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1. BBe){eHiie 

Bo Mimrux cq,epax npoH3BO){CTBa ){Jrn o6ecneqemrn • :Tpe6yeMoro 
. . 

KaqecTBa (Q) npo){yKU.HH _ Heo6xo){HMO koHTponHpoBaTI, BeJIH'IHHY 

HeKOTOporo llHCJia (n) TeXHOJiornqecKHX napaMeTpOB xi (i=l,n) B 

npe){eJiaX ){OilYCTHMhlX OTKJIOHeHHH OT HX cpe){HHX Xi (onTHMaJibHhlX) 

3HatieHHH. · Pa3JIHllHhle· · Bapuau,1m H3MeHeHHSI : BeJIHt{HHhl · 

KOHTpOJIHpyeMhlX napaMeTpOB ){aJKe _B npe){enax ){any CTHMhlX 

OTKJIOHeHHH, ecTeCTBeHHO, C03,l{a){yT, HeKoTopyIO BapHaU,HIO '- H . B 

KaqecTBe BhlnycKaeMofl: npo){yKU.HH. ECJIH '3TH BapHaU,HH MOmHO 

ou,e1mTb B npou,ecce npoH3BO){CTBa, T~ yme Ha'. pa3JIH'IHhlX CTa,l{HSIX 

H3rOTOBJieHHSI npo){yKU.HH MOmHO ou,eHHTb ee, KatieCTBO.- KaK 3TO 

Momno C,l{eJiaTb? JlonycTHM, 'ITO 3a BpeMSI npOH3BO,l{CTBanpo){yKUHH 

(T) KOHTpOJib ·napaMeTpOB ocymecTBJISleTCSI B MOMeHTl,I BpeMeHH 

t=j•t:.t, j =' 1,k, T = ·k•t:.t. :·TaKHM o6pa30M, TeKylllHH j: - fl: U,HKJI 

KOHTPOJISI -·· '. xapaKTepu3yeTCSI na6opOM ' ,naHHhlX_ 

. Xnj= (_x1, x
2

, x
3

, ••• , xi, .• xn), a noJIHhlH Ha6op 3a BpeMSI T 

MHOmeCTBOM {Xnk}. B o6meM . cnyqae Ka'leCTBO eCTb HeKOTOpaSI 

«t>YHKU,HSI Q(Xnj), KOTOPYIO MOmHO om1caTb Teopentqecirn" HJIH HaHTH 

C IlOMOlllblO 3MnHputieCKHX- MO){eJieH. ·: TaKOH IlO){XO){ K KOHTpOJIIO 

KatieCTBa 6y){eT orpaHHtieH B CJie){yIOlllHX cnytiaSIX: 

■ TipH HeB03MOmHOCTH noJiytIHTb aHaJIHTHtieCKOe BhlpameHHe ·HJIH 

nocTpOHTb perpecCHOHHYIO ,MO,l{eJib ){JISI Q(X •.); 
nJ 

■ ·- BeCCMhlCJieHHOCTb noJiytieHHSI . aHaJIHTHtiecKoro . BhlpameHHSI -· B 

cnyqae noTepH·. TOllHOCTH C .. pOCTOM llHCJia 

napaMeTpoB. 

_,;. npu OTCYTCTBHH ){aHHhlX O BJIHSIHHH KaKHX-JIH6o'napaMeTpOB 

Ha Q HJIH ){aHHhlX () HX. KOppeJISIU,HH C ){pyrHMH napa~eTpaMH •. 



IIpaKTil'IeCKH npn' ,nocnrncemrn HeKoToporo tIHCJia napaMeTpoB 

KOHTpOJib KatieCTBa, OCHOBaHHblH Ha aHaJIHTHtieCKOM npe,ncTaBJieHHH 

$YHKUHH Q(X
0
j)' cTaHOBHTCH Henpnro,nHblM. KpoMe Toro, ecJIH 

xapaKTep H3MeHeHUH napaMeTpOB HMeeT CTaTHCTH'lleCKYKl npupo,ny, 

tITO · c·:•HBJIHeTCH, "' Hau6oiiee : o6ntHM , cJ1yqaeM; ' TO . ,nJIH , , · oueHKH Q 

Heo6xo)UiMO·HcnoJib30BaTbcTaKJKe.H CTaTHCTHtieCKHe,MeTO,Ilbl aHaJIH3a 

.naHHblX: , HcnoJ1b30BaHHe•.·, Tpa,nuuHoHHblX • .. MeTo,noB·<'MaTeMaTHtieCKOH 

cTaTHCTHKH , 'B , CJ1yqae '·. MHDroMepHoH ·. 3a,naqu·: He. ,Bcer,na, :• .nae:n 

Ha,neJKHble H y,no6m,1e, B: HHTepnpeTaUHH pe3yJlbTaTbl~, cymecTBYKlT • H 

,npyrne. : .. orpaHHtieHHH Ha ' ;' npHMeHHMOCTb; 'JOObltIHblX," '·: MeTO,IlOB 

MaTeMaTH'leCK_OH CTaTHCTHKH K aHaJIH3Y X ··.::.-·• ·'·'·' ·': . . . OJ 

' •. , Tpy ,IlHOCTb : MHOrOMepnoro.' ,aHaJIH3a B , C,!IYtiae, ·: , eCJIH • 

,, ·,>.icTaTHCTH'lleCKHe ·•XapaKTepHCTHKH, H3MepHeMblX'· napaMeTpOB :. ,,., 

pa3JIHtiaKJTCH.no BeJIHtIHHe'B HeCKOJlbK_O'pa3·: : •'•'.''' .,:.• :: , .. 

: ■ 'IlpOOJieMa · OUeHKW Q \ B peaJibHOM <MaCIIITa6e •BpeMeHH. ·, ·., .. , ; , " 

B 'pa6oTe .npe,nJiaraeTCH 'HHOH .. 'IlO,IlXO,Il K_,irnaJIH3y: napaMeTpOB' 

X •·'- B HeM : cymecTBeHHO. ycTpaHHKJTCH •orpanuqemfa;' CBH3aHHble C OJ, . . . . . . 

HCilOJlb30BaHHeM :,•: Tpa.nuUHOHHblX aHaJIHTHKO:-CTa1HCTHtieCKHX : . MeTO,IlOB 

aHamrna, ,naHHblX. ,'!f I;· 

t•",,',/ j 

:;, ,z.,KonuenUHH:,aHaJIH3a MHOroMepHblX, ,naHHblX B 3a,na,tie-'; '), , , ~ r ~ , 
;--.··\::·: •' • · · ·:,: KOHTpOJIH ·KatieCTBa,;. · .. ·c c'.l!.I : ••: :·i, -::'Yi 

Ocnoay npe,nJiaraeM<;>ro , MeT~,na _. anaJIH3a:,; Mtior0Mepn1,1x • .nann1i1x 

, ;'.COCTaBJIHeT. ' CO'IeTaHHe . . f, MeTO,IlOB '.' pacno3HaBam-t,H 1 • ,o6p_a30B C 

· BH3yaJIH3a,uueii . r.1~0I:'OMepH1,1x • CTPYKTYP, .. ll3MepeHH,blE~·. napaMerpbl X
0

J •.. 
"-·' ! 

' MOlKHO · ,,Jipe,ncTaBHTb , ,B,: ; ~H,ne,.. BeKTOpa ; (TO'IKH) ·1;B; , ,o-MepnoM 
, .. . T 

.eBKJIH.IlDBOM .. npocTpaHCTBe : !Jto'..t::Cx1, x 2 , ••• , ?Ci.: •.• , x
1
lJ:x· (1) 

r,ne 3Ha'IeHHH napaMeTpOB Xoj' i=l;o eCTb KOOp,IlUija}'bl,,BeK.TOpa X
0

J 

B; -j, •~,, iI .~MoMeH'I:: BpeMeHH 4, (3.n~cb, T;,. ;:, 31IaK. 1 TpaHcno1mp9~atmH). 

.Be~<Top, ~X~j' ;paCCMaTp~BaeTCS!.: Ka1v;reKylllHH. o6pa3 T~XlIOJI9rw1ecKOrD 

2 

"'-'· 

J· 
I 

' \f· 

I 
1 

J k 
ij 

.. { 

npouecca. TeKyntHH . o6pa3 ,no6aBJ1HeTCH K paH~e 

3aperHCTpHpOBaHHblM, . COBOKYTIHOCTb, KOTOP,blX ·, o6pa3yeT ' 6a3y 

.nammx. ,,' Ha KaJKJJ.OM j - M :nane H3MepeHHH COBOKYilHOCTb o6pa30B . ' . . 

anaJIH3HpyeTcH c noMOlllbKJ MeTo,nos pacno3nasaHHH c ueJ1hKJ 

Bbl,IleJleHHH xapaKTepHblX KJiacTepHblX CTPYKTyp. B ,naHHOM 'CJlyqae, 

KJiacTep (KJlacc) ecTb COBDKYilHOCTb o6pa30B, o6ne,IlHHeHHblX 

HeKOTOpblMH OOlllHMH CBOHCTBaMH. lfCCJie,nosaHHe KJiaccos Il03BOJIS!eT 
' , 

HaHTH ,o6pa3bl, OTo6palK~KllllHe HOpMaJibHble ycJIOBHH npoTeKaHHH. 

Tex1mJiorwmcKoro npouecca, · · H. ,o6pa31,1, xapaK,TepHble .ItJI~ 

pa3JIH'llHblX OTKJIOHeHHH OT 3TOf'O pelKHMa. B perneHHH 3TOH 3a.l{a'IH 
; I - 't ' 

MOJKeT ' 6b1Tb H HHOH }10,IlXO,Il: .·3HaH KJiaCCbl nopM~JlbHOro ' H 

a110MaJ1blIOro pelKHMOB ( KJ1ac~hl pa311oro THna) MOJKHO onpe.neJ1HTb, K 

KaKOMY'KJiaccy npmm.nJielKHT·TeKylllHH o6pa3: IlO.SIBJienHe OTKJIOHeHHH 

B cTpyKType KJiacTepos· OT cTpyKTyp1,1, cooTBeTCTBYKJntefl 
'' 

nopMaJlbHOMY TeXHOJIOf'HtieCKOMY pelKHMY, xapaKTepH3yeTCH. 

H3MenenHeM $DpM1,1, cMeme1meM ue11Tpa TeKylltero KJlacTepa HJIH 

IlOHBJleHHeM HOBOro KJiacTepa:' nocJie,nnee CBH.l{eTeJlbCTByeT 0 

cynteCTBeHHblX H3MeHeHirnx, npOHCXO.l{HlllHX. B TeXHOJIOrHtieCKOM 

npouecce. IlpHtIHHY ', H3MeHeHH~ KJiaCTepnofl CTpyKTyp1,1 MOlKHO 

ycTaHOBHTb OilblTHblM nyTeM HJIH C IlOMOlllbKl 

B3aHMHO-KOppeJIHUHOHHOro a11am13a MelK.Ily H3MepHeMblMH 

napaMeTpaMH. B JIOOOM cJ1y4ae; ecJIH KOHTponupyeMblfl npouecc 

o6ecn8'4HBaeT npe,ncTaBJienHe: · HCXO.l{llblX ,naHHblX B BH)l.e: (1 ). H 

IlOCJle,IlHHe, rpynnupyKJTCH no KJiaCTepaM, TO yKa3annoe CBOHCTBO 

npouecca MOJKHO HCilOJib30BaTb ,IlJIH KOHTpomi ·, 3a XO,IlOM caMoro 

npouecca. 

2. 1 Cnoco61,1 $QpMHposamrn ,BeKTOpa H3MepHeMblX 

napaMeTpos 

B 3aBHCHMOCTH •,QT npeMeHH npDH3B0.l{CTBa (T) ,HeKOTOporo BH)l.a 

3 



iipOJJ.YKUHH · H . 'IHCJia''' · fo~TpOJIHpyeMbll( napaMeTpC>B (n) · MOJKHO 

MCOOJib30miTh 'HeCKOJib.KO BapnaHTOB' KOHTpOJI.H : ;., . i .• 
. . . . . '. . . '. ·. ._.. ' ''. . ' . . .. ' ( ., ·- - r.· no ·apeMeHn: · ' · · · · -· · ·· · · -·· 

. ''X
1

, X
1
~t'x

1
i','x{

2
,: .. :·x

1
_i;.'.·.,x'

1
k)T;•j=l,k ,'i::_::HOMep-

napaMeTpa: ._, ! . . - ". .. ' . ,:; .. ; 

2~ · 11()· 'napaMeTpar/ •• 
,\ 

X.,i' '. ''xj=(x;j,xZ·j; :· . .-;x~}- .':·,xnj/,' i=l,'n ,j :..> '1 Moi.ie1fr 
i(eBteMeHH. ,,.,,•, 'c ';; ' ' • ; :,: ;' '·' ... 

3. Koi6HHHp0!3aHHblH ' (no. BpeMeHH 'H 'no; 'napaMe-rpaM j 

· Xij' 'j::i:1,k:i=l,n;. 
' ' ; I(· . ~·'.•~ ,. . :_ . . · ) : ... 

x11·X12 x13 
('. , p • ,, , 

x2 i x22" x23 · 
·x·, i.. I .. ,_.,, . ·- ·, , , 
ij- - - - - - -

_xnV xn2 xn3" 

1:,1 

x·1•·:·:, 
.. J 

:2j 

X • 
•nJ-' 

x1k 
. x2·k 

~nkl ;, 

1-;· ,q r:· ; , , I, , . ~ ~ ;' 

.! 1'.: ·•(f/:'j.; 

,_:)' 

;:-1 

! ! '~,,' 

4. µepHOJJ.W-IeCKOe nOBTOpeIIHe ~oM6HHHpOBa1:rnoro. BapttaHTa. . . . 
. ; . . l;· ,• .•, • .. J '.· ··, 'l''' .. !: .' •·· ,.:,, I.(, j_,:1, •. : :; l'. '.'·' ;: •-~ ',·.,>•,\ • .• t• 

X~. ·. j=l k i=l n t = t.t•j T = t.t•k m=l L L= - , 
,'.,":'-.lJ • . •.. ,,: ,r;, ,.. , ·, :c:·' . •. . '· • . l' T.c 

': r.ne .re - BpeMH UHKJia H3MepeHH-!J; ( : f ~\-~I J i' 

': t L ',, ;, : "•I: \~f <_,t:tj \ c 

. ,.,1 ··1 i t· ': :-
\',,,· •', r,~ ,. 

2. 2. ,<l>opMynupoBKa, u,:c11oco61,1 :peaJitt3auun ,3a.naqu pacn03HaBaHHH 

,··,:: .,.;:·;;:,,::-, 1,;:o6pa30B' '.•,•;,:,;._;;:,•11 ,,,-, 

: , : no cyT.H pe~aeTCH' 3a)J.a'!a KJiacctt<tJ~KaUHH iJJ.aHHblX' no HeKOTOpblM 

B OOll(eM cJiytiae 3apanee HeH3BeCTH.blM HHBapnaHTHblM, npH3HaK~M: 

_HCXOJJ.HOe MHOJKeCTBO o6pa30B COCTOHT H3 HeH3BeCTHO(O 'IHCJia (M) 

IlOJJ.MHOJKeCTB•'.(KJiaCCOB) i ''KOTOpble : npe.ncTaBJI.HIOT: 'co6ol1 Bbl6opKH .H3 
• • ' • I '. ' ·' 

pa3HblX reHepaJibHblX COBOKynHOCTeH. 3a.naqa K_JiaCCH<lJ.HKaUHH 

COCTO.HT YB·! 'Bbl)leJieHHH' ·'KJiaCCOB '· G> .,:," 1j, •=·• 1; M,': xapaKTepHCTHKH 
. J 

4 

-~-·' 
i 

.i-· . -·~ 

i' 
·t'\ 

i 
I 
1 
I 
I 

,l 

J 

i ;., 

'i' 
/1 i 

KOTop1,1x MOJKHO - 61,1no 61,1 a.neKBaTHo cB.H3aTb' c ocH~BHblMH 

cocTOHHHHMH TexHonornqecKoro npol..{ecca:' Q. --~ w •• B TaKOH 
. ' . J . . J ' 
qiopMynnpoBKe · ucxo.n.Ha.H 3aJJ.atia He HMeeT 3qxfleKTHBHblblX MeTOJJ.OB 

pellleHH.H. OrpaHH'-leHH.H B OCHOBHOM Bbl3BaHbl HeH3BeCTHblM 'IHCJIOM 

, KJiaCCOB H HeH3BeCTHOH CTeneHbIO HX. nepecetieHHH (P) • .l{JI.H 

y.no6nm1 HHTepnpeTaUHH <lJH3H'leCKHX pe3yJibTaTOB B ycJIOBH.HX 

·. , anpuopHOH Heonpe.neneHHOCTH B 3HatieHH.HX M H P JJ.OCTaTO'IHO 

BU)J.eJIHTb OCHOBHble B3aHMHO-KOMnaKTHble KJiaCCbl, o6na.na101llHe, 

· cna61,1M nepecetie1meM n 06pa3y10mne a1imyKn1,1e o6nacTtt B ucxo.n.HoM 

, _ npo,cTpaHCTBe npH3HaKOB ( KOOpJJ.HHaT). CpaBHHTeJihHblH aHaJIH3 

mi116onee nptteMJieMblX · ~JIH · peweHHH 3TOH 3a.natIH anropttTMOB. 

noKa3aJI, , 'ITO 
'( t. 

H~<lJOpMaJIH30BaHIIblX 

. ' anropHTM ISODATA 

y.natIHoe 

npol..{e.nyp 

[1,2,3] 

CO'IeTaHHe <1JOpMaJIH30BaHHblX , , H 

aHaJIH3a HMeeT HettepapXH'leCKHH 

(HTepaTHBHbltt' _·, caMoopraHH3YIOll(HHC.H 

Mei:o.n · · aHaJitt3a) n uepapxw-1ec1ml1 · . anropttTM MNN · [ 4 l . B 

COOTBeTCTBHH C anropHTMOM ISODATA pa3)J.eJieHHe o6pa30B no 

, KJiaccaM ,ocymecTBJI.HeTC.H nyTeM MHHHMH3aUHH KpHTepH.H B3aHMHOH 

K~MnaKTHOCTH KJiaccoB K (w
1

, w
2

, •.. , wM); _CM - . 'IHCJIO KJiaccoB >f B 

KatieCTBe KOTOporo HCTTOJib30BaJiac~ cyMMa KBa.npaTOB OlllH6KH: 

:' . · M 2 2 1 - n , 2 ~ 
K(w1,w2 , •.• ,wM) ~Ed. ,dj = N-:- E E (X1k-Z.k) - cpeJJ.HHH 
. •',., J =· 1J J x.cxw.k =l J 

· · 1 1 

KBa.npaT eBKJil:fJJ.OBoro paccTOHHHH MeJKJJ.Y .o6pa3a~m KJiacca w j H era , 

, ueHTpoM 2 . N • - 'IHCJIO o6pa3oB B KJiacce 'i.>., n - tIHcJio. 'Koop.n.Ii:HaT 
' ' J, J J . 

o6pa3a. 3.necb · j, i, k - TeKymne HHJJ.eKchl. OTMeniM ·· HeK0Top1,1e 

oco6eHHOCTH nporpaMMHOH peaJIH3_aUHH H , KOHKpeTHoro npHMeHeHHH 

aJir.opHTMa ISODATA .. · BXOJJ.Hble napaMeTpbl anropHTMa, : 8 ·. II 8 , 
S C 

•3a.na10mue ycJIOBH.H ,pa31,e.nttHeHmi j.:.ro ·KJiacca er . . ' >.· 8 ;· r.ne 
· Jmax s 

' er~-. · ' _;; MakCHMaJibHaH )J.HCnepcHH o6pa30B OTHOCHTeJibHO ueHTpa 
.. · Jmax 
J-ro , : KJiacca·~ · u o61,e.nmieHHH j-ro . u · i-ro · KJiaccoa 

nz ;-2. / (Zj' -zi) I 1/Z < 8' ,. BapbttpyIOTCH a'· pactieTe JJ.d 'n6ny'4eHH5I 
J 1 C 
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IlpH 3a,ll.aHHOM Oltm,ll.aeMOM tUfCJie MHHHMyMa 

KJiaCCOB. 

K(w1 ,w2 , '. •. :wM) 

no MeTO.n.y MNN .ll.JIH BeKTopoB X. B eBKJIH.ll.OBOM ' 1 

npocTpaHCTBe R dim R = n, Xi=(xil,xiZ' ... ,xin)\ i=l,N, N -

'lJHCJIO BeKTOpOB, onpe.n.eJI5IIOTC5I ,ll.Ba THna paCCT05IHH5I. IlepBoe: 
, T . , . 
s .. ~cx.-x.) (X.-X.) - KJiacc11qecKoe eBKJIH.ll.OBO paccTOHHHe. 
lJ 1 J 1 J ·· 

BTOpoe: mnv. . = L. (j) + L . Ci ) , r .n.e Li (j ) 03Ha qaeT noJioJKemie 
lJ 1 J · ' 

TO'lIKH XJ B CilHCKe ki coce.n.eff TOqKH xi 11 Bhl6HpaeTC5I B 

COOTBeTCTBHH C yBeJI11qeHHeM paCCT05IHH5I s. ·. r.n.e m-H0Mep 
1m 

coce.n.Heff TOqKn, onpe.n.eJIHeMhlH 113 ycJIOBH5I Si s R t (2). ECJIH. 
m cu 

q11cJIO 6JIHJKaHWHX coce.n.eff k., Y.ll.0BJieTBOpHIOmHx ycJIOBHIO (2), 
' 1 

pa3JIJ1qHo ,ll.JI5I KalK,l(OH i-OH TOqKH, TO MaKCHMaJibH0e mnv 

p~CCT05IHHe MeHbWe HJIH paBHO 

mnv 
max 

= max 
i 

{ki} + 

3aKJIIO'lJHTb: V i,j; 2 s mnv .• s 
lJ 

MNN onpe)].eJIHIOmHM cpaKTOp0M 

OTceqKH R t. cu 

max{{k. }-{max{k.}}}, 'H MOJKHO 
i ' 1 i 1 ' 

mnv . TaKHM o6pa30M, B,MeTO)].e 
max 

KJiaCCH~HKaUHH 5IBJI5IeTC5I paJJ.HYC 

2.3. HeOOXO)].HMOCTb BH3yaJIH3aUHH )].aHHhlX H teXHHKa 

npeo6pa30BclHH5I MH0roMepHhlX CTPYKTYP ,, 

HyJKHO OTMeTHTb, 'ITO q11cJieHHhle xapaKTepHCTHKH KJiacTepoB, C 

IlOMombIO KOTOphlX M0JKHO oueHHTb H3MeHeHHe CJIOJKHlilX 

nmepcTpyKTYP, He , BcerJJ.a JJ.aIOT HarJIHJJ.HYIO HH~opMaUHIO o XOJJ.e 

KOHTpOJIHpyeMoro npouecca. Il03TOMY ,B ·, )].aHH0M cJiyqae OKa3aJIOCb 
II ' H 

ueJIE;COo6pa3HhlM JICXOJJ.HYIO · COB0KYilHOCTb o6pa30B cBepHyTb 113 

n-MepHoro: B 2 - HJIH 3 - MepHoe npocTpaHCTBO JJ.JIH ee 

BH3yaJib,HOro KOHTpOJI5I. npoue.n.ypa BH3yaJIH3a½HH, )].OilOJIHHIOmaH 

npeJJ.UJJ.ym11ff aHaJIH3, o6oramaeT HH~opMaumo o n-MepHoff cTpyKType , 

KJiacTepoB 11 no3BOJIHeT 6oJiee onepaTHBHO 11 6oJiee' Ha)].eJ1mo 

ocymecTB~5ITb KOHTpOJib. , HCilOJib3YIOTC5I HeCKOJibKO ·MeT0).1.0B 

. npeo6pa30BaHH5I ', MHOfOMepHUX CTPYKTYP B JJ.BYX - · HRH Tpex ..; 

6 

.~i 

'-'1' 

;1: 
\' 
~\' 

' i ' j 

d 
' 

: 

: 

' ' 

' Mf puoe ;IlpOCTpaHC~BO. IlepBhlH oc110BaH Ha npeci6pa30BaHHH 

KapyHeim - Jl03Ba [S], BTOp0H npeJJ.CTaB.ITHeT COOOH )].aJibHeffwee 

ppn11rne H3Be:rnoff i<0Huenu1111 HefiMaHa [ 61, Tpernff 6a3ttpyeT~SI 

Hh · "Simulated annealing"-MeTOJJ.0JI0rHH [7]. ECJIH R eCTb 
' ' 

er,KJIH).1.0B0 npocTpaHCTBO pa3MepHOCTblO n 
I 

dim R = n, n < n H 

' TpqKa B n - MepH0M npocTpaHCTBe npeJJ.CTaBJieHa B BH,ll.e 

x[:=(x_ l:'xi2'.;. ,x. ), · r)].e i=l,N, N - q11cJIO ToqeK, TO )(JI5I .f 1 rn , _ 
c,oxpaHeHH5I Il0).1.001151 CTPYKTyphl KJiaCTepOB Ro={xi; i=l,N}_, 

c1oco6eHHO paccT0HHHH MeJKJJ.Y ToqKaMH) , npH nepexoJJ.e B 
I , .· 

\lPO<;TpaHCTB0 R MeHbWeH pa3Mep110CTH )].0JIJKIIO, corJiac1m [7], -
\ ' 

' s1i1noJIHHTbCH , ycJIOBHe . . 
E(R,Ro)=mi? E(R,R ), r)].e 

R 

: ' 2 
E(R,R )=[(x.k-x.k) /[~jk' 

k<j J J k<J 

N' j-1 
E=E [I. 

. j;;;2 k=l 

HHJKe -: npe)].CTaBJieHo KpaTK0e on11cmme , CHCTeMlil KOHTpOJI5I 

C03)].aHH0H Ha (JJ.HarHocTHponaHHH) TeXHC>JiornqecKHX npoueccoB, 
i 

'' 
.· 0CHOBe Bh1Weon11caHH0l1 K0HUeilUHH. 

3. <X>mee on11ca1me c11cTeM1i1.KoHTpoJIH TexnoJiornqecKHX npoueccon 

)leTaJibHOe on11ca1me CHCTeMlil KOHTpOJI5I npe)].CTaBJieH? B 

,'pa6oTe ' [8]. CHCTeMa IlOCTpoe1m 'Ha 6a3e ,. 3BM PC/AT C BXO)].HhlMH 

-· .. · H3MepnTeJibH_hlMH 6;10KaMn THna PCLAB-712 (aHaJioro-umppoBoff · 

npeo6pa3oBaTeJib Ha 16 BX0.ll.OB). ITpUHUHilHaJiblla5I '6JIOK:-CXeMa 

annapaTypiI011' 'qacrn c11cTeM1i1 noKa3aHa 'mi p11c. 1. cymec;By10m11e .· 

B03,MOJKiIO~TH 6JIOKOB LABCARD Il03B0~5IIOT perncTpHp0BaTb c~~ijaJibl. C 

w11p0Koro KJiacca · JJ.aTqHKOB · (nanpHMep; JJ.aTqHKOB -reMnepa.Typu, 

.n.aBJieHHH, pacxo.n.a, BH6paUHH, nepeMemeI!HH 11 T . .n.. J. c ·ToqKH 

, 3peHH5I HCilOJib3yeMOl1 B CHCTeMe npoueJJ.yphl aHaJIH3a )(aHIIhlX, 
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j;' 

-~H3HqecKaH npHpo.n;a H3MepHeMUX npouecCOB He 'HBnHeTCH 3HaqHMU 

cpaKTOpOM.' TTO3TOMY .B CHCTeMy MoryT 6UTb BBe.n;eHU nI06u 

napaMeTpu, BaJKHUe .n;nH 

TexHonorHqecKoro npouecca. 

KOHTponSI 3a XOJJ;OM HeKOTOpor 

npe.n;ycMoTpeHo .n;Ba peJKHMa pa6oT 

OCHOBHOM H pacwHpeHHUM. nepBUM peJKHM HCnORb3yeTCH .n;n 

aBTOMaTHqecKoro KOHTponH, BTOpow 

Hccne.n;oBaHHM·H3MepHeMUX napaMeTpOB . 

.n;nH npoBe.n;emrn .n;eTanbHUX 

I 
\ .j,.j,.j,.j,.j,.j, 

[:· : D~TA: ACQUIS~TI~N : :] ,-,-,-, ,-,-,-, 
i i i i ! ! ! ! 

..----------'-1,_-1,_-1,_-1,, 
I ' I ' 

IBM PC 286/287LABCARD PCL-712 

l T 
l 

TERMINAL 

T 
.j, 

STREAMER 
TAPE 

PHC.1.IlpHHUHnHaRbHaH 6noK-CXeMa CHCTeMU KOHTpORH 

TexHonorHqecKHX npoueccon 

XAPAKTEPHCTHKH CHCTEMU 

■ quCJio BXO,JUII,IX curnanoB 8(16) 
■ .n;Hana3OH H3MeHeHHH BXO,lUU,IX CHrHanOB +/-5(1)B 
■ MaKCHMaRbHOe ql{CJIO OTcqeTOB ,!lJIH Kal[,l(oro CHrnana 8192 
■ MaKCHMaRbHaH qacTOTa H3MepeHHH 5QKHz 
■ MaKCHMaRbHaH pa3MepHOCTb KOHeqff□ro MaCCHBa JJ;aHHhlX 200•256 

8 
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.l1 
,fl 

t) 
! 

j; ' 
l 

'j , {it 
I 

'(\ 
I , I 

;j 
j 
! 

i ' ~1 
r 

3.1. nporpaMMHOe nocTpOeHHe CHCTeMU 

nporpaMMHaH qacTb CHCTeMU nocTpOeHa, B BH.n;e naKeTa nporpaMM C 

o6mew opraHH3yvmew nporpaMMow, pa6oTavmew no THny 
. ' 

pa3BeTBReHHOro MeHD. nporpaMMU HanHCaHU Ha H3UKax FORIBAN 77 

,H PASCAL HHJKe·.n;aHU ~YHKUHH OCHOBHUX KOMaH.n; _MeHD. 

3.2. HaKonneHHe .n;aHHUX 

Bu6paHHUe n CHrHanoB "o.n;HOBpeMeHHO" perHcTpHpyDTCH c· 

3a.n;aHHOM qacTOTOM c HaKonneHHeM k 3Ha4eHHM no KalK,llOMY H3 

H3MepHeMUX BXOJJ;HUX napaMeTpOB. B KOHUe H3MepeHHH .n;aHHUe 

3anHCUBaDTCH Ha _TBep.n;UM JJ;HCK JJ;RH nocnejyrimett o6pa60TKH. 

3.3. npe.n;napHTenbHaH·oopa6oTifa .n;aHHUX 

BunonHHeTCH npH Hccne.n;onaHHU CTaTHCTHqecKHX' xapaKTepHCTHK 

KOHTponHpyeMUX npoueccoB. BuqHcRHDTCH cneKTpanbHaH nnOTHOCTb 

MOIUHOCTH, ~YHKUHH KorepeHTHOCTH M cpa3OBUM c.n;BHr.MeJK.n;y i - M H 
j '-·M npoueccaMH, a TaKJKe nnOTHOCTb pacnpe.n;eneHHH BepOHTHOCTH 

' 
3HaqeJIHM napaMeTpOB. BuqHCRHDTCH TaKJKe H .n;pyrHe 

1 

CT~TliCTHqecKHe xapaKTepHCTHKH, ·oopa3yDmHe CTaH.n;apTHUM Ha6op 

pe3ynbTaTOB CTaTHCTHqecKoro aHan03a'npeMeHHUX pH.n;OB. 

3.4. KnacTepH~M aHaRH3 

·inH aHanH3a KnacTepnow cTpyKTypu coeoKynHocTH BeKTopoe X . 
. . . . .. ··· .nJ 

Hcnonb3YDTCH .n;Ba .n;ononHHDmHx .n;pyr .n;pyra anropHTMa 

pacno3HaBaHHH o6pa30B : ISODATA H MNN. BuqHCRHDTCH TaKJKe 

3HTpOilHH, .n;HcnepCHH 3ReMeHTOB, BXOJJ;HmHX B KnacTep, H .n;pyrHe 
\ f ' • , I 

xapaKTepHCTHKH, Heo6xo.n;HMUe .n;nH OilHCaHHH Bu.n;eneHHUX KnacTepoB 

H onpe.n;eneHHH TeH.n;eHUHH HX H3MeHeHHH. 

9 



I 

, 3. 5. BirnyamI3aUIUI 
I ' ,:• '• 

OrrepaTop ·MoJKeT Ha6ino.n.aTh Ha 3KpaHe .n.Hcm1e.H pacnpe.n.eneHHe 
, . . ' ' \ ' 

o6pa3oB no KJiacTepaM, cTa;HCTHKY KaJK.n.oro KJiacTepa,' HmpopMaurno 

0 Te~ymeM B,eKTope Xnj H 

0

.n.pyrne ){al-IHble. . 

4.IlpHMep HCIIOJlh30BaHH.SI CHCTeMl.-l ){JI.SI KOHTpOJI.SI 3a · 

COCTO.SIHHeM .SI.n.epHoro peaKTopa 

Pe3yJihTaTbl pa60Tl,I CHCTeMbl MOJKHO npoHJIJlk>CTpHpOBaTb. Ha 

npHMepe ee ttcrroJih;oBaHH.SI B Kaqec~Be cHcTeMu KOHTpOJI.SI o6mero 
' . ' .. ? ; . ' . ' ' . ,. ·, ' 

COCTO.SIHH.SI
1

HMnyJihCHoro peaKTOpa nepHO){HqecKoro .n.eHCTBH.SI HBP~2 , ' . . ' . \ . ' ' ' ' . ' ' ' . 
. Ol.y6Ha). O.n.HoH ·H3 xapaKTepm~THK KaqecTBa pa6orn p~aKTop~ . 

.SIBJI.SieTC.SI CTa6HJihHOCTb ¢opMb1 crreKTpa ¢JIYKTyaUHH MomHOCTH • 

Il03TOMY o6pa30M peaKTOpa, xapaKTepH3Yk>mHM era COCTO.SIHHe, 61,1na 

Bb16paira crreKTpaJihHa.SI IIJIOTHOCTh KOJie6aHHH'MomHoCTH: 
' ; .·· ·. 2 . ' _' 

Sw=IF~W(~t•i)J.I =:Csw1,swZ' ... ,.Sw
0

), 1=1,k; . n-:-- qHcJio ' 

3HaqeHHH. ·• c~e1npaJibHOH IIJIOTHOCTH, F - ctJypbe-npe,o6pa3oBaHHe . 

BpeMeHHOH 3aBHCHMOCTH H3MeHeHH.SI MOll{HOCTH, 3aperHCTpHpoBaHHC?H c, 

HHTepBaJIOM 
, ,, ., 

~t B k ToqKaX., IlpH· H3MeHeHHH ycTaHOBHBWHXC.SI 
' . ' 

¢JIYKTyauHH BHernHeH p~aKT~~HOCTH (¢JIYKTyauHH HCTOqHHKOB 

B03MymeHHH MOmHOCTH) ¢0pMa cneKTpa KOJie6aHHH MOmHOCTH ' 

COOTBeTCTBYDmHM o6pa30M H3MeH.SieTC.SI. 3TO OTpaJKaeTC.SI • Ha 

KilacTepHOH CTpyKType . cneKTpOB. B . .n.aHHOM cnyqae pa3MepHOCTb 
, , ' 't I I '< 

m;xo.n.Horo npocTpaHCTBa, B KOTOpOM aHaJIH3HpyeTC.SI ,BeK_TOp . S , 
.. . .. ' ··. . ·, •. w . 

onpe.n.eJI.SIJiaCb q11cJIOM 3HaqeHHH cneKTpaJibHOH nJIOTHOCTH ' (n) II ' 1 

6blJia 
1
pa~Ha 256. Ha pHC. 2 IlOKa3aHO ~OCJie){OBaTeJibHOe H3MeHe~me .· 

¢opM~ crreKTp~B ·. K~Jie6aHHH M~mHocrn. B nepHo.n. pa6orn ~ea~TOpa. ~ 
,, • < • , ' ·, ' \ 

1989 ITO 1991 r. HeCMOTp.SI Ha KaJKymeeC.SI XaOTHqecKOe H3MeHeHHe 
,,,,. ' ,. 

¢oPMbl cneKTpOB, . npH HX KJiacTepH3aUHH Bbl){eJIHJl~Ch · ){Be 

xapaKTepHble ycToHqHBble CTpyKTyp1,1, ueHTpbl KOTOpblX IlOKa3aHl,I Ha 

pHC.3. 
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'ti\ 

·1 

->_, 

<c,-

-
~-..... ~..c.... 

',.,, -· ~..:::,.~ «c.::,<::::> . ' . .-

PHC.2.H3MeHeHHe ¢opMb1 cneKTpa KOJie6aHHH MomnoCTH 

peaKTOpa HBP-2. no OCH qacTOT OTJIOJKeH HOMep 

qacTOTHoro HHTepBaJia, no .n.pyroH OCH - HOMep 

cneKTpa B nocne.n.oBaTeJihHOM p.SI.n.e H3MepeHHH. 

COOTB8TCTBYDmee pacnpe.n.eJieHHe o6pa30B no KJiaCTepaM, 

"cBepHyToe" H3 256 - MepHoro npocTpaHCTBa B 2 - Mepnoe, 

npHBe.n.eHO Ha pHC.4. KaK BH){HO I-13 pHC. 3, BeCbMa 

He3HaqnTeJibHble, HO ycTOHqHBble (3.n.ech coxpaH.Sik>mHeC.SI npH _ 

cJiy;mHHblX H3MeHeHH.SIX) pa3JIHqH.SJ B ¢opMe cneKTpOB (B cpe.n.neM 

s 1%) . npHB0.1{.SIT K qeTKOMY pa3.n.eJieHHk> cneKTpOB .n.aJKe B 2 -

MepHOM npe.n.cTaBJielmH. ' o6a rnyMOBble COCTO.SIHH.SI peaKTopa 

COOTBeTCTBYk>T HOpMaJibHOMY 3KCnJiyaTaUHOHHOMY peJKHMY, HO 

pa3JIHqak)TC.SI He3HaqHTeJibHblMH OTKJIOHeHH.SIMH B ypoBHe . BH6paUHH 

O){HOH H3 TeXHOJIOrHqeCKHX CHCT8M peaKTopa.· H3MeHeHHe 
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Pttc. 3. <I>opMa cneKTpOB KOJie6amu1 .MOIQHOCTH peaKTopa 

MEP-2, COOTBeTcTByJOIQa51 ueHTpaM .ltBYX KJiaCTepOB. 

~ 

no OCH a6cuttcc OTJIO~eH HOMep qacTOTHOro ll~TepBaJia. 

6 

D a 
'ti 

2 
D o &cP 
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D 

/ 
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D Cb 
D 

.· 

cP 
D {"ID 0 
D 

1· 

2 a Ir a 
DO a·□ a ·DD 

a 
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D 
D 

a ~D 

D D 
0 a□ 

Ill 

•II I Ii If I ii I I I I I 
D 

-2 
-u ...... •n••················ ,,,,,,,,,,,,,1 

-4 
X 

Pttc.4. Pacnpe.1teJieHHe cneKTpOB KOJie6aHttM MOIQHOCTtt no 

KnacTepaM, cBepHyToe tt3 256 - Mepuoro B 2 - Mepuoe 

npocTpaHCTBO. 
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1• 

,,1 

OTHOCttTeJibHblX cpnyKTyal{HM MOIQHOCTtt "cAW/W), Bbl3blBaIOIQee rrepexo.1t 
- ' \ ·, ,.. ·. :: , . _. ~:'t '. ,'. ·:. •.: ·; ; •.; ': ~ ' ; ~ :-;.'· -_, ,• h. 

peaKTOpa tt3 O)tHOro lllYMOBOro COCT051HHSI B Jtpyroe (tt3 O)tHoro -2 ,' .,~,1 ~ 

KJiaCTepa B Jtpyrow), Ol{eHttBaeTCSI Ha ypoBHe ~10 . 
• . f_. : ~ ;, • ' ' t' ' - ' '· ' • -- :'_'.;. ~ \.. '' ,' ~, ' . ' ' ' 

5.3aKJIIOqeHtte 
:· ~ - .. ,\, ' ; ~ ' - . . . '.:'· . ·. ~ : .. ·\ .. . 

•"H)teSI KOHTpOJISI KaqecTBa HeKOTOpOM npo.1tyKUtttt Ha OCHOBe 
1 •i. ·;.. , :~-·•'.., q_·_,;_L, -"i . 1~ ,.1' ,- .···.'--.1·.~ 1_~.> .~ .!·:.:;·~;:~_-_; _:, 

BblrneonHcaHHOtt .KOHl{enl{tttt B03HttKJia y aBTOpOB B npouecce 

ttcnOJib30BaHttSI C03)taHHOM HMM CHCTeM.bl ,. . ·;~~~ii6~-i~p-~~~H~~ 
. ,; ; .' ,~i' ! i . ·:-·. ·· .. , • r • ,; _;, ~ ! .. : · . I , , '.· , •· ; , \ ·, _; : , :. 1 • ,,: : • • -,, , •• ,,; ', 1 : '---:··; '.-, ,: j {'. ::: :_. .; i 

ttMnyJibCHOro S1.1tepHoro peaKTOpa HEP-2 (Jy6Ha). IlOCKOJibKY B 
" • •,, • : ,~ ' ~ ' , ' ' I, ' ~ ,._. ; ' • • ~.,.: ~ I, •• .:: ., / 

OCHOBY ttcnoJib3yeMblX npoue.1typ aHaJitt3a .n:aHHblX BXOJJ:SIT Jittlllb 
' ' t ~ t : t:· ~-~ .• ;. ; .-/.: : 

cpopMaJIH30BaHHble rrpoue.n:yp1,1, TO cptt3ttqecKaH rrpttpo.n:a 
. -:~,.--_•:~ ~,,;_ ('.\ ... : -,::, !" :•·,'' ·_,..:,; :--:, ',"···. ;:, ; ,r': ' " ' ,. 

KOHTpOJittpyeMoro o61>eKTa B .n:aHHOM . CJiyqae He ttMeeT . 

npttHl{ttnttaJibHOro, 3HaqeHttSI, x;;;1~ ~o~eT yq~TblBa;~6sr B' rrpouecce 
',_ '." .. ·: __ 1,.,_.·> -~/, ,,:\~:-~/:·/·.' "'':-·»]~,;,..-;_~,../ '!., :.,.1 ':, • ,,:. ,;..f::·-. .. .,_,,7:,1 __ . ;~ .. :~ '-

KJiaCTeptt3al{ttll. cymecTBeHHblM lflaKTOpOM ycnernHoro npttMeHeHtt51 
.t ' _,( .",,·'<·~< ';', 01~."j ,J,·,:·i·:\ :·.'?:·1.·-·_'• :"•""·.· ~1.~_,;,! 
T~U~Ott CHCTeM.bl JJ:JISI KOHTpOJISI . Ka qecTBa npo.n:yKl{tttt . 51BJI5IIOJC51 B 

;.,:t ~·\·~;1_:·,~·,._:,,· ,J;:,' ·~··:...,.\.'..:'': .~';,'.'-! ··1-\,\.l.,,.,;,,-:'-',•;.:r.·;.~'.-\.',.-,~·.:.".' ,_ 

·'OCHOBHOM Jittlllb CBOMCTBa KOHTpOJIHpyeMblX npoueccoB,· oco6eHHO MX 
I ' ' : ' t ,,' l' 

cnoco6HOCTb npe.n:cTaBJISITbCH B Btt.n:e HeKOTOpoH KJiaCTepHOM 
,";,,~.:.~·•·:._': ~J•;; i.··; ,, .t'•_;".: 1' •.',-:- .. ·, .-, .• _;>.'.'.<: Y- ,,, .. _l;"'';'.; :,·-..: ,-•.:·; .:.'! ~)~, ,';-

CTPYKTypbl. Q61,1qno, ecJitt tt3MepSieMble '' rrapa~eTpbl . Bbl6p<1:Hbl 
.:: ... ,.n:,·,,.;, :~- .,.. ;·_;_.,.·-.'. .' : ... ,:' ··-~:·\(.,.:::, '.'...:."::.,.,:·! ,•·;i: ·.)('.··_:: ~:;:'._;; al·; '\··,-~ ..• 

"npaBM,JibHO"' T. e. .OHM .n:eMCTBttTeJibHO BJIMSIIOT Ha COCTOSIHtte 
·7:-,·:1J·:.·. 11;_.:>_'-·;:::·,,,,- ... ,, .... _. -•!~ •. i . . 1.. -.· •• .t ... ~.I/;1 ·"c,-(:: ,'..i~). 

KOHTPOJIHpyeMoro.~:i,eKTa (B .n:aHHOM. cJiyqae Kaqe~TBO npo.n:yKl{tttt), 
,';.'if>":i•i '.•t•,: i , 1 ~'•I',·,·/'-' ·,,:,,.':{: .. ,.,.,,.•,,;,j ::.~iJ.' !:.-:·;:-:::.•.' ;·,-:,,~·';\.)•:, •!•, •,,••'\'-: 

TO KJiacTeptt3al{HSI )taHHblX 6y.n:eT 3aMeTHa B TOM ttJIH.ttHOM cpopMe. H 
'i '. • : , _! 4 • t , '--, -. '' ) ('" • 2 ,',' _,! , · .'· '~:' ., ·'· • ,,·• c' . , I,'. •: "J < '• ' ~. ~ 

. nocKOJibKY . Me;o.n oqeHb qycT~ttT~Jie'H .n:a.ll{e 
1K H~60JiblllllM . tt :· CKp~T~M 

. ~. 
B rnyMax tt3MeHeHtt51M napaMeTpOB (AX/X ~ 10 ), TO, KaK 

noKa3blBaeT npaKTttKa, BO MHorttx cnyqasix 3Toro oKa3blBaeTCSI 

BnonHe .n:ocTaToqHo .n:nsi .1teTaJibHOM rpa.n:autttt npo.n:yKl{tttt no 

KaqecTBy . 

~, '~: ': , 

-. t,, . • '~ 

,(, ! 
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