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KHpeee B.H., TonMa4ee B.T., XpeHoe ~.B. 13 - 12452 

Pac4eT napaMeTpoe onTHManbHO~ HacTpO~KH 
peryn~TOpoe, CTa6HnH3HPY~HX pemHM KaMep~ 
111110AMHna 11 

B pa6oTe paccMaTpHeatOTC~ eonpoc~ onTHMH3a~HH napaMeT
poe HaCTPO~KH KOHTypOB perynHpOBaHH~ TeMnepaTyp~ H AaBne
HH~ pa604e~ mHAKOCTH ycTaHOBKH 11JliOAMHna 11

• npHBOAHTC~ npo
eepeHHa~ Ha ycTaHOBKe MeTOAHKa paC4eTa napaMeTpOB HaCTpo~
KH H pe3ynbTaT~ pac4eTOB 3THX napaMeTpOB. noKa3aHO, 4TO 
Ka4ecTeo npo~ecca perynHpoeaHH~ npH pac4eTHWX napaMeTpax 
YAOBneTeop~eT nocTaeneHH~M ycnoeH~M. 

Pa6oTa BblnonHeHa e Jla6opaTopHH e~coKHX 3HeprH~ OH.RH. 

Coo6WeHHe 06bellHHeHHOrO HHCTHTYT8 SlllepHbiX HCCnellOB8HHA, lly6Ha 1979 

Kireev V.I., Tolmachev V.T., Khrenov Yu.V. 13 - 12452 
Calculation of Parameters of Controller Optimum 
Adjustment Stabilizing "Lyudmila" Chamber Regime 

Some problems of optimization of controller para
meters stabilizing temperature and pressure of "Lyudmila" 
chamber working 1 iquid are considered. Methods of calcu
lating parameters of adjustment tested on the setup are 
given. It is shown that the control process quality under 
calculated parameters satisfies the conditions given. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1979 

© 1979 06f>6Jl/lH6HHhl~ /lHC'I'/lryT Slll6pHWJC /lCCn61lOB.IIJIII /Iy6H• 

An~ AOCTHmeHH~ Ka4eCTBeHHoro npo~ecca perynHpoeaHH~ HeAo
CTaT04HO npaeHnbHO ew6paTb anropHTM perynHpoeaHH~ H HH¢op
Ma~HOHHYIO cxeMy . KaK BHAHO H3 pHc . 1, o6nacTH HacTpo~KH pery
n~Topoe AOBOnbHO o6wHpH~. CneAOBaTenbHO, He MeHee eamHo~ 
3aAa4e~ ~Bn~eTC~ B~fiop OnTHManbH~X napaMeTpOB HaCTpO~KH 
peryn~TOpOB npH 3aAaHHWX Ha4anbH~X TpefioeaHH~X K Ka4eCTBY 
npo~ecca perynHpoeaHH~. 

803MOmH~ pa3nH4H~e eapHaHT~ OT~CKaHH~ OnTHManbH~X napa
MeTpOB HaCTpO~KH: 3KCnepHMeHTanbH~~ nOA60p M pac4eT. no
CKOnbKy nepBbl~ eapHaHT B CHny OfiWMPHOCTM 06naCTe~ HaCTpO~KM 
TpefiyeT MHOrO BpeMeHM B pa604MX ycnOBH~X pafioTaiO~e~ KaMep~, 
HaM npeACTaen~eTc~ ~enecoo6pa3HWM pac4eTH~~ sapHaHT. 

npMHMMaeM cneAYIO~M~ KpMTepM~ OnTMManbHO~ HaCTpO~KM: 
napaMeTp~ HaCTpO~KM peryn~TOpa MOryT C4HTaTbC~ OnTHManb
HbiMM, ecnM CpeAHeKBaApaTH4Ha~ OWM6Ka perynMpOBaHM~ AOCTH
raeT MMHMManbHOrO 3Ha4eHM~ npM AOnOnHMTenbHOM ycnOBHH, 4TO 
noKa3aTenb Kone6aTenbHOCTM CHCTeM~ - M He npee~waeT 3apa
Hee 3aAaHHO~ eenM4HHbl M <M}..(on.. MHHMMYMY cpeAHeKBaApaTH4HO~ 
OWMfiKM perynMpOBaHM~ COOTBeTCTByeT T04Ka B o6naCTH AOnyCTM-

Kp Kp 

cL 

PMc. 1. 06nacTM HacTpo~KH napaMeTpoe npHMeH~eM~x TMnoe pe
ryn~Topoe np 3. 31 M nP 3. 35 i a = Tnp/ T 11 ; T np. - speM~ npeAea-
peHH~; T 11 - epeM~ MHTerpHpoeaHH~; Kp- K03¢¢M~HeHT 
ycHneHH~ peryn~Topa. 
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M~X H3 YCflOBHR 3aAaHHOrO 3anaca YCTOR4HBOCTH CHCTeM~ na
paMeTpOB HaCTpORKH, B KOTOpOR OTHOWeHHe Tp./T 11 MaKCHManb
HO 111. 

OnHpaRCb Ha npHBeAeHH~R KPHTepHR, 3aAaAHMCR 4enb~ e~
AenHTb B o6naCTRX HaCTpORKH napaMeTpOB T04KH HflH XOTR 6~ 

HefiOflbWHe ofinaCTH C KOOPAHHaTaMH, OTBe4a~~HMH napaMeTpaM 
onTHMaflbHOR HaCTpORKH perynRTOpoe. 

B HaweM cny4ae HaH6onee npocT~M npeACTaenReTcR pac4eT 
onTHManbH~x napaMeTpoe HacTpoRKH perynRTopoe rpa~o-aHanH
TH4eCKHM CnOCOfiOM no 4aCTOTH~M xapaKTepHCTHKaM OfibeKTa pe
rynHpOBaHHR, TaK KaK aHaflHTH4eCKOe B~pa~eHHe 4aCTOTH~X 
xapaKTepHCTHK HeH3BeCTHO. AflR 3TOR 4enH 3KCnepHMeHTaflbHO 
CHRT~e AHHaMH4eCKHe xapaKTepHCTHKH ~/ He06XOAHMO nepecTpo
HTb B 4aCTOTH~e. 

1. OnPEAEflEHHE AMnflHTYAHO-~A30B~X 
4ACTOTH~X XAPAKTEPHCTHK 

npH nepeBDAe 3KCnepHMeHTaflbH~X AHHaMH4eCKHX xapaKTepH
CTHK B 4aCTOTH~e HCnOflb3yeM H3BeCTHY~ MeTOAHKY nl, cornaCHO 
KOTOpoR aMnnHTYAa A(w) H ~aaa rp(w) 4aCTOTHOR xapaKTepH
CTHKH onpeAeflR~TCR: 

A(w) = _1!__ • y a 2 + b 2 
4d 1 1 • 

b1 
¢(w) ~ arctg---, 

a1 

rAe: 

m-1 
a = _2_ k zk 

1 m k=O 

2 m-1 
b =--:lZk 

1 m k=O 

. 2rr k sm--- · , 
m 

2rr cos--. k, 
m 

Zk- AHCKpeTH~e 3Ha4eHHR ~0 /TeKy~ee 3Ha4eHHe napaMeTpa/; 
m- 4Hcno AHCKpeTH~x 3Ha4eHHA, Y4HT~eaeM~x npH pac4eTe; 

2rr 
w=T--; d- aMnnHTYAa npRMoyronbHoro Kone6aHHRi T 0 - nepHOA 

0 
KOne6aHHR. 

PeaynbTaT~ pac4eToe aMnnHTYAHO-~aaoe~x 4aCTOTH~x /A~4/
xapaKTepHCTHK CBeAeH~ B Ta6n. 1-4. 
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Ta6nH4a 1 

3Ha4eHHR napaMeTpoe A~4-xapaKTepHCTHKH TeMnepaTyp~ cTeKna 

w
0 

= 2rr/ T
0 

Holdep To (c) Wo (I/ c) A (W) ~·~-~ TO'IJOI 

I IBOO 0,0035 O,I87 - ?20 

2 I200 O,Dai23 O,I3 - 132° 
3 900 O,OC17 0,13 - 180°17' 

4 600 0,0105 O,IOS - 236~0' 

Ta6nH4a 2 

3Ha4eHHR napaMeTpoe A$4-xapaKTepHGTHKH AaeneHHR pa6o4ero 
Ten a 

HoMep To (c) W o (I/c) A (W) " ( w ) 
TO'Ilal: (I 1!!,!1.) 

I 600 0,0!05 I,64 - 70° 
2 480 0,013 1,35 - 840 

3 360 0,0175 I,I7 - 98° 
4 240 0,(26 0,775 - 123° 
5 I20 0,052 0,29 - 158° 
6 60 0,105 0,23 - 225° 

Ta6nH4a 3 

3Ha4eHHR napaMeTpoe A~4-xapaKTepHCTHKH TeMnepaTyp~ pa6o4ero 
Ten a 

H01o1ep To (c) Wo (I/c) A ( w ) 1P ( w ) 
TO'Ilal: (rl!!!o!l,l 

I 960 0,0065 0,12 - 99° 

2 720 0,0087 0,092 - 109° 

3 400 0,013 0,(]76 - I630 

4 240 0,006 0,036 - rad' 
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Ta6nH4a 4 
3Ha4eHH~ napaMeTpos A~4-xapaKTepHCTHKH napaMeTpa - y, 

xapaKTepH3y~ero pemHM Tennoo6MeHHHKa 

HoKep To (c) Wo {1/c) b. ~ w l lfch::.J 
TO'IJCII 

I 960 o,cn;s 12 -4Tl 

2 720 0,008? !,03 - 890 

3 400 0,013 0,78 - !02° 

4 240 0,026 0,4 - 189° 

2. PAC4ET nAPAMETPOB HACTPO~K~ OAHOKOHTYPH~X C~CTEM 

CTpyKTypHa~ CXeMa OAHOKOHTYPHO~ CHCTeMbl perynHpOBaHH~ 
TeMnepaTyp~ cTeKna H AasneHH~ pa6o4ero Tena s KaMepe noKa-
3aHa Ha pHC. 2. An~ 04eHKH YCT0~4HBOCTH CHCTeM BOCnOnb3yeM
C~ KPHTepHeM Ha~KBHCTa, HaH6onee YA06HbiM An~ Hawero cny-
4a~ 111 . A~4-xapaKTepHCTHKa pa30MKHYTO~ OAHOKOHTYPHO~ cxeMbl 
C n~-peryn~TOpOM onpeAen~eTC~ B~pameHHeM: 

wl1 (jw) 
W (jw) = K · W (jw)- j -------- , 

1 mt P 11 T · w 11 
a n~A-peryn~TOpOM - B~pameHHeM: 

W (jw) =[K -j(-- -1:_-- -a·K ·T ·wH·W (jw), 
1 ni1A p T . w p 11 11 

11 

rAe: W1(j w) - A~4-xapaKTepHCTHKa pa30MKHYTO~ CHCTeM~; 
KP - K03~~H4HeHT nepeAa4H peryn~Topa; T 11 - speM~ HHTerpH
posaHH~ peryn~Topa; W (jw)- A~4-xapaKTepHCTHKa o6oeKTa 
perynHposaHH~;a = Tnp/~; Tn~- speM~ npeABapeHH~ peryn~Topa. 
Pac4eT npoH3BOAHM cornacHo MeTOAHKe, H3nomeHHO~ B.~.PoTo-

4eM 111• 

BHa4ane pacc4HT~saeM napaMeTp~ onTHManbHO~ HacTpO~KH 
KOHTypa, ocy~ecTsn~~~ero perynHposaHHe TeMnepaTyp~ cTeKna. 
3aAaBa~cb T11 , nony4HM ceMe~cTso A~4-xapaKTepHCTHK pa30MKHY
Toro KOHTypa perynHposaHH~ /pHc. 3/. ~cnonb3Y~ AaHHOe 
CeMe~CTBO xapaKTepHCTHK, npOH3BeAeM rpa~o-aHanHTH4eCKH~ 
pac4eT napaMeTpOB OnTHManbHO~ HaCTPO~KH peryn~Topa, npHHH
Ma~ M=2.no pe3ynbTaTaM paC4eTa CTpOHM rpa~HK 3aBHCHMOCTH 
K p.np. = f(T11 ) /pHc. 4/ H onpeAen~eM napaMeTpbl onTHManbHO~ 
HacTpO~KH perymnopa Kp.onT.• T 11 .onT. /Ta6n. 6/. 
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PHC. 2. CTpyKTypHa~ CXeMa OAHOKOHTypHO~ CHCTeMbl perynHpOsa
HH~: O.P. - o6oeKT perynHposaHH~; P - peryn~Top; AM -
AH~MaHoMeTp; 11(0 - perynHpy~~ee B03Ae~cTBHe; ~0- 3aAaHHe 
peryn~Topy; Yo (t) - onopHoe AasneHHe AH~MaHOMeTpa; /.(t) - so3-
My~a10111He 803Ae~CTBH~; y(t) - OCHOBHa~ perynHpyeMa~ senH4HHa; 
E(t) - OWH6Ka perynHpOBaHH~; \Vp .(P) - nepeAaT04Ha~ ~YHK4H~ 

peryn~Topa; W o.p. (P) - nepeAaT04Ha~ ~YHK4H~ o6oeKTa perynH
posaHH~ no perynHpy~~eMy 803Ae~CTBH~ An~ OCHOBHO~ perynHpyeMO~ 
senH4HHbl. 

Oco6eHHOCTb~ pac4eTa KOHTypa, ocy~ecTsn~~~ero perynHposa
HHe AaBneHH~ pa6o4ero Tena, ~Bn~eTC~ TO, 4TO K OAHO~ H TO~ 
me xapaKTepHCTHKe pa30MKHYTO~ CHCTeM~ C n~A-peryn~TOpOM 
MOmHO nposeCTH ABe OKpymHOCTH, KaCa~~HeC~ OAHOBpeMeHHO 
xapaKTepHCTHKH H ny4a OE /pHc. 5/, T.e. OAHO~ nape 3Ha4e
HH~ nOCTO~HHO~ HHTerpHpOBaHH~ (T11) H (a) COOTBeTCTBY~T 
ABa npeAenbHbiX 3Ha4eHH~ K03~~H4HeHTa nepeAa4H peryn~Topa 
Kp.np .. 
~ npHBOA~ nonHOrO paC4eTa, OTMeTHM, 4TO 6~n0 nOCTpOeHO 

TPH ceMe~cTsa A~4-xapaKTepHCTHK pa30MKHyToro KOHTypa npH 
a= 0,2; a= 0,5; a= 1. 5brna onpeAeneHa onTHManbHa~ senH4HHa 
a (a0nT ... 0,5), H AanbHe~wH~ pac4eT npoH3BOAHnc~ An~ onTH

ManbHOro 3Ha4eHH~ a. 3aAasa~cb T 11 ,nony4HM ceMe~cTso A~4-
xapaKTepHCTHK pa30MKHYTOrO KOHTypa perynHpOBaHH~ - pHC. 5. 
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P~c. 3. CeMe~cTso A~4-xapaKTep~cT~K pa30MKHyToro KOHTypa, 
cTa6~J1~3~PYI0!4ero TeMnepaTypy cTeKna: if;= arcsin k = ~ o 

Afl.R M= 2, r - paA~YC OKPY>KHOCT~, Kacal0[4e~c.R OAHOBpeMeHHO 
11y4a OE ~ A~4-xapaKTep~cT~K~ pa30MKHyToro KOHTypa AJl.R on
peAeJleHHO~ BeJ1~4~Hbl TH, ~eHTP KOTOPO~ HaXOA~TC.R Ha OTP~~a
TeJlbHO~ ~e[4eCTBeHHO~ nOJlyOC~ /onpeAeJl.ReTC.R nOAfiOpOM/; 

-> A (w) -> 
I ~AC \ = __ g ____ , ·A

11 
(w) - seKTop A~4-xapaKTep~cT~K~. 

Tw·w 

HcnoJlb3Y.R ceMe~cTso 3T~x xapaKTep~cT~K, rpa~o-aHaJl~T~4eCK~M 

cnocofioM npo~3BeAeM pac4eT napaMeTpos onT~MaJlbHO~ HaCTPO~K~ 
peryn.RTopa, np~H~Ma.R M=1.6.no pe3yJlbTaTaM pac4eTa nocTpoeHa 
OfiJlaCTb AOnyCT~M~X 3Ha4eH~~ napaMeTpOB HaCTpO~K~ peryJl.RTOpa 
/p~c. 6/, no KOTopo~ onpeAeJl.ReM napaMeTp~ onT~MaJlbHO~ Ha
CTPO~K~ /TafiJl. 6/. -

3. PAC4ET nAPAMETPOB KACKAAHO-ABYXKOHTYPHO~ CHCTEMbl 

CTPYKTypHa.R cxeMa KacKaAHO-ABYXKOHTYPHO~ c~cTeMbl pery
n~posaH~.R TeMnepaTyp~ pa6o4ero Tena np~BeAeHa Ha p~c. 7. 
B o614eM cny4ae onpeAeJleH~e onT~MaJlbHO~ HacTpO~K~ KacKaAH~x 
cxeM peryn~posaH~.R oKa3biBaeTc.R 3Ha4~TeJlbHO 6onee cno>KHO~ 

8 

P~c. 4. lpa~~K 3as~c~

MOCT~ K P-np. = f(Tw ), 
no3BOJ1.RI014~~ onpeAeJl~Tb 

napaMeTp~ OnT~MaJlbHO~ Ha-

3 

CTpO~K~ peryJl.RTOpa, 2 
cTa6~J1~3~PYI0!4ero TeMne
paTypy cTeKJla: Kp.np. -
npeAeJlbHO-AOnycT~MOe 

3Ha4eH~e Kp. AJl.R M = 2; 
1 - o6nacTb 3anpe[4eHH~x 
3Ha4eH~~ napaMeTpos Ha
cTpo~K~ peryn.RTopa AJl.R 
M = 2; II - rpaH~~a o6nac
Te~; III - o6nacTb AOny
CT~M~x 3Ha4eH~~ napaMeT
pos HaCTpO~K~ peryJl.RTOpa 
All.R M = 2. 0 

Kpnp. 

f<_to:r_m._ _ 

I 

P~c. 5. CeMe~cTso A~4-xapaKTep~cT~K 
c nHA-peryJl.RTOpOM, CTa6~J1~3~PYI0!4ero 

--> 1 ... 
\AC\ = (-------- a· TH · w) ·\A (w)\; 

TH • w 11 

,/, . 1 . 1 39 0 
'I' = arcsin -- = arcsin ---- = . 

M 1.6 

III 

I T,. onm. 
TH 

80 fZO 
IJ!Iw) 

[CeK} 

Rfw) 

pa30MKHYTOrO KOHTypa 
AasneH~e pa6o4ero Tena 

Tnp. 
·a= ----- = 0,5 

Tl1 
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Kpnp. 

f5 +-X.!. o::_m:_ - -L A 

K..f_np. MaiC_ 

/fe_nLMi.!!. _ 

fO 

I 

5 

I 

M=1,6 

r£=<0,5 

TH 
o to · -zo Jo ~t-o so raK} 

P11C. 6. rpa¢11K 3aBI1CI1MOCTI1 ~ p.np.= rc: H ) • n03BOJl.RIOliii1H onpe~ 
Ae1111Tb napaMeTp~ OnTI1MaJlbH011 HaCTp011KI1 peryJl.RTOpa, CTa611-

Jli1311PYIOl!lero AaBJleHI1e pa6o4ero Te11a: Kp.np. - npeAe11bHO

AOnycTI1Moe 3Ha4eH11e Kp. All.R M = 1,6 11 a = 0.5 

K = __ !'!1____ · __ _1____ K - __ _!.! 
p.np. max M 2_ 

1 
r . p.np. min -

1 

m1n M 2 - 1 max 

OcTaJlbH~e o6oaHa4eHI1.R TaKI1e ~e, KaK 11 Ha p11c. 4. 

onepa~11ei1, 4eM onpeAeJleHI1e HaCTpOHKI1 OAHOKOHTYPHOH CXeM~. 
B 3TI1X YC110BI1.RX AOCTaT04HO HaAe~Hoe peweHI1e 3TOH aaAa411 

B03MO~HO npaKTI14eCKI1 TOJlbKO np11 11CnOJlb30BaHI111 MOAY1111PYI011111X 

111111 B~411Cm1TeJlbHbiX YCTPOHCTB. npl1 3TOM 06JlaCTb npi16Jll1~eHHbiX 

napaMeTpOB HaCTPOHKI1, B KOTOpOH CJleAyeT OT~CK11BaTb 11X 

T04Hble 3Ha4eHI1.R, HaXOA11TC.R npeABapi1TeJlbHbiM np1161111>KeHH~M 

pac4eToM. MeTOA11Ka TaKI1X pac4eToe 6aa11pyeTc.R Ha npeAnOJlo

~eHI111 0 B03MO~HOCTI1 pac4eTa KaKOr0-111160 OAHOrO KOHTypa, 

10 

.A 1 tl 

W•i.y iPJ 

W.&:r(P) 
O.P. I YltJ 

YltJ 

w .... ~t 
SftJttftJ 

P11c. ]. CTpyKTYPHa.R CXeMa KaCKaAHO-ABYXKOHTYPHOH CI1CTeM~ 
pery1111p0BaH11.R: p l- CTa611Jl11311PYIOliii1H peryJl.RTop; P 2 - KOppeK

TI1PYIOliii1H peryJl.RTop; y(0- ecnoMoraTeJlbH~i1 pery1111pyeM~i1 napa

MeTp; Wp.~(P)- nepeAaT04Ha.R <!JyHK~I1.R KOppeKTI1PYIOl!lero pery

Jl.RTOpa; Wp. CT.(P)- nepeAaT04Ha.R <!JyHK~11.R CTa611Jli1311PYIOl!lero pe

ryJl.RTOpa; W 0~y!P)- nepeAaT04Ha.R ¢YHK~11.R o6ceKTa no pery1111-

PYIOl!leMy B03AeHCTBI110 All.R OCHOBHOH pery1111pyeMoA BeJ111411H~; 

W0~y (P) - nepeAaT04Ha.R ¢YHK~11.R o6ceKTa pery1111poeaH11.R no 

pery1111PYIOllleMy B03AeHCTBI110 All.R BCnOMOraTeJlbHOH pery1111pyeMOH 

eeJ111411H~. OcTaJlbH~e o6oaHa4eHI1.R TaKMe ~e~ KaK M Ha p11c. 2. 

HeaaeMCMMO oT APYroro. HMeeTc.R, OAHaKo, HeCKOJlbKO c11y4aee, 

KOrAa yKa3aHH~H MeTOA pac4eTa ABYXKOHTYPH~X cxeM nyTeM 

BbiAeJleHM.R OAHOrO KOHTypa M pac4eTa ero HaCTpOHKM He3aBI1CMMO 

oT APYroro peryll.RTopa oKa3biBaeTC.R npaKTM4eCK11 enOJlHe onpae

AaHHbiM, 11 nOJly4eHHa.R TaKMM nyTeM HaCTPOHKa CXeMbl 6yAeT 

AOCTaT04HO 6J1M3KOH K OnTMMaJlbHOH ~/. 0AHOMY M3 TaKMX CJ1y-

4aee COOTBeTCTByeT Hawa CMCTeMa: B npo~ecce pa60Tbl B03MO~HO 

Ha HeKOTOpoe epeM.R OTKJ1104eHMe KOppeKTMPYIOl!lero peryJl.RTOpa, 

TaK 4TO B pa6oTe OCTaeTC.R TOJlbKO CTa6MJ1113MPYIOl!IMH peryll.RTOp, 

no A<IJ4-xapaKTepi1CTMKe o6ceKTa - wo6. y (jw) /Ta6Jl. 4/' 
KOTOpa.R CB.R3~BaeT BCnOMOraTeJlbHYIO peryJlMpyeMyiO BeJ1M411HY 

C peryllMPYIOl!IMM B03AeHCTBMeM, KaK M paHee, HaXOAMM OnTMMaJlb

HYIO HaCTPOHKY CTa6MJ1M311PYIOl!lero peryJl.RTOpa. Pe3yJlbTaT~ pac-
4eTa npMBeAeH~ Ha PMC, 8 11 9, a 3Ha4eHM.R onTI1MaJlbH~X napa-
MeTpOB - B Ta6Jl. 6. -
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PHc. 8. CeMe~cTso A~4-xapaKTepHCTHK paaoMKHyToro KOHTypa 
perynHTOpa - P 1 KaCKaAHO-ABYXKOHTypHO~ CXeMbl, CTa6HnH3H
py~~e~ TeMnepaTypy pa6o4ero Tena. 06oaHa4eHHH TaKHe me, 
KaK H Ha PHC. 3. 

/<.pnp. 

2 
I 

/S_p !!_nm_:_ 

1 

!,. D'1m. 
T~t 

0 60 120 180 [cexj 

PHc. 9. rpa~HK aasHCHMOCTH Kp.np.= f(T 11 ) , noasonH~~H~ onpe
AenHTb OnTHManbHy~ HaCTpO~Ky perynHTOpa P1 KaCKaAHO-ABYX
KOHTypHO~ cxeMbl, cTa6HnH3Hpy~~e~ TeMnepaTypy pa6o4ero Tena. 
0603Ha4eHHH TaKHe me, KaK H Ha PHC. 3. 
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npemAe 4eM npHCTynHTb K onpeAeneHH~ HaCTpO~KH KOppeKTH
py~~ero perynHTOpa, Heo6xOAHMO nocTpOHTb A~4-xapaKTepHCTH
KY 3KBHBaneHTHoro perynHpyeMoro o6beKTa (W05. 3 .K. ). 11cnonb-
3YH CTPYKTYPHY~ cxeMy /pHc. 7/,onpeAenHeM s~pameHHe A$4-
xapaKTepHCTHKH 3KBHsaneHTHoro perynHpyeMoro o6beKTa AnH 
p 2 : 

... ... 

W06. 3 . K. (j w) = 

woo .y. (jw) . wp. cT. (jw) 
·------ - --... ... 

1 + W - (j w) · W (j w) oo.y p. CT . 

PeaynbTaTbl rpa~o-aHanHTH4eCKHX pac4eToB no onpeAeneHH~ napa
MeTpos A~4-xapaKTepHCTHKH 3KBHBaneHTHoro perynHpyeMoro 
o6beKTa npHBeAeH~ s Ta6n. 5. 

nocne nocTpoeHHH A~4-xapaKTepHCTHKH 3KBHBaneHTHoro pery
nHpyeMoro o6beKTa W 0- K (iw) onpeAeneHHe onTHManbHO~ 

0 ~3 · . 
HacTpO~KH perynHTopa r 2 npoH3BOAHTCH, KaK H paHee. Peaynb-
TaT~ paC4eTOB npHBeAeH~ Ha PHC. 10, 11 H B Ta6n. 6. 

Ta6nHua 5 

3Ha4eHHH napaMeTpos A~4-xapaKTepHCTHKH 3KBHBaneHTHoro 
perynHpyeMoro o6beKTa AnH KoppeKTHPY~~ero perynHTopa 

HoMep TO'IJUI 
Ilapw.!eTp 2 3 4 

I ~. y/jw} · W/.c,.(jw} I 0,19 0,13 0,00 

f./J IIVH.y{jw}-Wp.q,r.(jwJ 
[~;uaaJ 

-15!fl -18'70 -2oa0 

/ f + W.1. r!Jw) · ~. ~, . f;.wJ / 
1,57 1,(]7 0,5 

If { 1 + Wo~. ,(JwJ · Wp. em. f;'w)) 
- 91° - 76° + 29° 

/ Wlf.yf/w}· We_. etn.(/w}/ /~ "/ 0,12 
0,12 0,12 

/I+ ~t».y(jwJ · Wp.cm.fjwJ / 
lat. . 

~ - ct. = Ya: - 67° -II1° -232° 
WtJlyfiwrw,~fiwJ f+~N.y/j•/'~Lm.f)'l . "1>&..u::. 
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KoHTYP 
pery JlliPOB8BBII 

Pery upoB8HIIe 
T8loiii8p&TJpii CT8ltll8 

Pery .mrpoB8HIIe 
,llllliJielll!ll pa6o~ero TeM. 
1<81o18PH 

Pery upoBaHBe 
teloiiiep&TJPH 
pa6o~ei'O TeM.: 

a) c TaciiLI!IIa!lpylllld 
perym~Top; 

<5) Kopperntpyllllldt 
perym~Top 

~ .. 

Ta61w1~a 6 

3H&~8KI8 OUTIM&IiHOro U&D&MITD& 

~.ouT. Tx.ouT.(c ) Tup.ouT.(o 

2,74 142 

14 22 II 

I,5 II5 

I,25 I9 

jUwJ 

RrwJ 

j.l'(.,) 

" ' Wo6. J K lj"') 

-Jtiw) 

P~c. 10. CeMe~CTBO A~4-xapaKTep~cTHK pa30MKHyToro KOHTypa 
3KB~aaneHTHoro perynHpyeMoro o6DeKTa ~ perynBTopa P2 Kac
KaAHO-ABYXKOHTYPHO~ cxeMbl, CTa6~n~3~py~~e~ TeMnepaTypy pa6o-
4ero Tena. 06o3Ha4eH~B TaK~e me, KaK ~ Ha p~c. 3. 
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Kpnp. 

2 

1 T11 onm. TH 
0 fO to 30 [cu} 

P~c. 11 . fpa<)l~K aaa~cHMOCT~ Kp.np. = f(T11 ) no3aonB~~H~ 
onpeAen~Tb napaMeTpbl onT~ManbHO.::i HacTpo~KH perynBTOpa P2 
KaCKaAHO-ABYXKOHTypHO.::i CXeMbl, CTa6~n~3Hpy~~e~ TeMnepaTypy 
pa6o4ero Tena: Kp. np. - npeAenbHO-AonycTHMoe 3Ha4eHHe Kp. 
AnB M = 2. OcTanbHble o6o3Ha4eH~B TaK~e me, KaK ~ Ha pHc. 4. 

4. 3AKJliOlJEH~E, BbiBO,Qbl 

B Ta6n. 6 c~cTeMaTH3~poaaH~ peaynbTaT~ pac4eTOB napa
MeTpoa onT~ManbHO~ HacTpoi1KH perynBTopoa. Pac4eTHble onT~
ManbH~e napaMeTp~ 6~nH ycTaHoaneH~ Ha perynBTOpax a xoAe 
pa6o4ero ceaHca ycTaHOBK~ "Jl~AM~na". Ha p~c. 12-14 H3o6pa
meH~ 3an~c~ npo~eccoa peryn~poaaHHB np~ pac4eTH~x napaMeTpax 
HaCTpO~K~ perynBTOpOB. no HHM MOmHO CYA~Tb, 4TO Ka4eCTBO 
npo~eccoa perynHpoaaHHB YAOBneTaopBeT Ha4anbHbiM Tpe6oaa
HHBM / 4 / , 

npaKTHKa pa60Tbl Ha ny3blpbKOBO~ KaMepe 11Jl~AMHna 11 noKa-
3ana, 4TO np~MeHeHHe cHcTeM~ aaToMaT~4eCKoro peryn~poaa
H~B pa6o4HX napaMeTpoa ~enecoo6pa3HO H anonHe onpaBA~BaeT 
ce6B: 

a/ 3Ha4HTenbHO o6ner4aeTcB pa6oTa o6cnym~aa~ero nepco
Hana ycTaHOBK~, npaKT~4eCKH B~CB060mAaeTCB onepaTop, OCy
~eCTBnB~~H.::i PY4HY~ perynHpOBKY pa6o4~X napaMeTpoa; 



6/ Ka4eCTBO aBTOMaT~4eCKOrO peryn~pOBaH~R cy~eCTBeHHO 
npee~waeT Ka4ecTBO PY4Horo, 4TO o6ecne4~BaeT yeen~4eH~e 
B~XOAa Ka4eCTBeHHO~ $~nbMOBO~ ~H$OpMa~~~ Ha 10 +20% ~ TeM 
caM~M AaeT 6onbwo~ 3KOHOM~4ecK~~ 3$¢eKT. 

5 

f, t;{\ l\ ;(\
1 

(: . r~Jw\.Jif\ ~ n r,~ /1\ ~~ ~~ : ~' Vi \11--l- \! ~ 1 I' { '1{ ~ ,( II\) 

•I I-'0MHH. 
P~c. 12. 3an~cb npo~ecca peryn~poeaH~R TeMnepaTYPbl cTeKna 
KaMepbl np~ OAHOKOHTypHO~ CXeMe BKn~4eH~R perynRTOpa ~ OnT~

ManbHbiX napaMeTpax HacTpo~K~: K=2,74;T11 =142 c. a- pery
n~pyeMbl~ napaMeTp; 6 - AaeneH~e /BbiXOAHOe/ perynRTopa. 

P~c. 13.3an~cb npo~ecca peryn~poeaH~R AaBneH~R e KaMepe 
np~ OAHOKOHTYPHO~ CXeMe BKn~4eH~R perynRTOpa ~ OnT~ManbH~X 
napaMeTpax HacTpo~K~: K=14; T 11 =22 c; Tnp.=11 c, a- 3a
n~cb npo~ecca 4epe3 MaHoMeTp MCn-2; 6 - 3an~cb npo~ecca 
4epe3 A~$MaHOMeTp. 
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.I I .fO::Ha 

a 
P~c. 14. 3an~cb npo~ecca peryn~poeaH~R TeMnepaTypbl pa6o4e~ 
~~AKOCT~ B KaMepe np~ KaCKaAHO-ABYXKOHTYPHO~ CXeMe BKn~-
4eH~R perynRTOPOB ~ OnT~ManbH~X napaMeTpax HaCTpO~K~: 
P1 -K=1,5; T 11 =115 c; P2 -K=1,25; T11 =19 c. a- peryn~pye

M~~ napaMeTp; 6 - B~XOA perynRTopa P2 • 
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