kaxaou ocu (puc. 1).

u_, H(s)

L

i

v

Pucynok 1 — CTpykTypHas cxema mpolecca NpoKaTKu M0 KaxXJ0H KOOPAUHATHON ocu
Xuy

31ech u — ymnpaBlieHHe, O — OTKIOHEHHE BEJIMYMHBI 3a30pa OT HOMHUHAJIBHOM, f — OT-
KJIOHEHHE CHUJIbl Ha)KaThsl BAJIKOB OT HOMHMHAIILHOW, g— Kod>(duuumeHt nepenauu, w,, w;, —
“Oenple” 1IyMbl, UMUTHPYIOLIUE BO3MYILEHUs, /1 (s) — mepenaroyHas (QyHKIUS THAPO-
pUBOIa.

OO6pamasce K puc. 1, OTMETUM ClIEAYyIOIIee:
1) BEIXOOBl f; W f, XapakTepHU3YIOT OTKJIOHEHHsS CHUJIBI Ha)aTHs BAJKOB OT HOMH-

HaJIbHBIX 3HAUCHUI,
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2) yBEIMYEHHUE CHUJIbl, Pa3BUBAEMOE I'MJPABIMYECKUM IPUBOJIOM, UM CHUJIbI, BBI3BAH-
HOM KCLEHTPUCUTETOM BAJKOB, IPUBOAUT K YMEHBIIEHHUIO 3a30Pa MEXAYy BaJKaMU;
3) yBeaM4eHHE TOJUIMHBI 3arOTOBKHM YBEJIMYHUBAET 3TOT 3a30p.

Kak mpaBuio, ¢pusudeckue CUCTEMBbl, HaJ KOTOPBIMU JOJIKHO OCYIIECTBIATHCS
yIpaBJI€HUE, TPYAHO pacCcMaTpuBaTh KakK JETEPMHUHUPOBAHHBIE, MOCKOJbKY H3MeEpe-
HUSIM JOCTYIHBI JIMIIb UCKAXKEHHbIE IIYMOM HEKOTOPbIE NIEPEMEHHBIE UX COCTOSIHUS.
Takum oOGpazom OoJiee peaqTUCTHUYHBIMU MOJEISIMH TAaKUX CHUCTEM B 3ajJadax yIlpas-
JeHUs SABIAIOTCS MOJENHU, COAepiKalue ciydalHsle npoueccol. Ilpu Takux mopensax
TpeOyeTcsl NPUHUMATh PELICHUE WIKW ONpPENeNsiTh yNpaBJI€HUE HAa OCHOBE pe3yJibTa-
TOB U3MEPEHUH, MOJyUYEHHBIX B MPOILIOM. B 3TOM ciiyuae 06e omnepanuu — OI[€HHUBA-
HUE COCTOSIHMS M yINpaBJIEHUE — MOTYT OBITh BKJIIOUEHBI B €IMHBIN Mpoiecc BeIOOpa
pemenus [3]. JIuHeliHO-KBaJpaTUUYHasl rayCcCOBCKas 3ajaya sBIASETCS OJHUM M3 4acT-
HBIX CIIy4aeB 3TOH oOmieil 3a1avn.

Jns pemeHus NaHHOM 3ajJady 3a/JaeTcsd MaTeMaTudeckas MOJEIb B BUJE CUCTE-
MBbl yPaBHECHUMN:

X(t) = AOX@) + BOu (@) + Go)w(t);
(1) = C(OX (@) + (1),

rie x(t) — BEKTOp MEePEeMEHHBIX COCTOSHUS pa3MEpHOCTH (nXx1);
u(t) — BEKTOp yNPaBJIAIONINX BO3ACUCTBUI pa3sMepHOCTH (mx1);
W('t )— BEKTOpP BXOJHBIX BO3MYIIEHUH pazmepHoCTH (kx1);
z(t) — HaOmr01aeMBbli BEKTOP BBIXOHBIX NMEPEMEHHBIX Pa3MepHOCTH (7' X 1) ;
V(t)— BEKTOp IIyMOB U3MEPEHHI pa3MepHOCTH (7 X 1) ;
A(t) — marpuna K03 PUIEHTOB MEPEMEHHBIX COCTOSHUS PAa3MEPHOCTH (NX 1) ;
B(t) — matpuna k03¢ (HUIMEHTOB YIPaBISIIOMINX BO3IEHCTBUIA Pa3MEPHOCTH (1 X M ) ;
G(t) — marpuna K03 PUIEHTOB BXOJHBIX BO3MYIICHUH pa3MepHOCTH (nxk );
C(t) — maTpuIla U3MEPCHU I BBIXOIHBIX BEIUYHH Pa3MEPHOCTH (7 X7 ).

Tak kak mpu ynpaBje€HUU NMPUBOJAMU NPOKATHOrO cTaHa HeoOXoaumo olecrie-
YUTH 33JlaHHYI0 TOYHOCTH TOJIIMHBI MPOKATHIBAEMOTO NPOdIIIst, pacXoays IpU 3TOM
MHUHHUMYM SHEPTHUH, TO aBTOMAaTHYECKas CUCTeMa yINpaBlieHUus OyJeT ONTHMHU3HUPO-
BaTbCs MO TOYHOCTU M pacxony 3Hepruu [4]. Takum oO6pa3zom, KpUTepuil ONTUMAIIb-

HOCTH JJI CMHTE€3a aBTOMAaTHYECKOTO PEryjiiTopa CUCTEMbl YIPAaBJICHUS MPOKATHBIM
CTaHOM OyJeT UMETh BHU:

= ([ (pox()+ir” (0)Rac) it (1)
0

rae 0 — cuMMeTpUYHas MOJIOKUTEIbHO MOJyonpeieieHHas MaTpUIla BECOBBIX KOd(-
(GULIMEHTOB Pa3MEPHOCTH (nXn);

R — cumMmeTpuyHas MOJOXKUTEIbHO ONpe/eleHHass MaTpHULla BECOBBIX K03 du-
LUEHTOB pa3MEpHOCTHU (m xm).

[lepBoe ciraraemMoe KpUTEpHUsS XapaKTEPHU3yeT TOUHOCTHh pabOThI CUCTEMBI, BTO-
poe ciaraeMoe — 3aTpaThl dHEPTrUM Ha ymnpaBjeHHe. BoiOupas cOOTBETCTBYIOIIUM 00-
pa3zom matpuubl Q U R, MOXHO HNOJYYUTh KOMIPOMHUCCHOE pEHICHUE MEXIY TOUHO-
CTBIO U OBICTPOAEHCTBUEM pacCMaTPUBAEMON TUHAMHUYECKON CUCTEMBI.
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3amaya ONTUMM3ALMK COCTOUT B TOM, YTOOBI HATH COBOKYHMHOCTh BEKTOPOB YIPaB-
JSIOLUX BO3JIEUCTBUM, 00€eCTIeYMBAOLIMX MUHUMYM KpuTtepus Buaa (1):

i(t)=-K§t),

rae K — matpuna ko3 GHUIHIEHTOB ONTUMAIBHOTO YIIPAaBJICHHUs Pa3MEPHOCTU (m X1 ) ;

§(t) — OIIEHKa BEKTOpa MEPEMEHHBIX COCTOSHHUS CHCTEMBI, KOTOpas MOXET OBITh
noJiyueHa ¢ momotbio pmibTpa Kanmana [3], onuceiBaeMoro ypaBHEHUSIMU

(1) = A§(1)+ Bu(t)+ L(y(1)- C§(1))

()| [C _
¢ 7|1 €(1)+ Hw(t)+v(t),

rae L — matpuna xko3@punueHToB o0paTHBIX CBS3€H, ompesaenseMas Ha OCHOBE pe-
HIeHUs alre0panvyeckoro MaTpUYHOTO ypaBHeHUsS PukkaTtu

A"P+PA-PBRB"P+0=0.

rae P — cuMMeTpUYHAs MOJIOKHUTEIHHO ONpeelICHHAs MaTpHUIla Pa3MEepHOCTHU (nXn).
Pelwas 370 ypaBHeHWe ¢ MOMOLLBIO NPUHLUNA MakcuMy Ma MoHTpsaruHa [4], nonyvaem

K(t)=R"(t)B"(t)P(t)

Ha ocHoBaHWW MOJIydeHHBIX B aHAJIUTUYECKOW (OpME ONTHUMAIbHBIX AJITOPHUT-
MOB yNpaBieHUs pa3paboTaHO MPHUKIAIHOE NMPOrpaMMHOE oOecreueHue Ajd aBTOMa-
THU3allUM AHAJIUTUYECKOTO0 KOHCTPYUPOBAHUS JMHEWHO-KBAJPAaTUYHBIX PETYIATOPOB,
IPUMEHSEMBIX [PHU yNPaBJIEHUS NPUBOJAMH pelbco0alodYHOTO NnpokaTHoro crana. C
LEJIBI0 YIY4YIICHHUA KayecTBa YIPABICHHWA NPOU3BEACH CHHTE3 MHOIOMEPHOTO PEryJIiTOpa
JUISL TTIOJTHOM CUCTEMBI C YYETOM BIIMSHUS NIEPEKPECTHBIX CBsA3eH. [loiydeHHsIl peryasTop 1o
TOYHOCTU palOThHI SIBHO NPEBOCXOIUT PETyJITOP, MOTyUYEHHbIH O€3 yuera B3aUMOBIMSIHUS
IIPOLIECCOB II0 OCSIM X U J. YPOBEHb OTKJIOHEHUH TOJILIMHBI MIPOKATa MPHU HCIOIb30BAHUH
MHOT'OMEPHOT'O PEryJIATOpPa CONOCTABUM C OTKJIOHEHWSMHU, IOJy4YEHHBIMH ISl OJHOMEPHBIX
cucteM. Pe3ynbrarsl, noJlydeHHbIE NPU SKCIEPUMEHTAIBHOM MOJACIMPOBAHNY, OITBEPKIA-
IOT IPABWIBHOCTH IMOJYYEHHBIX AJITOPUTMOB CHUHTE3a JIMHEWHO-KBAJIPATUYHBIX PETYJATOPOB
Y WUIFOCTPUPYIOT 3HAYUTENIbHBIE NIPEUMYIIECTBA MPSIMOTO CUHTE3a MHOTOMEPHBIX PEryJsTo-
poB.
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