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JlabopaTtopHasi pabora Nel

BBoanoe 3ansitue. [lpaBuiia TexHnku 6€30MaCHOCTH NP BbITIOJTHEHUH
JIa0opaToOpHBIX padoT B JadopaTropuu. O0mmuii 0030p JadopaTOPHBIX PadoT.
N3yuyeHue 3J1eKTPO- U PATUO - U3MEPUTETbHBIX IPHOOPOB, HCIOIb3yeMbIX B

J1a00paTOPHOM NMPAKTUKYMe, 10/l PYKOBOJACTBOM NpenojaBaTes

1. IEJIb U 3AJIAYA PABOTDI
O3HaKOMJICHHE C MHCTPYKITUEH MO TeXHUKE 0€30MacHOCTH MPH BBIMTOTHEHUN
nabopaTopHbIX paboT. OOmmit 00630p mabopatopHBIX pador. M3ydeHue MeTooB
OTIpeICIICHUS JICKTPUICCKUX MAapaMETPOB MEXAaTPOHHBIX CHUCTEM M HX 3JIEMEHTOB C
HCII0JIb30BaHNEM COBPEMEHHBIX 3JICKTPO- U PaIHON3MEPUTEIBHBIX TPHOOPOB.

2. TEOPETUYECKHUE CBEJAEHUSA

2.1. O01mme MoJI0KeHUsI

Hudposoit wmynetumerp AKTAKOM AMM-1130 mnpennasHayeH nams
H3MEPEHHUs OCTOSTHHOTO U niepeMeHHoro (True RMS) nanpsikeHHs U TOKA, 4aCTOTHI,
COTNPOTUBJICHUSI, E€MKOCTH, TPOBEPKH IEJIOCTHOCTH Menu  («IPO3BOHKAY),
TECTUPOBAHUS AUOJIOB U T.1. Meercsa QyHKIMA PUKCAUU U3MEPEHHOTO 3HAYEHUS
(HOLD), a Takxe uU3MEpeHHS MaKCUMaJbHOTO/MUHUMAJILHOTO 3HAYCHUS |
OTHOCUTEJIBLHBIX U3MEPECHUM.

Onucanue opraHoB yrpasJieHus Tpudopa npecrapieHo Ha Pucynke 1.

KHONKa MCNONb3YI0WWanca NPH PasnuyHbIx
BH/1AX H3MEPEHWI ANA NEPEKNIOHEHNS
MEXJY aBTOMATHYECKOM MW PY4HbIM

PEXHMOM BbI6OPA AMANA30HOB HIMEPEHMN

XK-aucnnen

KHonka ucnonb3ytowanca AnA BKNKYEHHS PEXKMa

3aNHCH MaKCHMaNbHOTO0 NM MUHHMAaNbHOTD 3HAYEHNA
B I TH TR eT I [T PRIy fe 3
K"w:le:g::g':nﬂu;:nu:%‘;yem:al:;lf;m:;' St A WM Pa3HOCTH MaKCHMANbHOTO M MMHHMANbHOTO 3HAYEHMil

BbIGHPaEMbIX NOBOPOTHBIM NEPEKMIOYATENEM .
KHONKa BKNIOYAET PEXHM OTHOCHTENbHBIX M3MEPEHUH
KHonka ans yaepKaHua

NOKA3aHMil H3IMEPEHHbIX 3HAYEHHN Kronka xnto4aer nogcserxy XK-aucnnes

KHonka nepesopifwas Bo BPEMA H3MEPEHHI NEPEMEHHOTO
HaNpPAXEHUA W TOKA NPUOOP B PEXHM B PEXHM HIMEPEHHS
4acTOTbl CHHYCOMAANLHOrD CHrHana

KHOnka ans M3MepeHna H3MEHAOLMXCA
3HAYEHHA TOKA MNK HANPAXEHHA

KHONKa ANA BKNIOYEHHA NN BbIKNIOYEHHS
PeXHMA CBA3H C KOMNbIOTEPOM
yepe3 uxtepcpeic USB

MosopoTHbIK NEpexnioyaTens Bbibopa
(YHKUMA H3IMEPEHHA

BxopHoe rHe3/10 ANA M3MEPEHHUA TOKA
B Anana3sone 0,22...10 A, coeiHHAeTCS ©
KpacHbIM WYNoM K3MEPHTENbHOTO Npubopa

BX0AHOE rHE3A0 ANA BCEX BHAOE H3MEPEHNH,
3a MCKNIOYEHHEM HIMEPEHHS TOKA, COBZMHABTCA
C KPacHbIM LWyNomM H3MEPUTENLHOTO NpHBopa

BxogHoe rHe3fj0 ANA M3MEPEHUA TOKA B AWaNa30Hax MKA u MA, Bxopxoe rie3po obwee Ana Bcex BUAOB HIMEPEHHH,
COEAMHABTCA C KPACHbIM LWYNOM HW3MEPHTENbHOrO NpHbopa COEAMHABTCA C YEPHBIM LWYNOM H3MEPUTENLHOrO Npubopa

Pucynoxk 1 — Onucanue opranoB ynpasiienus nudposoro myinstumerpa AKTAKOM
AMM-1130



2.2. U3MepeHne HaNpsizkeHUS MOCTOSTHHOTO M MIePeMEHHOI0 TOKA

Ipenynpexnenne!!! Henb3s nonasats Ha Bxoj HanpshbkeHue Boime 1000 B
MOCTOSTHHOTO TOKA WJIM CPETHEKBAIPAaTUYHOTO 3HAUCHUS ITIEPEMEHHOTO TOKa.
N3mepeHne BBICOKOTO HAIPSHKEHUSI CJIETYEeT BBIOIHSATh OCTOPOKHO, YTOOBI
n30€XKaTh MOPAKECHUS JICKTPUUECKUM TOKOM.

1. BxmounTe nutanue MyiabTuMerpa AMM-1130.

2. Jlni u3MepeHus HaNpsKEHUs IOCTOSIHHOTO U IEPEMEHHOTO TOKa U
IIEPEMEHHON U MOCTOSHHOW COCTABJISIONIEH HaNpsLKEHU B nuana3oHne 1...220 mB
YCTaQHOBHTE TIOBOPOTHBIH BBIKIIOYATEND B MOJIOKEHHE ¥ .

3. [l u3mMepeHus HapsHKEHUS TOCTOSTHHOTO TOKa U IEPEMEHHOM U
ITIOCTOSIHHOM COCTaBJIAIOLIEH HanpskeHus B auanasone 0,22...1000 B ycranosute
ITOBOPOTHBIN BBIKJIFOYATEIIb B MOJIOKEHUE ¥.

4. BeraBbTe KpacHbIi n3MeputenbHblil myn B THe3go V/Q/C/CAP/DIODE/Hz, a
YEPHBIN U3MEPUTEINbHBIN 1y B THE310 COM COOTBETCTBEHHO.

5. Haxats kHOnky FUNC 1151 BBIOOpa pexuma U3MEpeHus HalpsKeHUs
noctosiHHoro Toka (DC), Hanpspkenus nepemeHHoro Toka (AC). C moMoIbio
kHONIKM RANG ycTaHOBUTE pex’UM aBTOMaTHUECKOIO WM PYYHOTO BbIOOpa
nuanazoHa u3MepeHui. [Ipu KpaTKOBpEMEHHOM Ha)KaTHH IPOUCXOIUT
NEPEKIIIOUEHUE B PEXKUM PYUYHOTO BbIOOpa AMana3oHa u3Mepenuil. B pexume
pY4YHOT0 BBIOOpA JIMana3oHa MOBTOPHOE KPaTKOBPEMEHHOE Ha)KaTUE Ha KHOIIKY
RANG wn3menser Tekymui quamna3zol usmepenuil. Ecnu kHonky RANG Haxate n
yAEpKUBATh 00JIee IBYX CEKYH/]I, U3BMEPUTEIbHBIN MPUOOP NEPEUIET B PEKUM
aBTOMATUYECKOT0 BbIOOpA TUAMA30HOB.

6. [Ipu BBIIOTTHEHUN U3MEPEHUS HANIPSKEHUST IEPEMEHHOTO TOKa, TIOIKITIOYUTh
KpPACHBIN Y YEpPHBIN LIyTNbl K U3MEPSIEMOI! 1ienH B JitoOoM nopsizike. [Ipu BeImosiHeHUH
M3MEPEHNS HANPSHKEHUS TOCTOSTHHOTO TOKA, CJIEAYET MOAKIIOUYATh KPACHBIN LIYyTI K
IIOJIOYKUTEIIBHOU MOJISIPHOCTH U3MEPSIEMOT0 HAIIPSKEHUS, @ YEPHBIM — K
OTpHUIIATEIILHOM.

7. B pexxuMe n3MepeHus HanpsHKeHHsl MOCTOSHHOTO U IEPEMEHHOI0 TOKa
KHOMKOM RANG MOXHO BpyUHYIO IEPEKIIIOYATH AUANa30H U3MEPEHU. 3HAUEHUE
M3MEPEHHOTO HAMPSIKEHUSI CUUTHIBAETCS C dKpaHa auciies. Ecnu Ha qucmiee AMM-
1130 oro6pakarorcst cuMBOJIBI «OL», 3TO 03HAYAET, UTO BXOHOE HANIPSHKCHUE
IPEBbIIIAET TEKYIIUN AUANa30H U3MEPEHUN U HEOOXOJUMO HEMEAJIEHHO OTKIIOUYUTD
KPACHBIN 1 YEepHBIN LYl OT U3MEPSEMOI LIeNH U BHIOpaTh 00Jiee BHICOKHI
QMaIia3oH U3MepeHuil. Eciii npyu MakCUMalbHOM AMana30OHe U3MEPEHUN Ha TUCIUIEE
oToOpakaroTcsi cuMBoJIbI «OL», 3T0 03HaYaeT, 4YTo U3MepPSIeMOe HaIPSKEHUE
npessimaer 1000 B 1 He00X01MMO HEMEAJIEHHO OTKJIIOYUTH KPAaCHBIA U YEPHBIN
L{yIbI OT U3MEPSAEMOM LEIIN.



2.3. U3mMepeHne cuiIbl NOCTOSIHHOTO U NMEPEMEHHOI0 TOKA

Ipenynpexxknenue!!! Bpemss n3Mmepenuss toka 6osiee 5 A He Oonee 10 ¢ ¢
MOCJIETYIOIINM TIEPEPHIBOM HE MeHee 15 MUHYT.

1. BxirounTe nuTaHue.

2. lns w3MepeHus CUJIbl TOKa B JMana3oHe 20...2200 MKA yCTaHOBHUTE

IIOBOPOTHBIN IEPEKIIIOYATEID B ITOJOKEHUE *UA,
3. Jlna wm3mepenus cuibl Toka B awamnazone 0,22...220 MA ycraHOBUTE

HOBOPOTHBIN BBIKJIIOYATEND B IOJIOKEHUE MA,
4. lna wu3mepeHuss cwibl Toka B auanazoHe 0,22...10 A ycraHoBure

s

IMOBOPOTHBIH BBIKIIOUATEIb B OJOKEHHE A .

5. BcTaBuTh KpacHbI M3MEPUTENBHBIN IIYIT B THE3A0 LA MA wiH A, a YepHbIU
M3MepUTENbHBIN myn B THE310 COM COOTBETCTBEHHO.

6. Haxxarp kHonky FUNC asist Be1OOpa pe:XUMOB H3MEPEHUS CHUIIBI TOCTOSTHHOTO
toka (DC), cunsl nepemennoro Toka (AC). C nomomisio kHoniku RANG ycraHoBute
ABTOMATUYECKUI WM PYYHOU BBIOOD JMAMA30HA.

/. BBIKITIIOUNTE NUTAaHUE H3MEPSIeMOW LEeNH, MOAKIIYUTH IOCIEJ0BATEIbHO
KPACHBII U YEPHBIN LIYIIBI B Pa3pblB LIENH U BKIOYUTE TUTAHUE ITOU LEIIN.

8. 3MepeHHOe 3HauUEHUE CUJIBI TOKA CUMTHIBAETCS C AKpaHa auciuies. Eciu Bo
BpEMsl M3MEPEHHUs CHJIbl TOCTOSIHHOIO TOKa 3TO 3HA4YE€HUE OTOOpakaeTrcs Kak
IIOJIOKUTENIBHOE, 3TO O3HAYAET, YTO «+» M3MEPUTEIBHOM LIENU COEIUHEH C THE3/I0M
«A» wm «mA» wmynptumerpa AMM-1130, a eciu oHO oOTOOpakaeTrcss Kak
OTPULIATEIBLHOE, 3TO O3HAYAET, YTO «+» U3MEPUTEIBHOU LIENH COECIUHEH C THE3]IOM
«COM». Ecnmu Ha nucmiee otoOpaxkaroTcss cuMBoibl «0L», 3TO o03Haudaer
MPEBBIIICHUE JMalla30Ha H3MEPEHHl M HEoOXOIMMO BbIOpaTh 0oJiee BBICOKUUN
Jana3oH U3MEPEHUM.

2.4. U3mepeHne 3J1eKTPUYECKOr0 CONMPOTHBJIEHUS, POBEPKA HEJOCTHOCTH
1emnu, TecT AU0A0B

Ipenynpe:xnenue!!! [Ipy wu3MepeHHH BHYTPEHHETO  COMPOTHUBJICHUS W
IPOBEPKE LEIOCTHOCTH LENH CleAyeT yOeaUThCsl, YTO MUTAaHUE MPOBEPSIEMON LENH
OTKJIFOUYEHO U BCE KOHAEHCATOPBI, NOAKIFOYEHHBIE K HEH ITOJTHOCTBIO Pa3PsKEHBI.

1. BkitounTe NUTaHuEe U yCTAaHOBUTE MMOBOPOTHBIN BBIKIIIOYATENb MYJIbTUMETPA
AMM-1130 B nonoxenne Q"M

2. BcTtaBbTe KpacHblil uaMeputenbHbii mryn B rae3no V/Q/C/CAP/DIODE/Hz, a
YEPHBIN U3MEPUTEINIbHBIN 1IyN B THE310 COM COOTBETCTBEHHO.

3. Haxxmute kHonky FUNC mist BeIOOpa pekMMOB M3MEPEHUSI CONMPOTUBIICHUS
(), mnpoBepkM LENOCTHOCTA IeNu WM TecTta JuoAoB. llpu wu3MepeHun
CONPOTHUBJIEHUS C MOMOLIBIO KHONKM RANG MOXHO yCTaHOBHTH aBTOMAaTHYECKUN
WIM pY4YHOU BBIOOp AuamnazoHa m3MepeHuil. Eqununa u3smepeHust conpoTUBICHUS U
MOJIOKEHUE 3aIATON O0TOOpa)kaloT 3HAYEeHHE TEKYIero auana3oHa. B pexume
M3MEPEHHUH LIETIOCTHOCTH LENH U TecTa 11oA0B KHonka RANG He GyHKIIMOHUpYET.
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4. JIns u3MepeHns CONPOTUBIICHUS MOAKIIOYUTE KPACHBIA M YEPHBIM LIyNbl K
BBIBOJIAM PE3HCTOpa, U HA JKpaHE JUCIUIes OTOOpa3uTCid 3HAUYCHHE H3MEPEHHOIO
conpoTuBieHusi. Ecnu Ha skpaHe otoOpaxkaroTcsi cuMBoJibl «0Ly, 3T0 03Ha4aer, 4To
CONPOTHUBJIEHUE pe3nucTopa npepbimaet 220 MOwm.

5. IIpy BBIMOJHEHWM HM3MEPEHUs IEJOCTHOCTH LIEMHU CJEAyeT TMOIKIIOUNTD
KpacHbId M YEpHBIN ILIyNbl K MPOBEPSAEMOW WENu. ECIM CONMPOTUBICHHUE MEXKIY
nByMmsi Toukamu Hmwke 50 — 60 Owm, pa3gactcsi CUTHaJI 3yMMepa, a Ha dKpaHe
0TOOpa3uTCs 3HaYeHHE COMpPOTHBICHUA. Eciu Ha skpaHe 0TOOpakaroTCsi CHUMBOJIBI
«0OL», 3TO 03Ha4aeT, 4TO CONPOTUBJIEHUE LIenH npeBbimaet 50 Om.

6. Iy mpoBepKHU AMO/a MOAKIIOYUTE KPACHBIN HIYI K aHOY IWO0/a, a YePHBINA —
K Karoxy auona. Ha nucnee noimkHa 0TOOpa3UTCs BEIMYMHA MMA/ICHUS HAIIPSKEHUS
Ha p-n MEpexoJie, CMEIIEHHOM B MNpsAMOM HampasieHuH. Eciau oToOpaxkarorcs
cumBoiibl  «OL», TO 93TO yKa3piBaeT Ha OOpBIB WJIM OOpaTHYIO MOJSPHOCTH
MOAKJIFOUEHHS p-h nepexona. [Ipu moakiIoYeHny KpacHoro Iiyrna K KaToay IUoja, a
YEepHOr0o — K aHOMy, Ha JHUCIUIee JOJDKHO oToOpazutcs cumBoiibl «OL», 9TO
yKa3bIBa€T HA UCIPABHOCTH P-N IMEpexoja Mpu 0OpaTHOM cMelleHUuu. B mpoTuBHOM
cllydae p-n Iepexo]] NpooOuT.

[Ipumeuanue. B ciydae ecam B pexuMe pPydHOro BbIOOpa JMana3zoHa
U3MEpeHHl Ha auciiee otoOpaxaroTcsi cuMBoibl «OL», HeoOXoaumo BbIOpATh
OOJBIINIT TUAMa30H U3MEPEHU.

[Ipu npoBepke CONPOTUBIIEHUS WK LIEIOCTHOCTH LIENH B YCTPOKUCTBE B MEPBYIO
ouepelb HEOOXOJUMO OTKIIOYHUTh IMHTAHHE YCTPOWCTBA, @ 3aT€M BBINOJIHATH
n3MepeHue. Tak Kak B YCTPOMCTBE K HU3MEPSEMOMY JJIEMEHTY (LI€MU) MOTYT OBITh
MOAKIIOYEHBl Jpyrue NapajjielbHble CXEMbl, TO OTOOpakaeMoe 3HAYEHHUE
CONPOTUBJIIEHUS HE O00A3aTENBHO COOTBETCTBYET (DAKTUUECKOMY 3HAUYECHHIO
CONPOTHUBJICHUS.

[Ipu mpoBepke AMOJOB Ha MEYATHOM IUIaTe B MEPBYIO O4Yepe/lb HEOOXOIHUMO
OTKJIFOUUTh MUTAHUE MTE€YATHOM IJIAThI, a 3aTEM BBINIOJIHATh H3MEPEHHE.

2.5. U3mepenne eMKOCTH

penynpexnenue!!! Ilepen namepeHremM eMKOCTH KOHIEHCATOpA BO H30eKaHUE
HOPa)KEHUS JEKTPUUECKUM TOKOM CIIEAYET YOEIUThCS, UTO KOHAEHCATOP MOJHOCTHIO
pa3psiKeEH.

1. BKJIIOUUTh TUTAaHUE U YCTAHOBUTH OBOPOTHBIN BBIKIIFOUATEIND B
nosoxenue 1F.

2. BcraBuTh KpacHbIi m3MepuTensHbIN 1yn B THE310 V/CQ/C/CAP/DIODE/Hz, a
YEPHBIA U3MEPUTEINBHBIN IIYI B THE30 COM COOTBETCTBEHHO.

3. C nomotpbto kHONTKKM RANG yCcTaHOBUTH aBTOMATHYECKUN HUJIM PYYHOU BHIOOD
Jara3oHa U3MEPEHUM.

4. IToaKIrOYUTH KPACHBIN U YEPHBIN LIYTbI K BHIBOJAM KOHJIEHCATOPA; €CIIU
KOHJIEHCATOP Pa3HOMNOJISIPHBIN, TO KPACHBIH LIYTI CIEAYET MOAKIOYUTH K
MTOJIOXKUTEIBHOMY BBIBOJY KOHJEHCATOPA, @ YEPHBIN — K OTPULIATEIBHOMY.

5. 3mepeHHoe 3HaueHnEe EMKOCTH CUUTBIBAETCS C 3KpaHa auciuies. Eciau
3HaueHue eMkoctu > 220 m®d, Ha skpaHe oToOpazsTcs cuMBoITbl «0Ly, a mpu
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3HayeHnu eMkocTu < 10 nd oToOpazutTcs HOJMb.

[Tpumeuanue: [Ipu u3mMepeHnn eMKOCTU KOHAEHCATOPOB B Auanaszone 0,22...220
MO, 11t U3MepeHus pruOopy TPeOYyETCs: OTHOCUTENLHO JIOJIT0€ BpeMsl JIJIst
3apsia/pa3psaia KOHIEHCATOpa, IOATOMY OOHOBIIEHUE H3MEPEHHOTO 3HAYCHHUSI
IIPOUCXOJUT OTHOCUTEIILHO MEIJIEHHO.

2.6. U3mepeHne 4acToThl H KO3(PUIIHEHTA 32110 THEHUSA

1. BxirounTe TWMTaHWE MW YCTAHOBUTE  TMOBOPOTHBIA  BBIKJIIOYATENb
MysbTEMETpa AMM-1130 B nonoxxenne Hz%.

2. BcraBute KpacHbIi u3MepuTenbHblil myn B THe3no V/Q/C/CAP/DIODE/Hz,
a YepHBII U3MepUTENbHbIN 1yl B rHE310 COM COOTBETCTBEHHO.

3. Haxwmwure xnonmky FUNC nmns BwiOopa pexumoB uactoTel (Hz) wnm
kod(durmenTa 3anomaenus (%).

4. TlonkirouuTe KpacHyI TECTOBYIO JIMHHIO K BBICOKOMY IOTEHIHANy, a
YEPHYIO — K HU3KOMY.

5. H3MepeHHoe 3HayeHHE CUMTHIBAE€TCA C 3KpaHa auciies. Ecaum dacrora
U3MEPEHHOI'0 CUTHAaja HWKE WM BBILLIE JMana3oHa U3MEpeHuid mpulopa, Ha SKpaHe
Oyznet oroOpakaTtbcs HOJb. Eciu aMmimuTya curHasia cimukom mana (Mesbuie 2 B),
Ha 3KpaHe Takxke Oy/eT 0ToOpaxarbCsi HOJb.

6. OTOT BUJ HU3MEpPEHUs BBINOJIHIETCA TOJBKO MPU aBTOMAaTHYECKOM BbIOOpE
Jrana3oHa U3MEPEHUI.

2.7. I/I3Mepe}me OTHOCHUTCJIBHOI'O 3HAYCHUSA

B sTOM pexkume MoryT ObITh BBITIOJTHEHBI JTI0ObIC U3MEPEHUS, 32 UCKIIIOUCHUEM
M3MEPEHUN Y4acTOThl, KOd(PpUIIMeHTa 3aMOJHEHHS U MPOBEPKHU AU0A0B. [loaKT0unTh
IIyIbl K [ENW WIK K BBIBOJAAM JJIEMEHTA, 3HAUCHHUE MapamMeTpa KOTOPBIX SBISIOTCS
ONIOPHBIMU ISl TAJIBHEUIIIUX OTHOCUTENIbHBIX M3MepeHui. Haxars kHonky REL s
BKJIFOUCHHS PEeKMMa OTHOCUTEIBHBIX U3MEPEHHUN U (PuKcanuu B IpruOOpe OMOPHOTO
3HauyeHwus. Jlanee MOAKIIOUNTE LIYIIbl K U3MEPSEMOM LIENH UJIM K BBIBOJIAM 3JIEMEHTA,
KOTOPBIE CPABHUBAIOTCS C ONOPHBIM, JUJII U3MEPEHUS.

Otobpaxaemoe Ha aucmuiee MyinbTuMeTpa AMM-1130 3HaueHne BbIUMCIACTCA
o dopmyire:

OtoOpakaeMoe 3HayeHHE = TEKyllee H3MEPEHHOE 3HAU€HUE — OIOPHOE
3HAYEHUE

Ecnu OTKIIOUNMTH UIynbl OT U3MEPSEMOW ILIEMHA WM BBIBOJOB SJIEMEHTA IPHU
BBITIOJIHCHUM HM3MEPEHUM HaIpsHKEHUs, CUJIBl TOKAa U EMKOCTH, TO Ha JUCIUIEE
O0TOOPA3UTHCA OMOPHOE 3HAYEHUE, IPU BBHIMOTHEHUN U3MEPEHUN COMPOTUBIICHUS HA
aucruiee otoopassitcss cuMBodibl «OLy»/lnst BbIXOJa M3 peKMMa OTHOCHTENIBHOIO
U3MEpPEHUs ITIOBTOPHO HaXaTh KHONKY REL.

B pexume OTHOCHTENBHBIX M3MEPEHHN MOTYT OBITH ONpPECIICHBbl W3MEHEHUS
M3MEPSEMOro mapamMeTrpa OTHOCUTEIBHO OMOPHOIO 3HAYEHHS. DTOT PEKUM MOKET
OBITh TAaKXKE€ HCIOJIB30BaH I WU3MEPEHUN MAalbIX COMPOTUBIEHUNA M EMKOCTEH.
Hanpumep, npu BBINOJHEHWM H3MEPEHUS CONPOTUBIICHUS CIIEAYET 3aKOPOTUTh
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KPAacHBIM M YEPHBIM IIyIbl, HaxaTh KHONKY REL nns 3ammcm onmopHOro 3HayeHus
COMPOTHUBIICHUSI (COMPOTUBIECHUS W3MEPUTENbHBIX IPOBOJOB), M IIOCIE 3TOr0
BBIIIOJIHUTh W3MEPEHUE MAJIOTO CONPOTHUBIICHUS, IPHU O3TOM COIPOTUBJIICHUE
U3MEpPUTEIBHBIX MPOBOJOB OyAE€T BBIUTEHO U3 H3MEpeHHoro 3HauyeHus. [lpu
BBITTOJTHEHUN U3MEPEHUSI EMKOCTH PAa30MKHYTh KPACHYIO M YEPHYIO TECTOBBIC JINHUH,
HaxaTh kHONKY REL miis 3anmucu éMKOCTH MU3MEPUTEIBLHOM 1Ienu mpubdopa, u mocie
A3TOTO TOBTOPHO BBINOJHUTH HW3MEPEHHE E€MKOCTH, TIpPH OTOM  EMKOCTb
M3MEPUTEILHON 1Ienu npubdopa OyJeT BEIYTEHA U3 OTOOPaKaeMOT0 3HAUCHUSI.

2.8. U3MepeHne MaKCUMAJILHOT0 U MUHMMAJIbHOI0 3HAYeHMIi

[lpu Haxatuum Ha  kHOmKy MAX/MIN  wmymptumerp AMM-1130
YCTaHaBIIMBAETCS B COCTOSTHUE 3alMCU U OTOOpaKEHHs: MAaKCUMaJIbHOIO 3HAUYEHHS,
MUHUMAJIBHOTO 3HA4YE€HUS, PA3HOCTU MAKCUMAJIBHOTO W MHUHUMAJIBHOIO 3HAYECHHM,
BCEX BEJIMYMH 32 UCKIIFOUEHUEM YacCTOThI U MPoBepkHU auoaa. AMM-1130 uzmepsier
TEKyILlle€ BXOJHOE 3HAYECHHE BEJIMYMHBI M IIOCTOSIHHO CpPaBHUBAECT €ro C
3aMMCaHHBIMM BEIMYMHAMH, IPU HEOOXOJUMOCTH OOHOBIISISI 3alIICAHHBIE 3HAUYEHUS.

[ToBTOpHOE KpaTKOBpeMeHHOe HakaThe Ha kHomky MAX/MIN mnepexmtodaer
MEXAY PEKMMaMHU PETUCTPALMM MaKCHMAaJIbHOTO, MUHUMAJIbHOTO 3HAYEHUN WIH UX
pa3HocTU. B 3TOM pexMMe Ha aHajJoroBoH IiKajne npubdopa oToOpakaeTcsl TEKyIlee
M3MEPSAEMOE 3HAUEHUE.

JUist BBIXOJIa M3 3TOr0 peXHMa HEOOXOAUMO Ha)XaTh M YAEPKUBATH KHOIKY
MAX/MIN Oonee nByx cexkyHA. IIpu uM3MepeHUMM H3MEHSIIONIMXCS CUTHAJIOB MJIs
pErucTpanvy MUKOBBIX 3HAYCHUN U3MEPSIEMON BEIMUNHBI HA)XMUTE KHONIKY PEAKH.
IIpu nHaxartum kHonku PEAKH onun pa3 Oyner mpou3BOAMUTHCS perucTpanus
MaKCUMaJIbHBIX 3HAYEHUH, MPHU IMOBTOPHOM HA)KaTUW — PETUCTPALMS MUHUMAJIbHBIX
3HaYeHuM, mpu Haxatuun U yaepxkanun knaBum PEAKH - perucrpanus
MaKCHUMaJIbHBIX 1 MUHUMAJIbHBIX 3HAYEHU.

3. OFBEKT UCCIIEJOBAHUSA, OBOPY1OBAHUE

OObeKkTaMu HCCIICIOBAHMS SIBIISTIOTCS SJICKTPUUYCSCKHE 1S MEXaTPOHHBIX AJIEMEHTOB
U CHCTEM.
1. udposoii myneTumerp AMM-1130 .
2. Uctounmk ruranus mocrosstHHoro Toka ATH-1335.
3. I'eneparop curnanos criermaibaoi hopmbr AWG-4110.
4. MakeTHas 1u1ara.
5. Habop pe3ucTopoB u APYrUx 3JI€MEHTOB.

4. TIOPAJOK BBITITOJIHEHHUS PABOTHBI

1. TIareJabHO 03HAKOMHUTLCS ¢ HACTOS e HHCTPYKIUEH U H3VYHNThH
YCTPOHCTBO H(MPOBOro MyJLTHMETPA .

2. BximtounTs 1u¢poBoi MyJIbTUMETP U MOATOTOBUTH €0 K padoTe.
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3. MI3MepeHune MOCTOSIHHOTO HAINPSKEHUSL:

a) COCTaBUTh AMEKTPUUYECKYIO CXEMY, BKITFOUAIOIIYIO 3 TOCIE0BATENHLHO
BKJIFOUEHHBIE PE3UCTOPA 0 33/IaHUIO MPEToIaBaTessl U UCTOUHUK MOCTOSHHOTO
HanpsDKEHUS (HAIPSDKEHUE TAKKE 3a1aeTCsl MPEHOIaBaTeieM);

0) BKJIIOUUTH TOK U U3MEPUTH HANIPSHKEHUE UCTOYHMKA MUTAHUS, a TAKKE
naJIeHUe HAIIPSLKEHHS Ha KaXKJIOM U3 PE3UCTOPOB;

B) PaccUMTaTh MOrPEIIHOCTH U3MEPEHHUSL.

4. I3mepeHure MOCTOSIHHOTO TOKA:
a) IEPEKITIOYUTh PEKUM pabOThI PUOOpa Ha U3MEPEHUE TOKA;
0) BKITIOUUTDH B Pa3phIB MM MPUOOP U H3MEPUTH BEIMUMHY TOKA;
B) pacCUMTaTh MOTPELUIHOCTH U3MEPECHUS;
T') pe3yJIbTaThl U3MEPEHHUI M PACUETOB 3aHECTH B TaOMIy 1.

5. U3mepenue nepemeHHoro Hanpsbkenus (Ha yactotax 50 u 5000 ['m):

a) COCTaBUTh EKTPUUECKYIO CXEMY, Mara3uH CONPOTUBIICHUH 10 33/I1aHUIO
[peroiaBaTelis MEXaTPOHHBIE AJIEMEHTHI U CUCTEMbI U HICTOYHUK ITIEPEMEHHOTO
HampsDKEHHS C TeHepaTopa (HanpsDKCHHE TAKKE 3a1aeTCsl MPEo/IaBaTelieM);

0) BKIIFOUUTH TOK U UI3MEPUTH HAIIPSDKEHNE UCTOYHHKA MIUTAHUS, a TAKKE
[aJICHUE HAIIPSHKEHUS Ha KaKJIOM U3 PE3UCTOPOB;

B) pacCUMTaTh MOIPEIIHOCTU U3MEPEHHUS;

I') pe3yJbTaThl UI3MEPEHUM U PACUETOB 3aHECTH B TabMILy 1.

6. M3smepenune conpoTUBIIEHNSI TIOCTOSITHHOMY TOKY:
a) OTCOCAMHUTD CXEMY OT UCTOUYHHUKA TTUTaHNUS;
0) NEPEKITIOYUTh PEKUM pabOThl IPUOOpa HA U3MEPEHHE IIEKTPUUECKOTO
CONPOTHUBIICHUS;
B) U3MEPHUTH COMPOTHUBJICHUE KAKIOTO PE3UCTOPA;
T') pacCUMTaTh MOTPEITHOCTH U3MEPEHHS;
1) pe3yJIbTaThl U3MEPEHUI U PACYETOB 3aHECTH B TabmIry 1.

TaOmmma 1.
HN3mepsemblii Hanpsixenue
napamerp, eAMHNLA Iuranus, R1 R2 R3
H3MepeHust 4acroTa
IManenune HanpskeHUst
HA IIOCTOSIHHOM TOKe,
B
N BoJabT; 50
IMagenue HaNpsIKEHUS T'n
1epeMeHHOM ToKe, B N BOJIbT;
5000 I'x
Besmuuna
MOCTOSIHHOTO TOKA, A
N BoJbT; 50
Besmmmuuna I'o
NePEeMEHHOr0 TOKa, A N BoJIbT;
5000 I'x




Conporusiienust
MOCTOSTHHOMY TOKY, OM

7. I3MepHTh 3JCKTPUUSCKUE TTapaMeTPhl TS TPEIDKOCHHBIX 3JIEKTPOHHBIX
KOMITIOHEHTOB B COOTBECTBHUH C 1I. 2.3-2.7.

5. YKA3AHUA 11O OPOPMJIEHUTIO OTUYETA

Otyer 0 paboTe AOLKEH COMIePHKaTh:

1. Tabmuiry pe3yIpTaTOB H3MEPEHUI B pacdeToB (B COOTBETCTBUM ¢ Tadmuriei 1)

2. Pe3ynpTaThl UI3MEPEHUH U PACYETOB ITAPAMETPOB IEKTPOHHBIX KOMIIOHEHTOB,
NpeII0KEHHBIX MPeTojaBaTesieM (C CBOOOIHOM (hopMe MPOCTHIM MEPEUUCIICHUEM T10
CIIHCKY).

6. KOHTPOJIBHBIE BOITPOCbI

1. Kakue mapameTpsl JIEKTPUYECKUX LETIE MOKET U3MEPUTH MYJIETUMETP?

2. Kakuie BO3MOXKHOCTH TS aHAIM3a MEXaTPOHHBIX CUCTEM MOYKHO PEalM30BaTh
IpY TIOMOIIHA MYJIbTUMETPA?

7. BUBJINOT PAOMYECKHNI CIIMCOK

1. T.C. Patxop. Lludpossie uzmepenus. MeTobl v cCXeMOTeXHHUKA. M.
Texnocdepa, 2004.- 376 c.

2. P. Ipaxcen. OCHOBBI 3JIEKTPOU3MEPUTENBHON TEXHUKU. M.: DHeprousnart, 1982.—
296 c.

3. B.. Kykym. Onekrpopamuionsmeperns. M.: Paawo u cBsi3b, 1985. — 368.

10



JlabopaTtopHast paboTa Ne2

N3ydyeHue KOHCTPYKIMIA MeXaHMYECKUX YACTel JJIEKTPUUYECKUX CJIeIINX
NPUBOJI0OB

1. HEJIb U 3AJIAYU PABOTbI
N3yyeHne KOHCTPYKIMI MPOMBIIIIEHHBIX CUJIOBBIX U MPUOOPHBIX IIEKT-
PUYECKHUX CIEIAIIUX MPUBOJOB U UX AJIEMEHTOB, COCTABJICHUE KNUHEMATUUECKUX CXEM
AJIEKTPOJBUTATEIBHBIX U MY(PTOBBIX IPUBOJIOB U OLICHKA BIUSHUS PEAYKTOpa Ha
JTUHAMUYECKHUE XapaKTePUCTUKU MPUBOJIA.

2. TEOPETUYECKHUE ITOJIOKEHUA

Onexkrpudeckuit cnengmuii npusoa (ICII) npencrapnsier codbom
3aMKHYTYIO TMHAMHYECKYIO CUCTEMY, YIIPABIISIIOUIYIO IEPEMEIIEHUEM 00bEKTa
perynupoBanus. [Ipu 3ToM perynupyemMasi BeIM4rHa ¢ TOM UM UHOU CTEIEHBIO
TOYHOCTH BOCIIPOU3BOJIUT MPUIIOKEHHOE K CUCTEME YIPABISIOIIEE BO3/ICUCTBHE.

OCII umeeT B CBOEM COCTaBE PsiJi OCHOBHBIX YCTPOMCTB (puc. 1).

Prayanpvemar
H3 BEMHNG
¥npasisowee Cugnan |—- B _C‘;- _____ | Baamymawiier
goadeticmeue oLk | | sosdedcmene
.Z ' |
Hy ny = ¥ M HAa M = ar
e /_l
Pezpatippouiee
anzdeficmane

 Meemuan ofpamnar caxs

Ky

Taagras ofipamuan ceads

Puc. 1. ®ynkumnonanbHas cxema ICII

B usmepurensHoM yctpoiictBe (MIY) mpou3BoaHUTCS CpaBHEHUE TEKYIIETO
3HAUEHUSA PEryJIupyeMOil BEIUYHMHbI (HampuMep, yria TMOBOpPOTa OOBEKTa
PErYIMPOBAHMS) C YNPABISIOLIMM BO3JIECHCTBUEM, U Ha OCHOBE 3TOIO CpPaBHEHMS
dbopmupyercss curHan omubOku. B WY wundopmanms o TekyiieM 3HaAYCHUU
peryiMpyeMoil BeIWYMHBI IOCTYMaeT MO KaHaly TiaBHOM oOpatHoi cBsizu (OC)
Cxembl MY Becbma pa3zHooOpaznbl. Illupokoe mnpumeHenue mnoayunwiu MY c
UCITOJIb30BAaHUEM CEJIbCUHOB, CUHYCHO-KOCHHYCHBIX BpaLIarOIIUXCS
TpaHcHOpPMATOPOB U MOTEHIIUOMETPOB.

[Ipeobpasyromee ycrpoiicteo (1Y) CII cayxutr nus mpeoOpa3zoBaHuUs
CUTHaja OMMOKU K BUY, YIOOHOMY JUIsl 1ajbHEHIIEro HCIOIb30BaHUsI.

HEM, HallpuUMep, MOKET ObITh OCYIIECTBICHO MPe0Opa30BaHUe CUTHAJA OLIMOKU
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MEPEMEHHOT0 TOKAa B CUTHAJ MOCTOSIHHOIO TOKa, €ciiu nocieaytomue ycrporictsa CII
paboTaroT Ha MOCTOSTHHOM Toke. B mpeoOpasyromieM ycTpOWCTBE CHTHai OIIMOKU
noJiBepraercss JanbHeilei o0padoTke, CBSI3aHHON C o0OecreyeHueM HOPMAaIbHOIO
dbyaknuonupoBanuss CII: B 3TOM cHUTHaje€ YMEHBIIACTCS YPOBEHb IOMEX; IS
npuaanust CII xemaeMbIX JTUHAMHYECKUX CBOMCTB (DOPMUPYIOTCS COCTABIISIIONIME,
MPONOPLIHUOHANIBHBIE TMPOU3BOAHBIM WM HHTerpasiaMm oT omubku. I[locaegnue
omepaluy NPOU3BOIATCS B MOCIEIOBATEIbBHOM KOPPEKTUPYIOIIEM YCTPOWCTBE,
BXOJA11eM B coctas [1VY.

[IpenBapurenbubii  ycunutens (YII) npegHazHaueH i yCWICHHS IO
HaNpsDKEHWI0O W MOIIHOCTH CHUTHana, nocrtynatmomero ¢ IIY, 1o 3HavyeHui,
JIOCTATOYHBIX JUISI YIPABICHUS YCHIHTENIEM MOIIHOCTH YM. B sTOM ycumutene
MIPOU3BOJIUTCS TAKKE CIOKEHHE HA3BAaHHOTO CUTHAJNa C CUTHAJIOM, MOCTYMAKOUM OT
napasuiesIbHoro Koppekrupytoiiero ycrporcraa (IIKY).

Cunogas yacth CII coctout u3 ycunutesst MOIHOCTH (Y M), UCIIOTHUTEIBHOTO
neurarens (M) u mexannueckoil nepenauu (MII) (peaykropa). YM npennasznaueH
JUTSL YIIPaBJICHUS] TTOTOKOM HEPIUM, MOCTYNAOIUM OT uctouHuka sueprun (M13). B
anektpudyeckux CII HaxoAsT NpPUMEHEHWE DHIEKTPOMAIIMHHBIE, MATrHUTHBIE W
IIOJIYIIPOBOJHUKOBBIC YCUIIUTEIN MOLIHOCTH.

Ucnonuurensubiii ABuratens (M]1) nmomaydaer curHan OT yCHJIMTENST MOIIHOCTH
U 4Yepe3 peAyKTop (B HEKOTOPBIX CIIy4asX PEAYKTOp OTCYTCTBYET), IEpeMellaeT
o0bekT perynupoBanus (OP). B OCII ucnonb3yroTcs 3JIEKTpUYECKHE IBUTATETIC
MOCTOSTHHOTO TOKa, JByx(as3Hele (¢ MomHocTsamu g0 200 BT) u Ttpexdasznbie
ACUHXPOHHBIC JBUraTeM, a Takke KOMOWHalMsg TMPUBOAHOW JBUTATENb -
AJIIEKTPOMArHUTHBIE MY THI.

Mexannueckasi mnepenada, CBS3bIBAIONIAs MCIOJIHUTEIbHBIN JBUraTelb C
BbIXOAHBIM BajioM CII, BO MHOrom ompeaensieT CBOMCTBa NMpuBoAa. Tum nepegauw,
rabapuThl U MapaMeTPhl 3aBUCAT OT €€ KHHEMATHYECKOM CXEMBI.

PaccmoTpuMm KuHeMaTHuecKue CXeMbl HanboJiee paclpOCTPaHEHHBIX THUIIOB
OCII, roe B KayecTBE HUCIOJHUTEIBHBIX 3JIEMEHTOB HCIOJIB3YIOTCSA JJIEKTPUUYECKHE
JIBUTAT€IM U CHUCTEMBI DJICKTPOMAarHuTHbie My(Tbl - TMPUBOJHOM JBUTaTElb.
Heo6xo1uMo 0TMETHUTB, UTO, TOMHUMO CHUJIOBOM IIeMH, B KHHeMaTH4deckyro cxemy DCII
BXOJUT €LIE PAJl U3MEPUTEIIbHBIX LIETIEH, CBSI3bIBAIOIIMX BXOJHOM Bl C U3BMEPUTEIEM
paccoriacoBaHus U Ap.

Ha puc. 2 npuBeneHa kuHeMatnueckas cxema penykropa cunoBoro IOCII ¢
JBYXKaHAJILHOM CEJIbCUHHOW CUHXPOHHOM CB:A3bI0. Takas cxema COAEPKUT HECKOIIBKO
KMHEMAaTUYECKUX 1ENEeN, Pa3IMYHbIX 0 HA3HAYEHUIO U IPEAbSIBISIEMbIM K HUM
TpeOOBaHUSIM.
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Puc. 2. Kunemarnueckas cxema peaykropa ICII ¢ cenbCcuHHOM CBA3BIO:
cuiioBad uens [ - B;

nens rpyooro cenbcuna B - I'C; nenb Tounoro censcuna B - TO;

1ernb 00paTHOM cBs3u 1o rpydoomMy kanany /] - I'C; nens oOpaTHOM CBsI3U 1O
toyHomy kaHaiy /[l - TC; nens taxoreneparopa /1 - TT .

PazbepeM kaxayro U3 3TUX IETEH.

1. CunoBasg uens /] - B 1omkHa y10BIETBOPATH CAEAYIOMUM TPEOOBAHUSIM:
a) IMeTh HEOOXOIUMYIO JUIsl Iepeiaudl MOMEHTA IPOYHOCTb, KECTKOCTh U
M3HOCOYCTONYUBOCTD;

0) 00;1a1aTh BEICOKOM TOYHOCTBIO, T.K. €€ BBIXOJIHAA Mapa BXOJUT B
LeIb TOYHOIO CEJIbCHUHA, a OCTaJIbHAs YacThb - B LIEIb O0OPAaTHOI CBSI3H;
B) MpY TPEOOBAHUU BBICOKOTO OBICTPOACHCTBUS PUBOAA TOJIKHA UMETh

MUHUMAJIbHBIN PUBEICHHBI MOMEHT WHEPIIUU TIEPEIaAH.

B paccmarpuBaeMoM npumepe rnepeaaTouyHoe OTHOIIEHHE (| = (1 02 O3 (s

2. llens rpy0oT0 CcenbcuHa MPUHIUMINAIBHOTO 3HAYEHUS HE UMEET, T.€. OHa He
paboTaeT B pexXMME TOYHOTO cliexkeHus. [lepenatouyHoe OTHOIIEHHE OT BBIXOAHOTO
Bajia K rpyOOMy CelIbCUHY NPU HEOPAaHUYEHHOM BPAILLEHUH BaJla JOKHO PABHATHCS
TOYHO €AUHUIIE.

3. Llens Tounoro cenbcuHa B - TC npeana3znadena aiis u3MepeHus yria
MOBOPOTA BBIXOAHOTO BaJia ciesmiei cucreMbl. [103ToMy K 11enu npeIbsBIsSIOTCS
BEChbMa jKeCTKHe TpeOOBaHuUs MO TOUYHOCTHU. Llens 1omKHa UMETh MUHUMATbHBIN
TO(T U MOATOMY JA0HKHA OBITH BO3MOXKHO KOpOTKOM. [lepegaTouHoe oTHOIIEHHE OT
TOYHOTO CEJIbCUHA K BBIXOJHOMY BaJly JIOJDKHO PaBHAThCS (,=(,/ Q4. B
OOJIBIIMHCTBE CIEASAIINX CUCTEM C CeIbCHHHOM CBsi3bl0 (.= 31. Torma Q4= (gg/ 31

4. Ilenb oO6paTHO# cBsA3u 110 Tpyoomy kanany J[-I'C paGoTaer ToJbKO TIpU
HaJIMYUU OOJIBIIUX YTJIOB PACCOTIIACOBAHUS, IOATOMY TPEOOBaHUA K HEW OOBIUHO HE
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KECTKHE.

5. llens o6patHOit cBsi3u 1o TouHoMy KaHaiy /[ - TC gomkHa ObITH HACKOJIBKO
BO3MOYKHO KOPOTKOM M TOYHOM, TaK KaK HaJIMuue JrodTa B 3TOM 1enu 3aTpyaHsIET
obecrieuenue ycrorunBoctu CII.

6. llens Taxoreneparopa /[ - TI" 00bIYHO UCIIOIB3YETCS JIJIsI KOPPEKIIUU
nuHamudeckux cBoictB CII, u 0ObIYHO MepenaTouyHOe OTHOIICHHUE 3TOU 1enH OepeTcs
paBHBIM  €IMHHUIE. YBEIMYEHUE TNEPEAATOYHOrO OTHOUIEHUS MPUBOJIUT K
yYMEHbIIICHUI0 Ko3(duiMeHTa mnepenadyn TaxoreHepaTropa, a YMEHbBIIEHHE - K
YBEJIMYECHHIO MPUBEJICHHOTO MOMEHTa UHEPLIUU NpuBojia. Boobie HauBbIrogHEH MM
BAPUAHTOM SIBJISIETCS MCIOJIb30BAHUE JIBUTATENE C BMOHTHUPOBAHHBIMHM B HHX
TaxoreHeparopamu. Takoe pelieHWe MPUBOAUT K (PAKTUUYECKON JIMKBUIAIMU LEHU
TaxoreHepaTopa.

Ha puc. 3 npuBeeHa KHUHEMATHYECKAsl CXEMa UCTIOJIHUTEIBHOTO
MEXaHHU3Ma CHJIOBOM CUCTEMBI, I'ie B KaduecTBe M /] ucnonp3oBana cucrema
"MPUBOJIHOM JBUTATENb - AIEKTpOMarHuTHeie MyQThl". CxeMa COAEPIKUT CICAYIONIHE
KMHEMaTHUYECKUE LIETIN:
cuioBas nens [1]] - Beaymue yactu pepponopomKoBbIX My(QT; CHIIOBAS LIEMb
BeJIOMbIe yacTu Myt - B; 1ens Taxoreneparopa - Begomble yactu Myt - TT.
Pa3bepeM Kakyro U3 3TUX Leneil.

Cunogas uens [1]] - Bexymue yactu MydT J0JKHA UMETh HEOOXOAUMYIO JIJIs
nepeaadyd MOMEHTa MPOYHOCTh, U3HOCOYCTOMYUBOCTD U )KECTKOCTh. TpeboBaHMs K
TOYHOCTH HEBbICOKHE. [lepenaTouHoe OTHOLIEHUE

mA) (TF
[3 aaraﬁ ]
42
% :
»—u—w—‘
9 B a E
M| M2 7 =

|l
Puc. 3. Kunemarnueckas cxema penykropa ICII ¢ anekTpoMarHuTHBIMH

MypTamu
1.  ompenensieTcs BEAMYMHAMH HOMUHAJIBHBIX - YaCTOT BpAICHUS BEAYIUX
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gacTeit MypT u mpuBOgHOTO ABUTATENs. J[J1 0TedeCTBEHHBIX (heppOITOPOITKOBBIX
My(dT HOMHHAJIBHAsE CKOPOCTh Beaylux yacted coctapiseT 2000 06/MuH.

2. CunoBas 1eTib BEJOMbIE YacTu My(PT - B 10/KHA 0TBEUaTh TpeOOBaHUSIM
cwioBor uenu /[ - B nmpeapiaymero npumepa.

3. Llentn 0OpaTHOI CBSI3U M TaxOreHepaTopa JODKHBI OTBEYaTh TPEOOBAHUAM
ueneit /[ - TC u ] - TT" npenpiaymero npumepa. [Ipu pazpadbotke
osicTpoaericTByromux JCIT He00X0MMO MPOEKTHUPOBATH PELYKTOP, OKa3bIBAIOIINN
MUHHAMAJIBHOE BIMSHUE HA TUHAMUYECKUE XapaKTEPUCTUKH CHCTEMBI.

J1J1s 3TOTO OH JIOJIKEH YAOBJIETBOPATH CIEIYIOIIUM TPEOOBAHUSM.
1. IlpuBeneHHBII MOMEHT HHEPLMU PEAYKTOpa K By HCHOJHUTEIBHOIO

JIBUTATEIISI JIOJDKEH OBITh MHHHMAJIBLHBIM, YTOOBI HE CO371aBaTh JOIIOJHUTCIBHBIX
HArpy30K Ha UCTIOJIHUTEIbHBIN JJIEMEHT.

2. O6nagaTh MUHUMAJIbHBIM 3HAYEHUEM MOMEHTA TPOTAaHHS KHUHEMaTH4YeCKOU
IEeMU peayKTopa. ITO TpeOOBaHHWE CTAHOBUTCS ITOHATHBIM, €CJIM YYHUTBIBaTh, YTO
CyX0€ TPEHHE HA CUCTEMY PETYJIUPOBAHUS BIMACT KaK HEJIMHEMHOCTh B CTATUYECKOU
XapaKTepUCTUKE KHHEMAaTUUECKOH 11enu mpuBojia. KpoMe Toro, TpeHre 1moxos 60Jblie
TPEHUSI JBWXKEHHSI W MOMEHT TPOTaHHS PEIYKTOpPa MOXKET HAPYIIUTh IUIABHOCTH
paboter OCII, T.e. NMpUBECTH K CKauyKOOOpPa3HOMY HM3MEHEHHUIO YIIPaBIISIOIIETO
YCTPOMCTBA BO3/ICCTBUS.

3. MepTBbIii X011 peAyKTOpa JA0JKEH ObITh MMHMMAJIEH U CTaOMJIEH B Mpoliecce
JKCIUTyaTtauuu. JlomycTuMass BeIWYMHA MEPTBOTO XOJa SABJSETCS PaCUECTHOU
BEJIMYMHOW W JOJDKHA OBITh MEHbLIE TMOJOBUHBI OMIMOKH, AOMYyCKAeMOW MpH
CIICKECHUU.

4. ’KecTkocTh KMHEMAaTHYECKOW LENU peayKTOopa AOJHKHA OBITh Takasi, YTOObI
4acToTa COOCTBEHHBIX KOJICOAHUM 1IN HAaXOJWJIAaCh BHE OOJacTH pabo4yuX 4YacTOT
(kaK TpaBWJIO, BBILIE BEPXHEH YacCTOTHI MOJIOCHI MPOMYCKaHUS CHCTEMbI). YTIIOBas
4acToTa COOCTBEHHBIX KOJICOAHMI CHCTEMBI, HECYLIEH Ha BBIXOJE COCPEIOTOUYCHHYIO
Maccy, onpeaesieTcs: ciaeayoei GopMyIioii:

rac CK - JKECTKOCTDb CUCTEMBI, J - MOMEHT 1505 (S10) 005051 COCpeﬂOTOquHOﬁ MacCcChI.
CYMMapHaH KECTKOCTD CK 3daBUCUT OT BCIIMYMUHLBI JKECCTKOCTH BAJIOB PCAYKTOpPA
Cl JC2 ’ C3J ceey Cn
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MoMeHTBI HHEPITUY BaJIOB B IPEAbIAYIIEH (hOpMYyIe HE YIUTBIBAIOTCS

BBUJYy UX MAJIOCTH 10 CPABHEHHIO C MOMEHTOM MHEPILIMU Harpy3KHU.

Banel penykTopa MOMKHBI HMETh JOCTATOYHYIO IKECTKOCTb, 4YTOOBI IIPU
JVHAMUYECKUX HArpy3Kax MNPOTHUBOCTOATH 3aKPYYMBAIOIIUM BO3JICUCTBHUSIM U TEM
caMbIM HE JIONYCKaTh MOSBIEHUS TaK HA3bIBAEMOIO YNPYroro JOQTa, KOTOPBIHA
CYMMHUpPYETCSI TpU pEBEpPCE C MEPTBBIM XOAOM M YBEIMYMBAET YIJIOBOE
paccoryiacoBaHhe MeXIy UCTIOTHUTEIbHBIM 3JIEMEHTOM U PETYIUPYEMBIM OOBEKTOM.

BoIpaxeHue a1 MPUBEIEHHOTO K Baly JBUraTelsl MOMEHTA HHEPLUUU CUCTEMBI
Harpy>kK€HHOI'0 MPUBOJIA C /1 - TAPHOU Iepeaadeid UMeeT BUJL

J. J. Jo J
o=l t o+ 55+ttt

@ o gt qd g

rae  J;- MOMEHT HHEPIIUU POTOpa JIBUTATENS;
Jki - MOMEHT UHepLUH BeroMoro 3ybuaroro koseca | -u napbl
C YYETOM MHEPLUHU Bajla U BEAYIIEro 3y0yaToro koyueca B OJI0OKE;
Ji - MOMEHT MHEpIIMU Harpy3KH.

BeienuM U3 TOCHENHETO BBIPAKEHUS 4YacTh IPUBEICHHOTO MOMEHTA, 'HE
3aBUCSILIETO OT PacHpeIeSICHUs MEPEeAaTOYHBIX OTHOLICHUH 110 mapaMerpa’ nepeaadu,
Y Ha30BEM €€ OCHOBHBIM MPUBEICHHBIM MOMEHTOM UHEPIIUH.

OcraBmiasics  4acTh  BBIpaXEHHS  OyJIeT  XapaKTepu3oBaTh  BEIUUYUHY
MPUBEAECHHOTO K Bally ABUTATENs MOMEHTA MHEPIIUU N - TAPHOU MEpeaayu:

J, J J; J
Jp="K4 k4

4 o’d; RIVERE o q;

Jli1s mpuMepa paccMOTpHUM 3yOUaToe 3alleryIeHHe, COCTOSIIEe U3 JIBYX Map
KOJIeC:

Z1 = 18, 22=36, Z3= 18, Z4=54, q1:2, q2=3.

Pa3smepsl 3y0uathix kosec: Moaynb M=1 | qiuHa 3yda
b= 5Mm. Marepuai KoJec - CTallb, yaeabHbIi Bec Y = 8000 kr/m’.
OmnpenenM MOMEHT WHEPIIMH, IPUBEICHHBIN K IEPBOM OCH.
MowmeHT uHepun 3y0ouaThix Kojiec J,,  Haxoaum 1o ¢GopMysie OJHOPOIHOTO
CIUIOIIHOTO IUCKa (MOMEHTOM MHEPIIMH OCEH MpeHeOperaem):
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2 2
J3K=mr—=ﬂr bj/r_zﬂ'b]/ o
2 g 2 29

rae m - macca 3y6anor0 KOJICCA,

I - paauyc KoJseca;
g - YCKOpEeHHE CBOOOTHOTO TTaICHUS.
BrruncinrM OpuEeHTHPOBOYHO MOMEHTHI MHEPIIUU HA, IEPBOM, BTOPOU U TPEThEN

0CsIX:

-3
J, _ 77 4 _314-510 8000(9-103)4 =4.2-10% ke - M?;

29 2-9.8

J,=71.4-10"°ken®; J,=340.2-10xer’.
[IpuBeI€HHBINT MOMEHT UHEPLINU:
-8 -8

anl =J, + 1, + J; =42-10°% + 714-10 + 340.2-10 =0.31-10 °ken.

2 2.2
4 00 4 36
-6 -
MOMEHT MHEPLMHU ABUTATENS MPpU 3TOM cocTaBiisieT 2.0 10™ xem 6 Otcrona
BUJIHO, YTO DJICKTPOMEXaHUUECKas MOCTOSIHHAS ABUTATENS YBEIMUUTCS HA

15 %.

3. OBBEKT UCCJ/IEAOBAHMHS, OBOPYJTOBAHUE

OObeKTaMU UCCIIEIOBAHUS SIBIISIIOTCS TPOMBIIIUICHHBIE CUJIOBBIE U TPUOOPHBIE
CHEIAIINE TPUBO/IBI.

Jl1st BeITOSTHEHUST paOOTHI HEOOXOUM CIIECAPHBIN N3MEPUTETHHBIN
MHCTPYMEHT: OTBEPTKA, JIMHEWKA, IITAHT CHIUPKYJIb.

4. 3AJIAHUE HA PABOTY

1. U3yuuTh TCOpETUYECKHUE CBEICHHUSI, TPEACTABICHHBIC B HACTOSIINX
METOJMYCCKUX YKa3aHUSIX U PEKOMCHIOBAHHOM TUTEpaType.

2. N3yuuTh ipuHIUNI paboTh! M (PYHKIIMOHATEHOE Ha3HAYEHUE DIICMEHTOB
CJIEIIAILETO MPUBOJIA.

3. ChopmupoBaTh OTYET MO pabOTE C BOBMOKHOCTHIO JOTIOJIHEHHS €r0o
COOTBETCTBYIOIIUMH KHHEMATHICCKUMH CXEMaMHU U PACUCTaMH.

4. 3yunTh KOHCTPYKIIMU MEXaHUYECKUX Y3JIOB TIPUBOJIOB.

5. Iy1st mpeyioxKEeHHON KOHCTPYKIIMA COCTABUTh KHHEMATHYECKYIO CXEMY,
BBITIOJTHUTH COOPOYHBIN YEPTEK U ONMPEIACITUTH MPUBEICHHBIN K JBUTATEIIFO MOMCHT

WHEPLIUU PEAYKTOPA.

5. MOPAJOK BBIIIOJIHEHUSA PABOTBI
1. U3yuuTh KOHCTPYKIIUU UCTIOJHUTEIBHBIX, THHOPMALIMOHHBIX U

Mexannyeckux 31nemenToB JCII. O6paTtuTh BHUMaHUE HAa CIOCOOBI YCTAHOBKH U
KpEIUJIEHUS! B KOPIyCaxX U3JIeTui 3TUX AJ1eMeHTOB. ClenaTh 3CKU3bl KPETUIEHUS K
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penykropy nsurateneit Tunos C/1-150, AI12-26, 2ACM-400, AI1IM-20, I1P-52,
Bparmatonmxcs tpancopmaropos tTunoB BM, MBT-2, morentimomerpos tuma ITTTI.

CrocoObl yCTaHOBKM M KpEIUICHHsS JBUTATElIe B KOpIycaXx peryKTOpOB
JIBUTATENCH, BpallaroIuXxcsi TpaHcGOpMaTOpOB, MOTCHIIMOMETPOB AaTh B pa3pese.

2.  CocTaBUTh KHHEMATHUYECKHE CXEMBbI JIEKTPOBUTATEIHHOTO U MY()TOBOTO
IPUBOJIOB.

3. Jns  OpemsoKEHHOTO  NPENOJaBaTEIEM  BJIEKTPOJABUTATEIBHOTO
CIIEISIIETO IPUBOJA COCTABUTh KNHEMATUYECKYIO CXEMY, OIIPEACIUTD NEPEAATOYHBIE
OTHOILICHHS] CTYIIEHEW W pacCUMTaTh NMPUBEICHHBI MOMEHT WHEPIMU PEIyKTOpa K
JIBUTATEIIIO.

OueHUTh KOHCTPYKIHIO PEIYyKTOpa C TOYKH 3PEHUS MPEABSIBISEMBIX K HUM
TpeOOBaAHUM.

6. YKASAHUA 110 OPOPMJIEHUA OTHETA

OTuer 0 paboTe TOJKEH COAEPKATh:

1. KunemaTnueckne cxemsl IBYX IPEMJIOKEHHBIX KOHCTPYKIUN CIIEIAIINX
IIPUBOJIOB.

2. DCKH3BI KpEIJICHUS K pEAYKTOPY JIBUraTeseH, BpalllaroIuX Cs
TpaHCc(HOPMATOPOB U NOTEHIMOMETPOB € pa3pe3aMu B MECTAX MOCAIKH.

3. Bce HE0OX0qUMBIE PACUETHI.

7. BUBJIMOT' PAOUYECKH CIIMCOK

1. IIpoextupoBanue cnensuux cucrem / [lox pen. JI.B. PabunoBuua. - M..:
Mammnoctpoenue, 1969. - 500 c.

2. ATnac KOHCTPYKIIUI 3JIEMEHTOB MIPUOOPHBIX YCTPOMCTB:

VYu4eb. nocobue 1151 CTyICHTOB TPUOOPOCTPOUTENBHBIX crieninanbHbIX BY30B
/Mon pen. O.®. Tumenko. - M,: Mamunoctpoenue, 1982. -116 c.

3. Pa3paboTka u opopmiieHne KOHCTPYKTOPCKON JOKyMEHTAITU!
paauodiekTpoHHoM annapatypbl. CripaBounuk /Ilog pen. 9.T. PomanbiueBoil. - M.

Pamno u cBs3b, 1989. - 448 c.
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JlaGopaTopHas pabora Ne3

I/I3yqune NMpHUHIINIIA HeﬁCTBHH, KOHCTPYKIIMH U XaPaKTCPUCTHUK
0eCKOHTAKTHOI'O ABHUIraTeJisl NIOCTOAHHOI0 TOKa

. HEJIb 1 3AJJAYHN UCCJIEJOBAHUA

HccnenoBanne XapaKTCPHUCTHUK OCCKOHTAKTHOTO ABUTATCIIA IOCTOSAHHOI'O TOKA IMMPH IMUTAHUU
OT CHJIOBOI'O KOHTPOJUICPA. ITOJIYYCHUEC MEXaHUYCCKUX U PECTYJIMPOBOYHBIX XapPAKTCPUCTHUK.

Il. TEOPETUYECKHUE IMTOJIOKEHUS

[MpuHIMN IecTBUS OECKOHTAKTHOTO JIBUTATEIIs IOCTOSHHOTO TOKA

Uto0B! aBUTATENH JAHHOTO THIA YCTOMYMBO BpAaIlajcs, HEOOXOAMMO, YTOOBI OH pa3BHUBAI
OJTHOHATIPABJICHHBII BpAINAIONIMA MOMEHT C MHUHHMYMOM NyJbCalliid. MUHMMYM ITyJIbCAIHiA
MOMEHTa OyJIeT CIOCOOCTBOBATH IJIABHOCTHU XO/1a ABUTATEIIA.

B 00MOTKY SIKOpsI OT HCTOYHHMKA ITUTAHUSI IOIAETCSI TOK. B 3aBUCMOCTH OT pacrpeieieHus
TOKa 10 KaTylikaM B 3yOIIOBOH 30HE craropa oOpa3yeTcsl IOJIFOCHAs CHCTeMa CTaTropa
(3JIEKTPOMAarHuThI ), CO3AI0IIE MarHUTHBIN MOTOK (110JI€) cTaTopa.

MarauTHbIi MMOTOK BO30YXKACHHS CO37acTcs JHMOO IMOCTOSHHBIMH MarHMTaMH, JM0O
00MOTKOI BO30YX/1€HUS.

ONEKTPOMAarHUTHBIE MOMEHT oOpa3yercs TpH B3aWMOJCHCTBUM MAarHUTHOTO TIOTOKA
BO30YKJeHHS U (Pa3HBIX TOKOB.

[Tpr cOBMECTHOM JCHCTBHH IMOTOKOB BO30YXKJIEHUS M IIOTOKOB OT TOKOB CTaTOpa CHUJIOBBIE
JTUHUY MarHUTHOTO TIOJISL B BO3YIITHOM 33a30p€ M3rH0at0TCs.

DNeKTpOMEXaHNYECKass U MEXaHUIeCKasl XapaKTePUCTHKHU JIAHHOTO JBUTATEIIS aHAJOTHYIHBI
XapaKTePUCTHKAM JIBUTATels MOCTOSHHOTO TOKa C MapaieIbHBIM BO30YKICHUEM.

1. Pacyer M NOCTPOEHHME €CTECTBEHHBIX 3JEKTPOMEXaHHYECKOH U MeXaHHU4ecKoi
XapPAKTEePUCTHK ABUTATEJIs1 MOCTOSIHHOIO TOKA € Mapa/uleJIbHbIM BO30Y:KICHHEM.

EcrecTBeHHblE 53JEKTpOMEXaHMUYECKass W MEXaHWYeCKas XapaKTePUCTUKU JIBUTATEINs
MIOCTOSIHHOTO TOKa C MapajuleJIbHBIM BO30YXKJIEHHEM IpHU MPEHEOPEKEHUU peakuueil sKops
SBJISIFOTCSI IPSIMOJIMHEHHBIMHU U OTIUCHIBAIOTCS YPABHEHUSMU:

N U on B R, N 00
cDuoy ¢ Duow MUH
n= UHOM —_ R'q > .M {06i|
¢ Duoy K- Dy, MUH

YpaBHEHHS IEKTPOMEXAHUYECKUX U MEXaHMYECKUX XapaKTePUCTHK MOTYT OBbITh 3aliCaHbl
1 JUTsI CKOPOCTH, €CJIH YI€CTh, YTO
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wZZ-zz-n{%}
60 C

UHOM_RH'I
n

U R
n=—to___ "4 e, =

¢ Puoy € Doy

o)

rJie n —4acToTa BpalleHus aBurarens, LM,

U0, — HOMHUHAJIBHOE HAINPsKEHHE CeTH, [B];

R, — conporusienue sikopst apurarens, [Om];

C, K — KOHCTPYKTHBHBIE KOA((PUIIMECHTHI JBUTATENIS;

D,,,,, — HOMUHAIBHBIA MarHUTHBIN IIOTOK JABUrarels, [B];

pan |,
@ — CKOPOCTb JIBUTaTeNs, | —— |;
C
PHOM ~
M on = [H . M] — HOMHHAJIbHBIA MOMEHT.
HOM

B cBs13u ¢ IpsSAMOIMHEHHOCTBIO €CTECTBEHHBIE XAPAKTEPUCTUKHA MOTYT OBITh IOCTPOEHBI 110
JBYM TOYKaM, COOTBETCTBYIOIIMM HOMMHAJIBHOMY M IOIPAaHUYHOMY WJIM IIyCKOBOMY DPEKHMaM
paboTsl. HoMnHamsHOMY pekuMy paOOThI OTBEYAIOT TOUKU C KOOPAUHATAMHU:

N=nN,, opu | =1,,, 11 37eKTpOMEXaHNYECKOH XapaKTEPUCTUKY;

N=nNg,,, tpu M =M,,,,, 1 MEXaHNYECKO! XapaKTEPHCTUKH;
BTopble TOUKH XapaKTEPUCTUK MOTYT ObITh ONPEAEICHbI Ul HOIPAaHUYHOTO WU IIyCKOBOTO

PEKHUMOB B €CTECTBEHHBIX YCIOBUSIX.
[Torpannunomy pexumy cootBerctByeT | =0 (M =0), MIO3TOMY IOTPaHUYHAs 4YacToTa
BpallleHWs JBUrarens N, Kak Mg DIEKTPOMEXaHMYECKOW, TaK M I MEXaHUYECKOU
XapaKTepUCTHK OyeT:
no— U, ou 00
e
c Dy, L MUH
Nwmes B BUAY, 4TO
Uonr = Viow "Ry | 00

n =
HOM
Doy MUH
MOJTYYUM
B Uon 00
Ny =Nyowr
U — 1| -R MUH
HOM HOM A

[TyckoBOMY pexuMy, B CBOIO ouepelb, oTBedaeT N=0. 31ech Ha OCHOBAaHHH MPUBEICHHBIX
Beime N=§(1) u n= fl(M) MO>KHO HAIHCAaTh:

| = 0 [A]:

nyck R
A

M _Ysor K- Proy _ D
n— R =K HOM ne
5
3uauenue K- @,,,, s MOCIEIHETO BBIPAKEHUS MOKHO OIPEIETHTh U3 HOPMYJIBL:

M
_ _ M oy
M or =5 por Py = K- D@y =

[H~M].

IHOM
XapaKTepI/ICTI/IKI/I CIIeaAyeT CTPOUTH JIsI OAHOI'O0 HAITPABJIICHUS BpAllICHUA B JHAINIA30HC OT
HACAJIBHOTO XOJIOCTOr'0 X04a A0 peKMa CTOAHKHU 110 TOKOM.
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OO0muii B MEXaHUYECKUX XapaKTEPUCTUK BEHTUJILHOT'O JIBUTaTelIs IIPEICTaBIIEH Ha PUC.

1.

n

Moy LA

Mgy 45": l:ﬁ,:;

”EJ \@g}-
|
|
|

0 |

Myow M

Puc.1. Mexannueckas xapakrepuctuka B/l

I11. OBBEKTBI UCCJIEJOBAHUSA U OBOPYJIOBAHUE
JlaGopaTOpHBIi CTEH]T BKIIOYAET B €05 CIEIYIOLINE FIEMEHTHI:

Bbaoxk (JIIMTAHUE CTEHIA»

OH cofepXUT B CBOEM COCTaBE JBYXIIOJIIOCHBIN aBTOMAT AU(p(EepeHInaTbHON 3alUThI
AJl-12 (koMOMHHMpOBaHHas cXeéMa C 3JEKTPOHHBIM MOAYJeM aud@epeHuanbHON 3alUThl U
BCTPOECHHBIM BbIKJItouateneMm cepun  BA47-29) ¢ HoMuHanbHBIM TOKOM 10 A ¥ HOMHMHAJIBHBIM
oTkimovaromuM  auddepenimanbabiM - TokoM 10 MA,  mpexacraBistomuii co0Ooit
OBICTPOJICHCTBYIOIINI 3alIUTHBIM BBIKIIIOYATENb, pearupyromuil Ha JuddepeHnnanbHbIi TOK, co
BCTPOEHHOM 3aIIUTON OT CBEPXTOKOB.
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a \
MAUTAHUE CTEHAA

BBOA ~220 B 6 A

7
.

Puc. 2. O6mwuit Bua nanenu ynpasnenus o6moka « [ IMTAHUE CTEHA»

AJl-12 oOecnieunBaeT TpU BHAA 3AIIUTHl — 3alIUTy 4YeJIOBEKa OT IOPaKCHHS
SJICKTPUYCCKUM TOKOM IIpHU CﬂyqaﬁHOM HCMPCAHAMEPCHHOM IMPUKOCHOBCHHH K TOKOBCAYIIHNM
YacTsIM  DJIEKTPOYCTAHOBOK TPH  TOBPEXKICHUAX HM30JALUM;, TPEIOTBPALICHUE I10XKapoB
BCJIICACTBHUC IIPOTCKAHUA TOKOB YTCUKHM Ha 3CMJIIO;, 3allUTy OT MNEPCrpy3kd MU KOPOTKOIo
3aMBIKaHUs. Ammnapar coxpaHseT paboTOCIOCOOHOCTh MPH MOHMKEHHOM HAINpsDKeHWH ceTh (10
50 B) u oOnanaer BBICOKON MEXaHMYECKONW H3HOCOCTOMKOCThIO. B ammapare mpegycMoTpeHa
UHIMKanus cpabaTbiBaHus OT quddepeHnaIbHoro ToKa.

Baok «JEKTPOIIPUBOI»

SAEKTPOMPUBOA

PVI
(A)
\J A O +36B
OBOPOTbI _L_O [ ks

+5B

]
<
N

RH1 U,

Al

H1

o
H2 —©
o

nyck/ cron

® | oo

Puc. 3. O6mwuii Bux nanenu ynpasnenus 0ioka « [ IMTAHUE CTEHIA»

brox comepkuT MHeMocXeMy OOOpYIOBaHUS, KOHTPOJbHBIE THE3[a, DIIEMEHTHI
YIpaBIeHUS U PEryIUPOBKU, TOUKU BKIIIOUEHUS U3MEPUTEIbHBIX PUOOPOB.

Ha cxeme mpuHSITHI cliefytonue 0003HAYCHUS:

Al — mMoaynb ympasieHus (CHIOBOH KOHTpPOJIJIEp MPHUBOAAa MOTOpa-kojeca);M —moTop-

KOJIECO;
PA1 — ammepmeTp MOCTOSHHOIO TOKa, WHIUIUPYIOIIMA TOK MOTPEOJIICHUS CHUCTEMBI
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MIPUBOJIA;
PV1 — BonbTMETP MOCTOSHHOTO TOKa, MHAUITUPYIOMUNA pabodee HANpsDKCHHE MUTAHUS
CHJIOBOTO KOHTPOJIJIEpa MPUBOJIa MOTOPa-KOJIeca;

PV2 — BombTMETp TOCTOSSHHOTO TOKa, WHAWIUPYIOIIUN HANpsHKCHUE 3aaHus
KOHTpOJUIEpa MPUBOIa MOTOpa-KoJjeca
SAl — «xnomka c¢ ¢ukcanueir «IIYCK/CTOII», cuyxkamas s yrOpaBJICHHS

ITyCKOM/OCTaHOBOM MOTOpa-KoJIeca;

Rur — mrynT 0,03 OM, cimykanuit a1 ociusuiorpadgupoBaHus;

RH1-ngatunk Xomma ¢ MOABMXKHBIM MarHUTOM, OOECIEYMBAMOIINN PETYIUPOBKY UHCIA
000pOTOB MOTOpa-KoJeca;

H1, H2, H3 - BcTpoeHHBIE B MOTOp-KOJIECO JaTYMKM XOJJIa MOTOp-KOJIeca,
oOecnieunBaroIIre 0OpaTHyIO CBA3b M0 MOJIOKEHUIO POTOpA.

U, V, W — 0OMOTKH 3JE€KTpOBUTATENSI MOTOpa-Kojieca, CKOHQHUTypUPOBAHHBIE 110 CXEME
«3BE37a».

BrroueHne/BBIKITIOUEHUE JBUTATENST MOTOpAa-Kojieca OCYIISCTBISCTCS WPU OMOIIH
kHoniku SA1 «IIYCK/CTOII». [InaBHasi perynupoBKa 4acTOThl OOOPOTOB OCYIIECTBISETCS MPHU
romoInu pydku aaruuka Xosuia RH1 ¢ Bpamaromumcss MarHutoMm

«OBOPOTbBI». Ilepen BkiatoueHHMEM [ABUTATENI MOTOpa-Kojeca HaXXaTUEM KHOIKU

«TYCK/CTOIIl» pexkomeHayeTcsi BBIBECTH PYydKy JaTdhKa XoJula B KpaifHee NPOTUB
yacoBoiicTpenkunonoxenue. I IpuperynnpoBke4acToTsio00pOTOBMOTOpa-Koieca HE00X0IUMO
MIOMHUTB, YTO B CHUJTy OCOOCHHOCTEH BXOHBIX JEKTPUUECKHUX MApaMETPOB CUIIOBOTO KOHTPOJLIEpa
MIPUBOJA, HANPSIKCHUE 3a/laHMs], PErUCTpUpPYyeMOe BOJbTMETpoM PV2, mpu KOTOpOM HaumHaeTcs
BpalieHue MOTopa- KoJieca, coctaniseT nopsaka 1,41 B. JlaHHbIN peXuM SBIISETCS IITATHBIM.

Baok «JJEKTPOMATHUTHBIN TOPMO3»

(g N\
SAEKTPOMATHUTHBIA TOPMO3

TOPMOXEHUE

O

BKA/OTKA

@

Puc. 4. OGuwmit Buj maHeny ynpasierus 6noka « JJIEKTPOMATHUTHBI TOPMO3»

brnok mnpenHasHadeH JuIs  ynpaBieHHs pabOTOH CHUCTEMbI IOPOLIKOBOTO TOPMO3a.
BxittoueHne/BBIKIIIOUEHHE TOPOIIKOBOTO TOPMO3a OCYIIECTBIISIETCS TPH  MOMOIIM  KHOIKH
«BKJL/OTKJI». IlnaBHas peryampoBKa TOKa KaTYHIIKH  3JIEKTPOMAarHUTHOIO  TOpMO3a
ocymectBisiercss npu nomou noreHuuomerpa «TOPMOXEHUE». Ilepen BkitoueHueM
3JIEKTPOMAarHUTHOI'O TOPMO3a PEKOMEHYETCSI BBIBECTH ITOTEHIIMOMETPOB KpaliHee MPOTUB YaCOBOU
CTPEJIKU IOJIOKEHHUE.

byok nndpoBeIX H3MepUTEIbHBIX NPHOOPOB
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(a o)

\ J \\ J )
——————— N
TAXOMETP U3MEPUTEAb MOMEHTA

\, J

Puc. 5. O6muit Bug nanenu ynpasienus 6ioka « {TUOPOBBIE U3MEPUTEJIbHBIE
ITPUBOPLBI»

bnok conepxut 1udpoBbie n3MepUTENbHbIE TPUOOPHI, 00ECIIEUHBAIOIINE U3MEPEHUE U
VMHIALIUPOBAHHE CICAYIOUINX ITApaMETPOB YCTAHOBKH:

PA1 — amnepMeTp NOCTOSHHOI'O TOKA, MHAWLIUPYIOIUHI TOK OTPEOICHUs CUCTEMBI
MpUBOJA, A;

PV1 — BonpTMETp MOCTOSIHHOTO TOKA, HHAMLUPYIOIIUN paboyee HaNpsHKeHUE MUTaHUS
CHJIOBOTO KOHTpPOJUIEpA IPUBOJIa MOTOpa-Kojeca,B;

PV2 — BonbTMETp MOCTOSIHHOTO TOKA, HHAULUPYIOIIUN HANIPsDKEHUE 3a/laHHs
KOHTpOJIIEpa IpUBOJja MOTOpa-Koieca, B;

- 4KcI0 000POTOB 3JIEKTPOABUTATENISA, 00/MUH(TaXOMETD);

- KpyTsmuii MoMeHT, H-M (u3mMepuTesnb MOMEHTA);

[TorpemHocTs U3MEpEHNS TOKOB U HAIPSLKEHUN cocTaBiseT 2,5%.

Byok aByxkaHaJbHOro nndposoro ocuuaaorpadga

]  AKMN-4115/5A
Bz UHOPOBOR ANOMWHAUYR OCUMTNOTPA®

r

Puc. 6. O0muii Buj maHenu ynpapieHus: OJI0Ka ABYXKaHAIBHOTO ITU(POBOTO
ocmmntorpaga

Ocnumnorpad 3anomunaommii mudpoor cepun AKUII-4115/1A mpenHaszHaueH ajis
WCCIICIOBAaHMSI M U3MEPEHUs MMapaMeTPOB OJHOKPATHBIX CHTHAIOB W MEPHOJNYECKHX CHUTHAIOB B
nonioce 4yactoT 0...25 MI'n. Ocuumiorpad obecneunBaeT 1uppoBoe 3arOMUHAHKUE, TUGPOBOE
M3MEpPEHHE B uana3oHe aMiminutya oT 2 MB o 600B(c menuTenem) u BpeMEHHBIX MHTEPBAJIOB OT
2,5uc 10 50c, aBTOMaTHYECKYI0 YCTAaHOBKY pa3MepOB U300paKeHHsI, aBTOMAaTHYECKOE U3MEpEHUE

24



aMIUINTYIHO- BPEMEHHBIX IIapaMETPOB BXOJHOTO CUTHaja C BBIXOJOM pe3ylbTaTa U3MEPEHHUs Ha
skpaH. Ocumiorpad obecrneynMBaeT BO3MOXKHOCTh IOJAKIIOYEHHUS K BHEIIHEMY MEPCOHAIBHOMY
koMmibroTepy uepe3 USB wim RS-232. Ero TexHuueckue XapaKTEpUCTUKHM IHPEICTABICHBI B

Tabymue 1.

Tabmuua 1.

KaHaa BEPTMKAABHOIO OTKAOHEHMA

Y41CAO KOHOAOB

MoAoCa NponycKaHug (-
3AbB)

0...25 MI'Ly,

KoadbdomumeHt 2 MB/aen...10B/aen
OTKAOHEHMS (KOTKA.)

MorpeLUuHoCTb +3%
YCTAHOBKMKOTKA.

Bpems HapACTaAHUS (He 14HC

tonee)

BXOAHOM MMMNEAQHC 1 MOM/13 NP

MakKc. BXoAHOE
HAMNpPM>KeHme

400 B nuk-nuk (x10); karl

CB$13b MO BXOAY

OTKPbITbIM, 3AKPbIThIN, 3EMAS

KoadbdomMUMEHT AEAEHUS

1x, 10x, 100x,1000x

KAQHAA TOPU3OHTAOABHOTO OTKAOHEHMSA

KoadouLMeEHT pa3BepTKM
(Kpass.)

25 Hc - 50c/aeA

[orpeLHOCTb
YCTOHOBKMKO3B.

0.01%

PeXxmmbl paboThl

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

CUHXPOHM3ALMSA

MCTOYHUKM KaHaAbI 1, 2,BHELLIHMI
Pe>XXrmbl 3anycka ABTOKOAEDATEABbHbIN, XAYLLMM, OAHOKPATHbIN
PA3BEPTKM

BrAbl CUHXPOHU3ALLUM

PpPOHT/CpE3, AAMTEABHOCTb, TB, Bpems
HOPACTAHKMA/CNaAQ, NonepemMeHHO (ALT)

AHOAOTO-LUMAPPOBOE MPeO0bPA30BAHME

PaspelueHume no 86uT

Makc. yacrtota 500 Ml
ANCKPETU3IALMM

SOKBMBAAEHTHAS HOCTOTA 100w,
ANCKPETU3IALNM

NHTEPNOAILMS AmHenHas, Sin X /X

O6beM MAMIATU HAO KOHOA

ObICTPOA NaMmaATb: 16 Kb (32 Kb Npu 0ObeAMHEHMM
KOHOAOB) AAMHHQS MAMSTb: HET

Pexxrmbl cOOpPA AQHHbIX

CraHAQpPTHOS BbIOOPKA, ycpeaHeHune (4 /.../ 256),
MMKOBbIM aeTekTop 10 HC, Hakonaernue (1 ¢, 2 ¢, 5¢,
BECKOHEYH., BbIKA.), camonumcell, (o1 100mc/aeA)
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KypCopHble M3MmepeHms

Pe>xmmbl

PYYHOM, OBTO M3MEPEHNS, CAEXEHME (TPIK)

BuAbl USMEPEHUI

AU; AT;1/AT

ABTOMATHUYECKME UIMEPEHMS

o BEPTUKAAM

MUK-NKK, OMMOAMUTYAQ,  MAKCUM.,  MMHUM.,
(BbICOKMMY) YPOBEHb, «(HM3KMMY YPOBEHb, CpEAHee,
C.K.3., BbIBPOChHI HO BEPLLUMHE M B NAY3€E

[0 rOpPU30OHTAAM

HacToTa; MEepUOoA; BRPEMS HOPACTAHMS U CMOAQ;
+/- LUMPUHA MMMNYAbCQ, +/- CKBAXKHOCTb, d0A3d

N3mepeHUe 30AEPXKKM

8 BMAOB (pa3a v Bpemq): FRR, FRF, FFR, FFF, LRR,LRF,
LFR,LFF

AOMOAHUTEABHBIE BO3MOXHOCTU

NHTepdoenc

Ha nepeaHen naHeam: USB AA9  COXpaHeHUs
AQHHbIX HO 30AHeM mnaHeAn: USB m  RS-232aA9
ANCTAHLUMOHHOTO YMPOBAEHMS

MaoTemaTmuka

ConeHme, BbIHMTAHMNE, YMHOXEHUNE, AEAEHUE,
B (Ha yvactke 1 K6), umdopoBble JOUALTPSI
(PBY,PHY, TOAOCOBOU, PEXEKTOPHbIN)

AOKYMEHTMPOBAH
me PEe3yAbTaTOB

CoxpaHeHue 20 ocCUMAAOTPAMM, 20npodbmaen
HACTPOEXK, 2 LaBAOHOB AOMYCK.KOHTPOAS.
Permctpaums B namdarb A0 2500 KaApoB C
peEryAMpyemom CKOPOCTbIO 3anmcu 7
BOCMPOWU3BEAEHMS

ObLwme AQHHbIE

XK-amcnaem

TFT usetHom (LCD, 480%234 to4eK), AnaroHaab17,8
CM (8x18aen);

HanpmKeHne NMTaHms

100...240 B (+ 10 %), 5001,

Moayiab MOTOP-KO0JIeca

YCTpONCTBO COAEPKUT B CBOEM COCTABE, CMOHTHUPOBAHHBIE HA €AMHON CTaHWHE, MOTOP-
KOJIECO, TOPOILIKOBBII TOPMO3 M ONTHYECKUN NpeoOpa3oBaTeslb YIJIOBOTO MEPEMEIICHUS, BaJlbl
KOTOPBIX COEIMHEHBI MEXAHUUYECKHU.

B kauectBe MOTOpa-Kojieca TNPUMEHEH BEHTWIbHBIM JBUraTellb IIOCTOSIHHOIO TOKa
HOMHUHAJIbHOM MolTHOCTBIO 250 BT 1 pabounm HanpsbkeHneM 36 B mocTosiHHOTo Toka.

B kauecTBe TOpMO3I1IEr0 yCTPONCTBA UCIOIB30BAaH MOPOIIKOBLIM TopMO3 Tuna BR-35 ¢
HOMMHAJIBHBIM HampsbkeHneM 24 B u TokoMm 0,9A.

B xauectBe mpeoOpaszoBareis yrioBbIX NEpeMENIeHUI CIIOIb30BaH ONTUYECKUI SHKOAEP
komnaHuu Autonics. TeXHHYECKHE XapaKTepUCTUKU NPEACTaBICHbI B TabuIe 2.

Tabmia 2.
ABUraTeAb MOTOP-KOAECA

HOMMHOABHQAA MOAE3HAN MOLLLHOCTb, BT 250
HommHaAbHOE paboyee HanpsxeHue, B 36
HOMMHOAbHbIM TOK, A 6,9
H1CAO MOAIOCOB 16
HMCAO a3 3
HOMMHAABHAS YOCTOTA BPALLLEHMA, MMH- 1 200 -270
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KMNA,% boaee80
PeskMm PABOTHI ABMFCITe/\beIlZV /
reHepPATOPHbLIN

HaAmime AaT4MKOB XOAAQ/KOAMHECTBO Aa/3
MopoLwkoBbi TOPMO3BR-35

HOMMHAABHOS PACCEMBAEMAN MEXAHMNYECKAT MOLLIHOCTb, BT 250-280

HOMMHAABHbBIM TOPMO3ALLLMNM MOMEHT HM 35

HOMMHOABHOE HAMPIKEHME KATYLLIKK, B 24

HOMMHOABHbIM TOK KATYLLIKM, A 0,9

[Tepen Havaom paboOT HEOOXOAUMO MOAKIIOUYUTE MOAYJIH MOTOPa-KoJieca K MOHOOJIOKY
nocpencTBoM paszbeMoB X1-X4. Jlanee cieayer MHOCPEIACTBOM CETEBOrO ILIHYpa C BHIIKOU
MOAKITIOUUTE MOHOOMIOK K cetn 220 B/50 I't. Tlocne 3Toro, yOeAMBIIMCH,9TO KHOIIKH YCTAaHOBKH
HaXOJATCSl B HE HAXATOM II0JIOXKEHHUH, a PYYKH IOTEHIIMOMETpA U JAaTyuKa XoJija HaxolIATcs B
KpalHHUX MTPOTUB YaCOBOM CTPEJIKE MOJIOKEHUIX, BKIOUYUTh aBTOMaTH4YeCKni Bbikitouarenb QF1.
[IpenBaputenbHO yOEIUBUINCH B MCIPABHOCTH YCTAHOBKHU (IO MOKAa3aHUSAM IPUOOPOB), MOXKHO
3allyCTUTh JBUTATE]Ih MOTOpa-Kojieca, JJIs 4ero HeoOXOAMMO HakaTh Ha KHOMKY SAl 10 ee
¢bukcamyu, mocie 4ero mpy MoMoIH pydku natduka Xoiuta RH1 BeiOpars HampspkeHue 3a1aHust
ceeimie 1,41B, ycraHoBUB TakuM 00pa3oM 4YacTOTy OOOpOTOB MoOTopa-koseca. OcTaHOB
JBUTATENsl MOTOpPa-KoJieca IPOU3BOJUTCS B 0OpaTHOM IOPSIJIKE.

B mnpomecce pabGoThl ¢ YCTAaHOBKOW HEOOXOJUMO CIEAUTH 33 TOKOM IOTPEOICHUS
CHJIOBBIM KOHTPOJIJIEPOM IpHUBOJAa MoTopa-kozieca. [lonroBpemenHsiii Tok (30 MUH)HE AOKEH
MpeBbIIaTh 3HaYCHUS 8§ A, 3HaUYEHUE KPATKOBPEMEHHOTO TOKa (2 MUH.)IOJKHO OBITH HE Oolee
11A. TIlpeBbllleHHME [AaHHBIX 3HAYEHUI uepeBaTO IIOJOMKAaMH JBMraTess MOTopa-Kosieca u
BBIXOJIOM U3 CTPOSI CHJIOBOT'O KOHTPOJIJIEPA MPUBOJA.

Pabota ¢ 9JEKTPOMarHUTHBIM TOPMO30M: BKIIIOYCHHE/BBIKIIIOYCHUE ITOPOIIKOBOTO
TOpMO3a OCYyIIeCTBIsieTcss mpu nomomu kHomku ¢ ¢ukcauueir «BKJIL/OTKJI». IlnaBnas
pEeryJiMpoBKa TOKAa KATYIIKH 3JIEKTPOMAarHUTHOTO TOPMO3a OCYIIECTBISETCS MpU IOMOIIU
noreHuuomerpa «TOPMOJXXEHHME». VBenuueHue TOKa BBI3BIBAET YBEIWUYEHHE TOPMO3SLIETO
MOMEHTa U Ha00O0POT.

VI.3AJJAHUE HA PABOTY

1. CHATHP MEXaHUYECKHUE U PETYIMPOBOYHBIE XaPAKTEPUCTUKH Ul BCEX MPEIIOKEHHBIX
cucteMm MVY-JI miis 1ByX 4acTOT KOMMYTallUd TPAH3UCTOPOB.

2. MHccnenoBaTh BIMSIHME CXEMBl YCHIUTENS MOIIHOCTM M YacTOThl KOMMYTAllUU
TPaH3UCTOPOB HA MEXAHUYECKHUE U PEryJIMPOBOYHBIE XapAaKTEpUCTUKN cucteM UMY -/1.

VIl. HOPAAOK BBIIIOJIHEHUSA PABOTbI

[lepen BeIMONHEHHEM pPAOOTHI ClEAyeT TIIATEIHLHO O3HAKOMHUTBCS C KOHCTPYKIIMEH
CTeH/la, pACIOJIO)KEHHEM OpraHOB yIpaBJieHHs MPUOOPOB s CTEHJAA, 3aroTOBUTH BCE
HE00XO0IMMBbIE TAOIHUIIBI.

1. IMMocTpoenue peryaupoBounbix xapakrepuctuk Qg = F(Uynp):
1.1. Bxmouuts «Ilyck/cTom», «O00pOTHI».

1.2. MenneHHo mnoBopauyuBaTh NoOTeHUUOMETp «OOOpOTHI» OO0 TMyCKa JBUTATeNs
(mpubnusurensHo 1,5 B)

1.3. MemieHHO yBENMYMBATH HAINpsDKEHHE yIpaBieHUs mnpuBogoM «PV2y» npu
HEeHarpy>xeHHOM JBuratesne yepes kaxsapie 0,25-0,3 B. Jlannbie 3anectu B Tabnuiy 3.

Tabnuua 3
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Ne /it Hanpsixenue Nsmepurenb Amnepmerp CxopocTthb
yIpaBICHUS MOMEHTA HAarpy3KH | MOCTOSTHHOTO TOKa BpaIlICHUS
npuBogoM Uypp «TOPMOJKXEHUE» PA1, A nBuratens Qg
«PV2», B , Hm. «TaxomeTpy,
00/MuH
1 15 ~0
2 1,75 ~0
3 2,0 =0
=0
3,5 =0

1.4. IlpoBectu n3MepeHus peryaupoBOYHbIX XapaKTEPUCTHUK IPU 3aJaHHOM MOMEHTE

1.5. BKIIOYUTH 3JIEKTPOMAarHUTHBIN TOPMO3 (IIPEABApUTENBLHO MOBEPHYB HNOTEHIMOMETP
«TopMokeHHe» B KpaiiHee M0JI0KEHNE IPOTUB YaCOBOW CTPEIIKHU)

1.6. YcTaHOBUTh MOMEHT Harpy3ku NpUOJIM3UTENBHO paBHBIM 2 HM M HEe MEHSTH 3TO
3HAYEHUE B MPOLIECCE UBMEPEHUM.

1.7. TlpoBecTH CHATHE PEryIMPOBOYHBIX XAPAKTEPUCTUK [BUTATENs B COOTBETCTBHM C
IIYHKTOM |, a JaHHBIe 3aHeCTH B TaOIMIly aHAIOTHYHYIO Tabu1. Nel.

1.8. Tloctpouth rpauku peryjavMpoOBOYHBIX XapaKTEPUCTHK JIi HEPBOrO M BTOPOTO
u3mepenuii Ha ogHoM rpaduke (s = F(Uyrp).

2. CHsiTHEe MeXaHHYECKUX XaPAKTePHCTHK

2.1. MeaneHHO TOBOpa4YMBaTh MOTEHIHOMETP «OOOPOTBI» 110 IIyCKa JBHTaTENs
(mpubausurensbHo 1,5 B) u ycTaHOBUTH HanpsiKeHUe ynpaBieHus npuoau3uTensHo 2 B.

2.2. MemienHo, mnoBopauuBas noreHuuoMeTp «TopMmokeHue», MocCiIe10BaTEIbHO
yCTaHaBIMBATh HATPYy3Ky npuonm3utensHo 0,...,16.0 Jlanusie 3anectu B Tabmuiry 4.

Tabmnura 4

Ne i/t

Hampsixenue
yIpaBiaeHUS
npuBoioM Uyrp
«PV2», B

Nsmepurens
MOMEHTA Harpy3Ku
«TOPMOXEHUME»

AmMniepmerp
ITOCTOSTHHOT'O TOKa
PAIL, A

Cxopoctb
BpaIieHus
nsurarens Qg
«TaxomeTpy,
00/MUH

~2

G WINFP|O N |OTEAWIN (-

~3.5
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6 =10

7 =12

8 =16

2.3. Toctpouth rpaduky  MEXaHUYCCKUX XAPAKTEPUCTHUK [UIsi TIEPBOTO U BTOPOTO
u3MepeHuii Ha oHOM rpaduke (Qpp = F(Mpp), npu HampshkeHHU yripasieHus ~2 u ~3.5B

VIIIl. Yka3zanusi no opopmMJIeHUIO OTUYETA
OT4é€T NOKEH COEPIKATh:
- TEOPETHUYECKUE CBEICHHUS :
- pe3ynbpTaT U3MEepeHHi B BUAE TaOIUI U IpadUKOB, a TAK)KE HEOOXOAUMBIC pacuéTHbIC

hopmyIbI.

IX. KoHTpoJibHBIE BONPOCHI
1. Ha3oBuTe OTINYUTEIBHBIE OCOOEHHOCTH BEHTUILHOI'O ABHUTaTECIIA.
2. Kak o0pa3yeTcsi MarHUTHBIN TIOTOK B BEHTHJILHOM JIBUTaTEse?
3. UTO TpOUCXOAWT TP COBMECTHOM JCUCTBHU TIOTOKOB BO30YXKICHHS W IIOTOKOB OT
TOKOB CTaTopa C CHJIOBBIMH JIMHUSIMH MAarHUTHOTO TIOJISI B BO3YIIIHOM 3a30pe?

bubaunorpaguyeckunii Cucok.
1. DnexrponpuBoy nerarenbHbIXx ammapatoB. /Ilom  pex. B.A. IlomkoBHukoBa -MockBa:
Mammnoctpoenue, 1990r.-352cTp.
2. Cnepmstmue npuBojsl. B 3 1. / Tlox pen. b.K. Uemonanosa. Tom 2— M.: U3n-8o0 MI'TY um
baymana, 2003r.-880 c.
3. Wenrtunr I'., Baiicce A. DnexTpuyeckre MUKpoMammubel. M.: DHeroarommsaat, 1991. - 229

4. byt JI.A. beckoHTakTHbIE IeKTpudyeckue MammHel. M.: Briciias mikona, 1985. 255 c.

5. DnexTpuyeckue ciedliyde MPUBOABI C MOMEHTHBIM YIIPABIEHUEM MCIOJHUTEIbHBIMU
nsurarensimu/ bapano M.B. u np. — M3garensctBo MI'TY um. H.O. baymana, 2006.-240 c.

6. OBumHHuKOB, WM. E. BeHTUIbHBIE »3JEKTpUYECKHE JBHUraTeIdM M TPUBOJ Ha MX
ocHoBe(maas u cpeansis mouHocTh. — CII6. : Kopona-Bek, 2006.-336c¢.
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JlaGopaTopHnasi padora Ne4
N3ydeHnne uMmyJibCHOTO CNOC00a yNpaBJeHUs IBUraTeeM MOCTOSIHHOTO
TOKA ¢ He3aBUCHMBbIM B0O30Y:K/IeHHEM

1. HEJb U 3AJJAYHU NUCCJIEJOBAHUSA
O3HaKOMIIEHHE C IPUHIUIIAMU, TTOJIO)KEHHBIMH B OCHOBY MMITYJICHOTO ClIOCO0a
PEryJINPOBAHMS YaCTOTHI BPAILICHHS ABUTATENEN TOCTOSIHHOTO TOKA, U UCCIIEI0BAHUE
XapaKTEPUCTHUK CUCTEMBI 'UMITYJIbCHBINA YCUIUTEND - IBUTATENb OCTOSIHHOTO TOKA €
He3aBUCHUMBIM BO30YyxieHueM (M1Y-1)" B 3aBUCHMOCTH OT YaCTOThl KOMMYTAIHH
KJIFOYEH CUCTEMBI BBIXOIHOI'O KacKaJa YCUJIMTEIS DJIEKTPUYECKON MOITHOCTH.

2. TEOPETNHYECKUE INOJOXEHUA

CyIHOCTh UMITYJILCHOTO CIIOCO0a COCTOUT B TOM, YTO H3MECHEHHUE YaCTOTHI
BpAILICHUS SIKOPS JIBUTATENS IOCTUTACTCA HE 32 CUET U3MEHEHUS HAIIPSHKCHUS
yIpaBJieHUs], HEIPEPHIBHO MOJBOJUMOIO K JIBUTATENIO, & TyTEM NU3MEHEHHUS
BPEMEHH, B TEYEHUE KOTOPOTO K JIBUTATEIIIO MOJABOJIUTCS HOMUHAIILHOE HAMPSIKEHUE.
B pe3ynbrate 3TOr0 pabora ABUratesis COCTOMT U3 YePEayIOLIUXCS EPUOI0B
pasroHa u TopmMokeHus. PazmMax koje0aHuii yriioBO CKOPOCTU 3aBUCHUT OT YACTOThI
CJIeJOBaHUS UMITYJIbCOB: YEM BBIIIE YaCTOTA MEPEKIIOUCHHUS], TEM MEHBIIIE
KoJiebaHust ckopocTH. IlycTh Ha IKOpb IBUTATEIsI OJIA€TCSI CKAUKOM
MOCJIEA0BATEILHOCTh OJHOMNOJIIPHBIX UMITYJILCOB HaNpsbkeHus. KpuByro yrioBoi
CKOPOCTH B (DYHKIIUM BPEMEHH JIETKO TTOCTPOUTH, €CIIM PacCMaTPUBATh
MOCJIEIOBATEILHOCTh UMITYJILCOB KaK OJIMHOYHBIC UMITYJIbChl HATTPSKCHUS,
MIPUKJIA/IBIBAEMbIE Y€pe3 ONpEICICHHbIEC TPOMEXKYTKHA BpeMeHU. Pe3ynbTupytromias
KpUBas SBJISIETCS JIOMAHOM JIMHHUEMN, COCTOSILEN U3 KYCKOB DKCIIOHEHT,
MOKa3bIBAIOIINX MMOBEICHNE ABUTATEIS Ha KAXKIOM ydacTke (puc. 1,a,0).
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‘ /anv.-%
8) - 6)

Puc. 1. I'paduku n3meHeHus1 yriioBol CKOPOCTH JIBUTATEIIS:
a-TIpU HU3KOYACTOTHOM UMITYJIbCHOM YTPABIICHUH;
0 -1pu BBICOKOYACTOTHOM UMITYJIbCHOM YIIPaBJICHUU

W3 puc. 1,a BUIHO, YTO, €CIIM Ha JABUTATEIIb ITOAaHa ITOCICA0BATCIIBHOCTD
HU3KOYAaCTOTHBIX UMITYJIbCOB, TO KPUBasl pa3roHa JIBUraTejs OyJIeT CYIIECTBEHHO
OTJIMYATHCS OT SKCIIOHEHTHI, XapaKTEPU3YIOMIEH pa3rOH JIBUTATEIIS IIPH MPUIIOKCHUN K
HEMY CKauyKOM HarpsDKEHUS TIOCTOSIHHOTO TOKa, BEJIMYMHA KOToporo paBHa YU, (y -
CKBaXHOCTB, ¥ = t,/T).

B ciydae ke, Korja Ha JBUTATE/Ib IMOaHa MOCIICI0BATCILHOCTD
BBICOKOYACTOTHBIX MMITYJIBCOB, TO KpHBasi pa3roHa MPaKTHYSCKU HE OTIIMYACTCS OT
pasroHa IpH MPHIOKECHUN K SKOPIO HAPSHKEHUS TTOCTOSTHHOTO TOKA.

HccaenoBaHue SHEPIeTHUCCKUX XapaKTEPUCTHK ITOKA3bIBACT, YTO YaCTOTA
KOMMYTAIIUU JOJKHA BRIOUPATHCS TaKOM, YTOOBI OBLIN MaJjIbl KOJICOAHUS HE TOJIBKO
YIJIOBOM CKOPOCTH, HO 1 TOKA AKOPs. [103TOMy MOYKHO CUHUTATh, YTO ITOBEIACHUE
JBUTATEIISI B TMHAMUKE TIPU HMITYJILCHOM YIIPABIICHUH MPAKTHYSCKH OYIET TaKoe XKe,
KaK ¥ IPH HEIIPEPBIBHOM yrpapieHuH. [lepenaTounas GyHKIHS MPUBOJIA IIPH 3TOM
OyJeT UMeTh BU/I;

B 1/c,
7 p(TyT,p? 4T, p 1)

WH A4
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rac e m - IICKTPOMEXAaHHNUECKA ITIOCTOIHHAsA BPEMECHU,
b
Ut VTI U,
VD3
Wea VT3 U gag
=,
Uga1
Ugaa [ ] B t
Usaz t
U633 -
Usa t
A, B)
B)

Puc. 2. MocToBas cxeMa yIrpaBJlIeHHs HAIIPSKEHUEM Ha SIKOpe JBUrateiiss  Mpu
CUMMETPUYHOM 3aKOHE KOMMYTAIlMM TPAH3UCTOPOB (@), SIMIOpHI HampspbkeHud (0) u
TOKOB (B)

T3 — LE3
R

» - 3JIGKTPOMArHuTHas MOCTOSTHHASI BPEMEHU;
C., C, - k03 dunmentsl npotuBoIIC 1 MOMEHTA ABUTATES;
Ry, Ly, - aKTUBHOE CONTPOTUBJICHUE U UHIYKTUBHOCTD SIKOPHOMU LIETIH
JIIBUTATEIIS.
B peBepCcuBHBIX ClIeIAIINX MPUBOJIaX TPUMEHSIOTCS Pa3IMYHbIEC 3aKOHbI
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KOMMYTaIUHU KJIro4ei mocTa. [Ipy cuMMeTpuuHOM 3aKOHE, KOT/a KIF0UM JUaroHajien
MOCTa KOMMYTHPYIOTCSI B IPOTHBO(da3e, SMIOPhl TOKOB M HANIPSIKEHUM B CUCTEME
MMEIOT BUJI PUC. 2B.

[Ipu oTcyTcTBUM yrila paccoriacoBanusi B npusonae Tpansuctopsl VI1 , VT4 u
VT2, VT3 koMMyTUpPYIOTCS B IPOTUBO(DA3E C

v = 0.5 . B pe3ynbTaTe HanpspkeHUE Ha sKOope uMeeT (hopMy 3HAKOTICPEMEHHBIX
IPSAMOYTOJIBHBIX HMITYJILCOB, ITpu 3ToM  U,, = 0.

B 3aBUCUMOCTH OT 3HaKa yria paccorjiaCcOBaHus B MPUBOJIE€ CKBaXKHOCTb,
HUMITYJIbCOB YBEJIMUMBACTCS UM yMeHbIaeTcs 1o cpaBHeHuto ¢ Y = 0.5. Ilycts 3HaK
paccoriacoBanus TakoB, 4To Tpan3uctopsl VT1, VT4 kommytupytores ¢ y >0.5,
TOT/Ia B CXEME UMEIOT MECTO CJICAYIOIINE DICKTPOMArHUTHBIE IIPOIIECCHI.

Ecau M, u umeer 10CTaTOYHO OOJIBIIIYIO BEIUYMHY, TO B MIEPUO/] HACHIIIIEHHOTO
coctosiaua VT1 |, VT4 wu 3akpeiteix VT2 ,VT3 Tok sxops o 1edicTBUEM
HaMpsHKEHUsST UICTOYHUKA nuTaHus U, HapacTaeT 1o 9KCIOHEHTE C MTOCTOSIHHOU
BpeMmeHu T2 3ambikasich no nenu U, - VT4- 51 - VT1 - U, (nBuratenbHbIi pexxum). B
cienyronui nmony nepuo, koraa VT1 , VT4 3akpeIThl, a
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VT2 u VT3 HachlleHbl, TOK SIKOPSI yMEHbIIAETCS, 3aMbIKasich 1o 1enu S - VD3
- U,- VD2 - 1 (nBurarenbhbiii pexxuMm). [logaepikanue Toka MpexHero
(TOJIOKUTENBEHOTO B MIPUHATOM CUCTEME OTCUYETA) HANPABIECHUS TPOUCXOIUT 32 CUET
SHEPTUH, 3aMACCHHON B MPEABIIYIINUNA MOy IEPUOJT B MATHUTHOM TOJIE STKOPSI.
HecMoTps Ha TO, 4TO 3TO ABUTATENbHBIA PEKUMOB 3TOT MOJY MEPUOJ POUCXOIUT
BO3BpAILIEHUE 3aIACCHHONW B MATHUTHOM TI0JI€ SIKOPSl YHEPTUX UCTOUYHUKY MMUTAHMUS,
TaK Kak TOK SIKOpsSI MPOTEKAET Yepe3 UCTOYHHUK B HAIIPaBJICHUH, POTUBOMOJI0KHOM
JEUCTBUIO HANPSKEHUS.

[Tpu ManbIX U MOJOKUTETHFHBIX MOMEHTAX HArPy3KH BO BPeMsl 3aKPBITOTO
cocrosauss VT1, VT4 u orkpsitoro cocrosinua VT2, VT3 Tok sikopst ycnieBaet
YMEHBITUTLCS 10 HYIIs, 3aMbIkasch 1o 1enu - VD3 - U, - VD2 - S (nBurarenbHbIiA
PEXUM C peKyIiepaleil SHepruu HICTOYHUKY MTUTaHUs ). 3aTeM TOK SIKOPSI U3MEHSIET
3HAaK M MOJ JeiicTBUEeM HampsbkeHust U, HapacTaeT 1Mo KCIOHEHTE, 3aMbIKasICh 110
nenu U, - VT3 - A - VT2 - U, (pexxum TOPMOKEHHS IPOTUBO-BKIIFOUCHUEM ).

B cnenyrommii nony nepuon nipu 3anupanuu VT2, VT3 u naceimenuu VT,
VT4 TOK sIKOpst HEKOTOPOE BpeMsl MOJICPKUBACTCS B MPEKHEM (OTPULIATEITHLHOM)
HaIpaBJICHUH 3a CUET SHEPTUH, 3araceHHou B L, , mpoTekas no nenu A - VD4 - U, -
VD1 - 4 (pekynepaTuBHOE TOPMOKEHHE), & 3aT€M TOK U3MEHSET CBOE HAIPABJICHHE
U HapacTaet noj aeicteuem U, , mporekas mo nienu U, - VT4 - 4 - VTI1 - U,
(IBUTATENBHBIN PEKUM).

[Tpu ManbIX OTpPHUIIATEIHHBIX MOMEHTAX HATPY3KU AJIEKTPOMArHUTHBIC
MPOLIECCHI AHATIOTHMYHBI MIPEABLIYIIINM, HO TOJBKO CpeIHee 3HaYCHHE TOKa
OTPHIIATEIHHO.

" [Ipu OONBIIMX 3HAYEHUSAX OTPULATEIHBHOIO MOMEHTA YIIoBasi CKOPOCTh
JIBUTATEIIS], a CIEA0BATENbHO, U MPOTUBOIAC , BO3pacTaeT HACTOJIbKO, YTO B MOIY
nepuo1 HackleHHoro coctosaus VT1 , VT4 Tok sikopsi HE ycrieBaeT YMEHbIIUTHCS
710 HYJIS, TIPOTEKasl o1 IeHCTBUEM 3anaceHHOM B Ly, sHepruu no nenu S - VD4 -
U, - VD1 - i (pexynepatuBHoe TopMokeHue). B cnemyromuii mony nepuoy (V12 ,
VT3 -HachINEHBI) TOK SKOPS, MPOTEKAast B OTPUIATEIILHOM HaIlpaBJICHUH, HAPACTACT
nox neiictBueM U . Tok sikops 3ambikaercs no nenu U, - VT3 - - VT2 - U,
(peXUM TOPMOXKEHUS TPOTUBO-BKIIIOYEHUEM) | T.1I. B 3TOM citydae nqBuUraTeb
peann3yeT pexuM, IKBUBATICHTHBIN PEKYTIEPATUBHOMY TOPMOXKEHHUIO.

[Ipu paGoTe nBUraress B peskuMe TOPMOKEHUS MPOTHBOBKIIOUEHUEM

unpu M;>0 TOK AKOpS B CXeMe MPOTEKAET O TEM K€ IEMsIM, YTO U B
JNBUraTeIIbHOM pexnmMe npu M, > 0 . B moiaynepro1 HachIIEHHOTO COCTOSHUS
VTI , VT4 pBuratens paboTaeT B pexKUME TOPMOKEHUS POTUBOBKIIOYEHHEM, B
noJynepuo | HackleHHoro coctosiHus VT2 VT3- B pexxume pekynepatuBHOTO
TOPMOKEHUH.

Taxum 00pa3om, TOK SIKOpsI HEMPEPBIBEH MPH BCEX peKUMax pabOThI JBUTATETIS,
CJIEIOBATEIBHO MEXAHUYECKUE U PETYIMPOBOYHBIE XapaKTEPUCTUKU cucTtembl Y -/]
JUHEWHBI ¥ OMTUCHIBAIOTCS YPaBHEHUEM

M, = Y, 2y —1)c, — Q2
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rac A2 = JKCCTKOCTh MCXaHHNYCCKUX XapPaKTCPUCTHK.

HpI/I CUMMCTPUYIHOM 3aKOHC KOMMYTAIlUU TPAH3UCTOPOB HAIIPSKCHUC HA AKOPC
HUMECT CI)OpMy SHAKOIICPCMCHHBIX IIPAMOYT'OJIBHBIX UMITYJIBCOB, IIO3TOMY ITYJIbCATUN
TOKa SAKOPA 3HAYUTCIIbHBI U 3TO IIPUBOAUT K OOIBIINM JOIIOJTHUTCIIbHBIM TCIIJIOBBIM
IMOTCPsAM MOIIHOCTHU B IBHUI'aTCIIC.

BCJ'IGI[CTBI/IC TOI'O, UTO BCC YCTHIPC TPAH3UCTOPA KOMMYTHUPYIOTCA
OJHOBPCMCHHO, MOTYT CYIICCTBOBATb CKBO3HBIC TOKH B 00eHX MOJIOBUHAX CXEMBI
IIpu JF000M 3HaKe yrjia pacCorjiiaCoBaHu:A B IIPUBOAC.

3. OBBEKTbBI UCCIIEJOBAHUA 1 OBOPYIOBAHHUE

1) ATH-1335 - HCTOYHHK IUTAHHUS CHCTEMBI,

2) AWG-4110 (kanaa CHL1) - HICTOYHUK MOTYTUPYOIIETO HAMPSHKCHUS;

3) AWG-4110 (kanaa CH2) - UCTOYHHMK BXOJHOTO HAIPSDKCHUS;

4) ADS-2111M - ocumiorpad;

5) DII-4P - cnensmas cucTeMa, CHIIOBast YaCTh KOTOPOi paboTaeT Mo crucTeMe
"MMIYJIbCHBIA YCUIIUTEb C CHMMETPUYHBIM 3aKOHOM KOMMYTALIMH KJIOYEH MOCTA -
JIIBUTATENIb'".

6) BoapT™MeTp nocTostHHOrO TOKa ¢ npezaenoM udmepenus 30 B (B cocrase DI1-
4P);

4. 3AJAHUE HA PABOTY

1. I3yunTh TEOpETUUYECKHE CBEACHMS, IPEACTABICHHBIE B HACTOSAIINX
METOIMYECKHUX YKa3aHUAX U PEKOMEHIOBAaHHOM JIMTEpaType.

2. N3yunTts npuHIun padoThl U GYHKIIMOHATIBHOE Ha3HAYEHHE FIIEMEHTOB
CJIEISIILIETO IPUBOJA.

4. VccenoBaTh Ka4eCTBO NEPEXOAHBIX MPOLECCOB IO CKOPOCTH JIBUraTeNs IPH
HU3KOYAaCTOTHOM M BBICOKOYACTOTHOM MMITYJIbCHOM YIPaBJICHUU JBUTATEIS.

5. M3yunth paboTy MOCTOBOTO UMITYJIbCHOTO YCHIJIMTEISI MOIIIHOCTHU C
CUMMETPUYHBIM 3aKOHOM KOMMYTAalIUM TPAH3UCTOPOB.

6. DKCIEPUMEHTAIILHO ONPENEIIATh NapaMETPhl MATEMATUYECKON MOJIENIH
CJeSIIEld CUCTEMBI C UMITYJBCHBIM YCUIIUTEIEM MOIIHOCTH.

5. MOPAJOK BBITIOJIHEHUSA PABOTBI

[lepen BbimoIHEHUEM PaOOTHI CIAEAYET THIATEIHHO O3HAKOMUTHCS C
KOHCTPYKITMEH CTeH/1a, PaCOI0KEHUEM OPTaHOB YIIPaBJICHHS MPUOOPOB U CTEH/A,
3aroTOBUTH BCE HEOOXOIUMBIC TAOJIUIIBI.

1. ccnenoBanue KpUBBIX pa3roHa asurarens cucremsl MY -J1 B 3aBucumoctu
OT YaCTOThl KOMMYTAIIMH KITFOUECH:

1) yctanoBuTth Hanpsbkenne reneparopa AWG-4110 (KAHAJI CHI) , naromiero
Hanpspkenue moayJisiuuu 100 MB ¢ wactoroi 1000 I'w;

2) BKJIIOYUTH MTUTAHUE TTOTEHIIMOMETPOB OOPaTHOM CBSI3H;

3) BKJIIOUUTH HAMPSHKEHUE TTUTAHUS] CUCTEMBI;
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4) myTeM BpaIieHus MOTCHIIMOMETPa TaTyuKa OOpPaTHON CBS3U YOSIUTHCS, YTO
CUCTEMA CJIEIUT HOPMAJIbHO;

5) BBIKITIOUUTBH CUCTEMY, BHIKIIIOUUTH MUTAHUE TIOTEHIIMOMETPOB OOPAaTHOMN »
cBs3M, yctaHoBUTh HampsikeHue AWG-4110 (KAHAJI CH1) 3B c gacrotoii 1000
' 1 mogaTh Ha BXxoJ cuctemsbl ¢ reHeparopa AWG-4110 (KAHAJI CH2)
IPSIMOYTOJIbHBIE UMITYJIbCHI C HanpsbkeHueM 2 B;

6) 3apucoBaTh AUarpaMMy U3MEHEHUsI CKOPOCTH CJIEJISAIIEIO Bajla C SKpaHa
ocmmuiorpada mpH MOJ0KEHUN TIepekitouaTens cteraa "ocumniorpad"” O.;

7) BBIKJIIOYUTH CUCTEMY U YMEHBIIUTh YaCTOTY HAMPSKEHUS MOTYJISIITUN
AWG-4110 (KAHAJI CH2) no 100 I'it u cHOBa 3apHCcOBaTh KPUBYIO H3MEHEHUS
CKOPOCTH.

BHUMAHME !!! Cucremy BK/IIO4YaiiTe HAa OoJiee yem Ha 5-7 c.

2. N3yuenue pyHKIIMOHUPOBAHUS MOCTOBOM CXEMBI C CHMMETPUYHBIM 3aKOHOM
KOMMYTAaIUU:

1) ycranoButsh ¢ momotnisio AWG-4110 (KAHAJI CHI) moxynupytoiee
Hanpsbkenne 3 B ¢ yactoroii 1000 ' ¥ BBIKITFOUUTH BXOJIHOE HAINPSKEHUE;

2) BKJIIOYAsi CUCTEMY Ha KOPOTKOE BpPEMsi, 3apUCOBATh BUJ TOKA B OTJCIbHBIX
y4JacTKax CXeMBl, lepeKiItoyas nepexiatodarens ocuumtorpada: Ly, Iy, I, Iy, Iro;

3) auarpamMMmbl pacIOIOXKHUTh APYT MO IPYTOM.

3. CHATHE pEryIHPOBOYHBIX XapAKTEPUCTUK FJIEMEHTOB CIIEAIICH CUCTEMbI U
onpeneneHre ux Ko3hPUIMEeHTOB YCUIICHUS:

1) OTKJIFOYUTH OT CTEHAA OcIuuIorpad U MOCTAaBUTh NEPEKIIIOYATENh CTEHIA
"ocuuiorpad" B nonoxenue " Uy, "

2) NOAKIIOYUTH KO BXoay"ocuuiuiorpad" crena BOIbTMETP;

3) NOAKIIIOUYUTH KO BXOAY CIEAIIECH CUCTEMbl HCTOUHHUK PETYIUPYEMOTO
HaIPSHKCHUS;

4) yctaHoBuTh HanpsbkeHue Moy ¢ AWG-4110 (KAHAJI CH1) 100 mB
¢ gactorou 100011

5) BKJIIOUHUTH CUCTEMY U 3aJ1aBasi HAMPSHKEHHUE YIIPABICHUS! C ICTOYHUKA
perynupyemoro HanpsbkeHus B peaenax 0 - 90 mB depes kaxasiii 10 MB, CHATB
zaBucumoctu Uy, =1, (Uy);

6) ycranoBUTH Hanpspkenue Mmoayssiiuu 200 mB ¢ wactoroit 1000 I'm;

7) 3apaBas U, MOTEHIIMOMETPOM UCTOYHUKA PETYIUPYEMOTrO HANPSKEHUS B
npenenax 0-180 mB uepes kaxnasie 20 MB, cHATh 3aBucUMOCTh Uy, = 1 (Uy);

8) moctpouts 3aBucumoctu f; (Uy) uf,(Uy) Ha ognom rpaduxe,
OTPEICIUTh 0 HUM KOA(DPUIIUEHTHI YCUJICHUST YCUITUTENS TIPU ITUX 3HAYCHUSIX
HaIpPSHKCHUS MOYJISIINMY;

9) nepexoUnTh NMepekIoYaTeb cTenaa "ociuuiorpad" B MOJI0KEHUE U
MeJUIEHHO yBennunBas Uy, oNpeneinTe MOMEHT TPOTaHHs ABUTATENs, IIPU 3TOM O
CTaHET OTIUYHBIM OT HYJIS;

10) naunnas ot HanpsbKeHus Tporanus Uy,  yepes kaxapie 20 MB

10 200 MBy cuaTb 3aBUCUMOCTD Q4 = F; (Uy) wacToTy BpamieHus qsuratens
ONPEENIUTh MO 3aBUCUMOCTH:
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11) ucnosib3ys noiay4eHHbI€ JaHHbBIE TIOCTPOUTH 3aBUCHUMOCTh

Q=F;(Uy) uno Heil onpenenuts K0O3QOUIUEHT yCUICHUS ABUTATENS.

3. M3ydyeHne [uHaMMYECKUX XapaKTepUCTUK cuctemsl MY -/1:

1) ycTaHOBUTH BEAMYMHY HapsLKEHUS MOy ianuu ¢ yactotor 1000 I'o u
MOJaTh Ha BXOJ CUCTEMBI MIpsIMOyToJibHOE HanpsbkeHue ¢ AWG-4110 (kanan CH2)
yactotou 5 I'l u HanpsixeHneM 2B;

2) npokanuOpoBaTh OCHUILIOrpad: BKIOYUTh METKH BPEMEHH, YCTAHOBUTD
METKH

10 Mc; n3MeHss JUIMTEIBHOCTD Pa3BEPTKU, YCTAHOBHUTH €€ B TAKOE MOJIOKEHUE,
YTOOBI PACCTOSTHUE MEXKIY HauajlaMH MEpBOI U BTOPOM METOK COCTABIISIIO OJHO
JIeJIEHUE IIKaJIbl 3KpaHa ocuuiuiorpada, 3aTeM BBIKJIIOUUTh METKH U B ITOCJIETYIOIIEM
MOTEHIIUOMETP JUIUTEITLHOCTH HE TPOTaTh;

3) BKJIIOUUTH CUCTEMY U 3apUCOBATh MEPEXOIHBIN MPOLECC MO CKOPOCTU
JBUTATEIS;

4) npoBes KacaTeabHYIO IO UarpaMMe CKOPOCTH U3 MOMEHTA NEPEKITIOYEHNUS,
ONPEIEIUTh NOCTOSSHHYIO BPEMEHHU CUCTEMBI TM

5) nepexIoYnB reHepaTop BXOAHOTO CUTHAJA B PEKUM CHHYCOUIAIBHOTO
CUTHAJIa, CHATh OTHOCUTEIBHYIO aMIUIUTY/IHO-4aCTOTHYIO XapaKTEPUCTUKY CUCTEMBI
10 CKOPOCTH, a JaHHbIE BHECTH B TaOJIHILY;

6) IOCTPOUTH OTHOCUTEIBHYIO JIOTapU(PMHUUECKYIO YACTOTHYIO XapaKTePUCTUKY
B Macmrade 2 MM - 1 1b, 50 MM - | nexana 1 anmpoKCUMUPOBATH -€¢
anepUOJNYECKUM 3BEHOM; OIPEIEIINTh IOCTOSTHHYIO BPEMEHHU allepHOINYECKOTO
3B€HA - JJIEKTPOMEXAHUYECKYIO IIOCTOSIHHYIO cuctemy UY-/1;

7) HOCTPOUTH CTPYKTYPHYIO CXEMY CIESIIEH CUCTEMBI U 3al1CaTh YUCIEHHBIE
3Ha4YEHUS KO3(PPUIMEHTOB YCUIIEHUS U TOCTOSIHHBIX BPEMEHHU.

ITpu L Ig .
pa60:ei f O = O i A A, al 20 1g A/ A,

0,5 A Al

1.0 A Ayl

2.0 A Azl

5,0 A Ayl

10 A As/

20 Al Al |

30 A Al |




40 A Ag/

50 A Ag/

60 A Ao/

70 A A/
11 Al

8) CpaBHUTE MOJYUYEHHBIN pe3yJbTaT C pe3yJbTaTOM, OJYUYEHHBIM B 11.4.

6. YKAZAHUSA 110 OPOPMJIEHUIO OTUETA
OT4eT TOJKEH coiepkKaTh OJIOK-CXEMY HU3y4aeMOM CUCTEMBI U PE3YJIbTAThI
M3MEPCHHI B BUIC TPAUKOB U JUATPAMM, PACTIOaraéMbIX B MTOPSIJIKE,
MpeIIoKeHHOM B padote. ['paduku mepexoaHpIX MpoIeccoB Mo CKopocTH (1. 1)
MOYHO 3apUCOBaTh Ka4€CTBEHHO.

7. KOHTPOJIBHBIE BOITPOCHI

1. B ueM cOCTOHT CYIIHOCTh UMITYJIbCHOTO CIIOCO0a pPEeryJIupOoBaHuUs YaCTOTHI
BpAllCHUS IBUTaTess?

2. Kakne 3aKk0HbI KOMMYTalll{ KJIFOYE€W B MOCTOBOM CXEME YIIPABJICHHUS JIBU-
ratesieM Brl 3HaeTe? HapucyiiTe amtopsl HalIpsSHKEHUI Ha ABUTATEIE IPU 3TUX
croco0ax KOMMYTAIIUH.

3. Kakue QyHKIMM BBIMOIHSIIOT JUO/IBI B cUCTEME?

4. Yem 00bsCHSIETCS 30HA HEUYBCTBUTEILHOCTH PA30MKHYTOM CHUCTEMBI U OT
KaKHX [IapaMeTPOB OHA 3aBUCHT?

BUBJIUOTPA®UYECKUN CIIUCOK

1. ITankparseB JI.JI. u ap. IMynbCHBIE U peJIEWHBIE CIEAAIINE TPUBOIA
ITIOCTOSTHHOT'O TOKA O MOJYNPOBOJHUKOBBIMU yCUIUTENAMH. -M.: DHeprus, 1968. -
232 c.

2. DnekTpornpuBo/ JdeTaTenbHbix anmnapatos / [lox pen. B.A. ITonkoBHuKoOBa, 2-
e u31., nepepad. u goi. -M.: Mammnoctpoenune, 1990. -352 c.

3. Caensmue npuBoasl. B 3 1./ Ilox pen. b.K. Yemomanosa. Tom 2— M.: U3a-Bo
MI'TY um baymana, 2003r.-880 c.



JlabopaTtopHasi paGora NeS

HccaenoBanue cTaTH4eCKUX M JHEPTEeTHYECKUX XAPAKTEPUCTUK CUCTEM
"UMIYJIbCHBIN YCHJIUTEJb - IBUTATE]Ib MOCTOSIHHOTO TOKA ¢ He3aBHCHUMBIM
BO30y:k1eHuem"

1. HEJb U 3AJAYN UCCIIEJOBAHMUS
HccnenoBanue BIMSHUS CXEMBI YCHIIUTENS MOIIHOCTH, YaCTOThI M METOAAa KOMMYTAaIlUU
TPaH3UCTOPOB, X BBIXOJHBIX KacCKa/J0B Ha MEXaHWYECKHE M PEryIHMpPOBOYHBIC XapaKTEPUCTUKU
HEPEBEPCUBHBIX W PEBEPCHBHBIX OJJEKTPHYECKUX IPUBOJOB., palbOTAIOMMX IO CHCTEME
"UMIYJIbCHBIA YCUJIMTENb - ABUTaTelNb, IIOCTOSHHOTO TOKA C HE3aBHCUMBIM B030YyxaeHuem "(M1Y-

).

2. TEOPETUYECKHME NNOJIOKEHUSA

CTpyKTypa BBIXOJHBIX KacCKaJIOB M METOAbl KOMMYTAllMd WMH BO MHOTOM OIPEAEISIOT
XapaKTEPUCTUKU JIBUraTessl, a ¢ IPYyroil CTOPOHBI, OT IMapaMETPOB JABUTATEINSl, YIJIIOBOW CKOPOCTH
€ro BpallleHuss W BHJIa Harpy3Kd 3aBUCUT paboTa BBIXOJHOTO Kackana. [loatomy HeoOxomammo
paccMaTpuBaTh -XapaKTEPUCTUKU HE OTIEIbHBIX AJEMEHTOB (YCUIUTENS U JIBUTaTellsl), a CUCTEMBbI
"yCUIHUTEIND - ABUTATEIND" .

[IpuHuunuaneHas cxema mnpocTeinieil HepeBepcuBHOM cucteMbl Y-/ mpeacraBiena Ha
puc. 1. JluarpaMma HampspKeHHUH U TOKOB B 3TOM CHCTEME IpejcTaBieHa Ha puc. 1,0. 3mech u B

MOCJIEAYIOLUX auarpamMmmax 0003HA4YeHO: U53 -HanpshKeHue 0a3a-sMUTTEp TPaH3UCTOPOB; U g -
HanpsoKeHUe Ha sAkope asurarens; |, Tok meurarens; I x ~TOK KOJUIEKTOpA COOTBETCTBYIOIIETO

TPAaH3UCTOPA, Ia - TOK COOTBETCTBYIOLICTO IOMUOJA. I[OCTOI/IHCTBOM JTaHHOM CHCTEMBI cJlIeayer

CUUTATh MPEIEITBHO MAJIOE KOJIMYECTBO JIEMEHTOB, a CIEA0BATEIBHO U CaMyI0 HU3KYI0 CTOUMOCTb.

[Ipu TeopeTnyeckoM MCClIeOBaHUN (DYHKITMOHHUPOBAHUS BCEX CUCTEM OYyJIeM CUHTATh, UYTO
JMOMBI SIBIISIFOTCS UIC€AIBHBIMU BEHTUISIMU, & TPAH3UCTOPBI UICATBHBIMU NIEPEKIIFOYATENSIMH.

[Ipu mosiBNEHUM CUTHAJA PaccOTacoOBaHUs B CIEslIel cucteme Ha TpaHzuctop VT ot
MOJYJISITOpA UIATEIIBHOCTH WMITYJbCOB 4YEpE3 MPOMEKYTOUHBIE KAaCKaJbl YCWICHUS HAYMHAET
MOCTYNATh IOCIEA0BATEIBHOCTh UMITYJIbCOB C OTHOCUTEIBHOM JUIMTENBHOCTEIO 7. TpaH3ucTop BO
BpeMsI UMITylibca OyIeT OTKPBIBAThCS, MOJAKIIOYAs SKOPh ABUTATENS K UCTOYHHKY muTaHus. [lof
JIEWCTBUEM TNPWIOKEHHOTO HAMNPSHDKEHUSI MO UENH SKOpS JOTEYET TOK, CO3JAIIIMA MOMEHT,
KOTOpBIM MPUBEAET BBIXOJHOM Baj MPUBOJA B JBM)KEHUME. Bo Bpems maysbl, Korga TPaH3UCTOP
3amepT, TOK .Oymer ymeHblaThcs. Hapacranue u cmajg Toka, OYAyT MPOUCXOAWTH IO
HKCMOHEHIIMATLHOMY 3aKOHY. [I0CKONIbKY YacTOTa KOMMYTAIIMH BBIOUPAETCS JOCTATOYHO BBICOKOM,
MyJIbCALMKU YIJIOBOM CKOPOCTH JBUTATENSI HEBEJIMKUA. B 3aBUCMMOCTH OT IJIMTEIBHOCTH UMITYJIbCA,
OTIpeIeTIIEMON BETMYMHOMN YIIPABIISIFOIIETO CUTHANIA, 1 MOMEHTA Harpy3Ku MOTYT OBITh JIBa peKrUMa
paboThI CUCTEMBI.

B omHoM pexume, KOTOpBIM HMMEET MECTO MpU OOJBIIUX MOMEHTaX Harpy3KH,
HAMpaBJIEHHBIX HABCTPEUY ABHKEHHUIO TOK SKOpPsSI BO BpeMsl May3bl HE YCNEBAE€T YMEHBIIUTHCS
JI0 HYJISl U HOCUT HENIPEPBIBHBIA XapaKTep. MexaHudeckne XapakTEpUCTUKH B TOM PEKUME
JIMHEWHBI.
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Puc,I. pocrelian HeperepcHbEEs crcTena
WL (2), siuwps EampaaeHud T ro0a (5)
Jpyroil pexumM COOTBETCTBYET NPEPHIBUCTHIM TOKAM M UMEET MECTO ITPHU MaJIbIX
MOMEHTAxX HAarpy3KH, KOrJia TOK JIBUTATelsl 3a BPEMs May3bl YCIEBAET YMEHBIUUTHCA 10
HyJd. lIpepbIBUCTBII TOK NPUBOAUT K IOSIBICHUIO HEJIMHEWHBIX YYaCTKOB MEXaHUYECKUX
XapaKTEPUCTHK.
OOuwmii BuA MEXaHUYECKOM XapaKTepUCTUKHM NpOCTEHIIel HEepeBEepCUBHOW CHCTEMBbI
MOKa3aH Ha puc.2.
N3 cka3aHHOrO cileyeT, 4To Takasi CUCTEMA UMEET Psii HEOCTATKOB:
- OTCYTCTBUE PEKUMOB '€HEPATOPHOI'O TOPMOKEHU,
- HQJIMYHAE YYACTKOB C HEJIMHEHHBIMU MEXAaHUYECKMMH XapaKTePUCTUKAMH, UMEIOIIUMU
MaJIyIO )KECTKOCTB;
- TIOBBIIICHHBIC [OMOJIHUTENbHBIE IOTEPH B JBUTaTele Npu paboTe - B pPEXKUME
IIPEPBIBUCTHIX TOKOB.
Jlnis ycTpaHeHusi yKa3aHHBIX HEJOCTATKOB B CXEMY BBOJUTCA €mI€ OMUH TpaH3uctop VT2
(puc. 3), BKIIOYEHHBIN MapajieNbHO SIKOPIO ABUraTelns U padoTaromuil B npotuogaze ¢ VT1. Jlns
YMEHBIIIEHNS WHBEPCHBIX TOKOB B TpaH3uctope VTl , KOTOpble BO3MOXXHBI B JAHHOH CXeMe,
mryHtupyercst auogoM VDI1. B TakoM BapuaHTe BBIXOJHOTO Kackaja MpH OTCYTCTBUM YyIja
paccorjacoBaHus TPHUBOAA TPAH3UCTOP BKIOYEH W BMecTe ¢ auoaoM VDI 00pa3yroT KOHTYp,
3aKOpAYMBAIOIIMK LEeNb SKOpS M OOEeCIeYMBAIONIUII- IEKTPOANHAMHYECKOE TOPMOXKEHHE MpHU
J000M 3HaKE MOMEHTA U YTJIOBOW CKOPOCTH.
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Puc. 2. Mexanndeckue xapakrepuctuku cuctemsl Y -J1, n3obpaxénnoit Ha puc. 1

HenocratkoM paccMOTpEHHOR CXEMBI,

O6€CH€‘-H/IB3,IOH.ICI7I JIMHECHHBIC MEXaHHUYCCKHUC
XAPaAKTCPUCTUKU  ABUTATCIIA,

ABJICTCA BO3MOXXHOCTHL IIOABJICHUA CKBO3HBIX TOKOB UYCPE3
TPaH3UCTOPbI B MOMCHT HX IICPCKIIHOUCHHA. OTH TOKH CYIIECTBCHHO YBCIWYHBAKOT IIOTCPU
MOIIHOCTH B TPAH3HUCTOpAX. I[I[FI HUX UCKIIHOYCHUA IPUHHUMAIOTCA CIICHUAJIIbHBIC MCPBI.
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PeBepcuBHas.. MocroBas cxema MY-J[ ¢ CUMMETpUYHBIM 3aKOHOM KOMMYTallUU
TPaH3UCTOPOB MMOKa3aHa Ha puc. 4. B 3Tol cxeMe TOK SKOps HENPEPBIBEH MPU BCEX PEXKMUMAX
paboThI IBUTATEINSA, CIIEAOBATEIFHO, MEXaHMUECKUE U PETYIUPOBOYHBIC XapPAKTEPUCTUKUA CHCTEMBI
WNY-]1 nuHenHEL.

[Ipy cMMMETPUYHOM 3aKOHE KOMMYTALIMM TPAH3UCTOPOB HANPSIKEHUE Ha SIKOPE MMEET
dbopMy 3HAKOMEPEMEHHBIX MPSAMOYIOJbHBIX MMIIYJIbCOB, IO3TOMY IYJIbCAllUM TOKa SKOPS
3HAUUTENBHBI U 3TO MPUBOJIUT K OOJIBIINUM JOMOJIHUTENBHBIM TEINIOBBIM ITOTEPSM MOIIHOCTH.

BceneactBue Toro, 4To Bce YEThIpE TPAH3UCTOPA KOMMYTUPYIOTCS OJIHOBPEMEHHO, MOT'YT
CYyILIECTBOBATh CKBO3HBIE TOKH.

3.ObBEKTbI HCCIIEJOBAHUA U OBOPY/JIOBAHHUE. -

JlaGopaTOpHBIM CTEHJl BKJIKOYAET: HMIIYJbCHBIH PEBEPCUBHBIM YCHUIMTENb  MOIHOCTH,
KOTOPBI MOET (YHKIMOHMPOBATh B PA3IMUYHBIX DPEXKHMAaX HUMHUTHPOBATH PaboTy 3-X THUIIOB
yCUJIMTENEeH MOIIHOCTH; MPOCTEHIIero HepeBEepPCUBHOIO yCHIMTENS (cxeMa A), HEpeBEpPCUBHOIO
YCUJIUTEJIS C 3aBOPAYMBAIOLIUM TPaH3UCTOPOM (cxeMa B) u MOCTOBOro peBEpCUBHOTO YCUIIMTENS C
CUMMETPUYHBIM 3aKOHOM KommyTauuu (cxema C); -3ajaroluii reHepaTop MNPsSIMOYTOJBHBIX
HMITYJIbCOB PEryJIUPYEMOM YacTOThl U .CKBaKHOCTH JUIsl YIIPABJIEHUS HUMITYJIbCHBIM YCHJIMTEIEM
MOIITHOCTH, JIBUTATENb IOCTOSTHHOTO ToKa Tuma JIM-2-26) u Harpy»xatoliee yCTpOMCTBO JBUraTesl
- aneKkTpoMaruutHyio mypry MI'b-1,6-3.

Benompblit Ban My(Thl coenquHEH C BajioM JBUTATeNs, a BEAYLIU 3aTOpMOXKEH. Tak Kak
pa3BUBaeMbIil My()TOW MOMEHT TOPMOXKEHUS 3aBUCHT TOJIBKO OT TOKa YIPABISAIONICH OOMOTKH U HE
3aBUCHUT OT CKOPOCTH Bpalll€HUsI BEIOMOTO Baja, TO, U3MEHsA TOK B OOMOTKE yIpaBJIEHUS, MOKHO
U3MEHATh MOMEHT HAarpy3Ku Ha JIBUraTellb. MuumMaMIiepMeTp, NporpaiyupoBaHHbIA B BEINYMHAX
MOMEHTA Harpy3KH, NOMEIIEH HA JTULEBON MTAHEIH YCTAaHOBKH.

CKOpOCTh BpAIllCHUSI JABUTaTeNsl U3MEPSAETCS C MOMOIIbI0 (OTOAATYMKA, U YacTOTOMEpa,
KOTOpbIM (uKCUpyeT Mmepuoj, KoieOaHWi Mexay MABYMS I0CIEeI0BaTEeIbHBIMU IEpepbIBaMU
CBETOBOI'0 IIOTOKA CHELUAIIBHBIM IIPEPBIBATENIEM, PACIIONOKEHHBIM Ha Baly IBUraTEIs.

[lepexitoueHue pexUMOB pabOTBl MMITYJIBCHOTO ycuiauTens MoImHocTH (cxembl A,B,C)
OCYILIECTBIISIETCSl TMEepeKiIovarenel Ha JuneBod mnaHenud. TaM jke BBIBEIEHBI MOTEHIIMOMETPHI,
YIPABJISAIOUIME CKBRXHOCTBIO M YacTOTOM HMMITYJIbCOB 3aJAlOLIEr0 TIeHeparopa. XapakTep
U3MEHEHHS HANpsDKEHUH M ' M TOKOB B Ka&XIOM YYaCTKE CXEMBbl HCCIEAYETCS C IOMOILIBIO
ocuusuiorpaga, KOTOPBIH MOJKIIOYAETCSl MONEPEMEHHO K HCCIEAYEMOMY Y4YacTKy C IOMOIIBIO
NepeKIIroYaTess, yCTaHOBICHHOTO Ha nepeHeil nanenu. B 'maGopaTopHoil paboTe ncnoab3yroTes:

1) ocumtorpag CI-65,

2) uupoBoi U3MEPUTENH YacTOThI BpaieHus apuratens HAT-2M nnu

U3 - 34A.

4. 3AIAHUE HA PABOTY

1. U3y4nTh TeopeTHYeCKHe CBeICHHUs], PeACTABJCHHbIC B HACTOSIIIINX METOAUYECKUX
YKa3aHHMAX H PEKOMEHA0BAHHOM JIMTepaType.

2. ChopmupoBaTh 0TUYET MO PadOTE C BO3MOKHOCTHIO J0NOJTHEHHUS €r0 MOJTy4eHHbIMH
IKCNEPUMEHTAJBHBIMHU XapaAKTePUCTHKAMM.

3. CHATb MEXaHUYECKNE U PETYIUPOBOYHBIE XaPAKTEPUCTUKH ISl BCEX 'TIPEUIOKEHHBIX
cucreM Y-/ 1uis 1ByX 4acTOT KOMMYTAIlMU TPAH3UCTOPOB.

4. HccnenoBaTb BIUSHUE CXEMBl YCWINTENS MOIIHOCTH M YacTOThl KOMMYTallMH
TPaH3UCTOPOB HA MEXAHUYECKHUE U PETYJINPOBOYHBIE XAPAKTEPUCTUKHU cucteM MUY -/1.
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5. HOPAAOK BBIIIOJIHEHUSA PABOTbBI

[lepen BbImoOMHEHUEM pPAOOTHI CIENYET TINATEIHHO O3HAKOMHUTHCS C KOHCTPYKIHEH
CTEHJIa, pACIOJIOKEHHUEM OpraHoB YIpaBleHUS MPUOOPOB 51 CTEHJA, 3aroTOBUTH BCE
He00XO0IUMBIE TAOJIULIBI.

1. CHATME MeXaHMUYECKHX XapaKTEpUCTHK IIpOCTeilllleld HepeBepcUBHOW (cxema A),
HEPEBEPCUBHOM € TMHAMUYECKUM TOPMOKEHHEM (cxema B) M peBepcHBHON ¢ CUMMETPUYHBIM
3akoHOM kommyTtanuu (cxema C) cucreM WVY-J| npu paznuyHbIX YacToTaX KOMMYTAIlUU
TPAH3UCTOPOB BBIXOAHBIX KACKAJOB YCHUIUTEICH MOLTHOCTH:

1) BrmrounTh ocuuwuiorpad u UUGPOBONW H3MEPUTENh YaCTOTHl BpAIICHUS W JaTh HM
MPOTrPEThCs B TEUCHUE 5 MUH;

2) yCTaHOBUTD JUTUTEIBHOCTh pa3BepTKH ocumniorpada 0,5 Mc ¥ 4yBCTBUTEIBHOCTD 5 B/CM;

3) moxkmouHMTh ocHmuiorpad k kiaemmam "Ocrmuiorpad" Ha creHIe, a NepeKIYaTellb
ycTaHOBUTH B nosioxeHue "Ug, "

4) BKIIIOUMTD HaIpspKeHue nutanus crenaa 36 B, 400 I'o;

5) ycranoBuTh pydkoi '"UYacrora*" wactory 3amaromero reneparopa 0,5 kIl (mepuon
KoJieOaHui 4 KIIETKH - 2 MC);

6) YCTaHOBUTh C IOMOIIBIO MOTEHIIMOMETpa "CKBa)XHOCTB" CKBa)XHOCTb

V= 09(7/ = tu /T , tu I7Ie BpeMsl UMITYJIbCa, a | - IePHOJ] €ro CIeI0BaHuUs);

7) yCTaHOBUTH MEPEKITI0YATEh H3MEPUTEIHLHOTO MPHUOOPA CTEHAA B MosioxkeHue " My ")

8) BKIItOUNTH uTanue 27 B;

9) c momokto MoTeHIMOMeTpa M, ocTaHOBUTH 3HaueHue M, =0;

10) ycTaHOBHTB MTEPEKITIOYATENb PAOOTHI CXEMBI B TIOJIOXKEHHE ""cxema A

11) HaxkaTh U Iep>kaTh KHONKY BKItOUeHUS (paaoM ¢ Tym6OiepoM 27 B) aBurarens mpu 3Tom
JBUTATENh HAUHET BpalllaThCs;

12) cuATh MOKa3aHusi HU(PPOBOTO UIMEPUTEIISI CKOPOCTH M 3aHECTH €€ B TAOJIUILYy, IPH 3TOM
nokazaausa L[AT-2M Heo0X0oAMMO YMHOXHUTh Ha 2, T.K. MO0 TEXHHYECKUM IPHUYMHAM OH JAeT
3aHMKEHHOE BJIBOE 3HAYEHHUE YaCTOThI BPALLEHUS, BEJIMUMHY CPEHEN YaCTOThI BPALEHUS B CUCTEME
CH paccunTaTh 110 BEIPaXKECHUIO:

Q _ 7Ny [p_aa]
30 " ¢

08.cpeoH

13) OTKJIFOUUTD JBUTATENb, T.€. OTXKATh KHOIKY;

14) nmepexarounTh CTEH Ha cxeMy B;

15) BKIJIFOUUTH IBUTATENh U OISITH CHATH ToKazaHus [IAT-2M - yacToThl BpalieHus;

16) Toxxe camoe caenath s cxemsl C;

17) ycTaHOBHUTH ¢ mOMoIIbI0 moteHnuomeTpa " M, " " M, =(0.2, 0.5, 1, 2, ...) BIIoTh 110
MOJTHOM OCTaHOBKHU JBHUTaTessl U MOBTOPUTH BCE U3MEPEHUS, a JaHHbIE BHECTH B TaOIHILY;

18) mMOBTOPUTH M3MEHEHUS IS BCEX CXEM IPH TEX jK€ MOMEHTaX sl CKBaxkHoCTel y = 0.7
ny=0.3;

19) BepHyTh cTeHA B ucxoaHoe nonoxeHue "cxema A", M, =0 um yCTaHOBHUTHb YacTOTY
3ajarolero resepatopa 2 kI’ (mpu aymmTensHocTH pazseptka 0.1mc

5 neneHuit) U MOBTOPUTH BCE U3MEPEHUS;

19) 1o maHHBIM U3MEPEHUI MOCTPOUTH rPaUUIECKN MEXAHUYECKUE XapaKTEPUCTUKU BCEX
cucreM UY-JI» npuuém Ui KaKJ0i 4acTOTHI MEPEKIIOUEHUSI Ha CBOEM Ipaduke HO B OJUHAKOBOM
Maciiraoe.
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2. [TocTpoeHue peryampoBOYHBIX XapaKTEPUCTHUK:
1) ucnonb3ys NaHHBIE MPEIbIAYIINX U3MEPEHU U IPEICTABUB UX B BUJIE

Qag.cp =f(y) mpu  M,=const,
HOCTPOHUTh PETYIHPOBOYHBIC XapaKTEPUCTHKH Bcex cucrteM Juisi 3Hadenuit M,=(0, 1.0,
2.0)*10" Kr*ewm;
12)npencraButh pe3ysbTaThl MOCTPOCHHS TIpaduyecK Uil KaXIOH CXeMbl U YacTOTHI
MEPEKIIIOYEHNUS Ha CBOEM TpaduKe, HO B OIMHAKOBOE MacIITaoe.

6. YKA3AHUS 10 OPOPMJIEHUIO OTYHETA

OT4é€T NOKEH COEPIKaATh:

- TPUHIHUIHAATBHBIE CXEMBI CUCTEM :

- pe3ynbTaThl U3MEPEHUI B BHUJE TAOMUI U TPaUKOB, a TAKKe HEOOXOANMBIC PacuéTHBIC
hopmyIbI.

Ha ocHoBanuM pe3ynbTaToB H3MEpEHHIA U rpa(UKOB HEOOXOIUMO C/I€TaTh BBIBOBIL:

a) KaKk BT YacTOTa KOMMYTAIlMd TPAH3UCTOPOB BBIXOJHOTO KAacKa/la yCHUIIHTEINS
MOIITHOCTH Ha IIMPUHY 30HbI IPEPHIBUCTHIX TOKOB npocTeimeii cxembl Y-/ (cxema A)?

6) Kak Biuser d9actora KOMMYTAallMM TPAH3UCTOPOB HA IKECTKOCTh MEXaHWYECKHX
XapaKTEepPUCTHK?

B) UeM OOBACHUTH BIMSHHE YAaCTOTHl KOMMYTAIlMM TPAH3UCTOPOB Ha KECTKOCTh
MEXaHMYECKUX XapaKTEPUCTUK?

7. KOHTPOJIBHBIE BOITPOCHI
1. Kakue meronpl KOMMYyTallMHd TPaH3MCTOPOB HUMITYJICHBIX PEBEPCUBHBIX YCHIIUTENCH
MOIIHOCTH HCIIOJIb3YIOTCS B TEXHUKE U B YEM OHU 3aKJIIOYAOTCS?
2. Kakumu JOCTOMHCTBaMH M HeJOCTaTKamMH oO0jajaeT mpocTeiinas HepeBepCUBHas
cucrema UVY-J1?
3:. MoOXHO 1M NIpPH HUCHOJIB30BAHWU HEPEBEPCUBHOIO YCWJIMTENS MOLIHOCTH CO3/aTh
pEeBEpCUBHBIN PUBOA?

8. BUBJINOT PA®UYECKHUH CIIUCOK
1. DnextponpuBon jnerarenbHbIXx ammaparoB. /lIlox pen. B.A. IlonkoBHukoBa -Mocksa:
Mammnoctpoenue, 1990r.-352cTp.
2. Cnensamue ipuBoasl. B 3 1./ [lox pen. b.K. YUemonanosa. Tom 2— M.: Uzn-Bo MI'TY um
baymana, 2003r.-880 c.
3. IIpoextupoBanue cnensaumx cuctem. / [lox pen. H.A.JlakoTs! - Mocksa:
Mammnoctpoenue, 1992r.-352ctp
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JlabopaTtopHasi paGoTa Ne6

HN3y4enue npuHIUNA JeiiCTBUS U XaPAKTEPUCTUK PeBEePCUBHOIO
cJieasilero npuBoaa, padoramwiero no cucreMe « 'paH3ucToOpHbBIN UMIYILCHBIH
YCHJIMTEJIBb - ABUIaTe b IOCTOSAHHOI0 TOKA ¢ HE3aBMCHUMBIM BO30YKICHUEM))

I. HEJb U 3AJJIAYU NUCCJIIEAOBAHUSA
N3ydyenne npuHIMNa paOdOThl, CXEMHOM peaan3allii, Ha3HAYCHHS JJICKTPOHHBIX OJIOKOB H
XapaKTePUCTHK PEBEPCUBHOTO TNPUBOAA IOCTOSHHOTO TOKa, PAa0OTAOIIEro MO  CHUCTEME
"TPaH3UCTOPHBIA UMITYJIbCHBIA YCHIIUTEIh C CAMMETPUYHBIM 3aKOHOM KOMMYTAIIUH TPAH3UCTOPOB
BBIXOJHOTO KacKaJla YCHJIMTENss MOIIHOCTA - JIBUTaTellb MOCTOSHHOTO TOKA C HE3aBHCUMBIM
BO30OYyXaeHHEM".

II. TEOPETUYECKUWE CBEJEHUA
B nmr060M crnendiem npruBoae MOKHO YCIOBHO BBIIEIMUTD J1Ba KaHaia
pacpoOCTpaHEHUS CUTHAJIOB:

1) xanan yrnpapieHus (MHPOPMAIIMOHHBIN KaHAN), 10 KOTOPOMY

NepeaaloTCs CUTHAJIBI YIIPABJIEHUS C BXOJa IPUBOJA K OOBEKTY YIIPaBICHHS.
DneMeHTaMy KaHajla YIpPaBJIEHUS SIBISIIOTCS JTATYMKU PacCcOIIacOBaHUS
(U3MepHUTETbHOE YCTPONUCTBO), KOPPEKTUPYIOIINE YCTPOMCTBA, YCUIUTEIH
HaIpPSDKEHUS U MOLTHOCTH, UCIIOJHUTEIIbHBIE DJIEMEHTHI U MEXaHUYECKas nepeayda (CHII0BOM
pesyKTop);

2) oHepreTW4ecKWid KaHan (CHJIOBAasg 4YacTh), IO KOTOpPOMY  IpeoOpazyemasl JHEpTus
pacrpocTpaHsieTcs OT UCTOYHHMKA MUTAaHUsI K 0OBEKTY YIpaBJIEHUS SHEPreTUUeCKUi KaHall MPUBOJIa
BKJIIOYaeT B ceds WCTOYHMK IIMTAHUS, BBIXOJHBIE KacKaJbl YCWIMTENsSI MOILIHOCTH,
VICIIOJIHUTEIIBHBIN IBUTaTelb, CHIIOBOM PELYKTOP.

OHepreTudyeckuil KaHajl IpeoOpaszyeT S3HEPIHi0 UCTOYHHMKA MUTAHUS B MEXaHUUECKYIO DHEPTHIO
IBI)KEHUS] OO0BEKTa YIpPaBICHMs, a KaHaJl YIpaBJIeHHUs 0OecleunBaeT YIpaBlieHHE SHEpruei B
JHEPreTUYECKOM KaHaJe.

B kanan ympaBieHHs THUIHYHOIO HNPUOOpHOro ciedsmero snexkrpuyeckoro npusoga (DCII)
BXOJAT: JAaTYMK DPACCOIVIACOBAHMS C  HCIIOJIb30BAHMEM CHHYCHO-KOCHHYCHBIX WJIM JIMHEHHBIX
Bpamatomuxcst TpancpopmatopoB (CKBT wmnm JIBT), ¢dazouycTBUTENbHBIM  BBIIPSIMUTEID,
CTIQKUBAIOIIUN  (UIIBTP, YCHIIUTENb IOCTOSHHOIO TOKA, IOCJIEIOBATENBHOE KOPPEKTHPYIOLIEe
YCTPOMCTBO, CYMMHPYIOIIEE YCTPOMCTBO, MOIYJATOP JUIMTEIBHOCTU HWMIIYJIBCOB, YCHUIJIMTEIb
MOIIHOCTH, UCIIOJIHUTENIbHBIN JBUTATENb U PEAYKTOP.

B sHepreTnueckuii kaHall BXOJIAT: BBIXOJAHOM KacKaJ YCHJIMTENS MOILIHOCTH, UCTIOJTHUTEIbHBIN
nBuratenb M penaykrop. Jlng obecrieyeHHs BBICOKOTO KOX(PQUIIMEHTa TMOJE3HOrO JeWUCTBUS,
BBIXOJIHBIE KACKaJbl MOCTOBOT'O YCHJIUTENS MOILIHOCTH paboTaroT B KIroueBoM pexxume. Hanbonee
gacto B npubopHbix OCII ucnonb3yercs CUMMETPUYHBIM 3aKOH KOMMYTAallUd TPaH3UCTOPOB
BBIXOJHOI'O KacKaja yCHIUTENs] MOIHOCTU. [Ipu 3TOM 3aKOHE TPaH3UCTOPHI BBIXOJHOTO KacKajaa
YCUJIMTEISI MOIIIHOCTH, HAXOAAIINECS B Pa3HBIX JUArOHAISAX MOCTOBOM CXEMBbI, KOMMYTHPYIOTCS B
npoTuBodase.

Jns oGecnieuenus tpedyeMmbix nuHamuueckux cBoicTB DCII  mcnonbp3yroTcsi mapaijiesbHble
KOPPEKTHPYIOIIIE YCTPOWCTBA, BKIIOUAEMbIE B IIETIH MECTHBIX OOPAaTHBIX CBsI3€l MO CKOPOCTH U 110
YCKOPEHHIO ~CIIEASIIEro Bajga. MecTHble OOpaTHbIE CBSI3U peanu3yoTcs € I[OMOIIBIO
TaxOIN€HEraTopa, COCAMHEHHOTO €  BAJIOM  HCIOJHUTEIBHOIO JBHUTATENsl, U C  IOMOIIBIO
pe3ucTopa, BKIIOUEHHOTO B 1€Mb HCHOJIHUTEIbHOro aABurarens. CurHaibl mnapajuieabHBIX
KOPPEKTUPYIOIIMUX YCTPOUCTB CYMMUPYIOTCSI ¢ CUTHAJIOM IIOCJIEI0BATEIBLHOIO KOPPEKTUPYIOLIETO
YCTPOWCTBA B CYMMHPYIOILIEM YCTPOMCTBE.

brnok - cxema OCII, uMeromero Bce BbIIIE NEPEUYUCIECHHBIE YCTPONCTBA, MOKa3aHa Ha
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nepeaHel naHean 1abopaTOpHOTO CTEH/A.
III. OFBEKT UCCJIIEJOBAHUSA U OBOPY1OBAHUE

OOBEKTOM UCCIIEIOBAHUS SABISCTCA PEBEPCUBHBIN AIIEKTPUUYESCKHIMA
MPUBOJI, pabOTaONIUI IO CUCTEME TPAaH3UCTOPHBIN UMIYJIbCHBIA YCHIUTENb C CUMMETPUYHBIM
3aKOHOM KOMMYTAllMd KJIIOYeH BBIXOJHOIO KacKajla YCHUJIUTENs] MOIIMHOCTH - JIBUTraTelb
[TOCTOSIHHOTO TOKA C HE3aBUCUMBIM BO30YXKICHHUEM.

Jyist BRIIOSTHEHUS padOThl HEOOXOIMM HU3KOYACTOTHBIN ocuiuiorpad,
reHepaTrop KoJjiebaHuW CreruanbHOW (DOPMBI, UCTOUYHUK MHUTAHUS IOCTOSTHHOTO Toka 27B, SA u
HCTOYHUK IIepeMEHHOro HanpsikeHus 368, 400 I'a.

IV. 3AJAHUE HA PABOTY

1.U3yunth OJOK-CXeMy CHEIAIICH CHCTEMBbI, YCTaHOBUTh (PYHKIIMOHAIBHOE Ha3HAYCHUE
OTJEJIbHLIX OJIOKOB M MX B3aUMOJIEHCTBUE.
2. UccnenoBaTh AMHAMUYECKUE XaPAKTEPUCTUKU CIACASAIICH CUCTEMBl U
W3YYUThH BIUSHUE KOOPPHUIIMEHTA YCUTICHHUS 10 PA30OMKHYTOMY KOHTYpY Ha
XapakTep MEPEXOIHBIX MPOLIECCOB U YACTOTHBIE XaPAKTEPUCTHKHA 3aMKHY-
TOU CUCTEMBI.

V. HOPAJOK BBIITOJTHEHUSA PABOTbI
1.U3ydyenne GyHKIMOHUPOBAHUS CIICSIICH CUCTEMBI:

a) OCMOTPETh CTEHJ U MEPEKII0UYUTh Bce TyMOyiepa B MOJIOKEHUE
"BBIKII";

0) ycranoButh kodp¢uuuentsl ycuienus "KII1" u "KII2" muHuManbHpiMH (C  TOMOIIBIO
COOTBETCTBYIOIIHMX IMOTEHIIMOMETPOB ITOBOPOTOM pYyYeK BIIEBO JI0 yropa 0e3 Haxuma), a Takke "K
"(moBOpOTOM
PYUYKH IOTEHLIMOMETPA BIIPaBO JI0 yIOpa);

B) YCTaHOBHUTb CUHYCOUJANIbHBINA BX0oaAHOM curHan U = 1B ¢ yacro-
toit 0.25T't (renepatop I'6-15);

I') BKIIIOYUTh CUCTEMY B cleyrolel nocienoBateabHocTH: 220B,
36B 400 I'it 1 nocTosiHHOE 27B;

1) CHATH JUarpamMmbl HanpsokeHu# B Toukax 1,2,3,6,7,8 myTtem mo-

BOpoTa mepexirouatens "ocuuiuiorpad" CTeHAa W ONPEACIUTh YacTOThl CUTHAJIOB, HMCIOIB3YS
BO3MOKHOCTH ocuMiuiorpada;

€) BBIKIIIOYUTh CUCTEMY B 0OpaTHOM IOPSIJIKE;

) HCHOJNb3ys OUarpaMMbl HampsDKeHHM M OJIOK-CXeMy CTeHJa, ONUcaTh Ha3HaueHue MU
(YHKIIMOHUPOBAHME JIEMEHTOB MPUBOA;

3) OIpENeNIUTh IEKTPOMEXAaHUYECKYIO TIOCTOSHHYIO BPEMEHU CUCTEMBI: [l Yero YCTaHOBUTh
JUINTEIBHOCTD Pa3BepTKH ocimuiorpada 20 mMc
B JICJIEHUH, BBIKJIFOUUTH U3 THe3/1a muTanus 1 mrekep 36B 400 I'm (T.e.

Pa30MKHYTh 0OpaTHYIO CBSI3b IO YIJ1y BpallleHHs), YCTAHOBUTH YacTOTY

MPSIMOYTOJIBHOTO BXOJTHOTO cuTrHaina ¢ reaeparopa ['6-15 (3...5) I'u, 0.5B (5B

c ocnabnenuem 20 J1b), BKIIOYUTH CUCTEMY B BBIIIECIIPUBEACHHOM TOPSIIKE

U 3apUCOBaTh IEPEXOTHBIA MpOlEcC MO CKOPOCTH JBUTaTens (ocmuuiorpad MOIKIOYEH K
KkiemMMam "ocruiorpad" cTeHaa B OJOXKESHUH 6).

2. N3yuenue BAMSHUSA KOOPPUIMEHTa YCHWIEHUS MO0 PA3OMKHYTOMY
KOHTYpPY (IpsIMOH 1IeTH) Ha AMHAMUYECKUE XapaKTEPUCTUKU CIIEIAIeH CHCTEMBI:

a) ycraHoBUTh K03 uuments! ycunenus "KII 1" u "KII 2" ¢ momorikio
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COOTBETCTBYIOIIMX MOTEHIIMOMETPOB MUHUMAJIbHBIMU;

0) yCcTaHOBUTH MepeKIoYaTeNlb creHaa "ociwuiorpad" B mosokeHue 3 (yroja moBOpOTa
CJIeNISIIEro Baya);

B) Ha BXOJI CHCTEMBI MOJaTh MPSIMOYTOJbHBIN BXOJAHOW CUTHAiA dYacToTod 11’ m ammimtymoi
0.5B u cHATH ¢ 9KkpaHa ocumuiorpada MepexoIHbIH MPOLecc;

I) TOJaTh HA BXOJ CHCTEMbl CHHYCOWJAJIbHBIM BXOJHOW curHain ¢ ammuutyaod 0.5B u B
nuanasone ot 0.5 1o 8 I'ny, uepes 0.5 ' ¢ momoribio
¢buryp Jlucaxxy CHATh aMITUTYHO-()a30BYI0 YACTOTHYIO XapaKTEPUCTHUKY;

J1) YCTAHOBUTb BXOJIHOM CHUT'HAJI COIVIACHO IMMYHKTY "B', BKIIIOYUTH
cucteMy ®u yBenmuuuBas kodhdumumentsr ycwienus "KIT 1" u "KII 2"( moBopauwBas pydku
MTOTCHIIMOMETPOB TI0 YaCOBOM CTPEJIKE) 10 T€X TOp IMOKa IMepeperyanpoBaHue HE CTaHET OJIU3KUM
K 25-30 %, a 3aTem CHATb NEPEXOIHBIN MPOLECC;

€) YCTaHOBUTbH BXOJIHOM CHUTHAJI COTJIACHO INYHKTY "T" U CHATH
A®DYX cuctemsl B nuamnazone (0.5 - 10)['m, gepes 0.5 I'm;

) IOCTPOUTH HA ogHOM rpaduke IAOUX u mepexonHble MPOLECCH
pH IBYX Kod(h(duiMenTax ycuieHus Mo pa3oMKHYTOMY KOHTYPY U CJeNaTh BBIBOJ O BIUSHUU
kodpduneHTa yCHUJICHHUS Ha KadeCTBO IMEPEXOJHOTO IMPoIlecca M YAaCTOTHBIC XapaKTEPUCTHKU
CUCTEMBI.

VI. YKA3AHUA 110 OPOPMJUIEHUIO OTUYETA
Otuer 0 paboTe 10JIKEH COAEPKATh.
1. Briok-cxemy npuBoza.
2. lnarpaMmbl HarpsHKEHUNH BO BCEX MEPEUHMCICHHBIX TOUKAX.
3. IlepexoHbIe IPOIECCH 1 YACTOTHBIE XapaKTEPUCTHKH CHCTEMBI.
4. Bce He0OX0TMMEBIE BBIBOBI IO paboTe.

VII. KOHTPOJIBHBIE BOITPOCHI

1. O0bsacHUTH (GYHKIMOHAJIbHOE HAa3HAUYEHHWE M MPUHIHUN  PabOTHl  AIEMEHTOB ClEAsIen
CUCTEMBI?

2. Kak ocymiecTBisieTcst ynpaBleHHE YacTOTON BpallleHUs IBUTATENS B
AHHOMU clIeqdaIe cucreme?

3. Kakoli curHan v mo4eMy HCIoiIb3yeTcs i OCYIIeCTBIEHUs o0part-
HOU CBSI3U 10 YCKOPEHUIO?

4. YTo mpou30iIeT C CHUCTEMOW, €CIH CYIIECTBEHHO YBENMYUT KOI(D(PHUIMEHT yCHIIeHUS B
Pa30MKHYTOM KOHTYpe?

5. Ha ocHoBe aHamM3a KakKMX XapakTepUCTUK MpUBOAa ompenensercs dacrora [IIHMM

BBIXOIHOT'O KacKaJla yCUITUTEIST MOIITHOCTH?

VIII. BUBJIMOT PAOUYECKHWIN CITACOK
1. DnexrponpuBoj netarenbHbIX annaparos. /[lox pen. B.A. ITonakos- HUKOBA. - Mocksaa,
Marmunoctpoenue, 1990 r.-352ctp.
2. Cnensume npusonsl. Tom 2/Tlox pen. b.K. YemonaHnosa . -
Mocksa, Dueprusi, 1977 r. -384 ctp.
3. IlpoextupoBanue caensamux cucrem. /Ilox pea. H.A. JlakoTtsl. - Moc-
kBa, MammHOCTpoenue, 1992 r.-352ctp
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JlabopaTtopHasi pa6oTa Ne7

N3ydyeHue NPUHIMIA AEHCTBUSA U XaPaAKTEPUCTHK PEBEPCUBHOIO CJIEASIIIEr0
NPHBO/A, PAGOTAIOIIEr0 MO CHCTEMe «TPAH3UCTOPHbIH HMITYJILCHBII
YCHJIMTE/Ib-IBUTATEIb MOCTOSIHHOT0 TOKA C HE3aBHCHMbBIM BO30YKIeHHEM»
(BUpTYaILHAN)

I. EJIb U 3AJJAYU NCCJIIEJOBAHUSA
N3yuyenue npuHnuna paboThl, CXEMHOM peanu3aluu, Ha3HAYCHUs AJICKTPOHHBIX
0JIOKOB M XapaKTEPUCTUK PEBEPCUBHOIO MPHUBOJIa TOCTOSTHHOIO TOKA, pabOTaIOIEro
Mo cucteMe "TpPaH3UCTOPHBIA UMITYJIbCHBIA YCUIIUTENb C CUMMETPUYHBIM 3aKOHOM
KOMMYTAIlMU TPAH3UCTOPOB BBIXOJHOTO KacKa/Ja YCWJIMTEINs MOIIHOCTU - JABUTATElb
MMOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30YKJICHHEM "

II. TEOPETUYECKUE CBEAEHUS
B nmo0om crendineM NpuBoA€ MOXHO YCIOBHO BBIJEIHTD JIBA KaHaIa
pacnpoCTpaHEHUs! CUTHAJIOB:

2) xaHau yrpasiieHuUs (MHPOPMAIIMOHHBIN KaHa), IO KOTOPOMY

MepeatoTCsl CUTHAJIBI YIIPABIICHUS C BX0/1a MPUBO/IA K OOBEKTY YIPABIICHUS;

2) »pHepreTUyeckuil KaHall (CWJOBasi 4YacTh), MO KOTOpPOMY IIpeoOpazyemasi
SHEPTHUS PACIPOCTPAHACTCS OT UCTOYHUKA MUTAHUS K OOBEKTY YIIPaBICHUS.

B kanan ympaBlieHHs THUIHYHOTO TMPUOOPHOTO CIHEISIIETO 3JICKTPUUECKOIrO
npuBonaa (DCII) BXOAAT: JaTYMK PACCOIVIACOBAHMS C UCIOJIb30BAaHUEM CHUHYCHO-
KOCHHYCHBIX WJIM JIMHEWHBIX Bpamatomuxcsi TpanchopmaropoB (CKBT umu JIBT),
($ha304yBCTBUTEIHHBIN BBINIPSIMUTENb, CTIQXKUBAOIMIMA ~ QUIBTP, YCUIHUTEIb
INOCTOSHHOIO ~ TOKa,  MOCIEAOBATEIIbHOE  KOPPEKTHPYIOLIEEe  YCTPOMCTBO,
CYMMHpYIOILIEE  YCTPOMCTBO, MOIYJSTOP JJIATEIBHOCTH HMIYJIbCOB, YCHIIUTEIh
MOITHOCTH, UCTIOJTHUTEIBHBIN ABUTATETb U PEAYKTOP.

B sHepretnueckuii KaHall BXOJAST: BBIXOJHOW KackaJ YCWUJIMTENS MOIIHOCTH,
WCTIOJHUTENbHBIA ~ JIBUTaTeNb U peaykTop. Jlims  oOecriedeHuss  BBICOKOTO
Ko3(puIMeHTa Mose3Horo AEHCTBUSA, BBIXOJHBIE KAaCKaJIbl MOCTOBOTO YCHIJIMTENS
MOIIHOCTH paboTaloT B KiIoueBoM pexkume. Hanbonee uwacto B mpubopHsix ICII
WCIIONB3YETCSl CUMMETPUYHBIM 3aKOH KOMMYTAaIllMd TPAH3UCTOPOB BBIXOJHOTO
KacKaJla yCrInTesst MOIHOCTH. [Ipu 3TOM 3aKkOHE TpaH3UCTOPHI BHIXOJHOTO KacKaa
YCUJIMTENS MOILIHOCTH, HAaXOJAIIUECS B Pa3HbIX [IMArOHAJISAX MOCTOBOW CXEMBI,
KOMMYTHUPYIOTCSI B IPOTHUBO(DA3eE.

Jlnst obecnieduenus: TpeOyembIx auHamMuueckux cBoicTB OCII  mcmonb3yroTcs
MOCJIeIOBATEIbHBIE KOPPEKTUPYIOIINE YCTPOMCTBA, BKIIOYAEMbIE B IIEMb OIIMOKU
OCII u mnapaielnbHble KOPPEKTUPYIOLIME YCTPONCTBA, BKIIOYAaEMbIE B IIEMHU
MECTHBIX OOpaTHBIX CBA3€H MO CKOPOCTHM W TO YCKOPEHHUIO CIEHASIIEro Baa.
MecTHble 00paTHBIE CBSI3U MO CKOPOCTH PEANM3YIOTCS C MOMOIIIbIO TaXOr€HEepaTopa,
COEIMHEHHOTO C BaJOM HCHOJHUTEIbHOrO JBUraTens. CUrHaiabl napaielbHbIX
KOPPEKTUPYIOLIUX YCTPOWCTB CYMMHUPYIOTCS C CHTHAJIOM IOCJE€I0BATEIHLHOTO
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KOPPEKTUPYIOLIETO YCTPOUCTBA B CYMMUPYIOIIEM YCTPOMCTBE.

Jns  ananu3a QYHKIMOHUPOBAHMUS M CHUHTE3a NPHUBOJIOB C PA3NTMUYHBIMU
CTpyKTypamu pa3paboTaHa BUpTyalbHas JjabopaTopHas paboTa, MO3BOJISIONIAS
peann3oBaTh CUCTEMBbI, YIPABJISIONIME TOJIOKEHUEM U CKOPOCTBbIO OOBEKTa
YVOpPaBJIEHUS, a TaKKE pPEAJIN30BbIBATh PA3JIUYHOTO BHUAA KOPPEKTHPYIOLINE
NOCJENOBAaTENbHBIE W MapajUledbHble ycTpoilcTBa. DOyHKIMOHAIbHAA CXEMa,
MMEIOIIET0 BO3MO>XKHOCTH PE€ajn30BaTh BCE BBIIIE IEPEUYUCIEHHBIE YCTPOMCTBA,
MOKa3aHa Ha pUCYHKE 1.

[{(Bf—ﬂ (KBT-1T

pé»q o48"

Fedykmag 2

BoX

I K Hmm

l ) U L | ig‘_’?a."r 11 ‘4; 1’:
. o
B ) irm
Aoy [ Wiy J /
,4_\
Puc.1. ®yHkimoHanbHasi cxema CIeIsAIIero MpruBoIa
351ech:

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

®UB — ¢a3ouyBCcTBUTENBHBIN BBIIpMuUuTes (DM)

C® — crnmaxuBatoruii puietp (filter);

Wiy — mocnenoBaresibHOE KOppeKTHpytoliee ycrpoiictBo (Correction
Arrangement)

> — CyMMUpYIOIIEe YCTPOMCTBO;

Ky — koaddurment ycunenus (Ky);

MJIN — MoaynsTop umuTenbHOCTH UMITyiibcoB (MDI);

NHB — unBeprop;

YM — ycunmutenb MomHocTH (Kym);

TT-IT — Taxorenepatop (Ktg);

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

M — nBurarens (DPR52).

31ech U B TaJbHEUIIEM B CKOOKaX MPUBEACHBI 0003HAYCHUS, UCIIOIb3yEeMbIC B
cXeMax MOJIEIIMPOBAHMUSL.

|

|

|

|

|

i v Fei }

T Meop T[] [ L Ll 7] AN é‘ T ] e

T+ Wy 1) ! T+l Jonp | | @ |

‘ I !

Puc.2. CtpykTypHas cxema nIpuBoja C OCJIEeI0BaTEIbHON KOPPEKIIUEH

17



I Fed,
| - |
Lt LA ) ! ! iy
Koy K. y R
L fow NEZnE
\
Tpd [ ] L
Ko Kr
‘ Fﬂ/@ﬂﬁ/ % g
Puc.3. CTpyKTypHast cxema IpHBOJIA C TapajlIeIbHOM KOPPEKIHE
@_L . “bitage [4i{ bk _IN :::d;ﬂ" A"::: 1’“:"' Switch Ky r ; Voment
Sine Wavez o L el s I R e ~ A Lo . _,><
T"1 ” > ‘ g b’%’
Switch? SKUT oM Filter o ym | Saturationt DFRSZ Reductor

St
P Scope

Switch2 .@
: 500203 = Speed
0071541

Knly g

Puc.4. Cxema MOACIMPOBAHU:A CIICAAIICTO IIPUBOJA

HN3meputensb paccorinacoBanus Ha A1ByX CKBT (natuuka ¢ kosdduiuenTom
Tpanchopmarmu 1 u npuemHuka ¢ kospdurentom tpanchopmaryu 0,56)

Voltage
Angle Product Gain Gain1 Gain2 e

Puc.5. IlpuHuunuanbsHas 3JeKTpuyecKas Puc.6.Cxema MogennpoBaHus
cxema Jlatumnka paccornacoBanus Ha CKBT

Ha CKBT mnomaercs BXOJHO#M curHain Hu3kou yactothl (Angle) wim meanap(Step),
a TaKKe HeCymUW BBICOKOYACTOTHBIA curHanm (Source). CurHam Ha BBIXOJE

dbopmupyeTCsi TEPEMHOKEHHEM ITHX CHUTHAJOB. B cxeMe MoOAenupoBaHUs YUYTEHBI
ko3 puIeHTs TpaHchopMalK U HarpsbkeHue, pasHoe 27B 400 I'u.

®da3zouyBCcTBUTENLHBIN BoIpsiMuTeasb (DUB)
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Puc.7. [IpuHIMnmanpHas dJI€KTpUIECKas cxema Puc.8. Cxema
MOJEIIUPOBAHUS

(1)330‘IYBCTBI/ITCHBHOFO BBIITPAMUTCIIA

®a304yBCTBUTEIIBHBIN BBITPAIMUTEIND IPEACTABISIET COOOM CXeMy IEMOIYJIATOPA C
KO3 (PUIIMEHTOM YCUJICHUS PaBHBIM 1.

DnexTpuueckas cxema paboTaet ciaeayroumm oopasoM. [lpu nomaun Ha BXoJ
KIr04eBoil MukpocxeMbl K1 mosioxxurenbHON NOMyBOIHBI HAPSKEHUS. BO30YKACHUS
Bpalllaolerocs TpanchopMaropa JaTuuka OH OTKPBIBAETCA U HIYHTHPYET
MHBEPTUPYIOIIUN BX0J oneparroHHoro ycwurenas DA. Kirtou K2 npu 3ToM 3akphIT
n HanpsikeHue ¢ CKBT — I nocTtynaetr Ha HEMHBEPTUPYIOIIMEI BXOT ONEPALIMOHHOTO
yeunurens DA. [Ipu npuxozae oTpuLiaTeIbHON OJYBOJIHBI HAIPSHKEHUS
B0o30yxeHust CKBT — I curnan npoxoauT no kaHaity HHBepTHpytomero Bxoaa DA.
Mopens @UB cocTtout, U3 ABYyX KIHOYEH, KOTOPBIE OTKPBIBAIOTCS IIPU HACTYTUICHUU
OIPEJICIICHHOTO YCIIOBHUS, B TaHHOM CITydae 3TO 3HAaK Hecylero curaaia (Source).
Tak 1151 OTKPBITUS IEPBOTO KIIK0Ya, HEOOXOIUMO MOJOKUTEIbHOE HANPSKEHUE, IS
BTOPOTO — OTpULaTeNbHOE. Pa3HMIIa CUTHAJIOB MOYYEHHBIX TaKUM 00pa3oMm,
(dopMupyeT cUrHai Ha BbIXo/€ (pa304yBCTBUTEIBHOTO BBITPSIMUTEIIS.

HNuarpamma Hanpspbkenuil @UB npuBeneHa Ha pucyHke 9.

1

Hecymumit curnan
(HampsKeHue
B0o30yxienust CKBT)

Cwurnain Ha Beixoge CKBT

Curnaain Ha Beixoge ©YB
(OTHOTIOMYTIEPHOTHOE
BBITIPSIMJICHHE )

27 LS S S R | T T T T T
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Magnitude (dB)

Phase (deq)

Curnain Ha Beixoge @UB
(mByxmoaynepuoHoe
BBITIPSIMJICHHE )

Puc. 9. Jlnarpamma nanpsbkennit @UB

Craaxusaommii puastp (CD)

C® nHa BBIXOJIE IEMOAYIATOPA HEOOXOIUM JIJIsl YCTPAHEHUS HECYIIEH YacTOThI U
BBIICJICHUS TTOJIC3HOTO CUTHAJIA, HECYIET0 HHPOPMAIIUIO 00 YTJie IMOBOPOTA.

B pabore ucmonb3yercss mHTerpupyrommii ¢mietp(2) u ¢uietp beccens (1)
HIDKHUX YaCTOT TPETHEro MopsiaKa ¢ yactoToit cpeza 1001 w.

Qunptp beccens B oTaMuMuM OT amepuoanyecKkoro ¢uiabTpa obOecredynBacT
HAWTy4lllee CIIIaXKMBAHUE BXOJHOTO CHTHaja 3a CYET HaIW4us Oojiee BBICOKOTO
nopsiika ¥ HeOoJbIIOoro (pa3zoBoro cABUra B 00JacTu pabo4ymux 4acToOT MPUBOJIA.

| =000

ot Rop=20 Vel

Ry =15t

15 1
In

ULl 0.001203s+1 0.00000120852+0.001049515+1 Out
__I Transfer Fen3 Transfer Fend

l Ly =i @ I 057 . I

Puc.10. [TpuHuunuanbHas 31€KTpUYECcKas cxema Puc.11. Cxema
MOJEIUPOBAHUS
¢bunbTpa beccenst TpeThero

nopsika

20
-40
&0

-0

-100
i}

Puc.12. YacToTHBIE XapaKTEPUCTHUKHU.

1 - JIA®YX dunstpa beccens

io
=

2 — JIADUX anepuoanveckoro GpuiabTpa

o
=1

Frequency (radizec)

MOI[y.]'IﬂTOp MJIATECJIBHOCTH HMITYJbCOB
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MJIU mnpeobpasyeT MeIICHHOMEHSIONUMNACS CUTHAI B TIOCIIEIOBATEIHHOCTD
OPSAMOYTOJBHBIX HWMITYJIbCOB, CKBaXXHOCTh KOTOPBIX NPONOPLHOHAJIbHA BEJINYMHE
curHasia. YacTtora clnegoBaHUsI HMITYJIbCOB BBIOMpAETCs, HMCXOAS W3 aHalIu3a
DHEPreTUYCCKUX XapaKTepucTUK cucteMbl UY-J[ » (s manHo# cuctemsl 310 5000
I'm). Ha Bxon Tpurrepa mnojaercs yHpapisiolllee HaIpsKEHUE, MUI000pa3Hoe
HaIpsHKEHUE U HAIPSKEHNUE CMEIICHUSI.

R Al

e

Usex
R4

Puc.13. [IpuHunnuaneHas 3IeKTpuyecKas Puc.14. Cxema MmogenupoBaHus
cxema MJIN

Hamnpspokenue cmenieHus BBIOMpAETCs TaKUM 00pa3oM, 4TOOBI MPU HYJIEBOM
BXOJIHOM CUTHAJIE JIJI1 CUCTEMbI C CHAMMETPUYHBIM 3aKOHOM YTIPABJICHUSI CKBAXKHOCTD
coctapisina ¥ =0,5. B HacTosiliee BpeMsi B KaueCTBE MOPOTOBBIX dieMeHTOB B M /I

UCIIOJIB3YIOTCS CIIelUalibHbIe MUKpOcXeMbl - Tpurrep Llmunara - mukpocxemsr TJI | a
s nonydenuss MJIM , umeronux Oosbiioi Kod(QPUIMEHT mepeaadyr B KauyecTBE
MMOPOTOBBIX AJIIEMEHTOB HCIOJB3YIOT HHTETPAIbHBIC OIEPAIMOHHBIC YCHUIUTEIH.
[TpunnunuansHas cxema Takoro MJIU npencrasnena Ha puc. 13.

['enepaTop mmimooOpa3Horo Hampsbkenus F,, (Saw-edged signal) renepupyer
CUTHAJI HJI000pa3Hoi (OpMBbI, 4acTOTa KOTOPOTO BBIOMPAETCS UCXOMS W3 aHalu3a
YHEPTeTUYECKUX XAPAKTEPUCTHK CHCTEMBI «UMITYJIbCHBIM yCHIIUTEIh — JBUTATEIb,
KOTOPBI CpPaBHUBAETCS C CHUTHAJIOM, MOCTYyMamommMm ¢ ycuiutend. [Ipoucxoaut
npeoOpa3oBaHWe  MEJIEHHO  MEHSIONIETOCS  CHTHalla B MEPUOJUYECKYIO
MOCJIEIOBATEIBLHOCTh  MPSMOYTOJNIBHBIX ~ MUMIYJIbCOB €  IIMPOTHO-UMITYJIBCHOM
MOJTYJISILIUEN.

A)
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B)
Puc.15./Inarpammsl Hanpsixkeranit M/IW. A - curnanel Ha Bxoae MJIU, B - curnan
Ha BeIxoae MJI1

OcTasibHbIE JIEMEHTHI CIENAIIEr0 MPUBOAA COOpaHbBl B COOTBETCTBHH CO
CTPYKTYPHBIMH CX€MaMU puc. 2 u 3.

KoHTpoJibHOE TeCTUPOBAHUE C LETBI0 IPOBEPKH U3YYEHHOTO TEOPETUUECKOTO
Marepuana, M3J0KEHHOTO BbIIIE, a TakKe€ COOTBETCTBYIOUIUX  Pa3/eiioB
JEKIIMOHHOTO Kypca, U JOMYyCKa K BBIIIOJIHEHUIO JIA0OpaTOpPHOU pabOTHI.

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

2. 3amycture nporpammy tester.exe. ITapons «718».

3. OTBeThTE HA BCE MOCTABIICHHBIE BOIPOCHI.

4. B cmywae, ecnum Bbl oTBeTHIM Oojee dyem Ha 60% BOMpocoB, TO
MPUCTYIANUTE K BHITIOJHEHUIO PAOOTHI.

5. Eciu KOMM4ecTBO MpaBUIIBHBIX OTBETOB ObuTO0 MeHble 60%, TO BHOBB
U3YUYUTE TEOPHUIO U MPOUIUTE TOBTOPHBIN KypC TECTUPOBAHUS.

III. OFBEKT UCCJIEAJOBAHUSA U OBOPY/IOBAHUE
OObeKTaMH  WCCIENOBAHUS  SABISIOTCS ~ MaTeMaTHYECKHE  MOJENH PEBEPCUBHOTO
ANMEKTPUYECKOr0 TMPHBOJA M €ro JIEMEHTOB, pazpadoranHbix B cpere MATLAB u Simulink. dus
BBITTOJIHEHUST paOOTHl HEOOXOIUM, COBPEMEHHBIN KOMITBIOTEP C YCTAaHOBJICHHBIMH: OIEPAIMOHHON
cuctemoit Windows, nakerom MATLAB u nporpammoii «BAHKHP 7.5».

IV.3AJAHUE HA PABOTY

1. Uzyunth Momenb cheasiiel cuctembl, (PYHKIIMOHAIBHOE Ha3HAYCHUE U
MPUHITUTIBEI PA0OTHI OTJIETBHBIX AJIEMEHTOB MOJIENH, UX B3aMOICHCTBHE.

2. VccnegoBaTh JWHAMUYECKHE XAPAaKTEPUCTHKU  CIEAAIIEH CHUCTEMBL:
W3Y4YUTh BIUSHUE BEIMYMHBI KOd(h(HUIMECHTa yCWUJICHHUS B TPSIMOW IIEMH, TUNA H
XapaKTEPUCTHK CTIKHUBAIONIETO (UIBTPA HA XapaKTep MEPEXOMHBIX MPOIIECCOB U
YaCTOTHBIE XapAKTEPUCTUKHU 3AMKHYTON CUCTEMBI.
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V. HOPAJOK BBIIIOJIHEHUS PABOTHBI

1. U3yyeHue NpUHOUNOB PadoThl OTAEJbHBIX 3JIEMEHTOB MOJEIM H HX
B3auUMO/eHCTBHE.

Bce mopenu, ucmosib3yemble B paboTe, HaXOAATCSA B Mamke «WOrk» makera
MATLAB, koTopble JOJKHBI OBITh MPEIBAPUTEIBHO OTKPHITHI.

1.1. Otkpoiite daitn «SKVT.mdl».

1.2. 3ammyctute daiin «SKVT.mdl» u nzydnre momydeHHbIe TUarpaMmel.

1.3. Hcmonp3yss BO3MOXXHOCTH TMporpaMmbl «simulink» mpocmoTrpure Bce
napameTpsl U kodpduiments! Tpanchopmanuu CKBT — /I u CKBT — I1. (Mcxonnas
yacTtota HanpspkeHust Bo30yxaeHuss CKBT Bisita HepeanbHOU st oOecrieueHUs
JYYIIEeTo MOHUMAaHMSI MPOUCXOISIIETO Mpoliecca.)

1.4. U3menute tunbl CKBT — /I u CKBT — II no cBoeMy ycMOTpeHUI0, B3SIB X
u3 Tabnuibl 1 1 3aHeCuTe M3MEHEHHbIE TapaMeTphl B Mojiens SKVT.

Tabnuua 1. Texuuueckue nanusie BT cepun 2,56BT

Hanpsokenne Bo30yxaeHus,
Obosnaucnne Hasnauenne BT B = Zo1, OM K
(tumr) BT Pabounii
HomunansHoe
JMana3ox
2,5bBT-]| BTAIT-J 12 0-12 200 0,56
CKBT
2,5bBT-I1 BTAII-IT 12 0-27 800 1
2,5bBT-C CKBT 12 0-12 200 0,56
2,5bBT-JI JIBT 12 0-12 200 0,52
2,5bBT-2 CKBT 12 0-12 400 0,56
Jlnamna3zoH pabouux 4acTOT HaNpsuKEeHUs Bo30yxaeHus, 'y 380-21000

1.5. Ucnone3ys ¢ynkmuio PrintScreen u rpadudeckuii pemakrop Paint,
COXpaHUTE TOJyYCHHBIE TTPOLIECCHI.

1.6. 3anyctute daiin «DM.mdl» 1 n3ydnte monydeHHbIe TUArPaMMBbI.

1.7. Wcnonb3ys BO3MOXHOCTH Tiporpammbl «Simulink» mpocMoTpure Bce
napaMeTphl HalpsHDKCHHH BO30YkeHus (Source) m padouero (Sine wave). Mcxoanas
YaCTOTHI HANIPSDKEHHUSI B3STHI TEMU ke, 4To U B cxeme «SKVT.mdly.

1.8. V3MeHute BeNMUMHBI ITUX HAMPSHKEHUM W 4YacTOT B COOTBETCTBUM C
MPOJICTIAHHBIM B TIPEIBIIYIIEM ITYHKTE ¥ 3aHECUTE U3MCHEHHBIC TIapaMeTPhl B MOJICTTh
«DM.mdlI».

1.9. Hcnone3ys ¢yskmuo PrintScreen wu rpaduueckuit pemakrop Paint,
COXpaHUTE TOJyYCHHBIE TTPOIIECCHI.

1.10. Banycture ¢aiin «Shim.mdly u npoxenaiite Te e omnepaiuu, 4TO U B
MPEABIIYIINX TyHKTaX.

1.11. 3anyctute daiin «model_sum.mdl» u mpocneaure mociaenoBaTeaIbHO BCe
IpoIiecchl mpeodpa3oBaHus CUTHANIOB B n3meputese paccorimacoBanus (CKBT — 1 u
CKBT —I1), neMoaynsiTope 1 MOAYJISITOPE JJIUTEIBHOCTH UMITYJICOB.
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2. HUccaenoBaHue IHUHAMHYECKHX XAPAKTEPUCTHK CcjeAsieil CHCTEeMBbI:
U3YYUTh BJIUSIHHE BeJUYNHBI KO3 PuumenTa ycuiaeHuss B NPpsIMOil Lenu, TUNIA U
XapaKTePUCTUK CIJIAKUBAONIIEro (pUJILTPA HA XapaKTep MepexoHbIX MPOLEeCcCOB
U YACTOTHbIE XapPaAKTePUCTUKHU 3aMKHYTOH CHCTEMBI.

2.1.  Jns wusyyeHus BIMSHUS Kod(pPUIMEHTa YCUJIICHUS IO Pa3OMKHYTOMY
KOHTYpY (NIpsSIMOM Ienu) Ha JAUHAMUYECKHUE XAPAKTEPUCTUKH CIEASIICH CHUCTEMbI
sammyctute daiin «model. mdly.

2.2. [lonyunte MOJENb CUCTEMBI C MOCIEA0BATEILHON KOPPEKIMUEN, YCTAaHOBUB
kimoun S1 u S2 B monoxenue 1.

2.3. YcraHoBuTe cryneHyaTslii BxogHou curnan 0.01B

2.4. YcranaBnuBas ko3 durment ycmwienus Ky 30, 300, 3000, uzyuurte xapaxkrep
MIEPEXOIHBIX MIPOIECCOB Ha BBIXO/IE CUCTEMBI.

2.5. Hcnone3ys ¢yukuuto PrintScreen u rpaduueckuii pemakrop Paint,
COXPAHUTE NOJyYEHHBIE MTPOLIECCHI.

2.6. Cuenaiite BbIBOABI 00 YCTOMYMBOCTH U TOUHOCTH CUCTEMBI

2.7. Tlomyuute MOJeNb CHUCTEMBl C NapajuIEIbHOW KOPPEKLUEH, YCTAHOBUB
kitoun S1 u S2 B nonoxenue 2.

2.8. VYcranaBmuBas kodddunment ycwienus Ky 30, 300, 3000, uzyuute
HEPEXOIHBIE MTPOLIECCHI B CUCTEME.

2.9. Hcnone3ys ¢ynkuuio PrintScreen wu rpadudeckmii pemakrop Paint,
COXpaHUTE MOJyYEHHbBIE TPOLIECCHI.

2.10. Cpenaiite BBIBOJBI 00 YCTOMYMBOCTH CUCTEMBI.

3. U3yyeHue BIMSHUS CIJIaKUBawIero (uibTpa Ha JUHAMHYECKHUE
XapPaKTEePUCTHKH CJIeAsimeii CHCTeMBbI.
3.1. IlocraBwte Katoun S1 u S2 B monoxenue 1, Ky = 300
3.2. YcraHoBuTe cTyneH4aTsii BxoaHou curHain 0.01B
3.3. Jlns usMmeHenus Tuna (uiabTpa, ycTaHoBuTe B Osioke Filter 3nadenue
napametpa Type filter paBubiM 1 win 2, KOTOPBIH COOTBETCTBYIOT puiibTpy beccens
Wik anepuoandeckomy GuiasTpy. M3yuuTe XapakTtep MEpPEeXOIHBIX MPOILECCOB Ha
BBIXOJIE CUCTEMBI JJIsl TAHHBIX TUIIOB CTJIAKUBAIONIETO (DUITBTpA.
3.4. CoxpaHuTe MOJYyYECHHBIE MPOLIECCHI U CIIENATh BHIBOJBI O XapaKTEPE BIUSIHUS
CIUIAKHUBAIONIETO (PUIIbTPA HA PAOOTY CUCTEMBI.
4. N3ydyeHue BJHMSIHHSI YACTOTHI BXOJAHOT0 CHTHAJAa HAa JMHAMHUYECKHE
XapPaKTEePUCTHKH CJIeAsimieii CHCTeMBbl.
4.1. Ycranosure kinoun S1 u S2 B nonoxkenue 1, Ky = 300
4.2. YcraHOBUTE CHHYCOMJAJbHBIM BXOJHOW curHai ammuryaod 0.1 B wu
gacToTo 1 paa/C, u3yunTe MepexoaHbIC MPOILIECChl B CHCTEME.
4.3. TlpoBeauTte aHAIOrMYHBIE ACHCTBHS 1y yacToT 5 u 10 pan/c
4.4. CoxpaHUTh NOJYYEHHBIE POLIECCHI U CJI€NATh BHIBOIBI.

5. UcciienoBaHye 4YaCTOTHBIX XaPAKTEPUCTHUK 32JaHHOH CUCTEMBI.
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Wcnone3yst nuHeapu3zoBanHyro Moxenb (Linear model) omenuts JIADUX
CUCTEMBI.
(Tools—Linear analysis; Simulink—Get Linearized Model; Plot type—Bode)

VI. YKA3AHUA IO O®POPMJIEHUTIO OTUHETA
OTtuet 0 paboTe TOKEH COAEPIKATb.
1. brok-cxembl mpuBOIA.
2. JIlnarpaMMbl HAPsDKEHUM BO BCEX M3YYECHHBIX JIEMEHTAX.
3. IlepexoqHble MPOLIECCH M YACTOTHBIE XapaKTEPUCTUKHA CHCTEMBI.
4. Bce He0OX0IMMBIE BBIBOJIBI 110 padoTE.

Vil. KOHTPOJIBHBIE BOITPOCHI

1. O0bsicHUTD (PYHKIIMOHAJIBHOE Ha3HAYEHHWE U NMPUHLMUIIBI pabOThl 3JIEMEHTOB
CIIEISIIEH CUCTEMBI?

2. Kak ocymiecTBisieTcsl ynpaBJIeHUE YaCTOTOW BPAlICHUS JBUTATEIIS B

IAHHOM CcJIeasInel cuctemMe?

3. Kakoii curaan u moyeMy MCHoJab3yeTcs Uil OCYIIECTBICHUS 00paT

HOM CBSI3U 110 CKOPOCTH BpAILICHHS Bajla JBATATEISA?

4. Kak BnusieT KO3(pPUIMEHT yCUIEHUSI CUCTEMbI B MPSMOM LIEMH Ha XapakTep
IIEPEXOIHBIX IIPOLIECCOB B CHUCTEME?

5. Kakue TpeOoBaHUS NPEABABISAIOTCS K XapaKTEPUCTUKAM CIJIAKUBAOIIETO
bunpTpa?

6. UTo mpou30HAEeT C CUCTEMOM, €CIM CYUIECTBEHHO YBEIMUYUTh KOI()PUIMEHT
YCWICHHSI B pa30MKHYTOM KOHTYype?

7. Ha ocHOBe aHanM3a KakMX XapaKTEPUCTHUK IPUBOJA OIPEINEIACTCS 4acToTa
[ITMM BBIXOJIHOTO KacKaJa YCUJIUTEJIS MOIIHOCTU?

VIII. BUBJIMOTPA®UYECKUN CIIMCOK

1. DOnextponpuBof nerarenbHbix annaparos. /Iloxg pen. B.A. IlonkoBHuKOBa. -
MockBa, Mammnoctpoenue, 1990 r.-352ctp.

2. Cnensimne tipuBoasl. Tom 2 / Tlox pen. b.K. Uemonanora — MU3n-so MI'TV,
2003r.-880 c.

3. I'epman-T'ankun C. I'. KoMnbproTepHOE MOIEIMPOBAHHUE MOJIYIPOBOJHUKOBBIX
cucteM B MATLAB 6.0: Yue6noe noco6ue. - CI16.: KOPOHA npunt, 2001. - 320 c.,
WIIL.

4. TIpoextupoBanme cnemsmmx cucteM. /Ilom pen. H.A. JlakoTel. - MockBa,
Mammnoctpoenue, 1992 r.-352ctp

JlaGopaTopHasi pabora Ne8

HUccaenoBanue XAPAKTEPHUCTUK JICKTPHUYECCKOIO CJIeAsAIero npuBoaa
MEPEMEHHOI'0 TOKA ¢ YaCTOTHBIM YIIPABJICHUEM
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I. HEJIb U 3AJIAYU UCCJIEJOBAHUSA
N3yuenne MeTOA0B YIIpaBiIEHUsI ACHHXPOHHBIM TpeX(a3HbIM ABUTATENIEM: HX
anmnapaTypHOM peanu3alMi M XapaKTepUCTUK JBHUTaTelsi MpU ATHX CIOcobax
yIpPaBIICHHUS.

II. TEOPETUYECKHUE CBEJAEHUSA

B coBpeMeHHBIX  CIEAMMIMX  CHCTEMax  IIHUPOKO  MPUMEHSIOTCS
OECKOJUIEKTOpPHBIE TMPHUBOJABI TMEPEMEHHOTO TOKa. B KauyecTBe jJBurareneit
MCIIOJIB3YIOTCS. CHHXPOHHBIE W ACHHXPOHHBIC ABUTATENH C JABYX(a3HOH WM
Tpex(da3HON CTATOPHBIMU OOMOTKaMH.

CucreMsbl ynpaBieHUs] aCHHXPOHHBIM 3-(a3HbIM JBUTATEIEM

1. OcHoBHBIE TPeOOBAHMS K CUCTEMe YIPABJIEHUS] ACHHXPOHHBIM
JABUTaTEJIeM

PaccMoTpuM BOIIPOCHI NOCTPOEHHUSI CHUCTEMBI YIIPABICHHUS] ACMHXPOHHBIM
3-(ha3HbIM JIEKTPOABUTATEIIEM.

CucTemMa yIpaBlieHUs ACHHXPOHHBIM JIBUraTeleM JOJKHA 00ecleunBaTh
peryJnpoBaHUe CKOPOCTH IPHBOJIa B HEOOXOIMMBIX IIPEIeNiax U ee PEBEPC.

JIng 5TOro B YHpAaBJIAIOIIEH CHCTEME pealn3yercs CIeAyIomui 3aKoH
yrpasjeHus no yacrore f.:

f.="1 *¢ (1)

B  NpUHLMNMANBGHOW  CXEME  pealM3yloTcs  COOTBETCTBYIOIIME UM
HanpsokeHus. JIJIS MONydeHUsl CKOJbKEHHMsS B KaHaJd YacTOTHOTO YIpABJIECHHUS
BBOJIUTCS TOJIOKUTENIbHAS 00paTHAs CBsA3b MO CKOPOCTH JIBMIaTess, Onarojaps
yeMy TIOSBJISETCS BO3MOKHOCTH YIIPABIEHHS 3TOH KOOPAMHATONW COIIACHO
cxeMe, OKa3aHHOM Ha pUCyHKe 1.

MO

—7 +7 .
i ! £

Pucynox 1 — Cxema cuctemsl ynpapienus A/l 1y nonydeHus: CKOIbXKEHUS S

f, — )Kenmaemas WM yrpaJisitoias 4acToTa;
€ — a0COJIIOTHOE CKOJIBKEHHUE POTOpa, OMPEeIeMOe KaK pa3HOCTh
xKeaaeMoH (YHpaBJIsIOIIEH ) 4aCTOThI M 4YaCTOTHI POTOpa

YacroTa nojs peain3ycCTCAa B OIIPCACICHHOM AUAIIa30HC!
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fmin < fc.oe < fmax

O6b1ano fy, =01f . . Jlna ynpasnenus ¢ menpmmmu, uem npu fy = f,

CKOPOCTSIMH JIBUKEHUS HCIIOIb3yeTCsl aMIUIUTY/JHOE YIIPaBJIEHHE.
B  cTpykType yhpaBiusiomeil cuCTeMbl —00ecIeyMBaeTcsi YacTOTHO-
AMIUIMTYTHOE YIIPABJIEHUE C PEBEPCOM M OT/aueil SHEPTUH B CETb.
OCHOBHBIM peaan3yeMbIM NapaMETPOM SBJISETCS 4acTOTa, YTO CIEAyeT M3
HpOHOpI_II/IOHaHI)HOCTI/I CHHXpOHHOfI CKOpOCTI/I HaCTOTC NIUTAOIICTO HaHp}DKeHI/Iﬂ:
2r- f

Qo=—F— (2)

n
OOHOBPEMEHHO BO3HHMKAET HEOOXOJMMOCTh PETyJIHpPOBAaHUS HaIPSIKEHUS
uctounnka mnutanua. OJIC 0OMOTKH cTaTopa aCHHXPOHHOTO JBHUTaTEs
[IPONOPLIMOHAIIBHA YaCTOTE U MOTOKY.

E=ke-f, 3
[IpenebOperas najgeHueM HanpsHDKEHUST HA OOMOTKax cTaTopa

AU, =117 +x; =0, (4)
MO>KHO 3aIIUCaTh

U, ~E =k¢-f , (5)

N3MeHeHne 4acTOThl MUTAaHUSI TTO3BOJIAET PETYIMPOBATh CKOPOCTh KAK BBIIIIE,
TaK U HUXKE OCHOBHOM (.

[Ipu perynupoBaHUM BBIIIE OCHOBHOMW CKOPOCTH (PEXHM YacCTOTHO-
GbOpCUPOBAaHHOTO  yMOpaBJIEHUS) YacTOTa MHUTAHUS  MOXKET  IMPEBBINIATH
HOMUHAJIBHYIO He OoJsiee yem B 1,5—2 paza, 4yTo 00YCIIOBJICEHO MNPOYHOCTHIO
KperuieH!s OOMOTKH POTOpa M POCTOM IMOTEPH B CTAJIA CTATOPA.

PerynupoBanue CKOpOCTH B CTOPOHY YMEHBIIIEHHS BO3MOXKHO He Oosiee ueM
B 10 — 15 pa3, 4T0 OrpaHUYEHO CIOXKHOCTHIO pean3allii UCTOUYHUKA MUTAHUS C
HU3KOM YacTOTOM U YBEIMYEHHWEM HEPaBHOMEPHOCTH BpAIlEHUS Ha MallbIX
CKOPOCTSIX.

Hwoxuuii mpenen MokeT ObITh YMEHBIIIEH 3a CYET UCIOIb30BaHUS 0OpaTHBIX
CBsI3€H B CUCTEME yIpaBJCHUS aCUHXPOHHBIM JABUTaTeeM. YacToTa HanmpsiKEHUs
MMUTAHUS SBJISETCS HE3aBUCUMBIM MapaMeTpPOM, 3a7aBa€MbIM BXOJAHBIM CUTHAJIOM
npuBoJa  mepeMeHHoro  Toka.  Jlisg 8-momrocHoro  apurarens (P, =4)
ko3¢ uimeHT nepecuera napamerpos Q [pan/c] B f [['1] cocraBnsieT

f 4
Q 2r ()

Haunyumme nuHaMuueckre XapakTEPUCTHKH OOECIIEYMBAIOTCS B MPUBOJIAX,
oOnagaronx HauOOJBIIUM PACIOJIATaEMBIM  YCKOPEHUEM, OIPEeIsIeMbIM
MaKCUMAaJIbHBIM PAa3BUBAEMbIM MOMEHTOM aCUHXPOHHOTO JIBUTATEIS.

2. 3aKkoHbI yIIpaBJICHHSI ABUTaTeJIeM U UX peaiu3anus
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JInst IpuBOJIOB C MOMEHTOM HAarpy3Ku, HE 3aBUCSIIUM OT CKOPOCTH, PEKUM
pEeryJIMpoOBaHMs, OCHOBAaHHbIM HAa NOJJNEPKAHHUM MAKCUMAaJIbHOIO MOMEHTA,
obecrieynMBaeTCsl CHUCTEMOM yIpaBJICHUM, peEaNM3yIOle JMHEHHBIH 3aKOH
U3MEHEHHS HANPsDKEHUS OT YacTOThl MUTaHUS (pUCYHOK 14.2).

] —— —

(

F

0 f

min HOM
Pucynok 2 — I'paduk 3aBUCUMOCTH HampsiKeHHs] Ha 00MOoTKax A/l
OT YacCTOTbI HANIPSKEHUSI TUTaHUS

U, =U,+k,f. (7)
MaxkcuManbHbIiI MOMEHT ACHHXPOHHOTO JBUTATENS
U2
M = / (l) \
m 2 2 | (8)
ZQO(rC +. 1+ X )
CunxpoHHas CKOpOCTB 2 u VHYKTUBHOE COITPOTUBIICHUE X
MPONOPUHUOHAIBHBI YaCTOTE MUTAHUS, CJIEIOBATEIBHO,
U 2
-

B ycranosusmemcs pexume M =M, =const (M, — momenr marpyskm)
[I03TOMY OTHOILIEHHE
e
f
3a BEpXHHUM IIpelen 3aKOHAa pETyJIUMpOBaHUs NPHUHATHl  IMAPAMETPHI
HOMHUHAJIBHOTO pexuma, Hampumep:Uy =127 B, f,,,, =400/ . Hwmwxuuii

=const (10)

npesien peryaupoBanus dactotsl fmin =40,0 1y,
I[Mapametpsl 3akona perymuposanus U, u K, onpenenenst no gpopmynam

U, = \ W‘" froin [rc + 12+ (x{M)? ] . (11)

CxeMa perynupoBaHUii 4aCTOTHI U HampspbkeHust AJ] mokasaHa Ha pucyHKe 3.
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20 kB — T
o

WL PUdsmp Kp

UzpaHuyHaHie

‘ -

‘ 3

—17 +1
1 !

Pucynoxk 3 — Cxema cucremsl yrpasiieHus AJl s peryiupoBaHusi 4aCTOTHI
U HaIPsDKCHUS

Bo3moxHOCTh perynupoBaHus 3-(a3HbIM aCHHXPOHHBIM JBUTATENIEM IIO
4acTOTE M aMIUIMTYJE HAIIAJIHO HIUIIOCTPUPYETCS CEMEHUCTBOM MEXaHUYECKUX
XapaKTEPUCTHK.

XKecTkocTh  MEXaHMYECKMX  XapaKTepUCTUK B  pabodeil 30HE mpH

U
pPEryJIMPOBAHUM IO 3aKOHY T:¢: const coxpaHsieTCsi CPAaBHUTEIBLHO BBICOKOM.

BenuuuHa KPUTUYECKOTO MOMEHTA B 30HE OOJIBIIMX YACTOT CPABHUTEIBLHO MAJIo
mmensgercs (M, M,, M,;). Jlume npu HU3KMX dYacTOTax BCJEICTBHE
OTHOCHUTEJILHOTO YBEJIMYCHUS MAJCHUS HANPHKEHHS B CTATOPE IPOMCXOIHUT
3aMETHOE yMEHBIIEHHE MAarHMUTHOTO IOTOKA M KaK CJIEACTBHE, YMEHBIICHHE
KPUTHYECKOr0o MOMEHTA (My):

3 U,
M=o X=X+ X, (12)

2 2’
200 1, L1+

I[JI?I OOJNIBIINX YaCTOT BEJIMYMHA [ 3HAYUTCJIIBHO MCHBIIEC X, U IMOITOMY
MOXHO CUHUTATh, YTO

_ Y,
< 2w,x, (13
Takum obpazom, mak kax X, =K fu oy =k, T, 10
2
— BUd? (14)
k — 21
2k Kk, f,
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U‘ﬁ
MOSTOMY = const
1

—

L

Hil

0

Pucynok 4 — Mexanudeckue xapaktrepuctuku A/l
C YACTOTHO-aMIUIMTYIHBIM yIIPAaBJIECHUEM

1, 2, 3 — MEXaHMYECKHE XapaKTEPUCTHUKHU C YACTOTHO-AMILTUTYTHBIM
YIIPaBJICHUEM:

1- f,=f,:U,=U, :2-f,=05f ;U,=0%U, :
3- f,=01f_;U,;=01U_ 3, 4,5, 6 xapakTepuCTHKH aMILTATYHOTO
ypaBHEHUs IIpU fC =f,=01f_, n U, 01 0,1.U,,, mo 0; 7 — xapakTepucTnka c
dopcupoBaHHbIM 10 yacToTe ympasienuem: f; =15f ;U.=U_ -

8 — MOIIHOCTDH AJIsI HOMUHAJIBbHOTO PEKUMa
!

M,
U
Pucynok 5 — I'paduku Pucynok 6 — Mexanuueckue
3aBUCUMOCTEN CKOPOCTU U TOKOB xapaktepuctuku AJl nmis
B oOMoTkax A/] or MOMeHTa Pa3IMYHBIX YaCTOT HANPSKEHUIN
Harpy3Ku MUTaHUS
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f,>f,>f>f,
HpI/I SHAYUTCIIBHOM CHWKCHHUHN YaCTOTHI 3TO COOTHOIMCHWC HAPYyIIacTCA, T.K.
PC€aKTUBHOE COIPOTHUBJICHUE PACCCAHUA Xy = XC + Xp CTAaHOBHUTCA CPAaBHUMBLIM C

CONPOTHUBJIEHUEM CTaTOpa [ WM JaXe MEHbIIEe ero. BiuusHue naaeHus
HaIpSDKEHUS. B CTaTOPE OKa3bIBAE€TCA CHIIbHEE, U 3TO MPUBOJUT K YMEHBIIECHUIO
KPUTHUYECKOTO MOMeEHTA. [103TOMy B cXeMe peryiaupoBaHus MOMEHTA U CKOPOCTH
Ha BXOJ pETYJIUMPYEMOrO OIPAHUYEHUS AMIUIMTYJIHOIO KaHaja IOJAeTCs
MOCTOsIHHAS cocTaBistomas Uy, KoTopass MOXKET U3MEHATHCA B 3aBUCHUMOCTH OT
TpeOOBaHMI K CIEAsIEMY IPUBOAY:

fmin 2 _ m-Pn-U, _ 2 fn?in
(Xk ) - 47[ fHo,w .Mm ’ rc fK(Z)M ’ (15)
rae f.. =401y wu f,,,=400Ty IS AJl JIMUILI-63;
u,-U,
k, = ﬁ,ua =18,7B,k, =0,3 yna U, = 220 B.

JlanpHelee peryJnpoBaHUE OCYLIECTBISECTCS YMEHBIIECHUEM HANpPsKEHUS
nutanus Uy< U, ipu fiyin = 40 ' = const.
[Ipy u3MEeHEHUM 4YacTOTHl H3MEHSIETCS W WHIYKTUBHOE CONPOTHUBIICHUE

oboMoTkn X, =@, - L. TlosTroMy ammimTynma perymupyercss B 3aBHCMMOCTH OT
YacTOTBl TAakuM 00pa3oM, 4YTOObl TOKM HE MPEBLIIATH  JOMYCTHMOMN
BennumHbl |, , KoTOpas onpenensercs:

1) HaCBIIIEHNEM MarHUTHON CUCTEMBI;

2) TOMyCTUMBIMH TOKaMH TPAH3UCTOPOB B YCHUIIUTEIIE MOIIIHOCTH.

BBozsTcs perynupyeMoe OrpaHHyY€HUE Ko, a TaKK€ CBS3b 10 YaCTOTE IS
o0ecrnieveHus KeJlaeMoil KpyTU3HbI MEXaHUUECKON XapaKTEePUCTUKH.

[lonaercs nomonHuTenbHOE HampsbkeHue Uy JUisi yBETUYEHHUS MOIIHOCTH
JBUTATEIIS.

PaccMoTpuM  ceMEMCTBO MEXaHUYECKUX XapaKTEPUCTHK ACHHXPOHHOIO
JBUTATEJSI PU PA3IMYHBIX YaCTOTaX MUTAIOIIETO HANPSIKEHHUS.

W3 ananusza XapaKTepUCTUK BUIHO, YTO 3-(ha3HbIM ACUHXPOHHBIA JBUTATENb
[0 YacTOTE€ W aMIUIMTYAE OOECHEeYMBAET PEryJUPOBaHUE CKOPOCTH B LIMPOKOM
IUana3oHe C MaJlol YyBCTBUTEIBHOCTBIO K HAarpy3ke TMpU YacTOTHO-
aMIUTUTYIHOM yripaBienuu 1, 2, 3.

MomnoctHas xapaktepuctuka N = QM (8 na pucynke 14.4) mpu f.on, Uson
onpenenseT 3Ha4eHus: HOMUHAIBHOU N0, 1 MAKCUMATBHOW MOITHOCTH Npax.

Ipumepuo g0 M, =0,75M, (M, — kpuTnueckuii MOMEHT Harpys3Ku)

S W, —®,

CKOJIBKEHHE pOTOpa ABUTATENs © = a)—c Majo.

IIpu M; >M, porop ocranosurcs.
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[TapameTpsl GpuiIbTpa U HETMHEWHOTO KOppekTupymomero ycrpoictsa (HKY)
KaHajga AaMIUIUTYJHOI'O YIPAaBJIECHUS OIpPEAENeHbl U3 YCIOBUS 0OOecnedyeHus
YCTOMYMBOCTH M Ka4eCTBa NIEPEXOIHOTO Mpoliecca.

T 1
Koppextupyroumii punstp W, ( p) =K, % ,
re K, =20,T,=0133¢, T, =0,033¢C .
HKYVY: k, =1k, =03.
Koad¢uimenT ycunenus B 4aCTOTHOM KaHaJe:
ko=39;, Q,,, =Q1-S,)=5916 paolc,

I'c
e
NHOM

Mm :kN 'ka 'TZZ,OSHM,

Qpp = Qoll—Skp)= Q0| 1- =527 padlc,

rae kN — K02 GHUIMEHT 3amaca 10 MOIIHOCTH; I, I — aKTUBHOE
compotuBiienue cratopa (1,37 Om) u poropa, mpuBEICHHOE K

craropy (2,22 Om);t Xy — CyMMapHO€ UHAYKTUBHOE COIPOTHUBJIEHUE CTATOPA U
potopa (13,65 Om).

Kanan peBepca oOecrieunBaeT HampaBiI€HUE BpAlCHHUs ACHUHXPOHHOIO
neurarend. Penevinblii  amemeHT HO1  onpenensier HanpaBieHuWE BpallleHHS
ANIEKTPOMATHUTHOTO TOJS B 3aBUCHMOCTH OT 3HaKa OMMOKM U 00OecreynBaeT
pa3roH JABUTaTeNId W TOPMOXXEHHE €ro IMPOTHUBOBKIIOUEHHEM Ha CKOPOCTSX,

menpmmx 0125-Q . Q=785pad/C, wuro coorserctByer wactore

pesepca f,, =50 I'y npu uactore nuranus AJl fo =400 7y,

JIJIss HMCKITIOUEHUS TOPMOJKECHHUS TMPOTHBOBKIIOYCHHEM M, KaK CIICICTBUE,
ONPOKUABIBAHUS JBHUraTeNsi Ha cKopocTsx, Oonbmux 0,125Q (=785 pao/c s
JIMUILI-63), BBemennl peneible 3xemMeHThl H22 wu HO3, wuckmouaronme
IPOXOXKJeHUEe cHurHaiga ACQ) HW, CBOMM 3HAKOM OIPEICIAIONINE HalpaBlICHHE
BpalllcHUS  MMOJs HW  Pa3rOH-TOPMOXKCHHWE  JBUTATCIII B PEKHME
aMILTATYTHO-4aCTOTHOTO YITPaBJICHUS.

[IpeoOpazoBarenu 4acTOThI C AMIUIMTYAHO-YACTOTHBIM PETYJIMPOBAHUEM
CKOPOCTHU BpalIeHUs! aCHHXPOHHOTO 3-(pa3HOro ABUTATENS

Yceunurenp MOITHOCTH COCTOUT M3 HEYIPABIIIEMOTO BBIIPSAMHUTENA B 1 AByX
HE3aBUCHMBIX PETYJISATOPOB.
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Perynstop nHanpspkeHuit BkitouaeT B ce0st uaBepTOop U, 010K peryiaupoBaHus
HanpsDKEHUsT Ha BXOJE AaBTOHOMHOIO HWHBEPTOpa U OJIOK JUHAMHUYECKOTO
TOPMOKEHUSI ACHHXPOHHOTO JBUTATEIIS.

B oCHOByY cHCTEMBI yNpaBIeHUSI ACHHXPOHHOTO JBUTATENS MOJIOKEHA CXeMa
aAMIUTUTYTHO-4aCTOTHOTO PETyJIMPOBAaHUSA C HCIOJIb30BAaHUEM IMpeoOpazoBatess
YacTOThl C MNPOMEKYTOUHBIM 3BEHOM ITOCTOSIHHOTO TOKa M HEYIPaBIIIEMOTO
BBITIPSIMUTEIIS (PUCYHOK 6).

[IpeoOpazoBarenb 4aCTOThl COCTOMT M3 HEympaBisieMoro Beimpsmutens (B),
crinaxwuBaroniero Guistpa (CP) u aBToHOMHOTO HHBepTOpa (AUN) (prcyHOK 7).

[IpeoOpazoBarenp 4acTOTHI C MPOMEKYTOUYHBIM 3BEHOM IIOCTOSIHHOTO TOKa
OCYULIECTBJISIET MPeoOpa30BAHHUE JIIEKTPUUECKOW SHEPrMU IMEPEMEHHOI0 TOKa
OJTHOW YaCTOThI B IEPEMEHHBIA TOK IPYTrOM YaCTOTHI.
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Pucynok 6 — @yHKIIMOHAIBHAS CXeMa CUCTEMBbI
aMIUTATYAHO-4aCTOTHOTO yripaBiieHus AJ]
Bxod £ IE T B AU Brixad
U 7 Y f;

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

[Tepemennoe Hanpsbkenune U;  (mampumep 380 B)  uacrtoroii f; (50 I'nr)
MOCTYTAET HA BXOJ BREIIPSIMUTENS B, T1ie BRIMPSIMIISIECTCS, & 3aT€M CIIaKUBACTCSI
¢unbTpoM CD 1 mocTtynaeT Ha BXOJ aBTOHOMHOTO wHBepTopa AU, mmeromero
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BbixoaHoe HanpspkeHue U, (540 B) ¢ uacroroii f, (40 — 400 I'ty). ABTOHOMHBIH
UHBEPTOP TMPeoOpa30OBBIBACT JJEKTPUUECKYIO SHEPTHUI0 TIOCTOSIHHOTO TOKa B
NIEpEMEHHBIN, BBIXOJHBIC MapaMeTpbl KOTOporo (popma, aMmIuIUTyJa, YacToTa
BBIXO/IHOTO HAIPSDKCHUS) OMPENEISIOTCS CXeMoW mpeoOpa3oBaTelis, CHUCTEMOM
yIpaBJICHUS aBTOHOMHBIM WHBEPTOPOM H PEKUMOM €ro paboThl, B OTIMYHE OT
WHBEPTOpPAa BEAOMOTO CEThIO, BBIXOJHBIC YacTOTa W HAMPSHKCHHE KOTOPOTO
COOTBETCTBYIOT ITapaMeTpaM CETH.

B npeoOpa3zoBateiie ¢ MpOMEKyTOYHBIM 3BEHOM ITOCTOSTHHOTO TOKAa 9acToTa
BBIXOHOTO HAITPSDKCHHS HE 3aBUCUT OT YACTOTHI TUTAIOMICH CETH M MOYKET OBITh
KakK OOJIbIIIe, TAaK U MCHBIIIC.

ABTOHOMHBIC HMHBEPTOPHI BBITIOJHEHBI HA TPAH3HCTOPHBIX KIFOYaxX II0
Tpex(}a3HOW MOCTOBOH CXeMe W NpeIHA3HAYCHBI JJIA YCHJICHUS IO MOIIHOCTH
BBIXOJHBIX CHUTHAJOB OJIOKa yIpaBJIeHWsA. B  TpaH3UCTOPHBIX  KIIFOYaX

UCTIONB3YIOTCS  TpaHsucTtopel tuma 2I1906 mma U, =220B; N, =750 Bm,

MMEIOIIME BBICOKHE KOA(DPUIMEHTHl YCHIEHUS U OBICTPOJIEWUCTBHE, YTO
MO3BOJISIET pPEAM30BaTh HA KIIOYE HMHIWBUAYAJIbHYI0 TOKOBYIO 3alIUTY
TpaH3UCTOpa OT OpOCKOB TOKa B  uUenu  Harpy3ku. g ceru

U, =2380B; N,,,,, = 750Bm npumensiorcs tpansuctopsl 2T839A (KT839A) ¢
npenenbHbiM Hanpspbkenrem 1500 B u MakcumanbsHO jomyctuMbiM TokoMm 10 A.
Jlns nsurateneit ¢ mommocteio N, > 750Bm B aBromomuex Tpamsucropax
ucnonb3yercs  GBTH — TpaH3ucTopsl Wiv CUI0BbIE MOAYJIH.

B L . PHIA
wh AR ( K, kf(ﬁ #r k
g
A
Uy =Ry

Pucynox 8 — DxBUBaJIeHTHAs cXeMa yCHJIUTEIISI MOIITHOCTH TIPHBOIA
MIEPEMEHHOTO TOKA
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Pucynok 9 — Cxema ycuiuTensi MOITHOCTH MPUBOA IEPEMEHHOTO TOKa
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Pucynok 10 — Dmtopsl HanpsoKeHUH B 0OMOTKaX yCUIUTENS MOITHOCTH A /]
IIPY aMIUTUTYAHO-YaCTOTHOM YITPABIICHUH
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Pucynok 11 — Dmropa HanpsKeHUN NEPEeKTI0YEHUsT TPAH3UCTOPHBIX
Kiroden yeunurens momuoctd A/l B pexxume LHTNM

k=le=h ¢ L 4o a00my

3a0

e = % _ 25007

1+1

HeymnpaBnsiemblii BBIPSMUTENb BBITIOTHEH MO cXeme 3-(pa3HOro MOCTOBOTO
BBIIPSIMUTENST Ha aAuojax co criaxkuBatomuM LC-puibrpom. OH BBIIPSMIISET
Tpex(daznoe HampsikeHue mnepemenHoro Ttoka (U.=380B) B mnocrosHHOE
3Hauenue (540 B).

brox perynupoBaHus HanpsDKEHHsT Ha BXOJI€ aBTOHOMHBIX HMHBEPTOPOB
BBIIIOJTHEH HAa OCHOBE TPAH3UCTOPHOrO KiIto4ua ¢ TpaHzuctopom tuna 211906 co
crnaxuBaronmm LC-punptpoM u  Momynem ympaBieHus. PerymupoBanue
HANpsDKEHUST Ha BXOJE€ ABTOHOMHOTO HMHBEPTOpPAa MPOU3BOAUTCS C IIENBIO
CHWKCHUSI HATrPy3KH IO HAMPSHKEHUIO Ha KIIIOYHW aBTOHOMHOTO WHBEPTOpA TPH
MAaJIbIX ¥ CPETHUX CKOPOCTSAX PETyIUPOBAHUS ACHHXPOHHOTO JBUTATEIIA.

brmokn guHAMHYECKOTO TOPMOKEHUS JBHUTATENS TPEIHA3HAYCHBI IS
JOTIOJTHUTEIHPHOTO PACCESTHUSI KHHETUYECKON PHEPTUH aCUHXPOHHOTO JABUTATEIS
IIPY YaCTOTHOM TOPMOKEHUH JBHUTATENS B TUANA30HE €T0 CKOPOCTEH BpalleHHS
(420 — 628) pan/c m mpemHa3HAYeH I OTPAHMYCHHS HAINPSDKCHUS HA BXOC
ABTOHOMHOT'O MHBEPTOpa B PEKMME YaCTOTHOTO TOpMoxeHus: He Ooiyee 350 B

anst cetr ¢ U, =220B 11 610 B st cetn ¢ U, =380B .

HI. OBBEKT NUCCUIIEAJOBAHUA U OBOPYOBAHUE

OOBEKTOM UCCIIEIOBAHUS SBIISICTCS] TIPUBO/] IPOMBITINICHHOMN MIBEHHOM
MalIMHKY, paboTarouuii no cucremMe "ABTOHOMHBIN HHBEPTOP HAMPSKEHUS C
aMIUTATYAHO-YaCTOTHBIM 3aKOHOM YIIPaBJICHUSI —ACUHXPOHHBIN ABUTATEND C
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KOPOTKO3aMKHYThIM potopom"- DA-ITIIM 31-01B7CXJIY.
J1J1s1 BBITOTHEHUS! paOOThl HEOOXOAUMBI:
1) Hu3KouacTOTHBIN ociuiorpad tuna C1-57, C8-13;
2) yactoromep Y3 — 34 wim 1r000H IpyTroi,
3) umdposoii BoabTMeTp B7-27A/1.

IV.3AJAHUME HA PABOTY
1. U3yunts npuHIMI paboTsl U GYHKIIMOHATHHOE HAa3HAUYCHUE SJIEMEHTOB

IIPUBOJA.

2. 3yunTh B3aUMOJEHUCTBUE JIEKTPOHHBIX Y3JIOB.
3. UccnenoBaTh paboTy CHIIOBOM YaCTH MPUBOJIA TP PA3IMYHBIX PEXKUMAX

(YHKIMOHUPOBAHUS MPUBOJIA.

4. CHATH 9KCIIEPUMEHTAIILHO HEKOTOPbIE CTATUYECKUE U JTMHAMUYECKUE
XapaKTEPUCTUKH NPUBOJIA.
V. ITOPAJOK BbIITIOJIHEHUSA PABOTbI
1. TimarenbHO 03HAKOMHUTBCS C HACTOSALIEH UHCTPYKITHEH.
2. UccnenoBanue pabOThI CUIIOBOM YaCTH MPHUBO/IA ITPU BKIFOUEHUU:
a) MOJAKJIIOUNTD BXOJI ociiuiuiorpada Kk nepexitouarento K2:

6) IIOCTAaBUTh NEPEKIHOYATEIIb B IIOJIOXKCHHUE Al
B) BKJIIOUUTHh MarHUTHBIN ITyCKaTCJIb HAa CTCHC U MMOAATh HAIIPSPKCHHUC HA

CUJIOBOM TpaHchopmaTop;

I') 3aCUHXPOHU3UPOBATh N300paKEHNE HAMIPSIKEHUSI BTOPUYHOM OOMOTKH
TpaHcopmaropa, IOCTaBUB MEPEKIIOYATEb PEXKUMA CUHXPOHU3ALUU
ocmuiorpada B MmoyioxkeHue "ceTp':

1) BKJIIFOYUTh KHOTIKY "IycK" Ha CTEHAE W OJHOBPEMEHHO MPOCIEIUTH 3a
U3MeHeHueM (OpMBbI HAIIPSLKEHUS U 3apHCOBATH €r0.

3. UccnenoBanue paboThl CUIIOBOM YacTH MPUBOJA MPU U3MEHEHUHU YaCTOThI
BpAICHUS JIBUTATEIIS:

a) MOJKIIIOUUTh ocluiorpad K aHoJaM THUPUCTOPOB BBINPSIMHUTEILHON U
uHBepTOpHOU rpynm ( Touku 51 u 52 ), nepexitouas K2. u 3apucoBath
JAarpaMMbl 3THUX HAIPSIKECHUWA MMPU MUHHUMAJIBbHOW U MaKCUMaJIbHOM 4acTOTAaX
BpAILCHUS JIBUTATENS, YCTAHABIMBAEMOM C MOMOIIBIO 33/1aTYMKA YACTOTHI
BpAILCHUS IBUTATEIS;

0) MPOBECTH aHAJIIOIMYHOE HAOJII0ICHHE 32 HANPSDKEHUEM Ha JIBUTATEe
(Touka 52).

4. OnpeneneHue Auana3oHa yria yrnpaBJeHUs THPUCTOPOB:

a) MOJKIIIOUNTh ociutorpad k toukam Y2, C1 u nponabmonats Gpopmy
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HaIPSDKEHUS Ha YIIPABISIOIIEM 3JIEKTPOJIE TUPUCTOPA U 3apUCOBATh €€ MpHU
MUHHMMAaJIbHON U MAaKCUMAJIbHOW YaCTOTaM BpALCHUS IBUTATENS;

6) 1o pa3HMIIE MOJOKEHUI UMITYJIbCa M HA OCHOBAHUU 3HAHUSI CKOPOCTHU
Pa3BEPTKH ONPEAECIUTh AUANa30H U3MEHEHUS yIJIa YIIPABIICHUS.

5. N3ydyeHune quHaMUYECKUX XapaKTEPUCTUK IPUBOAA!

a) MEPEKIIIOYNUTH OCITMIUIOrpad K BRIXOAY HAIPSKEHUS TaXOreHepaTopa
(Touku 10,20);

6) yctaHOBUTH pa3BepTky 0.2 c/cMm;

B) YCTaHOBUTH yacToTy BpamieHus apurarens 0.3-0.4 or HomuHabHOM ( 6-
7 1ETYKOB 3aJaTYMKa OT KPAHETO JIEBOrO TMOJI0KECHUS);

I') IOCTAaBUTh MEPEKIIOYATENb pekuMa yrpasienus 112 B HeliTpanbHOE
MOJIOKEHUE ( IBUTaTENb OCTAHOBUTCA);

1) IoiiMaB MOMEHT BpEMEHHU, Korja Jy4d ociuuiorpada Oyner B KpaliHeM
JIEBOM TOJIO)KEHUU, IEPEKIIIOUUTH [12 B BepxHEe MOJI0KEHUE U 3apUCOBATh
MPOLIECC pa3roHa, IBUTaTENs;

€) cunTas MNepexoHbIN MPOIECC AePUOANIECKUM, OIPEACINUTh
ANEKTPOMEXAHUYECKYIO ITOCTOSTHHYIO BDEMENHU U CpaBHHUTE €€ C
[IACIIOPTHBIM JIJI IBUTATEIIA.

V1. YKA3ZAHUS 1O O®POPMUIEHUIO OTYETA

OTt4er 0 padore 10/ZKEH COAEPKATD:

1. Brok-cxemy npuBoja.

2. JInarpaMmbl HanpsHKEHUM.

3. IlepexoaHbIil NPOLECC U3MEHEHHMSI YaCTOThI BPALLIEHUS ABUTATEIIS C
HEOOXOAMMBIMU TOCTPOCHUSMU I ONPEENIEHUS TOCTOSIHHOM BpEMEHHU.

Y1l. KOHTPOJIbHBIE BOITPOCHI

1. B yem 3akmrodaeTcst HpUHIUIT JUHEWHOTO COBMECTHOIO YITPABIICHHS
TUPUCTOPHBIMU TPYIIIAMH PEBEPCUBHOIO NMPUBOAA?

2. Kakue MOXHO cliefaTh BbIBOJIBI U3 1.2 MPOAEIaHHON pabOThl OTHO-
CUTEJIbHO BIIMSIHUS ITPUBOJIA HA CETh IUTAHUSA?

3. Kakue pexxuMbl paboThl THPUCTOPHON TPYTIIBI HA3BIBAIOTCS BHIIPSIMU-
TEIbHBIM U UHBEPTOPHBIM?

4. K kakoBo Ha3zHaueHue apocceneit Ipl u Ip2?

VIIl. BUBJUOT PAOUUYECKHN CITUCOK

1. DnekTponpuBOoI JeTaTeNbHBIX anmapartos, /[lox pea. B.A. IlonkoBHHKOBA.
-MockBa. Mammnoctpoenue. 1990r.-352ctp.

2. Cnepsuue nipuBobl. Tom 2 / [lox pen. b.K. Uemonanora — M3n-Bo
MI'TY, 2003r.-880 c.
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3. [IpoextupoBanue cremsmuux cuctem, /Ilox pen. H.A. JlakoTtel.- Mockga,
Mammmnoctpoenue,1992r. -352ctp

4. lllendensa P..Xaburep 3. ABTOMaTU3UPOBAHHBIEC SJIEKTPOIPUBO/IBI. -
Jlenunrpana: DHeproaromusaat, 1985r.-464ctp.

JlaGopaTopnas padora Ne9

IIpoexTHpoBaHUE KOHTYpPA yIPAaBJIeHHS IPUBOIOM IOCTOAHHOIO0 TOKA
(BUpTYaILHAA)

I. HEJIb 1 3ATAYU UCCJIEJOBAHUSA

[IpoekTpOBaHUE CIIEASIIETO JJIEKTPUYECKOrO IMPUBOJA, U3YUEHUE IPUHLIAIA
paboThI, CXEMHOW peau3aliy, Ha3HAYEHUsI SJIEKTPOHHBIX OJIOKOB M XapaKTEPUCTHK
PEBEPCUBHOIO NPHUBOJA IOCTOSHHOIO TOKa, pabOTaroUIero o CUCTEME
"TPaH3UCTOPHBIA UMITYJIbCHBIA YCHIIUTENb C CHMMETPUYHBIM 3AKOHOM KOMMYTalluU
TPAH3UCTOPOB BBIXOJHOTO KacKaJa YCHUJIUTENS MOUIHOCTH - IBUTATENb IIOCTOSHHOTO
TOKa C HE3aBUCUMBIM BO30YXIeHUEM".

II. TEOPETUYECKHUE CBEJIEHUA

B nmo0oM crendineM NpuBOA€ MOXHO YCIOBHO BBIJCIHTD JIBA KaHaIa
pacupoCTpaHEHUs! CUTHAJIOB:

3) xaHaun ynpasieHus (MHGOPMAIIMOHHBIN KaHAJ), IO KOTOPOMY

MEPEAA0TCS CUTHAJIBI YIIPABJIEHUS C BX0J1a IPUBOJA K OOBEKTY YIIPABICHUS;

2) »pHepreTMyeckuil KaHall (CWJOBasi 4YacTh), MO KOTOpPOMY IIpeoOpazyemas
SHEPTHUS PACIIPOCTPAHAETCSA OT UICTOYHUKA MUTAHUS K OOBEKTY YIPABICHHUS.

B xanan ympaBiieHHs THUIUYHOTO TMPUOOPHOTO CIEASIIETO JIIEKTPUUECKOTO
npuBonaa (DCII) BXOAAT: JaTYMK PAcCOTIACOBAHMS C UCIOJIb30BAaHUEM CHUHYCHO-
KOCHHYCHBIX WJIM JIMHEWHBIX Bpamatomuxcsi tpanchopmaropoB (CKBT wmu JIBT),
(ha304yBCTBUTEIHHBIN BBINIPSIMUTENb, CTIQXKHUBAIOMUNA  (QUIBTP, YCHIUTEIH
INOCTOSHHOIO ~ TOKA,  IOCJEAOBATEIbHOE  KOPPEKTHPYIOLIEE  YCTPOMCTBO,
CYMMHPYIOILIEE  YCTPOMCTBO, MOIYJISTOP JJINTEIBHOCTH HMIIYJBbCOB, YCHIIUTEIb
MOIIIHOCTHU, UCTIOJIHUTEIBHBIN IBUTATENb U PEYKTOP.

B sHepretnueckuil KaHall BXOAST: BBIXOJHOM KacKajJ YCUIIATENS MOIIHOCTH,
WCIIOJIHUTENIbHBIN  JABUTATeNb W peaykrop. Jns oOecrieueHuss  BBICOKOTO
Ko3(puImeHTa Mmose3Horo AEHCTBUSA, BBIXOJHbIE KACKaJIbl MOCTOBOTO YCHIJIMTENS
MOIIIHOCTH paboTaloT B KitoueBoM pexxume. Hanbonee uwactro B mpubopusix ICII
UCIIOJIB3YyEeTCSI CUMMETPUYHBIA 3aKOH KOMMYTAllMd TPAH3UCTOPOB BBIXOJIHOTO
KackaJla yCWInTeNsl MOIHOCTH. [Ipu 3TOM 3aKOHE TpaH3UCTOPHI BHIXOJHOTO KackKaia
YCUJIUTENS MOIIHOCTH, HAXOMSIIMECS B Pa3HbIX JAHArOHAIAX MOCTOBOM CXEMBI,
KOMMYTHUPYIOTCSI B IPOTUBO(Da3e.
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s oGecnieuenuss TpeOyembix auHamuueckux cBorcTB OCII  mcmonb3yroTces
[IOCJIEI0BATENbHBIE KOPPEKTUPYIOLINE YCTPONCTBA, BKJIIOYAEMbIE B LIEMb OLIMOKHU
OCIL.

Jiia  aHanu3za (QYHKUMOHMPOBAHUS M CHHTE3a NPUBOJOB C  Pa3IMYHBIMU
CTpPYKTypaMu pa3pa0oTaHa BUpTyasbHas Jja0oparopHas paboTa, IO3BOJISAIOLIAS
BbIOMpATh AJIEKTPOMEXAHUYECKUE 3JIEMEHTHI IPHUBOJA, PACCUUTHIBATH HapaMeTpbl
MEXaHUYECKOW Mepeadu, MPOEKTUPOBATh NIEKTPOHHYIO YacTh, @ TAKXKE IIPOBOJIUTH
CUHTE3 KOHTYpa YNPaBIICHUS MOJOKEHHEM OOBEKTa yrpaBieHus. OyHKIHOHAIbHAS

CXEMa IIpUBO/Jia IMOKa3aHa Ha PUCYHKE 1.
Fedykmap
a iy
@: T

(KB (KBTI

pypl

A

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

®UB — ¢azouyBcTBUTENBHBIN BBIIpsMuUTEs (DM)

C® — crnaxuatoruii puitetp (filter);

Wiy — nocsietoBatebHOE KOppeKkTupytoiiee ycrpoiicto (Correction
Arrangement)

Y, — CyMMHpYIOIIEE YCTPOICTBO;

Ky — koadpdunment ycmnenus (Ky);

MJIN — moaynsaTop AuTelIbHOCTH uMITyJibcoB (MDI);

NHB — unBeprop;

YM — ycunmutenb mommHocTH (Kym);

TT-IT — Taxorenepatop (Ktg);

M — nBUTATEID .

Puc.1. ®ynkiumonanpHas cxema CleAsIero MpruBoaa

371ech U B JajbHENIeM B CKOOKaX MPUBEACHBI 0003HAUCHHUS, UCIIOJIb3YEMBIE B
CXEMaxX MOJICJIMPOBAHUS.

/ 7/7,2ﬂ+7//7/:;ﬂ+7/ P 07 P’ p

Puc.2. CrpykTypHasi cxema nmpuBOJia C OCIEA0BATEIILHON KOPPEKIIUEH
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Main Scope

o]

Sine Wave
Correction Arrangement
Ky — Moment
${Source \bitage [ Wbit_IN
i - 0.1255+1 | | 0.071s¢1 ] Degree {4
Sine Wived Vbtage Bessel Filter | o ———— (o] 1000 Lpl1272.25 \bhage
fogle  Source | 1 0.00895+1 =] L - T Rededt
turat Py Saturationt eductor
Switch1 SKvT DM Filter MDI ym =

Step

Puc.3. Cxema MoeMpoBaHus CIEISIICTO IPUBOIA

H3mepurenn paccorinacoBanusi Ha 1ByX CKBT (matuuka ¢ koadduipenrom
Tpancopmarmu 1 u npuemHuka ¢ kodddunrentom tpancpopmarmu 0,56)

Voltage
Angle Product Gain Gain1 Gain2 g

Puc.4. [IpuHuunuanbHas dJIeKTpUudecKas Puc.5.Cxema MogenupoBaHus
cxema Jlatunka paccornacoBanus Ha CKBT

Ha CKBT mnomaercs BXoaHO#M curHain Hu3kou gactothl (Angle) wim meanap(Step),
a TaKKe HeCymMH BBICOKOYACTOTHBIM curHanm (Source). CurHam Ha BBIXOJE
bopMHpyeTCsl MEPEMHOKEHHEM ITHX CHUTHAJIOB. B cxeMe MOAenupoBaHUs YUYTEHBI
K03 puIeHTs TpaHChOopMaLIMK U HarpshkeHue, pasHoe 27B 400 I'u.
da304yBCTBUTEIbHBIN BhIIPpAMHUTENb(DUB)

it 7
F\L :I " il 20y - — - — - — :
- else [— - q |
== 77 o5 Source — !
l J’% Fe o | TN Voltag
Valt_IN oliage
R
— If Action

Subsystem

Puc.6. [IpuHnynuansHas dIeKTprUUecKas cxema Puc.7. Cxema monenupoBaHus
(ha3049yBCTBUTEIHHOTO BBIMPSIMHUTEIS

Da304yBCTBUTENbHBIN BBITPSIMUTED MPEJICTABISAET COOOM CXeMy JEMOAYISATOpA €
KO3 PUIIMEHTOM YCUIIEHUS paBHBIM 1.
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OnexkTpuyeckas cxema paboTaet cienyronmm oopaszom. Ilpu nogaun Ha BXoq
KIIr0ueBo MuKpocxeMbl K1 1mosioxurenbHON N0TyBOJIHBI HAIPSKEHUS. BO30YKICHMS
Bpallaolerocs Tpanchopmaropa JaTuuKa OH OTKPBIBAETCS U LHIYHTUPYET
MHBEPTUPYIOIIKI BX0[ oneparioHHoro yewiurenas DA. Kirtou K2 nipu 3ToM 3akphIT
n HanpspkeHue ¢ CKBT — I1 mocTynaer Ha HEMHBEPTUPYIOIMK BXOJ] ONIEPALMOHHOTO
yeunutens DA. Ilpu npuxone oTpuiaTebHOM MOTYBOJIHBI HATIPSIKEHUS
B030yx)aeHust CKBT — I curnan npoxoauT 1o kaHainy MHBEpTUpYrolero Bxoaa DA.
Mopens @UB cocTtout, U3 ABYyX KIHOYEH, KOTOPBIE OTKPBIBAIOTCS MPU HACTYIUICHUU
OTIPEAETICHHOTO YCIOBHSI, B JaHHOM CJIydae 3TO 3HAK HEeCylIero curaaia (Source).
Tak 1151 OTKPBITUS IEPBOrO KIIK0YA, HEOOXOIUMO MOJIOKUTEIBHOE HANPSKEHUE, IS
BTOPOTO — OTpHUIIaTeNbHOE. Pa3HMIIa CUTHATIOB MOTYYE€HHBIX TaKUM 00pa3om,
dbopMupyeT curHai Ha BbIXo/e (Pa304yBCTBUTEIBHOTO BBHITTPSIMUTEIIS.

Huarpamma Hanpspbkenut @UB npuBeneHa Ha pUcCyHKe 8.

1

Hecymuit curnan
(HampsKeHue
B0o30yx1eHust CKBT)

Curnaain "Ha Beixoge CKBT

Curnaain Ha Beixoge ©YB
(OTHOTIOMYTIEPUOTHOE
BBIIIPSIMJICHUE )

Curnaain Ha Beixoge ©YB
(mByXMOMTynIEpHOIHOE
BBIIIPSIMJICHUE)

Puc.8. narpamma Hanpsoxenuiit ©@UB

Craaxupaomuii puabtp (CO).

C® Ha BbIXO/I€ IEMOAYJIATOPA HEOOXOAUM JUUIsl YCTPaHEHMsI HECYIIEW 4acTOThI U
BbIJICJICHUS TTOJIE3HOTO CUTHAJIA, HECYIIEero HH(opMalnio 00 yrie moBopoTa.

B pabore ucnomsdyercs wunTerpupyromuii uibtp(2) m Guistp beccens (1)
HIKHHUX YaCTOT TPETHETO MOpsiaKa ¢ yactoTou cpesza 1001 w.

Gunetp beccens B orTauuMu OT amnepuoanyeckoro ¢uiabTpa obOecredyuBaeT
HaWIydIliee CrIaXHUBaHHE BXOJHOTO CHTHAJNA 3a CYET Hamuuus Oojiee BBICOKOTO
nopsJika 1 HeOOJIbIIOTO (ha30BOro CIBUra B 00J1acT paboYnX 4acTOT MPUBOAA.

1 G100

B2kl i

By =51l

15 1
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Magnitude (dB)

Phase (deg)

Puc.9. IlpuHuunuanpHas 3JeKTpu4ecKas cxema Puc.10. Cxema
MO/JICIINPOBAHUS
¢unbTpa beccens TpeThero

o

opsiAKa

ra
=]

N
=

&
=1

&
=1

-100

Puc.112. YacTtoTHbIE XapaKTEPUCTUKH.

1 — JIAD®YX dunstpa beccens

o
=]

2 — JIA®UX anepuognveckoro GuibTpa

o
=1

Frequency (radizec)

MoayasiTop JJINTEIbHOCTH
HMILYJIbCOB

MM mpeobpa3yeT MEIJICHHOMEHSIOUIUIICS CUTHAJI B IOCJIEN0BATEIbHOCTD
OPSIMOYTOJIBHBIX HMMITYJIBCOB, CKB)KHOCTb KOTOPBIX MPONOPLHOHAIbHA BEJIWYMHE
curHaia. Yacrora cienoBaHHsT HUMIYJIbCOB BBIOMpAeTCs, HCXOAS U3 aHaau3a
SHEPreTUYECKUX XapakTepucTuk cucteMbl MY-J1 » (g nannoit cuctemsl 310 5000
I'm). Ha BxXon Tpurrepa mnojaercs yHpaBisIOLIEe HaIMpsSHKEHUE, NUI000pa3Hoe
HaIpsHKEHUE U HANPSYKEHUE CMELEHUS.

R TA L

BX +

Ra

From | Ecu R
y 5

Puc.12. [IpuHuunuanbHas 31neKTpudecKas
cxema MJIN
Hanpsixkenue cmerieHus BbBIOMpaeTCsl TaKUM 00pa3oM, YTOOBI MPU HYJIEBOM

BXOJITHOM CUTHaJIE JJIsI CUCTEMbBI C CHMMETPHUYHBIM 3aKOHOM YIIPABJIEHUSI CKBAXKHOCTh
coctaBisia ¥ = 0,5. B HacTos1iee BpeMsi B KaueCTBE MOPOTrOBBIX 3yieMeHTOB B M /I

VICIIOJIB3YIOTCS ClIeHMalIbHbIe MUKpOcXeMbl - Tpurrep [Imuara - muxkpocxemsl TJI, a
st nonydenust MJIW , uMeromux Oosbliod KO3()@PUIMEHT Nepeaadyd B KauecTBe
MOPOTOBBIX JJIEMEHTOB HCHOJB3YIOT HHTETpajbHbIe OINEPAMOHHBIC YCHUIIUTEIH.
[MpunnunuansHas cxema Takoro MJIM npencrasnena Ha puc. 12.

['eneparop nmioobOpasHoro Hampsbkenus Fp,, (Saw-edged signal) renepupyer
CUTHaJ NMUI000pa3Hoil (hOpMBI, YaCTOTa KOTOPOTO BBIOMPAETCS MCXOHs U3 aHAIU3a
YHEPreTUYECKUX XaPAKTEPUCTHUK CHUCTEMBI «HUMITYJIbCHBI YCWIMTENIb — JIBUTATEllb,
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KOTOpPBIA CPAaBHUBACTCS C CHUTHAIOM, MNOCTyHaromuM c¢ ycwmtens. [Ipoucxomut
npeoOpa3oBaHUE€  MEIJIEHHO  MEHSIONIErocsl CUTHaJla B MEPUOJUYECKYIO
MOCIICIOBATEILHOCTh ~ MPSAMOYTOJIBHBIX ~ HUMIYJIBCOB C  IIUPOTHO-UMITYJIBLCHOM
MOIYJISIIIACH.

5|4 : NRE RN N

B)

Puc.13./Inarpammsl Hanpsoxeanit M/IU. A - curnanel Ha Bxoge M1,
B - curnan Ha Beixoge MJIN
OcranbHble 3JEMEHTHI CIEASIIEro MpUBOJa COOpaHbl B COOTBETCTBUHU CO
CTPYKTYPHOU CXEMOU pHC. 2 .

3aiaHue HA MPOEKTHPOBaHME NPUBOAA(TIPUMEPHOE)

1. BrIOOp 371€MEHTOB CHCTEMBI.

2. Pacué€r penykropa.

3. CocTaBneHrEe HECKOPPEKTUPOBAHHON CTPYKTYPHOU CXEMBbI CHCTEMBI.

4. Bb160p cxeMbl KOPPEKLHMH U PaCU€T KOPPEKTUPYIOIIUX YCTPOUCTB.

5. Pa3paboTka npyUHIMIUATBHON 3JEKTPUUYECKON CXEMbI IPUBO/IA.

6. Pacu€r mepexoAHbIX MPOIECCOB MPH OTPabOTKE HAYAJIBLHOTO PaccOrIacOBaHMS
0,01 pan u 0,1 pan.

Hcxonneie NaHHbIE:

1) HanpsbkeHust ICTOYHUKOB MUTAHUS:

0,
MIOCTOSTHHOTO TOKa 28" B;

TIepEMEHHOTO TOKA 367, B, 4001y.

2) XapaKTepucTUKN 00BHEKTa YIPABIICHUS
MOMEHT CTaTHYECKOTO COMPOTUBJICHUS HATPY3KU 2 [Kr*Mm];
MOMEHT UHEPIHH Harpy3ku 15 [kr¥*m*c**2];
3)XapaKTepuCTUKH 3aJaI0IIEeTO BO3ICHCTBUS:

MaKCHMaJIbHasi CKOPOCTh OTpaboTKHu BxoaHoro curHanma 0.5 [pan/c];
MaKCUMaJIbHOE YCKOpPEeHHe oTpaboTku BXogHoro curHana 0.3 [pan/c**2].

4)TpeboBaHus K TOYHOCTH:
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MaKcHMaJibHasi HHCTpYMEHTajbHas omnbka 3 [pan];
MaKCHUMaJIbHasi CKOPOCTHasi ommubka 6 [pan].

5)TpeboBaHust K IEPEXOTHOMY MPOIIECCY:

nepeperyiupoBaHue Mpu ckaukooOpazHoMm ymp. Bozaeiictuu 20 [%];
BpeMms nepexoaHoro nporecca 0.8 [c].

6)Y ci0BUs SKCIUTyaTalluu:

OKpy>KaroIias Temieparypa +50°C

OTHOCUTEJIbHAS BIaKHOCTH 95 % npu 35° C
BUOpaluu 200 I'u ¢ yckopeHuem 59
OJIMHOYHBIE y1aphbl 209

CPOK CITY>KObI HE MEHEE 1000 gacos.

Bb160op ABUTaTEIsI MOCTOSIHHOTO TOKA M MEPeAaTOYHOI0 YHCJIa peIyKTopa.

Metoauka BeiOOpa NI 1 mepenaTtoyHoro 4yuciia peaykropa mporu3BOAUTCS 10
3aJJaHHBIM  3HAYEHUSAM MAaKCHUMaJIbHOM CKOPOCTM MAKCHUMAJIBHOTO YCKOPEHHUS
BeIXoaHOro Baja CII.

[TpubopHas crnensauias cucrema sipisierca MajiomouiHeiM JCII, B KOTOpoM HalLm

NpUMEHEHUE JBUTATENM TOCTOsSsHHOTO Toka cepuu JIIP ¢ Bo3OyxneHuem ot
MOCTOSTHHBIX MAarHUTOB M MaJOWHEPIIMOHHBIE JBUTATENIN MOCTOSSHHOTO TOKa CEepUid
Al u 5]IM.
1. Omnpenenum HeoOxoAUMYIO MOoTHOCTD aBurarens ajs ICII no popmye (1)
P1p=2 Qs vare Mt ™ B vae) (1)

I'me Qy yaxe — 33/1aHHAS MaKCUMAaJIbHAsS yTII0Basi CKOPOCTh HATPY3KH, PaJl/C;

Eivaxe — 3@IaHHOE MaKCUMAaJIbHOE YTIIOBOE YCKOPEHUE HATPY3KH,pal/c;

M, —MOMEHT COTPOTHUBJICHUS 00BEKTa yrpaBieHus,H-m

Ju —MOMEHT HHepimu Harpy3ku,H M ¢’

P,,=2*0,5%(2,0+15%0,3)=12,5(Br)

ITo TpeOyeMoil MOIIHOCTH yAOBIETBOPSIOT MUKpoaBurarenu cepun JIIIP. I3 Hux mo
3alaHHOMY CpOKY ciyk0b1 acn(t,>10004) ymosnerBopsier JIIP-72-H1/H2-03 y
KoToporo coorBeTcTBeHHO 1000 vacos.
2. Tlwraromee Hanpsoxenue s JI11P-62-03 1,=278 U =288,
JIOJKHO BBITIOTHSITHCSI HEPABEHCTBO:
U-5B< U, <U.+ 5B
23B< U, <33B, 4TO yJIOBJIETBOPSET YCIOBUIO 3aJIaHMUSI.
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Torna nuTaromee HanPsHDKEHUE HA IBUTATENIE C yY€TOM HETIOJHOTO HAIPSHKEHUS CETH
oyner paBHo: U,=U.-1,4=28-5,4=22,6 (B)
[Tpon3BoauM aHAIN3 ATOTO TUTIA IBUTATEIS.

JIIP-72-H1/H2-03

OnpegesuM NMyCKOBOM MOMEHT JABHUIraTejisi B CHCTeMe «UMIYJIbCHBIN
ycuJuTeb-aBurarenanb» (UY-/1).

M
=U,-2xU, ) x U" (2),
0

U,,p.,— HalpsKeHHe HaChIIIEHUS TPAH3UCTOPOB,
U,pn=2B;
M,—I1yCKOBOM MOMEHT JBUTATEIS
M, =(22,6-2x2)-0,38/22,6 =0,313Hm

Torma HOMHMHaNbHAs CKOPOCThb nBurarens B cucreme WY-J[ ompepensercs mno
dbopmyne (3):
!
w, =, (@{;a:j\ﬂjﬁ )
n "
®;—HOMUHAJIbHAS yTJIOBasi CKOPOCTb JABUTATENS, paj/c;
M,/- HOMHHAJIBHBII MOMEHT HAarpy3Ky Ha asurarene, Hu;

M;- myCcKOBOW MOMEHT nBuraresns, Hwm.
(O 38-0,04)

w, =
(o 156—0,04)

OnTuManabHOE TMEpPEeJaTOYHOE YHCIO PEAyKTOpa OmIpenemnsercs U3
BbIpakeHust (4):

3)

378,2 (pan/c).

i o
onm QH e (4)

_3782 7564

onm
1)

3Hasg TMEpelaTOYHOE YHUCIO PEOyKTopa MOXKHO  ONPEACIUTh  YHUCIO
kuHemaTuueckux map no (5.a) u (5.60) u KIIJ penykropa mo (6). A 3nas KIIJ]
peayKTOpa MOXKHO pPacCUHUTaTh MOTPEOHYIO MOIMHOCTH jpurarens ¢ yuérom KIIJI
penykropa (7).

lgi
S — onm —
mp —Ig 5 (5.2) Sp=3,44
n= Re(S +1) (5.6) n=4
Uucno kuHeMaTU4YeCcKux mnap — 4.

n, =0,95" (6)
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n, =0,95' =0,8145

M
‘ + JH X EH.MaKC)
n, (7)

P =2xQ

mp,]p H.MaKcC (

P,,=2*0,5%(2,0/0,8145+15%0,3)=6,95(B)

OHpCI[GJII/IM HOMHUHAJIBHYIO MOITHOCTH ABUTATCIISI B CUCTCMC HV-I[I
P,.=0,04*378,2=15,12 (BT) (8)

[Tomyuum, uro P,, > P,, ,1.e. mo momuoctu asurareiasb JITP-72-H1/H2-03

mp,, P

YAOBJIETBOPSIET TPEOOBAHUSAM 3aJaHUS.
OnpenenuM BpeMs MEPEXOJHOTO MPOLEecca ABUTaTelIs:

J 1)
t =14xJ +=H)x 0
P ( ! ijnm) Mnd - M'H (9)
J,- MOMEHT UHEPILIMH SIKOPS JBUTATENA Hwmc?
6 8 378,2
t,=14x78*10" + 5) X =0,05(¢c)
756,4 0,152-0,04

A 3amaHHOE BpeMs perynupoBanus ty, =0,5 ¢
BriBon: nasuratens tuma JIIIP-72-H1/H2-03__ynosierBopsieT TpeOOBaHHUIO
3a/1aHUs 110 BCEM ITYHKTaM, T.€. II0 CPOKY CITY>KOBI, IO HAMPSHKEHUIO MUTAIOMICH CETH,
110 MOIITHOCTH M 10 OBICTPOJICHCTBUIO.

Bp100p MHPOPMALIMOHHO-U3MEPHUTEIBHBIX 3JIEMEHTOB.
UyBCTBUTEIIbHBIE DJIEMEHTHI, TPUMEHSIEMbIE B CIEIAIINX CHUCTEMax, Ype3BbIUYAHO
MHorooOpaszuel. K Haubosiee pacnpoCTpaHEHHBIM MOXHO OTHECTH CEJIbCUHBI,
CHHYCHO-KOCUHYCHBIC  Bpallaromuecss  TpaHcopMaTtopel,  MOTEHIMOMETPHI,
MarHeCHHbI, EMKOCTHbIE JaTYMKU. [Ipr MOMOIIM STUX JIEMEHTOB CO3JAI0T CIIEAIINE
cucTeMsl, pabdoTaromue B npeaenax ot 0° qo 360°. OmmbKka CUCTEMBI B CTATHYSCKHUX
pexuMax, Kak W B JIOOBIX JPYTrUX peXHMaxX, 3aBUCUT OT YIPABISAIOMUX U
BO3MYLIAOIIMX BO3JECHUCTBUM, OT IMAPAMETPOB CUCTEM MHUX OTKIIOHEHUH , 4 TAKKE OT
MOTPELIHOCTEN FJIEMEHTOB CUCTEMBI.

B kadecTBe nartuMka paccoriiacoBaHus HCIOJI3YEM CUHYCHO-KOCHHYCHBIN
Bpamtaronuiicss Tpanchopmarop 2,5 BT. O ynoBnetBopsier TpeOOBaHUSIM IO
TOYHOCTH, T. €. €ro OlIMOKa He mpesbimaer 3, koodduuuentsl nepenadn CKBT —
natunka 1 CKBT — mpuemHuka coorBeTcTBeHHO paBHbl 0,56 u 1, a muraromee
Hanpspbkenne U, =27 B. OgHako 3TO HE O3HA4yaeT, YTO MbI MOJYYUM TpeOyeMylo
TOYHOCTh. HeoO0xoaumMo SKCIEepUMEHTAIbHOE OMNpEeeICHHe WHCTPYMEHTAIbHOMN
omuOKK mepenaun, paboTawIieil B peaJbHbIX YCIOBUAX, C YYETOM BIIMSHUS
COCMHUTEILHON JTUHUN MEXTy JaTYMKOM U TPUEMHHUKOM.
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B CII B kauecTBe AaTuuKa TJIaBHOW OOpaTHOW CBSI3U UCHOJB3YETCS NAaTUUK
YIJI0BOT'O MOJIOKEHUSI 00BEKTA PETYIUPOBAHUS.

IIpoexkTupoBaHMe pexyKTOpA.

Mexanudeckass Tepefava, CBS3BIBAIOIIAs HWCIOJHUTEIbHBIN JIBUTATENb C
BBIXOJITHBIM BajJOM TMPHUBOAA, BO MHOTOM OIpEHeseT AUHAMUYCCKHE CBONCTBA
npuBoaa. Tum mepenayu, rabapuThl U MapaMeTPhl 3aBUCAT OT €€ KMHEMATHYEeCKOU
CXEMBL.

[IpoekTupoBaHre KUHEMATHUYECKOM CXEMbl MEXaHMYECKOW mepenayu
aBTOMATU3UPOBAHHOTO MPHUBO/IA CBSI3aHO C PEIICHUEM CIIEYIONIUX 3a/1a4.
Onpenenenue oOIIEro nNepeaaToyYHOro OTHOIICHHS] KWHEMAaTUYECKON ey Nepeiayuu.
Pacuer kuHemMaTHUeCKUX Map UENU PeIyKTopa.

Heobxoaumocth obOecriedeHus] BBICOKOW TOYHOCTH U OBICTPOJNEUCTBUS
MpUBOAA TPH MHUHUMAJIBHBIX TabapuTax W BECE OCIOXKHSIET TPOSKTHPOBAHUE
mepeaayd; KpPaTKOBPEMEHHOCTh JK€ peXuMa padoOThl, XapakTepHas I MHOTHX
JIeTaTeNbHBIX allapaToB, CO3/IaeT YCJIOBUA, OOJETdarollde pacyeT Mepenadyd Ha
M3HOC.

HcxXomHBIMU JMaHHBIMH JUIA pacueTa KWHEMATHYECKOW TN  SIBIISIOTCS
TpeOoBaHMs 1O rabapuTaM M BeCy Mepenadd, K. M. A., TOYHOCTH, TMPHUBEACHHOMY
MOMEHTY WHEPIIUU TTepEeIayu.

[TepBoe TpeOoBaHKME OTHOCUTCS KO BCEM BHUAaM Iepe/iay U MpeaycMaTpuBaeT
€€ palMOHAIbHYIO KOMIIOHOBKY, pallMOHAJIbHBIA BBIOOp YHCIa 'map W HX
NEepPeIaTOYHbIX OTHOIICHUM, NMPUMEHEHUE MHHHMAJIBHO JOMYCTHUMBIX MOJIYJICH U
yucia 3yObeB KOJIEC, HMCIOJb30BAHHE MATEPUATIOB C BBICOKUMH MEXaHUYECKUMU
KauyeCcTBaMH;, BTOPOE M TPEThE MPEIyCMATPUBAIOT, B TEPBYIO OUYEpeib, MPOCTOTY
nepenayd, MUHUMAIbHO JOMYCTUMOE YHUCIO Map U BO3MOKHOCTH HCIIOJIb30BaHUS
BBICOKOTOYHBIX METOJIOB MEXaHHUYECKOW 00pabOTKH; TOCHeIHEee WHOTIA SBIISETCS
pelaroImM AJ1s1 0c000 OBICTPOICUCTBYIOIIUX MTPUBOIOB.

[Ipu paccmMoTpeHMHM MaTepuaja TMPUHATHI CICAYIONINE JTOMYIICHHUS,
o0Jeryaromnye pacueT nepeaadu.

1. Koapdurment mnone3Horo aeHCTBHUS Tepefadyd MPUHUMAETCS PaBHBIM

enuHMIE. Takoe MOMyIIEHHE BO3MOXKHO IS MPSMO3YOBIX IMIJIWHIPHUICCKUX

nap, U3TOTOBJICHHBIX 110 BRICOKOMY KJIacCy TOYHOCTH. PealbHOE 3HAaUYCHUE K.

. J[. Takoit mapst pasuo 0,96—0,99; k. n. /. Bcero peaykropa penko ObiBacT

Mensbiie 0,9.

2. Tlpu BBIOOpE MOSYJISA Maphbl UCTIOJIB3yeTCs GopMyria i pacdeTa 3ydoa Ha
M3ru0 B KOTOPOHM C YYETOM PEAIbHBIX YCIOBUM OCEPEHHSIOTCS 3HAYCHUS
K02 PHUITMEHTOB, ONpPeIeIIeMbIX XapaKTepoM Harpy3Kku u (Gopmoii 3yda

8Mz

B[o]’

(1)
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rine d—auaMeTp Ha4aabHON OKPYKHOCTH 3y0UaToro KoJieca;
M — MOMEHT Ha Bally 3y04aToro Koyieca;
Z— 4ucio 3yObeB KoJieca;
B — mmpuHa 3y6a BeqomMoro koseca;
[6]—nomycTumoe HanpsikeHue npu pacueTe 3yObeB Ha BEIHOCIHUBOCTb.
Pacder mmpuHbl 3y0a BemeTcs JJIs BEIOMOro Kojeca. boree Tspkenblie
YCIIOBHSI, B KOTOPBIX paboTaeT 3y0 BEIyIIero KoJyieca IO CPaBHEHHUIO C 3yOoM
BEJIOMOT0 KOJIECa, YIUTHIBAOTCS YBEITMUECHUEM €TI0 IINPHHBI
B,=B,+(2+4)m, (2)
re M—MOIyJb Taphl;
B,—1mpuHa 3yda Benymiero kKojieca;
B — mmpuna 3y6a Be1oMOro Koseca.

Vka3zaHHOE JIOMYIICHWE OYECHb 4YacTO ONPAaBIBIBACTCS W TEM, 4YTO MPH
noa0ope  MOIYJs, COOTBETCTBYIOIIETO  HOPMAIBHOMY  PSITy,  TPUXOIUTCS
YBEIIMYMBATh €r0 3HAYCHHWE 10 CPAaBHEHHIO C pacueTHhIM. Kpome Toro mis map,
pacrioyiaraeMbeIX OJIMK€ K JBHraTeNllo, pPacyeTHOE 3HAu€HHEe MOMIYJS YacTo
MOJY4YaeTCsi MHOTO MEHbINE, YeM PEealbHO IOMYCTUMOE, U3 YCIOBUN TEXHOJOTUU
Hape3aHusi 3yObeB TOYHBIX Iepenady. DTO YCIOBHE OCOOCHHO XapaKTEpHO st
MaJIOMOIIIHBIX TIPUBOJIOB.

BBoas ko3 duiimeHT mupuns 3yoa

Kg =—, 3)

HaieM nTpuOIuKEHHbIE POPMYJIIBI A1 MOAYJIS

oo |_8M
A\ k;[o]d )

Benmuuuna  koaddunmenta - mupuHbl  3y0a  OOBIYHO  OMpenensercs U3
yCIIOBUSA
4<kg; <12

[Ipu 3TOoM ¢ poctom Moayis kKo3pduumeHt K, oObraHO yMmeHbimaetcs. Jlis
NPUOJIMKEHHOTO pacueTa MOXXHO TMPUHUMATB: U BBIXOMHOW mapbl Kg=4—5; mis
nap peaykropa kg=8—10.

3. Marepuan Bcex map mepeiayd CYMTAeTCS OJMHAKOBBIM, a BEJIHYHHA [C]
noctosHHOM. Ha nerarenpHbIX ammapatax mjs 3yO04aTblX Map HCHONb3YIOTCA
BBICOKOJICTUPOBAHHBIE ~ CTalM, JUISI KOTOPBIX JOMYCTUMOE HaNpsDKEeHUE Ha
BBIHOCJIUBOCTh

[c]=4-10% +6-10%n/ 1* (40 = 60xe / mm®)

4. Tlpu pacuere ONTUMAIBHBIX MEPEAATOYHBIX OTHOIIEHMH map 3yOuaToid
nepeiavn, UCXOIs U3 €€ MUHUMAIbHOW WHEPIUOHHOCTH, MOMEHT MHEpIMH OJIoKa I-
ro BEJIOMOro Kojieca W I+1-ro Beaylero kojeca MPUHUMAETCS PABHBIM MOMEHTY
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VHEpUUM LWIMHApPAa C AUAMETPOM, PAaBHBIM JWAMETPY HAYAJIBHOW OKPYKHOCTH
BEJOMOI'0 KoJieca, U BBICOTOW, paBHOM WIMpHHE 3yOa Kojeca. Takoe nomyiieHue
IPUBOJUT K OUIMOKE B OLIEHKE MHEPLIMOHHOCTH BCEHl Mepeaayu.

O0mas MeToaMKa pacyeTa KHHEMATHYECKOM LeNnu.

Pacyer kuHemMaTn4yeckoi 1enu NMpuOOPHON WM M3MEPHUTEIHHON Nepenadn

HUMEET CBOIO CHELU(PHUKY U MPOBOJUTCS MO METOJUKE, OTIIMYHOM OT PaCCMOTPEHHOM
BbIle. OCOOEHHOCTAMU NMPUOOPHON Iepenayu, BIUAIOIINMYA Ha METOAUKY pacuera,
SABJISTFOTCSL:

1) Masiast BenMurHa MOMEHTA Harpy3Ku Ha BBIXOJJHOM Bally.

2) OrcyTcTBUE B OOJIBIINHCTBE CIIY4a€B BBIXOJHOM MapBhl.

3) Bbicokast TOUHOCTb NEepeayu.

N3-3a ManocTu Harpy3ku Ha BBIXOJHOM Bajy IPHOOpHBIE Mepenayr 0ObIYHO
ABJISIFOTCS. METTKOMOAYJIbHBIMU. B O0JBIIMHCTBE CilydaeB

no \
N CKBT |

Puc. 2. Kunematnueckasi cCxeMa 4eThIpEXNapHOro peayKTopa ¢ OJJMHAKOBBIMU
[IepeIaTOYHBIMU OTHOLIECHHUSIMHU Hap.

PacueTHas BennumHa MOAYIS Jaxke MOCIEAHEN Mapbl ObIBAET MHOTO MEHbILIE
MUHUMaJIBHO JonyctuMoro. IlosToMy mnepegauud Takoro THUMAa OOBIYHO HMMEIOT
HOCTOSTHHBIA MOJYJIb JUJIsl BCEX Map, paBHbIM MUHUMAJIbHOMY M3 HOPMAJILHOTO Psijia.
VYuuThIBas ONBIT MPOEKTUPOBAHUS MEITKOMOJYJBHBIX NMPUOOPHBIX NEpenad, Yucio
3yObEB MIECTEPEH MOKHO MPUHATH TAKKE MOCTOSHHBIM.

Hwxke mnpuBoasTrcs [Be METOIWKH pacdyeTa KHHEMAaTHYECKUX IIeTei
npuOOpHBIX Tiepenad. B ocHOBe mepBoif JEKUT CTPEMIICHHE MOJYIUTh MUHUMAaIbHBIC
rabapuThl PpenyKTopa B IIJIOCKOCTH 3yObEB KOJIEC, & B OCHOBE BTOPOM —
MUHUMAJIBHYIO TOJIIHHY PEeIyKTOpa.

Pacuer npu nocTOAHHOM NepeIaTOYHOM OTHOLICHUM Map.
PaBeHCTBO mepenaTOUYHBIX OTHOLICHWW Map NOPUBOAUT K COOTHOLICHUIO,
MO3BOJISIIONIEMY B COOTBETCTBUM C YHCIOM Tap pEayKTopa BbIOpaTh HX
MIEPEIATOYHOE OTHOLICHUE
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9 =4/d,- ©)

Uncmo map peaykropa BbIOMpaeTcs €3 YCIOBUS MHHHMyMa JUTHHBI
KHHeMaTuueckoi renu L (puc. 2)
Jl1is penykTopa ¢ N mapaMyu MOKHO HAIKUCATh CUCTEMY YpaBHEHUI:

N

G =0y
mn(z, +z,)=2L,;

(6)

HccnenoBanue 3TOM 3aBUCUMOCTM Ha MUHHUMYM
MO3BOJISIET PEKOMEHJOBaTh  OMPENENSATh YUCIO  Tap
pEAYKTOpa B 3aBUCHUMOCTU OT €ro OOIIEero MepeaaToyHoro
OTHOIIEHUSI B COOTBETCTBUU ¢ rpadukoM (puc. 3).
3anaBmuch Z, (ueiaecoodbpasHo z,=20) u omnpeaeius o
BbIpakeHUIO (8) (i MOXHO HaWTH BCE HEOOXOIUMBIE
rmapameTphl TIeTTH. ‘ . . )

Hengocratkom JgaHHOrO MeToJa COCTaBIICHUS ¢ roloe I MY
KMHEMAaTHUYECKON IIenu SBJISIETCS  HEOOXOJMMOCTh ! I b0 10 8, 4000 gy
PACIIOJIOKCHUS TICTTH MUHUMYM
B TPH psJa.

Puc. 3. Yucno nap penykropa npu
MHUHAMAJIBbHONU JJIMHE KUHEMATUUECKOU
LeMu.

Pacuer AByXpsiIHOTO peyKTOPA.

[Ipu pacrosoxeHnr KUHEMAaTHUYECKOW UeNu peaykropa B JBa psla
MOJIy4arOTCsl Haubosee KOPOTKHME Basibl OJIOKOB IIECTEPEH U, CIIEI0BATEIBHO,
HAaUMEHbIAsl TOJIIMHA peaykropa. [Ipu IBYXpsiIHOM pacroioXKeHWd map B
peaykTopax ¢ N>2 HeoOX0AMMO OOECIeYUTh 3a30p MEXIy TOJOBKAMH 3YyObeB
BEJIYILIEr0 U BEAOMOI0 KoJieca ABYX CMEXHBIX nap. CoraacHo puc. 6 B 00111eM ciiydae
JIOJKHO BBITIOJTHATHCS YCIIOBUE

My (Zk(i—l) +2)+ M;1ay (Zm(i+l) +2)+2A>2m/(z,, +2,,).

s .mpubopHOM mepegayr MOXKHO NMPUHSITE M; =CONSt U Z;=Z,; min. Benuuuny
3a30pa I0CTaTOYHO NpUHATH A=Mm;. Torga

Z. =1

Ki K (i

) +6

Takum 006pazom, sl BCEX Map YUCIO 3yObEB MOCIEIYIOUIEr0 Kojleca T0HKHO
ol



OBITh Ha TIECTh OOJbINEe uucia 3yObeB Mpenbaymiero kosieca. [lopsgok pacuera
CIIC YOI
1) Ompenensiercst cpeiHee MepeIaTOYHOE OTHOIICHHE TIap o GopMyIie

d, =4d,, (7)

r7Ie N— MOYXHO BBIOMPATH 1O Tpaduky (cM. puc 5).

ZK(i—l)

7

; |
oz Z

wi Kl

Puc. 4. OGecnieueHue 3a30pa MEXK1y TOJTOBKaMU 3yObeB.

2) OmpenensieTcs cpeaHee YKCIIo 3yObeB KoJeca 1o popmyiie

ZK.Cp = Zcp Zm (8)

3) Onpeaensercs ynuciao 3yObeB KoJiec Bcex map .1o popMyinam:
U1 HEUETHOTO YHCIIa rap

(zmp. —nT_l6)<—...<—(zK,Cp. —6)(— Zeon. —)(ZK'CP_ +6)—>---—>(ZK.CP. +n—;16j
JUJT YETHOTO YUCJIa map

(zw —3—”%26} .2, -9) (2., -3) (2 =

+3) > (2., —9)—)...—>(zx_cp_ +3+nT )

K.cp.

4) HpOBepHeTCH IMOJYYCHHOC IICPCAATOYHOC OTHOHMICHHUC PCAYKTOpa IIO
bopmyre
ZK].ZK2 cee ZK(}’l—l) ZKI’! -
7 N o qp' 9)

w

Ecou (p' omimyaerca OT 3aJaHHOrO (, €r0 MOXHO CKOPPEKTHPOBATh
YBEJIMYEHUEM UYKCia 3yObeB KOJIEC HA €IMHUILY, HAUMHAsI C TTOCIEIHETO.

PacueTr xapakTepuCTHK pPeayKTOpA.
W3 ucXOaHBIX JAaHHBIX BHUJIHO, YTO MEPENATOYHOE YUCIO PEAYKTOpa PaBHO
0i=756,4. Ilo pucyHky 3 ompenensieM YHCIO KUHEMAaTHUYECKUX IMap PeayKTopa,
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nomydaemM N=4. Torma mepeaaToyHoe OTHOIIEHWE PEIYKTOpa B COOTBETCTBUHU C
YUCIIOM KHHEMAaTHUECKUX Tap PEIyKTopa MOXKHO OMNPEIEINTh C IOMOIIBIO
3aBUCUMOCTH (5) U paBHO.

q; =4/756.4 =5.2

3amaBmmch Z,=20, HaiiieM cpeaHee uncio 3y0beB Koieca mo gpopmyie (8):

Z, . =52%20=104

IIycth 7, =104. Ymcno 3yObeB Ui OCTalbHBIX KHHEMAaTHYECKHX IIap
pEIyKTOpa ONPEeIISIoTCs 1Mo (opMyJie i PEAYKTOpa ¢ YSTHBIM KOJUYECTBOM IIap.
B HaireMm cityyae 1aHHasi 3aBUCUMOCTb MOXET OBITh MPUBE/ICHA K BHLY

(ZK_CP_ —9) <—(zmp. —3) 7., > (zmp. +3) — (Zk.cp. +9) ,

TOoraa
2,,=92, 2,,=106, z,5=108, z7,,=104.

[IpoBeprM noaydeHHBIC 3HAYSHUS TI0 COOTHOIIEHUIO (9), MeeM
92x106x108x104 756.4

20*

T.x. q', He oTaMUaeTcs OT 3aJaHHOTO, TO KOPPEKTUPOBKY HE IIPOU3BOIHM.

Monynb Kaxa0i KMHeMaTUu4ecKou mapel onpenenserca dopmysoit (4). Torna
KOA(pGUIUEHT MWUPHUHBI 3y0a K, MPUMEM DPABHBIM 4, TOMYCTUMOE HaIpsDKEHHE Ha
BBIHOCITHBOCTH [6] - 400 H/MM. OTtKkyna, ¢ y4eTOM NPHUHATHIX JONMYIIECHUH, UMEEM

i [ 8x3000 04 m—o4
Y V4x400x92 2

3:\/ 8x 3000 04 m4:\/ 8x 3000

4% 400x106 4% 400x104

[[upuHa 3yObeB 3y0UaThIX KOJIEC ONpeesieTcsa COOTHOLIEHUEM (3) , Toraa
B =B,=B,=B,=04-4=16
A U1l HAXO0XKIEHUSI IMUPUHBI 3yObEB IIECTEPEH MCTOJIb3YeTCs BeIpakeHue (2), Torna
B,=B,=B,;=B,=12+04-4=28

JlenutenbHble HMAMETPhl 3yOUaThIX KOJEC U IIECTEPEH OIpeaesaeTcs
COOTHOIIIEHHEM

di = mi X Zi y
-INaMETPBI IECTEPEH

d,=d,=d,=d ,=04-20=8

-IMaMeTpPhl 3y0OUaThIX KOJeC
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d,, =0.4-92=36.8

d,, =0.4-104 =416
d,, =0.4-106 = 42.4
d,, =0.4-108 =43.2

MeX1eHTpOBbIE PACCTOSHUSI MOXKHO HAWTH, PEIIMB CUCTEMY ypaBHEHUH (6),
noJiyuuM (popMyIly Buja

Z +17

L — w K’
2

TOTAa

L _8+368 ),

L, =2%40 o8

LSZM:%_Z

L 84432 o

4

C y4yeToM pacCMOTPEHHBIX paHee MONMYIIECHHWH 3alUIleM BbIPAXKEHUE IS
MPUBEJECHHOI0 K Baly JBUTaTeNsl MOMEHTa HWHEPLHMH CHUCTEMbI HArpy>KEHHOIO
IIPUBOJIA C N-TTapHOU mepenaden

J J J, J J
_ k1l K2 . Ki . K.n /2
‘Jn - ‘]06 + 2 + 2 2 oot 2 2 2 et 2 + 2!
0. 0, X0y Gy xQy x---xQ; a9, A0,
r71€ J,5 - MOMEHT UHEPLIMU POTOpA ABUTATENS;
Ji - MOMEHT WHEpIMH BEIOMOro 3y04aroro Koieca | - TOW mapel C

Y4E€TOM MHEPLUU Baja U BEAYLIEro 3y04aTroro Kojeca B OJIOKE;
Ji - MOMEHT MHEPIIUU HATPY3KH.
BbiienuB u3 BbIIEYKa3aHHOTO BBIPAKEHUS 4YacTh MPUBEJECHHOIO MOMEHTA,
HE3aBUCALIETO OT paclpeeseHs NepeaaToYHbIX OTHOUICHUH IO mMmapaMm mnepenauu ,
Y Ha30BEM €€ OCHOBHBIM NPUBEICHHBIM MOMEHTOM MHEPIIIU

J. + q’; =J,
p
OCTaBIHaHCﬂ yacTb BBIPAKCHUA 6yneT XapaKTCPHU30BaATh BCJ’II/I‘-II/IHy
IIPUBCACHHOI'O K Bany ABUI'aTCJIA MOMCHTA MHCPIINH n-napHoﬁ nepcaadu.
MOMEHT HHEPIIUK BEIOMOT0 3y0UaToro Kojeca I-Toi mapbl MOXHO PaCCUUTATh

o ¢hopmyiie

06
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4
:7Z'><Bi xpx(mi xzi)

K1 2 X g

rZie p - IJIOTHOCTh MaTepuaa 3y0yaToro Koieca.

Jlns Hamiero ciydasl IJIOTHOCTh MaTepuajia 3yO0uaToro Koijieca p IMpPHUMEM
3
paBubsiM 8000 kr/™M°, ToT1a

J

H

3.14-16-10°-8-10°

Ju 508 x(22.4-107°)* =4.5x10°°
3, = 3'14'1'62'.19083 810" 545810 =6.6x10°
3, = 3'14'1'62'.19083 810" 25210 =7.1x10°
3, = 3'14'1"52"190; 810" 25.6.10%) —9.3x10°

A OCHOBHOW NPUBEAECHHBII MOMEHT UHEPLIUK PABEH

3, =036+ > =34x10°°
756
Torna
-5 -5
3 =34x10° 422107 66107 _ 5566 105

5.2 " 5.2 x5.2°
VYBenuueHne MOMEHTa HHEPLIMU HAarpy3Ky MPOU30ILI0 HA
x = 3506x10 7 ) 006 —104.8%
3.4x10°
A=104,8%-100%=4,8%.
3HA4YUT, OCHOBHOM MPUBEAECHHBIA MOMEHT UHEPLIMU yBennumiics Ha 4,8%.

AHan3 pe3yJbTaTOB pacyeTa I[OKa3bIBAET, YTO MPH MHUHHUMAaIbHOM
PUBEACHHOM MOMEHTE WHEPIIMU HAOIIOAACTCS POCT MEPENaTOYHBIX OTHOIICHUM OT
BXOJIa K BBIXOAY KHHEMAaTHYECKOM Tepeadn.

JIns TOJIHOTO aHaM3a TOJIYYEHHBIX pe3yJIbTaTOB HailJeM NPUBEICHHYIO
AJIEKTPOMEXAHUUECKYI0 BpEMEHHU, OnpeiesiseMyto 1o ¢hopmyIie:

x J
T, = [1+ JZPJ

e

3a BEMUUYUHY Jp, IPUHUMAEM 3HAYEHUE, MOIYYEHHOE IPH PacdyeTe MPHUBEIEHHOIO

MOMEHTa MHEPIIMU TPHUBOJIa C YYETOM pa3paOOTaHHOTO PEIYKTOpPa, a 3a BEIMUYHUHY
2 . .

JwXR,/Ce" mpuMeM 3HaYCHHE DJIEKTPO - MEXAHWYECKOW IMOCTOSHHOW BPEMEHHU T

paBnyto 0,015. OTkyzna OyaeM UMETh

34x107°

-5

T,, =0,015% [1+ j = 0,0808

36x10

AHaJII/I3I/Ipy51 IMMOJIYYCHHBIC 3HAYCHUA, MOKHO CACJIATH BBIBOA, YTO PCAYKTOP
YBCIIMYUBACT SJICKTPOMCXAaHNUYCCKYIO ITOCTOAHHYIO JIBUTATCJISI HA
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A= 00808 10006 —1009% — 403%
0,015
3a CUCT yBeJII/IIIGHI/IH HpHBeI[eHHOFO MOMCHTAa HHepHHH Ha Baﬂy ABUTATCIIA, T'IC

0,0808 - mpuBeneHHAs AJEKTPOMEXaHUUECKAsI TIOCTOSTHHAS BPEMEHU.

CuHTe3 KOHTYpa NPpUBO/JA.
CocraBJ/ieHHe CTPYKTYPHO# CXeMbI CHCTEMBI.
®dyuknuonanbHas cxema JCII nmeer BU:
oYy
—>» BT MY > YO > YM > W0 —> P —» OP

L J

BT - Bpamarouiuii Tpancpopmartop;
ITY- npeobpazytoliee ycTpoucTBO;
VII - yeunurens npeiBapuTEIbHBIM;
YM - yCWIIUTETb MOIITHOCTH;
NJI - UCTIOJIHUTEIBbHBINA IBUTATEIb;
P - penykrop;
OP - 00BeKT peryianupoBaHus;
CY - cunoBas 4acTh;
IIKY - nmocnenoBaTeibHOE KOPPEKTUPYIOIIEE YCTPOUCTBO.
Puc. 5. ®ynkunonanbHas cxema ICII.

Jlns oGsieryeHusi COCTaBIEHUSI CTPYKTYPHOU CXEMbI CIIENAIIEH CUCTEMbl MPUMEM
JOMYIICHUS:
1) mer modToB;
2) HET MOTeph B MEXaHWUECKOH Mepeaue Ha TPEHHE.
Torma QyHKIUOHAIBHYIO CXEMYy MOXHO TMPEJICTaBUTh B BHUJE YHPOIIECHHOU
CTPYKTYPHOU CXEMBI , U300pa>KEeHHOW Ha PUCYHKE:

_.@_. Ky

Puc. 6. CrpykrypHas cxema ICII.

o

K,

T
w s

Y
L 4
L 4

Onpenenum ko3¢ duieHT TpaHcHopMaTOpHON TUCTAHIIMOHHOW Mepenaydn
yrma K, .

U, =U, xn, xn, xsin(@,, —0,,. )~ K,, x A0,

6blX 6blX
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rue:
K, =Ugxn, xn, ;
U,<12B; n,=0,56; n, =10;
K,,=6,12;

I[O6p0THOCTI> CUCTCMBI OIIPCACIICTCA KaK.

K, =2 - 99 wgox180=4417
X, 4%314
[lepenaTounast GyHKIUS ABUTATENS UMEET BU:
K 6
Wde (p ) = ‘

p(T,\,I xT,p? + Ty p+1);

Kz - KO3 PUIIMEHT ycuaeHus: ABUTaTes;
Ty - IpUBeIeHHAS AIEKTPOMEXAHUYECKas TIOCTOSIHHASI BPEMEHU,

rae C. - Benmnuena npotuBo-3/1C.

Haitnem C, u3 crnenyromiei 3aBUCUMOCTH:
_‘Jt)e X R}z _ JO@ X Rﬂ

To=csc, =~ c2 °
e XM C

e

Ce — ‘]66XR03 ;
\ Tc)e

r7e J,; - MOMEHT UHEPIIUH SIKOPS,
R, - conpoTHBiIeHHE SIKOPS;
T,s - DIEKTpOMEXaHUYECKasi IOCTOSIHHASI BPEMEHHU.

nipu C.=Cy,.

J onp Tt I—z”
T,=T,|1+———1|
'J()e
rac —ZH —HpI/IBelleHHBIf/'I K BaJly ABATATCIISI MOMCHT MHCPUHUH HAI'PY3KH;

J pnp ” MMPUBCACHHBIN K BaJly ABUTATCIIA MOMCHT MHCPIIMKU HAI'PY3KU.

Jpnp:(‘.]—;’hhij.ls:( =i +7.4x10-6]xo.15:4.34.10-5.
i 756.4 ,

OTKyJa

3,4x10°°
0,36 x107°
T.k. T,<< Ty, , To nepenarouHast pyHKIUs IBUTATENSI IPUHUMAET BUJ:

T,, =0,015% [1+ j = 0,0808

K
W — 08
() p(T,p+1)

S



Torna
. 0,08838 _258 B
0,36x107° x 2,9 paoxc

HepenaTquaﬂ Q)YHKHI/I}I pPE€ayKTOpa UMCECT CJ'ICI[YIOHII/Iﬁ BU:
1
Wped(p): ?: Kp )
raoe Kp - KOB(I)(I)I/IHI/IGHT Inepeaayu peaykropa.

K= EI 0.00132

[IpeoOpazyeM CTPYKTYpHYIO CXEMY K BUAY:

L 4

K,

L 4
™

Ky

L 4

Puc. 7. CtpykrypHas cxema ICII.
Nwmes Bce 3HaUEHUS, CTPYKTYpPHAsA CX€Ma MPUHUMAET BHI:

252-0.00132
"| p-(0.0808- p+1)

Y
ol
Lh
iy
ok
4
L J

6.72

Puc.8. CtpykrypHas cxema OCII.

[To mostydeHHON CTPYKTYpHOW CXE€M€ MOXHO MHOCTPOUTH pacrnonaraemyro JIAUX.

1
Ilg—=0.096
ng
20IgK , = 28,2
st Toro, 4TOoOBI MPAaBWIBHO PAacCUYUTATh KOPPEKTHPYIOIIHME YCTPOMCTBA,

HEOOXOUMO OMNPEJENINUTh 3aNpPEeTHYI0 30HY, T.€. 30HY, rie skeiraemas JIAUX Hu B
KOEM CJIy4yae He JOJDKHA OKa3aThCsl.

Bb100p cXxeMbl KOPPEKLIMH U PACYeT KOPPEKTUPYIOIIUX YCTPOICTB.
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OnHoM M3 OCHOBHBIX 33/lad CHHTE3a CJEMSIIEro MPUBOJIA SIBJSIETCS ONpEIeNICHHUE
nepelaToyHbIX (PYHKIUN MOCIEA0BATENbHBIX KOPPEKTUPYIOIIUX YCTPOUCTB,
KOTOpBIE TIPH 3aJJaHHOM MepeaTOuHON (PYHKIIMM HEM3MEHSIEMOM YacTh 00ECICUUT
cucteMe Tpedyemble TMHAMUYECKHE CBOWCTBA.

YacTOTHYIO  XapaKTEpUCTUKY CHUCTEMBI, KOTOpass HMMEET 3aJaHHbIC
JTMHAMHUYECKHE CBOMCTBA, Ha30BeM kenaeMoit JIADUX.
1. Pacder xenaemMoi 4aCTOTHON XapaKTEPHUCTUKHU.

1) crpoutcss Hu3KkowactotHas dacte JIAUX, wcxons wu3
yCIIOBHA TpeOyeMOoW TOYHOCTH, Ha KJIOH €€ ONPENEseTCS MOPSIKOM
acTaTU3Ma CHUCTEMBI, a MOJIOKEHHE IO BBICOTE — KOHTPOJIbHBIMH TOYKAMU
A 1 Ay

IlepBast KOHTpOJbHAas TOYKa Ay, HAXOOUTCI, HUCXOAS H3 JOILyCTUMOMU
CKOpOCTHO# omuOku. OpanHarta ee:

L, =20Igk, =53.8

Abcrmmccy ee OTKJIaAbIBAIOT Ha 4acToTe @ =1, opauHara mepBoi
HU3KOYaCTOTHOM acuMNTOThl JIAX pa3oMKHYTOW CUCTEMBI JIFOOOTO MOpPsAKa
acTaTu3Ma Ha 4acToTe @ =1 paBHa nepenarouHoMy Ko3((OULUEHTY pa30MKHYTON
CUCTEMBI.

Bropas xoHTposbHas TOUuka A,, CTPOUTCS U3 TPEOOBAHUH K TUHAMHUYECKON
TOYHOCTH TI0 (hopMyJiaM:
gﬂ = % =0.6
Q.. 05
lgw, =0

2
L, (@,) =20 |g(“’—j =20 Ig[ 0.25 j ~535
82

W =

max 0.3x6x0,017/60

roe X —MaKCUMaJIbHaA aMILINTyda OIITNOKH YCTOABHICTOCA pCIKHUMA.

yem max
2)CtpouTcs cpeaneyactoTHas yactb JIAUX, ucxost u3 TpedoBaHUN K
YCTOMUMBOCTU U OBICTPOJIEUCTBUIO CUCTEMBI.

I[J'ISI 9TOro 4€pe3 TOUYKY Ha OCHU 4aCTOT, COOTBCTCTBYIOLIYIO HaCTOTC CPE3a a)cp

(unu, eciiu 3TO BO3MOKHO, MTPaBEE 3TOM TOUKH ), TPOBOAUTCS MpsiMasi C HAKIIOHOM
2005 [ 0ex.’Kenaemas qacTora cpe3a OnpeaelsieTcs mo Gopmynam:

ar

a)cp.ofce/z = t J
0

rae a-kKo3hdUIUEHT, OnpeIeIIeMbI 10 3aJaHHON BEITMYNHE
nepeperyiupoBanus ¢ .3HaueHus KodhPuimenTa a npuBeACHBI HUXKE.

o,% 15 20 25 30

a 1.7 2.2 3.0 4.0

Jli1st Toro, 94TOOBI crcTeMa Oblila yCTOWYNBA, @ BBIOMpaeM paBHOM, 33

cp.orcen
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Toraa lg33=1.52
YacrtoTsl u310Ma @ U @ cpeanedactotHor JIAXY onpenenstorcs o
MPUOIMKEHHBIM COOTHOIICHUSIM:
o' =~ (2 =+ 4)

a)cp..wce/z ’

w
Cp .otcen

(0]
Torma muist onpeneneHus " MpUMeEM PaBHBIM 4, . 5 , OTKYIA:

" ~4x33=132
Igw" ~2.12

2
W'~ 33 =8.25
132

Ilgw'=0.9

CpenneuactoTHas yacTh xkenaeMon JIAUX conpsiraeTcsi ¢ HU3KOYaCTOTHOM
MpSAMBIMH, UMeronMu HakiaoH -20, -40 wnm (B kpaitHeM cirydae) -60 nb/mek.

3)BricokouyacToTHas yacth JIAUX cTpoutcs ¢ yueToM mpOCTOTHI
TEXHUYECKOU pealin3alii KOPPEKTUPYIOIIETO ycTpoiicTBa. Clenyer UMETh BBUAY,
41O 3a npeaenamu 2w <-20 nb/nek cucreMa He 0TpadaThIBAET HUKAKUX
Bo3ercTBUiA. [T0aTOMY J1H00as MOTMBITKA CKOPPEKTUPOBATH CUCTEMY HUXKE ITOTO
ypOBHS siBiIsieTcs 6ecnose3noit. Hike atoro ypoBHs xemnaemas JIAUX cuctemsr
JOJKHA MOJHOCTHIO coBnagath ¢ JIAUX HECKOpPEKTUPOBAHHON CUCTEMBL.

Pacuer nocJsie10BaTe/IbHOI0 KOPPEKTHPYIOLIET0 YCTPOMCTBA.

JIAX mnocnenoBaTeabHOr0 KOPPEKTUPYIOMIETO YCTPOMCTBA HAXOAUTCS
BblYnTaHueM opauHat JIAX HeCKOPPEKTUPOBAHOW CUCTEMBI U3 OpJIMHAT 5KEJIAeMOM
JIAX.

[Ipu BBEEHNHU MTOCIEA0BATEILHOIO KOPPEKTUPYIOIIETO 3B€HA CTPYKTYpHAas
cXema CHCTEMbI OyJIeT UMETh BU/I;

».1 > -tk
Constant Input Paint

Kvt1

1
0.00002245s
ransfer

Manual Switch

0/0—47 Ground

Puc. 9. Cxema MmoznenupoBanus B cpeae Matlab.

K =0,96
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LR P
o, 0.6
ol 1 o
o' 825
T, = 1 = 1 =0.0808
1/T,, 1/0.0808
.= i = i =0.007
o' 132
KnK(sz +1NT5, +1)
Wnlc(p): -

( 1 +1 T4p +1)

Pacuer nmocJie10BaTe IbHOI0 KOPPEKTHPYIOLIET0 YCTPOMCTBA ¢ UCIO0JIb30BAHUEM
cneuuaausuposanHoro IO

B nannoit nabopatopHoit padbote Obuta pa3paboTaHa, B Ka4e€CTBE MPUIIOKEHUS
nporpaMma Jijisi aBTOMaTU3UPOBAHHOTO BHIOOpA IBUTATEINS, pacueTa XapaKTePUCTHK
PEIYKTOpa U CUHTE3a KOPPEKTUPYIOIIETO YCTPOMCTBA.

Takoil moxo/1 B 3HAYUTEILHON CTETIEHU 00JIer4aeT MPOCKTUPOBAHUE U
YMEHBIIIAET KOJIMYECTBO MOTPAYEHHOIO0 BPEMEHHU. TaK Kak B KaueCTBE METO/a
CUHTE3a KOPPEKTUPYIOIIETO 3B€HA BBIOPAH METO] — JTOTapu(MUUECKUX aMILTUTYTHO-
YaCTOTHBIX XapaKTEPUCTHK, MOJIb30BaTEIb MOKET BU3YaIbHO HAOIIOIaTh 32
MOCTPOECHHUEM pacmnoiaraemoi, xxkenaemon JIAUX u Ttakxke 3a cuHTe30M. JlaHHOE
PUJIOKEHUE UMEET BO3MOKHOCTh NIEPEAABATH IMOJTYUYEHHBIN pPE3yJIbTAT B CPEAY
MATLAB, B yacraoctH B makeT Simulink. I'te HaxoauTcst MOJEND CIIEISIIETO
MPUBO/IA, YTO JIETAET MPOIIECC TPOCKTUPOBAHUS OUCHb YOOHBIM.
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Pykoeoocmeo ucnonvzoeanusn npozpammot Aries.

L;‘; CyHTES KOPPEKTMPYIOWErO YCTPONCTES

L it MR i G T i T ey e i o v v o R i i T I i McxonHsie sHaueHns
‘vrp,. | | R O N T 48§ S ) 0 (00 14140 0 418 1 i 0 11 1 0 ) KOB@CbMLLMeHT no KOHTYPY
30. MeX. NOCTOSAH. BpeM. [—
60 f------ e i = B & 1 & B O o b o B & B & SRR R e o] o = B | B o o B B & & B ---d--1---1-t1-H | 3n. marn.nocrosH. Bpem. I
40 [~ bt ol 1Y 6 6 i 81 i e, i vt et i o o bt Gy ) d MaKc. YrnoBas CKOpoCTb,paa/c [—
MaKC. Yrnoe yckopexue,paa/ch2
2 Makc. ownbka
ABEU Makc. crat ownbka
il | S T FN 1 61 0 N 61 A e B[l D S T (O T B N ) (e SRS G 18 1 % [ N1 [ szrdsedakds b
Mepeperynupoeanue, % [—
40 [ bt il 7 O e i e o i i it o i k6 7 BpeMsA perysuposaxme, C [~—
600 - - - SPICH TN (B T 91 1 ISR PO Fmet L I P X 1 SO SN R L) T N 1AM LR (o) e 1o 19 TR 31 R
XKenaemas NAXY
=21 SOCRON SR H 8 S b 1 e e | i o s o i o et et i o o o o S e e o B e 8 CuHTes
Da308aa XapaKTEPUCTUKE
-100
0.1 1 10 100 1000 10000
paa/cek
502
Amnnutyaa, ab: 56,5 YacroTa cpesa:
YacToTa, paa/cexk: 385,2 e il
1.  3amyctutbk nporpammy Aries.
2. JIist BBIOOpA ABUTATEINSI HAXKATH KHOTIKY «>>)
3. BBectu ncxoaubie qaHHbie B 010K «BbIOOp ABUTATEIIS
4. Br1OpaTh TpaH3UCTOPHI, HAXKaB KHOIIKY «>>»
5. BwiOpath nBurareins, HakaB KHOIIKY «PacdeTr MOIIHOCTH JBHUTATEIIs
6. ITocne BeIOOpa U3 6a3bl HaXxkaTh «Ok» WK «J[00aBUTH» 11 1OOABICHUS B
0azy.
1. [TpoBectu ananus B cucreme «MY-JI» HaxkaB KHONKY «AHAJIN3 JIBUTATEIISD.
8. Jl1s pacdeTa pelyKTopa HaXKaTh KHOMKY «>>» B OJIOKe « AHAJIU3 JBUTATEIISDY
9. B nosgsuBiiemcsa okue Haxxathb «Pacuer» 1 «OK»
10. Ilpunsate nBurarenb HaxaB «lIpUHSATH IBUTATEIIbY
11. Tloctpouts pacnonaraemyro JIAUX naxas «Pacnonaraemast JIAUX»
12. TlocTpouTh 3ampeTHYIO 30HY HakKaB «3arpeTHast 30Ha»
13. Iloctpouts xenaemyro JIAUX naxas «Kemaemast JIAYUX»
14. TlpoBectu cuHTe3, HAXKaB «CUHTE3»
15. B nosBuBLIEMcs okHe HaxaTh «B MatLaby»
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Hpouecc IMOCTPOCHHUA UACT ITOCIICAOBATCIIbHO, KAXKAOMY 3TaIlly COOTBCTCTBYCT
CBO€ OKHO.
HepBBIM OTaIIOM ABJISACTCA BI)I60p ABUI'aTCIIA, IMOJTYUYCHHBIC HCXOOHBIC TAHHBIC
BBOJATCA B COOTBCTCTBYIOIIMC OKHaA PI/IC.IO, IIOCJIC 4YCTr'o CIICAYCT HAKATh Ha
KHOIIKY «Pacuer MOHOIHOCTHU ABUTATCIIA » U IIPOUCXOANUT PACICT MOITHOCTH.

i =g I
(B foronrurenshse pacseTo e ]

Buibop geuratens AHanuz genratens

Tun asuratena ANP-72-H1/H2-03

HoMWHaNbHaA MOLHOCTE BT 17.2

MOMEHT CTaT. COMPOTUB. Harpy3KK, H*
MOMEHT MHEPUWM HAFDY3KK, H*M*C" 3
HacTOTa BpalleHWa HOMUHaNEHaA, O6/MuH  [4300

MaKC. YrMoBas CKOpPOCTh, Paa/c

i ®
MakKC. YrMoBOE YCKOpeHne, pap/c~2 HOMUHANEHBIM MOMEHT, H*M

Pacyet MOWHOCTH ABUraTens

MolHOCTE ABUraTens: 12,5 Bt

MyCKOBOI MOMEHT, H*M 38

HoMrHanbHOE HanpaxeHne, B 7

PezynsTar aHanuz:
HOMMHANBHBIA TOK, A

1T

TMYCKOBOIA MOMEHT B cuCTeMe MY-1 0,346 Hu

HOMMWH. CKOpOCTb B cucTeme MY-/1 423,9 pap/c ConpoTuenexue 06MOTKM AKops, Om 29
OnTUM. NepefaToHHo. YHUCNO PRAYKT. 847.8 MOMEHT MHEPLMM KOS, Kr*M~2 *104-6 |7
YUCNo KMHEMATWYBCKUX Nap 4

20N, MexX. NOCTOAHHAA BpeMeHu, ¢ 10°-3 1

HOMWH. MOLIHOCTb B cucTeme WMY-/1 16,956 BT
3N. MarH. NOCTOAHHAA BPEMEHK, C 10°-3 0,65
Bpema nepexoaHoro npouecca 0,04 c

AH3NKMZ ABMIATENA
ok >> #

Puc. 10

[To mosmydyeHHOMY pe3yabTaTy MPOUCXOIUT BIOODP BUTATENs U3 0a3bl, MOCIe
BbIOOpA JIBUTATENIS CIIEAYyET IPOBECTH aHANIU3 ero padoThl B cucteme « MY -II». Jlns
ATOTO CIEAYeT HaXKaTh KHOMKY «AHanu3 asurareisi». [locne ananuza nBuraresns
CTOUT MEPEUTHU K pacyeTy peAyKTOpa, IJIsl 3TOr0 JOCTATOYHO HA KHOTIKY «>>» U
nosaBuTcs okHo Puc.11.

m: KoshduumeHTs nepeaaqmM

MepenaTo4Hoe OTHOWEHME 5,4 KospduuenTs! younenis
CpenHee 4Mcno 3y6ees 108 D.M.B I
Yucno sybees 99 105 111 117 T
Mpou3eegeHne 843,74915625
[OMHHO 548 C.0. 1
Yucno 3ybbes 99 105 111 117
Moagynu 3ybbes 0,9 0,8 0,8 0,8 CKET
WwnpuHa konec 3,6 3,2 3,2 3,2
10=2,86592915628337E-5
4 12
[OwameTp konec 89,1 84 88,8 93,6 Us
MomMeHT no konecam 0,000291 0,000204 0,000255 0,000315
0 , 8 . E n
MpHBEAEHHEI MOMEHT 3,88786291750993E-5 LA 0,56
KoaddUUMeHT nepeaaqm Asuratens 25,5
MexaH14eran nocT. spemenn 0,0898 n_n 1
[06POTHOCTE CUCTEMBI 441,176470588235
KoadpuUMeHT nepefaqdn YM 285,624764439253 Man
A_nun 1
R1 10000
R2 100
Pacqet |

Puc.11
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UToOBI MPOAOKUTE pacueThl TpeOyeTcs HaxaTh Ha KHONIKY «Pacuer» u manee
nocie pacuera «Ox» Puc.11. Takke B 7TOM OkHE TpeOyeTcsl BBECTH 3HAUCHUS
KOA(PPUIIMEHTOB YCHIICHHS U JPYTUe MapaMeTphl CHCTEMBI.

Ecnu He BO3HUKIIN OIITMOKH B pacdyeTax MOYKHO IPUHUMATH JIBUTATENb IS
3TOr0 Ha)xkaTh Ha KHONKY «IIpunsaTs aBurarens» Puc. 10.

Bce ocHOBHBIE pacyeThl TPOBEICHBI TEMEPh OCTAIOCH TOCTPOUTH
pacnosiaraemoe JIAUX. JIs aToro Hajo Ha)xaTh Ha KHONIKY «Pacrnonaraemas
JTAYX .

3aTeM 3anpeTHYIO 30HY KHOIKA «3ampeTHast 30Ha.

3ateM xenaemyro JIAUX knonka «Kenaemas JIAUX.

W nocnegnue ocyiiecTBUTh CUHTE3 KHOMKA « CHHTE3Y.

fl?: CUHTES KOPPEKTMPYHOLWErD YCTPOACTEa

g e ——— e ———— ————
McxoaHBIE 3HAYEHKA
so | L LU e L L] | KostbduumenT Mo kowTYRY 241,18 [2
K 3. MEX. NOCTOAH. BDEM. 0,0808
\‘\%“m
______ i S 1 Rt RS R AR U N AR U R 1 ROt IRt N 1 I
60 i NN 3/1. M3rH.NOCTORAH. BPEM. 0,0004
'h.._\\n“\
P NAHX
\\ MM\ atnonaraeMas =3
40 [~ 3anpeTHas 30Ha\""“ LT R o S A Rl et ek S 1 TUTUTTIT| | Make. yrnosas ckopocre,pan/c [o,5
\\\ \ MaKc. YTI0B YCKOpeHWe, pag/c™2 0,3
0 [ R — \Q 77 \\ T rrreny T
| Makc. ownbia g
a5 0 | Makc. crat ownbika 2
r4 |
\ 3anpeTHaA 30Ha
1 S \\ A R A
NepeperynupoeaHue, % 20
40 [T B il el o I e et el e o I R i A I TR T Bpems perynupoBaHue, C ,g,g—
B O RPN [ S I DO, A IR P A R I 0 1 Y OO R i
\\\ Henaeman NAXY
B0 B N h;ﬂ_::-- B B L SRR -------;-‘-/-:— ------ EERE BRI EE L & o E F EEREE R R R St CirTes
| L1
] Da305aA XEADAKTEPMCTHKE
-100
0.1 1 10 100 1000 10000
pag/cek
472
Amnnutyna, ab: 99,2 HacroTa cpesa: 32,28 )
YactoTa, pan/cek:  235,2 ?

KoHTposibHOE TECTUPOBAHKE C LIETBIO IPOBEPKU U3YUEHHOTO
TEOPETUYECKOI0 MaTepuaia, U3JI0KEHHOTO BBIIIE, & TAKXKE COOTBETCTBYIOIINX
pa3/IeIioB JIEKIIMOHHOTO Kypca, U JIOMyCKa K BBITOJIHEHHIO JJA0OpaTOPHON padOoTHI.

1. OTkpoiite nanky «Tectsl k BUpT. 1a0. Noly.

2. 3amycture nporpammy tester.exe. ITapons «718».

3. OTBeThTE HA BCE MOCTABIICHHBIE BOMPOCHI.

4. B cnywae, ecaum Bbl oTBeTWIM Oojee yemM Ha 60% BOmpocoB, TO
MPUCTYIANTE K BHIMOIHEHUIO PAaOOTHI.
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5. Eciii KOJMYeCTBO MpaBUJIbHBIX OTBETOB Obul0 MeHblie 60%, TO BHOBB
U3yYUTE TEOPHUIO U MPONANUTE MOBTOPHBIN KYpPC TECTUPOBAHUSI.

III. OBPBEKT UCCJIEJOBAHUSA U OBOPYJIOBAHUE
OObeKTaMu HCCIEOBaHUS SBIISIOTCS MAaTEMAaTUYECKUE MOJIEIH PEBEPCHUBHOIO
AJIIEKTPUYECKOTO0 TMPHUBOJA U €ro 3JIEMEHTOB, pa3padoTaHHbIX B cpene MATLAB u
Simulink. [Ins BeimogHeHUst pa®OThl HEOOXOAMM, COBPEMEHHBIM KOMIBIOTED C
yCTaHOBJICHHBIMU omepanuonHoi cuctemorr  Windows XP, MATLAB 6.5,
nporpammoil «kBAHKHP 7.5» u criennanuszupoBanHoe 110.

IV.3AJIAHUE HA PABOTY
3. U3yuntp wmomenb cruensmiel cuctemsl, (QYHKIHOHAIBHOE HAa3HAYCHHE H
MPUHIUIIBI pA0OTHI OTAEIBHBIX JIIEMEHTOB MOJEIIH, UX B3aUMOJEHCTBHE
IIpoexkTpoBaHue u pacyeT peayKropa.
HccnenoBarh TMHAMUYECKUE XAPAKTEPUCTUKH CIIECIAIIECH CHCTEMBL: MU3YyYHTh
BIMSIHUE BEJIMYMHBI KOX(P(GUIUEHTa YCUJICHUS B NPSAMOM LENU, TUNA HU
XapaKTEPUCTHK CIVIAKUBAIOLIEro (QUIbTpa Ha XapakTep MEepeXOIHbIX
IIPOLIECCOB ¥ YAaCTOTHBIE XapAKTEPUCTUKU 3aMKHYTOU CUCTEMBI.

o s

V. TIOPAJOK BBIIIOJIHEHUSA PABOTbBI
1. W3yuyenume npuHUUIIOB pabOTBl OTAEIBHBIX JJIIEMEHTOB MOJEIM U UX
B3auMozeiicteue. Bece monenu, ucnosib3dyemble B paboTe, HAXOIATCS B IAaIlKe
«worky» maketa MATLAB, kKoTOpbI€ TOKHBI OBITH TIPEABAPUTEIHLHO OTKPBITHI.
Otxpotite daitn «SKVT.mdly.
3amyctuth Qaiin «SKVT.mdly.
N3yuuTe nojiydeHHbIE AUArPAMMBI.
Hcnonb3ys BO3MOKHOCTH TTporpamMmbl «simulink» mpocmMoTpute Bce mapaMmeTpsl
u ko3¢ purments! Tpanchopmannu CKBT — /T u CKBT —I1.
(Ucxomnas yactora Hanpspkenust Bo30yxkenus CKBT B3sita HepeanbHOM
11 00ecrieyeHHsl TyUYIIero MoHMMaH!s MPOUCXOIALIETO Mpoliecca. )
N3mennte Tvnel CKBT — JI u CKBT — II mo cBoeMy yCcMOTpeHHIO, B35B UX U3
Tabyumibl 1 1 3aHecuTe U3MEHEeHHbIe TapaMeTphl B Mosienb SKVT.

Tabnuua 1. Texuuueckue nanusie BT cepun 2,56BT

Hampsixenue
O06o03HaueHne Hasnaerue BT BO30YyKJeHus, B _ Zos, OM K
(tum) BT Pabounit
HomunansHOE
Uarna3oH
2,5bBT-]] BTII-1 12 0-12 200 0,56
CKBT
2,5BBT-I1 BTII-IT 12 0-27 800 1
2,5BBT-C CKBT 12 0-12 200 0,56
2,5bBT-J1 JIBT 12 0-12 200 0,52
2,5bBT-2 CKBT 12 0-12 400 0,56
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Tabmuma 2. Texunueckue ganueie BT cepun SEBT

Hanpsixenue
O6o3HaueHue Hasnauenue BT BO30YyXKIeHMs, B _ Zo1, Ou K
(tum) BT Pabouwnit
HomunansHoe
Jana3oH
JI13.010 JIBT 40 0-40 200 0,72
BTAIT-/T
JII3.010 BTAII-1T 27 0-27 200 0,96

Ta6muna 3. Texunueckue nanueie BT cepun BT-5

Hampsixenue

O6o3HaueHue Hasnauerse BT BO30YyKIeHMs, B _ Zo1, OM K

(tun) BT Pabounit

HomunansHoe
Juana3zoH

K®3.031.048 CKBT 40 0-40 200 0,53
JII13.010.527 BTAII-/]
K®3.031.049 CKBT 40 0-40 200 0,96

Jlnamazon pabouux 4acToT HampsbkeHus Bo30yxaenus, ['11380-21000

Ucnonp3ys dynkmuro PrintScreen u rpadudeckuit penaktop Paint, coxpanurte
MOJIYYEHHBIE TTPOLIECCHI.

3amycrute daiia «DM.mdly.

N3yunTte nosiydeHHbIE THArPaMMBbl.

Hcnonp3ys BO3MOKHOCTH TIporpamMmbl «simulink» mpocmMoTpuTe Bce mapaMeTpsl
HanpsHKeHUH Bo30YyKaeHHS (SOUrce) u padouero ( Sine wave).

(UcxonHast 4acTOThl HANPSKEHUS B3SITBI TEMU K€, YTO U B CXEME
«SKVT.mdl»).

N3MeHnTe  BEMWYMHBI O3TUX HANPSHKEHUWM M 4YacTOT B COOTBETCTBUU C
MPOJICJIAHHBIM B MPEIbIAYIIEM MNYHKTE U 3aHECUTE H3MEHEHHBIE MapaMeTphl B
mozens «DM.mdly.

Ucnonp3ys dynkmuro PrintScreen u rpadudeckuii penaktop Paint, coxpanure
MOJIyYEHHBIE MPOIIECCHI.

3amyctute daiia «Shim.mdly.

[IpoaenaiiTe Te ke onepanuu, 4TO U B MPEAbIAYIIUX MyHKTAX.

Bamyctute daiia «model_sum.mdly.

[IpocnenuTe mocneaOBaTEIbHO BCE TPOIECCH MPEeoOpa3OBaHMS CHUTHAJIOB B
mmeputene paccornacoBanuss (CKBT — [ u CKBT — II), nemopmynarope u
MOJYJISITOPE JIIUTEIbHOCTH UMITYJIBCOB.

2. H3ydeHue BAUSHUS CTIIAKMBAOILIETO (QUIIbTpA.
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3.1. Kiroun S1 u S2 B monoxxenwne 1, Ky =300

3.2. YcraHnoBute cTyrneH4arbii BxoaHoi curnan 0.01B

3.3. Jlns u3MeHeHus THma (GUIbTpa, ycTaHOBUTE B Oyioke Filter sHaueHue
napameTpa Type filter paBabiM 1 win 2, KOTOPBIH COOTBETCTBYIOT (BHIIBTPY
beccens unu anepuonuyeckoMy GuiabTpy. M3yuure xapakTep nepexoHbIx
MPOLIECCOB HA BBIXOJIE CUCTEMBI JJIsl JAHHBIX THUIOB CrJIa)KUBAIOIIETO
bunpTpa.

3.4. CoxpaHuTe MOJYYCHHBIC TPOIECCH U CeiaTh BBIBOABI O XapaKTepe

BIIUSTHUS CTJIQKHUBAIONIETO (DUIIBTpa HA paOOTYy CUCTEMBI.

4. BnusHHMEe YacTOThl BXOJIHOTO CHUTHAjla HA JAUHAMUYECKUE XapaKTEPUCTUKHU
CIICSIIIECH CHUCTEMBI.
4.1. Kmouu S1 u S2 B monoxenue 1, Ky = 300
4.2. YCTaHOBUTE CHHYCOHUJATBHBIN BXOMHOU curHan amrumutyaoir 0.1 B u
gacToTOM 1 paj/C, u3yunre rnepexoaHbie MPoIeCcChl B CHCTEME.
[IpoBenuTe aHaIOrUYHBIC IEUCTBUA 111 YacToT 5 1 10 pas/cC
4.3. CoxpaHUTh MOJYYCHHBIC MPOLIECCHI U C/IeTaTh BHIBOIBI.

5. Hcnonw3ys nuHeapuzoBaHHyto Mmojenb (Linear model) omenuts JIADYX
CHCTEMBI.
(Tools—Linear analysis; Simulink—Get Linearized Model; Plot type—Bode)

V1. YKA3AHUS ITIO O®OPMJIEHUIO OTUETA
OTuet 0 paboTe TOIKEH COACPKATh.
1) 3aganue Ha MPOEKTUPOBAHUE
2) bnok-cxeMy npuBoa.
3) BriOpaHHbI€ 371€MEHTHI
4) InarpaMmbl HaMpsHKEHUH BO BCEX U3YUYEHHBIX DJIEMEHTAX.
5) [lepexoaHbie MPOIIECCHI M YACTOTHBIE XaPAKTEPUCTUKHU CUCTEMBI.
6) Bce HeoOXoMBbIe BHIBOIBI 110 padoTE.

VII. KOHTPOJIBHBIE BOITPOCHI

1. OObsCHUTH (PYHKIIMOHAIBHOE HA3HAYEHWE W TPUHIUI PAOOThI DJIEMEHTOB
CIIEeISIIENH CUCTEMBI?

2. Kak ocyliecTBisieTcsl ypaBJI€HUE YaCTOTOW BPAICHUS ABUTATEIS B
TAHHOM cJIeasInel cucremMe?

3. Kakoiil curaan u noueMy MCHoJIb3yeTcs JJIsl OCYIIECTBICHUS 00paT
HOM CBSI3U 110 CKOPOCTHU BpallleHUs Baja JABUraTess?

4. Kak BausieT kKo3((PUIMEHT YCUJIEHUSI CUCTEMbl B MPAMOW LIEH HA XapakTep
NEPEXOIHBIX MPOLIECCOB B CUCTEME?
5. Kakue TpeOoBaHMs TMpPEenBABISIOTCA K XapaKTEPUCTUKAM CIUIaKUBAIOLIETO
bunpTpa?
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6. Uto mpou3oiAeT C CHCTEMOH, €ClIHM CYIIECTBEHHO YBEIMYUT KOI(P(ULIUEHT

YCUJICHUSI B PA30MKHYTOM KOHTYpe?

6. Ha ocHOBe aHaiM3a Kakux XapaKTePUCTUK IMPUBOJA OMPEACIISICTCS YacToTa
[ITIM BBIXOHOTO KacKaja yCUIUTESI MOITHOCTH?
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