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npUHqunbl nOCmpOeHUR UHepOpMaquoHHo-U3MepUmenbHblX CUCmeM pa3nU'IHOaO Ha3Ha'ieHUR 

Yf:1K 681.3 

HBJIJ 

06 ::TepMl1HanbHble npOrpaMMbl «""l1<PpOBOV.» nepeAa"ll1 

11 o6pa6oTKl1 AaHHbIX, 3HepreTl1"1eCKas:t 11 l1H<pOpMa""110HHas:t OHa 

3KBl1BaneHTHOCTb 

c. B. KyllewoB 

np~BeAeHbl np~Mepbl np~MeHeH~l'l nporpaMM~pyeMo~ TeXHono
r~~ no A. H. KonMoropoBy (nTK). PaccMoTpeHbl acneKTbl 3q)
epeKT~BHoro (B CMblcne An~Hbl CO06IJ.jeH~l'l) npeAcTaBneHl<1l'l 
AaHHblX ~ o6ecne4eH~l'l ~x 6e30nacHo~ nepeAa4~. np~BeAeHo 
06ocHoBaH~e B3a~MHo~ 3aB~C~MOCT~ 3Hepren14ecKo~ ~ ~ti

epopMa4~oHHo~ COCTaBnl'llOlJ.j~x nepeAaBaeMblx AaHHbIX. 

The application examples of programmed technology on A. N. Kc,l
mogorov (PTK) are considered. Also considered aspects of effe':
tive (in sense of size) data presentation and of provision of security 
for data transmissions. Validation of mutual dependence of ener~IY 

and informative co~ponents of transmitted data is given. 

KyJleuwtJ Cepzeu BUKnwpOtJU'l - KaH)J.. TeXH. HayK, Hay1ffi. co

1pY,JJ.HHK JIa60paTopIDf aBTOMaTH311UHH HaytIHhIX IiCCJIe)J.oBaI-IHH 
MaP

CaHKT-I1crep6yprcKoro liHCTHTYTa liH¢OpMaTliKli PAH. 
06J1aCmb I/llY'IlIblX ullmepec08: IiCCJIe)J.OBa:HlliI: B o6JIacTH o6pa

60TKli mo6paJKemm: Ii BIi)J.eoCHrHaJIa, BIipTyaJIli3llIl;IDI KaHaJIOB l 
nepe)J.a1lli )J.aHHhIX Ii liH¢OPMaII;M:OHHhIX HOCliTeJIea, IiCCJIe)J.OBa

CHlliI Ii nocTpOeHlie ceMliOrrOI11'ieclillX liHc\JOpMllI.U10HHhIX CIiCTeM. 
( 

( 

( 

Bne,lJ;eHHe	 HapH( 

BaIOI.IJ;c
I1CXO,I.VI H3 rrpe,l.l,JIO)l(eHHOrO A. H. KOJIMOrOpOBbIM B 1960-x rO,l.l,ax rrO,l.l,XO,l.l,a K H,l.I,eHTHqmKaI..l,HH HH,D,HBH,D,y

naJIbHbIX 06'beKTOB «OCHOBHble rrOH5ITIDI TeOpHH HH<popMaI..l,HH ,l.I,OJI)l(Hbl H MoryT 6bITb 060CHOBaHbI 6e3 rro
pHeM(MOI.IJ;H 06panIeHIDI K TeOpHH Bep05lTHOCTeU H TaK, "ITO rrOH5ITIDI <OHTpOrrH5I» H «KOJIHqeCTBO HH<popMaI..l,HH» 

KOKa3bIBaIOTC5I rrpHMeHHMbI K HH,D,HBH,D,yaJIbHbIM 06'l,eKTaM». 
KaK TelPaCCMOTpHM p5l,l.l, rrpHMepOB, rrOKa3bIBalOI.IJ;HX OTJIHqmeJIbHbie OC06eHHOCTH H ,l.I,OCTOHHCTBa rrpOrpaM

MHpyeMo,u TeXHOJIOrHH rro A.H. KOJIMOropoBy (TITK), H3JIO)l(eHHOU B [I). . 

TepMHHaJIbHbie nporpaMMbl 

ComaCHO paBeHcTBy IIIeHHoHa [2] ,l.I,JI5I rrOCJIe,l.l,OBaTeJIbHOCTH H3 M CHMBOJIOB 

j=Z 

I =-MKLPj1npj, 
j=l 

r,l.l,e Z - qHCJIO CHMBOJIOB B aJI<paBHTe, Pj - HX anpHopHble Bep05lTHOCTH. 

'" «Pa' 

3HTpor 

qeCTBC 

(1) o 
H(xl~ 

11 
TIPH HCrrOJIb30BaHHH KO,l.l,HpOBaHIDI KOJIHqeCTBO CHMBOJIOB BbIXO,l.l,HOU nOCJIe,l.l,OBaTeJIbHOCTH 51BJI5leTC5I rrOMOIJ 

MOHOTOHHOU <pYHKI..I,HeU OT HH<popMaI..l,HH I . TIYCTlI S - BXO,l.l,HM rrOCJIe,l.l,OBaTeJIbHOCTb CHMBOJIOB, m.- HX P 
KOJIJ1qeCTBO, P - rrporpaMMa, nop0)l(,!J;alOI.IJ;M rrOCJIe,D,OBaTeJIbHOCTb	 S; I(P) = n - ,l.I,JIHHa rrporpaMMbI. Co-

KOJIMC 

maCHO TepMHHOJIOrHH [3], P eCTb TepMHHaJIbHM rrporpaMMa, T. e: rrporpaMMa, He TPe6YIOI.IJ;M BXO,l.l,HbIX rpaMM 
,l.I,aHHblX H <pOpMHPylOI.IJ;M BbIXO,l.l,Hble ,l.I,aHHble - rrOCJIe,l.l,OBaTeJIbHOCTb S . 

H(xl~ 
Ha30BeM «CJIO)I(HOU» rrOCJIe,l.l,OBaTeJIbHOCTblO S TaKylO, qTO 

T 
n = I(P +1) = I(P ) + 1.	 (2)m m	 BOMy J 

Ha30BeM «rrpOCTOU» rrOCJIe,l.l,OBaTeJIbHOCTblO S TaKylO, qTO	 I..I,HIO IT 

HbIX (~ 
n =I(P +1) =I(P ) .	 (3)m m 3TH .n;a 
TIPH 3TOM n::;; m , TaK KaK B caMOM xy,l.l,meM cnyqae P rrpOCTO BbIBO,l.l,HT 3JIeMeHTbI S. P 
BBe,l.l,eM cJIe,l.l,YIOI.IJ;Hu <pOPMaJIbHbIU 513b1K ,l.I,JI5I rroCTPoeHIDI TePMHHaJIbHbIX rrporpaMM: orreparop OUT x  TOKa H 

BbIBO,l.l, CHMBOJIa x; orrepaTOp C(a, b) - rrOBTOp CJIe)~ylOI.IJ;HX a orrepaTOpOB b pa3. Mal..l,HO 
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npUHLfunbl nOCmpOeHUR UHq,0pMaLfUOHHO-U3MepUmenbHbIX CUCmSM pa3nU'IH020 Ha3Ha'iSHUR 

KaJK,a;bIH H3 OnepaTOpOB ~BJUleTC~ e.a;HHHqHbIM CHMBOJIOM B aJl(paBHTe P. )J;aHHbIH <pOPMaJIbHbIH ~3bIK 

jJBJI~eTCjf JIHIIIb O.a;HHM H3 B03MO:>KHbIX H nOKa3bIB,LeT OC06eHHOCTH mK. ComaCHO KJIaCCH'IeCKOH TeopHH 

06 3HTponHHHoM Ko.a;upOBaHHH, I(P) .a;OJI:>KHa 6bITb Hey6bIBalO~eH <pyHKU:HeH npH yBeJIH'IeHHH m (T. e. 

OHa He MO)l(eT 6bITb CJIO:>KHee «CJIO)l(HOH» HJIH npou~e «npOCTOH»). 

PaCCMOTPHM nOCJIe;:J;OBaTeJIbHOCTb S CJIe.a;YK>~ero Bu.a;a: SlO=ABBBBABBBB. )J;JU! ee KO.a;UPOBaH~ 

TepMHHaJIbH~nporpaMMa P BbIrJI~.a;HT CJIe;:J;YlO~HM 06pa30M (I(P) = 4 ): 

C(3,2)
 
OUTA
 

.C(1,4)
 
OUTB.
 

)J;JI~ S9=ABBBBABBB TepMHHaJIbH~ nporpaM-

MaP BbIrJI~.a;HT CJIe.a;YlO~HM 06pa30M (I(P) = 6): 

OUT A
 
C(1,4)
 
OUTB
 

n~1(?) 
7 -.-.- -.-- ---.-..- -- ---..-._..--- --..--- --.- .
 
6 r---r-,
 '. 
5····················································· _ . 
4 ..--- 
3 . . 

~ ~ ~==r= . 
o+--+----I--+--+---+---!--+--+----I--II 

1 2 3 4 5 6 7 8 9 10 
m 

Puc. 1. 3aBHCHMOCTh )l!lHHhI I(?) OT ,llJll1HhI BXO.wrOM rrOCJle~o
OUT A BaTeJlhHOCTH 

C(1,3)
 
OUTB.
 

3aBHCHMOCTb KpaTqaHIIIeH .a;JIHHbI nporpaMMbI OT .a;JIHHbI BXO.a;HOH nOCJIe.a;OBaTeJIbHOCTH S npHBe.a;eHa 

Ha pHC. 1. TeM He MeHee, comaCHOBbIp~eHHlO(1) .a;JIHHa 3aKo.a;upOBaHHoro co06~eHH~ ~BJI~eTC~ Hey6bI

Baro~eH <pyHKU:HeH OT .a;JIHHbI Ko.a;HpyeMoro co06IIIeH~. 

ITpHBe.a;eHHbIH npHMep nOKa3bIBaeT, 'ITO KOJIUqeCTBO HH<popMaU:HH no IlIeHHoHy He ~BJIHeTC~ KpHTe

pueM ou:eHKH CJIO:>KHOCTH TepMHHaJIbHOH nporpaMMbI YHHKaJIbHOH H.a;eHTH<pHKaU:UH. 

KOJIHqeCTBO HH<popMaU:HH OTBeqaeT JIHIIIb 3a 3HTPOnuHHYIO ou:eHKy aHCaM6JI~ 061>eKTOB, B TO BpeM~ 

KaK TepMHHaJIbH~ nporpaMMa ou:eHHBaeT YHHKaJIbHbIe CBOHCTBa caMorO 061>eKTa. 

MH<popMaU:HH H 3HeprHH 

... «PacCMOTPHM OCHOBHbIe nOH~T~ TeopHH HH<popMaU:HH. I1CXO.a;HbIM 6y.a;eM CqHTaTb nO~THe yCJIOBHOH 

:mrponHH 061>eKTa x npH 3a;:J;aHHOM 061>eKTe y, H(x Iy), KOTOpylO MO:>KHO HHTepnpeTupOBaTb KaK KOJIH

qeCTBO HH<poPMaU:UH, He06xo.a;HMoe .a;JI~ 3a;:J;aHH~ 061>eKTa x B 06cTaHoBKe, Kor.a;a 061>eKT y y)l(e 3a;:J;aH. 

0603Haq~ qepe3 ¢ «3aBe.a;OMO 3a;:J;aHlibIH 061>eKT», nOJIY'IHM 6e3yCJIOBHylO 3HTponHlO 

H(xl¢)-H(x). 

I1H<popMau:~, co.a;ep)l(~~c~ B 061>eKTe y OTHOCHTeJIbHO o60eKTa x, onpe.a;eJI~eTC~ <pOPMaJIbHO npH 

IIOMO~H BbIqHTaH~ I(x Iy) = H(x) - H(x Iy») ... [4] 

PaccMoTpHM nepexo.a; OT yCJIOBHOH 3HTponHH o60eKTa K 061>eKTHOH H.a;eHTH<pHKaU:HH, nocryJIHpyeMoH 

KOJIMOrOpOBbIM KaK MHHHMaJIbH~.a;JIHHa, 3anHcaHHoH B Bu.a;e nOCJIe.a;OBaTeJIbHOCTH HyJIeH H e.a;HHHU: «npo

rpaMMbI» P, KOTOP~ n03BOJI~eT nOCTpOHTb 061>€::KT x, HMe~ B CBoe~ pacnop~)I(eHHH 061>eKT y, T. e. 

H(x Iy) = min I(P) . DOJIee no.a;p06HO 3TOT nepexo.a; paccMoTpeH B (l]. 

TaKoH no.a;xo.a; n03BOJI~eT OTO)l()l;eCTBHTb nepexo.a; OT 3HepreTH'IeCKO-3HTponHHHoro KPHTePH~ K 6HTo

BOMy npe.a;cTaBJIeHHIO nporpaMMbI H no.a;MeHe .a;atlHble-nporpaMMa-.a;aHHble, KOTOP~ H3Me~eT KOHu:en

qHlO nepe.a;aqH .a;aHHbIX. ITPH «U:H<PPOBOH» CB~3H nepe.a;aBaTbcH MoryT He TOJIbKO nOCJIe.a;OBaTeJIbHOCTU .a;aH

HbIX (T. e. 6HTOBoe npe.a;CTaBJIeHHe), HO H Henocpe.a;CTBeHHO TepMHHaJIbHbIe nporpaMMbI, nOp0)l()l;alO~He 

3TH .a;aHHbIe TaK)I(e B HX 6HTOBOM npe.a;cTaBJIeHHH [3]. 
PaccMoTpHM <pH3HqecKYIO 3KBHBaJIeHTHOCTb ()cy~eCTBJIeH~ nepe.a;aqH HMnyJIbCOB KaK 6uToBoro no

TOKa H 3HeprHeH, Tpe6yeMoH .a;JI~ ox nepe.a;aqH. ITPH 3TOM 6HT y)l(e CJIe.a;yeT BocnpHHHMaTb H KaK HH<pOP

MaU:UOHHYIO, H KaK <pH3HqecKYIO e.a;HHHIJ:Y. 

11~H(J)OPMAUIl10HHO-1I13MEPIl1TEJ1bHbIE 111 YnPABJ1~1011I1I11: CII1CTEMbl, Nl! 9, T. 5, 2007 



npUHqunbl nOCmpOeHUR UHq,0pMaquoHHo-U3MepUmenbHblX CUCmeM pa3nU'IHOZO Ha3Ha'ieHUR 

3aMeTHM, 'ITO B 1962 r. ):QK. TIupc [5] npe.a;JIO)KHlI Harml.a;H)'ro cxeMy CBH3H Me)K,ll;y 6HTOM Hero :mep
S,

rHeH qepe3 npOH3Bo.a;HMylO HM pa6oTy. B COOTBeTCTBHH C <pH3H'IeCKHMH 3aKOHaMH .a;JIH onpe.a;eJIeHHH CO

CTOHHHH CHCTeMbl npH TeMnepaType T norpe6yeTcH :meprHH 
3aTJ 

qHK, 

W =0,693klog2 n =kTlnn, (4) CJIe 

6ye
r.a;e W - 3HeprHH, k - nOCTOHHHaH DoJIbl..l;MaHa, n - KOJIHqeCTBO B03MO)KHbIX COCTOHHHH, T - TeMHeparypa. 

MHHHMaJIbHaH MOm.HOCTb P nepe.a;aT'IHKa npH CKOpOCTH nOTOKa S, 6HT/c 

P = 0, 693kTS . (5) 

TIpHMep CBH3H o6beKTHoH H aHcaM6JIeBOH 3HI~preTHqeCKOHH,ll;eHTH<pHKaI..J;HH npOHBJIHeTCH B TeJIeKOM

MyHHKaI..J:HOHHbIX CHCTeMax, r.a;e CJIa6blM 3BeHOM HBJIHeTCH OrpaHH'IeHHOCTb 06'beMa nepe.a;aBaeMblX 6HT 
KOMI3HepreTH'IeCKOH eMKocTbro aKKyMyJIHTopa. 

B03bMeM .a;JIH npHMepa COTOBblH Te,,'le<poH. 06m.eH3BeCTHO, 'ITO ero 6aTapeH aKKyMyJIHTOpOB XBaTaeT U:HH 

nOJIJiHa onpe.a;eJIeHHOe BpeMH pa60Tbl BO BpeMH pa3rOBopa. . 

Ha 'ITO pacxo.a;yeTcH 3Ta 3HeprHH? .ECJIH He yqHTblBaTb BcnOMOraTeJIbHble <pyHKU:HH THna BblBo.a;a Ha npm 

HOCT3KpaH, no.a;CBeTKH H .a;pyrHX Henocpe.a;CTBeHHO He OTHOCHm.HXCH K nepe.a;aqe rOJIOca <pyHKU:HH, TO OHa pac

xo.a;yeTcH Ha nHTaHHe npou:eccopa, 3BYKOBblX u:eneii H nepe.a;aTqHKa. ~ 

B CBH3H C TeM, 'ITO B TeJIe<pOHax <popMaTa GSM nepe.a;aqa npOH3BO.a;HTCH B U:H<ppOBOM <popMaTe, TO 
BaeMBpeMH pa60Tbl 6aTapeH 3aBHCHT OT qHCJIa nepe.i.J:aHHblX 6HTOB .a;aHHbIX: 
TOKa: 

P =klS(I) (6) 
O.a;HC

t ' 
KOMn 

r.a;e P - norpe6JIHeMaH MOm.HOCTb, BT; I - .a;JIHHa HH<popMaU:HoHHoro coo6m.eHHH, 6HT; t - BpeM'H nepe.a;a 'ITO ~ 

qH, c; S(I) - <pyHKU:HH CJIO)KHOCTH HH<popMaU:HoHHoro coo6m.eHHH, nOKa3bIBalOm.aH,BO CKOJIbKO pa3 MO)l(- nepe) 

HO KOMnpeccupoBaTb coo6m.eHHe I ; k - K03<p<pHIJ:HeHT, BT'c/6HT. 
60JIeeTIpHcyTcTBHe <pyHKU:HH SCI) rpe6yeTcH H3-3a Toro, 'ITO nepe.a;arorcH He Bce 6HTbl OU:H<ppOBaHHoro 
HbIX (

3ByKoBoro coo6m.eHHH, TaK KaK HCnOJIb30BaHHe B KaHaJIe nepe.a;aqH npou:eccopOB n03BOJIHeT KOMnpeccupo
6bITb 

BaTb BXO.a;HOH nOTOK. 3HaqeHHe S(I) nOKa3blBaeT HacKOJIbKO 3<p<peKTHBHO aJIrOpHTM KOMnpeCCHH, peaJIH-
KOMIT 

30BaHHblH Ha npou:eccope, C)l(HMaeT Bxo.a;Hble .a;aHHble. 

TIPH 3TOM Heo6xo.a;HMO yqHTblBaTb, 'ITO .a;JIH 60JIee 3<p<peKTHBHOH KOMnpeCCHH B o6m.eM CJIyqae rpe6y
ronm 

eTCH 60JIee 6blcrpo.a;eHCTByrom.HiI npou:eccop, KOTOpblH B CBOro Oqepe.a;b norpet5~eT 60JIbIl..lyro MOm.HOCTb. 
06JI3,l 

ECTeCTBeHHO, 'ITO norpe6JIHeMaH npou:eCCOpOM MOlll;HOCTb TaK)Ke 3aBHCHT OT era 'bco6eHHOCTeH H TeXHOJIO
rpaMr

rHH ero npOH3Bo.a;CTBa. . .' ,; 
roT BEAmI COBpeMeHlIOH TeXHOJIOrHH npoH3Bo.a;cTBa (2005 r.) H THnOBblX napaMerpOB Mo6H1IbHOrO TeJIe<poHa 

(CKOpOCTb GSM nOTOKa 13 K6HT/c, eMKOCTb aKKYMyJIHTOpa 800 MA/q, BpeMH pa60Tbl B pe)I(HMe pa3rOBOpa 

4 'I) MO)I(H0,9npe.a;eJIHTb,'ITo.a;JIH nepMa'IH o.a;Horo 6HTa.a;aHHblx rpe6yeTCH 3HeprHH nopMKa 0,06 M):VK. 
KaK I

3TO n03BOJIHeT npe.a;JIO)l(HTb CJIe.a;ylOm.ee KOHI..I;enryaJIbHOe COOTHOIl..leHHe 6HT-3HeprHH: 
MH Bt 

. I ~ KE = Kmc2
, (7) npHM 

peaJIl2 
r.a;e E == me - 3HeprHH, rpe6yeMaH.a;JIH nepe.a;aqH coo6m.eHHH I 6HT, K - K03<pqmU:HeHT KOJIMOrOpOBa, 

6e30r 
nOKa3bIBarom.HH 3<p<peKTHBHOCTb Bbl6paHHOH I(P) nporpaMMbI: <poPMaTOB H npOTOKOJIOB xpaHeHHH H ne

pe.a;aqH .a;aHHbIX, a TaK)l(e ypoBeHb pa3BHTHH TeXHOJIOrHH H KTI)J; o60py.a;OBaHHH. YBeJIH'IeHHe CKOpOCTH HO cr. 
npou:eccOpOB H naMHTH 3a CqeT OCBoeHHH HOBblX qm3H'IeCKHX 3JIeMeHTOB npH6JIH~eT K K TeOpeTH'IeCKH HcnOl 
B03MO)KH0MYnpe.a;eJIY <pOpMHpoBaHHH <pH3H'IeCKH:ycTOHqHBbIX COCTOHHHH «I» H «0». cTBye 

BMecTe C 3THM H3BeCTHblM <paKTOM HBJIHeTCH TO, 'ITO Macca HH<pOpMau:HOHHoro HOCHTeJIH (HanpHMep aJIro}: 
CD-R.a;HCK) o.a;HHaKOBa.a;o 3anHCH (<<qHCTbIH» .a;HCK) H nOCJIe 3anHCH (.a;HCK C .a;aHHbIMH), Be.a;b KOJIHqeCTBO 

Bem.eCTBa He H3MeHHeTCH, H3MeHHeTCH JIHII..Ib COCTo:mHe OT.a;eJIbHbIX er03JIeMeHTOB. TIpHBe.a;eHHaH <popMyJIa CJIe.a;c 
nOKa3bIBaeT He H3MeHeHHe MaCCbl npH HaJIH'IHH H OTCyrCTBHH HH<popMaU:HH, a MHHHMaJIbHYro Maccy HOCH onMCi 
TeJIH .a;JIH coxpaHeHHH rpe6yeMoro 06:J>eMa .a;aHHbIX (3a.a;aqaXpaHeHHH) HJIH MaccHBHblH 3KBHBaJIeHT MHHH pble: 
MaJIbHOH 3HeprHH MH nepMaqH rpe6yeMoro 06'beMa .a;aHHblx (3a,ll;aqa nepMaqH .a;aHHblx). 

IilHCDO 
IilHCDOPMAUl10HHO-Iil:JMEPIilTEnbHbIE Iil YflPABn~IOI.LIIilE CIilCTEMbl; N2 9, T. 5, 2007 
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npUH14Unbl nOCmpOeHUR UHrjJ0pMa14UOHHO-U3MepUmenbHbIX CUCmeM pa3nU'IHOaO Ha3Ha'ieHUR 

ilYCTh -rpe6yeTcSI rrepe.a;aTh co06~emle npH CKOpOCTH 

S, 6HT/c H .a;JISI rrepe.a;aqH O.a;HOrO 6HTa .a;aHHhIX 11>e6yeTcSI 

3<npaTHTh 3HeprmQ P, ,lJ,)I( (C yqeTOM MO~HOCTH rrCpe.a;aT

tIHKa H 3HeprOrro-rpe6JIeHHSI ero BcrrOMOrareJIbHblX Y3JIOB). 

CJIe.n;OBaTeJIbHO, .a;JISI rrepe.a;aqH yKaJaHHoro co06~eHHSI -rpe

6yeTcSI MO~HOCTb PS, BT. 

HCrrOJIb30BaHHe aJIrOpHTMOB KOMrrpeCCHH n03BOJISleT 

YMeHbIIIaTb .a;JIHHY co06~eHHSI H, CJIe.a;OBaTeJIbHO, HcrrOJIb

30BaTb· MeHhllIYIO CKOpOCTb rrepe.a;aqH, 'ITO YMeHbIIIaeT Tpe

6yeMylO MO~HOCTb. 

BMecre C reM, 3QlQleKTHBHOCTb PaJJIRtIHhIX nporpaMM 

KOMIIPeCCHH B cpe.a;HeM nporropIIHOHaJIbHa KOJIRtIeCIBy orrepa

~ \ 
~ 1-4,----------------1

'13 \ 
0. \ 
bl-----J":---------------l 

~I----~..~-,-.'_------,-,-.,-.-,-,."7,':"'..... ••,.,--12 ""'"
(T') ..., ., 

.............. 
.. ;' 

~ ............_-------------

CIWPOCTb f10TOKU .aaHHblX 

Puc. 2. CoolHollIeHlfe CKOPOCTlf nepeM'IJoI t(aHHhlX If
will Ha,L:( .a;aHHbIMH, 'ITO B COqeTaHHH C He06xo.a;HMOCTblO Bbl 3HepronoTpe6JIeHIDl: CIIJIOIillllUl JIlfHIDI - 3HepronoTpe6
rroJlHSlTb rrepe.a;aqy.a;aHHbIX B peaJIbHOM BpeMeHH -rpe6yeT JIeHlfe nepet(U1'llfKa 6e3 IfCnOJlb30BaHIDI KOMlIpecClflf; 

nyHI<1HpHlUl - 3HepronoTpe6JIeHlfe CY'!eToM KOMllpecClflf rrpHMeHeHHSl npolleccopa COOTBeTCTBYIO~eH npOH3JBO.a;HTeJIb

HOCTH. ilPOH3BO.a;HTeJIbHOCTb npOlleccopa, B CBOIO Oqepe.a;b, 

TIUOKe nporropIIHOHaJIhHa rro-rpe6AAeMOH HM MO~HOCTH. 
~ 
;I;HCrrOJIb30BaHHe npolleccopa .n;JISI KOMrrpeccHli rrepe.a;a \ /"~ 

BaeMblX .a;aHHblx crroc06cTByeT YMeHbllIeHHIO CKOpOCTH rro '0OJ \ //
TOKa, 'ITO YMeHbllIaeT 3Heprorro-rpe6JIeHHe rrepe.a;aTqHKa. ~ /"
O.n;HOBpeMeHHO C 3THM HCrrOJIb30BaHHe 60JIee 3QlQleKTHBHOH ~ /'P 

E. ............... .----
KOMnpcccHH yBeJIRtIHBaeT 3HeprorrOTpe6JIeHHe npOlleccopa, OJ --~ ;I; 
(T')'ITO MO)KCT CBeCTH Ha HeT BbIHrpbJllI B 3HeprorrOTpe6JIeHHH 

rrepe.n;aT'lHKa. 
CTcneHb KOMnpeCCHI1lli .n;aHHblX pHCyHKOB BH.a;HO cy~eCTBOBaHHe TOqKH HaH

60JIee 3~KTHBHOH KOMnpeccHH (H CKOpOCTH rrepe,z:(aqH) .n;aH- PUC. 3. 3aBIfCHMOCTh o61l.\ero 3HepronoTpe6JIeHIDI (ne

HbJX C TO'lKH 3peHHSI 3HeprorrOTpe6JIeHHSI. TaKaSI TOl.JKa MO)l(eT pet(a1'Il1K + npoueccop) OT CTeneHlf KOMlIpecClflf munn>IX 

6blTh orrpe.n;eJIeHa .a;AA KOHKpeTHoro THrra .a;aHHbIX, nporpaMM 

KOMIlpeCCHH H HCrrOJIb3yeMoH 3JIeMeHTHoH 6a3bl, Ha I<:OTOPOH peaJIH30BaHhl rrepe.a;aT'lHK H KOMnpeccop. 

EcreCTBeHHO, 'ITO rro.a;06Hble BblKJIMKH He YLlHTblBalOT B03MO)l(HOCTb PMHKaJIbHOrO CHlf)I(eHHSI 3Hep

rorroTpe6JIeHHSI, HanpHMep, C rrOMO~blO rrepexo.n;a Ha npOlleccop, BbIIlOJIHeHHblH rro .a;pyroH reXHOJIOrHH H 

06JIa.n;aIO~HH reMH )l(e rrOKaJaTeAAMH npOH3BO.a;HTCJIbHOCTH HJIH paJpa60TKH npHHIIHrrHaJIbHO HHblX npo

rpaMM KOMnpeCCHH, a JIHllIb YKaJblBalOT Ha cy~eC1rBOBaHHeTOqKH 3HepreTRtIeCKOrO OrrTHMyMa H rr03BOJISI

lOT Bbl6paTb ee rrpH 3MaHHblX rrapaMeTpax paJpa6aTbIBaeMoH CHCTeMbI. 

TepMHHaJIbHble rrporpaMMbl H HH«IlopMaIIHOHHaH 6e30naCHOCTb 

KaK rrOKa3aHO B [1], JIlO6aSI rrpolle.a;ypa HTepallHolJIHo-peKypcHBHoro rrpe.a;cTaBJICHHSI 06JIMaeT HaHJIyqllIH

MH B03MO)I(HOCTSlMH MHHHMH3allHH rrpOrpaMMlipy()MOH H36bJTOqHOCTH. B KaqeCTBe rrpHMepa paccMo-rpHM 

rrpHMeHeHHe QlpaKTaJIbHblX npe.a;cTaBJIeHHH, .a;AA KOTOpblX cy~ecTBYIOTy)l(e pa3pa60TaHHble nporpaMMbl HX 

peaJIH3aIIHH [6]. ITporpaMMHpyeMaSI TeXHOJIOrHSl II03BOJISleT HHaqe B3fJISlHYTb Ha rrp06JIeMy 06eCrreqeHHSI 

6e30nacHocTH rrepe.a;aqH .a;aHHbIX. 

KJIlOqeBOH np06JIeMOH reXHHqeCKHX cpe.a;cTB :3a~HTbJ HHQlOPMallHH SlBAAt:TCSI rrOSlBJIeHHe .a;eHCTBHTeJIb

HO cnyqaHHOH rrOCJIe.n;OBaTeJIbHOCTH 6HT. ,lJ,eJIo B TOM, 'ITO reHepaTOpbl CJIyqaHHblX rrOCJIe.a;OBaTeJIbHOCTeH, 

HCrrOJIb3yeMble .a;AA 06~HX lIeJIeH, SlBJIIDOTCSI rrceB.a;ocnyqaHHhIMH reHepaTopaMH, TaK KaK B npHHIIHne cy~e

CTByeT KOHeqHOe, a He 6eCKOHeqHOC MHO)KeCTBO COCTOSlHHH 3BM, H, KaK 6bl CJIO)I(HO He QlOpMlipOBaJIOCb B 

arrropHTMe qHCJIO, OHO Bce paBHO HMeeT OTHOCHTeJIhHO HeMHoro 6HT HHQlOPMallHOHHOH Hacbl~eHHOCTH. 

PaCCMaTpHBaeMbJH npHMep OTJIHqaeTC5J 01' 06blqHblX MeTo.n;oB UIHQlPOBaHHSI reM, 'ITO QlpaKTaJIbHaSI no

CJIe.n;OBareJIbHOCTb HCnOJIb3yeTcSI B KaqeCTBe .a;OCT:lTOqHO CJIO)I(HOH KO.a;HpYIO~eH QlYHKIIHH [7]. ITPH 3TOM 

OIIHCaHHe 3TOH QlYHKIIHH, .n;OCTaTOqHOe .a;JI5J nOCTpOeHH5J, SlBJISleTCSI Ha60poM Be~eCTBeHHbIX qHCeJI, KOTO

pble 3a.n;a1OT HaqaJIbHble yCJIOBHSI HTepallHOHHoro npollecca noc-rpoeHHSI QlPaKTaJlbHOH nOCJIe.a;OBaTeJIbHO
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I 

npUHL(unbl nOCmpOeHUR··UHepOpMaquoHHo-U3MepUmenbHbIX CUCmeM pa3nUlIH020 Ha3HalleHUR 

Wl1(ppyeMhIe 
,iJ,aHHhlC 

(n306pi;l)f(CHMe~ 
Marpl1Ubl 

3HaqeHHM) 

Puc. 4. IIplfHIJ;ID1 pa60ThI ~paKTaJThHOrOnrn~poBaHIDI 

PaCllIH<ppO- I 

BaHHhlC 
)J,aHHble 

TOJIbECTM. llpe,n;JIaraeMblH no,n;xo,n; 5IBJUIeTC5I Bap»aHTOM raMMRpOBaHH.SI - rrpoQecca' «Ha.Jl0)KeHM.SI» raMMa
npe,n;1nOCJIe,n;OBaTeJIbHOCTM Ha OTKpblTble ,n;aHHble, r,n;e B KaqeCTBe raMMa nOCJIe,n;OBaTeJIbHOCTM (nOCJIe,n;OBaTeJIb
THBH(HOCTM nCeB,lJ;OCJIyqaHHbIX 3JIeMeHTOB) MCnOJIb3yeTC~;{tPpaKTaJIbHasI nOCJIe,n;OBaTeJIbHOCTb. 
Horo:MCXO,n;HM KOHu;enu;M.SI 3aKJIIOqaeTC5I B pa3BMTlill M,n;eM «nOqeMY ,n;HeM He BM,n;HO 3Be3,n; Ha He6e», T.e. B 

]
MCKyccTBeHHOM ,n;o6aBJIeHMM K MCXO,n;HbIM ,n;aHHbn~ II1yMono,n;o6Horo CMrHaJIa. qTo6bl «YBM,ll;eTb 3Be3,n;bl» 

PlfqH(Hy)KHO «BbIKJIlOqMTb» «3aKpbIBalO~ee»MX COJIHu;e. HaM60JIee HarJI5I,n;HO npMHQMn pa60Tbl ,n;aHHoro MeTo,n;a 
HeHHIMO)KHO rrpOMJIJIIOCTpMPOBaTb Ha O,lJ;HOQBeTHbIX paCTpOBblX M306paJKeHM.SIX. 
pOBKEllYCTb MCXO,lJ;HOe paCTpOBoe M306pIDKeHMe npe,n;CTaBJIeHO .SIpKOCTHbIMM OTCqeTaMM, pacnOJIO)KeHHbIMM 

B MaTpMu;e np.SIMoyrOJIbHOrO BM,ll;a. llOCTpOMM no HaqaJIbHblM YCJIOBM.SIM MTepaQMOHHblH tPpaKTaJI .. 3aTeM, 
raHM3,

npMMeH.SI.SI HCKOTOpylO 06paTMMylO tPYHKU;MIO (HallpMMep, nopa3p.SI,n;HYIO CYM1\,1Y no MO,n;yJIIO 2), KnapaM 
co,n;ep3HaqeHHH TOqeK .Hcxo,n;Horo M306pIDKeHM5I M M306p~eHM5I nOJIyqeHHOrO tPpaKTaJIa, IIOJIyqMM HOBoe M30


6pa)KeHMe, KOTopqe M nepe,n;aeTC.SI no KaHaJIy CB.SI3M. ~JI.SI paCII1MtPPOBKM coo6~eHIDI Tpe6yeTC.SI, 3HM Ha


qaJIbHble 3HaqeHM.SI npou;~,n;ypbl nocTpOeHM.SI tPpaKTaJIbHOH nOCJIe,n;OBaTeJIbHOCTM, BOCCTaHOBMTb M306paJKe


HHe tPPaKTaJIa M, rrpMMeIDHI onepaU;MIO, o6paTHylo'no OTHOII1eHHlO K onepaU;HH nepe,n;alO~eH CTOpOHbl (B AID! U
 

paccMaTPMBaeMoMnpHMepe3To TaK)Ke cyMMa no MO,n;yJIIO 2), BOCCTaHOBMTb Mcxo,n;Hoe H306pIDKeHHe. 06'beM
 

llpHHU;HII pa60Tbl MeTo,n;a rrpHBe,n;eH Ha pHC. 4. KaK BH,n;HO H3 cxeMbl, CHaqaJIa C nOMO~hlO tPyHKI.I;HH npe,n;e 

)raMMHpOBaHH.SI Bblpa6aTblBalOT raMMa nOCJIe,n;OBaTe:JIbHOCTb, KOTOpa.SI 3aBHCHT OT napaMeTpa KJIlOqa K . llo

CJIe 3Toro HCXO,lJ;HbIH CHrHaJI npocTo cyMMMPyeTC5I t~ no.rryqeHHOH raMMOH no MO,n;yJIIO. C ,n;aHI 

HaqaJIbllble napaMeTpbl HTepaIJ;HOHHOH BaTbC} 

tPyHKU;HH, o6eCneqHBalO~HeBbl60p o,n;Horo npe r 
[06Pa30BaHM.SI H3 cOBoKynHocTH B03MO)KHbIX ,n;JI5I 

,lJ;aHHOrO aJIrOpHTMa, 5IBJI5IlOTC5I KpHnTorpatPlNe HblX ,n; 

CKHM KJIlOqOM. MaI(HO 

BIDKHO no,n;qepKHYTb, qTO eCJIH HaqaJIbHble 

3HaqeHM.SI HTepaU;HOHHoH tPyHKU;HH nocTPoeHM.SI 

tPpaKTaJIa B3.SITbl B6JIH3H TOqKH aTTpaKTOpa, TO 1. AJt~ 

refTpe6yeTCHOqeHb TOqHOe rrpe,n;CTaBJIeHHe ,lJ;aHHblX 
2. Ep~ 

qHCeJI, TaK KaK B 3TOM CJIyqae tPpaKTaJI 06JIMaeT 
3. .AJU 

v 

KaqeCTBeHHOH Heo,n;H03HaqHOCTbIO, qTO YCJIO)K nee 
IDIeT 3Maqy no,n;6opa 3HaqeHHH. llpH 3TOM HTe 4. Ka 

19(pau;HOHHa.SI tPyHKU;H.SI, nOp0)l(JJ;alO~asI tPpaKTaJIb
5. flu.

HylO nOCJIe,n;OBaTeJIbHOCTh, .SIBJI5IeTC.SI BbIqRCJIH
6. Fra 

TeJIbHO Heo6paTHMOH tPyHKU;HeH, T.e. JIerKO Bbl 7. Ky; 
qHCJIHMa B rrp.SIMOM HarrpaBJIeHHH, B TO BpeWI KaJ( orrpe,n;eJIeHHe 3HaqeHM.SI ee aprYMeHTa npH H3BeCTHOM IIocTyl 
3HaqeHHH caMOH tPyHKU;HH 06JIa,n;aeT CJIO)I(HOCTblO, 3KBHBaJIeHTHOH nOJIHoMy nepe6opy. MHhlMH CJIOBaMH, 

BblqHCJIeHHe 06paTHoro npe06pa30BaHIDI He MO)KI~T 6blTb rrpOH3Be,n;eHO 60JIee 3tPtPeKTHBHblM cnoco6oM, 

qeM nepe6opoM no MHO)KeCTBY B03MO)KHbIX 3HaqeHHH HaqaJIbHbIX napaMeTPOB tPyHKU;HH. 

I1TepaU;HoHHbIH npou;ecc nOCTPOeHH5ItPpaKTaJIa OTHOCHTeJIbHO ,n;OJIrHH npou;ecc, qTO npH npou;e,n;ype 

nOJIHOrO nepe60pa HaqaTJbHblX 3HaqeHHH C nOCJIe,[(YIO~HM BocCTaHOBJIeHHeMtPpaKTaJIa M nOCJIe,n;YIO~HM 

paCII1MtPPOBaHHeM Tpe6yeT 60JIhII1HX BblqHCJIHTeJIb:HO-BpeMeHHblX pecypCOB. 

C TOqKH 3peHH5I llTK, OCHOBHasI M,ll;e5I tPpaKTaJIbHOrO no,n;xo,n;a --: B nOHCKe MHHHMaJIhHOH CJIO)KHOCTH 

HrepaU;HOHHoro tPyHKU;HOHaJIa, T. e. MHHMMaJIbHO~[ ,lJ;JIMHbl nporpaMMbl I(P). 3a,n;aqa tPpaKTaJIbHOrO II1MtP

pOBaHM.SI n03BOJI5IeT nepetPopMyJIHpOBaTb 3a,n;aqy KpHIITOrpatPHH B TepMHHax CJIO)KHOCTH no A. H. KOJIMO

ropoBY [4], KaK nocrpoeHHe MHHHMaJIhHOH nporpaMMbl, nOpO)l(JJ;alO~eH nceB,n;oCJIyqaHHYIO nOCJIe,n;OBa

TeJIbHOCTb npM H3BeCTHblX napaMeTpax KJIIOqa H FleB03MO)KHOCTb nocTPoeHM.SI KOpOTKOH nporpaMMbl BOC

CTaHOBJIeHM.SI nOCJIe,n;OBaTeJIbHOCTH npH HeH3BeCTHOM KJIlOqe. 

PaccMaTpHBaeMblH npHMep tPpaKTaJIbHOrO II1E:tPpoBaHH5I TaIOKe ,n;eMoHcTpMpyeT B03MO)KHOCTb nepe,n;a

qM ,n;onOJIHHTeJIbHOH HHtPopMaU;HM 6e3 YBeJIHqeHM.SI 06'beMa nepe,n;aBaeMhlx ,lJ;aHHhIX. 

OTJIINMTeJIbHblM CBOHCTBOM npe,n;JIaraeMOro MeTo,n;a tPPaKTaJIbHOrO II1HtPpoBaHH.SI 5IBJI.SIeTC.SI rrpO.SIBJIe~" 

HHe xaoTHqeCKHX CBOHCTB tPpaKTaTJbHOrO CHfHaJIa (aHaJIOr 60JIbII10H ,n;JIHHbl KpMITTOrpatPJIqeCKOrO KJIlOqa) 

lIIH<DOPI
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npUHu,unbl nocmpoeHUR UHepopMau,UOHHO-U3MepumenbHbIX cucmeM pa3nUIIH020 Ha3HalleHUR 

TOJIbKO npH HCnOJIb30BaHHH HaqaJIbHbIX 3HaqeHHil, onpetJ;eJIeHHbIX C BbICOKOH TOqHOCTblO, qTO TPe6yeT 

rrpe,n;BapMTeJIbHOrO COCTaBJIeHIDI KaTaJIora <PYHKQHH, ytJ;OBJIeTBOp.sIIOIIJ;MX 3atJ;aHHbIM ·CBOHCTBaM tJ;JI.sI 3<p<peK

TMBHoro BbI60pa KJIlOqa tJ;JI.sI illM<pPOBaHIDI. TIPH 3TOM <popMa 3aBHCMMOCTM onpetJ;eJI.sIeTC.sI BH,n;OM KOHKpeT

Horo HTepanMOHHOrO <pyHKU;HOHaJIa H3 KaTaJIora. 

IIpM OITTMl\1aJIbHOl\1 BbI60pe HaqaJIbHbIX yCJIOBH:H HTepaU;MOHHoro npou;ecca M MCnOJIb30BaHHH aCHMMeT

plflllioro <pparMeHTa <ppaKTaJIa MO)KHO 06eCneqHTb 3HaqHMOCTb Bcex 6MTOB BbI6paHHoro KJIlOqa npH BblnOJI

HeHMH onepanHH illH<PPOBaHIDI. ITOJIyqeHHbIH CHrH:ill CJIO)KHO OTJIMqlITb OT illYMa, K TOl\1)' )l(e tJ;JI.sI paCillM<p

pOBKM Heo6xotJ;HMO 3HaTb KOHKpeTHbIH BH,n; tJ;MHaMlfl-leCKOH CMCTeMbI M HaqaJIbHbIH napaMeTP npoQecca. 

IIpMBetJ;eHHbIH npMl\1ep <ppaKTaJIbHOrO illH<pPOBaHH.sI paCKpbIBaeT HHOH KOHu;enTYaJIbHbIH nOtJ;xotJ; K op

raHM3aIJ;MM npou;etJ;ypbI KaK COKpbITM.sI, TaK M B03MO:>KHorO tJ;onOJIHMTeJIbHorO BHetJ;peHM5I MH<popMaU;MOHHoro 

co,n;ep)l(aHH5I . 
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