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HHPEAUCJIOBHUE

OpauMm 3 Hanboliee BaXXHBIX (PAKTOPOB YCKOPEHHUS HAYIHO-TEXHHUYECKOTO
mporpecca, CO3JaHus W peaju3allid HOBBIX BBICOKOI(P(EKTHBHBIX TEXHOJIOTHH,
COBEPILICHCTBOBAHUSI TNIAHUPOBAHUS U YIPABIEHUS ABJISIETCS BCE OoJiee MUPOKOe
UCIIOJIb30BAaHUE TEXHUUYECKHX CpPEJICTB aBTOMAaTH3allMi, OCOOCHHO Ha OCHOBE
COBPEMEHHOM JIEMEHTHOM 0a3bl.

Pa3zButne MammHO- W HOPUOOPOCTPOECHUSA, YBEJIMYEHUE MOIIHOCTH
OTACJBHBIX arperatoB W MAIlIMH, MOBBIIMIEHUE CKOPOCTEH, HATPY3KH, YBEINUYCHUE
OBICTPOJACHUCTBHUSL U TOYHOCTU PaOOThI OTIEIBHBIX Y3JI0B, MAIIMH U arperaTtos
MPUBOJUT K HEOOXOJAMMOCTH JaJIbHEHIIEr0o COBEPIICHCTBOBAHMS OpraHU3alUU
MPOU3BOJICTBA C  HCHOJIb30BAHHEM COBPEMEHHBIX TEXHMYECKHWA CPEICTB
aBTOMATH3aLINH.

BomnpocaM wu3y4yeHHs THIIOBBIX TEXHUUYECKHUX CPEJICTB aBTOMATU3ALMU,
BKJIFOUAsl DJJIEKTPUYECKUE, DJICKTPOHHbIC, ITHEBMAaTUYECKHUE, TUAPABIAYECKHUE,
KOMOMHUPOBaHHBIE, MOCBSAIIEH Kype « TexHuyeckue cpeicTBa aBTOMATU3ALINI).

N3ydyeHnne Kypca OCHOBBIBAETCS HA 3HAHUSIX, MOJIYYEHHBIX MPU WU3YYCHUU
(GbU3MKKM, BBICHICH W TPUKIATHOW MATEMATHUKH, JIEKTPOTEXHHUKU, DJIECKTPOHUKH,
aBTOMATHU3UPOBAHHOIO MPHUBOJA; B CBOIO OYEPENb, U3YUECHHUE YKA3aHHOTO Kypca
co31aéT HEOOXOAUMbIE MPEANOCHUIKA JJIsi YCIEUIHOTO YCBOEHUS IMOCIEAYIOIIUX
CHEIUATBHBIX TPOQUIUPYIOMIMUX JUCITUTUINH.

OddexkTuBHOE HCTOIB30BAHME COBPEMEHHBIX METOJOB AaBTOMAaTH3alUU
MPOM3BOJCTBA, IIOBBIINICHUE €ro TEXHUKO-DKOHOMHYECKMX TOKAa3aTeyiel B
3HAYUTEJIBHOM MEpPE OMNpPECNAIOTCS 3HAHUSMU COBPEMEHHBIX TEXHUYECKUX
CPEACTB aBTOMATU3ALIHH.



1. THUIHOBBIE TEXHUYEKHUE CPEJCTBA ABTOMATHU3ALIUN

CryneHTy HEOOXOUMO H3yYUTh KiIacCU(UKAINIO, HA3HAYEHHE U OCHOBHBIC
XapaKTePUCTHKH AIIEKTPUUYECKUX, AIIEKTPOHHBIX, MTHEBMAaTUYECKHUX,
THAPABINYECKUX W KOMOMHHPOBAHHBIX CPEJCTB aBTOMAaTH3allMu, OOpaTHB MpU
3TOM BHUMaHHE Ha (DYHKIIMOHAIBbHBIE BOZMOXXHOCTU U TEXHUKO-DKOHOMHYECKYIO
000CHOBAHHOCTb IIPY BBIOOPE KOHKPETHOTO CPEICTBA aBTOMATHU3AIINH.

Jlureparypa: [1] c. 4-7;
[2] c. 7-10, 20-26;
[3] c. 4-14;
MeTtoauyeckue ykazaHusi

[Ipu u3yyeHUM TeMbl HEOOXOAMMO YSICHUTHh TaKHE MOHSATHS KaK 3JEMEHT,
yCTPOMCTBO, CHCTEMa aBTOMATHKH, IIe€Mb BO3ACUCTBUS, KOHCTPYKTHBHAS,
(GyHKIIMOHAJIbHAS U aJTOPUTMUYECKasl CTPYKTypa CUCTEMBbl aBTOMAaTHKH, CUCTEMA
ynpasieHuss (CY) u Takue e€ NOACUCTEMBbl Kak HH(OpPMAalMOHHAs, JIOTHKO-
BBIUMCIIUTENIbHAS M MCIOJIHUTENbHAsA, 3HaTh 0000meHHyro cxemy CVY. Ilpu
pacCMOTpPEHMHM  3JEMEHTOB  aBTOMAaTHUKM  OOpaTUThb BHUMaHME Ha  MX
KJIAaCCU(PUKALMIO 10 TMPUHIUIY JCHCTBUS, HA3HAUYCHWUIO W BUIY DHEPTUU
BCIIOMOTaTEeJIbHOTO MCTOYHMKA, a TaKKe [0 BHIY HX CTaTHUCTUYECKUX
XapaKTEepUCTHUK W BUAY YpPaBHEHHMHA CTAaTHUKH M JWHAMHUKH. YYHUTHIBAas, YTO
3HAYUTENbHYIO YaCTh BPEMEHH CHUCTEMa M €€ DJIEMEHTHI pabOTal0T B MEPEXOTHOM
pexxrMe, He00X0AMMO BHUMATENIbHO U3YYUTh WHEPIIMOHHBIE CBOICTBA 3J€MEHTOB
aBTOMATHKH, OKa3bIBAIOIIME CYIIECTBEHHOE BIMSHHE Ha JWHAMUKY IIpolecca
yIpaBIeHUS.

Bonpocsl 1J1s1 CAMOKOHTPOJISE

1. [lo xakuM mnpuU3HAKAM  KJIACCUDUIUPYIOT TEXHUUYECKHE CPEJICTBA
aBTOMAaTUKHU?

2. HazoBuTe THUIBI TEXHUYECKUX CPEJICTB ABTOMATHUKH, MX JOCTOMHCTBA U

HEJI0CTAaTKH, 001acT 3HPEKTUBHOTO MPUMEHEHUS.

B uém paznuurie Mexay peBepCUBHBIMU U HEPEBEPCUBHBIMU JIEMEHTaMu?

KakuM 00pa3oM BBITIOJHSIOT MAaTEMAaTHUYECKOE OIMHMCAHHWE IMHAMUYECKUX

MPOIIECCOB, MPOTEKAIOIIUX B 3JIEMEHTAaX, U ONPEICISIIOT UX JUHAMUYECKHUE

cBoiicTBa?

B~ w



2. PEI'YJINPYIOIIUE YCTPOMCTBA 1 ABTOMATHYECKHE
PEI'YJIATOPBI

Oco0eHHOCTH MPOTPAMMHOTO PEryIUpOBaHUs. THIOBBIC TEXHOJIOTUUYECKUE
MPOIIECCHl  TMPOTPAMMHOTO  perynupoBanus. Kiaccudukamus mporpaMMHBIX
pPEeryisiTOpOB U MPOTPaMMHBIX 3aJal0NIMX YCTpOMCTB. (OCHOBHBIE TPHUHIIUIIBI
MOCTPOCHUS ~ PETyJasATOpOB.  JIBYXMO3UIIMOHHBIE W TPEXIO3UIIMOHHBIE

ANIEKTPUUECKHUE peryaaTopsl. [[udpoBsie mporpaMMHEIE PETYIATOPHI.

Jluteparypa: [10] c. 3-41, 51-69, 132-133;
[11] ¢.203-244; [12].
MeToauueckue yKa3aHusi

Heobxoaumo paccmorpeTh B 0O0IIeM BHJAE YCTPONCTBA CHUCTEMBI
aBTOMATHYECKOTO PETYIMPOBAHUS M WX B3aMMOJICHCTBHE MEXKIYy COOOM, 00paTuB
BHUMAaHHE Ha HA3HAUYCHHE W BO3MOXHBIC HWCIIOJHEHHS TaKUX YCTPOMCTB, Kak
3a/laloliee, CpaBHUBaroIlee (HyJIb-opraH) W, OCOO€HHO, perynupyromiee. [lpu
W3YYCHUU OCHOBHBIX MPHUHITUIIOB TOCTPOCHUS PETYIATOPOB OOPAaTUTh BHHUMAaHHE
Ha JIOCTOMHCTBA M HEJOCTATKU YIPaBJICHUS IO OTKJIOHEHHUIO PETYyIUpyeMOit
BEJIMYMHBI OT 3aJaHHOTO 3HAYCHHs, C YIPaBICHUEM 110 BO3MYIICHHIO, C
KOMOMHUPOBaHHBIM yrpaBieHueMm. [lpu wu3ydeHnn UUQPPOBBIX PETYISTOPOB
oOpaTUTh BHUMAHHE HA OCOOCHHOCTH peaTH3allid ONTHUMAIbHBIX IHQPPOBHIX
PETyIATOPOB, TakKe HEOOXOTUMO PaCCMOTPETh OOIIYI0 CTPYKTYpHYIO CXEMY

CUCTEMBI, paOOTAIOIIIYIO ITPU MPOU3BOJILHBIX BXOHBIX BO3/ICHCTBUSIX.

Bomnpocs! Aj1s1 CAaMOKOHTPOJIS

1. HazoBure OCHOBHBIE YCTpOWCTBA CHUCTEMBI aBTOMATHUYECKOI0
perynupoBaHusi, OObSICHUTE, KAKUM 00pa30M OHM B3aUMOJICHCTBYIOT MEXKITY
co00il.

2. HazoBuTe OCHOBHBIE MPHUHIMIMBI TMOCTPOCHUS CHUCTEMBI MPOTPAMMHOTO
PETYIHMPOBaHMS, KPATKO OXapaKTEPU3YHTE HX.

3. Kakue ocHOBHBIE (aKTOpbl OTPAaHMYMBAIOT TMpPEACIbHBIE CKOPOCTH
U3MEHEHUS PETYIUPYEMOM BETNUUHBI?

4. OObacHuTe TPUHIUN (QYHKIMOHUPOBAHUS ITUGPOBBIX MPOTPAMMHBIX
peryyisaTopoB, HA30BUTE UX IOCTOMHCTBA.



3. NCITIOJIHUTEJBHBIE MEXAHU3MbI U UHTEP®EVCHBIE
YCTPOHCTBA
OnpeneneHrue MCHOJHUTEIBHOTO MEXaHU3Ma, €ro COCTaB, Ha3HA4YEHUE,
KJacCUpUKalus 1O  BHIYy MNOTpeOnsieMod  3Heprum  (THIpaBIMYECKUE,
MHEBMATHYECKHE, DJIEKTpUUECKHEe, KOMOMHUpoBaHHbIE). [locToMHCTBAa U
HEJIOCTAaTKU TUAPABINYECKHX, ITHEBMATUYECKUX, AIEKTPOMAIINHHBIX,
AJIEKTPOMATrHUTHBIX UCIOJHUTENBHBIX MEXaHU3MOB, UX MepeAaTodyHble (PyHKIUU.
Oco0OEHHOCTH TOCTPOEHUSI CUCTEMbl BBOJIa-BbIBOJIa MUKPOIPOILIECCOPHBIX CUCTEM
YIOPABJICHHUS] TEXHOJOITMYECKUMHU NIpOLEcCaMH, €€ anmapaTrHble M MpOrpaMMHbIE
CpelICcTBa B3aUMOJEUCTBHUS C mnepudepuiiHbiMU  ycTporcTBamu. CrnocoObl
OpraHu3ally BBOJA-BbIBOJIA, (POpMAThl KOMaH/ U IJaHHBIX, COCOOBI 00pallleHus K
namatu. [lonsiTue cTanAapTHOrO MHTEpPENica.
Jluteparypa: [5] c. 205-224
[7] c. 70-100, 173-202;
[8] c. 210-237;
[9] c. 151-154;
[13] c. 104- 118.
MeTtoauyeckue yKasaHus
IIpy u3ydeHMM HCIOJIHUTENBHBIX MEXaHU3MOB CpPEICTB aBTOMATUKH
HEOOX0AMMO OOpaTUTh BHUMAaHHWE Ha MYTU OOECleueHUus MepeMenIeHUs
PETYJIMPYIOIIEr0 OpPraHa C BO3MOXXHO MEHBIIMM OTKJIOHEHHWEM OT 3aJJaHHOTO
3aKOHA PEryJMpPOBaHUS, NPHU TOM HEOOXOJMMO PACCMOTPETh BO3MOXKHOCTH HX
Pa3IUYHBIX KOHCTPYKTHUBHBIX UCIIOJIHEHUH U YUETOM UX TUHAMHYECKUX CBOWCTB.
[Ipu wu3ydyennn wuHTEP(HENUCHBIX YCTPOWCTB O0OpaTUTe BHUMAHHE Ha
3HAUUTEIbHOE KOJMYECTBO BHEUIHUX YCTPOMCTB (JATUMKH, HCIOJIHUTEIIbHbBIE
MEXaHU3Mbl UM Jp.) MHUKpompoueccopHbix cuctem ynpasieHus (MIICY)
TEXHOJOTMYECKUMH IMPOLIECCaMu, MpPU ATOM HEOOXOIUMO YSICHUTh pOJib U
3HaueHue uHTepdeiica, €ro OpraHU3alMI0, PACCMOTPETh OOIIME MPUHIIMIIGI,
xapaktepable mis OonpmmacTBA MIICY. OOpatnTe BHUMaHUE HAa TPOOJIEMBI,

BO3ZHMKAIOIIME TpPU (PYHKIMOHUPOBAHUM CHCTEM YIIpaBJeHUs, pabOTaoluX B



p€ajlbHOM BpPCMCHH, CBA3AHHBIC C pa3H006pa3HeM THUIIOB HCIIOJHUTCIIBbHBIX

MCXaHHU3MOB U COOTBECTCTBYIOIIIUMHU YPOBHAMU CUTHAJIOB YIIPABJICHHA.

no

o o

Bonpocel 111 CaMOKOHTPOJISA

OOBsICHUTE NPUHLIKI JEHCTBUS U JOCTOMHCTBA:

a. THUIPABINYECKUX,

b. mHeBMaTHUYecKuX,

C. 3JIEKTPOMAIIHMHHBIX,

d. 9JEeKTPOMArHUTHBIX UCIIOJTHUTEIBHBIX MEXaHU3MOB.
Uro Ha3pIBalOT MHTEPEHCOM, KAKOBO €r0 Ha3HauUeHuUe?
WNupopmarus Kakux BUAOB NepeAaéTcs MEKIY LIEHTPAIbHBIM IPOLECCOPOM
U niepudepuitHpIMU yCTporicTBaMuU?
Yem 0OyClIOBIEHBI TPYJHOCTH MpHU pa3pabOTKE amnmapaTHBIX CPEACTB U
porpaMMupoBanuu BBoaa-seisoga MIICY TII?
KakoBbl pyHKIIMM TOPTOB BBOJA U BhIBO1A?
B ueMm 3akmrouaercs pasnuuMe MEXKAY OpraHHW3alyeld IapauieNIbHOTO H
nocJea0BaTeILHOTO UHTEepdetica?
IIpu kakoM Buae uHTep(erica — MOCIENOBATEILHOM WM HapaJlIeIbHOM,
BBIIIIE CKOPOCTH ITEpeNayu JaHHbIX?



4, MUKPOITIPOLUECCOPHBIE CPEJACTBA
ApXHUTEKTypa MHUKpPOIPOLECCOPHBIX CHCTEM ymopasieHus. Pa3paborka
QITOPUTMOB  YIpPaBJICHUS  TEXHOJOTMYECKUMM  mporeccamMud.  OCHOBHBIE
TpeboBanus k komiuiekcy ACY TII, ero cocras.
Jlureparypa: [71] c. 7-24, 57-67, 140-172;
[13] c. 156-185;
[14] c. 243-283.
MeTtoanyeckue yKazaHus
HeoOxomumo o0paTuTh BHHUMaHHe Ha 3Tambl paspadbotku MIIACY TII
(BeIpaboTKa 0a30BOM  KOHIEMIUM, pa3paboTka ajIropuT™Ma  YIpaBIICHHUS,
MPOCKTUPOBAHKUE aNMapaTHBIX CPEACTB, pa3zpaboTka mporpamm). H3yduTh
CTpyKTypHYIO cxemy CAY C aHajloroBpiM YIPaBISIONIUM YCTPOMCTBOM U
CTPYKTYPHYIO CXeMy MHOTOKOHTYpHOU 1tudpoBoit CAY.
Bonpocsl 1j1s1 CaMOKOHTPOJIS

1. B uém 3akioyaercss paziMuhe MEXKIYy CHCTEMOM aBTOMATUYECKOTO
ynpasienus (CAY) u aBTomaTuznpoBaHHou cuctemoit ynpasienus (ACY),
Kakasi U3 HU3 MPOILE U YEM TO BhIpakaeTcs?

2. HazoBuTe THMBI TEXHMYECKHX CPEICTB aBTOMATHUKH, WX JTOCTOMHCTBA H
HEJI0CTAaTKH, 001acTh 3(PPEKTUBHOTO MPUMEHEHHS.

3. OnuimTe JIOKAJIbHYI0 TEXHOJOTHYECKYIO cTaHImio. Kakue QyHKIMu oHa
BBITIOJTHSET?

4. Kakum 00pa3oM BBIMOJHSIOT MaTEMaTUYECKOE OIMUCAHWE IUHAMHYECKHX
MPOIIECCOB, MPOTEKAIOIIUX B 3JIEMEHTAX, U ONPEACISIIOT UX JUHAMUYECKUE
cBOMCTBaA?

5. Uro mpeacrassieT coboit komruieke YITY ¢ ynpasnenuem ot 9BM?



COJIEP)KAHUE KOHPOJIbHOM PABOTHI

1. Yro Ha3bIBAIOT XapaKTepuCTUKOW ympaBieHus? [lokaxuTe TUNUYHBIC
HEJIMHEWHBIC XapaKTEePUCTUKU YIIPABICHUS JJIEMEHTOB aBTOMATHKH.

2. HazoBuTe OCHOBHBIE NapameTpbl 3JIEMEHTOB ABTOMATHUKH C Pa3IMYHBIMU
(HenpephIBHOM, peIeHON) XapaKTepUCTUKAMU YIIPaBICHUSI.

3. Kak omeHmBaroT TMHAMHYECKHE CBOWCTBA AJIIEMEHTOB aBTOMaTuku? HazoBute
TUTOBBIE BO3MyLIeHUs. [Ipy ncclieIoBaHNM KaKUX 3JIIEMEHTOB UX IPUMEHSIOT?

4. PaccMOTpUTE  TUJIPABIMYECKUE  YCUJIUTEIM, YKAXKWATE  MOPUHIUI  UX
(G YHKIITMOHUPOBAHUS, TUTIBI, KOHCTPYKIIMH, TapaMeTphl, 001aCTh TPUMEHEHHUS.

5. PaccmoTpuTe  mMHEBMATHYECKHE  YCWIMTENIH, YKOKUATE  MNPUHIMI  UX
(G YHKIITMOHUPOBAHUS, TUTIBI, KOHCTPYKIIMH, TapaMeTphl, 001aCTh TPUMEHEHHUS.

6. Paccmotpute MAarHUTHbIE YCUJIUTEINH, YKOKHUTE NPUHLHAI ux
(GyHKIMOHUPOBAHUS, TUIIBI, PEKUMBI PAOOTHI, TOCTOMHCTBA.

7. PaccMoTpuTe OCOOCHHOCTH MArHUTHBIX YCHJIMTENEH, padOTaroluX B PEKUME
BBIXOJIHBIX. YKaXHTe€ TpeOOBaHUA K HHUM, TPHUHIUI TMOCTPOEHUS, PEKUMBI,
00JaCTh TPUMEHEHUSI.

8. PaccmoTpuTe MONYyNpPOBOAHUKOBBIE — YCUIIUTENHM, YKKUTE CXEMbl UX
BKJIFOUEHHS, JOCTOMHCTBA U HEIOCTATKU ATUX CXEM, a TAKKE UX JUHAMHYECKHUE
napaMeTphbl.

9. PaccmoTpuTe  DNEKTPOMAIIMHHBIE — YCHIIUTENH, YKAXKUTE UX  CXEMBI,
JTMHAMUYECKHUE CBOMCTBA, TOCTOMHCTBA.

10.PaccmoTpuTe AJIEKTPUYECKUE PETYISATOPHI. Onummre paboty
JBYXIIO3UIIMOHHOTO PEJICHOTO PeryisiTopa.

11.PaccmoTpuTte AJIEKTPUYECKUE pETyISITOPHI. Onummure paboty
TPEXTO3ULIMOHHOTO PEJIEUHOr0 PEryJisiTopa.

12.PaccMOTpHUTE TUAPABIMYECKUE UCTIOTHUTETHHBIC MEXAHU3MBI.

13.PaccMoTpuTe MHEBMATUYECKHUE UCTIOJIHUTEIIbHBIE MEXAHU3MBI.

14.PaccMOTpUTE 3JIEKTPOMAIIMHHBIE UCTTOJTHUTEIBHBIE MEXAHU3MBI.

15.PaCCMOTpI/ITe QJICKTPOMArdvuTHBIC UCIIOJITHUTCIIbHBIC MCXaHU3MEI.



16.PaccmoTtpute ABUraTenud sl MUKpPOMNEPEMEIICHHWH, MX THUIbI, OCOOEHHOCTU
(GYHKIITMOHUPOBAHMS.

17.PaccMoTpute uHTEpPEICHBIE YCTpPOMCTBA MHUKPOIMPOLIECCOPHOU CHUCTEMBI
yhnpaBieHus: TexHosnormdeckumu npoueccamu (MCY TII), ux Ha3zHayeHwHe,
OpraHu3alvIo NapajieIbHOro nHTEpderica.

18.Paccmotpute wuHTepdeiicHpie ycrpoiictBa MCY TII, ux Ha3zHayeHwue,
OpraHU3alMIO MOCIEeI0BATEILHOTO HHTEpdeiica.

19.TTokaxuTe cxeMy cOopa MPOU3BOJACTBEHHON MH(DOPMAIIMU MPU UCTIOIB30BAHUH

mukpornpoueccoproit CAY u onumure e€ QyHKIMOHUPOBAHUE.

[Ipenyioxkute ©W  paccUUTalTe CXEMy AJIEKTPOHHOIO  YCTpOWMCTBA ISt
npeoOpa3oBaHus AHAJIIOTOBOIO HM3MEHEHUsT €MKOCTH JaTyuMKa MEepEeMEIECHUN B
JUIUTEJIbHOCTh UMITYJIbCA HAMPSKEHUS MPSAMOYTOJIbHOU (DOPMBI, €CITU 33]1aHO:

Ne sonpoca Amnautyga EmkocTb, EmkocTb, ConpoTtusneHue
nmnynbca, B Crmin, NP Cmax, NP Harpy3ku, KOm
20 5 60 180 2.0
21 6 70 200 2.5
22 7 80 220 3.0
23 8 90 240 3.5
24 9 100 260 4.0
25 10 110 280 2.0
26 11 120 300 2.5
27 12 130 320 3.0
28 13 140 340 3.5
29 14 150 360 4.0
30 5 160 380 2.0
31 6 170 400 2.5
32 7 180 420 3.0
33 8 190 440 3.5
34 9 200 460 4.0
35 10 210 480 2.0
36 11 220 500 2.5
37 12 230 520 3.0
38 13 240 540 3.5
39 14 250 560 4.0




Omnpenenenre BapuaHTOB KOHTPOJIbHOM paOOThI

Hludp 0102030405060708091011121314151617181920

21222324 2526272829 3031323334 353637383940

4142 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

61 62 63 64 6566 676869 70 7/1 727374757677 787980

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00

Bormpocsl 1234 56 78 91011121314151617 18191

4 56101112131415 5 6 78 457 1267

1514131617181916171812 1 2 3 18196 4 10 11

1817161514131217 3 16 1171019 3 1110131114

2021 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

I[JIH OIIPCACIICHUA CBOCTO BapHaHTa HaﬁHHTe IHOCJICAHHUC OBC HI/I(l)pBI HOMCpa

CBOCH 3a4eTHOM KHIKKH (IIH(P) U 10 BEPTUKAIH OIMIPEIEITUTE HOMEPA BOIIPOCOB.



IIpumep BbINOJIHEHUSI KOHTPOJIbHOH PadoThI
Bonpoc: PaccMoTpuTe NHEBMAaTHYeCKHE HCIIOJTHUTEIbHbIE MEXaHU3MbI.
[THeBMaTuka B cBOEM OOOOIIIEHHOM 3HAUYEHUU MOAPA3YyMEBAET TEXHUUECKOE
NPUMEHEHHE CKaTOTO BO3JAyXa, MPU ATOM Yallle HCIOJIb3YeTCs H30BITOUHOE
JaBJI€HHE, HO HHOTAAa U JAaBJICHUE HIDKE HOMMHAIBHOTO  (BaKyyM).
[IlHeBMaTHUEeCKME CHUCTEMBI YIIPABJICHUSA COCTOAT M3  YIPABIAIOLIETO H

HEPreTHYECKOTO OJIOKOB.

A yNpaBnawowWMii GnoKk ~ YCTPOICTBO CONPSAXEHUs ; auepreruqeéxuﬁ‘m 3

younerne | : 06BEKT
curHanos | ynpasnexus
YHUDNLMPOBAHHBI

MEXaHn3M noaayu

biiok-cxeMa mHeBMAaTUYECKO CUCTEMBL YIIpaBJICHU S

O06nacT NpUMEHEHUs MTHEBMATUYECKUX CUCTEM YIIPaBJICHUS:

® pOTAIlMOHHBIE TPHUBOJABI (TTHEBMAaTUYECKUE JIBUTATEIW) JJIsi CBEpJICHUS,
MPUBUHYMBAHUS, ITU(HOBAHUS;

® JIMHEWHBIE MPUBOMABI (ITHEBMATUYECKUE IWIMHAPHI) IJIsI 3arpy3Kd, 3aXKuUMa,
CMEIIICHUS, BEITAJIKUBAHUS,

® yJapHbIE IPUBOABI ISl PE3KH, IITAMIIOBKH, KIIENKHU, TPECCOBAHMUS;

e CoIUIa JjIsl TPOIYBKHU U3JCIIUM U BBITYBaHUS CTPYKKH;

® B TEXHOJOTHH OOpabOTKH TIOBEPXHOCTEH: TMECKOCTpYHHAs OYUCTKA |
MyJIbBEpU3AIMOHHAS OKPACKa;

® B TEXHUKE KOHTPOJS JIMHEHHBIX MapaMeTPOB: MHEBMATUYECKUE KOHTPOJBHO-
VU3MEPUTENBHBIE YCTPOMCTBA.

OOmme cBemeHUs O TMHEBMAaTUKE W TEXHUYECKHE BO3MOXKHOCTH
MTHEBMATHUYECKUX YCTPONCTB

® B ITHEBMOCHUCTEMAax CXaTbli BO3AYyX MEpeMellaeTcss Mo TpyOoIrpoBogaM H

MOJKET XPaHUTHCS B peCUBEpax (cocyaax);



® [IEpEABUKHBIE KOMIIPECCOPHl TMO3BOJISIIOT TMPUMEHATh JHEPTUI0  CHKATOrO
BO3/[yXa HE3aBUCUMO OT MECTa;

® CXKaTbIl BO3IYyX MPAKTUUYECKH HEYYBCTBHUTEIECH K KOJICOAHHSIM TEMIIEpPaTyphl U
MO>KET UCTIOIb30BaThCS BO B3PBIBO- U MOKAPOOIACHBIX MTOMEIICHUSX;

® CKOpPOCTh XOja MOpIIHEH MHEBMATHUYECKUX IMJIMHIPOB MOXKET NOCTUTaTh 15
Mm/c;

® JIBUTaTeIH CIOCOOHBI (PYHKIIMOHUPOBATH CO CKOpOocThio 10 30 000 06./mMuH., a
HeOoubIme TypOouHbl — 10 450 000 06./MUH.;

® UHCTPYMEHTHI U MPUCIOCOOJEHUSI MOTYT HarpykarbCs J0 MOJIHOM OCTaHOBKH,
OHU 3alIUIIEHBI OT MEPErpy30K U 00J1aJal0T BBICOKUM ITyCKOBBIM MOMEHTOM;

e Oosbmoil cpok cayx0bl (1o 10...20 TbBIC.Hac.), IPOCTOTA KOHCTPYKLHMH H
oOciykuBaHus1, 0€30TKa3HOCTh B paboTe.

B03MOXHOCTH HUCTHOIB30BAaHUSI MHEBMATHYECKHX YIPABISIONINX CHCTEM
OTrPaHUYMUBAIOTCS B OCHOBHOM TaKMMH (DaKTOpamMH KaK CXUMAeMOCTb BO3yXa U
HU3KHE JaBJICHMUS.

[TneBMaTHyeckass yCTaHOBKA COCTOUT M3 reHepaTropa (MCTOUYHUK JaBJICHUS),
CHCTEMBI TIOJTOTOBKHU BO3AyXa U CUCTEMBI YIIPABICHHUSI.

I'enepatop (koMmpeccop) 3a0upaeT BO3ayX U3 aTMOC(EPhl U CKUMAET €ro
no tpedyemoro aasieHus. [lo cnocoOy cxkatus BO3oyxa pa3iuyaroT MOPLIHEBBIE
KOMIIPECCOPHI i TYPOOKOMITPECCOPBHI.

[TopuiHeBble KoMITpeccopbl (GYHKIMOHMPYIOT MO MPHUHIMITYY BBITECHEHUS,
T.. BO3JIyX IIOJCAChIBaeTCsI B LWJIUHAP, 3alUpPaETCs TaM, CHKUMAETCS U
BBIITYCKAETCS B BO3yXOCOOPHUK.

TypOokommnpeccopbl BcachlBalOT aTMOC(HEpHBIH BO3AyX MOCPEACTBOM
pabounx Koi€c WM TIPOMENIEPOB W YCKOPSIOT ero. B mocienoBaTtenbHO
BKJIFOUEHHBIX PECUBEPAX SHEPTHUs BO3AYUIHOTO MOTOKA Mpeodpa3yeTcss B IHEPTHIO
JTaBJICHMUS.

Arperat NMOArOTOBKH CXKATOr0 BO3AyXa COCTOUT OOBIYHO U3 (UIBTpA,

peryjsiTopa JaBJICHUS U CHCHH&J’II)HOﬁ MacCIEHKHU IJIs1 CMa3K MAaCJIAHBIM TYMAaHOM.



IIpuBoaHble 3jeMEHTHI MPEOOpPa3yl0T MHEBMAaTHYECKYIO  SHEPTHUIO
(3HEpruIo AaBJIEHUS) B MEXAaHUYECKYIO SHEPTHUIO (PHEPTUIO IBUKEHUA).

CyniecTByIOT MPHUBOJIBI  BpaIllATEIBHOTO JEUCTBHUS 0€3 OrpaHUYeHUs
JMarna3oHa W3MEHEHHS yriia MOBOPOTa (MHEBMOJBUTATENM), C OTPAaHUYCHHBIM
JTMAna30HOM YIJia MOBOPOTa (TOBOPOTHBIE ABUTATENN, BPAIIAOIINECS ITUJIMH]IPHI)
Y TIPUBO/JIbI IPSIMOJIMHEHHOTO IEUCTBUS (THEBMOIMIIMHIPHI).

[IHeBMOJBHraTeNM IIMPOKO HCIOJIB3YIOTCS B KAyeCTBE IPUBOAOB JJIA
pPa3IMYHBIX MHCTPYMEHTOB U MOABEMHBIX MEXaHU3MOB, OHHM XapaKTEpPU3YIOTCS
HEOOJBIIMM BECOM Ha EIUHHUILY MOIIHOCTH M YA00CTBOM B OOCIYKHBAaHUU.
MomtHocTh, 4HCIO O0OpPOTOB W BpalalomMi  MOMEHT OecCTyIleHYaTo
pEeryaupyroTcsi NyTéM H3MEHEHHsS pabouero MaBJICHUS U JIPOCCEIUPOBAHUS
pacxoja BO3ayXxa.

[IlHeBMaTHueckue JBUTaTeld JENATCS Ha TOPIIHEBBIE, POTOPHBIC
(nuckoBbie) U TypOuHHBIE. Pabo4asi CKOPOCTh MOPIIHEBBIX JABUTATENIECH JOCTUTACT
6000 00./muH., poropHbiX - 10 30 000 06./mMuH., TypOuHHBIX — 10 350 000...450
000 06./MuH.

[THeBMOLMIIMHAPHI MOAPA3AEISIIOT HAa IWIMHIAPHI OJHOCTOPOHHErO H
JBYCTOPOHHETO AEHCTBHA. VX HCIONB3YIOT JUIsl NEPEMEILECHHUS, TOABEMA U [TOAAYN
3aroTOBOK U HHCTPYMEHTOB WJIM JJI CO3/IaHUS 3QKUMHBIX U TOJKAKOUIUX YCHIIAM.

B nHeBmaTHKe pacnpenesiuTeS M U PeryJasaTOpPbl JaBJeHHs JICHCTBYIOT O
MPUHLHUITY NPONOPIUOHATIBHOTO PETYINPOBAHUs, MPEUMYIIECTBAMH KOTOPOrO IO
CPaBHEHUIO C TPAIUIIMOHHON BEHTUJIBHON TEXHUKOM SIBJISTFOTCS:

e 0oJiee HU3KHUE 3aTpaThl Ha 000PYIOBaHUE U MOHTAX;
® MeEHbIIasg 3aHUMaeMast TII0IIAIb;

® BO3MOXHOCTb AUCTAHIIMOHHOI'O PETryJIUMPOBAHHA 3aJdHHBIX MapaMCTPOB MU

Ap.

Bonpoc. Paccmorpure 3JIEKTPOMATrHUTHDIE HCIOJIHUTE/IbHbIE
MeXaHHU3MBbI.

JJIEKTPOMATHUT — 3TO DJEKTPOTEXHUYECKOE YCTPOMCTBO, COCTOSIIEE

OOBIYHO W3 TOKOMPOBOASIIEH OOMOTKM W (PEppPOMArHUTHOTO CEpACUHUKA,



KOTOPBI HaMarHW4uBaeTcs (MpuoOpeTaeT CBOMCTBA MAarHWTA) MPU MPOXOXKICHUN
10 0OMOTKE AJIEKTPUYECKOTO TOKA.

HecMoTpsi Ha KOHCTPYKTHBHOE pa3HOOOpaszue, 3NEeKTPOMAarHutT OOBIYHO
COCTOWT M3 CIIEAYIOIIHNX YacTei, UMEIOIMINX OJMHAKOBOE HA3HAYEHHUE: KATYLIKH C
TOKOTIPOBOJIAIIEH OOMOTKON, HAMAarHWYMBAIOIIETOCS CepIeUYHUKA (HEMOABMKHON
YacTM MAarHUTONpPOBOJA) U sIKOpsl (MOABMKHOM YacTH MarHUTONPOBOAA),
NEPEAIONIET0 yCUIue JAeTallIM MPUBOJAMMOIO B AeiicTBue MexaHn3ma. OOMOTKH
3NEeKTPOMArHuTa BBINOJHAKTCA U3 U30JIMPOBAHHOTO ATIOMUHUEBOIO WIM MEIHOIO
npoBojia  (CYHIECTBYIOT  TaKKe€  INEKTPOMArHuTbl C  OOMOTKOW U3
CBEPXIIPOBOJISIINX MAaTepuagoB). MarHuTONpoBOJl H3rOTOBJISIOT W3 MarHUTHO-
MATKHX MaTe€puajioB — OOBIYHO W3 DJIEKTPOTEXHMUYECKOW WM KAauyeCTBEHHOMU
KOHCTPYKLIMOHHOM CTQJIM, JIMTOM CTajld U YyryHa, JKEJIC30HUKEIICBBIX W
KEJIEe30K00AIbTOBBIX CIUIABOB. JlJI1 CHMJKEHHMsSI TOTEph Ha BHUXPEBBIE TOKHU
MarHUTONPOBO/IbI BBIIOJIHAIOT U3 HA0Opa JINCTOB.

Hcnonb3yroTest 3J€KTPOMAarHuThl OYEHb IIUPOKO W HMMEKOT pas3juyHbIC
pa3Mepbl (My(Thl CLEIUIEHUS, TOPMO3a, BBIKIIOUATEIH, JIEKTPUUECKHE MAIIUHbI,
u3MepuTenbHble Tpubopsl U T.71.). Hampumep, snextpoMarHuT CepriryXOBCKOTO
yCKOpuTels MpoToHOB JIuHOI0 1320 M coctout u3 120 610K0B 001mmMM BecoM 20
TBIC. T.

B 3aBucumoctu oT crmocoba co3laHus MAarHWTHOTO TOTOKA M XapakTepa
JNEWCTBYIONIEN HAMATHUYHBAIOIIEH CUIIBI BBIACJISAIOT TPU TPYIIIbL:

® 3JIEKTPOMATHUTBI IIOCTOSIHHOTO TOKA HEUTPAJIbHBIC,
® DJIEKTPOMATHHUT IOCTOSIHHOTO TOKA MOJISPU30BaHHBIE;
® JJIEKTPOMATHHUT NEPEMEHHOIO TOKA.

Y HEUTpaIbHBIX 3JEKTPOMATHUTOB CHUJIA MPUTSHKEHUS 3aBUCUT TOJBKO OT
BEJIMYMHBI MAarHUTHOT'O MOTOKA M HE 3aBUCUT OT HAIpaBJIEHUS TOKa B OOMOTKE;
Py OTCYTCTBUU TOKAa B OOMOTKE MAarHUTHBIM TMOTOK, a, CJIEJI0BATEIbHO, CHJIA
MPUTSHKEHUS] TPAKTUYECKU PABHBI HYJIIO.

Y 1Nonspr30BaHHBIX JJIEKTPOMATHUTOB CO3MAaETCA JBA HE3aBUCHUMBIX

MarHUTHBIX TIOTOKA: TOJSPU3YIONINH, KOTOPBIM 00pa3yeTrcss OOBIYHO TOJEM



MOCTOSTHHOTO MarHWta M pabo4yuii MarHUTHBIM TOTOK, KOTOPBIM BO3HUKACT O]
JIeCTBUEM HaMarHWYMBAIOUIEH CUIIbI padoueil min ynpasistomeit oomotrku. Ecnu
TOK B HHMX OTCYTCTBYET, Ha SAKOpPb JICHCTBYET CHUJa MNPUTIKEHHS, CO3JaHHAs
MNOJISIPU3YIOIIUM MArHUTHBIM TOTOKOM. JIeHCTBHE Takoro 3JIeKTPOMATHHUTA
3aBUCUT KaKk OT BEJIWYMHBI MArHUTHOTO IIOTOKA, TaK W OT HaIlpaBJICHUA
AIEKTPUUYECKOTO TOKA B paboueit 0OMOTKe.
B »jekTpomMarHMTax  NEpEeMEHHOTO  TOKa  MUTaHHUE  OOMOTKHU
OCYIIIECTBIISIETCS OT MCTOYHHUKA IIEPEMEHHOTO TOKA, a MAarHUTHBIM TIOTOK
MEPUOANYECKHA U3MEHSIETCS 10 BEJIMUMHE U HAMIPABIICHUIO, B PE3YJIbTATE YETO CUjia
NPUTSHKEHUST MYJIbCUPYET OT HYJS A0 MaKCHUMaJIbHOTO 3HAYEHHUS C YIABOCHHOMU
YacTOTOM I10 OTHOIICHHIO K YACTOTE MUTAIOIIETO TOKA.
EcTb paznuuus no paay Apyrux OpuU3HAKOB:
® 10 crocO0y BKJIFOYEHUS OOMOTOK — C MapaJIeIbHBIMU U TIOCJIEI0BATEIbHBIMU
0OMOTKaMU;

® [0 XapakTepy paboTel — paboTarone B IJIUTEILHOM, IIPEPHIBUCTOM U
KPaTKOBPEMEHHOM PEXUMAX;

® 10 CKOPOCTHU JIEUCTBUSI — OBICTPOACHCTBYIONINE U 3aMEJICHHOTO ACHCTBUS U
T. 1.

B Hacrosiiee BpeMs NpeAnpUsATHS IIHUPOKO BBIMTYCKAIOT AJEKTPOMATrHUTHI
Pa3IMYHBIX CEpU, a TAKXKE DJICKTPOMArHUTHBIC TTPUBOJIbI. DJIEKTPOMArHUT TaKXe

JCKUT B OCHOBC DJJICKTPOMAIHUTHBIX KIIAIIAHOB, IMHUPOKO IIPHUMCHSICMBIX B

CUCTEMaxX  aBTOMATHKM  HedTenoObIBaOmMX,  HedTenepepadaThIBaIOIINX,
He(PTEXUMUYECKUX,  He(TEra3oBblX,  METAUIypPrU4eCKMX W  MHILIEBBIX
NPEeANPUATHUSIX.

DJIEKTPOMATHUTHBIE KJIANAHBI MOKHO Pa3J€iIUTh HA JIBA OCHOBHBIX THIIA!
MPSIMOTO W HE MPSIMOTO JEHCTBUSL.

DJIEKTPOMATHUTHBIE KJANaHbl TPSIMOrO0 JIEUCTBHUS  O0OECHEYMBAIOT
OTKPBITME WJIA 3aKpbITHE KJIAIIAHOB 34 CYET JBWKEHMUS CEPACYHMKA IIPU
3aMUTHIBAHUH KAaTYLIKH JIEKTPOMArHUTHOTO KjanaHa. B KOHCTpyKIMU HENPSIMOTO

I[CﬁCTBHH 3aIlIUTbIBAHUA KaTYHIKHM OTKPbIBACT MUJIOTHBIM KJlallaH, a OTKPBITHC



OCHOBHOTO KJIallaHa y>K€ MPOMCXOAUT MPHU BO3IECHCTBUU JABJICHUS CPEIbl WIH €TO0
KOMIICHCAIIMH TP MUHUMAJIbHBIX MEXaHUYECKUX YCUITUSX.

Jlns obecriedeHus HAAEKHOCTU TPEANOYTUTENbHEE 3JIeKTPOMATHUTHDIE
KJIANAHBI MIPSIMOTO JIEHCTBUS, KOTOPBIE TOpa3io MeHee TpeOOBaTEeIbHBI K YHCTOTE
BO3/yXa, TeMIIepaType OKpYKalollel Cpelbl, U MMEIOT OOJBIIYI0 HAaJIEKHOCTb
cpabaThIBaHUs U TOJITOBEYHOCTb.

MydThl cyxaT anas cOeIMHEHUS! BajJOB WM BaJIOB C AETaNsIMHU, CBOOOIHO
Bpall[AIOMIMMUCS Ha HUX (3yO4aThIMH KOJIECAMH, IIKMBAMU M T.I.), C IEJbIO
nepesayd BpaileHusi 0e3 U3MEHEHHUs CKOpOCTU. M3BecTHO, 4TO OOJBIIMHCTBO
YCTPOMCTB, CUCTEM KOMITOHYIOT M3 OTACIBHBIX Y3JIOB C BXOJHBIMH U BBIXOJHBIMU
BajamMH. TakuMu y31aMu SIBJISIOTCS, HallpUMep, MPUBOJI B BHJIE JIBUTATE,
NEepeaTOYHBI W HWCIOJHUTENbHBIM MexaHu3Mbl. KuHemaTtnyeckas W CHIIOBas

CBA3b MCXKAY 3TUMH Yy3JIaMHU YCTpOﬁCTBa OCYHICCTBICTCA C IIOMOIIBIO MY(bT

MydTa

MNepenaToyHbIi

JlBurarein MEXaHN3M NCcnonHWUTeNbHbIM

| ||
4‘ }7 (pEﬂ,yKTop) | | MeXaHU3ImM

MydTa

CoenvHeHne BaJIOB SBISETCS. OCHOBHBIM, HO HE E€IUHCTBEHHBIM
Ha3HadeHueM My(pT. MydThl TPUMEHSIIOT JJIs BKJIIOYEHHUS] W BBIKJIIFOYEHUS
WCIIOJHUTEILHOTO OpraHa NpW HENpEepbhIBHO paboTarolieM JBUTaTene, s
MpeloXpaHeHuss pabodyMX OPraHoB OT TMEPEerpy30K U Ype3MEpPHO OONIBIIHUX
CKOpOCTEM, ISl TNepefayd JBMKEHUS MEXKIYy BaJlaMHd TOJBKO B OJHOM
HaIpaBJICHUH, JIJIT OCTAHOBKHU B KaUY€CTBE TOPMO3a U IPYTUX (PYHKITUH.

['myxue xecTkue My(QThI HCHONB3YIOT TPU TIEpenayde IBIKCHHS MEXITY
COOCHBIMM  BaJlaMH, KOTOpble JIOJKHBI paboTaTh Kak €IUHBIA  Ball.
Komrmiencupyromnue moaBmKHbIE MY(Thl MPUMEHSIOT TMPHU Tepeaadye JIBUKEHUS

MCXKAY HCCOOCHBLIMH BajJlaMH IIPpH HAJIUYHUH HEOOJIBIITNX paanallbHbIX, OCCBLIX,



YIJIOBBIX WJIM KOMOMHUPOBAHHBIX CMEIIEHWN OCeW BajoB. YNIPYruMu MydTamu
MOJIB3YIOTCS JUISI CMATYEHUs TOJYKOB, TMHAMUYECKMX HArpy30K INpHU Iepenade
Bpallalouierocs MOMEHTa Mexay Badamu. lIpemoxpaHurenbHble MYyQThI
MPUMEHSIIOT BO H30€XaHUE MOJOMOK JeTaleil MeXaHW3Ma H3-3a MEeperpy3oK.
OOronHbIe My(DTHI UCMIONIB3YIOT JJIS MIEpEAadn JBUKEHUS TOJIBKO B OJTHY CTOPOHY.
Bomnpoc. PaccMoTpuTe ruapaBinyecKue MCIOJIHUTEIbHbIC MEXaHU3MBbI.
[Ilupokoe MNPUMEHEHUE TUAPABIMYECKUE CHCTEMbl HALLIM B TSKEIOM
MAaIlllMHOCTPOEHUH, B TPOU3BOACTBE MOIIHBIX IMPECCOB, MPOTSIKHBIX U
CTPOTQJIBHBIX CTAHKOB, 3aXUMHBIX YCTPOMCTB, a TaKXe aBTOMaTH3aluu
3arOTOBUTEINIBHBIX IMPOU3BOJCTB, METALIOPEKYLIUX CTAHKOB, MPEIHA3HAYEHHBIX
Uit uHUIIHONW  00paboTku. Takke TUIAPABIMYECKHE CHUCTEMBI HAXOJST
NpUMEHEHUE B  ABUACTPOCHUHM,  NOABEMHO-TPAHCHOPTHBIX,  JTOPOXKHO-
CTPOUTEIBHBIX MAIIMHAX U Jp. 00JIACTAX.
OCHOBHBIE TOCTOMHCTBA TUIPABINYECKUX CUCTEM:
® BBICOKAas yJAElbHasi MOIIHOCTb, TMO3BOJSIONIAS JIOCTAaTOYHO KOMIIAKTHOE
KOHCTPYKTUBHOE UCIIOJTHEHHUE;

® BBICOKHE OBICTPOJECHCTBUE U YYBCTBUTEILHOCTD;

® BO3MOXHOCTh  OeccTymeHuatoro  (6€3  MEXaHHYEeCKOTO  PEeAayKTopa)
peryaupoBaHus NapaMeTpOB ABMKEHUS U TIepeiadu OOIbIINX YCUIIHIA;

e oOecrieueHHE HANEKHOM 3alUTBl OT MEPErpy30K 3a CYET OrpaHUYCHUs
naBieHus (IpeloXpaHruTeIbHbIC KIIaaHbl)

B rugpaBmuueckux CHCTEMax IMeEpenada  dHEPruu  OCYLIECTBIIIETCS
MOCPEJICTBOM JKUJKOCTH (OOBIYHO MHUHEpaJbHBIE Macjia C TMpPUCATKaMHU) B
HEMOJABW)XHOM (CIIOKOMHOM) COCTOSIHUM- THAPOCTaTHKA, WU [OCPEICTBOM
TEKylUIed  JKMJIKOCTH, T.€. HaxoJfleHcs B  TOJBMXKHOM  COCTOSIHUH-
TUAPOIMHAMUKA.

OcHOBOI1 7000 TUAPABIMYECKOW YCTAHOBKU SIBISIETCS IUPKYJIALIMOHHAS
cuctema. OHa HAaYMHAETCS C BCAChIBAHUS pabouei )KUIKOCTH U3 0aka U CO3MaHUs
HacocoM 00bEMHOro pacxona. Ecium o00BEMHOMY TOTOKY MNPOTHBOCTOUT

ONpeeN€HHOE CONMPOTUBIIEHUE- BO3HUKAET JaBieHue. Jlanee pabouast *KUIKOCTh



(Macio) mpoTeKaeT uepe3 KIalaHbl U BEHTWJIM K HMCHOJHUTENIbHBIM arperaram,
HanpuMmep pabodeMy UWIMHIPY. BbIMONHUB CBOIO pabodyio 3agadyy Macio
BO3BpalaeTcs oopaTHo B Oax.

YacTo NpUMEHSIOT KOMIUIEKCHBIE CTaHJApPTHBIE THUIPABIMYECKUE OJOKH-
TUAPOCTAHIINHN, KOTOPBIMH JIOCTATOYHO MPOCTO OCHACTUTH PA3JIMYHbIC MAIIMHbBI U
TEXHOJIOTUYECKUE YCTAHOBKH. ['MIOpPOCTAaHIUSA COAEPKHUT DIECKTPOJIBUTATEND,
KOTOPBINA uepe3 MyPpTy COEAMHEH C THIPOHACOCOM, a TAaK)Ke BCIIOMOTATEIbHBIMU
AIIEMEHTAMM.

['unpaBnuyeckre HaAcoChl MEpPEAaldT MEXaHHYECKYI0 DHEPIUI0 B pabouyro
KUIKOCTh. DTO JOCTHraercs 3a CYET MOCTOSHHOIO BBITECHEHMS XUAKOCTH U3
BCAChIBAIOLIETO TPYOONPOBO/Ia B HAIIOPHYIO JTMHUIO.

B 3aBHCHMOCTH OT KOHCTPYKLIUHU Pa3IuvaroT:

® [IECTEPEHHBIE TUAPOHACOCHI;
® [UIaCTUHYATHIE (IIMOEPHBIC) THAPOHACOCHI;
® [IOPIIHEBBIE THIPOHACOCHI.

OO0BEM )KHIKOCTH, BHITECHEHHBIN 32 OJIMH padouYuii X0l Hacoca, Ha3bIBAIOT
00BEMHOM Mogaueit V, yMHOKHB KOTOPYIO Ha YHCIIO 0OOPOTOB HAcoca, MoJiydaeM
00bEéMHBIN pacxon Q.

[Ipu BBIOOpE THUIIpOHACOCA YUYUTHIBAIOT TaKWE €ro MapaMeTpbl: 0ObEMHas
rojaya, JONnycTuMoe MakcumanbHoe nasinenue, KIIJI, yposens myma.

MomHOoCTh, 0OT/1aBaeMasi HACOCOM B pabOUYIO KHJIKOCTb, COCTaBIISIET:
P=p*Q*n
rae: P- oTnaBaeMas BBIXOJHAS MOIIHOCTD; p - AaBJieHue; Q- o0bEMHas momava; 7, -
KII.

[IlecTepHBIil HACOC ¢ BHEIIHUM 3aLEIUIEHUEM COJIEPKUT Mapy CONPSKEHHBIX
3yOuaThIX KOJIEC, B pe3y/ibTaTe BpallaTelIbHOIO ABMKEHHMSI KOTOPBIX padouas
XUIKOCTh BO BIAJIMHAX MEXAY 3yObSIMH BBITECHSIETCS BJIOJIb CTEHKH KOpIyca OT
CTOpPOHBI BCaChIBaHUS K HAIOPHOM CTOpOHE. I IIECTEPHBIX HACOCOB XapaKTEPEH

HU3KUU YPOBEHb LIyMa.



CTOpOHa
BCACbIBAHMS

HaropHas CTOpoHa

/ 0003Ha4eHue

Ha cxeme

Ot

IIlecTepeHHBIN HACOC C BHEUIHUM
3alleTICHUEM

Bonpoc. IIpennoxure n paccuutanTe cxemy 3JEKTPOHHOIO yCTPOKWCTBA IS
npeoOpa3oBaHusl AHAJIOIOBOIO M3MEHEHHUs EMKOCTH JaTyhKka IEpeMElICHUH B
JUINTEIBHOCTh UMITYJIbCa HAMIPSKEHUSI IPSIMOYTOJIbHON (DOPMBI, €CIH 3a/1aHO:
Upix=9 B, Cnin=430 1P, Cpnax= 820 nD, Ryarp=4,4 kOM, Toxp = 25°C

B nmanHOil pabore B KauecTBE AJIEKTPOHHOIO YCTpOMcTBa  JJs
npeoOpa3oBaHus aHAJIOrOBOIO M3MEHEHHsS] E€MKOCTH JlaT4YMKa B JUIMTEIbHOCTH
UMITYJIbCA HAMPSKEHUS MPSAMOYTOJIbHOU (POPMBI BBIOEPEM MYJIBTUBHOPATOP.

MynsTuBHOpaTOpOM Ha3bIBACTCS VMITYJIbCHBIN reHEPATOP
penaKkcauroOHHOTO THUMA C MIYOOKOM MOJOKUTENBbHON 0OpaTHOW CBSI3bIO HA LIETISIX
RC, dbopma BBIXOAHBIX UMITYJIECOB OJIM3KA K MPSIMOYTOIBHOM.

B aBTOKOJICOATETLHOM  PEXKHUME  MYJBTHBUOPATOpP  TE€HEPUPYET
NepUOIMYECKUe KoyieOaHusi — aBTOKoseOaHus. J[ns WX BO3HMKHOBEHUS HE
TpeOyrOTCsl BHEIIHHUE BO3CHCTBHUSL.

MynbTUBHOpAaTOpPHl ~ MPUMEHSIOTCS B YCTPOMCTBAX  ABTOMATHUKH,
BBIUHCIIUTEILHOM M M3MEPUTEIbHOW TEXHUKH (B TOM 4YHCIIE B peje BPEMEHH,
3aJIal0IIUX yCTPOiCTBax U opmupoBatessix IBM), B ycTpoiicTBax paauoTeXHUKA
B KAauecTBE 33/Ial0IIMX T'€HEpaTopoB U (hopMHUpOBATENEH MMIYJIbCOB, AEIUTENEH
Y4acTOThI, 0ECKOHTAKTHBIX MEPEKIII0YaTeNIel ToKa U MPOYHX.

[TapameTpsl BBIXOAHOTO CHUTHalIa MyJbTUBUOpAaTOpa - JJIMTEIBHOCTD
UMITYJIbCA CYIIECTBEHHO 3aBUCHUT OT BEJIMYMH €MKOCTEW KOHJEHCATOPOB B LIEMHU

oOpatHoil cBsizu. [lodTOMy, MCMONB3ys B KadeCTBE OJHOTO W3 KOHJCHCATOPOB



€MKOCTHOM JaT4YUK, BO3MOXHO pPCAJIN30BaATh npeo6pa30BaHHe aHaJIOTrOBOI'O

W3MCHEHHUS EMKOCTH JaTdyvKa B JUINTCIIbBHOCTD BBIXOJAHBIX HMITYJIBCOB.
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Ha pucynke 2a mnokazaHa Haubojee paclpoOCTpaHEHHAas CcXxema
MyJIbTUBHOpAaTOpa HA TPAH3UCTOPaX C EMKOCTHBIMU KOJUIEKTOPHO-0a30BBIMU
CBS3AMU.

1.3 Cradunu3aTop HANPsSIKEeHUs

KadecTBeHHBIE XapakTEPUCTHKKA pabOThI YCTpPOMCTBA 3aBUCAT KakK OT
TeMIEpaTypbl OKpYKarolleld cpeabl, TaK U OT BXOJHBIX XapaKTEepUCTUK. [l
MOBBIIMICHUS CTAOMJIBHOCTH BXOJHOTO HAampspKeHUs OyAeM  UCIOJIb30BaTh
CTaOMIN3aTOoP.

OCHOBHBIM TOKa3aTelieM, XapaKTepU3ywluM padboTy CcTabuiIm3aropa,
apisgercs: kKoddduiment crabunuzanuu HanpsokeHus Koy, TOKa3bIBAIOIIMMA, BO
CKOJIBKO pa3 OTHOCHUTEJIbHOE M3MCHEHHUE HANPSHKEHUsS Ha BBIXOJIE CTaOMiu3aTopa
AUg/Ugx MEHBIIIE OTHOCHTEIBLHOTO HW3MEHEHHUS HAIPSDKCHHS Ha €ro BXOJIEe
AU /Uy

Ha puc.3 wuzoOpaxkeHbl CXeMbl NapaMEeTPUUYECKUX CTaOMIIM3aTOPOB
HampspkeHus: ¢ KpemHueBbiMU crabmmurpoHamu (CT). Jns  crabwimmsarnuu

HAIpsHKCHUS B HUX HCITIOJIb3YCTCS CBOMCTBO CTa6I/IHI/ITpOHa, COCTOAIIICE B TOM, UTO



IIPpH 3HAYUTCIIbHBIX U3MCHCHUAX TOKA 4CPE3 CTa6I/IJ'II/ITpOH lct HaIps’KCHUC Ha HEM

UcT u3MeHseTCss HE3HAUYUTEILHO.
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Pucynok 3. Cxembl MNapaMeTpUYECKUX CTAOWIM3aTOPOB HAIpsOKEHUs. 0 —
JBYXKACKaJHOI0; B — OJHOKACKaJHOI0 C TEMIEpPaTypHOM KOMIICHCALUEW; I -

JIBYXKACKAIHOTO C TEMIIEPATYPHON KOMIIEHCAIUEN

Jluonpl, UWMEKIIMEe TIpU  BKIOYEHMM B  NOPSIMOM  HalpaBICHUU
OTpULATENbHBIA TeMIiepaTypHblil ko3pduurent Hanpsbkenus (TKH), coyxar s
TEMIEPATYPHON KOMIICHCAIUM HAIpPsDKEHUS CTaOWJIMTPOHA, HUMEIOUIEro Mpu
oOpatHOM BkJtoueHuu mnonoxutenabHblii TKH. IIpu 3TOM HeoOxoammo, 4TOObI
cymmapubli TKH nuomoB Obin paBen 3Hauenuto TKH crabumutpona. TKH
JIMOJI0OB MOKHO MEHSTh B HEOOJBIINX MpPEeax, U3MEHss IPU TIOMOIIU pe3rUcTopa
R Tok wuepe3 nuoabl. IlpoTekaHue MAOMONHUTEIBHOIO TOKA 4Yepe3 IHOIbI
YMEHbBIIAET JUHAMHYECKOE COMNPOTHBIEHHWE JUOJIOB, YTO CIOCOOCTBYET
YMEHBILIEHUIO OOIIEro JAWHAMUYECKOTrO0 CONPOTHBICHUA R, ¥ YyBEIHMYEHUIO
kod(pdunrenTa crabunmzanuu K.

N3-3a yBennuyeHus cOnpoTUBIEHU R, 32 CYET CONPOTHUBIEHMS IHOIOB B
cTabuin3aTopax ¢ TEPMOKOMIICHCALIMEN yXyAIIaeTcs CTaOuIn3alus HanpsHKeHUs
B 2...4 pa3za mo CpaBHEHHUIO CO CXE€MOW 0e3 TEepMOKOMIIEHCAIlUH, KOTOPYIO
MPUMEHSIOT TIPH TTOCTOSTHHOW TemIeparype okpysxkaromiei cpenbl. Koaddurment
CTaOMJIM3alM  OJTHOKACKaJHOW IMapaMeTPUYECKON CXEeMbl COCTaBJISET OKOJIO

10...20.



Jnsa nomyyeHus: Gompiiero KodpduiueHTa CTaOUIU3alUU MPUMEHSIOTCS
JBYXKAacCKaJIHbIe cTabmim3aTopsl (puc.3.r). Ux koa¢dunmenT crabuinm3anuy paBeH
MPOU3BEACHUIO KOAPHUIIMEHTOB cTaOmIn3auu Kaxaoro kackana Ke=KeKen. B
JBYXKACKaJIHBIX CTaOMIM3aTopax TeMIepaTypHasl CTaOMIM3aIis OCYIECTBIISICTCS
BO BTOPOM KacKaje.

CraOunuzatopsl  00JIAJAIOT  TaKKe  CrIaXHUBAIOIIUM  JIEHCTBHUEM.
Koadhdumment mynmbcanmu — BBIIPSAMIICHHOTO — HAMpsDKCHWS  HA  BBIXOJE
crabunuzatopa ymeHsbinaercss B K¢ pa3 mo cpaBHeHHIO ¢ KO3PPUIHEHTOM
nynbcanun Ha er0 BXOAE: Ky pux=Ki sx/Ker.

B AByxkackagHOM CTa0MIM3aTOPE MOKHO IMOJYYUTh CPABHUTEIBHO
Oonpiioli  KOd(PGUIMEHT cTabwin3alMd, HO B HEM BO3pacTaloT IOTEPH
HampsDKeHUsT Ha crabunusarope. Ilotepyn HampspkeHHs Ha KakKIOM KacKaje
BO3pACTAlOT C yBEJIMYEHHEM TOKa Harpy3ku. [lapamerpuyeckue cTaObUIU3aTOPHI
MPUMEHSIOTCS TIPU TOKaX, HE MPEBBIIIAIONINX MAaKCUMAJIbHO JOMYCTUMOTO TOKa
CTaOMIIUTPOHA, YKA3aHHOTO B CIIPABOYHUKE.

bonee BwicOKkHMe TOKazaTenn pabOThl 00ECHeuYnBalOT TPAH3UCTOPHBIC

KOMIICHCAalIlMOHHBIC CTa6I/IHI/I3aTOpBI IMOCTOSAHHOI'O HAITPSKCHMA.
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Pucynok 4. Cxema KOMIIGHCAIIMOHHOTO TPAaH3UCTOPHOTO CTa0WIu3aTopa

HaIPsHKEHUS
Ha puc. 4 uzoOpaxeHa oJHa M3 MPAKTUYECKUX CXEM TPaH3UCTOPHOIO

crabunmzatopa. Cxema COACPKUT TPU OCHOBHBIX BJIEMEHTA: PETyIUPYIOIIHMA



eMeHT Ha TpaH3uctopax Ti1 u Ty, yCUIMTENbHBINM 3JIEMEHT (YCUIUTEIb
MOCTOSIHHOTO TOKAa) Ha TpaH3UCTOpe T3 M HMCTOYHUK OMOPHOTO HAMPSDHKEHHS Ha
crabunutpoHax. CoOCTBEHHO, PETYIUPYIOUIUM DJIEMEHTOM SIBJISETCS TPaH3UCTOP
T1 a Tpansuctop T, sBIsETCS COrJacylOlUM 3JIEMEHTOM MEXIy OOJIbIIUM
BBIXO/JITHBIM COINPOTHBJIICHUEM YCHIJIUTENS MOCTOSHHOIO TOKA U MAaJIbIM BXOJIHBIM
COMPOTHUBJICHUEM PETYIUPYIONIETO TpaH3ucropa T,

JIOCTOMHCTBOM TPaH3UCTOPHBIX CTAOUIIU3ATOPOB SBISETCS BO3MOXKHOCTH
MOJIy4eHHs] OOJIBIIOr0 TOKA HArpy3KW M PETYJIUPOBKHU BBIXOJHOTO HAIPSKEHUS, a
TaKK€ Majioe BBIXOJHOE compoTuBieHue (He Oomee 10 Owm). Brixomnoe
HaIpsDKEHUE PETYIUpYyeTcs MyTeM H3MEHEHHsSl CONMpPOTUBIEHUS pe3uctopa Ry.
CrnenoBaTenbHO, YYWTHIBAsS BXOJHBIC XapaKTEPUCTHKUA MYJIbTHUBUOpATOpa H
napaMeTpbl  CTaOWIM3aTOpOB, B  pa3padaTbiBAEMOM  YCTpPOMCTBE  Oyaem
UCIIOJIb30BaTh CXEMYy KOMIICHCAIIMOHHOTO TPAH3UCTOPHOTO CTa0MIM3aTopa
HaIpPsHKCHUS.

PA3JIEJI 3. PACUET 3JIEKTPOHHOI'O IPEOBPA3OBATEJISA

3.1 Pacuer My IbTUBHOPATOPA B ABTOKO0JI€0ATEJILHOM PeKMMe
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ELIX

1. BuiGop THma TpaH3ucTropa. TpaH3UCTOP BHIOMPAIOT TO TPEAEITHLHOMN
gacToTe fro16, MAKCUMANBHO JOMYCTUMOMY HANpPsDKEHUIO Uy max B CTATHYECKOMY

K03 PHIUEHTY TIepeIayn 1Mo TOKY Nyy,.



Tpan3uctop A0mKEeH UMETh KO3PPUIIMEHT Mepeiadul 10 TOKY

Q 1
h, >——-k
215 0’23 Hac -+

HCO6XOI[I/IMO€ 3HAa4YCHUC HpeHeHBHOfI HJaCTOThI BBI6I/IpaCMOFO TpaH3UCTOpa

Q-1
fh216 >3- )
tul
rae Q — CKBaXXHOCTH

T
(Q :t_ , B JaHHOM CJIy4ae Q=2,tx T =t,+t,, t,=1,),
1l

K. -kxoddduuuent naceimenus (Boioupator K, =2+3);

Hac

h,>21o_g6
0,23

Heobxomumoe HampsbkeHue wucTouHmka mmramms B, =(11+1,2)U, ,
Ex=(1.1+1.2)-9=9.9+10.8B

[Mpuanmaem Ex =10B, Toraa. Uks max > 2Ex = 20B.

[lo paccunTaHHBIM MapaMeTpaM BBHIOMpPAEM IO CIPABOYHUKY TPAH3UCTOP
2T104A4, y KOTOpOro MakCUMAaJIbHO JIOMYCTUMOE HaIpsbKeHHE KoJleKTop-0a3a Ugs
max=30B; uMIynbCHBIN TOK KosuiekTopa lxy = 50 MA; 0oOpaTHBIN TOK KOJUIEKTOpa
lweo=1MKA; mpenenbHas dvactota fh1e=SMI'1; craructudeckuii KodGPuIHEHT
nepeaavm 1mo Toky hy;,=7-40; HanOoJbIIast TeMIIepaTypa KOJUICKTOPHOTO Iepexo/ia
Tmax=60°C

2. Boi6op pe3ucropa R, .

Uk

ComnpoTuBienue pesucropa R, =

K.nac.

Tok komnekTopa HachbimeHus | OIIPENEIAETCS C YUYETOM TEMIIEpaTyphbl

K.nac.

OKPY’KaIOUIEN CPEIbI MO BHIPAXKEHUIO

T -7 -
L = 1 | 22 =50-,/—150 25 _ 488 MA.
T . —20 150— 20



R, = 9 1800m .
0,05

MuHMMaIBHO [OMyCTHMOE 3HaueHne R, BeIOMpaTh He clemyer, Tak Kak
npu 3TOM OyAEeT HESKOHOMHYHBIM PEXHUM palOTHI, B TO K€ BpeMs MPU MajoM
3HAUYECHHMH R, yMEHbIIaeTCs JUIMTEIBHOCTh Cpe3a UMITYJIbCa W yBEIMYHBACTCS
Harpy304Hasi CHOCOOHOCTh CXEMBI.

Beioupaem R, =(0,1+0,2)R, .

Rk = (0,1+0,2)- 4400 = (440+880) Om

[Tpunumaem Ry =6800m.

BblX

Toxk KoJIEKTOpa HaliieM 3 BeIpaxenus |, =
k

l, =2 =001324A
680

Paccuntaem momHOCTh Pri =1 ‘R =0,013242-680=0,1191Bm
Bribepem Tun pesucropa no cnpaBouHuKy [2]: MJIT-0,125-680 Om+5%.

3. Buioop pesucropa R..

ComportuBiieHre pesucrtopa R, ompemensieM W3  YCIOBHS — peKnAMa

HACBIIMCHUSA OTKPBITOI'O TPAH3HUCTOPA.

h,-R, 30-680

R, = =10kOw

k HAC
[Mpunumaem Rs=10x0Om.

001824 0.0004414

_k
h, 30

Tok 0a3bl HaiiieM U3 BeIpaxeHus |g =

Paccuuraem MOIIHOCTH
P=1.-R, =0.000447 -10* = 0.00195BT
BriGepem tum pesuctopa mo cupaBouHuky [2] : MJIT- 0.125Bm- 10 xOwm,
+5%.
4. IlpoBepsieM BBINOJHECHUS YCJIOBHUS TeMIIEPATYPHOH CTAa0MIBLHOCTH

CXEMBI.



| =l g -2 =1.10°.2 1mkA

k60 max

liooma - R _ 1-107°-10°

E, 10

=0.00102<<1

Ha ocHoBanumn IMOJYYCHHOI'O pPaBCHCTBA MOXHO HC YUYHUTBIBATH BJIMAHUC

06paTHOFO TOKa KOJUICKTOpAa Ha JUINTCJIIbHOCTb UMITYJIbCA U IMCPUOI CIAICAOBAHNA.

5. Beruucaum mmureabnocerb t,  wut oo

t =0,7-R.-C

faTamKa

tuamax=0,7-10*820-10*2=5,8548mxKc

tuamin=0,7-10*430-10*2=3,0702mxc

VYuuThiBas 3aJaHHbIE TPAHUYHBIE 3HAYECHUS] €MKOCTH, BbiOepeM C; B uX
npeaenax (430+820). IIpuammaem C,=620mD.

t,=07-R,-C,=0.7-10"-620-10" = 4,4625MKC.

BriGepem tun koHmeHcaropa mno cnpaBouHuky: K40Y-9-620n®+20%.

6. YTouHMM HE00X0JMMOE 3HAUYCHUE MpeaebHOH YacTOThl BHIOPAHHOTO

TPaH3UCTOPA,

f,, =5 Qt_l =5. 442% =112MIy <5MIy, cnemoBaTeiabHO, TPAH3UCTOP
n2 ) ’

BBIOpaH MPaBUJIBHO.

7. PaccunTaeM JUIMTeJBbHOCTH (ppoHTa M cpe3a ummyJibeoB [, u t ;:

_9. 0.16

2 5.10°

=0.064MKC; t, =2.3-R,-C, =2.3-680-650-10 =0,9775 MKC.




