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MOJICHO — 6onee  IKOHOMHO  YNAKO8AmMdv 8
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Mapmun I'aponep

Ha camom Oene 3a nobou cucmemou
CUYUCTEeHUS. CIMOoUm, KOHEeYHO, OOHA U ma Jce
cmapywka apugpmemuxa.

Mapmun I'aponep
B »sT0i1 pabore MBI MO3HAKOMHMCSI C HEKOTOPHIMHU YyHaKOBKaMu (aJropuTMaMu
YIaKOBOK) 3aMKHYTBIX KJIETOYHBIX TTOJICH.

YT0 TaKkoe KIETOYHOE MOJIE.
COBOKYITHOCTB U3 M KJIETOK OyJIeM Ha3bIBaTh KJICTOYHBIM MOJIEM (MIJIH PEIIETKOM } .

[Tpumep:

Puc. 1

Ecnu none copepkuT n KIETOK, TO OyJeM TOBOPUTH, YTO MOPSAIOK ITOTO TOJST paBEH
n. [Tone, n3obpaxénnoe Ha Puc. 1 umeer nopsinok n = 14.

Msl Oynem paccMaTpuBaTh IOJIsI, HA KOTOPBIX 3aJjaH MOPSAIOK CJIEIOBAHUS KIETOK
JPYT 3a IpyroM (04epEémHOCTB ).


mailto:kiw_dd@arcor.de

[Ipumep:

Puc.2

[Topsimok cremoBaHUsT MOXKET OBITH 3aJaH CIOBECHO, a He 00s3aTeNbHO B BHUJE
CTpeJoK, kak Ha Puc.2.

Hamnpumep, xknetku nosns (Puc.2) 3anomHsI0TCS MOCTPOYHO ClIeBa-HAMPABO U CTPOKU
YepeayroTCsl CBepXy-BHU3.

Ecnu nose umeer 3aMKHYTHIN MOPSAOK CJEIOBAaHUS KJIETOK, TO Takoe Iosie Oylem
Ha3bIBATh 3aMKHYTBIM KJIETOUHBIM TOJIEM.

ITpumep:

Puc.3

371ech MOPSAAOK CIEeNIOBaHUA 3alaéTcs ABMXKEHHEM II0 4acoBOM cTpenke. Ecnu moie
3aMKHYTO, TO €r0 MOPSAAOK OyJIeM Ha3bIBaTh MepuoaoM u 00o3HauaTh OykBoil P . Ha Puc.3
n300pakeHo noje ¢ nepuogoM P = 8.

CkaxeM emié€ 1Ba cI0Ba O TOM, YTO TAKOE YIIaKOBKA YHCEIL.

VYnakoBka 4Hced 3TO ONpPEAeNEHHBIM anropuT™M (IpaBUiIO), MO KOTOPOMY YHCIIA
CTaBATCS B KIETKM Hamero mojs. Mbl paccMOTpPUM YHAKOBKHM, KOTOpBIE IO3BOJISIOT
3aIOJIHATh HEKOTOpBIE 3aMKHYThIE KJIETOUHbIE MOJsi Oe3 mpoOenoB, T.e. Takhe, YTOObI HU
OJIHA KJIETKA I10JI HE OCTAaBAJIACh ITyCTOM.

PaCCMOTpI/IM OJH U3 TaKUX aJITOPUTMOB YITAKOBKH.
1). HYucno 1 momemniaeTcsi B MPOU3BOJIbHYIO KIETKY 3aMKHYTOTO TOJISL.
2). Yucno 2 momeraeTcst B CIICAYIONIYIO KIETKY TOJIs, CIeAys HalpaBlIeHUI0 00X0/1a.
3). Hucno 3 nmomemniaeTcs B KIETKY, Yepe3 OJHY KJIETKY MOCie Yucia 2.
4). Uucno 4 momemniaercs B KJIETKY, Yepe3 JIBE KJIETKH Mociie yucia 3.
U T.1.
5). Yucno m+1 nomemaercsi B KJIETKY, uepe3 m-1 KIETKy MMOcye Yucia m.
U T.1I..
6). Yucno n moMmemaercs € KJIETKy, yepe3 n -2 KJIETKHU mociie yucna n -1.

[Tpumep: mycTh UMEEM 3aMKHYTOE KJIETOUHOE IoJe ¢ nepuogoM P = 8. 3anonxum ero,
CJICZIUII HAaLLIEeMYy aJIFOPUTMY.
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Puc.5

Nt n
[Tony4yaem Takyio KapTUHY:

Cpa3y ckaxkeM, 4TO MOJb3YySICh TAKHUM aITOPHUTMOM MOYKHO 3allOJHHUTH (YIaKOBaTh)
MoJisi TOJBKO ompenenéHHoro mepuoga P. Uemy ke paBeH NEpUOA TakKUX MOJEH HaM U
OpCACTOUT BBISICHUTD.

[Ipenmonoxum, 4To B HAIIEM DPACIOPSHKEHUU €CTh OECKOHEYHOE KJIETOYHOE I0JIe B
BHJIE CTPOKH.

Puc. 6

Hcnonb3ys Halll alrOPUTM, IOMECTUM B 3TO I0JI€ yucia oT 1 10 n.

1|2 3 4 ‘ n-1 n

Puc. 7

He TpyaHO 3aMeTHTh, YTO YHMCIO KJIETOK HAIIEro MOJIA, HE BKIIIOYas IMOCIETHION
kieTky (Puc.7), cocraBisier cyMMy 4Mcen HaTypajabHOro psiga ot 1 1o n-1, T.€.

@(n_l).

Toraa mepuo mosist, B MOCIEAHEH KIETKE KOTOPOTO CTOMT YUCIIO K, PABEH:

P=—”("2_1)+1. (1)
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Ilycte nmeem none nepuona P. PaccMOTpuM ciydaid, KOTIa 1Ba YKMCJIa JAHHOTO IOJIA
n, U n, NONAJAIOT B OJHY KJIETKY IPU 3all0OJHEHUHU MOJIS 10 HallleMy alropuTMy (MMeeTcs B
BUJy KOHEUHO K€ 3aMKHyTOe nose). T.e. - 3To 3a7aua oOpaTHas 3aJaue NOCTaBJICHHOM paHee,
T.K. MBI HIIIEM I10JIs1 C IICPpHUOAOM P, KOTOPBIC HC 3aIllOJIHAIOTCA 1O OIMMCAHHOMY aJITOPUTMY.
IToncraBum B popmyiy (1) uucna n, u n,, HOTyIUM:

P = n1(n1 _1)

-1
1 . P, = nz(nz )

2

+1, +1.

ITycts nnst onpenenéHuocTu n, < n,, Torna n, <n, < P.Eciu n, u n, nonagarmt B
OIHY KJICTKY IPH 3alIOJJHCHUHN HAICTO IOJIA, TO

PZ_PI =q'P:

rne ¢, - uenoe uucno. T.e. pazHocts P, — P, 10KHA OBITh KpaTHA NEPUOJY HAILEro
HCXOJIHOTO MOJIS.

(”2 -n )(”2 +n, — 1)
2P

=q. (2)

®opmyna (2) - 3T0 W €cTh YCJIOBUE,IIPU KOTOPOM 3aMKHYTOE€ I0JIE HEBO3MOXKHO
3aMIOJIHUTH 110 HAIlIEMY aJITOPUTMY.
PaccmoTpum Bce Bo3MOkHbIE cityyaun s P.

I). [lycte P - Heu€THOE uncio. 3aMeTuM, 4to cpenu yucen 1, 2, , P Bcerna MOXXHO
nonoOpate ABa 4yuciaa m, U n, Takue, yTo n, +n, —1= P, rae n, u n, oba y€rHele. ITO
oueBuaHO. T.e. dopmyna (2) umeer cmbica nipu P - HeuétHoMm. T.e. Bcerma CymecTBYIOT
Takue M, U n,, YTO MOJCTABISISL UX B GopMyily (2) moiydyaeM LeJI0e 3HaUCHUE ¢.

T.o., momus, nepuos KOTopeiX P paBeH HEUETHOMY YUCITY, HE 3AIIOJIHSAIOTCS 110 TAKOMY
ANTOPUTMY.

2).Ilycts P =2"m, rne m - neuérHoeE.

Jlnst mokazarenbCTBa HE3aMOMHSAEMOCTH TaKHX MOJIEH JOCTATOYHO JI0KA3aTh XOTS OBl
OJINH YaCTHBIN CITy4ail.

Ilycts ¢ =1, TOrna:

(”2 _nl)(”z +n, _1) 1
2k+1m .

)

CocTaBuM cucTEMY YpaBHEHUIL:

_ ~k+1
n,—n, =2

n,+n —-1=m

m+1-2%1 m+1+2%!
n=———; n=———
2 2



n, u n, OyIyT HeNbIMH YuciamMu mpu m > 2**

2k+1

—1. Torga BO3HHMKAEeT BOIpPOC,
CYLIECTBYIOT JIU Takue LeNble 1, U n, NpU m < —1, ana xkoropsix dopmyia (3) Obuta
OBl CIIpaBe/TNBA.

PaccmoTpum Takyro cucteMy ypaBHEHUI:

n,—n,=m
_ Ak+l
n,+n —1=2
24 1-m 2" v m+1

n=—————3; n=————,

2 2

[onyuaem nensie n, u n, npu m < 2**' +1. T.x. m - HeuETHOE, TO U3 MOTYYEHHOTO
HEpaBEHCTBA CIIPaBEAJIMBO CJIEAYET HEPABEHCTBO:

m<2M 1.

Ocraércst pacCMOTPETh TPETUM CITy4aid.
3) P =2%, 1. e popmyna (3) Gyaer MeTh BULT:

(”2 _”1)(n2 +n, _1)

2k+1

OnuH U3 COMHOXUTENEW YHCIUTENs Bcerdaa Hed€THhIA. Torma uis TOro, 4ToObl ¢
OBLJIO LIENTBIM YHUCIIOM HEOOXOIUMO, YTOOBI IPYyTOl COMHOKUTENL OB OBl 1O KpaliHel mepe

paBen 2" Uucmo 2**' B nBa pasa npeBsimaet mepnos P, MO3TOMY HMEEM:

mpu n, <n, <P, n,+n —-1<2"" u, tem 6Gomee, n,—n,—1<2*"  Takum

k
00pa3oM, HU TIpU KaKUX n, U n,,rae n, <n, < P, P =2" BolpaxkeHue

(”2 - nl)(”z +n - 1)
2P

HE MOXKET OBITh LIEJIBIM YHCIIOM.

T.0. BBIICHMIIOCH, YTO TONBKO MOJS, MEPUOA KOTOphiXx P =2* | MoryT samonHsaThes
0e3 MpoOeIIoB M0 HAIIEMY aJTOPUTMY.

PaccMOTpUM HECKOJIBKO CIEICTBUIA, BBITCKAIOIINX M3 TAKOW YMAKOBKH KIICTOYHBIX
HoJIei.

Caeacrsue 1.

[Tpu mro6oM mpou3BoIie HAYATBFHOM KJIETKH, OJIHA KIIETKA MOJs OyJIeT coaepkKaTh CBOH
COOCTBEHHBIN HOMEP.

[Toscaum 310 Ha ipumepe. [Ipumep: P = 8.



sy

Tenepp nmpoHyMepyeM NOCIEIOBATENIBHO B TOM K€ HAIPABICHUM KJIETKHA HAIIEro
nonisa. HaunHas ¢ m060# mpou3BOIBHOM KIETKH.

Puc. 9

HauanpHoit kieTkoi B ciaydae Puc.9 a) Mbl BBIOpasin KJIETKY, B KOTOPOH CTOUT YHUCIIO
3. IlponymepoBaB KJIETKH 3aME€4aeM, YTO YUCIO 4 CTOUT B KIIETKE, MOPSAKOBBIM HOMEp
KOTOpPOH PaBEH YETBIPEM.

Bo Bropom ciyuae Puc. 9 6) HauanpHOM KIeTKON Obuia KiieTka ¢ yucioMm 7. B atom
CiIydae KJIeTKa ¢ YUCJIOM 8 mosiyuunsia nopsiAKOBbId HOMEpP paBHBIH 8.

Jlokaxxem cieacteue 1.

Ilycth knetka, rae crout uucio 1, umeet nopsaakoseiii Homep X. Knetka ¢ uuciom 2
OyneT uMmeTh nopsikoBbiii Homep X+1. Kiterka ¢ wnciom 3 - (X + 3). Knerka ¢ uuciom 4 - (X
+ 6) u T.1. Knetka ¢ yuciom n OyJaeT uMeTh KaKON-TO MOPSAKOBBIN HoMep f. [TopsakoBbIit
HoMep KieTku Bcerna < P, t.e. ¢t< P. Eciu uyucino ¢> P, TO Mbl JIOJKHBI 3alucaTh
TIOPSIIKOBBIM HOMEP paBHBINM OCTATKY OT JieJieHus uncia ¢t Ha P, KakoBa obmas ¢popmyna st
BBIUKCIICHUS 7

[TocmotpeB cHoBa Ha Puc.49, mbl 3amedyaem, 4TO MEXIy 4YUCIOM 1 W 4YUCIOM R

nln-1 o
HAXOIUTCI %— 1 xnerka. Tornma, ecnu HayanbHasi KJIETKa UMEET MOPSAKOBBIM HOMEp

n(n - 1)

X, TO KJIETKa, TJIe CTOUT YUCJIO K, OyJeT UMETh IOPSIKOBRIM HOMEp f = X + T
MoxeM 3anucaTh TaKOE YpaBHEHUE:

n(n - 1)
2

X+ =q-P+t,
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31IECh ¢ - KAKOE-TO LIEJI0C YUCIIO.

Onpenenum npenenabHble TpaHULbl yncia ¢. O4eBUAHO, YTO MUHUMAJIBHOE 3HAYEHUE
q = 0. MakcumalibHYI0 TpaHUILy AJIs ¢ MOJTy4YaeM MpU MakCUMajbHBIX X U n, T.€. Korga X =
n=P. [lony4aem:

P+P(P—1)=P(P+1)
2 2

P 1
PaznenuB 310 BhIpaxkeHue Ha P mojiyyaeM > + 5" [lenast 4acTh 3TOrO BBIPAXXEHUS U

€CTh MaKCUMaJIbHAs TPaHUIIA [UIA ¢, T.C.
P

0<g<—.
2

PaccmoTrpuM cityvail, Korja NOpsiAKOBBIM HOMEp KIIETKU C YHMCIIOM I PaBEH n , T.C.
MEEM TaKO€ yPABHECHHE:

X+—n(n_1)=q~P+n,
2
WU TIpeo0pa3oBaB €ro, MojaydyaeM yYpaBHEHHUE:
n’—3n+2X-2Pqg=0. 4)

DTO0 KBaJpaTHOE ypaHEHHUE, 1a eni€ ¢ TpeMsi HeU3BECTHBIMU 1, X U ¢. [Ipuduém Bce oHI
JIOJDKHBI OBITH IENBIMU YHCIaMH. Takue ypaBHEHUS! Ha3bIBalOTCS AMO(GaHTOBBIMU. [1o nmeHn
aHTH4HOro MareMatuka Jluodanrta. CylecTByIOT METO/IbI UCCIIEIOBAaHUSI TAKUX YPaBHEHUH,
HO 3TO BBIXOJUT 32 paMKH HAIled KHHUTH, TOATOMY MbI H30epéM apyroil myTh is
JI0Ka3aTeNIbCTBA CIeCTBUSA 1.

CHauana peluM Takylo 3a1ady.

[Ipenmonoxxkun, 4YTOo y HAc €CTh 3aMKHYTOE KIJIETOYHOE II0Jie, 3aroJHEHHOE I10
IpaBwiIaM Haulero anroputma. Hanpumep nose, kak Ha Puc.50. BeisicHuM, cyIiecTByIOT U B
ATOM pacCTaHOBKE YHCEN JiBa 4Kclia # U (n + k), ynanéausie npyr ot Apyra Ha (k - 1) Ki1eTKy.
T.e. ecnu aBUraThes MO YACOBOM CTpEJKE (JUIs 3aIIOJHEHUS 3aMKHYTOIO I0JII JOTOBOPUMCS
BCeTrJia BEIOMpATh ATO HAIMpaBJIEeHWE) OT YUCia # K unuchy (n + k), TO Mbl HACUUTAeM MEXKITY
HumHu (k - 1) xinetky. TouHO Takoe e paccTostHUE (KOJIMYeCTBO uucen) uucia n u (n + k)
MEIOT B HATYPaJIbHOM psiJie YHCET.

ITpenmosnoxum, 4To y Hac €CTh AOCTATOYHO JUIMHHOE KieTouHoe mnose. [loctaBum B
MEPBYIO €r0 KJIETKY YMCJIO M U, UCHOJB3Ys alrOpUTM yHakoBKU (AY), BOUIIEM B 3TO MoJie
gyucna (n+1),(n+2),...,(n+k).

n n+l1 n+2 we | ntk-1 n+k

n n+1 n+k—1

Puc. 10



Beraucium, ucnons3yst GopMyity IIsl CyMMBI apu(METHIECKOHN POTPECCHH, CKOJIBKO
KJIETOK UMEETCS B 3TOM I10JI€ JI0 KJIETKH ¢ YucioM (n + k).

n+\n+k-1 2n+k-1)k
k= .

2 2
Torga oueBUAHO, YTO MEXAY KIETKOM C YUCIOM M U KJIETKOH ¢ yucioMm (n + k)
Qn+k-1)k
I/IMeeTCHf —1 knetka. Berutem u3 3Toro BeipaxeHus uncio (k - 1), nomy4yum:
k(2n+k-3)
R ®

[Tpu kakux Kk ¥ n BeIpakeHHe (5) OyneT KpaTHO mepuoay P Haliero 3aMKHYTOTO
nosi? Cpasy 3ameTuMm, 4Tto TIpu B = K =1 BbIpakeHue (5) paBHO HYIIO, T.C. SBISCTCS
KpaTHBIM 1151 J1r060ro nepuoaa P .T.e. uucna n = 1 u n + k =2 CTOSAT B HAIlIEM TOJIE TOYHO
TaKK€ KaK OHHM CTOAT B HaTypaJlbHOM psne uucen. M 3to Bcerma Tak coryiacHo (AY).
Cy1miecTByIOT 11 Jpyrue uucna?

Yucno n< P, aucno n+ k < P .OueBuano, urok < P. [lepenuiem Beipaxenue (5)
TakuM 00pa3oMm:

k(n+(n+k)—3).
2

Torma CIIpaBCIJIMBO TaKOC HCPABCHCTBO!

k(n+(n+k)-3) y P(2P-3)
2 2
[TomenuB KaXkayro 4acTh 3TOrO HEPABEHCTBA HA P moJiyyaeM:

< P*.

k(n+(n+k)—3)< 2P-3 _
2P 2

P.

A 3TO 3HAYUT, 4TO BBIpaKeHUE (5) HU MPU KaKUX B U K HE MOXKET ObITh kpaTHO P. 3a
UCKITIOUeHHeM ciiydas n = k =1. Cie1oBaTeNbHO U YUCEN 1 U K, YAAIEHHBIX JIPYT OT ApyTa Ha
paccrosinue (k - 1) kiieTka, B Hallle pacCTaHOBKE HE CYLIECTBYET.

Tenepb BepHEMCS K TOKA3aTENbCTBY CIEACTBUS 1.

[Toiiném obpatHbM myTéM. IIycTh KJIeTKa C YMCIOM nH UMEET HOPSIKOBBIA HOMEp A.
OTTaNKUBAasICh OT 3TOr0 HOMEpPA MPOHYMEPYEM OCTANIbHBIE KJIETKU. Vs Mo 4acoBOM CcTpesike
oT HOMepa n OyneM mpucBauBath Homepa (n + 1), (n + 2), ... ,P, a U9 MPOTUB YacCOBOI
crtpenku - (n - 1), (n - 2), ... ,1 .T.e. Bcerma OyaeM UMETh KJIETKY C KaKUM-TO YHUCIIOM, y
KOTOpoii nopsiikoBbiil HoMep 1. Ilpumep: n =3, P=8§ .



Puc. 11

T.e., HauMHAsE HyMEpalHIO C KJIETKU C YHUCIOM 2, MTOJIYyYHM KapTHHY, Kak Ha Puc.11,
r7ie KJIeTKa C YMCIIOM 3 UMEeT MOPSAAKOBbIN HoMeD 3.

MoskeT i OBbITH Takas cuTyarus? KieTtka ¢ 4uciioM n U KjeTKa ¢ 9ucioM (n + k)
UMEIOT MOPSIIKOBBIE HOMepa # U (n + k) cooTBeTcTBeHHO. TONBKO, YTO MBI JIOKa3alld, YTO
3TOro OBITh HE MOJKET, 332 UCKIIOYEHHEM, KOI/la HyMepalus KJIEeTOK HauMHAeTCs C KIETKU C
guciaoM 1. B sTom ciydae kierkam ¢ ynciaamu 1 ¥ 2 OyAyT NPHCBOCHBI UX COOCTBEHHBIE
MOPSAIKOBbIE HOMepa. T.0. /Ui 1000ro k BCera HAAETCs KIETKa C YHCIOM M, Takas, 4TO
HauyuHas ¢ 3TOU KJIETKH HyMEepaluio, MOJIYyYUuM JIsl KIETKH C YUCIOM M MOPSAKOBBIN HOMEp
n.

OnHako 3aMETUM, YTO Y HAC pa3JIMYHBIX 4Hcell n = P, HO KJIETOK C YHCIIOM M MBI
nonyywin P-1, T.k. B IByX ciydasix 0pu # = 1 1 n = 2 nojiyyaeM OAHY U TyX€ HyMepaluio
KJIETOK HAILEro IMOoJsl.

Wnaue roBops, cienctsrue 1 uMeeT mpu KakoOM-TO m UCKIIIOYEHHE, T.€. UMEETCs TaKas
HyMepanusi KJIETOK, YTO HM OJIHAa KJIETKa HE MMEET MOPSJIKOBOTO HOMEpa, PaBHOI'O YHCIIY,
KOTOPOE CTOUT B 3TOM KIIETKE.

P P
HeiictBurensHo: mpu X = 2 +1,¢= > M0JTy4aeM TaKue peleHus ypaBHeHus (4):

n=P+1;, n,=-P+2.

Ho 1< n < P, 1.e. HU OJIHO PEILICHUE HAC HE YIOBJIECTBOPSIET.
CnenctBue 1 nokaszaHo.

Caencrsue 2.
CyMmMa 4ucen, CTOSIIMX B KJIETKaX, Pa3HOCTh MOPSJKOBBIX HOMEPOB KOTOPHIX paBHA

P
> NocTosiHHA U paBHa P + 1.

Hpez[naraeM YUTATCIIO  CaMOCTOATCIBHO  AOKa3aTb 3TO  CICACTBHC. Hame
A0Ka3aTCJIbCTBO MBI IIOKaXXCM YYTb IIO3XKE, a ceituac PaCCMOTpPHUM KJIICTOYHBIC I10JI,

HMCIOIUC TCPpUOa P= 22k . Takue 1oJIs1 MOXKHO MMpCACTABJIATL B BUAC KBAAPATOB.



[pumep: P =2* k=4.

Puc. 12

3anoJHATh YKMCIaMU TaKHe MO UCTonb3ys (AY) OyieM MmocTpoyHO ClieBa-HANpPaBoO U
OT CTPOKH K CTPOKE MEPEeXosi CBepXy BHH3. JJOrOBOpUMCS CUYMTATh TAKXKe, YTO 3a MOCJIETHEN

MpaBON HIDKHEW KJIETKOW MJIIET CIICIOM JieBas BEPXHss, T.€. Hallle KBaJpaTHOE moje Oyaem
CUHUTATh TOXKEC SaMKHyTLIM.

[Tporymepyem Harmie niosie ot 1 g0 P, HaunHas ¢ 11000 KIETKH.

P
[Tpumep: Ey =8.

12 (13 |14 |15

16 |1 (2 |3

Puc. 13
P
3amMeTuM, 4TO KJIETKH, pa3HOCTh MOPSIKOBBIX HOMEPOB KOTOPHIX paBHA ? =8, crosar

B OJTHOM M TOM e ctonbie. Hanpumep S-as u 13-as kiieTka HaXOaATCS BO BTOPOM CTOJIOIIE.
OueBUIHO, YTO KaK OBl MBI HE CMEILAIA HyMEpaluio KIETOK, 3TO Bceraa OyIeT Tak.
T.o., 3amoaHUB Takoe moJje 1o mpaBmwiaM (AY) MBI IOJyYUM KBaJapaT, CyMMa YHCE

0 CTOJIOIAM Y KOTOPOTO Bceraa OyAeT MOCTOSHHOM COTTIACHO CIIENICTBUS 2.
[Tpumep:

S {14 |8 |10
13|16 |1 |2
1213 |9 |7
4 |11 |16 |15
Puc. 14

[Tpu onpenenéHHON CHOPOBKE, MEHSS MECTaMM YHWCIIA, CTOSALIME B CTOOIAX, MOXHO
MIOJIyYUTh Maru4eCKUi KBaapar.
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[Tpumep:

5 ({148 |10 5 (14 | 8 |7 S |14 |8 |7
136 |1 2 13|16 (16 |2 13| 3 |16 |2
—> >
1213 |9 7 4 (11 |9 10 4 (11|19 |10
4 |11 |16 |15 12|13 |1 15 12 | 6 1 |15
13 3 |16 |2 13 3 |16 |2 13| 3 |16 |2
> |
12 |6 |1 |15 12 16 |1 |15 416 |9 |15
4 (11|19 |10 5 |11 | 8 10 5 (11 | 8 10

Maruueckuii KBaapar

Puc. 15

B nmanHOM mpuMmepe HaM TMOHAJAOOMIOCH MPOBECTH MATH 3aMEH, YTOOBI IMOJIYYUTH
Marucekuil kBaapar. B mepBoit 3ameHe Mbl momeHsiiu mectamu uncia 12 u 4,3 u 11, 1 u 16,
7 u 10. Bo BTopoit — 6 u 3. B TpeTheil 3aMeHEe MOMEHSIM MecTaMu CTpoku 3 u 4. 3atem
MecTaMu oOMeHsuch uyucna 4 u S, 8 ' 9. 1 B nocienHem ciayyae MEHsIeM MEeCTaMH 4yucia 4 1
12,1u9.

Mpb1 1ymaem, 4To YUTaTellb YK€ CIIPABUIICA C JI0KA3aTeIbCTBOM CJIEJICTBUS 2 U TETEPhb
MOXET CPaBHUTH €TO C HAIINM JI0Ka3aTeIbCTBOM.

Jloka3aTeIbCTBO CIICACTBHS 2.

[IpeacraBuM, 4TO y HAac WMMEETCS IOCTATOYHO JJIMHHOE HE 3aMKHYTbE KIIETOYHOE
T0Jie, TAKOE YTO Mbl MOKEM YMAaKOBaTh B Hero oT 1 10 P uucen, ucnoibiys (AY).

1 |2 3 4 5 .. |P1 - | P

Puc.16

Yuca0 KIETOK TaKOTO MOJIs PaBHO:

1+(1;>—1)(

P(P-1)

P-1)+1= ;

+1. (6)

Ecmu P =2%, 10,834 3amkHyTOoe mone mepuona P,mo mpasumam (AY) MOXKHO
ynakoBaTh B Hero oT 1 1o P yucen. Hac unTepecyeT kakoi mopsaKoBbId HOMEpP OyeT UMETh
KJIETKa ¢ 9uciIoM P, ecnmu HyMmepaluio HadaTh ¢ KJIETKH, rae cTouT unciio 1. O4eBuaHO, 4TO
pa3enuB 3HaUCHUE BeIpakeHus (6) Ha P, MBI B OCTaTKe MOJyYUM YHUCIIO, KOTOPOE U SBIISETCS
TIOPSIIKOBBIM HOMEPOM KJieTkH ¢ uucioM P. [IpeoOpazyem BoipakeHue (6) TakuM 00pa3om:
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P(P-1) . P -P+2_(P’-2P)+2P—P+2 _P(P—2)+P+2
2 2 2 2 '
Paznenus ero Ha P nonyvaem:
P+1
P-2 5
+ 2 .
2 P

P
Yucao BCerja IeNoe, E+1< P . CnenoBarenbHO OCTaTKOM OT J€JIEHUS

P .
BbIpakeHus (6) Ha P Oyaer 4ucio £y +1 - NOpsIIKOBBII HOMEp KJIETKH ¢ yuciaoM P. Pa3HOCTb

P
NOPAAKOBBIX HOMCPOB KIICTOK, IZI€ CTOAT 4YHCIIA 1uP paBHa ? , a CyMMa 3THUX YUCCII

paBua P + 1. T.e. nns uucen 1 u P caeactsue 2 crpaBeyiiBO. Mbl IOMHUM, YTO HAaUYWHAIU
HyMepaIuio ¢ KIeTku ¢ uncioM 1. PaccmoTpum cHoBa nosie Puc.16.

['ne-to B HEM cTosT uncna k u P-k+1. Mbl cuutaeM, 4To 3TO MOJE yKE 3al0THEHO 10
npaBuiiaM (AY). Ompenenum, CKOJBKO JaHHOE MMOje OyJIeT MMETh KJIETOK OT KIETKH C
YHCIOM k 10 KJIETKHU ¢ yuciiom P-k+1, BKiIrodas ux caMux.

(k+P—k)(P—2k+1)+1= P(P-2k+1)+2 _ P(P—2k)+P+2
2 2 2 '

P
[TogenuB 3TO BBIpakeHHWE Ha P TONy4YrMM B OCTaTKe ?+1. Ecnu nHymeparuio
3aMKHYTOTO TIOJISI Ha4aTh C KJIETKH C YHCIOM k, TO KieTka ¢ uucioM P-k+1 Oymer umeTh

. P
MOPAIKOBBIM HOMCD ?-l-l O‘-IGBI/II[HO, YTO KakK OBl MBI HE CMCIIAJIM HyMCpaluIlo KIICTOK,

, P
Pa3HOCTh MOPSIKOBBIX HOMEPOB KJETOK ¢ unuciamu k u P-k+1 Bcernma ocraércs R 10 M

JIOKa3bIBACT CIPABEJINBOCTD CIEACTBHUSA 2.

MBI 3aKOHYMIIM paCCMOTPEHHE 3aMKHYTHIX KJIETOUHBIX MOJEH, KOTOPbIE 3alOIHAI0TCS
nmo mnpaswiaM (AY) Moxer ObITb 4YMTaTeNb 3aXOUET MPOJOJIKHUTH HAyaTble 3]1€Ch
uccienoBanus. Torna Mbl COBETyeM eMy MONpoOOBaTh pa3padoTaTh alrOpUTM NEPECTPONKH
KBaJIpaTHOI'O IOJII B Marn4eckuil KBajapar, Kak 3To ObUIO MOKa3zaHO B mpumepe Ha Puc. 15.
Ham He ynanoch HalTH Takoro oOLIEro aJropuTMa, a MOXKET ObITh, €0 U HE CYIIECTBYET.
[IpennaraeM 3TO BBISICHUTH YUTATEIIIO.

A celfyac IO3HaKOMHUMCS C €€ OJHUM AJITOPUTMOM, IPU MOMOIIM KOTOPOTO MOKHO
YIAaKOBaTh TOXKE 3aMKHYTOE KJIIETOYHOE TI0JIE.

PaccMmoTpuM Takoe Ki1eTouHoe HoJe.

Puc. 17

31ech MeXAy 4McIoM m U uuciaoM n +1 uMeeTcs poBHO n’ KieTok. BriBemem
(dhopMyITy IS OTIpEICIICHUsT MECTa YMCiia # Ha TAaKOM II0JIC.
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2
UYucno 1 crout Ha nepBoM Mmecte. Yucio 2 crout Ha mecte 1+1° +1. Yucno 3 crour

mamecte 1+1> +1+2% +1. Yucno 4 crour vamecre 1+17 +1+22 +1+3% +1.
HCFKO HpOCManI/IBaeTC}I 3aBUCUMOCTD.

n—1) )n+(12 +27 +3? +---+(”_1)2)'

Jlnst cymmel pana 17 422 + 3% +...4+ n’ u3BecTHa popmyna

n(n + 1)6(2n + 1) . 7
HO,Z[CTaBI/IM B OTO BbIPA’KECHUEC BMCCTO B YUCIIO (n - 1), NOJIyUIUM:
(n-1)n+1-1)2n-2+1) n(n-1)2n-1)
6 - 6 '
A W3 3TOTO MoJTy4aeM Takyro GopMyIy:
f(n)= ni n(n—l)(Zn—l). (8)

6

T. e. umeem taxoii pan: 1, 3, 8, 18, 35, 61, 98, 148, 213, 295, 396, 518, ...
Paznenum kaxaplii uigeH 3Toro psaga Ha 11 W MOCTPOMM HOBBIA psJl OCTATKOB OT
JICJIEHUS] B COOTBETCTBUU C IIEPBBIM PAIOM.

13,8,7,2,6,10,5,4,9,11, 1, ...

Kak BuauMm, nepBble OJMHHAALATH YWICHOB 3TOTO psana - 3to yucnaor 1 go 11. T.o.,
€CJIM B3STh 3aMKHYTO€ KJIETOYHOE ToJie u3 11 kieTok u Bmnucath B Hero uucia ot 1 go 11, B
COOTBETCTBUH c MECTOM, yKa3aHHBIM BTOPBIM psaaoM (T.e.
1-1,2-53,3—>8,4—>7,..,11 , 11 na 11-om mMecTe), TO MOTYyUYUM TaKyIO KAPTUHY:

31ech MexkIy YUCIOM 1 U 4ucioM n+l pacrmonoikeHo poBHO n’ KieTok (T.e. eciu
HaIpuMep IOCJIE Yuciaa 5 OTCUMTaTh 25 KIIETOK, UAs 10 YaCOBOW CTPENKE, TO CIAEAYHOIEH
KJICTKOM OyJeT KJIETKa C YUCIIOM 6).
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Mer1 BuuMm, uto yucna 1, 6, 11 ctoar Ha cBoux MecTax. T0O HE TPYJIHO J0Ka3aTh. Jliis
3TOTO HAJI0 PEIIUTh YpaBHEHUE!

n(n - 1)(2n - 1)

1lk+n=n+
6
W
1k = n(n—1)6(2n—1).

D10 TOXke nuoaHTOBO ypaBHEHHE, a pemaTh Mbl uX He ymeeM. Ho cpemu 11-tm
Yyucel He TPYJAHO ClieNlaTh BU3yaJIbHYIO IIPOBEPKY MOJCTABIISI MO OYEepeld BMECTO M 4YHUCia
oT 1 no 11: ipu n =1 nonmyyaem k =0 , npu n = 6 nonyyaem k =5, n = 11 nonyuqaem k = 35.
Boruncnum pasHocts f (n + 11)— f (n)

(n+11)n+10)2n+21) . n(n—1)2n-1)

. =11(n? + 10+ 36).

n+11+

T.e. mony4yaem uucio kpaTtHoe 11-TH. A 9TO 3HAYUT, YTO PAJ OCTATKOB MEPUOAHYUCH
yepe3 11 uncen. OTcrona cieayer, 4To B 3aMKHYTOE ToJie u3 1 1-TH KJIETOK MOXHO YITaKoBaTh
JT100YI0 MOCIEeI0BATEIbHOCTh HATypadbHBIX YKCEI HAYMHAS OT YKCIa B U KOHYasl YUCIIOM A +

11, Tax, 4To6bI paccTostHEe Mexy k 1 (k + 1) uncnom 66110 k* KIeTok.

[TonmeruM emé ogHy OCOOEHHOCTH TOJs, NMoka3aHHOro Ha Puc.18. Eciam kneTky c
gyuciioM 1 cumTaTh 3a Kadajao KoJbla, TO CyMMa 4HCEI, CTOSANMX B KIJIETKaXx,
paBHOYNAIEHHBIX OT Havyajla ¥ KOHIIA MOJIsl, OyIeT MocTosiHHA U paBHa 1 + 11 = 12.

3aMeThM, 4TO MO TAKOMY QJITOPUTMY MOKHO YIIAaKOBaTh 3aMKHYThIC MOJA U3 3 U 4
KJIETOK.

Ho »tu nmons otnnyarores ot oyt ¢ 11-p10 KI€TKaMu TeM, YTO OHHU HE "3aMKHYTHI'".
T. e. MakcUMaJbHOE YMCJIO TOJS HE MONAAAET B KIETKY C MAKCUMAJIbHBIM IOPSIKOBBIM
HoMepoM. Ecnu nocie KeTku ¢ 4ucinoM 3 IponmyCTUTh 9 KIIETOK, TO MBI IIOJIYyYUM KIETKY C
YHUCIIOM 2, @ HE KJIETKY C 4yuciaoM 1, Kak 3To momyvaercst ais nois ¢ 11-pro xknetkamu. U
TOYHO TaK e OOCTOUT Jelo ¢ noseM u3 4 kietok. CoBeTyeM 4MuTaTeNsiM yOeIuTbCsl B 3TOM
CaMOCTOSITENILHO.

CymectByeT OECKOHEYHO MHOIO MOJIEH, 3alOJHSIOMIMXCS 10 TaKOMY alrOpUTMY.
[TonpoOyiiTe oThICKaTh Kakue-HUOYb W3 HUX. BpyuHyio 3Ta 3amaua oueHb Tpynoémka. Ho
€CJIU MPUBJIEYb KOMIBIOTEP, TO 3TO 3J0POBO OOJErYMUT Ball TPYA.

B 3akiroueHue 3T0H IriIaBbl paCCMOTPUM €lIE€ OJHY YIIAKOBKY KJIETOYHBIX IIOJICH.

B 5T0#1 4acTu MBI CTOJNKHEMCS C Pa3IMYHBIMM CHCTEMaMH CYHUCIICHUA. Pasnmnynble
CHCTEMBI CUHCIICHHS ONEPUPYIOT PAa3IUYHBIM HaOOpPOM LUGP, U3 KOTOPBIX CTPOSATCS MOTOM
YHCIIa.

B npuBbIUHOI HAM IECATHYHON CHCTEME CUMCIICHHS Mbl UMeeM JIecsTh tudp (moromy
CHUCTEMa CUMCIICHUS W Ha3bIBaeTcs necsaruunon): 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. JIroboe uuncmno
MOJKET OBITh OJHO3HAYHO MPEACTABICHO KOMOHMHAIMI, COCTABICHHOM M3 HEKOTOPBIX 3TUX
uudp.

OcHOBaHMEM CHCTEMBI CUMCIICHUS HA3bIBACTCS YUCIO LUQP, HCIOIB3YEMBbIX B TOU
cucrteme. Kak CBS3aHO OCHOBaHHME CHCTEMBI CYMCIICHUS ¢ KAKUM-TO KOHKPETHBIM YHCIIOM?

Bo3pmém Hayrag mo0oe HarypanbHoe uucno. Hampumep, 1478. Hcnonbsys
OCHOBAHHE CHCTEMbI CUHCIIEHUS €70 MOKHO IIPEJCTaBUTh TAKUM 00pa30oM:
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1478 =1-10° +4-10> +7-10" + 8-10°.

[IpenmnoynoxxuM, YTO MbI pElIMJIM y3HaTh, Kak OynaeT BbIMIsAAeTh uucio 1478 B
MATUPUYHON cucTeme cuucieHus. T. e. B cucreme, rae umeercs Bcero nate uudp: 0, 1, 2, 3,
4.

Uro6s! mepeBectu uncio 1478 u3 OecATUUHON CHUCTEMbI CUHCICHUS B MSATHUPUYHYIO,
HaJ0 MPOJEIaTh ENOYKY TaKUX OIepaluil.

Paznenum uncno 1478 na uucno S. Ilonyunm vactHoe 295 u ocratok 3. Hucno 295
OoJblIIe YKcia 5, mo3TOMy CHOBA JenuM ero Ha 5. [Tonygaem yactHoe 59 u ocrarok (. Yucno
59 6onbuie 5-tu. [ToaTomy npoxomkaem aenuth Ha 5. [Toxyuaem wactHoe 11 u ocratok 4. U,
HaKoOHeIl, Tocieauuil pa3 yucio 11 genum Ha S, moiaydaem 4acTHOE paBHO 2 U ocTtaTok 1.
Teneps 3anuiiemM NocaeI0BaTENbHO MOMyYeHHbIE IU(PBI, HAYMHAS C MOCIETHEr0 YaCTHOTO U
3a HUM BCE MOJyUYEHHBIE OCTATKU. T. €. mojlydaeM:

21403, = 1478.

T.o. B nmaTupuuHOi cucrteme cuucieHus uducio 1478 Oyner umers Bug21403,.

WHupeke 5 BHU3Y YnciIa yKa3blBaeT HA OCHOBaHHME CUCTEMBI cUMcieHus. Eciau Takoil mHaekc
OTCYTCTBYET, TO IIOJIpa3yMeBaeTCsl Hallla PUBbIYHAS JECITUPUYHASL CUCTEMA CUHCIICHMS.
Tenepp mnoxaxkem oOpaTHyto omnepauuto. Ilycts y Hac ects uuncio 21403, B

NATUPUYHOM CUCTEME CUMCIEeHHs. MBI XOTUM y3HaTh, KaK 3TO YMCIO OyAeT BBIVIAJECTH B
JNECATUPUYHOM, T.€. HAIIEW POJTHON CUCTEME CUUCIICHMUS.

21403, =2-5*+1-5°+4-57+0-5' +3-5" =1478.

B nepeBonie uncen U3 0JHON CUCTEMBI CUHMCIICHHS B APYTYI0 HET HHYErO CII0KHOTO,
MO3TOMY YHTAaTellb, MPOJAETIAB CaMOCTOSATEILHO HECKOJBKO TaKUX HPUMEPOB, OBICTPO
"HaObET' cebe pyky" B 3TOM nene.

Teneps mpucrynaMm K paccMoTpeHa emé OoJHOM ymakoBkM. HauHEM ¢ KOHKpPETHOro
npuMepa. [lokakeM Bce uncna OT HyJs 10 7 BKJIKOYHUTEIBHO IBOUYHON CUCTEMBI CUUCIIEHUS,
T.€. CUCTEMBI, IJie MCIOB3YIOTCs Beero ase uudpsl 0 u 1. mis npencraBneHus uucen. T.k.
MaKCUMAaJIbHOE 37IECh YHCJIO 7 B IBOMYHOM CUCTEME CUHMCIICHHs MeeT Tpu paspsaa ( 111), o
U IpyTHE YHciia MbI JOTIOJIHUIIN CIIepein HyJISIMH, 4YTOOBI HE HapyLIaTh Pa3psaHOCTH.

0-000,1-001,2-010,3-011,4-100,5-101,6-110,7 —111.

PaccMoTpuM 3aMKHYTOE KJIIETOYHOE IMOJIE, B KAKAYIO KJIETKY KOTOPOTO MO KaKOMY-TO
3aKOHy, IIOKa HaM HEW3BECTHOMY, IIOCTaBJICHA KaKas-TO IMdpa IBOHMYHOW CHUCTEMBI
cuncnenus, 1u6o 0, oo 1.

QT

Puc. 19
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Bynem BBIMUCHIBATH TOCTIEIOBATEIBHBIE TPOUKH UMD M3 ATOTO IOJISA, IBHUTASCH TI0
yacoBo# cTpenke. HaunHnate MokHO ¢ m000ii kieTku. [Tycth 310 OyaeT kineTka moja HomMmepom
1, xak mmoka3aHo Ha Puc.19.

[TepBas Tporika mudp aact uuciao 101. CmecTUBIIMCH, HA OJHY KIIETKY MO 4YacOBOM
CTpEJIKE, BBIMHIIEM CIETYIONTyt0 TporKy. D10 uncio 011. U 1.1.. anee nmonygaem: 111, 110,
100, 000, 001, 010. Kak BuanM, MbI IOTY4nIu 3pBbIe 8 uncen oT 0 10 7 JBOUYHOU CUCTEMBI
cuncnenus. T.o. Ha Puc.19 npencraBneHo 8-kjieTouHOE TOJE, B KOTOPOM HEKOTOPHIM
XUTPBIM ~ 00pa3oM ymakoBaHbl LU(MPBI TBOMYHON CHUCTEMBl CUHCICHHUS, KOTOpPbHIE
MOCJIeI0BATEILHO 00Pa3yIoT MEPBhIE 8 YMCET 3TOW CUCTEMBI CUUCIICHUS.

BBeném o0Oo3HaueHHs TpEX XapakTEpUCTUK Hamero 3aMkHyTtoro moms: K -
KOJIMYECTBO KIJIETOK B IMOJie, P - OCHOBaHHWE CHUCTEMBI CUHCIICHHSI, B - Pa3pSIHOCTh YHCEI,
yIaKOBaHHBIX B JaHHOM moJje. JIJisg KaXaoro mojs m - BCerAa SBIsSETCS KOHCTaHTOW. B
JTAaHHOM TpuMepe n = 3.

OkasbiBaercs, uTo K, P 1 n CBSI3aHBI IPOCTHIM, COOTHOIIICHUEM:

P'=K. (9)

JleiicTBUTENBHO, TIPEANONOKUM, UYTO B Moje u3 K KIeTOK ynmakoBaHbl Bce yucia ot ()
10 K — 1 P- nuHOii cucrteMsbl cunciaeHusa. O003HAUUM DJIEMEHTHI 3TOW CUCTEMBI CUUCIICHUS

(CC) uepes ¢, :
{45 25 3403 ).

B nmecaTuuHOl cucreme CUMCIEHUS 3JEMEHTHl ¢; Ha3bIBalOTCS LU(DPaMU.

IIpenmnonoxum, 4TO B JAHHOM I10JI€ YIIAKOBAHbI YHACIIA, PA3PSIAHOCT KOTOPBIX paBHA M.

Torma MmakcuManabHOE YHCIIO UMEET BUI: qdps qps -5 qp: ITO U ecTh uncio K —1
.T.e. MokeM 3ammcarhb:

n

K-1=g,(P"" + P 1.+ P+1)

Bripaxkenue B ckOOKax HU YTO HMHOE, KaK T€OMETpHUYecKas Hporpeccusi, CyMMy
KOTOPOM MBI MOKEM BBIUUCIIUTD.

1+P+P +..+ P2 P! =P—_1;
P-1
K_IZP__I.
P-1

Ho ¢, =P—1. DOto cnpaBegmuBo i joboi (CC). Orcioma: K—-1=P" -1 u
P"=K.

T.O., MIpCANOJI0XKUB, UTO TaKad YIIaKOBKa CYIICCTBYCT, Mbl JOKAa3aJIk, YTO OHA JOJI’KHA
coctosaTh U3 P" kierok, riae P - ocHoBanue (CC), 1 - pa3psaHOCTD YHCE.

Tenepb AOKa)keM CyIIECTBOBaHHME Takoi ymakoBku. CoctaBuM psia u3 yucen ot 0 g0
P"-1.

&’.:i), (L,:T(')l,m, qP':.]qP 0, .., qP.;.qP (10)

Pn
Bcero P" uuncen. Kaxxnoe 9uciio mMeeT pa3psIHOCTh PaBHYIO A.
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BribepeM npou3BOJIBHO HadyallbHYIO KJIETKy mojs. [lomecTum B mepBble m KIIETOK
yuciio 0...0 , a B IOCIEAHNUE N KIIETOK YUCIO §p e p -
v |——;

n
n

Beraepkuem us psiaa (10) ncna: 0..0, ¢,0...0, 4,4,0...0, ..., 4,..4,0, ¢,...q, T

n n-1 n-2 el M

K. OHM YK€ YIIaKOBaHbI B HaiieM moine. Beero n + 1 uncio. Pazpesxem Haliie mose Ha rpaHule
gucen 0...0 ¥ ¢,...q, ¥ OPEICTABUM €r0 B BUJIE CTPOKH, COCTOSILEH U3 KJIETOK. MBI OyaeM
e — H—/

n
n

JIBUTAThCS 110 HEW CJIeBa HAIIPaBO.

Puc. 20

JUis 3amojHeHus 3TOro MOJs MCHOJb3yeM cienyroummil anroputMm. Ha3oBém ero
anroputMoM "HamMmeHsbuiero ciuenytomero” uinu cokpaménHo (HC). Boeibepem HanMeHbliee
gucao u3 psnga (10), koropoe MoxeT cToath 3a yuciaoM 0...0 u emé He BBIYEPKHYTO. ITO

n

YHUCIIO ul . BimceiBaem B ouepenHyto KiIeTKy o mudpy 1 u BEIYEpKUBaEM 9HCIIO ul
n—1 n—1
u3 psana (10). U T.x..
[Tpenmoynioxum, 94To Cenys TAKOMY aIrOPUTMY, HEBO3MOXKHO yIAaKOBAaTh BCE YHCIIA
psana (10). DTo 3HAUUT, YTO HA HEKOTOPOM 3Tare YMAaKOBKH TOJIsA OyJIeT CTOSTh 4ucio NV,

TaKoe, YTo J100aBisis clpaBa Jt000# 31eMeHT (1udpy) ¢; Mbl HE HOIy4UM YHUCIIa, KOTOPOe

051 emé He ObUT0 BhIUEpKHYTO U3 psina (10). Jpyrumu cnoBamu:
ITycte wucno N =a,a,...a,, T0€ a; € {ql;qz;...;q,, } W3 sToro cnenmyer, 4To BCE

YUCTA @yl , Ayeeell, 5, ..., A,...q,4, (BcEro P uucen), yxe BbIYEPKHYTHI U3 psaa (10),
T.€. y’K€ UMEIOTCs B Hamlel ynakoBke. [Ipeanonoxum, 4To a@; He BCe paBHBI MEXIy cOOOi,
TOT/1a HA OJHO U3 YHUCENl d,...d,q; HE COBMAJAET C YUCIOM [V, a pacHOJI0KEHbI IJIe-TO Iepes
HuM. Ho Torna, cienoBarenbHO, B IOJE TaKXKE CTOAT U YHUCHA ¢ 0y, , ,dy.ld,, ...,
q,4,..a, (Bcero P uucen) u emwé uucino N =a,a,...a, - nociegaee. Ho 31o 3Ha4uuT, 4To B
pany (10) Haxoauaock, O KpaiiHel Mepe, 1Ba OIMHAKOBBIX YUCIA, T.K. d; € {ql;qz; w3qp },

a 3TO MPOTUBOPEUYUT YCIOBHUIO mocTpoeHus psana (10).
PaccMoTpuM Apyryro curyaiuro, Korja JIEMEHThl @; BCE PaBHBI MEXIy COOOH, T.e.

N =a;a;...a;, a; # ¢, T.K. YUCIIO ¢ p...d, YXKE CTOMT B noxne, 1.€. 0 < a, < ¢,. Torna rae-to
—
n

BHEpEAN HOJDKHO CTOATHL YHCIO 4&;...a;4p, T.K. MbI IPCAIIOIOXHWINA, 4YTO 3a YHCIIOM N

MOCTaBHUTh yKE€ HHUEro He BO3MOXXHO. Ho 310 Oyner mpoTtuBopeunts anropurmy (HC), T.k.

YUCIO  @;...d;qp > @;...a; . CIeloBaTelbHO, MPEINON0KEHHE O  HEBO3MOXKHOCTH
f —
n— n

CyIIECTBOBaHUS TAaKOW yMaKOBKH HE BEPHO. T.0. MBI JIOKa3aJM CYIIECTBOBAHWE yMAKOBKH.
DTHUM TaKXe T0Ka3bIBaeTCs U crpaBeuiuBocTh airoputma (HC).
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Teneps MOKHO cHOPMYIIUPOBATEH OOIIYIO TEOPEMY:
Ecnmu nana cucrema cumcienus ¢ ocHoBanueM P, To K mocienoBaTelIbHbIX YHCe OT

0 1o K - 1 3T0l1 cUCTEMBI CUMCICHUS, PEACTABICHHBIX 1 pa3psaMU, MOXKHO YIaKOBaTh B
3aMKHYTO€E KIJIETOUHOE I0J1€, cocTodAee u3 K KIETOK, IpUYEM, OJTHOU KIIETKE COOTBETCTBYET

onuH paspsauuciau K = P".
Jns mpumMepa coctaBuM eii€ oHy ynakoBky mis P =10, n = 2.

Takoe mome nomkHO coctoath K = P" =10> =100 xnerok. Jns ymobcTBa
MPEJICTaBUM TI0JI€ B BUE CTPOK, IO IBA/NATH KJIETOK B KaXKI0H Puc.63.

—»lojo|1|{o|[2]{0(3|0|4|0|5]0[6[0|7[0|8[0|0]1

Puc. 21

B sTOoM nosie ynakoBaHbl Uucia AeCATUYHON cucTeMbl cuncienus ot 00 o 99.

3aMKHyTO€ KJIETOYHOE IoJie yI0OHO MpeCcTaBlATh B Buae oprpada. U, ananusupys
TaKou rpad, MO>KHO OIICHUTh, €JMHCTBEHHBIM JI 00pa30M MOKHO 3allOJIHUTh JaHHOE TI0JIE.

PaccMoTpuM HECKOIBKO IPUMEPOB.

[TycTs HaM HEOOXOIUMO MOCTPOUTH YITAKOBKY Ul TBOMYHON CUCTEMBI cuucieHus (P
= 2 ) u aByxpaszpsaaubix uucen (n = 2 ). T.e. K = P" =4. 3naunT, B HameM mnoje u3 4-x
KJICTOK HOJDKHEI CTOATH yncia ot 0 go 3, a umenno: 00, 01, 10, 11.

Yucio 00 moxet coceactsoBarh ¢ unciioM 00 au6o 01. Yucio 01 -¢ yuciaom 10 aubo
11. Yucio 10 - ¢ gyuciaom 00, 1160 01. A umciio 11 — ¢ yuciaom 10 1ubo ¢ yuciaom 11.

Ecnu cioBo «coceacTBOBaTb» 3aMEHHMTh CTPEIOYKON, TO MOKHO IOCTPOUTH TaKou
oprpad (opuentupoBanHbiii rpad. [logpoduee o rpadax Ml OyneM TOBOPHUTH B TIATOH I1aBe).

Puc. 22
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3necs 0-00,1-01,2-10,3 —11. Crpykrypa, nokasanHasi Ha Puc. 64 u Ha3bIBaeTcCs
oprpadom.

UYtoObI Tereph MOCTPOUTH MHTEPECYIONIYI0 HAC YITAKOBKY, HEOOXOAMMO OTHICKATh Ha
JaHHOM oprpade raMHJIbTOHOB MyTh. T.e. 3aMKHYTHIM MyTh 00X0Ja MO BCEM BEpIIMHAM
rpada. IIpu 3TOM B KaKA0W BEepIIMHE HAMO MOOBIBaTH OJWH pa3 W BEPHYTHCS B MCXOIHYIO

BepLIMHY. B 1aHHOM ciyuae - 3T0 MOXKHO cliefiaTh €JMHCTBEHHBIM 00pazom: 0—1—>3—>2—0.
1 0

o/

Puc.23

Orta ynakoBka cooTBeTcTByeT anroputmy (HC).
[TocTpoum oprpad mst ciiyyass P=2,n=3, K=8.

Puc. 24

Puc. 25

Jliist Takoro rpada CymecTBYeT JBa TaMUIbTOHTIIBIX Ty TH:
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0515255535756 >4—0,
0-1-5357-56>5->2—-4—0.

T. o. mose U3 8 KJIETOK MOXXHO YINaKoBaThb ABYMsl CIIOCOOAMH, IMEPBBIM U3
KOTOPBIX M €CTh ynakoBka o anropurmy (HC).

C yBenmuueHueM P M n 4YMCIO TaMHJIBTOHOBBIX IyTeHl Ha oprpade pes3ko
Bo3pacraer. IIpuuém, KakoH-TO SBHOM 3aKOHOMEPHOCTH 4HucCia Iyrted oT P u n, 1o
KpaiiHell Mepe, Ha MEpBBIA B3IJISA 3aMETUTh He yAaércsa. MoxeT ObITh, 3TO YJACThCS
CEIIaTh YNTATEIIIO.

Jpu P =2, n =4 mbl nosty4aeM yke 16 raMJIbTOHOBBIX IyTel, a npu P =3, n =
2 ux yxe Oyzer 24.

PekoMeHayeM 4MTaTenr0 CcaMOCTOATEIBHO IOCTPOUTH  COOTBETCTBYIOLIME
oprpadsl.

B 3akmioyeHue gokaxkeM OJIHY HEOOJIBIIYI0 TeOopeMy O CyMMeE 4YHCed,
YHaKOBaHHBIX B 3aMKHYTOM KJIETOYHOM IIOJIE.

Teopema:

Ecnu nano 3aMKHyTO€ KJIIETOUHOE T0JI€ U HampaBiieHue ero ooxona. M B kaxayro
KIIETKY JAHHOTO IOJIS BIIMCAH IPOU3BOJBHBIA JJIEMEHT a; € {0; 15...59, }, P - nuHoOM

CUCTEMbI CUHHCJICHUA, TO CYMMa YHUCCII, KAXKAOC M3 KOTOPLIX IMPEACTABICHO B JdHHOM
II0JIE n TIOCJICA0BATCIbHBIMU 3JICMCHTAMU, BBIYUCIISACTCS 110 (1)OpMYJ'I€I

a,+a,+..+a
§=—""2 P -1 11
S ) o

rae K — xonmnuectBo kieTok B mosie (Puc. 26).

Puc. 26

JlokazaTenbCcTBO:
CocTtaBUM BbIpaXXEHUE JJIsI CYMMBbI YUCEJ B IAHHOM I10JIE:
S=a,P""'+a,P" " +..+a, ,P+a,+

+a,P"" +a,P" +..+a,P+a, +..+

n+1

n—1 n-2
tag P trag P+ tag  Prag+..+
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+a, P +a,P"* +a,P" +..+a, ,P+a,,.
ITocae NEepEerpynImrupoOBKU U IMMPUBCACHUS HO,Z[O6HBIX YICHOB, IIOJIy4YacM:
S=(a,+a,+..+a,) (P"‘1 +P" P+ + P+ 1).

BTopoit COMHOXHUTENh MPEACTaBIsACT COOOW T€OMETPUUYECKYIO TPOTPECCHIO U3 M

n

yieHoB. CymMMa Takoi mporpeccuu paBHa . OKOHYATEIBHO MOIYYaeM:

a,+a,+o+a, (.,
R e(pr-1).

Yro u TpeboBaIOCH T0KA3aTh.
[Ipumep: Ilycts nano none u3 9-tu knetok. P =10, n =2.

Puc. 27

Brinumem yucna, ynakoBaHHBIE B JAHHOM I10JIE, U HAUAEM UX CYMMY.
S=12+20+08+83+31+14+45+55+51=319.

C npyroil cTOpoHbI, BOCHOIB30BABIIUCH (opMyiaoi (11), MOXKHO MOTYyUYUTH CyMMY
9TUX YHCEJl HE BBIIUCHIBAsI CAMU YHCIIA.

102 -1

S=(1+2+0+8+3+1+4+5+5)1 = 319.
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