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:■u■y■ AilepHl>IX ucc11e/JoeaHull ,11y6Ha 

I. IlpenBapHT8;JI1,llll8 B8Jleq8JIHH H p83YJU,TaTU 

Cpe~H aCCOI\HaTHBHWC CrntCJrOBWC CTPYKTYP, npeAHaaHaqeHHblX ~nH 

opraHHBal\HH B naMBTH 9BM MaJllHHHWC o6pasoB H8KOTopwc o6~eKTOB HnH 

BX OllHCaHBR, H~8HTH~HUHPOBaHHWC HX npHaHaK8JIH, HaH6onee 3ql(p8KTHB

HWffl HBnHDTCH ~peBOBH~HUe CTpyKTypu. OHH o6ecneqHBaDT BUCOKO8 

6ucTpo~ettcTBH8 ~OCTyna K ~aHHUM ae' TOJU,KO npH HX noHcKe no KnD-qy, 

HO TaKEe npH BKJIJlqeHHH HOBOR H HCKnDqeaHH ycTapeBmett HH~opuauHH. 

9TO onpe~emtno HX mHPOKOe HCnOJU,BOBaHHe B HH~OpMaUHOHHWC CHCTeMax 

c pasBHTDH ~HHaMHqecKHMH CJORCTB8JIH 6aHKOB ~aHHl:DC. B HaCTOH~ett 

pa6oTe coo6~aDTCH pesym.TaTu, ~OIlOnHHD~8 Hccne~oBaHHH no nosH

UHOHHUM H Hapa~Ba8MUM npHaHaKOBUM ~epeB»HM. 

By~eY cne~oBaU B OCHOBHOM T8pMHHo.nor1111, paspa6OTBHHOtt B T80-

pHH accoUHaTHBHDI'O nporpaMMHpoBaHHH/I/, a TaKze HCilOJI»ayeuott 

B / 2, 3/. Onpe~enHM H6KOTOpue noHHTHH. 

nepeBO - BTO CBHSHUtt rpa~, He co~epa~Htt UHKnoB. B Ka~utt 

ysen ~epeBa, Kpoue KOpHH, BXO~HT OAHO pe6po HHS Ka~oro ysna HC

XOAHT H8CKORbKO pe6ep. CoBOKynHOCT» pe6ep, HCXO~HlllHX Ha OAHOI'O 

ysna, o6pasyeT nyqoK, a KoJiHqecTBO TaKHX pe6ep HaaUBaeTCH paeue

pou nyima •. Houep ypoBHH, KOTopouy np1rn~neimT ysen, onpeAeJIHeTCH 

qffCJIOl,I pe6ep, coe~HHHID~HX yaen C KOpHeM. B HCCJI6AY8MWC A8P8B»HX 
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yalibl, npHHa;ztnezaauae O,llHOUY ypOBHD, HU8DT 0,llHH8XOBH8 paauepu 

nyimOB. 

I!OHCK o6'.b8KTa B ,llp8BOllH,llHOll npH8HaKOBOtt CTpyKType OCYDt8CTBJll!- . 

eTCH B nponecce npocneuBaHHH yanoB ,llepeBa na ero nocne,lloBaten:&nwt 

YPOBHliX CBepxy BHHa. TpaeK!OpllH, onHcHBaeuaH npu 8'f0U IlOllCKOBOtt 

TOIJKOll, 88.BHCHT OT aJII'OpH!Ua UOHCKa H HaaHBa8TCH noHCKOBWI !pexou. 

Yaen ,ll8p8Ba, KOTOPOMy IlOCTaBneH B COOTB8TCTBHe o6'.b8KT HJU! H8KO'f0-

poe ero onHCaHHe, HaaW1a8TCH o6'.b8KTHWI. Yaen, He CO,ll8pzaDtHll 00'.b8K'f

HOtt llHWOpUaIUiH, HBnH8TCH npHSHaKOBHU. 

CtpyKTypa Hccne,llyeuwc ,ll8p8BI,8B O,llHOSHatWo onpe,ll8nH8'fCH KOpTe

llt8M<m,no,n.,, ... ,nm-,> , r,lle m - Konz-qec!BO ypoBaen ,llepeBa, n, -
paauep nyllKa i -ro YPOBHH, i=o,m-t • B Kall8CTB8 KPHT8pHH BH6opa 

8TIDC napaueTpOB cne,llyeT npHHHTI, MHHHU8JII,HyD TPY7I.08MKOCTI, noncxa, 

xapaKTepHCTHKOll KO!Opott uoneT cnyEHTI, ,llnHHa IlOHCKOBOro TpeKa HC

KOMoro 06'.beKTHoro yana (nemi JOllCKa). Ho aTa B8mttmHa CH:,U,HO 8aBH

CHT OT nono:iiteHBH ne.1.ll'l IlOllCKa B PH.llY nocne,llOBaT8:,U,HHX o6'.b8KTHHX ya

noB ,llepeBa, nnnoo6paauo 2aueHHHc1, B mupoKHX npe,llenax. lloatouy B 

Kall8CTB8 xapaKTepHC'fHKll TPY.ll08UKOCTH IlOHCKa npHHHMa8TCH cyuua<p 
,llmlH IlOllCKOBllX TP8KOB BCl'IX 00'.b8KTHWC yanoB, O'fH8C8HHaH K DX o611te

uy imcny N • 

Jtna noannaouHoro 71.epeBa/I/, B Kotopou 
1'1•1 

N = IT ni. 
l=o ' 

B / 3/ C IlOUOIJtI,D npe71.XOllt8HHOI aouuoR U0~8ID! nonyll8HO 

(I.I) 

"1•t "'•I 

ci>=t nn.~(n,+i). 
~co i=o 

(I.2) 

Jtnn npHB6,ll8HHOR 71.ID!Hli IlOHCKOBOrO TpeKa C Yll8TOM (I.I) H (I.2) 

cnpaBe~nHBa cne~yDDtaH nenollKa TOllt7J.8CTB8HHl:lX npeo6pasoBaHBA 

(nrE(~N~: 

4 

[ 

m-1 [: m-t 

lf =-½ ~~ lnno+~ fn+nf• lnni7= 1 H(n.)1tnN-~lnn,)+ 
0 Lal l J \ Lcf 

+ ~H(nl)1nnt]=J_2. {H(n,)kN+ ~'Cnn1(H(n~-H(n,1l 
t=f i,cf J 1 

r.ne i+x 
H(1)= tn~ . 

(I.3) 

88.BHoHuocu, H(-z-) naoopaseua Ha pile.I, npz-qeu Hmi.i\~H(3,592.) n 
[H(?i)c::3,641]> [H(4)= 5,G07) • lloaTouy Ha (I.3) uouo BH7I.BTI, 1 llTO 

OllTHUanI,Hlill-llBnH8TCH ll08HIUIOHH08 71.epeBo, paauepH ny11KOB Ha ypoB

HHX KO!oporo O,llHHaKOBH H paBHH 4. iteAcTBHTen1,uo, f UHHHUaJII,HO, 

xor,na n0 =4, a n,=n0 , i.=t,m-1; 'f(4) ~1,B f.nN. 

H(~) 

6 

5 

4 

:.t1 
3 ! ; i ~ 4 i i ~ A ~ ~ -

Pac.I. SaBacauocu H(:i:)= (Hx)/tn.x.. 

B noaB~OHJiou ,nepeBe Bee oo~eK!HHe yanu pacnonoxeuu Ha tep

MHHBJII,HOM ypOBHe. itocTyn K KSZ,1to•y H8 HHX OCY1118C?BXaetCaB peaym.

!8!8 npoBepKB OT I 71.0 n, yanoB B nyllKax Bbllll8B8E8.IJU!X ypOBHe!, H 

~ID!Ha t BCmtoro IlOHCKOBOro !peKa ,,._, 
m I!. l ~ S:. n, . 

l=O 
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~- suyuepaTop inH IlOCJl8'AOBaTeJlLHOCTH BC8B03YOl'tHWC 3HaqeHHlt 

'A1IBH IlOHCKOBl:lX TpeKOB ll03BUHOHHOro npB3HaKOBOrO 'AOpeBa ec:r» 

n,-t .!!L. i ~ ( 
F(t)= Jf ?--, t = ~ (?t. t , (I.4) ,=o \ct t=m 

r'Ae t - CBOC!O'AHHlt napaMeTp, 

C(- Ko:rmqeCTBO TpeKOB 'AJIBBH ! 1 
m-f 

· .i\ = 2::J ni. 
(=o 

noKa3aTeJlLCTBO. COOTHOmeHH8 (I.4) HU88T CBJly B KaqeCTB8 nepe'llltc-

nHBJ~ett npOH3BO'AH~elt ~YHKIU!B, HnB aHyYepaTopa, 'ARH KOMC!HHaTopHOlt 

xounoaBUHH/41 c TOtmO m qac:rH111r1, KWl'AaH H3 KOTopwc ue npeBumaeT 

n. i=O m-t • l108TOIIY 'AOKaaa:renLCTBO CBO'Al!TCll K yc-rauoBneHHJJ 
L 1 J 

~eKBaTHOCTH MO'Aenelt anropHTUa IlOHCKa B llOSHIU!OHHOY 'A6P6Be H 'AaH-

HOlt KOMilOBH!U!H. nettCTBHT8H»H0 1 KOYil03HUHll KaK ynop:moqeHHHlt Hae!op 

uema: nonOllHT8JlLHblX imcen npH 'AaHHOI liX cyuue xapaKT8PH3Y8TCll ocs
paaym~Mli ee qacTHMn,-xapaKTepHCTBKOlt (HX cyuuolt) H B8Jmtn!H8llB 

qacTelt. EcJIH 8THM napaueTpaY llOCTaBHTL B COOTBOTCTBHe lll!CJlO ypoB

uelt 'A8P8Ba, 'AJfflHy IlOBCKOBoro TpeKa H paauepH ny'llltoB, TO 'AOCTHraeT

CH IlOJlHOTa aHanorHH. 

KonneCTBO TPOKOB 'AJU!HH { B ll03HIU!OHHOU 'A8P6Be C!y'AeT 

_ _ 1 a<1
JF(tJ I 

Ct. - LI att1> t...o. 

B qacTHOM c.nyqae OilTHYa.JILHOlt CTPYKTypu 
4m. 

F(t) = (t+tz.+t1+t1)"1'= ~ c,t'. 
t=m 

Ee peanH38UHH COOTB6TCTBY6T Ha.HC!OJILmeuy CYe~eHHBJ CHYY8TpHtmolt 

OTHOCHT6JlLHO OCH l=(rn+J..)/2. KpHBOtt auyuepaTopa B OC!JlaCTL KOpOTKHX 

'AlrnH TpeKOB no cpaBHeHHBJ C COOTB8TCTBYD~MH KpBBWl:l1 'AJlH H60IlTB

M8JlLHWC paBH06MKHX 'A8P6BLeB. 
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PHc .2. tyHKIU!B pacnpe~eneHBll 'llHCJla Tp8KOB no HX 'AJIHH!lll 

B ll03HIU!OHHl:lX 'A8P8BL!IX: I - <.'.'•},4,4,4,4>; 

2 -(4,8,8,2,2); 3 -<3,!6,8,2 )i 

4 4 -<2,32,8). 

Ra pHc.2 (Bee ~epeBLH paBH08UKB: N =256) BH'AHO, qTo no uepe 

Y'AaneHHH auaqeHHlt napa»eTpOB CTPYKTYPH OT OllTHYan»HblX lll!CJlO Tpe

KOB uama: 'AJlBH yueHLmaeTcll, a C!om.mBX 'AJUIH - yB8JlB'llHB88TCll, B no

HCKOBHe CBOltCTBa 'A8P8Ba yxy.ztmallTCH. C YM8HLm8HH8Y qncna ypoBHelt, 

qfo B paBH08YKBX 'ABPeBLflX BOBYOZHO TOJlLKO aa cqeT yBeJlBqeHHll paa

uepoB nyllKOB, rpa~K WYHKUBH ct (t.) "ynno~aeTCH11
1 qTO COOTB8TCTBy-

8T paaBHTHD T8H'A6HUHH PaBHOMepuoro npe'ACT8.l3Jl6HHH TpeKOB pa3HblX 

'AJIHH. npyrHY Kpaauau cnyqaeu, no OTHOmeHHD K OilTHYaJILHOlt CTpyKTy

pe, llBnH8TCH ~epeBO <1,N> '~aKTHqecKH IlP8'ACTaBnH~~ee cOCSo~ no

cne'AOBaTenLHHll CilHCOK /I/. OHO CO'ABP&HT no O'AHOYY TpeKy 'AJlHH OT 

I 'AON• 
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2. AHa.JIHa Hapall@Baeuoro nepeBa 

HapaJJU1Baeuoe .ztepeBofI,2/cTpOHTCll .ztJIH O,ltHOro noHCKOBoro npHa

HaKa, KOTOpbtll H1166T KOmtqecTB6HHH£1 CIIHCJI H aHaqemrn KOTOporo llB

JiaDTCH H,I\6HTH~HKaTopaira yanoB .ztepeBa. B KaqecTBe anaqeHHll T8KO-

ro npHaHaKa MOSHO paccuaTpHBaTL COBOKynHOCTL anaqenHtt npHaHaKOB 

nOHCKOBoro KJIDqa 00~6KTa, 6CJIH o6~6KT xapaKTepmayeTCll H6CKOJIDKHIIH 

npHaHa.KaMH. Ha6op .ztonycTHMHX aHaqeaHll npHaHa.Ka aapaHee He ~HKCHpy

eTcH H MOlteT npoHaBOJILHO H3M6HllTLCll B COOTB6TCTBHH C ~aKTHqecKHIIH 

3HaqeHHHIIH npHSHa.Ka nocTynaDllUIX B CHCTeuy o6~6KTOB. B yaJiax Kaa

.ztoro nytIKa .ztepeBa oo~eKTH paa11e111a10TCH B nopH.ztKe B,)3pacTaHlllll aaa

qeHH£1 npHaHaKa, noaTOIIY ynopH.ztoqeHHOCTb coxpaHll6TCff B OTHOmeHHH 

KJIDqett BC8X o6~eKTOB Ha Kall,1(0!.! H3 ypOBHe£1. IJyqoK Ila ,I\6JIHT B8CL 
• 

.ztHanaaoH H8118H8HHH nOHCKOBoro npHaHa.Ka Ha H6CKOJibKO HHT8pBaJIOB. 

Kal£,1tH£1 nyqoK nOCJI6.ztYIOII!6ro YPOBHH ,I\6JIHT COOTB8TCTBJ~IIIH8 HHTepBami 

Ha e111e ~oxee 11eDJ1e a :,A• 

EcJIH o6~eKTH nocTyna10T B CHCTeMy B IIOHOTOHHOM nopH.ztKe 3Haqe

HH£1 nOHCKOBH; KJIDqe£1, TO BeTBH TaKoro .ztepeBa H8t!HH8DT paCTH npe

H11y111ecTBeHHO B O.ztHY CTOPOHy, qTo yBeJIHtIHBaeT TPY.It08YKOCTL ,I\OCTyna 

K ,I\8HHHII. B/2/ onHcaH axropHTII 6aJiaHCHpOBKH Hapan\HBaeuoro .ztepeBa, 

HatIHHaDllUltt ~opupoBaHHe HOBOro YPOBHH TOJibKO nocJI~ aanoJIHeHHll 

Bcex yanoB npe.ztH.ztYII!ero • 

Bee yaJIH .ztepeBa/2/ I Kpoye yaJIOB noCJI8,ztHero Y;:OBHH, llBJIHDTCJl 

npHSHaKOBWIH. Ha.H6ommee aHalleHJile npHSHaKa B PW J3JIOB nyqga Pall

HO 3H8118HHD npHSHa.Ka B KOpHeBOII yaJie nytIKa. IlpH noHCKe B nponecce 

npoBepKH yaJIOB .ztepeBa CBepxy BHH3 Cpal!HHBaeTCJl 88,ltaHHOe 3HaqeHHe 

npHaHaKa noHCKOBoro KJIDqa co aaaqeHHHIIH npHaHaKa B yanax npocua

TPHBaeumc nytIKOB. Ilepexo,zt K nytIKy JUIS8JI8Z811!6ro ypoBHJl npoHCXO,I\BT, 

Kor.zta aHaqeHHe npHaHaKa npoBepneuoro yana He uea»me sa.itaHHoro aHa

qeHHH npHaHaKa, npu ycJioBHH, q,:o B npe.ztw111e11 ysne a,oro nytIKa 

I 

~ 

t !I 

r· L 
j 

sHaqeHHe npHaHaKa 6uno ueHbme aa.itaaHoro. Ilo .ztOCTHxeHHH yana c aa

.ztaHHHll aaaqeHH811 noHCKOBOro npH3Ha.Ka npoHCXO,ltHT cnycK no npaBHY 

yaJiall nytIKOB HHaeneaaJllHX ypOBHe£1 K o6~6KTHOIIY yany. TaKHe .ztepBbll, 

3~6KTHBHO Bcnonbayeuue .ztJill nenea HH~opuanHOHHOro noHCKa H nocTpO

eHHll TPaHCnHpyIOJllHX CHCTeu, BnepBH6 HCCJI6,ltOB8Hli BaJILTepou Haa,ztaya

pou Bero ,I\OKTOpCKOtt .ztHccepTanHH. 0nHCaHH08 HM .ztepeBO HCnOJILaye1-

CH B KaqeCTBe HB,ltCTPYKTYPli no OTHomeHHD K MHOroacconHaTHBH0£1 o6-

JI8C!H naMHTH, COCTOH11!8tt Ha yaJIOBHX oo~eKTHHX cnHCKOBi noHCKOBHe 

npHaHaKH uoryT 6HTL KO.ztaYH .zteCKplllnTopoB HJIH CJIOB ll3h!Ka nporpauun

poBaHHH, a co.ztepuuoe o6~eKTHHX yanoB - a.itpecauH o6~eKTHHX cnnc

ltOB HJIB COOTB6TCTBYDllUIX ma6JIOHOB B uamHHHOII ll8hlK6. . 

0.ztH8KO axropHTll noHcKa B .ztepeBe/2/uoseT 6HTL ynytn11eH coo6111e

HHel1 ·oo~eKTHHX ~yHKnH£1 Tell KOpH6BHM npH3HaKOBWI yanaM nytIKOB, B 

KOTOPHX 88,ltaHHOe aaaqeHHe npHSHa.Ka BCTpe11aeTCH BnepBH6 npH ,I\BHEe-
. . 

HHH UOHCKOBOI TOqKB OT KOPHH .ztepeBa. B STOY cnyqae npH COBna.zteHHH 

OTna.itae! H806XO,I\fMOCTL cnycKa K HHSHeuy YPOBHD, IITO ycKOplleT noHCK • 

B CTPYKType, llO!H~nHPOBaHHOI TaKHII o6paaou, o6~6KTHHIIH llBJIHDTCll 

YSJI!,1 BC8X ypoBHeD, Kpoue npal!HX yaJIOB Bcex nytIKOB. TaK8.ll nepecTpOH

Ka He aaTparHBaeT OCHOB BJII'OPBTIIOB BKXDlleHHll H HCKJIJOqeHHll ~aHHHX. 

Haae Ha OCHOBe 80HHOU IIO~enH HCCJI6.ztYD!CH noHCKOBHe CBODCTBa llO.ztH

~HnHPOBaHHoro .ztepeBa Hau.ztayapa. 

KoJIH11ecTBO oo~eKTHHX ysnoBN c6anaacHpoBaHHoro .ztepeBa c aa

BepmeHHHll HHZH8ll ypoBHeM paBHO paaHOCTH ll8X~Y OOllUIM IIHCJIOY Bcex 

yanoB .ztepeBa H KOJIHlleCTBOW BC8X npH8HaKOBHX yaJIOB. Ta.K KaK IIHCJIO 

npHsHaKOBHX yanoB i -ro YPOBlUl paBHO o6111ewy KOJIHll6CTBY yanoB npe

.ztlJJtYII!6ro YPOBHH, TO C yqe!OII KOPHll 

N= 1+~/rn,-(1+~-frn,) = ITn. 
j=o 1,,.0 J=o t=o \&O J 

qfo COBn~aeT C (I.I). 
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YrBel)llt~8HH8 I. Ha:l16OJlhmaH CKOpOCT» o6cne;ztoBaHllH AOCTHraeTCH B 

c6anaHcllpoBaHHOM HapaIIU1Baeuo11 AepeBe, pasuep1,1 

nyllKOB Ha ypOBHHX KOToporo cne~yDT saKoHy: 
K-f a-

n ... = tt.o-~?, JT n., 1<.=1,m-1, (2.I) 
,3=0 1.=o 

r'Ae nt - pasuep nytma i -ro ypoBHB, N - euKOCTh AepeBa no (I.I)., 

noKasaT6JlhCTBO. ~JIH MHHHMHBaIUlH BOCllOJlh3Y6MCH KpHT6pH6M 1 OnllCaHH&M 

B npeA~y~eM naparpa~e. 

Ha!A6Y cyMMY AlIHH noHCKOBbllC TP6KOB oo~eKTHblX ysJIOB OAHOro 

YPOBHH, a saTeY HHTerpHpOBaHH6M no BCeM YPOBHHY nonytmM napaYeTp 

4) • CyYMY AJlliH rpeKOB oo~eK;HWC Y3JIOB K -ro YPOBHH onp6A6JIHY KaK 

pasHOCTh COO!B6TCTBYDIIU1X BblpaxeHH! AJIH BC6X ysnoB YPOBHH H AJIH 

ero npHsHaKOBblX YSJIOB. licnonsyH COOTHomeHHe (I.2), MOSHO aanHcaT» 

yYeH»mae11oe B BHAe: "_
1 

,._, ,._, 

, ~ =1:-Ilni ~ (rii+1) t- IT n •. 
'IK i=o i=o l=O 

Bropoe cnarae11oe SAeC» ytmrlll!aer, qTo rpeKH Bcex ysnoB ~ -ro 
l<-f 

ypoBHH ITn. B HapaIIU1Bae11OY AepeBe, B ornHqHe OT nmmrn,oHaoro, 
l=o 

HatmHaDTCH C npoBepKH KOpHH AepeBa. 

IloHCKOB&e TP6KH npH3HaKOBl,IX YSJIOB K -ro ypOBHH MOJ:HO pacc11a

TpHBan COCTOHIIU1JIH HS AByx yqacTKOB: or ltOpHli A6P6Ba AO KOpHeBoro 

yana nyllKa (K-1) -ro ypOBHH, KOTOpoMy npHH~JlelD!T npH3HaKOB&a 

ysen K -ro ypoBHH, HOT aero - AO npHSHaKoBoro yana. KonuqecTBO 

npH3HaKOBblX ysnoB K -ro ypOBM paBHO tmcny Bcex YSJIOB (K-1 )-ro 

YPOBHH, TaK KaK B Ka~oM nytme HM66TCfl no OAHOMY npHsHaKOBOMY ya

ny. IlO8TOYY cyYlla AJIHH nepBblX yqacTKOB rpeKOB npHsHaKOBblX ysnoB 

K -ro ypoBHH 6yAeT paBHa .. _,. 1<-2. tc-z 
½ Tfnt ~(n,+i) + ITn,. 

••o t=o t=o 
BTopo! yqacroK rpeKa Kax;ztoro npnsaaKoBoro ysna paBeH nK-t 

TaK KaK AJIH ero AOCTHZeHHfl HyZHO npocuorper» BC8 YSJll,I nyllKa. Cyy

Ya Amill BTOPl:IX yqacrKOB TpeKOB npHsHaKOBHX ysnoB K-ro ypOBHH 

10 

K•l 

p11Bna n,._tIIn, • CneAOBaTen»Ho, cyuua :ztmrn TpeKoB Bcex npHsHaKOBIDC 
l=0 

ysnoB K -ro ypoBHH • K-2. 
K•2. 1<•2. I<•,. 

<p =..! Tfn ~(nJ+1) + ITn, + nK-t IT n.: . 
21< 2. 1.,0 l J=o l=o ,=o 

Cyinia ;ztJIBH rpeKOB o6~eKTHblX yanoB I< -ro YPOBHH 
I<-\ K-f K·2. l<-2. 1<-I. 

'PK= ~1 ... - ~i ... = ½ Tin. L>lnrt1)-½- ITnl ~(nrtt)- TTnt = 
i.=o J=o iso j=o i':-o ,..,. 

= A I<. - ). 1<-1 - TI nt , 
i=o 

I<-\ K-t 

.i\l<.=~ ITni~(nrH). 
l=o ,}=o 

r1te 

Cyuua ;ztJIBH rpeKOB oo~eKTHblX Y3JIOB BCero ;ztepeBa . 
m "" 1<·2 m-1 m-1 m-2. ~ 

P = ~ <f>" = Am - Ao -~ IT ni = i IT nt ~ (n,+1)-~ If n •. 
K•I Ket i:o \•o , jco 3:00 •-o 

Cyuua ;ztJIHH noHCKOBl,IX TP6KOB o6~6KTHl,IX ySJIOB Bcero 'AepeBa, OT-

H6C8HHaH K 14X tmcny, m • • cp m-1 - .. ~ 

f = -N =½ S' ( n1+1)- N
1 ? ~} ni (2.2) 

~ a=o l-0 

xapaKiepnsyeT TPY:ztO8YKOCT» noHCKa B c6anaHCHpOBaHHOM Hap~HBaeYOU 

]tepeBe. Clll1TaH m napauetpo11, iaccneAyeu ~YHKIUlJO f (n.,nt, ... , nm.,) 
Ha 8KCTpeuyM npn ycnOBHll (I.2). IlpOEOYepHa TaK~ SallHCD: 

111-t)-I 111-t nl-l yt( m-t a- \ 
If=~ +1+ ~1[[, .rt-½~ n,-(tJn9 1-t f=tlJn,)· 

nn~qiopeHIUIPYH no l'\.K I K= 1 , m-t , m1ee11: . 
a'f ( N i\ f ( ~ ) 4 t [m-f m-1 cl i an= r-t; K-f rnrr-• -n& +y-(!ll;.1 \Z }In.~-a ITni. -

I< f1n, nt I< 1. lnt/ 1:1 1'"'1 nl< icf 
(s\ l"'t<+1 l=I 

• · m-1 j 
lt•I 1'1\-1 m-t ;t ~ (N ) 1 ( t ) 1 1 [ 1 "°" IT -ITntiln· ~:ain, = --1 ~ -- +---;;;::;- - .::::..... ni-
l=i , .... +1 ~ a--1 1.~, 2 TI n, nit 2. f!i n~ n ... i "K i:=-1 

1'1\-t .).. ] l=t K-f i 
- ~ ~!lni ='1-.!!{)n•.L+.1.+ no __ f_~ITn-

tt a"'1 t=1 \ 2 n,. N :z. n .. N J=t i=1 -•-· --
PemaH ypaBH6HHe a<f/an ... -o OTHOCllr6JlhHO r'l.,c: 1 I<.-= ,f I m-1 1 nonytnl!J 

(2.I). TaK KaK 
2 

,._, i 
8 If no f (N 1 ~rr ~ an' = nt N 2. - - ~ n. ;i, 0 , 

K IC r·• let 
TO o6cne;ztoBaHHe ;ztepeBa, nocTpoeHHOrO B COOTB6TCTBHH C npaBHJIOM 

(2.I), ooecnetmBaeTCH npH HaHY6HDID6U KOJIHqecTBe npoBepoK. YTB6p

li,l.t6HHe ;ztoKaaaao. 
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ll 
'1 

.! 

na peKyppeHTHOro COOTHOmeHHH (2.I) BH)tHO, q,o B onTBM8JliHOII 

]lepeBe C yBenBqeaHell HOMepa ypoBHH paswep nywa P8.llYLU!PY8TCH. 

YueHI,meHBe paa11epa nywa K -ro ypoBHH no o,aomeHBD K paawepy nyq--Ka ayneBoro ypoBHH 6y,lleM xapauepuao:ean :eeuopo11 peJtYKUHB RK , 
KOTOplitt aanpa:enea OT KOpHH ]lepe:ea K ero HHllH8MY ypoBHll H MO.llYlii' 

KO!Oporo (~ rr' ) 2. RI(= n.o-nK = z_:, n..: -
j-co i=• N 

H:Bnae-rca MOHO!OHllO :eospac,aD~ett WYHKLUleA of HOMepa ypo:eaa. 

c,poro ro:eopa, cne,llo:eano 61:l Ha ocao:ee (2.I) nonyqnfi aa:eucu

Mocu n,.=i(n.) B nocne nO,llCTaHOBKH B (2.2) HCClI8,llOBan WYHKLU!ll 

<p ( n0) aa 1mcTpewyM. Ho pe8JIHaalU!Jt a,oro nnaaa aaTpy,taHTenLHai, 

!.K. Ba:BHCHMOCU n ... = f(no) . HMee, cnoJ:Hlilt xapaK!ep. IloHOYY 

paccMO!PHM npe]IBapB!elILHO H8KO!Oplie c:eottc,:ea ,llepeBa H Ha J!X OCHO

Be aatt,lleM onTBManLHoe aaaqeaue napaue,pa no. 
OneHBM B8m11ll!Hy B8K!Opa P6JtYKLU!B paawepa HHXHero nywa ]18-,.._1 ;. 

pe:ea Rm-1 = no-nnr-, = z ~- Iln, 
r-:;;-(.-o 

Hwee, M6CTO CX8JtYlllll88 Hepa:eeHCTBO: ~':-lrnt < N ,-!aK KaK 
npB rt, -::,. 2. ,=o ,~o 
,,,_, m-l i \ \ ] } l ITn .. -~Tin,=no n, n, ... [nm_/n,,,_1-1)-1 ... -1-1 ">'0. 
tc:o , =-o (co \: 

Iloa,owy Rm-, <. 2. , T .e. :e anTBManLHOII ]lepe:ee paswepli :eepxaero 

B HHJ:Hero nywo:e o,nuqaDTCH He 6onLme, qey Ha ,llBa yana. Cne,lloBa

!6XLHo, npu noc,poeHHH ,llepeBa, crpyKTypa KO!oporo 6m&aKa K on,u-

11anLaott, aeo6XO]IHIIO HCilOliiBOBaTi paawepu nyWOB BS ,pexeneMeH!HO

ro IIHOJteCTBa M {no, n0-1, n.-e.}. 
TaK KaK 110.llYXL :eeKTopa RK, a, cne,lloBaTenLHo, B paa11ep nyq

Ka nK I HBrulllTCJt, BOo6~e ro:eopH, .llPo6HlillB B8nH1U!HaMB, TO crporoe 

C06lill,ll8HBe (2.I) npB llOCTpoeHHB ,llepe:ea He npe,llCTa:BnJt8TCH BOSIIOll

HliM. PeanLHO Mory! HY8!i ll8C!O Jmmi nenolll!cneHHlie nK • llHHBYanL

Hlitt paa11ep nywa, peanusalUlll KO!oporo 11oaao o6ecneqnTL, He ,tuc

Kpe,llH!Bpyn ca11ott H,lleB ]lpe:BOBB,llHOtt CTpyK!ypu, pa:eeH 2, MaKCBllaniHlitt 

12 

- pa:eea N ' npH STOii ,llepe:eo BlipO~aeTCH B O,llBH nyqoK. Ilycu B ~e

pe:ee B11ee-rca S ny'lltoB pas11epa (n~-1 ) , t nyqKoB pasuepa (n
0
-2 ) 

u (m-s-t ) nywoB pas11epa n0 • B BTOM cnyqae 
m-s-t s t-

N= no (no-1) (no-2) 

Ii nocne IlO,llC!aHOBKU COO'fB6'fCTBYllllliX nK. ll (2.2) nonytruu 
w= S-t-t n _ _t+ !kt!_ tn. N + 1 + 1 2. 

0 
2 2 tnn0 (n.-1)'(n.-2.)t (n0-1)8•1 (n 0 -2.)t-1-1 

+--1 ....!!L+-'-[ 1 1 · 
N flo-f n_-3 (l\o-2.)t+I -1 • 

Tax Kalt npOHSllO,llHaH 
a'i' _ s+t lnn.-1- 1/n. 1_ II/ _ ~(-s -+-_i_)-
an. - 2. + 2. l.n'n. ~\ (n.-1)'(no-2)t _ 2lr,n. n.-t n.-2 
___ ...._ ___ (~+ i-+1 )- 1 _!__[ 2n.-S+t(n.-3)] 

(n.-QS-H(n.-l)i-+1 n.-1 n.-2 N(n.-1)2 + (n.-?>)1. 1- {n,,-2.)t+t 
8BllHCB! OT N , 'fO Bli60p onTilM8JIHOro no Onp8]16lIJt6TCJt tmcnou 

06:&eKtoB, opraauayeuux B ,I1epeBo. Aaanas ypa:eHemrn 8ff/an
0
=0 noKa

simae, 1 11'?0 5a:BHCHMOCU n •• ""'-F(AI) JtlUIJt8'fCll IIOHOTOHHO B_papac-ra

llll!eit WYHKLU!eit, aCHllll!OTHqecKB npB6lIBl!8.Illll6itCll Kn.~3,59, T.it., ec

lIB /IJ ,llOC'fa-roqao BenHKO (N-too), ,o KOP6Hi ypa:eHemrn ;;
0 
= o onpe

,I18mt!CJt BS tpaacneH,ll8HTHOro ypaBHeHHH 
lnn.-1- 1/no=o 

KO'fopoe HM68! 6,Ill4HC'fB6HH08 pemeHHe npH n. Cl! 3,592. 

B ,ll81!C'fBB!6XiHOC'fH MO,llyni ll8K!Opa pe,llyKnHH R~ 110l!6T npHHH-. 
Ma!i !OlliKO ~eJIOqffCieuaue aaaqeWIJt (B !OIi 'lllcne H HYni), IIOS'fOIIY 

11 { 4,3,2}, a napaue-rpu s , t, B m JtOJJUH 61:l'?i Bueipanu Ba ycno:exa 

MHWIMyua WYHKLU!H (2.2) npu ycnoBHH, q'fo 
L ~ N = 4m-.s-t3 8·2\ 

r,lle L - 'llllcno o6:&eKTOB 1 opE8.1114SOBaHHliX B ,tepeBo. 

Paawepu nytmo:e Ha YPOBHHX ,tepeBa 6Y.IIY'f Y.llOBlI6'fBOpH'fi COOT-
H01l!8Hllll: 

r,te 

ni = 4- E ( m~t ) - E( m-~-t ) > 

i = o,m-1, 

{ 

O , ec11-u i. <. 9 • 
E(''/3-)= 1, ecr.u. i.>,.~. 
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Ilony'lliY e~e H8KOTOPli8 COOTHOmeHIIIH, no3BOnHDIJlH6 BliHCHIIITh CMliCn 

Tpe6oBaHl11l penyKIUIIII paawepoB ny'lltoB Ha nocnenoBaTen»HWC ypoBHHX 

onTHNan»Horo nepeBa. 

YTBepzneHHe 2. 9HyMepaTOP nna nonnenoBaTen»HOCTli BC8B03YOlltHl:llC 
,!HalieHillfi nnIIIH no111cKOBl:llC Tp8KDB OCi'l>6KTHl:llC ysnoB Ha-

p8JIU1Bae11oro c6anaHcI11poBaHHoro nepeBa ecT» 

Flt)=t[1+~tt+ ~ ~:r_~\t(fr~tt)1= Z ctti, (2.3) 
l"'f IC.,:t l-=1 f'D L""1 'j {.co f 

rne t - cBo6onHHfi napaMeTp, Qt - KOnlllll6CTB0 irpeKOB nnIIIH!i 1 ' ,,._ . 
.A.=£ n,. 

(:aO 

~oKasaTen»CTBO~ B paccYaTpIIIBaeYOY nepeBe nnIIIH!i Tp6KOB Il13Y8HllDTCH 

OT l I nnH O6'1>6KTa B KOpHe )'.\epeBa, no .A ' nnH 0Ci'l>6K'fa C Hail160n»mHM 

no111cxOBblll nyTeY. nna OCi'l>eK'fHl:llC yanoB ayneBoro ypoBHH (TaKOfi ysen 

onHH - KopeH» nepeBa) asyyepa-rop f: ( l) = t I T .e • IIIY68'?Cll onIIIH 

TpeK - enHHillllHOfi nnHHli. nna OCi'l>eK'fHWC yanoB nepBoro ypoBHH 8HYY8-
,. n-1 

pa-rop uyneor F. lt) = t ± t t 
1 t:t 

'? .e • 111)188'fCll no onHOYY orpeKy nnHHli OT nBYX no n. • 
SaywepaTOP nna nocnenoBaTen»HOC'flll aHall8Hlllfi nn111H -rpeKOB 0Ci'l>8K'f-

HWC ysJIOB K -ro ypOBHH nony'lliY KaK paaHOCTh aHyMepaoropoB nna BC6X 

yanoB K -ro ypoBHH H nna ero npH8H8ltOBl:llC ysnoB • IlepBaH COCTaBllfl-

Dll\aH paBHa E lt)= t TI ~ t\. 
IC.I 3co •=t 

Ilp14CYTCTBl46 anec» COYHOlltIIITenll t OCi'l>llCHll8'fCH T8Y, llTO no cpaBHe-

Hil1D c noal4~IIIOHHlill nepeBOM (1.4) Ill B OTnlllllll16 OT aero B aapa~111Ba8YOY 

nepeBe BCllKlifi TpeK Ha'lliHaeTCll C npoBepKIII npIIISHaKa 06'1>8KTa, nowe~eH

soro B KOPH8 nepeBa. BTopyD KOMllOH8HTY onpenen111u C noYOll\hD aayue

pa-ropa BC8X yanoB (K-1 )-ro ypOBHll, T.K. KOID1ll6CTBO npH3HaKOBl:lX 

yanoB K -ro ypoBHll coBnanaeT c 'llicnow Bcex ysnoB npenHnYll\ero ypoB-
,c.-l l\i n 

a11. JloaTOMY F tt) =It TI~ t'") t ><-t. 
Kt \ a:.D t=• 
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3;ztec» COIIHOlltHT8Jlh t n,._t OCi'l>llCHll8TCll TeY, lJTO ;ztnIIIHa TpeKa npH

SHaKOBoro ysna t< -ro ypoBHll Ha ·n;._1 6on»me ;ztm!Hs TpeKa KopaeBoro 

ysna nyllKa, KOTopouy np1mannelltI11T paccuaTpHBaeuliii np11saa1<OBsfi yse.n. 

TaKHu o6pasou, aayuepaorop ;ztna COBOKYllHOCTIII SHalJeHillfi ;ztnHH TpeKOB 

O6'1>8KTHl,IX ysnoB K -ro ypoBHll 6y;zteT -1 
o<•Z .!!J.... n,.., 

· F ... lt}=tIT~t• ~tt. . a=o i=f i=1 
CyMMil1pya no BCeY YPOBHllll, nonylJHY (2.3) 

Qt 

35 

30 

25 

20 

15 

10 

5 

-· "'' o 1 4 6 a 10 12. 14 16 ta 20 t 
PIiie .3. ~yHKIU!li pacnpe;zteJieHl4ll llHCJia TpeKOB no Il1X ;ztJIIIIHaY B, 

Hapal!lHBa8Yl,IX ;ztepeBHX: l -<.4,4,4,4,3>; 2 -<.4,3,4,4,4); 
3 - <4,2,3,4,B>; 4 - <4,8,4,3,2). 

CooTHOmeHH8 (2.3) noaBOnll8'f IlOCTPOIIITh ~YHKIUID pacnpe;zteneHillll 

llltCJia IlOHCKOBWC irpeKOB no l1X ;ztnHHaM ;ztna nll6oro ;ztepeBa. AHanHa co

OTBeTCTBYDlllHX 3aBHCHMOCT8fi ,ItJill paBHO8YKHX ;ztepeB»eB llOKas!lBaeT, lJTO 

B pe;zty~11poBaHHOM ;ztepeBe (2.1) ,ItOCTyn K 0Ci'b8KTHHII yanaY ycxopH8TCH 

aa cqeT 6on»mero co;ztepzaHHa TpexoB Yanwc ;ztnHH. Ha p11c.3 npe;ztcTaB

neHo ceuefiCTBO PaBHO8MKHX ;ztepeB»eB (N =192). PaSJIIlllll18 M8llt:ztY KPHBH

MH I H 2 HnnDCTp11pyeT 8\Ml8KT OllTHYSJihHOfi MO;ztill~HIU!pOBaHHOfi CTPYKTY

p!i nepe:zt ;ztepeBOM laH;ztayapa, a M8llt:ztY Kpl1BHIIIl1 3 11 4 - BJIBllHB8 ~aau 

B8KTOpa pe;ztyK~HH Ha IlOHCKOBH8 CBOfiCTBa ;ztepeBa. 

15 



... 

mlTEPATYPA 

I. A.M.KHTOB. 11ITporprou.1HpOBaHHe 8KOHOYH'leCKIDC H ynp8.Bl18H'l8CKHX 

a8)taq11
• M. 1 CoBeTCKOe PBJtHO, !97!, 

2. W.I.Landauer.The Balanced Tree and its Utilization in 

Information Retrieval.-IEEE Transactions on EC,v.EC-12, 

1963,December,N6,863-871. 

3. B.M.CyuapoKoB. "OnTHMMLH!,18 ,llepeBLR ,llllR opraHHaatmH H nOHCKa 

HHq>OpUaJ:lHll 11
• Y0J.lM 1 !974, le 3, 43-47. 

4. ]lllt.PllOMaH. 11BB8,ll8HHe B KOM6HHaTOPHlilt aHanHa 11 • M., ltUI,!963. 

PyKOnHCL·nocTynHXa ~ H3~aTeXLCKHB or~en 
JI HllJUI 1975 r • 

16 


