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JlabopaTopHnasi padora Nel
BBoanoe 3ansaTue. [lpaBuiia TexHuku 6€30MACHOCTH

HEJIb U 3AJJAYU PABOTHBI
N3yyenue mpaBuil TEXHUKU O€30MACHOCTHU MPU MPOBEIEHUN JTa00PATOPHBIX

paboT 1Mo Kypcy «NeKTpooOOpyI0BaHUE JIETATEIbHBIX aNIapaToOB» B ayAUTOpUH 1-
317.

JlabopaTopHasi padoTa Ne2

N3y4yenne 3J1eKTPO- M PAJAUO - U3MEPUTEIbHBIX IPUOOPOB, UCIOJIb3YEMbIX
B J1a00PAaTOPHOM NPAKTHKYMe, M0/l PYKOBOACTBOM IpenoaaBaTe/is

1. HEJb U 3AJJIAYU PABOTbBI
N3ydeHne METONOB ONPENEIICHUs DJIEKTPUUECKUX MapaMeTpPOB MEXATPOH-
HBIX CUCTEM U UX DJIEMEHTOB C UCIOJIb30BAHUEM COBPEMEHHBIX JJIEKTPO- U pAIUOU3-

MEPUTENIbHBIX MPUOOPOB.
2. TEOPETUYECKHUE CBEAEHUSA

2.1. O01mme MoJI0KEeHUs

Hudposoit mynsTumMerp AKTAKOM AMM-1130 npennazHayeH A1 u3Mepe-
HUS TIOCTOSTHHOTO U riepeMeHHoro (True RMS) HanpsbkeHus U TOKa, 9aCTOTHI, COTIPO-
TUBJICHUS, EMKOCTH, TPOBEPKH IIEJIOCTHOCTH IIETIH («ITPO3BOHKA) ), TCCTUPOBAHMS JTU-
o110B ¥ T.1. UMeeTcs pyHkius pukcarnmu n3mepennoro 3Hauenust (HOLD), a takxke
U3MEpPEHUS MaKCHUMaJIbHOTO/MUHUMAIBHOTO 3HAYECHUS U OTHOCHUTEIIbHBIX H3Mepe-
HUW.

Onucanue opraHoB yrpasJieHus: Tpudopa npeacrapieHo Ha Pucynke 1.



KHONKa HCNONb3YHOWAnRCA NPH Pa3NHYHbIX
BHAX H3MEPEHWNA ANA NEPEKNHYEHHS
MEXAy aBTOMATHYECKOM MK PY4HbIM

PEXMMOM BbIGOPA AMANA30HOB HIMEPEHMH

XK-aucnnen

KHonka ucnonb3ytowanc AnA BKNHYEHHA PEXHMA
3aANUCH MAKCHMAnNbHOro HNK MHHKMANbHOrO 3HAYEHUA

KHonka no3sonstowLas NEpEKNI0yaTh PEXHMbI 1AW PA3HOCTH MAKCHMANbHOTO W MUHMMANbHOTO 3HAYEHHil

HIMEPEHUR ANA PAAA (YHKLWA HIMEPEHMI,
BbIGWPAEMbIX NOBOPOTHBIM NEPEKAKOYATENEM

KHONKa BKNIOYAET PEXHM OTHOCHTENbHbIX H3MEPEHMH

KHonKa Ans yAepKanus

NOKA3aHMil HIMEPEHHbIX 3HAYEHMN Kxonka sxnto4aer nogcserky XK-gucnnes

KHonka nepesofiswian 80 BpeMA H3MEPEHKIH NEPEMEHHOTO
HanpPAKEHUA H TOKA NPUOOP B PEXMM B PEXHM HIMEPEHMSA
4acTOTbl CHHYCOMAANBHOMO CHrHana

KHonka Ans M3MepeHna H3MEHAOWMXCA
3HAYEHHUA TOKE MK HANPAXKEHHA

KHONKa AN BKNIOYEHUA N BbIKNIOYEHUA
PeXuMa CBA3N C KOMNbIOTEPOM
yepes uxtepcpenc USB

MoBopoTHbIK NEpeknioyaTens Bbibopa
(yHKUMA HIMEPEHUA

BxopHoe rHe3o ANA H3MEPEHUS TOKA
B Anana3one 0.22...10 A, coeiHHAETCA C
KPacHbIM WYNOM W3MEPHTENbHOrO Npubopa

BxoaHOE rHe3a0 ANs BCEX BHAOB M3MEPEHHH,
3a HCKNIOYEHHEM H3MEPEHHS TOKA, COBAMHAETCA
C KPAcHbIM LIYNOM H3MEPHTENLHOrO Npubopa

BX0AHOe rHE3A0 ANA W3MEPEHHA TOKa B Ananasonax mkA u mA,  Bxopoe riesno ofwee Ans BCeX BUAOB H3MEPEHHH,
COB/JUHAETCA C KPACHLIM LYNOM W3MEPHTENBHOTO NpHOOpa  COBAMHABTCA C YEPHbIM LYNOM H3MEPHTENbHOrO NpuGopa

Pucynoxk 1 — Onucanue opranoB yrnpasieHus nudpoBoro mynbtumerpa AKTA-
KOM AMM-1130

2.2. U3mepeHne HANIPSIZKEHUS MOCTOSIHHOTO M NePEMEHHOIr0 TOKA

Ipenynpe:xknenue!!! Henb3s mogaBats Ha Bxo HanpsbkeHue Boiie 1000 B
MIOCTOSIHHOTO TOKa WJIM CPEIHEKBAIPATUYHOIO 3HAYEHUS IIEPEMEHHOT0 ToKa. N3Mme-
PEHUE BBICOKOTO HAIPSHKEHUS CIIEAYET BBIMOJIHATH OCTOPOKHO, YTOOBI U30€XKaTh
MOpakKEHUs PIEKTPUUECKUM TOKOM.

1. Bxmtounte nutanne myiabTumerpa AMM-1130.

2. J1st m3MepeHust HalpsHKEHUS TTIOCTOSTHHOTO U TIEPEMEHHOTO TOKa M IIEPEMEH-
HOW M MOCTOSTHHOM COCTABJISIONIECH HANpsKeHUs B quarna3one 1...220 mB ycrano-
BHMTE MOBOPOTHBIM BBIKJIIOUATENb B MOJIOKEHHE V.

3. g u3MepeHus: HapsHKEHUS! TOCTOSIHHOTO TOKA M MEPEMEHHOM U MOCTOSIH-
HOM cocTaBIIsArONIEeN HanpsbkeHus B auanasone 0,22...1000 B ycranoBuTe moBopoT-
HBIA BBIKIIFOYATEND B MOJIOXKEHUE V.

4. BcraBbTe KpacHbIN n3MeputenbHbIi myn B THe310 V/Q/C/CAP/DIODE/Hz,
a YepHbI U3MepuUTeNbHbIN Iy B THE310 COM COOTBETCTBEHHO.

5. Haxxats kHonky FUNC m1s1 BEIOOpa pekuMa u3MepeHus HanpsHKEHUS T10-
crostaHOTO TOKa (DC), Hanpskenus nepemeHHOro Toka (AC). C mOMOIIEI0 KHOTIKU
RANG ycTaHOBUTE peXUM aBTOMATHYECKOTO UJIM PYYHOIO BRIOOpA AMana3oHa u3-
mepeHuil. [Ipyu KpaTKOBpEeMEHHOM Ha)KaTUU MPOUCXOIUT MEPEKITIOYEHUE B PEXKUM
pY4YHOTrO BbIOOpA AMana3zoHa u3MepeHuil. B pexxrme pydyHoro BbiOopa auanazoHa
MOBTOPHOE KpaTKOBpEMEHHOE HaxkaThe Ha KHOMKY RANG u3MmeHsieT Texkymuii 1ua-

nazoH uaMepenuii. Ecnu kHonky RANG Haxath U yaepKuBaTh 0oJiee TBYX CEKYH/I,
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M3MEPUTEIBHBII NpUOO0p MEeperaeT B peKUM aBTOMAaTHUYECKOIO BBIOOpA JUANa30HOB.

6. [Ipu BBIOTHEHUN U3MEPEHUS HANIPSKEHUS IEPEMEHHOTO TOKa, TIOKITIOYUTh
KpacHBIN U YepHBIN Iyl K U3MEPAEMOHl 1ienu B Jr000M nopsiake. [1pu BeimomnHe-
HUW U3MEPEHUS HAIPSKEHUS IOCTOSHHOTO TOKA, CIEAYET IMOIKIIOYUTh KPACHBIN
LIYII K ITOJIOKUTEIBHOU MOJISPHOCTH U3MEPSIEMOT0 HAIIPSKEHUS, @ YEPHBIM — K OT-
PULIATEIIBHOM.

7. B pexxuMe uzMepeHus HapsHKEHUs MOCTOSITHHOTO U MEPEMEHHOTO TOKa
KHONKOM RANG MOXHO BpyUHYIO IEPEKITIOYATH AUANIA30H U3MEPEHNN. 3HAUEHNE
U3MEPEHHOTO HAIPSKEHUSI CYUTHIBACTCS € 3KpaHa auciuies. Eciu Ha aucree
AMM-1130 orobpakarorcst cuMBOJIBI «0Ly, 3TO 03HAaYaeT, YTO BXOIHOE HAIPSIKE-
HUE NIPEBBIIIAET TEKYUIUH AUaNa30H U3MEPEHUN U HEOOXOJUMO HEMEJIEHHO OT-
KJIFOUUTh KPACHBIM U YEPHBIH IIyIbI OT U3MEPSAEMOM LIENHU U BbIOpaTh 00Jiee BhICO-
KMH AUana3oH U3MepeHnil. Eciii mpyu MakCHMalbHOM IMana30OHe U3MEPEHHN Ha
auciuiee oToOpaxarorcs cUMBOJIbI «0Ly, 3TO 03HAaYaeT, 4TO U3MEPSAEMOE HaIpshHKe-
Hue npesbimaetr 1000 B 1 HeoOxoaAMM0 HEMEIJIEHHO OTKJIIOUUTh KPACHBIN U 4Yep-
HBIM IIYTIBI OT U3MEPSIEMOU LIETIH.

2.3. U3mepeHne CWIbI MOCTOSTHHOTO U NMEPEMEHHOI0 TOKA

Ipeaynpe:xnenue!!! Bpems usmepenus toka 6onee 5 A ne 6osee 10 ¢ ¢ moce-
TYIOUIUMM MEPEPHIBOM HE MEHee 15 MUHYT.

1. BximtounTe nuTaHue.

2. Jlns u3MepeHus CHibl TOKa B JMara3oHe 20...2200 MKA ycCTaHOBHUTE MOBO-

POTHEIH MEPEKITIOYATEND B TIOJI0KEHHE *UA,
3. ns usmepenus cuiibl Toka B nuamnaszone 0,22...220 MA ycTaHOBHUTE ITOBOPOT-
-~

HBI BBIKIIOUATEND B IIOJOXKEHHE MA,
4. Jlnst uamepenus cuibl Toka B auarnazone 0,22...10 A ycTtaHOBUTE MOBOPOT-

b

HBIi1 BBIKIIOUATENb B [IONOKCHHE A.

5. BcTaBuTh KpacHbIM U3MEPUTENBHBIN IIyN B THE3I0 LA MA uiau A, a YepHBIH
U3MEPUTENBHBIN IyM B rHE300 COM COOTBETCTBEHHO.

6. Haxxate kHonky FUNC 17151 BBIOOpa peKMMOB U3MEPEHHUSI CUITBI TOCTOSIHHOTO
toka (DC), cunel nepemenHoro toka (AC). C nmomonisto kHoniku RANG ycraHoBuTe
aBTOMATUYECKU WJIM PYYHOU BBIOODP JMAIa3oHa.

/. BBIKIIIOUNTE TUTAHWE H3MEPSEMOW I€NHU, MOJKIIOYUTh MOCIEI0BATEIBHO
KPaCHBIM U YEPHBIN LIYIIBI B Pa3pbIB LIENU U BKIIFOYUTE MUTAHUE 3TOU LECIIH.

8. NsMepenHoe 3HaUCHHUE CHJIBI TOKA CYMTHIBACTCS C dKpaHa Auctuies. Eciu Bo
BpEeMsI U3MEPEHUS CHJIbI TOCTOSIHHOTO TOKA 3TO 3HaUY€HUE O0TOOpa)kaeTcs Kak IMoJIo-
AKUTEIBHOE, 3TO 03HAYAET, YTO «+» U3MEPUTENBHON LIEMH COEIUHEH C THE3OM «A»
i «mA» myiabTumMerpa AMM-1130, a ecii oHO 0TOOpakaeTcs Kak OTPUIIATEIILHOE,
ATO 03HAYAET, YTO «1+» U3MEPUTEIHLHOM 1IENU COeNUHEH ¢ THe310M «COMy. Ecnu Ha
aucIuiee oToopakaroTcsi cuMBOJIbI «0L», 3TO 03HAYaeT MpEBbIIICHNUE AUana3oHa U3-
MEpEeHUI 1 He0OX0UMO BBIOpaTh O0JIee BBICOKHM IMara3oH U3MEPEHUM.
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2.4, I/I3MepeHne AIEKTPUIECCKOI0 COMMPOTUBJIICHUS, IPOBEPKA HEJIO0CTHOCTH
menu, TeCtT 110408

Ipenynpe:xnenune!!! [Ipy u3MepeHUM BHYTPEHHETO COMPOTUBICHUS WU TIPO-
BEpKE IEJIOCTHOCTH LIETIH CIIeAYyEeT YOeAUThCsl, YTO MTUTAaHUE MPOBEPSIEMOM LIETH OT-
KJIFOUEHO M BCE KOHJICHCATOPHI, NOJIKIIOYEHHBIE K HEM MOJIHOCTBIO Pa3psyKEHBI.

1. BkirounTe nuTaHUE U yCTAHOBUTE MOBOPOTHBIN BBIKIIIOUATEh MYJIBTUMETPA
AMM-1130 B nosnoxenne HHQM),

2. BcraBbTe KpacHblil u3mMeputenbHblil myn B rHe3no V/CQ/C/CAP/DIODE/Hz,
a 4YepHBIA U3MEPUTENBHBIN IIyN B THE310 COM COOTBETCTBEHHO.

3. Haxwmute kaonky FUNC st BBIOOpa peskiMOB U3MEPEHHUST COMTPOTUBIICHHUS
(€2), mpoBepKM LEIOCTHOCTH LENU WU TecTa AM00B. [Ipu u3mMepeHnn conpoTuBiie-
HHS ¢ TOMOIIBI0 KHONKH RANG MOXHO YCTaHOBUTH aBTOMAaTUUYECKUN WM PYYHOU
BBIOOp Auana3zoHa u3MepeHuil. EquHuna u3MepeHust COPOTHBIICHHS U TIOJI0KEHHE
3amsTOl OTOOpaXXKaroT 3HAUEHUE TEKYILEro JIuara3oHa. B pexxume HU3MepeHuu ILie-
JIOCTHOCTH LIeNU U TecTa 1uoAoB kHonka RANG He pyHKIHMOHUPYET.

4. J1nst u3MepeHus CONPOTUBIICHUS MOJIKIIOYNTE KPAaCHBIA M YEPHBIM IIyMbl K
BBIBOJIaM PE3UCTOPA, U HA SKpaHEe AUCILIes] 0TOOPa3UTCsl 3HaUYCHUE U3MEPEHHOTO CO-
npoTtusieHus. Ecnu Ha skpane otoOpaxkarotcst cuMBouibl «0L», 3T0 03HauaeT, 4To co-
IPOTHUBJIEHUE pe3ucTopa npesbimaet 220 MOwm.

5. [Ipu BbIOTHEHUH U3MEPEHMSI LIEJIOCTHOCTH LI CIEAYET MOIKIIOUUTh Kpac-
HBIM U YEPHBIU IIYTIbI K TPOBEPSIEMON LeNH. ECm CONpOTUBIIEHUE MEXKY ABYMS TOU-
kamu Hike 50 — 60 OMm, pa3zgacTcs CUTHAI 3yMMeEpa, a Ha SKpaHe 0TOOpa3UTCs 3Ha-
yeHue conpoTuBieHus. Ecnu Ha 3xpaHe oToOpakaroTcsi cuMBOJBL «0L», 3T0 O3Ha-
YaeT, 4YTO CONMPOTUBJIEHKE LenH npespimaet S0 Om.

6. [l mpoBepKH AMOAA TMOIKIIOYUTE KPACHBIN IIyT K aHOAY AUOJA, a YSPHBIH
— K Karoay nuozaa. Ha nucniee omkHa 0TOOpAa3UTCs BEIMUMHA MTaJICHUS HAIPSHKEHUS
Ha pP-n Nepexoje, CMEIIEHHOM B MPSIMOM HampasieHuu. Eciu oToOpakaroTcs: cum-
BoJibl «OL», TO 3TO yKa3piBaeT Ha OOPBIB MJIM OOPAaTHYIO MOJSPHOCTh MOAKIIOUEHUS
p-n nepexona. ITpu moakIrOYEHNN KPacHOTo IIyna K KaTooy IHWOAd, a YEPHOIO — K
aHoO[y, Ha IUCIUIee JOJKHO 0TOOpa3uTesi CUMBOJIBL «OL», 9TO yKa3pIBaeT Ha UCTIPaB-
HOCTh P-n Mepexoja Mpu 0OpaTHOM CMEUIeHHH. B mMpOTUBHOM ciy4ae p-n nepexon
MPOOUT.

[Tpumeuanue. B cydae eciu B pexxumMe pyqHOTO BEIOOpa Juana3oHa u3MepeHui
Ha JUCIUIee oToOpaxkaroTcsi CUMBOJIBI «0Ly, HE0OX0aMMO BBIOPAThH OOJIBIINMA JTHAaTa-
30H U3MEPEHUM.

[Ipu mpoBepKe CONMPOTUBIICHHS WM LIEJOCTHOCTH LIEMHU B YCTPOWCTBE B MEPBYIO
ouepeab HEOOXOUMO OTKIIIOUYUTh MTUTAHUE YCTPOUCTBA, & 3aTEM BBITIOJIHATH U3MeEpe-
Hue. Tak Kak B YCTPOMCTBE K U3MEPSAEMOMY AJIEMEHTY (LIETIH) MOTYT OBbITh MOJKITIO-
YEeHbI JPYTrUe MapajuiebHbIE CXEMBbI, TO 0TOOpaKaeMoe 3HaYEHUE COMPOTUBIICHUS HE
0053aTEIbHO COOTBETCTBYET (PAKTUYECKOMY 3HAYEHUIO COMPOTUBIICHUS.



[Ipu npoBepke THMOJ0B HA IEYATHOM IJIaTE B MEPBYIO OUYEPEIb HEOOXOAUMO OT-
KJIFOUYNUTh MATAHUE NTEYATHOM IJIATHI, a 3aTEM BBIIOJIHATh U3MEPEHUE.

2.5. U3mepeHne eMKOCTH

Ipenynpexnenue!!! Ilepen namepeHremM eMKOCTH KOHACHCATOpa BO M30eka-
HUE MOPAKEHUS IIEKTPUUECKUM TOKOM CIIETYeT YOAUThCS, YTO KOHACHCATOP MOJIHO-
CTBIO pa3psKEH.

1. Bki1rounTh MTUTaHUE U YCTAHOBUTH MOBOPOTHBIM BBHIKITIOUATEIb B TIOJIOXKE-
ane 1F.

2. BcraButh kpacHbIil u3meputenbHbii myn B raezno V/Q/C/CAP/DIODE/Hz, a
YEPHBIA U3MEPUTEINBbHBIN IIyI B THE310 COM COOTBETCTBEHHO.

3. C momomipio kHOMTKA RANG yCcTaHOBUTH aBTOMATUYECKUI WM PYYHOH BBI-
0op AnamnazoHa U3MEPEHUHN.

4. TToaxIrounTh KPACHBIN M YEPHBIH LIYyTbl K BEIBOJIaM KOHAEHCATOPA; €CIIU KOH-
JI€HCATOP Pa3HOMOJSPHBIN, TO KPACHBIH LIYTl CIAEAYET MOAKIIOUYHUTD K MOJI0KHUTEIb-
HOMY BBIBOJly KOHJIEHCATOPa, & YEPHBIN — K OTPULIATETLHOMY.

5. 3mepeHHoe 3HaueHne EMKOCTH CUYMTBIBAETCA C 3KpaHa Auciuies. Ecinu 3Haue-
HUE eMKocTH > 220 MD, Ha sKkpaHe 0ToOpazaTcsi cuMBOIIbI «0Ly, a mpu 3HaUEHUH eM-
kocTH < 10 n® otobpazutcs HOJb.

[Tpumeuanue: [Ipu n3MepeHnr eMKOCTH KOHJIEHCATOpoB B auaraszone 0,22...220
M®, 15151 u3MepeHus puodopy TpeOyeTcsi OTHOCUTENILHO JJOIAT0e BpeMs s 3a-
psifa/paspsia KOHIEHCaTopa, I03TOMY OOHOBJIEHHE U3MEPEHHOIO 3HAUE€HUS IIPOUCXO-
JUT OTHOCHUTEIBHO MEMJIEHHO.

2.6. U3mMepenue 4acToThl U KOI(pPuHEeHTA 3aNI0THEHUS

1. BxirouuTe NUTaHWE W YCTAaHOBHUTE MOBOPOTHBIN BBIKIIOYATEIb MYJIBTH-
Metpa AMM-1130 B nonoxenne Hz%.

2. BcraBuTe KpacHbIii n3MepuTenbHbIN myn B THe310 V/Q/C/CAP/DIODE/Hz,
a 4YepHBIM N3MEpUTENBHBIN Iyn B THE310 COM COOTBETCTBEHHO.

3. Haxwmure xknoniky FUNC mins Bei6opa pexkumoB yactotsl (Hz) wnm koaddu-
uuenTa 3anoiaHenus (%).

4. TlogkmrounTe KpacHYHO TECTOBYIO JIMHHMIO K BBICOKOMY MOTEHLIHAAIY, a Yep-
HYI0 — K HU3KOMY.

5. M3mepeHHOE 3HaYEHUE CUMTHIBAETCS € IKpaHa auciuies. Ecnu yacrora usme-
PEHHOI'0 CUTHAJIa HUKE WJIH BBIIIE JUarna3oHa u3MepeHuil npudopa, Ha FKpaHe OyaeT
0TOOpakaThbcst HOJIb. Ecnu aMminTyma curHaia civMimikoM mana (MeHsine 2 B), Ha
AKpaHe Takxke OyJIeT 0TOOPaKaThCsl HOJIb.

6. DTOT BUJ M3MEPEHHS BBINOJIHIETCS TOJBKO MPU aBTOMATUYECKOM BBIOOpE
Jyarna3oHa U3MEpPEHU.

2.7. W3mepeHHe OTHOCUTEJIHLHOIO 3HAYEHUS

B sTom PEKUME MOT'YT OBITH BBINOJHEHBI JTIOOBIC HU3MECPECHU, 3a NCKIIIOYCHUCM



M3MEPEHHI YacTOThI, KO3 PHUIIMEHTA 3aMOTHEHUS U IPOBEPKHU 1100B. [ToAKII0unTh
IIYIbl K UEMU WM K BBIBOJAAM 3JIEMEHTA, 3HAaYE€HUE NapaMeTpa KOTOPBIX SBIISIOTCS
OTIOPHBIMH JUIS JAJbHEUIINX OTHOCUTENBHBIX n3MepeHnil. Haxarte kHonky REL s
BKJIIOUEHUS PEKHMa OTHOCUTEIbHBIX U3MEPEHUHN U (PUKCAIIUU B MPUOOpPE OMIOPHOTO
3Ha4eHus. Jlajee NOAKIIFOUMTH LIYTIbI K U3MEPSAEMOM 1IENHU WY K BBIBOJIAM JJIEMEHTA,
KOTOPBIE CPAaBHUBAIOTCS C ONIOPHBIM, JUJISI U3MEPEHHUS.

OTtoOpaxaemoe Ha nuciiee MyiabTumerpa AMM-1130 3HaueHHEe BHIYUCIISIETCS
o dopmyire:

OTtoOpaykaeMoe 3HaUeHHE = TEKyIllee U3MEPEHHOE 3HaUEHUE — ONIOPHOE 3Haue-
HUE

Ecnu oTKII0YMTH UIyIbI OT U3MEPSIEMOI IENU MU BBIBOJOB 3JIEMEHTA MPH BbI-
MOJIHEHUH W3MEPEHHUI HaIpSKEHUs, CUIIbl TOKa U EMKOCTH, TO Ha JucIiee oToOpa-
3UTBCS OTIOPHOE 3HAYEHUE, IPH BBINIOJIHEHUN U3MEPEHNUN CONPOTHUBIIEHUS HA JUCILIIEE
otoOpazsaTcs cumBoIbl «0L» 111 BbIXOJa U3 pekruMa OTHOCUTEIBHOTO U3MEPEHHUSI TTO-
BTOPHO Ha)xaTh KHONKY REL.

B pexxrme OTHOCUTENBHBIX U3MEPEHUN MOTYT OBITh ONPEEICHbl U3MEHEHUS U3-
MEpPSEMOT0 MapaMeTpa OTHOCUTEIBHO ONIOPHOTO 3HAYEHUSI. DTOT PEKUM MOXKET OBITH
TaK)K€ UCIIOJIb30BaH JUIsl U3MEPEHMI MaJIbIX CONPOTUBIIEHUI U eMKocTeil. Harmpumep,
IPY BBIIIOJIHEHUH U3MEPEHHUS CONPOTUBIIEHUS CIIEAYET 3aKOPOTUTh KPACHBIM U Yep-
HBIM [Iynbl, HaXaTh KHONKY REL ju1st 3anmucy omopHOro 3Ha4eHUsl CONPOTUBIICHUS
(cOonpOTUBIEHUS U3MEPUTEIBHBIX MPOBOJIOB), U MOCIIE ATOTO BHIIOJIHUTH U3MEPEHNE
MaJIOro CONPOTHUBIICHHUS, IIPU 3TOM CONPOTUBIICHUE U3MEPUTENBHBIX IPOBOIOB OyIET
BBIYTEHO M3 U3MEPEHHOT0 3HaueHHus. [Ipy BBITOJIHEHUU U3MEPEHHsI EMKOCTH Pa3o-
MKHYTb KPacHYyI0 U YEpHYIO TECTOBBIEC JIMHUM, HAXaTh KHONKY REL niis 3anucu ém-
KOCTU U3MEPUTENBLHOM 1enu nprudopa, U Mociie TOr0 MOBTOPHO BBIIIOJIHUTH U3MEpe-
HUE €MKOCTH, ITPH 3TOM EMKOCTh U3MEPUTENBHOM 1enu npudopa OyAeT BbIYTEHA U3
0TOOpaXKaeMoro 3HAYCHUS.

2.8. U3mepenne MAaKCMMAJILHOT0 1 MUHUMAJIBLHOTO 3HAYEHUH

[Tpu naxxatuu Ha kHOKy MAX/MIN mynstumerp AMM-1130 ycranaBnuBa-
€TCsl B COCTOSIHUE 3alMCH M OTOOpaKeHMs: MaKCUMaJIbHOTO 3HAUYEHUSI, MUHUMAJIb-
HOTO 3HAYE€HUsI, Pa3HOCTH MAKCUMAaJIbHOIO U MHUHMMAJIBHOI'O 3HAYEHU, BCEX BEIU-
YUH 32 UCKJIIOYEHHEM YacTOThl U NpoBepku auoaa. AMM-1130 uzmepsier Tekyuiee
BXOJIHOE 3HAYEHHUE BEJINYMHBI U IOCTOSIHHO CPABHHUBAET €r0 € 3alIMCAHHBIMU BEUYH-
HaMU, IPU HEOOXOAUMOCTH OOHOBIISIS 3alMCaHHBIC 3HAUCHUSI.

[ToBTOpHOE KpaTKOBpeMeHHOEe Haxkathe Ha kKHOnKy MAX/MIN nepexiatoyaet
MEXAY PEeKUMaMU PETUCTPALIMM MAKCUMAJIbHOTO, MUHUMAIBHOTO 3HAYEHUN WIIA UX
pazHocTu. B 3TOM pexuMe Ha aHaIOroBOM HIKajie npubopa oToOpakaeTcsa TeKyllee
U3MEpSAEMOe 3HAUCHUE.

JIist BbIXOZAa U3 3TOr0 pexuMa HEOOXOAMMO HaXaTh M yJIEPKUBATH KHOMKY
MAX/MIN 6onee aByx cexyHa. [Ipu n3aMepeHUN U3MEHSIOIINUXCS CUTHAJIOB JIJIS pPe-
TUCTPALIMK NMUKOBBIX 3HAYEHUN U3MEPSIEMON Bean4nHbl Haxkmute kHonky PEAKH.



[Tpu naxxatun kHoniku PEAKH ouH pa3 Oyznet npou3BOAUTHCS PErUCTPALIAS MAKCH-
MaJIBHBIX 3HAYEHUH, IPU IOBTOPHOM HAaKaTUU — PETUCTPALsl MUHUMAJIBHBIX 3HAYE-
HUW, IPU HA)KAaTUM U yaepkannu kinasumm PEAKH — perucrpanns MakcnMaibHbIX
Y MAHUMAJIbHBIX 3HAYEHUH.

3. OBBEKT UCCIIEJOBAHUS, OBOPYIOBAHUE

OOBEeKTaMH UCCIIEIOBAHUS SIBIISIFOTCS DJIEKTPUYECKHUE IETI MEXaTPOHHBIX AJIEMEHTOB
Y CHICTEM.
1. Ludporoii mynbTumMerp AMM-1130 .
2. Victounuk rutanust moctostHHOro Toka ATH-1335.
3. I'eneparop curnanos crermansHo# hopmer AWG-4110.
4. MakeTHas 1U1aTa.
5. Habop pe3ucTopoB 1 APYrux 371€MEHTOB.

4. TIOPAAOK BBIITIOJIHEHUSA PABOTHI

1. TareJbHO 03HAKOMHMTLCS C HACTOSIIIEH MHCTPYKIIMEH M M3YUNTh YCTPOH-
CTBO IIM(pPOBOIro MyJILTHMETPA .

2. BxomrounTs 11udpoBoi MyJIBTUMETP U ITOATOTOBUTH €r0 K paboTe.

3. MI3MepeHune MOCTOSIHHOTO HAIIPSKEHUSL:

a) COCTaBUTh AIEKTPUUECKYIO CXEMY, BKITFOUAIOIIYIO 3 TIOC/IEI0BATEIBHO
BKJIFOUEHHBIE PE3UCTOpA IO 33/IaHUIO MPENOIABATENs Y NCTOYHUK IIOCTOSTHHOTO Hamps-
KEHUs (HAIPsHKEHUE TAKOKE 3a/1aeTCsl PETIoJIaBaTesieM);

0) BKJIFOUMTH TOK U U3MEPUTH HAINIPSDKEHNE NCTOYHMKA MUTAHUS, a TAKXKe Majie-
HUE HaNpPSHKEHUS HA KAKAOM U3 PE3UCTOPOB;

B) pacCUMUTaTh NOIPEIIHOCTH U3MEPEHUSL.

4. smepeHne NoCTOSTHHOTO TOKA!
a) MEePEKIIIOYUTh PEKUM pabOThI MPHOOpa Ha U3MEPEHHE TOKA;
0) BKJIFOYMTH B pa3pbIB LMK NPUOOP U U3MEPUTH BEJIMUUHY TOKA;
B) PacCUMTATh MOTPEITHOCTH U3MEPEHHUS;
T) pe3yabTaThl H3MEPEHUI M PACUETOB 3aHECTH B TaONHITY 1.

5. 3mepenue nepemenHoro HanpspkeHus (Ha yactorax 50 u 5000 [m):

a) COCTaBUTh AIEKTPUUYECKYIO CXEMY, Mara3uH COMPOTUBIIEHUI O 3a/IaHUIO
[IPENOIABATENS MEXATPOHHBIE 3JIEMEHTHI ¥ CHCTEMbI M HCTOYHHK [TEPEMEHHOTO HaIpsi-
KEHUS C TeHepaTopa (HapsDKCHHE TAKXKE 33/1aeTCsl MPEIo/IaBaTelieM);

0) BKJIFOUMTH TOK U U3MEPUTH HANPSDKEHUE NCTOYHMKA MUTAHUS, a TAKXKe Tajie-
HUE HaIPSHKEHUS HA KAKAOM U3 PE3UCTOPOB;

B) PaCCUMTATh MOTPEUIHOCTA U3MEPEHHUS;

I') pe3ybTaThl K3MEPEHUIN U PaCUETOB 3aHECTH B TaOMIy 1.

6. I3mMepenue corpoTUBIIEHHUS TTOCTOSSHHOMY TOKY:
a) OTCOEIMHUTH CXEMY OT UCTOYHMKA MTUTAHMUS;



0) MepeKITIOYNTE PEKUM pabOThI PrUOOpa Ha U3MEPEHHUE HIEKTPHUECKOTO CO-
MPOTUBIICHNUS;
B) U3MEPUTH COITPOTUBIIEHUE KaXKJI0I0 PE3UCTOPA;
T') pacCUMTaTh MOTPEIIHOCTH U3MEPEHHUS;
1) pe3yJIbTaThl U3MEPEHUH U PAcueTOB 3aHECTH B TabiuILy 1.

Tabmuma 1.
HN3mepsiemblii mapa- Hanpsi:xenue
MeTp, etuHuIA u3me- | Iluranus, ya- R1 R2 R3
peHust CTOTA

Ilanenne HaIIPSZKCHUS
Ha IMMOCTOAHHOM TOKE,

B
N BoJbT; 50
IManenue HanpsizkeHUst I'n
nepeMeHHOM TOKe, B N BoabT;
5000 I'x
Bemuuna nocrosii-
HOI'0 TOKa, A
N BoJbT; 50
BesmuuHa nepemMes- 'y
HOI'0 TOKAa, A N BoJIBbT;
5000 I'g

ConporusJieHust nocro-
SIHHOMY TOKY, OM

7. I3MepuTh 3eKTpUIECKHUE TTapaMeTPhl TS PEUDKOCHHBIX 3JICKTPOHHBIX KOM-
[IOHEHTOB B COOTBECTBUH C II. 2.3-2.7.

5. YKA3AHUA 11O OPOPMJIEHHUIO OTUYETA
Otyer 0 paboTe AOIKEH COAEPHKATH:
1. Tabnuity pe3yabTaToB U3MEPEHUM 1 pacueToB (B cooTBeTCTBUM ¢ Tabmureit 1)
2. Pe3ynbTaThl UI3MEPEHUH U pacY€TOB IMAPAMETPOB AIEKTPOHHBIX KOMIIOHEHTOB,
NPEeJUIOKEHHBIX MpernojaBaTesieM (¢ cBOOOAHOM (popMe POCTHIM MEPEUHCIICHUEM 110
CIIHCKY).
6. KOHTPOJIBHBIE BOITPOCHI
1. Kakue mapameTpbl 3JIEKTPUYECKUX IETIE MOKET U3MEPUTH MYJIETUMETP?
2. Kakue BO3MOXKHOCTH TS aHAJIM3a MEXATPOHHBIX CUCTEM MOYKHO PEajT30BaTh
TIPY TIOMOIIA MYyJIBTUMETPA?
7. BUBJINOT PA®UYECKHI CIIMCOK
1. T.C. Parxop. Lludpossie u3mepenus. Metop! u cxemoTexuuka. M.: TexHo-
cdepa, 2004.- 376 c.
2. P. JIpaxcen. OCHOBBI 3JIEKTPOM3MEPUTENBHON TEXHUKH. M.: DHEeprousaar,

1982.-296 c.
3. B.JI. Kykymi. Dnektpopaauonsmeperns. M.: Paano u cBs3b, 1985. — 368.
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JlabopaTtopnast paGora Ne3

AHau3 AUHAMHAYCCKHUX XaPAKTCPUCTHK IMMACCUBHBIX lIfETI-:Ip.e.Xl'IO.]'IIOCHI/IKOB

1. HEJIb 1 3AJJIAYHN NUCCJIEAOBAHUSA
N3ydenne npunumnoB paboThl JIEKTPOHHBIX OCHMIUIOTpadoB U METOAOB aHa-
JU3a TMHAMAYECKUX XapaKTEPUCTUK AIEMEHTOB MEXATPOHHBIX CUCTEM C UX MCHOJIb-
30BaHUEM.

2. TEOPETUYECKUE CBEJIEHUA

1.1. HazHa4yeHnue, NpUHUIMI AeHCTBUS U KJIACCH(PUKANUA IJIEKTPOHHBIX OCLNJI-
Jorpagos

OpnHyM 13 HanpaBJICHUN Pa3BUTHS COBPEMEHHOTO MPHUOOPOCTPOCHHUS SIBISCTCS
CO3/ITaHUE TEXHUYECKUX CPEJICTB Ha OCHOBE OOBETUHECHUS IOCTHKEHUM COBPEMEHHOM
MHUKPO3JIEKTPOHUKH U MHOOPMAIIMOHHBIX TeXHOJIOTHH. OCOOCHHOE pa3BUTHE ITOJY-
YUJIO CO3/IaHUE UHTEIUICKTYIbHBIX (TPOrpaMMUPYEMBIX) CPEJICTB U3MEPEHUM Ha OC-
HOBE COBPEMEHHBIX aIMapaTHO-IIPOTPAMMHBIE CPEICTB.

VYkazaHHbie cpeqicTBa 00JaJa0T CIEIYIOMIUMH TPEUMYIIIECTBAMM:

o BO3MOXHOCTbh 00OpaOOTKH Pe3ynbTaTOB U3MEPEHUM;

J 0TOOpaXeHHE Pe3yJbTaTOB U3MEPEHUS C UCTIOJIb30BAHUEM
BO3MOXKHOCTEH COBPEMEHHBIX IPapUUECKUX PEIaKTOPOB;

o MOBBIIIEHHE TOUHOCTU U OBICTPOIECHCTBUS.

B kauectBe mpumepa paccmorpuM Iudpossie ocumuiorpadgu (I{O) — npen-
CTaBJISIOIIME CO0O0 anmapaTHO-MPOrPaMMHBIE CPEJCTBA C OYEHb BHICOKUMH TE€XHH-
YECKUMH XapaKTEPUCTHUKAMHU.

[To BO3MOXKHOCTSIM 00pabOTKH CUTHAIIOB U ObicTponericTBuio 11O mpubimxa-
I0TCSI K CIEUHUATM3UPOBAHHBIM CUTHAJIBHBIM MpOIEcCOpaM, a MO BO3MOXKHOCTSM
OTOOpaKEHUS PE3yIHTATOB 00PAOOTKH MPEBOCXOIAT UX.

Buemnuii Bun ocuimsuiorpada kommanuu «Axkrakom» cepur GDS ¢ 1iBeTHbIM
KK nHAMKATOPOM NpPEACTABICHBI HUXKE

11



15

Puc. 1. [lepenuss u 3aauss naHeau npuodopa. Buasl cOoky

1) KHomka BKIIOYCHHUS TUTAHUS
2) Paswem qis moakiarodeHus kabenst nutanus (uist moaenein ADS-2031 u ADS-
2031V pacnionoxeHa Ha 3aJHEH MaHEIN)

3) Kwuormka BrimoueHus npubopa/lucruieit mpudopa

4) WHauKaTop ceTH

3eNeHblii - MpubOp BKIIOYEH B CeTh, OaTapes- TMOJHOCTBIO  3apsiKeHa
(pu ucnonb30BaHUU OaTapen)

JKENTHIN - MPUOOP BKIIIOUEH B CETh, OaTapes - 3apspkaercs (IpU UCTIOIb30BaHUH OaTapen )

5) OOGnacTb opraHoB ymnpasieHus (pPaCCMOTPEHBI Ha puC.2)

6) Pa3bém i KoMIIeHcaK TPOOHHUKA

7) Paswbem I BHEIIHETO 3amycKa mpuoopa

8) Bxonusie pazsembl kanaaoB CHI
n CH2 10) KHomnka BKJIFOYCHUS/BBIKITIO-
YeHHSI MEHIO

11) USB unTepdetic s MOAKIIOUEHUS BHEIIHETO 3alIOMUHAIOIIETO YCTPOUCTBA

12) USB untepdeiic s NOAKIIOUEHUS K KOMIIBIOTEPY

13 ) Pazsem RS-232 (mns moxmeneit ADS-2xxxMV) wim VGA (s moneneir  ADS-
2xXXMV u ADS-2031V)

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

15) Bunt nns nogkmouenus k "3emine" (kpome ADS-2031 u ADS-
2031V) 16)LAN untepdeiic

12



1.2. Crpykrypa u npuHiun aeicteus nudposoro ocumwiorpadga

Ha puc. 21 B npenenbHO ynpoIIEHHOM BHJE IOKa3aHa CTPYKTYpHas cxema
udposoro ocumwiorpada (110).

]

MK [y C)

Bxon
— MY AL _l\ o3y

\
A

oy

Puc. 2. Yopoiiennast cTpykTypHas cxema nudpooro ocumuiorpada (11O)

MY — macmtabupyroniee yCTporucTBO (YCHINTENb U JeTUuTeNnb Hanpsbkenns ); AL —
aHanoro-uudpoBoi npeodbpazopateib; O3Y — onepaTBHOE 3alIOMUHAIOIIEE YCTPOii-
ctBO; MK — MukpokoHTposuiep; 3Y — 3anoMuHaroniee yCTpoucTBo; D — 3kpan; OV —
OopraHsbl ynpasieHus ( KHOTIKH, PY4KH).

[poitns yepe3 MY, Bxoanoe Hanpsokenue U(t) mpeodpasyercs AL B quckper-
HYIO MOCIE0BATEIbHOCTD KOJOBBIX CJIOB Nj , 0TOOpa)karolux MrHOBEHHBIE 3HAYE-
HU Uj 3TOro HanpspbkeHus. Kaxxioe HoBoe kooBoe ciioBo 3anucbiBaetcs B O3Y. Ipu
ATOM BCE MPEABIIYIINE 3alTUCAHHbIC OTCUETHI CABUTAIOTCS HA OJIHY SYEUKY (pPEerucTp
casura), a cambiii epBbiii Ni ncue3aer, kak Obl «BbITasIKUBaeTcs». Eciun O3V co-
CTOUT U3 M siueek, TO B HEM, MOCTOSHHO OOHOBJISIACH, CONEPKUTCS M TOCIETHUX,
«CBEKHUX», KOJIOBBIX CIOB. Tak MpoAoJIKaeTcs A0 TeX Mop, TOKa He OyIE€T BHITTOJTHEHO
HEKOE 33J]JaHHOE YCIIOBUE, HAIIPUMEP, KOT'1a KaKoe-T1u00 U BOEPBbIE IPEBBICUT 3a/]aH-
HBIIl OepaTopoM ypoBeHb («3amyck Mo ypoBHIO»). [locne 3Toro coaep:xumoe HEKO-
TOporo koiauyectsa siueek O3V mepenuceiBaeTcs B 3alIOMUHAIONIEE YCTPOICTBO 3V,
BXOJISIIIEE B COCTAaB MUKPOKOHTpoJuiepa MK.

Kaxnoii siueiike 3Y cOOTBETCTBYET TOUKA HA SKPaHE MO I[BETY OTIMYAOIIASCS
ot ¢ona. EE abcruccy ompenenser HOMEp SYEHKH, a OpAUHATY KoJi0Boe cioBo Nj,
HAXOJAIIECECS B ITOU STYEHKE.

Jlst Xoporero n300pakeHus CUTHAJA Ha DKPaHe BIIOJHE IOCTATOYHO 2 TOUYKHU
Ha 1 mMm. CpenHux pazMepoB 3kpaH umeeT BbicoTy 100 mm u mmpuny 120 mm. Cre-
JOBaTENIbHO, Ha 3KpaHe N0JKHBI pacnosarathest 200 % 240 =48 000 Touek uim 6oee.

Taxkum o0pazom, ajst popmupoBanus xopouero usoopaxenus AL xo-
’KEH MMeTh He MeHee 8 NBOMYHBIX pa3psaaoB (256 Toyek nmo Beprukaau) u 3y
JMOJIZKHO COJIePKaTh 256 saueek.

Ho xomuyectBo siueek O3V mMoxkeT ObITh ropas3ao OosbIie. 3auem?

O no3BoJiAeT Aenarh 3aMeyaTeNIbHYI0 Bellb — 3anomuHath B O3Y oueHb
MHOT'O KOJIOBBIX CJIOB, @ TIOTOM «BBITSITUBATHY UX MOPIMUSMU, COOTBETCTBYIOIIUMU

IMpUHE dKpaHa. B aHamoroBwix ocumiuiorpadax 3To, KOHEYHO, HEBO3MOXKHO. Jlis
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0003HaYEeHUs 3amaca 1o OCU BpeMeHH («riyOrHa MmamsiTh») UHOTAA MOJIb3YIOTCS Ta-
KO OILICHKOMW JIJTMTETLHOCTY CUTHAJIA, TAaHHBIE O KOTOpOM 3anucanbl B O3Y: «uucio
sKkpaHoB». Hanpumep, «8 skpaHoB» 03Ha4aeT, uto 00béM namsatu O3Y He 256, a 2048
A4eeK, B KoTopbIx 3anucaHo 2048 konosbix cioB Ni. Kaxnoe N — 310 8-pa3psannblil
KOJI, T.. OJIUH OalT, T.4. «8 3KpaHOB» — ATO 00BEM MaMATH B 2 Kujobaiita. MoKHO
BOOOpa3UTh OUYEHb MIMPOKUM IKPAH-JICHTY — B 8 pa3 MIMpe HATYypajJbHOTO, HO TaKOU
e BbICOThI. Ha Takoi ienTe Obu1o ObI 3amucaHo U300pa)keHue Bcero curuana. Jinmna
ATOM JIEHTBI OKOJIO OJTHOTO METpPA.

YacToTy AUCKpPeTH3ANUN (4ACTOTY «BbIOOPOK») MOKHO M3MEHATH B IIH-
POKHX Ipe/esax, 4YTO0 COOTBETCTBYeT M3MEHECHUI0 MACIITA0A 110 TOPU30HTAJIM H
AHAJIOTUYHO N3MEHEHUIO CKOPOCTH Pa3BEéPTKHU B AaHAJIOTOBBIX ocuuLiorpadgax.

J{nst u3mMeHeHust macmTaba no BEpTUKAIM, KaK U B aHAJIOTOBBIX OCHUJIIOTpa-
dax, MOXXHO H3MEHATh KOA(D(PUIIMEHTHl YCUJICHUS WM JEJICHUS COOTBETCTBEHHO
BXOJIHOTO YCUJIMTES WM JACJIUTEIIS HAPSHKCHUS.

B nenom IO umeer Oombliie cXOACTBA C KOMIBIOTEPOM, YE€M C aHAJIOTOBBIM
ocisuiorpadoM. OH O3BOJISET BBINOIHATD PA3JIMUHbIC MATEMATUYECKHUE OTIEPaAIlUH:
pacTIruBaTh BO BpEMEHHU (PparMeHTHI 3alIMCAHHOTO B MaMSTh CUTHAJA, CKJIabIBaTh U
BBIYMTATh CUTHAJIBI B PA3HBIX KaHAJIAX, OMPEAENISATh YaCTOTHBIN CHEKTP CUTHAIA ITy-
TEM IPUMEHEHUS OBICTPOTO MpeodpazoBaHusi Pypre U MPoy.

1.3. OTo0paxkeHne CUTHAJIA HA 3KPaHe ocuuLIorpagda

OCHOBHBIM HEIOCTAaTKOM BCEX LM(PPOBBIX OcUULIOrpadoB SBISETCS, TO, YTO
OHHU paboTarOT HE B peasibHOM MaciuTabe BpemeHu. YTo 3T0 o3HavyaeT?

Ha puc. 2 npuBeieH cxeMaTH4eCKU pUCYHOK OTOOpaXKEHUsI CUTHAJIa aHAJIOTO-
BBIM OcHIHIITOTpadom, IIBETHOE T0Jie 0003HAYaeT 00JIaCTh PUCYHKA, OTOOpakaeMyto
Ha ’KpaHe (Kaap). 3ajepKKa MEXIYy KaJpaMH COCTaBJISIET BpeMsi 0OpaTHOTO Xoja
Jy4ya U PEryJiupyeMyl0 BPEMEHHYIO 3aJepKKy (MmeHyemyr B Poccum "craOuib-
HocTh'" 3a pyoexkom "HOLD") 3amycka pa3BepTKH JIsl MOJIyUYeHHsS] CTAOUIILHOW CUH-
XPOHHU3AMHU. JTO BpeMs IOCTATOYHO MaJjo MO0 CPAaBHEHHUIO C BPEMEHEM pa3BEpPTKU U
MO3TOMY €CJIM CUTHAJI OT KaJpa K KaJpy M3MEHSETCs, 3TO U3MEHEHHE HEMEIJIEHHO
0TOOpaxkaeTcs Ha dKpaHe, 3TO M €CTh OTOOpaKeHHE CUTHAJIa B peajJbHOM BPEMEHH.
JluHaMMKa CUTHaNa KaK M0 BEPTUKAJIU, TaK U MO -TOPU30HTAJIN COOTBETCTBYET U3Me-
HEHUSM BXOJHOTO CHUTHAJIA.

Bpena sagepssn

CITHAT OTo0padeH

Puc. 3

[udporoii ocrumiorpad HCHOJIb3yeT a0COIOTHO APYTrOd MPUHIUIT PaOOTHI.
BxonHoii curnan, B pazmMepe BRIOPaHHOTO Kaapa, MPONIs BCE BXOJHbIE YCUIUTENN U
atteHroatopsl noctynaet Ha ALIIL, rae npeoOpa3zyercs B UppoByIO POpMyY U MOCTY-

MaeT BO BHYTPEHHIOO MaMsTh JJi JajbHeime 00paboTku (MPUBS3KU K pa3BEPTKeE,
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BBIBOJY Ha JKpaH, U3MEPEHHUE MapaMeTpoB U T.I.), BpeMs 3TOH 00pabOTKU 1OCTa-
TOYHO BEJIUKO IO CPABHEHHUIO C BPEMEHEM Kajpa, 3aJepKKa MPH BBHIBOJE HA HKpaH
MOJIy4aeTCcsl OCTaTOYHO OoJbIasi, 4acTh MHPOpMaAMU OO0 HW3MEHEHMHM CHUTHaja
MEXIy KaJpamu Tepsercsa oecciieHo (cM.puc.4). DTO U €CTh 0TOOpaKEHUE BXOJHOTO
CHTHaJIa B HEpeaJbHOM MacuTabe BpEMEHHU - TTIaBHBIN HEJOCTATOK BCEX IU(PPOBBIX
ocumorpadoB. Ero MoxHO monsITaThes CriaJAnTh, HO H30eXKaTh Helb3s!

TITHAT MOTEPAH

1| 5 I I B NG |

— [Tpotece odpadoTERN

Puc. 4

Wtak, nepBoe UCKa)KEHUE CUTHAJA BOZHUKAET MPU JUCKPETU3AIMU BXOJHOTO
curtaia B AIIl. Yame Bcero B nudpoBbix ociuiorpadax UCIONb3YIOTCS 8- pas-
psanubie ALII - 370 256 0TCYETOB MO AMIUTUTYAE, YTO BIOJIHE JOCTATOYHO JJISI KCCIIe-
JIOBaHUsI CUTHAJA.

Ho xak BxonHo# curdan 3anuceiBaercs B ALII? TyT myTu pa3HbIX NponU3BOAU-
Teneit pacxozsaTcs. Camblif TPOCTOi crtOco0 - BEIOPATh KaK MOYKHO OOJIBIIIYIO YaCTOTY
JTUCKpETU3alK (UCXOs U3 COOOpaKeHHM 11€1eCO00Pa3HOCTU U TOJIOCHI IIPOITyCKa-
HUSI) U 3aMKcaTh UX B aMsTh. Takas TUCKpEeTU3alus, C ’KECTKO YCTaHOBJICHHBIM Bpe-
MEHEM MEX]y TOYKaMH JUCKPETH3allMK, HA3bIBACTCS MEPUOAUYECKON (MM pery-
JIAPHO) 1 ucnoas3yercs B ociusuiorpadax Tektronix.

[Ipu »3TOM crnocobe AMCKpEeTH3alUuy FeHepaTop, 3aJal0lni ar JUCKpeTH3a-
LM 3aIyCKaeTCsl OTHOKPATHO, €r0 CUTHAJI ITOKa3aH B BHUJI€ UMITYJIbCHOM MOCIea0Ba-
TEJIbHOCTH Ha puC. S.

[Tar quckpetuzanuu To 3agaeTcss nEPUOAOM UMITYJIbCOB, IOKA3aHHBIX HA PUC.
4, 4acToTa IMCKPETU3ALIMU PaBHA

Fi=1/To

Henocrarkom Takoro crnoco6a siBIseTcs T, YT0 HHPOpMAI MEXIy TOUKaMU
JTUCKpEeTU3alnK (KpacHbIe TOUKM HAJIOKEHHBIE Ha CUTHAJ) TepseTcs 0e3BO3BpATHO,
HE CMOTPSI Ha BBICOKYIO CKOPOCTh AUCKpETH3aluu (CM. puc 5 u 6) 1 00beM BHYTpEH-
Hel maMATH, B KOTOPOU TPOUCXOIUT AalibHEMIIas 00paboTka orpaHuyeH (HO 00 3TOM
HEMHOTO HIXe). JIOCTOMHCTBOM - MPOCTOTA M CaMoO€ TJIABHOE BO3MOKHOCTh HCCIe-
JI0OBaTh OJTHOKPATHBIE CUTHAJIBI C TOU K€ JOCTOBEPHOCTHIO, UTO U TIEPUOIUUECKUE.

Puc. 5
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EROBHOPH CHIHAN Otobpasxenme Ha sxpane

Puc. 6

EcTtecTBeHHO, M3MEHEHUST CUTHAJIA MEXITY TOUYKAMH JTUCKPETHU3AIMN HE OTOO-
pakaroTcsl Ha JKpaHe, MO3TOMY OTOOpa)KEHHE CHTHajla Ha SKpaHe MCKaKaeTcs, Kak
MOKa3aHo cIipaBa Ha pPHC.6, 3TOT "neeKT 3a105KeH KOHCTPYKTUBHO'".

3. OBBEKT NCCJIEAOBAHUA U OBOPYJIOBAHUE

OObeKTaMu HCCIIEIOBAHUS SIBIISIIOTCS DJICKTPUUYECKUE I MEXaTPOHHBIX
AJIEMEHTOB U CUCTEM.

J171st BBITOTHEHUST paOOThl HEOOXOAUM DJIEKTPOHHBIN ocimiuiorpad ADS-2111M,
reHeparop curHajoB cuernuanbHon Gopmbl AWG-4110, Habop 9acTOTHO3aBHCHMBIX
M YaCTOTHOHE3aBUCHMBIX JJICKTPUUYECKHX IIENel, MEXaTpOHHBIC AJIEMEHTHI U CH-
CTEMBI.

3.3AJAHUE HA PABOTY

1. N3y4unTh TEOpPETHUUYECKHUE CBEJIEHNUS, IPEICTABICHHbIE B HACTOSIINX METOIU-
YECKUX YKA3aHMAX U PEKOMEHI0BAaHHOU JIUTEpaType.

2. CpopmupoBaTh OTUET MO pabOTE C BOSMOKHOCTBIO JOMOJIHEHUS €r0 COOTBET-
CTBYIOIIIMMU JKCIIEPUMEHTAIBHBIMU JTaHHBIMHU.

3. I3y4uThb yCTPOMCTBO U MPUHIUIT paOOTHI AEKTPOHHOT0 ocuuiuiorpadga ADS-
2111M.

4. [IpoBecTr U3MEPEHUS, YKA3aHHBIC B I1.5 HACTOSAIINX YKa3aHWUU U 3aHECTH TO-
Jy4EHHBIE SKCIIEPUMEHTAIbHBIE TAHHBIE B OTUET.

5. I1oaroToBUTHE OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. IOPAOK BBIITIOJIHEHUSA PABOTBI

1. TmateabHO 03HAKOMUTBLCS C HACTOAIICH HHCTPYKIIMEH U U3YUYHUTh YCTPOMCTBO
anekTpoHHoro ociutorpadga ADS-2111M.

2. BxurounTth 25ekTpoHHBIN ocimiorpad ADS-2111M u moAroTroBUTh €ro K
pabore.

3. CoOpaTh 11eMb, BKJIIOYAIONIYI0 YaCTOTHO HE3aBUCHUMYIO JJIEKTPUUYECKYIO
nenb(puc. 3) reHepaTop CUTHAJIOB clieuaibHOM GopMbl M ocuusuiorpad:

16
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Puc. 7. Cxema 4aCTOTHOHE3aBUCUMOM 3JIEKTPUUECKOM LIETIH.

a) COeIMHUTD BepTUKAIbHBIN BX0 ociiiiiorpada ADS-2111M ¢ OCHOBHBIM BbI-
X0JIOM reHeparopa curayion creruaibHoi Gopmbl AWG-4110 u ¢ momoIipio pery-
astopoB "ammiuryaa' u '""yacrora Hz" ycTaHOBUTH BBIXOJHOE HAIPSKEHUE aM-
mutyaou 0,25B u yactotoit 100 I'i, ucnonb3ys BO3MOXKHOCTH ociiuiuiorpada;

0) coeAMHUTH BEpTHUKAIbHBIA BXx0J ocumiiorpapa ADS-2111M c¢ Beixogom
CXEMBI;
B) II0JIaTh Ha BXOJ LenH (pHC. 7) 3TO HANPSLKEHHUE ¢ TEHEPATOpa CUTHAJIOB,;
') U3BMEPUTH HANIPSKEHUE Ha BBIXOJE CXEMBI U ONPEICIUTh KOA(PPUIIUEHT yCu-
JICHUS LIETH.
4. CHITb YaCTOTHYIO aMILIUTY/IHO-(ha30BYIO0 YACTOTHYIO XapaKTEPUCTUKY U Tepe-
XOJIHBIW MPOIECC HAPACTAHUS HANIPSYKEHUS 1ICTIH.

Cobpath 11e1b, BKIIOYAIONYI0 YaCTOTHO3aBUCUMYIO DJIEKTPUUECKYIO LIeTh (MH-
TErPUPYIOIIETO XapaKkTepa puc. §), TeHepaTOp CUTHAJIOB CTIeIIHAIbHON (OPMBI (CHHY-
COMIAJIbHOE HANPSDKEHWE TOJaTh Ha BXOJ IIEMH) U OcIiuiorpad.

R,
] °
Bxon C 11 —r— BLIX0]J
O 1)

Puc. 8. HacToTHO 3aBUCHMast SJIEKTPUYECKas LIENb UHTETPUPYIOLLIETO XapakTepa.

a) COEMHUTh BEPTUKAIbHBIN BX0J ocuuiiorpadga ADS-2111M ¢ ocHOBHBIM
BBIXOJIOM reHepaTopa curHanos crneuranbHol popmsl AWG-4110 u ¢ momolibto
peryastopoB "ammiuryaa" u '""gacrora Hz" ycTaHOBUTBH BBIXOIHOE HaIIPSKEHUE
amruTynoi 1B u gyactotoii 0,1 ', ucronb3yst BOZMOXHOCTH ociiiiuiorpada;

0) coeaMHUTH BEpTUKAIBHBINA BX0 ocimiiiorpada ADS-2111M ¢ Bexogom
CXEMBI,

B) II0JIaTh Ha BXOJ Lienu (puc. 4) 3T0 HANpPsLKEHHUE ¢ TeHEpAaTopa CUTHAJIOB,;

') U3MEHSIS 4acTOTy BXOAHOTO curHajna B auanaszone 0,1 — 30 I'u ( 0,1; 0,5; 1;
5; 10; 15; 20; 25; 30 'y ), mpu 3TOM aMIUIMTY/ly CUTHAJIA HE MEHSITh, C IIOMOIIBIO
burypsl JIuccaxy CHATh YaCTOTHYIO aMIUIUTYHO-()a30BYI0 YaCTOTHYIO XapaKTepH-
CTUKY LIETIH;

17
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Puc. 9. K onpeaenennio  aMIiuTy 1HO-(pa30BOM YaCTOTHOM XapaKTEPUCTUKH
LENu:

371ech A — aMIunTyaa curama, P = arc sin K

5 CHaTb NEpexX0AHBIN TPOLIECC HapacTaHUsl HAIPSDKCHUS 1EIu:
a) YCTaHOBUTH Ha reHepaTope HampspkeHue B popme MeaHpa ¢ aMIumtyaou 1
B 1 yacToTo# npu KOTOpO# Ha dKpaHe YKJIaJIbIBA€TCA JiBa Neproja Kojaebanuit (mpu
ATOM JIOJDKEH OBITh YCTAHOBJICH «OKAYIIUN» PEKUM Pa3BEPTKH;
0) 3apucoBaTh NEPEXOAHBIM MPOLECC U OMPEACIUTh MOCTOSHHYIO BPEMEHU

HapacTaHUs HAMPSOKCHUS B CXEME, YYUTHIBAS KaJMOPOBAHHYIO TO JIMTEIHLHOCTH
HamnpspKeHUe pa3BepTku (puc. 6).

10

Uvyeran.

0,63 [T}'(‘TZ:'IH. //P—

ﬁ"—
TU

Puc. 10. K omnpeneneHuo MocTOSSHHOW BPEMEHHM HApacTaHUsI HANPSKEHUS B
cXeMe.

6. CoOpath 11emb, BKIIOYAIONTYI0 YaCTOTHO3aBUCUMYIO AJIEKTPHUECKYIO 1eThb (aud-
dbepennupyroiiero xapakrepa puc. 11), reHepaTop CUTHAJIOB CHelUalbHONW (OPMBI
(cuHyCcoManbHOE HAMPSDKEHUE TOAATh Ha BXO/ IIETH) U ocuuiuiorpad.

18
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Puc. 11. YactoTHO-3aBHCHMAs dTIEKTpUUecKas Lerb TudpepeHIupyomnero xapak-
Tepa.

a) COeIMHUTH BEPTUKAIBbHBIN BX0 ocimiorpada ADS-2111M ¢ 0CHOBHBIM BBIXO-
J0M TeHepaTopa curHayioB cnernuanbHoit popmer AWG-4110  u ¢ moMoIbko pery-
astopoB "ammumryaa' u "dacrora Hz' ycTaHOBUTH BBIXOJAHOE HANPSKEHHUE aM-
mutyaou 1 B u yactoroit 1 ', ucnonas3yst BO3MOXKHOCTH ocuusuiorpada;

0) coeauHUTh BEepTUKAIbHBIN Bxon ociuiorpadga ADS-2111M ¢ BeIxogom
CXEMBI;

B) 110JIaTh Ha BXOJ 1ienu (puc. 7) 3TO HANPSHKEHHUE ¢ TeHEpaTopa CUTHAJIOB,;

I') U3MEHSS 4acTOTy BXOAHOro curHajia B nuana3zone 1 — 400 I'ig (1; 5; 10; 15; 20;
50; 100; 200; 400 I'u ), mpu 3TOM AMIUIMTYAY CMTHAJIA He MEHATb, C IIOMOIIbIO
¢burypsl Jluccaxxy CHATh 4aCTOTHYIO aMIUTUTYIHO-()a30BYI0 YACTOTHYIO XapaKTepH-
CTHUKY LICTIH.

5. YKA3ZAHMUA 11O OPOPMJIEHHUTIO OTUYETA.

OT4et 0 paboTe TOKEH COAEPIKATh:
1. DneKTprUECKUE CXEMbI KaXKI0TO OTbITA.
2. TaGnwuiry (Tabin. 1) pe3ynbTaToB U3MEPEHUHN U PACUETOB.

Tab6m. 1
Yacrora = 2m fj lgwi| A 20 Ig Bi ¢i
I A
(fi)
f, Q lgwi| As 20lgA1| B: 01
f Q, lg wp| Az 201gA; | B P2
fi O lgwi| A 201lg |Bi Pi
Ai
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3. JlorapudmMuueckue aMIUIMTYIHO-()a30BbIE YaCTOTHBIE XapaKTEPUCTHUKH Ya-
CTOTHO3aBUCUMBIX JIEKTpUUYECKHX menel. Jlorapudpmudeckue ammmtygHo-(pa3oBbie
YaCTOTHBIC XaPAKTEPUCTUKHN YACTOTHO 3aBUCUMBIX JICKTPUUECKUX 1I€TIEH TOCTPOUTD
B Macmrade 2 MM - 1 b, 50 mMm - I nexaga, 1 MM - 1 rpaayc Ha ogHoM rpaduke.

4. [TepexoaHBIH MPOIECC CO BCEMU HEOOXOIMMBIMU MOCTPOSHUSMH U OTIPEICIICH-
HOM TTOCTOSIHHOM BpeMEHH Ty .

6. KOHTPOJIBHBIE BOITPOCHI

1. Kakue Tunsl ocumsuiorpads! Bbl 3HaeTe?

2. Yto Takoe aTTeHI0ATOp U Kakylo (DYHKIIMIO OH BBIMOJHSET B ocuusuiorpade?

3. JInst Kakux 1enen UCIoab3yeTcs «KayIas» pa3BepTka’

4. KakuMm 00pa3oM MOXKHO C MOMOIIBI0 ocluiiorpadga U3MEpUTh BPEMEHHbIE
MHTEPBAJIBI U aMIUTUTYAy CUTHaJ1a?

7. BUBJINOTPA®UYECKUMN CIIUCOK

1. T.C. Parxop. lludpossie uzmepenusi. Metroasl u cxemorexuuka. M.: TexHo-

cthepa, 2004.- 376 c.
2 . B.Il. IpsixonoB. CoBpemenHas ocipuniorpadus u ocipumiorpadsl. Cepust «buo-
ymoteka uHxxenepa». - M.: COJIOH-IIpecc, 2013. - 320 c: un.

3. B.JI. Kykym. Onexrpopaguonszmepenus. M.: Panno u cBs3p, 1985. — 368 c.
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JlabopaTtopHasi paGora Ne4
N3yyenue KOHCTPYKUMIA HHPOPMALMOHHBIX JATYMKOB MEXAHMYECKHUX BeJIH-
YHMH

1. HEJIb U 3AJJAYU UCCJIEAOBAHUA
N3y4yeHue npuHIUIOB pabOThl, KOHCTPYKIMIA, HA3HAYEHUSI JATYMKOB MEXaHU-
YECKUX BEJIMYMH, XapaKTEPUCTUK U METOJIOB YCTAaHOBKHU Ha peaykropax DCII.

2. TEOPETUYECKHUE CBEJEHUSA

B n1o060ii cnegsieit cucteMe MOKHO YCIIOBHO BBIJICNUTD JIBA KaHajla pacipocTpa-
HEHUS CUTHAJIOB  (CM. OJIOK-CXEMY 3JEKTPUYECKON ClensIlell CHCTEMbI B CTEHAE K
nabopatopHoit pabore):

1) xanan ynpasieHus (MH(GOPMALMOHHBIA KaHAN), IO KOTOPOMY TMEpeaaroTcs
CUTHAJIbI YIIPABIIEHUS C BX0/1a CIEASIIEH CUCTEMBI K O0OBbEKTY yIIPaBJICHHUS.

2) PHEpreTUUeCcKuil KaHaj (CUJI0Bask 4acTh), IO KOTOPOMY TpeoOpazyemasi SHep-
T'Usl paCTIPOCTPAHSIETCS] OT UCTOYHUKA TUTAHUS K 00BEKTY YIIPABJICHHUS.

DOneMeHTaMU KaHalla YOpPaBJICHUS SBIAIOTCS JATYUMKKA — PACCOTIIACOBAHUS
(M3MepUTETBHOE YCTPOICTBO), KOPPEKTUPYIOLIUE YCTPOICTBA, YCHIUTEIN HampsKe-
HUS ¥ MOIIIHOCTHU, UCTIOJTHUTEIIHHBIC JIEMEHTHI U MEXaHUYECKas nepeaada (CUiIoBou pe-
IYKTOP).

DHepreTHuecKuil KaHal CUCTEMbI BKITIOUAET B ce0sl MCTOYHUK MUTAHUS, BHIXO/-
HbIE KaCKa/lbl YCUIIUTENSI MOILHOCTH, UCTIOJTHUTENbHBIN JBUTATEIb, CUIOBOU PEAYKTOP.

B kanan ynpaBieHuss TUIIUYHOTO NpuOOpHOro aHanorooro ciuensmero DCII
BXOJIAT: JATUYMK PACCOIIACOBAHMS C UCIOIb30BAHUEM CUHYCHO-KOCHHYCHBIX WJIH JIU-
HelHbIX Bpamatonmxcs tpancpopmaropoB (CKBT wmu JIBT), ¢a3ouycTBUTENbHBIN
BBIIPSIMUTENb, CIIIAXKUBAIOMIMN (PUIBTP, YCHIIMTENb MOCTOSHHOIO TOKA, MOCJeI0Ba-
TEIbHOE KOPPEKTUPYIOIIEE YCTPOMCTBO, CYMMHPYIOIIEE YCTPOMCTBO, MOAYISTOP
JUTUTEIbHOCTH UMITYJIbCOB, YCHIIUTENh MOIITHOCTH, UCIIOJIHUTEIBHBIN IBUTATEIh U pe-
TYKTOp. B MUCKPETHBIX CEASIIMX MPUBOJIaX CUTHA OMMOKN (OopMUPYyETCS B yIIPaBIIs-
fotel BeraucutensHoi mamuae (YBM) i mukpokontpoiepe. U 3nech Hanbonee
gacTo HHGOPMAIHS O TEKYIIeM 3HAYEHUHU PETYIUPYEMOI BEIMYMHBI TIOCTYIAET IO Ka-
HajaM TJIaBHOW 00paTHOM CBsI3U ¢ TU(POBOTO AaTUHKA.

3. OFBEKT UCCJIIEAOBAHUSA U OBOPYJIOBAHUE
OOBEKTaMHU UCCIICAOBAHMS SBJSIOTCS HHPOPMAIMOHHBIC TATYMKA MEXaHUICCKUX
BennurH: CKBT(koHTakTHBIE M OECKOHTAKTHBIC), PEAYKTOCHHBI M HHIYKTOCHHBI, Ta-
XOTe€HEePaTOPhI MMOCTOSIHHOTO M IIEPEMEHHOTO TOKa, (DOTOUMITYJILCHBIC TATIYMKHA CKOPO-
CTH, TIOTEHIINOMETPHI.
4. 3AJIAHUE HA PABOTY
1.M3yunth Ha3HAUYE€HHE, KOHCTPYKIIMH, XapaKTEPUCTUKH JaTYMKOB MEXaHHUYeE-
CKHMX BEJIMYMH, U METOJIOB YCTAaHOBKHU Ha peaykropax DCIL.

2.I1o3HaKOMUTBLCS ¢ TUITMYHBIMH napamMeTpaM JaT4YUKOB.
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5. HOPAJOK BBITIOJIHEHUSA PABOTDI
1. U3y4uTh 3CKU3bI U NACHOPTHbIE XaPAKTEPUCTHKH JATYNKOB MeXaHNYe-
CKMX BeJIUYHH, IPeJACTABJIEHHbIE B METOANYECKHUX YKAZAHUSAX.
2. PazpaboTaTh 3CKM3 YCTAaHOBKH M3yUYEHHBIX TaTYMKOB Ha penykropax ICIIL.

6. YKA3AHMAA 110 OPOPMUIEHHUIO OTYETA
OTuer 0 paboTe NOJKEH COAEPHKATh.

1. HazHayeHue, 3CKU3 KOHCTPYKI UM, XaPAKTEPUCTUKHU (B BHAE TA0JIMLbI)
OIHOT0 M3 IaTYUKOB MeXaHHYeCKUX BeJIU4NH (BbIOupaem camu: BT-5; MBT-2;
SBT; 2,5bBT wiu Jir000i APYrou THII M3 METOAMYECKUX YKA3aHUH).

2. DCKHW3bl YCTAaHOBKHU TaTYMKOB Ha pexykropax ICII.

7. KOHTPOJIBHBIE BOIIPOCBHI

1. O0bsACHUTH PYHKUMOHAJILHOE HA3HAYECHHME U IPUHIUII PadOTHI JAT-
YHUKOB MEXaHHYECKHX BeJHYHH CJeIsIed cucTeMbl?

2. B ueM cocTOUT OTIMYME KOHTAKTHBIX U OeckoHTakTHBIX CKBT?

3. CurHaJibl Kakoro TOKa SIBJISIIOTCS Ha Bbixojie noteHuuomerpa, CKBT, Taxo-
reHepaTOpOB M (POTOUMITYJIBCHOTO AaTYHKa?

4. Yro npouzoiaer ¢ CKBT, eciu cylecTBEHHO 3alUTaTh €ro MOCTOSHHBIM
TOKOM?

8. BUBJIMOTPA®UYECKHUHN CIIMCOK

1. Caepsimue puBoasl. B 3 1. /Tlox pen.b.K. Uemonanosa. Tom 1- Mockga, U3 a-
Bo MI'TY um baymana, 1999r.-904cTp.

2. Cnepsutue nipuBoibl. B 3 1./ Ilox pen. b.K. Uemonanosa. Tom 2— M.: U3n-Bo
MI'TY um baymana, 2003r.-880 c.

3. IlpoexTupoBanue ciaeasamux cucreM. /Ilox pen. H.A. JlakoTel. - MockBa, Ma-
muHocTpoeHue, 1992r.-352ctp

4. Xpyues B.B. Dnexkrpuueckue MUKpOMAIIMHBI ABTOMATUYECKUX

yCTpOMCTB. -JIenunrpan: Sueprus, 1976r.-384cTp.
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IMPUJIOKEHHUE

Bpamaromuecs tpanchopmaropsl cepun BT-5.
Bpamatomuecs TpancopMaTopsl 3TON CEpUM IPEACTABISAIOT COO0M KOHTAKTHYIO ABYXIIOIIOC-
HYIO 4eTbIpéxoOoMoTouHyIo MamuHy. Kperuienune BT — 3a ynopusiii 6yptuk. Pexxum pabotsl — mpo-
nospkuTenbHbii. Macca BT cepuu BT-5 0,68kr.
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TounoctHble nokazarenu BT cepuun BT-5

Hopwma nis kitacca

[Toka3zarens Al 5 0 1 5
[TorpenHocTh 0TOOPaKEHHSI CHHYC
HOI1 3aBUCcHMOCTH, %o +0,02 0,04 +0,06 D o
AcHMMETpHSI HYJIEBBIX TTOJIOKEHUH]
poTtopa, yri. MUH 0.5 +1 1.5 - -
O/1C kBagpaTypHOUi 0OMOTKH, %0 0,125 0,25 0,375 — —
Ocratounas DJIC, % 0,015 0,02 0,03 0,02 0,04
HepasenctBo ko3¢ unmenTon 02 02 02 o L

tpanchopmaru, %o
[TorpemHOCTh OTOOpaKEHUS JTMHEN
HOM 3aBUCHMOCTH, %o

— — — 40,11 0,22

Texanueckue ganasie BT cepun BT-5

\ Hanpsokernue, B | Zo1, OM K |
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O6o3HaueHmne Ha3znaue Homunang Paboun
(tun) BT Hue BT HOE JIiara3oH
K®3.031.048 CKBT 40 0-40 200 0,53
JIII3.010.527 BTAII-J1
K®3.031.049 CKBT 40 0-40 200 0,96
JIII3.010.527-01
K®3.031.050 CKBT 60 0-60 400 0,53
JIII3.010.527-02 BTAIT-J1
K®3.031.051 CKBT 60 0-60 400 0,96
JIII3.010.527-03
K®3.031.052 CKBT 60 0-60 800 0,53
JIII3.010.527-04
K®3.031.053 CKBT 60 0-60 800 0,96
JIII3.010.527-05 BTAII-J
JIII3.010. 527-06 CKBT 60 0-60 1600 0,53
K®3.031.054
K®3.031.055 CKBT 60 0-60 1600 0,96
JIII3.010.527-07
K®3.031.104 CKBT 127 0-127* 400 0,56
JIII3.010.527-12
K®3.031.105 CKBT 127 0-127* 400 1
JIII3.010.527-13
K®3.031.064 JIBT 40 0-40 200 0,373
JIII13.010.527-08
K®3.031.065 JIBT 40 0-40 200 0,746
JIIII3.010.527-09
K®3.031.066 JIBT 60 0-60 400 0,373
JIII3.010.527-10
K®3.031.067 JIBT 60 0-60 400 0,746
JI13.010.527-11
K®3.031.106 JIBT 127 0-127* 400 0,373
JI13.010.527-14
* IIpU MOCTOSTHHOM aMIUIUTY/IE HAIIPSKEHUS BO30YXKIEHUS
TexHuueckue nanueble, odume At Bt cepun BT-5
HomunanbeHas gactoTa HanpsikeHust BO3OyxxaeHus, 11 500
JuamnazoH pabounx 4acTOT HANPSHKEHUS BO3OYKIeHHUS, [ 11 380-
1050
[TorpemntHoCTh crieroBaHUs TpaHCHOPMATOPHOHN AUCTAHIITMOHHON TIepeaayn,
yIJ1. MUH. 13
W3menenune kodpduiueHTa TpancGopMaiiy Npu U3MEHEHUH HaIPsHKEHUS
BO30YKIeHHUS, %o 0,02
N3menenue casura ¢asbl BeixoaHo D/1C npu n3MEHEHUH HaIPSKEHUS BO3-
Oy>XJICHHSI, YTJI. MHH. 8
M3MeHeHne HyJIeBOTO MOJIOKEHUS pOTOpa TIPY H3MEHEHUH HAIPSDKEHHSI BO3-
Oy>XIICHHSI, YTJI. MHH. 2
N3menenune kordduimenTa rpanchopmaiuu npu H3MEHEHHH TEMIIEPaTyphl
OKpy>aroten cpeasl Ha kaxbie 40°C, % 0,03




N3menenue cnpura (hassl Berxoanoi D/1C npu u3MeHEHUN TeMIepaTyphbl OKp!

skaroniel cpepl Ha Kaxabie 40°C, % 40
M3MeHeHne epexoTHOTO COMPOTHBIICHHUS KOHTAKTa IPU TOBOPOTE POTOpa

JIII3.010, Om 0,1
Yacrora BparieHus, 00/MHUH:
K®3.031 S)
JI13.010 60
MowmenT cTatuueckoro Tpenus, 10°H-m 13

Ycnosus skernyaranuu BT cepuu BT-5

BubGpannonusie Harpy3Ku:

Juana3on yactor, 1t Jlo 2000
YckopeHue, m/c? 100

Y napHble Harpy3Kku, M/c? 750
Temneparypa okpyxkaroien cpeasl, °C, % -60++100
["apanTuitnas HapaOoTKa, 4:

K®3.031 6000
JIII3.010 12000

Bpamawomuecs tpancgopmaropsi cepun MBT-2

Bpamaromuecs TpanchopmaTopsl 3TOM ceprur MPEACTABISIIOT COO0H KOHTAKTHYIO ABYXITOIOC-
HYI0 4eThIpéxoOMoTounyro MamuHy. Kpemnenne BT —  ¢uanneBoe ¢ ynopasiM OypTtukoMm. Pexxum
paboThl — MPOJIOJKUTEITBHBIH.

MBT-2
. 1 ]
*
S =
ale 3 7
T~
Se| -
1 :
93|
g 72
Tounoctaeie moka3atenu BT cepun MBT-2
Hopwma nns kitacca
IToka3aTenb A 5 0 1
HOI"peIUJIHOCTB 0T06pa>1;eHm cu- 10,02 10,04 10,06 101
HYCHOM 3aBUCUMOCTH, %o
AcCUMMETpHSI HYJIEBBIX MOJIOKEHY
POTOpA, YL, MHH 1 +1,5 2 3,5
Ocrarounas DJ1C, % 0,05 0,09 0,125 0,19
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HepasenctBo ko3¢ punmenton 115 125 130 45
Tpancopmanmu, %
Texauueckue nanasie BT cepun BT-5
Oo6o3HaueHne Hasznaue- Hanpsxenie, B =
(tum) BT nue BT HomunansHo€e Paboumii Zo1, Om K
JIMana3oH
SMBT-2-53 CKBT 30 28,5-31,5 500 0,56
JIBT

5 MBT-2-1090 CKBT 30 28,5-31,5 500 1

10 MBT-2-51I1 CKBT 28 2-28 1000 0,56

10 MBT-2-10I1 CKBT 28 2-28 1000 1

20 MBT-2-5I1 CKBT 28 2-28 2000 0,56

20 MBT-2-1011 CKBT 28 2-28 2000 1

Texnuueckue nanueie, oomme st Bt cepun MBT-2

[TorpenrHocTh 0TOOpaXKEHUS TUHEHHON 3aBUCUMOCTH, % +0,2
[TorpemHOCTh ceoBaHus TpaHC(HOPMATOPHOH AUCTAHIIMOHHOM Iepeaayu, yril

MUH:
ITpu xomiexTHOM nocraBke BT xnaccoB A u b 3
To xe kiaccoB 0 u 1 +5
[Tpu HexommnekTHOM nmocraBke BT kitaccoB A u b 16
To xe knaccoB 0 u 1 +10
HomuHanbHas gacToTa HanpspKeHUs BO3OyxaeHus, [ 400
JuanazoH pabounx 4acToT HampsKeHUs BO30yxaeHus, 11y 380-

525

N3menenue ko3 duumenta TpaHcopManuu Npu U3MEHEHUH HAPSXKEHUS BO3-

Ooyxnenus, % 0,1%
N3menenue ko3 dunmenta TpaHcGopMaluy Npu H3MEHEHHH TEMITEPaTyphbl

OKpYyXarorien cpeabl Ha kKaxasie 40°C, % 0,1t
YacToTa BpalleHus Bajia, 00/MUH: 60
MowmeHT cTtaTnueckoro Tpenus, H-m 0,001
Macca, kr 0,3t

Ycnosus skcrutyaranuu BT cepun MBT-2

Bubparmonnsle Harpy3Ku:
Jwnana3on yactot, ['11 o 1000
Yckopenue, M/c? 75
VY napHble Harpy3KkH, M/c? 750
Temmnepatypa okpy:xaromei cpensl, °C, % -60++100
OTHOCHTENBHAS BIAKHOCTh BO3AyXa IpH Temmeparype 40°C 98

%
["apanTuitnas HapaboTKa, 4: 2000

beckoHTakTHBIE Bpamawiuecs Tpancopmaropsl cepuu SBT
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Bpamatomuecs: Tpanchopmaropsl cepun SBT npeactaBisioT co0oii IBYXITOIIOCHYIO TPEX00-
MOTOYHYIO WJIM YeThIpEXxoOMoTouHyr MammHy. Kpernenune BT — 3a ymopssiii 6yptuk. Pexxum pa-

00Tl — MPOJOIKUTEIHLHBIN.

SEBT

515 ] ]

f o
wi T 1ddd1. —|. ey
8137 s

-

) & ] a

75

225 J 95

Texuuueckue nanneie, ooume ast BT cepun SEBT

HomunanbeHas gactoTa HanpsHKkeHus BO3OyxaeHus, 11
Juana3on pabo4nx 4acTOT HaMpsHKEHUS BO30y»)aeHus, [ 11

N3menenne ko3 dunmenta TpaHcGopmManuu npu H3MEHEHUH HANIPSHKECHHS

BO30YXaeHUs, Yo

400
380-4201

0,15

N3menenne ko3 dunmenta paHcGopManuy npu H3MEHEHHH TEMITEPATYPhI

OKpy»arolen cpeasl Ha kaxbie 40°C, %

0,8

HM3MeHeHne moJI0KEeHUS COTIaCOBaHUS TpaHC(l)OpMaTopHOﬁ JIMCTAaHIIMOHHOL

Iepeadn IpU U3MEHEHUH TEMIIEPATYPbI OKPYKAIOIIEH CPEbl, YIJl. MUH.

YacToTa BpalieHus Bajia, 00/MUH
MowmeHT cratudeckoro Tpenus, H-m:
JIII3.010.516

OcranabHBIX THUIIOB

Macca, kr

Yenosus skcruryarauuu BT cepun SbBT

BubpanuonHsle Harpy3Ku:

3
1000

0,0005
0,0025
0,81

Huanason yactor, ['1g o 2000
Yckopenue, M/c? 100
Y napHble Harpy3Kku, M/c? 1500
Temmnepatypa okpy:xaroiei cpensl, °C -60++70
OTtHocuTeNbHAs BIAXHOCTh BO3AyXxa npu temiepatype 40°C 98
%
["apanTuitnas HapaboTKa, 4:
JI13.010.516 u JII113.010.390 30000
OCTaJIbHBIX 5000
TounoctHbie nokasarenu BT cepun SbBT B pexume TIII
Hopwma a5 knmacca
IToka3aTenb 1 5 3 10*
ITorpemHoCTh ce10BaHus TPAHC
dbopMaTOpHOI TUCTAHIIMOHHOM TN +1 12 4 +10
penayu, yri. MUH
Ocrarounas 3/[C 26 26 26 50
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AcuMMeTpUsI HYJIEBBIX ITOJIOXKEHY L L o 1667
poTopa, yIrii. MUH '
HepagenctBo ko3¢ unmenton L L o 0.2
TpaHnchopmanuu, % ’

* 3gauenus npuseneHs! 11 BT tuma SBBT-2.

TounoctHbIe noka3arenu BT cepuu SbBT

ToKasaTens Hopwma nins knacca
0,02 0,05 0,10 0,3 0,4
Hovr‘pemHOCTL OTOpr@.)KeHI/I}I CUHYC 10,02 10,05 101 o o
HOM 3aBUCUMOCTH, %o
AcUMMeTpUs HYJIEBBIX MOJIOKEHUH 10,67 1167 13,33 L o
poTtopa, yri. MUH
Octarounas 9J1C, % 0,02 0,05 5 — —
HepasenctBo ko3 punmenton 1 25 5
TpaHnchopmanuu, % ’
HOfpeHIHOCTI) 0T060pa>1<eHHs{ nmHey o o 103 104
HOMW 3aBUCUMOCTH, %o
Ocrarounas DJIC JIBT, % — — — 0,1 0,2
Texnuueckue nanneie BT cepun S6BT
O06o3HaueHNe Haznauenue Hanpsxetine, B =
(tumr) BT BT HomunansHoe Pabounii Zo1, Om K
JMara3oH
JII3.010 CKBT 40 0-40 200 0,56
BTAIT-/]
JII3.010 CKBT 40 0-40 200 0,56
BTAII-/1
JII3.010 CKBT 40 0-40 200 0,56
BTAOII-/1
JII3.010 JIBT 40 0-40 200 0,72
BTAOII-/1
JII3.010 BTAII-TI 27 0-27 200 0,96
JIII3.010 CKBT 40 0-40 400 1
SBBT-2 BTIT-]1
JIII3.010 CKBT 6 0-6 20 0,56
SBBT-U

[Ipumeuanue: Bpamarouuiics Tpanchpopmarop SBBT-U npennaznadyen st paboThl B UMITYJIbC-
HOM HaIpsDKEHUH BO30YKJICHHS C aMIUIUTYJ0H UMITySIbCOB He O6ouiee 110B u aelicTByrolieM 3Ha4eHUU
ToKa He Oouee 0,5A.

BeckonTakTHBIC Bpamawmuecs Tpancgopmaropsl cepuu 2,56BT
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Bpamaromuecs: TpanchopmaTropsl 3TOH Cepur MPEICTABISIIOT COOOW JIBYXIONIOCHYIO TPEX-
WK 4eThIpEXoOMOoTOUHYIO ManHy. Kperienne — ¢uanieBoe, ¢ yopHbeIM 0ypTukom. Pexxum paboTsl
— OPOJOJKUTEIbHBIN.

2,56BT

Y51 (]

P25
@22

Y
o
N

64,2

Texauueckue ganuwie, oomue it BT cepun 2,5BT

[TorpemHocts oTOOpaXkeHus TuHeNHOM 3aBucumoctu 2,5bBT-JI, % +0,8
Ocrarounas D/1C 2,5bBT-JI, % 0,3
HomunanpHas yactoTa HanmpsbKeHUs Bo30yxaeHus, [ 400
JuamnazoH pabounx 4acToT HaNpsHKEHUs BO3OYKaeHus, [ 11 380-
21000
Yacrora BpalieHus Baia, 00/MHUH: 1000
MowmeHT ctatuueckoro Tpenusi, H-m 16
Macca, kr 0,13

VYcnosus skeruryatanuu BT cepun 2,56BT

BubpanuonHsie Harpy3Ku:

Huanason yactor, ['1g o 3000
Yckopenue, M/c? 200
Y napHble Harpy3Kku, M/c? 1500
Temmnepatypa okpy:xaromen cpensl, °C, % -60++100
OTHOCHTENIBHAS BIAKHOCTh BO3AyXa IpH Temmeparype 35°C 98

%
["apanTuiinas HapaboTKa, 4: 15000

Tounoctuele nokazatenu BT cepun 2,56BT*

HopMa JJIA KJ1accCa

[Tokazarens 3 5 10 20
ITorpemnocts cnegoBanus T,
YTJI. MHH:
2,5bBT-2 — — +10 +20
OCTaJIbHBIX THUIIOB +3 +5 +10 —
AcUMMETpUs HYJIEBBIX MOJOKEH] o o 47 +14
poTopa, yri. MUH B B
Ocrarounas 9J1C, % — — 0,2 0,3
HepasenctBo ko3 duimeHToB o o 02 03
tparchopmanuu, % ’ ’

TounoctHble nokazarenu BT cepuu 2,5bBT-C
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oKasaTens Hopwma s knacca
0,1 0,2

Hor‘peIUJJHOCTL OTO6pa>I;eHI/I}I cH- 101 10,2
HYCHOM 3aBUCUMOCTH, %o
AcUMMETpHSI HYJIEBBIX ITOJIOKCHE 13,33 16,67
poTOpa, yril. MHH
Ocrarounas DJ1C, % 0,1 0,2
HepasenctBo ko3 duiueHToB

o 0,1 0,2
tparcopmanmn, %

Texuuueckue nanubie BT cepuu 2,5bBT

O6o3HaueHue Hanpsenne, B
Hasnauenue Bl Pabounii Zo1, Om K m, 1]
(tum) BT HomunansHoE
JMana3ox
2,5bBT-]| BTAIT-A 12 0-12 200 0,56 2
CKBT
2,5bBT-I1 BTAII-IT 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 1
BTAII-nuddeper
an
Texunueckue nanneie BT cepun CKT
O6o3HaueHmne Hanpsienre, B
Hasnauenne BT PaGounit I, MA Usuix max, B
(tum) BT HomuHansHOE
Jana3oH
CKT-6465]/1 BTAII-A 36 34-38 170 8,5
CKBT
CKT-6465I1 BTAII-IT 36 34-38 50 6
CKBT

CKT-6465]/1 BTAII-JI, CKBT 36 32,4-37,8 190 8,5
CKT-6465I1 BTAII-IT, CKBT 36 32,4-37,8 50 6
CKT-432]1 BTAII-JI, CKBT 36 32,4-37,8 75 8
CKT-432I1 BTAII-IT, CKBT 40 36-44 50 28

Texnuueckue 1aHHbIe TaxoreHepatopos 1,6 TT'TI-2, 2,5TT'TI-6, 2,5TT'TI-10, TI120-6-0,5,
TI132-25-0,1, TI132-16-2,5 u TI150-100-1
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M
Niom, S, MB/ Ru,| SU/T| Jp, 10| 0

Tun THI 00/muH| (06/MuH) H, %Az, % Kays kOM  %/°C Ip(r-M; Il{OM oMl b
1,6TITI-2 3000 2 05 1 7 10| 0,04 0,49 5 0,05 300
2,5 TT'TI-6 6000 6 0,1 0,3 3 10, 0,02 6,9 8 0,04 1000
2,5 TI'TI-10 3000 10 05| 1 10 6 0,04 8 20 — | 1000
TI120-6-0,5 3000 6 1 2 5 10, 0,04 0,23 24,5 0,025 2000
TI132-25-0,1 3000 25 0,1{0,25 5 25| 0,02] 29,5 49| 0,01 2000
TI132-16-2,5 3000 16 —1 5 5 2 — 29,5 49| 0,01 2000
TI150-100-1 1500 100 — 125 2,5 10 0,1 360| 270 25 | 1000(¢

Taxorenepartop 4THU-3,2

Taraxoreneparop 4TU-3,2 — acHHXPOHHBII 0HO(A3HBIN C TOTHHIM HEMAarHUTHBIM POTOPOM.
Kpemnenue TI'A — ¢uanneBoe ¢ ynmopHsIM OypTUKOM. Peskum paboThl — MPOIOIHKUTEIBHBIMH.

TexHuueckue naHHbie TaxoreHeparopa 4TH-3,2

Hanpspxenne Bo30yxaenns, B
YacToTa HanpsbKkeHus Bo30yxaeHus, ['1
[ToTpebnsieMblif TOK BO30YyXAeHUS, A
HoMmuHanbHas yactoTa BpaieHus, 00/MuH
Kpytusna BbeIxogHOr0 HanpsbkeHus, MB/(00/MuH)
Henunennocts, %
Ocrarounas 3/1C, mB

[lepemennas coctaBistomas octatounor J/1C, MmB

TemnepaTypHblil KO3((HULIHEHT BBIXOIHOTO HanpsbkeHus, %/°C
TemneparypHbiit K03 PuIMeHT a3kl BBIXOHOTO HANPSKEHUs, YTI1. MUH/(
da30Basi HOrPEIIHOCTb OT U3MEHEHHUS YaCTOThl BPAILLICHUS, YTJI. MUH
Conporusienue Harpy3ku, KOm

MoMeHT cTatuueckoro Tpenus, 10*H-m:

MoMeHRT uHepIuu potopa, 10 'kr-m?

Macca, xr
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JlabopaTtopnasi paGora NeS

PaspaﬁoTKa CXEMbI H3MEPUTECJIBHOT0 KOMIIJIEKCA M ITPOBECACHUE 3aIIUCH
pacxoaa ;KUAKOCTH

I. HEJIb U 3AJIAYN UCCJIIEJOBAHUS
[TosrydeHne MpakTUYECKOTO HaBbIKa B MPOBEACHUH 3KCIICPUMEHTA, CBS3aH-
HOTO C U3MEPEHHUEM U PETHCTpAIMeH poIiecca, CBI3aHHOTO C OTPEICTICHUEM Pacxoa
KHUJIKOCTH. Perucrpanus nmpoBOJUTCS C MTOMOIIBI0 MAarHATOAJIEKTPUICCKOTO OCIIHII-
norpada.
II. TEOPETUYECKUE CBEAEHUS
N3mepenue pacxoja )KUIKOCTH TPOU3BOUTCS ITyTEM OIPEICTICHIS H3MCHCHHSI
Beca KUJIKOCTH B IMPOIIECCE OTIOPOXKHEHHSI pe3epByapa C KUIAKOCThIo. [list onpee-
JICHUS Beca KUAKOCTH OAJIJIOH MTOMEIIASTCS Ha KOHEI[ KOHCOJIBHO 3aKpeIIEHHON
Oanku. Ha BHENIHIOO ¥ BHYTPEHHIOIO TIOBEPXHOCTH OaJIKy HaKJICCHBI JBa TEH30PE-
3MCTOPA, BKIFOYAEMbIC B MOCTOBYIO CXEMY.

R1 RI

Lowrm

RS 1”3

e Uy

Puc. 1. Moct Yuncrona. 3aech: R1 u R4 — TeH3ope3uctopsl, R2 — moCTOSHHBIH,
R3 — mepemeHHbI, OCYIIECTBISAIOMNN 0aTaHCUPOBKY MOCTA.

Ucrounnk mutanust Uy, pe3uctopsl R3 1 R4 HaxoAsTCs B TE30CTAHIIUUU TY/1a JKE
¥ Toj1aeTcs BoIXOIHOM cUTHAN U cyry |

Tenzope3ucTop mpeaHa3HAYCH IS U3MEPEHUS CTATHYECKUX WIIH JUHAMUYCCKHUX
nedopmaluii B JeTalax U mpeoOpasyeT 3T aeopMaiiid B U3MEHEHHWE aKTHBHOTO
conpoTuBjeHUs. B HacTosmee BpeMs MPUMEHSIOT MPOBOJIOYHBIE, ()OJIBIOBBIE U TI0-
JYTPOBOJHUKOBBIC TEH30PE3UCTOPHI. [[pOBOJIOYHBIE TEH30PE3UCTOPHI COCTOST U3 T1e-

1 23
a) 8)
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TeJIb TOHKOM MpoBoioku  (auameTpoM 0.02..0.05 MM), HaKJIEEHHBIX Ha MOJIOCKY TOH-
kot Oymaru (puc.1.11,a).

Puc. 1. Tenzope3ucTopsl: a - IpOBOJIOYHBIH; O - PoJIbroBeIii;1 - mpoBoJIOKa; 2 -
OCHOBA; 3 - BBIBOJIBI; 4 - (hoJtbra.

Ota nojocka HakJIEUBaeTCA Ha JIeTajib U IpH JAeopManuu AeTalid MPOUCXOIUT
nedopMartys MPOBOJIOKH, IIPY 3TOM U3MEHSIOTCS JUTHHA |, IITo1ma s monepeyHoro ce-
YeHUS S U YJeIbHOE CONMPOTUBIIEHUE p MPOBOIOKHU. COMPOTUBIIEHUE TTPOBOJIOYHOTO
TeH3oAaTunKa JISKUT B ripeaenax 50...400 Om. @onabroBbie TEH30JATYUKH SIBIISTFOTCS
pa3BUTHEM IMPOBOJIOYHBIX. B HUX BMECTO pEUIETKH W3 MPOBOJIOKK MPUMEHEHA pe-
[IETKa U3 TOHKHUX MOJOCOK METaJUIMUeCKOW (OJIbIU TOIIMHOMN 2...5 MKM, HaKJIeEH-
Hasg Ha IJICHOYHYIO OCHOBY. [IpakThuecku MOKHO M3TOTOBHUTH PEIIETKHU JIHOOOTO
BHUJa. B yacTHOCTH, U1 ©I3MEPEHHS KPYTSIINX MOMEHTOB HCIOJIb3YETCS PO3ETOUHAS
KOHCTpYKIUs pertetku (puc. 10). ConpoTuBiieHHe (OJBIOBOTO0 TEH30JaTYMKa CO-
ctapisgeT 50...200 Om. KospduuneHT TeH309yBCTBUTEIHLHOCTH

_AR/R
TTOAIN

rre AR/ R - ornocurensroe nsmenerue COIIPOTHUBIICHUS TEH30JaTUMKa; AlT1 -
OTHOCUTENbHAS JAepopManvs MpoBoJOoKU. Koda(p(ULIHMEHT TEeH3049yBCTBUTEIBLHOCTH
JUISl TPOBOJIOYHBIX U (POJIBTOBBIX TEH30PE3UCTOPOB paBeH 1,8... 2,5.

[TonynpOBOIHUKOBBIE TEH30PE3UCTOPHI U3TOTOBIIAIOT HA OCHOBE T'€pMaHUs WIIU
KpeMHUs. OHU UMEIOT Pl IPEUMYILECTB: UX KOA(DPUIMEHT TEH304yBCTBUTEIBHO-
ctu B 60 pa3 Bhilie, pazMepsl perieTku MeHbline (3...10MM), 3HaUeHUE BBIXOHOTO
curdasa Oosbie. OJIHaKO UX YyBCTBUTEIBHOCTH K Temneparype B 10-20 pa3 Baiile,
4eM y IPOBOJIOYHBIX.

JI71s1 u3MepeHrst MOMEHTA Ha BAJLy UCIIOJIb3YIOTCS YEThIPE TEH301aTYUKa, KOTOPbIE
HAKJICUBAIOT IIOIIAPHO HA AMAMETPaAIbHO IIPOTUBOIIOJIOKHBIE CTOPOHBI BaJla MO YI-
J0oM 45° k ero obpa3ytorieit. TeH301aTYuKy ToI0MPAIOTCS U UCTIOIB3YIOTCS ITapaMH,
4TOOBI 00ECIEUNTh CTAOMIIBHOCTD B YCIIOBUSIX MEHSIOUIMXCS TeMmnepaTyp. TeHzoaat-
YUKU COEMHAIOTCS MO CXEeME MOCTa YMTCTOHA, MPU 3TOM BO3MOXKHA KalnuOpOBKa
IYHTOM. Bcnencresue Toro, 4To M3MEHEHHUE CONPOTUBIICHHS TEH30PE3UCTOPOB IIPU
nedopmanuu cocrapnsger 0,2 — 0,3 mporeHTa OT HAYaJIbHOTO 3HAYEHHUS, TO B TCH-
30CTaHLIMM MCIIOJIB3YIOTCS YCHIIMTENU MOCTOSHHOrO Toka ¢ MJIM — monyssarop —
YCUJIMTEb IEPEMEHHOTO TOKA - IEMOAYJIATOP. B HUX BXOAHOM CUTHAJI TOCTOSIHHOTO
TOKa Ha BXO/JI€ peoOpa3yeTcs B IEPEMEHHbIN TOK, YCUIMBAETCS OOBIYHBIM YCHUITUTE-
JIEM TIEPEMEHHOT0 TOKa M Ha BBIXOJIE BHOBBH IMPeoOpa3zyeTcsi B MOCTOSHHBIN TOK.
(MM — monynarop - aemoaynstop). Takue yCUIuTenn UMEIOT caMblii MUHUMAJIb-
HBIN npeid.
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Puc.2. CtpykrypHas cxema ycunurenss MM

Monynstop — kackaj, nmpeoOpa3yroniuil MOCTOSIHHBIA TOK B MEPEMEHHBIN WM
yIpaBJIsieMblid HANPSHKEHUEM T'€HEPATOP.
B npocreiiem cirydae MOLYJISITOP — AJIEKTPOHHBIN KJI¥OY, KOTOPBIM C TAKTOBOM 4a-
CTOTOM NEPUOJUYECKU 3aMBIKAET BXOHOM CUTHAJ Ha 3€MJIIO.

Curnan nepeMeHHOTO ToKa nocjae M ycunuBaetcst 00bIYHBIM ycriieHreM (09)
710 HEOOXOAMMOM BEIUYMHBI.

C nomompto JIM  yCHIIEHHBIN cUTHAT TPeoOpa3yeTcs B OJHOMOJISIPHBIA CUTHA.
B npocreiimem ciyyae ¢ TOMOIIBIO BBIIPSIMUTEIIS.

Hnst coxpanenus 3Haka Uy 00190 M 1 JIM ymipaBisieTcss CHHXPOHHO OT 3aj1a-
IOIIIETO TeHepaTopa ¢ YacToToi Moxysiiuu fr.

YacToTa MOIYJISIIUU OTPAHUYUBAETCS CBEPXY MAKCUMAJIBHYIO YCUIIMBAEMYIO Ya-
CTOTY:

fmax,, < 2fr

s momydeHus cursanga IOCTOSIHHOIO TOKa Ha BbIxoae ucnoisdyercs OHY
(punbTp HY — criaxkuBaromas 1erb), KOTOPbIA YCTPaHSET B BBIXOJHOM CUTHAJIE T1e-
PEMEHHBINM CUTHAJI ¢ 4aCTOTOW Moy isiiuu. B npocreiimem cimydae ®HY — 310 nHTe-
rpupyrtorias RC — erns.

B xauectBe M u JIM ucnons3yrorcs kiaroueBble 3eMeHTsl Ha bT u I1T.

fl

VT I
UET [] R U.BLQY

b Takok we

e " Sovn
: s .
[ay R i i L’*—"' I -
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Puc. 3. Ykymnénnasa npuHuUnuaibHas cxema ycuurenass MJIM.

e HanpA¥eHKe Ha Bxoae
YCHMHTENA CO CMEHOR

— ; 3HaKa

CHTHAN TaKTOBOR YacTOTH,
[on NoAaEaEMoi Ha h 1 M

0 o o I O

amMnnuTyAHO-MOoaYNHpOBES
HHEIA EXOAHEIM CHIHANTHM
CHIHAN HAa BbMO4E M

R
Ly CHIHEM NOCAE YCHNEHKMA
NEpEMEHHONO TOKA -
—I ﬂ ﬂ |_| ﬂ |_| |_| | t YCHNEHHEIA CHrHan
UUudoy
U
CHrHan Ha ecixoge A
—| ﬂ ﬂ t [0ETEKTOPA) CHHXPOHHOMD
Ut
U seix BRXOAHOA CHrHAN Nocne
GHY, KOTOPBIA YCTRaHAET
x\ b NPOOYKT DEemMomynALm

\

Puc. 4. I[I/Ial"paMMa CUTHAJIOB B OCHOBHBIX TOYKaX YCHUIIUTCIIA

CUHXpOHHBIN pekUM padboThl Kitoueit B M u JIM mo3BoJISIET BbIICTUTh Ha BbI-
XOJI€ 3HaK BXOJHOTO CUTHAJA.

U ~ (0,1+1)MkB/uac — docmouncmeso

Heodocmamox — manas moyioca npormycKaHus

fr ~ 10 xI't1 (00BIYHO)

I1l. OFBEKT NCCJIEAOBAHUSA N OBOPYJIOBAHUE
1. bayon AJist )KMAKOCTH, TOMEIIEHHBIN Ha KOHIIE KOHCOJIbHO 3aKPETUIEHHOM OaKH.

J) é)

2. Tensoctranuus «Tomas 2.
3. Pa3HoBec.

4. Ocntumnorpad AOC-5062.
5. MoHTaxHbie TPOBOA.

6. McTouyHMKM TUTaHUS.
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I CHIY 06mm‘4T ‘],Cm-xx r06mm“4|
Ocr, AOC 5062

Puc. 5. Cxema koMMyTanuu yCTaHOBKH. 37eCh: pe3uctopbl R2 u R3 — TeHzopesn-
ctopsl, uctouHuk nuranus AHT-1335, cxema cuaxponunsanuu (R1, TIIIT-40-400,
VD1, VD2)

IV.3AJIAHUE HA PABOTY
1. I3y4uTh TeopeTH4ecKUue CBeAeHUs, MPeACTABJIEHHbIE B HACTOAIIUX Me-

TOAUYECKHUX YKA3AHUSIX U PEKOMEH/I0BAHHOM JUuTEepaType.

2. ChopmupoBarb 0TUYET IO padoTe ¢ BO3MOKHOCTBIO JI0TIOJTHEHHUS €ro CO0T-
BETCTBYIOUIUMHU IKCIIEPUMEHTAJILHBIMY TaHHBIMH.

3. 3aperucTpupoBaTh 3aKOH U3MEHEHHUS pacxo/1a >KUIKOCTH B MPOIIECCE OMOPOXK-
HEHUsI pe3epByapa C KUIKOCTHIO.

V. ITIOPAAOK BBIIIOJIHEHHUS PABOTHBI

1. M3y4uTh KOHCTPYKLHIO, XaPAKTEPUCTUKH U CXEMY MOJKIFOYEHUS OCLHILIO-

rpada.

2. CocTaBUTh U3MEPUTEIIBHYIO 11€11b, BKIIFOUAIOIIYI0 TEH30CTAHIINIO, ICTOYHUK MTUTA-
HUs, 0OOMOTKY MTUTaHUs THAPOKIIANIaHa ¥ ociiiiorpad.

3. [IpousBecT TapupOBKY U3MEPUTEIHHON 1T W BHIOPATh OCHOBHBIC IMAPaMETPhI
BEPTUKAJIILHOTO KaHAIa ocuuiuiorpada UCXo/sd U3 pacueTa MOyYeHUS] MaKCUMalb-
HOTO MacITaba 3amnucH.

4. BpIOpaTh CKOPOCTh PETUCTPAIMH UCXOS U3 3aJaHHOW TOYHOCTH U3MEPEHUS Bpe-
MEHHBIX HHTEPBAJIOB.
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5. HpOI/IBBeCTI/I peTruCTpalio NI3SMCHCHHUS pacxXxoJa ) XKUJAKOCTH C IMTOMOIIbIO OCIIHUJLIO-

rpada.
6. O6paboTaTe OCLHHIIIOTpaMMYy.

VIi. YKA3ZAHUSA 1O O®OPMJUIEHUIO OTYETA
OTt4er noJDKeH conepkKarh:
- IPUHLIMIIAATIBHYIO CXEMY J1a00paTOPHOTO CTEH A,
- Ha3HAYCHHUE OCHOBHBIX 3JIEMEHTOB CTCH/IA;
- TAPUPOBOYHYIO Ta0NIHILY;
- OCHWIJIOTPAMMY HCCIIEyEMOTIO IPOLECCa.
VIl. KOHTPOJIBHBIE BOITPOCHI
1. HazHaveHue, yCTPOHCTBO M OCHOBHbIE PA3HOBUAHOCTH TEH30PE3UCTOPOB.
2. lIlpuBeauTe NpUMep UCNOJIb30BAHUSA B MHIKCHEPHOH NMPAaKTHKE U3MEPHUTE/b-
HOI'0 KOMILJIEKCA PacXoAa "KUIKOCTH.
3. KakoB MakcuMabpHBIN TEMIIEpATypa U BEC KUIKOCTH.
4. YeMy paBHO BpeMsl OIOPOKHEHUS pE3EPBYyapa.
5. Kak onpenenurs CKOpOCTh ONIOPOKHEHMSI pe3epByapa.

VIIl. BUBJIHOT PAOGUYECKHUN CIITMCOK

1. Bopornukos, C.A. MHbopManiioHHbIE YCTPOMCTBA pOOOTOTEXHUUECKUX CUCTEM :
yaebHoe mocooue st By30B / C.A.BopotaukoB .— M. : U3a-8o MI'TY um.H.D.ba-
ymana, 2005 .— 384c. : un. — (Poborotexnuka) .— bubimorp.B KoHIle KH. —

ISBN 5-7038-2207-6 /B iep./ : 191.00..

2. Dnexrpomexannueckue cucremsl/I.I1. Enenkas, H.C. Umoxuna, A.Il. [1lankoB. —
Tyna: U3n-Bo Tynal'V, 2009. - 214 c. (20 2x3.)
3. ABopsmmmn, b. B. Metposnorus u paguon3MepeHus: yued. mocodue miis By30B / b.
B. JIBopsmun .— M. : Axkagemusi, 2005 .— 304c. : un. (13 3x3)
4. Kotiok, A.®. Jlatuuku B coBpeMeHHbIX n3MepeHusx / A.@.Kotiok .— M. : Paguo
U cBs3b: ['opsiuas nmunus-Tenexkom, 2006 .— 96¢.: ui. (5 7k3.)
5. O@paiinen JI, XK. CoBpemennwsie patuuku: crpaBounuk / JI.Dpaiigen;mep.c
anr1.}0.A.3abonotHoii;mon pea.E.JI.CeunnoBa .— M. : Texnocdepa, 2006 .— 592c.

6. B. I. IpsixonoB. CoBpemenHas ociniorpadus u ocruuiorpadsl. Cepus «bruoimo-
Teka uHxxenepa». - M.: COJIOH-IIpecc, 2013. - 320 c: un.
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JlabopaTtopnas paGora Ne6

Pa3pa0oTka cxeMbl H3MEPUTEJIBHOI0 KOMILIEKCA W NPOBE/IeHUE 3aNIMCH HeCTa-
HHOHAPHBIX TEMIIEPATyp

I. LIEJIb U 3AJAYUN NCCIIEJOBAHUA
[TonyuyeHne NpakTUYECKOr0 HaBbIKA B MPOBEICHUH SKCIIEPUMEHTA, CBSI3aHHOTO
C U3MEpPEHUEM U perucrpanued terodusndeckor koopauHaTel T(t) © momormisio
TEPMOIIaphl 1 MAarHUTORJIEKTPUUECKOTO ociuiuiorpada.

Il. TEOPETUYECKUE CBEJIEHUA

[TpyHIMIT W3MEpeHHs] TeMIIepaTyp TEPMOAJIEKTPUUYECKUMHU IpeoOpa3oBarte-
JISIMU OCHOBAaH Ha SIBJICHUH TEPMOXJICKTPUYECTBA, OTKPBITOM B 1858T. pycckum aka-
neMUKoM @. DNUHYCOM.

OT0 siBIEHUE OOBACHSAETCS TEM, YTO BCE METAJLJIbl COCTOST U3 MOJOKUTEIBHO
3apSYKEHHBIX HEMOABM)KHBIX HOHOB M CBOOOIHBIX OTPULIATEIBLHO 3apSKEHHBIX AJIEK-
TPOHOB, KOTOPBIE MOKHO YIOJOOUTH CBOOOIHOMY a3y, 3allOIHSIOIEMY MEXMOJIe-
KYJISIPHOE IPOCTPAHCTBO. B pa3InuHbIX METAIIaX IFIOTHOCTH U IABJICHUE DJIEKTPOH-
HOTI'O ra3a IpH OJHOM M TOM K€ TEMIIEPATypE, pa3IuuHbl. ECIu CBapuTh WK CIasiTh
JIBE TPOBOJIOKU A (MeaHy10) U B (mnaTuHoBy10), Kak Moka3aHo Ha puc.l, To

A
2

1 t,
t B

Puc. 1. [Ipumep peanuzaimu npoCTEHIIEr0 TEPMOIEKTPUIECKOTO MPeod-
pasoBareiist

AJIEKTPOHBI U3 MEAHOU ITPOBOJIOKA HAYHYT NMEPEXOANUTH B INIATUHOBYIO. Eciin
nojorpeTh cnait 1 1o TeMneparypsl t mpu 3ToM Temrieparypa o crmas 2 octaHercs
HensMeHHoH (t, <t), TO B 1lenu, OCTaBJIEHHON U3 TPOBOJAHUKOB A U B, Bo3HUKaeT
TOK, T.€. LIENb CTAHET T€HEPATOPOM IJEKTpOIHEpTrUn. [IpoBOHNKH B paccMaTpu-
BAEMOM LN HOCAT Ha3BaHUE TEPMODJIEKTPOIOB, a UX COCAUHEHUS — TEPMOCIIAEB.

Kak mokazamu MHOTOYHCIICHHBIE OMBITHI, JJISI TEPMOIJICKTPUUECKON e
CIIPaBEJIMBO YPABHEHUE

EAB (t’to) =€ (t) €8 (to)’ (1)
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rae EAB (t’to ) — TOAC Buenu npu  HampaBieHuu oT A K B;
eAB (t) — TOIC B cnae 1;

€aB (to) — TOHC B cnae 2;

TOJC — TepMOAIEKTPOABIKYIIAS CUJIA.
[Ipu paBeHCTBE TemmepaTyp 00OOMX CIaeB paBHA HYIIIO, T.€., eciu t =ty

E.(tt)=0

B sTom cnydae

€ap (t) = €8 (to)

u, ciefoBaTeIbHO, ypaBHeHUE (1) MOXXHO 3amucath Tak:

S (t’ to) =€ (t) —€ (to ) , (2)
VYpaBHenne (2) gaeT BO3MOXKHOCTH OIPEACIUTH TEMIIEpaTypy, €CIId W3-

BectHbl TOJIC menu u temmepaTypa XOJoAHOro crnas. BennuuHa E.s (t,to)

MOXET OBITh U3MEPEHA C MOMOILBIO MUPOMETPUUECKOTO MUJIJIMBOJIBTMETPA WIIH
noreHuuomerpa. Temneparypy to, X0JIOZHOTO clias XKeJaTeIbHO B IIPOLECCE HU3-
MEPEHHI MOAAEPKUBATH IOCTOSIHHOM U CTPOTO onpeAeHHON. JIyume Bcero criai
(2) moMecTuTh B cpeqy, UMEIOILIYI0 TEMIIEPATypy PaBHYIO HYIIO, HalpUMEp, B
BOJY C TAIOLLUM JIbJIOM.

Marepuanbl  TEPMORJIEKTPOJOB MOAOUPAIOT TaK, YTOOBI BeJIMYMHA

E AB (t,to) ObIJIa BO3MOKHO OOJIBIIIEH.

Takum o0pa3om, U3MepeHue TeMIepaTypsl t B IPUHIIKMIIE BO3MOXKHO C TTIOMO-
IO TEPMOIJICKTPUUECKOH LIETH.

st Toro uro6sl uzmeputh TOJC, HECOOXO0AMMO B IETb TEPMOIIAphl BBECTH
AICKTPOU3MEPUTENBHBIN Tpubop. [locineaHee MOKHO BBITIOJHUTH JIHOO IO CXEME
«a», Pa30MKHYB XOJIOAHBIN crai, 1ubo 1o .cxeme "0", BKIIIOUMB U3MEPUTEIh B
pacceuKky OJHOTO U3 JIEKTPOJIOB (puc. 2).

[To cxeme "a" BMeCTO OHOTO XOJIOAHOTO CIasi MbI Oy/neM UMeTh ABa ( 2 u
21), a o cxeme «O» - nBa HeWTpanbHEIX (3 U 4 ).

J{71s1 TOrO 4TOOBI BKJIFOUEHUE B TEPMOAJICKTPUUECKYIO IIETb AICKTPOU3MEPHU-
TeabHOro npudopa He u3meHwna 3Hauenust TOZC, HeoOxoaumo,

g 5,
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Puc.2. Cxema BKITIOUEHUS U3MEPHUTEILHOTO TTprdopa

YTOOBI KOHIIBI IPUCOEAUHEHHOTO MTprbopa (2 1 2° unu 3 u 4) U OAMHAKOBYIO
TEMIIEpaTypy.

JIrobast TepMO3JIEKTpUUECKAs LIEMb XapaKTEPU3yeTCs CIEAYIOIIMMH OCHOB-
HBIMM CBOWMCTBaMHU:

1. A6comtotHas BenmunHa TOJIC He 3aBUCUT OT pacpeiesIeHUs: TEMIIepaTyp
BJ10JIb OZJHOPOJIHBIX TEPMOIIIEKTPOIOB.

Ot10 3HauuT, 4yTo BesmunHa TOJIC. He U3MEHHTCS, €CIIH, HAIIPUMEp, Harpe-
BaTh KaKyH-TO IIPOU3BOJIBHYIO TOUKY TEPMOIJIEKTPOIA.

2. Bennunna TOJIC He U3MEHUTCA MPH JTIFOOOM BKIIOYEHUHU TPOU3BOJIIBHOTO
TPETHErO MPOBOJIHUKA B Pa3pbIB TEPMOILIETIH.

I11. OFBEKT UCCJIENOBAHMA N OBOPYIOBAHUE
1. Moaens paboueid MoJI0CTH ABUTATENS.
2. Pabouas Tepmorapa.
3. KoHTposibHas TepMoniapa ¢ BTOPUYHBIM TPUOOPOM.
4. Ocmmmnorpad AOC-5062.
5. MoHTaxHbI€ IPOBOAA.
6. Ucrounuku nuranus 27B(AHT-1335), 27B —cunoBoe(APS-3320).
[lepen mpoBeeHNEM IKCIIEPUMEHTA HEOOXOAUMO U3YIUTh Pa0OTY CXEMBI.
[IpuHUMOMaNbHASA CXEMa YCTAaHOBKH MOKa3aHa Ha puc. 1

AHT-1333 ol APS-3320
l——O. ‘“—l r “ O ]
Y ( Pty ([

R

Moacan
; TIII-40-400 1 paGouedt
AN AS HoIOCIe
P "’('_;;L—” Teowon ABHTATEAR
].—l( V' e epuonapa
ol _rae
~

Ttu\ --'....r CHI Y l

Ocm ADC 062
Puc. 3. TlpunnunuansHas cxema yctaHoBkU. 3aeck: AHT-1335 —ucrounuk
MUTaHUsI OOMOTKH pelie, MOIIHBIM UCTOYHUK MOCTOSHHOTO Toka (APS-3320, mo-

nenb paboued mosiocTH aBurarens, cxema cuaxponmsaruu (R1, TTITT-40-400,
VD1, VD2)
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BcnoMorarenbHoe pese HE00XOOUMO I MOJKIIOYEHHUS MOIIHOTO HCTOY-
HUKA MUTaHUS TOCTOSIHHOTO TOKA, TaK KaK BBIKJIIOYATEb HE TTPEAHA3HAYECH JJIs T1e-
peKIItoYeHns OOIBIINX TOKOB.

IV.3AJAHUE HA PABOTY
1. U3yuuTh TeopeTHYecKHe CBeJAeHMs, NMPeACTABICHHbIe B HACTOSIIIUX
METOIMYECKUX YKA3aHUAX U PeKOMEHI0BAHHOM JInTeparype.
2. ChopmupoBaTh 0oTHeT IO padoTe ¢ BO3MOKHOCTHIO JONOJHECHUS €r0
COOTBETCTBYIOIIUMHU IKCIIEPUMEHTAIbHBIMY TAHHBIMU.
3. 3apeructpupoBaTh 3aK0H u3MeHeHus T(1) B mepexoiHOM pexume padoThbl
MOJIEITBHOTO JIBUTATEIIS.

V. [HOPAAOK BbIITIOJIHEHWM A PABOTBI

1. CocTaBuUTh U3MEPUTENBHYIO LIEIb, BKIIOYAOIIYI0 TEPMOIAPY U OCUUILIO-
rpad.

2. IlpousBecTr TApUPOBKY U3MEPUTENBHON LIETIH U BBIOPATh OCHOBHBIE Mapa-
METPbI BEpTUKAJIBHOIO KaHaja ocluuiorpada ucxoas U3 pacuera noxy4eHus Mak-
CUMAaJIbHOTO MacilTada 3ammcu.

3. BeiOpaTh CKOpPOCTh perucTpanuy UCXOoAs U3 3alaHHOM TOYHOCTU H3Mepe-
HUS BPEMEHHBIX UHTEPBAJIOB.

4. ITpoussectu peructparmio 1=f(t) ¢ momoikto ocumutorpada.

5. O6paboTaTh OCHHITIOTPAMMY.

VI. YKA3AHUA [10 OOPOPMIIEHUIO OTYETA
OTyeT JOJDKEH coaepKaTh:
- IPUHLIUIHAIBHYIO CXeMy J1a00paTOPHOTO CTEHAA;
- HA3HAUYE€HUE OCHOBHBIX 3JIEMEHTOB CTEH/IA;
- TAPUPOBOUYHYIO TaOJIHILY;
- OCLMJUIOTPAMMY HCCIIEyEMOT0 Mpolecca.

VIl. KOHTPOJIBHBIE BOITPOCHI

1. [lepeuncanTe HECKOJIBKO THIOB CIJIABOB, IPUMEHSIEMbIX /1JIf1 H3TOTOB-
JICHUS] TEPMOIIAP, U YKAXKUTE TeMIIePATyPHbIE JUANA30HbI X UCII0JIb30BAHUS.

2. IlpuBennTe mpuMep MCHOJIbL30BAHNUSI B HH/KEHEPHOH NMPaKTUKe U3Me-
PUTEJBHOI0 KOMILJIEKCA 3alIMCH HECTALIMOHAPHBIX TeMIeparyp.

3. KakoBa makcuMasbHas TemiepaTypa B pabodelt oJI0CTU JIBUTATEIIS.

4. Yemy paBHO BpEeMs BBIXO/1a IBUTATEIISI HA YCTAHOBUBIIMICS PEKUM.

5. Kak onpenenuTs HayaapHYI0 CKOPOCTh HAPACTAHUS TEMIIEPATYPHI.

6. Uemy paBHa BeTMUMHA TEMIIEpaTyphl B pabouei MOJI0CTH IBUTATENS CITyCTS
10 ¢ Havana paboTHI.

VIII. BUBJIMOTPAGUYECKHWI CITMCOK
1. BopotnukoB, C.A. MHupopMalinoHHbIe YCTPOCTBa pOOOTOTEXHUYECKHUX
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cucteM : yuebHoe mocodwue 11151 By30B / C.A.BopoTHukos . - M. : Uzn-Bo MI'TY
um.H.D.baymana, 2005 .- 384c. : un. - (PoboroTexHuka) . - bubanorp.B KOHIIE KH.
- ISBN 5-7038-2207-6 /B mep./ : 191.00..

2. Dnektpomexanudeckue cucteMbl/I.I1. Enenkas, H.C. Umoxuna, A.I1.
[TankoB. —Tyna: U3n-Bo Tynl'Y, 2009. - 214 c. (20 2k3.)

3. ABopsmuH, b. B. MeTtposorus u paguon3MepeHus : yued. mocooue s
By30B / b. B. JIopsmus .- M. : Akagemus, 2005 .— 304c. : w. (13 2k3)

4. Kotrok, A.®. JlatTunku B coBpeMeHHBIX u3MepeHusix / A.d. Kotk .— M. :
Panno u cBs3b: I'opsiuas munus-Tenexkom, 2006 .— 96¢.: ui. (5 9k3.)

5. ®paiigen JI,K. CoBpeMeHHbIe JAaTYMKU: cripaBoYHUK / J|.Ppaiinen;mnep.c
anr1.}0.A.3abonotHoi;non pea.E.JI.CBunnioBa .— M. : Texnocdepa, 2006 .—
592c.

6. B. I1. IpsixonoB. CoBpemenHas ocuniorpadus u ocipuiorpadsl. Cepust
«bubmoreka unxenepa». - M.: COJIOH-IIpecc, 2013. - 320 c: u.

JlaGoparopHnas pabora Ne7
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N3y4deHne XapaKTePUCTUK CUCTEMbI «DJIEKTPOMAIINHHBIN YCUIUTEb C
NONePeYHbIM M0JIeM - IBUTaTe b MOCTOSSTHHOI0 TOKA C He3aBUCUMBbIM BO3-
OyKIeHUEeM»

. HEJIb U 3AJJAYU UCCJUIEJOBAHUSA
N3yuuTh npuHIUN paboThl 3JIEKTpOMAIIMHHOTO yeunutens (OMY), cuctemsl
OMYVY-]I, cocTaBUTh MaTeMaTHYECKYI0 MOJIETh CUCTEMbl U MPUBUTH HABBIKU I10
OTpEeITICHUIO TapaMETPOB MOEIIH C TOMOIIBIO KCIIEPUMEHTA.

Il. TEOPETUYECKUE INOJOXEHUSA

Onekrpudeckue caeasaiue npuo sl (ICII), padoraromue - mo cucreme "Iiek-
TPOMAILIMHHBIN YCUIIUTENb C MOMEPEYHBIM MoJIeM - aBuratens” (OMY-/]) nomy-
YUK IUPOKOoe npuMeHeHne B TexHuKe ¢ 30-40 rr. B HacTosmee BpeMst B CBSI3HU €
Pa3BUTHEM MOJYNPOBOJHUKOBOE TEXHUKH 00JIACTh UCIOJIB30BAHUS ITUX CUCTEM
cokpartunack. OnHako B psije odnacreit Texuuku ICII, pabortaromue no cucreme
OMYV-]I, mpoA0JDKAIOT UCTIOJIB30BATHCS B JUANA30HE MOIIHOCTENW OT COTE€H BATT
710 AECSTKOB KHJIOBATT. ITO 00YyCIOBIEHO psiaoM ux gocTouHcTB. DCII ¢ DMV n
JIBUTATEJISIMU OOBIYHOT'O HCIIOJIHEHMS JOIMYCKalOT 3HAYUTENbHbIEC (B 2- 4 paza)
KpPaTKOBPEMEHHBIE NIEPETPY3KH [0 MOMEHTY, IPUBOJIBI CO CIEUAIBHBIMH JIBUT'a-
TEJSIMU TIO3BOJISIET YBEJIMYUTH EPErpy3Ky no MomeHTy 10 10 pa3. ITpu atom BO3-
MO>kHa (hOpCcUPOBKA CKOpocTH ucnioaHuTenbHoro asurarens (M) no 150% ot Ho-
MHHAJIbHOMU.

[Ipu nuTaHuM NPUBOAHOTO ABUTATENS OT CETH nepeMeHHoro Toka JCII
CO3JaeT JJI1 CETH CUMMETPUYHYIO Harpy3Ky U HE BHOCUT UCKKEHHU B (popmy
KPUBOM MUTAIOIIETO HAMPSKEHUS.

OCII ¢ DMY MOXHO UCIIOIB30BATh JJIs yIPaBICHUS 00bEKTaMHU, MO/I-
BEP>KEHHBIM TUKOBBIM MOMEHTHBIM BO3MYILIEHUEM, MPU MUTAHUHU OT CETEN Orpa-
HUYEHHOW MOIIHOCTH (TepEIBUKHBIE TU3EIbHBIE JIEKTPOCTAHIUHN, Ta30BbIE TYP-
Oounbl u T.1.). [Ipu 3TOM 3Heprus, norpednsemas ICII, MeHbllle HEOOXOIUMOI, a
JOTIOJTHUTENbHAS SHEPT U IOCTYNAET OT BPAIAIOIINUXCS 4YacTe MPUBOAHOTO JIBU-
ratess OMY u camoro OMYV.

[MpunmunuansHas cxema JCII, paboraromero mo cucteme "OMVY-J1", npen-
cTaBJieHa Ha puc. .

B cucreme "OMVY-/I" s5neKTpOMAIIMHHBIA YCHUIUTENb BBINOIHIECT (YyHKIUH
YCWJIMTEIS MOITHOCTH. OMY ¢ mornepedyHsIM MoJieM MpeACcTaBisieT coO00H crieru-
aIBHBINA TEHEPATOP, OTIIMYAIOIIHIACS O0JBITNM K03 durmenTom ycunerus. Koad-
(unuent ycunerus MY no momuoctu cocrapuser 102 - 104 Sxops DMV BbI-
NOJIHEH TaK K€, KaK U SIKOpb OOBIYHOM MalIMHBI MOCTOSHHOTrO Toka. Crarop
UMEET:

a) OJHY WM HECKOJIbKO OOMOTOK YTNpPABJICHUS;

0) 0OMOTKY KOMIIEHCAIUU;

B)  JIONOJIHUTEIbHbIE OOMOTKH, YIyUIIAIOIIUE YCIOBUSI KOMMYTAIIHH,
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Puc. 1. Ilpunuunuansnas cxema ICII, paboratomero no cucteme "OMY-1"

Ha xosiekrope sxops IO NPOJOJBHOW U IIONEPEYHOU OCSAM PACIOJIOKECHBI
metku. l{eTkn nonepedyHon ocu 3aMKHYTHl HAKOPOTKO. [IprHIMnaneHas cxema
OMY mnpencraneHa Ha puc. 2.
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Puc. 2. [IpununnuansHas cxema OMY

OOMOTKHM, YIydIlIalOUIMe YCIOBUS KOMMYTAllUM, HE OKa3bIBAIOT CYIICCTBEH-
HOTO BIIUSIHUSA HAa JUHAMHYECKUE XapaKTEPUCTUKU CHCTEMBI, a TOJLKO MpUOIIH-
AT KOMMYTAlMIO K UICAIbHOM, IO3TOMY B JAJIBHEUIIEM IPU aHAIU3€E JUHA-
MUKH CUCTEMBI UX YUYUTHIBATh HE Oyaem.

Ha oOMoTKy ynpaBneHust nonaercsi Hanpsbkenue Uy oT mpenBapu-
TEJILHOTO YCWJINTEIS, BbI3bIBaOIIIee HEOOIbIION MOTOK ynpasiaeHus @D, . Bo Bpa-
HIAOIIEMCS IKOpE Ha MmornepeyHbix merkax HaBoautcs JJ1C. B 3aMKHYTOM KOH-
Type MOMEPEYHBIX METOK M3-32 MAJIOTO COMPOTUBIIEHUS OOMOTKH SIKOPSI TIPOTE-
KaeT 3HAYNUTEIIBHBI 110 BEJIMYMHE TOK, KOTOPBIN BBI3BIBACT IONIEPEYHbIN OTOK Dy,
MOCJICHUH B CBOIO o4epeab HaBoauT pabouyro D/C Eq Ha MpOAOJIBHBIX IIETKAX.
[Ipu Harpyske pabounii TOK CO3JaEeT MOTOK peakiuil sikops Dy, HANpaBICHHBIN
MPOTHUB MOTOKA yMNPaBJICHUS U pa3MarHUYMBaIONIUK MamuHy. UToObl M30€XKaTh
CYIIIECTBEHHOT'0 OCJIa0JIeHUs MOTOKA YIIPaBJICHHUS, MOCIEIOBATEIHLHO B CUIIOBYIO
IeTb BKJIFOYEHA 0OMOTKA KOMITEHCAIMH, KOTOpasi co3aaeT noTok My, HampaBieH-
HBI BCTPEUYEHO MOTOKY peakuuu sikops. Beipaxkenue nisa I/C, pa3zBuBaeMon
OMYV, umeer BU
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E, =k, —Sl;,

rie 6= 77ky - ko3 punrent kommnercauuu SMY.
HanpsikeHre Ha BbIXOJIE€ YCUIIUTEIS
U, =Eg _(54' Ry )'d-
13 nocnenHero BeIpakeHUs! BUAHO, YTO HAKJIOH BHEIIHUE XapaKTEPUCTUKU 3a-

BUCHUT OT BCIINYMHBI KOB(b(i)I/IHI/IGHTa KOMIICHCAaIIuH. Paznnuaror CICOYOIIHUEC pPC-
ZKHUMbI KOMIICHCAaIluH.

1. HenoxomMmeHcarmu f >0 Wy > W,
2. PexxuM moJtHOM KoMmencaruu no motokam Wy = W

3. Pexxum nepexommencarmn - ¢ <0, Wy <W,

Ecmm 6 =—Ry, 109MY nmeer a6comoro YETKYIO BHEIIHIOIO XapaKTepH-
CTHUKY, HAIIPSDKEHHUE HA BBIXOJE PaBHO Eqo u ne saBucur ot toka Harpysku (pe-

’KUM IIOJIHOE€ KOMIICHCAIMM 10 HaIpsDKEHUI0). BHemHss xapakrepuctuka OMY
IIpEACTAaBIICHA HA pHUC. 3.

A
& <-R, MEPEKOM-
IIEH-
Eyo =K1, ¢=-Ry canus
¢=0
} HEJIOKOMITEHCA-
>0
st

»
»

Puc. 3. BHemHss xapakrepuctuka MY

MexaHnueckue xapakTepucTuku cucremsl "OMY-/1"npencras-
JSI0T COOOM MapauiebHbIe MPSMbIE JIMHUA U OMUCHIBAIOTCS YPABHEHUEM

Mds :Mn _fgde’

rac:
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M, = Cu ki;
R,+R +& 77

_ CeCM
R,+R +&

[Tpu onucanum nuHamuku cucteMsl "OMY-/I" B mepBoM NpuOIMKEHUN MOXKHO
npeHedpeys BIUSHUEM UHAYKTUBHOCTEH MPOAOIBHON e U OOMOTKH yTIPaBICHHUS,
B3aMMOWHAYKTUBHOCTEH OOMOTKHU YIIpaBJICHUSA M KOMIICHCAIIUH, TOTIEPEYHON peak-
LUEN SIKOPS, BIMSHUEM ITOTOKOB PACCESHUS, BAXPEBBIX TOKOB U IPYTUX siBjieHU. To-
rJa JMHAMUYECKUEe CBOMCTBA cucTeMbl "OMY-/[" MOXKHO M3ydaTh C TOMOULIBIO TIEpe-
JATOYHOM (DYHKILIHUH:

¢06 ( p) ky / Ce
y 2 0
p|T, TP+ T, +T,+°=p+1
CeCM
T _ J()e R}za
M CC -DJICKTPOMEXaHNICCKasA MOCTOSIHHAs BPEMEHU
e~ m
CHUCTEMEI,
T = i .
q R -DJIEKTpOMAarHuTHas MOCTOSTHHAsI BPEMEHU ITONIEPEYHOU LICIIH.
q

Ecru <=0 1o nepeaaTouHas GyHKIUsS OyaeT UMETh BH]I

k, /¢,
p(T, p+1)(Tq +1)'

W'(p)=

B crendmux cucteMax MCHOJIB3YIOTCS ClIeTKa HEIOKOMIEHCUpPOBaHHble OMY,
TaK KaK MEPEKOMIICHCALUSI MPUBOAUT K TOMY, UYTO 3BEHO BTOPOTrO MOPSAJIKA CTaHO-

BUTCSl KOJieOaTeabHbIM, a MPH JAaJbHEHIIEeM YBEIMUYCHUU |§ | (Cf < 0) U He-

YCTOUYUBBIM.

I1l. OFBEKT NCCJIEAOBAHMUS U OBOPYJIOBAHHUE
JlaGoparopnas yctanoBka BkirodaeT DCII, paboraromnuii mo cucreme "OMY-J[" u
JonoaHuTeNbHbIE 3eMeHThl. Ban N/ coequnen ¢ Taxorenepatopom tuna TI'TI-1. Ot
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pa3IMYHBIX Y4aCTKOB AnekTpuueckoil cxembl DCII cnenanbl BEIBOABI K MEPEKIIOYA-
Temo "ociuinorpad" Ui U3ydeHUs] MPOX0KIEHUSI CUTHAJIOB YIIPABJICHUS T10 3Jie-
MEHTaM CXEMBI, B TOM YHCJI€ U TIO CUJIOBOM YacCTH.

[IpenycMoTpeH BapuaHT UCCIeI0OBaHUS PaOOTHI CUIIOBOI 4YaCTH CUCTEMBI OT BHEIII-
HEro HMCTOYHMKA CHUTHaja. s 3Toro mpeaycMOTpeH IMepekiitoyaTelb OOMOTOK
ynpasienuss OMY. [l uccienoBaHus CTaTUYECKUX XAPAKTEPUCTUK CHCTEMBI B
CTEH/I€ TPEAYCMOTPEH BHYTPEHHUH PEryJIupyeMblid MCTOYHUK MOCTOSTHHOTO Toka (0-
27 B). HampsikeHue BHYTpEHHEr0 UCTOYHUKA U HAIPSKEHUE, pa3BUBAEMOE Taxore-
HEpPaTOpOM IMPHU HCCIECTOBAHUU CTATHUYECKUX XapAKTEPUCTHK, MOXHO HU3MEPUTh
BCTPOCHHBIM JIBYX MPEACIbHBIM BOJIbTMETpOM ¢ npeaenamu 0-20 u 0-100 B .

JUist BBIOTHEHUS! pa0OThI HEOOXOANMBI:

1) HU3KOYACTOTHBIN reHepaTop ¢ auanazoHoM dactoT 0.05-20 ' (I'6-26);

2) muskouacTtotHbI ocimiuiorpad (Cl-19, C1-30);

3) BOJBTMETpP MOCTOSIHHOTO TOKa ¢ TipejaesnioM udmMepenus ao 100 B.

IV.3AJAHUE HA PABOTY

1. M3yunts npuHuun padboTel cucteMbl "OMY-/I" U MO3HAKOMUTBHCS C TEXHUYE-
CKUMH XapaKTEPUCTUKAMHU €€ FIIEMEHTOB.

2. DKCIEPUMEHTAIBHO CHATh PETYJIMPOBOYHBIE XapaAKTEPUCTUKU CUCTEMBI U OIIpe-
JENIUTh KOA(PGUIUEHTHI IEpeaun OTIEIbHBIX 3JIEMEHTOB.

3. CHATB NEPEXOIHYI0 U aMIUIUTYAHO-YaCTOTHYIO XapaKTEPUCTHKHU IO CKOPOCTH
JIBUTATENS U COCTaBUTh MEPEAATOUHYIO (DYHKIIMIO HECKOPPEKTUPOBAHHOM ClieAsIen
CUCTEMBI.

V. ITOPAJOK BBIIIOJIHEHUSA PABOTHBI

[. UccnenoBanue peryIMpoOBOYHBIX XapaKTepUCTHK cucteMsl "OMY-/[" u onpene-

JeHre Kod(pHUIIMEHTOB Mepeauu e€ HIEeMEHTOB.

I. Tloctpoenne 3aBucumoctn U, = f( L)J - PETYJIUPOBOYHON XapaKTEPH-

cTuk OMY:
a) YCTaHOBUTH Tipese usMmepenus soapr™erpa 100 B;

0) yCTaHOBHTB MepeKIouaTessb cTenaa "ociunnorpad" B monokenne U,, umon-

KJIFOYUTH K KJIEMMaM BOJIbTMETD;
B) MOCTaBHUThH MEPEKIIOYATETh OOMOTOK YIIPABJICHHS B MPABOE MOJIOXKECHHE, a TIe-

PEKJII0YATE b BCTPOEHHOTO BOJILTMETPA - B ojiokeHue U y
') BKJIIOUYUTH HAMPSHKEHUE TUTAHUS;
1) 3a7aBas UyHOTeHuHOMeIpOM B nipenenax 0- 18 B, depe3 kaxasie 2 B, cHATH

saucumocts U, = f (U y) U U300pa3uTh e€ Ha rpaduke;
e) o rpaduky onpeaenuts kodpduimeHt ycunenus MY mo HanmpsHKEeHUIO ky .

2. Onpenenenne 3apucumoctn 2, = f (U y):

a) OTKJIIOYUTH OT CTEH/IA BOJILTMETP;
6) ycranosurs U, =0;
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B) MEPEKIIIOUYUTh BCTPOCHHBIN BOJIBTMETP HA U3MEPEHHUE HANPSHKEHHS TaXOreHe-
paTopa, MepeKIIIourB [IePEeKII0UaTeIb BOIGTMETPa B ronoxerne U, ;

I‘) MCIJICHHO YBCJIMYMBasA U y » OIIPCACIUTHL MOMCHT TPOTI'aHMA ABUIATCJIA, IIPHU

9TOM U me CTaHCT OTJIMYCH OT HYJIA,

J) IePeKIIF0YMB BOIBTMETp B mostokenne U, HaliTh HanpspkeHue ympaBieHus,
COOTBETCTBYIOIIEE MOMEHTY TPOTAHUSI IBUTATES;
€) HauMHas OT HANpPsHKEHHs yrpapyieHus Tporanus U, uepes kaxubie 2B 1o

18B cHATE 3aBUCUMOCTE Qag = fl (U ¥ ) , IPU  3TOM 4aCTOTA BPALLEHUs ONPEAECIUTh
o (I)OpMy.He QO@ = Ume /kmz ’

) ocTpouTh 3aBucumoctr €2, = T (U y)I/I Q,=f, (U ()8), U1 TOCTPOEHUS
BOCTIONIB3YHTECH PE3yJIbTaTaMU MPEIbITYIIUX U3MEPEHUH;
3) o rpaguky 2, = f, (U o6 ) OnpeaenuTb KO3 PUIIMEHT epeaun IBUTraTes.

I1. U3yueHue AMHaMUYECKUX XapaKTepUCTUK cuctem "OMY-/"
1. CHatpe nepexoaHbii mporecc mo ckopoctu U/

a) moxKiIo4aTh K kiiemmam U, ocimiorpad Cl-30, mpeaBapuTeIbHO yCTaHO-

BUB €r0 YyBCTBUTEIBLHOCTD B nosioxkeHue 10 B/cMm, a paszBepTky - B mosoxkenue 0,1
c/cM (TpU UCTIOJIB30BAHUU IPYTOT0 OCIHIILIOrpada yCTAHOBUTH YyBCTBUTEIBLHOCTD U
CKOPOCTb Pa3BePTKH MPUOIU3UTEIHLHO COOTBETCTBYIOIIIHE);

0) MOCTaBUTH MEPEKIIIOYATETh 0OMOTOK YIIPABJICHHS B HEUTPAIBHOE TOJIOKEHUE;

B)ycranoButs U, = 10 B;

T') TO0XAaB, MOKa MOSBUTCS Jy4 ocuuyiorpada B KpailHEM JIEBOM TOJIOKECHHH,
MEPEKITIOYUTH MepeKiitouaTer 00MoTok MY B npaBoe MoJoKeHUE, T.€. MoAaTh Ha
oOMoTKy ynpasnenus 10 B;

1) 3apUCOBATh C MOMOIIBIO KaJIbKU MEPEXOIHBIN MPOLIECC U, CUUTAsl €r0 anepuo-
JTUYECKUM, OMPEAECIUTH 110 HEMY JJIEKTPOMEXAHUYECKYIO MOCTOSHHYIO0 BPEMEHU CH-
cremsl "OMY-JI".

2. CHATHE aMILTUTYAHO-YaCTOTHON XapaKTEPUCTUKU CUCTEMBL:

a)I0CTaBUTh MEPEKII0YATENb 0OMOTOK yIipaBieHuss DMV B HeHTpaibHOE MOJIO-
JKEHHE U MOJAKJIIOUUTH BBIXOJ T€HEpaTOpa CUHYCOUIAIHLHOTO HAMPSHKEHUS K OJTHOU
13 00MOTOK yrpaBiieHus. [Ipu 3ToM reneparop nomkeH uMeTh Ha Beixojie 10 B;

0) moaBasi HAa OOMOTKY MpaBJICHUSI HaNIpsKeHUe ¢ aMuTynoi 10 B u vactoramu

fi=0.05, 0.1,0.2, 0.5,1.0, 2.0, 5.0,10.0 u 20.0 I't;, CHATb OTHOCHTEILHYIO
aMIUTUTYTHO-YAaCTOTHYIO XapaKTEPUCTUKY MO YacTOTe BpalieHus auratens. OTHo-
CUTEJIbHAS aMIUIMTY/IHAsl YACTOTHAS XapaKTePUCTUKA CTPOUTCS MPH YCIOBUH, UTO HA
gactote f1 = 0.05 ' He mMpoMCXOIUT 3aBajia aMIUIMTYHONH YaCTOTHOW XapaKTepH-
ctuku. JlanHbie 3aHecTH B Ta0IUILy 1.

Tabmuma 1
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fi wj= 27tfi Lg « Ai/ Al

I'm. A
0,( 0,314 -0,503 A Al Aq
10 62,8 1,796 Asg Agsl Aq
20 125,6 2,098 Ag Ao/ Aq

B) IIOCTPOMTH YACTOTHYIO XapaKTEPUCTUKY CUCTEMbI B MacITade
2,0cm - 10 ob;
1 nexama - 5 cM,
I') almpoOKCUMHUPOBATH ITOCTPOCHHYIO YaCTOTHYIO XapaKTEPUCTUKY IepeIaTOUHOU
1

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

1) CPAaBHUTH MOJIyYEHHOE 3HAUCHUE IEKTPOMEXAHUUECKON TOCTOSIHHON BpEeMEHH!
cuctembl "OMY-JI" ¢ mosiydeHHbIE B 1.1 ¥ 00BACHUTH BO3MOXKHOE PACXOK/ICHUE pe-

3yJIbTaTOB;
€) UCIOJb3Ys BBIIIEC MOJYYEHHBIE PE3YIbTaThl, COCTABUTh MEPEAATOUHYIO (hYHK-
W'(p)= k, /¢,
o cucteMsl 'OMYVY-]1" B Buze: - -
AT B p(T, p+1)(T, +1)

V1. YKA3AHUA 11O O®OPMJIEHHIO OTUHETA
OTyeT JOJDKEH coaepKaTh NPUHLIUNMAIBHYIO CXEMY Cleasiee cuctemsl "OMY -
J["', TeXHUYEeCKUE JaHHbIE DJIEMEHTOB CUCTEMBI U PE3YJIbTaThl U3MEPEHUI B BUJIE Ta0-
JUI ¥ Tpa(UKOB, a TaKKe HEOOXOIMMBbIE BBIKJIAJKA U pacueTHble (hOpMYJIbl, IPUBE-
JICHHBIE TI0 TyHKTaM BBIIIOJIHEHUSI PaOOTBHI.

VIl. KOHTPOJIBHBIE BOITPOCHI

1.Kakyto ¢ynkiuto Beimonnser OMY B criensmieit cucreme?2. Ilepeuncaure no-
CTOMHCTBA U HEAOCTATKH CIEISIINX MPUBOJIOB, paboTaromumx no cucteme "OMY-J[".

3. Kakue OMY wucnoinb3ytores B DCII: He1oOKOMIIEHCUPOBAHHbBIE, IEPEKOMITEHCH-
POBaHHBIC UJTH TIOJTHOCTHIO CKOMITCHCHPOBAHHBIE TI0 MATHUTHBIM TTOTOKaM?

4. Ecnu OBl Ipu ONTUCAHUM AUHAMUKHU cUCTeMBI "OMY-J[" HeoOxoaumMo ObLIO OBl
YUUTBHIBATH '"peaKiuio aKkops', TO B KAKOH TNIOCKOCTH 3TO ObLIO Obl HE00X0IUMO?

5. Ot kakux GaKkTOPOB 3aBUCUT HAMPSHKECHUE YIIPABICHUS TPOTAHUS JBUTATEIIS?

VIIl. BUBJUOTPA®UUYECKUN CITUCOK
1. ITerpoB B.W. 1 mp. DnekTponpuBOA CUCTEM yNPABIEHUS JIETATEIbHBIX arrapa-
ToB. M.- Mamunoctpoenue, 1990, 360 c.
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2. Apmenckuint E.B., @ank ['.b. Dnekrpuyeckre MukpoMamnebl. M. - Beicias
mkona, 1975, 340 c.
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JlabopaTtopnas paGora Ne§

OHpeIleJIeHI/Ie mapamMeTpoB MEXaHUYECCKOI'0 NIBHKCHUA

|. HEJIb 1 3BAJAYUN UCCIIEAOBAHUA
[losmyyeHne NpakTUYECKOTO HABBIKA B IIPOBEACHUM 3KCIIEPUMEHTA, CBSI3aHHOTO C
M3MEPEHNEM U PETUCTPALMEN TOKOB ITapaMETPOB MEXAHUYECKOTO IBUKEHUS C IIOMO-
IIBIO AIIEKTPOHHOT'O OCLIuIorpada.

ll. TEOPETUYECKUE CBEJIEHUA

JIiis u3MepeHust U perucTpaiuy napamMeTpoB JIFOOOTO JBUXKEHUS, B TOM YUCIIE U
MEXaHUYECKOT0, C TOMOIIBIO AIEKTPOHHOIO oclmuiorpada HyHO HEOOXOMMO BHA-
Yasie BKITIOYUTh Pa3BEPTKY, TO €CTh M3MEHEHUE MTapaMeTPOB PETUCTPUPYEMOTO Ipoliecca
JIOJDKHO Ha4aThCsl HECKOJIBKO MO3KE 3aITyCKa pa3BepTKu. JIJ1st 7Toro HeoOxXoamumo /10 Havasa
npoliecca 3arycy MoJaTh UMITYIIBC JIIs 3aITyCKa pa3BepTKU, paOOTAIOIIEH B KITyIIEM pe-
KUME, TIepel N3MEHEHUEM TapaMeTpoB HcciiemyeMoro nponecca. OIUH U3 BapHAHTOB
CXEMbI CHHXPOHU3AINU U MOJIKITIOUEHHS OCIyuIorpada ajisi isMEpeHus: U perucTpaluu
napaMeTpoB MEXaHUUYECKOTO JBHKEHUS MOKa3aH Ha puc. 1.

©
JaTuHk
Br pene . Ocipimnorpad
Brn mitarHia CHHXPOHIT3 AL 01 . "BHemHAT CI-H']'X])OHI‘TSHLH"D;I"
—— . J
m e T T @

VD1

+0

DMEKTPOMATHHT

+—0©
©

_P ene | DIIEKTPOMArHHT
VD2

Unnrr

T t
| |
| | Ocimmnorpad "Bxon"
|/
| |
| 1
| 1
I
[ !

DIEKTPOMATHHT

J_ © Octmmnorpad

”(-)6].[[ "

Puc. 1. Cxema CHHXpOHHM3ALIMH U TTOKITFOUEHUS ocLuniorpada /it iBMEpeHuUs 1
pErucTpaLyy NapaMeTpPOB MEXAHUYECKOTO JIBUKEHHUS

I11. OBBEKT UCCJIIEAOBAHUMA U OBOPYTIOBAHUE
1. JlabopaTopHasi ycTaHOBKa JJis ONPEICTICHUs] BHICOTHI MAJICHUSI 00BEKTa U
YCKOpEHHE CBOOOIHOTO IMaJICHMUS.
2. DAeKTpOHHBIN ociuiuiorpad ¢ 3aluchio Mpollecca.
3. MoHTaxxHbI€ TPOBOA.
4. HcTOYHUK MUTAHUA MOCTOSIHHOTO TOKA.



IV.3AJAHUE HA PABOTY
1. U3yunTh TEOpETUUECKNE CBEICHHUS], ITPEACTABICHHBIE B HACTOSIIIIUX METOU-
YECKUX YKa3aHMUAX U PEKOMEHIOBAHHOU JIMTEPATypE.
2. Onpenenutpb BBICOTY MaJIeHUsI O0BEKTa U YCKOPEHUE CBOOOIHOTO MaACHUS
10 XapaKTEpHbIM TOYKAM HadaJla ¥ KOHIIA IPOLECCa U 110 BEJIMYMHE BBICOTHI ITaJie-
HUS.

V. IIOPAJOK BBIIIOJIHEHUA PABOTEI

1. IlpenBapuTenbHO U3MEPUTH BBICOTY MAJICHUS TPY3HKa JJISl OIPENCIICHUS
YCKOPEHUSI CBOOOJHOTO MaICHHS.

2. CocTaBUTh U3MEPUTEINIBHYIO 1IETIb, BKIIOYAIOIIYI0 OCIIMILIOrpad), cxemy CuH-
XPOHU3AIUH, PEIEHHO-KOHTAKTHBIN JaTYHK, SJIEKTPOMArHUT U UCTOUHUK MATAHUS, UMe-
o1 Hanpsbkenue (25-27)B.

3. YcraHoBUTh Ha ocuuiuiorpade KAYyIIy0 pa3BepTKy IIUTEILHOCTHIO S0
MUJUTUCEKYH/I.

4. BKIIOYUTHh Ha TIEpPEeIHEH MaHeld HCTOYHUK MUTAaHUS U yCTAaHOBUTH Ha
ANEKTPOMArHuTe rpy3uK.

5. BKJIIOUNTB pene CUHXPOHU3ALNH.

6. O6paboTaTh OCHMUIUIOIPAMMY, TO €CTh ONPEACIUTD JJIUTEILHOCTH MpoIlecca
Y PaccYUTaTh BBICOTY MaJCHUSI.

7. PaccunTtaTh BETUYUHY YCKOPEHHUSI CBOOOHOTO MaICHHUS.

VI. YKA3AHUS 110 ODOPMIJIEHNIO OTUETA
OT4er NOMKEH COepKaTh:
MPUHLIUNHATBHYIO CXEMY UCCIIEAYEMOU 2JIEKTPUIECKOM 1IETIH;
OCITUJJIOTPaMMYy UCCJIEIYyEeMOTO MPOIIecca;
HE0OXOIMMbIE PACUETHI.

VII. KOHTPOJIBHBIE BOITPOCHI
1. IlpuBeauTEe NPUMEP MCIOIb30BAHUS B HHKEHEPHOI NMpaKTHKe Jladopa-
TOPHOM YCTAHOBKM JIJISI ONIPe/e/IeHUsI BbICOTHI NMaJIeHUsl 00beKTAa U YCKOPEeHUs
CBOOOHOT0 MA/ICHUS.
2. UeM MOXHO OOBSICHUTh HETOYHOCTb U3MEPEHUS?
3. Kak MOKHO MOBBICUTHh TOYHOCTh U3MEPEHHUSI.

VIII. BUBJIMOTPA®UYECKUI CTTMCOK
1. Komunn A.B. JlaTuvky cpeacTB TMAarHOCTUPOBAaHMS MauH. — M.: Mammu-
HOCcTpoeHue, 1984r.-120 c.
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JlaGopaTopnasi paGora Ne9

HccnenoBanue XapakTepUCTHK Tpeodpa3oBaTelisi MOCTOSIHHOIO TOKA
B NepeMeHHbI Ha MpUMepe MPUBO/IA EPEMEHHOT0 TOKA AMILTUTY/HO-4a-
CTOTHOTO YIPaBJIeHUS

. HEJIb U 3AJIAYU UCCJUIEJOBAHUA
W3ydeHne MeTo0B YIIpaBiICHU ACHHXPOHHBIM TpeX(a3HbIM IBUTATEIEM: X
anmnapaTypHOM peai3allid U XapaKTEpUCTUK ABUTATENs IPH ITHUX CHoco0ax
YIIPABJICHHUS.

Il. TEOPETUYECKUE CBEJEHUSA

B coBpeMeHHBIX CeAsmux cucTeMaxX MMPOKO IPUMEHSIOTCS OECKOIEKTOP-
HbIE MPUBOJIBI IEPEMEHHOIO TOKAa. B KauecTBe NBUTaTesiel HCHOJb3YIOTCA CHUH-
XpOHHBIE U aCUHXPOHHBIC JBUTATENU C ABYX(a3zHoil unu TpexdazHoi cTatop-
HBIMH OOMOTKaMHU.

Cucrembl yrpaBlieHUsS] ACHHXPOHHBIM 3-(ha3HbIM JBUTATEIIEM

1. OcHoBHBIE TPeOOBAHMS K CHCTeMe YIIPABJIEHHSI ACHHXPOHHBIM /IBU-
rareJjiemMm

PaccMoTpuM BOMpPOCHI MOCTPOEHUSI CUCTEMBI YIPaBICHUS aCUHXPOHHBIM
3-(ha3HBIM IIEKTPOIBUTATEIIEM.

Cucrema yrpaBiIeHUs] aCHHXPOHHBIM JBUTATEIIEM JT0JDKHA 00eCIIeUunBaTh pe-
T'YJIMPOBAaHUE CKOPOCTH MPHBOA B HCOOXOAUMBIX MpEaeax U ee peBepc.

J1J1st 3TOrO B YIPABJISIOICH CHCTEME peaan3yeTcs CIeAYIOIINA 3aKOH yIIpaB-
sieHus no yacrore f.;

fC = fp Te (1)

B mpuHIMNuanpHON cXxeMe pealu3yroTCs COOTBETCTBYIOIIUME UM HaIpshKe-
Hust. JIs MOoy4eHHs CKOJIBKCHHS B KaHAJl YaCTOTHOI'O YIPAaBICHHUS BBOIUTCS
HOJIOKUTENIbHAs 00paTHas CBSA3b IO CKOPOCTH JBHUTATENIs, Oaroaaps ueMy mosiB-
JISICTCSI BO3MOXKHOCTD YITPABJICHHS 3TOM KOOPAMHATOM COTJIACHO CXeMe, TOKa3aH-
HOI Ha pUCyHKe 1.

MO

—7 + 1 .
! t .
Pucynok 1 — Cxema cucremsl yripaBineHust AJl 11 OIy4eHUs] CKOJIbXKe-

HUA S
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fy — )Kemaemast WM yrpaBIsIroIas 4acToTa;
€ — a0COIIOTHOE CKOJIBKEHHUE POTOPA, ONPENEieMOe KaK pa3HOCTh JKejae-
MO (yIpaBJIsiolei) 4acTOThl U YaCTOTHI pOTOpa

YacToTa noJjst peatn3yercsi B ONpeIeIeHHOM JTHara3oHe:
fin < foo <o

min
O6BI‘-IHO fmin =O,1fn.ax . I[J'I}I praBJIeHI/IH C MCHBIIMNMH, YEM HpI/I fcl - fmin

CKOPOCTSIMH JIBUKEHHS HCIIOIb3yeTCsl aMIUIUTY/IHOE YIIPaBJIEHHE.
B cTpyKType ynpasisionieil cHCTeMbl 00eCIIeYMBaETCs YACTOTHO-aMILIUTY/I-
HOE YIIPaBJIEHUE C PEBEPCOM U OT/ayeil SHEPTUH B CETb.
OCHOBHBIM PEaIM3yEMbIM ITAPaMETPOM SIBIISIETCA YACTOTA, YTO CIIELYET M3
IPONOPIMOHAIBLHOCTH CHHXPOHHOM CKOPOCTH YaCTOTE MUTAIOLIEr0 HAIPSKEHUS:
2 f

Q=—5 2

n
OaHOBpEMEHHO BO3HUKAET HEOOXOIUMOCTh PETYJIUPOBAHMS HAIIPSKEHUS UC-
TouyHMKa nuTaHus. /JC 0OMOTKHM cTaTOpa aCHHXPOHHOT'O ABUTATENS IPONOPLH-
OHaJIbHA YaCTOTE U MOTOKY.
E=kg-f. 3)

[IpenebOperas najgeHueM HaIpsLDKEHUS HA OOMOTKaxX craropa
2, y2 ~
AU, =1 r7+x; =0, (4)

MOYHO 3aMKcaTh
U, ~E ~k¢-f . (5)

N3MeHeHue 4acTOThl MUTaHUs TTO3BOJISIET PETYIUPOBATH CKOPOCTh KaK BBIIIIE,
TaK ¥ HIKE OCHOBHOI (.

[Ipu perynnpoBaHuy BbIIIE OCHOBHOU CKOPOCTH (PEKUM YaCTOTHO-(Oopcupo-
BAHHOTO YIIPABJICHUS) YACTOTa MUTAHUS MOXET MPEBBIIIATh HOMUHAIBHYIO HE
6omnee yem B 1,5 —2 paza, yTo 00yCIOBICHO MPOYHOCTHIO KPEIUICHUSI 0OMOTKH
pOTOpa U POCTOM MOTEPH B CTAIM CTATOPA.

PerynupoBanue cKOpoCTH B CTOPOHY YMEHBIIICHUSI BO3MOKHO HE 0oJiee ueMm
B 10 — 15 pa3, uTo OrpaHMYEHO CIOKHOCTHIO PeaIU3aIlUU UCTOYHHUKA MUTAHUS C
HU3KOW YaCTOTOW U YBEJIIMUCHHEM HEPABHOMEPHOCTH BpPAIICHUSI HA MaJIbIX CKO-
pOCTSIX.

Huxuuit ipegien MoXeT ObITh YMEHBIIICH 32 CUET UCIOJIH30BaHUsI 0OpaTHBIX
CBsI3€H B CUCTEME yNPaBJICHUS aCHHXPOHHBIM JBUratesieM. Yactora HanpsiyKeHUsI
MUTAHUS SIBJISIETCS HE3aBUCUMBIM ITapaMEeTPOM, 33/1aBa€MbIM BXOJIHBIM CUTHAJIOM
npuBoja epeMeHHoro toka. /s 8-nomtocuoro asurarens (P, = 4) koadduru-
eHT mepecuera mapameTpoB 2 [pan/c] B f [I'1] cocraBsieT
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f 4 6)
Q 2z
Haunnyuinne 1uHaMUYECKHE XapaKTEPUCTUKH 00ECIIEUNBAIOTCS B IPUBOJIAX,
00IaJAr0IMX HauOOIBIIMM PACIOaraeMbIM YCKOPEHHEM, OIpeIeIaeMbIM MaK-
CHMAJIbHBIM Pa3BUBAEMBIM MOMEHTOM aCHHXPOHHOIO JBUIATES.

2. 3aKkoHBI yIIPaBJICHUS ABUTaTeJIeM U UX pPeaTn3anus

JIns npruBOAOB C MOMEHTOM HArpy3Ku, HE 3aBUCSIIUM OT CKOPOCTH, PEXKUM
pEryJIupoBaHus, OCHOBaHHBIN Ha MOIEPKAHUU MaKCUMaJIbHOTO MOMEHTA, o0ec-
IIEYMBAETCS CUCTEMOM YIIPABJICHUH, PEAIM3YIOLIECH JTUHEHHBIN 3aKOH U3MECHEHHUS
HaIPsDKEHUS OT YaCcTOThI MUTaHus (pucyHok 14.2).

O R —— —

(

0 !

min HOM
Pucynox 2 — I'paduik 3aBucUMOCTH HanpspKeHUS Ha 00MOTKax AJ]
OT YaCTOThI HAIIPSIKEHUS TUTAHUS

U¢i=Ua+ka_ (7)
MaxkcuManbHbIii MOMEHT aCHHXPOHHOTO JBUTATENS
2
M U "

a0, s o) ©

CunXpoHHast CKOPOCTh ()g U MHAYKTHUBHOE CONPOTHUBIIEHUE Xy MPONOPILIHO-
HaJIbHBI YaCTOTE MUTAHUS, CJIEIOBATEIIBHO,

U 2

~ @

My =% ©)

B ycranousmemcs pexxume M, =M, =const (M, — yoment marpyskn)
MOATOMY OTHOIIICHUE

Ud)

—— =const
f . (10)



3a BepXHHI IpeIeTI 3aKOHA PETYIUPOBAHIS TPUHSATHI TApaMETPhl HOMUHAITb-
HOro pexuma, Hanpumep:U 4, =127 B, f,,,,, =400/ . Huwxuuit npenen pery-

JIUPOBAHUSI YaCTOTHI fmin =40,01y .

[apametps! 3akona perynupoBannst U, u K ompenenenst mo gpopmytam

472- * M [ 2 i ]
_ (tmin)y 2
U a . fmin rc + \/rc + (Xk ) . (11)
- mp
Cxema perympoBaHMil 4aCTOTHI U HanpsbkeHus A/l mokasaHa Ha puCcyHKe 3.
!
Ko -
{2k uba— 7
_ & 5
UL s Kp o

DzparisaHiue

{ -

‘ f,

-1 +7
{ }

Pucynok 3 — Cxema cuctemsl ynpasienus A/l 1uist peryiupoBaHus 4aCTOTHI
Y HaIIpsDKEHUS

Bo3MoxHOCTh perynupoBanus 3-ha3HbIM aCHHXPOHHBIM JBUTATEIEM 10 Ya-
CTOTE W aMIUIMTYJI€ HATJISAIHO WIUTIOCTPUPYETCS CEMENCTBOM MEXAHUYECKUX Xa-
PaKTEpPUCTHK.

XKecTkocTh MEXaHUYECKUX XapaKTEPUCTHK B paboyeil 30He NP peryIupoBa-

U
HUM MO 3aKOHY r =@ =CONst coxpaHseTCs1 CPABHUTEIBHO BHICOKOM. Bennunna

KPUTUYECKOTO MOMEHTa B 30HE OOJIBIINX YaCTOT CPABHUTEIBHO MAJI0 M3MEHS-
ercst (Myq, M5, My3). JIums npu HU3KHX 9acTOTaxX BCIEACTBHE OTHOCUTENh-
HOT'O YBEITUYEHUS MAJICHUS HAPSHKCHHS B CTATOPE IMPOMCXOIUT 3aMETHOE YMEHb-
IICHHE MAarHUTHOTO MOTOKA M KaK CJCICTBHE, YMEHBIICHUE KPUTHYECKOTO MO-
MeHTa (Ma):

3 U,
M, = ¢ X =X, +X, (12)

2 2’
20y 1.t [17+ X
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I[HH OOJBIINX YacTOT BEJIWYMHA [ BHAYUTECIIBHO MEHBIIE X U IMO9TOMY
MOXHO CHUTAThb, 4TO

Moo
“ 20,X, (13
Taxum o6pasom, max kax X, =K fuw, =k, f, 1o
U,
oKk £ (14)

U

¢
nosToMy ¢ = const
1

o

HioM

0

Pucynoxk 4 — Mexanndeckue xapaktepucTtuku A/l
C YaCTOTHO-aMIUIUTYAHBIM YIIPABICHUEM

1, 2, 3 — MexaHUYECKHE XapAKTEPUCTUKHU C YaCTOTHO-aMIUIUTYAHBIM YIIPaB-
JICHUEM:

1_ fClzf UC1:UH0M;2_ fc2 :0’5fHo¢w;UCZ :O’SLJ

HoM ! HOM 3

3- f;=01f,U,=0U . -3 4 5 6— xapakTepuCTHKH aMILUIUTYIHOTO YpaB-
werns npu fo = f3 =01f,_, u U 01 0,1:U,,, 10 0; 7 — xapaxrepucruka ¢ dhop-

CHPOBAHHBIM I10 YaCTOTE YIIPABJICHUEM: f,=15f ;U.=U_ :8_— momuocrs
JJ1S1 HOMUHAJIBHOTO PEXHUMa
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Pucynox 5 — I'paduxu 3aBu- Pucynok 6 — Mexanuue-

CUMOCTEN CKOPOCTU U TOKOB ckue xapaktepuctuku AJl s
B 00MoTkax A/l oT MoMeHTa Pa3IUYHBIX YaCTOT HAMpSHKE-
Harpy3Ku HUW MTUTaHUS

f>f,>f,>f,
HpI/I SHAYUTCIbHOM CHHKCHHUH YaCTOTBI 3TO COOTHOIICHNC HAPYIIACTCA, T.K.
PCAKTUBHOEC COPOTUBJICHUE pacCcesaHUusA X = X¢ + Xp CTaHOBHUTCS CPABHHUMBIM C

COITPOTUBIIEHUEM CTATOPA I WIINA JAXKE MEHBIIIE €T0. BiinsiHue 1aieHus HarpsiKe-
HUSI B CTATOPE OKA3bIBACTCS CUIIBHEE, U 3TO IPUBOJIUT K YMEHBIICHUIO KPUTHYE-
CKOro MoMeHTa. [1oaToMy B cxemMe perympoBaHusi MOMEHTA U CKOPOCTHU Ha BXOJ1
PEryIMPyeEMOro OrpaHUYCHUS aMILUIUTYTHOTO KaHasa IMOJAeTCs IMTOCTOSAHHAs CO-
crapisitomas Uy, KoTopasi MOKET U3MEHSThCS B 3aBUCUMOCTH OT TpeOOBaHUH K
CHEASIIEMY IPUBOLY:

f min )2 m'Pn‘Uqb 2 fnfln
X = - ol
( ‘ ) 472- ) fHOM .Mm ¢ ’ fKiM ’ (15)

e fmin =401y u f,,, =400T7y s ALl JIMULI-63;

U
K, Zbe_a_’Ua:BJB’ k, =03 s Ue = 220 B.
HOM min
JlanbHeiiIee peryJIupoBaHUue OCYIIECTBISCTCS YMEHBIICHUEM HaIpPSKECHUS
nutanus Uy< U, iput fiin = 40 T'p = const.
[Tpy M3MeHEHHH YaCTOTHI U3MEHSETCS W WHAYKTHBHOE CONPOTUBIIEHHE 00-

MOTKH X_ =@ - L . TlosToMy aMmmmTya peryaupyercs B 3aBHCUMOCTH OT 4a-

CTOTBI TAKUM 00pa3oM, YTOOBI TOKH HE MPEBBIIIAINA TOMTYCTUMON BEJIMUUHBI [0

, KOTOpasi ONpeeIIsIeTCs:
1) HachIIIICHHEM MarHUTHON CHCTEMBI;
2) MOTMYCTUMbIMH TOKAMH TPAH3UCTOPOB B YCHUJIMTEIE MOIITHOCTH.
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BBoasiTca perynupyeMoe OrpaHUuYEHHE Ko, @ TaKXKE CBS3b MO YaCTOTE IS
oOecreyeHus KenaeMol KpyTU3HbI MEXaHUYECKON XapaKTEPUCTHKH.

[Tonaercsa pomosHuTenbHOE HampsbkeHue Up Uisi yBEJIMYEHHS] MOIIHOCTH
JIBUTQTEIIS.

PaccMoTpuM ceMENCTBO MEXaHUUECKUX XapaKTEPUCTUK ACUHXPOHHOTO JBU-
raTesis Npy pa3InuHbIX YACTOTaX MUTAIOIIETO HAIIPSIKCHMUSI.

N3 ananu3a xapakTepuCTUK BUIHO, YTO 3-(ha3HbIii aCHHXPOHHBIN JBUTaTEIb
110 YacCTOTE M aMILIUTY/ie 00eCleurBaeT PeryJIupoBaHie CKOPOCTH B IIHPOKOM
JMana3oHe C MaJiol YyBCTBUTEJIBHOCTBIO K Harpy3ke Mpy 4aCTOTHO-aMILUIUTY/I-
HOM ympaBieHuu 1, 2, 3.

MomnoctHas xapaktepuctuka N = QM (8 Ha pucynke 14.4) mpu fuom, Usow
omnpenesieT 3HaueHus HOMUHATBHOU Nyoy 1 MAKCUMaATBbHON MOITHOCTH Nmax.

[IpumepHo 110 M, ., =0,75M, ( M, — KPUTUYECKUA MOMEHT Harpy3KH)
O, — @,

CKOJIBJKCHHUC POTOpPA ABUI'ATCIIA S= @ MalJio.
c

Ipu M; >M, potop ocrarosures.

[TapameTpsl GuIbTpa U HEMMHEWHOTO KOppekTHpytoulero ycrpoiicrsa (HKY)
KaHaJla aMIUIUTYAHOIO YIIPABJIE€HUS OIpPENESIEHbl U3 YCJIOBHS 0OecrnedeHUs
YCTOMYMBOCTHU M Ka4E€CTBA MIEPEXOIHOTO Mpoliecca.

. T,p+1
Koppextupyronmii punstp W,,,(p) =k, Tpil’
1

rne K =20,T,=0133c,T,=0,033c,

HKYV: kg :1; k3 20!3.
KoadduimenT ycunenus B 4aCTOTHOM KaHaJIe:
ko=39;, Q,,, =Q01-S,)=5916 paolc,
Ic
NHOM
Mm :kN ’ka -TZZ,OSHM ,
N = MpnQyp =1080 Bm,

Qyp = Qoll—Syp )= Q0| 1- =527 padlc,

rje kN — ko3 puimenT 3amnaca nmo momHocTH; F.,F, —akTUBHOE compo-
tussienue cratopa (1,37 Om) u poropa, nmpuBeieHHOE K cTatopy (2,22 Om);T

Xy — CyMMapHO€ UHIYKTUBHOE COMPOTUBIIEHUE cTaTopa U potopa (13,65 Om).

Kanan peBepca obecnieurBaeT HanpaBIeHUE BpALIEHUS ACUHXPOHHOTO JIBH-
ratend. Peneitnbiii anement HO1 onpexnensier HanpaBieHUe BpaIIEHUS DJIEKTPO-
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MarHUTHOIO IOJIS B 3aBUCUMOCTH OT 3HaKa OIIIMOKHU U 00ecreynBaeT Ppas3roH ABu-
rarejii M TOPMOKCHHUC CIro IPOTHUBOBKIIOYCHHEM Ha CKOpPOCTAX, MCHb-

mux 0125-Q . | Q=785 pa()/ C , Y9TO COOTBETCTBYET YACTOTE pe-

sepca f,, =50 Iy npu wactore muranus AJl fo =4001Ty.

JIns UCKIIIOUEHHS] TOPMOXKEHUS MPOTUBOBKIIIOYEHUEM M, KaK CJEACTBHUE,
OIPOKUIBIBAHUS IBUTATEIIS HA CKOPOCTX, Oonbmux 0,125Q (=785 pao/c mns
JAMUILI-63), BBenennl peneitnbie sneMentsl HO2 u HO3, uckimoudaroniyue mpo-
XoxJeHue curaaga AC) M, CBOUM 3HAKOM ONPECIIAIONINEe HalPpaBJICHUE Bpalle-
HUS TIOJIS1 M Pa3TrOH-TOPMOXKEHHUE JIBUTATEINS B PEXKUME aMIUTUTYIHO-4aCTOTHOTO
yIpaBIICHHUS.

[IpeoOpazoBarenu 4acTOThI C AMILIATYAHO-YACTOTHBIM PETYJIMPOBAHUEM
CKOPOCTH BpalIE€HUsI aCHHXPOHHOTO 3-(pa3HOTo ABUTATENS

VYcunurenb MOUTHOCTH COCTOUT U3 HEYNPABIIIEMOrO BBIIPAMUTENS B 1 1Byx
HE3aBUCUMBIX PETYJISITOPOB.

Perynarop HanpsiokeHu# BKItoyaeT B ce0st uaBepTop U, 010K perynupoBanus
HanpsHKEHUS. Ha BXOJ€ aBTOHOMHOI'O MHBEPTOpa U OJI0K AMHAMUYECKOTO TOPMO-
KEHUSI ACHHXPOHHOTO JBUTAaTEII.

B O0CHOBY cHCTEMBI YIIPABJIEHHS] aCHHXPOHHOT'O ABUTATEIIS MOJOKEHA CXEMa
aMIUIUTYIHO-YaCTOTHOTO PETYJIUPOBAaHUS C MCIOJB30BaHUEM IIPeoOpa3oBaTes
Y4acCTOTHI ¢ POMEKYTOUHBIM 3BEHOM IOCTOSIHHOTO TOKA M HEYIPABJISIEMOTO BbI-
npsiMUTEINS (PUCYHOK 6).

[IpeoOpa3oBaresnb YaCTOThl COCTOUT M3 HEYIpaBisieMoro BeimpsmMutesns (B),
criaxkuBatoniero ¢puibrpa (CP) u aBToHOMHOTO MHBepTOpa (A) (prcyHOK 7).

[IpeoOpazoBarenp 4acTOThl C MPOMEXYTOUYHBIM 3BEHOM IOCTOSIHHOTO TOKa
OCYUIECTBJISIET IPE0OPA30BAHUE IIIEKTPUUECKOU SHEPTUH NTEPEMEHHOTO TOKA O/I-
HOM 4aCTOTBI B IEPEMEHHBIA TOK IPYTrOM YaCTOTHI.
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Pucynok 6 — @yHKIIMOHATBHAS CXeMa CHCTEMBI
aMIUTATYAHO-4aCTOTHOIO yIipaByieHUs A/l
Exod £ L= £ L= AY Brixod
Up. T4 U f;

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

[Tepemennoe Hanpspkenue U; (Hanpumep 380 B) wacrotoii 1 (50 ') mocty-
maeT Ha BXOJ] BRIIPSIMUTEIIS B, rie BBIpAMIIIETCS, a 3aTeM CriIaKuBaeTcs (puiib-
tpoMm C® 1 mocTynaer Ha BX0,J1 aBBTOHOMHOT0 HHBepTOpa A, MMeroIero BbIXo/1-
Hoe HanpspkeHue U, (540 B) ¢ wacroroii f, (40 — 400 I'i). ABTOHOMHBIN HHBEP-
TOp NPeoOpPa30BBIBACT IJICKTPUUCCKYIO SHEPTHIO TOCTOSIHHOTO TOKA B TIEPEMEH-
HBIN, BBIXOIHBIC ITapaMeTpbl KOTOporo (hopma, aMIUTUTYa, YaCTOTa BBIXOIHOTO
HAMpPsHKCHUS) OMPEACISIOTCS CXEMO# MmpeoOpa3oBaTessi, CUCTEMOU yIpaBIeHUs
ABTOHOMHBIM HHBEPTOPOM U PEKUMOM €ro paboThl, B OTJHYKE OT HHBEPTOPA Be-
JIOMOTO CEThI0, BEIXOIHBIE YaCTOTA M HAIIPSHKECHHE KOTOPOI'O COOTBETCTBYIOT IIa-
paMeTpam CETH.

B npeobpasoBatere ¢ MpOMEKYTOUHBIM 3BEHOM ITOCTOSHHOIO TOKA 4acTOTa
BBIXOJHOT'O HANPSKEHUS HE 3aBUCUT OT YaCTOTHI MUTAIOIIEH CETH M MOKET OBITh
Kak OOJIbIIIe, TAK M MCHBIIIC.
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ABTOHOMHBIE HHBEPTOPHI BBIITOJHEHB! HA TPAH3UCTOPHBIX KIIOYAX 10 TPEX-
(a3HOI MOCTOBOI1 cXeMe U MpeaHa3HAUYEHBI JIsl yCUIICHUS 110 MOIITHOCTH BBIXO/I-
HBIX CHUTHAJOB OJIOKa yNpaBieHUsA. B TpaH3UCTOPHBIX KIIIOYaX HCIOJIB3YIOTCS

TpaH3uctopsl Tuma 211906 nis U, =220B;N, =750 Bm , UMEIOIIHE BLICOKHE KO-

3¢ PUIMEHTH! yCHIICHUST W OBICTPOJCUCTBHE, YTO IO3BOJISICT PEaM30BaTh HA
KITI0U€ HHAUBUIYATHHYIO TOKOBYIO 3aIIUTY TPAH3UCTOPA OT OPOCKOB TOKA B IIETIH

marpysku. Jns cetu Ug =380B; Ny, =750Bm  npumenstorcs Tpamsu-
ctopbl 2T839A (KT839A) ¢ npenensubiM HanpspkenreM 1500 B u makcuManbHO
normycTuMbiM TokoM 10 A. st aBurarteneii ¢ mommoctsio Ny, > 790Bm s

ABTOHOMHBIX TPAH3UCTOPAX HUCTIOJIb3YETCS GBTH — tpan3ucTopbl Win CUjIo-
BbI€ MOJTYJIH.
& L PHMY
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Pucynox 8 — DkBHUBaJIeHTHAs CXeMa YCHJINTENS MOIITHOCTH TIPUBOIA
MIEPEMEHHOTO TOKA
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Pucynok 9 — Cxema ycunuresnss MOLITHOCTH PUBOA IEPEMEHHOTO TOKa
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Pucynok 10 — Dniopsl HanpsKeHU B 0OMOTKaX yCUIUTENS MOIIHOCTH A ]
IIPU aMIUTUTYAHO-9aCTOTHOM YIIPABIICHUH

¢

Pucynox 11 — Dmropa HanpsiKeHUN NEPEKITIOYSHUST TPAH3UCTOPHBIX
KJIrouen yersnrens momHocta A/l B pexxnme HIUM

b=t ¢ _ L 0 400y

’ 3a0

3a0

froe = —— = 25007

tl + t2
Heynpassiemblil BBIIPSMUTENb BBITOJHEH MO cxeMe 3-(ha3HOro MOCTOBOTO
BBITIPSIMUTEISI Ha auojax co criaaxuBaronuM LC-dunetpoMm. OH BBIIPAMIISIET
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Tpexdasznoe HanpsokeHue nepemenHoro Toka (U = 380 B) B mocTtosiHHOE 3HAUE-
Hue (540 B).

bnok perynupoBaHus HampsHKCHUST HA BXOJIE aBTOHOMHBIX HHBEPTOPOB BbI-
IIOJIHEH HAa OCHOBE TPAH3UCTOPHOIO KJItoya ¢ Tpansuctopom tuna 211906 co cria-
xuBaromuM LC-dunsTpom u Moaynem ympasienusi. PerynupoBanue Hampsike-
HUsI Ha BXOJI€ aBTOHOMHOTO WHBEPTOpa MPOHM3BOIUTCS C IIENBI0 CHUXKEHUS
HAarpy3kd 1O HANpsDKEHUIO Ha KIIIOYM aBTOHOMHOT'O MHBEPTOpa MpPHU MallblX U
CPEIHHUX CKOPOCTSIX PEryJIMPOBAHUS ACHHXPOHHOTO JIBUTATEIIS.

bnoku quHAMUYECKOro TOPMOXKEHUS ABUTATENIs IPEAHA3HAYEHBI JUIs JOTOI-
HUTEJIHLHOTO pacCesHUs] KHHETUYECKOW SHEPIHH aCHHXPOHHOTO JIBUTATENS TpU
YaCTOTHOM TOPMOXKEHHUH JIBUTATENsl B JMANA30HE €ro CKOpOCTEW BpalleHUs
(420 — 628) pan/c 1 mpegHA3HAYEH AJIS1 OTPAHWYCHUS HATIPSDKEHMSI HA BXOJIE aB-
TOHOMHOTO HHBEPTOPA B PEIKUME YACTOTHOTO TOpMOKeHus: He Oonee 350 B st

cetrc U, 2220B % 610 B st cetn ¢ U, =380B |

IHI. OBBEKT UCCIIEJOBAHUA U OBOPYIOBAHUE

OOBEKTOM HUCCIIEOBAHUS SBJIAETCS IPUBOJ] IPOMBIIUIEHHON MIBEHHON Ma-
IIMHKH, paboTaromuii Mo cucremMe "ABTOHOMHBIN HHBEPTOP HANPSKEHUS C aM-

IUIMTYAHO-4YaCTOTHBIM 3aKOHOM YIIPaBJIEHUS —aCHHXPOHHBIN ABUTATENb C KO-
POTKO3aMKHYTHIM potopoM'- DA-TIIIM 31-01B7CXJTY.

J171s1 BBITIOJTHEHUS PA0OThl HEOOXOIUMBI:

1)  Hu3kovacToTHBIH ocumutorpad tuma C1-57, C8-13;
2) yactoromep Y3 — 34 wim 1r000¥ Ipyrou,

3) uudposoit BonbT™MeTp B7-27A/1.

IV.3AJAHUE HA PABOTY
1. U3yunTs mpuHIUI padoThl U QYHKIIMOHATFHOE HA3HAYEHUE JJIEMEHTOB

IIPUBOJA.

2. 3y4nTh B3aUMOAECHCTBUE HIICKTPOHHBIX Y3JI0B.
3. UccnenoBaTh paboTy CHUIIOBOI YaCTH MPUBOJIA TP PA3IUYHBIX PEKUMAaX

(GYHKIIMOHUPOBAHUS MPUBO/IA.

4. CHATH SKCTIEPUMEHTAILHO HEKOTOPBIE CTATUUECKUE U TMHAMUYECKUE
XapaKTEPUCTUKU MMPUBOA.
V. HOPAIOK BBIIIOJIHEHUS PABOTHI
1. TmatenbHO 03HAKOMUTHCS C HACTOSIIIEN UHCTPYKIIUEH.

2. UccnenoBanue paboThl CUIIOBOM YaCTH MPUBOJIA TIPU BKIFOYCHUU:
a) MOJAKJIIOUUTB BXOJI ociiuiuiorpada k nepexitouarennto K2:
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6) MOCTaBUTh MEPEKII0YATEND B MOJ0KEHUE Al
B) BKJIIOUUTHh MAarHUTHBIN MyCKaTelb HA CTEHE U M0JIaTh HANIPSIKEHUE HA CH-

JIOBOM TpaHchopmaTop;

I') 3aCUHXPOHU3UPOBATH U300PAKEHUE HAIIPSKEHUSI BTOPUYHOM OOMOTKH
TpaHchopMaTopa, MOCTABUB MEPEKIIOYATENh PEKUMa CUHXPOHU3ALMH OCIUJI-
sorpada B mojoxeHue "ceTr":

1) BKJIFOYUTH KHOTIKY "MycK" Ha CTEHAE W OJHOBPEMEHHO MPOCIECIUTH 3a
U3MeHeHUEM (HOPMBI HATIPSHKEHUS U 3apUCOBATH €TO.

3. UccnenoBanue pabOTHI CUIIOBOM YacTH MPUBOAA MPU U3MEHEHUU Yac-
TOTHI BpaIll€HUs IBUTATEIIA:

a) MOJKIIIOUUTh OocIuiorpad K aHoJlaM THUPUCTOPOB  BBIMPSIMHUTENb-
HOM U mHBepTOpHOM rpynm ( Touku 51 u 52 ), nepexitouast K2. u 3apucoBathb
JUarpaMMbl 3TUX HaNpsDKEHWM TMpU MHUHUMAIbHOW U MaKCUMAaJIbHOM Ya-
CTOTaxX BpAlllCHUS JBUTATENS, YCTAHABIMBAEMOM C MTOMONIBIO 3aJaTYMKA Ya-
CTOTBI BpAIlICHUS JBUTATEIS;

0) MpOBECTH aHAJIOTUYHOE HAOJIIO/ICHUE 32 HAIPSHKEHUEM Ha JIBUTATENIe
(Touka 2).

4. OnpeneneHue auana3oHa yria yrnpaBJieHUs THPUCTOPOB:

a) MOJKIIIOUNTh ociimutorpad k roukam Y2, C1 u nponabimtonars Gopmy
HaIPsDKEHMS Ha YIPABJISIIONIEM 3JIEKTPOJIE TUPUCTOPA U 3apUCOBATH €€ MpHU
MUHUMAJILHON 1 MaKCUMAaJIbHOM 4acTOTaM BpalleHUs JBUTATENI;

6) 1o pa3HUIIE MOJOKEHUI UMITYJIbCa U HA OCHOBAHWUU 3HAHUSI CKOPOCTH
Pa3BEPTKH ONPEACIUTh JUANa30H U3MEHEHUS yria yIpaBJICHUs.

5. N3ydyeHune quHaMHYECKUX XapaKTEPUCTUK IPUBOAA!
a) MEePEKIIIOYUTh OCIUIUIOrpad K BRIXOAY HAIPSKEHUSI TaXOreHepaTopa

(Toukm 10,20);

6) ycTaHOBUTH pa3BepTKy 0.2 c/cMm;

B) YCTAHOBUTH YacTOTy BpauieHus apuratens 0.3-0.4 oT HomuHanbHOM (
6-7 1mIeTYKOB 3aaTYMKA OT KPAWHETO JICBOTO TIOJIOKCHHS ),

I') IOCTAaBUTH MEPEKIIIoYaTeNb pekuMa ynpasienus 112 B HeliTpanbHOE 10o-
JoKeHue ( ABUTATENIb OCTAHOBUTCS);

1) TOiMaB MOMEHT BPEMEHHU, KOT/Ia Jiyd ocuuuiorpadga OyaeT B Kpaid-
HEM JIEBOM MOJIOKEHUH, NepeKItounTh [12 B BepXHee MoJI0KEHNE U 3apUCOBATh
IIPOLIECC pa3roHa, IBUTaTENS;

€) cuuTasi IepeXO0IHbIN MPOIECC AEPUOAUIYECKUM,  ONPEACTUTh
3JIEKTPOMEXAHUYECKYIO ITOCTOSHHYIO BPEMEUHU UCPABHUTE €€ C MMaclopT-
HBIM I IBUTATEIIA.
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V1. YKAZAHUA 11O O@OPMJIEHHIO OTHETA

OTtuer 0 pabdoTe 10JI7KEH COAEPHKATD:

1. bmok-cxemy npuBoa.

2. JIlnarpaMMbl HAPsKEHUU.

3. [lepexonHblii Mpoliecc U3MEHEHUS YaCTOTHI BPAILIEHHUS IBUTaTENs ¢ HEOO-
XOJIMMBIMH NTOCTPOECHUSMU ISl OIPEIEIICHHS] TOCTOSIHHON BPEMEHH.

YIl. KOHTPOJIBHBIE BOITPOCHI

1. B gyem 3akiroyaeTcss NIPUHIMI JIMHEWHOIO COBMECTHOI'O YIPABIICHUSI TH-
PUCTOPHBIMU T'PyIIIaMU PEBEPCUBHOTO IPUBOJIA?

2. Kakue MOXHO cienaTh BBIBOJBI U3 I1.2 MPOJEIAHHON padOThl OTHOCH-
TEJIBHO BJIMSIHMS IPUBOJIA HA CETh NUTAHUsA?

3. Kakue pexxumbl paboThl THPUCTOPHOM IPYMIIBI HA3bIBAKOTCS BBIIPSIMU--
TEIbHBIM U HHBEPTOPHBIM?

4. K kakoBo HaszHaueHue apocceneit Ipl u Ip2?

VIIl. BUBJIMOTPAGUYECKUIN CIIUCOK

1. DnexkTpornpuBoA NeTaTeNbHbIX annaparos, /I[log pea. B.A. IlonkoBHu-
kKoBa. -MockBa. Mammnoctpoenue. 1990r.-352ctp.

2. Cnepsmue nipuBogbl. Tom 2 / [Tox pen. b.K. Uemonanora — M3n-Bo
MI'TY, 2003r.-880 c.

3. IIpoextupoBanue ciaeasaumux cucreM, /Ilox pen. H.A. JlakoTsl.- MockBa,
MammHoctpoenue, 1992r. -352ctp

4. lllendensa P..Xaburep 3. ABTOMaTU3UPOBAHHBIE YJIEKTPONPUBO/IHI. - Jle-
HUHTpaJ: DHeproaromusaar, 1985r.-464ctp.
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JlaGopaTopuas padora Nel0

N3y4yenne 31ekTrpoodopynoBanus Cucremsl YnpasieHusa Oraem
(CYO)

. HEJIb U 3AJIAYU UCCJIEJJOBAHUSA
W3ydenne 35eKTpooOOpyI0BaHUS CIIEHUAIBHBIX U3CIUNA B J1a00paTOpHOM
moxyie kapeapsr CAY. [IprnoOpeTeHre HaBBIKOB aHAIM3a KOHCTPYKITUH, a TAKKE
pPa3pabOTKH CTPYKTYPHBIX M (DYHKITMOHAIBLHBIX CXEM COOTBETCTBYIOIIMX H3JIC-
TUH.

1. 3AJAHUE HA PABOTY
1. M3yunTth npuHUMI pabOThl U PYHKIIMOHAIBHOE HA3HAYCHHE DSJIEMEHTOB
CHUCTEMBL.
2. I3y4nTh B3aUMOJCICTBUE AIEMEHTOB CUJIOBOM MOJCUCTEMBI 3JIEKTPOOOO-
pPYylOBaHUH.

11. TIOPAAOK BBIITOJIHEHUSA PABOTHBI
1. CocTaBuTh PYHKIIMOHATBHYIO CXEMY U3/CIINS;
2. CoCcTaBUTh CTPYKTYPHYIO CXEMY U3JCIIHS;
3. ChopmupoBaTh MaTeMaTUYECKOE OMIMCAHUE U3/ICIHS.

V. YKA3AHUSA ITIO OPOPMJIEHUIO OTUETA

OTt4er 0 pabdoTe 70/17KeH COAEPKATD:
. ®yHKIHOHAIBHYIO CXEMY U3JEIus;
2. CTpyKTypHYIO CXEMY U3JEIINS,;
3. MaTteMaTu4ecKkoe OMUCaHue U3ACIIHS.
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