ITo-HoBOMYy 0 cTapom: pparMeHTHI
KJIACCMYIECKON MaTeMaTUKN

CuacTanBble OMICTEI

C. K. Jlanno

CTaThsA cocTaBfeHa TIO MaTepHalaM TOTOBSAIIEACA K M3TaHUK KHU-
i «/JeKunn o MpousBOAAMINK (PYHKUNAXY, M31-Bo «Pazucy (dexiunu ObI-
am nipounTanbl B Hezasucumom MockoBckoMm Yuueepcutete). CoBeTyem
06paTUTHCA K DTOW KHUT € 32 NOMOJHUTEIbHBIMHA TPUMEPAME UCTIOIB30-
BaHUA TPOM3BOAAMINX (DYHKIINN [ PEIleHns KOMOMHATOPHBIX 3a 1ad.

PaccmoTpnm oxny monyaspuyio B Hadage 70-X TOMOB 3a1ady, eio Kak-TO
A. A. KupuaioB oTKpbIBaJ CBOU ceMUHAp s MJaallieKypcHukoB. B Te Bpe-
MeHa YeJ0BeK, eyIIni B TOPOJACKOM TpaHcnopTe B MOCKBe, MOJXKeH OBLT Ky-
OUTh 6UJIET B aBTOMATHYeCKOH Kacce mwin y KoHAyKTopa. Ha 6unetax crosiiu
IMeCTH3HATHLIE HOMepa.

BuaeTr maswiBanca cuacmauébim, eCcam CyMMa MEpBHIX TPEX Nudp ero Ho-
Mepa paBHANACH CyMMe TOCJIeTHUX TPEX nudp.

Tak, 6urets ¢ gomepamu 000000 u 123060 — cgacTauBLie, a 6UJIeT C HOME-
pom 123456 — wecdacTaunBwiii. CIUTANOCH, 9TO CIACTIUBHIN OGUIET TPHHOCHT
cqacThe (0COBEHHO, eCll ero CheCTh).

BosnukaeT BONpoc, cKoabko 6CE€20 cYulecmeyem cuacmauebls 6uiemoe?
WNau: kakoBa BepOSITHOCTH MOKYNKH CHACTAHBOTO OuieTa?

YenoBeky, BraIei0lIeMy 2J1eMeHTAPHEIMA HaBHIKAMU NPOT PaMMUDPOBAHNS,
HEeTPYAHO HANHUCATh MPOTPAMMY AJAd TMOACIETA UNCAA CIACTINBHIX OUICTOB.
[Tpocteiias Takas nporpamma nepebupaet Bce HoMepa ot 000000 10 999999,

oT6uUpas cpean HUX cdacTaunBwie. [laBaiTe, oHAKO, mompobyeM 0GONTHCH 6e3
MallHHBI.

MaTemaTu4eckoe npocseujeHue, cep. 3, Bbin. 2, 1998(127—132)
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Pazobnem Bce cacTanBhle 6NMITH HA KAACCH, B KayKJOM I3 KOTOPHIX CyM-
Ma TepBBIX TPEX MHMP OJAMHAKOBA. DTa CyMMa MOXKeT NMPUHUMATh 3HAYeHUS
ot 0 (gas Tpoiikn nudp 000) xo 27 (mas Tponkn 999). [losTomy wmcao krac-
coB paBHO 28. O603HAYNM Yepe3 @, YHCJIO Pa3IudHBIX TPOeK nudp ¢ CyMMon
ungp n. [lepBrie HECKOMBKO 3HAYEHUT @, HETPY/IHO BHIYHCAUTD:

> ag = 1 (ecTh Bcero ogna Tpoiika undgp 000 ¢ cymmori 0);
> a3 = 3 (ecth Tpu Tpoiiku 001, 010, 001 ¢ cymmont mugp 1);
> ap = 6 (Tpoukn 002, 020, 200, 011, 101, 110).

Jlerko BHAeTH, ITO YHCIO CIACTAUBHX OMIETOB, CYMMa MEPBLIX TPEX NH(P
KOTOPHIX paBHa n, eCTh a2. [lelicTBUTeNbHO, KaK B Havalde, TaK U B KOHIE HO-
Mepa CYacTJuBOTO HujeTa MOXKHO MOCTABUTH JI0OYI0 TPOUKY Hudp ¢ CyMMOR
n. Takum o6paszom, Aad noACIETa INCAa CIACTIANBHX OMJIETOB HAM JOCTATOY-
HO BRIYHUCJINTH YUCAA 5, a 3aT€M HAUTH CyMMY KBaApaTOB »TuX 28 duced.

Jlasi BRIYHCIEHUS 3HAYEHUH @, TOnpobyeM MOACYNTATh CHadajga dYHCIO
OJTHO- U JBY3HAYHBIX 4ducesa ¢ cymmon nugp n. [las kaxgoron =0,1,2,...,9
CYIIeCTBYET POBHO OHO OMHO3HAYHOE YNCJIO C CYMMOW nudp n (3amuch 5TOro
qHC/Ia COBIATAeT € 3AMUCHI0 Yucaa n). bygeM onuchBaTh OHO3HATHBIE THCIA
MHOTO1JI€HOM

Al(s):1+s+52—|—---+59.
CMBICT y 5TOT0 MHOTOYJICHA CJelyOIni:

koaPuyuenm npu s" 6 MHo20UAEHE A| PAGEH UUCAY OOHOZHAUNBIL UUCEL,
cymma yudp xKomopur pacHa n.

Jpyrumu croBaMu, KOd(pMUINeHT npn s* B MHOTOUIeHe Ay paBen 1, ecan
0<n<9, upager 0, ectm n > 9.

Brimnmiem Teneps MHOTOWIEH Ag(S), ONUCHBAIOIINT IBY3HAYHBE THCJIA.
Kosddpnunent npn s B MHOTOUIeHe Ay (S) paBeH IHCHY JBY3HATHBIX THCET C
cymmoit udp n. (Mbr paccMaTpuBaem i Takne IBY3HAYHBIE YUCTa, B KOTOPHIX
nepBas nndpa wian gaxke obe MHMPH MOTYT PaBHATHCS HYJIIO.)

HeTpynno BugeTh, 4TO cTenenb MHOTOUIeHA Ay paBHa 18. /leficTBUTENB-
HO, 18 — HamboablTag BO3MOXKHAA CyMMa IHgp ABy3HaIHOTO Yncaa. Hecrox-
HO COCYHNTATh W MepPBBIe HECKOTbKO KOX(PDHIHEHTOB dTOT0 MHOTOYJIeHa:

AQ(S):1+28+352+45’3+....

()KaBbIBaeTCH7 MHOTI'O4JIeH A2 JIETKO CTPOUTCA MO MHOT OYJeHy Al.

[IPEATOXKEHUE 1. Ay(s) = (Aq(s))?.
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JIOKABATEJILCTBO. [lpomsBerenne monoMmoB s m s™ gaéT BKIag B KO-

adduinment npu MonoMme s” Muorourena (Ap(s))? B ToM u TOIBKO B TOM caIy-
vyae, ecii 1 = k + m. [loatomy kKoadduiinenT npu MOHOMe s” B MHOTOYJIEHEe
(A1(s))? ecTh B TOYHOCTH 4UCJO CNIOCOBOB MPeJCTABATH YUCAO 1 B BH/E CyM-
Ml n = k+m, k,m =0,1,...,9. Takum o6pazoMm, MHOTO4JEeH B MpaBOH
JacTH PAaBEHCTBA COBMAfaeT ¢ MHOTOMICHOM Ag.

Tenepb HETPYIHO BHIMHCATH W MHOT OYJIeH Ag(S) =ap+a;s+---+ a27527.
[TPEMJIOKEHUE 2. Az(s) = (A1(s))>.

/TOKABATEJBCTBO. [loKa3aTelbCTBO MPAKTHIECKN TOCJOBHO COBIATaeT
¢ TOKa3aTelbCTBOM MPEIBIIYIIEer0 YTBEPK IeHNSA: KOO(MPUIHEHT Tpu s” B MHO-
rounene (A;(s))® paBem wncay mpegcTaBieHHE YHCIa 7 B BHE CYMMBI TPEX

muppn=m+k+1{, m,k (=0,1,...,9.

NTak, 3aga9a 0 9ncje c9acTJINBHIX GUIETOB CBeJach K CaeIyolleMy: Ha-
IO MOACYNTATH YHCAO Pg — CYMMY KBaJpPaTOB KOPMUINEHTOB MHOT OUJEHA
(Ai(s))°.

O6paTnTe BHNMaHNe HA TO, YTO YMHOKeHHe Ha MHOTOIeH A1 (s) — odeHb
npocTas onepanus. BeraucieHus MOXKHO TPOBECTH BPYYHYIO, 3aTPATUB HA HUX
oKoJI0 JecaTn MUHYT. Hamo6HOCTh B HAMCAHUHE NPOTPaMMBl OTIA faeT.

OJHaKO MOXKHO He OCTAaHaBAWBATLCSI Ha JOCTUTHYTOM U TMOUTH AafblIie.
[TomcTaBUM BMeCcTO S BHIpa)KeHWe €'¢. Torma A3(€i¢) = (Al(e“f))3 oy et
TPUTOHOMETPHIECKNM IIOJMHOMOM 27- CTeIleHN:

A3(e) = ag + 1€ + -+ + agre® ™.
BOCHOJILBOBaBHH/ICb TeM, 9TO

Y S 1, k=m,
_ 62 [ . € me dg/; —
27 Jo 0, k#m,

MoJy9IuM

1 2m ) )

= As(e") 2 dp =

= | sl g
1 2 . s . s
o (ao + ar€¥ + -+ agre®™) (ag + are™ + -+ -+ agre ?7¢) dg =

0

2 2 2

=ap+ajy+ -+ ay;.
CyMMupys reoMeTpriecKyio MpOrpeccuio n MoAb3yiach TeM, 9TO

€l — e

% = sin ¢,
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ImoJgyv1aeM

A1(e"¢) =14 g = 1— el _ €™ sin 5¢

1—ev — e%/2 sing’
OTKy/a WCKOMas BeJMINHA paBHA
2T 2 3 ™ . 6
1 sin“ 5¢ 1 [2 (sin10¢
= [ () = LT ()
T Jo sin® T Joz \ sing

[Tonpo6yem onennTh 3uadvenne unTerpara (1). [paduk pyuxuun f(¢) =
— A/ <in o _r.zw
= sin(10¢)/ sin ¢ Ha oTpe3ke [ ; 2] BBITJIAMAT TaK, KaK MOKa3aHo Ha puc. 1.
B mynme ¢pyukums mocTturaeT cBoero mMakcmmyma, paBuoro 10. Bme oTpeska

-1.5 \71/\-0.5

KRV

sin(10¢)
sin ¢

Puc. 1. Bug rpaguka ¢pyaxnun f(¢) =

_T.T 1
[ 10 10] Bean4YnHa (QPYHKIHH [ He NPEeBOCXOAUT T N 3. lMosTomy BKIan

MOTIOJNHEHUS K OTPEe3KY [—1”—0; 1”—0] B mHTerpar (1) He MpeBOCXOANT 736~ 2100
(Ha camMoM jeJle OH 3HAYHTENBHO MEHbIIIE).

OcHoBHaA Ke COCTaBJAIONIaL HHTEeTr paJa (1) CoCpeaIoTOYeHa Ha OTpe3Ke

[_17r_0 17r_0] . ,HJIH OII€eHKH BKJalTa 9TOTI'O OTPe3Ka BOCHOJIL3yeMCH memodom cma-
quH(lpHOﬁ ¢613bl. ITOT MeTOJ MO3BOJASIeT OIICHUTL 3HaYeHne NHTeT paJa

10 10
/ ftdg«CZ/ etlnfd‘¢
~10 ~10

npu ¢ — oc. [lpu Goabmux 3HaYeHUSK { BeJMYNHA WHTETrpajga ONpejenseT-
cst moBejenneM GyHKunm In f («pa3by) B OKPeCTHOCTH CBOEH CTANMOHAPHON



CuacTauBbie 6HI€TH 131

toukn 0 (toukm, B kotopou (In f)’ = 0, mim, 910 TO XKe camoe, f' = 0).
B okpectnoctn nyas f(¢) ~ 10 (1 — %4,92), alnf(g) ~Inl0— %a’pz. [Tpu
6osbINX ¢ TMeeM

i i

10 33 2 10 33, 2 2w
/ et(lnlO 2 )d¢:etln10/ e~ 2te dg‘czetlnlo

L

10 1

[
%
s
o~

=1

[loraras t = 6 n Bcnomnuas dopmyay (1), norydaem npnbiamKkéHHOe pa-

BEHCTBO
0 ~ ~ w; l .

[losy4eHHBIN pe3yabTaT ¢ XOpOIIell TOTHOCTHIO (OTKJIOHEHHE COCTaBIfAeT He
6osee 3%) mpuGAMAKaET HCKOMOe 3HaTenme!).

HEKOTOPHIE UTOTHU

Ha ocHoBanmm paccMOTpeHHOTO MpUMepPa MOYXKHO CIel1aTh HEKOTOPHIE BHI-
BO/IbI O KOMOMHATOPHBIX 3aadax U MeTOJaX UX pelleHns.

3ajlavn nepevHCIUTeNbHON KOMOMHATOPHKH COCTOAT B MOACYETE 4ucIa
0O'BEKTOB, MPUHAIIEKAIIHX HEKOTOPOMY CEMENCTBY KOHEYHBIX MHOXKECTB. Y
Ka K TOTO MHOYKeCTBa CeMeNCcTBa NMeeTCs CBOW HOMep (B 3aade O 9ncie C9acT-
JUBBIX OMJIETOB TaKNM HOMEPOM OblIa CyMMa Indp TPEX3HATHOTO THCIA).

Kak mpaBujo, 3agada nepeducanTe]bHON KOMOUHATOPUKH «B MPUHIHIEY
paspelnnma: s Kax J0ro MHOYKeCTBa U3 ceMeliCTBAa MOYKHO BRIUCATH BCE €T0
DIEMEHTH W TaknM o6pa3oM y3HATh WX vucio. [IpobieMa, omHaKo, COCTONT
B TOM, 9TOOHI HANTH «XOpoIlleey pellieHne, He Tpebytolllee BEIMUCHIBAHNS BCEX
DJEeMEHTOB N3yvYaeMblX MHOXKECTB.

OmupeefnTh, 9TO TaKoe XOpOolliee pellieHne, TOBOJBHO TPYIHO. 3a9acTyi0
MOKHO JHIIb CPAaBHUTH /MBA PelleHns U CKa3aTh, KAKOe U3 HUX Jy4lle.

[lpu pertennn 3aja4 nepevnCaAuTESbHON KOMONHATOPUKH OY€Hb MOJE3HO
paccMaTphUBaTh MPOMW3BOJAIINE MHOTOWIEHK (Wiau, 6Gojiee O6IIO, TPOU3BO/IS-
mne pajger). B Hamem ciaydae monb3y mpHHEC MPOM3BO/IAIINNT MHOTOWIEH As.
Omnepannu ¢ KOMOGUHATOPHKEIME OO'BEeKTAMU OY€Hb €CTECTBEHHO BHIPAXKAIOTCH
B TepMHUHAX NPOU3BOAAIINX QPyHKINH. Tak, mepexoj 0T OJHO3BHAYHBIX YHCEN
€ 3aJaHHON CYMMOU NUMP K TPEX3HAYHBIM YHCAAM COCTOST NPOCTO B BO3Be-
JIeHUu TPOU3BO/AIIEero MHOTO4YIeHa A1 B KyO.

1)HpI/IM. pei.: Kak-To yyactaukam BcecowosHol MaTeMaTHYeCKON OJMMIIHA B BO BpEMs
OTABIXa KTO-TO TIPEMIOKHUI 3a7avdy O CHACTAUBHIX OmmeTax. /|1 Bcex pe6sT 3agada Owbima
HOBOW. BOJBHIMHCTBO CTalo AKTHUBHO pemaTh eé. [Iponuio HeKoTopoe BpeMs, W OJUH W3
HIKOJBbHUKOB M3JI0XKII PEllleHre, IPUBEJEHHOE BHIILE, BKIO9as (popmyay (1) u oneHky umncia
CYACTAUBHIX OUIETOB. JTO ObLI Oyaylmu (uascoBckun jaypeat Baagumup [lpusadensi.
(O dungcoBckux Mejganfx CM. CTATbU, HOMEIEHHBIE B 3TOM cOopHuKe, cTp. 19-40.)



132 C. K. Jlamgo

[TpuBnedene MeTOMOB M3 CMEXKHBIX OOJacTell MaTeMaTHKH (HampmMmep,
U3 aHaIN3a) MO3BOJASAET MO-NHOMY B3TUSIHYTh HA MEPEYHCANTENBHYIO 3a /a9y 0
HallTH HOBBIE, 339aCTYI0 HEOXHJaHHBIE, TTOAXOAbI K €€ pellleHn o.

SATAYN

B zaxuaiouenme npegraraeM HeCKOTLKO 3a1ad.

1. JokaxnTe, 9TO CYACTAUBLIX GmaeToB poBHO 55252 mTyku. (Mcmonas-
3yfiTe 0601 13 06CYXK IaBIINXCSA CTOCOBOB WM MPHIyManTe CBOM.)

2. TokaXKnTe, 9TO INUCI0 CIACTINBEIX ONIETOB PABHO

32 6\ (22 n 6\ /12
5 1 5 2 5)
3. HaiiuTe BhIpa:keHme [ 9HUCJIa CYACTJINBHIX OWJIeTOB u3 2r nuudp B
cHCTeMe CYHUCIeHUs C OCHOBaHUEM (.

CHucoOK JUTEPATYPBI

[1] Casun A. II., ®@unx JI. M. PasroBop B TpamBae. // Ksaut. 1975. Ne7.
C. 67-70.

[2] @unx JI. M. Emé pas o cwactauBeix 6mrertax // Ksaut. 1976. Nel2.
C. 68-70.

[3] Hoaua I'., Ceze I'. 3amaqu u Teopembr u3 anaansa. T. 1. M.: Hayka, 1978.
Samaga Ne30.



