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MPEJUCJIOBHUE

‘B naHHbiX METOJMYECKHX YKA3ZAHUAX COJACPKHTCS TEOPETHYECKHH pasjien, ABe
NPaKTHYECKHX W 0/iHa pacuérHas naGoparopHas paboTsl.

[NpakTuuecxkne  paboTel  MOCBALICHBl  ONPEJCNICHHIO  XAPAKTCPHCTHK
CTATHYECKOTO obbexra peryJupoBaHHs HACTPOEUHBIX rapameTpoB
JABYXMO3HUMOHHEBIX peryistopos. Pacuérnas pabota nocBauieHa MaTeMaTHieCKOMY
MOJENHPOBAHMIO  NEPEXOAHONO  fpouecca  MpH  NMPOEKTHPOBAHHH cHcTeM
ABTOMATHYECKOrO PeryiupoBaHusl.

MeToanueckHe YKa3aHus rpeaHasHadeHs! Ui CTYACHTOB METAJULYPruiecKHX,
MALIMHOCTPOUTEIBHBIX H XHMHKO-TEXHOMOMHYECKHX CIIEUMANBHOCTEl, W3y4aloumx
TEOPHIO ABTOMATHHECKOTO PErYIHPOBAHUS U TEXHHYECKUX CPEJICTB aBTOMATH3ALINH.

Onucanyio MeTOAUKH Kaxo naboparoproii paboTsl NpeAlecTBYeT KpaTKoe
UIOKEHHE DSNEMEHTOB NPUKIAJHON TEOPHH aBTOMATHYECKOro pery/iHpoBaHHA

[1-15].
MOHSITUE O TUITOBBIX IMHAMWYECKHX 3BEHBSIX

CuctemMa aBTOMATHYECKOTO PperyjMpoBaHHs B LENsAX pacyera W aHalu3a
pasbuBaeTcss Ha JJICMEHTapHbIE COCTABJAOLINE, HA3bIBACMbIE IHHAMHYCCKHMH
3BeHBAMH. [IpH 5TOM OOBIYHO YYHTBLIBAIOTCS CIIE/IYIOLIHE YCIOBHA.

1. Ilepexosmsle npouLecChl 3JIEMEHTApHBIX 3BEHLEB ONHCHIBAIOTCA HIIH
anre6pandyecKuMi ypaBHeHHsAMH, WIH AuddepeHUnAIbHBIMA YPaBHCHHAMH He BbILUe
BTOPOro NMopsAKa.

2. 3peunsi oONaNAIOT AETEKTUPYIOUWMM CBOMCTBOM - MMITYJIBC MPOIYCKaeTCA
BHYTPH 3BEHbCB TOJBKO B OJIHOM HAMpPaBJICHHH.

PeanbHEIe TPOLIECCH], ¢ M3BECTHOW CTENeHblo NpuOMMKeHHs, ONHCHIBAIOTCS
OJIHHM M3 3JIeMeHTapHbIX 3BEHLEB. F

WMmnysibe, HOMyYaeMblli 2J€MEHTAPHBIM  3BEHOM, Ha3bBaeTCA  BXO/IHOM
BenHunHOM Xy, WIH «BXO#OM». MMnynsc, BO3HHKAIOUMH [ocne 3BeHA ©
(QYHKIMOHANBHO 3aBUCAIMIA OT BXOJNHON BCJMYHHBL, HA3bIBACTCA BBIXOIHOMH
BENIHYHHOW Xy, WIH «BLIXOAOMD.

B npocreiiieM cnydae CHCTEMY aBTOMATHYECKOro  perysiMpoBaHHs
NPEACTABIAIOT COCTOAIIEH U3 IBYX 3JIEMCHTAPHBIX 3BEHBCB! :

a) oOBeKT (BKJIIOUas M3MEpUTENBbHBLIN Npeobpa3oBaTesib M Peryjaupyroumi
opras);

6) peryasTop (BK/IIOYAst HCOONHUTEITBHBIH MEXaHH3M).

Otn Yo
omecHue k =-—=, MNOJACIYUTAHHOC B YCJIIOBHAX pPaBHOBECHA JAHHAMHYECCKOro

BX

3BeHa, Ha3bIBAETCA €ro nepelaTouHbIM KOG QUITHEHTOM.

X (P)
Ortnowenne W(p)= —)—(1"—"(—5)— B yC/IOBHSIX HEPEXOIHOTO NMpoLecca Mex 1y ABYMS

COCTOSHUSMM PABHOBECHA HA3bIBACTCS NEPEAATOYHON PYHKIHCH.

B nepenatounsie (YHKUMM BCEX THUIOBBIX 3BEHHEB, 33 HCKIOYCHHEM
NPONOPHMOHATIBHOrO 3BEHA, BXOJMT COCTaBAIOIIAs BPEMEHH U MCMIONB3YCTCH
CHMBOJIYECKas onepaTopHas opma 3armucH NPON3BOJHBIX U HHTErpasos.

Dra dopma 3anucu HMEET Cle Ay BUA:



d s X{(p)
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®yukunn B 9Tol (QopMe 3anuCH COBRANAIOT € MX  HI00PAKEHMNMM,
MoJIyYeHHBIMH nyTem ripeobpasosanusa Jlaraca npu HyJCELIX HAUMILHLIX YCAOBMIX.
[Mpu srom wHaj cuMBONOM (p) MOXKHO NPOM3BOAHTE OOBIMHBIC anreOpanveckie
npeobpazoBanus.

Ilepenarounas ¢yHkuuii nonyvaerca M3 XapaKTEpPHCTHYECKOro ypasHeHMs
JUHAMHYECKOr0 3BEHAa IyTeM 3aMeHbl POH3BOJHBIX HX ONEpaTopHoit (opmoil.
[TpuBesieM KOHKpETHBIH IIpUMEp.

AneprHofMuecKoe HWIH MHEPLUMOHHOE 3BEHO I[IEPBOrO [OpSAKa HWMEET
cneayiolliee XapakTepHCTHUECKOE ypaBHEHHE:

Tem 4 5. = kx,, (2)
dr
rae T — nocTosHHas BpEMEHH 3BeHa; k — nepeaarouHblit koadpduumuent.
[TpousBoxns cornacHo (I) cOOTBETCTBYIONLYIO 3aMEHY, NOJYYUM:

Tp"’mx(p)+xnux(p) B k“’n(p)i

HIHN
XoD)Tp +1]= kX (),

OTKyJa nepejatoutas GpyHKuus

X.(p) Tp+!’

dX
[Ipa nHactyrmieHud paBHOBECHS —-J&'—‘-:O W ypaBHeHHE (2) npespaiacrcs B
{ i

X i
k= X‘“" — nepesaToynblil KOIQOUIMEHT.
nx
AnHanoruuHeiM 0o0pazoM Momy4aioTcs mnepenatodHbie (YHKUMM W JIpYyrHX

JMHAMHYECKHX 3BEHBEB.
[IInpoko MCnoNb3yeTcss MeTOA MCCIEAOBAHUA JIMHAMHYCCKHX 3BCHLCB TTyTEM
nepejjadyd Ha BXOJ 3BeHA rapMOHHYECKHX KONeOaHHH C ONpejle/ieHHeM YacTOTHBIX

xapakrepucTuk [1].

CTpyKrypHbie CXeMbl CHCTEM ABTOMATHYCCKOIO PEryamponams

an aHajiu3€ CXEM -aBTOMATHYECKOro PperyavpoBaHus, COCTOMIIMX H3
HECKOJIBKHX 3BEHLECB, KOMIIJICKC 3BCHBECB 3aMCHAIOT OJHHM 2KBHBAJICHTHLIM 3BCHOM,
CROMCTBA KOTOpPOr'o # MnoJuiexar HCCIEeAOBaHHIO.
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OBbIMHO PacCMaTPUBAIOT TPH OCHOBHBLIX BHAA COEAMHCHHM, 3JIEMEHTApHBIX
3genbeB (puc.1), KOoMOMHMpYsS KOTOpbie MOXHO MccienoBars Oonee CIOXKHYIO
cucremy. K 3THM coeiHHEHHSIM OTHOCATCH:

a) MocJieZIOBaTeNIbHOE COCANHEHHE;

6) napannenbHOe COeIHHEHHE;

B) OXBAaT 3B€HA 00paTHON CBA3EIO.

[Ipn 1OCNENOBATEIBHOM COE/IMHEHMH BBIXOJHAS BENWYMHA NPEABIAYIICTo
3BEHA PaBHA BXOJHON BENMYHMHE MOCNERYIOLIero, corjiacHo puc.l, a nepejaTouHbe

K03 PHIHEHTE! 3BeHLEB PABHEI

k'___knugl ; k2 Ynuz k .__X ;.“k":Amm 3
X, X X

Bx 2 wx3

nxl

l'IepeMHoxcaa NPHBEACHHBIE BbILIC 3HAYYCHHA k , HOJIYYHM!

Kk ke, = 2 Xuoa _KL:Z()_(&

b B < X,

exl ax2 nx3 axn

YuuTEIBasA, YTO BXOAHAS BeJIUYMHA CHCTEMbI Xx=Xjx1, @ BRIXOAHAA Xyux=Xgurcns
¥ TIPOM3BO/IA COKPALIECHHS NPOMEKYTOYHBIX WICHOB, 10JyIHM
X
k=}w'=kl'kz'k-"n.'k", (3)

AHANOrAYHO [PU TMOCIE/OBATEBHOM COCJMHEHHH 3BEHbEB Iepe/laToyHas

QYHKUUA CHCTEMBI PABHA POU3BE/ICHUIO NIEPEAATOYHBIX QYHKIHH COCTABIIAIOIIMX:
Wi(p)=W 1(p) W) Ws(p) ... Walp).

[Ipn napauiensHOM COeJMHEHHUM OJIMH H TOT XK€ CHTHAI NOJaeTcs Ha BX0J
HECKONBKHX AUHAMHUYECKMX 3BeHbEeB. BHIXOAHbIC BENWYHHBI COCTABJIAIOLMX IPH
9ToM ckiaageiBalotest. Ilepenatounsiit Ko3dpuuneHT 38eHa, YCIOBHO 3aMEHAIOLIEro
JAHHYIO CHCTEMY, paBeH CyMMe MNepefaToqHbIX KOd()OHIMEHTOB STHX 3BCHBEB

(puc.1,6).



IIpu napaaneJibHoM COC/IMHCHHUH Xox=Xaxi =X ™ . "X W
Xnux‘:anxl +Xnux2+ aes +Xauxn-

X B PN — (5, X X X
Orciona k= —tux — —sal _ " suxl sove o Zewxl g Zowux2 g ewan ke koo k(4
Il X X.x anl X'nZ Xun . : .* . ( )

Taxum obpazom, nostyuaem
Wp)=Wilp) + Wap)+... + W.(p).

Oxpar 38eHa 0oOpaTHOW CBSI3BIO MONYHACTCH NPH NAPANEIBLHO-BCTPEUHOM
coeauHeHuy. BeIXoHas BeTHYMHA OJTHOIO NMEPBOro 3BE€HA UCNOL3YETCH B KayecTse
BXOJHOW BEJIMYMHBI BTOPOro 3BeHa. BeIXoaHas BEIHYHMHA BTOPOro 3seHa
anrebpanyecku CyMMUpYeTCs ¢ BXOJHOH BEJIHHHUHOM 11epBOro.

CyutecTnylor isa apuanTta obparHoii casu (puc. 1,8):

a) Nax F X g2 =Naxt — nosioxcurensHas obparHas cBa3b,;
6) X XNux2=Xuxi — OTpunarensuas obparnas cssisb.

C uensio aHain3a IBa 3BCHA 3AMEHAIOTCH OJIHUM, UMEIOIIHM DKBHBAJCHTHBINH

nepeiaToMHbIA KOApHUHEHT WK nepeaaTounyio Gpynkumio.

U3 puc. 1,86 cuenyer: k, =£§W; k, ==-§,ml.
axl oxd

Xowxt =X =k1 Xox1,
Xowz=ka Xyt
an =X-xli‘Xnux2-
[MepepaTounsiii KOOYPPHIMEHT IKBHBAICHTHOTO 3BEHA!

k= {.!.!ﬁ. —_ k&" e leg_xl :
an an :tk2xouxl an :tklk2k.lx|
HJIH OKOHYATENIbHO
k
h=—"—.
1+ kk, ©)
Taxum 00pa3zoM, MoJIydaeM JUIst iepelaTouHoN pyHKIUH
#,(p)
W(p)= ; : (6)
L+, (pW, (p)

(3HaK «+» HCIONB3YETCs NMPH OTPHIATEIBHOY OOPATHOM CBS3H, 3HAK «» IIPH
MOJIOKUTENBLHOM ).

Ilpr CIOXHBIX CTPYKTYPHBIX CXEMAaX IIPOM3BOJMTCH I[OCTENCHHAs 3aMeHa
OTAENBHBIX IPYINl 3BEHbEB MEHBIUMM KOJIHMYECTBOM HKBHUBAJICHTHLIX 3BEHBLEB.
3asucumoctn Buaa X=X, Ha3biBalOTCA CTATHYECKMMM  XApaKTepUCTHKaMH
3BEHA.

CraTHyeckne  XapaKTEpPHCTUKH JEHCTBUTENBHBI JUIA  YCTaHOBHBLIErOCs
cOCTOsAHMA cHcTeMbl. VX pasgensior Ha JMHeHHbIe, JIMHEAPU3IHPOBaHHbIE M
CYIUECTBEHHO HeNHHelHble. BONBIIMHCTBO PEANBHBIX XAPAKTEPHCTHK HEIHHEHHBL
Omnake B HebonbluMx TMpeAenax H3MEHEHHs TnapaMeTpa ¢  H3BECTHBIM
NpUGIKEHUEM CYHTAEM 3aBHCHMOCTE Xy ~f(Xax) mpamonuueiinoii. W3 ostoro
NPENONOKEHHUS. UCXO/NT TEOpHA aBTOMATHYECKOTO PeryMpoBaHMs JIMHEHHBIX
CAP. Ilpu 3KCHCPHMEHTANBHOM ONpe/iceHHn craTuyeckux xapakrepuctuk CAP
uccHeayeTes ANs psa Mocie/l0BaTeIbHO YCTaHOBHBILHXCS COCTOAHMIA.

JluHaMuYeCKHEe XapaKTepPUCTHKH PAacCMaTpUBAIOTCA B YCIOBUAX MEPEeXOMHBIX

HecTailMoHapHEIX npoueccos [1-3].
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PABOTAI

SKCNEPUMEHTAJIBHOE OINPEJIEJIEHUE XAPAKTEPHCTUK
CTATUYECKOI'O OBBEKTA PEI'YJIMPOBAHWA

KpaTKHC TEOPETHYECCKHE CBC/ICHHA

 3naHMe CBOWCTB M JMHAMHYECKMX I1apaMeTpOB 0o0BbEKTa peryupoBaHus
HeOGXOAMMO JUIS TPABHWIBHONO BHIGOpA peryjiMpyIomero YCTpoHCTBa, 3aKOHA
peryMpoBaHHs M  ONpeJeNicHHs NapaMeTpoB  HACTPOHKH — aBTOMATHHCCKHX
peryisTopos.

OO6BeKTH pery/iHpoBaHHs PasfAeifiOTCs Ha JiBeé OCHOBHBIC IPYNMNbI: 00BEKThHI
fe3 camoBblpaBHHBaHMA (acraTHyeckHe) M OOBEKTBI € CaMOBHIPABHHBAHHCM
(cratuueckue). TexHonornyeckue OOBEKTHI  OTHOCATCS, B  TOAABJIAIOLIEM
OOoNBIIMHCTBE Cly4Yaen, KO BTOPO# rpyniie. |

CaMOBBIPAaBHUBAHHEM Ha3bIBAaeTCs CBOHCTBO OOBEKTa NpH HapylIeHHH
paBHOBECHS YCTaHABNMBATE HOBOE 3HAYEHHE TIAPAMETPA, NOCTOAHHOE [0 BCIHIHHE,
HO He pasHOe TMepBoHayaisHOMY. HoBOe mOCTOSAHHOEC 3HAYUCHME TNapameTpa
ycTanasnusaercsi 6€3 yuacTus peryJsropa.

JUis noscHeHHsi CBOWCTBA CaMOBBIDaBHHBAHHA PacCMOTPHM MNPHMEP obbexra,

obnanaroniero 3TuM caoiicteom (puc.2,a).

3 I ET IS ‘ PO Onp
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Puc. 2

Kamepnas neus orarumsaercsi rasoM. Ecan NpHXOX TemioThl B paboyuem
npoctpaiictse rmeyn paBeH pacXopy Qup=COpcw TO B MEYH YCTAHABIHBACTCA
focTosHHAn Temneparypa 7. [lpu ckaukooGpazHOM M3MEHEHHH CTENCHH OTKPBLITHA
perynupyIOnIero oprana pacxojl rasa yBenuuuBaeTcs, 1 TEMIEpaTypa evs HaunHaeT

pact. OJHAKO ¢ POCTOM TEMIEPATYpPh! MEYH, YRCIHYHBACTCA PACXo/l TEIUIOTHl Ha
7



HArPEB METa/Ia, a TAKKE BOZHUKAIOT MOTEPH B OKPYKAOWIYIO cpeiy. ‘lepes
HEKOTOpOe BpeMsi HACTYIaeT HOBOE COCTOAHHE PABHOBECHS, NPUXO/ TEINOTH CTaHeT
paBHBIM pacxoly Q= pe, M TEMIECpATypa B IEYH NMPHMET HOBOC MOCTONHHOE
3HAYCHHE 1.

O6nbexr, u3obpaxenuslii Ha puc.2,0, CBOMCTBOM CaMOBBIPABHMBAMMI He
obnanaer.

O6wekr  perynupoBaHus  npejcrasnser coboit  Hax, mnapamerpom
peryJjiMpoBaHus SBJAETCH YPOBEHb XHAKOCTH B Hem. B 6ak nopaercs mHUAKOCTD,
NPUX0J1 KOTOPOii peryiupyercs ¢ nomosio perynupytouiero opraia P.O. Pacxon
WHAKOCTH TOCTOSHHBIH M obecrnieunBaercs nacocom. Ilpu pasenctBe mpuxona u
pacxoza XuaKocTH Ony=0Opc B 6aKe ycTaHaBAMBACTCA NOCTOSHIBIN ypoBeHs M. Tlpn
CKayKoOOpa3HOM W3MEHEHWM CTENEHH OTKPhITHS peryaupyiouiero oprasa P.O.
ypOBeHb XHAKOCTH B Oake HeorpanudeHHo pacter. HoBoe NOCTOAHHOE 3HAYEHHE
ypoBHa [, He ycTaHaBNMBaeTCA.

OOBeKT peryinHpoBaHUs MOXHO PaccMaTpuBarh B Ka4yeCTBE JAHHAMHYECKOTO
3geHa (puc.3), BXOJAHOH BENWYHMHON KOTOPOro SBJISETCH HM3IMCHCHHE CTEMNeHH
oTkpbiTus Au perynupytomero opraia (P.O.), BBIXOJHOH BENHYMHONW — U3MEHEHHE

napamerpa perynuposanus Ag.

RO . o6 of
(X »x) w3 O(oux)

Puc.3

BleOllHy}O H BXOJAHYK) BE€IHYHUHY BbIPpAXKal0 TaKKE B OTHOCHTCIIBHBIX

HespasMepHBIX BEMUMHAX CreylommM obpasom:

X :ég_; an:_éﬁ’ (7)

. A e Paon

HOMHHANIBHYIO CTENeHb OTKPBITHA Myon DPUHAMAIOT 00BIuHO pasnoi  100%.
B kavecTBe HOMHHAJILHOW BEIUYHHB! (o MOXKHO TMPHHUMATH PA3HLIC 3HAYEHHSA:
ONTHMaNbHAS  BEJMYHMHA,  COOTBETCTBYIOIIAs  TPEOOBAHMAM  TEXHOJIOTHH;
MaKCHMaJIbHO BO3MOXHAas H T.J.

YacTto NpUHUMAIOT B KAYECTBE @uon  MAKCHMAILHOE 3HAYCHHE IIKAIbI
npubopa, H3MEpSIONIEro TapaMeTrp MW NOAAIOMIEro MMMYJNLC B CHCTEMY
aBTOMATHYECKOI'0 peryiupoBaHus.

[Mpy 3KCriepUMEHTAIBHOM OIpeIeNIeHUN JMHAMUYECKUX napaMeTpos obbekTa
pEryJHpoOBaHHs Ha BXOJ OOBEKTa BBOAMTCH HCKYCCTBEHHOE BO3MYILECHHE ITyTeM
CKa4Yk000pa3HOro H3MEHEHNMs CTENEHH OTKPBITHA peryaupyiolero oprama (puc. 4,a).

H3MmeHenue napaMeTpa ¢ BO BpeMEHM IpH CTyMeH4aToM (CkaukooOpa3HoM)
BO3MYILCHIH Au=y Ha3bIBaeTCA KPUBOIL pasroHa (puc.4,6).
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JUia Gonpuioro 4YHMcna peanbHbBIX CTaTHYECKHX O0BEKTOB (peryiaupoBaHue
TeMIIepaTyphl, BAOKHOCTH M T./1.) KpUBLIC pasroHa umeror S -obpasnyio dopmy. [lis
YIOpOUIEHMs] MaTeMatTHYecKkux pacderos S-obpasuyio kpusyio ABCD (puc.4,0)
MOYHO 3aMCHMTH npsMoil AOQ u axkcnodenrtoit ODC. Takas 3aMena Ha3bIBaeTCs
anrpokcuManuei AMHAMHUYECKHX CBOicTB 00BEKTa JABYMs [MOC/EA0BATENHHO
COEJIHHEHHBIMH  THUIIOBBIMH  3JIEMCHTApHbIMM  3BEHBSMH: 3BEHOM  “HUCTOIO
3ana3fApIBanus W allePHOIHYCCKHM 3BEHOM NEepBOre nopajaka. ANNpoKCHMHpPYOLIas
cucrema  mipejictaBiaser  co0oif OAHOEMKOCTHBIT  00BekT,  obnanaromuii
TPAHCMOPTHEIM 3a11a3/bIBAHUEM.

I'lo kpusoii pasrona (puc.4,6) MOXHO ONpeie/IuTh CASAYIONUe AHHAMUYECKHE
napameTphl CTaTHYECKOro 00beKTa:

7, — ukcTOe (TPAHCMOPTHOE) 3ara3/ibiBaHHe JUIA PEAIbHOTO OOBEKTa; T, — YHCTOE
(TpancnopTHOE) 3anasibiBaHUE VI anNpOKCHMUpYIomei cucteMsl; 7' — MOCTOsIHHAs
BpeMeHH 00beKTa; k — koaduiumeHT nepegaun odbeKTa.

YuctoiM  (TPAHCIIOPTHBIM) 3anasfibiBaHUEM 7, Ha3bIBACTCA IIPOMEXYTOK
BPEMEHH MEX/y MOMEHTOM BHECEHHMA BO3MYIIEHHA U MOMEHTOM Ha4ajla H3MEHEHHA
napaMeTpa. - ~

[Mocrosuuas BpeMenn obsexta I' - 3TO BpeMs, B TEYEHHE KOTOPOro ObLIO Okl
JIOCTHIHYTO HOBOE MOCTOAHHOE 3HAYCHUE NapameTpa, ecau Obl mpolecc npoTekan
Ge3 caMOBLIpABHUBAHMS C HavyanbHOW (MakcHManbHOM) ckopocTeio. Jlus
onpenenenus I NPOBOAMTCS KacaTeNbHas K KpuBOH pasrona (puc.4,6) B TOYKe
nepernba KpHBROH JO TepeceYyeHus ¢ JUHHEH HOBOr0O [OCTOSHHOIO 3HAYCHHS

napaMerpa.
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[lepenatounsiv  ko3puienTomM HasbiBaeTCs OTHOLIEHHE K = -—\,-‘H—tuocne

AOCTHXCHHS paBHOBeCHs. Jns mpaktudeckux uened mepeaatoqubiit koapuiment
OMNpPEACHACTCA KaK OTHOUICHHE KOHEYHOTO M3MEHEHHS BBIXOMHOH BeIHYNHDI
(mapameTpa) K eHHOBPEMEHHOMY HAYaTLHOMY BO3MYIUEHHUIO HA BXOJE:
A :
k - ‘pnon ) (8)
5 ;

Iepenarounsiit kosdpuuueHT BHlpaXAOT B pasMepHOll H GespasmepHoii
eHUA _napawempa ]
’

%

dopmax. B nepsom ciyuae ero pasmepocts [SOXKHI_1Mp

BTOPOM ClTy4ae €ro pasMepHOCTh HyJieBas.

Pasmepnas  (matypanenas) ¢opma  nepesatodHOro koapdunuenta
HCTIONB3YCTCA B YCIOBHMAX PEry/MpOBaivs OAMHAKOBBIX MO NPHHUMIY ACHCTBHA H
KOHCTpYKUMK arperataX. Bespasmepnas dopma npumeHsercs npu peeHun o6ummx
BOTIPOCOB PEry/MpoBatys 6e30THOCHTENIBHO K KOHKPETHOMY OGhEeKTY.

PaccMOTpUM BBIBOJ| OCHOBHOIO YpaBHEHHS, CBA3ZBIBAIOIIETO mexgty coboit
MapaMeTpel CTaTHYECKOro OOBeKTa MpPH MCXOAHOM YCIOBHH, YTO AMHAMMYECKAs
KpHBasi ABJIAETCH IKCIIOHEHTOM.

[Ipu BeIBOZIE HCMONB3YETCH CHEAYIOUICE CBOICTBO HKCIHOHEHTH, U3BECTHOE 3
Kypca MareMatuku. Eciu uepes mnpousBojibHble TOYKM KpPHBOH  1pOBeCTH
KacaTeslbHble U NMPOJOIDKHTE HX JI0 Mepeceyenus ¢ THHHEH MpeeNibHOro 3HAYCHHS
(byHKuMH, TO OTPE3KH 3TOM JIMHUHK OT 3aNAHHOI TOYKU O TOUKH nepeceveHus Oyayrt
BCer/ia OJIMHaKOBBIMH (pHcC.4,6).

M3 puc.4,6 cremyer, YTO NpH OTCYTCTBHH CAMOBBIPABHHBAHUS MMEET MECTO
ClIeIyIOIas 3aBHCHMOCTb:

42 _ Dog 9)
dr T
Ecnn yyects, uto Apyoy=MyK,s cornacto (8), To Mbl nomyunm ypasHenue oobexra B
pasMepHOl  ¢opme NPy OTCYTCTBHH CAMOBBIPABHUBAHAA :

%:-’%,nnu Tg%=1<‘°6Mo. (10)

Eciu B ypauenun (10) ¢ u M 3amenurs be3pasmepHBIME BestHUHHAME Xy 1 Xy,

TO HONYYMM  ypaBHEHHE HACANIbHO HHTETPHPYIOLIETe 3BeHa B Ge3pasmepHoil hopme:
L dX
7w — KX
dt
Beisenem  muddepenumanshoe ypaBHEeHHE obrexTa npu HaJTUYUH

camoBbIpaBHMBalus. M3 tpeyronennka DEF NOmyuuM CHEAyIOUICe COOTHOIICHHUE

(puc. 4,6):

dp K. .M, dp

——=-200 7T gy T-—L+p=K.M,.

dr ' dr T8 i 4 (11)

Jro  ypasHeHue npeactaBusier coboit  aubdepeHumanLHOE ypaBHeH#e
anepHOANIECKOro 38eHa rnepsoro nopsaka. B 6espasmeproit hopme ono nmeer Bua:
T P | X, =KX,
dr
K

a nepeyiatouHas GpyHKimus pasua W(p)= R
n

10



IIpu cryrienyarom n3menennu M npapas 4acTh ypaBHEHHS IOCTOAHHA.
Hurterpuposanne  uddepenumansuoro ypasuenus (10) gaer  caemyiommii
pe3yJbTar:

p=KM, (l - e-%') A

Hpu =0 ¢=0; npu r—rw p=KM,. :

Taxum  obpazom, MakcuManbHOe H3MEHEHHE NapaMeTpa JOCTHraercs
acuMnToTHYeCKH B OeckoHewno Gosbuioil npoMexyTok BpeMeHd. IlpakrTuuecku
NPOLECC MOXHO CYHTATHL 3aKOHYEHHBIM, KOTJIa pa3’HOCTh MEXJly MaKCHMAJIbHbIM H
TEKYIIUM 3HAYCHHAMH [apaMeTpa AOCTHraeT NpeHeOpeKuMO Malloil BEeNUYUHbI.

ot
Hike NPUBE/ICHE! Pe3yJIBTATH! NOJICYETa BeIHUHHBI (1-¢ /7 ) NpPH pa3HBIX 3HAYEHUAX
7.

3 Tabnuua |
% l—-e %
0 0
/ 0,632
2T 0,865
3T 0,950
4T 0,984

Crneposarensio, npu =47 pasHuOa MeXAy TEKyUIUM M TpPENeTbHBIM
3Ha4YeHHAMH Napamerpa coctaisier ~ 1,6%. Cuuras sty crenens npubmnkeHus
AOCTATOYHOH, TPOJOIKHTENBHOCTE TPOIECCa CaMOBBIPABHUBAHMA T,, CYHTAIOT

paBHOMH
Top~4T. (12)

Eciu npoMexyTox BpeMeHH T paBeH MOCTOSHHON BpeMenn T, TO M3MEHEeHHe
napamerpa Ag cocrasnaser 0,632 0t A@iu. ITHM COOTHOIIEHHEM MOYKHO
[10/1b30BATHLCS IS TIPOBEPKH Pe3yNbTaToOB rpaduueckoro onpeaeneHus mocToSHHOMN

BpeMeHH 7 110 AMHAMHYECKOH KPHBOM.
do
Ilo okoHuaHmM Ipouecca caMOBbIPABHHBAHHA Z:O n ypasHenue (10)
npespainaercs B ypasHerue (8).
Ilepepatounsiii  koadpuuuent  xapakrepusyer  cBoilicTBa  oOBeKTa
PEry/MpoBaHus 110 OKOHYaHHM NPOLECcca CaMOBBIPABHHBAHMS I10CHE JOCTHXKEHHSA

paBHOBECHS. .
[omMumo anepropuveckoro (MHEPIHOHHOINO) 3BEHA NEPBOrO MOPAMAKA, HTO

BCTpEYaeTCs 4Yalle BCero, 0O0BEKTHI PETYJIHPOBAHUA MOTYT anNpOKCHMHPOBATHCA U

APYTHMH JUHAMHUYCCKUMHU IBEHBAMMU.
Obbektbl 6e3 caMOBBIDABHHBAHUA ANNPOKCHMUPYIOTCS HWHTErPHPYIOIHM
aCTaTHYECKMM  3BCHOM, YPaBHCHHE KOTOPOrO, TpPHMEHHTENBHO K OOBEKTY

pPeryJupoBaHHs, UMEET CNeAYIOLUWNA BHI:

__i = 1
2 k/lo, ( 3)

k
a nepeaToyHas (yHKINS COOTBETCTBEHHO W(p) = T
2

i



ACTaTHYECKHE TexXHOJorHueckue OOBEeKThl BCTpewalores pejko.  Haie
Bcrpeqaxorcﬁ CTATHYECKHE JIBYXBHEMKOCTHBIC 00BeKkTa peryauposanms. Hx
AMHAMHYECKas KPHBasi aniPOKCHMHPYETCs ABYMS 9KCITOHEHTAaMH, [0CCA0BATENLHO
NORONHAIOWHMH APYT Apyra. OaHa SKCNIOHEHTa ABNSETCA [POAOIIKSHHEM JIDYTOH,
HO MMeeT OGpaTHyI0 BOTHYTOCTH Nocjie TOYKH nepernba. Takas aunamuveckas
KpUBas COOTBETCTBYET yPaBHCHHIO:

2
Tj%+7‘§%+¢=kyo. (14)

D10 ypaBHeHHE MOJyvaeTcss B pesyiabTare MOCHeNoBaTe/bHOro BKIIOUeHN!s

JIBYX anepHOAMYECKHX HMHAMUYECKHX 3BeHbeB. B sToM ciywae nepeparounas

dYHKIMS CHCTEMBI PaBHA MPOUIBEACHUIO TEPENATOYHBIX QYHKIMHA COCTABIAIOUIMX
3BEHBEB:

W(p)=W.(pW2(p)= (7;p+lX,fI'llki Tz)p+l . (14a)

O6osnauas uepes k=kiky; T\T=Ty;, (T\+713)=7, nocne COOTBETCTBYIOIIUX

npeobpazosannii onyyaem ypasienne (14).
Jlunamuyeckas Kpupas AByXbEMKOCTHOro oObeKTa MpeicTaBlieHa Ha puc.S.

[lo CpaBHEHMIO C OJHOEMKOCTHEIM OOBEKTOM, NPOLECC CAMOBLIPABHUBAHUSA
npoTeKaeT MeJUIeHHEe.

4 I

Puc.5

[Io oTolf mpuuMHe MNA JBYXBHEMKOCTHBIX OOBEKTOB BBOJAMTCH MOHATHE
NEPEXOHOTO 3aMa3/bIBABUA Tyep, (Tnep — ITO 3aMEJUICHHUE MPOLICCCA 110 CPABHEHHIO
C ONHOEMKOCTHBIM NpOIECCOM, KOTOpblii HaumHancs Obi ¢ Touku B). Cymma
MepexXoHOro ¥ TPAHCIIOPTHOTO 3alia3/ibIBaHKA HA3bIBACTCs ODIIHM 3anas/(biBaHHeM
obnexra:

To6 = T3 + Tnep-

JluHaMHUecKHE KpPHBBIE, XapakTepHble Ui JIBYXBEMKOCTHOIO I[poreccea,
HMEIOT MecT0 y 00BeKkToB ¢ OonbuMM BHYTPEHHHM CONPOTHBICHHEM JUIA
IPOXOXICHUST HMITYJIbCA.

[MocrosiHusie Bpemenn Ty u T B ypasHenuu (14) onpeaensiorcs ciaefyioimum
obpazom. Koadduument 7 HaXOHHTCA HEMOCPEACTBEHHO K3 JIMHAMUWYUCCKOMH
XapaKTePHCTHKH, KaK 3T0 MI0Ka3aHO Ha puc.6.

12



Tabnuua 2

1,0 1,05 1,1 115 1,20 1,25 1,30 1,35

LRl

2
( ] 0 0,03 0,05 0,07 0,12 0,15 0,18 0,24

Ecin ke  JBYXbEMKOCTHBIH OOBEKT 3aMEHHTBE  COOTBETCTBYIOLIHM
ONIHOEMKOCTHBIM OGBEKTOM, TO B 3ToM cnydae Ty=0, orHowenue T/T= 1,0 u 7=T,.
To B ypaBHeHHe 11 OAHOEMKOCTHOro 00BEKTa HY)XKHO MOJACTABHTE 3HAYCHHE 7,8
Ka4yecTBe NMOCTOAHHOH BpeMeHH 00BeKTa.

MeTobi IKCHEPHMENTANBLHONO ONpPeieJIeHHs THHAMHYECKHX KPHBLIX H
NOpNAOK nposeaeHs naboparopHoi paboTsel

ITocTpoenue nuHaMHYECKOR KpuBOH OOBEKTa IPOM3BOAMTCS NMPH JOCTHKECHHH
UM ycraHosuBiuerocs coctosuus. Ilocne AOCTIDKEHHS COCTOAHMS PaBHOBECHS B
00BEKT BHOCHTCS BO3MYLIEHHE 33 CYET M3MEHEHWs CTENMEeHH OTKpBITHA
perynupytomero opraxa. Bo3mylenue J0OKHO OBITE OTHOCHTENLHO HeboNnbUINM,
TaK Kak npy GoNbUIMX BOIMYIUEHHAX HAYHHACT CKa3bIBATHCSH HENIMHEHHOCTD obbekra,
T.€. riepectaet GBITH BEPHBIM YCJIOBUE MOCTOSHCTBA IIEPEAaTOuHOrO ko3duumenTa.
BO3MOXHO CHATHE KpHBOA pasroHa B ueioM. B atom cnydae BIHAHHE
yKaszaHHoll HerouHocTH Hem3bexHo. B Tex cmyvasx, xorga Ans yCTaHOBICHHSA
HOBOT'O COCTOSHHA PaBHOBECHA TpeGyeTcs MHOTO BPEMEHH, MapameTphbl obbekTa
ONpEICNAOTCA MyTeM IKCTPANONALHMA HaYalbHOH YacTH ANHAMHYECKOH KpUBOii.
MeTo1 SKCTpanosiuH AHaAMHYecKOH KpHBoii rokaszaH Ha puc. 6. Ha kpusoii
BbIGMpaeM JiBe POU3BOJIbHBIC TOYKH £ ¥ /7 H U3 HHX OTKJIa/[bIBa€M paBHBIC OTPE3KH
ppemenn At. Iocsie 9TOro Ha BepTHKANBLHOH NpAMOil AB OTKJNa/(bIBaeM OTPE3KH

4 .
A

g {

Puc. 6
Ap, u Ap,, cootseTcTBYIOIIME OTpeskaM Bpemenn Ar. TIpoBeném ripamyro CJ] uepes
toukn C; u C» go nepeceuenus ¢ npamoit AB B toyke JI. TIpu atom otpesox Al]
GyaeT COOTBETCTROBATE OKOHUMATENBHOMY H3MEHEHHIO napaMeTpa A@yoy.
13



Jlanee onpepenserca NnoOcTosHHAs BpemMeHH obObekta 7 M nepenaTovHbli

A <
ko3 dunHeHT k=2%ou  Onucanusiit Meron OKCTPANOMALUU NPUMEHACTCA TPH

NpPOBEACHNUH pacCcMaTpUBaeMoil Huxe siaboparopHoii paboTh!.

PaGota nmpou3BoaHTCS MO NMPHUHUMIHANBHON cXeMme, NMpUBEAEHHON Ha puc. 7.
Ilpu onbiTe yYepes onpejaeieHHBIe MPOMEXYTKH BPEMEHH 3anNUChIBACTCA H3MECHEHHE
TEMIMepaTypbl NOCHE BHECEHWS BO3MYIUEHHS W CTPOMTCH JIMHAMHYECKas Kpusas
U3MEHEHHs TEMIIEPaTyphl B JIEKTPHYECKOH Nevyu conportusiedus. Harpysku neun
MOXCHO U3MEHSATH C MOMOIIBIO CHIENHANTBHOINO peocTara.

Ilepen oneiToM mneyb IpEeABAPHTENBLHO PA30TrPEeBAETCA W MO BOIMOKHOCTH
JNOBOAMTCH JIO PaBHOBECHONO cocTofAHMs. EciH no TexXHUYeCKuM NpHYHHAM
NpeABapHTENIbHBIA pa3orpeB HEBO3MOXEH, TO CHMMAETCs KpUBas pa3roHa MNpH
HayaNbHOH  Temmepatype (=20°C. Temmeparypa B me4Yu  u3MepseTcs
TepmornipeobpasoBareniem (tepmonapoii) TXA, npucoeauHesHbIM K 1aboparopHoMy
NOTEHUHOMETPY WM K perucrpupyoumemMy noreHuuomerpy. OaHoBpeMeHHO
3aNMCHIBAIOTCA NOKA3aHKs aMIiepMeTpa H BOJIETMETPA Ha PACIIPE/Ie/IUTENIbHOM LIUTE.
3ankcu npowusBoAsTcs B TedeHwe npumepHo 30 MMH, nocne 4Yero noXy4yeHHbIE
PE3YABTATHI AKCTPANONUPYIOTCS [0 PACCMOTPEHHOMY Ballle METOY.

Pe3ynbTaThl ONBITOB 3aMHCHIBAIOTCA B CIEAYIONYIO Tabinuiy

Tabnauua 3
Bpems | Iloxasanns | Temneparypa ITonpaska TIAC Temneparypa B
T, MEH | noreHumo- | csoboaueix | (onpeaensercs | Tepmonapht | neun (onpepensercs
MeTpa KOHIIOB no rpaxynpo- npu #4H=0°C | no rpaxyupoBOuHOI1
T111-63 TepMOTaphI BOYHOM E(ty 1) = Tabmuue jus E(1),0)
E(ty,1;), MB | (oxpyxaromeii | Tabuuie ais E(t, 1)+ 1, °C
cpe/ibl) 1) Eftyto), MB
f, °C E(lz,lo), mB B i
-0 1 2 3 4 S
1.'|=0 KT
tz=0,5
BpCMSI 3aITUCBIBACTCA OT Ha4ala BHCCCHHUA BOSMYUICHUA.
ITo wmavany w3MeHeHMs  mapameTpa  ONpejeNsieTcs  TPAHCIOPTHOE

3anas/ibIBaHueE T,.

3aTreM 3anHch INPOM3BOMMTCA = Y

npoiecca yepes 3-5 MUH.
O6paboTka pe3ynbTaToB MPOU3BOANTCS B CJIEIYIOIIEM MOPS/IKE:

1.

[To naHAbIM TaOnNMIBl CTPOMTCS HA4YaJo KpPUBOM pasroHa. [lyrem
OKCTPANlONALMH CTPOHTCA BCS NuHamuueckas kpusasi. [lo kpusoil maxoasarcs
MOCTOSIHHAS BpeMeHH oObekTa 7' M OKOHYATeNbHasi Pa3HOCTH 3HAYEHMIl napameTpa

perynupoBaHus Agou=Atcox.
2. Onpenensercs nepefatouHbiit KooGduient B pasmepHoil popme:

14
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rae i — NOKa3aHMs aMiepMeTpa A0 BHECEHHs BO3MyuIcHMs (NpUHHMaeMCs 3a
HOMHHAJIBHYIO BEJIMYHUHY); i> — NOKa3aHUA aMIlIepMETpPa 10cJie BO3MYIICHHA.

3. Onpezensiercs TPaHCHIOPTHOE 3aNa3/bIBAHKE T, 11O cneayrowen cbopuy.ne
T30 Tl =
rAe 7) — Bpemsi BHECEHHA BO3MYIIIEHNS; T, —~ BPEMS Hayala H3MEHEHHA rapaMeTpa.

4. Haxoaurcs OTHOMICHHE T,6/T, U 1O 3TOMY OTHOWUICHHIO NPEABAPHTENLHO
BbIOHPAETCS THUIT ABTOMATHYECKOTO peryisTopa.

Ilpu Beibope perynsitopa MOXKHO NOJB30BATECA CHEAYIOIIMMH [PUMEPHBIMH
COOTHOUIEHHIMM.

Ilpn  7,5/7<0,2 MOXHO HCHONB30BATh JABYXMO3HIIHOHHBIH perymn*op
[PEPLIBHOIO JACHCTBHS.

Ipu 1,6/7>0,2 ucnone3yoT perynsarop HenpepsiBHoro neicreus (U; ﬂ l'M
nnu [TU]] - perynsatopst). s

B otuere 1omxHO OBITE NpUBEEHO CAEAYIONIEE: . '

1. Llens paboThl U KpaTKasi TEOPHA.

2. [TpuHIMNHANBHAS CXeMa YCTaHOBKH (pHC.7).

e R <
'® NP TIL 777
e| O @ @ @ // é
OO0 @ 7
x« 00 Oy P LIS LIS IS
Puc. 7

3. PeaysisTatsl BeinoAHEHASA paboTs! (Tabnuua pe3ybTaToB).

4. Kpusas paszroua obnekra (puc. 6).

5. Peaynbrathl pacyéra CAeAYIOUWHX MapaMeTpoB: T, Apyoy T, k.
6. BoIBOJIBI 110 BRIOOPY peryisropa.



PABOTA 2
JABYXTIOSUILIUOHHOE PEI'VJIMPOBAHUE TEMIIEPATYPBI

Kak yxaspiBasioch Bbimie, CAP, Yy KOTOpBIX CTeNeHb OTKPBITHA
peryaupyiolero opraHa g MMeeT CTPOro ONpEAENeHHBIE 3HAYEHWS, Ha3bIBAIOTCH
CAP nosuumonnoro perynupoanus. Haubonee wmpokoe pacnpocrpaHeHue B
NMPOMBILILIEHHOCTH MONYYHIIH IBYXITO3HUMOHHBIE PETyAsTOPEI.

1. Mpunuun aeiicrBus

JIBYXMO3HUHOHHBIE PEryisaTopbl OTHOCATCA K PEryistopaM  NpepsiBHOIO
nevicreua. Mx wumave wHaseiBaroT Pn - perynstopamu (peneiiHbie NO3HIMOHHEBIE
perynsaTopsl). Y JABYXITO3HLHOHHBIX PEryisiTOpPOB PEryJIMPYIOLUMI OpraH MOXKeT
3aHMMaTh OJHO H3 JIBYX KpalHUX MOJOXeHWH. Yaunie Bcero 3To noiHOE OTKPHITHE
(Uwac=100%) w nonHOe 3akpbITHE  (Uy=0%) Tlostomy roBopsat, uTO
JABYXMO3ULHOKHBIE (MHAUYe peNeHHbie) peryisTopsl paboTaloT MO  NPUHLMIY
"OTKPBITO-3aKPBITO".

HactpoeyHsIMHU 1apaMeTpamMH ABYXMO3ZUUMOHHELIX PErylasTOPOB SIBASIOTCA J1BA
3HAYEHHA MapaMeTpoOB PEeryJHpOBaHUA - MAKCUMANLHOE (Pyaxe) U MHHHMMANLHOE
(@) Ob6a 3HAYEHMS YCTAHABIMBAIOTCH NPEABAPUTENIHEHO HA NMOTEHIHOMETPE WIIH
Apyrom cpeictse H3amepeHust. [lpouecc JBYXMO3HIMOHHOIO peryJnpoBaHus
MpOTEKaeT NPH HATMYHH YCTAHOBJIEHHON 30HBI HEPAaBHOMEPHOCTH Ay, (puc. 8,a) unn
npH e€ orcyreTBuM (puc. 8,6).

[Tpn yBenu4YeHHH mapamerTpa peryjivpylolluii OpraH OCTaeTcs OTKPBITBIM B
npegenax ot 0 A0 MaKCHMalbHOIO YCTAHOBJICHHOIO 3HAYEHHS MAPAMETPA Pyaxcs
nocne 31oro oH 3akpeiBactcsa. [IpH CHMXKEHMH napamerpa peryjiMpyroluii opra
OCTaeTCs 3aKpBLITHIM [0 JOCTHKCHHUA @uuy, [TOCHC HEro OH OTKpbiBaeTcs. Takum
obpazoMm, B mpefienax OT Qe A0 Puyn PETYIUPYIOUIHI OpPraH MOXKET HWMETh JiBe
creneHd otkpeitusd — 0% u 100% B 3aBHCHUMOCTH OT HanpaBieHUd H3MEHEHMS

napameTpa.
[pu -393>0 fa6=100%, a npw -32’3<0 Has=0%.
T
IIpY @asc<@Puun  Hasc=100% 1pu Bcex ciayuasix, a NpH @Puse >Puaxe  Hase =0%.

Paznuiia A = @uae ~@uun HOCHT Ha3BaHHWE 30HBI HEPABHOMEPHOCTH WM 30HBI
HeYyBCTBHUTENHHOCTH PENeHHOIro peryupoBasmsl.
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Ilpu peryaupoBannn 06sekToB, 061210 3anasbiBaHueM, akTuiueckue

/*"7 A%y
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Adarr
Adur ¢ *
o
a 3
Puc.8

-

konebaHus napamerpa Ha obbekTe (Agax:) Beerna Gosiee ycTaHoOBNICHHOIM (3aiannoii)
30HLL HEPaBHOMEPHOCTH Ha peryjisarope Ay, OIT0 OOBACHAETCS TeM, UTO MNpH
BBIK/IIOYCHHH  PETYJIMPYIOIIEr0 OpraHa napaMeTp M3-3a HAJMYHA 3ana3fbiBaHus
00BEKTa B TeYeHHE HEKOTOPOro BpeMeHH Gyaer NPONOIDKATE YBEJIMYHUBATHCH.
AHAJIOTHIHO 110C/1e BKIIOYEHHUS! [IPU JOCTHREHHH () napameTp 6yeT npoaomKarTs
CHHKATBC  HeKoTopoe Bpems. Hecosnajenme Qaxruucckux konebaumii ¢
YCTAHOBJICHHOH 30HOH HEPABHOMEPHOCTH 3aBHCHT OT HMHEPUMOHHLIX CBOMCTB
00BEKTa H MOMKET MOCTHIATh 3HAYNTENBHON BETHIUHBI,

Ecia - daktuyeckue koneGamus mapamerpa Ay, 10 CBOSH aBCOMOTHOM
BENMYHHE HENOMYCTHMBI (0 TpeGOBAHMIO TEXHONOTHH), TO 3aMAHHYIO 30HY
HEPABHOMEDHOCTH Ha peryisTope yYMEHBIUAIOT [pPH HOMOIIH CIEeHANBHBIX
npucrocobnenuii. B npenene Mbl npuxoamm K cxeme paGoTsi JABYXTO3HLHOHHBIX
PETYNIATOPOB € YCTAHOBJICHHOH 30HON HEPaBHOMEPHOCTH, paBHOil HyIo (A, = 0). B
3TOM cily4qae KojieOaHus napamMeTpa BO3HMKAIOT TOJNBKO 3a CYET TPAHCIIOPTHOIO
sanmasapiBaHuA  obbexrta. Ecnm paxe npu A,, =0 xonebanus napamerpa Aga
OCTAIOTCHA HEAONYCTHMO OONBUIMMH, TO TPHXOJMTCA NPUMEHATH PEryIATOPHI
HEINPEephIBHOIO ACHCTBHA, ' :

Ipu npeBapuTenbHO ycTaHoBKe (3ajaHHK) 30HBI HEPABHOMEPHOCTH cnenyer
MOMHHTB, HYTO MAaKCHMaNbHO BO3MOXHOE €€ 3HayeHwe O0OYCIOBAHBAETCH
TPeGOBaHHAMHU TEXHOJIOTHH, TaK KaK KoJeGaHus mapameTpa He JAOJDKHBI NpeBBILIATH
nonmycTHMOH BenHuMHBL B page ciyuaeB NpUMEHSIOTCS  JIByXNO3HIMOHHLIE
PeryJjisiTopbl ¢ HEIMOIHOH CTENEHBIO 3aKPHITHA perynmupyiomero oprasa (~ 5 — 10%
BmMecto 0%). Taxoit crioco6 wcnonbsyercs NpH peryTHpOBaHHE TEMIIEpaTypsl B
NIAMEHHBIX T€YaX, KOI/a MOJIHOe OTKIIOYEHHE Ta30BLIX TOPENOK HIH Ma3yTHBIX
hopcyHOK 10 psty npuunH HeonycTHMO. Heronnoe 3akphiTHe HMEeT MECTO Takike

IPH ABYXTIO3UITHOHHOM PEryaupoOBaHHH 1MOCTOSHCTBA J1aBJICHMS, pacxo/la rasza Hiu
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XKHAKOCTH B TPYOOIPOBOAAX, Tak KaK MOJHOE OTKIIOYEHHUE 110/1a4K Cpe/ibl B 00beKT B
OONBUIMHCTBE ClTyHaeB HEBO3MOIKHO.

 Jns BBISBNCHWS XapakTepa BiMSHHMS TNapaMeTpoB o0BekTa Ha Ipolece
ABYXIO3HIMOHHOIO PErylHpOBaHUs pacCMOTPHM HauGonee NpocToil ciyyail Ipu
Azan = 0 ¥ cummMeTpUaHBIX KoneGanusx napamerpa (Ag =A@, u narpyska N = 50%).

4 I

afon= KosMo

A » ..
| ! "
1 i
Y | i |
I 1
T« ! i
100% ——— % .
Lot M Tm
0 T
z

Puc. 9

Ha puc. 9 coBmelieHsl npoueccsl ABYXIO3UUMOHHOTO pEryIMpOBAHMS M
KPUBOH pasroHa ONHOEMKOCTHOIO o00BEKTa MpH OJHHAKOBOM [0 3HAKY W
abCoMIOTHOI BeNMYMHE BO3MyHIEHMA fo. B Touke A npousouno 3akpeiTHE
PEryIMpyIOIIero opraHa, HO IapameTp IPOJO/DKAeM YBEAMYHUBATHECH B TEUYEHHE
npoMexyTka Bpemenu CB =t,.

Kpusas pasrona o0bexta A4BG Gyaer COOTBETCTBOBATH U3MEHEHHIO [IapaMeTpa
MpH BHIKIIOYEHHOM peryisrope. M3 nonobus tpeyronsuukos ABC u AED caepyer,
yro CB /ED = AC/AE.

IToacraiss cOOTBETCTBYIOMIME 3HAYECHUS B HOPMYILY, TOTYHUM

A¢=A<Pm[%l=1fos%{17€- : (15)

rae Ag — mnoNyamMIuMTyAa KojieOaHWH napamMerpa NpH peryjiMpoBaHHM; T, —
TPAHCHOPTHOE 3ana3jibiBanie 00beKTa; 7' — MOCTOSHHAA BpeMeHH o0heKTa; DOon—
MaKCHMAabHOE (KOHEYHOE) OTKIIOHEHHE IlapaMeTpa TIPH OTCYTCTBHH perynastopa; Kog
— NepesaTo4HbIi KOIpPUIUMEHT 00BeKTa; () — HAYATBHOE BO3MYIIEHHE.
Y3 dopmynsi (15) cirenyer, 410 OTKIOHEHHE MapaMeTpa ot CPCIHEro 3Ha4YCHUS
B 3HAYUTE/IBHOM CTENEHW 3aBHUCHT 0T oTHoweHHs (7/7). llpuusro cumrars, 4ToO
npuMepHo npu 1,/7<0,2 ycTaHOBKa ABYXTIO3MIMOHHBIX pEry/isiTOpOB BIONTHE
BO3MOXHA.
B nepsoM npubnmKeHMW napaMerTphl  mpouecca  ABYXIO3ZHIIMOHHOIO
PEryJIMpOBaHHS MOXHO OINpPEfENHTs CACAYIOmUM 00pazom. OnbITHLIM  [yTeM
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HAXOJIHTC3 TAHTEHC yIJla HAK/IOHA KacaTeNlbHOM K KPMBO# H3MEHEeHUs napaMerpa tga,
YTO TMNPEACTABAAET 3HAYHTENLHO MEHbUIHE 3aTpyJIHEHHs, YeM OoinpejeneHune
NOCTOAHHOH BpeMeHH o6bekta 7. ONHOBPEMEHHO HAXOMMTCA BENWYHHA BPEMEHH
TPAHCMNOPTHOTO 3a1ia3/AbIBaHUs. ,

Hocne storo mosyammmtyny koneGauuii Agp MoXHO HalTH Mo creayioueil
dopmyne: '

Ap =k 13, -(16)
rae & en.napaverpa/Mui — Ko3()GUIHEHT, YUCTEHHO PaBHLIil TAHTEHCY yrila HAKIOHA
KacaTeNbHO# tga, KOTOpLIA HaxomuTcs M3 rpaduka M3MeHeHMs mapamerpa Ge3
PEryisaTopa InpH caMOBBIPABHUBAHHMU.

Ecin  aByxnosuuuonssiit perymstop pabotaer ¢ yCTAHOBIEHHON 30HOI
HEPaBHOMECPHOCTH He PaBHOMH HYJIIO, TO B 3TOM Cllyyae

Ap =kt3tAs,. (17)
M3 puc. 9 cunepyer, 4to nonuelii nepuojy konebanus napamerpa T mpu
ABYXMO3HIHOHHOM PEryTHPOBaHHU HAXOAMIICSA M3 BHIPOKEHHSA

T =Tnt Tosun= 413 (18)
A€ Tyxn — NPOAOIUKHTENBHOCTE EPHOMA BKIIOYEHHS PErYIUPYIOUIEro Oprata; Ty
— NPOAOKHTEIBHOCTE MEePUOAa BEIKITIOYCHHUS.

- Kax Oyzer nokasano pnanee, u3-3a HeCHMMETPHYHOCTH rpaduka konebGawmii,
CBA3AHHOT'O C H3MECHEHHEM Harpys3ku obbexra, Ty = 6734 Gonee.

[Ipu perynuposanuu peanbHbIX OOBEKTOB OOLIYHO CpefHEe 3HAYCHME
napaMeTpa  Po=(Puaxct@umn)0,5 OTKIOHAETCA OT 3aAHHOTO 3HAYCHHS P, B 3TOM
cirydae nonyaMmIuiMTyAa Ag;, HanpaBlieHHas BBepX, HE paBHa MOMyaMIuIuTyae Ags,
HANPABJICHHONH BHH3 OT 3a/iaHHONO 3HAYCHMA. AHAIOIUYHO NMEPHOAB BKIIOYEHHS M
BBIKJTIOUEHUS TAK)KE HE PABHEI MLy coboi,

YKazaHHBIE OTKJIOHEHMS 3aBHCAT OT Harpy3kd oOBEKT2 M MOTYT OBITH
npeABapUTENLHO NOJACUHTAHbI 1O Tabn. 4.

Tabnuua 4
Harpyska 20% 30% 40% 60% 80% 100%
obnexra
7% 6,5 4.0 39 40 6,2 12
3L
TIIJI
T 0.3 0,7 1.0 1.4 3.5 -
& “a: _A‘P’“) o e e % 0.0 +0,2 10,6 1,0
@ ¥, )Ys :

[Tpumesanue. TIpoMeKyTOUHbIE 3HAYCHHS MOJYHAIOTCH METO0M HHTEPIOJIAIMH,
Harpyska o6sexta N noacuuteiBaeMas CieyionuM obpasoMm:

‘
N B (19)
(p"m
rjge ¢’m = 3aJaHHOC 3HaA4YCHHE HapaMCTpa; ¢uaxc _‘ MAaKCHUMAJIBHOE 3Ha4YeHHue
napaMe'l‘pa, KOTOPOC nonyqaCTCﬂ 32 CHYeET CaMOBBIpaBH“BaH"ﬂ 663 IMOMOIIH

perynisropa.
[Togpobubie naHHbIE 110 3TOMY BONpocy aaubi B [1-3].
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PABOTA 2

JBYXNO3MIHOHHOE Pery/IHpoOBANNE TEMIEPATYPHI NPH MOMOIIH JICKTPOHHbIX
NOTEHIHOMETPOB

JIByXNO3HIHOHHOE PEryJMpoBaHHE BBICOKHX TEMIIEPATYp OCYLIECTBIAETCH
obbiyHO Ha 0a3ze MHWUIMBONGTMETPOB M JJIEKTPOHHBIX  ABTOMAaTHYECKHX
noreHunoMerpo. B kauecrtBe nmpeoOpazoBarened TeMmriepatypsl  (JaTYMKOB
napamMerpa peryjaupoBaHus) INPUMEHSIOT TEPMONaphbl, peXe paaualdoOHHbIE H
hoTodNEKTPUYECKHE THPOMETPBI.

IIpn temneparypax nuwke 600°C JByXnO3MIMOHHOC peryJiMpoBaHHe B psie
CHIy4aeB MOXET OCYHIeCTBIAThCH Ha 06aze MaHOMETPHYECKHX TEPMOMETPOB HIIM
9NIEKTPOHHBIX YPaBHOBCIUEHHBIX MOCTOB, paboralomux ¢ npeoGpasoBaTeniMu —
TEPMOMETPaMH CONpOTUBICHUA. B nocnennem cnyvae cxema JABYXNO3WLHOHHOTO
peryiupoBaHHs  KOHCTPYKTHBHO M  [PHHIMIHANBLHO HE  OTIHYaeTcad  OT
JIByXTIO3HLIMOHHOrO PEryJIHPOBaHUA C MOMOIIBIO MOTEHIIHOMETPOB.

JABYXMO3UIMOHHOE peryliMpoOBaHHE TEMIEpaTypbl OCYHIECTBISETCH IO-
pasHoMy.

B nnamMeHHBIX neyax, HallpuMep, PeryJupyromyMi OpraHaMi, U3MEHIIOIMMH
pacxofisl razo00pa3zHOro Wi XHJAKOro TOMUIMBA, OOBIYHO SBIAIOTCH IOBOPOTHBIE
3aCJIOHKH M PeryJIMpOBOYHBIE KjanaHel pasiMYHBIX KOHCTpyKuui. Ilpwu
peryJiMpoBaHHM TEMIIEPATYPhl B JJIEKTPUYECKUX Meyax M JAPYTrHX aHAJIOTWYHBIX
arperarax HCIIOJHUTENIbHBIMU OpraHaMu CHOYXaT pelie, KOHTAKTOPhI, a TaKxke
ycTpoicTBa TpaHCHOPMATOPHOrO U BEHTHIBLHOIO THIOB, o0ecneunBalonHe MiaBHOe
M3MEHEHHUE HANPKEHUsL.

Ha puc. 10 npuseseHa 4acTo BCTpeYaromiasicss NPUHIMNHANBHAN CXeMa
JIBYXTIO3MIIMOHHOTO PEryJMpOBaHHSA, COCTOSIAs M3 KOHTAKTHOIO 3a/laT4HKa,
KOTOpHIil BCTpamBaeTcs B MOTEHUHMOMETp WM jpyroii npubop, u Osoka pene
[IIP-1M. Dra cxema MoxeT OBITh MCMNOJB30BaHA TaKXKe IS CHIHATH3ALUM
OTKJIIOYEHHUS MapaMeTpa OT 3ajaliHOro IpeAeibHOro 3HaYeHHs!.

OrknoHeHune napamerpa (M3MEHEHHE TEMIEpPaTyphbi) OT 3ajaHHOIO 3HAYEHHA
BBI3BIBAET NEepeMelleHIE NTOABHKHOrO KOHTaKkTa B 3a/laTyiKa /10 CONPUKOCHOBEHMA C
OJIHMM U3 OOKOBBIX KOHTaKTOB 4 Wi D. Ilpy ABYXNIO3HIMOHHOM peryJiupoBaHUH C
A= 0 MCHIONB3yeTcs TONBKO OJMH HEMOABHMXKHBIA KOHTakT A. KoHTakTHBIHA
3aaTYMK CBA3aH C ABYMS JIEKTPOMArHUTHBIMH pelie, pa3MElLIeHHbIMH B IIPUCTaBKe
TTP-1M, xoTopas HaxoAuTcs BHe moTeHiuometpa. ITuranue pene, Bo uzbexanue
uckpooOpazoBaHus NpH KOMMYTalHH 3ajaTyuka W obecrie4eHus yCTOH4YHMBOMH
paGoThl, MPOU3BOAKTCS BEINIPAMICHHBIM TOKOM depes anoa D u emkocts C.
Pesucropsr R1 u R2 wuckporacamme. Pesucrop R3, ymensimas koddhHIHEHT
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Puc. 10

BO3BpaTa peiye, crabunusupyer pabory cucremsl. Iluranue npucraBku [IIIP-1M
OCYIIECTBIAETCA NEpeMEHHBIM TOKoM 33 B,

Cunosble JIMHUM K peryiupyiomeMmy oprany PO u B uens curxaiusanuu
noacoenuHsIoTCa K knemmam 0, 4, B, C. X

JIByXNO3UMIMOHHOE pErynupoBaHue nporekaer ciexyroumm obpasom. [lpu
CONPHKOCHOBEHHH MOJIBUKHOrO KoHTakTa B ¢ konTakTom A cpabateiBaer pene P;
sambikaeT kieMmnl uenu 0—A4. Ilpu pasMbikanun koHTakToB 2 ¥ | 3anaryuka pene P;
obecneyuBaeTcs M SKOPh OTNAJAET, pasmbikas NMpH 3TOM kiemMMbl uenu 0-A #
samslkas  KiemMmbsl 0—C; Konrtakt D B HaHHOW cXeMe BBIIONHAET pONb
MEXaHHYECKOro YIIopa ¥ B DJIEKTPUYECKYIO CUCTEMY HE BKIJIIOYEH.

Ha puc. 11 npeacrasiena Gonee coBepiieHHas cXeMa ABYXIO3HITHOHHOIO
peryiMpoBaHHs TEeMIepaTypbl B I€4H C MCHOMB30BAHMEM THPUCTOPHBIX KIIOYeH
(TK). Tupucropsi (ynpasnsemslie Auojbl) obecrneduBaoT OGONBIIYI0 HAaAEKHOCTH
peryiuposanusa. Ilo cpaBHEHMIO ¢ pa3siUMHOro poAa KOHTAKTOPAMH OHH HMMEIOT
Gonbumii cpok cmykObl, Kak N0 BpPEeMEHH 3KCIUTyaTallMH, TaK H M0 KOJHYECTBY H
qacToTe nepexmoyeHHH. JIByXNO3MUMOHHOE  PEryNMpOBaHME  TeMIleparypbl
OCYIIECTBISETCS TIPH ITOM CJIeAYIONMM 06pa3zoM.
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Puc. 11
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Curnan  oT  TepMOINEKTPHYECKOro npeobpaszosarens  TOI1 MocTynaer Ha
norenunomerp  KCIL B perynupyiomem YCTPOHCTBE  MOTEHUMOMETpa
YCTaHABJIMBACTCS 3allaHHOE 3HAYEHHE TeMIepaTypel. Eciu TEMIIepaTypa BbILlE
33/IaHHOH, TO KOHTAKT, MOKA3aHHLIA YCNOBHO Ha CXeMe, pa3OMKHYT;, eciu
TeMIEpaTypa HKKE 33/IaHHOM, TO KOHTaKT 3aMKHYT. Yepes kouTaxT NOTEHLHOMETpA
NIPOMCXOJAT yNpaB/ieHHe HUCIIONHUTENBHBIM 3JIeMEHTOM CHCTEMBI peryaupoBanus. B
NAHHOW CXeMe TAKHM 3JIEMEHTOM SBIAETCH THPHCTOPHBIH Kmo4d TK, Bkmiou@umsii
MOCNCAOBATENEHO B LeNb NuTaHus Harpesateneil. [Ipuuuun paGorsi THPHCTOPHOTO
KIOa COCTOMT B cnefyromeM. Korna Hanpsokenne B LeNH HaNpasieHo or ¢azer 4 x
¢aze B, To oTKpsIBaeTCA NEBHIi Tupucrop TJI1 (npu ycnosuu, ecim xontaxr KCII

3aMKHYT). B sTom ciyyae B Havane mosynepwona, Kornma HanpsiKeHue JOCTUraer
' 3HAYEHHsA, PABHOTO HANpMOKEHUIO oTnupanus (8B), neBwiii THpucTOp BKMIOUaeTcs H
OCTaeTCA OTKPRITHIM B Te4CHHE Beero nonynepuosna. Hanpsokenue us (hase1 A uepes
auvon D1, pesucrop R u 3amMkHYTHIN koHTakt KCIT NOCTYNAeT Ha YNpaBnsBILIKiA
anekTpon Ttupuctopa TJI1 B Touke C,, Tupucrop TJII OTIIHPAETCs M 4Yepe3 Hero
MPOXOJMT TOK,

Taxum obpasom, ofpasyercs uems: ¢aza 4 - Tapucrop TJII -

HarpeBaTesbHbIH . oneMeHT HD — ¢aza B. Bo sropom NONYTEPHOJIE HANpPsHKEHUE
TNOZIaeTCA HA YNPaBIIAIONWMiA nekTpon tupucropa TJI2, nocneauuii OTITHPAETCH U TOK
NpOXOAuT Mo uenu: daza B — HD — C; — C4 (TJI2) - ¢asza 4. Ecnu xonrakr KCII
PasMEIKACTCA, TO NOJa4a HANPSKEHUA HA YNPABIABUIMI 3NEKTPOA Npekpaliaercy,
THPHUCTOP «(3anHUpACTCs» W TOK 4Y€pe3 HAarpeBaTeNbHBIA JMEMEHT He MPOXOAWT, TaK
KaK BCE JJICKTPO/bI M30MMPOBAHBI MEXAY 00O M OT TUpucTOpa. JIHOABI B cxeMe
ciyxar Jjuisi $asoBoil pa3BA3KH B LENH YRpaBieHus SJIEKTPO/IOB, @ PE3UCTOp - JUIA
OrpaHUvYeH s TOKa, IPOXOMAIIEro Yepes AHO/bL.
Taxum obpasom, npy TemnepaType B ne4u HUXKeE 3aNaAHHON (koHTakT noreHuMoMeTpa
3aMKHYT) THPHCTODHBIN KUOY OTKDBHIT, B LENM MNPOTEKACT TOK W Harpesare/u
noBeIUAIOT Temiepatypy. Ilpu noctwxenun 3anannoii TEMITEPATYPhl KOHTAKT
PasMBIKAeTCs, HArpeBaTeNn 0OeCTOUMBAIOTCS, H TEMITepaTypa CHOBA MOHWXKaercs, a
KOHTAKT MOTEHIUHOMETPA 3aMBIKACTCS.

OcobennocTn aBTOMATHYECKOr0 peryiHpoBanus TEMIEPATYPbI JIEKTPHYECKHX
Harpesaresei

Bo MHorux cny4asx npd aBTOMaTHYECKOM PEryMPOBaHNM TeMIepaTypsl
VICKTPHYCCKHX  HAarpeBaTeNed  MOXKHO  MCHONB30BATH  JBYXIO3MIMOHHOE
peryMpoBanye ¢ HyJIeBOH 30HOH HEPABHOMEPHOCTH, YCTAHOBIEHHOMH Ha perynsrope
(Asan = 0). :

B ycnosusx naGoparopmoit paborel mpu  Manoii Harpyske 10 TOKY
HNEPEKTIOYCHHE  JNICKTPHYECKOH  NEYH  NPOM3BOAMTCA  HENOCPEACTBEHHO
CHEUHANBHBIM PHCNIOCOOIeHneM Ge3 IPOMexyTOYHEIX pelne.

B nponssoacTBeHHBIX arperatax GombLIOH MomHOCTH TaKylo cxemy
BKIIOYCHHA NPUMEHATE HENb3s, TaK KaK Harpyska [0 TOKY Yy HHX HaMHOIO
npesbiaer 3-5 amnep. Mcnonszyemas B atom ciyuae cxema ABYXITO3ULIMOHHOIO
PEryIMpPOBAHUS TEMIEPATYPhI B JNICKTPOHArPEBATENAX NOKa3aHa Ha puc, 12,
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Otkmovaroumiee ¥ BBIUTIOYAIOWIEE YCTPOHCTBO (YNpaBAAIOWMil  JIeMEHT
NOTEHUHOMETPa) MNPHBOAMTCA B JEHCTBHE 3NEKTPOJIBHraTe/ieM TNOTEHIHOMETPA.
[locne  BKIIOYEHHS  MICNIONHMTENBHOrO  3JIEMEHTA  3aMBIKAeTCH  KaTylIKa
npoMexyTouHoro pesie PII, KOHTakThl KOTOPOro BKMIOYAIOT LeENb KATYIUKH
KOHTAaKTOpa, BKJIIOYAIOUIEro HarpepareliibHoe ycrpoiictso. [locie otkmoueHus
YTIPaBfIOIEro 3JeMEeHTa B TOH Xe NOCHeA0BaTe/IbHOCTH OTKIIOYAIOTCA KOHTAKTHI
NMPOMEXYTOYHOrO pejie H pyOHiIbHMK KoHTakrtopa. Heob6XxoauMocTs yCTaHOBKM
NPOMEXKYTOYHOrO pejie CBA3aHa C TeM OOCTOATENbCTBOM, 4YTO HArpyska
YNpaBisioIlel KaTyIIKH KOHTAaKTOpa NpeBBIIaeT S5 aMrep W HCHOJb30BaTh
OTKNIOYAIOLIMH MEXaHHU3M NMOTEHIIHOMETPA He IPEACTABASETCS BO3MOXKHBIM. Cxema
obopyayercs Taxxke npucrnocobneHuem Uit JMCTAHIMOHHOTO PYHHOIO yNpaB/IeHus
(na puc.12 He mokazano).

JBYXNO3HMUMOHHOE peryJHpoBaHHE BO MHOTMX CJIydasX CO3[jaeT pe3KHe
konebauns temnepatypsl. Jlins Gonee nnaBHOro perynupoBanus NpHMEHsIOT Gonee
CloXKHbIE CXeMbl. [TepednciiuM HeKoTOphIe H3 HUX.

I. Harpesatenu pa3busaiorcs Ha cekuuu. [Ipu perymupoBanuM OTK/IOYaETCS
4acCTh CEKILHMii, pyTasi YacTh ocTaeTca B pabore.

2. Cxema nepexnoueHus ¢ TpeyroibHUKa Ha 38e31y (puc.13).

3. Tpexno3uMoHHOE peryiupoBaHue.
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ITOPSIOK ITPOBEJIEHUSI JIABOPATOPHOM PABOTBI

B 3apauy naboparopHoii paGoTel BXOAUT:

1) uccnenoBanue ABYXTNO3UIHOHKOIO PerynHpOBaHHs TEMIIEPATYPhl NEKTPHHUECKO#H
nabopaToOpHOH Me4H CONMPOTHBICHHS

2) 03HAKOMJICHHE € MPUHLMIOM JBYXIO3HLMOHHOTO PETYIHPOBAHUS Fa30BbIX Neyedi
K UCMIOJIHHTEIbHBIX MeXaHu3MoB Tuna JIP.

IpuHunnuanbhas cxemMa yCTAHOBKM JUIS MCC/IEIOBAHUS IBYXMO3HIHOHHOTO
peryinpoBaHus Temnepatypel B JabopaTopHO# neuu npejcraBieHa Ha puc.l4.
Temneparypa BHyTpu anexTpudeckoit meuyn / H3MepseTcss Tepmonapod 2
rpaaynpoBkn XK, nNpHCOEAMHEHHOW K 3NEKTPOHHOMY nateHimoMeTpy 3 ¢
ABYXTNO3HUHOHHBIM  perynupyiomiuM  ycrpoiicrsom ITTIP-1M, B  kotopom
MCITONIB3YETCS OHH KOHTaKT 4 (cMm. puc. 10).

@l
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Puc. 14

Taxum obGpasom, ocyuiecTsisieTcsi peryaupoBanse ¢ A~ 0. Bxmouenne u
BBIK/IIOYCHHE  TeYH  NPOM3BOJMTCA  HENOCPeAICTBEHHO  6e3  npHMeHeHHs
MPOMEKYTOHHOro ycuaeHus. Ilpy ycranoBke THPHCTOPHOM cXeMbl B AanbHeifnem
CJIeyeT MoJ1b30BaThes puc. 11. :

Ilpu mposeaenun naGoparopHoii paboThl clieayeT (DUKCHPOBATH BETHYHHBI
MakCHMyMa ¥ MHHHMYMa TeMNeparyp B I€4YM, a TaKkKe MPOJOIDKHTEIPHOCTH
MEepUOAOB BKITHOYEHHS M BBIKIIOUCHUSA Toey U Typcn.

PesynstaTht 3aHocaTcs B Tabu.5s.
Tabnuma 5

Ne Lakes s i Touuul s . Tlx.u
n/n

3aMepsl TPOM3BOJATCSA B YCTAHOBMBUIEMCH PpEXHME, T.e. TOIJa, KOIIA
nokasanusi npudopa Gyayt nosropatecs. [To naHRBIM TaGmHIEH! cTpouTcs rpaduk
U3MCHEHHN TEMIIEPaTyphl BO BPEMEHH M M3MEHEHMS CTENCHM OTKPHITHS
perynupyiooutero oprata. Ilpumep nocrpoenms rpadmka npencraries Ha puc. 15.
Ilocnie  aroro NPOU3BOJIUTCH TCOPETHYECKHIA [oAcHeT fapameTpos
ABYXMO3HIHOHHOIO PeryupOBaHHA B CEAYIOLIEM NOPsKe:
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1. TpaucnoprHoe 3anassiBaye HAXOAUTCA U3 rpaduka.
T T =
2. OrHoenue L+—'2‘£'-6epc'rc;1 13 Tabi.4.
T3

3. OtHOIEHHE T o T Haxojurcs u3 Tabu.s.

mixn
4. TloxcunTteiBaeTcs L (traxc T )0, 5.
5. HoncunteiBaercs (axTHyeckas OTHOCHTENBHAS BETHYHHA OTKIOHEHNS oT
3a/1aHHOTO 3HAYECHUA Ly, 110 GopMyITe
e i
(A +A4)0,5°
rae Aty v Aty — nonyamIuinTy il KoneGanwmit TEMIIEpaTyphbl.
6. Harpyska o6bexra N onpesensercs no taby. 4.

B oryere no naGoparopHoii paGore 10/kHb OBITH NPUBEACHBI CACAYIOUME JAHHBIE
1. Llents paGote! u kpaTkas Teopus.
2. llpuHUMNHANLHAs YCTaHOBKA cXeMbl (pHc. 14),
3. Pesynbrarhl onerros (Tabn. 5 u rpadux no obpasuy puc.15).
4. Pesynbratel pacuéros.
5. BeiBoapL.
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PABOTA 3
HCCIENOBAHHE CUCTEM METO/IOM MOJIEJTUPOBAHUSA

B cBasu ¢ IMPOKHM pacnpoCTpaHeHHeM BRIYMCIHTEABHON TEXHHUKH
OCHOBHBIM ~ MCTOJOM  HCCIICAOBAaHMA  JQUHAMUYECKMX  CBOMCTB  CHCTEM
ABTOMATHYECKOro  pery/MpoBaHHsi  CTAHOBHTCA  METOA  MOJCHHPOBAHMA.
MojieipoBanye MO3BONAET HCCNENOBATh CHCTEMY BO BCeil ee HoNHoTe GricTpo M ¢
BBICOKOH TOYHOCTBIO.

OCHOBHBEIM CDEJICTBOM HCCIIEIOBAHMS CHCTEM METOXOM MaTeMaTHYeCKOTro
MOACIHPOBAHHA ABNAIOTCA AHAJIONOBBIE BBIYMCIUTENBLHLIC MAlLIHHE] (ABM). Ha
ABM cocraBnsercs cxema wHaopa 3ajauM  TakuM obpasoMm, urobml ee
MaTeMaTHYeCKOe onucaHHe ObUIO CXOAHO C 3ajauei, noamexainei peumeHuo. B
3TOM CMbiciie HabpaHHyio Ha ABM cxeMy Ha3bIBarOT MOAENHIO.

Opnako npumeneane ABM jas  amamuza  cucrem aBTOMAaTHYeCKOro
PEryTUPOBAHMA OTPAHWHBACTCS TOYHOCTHIO PELIEHUS, KOTOPOE PE3KO YMEHBIIACTCS
MpH HM3MCHCHUM NEPEMEHHBIX B IMPOKWX mnpesenax. Hamenenue nepemenHsix
CBA3AHO C M3MCHEHHEM MaciiTaboB. Eciim B JiIoGOM M3 pexuMoB XoTs OB OMH
ycumutenbk ABM pa6oraer B pexxume HaCHULEHHS, TO U3MEHEHHE MACIITAGOB CTAHET
HEBO3MOXHBIM. KpoMe Toro, BocnpousBeNieHHE HA MOJENH  HENUHEHHLIX
3aBHCHMOCTEH  CBsI3aHO C HEKOTOpo# owmmbKo#, a peanusauus Ha ABM psina
HENHHEHBIX XapaKTepUCTHK MPOCTO HEBO3MOXKHA B CBA3H C OTpaHHYeHHOH
HOMCHKJIATYPOH HEJHHEHHBIX 6110K0B.

Hccaenosanre Ha NHQPPOBBIX BBHIMHUCIHTENBHBIX MAIIMHAX (IIBM) moxHO
BBITIOJIHATE BO BCEM JMAla3OHE 3aJaHHbIX AMHAMUYECKMX M CTATHYECKHX
XapakTepHCTHK 3NeMEHTOB cucteM. [Ipu nudposom Mopenuposaunm Beejienue B
MallpHY 3aJaHHbIX JMHAMUYECKHX XapaKTEPUCTHK OCYLICCTBISIETCH C MOMOUIBIO
pacyeTHBIX (GopMyn. MareMaTHYECKyI0 MOJENb IIPONecca COCTABANIOT B BUJIE
CHCTEMBI YPaBHEHUH BCEX 3BEHBLEB.

AJITODHTMBI DELIEHMs 3aJa4u B OOIEM BHJE BKIIOYAIOT B cebs orepanuu
muddeperuupoanus U HHTErpupoBanus. Onepanuio mudepenuyposanus na [IBM
BBINOJTHAIOT YHCICHHBIMH METOIaMHU 10 Pa3HOCTHBIM YPaBHEHHSM:

g S Xn —Xn-l
( 2 ) Lo (20)

rje Xy, Xy-1 — nepeMeHHBIe Ha KOHIAX pacyeTa C IaroM .
Onepauuio HHTErpUpOBaHUS BBITONHSIOT IO GopMyie
i n s
[X@yde =y ax (). (21)
0 il -

Marematiyeckoe Mopaenuposanve Ha [[BM pPaccMOTpUM Ha TpUMepe
CTPYKTYPHO# CXeMBI, IPUBEICHHOM Ha puc.16.

Xex =Xax-Xa% f;; 2 T‘slfpof_1 XBrx i
o

Puc.16

)
(@ 3



B cucreMe aBTOMATHUECKOrO peryiHpoBanus O6BEKT IPEACTABIEH B BHJE
anepHOHYECKOro 3BEHA NEPBOIo NOPAJIKA C NepeAaToOYHON QyHKUHEH:
K
W,.(p)=—=—,
v Tep+1
Perynatop mmeer nepenatounyio  (yHKuMIO HMHTErpalsbHOrO  3BEHa
(acraTuueckuii perynsrop):

(22)

K
INepeparounas (yHKUUSA Pa3OMKHYTON CHCTEMbI HMMEET BUJ
KK
W (p) =W (pW.(p) = —2 . 24

llepenarounas QyHKUMA 3aMKHYTON CUCTEMBI [PU BO3MYIIECHHH, BbHI3BAHHOM
U3MEHEHHEM 3a/JaHHOT0 3HaYEeHHs PeryTHpyeMOi BEeTHYHHbI:

o (P) 1
e o - ‘ 25
(P) 1+W_ (p) T'p*+Tp+1 $e

1 )i
rie I,=——, T = o0 =,/TT.
ks XKy \/ KK, =i

Huddepenunansrnoe ypasienne 3aMKHYTON cHcTeMBI Gy1eT:
d'X ax

TP pa 7. S0 ¥ =X 5 26
[pu T7<2T, X,=1 pewienne nuddeperumansHoro ypapuenns umeer Buj [3]:
% (g a .
=1l—e COSwi — —Ssin wt
awax = - (27)
rne Ty = .__Tz = L= L‘z—l:;_
ot -

MopaenupoBanye  NEpexofHOTO Tpolecca MPH BHECEHHWH EAWHUYHOIO
ckaukoobpasHoro sosmymeHus (Xiu=1) no 3amanuio peryiasropy #a 2BM mo
cHeNyomen nporpaMme.

Munsi  pemreHusi faHHOW  3amadM COCTaBMM  TabiMily  COOTBETCTBUA,
MaTeMaTHYCCKUX [EPEMEHHBIX YHCICHHBIM 3HAYCHUSIM:

oo 7 a2 SRR o/ AR

Xaz.lx Xls XZ; th *ee 9 ‘XM

rae A=t/i — war no BpeMEHM; [ — YHCIO HIAroB; fy — BpeMs OKOH4YaHuA CYéTa.
bnok-cxema nporpaMmsl IIEPEX0HOro rpolecca npuseaeHa Ha puc. 17,
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C Hagano ) @\' Berasum:
i=i+] H
L 2
| Beoaum 7 Buraucaum:
ToG» In, h
y
\ Brraucmum:
2 Briunciamm: : Esg =sin wt
Tr=1/(KosKy) AR,
T, = ‘/Tsz 12 EE_C.){(-(H)
3 - BmiBoj na Buraucnam:
Nne4aTh Xowx=1-EE-(EC+aSS/w)
«Ycaoene ne
BHITIOJIHEHOY» 9 1
Boison Ha r
ALY ¢,
Boraucoum: 10 L
4 a=T2/(2T12)
47} —T?
W= 3
74
r
5 ' Berasum:
i=0

®

Pacneyarka nporpammsr pacuera nepexoaHoro mponecca Ha «Poprpan—4» npu
CHACAyIoWeM NpHHATOM  obosHauennu: HO=K s, HP=K,, TO=T., TN=ty, T2=T,,
TI=T,, AA=q, QQ=0n, TT=t, XX=Xo6, HH=h u npu CHENYIOIIHX HCXOHBIX JaHHBIX
Kos =0,4, Tos = 2, K;=7,5 u N=20 umeer sun '

Puc.17

HH=0.5
HO=0.4
TO=2.0
=7.5
T2=1.0/(HO*HP)
TI1=SQRT(TO*T2)
IF (T2-2.*T1) 10, 60, 60
10 AA=T2/(2.*T1*2)
QQ=SQRT((4. T1 2-T2 2)/(2. T1 2))
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DO 50 I=1,20

TT=HH*]

SS=SIN(QQ*TT)

CC=COS(QQ*TT)

EE=EXP(-AA*TT)

XX=1. ~EE*(CC+AA*SS/QQ)

PRINT 20, TT, SS, CC, EE, XX
20 FORMAT (2X,'TT=",F4.1,’S8="F5.3,"CC=",F5.3,’E=",F5.3,"XX="F5.3)
50 CONTINUE

60  PRINT (70) |
70  FORMAT(2x17 H YCJIOBUE HE BBITTOJIHEHO)
STOP
END

Ilpumep pesynbTaToB pacdeta nepexoisoro mpouecca npu Ky =04, T2,
K= 17,5 npusesiens! B Tabi. 6. I'paduk mepexonnoii xapakKTepHCTHKHM, MOCTPOCHHbIH
no pesynsraTam Tabiu. 6, npuBeaeH Ha puc.l8.

Tabnuua 6
Pesynsratsl pacyera nepexofHoro nponecca
i tc exp(—al) cos wi sin it o p(— b Icosa)l LA o] Xasx
@

1 0,5 0.882 0,770 0,638 0,578 0,422
2 1,0 0,779 0,186 0,983 0,0062 0,994

3 1,5 0,678 -0,484 0.875 -0.441 1,441

4 2,0 0,607 -0,931 0,365 -0,605 1,605

5 2,5 0,535 -0,950 -0,313 -0,478 1,478
6 3,0 0,472 -0,532 -0,847 0,179 1,179
7 3,5 0417 0,131 -0,991 0,310 0,690
8 4.0 0,368 0,734 -0,680 0,315 0,685
9 4,5 0,325 0,998 -0,055 0,328 0,672
10 5,0 0,287 0,804 0,595 0,199 0,800
11 5,5 0,253 0,240 0,971 0,016 0,984
12 6,0 0,223 -0,435 0,900 -0,133 X33 .
13 6,5 0,197 -0,909 0,416 s -0,194 1,194
14 | 70 0,174 -0,966 -0,260 : -0,160 1,160
A R 0,153 -0,577 -0,816 -0,066 1,066
16 8,0 0,135 0,076 -0,997 0,035 0,965
17 8,5 0,119 0,695 -0,719 0,0982 0,902 .
18 9,0 0,105 0,994 -0,110 0.183 0,817
19 92,5 0,093 0,836 0,549 0,069 0,931
20 10, 0,082 0,293 0,956 | 0,01 0,99

29




4 2 ¢ s 8 0 te

Puc.18.

JIist MCXOZIHBIX IAHHBIX HMMeeM CHEAYIOIIHE IapaMeTphi:
gacrota @=1,384, nepuon #=2n/w=4,53 c, K=1, a= 0,25, T=1/0=4, T, =0,816,
=0333. ,

Hns KOJIMYECTBEHHOMH XapakTepHCTUKH NePeXOHOro npouecca .

PacCYMTHIBAIOTCA CHEAYIOLIHE BENUYHHBL X| — NUHAMHYECKOE OTK/IIOHEHUE B
eAMHMIIAX PEryJMpyeMol Be/M4YuHbI, T.e. HauboJblIee OTKJIOHEHUE OT 3aJaHHOIO
3HAYCHHUs B IIPOLIECCE PEryiupoBaHus; X, — CTATHYECKOE OTKIOHEHHWE B eMHHIAX
peryndpyemMoii BEJWYHHBI, T.€. OTKJIOHEHHE OT 3aJaHHOr0 3HA4YCHUA B
YCTaHOBMBILIEMCH COCTOSHHH (B CHCTEMAX € aCTaTHYECKUM peryiisitopom X, =0).
[, — BpeMs pPeryJidpoBaHMsA, T.e. NPOHOKHUTE/ILHOCTL MEPEXOJHOro mpouecca, B
TEYEHHE KOTOPOro peryjiupyemas BEJIHYMHA JOCTUraeT HOBOIO YCTAHOBHBIIEIOCH
3Ha4YEHUs] C HEKOTOpOM 3apaHee YCTAaHOBNEHHOH TOYHOCTBEIO +¢£ (B paborte
npuHuMaeM &= +£5%).

KpomMe 9THX  napamMeTpoB, [pPUMEHSIOTCH  HEKOTOpPBIE  BEIHYHHbI
XapakTepusylomume 3aryxXanie Kojebanuii peryiupyeMol BEIHYMHBI B [EPEXO0HOM
npouecce:

X 1 =X Ly T 9%
.l// - —-7— CTCIICHDb 3aTyXaHHA B HOJSAX €AHHWUIBI UK B 7o,
1

n= —’;} — NepeperyjiHpoBaHUe B IONSX eMHHLEI WK B Y.
I

Jis HexomHbIX nansbX nony4daem: X;=0,605, £, =1 lc (npu e=£5%, y=0,68, n=0,56
BapuanTel /s pacué€ra nepexojiHoro npouecca npuBeieHst B Tabn. 7.

VYKazaHust K COCTaBICHUIO OTHETA

Oruer no paGoTe AOMKEH BKIIOYATE:

- OCHOBHBI€ TEOPETHYECKHE MOJIOXKEHN,

- CXeMa pacyeTa MepexoAHoro npouecca,

- Tabn. 6 ¢ pe3ynbTaTaMHM pacyera MEepexXoNHOro Npouecca s OJHOro u3
BapuaHToB Tabn. 7,

- rpadmk nepexoaHO XapaKTepPHCTHKH,

~ OCHOBHBIC HapaMeTphl KoneGaTeIhbHOro NepexoaHoro npougecea.

L
Lo



Tabnuua 7
Bapuairu juts pacyéra nepexoamoro npouecca

BapuanTsl
R YT T3 T T T S o 2]13]1a] 15
K, 751 5,0 8..7 85/16070]75|80({40]60]60]|50/|45](56,0 5,0
I(.,g 04/08105(/07(07]05]/03/[03[06]/0,6]0.2 0,7103]04 | 03
T 2 2 11011011818 1L,7{L,7]16[16][15](1,5 14112 1,2
Bapuanth
Benwunna

16 {17 118 119120 |21 [22[23[24[25]26[27 281291 30

K, 75150(8580]60(70(75]80/[4,0/[60]6,0]5,0 45160 ]| 50

Kos 03107104106|06(04]02[02[0,5]05]/03][06]02 03] 02

Tos 18] 2 1 P I8 I8 L7 L7 161615 1,514 12] 12

BapuanTst

N TR TS 5 T 37 | 38 | 39 | 40

K 75150 (85(80[60[70[75][80/[40]6,0

Kos 0510706 (06|06(04]02[02]0,5]0,5

Tos Wil Lk 2 V2 KT ERTI SIS 17 1.7

VKazaHus K BBIIOJHEHHIO Pacy&éToB

1. Paccuurate snauenns Ty=1/(Kk,) u T,=[T,T, ¥ NpoBepHTH BHUIOMHEHHE
ycnosus T,<2T).

2. BBecTH MCXOJHBIE NAHHBIE B NPOTPAMMY H BHITOAHHTH pacuét. CoCTaBHTH

. Tabnuny 3ua4eHuit Xy B 3aBHCHMOCTH OT £.

3. Tocrpouts rpaduk mnepexomHoro npouecca. M3 rpa(bmca OTIPEJIEIUTH
cnefyiomume napamerpst: 4y, , K, T, Xy, t,, y, n.

] 47} -T2 2m
4. CpaBHMTEL INOJNyYEHHBIC NAapaMeTphl ¢ pacuéTaMu: w= Tt -,
1 w
F § 1
=2 T e2em
Yrape’

KonTponsHsie BOnpock:

1.OcHOBHBIC THNBI M XAPAKTEPHCTHKH THIIOBBIX AMHAMHYECKHX 3BEHBER,

2.CTpyKkTypHas cxeMa M TnepeflaTouHble (YHKUMH 3BEHBEB 3aMKHYTOH
CHCTEMBI, COCTOSILCH H3 aNepHO/IMYECKOro 3BeHa MePBOro MOpA/IKa ¥ aCTaTHYECKOro
perynsropa.

3.MozenupoBanue  NepexoiHOro  MpOUEcca  3aMKHYTOM  CHCTeMS
perynpoBaHHs.

4.0cHoBHBIE  napameTphl  KoneGaTeNBHOTO  MEPEXOAHOTO  mporecca:
AHHaAMHYCCKOC OTHOUIeHue, BpeEMsi  pEryJHpoOBaHHsA, CTEIEHb 3aTyxXxaHuss #
rnepeperyaupoBanus. _
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