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B 6onbml4HCTBe 38;Jtaq, CBH3aHHhIX C ua~l4HHOil o6pa60TKOff 6OJibml4X 
l11H!l>OpllaIUSOHHWC UaCCl4BOB 1 llaCTO BO8Hl4KaeT IlOTpe6HOCTb B 3cpcI/6KTl4B
HOff opraHl43aIUS1t1 ;ztocTyna K sneueHT8.J4 11acc!4Ba no npHaHaKy, 1t1n1t1 Knir 
qy. B HaCTOH~ee BpeMH pa3Bl4Tl4e ueTO;ItOB, o6ecnelll4B8E~ TaKoff ;ItOC
Tyn,H,D;eT no ABJ'U OCHOBHlnd HanpaBJI8Hl4HM: BO-nepBux,no nyTH CO3Aa- · 
Hl4H Bbllll4Cnl4TenbHUX cxeu, peaJIHaym~ paanl41lHUe anropl4TMU onpe;zte
neHltlH a;ztpecoB 11am1t1HHhIX o6pa3OB·o6~eKTOB no lt!X npl43HaKy, 14,BO-BTO
pwc, Ha OCHOBe paapa6OTKl4 CTPYKTYP, cy~eCTBeHHO 14CilOJlb3YE~X OT
HomeHl4e neKCl4Korpait>HqecKoro ynopll;ztoqeal4H 11e3;zty sneueHTaMH uaccl4Ba~ 

9BOJIEU14H ueTo;ztoB nepBoff rpynnu ocy111ecTBJ1HeTcH n' npouecce npe
o;ztoneHHH ;ItBYX xapaKTepHhIX TPY.llliOCTeil: I) yueHblll6HHH IlOJl14C8LrnH, 
BCJ18ACTBH8 KOTOpoil ;ItJIH o6~eKTOB C paaHUlll4 3H81l8HHHMl4.npl43HaKa 

.cpyHKIUill paCCTaHoBrtl4 H83HaqaeT O;ItHO H TO ae none naMHTJ4,.Jtl 2) CO~ 
Kpa~eHHH o6nacTell aenonHoro aanonHeHl4H na1111TH B peaym.TaTe CTo
xacTHllHOCTH paCCTaHOBKH. ~nll CTPYKTYPHUX MeTO;ItOB xapaKTepHbl 3Ha
lll4T8JlbHble aaTp8Tbl naMHTH Ha paaue~eHl4e ynpannnm111eil 11np1t13HaKOBOll 11 

14HcpOpMaIUSltl !ti IIHOrotil4CJieHHKX a;ztpecoB·;cBli3H, nocpe;ztCTBOII KOTOpblX 
peailil43YllTCli uenHble CrnlCKH. IlO3TOIIY B YCJIOBl4HX orpaHl4qeHHblX pecyp
COB naMHT14 cepznHblX 9BM BO3Hl4K86T sa;ztalla COKpa~eHl4ll Ta.KHX noTepb. 

BuecTe c TeY CTpyKTypa .i:taHHblX ;ItOJLlHa O6Jia;ztaTb paaBl4TblLUI ;Itl4-
Halll41l8CKl411H CBOiCTBaMH, o6ecnell!4B8.~IIH, Hapil;zty C 6blCTp1IM no11cxou, 
sil>cpeKTHBHble npoue;ztypbl BKJIDlleHHH HOBOll H HCKJIJOlleHl4H ycTape.Bmen 
14HcI/OpMaIUSH. B STOii Cll1ICJie cnolltl4Blli14RCH 14HTepec npe]tCTUBllffIDT Hapa~ 
~Bae111,1e npl43HaKOBb18 ;ztepeBbll. HaH6OJiee H3ylleHHOff 14X Bepcnen HBJIH
DTCli .l\BYCB~3H1Ie ]tl4XOTOlll41l8CKl4e CTPYKTYPbl, xopo111O npe;ztCTaBneHHble B 

J111TepaType / I, 2 /. RaQbli ysen B TaKHX ,Itepenux COOTB8TCT-
nyeT O~Houy o<l~eKTY H HHTepnpeTl-lpyeTCH Ha ll8T1ip8X IlOJIHX 
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naMHTH: 3HaqeHHe noHCKOBoro npHaHaKa o6~eKTa, ~pee BHqiopllaUBB 06 
o6~eKTe (im1 HeKooropou ero om1caam1) H ){Ba ~peca CBHall, 06ecneqH
BaDUU1e BeTBJieHne. )lepeBa no uepe yBe.JIHqemrn uaccllBa. 

B ]laHH0tt CTaTbe paccuaTpllBaDTCH IlOHCKOBlie CBOICTBa HapaUU1Ba-
8llhlX npH3HaK0BhlX )l8p8BbeB, BCil0Jib3YIOUUIX ){JIH opraHH38UllH BeTBJieHHH 
T0JibKO O){HH ~pee CBH3H. 9TO npHB0){HT K ae60Jibmo11y OTH0CHTeJibH0My 
aalle]lJieHBD IlOHCKa, a TaKXe K CYJ1t8CTB8HHOIIY COKpa11teHHD 38TP8T 
naMHTB - He TOJibKO BCJie.7-tCTBBe OTKaaa OT 0.7-tH0ro ~peca CBH3ll, HO 
Iii B CHJIY CJie.7.tyD11tero 06CTOHT8JibCTBa. B 60JibmHHCTB8 mBpOK0 pacnpo
CTp8H8HHhlX 9BM orpaHHqeHH8H pa3pfl,1tH0CTb uamHHH0ro CJI0Ba He Il03BO
JIHeT paaueCTHTb BCe qeTHpe llOJIH B OJ.tH0tt aqettKe npH ~pecaunH 
o6~eKT0B B npe.7-tenax onepaTHBH0tt naMHTH. 0){HaKO BO IIH0rWC CJiyqaax 
oaa oKaaHBaeica ]l0CTaToqaott .itJIH paa11e11teHHH Tpex Iioneit, · noaTouy 
peaJibHaH 8KOH0MHH llllMHTH IlpH HCllOJlbS0BaJll!H'0.7.tHOCBH8HliX'.7.tepeBb8B 1 
683 CYll\8CTB8HHOit llOTepH 6SCTpO]l8HCTBHll HX nporpaMMHOr0 oefec:n·eqe-
HHH 1 - CTB.BllTCll '){ByKpaTHOtt. ' 

Bonpocu HCCJI8.lt0BaHHll H a~eKTHBHOtt llaJDHHHOit peamtaaUHH OJ.tliO
CBll3HUX IIPU3HaKOBhlX .itepeneB paccMaTpHBa¥JTCH 1 Hanpnuep 1 B/I ' 3 14/. 
Hnze Ha OCHOBe M8T0.lt0B, HCll0Jib3Y811hlX B75/, npe.7-tllpHHHT0 .7-taJtI,aettmee 
pa3BHTH8 B0npoca. 

I. 0CHOBHH8 no'HfiTHH 

]lepeBo - aoro opHeHT14pomi.aHiitt :rpa\P 6ea UllKJI0B, Y.ItOBJieTBOPHD
UUlll Tpe6o:aaHHJO c'BaaHoc_TH: .itna JIJ06oR napii "yan,oB a; H a; cy11tecT
ByeT nyn f ( o.,., "-J) KaK aenpepuBHaH nocne~oBaTellbaocn pe6ep ,. 
CBH8HBaDJllHX a. H 9-;; • B Ka&;l{d ya~n .7-tepeBa, KP0Me K0PHH., BX0){HT 
0.7-tH0 pe6po H H8 K8%,ltoro yana, Kpoue T8Pll14H8JibHhlX, BWC0.ItHT 
He~KO~hKO pedep. Ysnu, 'pacnonOX8HHI.e B KOHU8 n;y7ett 0J.l:mta
KOB0tt'.it.JIHHH1 npua~ne~aT 0){Houy ypoBHD. Houep ypoBHH, K0Topo11y 
np!4a~nell!4T · yaen, onpe.itenHe,orca KOJIHt1ecT:so11 pe6ep, . coe.itHHHlllllHX 8T0'f 
yaen C KOJ)H8)1 • By.ztell CtIHTan, qoro KopeHb '.itepeBa H8X0.7.tHTCfl HS. HyJie
B011;· a TepMHHa_iiiime yam,1 - Ha m -011 ypoBH·e. Co:soiynaocTb BWC0J.lll
ll!HX 143 yana pe6ep o6pasyeT nyqoK, a we KOJIHqeCTB0 Haau:saeTca paa-..... . . ' ~' . . 

uepou nyqKa. 

Hapa111HBae11oe .7-tepeBO C'fpOHTCfl ){JIH 0){H0ro Il0HCK0B0ro npH3HaKa, 
K0'fOputt HMee'f KOJIHqecTB8HH0e BupaseHHe H;3HaqeHIH K0'f0poro flJJ[H
l>TCH H.7.t8H'fll~HKaTOp8MH yano:s ~epeBa. IT0HCK o6~6K!a no DPl3H8KJ B 
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HHWOP118Ul!OHHOII uaCCHBe, ll0CTpoeHHOII B BHJ.t8 .7-tepeBa, np0HCXO){BT B 
npouecce cpaBHeHHll co aaaqellllHlll4 npH3HaKa, ll]l8HTHWHUHPYIOIIIHMH yami 
.7-tepe:sa, npH cnyc1te OT K0PHH K Tep!.IHHallbHOMY ypoBHD. TpaeKT0p,rn, 
cim1c1rnaeMall npll 8T0II llOl!CKOB0tt TOqKoli, HaaliBaeTCH IlOHCK0Bllll Tpe
KOII H aaBHCHT KaK OT CTPYKTYPll]lepeBa~ TaK HOT onpe.7-teJieHH0r0 H8 
Hell anropHTlla ll0HCKa. Yaen, KOT0pouy C0OTB8TCTBY8T o6~8KT HJIH He
K0Topoe ero 0llHCaHHe, H83HBaeTCH o6~eKTHlilli yaen, H.7.teHTHqiHIU1pye
llliit 3HaqeHHell npH3HaKa, HO He C0.7.tepzaUU1ll o6718KTH0l1 HHqiopuau1m I Ha-
3liBaexca npH3HaK0BW.Rall',ltlill yaen .7-tepeBa Bcer.ita 8BJIH8TCS npH3HaKO
Bb!11, ao He Bcer.ita - o6~eKTHllll. Ilocne.itHee oTpaxaeT mHpoKoe paaao
o6pasne Clllt6CTBYJOlll>IX CTPYKTYPHhlX cxeu npHaHaK0BhlX .7.t8p8BbeB (CM., 
aanp1111epJI, 3/). 

·· 2. ITocTaHoBKa agatm 

]¥l6oB pealll>H~ o6~8KT npe){CT8BJIH8TCH B_HHqiopMaIU10HH0ll CHCTe
Me neK0T0pliM CBOHM o6paao11, xapaKTepHCTHK0!1 K0T0poro cnyxHT HHqiop-
118IUl!I. BHpaJtaeuaa K0HKpeTHHII 3HaqeHHeM llOHCKOBoro np143H8Ka. BcH
K8H paIU10HaJILHaH- opraHH38UHH CTPYKTYPH H8P8.lllHBae111i1X ]lepeBb8B 
npe]lnonaraeT paaue~eaue· o6~eKTHoll HHqiopuauHH TaKHM o6paao11, ~o6u 

' ' ' 
uew C0OTB8TCTBYJOUUIIIH 3HaqeHHHUH, ll0HCKOB0ro npH3HaKa Blill0JIHHJIOCb 
0TH0meHl4e nexcm:orpa~;rqecxoro nopf!,1tK8.. ST0 Il03BOJIH8T C){eJiaTb no
liCK ueneHanpaBJieHH!iM aa Cll8T HCKJillqeHHll HS t!HCJia npocuaTpHBae
llhlX 3H81ll!T8JILHOro ll~OXeCTBa yanoB, H]l8HTHqJHKaT0Pli (Kmot!H} K0TOPhlX 
He CO0TBeTCTBYllT ll0HCK0B0IIY npe.7-tllHCaHHll B OTH0meHHK o6ycJI0BJieHH0-

ro nop~Ka. 
B 0){HOCBH3HhlX Hapal!iHBaeMlilX .7.t8p8BbHX Ilpallca, rpaH H ]aH.It8Y

spa/4/, onHCaHHhlX TaKEe B/3/, IIH0E~CTB0 B03M0XHHX 3HaqeHHl1 npHaHa
Ka He orpaHHqHB88TCH'H onpe.7.teJIH8TCH qlaKTHqecKHIIH 3H8tl8HHHIIH H]leH
TH~HKaTopoB.n0CTynalllliHX B CKCTeuy o6~eKTOB. ITyqoK B KOpHe ]lepeBa 
,ne.nnT B8Cb . .itHanaaoH tiaueHeHHH noHCK0Boro npH3H8Ka. a.a H8CKOJibKO 
HHTepBaJI0B, Kall,Ilutt nyqoK cne]lyJ0111ero ypoBHH .7.tp06HT BT~.HHT8pBaJIH 
Ha ell!e 6onee uenKHe i'l T.J.t. KnDqH nocne]l0BaTeJibHb!X yanoB nyqK~ e>6-
paayllT :soapacTalOJltYll nocne,llOBaTeJibH0CTb saaqeHHB ~pH3HaK8, ll08T0-
MY 0TH0meHHe nopH,nKa coxpaHH8TCH ){JIH BC8X yaJI0B Ha KaE,It0II Ha ypo:s

Hett. 
ECJill npH nocTynneHHH o6~eKT0B B CHCTeyY H1181lTCH T6H,ll8HUHH 

M0H0T0HH0r0 npe,nCTaBJieHHll C00TB8TCTBYJOIIIHX IlOHCK0BhlX KJIJOqett, TO 
B0TBH ,1tepeBa HatmHaJJT paCTH npeRIIYJlt8CTB8HHO B H8KOT0phlX HanpaB-
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JI8HHlIX. 9TO yBeJilitruBaeT Tpy.7toeMKOCTb ,'l{OCTyna K .7taHHHM. B / 4/onw
CaH aJII'OPHTM.6aJiaHCllpOB~ 0,'l{HOCBHSHoro .7tepeBa, HatJ11HaD1IU1ll \l)OpMH
poBaHHe HOBoro YPOllHH TOJU,KO no san~JIHeHHH npem.r.ztYll!ero, IJTO IlOSBO
JIHeir COKpaTHTI, TPY.7t081JKOCTI, IlOHCKa 13 cpe:n.neu. Mu 6y:n.eM Tam1te pac
CLlaTPllllaTI,. c6aJiaHCHpOB8.Hlme .7tepeBI,H. 

B O,'l{HOCBHSHOM;]I.epeBe/3 , 4/ HMelOTCH ,'l{Be cneun\l)HIJeCKHe oco6eH
HOCTH: npHHa,1{JI8lll:HOOTI, o6~0KTHWC YSJIOB TO.!II,KO TepuHHaJII,HOMY ypoB
Hll H pallOHCTBO HaH6011:r,wero SHa'leHHH npHSHaKa,cpe.7tH ya.!IOB nytJKa 
Kalt,7.tOro HS ypOBHeii :matJOHHIO npHaHaKa KOpHeBoro ysna. nytJKa. !tl]I.eH
TH\l)HKaTOPH .yS.lIOB B nytJKe ynopH,'l{OIJeHu ( CJieBa aanpaBO) ll0 BOspacTa
HHIO. IlpH llOllC_Ke npoBepHIOTCH KJIIO'lli llOCJie,'l{OBaTeJI:r,HblX ya.!IOB nytJKa 
H nepexo,1{ K llY'lKY CJie.7ty~ll!ero ypoBHH npOHCXO,'l{HT HS nep~oro BCTpe
THBmerocH y:ma, H,'l{eHTH\l)llKaTop KOTOporo 6omwe nOHCKOBOro npe.7tllH
caHHH. !Io ,'l{OCTHlll:eHHij ysna c Tpe6yeuuu sHatJeHHeM npHsHaKa npoHcxo
.7tllT cnycK no npaBUM paBHOSHatIHil!.I yanaM llY'lKOB HRlll:eJielll:al!U1X ypoBHeil 
K o6~eKTHOMY ysny. Pasuepu ny1moB rt Ha .Bcex ypoBHHX npe.1tnonara
JOTCH o:n.HHS.KOBUMH, noaTo:uy CTPYKTypa .7tepeBa nonHocu11 onpe.1tenaeTcH 
napoit (m ,,i.), r:n.e,,r• - IJHC110 ypOBHeii. 

Irnlll:e npe.7tnpHHHTa MO,'l{H\l)HKaUHH onHpaHHOH CTPYKTypu sa C'leT OT
Kasa OT ee cne~llWHKH C U8JIJ,JO.npe.7teJIJ,HOrO HaCHl!l8HllH .7tepeBa o6~eKT
HHM C0.7teplltaH~eM •. Ero no1ic:KOB~e CBOHCTBa HCCJIE~JtYIOTCH B 1tBYX HaH60-
.1Iee 06lllllX rrpe]I.llOJIOllteHlllIX: Kalll:,'l{llit yseJI HeCeT o6~eKTHYIO llH\l)opwaunJO 
(HB.!IH8TCH o6~eKTHllM) li pasMepu rrytJKOB yoryT ll8M8HHTI,CH OT YPOBHH K 
ypOBHIO. Ilpn 8TOM.HaHdOJibWHH HS K.!IJOqeit TepMHHaJIJ,HUX YS.!IOB Kallt,'l{Oro 
nytJK~ Bcer;zia !ien:r,me Kmoria KOpHeBoro yana nytiKa. C. TOIJHOCUJO ,'l{O 
HeKOTOpwc TeXHll'leCKllX .7te2aJieii TaKaH CTpyKTYP.a o6ecrrelJl1BaeTCH. aJII'o
pllTMHIJeCKllMll cpe.7tCTBaMll O,'l{HOCBHSHOro :n.epeBa74/. !IO:UllMO JIY'lmero HC
llOJI!,80B8.HHfl naMHTll 6naro.7tapH OTKasy OT ya.!IOB 6es o6~eKTHOH 1rnwop
Maunn, TaKoe .7tepeBO ,'l{OJIEHO ll!.18TI, ll JiylJWlle llOHCKOBH6 CBOllCTBa: no
llCK saKaH'!Jl1BaeTCH npn o6Hapya:eHllll COBlla]I.eHllH Ha JIJ060M ypOBHe H He 
Tpe6yeTCII ciJeUHa.lII,HOrO cnycKa K nepn\l)epHll .7tepeBa aa o6~eitTHOH llH
\llOpMauHell. Kpoue Toro, ItaK OKasuBaeTCH, CHflTHe orpaHHIJeHHII, CBII
saHHOro C \llllKCHpOB8JIHllM pasMepoM nytJKafl.' COS,'l{aeT ,'l{OllOJIHllTemHHii 
cyllleCTBeanun peaepB ycKopennn noncKa. 
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3. IIocTpoeane uaTeuaTntJecKoii Monenn 

!Ipll o6yC.lIOBJ18HHl,IJC npe,7tll0.!IOlll:eHll.flX CTPYKTypa liCCJie.7tyeuoro :n.epe
Ba O]I.HOSHatIHo onpe.7teJIHeTCH B8KTOPOM 

-+- . -. 

Q (m,n~,n,, "'. nm-,), 
r.1te m -:- KOJIH'leCTBO ypoBHeil .7tepeBa, n.i. - pasMep nytJKa ysnoB L -

oro ypOBHII, i=o,m-t. 9TH napaueTpH CJie.7tyeT Bll6paT:r, ll8 ycJIOBllH 
MliHllMafilHOil TPYJ108MKOCTli noHCKa, xapaKTepllCTllKOil KOTOpOil uoa:eT 
cnyuT:r, JtJIHHa nonc~oBoro TpeKa t. , onpe:n.enaeuaH imcnoM npoBepoK, 
Heo6X0,7tHMllX ,'l{JIH ]I.OCTHllteHHH llCKOMOrO o6~eKTHOrO ysna (uenn IlOliCKa). 
Ho ·aTa BeJili'lllHa Cll.!II,HO saBHCliT OT llOJIOlll:eHHH ueJill noncKa B PHJlY 
noc11e,7{0BaTeJI:r,Hwc o6~eKTHHX YB.!IOB .7tepeBa, lf3MeHSIS!Cb B mnpOKl1X npe
:n.enax no aaKoHy "aenpaB11n:r,aon n11nu ~ 

~- Maoa:eCTBO BCeBOSMOlll:HHX sHatJeHHil ~.!Il1H noHCKOBllX TpeKOB 
06~e1tTHWC ysnoB aapall!llBaeuoro npHsHaKoBoro .7tepeBa npe:n.cTall

JIHeT co6ott HenpepllBHYIO llOC.!Ie]I.OBaTeJIJ,HOCTI, uenwc nOJIOlll:l1TeJibHWC 'llf
m-1 

cen na cerueaTa 1 ~ l ~ 1 t- ~: n ... 
i,.;:::e,. 

p.otta::iateJlbCTBO .Paccuotpm, nocJie,llOBaTeJlbHOCTb IlOllCKOBhlX :rpeKOB ,Kal&:
,llhlH 1,13 Kotopux•Ha e,llID!lfUY ,llJil1HHee npe,llhl,llYJ!lero a nonyqaetc11 1!3 aero A . . 

B pe3yn:r,tate npoaepKH cne,llYIJlll8ro y3na ~ nyqKe,nonaa11 npoBepKa KO-
Toporo He saBepmeHa np11 ]I.Blllll:~Hl1ll no npe.1tll]I.Yll!eMy TpeKy. EcJill npo
uecc·reaepnpoBaHHH HOBllX TpeKOB o6ecne'll1T:r, TaKl1M o6paaoM, 1JT06u 
"sanOJIHeHl1e 11 ny'lKOB ocyll!eCTBJIHJIOC!,' nocne~oBa:re~HO. OT KOPHH riepe
Ba K ero Hl1lll:Hewy ypoBHJO, TO ,7t.!Il1HH coB.~KynHciCTH nonyqeaiiux iamiM 
o6paaou TpeKoB 6YJtYT nocne.1toBaTeJi:r,au1111 ~enm.m 1JHc11aun OT I ,'l{O ..,_, 
1+ ~n. , 11 aTa nocne.1toBaTen:r,aocT:r, He 11ueeT paspblBOB •. 

~~ . 
. 1Ipe.7tllOJiaraH a:5pall!elil1fl KO BCeM ysnaM .7tepeBa paBHOBepoHTHHMl1, 

B Ka'leCTBe ycpe.7tHeHHOtt xapaKTepl1CTl1Kl1 Tpy.7toe11KOCTl1 IlOl1_CKa npl1MeLI 
npl1Be~eHHYIO ,1{Jll1HY IlOllCKOBoro TpeKa KaK cywuy ,1{Jll1H TpeKOB BCeX 
o6~eKTHllX ys.!IOB :n.epeBa, OTHeCeHHYIO K l1X 061lleMy IJHCJiy: 

-_,. - -,. .-,. 

4'(Q) = <l>(Q) / N(Q) , (3.I) 

YMHOlll:eHHe YS.!IOB B Hapall!llBaeMOM ]I.epeBe llpOllCX0,7tl1T naBl1H006pas
HO: Kalll:,'l{Hil yaen i. -oro ypoBHH nopolll:,'l{aeT Ha C.lI8]I.YIOll!8!.I ypOBHe ,'l{OllOJI-
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Hl1TeJII,HO n i Y3JIOB, Il08TOIIY eMKOCTI, .ztepeBa, onpe.zteJIHellall KOJil1-
qecTBOII ero o6~eKTHWC Y3JIOB, 6y,lleT 

1"\•I ;I 

N(<J) =I+~ ITn;_ 
4 :c ,-:.c (3 .2) · 

YTBepz~eH11e I. _Cy1111a ,llJil1H IlORCKOBWC TP8KOB BCex oo~eKTHWC Y3JIOB 
HapaJ11RBaeworo coanaac11poBaHHoro np11sarut0Boro .ztepe-· 
B_a c nepe11eHHblM _pasuepo11 nyqKa paBHa: 

4lQ)_= 1 +~~{D
0

ni(1+~ n,;t }} 
(3.3) 

noKasaTeJibCTBO. Bee YBJIH K8.llt;ztOro 118 ypOBHelt paCCMaTpRBaeuoro ,llepe
Ba HBJillDTCH o6~eKTHUMl1, nosTOMy ,llOKasaT8JU,CTBO CBO

,lll1TCH K Buq11cneHl1D_COOTBeTCTBYDJIIRX cyuw ,llJil1H TpeKOB no YPOBHHM 11 
llX IlOCJI8,llYID~euy CJIOXeHHD. 

Cy1111y ,llJil1H TpeKOB YBJIOB K -ro YPOBHH onpe,lleJil1M HHTerpnpoBa
HReM KOJrn'leCTB npoBepoK YBJIOB npe,llli.ltYIIIRX ypOBHelt, BHTIOJIHHeMwc ,llIDi 
,llOCTl1E8Hl1fl 06~8KTHWC YBJIOB I< -ro ypOBHH B COOTB8TCTBHl1 C Olll1C8H
HWI anropHTMOM IIOllCK_a,. B K~Olt Ha SOH, orpaa11qeHHWC .ltBYMH COC8,ll
Hl1Ml1 B!illleJiexa~111111 YPOBHllllR, 'lHCJIO npoBepoK, Heo6XO,lll1UWC ,llJIH ll0Kp!i
Tl1fl Bcex ysnoB I<. -ro ypoBHH, uoxuo nony'lHT:6, Ka.KB / 5~B BH.zte npo-
11aBe.zteH11H Tpex 90CT8BJIHD~l1X~ KOJIHqecTBa nyqKOB B 30He, cy1111u ,llJillH 
y'laCTKOB TpeKOB BHYTPH SOHHOro nyqKa 1.1 llHCJia. o6~eKTHWC YBJIOB K -ro 
ypoilHH 1 - ,llOCTUHIIWC qepes KaJQun y'laCT.OK TpeKa B IIy'lKe SOHlio HanpH-
11ep,' .ztJifl f -olt 30Hli 1 saKJIDqeHHOit Mell,lly f-'sl.ll H (ft-1 )-11 YPOBH!l-
lll11 6y,llell HlleT:r, COOTBeTCTB8HHO: . 

r ·\ K-\ ~-\ 
,F K ...,. - n -t \ TI ~ TI 
'i) .... (G)= TTn~ X ~ nr ")<. •• l'\j =- 2. . n;,, D~ r~ \(.-L 

I i=o J-"P•I ,~o 
3.ll8CI, BTOpotl COMHOlU!T81II, npe,llCTaBJISieT coeloli CYMMY apmpMer1.1qecKOH 
nporpecCHH C 8,ll;l!H.lfqHOH pasHOCTI,D,KOTOpyn oelpasynT Bee BOSMOlm!W 
KOJI.lfq8CTBa npOBepoK ysJIOB B SOHHOM. TIYl{Ke.3aM8TliM e~e,qro rpeK Ka.z
;'.{Oro OO~eKTHOro ysJia K. -ro YPOBH!I H8'1HH88TCH C IIPOB6pK!.1 11,lleHTHtpH- -
KaTopa KOpHH .1tepeBa, qTo oo~acaaeT HaJIH'lHe BToporo cnarae11oro B 
BupaxeHl1!.1 ,llJIH 4 1•t C:) : 

i<.-1 "-·I 

'i-\a) = 2 cp l<.lQ) + TI n.i. r~, i' t=c 

8 

·~ 

,)_

t 
I 

Tenep:r, HCKOIIYD cyuwy onpe,ll8Jll111 saKJIDq!1T8JII,HblM l1HTerp11poBaH11~ 
811 no ypoBHHU. C yqeTOM KOpHH IlOJIYlll1U: 

<p(Q) _: t 1-.t, cf\G) = l + %~~ \ ~-nj ( 1+ ~ flt; 1
) J 

YTBepz.ztett11e JtOKasaHo • 
Tenep:r, Sa.ztaqa OllTHMl188IUrn CTpyKTYPli H8p8Jlll1Bae11oro .ztepeBa B 

CllblCJie (3 .I) CBO,lll1TCH K H8XOE,lleHl1D .BeKTOpa Q,.. TaKoro, 'lT06li 

•-n-, "- .._ n· -t 1 )1 
.., ':2.~ { fT n/ 1-\- <(' .2.r J 1- I 

1.V(Q") o ._:~ pe \ •·" 
1 = m,n · . 

QE.2. ~ .nn, + 1 
,) 

(3 .4) 

d '!" 1., l~ .. 

r.1:te _Q_ = { Q I E f N ( Q) ~ ~ E } i 
(3.5) 

E - nporaosnpye11oe noTpeottoe q11cno oo~eKTHWC ysnoB .ztepeBa, 
~~I - .1tonycK Ha npeBweH11e E , paspemeHHUil HaJIHlll!HM pesepBou na

UHTH, 
~ 

a KOMilOHeHTli B8KTOpa Q ,llOJIEH!i Y.llOBJI8TBOPHTI, 8CT8CT~8HHUM Tpe6oBa-
Hl1!111 U8JIO'll1CneHHOCTH, npHqew 

n.iij2., i.=-O,m-·I, 

,1 ~ m !':: t.:-:i~l~E): 

(3.6) 

(3. 7) 

8TO T11lll1\lllafl SS,lla'la U8JIO'lHCJI8HHOro nporpa1111npoBaHl1H c orprurnqeHHll
llll H CHJU,HO B!ipaEeHHOil H8JIHH8itHOCTI,D. 061IU1X aHaJIHTHqecKHX npHeMOB 
'AJlll TO'lHOrO pemeHHH Il0'A06HWC sa.zta'l IlOKa He cy~eCTByeT, ·xoTa llHOr~a 
y,llaeTCH HaitTH ynpo~aD~He IlO;ltXO'A!i, KOTOp!ie Il03BOJIHDT nonyqHTI, np11-
0Jil1X8HH!i8 pemeHl1H KBas11KnaccnqecK1.11111 cpe~CTBau11. Cnoco6u ycTaHoB~ 
Jl8Hl1H TaKHX BOSIIOlltHOCTelt, llCKJIDqaDJIIRX llJIH CBO,llfl~HX K 1111Hl1MYIIY ne
pe6op, He flBJI!IDTCH o6~11MH. 

Hanpm.iep, B 151 no~o6HaH 38.,lla'la BOSHHKJia np11 paccu0Tpea1111 np11-
wepa OllTHMl13aU1111 Ha ,ll8p8B8 1 npe,llCTaBJillD~eM COOOit pa3Bl1Tl18/4/. 
B pesym.TaTe HeKOToporo nepepacnpe'AeJieHiia Tep111.1aan:r,ma: o6ieKTHblX 
ysnoB (11 TOJII,KO HX) no BCelt CTPYKType ,llepeBa OHR 6UJIH npl16Jil1EeHH 
K KOpHD, 'ITO YB8JIHq!1JIO 6!iCTpO,ll8ilCTBl18 anropHTIIOB ~OCTyna K ~aHHHM. 
Ha OCHOBe yqeTa CTPYKTYPHHX oco6eHHOCTelt B03Hl1Kmeil ,llllCKpeTHOil sa
,lla'lH YCTaHOBJI8HO, qTo YCJIOBH811 OllTHll8JII,HOCTH HBJlll8TCfl pe.ztYKUHll 
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• 

paauepoB nyqKoB OT KOPHH K nep11wep1111 ,11epeBa Ha npe,11CTaBllTeJILHOM 
MHOlltBCTBe Tpex HOMllHaJIOB S {4,3 ,2} • Ilepe6opoM no,11nepllt,1{6HU ll . 
npe,1lCTaBllT8JILHOCTL 3TOrO MHOllt8CTBa, H waKT pe,11yKLU1llo Rylllllll8 nOllC
KOBllB CBOllCTBa TaKoro ,11epeBa, 11BunyKJioro11 K KOPHIO, 06'.bHCHHllTCH 
TBM, qTo KOPOTKlle TPBKll npe,11cTaBJI8Hhl B HBM B 60JILmeM KonHqecTBe, 
qey B paBH08YKllX ,11epeBLHX ,11pyron CTpyKTypu. 

B CI.IUC.118 C,llBJiaHHoro OTCTynJieHllH ,llJll_l 3~aq11 (3 .4)-(3. 7) He 
y,11aJIOCL noJiytmTL no,1106Hb!X OUBHOK, no3BOJIHIO~llX aaueHllTL o6JiaCTL 
(3.5) MHOlltBCTBOM ,11onyCTlll.lhlX BBKTOPOB ~ 3HatmT8JILHO M8HLmen 1,10~

HOCTll. II03TOMY ,llJIH TOqHoro pemeHHH 6UJI paapa6oTaH anropHTM, pea
Jlll3YIOIJU1ll KOY6llHaTOPHYIO cxeuy HanpaBJI8HHoro nepedopa no MBTOAY B8T
Bett ll rpaHllU 161. PeayJILTaTU yamllHHhlX aKcnepllM8HTOB npe,11cTaBJI8HU 
B cne,11y10~eu naparpawe, 3,1l8CL lite Yll noCTPOllM e~e KOMnOSllUllOHHYll 
uo,11eJIL paccuaTpllBaeuoro ,11epeBa - c uenL10 nonyq11T»·y,1106Hwi anna
paT AJIH HarJIH,llHOii .llJIJIIOCTpau1rn ueTpllqecK!1X CBOi1CTB llCCJl8AY8WX ,11e
peBLeB JIOOOtt CTPYKTypu. 

YTBeplElteHlle 2. ~YHKUllH pacnpe,11eJieHllH llllCJia nollCKOBblX Tp8KOB no 
llX ,llJlllHaM B Hapa~11Bae1,101,1 c6aJiaHCllpOBaHHOY npllsHa~ 
KOBOM ,11epeBe c nepeueHHllM p~suepou nyq}ta onpe,11ena
BTCH aHyMepaTopo1.1: 

n'I-\ I'<. n · 

F'(t)= t(1+~f[~ti.) 
K.~ I,. J ..:<, 1:;' 

m-1 

r,11e ./1. = ?'. n; , 
l =ti: 

ct - Ko.1111qecTBo TpeKoB ,11JinHu l ; 
t - CB060,11Hllll napaMeTp. 

A+ t 
~ ~ C tt 

1.=1 t ) (3.8) 

1IoKaaaT8JILCTBO. B KOM6111IaTOpHOM aHaJIHSe KOMnos11u11en HaaUBaeTCH. 
KOpTellt ueJIUX no.JIOlltllT8;JILHhlX tU1C8Jl npll 3aAaHHOi1 

llX cy1,1ue, KOTOpun onpe,11eJIH8TCH: BBPXHllMll rpaHllUaMll 8TllX tmcen, 
waKTHqeCK11Mll 3HaqeHllHMll llllCBJI ll xapaKT8pllCTllKOll (llX CYMYOll). Mollt
HO noKaaaTL/7/, qTo npo11aBo,11H~aH nepetn1cnH10~aH WYHKU11H ,11JIH 1to11no
a111.U111 C c.i qacTHJ.111, Kal!Q{afi 113 KOTOphlX H~ npeBbllllaBT i, 1 i = IJ 'I, 1 

llM8eT Bll)t: 'I,. i.., . ~ 
IT L. l 1 = ~ M~t'2 . , 
j=1 t=I 't."''[., 
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r,11e M? - 1:fJl~'leCTBO BC8B03MOlltHblX KOMn03llUlllt C xapa1tT8pllCTllKOlt 2, 

~ = ~ f.l. 
J~t . 

Ilpll no11c1te 06'.beKTHblX Y3JIOB K -oro YPOBHH Hapa~11Bae1,1oro ,11epe-
Ba Ha K8.ll,1lOM ·113 K ypOBHei1 KOJillqecTBO BUnOJIHHeMux cpaBHeH11il 

d,.El\n,).i="·'<--1. Kpoue Toro, o,11Ha nponepKa Hyllrna np11 Kallt,1101,1 
IlOllCKe ,llJIH cpaBH8HllH C ll,1l8HTllWllKaTOPOM KOPHH ,11epeBa. IloaTOMY B 

pauKax COOTBeTCTBHH: iii - ni_, ( 'i -t 1) - K, 2. - L ·-llMeeT Mee
TO noJiHaH·- aHanorHH Mellt,lly .1.10,lleJIJ,IO nollCKa YBJIOB K -oro YPOBHH ll KOLI
Il0311Ullell C t.1 = f • ~YHKUllH pacnpe,11enem1H qncna TpeKOB Y3JIOB K -ro 
YPOBHH no llX ,llJlllHaM aam1meTC.il B Bll,118: 

K-l 11,j. • ;)<K.-t1 

FK tt:) •= t n ~. t' = >-__'. c, t', 
· · c )=v l"'1 l=K ... 1 

~./ ~ . i<-1 r,11e 
~ic.=~' ni

t=c 
3a.1.18Tl1M e~e, qTo aHyuepa~op ,1lJIH HyJieBoro YPOBHH BCTL 

l?c lt) = t., 
T.e. llM88TCa 8,llHHCTBBHHUll T.J)BK - 0)tllHll!JHOll ~JlllHll. TenepL llHTerp11-
poBaHl18M no ypoBHHY 'AJIH ncero ,11epeBa·noeytn11.1: 

- ·t(t)-= ~F\,_tt)=l(1+~( ~1 t·ti)·=~ c.lt 
l<- ~c ,< -~ .J _., • - I t = I 

YTB8Pllt,1l8Hll8 ~?Kasaao. 

. • 4. PesynuaTu aKcnep1111eHTOB 

' 
. ,llJI.iI KOY6llHaTopHoro pemeHll.il 3aAat111 (3 .4)-(3. 7) ~llJla cocTaBne-

Ha nporpau11a, peamsslxilllaH cxe1,1y O.ztHOCTopoaHero BeTBJIBHll.il no 11eTo
AY :SBTBell ll rpaHllLt. / / 11 ·cy~eCT:SeHHO 11cnon1,3y10~a.il ,llJIH C OKpall!BHllH 
rrepe6opa CTPYKTYPHUB oco6eHHOCTl1 8aAaq11. 3aM8TllM, qT·o npeBumea11e 
CBo60,1lHOro peaepBa nauli°Tll HaA SaAaBaBMllM ~. 1 npaKTllqeCKl1 :a',ier,11a 
o6ecneqeHHOe peaJJl,HW.rn ycJIOBIUIMll CilliT83a , qacTl{qHQ ncnon1,sy
eTca ,IJ;JIS pa3MSlll8H11S Aepeaa , T .K • B c1my UOJIOt111CJieHHOCT 11 
paauepoB nyqKOB :a OTHOW8HllH N(ci) ~ E Hall60Jiee BBpOHTHO Hepa
BeHCTBO. 

B Ta6n11ue I npe,11cTanneHu HeKoTopue pesyJILTaTu uamnHHoro aH
cnep11ueHTa no CHHTeay Hapa1JU1Baeuux no11c1t0Bb!X ,11epeBLeB .ztJIHpaa
nH'lliux aaaqeH11i1 E • 
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TABJill,!!! l 

£=2" 
N(O.) 

a~. 
lf(G•) 

K m n,,:.n,, ... , n,,.,_, 

8 169 5 4,3,3,2,2 9,335 
9 557 6 4·,3,3,2,2,2 I0,713 

IO 1077 6 4-,4,3,3,2,2 II,825 
II 2229 7 4,4,3,3,2,2,2 13,207 
12 4309 7 4,4,4,3,3,2,2 14,321 
13 8917 8 4,4,4,~,3,2,2,2 15,706 
14 16402 9 3,3,3,3,3,3,3,2,2 16,801 
15 33898 IO 3,3,3,3,3,3,3,2,2,2 IB,194 
16- 65609 IO 4,3,3,3,3,3,3,3,2,2 19,300 
17 131593 II ·4,3,3,3,),3,3,3,2,2,2 20,694 

Ha Ta6JIHUli I IDl,llHO, qTo o6JiaCT» aaaqeBHlt paawepoB nyqKQB B 
OilTHMaJI»HliX CTpyKTyJtax: orpaHH'l8Ha MHOS8-CTBOII S {4,3,2} H qTo, KaK 
H B / 5/, HM88T M8CTO 3q/q/8KT P8'AYKUHH paawepoB ny~oB OT KOP.HH K 
TepMHHaJI»HOMy YPOBHJO. 5KCTpanoJIHUHH SToro peayJI»TaTa H3 / 57 Ha 
sajtaqy (3.4)-(3.7) worna nporH03HpoBaT»CH B CHJIY CO,ll8pEaT6n»HOlt 
onpaB,ll8HHOCTlrt reoweTpHqeCKOlt MO,ll8lIH ,llepeBa,"paclllRpHJOuterocH" K Kop
HD: BOapaCTaHHe qHcJia yaJioB, npH6JIHE8HHWC. K KOPHJOi npHBO,llZT l\YB6-
JIH'leHHJO KOJIH'l8CTBa KOPOTKHX IlOHCKOBWC TpeKOB. 

8aMeTHl4 eute, q-ro 1rnpe,llKa {B Hamnx aKcnep1n1eHTax 2 ·c11yqafl Ha 
73) cpe,llH KOllllOReHTOB B8KTOpa Q. Il0HB11H6TCH no= 5 1 qTO He 118HH

eT aHa-qemrn cqiopMyJIHponaaaoro peaynuara H no,llTBepll]laer 11qlJiyKTya
unoaayn" npRpo,lly ,llRCKpeTHOCTR. B 3THX pe,llKHX CJiyqaflX SHaqeHHH ue-

➔ 

nenolt gjyHKU~R <f(Q)' Ha COCe,llHHX ,llOilYCTRMWC B8KTOpax, npe,llCTaBJI8H-
HliX B s , O'fJIHllaJI1t1c» oT lf lQ.,.) Ha BeJIHtmHli nopH,llKa 10-3• 

12 

24 

22. 

20 

18 

16 

14 

12. 

10 

8 
'lolt2 E 

9 10 11 12 13 14 15 16 f7 . 18 19 20 . 

P,rn.I •. · 

, . ' ) Ha pHc.I KP14Bli8 2 R 3 npe,llCTaBJIHJOT aaBRCHMOCTR 'f(1.o,;:i1 E co-
OTB8TCTB8HHO ,llJIH RCCJie,llyeuoro O,llHOCBH3HOro ,llepeBa, npe,ll8JI»HO Hacu
Dt8HHOrO 06:&eKTHOlt RHg)opuauRelt, H ,llepeBa/5/' r,lle· q11c110 o6'beKTH!llC 
yaJioB, pacnpe,lleJieHH!llC no Bcelt CTPYKType, paBHO KOJIHqecTBY T6PMl1-
Hall»HWC. IerKO IlOKaaaT», qro B .llBYCBHSHOM c6aJiaHCHpOBaHHOM ,llRXO-

. . . . . , , . 

To1111qecKOM ,llepene <f ~ toa 2 E · ( KPRBaH l) • rpag)HK11 2 R :3 11ao6paxa-
llT 38Bl4Cl4MOCTR (lf-4'~)/<f,- (i'.) · "JIH cpaBH8Hl4H C ,llHXOTOKR'leCKID( 
IlOHCKOM. OHR IlOK83Wl8JOT, qTo B 06JiaCT14 npaKTHll8CKl4 Bal:H!llC SHaqeHHlt 
£ Il014CK 38M8,llJIH8TCH M8H»me, ll8M Ha.20%, TOr,lla KaK 3KOHOMl1H naMH

Tll MOll8T,6liT» ,llByKpaTHOlt. 
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c, 
I 

600 

550 

500 

450 

400 

350 

300 

250 

200 

f50 

100 

50 

0 4 

fl ~ \- 3 

I 
211 

I 
I 

8 12. 16 

11 
11 
I 
,\ 
\ 
I 1-----'---

20 24- 28 32 36 40 44 48 

Pnc.2. 

t 

Ha p11c.2. npe;zicTaBJieHu WYHKUHH pacnpe;zieneu11n llllCJia no11cK0Bwc 
TpeKOB no HX ;llJIHHaM 'AJlfl 'A8P8BL8B, napaueTpu CTpyKTypu KOTOpwc 
CB8'A8Hli B Ta6ruucy 2. 

14 

. 

TAEJU1Y! 2 

-Q 
K03WW11UH8HTU suyuepaTOpOB 

Al~ N(Q) 
m no, n, •... , n,,,_, 

l 4181 6 4,4,4,4,3,4 l,l,2,4,B,15,29,55~99,166,256, 
359,457,526,546,510,426,316, 
206,116,55,21,6,I. 

2 4309 7 4,4,4,3,3,2,2 I, I ,2,4,-S, IS ,29 ,55 ,IOI, 175,279 1 

403,52I,59B,607,5~1,420,28I, 
159,74,27,7,I. 

3 4096 6 4,4,4,4,4,4 I,7,22,56,123~217,335,455,548, 
580,548,455 ,335,_217 ,123 ,56,22, 
7,I. 

4 4215 4- 2,6,14,24 I,I,2 13,6,II,28,27,37,48,60,72 
84,96,l08,l20,132,I43,152 1I59, 
164,167,168,168,I6?,I68,168, 
I68,167,I64,159,I52,I43,I32, 
120,IOB,96,84,72,60,48,36,25, 
16,9,4,I. .. .. 

jlHCKpeTHlili xapaKTep 38'A8l!U aaTPYAHfl8T nonytteHl18 B T01.!HOCTl1 
paBHOeMKHX CTPYKTJPi ;ziepeBI,H 1 npe;zicTaBJieHHue B Ta6mn\e, c11HTea11po
BaHu -np11 E=4096. CHUM8Tpl1l!Hafl KPHBafi/31cooTB8TCTByeT ;ziepeBy AaH
'Aayapa, OCTaJILHUe - CTPYKType (3.8). !fa pnc .2 BU;!!HO, 1.!TO B ;ziepeBe 
2, 11B1myKJIOM 11 K KOpHio, KOJIHIJ8CTBO KOPOTKHX TpeROB aHalfflT8JlLHO 
60JILme I qeu BO BC8X OCT8JILHWC cny11af!X. B CTPYKTypax, r;zie 11Bli!I;fK
JIOCTL11 BNpallteHa cna6ee, nponcxo;zi11T. nepepacrrpe;zieneune ,mcna TpeKOB 
B o6JiaCTL 60JILWl1X aHa11eunn AJil1H, IJTO yxy;zimaeT HX llOHCKOBli8 CBOil
CTBa {Kpl!Bafl I). Ilp1111ep 4 llJIJil()CTpllpyeT peaKoe yxy;zimemrn !IOllCKOB!lX 
CBOHCTB"B 'AepeBLf!X c BoapacTaID~nu oT HOMepa ypoBHH paauepo1,1 ny1.1-
KOB ( 11BOrHYTli8 11 CTpyKTypli). 
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