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CopnepkaT TEOPETUYECKHUE CBEJICHUS IO PA3JHMYHBIM THIIAM aBTOMAaTHYECKUX
CUCTEM M TEXHHUYECKHE TpeOOBaHUA K MEPEXOJHBIM Mporeccam B Hux. Otu CAP
TM00 HEYyCTOWYMBBI, JTMOO HE OTBEYAIOT 3aJaHHBIM TEXHUYECKUM TPEOOBAHUSIM.
Heo0Oxoaumo cipoeKTupoBaTh M0 BO3MOXKHOCTHU MIPOCTOE KOPPEKTUPYIOLIEE YCTPOii-
CTBO, KOTOPOE B COUETAHUM C 3aJIaHHOW CUCTEMOM JaBayio Obl CUCTEMY, C HaJJIexka-
LIMMH [TOKA3aTENISIMU Ka4eCTBa.

Hapsany ¢ TeopeTuueckuM MaTepruaioM METOIUYECKUE YKa3aHUA COIEpKaT 3a-
JaHMs Ha KYpCOBYIO pa0OTy U MPUMEPHBIN pacyeT OAHON U3 BO3MOKHBIX CUCTEM.

JIJist CTYZIEHTOB CTapIIuX KypcoB, oOydaronuxcs mo Hampasienuto 27.03.04
«YTIpaBiieHUE B TEXHUUYECKUX CUCTEMAxX», a TAKXKE U1l CTYJCHTOB U UHXKEHEPOB JIpy-
IUX CHEHHUAIBHOCTEN, JKEJIAINIUX U3YUUTh Kypc « Teopus aBTOMaTUYECKOrO ynpaB-
JICHUS.
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|. TeopeTHyeckue OCHOBBI CHHTE3a CHCTEM aBTOMATHYECKOT0 PeryJaupo-
BaHUsl

1.BBenenue

CoBpeMeHHasl TeopHsi aBTOMAaTHYECKOTO PEryJMpOBaHUs SIBISETCS OCHOBHOM
4acThIO TEOPHUHM yIpasiieHUsA. CUCTEMA aBTOMAaTUYECKOTO PETYIIMPOBAHUS COCTOUT U3
PETryJIUPYEMOTO OOBEKTa M 3JIEMEHTOB YIPABIICHUS, KOTOPHIE BO3JEHUCTBYIOT Ha
O0OBEKT MPU U3MEHEHUH OJJHOM MJIM HECKOJIBKUX PETYIUPYEMbIX IEPEMEHHBIX.

[leap  peryaupoBaHMs 3aKIOYaeTCs B (POPMUPOBAHUU TAKUX 3aKOHOB, IPH
KOTOPBIX BBIXOJHBIE pEryJIHpyeMble TEPEMEHHBbIE Majo OTJIMYAIUCh OBl OT
TpeOyeMbIX 3HaUYCHUW. PernieHne naHHOW 3a/layu BO MHOTHX CIy4dasX OCIOKHSETCS
HaJlMYUEM CIIy4yalHbIX Bo3MylleHud (momex). [lpu 3ToM HE0OXOIUMO BBHIOMPATH
TaKOW 3aKOH PEryJupOBaHMs, IPHU KOTOPOM CHUTHAJbI YIPABICHUS MPOXOAWINA Obl
4yepe3 CHUCTEMY C MajJbIMH HCKaKCHHWSMH, a4 CHTHAJbl IIyMa IPAKTHYECKH HE
IIPOITYCKAJIUCH.

[IpoekTUpOBaHME CHUCTEM ABTOMATUYECKOI'O PEryJUPOBaHUS MOXHO BECTH
IBYMS Iy TSIMMU:

- METOJIOM aHaju3a, KOrja Mpu 3apaHee BBIOPAHHOM CTPYKTYpE CHUCTEMBI
(pacyeTHBIM IyTEM MM MOJEIUPOBAHUEM) ONIPENEISIOT €€ apaMeTphl;

— METOJIOM CHHTE3a, KOorja 1o TpeOOBaHUsM, K CHUCTEME Ccpa3y ke
BBIOMPAIOT HAWIYUYILYIO €€ CTPYKTYPY U MapaMeTphbl.

O06a 3T criocoba NOTYYMIN HIMPOKOE MPAKTUUECKOE IPUMEHEHHE.

Onpenenenue MapaMeTpoB CHUCTEMBI, KOIZIa HU3BECTHA €€ CTPYKTypa H
TpeOOBaHUS HA BCIO CUCTEMY B 1LI€JIOM, OTHOCHUTCS K 3ajaue cuHTe3a. Pemenue stoi
3aJaud TOpU JIMHEHHOM OOBEKTE pEeryjaupoBaHUS MOXKHO HAWTHU, MCIONb3YA,
HanpuMep, 4YacTOTHbIE METOJNbl, CIOCOO KOpHEBOro rojaorpada wWid u3yyas
TPACKTOPHH KOPHEH XapaKTEPUCTHUECKOTO YpPaBHEHHUS 3aMKHYTOM cUCTeMbl. BbiOop
KOPPEKTUPYIOILIETO YCTPOKWCTBA METOJOM CHHTE3a MOYKHO BBINOJHUTH C MOMOUIBIO
rpaoOaHaTUTUYECKUX METOJO0B. OTH K€ METOAbl MO3BOJSIOT CHUHTE3UPOBATH
KOPPEKTUPYIOILIHUE YCTPOUCTBA, MOJABIISAIOIINE ABTOKOJIEOATENbHbIE U HEYCTOMYHNBbIE
MEPUOJINYECKHUE PEKUMBI B CHCTEMaX.

JlanbHeilliee pa3BUTUE METOAbl CHHTE3a MOJYYWUIIM HAa OCHOBE IPHUHIIUIIOB
MakCUMymMa M  JUHAMUYECKOTO MPOrpaMMHUPOBAHUS, KOI/IA  OINpPEAEINIeTCs
ONTUMAJIbHBIN C TOUKH 3PEHUS 33JJaHHOTO KPUTEPHUS KAUeCTBA 3aKOH PEryJIHpPOBAHUA,
o0OecreunBalOIUKA BEPXHUI Tpeaen KadecTBa CHCTEMbI, K KOTOPOMY HEOO0XOAMMO
CTPEMUTBHCS TpU €€ MPOeKTHUpoBaHUMU. HeoOXonmMo OTMETHTh, YTO peaar3anus
CJIOKHBIX 3aKOHOB PETyJMPOBAHHS BO3MOKHA JIMIIb MPH BKIIOYEHUU LU(POBOH
BBIYMCIIUTEIbHON MallMHBl B KOHTYp cucTeMbl. Co3JaHuE 3KCTPEMAIbHBIX H
CaMOHACTPaUBAIOLIUXCSI CUCTEM TAKXKE CBA3aHO C NMPUMEHEHUEM AHAJIOTOBBIX WIIH
U(POBBIX BHIYUCIUTENIBHBIX MAIIHH.

@opMUPOBaHUE CUCTEM ABTOMATHYECKOI'O PETYJIMPOBAHUSA, KaK IPABUIIO,
BBITIOJIHSIIOT Ha OCHOBE AHAJIMTHYECKMX METOJIOB aHanu3a uiu cuHte3a. Ha stom
ATane MPOEKTUPOBAHUSI CUCTEM PETyJIMPOBAHUS HA OCHOBE MPHUHSATHIC TOMYIIEHUN
COCTABJISIIOT MAaTEMAaTUYECKYIO MOJIEIb CUCTEMbI U BHIOMPAIOT MPEABAPUTEIBHYIO €€



CTPYKTYpYy. B 3aBUCHMOCTH OT THIa MOJieny (JTMHEHHAS WU HEIMHEWHAs ) BRIOUPAIOT
METOJI pacyeTa HJisi ONpeleNieHUus MapamMeTpoB, OOecHeurnBaroOUuX 3aJaHHBIC
NOKa3aTeIu YCTOMYMBOCTH, TOYHOCTM U KayectBa. Ilocine »TOro yTOYHSIOT
MAaTeMaTHYECKYH0 MOJEIb M C HCIOJb30BAHUEM CPEACTB MATEMATUYECKOTO
MOJENUPOBAHUS ONPENCIISIOT AUHAMHUYECKUE TpoIecchl B cucteMe. [lpu aeicTBum
PA3JIMYHBIX BXOJHBIX CUTHAJIOB CHUMAIOT YaCTOTHBIE XapAKTEPUCTUKHU U CPABHUBAIOT
C pacyeTHbIMH. 3aTe€M OKOHYATEJIbHO YCTAaHABIMBAIOT 3allachl YCTOWYMBOCTH
CUCTEMBI TI0 (ha3e ¥ MOJIYJIIO U HAXOAST OCHOBHBIE TIOKA3aTeNId KayecTBa.

[Ipexne Bcero, pelieHue 3a4a4u CUHTE3a HE SIBISIETCS OJHO3HAYHBIM, TaK Kak
OMHU U Te Xe TpeOoBaHusa, mpeabsBiusieMbic K CAP, MOXHO YIOBICTBOPUTH
paznmuuHbiMu  TIyTssMH. K BUAy TMepexoAHOro mpolecca MOTYT MPEabsBISIThCS
pasnuyHbBIe TPeOOBaHUS, ATH TPEOOBaHMWS HWHOTJA TMPOTHUBOPEUYAT IPYyr HPYry,
MOATOMY TMpPHU BHIOOPE CTPYKTYpbl W TapaMETpoOB pa3pabaThbIBa€MOM  CHUCTEMBbI
BO3HHMKAET HEOOXOAMMOCTh KOMIIPOMHCCHOTO PEIIEHUs 3aJaud, YTO YCJIOXKHSET
pEelIeHne BOMPOCOB CUHTE3a. MOXKET OKa3aTbCs, YTO pPACUETHAsT CXE€Ma CUCTEMBbI
TEXHUYECKU HEOCYIIECTBMMA. B cuily yka3aHHBIX MPUYUH 3a/Ja4a CUHTE3a CUCTEM
aBTOMATUKU YACTO CTABUTCS OTPAHMYEHHO, YTO OOJIETYaeT €€ pelleHue.

Hepenko 3amada cuHTe3a cyxuBaercs emie Oosnblie. Tak, Hampumep, Mpu
3aJlaHHOM  CcXeMme peryiaupoBaHusi (Tak HaszbiBaeMon  «ucxomaHou  CAPy),
NOTIOJIHUTENIbHAST ~ 4YacTh  CXEMbl  BCIEJICTBHE €€  MPOCTOM  TEXHUYECKOM
OCYILIECTBUMOCTA OOBIYHO JIOJDKHA COCTOATh W3 KaKUX-IUOO CTaHAapTHBIX
JOTIOJIHUTENIBHBIX KOPPEKTUPYIOIIUX JJEMEHTOB, HAMPUMEP, B DJICKTPUUECKUX
CHUCTEMaX — W3 MACCHUBHBIX UYETHIPEXMOJIOCHUKOB. [lo3TOMY B Takux ciydasix, Kak
MpPaBUJIO, OrPAHUYMBAIOTCS  JIMIb  ONPEJENICHHWEM BHJAa U  [apaMeTpoB
JTOTIOJTHUTEIIBHON KOPPEKTUPYIOIIECH YaCTU CXEMBbI, KOTOpas B COYETAHUU C UCXOTHOU
cxemMoil  obOecnieunBasia  Obl  TpeOyemble  JUHAMUYECKHE  XapaKTEPUCTHKU
CKOPPEKTUPOBAHHOM («OKEIaeMO») CUCTEMBI B IIEJIOM.

Pe3tomupyst ckazaHHOE, TaK MOCTABUM 33/1a4y CUHTE3a CUCTEMBL.

Hana wucxomgnas CAP, Bxmouaromass oO0BEKT  pErylupOBaHUS U
JIOTIOJTHUTENIbHBIEC YCTPONCTBA, 00€CTICUNBAOIINE MPOIECC PETYIUPOBAHUS (IaTUMKH,
YCWIMTEN, CYMMATOPBI, HWCIOJHUTEIbHbIE YCTPOWCTBA U T.M.). 3allaHbl TaKXe
texHudeckue TpedoBanusa kK CAP, U3 KOTOPBIX BbICIUM HanOoJiee BaXKHBIE JIJIST HAC
TpebOBaHMs K KauecTBY Ipoiiecca perynupoBanusa. Kak mpaswmno, ucxonnas CAP
au00 HE OTBEYaeT IIOCTaBJICHHBIM K CHUCTEME TpeOOoBaHUSIM, MO0 BOOOIIE
HeycToWunBa. TpedyeTcs Tak CUHTE3UPOBATh KOPPEKTUPYIOIIEE YCTPOMCTBO, YTOOBI
B COBOKYIHOCTH ¢ «ucxoaHoit CAPy», nonyuuBmasics CAP («wkenaemas CAPy) Oblna
OBl ycTOMYMBa U OTBedasia 3adaHHbIM TpeOoBaHusM k CAP, T.e. ucxognas CAP +
KOPPEKTUpPYIOIIee yCTporcTBO = xkenaemasi CAP.

Cy1iecTByeT HECKOJIbKO MH)KEHEPHBIX PACUETHBIX METOJIOB CHHTE3a CUCTEM
ABTOMATHKH, €CIM TMOHMMAaTh 3Ty 3aJady OIPAaHWYEHHO, KAaK YKa3aHO BBIIIE.
HaunbGonee ymoben m dacTto ynmoTpeOssieTcss NMpU HWHXKEHEPHBIX pacdeTax MeETO]
norapu(MUUECKIX YaCTOTHBIX XapakTepucTuk mpod. B.B. CononoBHukoga.



2. KauecTBO nmpoueccoB apToMaTuyeckoro peryauposanus. [lokazarean
KayecTBa

KocHeMcs moapoOHee Bonpoca KadecTBa PETYIMPOBAHUS CHCTEM aBTOMATHKH.

JIro6ast CAP, miist Toro, 4ToObl YJIOBIETBOPSATH CBOEMY HA3HAUCHHIO, KaK YXkKe
O0TMEYaJIoCh BBIIIE, PEXKJIE BCETO, NOHKHA ObITh ycToMunBa. OJTHAKO YCTOMYHUBOCTD
SIBJISICTCSI HEOOXOMMBIM, HO HE JOCTATOYHBIM YCJIOBHEM TEXHUUYCCKOMN MPUTOTHOCTH
CHUCTEMBI peryiaupoBaHus. [IOMHMO YCTOWYHMBOCTH, K IIEPEXOJHOMY IPOIIECCY
MPEABSBISIIOTCA ~ TpeOoBaHUs, OOyClaBiIMBAIOIMIIE €r0 TaK  Ha3bIBacMbIC
Ka4eCTBCHHBIC ITOKA3aTEIIH.

[Tox xauecTBOM CHCTEMBI MMOHUMAIOT HEKOTOPHIE CBOWCTBA €€ IMEPEXOHOTO
mporiecca. Yarmie BCero mepexoHbI MPOIECC PacCMaTPHUBAIOT IO YIPABJISIONIEMY
BO3/€eicTBUIO (puc. 1).

X(1) W) Z(v)

PI/ICYHOK 1. Cucrema aBTOMaTHUECKOTO PETYIINPOBAHUA.

3necs W(p) — nepenarounas pyukuus CAP;

X(t) — BXoHOE YITpaBIIsIOIICe BO3/ICHCTBHIE;
Z(t) — BBIXOIHOM CHTHAJL.

B kadecTBe ympaBiAIONIETO CUTHAJIA MOXET OBITh MCHOJB30BaH CHUTHAI
m000ro BUAa, HO 4Yalle BCEro MPUMEHSETCS TOTYKOOOpa3HbIN (CKauKoOOpa3HbIN)
CUTHAJ] C BEJIMYMHON CKayka JuOO paBHOW €IUHMIE, KaK MpU TOITYyYECHUH
MEePEXOTHOM XapaKTEPUCTUKU CHUCTEMBI, JUOO MPOU3BOJBHOM BenuuyuHbl. Eciu
cucTeMa o00JamacT KoyeOaTeIbHBIMH CBOMCTBAMH, TO BBIXOJHOM CHTHaAld IIO
yIpaBJsonieMy (CKaYKoOOpa3HOMY) CUTHANy Ka4eCTBEHHO OYyNET BBIVISACTh Tak,
KaK 3TO U300pak€HO Ha PUCYHKE 2.

B kadecTtBe mokasarened kauecTBa (€IIe TOBOPST MPSMBIX OIIEHOK KayecTBa
PEryJIMpOBaHUs) OOBIYHO PACCMATPHUBAIOT:

1. YcranoBuBIIeecs: 3Hau€HNE BHIXOHOTO CHTHAJA

Zy, =lim Z(t).
t—o0

2. TouHocTh peryaupoBaHus A — 3aJaHHasi Majas MOCTOSHHAs BEJIWYMHA,
MPEACTABIISIONIAs CO00M OOBIYHO OMYCTUMYIO OMHUOKY. /{151 BXOAHOTO €AMHUYHOTO
CKayKa JUIs TEXHUYECKHUX CHCTEM, Kak mpaBuiio, A = (1+5)%.

3. Bpewmst perynupoBanus t, (BpeMst EPeXOAHOrO MPOLEcca).
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Pucynok 2. I[lepexonnas xapaktepuctuka CAP mo ympasusioniemy
BO3JICUCTBUIO.

Beixonnoit curHan Z(t) W ero yCTaHOBHUBIIEECS 3HAYCHHUE CTAHOBATCS
HEPA3JIMYMMbl C TOYHOCTBIO 110 BeIM4MHBI A mocse Bpemenn tg, korna curnan Z(t)

BOWJIET B MOCJIEIHUI pa3 B KOPUAOP ABOMHOM TOYHOCTH 2A YA 00JBIIIe HUKOTIA
M3 HEro He BbIMAET. Takum oOpasom, BenudmHA t, OMNpEHeNseTcs Kak BpeMs,

MMpoTCKaromee OT MOMCHTA IIPHUIJIOKCHHUSA BXOJHOI'O CKadka JO0 MOMCHTA, IIOCJIC
KOTOPOIro UMeCT MCCTO HEPABCHCTBO:

Z()-Z,.|<A.
4. Tlon nmepeperynupoBanueM 6% OOBIYHO MTOHUMAIOT MaKCUMaJIbHBIN BBIOPOC
perymupyemoro curHama Z(t) = Z,, OTHOCHUTEIBHO €ro YyCTaHOBHBILIECIOCS

3Ha4YCHMUA:

G = M .100%.
Zyer

Jliist GOJIBIIMHCTBA POMBITIICHHBIX crcteM 6=(10-40)%.

3nech mepeyuciaeHbl HauOoJiee YacTo BCTpEYarolIvecs MOKa3aTelid KadyecTBa
perynupoBanusi. KpoMe Toro, i OTAENBbHBIX CUCTEM, MCIOJIb3YIOTCS U KOCBEHHbIE
MOoKa3aTesd KauecTBa, HalpuMep:

5. IlopsAanok actatu3ma CUCTEMBI V.

6. Bpems t, HacTymieHUS MaKkCUMaJbHOIO 3HAYEHMsI pETyIHPYyEeMOM

BEIUYUHBL Z o -



7. Bpems t; mnepBoro mepecedeHuss KpPUBOM MNEPEXOAHOTO MpoLecca
YCTaHOBHBIICTOCS 3HAYCHUS Z, ., (XapaKTepU3yeT NPOU3BOAHYIO Z(1)).

8. KommaecTBo konebaHuii IepexogHOro mporecca 3a Bpems t, u psx Apyrux

ITOKA3aTeIeH.
9. 3amac ycTOHYMBOCTH 110 MOAYJIIO.
10. 3anac ycToiiuuBocTH 10 (asze.

3. Bb10op 1 nocTpoeHue JorapupmMmuieckoii aMIIMTyIHO - YACTOTHOM
(JIAYX) skemaemoii CAP

3agaHa nepenaroyHas (YHKIUS UCXOIHON pa3oMkHyToM cucrtembl W, (pP) u

TpeOOBaHUSI K 3aMKHYTOM KeJaeMon (CKOPPEKTUPOBAHHOI) CUCTEME:
— V— CTENEHb aCTaTU3Ma;
- s tpnOH — BpeMs peryjavpOBaHus;

— O <O — MAKCUMAJIBHOE [IEpEPETyIUPOBAHUE;
— A< A — ZOIyCTHMAas OIIMOKA (TOYHOCTh) CUCTEMBI;

— BO3MOJKHO, P APYTUX JTOMOJTHUTEIBHBIX TPEOOBAHUM.
[Ipaktuka ananusa u cuHTe3a CAP BbIpaboTala MHOKECTBO PEKOMEHAIUH,
[0 KOTOPBIM C YYETOM 3aJlaHHBIX Ha IMPOCKTUPOBAHUE YCIOBUM MOXKHO 3apaHee
nogoOparb Bua u mapamerpel JIAUX okemaemoil cuctemMbl, KoTopas Oyner
oOecreunBaTh BCE 3aJaHHBIC MMOKA3ATEIN Ka4eCTRa.
JIAYX s>xenmaeMoOil pa3OMKHYTOW CHCTEMBI CTPOUTCS MCXOJI U3 TPeOOBaHMUIA,
NPEIBIBIAEMBIX K MPOCKTUPYEMON CUCTEME U OCHOBHBIM ITOKA3aTENSIM EPEXOTHOTO

mporecca.
Kak wu Bcsikas norapupmuyeckas amIUIMTYIHO-4AaCTOTHAs XapaKTEpHCTHUKA
JIAYX >xemaeMOM CHCTEMBI COCTOMT W3 TpPEX 4YacTe — CpPEIHEYACTOTHOU,

HU3KOYAaCTOTHOU U BHICOKOYACTOTHOM.

CpenneuactotHas yacth JIAUX sBisiercss HamOoJiee CYIIECTBEHHOW 4YacThIO
XapaKTEPUCTHKHU, T.K. €€ BHJ ONPEICIACT B OCHOBHOM Kau€CTBO NEPEXOIAHOTO
MpoIiecca B CUCTEME, T.€. IMHAMUKY CUCTEMBI.

PsijioM MccieNoBaHHil YCTAHOBJICHO, YTO TIPH YaCTOTE CPE3A My, (dacrore,

npu koTopoil xenaemas JIAUX nepecekaer och abcuucc) HakiaoH JIAUX nomken
obITh -20 10/7m€EK, a caMa M, OIpenemseTcs: TpeOyEeMbIM BPEMEHEM PETYJIUPOBAHUS

cp
t, ¥ JOMyCTUMBIM T€peperynmpoBanneM o©. Yactora cpesa o, U Bpems
peryupoBanus t, CBA3aHBI MEXKIY CO0O0 CIIEAYIOIIMM COOTHOIIEHUEM:
br
S @
P 10T

riae ko dunueHt «b» BeIOMpaeTCs B 3aBUCIMOCTH OT JIOIYCTUMOM BEJTMYUHBI
NEPEPETYIUPOBAHUS G,y 10 CIIEHUAIBHBIM HOMOIPAMMaM, KOTOPbIE MOKHO HalTH



BO MHOTHX yueOHuKax 1mo TAY. Tak, mis Hanbosee «X00BbIX)» 3HAYECHUN BETUINHBI
nepeperyiupoBanus Ko3GduuneHTs! «b» BEIOUPaIOTCs paBHBIMU:

pu 6 = 20% b=25;

pu 6 = 25% b=31;

pu ¢ = 30% b=38;

pu 6 = 35% b=44.

Urtak, cpennedactotHas JIAUX mnonydwsiack B BHUAE MNPSAMON JIMHUM C
HakJIOHOM -20 n0/mek, MpoXonsiel 4epe3 pacCUMTaHHYI0 4acToTy cpesa. JlyimHa
cpennedacToTHOro ydyactka JIAUX BwIOMpaeTcsi OOBIYHO CIEIYIONTUM 00pa3oM.
JIAYX ucxonnoui u xxenaemod CAP cTposrcs, Kak mpaBuiio, Ha OTHOM pUCyHKe. J1Jis
TOTO, YTOOBI KOPPEKTUPYIOIIEE YCTPOHUCTBO OBLIO IO BO3MOKHOCTH 00JI€€ TIPOCTHIM,
HayajbHas W KOHEYHAas 4YacTOThl CPEAHEYACTOTHOrO ydacTka xemaemonm JIAUX

JIOJDKHBI COBIIAATh C OMIDKAWIIMMH K YacTOTE Opy  TOUKAMHI H3IIOMA JIAYUX

ncxonnou CAP. MHorma ciygaercsi, 4To clieBa OT Ocprc JIAYX ucxomuoit u JIAUX

xenmaemont CAP napamiensHbl. Torna Hayano CpeIHEHaCTOTHOTO YYacTKa »KeIaeMou
JIAUX 3amaercss TNpPOW3BOJIBHO, NPUHHMMAs, OJHAKO, BO BHUMAHUE TO
00CTOSITENBCTBO, YTO YEM JJIMHHEE CPEIHEYACTOTHBIM ydacTok skemaeMoi JIAUX,
TeM JeMrnpUupoBaHHEE MEPEXOJHBIN MPOILIECC B CUCTEME, T.€. TEM MHTCHCHUBHEE OH
3atyxaer. Wrtak, Oyaem cuMTaTh, 4YTO HadallbHasT M KOHEYHAass TOYKH
CpPEIHEYACTOTHOTO yyacTka xkenmaemon JIAUX onpeneneHsl.

HwnskouacrotHas uwacte JIAUX »xkemaemMol CUCTEMBI BIMSET HAa CTaTUKY
CUCTEMBI, T.€. OHa ompeaenserca TpeOyeMoil TOYHOCTBbIO pPabOTHl CHUCTEMBI, a,
CJIeIOBATENIbHO, KOI(DPUIIMEHTOM YCUJICHUSI CUCTEMBI U TIOPSJIKOM €€ acTaThu3Ma.
HuskouactoTHbill yuacTok xenaeMod JIAUX mpoBonsT, Kak IpaBUilo, ¢ HAKIIOHOM
—v-20 n6/mex W ecnu B HU3KOYACTOTHOW YaCTH HUCXOJHAs CHUCTEMa OTBEYAET
TpeOOBAHUM 3a/IaHUsI IO TOYHOCTH, TO HU3KOYACTOTHBIN ydacToK kenaemont JIAUX
OCTaBJISIIOT COBITQIAIOIINM C HU3KOYaCTOTHBIM Y4acTKOM McXoaHoM JIAUX.

[Ipunsto paccmarpuBaTh TOYHOCTH CAP kak omumOKy n0pH pazaIuyHbIX
BXOJIHBIX THMOBBIX Bo3ercTBUAX X(t):

1. X(t) — ctynmeHuaToe BO3/CHCTBHE,

X(t) =g(t) =09y =COnst.

B o»tom cimywae TpeOyemblii it oOecrieueHHUs 3aJaHHOW  OMIMOKHU

perynupoBanus A kodpdunuent ycwienus PCAY K OIpEeNeTsAeTCS U3

P
1-A
1+ Ky A

Ecnmu koadduruenT ycuneHus pa3oMKHYTOM HCXOMHON cucTeMbl K > Kip»> TO

1
BeIpakeHnst A= ——— mm K =

ATO 3HAYMT, YTO UCXOJIHAS CUCTEMA OTBEYAET TPEOOBAHUSAM 3a/1aHMSI 10 TOUHOCTH.
2. BxonHo# curHan (HampuMmep, AN CIAEISAUIEH CUCTEMbI) H3MEHSETCS C
MMOCTOSIHHOM CKOPOCTBIO
X() = 9(t) = Grnax - A1),
rae Q(f) = const — mocTossHHas yriioBas CKOPOCTh HM3MEHEHHS BXOJIHOTO
CUTHAJIA.



B stom cnyuyae TpeGyemoe ansi oOecriedeHUs 3alaHHOM TOYHOCTH 3HAUYEHHE
koaddunrenta ycunenuss PCAY K;p ONpenenseTcs BhIpaKeHUEM:

0
K, =0,
” e

rae (), — MakCHUMAaJIbHOE 3HAYECHUE CKOPOCTH BPAILCHMs 3aJar0Ien ocH, a ©

K

— KMHETHYECKas OIMnoKa CJIGI[SIIII@ﬁ CHUCTCMBEI.
3. BXOIIHOﬁ CHUI'HAJI MCHACTCA 110 rapMOHHYCCKOMY 3aKOHY

X(t) =9(t) =g pmax -Sin o, t.

CrnenoBaTenbHO, 3a4aHbI BETMUUHBL (. O , @ TaK XK€ JOIYCTUMOE 3HAYCHUE
OMOKHU €, - Hazio HaliTH TaKyro TOUKY, IPOXOJs Uyepe3 KoTopyro xkenaemas JIAUX
oOecnieunBasia Obl 3aJAHHYIO TOUHOCTD € 4 -

Ommbka B 3amkHyTOl CAP €(p) (p — mepemenHas npeobpaszoBanus Jlaraca)

8(p) = WOH_I (p) ) g(p) 1
rae W, (p) — mepenarounas ¢pynkims 3amMkayTo CAP mo ommoke, koTopas

MIpU €IMHUYHON OTPUIIATEIHLHOM 0OpaTHOM CBS3M paBHA!

1
W, (p) = m '

npuaem W, (p)— nepenaroynast QyHKUus pasoMKHYTOH cucteMsl. M3 arnx

dbopmyi cnenyer:

O
+W,(p)
MaKCI/IMaJIBHO 3HAYCHUC 01HI/I6KI/I Smax MOKHO OILICHUTDH BprEl}KeHI/IeMZ
g(p)

8 =
T W (o)

[TockombKy TIENMBI0 ABTOMATHYECKOTO PETYJIUPOBAHUS SBIACTCS CBEACHHC
omuOku g(t) K HYJIO WM MaJIOl BEJIMYMHE, TO HETPYIHO MOHSTh, YTO

Smax << gmax !

a 9TO 03HAYAET, UTO
1+ Wp(jo, )| >>1,
T.C. eI[I/IHI/IHeﬁ Mo 3HAKOM MOAYJIsI MOJKHO HpeHe6peflL " IIOJIYUUTDb

1+ Wh(jo, )| = Ao,).

Torna
€max = Smax_ '
Aloy)
[1pu 3aIaHHBIX € U Jqax Halimem A(o,)
Ao,) = Tmax.
gmax

CnenmoBarteibHO,



O max
L(w,)=20lg A(w,) =20Ig =",
€max
Hrtak, uroO6s1 CAP cooTBeTCTBOBaNa 3aaHHON TOYHOCTH, Hago 4ToObl JIAUX
KelTaeMol cucTteMbl Ipoxojwia depe3 Touky L(m,) wim Beime. Ecnu xenaemas

JIAYX npoxoauT HUKE 3TOM TOYKH, TO TOUHOCTh HE OTBEYAET (XYy)K€) 3aJlaHHOU U
HAJ0 yBEIUYUBATh KOODPHUIIMEHT yCUTICHHUS.

[lonyyeHHBIE HU3KOYaCTOTHBIM M CPENHEYACTOTHBIA YYACTKU KEIAEMOM
JIAUX m©amo compsiub OTpe3koM TmpsMoirl ¢ HakioHoM (—40+-60) n6/xex,
HUCXOJSAIIMM W3 Hayajga CpeJHEYaCTOTHOTO YyYacTKa M  IPOAOJDKAOIIMMCA 10
MEPECEUYEHHUS C HU3KOYACTOTHBIM.

BricokouacToTHBIN ydacTok xernaeMont JIAUX coiep>KUT BBICOKME TAPMOHUKH
U ci1abo BIMSIET Ha TMEPEXOJHBbIH mporecc B cucreme, nodromy ee (JIAUX) Bun
MOXET  OBITh  JIOCTATOYHO  TPOU3BOJIBHBIM. s Oousibllied  MPOCTOTHI
KoppekTupytomiero ycrpoictsa JIAUX BbICOKOYACTOTHOTO y4yacTka skesnaemoir CAP
JINAa0T JIMOO COBMAJAIONIMM C TaKuM K€ ydacTkoMm ucxomnou JIAUX, nu6o
MIPOBOJIAT MAPAJUIEIBHO EMY.

CornpsikeHHe CPEeAHEYACTOTHOTO M BBICOKOYACTOTHOI'O YYacTKOB JKEIAaeMOU
JIAYX nipou3BoAsIT OTpe3KOM mpsiMoii ¢ HakiIoHOM (—40+—60) 16/aex, ucxoasumum
M3 KOHIIA CPEAHEYAaCTOTHOTO yYacTKa M MPOMOJDKAIOIIMMCA A0 NEPECEUYEHUS C
BBICOKOYACTOTHBIM.

KoppektupoBanue JIAUX uCXOIHOW CHCTEMBI MMEET CBOM OCOOCHHOCTU B
3aBUCUMOCTH OT MPUMEHSEMOTO BHUJA BKIIOYEHHS KOPPEKTHUPYIOIIETO YCTPOMCTBA,
T.€. TIOCJIEIOBATENBHOTO WIH MAPAIJIENBHOTO TOJCOEINHEHUS €TO0 B OCHOBHYIO LIETIb
CHUCTEMBI aBTOMATHUKHU.

B kypcoBoif pabore u3ydaercsi TOJBKO MOCIIEN0BATEILHOE KOPPEKTUPYIOIIIEE
YCTPOMCTBO.

4. CuHTe3 M0CJIe0BATEIbHOI0 KOPPEKTHPYIOILETr0 YCTPOHCTBA
[Iycte 3amana wucxogHas CAP (IyHKTMpOM HaMe€4e€HO MOCIEA0BATEIbHOE

KOPPEKTUPYIOIIEE YCTPOUCTBO, O MECTE €r0 BKIIOUCHUS B 1ienb UcxoaHol CAP peub
TIOMJIET HUXKE).

- o)) ]

Pucynok 3. [TocnenoBarenbHast KOPPEKLUS HCXOJHON CUCTEMBI.

Kak yxe roBopuioch Bbille, Mbl OyJeM TNPUMEHSIThH METOJl CHHTE3a
B.B. CononoBHukoBa, 0Oa3upyroUIUMics Ha HCHOJIB30BAHUM JIOTapU(MUUECKUX
XapakTepucTuK. JlorapupmMudeckue XapaKTePUCTHKH CTPOSATCSA I Pa30MKHYTBIX
CHUCTEM, IOATOMY B JajbHeWmieM OyaeM TMojpa3syMeBaTh, 4YTO BCE OIlEpaluu
MpOU3BOAATCS (KpoMe€ 0c000 OrOBOPEHHBIX CIIy4aeB) HaJ Pa3OMKHYTHIMU
cuctemamu. OTCr0/1a 00BSICHIMO, TTIOYEMY BO BCEX XapaKTEPUCTUKAX, OTHOCAITUXCS K



Pa30MKHYTBIM CHCTEMAaM, MHIEKC p — pPa3oMKHyTas, OyJeM OIlyCKaTbh, HANpUMED,

BMECTO ancx(p) 6yILeM AT YIIpOLICHHUS IMMCATh WI/ch(p) :

Teneppb, ucxons M3 pUCYHKA 3, 3alMIIEM MEPEAATOUYHYIO (YHKIUIO  JJis
HCXOJHOW Pa30MKHYTON CUCTEMBI.

WI/ICX (p) = Wl (p) ) WZ (p) :

[lepenarounast GyHKUUS ISl pa30OMKHYTOM KenaeMou (CKOPPEKTUPOBAHHOM)
CUCTEMBI OYET BBITJISACTH CACAYIOUIIM 00pa3oM

W, (p) = Wi (p) - W, (p) - Wiy (P) = W, (P) - W,y (P) -
Ecnu nepeiinemM B 4aCTOTHYIO 00J1acTh (p — j® ), TO MOJYYUM
W, (Jw) = W, (Jo) - W,y (J).
Moynb 3TON KOMIUIEKCHON (D)YHKITUH BBITJISAIUT KaK
W, (Jo) = A, (0) = A, (0) - Ay (@),
a morapudmMuueckasi XapaKTepUCTHKA
20Ig A, (Jo) = L (0) = Loy (0) + Ly (), ()
OTKYyJa MOJIy4aeTcs
LKy = L>1< ((D) - LI/ICX (O))

Onupasce Ha 3Ty (OpMyidy, MOXHO BBIBECTH CIEAYIOUIYI0 METOJIUKY
MOCTPOEHHUS KOPPEKTUPYIOILIETO YCTPOICTBA:

a) C MOMOILBIO JIOTAPUPMHUUYECKOTO KPUTEPHs] YCTOMUMBOCTH (MU JIFOOBIM
APYTUM METO/IOM) OTIPEAEISAETCS yCTOMYMBOCTh UCXOHON cucTeMbl. Ecian ncxomnas
CHCTeMa HEyCTOWYHMBA, TO HEOOXOAUM CHHTE3 KOPPEKTHUPYIOIIEr0 yCTPOUCTBA, €CIU

YCTOWYMBA — HA10 MOCTPOUTH KPUBYIO MEPEXOIHOTO MPOIECCa B UCXOAHOU CUCTEME,

OIIpCACIINTD tpncx , O , APYTUC MOKa3aTeJIn Ka4eCTBA U CPABHUTHb UX C 3aJaHHBIMHU

nucx
B TEXHMYCCKOM 3amaHuM. Ecim OKakeTcs, 4TO XOTsA OBl OJMH W3 IIOKa3aTeici

Ka4yeCTBa PEryaupoBaHus, HanpuMmep, o, >ty WIH G >GCppay, TO HE00X0IUM

CHHTE3 KOPPEKTHPYIOLIET0 YCTPOHCTBA, B MPOTHBHOM CIy4ae MOJIYy4aeTcs, 4TO
UCXOJHAs CHUCTeMa YCToWuMBa ¥ OO0JIaaeT TIOKa3aTelsiMH KadyecTBa, HE
NPEBBIIIAIONMMY 3aIaHHBIC U CaMa MCXOJIHAS CUCTEMA SIBIIIETCS YKETaeMO.

b) Oymem wucXoauTh W3 TOrO, YTO CHUHTE3 KOPPEKTUPYIOIIETO YCTPOWCTBA
HeoOxonum. Ha ogaom pucynke ctposrcs L, (o) n L, (o). ITo dopmyne (2) mia

OJJMHAKOBBIX 4acToT u3 opauHar L, (w) BblumrTatrorcs opaumuatel L, () u
nonysaercst JIJAUX xoppekrupyrouiero ycrpoicrsa L, (o) . Hawe xe nocrynaer 1o-
IPYroMy: U3 HAKJIOHOB y4acTKOB kenaeMblX JIAUX BBIUMTAIOT HAKJIOHBI ATHUX XK€
y4yacTkoB ucxoaHoil JIAUX, momydas B pe3yJibTaTe HAKIOHbI y4acTkoB JIAUX

KOPPEKTUPYIOLLETO YCTPOMCTBA. [TonmyuenHas JTAUX MOXKET OBITH
OXapaKkTepH30BaHa HEKOTOPBIMU TapameTpamu A; =1/T;, COOTBETCTBYIOIINMHU

toukam uznoma JIAYX KoppeKTUpyroLIEero ycTpoicTBa.
ITo Buny JIAUX KOpPpEKTHPYIOIIEr0 YCTPOMUCTBA U €ro mapamMeTpaM [j MOXKHO

3anucarh nepefatounyro GyHkumo W, (p) KOPPEeKTHPYIOLIEro yCTPOHCTBa.



C) MmpexJie, 9YeM HENOCPEACTBEHHO NMPUCTYIHTh K CHHTE3Y KOPPEKTUPYIOMIETO
yCTPOMCTBA II0 HAWJICHHOU LKy((o), CIEAyeT IPOBEPUTh, a YCTOMYMBA JIU

NOJy4eHHas jKelaeMas CUCTeMa M OTBEYaeT JIM OHa TpeOoBaHWAM 3amaHus. Jlis
sroro mo moctpoenHor JIAUX xemaemoil pasomkHyToM cuctemsl L. (p) Hamo

ONPEJeIUTh COOTBETCTBYIOLIYIO eif mepenarounyro ¢yHkuuo W, (p), a 3aTeM u
nepegaTouHyro (GyHkuuio 3aMkHyTOH xemaemoil cucrembl W, (p). Ilo mobomy

KPUTEPHUIO YCTOMYMBOCTH CJIEAYET OMpPEACIUTh YCTOMYMBOCTh 3aMKHYTOM >KeIaeMoit
CUCTEMBbI, M, €CJIIM OHa YCTOMYMBA, HAWUTH MEPEXOAHBIH MPOIECC B 3aMKHYTON
KeJIaeMou cucreMe

M = L4 W () ©

|y
M M3 5TOW KPUBOI OMPEJEIUTh HHTCPECYIOIINE HAC [OKa3aTenn Kadecra: 1,
G H T.J., CPABHUTB UX C TPEOYCMBIMH 10 TEXHHICCKOMY 3aJaHHIO T/, Cmay U T.A.
Ecnu nonyyeHHble OKa3aTeau HE MPEBBIIAOT 3a1aHHBIX IOMTYCTUMBIX 3HAYEHUH, TO
xemaemas CAP cunTe3upoBana BepHO. Ecnm ke XOTs Obl OJMH W3 MOKa3aTelen

Ka4yeCTBa IPEBBIIIAET JOIYCTUMBIM, TO HaJAO CTPOUTH 3aHOBO kenaeMyro JIAUX u
MOBTOPHUTBH BECh MPOLECC 3aHOBO. IIpy 3TOM HaJ0 MOMHHTB, YTO €CIIH, AOIMYCTHM, t,

nony4wnocs Oompmre  t,,,, TO, mMes B Buay ¢opmyny (1) u oOparHyro

IIPOIMOPIHHUOHAIBHYIO 3aBUCHUMOCTD tp H ® HaJ10 IIPUHYIUTCIBHO YBCIWYHUTDH

CpiK >
JacTOTy Cpc3a (CI[BHHYTI; CC BIIPpAaBO IIO0 OCH I-IaCTOT), YMCHBIINB TCM CaMbIM tp'

Ecnu nepeperynupoBaHue G NOIYYHIOCh OOJIbIIE JOMYCTUMOTO G pay » TO, BCTIOMHHB

TO OOCTOATENbCTBO, YTO YBEIMYECHHE MPOJOJDKUTEILHOCTH CPEIHEUYaCTOTHOTO
yuactka JIAUX yBenuuuBaeT aemmndupoBaHHE, T.€. 3aTyXxaHUE B CHUCTEME, IS
YMEHBIIICHUSI G MOXHO CMECTUTh BJIEBO HA4yaJbHYIO TOYKY CpPEIHEYACTOTHOTO
ydyacTka. MHorma Takue omnepanuyd MNPUXOAUTCS MPOJETbIBaTh HECKOJIBKO a3,
OOBIYHO YHUCJIO WUTEpaluid, 3a KOTOpOE CKOPPEKTUPOBaHHAs CcUCTeMa OyJleT
YAOBJIETBOPSATH MMOCTABICHHBIM TPEOOBAHUIM, HE TIPEBHIIIAET ABYX — TPEX.

d) mocne Toro, kak OyAeT BBISICHEHO, YTO CKOPPEKTHPOBAaHHAs CHCTEMa
OTBEYAeT TPEOOBAaHUSIM  TEXHUYECKOrO  3ajJaHusi  Oyiarojapsi  BKJIFOUYEHHIO
Koppektupytoutero ycrpoiicrea ¢ JIAUX L, (w), Hago nopoGpars maccuBHBIA

(Jale BCero) 4eThIPEXMONIOCHHK, peanusytomuii  yerpoiictso ¢ JIAUX L, (o).

DTO MOXHO CeNaTh C TOMOIIBIO CIIPABOYHUKOB MO KOPPEKTUPYIOIIUM YCTPONUCTBAM.
Bo MHormx ydyeOHuKax mo Teopuu aBToMaruueckoro ympasieHus (TAY) tak xe
MpUBEIEHBI HAU0O0JIEe YACTO BCTPEUAIOLINECS KOPPEKTUPYIOIINE YCTPOUCTBA.

B cnpaBoyHumkax MO TEOpUM AaBTOMATUYECKOTO PEryJUPOBAHUS JAIOTCS
nepejaroyHsle QpyHKUMH KoppekTupyromux ycrpoiicts W, (), mpuBozsTes ux

JIAYX L, (®). Onu npeacrasieHbl B BHJE YCTHIPEXIOIIOCHUKOB, OTBEYAIOLIMX
stum - W, (p), a Take MareMaTHYeCKHe —3aBUCHMOCTH, — CBS3bIBAIOLIHE

ANEKTPUYECKUE  TapaMeTpbl MacCHBHBIX  ueThipexmnomtocankoB (R,L,C) ¢



napamMeTpaMu KoppekTupyromero ycrpoiictBa  A; =1/T,. Ilo momydeHHBIM, H3
Ly (®) mapamerpam A; IO NPUBEACHHBIM MATCMATHYECKUM 3aBUCHMOCTSIM HAaXOJISIT
)

ANEKTPUYECKUE MapaMeTpbl YETHIPEXIOMIOCHUKA, TEM CAaMbIM 3aBepllas CUHTE3
xemaemoni CAP.

Hano otmeTwTh, 9TO K OHOW M TOM K€ MCXOTHOM CHCTEME MOYKHO MOA00paTh
MHOXECTBO Pa3JIMYHBIX KOPPEKTUPYIOLIUX YCTpOWcTB, ¢ KotopbiMu CAP Oyner
OTBEYATh 3aJlaHHBIM TpeOoBaHUsIM. I3 BceX BO3MOXKHBIX KOPPEKTUPYIOIIUX
YCTPOMCTB CTpeMSTCs BBIOpATh MpOCTEiiiee.

Ternepb 0 MecTe BKJIIOYEHHSI KOPPEKTUPYIOIIETO YCTPOMCTBA B IIENIb OCHOBHOM
cucteMbl.  I[IOCKOJIbKY =~ MACCHUBHBIE  YETBIPEXIOIIOCHUKH  HE  COAEpKaT
JIOTIOJTHUTENBHBIX MCTOYHUKOB HEPrUU, TO UX KOAIDPUIMEHT YCUIICHUS MEHbIIIE
CAUHUIIBI, T.€. KOPPEKTHUpYIOIIee YCTpoMcTBO ociabmser curHan. Orcrona
CTAHOBHUTCSI TOHSATHBIM, YTO KOPPEKTHPYIOIIHE YCTPOMCTBA HEIB3sl BKIKOYATh B
TOYKHU CXEMBI, TJI€ CUTHAJI ¢1a0, HapuMep, cpa3y Mociie U3MEPUTEIBHBIX YCTPOMICTB,
AaT4uKoB. OOBIYHO KOPPEKTUPYIOLIUE YCTPOMCTBA BKIIOYAIOT JINOO cpa3y Mocie
YCUJIMTENISA, TM00 MEXAY KaCKaJaMu yCHIIUTETIS.

Crnenyer OTMETUTH €II€ OJJHO 0OCTOSATEIBCTBO MOCIIEI0BATEIBLHON KOPPEKIUU.
Ecmu xoppekTupyroiiee yCTPOMCTBO BKIKOYEHO MEXKIY JJIEMEHTaMH HCXOJIHOU
CUCTEMBI, TO HaJ0 COTJIACOBATh BBIXOJHOE COMPOTHUBIICHHE MPEBIIYIIETO 3JIEMEHTA
U BXOJHOE COIPOTHUBICHHE KOPPEKTHPYIOUIErO 3JEMEHTa, a TaKXe BBIXOAHOE
CONPOTUBJIIEHUE KOPPEKTHPYIOUIETO 3JIEMEHTa W  BXOJHOE  CONPOTHBIICHUE
CJIEYIOLIErO 3JIEMEHTA. DTO HEMPOCTas 3a/Jada M €CJIM €€ HE YHAeTCS PElIUTh, TO
Hy)KHa TajJbBaHUYECKas pa3Bsi3Ka KOHTYPOB C TMOMOILIBIO Pa3AeIUTEIIBHOTO
TpaHchopMaTopa Wik ONEPAIMOHHOTO YCHIIUTEIIS.

5. Ilpumep

Ha ocHOBe MCXOMHOM CHCTEMBI C epeaTOYHON (HYHKIIUECH:

40
WMCX( p) =
p(L+0,25p)(L+0,0625p)

CO3J1aTh YCTOMYMBYIO JKEJIAEMYIO CUCTEMY C ITOKA3aTeIAIMU Ka4yeCTBa!
v=1
A < 3%;
t, <3c;
6 <30%.
Pemenne. Iloctpoum JIAUX wuCXOIHOW CUCTEMBI, UMES B BHAY, UTO €€
aMIUTUTYAHO-4aCTOTHasl xapakrtepuctuka (AUX) umeeT B
40
AI/ICX = 2 2 !
o1+ (0,25 ®)2 -1+ (0,0625- )
Bripaxkenne nisa tounoit JIAUX U3 npeaslayiero BbIpaXKeHusl MOJTyIUTC:




20Ig A, =L, ()=20lg40—20lg w—20lg 1+ (0,250)° —

—201g 1+ (0,0625)%w? = 32— 201g - 201g \/1+ (0,250) — 201g y/1+ (0,0625) 2

C yueToMm conpsArarouix 4acTor:

oo 1
17025
1

noctpouM JIAUX ncxoiHo# cuctemsl (pUc. 4) U ONIPENEIUM €€ YCTOMYUBOCTb.
U3 pucynka 4 moxHO yBuAeTh, uTo L, (m) mepecekaer och 4acToT Ha
BTOPOM YyYacTKe. 3HAYUT, €CIU IPUPABHATH BBIPAKEHUE JJII BTOPOH aCHUMMTOTHI
HYJIIO
32-20lg wy, —201g 0,250, =0,
MOJIyYUM UCKOMOE 3HaY€HHUE YacTOThI cpe3a:
wg, ~12,6[c7].

L((D)KU

40

w(1/c)

-40 3
0.01 0. 100 110

Pucynok 4. JIAUX ucxoIHOM, KeTaeMON CUCTEM U KOPPEKTUPYIOIIETO
YCTPOWCTBA.

Ha »stoil uacrote ¢a3zo-yactotHas  xapakrepuctuka (PUYX) wncxonHoi
CUCTEMBI JjaeT (a30BbIN CABUT:



T
P(o=0g,) = -5 arctgo,zsm\m:mcp — arcth,0625co\m:mCp -

= —g —arctg0,25-12,6 —arctg0,0625-12,6 =

=-90° -72,38° —38,22° =-200,6°.
3amac ycroiumBoct mo (ase cocraBmser: y =-180"—(-200,6°)=20,6"

3aMKHyTass MCXOIHAs CHCTEMa HEYyCTOWYHMBA, [OJITOMY HYXEH CHHTE3
KOPPEKTHUPYIOIIETO YCTPOUCTBA.
Ha tom xe pucynke 4 moctponm JIAUX >xemaemoii cucremsl L, (®). Haiinem

gy U3 opmyssr (1), B3SIB MOKa3aTenH KaueCTBA M3 YCIOBHH PacCMaTpHBACMOTO

npumepa (t, =3, 6 =30%):
~38-314

(’Ocpm - ~ 4[C_1] '

DTa 4acToTa TOJBKO CIIy4YailHO COBIQJA€T C YacTOTOM H3J0Ma HCXOJHOU
JIAUX 4c’ u HHKaKo# JOMOJHHTEIBHON CMBICIOBOM HAarpy3Kd HE HMEET.
CpenHeuacTOTHBIM y4acTOK MPOXOJAMT ¢ HakiaoHoMm -20 n0/mek W chpasa
OKaH4YHMBaeTCs OJrKauIer dyacToTor m3iioma ucxomHor JIAUX o = 16 c'l, a cjeBa

OT gy, HcxonHas JIAUX usnoma He mmeer, mosTomy xemaemyio JIAUX MOxHO

JoMath B JIOOOM MecTe, He 3a0bIBas, 4YTO JUIMHA CPEAHEYACTOTHOTO Y4YacTKa
onpezaenseT AeMn(pUpPOBAHHOCTh CUCTEMBbl. B Hamiem mpumepe 3a 4acTOTy cioMa
CPEIHEYACTOTHOIO YJACTKA CIeBa B3ATa JOCTATOUHO MPOM3BOJIBHO YacTota @ = 1¢ ™.

Hu3ko4acToTHBIN yyacToK cuctembl onpenensieT TouHocTh CAP. Tpedyemblil
Uist o0ecrieyeHusl B TaHHOM IpuMepe TOYHOCTH A =3% Ko3ppuuueHT ycuiieHus
K,y ompenensiercs o gopmyiie

K, = 1-A _ 1-0,03 _323.
A 0,03
HockoneKy KoddduuueHt ycuineHus ucxonHon cucremsl 40 Oombme K,

=32,3 TO 3amaHHas TOYHOCTh A  3aBEIOMO  BBIIEPKUBAETCA, MOITOMY
HHU3KOYACTOTHYIO 4acTh kenmaeMor JIAUX MOXHO COBMECTUTh C HU3KOYACTOTHOMU
yacThio ucxoanou JIAUX.

BricokouactoTHyto 4acth kemaemon JIAUX Tak ke COBMECTUM C
BBICOKOYACTOTHOM dYacThto wucxomHoi JIAUX (00 3TOM TOBOPHMIIOCH BBIIIE).
CpenneuactoTHblii y4yacTok kenmaemor JIAUX compsikeM € HU3KOYACTOTHBIM H
BBICOKOYACTOTHBIM YydacTkamu sxenmaemonr JIAUX acumnroramu c HakinoHoMm -40
n6/nex xaxapid. [lo moctpoeHHoM x)emaemoit JIAUX 3amwiieMm ee mepenaToquHyro
GyHKIHIO:



40(1+p)

——p+1)(@1L+0,0625p)(L+—
p(o’lzp )( p)( 4Op)
B 40(1+p)
p(8,3p +1)(1+0,0625p)(1+ 0,025p)
Bblie Mbl HOIYYWIH, YTO Oy, = 4c™. dasosbiit YroJl Pa3sOMKHYTOU

’KEJTAa€MOU CHUCTEMBI JJIA 9TOM YaCTOTHI ONpeAC/IACTCA BBIPAXKCHUCM.

Qo (Opc =4) = —g —arctg8,3-4 —arctg0,0625 -4 —arctg0,025-4 +
+arctg4 =—-122,34°.

CrienoBaTenbHO, 3arac YCTOMYHUBOCTHU o daze

y=-180" - (-122,34°) =-57,66° >0 3Haumt, CKOpPEKTHpOBAaHHAs 3aMKHYTas
CUCTEMA YCTOMYMBA.

Belie yxe TroBOPHIIOCH, 4YTO MO NEPENATOYHOW (PYHKIMU Pa3OMKHYTOMN
xemaemon cuctemMbl W, (p) ompenensercsa nepenarodyHas (QYHKIHUS 3aMKHYTOM
cucrembl W, (P) , a o nocnenHel — KpuBas IEPEXOIHOIO Mpolecca!

h>1<3 (t) = L-l{wxcg (p) ) 1}
p

[Io »2TOM  KpHMBOM  HaxONATCA  OCHOBHBIC  IIOKAa3aTelId  KayecTBa
CKOPPEKTUPOBAHHOMW CHCTEMBI M €CIIM OHM HE TNPEBBINIAIOT 33aJaHHBIX, TO
CKOPpPEKTUPOBAHHAsI CUCTEMa YAOBIETBOPSIET TEXHUYECKOMY 3anaHuto. Ocraercs
TOJABKO  TIO  TOJYYEHHOMY  KOPPEKTHPYIOIIEMY  YCTPOMCTBY  moao0paTh
COOTBETCTBYIOIMI ACCUBHBIN YETHIPEXITOIIOCHUK.

JIAYX mony4eHHOTr0 KOPPEKTUPYIOMIETO YCTpOMcTBa (puc. S5) oOTBeEYaer
nepeaaroyHasi QyHKIUS
(L+Tp)(L+T,p)

W, = ,
SRLRNTE TR
rme Tiy=1c¢; To=0,25¢c; T3=8,3¢; T,=0,025c.
N3 coOTBETCTBYIOLIEH JUTEPATYphl IO KOPPEKTUPYIOIIUM ycTpoicTBam [1],
[2], [3], [4] u ap., momyuennsiM L, () n W, (p) cOOTBETCTBYET NacCHBHbIH

YETBIPEXTOIOCHUK (pHC. 5) KOTOpBIA nMeeT Takue xe L () u W, (p).

C1

& 1 '/
R1
R2
Usx UBbIx
C2
& T ]

Pucynok 5. Koppektupyroniee ycTporucTBo.



Kpome Toro, ayis 1aHHOTO YETHIPEXTOMIOCHUKA MPUBEIEHBI HIDKECIICTYIOIINE
MaTEMaTUYECKUE  BBIPAKCHHS,  CBS3bIBAIOIIME  DJICKTPUUECKHE  IMapaMeTphl
yeTheIpexmnoiatocHuka Ry, Ry, C;, C, u mapamerpsl LKy(oa) -T,T,, T,, T,. 3a1aBIIKCh

4 o
JI0CTaTOYHO OoybImuM compoTuBieHHeM R, = 10°om mis cormacoBaHus 1emew,
MOJIy4UM

T 0,25

C,=—2 _222_55.10 5[],

? R, 10° L]
T1,2 :T3 _|_T4 _Tl —T2 :8,34—0,025—1_0,25: 7;075[(:]1

7,075 5

T,,=RCy; Riy=—"—-=2,23-10"[oMm],

1,2 1&2 1 25.10 ° [om]

T 1

T, =R,C;; C, = —3,53-10 °[].

R, 2,23-10°
CHUHTE3 OKOHYEH.

1. 3ananue Ha KypcoByIo padoTy
Coaep:xxanue KypcoBoii padoTbl

KypcoBasi pabota noiKHa coaepKaTb pacdE€THO-TOSICHUTENbHYIO 3aluCKy
00BEMOM NOpAJIKa 25 CTPAHULL U JBA JIUCTA FPAPUUECKOI YACTH.

PacuétHo-nIosiCHUTENBbHAS 3aNIMCKa TOJKHA CONEPKATH:

— BBEJICHUE;

— onucanue npunnuna padotsl CAP;

— COCTAaBJIEHUE CTPYKTYPHOM CXEMbI HCXOTHOW CUCTEMBI;

— nonyyeHue audPepeHIralIbHbIX ypaBHEHUN OTAENbHBIX 3JIEMEHTOB
CHUCTEMBI U UX NIepeAaTOUYHbIX (DYHKIUH;

- MoJIy4eHHEe nepeaaTouyHor GyHKuu u auddepeHuaibHOr0 ypaBHEHUS
Pa30MKHYTOM UCXOJHON CHUCTEMBI;

— ompeneneHrue JA0OpoTHOCTH (oOmiero  koddduimeHTa  yCUIICHUS)
CUCTEMBI;

— MOJTyYeHHE MepeIaTouyHoN (PYHKIIUU UCXOTHON 3aMKHYTON CUCTEMBI;

— nocrpoenue ucxognou JIAUX;

- OIPENICJIEHUNE  YCTOWYMBOCTH  HUCXOJAHOW  3aMKHYTOM  CUCTEMBI.
Haxosxenue rpannuHoro kosdduirienTa ycuieHus:

- noctpoenne kemaemon JIAUX wm  JIAYUX  koppekTHpyromero
YCTPOMCTBA;

— OIPENICIEHUE YCTOMYMBOCTH, PACYET U MOCTPOCHUE TIEPEXOIHOTO
IIPOLIECCA B CKOPPEKTUPOBAHHON CUCTEME;

- CUHTE3 NIOCJIE0BATENBHOTO KOPPEKTUPYIOIIETO YCTPOKCTBA,;

- pa3pabOTKy CTPYKTYpPHOM W NPUHIIUIUAIBLHOM DJJICKTPUYECKONM CXEeM
ckoppektupoBaHHor CAP;

— 3aKJIFOUYCHHUE.

['padrueckast vacTh TODKHA CONEPKATH:



1-i smecr — CTPYyKTypHass M NpPUHUUIMAIbHAS JJIEKTpUYECKass CXeMa
CKOPPEKTUPOBAHHOMN CUCTEMBI;

2-i JMCT — JAMHAMUKa CUCTeMbl (JIoTapu(MUUYECKHE XapaKTEPUCTHKU
UCXOJHOM, JKEIaeMOM CHCTEM U KOPPEKTHPYIOIIETO yCTPOMCTBa, KpHUBas
[EPEXOJHOr0 Ipolecca € YKa3aHHBIMM Ha HEW NpSAMBIMU OLIEHKAMHU KauecTBa
pETYJINPOBAHUS).

B 3aBucuMoCTH OT BapuaHTa CTyIEHTY IpeIaraeTcs 1l UCCIEI0OBaHUs OJTHA
U3 CIENYIOLINX TEM:

— CAP ckopoctu pABuratenss IOCTOSSHHOTO TOKa C  HE3aBUCHUMBIM

BO30YXKJICHUEM;

— CAP nHanpsbkeHus reHepaTopa HOCTOSHHOTO TOKa;

— ClIeIAIas CUCTEMA C AJIEKTPOMAIIMHHBIM YCUIIUTENEM;

— CUCTEMA aBTOMATHYECKOTO PETYJIMPOBAHUS  TEMIEPATYPbI B

IIOMEIIICHNH;

— CUCTEMA aBTOMATHUYECKOT'0 PETYJIMPOBAHUS TEMIIEPATYPHI B I1€UH;

— CHCTEMa aBTOMAaTHYECKOIO PETYJIMPOBAHMS TEMIEPATYPhl TEIJIOHOCHUTEIS

3€pHOCYILIUJIKH.

OTmeTuM, 4TO BO BCEeX TPEX ciayyasx He 3aJaH KOIPQOUIMEHT YCUJICHUS
AJIEKTPOHHOIO ycuiuTelns. Ero Hajgo BBIUMCIUTH cleayoumm oopasoM. B nporecce
MOJIyYEHHUsl TEpPelaTOuYHON (YHKIUM HUCXOAHOM CHUCTEMBbl MOXHO 3alucaTth
BbIpaxkeHue s kodpduunenta ycuienus PCAY B cnenyromei popme:

K=KiKs. . KKy,

rne Ky,..K, —3amannpie 3HaueHust KOA(PQUIMEHTOB YCHUJIICHHUS SJIEMEHTOB

CAP (mBuratens, OMYVY, penykropa, reseparopa u T.14.), K, —noanexammi

Y
omnpeneneHno KOIPGUIUEHT YCUJIEHUS JJIeKTpoHHOTO Yycumutens. C  apyrou
CTOpPOHBI, TpeOyemblii JuIsi oOecredeHusl 3aJaHHOW OIIMOKH PEryJupoOBaHHUS A
koo puument ycmnenns PCAY K, B A n B cucremax onpenensercs u3

BBIPAXKEHUS:
1 1-A
=—— mwm K =—o1. 4)
1+K A
by
It cucremsl C TpeOyemoe  msi  oOecClieUeHHMs] 3aJaHHONM TOYHOCTH
3HaueHue kodpduimenta ycuienusi PCAY Kyp ompenensercs: BIpaKeHUEM:

Q
K=" )
®
K
rae (2, - MAKCHMAJIBHOE 3HaYEHUE CKOPOCTH BpAIEHUS 3a1al0IIEH OCH,
O, - KUHETHYecKas OlMOKa ciesIleld CUCTEMBI.

OTcroga MOXHO HaUTH K3y st CAP Bcex Tpex TUIIOB

K
Ky=—""® (6)
KiK,.. K,



3amMeTUM, YTO Ha CTPYKTYpPHOW CXEMe H3MeEpHUTeNbHOEe YycTporctBo M3V
CeASIIEH CUCTEeMBI MPECTABIIICTCS 0OBIYHO B BUJIE (PHUC.6).

Q2B w,m LAY,
B

Pucynoxk 6. I3mMepuTeapHOE YCTPOUCTBO CHEISIIECH CUCTEMBI
AU
a

rne me (p) = = = KI/ISy'

OTMeTHM Takke, 4TO B clensiie cucreMe ¢ OMY penykTop 3aaH CBOUM

[IepcaaToO4YubIM YHCIOM Ipe):[’ KOTOPOC CBA3aHO C KOB(I)(l)I/IIII/IGHTOM YCHUIICHUA

pPENYKTOpa 3aBUCUMOCTHIO:

Bo Bcex Tpéx Temax, MNPENCTABICHHBIX [Ji W3YyYCHHS, Mpejiaraercs
HCIIOJIB30BaTh MOCIEA0BATEILHOE KOPPEKTUPYIOIIEE YCTPOMCTRO.

OTMeTHM, YTO Ha NPUBEICHHBIX HIDKE MNPUHIUIHAIBHBIX JJICKTPUUECKUX
cxemax CAP u B Tabnuiax ux napameTpoB 0003HAUYECHO:

J| — nBuraTenb NOCTOSHHOTO TOKA;

OB ]I — 06MoTKa BO30YKICHUSI IBUTATENS;

I' — reneparop;

OB I' — 06MOTKa BO30YXKIEHUSI TEHEPATOPA;

OMY — 51eKTpOMallIMHHBIA YCUITUTEND;

OB DMV — 06MoTKa BO30YKJIEHUS AIEKTPOMAITUHHOTO YCUIIUTEIIS;

TI" — Taxoreneparop;

OB TI'- o6mMoTKa BO30YKI€HUSI TaXOTreHEPaTopa,;

DY — 3IEKTPOHHBIN yCUIUTENb;

ILIT1,I12 —noTeHUrnOMETPHI;

P — penykrop;

N3V — usmeputenbHOe yCTPOUCTBO;

T, - DIexTpoMexaHnyuecKas MOCTOSHHAs BPEMEHU JABUTATENs; T, - HOCTOSHHAs

BPEMECHU T€HEPaTOPa;

T, - mocrosiHHasi BpeMCHHU LieNH yrpasieHust DMV

T, - mocrosHHas BpemeHM nonepedHoi nenu OMY (st CAP HanpsokeHus

reHepaTopa BO BCeX BapuaHTax NpuHATH 1, = 0);

K)I y KI‘ y KBMy ’ Kn- 1K3y ' erﬂ ’KI/I3y

COOTBETCTBEHHO, JBUTaTells, TE€HEPATOpa, JJIEKTPOMAIIMHHOTO  YCHIIMTEI,
TaxOreHEPaTopa,  AIEKTPOHHOTO  YCWIMTENS,  PEayKTOpa,  HU3MEPUTEIBHOTO
YCTPOUCTBA;

-K03(PUITMEHTHI YCUJICHUS],



K, K
BC3JIC PABHBIMU CIHWHHIIC, t

1Ky - KO3(h(UIHMEHThl YCHIIEHUS NOTEHIMOMETPOB, NMPUHUMAaEMble

p - BpeMs peryanpoBaHus (BpeMsl MEPEXOLHOIO

nporuecca); A — ommOKa peryJIMpoBaHus; G — BEJIUYMHA TepeperyIUPOBaHUS.

CAP ckopoCTH ABUTaTeJIsl MOCTOSTHHOIO TOKA ¢ He3aBUCHMbIM
BO30Y:KIeHHEM

_-N“ly Q Q%MH

30 5%

"“u!., / n
LK Y 4 +

()

3y . 4 AN g -
q 06 7Tr

08 3MYy
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Usq
Pucynok 7. CAP ckopoctu 1BUraTens noCTOSSHHOTO TOKa

Ora cucrema (puc. 7) TpenHa3Hauye€HAa MJis MOJJCPKAHUS C HEKOTOPOi
TOYHOCTBIO 33/IaHHOM CKOPOCTH BpAIEHUS JBUIATENS [IPU MEHSIOLIENCS BO BPEMEHU
Harpyske Ha ero Baity M. 3aechk oOpatum BHuMaHMe Ha 3nieMeHT TI', Ha3pIBaeMblii

TaxOreHEepaTOpOM. DTO MAIIMHA ITOCTOSTHHOTO TOKA, BaJl KOTOPOM JKECTKO COEAVHEH
c Basom asuratens J[. Ha oOMoTke 3TOM MalimHbI BbIpaOaThIBa€TCs HANpSKEHUE
U, IPONOPLHOHAIBHOE YIJIOBOW CKOPOCTH BPAIECHUS JIBUTATEIIA:

U,=K, - Q (7)
NHbIMU C1OBaMU, TaXOT€HEPATOP SIBISAETCA U3MEPUTEIEM YIIIOBOM CKOPOCTH
ABUTaTessl NOCTOSTHHOrO Toka. Hanpsbkenne U, Xapakrepusymolee (pakTHIECKYIO

Tr 2

YIJIOBYIKO CKOPOCTh JBHUTaTells, CpaBHMBAeTCs C Hampsbkenuem U, ., kxortopoe

omnpenensieT MOTPeOHYI0 CKOPOCTh JBUTATENs, U Ha DJIEKTPOHHBIA YCHUIUTEINb,
CJIEIOBATENBHO, ITOCTYIIAET CUTHAJI PACCOTIaCOBAHUSA

AU=U, -U_. (8)
dynkunoHanbHasA cxema paccmarpuBaeMoit CAP npencrasiena Ha pucyHke 8.

M. l
9

S L T I e S

U
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Pucynok 8. @ynkimonansHasa cxema CAP ckopocTu ABUTaTENS TOCTOSTHHOTO
TOKA.



U3 pucynka 8 BumHo, uyto B CAP ckopoctu nBuratens oOpaTHasi CBSI3b
HEeIMHUYHAasL.

B ycraHoBuBIIEMCSl pexXHMe YriIoBast ckopocts ( n Hanpsokenust U, U, ,

Uy, AU 1ocTosHHEBI U HE paBHBI HyO, T.e. U . # U, . DT0 03Ha4aer, 4TO0 yriaopas

CKOPOCTB JABUTATEIIS OTIWYACTCS OT 3aJaHHOTO 3HAYCHHS HA BEJIUYHHY CTATHYCCKOM

ommbku AU. Cratuueckas ommuOKa 3/1eCh NPUHIUIHAIBHO HEeW30ekHa, W00 mpH
AU= 0 B cucteme ycranosurcs 2 = 0.

Taobmuna 1

HcxomHbIe TaHHBIC TIO BApHAHTAM

No TH, T, Ty, T, Kll’ K., o tp, G.
Bap | c c c paz /B¢ Ko | Koy BC/pajt A% c | %
1 0,02 0,01 ]| 0,005 | 0,002 0,6 0,9 1,2 0,08 3 1,0 | 30
4 |1003 0,010,007 | 0,003 0,8 10| 0,9 0,05 3 10830
7 10,06 | 0,02 | 0,005 0,002 0,6 10| 15 0,08 3 (10|30
10 | 0,04 | 0,01 | 0,008 | 0,003 0,6 08| 1,0 0,05 3 (0,730
13 | 0,08 | 0,02 | 0,006 | 0,004 0,8 10| 15 0,08 3 (0,730
16 | 0,01 | 0,03 | 0,005 | 0,003 0,7 0,7 1,2 0,07 3 10535

19 /0,01 | 0,04 | 0,004 | 0,002 | 0,75 |08] 09 0,06 | 25 05|35

22 10,02 | 0,02 | 0,005 | 0,004 0,5 09| 11 0,05 2 10435

25 | 0,02 | 0,03 | 0,006 | 0,003 0,6 08| 1,0 004 | 251025

28 | 0,03 | 0,02 | 0,007 | 0,003 0,8 0,7] 11 0,06 2 105]30

31 | 0,03 | 0,03 | 0,004 | 0,004 0,7 08| 12 0,05 2 109]35

34 10,04 |0,01| 0,006 | 0,002 0,8 10| 09 0,04 | 250935

37 10,04 | 0,02 | 0,005 | 0,003 0,6 09| 10 0,04 3 11035

40 | 0,04 | 0,03 | 0,003 | 0,005 0,7 09| 13 003 | 251135

43 10,01 | 0,02 | 0,005 | 0,004 0,7 08| 12 0,05 3 [10]25

46 | 0,01 | 0,03 | 0,006 | 0,004 0,8 10| 10 0,08 2 112130

49 10,02 | 0,02 | 0,007 | 0,003 0,6 09| 09 0,07 3 11030

52 10,02 0,03 | 0,005 | 0,002 0,7 10] 11 005 | 251135

55 | 0,08 | 0,02 | 0,006 | 0,004 0,5 0,7] 10 0,08 | 251230

58 | 0,08 | 0,03 | 0,003 | 0,005 0,6 0,7] 1.2 0,07 | 2512|355

61 | 0,02 | 0,01 | 0,005 | 0,001 0,5 0,7] 11 0,08 | 251130

64 | 0,06 | 0,02 | 0,004 | 0,002 | 05 [09] 15 0,08 3 11,1]30

67 | 0,08 0,02 ]| 0005|0004 075 |09 14 0,05 3 10830
/0 /0,01 0,03 ]| 0,004 | 0,001 0,7 12| 08 0,07 3 [06]35
/3 10,03 0,02 0,007 | 0,001 0,6 08] 1,0 0,06 2 10,7130




CAP nHanpsixeHnsi reHepaTOpa NOCTOSTHHOTO TOKA
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Pucynok 9. CAP HanpsikeHust reneparopa

Onucanue npuHuumna padotel CAP HampspkeHUs TeHeparopa, IpeiICcTaBIeHO
B METOJMYECKUX yKa3zaHMsX jajnee. McxoaHele naHHbIE 110 BTOpoMy BapuaHTy CAP
Ipe/ICTaBjIeHbI B TaOIMIIE 2.

Tabmuia 2
Hcxoaupie maHHBIC IO BapraHTaM
o T, Ty,
No c Tr ) c K,L[ J Kr KaMy erﬂ OA, tp ! (()5
Bap. c pan /Bc Yo Cc Yo
2 0,5 0,2 0,05 2 1 3,5 1 2 14,9 30
5 0,6 0,1 0,08 15 1 2,5 1 2 11,8 30
8 0,4 0,2 0,06 2,5 1 3 1 2 11,9 30
11 0,5 0,2 0,06 2 1 3,5 1 2 115 30
14 0,7 0,3 0,05 15 1 3 1 2 12,0 30
17 0,55 | 0,25 | 0,05 1 1 2 1 25 | 115 35
20 0,55 | 0,15 | 0,06 15 1 2,5 1 25 | 12,0 25
23 0,55 | 0,35 | 0,04 1,3 1 2,3 1 25 | 14,0 25
26 0,55 0,3 0,06 1,2 1 2,1 1 3 13,5 30
29 0,5 0,3 0,08 15 1 2 1 275 12,0 30
32 0,6 0,2 0,05 2,5 1 3 1 |2,75| 50,0 30
35 0,6 0,3 0,06 1,2 1 2,75 1 |225| 45,0 35
38 0,65 0,2 0,05 1,3 1 2,5 1 (225 12,0 30
41 0,65 | 0,25 | 0,05 1,1 1 2,25 1 23 | 15,0 25
44 0,65 0,3 0,04 1,4 1 2,3 1 24 | 145 35
47 0,7 0,2 0,04 15 1 2,3 1 25 | 148 30
50 0,7 0,4 0,03 2 1 2,4 1 2,75 14,1 25
53 0,75 0,2 0,04 2 1 2,5 1 |255| 15,0 30
5 |[0.,75| 0,3 0,04 1,75 1 2,5 1 23 | 151 30
59 0,75 | 0,35 | 0,05 2 1 3 1 3 23,1 35




Ne T,H’ Tr ’ Ty 1 K;[! K K A, tp ) o.
Bap. ¢ C ¢ pan /B¢ ' Y PEUL % C %
62 0,5 0,2 0,01 2,2 1 2,75 1 275 150 30
65 0,7 0,3 0,02 1,8 1 3 1 25 | 12,0 30
68 0,6 0,2 0,01 2,2 1 2,5 1 2,75 49,0 30
71 0,65 0,2 0,01 1,25 1 2,25 1 25 | 12,0 30
74 0,65 0,3 0,02 1,3 1 2,0 1 23 | 15,0 35
Caeasimasi cucTeMa ¢ 3J1eKTPOMAIMHHBIM YCHJIUTEIeM
HccnemyeM  clemdilyr0 CHUCTEMY C  DJEKTPOMAIIMHHBIM  YCHUIIUTENCM.

HpHHHI/IHHaﬂBHa}I QJICKTPpHUYICCKAA CXCMa ATON CUCTEMbI IMIPHUBCACHA HA PUCYHKC 10.
AU

08 3My W

Pucynok 10. Cneasimias cucrema ¢ OMY.

PaccmoTpum paboTy cnensimield cucteMbl, T.e. Takod 3amkHyToi CAP,
KOTOpasi TpeIHa3Ha4YeHa JJii BOCIPOU3BEACHHUS HCIIOJIHUTEIBHBIM (BBIXOHBIM)
YCTPOMCTBOM BXOJHOTO BO3AEHCTBHS, U3MEHSIONIETOCS MO MPOU3BOJBHOMY 3apaHee
HEU3BECTHOMY 3aKOHy. YacTb 3JIEMEHTOB, MCIIOJIB3YEMBIX B CHUCTEME W
M300paKEHHBIX HA yKa3aHHOM PUCYHKE, HAM YK€ BCTpeuaiach paHee. PaccMoTpum
paboty wu3meputenbHoro ycrpoiictea M3Y. B nmanHO# cucteme 3TO yCTpPOMCTBO
COCTOMT M3 JABYX KpyroBbix noreHuromeTpos [11 u [12, coenuHeHHBIX MapaieibHO
Y 3alUTaHHBIX OT BHEIIHEr0 MCTOYHWKA HampspkeHus. HampspbkeHusi, CHUMaeMble C
MOJI3YHKOB MOTEHIIMOMETPOB OTHOCUTEIBHO HaYaJIbHBIX TO4YeK oOMoTok I11 um I12,
MPOTIOPIIMOHANIBHBI JJISI MaJIbIX OTKJIIOHEHUM yTjiaM o U, B a HampspKeHHE MEXITy
MOJI3yHKaMU MOTEHIIMOMETPOB XapaKTepU3yeT pa3HoCTh o — 3.

BX0JIHBIM CHTHAJIOM B CHCTEME SIBIIICTCS YTOJI IIOBOPOTA 3ajaroiiero Bana oft),
BBIXO/IHOM BEJIMYMHON — YTOJI TOBOPOTA UCTIOJHUTEIBHOTO (0TpabaThIBAIOIIIETO)
Bana f(t). Texymas pasHocts Mexay o(t) u B(t) ompenensier yromn paccoriacoBaHus
WJIM HEBSI3KY CIIEJSIIEH CUCTEMBI, a BEIXOAHBIM curHajioMm M3V Oynet HanpspkeHne

AU =K [o(®) - B()] (9)



Taxkum 00pazom, QyHKIIMOHATEHAS CXEMa aCTaTHYECKOW CIEISIIECH CHCTEMbI
OyJeT BBITJISAIETh TaK, KaK 3TO M300pakeHO Ha pucyHke 11 (mpu 3ToM O — yronu
OBOPOTA BBIXOJHOTO BaJia JBUTATEIS).
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Pucynok 11. @yHKIIMOHaIBHAS CXEMa ACTAaTUYECKOM CIEAIICH CUCTEMBI C
OMYV.

Paccmotpum paboty cnensmieit cucrembl. [lycte B CAP, pabotaBmieit 1o
HEKOTOPOTO MOMEHTa B YCTAHOBUBIIEMCS PEXKHME, CKAYKOM HW3MEHHIICS YIroJl
MOBOPOTA BXOJHOTO Bajia 0, ¥, 3HAYMT, MOSBUWICSA curHal paccorimacoBanus AU (9),
KOTOPBIHN MoaeTcst Ha BX0J1 (pa3odyBCTBUTENbHOTO yeunutens JY. Yceunennoe B OY
u OMY HampsbkeHue COOTBETCTBYIOMIEH (ha3bl MOAACTCS B SIKOPHYIO OOMOTKY
WCHOJIHUTEIBHOrO aBurarens [, KOTOpbIM 4epe3 peayKTop IOBOPAaYMBAECT
OTpabaThIBAIONIYI0 OCh B HAIpaBJICHUM YMEHBIIEHUS yria paccoriacoBanus. Eciu
MOJIOKEHUST 3aJal0NIel U WCIOJIHUTENBHBIX OCEeM CHOBa COBMAAyT, TO [} CTaHET
paBHBIM o u corjacHO (9) craHeT paBHBIM HyIO HeBsizka AU u orpaborka
paccoriacoBaHusi mpekpaTutTcs. M3 3TUX pacCykIeHUW BUIHO, YTO HCCIEeayemas
CUCTEMA SBJISICTCS aCTATUYECKOM.

PaznuuaroT cTaTU4ecKyro M KHHETHYECKYIO OMUOKH cheasmieit cuctemsl. [1og
CTaTUYECKOM OIIMOKON B TaKOW CHCTEME MOHUMAIOT CIEAYIONIyo Benuuuny. [lycts
3aaiiasi och OyJeT NPUHYIUTEILHO TOBEPHYTAa OTHOCHTEIBHO HEKOTOPOTO
3HAYCHUS, IPUHUMAEMOr0 32 HYJIEBOC, HA YIOl O . OTpabarsiBatomast 0ck Oyner

MepeMeInaThCcsl BCJCA 3a 3ajJaroliel ocbio. B ycraHoBUBIIEMCS pekuMe Oyner
HaOJIO/IaThCS  OCTATOYHBIM  YTOJI  PAcCOIVIaCOBaHUS MEXAY OTHMH  OCSMH,
HA3bIBAEMBIA CTATUYECKOUN OIMIMOKOU CIIENAIIEH CUCTEMBIL:

1
Aer =17 B (10)

rae K — koo duunent ycunenus cleasueil CUCTEMBI.
Ilpu oy, =1, Hampumep, NpH EIUHUYHOM I[OCTOSSHHOM BXOJHOM CKauKe

cTaTudeckas ommoOka OyeT paBHa:

1
Aer 1+ K (11)

[IoHATHO, YTO B HalEM NPUMEPE, KOTJa Mbl PACCMATPUBAEM aCTATHYECKYIO
CIIEIAIIYIO0 CUCTEMY, CTAaTHUECKast OIIMOKA paBHA HYJIIO.

Kunernyeckoit  ommOKOM  ciensuiel  CUCTEMBl  Ha3bIBae€TCs  yrolil
paccorIacoBaHusi MEXKIy 3aJaroliell U OTpadaThIBAOMIEH OCSMHU, BO3HHKAIOIIWNA B



Ciay4dae, KOrJa 3aJarollasi OCb PAaBHOMEPHO BpAIAETCS C ITOCTOSHHOM YIJIOBOM
ckopocTer0 y. B 3TOM cilyyae KuHeTHYEeCcKas OIIMOKa CIEASsIEH CHCTEMBI

OIIPECACIACTCS BBIPAXKCHUCM .

_ 9
A == (12)
Tabmumna 3
VicxoHble JaHHBIE 110 BAPHAHTAM
BJ:IQ) K Ty’ TK, TZl’ Kz(’ K | Qm, OK, tp, o.
o C C c | P P  pan/e | pan C %
/BC
3 45 0,1 | 0,06 |07 ] 15 34 290 | 0,4 |0,005| 6,0 | 30
6 6,0 | 0,03 | 0,02 [0,11| 3,9 36 490 | 0,5 |0,005| 3,0 | 30
9 3,0 [0,043] 0,1 |0,02| 1,9 50 200 | 0,1 |0,004| 59 | 30
12 55 | 0,08 [0015| 0,2 | 2,0 45 300 | 0,2 |0,003| 6,1 | 30
15 9,0 |0,005|0,002|0,02| 0,8 50 600 | 0,3 |0,004| 50 | 30
18 35 [ 015 (005 |04 | 20 25 250 | 0,2 |0,003| 53 | 20
21 | 40 | 0,02 | 0,04 |0,25] 2,5 40 350 | 0,3 |0,004| 52 | 25
24 7,0 10,025| 0,02 |0,05| 3,0 30 500 | 0,4 |0,005| 48 | 30
27 20 1005|002 |01]| 25 35 250 | 0,3 |0,004| 40 | 35
30 2,5 0,1 | 003]03]| 20 45 300 | 0,2 |0,003] 6,0 | 35
33 30 {015 01 | 02| 2.2 30 300 | 0,3 |[0,005| 55 | 35
36 35 [ 004 02 01| 23 35 400 | 0,2 |0,003| 50 | 30
39 35 (003003025 26 40 450 | 0,25 | 0,003| 7,0 | 30
42 | 40 | 0,05 | 0,08 |0,25| 2,7 45 450 | 0,3 |0,004| 7,1 | 30
45 | 40 | 004 | 01 |0,09]| 29 50 500 | 0,35 |0,004| 6,4 | 35
48 50 | 006 | 011 01| 30 50 480 | 0,25 |0,003| 56 | 35
51 55 1012 | 005 | 0,2 | 3,2 35 470 | 0,25 |0,004| 6,0 | 35
54 6,0 | 005|005 |01 28 40 420 | 0,3 |[0,004| 53 | 30
57 6,0 0,1 | 0,04 |0,09| 2,7 42 400 | 0,3 |0,005| 57 | 30
60 70 008 | 01 |0,15| 3,0 40 300 | 0,35 |0,005| 59 | 30
63 30 (005015 (0,02 25 45 250 | 0,15 | 0,004| 56 | 30
66 | 10,0 |0,005|0,002|0,01| 0,9 35 550 | 0,3 |0,004| 50 | 30
69 3,5 0,2 | 0,05 |025| 1,9 30 300 | 0,2 |0,003| 51 | 20
72 | 40 [0,015/0,035| 0,3 | 2,3 45 350 | 0,3 |0,004| 55 | 25
75 2,0 | 0,05 |0,015({0,05| 2,2 40 300 | 0,25 |0,003| 49 | 35




Oco0eHHOCTH CHHTEe3a HU(POBBIX CHCTEM

OcHOBBIBasiCb Ha AaHaNW3€ [JVIABHBIX IIOJIOKEHHM, PACCMOTPEHHBIX B
OpeabIAyIUuX —pasfenax, MOXHO CQOpMYJIHpPOBaTh OCHOBHBIE OCOOCHHOCTU
U(POBBIX CUCTEM, OTIUYAIOUIUX UX OT HENIPEPHIBHBIX:

— 3aKOHBl PEryJMPOBAaHHUS PEAIU3YIOTCS IMPOTPAMMHO C  IOMOIIBIO
JIrOPUTMOB, ONTUCHIBAEMBIX JUCKPETHBIMH MEPEATOUHBIMU QYHKIUSIMU;

— Onaromaps rHOKOCTH CpPEACTB MporpaMmmupoBaHus npu noctpoennn CAP c
MUKpOOBM MoxHO peanu3oBath He TobKO Tumnossie [1-, Y-, T[IN-, T1][-3akoHbI
pEerylIupoBaHMs, HO H TPAKTHUECKH JIIOObIE IO  CJIOXHOCTH  alTOPUTMBI
peryJINpOBaHMUS.

Kak ® [ HempepbIBHBIX CHCTEM, NpH pa3paboOTKe LHHU(PPOBBIX CUCTEM
BO3MO>KHBI JIBE PA3JIUYHBIE IOCTAHOBKH 33Ja4l CUHTE3A!

1— cTpyKTypHO-TIapaMETPUYECKUN CHUHTE3 3aKOHA PEryJupoOBaHUS TIO
U3BECTHOM CTPYKTYpHOU cxeme HenpepbiBHOU CAP;

2— CTPYKTYpHO-TIapaMETPUUYECKUNA CHUHTE3 3aKOHA PEryJUpOBaHUSA IIO
3aJIaHHOM MaTEMaTUYECKON MOJIeNTd 00OBEKTA PETYIUPOBAHMUS.

B cBsA3U ¢ 3TUM LIEIBIO HACTOSALIETO pa3ieiia sABIsETCs CIEAYIOIEee: B IIPOLecce
pelIeHNs] MPAaKTUYECKUX 3a7a4 HAa OCHOBE WHIMUBUAYAIBHOTO 3aJaHU KaXKIbId
oOydJaronuiicss J0mKeH OocBOuTh Metoauku cuntesa CAP ¢ mukpoOBM, Ha
AJIEMEHTAPHBIX MOJIOXKEHUSAX TEOPUM LUPPOBBIX CUCTEM, C MPUBICYECHUEM
COBPEMEHHBIX KOMITBIOTEPHBIX TEXHOJIOTHA.

[IpuBenennsie B HUXkE cienyromux naparpadax onucanuss CAP u 00beKTOB
pEeryJIMpOBaHUs TO3BOJSIIOT (POPMHUPOBATh OOJBIIOE MHOTO00Opa3ue 3aJaHuil s
WHJUBUTyaJIbHOU pabOThl CTYAEHTOB, KaK, HAaPUMED, CIAEAYIOIINE

1 6apuanm. Ilo 3aganHOoMy onucanuio HenpepbsiBHOM CAP, peann3zoBaHHOI Ha
OCHOBE ammapaTtHbIX CpencTB, HeoOxoaumo paspabortaTh JokaidbHyto CAP ¢
MUKpOOBM.

2apuanum. 1lo 3a1aHHOMY ONMHMCAHUIO OOBEKTA PETYIUPOBAHUS HEOOXOIUMO
paspaborars nokaiabHyro CAP ¢ Mukpo2BM.



CucreMa aBTOMaTHY€CKOIO peryJiupoBaHusi TeMIIepPaTypbl
B IIOMeLIleHU

Cxema, npeacTaBieHHas Ha pucyHke 12, npencrasisier CAP temmnepaTypsl B
nomemennn. OObekToM perynupoBanus (OP) B naHHOM cucteme sBIseTCA
MOMEIIIEHHE, PETyIupyeMasi BeTMYMHa KOTOPOro — TeMIeparypa BHYTPH MOMEIICHHUS
0, perymupyromiee (ympapisioilee) BO3JEHCTBUE — Temmeparypa Bo3ayxa Oy,
MoCTynaromero u3 kajmopudepa U BO3MYUIAIONIEE BO3JACHCTBHE — WM3MEHEHHS
BHemHUX (pakTopoB f (B 0oOmeM ciiydae W3MEHEHHE TeMIlepaTyphl aTMOCHEPHOTO
BO3/lyXa, €r0 BJIAXXHOCTH, CKOPOCTH BeTpa). [Ipu ucciaenoBaHny CUCTEMBI B KAUECTBE
OCHOBHOTO BO3MYIIEHHUSI CJIEAYEeT paccMaTpuBaTh WM3MEHEHUE TeMIIepaTyphbl
OKPYXAaOILIEr0 BO3/1yXa.
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1 — nomerienue; 2 — TerI000MEeHHUK (Kajopudep); 3 — u3MepuTenbHas MOCTOBas cxema; 4
— IBYX(}a3HbIN UCIIOIHUTENbHBIN JBUTATENb; 5 — MU depeHIMaTbHbI MAarHUTHBIA YCUIIUTENb; 6 —
KJIamaH (3aciOHKa)

Pucynok 12. Cxema CAP Temmneparypsl B HOMELIEHUN

Bocnpunumatromum opranom BO (1atuyukoM, 4yBCTBUTEIBHBIM JJIEMEHTOM) B
nanHo CAP sBisercss TepMope3ucTop Ry, BKIIOYEHHBIH B MOCTOBYIO CXEMY,
00€ecCreunBaIIyl0 C MOMOIIBIO pe3ucTtopa Ry 3amaHne HEOOXOIUMOTO 3HAUYCHUS
TEMIIEpaTypbl B TOMEIICHUH W BBITIOJHAIONICH TakKe (DYHKIIMM CPaBHUBAIOIIETO
oprana — CO (smemeHTa cpaBHeHUs). YcuieHue curHana pasbdamanca AU (curHana
paccoriacoBaHusl) U3MEPUTEITLHON MOCTOBOM CXEMBI 00€CTIEUNBACTCS TTOCPEICTBOM
ycwmtensa. YcwieHHbld curHan U oOecriedymBaeT BpaiieHue ABYX(a3HOTO
UCIIOJTHUTEIBLHOTO JIBUTATEIISI, KOTOPBIM M3MEHSET BEJIMUMHY TMEepeMelIeHUs] KianaHa
(3acyoHKM) Ha TPyOOMPOBOJIE MOJIaun Mapa B Kalopudep, TeM caMbIM JOCTUTACTCS
U3MEHEHUE TeMIIepaTypbl BO3/lyXa Ha BBIXOJEe Kajlopudepa — peryIupyroliiero
BO3JICUCTBUS Ha OOBEKTE PETYIUPOBAHUS.

JlnHamMu4eckue CBONCTBa OOBEKTa PEryJUpPOBAHHUS U DJIEMEHTOB CHCTEMBbI
OTIMCBIBAIOTCS CIAEAYIOITUMHU MEePEIaTOYHBIMU (DYHKITUSIMHU:



1 k
Wor(p)= Wos(p)=——
OP Top-l-l . OB(p) T0p+l

OOBEKT pEeryaupoBaHHs IO

perymupyromemy Wor(P) u Bosmymaromemy Wop(p) BO3AEHCTBUIO;
Wi (p)=k; — naTumk;

Wi (p)=—23—
wP TP IBUTATENb C KJIAITAHOM;
T k
Txp+1 _ kanopudep;
k
“‘Ty (p): :

TyP+1 _ MarmuTHSBIT yormTens.
CpasHuBaromuii oprat onuceiBaercst ypapaennem AU=Uq—Uy,
rae Uy — 3agaroniyi curHai;
U, — naneHue HanpspKeHUs Ha TEPMOJATIUKE.
3agaHHOe 3HaUeHHE TemiepaTypsl B momenieHnu 0=20°C. YucnoBble 3HaUCHUS
nepeaatoyHblix  kKodpduiuentoB k uM  moctosHHbIX Bpemenn T oObekTa
perynupoBanus u 3neMeHToB CAP 1o BapuaHTam npezcTaBiieHbl B TabiuLe 4.

Tabauia 4
Yucnossie 3HaueHus napamerpoB CAP
BapuaHT [TapameTpsl
ke |Kg, B/°ClKnk, eM/B-c|kk, °C/em| ky | To, ¢ | Tk, ¢ | Tk, ¢|Ty, c|f, °C
1 02| 0,2 0,002 10 2 | 1000 | 0,060 | 20 | 0,5 | -11
2 0,25 0,3 0,001 15 41 800 | 0,0/0 | 20 | 0,5 | 12
3 0,3| 0,25 0,0018 12 6 | 900 | 0,080 | 20 | 0,5 | -8
4 0,35 0,2 0,002 11 10| 700 | 0,090 | 20 | 05| 6
5 04| 0,2 0,002 8 9 | 500 | 0,200 | 20 | 0,5 | -5
6 0,18/ 0,25 0,003 14 12| 100 | 0,50 | 20 | 0,5 | 13
7 0,19/ 04 0,0035 9 14| 120 | 0,055 | 20 | 0,5 | 12
8 0,17 04 0,0025 16 15| 200 | 0,060 | 20 | 0,5 | -15
9 0,25| 0,2 0,0016 13 20| 300 | 0,060 | 20 | 0,5 | 17
10 04| 0,15 0,0014 10 10| 400 | 0,08 | 20 | 0,5 | -18




Cucrema aBTOMaTHY€CKOI0 PeryJTHPOBAHUS TeMIIEPaTypPhbl B €4

Ha pucynke 13 npuBenena cxema CAP Temmneparypsl B meun uisi 00kura
kupninya. B naHHOM cucTeme meub MpeAcTaBisieT coO00iW OOBEKT peryjaupoBaHMs,
peryjaupyeMol BEJIMYMHOM KOTOpPOro sBIseTCS Temmeparypa 60 B meuw, a
peryiaupyromuM (yIpaBisiioliM) BO3ACHCTBUEM JMHEHHOE MepeMelieHne KiianaHa
L, OT BEJIMYMHBI KOTOPOT'O 3aBUCUT KOJIMUECTBO TOILIMBA MOAaBaeMOro B (POPCYHKY, a
CJI€A0BATEIBHO U KOJIMYECTBO TEIJIOTHI, BHIJEISIEMON MIPU €ro CrOPaHuM.

b {
/: 7 R2
Toamsto | M
R R3
Fd
5/1 oy _

4 Uy | < JpU
M '3/

1 — meus; 2 — u3MepuTenbHas MoOCTOBas cxema; 3 — nuddepeHIalIbHbII MarHUTHBIN
yCUIINTENb; 4 — NBYX(ha3HbII 31€KTPOBUTATEND; 5 — pelyKTOp; 6 — KianaH

Pucynok 13. Cucrema CAP temnepatypsl B rieun

BuemHuM  Bo3MymiammuM — Bo3AeiicTBueM f  sBIAE€TCS  COBOKYITHOCTH
pa3HOOOpa3HbIX (PAKTOPOB: HMCXOAHAS BIAXHOCTH W TeMIeparypa O0KUTraeMoro
KUpIIMYa, U3MEHEHUS TEMIIepaTypbl M BIAXHOCTH aTMocdepHoro Bozayxa. [lpu
HCCJIEIOBAHUM CHUCTEMBl MOKHO OIPAaHUYUTHCA YYE€TOM BIMSHUS Ha OOBEKT
pPEryJIMpOBaHMs MCXOJHOW BIIAKHOCTH KHpIIMYa, paccMaTpuBas €€ KaK OCHOBHOE
BO3MYILAIOLIEE BO3ACHUCTBHE.

Oynkunn BocnpuHuMaroniero oprana (BO) B CAP BbIIONHSET MEIHBIN
TEPMOPE3UCTOP R;, BKIIOUEHHBIII B MOCTOBYIO CXE€MY, OOECIEUMBAIOIIYIO 3aJaHUe
TpeOyeMOoro 3Ha4deHHsl TEMIIEpaTypbl B MeUU MOCPENCTBOM pe3uctopa R,. MocToBas
cXeMa TakKe CpaBHHUBAeT HanpsbkeHue U, mponopiroHaibHOE TemrepaType B euu 0
¢ 3agatomuM HanpspkenreMm Ug. To ecTh oHa, moMuMoO (DyHKIIMI 3aaroniero opraHa
(30) BeIMOSIHSAET (PYHKIIMHM CPABHUBAIOIIETO OpraHa (3JIeMeHTa).

Hanpspokenue paszbananca moctoBod cxembl AU (curHana paccoriiacoBaHus)
YCWJIMBAETCSl YCWIMTENEM, BbIXxoaHOe HampspkeHue Uy KOTOporo yrpasisieT
VCTIOJTHUTENBHBIM BUTATENEM. [Tocnequnil uepes peyKTop nepeMeniaeT KiaraH, TO
€CTh M3MEHSET BEIMYMHY pEryJupylollee BO3JEUCTBUE |L Ha BXO0jA€ OObBEKTa
PEryJIupOBaHHUS.

JluHamuueckue CBOMCTBAa OOBEKTa PEryJIUPOBAHUS U DJIEMEHTOB CHCTEMBI




OIIMCBIBAXOTCA CICAYIOMIUMU IICPEAATOTYHBIMN (I)YHKL[I/IHMI/IZ

: k
Wopl(p)=—"
TP+l o6pext perynupoBanus mo peryiaupytomemy Wop(p) u
Bo3MymiatoremMy Wog(p) Bo3neiictBuro; Wy(p)=Ky naTumk temmeparyps;
T kY
Wy (p)= T 1
vPT! _ muddepernmanbHblif MArHUTHEIH YCHITHTENb;
k
7 JK
W TIK (p ): T 1
P _ yenonnurensupit nurarens PEAYKTOPOM M KJIAIAHOM.

CpaBHuBatoumii oprad onuceiaercs ypasaennem U=Uy—U,

rae Uy — majgeHue HampspKeHUs Ha 3ajaromieM pesuctope R, U — manenwue
HaIpsKEHUS Ha TepMope3ncTope Rj.

3aganHoe 3HaueHwe TemmepaTypbl B neun 0=950°C. YucnoBble 3HAYCHHS
nepeaatoyHbix  kodpduuuentoB k M moctossHHBIX BpeMeHn T oObekTa
perynupoBanus u 3neMeHToB CAP 1o BapuaHTam npecTaBieHbl B Ta0nuLe S.

Tabmauia 5
Yucnossie 3HaueHus napametpoB CAP

ITapameTpsl

Bapuant| Ko, Ks, Kn, |Ky| Kmx, [To, Ty, | Tax [,

°C/em|°Cl%|B/rpan.| |cM/B-clc c c %
1 50 | 12 08 |5/ 002/ 20 0,06 1[0,0650 | 50
2 45 | 15 09 |4 003 | 1,8 0,06 10,040 | -60
3 40 | 20 1,0 [3,001 | 1,7 0,06 10,030 | 70
4 35 9 05 (5] 0,1 1,6 0,06 10,020 | -60
5 30 | 10 04 |6] 008 | 15 0,06 10,015 | 60
6 25 7 03 |7/ 009 | 14 0,06 |0,016 | -50
7 20 8 01 |5/008 /| 1,3 |0,06 10,017 | 50
8 15 | 13 1,2 |4| 0,07 | 1,2 0,06 1[0,022 | -45
9 10 | 14 1,3 |2 0,09 | 50 [0,06 0,024 | 50
10 10 | 15 14 |2 001 | 45 0,06 0,026 | 45




CucremMa aBTOMaTH4Y€CKOI0 PeryJMpOBaHus TeMIIepaTypbI
TeIJIOHOCUTEJISI 3ePHOCY IINJIKHA

Ha pucynke 15 npencraBnena cxema CAP Temmeparypbl TEIIOHOCHUTEI,
MOCTYMAIOIIETO B MIAXTHYIO 3€pHOCYIIMIKY | M3 Kamepbl CMENIMBaHUA 2, KOTOpas
ABJISIETCST OOBEKTOM pEryiupoBaHusa. B 93Toil kamepe XOJOIHBIM BO3AyX MpH
TemriepaType 0y CMEIMBaeTCs C TOPSYUM BO3ayXoM Temneparypsl 0x. CooTHoLIeHUE
ropsiYero U XO0JOJHOTO BO3/yXa, a CIEAO0BATENIbHO U TEMIIEpaTypa BO3ayXxa B KaMepe
cMemuBaHusg Oc 3aBUCHUT OT Yyrjia ToBopoTa ¢ 3acioHku 3. Temmepartypa
TEIUIOHOCUTENS. Ha BXOJE 3€PHOCYLIMIKUA H3MEpSEeTCd TepMOpe3ucTopoM Ry,
BKJIFOUEHHOM B MOCTOBYIO CXE€MY, KOTOpasi 00ecrieurnBaeT ¢ MOMOIIbIO pe3nuctopa R
3aJJaHie TPeOyeMOro 3Ha4eHUs TEMIEPATyphl, a TAK)KEe CpaBHUBAET HamnpshkeHue Uy
MpoNoOpIUOHANIbHOE Temneparype Oc ¢ 3agatromuMm Hanpsbkenuem Uy (MocToBas
cXeMa OJIHOBPEMEHHO BBIMIOJHACT (PYHKIMU 3a/Jal0IIET0 W BOCIPUHUMAIOIIETO
oprasa).

3epHo
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1 — mwaxTHas 3epHOCYIINIKA; 2 — KaMepa CMEUIMBaHMs; 3— 3aCJIOHKa; 4 — yCUIIUTENb; 5 —
WCIIOJIHUTEIIbHBIN IBUTaTeNb; 6 — pEIyKTOP

Pucynok 15. Cxema CAP TeMnepatypsl TEIIOHOCUTENS 36PHOCYIUIIKH

Curnan pasbajiaHca MOCTOBOM cxembl (curHan paccornacoBanus) AU=Uy—-Uy
ycunuBaeTcsi ycuiuteneM 4, BbIxoAHoe HamnpstbkeHue Uy KOTOpOTro yIpaBiisieT
WCTIOJHUTENIbHBIM JIBUTatesieM 5. JIBurarens uepe3 peaykrop 6 mepemeniaer
3aCJIOHKY 3, T€M CaMbIM H3MEHSIS BEJIMYUHY PETYJIUPYIOMIEr0 BO3JCHCTBUS (@ Ha
BXOJIe OOBEKTa pEryJHpoOBaHHA. 3a CYET COOTBETCTBYIOILETO HW3MEHEHHs YIJia
MOBOPOTa 3aCJIOHKM U KOMIIEHCUPYETCS OTPHUILATEIbHOE BJIUSAHUE BHEIIHHUX
BO3MYIIeHUH f, MEHCTBYIONUX Ha OOBEKT PeryJupoBaHus (M3MEHEHUS TEMIIEPATYPHI
U BIIAXKHOCTU aTMocdepHOoro Bozayxa u Jap.). [Ipu uccnenoBanuu u pacuere CAP B
Ka4eCTBE TJIABHOTO BO3MYIIECHHS CIEAYET pAacCMAaTpUBATh U3MEHEHUS TEMIIEPATyp
aTMOC(EpPHOro BO3/1yXa, MPUHSB YCIOBHO, YTO €T0 BIAKHOCTh HE MEHSETCS.

JluHaMu4YecKkne CBOWCTBAa OOBEKTAa PErYJIUPOBAHHUS U DJIEMEHTOB CHCTEMBI
OTHCHIBAIOTCS CICAYIONIMMHU MTePEAATOYHBIMH (PDYHKITASIMH:



Ky Wos(p)= ke
Top+l g Typ+1 O0OBEKT  pEeryJlMpOBaHUS IO
perymupytomemy Wop(p) 1 Bo3mymatomemy Wog(p) Bosaeiicteuro; Wya(p)=K; —
JTaTYHK TEMIIEPATYPHI;
Wy (p)=ky — ycunurens;
_ K
Ty Tap’ +Typ® +p

Wop (p)=

Wi (p)
— JIBUTaTellb C PEAYKTOpOM (MpU YCIOBUH, YTO
MOMEHT CONPOTHBIICHHS Ha BTy JBUTATENST M=CONSt).

CpaBHuBaromuii opras onuceiBaercs ypapaeHuem: AU=Uq—Uy;.

3amanHoe 3HaueHWe Temmeparypsl TermioHocutens 0c=120°C. YwucnoBbie
3HAUYEHUS MEePENAaTOUYHbIX KO3(PPUUUMEHTOB K M MOCTOSHHBIX BpeMeHU o0bekTa T
perynupoBanus 1 3nemMeHToB CAP no BapuaHTaM IpeacTaBieHbl B Ta0IULE 7.

Tabmuua 7.
Yucnossle 3HaueHus napametpoB CAP

[Tapamerpsl
Bapuant| K¢, | ke [Kp, Ky | Kmp, |Tc, |Tn | T Tq, |,
°C/pan B/°C pan/B°C| ¢ | ¢ c c [°C
1 50 |0,3| 0,015 |50| 0,05 |2,0]2,0]|0,015]| 0,002 |-10
2 45 10,4 0,015 |60| 005 |1,8|1,5|0,016| 0,005 | 15
3 40 |05 0,015 |70| 0,05 |1,4|3,0|0,018| 0,003 |-20
4 30 |[0,3| 0,015 {80 | 005 |11|25]| 0,02 | 0,004 | 12
5 55 10,45| 0,015 {90 | 0,05 [1,0{4,0|/0,015]| 0,005 |-14
6 60 0,28/ 0,015 |100| 0,05 |1,3|1,3|0,018]| 0,002 | 20
7 45 105 0,015 |8 | 005 |08|1,1| 0,02 | 0,003 |-10
8 38 |04| 0,015 |8 | 005 |(09|1,7| 0,01 | 0,004 | 15
9 50 |0,3| 0,015 70| 005 |14|1,8|0,012]| 0,005 |-20
10 55 10,45| 0,015 | 75| 0,05 |1,7{1,9|0,014| 0,002 | 10




IIIaxTHasi 3epPHOCYHIWIKA KAK 00bEKT aBTOMATHYECKOI0 PeryJJMpoOBaHUsA

[Ipu 3aknaake Ha XpaHEHHE CEMEHHOTO M TOBAapPHOIO 3€pHA €ro MOIABEPraroT
CYIIIKE C IIEJIbIO MOJYUYEHUsI KOHAUIIMOHHON BiakHOCTH 14-15%. [Inst aTOrO MIMpOKo
UCIOJIb3YIOTCS MIAXTHBIE 3€PHOCYIIMIKH, TEXHOJIOTUYECKHUM MIPOLIeCcC CYIIKU 3€pHa B
KOTOPBIX MPOUCXOJUT B CYIIMIBHOM Kamepe, KOHCTPYKIHUS M TMPUHLHUI PaOOThI
KOTOPOH CXEeMaTHYHO OTOOPaKEeH Ha PUCYHKe 16.

BrnakHoe 3epHO \ / BrnaxHoe 3epHO
. .. 1
T
1 * 2
1 * . ) - [,/
L=
T /;}(1‘1 3
DV
1 ,——0-*‘"; - T
- T
OtpafoTaHHBLET , — g . —  OT1paboTaHHBLH
TEIUIDHOCHT&ME | ° . T, TEIUIOHO CHTEh
4 3 |' e

CyxXo0e 3epHO T C¥X0€ 3€pHO

TerrmoHOCHTETE

1 — mwaxThl NpSIMOYTOJIBHOTO CEYEHHUSI; 2 — MPOCTPAHCTBO MEXTY IIaXTaMH, B KOTOPOE
IIOJIa€TCs TETNIOHOCUTEIIB; 3 — IPOCTPAHCTBO MEXKIY IIAXTaMHU U OTPakIEHUEM KaMepBbI, Uepe3
KOTOpPO€ OTBOJUTCS OTPAaOOTaHHBIN TETNIOHOCUTEIIb; 4 — BBIITYCKHbIE JIOTKHU; 5 — 3aCIIOHKH IS

peryaupoBaHus CKOPOCTH IIEpEMELIECHUS 3€pHA B IIaXTaX

Pucynok 16. CxemaTn4HO€E NpeICTABICHUE CYIIMIBHON KaMepPbl

KoHcTpykiust 1maxTt BBITIOJIHEHA TaK, YTOOBI 00€CIIeYUBaJICs TPOXO]T TEIJIO
HOCHUTENA (BO3/yXa, HArPETOro J0 ONPEJICIICHHONW TeMIIEpaTyphl) Yepe3 CIIOi 3epHa,
MEePEMEIIAIOIIETOCS CBEPXY BHH3. TEIJIOHOCUTENh MOCTYMaeT B MPOCTPAHCTBO 2,
MPOXOJUT YEpe3 CJIOW 3€pHAa M TIOTJIONMIAeT Bjary, a 3aTeM OTBOAUTCS dYepes
MPOCTPAHCTBO 3 TOCPECTBOM BEHTWJISITOPOB. BEICYIIIEHHOE 3€pHO C TOMOIIBIO
HOPUIA MOCTYTAET HAa OXJIAXKICHUE B OXJIAJIUTEIbHBIC KOJIOHKH.

[Ipm cymke 3epHa B MAXTHBIX 3CPHOCYIIMIKAX HEOOXOAMMO, YTOOBI
TEMITepaTypa TEIUIOHOCHTENII Ha BXOJE W TEMIlepaTypa 3epHa Ha BBIXOJC W3
3epHOCYIIMJIKA B 3aBHCUMOCTH OT THIIA KYJBTYpP HE TPEBBIMIAA OINPEIACIICHHBIX
3HaueHu# (Tabn. 8). Cbhem Biard 3a OJMH MPOXOJ HYepe3 CYIIWIKY HE JOJDKEH
npeBbiaTh 6% s 31akoBbIX U 3...4% nnst 6000BBIX KYJIbTYp, KYKYypYy3bl, puca,
poca, TPEUrXH.



Tabmuna 8
MakcuMabHO JOIYCTUMBIC TEMIICPATYPHBIC PEKMMBI CYIIIKH 3epHa

HanmenoBanue BraxxHOCTB 3epHa 10 | TeMmeparypa pH cyike 3epHa, °C
KYJIBTYPBI cymku, % IPOJIOBOJLCTBEHHOTO | CEMEHHOI'O
[Mmennna 10 20 140/55 70/40
POXb, SUMEHD, HE3aBHCHMO OT 150/55 65/40
[TOJCOJIHEYHOE CEMS BIIAYKHOCTHU
OBec TO XK€ 140/50 65/40
[Tpoco TO K€ 80/40 (50...60)/40
Puc TO ke 70/35 60/35
Kykypy3a no 18 150/50 60/40
cBbIIIE 23 150/50 50/40
["opox, BuKa mo 18 70/30 60/40

OTkJIOHEHUs ~ TeMIlepaTypbl  TEIUIOHOCUTENIST M BJIAXHOCTU oT
pErilaMeHTUPYEMbIX 3HAUYEHHI JIOJDKHBI OBITh COOTBETCTBEHHO He Oonee +5°C m
+2%.

Takum oOpaszom, Temmeparypa 3epHa O M €ro BIXKHOCTb W Ha BBIXOJE W3
CYLIMJIBHOM KaMepbl SBISIIOTCA PETYJIHPYEMBIMU BEIMYMHAMH (KOOPJMHATHI)
3epHOCYMIMJIKA. TO €CTh 3EpHOCYIIMJIKY Kak OOBEKT aBTOMAaTHYECKOTO
PEryJIMpOBaHUsI MOKHO paccMaTpUBaTh KaK JIBYXMEPHBIA OOBEKT C OMpEIeTICHHBIM
KOJIMYECTBOM BXOJIHBIX (PETYJIUPYIOLINX U BO3MYILAIOLINX ) BO3AeHCTBUI. OCHOBHBIE
U3 KOTOpBIX ciedyromue: Or — TemmepaTypa TemsloHOCHTeNs; 03 — ucxomHas
TEMIIEpaTypa 3€pHa; W3 — UCXOJHAs BIAXKHOCTb 3€pHA; V — CKOPOCTh NEPEMEILICHMS
3epHa B IIaxTax.

PaccMOTpeHHBIE  perynvpyeMble BEIMYMHBI M BXOJHBIE  BO3JEUCTBUS
B3aMMOCBSI3aHbl. JTO OOYCIIOBIMBAET JOCTATOYHO CIIO)KHYIO MHOTOCBSI3HYIO
CTPYKTYPHYIO CXEMY MAaTeMaTH4eCKON MOJENM 3EpHOCYIIMIIKH KakK oOOBbeKTa
ABTOMATUYECKOTO PETYJINPOBAHUS.

VYrpolieHHble  OJAHOMEpPHBIE MaTEMaTUYECKUE MOJEIN  3EPHOCYIINIIKH,
MOJIyYeHHbIE HA OCHOBE MCXOJHOW MHOTOCBSI3HOM MOJIENU JJI UX MCIOJIb30BAHUS B
y4eOHBIX 1eJISX (TIPU BHIMOJHEHUH PACUETHBIX U KYPCOBBIX padoT).

Llaxmuyro 3epHOCYWUTIKY KAK 00BEKM a8MOMAmMUYecKo2o pe2yiupo8anus no
memnepamype 3epHa MOXHO TPEICTaBUTh B BHJIE, MOKa3aHHOM Ha pUCYHKe 17.

0 — perynupyemas Benuuuna; 01 — peryaupyromiee Bo3neiicTaue; 03, W3 — Bo3myreHus
Pucynok 17. @yHKIMOHaIbHAS CXe€Ma 3€PHOCYIIUIKU KaKk 00beKTa
aBTOMATUYECKOTO PEryJIUPOBAHUS



CtpykTypHas cxema 3€pHOCYLIMJIKH, COOTBETCTBYIOIIAsl PUCYHKY 17,
IpUBEACHA Ha pUCYHKE 18.

ws3(p)

=
S

0.(p) 0(p)

Pucynok 18. CtpykTypHas cxema 3epHOCYLIMIKU KaK OOBEKTa
ABTOMATHYECKOI'O PErYJIMPOBAHUS IO TEMIIEPATYPE 3€pHA

[lepenarounbie PyHKIIMM:

rae 0(p), Ot(p), v(p), 03(p), ws(p) — nzoOpaxenus no Jlamnmacy npu HyJIEeBBIX
HayaJbHBIX YCIOBUSIX COOTBETCTBEHHO TEMIIEpATyphl 3€pHa Ha BbIxojae 0,
TEMIIEPaTyphl TEIJIOHOCUTENS O, MCXOAHON TemmepaTypbl 3epHa 03, HCXOJIHOMU
BJIQKHOCTH 3€pHA W3,

K1, Ko, k3 — mepemaTounbie k03hHUIUEHTHL;

T, Ty, T, — mOCTOSIHHBIE BPEMEHU;

T1, T2, T3 — BPEMS 3aIa3/bIBaHUSI.

3HayeHUS OSTUX I1apaMETPOB M BO3MYIICHHMH ISl y4eOHBIX pPAcdYeTOB U
HCCIIeIOBAaHUM MPUBEEHBI B Ta0IHIIE 9.

Taomuma 9
3Ha4yeHUs NMapaMeTPOB MEePeIaTOYHBIX (PYHKIIUNA U BO3MYIIIAIOIIUX
BO3JIEUCTBUH

[TapameTpsl

BapHaHT kll k2 k31 Ta Tl; TZ! T1, T2, T3, 931 A03, W3, W3,
°C-c/m °C/% |c C cC c C c PCI°PC P %

0,30 10,6 -0,2 | 84| 1/6 | 86 |60|1380 | 1680 15| 10 |35]-15

0,35 10,65/ -0,25| 90 | 185 | 95 |65| 1450 | 1750 |20|-10|20| 15

0,25 |0,5]/-0,15| 75 | 160 | 80 |50| 1200 | 1500 |30|-15|30|40

0,40 |0,7] -0,3 | 95| 190 | 90 |62| 1500 | 1800 |20| 20 |25|10

Ul P WIN|-

0,45 10,4|-0,35| 70 | 165 | 75 |55| 1300 | 1600 |18 12 |35|45

[Ipu uccnenoBanmsix u pacuerax CAP B kadecTBe BO3MYUIEHUW CIIEyET
NPUHUMATh CKaYKOOOpa3HbIe M3MEHEHHUsI UCXOAHOW TemmepaTypbl AO; U MCXoIHOU
BJIQXXKHOCTH AWsz COOTBETCTBEHHO OT HUX TNE€pBOHAYAJIbHBIX 3HAYeHUU O3 U Wy
coryiacHo taosure 9.



IlaxTHas 3ePHOCYHIIIKA KaK 00beKT ABTOMATHYECKOI0 PeryJIupOBaHUSs
M0 BJIA’KHOCTH 3€PHA.
3epHOCYIIUIKY Kak OOBEKT pEeryJMpoBaHUS MO BIAXHOCTH 3€pHA Ha €€
BBIXOJIE W B VYIOPOLIEHHOM BapUaHTE MOXHO TPEICTaBUTh B BHUJIE CXEMBI,
MPEJCTABICHHON Ha pUCyHKe 19.

W — peryjmpyeMas BeIM4uHa; vV — peryjupyomiee Bosaciictaue; 03, W3 — Bosmyienus
Pucynox 19. ®yHKIMOHAIbHAas CXe€Ma 3€pHOCYIIMJIKA Kak OOBEKTa
ABTOMATUYECKOI'O PEryJINPOBAHUS

CooTtBeTcTByIOIIas TAKOMY OOBEKTY pEryJupOBaHUsl CTPYKTYypHas cxema
npuBesieHa Ha pucyHke 20.

w3(p)

— \'Vs(p)

0;(p)

— W.(p)

v(p) W(p)

— W,

Pucynok  20. CTpykTypHasg cXema 3€pHOCYIIMJIKM KaKk O0ObeKTa
ABTOMATUYECKOI'O PEryJIMPOBAaHUS 110 BIAKHOCTH 3€pHA
[lepenatounsie PyHKITUU

W k,(T,p+1)e™™

“"14(1}): (P): 4(2 41p )e
vip) Top +Tp+l

W K.

W, (p)=22) T
6,(p) T,p +Tp+l

_ w(p) _kcs(Tserl)e_Tﬁp
w.(p) T;p°+Tp+l
rie w(p), v(p) — uzobpaxkenus 1o Jlammacy npu HyJEBBIX HaydadbHBIX
YCIIOBUSIX COOTBETCTBEHHO BBIXOIHOM BJIQKHOCTH W CKOPOCTH MTEPEMEIICHUS 3epHa,;
K4, Ks, Kg — mepeaTounbie KO3 GUIMEHTHI;
T4, Ts, Ts — BPEMSI 3aI1a3]IbIBAHUA.
3HadueHWE TapaMeTpOB  TEPEeNaTOYHBIX (GYHKIMA W BO3MYIIAIOIINX
BO3JICUCTBHM (17151 y4eOHBIX 11es1eil) TpuBeeHbl B TabauIe 10.

W (p )



Taomuna 10
3HaYeHHUS MTApaMETPOB MEPEIATOYHBIX (PYHKITUH U BO3MYIIAOIITUX

BO3JIEUCTBUH
[TapameTpsl
Bapuanr| k,, Ks, Ke | T1, | To, | Tay Ts, | Ta| T6 (03, [AO3, W3,
°C-c/mPC/% c c c c c ¢ °CPC %

8 0,1 10,7/180| 90 | 60 | 80 |300{1500|12] 20 |15
6 10,08/06]160] 80 | 55| 75 |250/1300|20| 25 |15
9 10,15/0,75/190| 100 | 65 | 85 |350|1550 |-15| 20 |18
/ 10,13]0,8|170] 70 | 70 | 90 |280|1350|-10| 25 |10
8,5 10,14|0,85/165| 85 | 75| 88 |260{1400|10| 35 |12

OB WIN|F-

B kadecTBe BO3MYMIAIOIIMX BO3JCUCTBUN NPHU HCCIECOOBAHUAX M pacyeTax
CAP crnemyeT mnpuHUMATh CKaukooOpa3Hble HW3MEHEHUs Temieparypbl AO; u
BJIIQXKHOCTU AWz OTHOCUTEIBHO WX HUCXOJHBIX (HayaldbHBIX) 3HAaUeHUU O3 U ws
coryiacHo Tabnuue 10.

Kaprodenexpannanine kak 00beKT aBTOMATHYECKOI0 pPeryJJMpOBaHHA.

OpHuM u3 croco0oB XpaHeHus KapTodens sABIseTcs 0€33aKpOMHOE XpaHEHHE
C AaKTUBHBIM BEHTWJIMPOBAHMEM B CTallMOHAPHBIX KapTOQereXpaHWINIIAX
6onpImioit BMectuMocTh. Kaprodens 3akinaibiBalOT B XpaHUJIMIIE CIUIONIHBIM CIOEM
ONPEAEICHHON BBICOTHI IO BCEU ITomaau nosa. [1ox monom uMeroTcs crienuaibHbIe
KaHaJIbl, 3aKPBIThIE CBEPXY PEIIETKAMH TaK, YTO YE€pPE3 HUX MOKET MPOXOJIUTH BO3TYX
(u3 kaHana B kapTodens). Bo3ayx B kaHabl NOJAETCS BEHTUIISTOPAMH.

[Ipu xpanenun kaprodens B pe3yibTaTe MPOILECCOB, MPOXOASIINX BHYTPHU
KJIyOHeM, Bbiengercsa TemioTa Ox u remneparypa kiyoHein Ox nmosbimaetcs. Kiryonu
MpOpacTalT, TEPSIOT MacCy, a 3aTeM 3arHuBaloT. UTOOBI 3TOro HE CIYy4HIJIOCHh
M30BITOK TEIIOTHI Ok HEOOXOAUMO YIalATh. DTO JOCTUTAIOT 3a CUET U3MEHEHUS
KOJIMYECTBA M0JIaBa€MOr0 BO3AyXa S, TEM CaMbIM OOECIEUMBAIOT PETYJIMPOBAHUE
TemriepaTypsl 0.

B 3umuuii mepuon kapToenb BEHTWIMPYIOT CMECBIO HApy>KHOTO U
BHYTPEHHETO BO3/yXa, a MPU OOJIBIIUX MOPO3aX — TOJBKO PEIHUPKYISIUOHHBIM
BO3/IyXOM. B ocrampHOE BpeMs rojia Hachlllb KapToQensi BeHTHIUPYIOT HAPYKHBIM
BO3/IyXOM B XOJIOJIHO€ BPEMSI CYTOK WJIM BO3JIyXOM, OXJaXJEHHBIM B CIEIUATbHBIX
XOJIOMUJIBHBIX YCTaHOBKax. TeMmeparypa moJaBaeMoro BO3JyXa B HAChINb JIOJKHA
ObITh Ha 1-2°C HUXKE TemMmIepaTypsl KapToders B HACHIIIH.

Ha ocHOBe H3J10KEHHOTO BbIIIEe KapTOodeIeXpaHWIHUIIE KaK OOBEKT Perysu-
pOBaHUs O TeMmIepaType KapTodessi MOXKHO MPEICTaBUTh B BUJE, TOKa3aHHOM Ha
pucyHke 21.
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Ok — perynupyemas BelMauHa; S — peryaupyomiee Bosekicraue; Ok — BHeNIHee Bo3MylIEHHE
Pucynok 21. ®yHkiuoHanbHas cxema KapTodenexpaHWIdIa Kak 00beKTa
ABTOMATUYECKOI'O PErYJMPOBAHMS IO TEMIIEPATYPE

Matematuyeckas MoJenb KapTo(enexpaHuIulla, COOTBETCTBYIOIIAs JTaHHON
(GyHKIHOHATBHOM cXeMe MoKa3aHa Ha pUcyHke 22.

Qx(p) A(p)
— K 4'|W2(p)
S(p) 0.(p)
” T -|W1(p> P

Pucynok 22. CtpykTypHas cxeMa KapTodenexpaHuiniia Kak 00beKTa
aBTOMATHYECKOTO PETYJIMPOBAHHUS 10 TEMIIEPATYpE

[lepenatounsie  QyHKIMH  KapTOdENEXpaHWIHUINA 1O  PETYIUPYIOIIEMY
BO3/ICHCTBUIO U BO3MYIIIEHUIO COOTBETCTBEHHO:

7 _O(p)_ k,

Wilp)= S(p) Tip*+Tp+l

Cr k(p) Kk,

W, (p)=—F->-==2
Qklp) p

riae Ox(p), S(p), Ox(p) — n3obpakenus 1o Jlammacy npu HyJEeBBIX HaYaJIbHBIX
YCIOBUSX TeMmmepaTypbl kapTodens Oi, pacxoaa Bo3ayxa S M KOJWYECTBA TEILJIOTHI
Ok, BbIIIETsIEMON KapTodeneM TPy CaMOCOTPEBaHUU;

ki, Ko — k03 punmenTsr nepenavm;

T1, T, — IOCTOSIHHBIE BPEMEHH.

KiroueBoe 3BeHo K (puc. 22) obGecrieunBaeT peaan3aiuio airoputMa 1eiCTBUs
caMOCOTpeBaHus KapToders, T.¢.

0 mpu S=0
A mpn S>0
rae A — YUCIOBOE 3HAYEHUE KOJUYECTBA TEILIOTHI, 3aBUCAIIEE OT (PU3UKO-
OMOJIOTHYCCKHX CBOMCTB KapTodes.
UwucnoBpie 3HaAYCHHS TTapaMeTpoB nepenatoynbix pyukmuit (5.16) u (5.17), a

TaK)K€ BHEINTHETO BO3MYIIAIOMIECTO BO3JEHCTBUSA, ISl HCIIOIB30BAHUS B YYCOHBIX
LeIsIX, IPUBENeHSBI B Tabimne 11 npu yepenseHHOM 3HadeHnn S=150 M*/(T'9).

Qx



Taomuna 11
3Ha4yeHUs MapaMeTPOB MepeIaTOUHBIX (PYHKITHN

BapuaHT [TapameTpsl
ki, °C'te/m | ko, °Cc/[lx | A, JIik/c | Ty, ¢ | Toc
1 68 0,00004 / 22000 | 5400
2 70 0,000035 7,9 21000 | 5200
3 65 0,000042 6,85 23000 | 5500
4 60 0,00004 / 24000 | 5600
3) 72 0,000038 7,2 20000 | 5100

Kaprogenexpanunuine Kak 00beKT ABTOMATHYECKOI0 PeryJIMpOBaHMS 110
TeMIepaTrype BO31yXxa.

[TomuMo TemmiepaTypsl Hachiu Oy MPU XpaHEHUH KapTodes, Kak U BOoOIIe
BCEX OBOIIEH, 3aKJaJblBAEMBIX Ha JUIMTEIbHOE XpaHEHHE, HEe0OXOIMMO
CTaOMIIM3UPOBATH TeMIiepaTypy O B atMocdepe xpanunuina Ha ypoBHe 4+2°C. D10
JOCTUTalOT PEUUPKYJALKMEN BHYTPEHHETO BO3/1yXa IMOCPEACTBOM CMELIMBAHUS €TO0 C
NOJOTPETHIM BO3AyXOM B 3UMHEE BpEMsI U C OXJAXICHHBIM B TEIUIbIM IMEPUO
XpaHeHus. TemriepaTypa BO3lyXa, IMOCTYIAIOIIETO B aTMocepy XpaHWIUIIA U3
PELUUPKYJIALMOHHON CUCTEMBI, Opx SBISIETCS PpEryJUPYIOIMIMM  BO3ACHCTBUEM.
OCHOBHBIMH BHEIITHUMH BO3MYIICHHUSIMH, BBI3BIBAIOIIIMMH OTKJIOHCHUS TEMIIEPATYPHI
Op ABIAIOTCS:

0o — TemmepaTypa orpaxkJieHus (CTeH) XpaHWIHIIA OJHO3HAYHO 3aBUCSIIAS OT
METEOPOJOTHYECKUX (HAaKTOPOB;

Ok — KONMMYECTBO TEIJIOTHI, BbLAENIAEMOE KapTodeaeM MpU caMOCOrpPEBaHUU.
Takum  oOpazoMm, kapTodenexpaHwiIdile Kak  OOBEKT  aBTOMATHYECKOTO
PETrYJIUPOBAHMS 110 TEMIIEpaType BO3ayXa MOKHO MPEACTaBUTh B BHUJIE, TOKA3aHHOM
Ha pUCYHKe 23.

Og — perymupyemas Benuuuna; Opx — perynmupyromee Bosaeiictsue; 0o, Ok — Bosmymaromue
BO3/IEHCTBUS
Pucynok 23. ®yHKIMOHAIbHAS cXeMa KapTodenexpaHuiniia Kak 00beKTa
aBTOMATHUYECKOTO PETYJIUPOBAHUS IO TEMIIEPATYPE BO3AyXa

CrpykTypHasd cxema KaproderexpaHWIuila Kak OO0bEeKTa peryaupoBaHUs
Ipe/icTaBlieHa Ha PUCYHKe 24.
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Pucynok 24. CtpykTypHas cxema KapTodelexpaHuiIuia Kak 00beKTa
ABTOMATUYECKOTO PEryJIMPOBAHUSA 10 TEMIIEPATYPE BO3AyXa

CoriacHO 3KCIIEpUMEHTAIbHBIM JIaHHBIM MEPEIaTOUYHbIE (DYHKIIUHN:
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“,.% __"B — 3
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“"74[13):
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rae Og(p), Osx(p), 0o(p), Ox(p) — m300pakeHus 1o Jlammacy mpu HYJIEBBIX
HaYaJIbHBIX YCJIOBUSX COOTBETCTBEHHO Temmeparypsl Og, Opx, 0o 1 KomuyecTBa Ten-
JIOTHI Oy;

Ka, Ks, K5 — KO3 duimenTs! nepenaymn;

T3, T4, Ts — TOCTOSTHHBIE BPEMEHM.

OpHUEHTHUPOBOYHBIC TPHUOIMKEHHBIC 3HAYCHHS MapaMeTPOB M BO3MYIICHHIMA
nepenatounbix GyHkuin Ws(p), Wa(p), Ws(p) ¢ ydaerom cBeleHUM, MPUMEHUTEIILHO
K TUoBoMy xpanuiuity Ha 1000 T, Ay UCTOAb30BaHMs B YYEOHBIX LENSAX, JaHBI B
Tabnuue 12.

Tabmmma 12
3HavyeHUs MapaMeTPOB MEePeIaTOYHBIX (PYHKIIMNA U BO3MYIIAOIIUX
BO3JIEUCTBUH
Bapuant ITapameTpsl

k3 k4 k5, OC'C/I[}K Tg, C T4, C T5, C Oo, °C Aeo, °C AQK, I[)K/C

1 0,2/0,5| 0,0025 144 | 432 | 8280 5 -4 2000

2 0,25/ 0,6 0,003 160 | 500 | 9000 6 -5 2500

3 0,3 10,55/ 0,0028 165 | 480 | 8000 4 -3 3000

4 0,28/0,48, 0,0026 150 | 420 | 7900 7 -6 3200

5 0,18/0,65/ 0,0035 170 | 450 | 8100 6 -5 2800

B kayecTBe BO3MyLIEHHs [0 TEMIIEPATYpPE OrPaXKACHUS IPUHATO €€



ckaukooOpa3Hoe wu3MeHeHne AOp OT HayampHOro 3HadeHUst 0o, a MO KaHay
TEIIOBBIICTCHUS O — ckaukooOpa3Hoe m3MeHeHre AQy OT HAYaJIbHOTO HYJIEBOTO
3HAYECHHS.

JloOTHUTENBHBIC CBEJICHHS 10 BOIPOCAaM MAaTEMaTHYECKOIO OIUCAHUS
KapTodernexpaHuInina Kak OObCKTa aBTOMATHYECKOTO PEryJIUPOBAaHHS M  €ro
aBTOMAaTH3aLIMH.

CuiioBoii TpaHchoOpMaTOp KaK 00BEKT peryJiMpoBaHusA

B ycroBusix sKcrulyatallid W TpU PEMOHTaX BO3HHKAET HEOOXOIUMOCTH
CYLIMTh H30JIALMI0 OOMOTOK CHJIOBBIX TpaHc(opmaropoB. CyllecTBYyeT HECKOJIBKO
METOJIOB CYIIKH TPaHC(HOPMATOPOB: OT MOCTOPOHHETO HCTOYHHUKA TEIUIOTHI TOKOBBII
METOJ U 3a CUET MHAYKIMOHHOrO HarpeBa 0aka tpancgopmaropa. [locneanuii meron
ABJIsIeTCS HauOoJyiee paclIpOCTPAHEHHBIM, TaK KaK OTJIMYAETCSl CpPaBHUTEIbHOM
IPOCTOTONM W TMO3BOJISIET CYUIUTh H3OJSILIMIO C JIIOOOW CTENEHBIO YBIIAXKHEHMUS.
TexHonorus cymku H30J80UU TpaHC(HOPMATOPOB TpeOyeT, 4ToObl TemImepaTrypa
oOMOTOK 0 B mpolecce CyHIKH HE IMpeBbIlIala 3aJaHHOTO 3HAYEHUsS, KOTOpOE
oTpesenseTcs: KiaccoM u3oyaunu. [Ipn HHAYKIIMOHHOM METOE CYIIKU M30JISLUU €€
HarpeBaHue OOECIeurBaeTCs 3a CYET MOIIHOCTH P, koTopas BblmensieTcst B Oake
TpaHcpopmaTopa. OCHOBHBIM BO3MYIIAIOIIUM BO3AEHCTBHEM SIBJISIOTCS M3MEHEHMUS
TeMIiepaTypsbl 0y OKpyKarouieil cpebl.

JluHamuueckue CBOMCTBAa TpaHC(OpMaTopa B pPeXUME CYIIKH H3OJSIIHUUA TI0
KaHaly peryiupymoomero P u Bo3mymaromero Bo3aeWcTBusi 0o COOTBETCTBYIOT
arepuoIMYECKOMY 3BEHY TMEpBOTO TOpSAKa C MepelaTOuYHbIMH  (DYHKIUSAMU
CJIEYIOILEro BUJA:

7 () 6(p)  k;
Wip )_P(p)_TlpH
“}j (p)_ (p) _ 2

i 0,(p) Tp+l
riae 0 (p), P(p), 0o(p) — m300paxkenus no Jlamiacy npu HyJIeBbIX HAYaIbHBIX
YCIIOBUSX TeMIteparypsl 0, MoHocTH P 1 TemiiepaTypsl 0o,
ki, ko, T — mepenarounbie K03 PHUIIUEHTHI M MOCTOSIHHAS BPEMEHHU.
CrpykTypHas cxeMa TpaHchopMaTtopa Kak 00beKTa peryJupoBaHUs B PEKUME
CYIIKH U30JISIIIMK MTOKa3aHa Ha pUCYHKe 25.
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Pucynok 25. CtpykTypHas cxeMa TpaHchopmaropa Kak 00beKTa
peryIupoBaHUs



OpueHTHUPOBOYHBIC JTAHHBIE TTAPAMETPOB MEPEAATOUYHBIX (PYHKIIUH U PACUETOB
npeAcTaBiieHbl B Tadauie 13.

Taomuna 13
3HadeHus MapaMeTpoB TPAaHCHPOPMATOPOB U MEPEIATOUHBIX (PYHKITUI
[TapameTpsbl
Bapuant MoOIHOCTE ki, °C/xBA| ko Ti, ¢
Tpancopmaropa, KBA

1 100 1 1 1800

2 160 0,625 1 2100

3 400 0,25 1 3600

4 560 0,18 1 4200

5 630 0,158 1 5200

6 1000 0,01 1 7000

7 1800 0,055 1 100000
bapabannas 3ePHOCYIIMJIKA KaK O00beKT aBTOMATHUYECKOI0
peryJiupoBaHus

Kpome maxTHbhIX 3epHOCYIIMIIOK, JIJISl CYIIKH 3€pHA HUCIONb3YIOT OapabaHHbIE
cymmmiiku. Ilpomecc cymku B Takux cymuikax (puc. 26) oCyliecTBIsSeTcs BO
BpallaroumemMcss CylmuiabHOM OapabaHe 1, BHYTpH KOTOPOrO UMEIOTCS MOAbEMHBIC
gornatku 2. Ilox Bo3aeiCcTBHEM  TEIJIOHOCHUTENS, IOABEMHBIX JIONATOK MU
IpPaBUTALlMOHHON CHWJIBI 3€pHO IepeMelaeTcss BAOJb OapabaHa. TemioHOCHUTENb,
IpOXOJs 4Yepe3 BHYTPEHHEE IPOCTPaHCTBO OapabaHa, 3alOJHEHHOIO 3E€pPHOM,
MOTJIOUIAaeT BJAary M3 IMOCIEIHEro, KOTopas C OTpaOOTaHHBIM TEIIOHOCUTEIEM
BBIHOCUTCSL C NoMoulblo BeHTwIsATOpa. Cyxoe 3epHO U3 OapabaHa MOCTyHaeT B
OXJIaIUTENIbHYIO KOJIOHKY.

Braxzioe 3epHO

OT1paboTaHHELIT
TeIUIOHO CHT B

Pucynok 26. CxeMaTtuyHoe npeicTaBieHUe CyIIIbHOro Oapabana



B ympomenHoM BapuaHTe, OCHOBBIBASICh HA MCCJIEIOBAHUSIX, BHITIOJHEHHBIX B
JICXU, 3epHOCYIWIKY KaK OOBEKTa aBTOMATHYECKOTO PETyJIHUPOBaHUS MOXKHO
IPEICTaBUTh B BUIE ABYXMEPHOI0 00beKkTa (puc. 27).

I

0 l 0
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q OP |Aw

0, W — perynupyembie Benmuunbl (koopauHatsl); 0 1, q — perynupyromue Bo3neicTaus; 0 3,
W3 — BO3MYLICHUA

Pucynok 27. ®yHkiuoHanmpHas cxema OapaOaHHOW 3EpHOCYHIMIIKH Kak
JIBYXMEPHOTO 00BEKTa PETYIUPOBAHUS

rae 0 — reMrepaTypa 3epHa Ha BbIXoJe U3 OapadaHa;

AW — BI1arocheM 3a OJIUH MPOXO0/I 3epHa uepe3 6apadan (AW=Wsz—w, Ie W3 —
MCXO/IHas BJIAYKHOCTb 3€pHA, W — BIAXKHOCTh 3€pHA Ha BbIX0jie OapabaHa);

0 T — TeMmeparypa TEIUIOHOCUTEJIS;

( — KOJIMYECTBO 3€pHA, M10/1aBa€MOT0 B 3€pHOCYLINIIKY;

0 3 — ucxonHas TemnepaTypa 3epHa.

Mexny 3TUMH (pU3MUECKMMH BEIMUYMHAMU MMEIOTCS CIOXHBIE B3aUMOCBSI3H,
YTO OTPAXKAETCSA HA MATEMATHYECKON MOJIENIN CYIINIKU KaK OObEKTE peryIupoBaHusl.
Taxas Mozenb NpeacTaBiIAeT JOCTATOYHO CIIOKHYIO MHOTOCBSI3aHHYIO CTPYKTYPHYIO
CXEMY.

Hna  ympomienuss pacdetoB U ucciaegoBanuiit  CAP  temmeparypHoO-
BIQKHOCTHBIM PEXKUMOM OapabaHHOW 3€pHOCYIIMIKH MOXXHO 3aMEHUTh JABYMS
MPUOJIMKEHHBIMI  OJJHOMEPHBIMU  O00BeKTaMu perynupoBanus (puc. 28). 3to
ITO3BOJISIET MCIIONB30BaTh Uil pacyeToB M uccnenoBanud CAP  knaccnueckytro
TEOPHIO PETYIUPOBAHMS OJHOMEPHBIX aBTOMaTH4eckux cuctem. [Ipu Takom moaxomae
IMHAMHYECKHE CBOWCTBA OapaOaHHOW 3€pHOCYIIMIKM MOYKHO TMPEACTABUTH JBYMS
OTJICIBHBIMU MaTEMaTUIECKUMHU MOJIEIISIMUA, PACCMOTPEHHBIMH HUXKE.

05 |W;
q Aw
> —
a) 0)

Pucynox 28. ®yHKIMOHalbHAasg cxeMa OapaOaHHON 3EpHOCYIIMIIKM Kak
00BEKTa peryaupoBaHus Mo TeMiepaTtype (a) u BIaxHOCTH (0)



bapa6annas 3epPHOCYLIMJIKA KaK 00beKT aBTOMAaTHYECKOI0
peryJIMpoBaHus 10 TeMIlepaType 3epHa, COOTBETCTBYIOLIAsl PUCYHKY 28 a, UMEET
CTPYKTYPHYIO CXEMY, TIOKa3aHHYIO Ha pUCYHKE 29.

w,(p)
— W (p)
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Pucynok 29. CtpykTypHas cxema 6apabaHHOM 3epHOCYIIMIKY KaKk O0BbEKTa
aBTOMATHYECKOTO PErYJIUPOBAHUS IO TEMIIEPATYpPE 3€pHA
[TepenaTtounbie GyHKIIHH:

Wi(p)= Ap) | le®
7 0r(p) Top+Tp+l]
W,(p)= Op) _ k™
7 04(p) Tip?+Tip+l
G(p) k,
W.(p)= - ,
(P) wy(p) Top’+Tip+l

6 5

rae O(p), Or(p), Os(p), wi(p) — uzoOpaxenust no Jlaracy npu HyJIEBBIX
HayaJbHBIX YCIIOBHSX COOTBETCTBEHHO TeMmIeparypbl © 3epHa Ha BBIXOJE,
Temreparypbl Or TEIJIOHOCUTENS HAa BXOJIE, UCXOAHOM TeMmepaTypbl ®3 3epHa u
BJI&KHOCTH W3 3€PHa;

Ky, Ko, k3 — mepenaToutbie K03 HUIHEHTHL;

Ty, Ty, T3, Ty, Ts, Tg — MOCTOSTHHBIE BPEMEHU;

T1, T» — BPEMS 3aI1a3/IbIBAHUM.

[Ipn wucnonp30BaHMM TMepeAaTOYHbIX (YHKIMA B pacyeTHbIX paborax,
KypcoBoM U BKP 3HaueHus mx mapameTpoB, a TakK€ BO3MYLIAIOIIUX BO3JACHCTBUI
cieAyeT MPUHUMATH M0 3aJaHHOMY BapHaHTy cOIiacHO TaOmuiel 14 (B kauecTBe
BO3MYILICHUN NPHUHATHI OTKJIIOHEHHS] HCXOOHON TemnepaTypbl A®; 1 BIaXKHOCTH AW;
OT UX HAaYJIbHBIX 3HAYEHUI ©®3 U W3 COOTBETCTBEHHO).



Tabmuma 14
3HaYeHUs MTapaMeTPOB MEPEIATOYHBIX (PYHKITUH U BO3MYIIAFOIITUX

BO3JIEUCTBUH
[TapameTpsl
Bapuanr k; K2 ks, Ty, | Ta, | T, | Ta, |Ts, [Te, [t1, | T2, 03, AOs3, (W3, W3,
°C/% | ¢ c |c| clciclc|cPCPC % %
1 0,121 0,68 | -0,2 |530| 320 |480| 300 {110|80|60/100/20| 20 | 35|15
2 0,15| 0,6 | -0,22 |500| 300 |400| 350 {100{60|55| 95 |18| 12 |25|10
3 0,10] 0,55 | -0,24 |600| 400 {510/ 320 {130{90|75|120/30(-15|30|10
4 0,2 10,72 | -0,23 |450| 250 |430| 30 |90 |55|50| 80 |15|-10|35|15
9) 0,25| 0,7 | -0,25 |520| 310 | 50 | 310 {125|85|65|130/20|-10| 20|15
bapabannas 3ePHOCYLIMJIKA KaK 00beKT aBTOMATHYECKOI'0

peryJiMpoOBaHMs IO BJIA’KHOCTH 3€PHA, C YYETOM JOMYIIECHHM, pacCMOTPEHHBIX
BhIlIe (puc. 28 0), MOKHO TPEJICTaBUTh B BUJIE CTPYKTYPHOU CXEMbI, IPUBEACHHON

Ha pucyHke 29.
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Pucynok 30. CtpykrypHas cxema 6apabaHHON 3€PHOCYIIHIKH KaKk 00BbEKTa
aBTOMATHYECKOTO PETYJIUPOBAHHUS 10 BIIAXKHOCTH 3€pHA

[lepenatounbie PyHKIIMN 3B€HHEB JAHHOW CTPYKTYPHOUM CXEMBI, CIICTYIOIIHE!

W, (p)

W.

W (P)

S(P)

1 Aw(p) ke P

qa(p) Tp*+Tp+l
_Aw(p)_ kg™
) 0,(p) Tiop +Tp+l
_Aw(p) ke

)
w,(p) Top*+T,p+l
rie Aw(p), q(p) — uzoOpaxkenuss 1o Jlammacy mpu HyJEBBIX HaydaJlbHbBIX
YCJIOBUSIX COOTBETCTBEHHO BEITUYMHBI CheMa BIIAXKHOCTH 3€pHA M KOJWYECTBA 3€pHAa,
Mo/1aBaeMoro B 6apabaH;
K4, Ks, Ks — mepenaTounbie kK03 HUIUEHTHI;
Ty, Tg, To, T10, T11, T12 — HOCTOAHHBIE BPEMEHU;




T4, Ts, Tg — BPEMS 3aI1a3bIBAHUM.
3HayeHue KOA(DQPUIMEHTOB Tepefayu, IOCTOSHHBIX BPEMEHU, BPEMEHHU
3ama3/IbIBaHUi U BO3MYILECHHH I YIEeOHBIX 1ieJIel MpuBeacHBI B Tabmie 15.

Taomuna 15
3HaYeHUS IMapaMeTPOB MEPEIATOYHBIX (PYHKITUH U BO3MYIIAOIITUX
BO3JIEUCTBUH
[TapameTpsl
BapuaHt k,;,  |Ks, ke | Tz, |Ts | To [T10,|T11,|T12,| Ta, | T5, | T6, 03, |AO3, W3, W3,
kr/c [%/°C c cl clclc|clclc]|c[CPC N %

1 -1,71 0,1 | 0,6 | 460 |270| 510 |300/400/280|360/660{100/16| 12 |35| 15
2 -1,6 1 0,09| 0,5 | 480 |300| 520 |310]410/290|380|670{110/21|-10|25| 20
3 -1,8 10,12 0,55 | 450 |250| 490 |385|380|270|350|650| 90 |32|-15|31| 10
4 -1,9 10,14 10,65 | 420 [330| 470 |365|360{240/330|630| 85 [20| 20 |35]|-15
3) -151 0,1 10,45] 470 |370| 480 |275|380/260/370|645| 95 |18| 12 |20| 15

TpeOoBaHusl, TMPEABABISIEMBbIE K TEMIIEPATypPHO-BIAXHOCTHBIM pPEXKUMAM U

K

TOYHOCTU TOJJEPKAHUS PEryJIUPYEMbIX BEJIMYUH [Js1 Oapa0aHHBIX 3€pHOCYLIMIIOK

AHAJIOTNYHBbI TpC6OBaHI/IﬂM AJI1 MIaXTHBIX 3CPHOCYIINIIOK, PACCMOTPCHHBIX paHCC.

IIapoBoii moaorpeBaresib SKHAKOM  MeEJAacChl KaK O00beKT
aBTOMATHYECKOI'0 pPeryJupoBaHus

[Ipy mNpOM3BOACTBE PACCHITHOTO KOMOMKOPMa B HEro JJOOaBIISIIOT B
ONpPENEIICHHBIX  COOTHOLICHMSIX  Menaccy.  TeXHOJNoruss  MeIacCUpOBaHUS
KOMOMKOPMOB OOYCIIOBIIMBAET MpPEABAPUTEIbHBIN TOAOTpEeB Menacchl. [[ns aTux
HeJie MCIOJIb3YIOT THapoBbie MojgorpeBarenu. IlapoBoit moporpeBarens (puc. 31)
cocTouT u3 Oaka 1, yepe3 BXOJHOE OTBEpPCTHE 2 KOTOpOro moctymaeT menacca. C
MOMOILbI0 Hacoca 3 MOJOTPETyI0 MeNlacCy MOJAI0T B CHEUUATbHBIM CMECUTEb.
Menaccy noporpeBaer 3MmeeBUK 4, B KOTopbli mnoctymaer mnap. Kak oObekr
aBTOMATHYECKOTO  PEryjupoBaHMs  MapoOBOM  MOJOTpeBaTelb  MUMEET  JBE
peryjivpyeMble BEIUYUHBI: TemrepaTypy © u ypoBeHb h menacchel. PerynupoBanue
TeMrepaTypbl B MOJOTpEBaTeNie OCYIIECTBISIOT 3a cyeT nojxaud mnapa Qp, a
peryJiupoBaHie YpPOBHS — HU3MEHEHHEeM pacxoja Qpx Ha BXOJE MOJOrpPEeBaTElIs.
OCHOBHBIM BO3MYIIICHHEM, BBI3BIBAIOIIMM OTKJIOHEHUE TEMIIepaTypbl U YpPOBHS,
ABJISIETCS pacxo Menacchl Qpprx Ha BBIXOJE.

3

Jp M ¢

Pucynok 31. Cxema nmoporpeBatesist MeJIacchbl




[TomorpeBaTenp Menacchl Kak OOBEKT PETYJIMPOBAHUSA TIO TEMIEpaType
ABJISIETCSI JIBYXEMKOCTHBIM 3BEHOM: TIE€pBasi €MKOCTh (3BEHO) — 3MEEBHK, BTOpas
€MKOCTb (3BEHO) — 0aKk COBMECTHO ¢ Menaccoil. CTpyKTypHasi cxeMa MojaorpeBaTesis
UMEET BU/I, MOKa3aHHbIN Ha pUCYHKE 32.

Qprix(P) W.(p)

Q,(p) 0,(P)

— WD)

Pucynox 32 — CtpykTypHas cxema I0JI0rpeBaTelIs MeJIacChl

[lepenarounbie  (GYHKOMH  COOTBETCTBEHHO [0  PETYJIUPYIOIIEMY |
BO3MYILAIOLIEMY BO3IEUCTBUIO

rie Ou(p), Qn(p), Qppx(p) — u300pakeHus mo Jlammacy mnpu HYJIEBBIX
HAYaJIbHBIX YCJIOBHUSX COOTBETCTBEHHO TEMIIEpaTyphl, pacxojia Iapa M pacxoja
Mmenacchl. kp, Kg, T3, T, Tg — K03 PHUIMEHTHI TIepeiaun ¥ OCTOSHHBIC BpeMeHH (MX
OpPUCHTHPOBOYHBIC YMCJIOBBIC 3HAYCHMS I HCIIOJI30BAHUS B YYEOHBIX pacyeTax
IpHUBEICHBI B Ta0mIe 16).

Tabauia 16
3HaveHUsI MapaMeTPOB MePeaTOUHBIX PYHKITUI
Bapuant [Tapamerpsl
kp, °C-c/kr|Kg, °C-c/kr| Ts,¢ |Tg, ¢ [Tg, €
1 28 14 50 | 300 | 100
2 30 15 55 | 350 | 150
3 32 16 60 | 400 | 200
4 35 17 65 | 450 | 250
5 40 20 70 | 500 | 300

JlnHaMu4ecKue CBOWMCTBA MOJIOTPEBATENsl MENacchl MO KaHally YpoBEHb h —
KOJInuecTBO (QQpx COOTBETCTBYIOT CBOWMCTBAM €MKOCTH, B KOTOPOW HEOOXOAMMO
CTaOMJIM3UPOBATH YPOBEHb JKUJIKOCTH.

MapmuTHasi IJIMTA KAK 00beKT ABTOMATHYECKOT0 PeryJTUpPOBaAHUS

B oOmecTBeHHOM TMTaHWUW JUIsI TOJOTPEBAa TOTOBOM TMHWIM Ha pasjaye
MCIIOJIB3YIOT MAPMUTHBIE AJIEKTPUUECKUE TTUTHL. [[0BEpXHOCTH TIIUTHI OJOTPEBAIOT
AIEKTPUYECKUMHU HAarpeBaTeIbHBIMH dJIeMeHTaMHu. Ha MOBEpXHOCTH TUIMTHI JTOJDKHA
TIOIePKUBATHCS TOCTOSHHAS TemrepaTypa @ B mpegenax 55-60°C. Dto mocTuraror
3a CYET WU3MCHECHHS MONIHOCTH P, moTpebiseMoil HarpeBaTEIbHBIMU JJICMEHTAMH.
Temneparypa TOBEPXHOCTH IUIUTHI 3aBHCHT OT CTEMEHW e¢¢ 3arpy3ku M (oT
KOJIMYECTBA M MAaCChl €MKOCTEH ¢ TMHWIleH, yCTaHABIMBAEMbIX HA TUIUTY) M OT
TEeMIIepaTypbl B TOMEMIEHHH O, KOTOPYID MOXXHO pacCMaTpuBaTh B KadeCTBE
TJIABHOTO BO3MYIIICHHUSI.



MapmutHass ~ TMta  Kak  OOBEKT  PEryJupoBaHUS  COOTBETCTBYET
anepuoauYeckoMy 3BeHy BToporo mnopsiaka. IlepenaTtounble (QYHKIMH TUITMTHI 110
PEryJIMPYIOLIEMY U BO3MYIIAIOIIEMY BO3JAEHCTBUSAM COOTBETCTBEHHO CJIEIYIOIINE:

0(p) kP
We(p)= = X
»(P) P(p) T,T,P>+(T,+T,)p+1
0 k
WB(p): (p) =—25

On(p) Typ+l’

rae  (p), P(p), ®n(p) — uzobpaxenus mo Jlamiacy npu HyJIEBBIX HadalbHBIX
YCIIOBUSAX  COOTBETCTBEHHO  PETYJIMPYEMOM  BEJIMYMHBI, PETYJIUPYIOHNIETO H
BO3MYIAIOIIETO BO3ACHCTBUS,

Kp, kg, T1, T, T3 — K03(pPHUITHCHTHI IIEpeadn U IIOCTOSHHBIC BPEMEHHU.

[Tpm yd4eOHBIX pacyeTax 3HAYCHHS IapaMETPOB IEPEIATOYHBIX (YHKIUH
MOXXHO NpHHMMaTh ciepytommue: k,=0,125...0,2°C/Bt; kg=1; T;=80...100 c;
T,=200...400 c; T5=300...500 c.

DJIEKTPHYECKH I BYJIKAHU3AaTOP KaK O0OBEKT aBTOMATHYECKOIO

peryJupoBaHus

DNEeKTpUYECKNE BYJIKAHU3ATOPbl IPEAHA3HAYEHBI I PEMOHTA Hapy’KHBIX
IIOBPEXKACHUHN ITOKPBILIEK U KaMep.

Bynkanuzatop uMeeT 4yryHHOE JIMTO€ OCHOBAHUE, IUIUTY C HarpeBaTeIbHbIMU
JJIEMEHTAMM W BHUHTOBOE IIPMKMMHOE YCTPOMCTBO. Ilmura ¢ 3ieKTpUYECKUM
HarpeBaTelIbHbIM DJIEMEHTOM 3aKpPEIUIEHA Ha KOPIYCE INMOABMKHO U C IMOMOUIBIO
BUHTA NPWXKHMAETCd K YYTYHHOMY OCHOBAaHHIO. MeXay IIMTOM M YyT'YHHBIM
OCHOBAaHHMEM 3aKJIAJIBIBAETCS PEMOHTUPYEMBIM YYaCTOK KaMepbl WJIM TMOKPBIIIKHU.
HarpeBarenbHblii 3JIEMEHT COCTOMT M3 KEPAaMHUYECKOrO KapKaca M HHUXPOMOBOM
CIIApaJIu.

TexHonorus ByJKaHU3ALUU NPEIyCMaTPUBAET CTAOMIIM3AIMIO0 TEMIIEpaTyphl
HarpeBaHus WIKThl ©. PerynupoBanue temnepatypbl ® o6ecnednBaroT MocpeaCTBOM
U3MeHeHus: MomHocTh P, morpebnsieMolt HarpeBaTeNbHBIM dJeMeHTOM. Ha
TeMneparypy © Oka3bpIBaeT TAKKE BIMSAHUE TEMIIEpATypa OKpYKarouien cpeasl Op.

JIlnHaMu4eckue CBOWCTBA BYJIKAHMW3aTOPA MOXHO OIIUCATh IE€PEIaTOYHBIMHU
GYyHKIUSAMU TIpU  CIIEIYIOIIUX OPUEHTHUPOBOYHBIX 3HAYCHMSIX UX IapaMeTpOB:

ke=0,2...0,4°C/Br; kg=1; T1=60...80 c; T,=150...300 c; T5=200...300 c.



I11. IlpuMep MosAACHUTEJIHHOM 3aNIMCKU K KypPcoBoii padore Ha Temy «CAP
HAIIPSIZKEHUs TeHePaTOPa MOCTOSTHHOI0 TOKa»

[IpuHuunuansHas osaekrpuueckas cxema CAP HanpspkeHuss reHepartopa
MpEeCTaBICHA HA pUCYHKE 33.
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Pucynox 33. [IpuniunuansHas anektpuueckas cxema CAP nanpsixeHus
reHepaTopa.

3agaHue Ha pacyeT MpuBeJieH B Tabnuie 17.

Tabmuma 17
3agaHue Ha pacyeT
T,,
No ! Tr ) y K;[ ] K K K A, tp ] O.
Bap. ¢ C ¢ pan /Bc ' ™ PP % Cc %

0,8 0,2 | 0,01 2,0 1,0 3,0 1,0 | 50 1835 30

BBenenue

Hanucate o 3amauax aBromatudeckoro ynpasienust CAP cBoero Bapuanrta, o0
aBTOMATH3alMK MPOU3BOACTBA U €€ 3HAUCHUHU.

Onucanue npurnuia paborsl CAP

Cucrema npeaHasHauCHa JIA aBTOMATHYCCKOTO IIOAACPKAHUA 3aJaHHOTO
YPOBHA BBIXOAHOI'O HAIPsKCHUS TCHEpATOpa IIpHU HU3MCHAIOIICMCA CﬂyqaleBIM

o0Opa3oMm compoTuBieHnu Harpy3ku R,. Hanpsxenne U CHUMaeMoe ¢

311 °
noteHuuometrpa [12, 3amaér TpeOyemMoe 3HAUYEHHUE BBIXOJHOTO HAMPSKCHUS

reHepaTopa, KOTOpoe HY’KHO MOAJEPKUBATh OCTOSIHHBIM. Clie10BaTeNbHO, 3aJaueh




CAP sBusercd CBEAEHHME K HYIO C HEKOTOPOW TOYHOCTBIO  BEJIUYHHBI
paccoriacoBaHus

AU=U, —U_ )

Paccmotpum paboty stoit CAP nHampsikxenus: renepatopa. Ilomoxkum, 4to B

CHCTEME MMEET MECTO YCTAaHOBMBINMHICSA pexuM, mpu kotopom AU=U, —U =0

(t.e. U, = U, ). B sToM ciryuae Ha AKOpHYI0 OOMOTKY ABUratens ¢ DY HocTynaer

HYJIEBOM CUTHAJ M JABUraTellb HE BpalllaeTcs, a, 3HAYUT, IBMKOK nmoTeHunuomerpa 111
HAaXOAUTCS B (PUKCHPOBAHHOM TOJOXKEHUHU. BcrencTtBue 3TOro  HampspKeHHE Ha
oOMoTKe BO30yxaeHuss OMY, a, cienoBarenbHO, W HANpPsDKEHUE HA 3aKUMax
reseparopa U, ocTaércsd MOCTOSHHBIM U, KaK FOBOPWJIOCH Bbime 0 U., paBHBIM

U

370"
[Ipenmonoxknm, Temepb, 4TO B HEKOTOPBIM MOMEHT BPEMEHHM HW3MEHWIOCH
CKa4yKOM COIpOTUBICHUE HArpy3ku R, . BcaencrBue 3TOoro B IEpBBIE MOMEHT

YMEHBIIUTCS (MJIM YBEIUYUTCS — B 3aBUCUMOCTH OT TOTO, YMEHBIIUTCA WM
yBenmmuutcss R, ) Hanpsbxkenue reneparopa U.. U3 ¢opmyns! (7) BUIHO, YTO 3TO

NpUBEAET K  TMOSBICHUIO TOJOXKUTEIBLHOTO (OTPUIATEIBHOTO)  HAMPSIKEHUS
paccornacoBanuss AU, KOTOpo€ MOCIE€ YCHUIICHUS SJEKTPOHHBIM ycuiauTenem JY
MOCTYIAET Ha SIKOPHYIO OOMOTKY JBUTraTens. J[Burareib HauWHAeT BPAIATHCA B TY
WM UHYIO CTOPOHY U uepe3 peaykTop P mepememiaer aBuxok norenmuometpa I11,
yBennuuBas (yMeHbIIas) HanpspDkeHre Ha oOMoTke BO30yxkieHus OMY u nanee Ha
3axuMax reHeparopa U.. Bpamenue nsurarens um ysenuueHue (ymesbuieHue) U

OyZIET MPOJOIKATECA 0 TeX mop, moka U, cHoBa He crameT pasHbiM U, . B ator

MoMeHT AU cTaHeT paBHBIM HYJIO U OyJe€T UMETh MECTO HOBBIM YCTaHOBUBILUKCS
pexxuM (mpu ApyroMm, 4eMm pasHee, 3HaueHMH R ). Ormerum emé pa3, 4ro
YCTAHOBHUBUIMMCSA PEXKUM BO3HUKAET MIPU CUTHANIE paccoriacoBanus AU, KOTOpbIN B
CTaTUYECKOM PEeXHUME MPOMOPLHUOHAIECH CTaTUUECKON OLIMOKE, paBHOM HYIIIO, YTO
03Ha4yaeT aCTaTUYHOCTh paccmaTpuBaemoit CAP.

CocTaBJIeHHE CTPYKTYPHOU CXEMBI HCXOJHOU CUCTEMBI

Onupascb Ha MNPUHIUNHAIBGHYIO  JJIEKTPUYECKYIO  CXEMYy  CHCTEMBI
aBTOMATHYECKOTO pPETyJIMpOBaHUS TeHepaTopa (puc.33), COCTaBUM CHadaia
(YHKITMOHATBLHYIO CXeMYy cUcTeMbl (puc.34). DTy oneparuio i JIF0O0N 3aMKHYTOM
CAP ynoOHee HauWHATh CO CPaBHUBAIOIIETO 3JieMEHTa. B Hamem ciydae Takum
CPaBHHMBAIOIIMM JJIEMEHTOM SIBIISIETCS YacTh JJIEKTPUUYECKON CXEMBI, B KOTOPOU
IPOMCXOAUT anredpandeckoe cnoxenne Hanpsukeruid U, n U, . Beixoguoit curnan

3TOro CpaBHMBAIOLIETO yCTpokicTBa (cymmaropa) AU = U, —U_ nocrynaer Ha BXox

IIEPBOT0 3BEHA HANPABJICHHOIO ACUCTBUA (DJEKTPOHHOIO YCWIMTENS) U AaJIee IO
Hernovyke (YHKIMOHAJIBHBIX S3JEMEHTOB — JIBUTATellb IOCTOSIHHOTO TOKa C
HE3aBUCUMBIM BO30YKJI€HHEM, peAyKTop, norteHuuomMerp Il1, snekTpomMamimHHBIN
YCWIMTEINb, TeHepaTop. BbeixogHou curnan redeparopa U, SBIAACH BBIXOIHBIM



curajgoMm Bceid CAP, moctymaeT mo menu oOpaTHOM CBSI3M HA OAMH U3 BXOJOB
CPAaBHUBAIOILIETO YCTPOKCTBA.

N3 ¢yHkunoHanbHOM cxeMbl BHJIHO, 4TO ucxonHas CAP HanpsbkeHus
reHepaTopa MpeicTaBiIsieT co00i 3aMKHYTYIO CUCTEMY C OTPULATENIbHON €AMHUYHON
00paTHOM CBS3bIO.

S

Pucynok 34. @yHKIHOHAIbHASI CXEMa UCXOTHON CHCTEMBI.

CrpykrypHas cxema CAP nerko monyvaercs u3 QgyHKIMOHAIBHOU. J[J1s1 3TOTO
B MOCHEAHEH KaXIoMy (QYHKIIMOHAIBHOMY asieMeHTy cuctembl (DY, I, P u 1.1.)
HY)KHO IIOCTaBUThb B COOTBETCTBUE €ro0 MaTeMaTUYEeCKOE OIMCAaHWE B BHUJE
muddepeHnansHOT0 YpaBHEeHUsI, repeaaTouHo pyHkiuu u 1.1. [loaTomMy cHavasa
MIOJIyYUM MaTEMATUYECKOE ONMCAHUE OTAEIBHBIX AJIEMEHTOB CUCTEMBI.

[Honyuenne nnddepeHaTbHBIX YPAaBHEHUN OTAEILHBIX DJIIEMEHTOB CUCTEMBI
U UX IIEpEIaTOYHBIX HYHKINN

INeKmMpOHHbLU YCUTUMETb

[Tporreccrl B 37IEKTPOHHOM YCHJIUTEINE BO BPEMEHHOM 0071acTh MOKHO OTHCATh
anredpandeckuM ypaBHCHUEM

U, (1) =K, -AU(t).
[lepexons B JlaruiacoBy 007acTh M YYUTHIBAS, YTO

~

uw=waaﬁ=Tuway@mm,
0

AU = L{AU(t)} = [AU(t) -e Pt
0
MOJIyYUM

U,t)=K,-AU
Haiiném otcrona nepenaTounyto (yHKIIHIO JIEKTPOHHOTO YCHIIUTENS

W =U”:K
3y (p) AD Jy*

ﬂ@udeeJlb NOCMOAHHO20 MOKA C He3a6UCUMbBIM 6036y9f00€Hu€M



N3 xypca TAY wusBectHo, uro nudpdepeHranibHoe ypaBHEHUE JBUTATENs
MOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30Y)XKIEHHEM C YIJIOM IOBOpOTa Bajia B
Ka4eCcTBE BBIXOJHON BEJIIMYHMHBI, 3aITMCHIBACTCS CIEAYIOIINUM 00pa3oM:

2
A, (1)  do,(t)
T A
€ ¢, - YTOIl IOBOPOTA BBIXOJQHOTO Bajla ABUIaTEls.
Beenst cootsercTBUs MExIy opuruHanamu @, (t), U, (t) n usobpakennsamu

T

ouU 4y AHATOTHYHO MPEBITYIIEMY, TIOTYIHM B obnactu Jlamnaca

p(T)lp +1)€|5)1 = K}I ) Day’

H, CJICA0BATCIIBHO,

W,(p)= 21 =
PTG, T p(Tp+D)
w P(Tp+1)
Peoyxmop
B 3aBucumoctu oOT TOTO, Kakou IMOTCHOHUOMCTP 1 - ¢ YIJIOBBIM HJIN
JIMHEWHBIM IICPCMCIICHUCM JBHJKKAa — HMCIIOJIB3YCTCA B CHCTCMC, BBIXOIIHOﬁ

BEIIMYNHON pelykropa @, (t) MoxeT ObITh OO yroi moBopoTa JIMOO JHHEHHOE
nepemenienue. Ilyctb, s ompenenéHHOCTH, peyb HUAET 00 yriie MOBOpOTa
BBIXOJTHOTO Bajia pelyKTopa u JIBmxkKa norennuomerpa I11. Torma coorBeTcTByMOIICE

MaTeMaTHYECKOE OIMCAaHUE peAYKTOpa Oy/IeT UMETh BH/I:
?p (t) = er,u "Py (t)

(‘bp = er,u : (‘ba'

Wpen (p) = = er

e

Sl

P$!

Ilomenyuomemp 111

Bo BpemeHHoi#1 001acT ypaBHEHHE MTOTESHITMOMETPA UMEET BUJT
U (t) = Kppp - ¢, (1).

Orcroga noay4yum
U =Ky - Pp-

U
W (p) = ?m =K.

p

INeKmpoMauuUHHbIU YCUTUMEND



MN3BecTHO, UTO JMHAMHUKA OAJEKTpoMaliMHHOro  ycwiutens (OMY)
OTHUCBIBACTCS ClIeAyomUM auddepeHIInaTbHBIM YPaBHEHUEM

d’U... (t) du_ . (t)
dafhéy 3—My-i_uaMy(t) :KaMy ’ UHl(t)!
WIM B U300paXKEHUAX
[T, - Tep? + (T, + T)p+1J0,0 =Ko Ory.
OT0 ypaBHEHHE JIETKO Mpeodpas3yercs K BUAY
(TKp + 1)(Typ + 1) U3My = KBMy UHl :
Jns mnoHmwxkeHus mnopanka auddepenuuanbHoro ypaBHeHuss Bceir CAP

HaIIpSKEHUS TEHEPATOpa € LENbI0 YMEHBIIEHUS TPYIHOCTH pacyéra B 3aJaHUU Ha
KypcoBoe NpoeKkTupoBaHue npezaraercs B3sath 1, = 0. Torna ypaBHenue DMV B

o6J1acTh N300paKEHUI MOXKET OBITH 3aIIMCAHO B BUIC
(Typ + 1) UaMy = I<3My UHl’
a mepenaTovHasi pyHKUIuUs

T, T, +(T, +T,)

~

U K
WaMy (p) =1 = —
Up Typ+l

I'enepamop

JubdepennmansHoe ypaBHEHHE TEHEpaTopa OOBIYHO MPEACTABISICTCS
CIEAYIOIIMM 00pa3om

'I'r dUl" (t)
dt
a B 00J1aCTH KOMIUIEKCHOM nepeMenHou Jlamaca p:
(T.p+HU, =K, U
Torna nepenatounasi pyHKIUsI TeHEPATOPA:

UF KF
W._(p) == = )
g U Tp+1
My P
Tenepr moacTaBUM B HaWACHHBIC BBIpAKECHUS I auddepeHInanbHbIX
ypaBHeHI/Iﬁ u HepeﬂaTO‘—IHBIX (bYHKHI/Iﬁ DJICMCHTOB UUCJIOBBIC 3HAUCHUA HapaMeTpOB,

3IaHHBIX JIJIS1 JAHHOTO BapraHTa B TabuIe 4.

+ Ur(t) =K, - U3My (1),

My !

INeKmpOHHbLU YCUTUMETb
B 3agaHmum Ha KypcoBOe€ IpOeKTHMpoBaHHE KodpduuueHt nepemaun K,
AJIIEKTPOHHOI'O YCUJIUTEINS HE yKa3aH, €ro HaMm elé MPeACTOUT ONPEACIIUTh, TOITOMY

ypaBHEHUE U NiepeatouHast GpyHkuus DY Mmoka octaroTcs B OyKBEHHOM BHUJIE.

ﬂeueameﬂb NOCMOAHHO2O mMoOKa



2
5 070,() o, (V)

0, =2-U_ (1),
dt2 dt 3y( )
¢ 2
W, (p) === :
8 U, p(08p+1)
Peoyxmop

Pp (1) = @, (1).
Wpez[ (p) = (—ﬁ_p =1.

pi
Ilomenyuomemp I11

Ui (t) =9, (1).

INeKmpoMauUHHbIU YCUTUMEND

dU,,,, (1)
0,01d—Mty + U,y (1) =3- Upy ().
U 3

W = = :
oy (P) Ug 0,01p+1
I'enepamop
du_(t)
02— ——=+U_(t)=U_, ().
o (1) =U,,, (1)
U 1
W (p)==L-= :
() U,y 02p+1

Tenepsp, 3Hast MaTEMAaTUYECKOE OMMCAHUE OTIENbHBIX d51eMeHTOB CAP, MoXHO
MOJyYNUTh CTPYKTYPHYIO CXeMy cucTeMbl. [[isi 3Toro B (yHKIIMOHAIBHOW CXEeMe
(puc.34) B KaxIOM MPSMOYTOJbHUKE BMECTO OOO3HAaYeHUs (PYHKIHMOHAIBHOIO
anemenTta (OY, I, OMY, I' u T.4.) Hao 3anucath €ro nepeaaTouHyo GyHKIIUIO JTU00
muddepeHanbHoe ypaBHEHHE.



Onpenenenue oo0iero kodhduimenta yeriaeHus (100pOTHOCTH) CUCTEMBI

Jlo6poTHOCTB cucTeMbI K, obecrieurBarolias 3aianayro TouHoctb A=5% =0,05,
MOJKET OBITh OIIpE/IETICHA U3 BBIPAKEHUS:
K :1—A :1—0,05 _
TA 0,05
B mpaBoif wactu auddepeHnnanbHOro ypaBHEHUs Pa30OMKHYTON HCXOJHOMN
CUCTEMBI COMHOXUTEND 6-K, U ecTh TOOPOTHOCTH CHCTEMBI, [I0ITOMY:

K, =6-K,,.

19.

Otcrona:
Ky 19

K, =—=—~=317.
Y6 6

[Monyuenne nepenatouHor GYHKIIMHA 3aMKHYTOU UCXOTHOU CUCTEMBI

C yuérom momyuenHoro 3Hadenus K, = 3,17 nepeparounas QyHKuus

HCXOJHOW pa30MKHYTOM CUCTEMBI IPUMET BU]

U 6-317 19

T

U,, p(08p+1)(0,0lp+1)(02p+1) 0,0016p*+017p®+101p°+p

Wncx (p) =

Orcioga BHMJOHO, YTO TMOCKOIbKy B 3Hamenarene W, (p) wumeercs

COMHOXHTENb p, TO paccmarpuBaeMas ucxonHass CAP — acratuueckas ¢ NEpBbIM
MOPSIKOM acTaTU3Ma.

HuddepennyanbHoe ypaBHEHUE UCXOAHOW pa3oMKHYTOW cucteMsl npu K., =
3,17 Oynet BBITISAIETH TaK

d*uU._(t) d*U_ (1) d?U,(t) L 4U.(0)
dt* dt? dt® dt
[lepenarounass (GyHKUMS HMCXOAHOW 3aMKHYTOM CHCTEMBI B  Cly4ae
OTPULIATETHLHON €IMHUYHON OOpPaTHOM CBSI3U ONMPEAEIUTCS U3 BEIPAKECHUS

0,0016 +0.17 +1,01 ~19-U,, (%)

W
W3ch (p) = o (p) .
1+ W, (p)
B Hamewm cnyuae
19
U.  0,0016p* +017p° +1,01p® +p
W, e (p) = D = 19
sn 1+
0,0016p* +0,17p° +1,01p? + p

19
©0,0016p* +0.17p° +1,01p? + p +19
3nauut, guddepeHmaILHoe YpaBHEHNE UCXOTHOM 3aMKHYTON CUCTEMBI OyIeT




d*U, (t)
dt*

d°U, (t)

d?U, (t) du._(t)
dt® ’

0,0016 -
dt dt

+0,17 +1,01

+19-U, () =19- U, (1).

OnpenesieHue YCTOMYMBOCTHA UCXOIHON 3aMKHYTOU cucTeMbl. Haxoxaenue
TPAHUYHOTO KOYDDUIIMEHTA YCUIICHUS.

Jns  ompeneneHuss yYCTOWYMBOCTH MCXOAHOM 3amkHyToM CAP MOXHO
BOCITOJIB30BaThCA JIIOOBIM M3 HU3BECTHBIX KPUTEPHEB YCTOMYMBOCTH, HAIPUMED,
anrebpandeckuM kpurepuem ['ypBuna. XapakTepucTH4ecKoe ypaBHEHHUE 3aMKHYTON

CHCTEMBI MOXKHO IMOJIyYHTh U3 HepenaTouHol GyHkuun W, . ), IPHPABHSB HYIIIO

€€ 3HaMeHaTelIb
0,0016p* +017p° +1,01p® +p+19=0.
KoadduumeHTsl 3TOro xapakTepucTUUeCKOTO YPAaBHEHUSI B CTAHJIAPTHBIX JJIS

kputepus ['ypBuiia 0003HaUE€HUAX TAaKOBbI
ap,=0,0016; a; =017; a, =101, a;=1 a,=K=19.

CormacHo xkpurteputo ['ypBuma aisi yCTOMYMBOCTU CUCTEMBI, 3a/JaHHOMN
HEKOTOPHIM XapaKTEPUCTUYECKUM YpaBHEHUEM, HEOOXOIMMO U JOCTATOYHO, YTOOBI
NPU TIOJIOKUTEIIEHOCTH BceX KO3(DPHUIMEHTOB XapaKTEPUCTHYECKOTO YpaBHEHHS
ObUTM OBI MOJIOKUTENILHBI U BCE TJIABHBIC JMAarOHAIBHBIC MUHOPHI. B Hamem ciydae
Bce koaduuuents &; (i =0,1,2,3,4) MonoKUTETbHBI, TPOBEPUM 3HAKH MUHOPOB.

A =a;| =017 >0;

a; as| | 017 1
ap a,l [0,0016 1,0
a; az O 0,17 1 O

Ay=la, a, a,/=0,0016 1,01 19/=017-1,01-1-017%-19-0,0016-1-1=
0 a; aj 0 017 1

=0,1717-0,5491-0,0016 =-0,379 < 0.

AZI

JJ =017-101-1.-0,0016 =01717-0,0016 =0,1701> 0;

Tak xak MuHOp A5 <0, TO cHCcTEeMa B 3aMKHYTOM COCTOSIHUU HEYCTOWUYUBA.
Omnpezenum rpaHndHbLi KOOQuIUeHT yerteHust K, , IpH KOTOPOM CHCTeMa

HaXOJUTCS HA I'PAHULIC YCTOMYUBOCTH. I 3TOr0 IPUPABHAEM HYJIIO MUHODP Aj U U3
TOJIy4CHHOTO paBeHCTBa HaAEM K
a; az O 017 1 0
Az=la, a, a,/=0,0016 101 K.|=0.
0 a; aj 0 017 1
Orcrona
017-1,01-1-017°K,;, —0,0016-1-1=0.

CnenoBaTenLHO



- 0,17-1,01-1-0,0016-1-1
P 0,172

I/ITaK, HUCXOOAHad CHUCTEMaA HCYCTOﬁqHBa, HOBTOMy HCO6XOI[I/IM CHHTCEC3
KOPPEKTUPYIOIIETO YCTPOUCTBA.

K ~5,89.

Iloctpoenne xemaemon JIAYX. OmnpeneseHne VYCTOWYUBOCTH, PACUYET U
HOCTPOECHHUE MEPEXOTHON XaPAKTEPUCTUKN CKOPPEKTUPOBAHHOU CUCTEMBI.

CymectByer mHOoro meronoB cuHre3a CAP. Mbl ucnonb3zyem meton B.B.
CononoBHUKOBa, 0a3upyIONIUKCS HAa TOCTPOCHUM JIOTapU(PMHUUECKUX aMILTUTYIHO-
4acTOTHBIX XapakTepucTuk (JIAUX) ucxonHoit u sxenaemoii cucteM L, (o), L, (o)

n noxydeHuss JIAUX koppekrupyromero ycrpoicrsa L,(w) B COOTBETCTBHH C
BBIPAKECHUEM

Ly (@) = Ly (@) — Ly ().
[Toctpoum JIAUX MCXOQHON CHCTEMBI:
19

WI/ICX (p) = .
p(0,8p+1)(0,01p+1)(0,2p+1)
DToii mepemaToYHON (PYHKIHM COOTBETCTBYET aMIUIMTYyAHO-(pa3oBas H
AMILTUTYIHO-4aCTOTHAS XapaKTEPUCTHKH

. 19
Wncx (J(D) == . - :
Jo(0,8jo+1)(0,01jo+1)(0,2jo+1)

Ao (©) =AWy (jo) - Wiy (o) =

19
©,/0,6402 +1-+/0,000102 +1-~/0,040? +1

Orcrona Beipaxkenue g Tounont JIAUX 3anuiercs B Buae

L, (@) = 20lg19 — 201g - 201g /0,6402 +1—201g +/0.000102 +1 — 201g /0,04w? +1 =
— 25,6 - 201g - 201g /0,640 +1— 201g+/0.00010% +1— 2019 /0,042 +1.

Comnpsraroriue 9acToTbl ncxoaHon JIAUX HaxoasaTces cleayronmM o0pa3oM

g =~ =125 [cY]
1 _
(002 = = 5 [C l],
0,2
1 _
(g5 = = =100 [c]
0,01
Tak xak mepenaroydas GyHKIUS UCXOIHON PA3OMKHYTON CHCTEMBI OTHOCHTCS
k Il Tunmy, TO nmns mepBoro ywactka acumnrorudeckot JIAYX, T.e. A

o < 0y =1.25¢™, ypaBuenue acumnrotsl JIAUX Gyner:
L, Lo (0)=25,6-20Ig o.



OT0 ypaBHEHWE MPSMOW JIMHUM C HAKIOHOM -20 10/Aex, mpoxoasmier mpu
o = 1c uepe3 Touky Ly, (1) =25,6 6. HanbHelimuit xon acumnrornyeckoit JIAUX

IPY YBEIMYCHUU YaCTOTHl XapaKTEPU3YeTCs TEM, YTO Ha CONPATAIOIIMX YacTOTax
Oy, Oyp U M 3ITPOUCXOIUT U3MEHEHUE HAKJIOHA XapaKTEPUCTUKU KaKIBIA pa3 Ha -

20 n6/nex (puc.14).
Teneps noctpoum xkemaemyro JIAUX, T1.e. JIAUX yCTOMYMBOW CHCTEMBI,
OTBEYAIONIeH 3aJaHHBIM TPEOOBAHUSM K KQU€CTBY PETYIHUPOBAHMUSL.
Ornpenenum cHayaja 4acToTy cpesa Oy HKETTACMOH JTAUX
o - br
cpK T,
tp
W3 nuteparypbl U3BECTHO, YTO IPH 33aJlaHHOM HepeperyaupoBanuu ¢ = 30%
ko3 duiment b B 3TOM (QopMyne cienyer BblOMpaTh paBHbBIM b=3.8. Orcrona

MOJIy4aeTcst

Cpenneuactotbliii (CH) yuactok L, (m) mpoXxomuT uepe3 uacToTy cpesa

c HakJoHOM -20 n6/aek. J{MHY CpeHeYacTOTHOM aCUMMTOTHI OTPAaHUYUM  CJieBa

9 v A -1 v v )
npou3BOIbHONW 4YacToToM ® =0,16 ¢, a cnpaBa — 4acTOTOU ®, T.€. OnvKaiei

To4koif uznoma L, (o).
N3BectHo, uro  Hu3kouactotHed  (HY) ywactok L (w)mpoxomutr ¢

HakJioHOM —V-20 106/nek (v - mopsiIoK acTaTU3Ma, B HalleM ciiydae v = 1) u eciu
HCXOJIHAs CHCTEMa YJOBIETBOPSET TPEOOBAHHIO no tounoctd, TO HY yuacrok

L, (w) nemator coBmagaroum ¢ HY yuactkom L, (w). B paccmarpuBaemom

cinydae kodpduimeHT ycuieHus cucteMbl K=19 Mbl U BbIOMpanM TakuM, YTOOBI
oOecreunTh 3aaHHy0 TOYHOCTh A= 5%. IlosTomy B Hamem cinyyae HY ywacTtku
L,.(w) u L, (®) coBmagaror. Comnpspkenne HYU m CY ydacTKOB OCYIIECTBHM

OTPE3KOM MPSIMOI ¢ HaKJIOHOM - 40 16/1ex.

Bricokouactotubiii (BU) yuactox JIAUX mano Bnusier Ha auHamuky CAP,
MOATOMY JJisi 00€CTIeueHUs MPOCTOTHI KoppeKTprIomero ycrporictBa BYU yyactok
L, (o) mpoBoasar mmubo nmapamwtensao BY ywactky L., (©), mubo coBnamarommm c

ucx

ucx
HUM. [locTpoeHHas Takum obOpa3zoM acummnroruueckas L. (o) mpencraBieHa Ha
pucyske 335.

[lepenarounass (QyHKIMS pPa30OMKHYTOM CKOPPEKTHPOBAHHON (>kesraeMoi)
CHCTEMBI MOKET ObITh, Mcxod u3 L, (®) 3ammcana creayromum odpazom:

191 p+1)
W, (p) = 0.16 -

(O 00525 p+1)(0,8p +1)(0,01p +1)(0,2p +1) (13)

B 19(6,25p +1)
p(190,5p +1)(0,8p +1)(0,01p +1)(0,2p +1)




XKenaemass 3amxuytass CAP Oyzmer Xapakrepu3oBaTbcs NepeaaTOYHOU
(hyHKIHEH:
19(6,25p +1)
W, (P) _  p(190,5p+1)(0,8p+1)(0,01p +1)(0,2p +1)
1+ W, (p) 1. 19(6,25p +1)
p(190,5p +1)(0,8p +1)(0,01p +1)(0,2p + 1)
B 19(6,25p +1) B
p(190,5p +1)(0,8p +1)(0,01p +1)(0,2p +1) +19(6,25p + 1)
B 118,75p +19
0,3048p5 + 32,3866p4 +192,515p3 +191,51p2 +119,75p+19 '
[lepenatounass (QyHKIHMS Pa3OMKHYTOM CKOPPEKTHPOBAHHOW (5KermaeMoil)
CHCTEMbI MOKET ObITh, McX0/s1 U3 L, (®) 3ammcana cnemyromum oopazom

W, (p)=

1
19(~ p+1
(0’16p )

W)K (p) = 1 =

p(0’00525p+1)(0,8p +1)(0,01p +1)(0,2p +1) (14)

- 19(6,25p +1)
p(190,5p +1)(0,8p +1)(0,01p +1)(0,2p +1)
JIAUX

Lm(w). ob

3 4
Teriwar

Pucynok 35. [loctpoenue JIAUX ucxo1HOH, xKeTaeMON CUCTEM U
KOPPEKTHUPYIOIIETO YCTPOUCTBA



XKenaemass 3amxHytass CAP Oymer Xxapakrepw3oBaThCsl MEpeIaTOYHON
(hyHKITHEH:

19(6,25p +1)
W, (p) = Wi (P) _ p(90,5p+1)(08p+1)(0,01p+1)(0,2p+1) _
- 1+ W, (p) 1, 19(6,25p +1)
p(190,5p +1)(0,8p +1)(0,01p +1)(0,2p +1)
- 19(6,25p +1) -
~ p(190,5p +1)(0,8p +1)(0,01p +1)(0,2p +1) +19(6,25p +1)
118,75p +19

©0,3048p° +32,3866p* +192,515p° +191,51p® +119,75p +19

[Ipexxne dYem paccuuThiBaTh KOPPEKTHPYIOLIEE YCTPOMCTBO, ONPEIEIUM
CHavaja, YCTOWYMBOM JIM MOJy4WJIach CKOPPEKTHpOBaHHas (KejJaeMasl) CUCTEMa U
YAOBJIETBOPSIET JIM OHA 3aJlaHHBIM TpPEeOOBAaHUSAM K KayeCTBY pEryJUpOBaHMUS.
[TockonbKy yke moctpoeHa L. (®), yCTOHYMBOCTh 3aMKHYTOH CKOPPEKTHPOBAHHOM
CUCTEMBI YJJOOHEE OLIEHUTH C IIOMOILBIO JIOTapU(PMHUUECKOTO KPUTEPHSL.

bazupysce Ha mepeaarouHyro (PyHKLIHIO Pa30MKHYTOW CKOPPEKTHUPOBaHHOM
CAP (8), Haiiném (ha30ByI0 HaCTOTHYIO XapaKTEPUCTUKY ITOW CUCTEMBI

0, (m) =arctg6,25- o — g —arctgl90,5- w—arctg0,8- w—arctg0,2 - w—arctg0,01- .

Ha gacrote cpesa o o 0.63 ¢ MOJTYy4YUM
0, (0,63) =arctg6,25-0,63 - g —arctgl90,5-0,63—arctg0,8- 0,63 —arctg0,2-0,63—
—arctg0,01-0,63 =75,75° —90° —89,52° — 26,75° — 7,18° — 0,36° = —138,06°.

[Tpu 3TOM 3anac ycroitunBocTH 1o ¢ase Oyaer
Y =180°+ ¢(0,63) =180°-138,06° = 41,96° > 0,
3HAYUT, )kesaemasi CAP B 3aMKHYTOM COCTOSIHUM yCTOWYMBA.
Jlis  mpoBepKHM COOTBETCTBUSl IOKa3zaTejel KayecTBa pPEryJUpOBaHUs
CIPOEKTUPOBAHHOM (KelaeMoil) CHCTeMbl 3aJaHHBIM TpPeOOBAaHUSM TMOCTPOUM
IEPEXOAHYI0  XapaKTepUCTHKYy 3aMKHyTod kemaemoit CAP  h_ (). Oty

XapaKTEPUCTHKY MOXHO TOJYYUTh Pa3IMYHBIMH  CIIOCOOAMH, MBI  ceidac
OCTAaHOBHMMCSI Ha XOpOIIO M3BeCTHOM u3 kKypca TAY wmertonme, omuparomemcs Ha
HaxOXXJeHUU oOpaTHOTO mpeodpa3oBaHus Jlammaca BEIpaKeHUS

hoy (1) = L_l{Wg (D) -1}-
p

B HaieMm ciyyae nepenatodyHast GpyHKIUs



118,75p +19 a

p(0,3048p° +32,3866p* +192,515p° +19151p? +119,75p +19)
npeacCTaBJICT CO00OM CIIOKHOE I[p06H0-paHI/IOHaJ'II>HOC BBIPpA’KCHHUC, KOTOPOC

HaJ0 MPEICTaBUTh CYMMOW MPOCTHIX ApoOed. DTa METOJMKa XOPOIIO M3BECTHA, HO

JNOCTaTOYHO TIPOMO3JKa, II03TOMY BOCIOJIB3YEMCS MAaTEMaTUYECKUM PEIAKTOPOM
MBTY. Jlina 3T0ro B OKHE MNPUJIOKEHH pa3paboTaeM CXEMy HCXOJHOM CHCTEMBI

(puc.36).

W3>1< (p) ’ 1 =

— '3 —r'4

] K| Tes+1 1] H K| =
B _"“@—" Ts+1 [ ™| Tes+d |+5[T-s+1]+ T et TP

L e

Pucynox 36. Cxema ncxonuoit CAP (mepBas ureparius).

3arem, corjmacHo Tabmuubl 17, NOpOCTaBUM HMCXOAHBIE JIAHHBIE B
COOTBETCTBYIOILINE MEPEAATOYHbIE (PYHKIUU.

[TepexoIHYI0 XapaKTEpPUCTUKY 3aMKHYTOW JKEJIAEMOW CHUCTEMBI MOYKHO HAWTH,
oOpaTUBIIKCH K MaTeMaTH4ueckoMy penakropy MBTY. [lns atoro 3aMkHEM KIIOU B
cxeme (puc.36), U ABOMHBIM KJIMKOM Ha)XXMEM Ha BbIXOAHOW rpaduk. Ilepexonnas
XapaKTepUCTHKA MPEACTaBIIEHA Ha PUCYHKe 37.

Ilepexognan xapakTepHCTHEA

=Y
=
™

B

e I L e B Y e A T ¥ I

[ e e T L I o Y Y o

[ ]
1%
Lad
1.9
4]
&)
L

10 12 14 15
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Pucynox 37. T'paduk mnepexogHON XapaKTEPUCTHKH CKOPPEKTHPOBAHHOMN
3aMKHYTOM CHUCTEMBI.
W3 moctpoeHHOro rpaguka HailaéM BpeMs PEryaMpoBaHusi , M BEIMYHHY

nepeperyaupoBaHusl G CKOPPEKTUPOBAHHOM cucTteMbl. B Tabnuiie 18 mpuBeneHsl 5tu
JaHHbIE, TTOJTydeHHbIe ¢ ToMoIsio MBTY.

5)



Taobmuna 18
JlaHHbIe TpaduKa NepexoTHON XapaKTEePUCTHKH CKOPPEKTUPOBAHHOM
3aMKHYTOH CHCTEMBI

b, o Mpageue 1 (= |F|:|a-:|:-ura 1 [ |Fh|-:l"a;::ra 1
_ o 3.57745 1.21632 5.921 1.29202 [
0117247 0.000E3326E| 2. 64901 1.23063 E.0z2483 1.28386 |
0.203491 0.0033365 | 3.70951 1.241395 B.21077 1.26845
0.311838 00117172 | 3.81325 1.25975 7.2176 1.17363
0.44093 0.0283433 | 390333 1.27366 7.A1116 1.16353
0.518525 00433334 | 4.02147 1.284952 F.B3074 1.14626
0601842 00520441 4.121EE 1.30011 F.r1228 1.14011
0.721151 00343095 | 4.20709 1.30966 F.8948 1.12E35
0.206034 0.1 20851 430057 1.31765 ¥.9948 1.12011
0910747 0157234 442517 1.32618 8.0948 1.11354
1.02301 0.2001 31 452574 1.33135 8.1948 1.10725
112678 0.24281 4. 606174 1.33451 8.2948 1.10125
1.20106 0.2139s02 4. 72998 1.3376E 8.23948 1.09553
2.24986 0.7539332 4 82998 1.3388 8.4948 1.03003
241282 0.2402332 4. 90953 1.33887 2.5942 1.08495 I
2.53201 0.2830772 5. 00953 1.337498 26942 1.02009 :
266292 039423032 510435 1.33R18 2.78973 1.07573
281112 0.933232 52137 1.333205 287518 1.07202
2.99041 1.05373 5.20093 1.3298 2.951E1 1.05887 '
3.09041 1.09137 5. 419EE 1.32442 9.021532 1.06612 |
3139041 1.12036 R.E1052 1.31962 91494 1.0514
229041 1.14853 5.EB1487 1.213245 9.20902 1.05934
2.39041 1.17406 70013 1.207332 9.2216 1.055E59
2.49041 1.19754 5.B22E63 1.29937 9. 42641 1.05254
357745 1.21E32 R oa 1 aane o.5242 1.04932 i

W3 Tabmuuer 18 Buano, uTo t,, T.e. BpeMs, MOCIE KOTOPOTO MEPEXOTHBIN

p b
h.(t) He Beiiner m3 kopunopa (1+A)-Z,. =(1£0,05)-1=0,95+105,
cocTaBsieT npubamsurensHo t;=9,52c, uro ymosnerBopser 3aganuto (t,<18,35c),

1,3388-1

nporiece

[IEPEPETYIUPOBAHUE O, . = -100% =33,88% Oounbiie 3aganHoro (6=30%) w,
peperyaup t-5¢

3HAYUT, CKOPPEKTUPOBAaHHAs CHCTEMa XOTs W yCTOMYHMBA, HO HE oOecreunBaeT
3aJIaHHYIO BEJIMYHUHY mepeperyinupoBanus ¢. [loaTomy Hy)KHa clieqyromias uTepaus
nporiecca cuateza CAP.

st yeunenust aemrndupoBaHus IEPEXOTHOTO MPOIecca B CHCTEME YBEITUIUM
iy CUY yuactka xemaemont JIAUX. C sroi nenpro yactoty uznoma CH yyactka
ymeHbIuM ¢ 0,16 ¢t n00,1c¢ct [Tonydennoe npu 3ToM u3menenue L. (o) mokazano

Ha pucyHke 38.



JIAUX
Lm(w), ob
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Pucynox 38. Bce JIAUX (BTOpas utepanus).

[l BTOpO# urepauuu

W, (0) 19(10p +1)

- p(250p +1)(0,8p +1)(0,2p +1)(0,01p +1) ;

o, (p) =arctgl0- o — g —arctg250- o —arctg0,8- m—arctg0,2 - w—arctg0,01- w.

Ha ygacrote cpesa o o 0.63 ¢’ momyunm
o, (p) =arctgl0-0,63— g —arctg250-0,63—arctg0,8-0,63—arctg0,2- 0,63 —
—arctg0,01-0,63 =80,98° —90° —89,64° — 26,75° - 7,18° — 0,36° = —132,95°.

3anac yCTOM4MBOCTH 10 ¢haze
7« =180°+ @, (0,63) =180°-132,95° = 47,05° > O,
T.€. 3aMKHYyTas kenaemas JIAUX ycroiiuusa.
Haiiném nepenarounyro GpyHKIMIO 3aMKHYTOM xenaemoit CAP
_ Wi(p) _ 19(10p +1) ~
1+ W, (p)  p(250p +1)(0,8p +1)(0,2p +1)(0,01p +1) +19(10p +1)
B 190p +19
0,4p° +42,502p* + 252,67p° + 251,01p% +191p +19




JlanpHenmme OeWCTBHUS MPOU3BOAATCS AHAJIOTHYHO MPEABIAYLIECH WUTEPALUU.

HCO6XOI[I/IMBI€ (I)OpMYJIBHBI@ 3aBUCHUMOCTH JOJIA BTOpOﬁ UTCpallii CHUHTC34,
MOJIy4eHHBIE ¢ TTIOMOIIbI0 peaakTopa MBTY
Tabmura 18.
I[aHHI)IC rpa(bHKa HCpCXOIIHOﬁ XapaKTCPUCTHUKHU (BTOpaH I/ITepaHI/ISI)
= Ipaguik 1 | v = |r|:l--a¢~|»~;r=;"1 ;-; ----------- | Fpague 1
0 211113 1.1654 5. 32045 1.12E6
0117304 000085106 3 29125 1.18775 5 44954 1 11696
0.202595 000456294 | = 30001 1. 20544 551318 11119
0.211932 00142243 = 40995 1.224E5 5 E5973 110102
0443175 0.0254205 2. 50034 1.23825 B 74701 1. 09495
0532436 00553457 261737 1.25304 B 24701 1 02232
0.609344 0.0770122 3. 71855 1.26336 5 .94701 1. 08222
0. 09265 0103206 2810232 1.27054 7 04701 1. 07652
0.201427 0143124 392253 1.2777F 7 14701 1.07122
0.91 23332 0.1333944 4 00527 1 22125 7 23397 1. 06697
1.00452 0.2292325 4.10557F 1.28385 7 30439 1 06377
110147 0.2752307 4. 20437 1 224505 = 4139 1 059z
1.22324 0.22394493 4.21 741 1.28415 7 BO535 1. 05575
1.932445 O.712232 4 41145 1 2a22q 7 G2397 1.05176
2.11104 0.7/39313 4.53513 1.2F779s 7 72595 1. 04875
2.20877F 0.24539323 4.E2 1. 2732366 7 a1472 1. 046473
2.21524 0.833977 4. 72851 1. 26803 7 916573 1.044132
2.43408 0.944E531 A4.22051 1.26212 g.01695 104215
2.50024 0.971332 4.9119= 1. 2656555 211592 1. 04052
2.B5E04 1.023012 5.001E59 1.248673 g.2169 1. 03914
<. FoB04 1.06454 5.12338 1.2385 8. 30635 1.02817
<.85604 1.09836 5.31441 1.22134 8.41687 1.03721
<. 356B04 1.1=552 £.03149 1.15296 8 57E24 1.02633
4.05213 1.151 B.22233 1.13675 8.62376 1.03617
=.11113 1.1854 5.33046 1.1266 8 71624 1.03597

Pacuérer mns h,, (t) B Tabmauue 18 (kak m B mpeaplaylieM ciydae MPHHATO
st mpoctotel h,, (t) = h(t)) n coorBeTcTBylOmUEe TpadUKH NPENCTABICHBI HA

pucynkax 37 u 38. Omaun w3 rpadukoB (MEHBIIMI MO pa3MepaM) MOCTPOCH
PEIAaKTOPOM B pEXKHME aBTOMAaTHIECKOTO BBIOOpA MacIiTada, a iyl APYroro C IeIbio
0ojiee HATJSAIHOTO OIPEACICHUS BEJIUYHHBI BPEMEHU PETYIHPOBAHHUS MacliTad
notobpan 6osee ymoOHbIM. Ha 3TOM rpaduke oTMedeHa BEpXHssl TpaHUIA 33JaHHON
togHOCTH 1,05 W OTYETIMBO ompeaesisieM MPUOIM3UTEILHBIA MOMECHT TIEPECCUCHHSI
KPUBOH h(t) ¢ ropusoHTansHoi mpsmoii h(t) = 1,05, T.e. t; ~7,67c (o1y Benmuuny

MOJKHO TIOJYYHTh M3 TaOJHUIBl 6, MOCKONBKY BHAHO, uTo 3Hadenue h(f) = 1,05
JgocTuraerca npu t, Haxozsmemcs mMexay 7,6 u 7,8 c). 3 Tabauipl ke MOXKHO
YCMOTPETh, YTO MakcumaiabHoe 3Hauenue h(t) = 1,285 momyuaercs npu t = 4,2 ¢, a,
3HAYUT, MEPEPEryIMPOBaHUE JJIsl BTOPOM WTEpAIUU CKOPPEKTHPOBAHHON CHUCTEMBI
Oyner:



12848 -1
O =

-100% = 28,48%.

Takum 00pa3oM, CKOPPEKTHUPOBaHHAS CHUCTEMa YCTOMYMBA U YAOBIETBOPSET
MIOCTaBJICHHBIM TPEOOBAHMM K KAUE€CTBY PETyJIHPOBAHU.

Cunres MOCJICAOBATEIbHOTO KOPPEKTUPVIOIIET0 YCTPOMCTBA

Oo6patumcs k pucyHky 38. Ucnonb3ys popmyny:
Ly (@) = Ly (0) — Lk (),
noctpouM JIAUX  koppekrupyromero ycrpoiictea L, (w) mnepexatouHas

(GyHKLIHS KOTOPOro OyAeT

1
—p+1
W (o)~ TP+ 01" 10p+1
© T,p+1 1 0+1 250p+1’
0,004

T.e. T1=10¢; T,=250c.
B coorBercTBuM ¢ BUIOM L, (o) u ero nepenarounoit gynkiuein W, (p) u3

CIIPAaBOYHBIX MAaTE€pPUAIIOB MO KOPPEKTUPYIOIINM YCTPONCTBAM HAWAEM MOIXOISIILYIO
IIEKTPUUYECKYIO CXEMY ITACCUBHOTO YETHIPEXTIOMOCHUKA (puc.39).

Pucynox 39. DnekTpruueckasi cxeMa KOppEeKTUPYIOIIETo YCTPOUCTBA.

DnekTpuyecKkue mapaMmeTpbl ueThipéxmnomtocHuka R;, R, C; cBsazanbsl ¢
napamerpamu T; u T, JIAUX koppektupyromero ycrpoicrsa Ly (w) caexyrommmu
COOTHOIICHHUSIMU

T,=R;-C;T, = (1+—R2) T,
R,
3agaBuinch, Hanpumep, Ry = 10° om = 100 koM MOJTy4YUM
T 10 _4
C,=—=—"—"=10 =100 mkd.
1 Rl 105 [(1)] (1)

Rzz(ﬁ—l)-R =(@—1)-105 =24.10° [om]=2,4 mom.
1
T, 10



Pa3paboTka CTPYKTYPHOM ¥ NIPUHIIMITAAIBLHOMN JIEKTPUUYECKON CXEM
ckoppekTupoBadHoit CAP

Tak kak KOIP(GUUIMUEHT YCUICHHUS TMOJYYHBIIETOCS KOPPEKTUPYIOIIETO
yCTpOMCTBA JIsl 4acToT, Oobimux o = 0,004 c'l, MEHBIIIE €IUHUIIBI, T.€. 0CJIA0IIET
CUTHAJI, TO €ro (KOPPEKTUPYIOIIEee YCTPOWCTBO) HEOOXOIMMO CTaBUTh IOCIE
ycwiurensi. C ydy€ToM CKa3aHHOTO, CTPYKTypHasi cxema ckoppektupoBaHHO CAP
MOKET OBITh TIpeicTaBleHa Ha pucyHke 40.

[lepenatounsie ¢yHKIMKA 3BeHBEB Wi(p) CHCTEMBI TPHUBEACHBI B TEKCTE
KypCOBOM paOOTHI.

Ha pucynke 20 npencraBieHa CTpYKTypHasi cxema ckoppektupoBaHHoil CAP,
a Ha pucyHke 21 snexkTpudeckas cxema pa3paboTaHHOW CHCTEMBI.

W3y chy (p Wﬂ(p Wp Wnl (1’ WaMy (P Wf(p)

| / / / / / / /
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Pucynok 21. [IpuHnnnuanbHas 3JI€KTpUUECKas CXeMa CKOPPEKTUPOBAHHOM
CAP.

3aKII0OUYEHUE

B »Tom paznmene HeoOXoauMo OOCYIUTh XOJ PEIHICHUS U PE3yJIbTaThl
MpoJIeJIaHHOM PabOTHI.

v
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