OnTumanabHOEe pelneHne 3aaa9n
MHTEPBAJILHOTO IIONCKa Ha OyjieBoM KyOe
B KJacce cOaJJaHCTPOBAHHBIX
JPpeBOBUIHBIX cXeM*

T./1. bnaiiBac

TTokazaHo, 9T0 3a/1a9a IOUCKA CJIOB, B KOTOPBIX U3BECTHBI TOJIhb-
KO HEKOTOpPbIe OYKBbI (KAK B KPOCCBOPIAX) CBOJIUTCS K 3aa4€ WH-
TepPBAJIBHOTO TOUCKA Ha OyeBoM Kybe. Iloydero onTuMasibHOe pe-
[eHne 33/1a9M WHTEPBAJIHHOTO TONCKA Ha OyjeBoM Kybe B Kjacce
cOaIaHCHPOBAHHBIX JIPEBOBUIHBIX CXEM (DUKCHUPOBAHHON BBICOTHI.
Haiiner mopsaoK CTOXKHOCTH PellleHus B KIacce Beex cOATaHCHPO-
BAHHBIX JIPEBOBUIHBIX CXEM.

1. BBenenue

B pa6ote uccnenyercs ciemytorias 3a1aua nHGOPMAITMOHHOTO TTOWC-
Ka. Imeercsas HEKOTOpOe HOJAMHOXKeCTBO V' m-MepHOro OyieBa Kyba BY,
HazpiBaemoe bubsmorekoit. Ha 6ysieBom Kybe OepeTcs: Tpon3BOIbHbIN WH-

repBan (u,w), vae u = (U1,...,Uy), W = (Wi,...,wy) 1 u <X W, TO
ectb u; < w; i = 1,...,n. Tpebyerca onpemesuTs BCe TAKHE 3IEMEHTEI
yeV,y=(y1,...,Yn), HA3BIBAEMbIE 3AINUCAMHU, JIJI1 KOTOPHIX BHITIOJIHEHO
U=y w.

[IpuBenem waTEpnperanuio mgaHHON 3amadum. JlomycTum, MbI MMeeMm
YAaCTAYHO PA3TaJaHHBII KPOCCBOP[Z, B KOTOPOM BCE€ CJIOBA HUMEIOT OIU-
HaKOBYIO JuinHy. OTrabiBaeM CJI0BO, B KOTOPOM HU3BECTHBI HE BCe OyKBHI.

*Pabora BeImotHeHA Ipu huHAHCOBOH nomepxke Poccuiickoro dhonma dbynmaven-
TaJbHBIX uccjaenoBanuii (rpant 01-01-00748).
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Tpebyercs HaliTu B C/I0Bape TakKue CJIOBA, KOTOPHIE TOTEHITHAIHHO MOTYT
OBITH PA3raIbIBAEMBIM CJIOBOM.

3a/1a1y MOYKHO PEIaTh, €CJIN Ha KAXKJIOM IITare aJropuTMa mpoBepsITh
ycaosue uj < y; < wj, j € {1,...,n} aua dukcuposannoro nabopa KoMm-
TIOHEHT 3alliCHh, IPpUYIeM HOMEPa KOMIIOHEHT OJJNHAKOBBI JIJId BCEX 3anucen
Ha OJTHOM IIIare aJIrOPUTMA.

Kaccy Takmx aaroputMoB ya00HO COTIOCTABUTH COATAHCUPOBAHHBIE
nH(MOPMAIUOHHBIE JePEBbs.

[Tonydens! caemyrolire pe3yabTaThI.

1. B kacce cOalaHCHPOBAHHBIX JI€PEBHEB (DUKCUPOBAHHON BBICOTHI
HaIEHO ONTUMAJIBHOE pEIeHNe, TTPEICTABISIEMOe TIPY TIOMOIIY PeITeHust
JIMHEIHOM CUCTEeMBbI yPaBHEHUIA.

2. [Monyduen nopsfok (YHKIUNA CJAOKHOCTU PEIIEHUs B KJIACCEe BCEX
cOAJIAHCUPOBAHHBIX JIEPEBHEB.

2. OcHoBHBIE TOHATHUA U (POPMYJIUPOBKA pe-
3yJIbTATOB

Ms1 6ymeM UCHOB30BATH TEPMUHOJOTHIO U 0003HAUEHUsT U3 PADOTHI
[1], HO mockosbKY B 9TOi paboTe PacCMAaTPUBAIOTCST TOJBKO JPEBOBUJI-
HBbIE CXEMBI, TO 37eCh OyJIeT MpuBejieHa HECKOJBLKO YIPOIIEHHAsS BEPCHs
TTOHATHS MHPOPMAIIMOHHOTO Tpada.

Ecmm X — MHOXKeCTBO CHMBOJIOB 3apPOCOB C 33JAaHHBIM HA HEM Be-
posiTHOCTHBIM TipocTpancTBoM (X, 0, P), rie o — anrebpa nojMHOKeCTB
MHOXKecTBa X ; P — BepodTHOCTHasg Mepa Ha 0; Y — MHOXKECTBO CHMBO-
JIOB JIaHHBIX (3anuceii); p — GunapHoe oTHomenne Ha X X Y, HazbiBaeMoe
oTHOIEeHWeM moucka, To marepka S = (X,Y,p, 0, P) naswsiBaercs mu-
nom. Tpoiika I = (X, V, p), rne V — HEKOTOPOe KOHEYHOE MOIMHOKECTBO
MHOXKECTBa, Y, Ha3bIBaeMoe OmOJIMOTEKOM, HAa3bIBaeTCs 3ajadueil mHdOp-
manmonnoro noucka (3UIT) tuna S. Comepxarensno 3UI I = (X, V, p)
COCTOWT B TIEPEUNCTIEHNH JIsT TTPOM3BOIBLHO B3ATOTO 3ampoca © € X Bcex
7 TOYHO TeX 3ammuceit y € V, urto zpy. Ecim F — cyTb MHOXKECTBA CUM-
BOJIOB OJIHOMECTHBIX TPEINKATOB, OMPEAeIeHHbIX Ha, X, J Ha3bIBaeTCs
6a30BBIM MHOXKECTBOM ¥ OTMCHIBAET MHOYKECTBO 3JIEMEHTAPHBIX Olepa-
[IWii, UCIOJIB3YEMBIX [PU PEIIeHNN 33391 NHMOOPMAITMOHHOTO TTOUCKA.
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Han 6azoBbiM MHOXKecTBOM F ONPENEISIeTCS TOHSATHE UHBOPMAUU-
onnozo depesa (M1]1). B KOHEUHOI MHOTOTIOJIOCHON JIPEBOBUIHON CETH
BBIOMpPAETCsI BEPINHA — TOJIIOC, Has3biBaeMasi KopHem. OcrajbHbIE T0-
JIFOCA, HA3BIBAIOTCA JIMCTHSIMA U UM TPUIHUCHIBAIOTCA 3anucu u3 Y. 3a-
JTAeTCsl OPUEHTAINsI OT KOPHH K JucThaM. Pebpam NI npunucekiBarorcs
npeaukaThl 3 MHOXKectBa F. Takum o6pa3oM Harpy:KeHHOE MHOTOIIO-
JIFOCHOE OPUEHTUPOBAHHOE JIEPEBO HAZBIBAIOT WH(MOPMAIMOHHBIM JIEPEBOM
HaJ 6a30BBIM MHOXKECTBOM JF. 3aTeM ONPeNesisieTcs GYyHKyUuOHUPOSAHUE
HUJ[. Pebpo mpoBoanT 3anpoc x € X, ecan mpeankar pebpa MCTUHEH Ha,
T; OPUEHTUPOBAHHAS IENOYKA pebep MPOBOIUT X, €CJAU Kaxkjaoe pebpo
[IEMOYKN TPOBOJAUT X; 3ampoc x npoxoauT B epmmny ([ W], eciu cy-
IIIECTBYET OPUEHTUPOBAHHASI TIeh, BeAyIas U3 KOPHS B BepInHY [, KO-
TOpasi MPOBOJIUT &; 3AMUChH Y, IPUNKUCAHHAS JIUCTY (v, TIOTAIa€T B OTBET
NI wa x, ectu & npoxogut B juct «. Orserom W]/ U wa 3anpoc x Ha-
3BIBAIOT MHOXKECTBO 3amuceil, monasmux B oTeeT U HA &, 1 0003HAYUAIOT
ero Jy(x). D1y dyukumio Jy(x) canraor pesysabraroMm QyHKIHOHUPO-
Banng VU U. U/I mapamy co CTpYKTypoOil TaHHLIX ONMUCHIBAET AJITOPUTM
COOTBETCTBYIOIIEro ToncKa. [Iporecc momcka mpu 3aTaHHOM 3a1Tpoce Ha-
YUHAETCsI C KOPHA U PACIPOCTPAHSIETCS B 3aBUCUMOCTH OT HATPY30UHBIX
MpeINKATOB, BO3MOYXKHO, Cpa3dy 10 HECKOJIBKUM HampasjenusiM. Eciin 91oT
MPOTIeCC HA JIEpPeBe JOCTUTAET SJIEMEHTOB JTaHHBIX, TO OHU BKIIOYAIOTCI B
OTBET AJITOPUTMA.

NI U paspewaem UL I = (X, V, p), ecim Jy(z) = {y € V : zpy}.

Beogutca caoocnocmo MJ]. Ilpenukar pg(x) MCTHHHBIN Ha X, ecam
T TPOXOIUT B BepiuHy [, W JIOXKHBII B TPOTUBHOM CJIy4Yae, HA3BIBAETCSI
dyuxnueir punbrpa Bepiuunbl 8. Caoocnocmoro U U na sanpoce x € X
naswisaerca wmeno T(U,z) = 3 5.5 s - pp(x), tne R — mmozxectso
seprun VI U, 13 — KonudecTBo pebep, HCXOASAINNX U3 BePUIMHBI [§. DTa
BeJINYMHA PaBHA YKCIy (DYHKIWA, BBIYUCIEHHBIX aJTOPUTMOM TOUCKA,
ompenensgembim WJ1 U, ma 3ampoce z.

Ecin xaxpas dynkumsa nz F — uzmepuma (OTHOCHTENTHHO aareGpb
o), To ays moboro U U wan F byuknua T'(U, z) namepnma.

Caooicrnocmuvio M/ U HazbIBa€TCSI MATEMATHIECKOE OXKWJIAHUE BEJIU-
ynnbl T'(U, z), pasroe T'(U) = M, T(U, z). Ona xapakrepusyer cpejiHee
BpeMsl TTOUCKA.

Ecmu f(x) — npemukar, 1o oboznatunm Ny = {z : f(x) = 1}. Cnox-
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HOCTBIO pebpa, ucxogamtero u3 sepmmnbl 3, Oyger wncio P(Ny,). Torma
noHgaTHO, uTo A VI U

T(U) =Y s P(Ng,).
pelU

Paccvorpum cienyromyio 3UTL. Mmeercs: HekoTopoe k-3/1eMeHTHOE
[IOJIMHOXKECTBO n-MepHOro OyseBa Kyba V € Bj (6ubmmoteka). Ha Oy-

JIeBoM Ky0Oe 3ajilaH HeKOTOpbIii mHTepBana (u,w), rae u = (uy,...,Uy),
w = (w,...,wp), " u X w, TO ecTb u; < w;, Vi = 1,...,n. Tpe-
OyeTcsa ONpeme/nTh BCE 3JEMEHTBl Yy € V, yIOBIETBOPSIOMINE yCIOBHIO
U=y w.

OueBumno, uTO ecau u; = 1 Jisi HEKOTOPOTO ¢, TO U w; = 1, &, cJie-
JoBarenbHo, n y; = 1. Amamornuno, ecam w; = 0, 7o u y; = 0. Takum
obpazom, Beimeonucannas 3UII cBoguTca K ciemyroteii: ecTs 6ubamo-
reka V € BY, |V| = k, 6epem 3anpoc © = (x1,...,T,) — TPexX3HAYHbII
BEKTOD, KOMIIOHEHTHI KOTOPOTO MOTYT OBITH paBHbI Jub0 1, u60o 0, ubo
2: ecmt u; = 1, To x; = 1, ecim w; = 0, o x; = 0, naave x; = 2. s
JIAHHOTO 3ampoca & = (I1,...,Ty) XOTUM HalTH BCe Y = (Y1,...,Yn) €V,
JUI KOTOPBIX Y; = T, ecan x; = 1 win x; = 0, u y; ao60e u3 {0, 1}, ecou
xTr; — 2.

[onywaem xmacc 3amad S(n) =< BY,BY,p >, rne BY u B Tpex-
3HAYHbI U JABy3HAYHbIH (Oy/1€B) KyObl, COOTBETCTBEHHO, U p :  XpY <

Onumem kaacc WJI, mpu moMOIIM KOTOPBIX PEIIAIOTCS 3aJa9u U3
S(n). Buwcomoti depesa Ha30BeM JIJTHHY MAKCUMAJIHHOTO TYTH W3 KODHS
JiepeBa B BEPIIVHY CO CTENEHBIO MOJIyHUCXo/1a, pasHoit (.

Yepes Dy (h) 0603HAUNM MHOXKECTBO BCeBO3MOKHBIX /I BBICOTEI
h, Tt KOTOPBIX BBITOJJHAIOTCS CJIEIYIONINAE YCIOBUA.

1) U3 mo6oit Bepmuabl Ha (GUKCHPOBAHHOM spyce (KpoMe MOC/Ie-
HEro) BBIXOJUT OJMHAKOBOE KOJMUYECTBO pebep, PaBHOE MOJIOKHUTETHHOM
CTENeHN IBONKH.

2) Pe6pam U/JI npunucasbl TpeAuKaThl U3 CJAEIYIONIEr0 MHOKECTBA:

F= {fy}v fy(x) = x?{l -ng x%n’

xj, ecmn (y; = 1)&(z; # 2)
:C:l;j = jja eCcJin (y] = O)&(l‘] ;é 2) )
1, ecm (y; =2)V(r;=2)
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npudeM I; IOHUMAeTCH 37eCh KaK OTpulianue OyJIeBoil mepeMeHHol. Shvvi
[peINKATHI TPUIUCAHBI CIe Ty oM obpaszom. Kaxmomy spycy ¢ jepeBa
COTIOCTABJIEHO HEKOTOPOE YHUCJIO M, W M3 KayK/0# BEPIINHBI {-T0 Apyca
BeIxOIUT 2™ -e pebep. PeGpam, BuIXOasINM U3 (DUKCUPOBAHHOMN (BOOOIIIE
rOBOPst m3 J1I000#) BEPIIUHBI 3TOTO SPYCa MPUIUCHIBAIOTCA BCEBO3MOK-
Hble KOHDBIOHKIUN U3 TePeMeHHBIX Tj,...,Tj, 1 UX oTpunanumii. s
JII0OBIX BYX pebep m3 OMHON BEPIWHBI MPUIUCAHHBIE UM KOHBIOHKITUN

m;

paziuyHbl. MHOKECTBA MEPEMEHHBIX, BXOJIAININX B KOHBIOHKIUN HA JBYX
PA3JIMYHBIX spycax, He TIEPEeCEKATOTCH.

Jepeso D GyeM Ha3bIBATH CHMMETPUYHBIM JIEPEBOM BBICOTHI h, €CJIN
D € Dyym (h).

Hepeso BeicoThl (0 (omHY BeprnmHy) Tak:ke OyeM CUUTATbH CHMMeT-
PUYHBIM.

Hepeso D uazosem cbanancuposarmvim U] evicomu h + 1, ecn oHO
noaydeno u3 mekoroporo M Dy € Dgym(h), nobasrenmem k wemy k
pebep, tie k — Jsiroboe 1ie10€ HeOTPUIIATETFHO YHUCJI0, TPUYeM pedpa J1o-
GaBIEHBI CIEAYIOMIMM 06PA30M: €CIU B TIOCIEIHEM SIPYCE CHMMETPUIHOTO
nepeBa Dy € Dyym(h) 6B110 2ln pebep, TO M3 KaK/IOi BEPIIHHBLI TOTO
gpyca B cOATAHCHPOBAHHOM J€peBe MOXKET BHIXOITH k < 2" 'h pebep.
Kax oMy u3 91ux pebep npunucata 3jaeMeHTapHas KOHbIOHKIINS JTHHDI
n — I, W3 BCEX TEX MEPEMEHHBIX (MU MX OTPHUIIAHW ), KOTOPHIE HE BXO/IU-
JIU B KOH'BIOHKIIUU TPEJIBIAYIINX IPYCOB. JI100ble iBe KOHbIOHKIINHU, TTPH-
nucaHHbie pebpaM Ha HOBOM sipyce, Pa3judHbl. MHOXKECTBO BCEX TAKUX
JIepeBBeB Tt KaXK10ro n u k < 2" obosunaunm uepes Dy(n, k, h).

MuoxectBo 3anau [ =< Bf,V,p > tuna S, tue |V| = k, o6o3naanm
gepe3 Z(n, k).

Beegem nonsitue caoxuocru 3UIL I € Z(n, k) B knacce cbanancupo-
BaHHBIX JIEPEBHEB BBICOTHI A :

T,(I, h) = inf T(D
all;h) DeDbl(r},n,k,h) (D),

rae Dy(I,n, k,h) — muoxecrso nepesbes u3 Dy(n, k, h), paspemaronmx
zajaqay I.
Cnoxuoctsio 3anaun I € Z(n, k) nazosem

Ty(I) = m}jn Ty(I,h).
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O603HaUNM

Teopema 1. ITycmov I € Z(n, k),

Z1 Z1 (h)
z=1 = : — pewenue cucmem ypasnenuti Az = b, 20e
2 zn(h)
1 —logz2 0 ... 0 0 0
—logs1,5 1 —logs2... 0 0 0
A =
0 0 0 ...—logsl,5 1 —logs 2
0 0 0o ... 0 —log31,5 1

— mpexduazonarvhas mampuya pasmepa (h X h),

10g3 (10g2 17 5)

[N
I

: — cmonabey, gvicomui h.
10g3(10g2 17 5)
logs(logy 1,5) + logs k
Tozda Ty(I,h) = 2h + 2P . (%)ll + -+ 20 (%)lh_l + k- (%)lh, 2de
l1,...,1ln evibpanv caedyrowum obpazom:

I = { [21], ecau To, ([21]) < Ty (l21])

|21] unawue,

[Zi]7 ecay TZ¢71,Z¢+1([ZZ']) < TZ¢717Z¢+1 (]ZZ D i

I =
{ |zi[ unawe,

I, = { [2n], ecau TZ _ ([2n]) < T (J2nl)
Jzn[ unawue.
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Teopema 2. ITycmov I € Z(n, k). IIpu k — oo

Ty(I) = O(k*710823),

3. OnTuMaJibHOE pellleHne B KJjacce cbajaHcu-
poBaHHbIX /I puKcupoBaHHOIT BLICOTHI

[IycTs MBI UMeeM onTuMasbHOE cOAaTAHCHPOBAHHOE JepeBo D ¢ mapa-
Merpamu l;, ¢ = 1,...,h, TO eCTb Ha -M gpPyCce CHMMETPHUUIHOIO JIE€pPEBa
2li pebep, i =1,...,h, aua (h+ 1)-m sipyce cooTBeTCTBYIOIIEro cOaJIaH-
CUPOBAHHOTO JiepeBa k pebep, U CJI0KHOCTH TAKOro €HAJTAHCUPOBAHHOTO
Jepena

def 2 h 9 ln
T(D) = tg(ly,...,ln) = ol 4 ol (5) + ...+ k- (§> (2)

IO OTIPEeJIEJIEHNIO CJIOKHOCTH JIEPEBa, TaK KaK eCJiu [3 BepIInHA i-T0 spyca,
ok ol
10 P(Ny,) = (g) , a g = 2%+, Jlanee, 11 TOTO 9TOOB! 3aUKCHPO-
BaTh CTPYKTYPY Aepesa D, Bmecte ¢ 3anuceio T (D) Gyem ucroin308aTh
obozuauenue ty(ly,...,ly) AIg CIIOKHOCTH JiepeBa.
Hokaxxkem Teopemy 1.

Haiinem sxcrpemym dbyuxiun Ty, (z):

2 x
T;,(z) = 2" - Iny 4202 <§) -(In2—-1n3) =0,

In2+22.(In2 —In3) 0,

=
(In3 —1In2)

3 =
In2

o2, 3% =22 .log, 1,5,

def .
x = ly - logz 2 4 logs(log, 1, 5) “ g
[Monyaaem, 910 TOUKa & = I ABJIAETCS CTAIMOHAPHON TOYKON JIJId
dyukmmm T, (z). IpoBepnym, 9T0 OHA ABISETCI TOUKON MUHUMYyMa JJIsI
T1, (z). O6ozHaunM

f=2%
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9\ &
—9olz. (2
=2 (3) -

torma T, (#) = f+g, Th(@+1) =2-f+59, Th(@-1)=3-f+3-g.
Touka 2 6blIa ObI TOYKONH MUHUMYMa TPH CJAEAYIOMINX YCIOBUIX:

f+g<2-f+3.g {%<f {g<3-f g
= = Slc= <3
{f+g<%-f+%-g £ <4 f<g f
2l2.(2)* 1 !
Ho % = 2(723) = %_j = 2l2-1%>;2 = log211,5 ~ 1,7, 94TO YJAOBIETBOPSAET

YCTIOBUSAM MUHUMYMA.
Haiimem sxcrpemym dymkmmm Ty, g, (2), i =2,...,h — 1.

li_ T
2\t 2 2
/ li —
Tli71,li+1(x) =2%. <§> -In 2 4 2%+ <§> 'lng =0,

2\ vt 9
<—> -ln2+ -In- =0,

3 3* 3
li
333. g 1: (1113—1112) ‘21~L+1
3 In2 ’

li
3 i—1
3% = glit1 . <5> -logy 1,5,
def

=11 -logz 1,5+ 141 -logg 2 +logg(logy 1,5) = 2

— cranuoHapHas Touka. [y Toro, 9To0bl yOeIuTHCS B TOM, UTO & TOUKA

MUHUMYMa, HEOOXOMMO 1 JTOCTATOTHO TTPOBEPUTH CITPABEIINBOCTH HEPa-
5 li—1 ) z

BeHCTBA 1 < % <3, tme f=2". (2) g =2, (%) .

3
g PP Beyt et 0
f 233.(%)11'—1 3% 2li+1_(%)li—1.10g2 1,5 10g2 15 s

Paccyx/ast anajoruyuHo Jijist HaX0XK/IeHNsI MUHUMYMa Tl’Z . (x) nosyaaem,

/
910 (T/Z_l(.%')> =0, e U TOJILKO eC/Iu

z = lp—1 -logg 1,5+ logg k + logs(logy 1,5) =
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n & — TOYKa MUHUMYyMA.

Jlanee paccMOTPUM CJIEAYIONIYIO CUCTEMY yDAaBHEHUIA:

(11 — I3 -logg 2 = logg logy 1,5

—li—1 -logs 1,5+ 1; — l;41 - log3 2 = logs logy 1,5, i=2,...,h—1

—lp—1-logg 1,541 =logglogy 1,5 4 logs k.
(3)

JIemma 1. Ecau z1(h) € R, ..., z,(h) € R asaatomea pewenuem cucme-
st (3), mo npu

zp(h) < logs k + logy logy 1,5 — logy 1,5 - log%(log% 2)

6N OAHEHO
Zl(h > 1,

zit1(h) — zi(h) > log%(logg 2)> 1.

~—

JokazareabcTBO. HayKkins 10 HOMEPY HEM3BECTHOA.
1. Baza: z;,(h) = zp—1(h) - logs 1,5 + logs k + logs(log, 1, 5).
Hanee B siemme z; = z;(h), i =1,...,h.

(zn — zp—1) - logg 1,5 =
= —zp, - log3 2 + logs k + logs(log, 1,5) >
> —logs k — logs(logy g) + logs g-log% (log% 2) + logs k + logs(logs g) >
> logs 1,5 - log%(log% 2) =logz 1,5 - C.

2. Ilycts masa kaxaoro s < ¢ < h Bomosaneno z;41 — l; = C. Torma,
TaK Kak

zs = ls—110g3 1,5 + 2541 - logs 2 4 logs(logs 1, 5),

TO
(28 - Zs—l) 10g3 1,5 = (zs-i-l - Zs) 10g3 2+ 10g3(10g2 1, 5) >



232 T./1. BnaiiBac

> C'-logz 2 + logs(logy 1,5) =

(Qlog%(log% 2) 1

= logs 2 - log (logs 2) + logs(log, 1,5) = logs 0gy 1,5) =
3 2

4 log, %Jog%(log% 2) 3

1 2—1 1 3
= logs ((logg 2) 83 ) = log, ((logg 2) %83 2) =
2 2

—logy 3
3 52 3 3
= logg <(log2 5) ’ ) = - 10%% 2 -logs(logy 5) =

3
= log, 3 10g%(logg 2).
3. Ilyctn
29— 21 = C > 1,
71 = 22 - logs 2 + logs(logy 1,5),
Torma

3 3
z1 - logs 5= logs 2+ (22 — 21) + logs(logs 5) >

> C' - logz 2 + logz(log, ;) > C'-logy g
10 paHee JJOKA3aHHOMY.

Yto u TpeboBAIOCH JOKABATH.

[Mycrs fi(x), fi(z,y), i =2,...,h— 1, fr(z,y) Takue dyuKMHU, 9TO
T, (fi(x)) = min; Tp(2), T, (filz,y)) = ming Ty, 1, (2), T (fala, k) =
min, Tl]i (2).
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JIemma 2. Ecau (l1,...,ln) mouka murnumyma dynruuu ty(ly, ... 1),
onpedeasemoti coomnowenuem (2), mo cnpacediuco

b= file), bL=/fillict,lip1),i=2,...;h =1, U = fp(lp-1,k).
JokazareabcTBo. [lomycTuMm, cymecTByer j : l} J-Tasi KOMIIOHEHTA TOY-
K1 MuHUMYMa yHKIun (2), HO l}- #* fj(ij_l,ij+1) = ;. Tak kax l} SIB-
JISIeTCsl KOMIOHEHTOH Touku MunuMyMa dysrmun (2), a dynxmms (2)
— 9TO CyMMa MOJIOKUTETBHBIX CJIAraeMbIX (TO €CTh OHA MPUHUMAET M-
HUMAJIBHOE 3HAYEHWE TOTAA W TOJBKO TOTJA, KOTJda MAHUMAILHBI BCE €€

~

cnaraemeie), 10 Ty, g (1) < Ty, 4, (L), a Tak Kax [; — MuAIMYM TIO

(z), 7o Ty, 11,1 (l;) < Ty, 154, (ly). Homywaem mpoTuBopetme

T T 000 j j

C TIPEJITOIOKEHUEM.

Yo m TpeboBaJIOCH J0KABATH.

Ecrm B memve 2 st xaxmoit w3 dbymkrmit Ty, (x), Ty, 1., (%) (5 =
2,...,h—1), 1}’271(33) B KAUeCTBE BBIPAYKEHUsl i1 TOUKA MUHUMYMa Ha
MHOZKECTBE IIeJIbIX 9rces OpaTh TO U3 OJIMKANIINX JBYX LEIBIX (X5 min =
[fi(li—lali—i-l)] WA Tj min Z]fi(li_l,li+1)[), = 1,...,h, JJIgd KOTOPOTO
OynyT HamMenbIMME 3HaUeHns dynkmuit 17, , 1), j=2,...,h=1),
T/Z _,» TO TIOJIy UM CIPABEJIUBOCTD YTBEPKICHUA T€OPEMbL.

KoppekTaocTh HalijienapIx BesmauH lq, . . ., I, (TO €CTh BO3MOKHOCTH
HOCTPOUTH 0 HUM COATAHCHPOBAHHOE WHMOPMAIMOHHOE JEPEBO) JTOKa-

3aHa B JjeMMe 1.

~1,lj41 (

Teopema 1 moxkazana.

4. O1eHKH: CJI0>KHOCTH

JIemma 3. ITycmo I € Z(n,k). IIpu n — oo, k — 00 das evicomwt hy
onmumarvrozo, pewarowezo sadavy I, cbarancuposanmozo depesa 6bi-
noamneno hg — oo.

HoxkazarenscTBo. Ilokaxewm, aro [, — oo npn k — oo. [Jomyctum,
IOCTPOEHO ONTHUMAJIbHOE JepeBO ) BBICOTHI hg, y KOTOPOTO Ha MIPEJIIo-
cemem sipyce 20 pebep, lh, < m,aHaTOCIETHEM — Kk, TOTa CTIOXKHOCTD

l
MIOCJIETHETO APYyCa TAKOTO JepeBa paBHa k - (%) "o PaccmoTpum Ternepsb
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cbasancupoBanHoe Jepeso D', peraomiee JaHHYIO 3a/ady, y KOTOPOTO
JIO SIpyca ¢ HOMepOM hg CTPYKTYpa COBIAIAET CO CTPYKTYpOii mepesa D,
u3 Kaxk0i BepmmHbl pedep ho-To apyca BBIXOJAMT 110 1Ba pebpa (Bcero
2+ peGep), a apyc ¢ momepo (hg + 2) ABIAETCS TOCTEHAM, U Ha HeM,
COTJIACHO OTIpejie/ieHnio cOaaHCuPOBAaHHOTO JiepeBa, k pebep. CioxHo-
CTH TIEPBBIX hg APYCOB TAKOTO JEepeBa COBMAIAIOT C COOTBETCTBYIOMIMMU
CJIOYKHOCTSIMU JlepeBa D, a CJI0XKHOCTH TOCIEIHUX JBYX SPYCOB PaBHA

olng 1. (%)lho + k- (%)l"oﬂ. CieoBare/ibHO,

rr-nn-a ()< () (-

ln, I +1
g () (o2 2
3 k 3

U +1
0

Hec/10:KHO 3aMETHTB, 9TO eC/an 2 — < %, to T(D) > T(D'), To ecthb
D me moxkeT OBITH ONTHMAILHEIM AepeBoM. CiieoBaTebHO, TOIKHO BhI-

IIO/THATHCA

2lh0+1
k

[Toxazkem, uto hy — oo mpu lp, — oo. IlycTs mHa gpyce ¢ HOMepoM
(i—1) 2k—1 pebep, a na spyce ¢ nomepom i 2 pebep, i > 1. Ciegosareis-

> 3 wm k < 3 - 2ot

HO, CJIOXKHOCTE pebep i-ro spyca 2 - (%)li*l . Paccmorpum HOBOE cOasian-
cuposannoe siepeso D’ Boicotwl (hg + 1), KOTOpoe Toy9YnTCst, ecan i-if
dapyc gepeBa D, cocTosimumii u3 2li—1 MTOJJTEPEBBEB BBICOTHI 1, 3aMEHUTH HA
2li~1 110/1/1ePEBBEB BBHICOTHI 2, IPIYEM TIEPBLII SPYC TAKOTO HOBOTO TIOJLIe-
peBa COoZIepXKUT /1Ba pedpa, ¢ IPUNUCAHHLIMU UM IepeMeHHOU &, BXO/sd-
el B KOHbIOHKIINIO ¢-10 apyca jgepesa D, u ee orpurannem. 3 Kax10ro
13 9THUX JABYX pebep, B CBOIO 0U€peib, BBIXOIAT oli—li-1=1 pebep, KOTOpBIM
IPUIHICAHBI BCEBO3MOXKHbBIE KOHBIOHKITUN U3 BCEX IMEPEMeHHBIX KpoMe T,
BXOJIAIINX B KOHBIOHKITNH HA i-M sipyce D, u ux orpunanuii. Takum obpa-
30M, Ha i-M apyce HoBoro aepesa D’ 2li-171 pe6po, ma (i + 1)-m 2L pebep,
a BCe sIpyChl ¢ HOMepamu Gosibinmu, deM (i + 1) moBTOPSIFoT KOHCTPYK-
U0 BCEX SAPYCOB C HOMepaMmu OOoJibIuME, eM ¢ B jaepeBe D. CI0KHOCTD
JIByX M3MEHEHHbIX pYyCcoB B jgepese D’ pasHa
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I li—1+1
2 i—1 2 i—1
2li71+1 N 21¢ N )
Suauwur,

2 li—1 2 li—1 2 li—1+1
T(D) - T(D') = 2" <§> —2“—1“(5) Y <§> _

li—1
oli g 1= L — g .
3 oli—li—1 3

OTcrofa BUIHO, 9TO €Cau mepeBo [ omTuMaibHO, TO

2 1
m>§l/lﬂl/lli—li_1<3.

Paccyxmas anasornano, mosryamm, uto u l; < 3. Tak xak

ho

lho = Z(lz — li—l) < hg - 3,

1=2

TO hg > l%o, a 39T hy — 00 mpH lp, — 00.

JlemMa gokaszaHa.

O6osmasm 11 (k, h) = 210y, (k, h) = 2200 (2) (K, h) = 250
) , 4 =2,...,h— 1, tie z(h) onpenessiroTcsi KaK PEIIeHWs] CUCTEMbI
).

[Iycts f(k,h) = > ri(k).

i=1

(
(

L oo

Jlemma 4. Ecau h € N, mo ri(k,h) = ri(k,h) - (log; 5 2)i-1,
2,...,h.

HokazareabcTBo. [lo munyxknmm.
1) Tak xak

z2(h) = z1(h) - logy 3 — logy(logy 1, 5),
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TO

21 (h)
o) (2Y 7 _gmmy . 1
3 logy 1,5

2) Mycrs j = 2,...,h — 1, Torma Tak Kak

zj+1(h) = zj(h) - logy 3 — zj—1(h) - logy 1,5 — log,(log, 1, 5),

TO 5 A
-y (z)“ gy (z)“ [
3 3 og —21,5
3) Tak kax
g (BT 1
N 2 log, 1,5’
TO

zn(h) zn—1(h)
e (2 Comm (2T L
3 3 log, 1,5

Yo m TpeboBaJIOCH J0KABATH.
Cornacuo siemme 4, B dyukrmn f(k, h) Kazxkaoe ciegyromiee caaraeMoe
1
B o, T5 Pa3 0O0JIBIIE TIPEBIIYINEr0. SHAUNT, €CIN

2 zp(h)
k- <§> =rp(k,h), 10O

Fk h) = 1k, h) - ((10g2 1,5)" 1 4+ ... + (logy 1,5)% + logy 1,5 + 1) -

1 — (logy 1,5)" 1

ke h) - ———— pn b — oo,
1—log, 1,5 = (ks h) 1—log,1,5 om0

ry(k, h) -

Kpowme Toro, mpu OKpyrJieHun JIefiCTBUTENbHBIX perenuii z;(h) cucreMpl
(3) (muist Toro, uTobel HaiiTh nesable HOMepa l; : |l; — z;(h)| < 0,5, Heob-
XOJIUMBIE TIPU TIOCTPOEHHN JIEPEBa),

92 0,5 2 li—1 2 —-0,5
rik, h) - 2703 (§> <2li-<§> < rill, ) - 209 <§) ,
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1 2\l
ri(k,h) - 7 < 2k <§> <V3-ri(k,h).

Bnecs ¢ = 1,..., h. CiaegosarenbHo,

waw-éigtgh,“,m)gwaw.¢§

TakuM 06pa3oM, JOCTATOYHO UCCAEIO0BATH TOIBKO TOCIEIHEEe CIarae-
moe B byukun f(k,h).

IIycts ¢ = —logs 1,5 d = —logs 2, b = logs(logy 1, 5). Torma cucrema
(3) npeacrasisiercst B BUjie

d 0 ... 0 0 0 z1(h) b

c 1 d ... 0 0 0

0 0 0 ... ¢ 1 d b

0 0 0 ... 0 ¢ 1 zn(h) b+ logs k

nm Az = b.
Bynem pemarh 3Ty cuCTeMy MeTOZOM IPOTOHKH, IpeIBapUTEILHO
pPasIoXuE MaTpuily A B IPOM3BEIEHNE JIBYINATOHAIBHBIX MATPHIL

d 0 ... 0 0 0

1 d ... 0 0 0
=QxV, (4)

0 0 0 c d
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e
q(h) 0 0 0
q2(h) 0 0
Q = M
0 0 thl(h)
0 0 1 qn(h)
’Ul(h) ul(h) 0 0
0 wa(h) 0 0
V - )
0 0 . ona(h) upa(h)
0 0 PN 0 'I}h(h)

rae g;(h), vi(h), i =1,...,h, u;(h), i =1,...,h — 1, umem cremyronmm
obpazom:

vi(h) = ¢, qi(h) = 1/vi(h), ui(h) = d/q1(h);

vi(h) = ¢, qi(h) = (1 —wuj—1(h))/vi(h), ui(h) =d/qi(h), i =2,...,h—1;
gn(h) - vp(h) =1 —up—_1(h). Honoxum vy (h) = 1. |
5

n

S~

Pemenne cucrembr Q(VI) = b CBOAUTCS K pELIEHHIO CHCTEM QY =
Vz=uy,
yi(h)
y= :
yn(h)

Hac, B ocHOBHOM, mHTepecyloT HemsBecTHBIE Yp(h) u zp(h) B mepBoii u
BO BTOPOii CHCTEMax COOTBETCTBEHHO (B CKOOKAX yKa3bIBAETCS Pa3Mep-

HOoCTh cucteM). OueBmano, aro z(h) = yn(h)/vp(h) = yn(h), yn(h) =
(b+logs k)(;;th (h)
an )
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JIlemma 5. Jlaa qp(h), onpedeasemozo coommowenuem (5), éepro caedy-
rouwee:

c-d

32(2) =1-c-d, Qh(h)zl—m

oas aobozo h € N,

Hoka3zareabcTBo. HayKkimeii 10 pa3MepHOCTH CUCTEMBI j.
1L.j=2v1(2) =cv22) =1, q1(2) =1/c, u1(2) = ed, ¢2(2) = 1 —cd.
2. [lycte mist §j < h npeamosioxkenne BepHO. Torja nMeeM CJIeIy oy o
CHUCTeMY ypaBHEHW, n3 KOTopoit Haxoxutcst qn—1(h — 1):
d
_ 1—ui_1(h—1) _ d —
gh-1(h —1) =1 —wup_o(h —1).

3. Ilokazxkem, 9TO MPEJIIOJIOKEHNE UHYKITUU BEpHO U 1y j = h. g
HaXOXKJIeHus qp,(h) nMeeM CJIeyIolyIo CUCTeMY yPaBHEHMIL:

n(h) =4 ) =

gi(h) = =t (h) = s =2, k=2
—uh—2(h

Qh—l(h) = 1702(), uh_l(h) = ﬁl(h),

B s10ii cucreme Bee Borauciaenus 10 (h — 2)-ro mara BKIIOUATETHHO COB-
IaJar0T C B])ILII/IC.HQHI/IHMI/I, HpOI/I3BOrHI/IMEIMI/I B cucTeMe 114 ManI/IHEI paB—
sepa (h—1)x (h—1) : gr_a(h—1)(c,d) = an_2(h)(c, ), up_2(h—1)(c,d) =
up—2(h)(c,d) = up—_o. Hanee qo_1(h—1) = 1 —up_9; gp—1(h) = H% =

_ h*l C C
“ li )’ up—1(h) = thl(clllfl)’ mqn(h) =1 - thl(clllfl)'

Yo  TpeboBaJIOCH J0KABATH.

JIemma 6. Ecau qp(h) onpedeaenn coommoweruem (5), mo hlim qn(h) =
—00

log, 3.

JokazareabcTBo. [lo nnaykmmm.
1L.gi(1)=1,q212) =1—cd =1—1logz2-logz 1,5 < 1.
2. Iycrs ¢;(i) < ¢i—1(¢ — 1), Torna
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3. gin1(i+1) =1 - 5 <1~ = ¢i(d).

ITycts hlim qn(h) = q — 6eckoneunasi 1pobb, JJIs KOTOPOil BEPHO CO-
— 0

OTHOITIEHNE § = 1—%[ i g% —q+cd = 0. Pemnag KBajipaTHOe ypaBHeHNE 1

TIOJICTABIISAS 3HAYEHNS ¢, d B peIleHne, moydaem:; q = ~vi=dcd V;%d = log; 2;
1—+v1—4ced
g =1t o015,

[Tokazkem, 9TO HAM IIOIXOJUT TOJBKO IEPBBI M3 3TUX KOopHeii. Ilo-
caiesioBaresibHOCTh {gp(h)} yObIBaeT OT €MHUILI U JI0 T10JI0KUTEIBHOTO

uqncsia (OZHOTO W3 HANMX KOpHei), n gnp+1(h +1) = 1 — #(dh). 3naunr,

1-— th(dh) —qn(h) > 0 u gi(h) — qu(h) + cd < 0, To ecTb gp(h) > logs 2
win qp(h) < logg 1,5. OueBn O, 94TO BTOPOil BAPUAHT HE Y/IOBJIETBOPSIET
yenosuto ¢p (1) = 1. 3uaunt hlim an(h) = q =logs 2.

— 00

Yo m TpeboBaJIOCH J0KABATH.

JIemma 7. ITycmo g;i(h), i = 1,...,h — 1, onpedeaennv. coommowernuem
(5). Tozda evinoanenv, caedyrouue YCAOGUA:

1) qi(h) = — 10%1,5 3;

2)q(h) <0 Vi=1,...h—1;

3)1<]qi(h)]<\qi_1(h)\, i=2,...,h—1;

4) hli_}rr;O qi(h) = —log; 5 2.

1—00
i#h
JlokazaTejabCTBO.
q1(h) = % = —log; 5 3. Hanee, paccyxas Tem e 00pazoM, UTO

M B JIeMMe 5, TIOIydaeM Creayloliee PEeKyPPEHTHOE BBIPAsKeHWE JIJIst
qgi(h), 1=2,...,h—1:

1 cd

) _ " cqia(h)
a(h) = ————

Bripazkenue, crosinee B YUCJIATEE 3TOM ApodU TO Ke, 9To u ¢;(i), ciesto-
BaTeJIBHO, IIPDH POCTe ¢ OHO yObIBaeT OT eJuHHIB! 10 logs 2. Kpome Toro,
Jjs goboro ¢ = 2,...,h — 1 uncanTeab MOJIOXKUTEIEH, a 3HAYUAT /I
raknx i gi(h) < ¢i—1(h).

logs 2
f;gﬂoq’( ) “logs 1,5 %8152 < ~h
11— 00

i#h
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saaunt Vi =2,...,h—1 |g;(h)] > 1.
Yto u TpeboBAIOCH JOKABATH.

Jlemma 8. Ilpu pewenuu ypasuenus Qy = b, ede mampuuya Q
onpedeasemcs coomnoweruem (4), noaywaem caedyrousee ozpanusenue:

t<lyn-1(h)| < 2

HokazaresnbeTBo. Boraucinm yp,—1(h) WHIYKTUBHO Yepe3 mpe/bliLyIiie

MepeMeHHbIe PACCMATPUBAEMON CHCTEMBI, yuTeM, uTo y1(h) = —qll(’h),
_ b=yn—3(h)
pa() = L) 0T T
an-1(h) qn-1(h)

7. 1 - 1 Yh Q(h) _
=0 <qh1<h> qh1<h>-qh2<h>>+qh1<h>-qh2<h>

:b-( L ! +. (=) ! )
Qh—l(h) Qh—l(h) 'Qh—2(h) Qh—l(h) oo Ch(h)
qu/ITLIBaH pe3y.}IBTaT JIEMMBbI 6, nonyqaeM, 9gTO TaK KaK qi < 0 HpI/I
i<h—1,ub<0,710yp_1(h) >0m

1 1
Yn—1(h) = [b| ( +..t )
!CJh 1\ ‘thl‘ : IthQ‘ T \qll

Ouennm Gosee Touno sty Besmuuny. Hcemosnssyem To, uro log) 52 <
lgi(h)| <logy53,i=1,...,h — 1. Torma

yn—1(h) > |b| (logs 1,5 + (logs 1,5)2 + ... + (logg 1,5)* 1) =
1—(logs 1,5)h—1
b - logz 1,5 - (ﬁisigm)ﬁ) > |b] - logs 1,5 > .
C apyroii cTopoHsI,

yh_l(h) < |b’ (10g2 1 9 + (10g2 1 5)2 +. (10g2 1, 5)h_1) =
log, 1,5—(log, 1,5) 1
o] ( - 1—10(g§%25 ) < |bl5 c%gQ 15 <

Yo  TpeboBaJIOCH J0KABATH.

[Ipuctynum HemOCPEICTBEHHO K JOKA3ATEIHCTBY TEOPEMBI 2.

Haee OymeM MOJIB30BATHCST PE3YIBTATOM JIEMMBI 3, YIUTHIBAasl, ITO
npu CTPEeMJIeHUN K OECKOHEYHOCTH MOIHOCTH Oubsmorexku k BbIcOTA hg
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ONTUMAJILHOTO JiepeBa Takxke pacrer. Uccaeayem mopsgok mo k ciaarae-
2\ 2h . .

moro k - (5) 0, rae zp, HailJeH U3 CHCTEMB! (3) ONTHMALHOI pa3Mep-

voctu hg. Kak Ob110 3aMeueHo paHee, mpu moCTpoeHHOM Hamu () — V-

pazmnoxkennn (4) zp,(ho) = Yn,(ho), @ 115 yp,(ho) cupaBesIMBaA OIEHKA,

OCHOBAHHAsI HA pe3yJsbTaTax Jjemm 6 u 7:

log3k b+ yhofl(h())

ho) =
yho( 0) hy (hO) hy (hO)
1,1 143
log, k 2_6 li h log, k 22
O82 logg 2 < holglooyhO( o) <logy e+ logg 2

1
logy k — = -logy 3 < lim yp,(ho) < logy k + log, 3,
3 ho—0o0

k .
log 75 < i Yno(ho) < logy 3k.

A 3HaunT 19 UCCaeIyeMoro HaMm caaraeMoro (byHKIMN CJI0XKHOCTH TI0-
JygaeMm: npu pocre k ho U zp, = Yn,(ho) BO3pacTaoT, cremxoBaTeNbHO,
CTEIeHb TIOPSAJIKA CAMOTO CJIAraeMoro yObIBaeT n

k

NG , 2\ *#o 3k
'klog£-2<h15nook'<§> <R e L
’ V2

1 E2-10223 & lim k AR 31/2 . 2-logs 2
L g2leed o i ko (2) 0 < 3v2.k2loss2,
2V/3 ho—o0 <3>
Tak kax f(k,ho) = % k- (%)Zho . O
1 2
. k2710g23 < lim f(k,ho) < L . k2710g23.
2v/3 - (1 —logy 1,5) ho—00 1 —logy 1,5
CreoBaTesbHO,
1 1
= CR2T0823 < i ty(ly, .. ) <
V3 23 (1 —logy1,5) ho—o0 e ho)

\/g . ﬂ . k2—10323.
1—1logy1,5

Teopema 2 moxkazana.
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VrBepxkaenue 1.

log, k —1
10g2k>h0>[%—0g23],

3

JlokazaTenbCTBO yTBeEp2KaAeHUsi. B mporiecce 10Ka3aTeIbCTBA JIEMMBbI
3 ObLT0 TOKA3aHOo, 9TO ho > %, u lp, > logy k — logy 3, oTkyna ciemyer
HUXKHASA OTeHKa g hg. JlokaxkeM Terepb BEPXHIOI OTEHKY.

PaccvoTrpum ontumasibHOe gepeBo D, CI0KHOCTB JBYX IMOCJIETHUX
ApycoB ero peGep pasua 2o (%)lhofl + k- (%)lho . Tertepr mocTponm fe-
peso D', ynanas us gepesa D apyc pebep ¢ HoMepoM hg, U T0ICOe I s
k pebep mocyennero spyca jgepesa D k spycy ¢ Homepom (hg — 1). domy-
ctuM, lp, = logy k. Torma

2 lh —1 2 lh 2 lh —1
T(D)—T(D’)=2’ho-<§> ’ +k:-(§> O—k:-(§> s

2 lhg—1 2 lp, 2 lhg—1 92 ln,
k<§> ’ +k:-<§) O—k:-<§) ' :k-<§> )

Toyanau npoTrBOpeYre ¢ ONTUMAJIBHOCTBIO JepeBa. A Tak Kak

ho

Iy =Y (L —liz1) + 11 = ho,
=2

T0 hg < log, k.
VTBep:KaeHne T0Ka3aHO.
3ameuanue. B HEKOTOPBIX cuTyanugax, npu (pUKCHPOBAHHOM h i Ha-
XOKIEHUS HAMJIYYIINX TEeJIbIX HOMEPOE I;, 4 = 1,.. ., h, 10CTaTOYHO B3ATH
Gurizkaiinee 1esi0e K COOTBETCTBYIOIIEMY DEIIeHui0 CUCTeMBbI (3).
Paccmorpum  mMummManpeble  3madenms  byukmmit - 17, (f1(l2)),

T1li71,li+1 (fi(li—lvli-i-l))y i = 27' . 7h - 17 Tk (fh(lhflak))a onpeneJise-

Ih_
mble coorHomennsamu (1). s ﬂi,l,liﬂ(fi(;i_lhli+1)), i=2,...,h—1,
nosioxRuM Ay = Tli—1,li+1 (fi(lifla li+1)+0v 5)_Tli—1,li+1 (fi(lifl’ li+1))7 1=
2, h =1, A =Ty, 1, (fillic1, lig1) = 0,5) = Tq,_y gy (fi(liz, livn)),
1=2,...,h—1.Ilycts f,g — Te Ke, 9TO U IpU TOKAZATETHCTBE TEOPEMBI
1 nna T; (x). Torma

i—15lit1
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A+=\/§-f+\/?g—f—g:(\/§—l)-f+<\/g—1>-g:
<(\/§—1)+log1752- <\/§‘1>> - f~0,1004 - f

C TOYHOCTBIO O YE€TBEPTOTO 3HaKa ITOCJIe 3aIIATOMN.
1 3
7 f 59 f—yg

1 3
<<E —1> +logy 52 <\£—1>) - f~0,0012 - f.

A+—A_ %0,009]{.

k
Amnajioruynble pe3y/IbTaThl MOIyYaI0TCs U i 1], , Tlh_1

TOYEK MUHUMYMOB C PaJIIyCOM % Tak kak f = (log, 1,5)h_i-(§)lh -k,
— JINHEWHO 3aBUCHUT OT CJIOYKHOCTH, TO MPU HEOOJIBITUX MOITHOCTIX OmO-
JuoTeK (MOpsi/iKa COTHU) B KAYeCTBE HAWJIYUIIErO IeJI0r0 HoMepa l; 6e3
0OJIBITINX TTOTEPH MOXKHO O6paTh OKPYIJIEHHE OT COOTBETCTBYIOIIETO Periie-
HUsI CHCTEMBI ypaBHeHuil (3).

B wactuocTu, npu 60bmmx n u b, KOrga CI0KHOCTH TOPSIIKA, JIyU-
mero, yem Vk, npu k < 10000 MOXKXHO B KadueCTBE HAMJIYUIIUX TIEIBIX
OpaTh OMIKaIIe meable HoMepa.

B OKPECTHOCTAX

B 3aksiouenne aBTOp BhIpaxkaer OjarojapHocTs 9.9. lacanoBy 3a
TOCTAaHOBKY 3a/Jla"9W M HAay9IHOE€ PYKOBOJICTBO.
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