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PABOTA I

OKCITEPUMEHTAJIBHOE OIMPEAEJIEHUE XAPAKTEPUCTHK
CTATHYECKOI'O OBBEKTA PEI'YJIMPOBAHUA

Kpartkue Teoperuyeckue cBeIeHus

3Hanue CBOMCTB M JIMHAMHYECKHX TIapaMeTpOB 0OBEKTa peryaupoBaHus Heob-
XOJMMO ISt TPaBHIBHOIO BhI6GOpa peryIupylonero ycTpoicrea, 3aKoHa peryjiupo-
BaHHA ¥ ONpEJIEJIeHNUs NapaMeTPOB HACTPONKH aBTOMATHYECKUX PEeryJisTOpoB.

O6bexThl peryIMpoBaHHs PasAeNAIOTCS HA JBE OCHOBHBIE IPYNNBI: 0OBEKTHI
6e3 camoBbipaBHUBAHUSA (aCTATHYECKHE) H OOBEKTHI C CAMOBLIPABHMBAHHEM (CTATH-
yeckue). TexHonornyeckue oOBEKTHI OTHOCATCH B MOJABJIAIOIIEM OONBIIMHCTBE
Cliy4aeB KO BTOPOH rpyimne.

CamMoBEIpaBHHBaHHEM HA3BIBAETCS CBOMCTBO 0O6BEKTa IPH HAPYIIEHUH PABHO-
BECHS yCTaHABIMBATh HOBOE 3HA4YEHHUE NapaMeTpa, MOCTOSAHHOE 10 BeJIMYHHE, HO HE
paBHoe nepsoHavansHoMy. HoBoe nocrosiHHOe 3Ha4YeHHE MapaMeTpa yCTaHaBIIHBa-
ercs Oes ygactus peryasitopa.

s nosicHenus CBOHCTBAa CaMOBBIDAaBHHBAaHHA PAacCMOTPUM npuMep oOnekTa,
obnajatomero 3TuM cBoicTBoM (pHc.1,a). 3
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Puc. 1. O6BexTh: ¢ CaMOBLIDABHHBAHHEM — @) U 6e3 CaMOBLIpABHABAHHA — 6)

Kamepnas neus oramiuBaeTca razom. Ecim npuxos tennotst B paboyem npo-
crpaHcTBe neyu paseH pacxony Onpy=COpaces TO B IEYH YCTAHABJIMBAETCS NMOCTOSHHAS
Temrnieparypa f. Ilpu ckaukoo6pa3HOM M3MEHEHHWH CTEIEHM OTKPHITHA peryupyio-
Iero opraHa pacxoj ra3a yBEeIMYMBAECTCHd H TeMIlepaTypa Ne4H HauyHWHaeT PacTH.
OJjiHaxo ¢ pocToM TeMnepaTyphl IMeYd yBEJIMYMBAETCs PacXojl TEIUIOTHl HA Harpes

3



MeTanna, a TaKXe NMOTEpH B OKPYXaloNLyio cpey. Uepes HEKOTOPOE BpeMs HacTymna-
€T HOBO€ COCTOSHHME PpAaBHOBECHs, IPHXO/l TEIUIOTHl CTAHET PAaBHBIM Ppacxojy
Q=0 pac ¥ TEMIIEPATYPA B NCYH NPUMET HOBOE MOCTOSHHOE 3HAYECHHE 1.

Ob6bexT, u3zobpaxenHsiii Ha puc. 1,6, cBOHCTBOM camMOBRIpaBHMBaHuA He obna-
JAaer.

Ob6bexT perynupoBaHus npezacrasinser coboit 6ak, napaMeTpoM peryjaMposa-
HHMS ABNSETCS YPOBEHb XHUAKOCTH B HeM. B Gax nopaercs »uakocTs, MPAX0JK KOTO-
Poii perysMpyercs ¢ NnoMoIBIo peryaupyioniero oprasa P.O. Pacxon UAKOCTH Mo~
crostHHbIA M obecneunsaercs nacocoM. [lpu paBeHcTBE NPUXO/a M pacxoja XKHJIKO-
cTH Onpy=0pac B Oake ycTanarmBaercs nocrosuubiif yposens Hy. Ilpu cxaukoobpas-
HOM H3MEHEHHWM CTElleHM OTKpPBITHA perynupyiomiero oprana P.O. yposeus xunko-
cTH B 6ake HeorpanuueHHO pacreT. HoBoe mocrosHHOe 3HaueHue yposus H, ne yc-
TaHaBJIHMBAETCA.

O6BexT peryiHpOBaHHS MOXHO PacCMaTpHBATh B Ka4ecTBe AHHAMHYECKOrO
3BeHa (pHUC.2), BXOAHOH BEJIMYMHOH KOTOPOTO SBJIAETCS H3MEHEHUE CTEICHH OTKPhI-
THs Ap perynupyiomero oprana (P.0.), BEIXOJHOH BeTHYMHON — M3MEHEHHE Iapa-

Mertpa perynuposanus Ag.

P.O. ‘)W*o[ af
O O0BeKT e
(Xax) Koprx)

Puc.2. Yenosroe 0603na4enne TeXHONOrHYeckoro obuexta ynpasieHns

BRIXosHyi0 ¥ BXOAHYIO BEIMYHMHY BHIPAXAIOT TAKke B OTHOCHTENbLHEIX Oe3-
pa3sMepHBIX BEMYMHAX CIeyIomuM obpazom:

P B ()
HOM Pro

HoMHHANBHYIO CTENEHb OTKPBITHS pyon MPUHEMaIOT 00br9HO pasHol  100%.
B xauecTBe HOMMHANIBHON BEIHYMHBL (Pyon MOXHO NPHHHAMATH Pa3HbIC 3HAYEHHUS: O~
THMaJIbHas BEJIMYMHA, COOTBETCTBYIOIAs TPeOOBAaHUAM TEXHOJIOIHH; MaKCHMAIBHO

BO3MOXKHAS H T.J1. :
YacTo NPUHHUMAIOT B KaYE€CTBE Q0 MaKCHMAJIEHOE 3HAUeHHe IuKansi npubo-

pa, H3MEpAIONEro NnapaMeTp M MNoJAIoIEro UMIYNbEC B CHCTEMY aBTOMATHYECKOro
peryjiupoBaHus.

[Ipyu 3KCnEepUMEHTANEHOM ONpefieNieHHH JHHAMHYECKHX napamMeTpos obbekra
perynpoBaHus Ha BXoJ] oObEKTa BBOAMTCH HCKYCCTBEHHOE BO3MYILEHHE MyTeM
CcKa4yko0Opa3HOro W3MEeHeHHsl CTENEeHH OTKPLITHS peryaupymoouero oprada (puc. 3,
a). '

H3mMeHeHue napaMerpa ¢ BO BpPEMEHM IPH CTYMEeH4YaToM (CkaukoobpazHoM)
BO3MYLLIEHUH Ap=}1y Ha3pIBaeTCa KpUBO# pasroHna (puc.3, 6).

Jis Oonbuioro 4Yucia peanbHBIX CTaTHYyeckux oO0BeKTHB (peryiupoBaHue
TEMIIepaTyphl, BIaXKHOCTH M T.JI.) KPHBBIE pa3roHa uMeior S -obpasnyio popmy. [ns
YNPOUICHHS MaTeMaTHYeCKHX pacderoB S-o0pasuyio kpusyio ABCD (puc.3, 6) Mox-



HO 3aMeHHTh nNpamMoi AO n sxcnionenToit ODC. Takas 3aMeHa Ha3LIBAeTCs ANIPOK-
cHMallHeH AMHAMHYECKHX CBOHCTB OOBEKTa ABYMs NOCHENOBATENIHO COCAMHEHHBI-
MM THIIOBBIMH 3JIEMEHTAPHBIMH 3BEHBAMM: 3BEHOM YHCTOIO 3ana3/IbiBaHHA H ane-
PHOJIHYECKUM 3BEHOM MEPBOI0 Mopsnka. ANMPOKCHMHPYIOMAas CHCTeMa NpejcTaB-
nser coboit opHoEMKOCTHBIN 06BbeKT, 0bnajaolHi TPaHCIOPTHLIM 3aNa3ibiBAHUEM.
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Puc. 3. O6umii BHA pasroHHON KPHBOU CTaTHIECKOro o6bekTa

ITo xpusoii pasrona (puc.3, 6) MOXHC ONPENEIHTH CIACAYIOUIHE AHHAMHYE-
CKHMe NapaMeTpsl CTATHYECKOro oopeKTa:

T, — 9MCTOC (TPAaHCHOPTHOE) 3ala3fbIBAHUE JUIS PEANbHOr0 OOBEKTa; Tos — YHCTOE
(TparcnopTHOE) 3ana3fbIBaHKe IS aNPOKCHMHpYIome# cacreMsl; 7' — NOCTOSHHAS
BpeMeHH 00bexTa; k— koaduuueHT nepenayn odsexTa.

YucteiM (TPaHCHIOPTHBIM) 3ana3/ibiBaHHeM T, Ha3bIBaeTCS MPOMEXYTOK Bpe-
MEHH MEeX/y MOMEHTOM BHECEHHMS BO3MYILCHHMS ¥ MOMEHTOM HaYajia M3MEHEeHHs na-
pamerpa.

[locrosinHas BpeMeHH o6bekTa 7 — 3TO Bpems, B Te4eHHe KOToporo 610 6bl
JIOCTUIHYTO HOBOE IOCTOSHHOE 3HA4YEHHE MapaMeTpa, eciim Obl nmpolece NMpoTeKan
0e3 caMOBLIpaBHMBAHMA C HavaNbHON (MakCHMalbHOM) cKopocThio. Jlisi onpenene-
uua T NpoOBOAMTCA KacaTeslbHas K KpMBOH pasroHa (puc.3, 6) B Touke nepernba Kpu-
BOH 110 MepeceveHus ¢ JIHHKEH HOBOTO NMOCTOAHHOIO 3Ha4Y€HUA napamerpa.

X,
[lepeparoynsiM ko02¢PuUMEHTOM Ha3bIBaeTCs OTHOWEHME Kk =—"**mocue
B .
JOCTIOKEHHUs paBHOBecHs. JIs MpakTUYeCKMX Lenel nepejaTo4nbii Kos(@uuuent
onpejienAeTcs Kak OTHOUIEHHE KOHEYHOTO M3MEHEHMs BBIXOJHOHM BenuyHHbl (Tapa-

METpa) K eIMHOBPEMEHHOMY Ha4aJIbHOMY BO3MYIIIEHHIO Ha BXOJE:



k nt A‘puon ’ (2)

. Mo .
[lepenarounsrii KospHUUMEHT BRIPAXAIOT B pazMepHOii a GespazmepHoit dop-

Max. B nepBoM citydae ero pasmMepHOCTh [“’“"'"’a R ":;‘w’ =P 1 v0 BTOPOM
o

Ciy4ae ero pasMepHOCTb HyJIeBas.

Pasmepuas (uarypanbnas) gopma nepeaarounoro xoa(pduuuenta ucronasay-
€TCA B YCIIOBUAX PErylHPOBaHUA OJMHAKOBBIX 110 NPHHIHITY JCHCTBUA M KOHCTPYK-
Iuu arperatax. bespasmepnas opMa npUMEHsETCH NpH pelieHnH ob1UX BONPOCcoB
perynupoBaHus 6€30THOCHTENILHO K KOHKPETHOMY 00BEeKTy.

PaccMOTpUM BBIBOZ OCHOBHOTO YpaBHEHMS, CBA3LIBAIOLIET0 MEXLy coboii
napamMeTpbl CTaTHYECKON0 OOBEKTa NMpH HCXOAHOM YCJIOBHMH, YTO JIMHAMUYECKAs
KpHBas ABJIAETCSA SKCIIOHEHTOMH.

Ilpu BEIBOJIE HCNIONB3YeTCH CNEAYIONIEE CBONCTBO SKCIIOHEHTHI, H3BECTHOE K3
Kypca MatemaTukd. Eciv yepe3 npou3BONIbHBIE TOYKH KPHBOM MPOBECTH KACATE/b-
HBIE H NPOJOIDKUTE HX JIO MEPeCceyeHHs C JTHHHEH NPeebHOro 3HaYeHUs HYHKIHH,
TO OTPe3KH 3TOW JIMHHHM OT 3a/[aHHON TOYKM [0 TOYKH nepece4enus OyayT Bcerna
OJIHHAKOBLIMH (pHc.3, 6).

U3 puc.3, 6 cnenyer, 4TO NpH OTCYTCTBHH CAMOBBLIPABHHBAHUS MMEECT MECTO
creyiomas 3aBHCUMOCTS:

lga= 49 _ A0y ; (3)
dr T
Ecimu yuects, 4T0 AQyoy=MoKs cornacuo ( 2 ), To Mbl MONyYHuM ypaBHeHue 06BexTa
B pasMepHO# (hOpMe NpPH OTCYTCTBHH CAMOBBIPABHUBAHHS :
:‘?:K“M" , WIK ég:KwMo, (4)
Ecin B ypasHenuu (4 ) ¢ u M 3amenuts Ge3pasMepHBLIME BETHUMHAMH Yy H Xy,
TO NOJTY9HM  YPaBHEHHE HACANBHO UHTErPHPYIOIIEro 3BeHa B 6e3pasmepHoit dopme:

e _ pex
dr

Brigenem audpepennuansuoe ypasHenne 065eKTa NpH HANMYAN CAMOBBIPABHHBA-
Hus . M3 peyronbuuka DEF nonyunM ciefyioliee cootHomenue (puc. 3, 6):
dp KM,-¢ de
= swm T—+9=K_M,, 5
dr T Grubani ol 2)
IT0 ypaBHeHHe npeAcTaBnser coboi aupdepennarsHoe ypaBHente anepro-

AMYECKOrO 3BEHA MepBoro nopsaka. B 6e3pasmeproii popme oHo umeer Buj

TdX'“" + X, =KX, ,
dr

K
T,+1
[Ipu crynenyarom usmenenun M npasasi 4yacTh ypaBHEHHS IOCTOSHHA,
Wnterpuposanne nuddepentmansuoro ypasnenus (4) naer caeayroupmii pe3yinsTar:

a nepejaroynasn Gynxuus paesa w(p)=



=
cp=1(°,Mo(1-e A).

Ipu =0 ¢=0; npu 1—o0 ¢=K-M,.

Takum ofpa3som, MakCHUMaNbHOE H3MEHEHHE napaMerpa JOCTHIaeTcs achM-
OTOTHYeCKH B 6eckoneyHo Gobiiod npoMexyTok BpemenH. [IpakTuieckn npouecc
MOJXHO CHHTATh 3aKOHYEHHBIM, KOI'ZJa pa3HOCTh MEXAY MAKCUMANbLHBIM U TEKYIHM
3HAYEHUAMH fnapaMeTpa /0CTUraeT npeHedpexxumo Manoil Benuuunsl. Huxe npuse-

-7
JIeHBI pe3ysbTaThl nojcyera penuyuna (1—e Z ) IpH pa3HbIX 3HAYEHUSX T.

Pesynbrarel noacyéra Tabmuna 1
3 1- e—T/'
0 0
T 0,632
2T 0,865
3T 0,950
4T 0,984

CaenosarensHo, npu =47 pa3sHHla MEXIY TEKYIIHM H NpeJeNibHbIM 3HaYe-
HHAMH napamerpa cocraBisier ~ 1,6%. Cunras 3Ty creneHb npuOIMMKEHHS JOCTa-
TOYHOH, IIPOIOIDKHTENBLHOCTE MPOLIECCa CAMOBBIDABHUBAHHA T,, CYHTAIOT PaBHOM:

T4 T, (6)

Ecnn npoMexyTox BpeMEHH T paBeH IIOCTOSHHOH BpeMmeHH 7, TO H3MEHEHHe
napamerpa A¢ cocrasBusier 0,632 o1 AQyy. ITHM COOTHOIICHHEM MOXHO NOJIB30-
BaTLCA JUIA NMPOBEPKH Pe3yibTaTOB rpaduuecKoro onpeueieHus NoCTOSHHON BpeMe-
BY 7 110 {HHaMHYeCKOi KPHBOM.

Ilo oxonyYauuu npouecca caMOBLIPAaBHUBAHUSA %=O u ypaBHeHue (4) npe-

BpaifacTcs B ypaBHeHue (2).

IlepenaTounsiii KO3QPPHANHEHT XapaKTEPU3yeT CBOHCTBA 0OBEKTa peryiHpoBa-
HHs 110 OKOHYAHHH TPOIecca CaMOBBLIPABHUBAHHKA 110CIIE JOCTHIKEHUS PAaBHOBECHS.

ITomamo anepuopuyeckoro (MHEPUHOHHOIO) 3BEHA NEPBOro MOPAJKA, YTO
BCTpEYaeTcs daule Bcero, oObeKThl peryjaupoBaHHs MOIYT allpOKCHMHPOBATHCS H
JAPYTHMH JHHAMHYCCKHMH 3BEHbSIMH.

O6nexTrl 6e3 caMOBLIPABHUBAHKS ANNPOKCHMHPYIOTCS MHTEIDHPYIOIIUM ac-
TATHYECKHM 3BEHOM, YPaBHEHHE KOTOPOIro, IPUMEHHUTENBHO K 00BEKTy peryiuposa-

BAS, HMEeT CIIeAYIOHH BU/L:
dQ
o sy kY, , (7)

k
a nepejarounas GyHKIUA COOTBETCTBEHHO W(p)=—.

p
AcTaTHyecKHe TeXHONoruueckue oOBeKTh BeTpevaloTes pejako. Yauie BecTpe-
qal0TCA CTaTHYECKHE JBYXBbEMKOCTHBIE OOBEKTHI perynaupoBanus. X nuHamuyeckas
KpHBas aripoKCUMHUPYETCs ABYMS 3KCIIOHEHTaMH, NOCHEA0BATENbHO JOMONHAIONH-
MH Jipyr apyra. OnHa 9KCIIOHEHTa ABJAETCH NPOAO/DKEHHEM APYyroi, HO HMeeT 00-



paTHyi0 BOHYTOCTH nocie Touku neperuba. Takas auHamuyeckas Kpusas COOTBET-
CTBYET yPaBHEHHIO:

d
ey ;r—+<p=ku(,, (8)

DTO ypaBHEHHE MONY4aeTCs B pe3yjbTarTe MOCHEeAOBATENBHOIO BKIIOYEHUS
ABYX anepuoau4ecKuX AWHAMMYECKMX 3BeHbeB. B aTOM crnydae nepeanarouHas
(GyHKUHA CHCTEMBI PaBHA MPOM3BEACHHUIO MEPEAATOYHBIX (YHKIUH COCTABIAIOUINX
3BEHbEB :

kk,
W)= (oW )= o et 9

Ob6o3navan k=k\ky; T\T>=Ty; (Ti+T>)=T nocne cooTBETCTBYIOWNX NpeobpasoBanmii,
nojsyyaem ypasHeHue (8).

Hdunamuyeckas KpuBas ABYXBEMKOCTHOro obbexTa mpeacTaBneHa Ha puc.d.
[lo cpaBHeHHIO C OHOEMKOCTHBIM OGBEKTOM, MPOLECC CAMOBBIPABHMBAHHA MpOTE-

KaeT Me/UIeHHee.
4 T

Puc.4.Pasronnas kpusas asyxsémkoctHoro TOY

Ilo sTo# npuuune 18 ABYXBEMKOCTHBIX OOBEKTOB BBOIMTCA MOHATHE fepe-
XOMHOTO 3aMa3AbIBAHUA Tnep, (Tnep ITO 3aMe/UIEHHE MpOLIECCA 1O CPABHEHUIO C OJIHO-
EMKOCTHbIM I1POLECCOM, KOTOPBIH HauyuHancs 661 ¢ Toukn  B). Cymma nepexosHoro
¥ TPAHCMIOPTHOTO 3amna3/ibiBAHUA Ha3bIBaeTCH 0O1IMM 3ana3abIBaHUEM obbeKTa:

Tos = T+ Trep.

JuHamuyieckue KpHBbie, XapakTepHble Wi JIBYXHEMKOCTHOTO [poliecca,
UMEIOT MECTO Y 0OBEKTOB ¢ GONbIINM BHYTPEHHUM COMPOTHBACHHEM /NS MPOXOK-
JAEHHS UMITYbCa.

[MocTosintbie Bpemenn Ty u T B ypaBHeHuH (8) onpenensiorcs criefyiouiHm
obpasom. Koadpuunent 7 HaxoquTCs HEMOCPEACTBEHHO M3 JMHAMMYECKON Xapak-
TEPUCTHKH, KaK 3TO M0Ka3aHO H& pHC.5.



Pacuér nuBaMMYECKON XapaKTepHCTHKH Tabnuua 2
T 1,0 1,05 1,1 ) B 1,20 1,25 1,30 1,35

( T, )’ 0 0,03 0,05 0,07 | 0,12 0,15 0,18 0,24

Ecnu ke aByxbEMKOCTHBIH OOBEKT 3aMEHHTH COOTBETCTBYIOUIMM OAHOEMKO-
CTHBIM 00heKTOM, TO B 310M cinydae Tog=0, otHomenne 7/7= 1,0 u 7=T7,. To B ypas-
HEHHE JUid OIHOEMKOCTHOIrO 00BEKTa HYXKHO NOJXCTABHTH 3Ha4yeHue T, B KkavecTse
NOCTOAHHON BpeMeHH oObexTa.

MeTos! IKCIIepHMEHTANBHONO ONpeie/ieHHs HHAMHYECKHX KPHBBIX M IIOPAIOK
nposeneHus nabopaTtopHo# paboTsl

[Noctpoenue AHHAMUYECKONH KpUBOH 00BEKTa NMPOU3BOJUTCA IIPH AOCTHXECHHH
MM ycTaHoBHBIIErocs cocrosuus. [locne AOCTHXKEHHsS COCTOSHHS PAaBHOBECHA B
00BeKT BHOCHTCH BO3MYILLUEHHE 33 CUYeT H3MEHEHHA CTENEeHH OTKPBITHA peryiaupylo-
uiero opraxa. Bosmyienne A0JDKHO OBITh OTHOCHTENILHO HEGONBUIAM, TaK KaK NpH
GONBIIMX BOZMYIICHHAX HAYMHACT CKA3hIBAThCA HEJIMHEHHOCTH 00BEKTa, T.€. nepe-
craer 6bITh BEPHBIM YCIOBHUE NIOCTOAHCTBA NEePeaTOYHOro KoappunuenTa.

Bo3MOKHO CHATHE KpHBOH pa3rona B 1ejioM. B 3ToM ciiydae BAMsHHE yKa3aH-
HOM HeTouHOCTH Hem3bexHo. B Tex caywasx, Korja JUis YCTAHOBJICHHS HOBOIO CO-
CTOSIHMs paBHOBECHs TpeOyeTcss MHOIO BPEMEHH, NapaMeTphl 00BEKTa Onpeaesior-
CA MyTEM 3KCTPANOJIANMKA Ha4albHOMH YacTH IMHAMUYECKOH KPHBOM.

Merop sKcTpanoisuue JHHAMHYeCKOH KpUBOM nokasaH Ha puc. 5. Ha kpusoi
BhIOMpaeM JiBe MPOH3BOJIbHBIC TOYKH £ U F' ¥ H3 HUX OTKJIA/IBIBACM PaBHBIE OTPE3KH
spemenu At. ITociie 21010 Ha BepTHKaNLHOM 1ps Mo AB oriianbiBaem oTpe3ku A,
U A@,, COOTBETCTBYIOLIME OTPe3KaM BpeMeHH AT.

%

|

Puc. 5.IIpamep sKCTpanonsuuy AMHAMHYECKOH XapaKTepHCTHKH



Ilposeném npamyro CI1 yepes toukn C, u C; no nepeceyenus ¢ npamoii AB B
Touke [I. [1pu atom orpesok AJ] Gyaer cooTBeTCTBOBaTH OKOHYATENBHOMY H3MeHe-

HHIO napameTpa AQ,,,.
Hanee onpenensercs mocrosHHas Bpemenn obbekta T M mepenatoussiil Ko-

A .
ypdpuumeHT k =P Onpcannsiii METOJl IKCTPANONALUY NMPUMEHSETCS [PU Npo-

Ho
BeJIEHHH paccMaTpuBaeMoi Hike naboparopHoi paboTsi.

PaboTa npou3BOAMTCA MO NPUHLKNHANLHON CXeMe, NPHBEAEHHOI Ha pHC. 6.
[lpn onbite 4yepe3s onpeseneHHbIE NPOMEXYTKH BPEMEHH 3AMHCBHIBACTCS M3MEHEHHE
TEMMNEPATYPhl NOCHEe BHECEHHA BO3MYLICHHSA M CTPOUTCA NHHAMMUYECKAs KpMBas u3-
MEHCHHA TEMNepaTyphl B JJIEKTPHYECKOH Meud conporusienus. Harpysku neun
MOXCHO H3MEHATH C NMOMOILLBIO CMIEUHABHOIO PEoCTaTa.

[lepen onbiToM neyb npeaBapUTENBLHO Pa30rPEBAETC W MO BO3MOKHOCTH 10~
BOJIMTCS 10 PaBHOBECHOTO COCTOSIHUA. EC/IH Nno TeXHUYECKUM NMPpUYHHAM TpeaBapy-
TEAbHBIH Pa3sorpeB HEBO3MOXKEH, TO CHMMAETCA KpHMBas pasroHa MpY HauyanbHOMN
Temnepatype (~20°C. Temnepatypa B meun u3MepseTcs TepmonpeobpasoBaresnem
(repmonapoit) TXA, npucoeunensM k 1a6opaTtopHOMy NOTEHLIHOMETPY MIH K pe-
FUCTPUpPYIOlIeMY NOoTeHUHoMeTpy. ONHOBpPEMEHHO 3aMUCBHIBAIOTCS MMOKA3AHUA aM-
NEpMeTpa ¥ BOJIBTMETPA HA PACNPEACNUTENBHOM LIHTE. 3aMUCH NMPOU3BOMSTCA B Te-
YeHHe NpUMepHO 30 MHHYT, NOC/IE HETo MONyHeHHBIE Pe3yLTATE IKCTPANONUPYIOT-
€l 110 PaCCMOTPEHHOMY Ballié METOJY.

Pe3ynbTaThl OMBITOB 3aMUCHIBAIOTCA B CEMYIONLYIO TabIHILY

3Tabnuua pesyneraTos onsita . Tabnuua 3
Bpems | [Mokasakua | Temnepa-typa lNonpaska | TI/IC repmo- Temnepa-
T, MHH | NOTEHUHO- | CBOGOAHKIX (onpenens- napsl 1pu TYypa B neyu (onpe-
MeTpa KOHIIOB TEPMO- | €TCH 10 Tpa- 1=0°C nenseTcs 1o rpa-
163 napei(OKp. cpe- AyHpo- E(ty.1p) = JlYHPOBOYHOM Tab-
E(1,0), Jibl) BOYHOH Tab- =Efty.1)+ naue aos E(1.t)
mMB L, °C naue ans ) | +E(1), MB /P B
E(Iz,(o), mB L 4%
0 | 2 3 4 5
=0 | A ol gi =
tz=0.5 3 )

1 Tl

BpeMsi 3anuceiBaeTcst OT Hauana BHeCeHUs BO3MYILCHUS.

Ilo nawany uismenenus MapaMeTpa OrnpeiesieTcs TPaHCIIOPTHOES 3ana3/ikiBa-
HUE T,

3areM 3anuch NPOM3BOAUTCH yepes 0,5-1,0 muH, a nocne 3ameuieHHs [po-
uecca yepes 3-5 MuH.

ObpaboTka pe3ynbTaToB NPOH3BOAHTCA B CREJlyIOLIeM NopsijiKe:
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1.TTo panueiM TaGauiel CTPOATCA Ha4yano KpuBoH pasrona. [lyrem skcrpario-
NSUMM CTPOMTCH BCH AMHaMu4eckas Kpusasd. ITo kpuBOH HaxXoOAATCH NOCTOAHHANA
BpeMenH obsexTa T ¥ OKoHYaTeNbHas Pa3sHOCTH 3HAYEHHH NapaMeTpa peryjiHpoBa-
HUA AQyon=A oy

2.Onpepensercs nepenato4Hbii Ko3ddrUMEeHT B pasMepHOH Gopme

Ho iz'il’ A’

rie i) — NOKa3aHus aMmiiepMeTpa 0 BHECEHHS BO3MYIUEHHs (IIPHHUMAaEMCH 32 HOMH-
HANBHYIO BeNIMMHHY); i; — MOKa3aHHA aMIIepMeTpa Noclie BO3MYIIEHHA.

3.0Onpepenserca TPAHCIIOPTHOE 3ana3/ibiBaHUE T, N0 CleAyomei Gopmyne:

=1,

rie Ty — BPSMsA BHECEHUS BO3MYIICHHS; To — BpeMs Hayalia H3MEHEHHS NapameTpa.

4 HaxoguTcs OTHOLICHHE Tos/7 M MO STOMY OTHOLIEHHIO NPEABAPUTENILHO Bbl-
Oupaerca THI aBTOMaTHYECKOrO perysisaropa.

IIpu Beibope perynsTopa MOXXKHO IONB30BATECA CIEAYIOLIMMH NIPHMEPHBIMH
COOTHOILCHHAMH.

IlpH 1,6/7<0,2 MOXHO HCIIOJNIB30BaTh ABYXIMO3HLHOHHBIA PEryjisToOp MpephiB-
HOIO REHCTBHS.

[lpu 1,¢/7>0,2 ucrons3yior perynsrop HenpepsiBHoro aeiicteus (U; IT; TIM
wim [THU]] - perynstopsl).

B or4ere nomkHo 6bITH NPHBEAEHO cnez(yromee

1. Ilens paboTsl ¥ KpaTKas TeopHs.

2 IlpuaumnuansHas cxema ycTaHOBKH (pHuc.6).
73 | m
DA77 7227728 -
———

O

+©0©
’OO
20

| @(D@

Puc. 6.9xcnepuMeRTaAIbHAA YCTAHOBKA

3.Pesynerars BeinonHeHus paborsl (Tabnuua pe3yasTaTos).

4 Kpupas pazroHa obsexra (puc. 5).

5. Pesynbrarsl pacyéra CIEAYIOUHX NapaMeTpPOB: Ty, AQyou, 1, k.
6. BeiBozibi 110 BeIDOPY peryasropa.
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PABOTA 2

JIBYXTIO3UIIIOHHOE PEI'YJINPOBAHHUE TEMITEPATYPbI

Kak yka3siBanock Bbitie, CAP, y KOTOpBIX CTENCHb OTKPBITHA pEryinpyione-
ro OpraHa j. MMEeT CTPOro ONpe/Ie/IeHHbIe 3HAYEHNS, Ha3bIBAIOTCA CAP no3uiHoH-
Horo perynuposanus. HanGonee mmMpokoe pacrnpoCTPaHEHHE B MPOMBLILLIEHHOCTH
TONYHMJIH JABYXIIO3ULIHOHHBIE PEryJIATOPBI.

1. Ilpunnun AeACTBHS

JIBYXIIO3HIJHOHHbIE PETYNATOPhl OTHOCATCA K PEryNaTopaM MpephiBHOro neh-
creua. Mx uHaye Ha3sIBalOT Pn - peryiasropamu (penendHbie NO3HLHOHHBIE PeryJiaTo-
phi). Y JBYXNO3MUMOHHBIX PETyNATOPOB PEry/I4pYIOIIHK OpraH MOXET 3aHHMATh
ONHO M3 JBYX KpalHMX mnonoxeHud. Yawe Bcero 3TO TMOJNHOE OTKPBITHE
(Macaxc=100%) 1 OAHOE 3aKPBITHE (as=0%) I103TOMY MOBOPAT, 4TO JABYXIIO3HIHOH-
Hble (MHaye peneiiHbie) peryasTopsl paboTaoT No NPHHIHUIY KOTKPBITO-3aKphiTO.

HacTpoeuHbIMH MapamMeTpaMH JBYXTO3HLHOHHEIX PEryJISTOPOB ABIAIOTCA ABA
3HAYeHUs NApPAMETPOB PETYIHPOBAHMA - MAKCHMANBHOE (Puaxc) M MHHHMAIBHOE
(Proen)- O62 3HAUECHUS YCTAHABAMBAIOTCS MPENBAPHTENILHO HA NOTEHIHOMETPE HIIH
npyroM cpeactee usMepenus. [Ipouecc AByXNO3HIMOHHOIO PEryiHpOBAHHS TIPOTE-
KaeT Npy HAIHYHH YCTAHOBJICHHOH 30HBI HEPABHOMEPHOCTH Ay (puc.7, a) wnn npH
eé orcyrcTsud (puc. 7, 6).

Ipu yBeNMYEHHH MapaMeTpa peryJMpyIolHi OpraH OCTaeTCi OTKPHITRIM B
npenenax or 0 0 MAKCHMANLHOTO YCTAHOBICHHOrO 3HAYCHUA NMAPAMETPA Puaxc, MO
cie 3Toro oH 3akpeiBaercs. Ilpy CHIDKeHHH rapamMeTpa peryJupyiouuii oprad ocTa-
eTCS 3aKPHITHIM 10 JOCTYDKEHUSA Pyyy, TIOCHE YEro OH OTKPHIBACTCH. Takum obpaszom,
B MPEENaX OT Qyaxe O Puyy PErYIHPYIOIMH OpraH MOXKET UMETh JIBC CTEreHH o1
kpoiTHsi — 0% u 100% B 3aBHCHMOCTH OT HanpaBJICeHHs H3MEHEHHS TapaMETPa.

Ipu ﬂ>0 Hasc=100%, a npu g(£<0 Hasc—0%.

dr drt

TIpH Qasc<Quun  Masc=100% TIpH BCEX CIYHasiX, & IPH Page > Puaxc  Hatc =0%.

Pa3HuLA A = Quaxc —QPuun HOCHT HA3BAHHE 30HBI HEPABHOMEPHOCTH HJIH 30HBI

HE4yBCTBHTENIBHOCTH PEJIEHHOr0 PeryIMpoOBaHHs.

[lpu perynupoBaHuu 00BEKTOB, OONAAIOMIKX 3aNa3/biBAHACM, dhakTHYecKHue
xonebanus napaMeTpa Ha o6bexTe (Agaq) ObBaIOT Beerna Oobie yCTAHOBICHHOM
(3amaHHOM) 30HBI HEPABHOMEPHOCTH Ha PEryATOpe Asy,. 10 0bBsCHAETCA TEM, UTO
NpH BHIKIOYEHHH PEryJMpyIoOWero Oprana napamMerTp M3-3a HAIHYHA 3aras/pIBatis
06beKTa B TEYCHHE HEKOTOPOro BpeMeHH OyzeT mpoaosnkarh yBETHIHBATECA. Ana-
JIOTHYHO TOCJE BKIIOYEHHS NPH JOCTHKEHHH @y Napamerp Oy/ieT NpoAoKaTh
CHMXKaThes HekoTopoe BpeMs. Hecosnagenne daxruueckux kosnedanuii ¢ yCcTaHOB-
JIeHHO# 3010/ HEPABHOMEPHOCTH 3aBUCHT OT HHEPUMOHHBIX CBOHCTB 00BEKTa U MO-
WeT JOCTHIaTh 3HAYUTENTHHOH BEJIHYHHBL.

Ecnu daktudeckue konebanus napamerpa Agayx M0 CBOCH abCONIOTHOH BEJIM-
YHHE HeOMyCTHMBI (110 TpeGOoBaHMi TEXHONOIHH), TO 3a/JaHHYIO 30HYy HEPaBHOMEP-
HOCTH Ha PeryJiiTope YMEHBINAIOT MPH MOMOLIM CrEIHATbHbIX npucnocotienuii. B
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npenene Mbl NPUXOAHM K cXeme paboTsl JABYXINO3HLMOHHBIX PEryJATOPOB C yCTa-
HOBJICHHO# 30HOH HEPaBHOMEPHOCTH, PaBHOH HYMO (A, = 0). B aTom cayyae kone-
faHMs NapaMeTpa BO3HMKAIOT TOJILKO 3a CHET TPAHCIIOPTHOIO 3anas/biBaHus 00beK-
ta. Eciiu naxe npu Ay, = 0 koneGauus napameTpa Agaue OCTAIOTCH HEAONYCTHMO
GONBIIUMH, TO NPAXOAUTCS PUMEHATH PEryJISITOPhl HENPEPLIBHOIO JSHCTBHA.

J%h et |
100 f—0 - 100 =
-
A I 4l 4
A
0 o Posase ? 2 Prax ?
e |
f’m f::
|
Prax o
]
A daxr
Adaer -
T
,a) 6)

Prc.7 Ilpouece ByXNO3HIHORHOTO PEryIHPOBAHHSA

Ipu npeBapUTENBHON YCTaHOBKE (3a/1aHMH) 30HBI HEPABHOMEPHOCTH CIIEAYET
[IOMHHTB, 9TO MAKCHMAIBHO BO3MOXKHOE €€ 3Ha4eHue obycnoBnmBactcs TpeboBa-
HUSIMH TEXHOJIOTMH, TaK Kak KoJiebaHHus rnapamMeTpa He JIOJDKHBI NpeBbIaTh JOmyC-
THMOH BeJIHYMHBI. B pajie cifydaeB NPUMEHSIOTCA ABYXIIO3HIIHOHHBIC PErysATOpLI C
HENOJIHOM CTENeHBIO 3aKphITHA perynupylomero oprana ( ~ 5 — 10% Bwmecto 0%).
Takoii crioco® HCTIONB3yeTcs NpPH peryjiHpoBaHHH TEMIIEpPAaTypH! B IUIAMEHHBIX Ie-
4ax, KOrjia TIoNHOE OTK/IIOYEHHE Fa30BbIX FOPEJIOK Wil MasyTHBIX GOPCYHOK 10 Py
npuyKH HeponycTumo. Henonmaoe 3aKkphiTHE HMEET MECTO TaloKe NPH JIBYXMO3HIIH-
OHHOM PEryJMpOBAHHUY [OCTOSHCTBA JABJICHHSA, pacxoja rasa HiH XHIKOCTH B TpY-
GonpoBojIax, TaK KaK MNOJHOE OTKIIOYEHHE MONaYH Cpebl B 00BeKT B OONBIIHHCTBE
ClIy4aeB HEBO3MOXHO.

Jlns BHIABJIEHHs XapakTepa BIMSAHHS NapamMeTpoB o0BEKTa Ha IMPOLECcC IBYX-
MO3KUIMONHOTO PeryIMpoBaHMs PACCMOTPHM HaHOONIee MPOCTOM Ciryyai npH Ay, = 0
# CHMMETpPHYHBIX Konebannsax napamerpa (A, =A@, u Harpyska N = 50%).

Ha puc.8 coBMelleHB! NPOLECChl ABYXIO3ULMOHHOTO PeryjiMpoOBaHui U KpH-
BOH Pa3roHa OIHOEMKOCTHOrO OOBEKTa NMPH OJMHAKOBOM MO 3HAKy W abComOTHOH
BEIMYMHE BO3MYIEH!A lg. B Touke A NpOH30LLIO 3aKPLITHE PEry/IMPYIOLIEro opra-
Ha, HO NapaMeTp MpOJOJKAeT YBENHYHBATLCA B TEUCHHE INPOMEKYTKA BPEMEHH
CB=t,.
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Kpusas pasrona obsexra ABG Gyner cooTBETCTBOBATH H3MEHEHMIO NapaMeT-
pa npH BHIKIIOYeHHOM perynstope. M3 nonobus tpeyronsaukoB ABC u AED cne-
nyer, uro CB /ED = AC/AE.

%= KosMo

e
(5

Puc. 8. [poueccs! ABYXIIO3HIMORHOIO PEryJIMPOBAHUS ¥ KPHBAs PA3roHa OJHOEMKOCTHOrO 00BeK-
T2

IMToacranisisi COOTBETCTBYIONIME 3HAYEHHA B GOpPMYILY, NOIYYHM

AQ=AQ,, (L’)=Kw “Ho (T—] | (10)
T T
e Ag — nonyamruiaTyAa xonebanuii mapamMerTpa NpH peryJMpoOBaHuH,; T, — TpaHC-
NOpTHOE 3anaszjsiBanue 00bekTa; T — MOCTOAHHAA BpeMEHHM 00LeKTa; Ay, — Mak-
cuMaibHOe (KOHEYHOE) OTKJIOHEHHE MapaMeTpa NpH OTCYTCTBHH peryisropa; Kos —
nepeaaToutbiit K03 puuuenT 00beKTa; [y — Ha4anbHOE BO3IMYILECHHE.

M3 popmynsl (10) cnexyer, 4TO OTKJIOHEHHE NapaMeTpa OT CPEHEro 3Haue-
HUS B 3HAYHTENILHON CTeneHH 3aBHCUT OT oTHoweHus (t,/7). Ilpunsaro cuutars, 9410
npHMepHO NpH T,/7<0,2 ycTaHOBKa JBYXNO3MUHOHHLIX PEryJsTOPOB BNOJIHE BO3-
MO>KHA.

B nepBoM npubimxeHHn napaMeTphl NMpolecca ABYXMO3HLHOHHOIO peryiu-
POBaHHS MOXXHO ONPEAENUTH cliefyiomuM o0pa3oM. OnbITHBIM NYTEM HAXOAWUTCA
TAHINEHC yrijla HaKJIOHA KacaTe/lbHOH K KpUBOH M3MEHEHHs rnapamerpa tga, 4To npe-
CTABJSAET 3HAYUTENHHO MEHBILHME 3aTPyAHEHHS, YEM OrpeJie/ieHHe NOCTOAHHOH Bpe-
MeHH 00bekTa 7. OIHOBPEMEHHO HaXO/MTCH BEIHYHHA BPEMEHH TPAHCIIOPTHOIY 3a-
nas3abIBaHmA. ;

ITocne 3Toro monyamMrnumTyRy KoneGaHui A@ MOXKHO HaWHTH M0 CIENYIOMEH
dbopmyne:

A =k 15, (11)
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rae k ex.napamerpa/MuH. — k03 PHLHEHT, YHHCIICHHO paBHLIA TAHNEHCY yIJia HaKJIo-
Ha KacaTeNbHOM tga, KOTOphIi HaxXoAUTCs U3 rpaduKa H3MEHEeHUs napaMerpa 6e3 pe-
ryJisiTopa NPy CaMOBBIPABHUBAHHH.

Ecin AByXNo3uuuMoHHsIA perynstop paboraer ¢ yCTaHOBIEHHOH 30HOH He-
PaBHOMEPHOCTH, HE PaBHOM HYIIIO, TO B 3TOM Cliy4ae

A =k 1+ Ay, (12)
U3 puc. 9 cnepyer, 9ro noiHbii nepuos konebanus napamerpa T npu AByXno3uiu-
OHHOM PEryJIHpOBaHWH HaXOAMTCA M3 BBIPAXCHHA

I=Toat Tou=4 15, (13)
rje Ty, — NPOAOIDKUTENHEHOCTD NEPHO/IA BIJIIOYEHHS PEryIHPYIOLIEro
oprata; Ty, — MPONO/DKHTENBHOCTE MEPHOA BHIKIIIOYSHHS.

Kak Gyjer nokasaHo nanee, M3-3a HECUMMETPHYHOCTH rpaduka xonebaHHi,
CBSI3aHHOIO C H3MEHEHHeM Harpysku obwekra, 7y = 6-1, u fonee.

ITpu peryiupoBaHHH peanbHBIX OOBEKTOB OOBIYHO Cpe/jHee 3HaYeHHe napa-
MeTPa  Pey=(Puaxc™Prunn)0,5 OTKIOHAETCH OT 3a/IaHHOrO 3HAYECHHA Q. B 3TOM cCity-
qae nonyaMIuiMTyia A@,, HanpaBJieHHas BBEpX, HE paBHa NoJyaMIUIMTYAe A@;, Ha-
MPaBJAeHHON BHU3 OT 3a/IaHHOI0 3HAaYeHHA. AHAJIOMHYHO NEPHOABI BKIIOYEHHS H Bbl-
KITIOYEHHs TAlOKe He PaBHbI MEXLY co60#.

VkasanHble OTKIOHEHHS 3aBHCAT OT HAarpy3ku obbvekTa u Moryt ObiTh npejBa-
PHTENBHO NMOACYUTAHBI MO Tabu. 4.

Pesynsrarsl pacyéra OTKINOHEHHH Tabnuua 4
Harpyska obnex- | 20% 30% 40% 60% 80% 100%
Ta
T 6,5 4,0 3,9 40 6,2 12
T
T 0,3 0,7 1,0 1,4 3,5 -
Tnmm.
Pep Psan -0,6 0,2 0,0 +0,2 +0,6 1,0
(89 +59)x05

ﬂpnmeqa}me: HPOMC)!CYTO‘]HLIC 3HAYEeHHA MOJIY4al0TCsa METOAOM HHTEPHOJIA-
HHH.

Harpyska o6sexra N mogcyuTeiBaeMasi CIEAyIOLMHM 00pazoMm:
N = Pran (14)

>
¢Hm
FAE Py — 3a0aHHOC 3HAYEHHE MApaMeTpPa; QPuaxe — MAKCHMAILHOE 3HAYCHHE Mapa-
METpa, KOTOPOE MOJIy4aeTCs 3a C4eT CAaMOBhIpaBHUBaHUA 0€3 MOMOIIM perysTopa.

[Moapobuble AaHHbIE [0 ITOMY BONpOCy AaHbl B [1-3].
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2.JIByXNIO3HIIHOHHOE PEeryIHpOBaHHE TEMIIEPATYPhi NPH MOMOLIM 3JIEKTPOHHBIX 110~
TEHIHOMETPOB

JBYyXNO3HIHOHHOE pEryJIHPOBaHHE BHICOKHX TEMIIEPATYD OCYIECTBISETCH
00bIYHO Ha 6a3e MMJUTMBOJIETMETPOB H JICKTPOHHBIX ABTOMATHYCCKHX NOTEHIHO-
meTpoB. B kauectse npeobpazoparenelf Temnepatypsi (IaTYMKOB rapamerpa pery-
JIHPOBAHKA) MPUMEHSIOT TEPMONaphl, PeXe PafHalHOHHBIC H (DOTONEKTPHYECKHE
NUPOMETPBI.

I[Ipn Temneparypax mHmwke 600°C ABYXNO3MUMOHHOE peryJHpOBaHME B PHJIE
CJly4aeB MOXET OCYMIECTBJIATHCH Ha 6ase MaHOMETPHYECKHX TEPMOMETPOB WM
JNIEKTPOHHBIX YPaBHOBEHICHHBIX MOCTOB, paboraommx ¢ npeobpaszosaresiamu —
TEPMOMETpPaMH CONIPOTHBJICHHA. B nocnenneMm cimywae cxema JBYXIIO3HIMOHHOIO
PeryJapoBaHus KOHCTPYKTHBHO H NPHHUMITHANBHO HE OTIHYAETCHA OT JIBYXTO3HIH-
OHHOI'O PEryIHpPOBaHHSA C OMOIIBIO MOTEHIIHOMETPOE.

HABYXIO3HIMOHHOE pEryJIMpOBaHHE TEMNEPaTyphl OCYIUECTRISETCH Io-
pasHOMYy.

B ruiaMeHHBIX neYax, HanpuMep, PeryjHpyioLMMH OPrasaMH, H3IMEHTIOLHMHA
pacxo/ibl ra3000pasHOro WM XUAKOrO TOIUIMBA, OOBIYHO SBIAIOTCA TOBOPOTHEIC 3a-
CIIOHKH M PeryJMpOBOYHEIC KJIaNmaHbl pasNu4HbIX KOHCTpykumii. IIpn perynmuposa-
HHH TEMIEpaTyphl B 3JEKTPHYECKHX TeYaxX W JAPYrHX aHAJIOTHYHBIX arperarax Hc-
MOJTHUTENIBHEIMI OPraHaMH CJIYXaT peJie, KOHTAKTOPSI,, a TAKXKe YCTPOUCTBA TpaHc-
(GopMaTOpHOro M BEHTMIILHOIO THIOB, OGECTIEUHBAIONINE (UIABHOE H3IMEHEHHE Ha-
NPSOKCHUA.

Ha puc.9 npuseniena 9acTo BCTpeYalOLAiCs NPHHIMITHATBHAS CXEMA JBYXIIO-
3HIHOHHOTO PpEryaMpOBaHHs, COCTOAMAs M3 KOHTAKTHOTO 3aflaTYMKa, KOTOPHIK
BCTPauWBaeTCAd B NOTCHUHOMETP MM JApyrod npubop, u 6noka pene IMIIP-1M. Bra
cxeMa MOXeT OBITh HCIOIB30BaHA TAKXKE JUIS CATHAIM3ALUH OTKJTIOUEHHA NlapaMeTpa
OT 33JJaHHOTO TIPEAEIbHOrO 3HAYEHHA.

Orknonenue napameTpa (M3MEHEHHE TEMIIEpaTyphl) OT 3aMaHHOIO 3HAYEHHs BEI3bI-
BacT NepemMeieHne NOJBUXHOIO KOHTaKTa B 3a/1aTyMKa IO CONPUKOCHOBEHUS C OJi-
HUM W3 OOKOBBIX KOHTaKTOB A wiu D. Ilpn ABYXNO3UIMOHHOM PeryiMpOBaHHH C
Asai= 0 MCTIONB3YeTCS TONBKO OJMH HENOABMXHEIN KoHTakT A. Koutakrusii 3amar-
YHK CBA3aH C NBYMA 3JIEKTPOMATHUTHBIMH peile, pasMelleHHLIMH B NPHCTABKE
[TTTP—1M, koTopas HaXOQWUTCA BHE noreruuomerpa. [Iuranue pene, Bo usbexanue
MCKpOOOpazoBaHHsA NPH KOMMYTAIHH 3a[aT4rKa ¥ obecneuenus ycroiuusoii pabo-
ThI, MPOH3BOAMTCS BBINPAMIIEHHBIM TOKOM 4Yepe3 nuojn D u emxocts C.

Pesucroper R1 u R2 uckporacsmue. Pesucrop R3 , ymensmas xoagdunment Bos-
Bpara peJie, crabmwimsupyer paboty cucremsi. [Turanne npucrasiu ITTP-1M ocyue-
CTBIISICTCH NMEPEMEHHBIM TOKOM 33 B,

Cunossle THHUM K perynupyiomeMy oprany PO u B Lenb CHrHAIHZAUHH 110/
coenuHsIoTcs K knemmam 0, A, B, C.

JBYXNO3MIIHOHHOE pPeryJIMpoBaHHE MNpoTeKaeT ciaeiyionmm obpasoM. Ilpu
COTIPHKOCHOBCHHH MOABHXKHOIO KOHTaKTa B ¢ xonTakToM A cpabarsisaer pene P; u
3aMbikaeT Kiaemmbl uenu 0—A. Ilpu pasmbikanun KOHTaKTOB 2 ¥ / 3ajiaTyuia pene P,
obecnieynBaeTcs U AKOPb OTTIa/aeT, pasMbikas MpH TOM KIeMMEI 1ieri 0—A | 3aMbi-
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kasd Kiemmel 0—C; Konrakt D B naHHoOM cxeMme BRIIOJHSET POJIbE MEXaHWYECKOro
YHOpa H B 3NCKTPHYECKYIO CHCTEMY HE BKJIIOYEH.

REY @
ololol6lolelol0)
336

Puc. 9.Ilpunumnvansuas cxema ABYXMO3HUHOHHOIO PEryHPOBAHUA C KOHTAKTHBI 3aaTYHKOM H
Gnokom pene ITTIP-1M

Ha puc. 10 npencrasnena Gonee COBEPLICHHAA CXeMa JABYXIIO3UIIHOHHOIO pe-
YIMPOBAHKA TEMIICPATYPhl B NEYH C HCTIONB30BaHHEM THPHCTOPHBIX KOYei (TK).
Tupncrops (ynpasisemsie muonsr) obecriequsaior bonbIIyIO HaNEKHOCTH peryiH-
posauus. Ilo cpaBHenmio ¢ panuyHoro poaa KOHTaKTOpaM#u OHU HMEIOT GonbIumit
CPOK CITyObi KaK 10 BpPeMEHH 3KCIUTYaTALIHM, TaK H 110 KOJIN4eCTBY H 4acToTe repe-
KmoYeHuH. JIByXmo3KIMOHHOE perynMpoBaHue TEMIIEPATypPhl OCYIIECTBIAETCS MPH

9TOM CJIEIyIOIUM 00pasoM.
TK

A
m : G . ~ U
- ; : | 84
: H3 :
q 2 A £,
_ ol v ?77'2

Ly

Puc. 10.Cxema aByxno3unuonnoro PEry/IHpOBaHHA TEMIICPATYPhl B NEYH C HCIONB30BAHHEM TH-
PHCTOPHEIX KJIOYEH

Curnan ot Tepmosnextpuyeckoro npeobpasosarens TIII fOCTyNaeT Ha Mo-
renuuometp KCII. B peryaupyiouem ycrpoiictae NOTEHUHOMETpA YCTAHABIMBACTCA
#a/laHHOC 3HaYCHHE Temnepatypsl. Eciu Temniepatypa Bbile 3ajaHHOM, TO KOHTAKT,
TIOKA3AHHEIH yCIOBHO HAa CXeMe, PA3OMKHYT; €CIIH TEMIIEPaTypa HHXKe 3anaHHoOI, TO
KOHTAKT 3aMKHYT. "lepe3 KOHTaKT NOTeHUHOMETPA TIPOHCXOAMUT yOpaBjieHHe UCIIO-
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HUTEJIBHBIM 3JIEMEHTOM CHCTEMBI peryiupopanus. B AaHHON cxeMe TakuM 3JieMeH-
TOM ABNSECTCA THPHCTOPHBIH K4 TK, BKIOYEHHBIN NOCNEN0BATENEHO B 1ieNb NHTAa-
Hus Harpesatesiei. ITpunimn paboThl THPHCTOPHOIO KITH0OYa COCTOMT B CAEAYIOLIEM.
Korna sanpsokenue B Lieny HanparieHo oT ¢asnl A x dase B, To oTkpsiBaeTCs NeBblit
tupuctop TJI1 (npu ycnosuu, ecnu xonraxt KCIT 3amknyT). B 310M ciyyae B naua-
Jjie NoJynepHoja, Korja HanpskeHHe JOCTHIaeT 3HAYEHWs, PAaBHOTO HANPSHKEHHIO
ornupanus (8B), nesslii THPHCTOP BKIIIOYAETCH W OCTAETCH OTKPHITHIM B TEYEHHE
Bcero nonynepuosa. Hanpsxenune u3 daser A qepes quon D1, pesucrop R u 3amky-
Thil koHTaKT KCII noctynaer Ha ynpasisiomuii snextpos Tupucropa TJI1 B Touke
C,, Tupucrop TJI1 ornupaercs u 9epe3 Hero NPOXOAMT TOK.

Taxum obpazom, obpasyercs uens: ¢asa A — tupucrop TJI1 — marpesatens-
Hell anemeHT HO — ¢haza B. Bo BropoMm noiynepuozie HanpsokeHHe NMOJaeTcs Ha
yNpaBNsfouini 3nekTpoa THpHcTopa TJI2, nocneHuii OTIMPAeTCs ¥ TOK NPOXOAHUT
no uenu: pasa B — HO — C; — C4 (TJ12) — dasa A. Ecnim kourakr KCIT pasmeixaercs,
TO NoJla4a HaNpsDKEEWsA Ha YNpaBisBUIMK 3/IEKTPOJ| NpeKpalaercs, THpucTop "3a-
nHpaeTca” M TOK Yepe3 HarpeBaTeNbHbIA EMEHT He IPOXOJHT, TaK Kak BCE 3JeK-
TPOJIB! H30NTHPOBaHEI MEXY coboi 1 oT TMpUCTOpa. JIHO/B! B cxeMe ciyxat mis ¢a-
30BOH Pa3BA3KH B LIENH YIIPABICHUSA SIEKTPOJIOB, @ PE3UCTOP - ISl OrPaHHYeHHs TO-
Ka, MPOXOSAIIEro Yepe3 AHObI.
Taxum 06pa3om, IIpu TeMnepaType B NIeYd HIXKE 33JaHHOMN (KOHTAKT NOTEHIHOMETPA
3aMKHYT) THPHCTOPHBIH KJIIOY OTKPHIT, B LIEIH POTEKAET TOK U HArpeBaTeNH NOBEI-
malT Temneparypy. IIpu AOCTHXEeHHH 3aaHHON TeMIlepaTyphi KOHTAKT pa3MbIKa-
eTcs, HarpeBaTeNld 00eCTOYHBAIOTCA M TeMIIepaTypa CHOBA MOHIXAETCH, 4 KOHTAKT
NOTEHIIMOMETPA 3aMBIKAETCH.

3.0cobenHocTH ABTOMATHYECKOrO PEryIHPOBAHHAS TEMIEePaTyphl
JICKTPHYECKHX HarpesBareiei

Bo MHOrHX ciy4asX NIpH aBTOMATHYECKOM peryJHpOBAHMH TEMIEPaTyph
BNEKTPHYECKUX HArpeBaTeNied MOXHO HCIMOJB30BaTh ABYXMO3UIMOHHOE PEryJIMpO-
BaHMe C HyJIeBOH 30HOH HEPABHOMEPHOCTH, YCTAHOBICHHOM Ha peryiarope (A= 0).

B ycnosusix naboparopuoii paboTs: NpH MaJIOH Harpyske Mo TOKY Nepexiio-
YeHHE JJICKTPHYECKOH MEeYM NPOM3BOJMTCA HENOCPEACTBEHHO CHELMANBHBLIM IPHU-
cniocobnenreM 6e3 MPOMEXKYTOYHBIX peie.

B 1poH3BOJCTBEHHBIX arperatax GoNbIIOH MOLIHOCTH TAaKyl0 CXeMy BKITIOYe-
HHA NPUMEHATH HENb34, TaK KaK Harpyska 1o TOKy y HMX HaMHOIO MpeBsinaeT 3 -
Samnep. Vicnones3yemas B 3TOM Cllyuae CXeMma [ABYXMO3MLMOHHOTO PeryTHpOBaHMsA
TEMIIEPATYPhI B 3JIEKTPOHAIPEBATENAX MOKa3aHa Ha puc. 11.

Orxmovarommee ¥ BBIKIIOYAIONIEe YCTPOMCTBO (YNPABASIONHN SIEMEHT I10-
TCHIMOMETpa) NPUBOJUTCS B eHCTBHE JJEKTpPOABHIaTeneM noreHuxomerpa. Iocne
BK/IIOYEHHUA HMCIMOTHHTENLHOIO 3JIEMEHTa 3aMBIKAETCH KAaTYIIKa IPOMEXYTOUHOIO
pene PII, KOHTaKThl KOTOPOro BKIIOYAIOT HElb KATYIUKH KOHTAKTOPA, BKIIOYAIOIEr0
HarpeparejibHOe yCTpOMCTBO. Ilocne oTKmOYeHHs YNpaBisIONIEro MEMeHTa B TOMH
Ke MOCNCAOBATENBHOCTH OTKIIOYAOTCS KOHTAKTHI TPOMEXYTOYHOIO pene W py-
bunbHyK KOHTaKTOpa. Heo6X0MMMOCTh YCTAHOBKH TPOMEKYTOUHOTO pelle CBA3AHA ¢
TeM OOCTOATENBCTBOM, YTO Harpyska ynpaBisioulell KaTyliku KOHTAaKTOpa NpeBsbI-
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WAeT 5 amiep ¥ UCNoNb30BaTh OTK/IIOYAIOLIKH MEXaHH3M MOTEHIIHOMETPa He TIpe/-
CTaBNsAeTCs BO3MOXHBIM. Cxema obopyayercs Takke nmpucriocobneHueM s Juc-
TAHIMOHHOIrO py4HOro ynpasieHus (Ha puc.l1 He nokasaHo).

0 N L2
Hm BEgs]
rn] =<

Puc. 11.Cxema (ByX1103HIMOHHOTO PEryNHPOBaHHA TEMIICPATYPLI B MJICKTPOHAIPEBATE/INX

JABYX1O3UIIHOHHOE PEryJIHPOBAHHE BO MHOTHX CITy4YasiX CO3/JaeT pe3kue KoJse-
Ganus Temmeparypsl. Jns Gonee IMIAaBHOrO PperyjIMpOBaHUS NPHUMEHSIOT Gonee
crnoxusle cxemsl. [lepeyrcnum HEKOTOPBIE U3 HHX.

|.Harpesarenu pasbusarorcs Ha cexuuu. Ilpu perynupoBaHuu oTKOYaercs
4acTh CEKIHH, Apyras 4acTh ocTaercs B pabore.

2.CxemMa nepexIioYeHus ¢ TPEYTroJIbHHKA Ha 3BE3/Y (puc 12).

3. Tpexno3uiMoHHOe peryjupoBaHue.

E//_. IPIT

D S N
S
N
\
El:l

| e

2rm
1PII 2K
h 2H Z IK
2PIr \"

g

+
) e il —\}

Puc. 12. Cxema nepexiioueHns ¢ TpeyrojibHHKA Ha 3Be3/1y

MOPSIOK IMPOBEJIEHHS JIABOPATOPHOM PABOTBI

B 3anauy naboparopHoit paboTsl BXOAWT:
| JuccnenoBanye ABYXNMO3UIIMOHHOTO PEryNHpPOBAHUS TEMIIEPATyphl 3AEKTPHYECKOM
nabopaToOpHO# MEYH CONPOTHBIICHHUS;
2)03HAKOMJICHHE C NMPHHIUIIOM JIBYXIIO3HIHOHHOTO PEryJIMPOBAHUA a30BhIX MEYeH

¥ WCTIONTHUTENbHBIX Mexanu3MoB Tuna JIP.
[puHUMIHANbHAs CXeMa YCTAaHOBKM JUIsl HMCCJIEIOBaHHMA JIBYXIIO3HIIHOHHOIO

PeryJiMpoBaHus TeMneparyps! B 1aboparopHOH ne4H npejcTasieHa Ha puc.13. Tem-
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nepatypa BHYTPH 3NIEKTPHYECKOH mneyn / u3MepsAercs TepMonapoi 2 rpajyupoBKH
XK, npucoeqMHEHHOM K 3NEKTPOHHOMY NMOTEHUHOMETPY 3 C ABYXMO3HUHOHHBIM pe-
rynupytouum yerpoitcrsom TTTIP—1M, B KOTOPOM HCMONb3YETCS OJMH KOHTaKT A

(CM- p"c. g).
. @
.C

$900
LLLLLLLLLLL

~42 f

ozl

.

Puc. 13.Cxema IKCepHMEeHTAIbHOH YCTAHOBKH

Taxkum obpa3omM, ocymecTBnsieTrcs perynupoBanue ¢ Ay~ 0. Bkmodenue H
BBIKJTIOYEHHE MEeYH MPOU3BOAUTCH HENOCPEACTBEHHO 6e3 NPpUMEHEHHS NPOMENYTOY~
Horo ycunenusi. [lpu ycraHoBKe TUPHCTOPHBIH CXeMbi B ialIbHEHLLIEM CEyeT MONb-
3oBatbes puc. 10.

[Mpu nposenenuu naboparopHod paboThl ciieayeT (HKCUpPOBaTh BEJIMYUHBDI
MaKCUMyMa U MHHMUMYMa TEMIIepaTyp B Me4H, a TAKXKe MPOACKHTENBHOCTH [1EPHO-
JIOB BKHOYEHHS W BBIKIOYEHHSA Touy M Ty

PesyneraTel 3aHocATCs B Tabn.5.

Tabnuua nns 3KCNePUMEHTANBHBIX JIAHHBIX Tabnuua 5
luuc' OC Tunm 4 MMHY OC Tll.\

No
n/n

3amepsl NPOU3BOAATCS B YCTAHOBMBLIEMCS peXuMe, T.€. TOrja, Korjaa rnokasa-
Husi npubopa 6yayT nopropsathes. [1o panubiM Tabauup! ctpoutcs rpaduk uiMeHe-
HHS TEMIIEPaTypbl BO BPEMEHU M M3MEHEHWS CTENEHM OTKPLITHA Peryaupyrolero
oprana. [Ipumep noctpoenus rpaguka npesacrasieH Ha puc. 14. TTocne storo npoums-
BOJIMTCH TEOPETHYECKHH NMOACHET NNapaMeTpoOB ABYXMO3HLHOHHOIO PEryTHpOBaHHs B
CAENYIOUIEM MOPS/IKE: '

|. TpancrnopTHoe 3anas/ibiBaHie HaXOAWTCS U3 rpaduka.

T
2.0THOLIEHHE —#—— KL Gepgrcy U3 Taba.S.
4 T

1

T =
3.0tHoLIEHHE ~ ™ T HaxoauTcs U3 1abna.s.
BMKL,

4 TToacunTeiBaeTCs £n=(Lyaxe v )0,5.

20



5.IlopcunthiBaercs GakTHYeCKas OTHOCHTENbHAs BEIWYMHA OTKJIOHEHMs OT
3a/IaHHOIO 3HAYCHHA Iy, NO Qopmye:
) tq,' gL
(Af, +A1,)0,5°
rae Afy v At — nonyaMnauty el konebaHuH TeMnepaTyphl.
6.Harpyska o6nexra N onpenensiercs no tabi. 4.

“ud

304
302 b
300 w 1 3 m .
- 100 150 | 200 Toex
298 O =l N
: o S 3
) o
296 zl=33 g p I |
~ N4
[~
™~
I
st |
lw e e e
50 it
0 H ] | . | - J —
50 100 150 200 250 Teex

Puc. 14. INpumep nocrpoenns rpaduxa

B otuere no naboparopHoii paGote 10/KHBI OBITH IPUBEIEHBI CIEAYIOLIHE aHHbIE
1.1lens paboThl ¥ KpaTKasi TEOpHS.
2 IlpuHnunuanbHas ycraHoBKa cxemsl (puc.13).
3.Pesynerars oneitos (Tabin. S u rpaduk no obpasity puc.14).
4 Pe3ynbTaThl pacy€ToB.
5.BeiBospl.
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PABOTA 3
WUCCJIEJIOBAHUE CUCTEM METOJIOM MOJIEJIMPOBAHKA

B CBA3M C IIMPOKWMM PACHPOCTPAHEHHEM BBIYHCIMTENILHOH TEXHHKH OCHOB-
HBIM METOJIOM MCCJ/IEIOBAHHUS AHHAMMYECKHX CBOHCTB CHCTEM aBTOMATH4ECKOTO pe-
[yJIMpPOBAHUS CTAHOBHTCS METOA MOJeNHpoBaus. MofeNMPOBAaHHE TO3BONACT HC-
CJIEI0BATH CHCTEMY BO BCeil ee NoHoTe, GBICTPO U ¢ BBICOKOH TOYHOCTBIO.

OCHOBHBIM CPEACTBOM HCCIICHAOBAHHSA CHCTEM METOJOM MaTeMaTH4ecKoro Mo-
NeNUpOBaHHs ABNAIOTCA AHAJIOTOBBIC BBEMHCIHMTENBHBIE MAIIMHLI (ABM). Ha ABM
cocraBisercs cxema Habopa 3ajayd TakuM 00pasoM, 4TOObI €¢ MaTEMaTHHECKoe
onHcaHue GBUIO CXOAHO ¢ 3anavelf, nojiexaiedl pemenuio. B 3ToM CMbICIe Ha-
Gpaunyio Ha ABM cxemy Ha3bIBalOT MOJIENBIO.

Onnaxo npumeneane ABM s anaiu3a CHCTEM aBTOMAaTH4YECKOro peryiipo-
BaHHA OIPAHMYMBACTCH TOYHOCTHIO PEHICHHs, KOTOPOE PE3KO YMEHBIIACTCA NpH H3-
MEHEHHH TIEPEMEHHBIX B IUMPOKHX mpesenax. M3meHeHHe MEpeMEHHbIX CBAZAHO C
namenenueM Maciirabos. Ecnu B moGoM W3 pexXHMOB XOTA OBl OJMH yCHJIMTEIlh
ABM pa6oTaeT B pe)XHMe HACHICHHS, TO H3MECHEHHUE MaciuTaboB CTaHET HEBO3-
MOXHBIM.. KpoMe TOro, BOCHIPOM3BE/ICHHE HA MOJENH HEIMHCHHBIX 3aBHCUMOCTEH
CBA3aHO C HEKOTOPOH ommbKoi, a peanm3anus Ha ABM psja HeMHEeHHBIX XapaKTe-
PHCTHK NIPOCTO HEBO3MOXKHA B CBA3M C OrpPaHHYEHHOH HOMEHKJIATYPOH HEeNTHHEHHEIX
610K0B.

ViccnenoBanue Ha MA(POBHIX BEMuUCIHTENbHbIX MamuHax (LIBM) MOXHO BbI-
[OJIHATH BO BCEM JHANAa30HE 3aJIaHHBIX JIMHAMHYECKHX M CTATHYECKHX XapakTepH-
cTuK sneMenToB cuctem. Ilpu uudpoBoM MOJIEIHPOBAHMM BBEJCHHE B MallHHy 33~
JIAHHBIX JIMHAMHYECKHX XapaKTepHCTHK OCYIIECTBIACTCH C MOMOIIBIO PacHETHAIX
dopmyn. MaTeMaTHUECKYIO MOJIEH NPOLECca COCTABJIAIOT B BHJE CHCTCMBI ypaBHe-
HHH BCEX 3BEHBLEB.

AJITOPATMBI pellieHMs 3a/ayd B obleM BHJIE BKIIOYAIOT B cebs onepanuu
middepennupoBanus ¥ MHTerpHposanus. Onepaiuio muddepenpposanus Ha
[IBM BBLIUIONHAIOT YACIEHHBIMA METOAAMH 110 PAa3HOCTHBIM YPaBHCHHAM

dt AL
rae X, X, — nepeMEeHHBIE Ha KOHIAX pacyeTa C IIaroMm n.
Onepauuio HHTErpHPOBAHMs BBITIONHAIOT MO ¢dopmyiie

nie "
[X(ydt =y Ax (A1) (16)
0 i=l
MaremaTuueckoe mMozienuposanue Ha [IBM paccmoTpuM Ha npuMepe CTpyk-
TYpHO# CX€Mbl, [PHBE/ICHHOM Ha pHc,15.

X)I '.\:=- '“'J 'm K' R.‘ x:ux
P Teg* P+1

+
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Puc.15.CtpykrypHas cxema st Mmoaennposanus Ha LIBM
B cucTeMe aBTOMATH4eCKOro peryjiupoBaHHs OOBEKT NpEeACTaBlieH B BHIE
anepHoOHYEcKOro 3BeHa NepBoro NopaJika ¢ nepefaTouHol GyHKuUueH

K, ;
= ——ob 17
uu‘p) T,ﬁp *-] ( )

(

Perynstop umeet nepeaatodnyio (pyHKUHIO HHTErpHPYIOILEro 3BeHa (acTarTu-
YECKHI perynaTop )

K
W,.(p)=—=2, (18)
p
[lepenarounas QyHKUMS Pa3OMKHYTOH CHCTEMBI HMEET BHI
W.(p)=Ws(p)- W, (p)= Ko Xy : (19)
' ' T (Tep+1)p

[lepenarounas GyHKUMA 3aMKHYTOH CHCTEMbI [IPH BO3MYUIEHHH BBI3BAHHOM
H3MEHEHHeM 3alaHHOT0 3HA4EHUs PEryaupyeMoil BEIHYHHBI

s 1 o)

Wn.(p) = =% 1
1+We(p) TP +Tp+]
e =, T;= | = [P T
KK, KMK

JinddepenumnansHoe ypaBHeHHE 3aMKHYTOH CHCTEMBI ByneT

Tzd X.Mx_'_Tdemx +X|ux=an‘ (21)
dr’ dt
Mpu 7,<2T, X,.=| pemenne auddepeHUHANBEHOrO YpaBHEHHs HMeeT B /3/:
X = (cosmt—gsin u)t), : (22)
BhbIX ')
T, 4-T! -T;
TAC @=—733 P et
2 2E

MonenupoBaiue MepexoaHOro npoLecca Npu BHECEHHH €IMHAHHOIO CKa4yKo-
obpazsoro Bosmyienus ( X,=1) no zananuio perynsropy Ha 9BM no cienytoiuei
nporpamMme.

Jlns peuieHus AaHHOM 3aJa4n COCTaBUM TabJIMIly COOTBETCTBUSA, MaTCMaTHYE-
CKMX NepeMEeHHbIX YHCIECHHBLIM 3HAYCHHAM:

t... t+h, tH2:-h, ... t¥ih, ... I
Xm.:x Xls XZ\"'-an seey X\' 3
rae h=t/i — war no BpeMeH}; i — YHCAO IIAroB; f\ — BPeMs OKOHYAHMA cuéra.

Biiok-cxema nporpamMMbi MepexoaHoro npouecca npuBeieHa :
Ha puc. 16.

PacneyaTka nporpammbl pacieTa nepexoiHoro npouecca Ha «@DoptpaH—4»
Py CHeAYIOMEM PUHATOM oboznavennn: HO=K5, HP=K,,, TO=T,, TN=1\,
T2=75, TI=T,, AA=a, QQ=n, TT=t, XX=X5, HH=h u npu cneayiomyx HCXOAHBIX
nanubix K =0,4, Tos = 2, K;=7.5 u N= 20 nmeeT Bua:
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10

( Hauano ) G}\o Berasum:
i=i+l]
I} ¥
1 Beojum 7 Beraucnum:
Koo, Ky =ivh
Tos, th, h I
3 Boraucism:
BerauciuMm: SRR O
T~ 1Ko Ky) b bl
=exp(-a-
T, =TT, L3 j
Beramcium:
Brisoz Ha Xuux=1-EE(Ex
- neyarb «Yc- 9 xC+aSS/w)
JIOBHE He l
BBITIONTHEHO»
BriBon na
AUITY t,
Beraucnum: 10 5, 45
a=12/(2-T1)
AT -T2

Bceraeam

;

272
,

Purc.16. baok-cxema nporpamMmsel pacyeTa nepexoiHoro nporecca

HH=0.5
HO=0.4

TO=2.0

HP=7.5

T2=1.0/(HO*HP)
T1=SQRT(TO*T2)

IF (T2-2.*T1) 10, 60, 60
AA=T2/(2.*T1*2)

QQ=SQRT((4. T1 2-T2 2)/(2. T1 2))
DO 50 1=1,20

TT=HH*I

SS=SIN(QQ*TT)
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20
50
60
70

K= 7,5 npusenensi B Tabn. 6. I'padmk nepexoHO#i XapaKTepHCTHKH, NOCTPOCHHBIH |

CC=COS(QQ*TT)
EE=EXP(—AA*TT)
XX=1. -EE*(CC+AA*SS/QQ)

PRINT 20, TT, SS, CC, EE, XX
FORMAT (2X,”TT=",F4.1,’SS=",F5.3,'CC=",F5.3,’E=",F5.3,XX="F5.3)
CONTINUE
PRINT (70)

FORMAT(2x17 H YCJIOBUE HE BBITTIOJIHEHO)
STOP

END

IlpuMep pe3yNbTaToOB pacyera NEepeXofHOro Nnpouecca rnpH Ko =0,4, Tos=2,

110 pe3ynbraram Tabn. 6, npuBeneH Ha puc.17.

PesynbTarsl pacyera NEpEexoqHOro npouecca Tabmuua 6
i t,c exp(—ar) cos ©f sin o/ g Xoux
exp(—ar)[cosux — —u-,snwr]

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 P 0,253 0,240 0,971 0,016 0,984
12 | 6,0 0,223 -0,435 0,900 -0,133 1,133
13 6,5 0,197 -0,909 0,416 -0,194 1,194
14 | 7,0 0,174 -0,966 -0,260 -0,160 1,160
15 79 0,153 -0,577 0,816 -0,066 1,066
16 | 80 0,135 0,076 -0,997 0,035 0,965
7.1 85 0,119 0,695 -0,719 0,0982 0,902
18 | 90 0,105 0,994 -0,110 0,183 0,817
v | 95 0,093 0,836 0,549 0,069 0,931
20 10, 0,082 0,293 0,956 0,01 0,99
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Puc.17. I'padux nepexoHoii XapaKTepuCTUKH

JUist ICXOAHBIX JAHHBIX HMEEM CIeAYIONHe NapaMeTphi
gactora ©=1,384, nepuon 4,=2-w'w=4,53 c, K=1, a= 0,25, T=1/o=4, T, =0,816,
7,=0,333,

Jns KONMYECTBEHHOH XApaKTEPUCTHKHM NEPEeXOAHOro Npolecca pacCHHThIBa-
I0TCS CHeAYIOIMEe BENMHYHHBL: X — AMHAMHYECKOE OTKJIOHEHHE B €IMHHLAX peryiu-
pyeMo# BENUUYMHEI, T.€. HAaHOONBIIee OTKJIOHEHNE OT 3aJJaHHOr0 3Ha4eHHs B npolec-

ce perynuposanus; Xo; — CTATHYECKOE OTKJIOHEHHE B EMHHLAX PEryjiupyeMoi Be-
JIKYMHBL, T.€. OTKJIOHEHHE OT 3aJaHHOIO 3HAYEHHs B YCTAHOBHBILEMCS COCTOAHMH (B
CHCTEMAX C aCTATHYECKHM PeryiasTtopoM Xe=0); £, — Bpems peryiHpoBaHHA, T.C.
HPOIOIDKATENBHOCTD MIEPEXOJIHOrO Mpoliecca, B TeYEHHE KOTOPOro  peryjupyemas
BEJIMYMHA JIOCTUIaeT HOBOI'O YCTAHOBHBIIErOCH 3HAYEHHA C HEKOTOPOH 3apaHee yc-
TRHOBJIEHHOM TOYHOCTHIO ££ (B paboTe npunuMaeMm &= +5%).

KpoMe 3THX napamerpoB, NPHMEHSIOTCA HEKOTOpHIE BEJIMYMHBI XapaKTepH-
3ylollHe 3aTyxanue konebanuii peryiupyemMoii BelIMYAHBI B NIEPEXOIHOM Mpoilecce:

=——— — CTCICHb 3aTyXaHusd B QOJIAX €AHHHIBI HIIH B A),

n= % — NepeperyIupoBanue B I0NAX eAMHULBI WiH B Y.

|
Hns uexonueix nausbix nomyyaem: X,=0,605, 1,=11c (npn e=+5%, y=0,68, n=0,56
BapuanTsl Juis pacd€ra nepexoAHoro npouecca npusejieHs! B Tabiu. 7.

YKa3aHHA K COCTABJICHHUIO OTYETA

Oruer nio pabore HOMKEH BKIIOYATD:

- OCHOBHBIE TEOPETHYECKHE TTOJIOKECHHMS,

- CXeMy pacueTa NepexoHoro npoiecca,

- Tabis. 6 ¢ pesysbTaTaMu pacyera NEPEXO/HOro Mnpouecca A OAHOIro U3 Ba-
puanToB Tabn. 7,

- rpad MK NepexoqHOH XapakTepHCTHKH,

- OCHOBHBIE 11apaMeTpsl KoeGaTeIbHOro NepexoAHOro npouecca.
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BapsanTs! Juin pac4éra nepexoHOro npomecca Tabmuua 7

Beimuuaa

Bapunants

1 2713 | 4.1 5 Lech AlnBudad e b 1kalea25p 13:] 141 15

75150(85(85]60]|70|75|[80(40]|60]|60]50|45|60]| 50

loaloglos5/07(07]05(03]03[06}06|02|07]|03|04] 03

2 |2 (1010181817716 16[0,5]|1,5(14]12] 1.2

Benuuuna

Bapuantst

161718192021 ][22 23|24 ]25]|26 |27 |28 |29 ]| 30

75150858060 [70[75]|80]|40]|60]60]50]45]60] 50

03|07|04/06{06|04/02(02(05]05]03]06/[02]03]| 02

181 2 |1 1 1818|1717 l16]16|10,5]1,5]1,4]1,2] 1,2

VYKa3anus K BBINOJIHEHHIO pac4€ToB

. Paccunrars 3navenus T>=1/(KwK,) n T, =JT0‘s -7, M NpOBEPUThH BHIIOJIHE-

uue yenosust 15<2-Ty.

. BBecTH MCXOJHBIE JaHHBIC B NPOTPaMMY M BBIIONHHTH pacdér. CoCTaBHTh

Tabnuuy 3Ha4eHUH Xy B 3aBHCHMOCTH OT 1.

. ITocrponts rpaduk nepexoxsoro npoiecca. M3 rpaduka onpenesuTs cre-

nyoume napamerpsi: f, @, K, T, Xy, &, ¥, 0. Sl

4-T! -T; : X
WP,

. CpaBauTs MMOTYYCHHBIE NapaMeTphl C pacuéramu: W= 5. o
vAY

R

ad=—2—, T=—.
22 e
' KoHTpONBHbIE BONPOCK

1.OCHOBHBIE THITHl M XaPAKTEPHUCTHKH THNOBBIX JHHAMHYECKHX 3BEHBEB.
2.CTpyKTypHas cXema M nepefaTouHbie QyHKIUH 3BEHBEB 3aMKHYTOH CHCTe-

MBI, coCcTosIel 13 anepHoIM4YeCKOro 3seHa rnepeoro [opAJKa U acTaTuiecKoro pe-

ryJNsSTOpa.

3.MozienupoBalie NEPEXo/IHOro Mpoliecca 3aMKHYTOH CHCTEMb! PerynHpoBa-

HAsL.

4.OcHOBHbIE MapamMeTpsl KonebaTe/ibHOro NePeXoAHOro nponecca: AMHaMute-

CKO€ OTKJIOHCHHEC, BpeMs peryjiipoBaHHs, cTeneHb 3aTyXaHus H NepeperynupoBa-

HHC.
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Pabora 4

ABTOMATUYECKOE PEI'YJIMPOBAHUE YPOBHS; IMHAMUYECKHUE
CBOMCTBA CAP

Jins KOHTPOJIA M PEry/iMpOBaHUA YPOBHS PacTBOPOB B FAJIbBAHUICCKHX BAHHAX
OOBIYHO MPHMEHSIOT TOIJIABKOBBIE WM €MKOCTHBIC JATYHKH, PEXE AaTHHKH COTIpO-
Tupnennus. Kaxaplii 1aTduk MOXET CO/epXaTh HECKOJIBKO Map KOHTaKTOB, COOTBET-
CTBYIOIIMX HH)XHEMY, BEPXHEMY H aBADHHHOMY YPOBHSAM.

Pa6oTa eMKOCTHBIX JIATYHKOB OCHOBAHA HA OTJIMYMM JIMIJICKTPHYECKOH 1po-
HUIAEMOCTH JKHAKOCTEH OT JMINEKTPHAYEcKOol npoHunaeMocTd Bosayxa. [Ipoctei-
mmit EMKOCTHO# npeobpasoBaTesnh YPOBHS KHAKOCTH NpeJCTaBiseT coboii H30IHPO-
BaHHBINH METAUTMYECKHH CTEpPIKEHb, PACHONOXKEHHbIH BEPTHKANBHO Y CTEHKH BaHHEBI
(puc.18). CrepikeHb H CTeHKa BaHHBI 00pa3yloT KOHAEHCATOP, EMKOCTE-KOTOPOIoO 3a-
BHCHT OT JM3JICKTPUYECKOH NOCTOSHHOW Cpejbl, a Clle/IoBaTeNbHO, H OT YpPOBH:A
HHUJKOCTH.

Puc.18.EmkocTroit ypoBHemep; / — Banunas; 2 — 3MeKTPOR; 3 — MEKTPOHHEIH 610K, 4. — MOKa3hl-
Bajomai npubop

[Ipu aBTOMaTHYEeCKOM PeryJMpOBaHHH YPOBHs PacTBOPOB B rajlbBaHH4YECKHX
BAHHAX HAULTA TIPHMEHEHUEe B OCHOBHOM TO3HIHOHHBIE perynaTopbl. [103uiHOBHbIC
PEryiaTOpsl OPOCThI MO KOHCTPYKIMHE, HO MMEIOT HEBBICOKYIO TOYHOCTH PEryHpo-
panus. Hau6onee coOBepIICHHBIMM SBISIOTCS AHAJIOTOBBIE PEryJIsITOPhl, OHH obecre-
yuBaloT 6071ee BHICOKYIO TOYHOCTh PETYJIHPOBAHMUA 110 CPABHEHHIO C MO3HIMOHHBIMH
perynstopamMu. AHANOrOBbIe PeryJisTopsl MoryT paborars no IlI- . IM - u [ -
3akoHaM peryiaupoBaHusi. OHH IKPOKO NPUMEHSIOTCS IIPH PEryIHpOBaHUM YPOBHSA
YHAIKOCTH B XHMHKO-TEXHOJIOrHYeckux mpoueccax. Hiwke paccMarpuBaercs CHCTE-
Ma aBTOMAaTHYECKOro peryjiMpoBanus yposus Ha 6ase ITU - perynsTopa .

Cocrapnenune auddepeHunaNbHOr0 ypaBHeHHss CHCTEMBI aBTOMATHYECKOro
peryJHpoBaHusA YPOBHS .

CocraByM ypaBHEHHE JUHAMHUKH CHCTEMBI aBTOMATHYECKOIO peryJiHpoBaHksi
YPOBHA-XHJAKOCTH B annapare. MCHoNHuTeNEHOE YCTPOMCTBO YCTAHOBJIEHO HA JIk-
HUM PacXofia XXHAKOCTH U3 annapara ( puc.19).

DYHKUHOHATHHOM CXeMOii CHCTeMBI aBToMaTHdeckoro perymuposains (CAP)
HA3BIBAETCS CXEMa, PashACHAIOIAs ONpeiesIeHHBIe NPOLECCH, POMCXO/sIIHNE B OT-
AeNbHBIX (PYHKUMOHANBHBIX LENAX YCTAHOBKH WIH B YCTAHOBKE B LIEJIOM.

Ha crpyxTypHbIX cxemax aunamuucckue 3eHbs CAP usobpaiaiorcs Buje
MPAMOYI'OJILHHKOB, B KOTOPhIE BIMCaHbl UX Nepeaaroynsie Gpyukimu. IIpamoyrons-
HHKH COCAMHSAETCS MEXIy coboi NHHHAMM Nnepeiayu curHainos. Perynupyemas se-
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JIMGHHA - YPOBEHE XHAKOCTH - H3MepAeTcs npeobpasosaresieM 2, CHTHAJ C BHIXOAA
KoToporo Hanpasnsercs Ha sxoa ITH-perynaropa 3. C Bhixoza perynsropa peryiu-
pyloliee BO3JeHCTBHE ITOCTYNAET HA MCTIOIHUTENBHOE YCTPOHCTBO 4, H3MEHsIoMmee
pacxoji XHAKOCTH, NoCcTynaomei w3 annapara. [Ipy yBeH4CHAH YPOBHS XHIKOCTH
ee PACXOJl M3 anmapata JIOJKEH YBENMYMBAThCA, W HAOOOpOT, NPH yMEHbIICHHH
YPOBHSA PACXOJl JKMAKOCTH H3 annapara JAOJ/DKEH YMEHBIUMTBCSH, (yHKIHOHAIbHAA
cxema 3To# cHCcTeMEl IpUBe/ieHa Ha puc.19, 6.

e /.
e
— .
el 3 %
Y0 (

Puc.19. Cxema CAP yposust xmakoctd B anmapare (), dynxuuonansaas cxema (6), crpykrypHas
cxema (g); | - anmapar; 2 - u3MepHTeNbHSIH NpeobpasoBaTesk yPOBHS, 3 - BrOpHYHBIH 110Ka3bl-
BAIOIMIE ¥ CAMOMAIIYIIHH NIPHOOP € PEryNATOPOM; 4 - HCTIONHUTENBHOE YCTPOHCTBO

Vpasuenue guramMuka CAP cOCTaBnsiOT N0 HX CTPYKTYPHBIM CXEMaM H ypaBHe-
HUSM JMHAMMKHA OTHSNBHEIX ee aneMeHToB. CHavyana 3aiMChiBaloT CHCTEMY ypabHe-
HHUil OTAENBHBIX DIEMEHTOB, BXOMAIMX B CHCTEMY, H ,HCKIIOUHB H3 HHX MPOMEXY-
TOYHBIE MEPEMEHHBIE, ONpPEAeNIOT 3aBUCHMOCTh MEX/TYy BBIXOAHBIMU W BXOAHBIMH -
BeHYMHAMH cucTembl. OHoKoHTYpHas 3amkuyTas CAP (puc.19, ¢ ) nmeer aBe Ta-
KHe 3aBUCUMOCTH, CBS3BIBAIOIIHE BEMHIHHBI Xyy, Xogx B U, X3, :

VYpaBHeHHE NHHAMHKM OTJACNBHBIX 3JIEMEHTOB CHCTEMbI NPHBC/ICHBI B T1abn.8;
NPy 3TOM MPUHATO, YTO 3a/laHHOE 3HAYEHUE PEryIHPYEeMOH BEJIHYMHDBI H TOCTOAH-
HOJ PaBHO HYJTIO, @ YPaBHEHHA JJICMEHTOB CHCTEMBI HMEIOT CHeNyIOIUi BUL:

- TEXHONOrHYECKOro obbeKTa ynpasieHus (annapara):
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dX
s O 0 A 5 A (23)

¥
- YpOBHEMep:
¥=K i Ao (24)
- [W-peryasrop:
X2=Kp~}’l+%i)’|-d7; (25)
- HCMIOJIHUTENIBHOE YCTPOHCTBO:
/4 EX—'+X =K X (26)

W dr 1 Wy~ 27
rae X ¥ X_ - BEIXOJHAas M BXOAHAS NEPEMEHHbIE; T, T, M T“y - NIOCTOSHHEIE

BPEMEHH 00BEKTa, HHTEIPHPOBAHMS H HCTIONHHTEIBHOIO BpeMenH; K ywp Ko ® K"y -

k03 pHIHEHTH MPONOPUHOHANEHOCTH YPOBHEMEpA, PeryisaTopa M HCIONHATENBHO-
ro ycrpoiicrsa; X, X, H ¥, - IPOMEXCYTOYHbIE 1APAMETPEI

BapuanTs! pacuéra nepexoaHoro npoiecca Tabnuna 8

BapuanTsi
5 6 7 8 9 10

420 420 250 300 340 390 450 450 440 430

3,33 3,33 2,9 4,1 3,0 23 2,0 2,5 2,8 2,9

0.4 0,4 0,8 0,3 0,7 0,6 0,2 0,4 0,5 0,6

90 24 20 56 75 85 2 77 80 85

18 18 28 35 20 9 12 10 25 30

Bapuantu

1 2 T 13 14 15 16 | 17 | 18] 19 | 20

440 440 430 350 350 360 370 400 420 410

13,43 3,13 2,92 4,15 3,08 1225 |21 245 2,77 |[2,88

0,41 0,42 0,81 032 0,71 068 (022 (043 (045 |066

Mapa-
METP
To6
K)'P
KP
TH
d Hy
K"y 1,5 1,5 2,0 1,2 1,0 1,0 1,6 1,8 1,7 1,4
ITapa-
MCTp
T06
KW
KP
T
H
Y 8

19 20 27 25 23 11 14 16 21 23

Hy
Kuy 1,4 1,3 2,1 1,3 1,3 1,2 1,5 1,7 1,5 1:3
ITapa- BapuanTsi
METp 21 22 23 24 25 26 27 28 29 30
Toﬁ 400 410 400 350 340 300 350 430 420 410
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Oxonvaune Tabmuns: 8

Kyp 34 3,5 3.9 3,1 3,5 3.3 3,0 2.9 3,8 39
K 0,5 0,6 0,7 0,4 0,6 0,5 0,5 0.4 0.4 0,5
T 80 26 25 66 65 75 86 67 70 75
Tuy 20 20 25 35 22 19 14 15 27 27
1,7 1,6 2 1,3 1 1,1 1,5 1,7 1,8 1,5
K, 2 2 |

VICKmoYnB U3 cHCTeMBl ypaBuenuit 23 — 26 nepemenubie X 1» X, H Y, npo-

muddepeHpoBas NoNy4eHHOE YpaBHERHE U NPOBEsA COOTBETCTBYIOIIHME Npeobpa-
30BaHHA, NONYYHM IH(HepeHHaNbHOE yPaBHEHHE CHCTEMBI PETYIHPOBaHHS B 06-
ieM BUIE:

a, d;{;""‘ +a, d:/:;"" +a, d‘l;“’:"‘ +a,X =g, d::”‘ +6 d:,:" : (27)
Wy yp Hy Yyp Yp Wy HY ¥Yp
T T'}( .
HY Yp

OrIPEJIEJlEHI/IE YCTOMUYMBOCTHU CAP

'CHcTeMy aBTOMATHYECKOTO PEryNHpOBaHHs HA3bIBAlOT YCTOWYMBOH, CelH NpH
BBIBS/ICHUH €€ U3 COCTOSHHUA PABHOBECHS 1101 BO3NICHCTBHEM BHELIHETO BOZMYILECHUSA
OHa CaMOCTOSATEJILHO BO3BpAIIAETCA B NOJNIOXKEHHe paBHOBeCHs. BaxoHas Bennauna
YCTOHIHBOH CHCTEMBI IPH aCTaTHYECKOM PEryJIHPOBAHHM BO3BPAILIAETCH K MPEXKHE-
MY 3Ha9YCHMIO WJIH NIPH CTAaTHYECKOM PEryJIHpOBaHHM K HOBOMY 3HAY€HHIO, ONH3KO-
My TIpeXHeMy. Y CTOHYHBOCTB - 3TO CBOHCTBO CHCTEMBEI, HE 3aBHUCSINEE OT Xapakrepa
BHENIHUX BO3JACHCTBHH

B kauecTBe aHanorum ycToHYHBON M HEYCTOWYMBOI CHCTEM MOXKET CILYKHTH [ie-
peMeIleHHe apyuKa Mo BOrHYTOH M BBI'HYTOH nosepxHocTH (puc.20). BuixojHoii
BETHYHHOM ABJIAETCA CMENIEHHE APHKA OT MOJNOKEHKA PABHOBECHS.

g 7

o '
o " 7«/’& e

Puc.20. Ananorus ycroiiunpoit (a) u neycTolunpoii ( 6 ) CHCTEM aBTOMATHYECKOTO PeryIHPOBAHHS
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Ilpy cMemesuy WapHKa U3 TOJIOXKEHHS PABHOBECHA HA BOTHYTOM IUIOCKOCTH
OH CaM CaMONPOM3BOJILHO BO3BpALACTCS B HWKHIOW TOYKy. [Ipn Manom TpeHuH ma-
PHK COBEPIIHT HECKOJILKO KONeOaTeNbHbIX ABHKEHHI OKOIO MOJIOKEHHS PaBHOBECHS
(puc. 20, a, xpusas /). [Tpu Gonsluoii BenwuKHHe TpeHns mapuk 6e3 konebanuii Gyner
anepHOANYECKH CTPEMHTECH B TIOJIOKEHHE PAaBHOBECHS.

Ha puc.20, 6 npuBesieH npuMep HEYCTONYMBON CHCTEMBI, KOIJa 3HAYCHHE Bbi-
XO/IHOH BEJIHYMHBI YBEJIHYMBacTCa co Bpemenem (kpusas 3). Kpome aneproanye-
CKHX NEPEXOJHBIX NPOLECCOB, B HEYCTONYMBBIX CHCTEMaX MOIYT BO3HHMKAaTh M pac-
xoasuMecs konebareneHbie (KpuBas 4), TO eCTh He3aTyXaume Konebanus ¢ ysens-
YEHHEM HX aMIUTUTY/BI.

JlunamHKa CHCTEMBI peryjiMpoBaHHs B oﬁmeM BHJIC ONMCHLIBAETCH ONHOPOA-
HbIM AU PepeHMaNbHbIM ypaBHeHHeM 6€3 NpaBoi 9acTH, TO ecTh 6€3 MEeHIIOIMXCS
BO3MYILIAIOIIUX BO3/ICHCTBUIA:

n n-|
a, ———-——d X:""‘ +an_lfi—%“l‘-t.ﬁal
dr dr

OO6umit BHJ €ro peleHus NpH BeIIECTBEHHBIX KOPHBIX XapaKTepHCTHYECKOTo

YPaBHEHHS UMeeT BHJ:

X, D=Ce M vc,e @i ic ™ (29)

?
rae §, P,..., B, - KOpDHH XapaKTepHCTHYECKOrO ypaBHEHHS; C;, Cy;..., C, - MOCTO-

dX .
—ME +g,X =0. . (@28)

AHHbIE KOO GUIHEHTE], 3aBHCsMe OT 1.2 . . .n HaYaNbHBIX ¥ FPAHAYHEIX YCIOBHIA.

Jna ycroiiuuoii paboTsl cuCTeMBI HEODXONMMO H JAOCTATOYHO, YTOOB! BCE 'ie-
Hbl ypasHeHHs (28) co BpeMeHeM CTpeMIINCh K Hymo. B aToM ciy4ae BhIXOAHOI
napameTp CTPEMHUTCA K HYJIIO H CHCTEMa BO3BPAIAETCs B [IEPBOHAYAIBEHOE COCTOS-
Hue. Takum 0bpaszoMm, ycioBue yCTOWYMBOCTH COBIIONAETCS, KOria BCe BeIECTBEH-
HBIC€ KOPHHM XapaKTepUCTHYECKOr0 ypaBHEHHs oTpHuarenbubl. Ilpu Hanmumm xom-
TUIEKCHBIX KOPHEH OHHM JIOJDKHBI MMETh OTPHUATENBHYIO BEIECTBEHHYIO YacTh. Ha-
nUYHEe AAKE OJIHOIO MONOXKHUTEILHOINO KOPHSA NPUBOAMT K BO3PACTAHMIO CO BpeMme-
HEM 3HAY€HMA BBIXOMHOW BEIMYMHBI U, CIEOBATENHHO, K HEYCTOWYMBOCTH CHCTE-
MBI.

Ilpu pemieHnH XapakTepUCTHYECKHX YPABHEHHH BHICOKHX IOPSIKOB BO3HUKA-
IOT ONpPEeENeHHBIE TPYAHOCTH, NO3TOMY JKENaTeIbHO CYAHTh 00 YCTOMYHBOCTH CHC-
TEMBI, HE pellasi €¢ XapaKTepUCTHYECKOI0 YpaBHeHHS.

ITO MOXHO C/eaTh MO BH/ly YaCTHBIX XAPAKTEPUCTHK CHCTEMBI C MOMOIIBIO
KPHTEPHEB YCTOMYHBOCTH MJIM 1O 3HAYEHUIO KOODPHIIHEHTOB XapaKTepUCTHIECKOTO
YpaBHEeHUs.

Kpurepun ycroituuBocTH OBIBAIOT YaCTOTHBIE M a.xme6pauqecxne . K nepseim
OTHOCATCH KpHuTepuu Muxaiiniosa u HaliksucTa, a Ko Bropsm - ['ypBuua WiH Payca -
I'ypsuia.

Asrebpanyeckuii KpUTEpHii yCTOWYHBOCTH Ui KO3 (HUIMEHTOB YpaBHEHHUs
(28) 6bw1 copmymupoan I'ypeuuem B Buae onpenenuteneit. Onpenenurenu I'yp-
BH1IA HMEIOT BHJL
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a a a
a a 1 3 5
Al=a', A2= ,A3= ao 02 a4 “T.n.
% N
0 a ay

Venosust yCTOWYMBOCTH NS CHCTEM 3-r0 ¥ 4-ro NOPSAJIKOB 3alTHChIBAIOTCH
cnenyouwmmM obpasom:
n=3 a>0, aqa,-a,a,>0, a, >0, : (30)

n=3 a >0, alaz—-aoa3>0, a, >0, . (31)

n=4 a,a,a;- 00032 - 01204 >0,
PaccmoTpuM ¢ nioMonisio anrebpandeckoro kpurepus (30) yeroiuusocts CAP
YPOBHS XHKOCTH B pe3epByape NMpHBeAeHHYI0 Ha puc.20, npH 3aXaHHBIX Iapamer-
pax 3NIEMEHTOB CHCTeMbl: T _, T Tuy, Kyp, Kp, K"y.

Ilo ypaBuenuio auHamuky (28) Ge3 npasoil 4acTH CHCTEMBI 3aMHILEM ee Xa-

paKTepHCTHYECKOe ypaBHeHHe
aop3 +alp2 ta,p+a; =0
ToﬁT“yru s _(To‘5 +Tuy)ru B I+KyprKuy R
ipocs e | Bheece 1 g0 ¥ 3
K")'KYP K“YKYP KYPK"Y
Jns onpejenenus yCToHYMBOCTH CHCTEMBI COCTaBiM nporpammy Ha 9BM, 6ok
- CXeMa KOTOPOH NpuBeNeHa HHXeE.

( Havaso )

4

r)xeao= =1,

Puc. 21.B110K - cxema nporpaMMel onpeaenenns yeroiituusoctd CAP ypoBHS KHAKOCTH
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Pacnieyatka nporpammsl ais «DoprpaH ~4» | JUis 3Ha4eHU napaMeTpoB
ay =1, T, =400c. T, =9, T, =18¢c, K =333, k, =04, K, =15

HMeeT CNEeAYIONMA BUJL:
A3=1.
T0=400.
THU=92.
TY=18.
PU=3,33
PP=0,4
PY=1,5
AO=TOTYTH/(FUFY)
Al=TO0+TY)THU/(FUFY)
A2= (1 + (FUFPFY) TU/ (FUFY)
IF (Al) 40, 40, 10
10 Cl=AlA2
C2=A0A3
F1 (C1-C2) 40, 40, 20
20 PRINT (30)
30 FORMAT ('CAP YCTOMYMBA")
GOTO 60
40 PRINT (50)
50 FORMAT ('CAP HE YCTOMYMBA")
60 CONTINUE
STOP
END
B oruere no saboparoproii paboTe JODKHBI OBITH NPUBEJECHBI CIEAYIOLIHE
JIaHHBIE:
1. Cxema koHTpOIs ypoBHs ( puc.18).
2. @ynxkuuosanbHas U cTpykTypHas cxema CAP ( puc. 19,6 1 19, 6).

3. Pacuer Ha DBM yCTOWYHBOCTH CHCTEMEL.

KonTtponbHbie BONPOCHI
1. Kakue JaTYUKH UCTIONB3YIOTCH TIPH PeryIHMpOBAHUM YPOBHA?

2.06%scHATE GyHKIHOHANBHYIO cxeMmy ( puc.19, 6).

3.06BACHUTH CTPYKTYPHYIO cxemy ( puc. 19, 8). .
4.YpaBHeHHe MHAMUKH CHCTEMBI

5.IMoustue ycroitunsoctd CAP. Kpurepuu ycTOHYMBOCTH.

[TPABWIA TEXHUKHW BE3OINTACHOCTH
ITPU ITPOBEJIEHHMHA JIABOPATOPHBIX PABOT

Ilpu nposeaenuy 1abopaTopHbIX paboT CTyACHTAMH JIOJDKHBI COBMIONATHCS
ciielyiouye OCHOBHBIE ITpaBHJIa.
1. He pa3spemaercs :
a) BII0YeHue obuero anex‘rponmanun nabopaTopui ;
6) npucoeuHEHHE U OTKIIIOUEHKE NPUOOPOB K IIMTKAM [UTAHNA;
B) BKIIIOUEHHE COOPaHHOM CXeMbl 1O NPOBEPKH e PyKOBOUTE/IeM HilK JiabopaH-
TOM .
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