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3amaHnsg 3aKJIIOYNTEJILHOIO dTalla
2023/2024 yuebHblii 10O

Saganua aas 1011 kjaaccos
Bapuant 1. YcnoBus

1. Ky3Heunk npwiraer 1mo 4uc/ioBoi mpsaMoit. Kakiprit cBo#l MPBIZKOK OH MOYKET COBEPIIHUTH
B Jir000M Harpapjerauun. OH HadrmHaeT B ToYKe ) IPBIKKOM €IMHUIHOMN JInHbI. KaxK bt ciie/ry-
IOMNI TPBIKOK JIOJIZKEH OBITH Ha MATH OOJIbIIE TPE/IBIIYIIEro (T. €. TIEPBBIl IPBIZKOK JITUHBI 1,
BTOpOI AwHBI 6, TpeTuit Aauabl 11 u T. IL-)- 8a Kakoe HamMeHbIIIee UNCJIO MPHIKKOB KY3HETHK
CMOKET OKa3aThCsI B Touke 20247

2. Haiture yrou «, ecau uzBectHo, uto 0° < a < 90° u

(1+tgl°)(1+1tg3°) —2
(1—tgl°)(1—tg3°)—2

tga =

3. [lan octpoyrosbhbiii Tpeyrobauk A BC, menbInuii yros koroporo ZABC = 40°. BayTtpn
TpeyroJibHIKa BbiOpaHa Takas Todka D, ato /BAC + ZADB = 180° u 2/ACB + /DBA =
180°. Yepes Touky C' mpoBesn mpsMyto, mapasie/bHyio npamoit AD, oHa mepeceka mpsaMyto
BD B touke E. Buccekrpucer yriios ZABD u ZC'AD nepecekatorcs B Touke F. Haiinure yros
/DFE.

4. Pemmute B nesblx unciaax ypasnenue k2 +m? = 5-2023" + 77.

5. B crpane 750 ropogoB. HekoTophie n3 HUX coeHEHBI OECIIOCa,I0UHBIMI JIBY XCTOPOHHUMUI
apuaTmHusIMA. M3BecTHO, 9TO cpein JIIOOBIX 375 rOPOJIOB €CTh XOTsd ObI 375 Tap rOPoJIOB, COETH-
HEHHBIX JIPYT C JApyroMm apuajmHueil. Kakoe HamMmeHblllee BO3MOXKHOE KOJMYECTBO aBUAJIUHUIMA
MOXKET OBbITh B 9TOI cTpaHe.



Bapuant 1. Pemenus

1. Ky3Heuuk npbIraer 1o 9ucjoBoi mpamoii. KaxKkiprit cBoii TPBIXKOK OH MOYKET COBEPIIUTD
B JioboM Harpassiennn. OH HadnHaeT B TOUKe () MPBIXKKOM eIMHIIHOM JyinHbl. Kaxk 1brit corery-
IONIUI TPBIZKOK JIOJIZKEH ObITh Ha [ATH OOJIbIIE IPEIbLLYIero (T. e. HepBblil IPHIKOK JIJTUHBL 1,
BTOpOIt JiytHbL 6, TpeTuii juimabl 11 1 T. 11.). 3a KaKoe HAUMEHBIIee IHCI0 MPBIKKOB Ky3HEUINK
CMOZKET OKa3aThCsl B Touke 20247

Orser: 31.

Pemenmne. [lockonbky

27 - 28
1+6+11+16+...+136:28+5(1+2+...—|—27):28+5-T:1918<2024,

3a 28 NPBLRKKOB JIONPLITHYTH He yiactced. [lostomy morpebyerca me menee 29 nporkkos. Ho

IPBIKKHU ¢ HeYeTHBIMI HOMePaMHU MEHSIOT YeTHOCTD MOJIOYKeHN Ky3Heunka. [loaTomy mocte 29

IIPBIKKOB Ky3HEUNK OKarKeTCs Ha HEYeTHOM YHCJe, TPU/IIATHIA MPBI2KOK YeTHOCTH He TIOMEHSIeT

u, 3HAYUT, 1ocyie 30 TPBRKKOB Ky3HEUYNK TaKKe OyJeT Ha HEYETHOM JHCJIEe U, B YaCTHOCTH, He

MO2KeT okazaTbes B Touke 2024. CrenoBareibHO, OTpedyeTcs He MeHee 31 MPbIKKA.
[Tokaxkem, uTo 3a 31 npblzKOK MoOxKHO nonactb B 2024. [TockonbKy

30-31
1+6—|—11+16+...—|—156:31+5(1+2+...+30):31+5-T:2356,

KY3HEYUK BCe BpEeMsl IIPbIrasd BIPABO OKAXKETCs B TOUKe 2512, M09TOMY OH IepecKaKnuBaeT IejIb
Ha 332. Takum obpa3om, eMy HY2KHO B cyMMme Ha 166 IpbIrHYTh B JIpyTyio ctopony. Hampumep,
oo yT mphlzkKW Ha 1, 11, 21, 31, 41 un 61.

2. Haiture yrou «, ecau uzBectHo, uto 0° < a < 90° u

(1+tg1°)(1 + tg3°) — 2

tga = .
YT 1 —tglo)(1—tg3) — 2

OrBer: o = 41°.

IlepBoe pemnienmue. Ilo ycioBuio

(1+tgl°)(1+tg3°) —2 1—tgl°—tg3® —tgl® tg3°

tgo = = )
YT tg1o)(1—tg3°) —2  1+tglo+tg3° —tglo-tgde
CiretoBaTe/ibHO,
1 tg1° 4+ tg 3°
B 1—tgle-tg3°
tga = L+ tg1°+tg3°
1 —tgle-tg3e
tg1° +tg 3°
[Tockousbky tg4° = , IMeeM COOTHOIIIEHNE
1—tgle-tg3e°
1 —tg4® tg 45° — tg4°
tg 8% _ '8 & = tg(45° — 4°) = tg41°.

T 1+tgde  1+tgd5e-tgde

Craso 6bITh, @ = 41°.



Bropoe pemienue. [lo ycrosuio

(T +tg1°)(14+tg3°) —2  (cos1°+sin1°)(cos 3° 4 sin3°) — 2cos 1° - cos 3°

t = = .
& (1 —tgl°)(1 —tg3°) —2 (cos1®—sin1°)(cos3° —sin3°) — 2cos 1° - cos 3°

ockonbKy cos x 4 sina = v/2sin(45° 4 z), CaenosaTesho,

B V2in 46° - /2 8in 48° — 2 cos 1° cos 3° ~ sin46°sin 48° — cos 1° cos 3°
V2sin44° - /28in42° — 2cos 1°cos 3°  sin42° sin 44° — cos 1° cos 3°
1(cos2° — €08 94°) — 3(cos2° 4 cos 4°) _ c0594° +cos4°  cos4® —sin4°

tg o

1(cos2° — cos86°) — L(cos2° + cos4°)  cos86° + cos4°  cos4® +sind°

~ V/2sin(45° —4°)  sindl° o d1°
V2sin(45° +4°)  cosdle  ° o

Crajio 6bITh, v = 41°.

3. Jlan octpoyrosibabiii Tpeyroibuuk ABC, menbimii yroy kKotoporo ZABC = 40°. BayTpu
TpeyroJbHuKa BbIOpaHa Takad Touka D, auto /BAC + ZADB = 180° u 2/ACB + /DBA =
180°. Yepes Touky C' mpoBesn IpsMyIo, HapasiieabHyio IpsaMoil AD, oHa mepeceksia IMpsaMyo
BD B touke E. Buccekrpucer yrios ZABD u ZC' AD nepecekatorcs B Touke F. Haiinure yrom
/ZDFE.

OrBeT: R0°.

Pemmenne. Ilomoxum g kparkoctn LZABF = o, torma ZDBF = o u ZDBA = 2. Ilo
YCJIOBUIO

2/ACB+2p =2/ACB + ZDBA = 180°
u, suaqunt, ZACB = 90° — .
/BAD = 180° — ZDBA — ZADB = 180° — 2 — (180° — ZBAC)) = ZBAC — 2.

CremoBaTesbHO,

/DAC  /BAC — /BAD _
2 2 -

/ZDAF = ©



n 4derbipexyroibuuk AF DB srucanubiii. Takum obpazom, LADF = ZABF = ¢, 3Ha49uT,
tpeyrosibHuK AF' D paBrHoOempenusiit u, B dactaoctu, F'A = FD. Tlockosbky AF — Ouccek-

tpuca yriia ZCAD, a npavble AD n C'E napatensuasl, JACE = ZCAD = 2p = /ABE.
CnenoBarenbHO, 9eTbIpexyroabHuK AFEC D gaBjsercs BINCAHHBIM U IO9TOMY

 LAFD

==

CraJjio ObITh, TOUKa F' sBJIsIeTCS IMEHTPOM OIMCAHHOW OKpYyKHOCTH Tpeyroiabanka ADFE u, 3na-
ant, /DFE = 2/DAFE. Ocraiock 3aMeTUTh, 9TO

LDAE =180° — AED — ZADFE = 180° — LZACB — ZBAC = ZABC = 40°,

LAED = ZAEB = ZACB =90° — ¢

oTKyJa nosrydaem otser ZDF E = 80°.

4. Pemmute B nesbIx unciaax ypasuenue k2 +m? = 5-2023" + 77.

Orser: (£1,49,0), (£9,+£1,0), (£56,+£84,1) u (£84,+56,1).

Pemenne. Fciu n < 0, To jeBag gacTh ypaBHeHus OyJieT 1e/I0i, a IpaBas Heresoii. Fean
n = 0, To k* + m? = 82. [TockonbKy KBajpaTsl gaioT octarku 0, 1 m 4 oT je/leHus Ha IIATh,
ancaa k* u m? nator ocratok 1 ot menenus na 5, kpome toro |k| < 9 u [m| < 9. Crano GbiTh,
k=4+1lum=2+9mwmk =49 um=+1 u 1pyrux BapuaHTOB OBITH HE MOXKET.

[Iycte n > 1. Ilockonbky 2023 nenurcs Ha ceMb, B 9TOM CJIydae IIpaBasl dacTb JIEJTUTCI
Ha ceMb. KBajipaThl 1esbix duces MOTYT jgaBaTh octatku 0, 1, 2 u 4 oT JejeHus Ha CEMb.
CymMMma JIByX TaKMX OCTATKOB paBHA HYJIIO TOJIBKO B CJIydae, KOT/Ia OHU 00a PABHBI HYJIIO. TaKuM
obpaszom, k u m nmenstes Ha cemb. Crajo ObITh, k = Tky m m = Tmy JJIsT HEKOTOPBIX TEJIBIX
qncen ki u my. CiiegoBaTebHO,

7k? +7m? =5-289-2023"" + 11.

Eciun > 2, To uucyo 7Tk? +7m? —5-289-2023" ! nesurces Ha ceMb, 9T0 HEBO3MOXKHO, OCKOJIBKY
ono pasuo 11. Crajio 6bITh, 1 = 1 U ypaBHEHUE TPUHUMAET BU]

Thi +Tmi =5-289 4 11 = 1456 = 7 - 208.

Takum obpaszoM, k¥ +m? = 208 = 13- 16. ITockosibKy KBaJpaThl IIPH JIeJICHUE Ha 4 JIAIOT JIUIIb
ocrtatku 0 u 1, oba uucia ki u mq 9eTHbl u Toraa ki = 2ky 1 my = 2my JUIT HEKOTOPBIX IEJIBIX
qncest ko 1 moy. Crasao ObITh, /{:S + m% = 13-4. Anajoruvno moaydaeM, 91o ko = 2ks, mo = 2ms
u k% + m3 = 13. Ho y Taxkoro ypasHenus penienus HaiiTh coBceM Jierko: k3 = +2 u mg = +3
wm ks = £3 u mg = 2. Torna k = 56 u m = 84 wim k = £84 u m = £56.

5. B crpane 750 roposos. HekoTopbie n3 HUX coeinHeHbI 6€CITOCaI0UHBIME JIBYXCTOPOHHUMUI
apuamHusIMA. 3BecTHO, 9TO cpen JIIOOBIX 375 rOPOJIOB €CTh XOTst ObI 375 TIap ropoIoB, COETH-
HEHHBIX JIPYT C JIpyroMm aBruaJimHuell. Kakoe HanMeHbIlee BO3MOXKHOE KOJIMYECTBO aBHAJIMHUIM
MOKeT OBITh B 9TOil cTpaHe.

OTrseT: 1875.

Pemenne. Pazobbem 750 ropojios na 125 rpymm mo 6 ropooB B KazKJI0i u JiroOble JIBa TO-
poJia B KaxK/I0il rpyIiie coeuHnM aBuaanaueii. Torna B KaxK 10 rpyIie 1o % = 15 aBuaJimHMH
u obiree KomdecTBO apuasmHuit 125 - 15 = 1875. [lokaxkem, 4TO 3TU ropojia yJIOBJIETBOPSIIOT
YCJIOBHIO 3a1a49u. [eiicTBUTEIbHO, pACCMOTPHUM Kakue-To 375 ropojios. [lycTs ny n3 Hux us3 nep-
BOIl TPYIIIIBI, Mo U3 BTOPOIi, ..., nigs 3 125-it rpymmsl. Torga obInee KoJMdIecTBO aBUAJIUHMIMA

MeE2KIYy 9TUMU I'OpOJaMn PaBHO

_ nl(nl - 1) 712(”2 - 1) i n125(n125 - 1)
5 5 c —2 .




[Tockosbky HepaBeHcTBO z(x — 1) > Br — 9 cripaBeuBO /I BCEX &,

2m2(5n1—9)—|—(5n2—9)++(5n125—9):5(n1+n2+—|—n125)—9125:
=5-375—-9-125=(15—-19) - 125 = 750.

Crajo ObITh, m > 375.

Jlokazkem Terepb, 9TO 00IIee KOJUIECTBO aBHAJUHUN Beerja He MeHblne, dem 1875. Pazo-
ObeM TOpOJIa Ha JiBe OJMHAKOBBIE 110 pa3Mepy rpymibl A u B rakum oOpa3oM, 4TO aBUAJIUHUN
MeK Ty ropojamMu n3 A HanMeHbIllee BO3MOXKHOE KOJTMIecTBO. Pacemorpum mmapy ropogo A € A
u B € B. Ilycts ropon A coenunen aBmajauHusIMU ¢ a ropojgamu u3 A, a ropox B coennnen
apuayuausiMu ¢ b ropogamu u3 A. Torma a < b, HOCKOJIBKY B IIPOTHBHOM CJIy4Yae MOKHO OBLIO
OBbI IMIOMEHATH MecTaMu ropojga A u B, YMEHBIIUB KOJUYIECTBO aBHAJUHUI MEXKIy TOPOJaMU
u3 A.

Ecim xazknaprit ropox w3 B coeauneHn aBmajnHMe XOoTs ObI ¢ TpeMs ropomamu u3 A, To
obIiee KOJIMIeCTBO aBUAIMHEN Oy/ier He MeHbIne dem 375 + 3 - 375 + 375 = 1875 (xors 661 375
aBUAJIMHUN MexK 1y ropogamu u3 A, xors Ob1 3 - 375 apuanunuii Bejer u3 B B A un xors 661 375
aBUAJIMHUI MexK 1y ropojgamu u3 B). B sToMm ciydae Hy»KHOE HEPABEHCTBO JIOKA3AHO.

Ecim ke naitnercs ropoa B u3 B, coeumHeHHbIIT aBHAJINHISIMI He 00JIee IeM C JIBYMSsI TOPO-
sgamu u3 A, To juis moboro ropoja n3 A ecrh He OOJIbIIE ABYX aBUAJIMHUIA BeIYIIUX B TOPOJIA
u3 A. Ho Torma obree kommaecBTo aBuajmamil Mexk 1y ropogamu u3 A ue Gosbie 375. Ho 1o
YCJIOBHIO OHO He MeHbIIe, YeM 375, M0IToMy Jjist Jitoboro ropoja u3 A ecTb poBHO JiBe aBHa-
JymHun Begayipe B ropoja u3 A. Ilycrs A — onmH U3 ropojioB, ¢ KOTOPBIMU COEIMHEH T'OpO/L
B. Pacemorpum Habop u3 375 roposos: ropoj B u Bce ropoja u3 A, 3a uckiaodernem A. Ilo-
cuuTaeM obIIee KOJMIeCTBO aBUAJINHAN MeXKTy TOPOJIaMK 9TOro Habopa. MexK 1y BhIOpaHHBIME
ropogamu u3 A B TouHOoCcTH 373 aBMaJMHUM (JIBe aBHAJMHWU BeJyT B ropoia A) u eme oHa
aBUaJMHUs BejeT B ropoj B (Bropasi aBuanunus uz B Bejer B A), uroro moiayduioch 374
ABUAJIMHUU, ITO IIPOTUBOPEUUT YCJIOBHUIO. TakuM 060pP30M, 3TOT Caydail HEBO3MOXKEH.



OaunMmnuaga mxkoJbHUKOB CIIOI'Y o maTtemartuke

3akmounTeabHblii dTan. 2023/2024 y4eoHblii roa

3aganusa a1 8-9 kiaaccos

(ITpaBuUsIbHOE M MOJIHOE pEIICHUE KaKA0M 3a/1aun olleHuBaeTcs B 20 6asioR)



Ommvmnumaga mikoabHuKoB CIIOGIY mo maremaruke
3ajlaHns 3aKJIIOYUTEJIbHOrO 3Tara
2023/2024 yuebHbIii 10O

Saganua g 8—9 KJjaccos
BapuanT 1. YciioBus

1. Jlan xBajgparubiii Tpexuten f(r) = 222 + ax + b ¢ neabiMu KosddumenTamMu, 1pu
JIE0OOM  BEIeCTBEHHOM T yjoBJerBopsioniuii HepasenctBy 20f(x) + 19 > 0. Jlokaxure, 9To
2f(z) +1 > 0 upu Jr060M BEIIECTBEHHOM Z.

2. Ectb 35 KpoJIUKOB 1 35 KJIETOK, KJIETKU IIPOHYMEpPOBaHbI YncjiaMu oT 1 710 35, a KpoJImKu
— gucaamu or 36 1o 70. KposmkoB paccakuBatoT 1o KjeTkaM (110 0JHOMY KPOJIUKY B KJIETKY )
TakK, YTOOBbI HOMED KaXKJI0r0 KPOJIMKa ObLI B3aUMHO MPOCT ¢ HOMEpoM ero Kjetku. Jlokaxkure,
YTO KOJTMYECTBO CIIOCOOOB TaK PACCAINTh KPOJUKOB IO KJIeTKaM He MeHbIre, yeM 40 ThIcsad.

3. Jlns r0b60oro HaTYpabHOTO YHCA 71 JIOKAXKUTE HEPABEHCTBO
1 1 1 1 1 n

+ + + +...+ Z .
TR T TR i~ ntl

(Kak obbrano, n! obosHauaeT Mpon3BejieHne BCeX HATYPATbHBIX YHCEN, He MPEBOCXOJAIINX .
Hampuwmep, 4! =1-2-3-4.)

4. BozbMeM IpOU3BOJIbHOE HATYPAJIbHOE YUC/IO N . BeraucauMm 3uadenue Hn, + 1 u yobepem us
€ro pas3JIoKEHUs Ha IPOCThIe MHOXKHUTE/IN BCe MHOXKHUTEJIM, KpOMe JIBOeK 1 TpoeK. llomydennoe
YHCJI0 Ha30BeM No. Harmpumep,

m=2 — 5:254+1=126=2-3>-7 — ny,=18,
m=24 — 5.-24+1=121=11> — ny=1,
m=22 — 5-224+1=111=3-37 — ny,=3.

[Torom BBIUmCIIM 3HAYEHUE HNo + 1 U yOepeM U3 3TOro Yucia BCe MPOCTbIe MHOYKUTEIN, KPOME
JIBOEK W TPOEK, MOJIYYEHHOE YUCJIO HA30BEM N3 U T. JI.

Jlokaxkure, 9TO ¢ KaKOro ObI HATYPaJIbHOIO 9HC/Ia N Mbl HI Ha9aJIl, Yepe3 HEKOTOPOe BpeMsi
B 9TOi1 1IOC/I€/I0BATEIbHOCTH BCTPETUTCS YUCJIO 1.

5. ¥Yret ZBAD u Z/BCD seinykioro uersipexyroibuuka ABC D pasuabl. Touku P u @)
cuMMeTpuIHbl TouKe A orHOCcHTenbHO TpsaMmbix BC' u C'D coorBercrBerHo. [Ipsvbre AP n
A(Q) nepecekaior orpe3ok BD coorBercrBeHHO B Toukax [ m F. JlokaxKuTe, 9TO OINUCAHHBIE
OKPY2KHOCTHU TpeyroibHnkoB BEP u DF() KacaioTcsd Ipyr Jpyra.

6. Jlanbl yeThblpe Ky4n KaMHell, 3aHyMepoBaHHble dncjaamu or 1 o 4. CHavyaia B KaxKJI0i
Kyue jiezkuT 110 2024 xkamus. llera m Baca urpator B urpy. Xoggar 1o ouepejin, HaunnaeT [lers.
Kazxiprit xo1 urpok BeIOUpaeT HATypabHble ducaa m < n < 4, 6eper m KaMHell U3 Kyd4u C
HOMEPOM N M PACKJIAJIBIBACT BCE B3ATbIE KAMHU, JT00AB/IdAsd UX MO OJIHOMY KAMHIO B KaXKJIyIO U3
Kyd ¢ HOMepaMu oT n — m Jo n — 1. [IpourpeiBaer ToT, KTO HE MOXKeT cenarTh Xod. Kro u3
UT'POKOB MOKET IMOOeINTh HE3aBUCUMO OT MI'PbI COIIEPHUKA?



Bapuant 1. Pemenus

1. JTaun xBajgparubiii Tpexuiten f(r) = 222 + ax + b ¢ ueabivMu kosdduimentamu, 1pu
JIF0OOM BeIeCTBEHHOM & yoBJerBopsiontuii HepaseHcTBy 20f(x) + 19 > 0. Hokaxkure, 9T0
2f(z) + 1 > 0 upu 11060M BEIIECTBEHHOM .

Perrenne. [lockonbky Bee KoadbdunmenTsr Tpexaiena f () mesbie, OH IPUHAMAET B TIEJIBIX
TOYKAX IeJIble 3HaYCHUs U TU 3HAYCHUS HE MEHDIIIE YeM —%. [TosTomy 3HaveHUsA TpexUieHa
f () BO Beex mesibix ToUKax HeoTpuIaTeabHbl. ClieI0BATEbHO, PACCTOSTHIE MEKLY €r0 KOPHSIMHE
He TTPEBOCXO/IUT €JMHUIIBI, B IPOTUBHOM CJIydae MEXKJy KOPHSMU HAIIACh XOTs ObI OTHA TeJIas
TOYKA ¥ 3HAYUEHUE B Heit ObL10 Obl oTputiaTeibubiM. Ho paccrosinne MexK 1y KOpHIMU PABHO %\/c_l,
riae d — AMCKPUMHUHAHT TpexuseHa, T.e. d = a® — 8b. Craso 6b1Th, d < 4. OcTanoch 3aMeTHTD,

d 1

YTO HauMEHbIIIeC 3HaYCHUEC TPpeXdJ/JIeHa paBHO -3 2 —5-

2. Ectb 35 KpOJIMKOB 1 35 KJIETOK, KJIETKU IIPOHYMEPOBaHbI Ynuc/iaMu OT 1 710 35, a KPOJIMKHI
— quciaamu or 36 j10 70. KposmmkoB paccazkupatoT 1o Kjierkam (1o 0JHOMY KPOJIUKY B KJIETKY )
TaK, 9TOOBI HOMEP KazKJI0ro KPOJIMKA OBbLI B3aUMHO IIPOCT C HOMEPOM ero kjeTku. /lokaxkure,
YTO KOJTMIECTBO CIIOCOOOB TaK PACCAIUTH KPOJIUKOB I10 KJIeTKaM He MeHbiie, deM 40 Thicsd.

Pemenne. CrauaJja rnpuBejieM OJUH CIIOCOO PaccajuTh KPOJUKOB 110 KjaeTKaM. [Ipu 36 <
k < 70 mocajium k-ro KpoJinka B KJIETKY ¢ HoMepoMm 71— k. Kciu uncia k u 71 — k umetor obruit
JIeJIUTENb, TO 9TOT YK€ JIeJNTeNb nMeeT ux cymma k + (71 — k) = 71, apisiomniascs IpOCTBIM
qncaoMm. Ho uncio k e jmemurces Ha 71. [losTomy mpaBmio paccajku COOJIIOIEHO.

Nmeercs BoceMb KPOJMKOB, HOMEPaA KOTOPBIX ABJISIOTCA TPOCThIMU ducaamu: 37, 41, 43, 47,
53, 59, 61 u 67. DTUX KPOJUKOB MOXKHO IIPOU3BOJIBLHO ITEPECAKUBATH 110 TEM BOCHMU KJIETKaM,
KOTOpBIE OHM 3aHUMAIOT, TOTOMY YTO HOMED JIIOOOIO0 U3 ITUX KPOJUKOB — IIPOCTOE UUCIIO,
KoTOpoe 0OoJibIlie HOMepa JII000H KJIETKU, U3-3a Uero OHO HE MOXKET UMEeTh OOIIUX Jie/uTesiei
¢ HOMEpOM KJjeTKu. KommiecTBO CrocobOB paccaiuTh 8 KPOJUKOB 0 8 KjeTKaMm paBHO 8! =
40 320. Mur1 yzxe npeabasuan 40 320 crmocoboB paccajiki, IOITOMY 00IIee KOJIMIeCTBO CIIOCOO0OB
He MenbIre 40 000.

3. Jlis r0b60oro HaTYpaJbHOTO YHCIa 1 JIOKAXKUTE HEPABEHCTBO

1 1 1 1 1 n

+ + + +.. - > :
V2l 4 el Vel /@n)! T n+1

(Kak obbrano, n! obosHauaeT MpoM3BeieHne BCeX HATYPATbHBIX YHCET, He MPEBOCXOJAIINX 1.
Hampuwmep, 4! =1-2-3-4.)

Pemenne. [lokaxkem, aTo

N S S
VRl k k+1l kkt1) (*)

Jljist 3TorO j1ocTaTouHo nposepuTh Hepasenctso (k(k + 1))F > (2k)!. Jlna ero nokazarenbcrsa
pa306beM Bce MHOXKHUTENH, cocrapisone (2k)! na napst j u 2k + 1 — j (31ech j mpoberaer
qucsta or 1 710 k) 1 3aMeTnM, 9TO MPOM3BE/IeHNe Ynces B KazK 0l ape He npeBocxout k(k+1).
JleiicTBUTEIBHO,

k(k+1)—j2k4+1—j) = (K +k)— 2kj+j—7) =(k—j)*+(k—j) =0,

[Tpocymmupyem HepasencTBa (x) mo k ot 1 10 n u mosryanm Tpedyemoe.



4. Bo3zbMeM TPOU3BOJIbHOE HATYPAJIBHOE YUCJIO 1. BeraucauM 3uadenne Hn,+ 1 u yobepem us
€ro Pa3J/IoyKeHUs Ha MPOCTble MHOYKUTEIN BCE MHOXKHUTEJIN, KPOME JIBOEK U Tpoek. [lomydennoe
YUCJIO HA30BeM no. Hampuwmep:

m=2 — 5:254+1=126=2-3>-7 — ny=18,
m=24 — 5-24+1=121=11> — n,=1,
nm=22 — 5-2241=111=3-37 — ny=3.

[Torom BeramC/IUM 3HAYEHEE HNo + 1 1 yOepeM U3 9TOro Yuc/ia Bee MPOCTble MHOYKUTEH, KPOMe
JBOEK U TPOEK, IIOJIYYCHHOE YUCJI0 HA30BEM 73 U T. JI.

Jlokaxkure, 9TO ¢ KAKOI'0 ObI HATYPAJIbHOI'O YHUC/Ia N1 Mbl HU Ha9aJI, Yepe3 HEKOTOPOe BPeMs
B 9TOH IOCJIEI0BATEIbHOCTH BCTPETUTCS IUCTIO 1.

Pemnienne. /lonyctum, 9T0 HAILIOCH HEKOTOPOE 11, JJIsi KOTOPOT'O ITOC/IE/I0BATE/IHHOCTD He
conepkut 1. Torma Bce Umciia B MOCJIEI0BATEILHOCTH, HadWHAasi CO BTOPOTO, MOI'YT UMETh B
pa3/IoKeHN! Ha MHOXKHTEJM TOJIBLKO IIPOCThble MHOXKHUTe n 2 u 3. Jlajee B paccy:KaeHUSAX CUH-
TaeM, 4To k > 1. 3ameTum, 4TO €CJau ny JeJUTcd Ha npocrtoe dnciao p € {2,3}, To bny + 1,
OYEeBHJIHO, He JIeJIUTCA Ha p W, CJeJ0BaTeIbHO, Nii1 He dejuTcd Ha p. OTcioma ciieyer, 9To
B TIOCJIEJIOBATEILHOCTU Ty Uepeyiorcd crerieHn 2 u 3. IIpoBepum, 4TO moc/ea0BaTe IbHOCTD
yOBbIBaeT M M3-3a 9TOI'0 B HEll BCe-TaKMU JIOJYKHA COJieprKaThes 1.

DxcrepuMenTupys ¢ ng € {2,22,3,3%}, BuauM, 9TO B 3TUX CJIydastxX MOC/IEI0BATEILHOCTD
obIcTpo MpuXouT K 1. [TosToOMy MOXKHO CUMTATH, UTO YEPEIyIONINecs CTEIeHN UMEIOT TTOKa3a-
TeJn He MeHbIIe 3.

[Iycrs ny = 2™ (vae m = 2), Npyy = 3¢. Torna umm Ng+1 = ong + 1, minm 3¢ HOoJydaeTcs U3
qucsa bnyg + 1 cokpalieHneM Ha KaKue-To MPOCThIe MHOYKUTE M He MeHbINue 7 (IIOTOMY 9TO 3TO
qUCSI0 He JleuTest Ha 5). B mepBoM citydae nyyo — 9TO CTEleHb JBOWKM, HA KOTOPYIO JEJIUTCS
YHCII0

5nk+1+1:5(5nk+1)+1:25-2m+6,

T.€. Nkyo = 2, 9TO HE COOTBETCTBYET HAIIUM OTPDAHUYEHUAM — CJIMIIKOM MaJIEeHbKUI TOKa3a-
Tesb. Bo BTOpoM ciiydae ngq < 5”’;“ < ny.

Teneps paccMoTpuM caydait ny = 3¢, ngyy = 2™ (e £ > 2, m > 3). 37ech aHAIOTHYHO
WIHA Ny1 = Ony + 1, nam 2™ nosrydaercsd U3 4ucia dng 4+ 1 cokpallieHneM Ha KakKue-TO IIPOCThIe
MHOXKUTE/H, He MeHbInre 7. Bropoii ciiydail orngaTh BeJeT K yObIBAHUIO, UTO HAM U TPeOyeTcs.

B nepBom citydae ngyo — 9TO CTEeHb TPOUKM, Ha KOTOPYIO JIEJIUTCA YUCJIO

Sy +1=5(ng +1)+1=25-3"+6,

T.€. Ny = 3, 9TO HE COOTBETCTBYET HalllUM OI'DaHUYCHUAM.

3ameuanwne. g n; = 3¢ n Ngt1 = 2™ NMepBbIil ciydail MOXKHO PACCMOTPETh HECKOJIBKO
NHa4e. A I/IMeHHO, TOr Ja
5.30=9m 1.

HpaBaﬂ JaCThb AEJIUTCA Ha 3 TOJBKO pu 9€THbBIX M, IIyCTb 1T = 28, MbI MO2KEM CHHUTATb, 9TO
s> 1. TOI‘,ZLa Pa3JIOZKKUM IIPpaBYyIO 9aCTb Ha MHO2KUTEJIU

5-30=2% —1=(2°+1)(2° - 1).

HOCKOﬂbe HeYeTHbIE MHOXKUTEJIN B HpaBOfI JaCT B3aMMHO IIPOCTBI (TaK KaK X Pa3HOCTb
paBHa 2) u Gosbiiie 1, paBeHCTBO GBLIO OBl BO3MOXKHO TOJBKO B CJIydae KOrja OJHa U3 CKOOOK
paBHa 5, a Jpyrasd paBHa 3°, HO Pa3HOCTH STHUX YHCeN] paBHA 2 TOJABKO mpu ¢ = 1. 3maun,
MEePBLINA CJIyYail MPU HAIUX OTPAHUYIEHUAX HEBO3MOYKEH.



5. ¥Yret ZBAD u ZBCD sBoinykjoro uersipexyroibiuuka ABC D pasuabl. Touku P u @)
cuMMeTpudHbl TouKe A orHOCHTEbHO TpsaMbix BC u C'D coorBercrBerHo. [Ipsvbie AP u
A(Q) nepecekaior orpe3ok BD coorBercrBeHHO B Toukax [ m F. JlokaxkuTe, 9TO OIMUCAHHBIE
OKPY2KHOCTHU TpeyrobHukoB BEP u DF'() KacaloTcsd JIpyT Jpyra.

Perrenmne.

[Iycrs Touka 1" cummverpudna Touke A oTHOCHTEIbHO IpsAMOit BD (BO3MOXKHO OHA COBIIA/ A~
er ¢ roukoit C). B cuny cummerpun /BAP = /BPAu /BTE = Z/BAE = ZBAP. Ilosromy
JeTbIpexyroabHuK P BET BOucaHHBIN U, 3HAYUT, TOUKa 1’ JIEXKUT HA OMUCAHHONW OKPYXKHOCTU
TpeyroyibauKa BEP. AHaJIOrMIHO MPOBEpsIeTCs, 9TO TOYKa 1’ JIeXKUT Ha, OIMUCAHHONW OKPYKHO-
ctu tpeyrosbauKa DFQ). Kpome Toro no cummerpun /BT D = /BAD = ZBCD. Cnenosa-
tesibHO, Touku B, C', D u T nexar Ha onHoil okpyzkuocTu. [IpoBeieM kacaTeabHYIO B TOUKe
T K onmcaHHOIl OKPYKHOCTU Tpeyroibuuka BE P, mycTh OHa mepecekaeT npsamyo BD B Touke
S. Torma

/FTS = /ETF — /ETS = /ETF — /TBE = /EAF — /ABE =
= /EAF + /BAD + ZADB — 180° = ZEAF + /BCD + ZADB — 180° =
— /EAF + /ADB — Z/CBD — /CDB =
= /EAF + ZADB — (90° — ZAEF) — (90° — ZAFE) = /ADB = /BDT.

Cnenosaresnbho, T'S — KacaTesbHasl K OIMMCAHHON OKPY2KHOCTHU Tpeyroibunka DF'(Q) B Touke 1.

6. Jlanbl deThblpe Ky4n KaMHell, 3aHyMepoBaHHbIe uncaamu or 1 1o 4. CHavyara B KaxKJI0i
Ky4e jiekuT 1o 2024 xkamusg. llera m Baca urpator B urpy. Xoagar o ouepesn, HaunnaeT [lers.
Kaxkprit xo1 urpok BeiOMpaer HaTypasbHble ducia m < n < 4, 6eper m KaMHeil U3 Kyd4u ¢
HOMEPOM 1 M PACKJIJIBIBAET BCE B3ATbIE KAMHU, JT00aB/IsAsd UX MO OJIHOMY KAMHIO B KaXKJIyIO U3
Kyd ¢ HOMepaMmu oT n. — m j0 n — 1. IIpourpeiBaer TOT, KTO He MOXKeT cjenarb Xoia. Kro us
UT'POKOB MOYKET MOOeINTh HE3ABUCUMO OT MI'PhI COIIEPHUKA

OtBet: Boiurpoiaer Ilers.

Pertenune. Byjiem ciienthb 3a KOJIMU4eCTBOM KaMHel BO BTOPOIi U 4eTBepTOii Kydax (dnciia
a u b). KosimuectBo KaMHeil B OCTAJILHBIX Kydax He OyjeT UMeTh 3HadeHus. HazoBeMm 10o3unuio
(a,b) sviuepviuMOl, eci UTPOK, JIEJIAIOINN X0/ U3 9TOi MO3UINH, MOXKeT 3aTeM nobejuTb. B

4



[POTUBHOM CJIydae IO3UIUI0 HA30BeM npouzpviuinol. [lokaykem, 4T0 mO3UIUU, B KOTOPBIX @
4eTHO, a b jTaeT ocTaTok 1, 3 wim 4 mpu JieJIeHUH Ha 5, & TaKxKe MO3UIUKA B KOTOPBIX ¢ HEYEeTHO,
a b He jaeT octaToK 1 1pHM JieJIeHUU Ha O BBIMTPBINIHBIE. /[jIg 9TOro HaJI0 NPOBEPUTDH, UTO U3
JIFOOO#1 BBIUT'PBIIITHON MO3UITUU €CTh XOJI B IPOUTPBINTHYIO ITO3UINIO, & U3 JIFOOH MPOUrpPHINTHOT
o3uIUu MO0 BOOOIIE HET X0jia, JIMOO XOJ €CTh TOJBKO B BBIUTDBINIHBIE TO3UIIH. OTMETHM,
49TO JIIOOOI X0/, B KOTOPOM KaMHU OepyTCs U3 BTOPON WM TPeTheil Kyd Ha eIUHUILY MEHsIeT
YUCJIO0 KaMHEH BO BTOPOH Kyde M HE MEHACT YUCJIO KaMHEH B 4YeTBEpPTON Kyde, HO3TOMY U3
IPOUTPHIINTHON HNO3UIMA TAKO! XOJI 3aBEJIOMO BEJIET B BBIUT'PHIIIHYIO.

BLIUTPBIIITHBIC [IPOUTPLIITHBIE
a b a b

YEeTHO 1,3,4 (mod 5) gerro | 0,2 (mod 5)

Heverro | 0,2,3,4 (mod 5) wHederHo | 1 (mod 5)

PaccmoTpuM Xo/bI, B KOTOPBIX KaMHU OepyTcst u3 derBepToil Kyun. [lokazkem, uTo 060it
TaKO! XOJI IEPEBOUT ITPOUTPHINTHYIO MTO3UITNIO B BHIMTPHINIHYI0. B3dTHe 01HOrO KaMHS U3 YeT-
BEPTOIl Ky4M HE 3aTPAruBaeT BTOPYIO Kydy U MEHsIeT OCTATOK b OT JeJIeHus Ha USATh, IO9TOMY
OH 3aB€JIOMO IEPEBOJIUT MPOUTPHIITHYIO TIO3UIMIO B BBIUTPLINIHYIO. Ec/im n3 4eTBepToil Ky4n
B3ATO JBa WA TPU KaMHs, TO @ YBEJUIUTCS Ha €JIWHUILY W, B 9aCTHOCTH, CMEHUT YETHOCTD.
Ho ecim b naBasio ocratok 1 mpm JlesieHnn Ha 5, TO yMeHbIlleHrne b Ha /IBa WM TPHU ITPHUBEJET
K ocTaTKaM 3 min 4, 9TO COOTBETCTBYET BBIUIPBINIHOM ro3uruu. Ken ke b naBasio ocrtarok ()
Wi 2 OT JieJieHus Ha 5, TO YMeHbIIeHre b Ha JiBa WM TPU HE MOYKET IPUBECTU K OCTATKY 1
(0 mepexomut B 2 mian 3, a 2 nepexoaut B 0 mian 4), 9T0 TakyKe COOTBETCTBYET BBIMIPBINTHOMN
TTO3UTINAH.

Haxkomnery, mokazkeM, 9TO U3 BBIUT'PBINTHOM MO3UIINN BCETJIa €CTh XOJ B TPOUTPHINIHY0. Ecan
@ HeYeTHO, TO HaJIO0 IPOCTO MEPEJIOKUTH OJIMH KaMeHb U3 BTOPOIl Kyd4u B IepBylo. Kcmm a —
1eTHO, TO b 1aeT octarok 1, 3 wiu 4 nupwu jestenun Ha 5. s ocraTtkoB 1 1 3 MOXKHO 11€peJIOKUTH
OJINH KaMEHb U3 YeTBEPTON KyUU B TPETHIO. A Jiist ocTaTKa 4 — B3dTh TPU KAMHS U PA3JIOKUTH
UX 110 TIEPBBIM TpeM KydaMm. Toria a ctaneT HedeTHbIM, a b Oy1eT j1aBaTh ocTaToK 1 OT Jie/ieHus
Ha D, YTO COOTBETCTBYET IIPOUTPBINTHON TO3UITIH.



OaunMmnuaga mxkoJbHUKOB CIIOI'Y o maTtemartuke

3akmounTeabHblii dTan. 2023/2024 y4eoHblii roa

3aganus 1 6-7 KJIaccoB

(B 3amauax 1, 2 u 3 mpaBWIBHOE M MOJHOE PEHICHUE KaXKIOTO U3 MyHKTOB 1a,
16, 2a, 20, 2B u 3a oueHuBaercs B 10 OamioB; mpaBUIBHOE U IIOJHOE
penrenne myHkTa 30 u 3a1a4 4 u 5 oneHuBaceTcs B 20 0aJIIOB)



Omunmmmana mxoabHukos CIIBLY mo maremaruke

BajiaHust 3aKII0UUTETHHOIO ITAI
2023/2024 yuebHbIii TO/

Sajanus 1y 6-7 KJIaccoB
Bapmnant 1

1. Ouist KpacuT COPOKOHOXKKY, COCTABJIEHHYIO U3 KPY’KKOB U OTPE3KOB (CM. pUCYHOK). /IBa KpyKKa, cO-
eJIMHEHHBIX OTPE3KOM, cauTarorcst coceqaumu. Craadasa OJist KpacuT B 3e/IeHbli 11BeT [N JTI0OBIX KPYKKOB.
Jaee ipoucxomut dokpawusarue: O BbIOMpaeT JIOOOI 3e/IeHbIlT KPYKOK, y KOTOPOIO BCE COCE/IHUE
KPY2KKH, KPOMe OJIHOTO, yrKe 3eJIeHble, — M 3TOT OCTABIIHUIICS TOXKe KpacuT B 3ejieHblil 11BeT. [ToToMm ona
BBIOUpAET CJIeAyIomuii Kpy»Kok u T. 1. [Ipn kakom nammenbiiemM N OJisg ¢CMOXKET cJie/IaTh BCe KPYKKU
3€JIeHBIMA !
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a) Hamummure, vemy paBro N, u yKaxknTe, KaKne KPy»KKHU HYKHO 3aKPACUTh BHAYAJIE.
6) Hokaxkure, uro ecian BHadase OJist 3aKpPaCUT MEHBIEE KOJIMIECTBO KPYKKOB, TO €l He yIacTCst
JOKPaCUTh COPOKOHOXKKY.

2. Ha smcre Oymaru B TpeyrosibHYIO KJIETOUKY HAPUCOBAH MIECTUYTOIbHUK. KaxKias TpeyroibHas Kier-
Ka JIEZKUT B II0JIOCaX TPeX Pa3HBIX HampajeHmil. l[Ipn mepecedermn moJiocel, copepzKalieil KJIeTKy, co
CTOPOHAMH IMECTUYTOTbHUKA MOJIYIAIOTCA OTPE3KH, KOTOPBIE HA3BIBAIOTCI NPOoeKyUAMY KIETKNA Ha CTO-
POHBI IIECTUYTOJbHUKA. J[[y1s TpuMepa Ha pucyHKe M300parkKeH IMEeCTUYTOIBHUK CO CTOPOHOU 3, 3aKpa-
IIeHa OJ[Ha KJIeTKa 1 M300paKeHbl BCe ee MPOEKINN Ha CTOPOHBL. CuuTaeM, YTO CTOPOHA KJIETKU paBHA
1.

MozkHo st B 1miecTuyroyibHuKe co croponoit 100 Tak 3akpacuTb 9 KJIETOK, He UMEIONINX OOIINX TOYEK
¢ €ro KOHTYPOM, YTOOBI CyMMapHasl JJIMHA BCEX MPOEKINI STUX KJIETOK OKa3ajlach PaBHA

a) 18 ©6) 53 B) 56?7 Ecam MOXKHO — 00bsACHUTE KaK, €CJIH HEJb3s — OObACHATE, OUeMy HEJIb3sl.

IIpu moacyeTe cyMMBbI JJTMH TPOEKITNI KazK/Iblil OTPE30K YUUTBIBAETCS OJUH Pa3, HE3aBUCUMO OT TOTrO,
IIPOEKIUSAME CKOJTbKUX KJIETOK OH SBJISIETCS.

3. Ecrb 30 kponukoB u 30 KJIeTOK, KJIETKH TPOHYMePOBaHbI uyncjaaMu oT 1 710 30, a KpoJIuKn — Yucjaamu
or 31 mo 60. KpoimkoB paccaKuBaroT 1o KJeTKaM ([0 OJHOMY KPOJIUKY B KJIETKY) Tak, 4TOOBI HOMED
KaKJIOT0 KPOJIMKA OBLJT B3AMMHO ITPOCT ¢ HOMEPOM €ro KJIETKH.

a) Ilpenyoxkure crocob Takoit paccajku.

6) Jlokakure, 9TO KOJUIECTBO CIHOCOOOB TAK PACCANTh KPOJUKOB 110 KjeTkaMm GoJibire 5000.

4. BosbMeM MpPOM3BOJIbHOE HATYPAJIbHOE YHCJIO 1. Beraucinm 3Hadenune 5Hny + 1 u ybepem u3 ero pasJio-
JKEHNs Ha MPOCTble MHOYKUTEN BCe MHOXKHTEJN, KPOMe JIBOeK U Tpoek. [losydennoe dmcsio HazoBem ns.
Hanpuwmep:

m=2 — 5:254+1=126=2-3>-7 — ny=18,
m=24 — 5.-24+1=121=11> — ny=1,
nm=22 — 5-2241=111=3-37 — ny=3.

[ToroMm BbrYmcUM 3HadYeHUE Hng + 1 W yOepeM U3 3TOTO YUC/Ia BCE MPOCTbIe MHOXKHUTEIN, KPOME JIBOEK
U TPOEK, TOJIYIEHHOE YUCJ/IO HA30BEM 713 U T. JI.

Jlokaxkure, 9TO ¢ KaKOro ObI HATYpaJbHOIO YUCJa 71 Mbl HU HaYa/Id, 9epe3 HEKOTOPOe BpeMs B 3TOit
TOC/IEJIOBATETLHOCTH BCTPETUTCA THUCIO 1.



5. B mekoTOpoii TOIIE KK DI desIoBeK uMeeT He Oostee e 111 3nakoMbIx. (3HAKOMCTBO CHMMETPHYHO:
ecan Marra s3nakoma ¢ Mureit, To u Muria 3nakom ¢ Mareit.) Jlokaxkure, 910 TOJITY MOKHO Pa3eInTh
Ha e gactu A nu B Tak, urodnl B A KaxKaplil dejgopek nmes He 6osiee 100 3HAKOMBIX, a B B KaxKIblil

JeI0BeK uMesl He 0ostee 10 3HAKOMBIX.



Pemenna

1. OtBet: moTpebyeTcst MOKpPacuTh 11 KPy»KKOB.
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a) Hocrarouno 3akpacuth kpykku 7—11, 14-19. [Ipu moxparmmBanum Mbl MOXKEM Cpa3y JIOKPACUTH BCE
KPYKKH, «U3 KOTOPBIX PacTyT HOruy», T.e. 1-4. [locyie 3Tor0 3aKpacuM Bce ocTaJIbHbIE KPYKKU.

6) BameTum, 9TO cpeau KpyxKKOB 9—12 J0/KHO ObITH HE MEHbIe TPeX 3aKPAIleHHbIX. B IpoTuBHOM
caydae, Jlayke eCJIi BCd OCTajbHas COPOKOHOXKKA Y2Ke 3aKpallleHa, Y KPYKKa 3 OCTAIOTCH JIBa He3aKpa-
IMEHHBIX COCeTa W JOKPACUTh COPOKOHOYKKY B 9TOM MeCTe HEBO3MOXKHO. AHAJIOTMIHO B IPyIIAxX KPY’KKOB
13-16 u 17-20 o2kHO OBITH IO TPU 3aKpallleHHbIX. KpoMe TOro, B I'PyIIe KPY:KKOB H—8 JIOJIZKHO OBIThH
He MeHbIIIe JIBYX 3aKPAIlleHHbIX KPY’KKOB (MHAYe HAM He yJIacTCs JOKPACUTh 06e HOru 7 u 8 mwiu XBocT H-6
u ojHy u3 Hor). MToro, Tpebyercs: mokpacuTh He MeHbIe 11 KpyKKOB.

2. OrBerel:  a) ma, 0) 7ga, B) HeT.
a) BosbMeM BHYTpH IIeCTHYTOJIBHUKA TPEYTOJBHUK CO CTOPOHOI 3 KiaeTku. OH COCTOUT Kak pa3 u3
9 KJIeTOK, a KaxKJas U3 ero MeCcTy MPOeKIuil nveer JUInHy 3.

6) Ty, 3Haere s, deTHOCTH HU pH YeM. CyMMa MPOEKIH KJIETKH, He KaCAIOIIEeHcsl "PAHUIIbI IT1e-
cTuyrojibHuKa, pasaa 6. [Ipu srom HeTpyiHO 1MOmOOpaTh /IBe KJIETKU, Y KOTOPBIX IS JBYX Pa3HBIX Ha-
[IpaBJIeHII TPOEeKINN coBnaaioT. Hanmpumep Ha prcyHke cOBIaIal0T TOPU30HTAIbHAS TPOEKITNS BIIPABO
BepXHell TEMHOI KJIETKHU U «BepXHe-TIpaBasdy MPOEKINs HIKHeN KjleTKu. B pesybrare cymMma JIJIMH TPO-
eKINil 9TUX JIByX KJEeTOK paBHa 11.

Jobapsist K TaKoi mape KJIETOK elrle 7 KJIeTOK ¢ HellepeCeKaroUMICs TPOEKIUAME (HAIIPUMED MOYKHO
B3sTh KJIETKY U CJABHHYTH ee BHHU3 6 pa3 Ha YJBOGHHYIO INMUPUHY TOPHU30HTAJILHOI MOJIOCH), TTogydaeM 9
KJIETOK C CYMMOIi Iipoekiuii, papuoit 6 -9 — 1 = 53.

B) CyMMa IIpOeKIuii KJIETKU, He KACAIONIeHcsl 'PaHUIbI IIeCTUYroIbHIKa, paBHa 6. [TosTomy 9 KireTok
He MOT'YT UMEeTh CyMMY TPOEKIil 60sbine deM 54.

3. a) IIpu 1 < k < 29 mocagum (31 + k)-ro kposuka B k-10 KieTky. Ecian qncia 31 + k u k numetor obrumit
JIeJTATENh, TO 9TOT XKe JIeJIUTe b uMeeT ux pasuocth (31 + k) — k = 31. Ho npm ykasauubix k uncio k
He nemntcd Ha 31. [losTomy mpasmiio paccagku coOIOEHO M KJIETKH CO MEPBOil 1Mo 29-10 yKe 3aHATHI.
Ocrasiock nocaguTh 31-ro kposnka B 30-10 KIETKY.

6) Vmeercst 7 KpOJIMKOB, HOMEpa KOTOPBIX SIBJISIIOTCS TIpocThiMu uncstamu: 31, 37, 41, 43, 47, 53, 59.
DTUX KPOJUKOB MOYKHO IIPOU3BOJIBHO II€PECAXKUBATh 110 TeM 7 KJIeTKaM, KOTOPbIe OHU 3aHUMAIOT, IIOTOMY
YTO HOMED JIFOOOI'0 M3 9TUX KPOJIMKOB — IIPOCTOE YUCJIO, KOTOPOe DOJIbIIle HOMepa JT000# KJIeTKHU, N3-3a 1ero
OHO HE MOXKeT UMeTb OOIIUX JieuTeseil ¢ HoMepoM KjaeTKu. KoamdaecTBo criocoboB paccaauThb 7 KPOJIMKOB
1o 7 kiaerkam pasHo 7!=5040. BozbMeM MpOU3BOIbHY IO MOIXOISAIILY 0 DACCTAHOBKY KPOJIMKOB (HApUMeED U3
1. &) ¥ HOCTPOUM HOBBIE [IEPECTAHOBKH, MEHsIsl MECTAMU YKA3AHHBIX 7 KPOJUKOB. MBI IOy MM MHOKECTBO
3 5040 MoaX0oIAIMX TEePEeCTaHOBOK.

4. JlommycTuM, 9TO HAILIOCH HEKOTOPOE N1, JIJIsi KOTOPOT'O IOC/IEI0BATE/IbHOCTD He coyepkuT 1. Torna Bce
YUC/Ia B TOCJIE/IOBATEILHOCTH, HAYUHAS CO BTOPOTO, MOTYT UMETh B Pa3/IOKECHUU HA MHOYKUTEIU TOJIHKO
npocthie MEOKHUTETN 2 1 3. Jlamee B paccyxaeHusax cantaeM, 910 k > 1. 3aMeTnM, 9TO eCJIl Ny JTeTUTCS
Ha mpocroe qucyiao p € {2,3}, To bny + 1, oueBuHO, HE JEJUTCA Ha P W, CJAEJOBATENBHO, Ngi1 HE Je-
qures Ha p. OTCIONa CIeyeT, 9TO B MOCJIEI0OBATEILHOCTH 1y, depeayiorcs crenenu 2 u 3. [Iposepum, 1ro
[I0CJIE/IOBATEILHOCTD YOBIBAET M U3-3a ITOrO B HEll BCe-TAKM JIOJIZKHA COIEPKATHCS 1.

DKCIEepUMEHTHPYS € Ny, € {2, 223, 32}, BHUIUM, UTO B 9TUX CIyYasX IOC/IeI0BATEIbHOCTh OBICTPO IIPH-
xouT K 1. [TosaTomy MOXKHO cUMTATD, YTO YepeIyIONInecsd CTEIEHN UMEIOT TIOKa3aTe/In He MeHbIIe 3.



[ycrs ny, = 2™ (tne m > 2), ngy1 = 3¢ Torma wm ny,y = 5ny+ 1, nm 3° osrydaercs uz aucia Sny + 1
COKpalleHrneM Ha KaKHne-TO IIPOCTbhbIe MHOXKUTEJ/IN HE MEHBIIINEe 7 (HOTOl\/Iy 9TO 9TO YUCJIO HE JIe/JIUTCA HaA 5)
B mepBoMm cirydae njio — 9TO CTEHEHD JBOWKH, HA KOTOPYIO JIEIUTCS UUCIIO

5nk+1+1:5(5nk+1)—|—1:25-2m+6,

T.€. Ngig = 2, 9TO HE COOTBETCTBYET HAIMM OTPDAHUYEHWSM — CJIMIIKOM MAaJIeHbKUIl MoKazaTresb. Bo
BTOPOM CJIYUAE Nji1 < 5"’;“ < M.

Teneps paceMorpuMm cirydait ng = 3% ngyy = 2™ (tme £ > 2, m > 3). 31ech aHAJIOTHYHO WK
Ng+1 = ong + 1, mm 2™ nonyvaercsa u3 4ducaa ony + 1 cokpaleHneM Ha KaKue-TO IIPOCTble MHOYKHUTE-
Jii, He MeHbInue 7. Bropoit ciydail ondaTh BejeT K yObIBAHMIO, 9TO HaM U Tpedyercs. Pazdbepem repBblit

cay4ait

5.3t=9m_1,

[IpaBas 9acTb JieJIMTCS Ha 3 TOJBKO MPHU YE€THBIX M, MIYCTh M = 2§, Mbl MOYXKEM CUUTaTh, uTo § > 1. Torma
Pa3JI02KUM IIPABYI YaCTh HA MHOXKUATEJIN

5.3 =12% 1= (2°41)(2° - 1).

[TockosIbKY HedYeTHbIE MHOMKUTENH B IIPABON YaCTH B3AMMHO HPOCTHI (TaK KaK WX PA3HOCTh DaBHa 2)
u OoJibiie 1, paBeHCTBO OBLIO OBI BO3MOXKHO TOJIBKO B CJIydae KOIJla OJHA M3 CKOOOK paBHa b, a Jpyrasi
pasHa 3', HO pa3HOCTH THX Ymces paBHA 2 TOJbKO npu ¢ = 1. 3HAUWUT, IepBBIi CAyYail IPH HAIIIX
OrpaHMYEHUAX HEBO3MOXKEH.

5. 9710 Teopema JloBaca. B HekoTopoit KOMIAHWM JIIOJIEeH KaKJIblii 3HAKOM ¢ He Oojiee dem s + t + 1
gesioBeKOM. Toryia MozKHO pa30uTh Beex Jiojieit Ha jBe qactTu — A u B Tak, 910 B A KayK/Iplit 3HAKOM C He
OoJiee ueM s, a B B KaxKJplil 3HAKOM C He OoJjiee ueM t JIFO/IbMU.

Hokazaresnbcro. Ecmm A — 910 Kakoe-TO MHOYKECTBO JIIojiel, To depes |A| Oymem 0603HaYATH KOJIHIe-
CTBO 3HAKOMCTB B 9TOM MHOX)KecTBe. Bo3bMeM pasduenne ncxoHoit Tosb Ha yactu A u B, 71 KOTOpOoro
BesanHa t|A| + s|B| MuHEMaIbHO BO3MOXKHAs. DTO pasbueHne HaM IIOAXOUT: e B yacTu A KTo-1160
UMeeT He MEHbINe S + 1 3HAKOMBIX, [IEPECaJINM 3TOr0 9e/IOBeKa B 9acTh B — Tam y Hero Oyiaer He OoJee t
3HAKOMBIX. Torja B mojcumMThIBaeMoOil cymMe mepBoe ciaraemoe t|A| ymeHbImuTCsS 10 KpaiiHeil Mepe Ha
t(s+ 1), a Bropoe yBeaumuantcs we 6osee deMm Ha ts. To ecrb, B pesysbrare mepecajikii KOHTPOJIbHAsT CYyMMa
YMEHBIITUTCSI, ITO HEBO3MOKHO. AHAJIOTMIHO pa3dbupaeTcs ciydail, Korjga B 9actu B KTo-Tub0 mMeeT He
Memnblie ¢ 4 1 3HaKOMOro.
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