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B don»mMHCTBe a~aq, cBaaaHHHK c uamMHHO~ o6padoTKO~ don»mmx 
MH~opua~OHHUX U8CCMBOB 1 qaCTO BOSHMKaeT noTpedHOCTb B S~WeKTMB­
HO" opraHH38UHM ~OCTyna K aneueHT8U U8CCMB8 no npM3HBKY 1 MHK KBD­
qy. B HBCTOH~ee BpeuH paaBMTMe UeTO~OB 1 odecneqmsa~~X TBKOI ~OC­
Tyn,H,D;eT no ABy!l OCHOBHIDd HanpaBJJeHI'IHM: BO-nepBblX,nO nyTI'I C03A8-
HHH BblqmcnKTeJIDHHX cxeu, peanHay~~x paanmqghle anropHTUhl onpe~e­
neHHH ~peCOB U8WHHHblX o6p830B o6~eKTOB no HX npH3HBKy 1 K,BO-BTO­
pb1X1 HB OCHOBe paapadOTKH CTpyKTyp, cy~eCTBeHHO KCnOJID3Y~~X OT­
HOWeHHe neKCHKorpawKqecKoro ynop~oqeHKH ue~~Y sneueHTauw uaccKBa. 

3BOJID~HH UeTO~OB nepBO~ rpynnhl OCy~eCTBJJHBTCH B npouecce npe­

O~OJieHHH ~Byx xapaKTepHux Tpy~HOCTe~: I) yuea»weHKH nonKceMKI'I, 
BCJJeACTBKe KOTOpO~ ~XH Od~eKTOB C P83HblUH 3HaqeHHHUM npH3H8K8 
WYHK~H paccTaHOBKH HaaHaqaeT o~Ho K TO ae none nauaTM, M 2) co­
Kpa~eHHH o6JIBCTel HeTIOJIHOrO 38TIOJIHeHHH TIBUHTM B peaynDTBTB CTO­
XBCTHqHOCTH paCCT8HOBKH. nna CTPYKTYPHUX ueTO~OB xapaKTepHbl 3H8-
qmTeJJbHble aaTpaThl nauRTH Ha paaue~eHHe ynpasna~~elA "npHSHBKOBoR" 
I'IHWOPUBUHM H UHOroqmcneHHKX a~pecoB CBHSK 1 nocpe~CTBOU KOTOpblX 
peaaHayDTCH ~enHble cnHcKH. lloaTouy B ycnoBHHX orpaHwqeHHbiX pecyp­
coB TIBUHTK cepHIHblX 3BU B03HHK8eT s~aqa COKpa~eHHH TBKMX TIOTBpb. 

BueCTe C TeU CTpyKTypa ~8HHblX AOXXHB OdJI~8Tb p83BKTblUH ~I'I­

H8UHqecKHUH CBOICTB8UH 1 o6ecneqMB8~HUK 1 Hapa~y C dbiCTpbiM TIOI'ICKOM, 

a~eKTMBHble npo~e~pbl BKJIDqeHKH HOBOR H MCKJIDqeHHH ycTap&BmeR 
HH~OpU8UHK. B 3TOU CUblCXe CJIOUBWHJ!CH llHTepec npe~CTUBi!IIIOT H8p8-
~B86Uble npM3H8KOBble ~epeBbH. HaHdonee HayqeHHO~ MX BepCKe~ HBJIH­
~TCH ~BYCBHSHble ~HXOTOUKqecKHe CTPYKTyphl, xopowo npe~cTaBneHHble B 

JJKTepaType I I, 2 I. Ka~bll yaen B TBKKX AepeB»HX coOTBeTcT-
ByeT OAHOMY Od~eKTY 1'1 HHTepnpeT~yeTCR Ha QeTblpex TIOJIRX 
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rrawaTH: 3HaqeHHe rroHCKOBoro rrpMaHaKa o6~eKTa, ~pee BHwopwau~H o6 
06~eKT8 (~RH HeKOTOpOW ero OITHCaHHH) H ~Ba ~peca CBH3H, 06ecneqH­
BaD~e BeTBneH~e ~epesa no wepe yBe~qeHHH waccHsa. 

B ~aHHO~ CTaTbe paccwaTp~B8DTCH ITOMCKOB~e CBOICTBa Hapa~ZBa­
eYUX rrpMaHaKOBUX ~epeBbeB, zerrORb3YD~X ~XH opraazsaUHH BeTBReH~H 
TORbKO O~HH ~pee CBH3H. 3TO npMBO~HT K He60RbWOWy OTHOCHT8RbHOYy 
33Ye~ReH~D ITOHCKa, a TaKze K cy~eeTBeHHOWy COKpa~eHHD SaTpaT 
ITaWHTM - He TOHbKO Bene~eTBHe OTKasa OT O~HOrO ~peca eBH3H 1 HO 
M B CHRy CRe~yD~ero 06eTOHTen»CTBa. B 60RbWHHCTBe WMpOKO pacnpo­
CTpaHeHHUX 3BM orpaaHqeHH8H paspH~HOeTb Y8WHHHOrO CROBa He ll03BO­
HfleT paaweeTHTb see qeT~pe nona B o~ao~ aqeKKe npz ~pecauz~ 
06~eKTOB B rrpe~enax orrepaTHBHO~ IT8WHTH. 0~H8KO BO YHOrHX cnyqaax 
OHa OKa3b1BaeTeH ~OCT8Toqaoit ~RH pasUell(eH!tlil TpeX ITOHeil, IT03TOYY 
peanbH8H 3KOHOMHH UaMH1H rrpH HCITOHb30B8HHH O~HOCBH3H~ ~epeB»eB, 
6es cy~eCTBeHHO!l norepz 6J.:iCTpo~ekioTBZH HX nporpaJiuHoro oOeeneqe­
HHH, - CTaBHTCH ~ByKpaTHO~. 

Borrpoebl Hccne~OBaHMH H 3~6KTHBHOil YBmHHHOlt peaXB38UHH O~HQ­
CBH3Hb1X npM3H8KOBUX ~epeBbeB paCCMaTpHBaDTCH, HarrpHYep, B/!,3,4/. 
H~Ee Ha aeROBe Y6TO~OB, HCIT0Hb3yeu~ BlS/, rrpe~npHHHTO ~aH»HeAmee 
paaBHTHe BOnpoea. 

I. OCHOBHble noHHTMH 

nepeBO - 3TO opltleHTHPOBaHHbiU rpaw Oes ugK~OB, y~OBHSTBOPHD­
~£1 Tpe60B8HHD CBH3HOCTH: ,llXH nll6o£t rrapbl Y3HOB Q; I! Ci.j cy~eCT­
ByeT ITYTb f(Q<,Qj) KSK Herrpepb1BH8H ITOCH6~0B8T6HbHOCT~ pe6ep, 
CBH3biB8D~HX U., H U.;; • B K8&,7.td ysen ~epeBa, Kpoue KOpHil 1 BXO~HT 

O~HO pe6po H 1!3 K~OrO yana, KpOUS T8pUHH8~bH~, BbiXOAHT 

HeCKOHbKO pedep. Y3nbl, pacnonozeHHWe B KOHUe nyreH OAHHa­
KOBO~ ~~Hb1 1 npHH~ne&aT O~HOYY ypOBHD. Houep ypOBHH, KOTopouy 
rrpHH~ne&HT ysen, onpe~enaetea KonHqecTBOU pe6ap, eoe~HHa~x STOT 
yaen C KOpHeM. Ey,lleU Cqlt1T8Tb, qro KOpeR» ~epeBa HaxO~BTCH Ha Hyne­
BOM, a TepUBHall~HI:l6 J3RI:l - H8 m -OY ypOBHe • COBOKyrrHOCTb BhiXOASI­
~HX H3 ysna pe6ep o6pasyeT nyqoK 1 a HX KORHqecTBO H83YB86TCH pas­
uepOY nyqKa. 

Hapa~Baeuoe ~epeBo crpozrca ~na o~soro rroBeKoBoro rrpHasaxa, 
KOTOPH£1 Hueet KanHqectBeHHoe BupaaeHHe H saaqeaaa Kotoporo HJAH­
orca K~6HTH~HK8TOpaMH Y3XOB ,llepeBa. llOBCK o6~8K!8 no npK8HaKy B 
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HHWOPM~OHHOY waccBBe, rrocTpoeHaou B BH~eAepeBa, rrpoHexo~HT B 
rrpoueece cpaBHeHBH CO aaaqeHHHMB npHSHaKa, ~~eHTHWHUHPY~~MH ysnu 
~epeES, rrp!t1 enyeKe OT KOPHH K T8pYHH8HbHOMY ypOBHD. TpaeKTOpHH 1 

OITHCHBaeuaa rrpl 3TOY ITOHeKOBOA TOqKoA, H83UBSeTCH ITOHCKOBHM Tpe­
KOM H S8BBCHT K8K OT CTpyKTYPhl ~epeBa, TSK H OT onpe~eneHHOrO H8 
HeM anrop!t1TM8 ITOBCKa. Ysen, KOTOpouy COOTBeTCTByeT o6~eKT BHH He­
KOTOpoe ero OilHC8HHe, H83b1B88TCH 06~eKTHb1Mi ysen, B~eHTBWHUHpye­
Mul SHaqeHBeM npBSHaKS, HO He CO~ep&a~l o6~8KTHO~ HH~OpYSUH!tl, Ha-
3b1Ba8TCS npH3HaKOBHY.KaxAHA ysen Aepesa seerAa asnaerca rrpHsHaKo­
BWM, ao ae BcerAa - oO~eETHYM. nocne~aee orpaaaeT mzpoKoe passo­
o6paaHe cr~eCTBY~ CTPYETYPH~ cxeu npzsaaxoB~ ~epeB»eB (cu., 
uanpauep.li, 3/). 

2. iloeT8HOBKa Sanaqz 

]D60£1 pean»Hb!A o6~8KT rrpe~CT8BHH6TCH B HH~OpY8UBOHHOit CHCTe­
ye HSKOTOpbiY CBOHM o6pasou, X8paKTepBCTHKO~ KOTOporo CHy&HT BHWOP­
uauza, BHpaaaeuaa xoaKpeTHHY saaqeaBeu rroHcKoBoro npzsHaKa. Bca­
xaa pauuoaax~saa opraHHsauza CTPYKTYPY aap~Baew~ ~epeB~eB 
npe~nonaraeT paaua.eaxe o6~exraol HH~opuauHH TaKHY o6pasou, qTo6u 
Yea,JlY COOTB6TCTBY~MB SHaqeHHHMH rrOHCKOBOrO rrpH3H8K8 Bl:lllOHHH~OCb 

O!HOmeHHS neECHKOrpa~~eCKOrO ITOPSAKa. 3TO llOSBOHH6T C,ll8H8Tb rro­
HCK ueneaanpasneHRHM aa cqer HCKnmqesza xs qzcna npocuaTp!t1Bae­
YbiX SH8qHTSH~HOrO YH0&6CTBS ySXOB, B~8HTH~HK8TOpl:l (Kn~qz) KGTOpbiX 
He COOTB6TCTBYDT rrOHCKOBOYy rrpe~rrHC8HHD B OTHOWSHHH o6yCHOBX6HHO­
ro nopfiAKa. 

B O~HOCBH3H~ Hapa~HB86MbiX ~epeB»HX llpa£tca, rpaH B ]aH~ay­
apa/4/, OllBCaHH~ T8K&e B/3/, MHO&eeTBO B03YOSH~ 3RaqeHH~ rrpH3Ha­

Ka He orpaHHqzB86TCH B orrp6.Jl61lft8TCH ~aKTBqeCKHMI SHaqeHHHYH H~eH­
TBWHK8TOpOB,rrOCTJIT8D~X B czcTeuy o6~eKTOB. llyqoK B Kopae ~epeBa 
~6~T B6CD ~H8IT830H H3M8H8HBH ITOHCKOBOrO rrpH3H8K8 Ra H8CKOH~KO 
HHT6pB8JIOB, K8~Y£1 nyqoK CHe~yD~ero ypOBHH ~po6HT 3TH HHTSpBSHbl 
Ha e~e 6onee uenKHe H T • .Jl. KnDqH nocne~oBaTen»H~ ysnoB nyqKa o6-
pasyDT BOspaeTaD~D ITOCH6~0BaT6~DHOCTb asaqeHJA npH3HSKa, IT03TO­
uy OTHOW6HB6 rrOpH,llKa COXpaHHeTCH ~JIH BCSX Y3110B Ha K~OY H3 ypoB­
Re£1. 

Ecne rrpB ITOCTJUIISHHH o6~6KTOB B C~CTSMJ BYSDTCR T8H~6HUHB 
YOHOTOHHOro npe~CTaBHSHBR COOTBeTCTBY~X ITOBCKOBbiX Kn~qeil, TO 
BeTBH ~epeBa HaqBHaDT pSCTB rrpezyy~eCTBSHHO B H6KOTOp~ HaiTpaB-
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neamax. 9To yBeHHqRBaer rpy~oewKOCT» ~ocryna K ~aHHHY. B /4/on~­
caa anropmrw 6anaacmpoBKR o~aocBaaaoro ~epeBa, aaqRHa~~~ ~opum­
poBaHRe HOBOrO ypOBHff TOH»KO no aanoHHeHRR npe~~y~ero, qro noaBo­
naeT COKpaTRT» Tpy~oeUKOCTh noHCKa B cpe~HeY. M~ 6y~eu T8K~e pac­
CU8Tp~IB8T» C6anaHCRpOBaHH~e ~e.PeBDa. 

B o~aocBaaaou ~epeBe/3 • 41 mue~rca ~Be cne~m~m~ecKHe oco6ea­
aocrm: npRH~H63HOCT» o6~BKTHHK Y3HOB TOH»KO TepUHH8H»HOUY ypoB­
H~ R paBeHCTBO aam6onLwero aaa~eama npmaaaKa cpe~H yanoB nyqKa 
K~oro Ha ypoBaea aaaqeaH~ npHaHaKa KopaeBoro yana ny~Ka. M~eH­
TR~Karop~ yanoB B ny~Ke ynopa~oqea~ (cneBa aanpaBo) no Boapacra­
HR~. ITpH nomcKe npoBepa~rca Kn~~ nocne~oBarenLHHK yanoB nyqKa 
H nepexo~ K nyqKy cne~y~ero ypoBHa npomcxo~RT Ha nepBoro BCTpe­
THBmeroca yana, H~eHTH~RKaTop KOToporo 6on»we nomcKoBoro npe~nm­
caa~a. ITo ~OCTH&eHHR yana c rpe6yeu~u aaaqeaHeu npHaHaKa npomcxo­
~HT cnycK no npaB~M paBHoaaa~HY yanau nyqKoB amxenexa~x ypoaaei 
K o6MKTHouy yany. Paauepbl ny'lKOB 11. aa Bcex ypoBHHX npe~nonara­
~rca o~HHaKoB~uH, noarouy crpyKTypa ~epeBa nonHOCTL~ onpe~enaerca 
napolt (m ,n. ), r~e m- ~CJIO ypoBHeit. 

HRxe npe~npmaara uo~H~HKa~Ha onHcaaaol CTPYKTYPbl aa cqer or­
Kaaa or ee cne~H~HKH c ~enLm npe~eJI»Horo aacblmeHma ~epeBa o6~eKT­
HHY CO~ep&aHHeu. Ero noHCKOB~e CBOHCTBa RCCXe~y~TCH B ~BYX HaH60-
nee o6~x npe~noxoxeamax: Ka~biH yaeJI aecer o6~eKTHym HH~opua~m 
(HBHH6TCH 06~eKTHbiU) H paauep~ nyqKOB uoryT HaMeHHTLCH OT ypOBHff K 
ypoBHm. ITpm arou aaH6onLwHw Ha Knm~ea repuuaanLHHK yanoB K~oro 
nyqKa Bcer~a ueaLwe Knmqa KopHeBoro yana nyqKa. C TO~OCTLm ~o 
HeKoTopux rexamqec&!X ~e2anea raKaa crpyKTYP.a o6ecne~Baerca anro­
pmrumqecKHMH cpe~CTB8YH O~HOCBH3HOrO ~epeBa74/. ITOUHYO xyqwero HC­
llOJIL30B8HHff naUHTH 6Jiaro~apa OTKaay OT yanOB 6ea o6~eKTHOH HH~Op­
ua~H, TaKOe ~epeBO AOHXHO HUeTL H xyqwHe llORCKOB~e CBOHCTBa: no­
RCK 38KaH~B86TCH npH o6Hapy&eHHH COBll~eHHff Ha Jl~OU ypOBHe R He 
rpe6yerca cne~HanLaoro cnycKa K nepHwepmR ~epeaa aa o6~eKTHOit RH­
~opwa~mea. Kpoue roro, KaK oKaa~aaerca, CHHTHe orpaamqeaua, CBH­
aaaaoro c WRKCRpOBaHH~u paauepou ny1lRa~, coa~aer ~onoJIHHTeJILH~ 
cy~eCTBeHH~it peaepB yCKOpeHHH llORCKa. 
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3. ITocrpoeaHe uareuarHqecKoi YOAenm 

ITpH o6ycnoBneHHHX npe~nOJioxeamax CTPYKTypa mccJie~euoro ~epe­
Ba o~aoaaa~o onpe~enaerca BeKTopou 

-+ 
Q (m,n.,n,,.,, nm.-,), 

r~e m - KoJIHqecTBO ypoaael ~epeBa, n.L - paaMep nyqKa yanoB " -
oro ypoBHH, i=~m-t • 9TH napawerp~ cne~yer Bb16paTL ma ycnoama 
UHHRYaJILHOH Tpy~oeYKOCTH llOHCKa, XapaKT6pHCTHKOH KOTOpOit UOX6T 
c.ny:&H'f» ~JIHBa nomcKoBoro rpeKa · t. , onpe~enaeuaa ~cnou npoBepoK, 
H6o6XO~HYHK ~.Jlff ~OCTH&eHHH HCKOUOrO o6~6KTHOrO yana (~eJIR llOHCKa). 
Ho 3T8 BenHqRHa CRJILHO 38BHCH'f OT llOHO&eHHH ~enH llOHCKa B p~y 
llOCH6AOB8T6XLHHK o6~eKTHHK YSXOB ~epeBa, V£3MeHRRCb B WlrlpOKHX npe­
~enax no aaKoay"HenpaBHHLHOA nHn~: 

neuua. MaoxecTBO ~ceBoauoaH~ aaaqeamA ~nHH nomcKoB~ rpeKoB 
o6~eKTH~ yanoB aapa~Baeuoro npmaHaKoBoro ~epeBa npe~craB­

nHeT Co60H Henpep~Hy~ nocne~OB8T6JILHOCTL ~eJIHK nOJIO&MTeJILHHK qV£-
m-• 

ce.n ma cerueara 1 ~ t ~ 1 -r ~: n._. 
i:::c. 

noKa3aTeJILCTBO.PacCMOTpKM llOCJieAOBaTeJibHOCTb llO~CKOB~X TpeKOB 1 KaX­
AU~ V£3 KOTOpbiX Ha eARHH~Y ~JIRHHee npe.n~y~ero H llOJiy~aeTCR H3 Hero 
B peaynLTare npoBepKH cne.nyD~ero yana B nyqKe,nonHaH rrpoBepxa Ko­
roporo ae aaBepmeaa npm ~BH&eHHH no npe~~y~euy TpeKy. EcHH npo­
~ecc reHepHpOB8HRH HOBHK TpeKOB 06ecne1lRTL T8KHU.06paaOM 1 qro6~ 

"aanonaeame" nyqKoB ocy~eCTBJIHJIOCL nocne~oaareJILHO or Kopaa ~epe­
Ba K ero HHXH6MY ypoBH~, TO ~HRH~ COBOKYllHOCTH nonyqeHHHK T8KHY 
o6paaou rpeKoB 6y~T nocne~oBaTeJILHbiUH ~enbiUR qucnaum OT I ~o ...,_. 
1 + 2:', 11. i. 1 H ST8 llOCJie~OB8TeJILHOCTL He HUeeT paapbiBOB • 

"""rrpe,nnonaraH a5pa~eHHH KO aceu yanau ~epeBa paBHOBepoaTH~uH, 
B Ka'leCTBe ycpe~HeHHOA xapaKTepHCTHKH Tpy~OBUKOCTH llOHCKa npHU6U 
npHB6AeHHy~ AHHHY fiORCKOBOrO TpeKa KaK cyuuy AJIRH TpeKOB BCeX 
o6MKTHHK yanoB ~epeBa, OTHeCeHHY~ K HX o6~euy qmcny: 

~(o> = <t>co) 1 N(a) . (3.1) 

Yuaoaeame yanoB B aapa~Baeuou ~epeBe npomcxo~HT naBHHoo6paa­
ao: K~~A yaeJI i -oro ypoBHH nopo~aer Ha cne~ym~eu ypoaae ~onon-
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HHTBJILHO n i Y3JIOB, ll08TOYY 6YKOCTL ~epeBa, onpe~eJIH61o16H KOJIH­
qeCTBOM ero o6~eKTH~ yaJioB, OYABT 

Tn.~' ~ 

N(c~) = 1 +? ITn, 
d ~<· ,-~c (3.2) 

YTBBP!ABHHe r. Cyuua AJIHH noHeKOB~ TPBKOB Beex o6~eKTH~ yaJIOB 
Hapa~Baeuoro eoaJiaHCHpOBaHHOrO npH3HaKOBOrO ~epe­
Ba e nepeueHH~ paauepou ny~a paBaa: 

4lQ)= 11- ~~ { 1~l0nj ( 1 + ~ n,: 1 
)} 

(3 .3) 

noKaaaT6JILeTBO. Bee yaJI~ K~oro HS YPOBH6~ paeeuarpHBaeuoro A6pe­
Ba HBJIH~TCH o6~6KTH~H, llOSTOMy A0K6S6T6JILCTBO eBO­

AHTCH K B~'IHeJieHH~ eOOTB6TCTBy~~X eyuu AJ!HH Tp6KOB no ypOBHHM H 
HX noeJI6AY~~euy eJIOZ6HHD. 

Cyuuy AJlHH Tp6KOB Y3JIOB K -ro YPOBHH onpeA6JlHiol HHTerpHpOBa­
HHBU KOJIH'I6eTB npoBepOK yaJIOB npeA~Y~ ypOBHe~, B~OJ1HH6M~ AJ!H 
.n;oeTHll6HHH OO'I>6KTH~ yaJIOB I< -ro ypOBHH B eOOTB6TeTBHH e OnHCaH­
H~ aJirOpHTMOM llOHeKa. B K~O~ H3 SOH, orpaaHqeHH~ ABYYH COC6A­
HHUH BwmeJieEa~HUH ypOBHaYH, qJdCJIO npOB6pOK 1 H600XOAHM~ AJlH llOKp~­
THH BCBX YSJIOB K -ro ypOBHH 1 MOEHO nOJIYqJdTL, KaK B /S~B BHA6 npo­
H3B6A6HHH Tp6X OOCTaBJ!HD~X: KOJIH'I6CTB6 ny'IKOB B 3086 1 CYMYR AJIHH 
Yli6CTKOB Tp6KOB BHYTPH 30HHOrO ny'IKa H qJdCJia o6'!>6KTH~ ysJIOB k:-ro 
ypOBHH, AOCTHllHMRX qepea K~~ yqaeTOK Tp6Ka B ny~e 30HH. HanpH­

uep, AJIH p -olt aoHR, aaKnnqeaaolt ue:&Ay f -~u H ( f 1- 1 ) -u ypoBHH­
MH, OYABM HMBTL COOTB6TCTB6HHO: 

P·l 1<.-\ l<-1 
,f"'....,. n t~ n ~ n 'f',(C.)= Tin._ X~- rtr X ~Lt\j =. 2. l_tni., 0~ r~ 1<.-\. 

I •~c FP•1 ,_o 
3.n;ec:r, BTOpOW eOMHOXHT6J11 rrpe.n;eTaBJIR6T C060M eYMMy apH~MeTwqeeKOH 
rrporpeceHH C e.n;HHHqHOM pasHOCTLD 1 KOTOpyn 06pasynT Bee BOSMOZH~e 
xonwqecTBa npoBepox ysnoB B aoaaou nyqxe.3aueTHK e~e,qTo Tpex xax­
~oro oO'I>6KTHOrO ysna K. -ro ypOBHH H6qJdH66TCH e npOB6pKH HABHTH!PH­
KaTopa KOPHH .n;epeBa, 'ITO OO~HCHH6T HaJIHqse BTOporo CJ!araeuoro B 

A.>< ~ Billp6li6HHH AJIH '1" l (.;.) '. 
K.-1 )(..-\ 

ci·\C:) = L cp~(Q) + Tinl 
p;c I L=c; 
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Tenep:r, HCKOMY~ cyuuy OilP6A6JIHM 36KJI~qHT6JILH~ HHTerpHpOBaHH-
61.1 no ypoBHHM. C yqerou Kopaa nonyqsu: 

m n\- \ . t4... "' (1· + '1 

cf>03>=, -rL. 41\o) = 1 +- 2\ flrtj ( '\+ ~ ~-} ~ 
ac.;;.1 "":;;..... ) - '• l 

YTB6p)IA6HH6 A0K63aHO. 
Tenep:r, a~aqa onTHUHsaUHH CTPYKTYPill Hap~HBaeuoro .n;epeBa B 

CMillCJI6 (3.I) CBO.li;HTCH K HaxOllt.li;6HH~ B6KTOpa Q,.. T6KOro, 'IToOR 

IY\-1 k_ 

... .. >~ {IT n · ( 1-r ~ fl_L+_ .
1 )1 

'f(O )=m\.n "';~ .}=• J\ i=-.; L J t-l 
Q6.2. ..,., .j 

~ nn, +1 
(3 .4) 

.j ~ '- 1 ::: .. 

r.ne 5L={Qjt:f N(Cb~s-E}, (3.5) 

F - nporaoaHpyeuoe noTpe6aoe 'l:Heno o6~eKTH~ yanoB .n;epeBa, 
~7,l- ,nonycK aa npe~RmeHHe E , paapeweHHH~ aanHqg~u peaepBOM na-

MHTH, 
~ 

a KOYITOH6HTH B6KTOpa Ll AOHllH~ y.n;oBHBTBOpHTL 6CT6CTB6HH~M TpeooBa-
HHRiol ~enoqHeJieHHOeTH, npHqey 

rl; 7;- 2. ' i.=c,m-1, (3 .6) 

l~ms. t~'J~l.i'E). (3. 7) 

9TO THnHqHaH a~aqa ~6JlO'IHCH6HHOrO nporpaMUHpOBaHHH C OrpWIHqeHHR­
MH K CHJILHO BillpazeHHO~ HeJI~HB~HOCTL~. Oo~X aHaHHTHqeeKHX npHeYOB 
.n;na TO'l:Horo pemeasa no,nooa~ a~aq noKa He cy~eCTByeT, xoTa HHor.n;a 
y,na6TCH HaltTH ynpo~aD~6 UO.li;XO.li;R, KOTOpille n03BOJlH~T UOJiyqHTL ITpH­
OJ1HZ6HHH6 pemeHHH KBasHKnaccHqecKHMH cpe.n;cTBauH. Cnoeo61ll ycTaHOB­
neHHH TaKHX B03MOlltHOCTe~, HCKJI~'Ia~X HJIH CBO.li;R~X K MHHHMYYY ne­
peoop, He HBJIH~TCH o6~HMH. 

HanpHwep, B /51no~o6aaa a~aqa BOSHHKJia npH paccuoTpeHHH rrpH­
uepa onTHMHaa~HH aa .n;epeBe, npe,ncTaBnam~eu cooo~ paaBHTHe/4/. 
B pesyJILT6T6 H6KOTOporo nepepacrrpe.n;eJI6HHH T6pMHHaJILH~ oO'I>BKTH~ 
y~XOB (H TOJILKO HX) no BC6~ CTPYKType .n;epeBa OHH OHJIH npHOJIHZ6HR 
K KOpHm, 'ITO yBBJIH'IHJIO Oil!CTpo.n;e~CTBH6 aJirOpHTYOB ,ll.OCTyna K ~aHHNY. 
Ha OCHOB6 yqeTa CTP1KTypHRX OC006HHOCT6~ BOSHMKme~ AHCKp6THO~ aa­
~a'IH yCTaHOBH6HO, qTQ yCJIOBH6M OllTHMaJILHOCTH HBXRBTCR PBAYK~HH 
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paauepoB nyqKOB 0~ KOpHH K nepH~epKH ~epeBa H8 npe~C~aBKTeXDHOY 
UHO&eCTBe TpeX HOUKHa~OB 5 {4 1 3,2). llepe6opou llO~TBep~eHH H 
npe~CTaBKT6~DHOCTD 3TOrO MHOZ6CTBa, H ~8KT pe~yKUHH. ]yqmKe noKC­
KOBHe CBOUCTBa TaKOrO ~epeBa, 11BHnyKXOr0 11 K KOpHID, o6~HCHHDTCH 

TeU, qTo KOpOTKKe TpeKK npe~C~aBXeHH B HeM B 00XDW8Y KOXHqeCTBe, 
qeu B paBHOeMKMX ~epeBDHX ~pyro~ CTPYKTYPH. 

B cuucne c~enaHHoro OTCTynneHMH ~~ aSAaqH (3.4)-(3.7) He 
y~aXOCD no~yqKTL no~OOHHX 0~6HOK 1 nOSBO~H~ 38U8HHTD o6118CTD 
(3.5) UHOX6CTBOU ~onyCTKUHX BeKTOPOB S1 3HaqKT6~HO U8HDW6it UO~­
HOCTH. ll03TOYY ~~H TOqaoro pemeHHH OH11 paapa60T8H anropHTY, pea-
1IK3YID~it Kou6HHatopHyw cxeuy aanpaBneaaoro nepe6opa no ueTo~y Bet­
BeAK rpaHKU /Gf. PeayXDT8TH uamMHHHX 3KCnepKU6HTOB npe~CTaB1!6HH 
B C~e~y~eu naparpa~, 3~6CL Xe UH llOCTpOHM eme KOUllOSHUMO~HYID 

uo~enL paccYaTpKBaeuoro ~epeBa - c ~enLID no~yqMTD y~o6HHA anna­
paT ~1IH Har~H~HOU H~~IDCTpaUMH U6TpJ.:IqecKKX CBO~CTB MCC1Ie~yeMHX ~e~ 
peBDeB niD6oA CTPYKTypH. 

YTBep!AeHMe 2. ~yHKUHH pacnpe~eneHKH ~cna noMCKOBHX tpeKoB no 
HX ~~HH8U B HapamMBaeUOU c6a~aHCMpOB8HHOU npKSHa­
KOBOM ~epeBe c nepeueHHHU paauepou ny~a onpe~exa­
eTCH aHyMepaTopou: 

rn -\ 1<.. n' 

Ftt)= t(1+ZD±ti) 
K. ~ .._ J .::L l f 

m-t 

r~e .'I~_= 2' n 1 
L"'-L.' 

C1 - KO~J.:IqeCTBO TpeKOB ~1IKHH t ; 
t- CBo60~HHA napaueTp. 

,\+( 

-2 c ti 
t=f t ) (3 .8) 

llOKaSaT6HDCTBO. B KOUOKllBTOpHOU aH8HK36 KOUnOSHUKeit Ha3HB86TCH 
KOpTe& U6~HX nOHOXKT6~LHHX qHCe~ npM 38A8HHOit 

KX cyuue, KOTOpHit onpe~enHeTCH: BepXHHUH rpaHHUaYH 3THX ~ce~, 
~aKTHqecKMUH aaaqeHHHYM qKce~ H xapaKtepHCTKKOA {Hx cyuuoA). Moa­
HO noKaSaTL/7/, qTQ npOH3BO~H~aH nepeqKC~HID~aH ~yHKUHH ~HH KOUll0-
3K!UIH C 0 qaCTHYH, Ka~aH H3 KOTOpHX He npeBHWaeT ~ , i. == .,.-ci , 

~ , L J ~ 

HU66T BK~: 'J.- l.t . ~ n L. t, = ~ M~ t z> 
j=l l = t '(.: ·~ 
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r~e M., - KOHlrl•!eCTBO BC6B03UOlltHHX KOU003MUKit C xapaKT6pi.:ICTKKOH 2 
~ ~ . 

~=~f.,. 
J:C t .J 

llpK noMCKe oo~eKTHHX ya~OB ~ -oro YPOBHH Hapa~Baeuoro ~epe-
Ba Ha KSX~OU 1.:13 ~ ypOBHe~ KOHKqeCTBO BHnonHH6YHX cpaBHeHKH 
cl, E. 1\n; 1. i = c, t<-1 • Kpoue Taro, o~Ha npoBepKa HyllHa npM KaQOY 

noKcKe ~~a cpaBHeHMH c M~eHTI.:IWHKaTopou KOpHH ~epeBa. IToaTouy B 
pauKax cooTBeTCTBMH: fti -n;, ('j,.-t1)-+K, z. _, L ·-KueeT Mec­
TO nonHaH aHanorKH Yex~y uo~eHJ>IO noMcKa yanoB K -oro ypoBHH M Kou­
noam.\Metl c 1:..

1 
= 1. ~YHKUKH pacnpe~e1!eHHH q~.:~cna tpeKOB yanoB K -ro 

ypOBHH no KX ~HMHaU aanHW6TCH B Bl.:l~e: 

r~e 

K-1 t"\· X -+1 

E .. lt:) = tn~.ti = -;~~ C 1 t
1 

)"• 1~1 l=t--t·l 
o<..-·1 

~' J:"' = ~- n;. 
i=t; 

3aueTHM e~e, qTo aHyuepa~op ~na HyneBoro ypoBHH ec~~ 
Pol~) = t , 

T.e. MYeeTCH e~HHC~BeHHHtl TpeK - e~naMqaoa ~n~Hu. TenepL ~H~erpM­
poBaHHeu no ypoBHHY ~nH Bcero ~epeBa nonyqKu: 

, YY'\ m·\ k. ~ , )-t l 

F ( t) = ~ F "- t t) = t (1 + ~· l ~ :?_ ', t' ) = 2 c l l 
1 

tc.. -===c 1<. __ ...., j ~v 4 • I l::: 1 

YTBepa~eHMe ~oKaaaao. 

4. PeaynLTaTH aKcneplrlueHTOB 

~~ KOUOKH8TOpHOrO pemeHHH 3~8q!rl {3.4)-(3.7) 6una COCTaBne­
Ha nporpauua, peanHa~w~aa cxeuy o~HocTopoHHero BeTBneHHa no ueTo­
~y B6TBeit H rpaHMU fo/11 cy~eCTB6HHO HCITOHL3Y~maa ~HH COKpa~eHHH 
rrepe6opa ctpyKTYPHHe oco6eHHOCTM a~aq~.:~. 3aueTMu, qTo npeBHmeHHe 
cBo6o~aoro peaepBa nauHTH Ha~ &SAaBaeuuu ~ , npaKTMqecKK Bcer~a 
odecneqeHHOe peaJibHhiMK yCXOBHJIM~ CHHTesa , qacT>NHO l1Cn01Ib3Y­
eTCB ARB pa3Me~eHHB AepeBa , T.K. B C>Wy ue~oqacneHHOCTH 

paauepOB nyqKQB B OTHOW6HKH 1\/(C:) >, E HaM6onee BepoliTHO Hepa­
BeHCTBO. 

B Ta6XHue I npe~cTaBneHH HeKOTopue peaynbTaTu uamHHHoro sK­
cnep~.:~ueHTa no CHHTeay Hapa~Baeuux noMCKOBHX ~epeBLeB ~~H paa­
XHqaux aHaqeHMA E . 

11 



TABJIHUA I 

_., 
E- ·}"' -<-

N(Z:) 
Q"' 

lf(G"') 
1<.. m n.,, n 1 , ••• , n, _ 1 

8 169 5 4,3,3,2,2 9,335 
9 557 6 4,3,3,2,2,2 IO,?I3 ' 

IO I077 6 4,4,3,3,2,2 II,825 
II 2229 7 4,4,3,3,2,2,2 I3,207 
I2 4309 7 4,4,4,3,3,2,2 I4,32I 
I3 89I7 8 4,4,4,3,3,2,2,2 !5,706 
!4 !6402 9 3,3,3,3,3,3,3,2,2 !6,80! 
I5 33898 IO 3,3,3,3,3,3,3,2,2,2 !8,!94 
I6 65609 IO 4,3,3,3,3,3,3,3,2,2 19,300 
I? I3I593 II 4,3,3,3,3,3,3,3,2,2,2 20,694 

~a ra6HMUY I BM~Ho, qro 06naCTh aaaqeaHA paauepoB rryqKoB B 
OITTJ.IMa.HhHWC CTpyKTypax orpaHM'ieHa UHOKeCTBOU S i4,3,2} M qTo, KaK 
M B / 5/, MUeeT U6CTO 3~6KT P6AYKUMM pasuepOB rryqKQB OT KOP.HH K 
repui.IHaHhHO»y ypoBH~. 9KcrparronHUMH aroro pesyurara 143 / 57 aa 
aaAaqy (3.4)-(3.7) uorna rrporaoa14poBaThCH B CMny co~epaareuaoA 
onpaB~aHHOCTH reoueTpHqecKol1 uo~eiDI ~epeBa, "pacmMpHJliD,eroca 11 K Kop­
H~: B03paCT8HI4e liMCJia y3XOB 1 rrpH6HME6HHYX K KOpH~~ ITpMBO~iT K yBe­
HHqeHM~ KOHH'i6CTBa KOpOTKHX ITOMCKOBWC Tp6KOB. 

3aueTHM e~e, qro Hape~Ka (B aamHx aKcrrepHuearax 2 cnyqaH Ha 
73) CP6AH KOUITOH8HTOB BeKTOpa Q • ITOHBHH6TCH no= 5 1 qro He UeHH-
6T aaaqeHHH ciJ!op»yHHpOBaHHoro peayuraTa H rro~r:sep~aeT "!flnyKTya­
UHOHHYD" rrpHpo~y AHCRp6THOCTH. B STHX P6AKHX cnyqaax 3HaqeHHH ue­
neBoA !flyHKUHH ~(Q) Ha COCe~HJ.IX AOTiyCTH»WC BeKTOpax, ITP8ACTaBneH­
HHX B S 1 0UH'i8liJ/lCh OT lf(Q•) Ha BeHH!iMHhl ITOpfiAKa I0-3 • 

12 

24 t 
22. 

20 

18 

16 

14 

12 

10 
1.o~2 E 

8 ~--~~~~~~--~~~--~--~---~--~--~--~ 9 10 t1 12 13 14 15 16 t7 18 19 20 

PHc.I. 

Ha pHc. I KpHBhle 2 H 3 npeACTaBJIHllT aaBMCHIIOCTH 'f ( 10<;), E) co­
OTBeTCTBeHHO ~liH HCCli6Ayeuoro O~HOCBH3HOro AepeBa, ITP6A6lihHO H8Chl­
~eHHOrO 06~eKTHOI1 HH!flopuauHeA, H AepeBa/5/, rAe qHCliO o6~eKTHhiX 
YSliOB 1 pacrrpeAeJieHHhiX ITO BCeA CTPYKType, paBHO KQJIHqeCTBY TepYH­
HalihHhiX. ~erKO ITOK838Th 1 qTQ B ABYCBH3HOU C6anaHCMpOB8HHOII AHXO­
TOIIJ/lqecKOU AepeBe lf::::: tus2. E (KPHBaH I). rpa!flMKM 2, Ill 3' H306pa~:a­
ilT SaBMCHUOCTH (\f-'f~)/lf'} l/o) .. liH CpaBH6HMH C ,JtHXOTOlUNeCRHll 
ITOMCKO~. 0HH ITOKa3h!B8llT 1 liTO B o6naCTM rrpaKTHqeCKH Ba&HhiX aaaqeHHA 
E rroHcK aa»eAnHeTcll ueHbme, qeu aa 20%, TOrAa KaK aKOHOUHH rrauH­

TH U0&6T 6h!Th ABYKP8THOA. 
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I 
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200 

f50 

m 

50 
I II II \ \ \ .... 

t ......._ 
0 4 8 12 16 20 24 2.8 32. 36 40 44 4& 

Pnc.2. 

Ha pHc.2. Ilp6~CT8BR6H~ ~YHK~HH pacnp6~6R6HHR qHCXa IIOHCKOBHX 
Tp6KOB IIO MX ~XHHaY ~HR ~6p6B»6B, napaueTp~ CTpyKTyp~ KOTOpHX 
CB6~6H~ B Ta6HHQY 2. 
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TAEJIIHlA 2 

--Q 
Koa~wH~eHT~ aHyuepaTopoB 

AI~ N(Q) 
m no, nf ~ ... , n,.,_, 

I 418I 6 4,4,4,4,3,4 1,I,2,4,8,I5,29,55,99,166,256, 
359,457,526,546,510,426,3I6, 
206,II6,55,2I,6,1. 

2 4309 7 4,4,4,3,3,2,2 1,1,2,4,8,I5,29,55,10I,175,279, 
403,52I,598,607,54I,420,281, 
159,74,27,7,I. 

3 4096 6 4,4,4,4,4,4 1,7,22,56,123,217,335,455,548, 
580,548,455,335,217,123,56,22, 
7 ,I. 

4 4215 4 2,6,I4,24 1,1,2,3,6 1 II,28,27,37,48,60,72 
84,96,I08,I20,I32,I43,I52,159, 
I64,I67 1 I68,168,168,168,I68, 
168,167,I64,I59,152,I43,I32, 
I20,I08,96,84,72,60,48,36,25, 
16,9,4,1. 

-- ----

]!HCKp6TH~i% xapaKT6p 3~aq>l 38Tpy~HH6T nonytJ:eHlt!e B TQqHOCTH 
paBH06MKMX CTpyKTyp i ~epeB»R, npe~CT8BR6HH~e B Ta6RHI\6, C>IHT63Hp0-
B8H~ npM E=4096. CHuweTp>~qaaR KpHBaR/3/cooTBeTCTByeT ~epeBy JlaH­
~ayapa, ocTan»H~e- CTPYKType (3.8). Ha pHc.2 BH~Ho, qTo B ~epeBe 
2, 11B~IIYKHOY 11 K KOpHIO, KOnHqeCTBO KOpOTKHX Tp6KOB 3H8qHT8H»HO 
6on»lll6 1 qey BO BC6X OCTan»HbiX cnyqaRX. 13 CTPYKTypax, r~e 11 B~IIJK­

JIOCTD11 BupallteHa cna6ee, npoHcxo~HT nepepacnpe~eneHMe qHCJia TpeKoB 
B 06JiaCTL 60JI»IllHX 3HaqeHH~ ~HHH 1 qTO yxy~waeT MX IIOMCKOB~e CBO~­
CTBa (Kpi!B8fl I). llp>IY6p 4 HHRIOCTp¥!pyeT p63K06 yxy~lll6HH6 IIOHCKOBUX 
CBOHCTB B ~epeB»flX C B03paCT810~HU OT HOUepa ypOBHfl paauepou nyq­
KOB ( 11BOrHyT~6 11 CTpyKTyp~) • 
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