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MAKET DKCITEPUMEHTAJIbHON YCTAHOBKHU
JJT NCCIEJOBAHMA TTPOCTPAHCTBEHHO-BPEMEHHOI'O
MHTEI'PUPOBAHIS B AKYCTOOIITUYECKOMW CPEJIE

Paspabomana ¢hynxyuonanvnas mooens 63a-
UMOOeUCcmausi aKkyCmu4eckol U Onmu4eckoll
UMRYIbCHBIX NOCIE008AMENbHOCMEN CUSHA-
JI08 8 anepmype aKyCmoonmuyecko2o Mooy-
asmopa. IKcnepumeHmainvhbvle OaHHble noo-
mMeepaHcoaom pe3ynomamsl MOOEIUPOBaAHUsL
U NO360AIOM COENaAMmb 6bl800 O KOPPEKMHO-
Cmu U a0ek8amHoCmu MoOoeu.

B MHOTOUHCIEHHBIX TyONHKAIIAX, KaCAIOIIHXCS
Ppa3paboTKu ¥ TOCTPOCHHUS HOBBIX OMTOAJIEKTPOHHBIX aIl-
napatHbix cpencTs (AC) 00paboTKH CUTHAIOB, PACCMOT-
peHa KOHLENIHs TPOCTPAHCTBEHHO-BPEMEHHOH J1yalib-
HoctH [1]. OHa BBIpaXkaeTcst B TOM, YTO MOXHO MIPOBe-
CTH TIapajuIe]h MEKIY MPOCTPAHCTBEHHOW CHCTEMOM
00paboOTKN CUTHAJIOB (MPOIeCcChl MapaKCHAIbHOU M-
(hpakmmm Jyda, MPOXOISIIETO B MPOCTPAHCTBE), KOTOpas
YBEJIMYUBAET WM YMEHbIIAET H300paKeHUe, 1 BpeMeH-
HOM cucTeMoil (ITPOLECcChl TUCIEPCUHU Y3KOMOIOCHBIX
VMMITYJIECOB B JTUDJIEKTPUUECKOH CpeJie), KOTopast pacTsi-
THBACT WM CXKMMACT UMITYIbC. DTH MPOIECCHI OINCHI-
BAIOTCS MOJOOHBIMU ypaBHEHUAMH [2—7]. Mcnonb3ys
TaKOW TEOPETUYECKUH MOIX0J, MOKHO OTMETHThH MPO-
CTPAaHCTBEHHO-BPEMEHHYIO AYalbHOCTb, PUCYIIYIO
aKyCTOONITHYECKAM YCTPOHCTBaM 00paOOTKH CUTHAJIOB
B IICIIOM.

X0po1110 U3BECTHBI ¥ HAXOAAT HNIMPOKOE TPUMEHEHNE
akycroonTtrueckue AC, paboTaromue u Kak MpoCTpaH-
CTBEHHAs cUCTeMa 00paboTKK n3o0pakeHuit [8], u kak
BpPEMEHHAs cucTeMa 00pabOTKU CUTHANIOB, KOTOpast MO-
JKET PacTIHYTh WU cxkarh uMmiyiase [9, 10]. B pabdote
[11] paccmoTpeHo HenMHEWHHOE Mpeodpa3oBaHKE MPO-
CTPaHCTBEHHO-BPEMEHHOTO CHUTHaja (aKyCTHIECKOTO
BOJIHOBOT'O TIAKETa) B allepType aKyCTOONTHYECKOTO MO-
nynstopa (AOM) 1 IOKa3aHo, YTO aKyCTOONTHYECKYHO
STYEHKY MOYKHO OTHECTH K TOMOMOP(HBIM CHCTEMaM C
BXO/IHOM omepanuei CI0KeH!sI U BBIXOJHOW onepanuen
YMHOeHUs. boree Toro, akyCcToonTHYECKUE IIPOIIECCO-
PBI KOPPEISILIMOHHOTO THUIIA MOTYT OBITh TOCTPOEHBI KaK
AKyCTOOIITHUYECKHH KOPPENSTOpP C MPOCTPAHCTBEHHBIM
i BpeMeHHbIM uHTerpupoanueM (AOKIIA u AOK-
BU, cootBercTBeHHO) [12]. B mepBoM ciryuae koppensi-
IIMOHHBIN HHTETpall POPMHUPYETCS 32 CIET HHTETPHUPOBA-
HUS TPOCTPAHCTBEHHO-BPEMEHHBIX PACIIPEIEICHUI 110
MPOCTPAHCTBEHHON KOOPIIHATE, KOTOPAst COBIIAIACT C Ha-
MPaBJICHUEM PACIIPOCTPAHEHUS 3BYKA B aKyCTOONTHYEC-
Koii cpesie. Bo BTOpoM cirydae HHTETpUpOBaHUE OCYIIIe-

CTBIIICTCS 32 CUET HAKOIUIEHUs 3apsiaa (GOTONMPUEMHHU-
KOM, T. €. CUT'HaJl UHTEIPUPYETCS B HAIIPABICHUU pac-
MIPOCTPAHEHUS] CBETOBOM BOJIHBI. TPyAHOCTH, BOBHUKA-
IOLIME IPU PELICHUH 33/1a41 CO3/IaHUsl aKyCTOOIITHYEC-
KOTO YCTPOWCTBAa 0OPaOOTKH CUTHAIOB, B KOTOPOM BBI-
IOJIHSIETCS IPOCTPAHCTBEHHO-BPEMEHHOE HHTErPUPOBa-
HHE, MOTYT OBITH ITPEOJI0ICHBI ITyTEM CO3IaHuUs MaTeMa-
TUYECKON MOJIENIN aKyCTOONITHYECKON sTUeHKU B BUJIE CO-
BOKYIHOCTH 0T/eNbHBIX 211eMeHTOB (AOKIIN u1 AOKBH)
C COOTBETCTBYIOIIMMU CBS3AMU Mexy HUMH [13, 14].

[enpro HAcTOSTIEH paOOTHI SBJISIETCS SKCIIEPUMEH-
TaJbHOE MOATBEPKIEHHUE JOCTOBEPHOCTH MaTeMaTHye-
ckoif Mogern AOM, paboTaromiero B pesKMMe IpoCTpaH-
CTBEHHO-BPEMEHHOTO MHTETPUPOBAHHUS, IPEATIOKESHHON
aBropamu B [13]:
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Puc. 1. CtpykrypHast cxema dKCIIepUMEHTATbHON YCTAHOBKH:

1 — ucrounuk csera; 2, 3 — AOM-1, -2; 4, 5 — npaiisepsr AOM;

6 — (oTtonpruemMHOE YCTPOHCTBO; 7 — reHepaTop UMIYJILCHOTO CUT-
Haua Juig apaiisepos AOM
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CTpyKTypHasi CXeMa SKCIIepUMEHTAIILHON yCTAaHOBKH
JUTSL ICCTIEIOBaHMS IIPOCTPAHCTBEHHO-BPEMEHHOI'O MH-
TErpUpOBaHMS B aKyCTOONTUYECKOH cpee n3o0pakeHa
Ha puc. 1.

Hctounnk ceeta, AOM-1, AOM-2 u ¢poronpremMHOe
YCTPOWCTBO YCTAHOBIJIEHBI HAa ONITUYECKOW CKaMmbe. [e-
HEPaTOp AIEKTPUUYECKOTO UMITYIBCHOTO CHTHANA U JI0-
MOJTHUTEIbHOE 000pY/I0BaHKE pa3MelleHbl Ha abopa-
TOPHOM CTOMKe. B KauecTBe HCTOYHHUKOB NMUTAHUSA JIpail-
BepoB AOM u GOTONPHUEMHOTI0 yCTPOUCTBA UCTIONB3Y-
torcst akkymyasitopbl Tunia APC RBC17 ¢ anekTpoHHBI-
MU CTAOMIIM3aTOPaMU BBIXOJHOTO HAIPSKEHHUSL.

B 0CHOBY 3KCIEpUMEHTa IMOJIOKEHO CIIEAYyIOIIee.
DopMUPOBAHUE BBIXOJHOTO ONTHYECKOTro curaia AOM
3aBUCUT OT IIpoLecca 3all0JIHEHUs] aKyCTHUYECKUM HM-
MYJIECOM 00JTACTH aKyCTOOIITHYECKOTO B3aNMOACHCTBI
B CJIy4ae JIUCKPETHOTO Paclpe/ieIeHUs] MOIITHOCTH 3BY-
KOBOT'O CHTHaJla B aKyCTOONTHYECKOU cpene. Eciu xe
BXOJIHOH curHai OyJieT UMETh BU/I ONITUYECKON UMITYJIbC-
HOHU TOCIIEIOBATENHHOCTH (popMa UMITYIBCOB IPSIMO-
YTOJNBHAs), TO IPH COOTBETCTBYIOMIEM (Pa30BOM CIBHUTE
MEX]ly ONTUYCCKUMH U aKyCTHYCCKHMMH UMITYJILCAMH,
MOCTYTAIOIIUMH Ha ONTUYECKUI U aKyCTUYECKUI BXOA
AOM, MO)XHO TOJSYYUTh BBIXOJHOW ONTHYECKUH UM-
MYJIBC C TIOJIOTHMH (DPOHTOM H CIIATIOM, BO3SHUKAIOIIHMHI
B pe3yjbTaTe NPOCTPAHCTBEHHO-BPEMEHHOIO UHTErPU-
poBaHUs B aKycTOONTHUYECKOU cpene. MicTouHuk cBeTa
BMecTe ¢ AOM-1 (hopMupyIOT ONTUYECKYIO UMITYJIbC-
HYIO IOCJIEJ0BaTeNIbHOCTD, IOCTYIAIOUIYIO HA ONTHYE-
ckuit Bxo AOM-2. B 06ractu akyCTOONTHYECKOTO B3a-
nmoziericTBrs AOM-2 BBITIONHSIETCSI TIPOCTPAHCTBEHHO-
BPEMEHHOE MHTEIPUPOBAHUE, PE3YJILTAT KOTOPOIO pe-
THCTPUPYETCs (POTONPHUEMHBIM YCTPOCTBOM. Da30BbIi
CABHUI aKyCTHUECKOTO CHT'HaJla OTHOCUTEIBLHO ONTHYe-
CKOT'O 33/1a€TCsl TEHEPaTOPOM HUMITYJIbCHOT'O AIEKTpHYe-
CKOT'O CHTHaJa.

PaccmoTpum dopMupoBarenb ONTHYECKOM UMITYITbC-
HOI MOCJIeI0BaTeIbHOCTH. B KadecTBe HCTOYHMKA CBe-
Ta UCHOJIB3yeTCs renuii-HeoHoBbIH nazep Melles Griot
05-LHR-911 ¢ paboueii juimHON BoTHBI 632,8 HM 1 MOTII-
HOCTBIO M3nyueHus 5 MBT. Ontudeckas uMIyinbcHas
MOCIIEJOBATENEHOCTE (HOPMUPYETCS MOAYIATOPOM
Isomet 1205C-1, TexHn4yeckne XapaKTEPUCTUKU KOTO-
pOro IpuUBEEHbI B Taldunue.

['eHeparop AMEKTPUUYECKOTO UMITYJIBCHOTO CHUTHAJa
COCTOUT U3 JIBYX Y3JIOB: 4-KaHAJIHLHOTO IIU(POBOTO CHH-
Te3aTopa TapMOHUYECKOTO CUTHANA B (HOPMHPOBATEIIS
umnyibcHoro curnana (TTJI-ypoBHs) Ha ocHOBe ObICT-
POJIEHCTBYIOIINX KOMITAPATOPOB.

Texnuueckue xapaxmepucmuxu AOM Isomet 1205C-1

Jlnana3oH JUIMH BOJIH, MKM 0,442—1,5
Cpena B3anMOICHCTBUS Monubaar cBuHIA
AkycTruieckasi CKOpocTb, MM/MKC 3,63
Amneprypa, MM 1
LlenTpanbHas yacToTa paJuOCHTHANA,

80
MI'1t
[Tosoca nepectpoiiku paanocurHaa,

30
MI 1t
Bxoauoii umnenanc, Om 50

B xauectBe reHeparopa rapMOHHYECKOIO CHIHaJIa
WCTIOJIh30BaH MHOT'OKAHAJIBHBIN IU(POBOI CHHTE3ATOD
gactor DDS AD9959 npousBoacTtsa Gupmsl Analog
Devices, comepskamuii 4 HE3aBUCHMO MPOTPaMMUpye-
MBIX KaHaja. Ha pue. 2 npuBeneHa CTpyKTypHas cxema
omragoyroro Moxyinst AD9959 Evaluation Board.

g xaxxgoro u3 uyerelpex kanaaos DDS AD9959
obecrieueHa 14-paspsinHast HacTpoiika casura a3, 32-
paspsiiHOe paspelieHue 1o yacrore u 10-paspsiaHas pe-
TYJIMPOBKa aMIUIUTY bl Takxke mpeaycMoTpeHa BO3MOXK-
HOCTb MOAYJISILIUM U Pa3BEPTKU CUTHAJA 10 YacTOTE, IIPU
3TOM 00€CIeYNBACTCS TTOIABICHUE CUTHAIOB COCEHUX
KaHaJoB He MeHee —60 nb.

B cunrezarope AD9959 HeszaBucuMble KaHAIBI CHH-
XPOHU3HUPOBAHEI C TIOMOIIBI0 OOIIEro 3aJal0miero re-
Heparopa, 4To TOMOTaeT M30eXaTh CIOKHOCTEH, CBs-
3aHHBIX C CHHXPOHM3AIMECH HECKOIBKUX CHHTE3aTOPOB
yactoT. IIporpaMmmupyemslii KOHTPOJIb KaHAJIOB [103BO-
JSIET KOPPEKTUPOBATh (ha30BbIN CIIBUT, KOTOPBIH BO3HU-
KaeT BO BHEIHUX aHAJOTOBBIX LEMSX, TAKUX KaK LEMH
(GUIBTpaluy, YCHICHNS, a TAK)KE KOMIIEHCHPOBATH 3a-
JIEP)KKHA, BHOCUMBIE TTPOBOHUKAMHY TICYATHOM TLIATHI.
CHHTE3aTOp OTIIMYAETCS HU3KUM SHEPronoTpedieHueM
— meHee 165 MBT Ha xanai.

Kommnaparop AD8564, BKIIFOUSHHBIH IO cXeMe, H300-
paXEHHON Ha pHC. 3, CPAaBHUBAET aMIUTUTY/IBI TAPMO-
HUYECKHMX CUTHaJOB KaHanoB 0 u 1 nudpoBoro cuHTe-
3atopa AD9959 ¢ curnaiamu oT epecTpanBaeMbIX UC-
TOYHUKOB omopHoro Hanpspkenus MOHO unu MOHI,
COOTBETCTBEHHO.

B 3aBucuUMOCTH OT 3HaYE€HHUS BBIXOIHOTO IOCTOSH-
Horo HanpspkeHust MIOHO wim MOH1 u3mensiercs da-
30BbII yros curHajioB AJist kaHajios O u 1, mpu koTopom
MIPOUCXOAUT MEPEKIIOUEHNE KoMIapaTopoB. Takum 06-
pa3oM MOXKHO (POPMHUPOBATH MPSIMOYTONBHBIC UMITYJIh-
Cbl HEOOXOIUMOM UITUTEILHOCTH U CKBaXKHOCTU. Dazo-
BB CIIBUT MEXIy C(OPMUPOBAHHBIMH MMITYTbCHBIMH
MOCICAOBATCIFHOCTSMU 334a€TCs B OHOM M3 KaHAJIOB
udposoro cuarezaropa AD9959.

B cocras ¢oronpuemHoro ycrpoiictsa BXOJAT ObIc-
TPOACHCTBYIOMUNA KPEMHUEBBIH p—i—n-(OoTOnNO0A
Hamamatsu S5573 1 ManomryMsmuii yCuiauTenb GpoTo-
TOKa Ha oreparmoHHom ycunutesne AD805S.

TpaHcHMITETaHCHBIN YCHITUTENb (DOTOTOKA 0OeCTIeu -
BAET BHICOKOE BXOAHOE COTIPOTHUBIICHHUE U MAJIbIA YPOBEHb
coOCTBEeHHBIX IyMOB [15] 1 ocymecTBiseT npeodpaso-
BaHUE MaJIBIX TOKOB (HA) B HAIPsDKEHUSI C TAKOW aMILTH-
TYJIOW, KOTOPAst MOJKET OBITh 3aperucTpHpOBaHa Jiabopa-
TopHbIM 000pynoBanueM (10—100 mB). OTHomeHHe BbI-
XOHOTO HampsikeHus K GpotoToky pasHo 1003 Om.

JlazepHbIil y4OK AMAMETPOM, PABHBIM anepType
moxaynaropa (1 Mmm), Harpasisuics Ha AOM nox yriom
bparra, anekTpuyecKuii CUTHAN Ha BBIXONE (HOTOMPH-
€MHOTO yCTPOWCTBA, COOTBETCTBYIOIINN HMHTEHCUBHOCTH
nepBoro nopsiaxa augppakuun AOM, perucTpupoBacs
ocummnorpadom Tektronix TDS 220.

BepxHsasa ocuuiuiorpaMma Ha puc. 4 COOTBETCTBYET
CHTHaJy, TIOCTyIalIIeMy Ha BXoJ npaiiBepa AOM c
BBIXO/1a FeHepaTopa IEKTPUIECKOr0 UMITYIbCHOTO CHI'-
Hanma. Kak BHIHO, 9acToTa CIEIOBAHUS UMITYIBCOB —
1 MI'u, ammuntyna — 2,88 B. Ha HwkHell ocumsio-
rpaMme — CHTHAJI ¢ (DOTOIPUEMHHKA, COOTBETCTBYFOIIHI
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TepBOMY TOPSIKY mudpakium. YacToTa crieoBaHms Om-
TUYECKUX UMITYIIbcoB — | MI'11, ammmnTyna Ha BbIXo/e
yeunutens (pororoka — 296 MB, 4TO COOTBETCTBYET Be-
TYuHE (POTOTOKA OKOJIO 295 MKA.

MopesimpoBaHue npouecca NpocTPaHCTBEHHO-
BPeMEHHOI0 MHTErPHPOBAHUS ONTOIEKTPOHHBIMHU
AKyCTOONTHYECKMMH YCTpPOlicTBAMMU

Cxema QyHKITMOHATIBHON MOJICITH SKCIICPUMEHTAITb-
HOH YCTaHOBKH IJIs1 UCCIICAOBaHMs MPOCTPAHCTBECHHO-
BPEMECHHOTO HHTCTPHUPOBAHMS B aKyCTOOIITHIECKOH cpe-
Jie ¢ JTUCKPETHBIM NPEACTABICHHEM aKyCTHYECKOTO U
CBETOBOTO CHTHAJIOB, pa3pa0OTaHHAasl C MCIIOIb30BaHM-
eM nakera Simulink 6.1, moka3ana Ha puc. S. 3xech
Moznens AOM aHajornyHa MOJIEIH, UCIIONB3yeMON B
aKyCTOONTUYECKOM ITH(PO-aHATIOrOBOM Ipeodpa3zoBare-
ne [13], ee anepTypa u CKOPOCTh 3ByKOBOM BOJIHBI COOT-
BETCTBYIOT TEXHUYECKHM XapaKTEPUCTUKAM UCIIOJIb3Y-
€MOr0 MOAYISATOPa (CM. TaOIHILY).

Crpykrypa Mozaenu komnaparopa AD8564 (puc. 6)
COJICPKHUT UHEPITMOHHOE 3BEHO, OTPaKaIoIIee JHHAMU-
YEeCKHE XapaKTePUCTUKU PEaTbHOTO KOMITapaTopa.

Ha Bxomp1 1 u 2 mojmaercst MOCTOSHHBIN CUTHAJ, MO-
JISIUPYIONIMNA CUTHAJI OT UCTOYHHKA OTIOPHOTO Hampsi-
KEHUSI, a TAKoKe CHHYCOHMTAIBHBIN CHUTHAJ, MOJICIUPY-
IOLIUI CUrHaM ¢ BhIXOJa LHU(POBOro CUHTE3aTOpa yac-
10T AD9959. Pesynbrar MopenupoBaHust CUTHaJIA Ha BbI-
X0J1e KomIiaparopa 1, KOTOpbIi 3aTeM MOIAETCs Ha BXOA
AOM-1, npexcrasiieH Ha puc. 7.

CpaBHeHue NHepuuoHHOE
71 - C KOHCTaHTOM 3BEHO
::[' L <0.005 TpeoGpa-| | num(s) | =~
— 30BaTeNb 15e-9s+1| = e
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JaHHBIX

Puc. 6. Mogens xommaparopa
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Puc. 5. Cxema (QyHKIHMOHAIBHON MOJEIN SKCHEPUMEHTAIBLHON YCTaHOBKU
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Puc. 10. OcruuiorpaMmbl CUTHaIa Ha BBIXOZE (OTONpHEM-
HHKa [PU Pa3NuyHbIX (A30BBIX CABUIax MeXIy KaHazamu 0
u 1 reneparopa AD9959:

a—0°% 6 —240° 6 — 120°; 2 — 180°; 0 — 170°; e — 190°

54

TexHOIOrus 1 KOHCTPYHPOBAHHUE B 2JIEKTPOHHOI anmapatype, 2008, Ne 5




TEXHOJOI'MYECKHUE IMTPOLECCHI 1 OBOPYIOBAHUE

Ha Beixoge AOM-1 momyyaem OoNTHYECKUI CHUTHAI
nepBoro AudpakimoHHOro nopsaka (puc. 8), coorser-
CTBYIOILMI onTHueckoMy curHaiy Isomet 1205C-1.

[TpuBeneHHbIe HA pUC. 7 U § CHTHAIBI COTIIACYIOTCS
C OCHMJUIOrPaMMOM, MOJYYEHHOW B PE3YJIbTaTe dKCIe-
pumeHnTa (puc. 4).

C Beixoga AOM-1 curnan (puc. 8) mogaercs Ha Or-
Tryeckuit Bxon AOM-2. Pe3ynbTarbl MOAECTUPOBAHUS
CUTHAJIa HAa BBIXOJC (POTOIPUEMHOTO yCTPOHCTBA IS
Pa3NMUYHBIX 3HAYCHHH ()a30BOTO CIOBUTA MEKIY KaHa-
nmamu 0 u 1 mpuBeneHs! Ha puc. 9.

B pesynbrare skcneprMEHTaIbHBIX HCCIEIOBAHUN
MOJTY4EHBl OCIHMJIIOTPAMMBI 3JICKTPHUECKOTO CUTHAIA
Ha BBIX0Ne (DOTONPUEMHUKA MPH PA3THYHBIX (Pa30BBIX
caBurax Mexnay kanaramu O u 1 reHepaTopa rapMOHH-
gyeckux kojiebanumii AD9959 (puc. 10).

*kk

Takum 06pa3oMm, B paboTe IpeAcTaBiIeH pa3padoTaH-
HBIH aBTOpaMH MaKeT YKCIIEPUMEHTAIbHON YCTaHOBKH
IUTSL ICCIIEIOBAHMSI TIPOCTPAaHCTBEHHO-BPEMEHHOTO HH-
TETPUPOBAHMS B aKyCTOONITHUCCKOH cpere.

ITpoBeneHo FKCTIEPUMEHTAIEHOE HCCIIECA0BAHUE B3a-
UMOJICHCTBHUS MTPOCTPAHCTBEHHO-BPEMEHHOI'O CUTHAA
(aKyCTHUYECKOr0 UMITYJIbCa) C ONITUYECKON UMITYJIbCHON
MIOCTIEIOBATEIFHOCTRIO B allepType aKyCTOONTHYECKO-
TO MOIYIISTOPA.

Pesynrarst nccnenoBanus (ocuyuiorpaMmsl puc. 10)
COOTBETCTBYIOT BPEMEHHBIM 3aBUCHUMOCTSIM BBIXO/IHO-
O CHTHaja (OTONPUEMHUKA, IOTYICHHBIM B X0/¢ (yH-
KIIMOHAJIFHOTO MOJAENUpoBaHus (puc. 9), 94To moareep-
KJIaeT BEPHOCTh BHIOPAHHOW MaTEMaTHYECKOW MOJIEITH
MIPOCTPAHCTBEHHO-BPEMEHHOTO HHTEIPUPOBAHHUS B aKy-
CTOONTHYECKON  cpefe.
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/ Mopn pen. 3. Yaapa.— M.: TexHochepa,

Kuura, HanucanHasi BCEMUPHO MPU3HAHHBIMU CelHaaUCTa-
MU, MpeAcTaBasieT cob0i BBOAHbBIA Kypc B OBbICTPO pa3BUBAlO-
LLYIOCSl M OXBATbIBAIOLLYI0 HOBble chepbl MPHUI0KEHUH 00aaCTh
BOJIOKOHHO-OTITHYECKUX NAaTUMKOB. B KakjaoMm M3 Tpex pasje-
a0B — OCHOBHbIE KOMTMOHEHTbI, TexHosgorusi u [lpumoxenus
— MPHUBOAATCS OTJAEAbHbIE MPUMEPbl OCHOBHbIX NOCTHKEHUH B
9TOH 00/acTH. BMecTe OHU MPeloCTaBASIOT HHKEHEpaM, Hayu-
HbIM pabOTHUKAM, CTYJ€HTaM CTApLUUX KYPCOB M acnupaHTam
BO3MOKHOCTb COCTABUTb LEJbHOE BreyaTJeHHe O BOJOKOHHO-

KHura MoxkeT HCIoJb30BaThCsl B KAUECTBE MOCOOUS IpH uTe-
HHUH yq66HbIX KYypCOB, @ TaKx>Ke Ha NPOMbIIIJIEHHbIX CEMHUHapax -
MO BOJOKOHHO-OINTHYECKHUM JaTUUKAM.
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