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MartemaTHueckast HHAYKIOHUsS: IPAMEPDI

Kak BumHO W3 caMoro Ha3BaHWsI, MH/YKIVS ObIBAcT HE TOJIBKO B MaTeMaTU-
ke. VlHOr1a Ha3BIBAIOT «HEITIOJTHOM MH/TYKIME» MIEpPeXo/] OT YaCTHBIX IIPUMEPOB K
O0IMM 3aKOHOMEPHOCTsIM. BriBaeT mHAyKIWS M B (prsuke (KaTYIIKW WHAYKTHB-
HOCTH, SIBJICHVWE CaMOMHAykiwm). Ho B 3TOil Oponmope MBI TOBOPHM TOJIBKO O
MaTEMaTUYECKOM (I10JIHOM) MHIYKLIMU.

Uro »TO Takoe, TMpollle BCETO OOBSICHUTH Ha
npuMepax. Pazbepém HeckoJIbKO 3a/1ad.

3amaua 1. Heckoapko TpSIMBIX JeJST TLIOC-
KOCTh Ha JacTh. JloKa3aTh, YTO MOKHO PACKPACHUTh
9TU 4acTH B O€JIBIA 1 YEPHBINA LIBET TAK, YTOOBI CO-
cesiHue JacT (MMeEolye OOIMI OTPE30K I'PaHu-
IIBI) OBLTM Pa3sHOTO IBeTa (KaK Ha PHICYHKE).

Pemenne. 3ameTM mpexxae BCEroO, 4TO HE

JOOYI0 «KapTy» (YacTW — CTPAHBI, Pa3/Ie/IEHHBIC
JIMHMSIMUA I'DAaHMLL) MOXKHO TaK packpacuth. Hampu-
Mep, €CJIA B OJTHON TOUKE CXOASTCS TPU CTPAHBI U
BEPXHSS CTPaHA, CKKEM, Oejiast, TO BE OCTABIIU-
€csl CTPaHBl JJO/DKHBI OBITh YEPHBIMU, XOTSI IPaHU-
YaT MEXTy COOOI.

Ho s mutockoctu, paspe3aHHONM HA 4acTu
MIPSIMBIMU, TAKOTO CJIYUUTHLCSI HE MOXKET, U MBI Ceii-
yac 3To JokaxeM. [lycTs mpsmas Tonpko ogHa. Torzma BCE MpocTo: ogHA IIO-
JIyILUTOCKOCTh OeJiasi, Apyras — d4épHas (JIeBbIil pUCyHOK). Ecim mpsmbIx 1se,
TI0JIy4aTCs 4eThIpe 4acTu (CPeIHMIl PUCYHOK).

[TocMoTpyM, YTO TIPOM3OMAET, €CAM MBI HA PUCYHKE C JBYMs MPSMBIMH U
YETHIPbMSI YACTSIMU IIPOBEAEM TPeThio HpsiMylo. OHA MOJAEIUT TPU CTPAHBI M3
YETHIPEX; ITPY STOM MOSBATCS HOBBIC YIACTKH I'PAHMUIIBI, IT0 00€ CTOPOHBI KOTOPHIX
LIBET OJIMH U TOT K€ (IIPaBblil PUCYHOK).
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Kak sxe ObITp? C O/1HOM CTOPOHBI OT HOBOH Ipsi-
Mol TOMeHsieM 11BeTa (OeJIblii c/iejlaeM YEPHBIM U Hao-
6opot). Torna HoBas npsAMast OyJeT BCIOLY Pas3iessaTh
YYAaCTKM Pa3sHOro usera. J{pyrumu cjaoBaMu, C OTHOM
CTOPOHBI OT TIPSIMOM MBI OEPEM IO3UTUB KapThI, A C
JpYyroil — HEeraTus.
(ITpuaupYMBbIil UMTATENb CIPOCHUT: a ITOYEMY CTa-
pble TPaHUIIBI PACKPAIUCHBl IPABMIBHO? IJTO JIETKO
TIOHATDH: B MO3ZUTHBHOM YaCTW LBETA HE M3MCHUJIKCH,
a B HETaTWBHON 00a I[BETa 3AMEHIJINCh HAa MPOTHBOIOJIOXKHEIE. )
Tenepp SICHO, 9TO TeM ke CIIOCOOOM MOXHO [OOABUTH €LIE OHY MPSIMYIO
(11lepeKkpacuB KapTy € O/IHOM CrOpPOHBI OT HEE), 3aTeM €IUE O/Hy U TaK Jajlee —
IIOKa MBI HE ITOJIyYAM Hy’>KHYIO HaM KapTy. 3ajada pelieHa.

3agaua 2. Yucao 111 gemurced Ha 3, uwncao 111111111 gesmrcsa HA 9, 4u-
cao 111...111 (27 enumwn) pesmrcst Ha 27. Jlokazath, uto wuciao 111...111
(3" emuamir) nesmrcs Ha 3" Tpwm JOOOM 7.

Pewenue. s uncen 3 1 9 MOKHO BOCIOJIB30BATLCS IIPU3HAKAMU JIEJIU-
MocTd Ha 3 1 Ha 9 (ecau cyMMa 1dp euTcs Ha 3, TO YUCJIO JAEJIUTCS Ha 3,
AQHAIOTUYHO 11 9). A MOXHO U MPOCTO pasAeiuTh; nojyuurcs 111 : 3 = 37
111111111 :9 = 1234579.

Uucno w3 27 enuHull y’ke HE TaK IPOCTO Pas/esnTh HA 27, W IPU3HAKA JIe-
Jumoctu Ha 27 (¢ cymmoit uudp) sver. (Hampumep, unciio 1899 umeer cymmy
mudp 27, Ho He menutcs Ha 27 — yo6emurecs!) Urto ke aesaTe?

Bepuémcs k wmcsry 111111111 u gokaxkeM JApyruM CHOCOOOM, YTO OHO Jie-
jurca Ha 9. [ aToro 3amMeTrM, 94TO OHO Haresao aejurcs Ha 111:

111111111 = 111 x 1001001.

OTO MOXHO NPOBEPUTH, INOAECIMB YrojkoM wim ymHOXkuB 111 ma 1001001 B

CTOJIOUK:
111111111111 111
111 1001001 1001001

C 0111
i 111
0111 111111
it 11111111
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O6a comuoxuresst B npomsseaeHnn 111 x 1001001 gessites Ha 3 (110 11pU-
3HAKy JEJUMOCTU Ha 3). BbIHOCS M3 Ka)KI0T0 MHOXKUTENH 3, MOJIydaeM, 9TO IIpo-
M3BeICHNUE JICJIUTCS Ha 9.

DTOT crocod MOXKHO MpuMeHUTh K guciay 111...111 (27 emunmi). Ono
JeJmTca Haueso Ha unciao 111111111, B vactHOM mostydaeTcs 4ucJio, COCTO-
giiee W3 TPEX eAMHMII M OOJIBLIOTO 4Kcjiaa HyJielt mexay Humu. (Pasmemmre n
MPOBEPHTE: JTOJHKHBI IMOJTYUUTHCS JIBE TPYMIILI IO 8 HYyJIEH. )

Tenepp cmotpurte: uncao 111111111 gesmarcst Ha 9 (MBI 9TO yKe JOKa3aH,
Jaxe aAByMs criocodamm). A gactaoe 10...010...01 genurcs Ha 3, TOCKOJIBKY
ero cymma 1mgp pasHa 3. BeiHOCS MHOXHTEM 3 U 9. MOJIy9aeM, Y4TO YMCJIO M3
27 epunull geymrca Ha 27.

ITponosxknm: uncsio w3 81 = 3 -3 -3 - 3 eaMHMIl €CTh IPOUBBEJACHUE UMC/IA
w3 27 eVHUI] U YMCIa U3 TPEX €AVHUI] U MHOTMX HyJsei. [lepBblil MHOXUTEIH
(MBI y’x€ 3HaeM) JAeJUTCs Ha 27, a BTOPO# Ha 3, ODTOMY BCE UMCJIO JICJUTCS HA
27 -3 = 81.

Hanee, unciao w3 81 - 3 = 243 enunuil Jeaurcs HA 243, TIOTOMY 4TO OHO
€CTb MpOoM3BeACHNE uncaa n3 81 equHuibl (Jesiserocs Ha 81) u umcia U3 TpEX
€IMHUIl ¥ MHOTHX HyJed (Jessierocst Ha 3).

SlcHO, uTO Tak OyJeT W Jajiblie. 3aja4a pelieHa.

3amaua 3. [Tokasath, 9TO MOOYI0 CyMMY, HAYMHASI C 8 KOIEEK, MOXHO YILTa-
TUTh MOHETAMH B 3 U 5 KOIIEeK.
Pemenmne. INokaxem, kak yratuth 8, 9 u 10 koneex:

§=5+3;
9=3+3+3;
10=5+5.

Jlo6aBuB ené ofHy TPEXKOIECUYHYI0 MOHETY, TOJIydaeM

11=8+3=(05+3)+3;
12=9+3=03+3+3)+3;
13=10+3=(5+5)+3.

EIIIC OJHa TpéXKOHCC‘-IHaH MOHETA MO3BOJIUT YILIATUTH

14 =11+ 3;
15=12+3;
16 =13+3

KOIIECK, U TaK JaJice. 3a/:[at{a penieHa.



3amaua 4. Urpymka («XaHovickue OalHUY») UMeeT TpU cTepykHa. Ha omHOM
HAXOJUTCSl MHMPaMUIKA U3 HECKOJIBKUAX KoJiell (YMEHBIIAIOUIMXCS CHU3Y BBEPX).
DTy MUpaMUAKY HYKHO IEPEJOXUTh HAa APYTOiMl CTEPXKEHb, COOJIIOAsl MIPaBUIa
WTPHI: HEJB3S TEPEHOCUTH CPa3y HECKOJBKO KOJIEIl W HEJIh3sl KJIACTh OOJIbIee
KOJIBIIO TTOBEPX MEHBIIETO.

Harmpumep, nupamuixy w3 ABYyX KOJIEL] MOXHO MEPEIOKUTH TaK: MOJIOXKUTh
MeHBIIee KOJIBIIO Ha BTOPOU CTEP)KEHb, 3aTeM OOJIbIlee Ha TPETHUIA, a 3aTeM MEHb-
nree noBepx Oospirero (1 — 2, 1 — 3, 2 — 3, ec/in CTep>KHU HyMepoBaTh CJeBa
HAIIpPaRBo).

1 2 3
1
1 — 1

Hama 3a/la4ya — JOKa3aTh, YTO BO3MOXKHO IIEPEMECTUTH HaA ,IIpyFOfI CTCPIKEHb
IMApaMUJIKy W3 JI00Oro uucsia KOJIell, co6moaa51 IIpaBUJIa UI'DHI.

Pemenne. Ilycts B mmpaMuke Tpu Kosiblia. BpeMeHHO 3a0yzneM PO HIDK-
Hee, caMoe 00JbIIoe (MBICJICHHO MPUKJIEUM €T0 K OCHOBAaHMIO). Torma ocraHeTcs
[MPaMUJIKA U3 JIByX KOJIEll, KOTOPYIO Mbl Y€ yMeeM IepPEKJIa/(bIBaTh.



Puc. 1. Ciyuait Tpéx KoJew.

JlaBaiiTe TmiepesiokuM €€ C MEepPBOro CTepxkHs Ha Tpermil. (JTO Jenaercs B
HECKOJIPKO TIPUEMOB, HO JUUIS HAc ceiyac 2To Kak Obl oamH miar.) I[Tocme storo
BCITOMHUM ITPO OO0JIBIIOE KOJIBLIO ¥ TIEPEJIOXKKM €T0 Ha BTOPOIA CTEP)KEHb (KOTOPHIi
ToKa mycT). Termeps MepesiokVM MMPAMUAAKY W3 IBYyX BEPXHUX KOJIEI[ C TPETHEro
CTEpXHsI Ha BTOPOi. Bce »Ti meficTBust n300paXkeHbl HA PUCYHKeE 1.

[TporpamMmuctsl ckazaiu Obl, 4TO Y HAC ecrb npoyedypa (IIOAIporpamma,
BCIIOMOTATEJIBHBII aJITOPUTM) TIePEKJIaIbIBAHIS MAPAMU/IKY U3 IBYX KOJIEL], KOTO-
PYIO MBI BBI3BIBAacM JBax/16l. Ha Oostee HIBKOM ypoBHe (€CJIH 3aryIs/IbIBaTh BHY TP
MOJIIPOTPAaMMBI) HAIlIM JICMCTBUS IIOKA3aHBI Ha puc. 2 (c. 8).

3armcath UIX MOKHO Tak: 1 — 2,1 —3,2—3,1—-2,3—-1,3 —-2,1—2
(moCTaTOYHO yKa3bIBaTh HOMEpPA CTEPXKHEH, TaK KaK MBI BCET/A IEPEKJIAIBIBACM
BEPXHEE KOJIBIIO).

Teneps, UCIIOJIB3YS MEpeKIaJbIBAHIE IMPAMUANKA U3 TPEX KOJIEI] KaK MOAIIPO-
TpaMMy, MBI MOXEM IIEPEJIOKUATH YETHIPE KOJIbLA (JIOCTaTOYHO 3aMEHUTD Ha puUC. 1
MMPAMUZIKy W3 IBYX KOJIEI] Ha MHPAMUIKy 13 TPEX).

[Tocae ATOro MOXXHO MEPEJIOKUTH MATh KOJIEI, WCIIOJIB3Ys IEPEKJIa/IbIBAHIC
YeTHIPEX KaK MOATIPOrpaMMy M TaK Jajiee. 3ajada pelieHa.



Puc. 2. Ciyuait Tpéx KoJiell: ogpoOHOCTH.



3agaya 5. [lpuas Ha BCTpeuy, HEKOTOpBIE U3 €E YYAaCTHHUKOB IOXKAJIM JIPYT
JPYry pyku. Jloka3aTh, 4TO YKCIIO JIOMEH, CACTABIINX HEYEMmHOe IUCIO PYKOIO-
SKATUN, YEMHO.

Pemenue. ByaeM cauTaTh, 4TO PyKOHOXKATHSI IIPOMCXOAAT I0 odepean. Usz-
HAYaJIbHO BCE YYACTHHKU cAejiaju 0 pyKomoXaTwii, a HyJb — YETHOE YHUCJIO.
[To3TOMy HM OTHOTO «HEYETHOTO» yUACTHUKA HET, U yTBEP)KCHUE 33/1a44 BEPHO.
(J11s1 KpaTKOCTH MBI Ha3bIBAECM «YETHHIMUY U KHEUYETHBIMI» YIACTHUKOB, C/ICJIaB-
1IAX YETHOE M HEYETHOE YMCJIO PYKOIIOXKATUIA. )

[Tocsie epBOrO PyKOMOXKATHsI 002 €TO YYaCTHHUKA CTAJIM HEYETHHIME (OHH CJie-
JIAJ TI0 OJTHOMY PYKOIIOXATHIO), TO €CTh MOSIBUJIOCH IBA HEUCTHBIX yUYACTHHKA.
JBa — 4€THOE 4YMCII0, M YTBEPXK/ICHUE 3aJa4l OCTAETCsl BEpHBIM. Jlasbmie yxe
BO3MOKHBI BADUAHTBI: BO BTOPOM PYKOIIOKATHU MOI'YT Y4aCTBOBAaTh HOBBIC JIIOJU,
a TaK)Ke YYaCTHWKH IepBoro. Mul pa3depéM TpH BO3MOXKHBIX CITydast:

a. /Ipa 4€THBIX yYaCTHHKA XKMYT ApYr Apyry pyku. [locie 3Toro kaxasii u3
HUX CTAHOBUTCS HEYETHBHIM (UETHOE YMCJIO IUIIOC €AUHUIA — HEUYETHOE UMCJIO).
Oo01iee 4ncI0 HEYETHBIX YYACTHUKOB YBEJIMUMBACTCS HA 2.

6. /lBa HEUCTHBIX yYaCTHHKA *XMYT ApYr Apyry pyku. O0a craHOBSITCS 4ET-
HBIMH, U 0DIllee YNCJIO HEYETHBIX YYACTHUKOB YMEHBIIACTCS HA /iBa (M OCTaETCs
YETHBIM, Pa3 OHO OBLJIO TAKOBBIM).

B. UETHBIN yYaCTHUK KMET PyKy HeUETHOMY. [Ipy 3TOM OHU MEHSIOTCS MecTa-
MH: HEUETHBIN CTAHOBUTCS YETHBIM 1 HA000pOT. [TosTOMy 0O1iee umciio HeUE THHIX
YYaCTHUKOB HE MEHSIETCS.

TakuMm 00pa3oM, MBI BUUM, 9TO MHTEPECYIOllee HAC YNCJI0 (KOJIMIECTBO He-
YETHBIX YYACTHUKOB) BCE BpeMsl OCTAETCsl YETHBHIM (BHAYaJe OHO PaBHO HYJIIO,
[IOTOM MOXKET YBEJIMUMBATHCS M YMEHBIIATHCS HA 2). 3a/a4a pelieHa.

Oomasa cxemMa

YTo ke Takoe «MaTeMaTudeckass MHAYKIs»? UTo oluero B peueHusx paso-
OpaHHBIX HAMU 3a]a4?

B xaxx/10i1 13 HUX MBI BBIJIEJISIEM B 33/1a4€ MIOCJIEI0BATEIbHOCTD YTBEPXKACHUIA,
KOTOPBIE JIOKa3bIBaeM I10 odepe/d. B 3a/1aue o kapTe MBI CHaYajIa YOCIWINCh, YTO
JUTSL O/THOM M IBYX TIPSIMBIX MCKOMasi pacKpacka BO3MOXKHA. 3aTE€M MBI ITOKA3aJv,
KaK M3 PACKpacKWl JUIsl JIBYX NPSMBIX CAEJIATh PAaCKpacKy sl TpEX, 3aTeM ISt
YETHIPEX U TAK JlaJIee.

Bo BTOpOI1 33a1aue MBI cHadas1a yoeaumich, uyro 111 memmres Ha 3, moToM —
gro 111111111 gesmrca Ha 9, 3ateM — 49to 111...111 (27 enuHuil) aeJmTCsS
Ha 27 u Ttak gasee. Ilpum STOM KaXIblil pa3 Mbl OIMPAJIMCh HA YK€ JIOKa3aH-
HOE: 3Hasl, 9TO 4Kcjo w3 3" eauHuIl JemTcs Ha 3", MBI IPOBEPSUIN, YTO UHCIIO



w3 3" emmmi nostyyaeTcs M3 HEro yMHOKEHMEM HA YMCIIO, KPATHOE TPEM, U
noroMmy Aemurcs Ha 37T

B 3agaue o MoHeTax Mbl JOKa3bIBAJIM, UTO 11 KOTIEEK (IIPU n > 8) MOXKHO yIUIa-
TUTb MOHETaMu B 3 1 5 korneek. CHavasia Mbl IpoBepwiu 3To 1pu n = §,9, 10,
3aTEM 3aMETHJIM, YTO MPHUOABJICHUEM OTHOM TPEXKOIIEEYHON MOHETHI MOYXKHO IO-
Jgyants n = 11,12, 13, 3arem n = 14,15, 16 u tax nanee.

B 3amaue 0 «XaHOWCKMX OANTHIX» MBI JOKAa3bIBAJM, UTO INPU JIIOOOM n > 2
TMPAMUAZIKY U3 1 KOJIEIl MOXHO TlepeHecTH (110 MpaBUiIaM) C OJJHOTO CTEPXKHS Ha
apyroi. Ilpu aTom niepeHoc n + 1 KoJjiell B KauecTBe MOAIPOTrPaMMBbl BKJIIOYAJT B
ce0s IEPEeHoC 11 KOJIEI, TaK UTO KAXKI0E M3 YTBEPKICHMIT 1IETIOUKH OTIFPAJIOCH HA
TIpebITyIIee.

Hakoner1, B 3a/1ade 0 pyKOIOXATUSIX MBI JJOKQ3bIBAJIM, UTO UYHACIO HEUETHBIX
YYACTHUIKOB TIOCJIe 71 PYKOIIOXKATHIA OyJeT YETHBIM (ITOCKOJIBKY TIPH TIepeXoie OT
n X n+ 1 9MC/I0 PYKOIIOXKATHIA JIMOO HE MEHSIETCS], JTMOO MEHSIETCS Ha 2).

WTtak, oOmias cxema J0Ka3aTeIhCTBA MO MHAYKIMHM TakoBa. ECTh HekoTOpas
110CJIe/I0BaTEIbHOCTD yTBepKaAeHui (A1, Aa, ..., Ay, . .. ). Mbl JJOKa3bIBaEM, 4TO
ouepeniHoe yTBepkaeHue (A,) BEepHO, CUMTAs U3BECTHBIM, UTO BCE MPEIBIIYIINE
ytBepxaenust (Ay pu k < n) BepHBI. ITO MO3BOJISET HAM yTBEPK/aTh, UTO BCE
yTBepK/IcHUST A, BEpHBL.

Taxkoi1 crioco0 paccy’k/IeHusl Ha3bIBACTCSl Mamemamuyeckoll uHOyKyueil, a Be-
JIMUMHA N HA3bIBACTCS napamempom uHOykyuu. [OBOPSIT, YTO Mbl JIOKA3bIBAEM
yTBepkaeHue A, uHdykyueil no n.

Hanpumep, B 3aJjade 0 pyKOIOXATUSX YTBEPKICHUE A, TaKOBO:

IOCJIE N PYKOIIOXATUI1 YMCIO0 YIACTHUKOB, CACJABIIMX HEYETHOE
YHCJIO PYKOIIOXKATHUIA, YETHO.

MbI HyMEpOBaJIN YTBEP>KICHUS, HAYMHAS C €TUHUIIBI, HO 3TO HE 00S3aTEIIHHO.
Hamprvep, B 3agade 0 MOHETax MOCJIECIOBATEIIFHOCTh YTBEPIKICHMI HAYMHACTCS
¢ Ag (po 8 xorieek). Mbl cHauasia jioKasbiBaeM yrtBepxkjeHust Ag, Ag, Aro, a
3aTeM BCE CJie/lyIolme 110 ouepe/u. [1pu 3ToM J10Ka3aTeibCTBO yTBEpXkK/IeHus: A,
ormmpaetcs Ha A,_3; (3Hast, KaK YIUTATUTh N — 3 KOMEMKN MOHETAaMU B 3 U 5 Korte-
€K, MBI MO>KEM YILIATUTH 71 KOIIEEK: IOCTATOYHO JI00aBUTHh OJHY TPEXKOIICCUHYIO
MOHETY).

Wpero meroja MaTeMaTUUECKOM MHIYKLUMUA MOXKHO HOSICHUTB TaK: BBICTPOUM
PSIOM JPYT C IpyroM Koctu AomuHo (puc. 3). Ecim Tenepb moBaJuTh NEPBYIO U3
HUX, TO 32 HEW IOCcJielyeT BCS LICMOYKA: 11a/1asl, KOCTSIIKA TOJKAET CJIEAYIOUIYIO
(puc. 4).

Bor emé e HArvIsiIHBIX WUTIOCTPALIMKM K IPUHIIMILY MaTEMATUYCCKON MH/TYK-
LIV,
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Puc. 3. Koctu gomuno.

Puc. 4. naykuus B AelcTBUA.

BexxsmBas ouepeap. [IpaBrsia Xopolllero ToHa 3ampenanT MY>KUUHE CTOSTh B
ouepeau cpasy Iepeq *eHIUHON (OH JOJDKEH MPOIyCTUTh e€ Brepén). Ilostomy,
€CJIV TIEPBHII YEJIOBEK B 0YEPEM — MYXKUMHA, TO ¥ BCE OCTAJIBHBIC — MY>KYHHEL.

Pe3uHoBbIIT aBTOOYC. JlOKaXkeM, YTO B aBTOOYC IMOMEIIACTCS JIIOOOE KOJIU-
4eCcTBO Hapoay. B camom fejie, ofuH d4esioBeK mnomemiaercsi 06e3 tpyaa (Oasuc
WH/IYKIIUK); C JIPYTOM CTOPOHBI, KaK Obl HU ObLJI HAOMT aBTOOYC, YK OJIMH-TO
YeJIOBEK B HETrO BCEr/ia BJie3eT (IIAr MHTYKIIUW).

Bosppamasice k 0ojiee CepbE3HOMY PasroBOpy, pasOepéM el HECKOJIBKO 3a-
Jad, BBIJEJIsIsE O0JIee YETKO 1IArd MHIYKTABHOTO PACcCysKCHMUS.

3amaya 6. Ha nocke Harmcansl cto mup — Hy/IM U eTUHULBL (B JI000M
koMOuHaIwm). PasperaeTcst BHITOJHSITS /1Ba JICHCTBUS:

(a) 3aMeHATH TIepBYIO NUPY (HyJIb HA €IUHUIYY W HA00OPOT);

(0) 3amMeHATH IUPPY, CTOSIIYIO TOCIE TIEPBOI €TUHUITHL.
(ITprmep: B mocaenorarensHocT 0011001 . . . MOXHO 3aMEHUTH TIEPBYIO LGPy
WM YeTBEPTYI0 — OHU MOAUYCPKHYTHL) [loka3aTh, YTO C MOMOIIBIO HECKOJIBKUX
TaKUX 3aMEH MOXXHO TOJTYYHUTH JIIOOYI0O KOMOVMHAIIMIO M3 CTa HYJICH U €MHUIIL.

Pemenue. JlokaxeM IO MHIYKIMM Takoe YTBEPXKICHUEC A,: Ha nepevix n
Mecmax MOJCHO nonyyumy nio0yl0 KoMOuHayuio Hyneu u eOuHuy.

11



basuc naayxuuun. Ilpu n = 1 310 HaM JAHO 110 YCJIOBUIO: NIEPBYIO LU(PPY
MOXHO MEHATh KaK YTOJHO.

[lTar naaykunuu. [IpeamnoyoxuM, 9To MBI yKe JOKa3aJd, 4TO HA IEPBBIX
n —1 MecTax MOXHO MOJIy4UTh JII0OYI0 KoMOuHarmo 1w¢p. Torzma, B 9acTHOCTH,
TaM MOXHO 1MoJTyunTh 1 komomHarwio 000 . . . 0001 (eqwrmia Ha (n—1)-oM mMecTe
Y HyJIM 10 He€). JTa KOMOMHALMS TIO3BOJISET 3aMEHUATH APy, CTOSIIYIO HA 11-M
MecTe, MOCKOJIBKY MMEHHO OHa OKasbiBaeTcs LU(POii, CTosleil Mocie MNepBoit
emuHulbl. [Tocne 3Toro Mb MOXKEM CHOBA BOCIIOJIB30BATLCS IIPEAIIOJIOXKEHHEM
MHAYKUA Ap_q Y TOJTyYUTD HA IEPBHIX 11— 1 MecTax JIIoOble Hy>KHBIC HAM LI(PBL.

3amaua pemena? Ha camom nene Her. Hame pemieHwe COOepKUT HE cpasy
3aMETHBIA, HO BaXKHBII IPOOEJ: 1odeMy m3MeHeHue n — 1 1mdp Ha HocjieHeEM
mare He ucnoptur n-ii wudpsl? UYroObl MCHIPaBUTDH I10JIOKEHUE, HAM IHIPUAETCS
V3MEHUTH PENICHNE U JJOKA3hIBATh 110 MH/IYKIMH 00JIee CUIFHOE YTBEPXK/ICHUE: HA
nepevix N Mecmax MONCHO Noayuume iodvlie yugpsl, He mpozas cleoyruux
yughp. Teneps yske BCE IIPOXOIUT TJIA/IKO: TIPOBOJIS MIAT MH/TYKIIMH, MBI TTOJTy YMIIH
HY>HBIe HaM LI(PHl HA TIEPBBIX 71 MECTAX M HE KACAJUChH CJICTYIOMMX IH(P.

Teneps 3a1a4a JeHCTBATEIIBHO PelIeHA. [1J1si CaMOIIPOBEPKH HIOJIE3HO 3AINCATh
MOCJIEIOBATEIbHOCTD JCUCTBUI MPU mepexofe, ckakeM, oT 001 xk 000. (Otset:
001 — 101 — 111 — 011 — 010 — 110 — 100 — 000.)

3amava 7. PaccMOTpUM BCEBOBMOXHBIC OOBIKHOBEHHBIE JIPOOM C YUCIMTEIIEM
1 u mo0bM (LIEJIBIM TIOJIOKUTEIbHBIM) 3HaMeHatesem: 1/2,1/3,1/4,1/5, ...
Jlokazathb, 4ro juist JIEOOOIo 1 2> 3 MOKHO IIPE/ICTABUTh €/[MHUILY B BUJIE CyMMBI
N Pa3NUYHBIX JPOOEil TAKOTO BU/IA.

Hanpumep, npu n = 3 MOKHO HAIUCATH TAK:

1= 1 1 1
=23 e
(SIcHo, 9TO OBYMS OPOOSAMU HE ODOUTHCH, TIOCKOJIBKY BCE JIPOOU, KpOMe TIePBOiA,
MEHBIIIE TIOJIOBIHBL. MOXXHO Tak)Ke IPOBEPUTD, UTO /I TPEX Jpo0eii eCTh TOJIBKO
OJIH BApHaHT.)
Pemenue.
basuc mnagykuuu (n = 3) yxe JIOKa3aH.
[Tar manyxuuu. [pemnonoxum, ato aisg n — 1 apoOeit 3a/1ada peneHa:

€CTh IIPE/ICTABJICHUE
1= 1 + 1 + + !
a b K
B KOTOpPOM 11— | ciraraeMbIX ¥ Bce 3HAMEHATENX pasHele. Bynem cuntats, 9ro apo-
O yOBIBAIOT (3HAMEHATEJIW BO3PACTAIOT CJICBA HAIPABO, TaK YTO k — HAUOOJIb-

LW U3 3HAMeHaTeJIeil). MBI 10J1ly4rM UCKOMOE IPE/ICTaBJICHUE B BUJIE CYMMBI 11
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apo0eii, ecim pa3o0bEM OJHY /POOb HA /IBE. DTO MOXHO CAEJIATh TaK:

11 N 1
ko k+1  k(k+1)

(B camom jieste, pasuocts 1/k —1/(k + 1) pasna 1/k(k + 1), 1ockosbky 1ocJie
MIPUBE/ICHUST K O0LIEMY 3HAMEHATEJTIO YHCIUTEN OTJIMYAIOTCS HA €TUHUILY. )
[Mocneauee (HO BaKHOE) 3aMeYaHHUe: BCE JPOOU OCTAJIMCH PA3JIMUHBIMHU, TAK
Kak k ObLIO HamOOJIBIIMM 3HAMeHATeeM, a k + 1 Gosbiite k (HEe TOBOPSL Yk O
k(k + 1), xoropoe e Gouibiie).
3agava pemicHa.

Ecnu paccysk/ieHue 1o MHTYKIMH KAKETCS HETIOHATHBIM, TI0JIe3HO TTPOCIIeIUTh
HECKOJIBKO €T IAaroB IMPU KOHKPETHBIX 3HadeHusx n. Hampumep, mpu mepexoje
OT TpEx podeil K YeThIpEM MBI pazouBaeM 1/6 vHa 1/7u1/6—1/7=1/(6-7) =
1/42:

DS S S S U |

2 3 6 2 3 7 42
B aHHOM KOHKpPETHOM CJIydae MOXHO ObLIO OBl pa3owuts Ha 1/6, a 1/3 (xak?),
HO B 0OIEM CJIyyae MBI XOTUM TapaHTHUPOBATh, YTO BCE APOOU OYAyT pPasHbIMHU,

Y [TOTOMY pa30MBAEM CaMyl0 MAJICHBKYIO ApPOOb.

3agaua 8. JlokasaTs, 4TO OO0 M3 KBAAPATOB 2 X 2, 4 X 4,

8x8,...,2"x2", ..., 3 KOTOPOTO BEIPE3aH YTJIOBOIT KBAIPATHK
1 X 1, MOXHO pa3pe3aTh Ha YTOJKHU U3 TPEX KIIETOK.
Pemenue.

Basuc magykuuu. s kgagpara 2 X 2 (1o ecTh 0pu n = 1) 9T0 TpUBU-
QJIPHO: TIOCJIC BBIPE3AHUS YTJIOBOTO KBAJPATHKA KAaK Pa3 M OCTAETCS YrOJIOK.

Tar nuaaykuun. s ksagpara 4 X 4 (1o eCTh 11pn
n = 2) 3a7a4a TaKXKe PEIIACTCS JIETKO: YTOJIOK M3 TPEX w
KBA/IpaToOB pa3Mepa 2 X 2 MOXHO pas3pes3aTh Ha YeTHIpe == —I—
MaJICHBKUX YTOJIKQ, ¥ OCTAETCsl T00aBUTh K HAM €IIE O/IH _
YTOJIOK).

Tot xe npuém roautcs u B odmem ciydae. [Tycts Mbt ! !
paspesam ksaapar 2" x 2771 Ge3 yriioporo kBajpatuka
1 x 1 Ha yrOJIKu U3 TPEX KJIETOK. YBEJIUIUM ITY KAaPTUHKY
BaBOE. MBI YBIIMM, YTO KBApaT BBOE OOJIBIIETO pasMepa 2" x 2" ©e3 yrjoBoro
KBaJpara 2 X2 pa3pesaH Ha YIOJIKUA U3 TPEX KBAAPaToB 2 X 2. OCTa€Tcs KaX/Iblid U3
ATHX YTOJIKOB pa3pe3aTh Ha YETHIPE MAJICHBKUX (Kak Ha puc. 5, c. 14) u 100aBUTH
emé OMH YroJIOK B BeIpE3 2 X 2.

3ajaua pewena. (s caMOIIPOBEPKM MOXKHO HApHCOBATh CXEMY pa3pe3aHusi
JU1s1 KBajipata 8 X 8.)
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Puc. 5. Bosbioit yrosiok paspesad Ha 4 MEHBIIMX.

HNHAyKIHA KaK TPIOK
Yacro, pacckaspiBas 0 MATEMATUYECKONM MHYKILIMA, HAYMHAIOT C TAKOW 3a/1auM:
3amaua 9. Jlokazatp, yro (1ipm Jodom n > 1)

n(n+1)

1+2+3+...+n= 2

Pemenue.

Basuc naagykuuu. [Ipu n = 1 yTBepx/ieHIE UMEET BUJL
1.2

2

1

u odeBuHO. Ecu cymMMa M3 OHOTO WiIeHA KOKETCSA 4eM-TO CTPAHHBIM, MOXHO
MIPOBEPUTH U CIydail n = 2: B DTOM CJIydae

22+ 1)

1+2=3=
+ 2

[Tar uaayxuuu. Beytesm B cymme 14+-2+3+. . .+ (n—1)+n nociaegnuit
YJIEH:

1424+3+...+(n—1)+n=[1+2+...+(n—1D]+n

Ilo MPEATIOJIOKEHNIO MHAYKIUN TIPABYIO YaCTh MOXKHO IIEPEIIMCATh KaK

(n—l)((n—1)+1)+n:(n—l)n+n:
2 2

_(n—Dn+2n _

D ——

n>+n _ n(n+1)

2 2

qTo U TpC6OBaHOCL JI0OKa3aThb. 3aaaqa peuIcHa.
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Pentenue 1ipocroe, ecsim OTKy/[a-10 y3Harh orser n(n+1)/2, Ho Kak /io HEro
noragathest? MoXXHO penmTh 3Ty 3aady u uHade. [lepectaBuM B cymme

S=14+24+...+(n—1)+n
YWICHBI B OOPaTHOM IIOPSIZIKE:

S=n+n-1)+...+2+1.
C710%MM 2TH 1Ba PaBEHCTBA MOYJICHHO:

28 =0+n+2+0m-D]I+...+(n—=1)+2]+[n+1].

B mpaBoit 9acTy n KBaJpaTHBIX CKOOOK (B KaXK/TOM U3 CyMM OBLIO 71 CJIATaeMBIX),
KaX/ast CKoOka paBHa n + 1, nosromy 2S5 = n(n + 1).

B crnenyromeit 3a1ade He Tak MPOCTO OOBSCHUTH OTBET, HO 3HAS €ro, YXe
JIETKO TIPOBECTH JIOKA3aTEIbCTBO IO WH/TYKIIUM.

3amava 10. [lokazats, 4ro (mpm Juodom n > 1)

n(n+1)2n+1)

1+449+...+n%= <

Pemenue.

Basuc naayknum: 1 =(1-2-3)/6.

[Mar naayxuun. [IycTs MBI yXe 3HaeM, 9TO PaBEHCTBO 33/1a9M BEPHO IS
CyMMBI 1 — 1 KBaJpaToB:
(n—1)n(2n—1)

6

(B TIpaBOi1 YACTM 3AIMCAHO BHIPAXKECHUE W3 YCJIOBUS 33]a49d, B KOTOPOM 71 3aMe-
neHo Ha n — 1). [Npubasum k oBenm yactam uucio n2. [losryuum, 4T0 Cymma n
KBa/IpaTOB paBHA

124224324+, . +(n—-1>%=

(n—1)n@2n—-1) , (n—1)n(2n—1) + 6n°
6 = 6 -
_ n[(n—-1)2n —1) + 6n]
- c -
n2n*> —3n+1+6n]
< =
n2n’>+3n+1] _
— =
_n(n+1)2n+1)

6 ,

qTo U TpC6OBaJIOCI> JIOKa3aThb.
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Ho xak sxe BcE-taku yrajarb (popMyJiy AJisi CyMMbl KBagparos? Bor ogna m3
BO3MOXHBIX PEKOHCTPYKIIMIL: JIJII CYMMBI TIEPBBIX cTereHeit otBeT (n(n + 1)/2)
OBIJT MHOTOYJICHOM BTOPO# CTeneHH. [103ToMy MOXXKHO OXKHIaTh, UTO JJISI CyMMBI
KBA/IPaTOB IIOJIYYHATCSI MHOTOYJICH TPEThEH CTENEHW, TO €CTh BBIPAKCHHE BH/A
an® + bn® + cn + d ¢ wexoropeiMu koddumentamu a, b, ¢, d. Tlocsie 3Toro
MOXHO IT0JJ00paTh T KO3((DUIMEHTEI, ITOJCTABIISISI KOHKPETHBIEC 3HAYCHUS 11 U
pelnasi CUCTEMY JIMHEIHBIX ypaBHEHMI. A TI000paB MPaBIUTbHBIE KOA((UITMEHTEI,
y’Ke JIETKO ITPOBECTHU JOKA3aTEJILCTBO M0 MH/TYKIIVH.

3agaua 11. Ha nocke nHarmmcansl gBa uncia 1, 1. Brmcas Mexay umciamu ux
CyMMY, MBI 1I0JIy4uM umcia 1,2, 1. [loBropus 3Ty onepauuio e pas, noJrydum
gucna 1,3, 2, 3, 1. [ocne Tpéx omeparmii OynyT uncna 1,4, 3,5,2,5,3,4,1. Ka-
KoBa Oy/JIeT cyMMa BcexX 4mceJ Ha Jocke nocie 100 omeparmit?

Pemenmne. fdcHo, uto mis semosHenus 100 onepanmii HaMm He XBaTAT HU
MECTa, H BPEMEHU. 3HAYUT, HYXKHO MBITATHCSI HAUTH KaKyIO-TO 001IyI0 (popmy-
JIy Uit CyMMbl 4KceJs1 1ocjie n ouepauuii (o6o3Hauum e€ S,). Ilocmorpum Ha
TabuIy:

n S,
0

1 4
2 10
3 28

BupauTe s BBI 3/16Ch KaKyIO-TO 3aKOHOMEPHOCTH? Ecim HeT, MOXHO c/iejiaTh emé
OJIVIH 1IIaT: IT0CJIe YeTHIPEX Olepalyii OyIyT Jrciia

1,5,4,7,3,8,5,7,2,7,5,8,3,7,4,5,1,

cymma koropeix (Sy) pasna 82.

Ha camoM fejie MOXKHO He BBITHCHIBATh KCIIA, 4 CPa3y CKa3aTh, KAK U3MEHUTCS
cyMMa TocJte J1o6aBIeHust HoBbIx wrcen. IlycTs cymma 6bia paBHa S. Kakoit oHa
CTaHeT, KOr/a /J00aBsTCs HOBBIC urciaa? Pa3o0béM Ka0e HOBOE UHCIO B CyMMY
AByx crapeix. Hampumep, ot

1,3,2,3,1

MBI IIEPEXOAUM K
1,1+3,3,3+2,2,2+3,3,3+1,1.

Kaxxmoe crapoe 4mcsio (kpoMe ABYX KpallHUX €VHMII) BXOAUT TEIEpb B CyMMY
TPU pasa, HO3TOMY HOBasi cyMMa paBHa 3S — 2 (MBI BHIWIM 2, Y4TOOBI y4YECThb
HejlocTaonme euuuib). [Todromy Ss = 354 — 2 = 244 u BooO1e

S,l = 3S,,,1 — 2.
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Ho Bcé-raku, kakosa obwmas (opmyJia? Eciu Obl He BHIYMTAHME ABYX €/IMHMII,
TO KaXblil pa3 CyMMa YBEJIMUMBAJIAch Obl B TPU pa3a, KaK B CTEICHAX TPOUKHU
(1,3,9,27,81,243,...). A HanmM YKCIa, KaK TENeph BUIHO, HA €TUHUILY OOJIb-
mre. TakuM 00pa3’oM, MOXHO IIPEAIIOJIOKHTH, 9TO

Sp=3"+1.

Terniepp 3TO JIETKO J0Ka3aTh MO0 MHIYKLVN.
Basmc maayknun. Cvorpm tabmmy (mast n = 0, 1,2, 3).
Tar maaykuun. Ecom

Sp1 = 3n-t +1,

TO
Sp =381 —-2=33"141)—2=3-3"143_-2=3"41.

Hama ¢opmysia nokazana. M3 He€ BUIHO, UTO MOCJE CTa ONEPALMIl CyMMa BCeX
qrces Ha 10CKe (XOTs, YeCTHO TOBOPSI, OHU yXK€ BPS/ JIM IIOMECTSTCS HAa JIOCKE)
Gyner pasma 3'%0 + 1.

3agava pemicHa.

Kcratn, a ckosibko umces1 OyzieT mociie cTa omepanuii? ITo aHAJIOTMYHAS 3a-
Jla4a, 9yTh OoJjiee MpocTasl.

Ycunenue yreepxkaAeHus

3agauya 12. Jlokas3atp, 4T0 cyMMa
P+24+34+...4+n°

sBJIsIeTCsl TouHbIM KBasipatoM. (Hampumep, 1 = 12,14+48=9=232,14+8+27 =
=36 =6%1+8+27+64 =100 = 10% u Tak jganee.)

Pemenwue. UToOB MPOBECTH PACCy’XJCHUE IO MHAYKIMM, MBI, KaK 3TO 4a-
CTO JIEJIAIOT, YCUIUM JOKa3bIBAcMOE yTBepxk/JaeHue. Ham maso 3HaTh, 4TO cymMMma
KyOOB SIBJISICTCSI TOUHBIM KBQ/IpaTOM — HAJIO €I¢ CKa3aTh, KBAPATOM ue20 OHA
SIBJISICTCS.

Uro »TO 3a mociIeaoBaTebHOCTD 1, 3,6, 10, . . . ? MOXHO 3aMeTUTh, 4TO pas-
HOCTM MEXJy COCEJIHMMHM WICHAMM YBEJIMUMBAIOTCS HAa equHmiy: 3 — 1 = 2,
6—3 =3, 10—6 = 4 u Tak gasee. C Takoil MOCJIETOBATEIBHOCTBIO MBI YK€ CTaJI-
KUBAJIACh: TO OBLIA MOCJIETOBATEIBHOCTS cyMM 1, 142, 14+2+3, 1424344, . . ..
Takum 00pazoM, MOXXHO MPE/IIOJIOXKUTD, UTO

P+24+. . +n=0+2+...+n)
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JIto00BITHO OBbLJIO OBl IPUIYMATh IPSIMOE JOKA3aTEJBCTBO 3TON (popmysisl. Ho
[0 WHAYKIUU €€ JTOKa3aTh HECIOXHO. Y/IOOHO Iepernucarh MpaByl0 YacTh Kak
n*(n + 1)%/4, ucnomp3oBas 3agady 9. Ilo npeanoJioxKeHnio UHIYKIAU

_(n—1)n?

P+2+... +m-1>° 1

[Mpubasus n®, noiyyaem, uro cymma 13 + 23 + ... + n® papua

(n —1)%n? bt = (n—1)%n% +4n°
4 4

_((n=1+4nm)n*> _
— 7 —
_(n*=2n+1+4n)n*
— Z —
_(n*+2n+1)n?
==
_ (n+1)?*n?
=—F

9TO U TpebGOBAJIOCH JOKA3ATh.
3agauga 13. Jlokazarp, uTO (11pH JIIOOOM HATYpaJbHOM 1 > 1)

1+ ! + ! + + ! <2
sttt % .
Pemenwue. Kak n B mpeasiaymnieit 3agade, Mol Oy/ieM JOKA3bIBATh TI0 MHIYK-

M 0oJiee CUJIbHOE YTBEp:K/ieHue. B j1anHoM ciyuyae 310 Oy/1eT paBeHCTBO

1+ ! + ! + + ! _ 2 !
2 4 T on on’
basuc nuayxuum: 1 +1/2=2-1/2.
[Ilar VHAYKIIUK: eClTr

LI T -
2 4 2n-1 21"
TO
ttaly Ll Lyl o, 1, L
2 4 2n -1 " on T 2’

9TO U TPeOOBATOCh. 3a/a4a pelieHa.
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.H}060HI)ITHO, 9TO €CJIM ITOCTAPAThCsa, TO MOXKHO J0Ka3aTh II0O MHAYKIUA U
HUCXOOHOC YTBEPXK/ICHUEC (HC ycuiBas €ro HpeﬂBapI/ITCIILHO). 310 JEJIACTCA TaK:
€CJin

11 1
T+-F-—F...+—— <2,

2 4 on-1
TO (AEJ UM MOIOoJIaM)

! + ! + ...+ ! <1,

2 4 n

H I10CJIC HpI/I63BJI€HI/I§I CAUHUIIBI I10JTyYacM

IR I )
24 e

qTo U TpC6OBaHOCL .

3agaua 14. Jlokasars, 4TO (11pH JIOOOM HATypajbHOM 1 > 1)

’ 1 1 1 )
+4+9+...+n2 < 2.

Pemenwe. 3xecy 00a npueéma m3 npebIAyIICH 3a7a9M BCTPEIAIOTCS C TPY/-
HOCTSIMM: HET HM OO1Ieit (popMyJIbl JIJIsi CyMMBI B JIEBOM 4acTH, HUA CIOCOOA IIpo-
BECTH IIar UHAYKIMM, HE MEHSS YTBEPXK/ICHUS.

O/IHaKO MOXXHO YCWJIUThH YTBEPXKJICHUE TAK:

LI
4 9 T op2 =T n’

IIpu n = 1 HepaBeHCTBO mpeBpaiiaeTcsi B paBeHCTBO 1 = 2 — 1. [IpoBeaém miar
VH/TKIIAW: €CJIN
1 1 1 1

1+-4+-4+... <2-— ,
+4+9+ +(n71)2 n—1

10 110CJIe TIpubaB/eHus K 00euM yactsm jipodu 1/n? nostyuaem

1+1+1+ ! <2 ! +1
49 T 2 S n—1
:2in—n+1
(n—1)n2
n>—n 1
<2 = -,
(n—1)n2 n

qTo U TpC6OBaHOCL .
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Ilo cymmecTBy 3TO e pelIeHre MOXXHO M3JI0KUTH M B 00JIe€ HAIJIS/THOM BHJEC:
3aMEeTUM, 9TO

L1 _ 1
n2 " (n—-Ln n—-1 n’
HO?TOM}’
1 1 1
1+27+§+E+...+ﬁ

MCHBIIC CyMMBI

(DG GoDe (D)

Tenepp Bce MPOMEXYTOYHBIC YIECHBI COKpamaloTcest U octaéres 1 + 1 —1/n, Tak
YTO FICXO/IHASI CyMMa MEHBIIE 2.

3amava 15. Ha kpaio mycThIHE nMeeTcst OOJIBLION 3amac OCH3MHA M MAlIMHA,
KOTOpasi IIpY MOJHOM 3ampaBKe MoxeT npoexath 50 kminomerpoB. Nmerotcs (B
HEOTPAaHWYCHHOM KOJIYECTBE) KAHHCTPHI, B KOTOPhIE MOXHO CJIMBATh OCH3MH U3
OeH300aKa MAILHBL M OCTAaBJISITh HA XpaHeHue (B JII0OON TOYKe IyCTHIHM). J{oka-
3aTh, YTO MAIlFHA MOXET TMPoexaTh Jiodoe paccrostaue. (Kanmctpor ¢ OeH3uHOM
BO3UTH HE PA3PELIAETCS, IyCTHIE MOXXHO BO3UTH B JIOOOM KOJIMYECTBE. )

Pemenue. [TonsTaeMcs 10ka3aTh MHAYKIMEH MO 71, YTO MAIIHA MOXKET OTb-
exaTh Ha n KWioMeTpoB oT kpas. [Ipu n < 50 310 u3BectHo. OCTANIOCH IPOBECTH
IIar MHAYKIUA ¥ OOBSICHATH, KaK IPOeXaTh N KWJIOMETPOB, €CJM W3BECTHO, UTO
(n — 1) xwIoMeTPOB TpoexaTh MOKHO. OHAKO TYT MBI BCTPEYAECMCS C TPYAHO-
CTBIO: TIOCJIE TOTO KakK MBI mpoexay (n — 1) KuaoMeTpoB, OCH3MHA MOXET He
XBaTUTh A€ HA OOPATHYIO JOPOry (HE IOBOPS Y’K€ O XPAHCHUM).

Kak 1 B mpensiaynyx 3agadax, BBIXOJ COCTOUT B YCUJICHHU JIOKA3BIBAEMOTO
YTBEpKJCHUS. ByaeM 0KasbBaTh, 4TO MBI HE TOJIBKO MOXXEM IIPOEXaTh 71 KWJIO-
METpOB, HO 1

MOXEM C/IeIaTh CKOJIb YTOTHO OOJIBIION 3armac OCH3MHA B TOYKE HA
PacCTOSHMM 711 KMJIOMETPOB OT Kpas IIyCTHIHM, OKA3aBILIMCh B DTOM
TOYKE 110CJI€ OKOHYAHUSI IIEPEBO3OK.

Basuc muayxknuum (n = 1). Peiic Ha paccrossHue 1 m oOpatHO TpeOy-
eT 2 eaunuil OeH3uHa (Oy/eM Ha3bIBaTh €MHUIICH KOJMYECTBO OCH3WHA HA K-
JIOMETP IIyTH), TIO3TOMY MBI MO)XEM OCTABHUTH 48 e¢aMHMII OCH3MHA B XPAHWJIVIIE
(Ha pacCTOSIHMM KMJIOMETpPa OT Kpasl) M BEPHYTHCS 3a HOBOU mopumeit. (Octo-
POKHBII 4EJIOBEK OCTABJISII Obl 4yTh MEHBIIE — CKaXeM, 47 ¢MHUL], — YTOOHI
HE BO3BPALIATHCS C COBCEM YK IIyCTHIM OakoM.) Ho Tak wim nHave, 3a HECKOJIb-
KO PeficoB B XPaHWIMIIE MOXHO CJEJIaTh 3ariac IPOU3BOJIBHOTO PasMepa, KaKoro
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Ham norpedyercst. (ITpu 3ToM «k03((PULIMEHT MOJIE3HOTO AEHCTBUS» COCTABJISCT
48/50: uToOBI co3math 48 emuHMIT 3amaca, Mel pacxomyeM 50 emauHMII. )

[Mar maAy KA. MBI TOJDKHBI HAy9UThCS CO3/IaBaTh XPAaHUJIMIIE Ha pac-
CTOSIHUM 71 C JTIOOBIM 33/TaHHBIM Harlepé] 3amacoM OeH3HMHA (M 0Ka3aTbCs y 3TOTO
XPaHWIMIIA B KOHIIE MEPEBO30K). Kak MBI TOJBKO YTO BHJEJM, DTO BO3MOXHO,
eci B TOUKe n — 1 mMeeTcs HEOrPaHMYEHHBIN 3amac OeH3uHa (0a3uc MHIYK-
). Ho 1o mpernosioske o MHAYKIIMM MBI MOXKEM 3aIacTH JTII000E KOJIITYECTBO
OcHsnHA (A €IMHUII IIPU CKOJIb YTOJHO OOJIBIIOM A) Ha paccTossHuM n — 1 oT
kpast!

JIpyrvmMu CJI0OBaMH, €CJIM HAM HAJI0 3aBE3TH 3a/[aHHOE KOJIMYeCTBO B OeH3uHa
HA PAaCCTOSHME N OT Kpasi, MBI CHaJaJIa MpeCTaBsieM cede, 9To B n — 1 OeH3mHA
CKOJIBKO YI'0/{HO, M CMOTPUM, KaKoe KosinuecTBo (A) Ham peajibHO 110Ha 1001 TCsl.
3ateM MBI (TIOJIB3YSCH TIPE/IIOJIOKEHIEM UHIYKIIMH) 3aBOSUM A euHMI| OeH3MHA
B Touky n — 1.

HpI/IH]_IEII HauMEHbIICI'0 YHCJIA

UYacTo paccyx/ieHUs 10 MHAYKIMY 3aMCHSIOT CCBLIKOM HA «TIPUHIIAI Hav-
MEHBIIET0 YKCTIA»: BCSIKOE HENycmoe MHOJMCeCne0 HAamypaibHbulX ducen umeent
HaumeHvwuii snemerm. HenonstHo? Hudero crpamrHoro, ceityac oOBSICHUM Ha
IpuMepax.

BoT xak MOXHO mepeckasaTh pellleHue 3afadi 1 (0 KapTe ¢ MpsIMBIMU, KOTO-
PYIO MOXHO PacKpacuTh B JIBa 1[BETA).

[IpearoioxkuM, 4TO yTBEPKACHHUE 3a/1aul HEBEPHO U E€CTh KapTa, KOTOPYIO
PackpacuTs B /1Ba IIBETA HEJIB3s1. BooOIe roBopsi, TaKMX KapT MOXKET OBITh MHOTO
Y KOJIMYECTBO INPSIMBIX B HUX MOXET OBITh pasHBIM. PaccMoTpum Ty m3 HuX, B
KOTOPOI1 IPSIMBIX MeHbllle Beero. [1ycTs B Helt n psAMBIX. MOXeT JI 1 PaBHATLCS
enuHuile? Her, OCKOJIBKY KapTy C OHON NPSIMOI PaCKPACUTh MOXHO.

Breioepem B Hameli (HepacKpal“BaeMoi) KapTe OJIHY U3 MPsAMBIX (BCE PaBHO
KaKylo) 1 BpeMeHHO ynamMm e€. [TosyunTcst kKapTa ¢ MEHBIIAM YMCJIOM TIPSIMBIX.
Pa3 nHamra xapTa ObIa MIHMMAJIBHOM (IO YHCITy MPSIMBIX), 3Ty HOBYIO KapTy pac-
Kpacuth MOXHO. Tak u caenmaem. Ilocjie 3Toro mMbl BepHEM OOpaTHO BPEMEHHO
YIQIEHHYIO TIPSMYIO U TIEPEKPACUM BCE CTPAHBI C OIHOI CTOPOHHI oT Heé. Iloy-
UMM PACKpacKy KapThbl, KOTOPYIO (II0 IPEINOI0KEHAI0) PACKPACUTD HEJIB3S.

MBI MoJTy9//I IPOTUBOPEYHME. 3HAYMT, HAIE TPEATIOIOKEHNE (O CYIIECTBO-
BaHMM KapTHl, KOTOPYIO PACKPACUTh HEJIB3s1) HEBEPHO.

AHAJIOTUYHBIM 00pa30M MOXKHO IEPEU3JIOKUTbh U Apyrue paccysxjaenus. Ha-
IIPUMEP, MBI IOKA3bIBAIM, UTO JIIOOYIO CyMMYy, HAUMHASI C 8 KOIMIEEK, MOXKHO YIIJIa-
TUTh MOHETaMH B 3 1 5 Koreek. Tereps 3T0 paccyxzieHue Oy/ieT BHIIJISACTb TaK.
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[peanosoxuM, €CTh TakMe CyMMBI (LI€I0€ YMCJIO KOIMeeK, He MeHbllee §),
KOTOpPBIE HEJIB3sl YILUIATUTh MOHETaMU B 3 U 5 Komeek. Bo3pMEM caMyio MaJiIeHbKYIO
w3 Hux. [lyctp 310 Oyner n. Ilo mpenmosnoxeHmo n > 8, MOCKOJBKY MCHBIIVE
3HAYEHWS N MBI HE paccMaTpuBaeM. MBI 3HaeM, KpOME TOTO, 9TO 7 HE MOXET OBITh
paBHO 8, 9 wm 10, TOCKOJIBKY 3TH CyMMBI YIUIATUTh MOKHO. 3HaumT, n > 11.
Toraa n — 3 > 8 u, xpome Toro, n — 3 < n. 3Haunt (pa3 n OBUIO HAVMEHBIINM
ILJIOXUM 3HAUeHUEM), CYMMY B 1 — 3 KOIIEEK MOKHO YTLIAaTUTh MOHETaMu B 3 U 5
Korreek. Ecyi 0OGaBUTH TPEXKOIIEEUHYIO MOHETY, TO TIOJYUHUTCS 711 KOTIeeK. A MBI
MpeIoJIarajy, 9To 1 KOIleeK YIUIATUTh HeJib3sl. [IpoTuBopeune.

HexoTtopsie 3agaum mpolne cpa3y penraTth, MCXOAS MX MPUHIINITA HAMEHBIIETO
YyuCIIa.

3agaua 16. B nocnegoBarenasHoct GudoHayyn
1,1,2,3,5,8,13,21,34,55, ...

KaX/TBIil CJICTYIONVIA WICH PaBeH CyMMe JABYX mpefsaynmx. Jloka3ats, 9To /Ba
JICJIIUXCS Ha 7 9KCiIa B HEMl HE MOTYT CTOSITh PS/IOM.

Pemenue. IlycTs 3T0 He Tak ¥ €CTh IBA CTOSIIMX PSIOM UUCIIA, JEJISIIAXCS
Ha 7. JIBUrasice cieBa HalpaBo, HaiJIEM IIEPBYIO TaKylO IIapy:

a7k 710

(cocennme unciia, jessiiuecst Ha 7, 3armcanbl Kak 7k u 71). TTockoJibKy B Havase
IIOCJICAOBATCJIBHOCTU CTOST ABC CAWMHUIIBI, DTU 4YHCJIa HC MOFyT 6LITB HepBLIMI/I,
3HAUUT, II€pe] HUMH €CTb Kakoe-To uucjo a. Ilo yciosuio 7/ = a + 7k, 1o ectb
a=71 -7k =7( — k) v notomy a Toxke aemurcs Ha 7. 3Hauurt, mapa 7k, 71
He ObUTA TIEPBOIl — BOIIPEKU IPEIIOJIOXKCHUIO.

[IpoTBOpEYrEe MOKA3BIBACT, YTO MApHl PSAJOM CTOSIIMX W Jejsiuuxcs Ha 7
yuces1 Her. (Ha camom jesie umciio 7 B yCJIOBUM 33[a4d MOXHO 3aMEHUTH HA
JI000€ APYTroe IIEI0€ MOIOKUTEIBHOE IHCIIO. )

JUJ1st TPEHMPOBKM TIEPECKAXKEM 3TO XKe pacCyaeHue Mo nHAyKim. OHo Oyer
BBIIJISLACTD TAK: MHIYKLUEH 110 71 MBI JOKA3bIBAEM, 4TO X0Msi Obl 00HO u3 yucen F,
u F,41 ne denumcsi na 7. (3nech yepes F, obozHaueHo n-¢ uuciio OudoHavum.)

Basuc uaaykuuu ouyeBujeH (/iBa MEPBBIX UYMCiIa HE ACJATCS Ha 7).

[[Tar MHAYKIUA: €CU 3TO He Tak u oba uncna F, u F,4, nensarcs Ha 7,
TO W mpeapLayiiee wucyio F, = Fp4; — F, Aenurcs Ha 7, 9TO IPOTUBOPEIUT
TIPE/IIOJIOKEHUIO MH/TYKIIWH.

Taxoit MeTox paccyx/ieHus! (C HAUMCHBIIMM YMCJIOM) 4acTO IIPUMECHSETCS B
TEOPHUM YUCEJI, IJIC Cr0 HA3BIBAIOT MEMOOOM CNYcKd. Mbl OKaXXEM JIMIIb CaMBbIi
TIPOCTO#1 TIPUMEP TAKOTO POJa.
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3agaua 17. Jloka3ars, 4TO HUKaKasi OOBIKHOBEHHAs! /IpOOb (OTHOIIEHHUE JBYX
LIEJTBIX TTOJIOKUTEIIBHBIX YMCET) HE MOXKET B KBa/IpaTe OBITh paBHA 2.

(Kak ToBOpAT, 4HCIO /2 uppayuoHanbho, TO CTh He MPECTABUMO B BH/IE
JpoOU € LIEJIbIM YHC/IUTEIIEM U 3HAMEHATEJIEM. )

Pemenwe. Ilycts 3TO HE Tak 1 ecTh ApoOH, B KBa/IpaTe paBHBIC 2. Bridepem
cpear HUX ApoOb C HAMMEHBHIMM 3HaMeHaTesjaeM. (MoxkHO ObUIO OBl BBHIOPAThH
JIpo0b ¥ C HAUMEHBUIMM YHCIIUTEJIEM, ATO OJHO M TO K€, TaK KaK OTHOIICHHE
YMC/TUTENS K 3HAMEHATEJTIO TIOCTOSHHO U PaBHO /2.)

Iycts 312 1podb ecth p/q, Torma (p/q)? = p?/q? = 2, 10 ecTh

P’ =24,
Otcroa BUAHO, 4TO YUCJIO p YE€THO. B camoM felie, ecyid p HEYETHO, TO OHO UMEET
sua p = 2k + 1, nosromy p2 = 2k +1)2 =4k +4k +1=22k*+2)+1,n
p? Toxe HeuETHO, a y Hac p? = 2¢* ¥ 1I0TOMY YETHO. 3HAYUT, p YETHO U UMEET
Bun p = 2k. Torma
p’ = (2k)* = 4k* = 2¢4°.

Cokparas Ha 2, rojiyuaeM, uto 2k% = ¢2. Tenepb Mbl BUIUM, YTO ¢ TOKE YETHO
(uHaue g2 ObLIO Obl HEUETHBIM), TO ecTh ¢ = 2[. [lodTOMYy M UMC/IMTENb P, U
3HAMEHATEeJIb ¢ Halllel JApoOu YETHBI, U €€ MOKHO COKPATUTh HA 2:

p_ 2k Kk

g 21 I
Ipu stom (k/1 )2 =( p/ q)2 = 2 (OT CcokpameHus Tpoou e€ KBaJpaT HE MEHSICT-
Cs1), IOPTOMY MBI HAIIUTM JIPOOb ¢ (BBOE) MEHBIIMM 3HAMEHATEJIEM, KBApaT KO-
TOPOI paBeH /IByM — HPOTHBOpedre (110 IPEII0JI0KEHNIO ObuIa BRIOPaHa Jpo0b
C HaVMCHBIIVM 3HAMEHATEJIEM).

3amavya peleHa.

Ha camoM /ieJie MBI MOIJI OCTAHOBUTHCSL M PaHbIIE: OOHAPYKUB, 4TO 2k2 =
g%, bl 3aksmouaem, uto (g/ k)2 = 2, oTKysa ciiefyer Takxe, uto k < g, mosTomy
or /ipodu p/q Mbl LIepenum K Apodu g/ k ¢ MEHBIIMM 3HAMEHATEJIEM.

HesepHbie paccyxaeHus

PacckaspiBass 0 MaTeMaTHYeCKOM MHIYKIAHM, OOBIYHO IPUBO/ST IIPUMEPHI He-
TIPABWJIBHBIX PACCYk/IeHMi. MBI cleslaeM TO e caMoe: MEPBHI mpuMmep OyaeT
COBCEM HAMBHBIM, /Ba JPYI'MX — 4yTb IIOCJIOXKHEE.

IlepBoe HeBepHOE paccy:kaeHHe. J[okakeM 10 MHIYKLMH, YTO COCCIAHHME Ha-
TypaJIbHBIE YMCJIa paBHbL Jpyrumu cjioBamu, yrBepkieHue A,, JOKa3bBaeMOe
UHAYKUYeR 1o n, OyaeT uMeTb Bua n = n + 1.
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JloKakeM €ero, IPEe/II0JI0KUB, YTO OHO BEPHO /ISl BCEX MEHBIIMX 3HAYECHUI 1.
Tor/ia OHO JOJBKHO OBITH BEPHO U ISl TIPE/IBIYINETO 3HAUCHUS apaMeTpa n. ITo
o3HavaeT, 9to (n — 1) = (n — 1) + 1, 1o ectb n — 1 = n. [Ipubasnss equHwITy
K 00CUM YacTsIM PaBEHCTBA, MOJIydaeM, 4to n = n + 1.

BTopoe HeBepHOE paccyxaeHue. JlokaxeM, 4TO JIIOOBIC /1 YMCEJT PABHBI: €CJIN
a,...,Q, — TPOMU3BOJIBHBIE YUACJA, TO d1 = Ay = ... = @,. (OOBIYHO TIpe]-
JlaraioT JIoKaszaTb, YTO JNIOOBIE n JIOLIAZied OJHOTO 1BeTa, HO MBI OyzaeM Ooiee
HAayKOOOPasHBl — TaK IPOLIE CKPHITH OIIKOKY.)

IIpu n = 1 noka3bIBaTh HEYErO: UYMCJIO TOJIBKO OJHO U OHO PABHO CAMOMY
cebe.

JlOKa)XeM Terepp, YTO JIOOBIE 71 YMCEJI PABHBI, IIPEANOJIOKMUB (KaK 3TO 00bIU-
HO JIeJIJAeTCSl TIPM PACCY>KJIEHHUSAX 110 MHAYKLUN), Y4TO [JIsl MEHBIIAX N 3TO yXKe
W3BECTHO.

PaccMoTpuM IIpoUsBOJIBHBIE 4UCTIA Ay, A2, . . . , Ap—1, dp. OTOpOCHUB HOCJIEA-
Hee 4KCII0, MOoTyunM Hadop u3 n — 1 unces. [To mpearnoioxeHnio MHIY KN OHA
PaBHBIL:

ay=ay=...=dp1-
Teneps orbpocuM nepsoe yucao. CHoBa IOJyduM Habop u3 n — 1 yuceln, u
IIPE/IIOIOKEHIE MHIYKIAN AT

ay = ... =ddy_1 = ay.
OObeauHsIS 9TU 1BAa PABEHCTBA, IOJIYYaeM, ITO
ay =a = ... =UUp_1 = Ay,
YTO U TPeOOBAJIOCH TOKA3ATh.

TpeTbe HeBepHOe paccyaeHHe. J[okaxkeMm, 4TO JIOObIE N TOYEK JieKaT Ha
oqHoi npsiMoi. Ilpy n = 1 uw n = 2 510 SICHO (B rEOMEIPUUA €CTh COOT-
BETCTBYIONIass akcroMa). OcTayioch TOKa3aTh OTO IS MPOU3BOJIBHOTO 71, TIPE-
roJlarast, 9To /it n — 1 3To BepHO. B camom fesie, paccMOTpUM IIPOU3BOJIb-
Hele n touek Ay, Az, ..., Ap_1,A,. OTOpOCHM MOCJIENHIO TOYKY U IIpUMe-
HUM [IPE/IIOJIOXKeHre MHAyKImY. [Tosiyunm npsimyio [, Ha KOTOPOI JIeXKaT TOYKH
A1, A, ..., A,_1. Ham Haj0 J0Ka3aTh, 4TO U IOCJICAHSS TOYKA A, JIEKAT HA
9T0M 11psiMoil. OTOpPOCKM IIEPBYIO TOYKY M IIPUMEHUM IIPEAIOJIOKEHIE UHYKLIIN
K TOuKaM Aj, Az, ..., A,. Tlojiyunm, 9TO OHU BCE JIEKAT HA HEKOTOPOU MPSIMOit
!I'. Moryr s nipsimbie | u I’ ObiTh pasymunbl? Her, Tak Kak 00€ OHM IIPOXOJAT
yepes Toukn A, 1 A,_1, a KaK WU3BECTHO M3 TOI K€ AKCMOMBI FEOMETPHH, Ye-
P€3 (B TOYKM MOYXKHO IIPOBECTU TOJIHKO OJHY IPAMYIO. 3Hauut, npsmeie [ u I’
COBIIQ/IAIOT U IIPOXO/ISIT Y€Pe3 BCE 1 TOYEK.

Hy xak, Hanum ommoku?
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Brosme YUOpAA0YCHHBIE MHOYXKECTBA

Meto MaTeMaTIYeCKOM MHIYKIIUH, KaK MBI y3K€ HE Pa3 TOBOPIUIN, COCTOUT B
CJIEIyIOIIEM: MBI TOKA3hIBAaEM MHTEPECYIONIee HAC YTBEPXK/CHHUE JJISI HEKOTOPOTO
3HAYEHUS 71, CUUTAsI, 9TO /IS BCEX MCHBUIMX 7 OHO BEPHO. 37eCh IO 1 TIOHMMAa-
JIOCh HATypajibHOE uncJI0. OTHAKO ATO HE 00S3aTEFHO — BMECTO HATYPAJBHBIX
YHCEJI MOXXHO PacCMaTpuBaTh W JIPyrUe 6MOJHE YNopsi0oueHHvle MHOJCeCmad.
Ceityac MBI OOBSCHUAM, UTO 3TO 3HAYUT.

[TycTh nMeeTcs MHOXXECTBO OOBEKTOB OIPEACICHHOTO BU/Ia, TIPUIEM /LTS JTIO-
OBIX JIByX Pa3JIMYHBIX €r0 3JIEMEHTOB M3BECTHO, KAKOW M3 JIBYX CUMTACTCS «OOIb-
mumM». Takue MHOXECTBA HA3BIBAIOTCS ynopsioodeHHvlmu. TIpeskae uyeM jaBath
TOYHOE OIIPE/Ie/ICHNE, IPUBE/IEM HECKOJIBKO IIPUMEPOB.

I[Tpumep 1. B smmke JEXNAT MHOXECTBO KaMHEN, W CPEIM HUX HET JIBYX
KaMHEl OZIMHAKOBOTO Beca. BOJIBIIMM KaMHEM CUMTAECTCsl TOT, KOTOPBINA TshKeJIee.

[pumep 2. Ha MuOkecTBe M3 33 pycckux OykB (cumras Oyksy E), Hasbl-
BACMOM PYCCKMM aJi(haBUTOM, MMEETCSI TOPSIAOK, M3yYaeMblil B IIKosie: Oyksa A
menbine Oyksel b, koropast menbuie Oyksbi B, xoropas menbue Oykser I', .
KOTOpasi MeHbIle GyKBH E, KOTopas MeHbINe GyKBHI E, KOTopas MeHbIe 6y1<BLI
2K, ..., xoropas Menbie OykBol O, xoTopast MeHbiie OykBe S. (JIpyrumu cio-
BaMU, OOJIBLICH cUMTAaeTCs OyKBA, KOTOpast UAET JAiblIe 10 axdaButy.)

[Tpumep 3. Ha MHOXecTBe BCEX CJIOB PYCCKOTO SI3bIKa MOXKHO BBECTU all-
¢hasummuiil OPSIJIOK, IPU KOTOPOM OOJIBLIMM CUUTACTCS TO CJIOBO, KOTOPOE UAET
HO3KE B CJIOBape. DTO AeTaeTcs TaK: [jBa CJI0BA CPABHUBAIOTCS 110 OYKBaM CJICBa
HAIIpaBo, MOKa HE OOHAPYXKATCsl Pa3HbIC OYKBBI; OOJIBIINM CUMTACTCS TO CJIOBO,
y KOTOpOro cooTBeTCTByIomast Oyksa Oosisiie. Hanpumep, ciioBo KOT menbiue
cioBa KOIIKA, nockosbky OykBa T MeHsbite 6ykBoI 11 (B cMBICTIe TIpebIIyIIETro
IIpUMEPA).

KOT
KOLWIKA

HNcuepnsiBatonie i1 Halle onmcanue ajipasurHoro nopsinka? Ha camom nene Her,
MBI IIPOITYCTYJIV BKHBINA CIydail: 4To Oy/IeT, €CIM OTHO CIOBO SBJISETCS HAYaJIOM
npyroro? Hare mpaBmio He roBopurt, kakoe u3 cjioB BOPOH u BOPOHA 6o0sp-
mre. B cioBapsix o0sraHo panbiie uaét BOPOH, u 3To mpaBmwio Ha0 BKIIOYHUTH
B ONpE/EICHIE AI(PABUTHOTO TIOPSIKA: CJIOBO TPEAIICCTBYET BCEM CBOWM IIPO-
JomkeHusM. [103ToMy, B 9aCTHOCTH, CJIOBO «¥» OTKPHIBAET Pasfes CJIOBaps, B
KOTOPOM CJIOBA HAYMHAIOTCSI HA OYKBY «».

[Mopsytox B ciioBape MHOI/IA HA3BIBAIOT JeKCuKoepaguyeckum (CIOBapH Co-
CTaBJISIIOT yYEHBIC-JICKCUKOTPagBbl).
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[Ipumep 4. Beném nopsiok Ha Hapax HATyPAJIbHBIX YMCEJI, HAIIOMUHAIO-
MM CJIOBAPHBIA: CHadYajla CPAaBHUBAEM IIEpBBIE WICHHI TAp, a B CJydac paBeH-
ctBa — BrOpble. Hanpumep, mapa (3,7) menbiite mapst (4, 5), TOCKOJIBKY y Heé
MeHble HepBbii wieH (3 < 4). A mapa (4,9) GoJblie mapst (4, 6}, TIOCKOJIBKY
TIEPBEIC YJICHBI PaBHEL, a 9 > 6.

Heuro nozo0HOE NpUMEHSIETCS! IPU ONIPEAEICHAN MTOOCAUTEISI B HEKOTOPBIX
CITIOPTUBHBIX TyPHUPAX: CPABHUBAECTCSI YMCJIO OYKOB, 2 TIPM PABEHCTBE CPaBHUBA-
€TCsI Pa3HUIIA 3a0UTHIX W MPOIYNICHHBIX a0, MTYeil WIN 4ero-HuOyAb elie.

[Mocse >TUX IPUMEPOB JA/IM TOYHOE OIPE/IEJICHHE JIMHEIHOrO MOpPsIKa.

OnpeneJieHHe JIMHEIHO yNOpsJ0YeHHOT0 MHOYKeCTBAa. [OBOPSAT, YTO MHOXKe-
CTBO JIUHEUHO yNopsi004eHo, eCiii Ha HEM 3a/[aH JIUHEUHbIll NOPsIOOK, TO €CTh JUIs
JIIOOBIX JBYX PA3IMYHBIX DJIEMEHTOB X,y STOTO MHOXECTBA OIPE/IEJICHO, KAKOi
W3 HUX CUATACTCS OOJIBIIAM, @ KAaKOW — MEHBUIMM. TakuM 00pas3oM, /ISl JIIOOBIX
X Uy AMEET MECTO POBHO OJIHA M3 TPEX BOZMOKHOCTEIA:

x<y X=y y<ux
IIpy 5TOM JOKHO BBIIOJIHATBCS TAKOE CBOMCTBO:

e x<ymy<z, 10Xx<Z.

Kak 00pr4HO, MBI CunTaeM BeIpaskeHUs X < y (X MEHbIIe y) uy > x (y 00ib-
1€ X) CMHOHMMaMM (OHM O3HAYAIOT OJ[HO U TO Ke).

Bor mpumep, koraa npuBeigHHOe ycjioBue Hapyuraercs. [Ipeamnosioxum, 4ro
IIAXMATHBIA TYPHUD IIPOXOIJI B OUH KPYT (KaXK/blil UI'PaJl ¢ KaXK/IbIM IO pasy)
" HAYBMX HE ObLJI0. MOXHO JIM BBECTM HA MHOXECTBE MIAXMATHICTOB IOPSI/IOK
Tak: waxmatuct X Oosiblie maxmarucra Y, ecsu X Bemrpain y Y B TypHupe?
BooOue roBopsi, HET: BIOJIHE BO3MOXHO, 4T0 A Bpmrpan y b, b semrpan y B, a
B Bomrpan y A, U ycIoBHe JIMHEHHOTO IOPSIIKA He BBIIOIHEHO.

3aueM HyXHBI Bce 3TH onpejesieHus? Ceifyac Mbl YBUIUM, YTO OHHA MOTYT
OBITh JICVCTBUATEJILHO TTOJIC3HBI TIPY PEIEHIN 3a/1ad.

3amaua 18. [llepenra HoBoOpaHIeB (puc. 6) crout mepes crapumHoit. Crap-

Puc. 6. lllepeHra HOBOOpAHLIEB: BUJI CBEPXY.

HIMHA KOMAaHAYET: Hasne-BO! Ho 1mo HeombITHOCTH 4YacTh COJIIAT MMOBOPAYMUBACTCA
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Puc. 7. Ilytannia (OykBa yKa3pIBacT HAIPABJICHHE ITOBOPOTA).

HAJIEBO, A YaCTh — Hanpaso (puc. 7). Ilocjie 2Toro Kasxkayio CeKyHy ITPOMCXONNT
BOT YTO: COJIIATBI, OKA3aBIIMAECS JPYT K JIPYry JIMLIOM, IIOHMMAIOT, YTO IIPOU30-
I1a onmoka, 1 06a nmopopaunBaiotcst kpyrom. (Hanprmep, gepes cekynay mocie
puc. 7 xoHdurypamms OymeT Takoil, kKak Ha puc. 8. Ha 3ToM moBOpoTH He 3a-

> B g P

Puc. 8. Yepes cexyHay

KOHYATCS: IIOJIOKCHME el 4epe3 CEeKyHIy IIOKa3aHO Ha puc. 9, U Tak Jajee.)
Tpebyercs JokazaTh, YTO PAHO WJIM IIO3/IHO IIOBOPOTHI IIPEKPATATCs (IIPH JIIOOOM

<4 g g pp

Puc. 9. Yepes aBe cexyH/ibl

qucie COJIZIAT M IIPY JIIDOOM HIX TIOJIOXEHHUH MOCJIe KOMAH/IBI).

Pemenne. Dra 3aava mpepiarajach Ha OJHON W3 OJIMMITHAT M OKA3asach
BOBCE HE TAKOW Yy MPOCTOM IS y9acTHUKOB. HO ¢ IMOMOIIBIO MOHSTHS TTOPSIIKA
€€ peumTh JIErKO. ByzieM KoaMpoBaTh I0JIOXKEHHE COJIAAT C HMOMOLIBIO II0CJIE0-
BatesbHOCTH OykB JI u [1. Hampumep, mosiokeHvie Ha puc. 7 KOTUPYETCS Kak

ITITJT LTI,
1I0JI0KEHUE Yepe3 CEKYH/ly KOJUPYEeTCsl KaK

OJATLIILITL,
4epes [Be CEKYH/Ibl — Kak

JITTJIT I,

" TaK JaJjee.



Yro npoucxoaut Ha KaxjoM ware? Ilo ycioBHIO 3a1a4u COJIIATHI, CTOSIIUE
HOC K Hocy (IIpM HallleM KOJMPOBAHWM ATO oOo3HavyaeTcs kak [1JI; Takve maper
MTOYEPKHYTH), TIOBOpaunBaloTcsl Kpyrom. [Ipu »stom Oykeer [1J] 3ameHsoTcs Ha
JIIT). Ha xa>xoM 11are IporCXOIUT HECKOJIBKO TAKHX 3aMEH — CTOJIBKO, CKOJIBKO
ects rpyrm T1L.

Tenepp ocTajoch czesaTh MPOCTOE HAOIONCHME: IIPU TAKMX 3aMEHAX CJIO-
BO yMEHBIIIAeTCSI C TOUKH 3peHus andasutHoro nopsakal B camom nene, mepsast
cnea rpymma [1J] 3amensiercs nHa JII, a Oyksa JI menbiie Oyksol I1 B andasut-
HOM nopsjke. (3aMeHbl B JPYTUX IpyIIax Ha MOPSIOK He BJusAOT.) [lostomy ¢
KQX/I0i CEKyH/ION CJIOBO CTAHOBUTCSI BCE MEHBIE M MEHBIIE, U PAHO WJIM MO3/-
HO HPOLIECC J0JDKEH OCTAHOBHUTHCS, TAK KAK CYLIECTBYET JIMIIb KOHEUYHOE YKCIIO
CJI0B JlaHHOM JyyimHbl n w3 Oyks JI u 1 (a umenHo, 2" — HO TOYHOE 3HAYCHHUE
HAM ceiyac He BaXKHO).

3ajavya pelcHa.

B 5roi1 3a/1a4e MBI UCIIOJIB30BAIA TAKOE CBOMCTBO: HE CYLIECTBYET OECKOHEY-
HOI1 yOwIBatomelt (B cMbicjie ajipaBUTHOTO TOPsi/IKA) TIOCJIE/I0BATEIBHOCTA CJIOB
u3 n Oyks JI u I1. (Mb1 roBopum 0 «cjioBax» u3 Oyks JI u [1: x0Ts1 B pycCcKoM si3bIKe
TAKUX CJIOB HET, 3TO HE MEIIAET PACCMATPUBATh MHOXKECTBO TAKUX «CJIOBY € aji(a-
BUTHBIM TIOPSIAKOM.) JIpYyIMMU CJIOBaMM, €CJIA HA Ka)KIOM ILIare MBI YMEHBIIAeM
3JIEMEHT HAIEro JIMHEHHO YIIOPAJOYCHHOIO MHOXKECTBA, TO PAaHO WM IIO3IHO
JOJKHBL OCTAaHOBUTBCS.

MHOXECTBO C TaKUM CBOVICTBOM HA3LIBACTCS BITOJIHE YITOPSAOUYEHHBIMY.

Ornipe/iesieHre BIOJIHE YNOPSA0YE€HHOTO MHOKECTBA. JIMHEMHO YIIOPS/TOYCH-
HOE MHOXXECTBO M Ha3bIBAIOT 8MOJIHE YNOPSIOOYEHHbIM, €CJI HE CYLIECTBYET Oec-
KOHEYHOU yOBIBAIONICH T0C/IE0BATEIBHOCTH

my > m > mz > ...

€r0 DJICMCHTOB.

JIJ1s1 KOHEYHBIX MHOKECTB MBI HE TI0Ty49aeM HUYETO HOBOT'O, IIOCKOJIBKY B HUX
BOOOIIIE HET OECKOHEYHOI ITOCJIeIOBATEIBHOCTH Pa3IMIHEIX 2jIeMeHTOB. Ho OnIBa-
IOT ¥ OECKOHEUHBIC BIOJIHE YIOPSAOYCHHBIC MHOXECTBA. [Ipex/ie Bcero, TakoBo
MHOXeCTBO N HaTypaJIbHBIX 4MCeJ (BCIIOMHMM IIPUHIIAI HAVIMEHBIIETO YHMC/IA).

BriosiHe yropsio4eHHBIe MHOXXECTBA UTPAIOT BAXKHYIO POJIb (Ha HUX OCHOBAHO
0000IIeHre MAaTeMATUYCCKON MHIYKIMY, HA3BIBAEMOE MPAHCOHUHUMHOU UHOYK-
yueii). Msl He OyJIeM TOBOPUTH 00 3TOM MOAPOOHO; O TPAHCHHUHUTHON MHIAYKIIN
MOXHO TIpouecTh B KHIKKe «Hauama teopumn mHOecTB» (aBTope H. K. Beperra-
ruH u A. lllens, Mocksa, maareascteo MLIHMO, 2007, cBoboaHO pacnpocTpa-
HSIETCsL B DJICKTPOHHOUN dopme, ftp://mccme.ru/users/shen/logic/sets).
IIpuBenéM mmub IpuMep 3aJa4ud, TA€ 3TO IMOHATUE MOJIE3HO.
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3agaya 19. Ha nocke Hanmcana nocseosaresbaocts 01010. C Heit pasperra-
€TCSI BHITTOJTHATH TaKOE JICACTBYE: B JIIOOOM MECTE MOKHO 3aMeHUTH rpyrny 10 Ha
rpymy 000...0001 (ckoJyibkO YrofHO HyJIel M ofHa eAuHMuA). JlokazaTh, 4TO
9TO JICHCTBHAE MOXXHO BBIIOJHUTH JIMILIb KOHEYHOE YUCJIO pa3 (pPaHO WIM II03/IHO
MBI IPUJIEM K TTOCJIEJOBATEIBHOCTH, B KOTOPOU €IIHUIIBI CTOST CIPaBa OT HYJIEH,
U JICACTBUEC BBIIIOJIHUTH HEJIB3S).

Pemenwue. [Ipexae Bcero 3aMeTuM, UTO B JIIOOOI MOMEHT B TIOCJIEIOBATE b~
HOCTH Oy/IeT POBHO JIBE €IVHUIIBI, TIOCKOJBbKY CVHUIILI HE TOSBIISIOTCS U He
ucuesaloT. Mas cripaBa HajieBO, IOCMOTPUM, Ha KaKUX MECTAaX CTOSIT DTU €IMHU-
uel. [TomywaTtcst 1Ba HATypajIbHBIX YHCTIA.

Harrpumep, muia nexonnoit nocsieosaresibnoctu 01010 nosmyunrcs napa un-
cest (2,4), a jis nocieosaresbHocty 0100000001, koTopast HoJydaeTcst U3
He€ 3aMenoit Bropoit rpymmsl 10 Ha 0000001, mosyuntces mapa (1,9) (equmuimt
CTOSIT HA IIEPBOM U JIEBSITOM MECTAaX, CUMTasl CIIPaBa).

Teneps 17151 perieHust 3371291 OCTAJIOCh JJOKA3aTh JIBE BEII:

(a) py KaXTOM IPEoOPA3OBAHUM T1apa YKICEJT YMEHBIACTCS C TOUYKU 3PEHUS
OIIpeIe/IEHHOr0 HaMU NOPsI/IKa (CHaYaIa CPAaBHUABAECM IIE€PBBIEC YJICHBI I1ap, A 3aTeM
BTOPBIC);

(0) MHOXECTBO TIap HATYPAJIBHBIX UHICEJI C DTHM IOPSAKOM SIBJISICTCS BIIOJIHE
YHOPSIZIOYEHHBIM (M IIOTOMY I1apa HE MOXET YMEHBIIATHCsI OECKOHEYHO MHOI'O pa3
OJIPSIA) .

O0a »Tux yTBEpKICHUS J0Ka3aTh HeCJI0xkHO. Ecim npeoOpa3oBaHue 3aTparu-
BaeT IPaByI0 eMHUITY (KaK B PACCMOTPEHHOM IIpUMEpe), TO OHA TIPUOJIMKACTCS
K IIPaBOMY Kpalo, MEPECKAKUBasi 4epe3 HyJb (KOTOPBIA IPH 3TOM Pa3MHOXKAET-
cs1). [Ipu 5TOM NepBbIl WIEH aphl YMEHBUIAETCS. HA €JUHHULLY, @ BTOPOH MOXKET
BO3pacTH (Ha CKOJIBKO MMEHHO — 3aBHUCHUT OT YMCJIA JOOABJIECHHHIX HyJeit). Ho
10 OTPE/IEJICHUIO TIOPsi/IKA (CPAaBHUBAIOTCS CHAYaJIa IIEPBBIC YJICHHI, 4 TOTOM BTO-
pBl€), POCT BTOPOro WieHa HEe WrpPaeT POJIM: pa3 MEepBbIA YJIEH yMEHbIIAeTcs,
YMEHBILAETCS U Tapa.

Ecmm xe mpeoOpazoBaHye 3aTparmBacT JIEBYIO CIUHUITY, TO IpaBasi OCTalTCs
HA MECTE W IOTOMY MEPBHI WICH TIApHl HE MEHSETCS. BTOpoit wieH mpu 3ToM
YMEHBIIACTCS HA €IVHMILY, TIOCKOJIBKY JIEBasl €IMHUIIA TIEPEIPEITABACT Yepe3 CTO-
SIUMIA CIIPaBa OT HEE HYJIb.

Urak, ytBepxkaeHue (a) gokazaHo. [lokakeM Termepb, 4TO MHOXKECTBO Hap
BITOJIHE YIIOPSTOYCHO, TO €CTh UTO HE CYIICCTBYET DECKOHEUHOM ITOCIIe/IOBATEIIb-
HOCTH TIap

(al, b1> > <az, b2> > <613, b3> > ..

(c TouKM 3peHMs BBEAEHHOIO Ha mapax nopsiaka). Ilycrs Takas mocsenoBaresib-
HOCTH €CTh. Torja IHepBble WIEHBI Map 00pa3yloT HEBO3PACTAIOIIYIO IOCJIE0Ba-
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TEJBHOCTD:
mzazaz...

(110CKO0JIBKY BO3pACTaHME 1IEPBOI'O 4WIEHA I1aphbl 0€3yC/I0BHO 03HAYAET BO3PACTaHUE
napel). B 10t HEBO3pacTaoe 110CI1€10BaTeIbHOCTY HATY PAJIbHBIX UMCEJI MOYKET
OBITh JIMIIIb KOHEYHOE YKCJIO CTPOTMX HEPABEHCTB: HATYpaJbHOE UHCIO HEJIb3s
YMEHBIIATh OECKOHEYHO MHOIO pa3. 3HauuT, HAuMHAs C HEKOToporo mecra N,
BCE€ IICPBBHIC YJICHHI ITAP PABHBI:

ay = adn41 = aAn4o2 = ...

Toraa mopsI0K HA Mapax LEJIMKOM OIPEAECIISETCS BTOPHIMU WICHAMU, U II03TOMY
C PTOro MecTa BTOPHIe WIEHH Map yoObBaoT. Ho 3To mpomo/iKaThest O€CKOHEYHO
HE MOXKeT.

3ajaya pellicHa.

Emé HeckoJbKo 3ajau

3agaua 20. [TnockocTh pa3pe3aHa HA YaCTH N TPSIMBIMU, TIPUIEM n > 3 u
HE BCE MpPsIMBIC IPOXOAST 4epe3 OAHY TOuKy. Jloka3aTh, 4TO XOTs1 OB O7THA W3
YaCTE — TPEYIrOJIbHUK.

3apaua 21. Jlokaszats, uto (a) IS MEepEKJIa/IbIBAHMST XaHOMCKOI OalltHu 13 1
KOJIEI] C OJTHO MAJI0UKM Ha APYTYIO TOCTaTOYHO 2" — 1 neiicTBrit u uTo (0) MEHB-
IIMM YKCJIOM JCHACTBUIT HE OOOMTHUCH.

3apmaua 22. Jlokazath, 4TO \/ 6+1/6+V6+ V6 < 3, a TakKe aHAJTOTUIHOE

YTBEPKJCHUS ISl JTI0OOT0 4KCiIa KOpPHEH.

3anmaua 23. Jlokasars, yro cymma 1+ 1/2 4+ ...+ 1/k moxer ObTh crienna-
Ha 0oJiblle JIIOOOro HANepE 3aJAHHOTO YMC/IA 1, eCd kK BEIOpATh JOCTATOYHO
OOJIBIINM.

3aaaua 24. OuH BBITYKJIbIII MHOIOYT'OJIbHUK HAXOAUTCSL BHYTPU Apyroro. Jo-
Ka3aTh, YTO MEPUMETP BHYTPEHHETO MHOTOYTOJIBHMKA MEHBINE TIEPIMETpA BHEII-
HETr0 MHOTOYTOJIBHUKA.

3agauya 25. Ha ckoJIbKO YacTeil AeJIT IUIOCKOCTh N NPSIMBIX, HUKAKU€E JIBE U3
KOTOPHIX HE TIAPAJUICTFHBI ¥ HAKAKWE TP HE TIPOXOJIST Yepe3 OfHYy TOUKy?

3amaga 26. Jlokazarh, 9TO KBaJpaT MOXXHO Pa3pe3aTh HAa N KBAJIPaToB (BO3-
MOYXHO, Pa3sHBIX Pa3MepoB) IIpHU JIOOOM 1 > 6.

3apava 27. Jloka3ats, 9TO /7151 JIOOOTO IIEJIOTO 71 > 3 MOXHO HAWTH N Pa3ind-
HBIX LIEJIBIX TIOJIOKUTEJIBHBIX YMCEJI, CyMMa KOTOPBIX HAIIEJIO JICJIATCS. HA KaXK/0€
3 YKCcel.
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3agaua 28. Mmeercst mo oxguoit rupe B 1,3,9,27,81, ... rpammoB (kKakzaast
cJlelyloliasi BTpoe TsbKeiee Ipeablaylieil). JlokasaTs, 9To ¢ UX IOMOIIBIO MOXXHO
YPaBHOBECHUTSH JIIOOOH I'PY3, BECALIUI 11€I0€ HCIO IPAMMOB, €CJIM pas3pelaeTcs
KJIACTh TMPU Ha 00€ YallIKY DBIYAXHBIX BECOB.

3amaga 29. Yuciio

1
X+ =
X
SIBJISIETCS LICJIbIM. Z[OKaSaTb, YTO 4yucjia
1 1 1 1
X2+7, X4+7, XS‘F*S, x16+7,--~
X X X X

TOXe OYIYT IeJTBIMU.

3amava 30 (mpogosmkenne). JlokazaTh, 9YTO UMCIIO

1
n
X"+ )CT
OyIeT 1eJIbIM Tipu Jiiobom n = 2,3,4,5,6. ..
3agauya 31. Jlokasars, uto 2" > nnpu Bcex n =1,2,3,4, ...

3amava 32. Yncna OubdoHaTuM orpefessoTcs opMyIaMu
=1 FKE=1 F,=F_1+F, ,upun>3.

JlokazaTp, 4TO
1,5" < Frpy <2
upu Beex n =1,2,3,4...

3apaua 33. JlokasaTh, 9TO KOJMYECTBO PasIMUHBIX cjioB u3 n Oyks JI m I1
paBsHO 2°.

3amaua 34. Ha nocke Harmcano cioBo m3 n 0yks JI u I1. 3a oquH Xo1 MOKHO
mMeHUTh oHy OykBy (3amenuth JI Ha Il mmm HaoOopot). [okazaTh, 4To 3a
HECKOJIFKO XOJIOB MOXHO TIOJIy9MTh Ha Jocke (0AHO 3a Apyrum) Bce 2" CIIOB,
MIPUYEM HMKAKOE CIOBO HE BCTPETHUTCS JBAXIBL

3amaua 35. Jloka3aTh, YTO KOJIMYECTBO pa3IMIHBIX cJioB 3 n OykB JIl u I1, B
KOTOPBIX OykBHI JI He WAYT MOAPSA/ IPYT 3a APYroM, paBHO Fj ;.

3agaga 36. Jlokaszarb, 4TO IPSMOYIOJIBHUK 2 X 1 MOXHO pa3pe3aTh Ha Ipsi-
MoOyTOJBHUKH 1 X 2 poBHO F,41 criocobamu.

3amava 37. Jlokaszats, uto (ripm Bcex n = 2,3,4,...)

FF+F+F+...+F =F—1.
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3agaga 38. Jlokasats, uro (npu Jnodbom n = 3,4,5,...) cymMMa yIJIOB BbI-
MyKJIOTO N-yroJibHUKa paBHa (n — 2) - 180°.

3agaua 39. B kojioHMIO OakTepuii momagacr BUpyC. B mepBylo MuHYyTy OH
YHUUTOXAET OJHY OAKTEPHIO U JIJIMTCS IIOI0JIAM, 2 OCTABLIMECs DAKTEPUM TOXKE
JeJsTCs TOMoJIaM. 3a BTOPYIO MUHYTY [Ba BHpyca YHHUYTOXKAIOT JBe OaKTepuu
U JeIATCs MonoJiaM (BCero MosIy4aeTcsl YeTbipe BUPYCa), OCTaBIIMECs OaKTepuu
TOXE JIeJISATCS TIOMOJIaM, M TaK fajee. BrIMpeT Ji KosIoHus OakTepwmit?

3amaua 40. Jlokazath, uro kBagpaT 2" X 2", B KOTOpOM BhHIpe3aHa J1r00ast (He
00s13aTEJIPHO YTJIOBasi) KJIETKA, MOXXHO pa3pe3aTh HA YTOJIKHM U3 TPEX KIIETOK.

3agauya 41. Jloka3aTh HEPaBEHCTBO

5 2n —1 1
< —.
6 2n vn

(Ykazanwe: MoJIe3HO YCUJIUTH HEPABEHCTBO, 3aMEHUB B TIPaBOi YacTu 1 Ha n+1.)

N =
Al w

3agaua 42. 3asady 0 HOBOOPAHLIAX MOKHO PELIMTh U JPYTHM CIIOCOOOM, HH-
JYKLIMEH 110 4ucily coJiiar. B camom jelie, KpailHuil cos1iaT [0BOPAYUBACTCs HE
0oJiee OJTHOTO pa3a, IMOCe Yero OCTaETCs BOCHOIB30BAThHCS IIPE/IIOJIOKEHAEM HH-
aykuun. [IpoBectr 3T0O paccyaeHue IogpoOHO.

3agaua 43. [loka3arh, 4TO B 3a/la4u€ C N COJIJIATAMU TOBOPOTHI MOTYT HIPO-
nuThes He 6ostee 10n cekyH[.

3anava 44. Penmts 3amaqy 19 11t IpOM3BOIBHOM HAYAJIBHON TIOCJIE0BATEIIb-
HOCTHU HYJICH U eMHUIT (He 00s3aTEeIbHO C JIByMS €AMHHUIIAMH).

3agaua 45. Jlokasarb, 4TO JIMHEWHO YHOPsI0YEHHOE MHOXeCTBO M siBiiser-
CsI BIIOJIHE YTIOPSTOUCHHBIM TOT/IA U TOJBKO TOTZA, KOTJA JII000Ee HEIMycToe ero
MOJIMHOKECTBO X MMeeT HaMMEHBIIMIA DJIEMEHT (2JIeMEHT, MEHBIINI BCEX JPYTUX
DIIEMEHTOB MHOXeECTBa X ).

3amava 46. BrusHecMeH 3aKTIOYMIT ¢ YEPTOM TaKYIO CICJIKY: OH MOXET JTIIOOYIO
HMEIOLIYIOCS Y HEro Kymopy oOMEHSTh Y Y4épTa Ha J1I000i1 Habop KYIIOp JIF000ro
MEHBIIETO JOCTOMHCTBA (IO CBOEMY BBHIOODPY, O€3 OrpaHMYeHMst OOLICH CyMMBI).
OH MOXET TakkKe TPaTUTh JICHBIW, HO HE MOXET IIOJIyJaTh UX B JPYTOM MECTE
(xpome kak y uépra). [Ipy 5TOM Kax/TBIil IeHb Ha €1y eMy HyXeH pyOsib. CMoxeT
JI OH TaK WTh OCCKOHEYHO JI0JIT0?
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