MMNHOBPHAYKHN POCCHUA

®enepabHOE FOCYAAPCTBEHHOE OIOPKETHOE
00pa3oBaTeIbHOE YUPEKIEHUE BBICILIEI0 00pa30BaHUs
«Tynpckuii rocy1apCTBEHHBIN YHUBEPCUTET»

HMHcTUTYT BBICOKOTOYHBIX cucTeM uM. B.11. I'psasesa
Kadenpa «CrucreMpl aBTOMaTHUECKOTO YIIPABICHUSD)

YTBepkaeHO Ha 3aceaHnu Kadeapsl
«CucTeMbl aBTOMAaTUYECKOTO YIPABICHUS
«22» suBaps 2020 r., mpotokon Ne6

3aBeayrommuii ka

O.B. I'opsiues

METOANYECKHUE YKA3ZAHUSA
10 BBINOJHEHNIO J1a00pPaTOPHBIX padoT
M0 JUCHMILIHHE (MOIYJIIO)
«Crensinui 3J1eKTPONPHUBO/ MEXaTPOHHBIX CHCTEM))

OCHOBHOI1 MPo(ecCHOHATBHOI 00pa30BaTeIbHOI MPOrPpaMMBbI
BbICIIIEr0 00pa30BaHUA — IPOTPAMMBbI 0aKajgaBpuara

10 HAMPABJICHUIO MOATOTOBKH
15.03.06 MexaTpoHuka U pOOOTOTEXHUKA

C HaIpaBJIEHHOCTHIO (ITPOPHUIIEM)
MexaTpoHuka

®dopma oOydeHus: OUHas

Nnentuduxanmonasiii HoMep oOpazoBaTenbHON mporpammer: 150306-01-20

Tyna 2020 roa



Pa3paboTyuk MeTOANYECKUX YKA3ZAHU I

CopsueB Oner Biagumuposud, 3aB. kad. CAY, n.1.H., mpod
(DUO, oonxcnocms, yuenas cmenens, yueHoe 36anue)

(noanuce)



JlaGopaTopHas pabora Nel

BBoanoe 3ansaTue. [IpaBuiia TexXHukH 6€30MACHOCTH NMPHU BHINOJIHEHUH Ja00PATOPHBIX
pador B J1adopaTropuu. O0uuii 0630p J1ad0paTOPHBIX padoT.

1. HEJb U 3AJIAYA PABOTbI
O3HakOMJICHHE C HMHCTPYKIIUEH TI0 TEXHHKE OC30MacHOCTH IIPH BBITOJHEHUH
nabopaTopHbIX padoTt. O0mmit 0630p JTaOOPaTOPHBIX PAdOT.



JlaGopaTopHasi paéora Ne2

AHaJIU3 ITMHAMUYECKHX XaPAKTePUCTHK 3JIeMEHTOB MEXaTPOHHBIX CHCTEM C
NOMOIIbIO 3JIEKTPOHHOT0 ocuuiiorpaga AJ[S-2111M

1. HEJb U 3AJAYU NUCCJIEJOBAHUSA
N3yuenne mnpuiumnoB paOOThI AJICKTPOHHBIX OCHUAUIOTPAGOB M METOJOB aHaIM3a
JVHAMAYECKHUX XapPAKTEPUCTUK SJIEMEHTOB MEXATPOHHBIX CUCTEM C UX MCHOJIb30BAHUEM.
2. TEOPETHYECKUE CBEJIEHUA
1.1. HaznaveHue, NPUHIMN JeiicTBHS U KJIaccupUuKams 3JIeKTPOHHBIX
ocuusiorpagos

OaHuM W3 HamnpaBlIEHUW Pa3BUTHUS COBPEMEHHOTO MPUOOPOCTPOCHUS SIBIISAETCS
CO37laHME TEXHUYECKUX CPEJCTB HAa OCHOBE OOBEAMHEHHUS JOCTHKEHUN COBPEMEHHOMN
MUKPORJIEKTPOHUKH U HH(POPMAIMOHHBIX TeXHOJOTUH. OcoOeHHOE pa3BUTHE MOIYYHIIO
CO3/IaHUE HHTEJUICKTYAIbHBIX (MPOTPaMMHUPYEMBIX) CPEACTB H3MEPEHUM Ha OCHOBE
COBPEMEHHBIX aInapaTHO-IIPOrpaMMHBIE CPEACTB.

VYkazaHHbIe cpeAcTBa 00Ja4at0T CIEAYIOIUMHU TPEUMYILIECTBAMMU:

o BO3MOKHOCTH 00OpabOTKH pe3yinbTaTOB U3MEPEHUH;

o O0TOOpaXKeHHE pe3yJIbTaTOB HU3MEPEHHs] C MCIOJIb30BAaHUEM BO3MOKHOCTEN
COBPEMEHHBIX TpauUeCKUX PEaKTOPOB;

o MOBBILICHUE TOYHOCTH U OBICTPOAECHCTBHUSL.

B kauectBe mpumepa paccmotrpum 1udpoBbie  ocumuiorpader  (LIO) -
MPEACTABISIONIME COOOWM ammapaTHO-NIPOTPAMMHBIE  CpPEACTBA C OYEHb BBICOKHMH
TEXHUYECKUMHU XapaAKTEPUCTHUKAMHU.

[To BO3MOXKHOCTSIM 00pabOTKK cUrHanoB U ObicTpoaeiicTBuio 1O npubnmxkaroTcs K
CHEUAIN3UPOBAHHBIM CUTHAJIBHBIM TMPOLECCOPaM, a MO BO3MOXKHOCTSIM OTOOpa)XKeHUs
pe3yabTaToOB 00PabOTKHU MPEBOCXOIST UX.

Buemnuii Bua ocuwiorpada kommanun «Axtakom» cepuu GDS ¢ mBerneim KK
WHJUKATOPOM IPEACTABICHBI HUKE
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1) KHomka BKJIFOUEHHSI TUTaAHHS
2) Pazwpem s mopxiroueHus kaOens muraHus (s mozeneid ADS-2031 u
ADS-2031V pacnosnoxeHa Ha 3a{HEl TTaHeIn)

3) Knomka BritoueHus npudopa/lucrieii mpudopa

4) Wupukatop cetu

3eJIeHbI - TMpuOOp BKIIOUYEH B CETh, Oarapesi- MOJHOCTHIO 3apsbkeHa (Mpu
HCIIOJIb30BaHUM OaTapen)

XKENTHIA - MpUOOp BKIIOYEH B CETh, OaTapes - 3apspkaercs (IpH WCIIONIh30BAHUU
Oatapen)

5) OO6nacTh OpraHoB yIpaBieHUs (PacCMOTPEHBI Ha pHC.2)

6) Pa3bném a1 KOMIICHCAIMK TPOOHUKA

7) Pa3zbeM aiis BHEIIHETO 3amycka mpuoopa

8) Bxonubie pazbeémbl kaHaioB CHI1 u
CH2 10) Knomnka
BKJTFOUCHUS/BBIKITIOUCHUST MEHIO

11) USB unrtepdeiic 1151 HOAKIIOUEHUS] BHEITHETO 3aIOMUHAIONIETO YCTPOHUCTBA

12) USB untepdeiic 11t TOAKIIOUECHUS K KOMITBIOTEPY

13 ) Pazwem RS-232 (myst momeneit ADS-2xxxMV) wm VGA (s monenein ADS-
2xxxMV u ADS-2031V)

14 ) Pa3bem Bhixoja Pass/Fail (kpome ADS-2031 u ADS-2031V )

15) Bunt nis noaxmouenus k "zemie" (kpome ADS-2031 u ADS-
2031V) 16)LAN untepdetic

1.2. CTpyKTypa U NPUHIUN AeHdcTBUS HM(PPOBOro ocuuiiorpadga

Ha puc. 21 B mnpemenbHO YIPONICHHOM BHIE IIOKa3aHa CTPYKTYpHas cXema
udposoro ocumorpada (11O).

Bxon
7 Iy amn N osy Nk 3

oy

Puc. 2. Ynpomennas ctpykrypHas cxema nudponoro ociuuiorpada (LO)

MY — macmrabupyroiiee ycTpoiucTBO (yCUIuTeNb U AenuTens HampspkeHus); AL —
aHanoro-nudposoi npeodpazosarens; O3Y — onepaTUBHOE 3aTIOMHHAIOIIEE YCTPONCTBO;



MK — mukpokoHTposuiep; 3Y — 3aoMuHaroIee YyCTpoucTBo; D — 3kpad; OY — opraHbl
ynpaBieHust ( KHOTIKU, PYyYKH).

[Tpoting wepes MY, BxoaHoe Hanpspkenue U(t) mpeodpaszyercs AL B muckpeTHyto
MOCJIEIOBATEIBHOCTh KOJOBBIX CJIOB Nj , 0TOOpa)arolmux MrHOBEHHbIE 3HAYEHHSI Uj 3TOTrO
HanpspkeHus. Kaxnoe HoBoe komoBoe cioBo 3amucbiBaerca B O3Y. Ilpum 3tom Bce
MpEeAbIAYIINE 3aIMCAaHHBIE OTCUYETHI CIBUTAIOTCS HAa OAHY A4YEWKYy (PErucTp CIOBHra), a
cambIii iepBeIii N; ncuesaer, kak Obl «BbITaTKUBaeTCs». Ecim O3Y coctout u3 M sueek,
TO B HEM, IOCTOSTHHO OOHOBIISISICh, COACPKUTCS M MOCIIETHUX, «CBEKUX», KOJOBBIX CIIOB.
Tak mponomkaercs 10 Te€X MOp, MoKa He OyAeT BBINOJIHEHO HEKOE 3aJlaHHOE YCIIOBUE,
HampuMep, Korjaa Kakoe-1uOo U; BIEpPBbIE NMPEBBICUT 3aJaHHBIN OMepaTopoM YpPOBEHBb
(«3amyck o ypoBHIO»). [lociie 3Toro cogep:kuMoe HEKOTOpOro kojauyectBa sueek O3Y
NEpPENUChIBACTCS B 3alOMHUHAMOIIEe  ycTpoilcTBO  3Y, BXOAdIlIee B  COCTaB
MUKpOKOHTpoJuiepa MK.

Kaxnoii ssueitke 3Y COOTBETCTBYET TOUKA HA 3KPAHE IO LUBETY OTIMYAIOIIAACS OT
¢dona. EE aOcumccy omnpenenser HOMEp S4YEWKH, a OpAMHATY KoAoBoe cioBo Nj,
HaXosIIeecs B DTOU SUYCHKe.

Jliist Xxopoiero n3o0paxeHusl CUTHaIa Ha SKpaHe BIIOJIHE JOCTAaTOYHO 2 TOYKH Ha |
MMm. Cpennux pasmepoB 3kpaH wumeer BbicoTy 100 MM w mumpuny 120 mwm.
CnenoBatenibHO, Ha 3KpaHe NOJKHBI pacnojaratbess 200 x 240 = 48 000 Touexk win
Ooee.

Taxkum o0pa3zom, s ¢popmupoBanust xopouero uzoopasxenus AIIl xoJxen
HMeTh He MeHee 8 IBOMYHBIX Pa3psaaoB (256 Touek mo BepTUKAIHN) U 3Y [T0JKHO
coepxkaTh 256 siueex.

Ho xomuectBo stueexk O3Y moxeT ObITH ropasno 6ombiie. 3auem?

HO no3BossieT aenaTh 3aMedaTesbHy0 Bellp — 3anoMuHars B O3Y oueHb MHOIO
KOJIOBBIX CJIOB, a MOTOM «BBITATUBATH» WX MOPLUSMH, COOTBETCTBYIOUIUMHU IIUPUHE
sKpaHa. B aHanmoroBeix ocruiorpadax 3To, KOHEYHO, HEBO3MOXKHO. Jji1 0003HaueHus
3amaca MO OCH BPEMEHM («IJIyOMHa MaMmsTH») WHOTNA MOJIb3YIOTCS TaKOW OIEHKOMN
JUIMTENBHOCTH CHUTHAJIA, JAaHHbIE O KOTOpoM 3amucaHbl B O3VY: «4HCIIO 3KpaHOB».
Hanpumep, «8 s3xpaHoB» o3Haudaet, uro o0béM mamaru O3Y He 256, a 2048 syeek, B
KoTophix 3anucano 2048 koaoBwix cioB N;. Kaxnoe Nj — 310 8-pa3psiaHblit Ko, T.€. OAUH
0ailT, T.4. «8 3KpaHOB» — 3TO 00BEM MaMTH B 2 Kujio0aiiTa. M0oXHO BOOOpa3UTh OYEHb
IMPOKNN 3KPaH-JIEHTY — B 8 pa3 MIMpe HAaTypaJIbHOrO, HO TaKOW K€ BBICOTHI. Ha Takon
neHTe ObuIO OBl 3amMCcaHO H300pa)keHue Bcero curHaia. JlJimHa 3TOW JIEHThI OKOJIO
OJIHOTO MeTpa.

YacroTy AucKpeTu3anum (4acToTy «BBIOOPOK») MOKHO M3MEHSATHh B IHIMPOKHX
npeaesax, 4Yr0 COOTBETCTBYeT M3MEHEHHMI0O MacmTada 1o TOPH30HTAIM W
AHAJIOTMYHO U3MEHEHUI0 CKOPOCTH Pa3BEéPTKHU B AaHAJIOTOBBIX ocuuLiorpagax.

Jlnst u3meHeHus: macmraba o BepTUKANM, KaK U B aHAJIOTOBBIX OcHUIuIorpadax,
MOXHO W3MEHSTh KOX(GOUIIMEHTHl YCUJICHUS WU JICJICHUS COOTBETCTBEHHO BXOHOTO
YCWJIMTEJIS WU ACTIUTENS HAPSHKSHMUSL.

B uenom IO mmeer Oomblie cXxoacTBa C¢ KOMIIBIOTEPOM, YEM C AaHAJIOTOBBIM
octmiorpadomM. OH MO3BOJISIET BBINOJHATH PA3IUYHbIE MAaTEMAaTUYECKUE OMEpPALUHU:
pacTAruBaTh BO BPEMEHU (PparMEHThI 3alHMCAHHOIO B MaMSTh CUTHaNA, CKJIAAbIBATH U
BBIYMTATh CUTHAJbI B Pa3HbIX KaHalaX, ONPEAENSITh YACTOTHBIA CHEKTP CUTHajia MyTEM
MpUMEHEHUs1 OBICTPOro npeodpazoBanusi Pypbe U Mpoy.
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1.3. OToOpaxkenue curuaja Ha YKpaHe ocuuuiorpaga

OCHOBHBIM HEJOCTATKOM BCeX HU(DPOBBIX ocUUILIOrpadoB SBISETCS, TO, YTO OHU
paboTarT HE B peabHOM MaciiTade BpemMeHu. UTo 3T0 03Ha4aeT?

Ha puc. 2 npuBeneH cxeMaTUYeCKUl pUCYHOK OTOOPaKEHUSI CUTHAJIA aHAJIOTOBBIM
ocmmiorpadom, IIBETHOE ToJie 0003HaYaeT 00J1aCTh PUCYHKA, OTOOpaKaeMyIO Ha SKpaHe
(kamp). 3amepKka MEXIy KaJpaMH COCTaBIIsIET BpeMs OOpaTHOTO XoJa Jyda H
pETYIUpYEeMYI0 BPEMEHHYIO 3alepkKy (uMeHyemyio B Poccum '"cTabmibHOCTR" 3a
pyoexxom "HOLD") 3amycka pa3BepTKH ISl TOJYyYEHUS CTAOWIBHOW CHUHXPOHHU3AIIWU.
OT0 BpeMsi JOCTATOYHO MaJi0 MO CPaBHEHUIO C BPEMEHEM Pa3BEPTKU U MOITOMY E€CIH
CUTHAJI OT KaJpa K KaJpy HU3MEHSETCSA, 3TO MU3MEHEHHE HEeMEIJICHHO OToOpa)kaeTcs Ha
AKpaHe, 3TO U €CTh OTOOPaKEHHE CUTHAJIA B pealbHOM BpeMeHU. /IlnHaMuKa curHasia Kak
10 BEPTUKAJIH, TAK U M0 -TOPU3OHTAIA COOTBETCTBYET U3MEHEHHUAM BXOJHOTO CUTHAJIA.

Bpena samepsEsn

CHTHAT oTodpaseH

Puc. 3

HudpoBoit ocuumiorpad uUCHOIB3yeT aOCOJIOTHO JPYrod MPUHIUI PaOOTHI.
BxoaHoli curnan, B pasMmepe BbIOpAHHOTO Kajpa, MPOMIS BCE BXOJHBIC YCHUIUTEIH U
aTTeHtoatopsl nocrynaet Ha AL, rae npeobpasyercs B 1udpoByo GopmMy U MOCTymaeTr
BO BHYTPEHHIOIO MMaMSITh IS JaibHEIIe o0padoTku (IPUBS3KU K pa3BEPTKE, BHIBOY Ha
AKpaH, U3MEpPEHUE MapaMeTpoB U T.J.), BpeMsi 3TON 00pabOTKU JOCTATOYHO BEJIMKO IO
CpPaBHEHUIO C BpEMEHEM KajIpa, 3ajiep>KKa P BBIBOJIC HA SKPaH MOJTYYaeTCs TI0CTATOYHO
Oonpinas, 4yactb uHGOpMaMM 00 HM3MEHEHHWM CHUTHaja MEXAY KaJpaMH TepsaeTcs
oecciaenno (cMm.puc.4). OT0 M €CTh OTOOpAKEHHE BXOJHOTO CHTHAJIA B HEpPECATHHOM
MacimTabe BpEMEHH - IMIaBHBIM HEAOCTATOK BeeX IUGPOoBbIX ociuiuiorpados. Ero MmoxHo
MOMBITATHCS CTIIAAUTD, HO N30eKaTh HEIb3s!

TTHAT TOTePAH

i
}
A

”._-!,.-”',_.\_._ ._--'-J-::n-hIELfl

Puc. 4

WNrak, mepBoe HCKaXKEHWE CHUTHAJIA BO3HUKAET MPU NMCKPETHU3ALUUMHA BXOIHOTO
curHaia B AIIl. Yame Bcero B uu@poBbIX ocHuwuiorpadax HCHOIb3YIOTCS &-U
paspsauabie ALl - 310 256 OTCYETOB MO aAMIUIUTYAE, YTO BIIOJHE JOCTATOYHO MJIst
WCCIIEIOBAHNS CUTHAJIA.

Ho xax BxomHoi curHanm 3anuceiBaetcss B ALII? Tyr nytu pasHbix
npou3BouTeNIe pacxoasatcs. Camblil TpOCTOl Crocod - BIOpAaTh KaK MOYKHO OOJIBIIYIO
4acTOTy JAMCKpeTH3auuu (UCXOAs M3 COOOpaKeHHM 11e1ecO00pa3HOCTH M IMOJOCHI
NPOIYCKaHMWs) W 3amucaTh MX B I[aMiITh. Tlakas JUCKPETU3alMsl, C KECTKO
YCTAaHOBJICHHBIM ~ BpPEMEHEM  MEXAYy  TOYKaMW  JHCKPETH3alU{,  Ha3bIBAETCSA
MePHOIMYECKOil (MJIM peryJsipHoii) 1 ucnojb3yercs B ocipuuiorpadax Tektronix.



[Tpu »TOM cmocobe MUCKpeTU3alluu TEeHEPaTop, 3aJalIIUN MIar AUCKPETHU3AINH
3aIyCKaeTCsl OTHOKPATHO, €r0 CUTHAJ TMOKa3aH B BUJIE UMITYJTBCHOM MOCIIEIOBATEILHOCTH
Ha puc. 9.

ar mauckperusanuu To 3amaeTcs MEpUOIOM HUMITYJIHCOB, MOKAa3aHHBIX HA puc. 4,
4acToTa IMCKPETU3allMU paBHA

Fn=1/To

HenocraTtkom Takoro crocob6a SIBISIETCS TO, YTO HHQPOpPMAIHMS MEXKIY TOYKaMU
AUCKpeTH3aluu (KpacHble TOYKH HAJIOKEHHBIE HA CHUTHAN) TepsieTcs Oe3BO3BPaTHO, HE
CMOTpPSI Ha BBICOKYIO CKOPOCTHb JUCKpeTH3aruu (cM. puc 5 u 6) U 00beM BHYTPECHHEH
namsTH, B KOTOPOW MPOMCXOAWUT JaibHelmas oOpaboTka orpaHudeH (HO 00 ATOM
HEMHOTO HIDKe). JJOCTOMHCTBOM - TIPOCTOTA U CaMO€ TJIaBHOE BO3MOKHOCTh MCCIICOBATh
OJTHOKPATHBIE CUTHAJIBI C TOH YK€ JIOCTOBEPHOCTHIO, YTO U TIEPUOIUICCKUE.

Puc. 5

DRORAOPH CHIHAT Crrobpasenme Ha supane

Puc. 6

EcrecTBeHHO, W3MEHEHUsT CUTHaJla MEXJIYy TOYKaMU JUCKPETH3allUk HE
OTOOpaKAIOTCS HA JKpaHe, MOATOMY OTOOpa)KEHUE CHUTHAIA Ha DKpaHE HCKaKaeTcs, Kak
MOKa3aHo CIipaBa Ha PUC.0, ATOT "HeeKT 3a10KeH KOHCTPYKTUBHO".

3. OBPBEKT UCCJIEJOBAHUSA 1 OBOPYJIOBAHUE

OObeKTaMH  HCCNEAOBAHUS  SIBISIFOTCSL  DJIGKTPUYECKHE LENM  MEeXaTPOHHBIX
AJIEMEHTOB M CHCTEM.
Jlyis BEITIOSTHEHUS paOOThI HEOOXOIMM AIIEKTPOHHBIN ocumiutorpad ADS-2111M,
reHeparop curHanoB crueruanbHor Gopmbl AWG-4110, Habop 9acTOTHO3aBUCHUMBIX W
YaCTOTHOHE3aBUCUMBIX 3JIEKTPUUECKHUX LIETIeH, MEXaTPOHHBIE 3JIEMEHTHI U CUCTEMBI.

3.3AJIAHUE HA PABOTY

1. W3yuuth TeOpeTUYECKUE CBEICHHUS, MPEJCTABICHHbIE B  HACTOAIIUX
METOJUYECKUX YKa3aHUSX U PEKOMEHI0BAaHHOW JIUTEpaType.

2. CdopmupoBaTh OTYET II0 padoOTe C BO3MOXXHOCTBIO JIOIOJHEHUS €ro
COOTBETCTBYIOIIMMU SKCIIEPUMEHTAIHBIMU JTAHHBIMH.

3. V3yuuth yCTPONCTBO W MPUHIHUI PabOTHI JIEKTPOHHOTO ociuiorpadga ADS-
2111M.

4. IlpoBecTn wu3MEpEeHHUs, yKa3aHHbIE B 1.5 HACTOSALIUMX YKAa3aHUM M 3aHECTH
MOJTyYEHHbIC SKCIIEPUMEHTAJIbHBIC JJAHHBIE B OTYET.
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5. IToaAroToBUTH OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.
4. MOPAAOK BBIIIOJTHEHUSA PABOTBI

1. TmaTeapHO O3HAKOMHUTLCS C HACTOSANIEH WHCTPYKIIMEN UM M3VYUTL YCTPOMCTBO
aNeKTpoHHOTO ocuuiuiorpaga ADS-2111M.

2. Bxmtounts snektpoHHbI ocumsuiorpadg ADS-2111M u moarotoButh €ro K
pabore.

3. CobOparth 1enb, BKIYAIOIIYI0 YaCTOTHO HE3aBUCUMYIO dJIEKTPUUECKYIO Lenb(puc.
3) reHepaTop CUrHaJIOB CHELMAIBHON (POpMBI U ocImIIorpad:

R)
o——-=["—1 0
Bxong R, Brixon
o :n

Puc. 7. Cxema 4aCTOTHOHE3aBUCUMOM 2JIEKTPUYECKOM 1ETIH.

a) COeIMHUTD BEPTUKAIBHBIN BX0J ocumiuiorpada ADS-2111M ¢ 0CHOBHBIM BBIXOJIOM
reHepatopa curHaioB crenuanbHoi ¢opmbl AWG-4110 U ¢ MOMOIIBIO PEryJsTOPOB
"ammiuryaa' u "yacrora Hz"' ycTaHOBHUTH BBIXOJHOE HampspkeHue aMIuinTyaoil 0,258
u yactotoit 100 I'1, Mcmosb3yst BO3BMOKHOCTH ocuuiiorpada;

0) coeauHHUTH BepTUKaIbHBIN BX0J ocimmiorpaga ADS-2111M ¢ BEIXOAOM CXEMBI;

B) I0JIaTh HA BXOJ LIETH (PUC. /) 3TO HANPSHKEHUE C T€HEPaTOpa CUTHAJIOB;

I') U3BMEPUTH HANPSIKEHUE Ha BHIXOE CXEMbI U ONPEACTUTh KOIPPUIINEHT YCUIICHUS
LEIIH.

4. CHATb YaCTOTHYIO aMIUIMTYAHO-(a30BYI0 YAaCTOTHYIO XapaKTEPUCTUKY WU
IIEPEXOHBIN MPOLIECC HAPACTAHUS HANPSHKEHUS 1ENN.

CoOpaTh 1emb, BKJIIOYAIONIYI0O YacCTOTHO3aBUCHUMYIO  JJIEKTPUYECKYIO  IIETb
(MHTErpUpPYIOIIETO XapakTepa puc. §8), TeHepaTop CUTHAJIOB CHEIUATbHOU (OPMBI
(cuHycouaanbHOE HANPsHKEHUE MOJATh HA BXOJI LEMU) U ocuusuiorpad.

R
T °
Bxon C, —— Bexox
o )

Puc. 8. YacToTHO 3aBHCcHMast AJIEKTpUYECcKas 1elb HHTETPUPYIOIIETO XapaKTepa.

a) COCNMHHUTH BEPTUKaNbHBIN Bxoa ocuwuiorpaga ADS-2111M ¢ ocHOBHBIM
BBIXOJIOM TeHeparopa curHaioB crenuaibHoit dopmbel AWG-4110 wu ¢ momomibio
peryastopoB "ammiuryaa'" u '"gacrora Hz"' ycTaHOBUTH BBIXOJHOE HANpsKEHHE
amruTy0oi 1B u acrotoii 0,1 ', ncnons3yst BOZBMOXKXHOCTH ociiiuiorpada;

0) coeMMHUTH BEPTUKAIBHBIN BX0A octimiuiorpada ADS-2111M ¢ BBIX0I0M CXEMBI;
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B) ITOJIaTh HA BXOJ 1eMnu (puc. 4) 3TO HAPSKEHUE ¢ TeHepaTopa CUTHAJIOB,

') UI3MEHSA YacTOTy BXOJHOTO curHana B auamnaszone 0,1 —30 ' (0,15 0,5; 1; 5; 10;
15; 20; 25; 30 I'ry ), mpu 3TOM aMIIMTYy CUTHAJA He MEHSATh, C MOMOLILIO0 (DUTYPBHI
JIuccaxy CHATh YaCTOTHYIO aMIUIUTYAHO-(Da30BYIO YACTOTHYIO XapaKTEPUCTUKY LICTIH;

AY

AN

Puc. 9. K onpenenennio ammiuTygH0-()a30BOM 9aCTOTHOW XapaKTEPUCTUKH IIEITH:

3nech A — amruaTyaa curaana, ¢ = arc Sin Z .

5 CHATH NEPEeXOJIHBINA MPOIIECC HApACTAHWS HANIPSKCHMS TCITH:

a) YCTaHOBUTH Ha I'eHepaTope HampsbkeHue B (opme MeaHzapa ¢ aMmmuTynon 1 B u
JacTOTOW TMPH KOTOPOW Ha IKpaHe YKJIJbIBACTCS JBa Mepuoja KoneOaHui (mpu ITOM
JOJDKEH OBITh YCTAHOBJICH <OKIYIIUI) PEXKUM Pa3BEPTKH;

0) 3apucoBaTh MMEPEXOTHBIN MPOIIECC U ONPEACITUTh TOCTOSHHYIO BpEMEHU HapaCTaHWSI
HANPSDKEHUST B CXEMe, YUYWTHIBas KaJMOPOBAHHYIO TIO JUITMTEIHLHOCTH HAINPSHKCHHE
pa3BepTKkH (puc. 6).

10)

Uycran.

0,63 Uycran

_/"'—
TU

Puc. 10. K onpenenenno moCTOSIHHON BpPEMEHU HapacTaHUs HAPSHKEHUS B CXEME.

6. CoOpatp 1emb, BKIIOYAIONIYID YaCTOTHO3aBUCUMYIO DJJIEKTPUYECKYIO  IICTb
(muddepenmupyromiero xapakrepa puc. 11), reHepaTop CUTHAIOB CHEIUATBHONU (OPMBI
(cuHycOoMaNbHOE HAMIPSKEHUE TOJATh HA BXOJI IIEMH) U ocIusuiorpad.
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Puc. 11. YactoTHO-3aBHCHMAas SIEKTpUUYECKas 1enb AudPepeHupyromnero xapakrepa.

a) COCAMHUTh BEPTUKAIBbHBIM BX0J] ocuuiiiorpadga ADS-2111M ¢ 0CHOBHBIM BBIXOJ0M
reHepaTopa curHayioB crneruaibHoi Gopmbl AWG-4110 wu ¢ momoIpio pPeryiasTopoB
"ammauTyaa" u "gacrora Hz"' ycTaHOBUTH BBIXOJIHOE HampsbkeHUE aMIuiuTyion 1 B u
gactotoit 1 ['1, ucronb3yst BOZMOXHOCTH ocuuiuiorpada;

0) coeauHUTh BEPTUKAIBbHBIN BX0J ociimuiorpada ADS-2111M c BBIX0/I0M CXEMBI;

B) II0JIaTh Ha BXOJ LIeTH (PUC. 7) 3TO HANPSDKEHHE ¢ TeHEpaTOpa CUTHAJIOB,;

T') U3MEHSS YacTOTy BXOJHOTO curHaia B auanaszone 1 — 400 I'r (1; 5; 10; 15; 20; 50;
100; 200; 400 I'y ), mpu 3TOM AMIUVIMTYAY CUTHAJIA He MEHSITh, C MIOMOIIbIO (PUTYpbI
JIuccaxxy CHATh YaCTOTHYIO aMIUTUTYAHO-()a30BYI0 YaCTOTHYIO XapaKTEPUCTUKY IICIIH.

5. YKAZAHMUA 110 OPOPMJUIEHUIO OTYETA.

OTuer 0 paboTe NOJKEH COAEPKATh:
1. DnekTpryecKre CXeMbl KaXKI0T0 OMbITa.
2. TaGnuiy (Tabin. 1) pe3ynbTaToB U3MEPEHUN U PaCcUETOB.

Tab6m. 1
YacroTa ®;=2mn Ig A 201g Bi q
I fi O i A i
(f)
(O] 1 1 1
(Q)) 2 2 2
f; O] |g A 20 Ig A, Bi (O
Qj i
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3. JlorapupmMuyeckue  amIUIUTYyIHO-(a30Bble  YAaCTOTHBIE  XapPaKTEPUCTUKH
YaCTOTHO3aBUCUMBIX 3JIEKTpUUYECKUX Lemned. Jlorapudmuueckue aMmiauTyaHoO-(a30BbIe
YaCTOTHBIE XAPAKTEPUCTUKH YACTOTHO 3aBHCHUMBIX 3JEKTPUYECKUX LIENEl MOCTPOUTH B
maciuradbe 2 mm - 1 1b, 50 mm - I gekana, 1 mm - 1 rpagyc Ha oaqHoM rpaduxe.

4. IlepexoHbIil MPOLECC CO BCEMH HEOOXOAUMBIMH IMOCTPOCHUAMH U ONPEIETEHHOM
IIOCTOSTHHON BpeMeHHU Ty .

6. KOHTPOJIBHBIE BOITPOCHI

1. Kakue Tuns! ocuusuiorpadsl Bbl 3HaeTe?

2. Yrto Takoe aTTeHI0ATOp U KaKylo (DYyHKIIHIO OH BBIMOJHSET B ociuiuiorpade?

3. JInst kakux 1enen uCroab3yeTcs «GKIyIas» pa3BepTka’?

4. Kakum 00pa3oM MOXHO C TMOMOINBIO ocuuuiorpada H3MEPUTh BPEMEHHBIE
MHTEPBAJIBl U aMIUIUTYly CUTHaNa?

7. BUBJINOT PA®GUYECKHU CIIMCOK

OcHoBHas auTeparypa

1. PabunoBuu JI.B. JIlunamuka cuctem npuBojioB: Yd. nocooue - M.:BUBJINO-
I'JIOBYC, 2016. 266¢. :um.

2. Tepexos, B.M. Cuctembl ynpaBieHus dJIEKTPOIPUBOJIOB : yU€OHUK JIJIs1 By30B /
B.M. Tepexos, O.U. Ocunos; nox pexn. B.M. TepexoBa .— M. : Akagemus, 2005 .—
304c.

3. Eneukas, ['anmua [1aBnoBHA. DNEKTpOMEXaHNYECKUE YCTPONCTBA MEXATPOHHBIX
cucrteM : yue6. nocodue / I'. I1. Eneuxas, H. C. Untoxuna, A. I1. [TaakoB ; Tynl'Y .—
Tyna : U3g-Bo Tynl'Y, 2018 .— 224 c.

4. Yemonanos, b.K. Crnensmue npuBoast: B 3 T. T.2. DnekTpuueckue ciensume
npuBoabl/E.C. bneiiz , B.H. bponosckuii, B.A. Beenenckuii u ap. / [log pen. b.K.
YemonanoBa .— 2-€ u3j., nepepad. u gon. — M. : MI'TY um. H.D. baymana, 2003 .—
979c. : nn.

5. OcHOBBI pacueTa ¥ MPOEKTUPOBAHUS MEXAaTPOHHBIX MOJyJIEH CUCTEM HaBEJCHUS
u ctabmmmzaruu,/ O.B. T'opsiues [u np.] Tyna: Uza-so Tynl'Y, 2011 —233 c.

6. KupumioB A.A. OCHOBBI 2JIEKTPONIPUBO/IA JICTATEIBHBIX aNapaToB: Y4eOHOe
nocoOue 1t By30B. — MockBa: bubnuo-rnodyc, 2013. — 208c.

JlonosHuTEILHAS JIUTEpPAaTypa
1. Konwuios, N.II. Dnexrpuueckue Mamvubl . Y4ed. mocodue s By3oB / M.II.

KomnbuioB .— 3-e uzg.,ucnp. — M. : Beicur. mik., 2002 .— 607c. : ui.
2. PozanoB HO.K. DiieKTpOHHBIE YCTPOHCTBA 3IEKTPOMEXAHUUYECKUX CHUCTEM:

VYue6. nocobue misa By3oB / FO. K. Po3anos, E.M. CokonoBa. — M.: M3znarenbckuii
HeHTp «Akaaemus», 2004. - 272 c.: ui.
3. Amue, WM. Dnexkrporexnuueckuii cmpaBounuk / WM. AmmeB .— 4-e

usn.,uctp. — M. : PannoCodr, 2002 .— 393c. : um.
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4. Anues, .. Dnextpuueckue amnmapatsl : crnpaBouHuk / .M. Anue, M.b.
Ao6pamoB .— M. : UIT PaguoCodrt, 2007 .— 256¢. : um.
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JlabopaTopHasi padora Ne 3

HN3yyeHre KOHCTPYKI U MEXAHUYECKHUX YACTeH JJIEKTPUICCKUX CIACAAIINX
MPUBOI0B

1. HEJIb U 3AJIAYU PABOTHBI
N3yyeHne KOHCTPYKIMI MPOMBIIIIIEHHBIX CUJIOBBIX U IPUOOPHBIX DIIEKTPUUECKHUX
CJIeIAIIMX PUBOJIOB U UX 3JIEMEHTOB, COCTABIICHNE KUHEMATHUYECKUX CXEM
ANEKTPOJBUTATEIBHBIX U MY(PTOBBIX PUBOJIOB U OLICHKA BIUSHUS PEAyKTOpa Ha
JTUHAMUYECKUE XapaKTEePUCTUKU MPUBOJIA.

2. TEOPETUYECKHUE ITOJOXEHUA

Onexktpudeckuit ciensmuii npuoa (DCII) npencrasisieT coO0M 3aMKHYTYIO
JUHAMUYECKYIO CUCTEMY, YIIPABJISIOLLYIO ITEpEMENIEHUEM O0BEKTA PErYIUPOBAHHUS.
IIpu sTOM perynupyemasi BEIMUYMHA C TOW WM NHOW CTENEHbI0 TOYHOCTH
BOCITPOU3BOAMT MPHUIIOKEHHOE K CUCTEME YIPABIISIIOLIEE BO3ACICTBUE.

OCII umeet B CBOEM COCTaBE Psii OCHOBHBIX YCTPOMCTB (puc. 1).

Prayanpvesan
H3 BEMLNG
¥npaeasowee Cusnan |—- B _C‘;- _____ | Baamymaciues
goadeticmeue oLl | | sosdedcmene
.Z ' |
"y ny |- ¥n M Hi | MA ar
e /_l
Pezpanpyouiee
anzdeficmane

 Meemyan ofpamnar canss

Ky

Taagrgs ofipamuan ceas

Puc. 1. ®ynkuuonansnas cxema ICII
B wusmeputensHoMm yctpoiictBe (MY) mpou3BoAWTCS CpaBHEHHE TEKYIIETO
3HAQYCHUS pEryJIupyeMod Belu4MHbl  (Hampumep, yrjla TOBOpOoTa 00beKTa
PEryJIMpPOBAaHMS) C YIPABISIIOUIUM BO3JIECHCTBHEM, U Ha OCHOBE 3TOr0 CpPaBHEHUS
dbopmupyercss curHan ommbku. B UMY wundopMamms o Tekymem 3HaYCHUH
peryjaupyeMoi BeJIMYMHBI TOCTyNaeT Mo KaHaly TriaBHoW oOpatHoi cBsizu (OC)
Cxembr MUY Becbma pasnooOpasnbl. lllupokoe npumenenne mnonyumu WY ¢
HCIIOJIb30BAHUEM CEJIbCUHOB, CHHYCHO-KOCHHYCHBIX Bpalaloluxcs TpaHchopMaTopoB
Y IOTEHLIMOMETPOB.
[IpeoOpasyromee ycrpoiictBo (ITIY) CII ciayxuT nns npeodpa3oBaHUsl CUrHaja
OIIUOKH K BUAY, yIOOHOMY ISl TaTbHEHIIIETO UCTIOJIb30BaHUSI.
HEM, HallpuMep, MOXKET OBbITh OCYIIECTBJICHO NpeoOpa3oBaHUE CUTHANIA OLIMOKU
MEPEMEHHOT0 TOKa B CUTHAJ MOCTOSIHHOTO TOKa, €clid nocienytomue ycrporcrsa CII
paboTalOT Ha TMOCTOSTHHOM TOKe. B mpeoOpasyromeM yCTpOWCTBE CUTHAN OIIMOKH
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noJBepraercs AajipHeiield oOpaOoTke, CBSI3aHHOM € O0OECHeYeHHEM HOPMaIbHOIO
¢byukuonupoBanuss CII: B 3TOM cHrHajge yMEHbBIIAETCS YPOBEHb IOMEX; st
npunanus CII >kemaeMbIX JUHAMHYECKHX CBOMCTB (POPMHUPYIOTCS COCTaBISIOLIUE,
OPONOPLUUOHANIbHBIE TNPOU3BOAHBIM WM HHTerpanaMm ot oumuOku. Ilocnennue
omepanuyu NPOU3BOIATCSA B  IOCIEIOBATEIIBHOM KOPPEKTUPYIOIIEM YCTPOMCTBE,
BxoJA11eM B coctas I1VY.

[IpenBapurenbubiil yeunurens (YII) npenHasHayeH a1 yCWICHHS 110 HAPSHKEHUIO
U MOIIHOCTM CHUTHaja, nocrynawomero ¢ IIY, a0 3HadeHWid, JOCTAaTOYHBIX IS
YIPaBICHUS YCUIUTENEM MOIIHOCTH YM. B 3TOM ycunurene Nmpou3BOAUTCS TaKkKe
CJIOKEHUE HAa3BaHHOIO CHTHaJa C CUTHAJIOM, ITOCTYNAIOIIMM OT HapajljIeIbHOIO
Koppektupytomero ycrporcrsa (ITIKY).

Cunosas yacte CII coctoutr u3 ycunutens MOIIHOCTH (YM), MCHOJHUTEIBHOTO
neuratenst (MJ1) u mexanuveckoit nepenaun (MII) (penykropa). YM mnpennasHaueH
JUISl YIIPABJICHUSI TTOTOKOM SHEPIUH, MOCTYIMAKNUM OT UcTOouHHMKa sHepruu (M19). B
anekrtpudeckux CII HaxomAT NPUMEHEHUE HJIEKTPOMAIIMHHBIE, MArHUTHBIE W
ITOTYTIPOBOJHUKOBBIE YCUJIUTEIN MOIIHOCTH.

Wcnonuutensupiii npuratens (M) moiayyaer curHan OT yCHJIMTENsS MOUIHOCTH U
yepe3 peayKTop (B HEKOTOPBIX CIy4asix PeAyKTOp OTCYTCTBYET), epeMElIaeT OOBEKT
perynupoBanust (OP). B OCII ucnonb3yroTcst 31eKTpUUECKUe ABUTaTeIe MOCTOSHHOTO
ToKa, JByx¢aszHsle (¢ MmomHocTIMU 10 200 BT) m TpexdasHble acHHXPOHHBIE
JABUTATENM, a TAKKe KOMOMHAIUS PUBOAHOM IBUTaTENb - JJIEKTPOMATHUTHBIE MY(TBHI.

Mexannueckas nepefaya, CBA3bIBAOIIAS UCTIOJIHUTEIBHBIM JBUTATENb C BBIXOAHBIM
Basiom CII, Bo MHOrom ompeznensieT cBoiicTBa npuBoja. Tum nepenayu, rabapuTbl U
rapameTpbl 3aBUCAT OT €€ KHHEMATHYECKOU CXEMBI.

PaccMoTpuM KuHEMaTH4eCKHE cXeMbl HambOosiee pacrpocTtpaHeHHbIX ThnoB OCII,
IJIe B KAYECTBE UCIIOJHUTEIBHBIX AJIEMEHTOB HCIOJIB3YIOTCS dJIEKTPUUYECKHUE IBUTATEIH
U CHUCTEMbl DJEKTPOMAarHuTHbIE MYy(QThl - NPUBOAHOW JBUTraTeNb. Heobxoaumo
OTMETHTb, YTO, [IOMUMO CUJIOBOM LIENH, B KUHEMaTtnyeckyro cxemy OCII Bxoaut emie
PN  U3MEPUTENBHBIX IENEeH, CBA3BIBAIOIIMX BXOJAHOW BaJll C HU3MEpPUTEIEM
paccoryiacoBaHus U Jp.

Ha puc. 2 npuBenena kunematuueckasa cxema peaykropa cunooro ICII ¢
JIBYXKaHAJIbHOM CEJIbCUHHOW CUHXPOHHOM CBsI3bI0. Takasi cxema COAEPKUT HECKOJIBKO
KMHEMAaTHYECKUX LIETEeH, Pa3IMYHbIX IO HA3HAYEHUIO U IPEIbABIIEMbIM K HUM
TpeOOBAHUSIM.
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Puc. 2. Kunemarnueckas cxema pegykropa ICII ¢ cenbCUHHOM CBS3BIO:
cuioBas 1ensb [ - B; mnens rpydoro censcuna B - I'C; nens TouHoro cenbcuHa B -

TO; nenp oOpatHOl cBsizu 1o rpydbomy kanany [[ - I'C; nenb oOpaTHOHN CBSI3U 1O
toyHomy kaHaiy I - TC; uens Taxoreneparopa /I - TI".

PazbepeM kaxayro U3 3TUX LEMEH.

1. CunoBas uens /] - B nomkHa yJ10BIETBOPSATH CIACAYIOMIUM TPEOOBAHUSM:
a) UMETh HEOOXOIUMYIO IS TIEpeIaud MOMEHTA ITPOYHOCTh, KECTKOCTh U
W3HOCOYCTOMYMBOCTB;

0) 00J1a1aTh BEICOKOU TOYHOCTHIO, T.K. €€ BBIXOJIHAA Mapa BXOJUT B II€Nb
TOYHOTO CEJIbCUHA, a OCTAJIbHAS YacCTh - B LIeTIb 0OPaTHOM CBS3H;
B) IpU TP€OOBAHUU BBICOKOTO OBICTPOACHCTBUS MPUBOAA JOJIKHA UMETh

MUHUMJIbHBII PHUBEICHHBII MOMEHT UHEPLIMH IIEPEIauH.

B paccmarpuBaeMoM npuMepe NepeaaTouyHOe OTHOIIEHHE (| = (1 02 O3 O

2. llens rpy0oro cenbcuHa MPUHIUINAIBHOTO 3HAYEHUS HE UMEET, T.€. OHa He
paboTaeT B pexXUME TOYHOTO cliexkeHus. [lepenarouyHoe OTHOIIEHHE OT BBIXOHOTO
Bajia K rpyOOMy CeJIbCHHY NPU HEOITPAaHUYEHHOM BpPAILlEHUH BaJla JOJHKHO PaBHATHCA
TOYHO €AUHUILIE.

3. Lens Tounoro cenbcuHa B - TC npeaHa3zHadeHa aiis U3MepeHus yriia noBopora
BBIXOJTHOTO Baja cliesiel cucteMsl. [loaToMy K Lienu npeabsBisioTca BechbMa
’KECTKHe TpeOOBaHuUs 0 TOYHOCTH. Llens nomKHa UMETh MUHUMAJIBHBIN JTIOPT U
MO3TOMY JOJDKHA OBITh BO3MOKHO KOpOTKOH. IlepenaTounoe oTHOLIEHHE OT TOYHOTO
CEJIbCUHA K BBIXOJIHOMY BaJly TOJDKHO paBHATHCS (= (; / (s . B OosibimHCTBE
CIICSIIIUX CUCTEM C CEeJIbCHHHOM CBs3bi0 (= 31. Torma Q4= g/ 31

4. Ilenb oO6paTHOM cBs3u 1o Tpydoomy kaHany J[-I'"C paGoTaeT TOJIbKO IPU HATUYUH
0O0JIBIIKX YIJIOB PacCOTIacOBaHUs, TOITOMY TpeOOBaHUS K HEM OOBIYHO HE JKECTKUE.

5. llens oOpatHOM cBsi3u Mo TouHOMY KaHay [l - TC goymkHa ObITh HACKOJIBKO
BO3MOYKHO KOPOTKOW M TOYHOM, TaK KaK HATMYHUE JIO(Ta B TOU LIETH 3aTPYAHIET
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obecneuenue ycrounBoctu CII.

6. Llens Taxoreneparopa [ - TI' 0oOblYHO HCHONB3YETCS ISl KOPPEKLUU
muHamudeckux cBouctB ClI, 1 0OBIYHO MepeaToOuHOEe OTHOIICHUE ITOW MemH OepeTcs
PABHBIM €IMHULIE. Y BEINYEHUE NIEPENATOYHOTO OTHOUIEHUS IPUBOJUT K YMEHBIIICHUIO
kodd¢uImeHTa Tmepenayd TaxOoreHepaTopa, a YMEHbBIIEHHE - K YBEJIHMYCHHUIO
IPUBEICHHOTO MOMEHTAa MHEpPLUHU MpHBoJa. BooOle HauBHITOJAHEHIINM BapHaHTOM
ABJISIETCS] UCIIOJIB30BAHUE JIBUTATENIEH C BMOHTUPOBAaHHBIMH B HUX TaXOI'€HEPATOPAMH.
Taxoe pemieHne NpUBOAUT K PaKTUUECKON JIUKBUAAIMU LIEU TaXOT€HEPATOPA.

Ha puc. 3 npuBegeHa KUHEMAaTUYECKAsl CXEMa UCIIOJIHUTEIbHOTO MEXaHU3Ma
CUJIOBOM CUCTEMBI, rie B kKauecTse M/I ucnonp3oBaHa cucrema ''IpUBOJHOM ABUTAaTEIb
- QIIEKTpOMarHuTHeie MyPThI". CXeMa COJIEPKUT CIEAYIOIMNe KHHEMAaTUIECKUE 1IETIHU:
cwioBas 1ens [1J] - Benymue gactu hepponopomKoBbIX MypT; CUIIOBas LENb
BeJoMbIe YacTu Myt - B; 1enb TaxorenepaTtopa - Begomblie yactu Myt - TT.
Pa3bepeM KakIyro U3 3TUX Leneil.

Cuinosas niens [1]] - Benymue yactu Myt 107KHA UMETh HEOOXOAUMYIO JIst
nepeayu MOMEHTA MPOYHOCTh, U3HOCOYCTOMYMBOCTD U KECTKOCTh. TpeOoBaHUS K
TOYHOCTH HeBbICOKME. [IepenaTounoe oTHOIIEHHE

NA) (T
[ E] bjd
Ye
92
%e B g%
m) (m) —

Puc. 3. Kunematuueckas cxema penykropa ICII ¢ 3neKTpoMarHuTHeIMU My pTaMu

1. Onpenensiercs BeTMYMHAMH HOMUHAJIBHBIX - YACTOT BPAICHHS BEIYIIUX
gacteld MyQT U IPUBOTHOTO ABUTATENs. J[J1s1 0TedecTBEHHBIX (PeppOMOPOIIKOBHIX
My(dT HOMUHAJIbHAs CKOPOCTh Beaymux yacteit coctasiusier 2000 06/muH.

2. CunoBas 11eb BeJIoMble 4acTu MydT - B 1o/mkHA OTBEeYaTh TPEOOBAHUSAM CHUIIOBOM
uenu /[ - B npeapiaymero npumepa.
3. llenu oOpaTHOM CBsI3U U TaXOreHepaTopa JOKHBI OTBEUATh TPEOOBAHUSM IIeTIeH

I - TCu I - TT nmpeasinymiero npumepa. [Ipu pazpadotke OpicTpoaeiicTByromux ICII
17



HEO0OXOMMO MTPOCKTUPOBATH PEAYKTOP, OKA3BIBAIOIINI MUHUMAIHHOE BIMSHAE HA
JTAHAMUAYECKHUE XAPAKTEPUCTUKU CUCTEMBI.

I[J'ISI 9TOI'0 OH AOJIZKCH YAOBJICTBOPATH CIACAYIOIIUM Tp€6OBaHI/I$IM.

1. ITpuBeaeHHBIA MOMEHT MHEPLUU PEAYKTOPA K BalTy HUCHOJHUTEIBHOTO JIBUTaTENs
JIOJHKEH ObITh MHHHMMAJbHBIM, YTOOBI HE CO3/1aBaTh JOIOJHUTEIbHBIX HArpy30K Ha
VCIIOJIHUTEIIbHBIN 3JIEMEHT.

2. O0nagaTh MUHUMAJIbHBIM 3HAYEHUEM MOMEHTA TPOTAHUSI KHHEMAaTHYECKOW LIENH
peaykropa. OTO TpeOOBaHUE CTAHOBUTCA TOHSITHBIM, €CIIM YYUTBHIBaTh, YTO CYXO€
TPEHHE HA CHUCTEMY pETYJIUPOBAHUS BIMSAET KaK HEJIMHEWHOCTh B CTAaTUYECKOU
XapaKTEepPUCTUKE KHHEMATUYECKOH 1ienu npuBoaa. Kpome Toro, TpeHue mnokos 00bIie
TPEHUs] ABWKEHHS M MOMEHT TPOTaHUS PEAyKTOpa MOXKET HApYyLIUTh IUIAaBHOCTH
paboter OCII, T.. mpUBECTH K CKAauKOOOpa3HOMY H3MEHEHUIO YIPABISAIONIETO
YCTPOMCTBA BO3/ICUCTBUS.

3. MepTBBIif X0 penyKTopa IOJKEH ObITh MUHUMAJIEH M CTaOWJIEH B IpOLEcce
sKcIuTyatanuu. JlomycTuMas BeJMYMHA MEPTBOIO XOJA SIBISETCS PACUYETHOM
BEJIMYMHOM U TOJIKHA OBITh MEHBIIE MTOJIOBUHBI OLIMOKH, TOMYCKAEMOM MPHU CIEKEHHH.

4. JXecTtkocTh KMHEMAaTHUYECKOM LENM peayKTopa AOKHAa ObITh Takas, YTOOBI
4acToTa COOCTBEHHBIX KOJIEOAHMI LIEMH HAXOAWJIaCh BHE 001aCTH pabOUrX 4acToT (Kak
IIPaBUJIO, BBIIIE BEPXHEW YACTOTHI MOJIOCHI NPOIYCKaHUS CUCTEMBI). YTJIOBAsl 4acTOTa
COOCTBEHHBIX KOJICOAHUN CHCTEMBI, HECYIIEH Ha BBIXOJIE€ COCPEIOTOYCHHYIO Maccy,
orpeaensercs cieayomen GopMyIioit:

rac CK - KKECTKOCTb CUCTCMBI, J - MOMeHT HHCPpUOUH COCpeHOTOquHOﬁ MAacCcCHlI.
CyMMapHaH KECTKOCTH CK 3aBUCUT OT BCIMYHMHBI JKCCTKOCTHU BaJIOB PCAYKTOpA C]_
9C2 ’ C39 RS Cn

1 1 1 1
—=—4+—+4..+—
C. ¢ 6 c

K n

MoMeHTBI HHEPIIMHU BaJIOB B IPeAbIAYIeH (hopMyse HE YIUThIBAIOTCS

BBUJlY UX MAJIOCTH [10 CPABHEHUIO C MOMEHTOM MHEPLUU HATPY3KH.

Banel penykTtopa JOJKHBI HMMETh JIOCTATOYHYHO IKECTKOCTh, 4TOOBI IIPU
JUHAMMYECKUX HArpy3kax IIPOTHUBOCTOSTH 3aKPYUYMBAIOIIMM BO3JECUCTBUSIM M TEM
cCaMbIM HE€ JOIYCKaTh MOSBIEHUS TaK Ha3bIBAEMOI0 YIPYyroro jirodTa, KOTOPHIHA
CYMMUPYETCA IIpU peBEpCce C MEPTBBIM XOJOM U  YBEJIMYMUBACT  YIIIOBOE
paccoriacoBaHuE MEX/1y UCIOJHUTEIBHBIM 3JIEMEHTOM U PETYJIUPYEMbIM 0OBEKTOM.

BelpakeHne 11 NPUBEIECHHOIO K Baly JBUTATEls MOMEHTA MHEPLUHUM CUCTEMBI
Harpy>K€HHOI'0 IIPUBOJIA C /1 - IAPHOM Ilepelayeil UMEET BUJL
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rae  Jy;- MOMEHT MHEPLUHU pOTOpa IBUraTeIs;
Jki - MOMEHT HHepIUH Be1oMoro 3youaroro koseca | -u mapbl
C yU4€TOM MHEpIIUH Bajla U BEAyIIEro 3y04yaToro kojeca B OJIOKe;
Ji - MOMEHT MHEpIH HATPY3KH.

BBII[CJ'II/IM U3 HOCICAHCIO BBIPAXCHHA YaCTb HNPUBCACHHOIO MOMCHTA 'HE
p P >

3aBUCSILETO OT PacCHpeneIeHus NepeJaTOYHbIX OTHOLICHUH MO IapaMeTpa’ mepeaayy,
Y Ha30BEM €€ OCHOBHBIM IIPUBEICHHBIM MOMEHTOM MHEPLUU.

OcTraBmasics 4acTh BbIpaXKEHHUsS! OyAE€T XapaKTEPU30BaTh BEIUUYHHY IPHUBEACHHOTO K
BaJly JIBUraTessl MOMEHTA MHEPLHHU N - TAPHO NepeJadn:

J/ :£+£+...+

n

Jki ‘]kn
— +o. 4+l

4 0/, VRIS q;

Jl71st mpuMepa paccMOTPUM 3y04daToe 3alleryieHrue, COCTOSIIEE U3 ABYX Map KOJec:
z,=18,2,=36,23=18,2,=54,0:= 2,0, = 3.

Pa3mepsl 3y0uarbix kosec: MoAyiap M=1 | anuHa 3y0a
b= Smm. Marepuai koJjec - ctaib, yaeibHblid Bec y = 8000 Kr/M°. Onpenenum
MOMEHT UHEPLIVH, IPUBEICHHBIN K IIEPBOU OCH.
MoMeHT uHepHuu 3yO0uaThIX KOJIEC Jy HaxoAuM Mo (opmyse OAHOPOIHOTO
CILIOIIHOTO IXCKa (MOMEHTOM MHEPIIMHU OCEH mpeHeOperaem):

2 2 2
J3K=mr—=ﬂr bj/r_zﬂ'b]/ 4
2 g 2 2¢g

rjae M - macca 3ybuaToro Koseca;
I' - paanyc KoJeca;
g - yCKOpeHHue CBOOOIHOTO T1aJICHHMS.
BprarciauM OpueHTUPOBOYHO MOMEHTHI HHEPLIMU HAa, IIEPBOM, BTOPOUN U TPEThEN
OCSIX:

_7hy 3.14-5-107°-8000
29 2-9.8
J,=71.4-10"°ken®; J,=340.2-10xer’.

[TpuBEenEHHBIT MOMEHT UHEPLIUH:

-8 _8
Sy 4y Ja 49400, 14107 340.2:10
& @9 4 36
MoMeHT HHEpILMH IBUTaTENs TIpH 3ToM coctaBser 2.0 10° xken®. Orciona Bummo,
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4TO SJICKTPOMECXAaHHUYCCKasA IMOCTOAHHASA ABUTaTC/Isd YBEIIUIUTCS HaA
15 %.

3. OBBEKT UCCJIEAOBAHUSA, OBOPYJAOBAHHUE

OOBbeKTaMU UCCIEN0BAHUS SIBISIIOTCSA TPOMBILUICHHBIE CUIIOBBIE U TPUOOPHBIE
CHEASIINE TPUBOIBI.

J171s1 BeIOSTHEHUST paOOThI HEOOXOAUM CJIECAPHBIN U3MEPUTEIbHBIA HHCTPYMEHT:
OTBEPTKA, JINHEWKA, [ITAHT€HIUPKYJIb.

4. 3AJIAHUE HA PABOTY

1. I3y4nTh TEOPETUUECKUE CBEAECHUS, PEICTABICHHBIE B HACTOSIINX
METOANYECKHUX YKA3aHUSIX U PEKOMEHIOBAHHOM JIUTEPATYpE.

2. N3yunTh npuHIun paboThl U QyHKIIMOHATEHOE HA3HAYEHUE DIIEMEHTOB
CJIeISILEro MPUBOJA.

3. ChopmupoBaTh OTYET MO PadOTE C BO3MOXKHOCTBIO JOTIOJTHEHUS €TI0
COOTBETCTBYIOIIMMHU KUHEMATUUECKUMU CXEMaMU U pacueTamu.

4. I3y4nTh KOHCTPYKIIMU MEXAHUYECKUX Y3JIOB MPUBOJIOB.

5. Jlns ipeyios)keHHOM KOHCTPYKIIMU COCTaBUTh KUHEMATUUECKYIO CXEMY,
BBITIOJIHUTH COOPOYHBIN YEPTEK U ONMPECIUTh MPUBEICHHBINA K TBUTATEIII0 MOMEHT

MHEPIUH PETYyKTOPA.

5. HOPAJOK BBIITOJIHEHUA PABOTbBI
1. M3y4nTh KOHCTPYKLMU HCIOJHUTENIBbHBIX, HUHPOPMAMOHHBIX U MeXxaHn4eckux

anemeHToB OCII. OOpaTuTh BHMMaHHE Ha CIOCOOBI YCTAHOBKM M KpEIUICHUS B
KOpIycax H3AeNud 3TUX 3JeMeHToB. Chenarb 3CKU3bl KPEIUJIEHUS K PEAyKTOpY
nsurateneid tunos CI-150, AI12-26, 2ACM-400, JITM-20, JIIP-52, Bpamiatommxcs
TpancopmaropoB TurioB BM, MBT-2, norenunomerpos tuma I1TII.

Crioco0b! yCTAaHOBKH U KPEIJICHUsI IBUTaTellel B KOPIycax peAyKTOPOB JBUTaTeNeH,
Bpallarouxcs TpaHc(popMaTopoB, IOTEHIIMOMETPOB AaTh B pa3pese.

2. CocTaBUTh KHHEMAaTHYECKHE CXEMbI 3JIEKTPOJABUTATEILHOTO M MY(TOBOTO
MPUBO/IOB.

3. Jlud mpeanoXeHHOro MPEerojaBaTesieM »3JIEKTPOJBUTaTENIbHOTO CIEISIIEro
MPUBO/IA COCTABUTh KUHEMATUYECKYIO CXEMY, OMPEAEIIUTh MEePEAATOYHbIE OTHOIICHHUS
CTYIIEHEW M pacCUUTATh PUBEICHHBI MOMEHT HHEPLIUH PEAYKTOPA K JBUTATEIIO.

OueHuTh KOHCTPYKLHIO PEAYKTOpPAa € TOYKH 3PEHHUS MPEABSIBISEMBIX K HHUM
TpeOOBaHMIA.

6. YKA3AHMUS 110 OPOPMJUIEHUSA OTUYUETA

OTuer 0 paboTe TOJKEH COAePKaTh:

1. KunemaTnueckue cXemsl IBYX NMPEMIOAKEHHBIX KOHCTPYKIIMHI CIESIINX
IIPUBOJIOB.

2. DCKuU3bI KpEIIEHUs K peAyKTOpY JIBUTaTesel, Bpallauxcs TpaHchopMaTopoB
Y ITIOTEHIIMOMETPOB € pa3pe3aMu B MECTaX MOCAIKHU.
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3. Bce HeoOX01UMBbIE pacyeThl.

7. BUBJINOTPA®GUYECKUMN CITUCOK

OcHoBHas JuTeparypa

1. PabunoBuu JI.B. Jlunamuka cucteM npuBooB: Yu. mocodue - M.:BUBJINO-
I'JIOBYC, 2016. 266¢. :uin.

2. Tepexos, B.M. Cuctemsl ynpaBieHus! JIEKTPOTPUBOJIOB : y4eOHUK 711 BYy30B /
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304c.
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Tyna : U3n-Bo Tynl'VY, 2018 .— 224 c.
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4. Anmues, U.W. Dnektpuueckue anmapatsl : crnpaBoyHuk / U.W. Anues, M.b.
Ao6pamoB .— M. : UIT PaguoCodrt, 2007 .— 256¢. : un.

C.
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JlabopaTtopHast paGora Ned

N3yyenue npuHIUNA TeliCTBUS U XaPAKTEPUCTUK 0eCKOJJIEKTOPHOI0
ABUIraTe s (MOTOP-KOJIeca) ¢ JaTYUKaAMHU X0J1J1a

|. LIEJIb U 3AJIAYUM UCCJIETOBAHUS

N3yyenne mpuHIuna  pabOThl, CXEMHOW  peaiu3alii, Ha3HaYeHUs
ANIEKTPOHHBIX OJIOKOB M XapaKTEPUCTHK 3JICKTPOJBHUraTeisi MOTOp-Kojieca TMpH
IIATAHUH OT CUJIOBOTO KOHTpPOJIIEpa

Il. TEOPETUYECKHUE NOJOXEHUA

MocToBasl cxeMa KJIIo4Yel

JIBurarenb UMeeT TpU BbIBOAA (TpU (pa3bl) HA KOTOpPHIE HaM MPUJIETCS MOJaBaTh B
pa3Hble MOMEHTBI BPEMEHH “+ WM “‘-” MUTaHUs. DTO PEATU3YETCS C IOMOIIBIO
AIEKTPOHHBIX KIIFOUEH, BKIIOUEHHBIX IO MOCTOBOMW CXEME:

+DC
l l O
\) SW1 x SW3 \, SW5
+ s D
VDC —_— 3
- —a

o e} le}
} SW2 } AL } SWE
0

Puc. 1. MocToBasi cxema BKITIOUEHHUS OECKOUIEKTOPHOTO JABUTATEIIS
3ambikasa kimou SWI1 nogaem “+” Ha ¢asy A, a 3ambikas SW6 nogaem “-” Ha ¢azy
C. Takum o6pa3om, TOk morteueT OT “+” Oarapeum uepe3 dazsl A u C. s
obOecrieuenus oOpatHoro HampasieHus, oTkpsiBaeM SW5 u SW2. B srtom ciyudae
TOK ToTedeT oT “+” Oarapeu uepe3 ¢aszel C u A B obpaTtHOoM HampaBieHuu. [Ipu
paboTe nBUTATENsT OJHOBPEMEHHO JTOJDKEH OBITh OTKPBIT TOJIBKO OJIMH BEPXHUU KITIOY
Y OJTMH HIDKHUHK Kitod. [Ipy cMeHe COCTOSIHMS HY>)KHO Cpa3y BBIKIIOUYHTH Mapy KIOYeH,
BBEDKJIATh BpeMs, HEOOXOAMMOE [JIsl 3aKPBITHS KIIOYEH, W TOJIBKO IOCJIE HTOTrO
BKJIFOUUTH JPYTYIO Mapy KIIOYEH.
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JluarpamMmmMa BKJIIOYEHHUS KJIIYel

Hanp;mceHHe Ha OOMOTKH HY>XHO T1I10JlaBaTb B 3aBUCHMOCTH OT IIOJIOKCHUA
ABUTATCIIA. PaCCMOTpI/IM YHOpaBJICHUC [OIBHIaTCjJIc€M, TII€ B KadC€CTBC JOAaTYUMKOB
IMOJTOKCHUA HCIIOJIB3YIOTCA HATYUKHU Xomma. Bcero HCIIOJIB3YIOT 3 JaTdnka C
AUCKPCTHBIMU BbIXOAAMH. Huxe IMpUBCACHA CXCEMd, COIJIACHO KOTOpOﬁ HYXKHO

IIOdaBaTh HAIIPSKCHHUC Ha OOMOTKH B 3aBUCHMOCTH OT CHT'HAJIOB C JaTYHNKOB.

Hall_CBA
011

coil & coil A

coil © = coil C

coil B coil B

coil A coil A

coil G coil C

coil B coil B

coil A coil A

coil © coil C

coil B coil B

Puc. 2. Cxema BKJIFOUEHUSI OOMOTOK OECKOJIJIEKTOPHOI'O JIBUTATEIISI B 3aBUCUMOCTU OT CUTHAJIOB C
JTATYNKOB ITOJI0KEHUSA

23



BpeMeHHaH JAuarpamMmma 1oJadu HAIpsHKCHUS IMIMTaHW

Hall_A o C !
. . . . . -

Hall_B ; ; ; !
: : : : i

Hall_C L I

— - >t
Coil_A F: ! : '| . ot
Coil B ! :| : !I ' i
Coil_C — | i 1

Puc. 3. BpeMeHHaﬂ AuarpamMma 1oaavqu HaIIpsKCHUA IIMTaHWA Ha OOMOTKH
6CCKOHH€KTOpHOFO JABHUIaTCJIA B 3aBUCHUMOCTH OT CUTHAJIOB C JATYHUKOB ITIOJIOKCHUA

Ta6J'II/IHa BKJIFOUCHUS KJIFOYEH B 3aBUCUMOCTH OT CUTHAJIOB JaTYNKOB XoJua:

Hall Sensors Value (Hall_CBA) Phase Switches
101 A-B SW1; Sw4
001 A-C SW1 ; SW6
011 B-C SW3 , SWe
010 B-A SW3 ; sw2
110 C-A SW5 , SW2
100 C-B SW5 ; Sw4
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[TpuHIMn pa®oThl 4-X TMOJKOCHOTO IBUTATEIS:

CW Rotation Elec. Deg, —>
0 180 360

vt [ L |
TETE- 3 S —
Hata [ L T |

Hi
gaon — |
La

o8 o | ' |
Lo

Hi
geon | — T
Lo \

Hy

H2 {:}—E_: -
T

Puc. 4. Ilpunuun paboTsl 4-X MOJIOCHOTO 0€CKOJUIEKTOPHOTO IBUTATEINs

[IUM (PWM), yactoTa, Nepexo IHbIE MPOIECCHI

[Ipy BKIIFOYEHHMM KIIFOYEM, KAaK II0KAa3aHO HA pHUC. BBIIIE, HAa JBUTATEllb
[IOJAETCA  IIOJIHOE HamlpspKkeHue nuraHud. [Ipu  3TOM  nBurarens pa3BUBaeT
MaKCUMaJbHbIe 000pPOTHI (MOITHOCTH). UTOOBI 00OecmeunTh yIpaBieHUE IBUTATEIEM
HY>KHO PETYyJIMPOBaTh HANPSKECHUE NMUTaHUA ABUrarens. VM3MeHeHue AEHCTBYIOIIETO
HaIlpsDKEHUS  OCYILECTBIISIETC C  IMOMOLIBIO IIMPOTHO-UMIYJIBCHOW MOIYJISIUU
(IITM). T.e. KIrOUM OTKPBITBI HE BCE BPEMS, & OTKPBIBAKOTCSA, W 3aKPBIBAKOTCA C
(DUMKCUPOBAHHON YaCTOW, HO U3MEHSAEMOM CKBaKHOCTBIO:
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JKBUBANEHTHOE NOCTOAHHOE HaNpPsKeHNe
90%
— — — — =
10%
| OKBMBaNEeHTHOE NOCTOAHHOE HanpsKeHUe
=
50%
| DkBMBaneHTHoE NOCTOSHHOE HanpsPKeHUe
=

Puc. 5. ITpuaumn peanusauuu MM

Takum 00pa3oMm, U3MEHSAETCS ACHCTBYIOIIEE HAIPSHKEHHE OT HYJIEBOTO JI0
HanpspKeHUsT nmuTaHus. YToObl MOOUTHCS ympaBieHHs 000OpOTaMU JBUTATEIST HY)KHO
HanoxuTh curHan IHIMM Ha curHansl, nojaBacMbie Ha KIHOYH. OJTO MOXKHO
pean30BaTh, HAIIPUMEP, TAKON CXEMOU:

26



P M

UH EN UH_PW M
UL_EN UL_F"u"%I‘-.ﬂ
|

VH EN VH_PW M
VL EN VL_PWM
WH EN WH_PWM
— =
WL EN WL_PWM

Puc. 6. Cxema peasmzanuu [IIUM

Hekoropbie MHUKPOKOHTpOJUIEphl MOTYT ammapatHo (opmuposats MM
CUTHAJI Ha HECKOJIbKMX CBOUX BbIBOJax. MoxHo gopmupoBats IINM miia kaxaoro
W3 KJIOUYEeM MporpaMMHO. B 3TOM ciydae cxeMy MOXHO YOPOCTUTb, U HE
HCIIOJIB30BaTh JIOrM4ecKkux 3eMeHToB. Yactota IIMM curnana o0br4HO ObIBaeT ot 4
1o 80 kuiorepit.

Bo Bpems BKIIOUEHUA W BBIKJIIOYCHHUS KIIOYEH MPOUCXOASIT MEPEXOIHBIC
MPOLIECCHI, BCIEACTBUE YETO HA KIIKOYAX BBIACIACTCS JOMOJHUTENIBbHOE Terno. Yem
Boile yactora [IIMM curnana, Tem OoJbIlle KOJIMUYECTBO MEPEXOIHBIX MPOIECCOB 3a
€UHUIY BPEMEHU, U TEM BbIIIE MOTepU Ha Kiroyax. CIHMIIKOM Malas 4acToTa
MOXeT ObIThb He 3(PQPeKTUBHONW WM HE OOeCIeurMBaTh HEOOXOIMMOM IIaBHOCTH
pEryJIMpPOBaHUSL.

III. OBBEKT UCCJIEAJOBAHUA U OBOPY/IOBAHUE

OOBEKTOM HCCIEIOBaHMS  SIBISIETCS  OECKOJIJIEKTOPHBIM  JBUTATENh C
JaTyukamMu XOJUIaB CcOoCTaBe cTeHaa. Jlis BbIMOJHEHUsS paboThl HEOOXOAUM
HU3KOYACTOTHRIN ociimiuiorpad tuma AKUIT-4115/1A.

IV.3AJAHUE HA PABOTY

1. U3yuuts npuHIMO paboThl U (YHKIIMOHATHHOEC HA3HAYEHUE DJIIEMEHTOB
JBUTATES.

2. I3yunTh B3aUMOJICHCTBUE 3JIEKTPOHHBIX y3JI0B.



3. UccnenoBarh paboTy CHJIOBOM YacTH MPHUBOA MPHU PA3IUYHBIX PEKUMAX

(YyHKIMOHUPOBAHUS MPUBO/IA.

V. ITIOPAAOK BBIIIOJIHEHUSA PABOTbBI

1. O3HaKOMMTBCS C TCOPCTUUCCKUMHU CBCIACHUSAMHA, IIPCACTABJICHHBIMU B

HaCTOAMMUX MCTOAUYCCKHUX YKa3aHUAX.

€ro.

XoJua:

2. UccnenoBanue Gpa3zoBOro CABUTAa HAMPSHKEHUS MUTAHUS JBUTATEIS:
a) noakIrouuTh BXoJ ocimiuiorpada KAH1 k pazsémy V,

0) moaxirouuTh BxoA ocimuuiorpadga KAH2 k pazsémy W,
B) BKJIIOUUTH CTEHJ U N0J1aTh HanpsikeHue 1.41 B;
T') 3aCHHXPOHU3HPOBATH N300PKCHUS HAPSHKEHU;

1) TpOCIEAUTh 32 (POPMOM HaNpsDKEHUss U (Pa30BBIM CIBHUIOM, 3apUCOBATh

3. HUccnenoBanue (a3oBOro cABura HampsKEHUS Ha BBIXOJAE JaTYMKOB

a) moAkounTh Bxoa ocumiiorpadga KAHI k pazsémy H1 :

0) 3aCHHXPOHU3UPOBATH N300pAKEHUE TOKA

B) BKJIIOUUTH CTEHJ U N0/1aTh HanpsikeHue 1.41 B;

T') 3aCHHXPOHU3UPOBATH N300pKEHUS HATIPSKECHUH

1) 3a popMoii HanpspKeHUS U (Da30BBIM CIBUTOM, 3apHCOBATh €rO0.
4. UccnenoBaHue TOKa Ha BXOJE JIBUTATEA:

a) noakIounTh Bxoa ocumiiorpadga KAHI k pazsémy Ru:

0) BKJIFOYUTH CTEH]I ¥ TTOAaTh TOK 1 A

B) 3aCHHXPOHHM3UPOBATH H300paKEHUE TOKA;

I') IPOBECTH UCClelIoBaHuEe (POPMBI TOKA TPU M3MEHEHHH ero oT 1 A 1o 6 A ¢

MHTEpBaAIOM 1A

1) MPOCJIEIUTD 32 POPMOIT TOKOB, 3apUCOBATH UX.

VI. YKAZAHUA ITO O®OPMJIEHUTIO OTUETA

OTuer 0 paboTe TOJKEH COACPKATh:
1. OCHOBHBIE TCOPETUUCCKUE TOJIOKCHHUS U3 HACTOSIINX METOANUYCCKUX

yKa3aHuM.

2. biiok-cxeMy npuBoJa.



3. I'padpuku ToKa, ha30BOTO CABUTA HAPSKCHU MUTAHUS IBUTATETH U
TaTYUKOB XOJIja.

Vil. KOHTPOJIBHBIE BOITPOCHI

1. Kakue ki1toun TOKHBI OBITH OTKPBITHI PU pabOTE ABUTATENS C MOCTOBOM
CXEMOM BKJIFOUCHHUS KIIOUei?

2. B 3aBUCHUMOCTH OT YEro Hy»HO 0/1aBaTh HAMPSHKEHUE HA JaTYUKKU XoJuia?

3. KakuMm crmocoGoM OCyIeCTBISETCS U3MEPEHUE JCHCTBYIOIIETO
HaMpsHKEHUS! TUTaHUS] IBUTATENS ?
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JlabopaTtopHasi paGoTa NeS

IKCNEPUMEHTAILHOE HCC/IeJOBAHIE MOTOP-KOJ1eca MPU MUTAHUH OT CHJIOBOTO
KOHTpOJLIepa

I. HEJIb U 3AJIAYHU NCCJIEJOBAHUASA

HCCJ’ICI{OB&HI/IG BIIMSIHUSL ~ MOTOP-KOJIECa IIpWM IHATAHWKM OT  CHJIOBOI'O
KOHTpPOJUICpA. ITOJTYYCHUC MCXAHNYICCKUX XAPAKTCPHUCTHUK.

Il. TEOPETUYECKUE NOJIOKEHUSA

[TpuHIMD 1EVCTBUSA BEHTUIBHOTO JABUTATEIS

Uro0Obl 1BUraTeNlb TaHHOTO TUIA YCTOMYHMBO Bpallaics, HEOOXOAUMO, YTOOBI
OH pa3BHMBaJl OJHOHAIIPABICHHBIN BpallalOIMi MOMEHT ¢ MUHUMYMOM ITyJIbCALIU.
MunumMyM mysibcalMii MoMeHTa OyAeT crnocoOCTBOBaTh IIABHOCTH — XOJa
JBUTATEIIS.

B 0OMOTKY sIKOpsl OT UCTOYHHMKA MUTaHUS MOJAETCS TOK. B 3aBHCHMMOCTH OT
pacupeneneHuss TOKa IO KaTylmkaM B 3yOLIOBOM 30HE cTaTtopa o0pasyercs
MOJIFOCHAsI CHUCTEMa cTaropa (3JIEKTPOMArHuThl), CO3JAIOLIME MAarHUTHBIM MOTOK
(mosie) craropa.

MaruuTHblii MOTOK BO30YKAEHHS CO3AaeTcs JIMOO MOCTOSSHHBIMU MarHUTamH,
1100 0OMOTKOM BO30YKICHHUS.

DONeKTpOMarHUTHBIA MOMEHT OOpa3yeTcsi MpU B3aMMOJEHCTBUM MAarHUTHOTO
MOTOKa BO30YXKeHUS U (ha3HBIX TOKOB.

[Tpu coBMECTHOM JAEMCTBUM IMOTOKOB BO30YXKIEHHS U IMOTOKOB OT TOKOB
CTaTopa CUJIOBBIE JINHUU MarHUTHOTO IOJIS B BO3YILIHOM 3a30p€ U3THOAIOTCS.

DNEeKTpOMEXaHUYECKAasT U MEXAHUUYECKasl XapaKTEPUCTUKH JTAHHOTO JABUTaTElIs
AQHAJIOTMYHBl XAPAKTEPUCTHUKAM JIBUraTelsl IMOCTOSHHOTO TOKAa € NapajljIeIbHBIM
BO30YKJICHUEM.

1. Pacyer W 1OCTPpOEHHME €CTECTBEHHBIX JJEKTPOMEXAHUYECKOH U
MEXAaHUYECKON  XapaKTEePUCTHK  JABHMrarTejasi  MOCTOSIHHOIO  TOKa  C
Napa/uieIbHbIM BO30YKICHUEM.

EcTecTBEHHBIE DJJIEKTPOMEXAHMYECKAass W MEXaHWYeCKas XapaKTEPUCTUKH
JBUTATENsI TOCTOSHHOTO TOKa C  MapajuielbHbIM  BO30YXKIEHHEM  TpH
NpeHeOpeKEHUN peaKIuen SKOpsl SBIAIOTCS NPSIMOJIMHEWHBIMU W OMHUCHIBAIOTCS
YPaBHEHUSIMH:
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YPaBHeHI/IH BHGKTpOMCXElHI/I‘ICCKI/IX U MCXAHHMYCCKUX XapaKTepI/ICTI/IK MOFYT
6BITB 3aIlIMCaHbl U OJIA CKOPOCTH, cClin y‘ICCTI), qTo
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IJIE€ N — 4acTOTA BPAIlCHUS JBUTATEIS, {MHH ;
U0, — HOMUHAJIBHOE HaNpsKeHHue cetu, [Bl;
R, — CONPOTHUBIICHUE SIKOPS ABUTATENS, [OM];

C, K — KOHCTPYKTUBHBIE KOA(D(HUIIMEHTHI ABUTATENS;
®,,,,;, — HOMUHAJIbHBIM MArHUTHBIN NOTOK ABUTATENS, [B];
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M 0y =2 [H-M]| — HOMHHATBHBI MOMEHT.

I'-]HOM
B cBsi3u ¢ NpSIMOJIMHEHHOCTBIO €CTECTBEHHBIE XapaKTEPUCTUKUA MOTYT OBITh
IIOCTPOCHBI 110 IBYM TOYKaM, COOTBETCTBYIOIIUM HOMHUHAJIILHOMY M IIOTPaHUYHOMY
WM TyCKOBOMY pexumaM padoTel. HoMHHATIBHOMY pekuMy paOOThl OTBEYAIOT
TOYKHU C KOOpAUHATaAMU:
N=nN,,, OpH | =1,,,, LI JIEKTPOMEXAHUUYECKON XapAKTEPUCTHUKU;

n=n,,, Ipu M =M,,,, A1 MEXaHUIECKON XapaKTEPUCTUKH;

BTopbie TOUKM XapaKTEpUCTUK MOTYT OBITh OMpPEAENICHbI IJisi MOTPAaHUYHOIO
WU ITYCKOBOTO PEKHUMOB B €CTECTBECHHBIX YCIIOBHUSIX.
[TorpaHMYHOMY PEXHMMY COOTBETCTBYET | =0 (M =0), MO3TOMY MOrpaHHYHAs

4acTOTa BpAIllCHUs JBUTATENsl N, Kak UL 3JEKTPOMEXAaHUYECKOW, TaK W A
MEXaHUYECKON XapaKTePUCTUK OyIeT:
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3HayeHue «-d,,, IS TOCIECIHETr0 BBIPAKEHUS MOXKHO ONPENCIUTh U3

bopMyIIbIL:
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IHOM
XapakTEepUCTUKU CIEAYeT CTPOUTh AJI OJHOIO HAIlpaBJICHUs BpALICHUS B
JMana3oHe OT UCAIBHOTO XOJIOCTOIO X0/a 10 peXKUMa CTOSTHKU 10]T TOKOM.
OOt BT MEXaHUYECKUX XAPAKTEPUCTUK BEHTUIIBHOTO JIBUTATENs
IIPEACTaBIICH Ha puc. 1.
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Puc.1. Mexannueckas xapakrepuctrka B/l
I11. OFBEKTBI UCCJIEJOBAHUA U OBOPYAOBAHUE
JIaGopaTopHBIil CTeH ] BKIIOYAET B CEOsI CIEAYIOUINE SJIEMEHTHI:

baok «IIUTAHUE CTEH/1A»

OH coliepKUT B CBOEM COCTaBE JIBYXIIOJIFOCHBIN aBTOMAT AU depeHIInaIbHOM
3amuthl  AJl-12  (koMOMHHMpOBaHHas cXeéMa C DOJEKTPOHHBIM  MOJYJIEeM
nuddepeHnnanbHON 3alUThl U BCTPOSHHBIM BhIKITIOuaTesnem cepun  BA47-29) ¢
HOMHUHaJIBbHBIM TOKOM 10 A ¥ HOMUHAJIBHBIM OTKIIOYAIOLIUM U} PepeHInaIbHbIM
TokoM 10 MA, mnpexncraBigOmMi co00il  OBICTPONECHUCTBYIOIMNA  3AIIUTHBINA
BBIKJIIOUATEIb, pearupyromuil Ha auddepeHunanbHblii TOK, CO BCTPOCHHOMU
3aIIUTON OT CBEPXTOKOB.
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MAUTAHUE CTEHAA
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Puc. 2. O6uuit Bua nanenu yrnpanienus onoka « [ IMTAHUE CTEH/IA»

A/l-12 obecnieunBaeT TpU BUAA 3aLIUTHI — 3aAIIUTY YEIOBEKA OT MOPAKEHUS
AIIEKTPUYECKUM TOKOM TpH CIydalHOM HEMpeIHAMEPEeHHOM NPUKOCHOBEHHH K
TOKOBEAYIIMM YacTM DJJIEKTPOYCTAHOBOK IPU  TOBPEXKICHUAX  H3OJALMM;
IPEeIOTBPALICHUE T0KAPOB BCIEJICTBUE MPOTEKAHUS TOKOB YTEUKH Ha 3EMIIIO;
3alUTy OT Teperpy3ku M KOPOTKOIO 3aMblKaHMs. AImapar COXpaHseT
paboTOCOCOOHOCTh MpU MOHMKEHHOM Hamnpspkenun cetu (1o 50 B) um obnmagaet
BBICOKOM MEXaHMYECKOM H3HOCOCTOMKOCThIO. B ammapare mnpemycMmoTpeHa
UHAMKAIMs cpabaTbiBaHUs OT AUPPEpEeHInaIbHOIO TOKA.

Baok «QJIEKTPOIIPUBO 1»

SAEKTPOMPUBOA
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Puc. 3. O6uuit Bua manenu ynpanienus oyoka «I[ IMTAHUE CTEH/IA»



brmox comepxuT MHeMocxeMy OOOpyAOBaHUS, KOHTPOJBHBIE THE3MA,
AJIEMEHTBl YIPABIEHUS M PEryJIUpPOBKH, TOYKM BKIIOUEHHUS] HU3MEPUTEIbHBIX
IpuOOPOB.

Ha cxeme npuHATHI cienytonme 0003HauYeHUS:

Al — Mopyns ympaBieHus (CUJIOBOM KOHTPOJUJIEp MPUBOAA MOTOpa-
Koseca);M —MOoTop-KoJeco;

PA1 — ammepmeTp NMOCTOSHHOTO TOKa, WHIULUPYIOMIHMK TOK MOTpPEOJICHHUS
CHUCTEMBI NPUBOJIA;

PV1 — BonbTMETp MOCTOSTHHOTO TOKA, MHAUIMPYIOMINIA paboyee HanpsyKEHUE
MUTaHUs CUJIOBOTO KOHTPOJUIEpA MPUBOJA MOTOpa-KOJIeca;

PV2 — BOIbTMETp MOCTOSTHHOTO TOKA, MHIUIIUPYIOMINA HANIPSDKCHHUE 3aIaHus
KOHTpPOJIJIEPA MPUBOJA MOTOpa-KoJieca

SAl — knomka ¢ ¢ukcanuenr «I[IYCK/CTOIl», cayxamas st yopaBieHUs
IyCKOM/OCTaHOBOM MOTOpa-KoJeca;

Rur — mynT 0,03 Owm, cinykamuii 17st ocuusuiorpadupoBaHus;

RH1-matynk Xomna ¢ TOABMJKHBIM  MAarHUTOM, OO€CII€UMBAIOIIUN
PEryJIMpOBKY Yuciaa 000pOTOB MOTOPA-KOJIECa;

H1, H2, H3 — BcTpoeHHBIE B MOTOP-KOJIECO NAaTUYUKU XOJIJIa MOTOpP-KOJ€eca,
o0ecreunBaoIIre 0OPaTHYIO CBSI3b M0 TOJIOXKEHHUIO POTOPA.

U, V, W - 00OMOTKH AJIIEKTPOIBUTATEIIS MOTOpa-KoJieca,
CKOH(UTYpUPOBAHHBIE 110 CXEME «3BE3]1a».

BxroueHne/BhIKITIOUEHHUE JIBUTATEs MOTOpa-Kojeca OCYHIECTBISIETCS IPHU
nomoi KHonku SA1 «I[TYCK/CTOIDy. [1naBHast peryaupoBKa 4acTOThl 000pPOTOB
OCYILECTBIISIETCA MpU NoMouu pydyku naatunka Xosmia RHI1 ¢ Bpamarommmcs
MarHuTOM

«OBOPOTDBI». [lepen BKJIFOUEHUEM JIBUTATENs MOTOpa-KoJieca
Ha)XaTHEM KHOIKHU

«ITYCK/CTOIID» pexomeHayeTcs BBIBECTH PYyUKy JaTyuka Xojula B KpailHee
MPOTUB yacoBoiicTpenkumnonoxenue. I IpuperyinpoBkeuacToTbio00pOTOBMOTOPA-
KoJieca HEOOXOAMMO MOMHHUTb, YTO B CHUJIy OCOOCHHOCTEU BXOJIHBIX AJEKTPUUECKHUX
napaMeTpoB  CHJIOBOIO  KOHTpoJIepa  NPUBOAA,  HANpsOKEHHE  3aJaHus,
perucTpupyemoe BoJIbTMETpoM PV2, mpu KOTOpOM HAUYMHAETCS BpalleHUE MOTOpa-
KoJeca, coctaBiiget nopsaka 1,41 B. JlaHHbIN pexXuM SIBIISIETCS] IITATHBIM.



Baok «QJIEKTPOMATHUTHBIN TOPMO3»

G N
SAEKTPOMATHUTHBIN TOPMO3

TOPMOXEHUE

o

BKA/OTKA

©)

Puc. 4. OGuuit BU naHenu yrpaBiieHus 0J0Ka «JIEKTPOMATHUTHBIN
TOPMO3»

brmox mnpemHasHadeH IS ymOpaBieHHs PaOOTOW CHUCTEMBI TOPOIIKOBOTO
TopMo3a. BriroueHne/BBHIKIIOYEHHE MOPOIIKOBOTO TOPMO3a OCYIIECTBISIETCS TpU
nomomu kHomku «BKJL/OTKJI». IlnaBHast peryiupoBka TOKa KaTyIIKU
3JIEKTPOMAarHUTHOIO TOPMO3a OCYIIECTBILIETCS IPU IIOMOLIMA ITOTEHIIMOMETpA
«TOPMOXEHUME». Ilepen  BKJIIOYEHHWEM  3JIEKTPOMATHUTHOTO  TOPMO3a
PEKOMEHJIYETCSI BBIBECTH IOTCHUMOMETPOB KpaWHEE NPOTUB YaCOBOU CTPEJIKU
MIOJIOKEHHUE.

BJjok indpoBbIX H3MepUTEJILHLIX IPUOOPOB
 r—————— ] r——
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Puc. 5. O6mwuit Bun nanenu yrpanienus 6yoka « [ IAOPOBbBIE
N3MEPUTEJIBHBIE ITPUBOPbBI»



bnok copepxxut 1udpoBbie H3MEpUTENbHBIE TPUOOPHI, 00ECTICYNBAIOIINE
U3MEpPEHNE U MHAULMPOBAHUE CIEAYIOLUIMX NapaMEeTPOB YCTAHOBKHU:
PA1 — amnepMeTp MOCTOSIHHOTO TOKa, MHANLMPYIOIUN TOK OTPeOIeHUs
CUCTEMBI IPUBOJA, A;
PV1 — BoapTMETp NOCTOSIHHOTO TOKA, UHIULUPYIOIINHA pabouee HapsKeHNe
INUTaHMsI CUJIOBOIO KOHTPOJIEpA MIPUBOJIa MOTOpa-KoJjeca,B;
PV2 — BoabTMETp NOCTOSTHHOTO TOKA, MHAULUPYIOLINI HaNIPsHKEHNUE 3aJaHUs
KOHTpOJIIEpa MPUBOJIa MOTOpa-Koeca, B;
-9UCII0 00OPOTOB IIEKTPOABUTATEIISA, 00/ MUH(TaXOMETD);
-KpyTAmuid MoMeHT, HJM (M3MepuTesb MOMEHTA);
[TorpentHocTh U3MEPEHUS TOKOB M HANPSKEHUN cocTaBisieT 2,5%.

BJjok aByxXkaHAJAbHOT0 MU PoBOro ocusiorpada

et AKWMN-4115/5A 150 My
UMGPOBOR SANOMMHAIOUIAN OCLUNNONPA®

Puc. 6. O0uwmii Bug na"enu ynpasieHus 0J0Ka ABYXKaHAIBHOTO HU(PPOBOTO
octmiorpaga

Ocummiorpad  3anomuHaromuii  uudposBoit  cepun  AKUII-4115/1A
npeIHa3HayeH ISl UCCIIEIOBAHMS ¥ U3MEPEHUS MapaMeTPOB OJTHOKPATHBIX CUTHAJIOB
U TEepUOAMYECKHX CUTHaoB B mojoce dyactoT 0...25 MI'u. Ocuuwinorpad
obOecrieunBaeT MUQPPOBOE 3allOMUHAHHWE, NHU(PPOBOEC HUMEPEHHE B JIMAINa30HE
ammuTyn ot 2 MB no 600B(c nenuTeneM) U BpeMEHHBIX MHTEPBAJIOB OT 2,5HC /10
50c, aBTOMAaTHMYECKYI0 YCTAHOBKY pa3MEpOB HU300pakKeHUs, aBTOMATHUECKOE
M3MEpEeHNe aMIUIMTYAHO- BPEMEHHBIX MapaMeTpOB BXOJHOTO CHUTHAaja C BBIXOJOM
pe3ynbraTa u3MepeHuss Ha dkpaH. Ocumwuiorpag oOecneuuBaeT BO3MOXKHOCTb
MOJIKJIFOYEHHSI K BHEITHEMY MEPCOHANbHOMY KoMIibtoTepy uepe3 USB mnm RS-232.
Ero Texnudeckune xapakTepUCTHKH TPECTaBICHbI B Ta0mmiie 1.

TabOmura 1.

KaHaa BEPTMKAABHOIO OTKAOHEHMA

YY1CAO KOHOAOB

MoAOCQ MPONyCKAHMS (- 0...25 MI',
3Ab)
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KoadbdomumeHt
OTKAOHEHMS (KOTKA.)

2 MB/aen...10B/aeA

MorpeLIHoCTb +3%
YCTAHOBKMKOTKA.

Bpems HapaCTaHUg (He 14HC

oonee)

BXOAHOM MMNEAQHC 1 MOM/13 NP

MaKcC. BXOAHOE
HAMNPMKEHWE

400 B nuk-numk (x10); kaTl

CBs3b MO BXOAY

OTKpPbITbIM, 3AKPbITHIM, 3EMAS

KoadhoUMUMEHT AEAEHUS

1x, 10x, 100x,1000x

KAQHAA TOPU3OHTAOABHOTO OTKAOHEHMSA

KoadbdoumuMeEHT pa3BepTKu
(Kpass.)

25 Hc — 50c/aen

MNorpellHOoCTb
YCTOHOBKMKO3B.

0.01%

PeXXmmbl pabOoThbl

OcHoBHOM, okHO, ZOOM okHa, camonumcel,(100
MHC...50 c/aen). X-Y

CUHXPOHM3AUMS

NCTOYHUKM KaHaAbl 1, 2,BHELLIHMM
PeXxmmbl 3anycka ABTOKOAEOATEAbHbIM, XAYLLUMM, OAHOKPOTHbIM
PO3BEPTKM

BrAbl CUHXPOHU3ALUM

PPOHT/CPE3, AAMTEABHOCTH, TB, Bpems
HAPACTAHMI/CNAAQ, NONeEPEMEHHO(ALT)

AHOAOTO-LUMADPOBOE MPE0bPA30BAHMUE

PaspelueHume no 86uTt

Makc. yacrtota 500 Mr'L,
ANCKPETU3IALIMM

SKBMBAAEHTHAS YOCTOTA 10w,
ANCKPETU3IALMM

NHTEPMOAILMS AmHenHas, Sin X /X

Ob6bem MAMIATU HA KOHOA

ObICTPOA NaMaATb: 16 Kb (32 Kb npu 0ObeAMHEHMM
KOHOAOB) AAMHHAS MAMSTb: HET

Pexxrmbl cOOPa AQHHBIX

CTaHAQPTHOS BLIOOPKA, ycpeaHeHnue (4 /... 256),
NuKoBbIM aeTekTop 10 HC, HakonAeHme (1 ¢, 2 ¢, 5¢,
OECKOHEYH., BbIKA.), camonmcel, (o1 100Mmc/Aen)

KypCopHble M3MmepeHMs

Pe>xmmbl

PYYHOM, OBTO U3MEPEHUA, CAEXKEHME (TPIK)

BuAbl U3MEPEHUI

AU; AT;1/AT

ABTOMATHYECKME N3IMepeHnad

Mo BEPTUKAAM

MUK-MUK,  OMIAMTYAQ,  MOKCUM.,  MMHUM.,
UBLICOKMM) YPOBEHb, (HM3KMM) YPOBEHb, CPEAHEE,
C.K.3., BLIBPOCHI HO BEPLLMHE M B NMAy3e

[0 ropU3OHTAAM

YacToTa; NEPUOA; BRPEMS HOPACTAHMS U CMAAQ;
+/- LLUPUHA MMNYABCQ, +/- CKBAXKHOCTb, doa3a

N3mepeHne 30AEPXKKM

8 BnAOB (dpasa u Bpemq): FRR, FRF, FFR, FFF, LRR,LRF,
LFR,LFF
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AOMNOAHUTEAbHbIE BO3MOXXHOCTU
NHTEpdOEnC Ha nepeaHen nanean: USB AAS COXpOHEHMS
AQHHBIX HA 30AaHeM naHeAm: USB m  RS-232aAA4
AMNCTAHLMOHHOIO YNPABAEHMS
MaTtemaTtmka CAOXEHUE, BbIMUTAHME, YMHOXEHME, AEAEHMUE,
Bri® (Ha vy4actke 1 KO), umdpoBble COUALTPSI
(PBH,PHY, NOAOCOBOM, PEXEKTOPHbIN)

AOKYMEHTMPOBAH CoxpaHeHnune 20 ocuMAAorpamm, 20npodbmaen
e PEe3yAbTATOB HOCTPOEK, 2 LLUOBAOHOB AOMYCK.KOHTPOAS.
Permctpaumd B namate A0 2500 kaaApoB C
PENYAMPYEMOM CKOPOCTbIO 3anmMcum %
BOCMPOM3BEAEHMS
O0LMEe AQHHbIE

XK-amcnaen TFT usetHoun (LCD, 480%234 to4eK), aAmaroHaab17,8
cMm (8x18aen);

HanpsXeHmne nMTtaHms 100...240 B (£ 10 %), 50I'L,

Moayiab MOTOp-KoJ1€ca

YCTpONCTBO COACPKUT B CBOEM COCTaBE, CMOHTHMPOBAaHHBIE HA €IUHOMN
CTaHMHE, MOTOP-KOJIECO, MOPOILKOBBII TOPMO3 M ONTHYECKHI INpeoOpa3oBaTeib
YTIIOBOI'O MEPEMELICHUS, BaJIbl KOTOPBIX COCIMHEHBI MEXAHUYECKH.

B kayecTBe MOTOpa-Kojeca NPUMEHEH BEHTWIBHBIA JBUTATEINb IIOCTOSHHOIO
TOKa HOMHUHaJIbHOW MoImHOCThI0O 250 BT u pabouum HanpspbkeHuem 36 B
ITIOCTOSTHHOT'O TOKA.

B kayecTBe TOPMO3SIIETO YCTPOMCTBA MCIOJIB30BAH IMOPOLIKOBBIM TOPMO3
tuna BR-35 ¢ HomuHaneHbIM HanpskenueM 24 B u tokom 0,9A.

B kadectBe mpeoOpazoBaTensl YIVIOBBIX MEPEMEIIEHUN HCIOJIb30BaH
ONTHYECKUI HSHKOAEpP KOMIaHMU Autonics. TexHuyeckue XapakTEpUCTUKU
IpeCTaBJICHbI B Ta0HIIE 2.

Tabmuma 2.
ABUraTeAb MOTOpP-KOAECAa

HOMMHAABHOS MOAE3HAA MOLLLHOCTb, BT 250
HommHaAbHOE paboyee HanpsxeHue, B 36
HOMMHOABHbIM TOK, A 6,9
H11CAO MOAIOCOB 16
Yucao doas 3
HOMMHAABHAS YOCTOTA BPALLLEHMA, MMH- 1 200 -270
KMA.% boaee80

ABUTATEAbHbIM /[

Pexxum paboTbl .
reHepPaTOPHbIN

HaAn4Yme AQTYMKOB XOAAQ/KOAMYECTBO Aa/3
MopoLwkoBbi TOPMO3BR-35

HOMMHAABHOS PACCEMBAEMAN MEXAHNYECKAS MOLLLHOCTb, BT 250-280

HOMMHAABHbBIM TOPMO3ALLLUM MOMEHT HM 35
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HOMWMHAABHOE HAMNPSKEHUE KATYLLIKMA, B 24

HOMMHAABHbBIN TOK KOTYLLIKM, A 0,9

[lepen Hauamom paboOT HEOOXOAMMO MOJIKIIIOUUTH MOJIYJIb MOTOpa-Kojeca K
MOHOOJIOKY MOCpeACTBOM paszbeMoB X1-X4. Jlanee cieayet nocpecTBOM CETEBOTO
IIHypa C BUJIKOW MOJKIIOYUTH MOHOOJOK kK cetu 220 B/50 I'm. Ilocne atoro,
yOeIMBIINCH,YTO KHOIKM YCTAHOBKM HAaXOASATCS B HE HAXXaTOM IIOJIO)KCHHUH, a
PYUYKH MOTEHIIMOMETpPA M JaTurka XOJula HaXOJATCA B KpalHMX MPOTUB YaCOBOM
CTpEJIKe TIOJIOKEHUSIX, BKIIOUUTh aBTOMaTH4eckui  Boikimodarenb QFI.
[IpeaBaputenbHO yOSAMBIINCH B HCIHPABHOCTH YCTAaHOBKU (MO TMOKa3aHUAM
MpUOOPORB), MOKHO 3aIMyCTUTh JABUTATENIh MOTOpPA-KOJIeCa, MJIs Yer0o HEOOXOIUMO
HakaTh Ha KHOMIKY SA1 1m0 ee (hukcaruu, mocie 4ero mpu MOMOIY PYYKH JaTdruKa
Xonna RH1 BwiOparh HampsikeHue 3angaHus cBeime 1,41B, ycTaHOBHB Takum
00pa3oM 4acToTy 00OpOTOB MOTOpa-kosieca. OCTaHOB ABUTATENsl MOTOpa-Kojeca
MIPOU3BOJIUTCS B OOPATHOM MOPSJIKE.

B mpormecce paboTbl € YCTaHOBKOW HEOOXOAMMO CJIEAWTh 32 TOKOM
NOTpPeOJICHHS] CUJIOBBIM KOHTPOJIJIEPOM MPUBOJIa MOTOpa-Kosieca. JloaroBpeMeHHbIH
ToK (30 MUH)HE JODKEH NPEBBINIATh 3HAYCHUS 8§ A, 3HaAUYCHHUE KPATKOBPEMEHHOTO
Toka (2 MUH.)AOKHO OBbITh He Oosiee 11A. IlpeBbllicHHME MaHHBIX 3HAYCHUU
YepeBaTo IMOJOMKAMH JIBUTaTelii MOTOpPA-KOJIECA U BBIXOAOM U3 CTPOSI CHUIIOBOTO
KOHTpOJIJIepa MPUBO/IA.

PaGota ¢ D3JEKTPOMArHUTHBIM TOPMO30M:  BKJIIOUEHHE/BBIKIIOUCHHE
MOPOIIKOBOTO TOPMO3a OCYIIECTBIISIETCS MPU TMOMOIIM KHOMKH ¢ QuKcanuen
«BKJL./OTKIJI». I1naBHas peryirpoBKa TOKa KaTyIIKH 3JIEKTPOMAarHUTHOTO TOPMO3a
ocymiectBisieTcss pu oMoy noteHuuomerpa « TOPMOXEHUEy. YBennuenue
TOKA BBI3bIBAET YBEJIWUYECHUE TOPMO3SIIETO MOMEHTA U HA000POT.

VI.3AJAHUE HA PABOTY

1. CHATP MEXaHWYECKHE M PETyJMPOBOYHBIE XAPAKTEPUCTUKH I BCEX
MpeIOKEHHBIX cucteM MY -J1 miid 1ByxX 4aCTOT KOMMYTallMM TPAH3UCTOPOB.

2. MHccrmenoBarh BIHASIHUE CXEMBl YCWIMTENS MOIIHOCTA M YacCTOTHI
KOMMYTAalluy TPAH3UCTOPOB HA MEXAHWYECKUE U PETYIMPOBOYHBIE XaPAKTEPUCTUKHU
cucteM NY-]I.

Vil. HOPAAOK BBIITOJIHEHUSA PABOTHBI

[lepen BbImoNHEHWEM pabOTHI ClEAyeT THIATENIbHO O3HAKOMHUTBCS C
KOHCTPYKLHMEH CTEeHa, PacIoIOKEHUEM OpPraHOB yIpaBieHUs MPHUOOPOB s CTEH A,
3aroTOBUTH BCE HEOOXOAMMBIE TAOIHIIBI.

1. ITocTpoenne peryupoBoYHbIX XapakTepucTuk Qg = F(Uypp):

1.1. Bxuouuts «llyck/crony, «O060pOTH.

1.2. MemienHo moBopauuBaTh NOTEHIMOMETp «OOOpPOTH MO IMycKa
nBuratens (npubnusutensHo 1,5 B)
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1.3. MemjieHHO yBENMYMBAaTh HANPSDKEHHE YIPaBICHUS MPUBOAOM «PV2y»
IIpM HEHArpy»XE€HHOM jaBurarene uepe3 kaxable 0,25-0,3 B. [lanHble 3aHecTH B
Tabauiy 3.

Ta6ymma 3
No /it Hanpsixenue Nsmepurenb Amnepmerp CxkopocTthb
YIPABJICHUS MOMEHTA Harpy3Ku | MOCTOSIHHOTO TOKa BpalieHus
npuBogoM Uypp «TOPMOJKXEHUE» PA1, A nBuratens Qg
«PV2», B , Hm. «TaxomeTpy,
00/MuH
1 15 ~0
2 1,75 ~0
3 2,0 ~0
~0
3,5 ~0

1.4. IlpoBecTr M3MeEpEHUs PETYIMPOBOYHBIX XaPAKTEPUCTUK IPH 33JaHHOM
MOMEHTE

1.5. BKIJIIOUNTH 3IEKTPOMATHUTHBIA TOPMO3 (IPEABAPUTENBHO IOBEPHYB
noTeHIoMeTp «TopMokeHHe» B KpailHEe MOJI0KEHUE TPOTUB YACOBOM CTPEIIKH)

1.6. YcraHOBUTH MOMEHT Harpy3Ku NpUOJU3UTENBHO paBHbIM 2 HM u He
MEHSATB 3TO 3HaYEHUE B IIPOLIECCE U3MEPEHUM.

1.7. 1IpoBecT CHATHE PETYIMPOBOYHBIX XAPAKTEPUCTUK JBHUraTelil B
COOTBETCTBHHM C ITYHKTOM |, a TaHHbIE 3aHECTH B TaOIHILy aHAJIOTUYHYIO Ta0m. Nel.

1.8. IMocTpouthk rpauku peryaupoOBOYHBIX XapaKTEPUCTUK AJIsl IEPBOTO U
BTOpOTO m3MepeHuit Ha ogHoM rpaduke (g = F(Uymp).

2. CHsITHE MEXaHUYECKHUX XapPaKTEePUCTHK:

2.1. MemieHHo moBopauyMBaTh MOTEHIMOMETp «OOOpOTH» 70 MycKa
neuratenst (mpubnusurensHo 1,5 B) M ycTaHOBUTH HampsDKEHHE  YIPaBICHUS
npubaM3uTeNnsHO 2 B,

2.2. MeniienHo, IIOBOPAYNBAs ITOTEHIMOMETP «TopmoxeHuey,
MOCJIeA0BaTEIbHO YCTAaHABIMBATh Harpy3ky mnpuonusurenbHo 0,...,16.0 JlanHbie
3aHECTH B Ta0OnuIy 4.

Tab6numa 4
Ne i/m Hanpsoxenue Nsmepurens Amnepmerp CxopocTb
yIpaBiIeHUS MOMEHTa Harpy3Ku | MOCTOSIHHOTO TOKa BpaIeHus
npuBoioM Uyrpp «TOPMOJKXEHUE» PA1, A nsurarens Qg
«PV2», B , Hm. «TaxomeTpy,
00/MUH

2 ~2
3 ~4
4 ~6
5 ~8
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2.3. Iloctpouth Trpayku MEXaHUYECKUX XapaKTEPUCTUK ISl MEPBOrO H
BTOporo usMepeHuii Ha omHoM Tpapuke (Qpp = F(Mjyp), npm HanpsokeHHH
ynpasieHus <2 u ~3.5B

VIIIl. Yka3zanusi no ogpopmMiieHnIo 0TYETA
OT4€T TOJKEH colepkKaTh:
- TEOPETHYECKHUE CBEACHUS :
- pe3yJIbTaT U3MEPEHUI B BUE TaOJHI] U TpaPUKOB, a TaKkKe HEOOXOIUMbIC
pacy€THbIe (POPMYJIBI.

I X. KoHTpO/IbHBIE BONIPOCHI
1. Ha3oBuTe OTAMYHUTENBHBIE OCOOEHHOCTH BEHTHJIBHOTO JIBUTATEIIS.
2. Kak oOpa3yercsi MarHUTHBIM MOTOK B BEHTUJILHOM JABUTaTese?
3. UTo mpoUCXOAMT NPU COBMECTHOM JEHCTBUU IMOTOKOB BO3OYXKIACHHS U
IIOTOKOB OT TOKOB CTaTOpa C CHJIOBBIMM JIMHUSIMH MAarHUTHOT'O IOJISI B BO3AYILIHOM
3azope?

bubanorpadguyeckuii CNUCOK.
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JlabopaTtopHasi paGoTa Ne6

N3yyeHue uMmyabCHOTO croco0a ynpapjieHus IBUraTeJ1eM NOCTOSIHHOTO TOKA €
He3aBHUCHMbIM BO30Y KIeHHeM

1. HEJb 1 3AJJAYU UCCJIEJOBAHMS

O3HaKkOMJICHHE C NMPUHIMIAMU, TOJIOKEHHBIMA B OCHOBY MMITYJILCHOTO CIIOCO0a
pEeryJIMpOBaHMS YACTOTHI BpAIICHUs IBUTATENICH MOCTOSTHHOTO TOKA, U UCCIIEIOBAHNE
XapaKTEPUCTUK CUCTEMBI "UMITYJIbCHBIA YCUIIUTEIb - ABUTATEIb MOCTOSSHHOTO TOKA C
He3aBUCUMBIM B030yxkaeHueM (MY-/[)" B 3aBUCMMOCTHM OT 4YacTOThl KOMMYTallUH
KJTFOUEH CUCTEMBbI BBIXOJHOTO KacKaja yCUIIUTENS 3JIEKTPUYECKOU MOIITHOCTH.

2. TEOPETUYECKUE TOJIOKEHU A

CymHOCTh MMIYJBCHOIO CHOCO0a COCTOMT B TOM, YTO W3MEHEHUE YacCTOTHI
BpAllCHUS SKOps JABUIATeNlsl JOCTUrAeTCs HE 3a CYET M3MEHEHHMs HaIpsSKEHUS
VIOPABJICHUS, HENPEPHIBHO IMOABOJMMOIO K JBHUTaTeNl0, a IIyTEM HM3MEHEHUs
BPEMEHU, B TEYEHUE KOTOPOTO K JBUTATENIO IOABOAUTCS HOMUHAJIBHOE HAPSKEHHUE.
B pesyabrare sToro pabora ABUTATens COCTOMT W3 YEPEAYIOUIMXCA MEPUOJIOB
pasroHa u TopMokeHusl. Pazmax kojeOaHHil yrioBOl CKOPOCTH 3aBUCUT OT YaCTOTHI
CIICIOBaHMsI HUMITYJIbCOB: 4YE€M BBIIIE YacTOTAa IMEPEKIIOYEHUS, TEM MEHbIIE
KojneOanusi ckopoctd. IlycTh Ha SKOph JABHUrarenss IMOJAETCd  CKA4YKOM
[IOCJIEOBATENBHOCTh OJHONOJIIPHBIX HMMITYJIbCOB HamnpsbkeHus. KpuByro yriioBoi
CKOpPOCTM B (YHKIMH BpEMEHH JIETKO [OCTPOUTh, €CIIM paccMaTpuBaTh
MOCJIEIOBATEIbHOCTh MMITYJIbCOB KaK OJMHOYHBIE HUMITYJIbChl  HANpPSKEHUS,
[PUKJIAJBIBAEMBIE YEpPE3 ONPENEICHHBIE ITPOMEXKYTKH BpEMEHHU. PesynbTupyromas
KpuBas ABJISETCA JIOMAHOM JIMHUEW, COCTOSIIEH W3 KYCKOB DKCIIOHEHT,
MOKA3bIBAIOIINX MOBEACHUE JBUTATENS HA KaXA0M ydacTke (puc. 1,a,0).

lﬂ- Qs 1 TweT Us. Quas Tu»T

ol QII=T'

& u

l o T i
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l 11/ \ 11| ’ 1A »_—QAI.
KT |
. u)
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a) 6)
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.
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Puc. 1. T'paduku n3MeHeHHs! YIIIOBOM CKOPOCTHU JABUTATEIIS:
a-IIp¥ HU3KOYACTOTHOM UMITYJIbCHOM YIIPaBJICHUY;
0 -1IpH1 BBICOKOYACTOTHOM UMITYJIbCHOM YIIPaBJICHUU
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W3 puc. l,a BUAHO, 4YTO, €CJIM Ha JBUraTelib IMOJaHA IOCJICA0BATEIBHOCTD
HU3KOYACTOTHBIX MMITYJIbCOB, TO KpHBas pa3roHa JBUTATENs OYICT CYIIECTBEHHO
OTJMYATHCS OT PKCIOHEHTHI, XapaKTEPU3YIOIIEH Pa3roH ABUraTelsl PH MPHIOKECHHH K
HEMY CKauKOM HAampsDKCHHUs MOCTOSHHOI'O TOKA, BEJIMYWHA KOoToporo paBHa YU, (Y -
CKBaXHOCTB, ¥ = t,/T).

B ciyuae ke, Korja Ha JBUTaTelb MMOJAaHa MOCICI0BATEAbHOCTh BBICOKOYACTOTHBIX
UMITYJIbCOB, TO KpHBas pa3roHa MPAKTUYCCKH HE OTIUYACTCS OT pasroHa IpH
NPUI0KEHHUHU K SIKOPIO HAPSKEHUS TOCTOSIHHOTO TOKA.

HccnenoBanre HDHEPreTHUECKUX XAPAKTEPUCTHK IOKa3bIBa€T, 4YTO 4YacToTa
KOMMYTAIIMH JOJDKHA BBIOMPAThCS TAKOM, 4TOOBI OBLIM Majbl KOJICOAHHS HE TOJBKO
YIJIOBOM CKOPOCTH, HO W TOKa fAKOps. [103TOMy MOXKHO CUMTaTh, YTO IMOBEICHHUEC
JIBUTATEII B JMHAMUKE TIPU UMITYJIbCHOM YIPAaBJICHUH MPAKTHYSCKU OyJIET TaKoe XKe,
KaK M IpH HEIpepbiBHOM ympasienuu. IlepemaTounas (QyHKIUS MPUBOAA IPU 3TOM
OyJeT UMETh BU/I;

1/¢c,
WHY—ﬂ = > ;
p(TuT,p*+T, p+1)
J 08 Rﬂa
e Tw= oo - 2TIeKTPOMEXaHMHCCKAs MOCTOAHHAA BPSMCHN;
e wm

Ugs1 VT1

Ugss VT3 far

EZHZ‘a

U631
u Ga4

Ugaz2
U633 -
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A, B)

B)
Puc. 2. MocToBas cxema yIpaBJICHUS HAIIPSKEHUEM Ha SIKOPE JBUTaTEIIs pu
CUMMETPUYHOM 3aKOHE KOMMYTAallUU TPAH3UCTOPOB (@), AIIOpbl HanpsKeHuit (0) u

TOKOB (B)

9

L,
T = Rﬂj - OJICKTPOMAruuTHasA IIOCTOAHHAA BPCMCHU,

2
Ce., Cy, - koappunmenTs! npotuBoIC 1 MOMEHTa JBUTATEIIS;
R, , Ly, - aKTUBHOE CONpPOTUBICHUE W HUHAYKTUBHOCTH SIKOPHOHM LIeNH
JBUTATEIS.

B peBepcuBHBIX  clHeAUIMX MPUBOAAX MPUMEHSAIOTCS PA3JIMYHBIE 3aKOHbI
KOMMYyTaluu Kiroder mocta. [Ipy cumMMeTpruyHOM 3aKOHE, KOTAa KIIKOUYM AUaroHajieu
MOCTa KOMMYTHPYIOTCS B MpPOTHBO(A3e, 3MIOpbl TOKOB M HANpPSKEHUH B CHUCTEME
HMMEIOT BU/JI PUC. 2B.

[Ipu oTcyTcTBUU yria paccoriacoBanus B mpuBojie Tpanzuctopsl VT1 , VT4 u

VT2, VT3 xoMMyTUpPYIOTCS B IPOTUBO(DA3E C

v = 0.5 . B pesynbrare HampspkeHUE Ha sSIKOpe UMeeT (GopMy 3HAKOMEPEMEHHBIX
IPSIMOYTOJIBHBIX UMITYJIbCOB, ITpu 3ToM U, = 0.

B 3aBucuMocTH OT 3Haka yrjia paccorjacoBaHHs B MPHUBOAE  CKBaKHOCTb,
UMITyJTECOB YBEITMUMBACTCS WM yMeHbInaeTcs mo cpaBHenuio ¢ Y = 0.5. Ilycts 3Hak
paccoriacoBaHusi TakoB, 4yTo Tpanzuctopsl VT1, VT4  xommytupytores ¢ y >0.5,
TOTJIa B CXEME UMEIOT MECTO CJIEYIOLIUE JIEKTPOMAarHUTHBIE MTPOLIECCHI.

Eciu M, u uMeer A0CcTaTOYHO OOJIBIIYIO BETUYUHY, TO B MEPHOJ] HACBIILIEHHOTO
coctosguus VTI1 , VT4 u 3akpeIThix VT2 VT3 TOK sxops moa AcHCTBUEM
HalpspKeHUsT UCTOYHMKA mnuTaHus U, HapacTaeT MO SKCHOHEHTE C MOCTOSTHHOM
BpeMmeHu T3 3ambikasce no 1enu U, - VT4- 4 - VT1 - U, (aBurarenbHblil pexuMm). B
caenyroumi nony nepuon, koraa VT1 , VT4 3akpeIThl, a
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VT2 u VT3 HachllIeHbl, TOK SIKOPS YMEHBINAETCS, 3aMbIKasich 1o mnenu S - VD3
- U, - VD2 — A (mBurarenbubiii pexum). [lomnepkanume Toka MpeKHEro
(OJIOKUTENLHOTO B MPUHSTON CUCTEME OTCUYETA) HAIPABJICHUS IPOUCXOJIUT 3a CUET
SHEPTUU, 3alaceHHOW B NPENbIAYLIUMH MOy MEPUOJI B MArHUTHOM IIOJI€ SIKOPS.
HecMoTps Ha TO, 9TO 3TO ABUTATENIBHBIA PEKHUMOB 3TOT MOy MEPUOM MPOUCXOTUT
BO3BpAIlIEHUE 3al1aCEHHOM B MAarHUTHOM II0JI€ SKOPS SYHEPTUU UCTOUYHUKY MUTAHUSA,
TaK KakK TOK SKOPS MPOTEKaeT Yepe3 UCTOYHHUK B HANPABJICHHUH, ITPOTUBOIIOIOKHOM
JEUCTBUIO HANPSKEHUS.

[Ipu Manplx W TOJIOKHUTEIBHBIX MOMEHTaX HAarpy3Kd BO BpeMs 3aKPBITOTO
cocrosaus VT, VT4 u otkpsitoro cocrossuss VT2, VT3 Tok sikops ycneBaeT
YMEHBIIIUTHCS 10 HYJIS, 3aMblkasich no nenu - VD3 - U, - VD2 - 4 (nBurarensHbIi
PEXKUM C PEKyNepare SHEPTUA UCTOYHUKY TTUTAHUS). 3aTEM TOK SKOPS U3MEHSIET
3HAK W TOJ JieHCTBUEM HampspbkeHus U, HapacTaeT 1o 9KCHOHEHTE, 3aMBIKasiCh 10
nenu U, - VT3 - A - VT2 - U, (pexxuiM TOpMOKEHHS IPOTHUBO-BKIIFOUCHUEM ).

B cnenyrommit mony nepuon nipu 3anupanuu VT2, VT3 u naceimenuun VTI,
VT4 Tok sKOpsi HEKOTOpPOE BpeMsl MOJIECPKUBACTCA B MPEKHEM (OTPUILIATEIHLHOM)
HaIpaBJICHUH 3a CUET SHEPIruu, 3anaceHHou B L, , mporekas no uenu A - VD4 - U, -
VD1 - 4 (pexynepaTuBHOE TOPMOKEHHUE), a 3aTEM TOK U3MEHSET CBOE HAIpaBIICHUE
U HapactaeT noja nevicrBueMm U, , mpotekas mo nermm U, - VT4 - 4 - VT1 - U,
(IBUTATENBHBIN PEKUM).

[Ipu ManbIX OTpULIATEILHBIX MOMEHTAX HArpy3KH 3JIEKTPOMArHUTHBIE MPOIECCHI
AQHAJIOTUYHBI TIPEABIAYITUM, HO TOIBKO CpEIHEee 3HAUCHNE TOKA OTPUIIATEILHO.

" Ilpm OoJbIIMX 3HAYEHHUAX OTPULIATEILHOIO MOMEHTa YIJIOBas CKOPOCTb
JIBUTATEJSI, a ClIeIOBATENbHO, U MPOTUBOIAC , BO3pAcTaeT HACTOJIBKO, YTO B MOy
nepuoj; HacellmeHHoro coctostHus VT1 , VT4 ToK sAKOpsi HE YycreBaer
YMEHBIIUTHCS 10 HYJS, MPOTEKas Mo JACHCTBUEM 3armaceHHou B Ly, sHepruu mo
nenu S - VD4 - U, - VD1 - 4 (pekynepaTuBHOEe TOpMOKeHHE). B crnienyromuii momy
nepuon (VT2 , VT3 -HackllmieHbl) TOK SIKOpS, MpPOTEKas B OTPULATEIHLHOM
HarpaBJeHuH, HapacTaeT noja aeiictBueM U,. Tok sxops 3ambikaetcs no nenu U, -
VT3 -4-VT2-U, (pexuM TOPMOXKEHUSI MPOTUBO-BKIIIOYEHUEM) U T.1A. B
ATOM CiIy4ae JBUTATENIb Peau3yeT PEXKUM, DKBUBAJCHTHBIA PEKYyNepaTUBHOMY
TOPMOKEHHUIO.

[Tpu paGoTe nBUTaTess B peKUME TOPMOKECHHSI POTHBOBKIIIOUCHUEM

unpu M,,;>0  TOK SIKOps B CXeME IIPOTEKAET M0 TEM Ke IIETIsIM, UTO U B
JIBUTaTeIbHOM pexxume npu M, > 0 . B nonyrnepros HaChIIIIEHHOTO COCTOSTHUS
VTI1 , VT4 nBuratenp paboTaeT B peKUME TOPMOXKCHHS TIPOTUBOBKIIIOYCHHUEM, B
MOJYTEepHO]T HachlieHHOTo cocTosinus VT2 VT3- B pexxume peKynepaTuBHOTO
TOPMOKEHUS.

Takum 00pa3oM, TOK SIKOPsI HEMPEPHIBEH MPU BCEX peKkUMax pabOThI JBUTATEIIS,
CJIEIOBATEIBHO MEXAHUYECKNE U PETYJIMPOBOYHBIE XapaKTEPUCTUKHU cucTeMbl Y -]1
JIMHEWHBI U OMMCHIBAIOTCS YPaBHEHUEM
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[Tpu cuMMETpUYHOM 3aKOHE KOMMYTAILIMH TPAH3UCTOPOB HAIPSKEHHUE Ha SIKOPE
nMeeT (GopMy 3HAKOTIEPEMEHHBIX MPSIMOYTOJIbHBIX UMITYJIBCOB, IO3TOMY MYJIbCAIIUU
TOKa SIKOPSl 3HAYUTEIBHBI U 3TO MPUBOAUT K OOJBIINM JOMOJIHUTEIBHBIM TEIIIOBBIM
MOTEPSIM MOIIIHOCTH B JIBUTATEIIE.

BcnenctBue Toro, 4To BCe YEThIpE TPAH3UCTOPA KOMMYTHPYIOTCS
OJIHOBPEMEHHO, MOTYT CYIIIECTBOBATh CKBO3HBIE TOKUA B 00EMX MOJIOBUHAX CXEMBI
MpH JIF0OOM 3HAKe yria paccoriiacoBaHus B MPUBOJIE.

3. ObBEKTHI UCCIIEJOBAHKA 1 ObOPYIOBAHUE

1) ATH-1335 - UCTOYHHUK TUTAHHUS CHCTEMBI,

2) AWG-4110 (xanan CH1 (CH2)) — reHepaTop CHTHAJIOB CICIHAILHOU
(GOopMBI (MCTOYHHK MOAYJIUPYIOMIETO HANPSHKEHHUS Uyoy);

3) AWG-4110 (kanaa CH2 (CH1)) - renepaTop CUTHAJIOB CICIIMATBHOMN
(dbopMbI (MICTOYHUK BXOAHOTO HANPsHKEHUs Uyy;

4) ADS-2111M - ocumiorpad;

5) DII-4P - cnensmas cucTeMa, CUIOBas 4acTh KOTOPOM padOTaeT Mo CUcTeMe
"MMITYJIbCHBIA YCUJIUTENb C CHMMETPUYHBIM 3aKOHOM KOMMYTAILIMM KJIFOYEH MOCTA -
JIBUTATENb'".

4. BAIAHUE HA PABOTY

I. W3yuuTh TEOPETUYECKUE CBEACHUS, MPEACTABICHHBIE B HACTOAIINX
METOJIMYECKUX YKA3aHUSIX U PEKOMEHIOBAaHHOU JIUTEPATYPE.

2. V3yuuTh npuHIMI paboThl UM (PYHKUHOHAJIbHOE HA3HAUEHHUE DSJIEMEHTOB
CJIEALIETO IPUBOJIA.

4. UccnenoBaTh KaueCTBO NEPEXOAHBIX MPOLECCOB 110 CKOPOCTHU JIBUTaTeNs MpU
HU3KOYAaCTOTHOM M BBICOKOYACTOTHOM UMITYJIbCHOM YIIPAaBJICHUU JABUTATEIIS.

5. W3yuutp pabOTy MOCTOBOIO HWMITYJIBCHOTO YCHUJIUTENsI MOIIHOCTH C
CUMMETPUYHBIM 3aKOHOM KOMMYTAaIlM{ TPAH3UCTOPOB.

6. OKCIIEpUMEHTAJIBHO OINPEAEIATh IMAPAMETPbl MAaTEMaTHYECKOW MOJIEIN
CJIEIAIIEN CUCTEMBI C UMITYJIbCHBIM YCHIIUTEIEM MOIIHOCTH.

5. ITIOPAAOK BBIITOJIHEHNM A PABOTHI

Ilepen BbIMOJNIHEHWEM pabOTHl  ClAEAyeT THIATEIBHO O3HAKOMHTBCA C
2



KOHCTPYKIIMEH CTEHJIa, PacIiojoKEHHUEM OPraHOB YIIPaBJICHUS MIPUOOPOB M CTEH/A,
3arOTOBHUTH BCE HEOOXOIUMBIC TAOJIMIIEI.

1. HccaenoBanme KpUBBIX pa3roHa asurareias cucrembl HUY-J B 3a-
BHCHUMOCTH OT 4YaCTOThl KOMMYTAIIMU KJIIOYeEH:

1) ycranoButh Hanpsokenue reneparopa AWG-4110 (KAHAJI CH1) , natomiero
Hanpspkenue moayJisiiuu 100 MB ¢ wactoroi 1000 I'w;

2) BKJIIOYUTH TUTAHUE TTOTEHIIMOMETPOB OOPaTHOM CBSI3H;

3) BKJIIOUUTH HAMPSHKEHUE MTUTAHUS CUCTEMBI;

4) myTeMm BpallleHUs] TOTEHIIMOMETpa AaT4yuKa OOpaTHOW CBSI3U yOEIUTHCS, UTO
CUCTEMA CIIEIUT HOPMAJIBHO;

5) BBIKJIIOYUTH CHUCTEMY, BBIKJIIOUUTH MUTAHHE MOTEHIIMOMETPOB OOpaTHOM »
CBA3M, YCTAaHOBHUTHh HampspkeHue monyssimuu AWG-4110 (KAHAJI CH1) 3B c
gactoroit 1000 ' m mojate Ha BXoj cucteMbl ¢ reHeparopa AWG-4110 (KAHAJL
CH2) npstMmoyroJibHbIE UMITYJIbCHI C HaNpskeHueMm 2 B;

6) 3apucoBaTh JAMArpaMMy H3MEHEHHS CKOpPOCTH CIEISIIEro Baja C JKpaHa
ocimiorpada mpu MoJjJoKeHU! nepekitouatens ctenaa "ocumuiorpad” O;

7) BBIKIIFOUUTh CUCTEMY U YMEHBIIUTh YaCTOTY HANpsKeHUs Moaysiuun AWG-
4110 (KAHAJI CH2) no 100 I'it u cHOBa 3apucOBaTh KPUBYIO U3MEHEHHUSI CKOPOCTH.

BHUMAHMHE !!! Cucremy BriIrouaiite Ha 0osiee yem Ha 5-7 c.

2. U3yyenne (PyHKIHMOHMPOBAHHMSI MOCTOBOM CXeMbl C CHMMETPHUYHBIM
3aKOHOM KOMMYTAIIUU:

1) ycranoButh ¢ momompbio AWG-4110 (KAHAJI CHI) wmoaymupyroiiee
HanpspkeHue 3 B ¢ wactoroit 1000 ' 1 BEIKIIFOUMTE BXOJHOE HANIPSIKEHNUE;

2) BKJIIOYasl CHCTEMY Ha KOPOTKOE BpEMs, 3apMCOBATh BHJ TOKA B OTICIBHBIX
y4acTKaX CXEMbI, IepeKitodas nepexiatodarens ocuumiorpada: Iy, Iy, I, loy, Ie;

3) auarpamMMBbl pacoJIONKUTh JIPYT MO APYTOM.

3. U3yueHue JTMHAMHMYECKHX XapaKTepucTuK cucremol UY-/1:
1) ycraHOBUTH BENWYMHY HampsbKeHHs Monyisuuu ¢ 4dactotor 1000 I'm u

MO/IaTh Ha BXOJl CUCTEMBI MpsiMoyroyibHoe Hanpspkenrue ¢ AWG-4110 (kanan CH2)
yactoToil 5 'y u HanpsikeHnem 2B;

2) mpokanmuOpoBaTh ociuuiorpad: BKIIOUYUTh METKU BPEMEHHU, YCTAHOBUTH
METKH

10 Mc; U3MeHs IIMTENBHOCTh Pa3BEPTKH, YCTAHOBUTH €€ B TAKOE IOJIOKEHUE,
YTOOBI PACCTOSHUE MEXIYy HayajdaMu MEpBOM M BTOPOM METOK COCTAaBJISIO OIHO
JeJIeHne UIKadbl »JKpaHa ocuwwuiorpada, 3aTeM BBIKIIOYUTh METKH U B
MOCJIETYIOLIEM OTEHIIMOMETP JJIUTEIbHOCTH HE TPOTaTh;

3) BKJIIOUUTH CHUCTEMY M 3apHUCOBATh NEPEXOAHBIA TMPOLECC MO CKOPOCTU
JBUraTels;
4) mpoBens KacaTellbHYIO IO JUarpaMMe CKOPOCTH M3 MOMEHTA MEePEKIII0YeHUS,
ONPENEIIUTH IOCTOSHHYIO BPEMEHU CUCTEMBI TM
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5) mepekiIlouMB TEHEpPaTOp BXOJHOTO CUTHAjda B PEXUM CHHYCOMIAIBLHOTO
CUTHAJA, CHATh OTHOCUTEIIBHYIO aMIUIUTYAHO-YACTOTHYIO XaPAKTEPUCTUKY CUCTEMBI
10 CKOPOCTH, a JaHHbIE BHECTHU B Ta0JIUILY;

6) OCTPOUTH OTHOCUTEIBHYIO JIOTaPU(PMUYECKYIO YACTOTHYIO XapaKTEPUCTUKY
B MmacmTabe 2 MM - 1 ab, 50 mm - | ;mekaga W anmpoKCHMHpPOBATH -e€€
arepuoANYECKUM 3BEHOM; OMNPEAECIUTh MOCTOSHHYI0 BPEMEHH alepuoInYeCKOTO
3BEHA - DJIEKTPOMEXAHNYECKYIO TOCTOSIHHYI0 cuctemy MUY -/1;

7) TOCTPOUTH CTPYKTYPHYIO CXEMY CIESIIEH CUCTEMBI M 3alIMCaTh YUCICHHbBIE
3HauYeHUS KOIPPUIIMEHTOB YCUIICHUS U TOCTOSIHHBIX BPEMEHHU.

g
qra:ma, ¢ = 2m A AilA;|  201g Al A

(£)

0,5 Ay A1l A
1.0 A; Azl A
2.0 Az Azl Ay
5,0 Ay Asl Ay
10 As As/ A
20 As Acl Ay
30 A7 A7l AL
40 Ag Asg/ A1
50 Ag Aq/ Ay
60 Ay Aol A
70 A; Al A
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8) CpaBHUTE MOJYUYEHHBIN Pe3yJbTaT C Pe3yJbTaTOM, MOJYUYCHHBIM B 11.4.

6. YKA3AHUS 110 OPOPMIJIEHUIO OTUETA
OT4eTr MoJDKEH comepkaTh OJOK-CXEMYy H3y4aeMOW CHCTEMBI M PE3yIbTaThl
U3MEPCHW B BHJIE TpaduKOB ¥ JauarpaMm, pacrojlaraeMbIX B TIOPSIKE,
peAIo)KeHHOM B pabore. I'padukm mepexoaHbIX MpoIeccoB Mo ckopoctH (m.l)
MOKHO 3apHCOBaTh Ka4eCTBEHHO.

7. KOHTPOJIBHBIE BOITPOCHI

1. B yeM cOCTOUT CyIIHOCTh UMITYJIBCHOTO CHOCO0a peryJupoBaHUS YaCTOTHI
BpAILICHUS IBUTATEIA?

2. Kakue 3akOHBI KOMMYTAIlMU KJIOUYEH B MOCTOBOM CXEME€ YIpaBJICHUS JIBH-
rateneM Bel 3Haere? HapucyiiTe sSmopbl HanpsOKEHWWA Ha JBUTATENIE NPU ATUX
croco0ax KOMMYTAIIHH.

3. Kakue (yHKIIUY BBITIOTHSIOT TUOJIbI B CUCTEME?

4. Yem OOBSCHSIETCS 30Ha HEYYBCTBUTEJIBHOCTH PA30MKHYTOM CHUCTEMBI U OT
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KAaKUX MapaMeTpOB OHA 3aBUCUT?

BUBJINOTPA®UYECKUN CITMCOK
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JlabopaTtopHasi paGora Ne/

HccienoBanue cTaTHYECKUX XaPaKTePUCTHK cucTeM « UMIyJibCHbII
YCHJIMTEJIb - IBUTATe b MIOCTOSIHHOTO TOKA C He3aBHCHUMBIM B0O30Y:KIeHHEM))

1. HEJIb U 3ATIAYN NCCIIEAOBAHUA
HccnenoBaHue BIMSHHUS CXEMbl YCWIIMTENS MOIIHOCTH, YacTOThl U METOJA
KOMMYTAIlUM TPAH3UCTOPOB, HMX BBIXOJHBIX KAacCKaJOB HA MEXAHUYECKHE U
PEryJIMpPOBOYHBIE XaPAKTEPUCTUKN HEPEBEPCUBHBIX U PEBEPCHUBHBIX JIEKTPUUECKUX
MIPUBOJOB., PaOOTAIOMX IO CUCTEME "HUMIYJbCHBIA YCHIUTEIb - JBUIATEIb,
MOCTOSIHHOTO TOKa ¢ He3aBUCUMBIM Bo30yxaeHueM "(MY-]1).

2. TEOPETUYECKUE ITOJIOXKEHHW A

CtpykTypa BBIXOJAHBIX KACKAJIOB M METOJIBI KOMMYyTallid MMM BO MHOI'OM
ONPENEIAOT XapaKTEPUCTUKHA JBUTATENs, @ C OPYrOM CTOPOHBI, OT IApPAMETPOB
JIBUTATEJIsI, YIJIOBOM CKOPOCTH €ro BpalleHUs M BHJAa HArpy3kd 3aBUCUT paboTa
BBIXOJHOTO Kackaja. [loaToMy HEOOXOIMMO paccMaTpuBaTh -XapaKTEPUCTUKH HE
OTJIETBHBIX DJIEMEHTOB (YCHJIMTENSI W JIBUraress), a CHUCTeMbl '"YCWIHMTENb -
JBUTATENb'.

[IpuHnunuaneHass cxeMa MpOoCTeNlIed HepeBepcuBHOW cucrtemsl MY-J]
npeacraBiieHa Ha puc. 1. Jlmarpamma HanpspKEHMM W TOKOB B OTOM CHCTEME

npejacTaBieHa Ha puc. 1,6. 371ech U B MOCIEIYIOMINUX JUarpaMMax 0003HaueHo: U53 -

HaIIPsKCHUC 68,321-3MI/ITT€p TPaH3HUCTOPOB, U 5 — HAIPSAKCHUC Ha SAKOPC ABUIATCIIA,

i, Tox meurarems; | -Tok komzekTopa coorBercTByromero tpamsucropa; ly - Tok

COOTBETCTBYIOIIEr0 auoaa. JlOCTOMHCTBOM MJaHHOW CHUCTEMBI CIIEIyeT CUHUTaTh
MPEACIIBHO MAaJjio€ KOJMYECTBO DJIEMEHTOB, a CJEIOBATEIbHO M CAMYK) HU3KYIO
CTOMMOCTb.

[Ipu TeopeTrueckoM uccaeq0BaHUM (PYHKIIMOHUPOBAHUSI BCEX CUCTEM Oyaem
CUUTATh, YTO [JHUOABI SABISIFOTCA UACAUIBHBIMU BEHTWISIMU, a TPAH3UCTOPHI
UJI€AJIbHBIMU [EPEKIIFOYATEIISIMHU.

[Ipy mnOsIBICHMM CHUTHAJIA pPACCOTJIACOBAHMS B CIEASUICH CHCTEME Ha
TpaH3ucTop VT oT MoaymsTopa JUIMTEIHFHOCTH UMITYJILCOB Yepe3 MPOMEKYTOUHBIC
KacKaJbl YCWIIEHHWS HAYMHAET IIOCTYIIaTh IIOCJIENOBATEIBHOCTh HMIIYJIbCOB C
OTHOCUTEJIBHON JUIMTENBHOCTRIO Y. TpaH3UCTOp BO BpeMsi HMIyJibca OyneT
OTKPBIBAThHCSI, MOJKIIOYAs AKOPb ABUTATEIIs K UICTOUHUKY nuTaHus. [loa nercteuem
MPWIOKEHHOTO HAIPSHKEHUST MO LEMH SKOPS JOTE€YET TOK, CO3JAIOIIMA MOMEHT,
KOTOPBIN NMPUBEAET BBIXOJHOW Bajl MPUBOJA B JABHWKEHUE. Bo BpeMs may3bl, KOrjaa
TPaH3UCTOP 3amepT, TOK .0yJdeT yMeHblnatbcs. Hapactanue um cmaj Toka, OymayT
MIPOUCXOAUTH IO AKCIOHEHIMAJIbHOMY 3aKOHY. [IOCKOIBKY yacToTa KOMMYTAaluU
BBIOMpAETCS JOCTATOYHO BBICOKOW, TMyJIbCAIlMU YTIJIOBOM CKOPOCTH JIBUTATEJs

6



HEBEJIMKH. B 3aBUCUMOCTH OT JJINTEIBHOCTH UMITYJIbCA, ONIPEACIISIEMON BEITUYNHON
YIPaBJISAIOUIETO CUTHANA, U MOMEHTA Harpy3ku MOTYT OBbITh /1Ba peXHUMa pabOTh
CUCTEMBI.
B omHOM pexnme, KOTOpbI HMMEET MECTO MpH OOJBIIMX MOMEHTax
Harpy3KH, HalpaBJICHHBIX HABCTPEUy JABHKEHUIO TOK SKOPsI BO BpEMs Iay3bl HE
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Puc.I. IpocTeiiion HEpemepCHBHad CHCTEMA
Wl (a), siwpu manpseenzil u Toxos (4)

YCIIEBAET YMEHBIIUTHCS JO HYJIS W HOCUT HENPEPBIBHBIA  XapakTep.
MexaHnnuyeckre XapakTEpUCTUKU B 3TOM PEKUME JIMHEUHBI.

Jpyroil pexXuM COOTBETCTBYET MPEPHIBUCTHIM TOKAM M UMEET MECTO IpHU
MaJIbIX

MOMEHTax HAarpy3KH, KOrJa TOK JBHUIaTess 3a BpPEMs Iay3bl YCIEBAET
YMEHBIIUTHCA 10 HYJs. [[pepbIBUCTBIA TOK TPUBOJUT K MOSBICHUIO HEJTUHEUHBIX
Y4aCTKOB MEXaHUUYECKUX XapPAKTEPUCTHUK.

OOmmit B MEXaHUYECKOW XapaKTEPUCTUKU MPOCTEHIeld HepeBEPCUBHOM
CHUCTEMBI TTIOKa3aH Ha puc.2.

N3 cka3zaHHOrO CIIEIyeT, 4TO TaKasi CUCTEMa UMEET PsiJl HEAOCTATKOB:

- OTCYTCTBHE PEKUMOB IT€HEPATOPHOIO TOPMOKEHUS;

- HaJMYHE€ YYACTKOB C HEJIMHEMHBIMU MEXaHUYECKUMH XAPAKTEPUCTUKAMH,

MMEIOIIUMHU MaIYyH0 )KECTKOCTB;
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- TIOBBIIIICHHBIC JOMOJHUTEbHBIC MOTEPU B JBHUTATE]E Mpu padbore - B
pPEXKHUME TTPEPHIBUCTHIX TOKOB.

s ycTpaHeHHs] yKa3aHHBIX HEIOCTATKOB B CXEMY BBOAWTCS €HIE OJHUH
Tpau3uctop VT2 (puc. 3), BKIIOYEHHBIM TapajuIeIbHO SKOPIO JBUTATEIS U
pabotaromuii B mpotuBodaze ¢ VT1. Jlnsg yMeHbIICHUS HHBEPCHBIX TOKOB B
tpan3uctope VT1 , KoTopeie BO3MOXHBI B JaHHOU CcXeMe, IIyHTUPYETCS JAHOIOM
VDI. B TtakoM BapuaHTe BBIXOJHOTO Kackajga TMIpH OTCYTCTBHH YIJia
paccoryiacoBaHusl TPHUBOJA TPAH3UCTOpP BKIIOYEH W BMecte ¢ awogom VD1
o0pa3yloT KOHTYp, 3aKOpauMBAIONIUN IIeMb SKOpPS W 00ECIeYNBAFOIIHIA-
AIEKTPOJMNHAMUYECKOEC TOPMOXKCHHE TIPH JIFOOOM 3HAKE€ MOMEHTAa W yTJIOBOM
CKOpPOCTH.

Cx

__Mas. p

025
3=0

Puc. 2. Mexannueckue xapakTepucTuku cucremsl MY -J1;
n300pax€HHOM Ha puc. 1

HenmocrtaTkoM  pacCMOTpPEHHON  CXeMbl, OO€CTeUMBAIONICH  JUHEHHbIC
MEXaHMUYECKHUE XapaKTEPUCTUKHU JIBUTATEISI, SBJISIETCS BO3MOXKHOCTH IOSIBICHUS
CKBO3HBIX TOKOB 4Y€pe3 TPAaH3UCTOPbl B MOMEHT HUX MEPEKIIOUCHHUS. IJTU TOKH
CYIIECTBEHHO YBEJIWYMBAIOT IIOTEPU MOIIMHOCTH B TpaH3ucTtopax. Jnsg wux
HCKJTIOYEHUS MPUHUMAIOTCS CIICIMAIbHBIE MEPBI.
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(a), onwps TOKOE ¥ HANpMieHWE » wel (3)
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PesepcuBHas.. MocroBas cxema MY-J[ ¢ CUMMETpHUYHBIM 3aKOHOM
KOMMYTallMd TPaH3HCTOPOB IOKa3aHa Ha puc. 4. B 3Toil cxeme TOK SIKOps
HEMPEPBIBEH MPHU BCEX PEXUMaxX pabOThl IBUTATENS, CIEI0BATEIbHO, MEXaHUUYECKHE
Y PETYJIMPOBOYHBIE XapAKTEPUCTUKH cucTembl Y -] TUHENHBL.

[Ipy CMMMETPHUYHOM 3aKOHE KOMMYTAIMM TPAH3UCTOPOB HAIPSIKEHHE HA
sKope uMeeT (OpMy 3HAKOMEPEMEHHBIX MPSMOYTOJIbHBIX HMITYJIbCOB, MO3TOMY
NyJbCalluM TOKa SKOpPS 3HAYUTENbHBI W 3TO NPHUBOAUT K  OOJBLIUM
JIOTIOJIHUTENIBHBIM TETJIOBBIM HOTEPSIM MOIIIHOCTH.

BcenencrBue TOro, 4ro BCE YETBIPE TPAH3UCTOPA KOMMYTHUPYIOTCA
OJTHOBPEMEHHO, MOTYT CYILIECTBOBATh CKBO3HBIE TOKHU.

3.ObBbEKTHI UCCJIIEJOBAHMA 1 OBOPYIOBAHUE. *

JlaGopaTopHbIil CTEHJ] BKIIIOYAECT: WMITYJILCHBIA PEBEPCUBHBIA YCUIUTEIh
MOIIIHOCTH, KOTOPBIM MOXKET (QYHKIIMOHUPOBATH B PA3JIUYHBIX PEKUMAX
UMUTUPOBaTh pabOTy 3-X THUIIOB YCWIHMTENIEH MOIIHOCTH; MPOCTEUIIEro
HEPEBEPCUBHOTO  ycunuTeds (cxemMa A), HEPEeBEepCUBHOTO  YCHUIMTENS C
3aBOPAYUBAIOIINM TPAH3UCTOPOM (cxema B) U MOCTOBOTrO peBEpCUBHOIO YCUITUTENS
C CHUMMETPUYHBIM 3aKOHOM KoMMmyTairuu (cxema C); -3alallIuii TeHEpaTop
OPSMOYTOJIBHBIX ~HMMITYJIbCOB PETYyJIMPYEMOW YacTOThl H .CKBAXXHOCTU IS
YIpaBJICHUS] UMITYJIbLCHBIM YCHJIUTEIIEM MOIIHOCTH, JBUTATENbh MOCTOSHHOTO TOKA
tuna JIM-2-26) u Harpyxaromiee yCTPOMCTBO ABHUTATENsl - 3JIEKTPOMATHUTHYIO
mydty MI'b-1,6-3.

Benompbiii Ban MyQThl COEIMHEH C BaJIOM JIBUTATeNis, a BEAYIIUNA 3aTOPMOKEH.
Tak kak pa3BuBaemMblii My(PTOW MOMEHT TOPMOMKEHHSI 3aBHCHUT TOJBKO OT TOKa
yIPaBJIAIONICH OOMOTKM M HE 3aBUCHUT OT CKOPOCTH BpAILEHUS BEIOMOIO Balia, TO,
M3MEHSSI TOK B OOMOTKE YMpaBJiCHUS, MOXXHO HM3MEHSTh MOMEHT HAarpy3kud Ha
ABUraresb. MumaMinepMerp, NpOrpaAyUpOBAHHBIM B BEJIMYMHAX MOMEHTa
HArpy3KHu, MOMEIIEH Ha JINIIEBOM NaHEIN YCTaHOBKHU.

CkopocTh BpallleHUsl JBUTaTelis U3MEpSETCs C MOMOIbI (oTomaTyuka, u
4acToTOMEpa, KOTOpPHIM  (GUKCHpYET TEepHoJ  KOoJeOaHUW  MEXKIy JBYMS
MOCJIe10BATEIbHBIMU nepepbiBaMu CBETOBOTO MOTOKA CIIEIUAJIbHBIM
npepbIBaTEIEM, PACOJIOKEHHBIM Ha BaTy JIBUTATEII.

[lepeximtoueHue peXUMOB pabOThl HUMITYJIBCHOTO YCHJIMTENS MOIIHOCTH
(cxembl A,B,C) ocyiiecTBisieTcs NMepeKovaTesieil Ha JUIEeBOM mnaHenu. Tam ke
BBIBEJICHBI TTOTEHIIMOMETPHI, YIIPABISIONINE CKBAXXHOCTHIO U YAaCTOTOM MMIYJIbCOB
3a/1al0IEr0 reHeparopa. XapakTep U3MEHEHUS! HANPSXKEHUH U ' M TOKOB B Ka)KJIOM
YYaCTKE CXEMBI HCCIIEyEeTCs] C TOMOIIBIO ociiiiorpada, KOTOPhIN TOIKITI0YaeTCs
NONEPEMEHHO K  MCCIEAYEMOMY YYacTKy C TOMOIIBK  IEpPEKII0YaTes,
YCTaHOBJICHHOTO Ha TiepeaHel manenu. B 'mabopaTopHoit paboTe UCTIOIB3YIOTCS:

1) ocummnorpad CI-65,

2) nudpoBoit u3MepuTeNh 4acToThl BpamieHus apurarens [{AT-2M unm
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Y3 - 34A.

4. 3BAJAHUE HA PABOTY

1. M3yuyuth TeopeTrnyecKkne CBeJeHHs, NMPeACTABIEHHbIE B HACTOSIIIHX
METOAUYECKUX YKA3AaHUAX U PEKOMEHI0BAHHOM JIUTEpaType.

2. ChopmupoBaTh 0THET MO padoTe ¢ BO3MOKHOCTHIO JONOJHEHUS €ro
MOJIy4YeHHBIMH IKCIIEPUMEHTATbHBIMHU XaPAKTEPUCTUKAMMU.

3. CHATb MEXaHWYECKHE U PEryJUPOBOYHBIE XAPAKTEPUCTHUKU JJII BCEX
'mpeioKeHHbIX cucteM MY -J1 s [ByX 4acTOT KOMMYTAallUA TPAH3UCTOPOB.
4. MHccrnenoBaTh BIMSHUE CXEMbl YCHIIATENS MOIIMHOCTH M YaCTOTHI

KOMMYTAaIlUK TPAaH3UCTOPOB HA MEXAHUUYECKUE U PETYJIHPOBOYHBIE XaPAKTEPUCTUKHU
cucteM NY-]I.

5. IOPAAOK BBIITOJIHEHW A PABOTBI

[lepen BbImoNHEHUMEM pabOTBI ClHEAyeT THIATEBHO O3HAKOMHUTBCS C
KOHCTPYKIIMEH CTEH/Ja, PACHOJIO)KEHHUEM OpraHoB YIpaBi€HUs TpHOOPOB s
CTEH/Ia, 3ar0TOBUTHL BCE HEOOXOAUMBIC TaOJIHIIEI.

1. CHATHE MEXaHMYECKUX XapaKTEPUCTUK NPOCTEHIIEN HEPEBEPCUBHOMN
(cxema A), HEpeBEpCHUBHOM ¢ JAMHAMUYECKUM TOpMOXKeHHeM (cxema B) wu
PEBEPCUBHON C CUMMETPUYHBIM 3aKOHOM kKommyTtanuu (cxema C) cucrem UVY-J]
IpU Pa3IUYHBIX YACTOTaX KOMMYTAllMM TPAH3UCTOPOB BBIXOJHBIX KacKaJoB
YCUJIUTENIEN MOIIHOCTH:

1) BkmrOUnTH ocumuiorpad M HUPPOBOKM HU3MEPUTENb YAaCTOThI BpALIEHUS U
JIaTh UM IIPOIPETHCS B TEUEHNUE 5 MUH;

2) yYCTaHOBHUTH JUIMTEIBHOCTH pa3BepTku ocimniorpaga 0,5 mMc u
YYBCTBUTEIBHOCTH 5 B/CM;

3) moaxmoounTh ocumwiorpad k kiemmam "Ocmwutorpad” Ha cTeHae, a
nepeKIryaTeb yCTaHOBUTD B noJioxkeHue "Ug,;";

4) BKIIOYUTH HanpsbkeHue nutanus creraa 36 B, 400 ['o;

5) ycranoButh pyukor "Hacrora*" wacrory 3amaromiero reHepartopa 0,5 kI
(mepuop xosiebaHui 4 KIETKH - 2 MC);

6) ycTaHOBHTH C mMOMOIIBIO MoTeHIOMeTpa "CKBaKHOCTH" CKBaKHOCTD

V= 0-9(7/ =t, IT : tu r7Ie BpeMsi UMITYJIbCa, & | - IepUo/ €ro CIeA0BaHus);

7) yCTaHOBUTH TEPEKIIOYATeNh W3MEPUTEIBLHOTO Tpubopa CTeHAa B
royioskeHue " M, ";

8) BKJIIOUUTH nuTanue 27 B;

9) ¢ moMoIkpI0 oTeHIMoMeTpa M, octaHoBUTH 3HaUeHUE M, =0;
10) ycTaHOBUTH MEPEKII0UaTENIb pA00THI CXEMBI B MOJIOKEHHE "'cXxema A;
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11) HaxaTh W nOepkaTh KHOMKY BKItoueHus (psgoMm ¢ TymOGiepom 27 B)
JIBUTaTEeJIs IPYA TOM JBUTATENb HAYHET BPAILIAThCS;

12) cHATh moKa3zaHus UU(PPOBOTO M3MEPUTENSI CKOPOCTH M  3aHECTH €€ B
Tabnuiy, npu dToMm mokazaHus I[[AT-2M HeoOXxomumMo yMHOXWTH Ha 2, T.K. TIO
TEXHUYECKUM MPUYMHAM OH JACT 3aHMKEHHOE B/IBO€ 3HAUYECHHE YAaCTOTHI BPAILCHUS,
BEJIMYMHY CPEAHEN 4acTOThI BpaileHus B cucteme CH paccuntars N0 BhIPaKEHHUIO:

QOB.CP@()H = 7[3n86 [ ]

13) OTKIIIOUUTH ABUTATEND, T.€. OTAKATh KHOMKY;

14) mepexIroUnTh CTEH/I Ha cxemy B;

15) BKIIOUMUTH JBHUraTeiab U ONATh CHATh NokazaHust L[AT-2M - ygactoTsl
BpAILCHHUS;

16) Toxxe camoe caenath st cxeMbl C;

17) yctaHOBUTH ¢ TIOMOIIIbI0 ToTeHmomerpa " M, "' " M, =(0.2,0.5, 1,2, ...)
BIUIOTh JI0 MOJIHOM OCTAHOBKM JIBUTATENs] U MOBTOPUTH BCE U3MEPEHUS, a JaHHBIC
BHECTH B TaOJUILY;

18) mHOBTOpPHTH HM3MCHEHHS ]I BCEX CXEM IPHU TeX JK€ MOMEHrax JiIs
ckBaxHocTen Yy = 0.7 uy =0.3;

19) BepHyTh cTeHN B HcXoaHOE TosoxkeHue "cxema A", M, =0 u ycTaHOBUTh
4acTOTy 3ajatoiiero reaeparopa 2 kI’ (mpu anurensHocTH pa3Beptka 0.1Mc

5 JefeHuil) U MOBTOPUTH BCE U3MEPEHUS;

19) mo [aHHBIM M3MEPEHHH IMOCTPOUTH TIpadUUECKH MEXaHUYCCKHE
XapaKkTepuCTUKU Bcex cucteM MY-/I» npruuém s Kaxaou 4acTOThI MEPEKIIOUECHUS
Ha CBOEM rpaduke HO B OJJMHAKOBOM MaciTaoe.

pao

2. IlocTpoeHue peryJIupoBOYHBIX XapaKTEPUCTHUK:
1) ucrnonb3yst TaHHbBIE TPEIBLIYIUX U3MEPEHUI U MPEICTABUB UX B BUJIC

Qa&cp =f(y) npu M, =const,
MIOCTPOUTH PETYJIUPOBOYHBIE XAPAKTEPUCTUKU BCEX CUCTEM JMJISI 3HAUYECHUU
M,=(0, 1.0, 2.0)*10" Kr*cm;
12)npencTaBuTh pe3yabTaThl TOCTPOCHUS TPAPUUECKU TSl KaXKIOM CXEMbI U
YacCTOTHI EPEKITIOYCHHS HAa CBOEM rpadvKe, HO B OJIMHAKOBOE MacIiTale.

6. YKA3ZAHUA 110 OOOPMIJIEHUIO OTUETA
OTYET HOJIKEH COAEpKaTh:
- MPUHIUIUATIBHBIE CXEMBI CUCTEM :
- pe3yabTaThl U3MEPEHUM B BUJIC TAOIHI] U TPaUKOB, a TaK:Ke HEOOXOIUMBbIE
pacu€THbIe (HOPMYIIBI.
Ha ocHoBaHuu pe3ynbTaToB M3MEpeHH W rpadMKoB HEOOXOAMMO CHETaTh

BBIBOJIBI:
12



a) KaKk BJIMSET 4YaCTOTa KOMMYTAIlMU TPAH3UCTOPOB BBIXOJHOTO KacKaja
YCUJIUTEINISI MOIIHOCTH Ha IIMPUHY 30HBI MPEPHIBUCTHIX TOKOB MPOCTEHIICH CXEMBI
NY-JI (cxema A)?

06) Kak Bimser yacToTa KOMMYTAalMM TPAH3UCTOPOB HA IKECTKOCTh
MEXaHUIECKUX XapaKTePUCTUK?

B) Uem OOBSICHUTH BIUSHHE YACTOTHI KOMMYTAIlMd TPAH3WCTOPOB Ha
KECTKOCTh MEXaHUYECKUX XapaKTEPUCTUK?

7. KOHTPOJIbHBIE BOITPOCHI
1. Kakue MeTonpl KOMMYyTaluu TPaH3UCTOPOB HMITYJbCHBIX PEBEPCHUBHBIX
YCUJIMTEJIE MOIITHOCTHU UCIIOJIb3YIOTCS B TEXHUKE U B YEM OHM 3aKJFOYAIOTCS?
2. Kakumm [0CTOMHCTBAaMM M HEJOCTaTKaMM 00JaaeT mpocTeiias
HepeBepcuBHasA cuctema NY-/1?
3:. MOXHO ¥ TIpU UCIOJIB30BAHUU HEPEBEPCUBHOIO YCWIMTENSI MOLIHOCTH
CO3aTh PEBEPCUBHBIN ITPUBOA?

8. BUBJIMOI' PA®MYECKHNH CITMCOK

OcHoBHasi iuTEpaTypa

1. PabunoBuy JI.B. Jlunamuka cuctem NpuBOAOB: Y. mocodue -
M.:BUBJIMO-T'JIOBYC, 2016. 266c¢. :un.

2. Tepexos, B.M. Cuctembl ynpaBieHus JEKTPONPUBOJIOB : yU€OHUK IS
By30B / B.M. TepexoB, O.U. Ocunos; nox pen. B.M. Tepexosa .— M. :
Axanemus, 2005 .— 304c.

3. Eneukas, ['anuna [TaBnoBHa. D1EKTpOMEXaHUYECKUE YCTPOUCTBA
MeXaTpOHHBIX cucTeM : yueO. mocooue / I'. I1. Enenkas, H. C. Umoxuna, A. I1.
[TankoB ; Tynl'Y .— Tyna : U3a-Bo Tyal'V, 2018 — 224 c.

4. Yemonanos, b.K. Cnengimme npusoast: B 3 T. T.2. Dnekrpuueckue
cneasume npuBoasl/E.C. breits , B.H. bponosckuii, B.A. Beeaenckuii u np. /
ITox pen. b.K. UemonanoBa .— 2-e usn., nepepad. u gon. — M. : MI'TVY uwm.
H.2. baymana, 2003 .— 979c. : un.

5. OCHOBBI pacuera U MPOSKTUPOBAHUS MEXATPOHHBIX MOJYJIEH CUCTEM
HaBeneHus u ctabmimzanuu,/ O.B. T'opsues [u np.] Tyna: Uza-so Tynl'V, 2011
—233 c.

6. Kupumios A.A. OCHOBBI 2JIEKTPONPHUBO/IA JIETATEIIbHBIX AIIapaTOB:
YueOHoe nocobue st By30B. — Mocksa: bubamno-riodyc, 2013. — 208c.
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JlonoJIHUTeIbHAS JTUTepaTypa

1. Konbuios, M.I1. Dnekrpudeckue MamuHbl : Yued. mocodue i By30B
/ WLI1. KombutoB .— 3-e m3a.,uctp. — M. : Beicmr. mik., 2002 .— 607c. : ui.

2. PozanoB IO.K. DnexkTpoHHBIE YCTpPOMCTBA AIEKTPOMEXAHUUYECKUX
cucteM: Y4eb. nocodue misa By30B / FO. K. Pozanos, E.M. CokonoBa. — M.:
N3narenbckuii neHTp «Akanemus», 2004. - 272 c.: ui.

3. Anues, N.W. Dnekrporexuuueckuii cnipaBounuk / .M. AnueB .— 4-e
usa.,ucnp. — M. : PaguoCodr, 2002 .— 393c. : ni.

4. Anues, U.U. Dnexkrpuueckue anmapatsl : cipaBouHuk / U.U. Anues,
M.b. A6pamos .— M. : UII PaguoCodt, 2007 .— 256¢. : n.
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JlabopaTtopnas paGora Ne§

H3yyeHne NPpUHIKAINIA JeHCTBUS M XapPaKTEPUCTHK PEBEPCHBHOIO CJIeASAIIEr0
MPUBO/Ia, PA0OTAIOIIEr0 0 CHCTEME «TPAH3UCTOPHbI HMITYJILCHBII
YCHJIMTEIb-ABUIaTe b MOCTOSIHHOTO TOKA ¢ HE3aBUCHMBIM BO30Y KIEHHEM»
(BHpTYaJIbHAS)

I. HEJIb 1 3AJAYU UCCJIEAJOBAHUA
N3yuenne mnpuHOMNa paboOTbl, CXEMHOW  pealu3alu, Ha3HAYCHUS
AIIEKTPOHHBIX OJIOKOB M XapaKTEPUCTUK PEBEPCHUBHOTO MPUBOA MOCTOSHHOTO TOKA,
pabotatoriero MO0~ CHCTeME€ "TPaH3UCTOPHBIA HMMITYJIbCHBIA YCHUJIHMTENh C
CUMMETPUYHBIM 3aKOHOM  KOMMYTAIlMM TPAaH3UCTOPOB BBIXOAHOTO Kackajaa
YCHJIUTENST MOIIHOCTH - JBUTATelIh TIOCTOSHHOTO TOKAa C HE3aBHCHUMBIM
BO30YKJIeHHEM ",

II. TEOPETUYECKHUE CBEJEHUSA
B nmro0om crendiieM mpruBojie MOXKHO YCIOBHO BBIJICJIUTH JIBa KaHaIa
pacrpoCTpaHEHHUs CUTHAJIOB:

1) kanaj ynpasJjenusi (MHGOPMAIIMOHHBIN KaHA), IO KOTOPOMY

NepearoTCsl CUTHAJIBI YIIPaBJICHUS C BXO/1a IPUBOJIa K OOBEKTY YIIPaBICHUS;

2) JHepreTHyYecKHii KaHaj (CWIOBas 4acTh), IO KOTOPOMY MpeoOpazyemast
SHEPTHUS PACIPOCTPAHACTCSA OT UCTOYHUKA MUTAHUSA K OOBEKTY YIIPaBICHUS.

B kanan ymnpaBieHHs TUOUYHOTO HPUOOPHOTO CIHEASIIET0 3JIEKTPUYECKOro
npuBoaa (OCII) BXonasdT: AaTYMK PacCOTJacoOBaHUS C HCHOJIb30BAHUEM CHHYCHO-
KOCHHYCHBIX WJIM JIMHEWHbIX Bpamatommxca tTpanchopmatopoB (CKBT wnu JIBT),
(ba30uyBCTBUTEILHBIN BBINIPSIMUTEIb, CIVIQXKUBAOIIUMN  QUIBTP, YCUIIUTEIh
MOCTOSIHHOTO ~ TOKa,  MOCJEAOBATENbHOE  KOPPEKTHPYIOLIEE  YCTPOICTBO,
CYMMHPYIOILIEE  YCTPOMCTBO, MOAYISATOP IJIUTENbHOCTH HMIIYJbCOB, YCUJIHUTEIb
MONTHOCTH, UCIIOJIHUTENIbHBIN IBUTATENb U PEAYKTOP.

B sHepreTtnuecknii KaHaJI BXOJAT: BBIXOJAHOM KAaCKaJ YCUJIMTENST MOIIHOCTH,
UCTIOJIHUTENbHBIN  ABUTAaTeNlb ©W  peaykrop. Jms obecniedeHHss  BBICOKOTO
kod(duIreHTa MOJIE3HOTO ACHCTBUSA, BBIXOJHBIE KAaCKaIbl MOCTOBOTO YCHIITUTEIS
MOIIIHOCTH paboTaroT B KitoueBoM pexkume. Hanbonee wacto B mpubopubix ICII
UCIIOJIb3YETCSI CHUMMETPUYHBIM 3aKOH KOMMYTAallMM TPAH3UCTOPOB BBIXOJIHOTO
KacKaJla yCUJIMTeNs MOITHOCTH. [Ipu 3TOM 3aK0HE TpaH3UCTOPHI BBIXOJIHOTO KacKaaa
YCWJIUTENS MOIIHOCTH, HaXOSIIMEeCcs B Pa3HbIX AMArOHaIsIX MOCTOBOM CXEMBI,
KOMMYTHUPYIOTCSI B IPOTUBO(DA3eE.

Hns oGecrieueHust TpeOyeMbix auHamudeckux cBoiicTB DCII  ucmnonb3yroTes
NocCJIeJOBaTEIbHbIE KOPPEKTUPYIOIIUE YCTPONCTBA, BKJIOYAEMbIE B LIE€Mb OLIMOKU
OCII u mnapanienbHble KOPPEKTUPYIOUIME YCTPOMCTBA, BKJIIOYAEMBIE B IENU
MECTHBIX OOpaTHBIX CBSI3€H IO CKOPOCTHM W IO YCKOPEHHUIO CIEIAIIEro Baja.
MecTHble 00paTHBIE CBSA3H MO CKOPOCTH PEATU3YIOTCS C MOMOIIBIO TaXOreHepaTopa,
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COCIMHEHHOIO C BaJiOM HCHOJHUTENIBHOrO ABUrateis. CUrHaibl mapaijieabHbIX
KOPPEKTUPYIOIINX YCTPOHUCTB CYMMHUPYIOTCS C CHUTHAJIOM TIOCJE€IOBATEIHLHOTO
KOPPEKTUPYIOIIETO YCTPOUCTBA B CYMMUPYIOIIEM YCTPOUCTRBE.

Jlnst  anamm3a  (QYHKIIMOHWPOBAHWS W CHHTE3a TMPHUBOAOB C Pa3IUYHBIMU
CTpYKTypamu pa3zpaboTaHa BHUpTyalbHas jgabopaTopHass padoTa, MO3BOJSIONIAS
peann3oBaTh CHUCTEMbI, YIPABISAIONIUME IOJOXKEHUEM M CKOPOCTBbIO 00BbEeKTa
yOpaBICHUs, a TaKKe pPEalM30BbIBaTh PA3JIMYHOIO BHUJA KOPPEKTUPYIOUIUE
nocJjieoBaTebHbIE W TapajliedbHble yCcTpodcTBa. (DYHKIMOHANbHAS CXeMa,
UMEIOILIET0 BO3MOXKHOCTH PEAJM30BaTh BCE BBINIEC IEPEYUCICHHBIE YCTPOMCTBA,
MoKa3aHa Ha pUCYHKE 1.

[{(BHJ (KBT-I7 _. | ” A g
¥ @LJIB - [ 1 ’l(-. v Mﬂﬁ ety U [ 7 iéﬂf_\«'t
l ~ U | Jﬁ_gﬁ.‘;‘, ’4." 1’:
7 .
. ) ?’/’ﬁ
Koy T\ Wy J :
,4_‘
PI/IC. 1 . qDYHKIJ;I/IOHEUIBHaSI CXCMa CIICOAIICTO IIPHUBOJIA
351ech:

CKBT — /I u CKBT —II pmatumk paccoriiacoBaHus ¢ UCIOJIb30BaHUEM CHHYCHO-
KOCHHYCHBIX Bpamaromuxcs TpanchopmatopoB (SKVT);

®UB — ¢azouyBcTBUTENBHBIN BEITIpssMuTeNs (DM)

C® — crnaxuaroruii puitetp (filter);

Wiy — nocsietoBatebHOE KoppekTupytoiiee ycrpoiicto (Correction
Arrangement)

> — CyMMUpYIOIIEe YCTPOMCTBO;

Ky — koadpdunment ycunenus (Ky);

MJIN — moayasTop umuTenbHOCTH uMiybcoB (MDI);

NHB — unBeprop;

YM — ycunmutenb momHocTH (Kym);

TT-IT — Taxorenepatop (Ktg);

Knky, Whky — napaiienbHoe koppektupytoriee ycrpoiictso (Knky, Wnky);

M — nBurarens (DPR52).

31eck U B IajbHEHIeM B CKOOKaxX MPUBEACHBI 0003HAUCHUS, UCIIOIh3yEeMbIE B
cXeMax MOJICIIMPOBAHMUSL.
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Puc.2. CtpykTypHas cxema npHuBoJia ¢ OCIE0BATENbHOU KOPPEKIUEN
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Puc.3. CtpykTypHas cxema npuBoja ¢ NapajuIeIbHON KOPPEKIUEN

Main Scope

[]

yYvyvw

fngle  Source | Source

Corection Arrangement
Switch
Sine Wave2 o Vitage [y IN 0.1255+1 0.0715+1
\bltage Bessel Filter |4 —— ]
W 501 0.0089s+1

SKVT DM Filtar

_,*F' o]

Degree 4]
Ll 12°2 25 \bhtage
Saturationt DPRS2 Reductor

Kym

s Speed
0.071s+1

Kt
Wiky o

Puc.4. Cxema MoaenupoBaHus CIEISIIErO NPUBOJA

N3mepurens paccorsiacopanus Ha AByX CKBT (natuuka ¢ koaduimeHTom
TpaHchopmanyu 1 u npuemMHuka ¢ korpduirertom Tpanchopmanuu 0,56)

Puc.5. IlpuHuunuanbsHas dJIeKTpuyecKas
cxeMa Jlatunka paccornacoBanusi Ha CKBT
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Voltage
Product Gain Gaint Gain2 ¢

Puc.6.Cxema MogenmpoBaHus



Ha CKBT momaercs BXomHOW curHan Hu3kod dvactotel (Angle) wm
MeaHap(Step), a Takxke HECymUH BBICOKOYACTOTHBIM curHan (Source). CurHan Ha
BbIX0/ie (hOpMHUpPYETCsl TIEPEMHOKEHHUEM 3THUX CUTHANIOB. B cxeme MonenmpoBaHus
yuTeHbI KO3 hULMeHTs Tpanchopmaluu u HanpsokeHue, pasHoe 27B 400 I.

®a304yBCTBUTEIbHBII BhIIpsiMuTeib (DUB)

Kt ot
_L_\_ — e S |
i R ECH |
J_ 2 7T ' B fen
- \_ - 1 else ”Eluﬂ
___I___;rz

Subsystern

Puc.7. HpI/IHHHHI/IaHBHaﬂ QJICKTPHUYCCKAA CXCMa Puc.8. Cxema MOACINPOBAHHNA

®a304yBCTBUTEIIbHBIN BBITPSIMUTEIND MPEICTABISIET COO0M CXEMy 1EMOAYISITOpa
¢ K03 (HUIIUEHTOM YCUIICHUS PaBHBIM 1.

DnexTpuueckas cxema padboTaet cieayromum oopasoM. Ilpu nogaun Ha BxoJ
KIItF0ueBOM MUKpocxeMbl K1 1MonokuTenbHOM MOIyBOIHBI HAIIPSKEHUS
BO30Y>KJIEHHSI BPAILIAIOIIETOCs TpaHCPOpMaTOpa JaTYMKA OH OTKPBIBAETCA U
HIYHTUPYET UHBEPTUPYIOIINI BX0 onepanrionHoro ycuurens DA, Kiirou K2 npu
»TOM 3aKphIT U HanpspkeHue ¢ CKBT — I1 noctynaer Ha HEMHBEPTUPYIOIINM BXOT
onepaunoHHoro ycunutenst DA. Tlpu npuxoae oTpuiaTeabHOM MOTyBOTHBI
HanpsbkeHus: Bo30yxaenns CKBT — I1 curnan npoxoauT no KaHaimy
uHBepTupyromero Bxoaa DA. Monens @UB coctouT, U3 IByX KIIt0Ye, KOTOpbIE
OTKPBIBAIOTCS IIPU HACTYIUIEHUHU ONPENEIICHHOTO YCIOBHs, B JAHHOM CJIy4ae 3TO
3HaK Hecymiero curHana (Source). Tak asst OTKPBITHS IEPBOTO KITFO4a, HEOOX0AUMO
IIOJIOYKUATENIBHOE HANPSKEHUE, 1JIsl BTOPOro — OTpULaTeabHoe. PasHula curuanos
MOJIYYCHHBIX TaKUM 00pa3oM, (hopMupyeT CUrHall Ha BbIXoJie (a309yBCTBUTEIHHOTO
BBIIIPSIMUTEIIS.
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HNuarpamma Hanpsbxkenuid @UB npuBeneHna Ha pucyHKe 9.

1

Hecymuii curnan
(HanpsbKeHue
B0o30yxnenust CKBT)

Curnain Ha Beixoae CKBT

Curnai Ha Beixoge ©YB
(OTHOTIOMYTIEPUOTHOE
BBIIIPSIMJICHUE )

Cwurnaai Ha Beixoge ©YB
(IBYXIOJIyIEPHOHOE
BBIIIPSIMJICHUE )

Puc. 9. Jlnarpamma Hanpsbxenuii @UB

Craaxusaomuii puiabstp (CD)

C® Ha BBIXOJIE IEMOYJIATOPA HEOOXOAUM JJI YCTPAHEHUS HECYLIEH YacTOThI U
BbIJIEJICHUS TTOJIE3HOTO CUTHAJIA, HECYIIETro HH(opMalnio 00 yrie NoBopoTa.

B pabote ucnonp3yercs uHTerpupytomuii ¢punbtp(2) u puiaetp beccens (1)
HWKHUX YaCTOT TPETHETO MOpsiAKa ¢ yactoToil cpe3a 1001 w.

QGunetp beccens B oTIMUMM OT amepuoOAMYECKOro (¢uibTpa 00eCcreynBacT
HaWwIydllee CrIaKMBaHWE BXOJHOTO CHUTHAJa 3a CYeT HalIuyus Oojiee BBICOKOTO
nopsiKa U HeOOJIBIIOTO (Ha30BOTO CIIBUTa B 00J1acTH paboYMX 4acTOT MPUBOJA.

| p=t0000

R=120% 22T

Ry =T{5 1tk

15 1

l = A0 [ U @_’ 0.001203s+1 0.00000120852+0.001048515+1
L :__E fzf:47hfﬂ?]-_; ___T___ Transfer Fon3 Transfer Fend
Puc.10. ITpynuunuanbHas sneKTpuyeckas cxema Puc.11. Cxema
MOJICJIMPOBAHUS

¢unbTpa beccens TpeTbero nopsaka
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Puc.12. YacToTHBIE XapaKTEPUCTUKH.
1 — JIA®YX dunstpa beccens
2 — JIA®UX anepuogndeckoro GuibTpa

MOI[yJISITOp AJIHATCJIBHOCTH UMITYJIbCOB

MJIA npeoOpa3yeT MeJIEHHOMEHSIOIMICS CHUTHAl B IOCJEI0BAaTEIbHOCTD
MPSIMOYTOJIBHBIX HMMITYJIbCOB, CKBaKHOCTh KOTOPBIX MPOINOPLMOHAIbHA BEJIUYHHE
curHasia. Yacrota cregoBaHUs HMMIYJbCOB BBIOMpAETCA, HUCXOIS U3 aHaIu3a
HHEPreTUYECKUX XapakTepuctuk cucreMbl Y-/ » (minsa nanHon cuctemsl 3To 5000
I'm). Ha Bxon Tpurrepa mnojaaeTcsi YNPaBISIONIEE HANPSIKEHHUE, MHIO00pa3HOE
HaIpsSHKEHUE U HANPSYKEHUE CMEIEHUS.

R1 JA 1
B UBI:IX
R4
Puc.13. IIpuHuunuanbHas 31eKTpuyecKas Puc.14. Cxema
MOJEIUPOBAHUS
cxema MJIU

Hampsioxkenue cMmereHusi BBIOMpAETCS TakKuM 00pa3oM, YTOOBI TPHU HYJIEBOM
BXOJHOM CHUTHQJIE€ JUIsl CHCTEMBbl C CHUMMETPUYHBIM 3aKOHOM YIPABJICHHUS
CKBOXXHOCTHh cocTaBisiia ¥ =0,5. B Hacrosmee Bpemsi B KayecTBE MOPOTOBBHIX

aneMeHTOB B M/IW ucnosnp3yrorcs crnenuanbHble MUKpPOCcXeMbl - Tpurrep Llmuara -
mukpocxembl TJI |, a g momydyenuss MJAU , umerommx Oosbiioil kodhduimeHTt
Iepenayu B KA4eCTBE MOPOTOBBIX JJIIEMEHTOB MCIIOJb3YIOT HHTErPajbHbIC
onepauroHHele ycuiurenu. [IpuHnunuansHas cxema takoro MJIW mpencraBieHa
Ha puc. 13.
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I'enepaTop mwiooOpa3Horo HanpspkeHus Fu,, (Saw-edged signal) remepupyer
CUTHAJI MAJI000pa3Hoil (hOPMBI, YaCTOTa KOTOPOTO BHEIOMPACTCS MCXOMS U3 aHAIW3a
DHEPIETHUSCKUX XaPAKTCPUCTUK CUCTEMBI «UMITYJIbCHBI YCHIIUTEb — JIBUTATEIb,
KOTOPBI CPaBHUBACTCS C CUTHAJIOM, IMOCTYHAIONUM C ycwiuTens. [Ipowcxomut
npeoOpa3oBaHWe  MEIJICHHO  MEHSIOIIETOCS CHTHajla B MEPUOJUYCCKYIO
MOCIICIOBATEIPHOCTh  MPSMOYTOJNBHBIX  HMIYJIBCOB C  IIMPOTHO-HMITYJIBCHON
MOIYJISIIIACH.

A7 PO Y IO | IR R | B ......................... I O e

05_ ......... IETETS | B R A Y U AR | U U | S Y O e

B)
Puc.15.Inarpammel Hanpsokenuid M/IU. A - curnanel Ha Bxone M/IU, B - curnan
Ha BbIxoae MJIN

OcranbHbIE DJIEMEHTHI CIENSIIEer0 MPHUBOJIAa COOpaHbBI B COOTBETCTBUHM CO
CTPYKTYPHBIMH CXeMaMH puc. 2 u 3.

KoHTposlbHOE = TECTUpOBaHME C  LEJIBKO  NPOBEPKH  HM3YYEHHOIO
TEOPETHUYECKOI0 MaTepHalla, W3JI0KEHHOIO BBIIIE, a TAaKKE COOTBETCTBYIOIIHX
pa3/IeIioB JIEKIIMOHHOTO Kypca, U JIOMyCKa K BBIIOJIHEHHIO JJA0OpaTOPHON padOoTHI.

1. Otkpoiite manky «Tectbl kK BUPT. J1a0. Noly.

2. 3anycture nporpammy tester.exe. [Tapons «718».

3. OTBETHTE HA BCE OCTABJICHHBIE BOIIPOCHI.

4. B cnyudae, ecnu Bbl OTBeTWIM Oonee yem Ha 60% BOIpOCOB, TO
NPUCTYIANUTE K BHITOJIHEHUIO PAOOTHI.

5. Eciu KoJMuecTBO MpaBUJIbHBIX OTBETOB ObLIO MeHbIe 60%, TO BHOBB
U3YYHUTE TEOPHUIO U IPONUIUTE MOBTOPHBIN KypC TECTUPOBAHMS.

III. OBBEKT NCCJIEJOBAHUSA U OBOPY/IOBAHUE
OOBeKTaMu MCCIIEIOBAHUS SIBIISIOTCS MAaTEMAaTUYECKHE MOJEIN PEBEPCUBHOTO
AIEKTPUYECKOTO TPUBOJIA U €r0 AJIEMEHTOB, pa3padbotanHbiX B cpene MATLAB u
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Simulink. Jlna BeimosHeHust paOOTbl HEOOXOIUM, COBPEMEHHBIH KOMIIBIOTED C

YCTaHOBJICHHBIMU: oreparnonnoi cucremort Windows, makerom MATLAB wu
nporpammoii «KBAHKHP 7.5».

IV.3AJJAHUE HA PABOTY

1. I/ISY‘-II/ITL MOZACIIb cnemﬂueﬁ CHCTCMBI, (1)}’HKIII/IOH8.JII>H0€ Ha3Ha4YCHHUC U
IMPUHOUIIBI pa6OTI>I OTACIBHBIX 3JICMCHTOB MOJCJIH, UX BBaHMOﬂeﬁCTBI/IG.

2. HCCJ’IGI{OB&TB AUHAMHUYCCKUC XaPAKTCPUCTUKHU CJIGIUIHIE?IZ CHCTCMBI.
N3Yy4YUTDH BIIMAHHUC BCINYHNHLI KO3(1)(1)I/IHI/ICHT8, YCUIICHUS B HpﬁIMOﬁ Ooc1iM, TUuila M
XapaKTCPUCTHUK CIIa)KHUBAOIICTO (I)I/IJILTpa Ha XapaKTCp HNCPCXOAHBIX IMTPOLCCCOB U
YaCTOTHBIC XapaKTCPHUCTUKHU SaMKHYTOﬁ CHCTCMBHI.

V. HOPSAJTOK BBIITIOJIHEHUS PABOTbI

1. U3yyeHne NpPUHUUNOB PadOThl OTHAEJIbHBLIX 3J€EMEHTOB MOJEJHM H HX
B3anMMo/eiicTBHe.

Bce monenu, ucnonb3yembie B paboTe, HAXOAATCS B Mamke «WOrk» makera
MATLAB, koTopbie TOJKHBI OBITH IPEIBAPUTEIBHO OTKPBITHI.

1.1. Otkporite daiin «SKVT.mdly.

1.2. 3anyctute daitn «SKVT.mdl» 1 u3ydnte nmosydeHHbIe JUarpaMMBbl.

1.3. Hcnons3ys BO3MOXKHOCTH TporpamMmbl «simulink» mpocMoTpuTe Bce
napameTpbl 1 koddduruents Tpanchopmanuu CKBT — JI u CKBT — I1. (Mcxonnas
yactota HamnpspkeHus Bo3OyxaeHus CKBT B3dra HepeanbHON s oOecrieueHUs
JYYIIEero MOHUMAaHMsI IPOUCXOIALIETO Mpoliecca.)

1.4. NU3menute tunel CKBT — JI u CKBT — II no cBoeMy yCMOTpEHUIO, B35IB UX
u3 Tabmuiel | 1 3aHecuTe M3MEHEHHBIE TapaMeTpsl B Moaens SKVT,

Tabnuua 1. Texuuueckue nannsie BT cepun 2,56BT

Hanpsoxenue Bo30yxIeHHUS,
Obosnauenue Hasnauenne BT B = Zo1, OM K
(tum) BT Pabouwnit
HomunanrnHOE
MaIna3ol
2,5bBT-]1 BTIT-/] 12 0-12 200 0,56
CKBT
2,5bBT-I1 BTII-IT 12 0-27 800 1
2,5BBT-C CKBT 12 0-12 200 0,56
2,5bBT-J1 JIBT 12 0-12 200 0,52
2,5bBT-2 CKBT 12 0-12 400 0,56
Jlnama3on pabovmx 4acTOT HANPSHKCHHS BO30YKaeHUS, [ 11 380-21000

1.5. Ucnonw3ys ¢yukmuro PrintScreen u rpaduveckuii pemnaktop Paint,
COXPaHUTE MOJTYUYCHHBIC MTPOIECCHI.
1.6. 3anmycrute daiin «DM.mdl» u n3ydnre nmonydeHHbIe TUArpaMMBbI.
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1.7. Hcnonp3yss BO3MOKHOCTH mporpammbl «Simulink» mnpocmoTpute Bce
napaMeTpsl HapsoKeHUH Bo30YkIeHus (Source) u padodero (Sine wave). Mcxoanast
JaCcTOTHI HANIPSDKEHUS B3SITHI TEMH XKe, 9To U B cxeMe «SKVT.mdly.

1.8. W3MeHuTe BENIMYMHBI STUX HANPSIXKEHUH W YaCTOT B COOTBETCTBUU C
IPOJICTIaHHBIM B MPEBIIYIIEM MYHKTE U 3aHECUTE U3MEHEHHBIE MapaMeTPhl B MOJIETh
«DM.mdlIy.

1.9. Hcnonw3ys ¢yukuuto PrintScreen u rpaduueckuii pemaktop Paint,
COXpaHUTE MOJyYECHHbIE TTPOLIECCHI.

1.10. 3anycture daitn «Shim.mdl» u npoxenaiite Te e omepamuu, 4To U B
IpeabIAYIIUX MyHKTaX.

1.11. 3amycture daiin «model_sum.mdl» u npocneanute mocnenoBaTeaIbLHO BCE
MIPOIIECCHI MPeoOpa3oBaHusl CUTHAIOB B u3Meputene paccornacoBanust (CKBT — I u
CKBT —I1), neMoaynsiTope 1 MOAYISATOPE JJIUTEILHOCTH UMITYJIbCOB.

2. HccnenoBaHue IUHAMHUYECKHX XAPAKTEPUCTHUK CJelsilieil CUCTeMBbI:
U3YYHUTh BJIMsSIHUE BeJIUYUHBI KOY(PPUIMEHTA YCHJIeHUs] B IPAMOM LN, TUNA U
XapaKTePUCTHK CrUIakuBaomero GuwibTpa HAa XapakTep NepexXoaHbIX
MPOIECCOB M YACTOTHbIE XaPAKTEPUCTUKH 3AMKHYTOI CHCTEMBI.

2.1.  Jns wsydenus BiIMsSHUS KOdG(UIIMEHTA YCWICHHS MO Pa30OMKHYTOMY
KOHTYpY (TpsIMOW IIeMH) HAa JUHAMHYECKHE XAPAKTEPUCTUKH CIEIAIIEH CHUCTEMbI
samyctute daiia «model. mdly.

2.2. [lonyunTe MOIENTH CUCTEMBI C MOCIEOBATEILHON KOPPEKIIMEH, YCTAaHOBUB
kitoun S1 u S2 B nonoxenue 1.

2.3. Ycra"oBute ctyneHyaTbii BxoaHou curaain 0.01B

2.4, VcranaBmuBas koddduiment ycunenus Ky 30, 300, 3000, wuzyuwute
XapakTep MepexoaHBIX MPOIIECCOB Ha BHIXOJIE CHCTEMBI.

2.5. HUcnomw3ys ¢ynkuuto PrintScreen wu rpaduyeckuii penakrop Paint,
COXpaHUTE MOJyYECHHbBIE TPOLIECCHI.

2.6. Caenaiite BbIBOABI 00 YCTOMUYUBOCTH U TOUHOCTH CUCTEMBI

2.7. llomyunuTe MOJEIb CHUCTEMBI C MapajuIeIbHOM KOPPEKLUHEH, YyCTaHOBUB
kitoun S1 u S2 B onoxenue 2.

2.8. YcranaBnuBas kodddumument ycunenus Ky 30, 300, 3000, uzyuwute
NEPEXOAHBIE MTPOLIECCHI B CUCTEME.

2.9. HUcnonw3ys ¢ynkiuo PrintScreen  u rpaduyeckuii pemaktop Paint,
COXpaHUTE TOJyUYCHHBIE TTPOLIECCHI.

2.10. Cnenaiite BbIBOJIbI 00 YCTOWYMBOCTU CUCTEMBI.

3. H3yveHme BJHSAHHUS CIUIAKUBAKOIIEro GuibTpa HA JUHAMUYECKHE
XapPaKTEePUCTHKH cJIeAseil CHCTeMBbI.

3.1. IlocraBbre kntoun S1 u S2 B nonoxkenue 1, Ky = 300

3.2. YcraHoBuTE cTyneH4aThli BXoaHoM curHain 0.01B

3.3. Jlng u3MmeHeHus Tuna (QuIbTpa, ycTaHoBuTe B Onoke Filter 3nadenwme
napameTpa Type filter paBubiM 1 mm 2, KOTOPBIH cOOTBETCTBYIOT GuibTpy beccerns
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WM anepuoandeckoMy GuiabTpy. M3yumre XapakTtep MEepexoHBIX MPOIECCOB Ha
BBIXO/IC CUCTEMBI JIJISl JAHHBIX THUIIOB CTIXKHUBAIOMIETO (PrIIBTpa.
3.4, CoxpaHuTe IMOJYYEHHbIC MPOIECCHl M CHAENaTh BBIBOABI O XapakTepe

BITUSTHUS CTJIQKHUBAIONIETo (PriibTpa Ha paboOTy CUCTEMEI.

4. WN3ydyeHue BJIMSIHUSI YACTOTHI BXOJHOI0 CHUIHAJIa HAa JAWHAMUYECKHE
XapaKTePUCTUKH cJieAsiieiil CHCTeMbl.

4.1. Ycranosure kiroun S1 u S2 B nonoxkenue 1, Ky = 300

4.2. YCTaHOBUTE CHHYCOMJAIbHBIM BXOAHOW curHan amiutygon 0.1 B u
4acToTOM 1 paa/C, u3yyuTe nepexoHbIe MPOIECChHl B CHCTEME.

4.3. [IpoBeauTe aHAIOIHMYHBIC ACHCTBHS s yacToT 5 1 10 pan/c

4.4. CoxpaHUTh NOJYYEHHBIE POLIECCHI U CJI€NIaTh BHIBOIBI.

5. UccienoBanue 4acTOTHBIX XapaKTEPUCTHK 3aJaHHOM CHCTEMBI.

Hcnone3yst JmHeapu3oBaHHylo wmoneiab (Linear model) omenuts JIADUYX
CUCTEMBI.

(Tools—Linear analysis; Simulink—Get Linearized Model; Plot type—Bode)

VI. YKA3AHUS 11O O®OPMJIEHUIO OTUETA
OTtyeT 0 paboTe JOJIKEH COACPKATh.
1. Biiok-cxeMbl pUBOJA.
2. lnarpaMmbl HarpsiKEHUH BO BCEX U3YyUYEHHBIX 2JIEMEHTAX.
3. [lepexoHble MPOIECCHl U YACTOTHBIC XaPAKTEPUCTUKU CUCTEMBI.
4. Bce HeoOX0IMMBIE BBIBOJIBI IO padoTe.

VII. KOHTPOJIBHBIE BOITPOCHI

1. OOBsCHUTH PYHKIMOHAIBHOE HA3HAYEHUE U MPUHLUIIBI PAOOThl 3JIEMEHTOB
clensIen CUCTEMBI?

2. Kak ocymiecTBisieTcsl ynpaBJIeHUE YaCTOTOW BPallCHUS JBUTATEIS B

IAHHOU cJIeasInel cuctemMe?

3. Kakoii curHan u nmoyemMy MCIHOJIb3yeTCs JIJIsl OCYIIECTBICHUS 00paT

HOM CBSI3U 10 CKOPOCTH BpAILICHHS Bajla JBUTATENSA?

4. Kak BiausieT KO3(PUIIMEHT yCUIIEHHUS CUCTEMBI B IIPSIMOM 1I€MU Ha XapakTep
MEPEXOHBIX MTPOIIECCOB B CUCTEME?

5. Kakue TpeOoBaHMs NpPEeIbSABISAIOTCA K XapaKTEPUCTUKAM CriIakKMBArOIIEro
bunbTpa?

6. UTo mpou30HIEeT ¢ CUCTEMOMN, €CIIM CYIIECTBEHHO YBEIUYUTh KO3(DPUIMEHT
YCUJICHHS B PA30MKHYTOM KOHTYpE?

7. Ha ocHOBe aHa/M3a KaKMX XapaKTEPUCTUK MPHUBOJA OMNPEIEISETCS 4acToTa
[II M BBIXOJITHOTO KacKaJa yCUIUTEIISI MOIITHOCTH?

VIII. BUBJIMOT PAOUYECKUIN CITUCOK
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JlabopaTtopnas paGora Ne9

I/I3yqune IHEPTETHYECCKUX XAPAKTEPUCTHK CUCTEM ((I/IMHyJIbCHLIﬁ YCHIINTEIb
- ABHraTeJ]Ib NOCTOAHHOI'O TOKA ¢ HE3aBUCHMbIM BO36y)KIleHI/IeM»

I. HEJIb U 3AJJAYU UCCIIEAOBAHUA

HccnenoBanue BIUSHUS YacTOTBI W METOJOB KOMMYTAIlMH TPaH3UCTOPOB
BBIXO/IHBIX KACKaJOB YCHUJIMTENICH MOIIHOCTH Ha DYHEPreTHUSCKUN XapaKTCPUCTHUKU
PEBEPCHUBHBIX TPHUBOJOB TOCTOSHHOTO TOKa, pPAa0OTAOIMUX IO  CHUCTEME
"UMIOYIBCHBIA YCHUIUTENb - JBUTATEIh IIOCTOSHHOTO TOKa C HE3aBHCHMBIM
B0o30yxenuem ( UY-J1)".

II. TEOPETUYECKUE CBEJIEHUSA
N3BeCTHO, YTO OTHOCUTEIIbHBIE TOTEPU MOILIIHOCTH B JIBUTaTElIE IPUBOA,
paboTaromero no cucreme MY-J1, 6osbliie, 4eM IoTepu B ABUTATENS, pabOTarOIEM
B CUCTEME T'€HEPATOp - AIBUraTellb T.€. [IPU HENPEPHIBHOM YIIPABICHUN HA
HEKOTOPYIO BeNMnYuHy APx, 00yCIOBICHHYIO MyJIbCalluel TOKAa OKOJIO €r0 CPETHETO
3HAYECHHS.
AP+ MakcumanbHa NOTEpU NpU CKBAXHOCTH Y = 0.5 U onpeIensieTcsl BIpaKEHUEM

1-a°) (T
o % T ®

el

N3 Beipaxenus (1) ciemyet, 4To 1 I:2k|,/:o,5 B CHUCTEMax C CHUMMETPUYHBIM

3aKOHOM KOMMYTalluM TPAH3UCTOPOB BLIXOAHOI'O KaCKajJda B YCTBIPC pasa 6OJ'IBI_HC,
4Y€M B CUCTEMAX C HCCUMMCTPHUYHBIM.

N3 BeipaxkeHus (1) Takxke cienyeT, 4TO BEIUYMHA JOMOJHHUTEIbHBIX MOTEPh

T

TAKXKC 3aBUCHUT OT OTHOIICHMHA T_ 3aBUCUMOCTh AOIIOJIHUTCIIBHBIX IIOTCPb OT
9

T

OTHOIICHUS T_ s oo = 0 mpegcraBieHa Ha puc. 1.
<]
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4= {] T_;

=25

a0t T N /

807 7
006 /
/ ///
. 005 7 /
404 L
| . / T3 _ 0
0,02 :
. 0,01

.-'/, N 3 N N
0 1 2 3 TIT,
PI/IC. 1 3aBI/ICI/IMOCTB JOIIOJIHUTCIIBbHBIX HOTepB oT OTHOHLICHUA
T/T, g1 a=0.

3neck T, - aIeKTpoMeXaHuuecKas IOCTOSIHHAS BPEMEHHU CHCTEMBI.

[Ipy MaspIX YacToTax KOMMYTAllMM MOTEpH B JBUTaTeNe, OOYCIOBJICHHBIE
MyJIbCAllMel TOKAa, MOTYT JOCTUraTh OosbIIMX BelnyuH. [loaTOMy wYacToTy
KOMMYTallM{ BBIOMPAIOT OOBIYHO TaKOM, YTOOBI AOMOJIHHUTENIbHBIE IOTEPU IIPH

vy = 0.5 cocraBnsnu BenuunHy MeHee 10% oT moreps B ABHUrarene mnpu

HOMUHAJIBLHOM peXuMe PabOThI U HETIPEPHIBHOM YIIPABICHHH. YacTOTy KOMMYTAIHH
BBIOMPAIOT UCXO/Is U3 ATOTO 1Mo (hopMyIie:

I S Cte)

KoM T T M on (2)
2
M n
rae: M, ,on - HOMHUHAJIbHBIIA MOMEHT JIBUTATEI,

M - TyCKOBOM MOMEHT JBUTATEJIS;
T, - aJIeKTpOMarHuTHAs MMOCTOSHHAS BPEMEHU CHUCTEMBI.

BenuunHa OTHOCHUTEIBHBIX JOMOJHHUTCIIbHBIX IMOTEPb B ABUTATCIIC 3aBUCHUT
OT CPCOAHCTO HAIIPAXKCHUSA HAa €TI0 AKOPC.

JI711 CAMMETPHYHOTO 3aKOHa KOMMYTaIuu (o, = -1)

1 (T 2
P=sl 7| (1-V5) 3)

el
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rac. U acp* U

JI71s1 HeCUMMETPUYHOTO 3aK0oHa KoMMyTanuu (o = 0)

2

1T 2
R=2) - U, (11U, 1) 7
487P.
3aBHCHMOCTH (T /T) oT U,Icp*, paccuuTaHHas 10 BBIPAKECHUSIM

IIPEACTABIICHA HA pHUC. 2.

-1-0,8-0,6-0,4-0.200,20.40.6 0.8 1 Ujep+

481P.

Puc. 2. 3aBucumMocThb (T /Ta) OT Ujep.

OTH KpUBBIE TOKAa3bIBAIOT, YTO MPH OJMHAKOBOW YACTOTE MEPEKIIOUECHUS
JOTIOJIHUTENIbHBIE TMOTEPU MOUIHOCTH TPU CUMMETPUUYHOM 3aKOHE KOMMYTaIlUU
KJIFOYEel MOCTa 3HAYUTEJIbHO OOJIbIlle, YeM MPU HECUMMETPUUYHOM, OCOOCHHO TPHU
MaJIbIX YaCTOTax BpaIeHUs U MaJIbIX MOMEHTaX Harpy3KH.

3aBUCUMOCTH W BBIPOKCHHS, TMPEICTABICHHBIC BBIIIC, IMOJYYCHBI IIPHU
JTOMYIIEHUH 00 WACATBbHOCTH TPAH3UCTOPOB BBIXOJHBIX KAaCKaJIOB YCUJIUTENEH
MOITHOCTU. MOIIIHBIE TPaH3UCTOPHI, MNPUMEHAEMbIE B OKOHEYHBIX KacKaJaax
UMITYJIbCHBIX yCUIUTENEH, nMetoT Bpemsi nepekiatouenus (1-10) mxc. [Ipu yactorax
kommytaruu (2 -10) Kru ato coorBerctByeT Bpemenu (0.1 -0.5) MuimucekyHabl
HaxO0XXJI€HUSl TPAH3UCTOpa B JIMHEHHOW 30HE. DTO MPUBOAUT K CYLIECTBEHHBIM
MOTEPSIM MOIIHOCTH B TPAH3UCTOpPAX YEro HENb3sd HE YYUTHIBATh IPU pacyuere
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xapakrepuctuk cuctemMbl MY-JI. Kpome TOro, KpeMHHEBBIE TPAH3UCTOPHI HUMEIOT
3HauuTenbHoe (1 -3)B HampspkeHue HachIEHUs, YTO NPHUBOJUT K €le OOJbIINM
NOTEPSM MOILIHOCTH B YCHUIIUTEISIX.

III. OBPBEKT UCCJIEJOBAHUSA U OBOPYAOBAHUE

JIabopaTOpHBIl CTEHJ BKJIIOYAET HUMIIYJIbCHBIE YCHJIUTENIM MOUIHOCTH:
OpOCTENIINN HepeBEepCUBHBIN (cxema A), HEpPEeBEpCUBHBIM C 3aKOpayMBalllUM
TpaH3UCTOPOM (cxema b) M MOCTOBOI peBEpCHUBHBIN C CUMMETPUYHBIM 3aKOHOM
kommyTtanuu (cxema C); 3amaroluil reHepaTop MPsIMOYTOJIBHBIX MUMITYJICOB PETy-
JUPYEMOM YacTOTbl M CKBAKHOCTHU IS YIPABJICHUS UMITYJIbCHBIMA YCUIIUTEISIMU
MOII[HOCTH; JBUTaTelb MOCTOSSHHOro Toka Tama JIM - 2 - 26 u Harpyxaroliee
YCTPOMCTBO JIBUraTeNs - JIEKTPOMATHUTHBIN TMCTEPE3UCHBIN TOpMO3 ( My(dTa THMa
MI'B -1.6-3, paboTaroias Kak TOPMO3).

BenoMelil Ban My(QpThl COEUHEH C BAJIOM JABUTATelsA, a BEAYIIHI 3aTOPMOKEH.
Tak kak pa3BuBaeMbli My(TOl MOMEHT TOPMOKEHHSI 3aBHCHT TOJBKO OT TOKa
yHOpaBISIIONIE OOMOTKHA U HE 3aBUCUT OT CKOPOCTH BPAILEHHSI BEAOMOIO Bajia, TO,
U3MEHSS TOK B OOMOTKE YINpAaBIICHUSA, MOKHO HM3MEHSITh MOMEHT Harpy3ku Ha
JBUTATENb. MuMaMIepMerp, MNpPOrpagyMpOBaHHbIA B BEIMYMHAX MOMEHTA
Harpy3KH, IOMEILEH Ha JIMIEBOI MaHed yCTaHOBKH.

YacroTa BpalleHus JBUTATENs U3MEPSIETCS ¢ TOMOUIbIO (OTOAATUNKA U
4acTOTOMEpa, KOTOpbIM (UKCUpyeT mepuoja KoJieOaHMW MEXIy JABYMs IOC-
JIEI0BATEJIbHBIMU ITPEPBIBAHUSIMU CBETOBOT'O IIOTOKA CIEUAIBHBIM IIPEPBIBATENEM,
PACIIOJIOKEHHBIM HA BAJIy JIBUTATEIS.

[lepexntoueHre pesxuMOB pabOThl UMITYJILCHOTO YCHUJIUTENS MOLTHOCTHU ( CXEMBI
A, b, C) ocymecTBiseTcss mNepekioyaTesieM Ha JuUeBod mnaHenu. Tam ke
BBIBEJICHBI IOTEHIIMOMETPBI, YIPABJISIIOIIUE CKBAXKHOCTBIO M YaCTOTON MMITYJIbCOB
33JIal0IIEero reHeparopa. XapakTep W3MEHEHUs HANpPsKEHWA M TOKOB B KaXKIOM
Y4acCTKE CXEMbI UCCIIEYETCS C MOMOILBIO OCHMIIIOrpada, KOTOPBIA MOAKIIOYAETCS
MOMEPEMEHHO K MCCIIEyEeMOMY Y4YacTKy CXEMbl C TMOMOIIBIO MEepeKIYaTeNs,
YCTaHOBJICHHOTO Ha MepeaHell nanenu. B nabopatopHoii paboTe UCTIONB3YIOTCS:

1) Hu3KouacToTHbIN ocumsuiorpad tuma C1-19b;

2) uudpoBoi U3MEPHUTENH YaCTOTHI BpaieHus npuratens LIAT-2M:

3) BOJIBTMETP MOCTOSIHHOTO TOKA MarHUTOAJIEKTprUUYecKoi cucteMbl Ha 30B;
4) amnepMeTp MOCTOSTHHOTO TOKa MarHUTORJIEKTPUYECKON CUCTEMBI Ha 1.5 A;
5) cTenA s UCCIEeI0OBAHUS SHEPTETHUECKUX XapaKTEPUCTHK cucteMbl MY -]1.

IV.3AJAHUE HA PABOTY
1. UccnenoBarh BAMSIHME YAaCTOThl KOMMYTALlMU TPAaH3UCTOPOB BBIXOJIHOTO
KaCKaJla YCUJIMTENS MOIIIHOCTH Ha MOUIHOCTB, TepsieMyto B cucteme MY -/1.
2. HUccnenoBarh BIMSIHUE METOAOB KOMMYTAIlMU TPAH3UCTOPOB BBIXOAHOTO
KaCKaJla YCUJIMTENS MOIIIHOCTH Ha MOIHOCTB, TepsieMyto B cucteme MY -/1.

V. HOPAJOK BBIITIOJIHEHUS PABOTBI
[Tepen BeIMOTHEHUEM paOOTHI TIATEIBHO 03HAKOMHUTHCS C KOHCTPYKITUEH
CTEH/Ia, PaCIOJIOKCHUEM OPTaHOB YIIpaBJICHUS IPHOOPOB U CTEH/IA, 3aTOTOBUTH BCE
HEO0OXOIMMBIE TaOJIUIIBI,
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1. Onpenenennie MOIHOCTH, TepsaemMoil B cucteme MY -J1 ¢ HeCuMMETpUYHBIM
3aKOHOM KOMMYTAIIUH, TIPH pa3IMIHbIX yacToTax (cxema b):
a) BKITIOYUTH BCE AJICKTPOHHBIE IPUOOPHI M 1aTh UM MPOTPETHCS B TCUCHUU 5

MUH.;
0) MOIKIFOYUTH ociiuiorpad K kiaeMMam "ocumiorpad" Ha cTeHe, a
MepEeKITI0YaTeNb CTeH Ia YCTAHOBUTH B ToJioskeHue Ug, min Ug,y;
B) BKJIIOUNTH HanpspbkeHue nutanus ctenaa 36B 400 ' 1 ycTaHOBUTH PYUYKOM
"yactora" yactorty 3anarouiero reaeparopa 0.5 k'

I') IEPEBECTHU MEepeKIoYaTe b Ha CTeH/ e B mojiokeHue "U,,", OTKIIOUNTh
ocumiiorpag ot creHa ( He BBIKJIIOYAs €T0 ) U Ha €r0 MECTO MOIKIIOUUTD
BOJIBTMETD;

1) YCTAaHOBUTH MIEPEKITI0YATENh H3MEPUTEIBHOTO MPUOOpa CTEHIA B
nosioxkenre "My" 1 ¢ TOMOIIBIO MMOTEHIIMOMETPA YCTaHOBUTH 3HaUeHue M, = 0;

€) BKJIFOUUTh NMUTaHKE - 27B, Ha)KaTh Ha KHOIKY BKIIIOUCHUS (PSIIOM C
TymMOJsiepoM 27B ) ¥ yCTaHOBUTH CPEIHEE HAIPSKEHUE Ha JIBUTATENE C TTIOMOIIBIO
MOTEHIIMOMETpa "CKBAXXHOCTB'" 3aaatoiero reueparopa S, 10, 15 u 18B;

) CHSTh MOKa3aHusi aMnepMeTpoB g, |, ( mepexitouas TymOIiep B MOJI0KEHHE
|, ¥ u3MepuUTes YacToTa BpallleHUs IBUTATENs], BHECTH UX B TaOJUILy, IPU 3TOM
nokazaHus LIAT - 2M yMHOKHUTBH Ha 2, TaK KaK 10 TEXHUYECKUM MPUYUHAM OH JIa€T
3aHUKEHHOE BJIBOC 3HAYEHUE YACTOThI BPAIICHUS;

3) MPOU3BECTU BCE BBIIICNIEPEUUCICHHBIE U3MEPEHHUS JJIsl BCEX 3HAUCHUN
HarpspkeHuit ¢ 5, 10, 15 u 18B ), paccunrats € o, 1 AP

pao T

06. T A | 06
6.Cp c 30 6.Cp

Q

2
] P = Un In o MHQOQ,cp - R;ch I;ch , 3J1CCh Rﬂ:12.5 OM.,

I/I) AHAJIOTUYHO ITPOU3BCCTH UBMCPCHUSA U paCUCThl IJII MOMCHTA HArpy3Ku

0.01 HM;
Tabmuma
Hanpsokenue, B |5 10 15 18 5 10 15 18
M ,xI'cm *10 0 0 0 0 1 1 1 1
M, H*M 0 0 0 0 0.01 0.01 0.01 0.01
Ns.cp » MuH
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Queep » Pan/c

I IIB.CD 1 A

U uB.cp*I IIB.CP1 A

IH.Cp 1A

licp. Un, A*B

MH *Q[IB.Cp) HM/c

AP, BA

U,, B

K) YCTAaHOBUTBH 4aCTOTY KOMMYTAalluH 2 KFI_I N CHATHb DOHCPICTHUYCCKUC
XapaKTCPUCTHUKU CUCTCMBI JJIA 9TOM YaCTOThI U I[ElﬁHI)I? CBCCTH B Ta6JII/IHy;

1) mpeAcTaBUTh rpaduuecku 3aBUcUMocTb AP = f(U,,) 11 AByX yacToT
0.5 k[, 2.0 k['mu M, =0, M, =0.01 HM na ogHom rpaduxe.

2. OnpeniesieHue MOIIHOCTH, TepsieMoit B cucteMe MY - ][ ¢ cumMeTprudHbIM
3akoHOM kommyTanuu (cxema C);

a) YCTaHOBUTH NEPEKITI0YATENb padOThl CXeMbI B nosoxeHue "cxema C";

0) YCTaHOBUTH C TIOMOIIIBIO MOTEHIIMOMETPA "CKBaKHOCTB'' 3a/1at0IIET0
reHeparopa 3aJaHHbIe HAMPSIKEHUS;

B) ITPOM3BECTH ISl 33JJaHHBIX MOMEHTOB Harpy3ku ( TabJ1.) onpeesieHue

JOIOJHUTEIBHBIX IIOTEPh B CUCTEME IIPU MOCTOSHHOM U, , 110 BBIIENIPUBEIEHHOM
Metoauke st yactoT 0.5 u 2.0x['11 1 nanHbIe 3aHECTH B TAOJIHILY;
I') HOCTPOUTH Ha 0JHOM rpaduke 3aBucumoctd AP = f(U,.,) 3THx yacror.

V1. YKA3AHUS ITO O®OPMJIEHUIO OTUHETA

OTyeT AOJIKEH COAEPKATh MPUHIUITAAIBHBIE CXEMBI CUCTEM U PE3YJIbTATHI
u3MepeHuil B BUe TabuIl ¥ rpauKOB, a TaK)Ke HEOOXOAUMBIE BBIKJIAJIKU U
pacdeTHbIe (HOPMYIIBI.

Ha ocHOBaHuM pe3yapTaToOB M3MEpPEHNUN HEOOXOAMMO B KOHIIE KaXKI0TO
MYHKTA CJIeJIaTh BBIBO/IBI:

1) 0 BIMSAHUM YaCTOTHl KOMMYTAIIMU TPAH3UCTOPOB BBIXOJHOTO KacKaja
YCHJIMTEISI MOIIHOCTU cucTteMbl MY -/] Ha MOIIHOCTB, TEPAEMYIO B CUCTEME;

2) 0 BIUSIHUU METOJa KOMMYTAaIIMU TPAH3UCTOPOB BBIXOJHOTO KacKaja
YCHJIMTEIS MOIIHOCTU cucTeMbl MY -/] Ha MOIIHOCTB, TEPAEMYIO B CUCTEME.
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VI1l. KOHTPOJIBHBIE BOITPOCbBI

1. Kakue MeToipl KOMMYTAIMU TPAH3UCTOPOB BBIXOAHOTO KacKajia pe-
BEPCUBHBIX YCUIIUTEICH MOITHOCTH UCTIOIB3YIOTCS B TEXHUKE M B UeM OHU
3aKJIFOYAOTCA?

2. Uto Takoe JOMOTHUTEIbHBIC TTIOTEPU MOIITHOCTH B JIBUTATENIE TIPU
UMITYJIBCHOM CITIOCO0€ YIPABJICHHS K Y€M OHH 00YyCIIOBJICHBI?

3. [Ipu kakOoM METOJIe KOMMYTAIIMH IOMOJHUTEIbHBIE IOTEPH MOLTHOCTH
MHHUMAaJIbHBI?

4. B HEeKOTOpBIX ciayyasm (cM. TabJ1.) TOK, moTpedisieMblit cuctemont MY -J1,
MEHBIIIE TOKA SKOPS ABUTATENIS ; YEM 3TO MOXKHO OOBSICHUTH?

VIII. BUBJIUOTI PAOUUYECKHA CITUCOK

OcHoBHas JuTEpaTypa

1. PabunoBuy JI.B. Jlunamuka cuctem NpuBOAOB: Y. mocodue -
M.:BUBJIMO-T'JIOBYC, 2016. 266¢. :u.

2. Tepexos, B.M. Cuctembl ynpaBieHus JIEKTPOIPUBOJIOB : yUeOHUK JIJIs
By30B / B.M. TepexoB, O.W. Ocunos; nox pen. B.M. TepexoBa .— M. :
Axanemus, 2005 .— 304c.

3. Eneukas, ['anuna [TaBnoBHa. DNEKTPOMEXaHUYECKUE YCTPOKUCTBA
MeXaTpOHHBIX cucTeM : yueO. mocooue / I'. I1. Enenkas, H. C. Umoxuna, A. I1.
[TankoB ; Tynl'Y .— Tyna : U3p-Bo Tyal'V, 2018 — 224 c.

4. Yemonanos, b.K. Cnengimume npuBoast: B 3 T. T.2. Dnekrpuueckue
cneasume npuBoasl/E.C. breit3 , B.H. bponosckuii, B.A. Beeaenckuii u np. /
ITox pen. b.K. UemonanoBa .— 2-e usn., nepepad. u gon. — M. : MI'TVY um.
H.2. baymana, 2003 .— 979c. : un.

5. OCHOBBI pacuera U MPOEKTUPOBAHUS MEXATPOHHBIX MOJYJIEH CUCTEM
HaBesieHud U ctabunuzauuu,/ O.B. I'opsiues [u ap.| Tyna: M3ga-so Tynl'Y, 2011
—233 c.

6. Kupumios A.A. OCHOBBI 3JIEKTPONPHUBO/IA JIETATEIIbHBIX AIIaPaTOB:
VYyebHoe mocobue a1 By30B. — Mocksa: bubnmo-rnodyc, 2013. — 208c.

JlonoJiHUTEIbHAS JIUTEPATypPa

1. Komeuios, W.I1. Dnexrpudeckue MammuHbl : Y4ebd. mocoOue ajis By30B
/ WL.I1. KonbuioB .— 3-€ u3A., ucop. — M. : Beicui. mik., 2002 .— 607c. : ui.

2. PozanoB IO.K. DnexTpoHHBIE YCTpPOMCTBA AIEKTPOMEXAHUYECKUX
cucteM: Yueb. nocodue mnsa By30B / FO. K. Pozanos, E.M. CokonoBa. — M.:
Nz narensckuii neHTp «Akanemus», 2004. - 272 c.: v
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3. Anues, .. Dnexrporexunyeckuii cnpaBoyHuk / .. Anues .
u3. ucnp. — M. : PagnoCodr, 2002 .— 393c. : ui.

4. Ammnes, .U, Dnextpuueckue anmapatsl : crpaBouHuk / .M. Anues,
M.b. A6pamos .— M. : UII PaguoCodt, 2007 .— 256¢. : u.
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JlabopaTtopnas paGora Nel0

N3ydyeHnue npuHIUNA 1eliCTBUS U XAaPAKTEPUCTHK PEBEPCUBHOIO
cjieasiiero NpuBoaa, padorawinero no cucreme « Tpan3ucropublii
HMITYJIbCHBIH YCHJIMTENb - IBUTATE/Ib NOCTOSIHHOTO TOKA ¢ He3aBUCHMbIM
BO30Y:KIE€HHEM))

I. LIEJIb Y 3AJIAUM UCCJIETOBAHUS
I/I3yquHe IIpUuHOUIIA pa6OTI)I, CXEMHOU pcajim3aluu, HAa3HAUCHU A
QJICKTPOHHBIX 6HOKOB N XapPaKTCPUCTUK PCBCPCHUBHOIO IIPHUBOJA ITOCTOAHHOT'O TOKA,

pabotatoriero MO CUCTEME  "TPaH3UCTOPHBIM HUMIYJIbCHBIA YCHUJIHTENb C
CUMMETPUYHBIM 3aKOHOM  KOMMYTAllMM TPAaH3UCTOPOB BBIXOAHOIO Kackajaa
YCHJIUTENST MOIMHOCTA -  JIBUTaTellb MOCTOSHHOTO TOKa C HE3aBUCHMBIM
BO30YKJIeHHEM ",

II. TEOPETUYECKUE CBEJAEHUSA
B nmo0omM crendiineM NpuBoA€ MOXHO YCIOBHO BBIJEIHTD JIBA KaHaIa
pacrpoCTpaHEHUs CUTHAJIOB:

2) xaHaJ yrpaBiieHus (MH(POPMAIMOHHBIA KaHal), I0 KOTOPOMY

NepeIatoTCsl CUTHAIIBI YIIPaBJICHUS C BX0JIa IPUBOIA K OOBEKTY YIIPaBICHUS.
DJleMEHTaMU KaHaja YIPaBJICHUS SBISIIOTCS JTaTYMKU PACCOTIACOBAHMS
(M3MepuTEIHHOE YCTPONUCTBO), KOPPEKTUPYIOIINE YCTPOMCTBA, YCHIIUTENIN
HaIPSHKEHHS M MOIIIHOCTH, HCTIOJIHUTENIbHBIE 3JIEMEHTBI U MEXaHUYECKas Mepe1ayda
(cunoBoil petykTop);

2) DHEpreTUYeCKWi KaHal (CUJIOBas YacTh), MO KOTOpPOMY IpeoOpasyemas
SHEPrusi PaclpoCTpaHseTCs] OT HMCTOYHMKA MHUTAaHUA K OOBEKTY YIIPaBICHUS
SHEPreTUYECKUI KaHaJl MPUBOJIA BKIIIOYACT B C€0s HMCTOYHUK MUTAHUSI, BBIXOHbIC
KACKaJbl YCUJIMTEISI MOIIHOCTH, UCTIOJIHUTEIbHBIN IBUTATEINb, CUIOBON PELYKTOP.

DHEpreTUYecKuii  KaHall ~ mpeoOpa3yeT SHEpPrui0 HCTOYHHKA TUTAaHUSA B
MEXaHUYECKYI0 SHEPIHI0 JIBIDKCHUS OOBEKTa YMpPABJICHHs, a KaHaI YNpaBleHUS
o0ecreunBaeT ynpaBJIeHUE SHEPTHEH B SJHEPTETUUECKOM KaHaJIe.

B kanan ymnpaBieHUs THUIOUYHOTO TPUOOPHOTO CIEASIIETO 3JICKTPUIECKOTO
npuBonaa (ICII) BXomaT: AaT4MK paccorjacoBaHUs C MCIOJIb30BaHUEM CHHYCHO-
KOCHHYCHBIX WJIH JIMHEWHBIX Bpamarmmxcsa tpanchopmatopoB (CKBT umm JIBT),
($a304yCTBUTENbHBIA  BBIIPSIMUTENb,  CIUIAKUBAIOUMN  (QUIBTP, YCHIUTEH
IIOCTOSIHHOTO ~ TOKa,  IIOCJEN0BATEIBHOE  KOPPEKTHPYIOLIEE YCTPOMCTBO,
CYMMUpPYIOILIEE YCTPOMCTBO, MOIAYJSTOP JJIUTEIBHOCTH HMMIYJIbCOB, YCUIIUTEIb
MOIITHOCTH, UCIIOJITHUTEJIbHBIN IBUTATENh U PEIYKTOP.

B sHepreTtnueckuil KaHa BXOJAT: BBIXOJHOW KACKaJ YCUJIMTENS MOIIHOCTH,
UCTIOJIHUTENbHBIN  ABUTaTeNlb MW peaykrop. s oOecnedeHuss  BBICOKOTO
ko3 duleHTa MOJIE3HOTO ACHCTBUS, BBIXOAHBIE KACKAIbl MOCTOBOIO YCHIJIMTENS
MOIIIHOCTH pa0oTaloT B KitoueBoM pexkume. Hanbonee wacto B mpubopubix DCII
UCIIONB3YETCSI CHUMMETPUYHBIM 3aKOH KOMMYTAallMM TPaH3UCTOPOB BBIXOJIHOTO
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KacKa/ia yCHJINTENs MOIIHOCTH. [Ipr 3TOM 3aKOHE TPaH3UCTOPHI BHIXOJHOTO KackKaaa
YCUJIUTENSI MOIIHOCTH, HaxOJSLIMECs] B Pa3HbIX JAHArOHANSAX MOCTOBOW CXEMBI,
KOMMYTHUPYIOTCSI B IPOTUBO(DA3e.

Jlnst obGecrieuenus TpeOyeMbIx auHamMudeckux cBoMcTB OCII  mcmomb3yrorces
napajuleJbHble KOPPEKTHUPYIOLIME YCTPOWCTBA, BKJIIOYAEMblE B II€MH MECTHBIX
OOpaTHBIX CBsI3€d IO CKOPOCTM M IO YCKOPEHUIO Ciendlero Baja. MecTHble
oOpaTHbBIE CBSI3U PEATU3YIOTCSI C MOMOIIBIO TaXOI€HEraTopa, COSAMHEHHOTO C
BaJOM HCHOJHUTEIBHOTO JBUTATENs, U C IOMOILBIO PE3UCTOPA, BKIIOUEHHOIO B
LIENb WUCIIOJIHUTENBHOIrO ABUratens. CHUrHanbel NapajulebHBIX KOPPEKTHUPYIOLINX
YCTPOMCTB CYMMHUPYIOTCS C CHUTHQJIOM IIOCJIEI0BAaTENbHOIO KOPPEKTUPYIOIIETO
YCTpPOICTBA B CYMMHPYIOIIIEM YCTpPOMCTBE.

biok - cxema OCII, umeromero Bce BbIIE NEPEUYUCICHHBIE YCTPOICTBA,
MOKa3aHa Ha MepeAHel naHenn 1abopaTopHOTO CTEH/IA.

IHI. OB BEKT UCCIIEJOBAHUA U OBOPYIOBAHUE

OOBEKTOM UCCIIEJOBAHUSI SBIISETCS PEBEPCUBHBIN AIEKTPUUECKUI
IPUBOJ], pabOTAIOUMK MO CUCTEME TPAH3UCTOPHBIA UMIYJIbCHBIA YCHWINUTENb C
CUMMETPUYHBIM 3aKOHOM KOMMYTAllMM KIIIOYEH BBIXOJHOIO KacKaaa yCUIMTENs
MOIIIHOCTH - JIBUTaTeJIb HOCTOSIHHOTO TOKA C HE3aBUCUMBIM BO30YXKICHUEM.

Ji1g BBIIOSTHEHUS pabOThl HEOOXOIMM HU3KOYaCTOTHBIN ocusuiorpag,
reHepaTop KoJieOaHu crienuanbHON (POPMBbI, UICTOUYHUK MTUTAHUSI TTOCTOSHHOTO TOKa
27B, 5SA ¥ UCTOYHUK ITEpeMEHHOTO HamnpsbkeHus 36B, 400 ['.

IV.3AJJAHUE HA PABOTY
1. M3yunth OJOK-CXeMy CHEIseld CHUCTEMbI, YCTAaHOBUTHh (DYHKIMOHATIHLHOE
Ha3HA4YEHUE OTACIBHBIX OJIOKOB U UX B3aUMOJICHCTBHUE.
2. VccnenoBaTh JUHAMHYECKUE XaPAKTEPUCTUKU CIEAIICH CUCTEMbI U
U3YYHUTH BIMsIHUE KOADUIIMEHTA YCUIICHHS TI0 PA30MKHYTOMY KOHTYPY Ha
XapakTep MePeXOoHbIX MPOLIECCOB U YACTOTHBIE XaPAKTEPUCTUKUA 3aMKHY-
TOU CHUCTEMBI.

V. INOPAJOK BBIIIOJIHEHUSA PABOTbBI
1.13ydyenne pyHKIIMOHUPOBAHMS CIICISIICH CHCTEMBI:

a) OCMOTPETh CTEH/ U MEPEKIIOUYUTh Bce TyMOyiepa B IOJIOKEHHE
"BBIKI'";

0) ycranoButh ko3dduurents ycuinenuss "KII1" u "KI12" munumanbHpiMu  (C
MOMOILBIO COOTBETCTBYIOLIUX MOTEHLIIMOMETPOB MOBOPOTOM PYYEK BIJIEBO J0 yIOpa
6e3 Haxxuma), a Takxe "K "(moBopotom
PYUYKH MOTEHIUOMETPA BIPABO J0 YIOPA);

B) YCTAHOBHUTH CUHYCOUAAIbHBIN BXoHOM curdai U = 1B ¢ yvacro-
toit 0.25T't (renepatop I'6-15);
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I') BKJIIOYUTh CUCTEMY B CIIEAYIOIEH mocaenoBarenbHocTu: 220B,
36B 400 I'y m mocTostaHOE 27B,;

1) CHSITh IMarpaMMbl HanpsbkeHuil B Toukax 1,2,3,6,7,8 mytem mno-
BOpOTa mepexmovarens "ociuumuiorpad"” cTeHma u onpeneauTh YacTOThl CHTHAJIOB,
UCIOJIb3YsI BO3MOXKHOCTHU ocIiorpada;

€) BBIKJIIOYUTH CUCTEMY B 0OpaTHOM MOPS/JIKE;

) UCHOJIb3yd JHUarpaMMbl HamnpsOKeHUW U OJOK-CXeMy CTEHJa,  OMHcaTh
Ha3HaueHue U (PYHKIMOHUPOBAHUE IJIEMEHTOB MIPUBO/IA;

3) OMPENETUTh DJIEKTPOMEXaHUYECKYI0 TOCTOSHHYIO BPEMEHHU CHUCTEMBI: IS
Yero yCTaHOBUTH JITMTENILHOCTD pa3BepTKH ocuusuiorpada 20 mc
B JICTICHUH, BBIKIIOUNTD U3 THe3/1a nutanus 1 mrexkep 36B 400 I' (T.e.
Pa30MKHYTb OOpaTHYIO CBSI3b IO YIUIY BpAIlCHUs), YCTAHOBUTh YaCTOTY
MPSIMOYTOJILHOTO BXOJIHOTO CUTHaJIa ¢ reneparopa ['6-15 (3...5) I'u, 0.5B (5B
¢ ocnabnennem 20 JIb), BKIIOYUTH CUCTEMY B BHILIETPUBEACHHOM MOPSIAKE
M 3apucoBaTh IMEPEXOJHBIA MpoLEcC MO CKOPOCTH JBHratens (ocuusuiorpad
MOAKIIIOYEH K KiiemMMaM "ociusuiorpad" cTeHa B MOJ0KEHUH 6).

2. N3ydyenue BnusiHusA KO3PPUIIMEHTA YCUICHUS IO Pa30OMKHYTOMY
KOHTYpPY (MpAMOM 1eN1) Ha TUHAMHYECKUE XapaKTEPUCTUKH CIESIICH CUCTEMBI:

a) yctaHoBUTh KoahurmenTs! ycmienus "KII 1" u "KII 2" ¢ momomibio
COOTBETCTBYIOIIMX MOTEHIIMOMETPOB MUHUMAJIbHBIMU;

0) ycTaHOBUTBH MepekiIovaresb crenna "ociuiorpadg” B monoxeHue 3 (yroiu
MOBOPOTA CJIC/ISAIIETO Baja);

B) Ha BXOJI CUCTEMBI MTOAATh NPSIMOYTOJIbHBIN BXOJHOW CUTHaN dYactoTou 1I'm u
ammutyzoit 0.5B u cHATB ¢ 5kpaHa ocuwiorpada mepexoHbIN mpoliecc;

r') moJaTh Ha BXOJ CUCTEMbl CUHYCOUJIAJIbHBbIA BXOJHOM CHUTHAJ C aMIUTUTYAOU
0.5B u B auanazone ot 0.5 go 8 I'u, wepes 0.5 ['n ¢ nmomoibro
buryp Jlucaxy CHATh aMIUTUTYAHO-(PA30BYIO YaCTOTHYIO XapaKTEPUCTHUKY;

1) YCTAHOBUTbH BXO/JHOW CUTHAJI COTJIACHO MYHKTY "B", BKJIIOYUTH
cucteMy U yBenuuuBas kodpduuuentsl ycunenus "KII 1" u "KII 2"( moBopaunBas

PYYKH TOTCHIIMOMETPOB II0 YaCOBOM CTpeiKe) 10 TeX nop MoKa
nepeperyaupoBaHue He ctaHeT Onm3kuM K 25-30 %, a 3aTeM CHATHh MEPEeXOHBIN
pOIIECC;

€) YCTaHOBUTbH BXOJIHOW CUTHAJI COTJIACHO MYHKTY "I U CHSATH

A®DUX cucremsl B nuanazone (0.5 - 10)I'1, gepes 0.5 I';

) MOCTPOUTH Ha ofHOM rpaduke JIADUYX u mepexomHbie MPOIECChl
mpu JIBYX KOX(PUIMEHTAX YCUJICHUS O PAa30OMKHYTOMY KOHTYpYy H© CHelaTh
BBIBOJI O BIMSIHUM KOd((PHIIMEHTa YCHUIICHHS Ha Ka4yeCTBO MEPEXOTHOTO MpoIecca U
JaCTOTHBIE XapaKTEPUCTUKH CHCTEMBI.

VI. YKAZAHUSA ITO OPOPMJIEHUIO OTUETA
OTtuet 0 padoTe TOKEH COACPIKATh.
1. bnok-cxemy npuBoja.
2. JlnarpaMMbl HanpsHKEHUH BO BCEX MEPEUMCIEHHBIX TOYKAX.
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3. IlepexomHbIE MPOIECCH] U YACTOTHBIC XaPAKTEPUCTHKH CUCTEMBI.
4. Bce He0OXx01MMBbIE BBIBOJIBI TIO PadoTe.

VII. KOHTPOJIBHBIE BOITPOCbBI

1. O0ObaAcHUTH (YHKIMOHATBHOE HAa3HAYCHUE W MPHUHIMI pabOThl 3JIEMEHTOB
CHEeASIIEN CUCTEMBI?

2. Kak ocylecTBIsSIETCS yIPaBICHUE YaCTOTOM BpallleHUs IBUTATEINS B
JTAHHOW cieasIeil cucreMe?

3. Kakoii curnan u moueMmy UCIOJIb3yeTCsl ISl OCYIIECTBICHUST 00OpaT-
HOM CBSI3U [0 YCKOPEHUIO?

4. UTo mpoM3OHAET C CHCTEMOM, €CIM CYIIECTBEHHO YBEIMYUT KOIPPUIIUCHT
YCUJICHHS B PA30MKHYTOM KOHTYpE?

5. Ha ocHoBe aHanM3a KakuxX XapakKTEPUCTUK MPHUBOJAA ONpPENENeTCS 4acToTa

[ITM BBIXOHOTO KacKaJa yCUIUTEIIS MOITHOCTH?

VIII. BUBJIMOTPA®GUYECKUI CIIUCOK

OcHoBHas JuTEpaTypa

1. PabunoBuu JI.B. JlunaMuka cucteM IpUBOAOB: Y. MOCOOHE -
M.:BUBJIMO-T'JIOBYC, 2016. 266¢. :u.

2. Tepexos, B.M. Cuctembl ynpaBieHus JIEKTPOIPUBOJIOB : yUeOHUK JIJIs
By30B / B.M. TepexoB, O.W. Ocunos; nox pen. B.M. Tepexosa .— M. :
Axanemus, 2005 .— 304c.

3. Eneukas, ['annna [laBnoBHA. DiIeKTpOMEXaHUYECKHUE YCTPONUCTBA
MEXaTpOHHBIX cucteM : yueb. mocobue / I'. I1. Eneukas, H. C. Mmoxuna, A. I1.
[TankoB ; Tynl'Y .— Tyna : U3n-Bo Tyal'V, 2018 .— 224 c.

4. Yemonanos, b.K. Cnengimume npuBoast: B 3 T. T.2. Dnekrpuueckue
cnensume npuBoasl/E.C. breits , B.H. bponosckuii, B.A. Beeaenckuii u np. /
ITon pen. b.K. YemonanoBa .— 2-¢ u3a., nepepad. u gon. — M. : MI'TVY um.
H.3. baymana, 2003 .— 979c. : umn.

5. OcHOBBI pacyeTa ¥ MPOEKTUPOBAHUS MEXaTPOHHBIX MOIYJIEH CUCTEM
HaBeneHus U ctabunuzaruu,/ O.B. Topsues [u ap.] Tyna: Uzn-so Tynl'Y, 2011
—233c.

6. Kupumios A.A. OCHOBBI 3JIEKTPONPHUBO/IA JIETATEIIbHBIX AIapaTOB:
YueOHoe nocobue st By30B. — Mocksa: bubamo-riodyc, 2013. — 208c.

JlonmosHuTEILHAA JIUTEPATypPa

1. Konbinos, W.I1. Dnextpuueckue MamuHel : Y4ebd. nmocodbue ajis By30B
/ W.I1. KonbuioB .— 3-€ u3A., ucap. — M. : Beicui. mik., 2002 .— 607c. : uin.
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2. PozanoB IO.K. DnexkTpoHHBIE YCTpPOWMCTBA 3JIEKTPOMEXAHHUYECKHX
cucteM: Yueb. mocooue mis By3oB / FO. K. Po3anos, E.M. CokomnoBa. — M.:
N3parensckuil neHTp «Axagemusi», 2004. - 272 c.: un.

3. Anues, .. Dnexrporexunyeckuii cnpaBoyHuk / .. Anues .
u3a.,ucnp. — M. : PaguoCodr, 2002 .— 393c. : ni.

4. Anues, U.U. Dnexkrpuueckue ammapatsl : cipaBouyHuk / U.U. Anues,
M.b. A6pamor .— M. : UIT PagunoCodt, 2007 .— 256¢. : ui.
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JlabopaTtopHas paGora Nell

N3yyeHne XapaKTePUCTUK CUCTEMbI «3JIEKTPOMAIIUHHBIN YCHIUTEJb C
NOINEePEeYHbIM I0JIeM - IBUTaTe/ b OCTOSTHHOIO TOKA ¢ He3aBUCHUMbIM
BO30Y:KI€HHEM))

. HEJIb U 3AJAYU UCCJUIEJOBAHUSA
N3yuuThs npuHImn padboTsl 3JeKTpoMalinHHoro yeunurens (OMY), cucteMbl
OMYVY-]I, cocTaBUTh MaT€MaTHYECKYI0 MOJIEJIb CUCTEMbl U MPUBUTH HABBIKHU I10
OTIpEeICIICHUIO TApaMETPOB MOJICNIU C TTIOMOIIBIO KCIIEPUMEHTA.

II. TEOPETHYECKMHME ITOJIOKEHUSA

Onektpudeckue cieasanme npuoabl (DCII), padoTaromue - Mo cucTeMe
"DJIeKTPOMAIMHHBIA YCWJIUTENb C MONEPEYHbIM MosieM - aurarens” (OMY-])
MOJIYYWIIM IHUPOKOe npuMeHeHne B TexHuke ¢ 30-40 rr. B Hacrosmee Bpems B
CBSA3U C PA3BUTHEM IOJYIIPOBOJHUKOBOE TEXHUKH 00JIACTh UCIIOIB30BAHUS 3TUX
cucteM cokpatuiack. OnHako B psae oonacteit Texuuku OCII, paboratoiue mno
cucteMe OMY-/I, npoAoyKaroT HCIIONb30BaThCA B JIMANa30HE MOLIHOCTEW OT
COTEH BaTT /0 JECATKOB KWJIOBAaTT. JTO OOYCIIOBJIEHO PSAIOM HMX JOCTOUHCTB.
OCII ¢ OMY u apuratenssMu 0ObIYHOTO MCIOJIHEHMSI JOIYCKalOT 3HAUUTEIbHbIC
(B 2- 4 pa3a) KpaTKOBPEMEHHBIE IEPETrPy3KH IO MOMEHTY, HPHUBOJBI CO
CHEUMAIbHBIMU JIBUTATEISIMU NIO3BOJISIET YBEJIUYUTh MEPETPY3KY MO MOMEHTY 10
10 pa3. IIpu 3TOM BO3MOXKHA (POPCUPOBKA CKOPOCTH MCTIOIHUTEIBHOIO JBUTATENS
(M) no 150% oT HOMUHAIBHOM.

[Ipy nuTaHnM TPUBOJHOTO ABUTATENS OT CETH NepeMeHHOro toka JCII
CO3JaeT JUIsl CETHU CUMMETPUYHYIO HAarpy3Ky M HE BHOCHUT UCKaXXE€HUU B (opMy
KPUBOW MUTAIOIIETO HAMPSKEHUS.

OCII ¢ DMV MOXHO HCHONB30BaTh ISl YIpaBieHUS OOBEKTaMH,
MO/ABEP’KEHHBIM THKOBBIM MOMEHTHBIM BO3MYIIEHUEM, MPU MUTAHUU OT CETeH
OTrpaHUYEHHOW MOIIHOCTH (II€pEeIBUKHBIE TU3EIbHBIE JEKTPOCTAHIIUM, ra30BbIe
TypOunsl u T.4.). llpu »>TOM oHeprusi, mnotpednsiemas OICII, wmeHbie
HEOOXOAMMOM, a JOMOJIHUTEIbHAS HEPTUs MOCTYNaeT OT BpallarolIMXCsl YacTei
npuBOAHOTO fABUTaTenst OMY u camoro MY,

[MpunmunuansHas cxema OCII, pabGoratomero mo cucreme "OMVY-I",
IIpeCTaBJIEHA Ha puC. [.

B cucreme "OMYV-/1" 35eKTpOMAIIUHHBIA YCUIINTENb BBIMOIHIECT (PYHKIUU
yCUJIUTENST MOIIHOCTH. OMY ¢ TmomepeyHbIM TOJIeM TMPEeJCTaBIseT coOou
CIIeIMAIBHBIA TeHepaTop, OTIIMYAOITUNCS OOJIBIINM KOIDOUITUEHTOM YCUJICHUS.
Koodduument yenaerns MY no momsoctn cocrasimser 10° - 10%. Sxops MY
BBINIOJIHEH TaK K€, KaK U SIKOpb OOBIYHOW MalIMHBI MOCTOSIHHOTO Toka. Ctatop
UMEET:

a)  OIHY WJIM HECKOJIbKO OOMOTOK YINpaBIICHUS;

0)  OOMOTKY KOMIIEHCAIIH;
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B)  JOIOJIHUTEIbHBIE OOMOTKH, yTyUlIatOIINe YCIOBUS KOMMYTallUH,
0K

pea

YCUAUTZAD

Puc. 1. Ilpuntnunuansnas cxema ICII, paboratomero no cucteme "OMY-1"

Ha xosmexTope sIKOpst IO IIPOJOJIBHOM U IIONEPEYHOU OCSAM PACIIOIOKEHBI
metku. [lleTkn nmonepeyHon ocu 3aMKHYTBI HAKOPOTKO. [IpuHIMnuaneHas cxema
OMY mnpencrasneHa Ha puc. 2.

o

RY
&
&
D, w

Wy
(O
2t
Ed
un WK L
Ru
4

Puc. 2. [IpunumunuansHas cxema OMY
OOMOTKHM, yIy4YlIAOIIME YCIOBUS KOMMYTAllMM, HE OKa3bIBalOT Cy-
LIECTBEHHOTO BIIMSIHUS HA JUHAMHAYECKUE XapPAKTEPUCTUKH CUCTEMBI, & TOJBKO
OpUOIMKAIOT KOMMYTALMIO K UACAJTBHOM, MO3TOMY B JlalbHEHILIEM IPU aHaIU3e
JMHAMHMKHU CUCTEMbI UX YYUTBIBATH HE OyAeM.

Ha oOMoTky ympaBieHus nogaercs HanpsbkeHue U, oT mpensa-
PHUTENBHOTO YCHUJIMTENS, BbI3bIBAIOIEE HEOOIBIION NOTOK ynpasieHus @D, . Bo
BpallarouieMcsl IKope Ha nonepeuHslx nietkax Haoaurtcs JJIC. B 3aMkHyTOM
KOHTYpE TMOIEPEYHBIX IIETOK H3-3a MaJIOr0 COINPOTUBJICHUS OOMOTKH SIKOpS
IIPOTEKAET 3HAYUTENIbHBI 110 BEJIMYUHE TOK, KOTOPBIM BBI3BIBACT IIONEPEYHBIN
notok @y, mocmenHuii B CBOIO odepenb HaBoauT pabouyro OJIC Ey Ha
poI0abHBIX IieTKax. [Ipu Harpy3ke pabouuii TOK CO3/1aeT MOTOK PEaKIUi SIKOPS
@y, HAIPaABJICHHBIN NPOTUB NIOTOKA YIPABJICHUS U pa3MarHUYMBAIOLIUN MalIVHY.
UtoObl n30exkaTh CYHIECTBEHHOTO OcCiabiieHHs MOTOKA YNpaBleHUs, MOcaeaoBa-
TEIbHO B CUJIOBYIO II€Mb BKJIIOYEHA OOMOTKAa KOMIIEHCALIMHM, KOTOpas CO3/aeT
noTok @, HaApaBJIEHHBIA BCTPEYEHO NOTOKY PEaKUUU AKOpA. BelpaxkeHue s
OJ1C, pazBuBaemoit OMY, umeer Bua

E, =k,i, — i,
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rae 95 = 77ky - ko3 urment komneHcanuu SMY.
HarmpsokeHue Ha BBIXOAC YCHITUTEIIS

U, =Eyo —(&+Ry)is-

N3 mocnenHero BBIpaKEHHs] BHIIHO, YTO HAKIIOH BHEUIHHE XaPaKTEPUCTHKH
3aBHCHUT OT BEJIMYHMHBI KOdPQUIMEHTa KoMIeHcauu. Pasnnyaior criemgyromme
PEXKUMBI KOMITICHCALIUH.

1. Hemoxomnencawuu & >0 Wy > W,

2. PesxuM moJtTHONM KOMITEHCAIUH I10 ITIOTOKaM Wd = Wk

3. Pexxum nepekomIieHcaluu &<0, Wy <W,

Ecmn $= —Rd , To OMY  uMeer aOCOIIOTHO YETKYIO BHEIIHIOI

XapaKTEpUCTHUKY, HANPSHKEHUE Ha BBIXOAE PABHO Edo YU HE 3aBUCUT OT TOKa

Harpy3ku (peXuM IIOJIHOE KOMIIEHCAllMM [0 HaNpsDKeHWI0). BHemHss
xapakrepuctuka OMY npencrasieHa Ha puc. 3.

A & <—-R, |mepexommnen
Ey =k, E=—-R, Jcamus
¢=0
} HEJOKOMIIEHCA
E>0 s

\ 4

41



Puc. 3. Bremnss xapakrepuctuka MY

Mexanudeckue xapakTepucTuku cuctemsl "OMY-JI" mnpencraBiasitor  coOoi
napaijiesibHbIe MPSIMbIE JIMHUU U OTIMCHIBAIOTCSl ypAaBHEHUEM

M()e :Mn _fQOG’
rae:

C
M = - ki;
" Ry+R +& Y

_ CECM
R,+R +&

[Ipu onucanum nuHamMuku cuctemsl "OMY-/[" B nepBoM MPUOIMKEHUN MOKHO
MpeHeOpeyb BIMSHUEM WHIYKTUBHOCTEN MPOAOIBHOM e U OOMOTKH YIPABJICHHUS,
B3aMMOMHAYKTHBHOCTE OOMOTKHM YINpaBIE€HUS M KOMIICHCALM, MONepeyHOM
peakuuen SKOps, BIMSHUEM ITIOTOKOB pAacCesHUs, BUXPEBBIX TOKOB M JPYTHUX
saBiIeHu. Torma AuHaMuyeckue cBoMcTBa cucTeMbl "OMY-J[" MOXHO u3y4daTh C
[OMOIIIbIO MEPEAATOYHON (QYHKIIUU:

¢06 ( p) ky / Ce

W ( p) = - = ,

Y TTp 4T +T +3%% |pi1
CeCM
T _ st R}ze
M cC - JICKTPOMEXaHHUYCCKasd IIOCTOIHHAA BPEMCHU CUCTCMBI;
e~ m
T = i
q R - 3HeKTpOMaFHI/ITHaH IIOCTOAHHAsA BpeMeHI/I HOHepeqHOﬁ IICIIN.
q

Ecmmu <=0 | to nepegaToyHast GyHKIUs OyIeT UMETh BHI
k. /c
W’'(p)= y ° :
p(T,p+1)(T, +1)
B ciaepasmmx cuctemMax HCIOJIB3YIOTCS CETKa HETOKOMIICHCHpOBaHHbIE OMY,
TaK KaK TEPEeKOMIICHCAIMS TMPUBOAUT K TOMY, HYTO 3BEHO BTOPOrO TMOPSJIKA

CTAaHOBUTCS KOJE€OaTEeNbHBIM, a MPU JaJbHEHIIEM YBEINYEHUU |§ | (f < 0) u

HEYCTOWUYUBBIM.



I1l. OFBEKT UCCJIIEJOBAHUSA N OBOPYJIOBAHUE

JlaGoparopHas ycranoBka Bkjtouaer ICII, paboraronuii mo cucreme "OMY-/1"
U JIONOJHUTENbHbIe 25ieMeHThl. Ban U/ coequnen ¢ taxorenepatopom tuma TI'TI-1.
OT pa3nuuHbIX Y4YacTKOB diekTpuueckoil cxembl OCII caemansl BbIBOABI K
nepexioyaTento "ocuuinorpad" st U3ydeHus MPOXOKIACHUSI CUTHAJIOB YIPABICHUS
10 3JIEMEHTAM CXEMBI, B TOM YHCJIE U 110 CUJIOBOM YacTH.

[IpeaycMoTpeH BapHaHT HCCIAEAOBAHUS pabOThl CHUIIOBOM YacTH CHUCTEMBbI

OT BHENIHEr0 HWCTOYHHMKA CHUrHana. Jlas 3Toro mnpeaycMOTpeH NepeKIrvaTelib
oOMoTOK ympaBiaeHuss OMY. Jlnsg wuccnenoBaHds CTaTUYECKUX XapaKTEPUCTHK
CUCTeMbl B CTEHJI€ MPEAYCMOTPEH BHYTPEHHUH PEryJUpyeMbli HCTOYHUK
noctostHHOro Toka (0- 27 B). HanpsikeHne BHYTPEHHEr0 UCTOYHHUKA U HaNPsDKEHUE,
pa3BUBAaEMOE TaxOr€HEpPaTOpOM IIPU HCCIEJIOBAHMM CTAaTHYECKUX XApPaKTEPUCTUK,
MOYKHO U3MEPUTH BCTPOCHHBIM JIBYX IPEAEIbHBIM BOJBTMETPOM € npenesamu 0-20 u
0-100B..

J171s1 BeIOSTHEHUST PaOOTHI HEOOXOUMBI:

1) HMU3KOYACTOTHBIHN reHepaTop ¢ auanazoHoM vactoT 0.05-20 ' (I'6-26);

2) auskouactotHbIi ociuniorpad (Cl-19, C1-30);

3) BOJIBTMETP MOCTOSIHHOTO TOKa C mpejesioM u3mepenus 1o 100 B.

IV. 3AIAHUE HA PABOTY

1. W3yunts npuHuun padoTel cucteMbl "OMY-J/I" U 1O3HaKOMHUTBCS C
TEXHUYECKUMU XapaKTEPUCTUKAMU €€ 3JIEMEHTOB.

2. DKCHEpUMEHTAIbHO CHATHh PETYJMPOBOYHBIE XAPAKTEPUCTHKU CHCTEMBI U
onpenennTh KO3P(ULUHUEHTHI IEpelayl OT/IEIbHBIX 3JIEMEHTOB.

3. CHATH NepexoHYI0 U aMIUIUTYAHO-YAaCTOTHYIO XapaKTEPUCTHKHU MO CKOPOCTU
JBUTATENSI U COCTaBUTh NEPENATOUYHYIO (DYHKIIMIO HECKOPPEKTUPOBAHHOM CIEASsIIEH
CUCTEMBI.

V. HOPAAOK BBIIIOJIHEHUSA PABOTbBI

1. UccaenoBanne peryJiMpPOBOYHBIX XapaKTePUCTUK cucTeMbl "IOMY-A" u

onpenesieHne KO3PPUUNEHTOB nepeaaym e€ 3J1eMEeHTOB.

I. TTocTpoenue 3aBucumoctn U, = f (Uy) - PErYJIMPOBOYHOUN XapaKTEPUCTUKU

OMYV:
a) YCTaHOBUTb Tipejien uzMepenus Boiabt™erpa 100 B;

6) YCTaHOBHTH MepeKmouaTens cTeHaa "ocimmmorpad" B momoxkenme U, wu

MOJKIIIOUYUTH K KJIEMMaM BOJIbTMETD;
B) IOCTaBUTh MEpEKIIoYaTe b OOMOTOK YIPaBJICHUS B MPABOE TMOJIOKEHHE, a

IIePEKITI0YaTENlb BCTPOCHHOTO BOJIBTMETpA - B TTojioxkenne U,
I') BKJIIOUUTH HANPSKEHUE MUTaHUS;
n) 3agasast U, norenunomerpom B npenerax 0-15 B, uepes kaxupie 2 B, cHsTh

saucumocts Uy, = | (U y) U n300pa3uTh e€ Ha rpaduke;
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e) 1o rpaduky onpeaenuTb KodpduuueHT ycunenus MY 1o HanpsHKeHUIO ky .

2. OnpeniesieHUE 3aBUCUMOCTH Q, = f (U y) :

a) OTKJIIOYUTH OT CTEHJIa BOJIBTMETP;

6) ycranosuts U, = 0;

B) TMEPEKIIOYUTHh BCTPOCHHBIM BOJBTMETP Ha HU3MEPEHUE HAIPSIKCHUS
TaxoreHepaTopa, MEePeKII0YUB MEePEKII0YaTEh BOJIBTMETPA B MOJ0KECHUE U me .

F) MCIAJICHHO YBCJIMYUBAs Uy , OIIPCACIUTD MOMCHT TPOI'aHUs ABUI'ATCIIA, IIPHU

stom U,,. craner ormden ot HYJIS;

J1) IepeKII0YNB BOJIBTMETp B Hojtoxkenne U, HaiiTH HanpspkeHHe yrpaBIieHHs,
COOTBETCTBYIOIIEE MOMEHTY TPOTaHHUs IBUTATEI;

€) HAauMHas OT HANpsHKEeHHs ynpasienus tporanus U, uepes kaxasie 2B 110

18B CHATH 3aBUCHUMOCTDb Q()g = f]_ (Uy), IIpy 3TOM 4YA4CTOTa BpallCHHA OIIPCACIUTDL
110 (bOpMyHe Q()B = Umz / kme ;

) TIOCTPOUTH 3aBUcHMoOcTH <2, = f, (U y)I/I Q=1 (U 06), JUJIL TIOCTPOCHUS
BOCIIOJIb3YUTECH Pe3yIbTaTaMU MPEIbIAYIIUX U3MEPEHU;

3) o rpaduky €2, = T, (U 06) OTpeNEeINTh KOIPDUIIMEHT NIepeaun ABUTATEIS.

2. U3yyeHHne TMHAMUYECKHUX XapPAKTEPUCTUK cucTeMm "IMY-/"
1. CuaTb nepexoanslil npouecc no ckopoctu MJI:

a) TOJKIIYaTh K KIeMMaMm U.,. ocumuorpad  Cl-30, mnpensaputenbHO

YCTaHOBUB €ro 4YyBCTBUTEIBHOCTh B mosoxkeHue 10 B/cm, a  pa3BepTky - B
nonoxkeane 0,1 c/cM (IpW HMCHONMB30BAaHMM JPYroro ociuuiorpada ycTaHOBUTH
YYBCTBUTEIBHOCTh U CKOPOCTh Pa3BEPTKU MPHUOIUZUTEIBHO COOTBETCTBYIOIINE);

0) MOCTaBUTh NMEPEKIIOYATENb OOMOTOK YIIPaBJIEHUS B HEUTPAIIBHOE TMOJIOKEHHUE;

B)ycranosuts U, = 10 B;

I') IOJ0K/aB, [MOKa MOSBUTCSA JIyd ocuusuiorpada B KpailHEM JIEBOM TOJIOKEHHH,
MEPEKIIOYUTh NepeKIoyaTesib 00MoTok DMV B mpaBoe MoJ0KEHUE, T.€. MoAaTh Ha
oOMoTKy ynpasinenus 10 B;

J) 3apucoBaTh C TOMOILIBIO KajJbKH MEPEXOJHBIA MpOLECcC M, CYUTAsi €ro
anepuoJUYECKUM, OMNpPENETUTh MO0 HEMY JJIEKTPOMEXaHUYECKYI0 TIOCTOSHHYIO
BpeMeHH cucteMsl "OMY-J1".

2. CHATHE aMIUTUTYTHO-4aCTOTHOM XapaKTEPUCTUKU CUCTEMBI:

a)IIOCTaBUTh TEpEeKIIoYaTeslb OOMOTOK yrpaBiieHus OMY B HeWTpaibHOE
MOJIOKEHUE UM MOJKIIOYUTBH BBIXOJ F€HEpaTopa CUHYCOMAAIBHOIO HAIPSIKEHUS K
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OJIHOM M3 00OMOTOK ympaBieHus. [Ipu 3Tom reneparop aomkeH UMeTh Ha Bbixoze 10
B;

0) mojmaBas Ha OOMOTKY IIpaBJIeHHMs HampsbkeHue c amiummrygod 10 B u
4acTOTaMH

fi=0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 u 20.0 I't;, CHITH OTHOCHUTEIHHYIO
aMIUIUTY/THO-YAaCTOTHYK) XapaKTEpUCTUKY II0 4YacTOTE BpAILLUEHUS JIBUTaTEJIs.
OTHOcuTeNbHAS aMIUIMTYAHAsI YaCTOTHAsl XapaKTEpPUCTUKA CTPOUTCS MPHU YCIOBUH,
yro Ha yactote f; = 0.05 ' He mMpoMCXOAWT 3aBajia AMIUIMTYIHOW YaCTOTHOU
XapaKTepUCTHKH. /[aHHbIEC 3aHeCTH B TaOIHILY.

Ta0nuna
fi , ; = 27tk Lg j A,/ A
I A
0,0 0,314 -0,503 A Al A
10 62,8 1,796 Asg Asl A4
20 125.6 2,098 Aq Ad A,

B) MOCTPOUTH YACTOTHYIO XapaKTEPUCTUKY CUCTEMBI B MacIiTade
2,0cm - 10 ob;
1 nexana - 5 cwm,
I') alMpPOKCUMHUPOBATh MOCTPOCHHYIO YaCTOTHYIO XapaKTEPUCTUKY TEpeaaTOUHON
1

dyHKUMEn
W = :
(p) (T, p+1)(T, +1)

1) CPAaBHUTH MOJIYYCHHOE 3HAYCHHUE JICKTPOMEXaHUYECKOW TTOCTOSIHHON BpEeMEHHU
cuctembl "OMYVY-JI" ¢ monydeHHbie B 1.1 U OOBSCHUTH BO3MOXXHOE PACXOXKICHHE
pe3yJIbTaTOB;

€) WUCIOJIb3ysl BBIIIE TMOAYYEHHBIE pE3yJbTaThl, COCTaBUTH IEPEIATOUYHYIO

k, /¢,
p(TMp+1)(Tq +1)'

4 J—
dbynkmuio cuctemsl "OMVY-/I" B Bue: W ( p) -

VI. YKAZAHUSA 1O O©@OPMJUIEHUIO OTYETA
OTYeT MOKEeH COoepKaTh MPUHIUITUAIBHYIO CXEMY CIIE/AIIEE CUCTEMbI
"OMYVY-/I", TexHuYeCKHE aHHBIE BJIEMEHTOB CHCTEMBbI U PE3YyJbTaThl U3MEPEHUN B
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BUJIE TAaOIUI] ¥ TpadUKOB, a TaKKe HEOOXOAMMBIE BBIKIAIKH U pacyeTHbIE (hOPMYIIbI,
HPUBEACHHBIC MO ITyHKTAaM BBIIIOJHEHUS pabOTHI.

VIl. KOHTPOJIBHBIE BOITPOCHI

1.Kakyro ¢ynkuuio Bbeimonuser OMY B cuensmeit cucreme?2. Ilepeuncnure
JIOCTOMHCTBA W HEAOCTATKH CIEASIINX MPUBOJIOB, padoTaroux no cucreme "OMY-
H".

3. Kakue OMY wucnons3ytorcs B ICII: HeqokOMIIEHCUpOBaHHBIE, TIepe-
KOMIICHCUPOBAHHBIE WM TOJIHOCTBIO CKOMIIGHCHPOBAaHHBIE TI0 MarHUTHBIM
MOTOKaM?

4. Eciu ObI TIpu OMMCaHUM AUHAMUKHA cHCTeMBI "OMY-J[" Heobxoamumo ObLTO ObI
YUUTHIBATh "peaKiuio SKops'", TO B KaKOH TNIOCKOCTH 3TO ObLII0 ObI HEOOX0IUMO?

5. Ot xakux (aKkTOPOB 3aBUCUT HAMPSHKECHUE YIPABICHUS TPOTaHUS JBUTATEIS?

VIII. BUBJIMOTPA®UYECKHUH CIIUCOK

OcHoBHas JuTEeparypa

1. Pabunosuy JI.B. JlunaMuka cucteM IpUBOAOB: Y. MOCOOHE -
M.:BUBJIMO-T'JIOBYC, 2016. 266¢. :u.

2. Tepexos, B.M. Cuctemsl ynpaBieHHs 3JIEKTPOIPUBOIOB : YUEOHUK IS
By30B / B.M. Tepexos, O.W. Ocunos; nox pea. B.M. Tepexoa .— M. :
Axanemus, 2005 .— 304c.

3. Enenkas, ['anuna [1aBmoBHa. DneKTpOMEXaHUYECKUE YCTPOKUCTBA
MEXaTpOHHBIX cucteM : yueb. mocobue / I'. I1. Enenkas, H. C. Mmoxuna, A. I1.
[TankoB ; Tynl'Y .— Tyna : U3n-Bo Tyal'V, 2018 .— 224 c.

4. Yemonanos, b.K. Cnengmue npusonsl: B 3 1. T.2. Dnexrpuueckue
cnensmue npuBoabl/E.C. breiiz , B.H. bponosckuii, B.A. Beenenckuii u np. / [lox
pen. b.K. UeMonanoBa .— 2-e u3j., nepepad. u gorn. — M. : MI'TY um. H.O.
baymana, 2003 .— 979c. : umn.

5. OCcHOBBI pacyeTa ¥ IPOEKTUPOBAHUS MEXAaTPOHHBIX MOAYJIEH CUCTEM
HaBeneHus U crabunuzaruu,/ O.B. Topsyes [u ap.] Tyna: U3n-so Tynl'Y, 2011 —
233 c.

6. Kupmmio A.A. OCHOBBI 2JIEKTPONPHUBO/IA JIETATEIIBHBIX AIIIAPATOB:
YuebHoe nocodue 1715t By30B. — MockBa: bubiamo-rinodyc, 2013. — 208c.

JlonosHuTEILHAS JIUTEPATYypa

1. Komnbunos, W.I1. DnekTpudeckue MaiivHbl : Y4eb. mocobue ajis By30B /
N.I1. KonbuioB .— 3-€ uza.,uctp. — M. : Beicir. mik., 2002 .— 607c. : u.

2.  PozanoB IO.K. DnekTpoHHbBIE YCTpPOMCTBA 3JIEKTPOMEXAHUYECKUX
cucteM: Yueb. mocodue must By3oB / FO. K. Pozano, E.M. CoxomnoBa. — M.:
N3 narenbckuii ieHTp «Akanemus», 2004. - 272 c.: ui.
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3. Anues, U.U. Dnexrporexnnyeckuit cnpaBounuk / .M. AnueB .— 4-e
usa.,ucnp. — M. : PagnoCodr, 2002 .— 393c. : ui.

4. Anues, .. Dnexktpuueckue ammapatsl : cnpaBounuk / U.W. Anwues,
M.b. A6pamor .— M. : UIT PagunoCodt, 2007 .— 256¢. : ui.
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JlaGopaTopnas padora Nel?

AHAJIN3 THHAMHYECKHX XapaKTEePUCTHK 3JI€eMEHTOB MeXaTPOHHBIX CHCTEM C
MOMOIIBLIO JIEKTPOHHOTO ocumiorpaga AJ/[S-2111M (wacts 2)

1. HEJIb 1 3AJAYHN NCCJIIEAOBAHUA
DKCNEepUMEHTAIIBHOE UCCIIE0OBAHNE YACTOTHBIX XaPAKTEPUCTUK MEXATPOHHBIX CUCTEM

2. TEOPETUYECKHUE CBEJIEHUAA

1.1. HazHa4yeHnune, NPMHUIMI AeHCTBUA U KJIACCHPUKAIUA 3JTEKTPOHHBIX
ocuusiorpagos

OaHuM U3 HanpaBJICHWH Pa3BUTHS COBPEMEHHOIO MPUOOPOCTPOCHUS SIBISETCS
CO3/IaHUE TEXHUUYECKUX CPEJICTB HAa OCHOBE OOBEIWHEHHS JOCTHKEHUU COBPEMEHHOU
MUKPODJIEKTPOHUKU U MH(OOPMALIMOHHBIX TeXHOJIOTUNA. OCOOCHHOE pa3BUTHE TOTYUUIIO
CO3/IaHUE HWHTEJJIEKTYaJbHBIX (MPOrPAMMHUPYEMBIX) CPEACTB H3MEPEHHIl HAa OCHOBE
COBPEMEHHBIX alMnapaTHO-MPOrPaMMHBIE CPEACTB.

VYkazaHHbIe cpefcTBa 00Ja4at0T CIEAYIOIUMHU TPEUMYIIECTBAMMU:

o BO3MOKHOCTh 00OpabOTKH pe3ynbTaTOB U3MEPEHUM;

o 0TOOpaX€HHE Pe3yJIbTaTOB U3MEPEHUS C MCIOJIb30BAaHUEM BO3MOKHOCTEH
COBPEMEHHBIX TpauueCKUX PEIAKTOPOB;

o HOBBIIIEHUE TOUHOCTU U OBICTPOIECHCTBUS.

B kauectBe mpumepa paccmorpum mudpoBbie ocuumwiorpagper  (LIO) —
MPEACTABISIIONTNE COOOH aImapaTHO-TIPOTPAMMHBIE CPEACTBA C OYECHBb BBICOKUMU
TEXHUYCCKUMHU XapaKTEPUCTHKAMHU.

[Io BO3MOXHOCTAM 00paOOTKM  cuUTHaJIOB ©  ObicTponeicTtBuio  [{O
NpUOIMKAIOTCS K CHCIUAIM3UPOBAHHBIM  CHUTHAJIBHBIM  IIpolleccopaMm, a  Io
BO3MOYKHOCTSIM OTOOPaKEHUSI pe3yIbTaTOB 00pabOTKH MPEBOCXOIAT UX.

Buemnuii Bua ocrmuiorpada komnanuu «Axkrakom» cepurt GDS ¢ niBetHbiM KK
WHJUKATOPOM TPEACTABICHBI HUKE
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Puc. 1. [lepenuss u 3aauss naHeau npuodopa. Buasl cOoky

9) Kuomka BKIIOYEHHS TATAHUS
10) Pa3bem ais moakiroueHus kadess nutanus (s moxaeneit ADS-2031 u
ADS-2031V pacnonoxeHa Ha 3a{HEH TTaHEeIH)

11)Knomnka BrroueHus puodopa/lucrureri npubopa

12) Uupukarop cetu

3eNeHblid - TpuOop BKJIOYEH B CETh, Oarapesi- IMOJIHOCTBIO 3apsiKeHa
(pu KCTIONB30BAHUU OaTapen)

XKENTbI - TpubOp BKJIOYEH B CeTh, Oarapes - 3apsbkaercs (mpu
HCIIOJIL30BaHUU OaTapen)

13) O6acTh OpraHoB yrpaBiieHHUsS (PaCCMOTPEHBI Ha puc.2)

14) Pa3bém J1sl KOMITEHCAIIUU TIPOOHHUKA

15) Pa3bem It BHELIHETO 3aITyCcKa Ipubopa

16) BxoaHble pa3beMbl  KaHAJIOB
CH1 nu CH2 10)  Knomka
BKJIFOUEHWSI/BBIKITIOUEHUSI MEHIO

11) USB wunHTepdeiic a8 MNOAKIIOYEHUS BHEIIHErO0 3alOMUHAOIIETO
YCTPOHCTBA

12) USB unrepdeiic 1151 NOIKIIOUEHUS K KOMITBIOTEPY

15 ) Pazbem RS-232 (mst moxmenert ADS-2xxxMV) wm VGA (s monenei
ADS-2xxxMV u ADS-2031V)

49



16 ) Pa3zwem Boixoma Pass/Fail (kpome ADS-2031 u ADS-
2031V)

15) Bunt nns noakimouenus K "zemie" (kpome ADS-2031 u
ADS-2031V) 16)LAN unTepdetic

1.2. CTpykTypa U NPUHIUI JelcTBUS HM(POBOro ocumiiorpadga

Ha puc. 21 B mpenenbHO YIPOIIEHHOM BHJAE IOKa3aHa CTPYKTypHas cCXema
udposoro ocumwiorpada (110).

Bxon
el EY3Y an [N osy vk o 3

oy

Puc. 2. YrpomeHHas cTpykTypHas cxema 1udposoro ocummiorpada (110)

MY — Macmrabupyroiiee yCTpoucTBO (YCHWINTENb U ACHUTENb HanpsokeHus); AL —
aHajnoro-un@poBoii  mpeodOpaszoBarenb; O3Y — onepaTUBHOE  3allOMHUHAIOLIEE
ycrpoiictBo; MK — MUKpOKOHTpoJuiep; 3Y — 3allOMUHAIOIIEE YCTPONWCTBO; O — JKpaH;
OV — opraus! ynpasieHus ( KHOIIKH, PYUYKH).

[Mpoitns uepes MY, BxoaHoe Hamnpsbkenue U(t) mpeoOpasyercs ALl B
JTUCKPETHYIO TOCJIEN0BATEILHOCTh KOJMOBBIX clIOB N; , oToOpakaronux MIHOBEHHbBIC
3Ha4yeHus U; aToro HampsikeHus. Kaxaoe HOBoe K00BO€ clloBO 3anuchiBaeTca B O3Y.
IIpu 3TOM Bce mNpeapAylIuMe 3alUCaHHBIE OTCUETHI CABUTAKOTCS HA OAHY SYEHKY
(peructp casura), a cambiii iepBbliii N; ucuesaer, kak Obl «BbITaIKuBaeTcs». Ecau O3Y
COCTOUT U3 M siueek, To B HEM, MIOCTOSIHHO OOHOBJISISICh, COAEPKUTCA M MOCHEeNHuUX,
«CBEXHX», KOJIOBBIX CJIOB. Tak MpoaomKaeTcs 10 TeX Mop, MoKa He OyJEeT BBIMNOJHEHO
HEKOE 3aJaHHO€ YCJOBHUE, HalpuMep, KOrja Kakoe-auOo U; BHOEpBbIE IMPEBBICUT
3a/laHHBIM OINEpPaTOpOM YpPOBEHb («3alyck Mo ypoBHIO»). Ilocie sToro copep:kumoe
HEKOTOpOoro konmyectBa sueek O3Y mepenuchbiBacTCs B 3allOMUHAIOIIECE YCTPOMCTBO
3V, Bxojsiliee B cocTaB MUKpPOKOHTposuiepa MK.

Kaxnoii stueitke 3Y COOTBETCTBYET TOUKA HA KPAHE IO LBETY OTIWYAIOIIASCSA OT
dona. EE abcumccy ompenenseTr HOMep sS4YEHKH, a OpAMHATY KOjoBoe ciioBo Nj,
HAXOJAIIECECS B 3TOU STYEHKE.

Jlist xopoiiero n3o0pakeHusl CUTHAIA Ha KPaHe BIIOJIHE IOCTATOYHO 2 TOYKU Ha
I mm. Cpennux pasmepoB 3kpaH umeer Bbicory 100 MM u mupuny 120 Mmm.
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CrnenoBarenbHO, Ha dKpaHe AOKHBI pacnosiarateest 200 x 240 = 48 000 Touek win
Oonee.

Takum oOpazom, 15 popmupoBanus xopouiero nzoopaxenuss AL nonxen
HMETh He MeHee 8 NTBOMYHBIX pPa3psiaoB (256 Toyek no BepTukagau) U 3Y I0JKHO
coepxaTh 256 siueex.

Ho xomuyectBo siueek O3V mokeT ObITh ropas3ao 0osbIie. 3auem?

[HO mo3BoJIAeT AenaTh 3aMEUYaTeNIbHYIO BElllb — 3alIOMUHATh B O3Y O0ueHb MHOTO
KOJIOBBIX CJIOB, & TMOTOM «BBITSTUBATh» UX MOPIUSMH, COOTBETCTBYIOIIUMH IIUPUHE
sKkpaHa. B aHanmoroBeix ocumiorpadax 3To, KOHEYHO, HEBO3MOXKHO. J[71s1 0003HaUCHMS
3amaca Mo OCHM BpEMEHM («IIyOMHA MamsiTW») WHOT/A TMOJB3YIOTCS TaKOMl OLICHKOW
JUIMTEILHOCTH CHUTHAJIA, JaHHbIE O KOTOpoM 3amucanbl B O3VY: «4uciao 3KpaHOBY.
Hanpumep, «8 skpaHoB» 03Hauaet, uro 00bEM mamsitu O3Y He 256, a 2048 saueek, B
koTophix 3anucaHo 2048 xkomoBbix cioB Nj. Kaxmoe N; — 310 8-paspsiaubiil koa, T.e.
OJIUH OAMT, T.4. «8 IKPAaHOB» — 3TO 00BEM MamsATH B 2 KuiobaiiTa. MokHO BOOOpa3UTh
OYEHb IIUPOKUN IKPAH-JIEHTY — B 8 pa3 MIHMpPE HATypaJIbHOTO, HO TaKOM e BbICOTHI. Ha
TakoW JIeHTe ObUIO OBl 3amucaHO M300paKeHHE BCETo cUrHama. JlJinHa HTOW JEHTHI
OKOJIO OJJHOTO METpa.

Yacrory auckperm3amum (4acrory «BBIOOPOK») MOKHO H3MEHSITh B
IIMPOKHUX Mpe/esaax, 4YT0 COOTBETCTBYeT M3MEHEHUI0 MACIITA0a 10 TOPU30HTAIU U
AHAJIOTMYHO M3MEHEHHUI0 CKOPOCTH Pa3BéPTKHU B AHAJIOTOBBIX OcHMJLIOrpadax.

Jns u3MeHeHus Maciitada 1mo BepTUKAIM, KaK U B aHAJIOTOBBIX oclmuIorpadax,
MOXHO HM3MEHAITh KOA()PUIMEHTHl YCUWICHUS WIM JIEJIEHUS COOTBETCTBEHHO BXOJHOTO
YCUJTUTENS WU JETUTENS HAIIPSKECHUS.

B nenom IO umeer Goibliie CXOACTBA C KOMIIBIOTEPOM, Y€M C aHAJIOTOBBIM
ocisuiorpadgoM. OH TO3BOJISET BBHIMIOJHATH PA3IMYHBIE MATEMATHYECKUE OMEpPAINU:
pacTaruBaTh BO BpeMEHHM (PparMeHThl 3alMCAHHOTO B MaMATh CUTHAJA, CKJIAJbIBaTh U
BBIYMTATh CUTHAJbI B PA3HBIX KaHAJIAX, ONMPEEIATh YACTOTHBIN CHEKTP CUTHANA IMyTEM
MpUMEHEHUs1 OBICTPOTo TpeodpazoBanusi Pypbe U Mpoy.

1.3. OToOpaxeHne CUrHAJIA HA IKpPaHe ocuuIorpada

OCHOBHBIM HEIOCTaTKOM BceX HU(POBBIX ocHuuiorpadoB sSBISETCS, TO, YTO OHU
paboTaroT He B peaJibHOM MaciiTadbe BpeMenu. UTto 310 o3Havaer?

Ha puc. 2 mnpuBeneH CcXeMaTHYECKUH PHUCYHOK OTOOpaKeHUsl CHUTHaJIa
aHAJOrOBBIM  OCHMJUIOrpaoM, LBETHOE TMoje o0o3HayaeT oOJacTh PHUCYHKA,
oToOpakaeMyro Ha JKpaHe (Kazap). 3aaepKka MEXIy KaJpamMu COCTaBIISIET BpeMs
00paTHOTO X0/ JIyda U PEryInupyeMylo BpEMEHHYIO 3aJIepKKy (MMeHyemyto B Poccun
"crabmnbHOCTE" 32 pyOexxom "HOLD") 3amycka pa3BepTKH i MOTYUYEHUsT CTA0MIbHON
CUHXPOHU3ALMU. DTO BPEMsI IOCTATOYHO MAJIO IO CPAaBHEHUIO C BPEMEHEM Pa3BEPTKH U
MO3TOMY €CJIM CUTH&JI OT KaJpa K KaJpy H3MEHSETCS, 3TO M3MEHEHHE HEMEIJIEHHO
oToOpaXkaeTcs Ha KpaHe, 3TO M €CTh OTOOpaKeHHE CHUTHajla B PEalbHOM BPEMEHH.
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I[I/IHaMI/IKa CUT'HaJIa KaK II0 BCPTHUKAJIW, TdK W II0 -TOPHU3OHTAIN COOTBCTCTBYCT
HN3MCHCHHAM BXOJHOI'O CUTHAJIa.

Bpedd salepsill  yerpo

— | — L

Puc. 3

[Mudposoit ocumiorpad HMCHOIB3YET AOCOMIOTHO APYroW MPHUHITUI PaOOTHI.
BxoaHol curHaii, B pasMepe BBIOPAaHHOIO KajJpa, MPOWid BCE BXOJHBIE YCUIUTEINA U
arreHtoatopsl moctynaetr Ha ALl rme mpeoOpasyercs B uudpoByo Qopmy u
MOCTyHaeT BO BHYTPEHHIOW NaMsITh Ui JajbHeileld o0paboTku (MPUBA3KU K
pa3BepTKe, BBIBOJY Ha KpaH, U3MEPEHUE NapaMeTpoOB U T.J.), BpeMsl 3TO 00paboTKU
JIOCTAaTOYHO BEJIMKO 110 CPAaBHEHHUIO C BPEMEHEM KaJipa, 3aJeprKKa IPH BBIBOJE HA DKPaH
MOJIy4aeTCsl I0CTAaTOYHO OoJbllasi, 4acTh UH(pOpMauu 00 U3MEHEHUH CUTHAJIa MEXIy
KaJpamu Tepsercs OeccienHo (cMm.puc.4). OTo U eCTb 0TOOpaXKEeHHE BXOJHOTO CUTHAJa
B HEpealbHOM MacuiTabe BpEMEHU - TJaBHBIH HEJOCTaTOK BCEX LUMPOBBIX
ocuusuiorpagoB. Ero Mo>kxHO MONBITaThCs CrIAAUTh, HO U30€XKaTh HEb34!

TITHAT TEOTEAH

.
}
A

||'_‘!"'||.'-'-'- ._--'-].::.'m:r.rl

Puc. 4

Wrtak, mepBoe HCKaXEHUE CUTHAJIA BO3HHMKAET MPU JUCKPETU3ALUU BXOJHOTO
curHana B AIIIl. Yame Bcero B 1udpoBBIX ociuuiorpadax HCHOJB3YIOTCS 8-H
paspsiaabie ALl - 310 256 OTCUETOB MO AMIUIUTYAE, YTO BIOJHE JOCTATOYHO JIJIA
MCCJIEIOBAHMS CUTHATIA.

Ho xax BxomHou curHanm 3anuceiBaetcss B AIIl? Tyr nytu pasHbixX
npousBoauTened pacxoasarcs. Camblii mpocToil cmoco® - BbIOpATh Kak MOXHO
OOJIBIIIYI0O YAaCTOTY IUCKpETU3aluu (UCXOAS U3 COOOpaKEHHMM 11e1eco00pa3sHOCTH U
MOJIOCHI MPOMYCKaHUsl) M 3amucaTh UX B MaMsATh. Takas AUCKpPETH3alUs, C KECTKO
YCTAHOBJICHHBIM ~ BPEMEHEM  MEXJIy TOUYKaMHU  JIUCKPETU3allud,  Ha3bIBACTCS
nepuoanyecKoii (Wim peryJsipHoii) u ucnoinbdyercsa B ocuusuiorpadax Tektronix.

[Tpu sTOM crocoGe auCKpeTu3aly TeHepaTop, 3aJal0lui mar AUCKpPETH3alun
3allycKaeTcsi  OJHOKPAaTHO, €ro CHUrHajl T[OKa3aH B  BHJE€  HMITYJIbCHOU
MOCJIeIOBATEILHOCTH HA PUC. .

[Tar nuckperuzanuu To 3agaeTcs NeproIOM UMITYJILCOB, TOKA3aHHBIX Ha puUC. 4,
4acToTa AUCKPETU3ALMU PaBHA

Fn=1/To

Henocrarkom Takoro crioco0a sIBIsETCA TO, YTO MHGOPMALMS MEXKIY TOUKAMU

JUCKpETU3alMK (KpacCHbIE TOUYKM HAJIOKEHHBIE HA CUTHAN) TepsieTcs 0€3BO3BPATHO, HE
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CMOTPS Ha BBICOKYIO CKOPOCTh AMCKpETH3anuu (CM. puc 5 u 6) u 0o0beM BHYTpeHHEH
naMsTd, B KOTOPOM MPOMCXOAUT AayibHeWIas oOpaboTka orpaHudyeH (HO 00 3TOM
HEMHOTO HuUXe). JIOCTOMHCTBOM - TIPOCTOTAa M CaMO€ TJIABHOE BO3MOKHOCTh
UCCJIeI0BATh OHOKPATHBIE CUTHAJIBI C TOM K€ JIOCTOBEPHOCTHIO, YTO U MEPUOIUYECKHE.

Puc. 5

DRORHOPH CHIHAN OTtobpawxenne Ha sxpane

Puc. 6

EcTrecTBeHHO, HW3MEHEHMsSI CUTHajla MEXAY TOYKAMHU JUCKPETHU3AlMU HE
OTOOpaXKAIOTCS HA DKpaHe, MOATOMY OTOOpaKEHUE CUTHAJIA Ha DKPAHE MCKaXKAETCs, KaKk
MOKa3aHo CIipaBa Ha pHC.0, ATOT "neeKT 3a10KeH KOHCTPYKTUBHO".

3. OBPBEKT UCCJIEJOBAHUSA 1 OBOPYJIOBAHUE

OObeKTaMM UCCIIEOBaHMS SBISAIOTCA DJIEKTPUYECKHE LENU MEXaTPOHHBIX
AJIEMEHTOB M CHCTEM.
J51s BeIOSTHEHUS pabOThI HEOOXOIUM AIIEKTPOHHBIN ocumiuiorpad ADS-2111M,
reHeparop curHaioB crenuanbHoil opmel AWG-4110, HabOp 4aCTOTHO3aBUCUMBIX U
YaCTOTHOHE3aBUCUMBIX AJIEKTPUUECKHUX LIETIEH, MEXaTPOHHBIE 3JIEMEHTHI U CUCTEMBI.

3. 3AIAHUE HA PABOTY

. HW3yuuTh TEOpEeTHYECKUE CBEACHUS, MPEICTABICHHBIE B  HACTOAIINX
METOJUYECKUX YKa3aHUSX U PEKOMEHIOBAHHOW JIUTEpPaATypeE.

2. CdopmupoBaTh OTYET 1O pabOTE C BO3MOXKHOCTBIO JIOTIOJHEHHUS €To
COOTBETCTBYIOIIMMU SKCIIEPUMEHTAIILHBIMU JITAHHBIMH.

3. VI3yuuTth yCTPOMCTBO M MPHUHIUI PabOTHI AJIEKTPOHHOTO ocimiuiorpadga ADS-
2111M.

4. TlpoBecTn u3MEpEHHUs, yKa3aHHbIE B I1.5 HACTOAIIMX YKAa3aHUW W 3aHECTU
MOJTy4YEHHbBIC SKCIIEPUMEHTAJIbHBIC JJAHHBIC B OTYET.

5. [loaAroToBUTH OTBETHI HA KOHTPOJILHBIE BOMIPOCHI.
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4. MOPAAOK BBIIIOJTHEHUSA PABOTBI

1. TiaTenbHO O3HAKOMUTBLCS C HACTOSAINIEH MHCTPYKIMEH U M3YUYUTh YCTPOMCTBO
anekTpoHHoro ociuiorpadga ADS-2111M.

2. Bxiounth 37eKTpoHHBIM ocuuiuiorpad ADS-2111M U moAarotoBuTh €ro K
pabore.

3. CoOparp 1enb, BKJIIOYAIONIYI0 YAaCTOTHO HE3aBUCHUMYIO JJIEKTPHUUECKYIO
1ernb(puc. 3) TeHepaTop CUTHAJIOB CIIEIUAIBLHON (GOPMBI | ocIiuiuiorpad:

R,
o——[1 O
Bxog R, BreIixon
o 0

Puc. 7. Cxema 4aCTOTHOHE3aBUCUMOM AJIEKTPUUECKON 1ICTIH.

a) COCIUHUTHh BEPTHKAJIbHBIM Bxon ocuuwwuiorpapa ADS-2111M ¢ oCHOBHBIM
BBIXOJIOM TeHepaTopa curHaioB crnenuanbHol dopmbl AWG-4110 u ¢ momMomibio
peryiastopoB "ammiauryaa" u '"yacrora Hz"' ycTaHOBUTH BBIXOJHOE HANPSKEHUE
amratyaout 0,25B u wactoToit 100 I'1, Mcmosnb3yst BO3MOXKHOCTH ociiiiorpada;

0) CcoenMHHUTH BEepPTUKAIBbHBIN BXxoj ocimuiorpada ADS-2111M ¢ BeixomoMm
CXEMBI;

B) II0JIaTh Ha BXOJ LIeTH (PUC. /) 3TO HAMPSHKEHUE C T€HEepaTOpa CUTHAJIOB;

I) U3MEPUTh HANPSKEHUWE Ha BBIXOAEC CXEMbl U OMNPEACIUTh KOd(PPUIIUEHT
YCUJICHUS LICTIH.

4., CHATb YacTOTHYIO aMIUIUTYAHO-(a30BYI0 YAaCTOTHYIO XapaKTEPUCTUKY U
[IePEXOIHBINA MPOIECC HAPACTAHUS HAMIPSKEHUS] IIEMH.

CoOpaTh 11eMb, BKJIIOYAIONIYIO YaCTOTHO3aBUCUMYKO DJICKTPUYECKYIO II€Mhb
(MHTETpUPYIOIIETO XapakKTepa pHUC. 8), TEHEpaTop CHUTHAJIOB CIEIUAIbHON (OPMBI
(cuHycoMaNbHOE HAIPSKEHUE TMOJATh HA BXO/I IIENHU) U ocuusuiorpad.

R
T °
Bxoa C, —— BbIixoa
o o

Puc. 8. UacToTHO 3aBHCHMast dJIEKTpUUYECKasl e HHTETPUPYIOIIETO XapaKTepa.

a) COCAMHUTH BEPTUKAIbHBIA BXoJ ocuuuiorpadga ADS-2111M ¢ oCHOBHBIM
BBIXOJIOM TeHeparopa curHaioB creuuaibHoil ¢opmbl AWG-4110 u ¢ momombio
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perynastopoB "ammiuryaa' u "dacrora HzZ'' yCcTaHOBUTH BBIXOJHOE HANPSKEHHE
amratyaou 1B u gactotoii 0,1 I'1, ucmoas3yst BO3MOXKHOCTU ociidiiiorpada;

0) coeaMHUTh BepPTUKAIBHBIM BXxoj ocuuiorpadga ADS-2111M ¢ BbeIxomoMm
CXEMBI;

B) ITOJIaTh Ha BXOJ Iemnu (puc. 4) 3TO HAPSKEHHE ¢ TeHepaTopa CUTHAJIOB,

I') U3MEHSIS 9acTOTy BXOJHOro curdana B nuamnasone 0,1 — 30 I'm ( 0,1; 0,5; 1; 5;
10; 15; 20; 25; 30 ' ), mpu 3TOM aAMIJIMTYAy CHTHAJIa He MEHSITh, C ITOMOIIBIO
¢uryper  Jluccaxy  CHITh  YaCTOTHYIO  aMIUIUTYAHO-(Da30BYyI0  YaCTOTHYIO
XapaKTEPUCTUKY LIEIH;

AY

“ N

Puc. 9. K onpenenenuio amMrunTyiHO-(a30Boi YaCTOTHOW XapaKTEPUCTUKH IICTIH:

3nech A — amruaTyaa curaana, ¢ = arc Sin Z .

5 CHATH NEPEXOAHBIN MPOLIECC HAPACTAHUS HANIPSXKCHUS 1IEIU:

a) YCTaHOBUTbH Ha T€HEpaTope HalpsbKeHue B ¢popme meaHapa ¢ ammntyaoi 1 B u
YacTOTOW MPHU KOTOPOM Ha 3KpaHe YKJIAJbIBACTCS JBa MepHojia KojieOaHu (Mpu 3TOM
JIOJIKEH OBITh YCTAHOBIICH OKIYIIHI PEXKUM pPa3BEPTKU;

0) 3apucoBaTh TEPEXOAHBIM TMPOLECC W ONPEACIUTh IOCTOSHHYI) BpPEMEHH
HapacTaHUsl HAMNpPSOKEHUsT B CXEME, YUYUThIBas KaJIMOpPOBAaHHYIO IO JUIMTEIbHOCTH
HaIpspKeHUE pa3BepTku (puc. 6).

L]

Uycran.

0,63 Uyecran,

_r"l—
TU

Puc. 10. K onpenenenunto nocTOSHHON BpeMEHN HapaCTaHUs HAINPSKEHUS B CXEME.
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6. CoOparp 1emb, BKJIIOYAIONIYI0 YaCTOTHO3ABUCUMYIO JJICKTPHUYECKYIO IICTIh
(muddepennupyromiero xapakrepa puc. 11), renepaTop CUrHAJIOB CHelUaTIbHONU (GOPMBI
(cuHyCcOMaTbHOE HAMPSHKEHUE TMOJATh HA BXOJ IIETH) U OCIIIorpad.

C, .
o O
I
Bxoa R, Brixon
o O

Puc. 11. YactoTHO-3aBHCHMAas 3IeKTpUYecKas 1enb TuddepeHIpyIoero xapakrepa.

a) COeIMHUTDH BEPTHKANbHBIN BXoA ocimiorpadga ADS-2111M ¢ 0oCHOBHBIM BBIXO/I0M
reHeparopa curHaiaoB crueruanbHoi popmer AWG-4110 © ¢ MOMOIMIBIO PETYISTOPOB
"ammiuryaa" u "yacrora Hz" ycTaHOBUTH BBIXOJIHOE HaIpsikeHUE aMIuiuTyon 1 B
u yactoroit 1 I'1, ucnons3ys BO3MOXHOCTH ociiiuiorpada;

0) COenMHUTH BEPTUKAIBHBIN BX0a ocimuiorpada ADS-2111M ¢ BBIXOJIOM CXEMBI;

B) II0JIaTh HA BXOJ LIeTH (PHUC. 7) 3TO HAIPSDKEHHUE ¢ TeHEpaTopa CUTHAJIOB;

') U3MEHSS 9aCTOTY BXOJIHOTO curHaia B auanazone 1 — 400 I'g (1; 5; 10; 15; 20; 50;
100; 200; 400 I'ry ), mpu 3TOM AMILIMTYAY CHTHAJIA HE MEHSITh, C TTIOMOIIBIO (DUTYPBI
JIuccaxy CHATh YaCTOTHYIO aMIUIUTYAHO-(Da30BYIO YaCTOTHYIO XapaKTEPUCTUKY IICTIH.

5. YKA3ZAHMS 110 OPOPMJUIEHUIO OTYETA.

OT4et 0 paboTe TOKEH COACPKATh:
1. DneKTprUECKUE CXEMbI KaXKI0TO OIbITA.
2. TaGnuiy (Tabin. 1) pe3ynbTaToB U3MEPEHUHN U PACUETOB.

Taom. 1

YacToTa ;=27 f; lgowi| A 20 Ig A Bi of

I'no

(fi)
fl Ql lg o1 Al 20 Ig Al Bl Q1
f, Q, lgwy| Az | 201gA; B, 02
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‘ fi ‘ O; ‘ lg w;

Ai‘ 20 1g A ‘ Bi ‘ of ‘

3. JlorapudmMmuueckue  amIUIMTyIHO-(Da30BbIeé  YACTOTHBIE  XapaKTEPUCTHUKH
JaCTOTHO3aBUCUMBIX DJICKTPUUYECKHX Iieneil. JlorapudmMuueckne aMImimTyaHO-(Ha30BbIe
YaCTOTHBIE XAPAKTEPUCTUKU YACTOTHO 3aBUCUMBIX AJIEKTPUYECKHUX IIENEeH MOCTPOUTH B
Macirade 2 Mm - 1 1B, 50 mMm - I nexaga, 1 MM - 1 rpaayc Ha ogHOM rpaduke.

4. TlepexomHblii TpolleCC CO BCEMHU HEOOXOJAMMBIMU TOCTPOCHUSIMU U
OTIPE/ICJICHHOM IMOCTOSIHHOW BpeMEHH Ty .

6. KOHTPOJIBHBIE BOITPOCBHI

1. Kakue tuns! ocunsuiorpadbl Bl 3HaeTe?

2. YTo Takoe aTTEHI0ATOp U KaKylo ()YHKIIMIO OH BBIMOJHAET B OcImuiorpage?

3. JIns KakuX Lesel UCHOJb3YEeTCs «KAyIIash pa3BepTKa?

4. KakuM 00pa3oM MOXXHO C NOMOILIbIO ocuuuiorpada HU3MEpUTh BpPEMEHHbBIE
MHTEPBAJIbl U aMIUIUTYly CUTHana?

7. BUBJINOTPAOUYECKHUI CIIMCOK

OcHoBHas auTEepaTypa

1. PabunoBuy JI.B. Jlunamuka cuctem npuBOAOB: Y. mocodue -
M.:BUBJINO-TJIOBYC, 2016. 266¢. :un.

2. Tepexos, B.M. Cuctemsl ynpaBieHHs 3JEKTPOIPUBOIOB : YUEOHUK JIsI
By30B / B.M. TepexoB, O.M. Ocunos; nox pen. B.M. TepexoBa .— M. :
Axanemus, 2005 .— 304c.

3. Eneukas, ['anuna [TaBoBHa. D1EKTpOMEXaHUYECKUE YCTPOUCTBA
MeXaTpOHHBIX cucteM : yueO. mocooue / I'. I1. Enenkas, H. C. Umoxuna, A. I1.
[TankoB ; Tynl'Y .— Tyna : U3p-Bo Tyal'V, 2018 — 224 c.

4. Yemonanos, b.K. Cnengmue npusonsl: B 3 1. T.2. Dnexrpuueckue
cnensmue npuBoabl/E.C. breiiz , B.H. bponosckuii, B.A. Beenenckuii u np. / [lox
pen. b.K. UemonanoBa .— 2-e u3j., nepepad. u gorn. — M. : MI'TY um. H.O.
baymana, 2003 .— 979c. : u.

5. OcHOBBI pacyeTa ¥ MPOEKTUPOBAHUS MEXATPOHHBIX MOAYJIEH CUCTEM
HaBenieHud u crabunuzauuu,/ O.B. I'opstueB [u ap.] Tyna: U3g-so Tynl'Y, 2011 —
233 c.

6. Kupumio A.A. OCHOBBI 2JIEKTPONPHUBO/IA JIETATEIIBHBIX AIIIAPATOB:
YuebHoe nocodue 1ist By30B. — MockBa: bubiauno-rinodyc, 2013. — 208c.

JlonoJiHUTEIbHAS JINTEPATypa
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1. Kombuios, N.II. Dnextpuueckue mamuHel : Y4eO. mocoOue st By30B /
N.IT1. KonbuioB .— 3-e uza.,ucnp. — M. : Beicm. mik., 2002 .— 607c. : ui.
2. PozanoB IO.K. DnekTpoHHBIE YCTpPOMCTBA 3JIEKTPOMEXAHUYECKHUX

cucteMm: Yueb. nmocobue s By3oB / FO. K. PozanoB, E.M. CoxkonoBa. — M.:
N3 narenbckuii neHTp «Akanemus», 2004. - 272 c.: ui.
3. Amues, U.U. Dnexkrporexunueckuit cnpaBounuk / U.W. AnueB .— 4-e

usa.,ucnp. — M. : PagnoCodr, 2002 .— 393c. : ni.
4. Anmues, .M. Dnextpuueckue amnmapatsl : crnpaBounuk / U.UW. Anues,
M.b. A6pamos .— M. : UII PaguoCodt, 2007 .— 256¢. : n.
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JlaGopaTopnas padora Nel3

HccnenoBanue XapaKTePUCTHK IJIEKTPUYECKOr0 CJeIsIIero mMpuBoaa
NMepeMeHHOr0 TOKA ¢ YaCTOTHBIM yNPaBJIeHHEM

I. HEJIb 1 3AJTAYHU NCCJIEJOBAHUASA
N3ydyeHne MeTONOB YyNpaBiCHHUs aCUHXPOHHBIM TpeX(a3HbIM JBUTATEIEM: HX
annapaTypHOM peanu3aldd W XapaKTepUCTUK JIBUrareis MHpH 3TUX CIOco0ax
YIIPABJICHHUS.

II. TEOPETUYECKHUE CBEJEHUSA

B coBpeMeHHBIX clendux cucTeMax MUPOKO NPUMEHSIOTCA OECKOJITIEKTOPHBIE
IPUBOJIBI IEPEMEHHOr0 TOKa. B kadecTBe ABUTaTeneii UCIOJIb3YIOTCS CUHXPOHHbBIE
U AaCHUHXPOHHBIE [JBUTATeNU C JAByX(pa3zHOM wuium Tpex(da3HOH CTaTOPHBIMHU
0OMOTKaMH.

CucreMsl ynpaBieHUs] aCHHXPOHHBIM 3-(a3HbIM JBUTATEIEM

1. OcHOBHBIE TPeOOBAHMSA K CHCTEMe YIIPABJICHUSI ACHHXPOHHBIM
JABUTaTeIeM

PaccMoTpuM BOIIPOCH! MOCTPOEHUS CUCTEMBI YIIPABIECHUS ACHHXPOHHBIM 3-
(ba3HBIM AJIEKTPOJBUTATEIIEM.

CucteMa ymnpaBieHUS AaCHUHXPOHHBIM JBUTATENIEM JOJDKHA OOecreyuBaTh
pEryJIupoBaHHe CKOPOCTH MPUBOJIa B HEOOXOAUMBIX IpEJIeTax U €€ peBepcC.
Jnss 3TOro B yYHOPaBISIOMIEM CUCTEME PEAIM3YETCS CICIYIOIMMNA 3aKOH
yIpaBJICHUs 10 YacToTe f.:
f.="f *¢ (1)
B npuHimunuansHON cXemMe peain3yloTCsl COOTBETCTBYIOIIUE UM HAMPSHKCHUS.
N monmydeHWsT CKOJIBKEHUST B KaHall YacTOTHOTO YMPABJICHUS BBOJIUTCS
MOJIOKUTENIbHAsT OOpaTHas CBA3b 10 CKOPOCTH JBUTATENs, OJjarojaps uemy
NOSIBJIAETCS. BO3MOXXHOCTh YIPAaBJIEHUS H3TOW KOOPJIAUHATOW COTJIACHO CXEME,
MOKa3aHHOM Ha pUCYHKeE 1.

MOTL

—7 +7 )
! t .

Pucynok 1 — Cxema cuctems! ynpasieHus AJl 1S TOTy4YeHHs CKOJIbXKEHUS S
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f, — )Kenmaemas WM ynpasJisitolas 4acToTa;
€ — abCOJIIOTHOE CKOJIBKEHUE POTOPa, OMpeieiieMoe KaK pa3HOCTb JKeIaeMoi
(YmpaBJisItoliiei) 4acTOThI U YaCTOTHI pOTOpa

YacroTa mong pCain3ycCTCsa B OIIPCACICHHOM AUAIIA30HC:!
fmin < fc.oe < fmax

O6brano i, =01f . Jlns ynpasnenms ¢ memsmmmu, wem npu fo = fin

CKOPOCTSAMH JBHKEHHUS UCIIOJIB3yETCA AMILUTUTYIHOE YIIPABJICHHE.
B cTpyKkType ynpapisronieil CHCTEMBI 00€CIIEYNBAETCA YACTOTHO-aMILTUTYTHOE
YIIPaBICHUE C PEBEPCOM U OTAAYEH SHEPTUH B CETh.
OCHOBHBIM pe€aNu3yeMbIM MAPAMETPOM SBJISETCA YaCTOTA, YTO CIEAYET W3
HpOHOpHI/IOHaHBHOCTI/I CHHXpOHHOﬁ CKOpOCTI/I HaCTOTC IMIUTAOIICTO HaprDKeHI/IﬂZ
O - 2r- f
=5 @
OnHOBpEMEHHO BO3HUKAET HEOOXOJWMOCTh PETYJIMPOBAHUA HATPSKEHUS
ucrounuka murtanusg. OJIC  OOMOTKM CTaropa aCHMHXPOHHOIO  JBMIATEls

IIPOIIOpHIHUOHAJIbHA YaCTOTC U IIOTOKY.

E=kg-f. (3)
[IpenebOperas nageHUEM HaIpsLDKEHUS] HA OOMOTKaxX cTaropa
AU, =17 +x5 =0, (4)
MO>KHO 3alKcaTh
U, =~E =k¢-f . (5)

N3MeHeHne 4acTOThl MUTAHUS TO3BOJIIET PEryJIUPOBATH CKOPOCTh KaK BHIIIIE,
TaK U HMKE OCHOBHOM ().

IIpu perynupoBaHUM BBIIIE OCHOBHOM CKOPOCTH (PEXUM  YacCTOTHO-
(bopcUpPOBAHHOTO YNPABIICHHUS) YACTOTA MUTAHUS MOXKET MPEBBIIIATH HOMUHATHHYIO
He Ooniee ueM B 1,5 — 2 pasza, 9yTo 00yCIOBICHO MPOYHOCTHIO KPEIJICHUSI OOMOTKH
poTOpa ¥ pOCTOM MOTEPH B CTAJIA CTATOPA.

PerynupoBanue CKOpPOCTH B CTOPOHY YMEHBIIICHHUSI BO3MOXXHO He OoJsiee 4yem
B 10 — 15 pa3, 4To OrpaHWYCHO CIIOKHOCTBIO peaNHM3allid MCTOYHUKA MHUTAHHS C
HU3KOW YacTOTOM M YBEIMYCHUEM HEPAaBHOMEPHOCTH BpallleHUSI Ha MallbIX
CKOPOCTSIX.

Hwxuuit npenen MoxeT ObITh YMEHBIIEH 3a CUET MCIOJIb30BAaHMS OOpPAaTHBIX
CBSI3¢HM B CHCTEME yIpaBJieHUS aCMHXPOHHBIM JBHUTrareiieM. YacTtoTa HampsiKeHUs
MATAHUS SIBJISIETCS HE3aBUCHUMBIM TapaMeTpOM, 3a/1aBa€MbIM BXOJIHBIM CHUTHAJIOM
npuBoaa nepemeHHoro Toka. [ns 8-momrocnoro nsuratens (P, =4) xoaddunment
nepecueta mapameTpoB Q [pan/c] B f [I'1] cocTaBisier
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f 4 6)
Q 2z
Hamnyuinne auHaMUYECKME XapaKTEPUCTUKU OOECHEYMBAIOTCS B IPUBOAX,
00IafaroIMX  HAauOOJBIIMM  PACIIONAraéMbIM  YCKOPEHHEM,  ONPEEIIeMbIM
MaKCHUMaJIbHBIM Pa3BUBAEMBIM MOMEHTOM aCMHXPOHHOT'O JIBHUIATENIs.

2. 3aKoHBI yIIPaBJICHUS ABUTaTeJIeM U UX pPeaaTn3anus

JUis mpUBOAOB C MOMEHTOM HArpy3KH, HE 3aBHUCSIIUM OT CKOPOCTH, PEXUM
pEryJIMpOBaHMs, OCHOBAaHHBIM Ha NOJJEPKAHUM MaKCUMaJIbHOIO MOMEHTA,
o0ecreunBaeTcss CUCTEMOM  YIpaBICHUM, pealu3yrouleil JMHEWHbI 3aKOH
M3MEHEHUS HAIPSDKEHUS OT YacTOThl NUTaHUs (pUCYHOK 14.2).

(

Ui) _______________ T

d f

i HiM
Pucynok 2 — ['paduk 3aBUCIMOCTH HampsDKEHUS Ha 00MOTKax A /]
OT 9aCTOTHI HAIIPSAKCHUSA ITUTaHUA

U, =U,+k,f. (7)
MakcumanbHbIi MOMEHT ACHHXPOHHOTO JIBUTATEIIS
3U?
M = ya d) \
m 2 2 ] (8)
ZQO(rC +. 7+ X )
CunxpoHHas CKOpOCTB (2 u WHIYKTUBHOE COIPOTHUBJICHUE X
MPOMOPIMOHAIBHBI YaCTOTE MUTAHUSA, CIEA0BATEIBHO,
U 2
-
M m f 2 (9)

B ycranosumemcs pexume M, =M, =const (M, — wmoment uarpyskn)
MOATOMY OTHOITICHUE
U—qb = const (10)
f :
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3a BepxHWMII Tpenen 3aKOHAa  PEryJUPOBAHHUS  TMPHUHATHI  MapaMeTPhI
HOMHMHAIBHOTO  peknma, Hanpumep:U g =127 B, f,on =4007y . Hwkuawuii

npezen perymposasms yactotst 1min = 40,0 1y .

IapameTpsl 3akoHa perymmposanust U, u K; onpemenenst mo gopmymnam

U, = \ W F i [fc + 12+ (x> ] . (11)

CxeMa perynrpoBaHUid YaCTOTHI U HanpsbkeHus A/l moka3aHa Ha pucyHKe 3.

Ko | .

2 kB — i/
o

WL PUasmD kp

Ozpanuyenus

{ -

‘ f,

—17 +7
1 i

Pucynok 3 — Cxema cucteMsl ynpasieHust AJl 1uist peryiupoBaHust 4aCTOTHI U
HaIpsKEHUS

Bo3moxkHocTh perynupoBanus 3-(a3HbIM ACHMHXPOHHBIM JBUTATEJIEM IO
4acTOTE M AaMIUIMTYJIE€ HArJAIHO WILTIOCTPUPYETCS CEMEWCTBOM MEXaHUYECKUX
XapaKTEePUCTHK.

XKecTkocTh MEXaHUYECKHUX XapaKTEPUCTUK B paboyeit 30He TIPH peryJIupoBaHUU

U
10 3aKOHY T=¢=COHSI COXpAHSETCS. CPAaBHUTEIBHO BBICOKOW. Benmunna

KPUTHYECKOTO MOMEHTA B 30HE OOJIBIIIUX YaCTOT CPABHUTEIBLHO MAJIO H3MEHSETCS (
M., M,,, M, ). Jlump npM HHU3KUX YacTOTax BCJICICTBUE OTHOCHUTEIBHOIO

YBEIIMUECHU TNAJCHUS HANPSDHKEHUS B CTATOPE MPOUCXOAUT 3aMETHOE YMEHBIICHUE
MarHUTHOT'O TIOTOKA U KaK CJICACTBUE, YMCHbBIIICHHE KPUTHUECKOTr0 MOMeHTa (My):

3 Uy X, =X, +X
. y k =
200 1+ 1P+ X CT (12)

I[J'ISI OOJBIINX YAaCTOT BEIUYHHA . 3HAUUTCIBHO MCHBIIC X U IIOOTOMY MOXKHO
cyuTaTth, YTO

M, =
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2
3Uqb

My = 20, X, ' (13
Takum obpasom, Max kax X, =K fu oy =k, f, 1o
3,
2k, .

U,
nosToMy ¢ = const
1

o

0

Pucynoxk 4 — Mexanudeckue xapakTepuctuku A/l
C YaCTOTHO-aMIUIUTYAHBIM YIIPABICHUEM

1, 2, 3 — MexaHWYECKHUE XapaKTEPUCTHUKHU C YACTOTHO-aMILTUTYTHBIM
YIPaBJICHUEM:

1_ fc1: f UC].:UHOM;Z_ fc2:o’5f 'UC2:0’5LJHOM;

HOM ! HOM !

3- f3=01f, ;U,;=01U, . :3 4 5 6— xapakTepuCTHKH aMILIUTYIHOTO
ypasuenus mpu 1o = f.3 =01f, uU.o010,1-U,,, 10 0; 7 — xapakrepucTuka c

(bopcupOBaHHBIM I10 YaCTOTE YIIPABICHUEM: f,=15f_;U_,=U_ 8 — mommuocrs
JUTSI HOMHHAJTBHOTO PEKHMa
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Pucynok 5 — I'paduku Pucynok 6 — Mexanuueckue

3aBUCHUMOCTEN CKOPOCTH U TOKOB xapakTepucTuku A/l ms
B 00OMoTKax A/ or MOMeHTa PAa3JIMYHBIX YaCTOT HANPSLKEHUN
Harpy3Ku ITATAHUS

f>f,>f>f,
HpI/I S3HAYUTCIbHOM CHHMKCHHHU YaCTOTBI 3TO COOTHOIICHHMC HApPyIacTCsia, T.K.
PEaKkTHBHOE COMPOTHUBIICHHE PACCESHHUS Xk = X¢ +Xp CTAHOBHUTCS CPAaBHHUMBIM C

CONIPOTHUBJICHUEM cTaropal; WIA JaXe MeHblle ero. BiudgHue naaeHus
HaIIpSDKEHKS. B CTATOPE OKA3bIBACTCS CHUIIBHEE, U 3TO NPUBOAUT K YMEHBIICHUIO
KPUTHUYECKOrO MOMEHTA. [103TOMy B cXeéMe peryJMpoBaHHs MOMEHTA U CKOPOCTH
Ha BXOJ pETYJIUMPYEMOrO OIPAHUYEHHUS AaMIUIMTYJIHOTO KaHajga I0JaeTcs
nocTosiHHas cocTtasisitonas Up, KoTopas MOXXET HU3MEHATHCS B 3aBUCUMOCTH OT
TpeOOBAHMI K CIIEAIEMY IPUBOY:

f min m.Pn.Uqb 2 fnfin
X = —-r. | —r
( ‘ ) 472- fHOM .Mm ¢ ¢ fKiM ’ (15)
e fmin =407y u f,,, =400y TUTS AJl JIMUII-63;
U¢_Ua
K, :ﬁiua =18,7B,k, =0,3 st U, = 220 B.

JlanbHelee peryJinupoBaHUE OCYUIECTBIISICTCSI YMEHBIICHUEM HANPSKECHUS
mutanus Uy< U, ipu fiin = 40 ' = const.
[Ipy wu3MEHEHUHM YacTOThl HU3MEHSIETCS U WHIAYKTUBHOE COIPOTHUBJICHUE

obMoTkn X =@, *L.. TlosroMy ammiuryma perynmpyercss B 3aBHCHMOCTH OT

4aCTOTHI TaKUM 00pa3oM, 4TOOBI TOKU HE TPEBBINIATIHN JOMYCTUMON BEITNIUHBI Lo,

KOTOpAasi ONPENEIACTCS:
1) HachIIIICHHEM MarHUTHON CHCTEMBI;
2) MOMyCTUMbIMH TOKAMH TPAH3UCTOPOB B YCHUJIMTENIE MOIIHOCTH.
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BBoasiTcs perynupyeMoe OrpaHUYEHHUE Ko, a TAaKXKE CBSI3b IO 4YacTOTE JJIs
obecrieyeHus KeaaeMon KpyTU3HbI MEXaHUYECKON XapaKTePUCTHUKHU.

[Tomaercs nomonHUTENbHOE HampspkeHue Uy 11 yBETWYEHHS MOIIHOCTU
JIBUTATEIIS.

PaccmMoTpyiM  ceMeHCTBO MEXaHMUYECKHX  XapaKTEPUCTUK  aACHHXPOHHOTO
JIBUTATEIIS MPU PA3IMUHBIX YaCTOTAX MUTAIOIIETO HAMPSIKCHUS.

N3 ananu3a xapakTepuCTUK BUAHO, YTO 3-ha3HbIM aCHHXPOHHBIN JIBUTATENb 10
4acTOTe W AaMIUIUTYAE€ OOCCICUYMBACT PETYIMPOBAHUE CKOPOCTH B IIMPOKOM
JMara3oHe ¢ MaJlod YyBCTBUTEJIBHOCTHIO K HArpy3Ke MpU YaCTOTHO-aMILTUTYAHOM
ynpasnenuu 1, 2, 3.

MomnHoctHas xapakrepuctuka N = QM (8 Ha pucynke 14.4) npu oy, Uson
omnpenenseT 3HaueHus HOMUHAIbHON Ny, B MaKCUMaTbHONH MOITHOCTH Npax.

[IpumepHo 1o M, . =075M, (Mk — KPUTUYECKUM MOMEHT Harpy3KH)
@, — @,

CKOJIBXEHUE pOTOpaA ABUTATEIIS S =—"" Maro.

@y

Ipu M; >M, porop ocranosuTcs.

[TapameTrpsl QuiibTpa U HEIMHEWHOTrO KoppekTupyromiero ycrporcrsa (HKY)
KaHalla aMIUTUTYJTHOTO YIPAaBJICHUS OIpPEACNICHbl W3 YCIOBHUS OOecredeHus
YCTOMYMBOCTH U Ka4yeCcTBa IIEPEXOTHOrO MpoLecca.

. T,p+1
Koppextupyronmwmii puiastp W, () =K, Tpil’
1

rne K, =20,T,=0133¢, T, =0,033¢C

HKY: k;=1k; =03,
KoadduimenT ycunenus B 4aCTOTHOM KaHaJIe:

ko=39;, Q,,, =Q1-S,)=5916 paolc,

I'c

Qpp = Qoll—Syp )= Qo| 1~ ——=— |=527 paolc,
Mm ZkN 'ka . NSM =2,05HM,

rae kN — koa(durment 3amnaca mo momHocTH; I, Iy — akTBHOE
compotuBiienue cratopa (1,37 Om) u poropa, mpuBeaeHHOe K cTatopy (2,22 Om);T

Xy — CyMMapHO€ UHIYKTUBHOE COMPOTUBJICHUE cTaTopa U poTopa (13,65 Om).

Kanan peBepca oOecrieunBaeT HalpaBlICHHE BpalleHUS aCHHXPOHHOTO
neuratens. Peneiinwiii  snemenT HO1 omnpenenser HampaBieHue BpallleHUs
9JICKTPOMAarHUTHOTO TOJII B 3aBUCHMOCTH OT 3HaKa OIIMOKM M 0OecredyuBacT
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pasron  JABUrarciii U TOPMOKCHHUC CT0o IMPOTHBOBKIIIOYCHUCM Ha CKOPOCTIAIX,

menbmx 0125-Q Q=785 paa/ C, YTO COOTBETCTBYET 4acToTe

pesepca f,, =50 I'y mpu wacrore muranms AJl fo =400 1y,

JIns WCKIIOYEHHUS TOPMOXKEHHSI MPOTUBOBKIIOYEHHWEM U, KaK CIIEJICTBUE,
ONPOKUIBIBAHUS JIBHTATENII Ha CKOpocTsax, Oompmux 0,125Q (=785 pao/c nmus

JIMUILI-63), BBeaeHsl penedHble diemMeHThl H22 u HO3, wuckmouaromme
npoxoxJaeHne curHamza ACQ) W, CBOMM 3HAKOM ONPECICIIAIONINE HaIMpaBICHUE
BpaleHUsI II0JIS u Pa3TOH-TOPMOYKEHHUE JIBUTaTEIIS B pexKUMe
aMIUTATYHO-YaCTOTHOTO YIIPABJICHHUS.

[IpeoOpazoBarenu 4acTOThI C AMILIUTYAHO-YACTOTHBIM PETYJIMPOBAHUEM
CKOpPOCTH BpaIIeHHsI ACHHXPOHHOTO 3-(pa3HOTO JBUTATENS

Yceunurenb MOIIHOCTH COCTOUT M3 HEYIPABJISIEMOro BhIIpSAMUTENS B u aAByx
HE3aBUCUMBIX PETYISITOPOB.

Perynarop HanpspbkeHui BkirodaeT B ceOst uaBeptop U, 0ok perynupoBaHus
HampsDKEHUsT Ha BXOJIe AaBTOHOMHOTO WHBEpPTOpa MW OJOK JUHAMUYECKOTO
TOPMOYKEHUSI ACHHXPOHHOTO JIBUTATEJIS.

B OCHOBY cuCTEMBI yHpaBJIEHHs aCHHXPOHHOI'O JBUIATels IOJIOXKEHA CXeMma
aMIUIUTYIHO-YaCTOTHOTO PETYJUPOBAHUS C HCIIOJIb30BAHUEM IpeoOpa3oBaTens
YacTOTbl C MPOMEKYTOYHBIM 3BE€HOM IIOCTOSSHHOTO TOKAa M HEYIPaBIsSeMOTo
BBITIPSAMUTEINS (PUCYHOK ).

[IpeoOpazoBarenb 4acTOTHl COCTOMT M3 HEYNpaBisIeMOro Beimpsmutens (B),
crinaxwuBaroniero guistpa (CP) u aBToHOMHOTO HHBepTOpa (AUN) (prcyHOK 7).

[IpeoOpazoBarenp 4YacTOTbl C MPOMEKYTOYHBIM 3BE€HOM IOCTOSIHHOTO TOKa
OCYUIECTBJISIET MPe0oOpa30BaHUE HIIEKTPUUECKON SHEPTHH IEPEMEHHOTO TOKA OJHOM
YaCTOThI B IEPEMEHHBIA TOK APYTOM 4acCTOTBHI.
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Pucynok 6 — @yHKIIMOHATBHAS CXeMa CHCTEMBI
aMIUTUTYAHO-4aCTOTHOTO yIipaBiieHust Al

Bxod £ L= Ca [i= AU Boixod
U 75 U, #;

Pucynok 7 — biiok-cxema npeoOpaszoBaTes 4acToThl AJ]
C IPOMEKYTOYHBIM 3BEHOM MTOCTOSIHHOT'O TOKa

[Tepemennoe Hanpspkenue Uy (Hanpumep 380 B) wacroroii f; (50 I'tr) moctymaet
Ha BXO/JI BRITPSIMHUTENS B, r/1e BRIMPSIMIIACTCS, a 3aTeM criakuBaetcs puinbtpom CD
M TOCTylaeT Ha BXOJ aBTOHOMHOrO HWHBepTropa AV, HMEIOIIero BbIXOJHOE
Hanpspkenue U, (540 B) ¢ wgacrotoii f, (40 — 400 I'it). ABTOHOMHBIA HHBEPTOP
IpeoOpPa3OBBIBACT JJICKTPUUECKYIO DHEPIHIO IOCTOSHHOIO TOKA B IEPEMCHHBIM,
BBIXOJHBIC IMapaMeTpbl KoToporo ((opma, aMIUIMTyda, YacTOTa BBIXOJHOTO
HAMPSDKCHHS) OMPEICIITIOTCS CXEMOM IpeoOpa3oBaress, CUCTEMOH yIpaBICHHUS
ABTOHOMHBIM HHBEPTOPOM U PEKUMOM €ro paboThl, B OTJIMYHE OT HMHBEPTOpA
BEJIOMOTO CEThIO, BBIXOIHBIC YaCTOTa M HAIMPSHKEHHE KOTOPOTO COOTBETCTBYIOT
napaMeTpaM CETH.

B mpeobpaszoBareie ¢ MPOMEXYTOYHBIM 3BEHOM ITOCTOSIHHOTO TOKa YacTOTa
BBIXOJTHOTO HAIPSDKCHHS HE 3aBUCHT OT YaCTOTHI MHUTAOMICH CETH M MOXET OBbITh
Kak OoJIbIlle, TaK U MEHBIIIC.

ABTOHOMHBIC HHBEPTOpPHI BBIMOJHEHBl HAa TPAH3UCTOPHBIX KJIHOYaX IO
Tpex(a3sHol MOCTOBOW CXeMe W NpeIHa3HAYCHBI IS YCHIICHUS IO MOIIHOCTH
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BBIXOJIHBIX CUTHAJIOB OJIOKa yNpaBiieHHs. B TpaH3UCTOPHBIX KIIFOYaX UCHOJIb3YIOTCS
Tpamsuctopsl Tima 211906 mma U, =220B; N, =750 Bm  pmeromme BoicOKmE

KO3 (UIIMEHTHl YCUJICHHSI U OBICTPOJEHCTBUE, YTO TO3BOJSET pealu30BaTh Ha
KITI0YE MHAWBHUIyaJbHYI0 TOKOBYIO 3aIllUTy TPaH3UCTOpa OT OPOCKOB TOKAa B LIECMH

Harpys3KHu. st ceTu U. =380B; N, = 750Bm MIPUMEHSIIOTCSI

tpau3uctopsl 2T839A (KT839A) ¢ mpenenpHbiM  HampspkeHueMm 1500 B u
MaKCHUMaJIbHO JOITY CTUMBIM Tokom 10 A. s JBUTATEEH Cc

morHocThIo Ny > 750Bm B apromomHBIX  TpamsucTopax — HCHOIB3yeTcs
GBTH — TpaH3uCTOpHI HWJIA CUIIOBBIC MOIYJIH.

B L . PHIA
wh N4 ; f, k % . k
8
1
U =4y

Pucynok 8 — DxBuBajeHTHas cXeMa YCHIIUTENs] MOIITHOCTH MPUBO/IA
IIEPEMEHHOT0 TOKA

+Tes0 L
I ZL £ Zk

—

2P0E8 7
7]

|
1T

-1
|
T
|
1
5
|
1T

—J-5a B

Pucynoxk 9 — Cxema ycunuresnss MOIIHOCTH TPUBO/IA IEPEMEHHOTO TOKA
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Pucynox 10 — Dmropbl HapsOKEHW B 0OMOTKAX YCHITUTENSI MOITHOCTH AJ|
MIPY AMIUTUTYAHO-YACTOTHOM YNIPAaBJICHUU

[ -

Lir ‘

¢

Pucynok 11 — Dmnropa HanpsiKeHUN NEpEeKTI0YeHUs] TPAH3UCTOPHBIX
KJIrouent yersnrens momHocta A/l B pexxnme [HIUM

t, -1, Fo— 1 40...400 'y

' 3a0

3a0

froe = t# = 25007 -

1t
Heynpapnsiemblii BBITPAMUTEIb BBITOJTHEH IO cXeMe 3-(Ga3HOrO0 MOCTOBOTO
BBIIPSIMUTENST Ha auogax co criiakuBaromuM LC-dumstpoM. OH BBIIPSAMIISET
Tpexdaznoe Hanpspkenue nepemernroro Toka (U, = 380 B) B mocTosiHHOE 3HaUYCHME
(540 B).
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bnok perynupoBaHHMs HamnpsOKCHHsST HAa BXOJE aBTOHOMHBIX WHBEPTOPOB
BBIIIOJTHEH HAa OCHOBE TPAH3MCTOPHOTO KIO4a ¢ TpansuctopoMm tumna 2I1906 co
crmaxuBaonmM LC-punerpom  w  Momyiaem  ympaBieHus.  PerymupoBaHue
HAIPsDKEHHS HA BXOJ/Ie aBTOHOMHOTO WHBEPTOPA MPOU3BOIUTCS C LENBI0 CHIDKCHHS
Harpy3Kd 1O HANpSHDKEHUIO Ha KIIOYM aBTOHOMHOTO HMHBEPTOpA MpPU MAbIX |
CPEIHUX CKOPOCTSIX PETyTHMPOBAHUS ACHHXPOHHOTO JBHTATEIIS.

brokn nUHAMUYEeCKOTO TOPMOKEHHs JIBUTATENs TpPEIHA3HAYCHBI IS
JOTOTHUTEIBHOTO PACCESHUSI KUHETHYECKOW SHEPIHMU aCUHXPOHHOTO JBUTATEIIS
PU YaCTOTHOM TOPMOXKCHUU JBHTATElNsl B JHAla30HE €ro CKOPOCTEH BpaICHHS
(420 — 628) pan/c W mpemHa3HAYEH IS OTPAaHUYCHUS HAINPSDKEHUS HA BXOJEC
AaBTOHOMHOTO MHBEPTOPA B PEKHME YaCTOTHOTO TopMoxkeHus: He 6onee 350 B ms

cern ¢ U, 2220B 1 610 B mst cern ¢ U, =380B .

HI. OBBEKT UCCIIEAJOBAHUA U OBOPYIOBAHUE

OOBEKTOM UCCIIEJOBAHMSI SBJIAETCS IPUBO/] IPOMBILIUIEHHOMN IBEHHOM
MaIIMHKH, padOoTaOIUNA 10 cUcTeME "ABTOHOMHBIN HHBEPTOP HANPSIKEHUS C

aMIUTATYAHO-9aCTOTHBIM 3aKOHOM YIIPaBJICHUsI —ACUHXPOHHBIN ABUTATEIb C
KOPOTKO3aMKHYTHIM poTtopom"- DA-ITIIM 31-01B7CXJIY.

J171s1 BBITIOJTHEHUST paOOThI HEOOXOITUMBI:

1) Hu3KouyacTOTHBIN ocipuiorpad tuna C1-57, C8-13;
2) yactoromep Y3 — 34 wim 10001 Ipyro,

3) uudposoit BonbT™MeTp B7-27A/1.

IV.3AJJAHUE HA PABOTY
1. U3yunTs mpuHIUN padoThl U QYHKIIMOHATFHOE HA3HAYCHUE SJIEMEHTOB

IIpUBOJA.

2. 3y4nTh B3aUMOJECHUCTBUE SJIEKTPOHHBIX Y3JIOB.
3. UccnenoBarh paboTy CHIIOBOM YacTH MPUBOJA MPU PA3TUYHBIX PEKUMAX

(GYHKIIMOHUPOBAHUS MPUBO/IA.

4. CHSTB 9KCTIEPUMEHTATIBLHO HEKOTOPBIC CTATUYECKUE U JITUHAMUYECKUE
XapaKTePUCTUKHU TTPUBO/IA.
V. HOPAIOK BBIITIOJIHEHUS PABOTHI
1. TmateabHO 03HAKOMUTHCS C HACTOSIIENH UHCTPYKIIUEH.
2. UccnenoBanue pabOTHI CUIIOBOM YaCTH IIPUBOA IIPU BKIIFOUCHUU:
a) MOJAKJIIOUNTD BXOJI ociiuiuiorpada Kk nepekitouarento K2:

6) MOCTaBUTh TIEPEKIIOYATENb B MMOJIOKEHHE Al
B) BKJIIOUUTh MAarHUTHBIN MTyCKATeNIb HA CTEHE U NOAAaTh HANPSKEHUE HA
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CHJIOBOI TpaHCcpopMmaTop;

I') 3aCUHXPOHU3UPOBATh U300pAKEHUE HAIIPSKEHUSI BTOPUYHON OOMOTKH
TpaHchopMaTopa, MOCTABUB MEPEKIIOYATENb PEXKMMa CUHXPOHHU3ALUU
ocrusuiorpada B mojoxeHue "ceTr':

1) BKJIIFOYUTH KHOTIKY "MycK" Ha CTEHAE W OJHOBPEMEHHO MPOCIEIUTH 3a
M3MEHEeHHEM (DOPMBI HAIIPSIKEHUS U 3apUCOBATH €TO0.

3. UccnenoBanue paboThl CUIOBOM YaCTH MPUBOJIA TPU U3MEHEHUH YaCTOTHI
BpAIlLCHUSI IBUTATEIS:

a) MOJKIIIOUUTh ocluIorpad K aHojaM THUPUCTOPOB BBIMPSIMUTEIILHON U
uHBepTOpHOU rpynm ( Touku 51 u 52 ), nepexitouast K2. u 3apucoBath aAuarpaMMel
ATUX HAIpPSHKEHUW MPU MUHHUMAJIbHOM U MaKCUMAaJIbHOM 4acTOTaX BPAILlCHUS
JIBUTATEJIsI, yCTAHABIMBAEMOM C TOMOIIBIO 33/1aTYMKA YaCTOThI BpAlllEHUS ABUTaTe-
TSt

0) MpoBECTH aHAJIOTUYHOE HAOJIIO/ICHHE 32 HANPSHKEHUEM Ha JABUTaTeNe (TOUKa
A2).

4. OnpeneneHue Auana3oHa yria yrnpaBJieHUs THPUCTOPOB:

a) MOJKIIIOUNTh ocimuiorpad k roukam Y2, C1 u nponabimtonars Gopmy
HaIPsHKEHUS Ha YIPABJISIIONIEM 3JIEKTPOJIE TUPUCTOPA U 3apUCOBATH €€ MPH
MHUHUMAJbHON U MaKCUMAJIbHOM YacTOTaM BpAILICHUS JBUTATEIS;

6) 10 pa3HHMIIE MOJOKEHUI UMITYJIbCa U HA OCHOBAHUU 3HAHHSI CKOPOCTHU
Pa3BEPTKU ONPEACIUTh JUANa30H U3MEHEHUS yTia YIpaBJICHUs.

5. N3ydyeHne quHaMUYECKUX XapaKTEPUCTUK IPUBOAA!

a) MEPEKIIIOYUTh OCIUIUIOTpad K BBIXOAY HAIPSKEHUSI TaXoreHepaTtopa (TOUKU
10,20);

6) ycTaHOBHUTH pa3BepTky 0.2 c/cMm;

B) YCTAHOBUTH YacTOTy Bpauienus apuratens 0.3-0.4 ot HoMuHaNIBHOM ( 6-7
IIEJTYKOB 33JlaTYrKa OT KpaHEro JIEBOIO MOJIOKEHUS);

T') IOCTAaBUTH MEPEKIIoUaTeNh pekuMa yrpasienus [12 B HeliTpanbHOE
MOJIOKEHUE ( IBUTATEIh OCTAHOBUTCA);

1) TOiMaB MOMEHT BPEMEHHU, KOTr/Ia Jyd ocimiorpada OyaeT B KpailHem
JIEBOM TOJI0KEHUU, IEPEKIIIOUUTH [12 B BepxXHEe MOJI0KEHUE U 3apUCOBATh IIPOLIECC
pasronHa, IBUraTes;

€) cuuTasi IepeXoIHbIN MPOLECC aAEPUOJUYECKUM, OIPEICTUTh
3JIEKTPOMEXAHUYECKYIO ITOCTOSHHYIO BPEMEHH U CpaBHUTE €€ C
MMACTIOPTHBIM JJIS1 IBUTATES.

V1. YKA3AHUA IO O@POPMJIEHHUTIO OTYHETA
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Otu4er 0 padoTe 10JIKeH COIEPKATH:

1. biok-cxemy npuBoja.

2. JlnarpaMMbl HalIPSKCHU .

3. IlepexoaHbIil IPOLIECC U3MEHEHUS YaCTOTHI BPAILICHUS JBUTATENS C
HEO0OXOAMMBIMH ITOCTPOCHUSMH JIJIs1 ONPEAECICHUS TOCTOSHHON BPEMEHHU.

YIl. KOHTPOJIBHBIE BOITPOCHI

1. B yem 3akmrodaeTcst HpUHIUIT JUHEWHOTO COBMECTHOIO YIIPABIICHUS
TUPUCTOPHBIMU TPyNIaMU PEBEPCUBHOTO MPUBOJA?

2. Kakne MOXHO cliefaTh BBIBOJBI U3 I1.2 MPOIEIaHHON pabOThl OTHOCUTEIIBHO
BIIMSIHUS NIPUBOJA HA CETh MUTAHUS?

3. Kakue pexxumbl paboThl THPUCTOPHOM IPYIIIBI HA3bIBAKOTCS BBHIIPSMU-
TEIbHBIM U HHBEPTOPHBIM?

4. K xakoBo Ha3zHaueHue apocceneit Apl u dp2?

VIIl. BUBJUOT PA®GUUYECKHA CIIMCOK

OcHoBHas auTEepaTypa

1. PabunoBuy JI.B. Jlunamuka cuctem NpuBOAOB: Y. mocodue -
M.:BUBJINO-TJIOBYC, 2016. 266¢. :un.

2. Tepexos, B.M. Cuctemsl ynpaBieHHs 3IEKTPONPUBOJIOB : YUEOHUK JIsI
By30B / B.M. TepexoB, O.W. Ocunos; nox pea. B.M. Tepexoa .— M. :
Axanemus, 2005 .— 304c.

3. Eneukas, ['anuna [TaBnoBHa. DNEKTPOMEXaHUYECKUE YCTPOKUCTBA
MEXaTpPOHHBIX cucTeM : yueO. mocobue / I'. I1. Enenkas, H. C. Umroxuna, A. I1.
[TankoB ; Tynl'Y .— Tyna : U3p-Bo Tyal'V, 2018 .— 224 c.

4. Yemonanos, b.K. Cnengmue npusonsl: B 3 1. T.2. Dnexrpuueckue
cnensmue npuBoabl/E.C. breiiz , B.H. bponosckuii, B.A. Beenenckuii u np. / [lox
pen. b.K. UeMonanoBa .— 2-e u3j., nepepad. u gorn. — M. : MI'TY um. H.O.
baymana, 2003 .— 979c. : umn.

5. OcHOBBI pacyeTa ¥ MPOEKTUPOBAHUS MEXATPOHHBIX MOAYJIEH CUCTEM
HaBeneHud u ctabmnuzauuu,/ O.B. I'opstueB [u ap.] Tyna: U3ga-so Tynl'Y, 2011 —
233 c.

6. Kupmmio A.A. OCHOBBI 2JIEKTPONPHUBO/IA JIETATEIIBHBIX AIIIAPATOB:
Yuebnoe nocodue 175t By30B. — MockBa: bubiamo-rinodyc, 2013. — 208c.

JlonoJHUTeIbHAS JIUTEPATypa

1. Konbutos, W.II. Dnekrpudeckue MammHbl ;. Yueb. mocobue ais By30B /
N.I1. KonbuioB .— 3-€ uza.,uctp. — M. : Beici. mik., 2002 .— 607c. : u.

2.  PozanoB IO.K. DnekTpoHHBIE YCTpPOMCTBA 3JIEKTPOMEXAHUYECKUX
cucteM: Yueb. mocodue must By3oB / FO. K. PozanoB, E.M. CoxomnoBa. — M.:
N3narenbckuii ieHTp «Akanemus», 2004. - 272 c.: ui.
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3. Anues, U.U. Dnexrporexnnyeckuit cnpaBounuk / .M. AnueB .— 4-e
usa.,ucnp. — M. : PagnoCodr, 2002 .— 393c. : ui.

4. Anues, .. Dnexktpuueckue ammapatsl : cnpaBounuk / U.W. Anwues,
M.b. A6pamor .— M. : UIT PagunoCodt, 2007 .— 256¢. : ui.
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JlabopaTtopHasi paGora Neld

N3yyeHue NpuBOAOB C 3JIEKTPOMATHUTHBIMH My(QTaMHU B CHCTeMe
yIpaBJieHUs OrHEéM KoMILIekca « KoHkype»

I. HEJIb U 3AJTIAYU UCCJIIEJOBAHUSA
N3yyeHne KOHCTPYKUWH MPUBOJOB CIEUUAIBHBIX M3IEIUNA B JaOOPAaTOPHOM
monyne kadenper CAY. IlpmoOpeTeHre HaBBIKOB aHadW3a KOHCTPYKIIHH,
pa3pabOTKU CTPYKTYPHBIX U (PYHKIMOHAIBHBIX CXEM.

I1. BAJAHUE HA PABOTY
1. I3yunTh puHIIUAN pabOThl U PYHKIIMOHAJIBHOE Ha3HAYEHHE SJIEMEHTOB
CHUCTEMBI.
2. 3yunTh B3aUMOJECHCTBUE 3JIEMEHTOB CUJIOBOM MOJICHCTEMBI PUBOIOB C
AJIEKTPOMArHUTHBIMU My(PTamMu B CHCTEME yIIpaBICHUS OTHEM KOMILIEKCa
«KoHKype».

I11. HOPAJOK BBIIIOJIHEHUSA PABOTbI

1. CocTaBuTh PYHKIIMOHATBHYIO CXEMY U3/CIINS;
2. CocTaBUTh CTPYKTYPHYIO CXEMY U3JCIIHS;
3. ChopmupoBaTh MaTeMaTUYECKOE OTIMCAHUE U3/ICIHS.

IV. YKA3AHUSA ITO OPOPMJIEHUIO OTUYETA

OTt4er 0 padoTe 10/IZKeH COAEPKATD:
1. ®yHKIMOHATIBHYIO CXEMY U3JCIIHS;
2. CTpyKTypHYIO CXEMY U3JICIIHS;
3. MaTreMaTu4ecKoe OMUCaHue U3ACIIHS.

V. bubaunorpadus

OcHoBHas auTeparypa

1. PabunoBuu JI.B. J/IluHamuka cucteM IpuBOIOB: Y4. mocooue -
M.:BUBJINO-TJIOBYC, 2016. 266¢. :un.

2. Tepexos, B.M. Cuctemsl ynpaBieHHs IEKTPOIPHUBOJIOB : yU€OHUK TS
By30B / B.M. TepexoB, O.W. Ocunos; nox pen. B.M. TepexoBa .— M. :
Axanemus, 2005 .— 304c.

3. Eneukas, ['anuna [laBnoBHA. DieKTpOMEXaHUYECKHUE YCTPOMCTBA
MeXaTpOHHBIX cucteM : yueO. nocodue / I'. I1. Enenkas, H. C. Mmoxuna, A. I1.
ITankoB ; Tynl'Y .— Tyna : U3n-Bo Tyal'V, 2018 .— 224 c.

4. Yemonanos, b.K. Cnensmue npuBoasl: B 3 1. T.2. DnekTpuyeckue
cnensmue npuBoabl/E.C. breiiz , B.H. bponosckuii, B.A. Beenenckuii u ap. / [lox
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pen. b.K. UemonanoBa .— 2-e uzg., mepepad. u gomn. — M. : MI'TY um. H.O.
baymana, 2003 .— 979c. : uu.

5. OcHOBBI pacyeTa ¥ MPOEKTUPOBAHUS MEXaTPOHHBIX MOAYJIEH CUCTEM
HaBeneHus U ctabunuzaruu,/ O.B. T'opsyes [u ap.] Tyna: U3n-so Tynl'Y, 2011 —
233 c.

6. Kupumios A.A. OCHOBBI 2JIEKTPONPHUBO/IA JIETATEIIbHBIX AIIIAPATOB:
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JlabopaTtopnasi padota Nel5

IIpoexTHpOBaHUEe KOHTYpPaA yIPaBJIeHHs PUBOAOM INOCTOSHHOI0 TOKA
(BUpTYaIbLHAA)

I. HEJIb U 3AJAYN UCCJIEJJOBAHMUSA

[IpoekTupoBaHue CHIEIAIIET0 AJIEKTPUUECKOTO MPUBOJA, H3YyUYECHHE MPUHIUIIA
paboThI, CXEMHOUN peaan3aluy, HAa3HAUYCHUS JJICKTPOHHBIX OJIOKOB U XapaKTEPUCTUK
PEBEPCUBHOIO MPUBOAA IOCTOSHHOIO TOKa, padOTAIOIIEro 1o cUCTEME
"TPaH3UCTOPHBIA MUMITYJIbCHBI YCUJIUTENb C CUMMETPUYHBIM 3aKOHOM KOMMYTAallUH
TPaAH3UCTOPOB BBIXOJHOTO KAacKajla YCHJIMTENSI MOIIHOCTH - JBUTATEIb MOCTOSHHOTO
TOKa C HE3aBUCHUMBIM BO30YKJIeHHEM " .

II. TEOPETUYECKHUE CBEJAEHUA

B nmro0om crendiieM mpuBojie MOXKHO YCIOBHO BBIJICJIUTH JIBa KaHaIa
pPacIpOCTpPaHEHUsI CUTHAJIOB:

3) xaHau ynpasieHus (MHGOPMAIIMOHHBIN KaHAJ), IO KOTOPOMY

MEePEAA0TCS CUTHAJIBI YIIPABJIEHUS C BX0J1a IPUBOJA K OOBEKTY YIIPABICHUS;

2) >HepreTU4YecKuil KaHai (CHJIOBas 4acTh), [0 KOTOPOMY IpeoOpa3yemasi SHEprus
pacrpocTpaHsieTcs OT UCTOYHUKA MUTAaHUS K OOBEKTY YIIpaBIICHHUS.

B kaHan ynpapieHus TUIIHYHOTO TPUOOPHOTO CIEAALIETO ANEKTPUUECKOr0 MPUBOJIA
(OCII) BXOAAT: JATYMK PACcCOTNIaCOBaHUS C UCIOJIb30BAHUEM CHHYCHO-KOCHHYCHBIX
WIM  JIMHEeWHbIX  Bpamawmmxcsa  TpaHchopmaropoB  (CKBT  wmm  JIBT),
(ha304yBCTBUTEIBHBIM BBINIPSIMUTENb,  CIJIQXUBAIOMIMK  QUIBTP,  YCHIUTEIh
IIOCTOSIHHOI'O TOKA, IOCJIEA0BATEIbHOE KOPPEKTUPYIOIIEE YCTPOUCTBO, CYMMUPYIOLIEE
YCTPOWCTBO, MOAYJATOP JIATEIBHOCTH  MUMIIYJIbCOB, YCHUJIUTEIb  MOIIHOCTH,
WCIIOJTHUTENbHBIN JBUTATEIb U PELYKTOP.

B sHepretmueckuii KaHajl BXOJST: BBIXOJHOM KAacKaJ YCHWIHUTENS MOIIHOCTH,
WCIIOJIHUTEIIbHBIN IBUTAaTENb U peayKTop. s obecneyeHus: BBICOKOro KodduuueHra
MOJIE3HOTO JICUCTBUS, BBIXOJHBIE KACKA/Ibl MOCTOBOI'O YCHJIMTEISI MOLIHOCTH pabOTarOT
B KitoueBoM pexume. Haumbonee wacto B mnpubopHbeix OCII wucnonb3yercs
CHUMMETPUYHBIM 3aKOH KOMMYTAllMM TPAH3UCTOPOB BBIXOJHOTO KacKaja YCUIIATEINS
MOIIHOCTH. [Ipu 3TOM 3aK0HE TPaH3UCTOPHI BEIXOIHOIO KacKaJa yCHJIMTENSI MOLIHOCTH,
HAXOJAIIMECS B Pa3HbIX JUArOHAJISIX MOCTOBOM CXEMbl, KOMMYTHUPYIOTCS B
npotuBodasze.

s obecnieuenus TpeOyembix nuHamuuecknx cBorcTB OCII  ucmonb3yroTcs
MOCJIeI0OBAaTEIbHBIE KOPPEKTUPYIOIIHNE YCTPOUCTBA, BKIIOYaeMbIe B 11enb ook JCII.

Jlnst ananu3a QyHKITMOHMPOBAHUS U CUHTE3a MIPUBOJIOB C PA3IMYHBIMU CTPYKTYpPaMHU
paspaboTaHa BupTyajbHas JiabopatopHas paboTa, TMO3BOJSIONIAs  BBIOUPATh
AIEKTPOMEXAHUYECKUE DJIEMEHThI MIPUBOJA, PACCUMUTHIBATH MAPAMETPbl MEXaHUYECKOU
nepesayu, NpOeKTUPOBATh AJNEKTPOHHYIO YacTh, a TakyKe MPOBOAUTH CUHTE3 KOHTypa
YVOpPaBJICHUS TOJOKEHWEM OOBbeKTa ympapiieHHus. DYHKIMOHAIbHAS CXeMa MpPUBOJA
MOKa3aHa Ha pUCYHKe 1.
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FPedykmaop
) ? I, sy
1 E ——

CKBT — I u CKBT —II pmatumk paccoriiacoBaHusi ¢ UCIOJIb30BaHUEM CHHYCHO-

KOCHHYCHBIX Bparnaronuxcs tpaacopmaropos (SKVT);

®UB — (azouyBcTBUTEIbHBIH BhIIpsIMHTEIL (DM)
CO — crnaxuBarommii pwietp (filter);
Wiy — mocieioBaTeibHOE KOppekTupytomiee ycrpoiictBo (Correction Arrangement)
Y — CyMMUpYIOLIee YCTPOUCTBO;
Ky — koadpdunment ycmnenus (Ky);
MJIN — momynsitop [umutennbHOCTH UMITyiibcoB (MDI);
NHB — unBeprop;
YM — ycunmutenb MomHocTH (Kym);
TT'-IT — taxoreneparop (Ktg);
M — nBUTraTens .
Puc.1. ®yHKIMOHaANbHAS CXeMa CIEeASIEero NpuBoa

3I[CCB nB naaneﬁmeM B CKOOKax IMPHUBCACHBI O603Ha‘-IeHI/I$I, HCIIOJIb3YCMBIC B

CXEMax MOJACIUPOBAHMA.

|

|

|

|

i 1! Fedly ::}

7 Iz H I g

Mo Weap:1 Ko, | Fe] ] g} FUL ] e
espe Wleupe el bt | L2 [

‘ ¥ ‘

Puc.2. CtpykTypHas cxema IprBo/ia C IOCIEA0BATEILHON KOPPEKIIUEH

Main Scope

o]

Sine Wave
Corection Amangement
Ky sy Noment
> Source  Wblrage Vol _IN
i - B 125541 71 = Degree
Sine Wave2 Vohtage | Bessel Filter | ol oo 2ot [y] 0071541 1000 > > Lyliz228 inage 2T
Angle  Source Eal 0.0089s+1 \:
m—p—:’”— ? > oot - g safoaont  DPRSZ Reductor
Switch1 SKvT DM Filter MDI ym e

Step

Puc.3. Cxema MogenupoBaHus CIEISIIETO MPUBOAA
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N3mepurenn paccorinacoBanusi Ha 1ByX CKBT (matuuka ¢ koadduirienrom
Tpancopmarmu 1 u npuemauka ¢ kosdduurentom tpancpopmarmu 0,56)

Voltage
Angle Product Gain Gain1 Gain2 e

Puc.4. [IpuHumunuanbHas dJIeKTpUdecKas Puc.5.Cxema MoenupoBaHus
cxeMa Jlatunka paccorimacoBannsi Ha CKBT

Ha CKBT mnomaercst BXoaHOM curHan Hu3koi gactothl (Angle) mim meanap(Step), a
TaK)Ke HECYIU BBICOKOYACTOTHBIN curHai (Source). Curnan Ha Beixoje hopmupyercs
NEPEMHOKEHUEM ATHX CUTHAJIOB. B cxeme MoaenupoBaHUs YUYTEHBI KO3()PUIIMEHTHI
TpaHchOpMalMK U HarnpsikeHue, paHoe 27B 400 I'n.

®a304yBCTBUTEIbHBIN BoIIPAMUTENb(DYB)

LA

. il 0] - — - — - — :
u
|

elze  |— -
Source 1

= il =)

11

4 215
Walt_IN

- In1 Outl
| e
If Action

Subsystem

Voltage

Puc.6. [IpuHnnmanbHas 3IeKTpUuecKas cxema Puc.7. Cxema monenupoBaHus
(ha3049yBCTBUTEIHHOTO BHIMPSIMHUTES

Da304yBCTBUTENbHBIN BBITPSIMUTED NPECTABISAECT COOOM CXeMY JEMOAYISATOpA C
KO3 PUIIMEHTOM yCUIIEHUS paBHBIM 1.

DJekTpuuecKas cxema padoTtaet ciaeayronuM oopaszoM. [Ipu nogaun Ha BXO.
KIItoueBor MUKpocxembl K1 1monokuTenbHOM MOTyBOIHBI HAMPSKEHUS BO30YKICHUS
Bpauiarouierocs Tpaicopmaropa 1aT4uka OH OTKPBIBAETCS M IIYHTUPYET
WHBEPTUPYIOIMUA BXo oneparmorHoro ycunutens DA. Kirou K2 nipu 3Tom 3aKphIT 1
Hanpsbkenre ¢ CKBT — I moctynaer Ha HEMHBEPTUPYIOLIUNA BXOJ OEPAITMOHHOTO
yeunutens DA. Tlpu npuxonae oTpuiaTeNIbHOM MOTYBOJIHBI HANPSKEHHs BO30YKICHUS
CKBT — II curnan npoxoJut 1o KaHaity uHBepTupyromiero sxoga DA. Mogens ®UB
COCTOWT, U3 JBYX KJIFOUEH, KOTOPbIE OTKPBIBAKOTCS IPU HACTYIIJIEHUU OIPEIEICHHOIO
yCIIOBUS, B IAaHHOM CJIy4yae 3TO 3HAK HECyIero curuaia (Source). Tak uist OTKpBITUS
NEPBOTO KJIH0Ya, HEOOXOIMMO MOJIOKUTENIbHOE HANIPsHKEHUE, JIJIsl BTOPOTo —
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Magnitude [ dB)

Phasze (deg)

oTpunarensHoe. Pa3HuIla CUTHAIOB MOTYYEHHBIX TAKUM 00pa3oM, popMUPYyET CUTHAT
Ha BbIXOJI€ ()a304yBCTBUTEIHHOTO BHIMPSIMUTEIIS.
Huarpamma HanpsixeHnii @UB npuBeneHa Ha pucyHKe 8.

1

Hecymuit curaan
(HampsKeHue
B0o30yxienust CKBT)

Curnaai Ha Beixone CKBT

Curnaai Ha Beixone ®UB
(0THOTIONYTIEPUOTHOE
BBITIPSIMJICHHE)

Curnaai Ha Beixoge ®UB
(IBYXIOJTYHEPUOIHOE
BBITIPSIMJICHHE)

Puc.8. Inarpamma Hanpsbxkenuit @UB

Craaxupaomuii puabtp (CO).

C® nHa BBIXOJIE JEMOIYJATOpPA HEOOXOAMM JUIsl YCTPAHEHUs] HECYIIeW 4acTOThI U
BbIJIEJICHUS TTOJIE3HOTO CUTHAJIA, HECYIIETo HH(OopMalnio 00 yrie moBopoTa.

B pabote ucnonszyercs unrerpupyomui Guibtp(2) u dunbtp beccens (1) HKHUX
4acTOT TPETHEro NopsaKa ¢ yactotout cpesa 1000 .

Ounbtp beccens B oTaMuMM  OT anepuoauMyeckoro (Quibrpa oOecrneyuBaeT
HaWTy4lllee CriaKMBaHWE BXOJHOTO CHUTHajJa 3a CYET Haimuuus Oojee BBICOKOTO
nopsijika U He0OIBIIOro (Ha30BOTO CABUTa B 00JaCTH pabOUMX YaCTOT MPUBOJIA.

| G000

Fy=1a el R=tiShell | Ry Bl

15 1
I Hel
0.001203s+1 0.00000120852+0.001049515+1
__I Transfer Fen3 Transfer Fend

Out

Puc.9. [IpuHumnuanbHas dneKTpudecKas
cxema Puc.10. Cxema
MOJEIUPOBAHUS

¢unbTpa beccens Tperbero nopsaka

ra
=]

N
=

&
=1

&
=1

-100
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Puc.112. HacToTHBIE XapaKTEPUCTHKHU.
1 — JIAD®YX dunstpa beccens
2 — JIA®UX anepuogmdeckoro GpuibTpa

MopyasiTop AJUTEJbHOCTH UMILYJILCOB

MJIA npeoOpa3zyeT MEMICHHOMEHSIOMMIICS CUTHAJI B IOCIEA0BATEIbHOCTh
MPSAMOYTOJIBHBIX HMMITYJbCOB, CKBA)KHOCTh KOTOPBIX MPONOPUUMOHAIbHA BEIUYUHE
curHaja. Yacrora cielOBaHUS MMILYJIbCOB BBIOMpAETCS, HCXOAd M3 aHaIu3a
AHEPreTUYECKHUX XapakTepucTuk cuctemsl UY-J1 » (miia nannoit cuctemsl 31o 5000 I').
Ha Bxop Tpurrepa nogaercs ynpasJiisitollee HapsKeHUE, MUJI000pa3HoOe HANPSIKEHUE U
HaIPSHKEHUE CMELICHMUS.

R Jal

-

UBI:IX

Puc.12. IIpuHuunuanbHas 31€KTpuYecKas
cxema MJIN
Hanpspokenue cmenieHuss  BbIOMpaeTcss TakKuM 00pa3oM, 4TOObI TPU HYJIEBOM
BXOJHOM CHUTHAQJIE€ JJIsl CUCTEMbl C CUMMETPUYHBIM 3aKOHOM YIPaBJICHUSI CKBaKHOCTb
cocrapisina ¥ =0,5. B Hacrosimiee BpeMsi B KaueCTBE MOPOTOBBIX 3JieMeHTOB B M/JIU

HCIOJIB3YIOTCS CIlelajibHble MUKpocxeMbl - Tpurrep llImuara - mukpocxemsr TJI , a
st nonydeHuss MJIM , umerommx Oombiiod kKodhOUIIMEHT Tepeaadyd B KadecTBE
MOPOTOBBIX  BJIEMEHTOB HCIOJB3YIOT HWHTETPajIbHBIE ONEPAlMOHHBIE YCHIIUTEIH.
[MpunnunuansHas cxema Takoro MJIM npencrasnena Ha puc. 12.

['eneparop numoodpasHoro HanpsbkeHus F,, (Saw-edged signal) renepupyet curnai
nujgoo0pa3Hol  QopMbl, HYacTOTa KOTOPOTO BHIOMpAETCA UCXOAS U3 aHalu3a
SHEPTETUYECKUX XaPAKTEPUCTHUK CHUCTEMBI «HUMITYJIbCHBIA YCHJIUTEIh — JIBUTATENb,
KOTOPBI CpPaBHMUBACTCS C CHUTHAJIOM, TOCTYMARIMM C ycuiauTens. lIpoucxomut
npeoOpa3oBaHWe  MEIJICHHO  MEHSIOIIETOCS ~ CHUTHajJa B TEPUOAMYECKYIO
MOCJICIOBATEILHOCTh ~ MPSMOYTOJIBHBIX ~ MMIYJABCOB  C  IMAPOTHO-UMITYIHCHOM
MOIYJISIACH.
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Puc.13./Inarpammel Hanpsixennit M/IU. A - curnansl Ha Bxojae M1,
B - curnan na Beixone MJI1
OcranbHple 2JIEMEHTHI CIEJAIIEr0 IPHBOJIa COOpaHbl B COOTBETCTBUU CO
CTPYKTYPHOM cXeMoii puc. 2 .

3ajaHne HA NPOEKTHPOBAaHUE NPUBOAA(IIPUMEPHOE)

1. BBIOOp 271€EMEHTOB CUCTEMBI.

2. Pacué€t peaykropa.

3. CocraBileHHE HECKOPPEKTUPOBAHHON CTPYKTYPHOM CXEMBI CUCTEMBI.

4. Be100p cXeMbl KOPPEKIMH U PACUET KOPPEKTUPYIOLIUX YCTPOMCTB.

5. Pa3paboTka npyuHIMIUATBHON 3JEKTPUUYECKON CXEMbI IPUBO/IA.

6. Pacuér mepexoJHbIX MPOIECCOB MpPU OTPAOOTKE HAYAIBHOI'O PAaCCOrIacoBaHUS
0,01 panu 0,1 pan.

Hcxonnpie TaHHbIE:

1) HanpsixeHus MICTOYHUKOB TUTAHUSL:

0,
[IOCTOSIHHOTO TOKAa 28f§£ B

IIepPEMEHHOT0 TOKA 36", B, 4007y.

2) XapaKTepuCTUKU 00bEKTA YIIPABJICHUS:
MOMEHT CTaTHYECKOTO CONPOTHUBJICHUS HArpy3ku 2 [Kr¥*m];
MOMEHT UHEPIIUU HAarpy3ku 15 [kr*m*c**2];
3)XapaKkTepruCTUKH 3aIaf0IIEr0 BO3ACHCTBHS:

MaKCHUMaJIbHasi CKOPOCTh OTpabOTKH BxoaHoro curHana 0.5 [paxa/c];
MaKCUMaJlbHOE YCKOpPEeHHe 0TpaboTku BXoAgHoro curHana 0.3 [pan/c**2].

4)TpeboBaHMs K TOYHOCTH:

MaKCUMaJlbHasi MHCTpyMEHTaIbHas ommoka 3 [pan];
MaKCHMaJIbHasl CKOpOCTHas ommuoOka 6 [pan].

5)TpeboBaHuUsI K IEPEXOTHOMY IPOIIECCY:

nepeperyIupoBaHue Ipyu ckaukooOpazHoM yrip. Bo3aeicteun 20 [%];
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BpeMs iepexoHoro mporecca 0.8 [c].

6)Y c0BUs 3KCIUTyaTallun:

OKpY’Karolias Temreparypa +50° C

OTHOCHUTEJIbHAS BIAYKHOCTh 95 % npu 35° C
BUOpanuu 200 I'u ¢ yckopeHuem 59
OJIMHOYHBIE y/1apbl 209

CPOK CITY>KObI HE MEHEE 1000 gacos.

Bo10op nBuraTesisi NOCTOSSHHOTO TOKA M MePeJIaTOYHOr0 YMc/Ia peAyKTopa.

Metoauka BeiOOpa MJI u mepenarodyHoro yucia peaykropa MPOU3BOAUTCS IO
3alaHHBIM  3HAQYECHUSM  MAKCUMAJbHOM CKOPOCTH MaKCHMAJIBHOIO  YCKOPEHUS
BbIxoaHoro Baia CII.

[IpubopHas ciensimas cucrema spisieTcss mMainoMouiHsiM DCII, B KOTOpOM Haluu

MPUMEHEHUE JBUTATEIM TNOCTOosiHHOTO Toka cepuu JII[IP ¢ Bo3OyxkIeHwem oOT
MOCTOSIHHBIX MAarHUTOB M MaJIOMHEPLIMOHHBIE ABUTATENIN MOCTOSHHOTO ToKa cepuid /11
u OJIM.
1. Omnpenenum HE0OX0aMMYIO MOIIHOCTD ABuratens s ICII o popmyne (1)
P1p=2 Qy yaxeMe ™ By vae) (1)

I'ne Qv — 3a1aHHAS MAKCUMAJIbHAS YTIIOBasi CKOPOCTh HArpy3KH, paj/c;

Ei vaxe — 3@1aHHOE MAaKCUMAaJbHOE YIJIOBOE YCKOPEHUE HArPY3KH,pajl/c;

M, —MOMEHT CONPOTUBJIEHUS 00BbEKTa yrpaBieHus,H-m

Ju —MOMEHT HHepimu Harpy3ku,H M ¢’

P,,=2%0,5%(2,0+15%0,3)=12,5(B1)

ITo TpeOyeMoii MOIITHOCTH YAOBJICTBOPSAIOT MUKpoaBuratenu cepuu JIIP. M3 Hux mo
3aJlaHHOMY CpOKy ciyxO0b1 acr(t.>10004) ynosnerBopsier HIIP-72-H1/H2-03 y
KOTOporo coorBeTcTBeHHO 1000 yacos.
2. Iluraromee Hanpspkenue ais JAI11P-62-03 U,=278 U =288,
JIOJKHO BBITIOIHATHCS HEPABEHCTBO:
U.-5B<U, <U,* 5B
23B< U, <33B, 4TO y/IOBIETBOPSET YCIOBUIO 3a/1aHMUSI.
Tornma nuTaroinee HaNpsKEHHE HA JIBUTATENIe C YYETOM HEMOJHOIO HAIpPSKEHUS CETU
oyner paBHo: U,=U.-1,4=28-5,4=22,6 (B)
[IpousBoaMM aHaIU3 3TOTO TUIA ABUTATENS.

AIP-72-H1/H2-03
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OnpegesuM NYyCKOBOM MOMEHT [BUrarTejsi B CHCTeMe «HUMILYJIbCHBIN
yCuJuTeab-aBuraresn» (UY-/0).

M
Mna=(Uo_2XUmp.H)XU" (2),

0

U,y ,~— HanpsbKeHHe HACHIIEHNS TPaH3HCTOPOB,
U,pn=2B;
M,—11yCKOBOM MOMEHT JBUTATEIIA
M, =(226-2x2)-0,38/22,6 =0,313Hm

Torma HOMHMHaAnIbBHAs CKOpOCTh aBurarens B cucreme MVY-JI ompepenserca mno
dopmye (3):
!
w, =, (A;/[na:ﬁa )
n "
®;—HOMUHAJIbHAS YTJI0Basi CKOPOCTh ABUTATEN, paji/c;
M,/- HOMUHaIBHBI MOMEHT Harpy3Ku Ha asurarene, Hu;

M- myCKOBOUM MOMEHT aBuraress, Hu.

(0,38—0,04)
w. =471 =378,2 )
° (0156 — 0,04) (pan/c)

OnTtuManbHOE  IMEPEJAaTOYHOC  YHCIO  PEAYKTOpa  ONpEeAeascTCs U3

BbIpaKeHHUs (4):

)

i =

H.MAaKc

_3182 _ 756,4

onm

3HasT  MEepelaToyHOE  YHUCIO  PEAyKTopa  MOXKHO  ONPENEIUTh  YHCIIO
kuHemaTuueckux map mo (5.a) u (5.0) u KIIJI pemykropa mo (6). A 3mas KIIJ
peayKTOpa MOXXHO PacCUMTaTh MOTPEOHYIO MOIMHOCTH aABurateias ¢ ydétom KIIJI
penykropa (7).

Ig ionm
p = Ig—6 (5.a) Sp=3,44
n= Re(Smp +1) (5.6) n=4
Yuciio KUHeMaTH4eCcKuX nap — 4.
n, =0,95" (6)
n,= 0,95* =0,8145
M
Pﬂl = 2 X QH./W(]K() ( < + J X EH.JI/IHKC)
o (7)
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P,,=2*0,5%(2,0/0,8145+15%0,3)=6,95(BT)

OHpCI[GJII/IM HOMHUHAJIBHYIO MOITHOCTH ABUTATCIISI B CUCTCMC HV-I[I
P,.=0,04*378,2=15,12 (BT) (8)

[Tomryanm, duro P, >Pmp” ,I.6. mo momHoctu npurarens J(ITP-72-H1/H2-03

YAOBJIETBOPSIET TPEOOBAHUAM 3aJaHUS.
OnpenenuM BpeMs MEPEXOTHOTO MPOLEcca ABUTaTeIIs:

J 1)
t =14xJ. +=H)x 0
P ( ! ioznm) Mnd _M'H (9)
J,- MOMEHT MUHEPILIMH SKOPS IBUTATENA |, Hmc?
6 8 378,2
t,=@4x78*107 + ) X =0,05(c)
756,4 0,152-0,04

A 3amanHoe BpeMs peryaupoBanus tp, =0,5 ¢
BreiBoa: asuratens tuma JITP-72-H1/H2-03_ynosierBopsieT TpeOOBaHUIO 3aTaHUS
M0 BCEM IyHKTaM, T.€. MO CPOKY CIIY>KOBI, IO HAIMpPsSOKECHUIO MHTAIOMICH CETH, 10
MOIITHOCTH ¥ 10 OBICTPOJICHCTBHUIO.

Br100p nH(pOpMAIHOHHO-U3MEPUTEIbHBIX 3JIEMEHTOB.
UyBCTBHUTENIBHBIE JIIEMEHTHI, MPUMEHSEMBIE B CIEIAIINX CHCTEMAax, Ype3BbIYANHO
MHOrooOpasssl. K Haubosiee pacpocTpaHEHHBIM MOYXHO OTHECTH CEJIbCHUHBI, CHHYCHO-
KOCHUHYCHBIE  Bpaljaromuecss TpaHCcPopMaTopbl, MMOTEHIMOMETPbI, MAarHECUHBI,
€MKOCTHBIC JaT4yuKd. [IpyH MOMOIIM ATHUX AJIEMEHTOB CO3JAIOT CIEIAIINE CUCTEMBI,
paboTaromue B npeaenax ot 0° go 360°. Ommbka cUCTEMBbI B CTATUUECKUX PEKHUMaX,
KaKk M B JIOOBIX JPYIHX PEXKHUMaxX, 3aBUCUT OT YNPABISIOMIUX W BO3MYIIAIOIIUX
BO3JCUCTBUM, OT MapaMETPOB CHUCTEM HHMX OTKJIOHEHHMH , & TAKXK€ OT MOTPEIIHOCTEH
AJIEMEHTOB CUCTEMBI.

B kayecTBe JaTuMka paccOIIaCOBaHUS HCIOJIb3YEM CHHYCHO-KOCUHYCHBIN
Bpamatomuiics Tpanchopmarop 2,5 BT. On yposierBopser TpeOOBaHUSM 10
TOYHOCTH, T. €. €ro ommOKa He mpesbimaer 3 , kod(duuments nepemaun CKBT —
natuuka 1 CKBT — npuemHuka coorBeTcTBeHHO paBHbl 0,56 u 1, a nuTaroiee
Hanpspkeane Uy,,=27 B. OpgHako 3TO HE O3HayaeT, 4YTO MbI TOJYYUM TpeOyeMyro
TOYHOCTh. HeoO0XoauMo dKCIepUMEHTaIbHOE OMpEeeiICHHE WHCTPYMEHTAIBLHON
OomMOKK Tiepenayu, paboTawIlieil B peadbHbIX YCIOBUSIX, C YYETOM BIUSHUS
COCAMHUTEIBLHON JTUHUN MEX]Ty JaTYMKOM U TPUEMHHUKOM.

B CII B kayecTBe Aaryuka TJIaBHOW OOpaTHOW CBSA3M HCIONB3YETCS NATUUK
YTJIOBOTO MOJIOXKEHUSI O0OBEKTA PETYIUPOBAHUS.

IIpoexTHpoBaHue peayKTOpaA.
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Mexanuueckass Tiepeliaya, CBS3bIBAIOIIAs HWCIIOJHUTENbHBIA JIBUraTeilb C
BBIXOJIHBIM BaJIOM MPUBOJIA, BO MHOTOM OMpe/eiseT JMHAMUYeCKe CBOMCTBA MPUBO/IA.
Tun nepenaym, rabapuThl U TapaMeTPhl 3aBUCST OT €€ KNHEMAaTUYECKON CXEMBI.

[IpoekTupoBaHre  KUHEMATHMYECKOW  CXEMbl  MEXaHWYECKOM  mepeaaydu
aBTOMATU3UPOBAHHOTO MIPUBO/IA CBSI3aHO C PEUICHUEM CIIEIYIOLIUX 3a/1a4.
Onpenenenue o0IIEro nNepeaaToyYHOro OTHOIICHHS] KWHEMAaTUYECKOM e Tiepeiayuu.
Pacuer xuHeMaTHUeCKUX TMap e PEeIyKTOPA.

HeobxoaumocTh obecrieueHrst BRICOKOM TOYHOCTU U OBICTPOJCHCTBUS TIPUBO/IA
Mpyd MHUHUMAJBHBIX TabapuTax W BECE OCIOXKHIET NPOCKTHUPOBAHUE Tepe/ad,
KPaTKOBPEMEHHOCTh K€ pPEeXHMa palOoThl, XapaKTepHas IJisi MHOTHX JICTaTCIbHBIX
amnraparoB, CO3/1a€T YCIOBHUS, 00JEryaromre pacueT nepeiaud Ha U3HocC.

HNcxomHBIMM MaHHBIMH JJIT  pacyeTa KHUHEMATHYECKOW IIeTH  SBIISIOTCS
TpeboBaHUs MO TabapuTaM M Becy Mepeaadyu, K. M. 1., TOYHOCTU, MPUBEICHHOMY
MOMEHTY UHEPIIUHU MIepeIayu.

[TepBoe TpeOoBaHKE OTHOCUTCS KO BCEM BUJAM Tepeiad U MpeaycMaTpUBaeT ee
palMoOHANIbHYI0O KOMIIOHOBKY, PallMOHAJIBHBIN BHIOOp YMCIIa 'Map W UX MepeAaTOYHBIX
OTHOUIEHUH, MPUMEHEHHE MUHUMAJIBHO JOMYCTUMBIX MOJYJIEH U YKclia 3yOheB KoJec,
UCIIOJIb30BAaHUE MATEpPUANOB C BBICOKMMH MEXAHMYECKHMMHU KauyeCTBaMH, BTOpPOE U
TpeThe NpPEIyCMaTPUBAIOT, B MEPBYIO OYepelb, MPOCTOTY IMepeaadyd, MUHUMAIbHO
JOIYCTAUMOE YHCIIO TIap W BO3MOXKHOCTH HCIIOIB30BAaHUS BBICOKOTOYHBIX METOJIOB
MEXaHMYECKON 00pabOTKH; TMOCIeqHEee HHOTAA SIBISETCS PEIIAIoUM i1 0C000
OBICTPOICHCTBYIOIIUX TIPHBOJIOB.

[Ipu paccMOoTpeHMHM MaTepuanga TMPHUHATHI  CIACAYIOMNAE  JOMYIICHHS,
oOJieryaroiiye pacueT nepeaadm.

1. Koapdurment mone3Horo ACHCTBUS TepeAadyd MPUHAMACTCS PaBHBIM

enuaMIle. Takoe OMyIIEHUE BO3MOMKHO JUIsI MPSMO3YOBIX IUIJIMHIPHYECKUX

nap, U3rOTOBJICHHBIX IO BHICOKOMY KJIacCy TOYHOCTH. PeanbHOE 3HaUeHHE K. TI.

J. Taxoit mapst paBHo 0,96—0,99; k. n. JI. Bcero penykropa penko ObiBaeT

Mensbiie 0,9.

2. Tlpu BBIOOpE MOmyNs Tapbl HCHONB3yeTcs ¢dopMyna ajig pacuera 3yba Ha
M3rud B KOTOPOM C YYETOM peajdbHBIX YCIOBUW OCEPETHSIOTCS 3HAYCHUS
K02 (D PUITMEHTOB, ONpeIeIIeMbIX XapaKTepoM Harpy3Kku u (Gopmoii 3yoa

_ [z
o B[G]’ (1)

rine d—mauaMeTp Ha4aaIbHON OKPYKHOCTH 3y04aToro Kojeca;
M — MOMEHT Ha Bally 3y04aToro Kojieca;
Z— 4HnCI0 3yObeB KoJieca;
B — mmmpuna 3y6a BegoMoro koseca;
[c]—nonycTumoe HanpshkeHue npu pacuere 3yObeB Ha BEIHOCIHBOCTb.
Pacuer mmpunbl 3y0a BemeTcs A BeaoMoro kojeca. boiee Tsokemnsie
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YCIIOBUSI, B KOTOPBIX paboTaeT 3y0 BeAyllIero Kojeca o CPaBHEHUIO ¢ 3yOOM BEIOMOTO
KOJIeCa, YYUTHIBAIOTCS YBEIIMUECHUEM €TO IIUPHHBI
B,=B,+(2+4)m, (2)
rie M—MOoIyJb Haphl;
B,—1mpuHa 3yda Beayniero Kosueca;
B — mumpuna 3y6a Be1oMOro Koseca.

Yka3aHHOE JOMYIIEHUE OYEHb YacTO OIMpPaBABIBACTCS U TEM, YTO MPHU MOAO0pE
MOJIyJIsI, COOTBETCTBYIOLIETO HOPMAIBLHOMY pSIy, NPUXOJUTCS YBEIUYUBATH €TO
3HaYeHHUE TI0 CPABHEHUIO ¢ pacyeTHBIM. KpoMe Toro juis map, pacronaraeMbIx OJrKe K
JBUTATEJI0, PAcUYeTHOE 3HAYCHHE MOMYJS YacTO IOIy4aeTCs MHOTO MEHBIIE, YeM
pEaIbHO JIOMYyCTUMOE, M3 YCIOBHH TEXHOJOTHH Hape3aHwsl 3yObeB TOYHBIX Iepeaad.
3T0 ycnoBue 0COOEHHO XapaKTEepHO ISl MAJIOMOIIHBIX MPUBOJIOB.

Bronas ko dunineHT mmpuHsl 3yoa

Ke =—, (3)

HaieM nTpuOIKEHHbIE (POPMYJIIBI IJ11 MOAYJIS

oo |_8M
A\ k;[o]d )

Benmuunna — koaddunuenta  mmpuHbBl  3y0a  OOBIYHO  Ompejessercs U3
yCIIOBUSA
4<ky, <12

[lpu 3TOM Cc pocrom Momyns KodpdumueHT K, oO0brdHO yMmeHbimaercs. s
NPUOJIMKEHHOTO pacueTa MOKHO NMPUHUMATE: JIJISl BBIXOJHOW mapbl Kg=4—5; nis map
penykropa kg=8—10.

3. Marepuan Bcex map Mepeaaddl CUMTACTCS OIAMHAKOBBIM, a BEIMYHHA [G]
noctossHHOW. Ha neratenbHbIX anmaparax Juisi 3yO4yaThlX Map HMCHOJB3YIOTCS
BBICOKOJIETUPOBAHHBIE  CTAJIM, JJISI  KOTOPBIX  JOIYCTUMOE  HAlpsDKEHHE  Ha
BBIHOCJIMBOCTD

[c]=4-10% +6-10% 1/ ° (40 +60xke / mm®)

4. Tlpu pacdere ONTUMAIBHBIX TNEPENATOYHBIX OTHOIICHUN map 3yO0daToi
nepeiavn, UCXO/s U3 €€ MUHUMAIbHONH MHEPIMOHHOCTH, MOMEHT MHEPIH OJIOKA I-TO
BEJIOMOT0 KoJieca U i+1-ro BeAyliero Kojieca MpUHAMAETCS] PAaBHBIM MOMEHTY HHEPILIUH
HUAJIMH]IpA ¢ IUaMETPOM, PABHBIM JAHAMETPY HAYAIbHOM OKPY>KHOCTH BEJOMOTO KoJieca,
¥ BBICOTOM, paBHOU mupuHe 3y0a Koseca. Takoe momyieHrne MPUBOIUT K OUIUOKE B
OLICHKE MHEPLIMOHHOCTH BCEU IEpEIayn.

O0mas MeToaMKa pacuyeTa KHHEMATHYECKOM LeNnu.

Pacuer kmHeMaTWueckoW Ienmu MPUOOPHON WM W3MEPUTEIHHOW TMepeaadu
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MMEET CBOIO CHENU(UKY U MPOBOAUTCS MO METOAMKE, OTIMYHOW OT PacCCMOTPEHHOMN
Bhime. OCOOCHHOCTSIMU TPUOOPHOW Tepenayn, BIUSIONIMMH Ha METOJMKY pacyeTa,
SIBIISTFOTCS:

1) Masast BenmurHa MOMEHTa Harpy3Kd Ha BBIXOJTHOM Bally.

2) OtcyTcTBUE B OOJILIIMHCTBE CIYy4aeB BHIXOJIHOM Maphl.

3) Bricokas TOUHOCTh TIepeadm.

M3-3a MamocTH HArpy3Kd Ha BBIXOJAHOM Bally MPUOOpHBIC Mepenadd O0ObIYHO
SIBJISTFOTCST METTKOMOTYJIbHBIMH. B O0IBIIMHCTBE CiTydacB

no \
"/ CKBT |

Puc. 2. Kunematnueckas cxema YCTBIPCXIIAPHOI'O pCAYKTOpa C OAMHAKOBBIMHA
nepcaaTo9YHbIM OTHOIICHUAMM I1ap.

PacyeTrHas BenmuuMHAa MOAYINS Ja)ke MOCJIEIHEN mapbl ObIBAET MHOIO MEHBLIE
MUHUMaNbHO Jomyctumoro. Iloaromy mnepenaun Takoro TuUma OOBIYHO HMMEOT
IIOCTOSIHHBIA MOAYJb JJI BCEX Iap, PaBHbI MHUHMMAJIBHOMY W3 HOPMAJIBHOIO psa.
VYuuThIBas ONBIT MPOEKTHUPOBAHHUS MEIKOMOIYJIBHBIX MPUOOPHBIX Mepeaad, YHUCIIOo
3yObEB IIECTEPEH MOKHO MPUHSATH TAKXKE MOCTOSHHBIM.

Huxe npuBoasTCS ABE METOJUKH pacueTa KUHEMAaTHYECKUX Lened mpuOOpHbIX
nepeaad. B ocHOBe MepBOW JIEKUT CTPEMJICHHWE MOJYYUTh MUHUMAJIbHBIE TaOapUThI
pENYKTOpa B IJIOCKOCTH 3yObEB KOJIEC, @ B OCHOBE BTOPOl — MHHHMMAJIBHYIO TOJIIUHY

peayKropa.

Pacuer npu nNOCTOAHHOM NePeIATOYHOM OTHOLIEHUM Map.
PaBeHCTBO TmepenaTOUYHBIX OTHOLICHUW IMap MNPUBOAUT K COOTHOUICHHIO,
MO3BOJISIONIEMY B COOTBETCTBUU C YHCIIOM Iap PeIyKTopa BhIOpaTh UX MEPeIaTOuHOE

OTHOIIICHUC
q,=1/d,. (5)

Yucno mnap peaykropa BbIOMpaeTCs U3 YCIOBUS MHUHUMYMa JJTHMHBI
KuHeMaTtudeckou enu L (puc. 2)
Jlns penykTopa ¢ N mapaMy MOXKHO HaIllucaTh CUCTEMY YPaBHEHHUIA:
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HccenenoBanre 3TOW 3aBUCUMOCTH HAa MHHUMYM
MO3BOJISIET  PEKOMEHJ0BaTh  ONPENENATh YHUCIO  Map
pEenyKTOpa B 3aBUCMMOCTH OT €ro oOIIero mepeaaToyHoro
OTHOIIEHUSI B COOTBETCTBHMU ¢ rpadukoM (puc. 3).
3amaBmmmch Z,, (menecoobpasno Z,=20) u ompeaeiuB o
BEIpaKEeHHIO (8) (i MOXHO HAWTH BCE HEOOXOIUMBEIC
napameTphl IeIH.

HepocTtaTkoM  JaHHOTO  METOJA  COCTABJICHHUSA ‘ g4,
KMHEMATHYECKON  LIENH ABJISIETCS.  HEOOXOIUMOCTH ' I k0 10 8T, 4000 g,
PACIIONIOKEHUS 1EMTU MUHUMYM
B TP psfa.

Puc. 3. Yucno nap peaykropa npu
MUHUMAJIbHON JJIMHE KHHEMAaTUYECKOM
LeMH.

Pacuer aAByXpsiAHOIO peayKropa.

[Ipu pacnonoKeHuM KHHEMATUYECKOM LIETH PEAYKTOPA B 1BA PAAA MMOJTYyJArOTCA
HanOoJiee KOPOTKHUE Bajbl OJIOKOB IIECTEPEH U, CIEAOBATEIbHO, HAUMEHbILIAS TOJIIIMHA
peaykropa. Ilpu IByXpsIHOM pachojioKEHHH MHap B peAyKTopax ¢ N>2 HeoOXOAUMO
00€ecreynTh 3a30p MEXAY TrOJIOBKaMU 3yObeB BEIYIIETO M BEJAOMOIO KOJieca JIBYX
cMexHbIX nap. CornacHo puc. 6 B 001IeM citydae JOJIKHO BBIIOIHATHCS YCIOBUE

Mgy (Zeggy +2) + Mgy (2 T2 +2A2M (2, +2,,).

Jns .mpubopHOM mepenadyd MOKHO MPUHATH M; =CONSt U Z;=Z,, min. Bemuuuny
3a30pa JOCTAaTOYHO MpUHATH A=M;. Toraa

Z. =1

Ki K (i—

l)+6

Takum oOpazom, A BCeX Mmap 4YUCIO 3yObeB MOCIEAYIOMIET0 Kojeca JAOKHO
ObITh HaA IIECTh OOJIbIIC YMCIIa 3yObeB Npeablayiiero koneca. Ilopsmok pacuera
CIICIYFOLIIHM:

1) Omnpenensercs cpeaHee nepeaaToYHOe OTHOIIEHKE ap 1o Gopmyie

A, =43, (7)
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r7Ie N— MOXHO BBIOMPATH 1O Tpaduky (cM. puc 5).

%

ZK(i—l)

Puc. 4. OGecnieueHue 3a30pa MeX1y TOJIOBKaMH 3yObeB.

2) OmpenenseTcs cpeHee YHCIo 3yOheB Koeca mo Gopmysie

ZK.Cp = Zcpzm (8)

3) Onpexensercs uyncio 3yObeB KoJiec Beex map .1mo ¢hopMyinam:
JUJIs HEYETHOTO Yrciia nap

n-1 n-1
(zmp_ - 6) .. (2., -6)2, >(z,+6)>...> (zw e 6)
JJIs1 YSTHOT'O 4HCJia Hap

(zmp_ —3—n—;26J (2, -9) (2, -3) (2

+3)—>(Zmp. —9)—)...—)(2,@' +3+n—;2 j

K.Cp.

4) llpoBepsieTcsa TMOJMYYEHHOE TNEPENATOYHOE OTHOILIEHHWE peAyKTopa IO

dbopmyie

Z.Z z yA

x(n—1) Tkn

- =0,- (9)

klTx2 """

z

u

Ecin (' ommyaercs OT 3agaHHOrO (), €ro MOXHO CKOPPEKTHPOBATH
YBEJIMYECHUEM YKcIia 3yObEeB KOJIEC Ha €IMHUILY, HAUWHAS C MTOCJIEIHETO.

Pacuer xapakTepucTHK peayKTOpA.

N3 HUCXOOHBIX JAHHBIX BUAHO, YTO TMEPEJATOYHOE YHUCIO PEAYKTOpa PaBHO
gi=756,4. Ilo pucyHky 3 omnpeneinseM 4YUCIO KHHEMATHYECKUX Map peayKTopa,
nony4yaem N=4. Torga nepenaTroyHoOe OTHOIIEHUE PEIyKTOpa B COOTBETCTBUU C YHCIOM
KMHEMAaTUYECKUX Tap PEAyKTOpa MOXHO OMPEACNIUTh C MOMOIILI0 3aBUCUMOCTH (5) U
paBHoO.

g, =4/756.4 =5.2

3amaBmmch Z,=20, HaileM cpeaHee uncio 3y0beB Koieca mo gpopmyie (8):
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Z,., =52%20=104

ITycte  Zc,=104. Umcno 3yObeB [UIi OCTANbHBIX KHHEMATHYECKHX IIap
pPEAYKTOpa ONPEACIIOTCS Mo GopMyIie Uil pEAYKTOpa ¢ YETHBIM KOJIMYeCTBOM Tap. B
HallleM cliy4ae JaHHasi 3aBUCUMOCTh MOKET ObITh MPUBEACHA K BUAY

(2o =9) (200 =3) 2, (20, +3) (200 +9),

TOrZ1a
Z.=92, 2,,=106, z,;=108, z,,=104.

[IpoBeprM NOTyYEHHBIE 3HAYEHUS IO COOTHOLIEHUIO (9), nMeeM
92x106x108x104 756.4

20°

T.x. q), He oTAMYAETCs OT 3aJAHHOTO, TO KOPPEKTUPOBKY HE IPOU3BOIUM.

Moaynbs KaxI0il KMHEeMaTH4ecKoW mapbl omnpenensercs (opmyinoit (4). Torna
KO3 PUIIMEHT WUpHHBI 3y0a K, MPUMEM paBHBIM 4, JONYCTUMOE HANpsDKEHHE Ha
BBIHOCITHBOCTH [6] - 400 H/MM. OTtKkyna, ¢ y4eTOM NPHUHATHIX JONYIIECHUN, UMEEM

8x3000
m = |20 gy o
17\ 4% 400x 92 m, =0.4

J 8x 3000 ‘J 8x 3000

— =04 m,=|———F-—=0.
A% 400x106 * '\ 4x400x104

3 =

[[IupuHa 3yObeB 3y0UaThIX KOJIEC ONPENEIsieTcs COOTHOLIEHUEM (3) , Tornaa
B =B,=B,=B,=04-4=16
A 171 HaX0KJIEHUs UPUHBI 3yObEB IIECTEPEH UCIONB3YETCs BhIpakeHue (2), Tormaa
B,=B,=B;=B,=12+04-4=28
JlenurenbHble aUaMETpbl 3yOuyaThIX KOJEC M IIECTEPEH  OIpenesseTcs
COOTHOILIEHUEM
d; =m; xz;,
-TMaMETPBbI ILIECTEPEH
d,=d,=d,=d ,=04-20=8
-IMaMeTpbl 3y0UaThIX KOJIeC
d,=04-92=36.8
d,=0.4.104=41.6
d,=04-106 =424
d, =0.4.108=43.2

MeXUEeHTpOBbIE PACCTOSIHUS MOXHO HAWTH, PEUIMB CHUCTEMY ypaBHEHHH (6),
norydum Ghopmyiy BHIA
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L=t
TOorga
B8,
L8418
L, =2+424 255

8+43.2
L,=——"2=256
2
C YU4€TOM PACCMOTPCHHBIX PAHCC I[OHYH_ICHI/Iﬁ 3aIlIMIICM  BBIPAXKCHUC JJIA

MIPUBEIEHHOr0 K BaJly JBUIATENi MOMEHTA MHEPLUU CUCTEMBI HArPYy>KEHHOTO MPUBOJA
¢ N-mapHOM nepenaven

J N J J
_ k1l K2 . Ki . x.Nn /2
‘Jn - ‘]06 + 2 + 2 2 + + 2 2 2 + + 2 + 2!
0. 0. xQy Gy xQy x---xQ; 9, A0,
r7e J,; - MOMEHT UHEPLIUK POTOPA JIBUTATEIIS,
Jid - MOMEHT WHEpIHMH BEAOMOro 3y04yaToro koieca | - TOH Tmmapel C

Y4E€TOM MHEPLUU Baja U BEAYLIEro 3y04aroro Kojeca B OJIOKE;
Ji - MOMEHT HHEPIIUHU HATPY3KH.
BbiienuB w3 BBIIICYKAa3aHHOTO BBIPAKEHUS YacTh MPHUBEIEHHOTO MOMEHTA,
HE3aBHCAIIETO OT PaCHpEe/eICHUs MePeIaTOUYHbIX OTHOIICHHI M0 MapaM Mepenadyu , u
HA30BEM €€ OCHOBHBIM MIPHUBEICHHBIM MOMEHTOM WHEPIIUU

J

H __
+ ] 5 = Jo
p
OcraBmrasics  4acTh  BbIpaXeHHUs  OyJeT  XapakTepu3oBaTh  BEIWYHHY
MIPUBEJICHHOTO K BaJTy JBUTaTelIsI MOMEHTA MHEPITMU N-TIApHOM Tepeaadn.
MOMEHT MHEPIMH BEAOMOI0 3y04aToro Kojeca I-TOW maphl MOYKHO PacCUMTATh
o ¢popmyiie
4
_ mxBj xpx(mi xzi)
Ki 2 % g !
I7ie P - INIOTHOCTh MaTepualia 3y0uaToro Kojeca.
Jlnst Hamero ciydas IUIOTHOCTh MarTepuaja 3y04aToro Kojeca p IpPUMEM
3
paBHBIM 8000 KI/™M°, TOrAQ

06

J
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~3.14-16-10°-8-10°

Iy 508 x(22.4-107°)* =45%10°
-3.9.103

Jo =224 1'62 1908 810 (24810 =6.6x10°
-3 3

Jks _ 314 162 1908 8 10 % (25.2 .1073)4 — 7,1)(1076
-3 3

g, = 31428 1908 810 (256107)" =9.3x10°

A OCHOBHOM NMPUBEACHHBIII MOMEHT UHEPLIUH PABEH

J,=0,36+ 15 =34x10°
75

62

Torna
45x10°  6.6x107°
+

52  52°x52°
VYBenuueHne MOMEHTa HHEPLIMM HAarpy3Ky MPOU30ILUI0 HA
x = 3506x10 ) 1006 —104.8%

3.4x107°

A=104,8%-100%=4,8%.
3Ha4YUT, OCHOBHOW MPUBEAEHHBII MOMEHT HHEpLHH yBeanuwiics Ha 4,8%.

AHann3 pe3ylbTaTOB pacyeTa I[OKa3blBAET, YTO MpPU MHUHHUMAIbHOM
MIPUBEICHHOM MOMEHTE HWHEPIMU HAONIOJAeTCs POCT MEpPelaTOYHBIX OTHOIICHUH OT
BXOJIa K BBIXOJY KHHEMATHYECKOM Mepeadn.

JIns TOJIHOTO aHallv3a TOJIYYEHHBIX pe3yJbTaTOB HailieM NPUBEICHHYIO
AIEKTPOMEXAHUUECKYI0 BpEMEHHU, ONpeieNiieMyto 1o ¢hopmylie:

J, =34x10"°+ =3.566-10"°

C; 3o

3a BenuuuHy J,;, MPUHUMAEM 3HAYEHHE, IOJIYYEHHOE IPU pacueTe IMPHUBEICHHOIO
MOMEHTa WHEPIHUH TMPUBOJA C YUYETOM pa3pabOTaHHOTO PEAyKTOpa, a 3a BEIUYUHY
J.s¥R,/Ce® TprMeM 3HAYEHHE DJIEKTPO - MEXaHHYECKOil MOCTOSHHOHW BPeMEHH T,
paBnyto 0,015. Otkyzna OyneM UMeTh
3,4x10°°
0,36x107°

AHaM3Upysl TMOJTYYEHHbIC 3HAYEHHUS, MOKHO CHEJIaThb BBIBOJ, YTO PEIYKTOP
YBEIIMUMBAET JIEKTPOMEXAHUYECKYIO TOCTOSIHHYIO IBUTATElIs HA

A= 00808 x100% —100% = 403%

0,015

3a CUET YBEJIMYECHUS IPUBEICHHOTO MOMEHTA UHEPIUMU Ha Baiy asurareis, rae 0,0808 -
MPUBEICHHAS AJIEKTPOMEXaHNYECKasl TOCTOSTHHAS BPEMEHHU.

Ty =0,015x% [1+ J =0,0808

CuHTe3 KOHTYpa NPUBOAA.

92



CocTaBiieHHEe CTPYKTYPHOH CXeMbl CHCTEMBI.
OynkuuoHanbHasa cxema ICII umeer Bua;
oy
—» BT —» MY —» YN —» YM —» 11 » P » OP

L

BT - Bpamaromuii Tpancgopmarop;
[1Y- npeobpasyroriee yCTpoucCTBO;
VII - yerurens npeaBapUuTEIIbHbIM;
YM - yCWIIUTENh MOIITHOCTH;
NJI - UCTIOJIHUTEIBHBINA IBUTATEIb;
P - penykrop;
OP - 00BeKT peryianpoBaHus;
CY - cunoBas 4acTh;
[TIKY - mocienoBaTerbHOE KOPPEKTUPYIOIIEE YCTPOUCTBO.
Puc. 5. ®ynkunonansnas cxema OCII.

Jlnst oOJsierdyeHusi COCTaBJICHUSI CTPYKTYPHOM CXeMbl CHEISIIEed CHUCTEMbl MPUMEM
JTOMYIICHHUS:
1) mer modTOoB;
2) HET MOTePh B MEXaHWUECKOH Mepeaue Ha TPEHHE.
Torna QyHKIIMOHAIBHYIO CXEMY MOXHO TPEJICTaBUTh B BHUJE YIPOIIECHHON
CTPYKTYPHOM CXEMBI , U300paKEeHHON HA PUCYHKE:

a

Ky K, W

Y
L 2
L

Puc. 6. CtpykrypHas cxema ICII.

OnpenenuMm kodpdUIMEHT TpaHCHOPMATOPHON AUCTAHIIMOHHOM TMepenadu
yrna K, .

U, =U, xn, xn, xsin(@,, —0,,. )~ K,, x A0,
rae:
K, =Ug,xnyxn,
U, <12B; n,=0,56; n, =10;
K,, =6,72;
JIoOpOTHOCTH CUCTEMBI ONIPEIENSIeTCS KaK.
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K= - 99 «gox180=4417
X,, 4*314
[lepenaTounast GyHKIUS ABUTATENS UMEET BU:
K 6
Wc)g (p ) = i’

p(Ty xT,p% +Ty, p+1);

Kz - KO3 PUIIMEHT yCcuaeHus: ABUTaTeNs;
Ty - IpUBeIeHHAS 2JIEKTPOMEXaHUUeCKasi TOCTOSIHHASL BPEMEHH;

1
Kc)e =~
Ce
rae C. - BenuueHna npotuBo-2/1C.
Haiinem C. u3 cnenyronieil 3aBUCUMOCTH:
:J()G X R}z — JO@ X Rﬂ

08 CeXCM C2 9

e

Ce — ‘]deXRde :
\ T()G

1€ J,; - MOMEHT UHEPIIUH KOS,
R, - conpoTuBieHue SIKOPS;
T,s - DIIEKTpOMEXaHUYECKas TIOCTOSTHHASI BPEMEHHU.

ipu C.=Cy,.

TM :T()e 1+— ’

J .
rje — - — NPUBCICHHbII K BaJTy JIBUTaTelIss MOMCHT HHEPLIMH HArPy3KH;
|

J pnp - IPUBCICHHBIN K BaJly ABUTaTe/si MOMCHT HHEPLIUH HATPY3KU.

Jpnp=[‘_]—2‘*+\]ﬂj><0.15:( 15 > +7.4><10‘6]><0.15:4_34.10—5.
' 756.4 ,

OTKYyJa
3,4x10°°
0,36x107°
T.k. T,<< Ty, TOo nepenarouHas pyHKIUs IBUTATENS] IPUHUMAET BUJL!
K
W — J6
o) p(T,p+1)
Torna
- 0,085)68 _ 258 B
0,36x107"° x2,9

Ty =0,015x% [1+ J =0,0808

paoxc

[lepenarouynas GyHKIMS peIyKTOpa UMEET CIASTYIOUNNA BU;
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1
Wped(p):i: Kp )

rae K, - koaddunuent nepenaun peaykropa.

K= . 0.00132
756

[IpeoOpazyeM CTPYKTYpPHYIO CXEMY K BUY:

Puc. 7. CtpykrypHas cxema ICII.
Nwmes Bce 3HaUEHUS, CTPYKTYpPHAsl CX€Ma MPUHUMAET BHI:

252-0.00132
"| p-(0.0808- p+1)

k4
2
LA
—
"
r
L J

6.72

Puc.8. CtpykrypHas cxema OCII.

[Io momy4eHHOM CTPYKTYpPHOM CXEM€ MOKHO NOCTPOUTH pacrnonaraemyr JIAUX.

g L 0096
Tm
20IgK,, =282
Jnst Toro, 4ToOBI TPaBUIBHO PAacCUUTATh KOPPEKTUPYIOIINE YCTPOMCTBA,
HEO0OXOJIMMO OMPENIETUTh 3aMPETHYIO 30HY, T.€. 30HY, rae xemnaemas JIAUX Hu B koeM
CJIydae He JOJKHA OKa3aThCA.

Br100p cxeMbl KOPPEKUHMH M PacyeT KOPPEKTUPYIOUIUX YCTPOHCTB.

OnHoM M3 OCHOBHBIX 33Ja4 CHHTE3a CIEISIIEro MPUBOJIA SBISIETCS OMPEICIICHHE
MepeIaToyHbIX  (PYHKIUHA  MOCTEAOBATENBbHBIX  KOPPEKTUPYIOIIUX  YCTPOUCTB,
KOTOpBIC MPHU 3aJaHHOM TMepeaaTouyHor (YHKIIMH HEU3MEHSIEMOUM 4acTH 00ecreuuT
cucteMme TpeOyeMble JUHAMUYECKHUE CBOMCTRA.

YacTOTHYIO  XapaKTEpUCTHKY  CHCTEMbI, KOTOpas  HMMEET  3aJlaHHbIE
JIMHAMHUUYECKHE CBOMCTBA, Ha30BeM xenaemont JIADUYX.
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1. Pacuer xenaemMoil 4aCTOTHOM XapaKTEPUCTUKHU.

1) CTpOUTCS HM3KOo4acTOoTHas 4yacTh JIAUX, ucxoas U3 ycioBHi
TpeOyeMOll TOYHOCTH, Ha KJOH €€ OIpEleseTcsl MOPSIAKOM acTaTu3ma
CUCTEMBI, a MOJIOXKEHHE T10 BBICOTE — KOHTPOJIBHBIMU TOYKaMU Ay U Ay, .
IlepBas KOHTpoNbHasg TOYKa Ay, HAXOAUTCA, HCXOAd H3 JOIYCTHUMOH
CKOpOCTHOM ommoOku. OpauHara ee:
L, =20Igk, =53.8
Ablcmuccy ee OTKJIaAbIBAalOT Ha 4actoTe @ =1, opaunHara nepBoi
HU3KOYacTOTHOM acuMOTOTHI JIAX pa3oMKHYTOH CUCTEMBI JIFOOOT0 MOPsAKA acTaTU3Ma
Ha yacToTe @ =1 paBHa nepegaTouYHOMY KO3(pPUIMEHTY pa30MKHYTON CUCTEMBI.
Bropas koHTposbHas Touka A, CTPOUTCS U3 TPEOOBAHUH K TMHAMHYECKON
TOYHOCTH 110 opMysIam:
&£ 0.3
= =0.6

max

W, _— =
AN 0.5

max

lgw, =0

2
L, (@,) = 20lg) —Z— |=20lg 0.25 =535
Epax X E 0.3x6x0,017/60

max

rac Xycm max — MAaKCHMaJIbHasA aMIUINTya OIINOKHU YCTOABLICTOCS PCIKHUMA.

2)CrtpowuTcs cpeaneyactoTHas yactb JIAUX, ucxost u3 TpedoBaHUN K
YCTOMYUBOCTHU U OBICTPOJICHCTBUIO CHCTEMBI.

J1s1 5TOrO Yepes TOUKy Ha OCH YacTOT, COOTBETCTBYIOLIYIO YaCTOTE CPe3ad,,

(urmH, eciii ATO BO3MOXKHO, ITPaBee ITON TOYKH ), IIPOBOAMUTCS MPsMasi C HAKIIOHOM
2005 [ 0ex.’Kenaemas qacTora cpe3a OnpeaessieTcs mo Gopmyinam:

ar
0 > —,

cp.orcen = t
0
rae a-kod3hdUIIMEHT, onpeneIseMblil Mo 3aJaHHON BeTMYUHE
nepeperyaupoBanus 0 .3HaueHus KodhPuIMeHTa a IpUBEICHbI HUXKE.
o, % 15 20 25 30
a 1.7 2.2 3.0 4.0

st Toro, 4ToOBI cucTeMa Obljla yCTOWYUBA, @ BbIOMpaeM paBHOM, 33

cp.ocen
Toraa lg33=1.52

YacToTsl n310Ma @ U @ cpeaHedactotHor JIAXY onpenenstores no
NpUOIMKEHHBIM COOTHOILICHUSIM:

o' ~(2+4)

2

a)cp .oicen

a)cp.afce/l '

'
=
"

w
Torma mist onpeneneHus " MpUMEM PaBHBIM 4, . 5 , OTKYIA:
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" ~4x33=132
lg 0" ~ 2.12

2
o'~ ﬁ =8.25
132

Igw'=0.9

CpennevactoTHas yacTh xxenaeMoi JIAUX conpsraercs ¢ HU3K04aCTOTHOM
MpSAMBIMH, UMeronMu HakiaoH -20, -40 wim (B kpaitHeM cirydae) -60 nb/mek.

3)BricokouyacToTHas yacTh JIAUX cTpouTcs ¢ y4eTOM MPOCTOTHI TEXHUYECKON
peanu3alnuy KOppeKTUpPYIoLero ycrporcta. CleyeT UMETh BBUIY, UTO 3a IIpeaeaMu
20 <-20 nb/aex cucrema He oTpabaThIBaeT HUKAKUX Bo3aeicTBuil. [loaToMy mrobas
IOTIBITKA CKOPPEKTUPOBATH CUCTEMY HIKE ITOIO YPOBHS sBJsieTcs Oecnone3noil. Huxke
3TOro ypoBHs xkenaemast JJAUX cuctemsl 10JKHA MOJHOCTHIO coBmaaaTh ¢ JIAUX
HECKOPPEKTUPOBAHHON CUCTEMBI.

Pacuer nocJsie10BaTe/IbHOI0 KOPPEKTHPYIOLIEI0 YCTPOMCTBA.

JIAX mocnenoBaTtenbHOrO0 KOPPEKTUPYIOLIETO YCTPOMCTBA HAXOAUTCSA
BbIYMTaHHEM OpAnHAT JIAX HECKOPPEKTUPOBAHOW CHCTEMBI U3 OPIMHAT 7KEJIAEMOM
JIAX.

[Ipu BBEIEHNN NTOCIIENOBATEIBHOTO KOPPEKTUPYIOIIETO 3BEHA CTPYKTYpPHAs
CX€Ma CUCTEMBI OyJEeT UMETh BUJI:

.T + &
Constant 'I Input Paint

Kt1

1
0.00002245s

Transfer Feni

Output Point

Transfer Fon2 Kred Scape

Manual Switch

O/O—d— Ground

Puc. 9. Cxema MmonenupoBanus B cpeae Matlab.

K =096
T, :i:i=1.667
o, 0.6
el o
o' 8.25
T, = ! = 1 =0.0808
1/T,, 1/0.0808
PSR By
o' 132
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K”(sz +1 T3p +1)
(Tlp +1)(T4p +1) '

W, (p)=

Pacuyer mocJie10BaTeIbHOr0 KOPPEKTUPYIONIEr0 YCTPOCTBA ¢ HCMOJIb30BAHHEM
cnenuaausuposanuoro IO

B manHoit maboparopHoii paboTte Oblia pa3padoTaHa, B KAYECTBE IPHIIOKCHUS
mporpamMma Jijisi aBTOMaTU3UPOBAHHOTO BEIOOpA ABUTATEIIS, PacueTa XapaKTEPUCTHK
pPEAYKTOpa ¥ CHHTE3a KOPPEKTUPYIOMIETO YCTPOUCTBA.

Takolf moX0/1 B 3HAYUTEILHON CTENEHU 00JIer4aeT NpOEKTUPOBAHUE U
YMEHBIIAET KOJIMYECTBO MOTPAYCHHOTO BpeMeHH. Tak Kak B Ka4eCTBE METO/Ia CUHTE3a
KOPPEKTUPYIOIIETO 3BeHA BHIOPAH METO] — JTOTapU(MUUECKUX aMILTUTYTHO-9aCTOTHBIX
XapaKTEPUCTHK, MOJTB30BATENb MOXKET BU3YAIbHO HAOIIOAATh 332 TOCTPOCHUEM
pacnosiaraemoi, xenaemoit JIAUX u takke 3a cuHTE30M. JlJaHHOE MPUIIOKEHUE UMEET
BO3MOYKHOCTH TIE€pe/1aBaTh MOTYYEHHBIN pe3yibTaT B cpeny MATLAB, B yacTHOCTH B
naket Simulink. I'me HaxoAUTCS MOZAEIb CIEIAIICTO MPUBO/IA, UTO JEIacT MPOLECC
MIPOCKTUPOBAHUS OYEHB YTOOHBIM.
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Pykoeoocmeo ucnonvzoeanus npozpammot Aries.

L;‘; CyHTES KOPPEKTMPYIOWErO YCTPONCTEa

L e B I 1 o o o i i i it e i VicxoaHsie sHaueHns
o O )0 0 1 o649 01 o 04 0 ) A ot KoadhhuuMeHT no KoHTYpY
3n. MeX. NOCTORAH. BpeM. |—
T | S GRS P I EO 1 B 1 o s o 1 8 B M § S e ol B2 I N 5 R ---4--4---1-H-H | 2n. marn.nocrosH. spen. [_
£25 |/ttt it i i o (T £ M (i W) 1 T o o o e | o o ol holie il Maxc.yrnoaanct(opocrb,pag/c '—
MaKC. YrnoB yckopexue,paa/c™2
2 Makc. ownbka
A5G Makc. crat ownbka
pp | R O S (N (16 T N 61 SO ST N N [N O [0 1 A T [N (0 I N 4 1 ARSI ) ) (o 0 I K11 [ seanlea ol RLL
Mepeperynupoeaxue, % [—
=2¥5 |t et i i o o s i i v o ) BpeMs perysuposaxue, C [~—
S0 | s SO U T 9 U1 I 0 ISR e e o % 1) 12 1 FNCRUNTY SPA I (O 9 N1 0 ) (e omm) i B ) N 1 s
XKenaemaa NAXY
GO | i adadabe i sl dubbn s aben e elab e e daeedulal o St e e o B o CuHTes
Da30Baa XapaKTePUCTUKE
-100
0.1 1 10 100 1000 10000
paa/cek
502
Amnnutyaa, ob: 56,5 YacroTa cpesa:
YactoTta, pag/cek: 385,2 e il
1.  3amyctutbk nporpammy Aries.
2. JI1st BBIOOpA ABUTATENSI HAXKATH KHOTIKY «>>)
3. BBectu ncxoaubie faHHbie B 010K «BbIOOp ABUTATENS
4, BriOpaTh TpaH3UCTOPHI, HAXKaB KHOIIKY «>>)
5. BriOpath nBurarens, HakaB KHOIIKY «PacdeTr MOIIHOCTH JIBUTATEIIS»
6. ITocne BeIOOpa U3 6a3bl HaxaTh «OKk» WK «J106aBUTH» 11 T0OABIICHUS B
0a3y.
1. [TpoBectu ananus B cucreme « MY -JI» HaxkaB KHONKY «AHAJIN3 IBUTATEIISD.
8. Jl1s pacdeTa pelyKTopa HaXKaTh KHOMKY «>>» B OJIOKE « AHAJIU3 JBUTATEIISDY
9. B nosgsuBiemcsa okue Haxxathb «Pacuer» 1 «OK»
10. Ilpunsate nBurarenb HaxaB «lIpUHSATH TBUTATEIIbY
11. Tloctpouts pacnonaraemyro JIAUX naxas «Pacnonaraemas JIAUX»
12. TlocTpouTh 3ampeTHYIO 30HY HakKaB «3arpeTHast 30Ha»
13. Iloctpouts xenaemyro JIAUX naxas «Kemaemast JIAYUX»
14. Tlposectu cuHTE3, HAXXaB «CUHTE3»
15. B nosBuBLIeMcs okHe HaxaTth «B MatLaby»
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HpOHCCC IMOCTPOCHUA UACT ITOCIICAOBATCIIbHO, KAXKAOMY 3TAIly COOTBCTCTBYCT
CBOC OKHO.
HepBBIM OTaIIOM ABJISICTCA BBI60p ABUI'aTCIIA, IMOJTYUCHHBIC NCXOOHBIC TAHHBIC
BBOJATCA B COOTBCTCTBYIOIIMC OKHaA PI/IC.IO, IMOCJIC 4CT'0 CIICAYCT HAXKATh Ha KHOIIKY
«Pacuer MOITHOCTHU ABUI'ATCIIA » U IIPOUCXOAUT PACUCT MOITHOCTHU.

('?‘; {ORoHUTENbHbIE PACHETH

Buifop gguratens AHanuz genratens
MOMEHT CTaT. COMpPOTHMB. HarpyaKK, Tun geuratens IP-72-H1/H2-03
MOMEHT MHEPLIMI Harpysku, H*M* HOMWHANBHESA MOWHOCTE BT 17.2

MaKc. yroBas CKOpOCTb, Paj/c 4acToTa BpalleHUA HOMUHaNBHaR, OB/mun 4300

i £
MakKC. YrnoBoe yCKopeHne, paa/ch HOMWHANBHBIM MOMEHT, H*M

PacyeT MOWHOCTH ABUIATENR

MOLHOCTL ABUIrATENS: 12,5 B

MyCKOBOI1 MOMEHT, H*M 38
HoMrHanbHOE HanprxeHne, B 7

Pe3ynLTat aHanusa
HOMMHANEHEIH TOK, A

MYCKOBOIA MOMEHT B cHCTeme MY-11 0,346 HM

HOMWH. CKOPOCTb B cUcTeMe WY-/1 423,9 pan/c ConpoTHBIEHME OBMOTKH SKOPS, OM s
ONThM. NepefaTo4HOe YACNO PeayKT. 847,8 MOMEHT MHEPLMW SKOPA, KIXMA2 *104-6 |7
HYHUCNO KMHEMATHHECKUX nap 4

T

2. MexX. NOCTOAHHAA BpeMeHu, C 10°-3 15

HOMWH. MOWHOCTb B cucTeme UY-1 16,956 BT
3N. MarH. NOCTOAHHAA BPEMEHM, C 107-3 0,65
Bpema nepexoaHoOro npoecca 0,04 c

Ty AHaNWz ABMraTens
] o >> e

Puc. 10

[To momyuyeHHOMY Pe3yiabTaTy MPOUCXOIUT BHIOOP JBUTATENS U3 0a3bl, ITOCIE
BBIOOpA JIBUTATEIIS CIIeAyeT IMIPOBECTH aHAIMU3 ero paboThl B cucteMe « 1Y -J». Jlns
ATOrO CJIEAYET HaXKaTh KHOMKY «AHanu3 npuratesis». [lociie ananuza qBUraTenst CTOUT
MEPEUTH K paCUYETy PEIAYKTOPA, ISl STOr0 JOCTATOYHO HA KHOMKY «>>>» U MOSIBUTCS
okHO Puc.11.

ﬁ?: KoshdmupeHTH REpeaa-I

MepenaToqHoe OTHOWEHME 5,4 Koapdmyrensl younenis
CpenHee 4icno 3ybees 108 N T
Yucno 3ybees 99 105 111 117
MNpown3eegeHne 843,74915625
[OMHHO 848 C.o. 1
Yucno 3y6ees 99 105 111 117
Mogynu 3ybbes 0,9 0,8 0,8 0,8 CKET
LMpKHa Konec 3,6 3,2 3,2 3,2
J0=2,86592915628337E-5
g 12
JuameTp Konec 89,1 84 88,8 93,6 [BE
MomeHT no konecam 0,000291 0,000204 0,000255 0,000315
0 , . . , n
MpWBEAEHHI MOMEHT 3,88786291750993E-5 L 0,56
KoadhduuMeHT nepegaqmn Asuratens 25,5
MexaHuuexkas nocT. spemenn 0,0898 L0 1
[l06pOTHOCTE CUCTEMBI 441,176470588235
KoaddUUMeHT nepeaaqn YM 285,624764439253 Man
A_nun 1
R1 10000
R2 100
PacqeT ‘

Puc.11
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UToOBI MPOAOKUTE pacueThl TpeOyeTcs HaxaTh Ha KHONIKY «Pacuer» u manee
nocye pacuera «Ox» Puc.11. Takxe B 3TOM OKHE TpeOyeTCsl BBECTH 3HAUCHUS
KO3 GUIIMEHTOB YCWICHUS U JPYTye MapaMeTpbl CUCTEMBI.

Ecau He BO3HUKIIN OIIMOKH B pacuyeTax MOXKHO IPUHUMATH JIBUTATENb JJISI 3TOTO
HakaTh Ha KHONIKY «IIpunsaTes naeurarens» Puc. 10.

Bce ocHOBHBIE pacyeThl TPOBEICHBI TEMEPh OCTAIOCH MOCTPOUTH PACIIOIAraeMoe
JIAUX. [ns 3TOro HaJio HaxkaTh Ha KHOIIKY «Pacnonaraemas JIAUX».

3aTeM 3anpeTHYIO 30HY KHOMKA «3ampeTHast 30Hay.

3ateM xenaemyro JIAUX knonka «Kenaemas JIAUX.

W nocnegnue ocyiiecTBUTh CUHTE3 KHOMKA « CHHTE3Y.

fl?: CUHTES KOPPEKTMPYHOLWErD YCTPOACTEa

100p------ T e i s e —— e b EEe —
HcxoaHbIE SHEHEHWA
s | 10 AR 1T IR L L] | KeaddmunenT no konTypy [441,18 |1
“’“\,_w 3n. Mex. NOCTORAH. BPEM. 0,0808
N\““‘m
______ i R 1 Rt R R A AU N IR U R 1 ROt IR N 1 I
60 -ﬂ,‘ﬁh&?h 3N. MarH.NOCTOAH. BpemM., 0,0004
...\:“\ P A
\‘ “"\ﬁ-_\_\‘\\x atnonaraeMas =3
40 | 3anpeTHas 30Ha\""“ "‘“‘%:;_h“ """" . et St e Bl o e U T 017! | Make. yrnoeas ckopocrs,paac ’U'E—
\\\ \ MaKc. yrnoe yckopeHue, pag/c™2 0,3
11 A N I O N ) \Q I \\ T UV U1
| Makc. oumbia &
a5 0 | Makc. craT ownbka 2
rL |
\ 3anpeTHaA 30Ha
20 fo----- JEPRED [ 1 A e e I N N 3\ A R A
MNepeperynupoBaHue, % 0
40 [T Bt et I A et e Y T U R T BpeMs perynupoBaHue, C ,0,3—
B0 fo----- JEPUUR U I A R R 1 N SRR S S N RS (R RSN I Y N RN R N
\\ Henaeman NAXY
80 ... ]l \“‘NL,___H RN _______;,._/_f ______ R U T I Y e de
L | [
] DE30Ba7 XEPAKTEPMCTHRS
-100
8.1 1 10 100 1000 10000
pag/cex
472
Amnnutyna, ob: 09,2 Yacrota cpesa: 32,28 ,
YacToTa, pan/cek: 235,2 ?

KOHTpoJIbHOE TECTUPOBAHKE C LETBIO0 MPOBEPKU N3YUECHHOTO TEOPETUICCKOTO
Marepuaa, U3JI0KEHHOTO BBIIIE, @ TAKKE COOTBETCTBYIOMIUX PA3IEIIOB JEKIIMOHHOTO
Kypca, 1 IOMyCKa K BBITIOJIHEHUIO JIA0OPATOPHOU pabOTHI.

1. Otkpoiite manky «TecTbl kK BUPT. 51a0. Noly.

2. 3amycture nporpammy tester.exe. ITapons «718».

3. OTBeThTE HA BCE MOCTABIICHHBIE BOMPOCHI.

4. B ciyuae, ecnu BbI OTBETUIIU OoJiee yem Ha 60% BOMPOCOB, TO MPHUCTYIIANTE K
BBITTOJTHEHUIO paOOTHI.

5. Eciu KoMM4YeCTBO MpPaBWIBHBIX OTBETOB ObLUIO MeHbIle 60%, TO BHOBB
W3YYUTE TCOPHUIO U MTPOUINTE TOBTOPHBIN KypC TECTHUPOBAHUS.
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III. OFBEKT UCCJIEJOBAHUSA U OBOPYJIOBAHHUE
OObeKTaMu HKCCIEAOBAHUS SIBISIOTCS MAaTeMaTHYECKUE MOJIENU  PEBEPCUBHOTO
AIEKTPUYECKOTO TPUBOJIA M €ro 3JIEMEHTOB, pa3paboTaHHbix B cpene MATLAB u
Simulink. Jlns BbimosiHeHUs paOOThl HEOOXOJIMM, COBPEMEHHBIH KOMIBIOTEp C
YCTaHOBJICHHBIMH  omepannoHHor cucremorr  Windows XP, MATLAB 6.5,
nporpammoii «KBAHKHP 7.5» u cneunanuzupoanHoe [10.

IV.3AJJAHUE HA PABOTY
3. U3yuntp wMojmenb crensmie cucrembl, (YHKIMOHAIbHOE Ha3HAuYC€HUE U
MPUHIUIBI pA0OTHI OTAEIBHBIX JIIEMEHTOB MOJEIIH, UX B3aUMOJEHCTBHE
IIpoexkTpoBaHue u pacyeT peayKropa.
HccnenoBarh AMHAMHUYECKME XapaKTEPUCTUKH CIEIAIIEH CUCTEMBI: H3YyYHTh
BIUSHUE BEIWYMHBI KOX(PQUIMEHTa YCWICHHS B TMPSIMOW IENU, TUMA U
XapaKTEePUCTHK CIIIAXKUBAIOILIETO (PUIBTpa Ha XapaKTep MEPEXOIHBIX MPOILIECCOB
Y 4YaCTOTHBIE XapaKTEPUCTUKH 3aMKHYTOU CUCTEMBI.

a s

V. INIOPAJOK BBIIIOJIHEHUSA PABOTbBI
1. W3ydyeHue npUHLUUIIOB pabOThl OTIEIBHBIX JJEMEHTOB MOJEIM U HX
B3auMozeiicteue. Bce Mopenu, ucnonpdyemble B paboTe, HaXoAsATCS B Iarke
«worky» makera MATLAB, koTOpbi€ JOJKHBI OBITH IPEBAPUTEITBHO OTKPBITHI.
Ortkpoiite daiin «SKVT.mdly.
3amyctuth Qaiin «SKVT.mdly.
N3yuuTe nosiydeHHbIE AUArPaMMBI.
Hcnonb3ys BOBMOXHOCTH mporpaMmbl «simulink» mpocMoTpuTe Bce mapameTpsl U
ko3 urments! Tpanchpopmanu CKBT — /T u CKBT —I1.
(Mcxonnas yactora HanpspkeHus: Bo30yxaenus CKBT B3sta HepeanbHOM 1iis
oOecreyeHus Jy4yliero NOHMMaHus POUCXOIAILIErO Mpoliecca. )
N3mennte Tunsl CKBT — [ u CKBT — II no cBoeMy yCMOTpEHHIO, B3SIB UX U3
Tabnuipl 1 1 3aHEeCUTe M3MEHEHHbIE TapaMeTphl B Mojiens SKVT.

Tab6muna 1. Texunueckue nanusie BT cepun 2,5bBT

Harmpsixenue
O6o3HaueHNE Hasnauere BT BO30YyKIeHMS, B _ Zo1, Ou K
(tum) BT Pabounit
HomunanwHOE
JIana3oH
2,5bBT-]1 BTIIT-/1 12 0-12 200 0,56
CKBT
2,5bBT-I1 BTII-TT 12 0-27 800 1
2,5bBT-C CKBT 12 0-12 200 0,56
2,5bBT-JI JIBT 12 0-12 200 0,52
2,5bBT-2 CKBT 12 0-12 400 0,56

Tab6muia 2. Texunueckue nanusie BT cepun SEBT
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Hanpsixenue
O6o3HaueHue Hasnauerse BT BO30YyXKIeHMs, B _ Zos, OM K
(tum) BT Pabouwuit
HomunansHoe
Jana3oH
JII3.010 JIBT 40 0-40 200 0,72
BTAIT-/1
JII3.010 BTAII-TT 27 0-27 200 0,96

Ta6mumna 3. Texunueckue ganusie BT cepun BT-5

Hanpsixenue

O6o3HaueHue Hasnauenue BT BO30YyKIeHMs, B _ Zo1, Ou K

(tum) BT Pabouwnit

HomunansHoe
JMana3oH

K®3.031.048 CKBT 40 0-40 200 0,53
JII13.010.527 BTAII-/]
K®3.031.049 CKBT 40 0-40 200 0,96

Jlnamazon pabouux 4acToT HampsbkeHus Bo30yxaenus, ['11380-21000
Hcnons3ys ¢yakmmro PrintScreen u rpaduyeckuii pemakrop Paint, coxpanute
MOJIyYEHHBIE MTPOIIECCHI.
3amycrute daiin «DM.mdly.
N3yuuTe noJiydeHHbIE AUarpaMMBl.
Hcnonb3yss BO3MOKHOCTH TporpamMmsel «simulink» npocMmoTpute Bce mapameTpsl
HanpspDKeHUH Bo30y ) aeHus (SOUrce) u padouero ( Sine wave).
(McxonHast 4acTOThl HAmpsDKEHHWS B3ATBl TEMH K€, YTO M B CXEME
«SKVT.mdly).
M3meHuTe BEIMYMHBI 3TUX HAIPSKEHUI U 4aCTOT B COOTBETCTBHHM C IPOJECIAHHBIM
B IIPEBIAYIIEM TYHKTE U 3aHECUTE M3MEHEHHBIE mapameTpsl B Mozeis «DM.mdly.
Ucnonp3ys ¢yakmuro PrintScreen u rpaduyeckuii pemakrop Paint, coxpanute
MOJIyYEHHBIE MPOLIECCHI.
3amyctute daiia «Shim.mdly.
[Iponenaitte Te ke Onepanyu, 4TO U B MPEAbIAYIIUX ITyHKTAX.
3amyctute daiin «model_sum.mdly.
[Ipocnenure mnocnaeaoBaTeIbHO BCE MPOLECCHl MPeoOpa3oBaHUsS CUTHAIOB B
u3mepurene paccornacoBanus (CKBT — JI u CKBT - II), nmemomynsitope u
MOAYJATOPE JUIUTEIHOCTH UMITYJIbCOB.

2. HW3ydeHue BIUSHUS CTIIaKMBAIOILETO (QUIIbTpA.
3.1. Kiroun S1 u S2 B monoxkenwne 1, Ky = 300
3.2. Ycra"oBute cTyneH4arbiii BxogHou curnai 0.01B
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3.3. s u3smeHenus Ttuma QuiIbTpa, ycTaHoBuTe B Onoke Filter 3madenue
napamerpa Type filter paBabiM 1 w2, KOTOPBIH COOTBETCTBYIOT (QUIIBTPY
beccens wnu anepuoanueckomy ¢GuibTpy. M3yunre XapakTep MepexoaHBIX
IpPOIIECCOB HAa BBIXOJAE CHCTEMBI JJSl JAHHBIX THUIIOB CIJIQ)KHBAIOIIETO

bunpTpa.

3.4. COXpaHI/ITe IMOJIYUYCHHBIC IIPOLCCCBI H CHACJIATH BBIBOALI O XapaKTCpC

BIIUSIHUSA CTJIQKUBAIONIETO (DUIBTpa HA pabOTy CUCTEMBI.

4. BimsHue dYacTOTHI BXOJHOIo CurHajla Ha AIWHAMHUUYCCKUC XaAPaKTCPUCTHUKH

CIICJSIIIEH CHUCTEMBI.
4.1. Kmouu S1 u S2 B monoxenue 1, Ky = 300

4.2. YCTaHOBUTE CUHYCOMJAIBHBIA BXOAHOW curHan ammumrygor 0.1 B u

gacToTol 1 paj/C, u3yunrte nepexoiHble MPOLECCHl B CUCTEME.

[TpoBenuTe aHagoruuHble nedcTBUS A 4acToT S u 10 pan/C
4.3. CoxpaHUTh MOJIyYE€HHBIE TPOLIECCHI U CAENATh BBIBOIBL.

5. Hcnonw3ys nuHeapu3oBaHHyo Moaeib (Linear model) onennts JIADUYX cuctemsl.
(Tools—Linear analysis; Simulink—Get Linearized Model; Plot type—Bode)

VI. YKAZAHUSA 1O O®OPMJUIEHUIO OTYETA
Otuer 0 paboTe TOJIKEH COACPKATb.
1) 3aganue Ha MPOEKTUPOBAHUE
2) brok-cxeMy npuBoja.
3) BriOpaHHbI€ 2JIEMEHTHI
4) dnarpaMMbl HaIIpsHDKEHUI BO BCEX M3YUYEHHBIX 3JI€MEHTAaX.
5) INepexoaHbIC IPOIECCHI U YACTOTHBIC XAPAKTEPUCTHKH CUCTEMBI.
6) Bce HeoOX0uMBbIE BBIBOJIBI 110 paldoOTE.

VII. KOHTPOJIBHBIE BOITPOCHI
1. OObsichuTh (YHKIIMOHAIFHOE HAa3HAYCHUE WM TMPUHIHUI  PaOOTHI
CJIeIAIIEN CUCTEMBI?
2. Kak ocylecTBisieTcs: ynpaBji€HHUE YaCTOTOM BpallleHUs JIBUTATEIS B
IAHHOM ciensIe cucremMe?
3. Kakoii curnan u moueMy MCHOJIb3YeTCs JIJIsl OCYIIECTBICHHS 00paT
HOM CBSI3U 110 CKOPOCTH BpAILICHHS Bajla JBUTATENSA?

9JICMCHTOB

4. Kak Bnuser Ko3(QQUUUEHT YCUJIEHHUS CHUCTEMbl B NPSIMOM IIEMM HA XapakTep

IIEPEXOIHBIX IIPOLIECCOB B CHCTEME?

5. Kakue tpeOoBaHus NPEABIBISIOTCS K XapaKTepUCTUKAM CTIaXUBaroIero Guibrpa’?
6. Uto mnpou3oiAeT C CHUCTEMOM, €Clii CYIIECTBEHHO YBEIUYUT  KOIDPUIUEHT

YCUJIEHUS B PA30MKHYTOM KOHTYype?

6. Ha ocHoBe aHanmM3a KakWX XapaKTePUCTUK TpHBOJA ompeaenserca dyacrota [INUM

BbIXOJIHOI'O KaCKaJia YCUIIUTCIIA MOIIIHOCTI/I?
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