
MMTPOOAHOB MTOPb HMKOJTAEBMq 

1 of 16



PAGOTA BblflOJlliBI1A B AP3AMACCKOM IlOJMTEXHMWCKOM MI~CTMTYTE (@MIIMAJC) 
IiHXETOPOACKOrO rOCYAAPCTBEHHOr0 'TEXIiM~ECKOrO Y HMREPCMTETA. 

3a- cocmmr "_L" d ~ k i z 6 ~ ~  2005 r. B /C rIacoB Ha 3 a c e ~ a s u ~  

n n c c e p ~ ~ u o ~ ~ o r o  coeeTa A.2 12.165.05 H~eroponc~oro  rocynapmeririoro TexHnrIecKoro 
y s n s e p c m  no anpecy: 

603600 r. Hnm~nti HoBropofl, yn. M n ~ n ~ a ,  24, HmY, KOpnyC 2, aynkiTOpUfl~ - 

C A H C C ~ ~ T ~ U M ~ ~ ~  MOEHO 03HaKOMMbCII B H ~ Y ' I H O - T ~ X H U ' ~ ~ C K O ~ ~  686nuo~e~e 
H K X C ~ ~ O ~ O A C K O ~ O  I'OCyAapCTBeHHOlW TeXHMrIeCKOrO YHHBepCnTeTa. 
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Amyanalloc~b ~ e M u .  3anaqa cu111c3a cm~~nu3~py1ol1rcfo pcry~inApa c dipa~lroii censl.lo 

Ilo sbixony (OCB) 6bua imcmRnclla lia c a w x  palrrlnx wanax 6a36rTin T C O ~ H ~  ynpatulcliiin. 

ao ce ncrepnbrmloqcn, pcl l~e~nr  IIC rlonyreso no HaLronqero epcMeliu name ~ I R  nn~ejil~lrlx 

CHCTeM. B COBpeMCHHblX ny6~lu~all~nx 3T)' 3UaYy OTHOCnT K*haccy &K I~i33blBaCMblX 

~ ~ Y A H M X ) >  3 ~ a ~  WOPHU ynpasneenn. B TO x e  BpeMn, y ~ a 3 a l i e ~ k  n,n b6pamo~ c~n31r ne- 
nnmcn ~an6onee npnBneKarenblibiM c n p a ~ ~ n r e c ~ o k  TOSKU 3peiinx, nocKonbKy perynnrop c 

I ,  

0 6 p ~ ~ i 0 k  CBn3blO no BblXOW nmncrcr ~au6onee IlpOCTbIM. 

nporpecc B pa3semn TexHnKn n wx~onornti nocronas;i npnBonnr K normeenlo HO- 

BblX KJlaCCOB CHClXM, OAHHM H 3  KOTOPMX XBnIIKITCR CWCTeMbl ~JXySafiHok CTpYKTyPbl (CCC). 

O T ~ H ~ W - ~ H O ~ ~  O C O ~ ~ H H O C T ~ K )  CCC rBnnerca HaJIUSUe croxaCTnsecKor0 npoqecca CMeHbl 

( n e p e w ~ e ~ n n )  pemhnos, B m m o ~  rn KOTQPMX noBeneeue cnc~eMbr onncnBamr nni$i$e- 

PeHUUaJIbHblMU M M  pa3HOCfHMMU YpaBHeItKSMU. B HaCTOJiqee BpeMr, 6nammpn BaXHblM 

IlpUMeHeHwffM B ~ ~ ~ O K O C M U Y ~ C K O ~ ~  c@epe, 3HepMAKe. 3KOHOMWKe, IlPOMbllIUleHHOM npOU3- 

BOACTBe, MaCWBOM O~CJ~~XUB~HUU,  KOMMYBHKaUkiOHHblX UXSX, H APYrWX O ~ J ~ ~ C T I I X ,  C U C R -  

MM xoro  Knacca npnBneKamT ~unpo~uii  uwepec cneunanncroa. Hairerne KaK ~ e n p e p b ~ ~ e o k ,  

TaK U A U C K ~ ~ T ~ ~ O ~  AUHaMUKk4 IlPUBOAUT K IlOXBJleHUIO CYlllKTBC?HHblX o C Q ~ ~ H H O C T ~ ~  B ;(aPaK- 

~epncntKax ynpaanrieMm, ~a6nlonae~omu n y c r o f i s u ~ m  TaKnx CRCP~M. K p o ~ e  mro, B 

TaKm cumMax o6slrno uMemn CywmeeHue Heonpenenennomu, B r a m o m ,  npouecc 
CMeHbl PMHMOB BCerna UMeeT HeOnpe&eJieHHOClU. ~ O ~ T O M ~  m n  CCC w ' i a  CHHTfZM 

ynpameem c OCB ewe 6onee ycnoxnneTcr n nomea p a c c ~ a ~ p n ~ a ~ i n  B po6acr~oiZ no- 

craeoarte. B Hamonwee Bpew cyrrlemyioT numb emenwue  pa6arar, B KOTOPLJX nonpenm 

KOHC'IpylCTHBHbIe pe3ynbTeT61 no CMHTe3Y YnpaBneHWl C OCB JUIS TaKux cHCT~M:' ' 

 tam^ 06pa30~, aKtyanbHocFb npo6ne~m c n m a  cra6nnmnpy~o~uero~ynpme~wrr c 

OCB Nln CCC 06ycno~neea C OAHO# mp0Hbl ~ O T P ~ ~ H O C T I I M H  npaKMK)1: ynpamesnr, C 

npyroZi mopo~sl-  ~ u p o ~ o f l  ~emeeuueil p a 3 ~ m  reopnn ynpmeenn. 
qenb pa6o~bl. uenslo naeeofi p a 6 o r ~  nBnreTcr pa3pa60~~a Me-ronoB n anropnmos cumesa 

m a 6 u n ~ 3 ~ p y m w  perynn-ropoa nnr HenpepMsHbIx CCC c OCB, 06nanamwnx C B O ~ ~ C T B ~ M  

po6acrtrocru no omomeHnto K pa3nurew TunaM ~eonpeneneeeocreii. 

3anarn n w c c e p r a s ~ i o ~ ~ o l  pa6o~br. I'Icxonr a3 noc rame~~of i  uenn, B neccepTaueu nnn 

n ~ ~ e i l ~ i b ~ x  Henpepmiiux CCC c OCB 6b1nu nocrameHb1 cneayloqne sanarn: 

1. HaBn napaMeTpnrecKoe onwcaend (napa~e~pmauuio) Bcex cra6unu3npyloqux pery- 

nmopoa. 

2. Pa3pa60~a~b MeTOAbl U anrOpHTMbl CUHTe38 ~06aCTHbl~ perynSlTOpOB. 

3. Pmpa6ma~b nporpaMhrsoe 06ecnere~ne, peana3ymwee y~a3ae~Me MeTonbl, n anropn~- 

MM. 
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4. Anpo6npoea~b n p o r p a u ~ ~ r o c ~ ~ n e ~ r e s a e  B npuccce'peu~e~un pnua KollKpeTHarx 38- 

nav ynpaanerlnn. 

Mem~bl nccnwoeanns. Ocr~oalibl~w meTonaMn, ncnons3osalilimie B npouccce ncaIcAoBa- 
.A 

HUE, nennmcn M~TOU croxacruwcKnx +YHKU!A ~ R I I Y H O B ~  H MCTOA~I BMrrylcnoro ar~anma. 

npn~e~nnncb  Tame pe3ynbmbI ?pun Aeqeqanti3Batilloro ynpaeneenn, MeTonM nn- 

~ e i i ~ w x  M ~ I W H U X  ypaBrre~w8 n HepaaeHcre, n sncneHHble MCWM Ha 6a3e 1iaKex-a 
. i r  .4 

MATLAB. 
) ,  

Censs c nnanom. ~ ~ c c J I ~ ~ ~ o B ~ H H I  no TeMe ~ c c e p ~ a q t i o ~ ~ o t i  pa& npoimmncb B COOT- 
.( - 

BeTCTBHH C nnaHahtti H a y r I 1 l O - H C C n ~ O s a T e n b C K ~ X  ~ a 6 o ~  A ~ ~ ~ M ~ c c K o C O  non~Hn9ecKGro 

nHcnmp (annnana) HITY no npoemu;, nouepxaHHvu rpanraun Lcncs.kcKom (owa 

Qyma~e~lanbtmx nccnenoea~up 02-0 1-00220 H 052pl-?j 132. 

Haywan H O B H ~ H ~ .  B ~ q c c e p m ~ ~ o ~ ~ o t t  pa6m-e *e;esle nonyseno naparaapwecKoe onu- 

aHne (napa~e~pwunx)  Bcex c r a 6 w r ~ n p q t i x  perynnTopoe CCC c OCB u npenmaneeb1 
Hoewe , p 6 x o ~ ( ~ ~ s r e  H nocramsuue ycnosm m6nnu3aqe CCC ynpaeneuseM c OCB, 

opneqnpoeaHHble Ha ngtiMeHeHue annapma esmnylcnoro aaanusa, B v a m o m  - nu~e i ' i~b~x  
MaTpHSHMX HePaBWCTB &MI). ., rr 
llpamuseclcan ueunoera. n o m ~ o e ~ a  3 ~ a s n ,  peuiae~ott B nuccvaqnti, BbrreKaeT us no- 

t.. 

qx6~ocreti n p a m m ,  nocKonaKy B peanmsnr cncreuax Bcerna npnxonmcn cnmnpoewb 

ynpaaneune co mmsec~01 nnu m ~ a m s e c ~ o t t  PCB. Pa3pa6m~npe nporpaMMnoe o6ec- 
L .  

negeHue ~ o x m  6- npuMeHeeo npu c t i m k  c~a6nnn3npytourero ynpaeneenn n106bl~u 
, r 

CCC c OCB, nmmsan cnoxaue Texiimecme CHCT~MM (ne-ra~enb~ue annapam, seepremi- 

recme ycra~osm), sKoHohamectule ti sKonorwnecqe cn%mMw. . do 
AnpoBauun IIoJlyveHllsrx pe3yJlbT8MB: OCHOBH~I~ P,e,3yJ!beTbI pdOTbl6bl~~i IIpeACTaBJIe- 

Hbl B W e  &2 H AOKIIaOB Ha CJIeJlJWWX HaPHbIX MePOIlPlWTHRX: ' 

1. 6-2 h i ~ ~ a p 0 ~ I x I ~  CUMIIO3kiyM IFAC no H C J I ~ H ~ ~ ~ H ~ I M  CnCRMaM ynpaMeHllR 

(NOLCOS 2004), U I m a p r ,  repuaenn, 2004 r. 

2. VII ~ e x q y ~ a p o m b ~ t i  ceMuHap " Y m ~ w m o m  n ~one6anun ~entineti~nx cncreu" 

na~m E . C . h w s ~ o r o ,  Moclc~a, 2004 r. 
3. 9-n Mexuxyxiapomar ~ o ~ @ e p e ~ q n n  c c C n q e ~ ~ u #  aeanm u ynpaenemen, Eena~opnn, 

Y ~ p a n ~ a ,  2004 r. 

4. Bmpan ecepoccnEc~an iraywar ~ 0 ~ 4 e p e ~ w  cf lpoempo~mue unxetiepHarx n Ha- 

~ Y H ~ I X  npmoxe~nli B cpene MATLAB?), M C K B ~ ,  2004 r. 
5. 6-n MeWyHapOnHari K O H + ~ ~ ~ H U W  ~ ~ p a B J I e ~ k i e  3HepreTllqeCKUMU CUCTeMaMUD 

(CPS'04), Bucome Ta-rpar, Cnoea~un, 2004 r. 

6. MeXulyHapon~an ~o~@peeqaa ,  nocBnuIeHHan 70-nmm npo4eccopa E.T. nonara, 

Mocrma, 2005 r. 
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7. 164 B C C ~ I I ~ ~ ) I I L . I ~ ~  ~onrpecc  IFAC, npara, qexlta, 2005r. 

8. Coshrccrllaa ~o~~Q)epcll~rlrw IEI:I', IIO I I ~ H I I H T I I I O  l)eluell~lii N YII~XIBJICIIIIIO u Enp011cji- 

cKar ~ol~$cperrunr r ~ o  ynpa~ne l ln~o  (CDC-ECC'OS), Ccsunbn, Mc~~alntn, 2005 1.. 

n ~ ' 6 ~ 1 l l ~ a 9 ~ l l .  OCHORI{OC COAePYRllNC IIHCCCPTaUIIN OTpaXCIrO B 9 IICYaTllblX pa6o~ax. B CO- 

BMeCTHlIX pa6o~ax HaYqHOMY pyKOBOAllTeJll0 npllllaJlJV.3KaT nOCTaIlOBKU 3ana.l U UJ.ICll AOKa- 

3aTenbCTB 11 ~LIOPI4TMOB. ~0Ka3aTenbcT~a TeOpeM, pa3pa60T~a MeTOnOB, WlrOpUTMOtl n npO- 

r p a ~ ~ ~ o r - o  06ecneqe~un npurrannexaT awopy. 

Crpymypa w o61.e~ nnccepTaunn. Ocrroerlofi TeKcr nuccepmuuu cocrom 113 ~ s e i e ~ n n ,  

naTn maB, ~ ~ K ~ I O S ~ H U X ,  cnncKa nwrepa~ypb:. conepxawero 73 HmsaHna, n 3 a ~ u ~ a e ~  109 

MalllPlHOnUCHblX CTPaHUU. 

KPATKOE COAEPXAHHE AMCCEPTAVMII 

B nepeoii rnaee npuseneH 0 6 3 0 ~  CoBpeMeHHom COCTOI~HMII npoGne~b1 ynpaaneHur 

CCC c OCB, paccMmpeHa ucropna uccnenosariufi pa3nu'iHblx nonKnaccoB m ~ u x  csereM, rla 

6a3e uMefouuxcn p e 3 y n b ~ a m ~  osepseH Kpyr sanas, peruaeMbrx B nanb~efiurux rnaeax pa6o- 

Tbl. 

Bo sropoii rnaee npencraiwetr OAUH u3 OCHOBHUX TeopmusecKux p e 3 y n b ~ a ~ o ~  nuc- 

c e p ~ a ~ u o ~ ~ o f i  p a 6 m :  n a p a ~ e ~ p u 3 a u m  (~ .e .  napaMqmecKoe o n u c a ~ u e )  Bcex c~a6unw3n- 

pymulux perynmopoB CCC. 

M ~ T C M ~ T W ~ C K ~ U  MOnenb nUHefi~0fi CCC 3a4aeTC5l CJTeA)'foulkiMU YpaRHeHUSMU 

n = [~ l , ,  K,, 2 o ( i  + j ) ,  K,, = -2 j. ,~ , ,  r > I, - MoMem nepexona 1.13 pemuMa r. (5 - 0) - i 
B peXUM r ( 5 )  = j ,  A, B, C - MaTpUUbI COBMeCTMMbIX p a 3 ~ e p H o ~ ~ e f i ,  0 6 0 3 ~ a ~ a e ~ b l ~  KBK 

A,, B,, C, npu r ( t )  = i , Q, ( i ,    EN) - nOCTO%HHLle MaTPUUbl pXiMepHOC'U n x n , npnreM 

@,, = I .  

6ynem paccMarpusa-rb s a ~ o ~ i  ynpasneens B 4 o p ~ e  c r a ~ ~ ~ e c ~ o t i  OCB 
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Onpenenel~ne I .  Pezyn~tnq c OCB (2) 11a3brsuemcn cnta6urrluirp)wu/u~. ecnu rrepa- 

6eHCml?U A f ) .  . . 

rne im (c: ) n ~ e r  (c, ) ,- wawuno-0pmmnunn.e n~pqmapaHcr~-~r~awp,"-,"- X,E RI MM 

u o m ~  xannclrra x - xf + XC,  rne x, €Im(c;) n x, E K e r ( ~ , ) .  !'b'.r arl - ?T 

7t.t' 'f* > . ? '  
O ~ ~ ~ ~ A ~ J I H M  ~ ~ ~ 0 ~ 0 1 i t ~ ~ b I i b l e  MaTpUUbI 

- 3 E ~ ( ~ ) - c ~ ' c , , E ( ~ ) - z - E ~ ( ~ )  . .  . ( 5 )  

B corn-nu c d a i 6 u e ~ n e ~  (4) MaTpnm (5 )  rmm; uqmaMn npoemposaHwrr Ha 
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. , ,-, 

zde A, - npou3so~btr~e ~ampuyw, mame, umo !A,(\ <I, R,, &%ecosbze iampuybi ~ n p a d e -  
. . . . . *: . 

> 0 ' L & p ~ y L , ' i n p e ~ ~ A ~ e  ,$op~ynoli ~ C O C ~ O R H W  { Qi,4 } E ~ ( ~ ~ . . : . ? H ~ ) *  Si .:,.. ,, ,, , . . . . , .;,-.. 

n e p m  Y a m  - p e w  1 naeT H ~ O ~ X O ~ ~ U M ~ I ~  H .aompmwbIe ycnoBm c ~ a 6 ~ n ~ 3 a ~ 1 l l u  
CCC PeIynllTOpOM CO C ~ ~ ~ T U Y ~ C K O ~ ~  OCB $, BHne CylUeCTBOBaHWl pelr,leHHfi H ~ J I H H ~ Z ~ H O  CBll- 

3aHHbIX HepfiBeHCTB n f i I I y ~ 0 ~ a  H H ~ J I U H ~ ~ ~ H O  CBff3aHHbIX y p a ~ ~ e ~ H f i  PHKK~TH. B T O ~ ~ R  YaCTb 
a a h  o61uyw 4 o p ~ y n y  (6), onucb~~atoul~d Bce &6mur$s~~~muitie perynmopsl c OCB. 

B qacTHoM cnysae, Korna C, = I nonyqHM n a p a ~ q a 3 a u n m  cra6wn~3upymnrnx p e w  

nSTOpOB C O ~ P T H O ~ ~  CBX3bD n0 COCT&tMlO (OCC). ; . . 
Cnenc~nne 1. l7yema 3ac)arrw nratnpttyar ( I '  € M) . Tozda cnedymzyue ymeepxdenwz 

'. r:. .%Yi . ; j 'i i . . , * , .D .  . . ..- , C '  , P . .  
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ii) P; xenxtotncz eduricrr~eer~~iarnru non~;wcume~tbrro onpcde~ierrww~~i peuretiurmru 

cucme,wu cs~.?unri~x ypaa~errtiii Pu~~ani t r  

d m  HeKOmOpMX > 0 U R, > 0 

iii) nrampuybl 4 > 0 u ydoenemsop~mm HepaseHcmeaM 

A e  P;, Q,, R, ydoenemsopztom ypae~e~wrnr P u ~ ~ a m u  (ii), a A, - npoweonb~bre MampuyN, 

ozpanzruenHbze no nopMe IIA,! < 1. 

B o 6 u e ~  cnysae MHOX~CTBO Maqnu J l n n y ~ o ~ a  nnr c~a6nnn3npymunx perynn-ropoi, 

c OCB s 1 { H ,  > o : H;I E X ,  H~ EY} Hemnymoe, A 0p06ne~a noncm H, o m m  OI- 

icpmti. B cnygae ynpa&em c non~oP n ~ + o p ~ a u n &  o cocroxmn (OCC) M H O X ~ O  Bcex 

uarpnu finyuosa L, "6 > o : r1 E X }  sslnymoc s ~ m m a n e m o  MHoxemBy Bcex nono- 

x m z x s ~ o  onpexeneHHbxx pcueaM C B ~ H H H X  y p a ~ ~ e ~ n k  Pwmam (7). 

IIonyre~~bre pe3ynb~a~b10606uaro~cx Ha cnenyMune KnaccbI CCC: 

I. Po6amnbre no omnotuenuio K n e o n p e d e n e ~ n o c ~  eepo~mnocmeii men61 pe- 

m m o e  CCC c OCB. B peanbHm sanarax ynpaanesm Bepomocrn nepexonoe ns pencma B 

PeXHM TOYHO HeH3BeCTHE.I. ~ ~ ~ X . ( I ~ O ~ O X H M ,  'IT0 MaTpnL@ n -n(6) XBJlSCXCn I @ ~ A H H O ~ ~  

+ynaeek eempaom napmapa 6 , T.e cyniecTBywr ne t i c r smb~bxe  M~QUUSI no,. . . ,n, 
o m ~ a r c o ~ o ~  pamepHom, Tame, w o  n (6 ( 1 ) )  - no + 6,n, + . . . + S,H, nnn Bcex 6 E A . 
f l o n y m ~  Tame, YTO HeonpeneneHHMe napaMapsl 6,, j  E 1,. . ., N npnHuMam ~ H ~ Y ~ H A I I  Ha 

Onpenenentie 2. Perynmop c OCB (2) mbleaemcx po6acmlro cma6wnoupymulu.u no 

omHouteHm K ~ @ # U H H ~ ~ M I I  neonpedene~~~c111~u e e p o m ~ o c m e f i  n e p e x o h ,  'eM2r ~epaseri- 

cm6a (3) npu xy - R, (6), 6 € A ,  i, j E  N memm nono.ncumenwto onpedenenrrcte pewnue  

Hi = H: (i€N).w 
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&in laKux cncrcM B $2.3 nonyqella yactrnifar napa~e'rpn3aynr po6acmlblx ma6tuln- 

3UpYIOUIHX PC~JIIITOpOB. 

2. CCC c ~riricu~rruec~rurrr OCB $u&iipai&tni~z~ uqnOm. B $2.4 flOK~3allO, q n r  

CHCreMbl  C A A ~ ~ ~ M H Y C C K O ~ ~  OCB npHBOlUlTCI K CHCmMaM CO C T ~ T H W C K O ~  OC13 1l)'TCM paC- 

m n p c t n L n p o a H  cocror~ink cncrehtu. 't'amu obpaso~, pe3ynbTaTaI 82.2 w 42.3 e m -  

CTBeHHblM o6pa3w p a C f l p o C r p ~ ~ ~  H Ha CUCTeMbl C AnHaMn4~CKmaU per)'nlrropaMH (PHK- 
1 '  ' 

cupoms~oro noprma. 

3. CCC c dr i t iauvec~u~lu  OCB ceoQoBn~~o nqa~Bsca. M-o perue~wii 3am9n 
AHHaMnqeCKOm perynlrTOpa, OnHCilHHOrO 6 82.4, RBJlReTCr HeBMnyKJIbIM, CJIeAOBarenbtlO, 

IIpHCy-FCTBylOT Te Xe CaMMe BblYACJltflWIbHbIe TpygHoCm, KaK H B Ulyqw CT~T~'~CCKO# OCB. 

Onna~o ecnn ne-%mart'm nopmoK perynmopa anpnopn, k r n a  MHOX~CTBO mfpnu Jlsny~c- 

Ba, KOTOpOe M ~ ~ o ~ o ~ H ~ s H M ,  KaK Lm : . . 
. ' I  - 

CTaHOBUTCR 8MnyKnblM.  TO YTBepXCAeHHe, C @ O P M Y J E ~ ~ ~ O B ~ H H O ~  u AOoKiuaHHOe B $2.5, OTQbl- 

saw qn K npmteHenmo ~~~~m MmnoB ~bmy~noi i  orrm~u3auxu % p m m m  w a y  
YnpaBJIeHWI, OAHaKO M O X a  IIpHBOw K HeflpBKTHYHblM pelIIeHHIIM C HeIlpHeHneMO BbICO- 

... 
IMM noprrmcoM perynmpa. 

4. A e q e ~ m p ~ ~ ~ o e a ~ ~ u e  CCC c (ICB. ~ e u e t r r p a n m o ~ a ~ ~ u  CCC c OCB npenme- 
n s a  d o h  C O B O K ~ ~ H ~  CBI I~HHHX nomnbmx w m i y - r ~ x  noncwcTeM (JI3ll), ynpa~nne- 
MMX perymTopar+w c OCB. Ma~e~aTnYecKax ~onwrb TaKoro mna CCC npencTannena we- 
~IOUHMn YpaBHeHliRMH 

r e  x' E W' - Bemop nepeMeHHbix comossm n31-1, u1 ER"' - =mop ynpamnmww,+nr- 

H~JIOB n3n, ER'' - e e m p  B ~ O B H ~ X  cm~anos  n3~. 

T a ~ a r  CuCTeMa Y f l p S l R e r r C I  ~0BO~nHocrbKY JIOKanbHbiX A U H ~ M U Y ~ C K H X  peI'yJIRTOpOB 

c OCB npu r ( I )  = i : 

me x: E W d  , A:, gi, CL , Q, - -MaTpuur,l perynmpa. 
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I ) . ' .  L ; , 
m c  x1 - n e m p  nepeMeHHk!x c m s n n .  n3n, x' - [x: €It4'"!, 

I .  

T 
rne x -- [r ",. . .,xLT ] , u = [urT,.  . .,u , a ~ ~ O Y H O - A H ~ ~ ~ M ~ H ~ I ~  ua-rpulol onpenene- Lr'r ~' ' 

. 1 .  . - 
0 o A & e ~ n e  3. Ynpamenue c OCB (14) nasbmaerncn deyenmpanluoea~~m cma6u- 

nwupyloyzydm cucmeMM (lo), ecnu nepeencmt?~ 
. I :  . . . . , I .  ' 

werom nonoxumensno onpedenennoe petuenue H,, - H:, , ( i ~  N) . rn 

B $2.6 @p~ynnpyercn n J V ? I C U ~ ~ T ~  Teopeva o n a p m q w w e u  Bcex cra6mwn- 
I ,  

pyroqm perynmpos nnn neue1~ann3oBa"~hbtx cucrre~.' 
T p e ~ b ~  rnaBa nocBrqeHa p a 3 p a h e  ~ $ o @ a  H. anropuTMoB c e m s a  po6amblx 

cra6unn3npym~1uix perynnmpor, CCC c OCB, r e  qempanbHyw ponb wrpaeT cnenyrowm 
-reova,  KDTopas narr '~eo6xonu~are u ' d m w b i e  ycnodm po6acr~o8 cra6wnu3aqu~ 
CCC C OCB no OTHOUleHtifO K H W I I ~ ~ ~ J I ~ ~ , B ~ ~ O J I T H O C T ~ ~  CMeHM PeXtiMOB. 

. . M O ~ H ~ , ~ H F ~  KOBR~HOC ~~CQICJCT~O y rnoBux mseK o6naqm ~eonpenene~noae8, KaK 
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: ' 
nonoxumcnuro onpebencrrrroe peulerrue tJ, = H: ctrcme~hr CUR~UIIHMX 

).:-'* A'': U t*lWV ,a>.* $1- vHY(7 ., , ~ ) 4 ~ @ - ~ . I  , ,tl9 . \  ! ) d w  ,,fl-M.) RP(, 
.L. , - : ,  . ' -,dli 'L.. , . 

w y a a e H u a  p&cmozo cnur6wru31rpy~)myetopetynsimopa meem sud (21, zde 

wgfw ~eo6xadmqle, u doc- 

rn&otl~we ycnoeta c mwwmqm m eepoxrntioeme&awcmd 

... . a I n rJ,m,n , r tQ l l  pexuvo6 . l3$~  ~ ~ n m & n ~ o m ~  " ' 1 ' '  - ?-A. , r *  . 

I I O n p H M  ~ e o 6 x o d m ~ e  U d~~marho&b& y&Dgaur O C ) H O ~ ~ Z M ~ Q & ~ C ~ ~ ~ Z W ~ W ~ ~ ,  ,b =OM 

cnpae M a T p a l p a  ycHneHHn ~ e m ~ p e ~ ; 6 ~ m  tmm~qmhfi. m - ~  
X ~ M O B .  llorpe6oea~ B u n o n n e H m  0 6 0 m . ~ a $ x  orpmefin#, nanyllil~ ~ e o 6 m b w e ~  
d o c m a m o u ~ ~ e  y c ~ o e t a  "b&oqmenmli m @ @ m m w ~ t c . ~ ' o ~ i i  dm ace% pewwoe.  ~YM-  
yuu flxnynosa. , I .  . , . I .  .( H m->- I +  
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Onpenenc~r~e 4. Pezynnmop c OCB (2) tra3usaemm p o 6 a c m w  cmaGuntaupyrorylur 

c+.w cucmeMu ( I  ) c rreonpe&~err~ocmu nonu,nonr;ozo muna, ecnu C)NI 6~e.V' [ k j  .' B, I. ~ O O B -  

Ann cucreM c HeonpeneneHHocrmu nonmnHon, Tuna B 83.4 nonyrclrbl 1ieo6xon~- 
 we n n-~~ble *~OBW pOBIICIR ~ H R ~ E ~ W H H Q M  C-. : .di; s . 

L Ynpar~enue c ~urranuvee~ori OCB ~ u ~ c u p o 6 a n ~ o z o  n o p n 6 ~  Ann TaKm cucTeM 

'B 53.6 nony;kHu &xomu~kae ii n b Y H &  yurcmun cra6nn&mn y n p a h e ~ u e ~  c AH- 

H ~ M H ~ ~ C K O ~ ~  OCB BWa 

~ ( t )  - c,x, ( I )  + D,Y,, ( I ) ,  % ( t )  -.A,X;(~)+ -cdh3&r: J)($"#A . 
3. Ynpaanertuc kyeumpanmoea~mri ~ U C W % S O ~ ~  c I I~#~UI~HWMW 

rnor C H ~ M  B 53.7 n o n y w u  ~ e a 6 x p u ~ b l e  u nOCTaTorawe ycnoenx po6acr~oti 
C Y ~ ~ U ~ H H  ynpamemean c noKanbHblrrn nnna~nqecKHMu OCB npu HeonpeneneHitmlrx 

I 

Hbcn nacmpoemvn arRopWMMV8 

npaaneHHoM H ~ M ~ H -  n a p ~ a p i ,  m m p m  sagwn~:~esyngmg- .3~  napaMeTpM npeA- 

cmuumwr &ii eepssre ~(rf~m Q , R H HeroTop@e n o m n m b n u e  M ~ T ~ W .  . . .I ,- 
P q 6 u m m ~ u e  an ropmm M O W ~  ycnoe~o pa3nemrra Ha b e  rpynnm. 
n e w  apyrtn)r o6pa3yro~ anrapvl~y ~.x.cmpw sh!9nwmue M- h n y ~ o e a  mlr 

asmema c OCC. n p o ~ a g o m  rspes penmute e i m w s m  ypaea- Pawumi (oqenb a+ 
~ H M M  rPiracrcs Mtron A i t - b ~  fla 6W Lu]. 3TIb T~&YHYF 

3 ~ 3 -  BCUWHX & M- R HWO#W ~ W o m n i i  K K B ~ ~ C T B ~  

ynpameem n xapampncrnKaM perymmpa. 
~ ~ H H C T B O M  3~0t i  rpyrmbl a n r o p w o ~  S B J I ~ ~  HX n p m  w w n x p m b ,  a 

w e  8 0 3 M ~ O ~  M ~ ~ 8 a M ~  C w  QpQQe4yp ~ b I 6 0 ~  BecQBbIX MaTpIiU Q U 

R, m x e m  lu xeslacrwro p~nanoxeximi nonlacoe WKQTOSL c w e m  MA HeAOCTBTOK 
npOBBnBWI B TPYAOeMKWlW MaTpHU JfXllyH0~ t$eTOAOM npo6 U oruu6or (B Cny- 
qanx y3~0ll O ~ J I ~ C T U  y m # ~ u ~ & ) .  

A ~ ~ r o p m ~  emopoii zpynnu o c ~ o s a ~ m  ua pesynbnuntx napaMeTpmarruu, nonyseeabxx 
6 r m e  2. C O ~ ~ ~ C H O  CJIeACPBUlO 1 B y  M v U M . Y C W R H H I I  LUIRper')'HXTOPOB C OCC 3WaK)TClr 
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Ha ~ ~ I ~ O ~ H H H  H~~OBC~HIIOI-o MXHO c + p ~ y n u p o m  u l e n y m ~ u u f i  m p u p  B~IYHC- 

n e ~ w  GI. 'I' . 

U a z  I .  Peuiltlb LMI miiocmenwo nepewHHux <: 

[ "':)]'>0, IEN, SE&. H,>O, A~(~)Q"W)=Y~,  

LLraz 7. rIonomm 6 - E +A&. 

8. Emu & > 1 - BUYHCJI€?HHll3aKOHYM, UHa'ie H W  K Ulary 5. 

B vereepmii rnrae n p e s e A e H  0630~  n0 Ha o c H o n e  LMI, Bunonties r c p a m u k  cpaaHu- 
~eJlbHblP aHaJIH3 HCIIOJlb3yeMbiX B HaCM)naCe  ppeW IlpOrpaMMHbIX naKeTQB B b I n y d ~ f i  On- 

'DIMWS~U~U,  Ha K O H K P ~ M X  npmepax n p o A e M o H c r p n p o B a H a  a p x n T e K r y p a  B K n m q e a b l e  oco- 

& H H ~  p a 3 p a 6 0 r a ~ t i u x  n p o r p a m .  
B nn-roii rnaae n p e n e n e e u  pe3ynb'Iil-m n p u u e H e H u R  pa3pa6ora~~oro nporpahlMHoro 

o 6 e c n e r e ~ w r  K K O H K ~ ~ T H ~ M  38aa4a~. P a c c ~ a r p w ~ a m ~ c r  nna npuMepa: po6acnrar c r a 6 w n e -  

3 a q u n  n p o A o n b H o r o  n B u x e H n N  nmTenbHoro annapam u c ~ a 6 ~ n u 3 a u u n  ~ ~ U ~ H T ~ ~ J I H ~ O B ~ H -  

HOR CHCTCMbl U 3  JlByX nepeBepHyTbJX MaRTHHKOB. Anr K W O r O  n3 PaCCMOTpeHHblX nPHMePOB 

13 of 16



4op~ynnpye~cn  MareMaTnsecKan Mofienb cnc~eur .~  ynpaeneI{nn, paccuarp~tearo-rcn crleun- 
@nlrec~ne oco6errrrocrr1 anropn-r~a clrrrTesa c~a6nnn3npy1ouero perynn-ropa, p r s y n ~ a - r b ~  

rncnetllroro Monennpooalinn nnnlocTpnpyioTcn r p a + n ~ a ~ n  peaKuun 3 i l ~ K l l y T 0 f i  C H ~ M ~ I  11a 

nMnynbclloe ~03neZic~~ne,  npon~~onrrrcn arrann3 noseneHun c n c r e ~ b ~  npn n s~e i~e l l nn  urn-  

reeux napauerpoB. 
P a c c ~ o ~ p u ~  npuMep cnli~esa po6amnoro ynpameHnn m n  npocrefimel neueHTpann- 

~ O B B H H O ~ ~  CnCTeMbI, C O C T O ~ I U ~ ~  H 3  ABYX JlOKWIbHblX 3aMKHyl%IX IlOACUCTeM, KaXaaS H3 KOTO- 

pnx ycnoBHo MoAennpyeTCn nepeBepHymM MamnKou e ~ u ~ w s ~ o i i  ~ M H ~ I ,  Ha KoHue K ~ O -  

poro salcpenne~ rpys. B ~ ~ H M o J J c ~ ~ c ~ B U ~  noncucreM c ~ o n e n w p o ~ a ~ o  B sune ynpyroZi npyxa- 

Hn, 3 a ~ p e n n e ~ ~ o f i  B cepenntie M ~ H K O B  u coenn~ntoulefi wx (CM. nuxe). 

mz 
Macca rpy3a MOXeT C K ~ Y K O O ~ P ~ ~ H O  

rnf 
U3MeHIITbCR, IIPMHUMW OJJHO H3 3 BO3MOX- 

HbIX 3HaYeHU8, W O  B CYMMe JJaeT 9 B03MOX- 

HblX <(peXHUOB>> pa6o.r~ ~ a ~ 0 f i  CUCTeUbI. 

3anasa sa~nlosae~cn  B c~a6unn~aunu  O ~ O H X  

ManTHuKoa nnnaunrecmuw OCB, npuseM 

U3MepeHnlo nOTnHb1 numb YrJIbI OTKJlOHe- 

/////////I/////////////////// Hm MaRTHMKOB OT HX BePTuKaneA - 0, 02. 
YpaBHe1iZM ABWKeHZM UMeiOT ~JleRylOUUfi BUA 

m,128, = m,gl0, - ka2 (0, - 0, )  + u,, y, = O,, 

m21292 = m2g102 - ka2 (8,  - 0 , )  + u2, y2 = O,, 
(19) 

JIo~anbuble nnnaMnqecKae perynnropbl nepBoro nopmlca 3analo~cr coornoureHnnMn 
(1 1). rpa@n~U UMnynbCHbIX nepeXOAHbIX @ Y H K U W ~ ~  CllCTeMbI n0 nepB0fi KOOpnHHaTe (yr0n 

m o e e e a a  nepeoro ~ a n m n ~ a )  rrpencTaaneHu Ha rpaau~ax .  
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O C H O B H ~ ~ E  PE3YJIbTATbI PAEOTM 

1. Iloweeo n a p a M e T p H s e c K o e  omimee &ex C T ~ ~ ~ H ~ H ~ ~ I O I U H X  p e r y n m o p o B  co cra- 
T U W C K O ~  H AHHBMHS~CKO~~ 06paTH0tt  CB113biO no BblXOJly m CneAYH)lUUX TMnOB CHC- 

T ~ M  v a f i ~ o i t  crpyrcrypu: 
a. CUcfeMbI C ~OJlHOCTblO OnpeAeJIeHHblMH n a p a M e T p a M H  

6. CHcfeMbl C HWnpeAeJIeHHOCTXMH CMeHbl pXUfhfOl i  

B. n e u e t F I p a n m m H m e  c m c r e M u  

2. llonyrenbl ~ e o 6 x o ~ ~ w e  H f i m q ~ u e  ycnoem po6ac~~ott  cra6ms- m q e -  

CKOP H AUH~MHWCKOP 06panlofi CBI13bH) n0 BUXOPY AJlR Ulep(ylou[wx THnOB CHCTCM 

cnysak~ofi q y n y p b l :  

a. CHcreMbI C H W n p e A W l e H H m M H  CMeHbl PCXWMOB 

6. C H a M b l  C IIOJIKFoMslMH HeOIIpeAeneHHOCTXMH OTAWlbHblX jEXHMOB; 

B. AeUetrrpaJlU30BaHHble Ck?CTeMU C HeO~Pi?AeJleHHOCTIIMH CMeHbI Pe)ICHMOB; 

3. P a 3 p a 6 o m i b 1  a n m p m ~  H n p o r p a M M H o e  06ecneqe~~e cawma pobamr~x perynxro- 
p o ~  c o6pamoP c~n31.m no BUXOAY AJUI c n c r e M  cnysafi~ofi c ~ p y m y p ~ .  
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