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Ecnu B npoekre xamepn ApoOJieHHS HMeEeT NpeBaJHpyollée 3HAYeHHE
KPYMHOCTh MHTaHHSA, TO Mo aHajxoruu ¢ (4.13) Moxer GbiTh HalijieHa MHHH-
MaJbHO JOMYCTHMAs 3dKpHITas pasrpy3ouHas iiejb KaMephl:

sp=1,176d (1 — ex) ' (1 — &a) . (4.14)
3asucumoctu (4.7)...(4.14) cnpaBeasuBul 1A APOOHJIOK ¢ ABYMSH cTe-

neHsiMH cBOOOAB JBHIKEHHS KOHYyCa, KOIAa 'Ha KaXJIoM 1mare npouecca
npeoGpa3oBaHHus peasu3yercs ei<ex, a j=2. &
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' Puc. 4.6 = =

Ecin apoGusika uMeer TpH crenedn cBoGOAbl ABHIKEHUs APOOSLIEro KO-
Hycd, TO KPYNHOCTb €e NPOAYKTa 3aBHCHT HE OT pa3Mepa pasrpy3ouHof
1eJH, a OT CONPOTHBJEHHS MarepHaja JApoOJEeHHIO: Ha XOJOCTOM XOAY ¥
TakoH JApPOOHJKH MoKeT OHITH HYJ€BOH 3a30p MexAy OpoOHAMM KOHyca H
Yaln B HHXKHEA 4yacTH Kameph ApoGJaennsi. Y APOGHJIOK ¢ NEepeMeHHHIM
YIJIOM HyTaluu Bcerja j>>2 u Ha mocJejHeM iuare npouecca npeobpaso-
BaHus 00f3aTeJbHO peaNu3yerTcs e;=—ex, AAXKe C HEKOTOPHIM IIpeccoBaHH-
em (N:>Ny) marepnana. Ha npomMexyToyHHX marax ApoGHTb NpPH €;==ex
OIlaCHO, MOCKOJIBKY B TeueHHe H3HOca OpOHEH KOHyca M YallH YCJOBHS MO-
I'YT M3MEHHTBHCS B CTOPOHY NPEBHIIEHHS paspylIdOUIHM XOLOM KOHyca Be-
anunn E,.

Jns, onHcaHHBIX YCJA0BHE ApobJenus:

h=[(1—&) (1 —e)x...x(1 —eja) (1—ex)], (4.15)
d=5;[(1 —e)) (1= e)x... (1 — &) (1 —2) | . (4.16)
B (4.15) u (4.16) BO3MOXKHO &;=gs= ... =g <&x.

Tlocnennee, uro MoxHO noJyuuth H3 KC kamepsl aApo6ieHHst,— 3TO
npejcraBjienne o uejecoobpasHoli popme obpasyioulefi NOBEPXHOCTH OGPOHH
KOHyCa. YTOJ CYyXEHHs 3aKpHITOH MIeJH 30HB Apo0JeHHS, Ha3bBaeMbli
«YIVIOM 3axBaTa», yaCTto AeJSAT MeXAy OpoHsMH KOHyca H uyamH (oM.
IITPHXOBOH KOHTYP HA pHc. 4.6). Bo3MOXKHO, TaK NposBJIAETCss KOHCTPYKTOP-
CKas NpHBEPKEHHOCTb CHMMETPHH, a BO3MOXHO, 31€Chb CKpHIBaioTcst Gosee
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Ynobuee Bcero ¢BAsaTh u4acTOTY KayaHHH ApoOsuIero KoHyca ¢ M-
TeJbHOCTbIO ()a3sl CBOGOIHOrO MajeHHs KyckKa Ha BXojde B Kamepy jpob.e-
HHsl, 6/H3KOH K moJynepHony KojaebGanus apolsiiero konyca (BpeMeHH pac-
KpPHITHS IDHEMHO#N miean or pasmepa B, no pasmepa B).

Ha puc. 4.7 nokasana cxema BXola B Kamepy apobJeHusi kKycka d mpH
AJTHTEIbHOCTH ero cBOGOJHOrO MajeHHsl, MeHblueH nosynepuoaa KoneGaHus

Kyeox &

Puc. 4.7

JpobGsamiero xonyca. Kycok norsan GpoHIO KOHyca, KOIJa OHa emle yaads-
ercss or GpoHH yawn (mepemelieHHe GDOHH H3 TOYKH 4 K TOUKe a4). Yrod
HakJoHa obpasyioulefi noBepXHOCTH GPOHH KOHycCa JONYyCKaeT CKOJbXKeHHe
KyCcKa, HO BO3HHKAaIOIIHI NMPH CKOJbXEHHH KOHTAKT Kycka c OpoHed uyaurm
(touka K na puc. 4.7) npensarcTByer yray6JieHHIO KycKa B Kamepy Apo0-
JIeHHsl, fiesiasi npobJieMagEIHBIM €ro BXOA. :

Cayuali BXofla KyCcKa B KOHTAKT ¢ HAyIlel eMy HaBcTpedy GpoHed Apo-
6sillero KOHyCa MOXKHO NpeACTaBHTb Takke no puc. 4.7 (nmepemelieHue
GpOHH H3 TOUKH @4 B TOYKY a@). 34echb BpeMmsi cBOGOAHOro mMajeHHsi KycKa
6oJiblle NoJaynepHoAa Kojaebanus ApoOslIero KoHyca.

Bosnukaer Bomnpoc, Ha CKoJbKO GoJibllle IoJiynepHoAa KoJebaHHi MO-
xer ObiTh 370 BpeMsa? Kycok d HaxXOAHTCS B COCTOSIHHH «JIETKOTO» JJIsi BXO-
Ja B Kamepy ApolJieHHsi 3epHa TOJbKO NpH pernamenraunn (4.1). C camo-
ro Hauasa 3aKpHITHA IeJH B cocTosiHHe Kycka d MeHSieTCs K «3aTpyAHeH-
voMy» (B>B;>d), «tpyaHomy» (Bi=d), «HeBo3MOXHOMY» (B;<<d) aas
BXoja B Kamepy ApoOGaenns. Beiencrsue Majoft pasHuisl B pasMmepax B
H d H3MeHeHHEe COCTOSHHS KYCKa OT <«JErKkoro» 10 «HeBO3MOXKHOTo» IpPOHC-
XOJIHT 10CTaTO4YHO OBICTPO.

36



Korpa B wmsBectHom wmyabrduabme «lllaiGy — maitGyl» cyabs yaaauia
BCeX I0JIEBEIX HICPOKOB H MNpHMJAcHJA K BOpachiBaHHIO wai#be Bparapei,
OHH He OopoJHch 3a BOpouleHHYI0 ma#by, a MUaJdHCh KaXKAbIfi Ha 3alLHTY
CcBOHX BOPOT. Tak W KOHCTPYKTOp, 3Has, YTO B 3aJaHHHU KYCOK d — Hanb0Jb-
wui, Bce paBHO OyaeT CYHTATH BeChbMa BEPOATHHIM NPHCYTCTBHE B peajlbHOM
NMHTAHHH HEKOTOPOro KOJHYECTBa KYCKOB +-d. Jlas KOHCTPyKTOpa NpeBH-

0

Pac. 4.8

meHue pa3Mepa B Hag pasmepom d Oyaer He TOJNLKO YCJIOBHEM JIEFKOTO
npHeMa KycKoB d, HO H YCJIOBHeM xoTs OH TPYAHOTO BXOLa B KaMepy Kyc-
KoB —+d. '

ITosToMy OTBET Ha MOCTaBJEHHHH BOMNPOC 3BYYHT: HH Ha CKOJbKO Bpe-
Msi cBoGOAHOrO NajieHHs KyCKa NMpH BXOJe B KaMmepy apobJeHns He AOJIK-
HO NpeBHIIATH MOJYNEpHOA KoJiebaHHA KOHyca. .

Orciona, NpHHATAS NOCHJKOH AJS ONpPEeAe]eHHS 4acTOTHl KayaHHi KO-
Hyca rapaHTHs YBepeHHOTo NpHeMa B Kamepy JApoGJeHHs KYCKOB KpyI-
HOCThbIo d obecreynBaeTcss PABEHCTBOM BpeMeHH cBOOGOJHOrO najeHHs Kyc-

Ka NpH BXOJe B KaMepy noJynepxoiy KoaebGaHHs Apobsilero KoHyca:

ts1=0,5T; (4.17)
n=30t5!, (4.18)

3asucumocts (4.18) cmpaBeaanBa, HO HeymoTpeOHMa AJs KOHCTPYH-
poBaHua. Yro6bl cOOOIMHTL efi NPHMEHHMOCTb, HAZ0 napamerp Iy CBfA3aTh
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HyCa MO HHXXHeMy OCHOBAHHIO ero OpoHH, Sy, PaAHYC-BEKTOD TOYKH HHIK-
Hero OCHOBAaHHs GpPOHH KOHyca, ry. Bce cooTHourenusi mapamenpoB BHIAHbI
Ha pHc. 4.9. [Ins cocTaB/enHs CHCTeMBl ypaBHeHiH pelannch paBHoOGeApeH-

-

Prc. 4.9

Hble rpeyroabaukn ala,, b0b,, mpsimoyroabublii Tpeyroabhuk 00:6, koco-
YroAbHBIH TPEYTOJbHHK aa;C.

2r0, — D=0; ,
2ry 0, — s, =0; (4.23)
‘ E—ri=0.
B (4.23):
' n = 0,57 — arcsin [BB7 ' sin (¢, = 0,57 + B)],
D = B, cosn+ (B* — B} sip’tﬂo's,
Ry = Ruyo — lyzgcosp — 0,5 (B; — s,)sinP npu B, < B;
Ry = Ryo— lyycosp npu B, =§;
E = [Ligsinp + Ry tg @y — 0,5 (B, — s,) cos BJ* - RZ., ecan (B; < B);
E = (lyzsinP 4+ Ry ctg ay)® + RZ,, ecau (B, =P).
Wz (4.23) BeIBOAMTCS ypaBHEHHE AJA ONpEAEIeHHA oy
D — Rys.E—"5sin"1ay=10; (4.24)
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[Ipn BuiGope 3asopa B UHJAHHAPHYECKOM MOJAUIHIHHKE © yBeJHYATCA HA

Ag®=arctg (0,5bry " cos ax). (4.5)’
B utore Oy cocTaBHT OTHOCHTEJILHO O
Ox=0 + AxB 4 Ay0O. ; (4.28)

Bo Bpemsi pa6oTel APOOHJIKH BOSHHKAIOT CHJBI ApO6JeHus, paBHOLEMCT-
Byiomias KoTopbix N MHoro Goubie Cx, ¥ 3330pH B NOJAMWHKNHAKAX BBIOHpa-

INA B
0
B =
o
g ¢ a, 2
. a34 - N
e .7
A :

Rx
Ry

Puc. 4.11 .

1otesi B cTtopony gefictBua V. Ilo anajoruu c (4.28) 370 H3MEHHUT BEJHYHHY
yraa ©p no oTHOUIEHHIO K © Ha

Bp=0 — (A® + AuB). (4.29)

B Poccun apoGuaku pasmepoB 1750 mm (5,5 ¢dyToB) ¥ BHIIE AesaiOT
CO CTATHYECKH OMNpeleJHMBIMH 3KCUEHTPHKAMH, A5 KOTOPHIX HOpMa 3a30-
POB 3HAYHTEJbHO MEHBINE, YeM JJIsi CTATHYECKH HeompeJeluMbix. Bce paBHO
KaMmepy ApoGJeHust ucnoJHenus T cjelyerT NMPOEKTHPOBATh C YY4eTOM YIJa
Hytauuu O, H3-3a ocobo xKecTkHx TpeOOBaHHH K KauyecTBY MPOAYKTa Hpo-
GHJOK C TAKHM HOMOJHEHHEM KaMepH. Yder BJIHSHHA H3MEHEeHHs yria Hy-
TaluH oT Ox 10 Op Ha KavecTBO Ap0oOJEeHHS MO3BOJHJ CHH3HTH HOMHHAJb-
HyI0 KpynHocTh mpoaykra apobuakn KMJI-2200T ¢ 22 ao 14 mwm.

Ha puc. 4.11 naubl nosicHenuss K onpenesneHuio Rs. W3 TpeyrosabHuka
aa,c no TeopemMe KOCHHYCOB uieab By paBHa

Bo=(B} + 0,25D? — DB, cos 1) %. v (4.30)

B TpeyroJbHHKe @a,d; yroa @,4a, ob6osHavaeMmbii gajnee §, nmo Teopeme
CHHYCOB paBeH

=arcsin/[0,5DB? sin (ap— 0,51 4-B) ] . ; (4.6)’
R. paBen cymme mnpoekuun Bo Ha ropusoHTtajb (yroa NpOEKTHPOBaHHS —
aa,a;;) H RKZ
R«=Rx + Bycos (0,51 — B — §), (4.31)
a L, paBHo pasHuue Mexay L u npoekuuefi By Ha BepTHKAIb i
Ly=L — B,sin (0,5t — B —§). _ (4.32)
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Ecan KycoK HA MepBOM Iiare 1o Kamepe APOOJEHHS. He 3aXHMaercs

GpOHSIMH, TO CKOPOCTb Sy MpOsIBJIseTcs Ha Bropom iuare: Yrobul moauep-
KHYTh (PAKT BOZHHKHOBEHHS 3TOH CKOPOCTH Ha MPEAUIECTBYIOUIEM luare, ee

o6o3HauyaeM Soj—1). .

Kyckn u3 $pakunu kpynHoctds —Bs. .. +4-sp GyAyT APOOHTHCS HA BTOPOM
miare no Kamepe ApoGaenus. OHH BOHAYT B KOHTAKT ¢ GpoHedl KoHyca Ha
BCTPEYHOM JBHIKEHHH (€s2>>Esi,
nostomy 132>05T), u Oyayr
HMEeTh CKOPOCTb Sg(j—1), HaKOI-
JAEHHYIO IPH CKOJbXKeHHH no 6po-

He Ha NepBOM luare.

Cxema BCTpeud MOKaszaHa Ha
puc. 4.13. Pa3 u3BeCTHOCTb [In;
AesaeT HW3BeCTHHIMH Bce Mapa-
MeTpBl BCTpeYH, TO HauHHATh Ha-

10 ¢ TNoHcKa fg. Ha puc. 4.13
c/lelaHo HCKYCCTBEHHOE MOCTpOe-
HHe JJs  ofipelelleHHS  [pg.
FACB — napaaaenorpamm. B ko-
coyrosbHoM Tpeyroabuuke ABC:
AB=c; AC=a; BC=b. B nps-
MOYTOJbHOM TpeyroJbuuke ADB; g ;
AD=d. JIlasi HaxoxJAeHHs Isy / = el
cocTaBJeHo ypaBHeHHe «d —d = ;

=0», B KOTOpOM OTpe30K d BHI-

pakKeH uepe3 OTPe3KH ¢ (HakjaeH £ s

N0 TeopeMe KOCHHYCOB H3 Tpe- Puc. 412
yroapiaka ABC) u a. '

R e —

¢ = (a® + b* — 2ab cos y)*:5;
csina =d; o (4.42)
acos (B — B,) =d.
H3 (4.42) noayuaercs:
[® 4+ b2 + 2absin (B — 0,)]°-? sina — acos (B — 0;) = 0. (4.43){

B (4.42):

= Sua! = 0!5gt32;

b=Sn= Ss (i—1) Lp}
a = arctg[asina (b — cos y)™'];
. 05T < 13 < 0,7T.
[Tepemeluense KycKa OTHOCHTENbHO GPOHM 0 MX BCTPEYH COCTABHT:
losz =1 (6 + Bps2) COS tpy COS™! (B -+ Ops2) + Sez. (4.49)
’ B (4.44):
F=1Isinp+4L;
G =l cosP+ Ry;

apy = arctg (GF1);
‘ : rT’- == G Siﬂ'"l G‘,TI.
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Kosb ckOpo yiap Kycka o OpOHIO [POHM3OLIE] HAa WX BCTPEUHOM JIBHIKE-
HuH, U’ 5= 0. HauasibHas CKOPOCTb CKOJIBXKEHHSI KycKa Inocjie yjapa Gyjer

Si2=Sops8in B — U’ c08 B+ Sy (j—1) €0 I' — fo (Sopa cOS B —

—U'sinB+48, j_ysinT). (4.45)
B (4.45): ; :
B=b5 + ay;
T =0, + Bpp;

F=(l+ logs) sinp+ L;
G = (I + Lopz) cOS P + Ry
age = arctg (GF1);
Foa— GSIN s
YckopenHe KyCKa NpH CKOJbXeHHH N0 OpoHe, nepeMellleHdHe KycKa 3a

BpeMsi CKOJbKEHHSI aHaJOTH4YHbl onpejesnseMbiM 3aBHcumocTsaM (4.37) u.
* (4.38).

Puc. 4.13

JlauHa BTOpOrO IIara Kycka KpymHoeThkio —Bj no kamepe apo6J/eHHs
ly=lonz + Si2. (4.46)
4.4.4. Bxoxpenne KycKa B KOHTAKT ¢ 06eHMH GPOHAMH .

[Ipu MomenHpOBaHHH Kamephl ApOOAEHHS NapaMeTpHl 3a)KaTHsi KyckKa
obeyMn GpPOHAMH Halo 3HATh, YTOOH ONpEdeJHTb CBA3b NPOMYCKHOH cmo-
coGHOCTH KaMephl Apo0JieHHs ¢ XaDAKTEDHCTHKAMH JABHXXEHHS KYCKOB Kpym-
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Q — napamerp, BXoAsmuil B 3ajxaHHe Ha npoexkt ApobGuaxku. IIpu npo-
YHX YCJOBHSIX, MOBJIHABLIAX HAa 3HayeHHe Q, BeJHUHHA NDPOH3BOIHTEJ]LHO-
CTH 34aBHCHT OT BeJauunubl Ry (M), onpeneasieMol u3 (4.48):

Re=Q(377Kd2n)~! 4 0,5d sin p. * (4.50)

=S

’ b

ol

//— \ R“
N R4
05d sin B 8
.d/
Puc. 4.L4

4.4.6. Nauna kamepsi apobaeHus

Hanna xamepsl gpoGJeHHsi — napaMmerp, obecneyHBawUHA 10CTOBEP-
HOCTb pa3pylialoliero Bo3JeHcTBHA ApoOsiiHX OpraHoB Ha Ji000H H3 Kyc-
KOB H OCKOJIKOB KPYRHOCTBIO -Sp. CJe1oBaTe/bHO, JOJIKHBI COOTBETCTBO-
BaTh APYr APYry AJHHB MYyTH KyCKOB --Sp B Kamepe JApOOJeHHS 10 HX pas-
pylIeHHsI B caMOo# KaMephl ApobJeHus:

lxn=£1 + 12+0,5d. (4.51)

Yuacrok 0,5d, no6GaBneHHbli K AJHHE NYTH Kycka -}Sp, 3aBeioMO Mo-
KPHIBA€T MOJIOBHHY AOBEPHTEJBHOIO HHTEpBaJa KoJebGaHui pacyeTHOH LJIH-
Hbl IYTH KYCKOB B Kamepe JApo0JeHHs.

4.4.7. Nanua 30ubl apobaexus

B pasnene 4.4.4 6B onpejeseHsl 3HaueHus yraa fiz Aaa caydaes f=
=B (4.9)’ u B<<P (4.10)". U3BecTHOCTb Py NMO3BOJIAET ONPEAENHTH AJHHY
30HH Apobaenua (cM. puc. 4.15). :
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CTOSIHHEe BHYTPH H Ha NOBEPXHOCTH TBEPAOCMJABHONH BCTAaBKH, NMpeAHA3HA-
YEeHHOM VI OCHALleHHs MOPONOPa3PYINAIOLIEro HHCTPYMEHTA.

B nacrosuefi paGore AJs NMOJyYeHHs KapTHHLI pacnpejeseHHss Hanps-
XKeHud H Aedopmaluii B CTpPYKType MaTepHaja B HCXOAHOM COCTOSIHHH Bbi-
MOJIHEHO YHC/JAeHHOe MojejHpoBaHHe Ha IBM mpoiuecca HarpeBa TBepaoro
CIJIaBa IPH YOPOUHEHHH.

MartemaTuueckasi MOJleJb COCTOSHHS ABYX(A3HBIX CNJIaBOB CTPOHTCS HA
YMCJEHHOM pelleHHH HeJHHEHHBIX ypaBHEHHH TEMJIONPOBOAHOCTH H Tep-
MOYNPYTOMJIaCTHYHOCTH METOAOM KOHEYHBIX 3JeMeHTOB. [IpH 3TOM YuYHTH-
BaeTCs H3BEeCTHAsi H3 JIHTEPAaTyphl 3aBHCHMOCTh (PH3HKO-MeXaHHYECKHX
CBOMCTB MaTepHajOB COCTaBJAIOIHX (a3 or TemnepaTypsl (cM. Ta6anmy).

CHcrema paspenraioninx ypaBHeHHil HMeeT BHI:

\

aT 2 oT o
z R e dx; (’L g )+va'
T=T,8V;T=gnas$,;
T . : ()
A =Wn;+q=0 338000 :
A2, LB (T —0)=0 ita She, :
X g )

1 F o )
e GO L SNy /
deyj =~ [ = (dU) il U,)] B V:
dey; = defy -+ def) -+ defy = —‘é, [(1 + v) doy; — vd;;05,] —

1 dE I
I [(1 4 ¥) 07 — v8;;04x] T i g E (017 — 8;;04) X

(
av aT 4 ,
LI oL
X2 dT+adT+T6{ ¥ ; e
‘ ﬁ(-l-__i—) (doé-— i dT) B V;
l 2, \E" E oT
+1 npH 0; =0, H do, — a:; dT > 0;
npu 0; < 6y HIM 0; =0, U do;, — 6;; dT <0,
{
2 40, =0;
6.\'1
Ui=Ugy BV; &gj=¢8,; BV, 0,;=0,;BV; &)

U,=[; na S;; o;;n;j=P; na Sp.

B 3tux dopmysax V —obwem Tesda; S — rpaHHyHas HOBEPXHOCTH;
{ — Bpems; x; — NPSMOYroJibHbie J€KAapTOBBL KOOpAMHATH; T — Temme-
parypa; T, — HayajgbHas Temmeparypa; p — ILIOTHOCTb;, ¢ — TemJo-
eMKOCTb; A — KOshpHIHEHT TenJonpeBOAHOCTH; Q — oOBEMHBIi HCTOYHHK
TenIa; g — 3ajlaHHas TeMNeparypa; ¢ — 3aJaHHbIH  TEINJOBOH MOTOK; f — KO-
sthdunmenT TemsooTaaul; 6 — TeMnepatypa BHEIIHEH Cpeasl; n; — Harnpapias-
olHe KOCHHYCHl K n0BepXHOCTH; dUj— KOMNOHEHTHl BEKTOpa NpHpalleHHs
nepemenenus; de;; — KOMNOHEHTH TeH3opa NpHpamedns Jedopmauus; do,; —
KOMMOHEHTBl TeH30pa IlpHpaUleHHsl HaNpAXKeHHs; O,;; — HaydubHble Hamps-.
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Caeraoii namaru
Cepaguma Aarexcandposusa Ilanxparosa
noceaujaercs

YIK 621.867.2: 622
. T. Koxeyuiko

K HCCHE,ﬂdBAHH!O BbIHY)XAEHHBIX NMOMEPEYHBLIX KOJIEBAHHH
KOHBEWEPHBIX JIEHT*B HEJIJHHEHHOH NOCTAHOBKE

YpaBHeHHe TONepeYHbIX KojeGaHuH KOHBEHEepHOH /eHThl Oe3 ygeTa Juc-
CHMNIALHH SHEpruH:

> Ptw *w d'w \
R R T 0
E 0<x<; 0Kt < o0)
Sg D:g . :
rae ¢ =—; f=—=-; w(x, {)— nporu6 JeHTel B ceueHuH x; S, D, — Ha-
q q

THXKEHHe JIEHTHl H ee H3rHGHas MKEeCTKOCTh COOTBETCTBEHHO; ¢ (¥, f) — JHHEH-
Hasl Harpy3ka Ha JIeHTYy OT COGCTBEHHOrO Beca H Beca TPaHCHOPTHPYEMOro
rpysa (B jAaibHefieM paccmaTphBaercsi ¢ (x, f) =g =const); g=19,81 m/c%;
t — Bpems.
l"paHHthe YCJOBHS MpeAcTaBHM B BHJIEe KHHEMATHYeCKOro BO3MYUIEHHS
KOHIOB JIGHTH Ha' ONOPHBIX POJHMKAX BCJEACTBHE HX HecOa/laHCHPOBAHHOCTH
(puc. 1): _
i 1
w (0, t)=0¢"; w(l, t)=08e". (2)
rie ®, &—wuacrora M ammauTyjAa KoseGanuii Ha JIeBOM H NPaBOM KOHLAX

JIEHTHl COOTBETCTBEHHO.
Bynem nonararb TaKxke

w08 _ dw(,b) _ g - (3)
: ax ax
B HauyannHBIH MOMEHT BpEMEHH
w(x, 0) = w,(%); fﬂ% =0. (4)

Penrenne (1) sanumem B BHJE |
w(x, ) =w(0) - 0 4 8 L y(x, 1), 5)

rie w (x) — crauHosapHas dopma nporuba JeHThI; ¥ (x) — HOBasi HeW3BeCTHas
(GyHKIHs, yAOBIETBOpAIOUIAs KpaeBo# 3anave,

DY et B Zf.’ +i b). (6)

of2 ox*
66



B ominyme or npelwetTBylomux Hccel0BaHHi [2], B KOTOpHIX NpeAnoa-
rajoch IOCTOSIHCTBO PACTATHBAIOWIMX YCHJHH B JeHTe NPH ee MaJbiX [omne-
PEeYHBIX KOJeGaHHAX, YYeT H3MeHeHHs HATsAXKEHHsS JeHThl BO BpeMeHH B QyHK-
IHH ee npornGa paccMOTPeH JJIsi YacTHOro cJjyuasi, Korja ypapHenue (6)
npeoGpasyercs K Bnny

\

_ 65
el ay) L — B2 f(x, 1). @)

Beesem HOByio HCkoMmylo QyHKuHIO { = a-}ay M nepenuiueMm (7) B 'BUJE
=l — P af (x, ). (8)

Pemenne (8) Gysem HckKaTh B BHje

L H=p@) ¢ (%), 9)

rie @, (x) — nepaaﬂ Mofla KosieGaHM#, KOTOpas HAaXOAHMTCS H3 pEelueHHs Kpa-
€BOH 3ajaqyH. \

X
.?ﬂ\'\ \\s

Puc. 1. PacuerHas cxema

IToncrasassa (9) B (8), moayunm:

a! 1 a‘ X
2Ly = pup- =t — BT+ af (xt). (10)

Yumuoxum (10) Ba @, H NpOHHTErpHpPYeM MOJYYeHHOE BhIpaXKeHHe M0 X
B mpejenax npoJera:
1
o jcp"dx p=j=p2 24y —pp (g 22 ax+af(xt)j~pldx (i)
0
-

PaccMOTpHM CNeKTpasbHYIO 3ajiauy, T. €. 3ajauy Ha cobcTBeHHBIC (opmel
H co6CTBeHHble 3HAaueHHA KosebGaHHii:

O'p ;
ot '_-3'1¢1! (Oéx‘(l)»
npx L
9 (0) = () =0; 22O 200 o, (12)

3anaua (12) paspeinma Aasi cyeTHOro HaGopa 4HCeN, Ka)K10e H3 KOTOPBIX
ABJIAETCA MOJOXKHTEIbHLIM KODHEM YpaBHEHHS

sh (A1) -cos (A1) =1, - (13)
OTKyfla Haxomum A, = 4,73]l.
5" ' 67



Co6eTBeHHBIM (hopMaM TIPHCYIIH ClelyiomtHe cadﬁCTBa:.

il
[ (@} (ax=1, (14)
J .
a TaKxe :
&
(o () 2 dr —ny <. (15)

0
[Tocne moacranosku (14) u (15) B (11) npuxoxum k sanave Kowmin:

= I
L = P — By + ol 0 [ (16)

rae f(x, t)=0w?sinwf. -

IlpennosioxkuM, 4TO JABHXKEHHe ) (f) HMmeer cnnyconnanbnuﬁ Xapakrep H
MPOHCXOJAHT € YacTOTOH KHHEMAaTHYeCKOro Bo30yxkJeHHs w Ha onopaXx. [lostomy
npeficTaBHM pellieHle B BHIE

p=p,+ Asinot. . ' (17)
u moactaBuMm ero B (16):
- — o A-sinet = (p,+ Asin ot)? %y, — By (Po -+

1

+ Asinot) + a8 0? (g ¢y (x) dx) sin wf, (18)

0

OIS i Y
TIE P, = o2 Pr=B-Al.

HauGoapmue (aMnauTy/IHble) 3HAYyeHWs MepeMellieHHs JIEHTH NpH KoseGa-
HUAX coorBercTBYIOT Sinwf = 1. Torza (18) nepenumem B Buze

%1 B4 BB = (M — p, + B) o*, : (19)

rfe NPUHATH 06O3HAYeHHS:

~

I
B=py+ A —my =i M=ad [ (x)dx.
0

.Cnenysa [1]. npencraBum rpaduueckoe pemenue (19) (puc. 2). Ocp abeuuce
COOTBETCTBYeT mnapamerpy B, uMelolleMy pasMepHOCTb KBajipata CKODOCTH
(M*/c?). Tlo ocH opaMHAT OTJIOXKEHH! 3HAYeHHA GYHKIUHA:

Fi=%uB'+ BB u F; = (M — p,-+ B) o,

NpeCTABNAIIIKX JeBYI0 H npasyio gactd (19).

ITotne nszobpaxenus rpadpuka ¢yukunn F, aaa B=0 orpaxkaem ero
CHMMETPHYHO OTHOCHTEJBHO Hauaja KoopAHMHAT. I'padpuxu ¢ynkuun Fy
SIBJAAIOTCS NMPSAMBIMH JIHHHAMH 445 QHKCHPOBaHHBIX 3HauYeHHH 0 (<o <<x),
NpHYEeM BCe OHH MEpeceKalwT och abCUHCC B OAHOI Touke B=Py— M.

Toukn nepeceuenuss rpaduxoB ¢yukuuit F, u F, COOTBETCTBYIOT MTHO-
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L 4

U; — ycuane, nepesasaeMoe COOTBETCTBYIOLIEMY OCHOBAHHIO Yepes ympy-

THe ONOpHI; ‘
Kz — K03 duuHeHT 1HHAMHYHOCTH;

_m"“w'\_‘l"s

Puc. 1. Iprnuunuanbible cxemsl kapoepHux [MC #a ocHoBe BHO-
panHoOHHOA TeXHHKH:

a, 6, 8— oAHOMAaccHBle KOJAeGaTeibHLIE CHCTEMBI, 2 — K — IBYX- H Tpex-
MaccHble KoJeOaTelbHEE CHCTEMB;
1 — GyAkep: 2 — BuGPANMOHHLIL NHTATEAbL-TPOXOT; J— OCHOBaHHe (mIac-
cH); 4 — nenTouRAmf KoHBefiep; 5 — BOpOHKa; 6 — KPYTOHAKJAOHHHIA nuTa-
Teab: 7 — NpoMeXyTOYHAs pama, & — ynpyroe OCHOBaHHe H NOAATJHBLiE
SJAeMEHTH

m; — macca COOTBETCTBYIOINEro ONOPHOro MOAYJs, NPOMEXYTOYHOH

paMbl HJIH JONOJIHHTEJbHOH Macchi;
K; — cuaa Heynpyrax conpcl'ms.neﬂnﬁ TPYHTa;
0 — KO3(PHULHEHT OTCTPOHKH CHCTEMBIL.

a 7 S 2 _
{,%caswl.‘ Ahcoswt Yocoswt g»%msw[

g == A e R Y R
i e

(o P S 3"4’ e }A’

YLty Ciop & A7
LS i Ty,
foga L
cfé- ]- A7
" Puc, 2. [lunamuueckue pacuerssie cxems [1C:
a—c ofHORt: 6 —c ABYM=; 8, 2, @ —cC TpeMs CTemeHsMH cBoboawl

&

=Y W =Gm) e g

[Mpu npoexTupoBanuu crannonapubix [1C BH6pauHOHHbIE MHTATEIH-TPO-
XOTHl YCTaHABJMBAIOTCS Ha MACCHBHBIX OCHOBaHHsX (cXxembl a, 0, 6 Ha
puc. 1). Jlunamuueckas pacueTHasi CXeMa YCTaHOBOK NpHBeAeHa Ha pHC. 2, a.
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Beens obosnavenus . ;
e]M =p% c,Jmy=pi; Mimy="%; c,JM = p3; o*fp*=v*;
o*oi = vi; ©*lps = vi,
MOJCTABHB WX 3HaueHHs B ypaBHeHHs (14) u onyckas BBIKJaAKH, TOJYYHM:
A= P, (1 + 1o —vie) [(vf — 1) " — D — vi] ™'
A =P la[(vi— D6 —1) —vi]) 7" (15)

Ecau OMOpHOE OCHOBaHHE YCTAHOBJEHO Ha aMOpTH3aTopax, TO aMILIMTYAA
CHJBI, JefiCTBYIOIEH Ha TpyHT IIOJ aMOPTH3aTOPaMH C;, ONpejeJseTcss B BH-
Ie cIA Toraa koadHuHEHT AMHAMHYHOCTH  MOXKeET GBITb NpeJCTaBJeH Kak

Ke=[(vi—D@=D—v]". . (16)
Bripaxenue (11) nas ammantyast A, npu K; = 0 sanuceiBaetcs B BHJE:

Ay =Py (14" (e [(vi — 1) (" — D) — y8] + clu2 (1 — yi — ¥)*) "2
. (17)
Ecan B cucreme (5) K£0 u K;+# 0, 1o KosbdulHeHT AHHAMHYHOCTH
ONpefe/iACTCS H3 BhIPAXKEHHS: : :

=l 91/2 L0 SOl T T
K;{'& ( +P') [( pp’ pl pg P|2 .
2 3 2N 27—1/2
—w?)+(ul+u——"‘;’——%— "“;’-)] - (18)
P Pa

3asucumocts K, OT ©, NOCTPOEHHAs 1o ypasrenHio (18), nokasana Ha puc. 3, a.
Ecau npunsates K =K, =0, To (18) nepexomautr B (16) u npome nomnaercs
HCC/IeZIoBaHHIO (TYHKTHPHAS JIHHHA Ha DHCyHKe). SIBJIeHHe pesoHaHca HaGJio-
JlaeTcsd, ecyiH

(0?p7 — 1) (w“lp’ — 1) — 0ps =0, (19)

YTO COOTBETCTBYET [ABYM 3Ha‘leHHHM JaCTOThI BOSﬁ}’X(}IeHHH @®; H My, KOTO]’JHE
COBNAfAIOT C COGCTBEHHBIMH YaCTOTAMH CHCTEMbI Pip H Pgp. Pemenue gacror--
HOro ypaBHeHHs! (8) npH 3TOM NpHHUMAaeT BHA:

1w = {(p3pT + pip* + pip*) + [(pi 0T + pop® + pip®)* —

— 4popie®] )12/ (205) 1%, (20)
oz = (P30T + pip® + p10*) — [(p3pT + pip? + pip?)* —

— 4pspie®] /%) /2 (205) =12

Mexny wuwacroraMH p;, H P, HMEeTCH YacToTa pp,, NPH KOTOpOl K, = 0:
pn = (072 + pip*/205 + 01/2)'". @1)

- I'pasHyHas 4acToTa ®,, BHIIE KOTOPOHl HAYHHAETCS 30HA SXPEKTHBHOH BHO-
POHSONAURH, HAXOIHTCH U3 BLIPAMKEHHS:

= (0* + 91 + pip*/p0)'/%. (22)
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nocse 1peoGpa3oBaHHs NOTYUHM:

o=/ it

302. Ay

4d(d—A) g’
[Toacrasassi B ¢opmyay (l1) uHcaeHHble 3HayeHWs TNapameTpos,
0 =0,62, yto pacxomuTcsi C KCHEpHMEHTAJbHBIMH AaHHbIMH (0 = 0,83).

(1D

NONYYHM

TaGauna 4

3HaveHHs IKBHBAJEHTHBIX AHAMETPOB, KOa(duuHEHTOB paBHONALAEMOCTH,
mKaja KaacCHMKAUUH AJAA CEPNEeHTHHHTA H XPOMUWINHHEJHAA,
paccyMTaHHbie A5 CBOGOAHBIX M CTECHEHHBIX YCAOBHH

JnamerTpsl paBHONARAKON{HX E;ﬂ:?:&:::—t Ulkana gnaccuduka-
SEPEML MM NaeMocTi uin
Kapbep B cro- |8 crec-
B CBOGOANBIX u crecuennsix |Gopnsix|nennpix| B CBOGOX- | B cTecHen-
‘ YCNOBHAX YENOBHAX yeno- | yeno- [HBIX YCAO- | HEX YCAO-
BHSH X BHEX BHAX BHAX
1) 10,30| 2,97 |10,30| 3,23 | 3,456 | 6,10
40 ser KasCCP 2, 2,97| 1,45 | 3,23| 0,57 | 2,04 | 8,39
3) 1,30({0,57 | — — 12,28 —
1) 2,63 | 8,58 | 4,05 | 3,26 | 4,00
{9 12| 3,30 | 9,12 | 3,91 | 3,00 | 4,40
Munanonubift 2) {2f3. l._OO gg? ggg 2£3 3'@8
3) { 1,00 0,53 12,69 | 0,57 | 1,88 | 7,54
— | 2,59 (0,567 — | 5,62
1 {9.00 2.90|9,0 (4,1213,10]| 3,6l
9,63|2,86 | 9,63 | 4,22 | 3,36 | 3,73
3,56| 1,50 | 4,12 | 1,29 | 2,37 | 4,36
sk 2) {3,5& 1,47 | 4,22 | 1,29 | 2,42 | 4,40
3) { 1,291 0,62 1,29 0,35 | 2,08 | 4,48
1,29/ 0,58 | 1,29 | 0,35 | 2,22 | 4,78
1) 10,30 2,90 | 10,3 | 4,91 | 3,56 | 4,35
3,631 1,10 | 4,91 | 1, .18 | 5,43
KoMcomonsckuit 2) { 3'3 | 140 A= 3,35 i
3) { 1,391 0,62 | 1,39 10,35 | 2,24 | 4,93
1,351 0,54 | — = {2.h0 | —
1) 9,45 3,20 | 9,45 | 3,20 | 2,95 | 4,70
3,20( 1,30 | 3,20 | 1,30 | 2,46 | 4,74
CenepHiii 2) {2 orf 6o = = list "=
3){ 1,39/ 0,56 | 1,39 | 0,35 | 2,48 | 5,01
1,45] 0, 70| = — | 2,07 —
Cp. 3navenns napa-
METpOB
no crpoke I 9,64 | 2,78 9,48 | 3,95|3,47 | 4,40 | 10—2,88} 10—2,3
no crpoke 2 3,22 1,35 | 3,95 | 1,53 | 2,38 | 4,70 {2,88—1,2112,3—0,5
no crpoxe 3 1,31 0,58 1,75 ] 0,42 | 2,26 | 5,40 |1,21—0,53] —

[Toacrasue B (opmyay (10) skcnepuMentasbHOe 3HayeHHe KoadpHLHEHTA

paspeIX/IeHHs, NOJYUHM:
B = 8,.0,83% =

8 3akas 281

0,699,

(12)
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[lpu npornose Hcnoab3oBaauCh He Bce 6 MpH3HAKOB Cpasy, a cHayal4
HCMOJL30BAJIH HHDOPMALHIO O CAMOM BJHATEILHOM npH3Hake X3, a 3a-
TeM B nopsiake yOmBauus BauateabHoctH (X1, X2, X6, X4, X5) nobasasau
Ha KaXKAOM 3Tame no OfHOMY mnpH3Haky. PesyabraThl nporHosa mnpuBeje-
Hbl B Taba. 2. -

Ta6aunnma 2
2 Mportos pexumos
Konuuectso npegbasaen- | KoanuecTno npornosn- KoaigecTBo npaBuAbKBX 94, MpaBHJABHBIX
* HBIX TIPH3HAKOH pyeMbIX cuTyaumni NPOrHo3s0s NPOrHOSOH
ITo_napamempy q

1 37 31 83,78378

2 37 31 83,78378

3 37 31 83,78378

4 37 33 89,18919

5 37 L 32 86,48649

6 37 32 86,48649

Ilo napasmempy As_

| 37 23 62,16216

2 S 24 67 ,56757

3 37 24 67 ,56757

4 37 28 75,67568

5 3. - 27 72,97297

6 37 26 70,27027

ITo napamempam q u As_g

1 37 18 48,64865

2 37 - 21 56,75676

3 37 ; 25 67,56757

B 37 4 26 70,27027

. 5 37 25 67, 56757
’ 6 37 24 64, 86486

Ha o¢HOBanuH pe3yJbTaToB MNPOrHO3a MOXHO <clefaTh CJeayiollHe
BBHIBOJIBL:
_ 1. Merox jpaer npHemJieMble Pe3yJbTaThl BO BCeX CJydasX Nporiosa M
MOXeT OHTb PEKOMEHIOBaH [AJs LIHPOKOTO TNPAaKTHYECKOro MNpHMEHEeHHs.
. 2. HUcnoabsoBanne Wndopmaunu o npusHakax X4, X5 npakTHYECKH
Helleslecoo6pasHO, MOCKOJbKY He VJydIIaer, 'a 3a4acTylo H yxyauiaer
3¢ (eKTHBHOCTb Npolecca NporHosa.

YIOK 622.755 -
B.T. Bpaeun, A. B. Paxumosa

HCCNENLOBAHHE METOIOM HMHTALLHOHHOrO MOJEJHPOBAHHUSA
9®PEKTHBHOCTH PA3JIHYHBIX KAHAJIOB
YNPABJIEHHS 3AMKHYTbIM LHKJOM
MOKPOTO M3MEJIbBMEHHSI MATHETHTOBBIX PY]l

Onanofi M3 aKTyaJbHBIX NPOGJeM B TOPHO-060OraTHTENLHOM NPOH3BOJA-
CTBe SABJACTCA TNOBbilIeHHE 3(P(EeKTHBHOCTH paGoThl 3aMKHYTHIX IHKJIOB
MOKPOTO H3MeJIbYeHHS PyA, TaK KakK H3MeJIbUHTeJIbHble OTAeJIeHHA obora-
THTEJbHBIX (aGpHK SABJAIOTCA OCHOBHBIMH MOTPEGHTENSIMH 3JEKTPO3HEp-
rud. Jlannas pa6oTa noCBflIEHa HCCJAEAOBAHMIO 3aMKHYTOTO IHMKJAA MO-
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'Taﬁ.nuua 5

TexHoJOrHuecKHe noxasatean paboThl 3aMKHYTOrO UMKAZ H3IMEAbYEHHS
NpH PasiHYHBIX CKOpOCTAX Bpamenus paGouero kojeca Hacoca

M n/n Pyna. xaaccel, MM +5.0 2.0 1.0 0.5 0.2 0.074 0.044 —0.044

Maccopas noas, % 7.1 148 17.1 15.6 11.7 3.5 6.1 24.4

2. CkopocTh  BpallleHHf Baja Hacoca, 650 700 750 800
o6 /MHH

3. ' | TBepAoro 13.4 11.9 10.76 9.85
MaccoBas foas B cauBe

t. | ruppomknonon, % - Jer. —4amxu| 75.63 | 76.87 | 77.83 | 78.59

5. : KA. — 74 mxM| 90.65 91.64 92.36 92.9

6. Ynenshas narpyska Ha wmenphmuy mo | 0.82 0.83 0.84 0.85
BHOBb 06Pa30BaHHOMY Kaaccy — 74 MKM,
T/M%-9

L Maccosan a0ns, % 3.6 12.0 13.2 18.3 10.5 5.5 6.0 30.1

2 Ckopocts  BpamenHs Bana Hacoca| 650 700 750 800
06/ MHH

3. TBepAoro 12.56 11.87 10.74 10.27
Maccosan gons B cauBe ”

4. | runpomnxionon, & - [kn. —44ruxu] 78.16 | 78.52 | ‘79.46 | 79.63

5. Ka. — 74 mem| 91.84 92.15 92.87 93.02

6. YnensHas warpyska Ha Mmeaphmuy mo| 0.75 0.76 0.77 0.77
BHOBB 00pasoBaHHOMY Kaaccy — 74 MKM,
T/M3q

1. Maccosas noas, % 0.35 6.4 17.05 14.4 15.75 4.5 6.65 34.9

2% Cxopocts BpallleHHst Baja  Hacoca, 650 700 750 800
o6 /MHH

3. TBEPAOro 13.34 11.86 10.72 9.82
Maccosass nons B caHBe '

4. | ruxpownksonos, & | Jer. —4dwxm| 79.36 | 80.16 | 81.08 | 81.8

5. KA. — 74 mxM| 92.84 93.53 94.21 94.73

6. ViensHas Harpyska Ha MeaeHHNy mo| (.69 0.69 0.7 0.71
BHOEB 06pa3oBaHHOMY KJiaccy — 74 MKM,
T/M3.g

H3 HHX B p360‘IEM AHanal3oHe HX H3MEeHEeHHHA, BJAHAA Ha 3Ha4YeHHA BHIXOX-
HBEIX MapaMeTpoB.
BauelllunM TEeXHOJOTHYECKHM T0Ka3aTeaeM paﬁo’ru LHKJA2 H3MEJb-
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BHH pacxoj/i H3BecTHJKa (QE), coorsercTByiomnii Touke B. B momeHT
PY4YHOH KOPPEKLHH MPOHCXOJIHT 3alloMHHAHHe 0a30BOro pexHMa (QE).,

a takxke 3Hauenus (QF) . Bolumcisercs nompaBKa OTHOCHTEJbHO, 6230-
BOIO pexuma:

AQ, = (QF), — (Qi), (4)

[lpn H3MeHEHHsX KOHTPOJUpPYEMBIX CHCTEMOH NapaMeTpoB aJrOPHTMOM pac-
CYHTBIBAeTCH HOBBIH pacxon (Q#*), M BBIYHC/sAETCS NONpaBKa:

A A
AQ2=(QR)1— (Qu]s- (5)
Ynpasasiomee BO3AefiCTBHE — PacXoj H3BeCTHAKA B KaX/IblH MOMEHT
BpPeMEHH BbIUHCAsETCA Mo dopmyJe

(Qu)e = (Q )1 + AQ; + AQ,. (6)

ITpu nosiBnenuu apefiha MoaenH, YTO MPOSB/ASAETCA B CHCTEMATHYECKOM
OTKJIOHEHHH MOKa3aTejeil KauecTBa OT 3aJaHHs HJH PE3KOM H3MEHEHHH
3HAYeHHiT HEKOHTPOJHPYeMbIX (DaKTOPOB, TEXHOJOr HHHUHAJH3HPYET BBOA
8 OBM HoBoro 3uauenns 6a3oBoro pexuma. TexHOJOroM BBOAHTCH HOBOE

3HayeHHe Ga30BOro pexkHMma, HalnpHMep (QF )3, W MOBTOpPSIETCH OMHUCAHHAS
BbIlIE NpOLEeAypa BHIYHCJIEHHS yrnpasasiollero so3aeficrBusa. Corsacho
NpoBelleHHbIM HaO6JI0AeHHAM TaKOe ONepaTHBHOe BMELIATeJIbCTBO TEXHO-
Jora B npouecc ynpas/eHHs UWHXTOMOArOTOBKOH NPOHCXOAHT He ualle
OAHOrO-/IBYX pa3 B TeUeHHe CMeHHI, '

BUBJHOTPAOHUYUYECKHHA CMNHCOK

1. Boposkop B. A., Merpos 10. C., Foaosuipun C. C., Hckakos H. M. Ynpasjenue npo-
1leccoM AO3HPOBAHHS LIMXTH A/ OKYCKOBAHHA KeJ1€30pPYAHBIX MaTepHatoB [/ Mapectna By-
308, lopuuiil Kypras— 1993.— Ne 12,

2. ®enoposckuit H. B. AstomMarHueckoe ynpapjieHHe TeXHOJOrHYECKHMH NpOLEeCccaMH
OKYCKOBaHHsl CHNy4HX Mmartepnanos.— Kmes: Texuuka, 1976.— C. 89—92.


























































































[Iporpammiuoe obecnedenne KOMIIE€Kca mnpeacTasaser cob6ofi paGouyic
nporpammy, 3anucannyio B IIMI3Y kourpoanepa-wukpocxemn K573P®,
noanporpaMmy OHOGAMOTEKH C NJABAIONIEH 3anATol, a Takxke NPOrpaMMmy |
MOHHTOP, noseoasiomyo paboTath ¢ KOHTPOJJIEPOM B AHANOTOBOM pe-

i X

Prc. 3. Baok-cxema noanporpammu «PaGora»

JKHME C NIOMOLIbIO NYJbTa YNPABJIEHHS KOHTpoJJepa. 3amuchk pabouedl mpo-
rpaMMbl’ B MAUIHHHBIX KOZaX TNPOM3BOAMTCH C MOMOLIbIO gaspaﬁoraunoro
H  H3TOTOBJIGHHOTO A1 3TOH ueau nporpammaropa /[2]. Bosmoxuo mpo-
rpaMMHpOBaHHe ITHX MHKPOCXeM Ha accembjepe ¢ MOMOLIbIO aNmapaTypsl
0oJiee BBICOKOTO K/acca. :

PaGouas mporpamMMa CIpOEKTHPOBaHa M0 HHCXOASUIEMY NPHHUHMY, Tae
OCHOBHasi MporpamMma pacuy/eHseTCHs Ha HeCKOJbKO MOANPOrpaMM, a MOA-
NporpaMMul B CBOIO ouepeib — Ha GoJjee MeJKHe CaMOCTOATEJbHHE NO-
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OGosnaunm yepes KCW__“] TIPOCTPAHCTBO KYCOUHO-HENpepLIBHLIX Ha Mpo-
Mexyrke [0, co) QyHKUHE H NYCTh MHOXKECTBO G, ONpeje/ieHO COOTHOLIEHHeM

G, ={teRH[t > ', |Vs(f) — q] < 0,05g}, (2)

rie Vg (f) — pewenne ypaBHenus (l); .g — mocrosiHHas CKOpOCTb, KoTOpas
" AOJKHA OBITH JOCTHTHYTA TOC/e 3aBeplieHus MepexojiHoro mnpouecca; R+ —
MHOKECTBO TNOJIOKHTENbHEIX NeHCTBUTE/BHBIX YHCEI.

Kaxnoit dyuknuu f(a‘)eKCm o) WOCT4BHM B COOTBETCTBHE 3HaYeHHe T

aprymenta t, pasHoe infG,,:

t=infG,,, A

T. €. MOMEeHT BpeMeHH, HayHHas C Kotoporo cKopocte Vi (f) Gyaer orau-
yaThCsl OT ¢ He Gosee 5 % BeNMYHHBL §.°

Srum coorpercrBHeM B npocrpanctee KC Oyner dyHKUHOHAN

[0,00)

t =1 (f (1), @

3HaYeHHe KOTOPOro ONpeAeSHT OKOHYAHHE MEepPexXOoAHOro Npouecca, COOTBET-
c*rnyiomero YNpaBJEeHHIO U= f(t)

eﬁye’r{:ﬂ HAalTH QYHKLHUIO f(!) AOCTABJAIOULYIO MHHHMYM cpynxuuoaany
T(f(¥)) B npocrpaucrse KC _:

W)=, min () )

)EKC[O'm}

NpH Onpefie/IeHHbIX TEXHOJOrHYECKHX YCIOBHSAX.

[Tonyuenbl nepBbie NpHONHXKEHHS] K pELIEHHIO 3TOH 3ajia4H B BHJIE Ky-
COYHO-HHEHHBIX HeyObiBaloWMX (QyHKuui (cM. cHocky Ha c. 173).

B nanHoOii craTthe wHcCNeAylOTCS elmie JBa BapHaHTa CTPYKTYPHI peryJsi-
TOpa pasroHa: OJlWH, 3aJlaHHLIA HENpepeIBHOH IJafKoii Bospacratoilesi (yHK-
uHel, a JApyroif — cryneHyartoii HeyOwmBaloweil dynkuned. [Ipu sTom paccmar-
puBaeTcs cHcreMa B BHJE SKBHBaJIGHTHOTO KoJje6aTe/IbHOrO 3BeHa BTOpPOro \
nopsiika, T. €. paccMaTpHBaeTcs nudxpepeHlHasJbHOEe YpaBHEHHE

Vs () 4 2nVs (1) + KW, (1) = K*f (1), (6)
Vs (0)=Vs(0)=0,

rlie n U k — BeIWUHHBLI, KOTOpHlE XapaKTePH3YIOTCS MNapaMeTpamH YIpyroro

3BeHa «Jebeaka — KaHaT — Jipara» (0 <n < k); u = f(f) — dyukuusa, 3ana-

Iomas CTPYKTYpYy Pperyjasropa pasroHa MeXaHW3Ma GOKOBONO NepemelleHws.
paxende no Jlannacy dyukuun Vg (f) nmeer BHI

_ _PF(p) i
Vs(p) = m. (7)

rae o= g*—n

[ToacraBasis B npaBylo yacth paBeHcTBd (7) BMecTo F(p) H3o6pakeHus
3ajlanHblX (MaH BHOpaHHBIX) ynpasieHufi f(f), MBl noayunm COOTBETCTBY-
lomue Bupaxenus aasa Ve(f).
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Baxxneliminm (akropoM B mpouecce ynpasjieHHA ABJASETCS M YHCAO
nepek/loueHHii MEXaHH3Ma C OJHOr0 peXHMa Ha ApYrof, a Takxke MPOCTO-
T4 ero MaTeMaTHYeCKOro ONHCAHHSA.

C 3ToH TOYKM 3pDEHHSI paccCMaTPHBAIOTCA [BAa BAPHAHTA YNpPaBJEHHS:
XapakTepHaylollleecs CTyneHYyaToH (YHKUHeH ¢ ABYMS 3BeHbAMH (C OLHHM
3BEHOM yNpaBJeHHs GBLJIO paccMoTpe-

"HO aBTOPaMH paHee, CM. CHOCKY Ha
c. 173) u xapaxrepusywoouieecsi (PyHK-
uHefi SKCNOHEHUHAJNBHOTO THINA. Yir=rzy 2=F(t)

1, Ilycte cTpyKTypa peryasTopa e
3ajaercs GyHKIHEH BHAA

) Qno<f<a- 8 ?f 5
 (t) {q'wa' o ol i ;

rie @ u g¢;— napameTpbl, TNOMJIEXa- p.. o HKIUIR-CTDYKTYDH
ulHe OnpejielieHHio, TaK, YTOGbI BHINOJ- E;lr‘;mﬂ?ropra;papq:;rmi? Yu:;‘:unsu? ogfol
HAJHC yCaoBHA (2), (3), npHueM ¢; < ¢ BOTO MepeMelleHus Apary

(puc. 2). Iloap3ysce Tabauueit H CBOH-

cTBaMH npeobpa3opanusa Jlanjaca, noJgyunm:

F(p) = [a1+ (g — g0 e ]/p,
Vs (p) =k [g:+ (¢ — q1) e ] Ip[(p + n)* + ¥,
Ve(t) =g, [1 = %e"“sin(mr+y)]. () +

1+ (g—qy) {1 = %e_*" “=9 sin [0 (f — a) + y]} 1(t— a),
rae y = arctg -‘-:-
OKoHuaTe/IbHO GyAeM HMeTb:

q,[l 2 %—e“"'sin(mt + y)J, 0<t<a,

Ve() =) g — -(—t— {gie”"' sin (of 4-y) + 9
+(g—g)e " “Dsinfo(f—a)+ vy}, t>a

[TonGepeM 3HayeHust napamMeTrpoB ¢, H a MO YCJOBHAM (2}'— (3). Oan
STOr0 HCC/IElyeM Ha SKCTpeMyM HafileHHoe peweHue (9):

@

Ve(t) = 29 _o™inet, 0<t <a,
Vi(t)=0 npu ===, y=1, 2, ...
w

" [leppofi TOYKOH SKCTpeMyMa, a MMEHHO TOUKOf Makcumyma, Oyner f; = il i
(]
TaK Kak ;

k:: e~ sin (of] — y)

e ™ —k*ne—7<0,

Ve (f) |,_1r_= =
@ w

npH .srrom Ve (-3—) =q (l e e %)
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*

L,
OueBHIHO, 4TO BHIGOP G — __‘15_%‘_

ofecrieunT OTK/I0OHeHHe Vi ( ) orgq,
w

4 ©®

paBHoe 5 % penuuMHbl ¢ (34ece 5 % 3ajaeTcs Hamepen, BvecTo 5 % MOMer
6biTh B35ITO Ji06oe ApPYroe 3HayeHue), T. €.

Vi (%) — 1,054. ; _(10)

-
Buifop 3nHauenus napamerpa a Jo/keH ObITbh OCYIUECTBJIEH H3 YC/IOBHS
noJiyyeHHst HauGoJblero 3HaueHHss MHHMMyMa (yHkuuH Vi (f), caenyiouero

HEINOCPE/ICTBEHHO 33 MaKCHMyMoM Vg (l) T. €. W3 YCJIOBHS NONYYEHHS HAu-
w

MeHbIlero OTKJoHeHusi Vs min or ¢. IT0 JOCTHraercsi, €caH B3iTb @ =
= T. €. C HayaJpHOro MoMmenta yObBanus OyHkuuu Vs (f) sajatb 3Ha-
w

yeue f(f) =g > ¢, 4TO CAeAyeT M3 TOro, 4T0 B PAacCMaTpPHBAEMOH 3ajaye n
i ; i

H © [PHHAMAIOT 3HAYEHHH, YJIOBJETBOPAIQUIHE YCJIOBHIO (30 =7 oo 1 1
C yyerom 3HaueHHH S
1,0 §
e N L
v nt (0]
w

MBI TONYYHM:

{ -1,05(] l—i —nf '- t : t i
l—--‘—'l[ me sin (@ -[-})],Oé im.
Vlt)— 1o he 0 (1)
nm
[ q [I _.0_05—k—€ e eﬁnrsin(mf—]—y)],_ t>al‘
{ [0}
rae _ _
‘ —arctg 2 (si =£).
Y g— (smy =
Ilpoussosnasa dyHkuuH Ve (f) npu t:}i HMEeT BHJL 3
- w
: L
' ' V;(t)=__0-'.qiki.e"’ e~ sin wt.
CraunonapueiMH TouKamu yHkuud Vg (f) sBasiores Toukd [ — T N
w
=1, 2, ... Haiinem snauenus Gyuxunu Vq (f) B 3THX Toukax u3 paseHcrsa (11)

H OLEHHM HX OTKJIOHE€HHH OT BEJHHHHBI §:
L}

viu [ ?_%(v_l}] -
Vﬁ(7)=q 1—0,05("'].)8 N V=l, 2: R ]

Z—1)

|V“(%)“ ¢|=0,05¢e i <005, v=1, 2,
Orciofia cjefyer, uTo, HauyuWHasi C HEKOTOPOro 3HaYeHHA t—;— f e
(1]

(puc. 3), KOTOpoe XapakTepH3yeTCsi NapaMerpaMu n W k, GyJeT BHIIOJIHATLCH
H HepaBeHCTBO

Ve () — q1< 0,05q, £> ¢,
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3nauenue [, sBAAETCA peLieHHeM YpaBHeHHs Vg (t) =g — 0,05¢ (f > 0),
KOTOpOe MOXKHO MepenHcars B BHIE
1,05
St L

LSS

1 — T’:- e ™ sin (of 4 y)] =195

HJIH, NOCJE YIPOLIeHHS :

ni

% ¢~ sin (of - y) — 0,095 4 0,905¢ © — 0. (12)

JIns WAMIOCTPALHH MOJYYEHHOro pesyJbTaTa M CPABHHTEJILHOrO aHaJM3a
BOCO/IL3YEMCsl  TeMH JKe 3HAaYeHHSIMH MapaMeTpos 1, k, g, 4T0 H B pabote
aBTOPOB (CM. CHOCKY Ha c. 173):

n—0,1125; k—0,7812; g — 0,236. (13)

Bynem umers: o = 0,7731; a = 4,0636; ¢, = 0,1517; y=1,4263. [loacraBus
B NpaByio yacTb paBeHcTBa (l1) cooTBercTBYiOlUIHE 3HAYEHMS, MOJYYHM:

Vo) = 0,1517 — 0,1533¢ "+ '"?¥sin (0,7731¢ 4+ 1,4263), 0 < ¢ < 4,0636,
0,236 — 0,0188¢ °*''*% sin (0,7731¢ + 1,4263), ¢ > 4,0636.
ITpu stom !, — KopeHb YpaBHEHHS -
e 0 112%in (0,77317 4 1,4263) + 0,4729 =0, { > 0,
KOTOpHIii MOXeT ObiTb HaiiieH OAHHM M3 NpHOAMMKeHHbIX MerofoB. [Toab3yschk
MerofoM OHcexklu#, noayunm (¢ TouHoeteto 0,1) 7, = 3,2. Hrak, GyHKiHs

t) ={ 0,152, 0 < 7 < 4,064,
0,236, ¢ >:4,064,

3ajaolas CTPYKTYPY peryasitopa pasroHa, oecieunBaeT OKOHuAHMUe nepe-

XOJHOrO Tnpolecca NpH YHCIOBBIX AaHHbIX (13) uepes 3,2 cekyHApL.
2. [lycTp CTPYKTypa pery/isitopa pasroHa onuchiBaercs (yHKuueid BHIa
f)=q(1—e™) (6>0), (14)

rae b — napametp, NOJJIeXKalllii OnpeesieHHio H3 ycaoBHH (2) — (3).
Has byskuun (14) pewenve ypasHeHHs (6) HMeeT BHJI

Ve(t)=Fkq { n,l = [1 —e™ (oos of 4 -:—sin mt)] =

b sin cm‘”}. (15)

1 ” i Lk
——[e o Se “’(cosmt+ £

(n—b)*+ w?

[ToacraBasis B npaBylo YacTe paBeHcTBa (15) uncioseie pauubie (13), noayuum:
Vs () = 0,144 {1,6384 [1— e 125 (c0s 0,7731f - 0,14555in 0,7731f)] —

: —bt —0,1125¢
A o t
(0,1125 — b)*+0,5977 [e @ (COS 0,7731t 4

0,1125— &
0,7731

xsin 0,773[1‘)]}.
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UDC 6222715

Elaboration and Infroduction of
Microprocessor System of Software Con-
trol of a Dredge Mining Complex/
Bagautinov G G, Bagauti-
nov G. A, Stepanova G. F.//
Izvestiya of the Uals School of Mines.
Ser.: Mining Electromeshanics,— 1993.—
Issue 4.— p. 169—172.— Russian.

The authors speak about the main
principles of construction of a system
of automated control of a dredge mining
complex on the basis of micro-ECM
«Electronika MC 2702». Brief grounds
of selected micro-ECM are given. The
structure of hardware and software is
considered. The main properties of the
system are presented.

Fig. 3, Rel. 6.

UDC 622.271.5 : 622.016.6.001.124

Comparative Analysis of a Regulator
Structure of Mechanism Acceleration of

* Ilepesoa Ha amra. sAssik H. A. ¥aauunoit.

Dredges Lateral Movement/Bagauti-
nov G. G, Bagautinov G 5
Israpilov R B./flzvestiya of the
Urals School of Mines. Ser.: Mining
Electromechanics.— 1993.— Issue 4
p. 173—178.— Russian.

Comparative analysis of a regulator
different structures of mechanism accele-
ration of dredges lateral movement is
giren which influences the length of
transitional processes from one state of
the system into another. Analytical
expressions have been obtained of lateral
movement velocity depending on the
structure of acceleration regulator which
is described in steps by continuous bit-
linear and simooth functions. The expres-
sion depend also on the length evalua-
tion of transitional processes correspon-
ding to that functions. g

Fig. 3.
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