XXV KYBOK ITAMATI A.H.KOJIMOT'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOUM Ne24. 2.12.2022
IOHNOPHBI, BBICIITA ] JIUTA

1. Ha okpyzkuoctu ormedeno 2023 Touku. Ajmmca u Bepa 1o ouepenn jienaior xombl, HaunHaeT Asunca. 3a
OJIMH XOJI, UT'POK JIOJI2KEH COBEPIINTh OJIHO U3 JIBYX JEUCTBUIL:
® COCJMHUTDL ABE€ OTMEYEHHbIC TOYKUN OTPE3KOM, HE [I€PECECKAIONINM Yy2Ke ITPOBEJICHHBIE OTPE3KU 110 BHYTPEHHUM
TOYKAM;
® cTepeTh TOUKY, KOTOpas He MPUHAJJIEXKUT HU OJIHOMY IPOBEJIEHHOMY OTPE3KY.
Urpoxk, KOTOpbIit He MOXKET ¢jie/IaTh X0, MpourpbiBaet. Oupeae/nTe, KTO U3 JIByX UI'POKOB MOXKET TapaHTHU-
poBaTh cebe 1mobey.

2. [Iycte ABC'D — BBINIYKJIBIiT 9€THIPEXYTOJBHUK, & TOUKU [ 4, 5, I, [p — IeHTPBI BOUCAHHBIX OKPYZKHOCTEI
tpeyrosbauKOB BC' D, CDA, DAB n ABC' coorBerctBenno. 3Bectno, uro npsaveie AC, BD, Ialc u Iglp
nepecekaroTcsa B oo Touke. Jlokaxkure, uro ABC' D — mapaJuiesiorpamu.

3. Touka P jexxut BHyTpHU mpaBmibHOro 99-yronpauka AqAs ... Agg. s kaxkmoro i = 1,2, ...,99 npsmas
A; P niepecekaer 3tor 99-yroibHuk B Touke B;. /lokaxkure, 4To0
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4. Kaxmoe pedbpo mosmoro rpada co 100 BeprmuHamMu OKpalleHO B KpacHbIl man cuauii nset. IIpocroit
MyTh 10 PEOpaM HA3BIBACTCH 2GMUALMOHOGIM, €CJIN OH TMPOXOJIUT MO KAaXKJOH BEpIIUHE POBHO OJIUH Pa3.
[IycTh @ — KOJUYECTBO PA3JIMYHBIX MAMUJILTOHOBBLIX IIyTell, TPOXOIANINX TOJIBKO 110 KPACHLIM pébpam, b —
KOJINYECTBO TaMUJIBTOHOBBIX IIyTell, ITPOXOIAIINX TOJBKO 110 cuHuM pédbpam. okaxkure, ato a — b KparHo 4
(IyTH cauTaOTCs PA3IMIHBIMIE, €CJIH BEPIINHBI B HUX UJIYT B PA3HOM IOPSJIKE).

5. PaBaocroponnnii rpeyrosbauk co croponoit 100 pazout na 10 000 MaieHbKUX paBHOCTOPOHHUX TPEYTOJIb-
HUKOB €O cTopoHoit 1. Kakoe HauboJibIee koandectBo u3 1+2+ - - -+ 101 Bepmna MajleHbKIX TPEYTOJIbHUKOB
MOXKHO OTMETHTBH TaK, YTOOBI HU Y OJHOIO MAaJIEHHBKOI'O TPEYTOJbHUKA W HU Yy OJHOU COCTaBJIEHHON M3 Ma-
JIEHbKUX TPEYTOJIbHUKOB PABHOOEIPEHHOI TPAIEIUN BBICOTON B OJUH TPEYTrOJLHUK He ObLIN OTMEYeHBI BCe
BEPIIHHBI?

6. /lokakure, 9TO 1pu JIOOOM HATYPAJIBHOM 71 KOJIMYECTBO HATYPAJbHBIX JeauTeseil ducia n! dapisgercs
nemnresieM qucia (2n)!.

7. JI71s TIOJIOXKUTENIBHBIX @, b, ¢ JIOKayKUTe HEPABEHCTBO
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8. Beckoneynoe MHOXKeCTBO S MOJIOKUTETBHBIX YUCET HA30BEM NAOMHbLM, €CJIA Ha KayKJIOM OTpPE3Ke BHUIA
[n%l, %] (rste m — TMPOU3BOJIBHOE HATYPAJIBHOE YHCII0) CYIIECTBYET YHUCIIO, ABJISIONEECs PA3HOCTHIO JBYX JJIe-
MeHToB u3 S. CyIecTByeT Jin IJIOTHOE MHOXKECTBO, M3 KOTOPOI'O HEJIb3sl BHIOPATH HECKOJILKO 3JIEMEHTOB C

cyMMOolt, 6osbimeit 1029227

9. Touku [ u I4 — TEHTPHI BIMCAHHOI W BHEBIMCAHHO (Kacatoreiicst cToponbl BC') OKpYy:KHOCTEH 0CT-
poyrosibHOro Tpeyroabauka ABC. Ilycts O — nenTp ero onmcannoit okpyxuocru, AB # AC'), BrucanHast
OKPY?KHOCTb Kacaercs cropoubl BC' B Touke D. llpsamas I,D nepecekaer npsamyo O B Touke L. Touka
E nexwur Ha BrucanHoit okpy:kuoctu Tak, uro DE || Al. Ilpamas LE nepecekaer npsmyto Al B Touke F.
Hokaxure, uro AF = Al.

10. /lano mHarypasbHoe uncygo N > 3. I3HagajbHO 1OC/IE10BATEILHOCTD ag, - . ., Ay_1 COCTOUT IEJIMKOM U3
myseit. Hymepamnuro 9eHOB B 11OC/I€10BATEIBHOCTH CIUTAEM ITUKJINIECKON, TO €CTh @; W (;yN — OJUH U TOT
’Ke 3jieMeHT. Pazperaercs npoje/ibiBaTh CJIEIYIONIIE OIECPAITIN:

(1) Beibpars Jr06oit menmurens d wuciaa N, d # N, nenoe uuciao 0 < s < d U BelmeCTBEHHOE YHCIIO C.
[TpubaBuTh ¢ KO BCEM WIEHAM g4, Tje i or 0 qo N/d — 1. Croumocts 31oit onepanuu passa 0.

(2) BoibpaTh pon3BOJIbHBII HHJIEKC ¢ U BEIECTBEHHOE YUCJIO €. BBIYECTh ¢ U3 Y/ICHOB @11 U G;_1, 1 IPUOABUTH
2¢ K a;. CTonMOCTB 9TOi oIepanun paBHa |c|.

[Tocite HECKONIBKUX TAKUX OIEpaIdii OJMH U3 YJIEHOB II0CJIeI0BATEJLHOCTH CTajl paBeH 1, a ocrajbHbe (.
JToKkazkuTe, 4TO cyMMapHasi CTOMMOCTD ITPOU3BEIeHHBIX onepaiuii e mMenee N2 /100.



XXV KYBOK ITAMATI A.H.KOJIMOT'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOUM Ne24. 2.12.2022
IOHUNOPHI, IIEPBAZ{ JIUTA

1. Ha okpyzkuoctu ormedeno 2023 Touku. Ajmmca u Bepa 1o ouepenn jienaior xombl, HaunHaeT Asunca. 3a
OJIMH XOJI, UT'POK JIOJI2KEH COBEPIINTh OJIHO U3 JIBYX JEUCTBUIL:
® COCJMHUTDL ABE€ OTMEYEHHbIC TOYKUN OTPE3KOM, HE [I€PECECKAIONINM Yy2Ke ITPOBEJICHHBIE OTPE3KU 110 BHYTPEHHUM
TOYKAM;
® cTepeTh TOUKY, KOTOpas He MPUHAJJIEXKUT HU OJIHOMY IPOBEJIEHHOMY OTPE3KY.
Urpoxk, KOTOpbIit He MOXKET ¢jie/IaTh X0, MpourpbiBaet. Oupeae/nTe, KTO U3 JIByX UI'POKOB MOXKET TapaHTHU-
poBaTh cebe 1mobey.

2. [Iycte ABC'D — BBINIYKJIBIiT 9€THIPEXYTOJBHUK, & TOUKU [ 4, 5, I, [p — IeHTPBI BOUCAHHBIX OKPYZKHOCTEI
tpeyrosbauKOB BC' D, CDA, DAB n ABC' coorBerctBenno. 3Bectno, uro npsaveie AC, BD, Ialc u Iglp
nepecekaroTcsa B oo Touke. Jlokaxkure, uro ABC' D — mapaJuiesiorpamu.

3. Touka P jexxut BHyTpHU mpaBmibHOro 99-yronpauka AqAs ... Agg. s kaxkmoro i = 1,2, ...,99 npsmas
A; P niepecekaer 3tor 99-yroibHuk B Touke B;. /lokaxkure, 4To0
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E:P&>§:P&.
i=1 =1

4. B rpade G ne menee 4 Bepmma. MuOXKecTBO BepriuH rpada GG pa3zdbupBaercs Ha JIBa HETEPECEKATOIIIXCS
HemycTbix MHOXKecTBa A n B Tak, uro Bce Bo3MoxKHbIe pebpa Mex 1y A u B ectb B G (Takxke B G MOTyT ObIThH
kakue-To pebpa BayTpu A u BayTpu B). [Ipocroii myTh 110 pébpam rpada G Ha3bIBACTCS 2aMUABIMOHOEIM,
€CJIN OH ITPOXOJIUT TI0 KaXKJI0W BEPIIUHE POBHO OJIUH pa3. /lokaxKuTe, 9T0 KOJMYECTBO TaMUJIBTOHOBBIX ITyTel
B rpade G KpaTHO 4 (IIyTH CUUTAIOTCS PA3JIUIHBIME, €CJIM BEPIIUHBI B HUX HIYT B PA3HOM IOPSIJIKE).

5. PaBaocroponnnii rpeyrosbauk co croponoit 100 pazout na 10 000 MaieHbKUX paBHOCTOPOHHUX TPEYTOJIb-
HUKOB €O cTopoHoit 1. Kakoe HauboJibIee koandectBo u3 1+2+ - - -+ 101 Bepmna MajleHbKIX TPEYTOJIbHUKOB
MOXKHO OTMETHTBH TaK, YTOOBI HU Y OJHOIO MAaJIEHHBKOI'O TPEYTOJbHUKA W HU Yy OJHOU COCTaBJIEHHON M3 Ma-
JIEHbKUX TPEYTOJIbHUKOB PABHOOEIPEHHOI TPAIEIUH BBICOTON B OJUH TPEYTrOJbLHUK He ObLIN OTMEYEHBI BCe
BEPIITHHbI?

6. /lokaxkure, 9TO 1pu JIOOOM HATYPAJIBHOM 71 KOJIMYECTBO HATYPAJbHBIX JeauTeseil ducia n! gapisgercs
nemmnresieM gducia (2n)!.

7. Jl71s TIOJIOXKUTENIBHBIX @, b, ¢ JIOKayKUTe HEPABEHCTBO

2

a+b b+c\? cta\?’ a b ¢
- > +-+-+0.
c a b b ¢ «a

8. Ha mocke 3ammcano HaTypaJjibHOE YHCIO, B 3aIMCH KOTOPOTO HCIOIL3YIOTCH TOJIBKO HYJIU U JIBOUKH.
Cepexka 3a OJIHYy OIE€paIUIO MOXKET BbIOpaTh JH00YI0 JBOIKY U 3ameHuTh €€ Ha 2022 (manpumep, 2022 —
2020222 — 2020220222 — ...). s kakoro HamMenbiiero N MOXKHO TapaHTHPOBAHHO YTBEPXKIATH, UTO HE
bosee uem 3a N omneparuit Cepeka CMOYXKeET MOJIyIUThb 9UCI0, KpaTHoe 117

9. Touku [ u I4 — TEHTPHI BIOMCAHHOI W BHEBIMCAHHOI (Kacatoreiicst ctoponbl BC') OKpy:KHOCTEH 0CT-
poyrosibHOro Tpeyroabanka ABC. Ilycts O — nenTp ero onmcannoit okpyuocru, AB # AC'), BrucanHast
OKPY?KHOCTb Kacaercs cropoubl BC' B Touke D. llpsmas I,D nepecekaer npsamyo O B Touke L. Touka
E nexwur Ha BrucanHoil okpy:kuoctu Tak, uro DE || Al. Ilpamas LE nepecekaer npsimyto Al B Touke F.
Hokaxure, uro AF = Al.

10. HMzHaua/bHO IIOCJIEI0BATEIBHOCTD Ay, - . ., G117 COCTOUT IIEJIMKOM U3 HyJeil. Pasperaercs mpojieibiBaTh
CJIEJIYIONINE OIIEPAITAN:
(1) TIpubaBuTh OJHO U TO ¥Ke BEHIECTBEHHOE YUCJIO KO BCEM YJIeHAM, WHJEKC KOTOPBIX JIAET OJMH M TOT JKe
OCTATOK IIPH JIeJIEHUH Ha 3, WJIK KO BCEM UJIEHaM, HHIEKC KOTOPBIX JIaéT OJUH U TOT K€ OCTATOK IIPHU JIeJICHUH
Ha 4. CroumMocThb 3T0i onepamuu paHa (.
(2) BoibpaTh pon3BOJIbHBII HHJIEKC ¢ U BEIECTBEHHOE YUCJIO €. BBIYECTh ¢ U3 9/ICHOB @11 U G;_1, U IPUOABUTH
2¢ K a; (31eCh camTaeTcs, 9To a1z = ag). CTOMMOCTH 9TOi omepanuy paBHa |c|.
[Tociie HECKOIBKUX TAKUX OIePaIdil OIMH WIeH I0CIeI0BaTeIbHOCTH cTajl paBeH 1, a ocranbable 0. Jlokazkure,
9TO CyMMapHasi CTOMMOCTB [POJIEJIAHHBIX oreparuii 6osibiie 7/2.



XXV KYBOK ITAMATI A.H.KOJIMOT'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOUM Ne24. 2.12.2022
IOHNOPLI, BTOPA# JINTA

1. Ha okpyzkuoctu ormedeno 2023 Touku. Ajmmca u Bepa 1o ouepenn jienaior xombl, HaunHaeT Asunca. 3a
OJIMH XOJI, UT'POK JIOJI2KEH COBEPIINTh OJIHO U3 JIBYX JEUCTBUIL:
® COCJMHUTDL ABE€ OTMEYEHHbIC TOYKUN OTPE3KOM, HE [I€PECECKAIONINM Yy2Ke ITPOBEJICHHBIE OTPE3KU 110 BHYTPEHHUM
TOYKAM;
® cTepeTh TOUKY, KOTOpas He MPUHAJJIEXKUT HU OJIHOMY IPOBEJIEHHOMY OTPE3KY.
Urpoxk, KOTOpbIit He MOXKET ¢jie/IaTh X0, MpourpbiBaet. Oupeae/nTe, KTO U3 JIByX UI'POKOB MOXKET TapaHTHU-
poBaTh cebe 1mobey.

2. B mapamnenorpamme ABCD, ZABD = 90° u ZCBD = 45°. Touka E na orpeske AD TakoBa, 9TO
BC = CFE. Haiimqure Z/BCE.

3. Touka P nexut BHyTpu npaBmwibHOro 99-yrompauka Ay As ... Agg. s kaxkmoro @ = 1,2, ...,99 npsamas
A; P niepecekaet 3tot 99-yrosbauk B Touke B;. /lokaxkure, 410
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4. Ha pnocke 3ammcaHo HaTypaJibHOE YHUCJIO, B 3alUCH KOTOPOI'O HMCHOJIB3YIOTCS TOJIBKO HYJIW U JIBOMKMU.
Cepexka 3a OJIHY OIEpaIuio MOXKeT BBIOpATh J00YI0 JBOWKY 1 3aMeHHTh eé Ha 202 (mampumep, 2022 —
202022). okazxwure, uro He Gosee deMm 3a 10 oneparmii (Bozmozkuo 3a 0) Ceperka CMOXKeT TOJIYyIUTh IHCIO,
KpaTtHoe 11.

5. PaBaocroponnnii rpeyrosibauk co croponoit 100 pazout na 10 000 MaieHbKUX PaBHOCTOPOHHUX TPEYTOJIb-
HUKOB co cTtopoHnoit 1. Kakoe nHauboJibiee KoudectBo u3 142+ - - -+ 101 BepInH MaJIeHbKUX TPEYTOJIbHIKOB
MOKHO OTMETHUTh TaK, UYTOOBI HU Y OJHOI'O MaJEeHBKOI'O TPEYrOJbHUKA U HU Y OJHON COCTAaBIEHHON M3 Ma-
JIEHBKUX TPEYTOJIbHUKOB paBHOOEIPEHHOI Tpallellii BbICOTON B OJIMH TPEYTOJILHUK He ObLIN OTMEYEHBI BCE
BEPIINHBI?

6. V anmxumuka ectb 8088 MeaHbIX CJIUTKOB, 6066 OpoH30BBIX cUTKOB, 4044 cepeOpsAHbIX CJIUTKOB u 2022
30JI0TBIX CJIUTKOB. OH MOXKeT B34Th JIBa CJANTKA M3 Pa3HBIX METAJJIOB U IIPEBPATUTH UX B JBa CJIUTKA JIBYX
JIPYTHX METAJUIOB (HAIPUMEDP, BMECTO MEJHOIO M GPOH30BOTO CJIMTKA IOJIYYUTh CEPEOPSHBI U 30JI0TOI).
Kakoe namboibiee KOJIMIECTBO 30JI0THIX CJIUTKOB MOYKET IIOJIYUNTh AJIXUMUK !

7. JL1g TIOJIOXKUTENIBHBIX @, b, ¢ JIOKAXKUTE HEPABEHCTBO

a+b\? b+c\’ c+a\’_a b ¢
+ + >4 2454
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8. Haiiure Bee Tpoiiku nesbix uuce (a, b, ¢) Takue, uto a+b+c=0,a > 0> b > cu N = 97—a3b—b3c—c3a
— TOUHBIH KBaJIparT.

9. Touku [ u I4 — 1eHTPHI BIUCAHHON U BHeBnucanHON (Kacatoreiics croporbl BC') OKpyzKHOCTEH 0CT-
poyrossaoro tpeyrosibiuka ABC. ITycts O — menTp ero onucannoit okpyxuoct, AB # AC'), Buucannas
OKPY?KHOCTBb Kacaercs: ctopoubl BC' B Touke D. Ilpsmas I, D mnepecekaer npsimyio OI B Touke L. Touka
E nexur Ha BrmcanHoil okpyuoctu Tak, uro DE || Al. Ilpsamas LE nepecekaer npsmyio Al B Touke F.
Jokaxkure, uro AF = Al.
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10. Pemure cucreMmy ypaBHEHUI il 1, iy 1, = = ;T 1 B BeleCcTBEHHBIX YMCJIAX.



