I'maBa 1
ABTOMATU3ALUSA U IIOKAPHAS BE3SOITACHOCTbDb

1.1. Poan aBTOMaTH3allMHu B odecriedyeHUH B3PbIBOIIOKAP 03aIIIU ThI
NMPOMBINLJICHHBIX 00bEeKTOB

VYrpaBieHne KpyITHOTOHHAKHBIMHA BBICOKOTIPOU3BOAUTEIBHBIMU U SHEPIO-
HACBIIICHHBIMU TEXHOJIOTMYECKHMM IPOLECCAMU M MX B3PBIBOIOKAPO3aIINTA
BO3MOXHBI JIMIIb C MPUBJICYCHUEM MPUOOPOB U KOMIBIOTEPHOU TEXHUKHU. AB-
TOMAaTH3aLUsA TEXHOJOTMYECKUX MPOLECCOB MPOU3BOJACTB IO3BOJISIET ONTHMH-
3UpOBaTh YIPaBJIEHUE, CIOCOOCTBYET MOBBIMICHUIO TPOU3BOJUTEILHOCTH TPYAa
U ONpElEJCHHBIM 00pa3oM MEHSET €ro XapakTep. MHOIrMe TEeXHOJOTHYECKHE
IIPOLIECCHI COMPOBOXKAAKOTCS ONMACHBIMM IS YEIOBEKA BO3IACHCTBUSAMH, MOTYT
OBITH B3pPBIBOIIOXKAPOONACHBI U CKJIOHHBI K IEPEX0JaM U3 YCTONYHUBOTO COCTOS-
HUs B HeycTtoHunBoe. HeycroilunmBoe COCTOSIHME MOXET MPUBECTH K padoTe
YCTPOWCTBA, arperaTroB, amnnaparoB, TEXHOJOTHYECKOM YCTAHOBKH Ha NPENEib-

HBIX W BHEPETJIAMCHTHBIX PEXHMaX C HENPEeICKa3yeMbIMH MOCIEACTBUSIMHU
(puc. 1.1).

ABapuitHO€ COCTOSIHUE:!
aBapusi, B3pbIB, II0XKap

YcrouuBoe

COCTOSAHHUC

HeycroiiunBoe coctosiHue

Puc. 1.1. I'padmueckas MoieNb COCTOSIHUIM TEXHOJIOTUYECKOTO Ipoliecca

Kaxoe u3 Tpex COCTOSAHUN TEXHOJOTMYECKOrO Mpolecca — YCTOMYHMBOE
(HOpMa), mepexoaHoe (HEYCTOMYUBOE, MPEIaBapuitHOE), aBapUHHOE — XapaKTe-
pU3YeTCsl ONPECICHHBIM YPOBHEM B3PBIBOIOXKAPOOMACHOCTU U TPEOYeT COOT-
BETCTBYIOLIETO YPOBHSI aBTOMATHU3alMU. Y CTOMYMBOE COCTOSHUE XapaKTepHU3y-
€TCs ONpPEAECICHHBIMU 3HAYCHHUSIMH MMapaMeTPOB MPU HOPMAIBHOM pEKUME pa-
OO0TBHI TEXHOJIOTUYECKOTO 000pYI0OBaHMSI, BO3MOXXHOCTBIO TOJTyueHus nHpopma-
MU O IPOTEKAHUHU MPOLIECCOB B OOJACTU pErjaMeHTa U MOJJEpKaHus ero B 3a-
JaHHBIX Tpenernax. HeycroiunBoe (MpenaBapuiiHOE) COCTOSIHHE XapaKTeph3y-
€TCS KPUTUYECKHA BBICOKHMH WM HU3KUMH 3HAYECHUSIMU NApaMETPOB, CIIOHTAH-
HBIM Pa3BUTUEM peaKIui, aBTOKO0JIeOATEIbHBIMU MPOIIECCAMU C YIPO30il mepe-
X0Jla B HeymnpasisieMoe coctosinue. HeobxoauMo ObICTpoe M CBOEBPEMEHHOE
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ero OOHapyXeHHE, MPEAYNPEkKIECHUE BBIXOJA MPOIlEcCa B KPUTHUUYECKYIO 00-
JACTh Y BO3BpaT K €r0 HOPMAJILHOMY YCTOWUYHMBOMY COCTOSIHUIO. B mpoTuBHOM
Cllyyae BO3HHUKAET aBapUHHOE COCTOSIHUE, KOTOPOE SBJISIETCS yrpo30M >KU3HU
J0JIeH, YHUUTOXEHHSI MaTepHAIbHBIX IIEHHOCTEH, pa3pylleHus: 000pyaI0BaHUs
u T.1. J[s1g 60pb0ObI ¢ HUM HUCTONB3YIOTCS CHEIUAIbHBIE CPEJICTBA aBTOMATUKU
(mIpoTHBOAaBapUIHBIE CUCTEMBI, YCTAHOBKH OOHApPYEHUS ovara moskapa, rnojaB-
JICHWsI B3pbIBA M TYIICHUS Tokapa). OTCyTCTBHE TaKMX YCTPOWCTB M CHCTEM
MPUBOJUT YaIlle BCETO K TSXKEIBIM MOCIEICTBUSM.

CoBpeMeHHbIE TPUOOPHl U CUCTEMbl MPOU3BOACTBEHHOW aBTOMATUKHU,
OCYIIECTBJISII KOHTPOJIb U YIPAaBICHUE TEXHOJOTMYECKUMU Mpolieccamu, peliia-
10T OJTHOBPEMEHHO U PsAJl 3a7a4 aBTOMATUYECKOM B3PHIBOMOXKAPHOU 3aIUTHI:

MpeAyNpeKICHUE aBapuid, B3pPbIBOB U MOXKAPOB 3a CUET MOAJIepKaHus 00b-
€KTa YIPaBJICHUS B YCTOMYMBOM COCTOSIHUU;

JTUArHOCTUPOBAHUE COCTOSHUI TEXHOJOTMYECKOr0 OOOPY/IOBAHMS U KOM-
MYHUKAaIW;

MIPOTHO3UPOBAHUE B3PHIBOMOKAPOOIMACHBIX COCTOSIHUN TEXHOJIOTHYECKOTO
npoliecca;

OOHapyXeHHE HEYCTOMYUBBIX COCTOSIHUN yIpaBIsieMOro 00ObEeKTa,

MPOTUBOABAPUIHAS 3aIlUTA TEXHOJIOTUYECKUX MPOLIECCOB;

obOecrieueHre omnepaTopa MHPOpMAIIMENH O COCTOSIHUM TEXHOJIOTHYECKOTO
npoliecca;

o0OecrieueHre chemMa U XpaHeHUs: UHHOPMAILIMKM O COCTOSSHUM TEXHOJIOTHYE-
CKOTO Ipolecca.

Pelienriem KoMILIeKca Ha3BaHHBIX 3a/lady MPOW3BOJICTBEHHAs] aBTOMAaTHKa
o0OecrneunBaeT MOJACPKaHUE B3PHIBOMOKAPOOE30MACHBIX PEKUMOB TEXHOJIOTH-
YECKHUX MPOILIECCOB, MPU HEOOXOJUMOCTH YCTPAHEHHUE OMACHBIX, BHEPETJIAMEHT-
HbIX OTKJIOHEHHUH I[apaMeTpOB C UX PETrUCTpalleil U OMOBEHICHUEM OOCTYXKH-
Baroniero nepconana. Mupopmarust npudoproit texuuku 1 9BM npu sTom uc-
MOJIb3YyEeTCs JUIsl aHAJIM3a OIMACHBIX OTKJIOHEHHH TEXHOJOTMYECKOro IMpolecca
WJIU BBISIBJICHUS IPUYMH aBapUid, B3pHIBOB U MOKAPOB.

BuenpeHnne npou3BOJACTBEHHON aBTOMATHMKU KakK CpEJICTBA YMpPaBICHUS
TEXHOJIOTUYECKUMU TpOLEeccaMu U oOecleueHus: ero Oe3aBapuiiHON pabOoThI
PErIAMEHTUPOBAHO PSIIOM JTOKYMEHTOB. OCHOBHBIM M3 HUX JJIS MOTEHIIMAIBHO
B3PBIBOMOKAPOOIMACHBIX MPOU3BOACTB SBIAIOTCS "OOIIMe mpaBuiia B3phIBOOE-
30MACHOCTH JJIsl B3PBIBOMOXKAPOOIMACHBIX XUMUYECKUX M HedTenepepadaThi-
Baromux npon3BoacTB” (M.: Mertamnyprus, 1988).

Haubonee onacHble MOCIEACTBUS UMEET MEPEXO]I 3aAlIUIIAEMOro 00bEKTa B
aBapuiiHoe coctosiHue. boppba ¢ mokapaMu U B3pbhIBAMU Ha OOBEKTE 3alUTHI
OCYLIECTBIISIETCS CIENHAIbHBIMUA CPEACTBAMU U CHUCTEMaMHM aBTOMATHYECKOM
npoTtuBoriokapaoi 3amuTel (AIII13). B menoMm ke cucrema moskapHoi Ge3omac-
HOCTH IPOMBIIUICHHBIX 00BEKTOB BKJIIOYAET JIB€ (PYHKIMOHATBHBIE MOJCUCTEMBI:



MPEIOTBPALECHUS TT0KAPA U IPOTUBOIIOKAPHOM 3AIUTHI JIIOJIEN U MaTEPUAIIBHBIX
LEHHOCTEW. MecTO aBTOMAaTUYECKOM MPOTUBOIIOKAPHOMN 3AIIUTHl B CUCTEME I1O-
*KapHOH 0€30MaCHOCTH TPOMBINIICHHBIX 00BEKTOB MPUBEACHO Ha puc. 1.2.

[ToxxapHast 6e30macHOCTh
(T'OCT 12.1.033-81 T'OCT 12.1.004-91)

Cucrema npenoTBpaIieHust J L Cucrema NpoTUBONOXKAPHOM 3aIIUTHl |

rnokapa JIIOJIEN U MaTepUAIIBHBIX HEHHOCTEN
[IpenorBpamienue oOpa3oBaHuUs IIpenoTBpalieHue pacupOCTPaHEHUS | |
rOpIOYEH Cpenbl II0’Kapa 3a Mpeelibl oyara
[IpenotBpamenue oOpa3oBaHuUs IIpuMmeHeHne cpencTB MOKapOTyLIe-
B FOpIOYEN cpeie UCTOYHUKOB 2 HUS U COOTBETCTBYIOLIUX BUJIOB ]
3aKUTaHUS [I0KapHON TEXHUKU
MakcumallbHO BO3MOKHOE @ IIpumenenne AVII u AIIC
[IPUMEHEHHNE HETOPIOYHX U
TPYAHOTOPIOYUX BCIICCTB U 3 PermamenTanus roprouectu < |
MaTcpHaioB 4 U OTHECTOMKOCTHU KOHCTPYKIUU
OrpannueHue Maccol v (MITH) Orne3amuTtHas 00paboTKa roprounx | |
o0beMa TOproYrX BEIIECTB 5 KOHCTPYKLUI
U MaTEpUAJIOB;
4 .
HauboJsee Oe30macHoe ux @ DBaKyawus Iroeii ~
pa3MelieHue
[IprumeneHne cpencTB KOJUIEKTUBHON |« |
N3oianms roprodeit cpesl 7 Y MHJUBUYaJIbHOW 3aIIUTHI
Cucrema npoTUBOIBIMHOMN 3aLUTHI
[IpumeHeHne pydHbIX CPEACTB
—

9 HO)KB.pHOfI CUTHAJIM3alluu U CPCACTB
OMOBCIICHU O TTOKAPC

Puc. 1.2. Mecto AIIII3 B cucteme mokapHoi 6€30MaCHOCTH:
[]— BO3MOKHOCTH IPUMEHEHHSI ABTOMATUKH JUISl IPEAYIIPEKIEHHUS TI0YKAPOB U B3PHIBOB;
O~- BO3MOKHOCTH NPUMEHEHHS CHCTEM CUTHAJIM3ALMH M TYIICHHS T105KapoB
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1.2. UcTopuyeckne cBeleHUs 0 MPOU3BOACTBEHHOI U MOKAPHOI
aBTOMATHKeE

VY aBTOMAaTUKM JIaBHAS U CIIOXKHasl ucTopus. llepBbie aBTOMaTHYECKHE YCT-
poiictBa mosiBIiIMCh okoyio 20 Thic. neT Ha3az. [lepBeiMu aBTOMaTamMu, MIpUHEC-
IUMU TI0JIb3Y YEJIOBEKY, CUMTAIOT JIOBYIIKY THMAa KamnkaH. ABTOMAaTHYECKHE
MEJIbHULIBI, BOJASHBIE YaChl, MEXaHUYECKHE YCTPOKWCTBA aBTOMATUKH, THEBMO- U
TUAPOYCTPOUCTBA U JIPYyTHEe TEXHUUYECKUE HOBUHKU BCE LIMPE MPUMEHSIUCH B
MPAKTUYECKOMN IESITETbHOCTH YEJIOBEKA, U MOHATHO, YTO COBPEMEHHBIA aBTOMAT
— 3TO TEXHUYECKOE YCTPOMCTBO, B MPUHLIHUIIE ICUCTBHUS U KOHCTPYKIIUH KOTOPO-
ro BOIUIOIICHBI HAKOTUICHHBIN BEKaMU >KM3HEHHBIM OMBIT ¥ 3HAHUS MHOTHUX TO-
KOJICHUH JII0/IEN HAlllEH TIaHETHI.

Wnest cozmanust mamiuH, KOTOpble Obl paboTanu 0e3 ydacTusi 4elIOBeKa,
BO3HUKJIa Takke JaBHO. M300peTeHune nepBoro B MUpPE MPOMBIILIIEHHOTO pery-
JSTOpa OTHOCUTCS K 1765 T. M mpUHAIIEKUT 3HAMEHUTOMY PYCCKOMY MEXaHU-
Ky W.W. [Ton3yHoBYy.

DJIEKTPOMArHUTHBIN PETYJIATOP CKOPOCTH BpAILICHUS MAapOBOW MAaIlIMHBI
pa3paboraH B 1854 r. BRIIAIOMUMCS PYCCKHUM MEXAaHUKOM U DJIEKTPOTEXHUKOM
K.1. KOHCTaHTHHOBBIM.

OCHOBBI HAY4YHOTO MOJXO0JAa K MPOCKTUPOBAHUIO ABTOMATUYECKUX PETyJIsi-
TOPOB OBLIM 3aJI0KEHBl 3HAMEHUTBIM PYCCKUM YUYEHBIM H HHXXEHEPOM
W.H. Beimerpaackum, padota koroporo "'O0 0011eil Teopun peryiasiTopoB’, u3-
naHHas B 1876 r., MONOXKWIa HAYaJI0 TEOPUU aBTOMATHYECKOTO PETYIHPOBAHUS
U yIpaBJICHUS.

OnHako 4eTKoe MOHMMAaHUE TOTO OOCTOATENLCTBA, YTO paboTa JIFOOBIX aB-
TOMAaTUYECKUX YCTPOMCTB, HE3ABUCUMO OT UX (PU3MUECKON MPUPOJbI, OCHOBAHA
Ha OOIIMX MPUHIUIAX U MOKET ObITh PACCMOTPEHA C €IUHBIX MO3ULUN, TPUIILITO
3HAYMTENbHO To3aHee, B 40-x rr. XX B. K 3TOMy MOMEHTY OTHOCHTCS M OKOH-
yaTeabHOE (POPMUPOBAHNE ABTOMATUKHU B CAMOCTOSATENIbHYIO HAYUYHYIO JUCLIHUII-
JUHY, 0a3UPYIOILIYIOCS Ha JIOCTHXKEHUSIX (DU3UKH, MaTeMaTUKH, TEOPUU YMPaB-
JIEHUs, UTP, pacro3HaBaHusa 00pa30B U T.N. DJIeMEHTHasi 0a3a aBTOMAaTUKHU IIpe-
Teprena TakKKe 3TalHble U3MEHEHHUS — OT peleHO-KOHTAKTHBIX YCTPOMCTB U
ANEKTPOHHO-BAKYYMHBIX MPUOOPOB J10 MOJYNPOBOAHUKOBBIX HHTErPATbHBIX
cxeM MUKpO-OBM H BBIUHCIUTEIBHBIX KOMILIEKCOB.

B pa3BuTuu aBTOMAaTHKM KaK HayKW BBLAAIOIIYIOCS POJIb CHITPAIHN TPYbI
OTEYECTBEHHBIX YyYE€HbIX. Benukue pycckue marematuku A.M. JlAnyHOB u
[1L.JI. YeObies, 3namenuthiii yuensiii H.E. )KykoBckuii cBoumu paboramu 3a-
JOXKWIA (PYHAAMEHT CTPOMHON MaTeMaTU4eCKOW TEOpUHU MPOIECCOB, MPOUCXO-
JSIIMX B aBTOMATHYECKUX YCTPONCTBAX, 1 HAMHOTO ONEPEIUIN Pa3BUTUE 3apy-
0CKHON HayYHO-TEXHUYECKOU MBICIIH.

Benuku 3acnyru yuensix A.A. Augponosa, B.C. Kynebakuna, A.H. Konmo-
ropoBa, .H. Bo3necenckoro, H.H. boromo6oBa, A.B. Muxaiinosa, E.II. ITomo-
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Ba, B.B. ComonoBHukoBa, A.I'. IBaXHEHKO U MHOTHX APYIMX YYEHBIX U HCCIE-
JOBATEJIEN B PELIEHNN TEOPETUUECKUX U TIPUKIAJHBIX BOIIPOCOB ABTOMATU3ALIHH.

1.3. Knaccnduxanusi cpeacTB NPOU3BOIACTBEHHOI U MOKAPHOI
aBTOMATHKH

B TexHuke aBTOMAaTH3alMK UCIIOIB3YETCS OOJIBIIOE YUCIIO PA3HOOOPA3HBIX
ABTOMATUYECKUX YCTPOWCTB M CUCTEM, OTIWYAIOUIUXCS MPUHIIUIIOM AECHCTBUS,
CXEMHBIMH U KOHCTPYKTUBHBIMU PEUICHUSMHU U T.J. DTH aBTOMAaTUYECKUE YCT-
poiicTBa, MPUOOPHI U CUCTEMBI KJIACCU(DUIUPYIOT MO PA3IUYHBIM IMPU3HAKAM.
Yamie Bcero MpoM3BOJICTBEHHYIO aBTOMATUKY KJIACCU(PUUHPYIOT MO (YHKIUO-
HAJIbHOMY NIPU3HAKY Ha CIEAYIOIINE TPYIIbI:

KOHTPOJIbHO-I3MepuTeabHble Tpubopsl (KUII), mpenHasHadeHHBIC IS
KOHTPOJIA MapaMeTpoB TexHoyuorndeckux npoueccoB. KUII nmpousBoasT u BeI-
Jar0T HHGOPMAIIHIO OnlepaTopy (3amuch, OTCUET, CUTHAIH3AIIHS);

npuOOpbl, YCTPOWCTBA U CHUCTEMbl ABTOMATHUYECKOIO PETyJIHPOBAHUS
(CAP), npenna3HaueHHBIC JIJIS TIOJJICPKAHHS [TAPaMETPOB B PEIKUME 3aaHHBIX
0€30IMacHbIX MPEACIIOB,;

YCTPOMCTBA M CHUCTEMbI MNPOTUBOABAPUWHON ABTOMATUYECKOW 3aIlUTHI
(CITA3), mpenHa3HaueHHbIC IS OOHApY)KEHUS MpeAaBapUHHBIX CHTYaIUH,
OMOBEIICHUS ONEPATOPa, OCYIIECTBICHUS 3alIUTHBIX MEPONPUATUI, YACTUYHOU
WJIY TIOJTHOM OCTAaHOBKHM TEXHOJOTMYECKOT0 MpOoLecca,;

aBTOMAaTUYECKUE OJIOKMPOBKH, MpETHA3ZHAUEHHBIE NJIs 3allUThl OT HEmpa-
BWIBHBIX AEHCTBUN ONEpaTopa MpU MyCKE U OCTAHOBKE TEXHOJIOTUYECKOTO MPO-
1ecca, BKIIOUYCHUS 3JIEMEHTOB 3alUTHI U PE3EPBHBIX YCTPOWUCTB;

aBTOMAaTHYCCKUE W aBTOMATHU3MPOBaHHBIE cHcTeMbl ympaieHus (ACY,
ACVYTII) — 3TO cHCTEeMBI, OCYIIECTBIISIONINE COBOKYITHOCTh BO3JICHCTBHI, BO3-
MOXHBIX HA OCHOBaHUHU ONpPEICICHHOW MH(POpMAIlMK U HAIIPABJICHHBIX Ha MOJ-
JepKaHUe WK yiydllieHue (QyHKIMOHUPOBAHUS YMNPABISIEMOro 00ObEKTa B CO-
OTBETCTBUU C MPOTPAMMON HIIM IEJBI0 YIIPaBIeHUS (QIrOpUTMOM (PYHKIIHOHU-
pOBaHUs).

1.4. OcHOBHBIE 3JIEMEHTbI aBTOMATHKH

YcrporicTBa, mpuOOPHl U CUCTEMBI TTPOU3BOJICTBEHHOM M MOYKapHOM aBTO-
MAaTHUKH COCTOSIT U3 OTACIbHBIX 3JIEMEHTOB.

DIEeMEeHT — 3TO KOHCTPYKTUBHO 000COOJICHHAsI YaCTh CXEMbI, YCTPOUCT-
Ba WJIM CUCTEMBI, BBITOJHSIIONIUN ONPeIeICHHYIO () YHKIINIO. DJIEMEHTOM MOXKET
OBITH PE3UCTOp, KOHAEHCATOp, TpaHchopmarop, KiamaH u T.1. Hecmorps Ha
3HAYUTEJIbHOE Pa3HO00pa3rue OCHOBHBIX (DYHKIIMH, BBITTOIHSAEMBIX B Pa3HbIX aB-
TOMATHUYECKUX CHUCTEMax, OOIIUM JIJI 3JIEMEHTOB aBTOMATHKH SIBIISICTCA TEpe-
Java IMOCTYHAIOMIUX HAa HUX BO3JCHCTBUI (CHTHAJIOB) B ONPEACICHHOM HalpaB-
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JIGHWH, a TaK)Ke TO WJIHW WHOE MpeoO0pa3oBaHUE CUTHAIA 0 3HAYEHHIO, XapaKTe-
py wiu gaxe no gusndeckoit mpupose. [1lo Buay BeimodHAeMbIX QYHKIUN 31e-
MEHTBI aBTOMATUKHN MOXHO Pa3JeIUTh HA CIEAYIOIIME OCHOBHBIE THUIIBI:

1. MaTuuku, npeoOpas3yrolye pa3inuyHble HEIJIEKTPUUECKUE BEJIUYUHBI B
AJICKTPUYECKUE CUTHAJIBI.

2. YcunuTeNu, YCUIMBAIONINE MMOCTYMAONINE HA HUX CUTHAIBI, HO HE W3-
MEHSIOIINE (PU3MIECKON MPUPOIBI STHX CUTHAJIOB.

3. Pene, mo3BOJIMIONINE C IIOMOIIBI0 CPABHUTEIIBHO CIIA0BIX SJICKTPUICCKHUX
CUTHAJIOB YIPABIATh 00JIC€ MOIIHBIMHU 3JIEKTPUUCSCKUMHU IEensIMu (BKIIOYATh
WJIM OTKJIIOYATh TH IICIH).

4, Ctabunm3atopbl, MOAACPKUBAIOIINE MOCTOSHCTBO BBIXOJAHOTO HAmps-
YKCHUS WM TOKA MPU U3MEHEHMSX BXOJHOI'O CUTHAJIa WM CONMPOTHUBIICHHS Ha-
TPY3KHU.

5. Jlurarenu, mpeoOpa3yromme Ty WId WHYK SHEPTrUI0 B MEPEMEIICHUS
(YTJIOBBIC MIIM JIMHEHHBIC) W MPUBOMASAIINE B JCHCTBHE TOT WM MHONW MEXaHHM3M
I OOBEKT.

6. Pacnpenenurenun, oOecrieunBarONIde MOOUYCPETHOES MOJIKIIOUCHUE pa3-
JUYHBIX 3JIEMEHTOB WM JJICKTPUUYECKUX IeNel K KaKoMy-THOO OJHOMY 3Jje-
MEHTY WJIH K OJTHOM TOYKE JICKTPUYECKOH IIEIH.

7. BeruncanuTelbHBIE DJIEMEHTHI, BBITIOJIHSIOIINE MATEMATHUECKHUE U JIOTH-
YECKHE OTepaIuy HaJl Pa3IndHbIMU BEIUUYUHAMMU.

8. KoppekTupyroimue 3JIeMEHTHI, YIy4YIIalolie CBOMCTBA CHUCTEMBI HIIH
OT/ICIBHBIX €€ YacTe.

9. HcnonHHTEIbHBIE MEXaHHM3MBI, IPEIHA3HAYCHHBIC I H3MCHCHHS
YIIPABJISEMBIX BEJIUYHH.

10. Komanpoanmaparsl, MpeaHa3HAYCHHBIC JUIS MOJaYd B CHCTEMY pas-
JIMYHBIX BO3JEUCTBUNA U KOMaH]I.

DJIEMEHTHI, BBIMOJHSIONIME T€ WU HHbIE (YHKIMHU, MOTYT OTJIMYAThCS
JIPYT OT Apyra no GU3nYeCKUM MPUHIIUIIAM, JISKAIIUM B OCHOBE UX JercTBHs. C
ATOM TOYKHU 3PEHUSI OCHOBHBIE 3JIEMEHTHI ABTOMATHUKH MOYHO pa3JeiUTh Ha
CIEIYIOIIUE Pa3HOBUIHOCTH:

1. DnekTpoMexaHUYECKHE, B KOTOPBIX JICKTPUUECKasi SHEPTHUs Mpeodpasy-
€TCS B MEXaHUYECKYIO WJIH, HA000pOT, MEXaHWYECKasi — B AJICKTPUUECKYIO.

2. DIIEKTPOTEIUIOBBIC MIIM 3JICKTPOTCPMHUUYCCKUE, B KOTOPBIX IPOHCXOIUT
MEePEX0/1 JICKTPUUECKONU SHEPTUU B TETUIOBYIO WIIM TEIUIOBOM B 3JIEKTPUUECKYIO.

3. DIIEKTpOMarHuTHBIC MM (PEppOMAarHuTHBIC, B OCHOBE JICHCTBUS KOTO-
PBIX JISKHUT DJICKTPOMArHUTHOE SIBJICHHUE M MCIIOJB3YIOTCS CBOMCTBA (heppomar-
HHUTHBIX MaTEPHUAJIOB.

4, DeKTpPOHHBIE, K KOTOPHIM OTHOCSATCS AJICKTPOHHBIC JIAMIIbI, TOJIYIIPO-
BOJIHMKOBBIE 3JIEMEHTHI, (POTOIIEMEHTHI U T.II.

5. MoHHBIE, B KOTOPBIX UCTOJIB3YIOTCS MPOIECCH B MOHU3UPOBAHHBIX Ta3ax
(ra30TpOHBI, TAPATPOHKI U JP.).
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6. PagmoakTuBHbIE, T.€. UCHOIB3YIOTCS BEIIECTBA, 00JIAJAIONINE PATHOAK-
TUBHBIM U3JTYYCHUEM.

/. ITHeBMaTHYECKHE, UCTIONB3YIOIIUE PHEPTUIO CKATOrO BO3AYyXa WIM Ka-
KUX-TTU0O0 UHBIX Ta30B MO/l JJABJIICHUEM.

8. I'mppaBmuyeckue, NEHCTBHE KOTOPBIX OCHOBAHO HA HWCIOJIH30BAHUU
SHEPIUH KUIKOCTHU MO/ 1aBICHUEM.

B o6mem Buze snement (puc. 1.3) npeacTasiseT co0oit mpeodpa3oBaTeb,
Ha BXOJI KOTOPOTO MOJIa€TCsl CUTHAN X4, @ Ha BBIXOJIC MOJIYYaeTCS CUTHAT Xy
DNEeMEHTbl MOTYT OBbITh NACCUBHBIMU N aKMUHbIMU. B MaCCUBHBIX 3JIE€MEHTaX
(puc. 1.3, @) oTCYTCTBYET BCIIOMOTATEIbHBIA UCTOYHHK 3Hepruu (BUD), B HUX
CUTHAN Xy, OJIYYaeTCA 3@ CUET CUTHANA Xpy, @ B AKTUBHBIX 2JIEMEHTaX UMEETCA
BCIIOMOTaTeIbHBIA HCTOYHUK 3Hepruu (puc. 1.3, 6). B 3Tux syieMeHTax BXOIHAS
BEJIMYMHA TOJIBKO YIPAaBISAET nepeaadeil sHeprun ot BUD BBIXOAHON Beln4u-
He. Ecnu B maccHBHBIX 3JIeMEHTax B PE3yibTaTe MOTEPh BBIXOJAHOM CHUTHAI
MEHbIII€ BXOJIHOTO, TO B aKTHUBHBIX AJIEMEHTAX BBIXOJIHOW CUTHAJI MOKET OBbITh
1 00JibIlle BXOJHOTO CUTHAJA, TaK KaK B JAHHOM 3JIEMEHTE BO3MOKHO YCUJICHUE
curHana 3a cuet BUD. Benmuuunbl X; 1 Xyx MOTYT OBITH KaK 3JEKTPUYCCKUMHU
(TOK, HANPSDKEHUE, COMPOTHBIICHHUE), TAK U HEAICKTPUICCKUMHU (J1aBlIeHUE, CKO-
pPOCTh, TEMITepaTypa, MepeMeIeHUe 1 T.11.).

BUD

XBX XBLIX XBX :XBLIX

Puc. 1.3. DneMeHTHI AaBTOMATUKH:
a — MIACCUBHBII JIEMEHT aBTOMATUKU, O — AKTUBHBINA DJIEMEHT AaBTOMATUKU

YTOoOBl OLIEHUTH CBOMCTBA JIIEMEHTOB aBTOMATHYECKOTO YCTPOWCTBA, HE-
00X0IMMO 3HaTh WX IOKa3aTead. B aBTomMaThke CBOMCTBA (DYHKIIMOHAJIBHBIX
AJIEMEHTOB OLEHMUBAIOTCS PA3IUYHBIMHU NOKA3aTENSIMH, CBA3aHHBIMU C BXOIHOU
Y BBIXOJHOM BeIWYMHAMHU. ECIM BXOJHAsA BEJIMYMHA JJIEMEHTA C TEUEHUEM Bpe-
MEHHM HE U3MEHSETCS, PEKHUM DJIEMEHTA Ha3bIBACTCA cmamuyeckum. EciIn xe
BXOJHAs BEJIIMYMHA JJIEMEHTA MU3MEHSETCS ¢ TEYEHHEM BPEMEHH, TO 3TO COIPO-
BOX/IA€TCSI COOTBETCTBYIOIIMM M3MEHEHUEM BBIXOJAHOW BenHuuHBI. [1og00HBIM
PEXUM HA3BIBACTCS OUHaMuuecKuM. B COOTBETCTBUU C 3TUM pa3IMyalOT CTaTH-
YECKME M JMHAMWUYECKHE IIOKA3aTeau JJIEMEHTa. BaXHEeHImMM IoKa3aTeseM
CTaTUYECKOI'0 PEKUMA DJIEMEHTa aBTOMATUKH SIBIIIETCS €ro CTaTUYeCKas Xapak-
TEPUCTHKA, IO KOTOPOH MOHMMAETCA 3aBUCUMOCTH BBIXOJHOM BEJIIMYMHBI dJE-
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MEHTa OT €r0 BXOJIHOHW BEJIMYMHBI, BRIpAXKCHHAS Tpadudecku. MaTeMaTHIecKoe
BBIPAXKCHHUE dTOW 3aBUCHMOCTH Xpx= f(X;x) Ha3bIBaeTCS ypasHeHuem cmamuku
anemenma. Ha puc. 1.4 npuBeneHbl MPUMEPHI PA3IMIHBIX CTATHYSCKUX Xapak-
TEPHUCTHK 3JIeMeHTOB. Kak BUIHO M3 PHCYHKA, XapaKTEPUCTHUKU MOTYT OBITh JIH-
HeitapiMu (puc. 1.4, a) v HenmuelHbiME (puc. 1.4, 6), B COOTBETCTBHH C STUM H
DJIEMEHTBI JICTISATCS Ha JIUHeliHble U HeluHellble. JIMHeHHas cTaThueckas Xapak-
TEPUCTUKA €CTh TpsMas, MPOXOJAIIas MOJ HEKOTOPbIM yriioM K K TOPH30H-
TaJBHON OCH. YTOJI HAaKJIOHA XapaKTePUCTUKU €CTh BEJIMYMHA ITOCTOSIHHAS, & €T0
TAHT€HC ONpEeeIsieT MepeaToyHblii KO3 PUIUEeHT uiu Ko3QPuIUeHT npeod-
pa3oBaHMS:

K = X/ X . (1.1)

[lepenaTounsiii KOAPGUIHMEHT SBISETCS BaXXHBIM [OKAa3aTENIEM 3JIEMEHTA.
OH MOXET UMETh Ty WM UHYIO Pa3HOCTh WIH OBITh Oe3pa3MepHON BEIUYHUHOM.
[IpuMeHUTENBHO K pa3HbIM (PYHKIMOHAIBHBIM 3JIEMEHTaM MepeJaTOUYHbIA KO-
3¢ PuUIMEeHT HOCUT pa3Hble Ha3BaHUA. Tak, JJIsl JaTYMKOB €r0 YacTO HA3bIBAIOT
YyBCTBUTEIIBHOCTBIO, I yCuiauTened — Kod(pPuumneHToMm ycuiaeHus, Uisl cTa-
OMIM3aTOPOB BEIMYMHY, OOpaTHYIO MepeaaTodyHoOMy Kod(h@uiueHty, — xKodd-
(DUITMEHTOM CTAOMIH3AIIUH.

JIuHeiHbIN 37eMeHT 00J1alaeT MOCTOSHHBIM TepeIaTOuYHbIM KOA(dHUIreH-
TOM, TOT'/Ia KaK MepeaaTouHbli Kod(hPUIUEHT HENMHEHHOTO 3JIEMEHTA B Pa3HbIX
TOYKAX XApaKTEPUCTUK PA3IMUYECH U XapaKTEPHU3YETCsS TAHTCHCOM YyIJia HaKJIOHa
KacaTeJIbHOM, MPUBEJICHHON K HEJIMHEMHOW XapaKTEPUCTUKE B MHTEPECYIOLIEH
Hac Touke. MlHOra Nmob3ytoTes MoHATHEM AU((EpEeHIINAIbHOTO Mepe1aTOuHO-
ro ko3 duirenTa

KH = A‘XvBLIX/AXvBX = dXBLIX/dXBX ] (1.2)

rane AXgux U AXy— MaJible I3MEHEHUS BEIXOJHOW M BXOJHOM BEJIIMYMH OTHOCH-
TEJIBHO HEKOTOPOM TOYKHU XapaKTEPUCTUKHU.

[ns nmuaerHoro sneMenTa nousatus K u K; coBnagaroT. Y paBHEHUE CTaTH-
KM 3JIEMEHTa, 00JaJalollero JMHEHHON XapaKTepUCTUKOH, SIBJISIETCS anredpau-
YECKUM YPaBHEHHEM IIEPBOM CTEIIEHU BUAA

XBLIX = MBX ]

TOT/Ia KaK HEJMHEHHBIE AJIEMEHThl OMHUCHIBAIOTCS alreOpanvyecKuMH ypaBHe-
HUAMU OoJiee BBICOKUX cTeneHel. J[pyroil BaxkHbli MOKa3aTeb 3JIEMEHTa — €ro
MOPOT YYBCTBUTEIBHOCTH, MOJ KOTOPHIM MOHUMAETCS MUHHMAJIbHOE 3HAYEHUE
BXOJHOM BEJIMYWHBI, BBI3BIBAIOLICEC U3MEHEHUE BBIXOJHOM BEIWYMWHBL. lIpakTu-
YECKH BCE peajibHbIC AJIEMEHThI aBTOMATUKHU 00JIaIal0T TEM WJIM UHBIM IIOPOTrOM
YyBCTBUTENBbHOCTH. (CTaTHYecKash XapaKTEPUCTHUKA BJIEMEHTa, 00JaJarollero
IIOPOTOM YYBCTBUTEIBHOCTH, HE NMPOXOJIUT YEPE3 HAYAIO KOOPAMHAT, HA OCH
abciuce Mmoxy4yaercsi HEKOTOPbIA OTpe30K. Takas XxapaKTepUCTHKA MOKa3aHa Ha
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puc. 1.4, 6. Otpe3ok A—A, 4UCIEHHO paBHbI YIBOCHHOMY 3HAYEHUIO MOpOTa
qyBCTBUTEIBHOCTH 04, Ha3BIBACTCS 30HOU Heuy8CMEUMENbHOCU JleMeHmda.
Ecnu 30Ha HEUyBCTBUTEIBHOCTH HEBEJIMKA U €10 MOXKHO MpeHeOpeub, XapakTe-
pUCTHKA 3JEMEHTa MOXET OBITh JMHEpHa3oBaHa. lakas XapaKTepHUCTHKa Ha
puc. 1.4, ¢ nmokazaHa MTPUXOBOM JuHUENH. BO3ZHUKHOBEHHE 30HBI HEUYBCTBU-
TEJILHOCTHU B PA3JIMYHBIX 3JIEMEHTAX MPOUCXOAUT MO Pa3HbIM IPUUYHHAM.

XBhIx XBhIx
arctg K
0 0
XBx XBx
a 9]
XBhIx XBhIx 2
1
/
// Xppix [——— |
A’ 0 // XBpix ——— |
/| 4 X
/ BX I
/ I
/ I
XBX XBX
6 2

Puc. 1.4. Cratnueckue XapakTepUCTUKU JIEMEHTOB aBTOMATUKH

B Takux anemMeHTax, Kak peie, peayKTOpbl, SIEKTPOJBUTATENH, CYIIECTBY-
0T HEOOJIBIITNE U3MEHECHHS BXOAHON BEIMYMHBI M3-3a HATU4UA Jt0¢dTa, TPEHHUS,
MAarHUTHOIO recTepe3nca u T.1. B Apyrux sanemeHrax, Takux, KaK JaT4uKH, YCH-
JIUTENIH, CTaOUIN3aTOPhl, MOKET UMETh MECTO HECTAOMIBHOCTh XapaKTEePHUCTH-
KU, BBIPAXKAIOIIASCS B TOM, YTO IPU HEU3MEHHOM 3HAYEHUM BXOJIHON BEJIUYMHBI
BBIXOJIHAsA BEJIWYMHA CAMOIPOU3BOJILHO HU3MEHSIETCS B HEKOTOPBIX Mpeaeiax.
CaMonpou3BOIbHOE U3MEHECHUE BBIXOJHOW BEJIIMYMHBI AJIEMEHTA MPU HEU3MEH-
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HOM 3HAY€HHUH BBIXOJHOU BEIIMUMHBI MOXKET OBITh TaKXKE B pe3yJibTaTe U3MEHE-
HUS BHYTPCHHHUX CBOWCTB dJIeMEHTa (CTapeHWe, M3HOC) WU TP U3MEHEHUHU
BHENIHUX (PaKTOpPOB (TeMIEpaTyphl, BIAXKHOCTH, JABJICHUS OKpYKafoIIeH cpe-
Ibl, TIHTAIONIETO HampsbkeHus U ap.). Ha puc. 1.4, 2 xpuBas 1 cooTBeTCTBYET
MEePBOHAYATLHON XapaKTEpUCTUKE JIEMEHTA, a KpUBas 2 €CTh XapaKTePUCTUKA
TOTO € AJEMEHTa, U3MECHUBIIASICA B PE3yJIbTaTE BIUSHUS OJTHOTO U3 MEpeUuc-
neHHbIX paHee ¢akTopoB. Kak BUIHO, 3Ta HeCTAOMJIBHOCTh MPUBOJIUT K TO-
rperrHocTsaM (cM. fpanee 191.5). [lepenada CUTHAIOB OT OJHOTO DJIEMEHTA K Jpy-
TOMY OCYIIECTBIISIETCS MOCPEJICTBOM CBsizel Mex1y HUMU. CBSI3M MOTYT OBIThH
MexXaHu4yecKuMu, d1eKmpuyecKumMu, NHeeMamuyecKumu, 2uOpasIuiecKumu u ap.
Paznuuaror Takxke npaweie u oopammuvle cBsizu. llocpeacTBoM NpsiMbIX CBs3el
CUTHAJ C BbIXOJa MPEAbIIYIIETr0 AJIEMEHTa MepelaeTcsl Ha BXOJI MOCIEAYIOIErO.

[lox oOpaTHBIMU CBSA3SIMH MOHUMAIOT CBSI3H, MOCPEACTBOM KOTOPBIX CHT-
HaJl C BBIXOJa DJIEMEHTA MEePeIaeTCsl Ha €ro BXOJ WJIU C BbIXOJa OJIHOTO U3 MO-
CJIEAYIOIIMNX JIEMEHTOB MEPEAACTCS Ha BXOJ OAHOTO U3 MPEIbIAYIIUX 3JIEMEH-
TtoB (puc. 1.5). Curnan, nepegaBacMblii 1O MM OOPATHOM CBSI3M, HA3BIBACTCS
curHajioMm oOpaTHO#l cBsi3u X,. AnreOpanueckoe CyMMHUPOBAHHE CHUTHAJIOB
MPUHATO M300pakaTh Ha CTPYKTYPHBIX CXE€MaX CIEIHaTIbHBIM YCIOBHBIM 3Ha-
koM. OOpaTHbIe CBA3U MOTYT OXBAaThIBATh U BCIO CHUCTEMY B IIEJIOM, T.€. Iepea-
BaTh CUTHAJIbI C BBIXOJAa CUCTEMBI OOpaTHO Ha €€ BXOJ. Takue oOpaTHbIE CBSI3U
Ha3bIBAIOT TJIABHBIMH, B OTJIMYKME OT MECTHBIX, OXBAThIBAIOIIUX OT/EIIbHBIC JJie-
MEHTBI UJIU YaCTh CUCTEMBI.

Xpx DXgx K XBbIX

KOAC

Puc. 1.5. OOparHsble cBsi3u

Bemnunna K, ., moKa3bIBaromiasi, Kakas 4acTh BBIXOJAHOro curHaia V 1mo-
CTyIaeT 0OpaTHO Ha BXOJ B BUJI€ CUTHAJIa OOpAaTHOM CBsI3U X, ., HA3BIBACTCS KO-
aghpuyuenmom oopammuoti cessu.

KO.C = XO.C/XBI)IX . (1.3)

OOpaTHbIe CBSI3U ACIATCS HA nojodcumebHvle U ompuyamenvhole. 11oo-
KUTEIbHBIMU CUMTAIOTCS TAKUE OOpATHBIC CBSI3M, KOTJ]a CUTHAJI OOPATHOM CBSI3H
CKJIAABIBAETCS C BXOIHBIM CUTHAJIOM, T.€.

A‘XVBX = XBX+XO.C . (1'4)
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Ecnu e BXOIHOM CUTHAJI M CUTHAJ OOpaTHOM CBSI3M BBIYMTAIOTCS, 00pat-
Has CBSA3b HA3BIBACTCS OTPULIATENBHOM. B 3TOM Cciydae
AXox = Xax - Xoc (1.5)
B o6miem ciyuyae curHaj, mocTyNmaronuid Ha BXOJ dJIEMEHTA MPU HAUYUU
00paTHOM CBSI3H,

AX= X, = Xy (1.6)

Ecnu curnan oOpatHO CBSI3U U BBIXOJIHOM CUTHAJ K BXOJYy 3JI€MEHTa MO/I-
KJIFOUEHBI MapajulesibHO, oOpaTHas CBA3b Ha3blBaeTcd napaianenvHou. llpu mno-
CJIeI0BaTEIbHOM MOAKIIOYEHUH BXOJIHOTO CUTHAJIAa U CUTHAJIa 00OpaTHOM CBA3U
MOCJEAHSSL Ha3bIBaeTCs nociedosamenvroti. OOpaTHbIE CBSI3U JEUCTBYIOT, T.€.
NepealoT CUTHANbI, KaK B YCTAHOBUBIIUXCS, TaAK U B TIEPEXOJIHBIX MPOIECCAX U
Ha3bIBAIOTCS] COOTBETCTBEHHO JHCeCMKUMU U 2UOKUMYU OOPATHBIMU CBA3SIMU.

Paznuunbie oOpaTHbIe CBS3U MO-PAa3HOMY BIIMSIIOT Ha CBOMCTBAa OXBaThl-
BAEMbIX UMHU 3JeMEHTOB. [Ipu Hamuuuu 0OpaTHOM CBSI3M CUTHANI HAa BXOJE dJie-
MeHTa BbIpakaeTcsi ypaBHeHueM (1.6), riae Ha ocHoBanuu Gopmyisl (1.3)

XO.C = KO.CXBLIX .

[ToaToMy ypaBHEHHE 3JE€MEHTA, OXBAYCHHOTO OOpaTHOM CBS3bIO, MOXKET OBIThH
3aIllUCaHO B BUJE

XBLIX = K (XBX i KO.CXBX )1 (1'7)

rae K — nepenatounsiii KO3 PUIIMEHT deMeHTa 6e3 00paTHOM CBSI3H.
PackpsbiBasi CKOOKM M TPYNIUPYS WIEH C Xpyx CJIEBA, a YJIEHBI ¢ Xy CIIpaBa,
MoJy4yaem

Xy = [KI(L + K, oK)] Xox (1.8)

Unen K/(1 + K,K) mpexncraBiser coOoil mepeaaTodHbiii koddduimeHt
AJIEMEHTa, 0XBAaYEeHHOTO 00paTHOM CBs3bI0. BBeneM 0003HaueHue

KI(1% K, K) = K. (1.9)

B 3HameHarene 3TOro BBIPa)KEHHSI 3HAK MHHYC COOTBETCTBYET IOJIOXKHU-
TEJIBHOM, a 3HaK IJII0C — OTPULIATENIbHOU 00paTHOM cBs3u. OTCIoAa ClIeNyeT, YTo
MOJIOKUTENIbHAsT 0OpaTHasi CBSI3b YBEIWYUBACT NEpPeAaTOUYHbIA KOIDPUIUEHT
AJIeMEHTa, a oTpuuarenbHas ymenbiuaer. [Ipoussenenue K, K Ha3bIBaloT (ak-
TOpOoM 0OpaTHOM cBsi3H, a AByuwieH 1+ K, . — rimyOuHoi oOpaTHO# cBsizu. B mia-
HE MPAKTUYECKUX PEKOMEHJALUN CIeAyeT UMETh B BUIY, YTO MOJIOKUTEIbHAS
oOpaTHast CBSI3b YBEIMYMBAET HE TOJIBKO MEpeAaTOUHbId KOA(DPUIIMEHT 0XBATHI-
BAEMOI0 3JIEMEHTA, HO B TaKOMW K€ CTENEHU yBEIMYMBAET BO3HUKAIOLIUE B 3Jie-
MEHTE TOTPEIIHOCTH M HCKOMbIC CUTHAJbI, BIUSHHE MOMEX U COOCTBEHHBIX
IIYMOB, YXYJIIAET CTAaOWJIBHOCTh HepeaaTodyHoro koddduuuenta. Otpuia-
TeNbHas K€ 00paTHas CBA3b HAPSIAy CO CHUXKEHHEM IMepeaTOuHOro ko3 duiiu-
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€HTa BO CTOJIBKO € pa3 CHMKAET BIMSIHUE HA CUTHAI MTOMEX, YMEHBIIIAET UCKa-
’KeHHE CHUTHAJIa, TIOBBIIIAET CTAOMIBHOCTh MEPEAATOYHOTO KOA(D(PHUIIMEHTa, T.€.
YIIY4YIIae€T OCHOBHBIE MTOKA3aTEIH JIEMEHTA.

JI1s aBTOMAaTHUYECKUX CHCTEM XapaKTepHO HAIMYHE CHUTHAJIOB, U3MEHSIO-
IUXCS ¢ TeYeHHEeM BpeMeHH. [Ipu 3ToM Kak BXOJHBIC BEIUYHHBI, TaK U BBIXOJI-
HBIC JIJIT DJIEMEHTOB 1 CUCTEMBI B LIEJIOM HE OCTAIOTCS MOCTOSHHBIMU. Takoe co-
CTOSIHHE€ CHCTEMBbI Ha3bIBa€M OUHAMUYECKUM, a TIOKa3aTed, XapaKTePU3YIOIIHe
MOBEJCHUE PJIEMEHTOB B JUHAMHYECKOM PEKHUME, — HOKA3AMENAMU OUHAMUKU
anleMenma WM €T0 ouHamuyeckumu noxaszamenamu. IIporecc, mpoTeKaronui B
3JIEMEHTE MPU M3MEHEHUH €Tr0 BXOJHOW BEIMYHMHBI, HA3bIBACTCS NepexoOHblM
npoyeccom. TloBeneHne saeMeHTa B 3TOM Ciydyae omuchiBaercs nuddepeHun-
aJTbHBIM YPaBHEHHEM TOTO WM WHOTO MOpsAKa. BakHEHITIUM AUHAMHUYECKUM
MoKasaTeJeM 3JIEMEHTa aBTOMATHUKH SIBIISICTCA €ro JUHAMHUYECKas XapaKTepH-
CTHKa, MO KOTOPON MOHUMAETCS U3MEHEHHE BBIXOJHOM BEJUYUHBI DJIEMEHTA C
TeueHueM BpemeHu. CrenyeT, oqHaKo, UMETh B BHAY, YTO XapaKTep U3MEHEHHS
BBIXOJHOM BEJIMYHHBI DJIEMEHTA 3aBUCUT HE TOJIBKO OT CBOMCTB CaMOI'0 JJIEMEH-
Ta, HO U OT XapaKTepa U3MEHECHHS €r0 BXOJIHOW BeTUUYUHBI. UTOOBI MOKHO OBLIO
CpaBHMBATh JUHAMHUYECKHE CBOMCTBA Pa3IMYHBIX DJIEMEHTOB, MOJb3YSICh UX JIU-
HAaMUYECKHMH XapaKTepUCTHUKAMU, CIeIyeT MojaBaTh B XOJI€ 3THX JJEMEHTOB
CHUTHAJIbI, UMEIOIIME OJIMHAKOBBIN XapakTep, T.€. OAMHAKOBO M3MEHSIOIIHECS C
TEUCHUEM BPEMCHHU.

OO1IenpuHATO B KAYECTBE TAKUX CUTHAJIOB MCIOJIb30BATh.

CIMHUYHBIM CKAa4YOK BHEIIHETO BO3JICUCTBUS, MPEACTABISIONINN COO00i
(YHKIIMIO BPEMEHH, KOTOpas OTJIMYAETCS CKaYKOOOpa3HbIM M3MEHEHHEM B MO-
MeHT BpeMmeHn t = 0 W coxpaHseT cBOe MOCTOssHHOe 3HadeHwe mpu t > 0
(puc. 1.6, a);

€IMHUYHBIA UMITYJIbC BHEITHETO BO3JICMCTBUS, KOTOPBIA MPEACTABISAET CO-
0011 CKaYKOOOPa3HO M3MEHSIOMYIOCS (PYHKIIMIO BPEMEHU ¢ OCCKOHEYHO MaJIOH
JIMTENbHOCTRIO ckadka (t—0) (puc. 1.6, 6);

rapMOHHUYECKOE BO3JCHCTBUE M BO3/ICMCTBHE HEMPEPHIBHO BO3PACTAIOIICE
C IMOCTOSIHHO# cKopocThio (puc. 1.6, 6, 2).

Yame apyrux s UCCIAEAOBAHUS TUHAMHUYCCKUX XapaKTEPUCTHK DJIEMEH-
TOB aBTOMATHKH MCIIOIB3YEeTCsA eIUHUYHAS (yHKIMA. Takod CUTHAJ MO3BOJISET
BBISIBUTh W OIICHUTH KOJUYECTBEHHO BaKHOE CBOMCTBO AJIEMEHTA — €r0 WHEPIH-
OHHOCTb, T.€. HaJWYUE HEKOTOPOTO 3ama3bIBaHHS B H3MEHEHHH BBIXOIHOTO
CUTHaJIa 10 CPaBHEHUIO C U3BMEHEHHEM CUTHAJIa Ha BXOJIE DJIEMEHTA.

3aBUCUMOCTD Xpyx= f(t) Ipu M3MeHEHMH BXOAHOrO cHUTrHama Xy, BhIpaKeH-
Has TpauueCKy, Ha3bIBACTCS 2paghukom nepexooHo20 npoyecca snemenma. ITa
KpuBas SIBIISIETCS rpaduyecKoil uHTepnperanuen penieHus nuddepeHnnaibHo-
ro ypaBHEHHUS AJIEMEHTA, B KOTOPOM BXOJHAs M BBIXOJIHAS BEIUYUHBI SIBIISIOTCSA
dbyHkusMu BpemeHnu t. PazHble 3J€MEHThI aBTOMAaTHKH MOTYT MMETh pa3jiny-
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HbIC TpapuKu mepexoaHbIx mporeccoB (puc. 1.7). [lepexomnblit mporece, moka-
3aHHBIA Ha puc. 1.7, a, TOBOPUT O TOM, YTO 3JIEMEHT HE 00JagaeT UHEPIIUMOHHO-
CTBIO, T.€. BBIXOJHOW CUTHAJ U3MEHSETCS] OJJHOBPEMEHHO C U3MEHEHUEM BXO/I-
HOT'O CUTHaja 0e3 Kakoro Obl TO HU OBLIO 3ara3jbIBaHuUs.

f f f f

AR
"

f(t)

a 9] 8 2
Puc. 1.6. TunoBsle BHENIHNUE BO3IEHCTBUSA
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Puc. 1.7. Ilepexonnble Ipo1iecChl B 3JIEMEHTaX aBTOMaTUKH
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DNeMEeHT, epeXOoHbIN MpoIecc KOTOPOro mnoka3ad Ha puc. 1.7, 6, obna-
JaeT MHEpLUeH, BCIAEACTBUE YETO €T0 BBIXOAHAs BeNUUUHA Xy, HApaCTaeT 1o-
CTCIICHHO ITOCJIe CKAauyKOOOpa3HOTro M3MEeHEHHUs (HapacTaHWs) BXOJHOM BeiH-
9uHBbl X;x. CTEneHb MHEPUUOHHOCTH 3JIEMEHTA OLIEHUBAIOT MOCTOSHHOW Bpe-
menu T snemenTta. Ecin kpuBas X, = f(t) sBaseTcs s3kcnoHeHTO#, TO 3HaUe-
HUE€ MOCTOSIHHOM BPEMEHHU COOTBETCTBYET aOCIUCCE TOUKU a U TMEepecedyeHUs
KacaTelbHOU K 3KkcroHeHTe Oa ¢ yCTaHOBUBIIMMCS 3HAYCHUEM BBIXOIHOU Be-
JIUYMHBL Xgpy yer. IIOCTOSIHHASA BpeMenu 1’ ABIAETCA OJHUM U3 BAXKHEUIIUX JU-
HaMHYEeCKUX Mokazatenei snementa. Ha puc. 1.7, ¢ mokazan konebatesbHO-
3aTyXarUIMi NEePEXOIHBIN MPOLECC, MPU KOTOPOM BBIXOJAHAS BEIWYMHA Xy
COBEpIIAET Psij KOJIEOAHUHM OKOJO YCTAHOBHMBINETOCS 3HAYEHUS Xyux yer C IO-
crossuaor wactotout fo=1/T¢, Tme To — mepuoj KojieObaHU ¢ HEMPEPHIBHO yObI-
BAIOIIEH aMIUIATYI0M.

KonebarenbHas gactora fy wim xpyrosast yactota Wy Ha3bIBarOTCS uacmo-
moti cobcmeenuvix xoneoaunuil snemenma. OHa 3aBUCUT OT  BHYTPEHHHUX
CBOMCTB 3JIEMEHTAa M SBIISIETCS BAXKHBIM TI0Ka3aTeJIeM €ro JUHAMUYECKHX
CBOMCTB. Bpems ty., B TeUeHHE KOTOPOrO BBIXOJHOW CUI'HAJ JOCTUIAET 3Haye-
HUS, HE3HAYUTEIHHO OTIMYAIOIMIETOCH OT Xyux HAa BETUYUHY AXyy, OTOBOpPEH-
HYIO TEXHHYECKUMH YCIIOBUSIMU DJIEMEHTA tyc;, HA3BIBACTCS 6peMeHeM YCMaHo6-
JIeHUs. WIN OJIUMeNbHOCMbI0 Nepexoo0H020 npoyecca. B OTIENbHBIX Ciydasx
BXO/IHAsl BEJIMUUHA Xx MOXKET U3MEHATHCS IEPUOJUIYECKH, HATPUMED B PJIEMEH-
Tax MOXAapHOW aBTOMATHKH, BCJIEJACTBUE YETO W BBIXOJHASA BEIUYUHA Xyix MO-
KET MEHAThbcs nepuogudecku (puc. 1.7, 2). B 3Tux ciaydasx HWHEPIIMOHHOCTH
9JIEMEHTA CKa3bIBACTCS HA 3HAYCHHUH (PAa30BOTO CABUTA KPUBOU Xy = f(t) oTHO-
CUTEIILHO KPUBOH Xy = f(1).

HccnenoBanne NEPEXOHBIX MPOIECCOB 3JIEMEHTOB AaBTOMATHUKHU JA€T
BO3MOKHOCTh YCTAHOBUTH M €ro JMHaAMUYEeCKue norpemnoctu. [lepexonnas xa-
PaKTEpUCTHKA 3JIEMEHTA MOXKET OBITh MOJIYUY€HA IKCIEPUMEHTAIbHO. {7151 3TOTO
BXOJHYIO0 BEIUYUHY M3MEHSIOT CKauKOOOpa3HO, U C MOMOIIbI PETHCTPUPYIO-
niero ycrporcTsa (ocumuiorpada i CaMOIIKCIIA) 3alUChIBAIOT BRIXOIHYO Be-
JWYUHY, T.C. MOJIYYaloT ee Tpaduk Xy = f(1).
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