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JlabopaTtopnas padora Nel
BBoaHoe 3ansTue. [IpaBuiia TexHuKH 0€30MIACHOCTH

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

paboT 1o Kypcy «DIeKTpooOOpyJOBaHUE JIETATENbHBIX alIapaToB» B ayIUTOPHUU
1-317.

JlabopaTopHasi padora Ne2

HN3y4deHue 3JIeKTPO- U Paauo - U3MEPUTEJIbLHBIX NPUOOPOB, HCIOJIb3YEMBbIX
B J1a00PAaTOPHOM NPAKTHKYMe, M0/l PYKOBOJACTBOM IpenoaaBaTeis

1. HEJb U 3AJJIAYU PABOTHBI
N3ydeHne METONO0B ONPENCIICHUS DJIEKTPUYECKUX IapaMeTpOB MEXaTpOH-
HBIX CUCTEM U HUX DIEMEHTOB C UCIIOJIb30BAHUEM COBPEMEHHBIX JIEKTPO- U PaaUO-
U3MEPUTENbHBIX TPUOOPOB.
2. TEOPETUYECKUE CBEJIEHUSA

2.1. O0me moJ10KeHus

Hudposoit mynsTumerp AKTAKOM AMM-1130 npenHa3HaueH A HU3Me-
peHus mocTostHHOrO M TmepemeHHoro (True RMS) mampspkeHHS W TOKa, YacTOTHI,
CONPOTHUBJIEHUS, EMKOCTH, MPOBEPKU IEJIOCTHOCTH LENU («IIPO3BOHKAY), TECTHUPO-
BaHUsI TU0J0B U T.1. UMmeetcs ¢pyHkius pukcarun namepernoro 3aauenus (HOLD),
a TaKXke M3MEpPEeHMs] MaKCUMaJIbHOIO/MUHUMAIBHOIO 3HAUEHUS U OTHOCUTENBHBIX
U3MEpPECHUM.

Onucanue opraHoB ynpasiieHus: Ipubopa npescTasieHo 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

Pucynox 1 — Onucanue opratos ympasiaeHus mudposoro myiastumerpa AKTAKOM
AMM-1130

2.2. U3mepeHne HANIPSIZKEHUS MOCTOSIHHOTO M NePEeMEHHOIr0 TOKA

Ipenynpexnenne!!! Henb3s nomasats Ha Bxoj HanpsbkeHue Boie 1000 B
MOCTOSIHHOT'O TOKa WJIA CPEIHEKBAIPATUYHOTO 3HAYEHUS TIEpEMEHHOr0 Toka. M3me-
PEHUE BBICOKOTO HAIPSHKEHUS CJIEAYET BBINOIHATH OCTOPOKHO, YTOOBI N30€KaTh
MOpakKEHUs PIEKTPUUECKUM TOKOM.

1. Bxmtounte nutanne myiabTumerpa AMM-1130.

2. J1nst m3MepeHust HalpsHKEHUS TIOCTOSTHHOTO U TIEPEMEHHOTO TOKa U Tepe-
MEHHOM U MOCTOSIHHOW COCTaBJIAIOIIEH HANIPsDKEHU B Auarnas3one 1...220 mB ycra-
HOBHTE MOBOPOTHBIN BBIKJIIOUATEND B MOJIOKEHHE V.

3. s m3MepeHus HalpsiKEHUsI TOCTOSTHHOTO TOKa U IEPEMEHHOM U MOCTOSH-
HOH cocTaBiisAronel Hanpsbkenus B guamnaszone 0,22...1000 B ycraHoBuTe 1oBo-
POTHBIH BBIKJIIOUATEINb B IIOJI0KEHHE V.

4. BcraBbTe KpacHbI u3MmeputenbHblil nryn B rae3no V/Q/C/CAP/DIODE/Hz, a
YEPHBIN U3MEpUTEINbHBIN 1y B THE310 COM COOTBETCTBEHHO.

5. Haxxats kHonky FUNC my1s1 BeIOOpa pexxuma u3MepeHus HaMpsKEHUs 0-
crostHHoro Toka (DC), nanpsixkenus: nepeMeHHoro Toka (AC). C noMoIbl0 KHOTIKU
RANG ycTaHOBUTE peXUM aBTOMATHYECKOTO UJIM PYYHOIO BRIOOpA AMana3oHa u3-
Mepenuil. [Ipu KpaTKOBpEMEHHOM HaXXaTHUU MPOUCXOUT MEPEKITIOUYECHUE B PEKUM
PYYHOT0 BbIOOpA JuariazoHa u3MepeHuil. B pexxumMe pydHoro BeiOopa auara3zoHa
MIOBTOPHOE KPAaTKOBPEMEHHOE HaxkaThe Ha KHONKY RANG u3MeHsieT TeKyuii 1ua-

na3zoH u3mepenni. Ecinu knonky RANG Haxkath U yaepKuBaTh 00siee JByX CEKYyH/I,
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M3MEPUTENbHBIN MPUOOP MepeiieT B peKUM aBTOMATUYECKOTO BHIOOpA IMANa30HOB.

6. [Ipu BbIOTHEHUN U3MEPEHUS HAIPSDKEHUS TIEPEMEHHOTO TOKA, TIOIKITIOYUTh
KpPAcHBIN ¥ YEPHBIH LIYTIBI K U3MEPSIEMOH 1IeTH B II000M nopsiike. [lpu BeimoaHeHnn
M3MEPEHNS HANPSLKEHUS ITIOCTOSTHHOIO TOKA, CJIEAYEeT IMOAKIIOUYATh KPACHBIM LIYyTI K
IIOJIOKUTEJIBHON NOJIIPHOCTH U3MEPSAEMOT0 HAIIPSDKEHUS, @ YEPHBIA — K OTpHILIa-
TEIBHOU.

7. B pexxuMe n3MepeHus HanpsKeHUs! IOCTOSHHOTO U IEPEMEHHOI0 TOKa
kHOIIKOM RANG M0KHO Bpy4YHYIO IIEPEKIIIOUATh JUaNa30H U3MEPEHNN. 3HAYCHHE
MU3MEPEHHOTO HAIIPSDKEHUS CYMTBIBAETCS € dKpaHa auciuies. Eciu Ha auciuiee
AMM-1130 otoOpaxarotcsi cuMBOJIBI «OL», 3TO 03HaAYaET, YTO BXOJHOE HAMPSHKCHUE
MPEBBIIIAET TEKYLIIUHI AUaNa30H U3MEPEHUN U HEOOXOIUMO HEMENJIEHHO OTKJIFOUYHTh
KpPAcCHBIN M YePHBIN LIYIIbI OT U3MEPSIEMOH LIETH U BBIOpATh O0Jiee BHICOKHUH AHana3oH
n3Mepennil. Eciam npyu MakcuManbHOM JIMaria3oHe U3MEPEHH Ha JucIiee 0Toopa-
&KaroTcsa cuMBOJIBI «0L», 3TO 03HAaYaeT, UTO U3MEPSAEMOE HANIPSHKEHHUE MPEBBIIIAET
1000 B 1 HEOOXOAMMO HEMENJIEHHO OTKIIFOUUTh KPACHBIA M YEPHBIH IIYIIbI OT U3-
MEPSIEMOU LIETIN.

2.3. U3mepeHne CWIbI MOCTOSTHHOTO U NMEPEMEHHOI0 TOKA

Ipexynpe:xnenue!!! Bpems usmepenus toka 6osnee 5 A He 6onee 10 ¢ ¢ mo-
CIEAYIOIIUM IIEPEPHIBOM HE MEHEE 15 MUHYT.

1. BxirounTe nuTaHue.

2. J1nst u3MepeHusi CUJibl TOKA B JUarna3oHe 20...2200 MKA yCTaHOBUTE MOBO-

POTHEIH MEPEKITIOYATEND B TIOJI0KEHHE *UA,
3. Jlns m3mepenust cuibl Toka B auamnaszode 0,22...220 MA ycTaHOBUTE TTOBO-
-~

POTHBIN BBIKJIIOYATEND B IIOJIOKEHUE MA,
4. Jlnst uamMepenus cuibl Toka B nuamnazone 0,22...10 A ycTaHOBUTE MOBOPOT-

b

HBIi1 BBIKIIOUATENb B [IONOKCHHE A.

5. BcTaBUTh KpacHbIM U3MEPUTEIBHBIN Iy B THE3I0 LA MA uian A, a YepHbIi
n3MepuTeNbHbIN Iy B THE310 COM COOTBETCTBEHHO.

6. Haxxars knonky FUNC n1s1 BBIOOpa pekuMOB H3MEPEHUS CHITBI TOCTOSIHHOTO
toka (DC), cunel nepemenHoro Toka (AC). C nomonisto kHoriku RANG ycraHoBuTe
ABTOMATUYECKUIN WJIM PYYHOU BBIOOD JMAIa3oHa.

7. BeiximrounTe TUTAaHUE W3MEPSIEMON IeMH, MOAKIIOYHUTH MOCIIEI0BATEIHHO
KPACHBIM Y YEPHBIX LIYIIbI B Pa3pbIB LENHU U BKIOUUTE ITUTAHUE ITOU LIETIN.

8. U3mepenHoe 3HaYeHHE CHIIbI TOKA CYMTHIBAETCS C 3KpaHa auctuies. Eciau Bo
BpEeMsI U3MEPEHUS CHJIbI TOCTOSIHHOTO TOKA 3TO 3HAUYEHUE OTOOPa)KaeTcsl Kak MoJIo-
AKUTEIBHOE, 3TO 03HAYAET, YTO «+» U3MEPUTENBHON LIEMH COEIUHEH C THE3OM «A»
i «mA» mynetumerpa AMM-1130, a ecniu 0HO 0TOOpa)»kaeTcsi KaK OTPUIIATEIb-
HOE, ’TO O3HAYAET, YTO «+» M3MEPUTEIBHOW LIENU COeIUHEH ¢ THe3goM «COMy.
Ecnu Ha nucnnee otoOpaxkarorcsi cuMBoibl «OLy», 3TO 03HayaeT NpeBbIlLICHUE qUa-
Na30Ha U3MEPEHUN U HEOOXOAMMO BBIOpATh 00JIee BHICOKUM TUAma3oH U3MEPEHUH.
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2.4, I/I3MepeHne AIEKTPUIECCKOI0 COIMPOTUBJICHUS, IPOBEPKA HEJIOCTHOCTH
menu, TeCtT 110408

Ipenynpe:xnenune!!! [Ipy n3MepeHMH BHYTPEHHETO COMPOTUBIEHUS U TMPO-
BEpKE IIEJIOCTHOCTH LIETIH CIeAYyeT YOSAUThCs, YTO MUTAaHUE MPOBEPSEMOM 1IeTH OT-
KJIFOUEHO M BCE KOHJIEHCATOPHI, MOJKIFOYEHHBIE K HEW MOJHOCTHIO Pa3psyKEHBI.

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

2. BcraBbTe kpacHbli n13MepuTenbHbii myn B rHe3no V/Q/C/CAP/DIODE/Hz, a
YepHbII U3MepUTENbHBIN 1yn B rHe310 COM COOTBETCTBEHHO.

3. Haxwmute knonky FUNC nist BBIOOpa pe:kMMOB U3MEPEHUS COTIPOTUBIICHUS
(€2), mpoBepKU LETOCTHOCTU LIENH WM TecTa AuonoB. Ilpu u3MepeHun conpoTuB-
JeHus1 ¢ TOMOIIbI0 KHOTKM RANG M0KHO yCTaHOBUTH aBTOMaTHYECKUUN WA PYYHON
BBIOOp Auana3zoHa u3MepeHuil. EquHuna u3MepeHust COPOTHBIICHHS U TIOJI0KEHHE
3amsTOl OTOOpaXXaroT 3HAYEHUE TEKYIEro Juara3oHa. B pexume u3MepeHuu Iie-
JIOCTHOCTH LIeNu U TecTa 1noaoB kHonka RANG He pyHKIMOHUpYET.

4. J1nst u3MepeHus CONPOTUBIICHUS MOJIKIIOYNTE KPAaCHBIA M YEPHBIM IIyMbl K
BBIBOJIAaM PE3UCTOpa, M Ha 3KpaHE IUCIUIes OTOOpa3uTCs 3HAYECHHE H3MEPEHHOIO
conpotusiieHus. Eciu Ha skpaHe oToOpaxaroTcst cuMBOJIbL «0Ly», 3TO 03HaYaeT, 4To
CONPOTHUBJIEHUE pe3nucTopa mpepbimaet 220 MOwm.

5. [Ipn BBINOJIHEHUH HM3MEPEHMsI LIEJTOCTHOCTH LENU CIEAYET MNOIKIIOYUTD
KPAaCHBII M YEPHBIN LIYIIBI K TPOBEpsieMon 1ienu. Eciau conpoTuBIeHNE MEXTY IBYMS
toukamu Hke 50 — 60 Om, pazmacTcsi CUTHAI 3yMMeEpa, a Ha dKpaHe 0TOOpa3uTcs
3HaYeHue comnmpoTuBieHus. Eciaum Ha skpaHe oToOpaxkaroTcs cuMmBOjbl «0L», 3TO
03HAYaeT, YTO CONPOTHUBIICHUE Lienu mpeBbimaeT S0 Om.

6. Jl71s mpoBepKU 10 1A MOAKIIOYUTE KPACHBIH LIyTl K aHOIY AMOAA, a YSPHBIN —
K Karoay auonaa. Ha nucmnee noimkHa oToOpa3uTcs BENMYMHA MMAICHUS HAIPSHKEHUS
Ha p-n Iepexoje, CMEIIEHHOM B MpsIMOM HamnpasieHuH. Ecian oroOpaxaroTcst cuM-
BoJibl «OL», TO 3TO yKa3piBaeT Ha OOPBIB MJIM OOPAaTHYIO MOJSPHOCTh MOAKIIOUEHUS
p-n nepexona. IIpy moakiIrOUEHNN KPacHOTO IIyla K KaToay JAHOJA, a YEPHOIO — K
aHOIy, Ha JMCIUIEE JIOJDKHO OToOpasuTcsi cuMBOJbl «OL», 4To yka3piBaeT Ha HcC-
PaBHOCTh p-n Mepexoja Mpu oOpaTHOM CMeIlleHUuU. B mpoTuBHOM ciyuyae p-n me-
pexoJ1 MpoOuT.

[Ipumeuanue. B ciydae ecinu B pexxuMe pyqHOTo BbIOOpa Juana3oHa u3MepeHui
Ha JIMCIUIee O0TOOpakaroTcs cMMBOJIBI «0L», He0OX0aUuMO BBIOpaTh OOJBIIHN aHa-
[1a30H U3MEPECHUM.

[Ipu npoBepke CONPOTUBIICHUS UITU IIEJIOCTHOCTH LIETH B YCTPOWCTBE B MEPBYIO
ouepesib HEOOXOIMMO OTKJIIOYUTh MUTAHUE YCTPOMCTBA, a 3aT€M BBINOIHATH U3MeE-
penue. Tak Kak B yCTPOMCTBE K U3MEPSAEMOMY DJIEMEHTY (ILlelK) MOTYT OBITh MO/JI-
KJIFOUEHBI JIpyTye napajuielbHble CXEMbI, TO 0TOOpaXkaeMoe 3HAYEHUE COMPOTHUBIIE-
HUs HE 0053aTENbHO COOTBETCTBYET (DAKTUYECKOMY 3HAUEHHUIO COMPOTUBIICHUS.

[Ipu mpoBepke OUOIOB Ha MEYATHOM IUIaTE€ B MEPBYIO O4Yepeab HEOOXOIUMO
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OTKJIIOUUTH MUTAHUE ITEUATHON IJIaThI, 4 3aTCM BBIIIOJIHATL U3MCPCHUC.

2.5. U3mepeHne eMKOCTH

Hpenynpexnenne!!! [lepen nsmepenrnemM eMKOCTH KOHAEHCATOPA BO U30€KaHUE
MOPAKEHUSI SJICKTPUUECKUM TOKOM CJIEAYET YOeIUThCS, UTO KOHJIEHCATOP MOJTHOCTHIO
pa3psIKEH.

1. Bki1ouuTh TUTaHUE U YCTAaHOBUTH MOBOPOTHBIM BBHIKIIIOUATEIb B TTOJIOXKE-
ane 1F.

2. BcraButh kpacHbIil u3mepurenbHbii mryn B rae3no V/Q/C/CAP/DIODE/Hz, a
YEPHBIA U3MEPUTEIBbHBIN IIYT B THE30 COM COOTBETCTBEHHO.

3. C momompto kHOTTKH RANG yCTaHOBUTH aBTOMAaTUYECKUH WITH PYYHOM BBIOOD
JAAra3oHa U3MEPEHUM.

4. IToaxmroYnTh KPACHBIN U YEPHBIH LIYTIbI K BEIBOJIaM KOHAEHCATOPA; €CIIN
KOHJIEHCATOpP Pa3HOMOJISIPHBIN, TO KPACHBIH LYl CIEAYET MOAKIIOUYHUTD K MOJIOKH-
TEJIBbHOMY BBIBOAY KOHACHCATOPA, @ YEPHBIN — K OTPULIATEIILHOMY.

5. 3mepeHHoe 3HaueHne EMKOCTH CUYUTBIBAETCS C 3KpaHa auciuies. Eciu 3Ha-
yeHue eMkocty > 220 M®, Ha skpaHe oToOpa3saTcs cumMBoJibl «0Ly», a mpu 3HaUYEHUU
emkocTH < 10 n® orobpazutcs HOJb.

[Tpumeuanue: [Ipu n3MepeHnr EMKOCTH KOHJIEHCATOPOB B auarna3zone 0,22...220
M®D, 17151 u3MepeHus Ipuodopy TpeOyeTcss OTHOCUTENBHO JOIT0€ BpeMsl JUis 3apsi-
na/paspsiia KOHJEHCcaTopa, IOATOMY OOHOBJIEHHE U3MEPEHHOT0 3HAUEHUS TPOUCXOIUT
OTHOCHUTEJIBHO MEJIJIEHHO.

2.6. U3mMepenue 4acToThl U KO3 PuHeHTA 32110 THEHUS

1. BxirounTe NUTaHWE W YCTAaHOBUTE IMOBOPOTHBIN BBIKIIOYATENb MYJIbTH-
Metpa AMM-1130 B nonoxenne Hz%.

2. BcraBuTe KpacHbIii n3MepuTenbHbI myn B THe310 V/Q/C/CAP/DIODE/Hz,
a 4YepHBIA U3MEpPUTENBHBIN IIyN B THE310 COM COOTBETCTBEHHO.

3. Haxwmure xHonky FUNC mns Bei6opa pexumoB vactoTsl (Hz) mmm koad-
dbunmenTa 3amoaHenus (%).

4. TlonkiouuTe KpacHYIO TECTOBYIO JIMHMIO K BHICOKOMY MOTEHIMAIY, a 4ep-
HYIO — K HU3KOMY.

5. H3MepeHHOEe 3HAaUeHHME CUMTHIBAETCS C dKpaHa auciuies. Ecau yactora usz-
MEPEHHOTO CHUTHaJla HWKE WM BBILIE JUana3oHa U3MepeHui nmpubopa, Ha 3KpaHe
Oynet orobpaxkaTbes HOMb. Eciy ammuintyaa curnasna ciuiikom mana (Menbiie 2 B),
Ha DKpaHe Takxke OyJeT 0TOOpaKaThCs HOJb.

6. DTOT BUJ M3MEPEHHs BBINOJIHIETCS TOJBKO MPU aBTOMATUYECKOM BBIOOpE
Jyarna3oHa U3MEpPEHUM.

2.7. HW3mepeHHe OTHOCUTEIHLHOIO 3HAYEHUS

B sTOoM pexkume MOTryT OBITh BBITIOJTHEHBI JIFOObIE U3MEPEHUS, 32 UCKITIOYEHHUEM
U3MEPEHUM 4acTOThl, KOA(PUIIMEeHTa 3aTI0JIHEHUS U POBEPKHU AUOI0B. [ToaKII0OUNUTh



LIynbl K LENNA WX K BBIBOAAM DJIEMEHTA, 3HAYEHUE NTapaMeTpa KOTOPBIX SBIISIOTCS
OTIOPHBIMH JUIS JAJbHEUIINX OTHOCUTENBHBIX n3Mepenui. Haxxate kHonky REL s
BKJIIOUEHUS PEKHMa OTHOCUTEIFHBIX U3MEPEHUN U (PUKCAIIUU B MPUOOPE OMIOPHOTO
3Ha4yeHus. Jlanee MOAKIIFOUUTH IIYIIBI K U3MEPSIEMOM LIENU WM K BBIBOJAM JJIEMEHTA,
KOTOPBIE CPAaBHUBAIOTCA C OMOPHBIM, JIJI1 U3MEPEHUS.

OTtoOpaxaemoe Ha nuciiee MyiabTumerpa AMM-1130 3HaueHHe BHIYUCIISIETCS
o dhopmyie:

OtoOpaxaemMoe 3HaUCHHE = TEKYIlee M3MEPEHHOE 3HAYECHUE — OIMOPHOE 3Ha-
YEHUE

Ecnu OTKIIOYUTH WIyIBI OT MU3MEPSAEMON LENH WM BBIBOJOB JJIEMEHTA MpPH
BBIITOJIHEHUH U3MEPEHUN HANPSKEHUsI, CUIIBI TOKA U EMKOCTH, TO Ha JUCIUIEE OTOO-
pPa3suTbCAd ONOPHOE 3HAYEHHUE, NPU BBIIOJIHEHWH W3MEPEHUN CONPOTHUBIICHUS Ha
aucmiee orobpasarcs cuMBobl «0L» /1y BeIxoga U3 pexxumMa OTHOCUTEIHHOTO U3-
MEpEHHs TOBTOPHO HaxkaTh KHONKY REL.

B pexume OTHOCUTENBHBIX U3MEPEHUN MOTYT OBITh ONpPEAEIIEHbl N3MEHEHUS
M3MEPSAEMOr0 MapaMeTpa OTHOCUTEIBHO OMOPHOTO 3HAYEHHS. DTOT PEXKUM MOXKET
OBITh TAK)XE HCIOJB30BAH JIJII M3MEPEHUU MAJIbIX CONPOTHUBIEHUA M €MKOCTEM.
Hanpumep, npu BBIIOJHEHUH HW3MEPEHUSA COIPOTUBIICHUS CIEAYET 3aKOPOTUTh
KPAaCHbIM M YEpHBIA L1yNbl, HAXKaTh KHONKY REL s 3anucu ONOpHOIro 3HAaYCHMS
COTIPOTUBIICHUS (CONPOTUBICHUSI U3MEPUTENBHBIX MPOBOJOB), U MOCJIE 3TOTO BHI-
IIOJIHUTh M3MEPEHUE MaJIOr0 CONPOTHUBIICHUSA, IPU OTOM COINPOTUBIIEHUE HU3MEPU-
TEJIbHBIX MPOBOJIOB OYyJET BBIYTEHO M3 MU3MEPEHHOTo 3HaueHus. [Ipu BbimonHeHUu
U3MEPEHUSI €MKOCTH DPA3OMKHYTh KPAaCHYIO U UYEpPHYIO TECTOBBIC JIMHUM, HaXaTb
kHonky REL s 3amucu €éMKoCTH M3MEpPUTENbHOU Lenu mpudopa, U MOCie 3TOro
IIOBTOPHO BBINOJHUTH U3MEPEHNE EMKOCTH, IIPYA ITOM EMKOCTb U3MEPUTEIBHOMN LIETTH
npudopa OyAeT BbIUTEHA U3 0TOOpaKaeMoro 3Ha4eHHUS.

2.8. U3mepeHne MAKCMMAJILHOTO0 1 MUHUMAJIBLHOTO 3HAYEHUI

[Tpu Haxxatuu Ha kHOMKY MAX/MIN mynetumerp AMM-1130 ycranaBnuBa-
€TCsl B COCTOSIHUE 3allMCH M OTOOpaKeHMs: MaKCUMaJIbHOIO 3HAUEHUS, MUHUMAIIb-
HOT'O 3HAYE€HUS, PA3HOCTU MAKCUMAJIBHOIO U MUHHUMAJIBHOIO 3HAYE€HUH, BCEX BEIU-
YUH 332 UCKJIIOYEHHEM 4YacTOThl U NpoBepku auona. AMM-1130 uzmepsier Tekyuiee
BXOJHOE 3HAYCHUE BEJIMYMHBI U MOCTOSHHO CPABHUBACT €0 C 3alIMCAHHBIMU BEJIH-
YUHAMM, TPU HEOOXOIUMOCTH OOHOBIISIS 3aIIMCAHHbBIC 3HAUYEHUS.

[ToBTOpHOE KpaTKOBpeMeHHOe Haxkatue Ha KHOMKy MAX/MIN nepexitogaet
MEKy PEKUMAMHU PErUCTPAMU MAaKCUMAJIbHOIO0, MUHUMAJIBHOTO 3HAYEHNUN WU UX
pazHocTu. B 3TOM pexuMe Ha aHaJIOroBOM HIKajne npubopa oToOpakaeTcsa TeKyllee
U3MEPSIEMOE 3HAUCHUE.

JIist BbIXOAA U3 3TOr0 peXxuMa HEOOXOAMMO HaXaTh M yJIEPKUBATH KHOMKY
MAX/MIN 6onee nByx cekyHn. Ilpu m3aMepeHHH M3MEHSIIOIIMXCS CUTHAJIOB JUIS
pErucTpanuyy NUKOBBIX 3HAYECHUN U3MEPSAEMON BeIMUMHbBI HAkMUTE KHONKY PEAKH.
[Tpu naxxarnu kHonku PEAKH oxun pa3 Oymetr mpou3BOAUTHCS peTUCTpaIiis Mak-

CHUMaJIBHBIX 3H3‘-I€HHI>1, IIpy IIOBTOPHOM HAXKATHKU — PCTUCTpallkaA MHHHMAJIbHBIX
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3HAYECHUW, NpU Haxkatuu U yaepxkanuu knasumu PEAKH — perucrtpanus makcu-
MaJIBHBIX 1 MUHUMAaJIbHBIX 3HAYEHUU.

3. OBBEKT UCCJIEJOBAHUS, OBOPYIOBAHUE

OOBEeKTaMU UCCIIEIOBAHUS SIBISIOTCS DIICKTPUYECKUE 1IETTH MEXaTPOHHBIX 3JIEMEH-
TOB M CHICTEM.

1. Ludporoii mynpTumMerp AMM-1130 .

2. Victounuk nutadust moctostHHOro Toka ATH-1335.

3. I'enepatop curnasnos cnernuaabHoi popmb AWG-4110.

4. MakeTHas 1U1aTa.

5. Habop pe3nucTopoB 1 APYrux 371€MEHTOB.

4. TIOPAAOK BBIIIOJIHEHUSA PABOTHI

1. TareJJbHO 03HAKOMHMTLCS C HACTOSIIIEH MHCTPYKIIMEH M M3YUNTh YCTPOM-
CTBO IIM(pPOBOIro MyJILTHMETPA .

2. BxirounTs 1U(poBOM MyJIBTUMETP U IOATOTOBUTH €0 K padoTe.

3. I3mepenune MoCTOSTHHOTO HAIPSKEHNS:

a) COCTaBUTh AIEKTPUUECKYIO CXEMY, BKITFOUAIOIIYIO 3 TIOCIIEI0BATEIBHO
BKJIFOUEHHBIE PE3UCTOPA 10 33JaHUIO0 MPENOAABATENS Y UCTOYHUK IIOCTOSTHHOTO
HanpsDKeHHs! (HAIPSHKSHHE TAKOKE 33/1aeTCsl MPEIo/IaBaTesieM);

0) BKIIFOUMTH TOK M UI3MEPUTH HANPSKEHUE NCTOUHKKA TIUTAHUS, a TAKKe Ia-
JICHUE HAPSDKEHUS HA KaKIOM U3 PE3UCTOPOB;

B) pacCUMTaTh MOTPEIIHOCTH U3MEPEHMUSL.

4. smepeHne NoCTOSTHHOTO TOKA!
a) MEePEKIIIOYUTh PEKUM pabOThI MPHOOpa Ha U3MEPEHHE TOKA;
0) BKJIFOYMTH B pa3pbIB LEMH NPUOOP U U3MEPUTH BEJIMUUHY TOKA;
B) pacCUMUTaTh MOIPEIIHOCTH U3MEPEHMUS,;
T') pe3yJIbTaThl U3MEPEHUI M PACYETOB 3aHECTU B TaOMILy 1.

5. M3mepenue nepemenHoro HanpsbkeHus (Ha yactotax 50 u 5000 I):

a) COCTaBUTh AIEKTPUUECKYIO CXEMY, Mara3uH CONPOTUBIICHUH 10 33/IaHUIO
[pero/iaBarelis MEXaTPOHHBIE HJIEMEHTHI M CUCTEMBI M UCTOUYHUK [IEPEMEHHOI0 Harpsi-
KEHUS C TeHepaTopa (HapsDKCHHE TAKXKE 33/1aeTCsl MPEIoIaBaTelieM);

0) BKJIFOUMTH TOK U UI3MEPUTH HANPSDKEHUE NCTOUHKKA TIUTAHUS, a TaKKe Ia-
JICHUE HaIPsDKEHUS Ha KaKIOM U3 PE3UCTOPOB;

B) pacCUMTaTh MOTPEIIHOCTHA U3MEPEHHUS;

T') pe3y/bTaThl U3MEPEHUI U PACUETOB 3aHECTH B TaOMILy 1.

6. I3mMepenue corpoTUBIICHHUS TTOCTOSSHHOMY TOKY:
a) OTCOEIMHUTH CXEMY OT UCTOYHMKA MUTAHMUS;
0) MepEeKIIIOYUTh PEKUM paboThI MPUOOpa HAa U3MEPEHHE IIEKTPUIECKOTO CO-
NPOTUBJICHUS;

B) U3MEPUTH COIPOTHUBIIEHUE KAXKIOTr0 PE3UCTOPA;
9



I') pacCYMTATh MOTPEUTHOCTU U3MEPEHNS;

1) pe3yJIbTaThl U3MEPEHUIA M PACYETOB 3aHECTH B TaOIHITy 1.

Tab6mmra 1.

N3mepsiemblii napa-
MeTp, eAUHUIIA U3Me-
peHust

Hanpsizkenue
IIuTanus, ya-
CTOTA

R1

R2

R3

Ianenne HanpsKeHUst
Ha NMOCTOSTHHOM ToKe, B

N BoJabT; 50
IManenne HanpsiKeHUst I'o

nepeMeHHOM TOke, B N BoJBbT;
5000 I'n
BejmmunHa MOCTOSTHHO-
o TOKa, A
N BoJabT; 50
Besimunna nepeMeHHoO- Iy
ro TOKa, A N BoJIbT;
5000 I'o

ConporusiieHusi o-
CTOSIHHOMY TOKY, OM

7. I3MepHTh 3JEKTPUUECKIE TTapaMeTPhI TS TIPEITDKOCHHBIX AIICKTPOHHBIX KOM-
IOHEHTOB B COOTBECTBHH C I1. 2.3-2.7.

5. YKA3AHUA 110 OPOPMJIEHUIO OTUETA
Otdet 0 paboTe TOMMKEH COAEPKaTh:
1. Tabnuiry pe3ysIpTaToOB H3MEPEHUI U pacdeToB (B COOTBETCTBUM ¢ Tabmurieii 1)
2. Pe3ynbTaThl UIBMEPEHUH 1 PACUETOB IMaPaMETPOB AIEKTPOHHBIX KOMITIOHEHTOB,
MPEIJIOKESHHBIX MPeroiaBaTesieM (¢ CBOOOIHOM (hopMe MPOCTHIM NIEPEUMCIICHIEM TI0

CIIHCKY).
6. KOHTPOJIBHBIE BOITPOCHI

1. Kakue mapameTpsl 3JIEKTPUYECKUX LIETE MOKET U3MEPUTH MYJIETUMETP?
2. Kakue BO3MOKHOCTH JIIs aHAJIN3a MEXaTPOHHBIX CHUCTEM MOKHO peaIn30BaTh
NP TTIOMOIIM MYJIBTUMETpa?
7. BUBJINOT PAOUYECKHUI CIIUCOK
1. T.C. Parxop. Ludpossie uzmepenus. Meronsl u cxemorexnuka. M.: TexHocge-
pa, 2004.- 376 c.
2. P. Jlpaxcein. OCHOBBI JIEKTPOU3MEPUTEIHLHON TEXHUKH. M.: DHeprouzaar, 1982.—

296 c.
3. B.A. Kykym. Onextpopanuonsmepenus. M.: Paauno u cBs3b, 1985. — 368.

JlabopaTopHnasi padbora Ne3
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Anajau3 ANHAMHAYECCKHUX XaPAKTCPUCTUK NMMACCUBHBIX ‘leTLIpéXHO.]'IIOCHI/IKOB

1. HEJIb U 3AJJIAYU UCCJIEAOBAHUASA
N3yyenue mnpuuunoB pabOThl 3JIEKTPOHHBIX OCHUILIOrpaoB U METOIOB
aHaIM3a JUHAMUYECKUX XapaKTePUCTHK JIEMEHTOB MEXaTPOHHBIX CHCTEM C UX HC-
MOJIb30BaHUEM.

2. TEOPETUYECKUE CBEJIEHUSA

1.1. Hazna4yeHue, NPUHLIMI eiiCTBUA U KJIaccu(PUKAIMS 3JIEKTPOHHBIX 0C-
nwiorpagos

OpHuM U3 HaMpPaBJICHUN Pa3BUTHS COBPEMEHHOTO IPUOOPOCTPOCHHUS SABIISETCS
CO3/JaHUE TEXHUYECKUX CPEJICTB HA OCHOBE 00bEIMHEHUS JJOCTUKEHU COBPEMEHHOU
MUKPORJIEKTPOHUKH U MHPOPMAITMOHHBIX TeXHOIorui. OcoOeHHOE pa3BUTHE TOJY-
YWJIO CO3/IaHUE WHTEJUICKTYaJbHBIX (MPOrpaMMHUPYEMBIX) CPEACTB M3MEpPEHUN Ha
OCHOBE COBPEMEHHBIX allllapaTHO-IIPOTPAMMHBIE CPEJICTB.

VYkazaHHbIE Cpe/ICTBA 00JIaal0T CIACAYIOMUMHU MPEUMYIIECTBAMHU:

o BO3MOXKHOCTh 00pabOTKU PE3yIbTaTOB U3MEPEHUM;

o OTOOPAKEHUE PE3YNIBTATOB U3MEPEHHUSI C UCIIOJIH30BAHUEM
BO3MOKHOCTEH COBPEMEHHBIX IpaduYECKUX PEIaKTOPOB;

o MOBBIIIEHUE TOYHOCTU U OBICTPOICHCTBUS.

B kauectBe nmpumepa paccMoTpuM mu@possie ocumiorpadgsl (LO) — npen-
CTaBJIAIOIINE COOON anmapaTHO-IIPOrPaMMHBIE CPEJICTBA C OUEHb BHICOKUMU TEXHU-
YECKUMH XapaKTEPUCTHUKAMHU.

[Io BO3MOXKHOCTSIM 00pabOTKM cuUrHaioB M ObicTponeicTBuio IO mpubin-
KAIOTCA K CNEHHATM3UPOBAHHBIM CUTHAJIBHBIM MPOLIECCOPAM, a TI0O BO3MOXKHOCTSIM
OTOOpaXKEHUsI pe3yJIbTaTOB 00PA0OTKU MPEBOCXOISAT UX.

Buemnuit Bua ocimuuiorpadga koMmmnanuu « Akrtakom» cepun GDS ¢ nBeTHbIM
KK mHIuKaTOpOM MpEACTaBICHBI HUKE

11
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Puc. 1. [lepenuss u 3aauss naHeau npuodopa. Buasl cOoky

1) KHomka BKIIOUCHHS TUTAHUS

2) Pazpem s monkiroucHus kaOenst mutanus (s moxaened ADS-2031 u
ADS-2031V pacronoxeHa Ha 33 HEH TTaHEIH)

3) Kuormka Brimrouenus npubopa/lucruieit mpudopa

4) Wuaumkarop cetu

3eNeHblii - mpuboOp BKIIOYEH B CeTh, OaTapes- TMOJHOCTBIO  3apshKeHa
(pu ucnonb30BaHUU OaTapen)

JKENTHIN - MpUOOP BKITIOYEH B CETh, OaTapes - 3apspkaercs (IIpH UCIIOIb30BaHUN OaTapen )

5) OOGnacTb opraHoB yrpasieHHs (pPacCCMOTPEHBI Ha puc.2)

6) Pa3bém i KoMIIeHcaK TPOOHHUKA

7) Paswbem I BHEIIHETO 3amycKa mpuoopa

8) Bxonmbie pazbpeémbl kananos CHI
u CH2 10) Kxonka  BkiIIOYe-
HUS/BBIKIIIOYEHNS MEHIO

11) USB unTtepdeiic 11 NOIKII0OUEHIS BHEITHETO 3alIOMUHAIOIIET0 YCTPOHCTBA

12) USB untepdeiic s NOAKIIOUEHUS K KOMIIBIOTEPY

13 ) Paszpem RS-232 (ans momenerr ADS-2xxxMV) wmmm VGA (s mopenei
ADS-2xxxMV u ADS-2031V)

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

15) Bunr qns moakmouenus k "3emue" (kpome ADS-2031 u
ADS-2031V) 16)LAN unrepdeiic

12



1.2. CTtpykTypa u npuHIUN JeiicTBUS HM(poBoro ocuniorpaga

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

]

MK [y 3

Bxon
— MY AL _l\ o3y

\
A

oy

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

MY — macmtabupyroniee yCTporucTBO (YCHINTENb U JeTUuTeNnb Hanpsbkenns ); AL —
aHasioro-u@poBoil mpeodpazoBatenp; O3Y — onepaTuBHOE 3alOMHUHAIONIEE
ycTpoiicTBO; MK — MUKpOKOHTpOJIIEDP; 3Y — 3alOMUHAIOIIIEE YCTPOMCTBO; D — IKPaH;
OV — opraus! ynpasieHus ( KHOIIKH, PYUYKH).

[Mpoitns yepes MY, Bxonnoe Hanpspkenue U(t) mpeodpasyercs AL B awmc-
KPETHYIO TMOCIEA0BATEIbHOCTh KOAOBBIX CJIOB N; , oToOpa)aromux MrHOBEHHBIE
3Ha4YeHus1 U; 3Toro HampspbkeHus. Kaxigoe HOBOE KOIOBOE CJIOBO 3alMChIBAETCA B
O3Y. IIpu 3TOM BCe MpEeABIAYIINE 3aIIMCAHHBIE OTCYETHI CIBUTAOTCS HA OAHY AYEHKY
(peructp cnpura), a camblii iepBblid N; ucuesaer, Kkak Obl «BBITAIKHUBAETCS». Eciu
O3V cocrout u3z M siyeek, T0 B HEM, TOCTOSIHHO OOHOBJISISICh, COJEPKUTCI M 10-
CJIEIHUX, «CBEXUX», KOJIOBBIX CJIOB. Tak mpojioirKaeTcs 10 TeX Mop, noka He Oyaer
BBINIOJIHEHO HEKOE€ 3aJJaHHOE YCIIOBHE, HampHuMmep, KOrja Kakoe-auOo U; BIEpBbIE
MPEBBICUT 3aJaHHBII OMEPaToOpoM YPOBEHb («3amyck Mo ypoBHIO»). Ilocne 3toro
COJIEP’)KUMOE HEKOTOpOro kosmuecTBa s;tueek O3V mnepenuchiBaeTCs B 3alIOMUHAIO-
iee ycTpoicTBo 3Y, BXozsuiee B cocTaB MUKpOKoHTpoiepa MK.

Kaxnoi siueiike 3Y cCOOTBETCTBYET TOUKA HA 3KPAHE MO IBETY OTIMYAOIIASCS
oT ¢ona. E€ abcuuccy omnpenenser HoMep silueKH, a OpAUHATY KOJ0Boe ciioBo Nj,
HaxXOJIIEECs B 3TOU sTYCHKE.

Jl1st Xoporero n300paskeHus CUTHAJa Ha SKpaHe BIIOJHE IOCTATOYHO 2 TOYKHU
Ha 1 mm. CpenHux pa3zmepoB 3kpaH umeeT BbicoTy 100 mm u mmpuny 120 mm. Cre-
JOBATENIbHO, HAa 3KpaHe JoJKHBI pacnonaratbes 200 x 240 = 48 000 touek uiu 0o-
nee.

Takum oOpazom, aiasi popmupoBanusi xopoiuero usod0pazkenusi AL
JAO0JIKeH UMeTh He MeHee 8 IBOMYHBIX pa3paaoB (256 Touyexk mo BepTrukaamn) u 3y
JMOJIZKHO COJIepPKaTh 256 saueek.

Ho xomuuectBo siueek O3V mMoxkeT ObITh ropas3ao OosbIe. 3auem?

[HO mo3BoJiAeT nenaTh 3aMedaTesIbHy0 Bellb — 3anoMuHarh B O3Y oyeHb

MHOT'O KOJOBBIX CJIOB, a4 IIOTOM «BBITATHUBATLH» HUX IMOPHHUAMU, COOTBCTCTBYHOIIMMUN
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MUpUHE dKpaHa. B aHamoroBeix ocumiuiorpadax 3To, KOHEYHO, HEBO3MOXKHO. Jlis
0003HaUYEeHUs 3amaca 1o OCU BpeMeHH («riyOrHa mamsiTh») WHOTAA MOJIb3YIOTCS Ta-
KO OILICHKOMW JIJTMTEILHOCTU CUTHAJIA, TAaHHBIE O KOTOpOM 3anucanbl B O3Y: «uucio
sKpaHOB». Hampumep, «8 3xpaHOB» o3HavaeT, 4to 00bEM mamsatu O3Y He 256, a
2048 syeek, B koTophix 3amucaHo 2048 komoBweix cioB N;. Kaxmoe N; — 310
8-pa3psHbIi KOJ, T.€. OIUH OANT, T.4. «8 IKPAHOBY» — 3TO OOBEM MaMSTH B 2 KUJIO-
Oaifta. MoXHO BOOOpa3uTh OYEHb IIUPOKUN SKpaH-JEHTY — B 8§ pa3 IIMpE HATY-
pajbHOTO, HO TaKOM ke BhICOTHI. Ha Takoii jeHTe ObU10 OBl 3aMKMcaHo U300pakKeHHUe
BCEro curHaia. /[jamHa 3Toi JeHThl OKOJIO OJTHOTO METpa.

YacToTy JUCKPeTH3ANUN (YACTOTY «BBIOOPOK») MOKHO U3MEHSITH B IIU-
POKHX Ipe/iesax, YTO COOTBETCTBYeT M3MEHEHUI0 MACIITA0A 10 FOPU30HTAJIM H
AHAJIOTMYHO N3MEHEHUI0 CKOPOCTH Pa3BEéPTKHU B AHAJIOTOBBIX OocuuLiorpadax.

J{nst u3MeHeHust MacmTada no BEPTUKANM, KaK U B aHAJIOTOBBIX OCHUJIIOTpa-
dbax, MOXXHO H3MEHATh KOA(D(PUIIMEHTHl YCUJICHUS WM JEJICHUS COOTBETCTBEHHO
BXOJIHOTO YCUJIMTES WM JACIIUTEIIS HAPSHKCHUS.

B nenom IO umeer Gombliie CXOACTBA C KOMIBIOTEPOM, YE€M C aHAJIOTOBBIM
ocisuiorpadomM. OH O3BOJISET BBINOIHATD PA3JIMUHBIC MATEMATUYECKHUE OTIEPaAIIUN:
pacTArUBaTh BO BpeMEHH (PparMeHThI 3alMCAaHHOTO B MaMsITh CUTHAJa, CKJIa/IbIBATh U
BBIYMTATh CUTHAJIBI B Pa3HBIX KaHaaX, OMPEAEATh YaCTOTHBIM CIEKTP CUTHAjA My-
TEM IPUMEHEHUS OBICTPOTO MpeodpazoBaHusi Pypre U MPoy.

1.3. OTo0paxkeHne CUTHAJIA HA 3KPaHe ocuuLIorpada

OCHOBHBIM HEIOCTAaTKOM BCEX IMH(PPOBBIX OCHUILUIOTPadOB SBISETCS, TO, YTO
OHM pabOTAIOT HE B peajJbHOM MaciiTabe BpeMeHU. YTo 3TO 03HayaeT?

Ha puc. 2 npuBeneH cxeMaTHYeCKU PUCYHOK OTOOpaKeHHsI CHUTHajla aHaJlo-
TOBBIM ocuuiiorpadom, IIBETHOE MoJie 0003Ha4YaeT 00JIacTh PUCYHKA, OTOOpa)ae-
MyI0 Ha 3kpaHe (kKaap). 3ajep:KKa MEXIy KaJpaMH COCTaBJISET Bpemsi 0OpaTHOTO
X0J/la Jlyda W PeryJIMpyeMyl0 BpPEMEHHYIO 3aJepkKy (MMeHyemyro B Poccuu "cra-
owibHOCTE" 3a pyOexom "HOLD") 3amycka pa3BepTKu AJi TOTYUYECHHS CTaOMIBHON
CUHXPOHU3ALMU. DTO BpeMs I0CTATOYHO MaJIO TI0 CPAaBHEHUIO C BPEMEHEM pa3BepTKU
Y TIO3TOMY €CJIM CUTHAJI OT KaJpa K KaJpy U3MEHSETCs, ITO U3MEHEHNE HEMEJIEHHO
0oTOOpaxkaeTcs Ha dKpaHe, 3TO M €CTh OTOOpa)KEHHE CUTHAJIa B peajIbHOM BPEMEHH.
JluHaMuKa cUTHaja KakK MO BEPTHUKAIHU, TaK U MO -TOPU3OHTAIU COOTBETCTBYET W3-
MEHEHHSIM BXOJHOI'O CUTHAJA.

Bpenta snnepss

— l—

I HAT OTCOpadEeH

|
&

Puc. 3

[Mudposoit ocrmtorpad MCHONB3yeT aOCONMIOTHO APYTOM MPUHIIUI PabOTHI.
Bxopanoii curnan, B pazmepe BEIOPAHHOTO KaJipa, PO BCE BXOAHBIC YCUITUTEIN U

arteHtoaropsl noctymaer Ha AL, roe mpeoOpasyercs B mudpoByo dhopmy u 1o-
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CTYINaeT BO BHYTPEHHIOIO MaMsTh AJs AalibHEIIe oOopaboTku (MPUBS3KU K pas-
BEpTKE, BHIBOJY Ha IKpaH, U3MEPEHHUE MapaMeTpoB U T.1.), BpeMs 3Toi 00paboTKu
JOCTaTOYHO BEJIMKO MO CPAaBHEHHUIO C BPEMEHEM Kajpa, 3aJepiKKa MPH BHIBOJE HA
HKpaH MOJy4YaeTcs JOCTATOYHO O0JbIIast, YacTh HHPOPMAIMH 00 U3MEHEHUH CUTHAA
MEXy KaJipamMu Tepsercs oecciaento (cM.puc.4). 9To U ecTb 0TOOpaKEHHE BXOJHOTO
CHTHaJIa B HEpeaJbHOM MaciTabe BpEMEHHU - TJIaBHBIN HEJOCTATOK BCEX IU(PPOBBIX
ocumorpadoB. Ero MoxHO monbITaThCs CriaJAuTh, HO H30eXKaTh Helb3s!

TITHAT MOTEPAH

.
/
I

' — [Tpouece oopatoTHIL

Puc. 4

Wrak, nepBoe UCKa)KEHUE CUTHAJA BO3ZHUKAET MPU JUCKPETU3AIMU BXOJHOTO
curtana B ALl Yame Bcero B nupoBbix ociuiorpadax UCIONb3YIOTCS 8- pas-
psanuabie ALI - 370 256 0TCUETOB MO AMIUIMTY/IE, YTO BIOJIHE TOCTATOYHO [IJISl MC-
CJI€JOBaHUs CUTHAJIA.

Ho xak Bxoanoii curHain 3anuceiBaetrcs B ALII? Tyt nmyTu pa3HbIX npousBo-
autenei pacxoasTcs. Camblil TpocToOi croco0 - BEIOPATh KaK MOXKHO OOJBIIYIO Ya-
CTOTY JUCKpEeTH3aluu (UCXOolsi U3 COOOpaKeHUM I1eJ1eCOO00pPa3HOCTH M MOJIOCHI
MPOITYCKAHMs) U 3alMCaTh UX B MaMsATh. Takas AMCKpEeTH3alus, C )KECTKO yCTaHOB-
JIEHHBIM BPEMEHEM MEKIy TOYKAMH JHCKPETH3alMH, HAa3bIBACTCS NMEePUOANYEeCKOil
(nsim peryasipHoi) u ucnoiibdyetcs B ocumiorpadax Tektronix.

[Ipu 3TOM crnocobe AMCKpEeTH3aluy FeHEPATop, 3aJAI0MUi ar IUCKpPEeTH3a-
LMY 3aIlyCKaeTcs OAHOKPATHO, €r0 CUTHajl MOKa3aH B BUJE UMIYJbCHOM IMOCIEN0-
BATEJIbHOCTH Ha PHC. 3.

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

Fn=1/To

Henocrarkom Takoro croco6a siBIseTcs T, YT0 MHPOpMAIU MEXIy TOUKaMu
JTUCKpEeTU3alK (KpacHbIe TOUKM HAJOXEHHBIE Ha CUTHAJ) TepseTcs 0e3BO3BpaTHO,
HE CMOTPSI Ha BBICOKYIO CKOPOCTh JUCKpeTH3aluuu (cM. puc 5 u 6) u o0beM BHYT-
pEHHEH MaMsITH, B KOTOPOM MPOUCXOIUT JajbHelmas o0padoTka OrpaHiydeH (HO 00
ATOM HEMHOI0 HUXke). JIOCTOMHCTBOM - POCTOTa U CaMO€ TJIaBHOE BO3MOYKHOCTb
MCCJIEI0BATh OJTHOKPATHBIE CUTHANBI C TOM € JTOCTOBEPHOCTHIO, YTO M NEpUOInYe-
CKHE.

Puc. 5
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DROBHOPH CHIHAN Otobpasxenme Ha sxpane

Puc. 6

EcTecTBeHHO, M3MEHEHUST CUTHAJIA MEXTY TOUYKAMH TUCKPETHU3AIUN HE 0TOO-
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 IIENed, MEXaTpOHHBIC AJIEMEHTHl U CH-
CTEMBI.

3.3AJAHUE HA PABOTY

1. VI3yunTh TEOpETHUYECKUE CBEIEHUS, NMPEACTABICHHBIE B HACTOSIIUX METO-
JUYECKUX YKA3aHMUAX U PEKOMEHOBAHHOU JIUTEPaATypE.

2. ChopmupoBaTh OTYET MO pabOTE ¢ BOZMOMKHOCTBIO JTOIIOJHEHHS €r0 COOT-
BETCTBYIOLIMMHU DKCIIEPUMEHTAIIbHBIMU JaHHBIMU.

3. M3y4uth yCTPOMCTBO M MPUHLHUI PabOThl 3JIEKTPOHHOrO ocuuiuiorpada
ADS-2111M.

4. TlpoBecTn U3MEPEHUS], YKA3aHHBIE B 1.5 HACTOSIIMX YKa3aHWUW M 3aHECTH
ITOJTyYEHHBIE DKCIIEPUMEHTAIIbHBIEC JAHHBIE B OTYET.

5. I1oaroToBUTHE OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

4. IOPAIOK BBIIIOJIHEHUSA PABOTBI

1. TimaTenbHO 03HAKOMUTLCS € HACTOSIIIIECH MHCTPYKIIMEH U U3YIUTh YCTPOUCTBO
anekTpoHHoro ociuiorpadga ADS-2111M.

2. BxurounTth 3eKTpoHHbIN 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) COCAMHUTH BEPTUKAIbHBIN BXOJ ocuuiuiorpadga ADS-2111M ¢ ocHOBHBIM
BBIXOJIOM T'eHepaTopa curHajioB crenuaibHo Gopmbel AWG-4110 u ¢ momoiibio
perynsTopoB "ammimtyaa' u "dacrora Hz" ycTaHOBHUTH BBIXOJHOE HAIPSKEHUE
amrmuTynoi 0,25B u gacroToit 100 ['m, ncmonp3yst BO3MOXKHOCTH ocIiuiuiorpada;

0) coenuHUTH BepTUKAIbHBINA BX0oA ocumiuiorpada ADS-2111M c¢ Beixoaom
CXEMBI;
B) II0JIaTh Ha BXOJ LenH (pHC. 7) 3TO HANPSLKEHHUE ¢ TEHEPATOpa CUTHAJIOB,;
I') U3MEPUTH HANPSHKCHUE HA BBIXOJE CXEMbl M ONPENeNuTh KOA(DPUIMEHT
YCUJICHUS LIETIH.
4. CHATb YaCTOTHYIO aMIUIMTYAHO-()a30BYI0 YACTOTHYIO XapaKTEPUCTUKY M Tie-
PEXO/IHBIN MPOLECC HAPACTAHUS HANIPSYKEHUS  1ICTIH.

CoOpaTh Lielb, BKIIOYAOIIYI0 YaCTOTHO3aBUCUMYIO JIEKTPUUYECKYIO LIEMb (MH-
TErPUPYIONIETO XapaKTepa puc. §), reHepaTop CUTHAJIOB CIIeUaIbHON (OpMEI (CH-
HYCOUJIATbHOE HANPSHKEHUE T0JaTh HAa BXOJ LIETIH) U ocIpuiorpad.

R,
] °
Bxon C 11 — BLIX0]
O 1)

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

a) COeIMHUTh BEPTUKaJIbHBIN Bxon ocumiuiorpaga ADS-2111M ¢ ocHOBHbIM
BBIXOJIOM TeHepaTtopa curHayioB crnenuanbHoil popmel AWG-4110 u ¢ momorisio
perynstopoB "ammiuryaa" u '"yacrora Hz"' ycTaHOBUTH BBIXOJHOE HAIPSKEHUE
amruTyoil 1B u wactotoii 0,1 ', ncnonb3yst BOZBMOXHOCTH ociiiuiorpada;

0) coeaMHUTH BEpTUKAIBHBINA BX0 ocumiiiorpada ADS-2111M ¢ Bbixogom
CXEMBI;

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

I') UBMEHSIS 4aCTOTY BXOIHOTO curHaia B auanaszone 0,1 —30 T ( 0,1;0,5; 1; 5;
10; 15; 20; 25; 30 I'ty ), mpu 3TOM aMILUIMTYAY CUTHAJIA He MEHATh, C TTOMOIIbIO
¢urypsl JIuccaxxy CHATh YaCTOTHYIO aMIUIUTYAHO-(Da30BYI0 YaCTOTHYIO XapaKkTepu-
CTHUKY LIETIH;
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Puc. 9. K onpenenenuto  aMmimMTyaHO-(ha30BOM YaCTOTHOM XapaKTEPUCTHKU
LEeIu:

3/1eCh A — aMIUIUTY/1a CUTHAJIA, @ =arc sin K

5 CHATb NepexoHBIN MPoLlecC HApacTaHUs HANPSKEHUS LIETIU:
a) yCTaHOBHUTbH Ha F€HEpaTope HallpsbKeHUe B (popme MeaHipa ¢ aMiuTyaoiu 1 B
M 4acTOTOW NpHU KOTOPOHM Ha 3KpaHE YKJIaJAbIBAeTCs JBa Nepuoja KonebaHuil (mpu
9TOM JIOJDKEH OBITh YCTAHOBJIEH OKIYILIUN» PEKUM Pa3BEPTKU;
0) 3apucoBaTh TEPEXOIHBIA TMPOIECC U OMPEACITUTHh MOCTOSHHYIO BPEMEHU
HapacTaHUsl HANPSHKCHHUS B CXEME, YYUTHIBAas KaTMOPOBAHHYIO MO JJIUTEIBLHOCTU
HaIpspKeHUE pa3BepTku (puc. 6).

10

Uvyeran.

0,63 [T}'(‘TZ:'IH. //P—

_.-"l—
TU

Puc. 10. K omnpeneneHuto MOCTOSHHOW BPEMEHHM HApacTaHUs HANPSKEHUS B
cXeMe.

6. Cobpath 11emb, BKIIOYAIONIYI0 YaCTOTHO3aBUCUMYIO AJIEKTPHUUECKYIO 1emb (aud-

dbepennupyroiiero xapakrepa puc. 11), reHepaTop CUTHAJIOB CHelUalbHONW (OPMBI
(cuHyCcoManbHOE HAMPSDKEHUE TOAATh Ha BXO/ IIETH) U ocuuiuiorpad.
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Puc. 11. YactoTHO-3aBHUCHMAsI dJIEKTpUYECKas Lenb TudPepeHInpyonero xapax-
Tepa.

a) COCMHUTH BEPTUKaIbHBIN BX0J ocuuiuiorpaga ADS-2111M ¢ OCHOBHBIM BbI-
XOJIOM TeHepaTopa cUrHajioB crenuanbHoil ¢popmbl AWG-4110 u ¢ mOMOIIbBIO
perynstopoB "ammiuryna" u '"yacrora Hz"' ycTaHOBHUTH BBIXOJHOE HAIPSKEHUE
ammutygoit 1 B u wactoroit 1 I'1, ucmosnib3yst BO3MOKHOCTH ocuuiiiorpada;

0) COeAMHHUTH BEPTHKAIBHBIN BXOj ocumwuiorpada ADS-2111M ¢ Beixogom
CXEMBI;

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

I') I3MEHSS 4acTOTy BXOAHOro curHajia B nuana3zone 1 — 400 I'ig (1; 5; 10; 15; 20;
50; 100; 200; 400 T’y ), mpu ITOM AMIIMTYy CMTHAJA He MEHSTh, C TIOMOIIBIO
¢urypsl Jluccaxxy CHATh YaCTOTHYIO aMIUTUTYAHO-(Da30BYI0 YaCTOTHYIO XapaKTepu-
CTHUKY LICTIH.

5. YKA3ZAHMUSA 11O OPOPMJIEHHUTIO OTUYETA.

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

Tabm. 1
YacroTa ;=27 f; lg i | A 20 1g Bi (of
I'm A,
(fi)
f1 Q]_ lg (O] Al 20 Ig Al Bl (0J]
f, Q, Igwy| A 20lg A, | B; 02
f; o; lgwi| A 201g |B; ¢i
A,
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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. TlepexomHblil MpoIecc CO BCEMU HEOOXOIUMBIMU MOCTPOCHUSMH U OMpejie-
JIEHHOM TOCTOSIHHOM BpeMeHU Ty .

6. KOHTPOJIBHBIE BOITPOCHI

1. Kakue Tumnsl ocumuiorpadsl Bel 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 usmepenus. Meroasl u cxemorexuuka. M.: TexHo-

cthepa, 2004.- 376 c.
2 . B.II. IpsixonoB. CoBpemeHnHas ocisuiorpadus u ocuniorpadst. Cepust
«bubmoreka nmxkenepa». - M.: COJIOH-IIpecc, 2013. - 320 c: ui.

3. B.JI. Kykym. Onexrpopaguonsmepenus. M.: Panno u cBs3p, 1985. — 368 c.
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JlabopaTtopHasi paGora Ne4
N3yyeHue KOHCTPYKUMI HHPOPMALNMOHHBIX JATYMKOB MEXaHUYECKUX BeJIUYNH

1. HEJIb U 3AJJAYU UCCJIEAOBAHUASA
N3ydyeHue npuHIUIOB pabOThl, KOHCTPYKIUNA, HA3HAYEHUSI JaTYMKOB MEXaHU-
YECKUX BEJIMYMH, XapaKTEPUCTUK U METOJIOB YCTAaHOBKHU Ha peaykropax DCII.

2. TEOPETUHYECKHUE CBEJIEHUSA

B nro6oii cnensimieli cucTeMe MOXHO YCIIOBHO BBIJICTUTH JIBa KaHAJIa PacIpo-
CTpPaHCHHS CUTHAJIOB  (CM. OJIOK-CXeMy DJIEKTPUYECKOW CIEISIICH CUCTEMBI B
CTeH/Ie K JJabopaTopHOi paboTe):

1) xanan ynpaBieHus (MHQOPMALIMOHHBIM KaHaT), IO KOTOPOMY TMEpeaaroTcs
CUTHAJIBI YIIPABIICHUS C BXO/1a CIIEIAIICH CUCTEMBI K 00BEKTY yIIPaBICHUS.

2) nHepreTHMuecKui KaHan (CujoBas 4acTh), MO KOTOpOMYy TipeoOpazyemasi
SHEPrusl PaCIpPOCTPAHIETCS OT UCTOYHUKA MUTAHUS K OOBEKTY YIIPaBJICHHUS.

DOneMeHTaMu KaHaja YIpaBJICHHS SABJSIIOTCS JATYUKU  PacCOrIacOBaHUS
(M3MepUTENHHOE YCTPOMCTBO), KOPPEKTUPYIOIINE YCTPOMUCTBA, YCHJIMTENIN HampsKe-
HUSL 1 MOIIHOCTH, UCIOJIHUTEIbHBIE AJIEMEHThl U MEXaHUYEeCKas repeaada (CHIOBOM
PEIYKTOD).

DHepreTMUecKuil KaHajd CUCTEMBbI BKJIIIOYACT B ce0S MCTOYHUK NMHUTAHUS, BbI-
XOJIHbIE KacKaJbl YCHJINUTEN MOIIHOCTH, MCIOJHUTEIIbHBIM JBUTATENb, CUIOBOM pe-
TTYKTOP.

B kanan ynpaBieHuss TUIIUYHOTO NpUOOpHOro aHanorooro ciuensmero JCII
BXOJSAT: JIaTUUK PACCOIIACOBAHUS C HUCMIOJIb30BAHUEM CUHYCHO-KOCUHYCHBIX WM JIU-
HelHbIx Bpamfatomuxcs TpanchopmaropoB (CKBT wunu JIBT), ¢da3odycTBUTEIBHBIN
BBITIPSIMUTEIb, CTIQKUBAIOIUN  (QUIBTP, YCUIUTEIb MOCTOSHHOTO TOKA, MOCJEA0Ba-
TEIbHOE KOPPEKTUPYIOIEE YCTPOMCTBO, CYMMHPYIOLIEE YCTPOMCTBO, MOAYISATOP
JUTUTEIBHOCTH  UMITYJIbCOB, YCUJIMTEIb MOIIHOCTH, WCIOJHHUTENbHBIN ABUTATENb U
penaykTop. B AMCKpEeTHBIX Clensimux MNpPUBOJAX CHTHAI OWUOKU (opmupyercs B
yOpaBJsoNeil BeiuucauTensHor mamubie (YBM) unu mukpokontposuiepe. U 3aech
HamOoJee yacTo nH(popMaIus 0 TEKYIIeM 3HAUCHUH PETYIUPYEMOM BETUYNHBI TIOCTY-
naeT o KaHayaM TJIaBHOW oOpaTHOM CBS3HU ¢ IIU(PPOBOro JaTUHKA.

3. OBBEKT NCCJIEAOBAHUA U OBOPYJIOBAHUE

OObeKTaMu UCCIEA0BAHMS SBISIOTCS HHPOPMALMOHHBIE TATYMKA MEXaHUYECKUX
BenuurH: CKBT(koHTakTHBIE U OECKOHTAKTHBIE), PEAYKTOCUHBI M HHIYKTOCUHBI, Ta-
XOT€HepaTOPhl MOCTOSIHHOTO U MEPEMEHHOT0 TOKa, ((OTOUMITYJILCHBIE TaTYUKH CKOPO-
CTH, MOTEHUUOMETPBHI.

4. 3AJIAHUE HA PABOTY
1.M3yunTh Ha3HaAYeHHE, KOHCTPYKIMH, XapAKTEPUCTUKHU JATUUKOB MEXaHU4e-

CKHX BEJIMYMH, U METOJ0B YCTaHOBKH Ha peaykropax JCII.

2.I103HaKOMUTBLCS ¢ TUITHYHBIMH mapamMeTpaMu JaTYUKOB.
21



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. YKA3AHMSA 110 OPOPMUIEHUIO OTYETA
OTuer 0 paboTe NOJKEH COAEPHKATh.

1. HazHauyeHue, 3¢KM3 KOHCTPYKIMH, XapAKTePUCTHKH (B BUAe TA0IUIIbI)
OHOT0 M3 IaTYUKOB MeXaHUYEeCKUX BeJIU4MH (BbIOUpaem camu: BT-5; MBT-2;
5BT; 2,5bBT wniau 11000ii Apyroi Tun U3 MeTOANYECKHUX YKAZAHUH).

2. DCKHW3bl YCTAaHOBKHU TaTYMKOB Ha pexykropax ICII.

7. KOHTPOJIBHBIE BOIIPOCBHI

1. O0bsACHUTH (PYHKUMOHAJILHOE HA3HAYECHHE U PUHIUII PadoOTHI JaT-
YHUKOB MEXaHHYECKHX BeJHYHH CJeIsIed cucTeMbl?

2. B ueM cocTOUT OTIMYME KOHTAKTHBIX U OeckoHTakTHBIX CKBT?

3. CurHasibl Kakoro TOKa SIBJISIIOTCA Ha Bbixoje noteHuuomerpa, CKBT, Taxo-
reHepaToOpOB M (POTOUMITYJILCHOTO JaTYHKa?

4. Yro npousoiiger ¢ CKBT, eciu cyliecTBEHHO 3alUTaTh €r0 MOCTOSHHBIM
TOKOM?

8. BUBJIMOTPA®UYECKHUIN CIIMCOK

1. Caepsinue npuBoasl. B 3 1. /Ilox pen.b.K. Uemonanosa. Tom 1- Mockaga,
N3p-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 cineasmux cucreM. /Ilox pen. H.A. JlakoTel. - Mocka, Ma-
muHocTpoeHue, 1992r.-352¢ctp

4. Xpyes B.B. Dnexkrpuueckue MUKpOMAIIMHBI ABTOMAaTUYECKUX

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

Bpamaromuecs tpanchopmaropsl cepun BT-5.
Bpamatomuecss TpaHchopMaTopbl 3TOH cepuM MPEACTaBIAIOT cOOOM KOHTAaKTHYIO IBYXIIO-
JIOCHYIO 4eThIpEXoOMoTOUHYI0 MamuHy. Kperienne BT — 3a ynopusiii OypTuk. Pexxum pabotsr —
npoaokutenbHbi. Macca BT cepuun BT-5 0,68kr.
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TounoctHble nokazarenu BT cepun BT-5

ToKasaTeis n - HopMaO)m;I Knaccla >
[TorpenHocTh 0TOOpaKEHUS CUHYC
HOH 3aBHCUMOCTH, % +0,02 0,04 +0,06 o o
AcHUMMeTpHS HYJIEBBIX ITOJIOKECHUH] 105 11 115 o L
poTtopa, yri. MUH - - -
OJ1C kBaapaTypHOil 00OMOTKH, %o 0,125 0,25 0,375 — —
Ocrarounas DJ1C, % 0,015 0,02 0,03 0,02 0,04
HepagenctBo ko3¢ dunmenTon 02 02 02 o o
Tpanchopmaruu, % ’ ’ ’
[TorpemHocTs 0TOOpakeHUs -
HEHOH 3aBUCUMOCTH, %o o o o 0,11 0,22

Texanueckue nanasie BT cepun BT-5

O06o3HaYeHNE Hasnaye Hanpsikerne, B | Zo1, OM K
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(tum) BT Hue BT Homunang Pa6oun
HOE Jana3ox
K®3.031.048 CKBT 40 0-40 200 0,53
JII3.010.527 BTAII-A
K®3.031.049 CKBT 40 0-40 200 0,96
JII13.010.527-01
K®3.031.050 CKBT 60 0-60 400 0,53
JII13.010.527-02 BTAIT-A
K®3.031.051 CKBT 60 0-60 400 0,96
JIIII3.010.527-03
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
JII13.010.527-05 BTAII-A
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
JII13.010.527-07
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
JII13.010.527-08
K®3.031.065 JIBT 40 0-40 200 0,746
JIII13.010.527-09
K®3.031.066 JIBT 60 0-60 400 0,373
JII13.010.527-10
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
JII13.010.527-14
* IIpU MOCTOSTHHOM aMIUIUTY/IE HAMIPSDKEHUS BO3OYXKIEHUS
TexHuueckue naHusle, ooume At Bt cepun BT-5
HomunaneHas yactoTa HanpsbkeHus Bo3OykaeHus, ['11 500
Jnamna3zoH pabounx 4acTOT HANpsHKEHUs BO3OY)aeHus, [ 11 380-10
0
[TorpenrHoCTh ciieI0BaHUs TPAaHCPOPMATOPHON AUCTAHIIMOHHOH ITepeayy,
yTJ1. MHH. +3
N3menenune kordpumenTa TpaHcGopMaliy Npu U3MEHEHNH HaIPSKEHUS
BO30OYKIeHUS, %o 0,02
N3menenue casura ¢asbl BeixoaHoi 2J[C npu n3MEHEHUH HAIPSKEHUS BO3-
OyXIeHMS, YTJI. MUH. 8
V3MeHeHne HyIeBOTO TIOJI0KEHUS pOTOpa MTPH U3MEHEHNUN HAINPSHKEHUS BO3-
OyXIeHMS, YTJI. MUH. 2
N3menenune kordunuenTa TpaHcGopmaiy npyu U3MEHEHUH TeMITEPATyphl
OKpykarotei cpensl Ha kKaxabie 40°C, % 0,03
W3menenue capura a3l BerxoaHoi 9/1C npu u3MeHeHUU TeMnepaTyphbl 40
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OKpy>Karoien cpeasl Ha kaxbie 40°C, %

JIOCHYIO 4eTbIpéxoOMoTouHylo MamuHy. Kpemnenne BT —

Hsmenenue MEPEXOAHOr0 COIMMPOTHUBJICHUA KOHTAKTa IIPU IOBOPOTE pOTOPaA

JIII3.010, Om 0,1
YacroTa Bparnienusi, 00/MHH:
K®3.031 5
JIII3.010 60
MoOMEHT CTaTH4YeCKOTO TpeHus, 1 0°H-m 13

VYcnosus skernyaranuu BT cepun BT-5

BubpanroHHbie Harpy3KH:

Jnama3on gactoT, ' o 2000
Yckoperue, M/c? 100

VY napHble Harpy3Ku, M/c? 750
Temmeparypa okpyxatomeit cpenst, °C, % -60++100
["apanTuiinas HapaboTKa, 4:

K®3.031 6000
JII3.010 12000

Bpamarwmmuecsi rpancgopmaropsbl cepun MBT-2

Bpamatomuecs: TpanchopmMaTopsl 3TOH CepUM MPEACTABISIOT cOOOH KOHTAKTHYIO JIBYXIIO-
(1aHLeBOE C YIMOPHBIM OYpPTHKOM.

Pexxum paboThl — MPOIOIIKUTENbHBIH.

MBT-2
. —
>
> =
2 e 3 [
Ayl
e8| -3
| ﬁ. ;
il
1 72
TounoctHble nokazatenu BT cepuu MBT-2
TMokasatess HopwMa nis knacca
A b 0 1
HOFpCEIIHOCTB 0To6pa>1§eHm cu- 10,02 +0.04 10,06 101
HYCHOM 3aBUCUMOCTH, %o
AcuMMeTpUs HYJIEBBIX MOJIOKEHY
POTOPE, YL, MHH +1 +1,5 12 +3,5
Ocratounas DJIC, % 0,05 0,09 0,125 0,19
HepasenctBo ko3¢ duiineHTOB +1,5 12,5 +3,0 +5
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| tpanchopmanmu, % ‘ ‘ ‘

Texuuueckue ganusie BT cepun BT-5

Hanpsoxenue, B
O6o3HaueHue Haznaue- Patowit Zo1, OM K
(tum) BT Hue BT HomunansHoe ’
Juana3oH
SMBT-2-53 CKBT 30 28,5-31,5 500 0,56
JIBT

5 MBT-2-10D CKBT 30 28,5-31,5 500 1
10 MBT-2-511 CKBT 28 2-28 1000 0,56
10 MBT-2-10I1 CKBT 28 2-28 1000 1
20 MBT-2-511 CKBT 28 2-28 2000 0,56
20 MBT-2-10I1 CKBT 28 2-28 2000 1

Texauveckue gaHHbie, oomue st Bt cepun MBT-2

[TorpentHocTh 0OTOOpaKEHUS IMHEHHON 3aBUCUMOCTH, %o 10,z
[TorpeniHocts cienoBaHus TpaHC(HOPMATOPHON AUCTAHLIMOHHOM Nepeayuu, yri

MUH:
[Tpu xommnekTHO# noctaBke BT kinaccoB A u b +3
To xe xinaccoB O u 1 5
[Ipu nexommnekTHoi nocraske BT knaccoB A u b +6
To e kiaccoB 0 u 1 +10
HomunaneHas yactoTa HanpsbkeHus Bo3OykaeHus, ['1q 400
Jnamna3zoH pabounx 4acTOT HaNpsHKEHUs: BO3Oy)aeHus, 1 380-¢

5

W3menenne koddduumenTa TpaHcGOopManuy NPy U3MEHEHUH HATIPSHKEHUS BO3-

Oyxnenus, % 0,1%
N3menenune kordpunuenTa TpancGopmaliy Npu U3MEHEHUH TeMITEPaTypbl

OKpy>karorel cpeapl Ha kaxabie 40°C, % 0,1t
Yacrora BpalieHus Bajia, 00/MHH: 60
MomeHT craTnueckoro TpeHus, H-m 0,001
Macca, kr 0,3t

Ycnosust skcruryaranuu BT cepun MBT-2

BuOpaunoHHble Harpy3Ku:
Jmama3oH 4acTot, I'1 Ho 1000
Yckopenue, M/c? 75
Y napHbie HarpysKu, M/c’ 750
Temmeparypa okpyxaromeit cpensl, °C, % -60++100
OTHocHTeNbHAs BIAXHOCTh BO3yXa Ipu Temmneparype 40°C 98

%
lapanTtuitHas HapaOoOTKa, U: 2000

BeckoHTakTHBIE Bpamawinuecs Tpaicpopmaropsl cepuu SBT

26



Bpamatomuecss tpancopmaropsl cepun  SBT mpeacraBisior co0oil  JBYXIONIOCHYIO
TPEeXO0OMOTOYHYIO HJIH YeThIPEX0OMOTOUHYIO MamuHy. Kperienue BT — 3a ynopHbiii 0ypTuk. Pexxum
paboOThl — MPOJOHKUTEIHHBIN.

SEBT

515 ] ]

f o
wi T 1ddd1. —|. ey
8137 s

-

) & ] a

75

225 J 95

Texuuueckue nanusie, ooume At BT cepun SEBT

HomuHanbHas 9acToTa HanpspKeHHs BO30yxaeHus, [ 400
Jlnama3oH pabo4ux 4acTOT HANpPsLKEHUs BO30yxaeHus, [ 380-420!
W3menenne koddduumenta TpaHcGopManny Npu H3MEHEHUH HAIPSDKEHHST

BO30YKIeHUS, %o 0,15
N3menenune koddduiuerTa TpaacGopmariu mpu H3MESHESHUH TEMITEPATYPhI

OKpykaromei cpensl Ha kKaxabie 40°C, % 0,8
H3MmeHeHHe 10JI0KEHHUs COTIacOBaHUs TPaHC(HOPMATOPHOM JTUCTAHIMOHHOL

nepeiavyn Py 3MEHEHUH TEMIIEPATYPhl OKPYKAOIIEH CPE/Ibl, YTl MUH. 3
YacTtora BpanieHus Baja, 00/MHH 1000
MowmeHT cTtatudeckoro Tpenus, H-m:
JIII3.010.516 0,0005
OcTaJbHBIX TUIIOB 0,0025
Macca, kr 0,81

Ycenosus skerryarauuu BT cepun S6BT

BubpanmonHsie Harpys3Ku:

Juanazon yactor, ['1 o 2000
Yckopenue, m/c? 100
V mapHbIe HArpy3KH, M/c 1500
Temnepatypa okpysxaromen cpensl, °C -60++70
OTtHocuTeNnbHAs BIAXXHOCTH BO3AYyXa IpHu Temreparype 40°C 98

%
I"apanTtuitnas HapaboTKa, u:
JI13.010.516 u JIII3.010.390 30000
OCTaJIbHBIX 5000

TounoctHble nokasarenu BT cepuu SbBT B pexume TIII

Hopwma s knacca
[Tokazarens 1 5 3 10%
[TorpemHoCTh cieI0BaHUs TPAHC
(dhopmaTopHOI TUCTAHITMOHHON +1 +2 +4 +10
nepeavu, yri. MUH
Ocrarounas DJ1C 26 26 26 50
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AcuMMeTpHsI HYJIEBBIX TTOJ0XKEH] o o o +6.67
poTopa, yri. MUH '
HepasenctBo ko3¢ dunmenton L L o 0.2
Tpanchopmarmu, %o ’

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

TounocTtHbIe noka3arenu BT cepuu SbBT

TokasaTens Hopwma uis knacca
0,02 0,05 0,10 0,3 0,4
HourpemHOCTb 0T060pa}KeHI/I$I CUHYC| 10,02 10,05 101 o o
HOI 3aBUCUMOCTH, %o
AcUMMeTpHs HYJICBBIX MTOJIOKECHHH 10,67 1167 13,33 o o
poTopa, yrii. MUH
Ocrarounas D/(C, % 0,02 0,05 5 — —
HepagenctBo ko3 dpunmenton 1 25 5
tpanchopmarmu, % '
HO}“peEHHOCTB 0T06pa)I§€HI/I$I M- o o o 10,3 10,4
HEIHOM 3aBUCHMOCTH, %0
Ocrarounas DJIC JIBT, % — — — 0,1 0,2
Texnuueckue nanneie BT cepun S6BT
O6o3HaucHUEe Haznauenwne Hanpxermne, B =
(tum) BT BT Homuuansuoe Pabounii Zo1, Om K
JMara3oH
JII3.010 CKBT 40 0-40 200 0,56
BTAIT-/1
JII3.010 CKBT 40 0-40 200 0,56
BTIT-/1
JII3.010 CKBT 40 0-40 200 0,56
BTIT-/1
JII3.010 JIBT 40 0-40 200 0,72
BTIT-/1
JI13.010 BTII-IT 27 0-27 200 0,96
JII3.010 CKBT 40 0-40 400 1
S5bBT-2 BTIT-/1
JII3.010 CKBT 6 0-6 20 0,56
SBBT-U

[Ipumeuanue: Bpamatomuiics Tpancopmarop SEBT-U npennasnavuen aiis paboThl B UMITYJIbC-
HOM HampsbKeHUU BO30YKIEHUS C aMIUTUTYA0N UMITYJIbcoB He 6osee 110B u aeiicTByroiemM 3HaUeHUN
ToKa He Ooee 0,5A.

BeckonTakTHBIC Bpamawmuecs Tpancgopmaropsl cepuu 2,56BT
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Bpamaromuecs: TpancopMaTopsl 3TOM cepur MPEACTaBISAIOT cOO0M IBYXIOIIOCHYIO TPEX-

WM 4eThIpéxoOMoTOuHyI0 MamnHy. Kpemienne — QuianueBoe, ¢ ynopHelM OypTukoM. Pexum pa-
00Tl — MPOJOIKUTEIHHBIN.

%

2,56BT

Y51 (]

P25
@22

Y
o
N

64,2

Texaudeckue gannwie, oommue 11t BT cepun 2,5BT

[TorpemHocTsh oTOOpaskeHus AuHEHOM 3aBucumoctu 2,56BT-JI, % +0,8
Ocrarounas DJ1C 2,56BT-J1, % 0,3
HomunaneHas yactoTa HanpsbkeHus Bo3OykaeHus, ['1q 400
JlnanazoH pabo4yux 4acTOT HANPSHKEHUs BO30YxaeHus, ['11 380-21
00
Yacrora BpalmieHus Bajia, 00/MHH: 1000
MowmeHT ctatudeckoro Tpenus, H-m 16
Macca, kr 0,13

Ycnosus skernyaranuu BT cepun 2,5bBT

BubpaunonHbie Harpy3Ku:

Juanason yactor, ['1 o 3000
VYckopenue, m/c? 200

V napHbIe HArpy3KH, M/c’ 1500
Temnepatypa okpysxatomei cpensl, °C, % -60++100
OTHOCHUTENbHAS BIAKHOCTH BO3yXa IIpH Temmeparype 35°C 98
I"apanTtuitnas HapaboTKa, u: 15000

TounoctHele nokazatenu BT cepun 2,56BT*

HopMa JJIA KJ1acca

IToka3arens

3 3) 10 20
[Torpemnocte cnenoBanus TII,
YIJI. MUH:
2,5bBT-2 — — +10 +20
OCTaJIbHBIX TUIIOB +3 +5 +10 —
AcuMMeTpUs HYJIEBBIX M10JIOKEHY o o +7 +14
poTopa, yri. MUH B B
Octarounas D]JIC, % — — 0,2 0,3
HepasenctBo ko3¢ punmeHToB o o 02 03
Tpanchopmanuu, % ’ '

TounoctHeie nokazarenu BT cepun 2,55BT-C
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Hopwma s knacca

TTokazarens 01 0.2
HOFpGEHHOCTL 0T06pa}I§eHI/IH cH- 101 10,2
HYCHOM 3aBUCUMOCTH, %o
AcuUMMETpHUS HYJIEBBIX MOJIOKEHY 13,33 16,67
poTopa, yrii. MUH
Ocrarounas DJ1C, % 0,1 0,2
HepasenctBo ko3 duiinenToB

o 0,1 0,2

tpanchopmanmu, %

Texuuueckue nanubie BT cepuu 2,5bBT

O6o3HaueHue Hanpsxenne, B
Haznauenne BT Pabounii Zo1, OMm K m, 1ur
(tun) BT HomunansHoe
Jana3oH
2,5bBT-]] BTAIT-J 12 0-12 200 0,56 2
CKBT
2,5bBT-II 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-nuddepe
1ua
Texunueckue nanneie BT cepun CKT
O06o3HaueHue Hanpsierine, Bu
(tum) BT Haznauenue BT HoMUHAIEHOE PabGounii I, MA Usuix max, B
JMana3oH
CKT-64651 BTAIT-I 36 34-38 170 8,5
CKBT
CKT-646511 BTAII-IT 36 34-38 50 6
CKBT

CKT-64651 BTAII-/I, CKBT 36 32,4-37,8 190 8,5
CKT-646511 BTAII-TI, CKBT 36 32,4-37,8 50 6
CKT-43211 BTAII-A, CKBT 36 32,4-37,8 75 8
CKT-432I1 BTAII-IT, CKBT 40 36-44 50 28

Texnuueckue 1aHHble Taxoreseparopos 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
Nions S, MB/ R.,| d8UI/T| Jp, 10 %Y
T TIT 00/MuH| (06/MuH) H, %Az, %) Koy kOM  %/°C EF-M‘ Il{OM TM¢ b
1,6TTTI-2 3000 2 05| 1 7 10 0,04/ 0,49 5 0,05 300
2,5 TI'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 S 29,5 49| 0,01 2000
TI150-100-1 1500 100 — | 25 2,5 10 0,1 360, 270 25 | 10000

Taxorenepartop 4THU-3,2

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

TexHuueckue gaHHbIe TaxoreHeparopa 4TH-3,2

Hanpsioxenne Bo30yxaenus, B 115
YacroTa HanpsbkeHus Bo30ykaeHus, 11y 400
[ToTpebiiseMblil TOk BO30yxaAeHUs, A 0,2
HomuHaneHas yacTota BpaiieHus, 00/MuH 4000
Kpyrusna BeIxogHOTO HanpspkeHust, MB/(00/mMuH) 3,2
Henuneinocts, % 0,05; 0,!
Ocrarounas DJ1C, mB 50; 65
IlepemenHnas cocrasistomas ocrarounoit /1C, MB 5,10
TemnepaTypHbiii KOG (UIIMEHT BBIXOJHOTO HanpsbkeHus, %/°C 0,012
TemnepatypHblit k03¢ HUIMEHT (a3l BEIXOIHOTO HANPSHKEHUs, YIi1. MUH/( 3
da30Bast NOrPEUIHOCTh OT U3MEHEHUS YaCTOTHI BPALLIEHUS, YIJI. MUH 20; 25
Comnportusienne Harpy3ku, KOm 30
MomeHT cratiueckoro Tperns, 10 H-m: 0,98
MowmeHT nHeprun potopa, 107 kr-m? 42
Macca, kr 0,32
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JlabopaTtopHast paGoTa NeS

PaspaﬁoTKa CXEMbI H3MEPUTECJIBHOT0 KOMIIJIEKCA M ITPOBECACHUE 3aIIUCH
pacxoaa ;KUAKOCTH

I. HEJIb U 3AJIAYN UCCJIIEJOBAHUS
[TosrydeHne TpPaKTHYECKOTO HaBbIKA B TPOBEIACHHHM SKCIICPUMEHTA, CBS-
3aHHOTO C M3MEPEHHEM W PErHCTpaluell Mpolecca, CBSI3aHHOTO C OIpEeIeICHUEM
pacxojia KHUJIKOCTH. Peructpanus mpoBOAUTCS C TIOMOIIBIO MAarHUTOAJICKTPUISCKOTO
ocmmuiorpada.
II. TEOPETUYECKUE CBEJAEHUS
W3MepeHune pacxo/ia sKUIKOCTH POU3BOIUTCS MTyTEM OIPEISIICHUS H3MCHECHUS
BECa XUJKOCTH B MPOIIECCE OMOPOXKHEHHS pe3epByapa C KUAKOCThIo. [1is onpeie-
JICHUS Beca KUAKOCTH OAJIJIOH MTOMEIIASTCS Ha KOHEI[ KOHCOJIBHO 3aKpeIIEHHON
Oanku. Ha BHENIHIOIO ¥ BHYTPEHHIOIO TIOBEPXHOCTH OaJIKy HaKJICCHBI JBa TEH30PE-
3MCTOPA, BKIFOYAEMbIC B MOCTOBYIO CXEMY.

Lewrm

e Uy el

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

Ucrounuk muranus U, pe3uctopsl R3 1 R4 HaxoasaTCs B TE30CTaHIIMKMY Tya Ke
U Toj1aeTcs BoIXOIHOM curHal Uy,

Tenzope3ucTop mpeaHa3HAYCH IS U3MEPEHUS CTATHYECKUX WIIH JUHAMUYCCKHUX
nedopmaluii B JeTalax U mpeoOpasyeT 3T aeopMaiiid B U3MEHEHHWE aKTHBHOTO
COMpOTHUBJICHUS. B Hacrosiee BpeMs NPUMEHSIOT MPOBOJIOYHBIE, (DOJBrOBBIE U
MIOJTYITPOBOTHUKOBBIE TEH30pE3UCTOPHI. [IpOBOIOYHBIC TEH30PE3UCTOPHI COCTOAT U3
neTenb TOHKOM npoBosioku  (quamerpom 0.02..0.05 mMM), HaKJIECHHBIX Ha TMOJOCKY
TOHKOU Oymaru (puc.1.11,a).

123 2 3 4
a) 8)



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

DTa moJjiocKka HaKJIEMBAeTCA Ha JeTalb U IpHu AedopMallu JEeTald MPOUCXOIUT
nedopMaris MPOBOJIOKH, IPU 3TOM WU3MEHSIOTCS JUTMHA |, mTomaas momnepeyHoro
CEUCHHUS S U YyJIeJIbHOE COMPOTHUBJIEHUE p MPOBOJIOKU. CONPOTUBIICHUE MMPOBOJIOY-
HOro TeH30JaTuuka JeXUT B mpeaenax 50...400 OM. DoibroBble TEH30IATYUKH
ABJISIIOTCSL PA3BUTHUEM MPOBOJIOYHBIX. B HUX BMECTO pENIETKH U3 MPOBOJIOKH MPHU-
MEHEHa peIIeTKa U3 TOHKUX MOJIOCOK METAUTMYeCKON (POJIbrY TOIIIUHOM 2...5 MKM,
HaKJICCHHAs Ha TUICHOYHYIO OCHOBY. [IpakTM4YeckHn MOXKHO H3rOTOBUTH PEIICTKU
mo0oro Buaa. B wacTHOCTH, I M3MEPEHHs] KPYTSAIIAX MOMEHTOB HCIIOIB3YETCS
po3eTouHast KOHCTpYyKIus perretku (puc. 10). ConpoTuBiieHne GpoabroBoro TeH30-
natarka coctaisieT 50...200 Om. KoaddummeHT TeH309yBCTBUTETEHOCTH

_AR/R
T Al

rie AR/ R - ornocurensroe nsmenenue CONPOTHUBJICHUSI TEH30J]aTUMKA; AlT1 -
OTHOCUTENbHAs JedopMaiius MpoBoJiokd. KoadduineHT TeH304yBCTBUTEILHOCTH
JUISl TPOBOJIOYHBIX U (POJIBTOBBIX TEH30PE3UCTOPOB paBeH 1,8... 2,5.

[TonynpoBOTHUKOBBIE TE€H30PE3UCTOPHI U3TOTOBIISIIOT HA OCHOBE T'€pPMaHUS WJIU
kpeMHusi. OHU UMEIOT PAJl MPEUMYIIECTB: UX KOA()(PUIIMEHT TEeH304YBCTBUTEIBHO-
ctu B 60 pa3 Bhilie, pazMepsl perieTku MeHblie (3...10MM), 3HaUeHUE BBIXOHOTO
curdasia oospie. OJIHaKO UX YyBCTBUTEIBHOCTH K Temneparype B 10-20 pa3 Baiile,
YeM y IPOBOJIOYHBIX.

Jl71s u3MepeHus MOMEHTA Ha BaJTy UCIIOJIb3YIOTCS YEThIPE TEH30/1aTYUKa, KOTOPhIE
HAKJIEMBAIOT MOMAapHO HA JWAMETPAIIBHO MPOTUBOIIOJIOKHBIE CTOPOHBI Bajia MOJ
yriaom 45° k ero obpasyromieil. TeH301aTUMKN OIOUPAIOTCS U UCTIONB3YIOTCSA Ta-
pamu, 4yTOObI OOECIEUYHUTh CTAOMJIBHOCTh B YCJIOBHUSIX MEHSIONIUXCS TEMIIEpaTyp.
TeH301aTUUKN COEOUHAIOTCA MO0 CXEME MOCTa YHUTCTOHA, MPU 3TOM BO3MOXKHA Ka-
JMOpoBKa IIyHTOM. BceneacTBue TOro, 4To M3MEHEHHE COMPOTUBIIECHUS TEH30pE3H-
cTopoB 1ipu aedopmanmu coctasiser 0,2 — 0,3 mporieHTa OT HA4aJIbHOTO 3HAYCHMUS,
TO B TEH30CTAHIUH MCIOJB3YIOTCS YCHJIMTEIN MOCTOAHHOTO Toka ¢ M/IM — mony-
JSITOP — YCUJIUTENh MEPEMEHHOTO TOKa - AEMOAYJSATOP. B HUX BXOJIHON CUTHAI TO-
CTOSTHHOTO TOKa Ha BXOji€ MpeoOpa3yeTcs B MEPEMEHHbBIM TOK, YCUIIUBAECTCS 0OBIY-
HBIM yYCWJIMTEJIEM NMEPEMEHHOr0 TOKa U Ha BBIXOJI€ BHOBb MPe0oOpa3yeTcsi B MOCTO-
aHHbIM TOK. (MIM — MonynsTop - nemMoayisTop). Takue yCUauTenu UMEIT CaMblid
MUHHUMAJIbHBIN Apeud.

M+ v — M ®HY

f;m r L‘l_]ﬁi
|.

Puc.2. CtpykrypHas cxema ycunurenss MM

Ll
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MonynsiTop — Kackaj, mpeoOpa3yrouil MOCTOSIHHBIA TOK B IMMEPEMEHHBIN WJTN
YIPaBISIEMbI HAIIPSLKEHUEM T'€HEPATOP.
B mpocreiimeM ciaydae MOAYJIATOP — AJIEKTPOHHBIM KIIH0Y, KOTOPBIM C TAKTOBOM 4a-
CTOTOW NMEPUOINYECKH 3aMBbIKAET BXOAHOW CUTHAII HA 3EMITIO.

Curnan nepeMeHHOTO Toka nocjie M ycunuBaetcst 00bIYHBIM ycmiieHreM (029)
710 HEOOXOMMOM BEJIUYUHBI.

C nomomipio JIM  ycuieHHBIN CUTHAT TpeoOpazyeTcs B OAHOMOJISIPHBIN CUTHA.
B npocreiiiiem ciyyae ¢ TOMOIIBIO BBIIPSIMUTETIS.

s coxpanenus 3Haka U, 00bpiuHO0 M 1 JIM ympaBisieTcss CHHXPOHHO OT 3a-
JIAFOIIETO TeHepaTopa ¢ YacToTol Moy siuu fr.

YacToTa MOIYJISIUMHA OTPAHUYMBACTCA CBEPXY MAKCHUMAJIbHYIO YCHUIMBAEMYIO
4acTOTY:

fmx < 2f;

JIns momydeHMs: cuUrHaja MOCTOSIHHOIO TOKa Ha BhIXoAE ucnonbdyercs OHY
(punbtp HY — criaxuBaronias 1enb), KOTOPbIA yCTpaHSET B BBIXOJHOM CHUTHAJIE
IIEPEMEHHBIA CUTHAJI ¢ 4acTOTOM moxyJisinuu. B mpocrenmem cinyyae @HY — ato
unTerpupytomias RC — memns.

B xauectBe M u JIM ucnons3yrorces kinroueBsie dsieMeHTol Ha bT u I1T.
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Puc. 3. Ykymnénnas npuHuunuaibHas cxema ycunurenas MJIM.
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s HANpAHKEHMe Ha Bxofe
YCMNUTENA CO CMEHON

— ; 3HaKa

CHTHAN TAKTOBOR YACTOTHI,
Uon noAaBaemo Ha i 1 i

I B O

aMnnUTyYAHO-MOAYNHPpOBS
HHEIR BXOAHEIM CHTHANOM
CUIHAN HA Bbboae M

I Y I N
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Ly CHIHaN nocne yCcunexHuA

NEpeMEHHOD TOKE -
—| ﬂ ﬂ |_| ﬂ |_| |_| | t  YCWNEHHBIA CHrHAN

UL TN
U
CHIHaN Ha eelxoge AM
—| ﬂ ﬂ ; (NETEKTOPA) CHHXPORHOMD
ooy
Ui BbMOAHOR CHrHan nocne
GHY, KOTOPLIA YCTRAHAET
x_ b MPOOYKT 0eMOonynALmM9

k

Puc. 4. Jlnarpamma CUTHaJI0OB B OCHOBHBIX TOYKAX YCHJIMTENS

CHUHXpOHHBIN pekuM padboThl Kitoueit B M u JIM 1o3BoJISIeT BbIJICTUTh Ha BbI-
XOJI€ 3HaK BXOJHOTO CHTHAJA.

U, ~ (0,1+1)mxB/4ac — docmouncmeo

Heodocmamox — mManas moyioca nporycKaHus

fr ~ 10 k' (0OBIYHO)

I1l. OFBEKT UCCJIIEJOBAHUSA U OBOPYJIOBAHUE
1. baymon m1st )KMIKOCTH, TTIOMEIIEHHBIN Ha KOHIIE KOHCOJIBHO 3aKPEIUIEHHOM OajTKH.

d) )
£l Ry
e :
A4

2. Tensoctranuus «Tomas 2.
3. Pa3HoBec.

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

6. UcToUyHUKM TUTaHUS.

35



AHT-1335
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I CHIY 06mm‘4\r T CHHX r OO6mHit |

Oc. AOC 5062

Puc. 5. Cxema koMMyTanuu yCTaHOBKH. 3/1€Ch: pe3uctopbl R2 u R3 — Ten3zopesn-
ctopsl, uctouHuk nuranus AHT-1335, cxema cuaxponunsanuu (R1, TIIIT-40-400,
VD1, VD2)

IV.3AJAHUE HA PABOTY
1. M3yunth TeopeTHUYECKHE CBEeJAEHHUS, NMPEACTABJEHHbIE B HACTOSIIIMX

METOANYECKHUX YKA3AHUSAX U PEKOMEH/I0BAHHOM JIUTEepaType.

2. ChopmupoBaTth 0T4ET MO padoTe ¢ BO3MOKHOCTHIO JOMOJHEHUS €ro CO-
OTBETCTBYIOIIMMH IKCIIEPUMEHTAIbHBIMU JAHHBIMHU.

3. 3apeructpupoBaTh 3aKOH M3MEHEHMS pacxojia >KUJIKOCTH B MPOIIECCE OIMo-
POXHEHUS pe3epByapa ¢ KUJIKOCTHIO.

V. ITIOPAAOK BBIIIOJIHEHHUS PABOTHBI

1. M3y4uTh KOHCTPYKIIMIO, XaPAKTEPUCTUKH U CXEMY MTOAKIIOUECHUS OcHruIorpada.
2. CocTaBUTh U3MEPUTEIBHYIO 1I€Mb, BKIIOYAIOIIYI0 TEH30CTAHIIUIO, UCTOYHUK TTH-
TaHus, OOMOTKY NMUTAHUs TUAPOKIaNaHa u ocrusuiorpad.
3. IIpousBectu TapupPOBKY U3MEPUTEIBLHON LIETH U BHIOPATh OCHOBHBIE MapameTphl
BEPTUKAJILHOTO KaHaa ocuuuiorpada UCXOos U3 pacueTa MOJyICHUS MaKCUMalb-
HOT'0 MacITada 3aImcH.
4. BpIOpaTh CKOPOCTh PETHCTPAIlMH HMCXOJIsS M3 3aJaHHOW TOYHOCTH H3MEPCHHS
BPEMEHHBIX UHTEPBAJIOB.
5. IIpou3BecTH perucTpaiyo U3MEHEHHS pacXo/ia KUJIKOCTH C MOMOIIbIO OCIHILIO-
rpada.
6. ObpaboTaTh OCHUIIIOTPAMMY.
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VI. YKA3ZAHUA IO O®POPMJIEHUIO OTYETA
OT4eT J0JKEH colepkKaTh:
- IPUHLMIIAAIBHYIO CXEMY J1a00paTOPHOTO CTEH A,
- Ha3HA4YCHHUE OCHOBHBIX 3JIEMEHTOB CTCH/IA;
- TAPUPOBOYHYIO Ta0IHILY;
- OCLMJUIOIPaMMYy MCCIIELYEMOTO IIpoLecca.
VIil. KOHTPOJIBHBIE BOITPOCHI
1. Ha3nauyeHue, yCTPOMCTBO U OCHOBHbIEC PA3HOBHAHOCTH TEH30PE3UCTOPOB.
2. IlpuBeauTe MpuMep UCNOJIb30BAHUA B HH/KCHEPHOH NMPAKTHKE M3MEPHUTEJb-
HOI'0 KOMILJIEKCA PacxoJa :KUAKOCTH.
3. KakoB MakCUMaJIbHBIM TEMIIEPATYPA U BEC KUJIKOCTH.
4. YeMy paBHO BpeMsl OIOPOKHEHUS pE3EPBYyapa.
5. Kak onpenenuts CKOpOCTh ONIOPOKHEHHUS pe3epByapa.

VIII. BUBJIUOTPA®UYECKUN CIIMCOK

1. Bopornukos, C.A. MHpopMallMOHHbBIE YCTPOMCTBA pOOOTOTEXHUUYECKUX CHCTEM :
yaebHoe mocooue st By30B / C.A.BopotHukoB .— M. : U3n-Bo MI'TY
uM.H.D.baymana, 2005 .— 384c. : un. — (Pob6oTtorexnuka) .— bubmauorp.B KoHIE
kH. — ISBN 5-7038-2207-6 /B mep./ : 191.00..

2. Dnexrpomexannueckue cucremsl/I.I1. Enenkas, H.C. Umoxuna, A.I1. [TaHkoB. —
Tyna: U3n-Bo Tynl'V, 2009. - 214 c. (20 3k3.)
3. ABopsamun, b. B. MeTtposorus u paguonsMeperus: yuaed. mocooue s By30B / b.
B. JIBopsmun .— M. : Axkagemusi, 2005 .— 304c. : un. (13 3x3)
4. Kotiok, A.®. JlatTunku B coBpeMeHHbIX n3MepeHusix / A.@.Kotiok .— M. : Paano u
cBs3b: ['opsiuas muHus-Tenekom, 2006 .— 96¢.: un. (5 7k3.)
5. Opaiinen JI, K. CoBpemeHnHble paTuuku: crpaBouHuk / JI.Dpaiinen;nep.c
anr1.}O.A.3abonotHoi;noa pea.E.JI.CeunnioBa .— M. : Texnocdepa, 2006 .— 592c.

6. B. I. IpsikonoB. CoBpemenHas ociuniorpadus u ocruuiorpadsl. Cepus «buoimo-
Teka uHkeHepa». - M.: COJIOH-IIpecc, 2013. - 320 c: ui.

JlaGoparopHasi pabora Ne6

37


http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=6052&TERM=%D0%92%D0%BE%D1%80%D0%BE%D1%82%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2,%20%D0%A1.%D0%90.%5B1,1004,4,101%5D&LANG=rus
http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=4440&TERM=%D0%94%D0%B2%D0%BE%D1%80%D1%8F%D1%88%D0%B8%D0%BD,%20%D0%91.%20%D0%92.%5B1,1004,4,101%5D&LANG=rus
http://library.tsu.tula.ru/cgi-bin/zgate.exe?ACTION=follow&SESSION_ID=6052&TERM=%D0%A4%D1%80%D0%B0%D0%B9%D0%B4%D0%B5%D0%BD%20%D0%94,%20%D0%B6.%5B1,1004,4,101%5D&LANG=rus

P33p360TKa CXEMbI U3MEPUTECJIBHOTO KOMILJICKCA M TMIPOBEACHUE 3allUCH HECTA-
HMUOHAPHLIX TEMIIEPATYP

I. LIEJIb U 3AJAYUN NCCIIEJOBAHUA
[TonyuyeHne NpakTUYECKOr0 HaBbIKA B MPOBEICHUH SKCIIEPUMEHTA, CBSI3aHHOTO
C U3MEpPEHUEM U perucrpanued terodusndeckoi koopauHaTel T(t) © momomnisio
TEpPMOIIapbl U MAarHUTORJIEKTPUUECKOTO ocLuiuiorpada.

ll. TEOPETUYECKUE CBEJIEHUA

[IpuHIMn M3MepeHus: TeMIlepaTyp TEPMOIJIEKTPUUYECKUMHU TpeoOpa3zoBaTe-
JSIMM OCHOBAaH Ha SIBJICHUM TEPMOAJIEKTPUYECTBA, OTKPHITOM B 1858r. pycckum
akageMruKoM @. DNMUHYCOM.

OT0 siBIEHUE OOBACHSAETCS TEM, YTO BCE METAJLJIbl COCTOST U3 MOJIOKUTEIBHO
3apsSOKEHHBIX HEMOJABM)KHBIX HMOHOB M CBOOOJHBIX OTPHUIATEIBHO 3apsyKEHHBIX
AJIEKTPOHOB, KOTOPbIE MOXHO YIOAOOUTH CBOOOJHOMY ra3y, 3alOJHSIOIMIEMY
MEXMOJIEKYJISIPHOE MPOCTPAHCTBO. B pa3aMyHbIX METAUIaX IUIOTHOCTh U JaBJICHUE
ANEKTPOHHOTIO ra3a Ipu OJHOW M TOW K€ TeMIlepaType, pa3nuuHbl. Ecin cBapuTh
WJIY CTIasiTh JIBE MPOBOJIOKU A (MeHY10) U B (I1aTMHOBY10), KaK MOKa3aHo Ha puc. 1,
TO

i B

Puc. 1. [Ipumep peanuzammu npoCTEUIIETr0 TEPMOIICKTPUIECKOTO MPe0o-
pasoBareiist

AJIEKTPOHBI M3 MEIHOW MPOBOJIOKM HAYHYT NEPEXOJUTh B IUIATUHOBYIO.
Ecau momorpers cmait 1 1o temmeparypsl t mpu 3ToM Temmeparypa to cmas 2
ocTaHeTcs Heu3MeHHOM (t, <t), To B 11en1, OCTaBIICHHOU U3 MPOBOJHUKOB A 1 B,
BO3HHUKAET TOK, T.€. LIEMb CTAaHET T€HEPATOPOM DJIEKTpodIHepruu. [IpoBoaHNKY B
paccMaTpuBaeMoOM 1IEMU HOCST Ha3BaHUE TEPMODJIEKTPOJIOB, a UX COCIUHEHUS —
TEPMOCIIAECB.

Kak mokazaiy MHOTOYMCIICHHBIC OIIBITHI, JIJII TEPMOAJICKTPUUECKON IenHu
CITPaBEIJIMBO YpaBHCHUE

Ee (t’to) =€ (t) €8 (to)’ 1)

rae EAB (t1 to) — TOAC Buenu npu  HampaBieHUU OT A K B;
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e (t) — TBHC B cnae 1;

eAB (to) — TOIC B cnae 2;

TOJC — TepMOAIEKTPOABIKYIIIASL CUJTIA.
[Ipu paBeHCTBE TemmepaTyp 00OMX CIIaeB paBHA HYIIIO, T.€., €ciu t =ty

E.(tt,)=0
B sTom ciyuae

Cas (t) =€ (to)

U, cle0BaTeIbHO, ypaBHeHUE (1) MOXKHO 3amucath Tak:

EAB (t’ to) = €xp (t) —€as (to ) , (2)
VYpaBHenne (2) gaeT BO3MOXKHOCTH OIPEACITUTH TEMIIepaTypy, €Clid W3-

Bectsl TDJIC Lemu 1 TemiepaTypa XOIOXHOTro cras. Bemmunua Epg (t,to)

MOJKET OBbITh MU3MEpPEHa C OMOIIbIO MUPOMETPUUECKOTO MIJIJIMBOJIBTMETPA WIIN
noteHuomerpa. Temneparypy to, X0JOIHOTO cnas >KeJlaTeIbHO B MPOLIECCE U3-
MEPEHHI MOAAEPKUBATH IOCTOSIHHOM U CTPOTO onpeAeIHHON. JIyume Bcero criai
(2) moMecTuTh B cpeny, UMEIOLIYI0 TEMIIEPATypy PaBHYIO HYIIIO, HalpUMEp, B
BOJY C TAIOILLIKUM JIbJOM.

Marepuanbl TEpPMOAJIEKTPOJAOB MOJOUpAIOT TakK, 4YTOOBl BEIWYMHA

Es (t, to) ObLIa BO3MOXKHO OOJIBIIEH.

Takum oOpazom, u3MepeHue Temneparypsl t B IpUHIMIE BO3MOXKHO C IO-
MOILBIO TEPMOICKTPUUECKON LIETH.

Jst Toro uto6s1 u3mMeputh TOJC, He0OX0AUMO B IIENb TEPMOIAPHI BBECTH
ANeKTpou3MepUTeNbHbIN prbop. [lociaeaHee MOXKHO BBIOIHUTH JINOO MO CXEME
«a», Pa30MKHYB XOJOJHBIN crai, 0o 1o .cxeme "0", BKIIOUHUB U3MEPUTENH B
paccedKy OJHOIO U3 JIEKTPOAOB (pucC. 2).

[To cxeme "a" BMeCTO OHOTO XOJIOAHOTO CIasi MbI OyneM UMeTh ABa ( 2 u
2%), a o cxeme «O» - B HefTpanbHbIX (3 U 4 ).

Jl1st Toro 4yTOoOBI BKJIIFOYEHUE B TEPMODJIEKTPUUECKYIO II€TH AJIEKTPOU3ME-
puTenbHOro nMpudopa He u3Menmia 3Hauenus TIJIC, Heooxoaumo,

A ¥ 5) _

A

Puc.2. Cxema BKIJIIOUEHUS U3MEPUTEIBLHOTO MpUdopa
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YTOOBI KOHIIBI IPUCOEAUHEHHOTO MTpubdopa (2 1 2° unu 3 u 4) U OAMHAKOBYIO
TEMIIEpaTypy.

JIrobass TepMORJIEKTpHUYECKash LENb XapaKTepU3yeTcs CIEIYIOUUMU OC-
HOBHBIMU CBOMCTBAMH:

1. A6comoTHas BennurHa TOJIC He 3aBUCUT OT pacnpeniesieHus: TeMIepa-
TYP BAOJIb OJHOPOJHBIX TEPMOIJIEKTPOIOB.

OT10 3HauuT, uTo BenmuuHa TO/IC. He u3MeHuTCA, €CM, HallpuMep, Harpe-
BaTh KaKyl0-TO MPOU3BOJIBHYIO TOUKY TEPMOAIEKTPOAA.

2. Bennuuna TOJIC He U3MEHUTCS MPH JTIFOOOM BKIIOYEHUHU TTPOU3BOJIBHOTO
TPETHETO MPOBOJIHUKA B PA3PbIB TEPMOLIETIH.

[11. OFBEKT UCCJIE/JJOBAHUA 1 OBOPYJIOBAHUE
1. Monenb paboueit MOJOCTH IBUTATETIS.
2. Pabouas Tepmorapa.
3. KoHTposibHas TepMoniapa ¢ BTOPUYHBIM TPUOOPOM.
4. Ocmmmorpad AOC-5062.
5. MoHTa)xHbI€ IPOBOAA.
6. Ucrounuku nuranus 27B(AHT-1335), 27B —cunoBoe(APS-3320).
[lepen npoBeaeHNEM SKCTIEPUMEHTA HEOOXOIUMO U3YUUTh PAOOTy CXEMBI.
[TpuHunuanbHas cxema yCTaHOBKH IMOKa3aHa Ha puc. 1

AT-1338 - APS-3320
L .O-;'n l, r ] {).‘1—;
Y ( o, [\

%

‘ Moacas
 TIIIL 40400 s
' _K__\: AS HOLOCTH

i ABHTATEAR
._(f‘('VV\’- Tepuonapa

Ttu\ m.,..y CHI Y I

Ocn ADC S062
Puc. 3. IlpunnunuansHas cxema yctaHoBkU. 3aeck: AHT-1335 —ucrounuk
MUTaHUs OOMOTKH peJie, MOILHBIA UCTOYHUK MOCTOSSHHOTO Toka (APS-3320, mo-

nenp paboued mosjoctu auratens, cxema cunHxponumsanuu (R1, TIIIT-40-400,
VD1, VD2)
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BcnomMorarenbHoe pere HeoOXOauMO IS TMOIKIFOUYEHUS MOITHOTO HCTOY-
HUKA MHUTaHUS NOCTOSHHOTO TOKA, TaK KAaK BBIKJIIOYATENIb HE MpEIHAa3HAYEH s
MEePEKIIIOYEHUs OOIBIITNX TOKOB.

IV.3AJAHUE HA PABOTY
1. U3yuuTh TeopeTHdecKHe CBeJAeHMs, NMPeACTABJICHHbIe 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
MOJIETBHOTO JIBUTATEIIS.

V. [TOPAIOK BBITTOJIHEHUA PABOTHI

1. CocTaBuTh U3MEPUTENBHYIO LIEMb, BKIIOYAOIIYI0 TEPMOIAPY U OCUUIIIO-
rpad.

2. IlpousBecTu TapupOBKY U3MEPUTEIHHON e U BHIOPATh OCHOBHBIC Ta-
paMeTpbl BEPTUKAJIBLHOTO KaHaia ocIuiorpada UcXoJs U3 pacyeTa MOTydeHUs
MaKCHUMAaJIbHOT'O MacilTaba 3aIucHu.

3. BeIOpath CKOpPOCTh perucTpanuu UCXOs U3 3aJJaHHON TOYHOCTU U3MEpe-
HUsI BPEMEHHBIX UHTEPBAJIOB.

4. ITpousBectu peructparmio 1=f(t) ¢ momoikto ocumuiorpada.

5. O6paboTaTh OCHIILIOTPAMMY.

VI. YKA3AHUA [10 OOOPMIJIEHHUIO OTYETA
OT4eT JOJDKEH CoaepKaTh:
- IPUHLIUIHAIBHYIO CXeMy J1a00paTOPHOTO CTEHAA;
- HA3HAUYE€HUE OCHOBHBIX 3JIEMEHTOB CTEH/IA;
- TAPUPOBOUYHYIO TaOJIHILY;
- OCLMJUIOTPAMMY HCCIIEyEMOT0 Mpolecca.

VII. KOHTPOJIBHBIE BOITPOCHI

1. Ilepevyucanure HECKOJBKO THIIOB CIUIABOB, NPUMEHsIEMbIX JJIsI M3I0-
TOBJICHUSI TEPMONAapP, U YKaKUTe TeMIlepaTypHble AHANA30HbI UX HCIO0Jb30-
BaHHUA.

2. IlpuBeauTe npuMep MCHOJIb30BAHNS B MH/KEHEPHOI NMPaKTHKe H3Me-
PHUTEJIBLHOI0 KOMILIEKCA 3alIMCH HECTALIMOHAPHBIX TeMIIepaTyp.

3. KakoBa MakcumanbHas Temreparypa B padoueid MoJIOCTH ABUTATEIIS.

4. Yemy paBHO BpeMs BbIXOJla JBUraTElIsl HA YCTAHOBUBLIMICS PEKUM.

5. Kak onpenenuTs HayaapHYI0 CKOPOCTh HAPACTAHUS TEMIIEPATYPHI.

6. UeMy paBHa BeJIUMYMHA TEMIIEpATypbl B pab0oyeil MOJIOCTH IBUraTeNs CIy-
cts 10 ¢ Havana paboThI.

VIII. BUBJIMOTPAGUYECKHWI CITMCOK
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1. BopornukoBs, C.A. HpopMaIimoHHbIe YCTPOHCTBA pOOOTOTEXHUUECKUX
cucteM : yuebHoe nmocodbwue 11y By30B / C.A.BopoTHukos . - M. : Usn-Bo MI'TY
umM.H.D.baymana, 2005 .- 384c. : un. - (PoGoToTexnuka) . - bBubnuorp.B KOHIIE KH. -
ISBN 5-7038-2207-6 /B mep./ : 191.00..

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

3. ABopsmuH, b. B. Metposorus u paguon3MepeHus : yued. mocooue s
By30B / b. B. JIopsmuH .- M. : Akagemus, 2005 .— 304c. : wi. (13 3k3)

4. Kotrok, A.®. JlatTunku B coBpeMeHHBIX U3MepeHusix / A.d. Kotk .— M. :
Panno u cBs3b: I'opsiuas munus-Tenexom, 2006 .— 96¢.: ui. (5 9k3.)

5. ®paiinen JI,K. CoBpeMeHHBIC TAaTYMKU: cripaBOYHUK / J[.Dpaiinen;mep.c
anri.}O.A.3a6omotHoit;mon pen.E.JI.CeunmoBa .— M. : Texnocdepa, 2006 .—

592c.
6. B. I1. IpsixonoB. CoBpemenHas ocuniorpadus u ocrpuiorpadsl. Cepust
«bubmioreka unxenepa». - M.: COJIOH-IIpecc, 2013. - 320 c: .
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N3y4deHne XapaKTePUCTUK CUCTEMbI «JIEKTPOMANINHHBIN YCUINUTEb C
NONePeYHbIM I0JIeM - IBUTaTe/b OCTOSTHHOIO TOKA ¢ He3aBUCHUMbIM BO3-
OyKAeHUEeM»

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

Il. TEOPETUYECKUE INOJOXEHUSA

Onextpudeckue cuemsanme npuBoabl (DCII), pabotatomue - Mo cucTeMe
"DNEeKTpPOMAIIMHHBINA YCUIIUTENb C TONEPEUHbIM ToJieM - nBurarens” (OMY-]])
MOJIYYUIIU HUpOKoe npuMeHeHue B TexHuke ¢ 30-40 rr. B HacTosiiee BpeMst B
CBSA3M C PA3BUTHUEM TOJYIPOBOJHUKOBOE TEXHUKHU 00JIACTh UCIOJIb30BAHUS 3TUX
cucteM cokparwiack. OnHako B psie obnactedt Texnuku IDCII, paboTaromue mno
cucreMe DMYVY-/I, mpoAOIKAIOT UCMOJIB30BATHCS B JIMANAa30HE MOUIHOCTEW OT
COTEH BaTT JI0 JECATKOB KUJIOBATT. ITO 00YCIOBIECHO PAJIOM UX JOCTOUHCTB. DCII
¢ OMY u nBurarensiMu 0ObIYHOTO MCIIOJIHEHHS IOMYCKAIOT 3HAUUTENbHbIC (B 2- 4
pasa) KpaTKOBPEMEHHbIE MEPErpy3KH M0 MOMEHTY, IPUBOJIBI CO CHEIUATbHBIMU
JBUTATEIIIMU TO3BOJIAET YBEJIMYHUTH MEpErpy3ky mo Momenry no 10 pas. Ilpu
TOM BO3MOHa (OPCUPOBKA CKOPOCTH HcmosHuTeapHoro aurarens (M) mo
150% oT HOMUHAJIBHOM.

[Ipu nuTaHUM MPUBOJHOrO ABUTATENS OT CETH nepeMeHHoro Toka JCII
CO3JaeT AJI1 CETH CUMMETPUYHYIO Harpy3Ky U HE BHOCUT UCKKEHHU B (popmy
KPUBOU MUTAIOIIETO HATIPSKEHUS.

OCII ¢ OMY MOXHO HCHOJIb30BaTh AJI yHpaBieHUs OOBEKTaMH,
MOJBEPKEHHBIM MUKOBBIM MOMEHTHBIM BO3MYIIIEHUEM, MPU MUTAHUU OT CETel
OrpaHUYEHHOW MOIIHOCTH (NE€peIBMKHbBIEC TU3EIbHBIE SJIEKTPOCTAHIUMN, Ta30BbIE
TypOuHsbI U T.1.). [Ipu 3T0M 3Heprus, notpednsemas ICII, MeHbIIe HEOOXOAUMOM,
a JOMOJIHUTENIbHAS HHEPIHsl MOCTYHAaeT OT BPAIlalOlIUXCA YacTe MpPHUBOJAHOTO
nsurarens OMY u camoro OMYV.

[MpunnunuansHas cxema ICII, paboraromero mo cucrteme "OMVY-J1", npen-
cTaBJieHa Ha puc. .

B cucreme "OMYVY-JI" sneKTpOMalIMHHBIA YCHJIMTENb BBIMOIHSACT (YHKIUU
ycUnuTeNs MOIIHOCTH. DMV ¢ momepedHbIM MOJeM IpencTaBiIsieT coOol crie-
IIMaJIbHBIA TeHEepaTop, OTIMYAOIIUHCA OOJIBITUM KOA(D(PHUIIMEHTOM YCHICHUS.
Kooddumuent yernenns DMV mo momroctn coctaisier 10° - 10%. Skops IMY
BBITIOJTHEH TaK e, KaK M SKOpbh OOBIYHON MaIllUHBI MOCTOSHHOTO TokKa. Ctatop
UMEET:

a) OJHY WM HECKOJIbKO OOMOTOK YTNpPABJICHUS;

0) 0OMOTKY KOMIICHCAIUU;

B)  JIONOJIHUTENbHbIE OOMOTKH, YIyUYIIAIOIINUE YCIOBUS KOMMYTAIIHH,
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Puc. 1. [Ipunnunuanehas cxema JCII, padoTaroniero no cucreme "OMY-/I"

Ha xosiekrope sxops IO NPOJOJBHOW U IIONEPEYHOU OCSAM PACIOJIOKECHBI
meTku. l{eTkn nmonepedyHon ocu 3aMKHYTBHI HAKOPOTKO. [IprHIMNManeHas cxema
OMY npexacrasieHa Ha puc. 2.
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Puc. 2. [IppuanunuansHas cxema OMY

OOMOTKHM, ydyyllalOUMe YCJIOBUS KOMMYTallMd, HE OKa3bIBalOT Cy-
IIECTBEHHOTO BJIMSHUS HA JUHAMUYECKHUE XapPaKTEPUCTHKUA CHUCTEMBI, 4 TOJBKO
IPUOINKAIOT KOMMYTAIUIO K UCANTbHON, OITOMY B JaJbHEHIIIEM MPU aHAIIN3E
JTUHAMUKHA CUCTEMbI UX YUYUTHIBATh HE OyaeM.

Ha oOMoTKy ynpaBieHus nojaercss Hampsbkenue U, or mpensa-
PHUTENBHOIO YCUIIUTENS, BBI3bIBAIOIIECE HEOONBIION MOTOK ynpasiaeHus @, . Bo
BpalaloNIeMCsl IKOpe Ha momnepeuHbix meTtkax HaBoautcs D/C. B 3amkHyTOM
KOHTYpE TOMEPEYHBIX IIETOK H3-32 MaJOro COMPOTUBICHUS OOMOTKU SIKOPS
MPOTEKAET 3HAYUTEIbHBI MO0 BEJIMYMHE TOK, KOTOPBIM BBI3bIBAET MOIMEPEUYHBIN
noTok @y, NOCIHEeHAN B CBOIO 04eper HaBoauT padbouyro DJIC Ey Ha mponomns-
HbIX meTkax. [Ipu Harpy3ke paboumii TOK co3maer MoTok peakuuid sxops Dy,
HaIPaBJICHHBIM TPOTHUB TOTOKA YIPaBJICHUS W Pa3MarHUYMBAIOIIMN MallWHY.
Uto0bl M30€XaTh CYHIECTBEHHOTO OCJIa0JeHUs MOTOKA YIPABJICHHUS, MOCIEI0BA-
TEIbHO B CWJIOBYIO 1I€Nb BKJIIOYEHA OOMOTKAa KOMIIEHCAllUU, KOTOpas CO3/aeT
notok @y, HanpaBJICHHBIM BCTPEYEHO MOTOKY PEaKUUU SKOps. BripaxeHnue s
OJ1C, pazBuBaemoit OMY, umeeT Bua
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rIe 5 = 77ky - k03 urment komnencanuu MY,

HanmeeHHe Ha BBIXOJC YCHUIIUTCIIA

Uy =Ey—(£+Ry)iy-

N3 IMOCJICAHCTO BBIPAKCHHUA BHAHO, YTO HAKJIIOH BHCITHHUC XAaPAKTCPHUCTHKH

3aBHUCHT O
PCKHUMBI K

1. Heno

2. Pexn

3. Pexxum nepekomIieHcanuu

T BCJIMYHNHBI KOB(b(I)I/IHI/ICHTa KOMIICHCAallNH. Pazmnuaror CICOYIOIIHC
OMIICHCAIINH.

KOMIIEHCAIHU 5 >0 Wy > W,

M II0JTHOM KOMIICHCALINH II0 IIOTOKaM Wd = Wk

¢ <0, Wy <W.

B &= —Rd , To OMY wumeer abCOIOTHO YETKYIO BHELIHIOK XapakKTe-

PUCTHUKY, HAIIPAXKCHHUC HA BBIXOIAC PABHO EdO N HC 3aBHCHUT OT TOKa HAIpy3KH

(pexuM TOJIHOE KOMIIEHCAIlMM IO HAampsDKEHUIo). BHemmHss xapakTepucTuka
OMY mnpencrasneHa Ha puc. 3.

A
&<-Ry IIEPEKOM-
NeH-
Eqo =K1, ¢ =-R, carus
c=0
} HeJIOKOMITeHCa-
>0
st

»
»

Puc. 3. BHemHss xapakrepuctuka MY

MexaHnueckue xapakTepucTuku cucremsl "'OMY -/1"npencras-

JISTIOT cO00M NnapaJuiCIbHBIC IIPAMBIC JIMHUH U OIIMCBIBAIOTCS YPABHCHUCM

M()@ :Mn _fQOE’

rac:
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[Ipu onucanuu auHamuku cuctemsl "OMY-/I" B nepBoM MpUOIMKEHUN MOMKHO
npeHeOpeys BIUSHUEM UHIYKTUBHOCTEH MTPOIOIBLHOM IIeN U OOMOTKH YIIPABJICHHS,
B3aMMOUHIYKTUBHOCTEH OOMOTKH YIIpaBJICHHS W KOMIICHCAIIMH, TOMEPEUYHON pe-
aKIMeH SKOpsI, BIUSHUEM IMOTOKOB PACCESHUS, BUXPEBBIX TOKOB M APYTUX SBJICHUM.
Torpa nuHamu4eckue cBOMCTBA cucTeMbl "OMYVY-/[" MOXHO M3y4yaTh C MOMOIIBIO
nepeaTOYHON (PYyHKIIUH:

y TT P2+ T 4T, +2%° |p41
p Mg p q M p
CECM
T _ ‘]06 Rﬂa
M cC -3JICKTpOMEXaHHNYECCKas IMOCTOSIHHasA BPpEMCHHU
e~ m
CHCTEMBI;
Tq - R_ -3JIEKTPOMAarHUTHAs MMOCTOSTHHASL BPEMEHU NONEPEYHOM LIeTH.

Ecim & =0 | 1o nepenarounas GyHkims Gyaer UMeTh BIJ

k, /¢,
pU;p+4)U;+1)

W(p)=

B cneasmux cucremMax MCHONB3YIOTCS CIErka HEAOKOMIIEHCHUPOBaHHbIE OMY,
TaK KaK MEPEKOMIICHCALNSI MPUBOAUT K TOMY, YTO 3BEHO BTOPOrO MOPSAAKA CTAHO-

BUTCSl KOJeOaTeabHbIM, a MPH JAaJbHEHIIEeM YBEIMUYCHUU |§ | (f <0) U He-

YCTOWYHBBIM.

I1l. OB BEKT UCCJIIEJOBAHUSA U OBOPYJIOBAHUE
Jlabopatopnas ycranoBka Bkitouaet JCII, paborarommii o cucreme "OMY-J1" u
JONOJIHUTENbHBIE 3neMeHThl. Ban WJ[ coennnen ¢ taxoreneparopom tuma TITI-1.

Ot paznuuHbIX y4yacTKOB 3yekTpudyeckoi cxembl DCII crnemanbl BBIBOJBI K TEpe-
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Kroyarento "ocuungorpad" s u3ydeHus MPOXOKICHHS CUTHAIOB YIPaBIEHUS O
AJIIEMEHTaM CXEMBbI, B TOM YHCJIE U IO CHJIOBOI YaCTH.

[IpeaycMOTpeH BapHWaHT MUCCIENOBAHMUS PAOOThI CHJIOBOM YacTH CHCTEMBI OT
BHEIIIHETO0 HCTOYHUKA CUTHaja. JlJIg 3TOro npeaycMOTpeH NEPEKIoYaTelb 0OMOTOK
ynpasienuss OMY. [l uccienoBaHus CTaTUYECKUX XAPAKTEPUCTUK CHCTEMBI B
CTEH/I€ MTPEAYCMOTPEH BHYTPEHHUH PEryJMpyeMblid MCTOUHUK MOCTOSTHHOTO Toka (0-
27 B). HanpsbkeHue BHYTPEHHETO MCTOYHMKA U HANpsOKEHUE, Pa3BUBAEMOE TaXo-
TeHepaToOpPOM IPHU UCCIEAOBAHUM CTATHUUYECKUX XapAKTEPUCTHK, MOXKHO HU3MEPUTH
BCTPOCHHBIM JIBYX MPEACIbHBIM BOJIbTMETpOM ¢ npeaenamu 0-20 u 0-100 B .

J11s1 BBITTOJTHEHUST paOOTHI HEOOXOAMUMBI:

1) HE3KOUACTOTHBIN reHepaTop ¢ auanazoHoM dactot 0.05-20 ' (I'6-26);

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

3) BOJIBTMETP MOCTOSIHHOTO TOKa ¢ TipeaesnoM udMepenus ao 100 B.

IV. 3AJIAHUE HA PABOTY

1. M3yunts npuHuun paboTel cucteMbl "OMY-J[" U MO3HAKOMUTHCS C TEXHUYE-
CKUMH XapaKTEPUCTUKAMHU €€ FIIEMEHTOB.

2. DKCHEpUMEHTAIBHO CHSATh PETYJIHPOBOYHBIE XAPAKTEPUCTHUKUA CHCTEMBI H
OIpeneauTh K03(PPUIMEHTHI Tepeayul OTACIBHBIX AIEMEHTOB.

3. CHATh NEPEXOIHYI0 U aMIUIUTYTHO-YaCTOTHYIO XapaKTEPUCTUKHU MO CKOPOCTHU
JIBUTATEJISI 1 COCTABUTD MEepeAaTOuHyI0 (YHKIIMIO HECKOPPEKTUPOBAHHOM Cliesien
CUCTEMBI.

V. HOPAJOK BBIITIOJIHEHUSA PABOTbI

[. UccnenoBaHue peryIMpOBOYHBIX XApAaKTEPUCTUK cucTteMbl "OMY-II" u ompe-

neneHre Ko3QpGUIEHTOB epeaadn e€ 3JIeMEHTOB.

[. IloctpoeHne 3aBUCMMOCTH U, = (f ) - peryJMpOBOYHOM  Xa-

pakTepucTuku OMY:
a) YCTaHOBUTH Tipesen usMmepenus soabr™erpa 100 B;

0) YCTaHOBUTH IIEPEKIIOUATENhL CTEeHIa "ocuwuiorpad" B MHOJIOXKEHHE U u
08

MOJKJIFOYNTH K KJIEMMaM BOJIbTMETD;
B) MOCTaBUThH MEPEKII0YaTETh OOMOTOK YIIPABJICHHS B MPABOE MOJOKECHHE, a TIe-

PEKIIOYATCIIb BCTPOCHHOT'O BOJIBTMETPA - B IOJIOKCHHC U y

T') BKJIFOYUTH HAIMPSHKEHUE MTUTAHUS,
1) 3a/1aBas UyHOTeHL[I/IOMeTPOM B nipenenax 0- 18 B, uepe3 kaxasie 2 B, cHATH

sapucumocts U, = f (U y) 1 U300pa3uTh e€ Ha rpaduke;
) mo rpaduKy onpeneauTb Ko3h UIUEHT ycrieHus OMY 1o HanmpsKeHUI0 ky :

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

a) OTKJIFOYUTH OT CT€HAa BOJBTMETD;

6) ycranosuts U, =0;

B) MEPEKIIOYUTh BCTPOCHHBIA BOJBTMETP HA M3MEPEHHE HAIPSKEHUS Taxore-

HEPpaTopa, ICPCKIIOYHNB IICPCKIIOYATCIIb BOJIBTMCTPA B ITIOJIOKCHHUC Ume ;
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F) MCIJICHHO YBCJINMYMBaA Uy , OIIPCACIINTE MOMCHT TPOTaHUA ABUTATCIIA, IIPH

9TOM Ume CTAHCT OTJIMYCH OT HYJIA,

J1) IEPEKIIIOYUB BOJITMETP B TojiokeHne U, HAlTH HalpspKeHHE yIpaBlIeHusl,
COOTBETCTBYIOILIEE MOMEHTY TPOTAaHHUSI IBUTATES;
€) HauMHas OT HANpSUKEHHs yrpasiieHus Tporanus U, , gepes kaxnasie 2B 10

18B cHATE 3aBHCUMOCTD Qag = fl (U y ), IPU ATOM YACTOTA BPALICHUS OIPEICIIUTD
o popmyne Q,, =U, /K ;

) TIOCTPOUTH 3aBUCUMOCTH Q, =1 (Uy)n Q, =f, (U ()8), JUIs1 IOCTPOEHUS
BOCIIOJIL3YUTECH pe3yJibTaTaMU MPEIbIAYIIUX U3MEPEHUM;

3) o rpaduxy €2, = f, (U o6 ) onpenenuTh KO3 PHUIMEHT epeadn TBUTraTes.

Il. U3yueHne AuHAMUYECKUX XapaKTepUCTUK cuctem "OMY-/"
1. CHarpe nepexoaHbii mporecc no ckopoctu U/

a) MOJKJII0YaTh K KJIeMMam Umzocuﬂnnorpacb CI-30, npenBapuTenpbHO yCTa-

HOBUB €T0 YyBCTBUTEILHOCTDH B mosioxkeHue 10 B/cm, a pasBepTKy - B MOJIOKEHUE
0,1 c/cM (npu UCHONB30BAHUU APYroro ocuusuiorpada yCTaHOBUTh UYBCTBUTENb-
HOCTb U CKOPOCTb Pa3BEPTKU MPHUOIUZUTEIBHO COOTBETCTBYIOIIUE);

0) MOCTaBUTH MEPEKI0YATENh OOMOTOK YIIPABIICHUS B HEUTPAJILHOE IOJIOKEHHUE;

B)ycranosuts U, =10 B;

I') MOJ0XAaB, MOKa MOSBUTCS Jy4 OocHWIIorpada B KpailHEM JIEBOM MOJIOKECHHH,
NEPEKIIIOUUTD MepeKIouarenb o0MoTok OMY B mpaBoe MosoxeHue, T.€. NoJgaTh Ha
oOMoTKy ynpasinenus 10 B;

1) 3apUCOBAaTh C MOMOIIBIO KaJbKH NEPEXOAHBIA IPOLIECC U, CUUTAs €0 arepuo-
OUYECKUM, OIPEIECIUTh II0 HEMY JJIEKTPOMEXAHWYECKYIO0 IOCTOSIHHYIO BPEMEHHU
cuctemsl "OMVY-J1".

2. CHATHE aMIUITMTYJHO-4aCTOTHOW XapaKTEPUCTUKU CUCTEMBI:

a)IOCTaBUTh MEPEKIII0YATeNb 0OMOTOK yrmpaBieHuss OMY B HeHTpalbHOE MO-
JIO)KEHUE W TOJAKIIOYUTH BBIXOJl TEHEPATOpPAa CUHYCOMIAIBHOTO HANPSIKEHUS K
OJIHOM M3 00OMOTOK yripaBieHus. [Ipu 3ToM renepaTop A0JKEH UMETh Ha Bbixojie 10
B.

>

0) noaBast HAa OOMOTKY MPABJICHUSI HaNIpsKeHUe ¢ aMruTynoi 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
aMIUIUTYTHO-YaCTOTHYIO XapaKTEPUCTHKY MO 4YacTOTE BpaumieHus aurarens. Ot-
HOCHUTEJIbHAS aMIUIATYIHASl YACTOTHASl XapaKTEPUCTUKA CTPOUTCS IIPU YCIOBHUH, YTO
Ha gactore f; = 0.05 't He MPOUCXOANT 3aBajia aMIUIUTYIHON YaCTOTHON Xapak-
TepucTuku. JlaHHbie 3aHeCTH B Tabmuiry 1.

Ta6muma 1
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fi w; = 27f; Lg « A / A

FII. AI
0,( 0,314 -0,503 A Al A
10 62,8 1,796 Ag Asl Aq
20 125,6 2,098 Ag Ao Aq

B) TIOCTPOUTH YaCTOTHYIO XapaKTEPUCTHUKY CHUCTEMBI B MaciiTabe
2,0cMm - 10 ob;
1 nexana - 5 cM,
I') alMpOKCUMHUPOBAThH MOCTPOCHHYIO YaCTOTHYIO XapaKTEPUCTUKY TIEpeAaTOUHON
1

byHKIHEH
W = :
(P) (T, p+1)(T, +1)

1) CPAaBHUTH MOJIYYCHHOE 3HAYCHUE ICKTPOMEXaHUUECKOW TTOCTOSIHHON BpeMEHH!
cucrembl "OMVY-JI" ¢ monydeHHbie B M.l U 0OBSICHUTH BO3MOXKHOE PACXO0XKICHHUE
pe3yJIbTATOB;

€) UCITOJIb3Ys BBIIIE MOJYYCHHBIC PE3yIbTaThl, COCTABUTh MEPEIaTOUHYIO (yHK-

W'(p)= k, /¢,
uto cuctemol "OMYVY-]1" B Buze: o '
. A" B Bun p(T,p+1)(T, +1

V1. YKA3AHUS IO O®OPMJIEHUIO OTUHETA
OT4er MOJDKEH COJAepKaTh MPUHIUIUAIBLHYI0 CXEMY CIIESIee CHUCTEMbI
"OMYVY-/I", TexHMUeCKHE JaHHbIE PJIEMEHTOB CUCTEMbI U PE3YJIbTaThl U3MEPEHUI B
BU/JIE TAOIUIL ¥ TPaPUKOB, a TAK)KEe HEOOXOIUMbIE BBIKJIAJIKU U PACUETHBIE (POPMYIIHI,
MIPUBEACHHBIC 110 ITYHKTaM BBITIOJHEHUS PabOTHI.

VIl. KOHTPOJIBHBIE BOITPOCBI

1.Kakyro ¢ynkuuto BeinoiHser OMY B cnendmeit cucreme?2.Ilepeuncnure go-
CTOMHCTBA U HEAOCTATKH CIAEASAIIMX NPUBOJOB, paboTaromux no cucreme "OMY-J[".

3. Kakme OMY wucnonszyrorcas B OCII: HEOQOKOMNEHCUPOBaHHBIE, IEpe-
KOMIIEHCUPOBAHHbBIE WUJIM MOJHOCTHIO CKOMIIEHCUPOBAHHBIE MO0 MAarHUTHBIM IOTO-
Kam?

4. Eciiu ObI Ipy OMIHCAaHUM AUHAMUKHA cUCTeMBbI "OMY-J[" Heobxoaumo ObLTO ObI
YYUTHIBATH "PEAKITNIO SKOPS'", TO B KAKOH TUIOCKOCTH ATO ObLIO OB HE00X0IUMO?

5. Ot kakux (aKTOPOB 3aBUCUT HAIPSHKECHUE YIIPABIICHUS TPOTAHUS JBUTATEIIS?

VIIl. BUBJUOTPA®UYECKUN CITUCOK

49



1. ITerpoB bB.W. u 1p. DneKTpONpUBOJ CUCTEM YIPABICHUS JIETATEIbHBIX allma-
patoB. M.- Mammunoctpoenue, 1990, 360 c.

2. Apmenckuit E.B., @ank ['.b. Dnekrpuyeckne MmukpoMamnssl. M. - Beicmas
mkouna, 1975, 340 c.
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JlabopaTtopnas paGora Ne§

OHpeIleJIeHI/Ie mapamMeTpoB MEXaHUYECCKOI'0 NIBHKCHUA

|. LIEJIb Y 3AJIAUU VICCJIEJOBAHUS
HOJIy‘-ICHI/Ie HpaKTI/I‘—ICCKOFO HAaBBIKA B HpOBeI[eHI/II/I SKCHCpI/IMCHTa, CBA3aHHOI'O C
I/I3M€pCHI/ICM nu perHCIpauHeﬁ TOKOB HapaMeTpOB MEXAHHUYCCKOTI'O ABUXCHHUSA C IIO-
MOIITHEO AJIEKTPOHHOTO OCIIIUIorpada.

ll. TEOPETUYECKUE CBEJIEHUA

JIis u3MepeHust U perucTpaivy napaMeTpoB J000ro IBUXKEHUS, B TOM YUCIIE U
MEXaHUYECKOTO0, C MOMOIIBIO AIEKTPOHHOTO ociuuiorpada Hy»KHO HE0OXOMMO BHA-
Yajie BKJIIOYUTH Pa3BEPTKY, TO €CTh M3MEHEHHE MapaMETPOB PETUCTPUPYEMOrO TpoLiecca
JOJDKHO HAuaThCsl HECKOJIBKO TO3KE 3aITycka pa3BepTKH. [ 3Toro HeoOXoaumo 10
HaYasia TpoIecca 3alucH MoJaTh UMITYJIBC JIIS 3aITycKa Pa3BepTKH, pabOTarOIIeH B HKITy-
IIEM PEXHUME, TIEPE] U3MEHEHUEM TAPAMETPOB UCCIEAyeMOro npouecca. OnvH U3 Bapu-
AHTOB CXEMbl CUHXPOHHU3AIIUU U MOJKITIOYEHHUS ociuiorpada JJisi U3MEPEHUs] U peru-
CTpalii TapaMeTPOB MEXaHUUECKOTO JIBUKEHUS MIOKa3aH Ha puc. 1.

©
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Brn mitarHia CHHXPOHIT3 AL 01 . "BHemHAT CI-H']'X])OHI‘TSHLH"D;I"
—— . J
m e T T @
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J_ © Octmmnorpad
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Puc. 1. Cxema CHHXpOHHM3AIIMH U TTOKITFOYSHHUS ocIuniorpada it i3MEpEHHUs |
pPETUCTPALIMK TTAPAMETPOB MEXAHUYECKOTO JIBUKECHUS

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. M3y4nTh TEOpETUYECKUE CBEICHMS, IPEACTABICHHBIC B HACTOSAIIUX METO-
JUYECKUX YKa3aHUAX U PEKOMEHJOBAaHHOU JIUTEPATYypE.
2. Onpenenuthb BBICOTY MaJIeHUsI O0BEKTa U YCKOPEHHE CBOOOIHOTO MaCHUS
10 XapaKTEepHbIM TOYKAaM Hayajla ¥ KOHIIA IIPOLiecca U 10 BEJIUMYMHE BBICOTHI I1a-
JCHUS.

V. IIOPAJOK BBIIIOJIHEHUA PABOTEI

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

2. CocTaBUTh W3MEPUTENBHYIO 1€Mb, BKIIOYAIOLIYI0 ocuuuiorpad, cxemy
CUHXPOHU3AIIUH, PEJICMHO-KOHTAKTHBIN JaT4MK, SJICKTPOMArHUT U UCTOYHUK MUTAHUS,
UMeIoNMiA HarpsbkeHue (25-27)B.

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

4. BKIIOYUTH Ha TIEPEJAHEN MaHeI WUCTOYHUK MUTAaHUS ¢ yCTAHOBHUTH 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 OOOPMIJIEHNIO OTUETA
OT4er NOKEH COIepKaTh:
- TPUHIUNHAIBHYIO CXEMY UCCIEAYEMOU JIEKTPUUYECKOM 1IETIH;
- OCIIMJUIOrpaMMYy UCCJIEIYyEeMOTO MPOIIeCcca;
- HEOOXOJMMBIE PACUETHI.

VIl. KOHTPOJIBHBIE BOITPOCHI
1. IlpuBeauTe NMpUMeEpP UCNOJIH30BAHUS B WH)KEHEPHON NMpakTukKe J1a00-
PATOPHOIl YCTAHOBKHU /JIf ONpe/esIeHHs] BbICOTHI Ma/ieHUs 00beKTa U YCKO-
peHusi CBOOOHOIO MaJeHusl.
2. Yem MOXKHO OOBSICHUTh HETOYHOCTh U3MEPEHUS?
3. Kak MOHO MOBBICUTh TOYHOCTh U3MEPEHUS.

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

HccnenoBanue XapakTepUCTHK Tpeodpa3oBaTelisi MOCTOSIHHOIO TOKA
B NlepeMeHHbI Ha MpPUMepe MPUBO/IA MEPEMEHHOT0 TOKA AMILTUTY/I-
HO-4YACTOTHOTO YNPaBJIeHHUS

. HEJIb U 3AJIAYU UCCJUIEJOBAHUA
W3ydyeHne MeTONOB yNpaBiICHUS aCHHXPOHHBIM TpexX(a3HbIM IBUTATEIEM:
UX anmapaTypHOW peanu3allii U XapaKTepUCTUK JABUTATENs IPU 3TUX COcobax
YIIPABJICHHUS.

Il. TEOPETUYECKUE CBEJAEHUSA

B coBpeMeHHBIX CHEASHIMX CHCTeMaX MIUPOKO MPUMEHSIOTCS OECKOJUICK-
TOPHBIE MPUBOJBI IEPEMEHHOTO TOKA. B KadecTBe OBHUraresied MCHOJIb3yHOTCA
CUHXPOHHBIE U aCUHXPOHHBIE JBUTATENM C JByX(Ga3HOU win Tpexda3Hou cTa-
TOPHBIMU OOMOTKaMH.

Cucrembl yrpaBlieHUsS] ACHHXPOHHBIM 3-(ha3HbIM JBUTATEIIEM

1. OcHOBHBIE TPeOOBAHUS K CCTeMe YIIPABJIEHUS] ACHHXPOHHBIM /IBU-
rareJjiemMm

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

CucrteMa ymnpaBJIeHUSI aCMHXPOHHBIM JBUTATEIEM JIOJDKHA OOeCreurBaTh
peryJMpoBaHUe CKOPOCTH MPHUBOJA B HEOOXOIUMBIX TIPE/Iesiax U ee peBepc.

Jg 3TOro B yHpAaBISIONMIEH CUCTEME pEaIn3yeTcsl CICAYIOIUN 3aKOH
yIpaBJIeHUs 1Mo yacToTe f.:

f.="1,t¢ (1)

B npuHnunuansHON cXxeme pealiu3yroTCs COOTBETCTBYIONIUME UM HaIpsiKe-
Husl. JIJisl TOTydeHHs] CKOJIBKEHHUSI B KaHaJl YaCTOTHOTO YMPABJICHUS BBOJIUTCS
MOJIOKUTENIbHASE 00paTHAs CBS3b MO CKOPOCTH JIBUTATENs, Ojarojgapst 4yemy mo-
SBJISIETCA BO3MOKHOCTh YIIPABJIEHUS 3TOM KOOPAMHATON COrJIaCHO CXeMe, MoKa-
3aHHOU Ha pUCyHKe 1.

MOTLI

—7 + 1 .
! t £
Pucynok 1 — Cxema cucremsl! yrpasineHus AJl 1 noinydeHus

CKOJIbXKEHUS S
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f, — *KemaeMast WM yIpaBIIAIONIAs 9acTOTa;
€ — a0COJIIOTHOE CKOJILXKEHHUE POTOPA, OMPEACIsieMOe KaK Pa3HOCTh Kellae-
MO (yIpaBJIsiolei) 4acTOThl U YaCTOTHI pOTOpa

YacToTa nmoisa pCain3ycCTCsa B OIIPCACIICHHOM AWAIIa30HC!
fo<f <f

O6brano o, =01f, ., . Jna ynpasnenns ¢ menpmmmu, wem npu Ty = f

min max
CKOPOCTAMM JABUKCHUA UCIIOJB3YCTCA aMINIMTYIHOC YIIPABJICHHC.
B CTPYKTYpC ynpaBJI}IIOHleﬁ CUCTCMBI o0ecrieynBaeTCs qacCcToT-
HO-aMIINIUTYIHOC YIIPABJICHUC C pCBCPCOM U OT,Z[a‘leﬁ OHCPI'UU B CCTh.
OCHOBHBIM pPCAIIN3YEMBIM IMAPaMCTPOM ABJIACTCA 4aCTOTa, YTO CICAYCT U3

IIPOINIOPIUOHAJIBHOCTH CHHXpOHHOﬁ CKOPOCTH YaCTOTC IIMTAIOIICTO HAIIPAKC-
HUA:

Q="p— @)

OIHOBPEMEHHO BO3HUKAET HEOOXOAMMOCTH PETYIMPOBAHUS HAMPSKCHUS
ucroynuka nutanusa. J/C oOMOTKHM cTatropa aCMHXPOHHOTO JIBUTATEJNsl MPO-
MOPUHUOHABHA YaCTOTE U TTOTOKY.

E=k¢- 1. (3)
[Ipenebperas najgeHueM HAPsHDKEHUS HA OOMOTKaX cTaropa
AU, =1, /r?+x2 =0 (4)
MO>KHO 3aIHiCaTh
U, ~E ~k¢-f . (5)

N3MeHeHne 4acTOThl MUTaHUs TO3BOJISIET PETYIUPOBATH CKOPOCTh KaK BBIIIIE,
TaK U HU)KE OCHOBHOM ().

[Ipu peryaupoBaHUM BbIIIE OCHOBHOM CKOPOCTH (PEXHM YacTOT-
HO-(OPCHUPOBAHHOTO YIPABJIEHUS) YaCTOTA MUTAHUSI MOXKET MPEBBIIIATh HOMHU-
HaJIbHYI0 He OoJjiee uem B 1,5 — 2 paza, 4To 00yCIOBIEHO MPOYHOCTHIO Kperie-
HUA OOMOTKHM pOTOpa U pOCTOM MOTEPH B CTAJIM CTATOPA.

PerynupoBanue CKOPOCTH B CTOPOHY YMEHbBILIEHUSI BO3MOXKHO HE OoJiee yeM
B 10 — 15 pa3, 4To OrpaHUYEHO CIOKHOCTHIO PEATM3AIIUN UCTOYHHUKA MMUTAHUS C
HU3KOW YaCTOTOW U YBEJIIMYEHUEM HEPABHOMEPHOCTH BPAIICHUSI HA MaJIbIX CKO-
pOCTSIX.

Hwxuuii mpegen MokeT ObITh YMEHBIIICH 3a CUET UCIIOJIb30BAaHUS 0OPATHBIX
CBSI3€il B CUCTEME yNPABJIEHUS aCHHXPOHHBIM JBUraresieM. Yactora HanpsiKEeHUs
MUTAHUS SIBJISETCS HE3aBUCUMBIM ITapaMETPOM, 33/1aBa€MbIM BXOJIHBIM CUTHAJIOM
npuBoja nepemeHHoro toka. [{ns 8-nomocuoro asurarens (P, = 4) xoadduiiu-
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 IPUBOJAX,
00IaJAroIMX HauOOJBIIMM PACIIOIAraeéMbIM YCKOPEHUEM, OIPENEIIIEMbIM
MaKCHMAaJIbHBIM Pa3BUBAEMBIM MOMEHTOM aCUHXPOHHOI'O JIBHIATENIS.

2. 3aKkoHBI yIIPaBJICHUS ABUTaTeJIeM U UX pPeaTn3anus

JIns npruBOAOB C MOMEHTOM HArpy3Ku, HE 3aBUCSIIUM OT CKOPOCTH, PEXKUM
pEryJIMpOBaHMS, OCHOBAaHHbIM HAa TMOAJECPHKAHUM MAKCUMAaJIbHOIO MOMEHTA,
obecrieynBaeTCsl CUCTEMOM yIpaBieHUM, peain3yroleld JMHEHHBIN 3aKOH H3-
MEHEHUS HaIPSKEHUSI OT YaCTOThI MUTaHus (pucyHok 14.2).

O R —— —

(

0 !

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

U, =U,+Kk,f. (7)
MaxkcuManbHbIii MOMEHT ACHHXPOHHOTO JBUTATENS
2
M / U "

" :2QO(rcim)' ®)

CuHXpoOHHast CKOPOCTh {)y U MHIYKTUBHOE CONPOTHUBJIEHUE Xy MPOMOPIINO-
HaJIbHBI YaCTOTE MUTAHUS, CJICIOBATEIBHO,

U 2
-
M, T2 9)
B ycranosusmemcs pexume M =M =const (M, — moment narpyskn)
T105TOMY OTHOIIEHHE
Uli’

—— =const
f . (10)



3a BepXHMH IpeneN 3aKOHA PEryaMpOBaHMs IPUHATHI IMapaMeTpbl HOMU-
HAIIBHOTO pexuma, Hanpumep:U g =127 B, f,,,,, = 4007y . Huxunit npepen

perynupoanus gactotst min =40,0 [y .

IapameTpsl 3akoHa peryauposanns U, u K, onpenenens! mo dopmynam

U, = W f i [fc + 12+ (k)2 ] (11)

CxeMa perynupoBaHUii 4aCTOTHI U HanpsbkeHust AJl mokazaHa Ha pUCYHKe 3.

Ko |- o

{2 w BT — 7
o

WL PUAmY Kp

DzparisaHiue

{ -

‘ f

-1 +7
{ }

Pucynok 3 — Cxema cuctemsl ynpasienuss A/l 1uist perynupoBaHusi 4aCTOTHI
Y HaIIpSDKEHUS

Bo3moxxkHOCTh perynupoBaHusi 3-Qa3HbIM ACHHXPOHHBIM JBUTATENIEM IO
4aCTOTE U aMIUIUTYJE HAIVISAHO WIUIFOCTPUPYETCS CEMEMCTBOM MEXAHUYECKHUX
XapaKTEPUCTHK.

XKecTkocTh MEXaHMYECKUX XapaKTEpUCTUK B paboueil 30He MpU perysiupo-

U
BaHMU MO 3aKOHY T=¢=C0n8t COXPAHSIETCS CPAaBHUTEIBHO BBICOKOW. Benu-

YYHA KPUTUUECKOTO MOMEHTA B 30HE OOJIBIIMX YACTOT CPABHUTENILHO MAJIO U3-
mensierca (M, M,,, M, ;). JIums npu HU3KKMX 4acTOTax BCIEACTBHE OTHOCH-

TEJILHOTO YBEJIMYCHHUS MAJCHUS HANPSDKEHHSI B CTATOPE MPOMCXOIUT 3aMETHOE
YMEHBIIICHNE MAarHUTHOTO MTOTOKA U KaK CJICJICTBUE, YMECHBIICHHE KPUTUYCCKOTO
MoMeHTa (Myy):

3 u;

== . ;X =X X 12
200 1 £ 17 +x; (12)

56

M,



I[HH OOJBIINX YacTOT BEJIWYMHA [ BHAYUTEIIBHO MEHBIIE X, U IMO9TOMY
MOXHO CHUTAThb, 4TO

3,
k= m- (13
Takum obpazom, max kak X, =K T, u oy =K, 10
_ Y,
C2kk, (14)

U

Y
mostomy = const,
1

Croapxerue
! =

/\/ (e

Hipi

J M

H

=
It} 6 )

Pucynok 4 — Mexanudeckue xapaktepuctuku A/l
C YACTOTHO-aMIUIUTYIHBIM yIIPABIEHUEM

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

1- fclzf 'Uc1=UH0M;2— fc2:O’5]C

HoM !

HOM ’ UCZ = O’SUHOM ,
3- f,=01f ;U,=0U .3 45 6- XapaKTEPUCTUKU aMILJIUTYTHOTO
ypasuenusi ipu T, = f 3 =01f  wuU.or0,1U,,, n0 0; 7 — xapakrepucruxa c

dopcupoBaHHBIM 10 yacToTe ynpasnenuem: 1, =15f U, =U, -
8 — MOIITHOCTH JIJI1 HOMUHAIBHOTO PeXuMa
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Pucynox 5 — I'paduxu 3a- Pucynok 6 — Mexanuue-

BHCUMOCTEN CKOPOCTH U TOKOB ckue xapaktepuctuku AJl s
B oOMoTkax AJl oT MomeHTa Pa3IUYHBIX YaCTOT HaIpshKe-
Harpy3Ku HUW MTUTaHUS

f,>f,>f>f,
HpH SHAYUTCIbHOM CHHKCHHUHU YaCTOTBI 3TO COOTHOIIICHNC HAPYIIACTCA, T.K.
PCAKTHUBHOC COIIPOTUBJICHUC PACCCAHUA Xk = XC + Xp CTaHOBHUTCS CPABHHUMBIM C

COIIPOTHUBIICHUEM CTATOpa I UM JaXe MEHbLIE ero. BiausHue naaeHus Hamps-
JKEHHUs B CTATOPE OKa3bIBACTCS CUIIBHEE, U OTO IPUBOIAUT K YMEHBIICHUIO KPU-
TUYECKOro MOMeHTa. [I03TOMYy B cXeMe peryJmpoBaHusi MOMEHTA U CKOPOCTH Ha
BXOJ| PETYJIUPYEMOr0 OIPAHUYECHUSA AMIUIMTYIHOIO KaHajla IOAACTCSA IMOCTOSH-
Has cocrtaBisiomas Uy, KoTopast MOXKET U3MEHATHCS B 3aBUCUMOCTU OT TpeOo-
BAHUU K CIIEIAIIEMY ITPUBOY:

2 m-Pn-U f2
Xf min ¢ _ b r —r2 | min
( ‘ ) 472- ) fHO}H ‘Mm i ¢ fKi}l’l ’ (15)

rie fmin =401y u f,,, =400y VIS Al JIMYILI-63;
_ u,-U,
B 1:min ,

HOM

k U,=187B,k, =03 nng U, =220B.

JlanmpHel1Iee peryImpoBaHUe OCYIIECTBISCTCS YMEHBIICHUEM HaPSKESHUS
nutanus Uy< U, npu fi, = 40 I'n = const.
[Tpy W3MEHEHUH YacTOTHl U3MEHSETCS W WHIYKTHBHOE CONPOTHBIICHHUE 00-

motku X, =@, - L. [TosTroMy amMniuTyna peryaupyercst B 3aBUCUMOCTH OT 4a-

CTOTbhI TAKUM o6pa30M, YTOOBI TOKU HE IMPCBbIIIAIN )IOHYCTHMOﬁ BCIIMYUHBI I()on )

KOTOpasi ONpeaeIIsIeTC:
1) HachIIIICHUEM MarHUTHON CUCTEMBI;
2) TOIMyCTUMBIMH TOKAMH TPAH3UCTOPOB B YCHUIIMTENIEC MOIITHOCTH.
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BBoasiTca perynupyeMoe OrpaHUuYEHHE Ky, @ TaKXKE CBS3b MO YaCTOTE IS
oOecreyeHus KenaeMol KpyTU3HbI MEXaHUYECKON XapaKTEPUCTHKH.

[Tonaercs pomosHUTeNbHOE HampsbkeHue Uy Uisi yBEJIMYEHHS] MOIIHOCTHU
JIBUTQTEIIS.

PaccMoTpuM  ceMeHCTBO MeEXaHWYECKMX XapaKTePUCTUK ACHHXPOHHOIO
JIBUTATEIIA MPU PA3IMUHBIX YaCTOTAX MUTAIOIIETO HAMPSIKCHUS.

N3 ananu3a xapakTepuCTUK BUIHO, YTO 3-(ha3HbIii aCHHXPOHHBIN JBUTaTEIb
110 YacCTOTE M aMILIUTY/ie 00eCleurBaeT PeryJIupoBaHie CKOPOCTH B IIHPOKOM
JYara3oHe C MajJoM YyBCTBUTEIBHOCTHIO K Harpy3ke TMpH YacTOT-
HO-aMILIUTYHOM yIipaByieHuu 1, 2, 3.

MomnoctHas xapaktepuctuka N = QM (8 Ha pucynke 14.4) mpu o, Uson
omnpenesieT 3HaueHus HOMUHAIbHOU Ny, 1 MaKCUMaTbHON MOITHOCTH Npax.

Hpumepro go M, =0,75M, (M, —kpuruuecknii MOMEHT Harpyskm)
@, —,

CKOJIBJKCHHUC POTOpPA ABUI'ATCIIA S= MalJio.
c

IIpu M; >M, porop ocranoBurcs.

[TapameTpsl GuIbTpa U HEMMHEWHOTO KOppekTHpytouiero ycrpoiicrsa (HKY)
KaHaJla aMIUIUTYAHOIO YIIPABJIE€HUS OIpPENESIEeHbl M3 YCJIOBHS 0OecrnedeHUs
YCTOMUYMBOCTHU U Ka4€CTBA MEPEXOIHOrO MPOIECCa.

T,p+1

~ _ 2

Koppexrupytonmit punstp W, (p)=k; m ’
1

rme K, =20,T,=0133¢c, T, =0,033c.
HKYV: k,=1k,=03.

KoaddurmenT ycunenus B 4aCTOTHOM KaHaJe:

ko=39; Q,,,=(1-S,)=5916 paolc,

f
Oy = QL= Sip )= Q| 1-——C— |=527 paolc,
J2xt

rje kN — k03¢ dunKenHT 3anaca 1o MomHocty; I, — aKkTMBHOE COIpo-
tussienue cratopa (1,37 Om) u poropa, npuBeaeHHOE K cTatopy (2,22 Om);T

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

Kanan peBepca obecrieunBaeT HalpaBiICHUE BpallleHUs aCUHXPOHHOT'O JIBU-
ratens. Penelnblid snemMeHT HO1 ompenensier HampaBiieHHE BpalEHHs JIIEK-
TPOMATrHUTHOTO MOJIsI B 3aBUCUMOCTH OT 3HaKa OIIMOKK U 00eCreYrBaeT pa3roH
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ABUTATCIII WU TOPMOKCHHUC €TI0 IMPOTUBOBKIIOYCHUCM Ha CKOPOCTAX, MCHb-

mux 0125-Q_ . . Q=785pad/C | uro coorserctByer uactoTe peBep-

ca f,, =50 I'y mpu wacrore muranns AJT fe =4007Yy.

JUJIsi MCKITIOUEHUS TOPMOXKEHHSI MPOTUBOBKIIOYEHHUEM M, KakK CIEICTBHE,
OINPOKUIBIBAHUS IBUTATEIISA Ha CKOPOCTAX, 00bimx 0,125Q0 (=785 pao/c s
JAMUILI-63), BBenennl peneitHbie sneMentsl HO2 u HO3, uckmodaroniue mpo-
xoxaeHne curHana AQ) M, CBOMM 3HAKOM OIPEIEIISIONINE HAlpaBICHHUE Bpa-
HIEHUS TOJIsI W Pa3rOH-TOPMOKEHHE JBUTATENsl B PEKUME aMIUIUTY/I-
HO-YaCTOTHOTO YIIPaBJICHHUS.

[IpeoOpazoBarenu 4acTOThI C AMILIUTYTHO-YaCTOTHBIM PETYJIUPOBAHUEM
CKOPOCTH BpalleHUsI ACHHXPOHHOTO 3-(ha3HOro JIBUTATEIIS

VYceunurenb MOUTHOCTH COCTOUT U3 HEYNPABIIIEMOrO BBIIPAMUTENS B 1 1Byx
HE3aBUCUMBIX PETYJISTOPOB.

Perynsarop HanpsikeHu# BKItoyaeT B ce0st uaBepTop U, 010K perynupoBanus
HaIpsSDKEHUS. Ha BXOJE€ aBTOHOMHOI'O MHBEPTOpA U OJIOK TUHAMHUYECKOIO TOP-
MOKEHHS] aCHHXPOHHOTO JIBUTATEJIsl.

B O0CHOBY cHCTEMBI yIIPABJIECHHS] aCHHXPOHHOT'O ABUTATEIS MOJOKEHA CXEMa
aMIUIUTYTHO-YaCTOTHOTO PETYJIUPOBAaHUS C MCIOJB30BaHUEM IIPeoOpa3oBaTes
Y4acTOTBl C IMPOMEXKYTOYHBIM 3BEHOM ITOCTOSIHHOIO TOKa M HEYIPABIISIEMOIO
BBITIPSIMUTEIS (PUCYHOK 0).

[IpeoOpa3oBarenb 4aCTOThl COCTOUT U3 HEYIpaBisieMoro BeimpsamMutens (B),
criaxkuBatoniero ¢puiabrpa (CP) u aBToHOMHOTO MHBepTOpa (A) (prCcyHOK 7).

[IpeoOpazoBarenp 4acTOThl C MPOMEKYTOUYHBIM 3BEHOM IOCTOSIHHOTO TOKa
OCYUIECTBJISIET MPeoOpa30BaHKUE AIIEKTPUUECKOW HIHEPruu IMEPEMEHHOIO TOKa
OJTHOW YaCTOThI B IEPEMEHHBIA TOK JAPYIOM 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 nHanpspkenue U; (mampumep 380 B) wacrotoii f; (50 ') mo-
CTyHaeT Ha BXOJ BBINIPSAMHUTENS B, rie BBIIPAMIISICTCS, a 3aTEM CIITaKUBACTCS
¢unbTpoM CD u mocTymnaeT Ha BXOJ aBTOHOMHOTO MHBepTopa AU, nmeromero
BeixoHOe Hanpsbkerue U, (540 B) ¢ ygactoroii f, (40 — 400 I't). ABTOHOMHBIM
MHBEPTOP MPe0oOPa30BBIBACT AIICKTPUUCCKYIO SHEPTHIO TIOCTOSHHOTO TOKA B ITe-
PEMEHHBIN, BBIXOAHBIC MMapaMeTpbl KOTOporo (hopma, aMIIMTyAa, 4acTOTa BbI-
XOJIHOTO HAIpPSDKEHHSI) OMPEACISIFOTCS CXEMO#M MpeoOpa3oBaTensi, CHUCTEMOMN
YIIPABJCHUS aBTOHOMHBIM HHBEPTOPOM M PEKHUMOM €ro pabOThl, B OTIMYHE OT
HHBEPTOPA BEJIOMOTO CEThIO, BHIXOJHBIC YaCTOTA M HAMPSKEHUE KOTOPOTO CO-
OTBETCTBYIOT TIapaMeTpaM CETH.

B npeobpaszoBaternie ¢ MPOMEKYTOYHBIM 3BEHOM MMOCTOSIHHOT'O TOKA 4acToTa
BBIXOIHOTO HAMPSDKEHHSI HE 3aBUCHT OT YaCTOThI MTUTAIOIICH CETH U MOXKET OBbITh
Kak OOJIbIIIe, TAK M MCHBIIIC.

ABTOHOMHBIC HMHBEPTOPHI BBINOJHEHBI HAa TPAH3UCTOPHBIX KJIOYaX IO
Tpex(}a3Hoi MOCTOBOI CXeMe W MPeIHA3HAYCHBI JIUIsl YCHIICHUS 10 MOIIHOCTH
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BBIXOJIHBIX CHUTHAJIOB OJIOKa yNpaBlieHWs. B TpaH3UCTOPHBIX KITHOYAX HCIIOb-
3ytorca Tpansuctopsl Tuma 211906 mns U, =220B; N, =750 Bm | umeromme

BBICOKHME KOA((ULUEHTHI yCUJIEHUSI U ObICTPOJIEHCTBUE, UTO MO3BOJISIET peaslu-
30BaTh Ha KJIIOYE MHJMBHUAYAIbHYIO TOKOBYIO 3aIUTY TPAH3HCTOPAa OT OPOCKOB

toka B teru Harpysku. Jas cetm Ug =380B; N, ., =750Bm npumensiorcs

Tpan3ucTopbl 2T839A (KT839A) ¢ npenenpHbiM HamnpspkeHueMm 1500 B u mak-
CUMAJIBHO JOITYCTHMBIM tokom 10 A. Hiis JIBUTATETCH C

mommHoctio Ny, > 790Bm B aBromoMHEIX TpamsmcTOopax mcmomb3yercs
GBTH — tpaH3ucTopsl Ui CUIIOBBIE MOAYJIH.

5 L . PHIA
wh & L ; K, k K . k
B
e
Uy = 4Ry

PucyHok 8 — DkBHBajIeHTHAs cXeMa YCHJIMTEIISI MOIIHOCTH MPHUBOJIA
MIEPEMEHHOTO TOKa
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Pucynox 9 — Cxema ycuiutesnss MOIITHOCTH TTPUBO/IA IEPEMEHHOTO TOKA
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Pucynok 10 — Dmiopsl HanpsKeHU B 0OMOTKaX yCUIUTENS MOIIHOCTH A ]
IIPU aMIUTUTYAHO-9aCTOTHOM YITPABIICHUH

¢

Pucynox 11 — Dmropa HanpsiKeHUN NEPEKITIOYSHUST TPAH3UCTOPHBIX
Kirouen yeunutens MoiHocty Al B pexkxume [HINM

=t L 40 400ry
t1 +t2 3a0
f . = 1 _ 25007
M+t 4

HeynpaBnsiemblii BEIIPSAMUTEH BBITIOJIHEH 10 cXeMe 3-(a3HOro MOCTOBOTO
BBIMPSMUTENST HA AUOAaX co criaaxuBarommM LC-punstpom. OH BeIpAMISET
Tpexdaznoe HanpsbkeHue nepemeHHoro toka (U; = 380 B) B mocrosiHHOE 3Ha-
yenue (540 B).
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bnok perynupoBaHus HamnpsHKSHUST Ha BXOJI€ aBTOHOMHBIX HHBEPTOPOB BBI-
IIOJIHEH Ha OCHOBE TPAH3UCTOPHOIO Kitoya ¢ TpaHzucropoM tuna 211906 co
crnaxuBatonmm LC-punstpoM u  mMomynem ympasineHusa. PerymmupoBanue
HAIpPsDKEHUSI Ha BXOJI€ aBTOHOMHOTO MHBEPTOpA MPOU3BOJIUTCS C IIEJIbIO CHU-
KEHUsl Harpy3KH MO HANpPsDKEHUIO HA KII0YM aBTOHOMHOTO WHBEPTOpa MpHU Ma-
JBIX U CPEAHUX CKOPOCTSIX PEryJIMPOBAHUS ACUHXPOHHOTO IBUTATEIIS.

brnoku AMHAMUYECKOTO TOPMOXKEHHS ABUraTels MpeAHa3HadeHbl Ui J10-
MOJHUTEIBHOTO PACCEesIHUS KMHETUYECKOH >HEPrUU aCHHXPOHHOTO JBHUTraTels
IpY YaCTOTHOM TOPMO>KEHUH JIBUTATENs B JHara3oHe ero CKOPOCTel BpalleHus
(420 — 628) pan/c u mpeaHa3HAYEH JIA OIPAHUYCHMS HAIPSDKCHHS Ha BXOJE
aBTOHOMHOTO MHBEPTOpPA B PEXHME YaCTOTHOTO TopMokeHus: He Ooinee 350 B

st cetrn ¢ U, =220B 1 610 B st cetn ¢ U, 23808 .

III. OBPBEKT UCCJIEJOBAHHMSA U OBOPYJOBAHHUE

OOBEKTOM HCCIIEIOBAHUSA ABJISIETCS] IPUBOJ IPOMBIIIEHHOH IIBEITHOM Ma-
IIMHKH, paboTaloONIMii 110 cucteMe "ABTOHOMHBIN HHBEPTOP HANPSKEHUS C aM-
IUIUTYHO-4YaCTOTHBIM 3aKOHOM YIIPaBJIEHUS —ACUHXPOHHBIN JBUTATENb C KO-
POTKO3aMKHYTHIM poTopoM'- DA-TTIIM 31-01B7CXJIY.

J171s1 BBITIOJTHEHUSL PaOOThI HEOOXOIUMBI:

1) Hu3Ko4acTOTHBIN ocuuutorpad tuma C1-57, C8-13;
2) uyacrotomep U3 — 34 unu m000# apyroi,

3) uudposoii BobT™MeTp B7-27A/1.

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

IIPUBOJA.

2. 3yunTh B3aUMOACHCTBHE JICKTPOHHBIX Y3JI0B.
3. UccnenoBaTh paboTy CHIIOBOM YaCTH IPUBOAA TIPH PA3TUIHBIX PEKUMAX

(GYHKIIMOHUPOBAHUS MPUBO/IA.

4. CHATB KCIIEPUMEHTAIBHO HEKOTOPBIE CTATUYECKAE U TUHAMUAYECKUE
XapaKTEPUCTUKHU ITPUBOJA.
V. HOPAAOK BBIITOJIHEHUSA PABOTDBI
1. TmareabHO 03HAKOMUTHCS C HACTOSIIEN UHCTPYKIIUEH.
2. UccnenoBanue paboThl CUIIOBOM YaCTH MPUBOJIA TIPU BKIIOYCHUU:
a) MOJKITIOYNTh BXO ociimiuiorpada k nepexitrouarento K2:

6) MOCTaBUTh TMEPEKIII0YATENhb B MOJOKEHUE Al
B) BKJIIOUUTH MAarHUTHBIN MTyCKATeJIb HA CTEHE U MOJaTh HANPSKEHUE HA
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CHJIOBOI TpaHCcpopMmaTop;

I') 3aCUHXPOHU3UPOBATh U300PAKEHNUE HAIIPSKEHUSI BTOPUYHONM OOMOTKH
TpaHchopMaTopa, MOCTABUB MEPEKIIOYATENb PEKUMa CUHXPOHU3AIMH OCLIUJI-
jorpada B mojoxeHue "ceTr":

1) BKJIIOYUTH KHOTIKY "MycK" Ha CTEHJE€ W OJHOBPEMEHHO MPOCIEeAUTH 32
U3MeHEeHHeM (GOpMbI HAIIPSDKEHUS U 3apUCOBaTh €To.

3. UccnenoBanue pabOTHI CUIIOBOM YacTH MPUBOAA MPU U3MEHEHUU Yac-
TOTBI BpPALIEHUS JBUTATEIIA:

a) MOAKIIOUUTh ocuuuiorpad K aHoJaM THUPHUCTOPOB  BBIIPSIMU-
TeILHOM U MHBepTOpHOU rpyni ( Touku 51 u 52 ), nepexirovas K2. u 3apu-
COBaTh JAMAarpaMMbl 3TUX HAIPSHKEHUM 0OPU MHUHUMAJIbHOW U MAKCHU-
MaJbHOM YacTOTaX BpPALICHUS JABUIATEN, yCTAHABIMBAEMOM C IIOMOLIBIO 3a-
JaTYMKA YaCTOThI BpallleHUs IBUTATEI;

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

4. Onpenenenue aquana3oHa yria yrnpaBJeHUs TUPUCTOPOB:

a) MOJKIIIOUNTh ociutorpad k roukam Y2, C1 u nponabmonare popmy
HAIPSDKEHUS Ha YIIPABJISAIOLIEM 3JIEKTPOJIE TAPUCTOPA U 3apUCOBATH €€ IIPU
MUHUMAJIBHOM 1 MaKCHMAJIbHOM 4acTOTaM BpaLEHUs JBUTATEIIS;

6) 10 pa3HUIIE MOJOKEHUN UMITYJIbCAa U HA OCHOBAaHUM 3HAHUS CKOPOCTHU
Pa3BEPTKH ONPEACIUTh JUANAa30H U3MEHEHUS yTia yIpaBJICHUs.

5. N3ydyeHune quHaMHYECKUX XapaKTEPUCTUK IPUBOAA!

a) MEePEKIIIOYUTh OCUMIUIOrpad K BRIXOAY HAIPSKEHUSI TaXOreHeparopa
(Toukwu 10,20);

6) ycTaHOBHUTH pa3BepTky 0.2 c/cMm;

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

I') IOCTAaBUTh MEPEKIIIoYaTENb pekUMa ynpasienus 112 B HeliTpaabHOE 1O-
J0KeHHe ( ABUTATENIb OCTAHOBUTCS);

1) TOiMaB MOMEHT BPEMEHH, KOT/Ia JIiyd ocuuwuiorpadga OyaeT B Kpaii-
HEM JIEBOM IOJIO)KEHHH, MTEPEKITIOUnTh [12 B BepXHee MMOJI0KEHNE U 3apUCOBaTh
IIpoLIECC pa3roHa, JBUraTes;

€) cuuTasi epeXoIHbIN MPOIECC allepUOAUICCKUM,  ONPEIASTUTh
3JIEKTPOMEXAHUYECKYIO ITOCTOSSHHYIO BPEMEHHU UCPABHUTE €€ C Mac-
MIOPTHBIM JIJI IBUTATEIIA.

V1. YKAZAHUA 11O OPOPMJIEHNIO OTHETA
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Otuer 0 padoTe 10J2KeH COIEPKAThH:

1. biok-cxemy npuBoza.

2. JlnarpaMMbl HalIPSKCHU .

3. IlepexoaHbIi MPOLECC U3MEHEHHSI YaCTOThI BPALLICHUS ABUTATEIIs C HE-
00XOMMBIMU IOCTPOCHUSIMHU JJIs1 ONPEEIICHUS] TOCTOSTHHOW BPEMEHH.

Y1l. KOHTPOJIbHBIE BOITPOCHI

1. B yem 3akmrodaeTcst IpUHUMIT JUHEWHOTO COBMECTHOIO YIIPABIICHUS TH-
PUCTOPHBIMU TPyIIIaAMU PEBEPCUBHOIO MpUBOIA7

2. Kakue MOXHO cliefaTh BBIBOJIBI U3 I1.2 MPOIEIaHHON pabOThl OTHO-
CUTEJBHO BIIMSHUS PUBOJA HA CETh TUTAHUS?

3. Kakue pexxumbl paboThl THPUCTOPHON TPYTIIBI HA3BIBAIOTCS BBIIPSMU-
TEJIbHBIM U HHBEPTOPHBIM?

4. K kakoBo HaszHaueHue apoccenent Ipl u Ip2?

VI1I. BUBJIUOTI PAOUUYECKHA CIIUCOK

1. DaexTponpuBOJ JIeTaTeNbHBIX anmnapaTos, /Ilox pen. B.A. IloakoBHuKOBA.
-MockBa. Mammnoctpoenune. 1990r.-352ctp.

2. Cnensimue nipuBojibl. Tom 2 / Ilon pen. b.K. Uemonanosa — U3n-so MI'TY,
2003r.-880 c.

3. IlpoextupoBanue cneasamux cucreM, /Ilox pea. H.A. JlakoTel.- MockBa,
MammHoctpoenue, 1992r. -352ctp

4. lllendensa P..Xaburep 3. ABTOMaTU3UPOBAHHBIE SJIEKTPOIPUBO/IBI. -
Jlenunrpan: Dueproatomusnaar, 1985r.-464ctp.

JlabopaTopHnasi padora NelO
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HN3y4denue 3exkrpoodopynoBanns Cucrembl YnpapieHusa Oruem
(CYO)

I. HEJIb U 3AJIAYA UCCJIIEAOBAHMUSI
N3ydenune 371eKTpooO0OpyI0BaHMS CHCIUATBHBIX HU3ACIHN B J1aOOpaTOPHOM
moxayiie kadenpel CAY. IlpumoOpereHHe HAaBBIKOB aHaliu3a KOHCTPYKIHUH, a
TaK)Xe pa3pabOTKH CTPYKTYPHBIX U (PYHKIIMOHAJIBHBIX CXEM COOTBETCTBYIOIIMX
15631 () 0505 8

1. 3AJAHUE HA PABOTY
1. U3yuuts nmpuHIMI paboThl U GYHKIIMOHATHHOE HA3HAYCHHE DSJIEMEHTOB
CUCTEMBL.
2. 3y4nTh B3aNMOJIEUCTBUE PJIEMEHTOB CUJIOBOU IOJCUCTEMBI DJIEKTPO-
000py10BaHUS.

1. HOPAJOK BBIIIOJIHEHUSA PABOTbBI

1. CocTaBUTh (PYHKIIMOHATBHYIO CXEMY U3/EIINS;
2. CoCTaBUTH CTPYKTYPHYIO CXeMY U3JICIHS,;
3. ChopmupoBaTh MAaTEMaTUYECKOE OMTMCAHHIE U3/ICTHSI.

IV. YKASAHUSA 1O OPOPMUIEHHUIO OTYETA

OT4et 0 padoTe T0JI:KEH COIEPKATh:
1. ®yHKIMOHATBHYIO CXEMY U3JEIIHS;
2. CTpyKTypHYIO CXEMY U3ICIIHS;
3. MaTeMaTu4ecKoe ONMMCaHue U3ICIIHS.
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