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A. H. Koamoropos

1 KoMmOmHATOPHBINI MOAXOT,

HyCTb IIEPEMEHHOE X CIIOCOBHO IIPUHUMATL 3HAYEHU I,
IpuHadJIeXKalIne KOHEIHOMY MHOZXKECTBY X, KOTOpo¢e
coctouT u3 N 3JIEMEHTOB. FOBOpHT, 9TO «OHTPOIIHAA»
IIEPEMEHHOTO paBHa

H(z) =log, N.

VKasblBas ONpeJIeJIeHHOE 3HAYEHNE & = « TepPEMeEH-
HOTO &, MBI «CHUMAEM» 9Ty SHTPOTWIO, COODITAsT «MH-
domatmio»

I =log, N.

Ecnm nmepemennsbie x1, &2, . . ., £y CIOCOOHBI HE3ABUCH-
MO TIpoberaTh MHOKECTBA, KOTOPHIE COCTOST COOTBET-
crBeno u3 Ni, N, ..., Ni s/leMeHTOB, TO

H(zy, 20, .., 28) =
H(z1) + H(z2) + ...+ H(wg). (1)

Jaa mepemaun KoawdecTBa muoOpMarmu [ mpuxo-
JUTCH YIOTPEDIATH

1, npu I mesom,
[I]+ 1, upu I gpobuom

JBOMYHLIX 3HAKOB. IallpEMep, 9HCIO pas3JIHIHBIX
«CJIOBY», COCTOAIMX W3 k HyJedl W eJWHHI, W OJHOI
ngoiikm, pasro 2% (k + 1).

ITosToMy KommdecTBo HHMOPMAIE B TAKOTO POJa cOb-
IICHAH PABHO

I =

I=k+log,(k+1),

T.e. JJIg «KOAUPOBAHUA» TAKOTO POJAA CIOB B YUCTOH
JBOWYHOM cHcTeMe Tpebyercs!

I~k +log, k

*Hopoe B xusnm, nayke, rexuuke. Cep. «Maremaruka, K1-
Gepueruka». 1’91, crp. 24-29, ISBN 5-07-001613-X

1Bcrony manee f & g obosHadaeT, 4TO PasHOCTh f — g orpa-
HHUYEHA, a [ ~ g, 9TO OTHOILIEHUE f : g CTPEMHUTCH K €/IMHUIIE.

HyJIell U eIUHMUII,.

IIpu mzmoKennnu Teopur UHAPOPMAIHH OOBITHO HE
3adepAKUBAIOTCS HAJOIATO Ha TAKOM KOMOHMHATOPHOM
noaxojae K geny. Ho MHe KaxKeTcss cylecTBEHHBIM
MOAIEPKHYTH €T0 JOTUIeCKYI0 HE3ABUCUMOCTD OT Ka-
KUX OB TO HH OBLIO BEPOATHOCTHBIX JOMYIITEHWH.
IIycTb, HanmpuMep, Hac 3aHUMAaET 3ajada KOAUPOBa-
HHSA COODIMEeHHH, 3alUCaHHbIX B ajdaBHUTEe, COCTOS-
meM U3 § OYKB, IPUIEeM M3BECTHO, ITO YaCTOTHI

(2)

MOSABJIEHUST OTAEIbHBIX OYKB B COOOIEHUH [JIUHBI 1
VIOBJETBOPAIOT HEPABEHCTBY

Pr :Sr/s

X=-> prlog,p, <h. (3)

r=1

Jlerko momcuuTaTh, YTO MPHU OOJBITUX 7 JBOMIHBIN
JorapudM HUHCIa COODIMEHNH, TOAINHEHHBIX TPebo-
BaHWIO (3), IMeeT acCHMITOTHIECKYIO OTEHKY:

H =loga N ~ nh.

ITosToMy mpy mepezade TAKOro poja COODIIEHUR HO-
CTATOYHO YIOTPEOHUTHL IPUMEPHO nh ABOMYHLIX 3HAa-
KOB.

YHEBepCAIbLHBIA MeTOH KOAMPOBAaHWA, KOTOPHIi
[O3BOJIUT IlepefaBarh Jioboe AOCTATOYHO JJIMHHOE
coobrrerne B andaBuTe U3 § OYKB, YIOTpebsd He
MHOTEM OoJiee deM nh ABOWYHBIX 3HAKOB, He 00sd-
3aH OBLITHL YpPE3MEpPHO CIOXKHLIM, B YaCTHOCTH, He
00s13aH HAYMHATLCA C OIPEAeIEHHs YacTOT P, AJid
Becero coobenus. UTobbl MOHATEL 3TO, JOCTATOYHO
3aMETHTEL: pasdbuBasg cooblmeHne S Ha M OTPE3KOB
51,52, ..., Sm, TOIYyIUM HEPABEHCTBO

(4)

Bnpoqu, A4 HEe X049y BXOJHWUTL 3J€Ch B ACTaJJn 3TOH
CHeL[I/IaJII)HOﬁ 3aJa4vM. Mue Baxkmo Jaub IIOKa3aTh,

X > 7 x4 naxe + o o)



9TO MaTeMaThdIecKas MpobaeMaThKa, BOSHHKAIOIIA
Ha MOYBe UUCTO KOMOMHATOPHOTO MOAX0aa K M3Mepe-
HHIO KOJHIeCTBa HHMOPMAIUH, He OrpaHHIHBAETCS
TPUBHAJILHOCTSIMH.

Brnosne ecrecrBeHHBIM gBJIgeTcd YHCTO KOoMOMHA-
TOPHBIH MOAXOM K TOHATHIO «SHTPOIHH PEdm», €C-
JIM WMETH B BHAY OIEHKY «THOKOCTH» PedH - MOKa-
3aTesIsd Pa3sBETBACHHOCTH BO3MOYKHOCTEH POmOJIIKE-
HHUSA pedd TpH JaHHOM CJIOBape W JaHHBIX MpPaBH-
Jax mocrpoerns ¢dpas. [as aBomdHoro Jorapudma
gnrciaa N PYCCKHX MedaTHBIX TEKCTOB, COCTABICHHBIX
W3 CJIOB, BKIIOUEHHBIX B «CJIOBaph PYCCKOTO sS3BIKa»
C. 1. Oxeroba M MOJIHHEHHBIX JHIIL TPeOOBAHHUIO
«TpaMMAaTHIECKOH MPAaBUILHOCTHY IJUHBI N, BHEIPa-
JKEHHOW B «UHCJE 3HAKOB» (BKIIOYAd <«IIPODETbI» ),
M. Paruep u H. CpetsioBa mosyumnin omeHKy

h={(loga2N)/n=1,9+0,1.

DTO 3HAYUTEILHO 60.J'II)H_IC, YEM OLECHKH CBEDXY JJIA
«OHTPOIIMH JIHTEPATYPHBIX TEKCTOB», IIOJyYaceMEIE
IIPH IIOMOIIHX PAa3JIMIHBIX METOAOB «yTraAblBaHUA IIPO-
,HO.H}KCHI/HL/'I». Taxkoe PaCXOXKJEHUE BIIOJIHE €CTECTBECH-
HO, TaK KaK JHUTEPpATYPHBIC TEKCTBI IMOAYMHEHLI HE
TOJBKO Tpe6OBaHI/IIO «FpaMMaTI/I‘IeCKOIL/'I IIpaBUJIBHOC-

THY.
Tpyntee oreHUTs KOMOWHATOPHYIO SHTPOIHIO
TEKCTOB, NOAYMHEHHBIX OIpEJeJeHHBIM Co/lepKa-

TeJbHBIM OrpanndenusM. [Ipeacrapisgo Obl, HAIPHU-
Mep, WHTepeC OIECHUTH SHTPONHIO PYCCKUX TEKCTOB,
MOTYIIUX PacCMaTpPUBAThCAd KakK JOCTATOYHO TOUYHBIC
IO COJIEPKAHUIO TEPEBOARI 3aJaHHOTO MHOA3BIYHOTO
TekcTa. TolbKO HANMWINe TAKOH «OCTATOUHOHN SHTPO-
OUU» JejaeT BO3MOXKHBIM CTHXOTBODHBIC IEDPEBOJRI,
IZle «3aTpPaThl SHTPONWHW» Ha CJIeJOBaHUe U3OpaHHO-
MY METPY W XapakTepy PHMPMOBKH MOTYT OBITH HO-
BOJIEHO TOYHO MOACYUTaHBI. MOWKHO MOKa3aTh, UTO
KJIACCHYIECKWH YETHIPEXCTOMHBIN pudMOBaHHBIH MO
C HEKOTOPBIMH €CTeCTBEHHBIMH OTPDaHWYECHUAMH Ha
YacTOTy <IEPEHOCOB» W T. M. TpebyeT MOMyIIeHUs
cBOBOMIBT OOPAIIEHNS CO CIIOBECHBIM MATEPHAIOM, Xa-
PaKTepU3yeMOll «OCTaTOYHON SHTPONMUEH» MMOpAIKa
0,4 (mpu yKa3aHHOM BHIIIIe YCIOBHOM CTIOCO0Ee M3Mepe-
HUA JJIUHBI TEKCTa IO «YHUCJIY 3HAKOB, BKIOYad MPO-
Genbl» ). Ecin ydecTh, ¢ Apyroil cTOPOHBI, 9TO CTH-
JUCTUYECKHE OTPAHUYCHNSA KaHPa, BEPOATHO, CHUKA-
0T IPUBEAEHHYIO BBIIIE OIIEHKY <IIOJHOWH» SHTPOIUU
¢ 1,9 o e 60see gem 1,1-1,2, To cuTyanus cTaHOBUT-
cd IpuMedaTeJbHON KaK B ciydae lepeBoja, TaK U B

caydae OPUIHHAJIBLHOTO MO3THIECKOTO TBOPYECTBA.
Jla mpocTAT MHe YTHJIWTapHO HACTPOEHHDLIE UHTa-
TeJIH 9TOT HpuMep. B ompaBaanne 3aMedy, aTo bosee
MEPOKast TpobiieMa OlleHKH KOJTHIECTB HH(pOPMAaInH,
C KOTOPBIMH HMMEET JeJI0 TBOpUecKad UeaoBeTecKas.
JeATeTLHOCTE, HMeeT OUeHb OOIBIToe 3HATEHHE.
ITocmoTpuM Temeph, B Kako# Mepe IHCTO KOMOH-
HATOPHBIH MOXO MO3BOJAET OIEHHTH «KOJIHIECTBO
nHGOPMAIIIH», COIepIKaIeecsa B IIEPEMEHHOM & OTHO-
CHUTEJBHO CBA3AHHOTO ¢ HUM TepeMeHHOTO Y. CBs3b
MeXKIAY TEepeMeHHBIMH & H ¥, MPOOETafOMIAMH COOT-
BETCBEHHO MHOKecTBa X M Y, 3aKJII0YAETCA B TOM,
9TO He Bce Taphl &, Y, HpHHAIIEKAIIAE MPIMOMY
npousBejieHno X XY | ABJIAIOTCS «BOBMOXKHBIME . [To
MHOYKECTBY BO3MOXKHBEIX map U ompejensiorcs mpu
aioboM a € X MHOXKECTBa Y, TeX Y, AJsI KOTOPBIX

(a,y) € U.

x y
1 2 3 4
L[+ + + +
+ - + -
3| — + — —

EcrectBenno OIIpEJECJUTL YCJIOBHYIO SHTPOIIUIO pPa-
BEHCTBOM
(5)

(rme N(Yy) — 9ncio s/eMeHTOB B MHOXKECTBE Yi), a
uHGOPMAIHIO B £ OTHOCHTEILHO Yy — OpMYJIoi

HNe:y)=H(y) — H(y|=). (6)

Hampumep, B ciiydae, n306pakeHHOM B TabJIHIle HMe-
eM

H(y | a) = log, N(Ya)

Ife=1:y)=0,

Ie=3:y)=2.
Tonsttro, uro H(y | «) u I(x : y) aendiorcs GyHKIH-
MM OT & (B TO BpeMs KaK § BXOAMT B X 0DO3HAUEHHE
B BHJE «CBA3AHHOTO TEPEMEHHOTO ).

Bes Tpyzsa BBOAUTCA B 9MCTO KOMOMHATOPHON KOH-
HeNIuyu TIpeACTaBIeHne O <KOJAYECTBe HHMOpMa-
IMH, HeOOXOAMMOM JIJIA YKa3aHHus 00beKTa T NPH 3a-
JIAHHBIX TPeOOBaHMAX K TOYHOCTH yKasaHud». (CM.
[0 3TOMY TIOBOAY OOIIAPHYIO JIATEPATYpPY 0O «&-
SHTPONUM» MHOYKECTB B METPHYECKHX ITPOCTPAHCT-
Bax.)

OueBuaHO,

Ie=2:y) =1,

H(z|z)=0



2 BeposTHOCTHBIII MOIXO0

Bo3MOXKHOCTH JaJbHEHIero pasBUTHS TEOPHH HH-
bopmarmu Ha ocHoBe ompenenenuil (5) uw (6) ocra-
JIICH B TeHW BBHUJY TOTO, YTO HPHUIAHHE MEPEMEHBIM
T H Y XapaKTepa «CIydaiiHbIX MepeMeHHbIX >, obaaga-
IOIIUX OIIPeIeJeHHBIM COBMECTHBIM PaclipeeseHIeM
BEPOATHOCTEH , MO3BOJIAET IIOJYYUTh 3HAYATEIBLHO 60-
Jiee 6OTATYIO CHCTeMY IOHATHI B cooTHoIIeHnid. B ma-
paJLIesb K BBEJEHHBIM B §1 BeMUMHAM HMeeM 3716Ch

Hw(z) = =Y p(x)log, p(x), (8)
Hy(ylz) = =Y ply|z)logp(y|z), (9)
Iw(x:y) = Hw(y)— Hw(y|z). (10)

TMo-pexxaemy Hw(y | ) w Iw(x @ y) apastorcs
dynkuuamu or x. MeIoT MeCTO HepaBeHCTBa,

Hyw(x) < H(x), Hwly|o)<Hlo), (1)

MEPEXOMSIIIE B PABEHCTBA DU PABHOMEPHOCTH COOT-
BeTCBYIOIUX pactpenenenuil (Ha X u Yy). Bemwan-
el Iy (2 : y) u I(x : y) He CBSI3aHBI HEPABEHCTBOM
ompeaeaeHHOTO 3Haka. Kak n B §1,

Hw(z|2)=0, Iw(z:xz)= Hw(z).

Ho ornmmume 3akao9aeTca B TOM, YTO MOMKHO obpa-
30BaTh MareMarHdeckne owumaHungs MHw (y | z),
MIw (x : y), a BeTuIHHA

Iw(z,y) =MIw(z:y) =My (y: »)

XapaKTepHU3yeT «TeCHOTY CBI3H» MEKAY & U Y CHM-
METPHYHBEIM 0Opa30M.

Crout, o1HAKO, OTMETHTL U BOSHHKHOBEHHE B BEPO-
ATHOCTHOM KOHIIENIIMK OAHOIO IIapaJoKca: BeJIMUYNHA
I(x : y) mpn KOMOMHATOPHOM MOJXOJIE BCET/IA HEOTPH-
HaTeJbHa, KaK 9TO U eCTECTBEHHO IPU HAMBHOM IPe-
CTaBJIEHHH O «KOJIMYeCTBe MH(MOPMAIMH >, BEJIUYNHA
we Iw(x : y) Moxer 6BITH W oTpunarensHoii. Iloj-
JIMHHOH Mepoil «KosmdecTBa HHAMOPMAIUU» Telephb
CTAHOBUTCS JIMIIEL OCPeIHeHHas BenuanHa Iy (2, y).

BeposTHOCTHEIA IOAXOM €eCTECTBEH B TEOPHH IIEepe-
Jady [0 KaHaJaM CBS3H «MacCoBO#» mHMOpMAIUH,
cocrodamiedl U3 OOJIBIIOrO YMCIa He CBA3AHHLIX HJIH
c1ab0 CBA3AHHBIX MEKIY CODOM COOOITEHMM, TOMTH-
HEHHLIX OIPeAeJeHHLIM BePOSATHOCTHLIM 3aKOHOMEp-
HocTsaM. B Takoro poja Bolmpocax MpaKTHYECKH Oe3-
BPEIHO U YKOpPEHUBIIEeCs B IPHKJIAJHLIX paboTax

(12)

(13)

CMEIlleHHe BEPOATHOCTEH M YacTOT B Ipeeaax Ofl-
HOTO JOCTATOYHO JJIWHHOTO BPEMEHHOTO paaa (Momy-
yajolllee CTPOroe OlpaBAaHHe IIPH IHIIOTE3e HJOCTa-
TOYHO OBICTPOTO «TlepeMeIHBaHud» ). [IpakTHIecKn
MOXKHO CUHTATh, HallPHMeD, BOIPOC 00 «SHTPOILHH»
OTOKa IO3JPaBUTEILHBIX TeJIerpaMM H «IIPOIYCK-
HOH CIIOCODHOCTH» KaHaJla CBA3H, TPeOYIOLIerocs AJis
CBOEBPEMEHHOMN M HEMCKAZKEeHHOM Iepeadn, KOPpPeKT-
HO IOCTaBJIEHHBIM B €r0 BePOATHOCTHONW TPaKTOBKE
U Opd OOLIYHOH 3aMeHe BEpOATHOCTEH SMIMpHYec-
KHMH 4acToTaMH. ECJH 3/eCh U OCTaeTcad HEKOTOpasd
HEYIOBJETBOPEHHOCTD, TO OHA CBA3aHa C U3BECTHON
PaCILIBIBYATOCTLIO HAIIUX KOHIENIUH, OTHOCAIIIXCS
K CBA3AM MEXKAY MaTeMaTHYeCKOH Teopuedl Bepodr-
HOCTel ¥ peabHBIMEA «CAYyYalHLIMA ABJICHUIMU» BO-
ob1rie.

Ho kakoil peajbHBIA CMBICJ HMeeT, HallpEMep, Io-
BOPHUTH O «KOJHYECTBE HHGMOPMAIAH », COLEPKAIIEM-
ca B Tekcre «Boiabpl u mMupa»? MoXKHO JH BKJIIO-
YUTH Pa3syMHBIM OOpa30M 3TOT POMaH B COBOKYII-
HOCTHL «BO3MOKHLIX POMAHOB» Ja ellle IIOCTYJHPO-
BaTh HaJIMYKe B 5TOH COBOKYIIHOCTH HEKOTOPOLO pPac-
npeesenns pepodTHocTed? Wim ciaesyer cuYuTaTh
oTAeJbHLIE CIeHBl «Bo#HE M Mupa» 00pa3yIomuMu
CIydaiiHyIo MOC/Ie0BaTeIbHOCTD C JOCTATOUYHO OLICT-
PO 3aTyXaloIMMHU Ha PACCTOSHHH HECKOJILKHX CTpa-
HHUI «CTOXACTHYECKUMHE CBA3AMHEAS 7

ITo cymiecTBy, He MeHee TEMHBLIM SABJIAETCS U MOJ-
HOe BLIpaxkeHHe <KOJMYeCTBO HACJEICTBEHHOH WH-
dopMmarun», HeoOXOAUMOH, CKazKeM, AJIs BOCIPOM3-
BeleHHA ocobm BHAa KyKymmKa. OmaTh B mpeaesax
HNPUHATOH BEPOATHOCTHON KOHIEIIUH BO3MOKHEL 1Ba
papuaHTa. B meppoM BapHaHTe paccCMaTpHBAETCI CO-
BOKYIHOCTDL «BO3MOXKHEIX BHAOBY C HEHM3BECTHO OT-
Kyza DepyIIuMcs pacipeiesleHieM BepOATHOCTER Ha
5TOH coBOKymHOCTH.. BO BTOPOM BapHAaHTC Xapak-
TEPUCTUYECKHE CBOMCTBA BHAA CUMTAIOTCA HabOPOM
c1ab0 CBA3AHHLIX MeKIy cOO0H caydalHbIX IepeMeH-
HbIX. B mosb3y BTOpOro BapmaHTa MOXKHO HPHUBECTH
coobpazKeHusl, OCHOBaHHBIE Ha PeaJbHOM MeXaHU3Me
MYTallHOHHON u3MeHuynBocTH. Ho coobpaxkenus sTu
WLIIO30PHEL, €CJIH CYUTATL, YTO B PE3YJILTATE €CTECT-
BEHHOI'O OTOOpa BO3HHKAET CHCTEMa COLJIACOBAHHBIX
MeKIy cODOR XapaKTepHCTHYECKAX IPU3HAKOB BHJA.

2O6parenne K MHOKECTBY BHIOB, CyLIECTRYOIIUX HIIH Cy-
MIeCTBOBABIINX Ha 3eMJle, JazKe MPH YUCTO KOMGHHATOPHOM
MofcHdeTe a0 6B COBEPIIEHHO HETPHEMJIEMO MaJible OIMEeHKH
cBepxy (4ro-nmubo Bpome <100 6ur!).



3 AjaropurMmu4deckKuii moaxosm

ITo cymecTBy, HanbosIee ComepKaTEIbHBIM ABIACTCA
IpeACTaBJIeHAEe O KOJHIeCTBe MH(MOPMAIHH «B 9eM-
b0y () m «o geM-u60» (y). He cnyqaitno nMmenHO
OHO B BEPOATHOCTHOH KOHIIEIIMHA TOJIy9HI0 06061IIe-
HHE Ha CIydail HeIPepBIBHBIX MEepEeMEHHBIX, AJIS KO-
TOPBEIX SHTPONHUA GeCKOHeYHa, HO B IMHPOKOM KpYTe
cIIydaes

Ppy(dedy)
Iw (2,y) // xydxdy)logzp(d) P, (dy)

o IeKaIme Hale-
MYy H3YUYeHWIO, OUeHb (HEOTPAHHIEHHO?) CIOKHEI, HO
CBSI3W MEKAY ABYMS PEaJbHO CYIIECTBYIOMHME 00b-
eKTaMH WCUYEpIBIBAIOTCA TpH Oojiee MPOCTOM CXe-
MaTH3WPOBAHHOM WX omucannu. Ecam reorpadpmdec-
Kadgd KapTa JaeT HaM 3HAUHTEJIbHY0 HHMOPMAIHIO
06 ydJacTKe 3¢MHOM MOBEPXHOCTH, TO BCe K€ MHKPO-
CTPYKTYpa 6YMaru u Kpacku, HaHeceHHoH Ha bymary,
HUKAKOTO OTHOIIEHWS He MMEET K MHKPOCTPYKTYpe
n306paKeHHOTO yIacTKa 36MHOM MOBEPXHOCTH.

IIpakTudecku Hac HMHTepecyeT dallle BCETO KOJW-
JecTBO WHMOPMAINK B HHIABHAYAJILHOM OOBLEKTE &
OTHOCHTEJILHO WHAMBHAYaIbLHOrO obbekTa y. Ilpas-
Ja, yiKe 3apaHee sCHO, 9TO TaKas HWHIABHIYaJbHAS
OIleHKa KOJUYIECTBa HH(OPMAIMA MOMKET UMeTh pa-
3yMHOE COAepiKaHue JHIMbL B CAyYadx JOCTATOIHO
OoabIuxX KoaudecTs undopmarnu. He umeer, Hampu-
Mep, CMBICIa CIPallliBaTh O KOJAUYIECTBe HHpOPMa-
nmuu B mociaegoBareabHocTH Mudp 0 1 1 0 orHOCH-
teqabHO nociepopatTesbroct 1 1 0 0. Ho ecom MBI
BO3bMEM BIIOJHE KOHKPETHYIO TabJUIy CIyUalHBIX
qrcesl OOBITHOTO B CTATHCTHIECKON MpakTHKe 00beMa
¥ BBIMAIIEM [Js KaiKIOH ee MudppHl MHMPY €IHHHIL
ee KBaJipaTa IO CXeMe

KoHeuHO. Peajbubie O6’])€KTI)I,

0 1

2 9
0 1 4

3 4 5 6 7 8
9 6 5 6 9 4 1

bl
TO HOBasg Tabauia 6yIeT colepKaTh MPUMEPHO

8

(log, 10 — 10)

nHMOPMAIMH O TTepBOHAYaIbHOH (n — aucao mudp B
cronbrax).

B cooTBeTcBUH € TOJBLKO YTO CKazaHHBLIM IIpejlJia-
raeMoe fajee onpejenenne Beawauubl [4(z @ y) Oy-

JleT COXPaHATE HEKOTOPYIO HeolpeAeleHHOCTH. Pas-
HBbIe DaBHOICHHEIE BAPHAHTHI STOTO OLpe/esleHud Oy-
JyT OIPUBOANTE K 3HAYECHUAM, SKBUBAICHTHEIM JIHIIH
B cMblIcie 4, & [4,, Te.

|la,

rae koHcTaHTa Cy, 4, 3ABUCHT OT TOJOKEHHBIX B OC-
HOBY JIBYX BapHAHTOB ONpe/leIeHUs YHUBEPCATBHBIX
METOIOB TTporpaMMupoBanus A; u As.

Bynaem paccMarpuBaTh «HYMEPOBAHHYIO 0OJACTH
00 beKTOBY, T.e. cueTHoe MHOKecTBO X = {2}, Kax-
JIOMY 3JIEMEHTY KOTOPOTO MTOCTABJIEHA B COOTBETCTBHE
B KadeCTBe «HOMepay» n(x) KOHeUHAs MOCTeI0BATE b
HOCTH HyJel W eJIWHUI], HAYMHAIOIIAACA C eIUHUIIEI.
O6osHaunM tepes [(z) AMUHY HOCTEAOBATENBHOCTH
n(xz). ByaeMm mpeamnonarars, 4To

1) coorBercTBHe MeiKay X M MHOMKECTBOM [ JBO-
WYIHBIX MOCTEI0BATETLHOCTEH OMUCAHHOTO BHIA B3a-
UMHO OJHO3ZHATHO;

2) D C X, dynkmust n(z) va D obuiepekypcuBHa
[1], npuuem s & € D

l(n(x)) <l(x) +C,

rae C' — HEKOTOpas KOHCTAHTA;

3) BMecTe ¢ £ M y B X BXOIWT yIOPAJOYeHHAS Ta-
pa (%,y), HOMep 5Toi Hmapbl ecTh OOIIEPEKYPCHBHA
bYHKIIAST HOMEPOB & U Y U

l(x,y) <y —I—Z(y),

rae C 3aBHCAT TOJLKO OT .

He Bce aTH TpeGoBaHHs CYIIECTBEHHELI, HO OHH O0-
JIerdaroT uaJoKeHne. KoHeuHBIi pesyIbTaT IocTpoe-
HHA MHBapUAHTEH 110 OTHOIICHHIO K IepeXoly K Ho-
BoO#l HyMepannu n’ (), obiagaroreil TeMu e CBOHCT-
BaMH H BBIpazKalolleiica oBIepeKypCHBHO 9epes CTa-
pPYIO, H II0 OTHOUIEHHIO K BEJIIOYEHHIO CHCTEMBI X
B Gosee obmupHyto cuctemy X’ (B NpeamosoxkeHn,
9TO HOMepa n' B pacIIUpPEHHOH CHCTeMe JIJI SJIeMeH-
TOB IepBOHAYAJILHON CHCTEMEI OBIIEpEKyPCHBHO BEI-
pazKaloTcd Yepes IepBOHAYadbHBIE HOMepa 7). [lpw
BCEX 3THX IIpeobpa3oBaHUAX HOBBIE «CIOKHOCTH» M
KOJIMIECTBA MH(MOPMAIHE OCTAIOTCA SKBHBAJCHTHEI-
MU [epBOHAYAJLHEIM B CMBICIE AS.

«OTHOCHTETEHON CIIOKHOCTLIO> 0OHEeKTa ¥ TIPH 3a-
JaHHOM ¥ OyJeM CIHTATh MUHUMAJbHYIO Anuny I(p)
nporpaMMbl p noiyderns y uz x. Cdpopmynrupopan-
HOE TaK OIIpefieJicHHe 3aBHCHT OT «METOAa IIPOrpaM-
MHUPOBaHUA». MeTos IporpaMMHEPOBAHHAS €CTh He 9TO

- IA2| S CA1A2’



uHoe, KaK GYHKIHUSA ¢(p, ) = Y, CTABAINasg B COOTBET-
CBHE MpOTpaMMe p B OOBEKTY & OOBEKT Y.

B cooTBercBuE ¢ yHUBepCaJIbHO MPU3HAHHBIMU B
COBPEMEHHON MaTeMaTHIeCKOH JIOTHKE B3MJISIaMU
cJleflyeT CYUTaTh (PYHKIHIO (¢ GaCTHYHO PEKYPCHB-
moit. Hus soboit Takoi pYHKIUH ToIaracM

min {(p),
e(p,@)=y

Kw(y |z) = 00, €CJIU HET TaKOTO P,

w10 p(p,z) = y.

TTpn stom dyHKINA v = p(u) oT 4 € X co 3HAYeHN -
MU v € X Ha3BIBaeTCd YaCTUIHO PEKYPCUBHOM, ecin
OHA MOPOKAAETCH IACTHIHO PEKYPCUBHOM byHKIHeH
npeobpazoBaHus HOMEPOB

Jlast moHMMAaHus oNpejiesieHus] BayKHO 3aMeTHTD,
YTO YACTHIHO PEKYpPCHBHBIE (DYHKINH, BOODOIIE TO-
BOpsI, He ABJISIOTCS BCIOAY ompefejeHubiMu. He cy-
IMECTBYET PEryJsipHOTO MPOIEcca Uit BHIACHEHUT TO-
ro, IPUBEJET MPUMEHEeHHE TTPOTPAMMEL p K 00BEKTY &
K KaKOMY-Jubo pesyabraTy wian Het. [losTomy dbyHK-
nus K,(y | #) He obasana OLITh 5(PpdeKTHBHO BHI-
gucauMoii (06IepeKy pCHBHOI) asKe B crydae, KOTIa
OHa 3aBeJJOMO KOHETHA TPH JIOOBIX & U Y.

OcuoBHag TeopeMa. CyI[ecTByeT TAKasd YACTHIHO
pexypeusHast yuknusa A(p, &), 4ro ais Jarobol gpy-
roff YacTHIHO pEeKypPCHBHONH (DYHKIHU ©(p, &) BHIIOI-
HEHO HEepABEHCTBO

Kaly|z) <EK,(y|z)+Cop,

re xoHcranra C, He 3aBHCHT OT £ H Y.

JoKazaTelbCTBO OmMpaeTcd Ha  CYIIEeCTBOBAHHE
YHHBEPCAJBHOH YacTHYHO PeKYypCHBHONH QyHKINH
®(n, u), obmagatomeii Tem cBoiicTBoM, ¥TO, dbUKCH-
pys HajJdeKallpii HOMep 7, MOXKHO IIOIYYHTH IIO
dbopmyrne p(u) = P(n,u) mobyo Apyryoo dacTHd-
HO pexypcuBHYO dbynkmuto. Hy:kmaa maMm pyHKIHA
A(p, z) onpegeasercsa dpopmyaoir®

A((n’ (]), $) = (I)(n, ((], $))

B camom AeJie, ecIin

y=¢(p,z) = 2(n, (p,2)),

3®(n, u) ompenenena TonbKo B ciydae n € D, A(p, ) Tomb-
KO B cilydae, Korda p umeet Bu, (n,q), n € D.

TO

A((n,p), ) =y,
l(n,p) <l(p) + Ch.

Oyukuun A(p, ), yaoBrerpopsiolire TpeboBaHH-
SIM OCHOBHOH TeOpeMBbl, Ha30BeM (KaK M OlpeJense-
MBIE HMH METOJBI NPOTPAMMUPOBAHHA) ACHMITOTH-
yeckw onTuMaabHbIMA. O9eBAIHO, 9TO JJIA HAX MPH
JIOOBIX @ M Y «CIAOKHOCTEY K 4(y | #) Koneuna. Jis
IBYX Takux GyHKIEH A; m Ag

|[(A1(y | l‘) - [(A2 (y | l‘)| S CA1A2’

riae Ca, 4, He 3aBHCHT OT ¢ U y, T. €. Ka,(y | ) ~
Ka,(y | z).

Hakoren, K4(y) = Ka(y | 1) MoxHO cuuraTh
IIPOCTO «CJIOKHOCTBIO OOHLEKTA Y» M ONPEJENATL «KO-
JIN9eCTBO HHMOPMAITAN B & OTHOCATEILHO Y» (hopMy-
JoH’

Ta(z 1 y) = Kaly) — Kaly | z).

Jlerxo ,HOKaBaTb4, 4TO BEJIMYHHA 3Ta BCerjga B Cy-

IIeCTBEHHOM IIOJIOKUTENbHA!
Ta(x:y) 20,

9TO TOHUMAaETCs B TOM cMbIcie, uto [4(z @ y) He
MeHBIIe HEKOTOPO#H OTpHIATeTbHON KOHCTaHTH ()
3aBUCATIEH JHUITb OT YCIOBHOCTEH HW3OPAHHOTO METO-
Jla mporpaMMupoBaHug. Kak yiKe TOBOPHUIOCH, BCH
TeopHs pacCcUMTaHa Ha MPUMEHEeHWe K OOJbITAM KO-
JHYecTBaM WHMOPMAIUH, TT0 CPABHEHUIO C KOTOPBIM
|C| 6yner npenebpekuMo MaI.

Haxkoner, Ky (z | 2) & 0, Ia(z : 2) & Ka(z).

Koneuno, MoxHO M30ETHYTH HeONpEIeJeHHOCTENH,
CBA3AHHBIX ¢ KoHCTanTaMu C, U T. JI., OCTAHOBUBIIUCH
Ha ONpeAeeHHBIX 00JIacTaX 06beKToB X, UX HyMe-
panuy B GYHKIHA A, HO COMHHTEIBLHO, 9TOOBI 3TO
MOYKHO OBLIO cAedaTh 6e3 ABHOTO mpomsBoia. Cie-
JIyeT, OJHAKO, IYMAaTh, 9TO Pa3IHIHBIE TPEACTABIIS-
IOIHECsT 3MIeCh «PAa3yMHBIE» BaAPHAHTHI OYAYT MPUBO-
JUTH K OINEHKAM <«CJIOKHOCTEH», DACXOASIIAMCS Ha
COTHH, a He Ha AecATKU Thicsd 6uT. [losTomy Takme
BEJUIHHBI, KaK «CJIOXKHOCTbY TeKcTa poMmaHa «Boi-
Ha ¥ MHD», MOKHO CUUTATH ONPEeJEHHBIMA C TPaK-
THYECKON OMHO3HAYHOCTBIO. DKCIEPUMEHTHI O yra-
JIBIBAHWIO MPOJOIKEHUH JUTEPATYPHBIX TEKCTOB MO-
3BOJISIIOT OIEHUTDH CBEPXY YCJIOBHYIO CJIOKHOCTL TPH

4Buibupas B Bune bynxuu cpapnenus ¢(p,z) = A(p,1),
nonyunm K 4 (y | ) K Ko(y | 2) + Cp = Ka(y) + Cyp.



3aJJaHHOM 3allace «alpHopHOi HHbOpMaIus (O A3bI-
Ke, CTHJIe, COEPKAHUN TEKCTa), KOTOPOH pacmomnara-
eT yraJblBaroriuii. B ombiTax, MpOBOAMBINHNXCS HA Ka-
denpe Teopun BepogTHOCTEH MOCKOBCKOTO rocymap-
CTBEHHOTO YHHUBEDPCHUTETA, TAKWE OIEHKH CBEPXY KO-
nebasmuck mexay 0,9 w 1,4, Onenkn mopsaka 0,9-1,1,
nonyuubiiecsd y H. . PuiukoBoii, BeI3BaIM Y MeHee
VAAUIUBHIX YTAIIUKOB PA3TOBOPHL O €€ TeJemaTuIec-
KOIi CBSI3M C aBTOPDAMHU TEKCTOB.

A mymaio, 9TO ANA «KOAUYECTBA HACTEICTBEH-
HO# WHMOPMAIUWy TPeANoNaraeMblil TOAX0A AAeT B
MPUHITAIIE TPAaBUJIBHOE OIpeJeeHne CaMOTO MOH-
THs, KaK ObI HH ObLIa TPyAHA (dpaKTHIeCKas OIMEHKA
STOTO KOJTHIECTBA.

4 3aKJIYNUTeJIbHbIEe 3aMevYaHNnsd

WNzmoxennass B §3 KoHIenus 0b6JATAaeT OFHUM
CYIIIeCTBEHHBIM HEJIOCTATKOM: OHA He YIUTHIBAET
«TPYIHOCTH» TePepabOTKH TMPOrPAMMBI P U O0bek-
Ta £ B 0ObeKT y. BBeas Hajmexalne onmpeeeHus,
MOYKHO JI0Ka3aTh TOYHO (POPMYJIHpPYEMbIE MaTeMa-
THYecKWe TPEeJIOKEHNs, KOTOPhle 3aKOHHO WHTEP-
MpPETHPOBAaTh KaK yKa3aHWe Ha CYIeCTBOBAHWE Ta-
KHX CJIyd9aeB, KOrma OObeKT, MOMYCKAIUN OYeHb
MPOCTYIO TMPOrpaMMy, T. €. ODJaJafoNnii OYeHb Ma-
Jofi crokHOCTBIO K (%), MOXKeT GBITH BOCCTAHOBJIEH
0 KOPOTKHM IMpOTpaMMaM JIWINb B Pe3yJbTaTe BHI-
YUCIEHUH COBEPINEHHO HEPeAJTbHOM AnuTenbHOCTH. B
JPYTOM MeCTe s IPEANONaralo U3yIuTh 3aBUCHMOCTh
HeobXoaMMOill catoHOCTH Tporpammbl K (z) ot mo-
MyCTUMOM TPYAHOCTH { ee TepepaboOTKU B OOBEKT L.
Crnowxuocrs K (), xotopast 6bla onpejenena B §3,
NOABHTCSA TIPU 5TOM B KadecTBe MuHMMyMa K (z) mpn
CHATHHU OTPAHWIEHWH Ha BEJUUUHY .

3a mpezesaMu ITOH 3aMETKH OCTAaeTCs W IIPHUMeE-
HEHHWe MOCTpoeHWH §3 K HOBOMY ODOCHOBAHWIO TeO-
puu BeposaTHOCTel. ['pybo roBops, 3/1€ch A0 HIET O
crenyoreM. Ecin koreuHnoe MHOKecTBO M 13 09eHB
BOBITOTO YncIa JIeEMEHTOB /N JOMyCKaeT OIpeiesie-
HUE TIPY TOMOIIH TPOTPAMMBI JIJTHHEL, TPEHEOPEKUMO
MaJIoif 1o cpaBHeHuIO ¢ log, N | TO 1ouTH BCe ByieMeH-
el M uMeror coxHOCTH K (), 6amskyio K logy, N.
DieMmenTrl £ € M 3TOH CIOKHOCTH M paccCMaTpuBa-
OTCA KaK «CaydaiiHble» aeMeHTH MHOKecTBa M . He
BIIOJIHE 3aBEPIEHHOE M3JIOYKEHWE STOH WAEW MOIKHO
Haiitu B cratbe [2].

Crnincok auTepaTypsbl

[1] Venenexut B. A. Jlekunw o BEIYUCIUMBIX (DYHK-
muax. - M.: @usmatrus, 1960.

[2] Kolmogorov A. N. On tables of random numbers

// Sanknya. A, 1963. - Vol.25. - 4. - P. 369-376.



