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Fá sp m o b  riesp A»

KyasaccKJíá ¡jossrfexHM eeKtó SHCJWty*, CCCP

OIiTfflUilbEQE H A.HAlTfWBHnE ynPAMEKííE ¿HHáMHKO» 
H TEXHH'-íECKISt COCTOÍtHHEM FOPHHX MAiSHH

Pe3»Me: láaKCHKaii.HO¿ ssserpauseaog apoza» Q&ase.Ei>HQc»H xoMjiaeKCoa 
npz aasasBog sedees ozxocsxt mosho sodasfccji tozazo npa onTaxazaHOM s 
auanssBHOM yapaasesas SKKaMsssoli a íexKBaecxHM oosnoasseu ropear
M & E K E .

Qpa peseaza esoít npoSaejíH s KaaeeiBe raaaHoro otíocsosaH Kpa*ep«ft 
MEKKSiaji&HjOlí ysesaaoS paoypcoaMxooTz (pacxcx sexHMecKoro pecypoa «a 
6SHHKay sMnozaesBoS pafíosa), PaspadoTa«* Melosa csin esa  a ycipoSciBa 
oaSKMajtbaoü a asanseBHog CAy sa  ocaose npKHixzna Maacaüy«a, soosasoa- 
kíes yaJiOBBü adcox*>SBoro MBKHMyma a ooodaoc ossaMaJibHicc yapasaesag, 
aeiosü  a ycipogcssa aacasn os ,&p93M3paKx neperpyaojc, aseasa^HKaiíHa 
sarpyaKH a SHarHOOTHKH Texaa'jecxorc oocsohhh* saeKípcaíexaKaaeoKoS 
oacieMH, sKjzaaaa xocBesaoe oapeseaerae paoxosa peoypca yosasoossog 
SOxroaeaHQCSH nanas, a TepMOBadpcMexaaaaeoKoro aaaoca «awumra oSmosok 
ssarase jiag .

P a sp a d o *  ansa®  o a c s e a u ,  KpoMe oneaM asanaa saK aataaecsa iac  a p c n e c c c s ,  
s o s i o m ;  o u e i ie s a s i  K B aaafaK auH » a  o d y i a i i  « a íiE a z c so a »  sax>* s a y a z y »  
a s e x E a ae o K y »  o o so sy  sjsh onsmtasaiíHH obokqs s p o B a s e m s  p s u o s s o s  s o  
neponeKiHBHOüy a r p e  r a s a  o-ysaosoM y a e i o s y .

Oiiht aKcnsyaTauKH, TeoperMtiecKHe h 3KcnepKMeHTajibHfc¡e uce-

fleflOBSKHH UMHaMHKH ynpyrHX nejiHHeííHHSc aseKrpoMexaHíreecKHX cucTeu 

(3MC) c  cocpesoToueHHbiMH k pacnpenejieHHHMH napaM erpam i (so C ire -  
HHe ¡5 npoxofluecKM e KOMOatea, CyposHe c sa n sc « , ORHonpKBOflHue h 
MHoronpHBo^HMe cT p yroB ae  vcTaHOBKH, a r p e r a ™  x  cKpeCKOBae ko h - 
Beilepu , oaHOKOBinoBLie x  poTopHue sK C ftaBaTopu, maxTHHe h dypoBue 
noB'beMHwe ycTaHOBKH, sp o ó k jik h  pyflu  h f l p . )  noK asajiM , uro  B C Jie sc ?-  
BH6 naCTUX , pe3KKX, CJiyMSíÍH’ntX H3MeHeHK$ M0MCHT8 COnpOTKBJieHHH, 
BHHj'stiieHHHx KOJiefianKs* u aBTOKOJieCaHuñ MOMeHTOB h C K opocteít b y c -  
T8H0BMBEIXXCH peiKMMaX, IipH tiaCTHX nyCKax Tí CTOnOpeHZffX HCyepnaHRH 
TexHHueeKoro p e c y p c a  b CoubmuHCTse c j iy ^ a e s  ( tfoxee 8C%) npoM cxo- 
S h t  H 3-3a KHTeHCMBHoro HaKoiuieHHH ycTaxocTHHX n ospescsem íB  B f le -  
T8J1HX MatüKH H TepUOBHCpOMexaHHtieCKOrO H3H0Ca H30JUmHH oGmotok 
HBHraTeJieJí (ocoCeHHO b MecTax Bhocoua ceftuHH oSm otkh k s  n a 3 a ) .  
KpoMe T o ro , 3KCTpeHHue cronopeHHH ManBm r¡pn BCTpetie HcnosHHTexb- 
hhmh opraHaMM TpysHopa3pymaeMux BiuntweHHJ? * ñ o p o s ,  3SKJ!KHHraHKH 
CypoBHX craBOB m th tobm x n en efl, a  rarnte BcxescTBH e sKCTpeHHoro
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asaptntHoro TopMostewKH DJisKrponpüaofla «3-30 HeHcnpaBHOcreB b zxe- 
KTponpüBOÄe kum a^eKTpocHaöseHHM BHSHaasyr íioxomkh qacTet? msibhh 
vush HHTeHCHBHOe pacxojioBSHHe TexHswecKoro pecypca.

Ho3T0My MaKCKMajibHoß HHTerpajibHofl npoHa BopKTeJibHocTK ro p -  
HHX TexHOÆorHuecKHX KOMnaeKcoB npH sąąaHHOfl osOsctohmoctm mokho 
JlOÔHTbCH TOJbKO npH OnTHMaJZbHOii H SflanTMBHOM ynpaSJîëHHK flKHSMH- 
K08  K TeXHIWeCKHM C0CT0KHH6M TOpHUX MaiHHK, BKJÍKWaKWSeK H SarçKTy 
ot onacHHx 3KCTpeHHHX neperpy30K.

Op« pemeHHH 3 to 8  npoöxeMH b xanecTBe rxaBHoro oöoch ob8h  
KpHTepKti MKHHMajíbHOft yąeabHoS peeypeoe&ïxocTH (pacxoÄ vexnmee- 
Koro pecypca na e#nHHny sunojineHHOft paóoTH) npn saflaHKOfl npo-
H3B0ÄHTöJIbH0CTM, a 6My npHHHTH: MHHHMaSbHaa jyMT&Jib-

HOCTb Buno^HeHKH 38fla«H oK pafioT u { nosKpHOHHHe 3 MC5 turn n e p e x o fl-  
KHX n p o q e c c o B , ¡¡siHHMaabHHe awuiKTyflH KO.'ieÖaHMii 3JieKTpoMarHvsTH0r o 
MOMeHTa M MOMeHTa (CiMŁi) B ynpyrHX CBH3HX, MHHHMaHbHHe OTKJIO- 
H8HI1H OT 3BflaHKHX COOTHOSieBKfł pacnpefleJIBHHH HarpySKH Meatfly 
^BHraTexHMH juih h e t s k s h k S  j i s h t  a  peneit b mhoronpHBORHHX 3MC, 
MHHKMyw nOTepb 3aeETp03HeprHK H f lp .

PaccMotpHM onTîîMajibHoe yn paaseK H e coctohhh6m  3MC a o&ąeM 
B w e :  OMCTeMa wtteeT tí 3jreKrponp«B0fl0B, c o c to h u h x  H3 qaei’OTHO- 
ynpaBJiHeMux oöoömeHHüx ajjeKTpsraecKHX msbikh (0 3 M ), coeflHHeHHHx 
ynpyTHMH c  cocpeflOTcweHHHMH hjih pacnpepejieHHHMH n ap aM erpass! 
CBH3HMH C KCnoaZHHTeXbHEiifH 0praH8MM. 3tO  II03B0JUtT JlOJIJTCaTb H eoo- 
KOAHMbie peayjibTaTbi n pa KOHxpeTHsauKH r a n a  h KOJisraecTsa. aJieK Tpo- 
npHBOflOB H CBH3ea.

MaTeMaTH^ecKoe onHcaHHe 03M b c o o t b ô t c t b h m  o [l,7j c BHfle-
jieHHew Offr npeACTfiBHM b Bpne:

y
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MaTSMaTKqecKoe onacaHHe MexararaecKoft uacTH 3513 c cocpeflo-
ToqeHHUMH napaM8TpsMH:

tui/Si - ;

*7g/íR ’ | t  ¿ ' 4 ? i  ; (2)

W «s \ 7 t ^  ^  - ■ % \ ¿ r ^
t  = I,  2 , . . . ,  M  .
MaTeuarmecKoe onacaHae MexatomecKOft «acTa 3MG c pacnpefle- 

jieHHHMH napaMexpaMH paccMOTpHM na npHMepe ßByxnpHBQßHoro cicpe6- 
KOBoro KOHBeflepa. AHSJiorsroio, e ^oöaBJieKMeM (Bg) ot paapy- 
B6HHK yrüH, MOJRHO OOHCSTb KOHBeftepOCTpyTH, CTÿyrOBH8 yCXÖHOBKM 
a arperara. Upa acnoxbsoBaHaa oflHoñ B6Tbh onacbiBaeTca sBaxeKae 
KOMÖaitoa c petjHoR noflaqeft h ^BaseHae Kosma ^parjiataa npa Konanaa.

B MHoronpHBOflHHX KOHBeñepax (nanpHMep, e jiHHeteHMH acsrac- 
poHHHMH flBHraT6JIHMK) nofloSHoe onacanae MoseT ÓHTb pacnpocxpaHeHO 
Ha Jí axeKTponpHBOflOB.

ypaBHeHKH ABnæeHHs rpyxehoS a xojiocToft sexeeí! thfoboíí 
pena ( p a c . i . )  b Tonxax HaÖeraHan Ha 3se3Ą0HKH rojioBHoro a xboc- 
tobofo npHBOflOB a côeraHHH c rojioBHOî! 3Be3sowKH [z] :

T - 0  >

£< ; «-.1?.... &  ’fUrU«,f =o b

(3)
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J f r M £  ( W & A

sij f, /T

06o3HaueHHH b ( I ) ,  ( 2 ) ,  ( 3 ) :

, U /Śźfr > .  y ^ ‘ -  COCTaBJIHFB-
fflMe noTOKocuënjieHtfii h HanpfikeHKfl cTaTopos k poTopoB sjieKTpoflBU- 
raT ejiei?  no ochm if  , J /  ; Oí.'J' -  OTHOCHTejibHKe 3HaueHHH nac- 
TOT TOKOB CTaTOpOB; U)r¿) , M  , ~ , _JC] - uaCTOTH BpameHHH
H MOMeHTH HHepunH poTopoB Q3l' h npHBeyeHHŹfc K pOTOpaM HCnOJIHH- 
TenbHbfx opraHOB ; Jjff , ffiffl'- - MoweHTH conpoTHBJieHHH h b ynpyrmc 
CBB3HX t/.amm; ~fc\ -^secTKocTH TpaHCMHCCHił; - (Ja30Bb!e Koop- 
AHHSTa MexaHHnecKOft nacTK BMC ; ^

Hü * % £ > ■ / ^  ^ 4-■ -• V’ i/' w-- * 'j* V vn

¿f: ; ,- t-j ~ '-/> 7 1 ¿/-t

‘zi ^ ^  ^

%% • 3 / ii  > '¿¿fź* > flKTUBHHe H üHAyKTHBKUe COITpOTHBJieHHH
CTaTopa h p o r o p a ,  npHBeyeHHHe k cT aT o p y ;

T í;  -  HKflyKTHBHoe conpoTHBjieHHe uenH HawarHïWHBaHHs y s iir a T e jift ;  
( J k  -  HOMHHajifaHaa yrjiO B a« MacTOTa BpaiąeHHH nojifi C T aT opa;

P u  ”  tracno naP nojirocoB; _U^ , ^¿¿¿- , J Jfë '' -  yetfopiiaipM  y u a c -  
tk û b  uenn rpyxeH oft h xo jio cto Ä  BeTBefl h e ö eran m ero  y n acT K a ; 
paCCTOHHHe OT TO*lKK OTpUBS OT 3Be3fiOUKH flO KacaHHfi yenblO CTaBa 
KOHBeKepa; ~Üfi\ , ~Ctf¿\ -  cKopocTM paonpocTpaneHHH y n p y ro î! bojihłj
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no rpyateHoft h xoaocroñ botbhm qeneî» ; - JimeUme
cKopocTH 3Be3AoneK rojiOBHoro h xBocTOBoro npHBOflOB; - c v m -
Ma CKopocTeñ netfopMaiarö xojioctoB BeTBH nenn; "
38BMCHM0CTH CHJIM TpeHHfl CKQJIbXeHSÏH OT CKOpOCTH rpyxéHOR H XOJIOC- 
tcR BeTBefl; Cûj - B03MyiąeHne, oÖycjiaBJiHBaonee pacTHseHHe nenn 
H3-38 HepaseHCTBa cKopocTeft npHBOflOB; ¿^' , , tí87, jp(,

nocTOHHHHe K03$$Hm eH TK; §_ - ce«eK H e p e n n ; E  -  MO^yab
ynpyrocTM; H - pasnyc 3Be3A0^KH; - nepefiaTOtiHoe OTHomeHHe 
penyKTopa. "

CnHTe3 peryxH TopoB cmctomh ( I ) ,  ( 2 )  qe jiecoo öp asK C  booth  h s  
OCHOBe  AOCTaTOiIHHX yCJIOBM» aÖCOJIBTHOrO MKHHMyMa [ 3 , 6 ] ,  3 to  noSBQ- 

jîsît , HMea peraeHHe b  oßnjeM Bsm e, npn Hcnojib30BaHHK T o ro  hjih 
HHOrO EOHKpeTHOrO KpKTepKH OnTMMajIbHOCTK nOJiyUMTb HeOÖXOflHMMä 
pe3yjibTaT-3aK 0H  ynpaaneH H a; npn btom  ho noTpeöyeTCH b  ksckaom 
c jiy n ae  pemaTb bckj CKCTewy ypaBHeKKft h oTHCKHBaTb onTKMaabHoe 
ynpaBJieHHe K3 coBoxynHOCTH AonycTHwux ynpaBJienH ä, y p o sjieT B o p an -
!ĄKX TpeÖOBaHSMM npHHpHna MaKCHMJ'MS, KOTOpbiił HBJISeTCH TO Jib KO 
HeoSXOpKMLIM yCJIOBHeM AJIH HeJIKHeÄKMX o6*beXTOB.

U enesofi iysKiiHOKaji npeACTaBKM b  oÔrçeM a im e :

; ,5) 
06O3HaqWM $ 8 3 0 BH6 KOOpßHHaTKI B ( I ) j .  ( 2 )  ,%vi , %̂u¿ ,

%¿\ > 9 $  ’â Ê  «epesJÍK ’ a nP^S uacTH
yßaBHeHKft ( I ) ,  ( 2 ) ,  nepeś 'W ,  , -. ,  ̂ , rA© $2 (.. • t8 j L * 1^ 2 ,. • .

OöpasyeM BcnoMoraTexbHyn $yHKHHB jł 1 ^ ¿ 1  *
ßfi .2 g. Q &  • M  ’ &  m £ ' ^  >- ^'—  C /> 0̂ ' — 1/7 LT> W - S

f f j î  , r " W  _ (6)

TĄe g  Í %  , ’f e  , u%\, ttfà , ) -  Hexo-
TOpa.q np0K3B0XbHas ^TiKUMS $ 8 3 0 BKX KOOPAKHaT .

yCJIOBHH OnTKMaJîbHOCTH fttt« SaßaU C nOABIKHHMH rpaHKIiaMH

s ?  £ • w

ÜeoôxoAHMMM ycAOBHeM oKcrpeuyua hbhäbtch TpeöoBaHKe:

'Mfc n l8)

ByAeM peiüaTb sapany b $opMe onTKMajibHoro oKHresa, T.e.
CySOM HCKSTb 38K0HH H3MeHeHKB yiipaBJieHHR {12̂ -, Ujfi' ÎX% } £lj- 
B $yHKIXMH $a30BHX KOOpftHH8T » OÔeCneMKBâTOBS MMHHiQfK
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ÈvHKHMOHajîy ¡53 npM yonoBtixx íI3, 1 2 } 3secb j ¿  s SP ~ o6- 
JiacTK aonycTHMHX ynpasüeHHñ v. 3Ha*ieHHít $a30SHx KoopflHHaT. ÜJie— 
XOBSTeJibHO , MOXHO £OnyCTtíTb '0 f •

PemennB aajsauH nojiym&s s  BH,ąe:

'  te C < _ _ i' U¿i Ká'
¿ r%

^ 1 ^
¿ y  .-U'iví -ty-ívi w  _ fía^ql'í,'-_---- .     — ---- —7~- ■+ J.¿r. \   ~~cr-..T — y -v  -
0 ,̂; iys:Q^%: &$■ €o MNÍOf

'di* [J/j;SüyideJ _ f .
àMii i âÇiUjffCLíü- K C ' K^O^jd'Mv

-M* ] } -  'íK ° ,d • < «-•”'> • v/̂  V ^

Li,̂ : = ir«,« v U4¿'*Mpi¿-sv¿' ;
* '■" • - V,-- '

ife£ií ■¡Muí t H-

19)

CpHMep I
B 3iéC C AByJífí SeKHXpOHHhtMK KOBOT KO 3 aMKHVTUMK ^BHraTSJIHMH

( U fy) = 0 )  BupsBKHTfa i.Ji«6o o ó e c n e w r b  HeoOxoflMMoe cooTHoraeHHe) 
gjieKTpoMarHHTHHe momchth ( J íj j,  J g }  flBH raTejieñ npH riyjibCHpynąew 
Mc M pa3J!HUHb!X KGCTKOCTHX TpaHCMHCCHtt.

UeJiesoS? (fyHKiiMOHaji

J  " J  ( ü l \  ~ thb, J d i  -, f Ct j yt($) £  Ur

P6ID6HH6 ^
~ 1 u - D L r  + & ( < & r Q L f i ) (  M . j  Ú £ ,

%

á - G Ar. ; t ö ! ¿J iéC

tIU)

III)

x f e m o ,  m  r$c ’ iK. mripwiep 2 1/1
sopMHpoBSHHe aa^aHHoro sHB^eHSia uoMeHTa b t p s h c m h c h h  tMg^y
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3 ®  c KopoTKoaaMKHytHM Ą 5 npa onpe^eneHHOM
IlejieBoñ $yHKUKOHSJî w '

i- * /  ( tj$ Jf?) e Ur (12)
O ' PL- P1 "'Sr — ""

Peifl6HM0

a ~ c ę * £  M ż $ L ą ^ !p )  ,Ą.m,M k  ,13)
rfle

i f - I r  €  % -% ■% >;,
”1 - KeCTKOCTb TpaHCMHCCHH.

IlpHMep 3
Oöeeneuei'We sa^aHHoro momshts c mkhhma jibho M aMnjiHTy^ofi Koae- 

6b h k P. b 3¡á3 c KopoTko3aMKHyTRM. ĄĘ npss nycKe, sauefl/íenny,, saeKïpa- 
uecKOM TopMoseHKK h b ycTaHOBiiBisoMCH peñerase c nyabCHpymew

LÍSneBOjL (P;/HKUMOHSJj “

I * J ( fo -U F 'ë &  , (ci U&) C ¿¿ .==- o ’ ~ ~ ü  —  (14)PsiaeHHe jyis ̂aeTOTHoro ynpaBJieHHn ĄB
a -a^/i M ^ - i f a . æ p ü À -  a .& M Æ ..w  ^  , atr r  mrj Q ^  (I5)
PeæeHKe am aaeKrposHHaMM̂ecKoro monuomeHKK Ą5

^  ^ 1 É£' «6)
PsccMOTpHM 3aa;aqy  jT ipaBaeH njr ^cTkhxpohhumh KopoTK03aMKHVTbaoi 

ABKraTeaHMM AByxnpHBOAHoro cKpeÖKOBoro KOHBeftepa (aHajionnn-io mok- 
HO p em aïb  sa^axiK  a  a m  A pyrnx 3MC c  pacnpefleaeH Hbam  napaueTpaw n) 
c xjejibso oÖecnexjeHHB MüHMMywa AHHaimwecHOi? HarpyseHHOCTH 3MC [ s ]  ; 
MaTeMaTHnecKoe o n a c a n a e  flan c b (I), (3).

MHHKMH3KpyeMHÂ peJieBOÎ? $VHKqHOHaJI

. (i7)
rfle  jig *, J j >  -  Heo6xoflm i6e  a  TeK yqee SHsueKKH ajieicrpoMaraHTKiat
M0M3HT0B flB ssraT eJieS .

ä>a,30BLie KoopfiHHaTH 3M3. no ( I ) ,  ( 3 )  ( 'j

\j§ia 'fy§¿ ’ ‘ÍŜ  ’ W ] * M£' ’ (&? * 5|?*
. ¡ fa  » ^  )  o<5o3HauH»i nocaaflO BaTesbH o ( 2 ^  ,

Q /?V  ynpaBJiHEtnae B osse ftcT B n a . U tô i' > »(¿$P- >
■̂ 6 ^  i o 6p a 3yBT seK T op ynpaaneHKH . HeaaBMcaMwe nepeM em we

o8o3H3XÎHM 2  «= % /  , ï  =  ¿ f e  , *= •SJg'i > ?  *  2^ ,  • T * e ’

f e  ; 5  *1,2 ,3 ,4 :
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IlpaBûe tiacTH ypaBHeHHÜ Ha (I) h (3) oSosHaraw no npaBiuiy

(18)

CKHresHposaTb ynpaB^eHHH 3M3, onHCbiBae.vHX qH^tepeHqKajibHHMM 
ypasHSHKÄMM s uacTHHx npoHSBOAHMx, ue^ecooÔpa3HO Ha ocHOBe npHHiça- 
na MSKCKMyMa [4,2] . 3annnew yeJiOBHft oxiTMMajibHOCTHh 4I f ? <* ■ r- 0 - nt.m- s? î

LL ei¿, ~ »9>
r ^ e  Q* , - onTHMajibHuP. n p o q e c c  yirpaB.ieHHH ;
y i  i TT , Q/ , U - ) ~  noÆKHTerpajibHoe BHpatteHwe {yHKHHOHSjia (17);
'fj-i X  ) onpeqeJiHeTCfl h3 yeJiOBHßf M

Î *  "°X<!

" M
d ß p

L =1,2,...,19 (20)
Hpu H3MeHsraaieftcH bo BpeweHK cTaTunecKoß narpysKe KOHBeßepa, 

onpeAeJiseMoñ npoH3BQflOTeJibHQCTbK> KOMÖaftaa Ç' a cKopocTbw caMoro 
KOHBefiepa V #  , ąjih nepeMSHHoro J^=M ( Ć). , W*i) no-nyuHM pemeHMe:

U..1 - Jty, * , OfZI O f t  '/fe"-------------  •'

Mis< 1 ?uf Mí ; ¿ f  f*p y $ \ , ( 21)
«  A r  ä o ä i .

ÄHajiH3 ocqujiJiorpaMM, fparMeHTU KOTopboc npep,CT3E;¡eK¿rk8 ptic.2 , 
noKaaa.ii, «to ynpasneHHe CKpeÖKOBHM KonseBepoM abhhoä 100 m no (21) 
CHHxaeT aMTUiHTynu .nnHaMWíecKoS? cocTaBaHro¡eK ycjWHH b iienn b 6-7

CL

0,2 c

s
cy

(7,2c
— M —

P h c . S .  O ch b j ji o rp a m tu  n a p a n a ip o s ,  oT pajcazm zx p e x a v u  p a O c m  cxpeÖ K O B oro 
KO H Beöepa c  HeparynHpyeMHH (a  ) a  p e r y jtz p y e u u a  (t>) 3 jEeKTponpBBo.ila u x

F -  ycHBHe B n an a
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p a 3 . GneflOBafeJifaHO, oöecnem iBaeTCH  pe3K oe noBumeHHe Ha^exHOCTH, 
ÄOJiroBewHOCTH h yaeJuraeHHe flonycTHMHX paöom tx  ajihh KOHBeiłepoB.

B cjiOKHux aaflanax onTmooai^HH ahhbmhich roprejx MamHH c a a e r r -  
ponpHBOflOM m u  ruAponpHBOflOM, b qacTHOcTH ajih  CHcteM, jiHHeftHnx no 
ynpaBJieHioo, Korfla npHHijKn MaKCH«yMa h floeTaTotJHue ycJioBHH aCcojnoT- 
Horo MHHHMyMa He no3BOJunoT nojiyuHTb KOHKpeTHbiñ pe3y jib T aT , a  tarace 
JUCH OÓXOfla HeOÓXOfiHMOCTH vpe3BbHiattHO TpyflHOrO BHHBJieHHH OnTHMajIb- 

HOCTH 3KCTpeMajieft ilOHTpOTHHa H B CKOJIb3flmHX pezHMax qe.necoo6pa3H o 
HCn0JIb30B8Tb MeTOffid OCOÓHX OntHMaJIbHHX yUpaBXeHHft [ 5 ] .  yiiMTHBBH 
nepcneKTHBHOCTb th p h c to p h h x  3JieKTponpnBoflOB h yTBepxfleHHe B.$.Kpo- 
TOBa [ 3 ]  0 TOM, MTO OTCyTCTBHe MHHHMyMa B KJiaCCe KyCOUHO-HenpepblB- 
HHX $yHKĘHft CTO Jib s e  THTIHtlHO, KaK H e r o  HaJIHUHe, CT3H0BHTCH npHB- 
jieKaTeJibKbiM niHpoKoe Hcnojib30B8Hne amropHTMOB c paapuBHbiMHynpaB- 
JleHHHMH, T . e .  0nTHMH38ÜHH CKOJTbaflrçHX peZHMOB.

ÄHH Bcex THIIOB 3JieKTp0npHB0fla HyzHO HCn0JIb30BaTb ypaBHeHHfi 
c iiexbD CHHseHHH TpyfloeMKOCTH onpenejieHHH onTHMajibHHx ynpaBjieHHft h 
H HHM flOÖaBJIHTb ypaBHeHHH THna (2) HJIH (3 ) .

IIpoBepKa pemeHHft ( I I ) , ( I 3 ) , ( I 5 ) ,C 2 I )  MeTopaMH H3 [5 ]  noflT- 
BepÄHJia HX OnTHMaJIbHOCTb.

OnTHMaxbHO ynpaBHHTb flMHaMHKOfi rH ßpoonop äoClw hhx KOMÓaftHOB, 
rHAponoflaíf ÖypoBbtx c tb h k o b  ( jy w  b3phbhlix CKBaseH) h yctaHOBOK (a jlh  
PSpTHKaJIbHHX CTBOJIOB H BeHTHJIHIJHOHHHX CKBa*HH>, nopOAOnpOXOflqeCKHX 
KOMÖaßHOB MOSHO H3MeHeHHeM nJIOrçaAH BnyCKHHX H BbinyCKHbCX OKOH c no- 
MombD 3j ie ktpH^ecKH ynpaBJifieMHx rHApoycHJiHTeJieñ. H cnojib3ya MetoAU 
[ 5 ]  MOIKHO pe3K0 (b  8-10 p83> CHHSHTb flHHaMH^eCKHe COCTaBJIHIDIIlHe 

ycHJiHfl h BnCpaiyro MamHH, noBUCHB 3Thm hx flO JiroB ew ocT b h , cjieAO- 
eaTeJibHO, HHTerpajibHyio np0H3B0AHTenbH0CTb.

BcjieflCTBHe cHCTeMaTJumocTH cTonopeHHB HcnojiHHTeJibHHx opraH ou 
ropHHX MamHH, cKpeÔKOBbix KOHBeñepoB h apoÔ kjîok a i h  pyflH h nopoflu 
hx 3JieKTponpHBOA AoazeH hmotb 3KÇKaBSTopHyn M exaHmiecxyn x a p a it r e -  
pHCTHKy flfia  orpaHHMeHHfl MeflJieHHfcix n ep erp y ao K  h sjieKTpiroecKoe 
(peKynepaTHBHoe hjih KOHAeHcaTopHO-flHHaMHnecKoe) TopMOzeHHe 3 a -  
mHTH ot 3KCTpeHHbix n ep erp y3 0 K  [ 6 ,7 ]  .

IlpHMepa TexHHtiecKoft peaJiH3auHH onTHMajibHoro ynpaBJieHHH ah h b - 
mhkoU npeflCTaBJieHu b [ 8 ,9 ]  .

Tax KaK npeo6jia,ąaioiiiHM bhaom noBpezAeHHfi TpaHCMHCCHil h k o h c t-  
pyrapifi MamHH s t o r o  K Jiacca (f la  h mhophx ApyrraOflBJUieTCH yctajiocTH H fi, 
a aJib  ajieKTpHuecKHX MamHH (h30jih iih íi o 6 m o tk h ), nemynpoBOAHHKObkx 
h smeKTpoMarHHTHHx annapaTOB -  TepMOMexaHmiecKHÄ, oÖHapysHTb k o to -  
phie b n p o u ec c e  3*cnjiyaTaqH H  secbM a TpyflHo, t o  c w ra e M  qem ecooß paa- 
HHM MOAeJinpoBaTb HaKonjieHHe noBpeaąeHHB s  HBHÔojiee xapaKrepHHX (Me­
nee AOJiroBenHbix) nacTfix no H arpysK av:, AeftcTBvmjHM b sjieKTponpHBO- 
flax . HanpHMep, b I^ysCaccKOM noxHTexHHMecKCQi nHCTHTyre c o sa a n tí h yc- 
nesmo HcnutaHM b pezHMax kohtJ>ojih h aBTOM atmiecKoro aaanTHBHoro y n -
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pawiem« chctsmh ynpawieHHH c nonynpoBOAHKKOBHMH ycTpoâCTBatuî, mo- 
TepMOBüßpoMexaHssuecKne nospejsfleHMH hsojihiîhh secTKHX 

eeKquft acHHXpOHHHx ABMraTeaeñ h ycTaxocTwe nöBpemeHm TpaHCMKC- 
cm  ropHHX MamHH (pnc.3.) [10,11,12 ] .

¡¡AH onpeflejieHMH 3i$$eKTHBHOCTH padoTH wexaHH3Ma c$opwyjinpoBaH 
noporoBHÄ KpMTepHfi, onpeAenneMHii BeJMHHOft pecypca ycTanocTHOft 
flOJiroBetffiocTM ysjia, rapaexopoBaHHoß na HHTepsajie BpeMeHH T , Heofi- 
XOflHMOM flJIH COBepaeHHH MexaHH3M0M HSKOTOpOt? 3ap,aKH0ft paÖDTH A0 .

W  " {S  ( J f i )  Í22)>.  «— 4J
OcodeHHOCTb» npKHHToro KpHTepHH HBiijieTCH B03MosHocTb onpeftejie- 

HKK ero BejIWIHHH TOJIbKO B flHCKpeTHHe M0M8KTH BpeMeHH, KOBflB CT3- 
H0BHTCH TOKfleCTBOM BHpaseHHe

p % a m - o ,  _ W )

vpfi Tß,-  BpeMH BunojmeHHH paßora A-; P~ ( i  )>Q -  MonpocTb Ha bs- 
jiy npHBOfiHoro HBuraTejin, HanpaBjieHHaH àa coBepmeKHe MexanunecKoSt 
pafioTK.

3aBHcnMocTb noporoBoro KpHTepHH (onpeflexeHHoro no ycTajrocTHO- 
My noBpeztfleHHB3 ayßbeb KOiieca peflyKTopa npHBOßa noABeMa) ot 3&nu~ 
mmt ycTSBKH tokb oTcewra, nojiyqeHHan nyreM MOAeJinpoBaHHH npopeff- 
ca KonaHHH npuBeACHa na pnc.4.

BaJMtJHe MHHMMyMa KpHTepHH 3̂ !eKTHBHOCTH W B OÖJISCTH 3H8He- 
mft K03$$npaeHTa OT-eetiKH nosBonseT pemaTb 3afla«y onTKMH3an;Hn pae- 
xofla pecypca yaJioB npHBOßa, npuxoAHnyiocH Ha eAHmmy coBepmaeMOfi km

W

10

8

6

¡1

z

Pac. 4. SaBKCHMOCTfc peCypCMHKOCTH OT XOSÿÿBQKSHTa OTC6BKH losa aaeKiponpa-
B«wa
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paCoTbi. HccJieAOBaHHH Ha on$poBOñ MOfleJin noK83ajin, tito npn yBejime- 
HHH ÄHcneponn Harpy3KM 3HPueHHe K03$<£KpneHTa OTcetjKH t c o o t -  
BeTCTBj ranee oKCTpeMyMy noKa30TeJW offeKTHBHOCTH W  , ćiiemaeTCH b 
CTopoHj' HOTCHeii rpaHvrjH nonycTMMbix snaueHHtł K03$ćniTneHTa OTceuKH

. mar

J £ V U * 7 > K- L'l> ̂ í̂ f¿K X '•OTC

h MO*eT BbixoÄHTb 3 s  H ee.
Upe&ncweH uieno/i asTOMaTmiecKoro H3MeHeHiw CTaTHnecKofî xapaK- 

TepHCTMKH npnBo.ua nyTeM H3MeHeHHH HanpjraeHHH 3BeHa orpaHHweHMa pe- 
ryjiHTopa CKopocTH cucTeMH ynpasjreHHH npHBOflOM b $yHícqnn [12] :

— . _U-oh> ~  iJfoTp- ' U )  (2 4 )
w p P  ■■ * L.J • - r ■ i -

r ^ e  y-.örp -  nocTOHHHas cocTaBJinioinaH HanpflïteHMH ynpaBJieHHH 3BeH0M
orpsHmieHHfi; U - ^  - n3MeHHeMaa cocTaBJiHranan HanpHKeHiw ynpaBJieHHa
3 Benów orpaHOTe.HMH.

CokaaaHO , «To n cn o ab 3 y a  npe^JiaraeM Łiii MeTOfl.cTaTvwecKaH x a p a K -  
TepHCTHKa -iipHBOfla onHCblSaeTCH 3aBMCHMOCTblO

vLûivjt o /. , ,
M  .  M-crp J^ n V  -CO ( 2 5 )

4 " /cl ¿(/OM ' J£(ń!
H ÇfûpMO e e  33BHCHT OT 3H8iteHHH HOCTOBHHOft H H3MeHH9MQÍÍ COCTaBJÎHK)- 

uiHX HanpH»eHHH ynpaBJieHUH 3BeH0M orpaHjraeHHH. Ilpn 3 Tom H3weHHe- 
M3H coeraB^HKĘaH o6ecnetiH BaeT TpeßyeMyro »ecTKO cTb c T a T m e c -
KOÎÎ XapaKT-epMCTKKH B"peHHMe CTaÔHJlHSaiiHK MOMÊKTa, a  nOCÏOHHHas 
COCTaBJIHKOiaH l̂ Tp -  BeJIHMHHy CTOnODHOPO MOMeHTa. liOKaaaHO, TITO 
OCHOBOÎi MeTOpa aBTpMSTîiqeCKOrO $OpMMpOBaHHH CTaTHTieCKOft xap aK T e - 
pHCTHKH HBJIHeTCH B,0I10JIHKTeJîbH3H OßpaTH&H CBH3B DO CKOpOCTH C p e -  
pyjiHpyeMHM Kootjxf/HipteHTOM nepesax in  J - f f i ■

OcoßeHHOCTb BKJIKSTjeKïlH pOnOJTKMTeJIbHOÎÎ o6paTKOÎ5 CBH3H COCTOHT 
B TOM, TITO 0H8 pâSMhîKaeTCH B peKKMe CTa6HJIH3ai;HH CKOpOCTH npH p a -  
f io re  CAy Ha HacbimeHHOM yrjacTKe CTSTHwecKoñ xapaKTepncTHKH p e r ÿ -  
jîHTopa CKopocTH p H C .5 . H Bxnm iaeTCH, KOPfla cxcTeM a paÔOTaeT b p e x iî-  
we CTaÔMHaauKiî MOMenra ( ao n a HacHmeHMH CTaTireecKOË xapaierepKCTHKH 
peryjiH T opa CKopocTH p n c . 5 ) , à-aefteTBH e c b h sh  npoH BiuieTcs nyTeM 
CMeąeHHH ypoBHH HanpraeHHa orpaHBweHHH n a wm>p,e peryjiH Topa c k o -  
pocTH b $yHKpKH ( 2 4 ) .  HojiyriaeMaB npH 3Tom $opMa cTaTiroecK oft_xa-, ÍV01-
paKTepHCTHKM JlePKO XOHTpOXXpyeTCH no 3HatieHHHM HanpiüKeHHÄ Ü/Sy) H

u 7 r ?  • J
B AaHHOM cxyTiae sabaya cHHTesa caMOnacnpaHBaraneßc  ̂CHCTeMLi 

ynpas.neHMH c b o jik tc h  k a a s a n e  CTaTHrieoKOí? napaMeTpiwecKOi! o i i tk -  
MH3actHH GAy npHBOflOM, pemaeMOñ CecnoHCKOBUM m cto^om . ÂxropuTM
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F h c . 5 . iopxHpoBaxxe aBToxaTHqecKX u sue M e  u oil c taTHaecxo il xapaK iepa- 
OTHKH SJieKIpoapHBOSa

6ecnoHCKOBo{i HacTpoßKH npeflycMaTpHBaeT BbraHCJieHHe pa3H0CTn a e x -  
Ay TeKynjHM sHaneHHea KpHTepra nć^eKTKBKOCTU V (T g^  u e ro  3 aA an- 
HHM 3HatieHneM ^  , cBe^eHHe k Hyjno nojiyneHHofl pasHOCTu b c o o t-  

B6TCTBHH c npHHiymoM ynpaBJieHHH no OTKiioHeHmo.

rAe -  BeKTop BHyTpeHHero coctohhhh  3MC; -  I  - th R  KHTepsa.n 

BpeMelÍH BunHCJieKHH KpHTepHH 3$i|eKTHBH0CTH; ÿ -  iaar ajiropHTMa. 

ĄąanTHBHoe ynpabJinranee y cT poR cT so  BtmojiHeHO Ha 6 a 3 e  aH ajioroBux 
h liHîÎpoBhix HHTerpajibHHX MHKpocxeM, ycnenmo HcnuTano Ha aoÖlmhom 

KOMÖaRHe, 3KCK8BaT0pe 3KT-4,5E h p aÖ o iaeT  Ha 3 KCKaE8Tope 3IÜ-I3/5CA.
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OPTYMALNE i n a o c z n e  s t e r o w a n i e  d y n a m i k ą  o r a z  s t a n e m  t e c h n i c z n y m
MASZYN GÓRNICZYCH

S t r e s z c z e n i a

Maksymalny wydajność kompleksów przy wyznaczonych kosztach własnych 
można osiągnąć tylko przy optymalnym 1 nadężnym starowaniu dynamiką oraz 
stanem technicznym maszyn górniczych.

W rozwiązaniu tego problemu za główne przyjęto kryterium minimalnej 
jednostkowej chłonności zasobów (zużycie środków technicznych na jednost­
kę wykonanej pracy ). Opracowano metody syntezy oraz urządzenia optymalne­
go nadężnago systemu sterowania automatycznego (SAU) w oparciu o zasadę 
maksimum, wymagane warunki bezwzględnego minimum i szczególne optymalne 
wymagania, metody 1  urządzania zabezpieczające przed przeciążeniami, 
identyfikację obciążenia i diagnostykę stanu technicznego systemu elektro­
mechanicznego łącznie z pośrednim określeniem okresu trwałości zmęczenio­
wej maszyn oraz termicznego i wibracyjnego zużycia izolacji uzwojeń sil­
ników.

Opracowane systemy oprócz optymalizacji procesów dynamicznych pozwala­
ją ocenić kwalifikacje maszynistów oraz dają naukową i techniczną podsta­
wę do optymalizacji terminów przeprowadzania remontów według perspekty­
wicznej metody agregatowo-węzłowej.
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OPTIMUM AMO ADAPTIVE CONTROL OF DYNAMICS AND TECHNICAL CONQXTÏON 
OF MINING MACHINES

S u œ m a r y
Maximum efficiency of complex at given prisse coast can be achived only 

at optimum and adaptive control of nining machines.
The criterion of minimum unit absorptivity of resources (the use of 

technical means on the work unit ) ie assumed as the main criterion in 
solving this problem. A synthesis method and a device for optimum adapti­
ve system of automatic control were worked out. They are based on the 
maximum principle, required conditions of absolute minimus end particular 
optimum requirements. methods and systems protecting against overloading, 
identification of the load and diagnosis of technical conditions of 
electro-mechanical system together with indirect determination of fatigue 
life of machines and thermal and vibration wear of instalation of motor 
windings.

The worked out system apart from aptimization of dynamic processes 
make it possible to assess qualifications of machine operators and give 
scientific and technical basis for optisization of maintenance dates.


