XXVI KYBOK ITAMATUN A.H.KOJIMOT'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne3. 01.12.2023
FOHNOPHI, BBICIIIA S JIUTA

1. HeckouIbKO KJIETOK IMAaXMaTHOI JJOCKH 71 X 1 OKPAIIICHBI B 3€JICHBI 1BeT. JIa/1bst XO[UT HCKITIOUUTEIILHO 10 3€JICHBIM
KJIETKAM U IIPU KaxKJOM XOJle MEeHsieT HallpaBJeHHe JIBUXKeHUs (T.e. UepejyeT BepTHKAJbHble U TOPU30HTAJIbHbIE
xo/1pl). VI3BecTHO, 4TO, ¢ KaKoil Obl KJIETKH OHA HU CTapTOBaJa, OHA HE BEPHETCS HA HEE DaHbIle, YeM depe3 CeMb
x0710B. JloKazKuTe, 9T0 KOJIMIECTBO 3€JI€HbIX KJIeTOK MeHbIie, deM 2n(1 + &/n).

2. Yersipexyrosbauk ABC D Buucan B 0Kpy»KHOCTS 2. KacarensHble K €2 B Toukax A u D mepecekarorcst B Touke P.
CepeuHHBIN TEPIICHANKYIISIP K 0Tpe3Ky AB mepecekaeT mpsiMyTo, TPOXOIAIIyio depe3 P mapasnensuo AB, B TOUKe
X. Cepemunnblii neprenaukyisip K orpesky CD mepecekaeT MpsiMyo, IIPOXoIsInyto depe3 P mapasensno CD, B
touke Y. Jlokaxkure, uro Touku A, X, Y, D jexkar Ha OJHON OKPYKHOCTH.

3. Haiture HamMenbIliee 3HaYeHNE BbIPaYKEHUST

ab+1 bec+1 ca+1
a+b b+c c+a’

JIJIsI BEIIECTBEHHBIX a, b 1 ¢, yIOBJIETBOPSIONINX yCJIOBUAM a + b+ ¢ = —1 u abc < —3.

4. Jlano narypasbuoe n = 2. llycts B, Ba, ..., B, — IByXdJIeMeHTHbIC MOoAMHOXKecTBa MHOkecTBa X . Ilpm ka-
KOM HAMMEHBIIIEM KOJIMYEeCTBE 3JIEMEHTOB MHOXKECTBa X B HEM TapaHTUPOBAHHO CYIIECTBYET ITOAMHOXKECTBO U3 N
9JIEMEHTOB, TIEPECEKAIOIIEECs: C KaXKJIbIM U3 B; He 6ojiee 4eM [0 OIIHOMY 3JIEMEHTY !

5. Haitnmure Bce byrkimu f : R — R, Takue 4T0 /151 JIFOOBIX BEIIECTBEHHBIX & U § BBIIOJIHSIETCS PABEHCTBO

(f(@)+ay) - f(@=3y)+ (fy) +ay) - fBx—y) = (flz+y))>

6. lano marypasbaoe uuciao m. IlocienoBaTebHOCTD HATYPAJIBHBIX YHCEN A1, A2, A3, ... ODJIATAET CJICIYIOIIIM
CBOMCTBOM: JIj1sl JIIOOGOr0 KOHEYHOTO MHOZXKECTBA UHJIEKCOB S uncio [] ar —1 — mpocroe. Jokaxkure, 94To cpeiu auces
kesS
ai, a2, as, ... JUIIb KOHEYHOE YUCJIO UMEET MeHee 1M Pa3/IMYHbIX IIPOCTHIX JleJTUTeIe.

7. Haps ycrpamBaeT cBoeMy myapelry uctbitanne. OH 3aBsi3a/1 MyApeIry IJia3a, BbIOpaj HATypPaJBHOE 7, HAPUCOBAJ
KJIETYATYIO TOJIOCKY 1 X M, paccTaBUJ B Hell umucia oT 1 710 n B KAKOM-TO TOPSJKE, a B OJHY U3 KJIETOK ITOCTaBUJI
dumiky. B Hagase Kaxkgoro xoza Iapb COOOIAET MYIApEIly, CTOUT Jii (PUIIKa ¢ Kpato. Eciau crout, nmapb coobimaer
MyJIperry, Ha KakoM Kpalo OHa CTOWT: Ha JIEBOM WJIM Ha MPAaBOM, W 3aTeM CJ/IBUTAET €€ B COCEJIHIO KJIETKY, W XOJT
3akaHamBaeTcsd. Ecim HeT, MyzIper TOBOPUT IApIo, B KAKyI0 M3 JABYX COCEJTHUX KJIETOK CABUHYTL (PUINKY — B TY U3
HIX, B KOTOPOI CTOUT GOJIbIIee YNUCJI0, U€M B JIPYTOi, WM B APYTYIO; APh 9TO JesaeT (He coobIas MyPEILy, BIEeBO
WM BIPABO C/BUHYJAch (DUINKA), U X0 3akaHIMBaeTcs. 1lesb My/pena — Iocjae Cepun TAKUX XOJOB ONPEJeTUTh
qucyIo n. MoXKeT Jiu OH 3TO ¢JiesiaTh?

8. Jano narypasbhoe uncsio n > 2. Habop neckosbkux (6osiee OfHOI) BEPIMH MIPABIJILHOTO N-YTOJIbHIKA HA30BEM
PABHOMEPHBIM, ECTTT MEXKILY JIFOOBIMU IBYMsI COCEJHIMU BEPIIMHAMU HAOOpa JIEXKUT OZHO U TO YK€ KOJIMIECTBO BEPIINH
n-yroJibHUKa. JloKarKuTe, ITO MOYKHO ITOKPACHTh HEKOTOpPBIE BEPIIUHBI N-yTOJbHUKA B 3€JIEHBIH I[BET TakK, ITOOBI
JTI000H paBHOMEPHBIM HAOOP CoaeprKasl I6THOE KOJUIECTBO 3€/IEHBIX BEPIIIHH.

9. Toukn H u O — OPTOIEHTP U TEHTP OMUCAHHON OKPY’KHOCTH OCTPOyTObHOTO Tpeyroabunka ABC. Ha mpsaMbrx
AB u BC Boibpans! Touku P u () coorBercTBeHHO TaK, ur0 BP = CP u BQ = AQ. Orpesku PQ u AC nepecekarorcst

B Touke R. Jlokakure, uro buccekTpuca yria Mexkay npssMmbivu OH u BR obpasyer yrosa 45° ¢ GuCCeKTpHUCoil yriia
ABC.

10. BemecTsennoe x > 1 u HaTypajJbHOE 1 TAKOBBI, 4To Bee wmena [x" Y, [2"F2], ..., [#%"] — Tounble KBampaTHL.
Hokaxkure, 910 [X] — TaK:XKe TOYHBI KBaJIpAT.



XXVI KYBOK ITAMATU A.H.KOJIMOI'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne3. 01.12.2023
FOHNOPHI, TIEPBA Y JIUTA

1. B crpane 100 roposios u Het popor. Becesblit KOposib X04eT, 9TOOBI U3 KazK/I0T'0 I'OPO/Ia BBIXOJIMIIO HEYETHOE YUCTIO
Jopor, a obIiee YUCII0 J0por ObLIO YETHBIM (KazKiasi Jopora coeluHsieT JaBa ropoja). CKoJIbKUMHU criocobaMu MOXKHO
HCIIOJTHATD YKeJIaHUEe KOPOJIsi?

2. Yernipexyroabauk ABC D Buucan B OKpy2KHOCTS 2. KacarensHbie K €2 B Toukax A u D mepecekarorcs B Touke P.
CepeHHBIN TEPIICHANKYIISIP K 0Tpe3Ky AB mepecekaeT mpsMyTo, TPOXOIIIyio depe3 P mapasnensuo AB, B TOUKe
X. Cepemunnblii repreHaukyisip K orpesky CD mepecekaeT MpsiMyo, IIPOXousInyto depe3 P mapasiensao CD, B
rouke Y. Jlokaxkure, uro Touku A, X, Y, D jiexkar Ha OJJHON OKPY?KHOCTH.

3. Haiture HanmMeHnbIliee 3HaYEHNE BbIPAYKEHUST

ab+1 bec+1 ca+1
+ + :
a+b b+c c+a

JIIsT BEIIECTBEHHBIX @, b U ¢, yJIOBIETBOPSIONUX ycjoBusiM ¢ + b+ ¢ = —1 u abec < —3.

4. Jlano narypasbuoe n = 2. llycts By, Ba, ..., B, — AByXdJieMeHTHbIe moaMHOXKecTBa MHOkecTBa X . Ilpm ka-
KOM HAWMEHBIIIEM KOJIMYEeCTBE 3JIEMEHTOB MHOXKECTBAa X B HEM TapaHTUPOBAHHO CYIIECTBYET ITOIMHOXKECTBO U3 7
9JIEMEHTOB, TIEPECEKAIOIIEECs: C KaXKJIbIM U3 B; He bojiee 4eM [0 OIIHOMY 3JIEMEHTY !

5. Haiiure Bee Tpoiiku (z,y, 2) BEIECTBEHHBIX THCEJI, Y/IOBICTBOPSIONIX PABEHCTBAM:

2 yz=ly—z+1,
Yy —zx =z — x|+ 1,
2 —agy=|v—yl+1

6. CymectByer Jjin Takoit Habop w3 100 pasjMIHBIX HATYPAJbHBIX YHUCEJI, UTO CyMMa YeTBEPTBIX CTEleHEi JIFOOBIX
YeTBIpEX YHCe/ U3 9TOro Habopa JeJUTCs Ha MPOU3BEIEHNE ITUX UETHIPEX TUCesI’]

7. Haps ycrpauBaeT cBoeMy Myapelly ucubiTanne. OH 3aBs3aj MyApely IJia3a, BbIOpajl HATypaJbHOE 1, HAPUCOBAJ
KJIETYATYIO MMOJIOCKY 1 X m, paccTaBms B Heil dmcia or 1 10 n B KAKOM-TO IOPSIIKE, a B OAHY U3 KJIETOK IIOCTABUJI
dumky. B Hauyase kaxkaoro xoma mapb COOOIAeT MyIpeIly, CTOUT Jin (UIIKa ¢ Kpato. Eciau crout, napb coobimaer
MyJIpeIty, Ha KaKOM Kpal OHa CTOUT: Ha JIEBOM HWJIM Ha IIPABOM, W 3aT€M CIBHTaeT €€ B COCEJHIOI0 KJIETKY, U XO/I
3akanunBaeTcd. Kcim HeT, Myliper; TOBOPUT IAPIO, B KAKYIO U3 JIBYX COCEIHUX KJIETOK CIABUHYTL (PUINKY — B TY U3
HUX, B KOTOPOIl cTOUT GOJIbIlIee YUC/IO, YeM B JIPDYTOii, WK B JIPYTYIO; APh TO JiesiaeT (He coobInasi MypelLy, BJIEBO
WM BIPABO CJABHMHYJIACH (DUINKA), U XOJ 3aKaHIMBaercs. Llesb Myjpena — [OCjie Cepur TaKUX XOJOB OLPEIE/IUTh
9rcJIO M. MOXKeT Jiu OH 9TO clie/arh?

8. Jlano meueTHOoe uncao n > 1. Habop HeCKOIBKUX BEPIUH TPABUIBHOTO N-YTOJBHUKA HAZ0BEM PABHOMEPHBIM, €CTIN
OHHU 00Pa3yI0T MHOXKECTBO BCEX BEPIIMH IIPaBUJILHOIO MHOIOYTOJIbHUKA. JIOKaXKuTe, 9T0 MOYKHO IOKPACUTH HEKOTO-
pble BEPIIMHBI N-yTOJbHUKA B 3€JIEHBIN I[BET TaK, 9TOOLI J1I000# paBHOMEPHBIH HAOOP coAeprKasl YETHOE KOJHMIECTBO
3€JIEHBIX BEPIINH.

9. /lan mpaBUJIbHBIIA CeMHaIATHYTOJbHUK 1tomaau 1. Ha npomoskennn croponbl AB 3a Touky A BhIOpaHa TOYKa
X, a Ha npojokenun cropoubl BC' 3a Touky B BeIOpana Touka Y Tak, uro AX = BY u XY = 11 - AB. Haiijgure
IIOIMaahs Tpeyroabunka XY B.

10. Bemectsennoe x > 1 u HaTypajibHOe n TakoBbl, 9To Bee uncaa [z [#772], ... [2%"] — Tounble KBaApATHL.
Jokazkure, 9T0 [x] — TaK:Ke TOYHBIH KBaJ[parT.



XXVI KYBOK ITAMATU A.H.KOJIMOI'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne3. 01.12.2023
FOHNOPHI, BTOPA S JIUTA

1. B crpane 100 roposios u Het popor. Becesblit KOposib X04eT, 9TOOBI U3 KazK/I0T'0 I'OPO/Ia BBIXOJIMIIO HEYETHOE YUCTIO
Jopor, a obIiee YUCII0 J0por ObLIO YETHBIM (KazKiasi Jopora coeuHsieT aBa ropoja). CKoJIbKUMHU criocobaMu MOXKHO
HCIIOJTHATD YKeJIaHUEe KOPOJIsi?

2. Yernsipexyroabauk ABC D Buucan B 0Kpy2KHOCTS 2. KacarensHble K €2 B Toukax A u D mepecekarorcst B Touke P.
CepenHHBIN TEPIICHANKYIISIP K 0TPe3Ky AB mepecekaeT mpsiMyTo, TPOXOIIIyio depe3 P mapamnensuo AB, B TOUKe
X. Cepemunnblii repreHaukyisip K orpesky CD mepecekaeT MpsiMyo, IIPOXousInyto depe3 P mapasiensao CD, B
rouke Y. Jlokaxkure, uro Touku A, X, Y, D jiexkar Ha OJJHON OKPY?KHOCTH.

3. Haiture HanmMenbIliee 3HaYEHNE BbIPaYKEHUST

ab+1 be+1 ca+1
+ + ,
a+b b+c c+a

JIIsT BEIIECTBEHHBIX @, b U ¢, yJIOBIETBOPSIONUX ycjoBusiM ¢ + b+ ¢ = —1 u abec < —3.

4. Jlano narypasbuoe n = 2. llycts By, Ba, ..., B, — AByXdJieMeHTHbIe moaMHOXKecTBa MHOkecTBa X . Ilpm ka-
KOM HAWMEHBIIIEM KOJIMYEeCTBE 3JIEMEHTOB MHOXKECTBAa X B HEM TapaHTUPOBAHHO CYIIECTBYET ITOIMHOXKECTBO U3 7
9JIEMEHTOB, TIEPECEKAIOIIEECs: C KaXKJIbIM U3 B; He bojiee 4eM [0 OIIHOMY 3JIEMEHTY !

5. Haiiure Bee Tpoiiku (z,y, 2) BEIECTBEHHBIX THCEJI, Y/IOBICTBOPSIONIX PABEHCTBAM:

2 yz=ly—z+1,
Yy —zx =z — x|+ 1,
2 —agy=|v—yl+1

6. CymectByer Jjin Takoit Habop w3 100 pasjMIHBIX HATYPAJbHBIX YHUCEJI, UTO CyMMa YeTBEPTBIX CTEleHEi JIFOOBIX
YeTBIpEX YHCe/ U3 9TOro Habopa JeJUTCs Ha MPOU3BEIEHNE ITUX UETHIPEX TUCesI’]

7. Haps ycrpauBaeT cBoeMy Myapelly ucubiTanne. OH 3aBs3aj MyApely IJia3a, BbIOpajl HATypaJbHOE 1, HAPUCOBAJ
KJIETYATYIO MMOJIOCKY 1 X m, paccTaBms B Heil dmcia or 1 10 n B KAKOM-TO IOPSIIKE, a B OAHY U3 KJIETOK IIOCTABUJI
dumky. B Hauyase kaxkaoro xoma mapb COOOIAeT MyIpeIly, CTOUT Jin (UIIKa ¢ Kpato. Eciau crout, napb coobimaer
MyJIpeIty, Ha KaKOM Kpal OHa CTOUT: Ha JIEBOM HWJIM Ha IIPABOM, W 3aT€M CIBHTaeT €€ B COCEJHIOI0 KJIETKY, U XO/I
3akanunBaeTcd. Kcim HeT, Myliper; TOBOPUT IAPIO, B KAKYIO U3 JIBYX COCEIHUX KJIETOK CIABUHYTL (PUINKY — B TY U3
HUX, B KOTOPOIl cTOUT GOJIbIlIee YUC/IO, YeM B JIPDYTOii, WK B JIPYTYIO; APh TO JiesiaeT (He coobInasi MypelLy, BJIEBO
WM BIPABO CJABHMHYJIACH (DUINKA), U XOJ 3aKaHIMBaercs. Llesb Myjpena — [OCjie Cepur TaKUX XOJOB OLPEIE/IUTh
9rcJIO M. MOXKeT Jiu OH 9TO clie/arh?

8. Kiterku nockm 12 X 12 mokparieHsl maxMaTHOR packpackoil. /locka pa3pe3ana Ha CBA3HbIC KjieTUaTbie (DUTYPEI
TakK, IYTO B KaX/JI0 (purype KJIETOK OJHOTO IBETa BIBOE MEHbINE, 9eM KJETOK JIPYroro mnpera. Kakoe HauMeHbIIee
KOJIMIECTBO YACTEH MOTJIO MOy IUThCsI ]

9. /lar mpaBUJIBHBINA CEMHAIATHYTOJBHUK 1tomaan 1. Ha npomokerun cropoubl AB 3a ToUky A BbIOpaHa TOYKA
X, a Ha nponoskenun cropoubl BC 3a Touky B BbiOpaHa Todka Y Tak, uro AX = BY u XY = 11 - AB. Haiigure
ILIOMIA/Ib TpeyroibHuka XY B.

2, [#3], [z%] — Tounbre kBagpaTHL. JlokaxkuTe, 9To [T] — Tak¥Ke

10. Bemecrsennoe x > 1 takoBo, 4ro Bce wucia [x7], [v

TOYHBIU KBaJpaT.



XXVI KYBOK ITAMATU A.H.KOJIMOI'OPOBA. Ilckos, 26.11 — 03.12.2023

MATEMATUYECKIIT BOM Ne3. 01.12.2023
IOHNUOPHI, TPETh4A JINTA

1. B crpane 100 ropomos u met mopor. Becestbrit KOposb X04eT, 9TOOBI U3 KayKI0T0 TOPO/Ia BBIXOIUIO HEIETHOE TUCTIO
nopor (KakJiasi Jopora coejinHsieT /(Ba ropoja). JlokaxKure, 9T0 cpeu criocobOB MCIIOJHUTD YKeJIaHue KOPOJIsl TeX, B
KOTOPBIX 00111ee KOJUIECTBO JOPOr YETHO, CTOJBKO 2Ke, CKOJIbKO U T€X, B KOTOPBIX OHO HEYETHO.

2. Yernsipexyroabauk ABC D Buucan B oKpy2KHOCTS ). KacarensHble K €2 B Toukax A u D mepecekarorcst B Touke P.
CepeHHBIN TEPIICHANKYIISIP K 0Tpe3Ky AB mepecekaeT mpsMyTo, TPOXOIIIyio depe3 P mapasnensuo AB, B TOUKe
X. Cepemunnblii repreHaukyisip K orpesky CD mepecekaeT MpsiMyo, IIPOXousInyto depe3 P mapasiensao CD, B
rouke Y. Jlokaxkure, uro Touku A, X, Y, D jiexkar Ha OJJHON OKPY?KHOCTH.

3. Ilomoxkwurenpuble qucia a, b, ¢, d yaosiaersopsiior yciosuio (a + ¢)(b + d) = ac + bd. Haiinure manmenbiee
a b c
3HaYCHUE BBIPpAXKEHUI — + — + — + —.
b ¢ d a
4. Jlano marypassnoe n = 2. llycts B, Bs, ..., B, — AByX3JIeMeHTHbBIE MOAMHOXKecTBa MHOXkecTBa X . Ilpm ka-

KOM HaUMEHBIIIEM KOJINYECTBE 3JIEMEHTOB MHOXKECTBa X B HEM TapaHTHPOBaHHO CyH_[eCTByeT IIOAMHOZKECTBO U3 N
9JIEMEHTOB, TIEPECEKAIOIIEECsT C KaXKJIbIM U3 B; He 0ojiee 1eM 0 OJIHOMY 3JIEMEHTY !

5. Haitinre Bce Tpoiiku (x Z) BEIIECTBCHHBIX YHNCEeJI OBJICTBOPAIOINX paBCHCTBaM:
» I )

2 ye=ly— 2 +1,
v —zx = |z — x|+ 1,
22 —xy=|r—y|+1

6. CymectByer in Takoit Habop 3 100 pa3IMYHBIX HATYPAJBLHBIX UHUCEI, ITO CyMMa UeTBEPTBHIX CTEIeHel JII00bIX
JeThIpeX YHCe/I U3 9TOro Habopa JeJIUTCs Ha MPOU3BEIEHNE ITUX UETHIPEX dnces’

7. Happ ycrpamBaeT cBoeMy Myapelly uctbitanne. OH 3aBs3a/1 MyApeIly IJia3a, BbIOpaJ HATYyPAJIbHOE 7, HAPUCOBAJ
KJIETYATYIO MMOJIOCKY 1 X m, paccTaBmwi B Heil dncia or 1 10 n B KAKOM-TO TOPSIIKE, a B OJHY U3 KJETOK OCTABUII
duinky. Cunraercs, 4TO MYyJIPEIL [IPOIIIEJ UCIIbITAHNEe, eCc/in (DUINKA OKA3aJaCh Ha JIFO0OI U3 KPAHUX KJIETOK ITOJIOCKU
(mapb cpasy 06 9ToM OOBSIBUT, KaK TOJILKO 3TO Ipou3oiiier). Iloka 9T0 He NPOM3O0IIIO0, KaXK/YI0 MUHYTY MYJIper]
TOBOPHUT IAPI0, B KAKYIO M3 JIByX COCEIHUX KJIETOK CABHUHYTH (PUINKYy — B Ty U3 HHUX, B KOTOPOW CTOUT OOJIbIIee
YHCJI0, YeM B JIPYIOii, WM B JIPYIYIO; M Iapb 9T0 jejaer (He cooblasi MyJpelly, BJIeBO WJIM BIPABO CJBUHYJIACH
dbumka). Kak myzapeny jeilcTBoBaTh, 4T00bI FapaHTUPOBAHHO IPOWTH UCIIBITAHUE?!

8. Kiterku mockm 12 X 12 mokparlieHsl maxMaTHON packKpackoil. /locka paspe3ana Ha CBsI3HBbIE KjeTdaTble (DUTYPBI
TakK, 9TO B KaXKJ0i (pUrype KJIETOK OJHOIO I[BETA BJIBOE MEHBINE, YeM KJIeTOK JApyroro npera. Kakoe HammeHbiee
KOJIMIECTBO YACTEH MOTJIO IOy IUThCsI ]

9. Jlan npaBUIbLHBIA CeMHAIUATHYTOIBHUK 1tomann 1. Ha nponoszkerun croponbl AB 3a Touky A BbIOpaHa TOYKA
X, a Ha npogoskennn cropobl BC' 3a Touky B BeIOpana Touka Y Tak, uro AX = BY u XY = 11 - AB. Haiiaure
IO Th Tpeyroibunka XY B.

10. Bemtectsennoe x > 1 TakoBo, uro Bce uncaa [z2], [2%], [2*] — Tounble xBagparel. lokazkure, uTo |[x] — Takke

TOYHBIA KBa/JIPaT.



