XXXII YPAJIbCKUM TYPHUP FOHBIX MATEMATUKOB. ITIEPMb, 1-7.12.2008

Crapumasi rpynna, BpICIIas JINTa, 4 Typ, pelieHus] U YKa3aHUs /s )KIOPHU.

3apaua 1. /[anwvl yenvie yucaa xj, X, ..., X9 maxue, umo |x;|+|xz|+...+|xo|—|x;+x2+... +x50| = 2. Joxaccume, umo xoms
Obl 00HO U3 dmux yucen paeuo 1 unu —1.

Pemienuie. He ymansist 0GIIHOCTH MOXHO CUUTATh, YTO MEPBBIC k U3 YHCEN X|, X, .. ,X10 IOJIOKUTEIBHBI, @ OCTATEHBIC —
HeT. [lpu stom k <10, 6o uHaue |xi|+|x;|+...Hx10| = [x1+xo+... +x10/. TIycTh |x|+|x2| ... F|xk| = @, |Xp1]|+... FH]x10] = b.
Torma |x|+Hxo|t+...Hx10] = at+b, |x1+xo+... +x10| = [a—b|. Jomyctum, a > b. Toraa |x|+x;|+... Hx1o|—x1tx2+... +x10| = 2b, OT-
kyna b = 1. OTcrona cieayer, 4To BCe UUCna |xy, ..., |X10|, KpoMe OJJHOrO — HYJIH, a 3TO OJHO 0 MOy paBHO 1. Ciy-
qaif @ < b aHaNmoTrN4eH.

3angaua 2. Touxa M — cepeduna cmoponwvt AC mpeyeonvnuxa ABC. Okaszanoce, umo LABM =2 - BAM, a BC = 2BM.
Haiioume yenvt mpeyeonvuuxa.

OtBer: /BCA = Z/BAC =30°, ZABC = 120°. Pemienne. O603HauuM uepe3 D TOUKY, CHMMETPUYHYIO B OTHOCHTEIHHO
M. Torna BD=2BM=BC=A4D n ZDAB= ZDBA =2/BAM, otkyna £BCA=/ZMAD = ZBAD—/BAM = ZBAM.
Ioatomy AB = BC = AD = BD, T0 ecTb TpeyroibHUK ABD — paBHOCTOPOHHUH. OTCIO/1a JIETKO MOTy4YeTCs OTBET.

3apaua 3. Jokaxcume, umo (a°+b+3/4)(b°+a+3/4) > (2a+1/2)(2b+1/2) npu écex nonoscumenviwix a u b.

Pewenne. TTockoneky (x—1/2)° = x*—x+1/4 > 0, x*+1/4 > x. Hostomy a*+b+3/4 > a+b+1/2 u b*+a+3/4 > a+b+1/2. Or-
crona (a*+b+3/4)(b*+a+3/4) = (a+b+1/2)* = (2a+1/2)(2b+1/2). TlocineaHee HEPABEHCTBO HOCIE PACKPHITHS CKOGOK U U
TPHBEICHHS [TOTOOHBIX 4ICHOB CBOAUTCA K HEPABEHCTBY a”+b° > 2ab.

3apava 4. Buympu yena MON ommeuena mouxka X makas, umo LOMX = £ONX = 90° Ha ompeskax OM u ON omme-
yenvt mouku Y u Z coomeemcmeenno maxue, umo XY IMZ, a XZ_[NY. Jloxaxcume, umo OM = ON.

Pemenne.

3agaua 5. Cymma oopamusix éenuuun 100 nonapno pasnuunvlx HamypaivHulx yucen pagua 1. Moeym au ece smu yucna
ovimob menvue 100002

Otser: [a. Pemenwe. 1 = (1-1/2)+(1/2-1/3)+...+(1/99-1/100)+1/100 = 1/2+1/6+...+1/90+1/110+...+1/9900+1/100.

3agaua 6. B epage na 300 sepuunax cmenensv kasicoou eepuiunvt e menee 190. Jlokadxcume, ymo 6 HeM MONCHO Gbl-
opams 50 mpeyeonbHUK08, NONAPHO He UMEIOWUX OOWUX GEPULUH.

Pemenne. 3ametnm, 9TO Kakaoe pedpo BXOAWUT He MeHee, 4eM B 80 TpeyrobHIKOB (13 KOHIIOB pedpa BEIXOAUT HE Me-
Hee, ueM 2-189 pebep B octaBmmecs 298 BepiinH, cleI0BaTeNbHO, U3 HUX XOT ObI 2-189—298 = 80 BepIuH, CMEXHBIX
¢ 000oMMH KOHIIaMHU pebpa). BeiOepeM HeCKOJIBKO HEepeCceKaroIIuXCs TPEYTOJIEHUKOB TaK, YTO OOJBIIE HA OJTHOTO TPe-
YTOJBbHHUKA K HUM T0OABUThH Henb3s. [IycTh 7 — MHOMXECTBO BEPIIUH 3TUX TPEYTOJBHHUKOB, & KOJTHYECTBO BHIOPAHHBIX
TPEYTOJILHUKOB ecTh k < 54. Torma ocranock He MeHee, yeM 300—3-54 = 138 > 114 BepmiuH, clie0BaTeIbHO, MBI MOXEM
BbIOpaTh 1Ba pedpa ab u cd Tak, 4To BEepLIUHbI a, b, ¢, d ¢ T. ([dna moboro mHokecTBa M Gonee uem u3 111 BepuinH,
OYEBHIHO, €CTh PeOpO, COCMUHSIONICE ABE M3 BEPIIMH 3TOTO MHOXKECTBA, TaK KaK KakAas BEpIIMHA MHOXKecTBa M He
cMexHa MakcuMyM co 110 BepmmHamu rpaga.) Ilycts S — MHOXKECTBO BepIInH, 00pa3ylomux BMecTe ¢ pedpom ab
TPEYTOJIbHUK, 2 R — MHOXECTBO BEpIIHH, 00pa3yrmux BMecte ¢ pedpoM cd TpeyronsHuK. Torna R, S < 7, nHaue Ml
MOXeM JT00aBHUTH eIlle ONUH TPEYTOIbHUK.

Tak xax |R|, |S] = 80, a k£ <53, ecTb TpeyTroNbHUK, BEPUIMHEI KOTOPOTO XOTs ObI YETHIPE pa3a BXOAAT B S U R (eciu
BEPIINHBI KaXKJOT0 TPEYTOJIIFHIKA BXOST B MHOXKECTBA S M R He Ooliee Tpex pas, TO CyMMapHOe KOJIMYECTBO BEPIIHH B
S'¥ R He NPEeBOCXOAUT YTPOSHHOE KOJIMYECTBO TPEYTOIBHUKOB, TO €CTh, 3-53 < 160, npoTuBopeune).

[TycTs BepHIMHBI TPEYTONBHHUKA XYz BXOIAT B S U R X0Ts OBI 4eThIpe pa3a, TOraa He yMaysis OOIIHOCTH MOYKHO
CUUTATh, 4TO X € S, y € S, U MBI MOKEM 3aMEHHUThH TPEYTOJbHUK XyZ HA JIBa TPEYTONbHUKA abx U cdy, yBEIHYNB UX KO-
JIMIECTBO, MIPOTUBOPCUUE.

3amaua 7. B keadpame nxn aexcam 1004 oomunowku (kaxcoas noxpvleaem 0ge coceonue kiemku). Huxaxue dse 0o-
MUHOWIKY He UMelom 00uux mouex (0asice yenoevix). Kaxkoe naumenvuiee 3Havenue Moxcem npuHUMAams Yucio n?

Otget: 77. Pemenue. [IpucoequHUM K KaXII0W JOMUHOIIKE YEThIpE KIETKH CIpaBa M CHU3Y TaK, 4TOOBI BMECTE C JIO-
MUHOILIKOW OHH 00pa30Baii NPAMOYTONBbHUK 2x3. Ecnu y ABYX TOMHHOILIEK TaKue MPAMOYTOJIbHUKH MEPECEeKatoTCs, TO
y JIOMHHOIIICK eCTh 001mas Touka. [Toaromy ecnu 1004 TOMHHOIIIKH, HE HMEIOIIHE OOIIMX TOYEK, YMEIIAIOTCS B KBaApa-
T€ nXn, TO BCE MOCTPOSHHBIE IO HUM MPSIMOYTOJIBHHUKH JOJDKHBI 0€3 Halo)KeHHUH momemaThes B kBaapare (n+1)x(n+1),
MOJTly4YeHHOM JT0OaBIICHHEM K KBaJpaTy nxn CTPOKH CHH3Y W ctosioma crpasa. Otcrona (n+1) > 6-1004 = 6024. Ilo-
CKOJIBKY 77* < 6024 < 78% n>1717. Hunst n =77 cTpouTcs mpUMep: pa3MECTUB B IEPBOM, TpETheH, ..., 77-# cTpokax mo 52
JIOMHHOIIIKH, HE UMEIOIIKE O0IIUX ToueK, momyanm 39-52 = 2028 noMuHOIIEK 6e3 0OIINX TOUCK.




1 1 1 1
3apava 8. Yucna p u g — npocmoie, g—p = 2. Pewuume 6 HamypanbHvlx Yuciax ypagueHue —+—=———.

Xy P 9
Otset: ((pg+1)/2, pg(pg+1)/2), (p(g+1)/2, pg(g+1)/2), (q(p+1)/2, pg(p+1)/2), (p(p+9)/2, g(p+q)/2) (¢ TOYHOCTEIO 1O Iie-
pectaHoBKH) Wi (2pq, 2pq), Bcero 9 penieHui.

Pemenwme. Hpeo62pa3yeM ypaBHEHHE K Buay (x+y)/xy = 2/pq, To ectb 2xy—pq(x+y) = 0. DTO SKBUBAJICHTHO TOMY,
uto (2x—pq)(2y—pq) =p qz. Yucno p°q” MOXKET OBITh YETBIPHMSI CITIOCOOAMH Pa3IOKEHO B TIPOU3BEACHUE IBYX PA3HBIX
MHOXHUTENEH (C TOYHOCTBIO JI0 IEPECTAHOBKU) U OJTHUM — B IPOU3BEACHUE IBYX OJIMHAKOBBIX.

Takum 06pasoM, 4rcia 2x—pg U 2y—pg MOTYT cocTaBiate onuy u3 map (1, p°q%), (0, pgd), (¢, qp°), (v, ¢°) (B mio-
00M TopsaKe) Wik OBITH 00a paBHEI pg. [1ocKONBKY B KaXIol mape o0a unciia HeYeTHBI, TAKHE YHCIa X U Y BCETIa Cy-
mecTBYIOT. OTCI0[ja — OTBET.



XXXII YPAJIbCKUM TYPHUP FOHBIX MATEMATUKOB. ITIEPMb, 1-7.12.2008

Crapumasi rpynna, nepBasi Jura, 4 Typ, pelieHusi ¥ yKa3aHus JJIA KIOPH.

3apaua 1. Janwl yenvie uucia xj, X, .. X9 maxue, 4umo |x;|+|x;|+... +|x9|—x;+x7+... +x50| = 2. Joxaxcume, umo xoms
Obl 00HO U3 dmux yucen pagno 1 unu —I.

Pemienuie. He ymansist 0GIIHOCTH MOYXHO CUUTATh, YTO MEPBBIC k U3 YHCEIN X|, X, .. ,X10 TIOJIOKUTEIBHBI, @ OCTATEHBIC —
HeT. [lpu atom k <10, 6o uHaue |x||+|x;|+...Hx10| = [x1+xo+... +x10/. TIycTh |x|+|x2| ... |xk| = @, |Xp1]|+... H]x10] = b.
Torma |x|+Hxo|t+...Hx10] = at+b, |x1+xo+... +x10| = [a—b|. Jomyctum, a > b. Toraa |x|+x;|+... Hx1o|—x1tx2+... +x10| = 2b, OT-
kyna b = 1. OTcrona cieayer, 4To BCe UUCna |xy, ..., |X10|, KpoMe OJJHOrO — HYJIH, a 3TO OJHO 0 MOy paBHO 1. Ciy-
qaif @ < b aHaNmoTrN4eH.

3angaua 2. Touxa M — cepeduna cmoponwvt AC mpeyeonvnuxa ABC. Okaszanoce, umo LABM =2 - BAM, a BC = 2BM.
Haiioume yenvt mpeyeonvruxa.

OtBer: /BCA = Z/BAC =30°, ZABC = 120°. Pemienne. O603HauuM uepe3 D TOUKY, CHMMETPUYHYIO B OTHOCHTEIHHO
M. Torna BD=2BM=BC=A4D n ZDAB= ZDBA =2/BAM, otkyna £BCA=/MAD = ZBAD—/BAM = ZBAM.
IMoatomy AB = BC = AD = BD, T0 ecTb TpeyroibHUK ABD — paBHOCTOPOHHUH. OTCIO/1a JIETKO MOTy4YeTCs OTBET.

3agaua 3. Dxcnepm npedcmasngem cyove 12 00uHaxosvix no euewHemy eudy monem. Cyovs 3Haem, 4mo cpeou npeo-
CMAGIEHHBIX MOHem no mpu MoHemul eecom 1, 2, 3 u 4 epamma. Dxcnepm coobuwun cyove, Kakas MOHemMa CKONbKO 6e-
cum, a maxoice O npuHec ¢ coboll npubop, KOMOPLLIL 30 OOHY ONEPAYUIO C O8YMsL SDYNNAMU MOHEM CO0Owdem, 6ecsim
JU MU epynnvl 0OUHAKOB0, Ul Hem. 3a KaKoe HauMeHbliee YUCIO ONepayuti IKCHePm CMOXCem 00KA3amb cyobe, Ymo
KadcOast MOHema OetiCmEUmMesibHO 6eCUm CMOIbKO, CKOJIbKO OH CKA3an?

Ortser: 3a nBe. Pemenne. [TokaxkeM, kak BCE MoKa3aTh 3a ABe oneparun. CHadana dKCIepT CPaBHUT BCE MOHETHI BECOM
I ru2r uogHy MOHETY BecoM 3 T ¢ TpeMsi MOHeTaMu BecoM 4 T. PaBHOBecHe JOKaXeT, YTO COCTaB CPaBHHBAEMBIX
TPYII MOHET UIMEHHO TaKOB, HOO TPX MOHETHI B CYMME BECSAT MHHUMYM 12 T, 7 MOHET — MakCUMyM 12 T, U 3TH MUHU-
MyM C MaKCUMYMOM JTOCTHTAIOTCSI POBHO B OJHOM CiIydae KaKIbIi. 3aTeM SKCHEPT CPAaBHHUT TPU OJHOTPAMMOBBIX MO-
HETBl U OJIHY TPEXTPaMMOBYIO, y4aCTBOBABLIYIO B IIEpBOM cpaBHeHHH. OJHa MOHETa BeCUT He Oonblie 3 T (4eThIpEX-
rPaMMOBOH OHa 3aBEIOMO OBITh HE MOXKET), & TPU B CyMME — HE MEHBbIIIE 3 T, ¥ PaBEHCTBO BO3MOYKHO TOJIKO €CITH TPH
MOHETHI — OJHOTPaMMOBBIC, a OfHA — TpEXrpaMMoBas. Tak MBI ONpPEAETH BCE OJHO-, ABYX- M YCTHIPEXTPAMMOBEIC
MOHETBI, @ TPEXTPAMMOBBIE TEM CaMBIM ONPEACISIIOTCS ABTOMAaTHYECKH.

Yro-TO 10Ka3aTh 3a OJHO B3BCIIMBAHMUEC MOXKHO TOJBKO B CIIydae, KOTJa M HA KaXKIOH Yallle BECOB, U CPEIH HE
JICKAIIX Ha Becax BCE MOHETHI OJTHOTO Beca (MHA4e MBI HE CMOYKEM OTJIIMYHTH JBE MOHETHI PAa3HOIO Beca, JIeXKaIIue Ha
OJTHOH YaIIke WIH He JIeXanue Ha Becax). Ho y Hac MOHETHI YeTHIPEX pa3INnYHBIX BECOB, IIO3TOMY TaKOE HEBO3MOXKHO.

3anaua 4. Buympu yena MON ommeuena mouka X makas, umo LOMX = <ONX = 90 °. Ha ompesxkax OM u ON omme-
yenvt mouku Y u Z coomeemcmeenno maxue, umo XY IMZ, a XZ_INY. Jloxaxcume, umo OM = ON.

Pemenue.

3amaua 5. Cymma oopamnulx semuuun 10 nonapHo pasiuunvix Hamypaibislx ducen pasua 1. Mozym au éce smu uucia
bv1mv menvue 1007

Ortset: Jla. Pemenne. 1 = (1-1/2)+(1/2-1/3)+...+(1/9-1/10)+1/10 = 1/2+1/6+1/12+...+1/90+1/10.

3agaua 6. B epage na 300 sepuwurnax cmenenv Kadxicoou sepuiunsl He menee 190. Jlokasicume, umo 6 HeM MON’CHO 6bl-
bpamb 25 mpey2onbHUK08, NONApHO He UMEIOWUX 0OWUX BEPUILH.

Pemenne. Bo3pmém moboe pedpo. 13 ero Bepmne B octaBimmecs 298 BRIXOAUT emé MUHUMYM 10 189 pébep. [loaTomy
3T0 pebpo BXoauT emé MHHUMYM B 298—189-2 = 80 TpeyrompHIKOB. Bo3bMEM 000N U3 HUX, H BEIOPOCUM M3 rpada
€ro BEepIIMHBI BMECTE C BBIXOSIIMMH U3 HUX p&Opamu. ByaeM moBTOpsAThH omucaHHYO mpouenypy. [locie k& moBTope-
HUll y Hac octa”ercs rpad Ha 300—3k BepmmHaX, cTENEHb KaxI0i U3 KOTOphIX He MeHbIne 190-3k. TloBTOpeHue mpo-
LEeAypbl BOBMOXKHO, Moka 2983k < 2-(189-3k) < 3k < 80, T0 ecTb 25 pa3 NOBTOPUTH €€ MOKHO.

3agaua 7. B xeadpame nxn aexcam 1004 domunowku (xaxrcoas nokpvieaem 0ee cocednue kiemxu). Huxakue oge do-
MUHOWIKYU He UMerom 0Ouwux mouex (Oaice yenosvix). Kaxkoe nHaumenvuiee 3HaueHue Moxcem npuHumMams Yyucio n?

Otser: 77. Pemenue. IIpucoesuHNM K KaXI0W TOMUHOIIKE YETHIPE KJIETKH CIpaBa U CHU3Y TaK, YTOOBI BMECTE C J0-
MUHOIIIKOM OHH 00pa30Bajy MPIMOYTOIBHHK 2x3. ECli y ABYX JOMHHOIIEK TaKue MPSIMOYTOJBFHIKH [IEPECCKAIOTCS, TO
y IOMHHOIIICK eCTh 001mas Touka. [Toaromy ecnu 1004 1oMHHOIIKH, HE UMEIOIIHE OOIIMX TOYEK, YMEIIAIOTCS B KBajpa-
TE NXH, TO BCE TIOCTPOCHHBIC IO HUM MPSIMOYTOJFHIKH TOJDKHBI 0€3 HANOKEHUH moMemarbes B kBaapare (n+1)x(n+1),
MOJTY4EHHOM T00aBJICHHEM K KBaJpaTy nxn CTPOKU CHU3Y M crombua cmpasa. Otcronma (nt+1)>6-1004 = 6024. Ilo-
cKoubKy 77° < 6024 < 782, n > 77. Jlnst n = 77 CTPOMTCS IPUMEp: PasMECTHB B [IEPBOIi, TPETbEH, ..., 77-if CTpoKax 1o 52
JIOMHHOIIIKH, HE UMEIOIINE O0IUX ToueK, momyanM 39-52 = 2028 nomMuHOIIEK 6e3 00X TOYEK.




3anaua 8. Ilpu kaxom naumenvuiem n Haudymces maxkue Hamypaiohsie x u y, umo HO/[(x, y) = 999 u HOK(x, y) = n! ?

Ortsert: IIpu n =37. Pemenue. [Tockoneky HOK(x, y) nenutcs na HOJ(x, y), paBHbiid 27-37, a uncio 37 — mpocroe,
n>37. Ilpu n =37 nonoxum x = 37!, y = 999.



XXXII YPAJIbCKUM TYPHUP FOHBIX MATEMATUKOB. ITIEPMb, 1-7.12.2008

Crapumasi rpynna, Bropasi Jiura, 4 Typ, pelieHusi ¥ yKa3aHusl 1JIsl KIOpH.

3apgaua 1. [anwl yenvie uucia xj, X, X3, X4 maxue, ymo |x;|+|xz|+|x;|+|xs—|x; +x+x35+x4 = 2. Hoxasxcume, umo xoms
Obl 00HO U3 dmux yucen paeno 1 unu —I.

Pemienue. He ymansist 0OUIHOCTH MOXHO CUHTATh, YTO TEPBBIC k M3 YUCEN X1, X, X3 ,X4 TOJIOKUTEIBHBI, & OCTAIBHBIC —
HeT. [Ipu atom k <4, ubo uHaue |x|+xy|+xs+xg = |x1+xo+xs+txs|. Ilycts |x|+...+|xi| = a, |xXp1]+...+|xq| = b. Torna
Per| et HHxs = at+b, |xitxatxstxg| = [a—b|. Jonyctum, a > b. Toraa |x|+|xa|+|xs|+xa—x1txo+x3+x4 = 2b, oTkyma b = 1.
OTcrofia cleyer, 4To BCE YMCIa |x;|, KpoMe OJIHOTO — HYJIH, a 3TO OJTHO 1O MOIyJo paBHO 1. Ciyyaii a < b aHanoru-
YeH.

3angaua 2. Touxa M — cepeduna cmoponwvt AC mpeyeonrvnuxa ABC. Okaszanoce, umo LABM =2 - BAM, a BC = 2BM.
Haiioume yenvt mpeyeonvruxa.

OtBer: /BCA = Z/BAC =30°, ZABC = 120°. Pemienne. O603HauuM uepe3 D TOUKY, CHMMETPUYHYIO B OTHOCHTEIHHO
M. Torna BD=2BM=BC=A4D n ZDAB= ZDBA =2/BAM, otkyna £BCA=/MAD = ZBAD—/BAM = ZBAM.
IMoatomy AB = BC = AD = BD, T0 ecTb TpeyroibHUK ABD — paBHOCTOPOHHUH. OTCIO/1a JIETKO MOTy4aeTcs OTBET.

3agaua 3. Oxcnepm npedcmasniem cyove 9 00uHaKo8vix no eHeutnemy 6udy movem. Cyobs 3Haem, 4mo cpeou npeo-
CMAGIEHHBIX MOHEm o mpu MoHemsl gecom 1, 2 u 3 epamma. Dxcnepm coobwun cyobe, Kakas MOHEmMA CKOIbKO 6ECUn,
a makdice OH npunec ¢ coboll npubOp, KOMOPwLIU 3a 00HY OREPAYUIO ¢ O8YMsL SPDYRNAMU MOHEm coobujaem, ecsm au
9mu 2pPynnvl 0OUHAKOBO, U Hem. 3a Kakoe HAuMeHbliee YUCIO ONepayull SKCREpm CModcem 00KA3amb cyobve, 4mo
Kadcoast MOHema OetiCmEUMeibHO 6eCUm CMOIbKO, CKOJIbKO OH CKA3an?

Otget: 3a 2. Pemenne. CHavana 3KCIEPT CPABHUT TPH MOHETHI BeCOM 3 T' co BceMu ocTanbHbiMu. OTBeT mpubOpa
«OJIMHAKOBOY» 03HAYACT, YTO B KAXKJIOW IPYIIE MOHETHI BECAT MOJOBHHY OOIIETO Beca BCEX MOHET. TpH MOHETHI MOTYT
BECUTb IOJIOBHHY OOIIEr0 Beca BCEX MOHET TOJIBKO €CJIM BCE OHM BECAT 110 3 T. 3aTeM 3KCIepPT CPABHUT TPU OJJHOTPAM-
MOBBIX MOHETHI C OJTHOM YK€ W3BECTHOM TpEXrpaMMOBOii. PaBHOBeCHE OKA3bIBACT, YTO BCE TPU MOHETHI — JICHCTBH-
TENLHO OJJTHOTPAMMOBBIC: MHAYE OHU BMECTE BECHIIH ObI OOJbIIe 3 T.

Yro-TO MOKa3aTh 3a OMHO B3BECIIUBAHKUE MOXKHO TOJBKO B CIy4ae, KOTJa U Ha KaXXIOW Yallle BECOB, U CPEIH HE
JIeXKAIIMX Ha BECaX BCE MOHETHI OMHOTO Beca (MHAYEe Mbl HE CMOXKEM OTJIMYUTH JIBE MOHETHI PA3HOTO Beca, JISKAI[He Ha
OJTHOH Yalllke WU He JIexkanue Ha Becax). Ho sicHo, 4To mpu 11000M TakoM B3BEIIMBAHUU OJTHA U3 YAIICK MEPEBECUT, U
MBI HUYETO HE y3HAEM.

3agaua 4. Xurpsiii Mapurk Mrops 3agyman 6 pasnmudHbIX 9ucen d, b, ¢, d, e, f 1 IPOU3HEC CICAYIONINE YTBEPKICHUS:
«a>dy, «f>c», «b>e», «a>f», «a>e», «d > by, «c> e». M3BecTHO, UTO IIPU STOM OH OOMaHyIN He Ooliee IBYX pas.
Jokaxute, 4To yMHBI ManbuuK KocTs Ha OCHOBaHHMH STHX JAAHHBIX CMOXET HAWUTH XOTs OBl OJTHO 3aBEIOMO BEPHOE
YTBEpPAKICHUE.

Pemenne. HapucoBas rpad BeickasbiBaHui Mrops, oOHapy>KMBaeM, 4TO OH COCTOHT M3 TPEX OPUECHTHPOBAHHBIX ICTICH:
a>e,a>f>c>eua>d>b>e c o0mMUM HAYAJIOM ¢ 1 00IUM KOHIIOM e. Eciu Obl BBICKa3bIBaHHUE @ > ¢ OBLIO HEBEp-
HBIM, MTOJYYHIIACH OBl JIBa OPUCHTUPOBAHHBIX IUKJIA a > f> ¢> e > a U a > d> b> e> a, B KaKJIOM U3 KOTOPBIX MHHUMYM
OJIHO CTPOTO€ HEPABEHCTBO HeBepHO. Ho Torja HEeBepHBIX BHICKA3bIBAHHM OKa3a0Ch ObI He MeHee TPEX. 3HAUUT, Hepa-
BEHCTBO a > ¢ BEpHO.

3agaua 5. Cymma obpammuvix eerunun 10 nonapuo pasiuuHvlx Hamypaivbhslx wucen pagua 1. Mozym nu éce smu uucna
Ovimob menvuwie 1007

Ortset: Jla. Pemenne. 1 = (1-1/2)+(1/2-1/3)+...+(1/9-1/10)+1/10 = 1/2+1/6+1/12+...+1/90+1/10.

3agaua 6. B swvinyxnom 12-yeonvruke npogedeno 12 ouazouanetl. Jlokasxcume, 4umo KaKue-mo mpu u3z Hux nonapHo ne-
pecekaiomest (Ouazonanu, gulxoosiuue U3 00HOU GePUIUHBI, CYUMAIOMCS NEPECEKAIOUUMUCST).

Pemenne. Ecnu ecth BepinHa, U3 KOTOPOH BBIXOAUT XOTS OBl TpU AMAroHaNU, BO3bMEM HX, B IpoTHBHOM ciydae u3
Ka)JI0/l BEPLIMHBI BBIXOJUT POBHO IO JIBE AMAroHald. Torga pacCMOTPHUM AHMAaroHaidb ¢, OTCEKAIOUIyI0 HaHMEHbIIEe
BO3MOXKHOE 4KcNO0 BepluH. [TycTh 4 — onHa U3 3THX BepluuH. [IBe BBIXOSIIME U3 HEE JUaroHaIy NEPeceKatoT AUaro-
HaJlb g: MHAaue OJIHA U3 HUX OTCEKaaa Obl MEHbIIIE BEPIIMH, YeM ¢. DTU ABE AUATOHAIU BMECTE C a U 00pa3yr0T HCKOMYIO
TPOWKY.

3anaua 7. B mpeyeonrvnuxe ABC u3z enympennet mouxu O onycmunu nepneHouxyasipol na cmoponsi AB u AC. Ocnosa-
HUsL DMUX nepneHoukyiapos ooosnawuiu D u E coomsemcemeenno. [Joxasxcume, umo ecau mpeyeoavhuku AOD u OEC
pasuwl, mo mouxa E aensemca cepeournoui cmopomnst AC.

Pemenne. O4 = OC xak THIOTEHY3BI PABHBIX MPSIMOYTONBHBIX TpeyronbHuKoB AOD u OEC. Iloatomy OF — cepe-
JUHHBIN MepIeHauKysp K orpe3ky AC.

3anaua 8. Ilpu kaxom Haumenvuiem n Haldymea maxue HamypaivHuvle x u'y, umo HO/(x, y) = 999 u HOK(x, y) =n! ?



Otser: [Ipu n = 37. Pemenue. TTockonsky HOK(x, y) nemurcst na HOJI(x, y), paBHbiii 27-37, a uucio 37 — mpocroe,
n > 37. IIpu n = 37 monoxum x = 37!, y = 999.



XXXII YPAJIbCKUM TYPHUP FOHBIX MATEMATUKOB. ITIEPMb, 1-7.12.2008

Muaaamasi rpynmna, BbICIIasi JJUra, 4 Typ, pelieHusi U yKa3aHus 115 KIOpH.

3anaua 1. B xeadpame nxn nexcam 1004 domunowku (kaxcoas nokpvleaem 0se cocednue kiemxu). Huxakue oge do-
MUHOWIKYU He UMerom odwux mouex (Oasxce yenosvix). Kakoe Haumenvuee 3HaueHue Moxcem npuHuMams Yyucio n?

Otsert: 77. Pemenue. IIpucoesuHNM K KaXI0W TOMUHOIIKE YETHIPE KJIETKH CIpaBa U CHU3Y TaK, YTOOBI BMECTE C J0-
MUHOIIKOM OHH 00pa30Bajyl MPIMOYTOIBHHK 2x3. ECli y AByX HJOMHHOIIEK TaKue MPSIMOYTOJFHIKH [IEPECEKAIOTCS, TO
y IOMHHOIIICK eCTh 001mas Touka. [Toaromy ecnu 1004 1oMHHOIIKH, HE UMEIOIIHE OOIIMX TOYEK, YMEIIAIOTCS B KBapa-
TE NXH, TO BCE TIOCTPOCHHBIC IO HUM NPSIMOYTOJFHIKH TOJDKHBI 0€3 HANOKEHHH moMemarbest B kBaapare (n+1)x(n+1),
MOJTy4EHHOM T00aBJICHHEM K KBaJpaTy nxn CTPOKU CHU3Y M crombua cmpasa. Otcionma (nt+1)>6-1004 = 6024. Ilo-
cKoubKy 77° < 6024 < 782, > 77. Jlnst n = 77 CTPOMTCS IPUMEp: PasMECTHB B [IEPBOIi, TPEThEH, ..., 77-if CTpOKax 110 52
JIOMHHOIIIKH, HE UMEIOIIHE O0INX TouYeK, momyanM 39-52 = 2028 nomMuHOIIEK 6e3 00IINX TOYEK.

3agaua 2. Cymma obpamuwvix eeruyun 10 nonapro pasiuunsix Hamypaivhsix yucen pasia 1. Mozym au éce smu wucia
ovims menvuie 100?

Orser: Jla. Pemerne. 1 = (1-1/2)+(1/2-1/3)+.. +(1/9-1/10+1/10 = 1/2+1/6+1/12+...+1/90+1/10.

3anaua 3. B svinykiom 100-yeonvuuxe npogedeno 100 ouaconaneii. JJoxaxcume, umo Kaxue-mo mpu u3 HuX HONAPHO
nepecexaomcs (OUA2oHanU, 8bIX00AUUe U3 OOHOU BEPUIUNDBI, CHUMAIOMCS NEPECEKATOUUMUCSL).

Pemienue. Ecnu ecth BepmmHa, W3 KOTOPOH BBIXOAMT XOTsI ObI TPW JHMAroHalld, BO3BMEM MX, B mMpoTHBHOM citydae U3
Ka)XJ0M BEpILMHBI BHIXOAUT POBHO MO JIBE€ AUaroHaiu. Torja paccCMOTPUM JIMAaroHajb d, OTCEKAIOIlyl0 HauMEHbIIee
BO3MOKHOE YHCIIO BeplluH. [IycTh 4 — o/iHa U3 ATUX BepUIMH. J[Be BBIXOSNINE U3 HE€ TUArOHAJH IMePEeCceKaloT TUaro-
HaJlb @: MHAYe OIHA U3 HUX OTCEKaja Obl MEHBIIE BEPIINH, YeM ¢. DTH ABE AUATOHAIN BMECTE C d  00pa3yloT HCKOMYIO
TPOIIKY.

3amaua 4. B komnanuu uz 300 uenosex xascowiii umeem ne menee 190 snaxomvix. JJokasxcume, ymo MONCHO 6 3MOU
KOMRAHUU Haumu He Menee 25 mpoex NonapHo 3HAKOMbIX JH00ell.

Pemenne. BozsMéM B Tpade 3HaKOMCTB J1F000€ pedpo. M3 ero BepmuH B ocTaBmuecs 298 BBHIXOIUT €IIE MHHUMYM TI0
189 pébep. TlosTomy 31O pedbpo BxoauT emé MUHUMYM B 298—189-2 = 80 TpeyronbHUKOB. Bo3pMéM mr000ii U3 HUX, U
BBIOpOCHM M3 rpada ero BEpIINHBI BMECTE ¢ BRIXOISIIMMHI U3 HUX pEOpamu. byem moBTOpATH OMMCAaHHYIO MPOLEAYPY.
ITocne & moBTOpeHuit y Hac ocranetcs rpad Ha 300-3k BepmMHAX, CTEIICHDb KaXIO0W M3 KOTOPHIX He MeHbe 190-3%.
[ToBTOpeHue nporeyps! BO3MOXKHO, oka 298-3k < 2.(189-3k) <> 3k < 80, To ecTb 25 pa3 MOBTOPHUTH €€ MOXKHO.

3anpaua 5. Oxcnepm npeocmasnsem cyove 9 00unakosvlx no sneuinemy eudy monem. Cyobsi 3Haem, 4mo cpeou npeo-
CMABNEHHbIX MOHEm no mpu MoHemul gecom 1, 2, 3 epamma. dxchepm coobwun cyove, KaKdas MOHEmMa CKOAbKO 8ecum,
a makaice oM npuHec ¢ cobou npubop, KOMOpPwvll 3a 00HY ONEpayulo ¢ 08YMA cpYNNamu MoHem coobwaem, 8ecam au
MU 2pynnvl 0OUHAKOBO, ULU Hem. 3a Kakoe HaumMeHbuiee YUCIO Onepayuil IKCRepm CMONcen 00KA3ame cyobe, Ymo
Kaocoas MoHema OeticmeumenbHo 8ecum CMoIbKo, CKOJLKO OH CKa3an?

Ortsert: 3a gBe. Pemenue. ITokaxxeM, kak BCE€ noKa3aTh 3a JBa B3BeluBaHus. CHavyaa SKCIEPT MOJOKUT HA OAHY Yally
BECOB BCE MOHETHI BECOM 3 T, a Ha JIPYT'yl0 — BCE OCTaJbHBIC. Bechl B paBHOBECHH, TO €CTh Ha Ka)KIOH JaIle MOHETHI
BECST MOJOBUHY OOIIEro Beca BCEX MOHET. Tpu MOHETHI MOTYT BECUTh IIOJIOBUHY OOILET0 BECa BCEX MOHET TOJIBKO €CIIU
BCE OHM BECAT MO 3 T. 3aTeM SKCIEPT MOJOKUT Ha OJIHY Yally BECOB TPU OJHOIPAMMOBBIX MOHETHI, a Ha JAPYTyH —
OJHY TpEXTPaMMOBYIO (TIpO He€ y’Ke M3BECTHO, YTO OHA TpEXrpaMMoBasi). PaBHOBecne TOKa3bIBaeT, 4TO BCE TPU MOHE-
TBI — JIEHCTBUTEIBHO OJJHOTPAaMMOBBIE: HHAYE OHH BECHIIH ObI OobIme 3 T.

Yro-TO 0Ka3aTh 32 OJHO B3BCIIUBAHUE MOXKHO TOJBKO B CIydae, KOTJa U Ha KaXKAOH dalle BECOB, U CPeu HE
JEeXKAIMUX Ha BECAaX BCE MOHETHI OJHOTO Beca (MHAaYe MBI HE CMOXKEM OTJIIMYUTH JIBE MOHETHI PA3HOTO BeCa, JISKAIHE Ha
OJTHOM Yalllke WM He JIeXalue Ha Becax). Ho sicHO, 4To mpH 1000M TakoM B3BEIIMBAHUM OJ[HA U3 YallleK NEPEBECHT, U
MBI HUYETO HE y3HAeM.

3agaua 6. Touxa M — cepeduna cmoponvt AC mpeyeonvuuxa ABC. Okaszanocv, umo £ABM = 2BAM, a BC = 2BM.
Haiioume yenvt mpeyeonbhuka.

OtBet: LBCA=£ZBAC=30°, ZABC = 120°. Pemienne. O603Ha4nM 4epe3 D TOUKY, CHMMETPHUYHYIO B OTHOCHTEIHHO
M. Torna BD=2BM=BC=AD n £DAB= ZDBA=2/BAM, otkyna £LBCA=AMAD = Z/BAD—-/BAM = ZBAM.
[Moatomy AB = BC = AD = BD, 10 ecTb TpeyronbHuk ABD — paBHOcTOpoHHUHN. OTCIOAA JIETKO MOJIYYETCS OTBET.

3apaua 7. [ansl yenvle uucia xj, X, .. X9 maxue, umo |x;|+|xs|+... +|x9|—x;+x07+... +x50| = 2. Joxaxcume, umo xoms
Ob1 00HO U3 Imux yucen pasro 1 umu —1I.

Pemienne. He ymansist 0GIIHOCTH MOYKHO CUHTATh, YTO MEPBBIC k M3 YHCEN X1, X, .. ,X10 IIOJIOKUTEIBHBI, & OCTATBHBIC —
HeT. Ilpu stoM k<10, 60 mHAYE |x{|[+]xp|*...H|x10| = [x1Hx0+... Tx10|. TIycTh |x1|+|x2|+...+|xi] = @, |xper|*... H|x10| = b.
Toraa |x|+xo|+...Hxio) = at+b, |[x1+xo+... +x10| = |[a—b|. Jomyctum, a = b. Toraa |x;|+x;|+... Hx1o|—x1tx2+... +x10| = 2D, 0OT-



kyaa b = 1. Orcrona ciemyer, 4To Bce Yucia |xyl, ..., [X10/, KpOMe 0JJHOro — HyJIH, a 3TO OJTHO Mo MOayJIto paBHO 1. Ciy-
Jaii g < b aHaJIOTHUYEH.
1 1 1

3apava 8. [na namypanvueix yucen x u y HAWLIUCL MAKue pa3iuyHble NPOCMyvle YUCHa p, q, 1, Ymo —+—=—+—
Xy p q r

ﬂoxao«:ume, Ymo 00HO U3 IMUX npocmaulx 4uceil paeHo 2.

Pemienue. Ilycts Het. Torna Bce uucna p, g u r Heu€THbl. Ecnu l + l = l + l+l, t0 xy(pg+pr+qr) = pgr(x+y). Ilo-
Xy p q r

CKOJIBKY pg~+pr+qr B3aUMHO TIPOCTO C pqr, pq+pr+qr AenuTcs Ha x+y, a pqr aenutca Ha x+y. Ho umcna pgr n

pq+pr+qr HeY€THBI, TO3TOMY 00a YUCIa Xy ¥ X+y JODKHBI OBITh HEUETHBIMU, HO 3TO HEBO3MOXKHO.



XXXII YPAJIbCKUM TYPHUP FOHBIX MATEMATUKOB. ITIEPMb, 1-7.12.2008

Muanmas rpynna, neppasi Jura, 4 Typ, pelieHusi ¥ yKazaHus JUIsl KIOPH.

3anaua 1. B keadpame n>n aesxcam 150 domunouiex (kaxicoas noxpwvieaem dse coceonue kiemxu). Huxaxue 0ge oomu-
HOWIKY He UMeiom oowux moyex (Oagice y2noswix). Kaxoe naumenvuiee snavenue modcem npuHUMams Yucio n?

Otset: 29. Pemienue. [IpucoeuHUM K Ka)JI0i JOMUHOIIKE YEThIpe KIETKHU CIpaBa M CHU3Y Tak, YTOOBI BMECTE C J0-
MHHOIIKOW OHH 00pa3oBaH MPSMOYTOIBHUK 2x3. Ecii y IByX JOMHMHOIICK TaKue MPSIMOYTOJIHHUKH IIEPECEKAIOTCS, TO
y IOMHHOILIEK ecTh 00mas Touka. [Toaromy ecnu 150 goMHHOIIEK, HE UMEIOIIUX OOLIMX TOYEK, YMEIIAIOTCS B KBaapaTe
nXn, TO BCE IOCTPOCHHBIC IT0 HUM NPSIMOYTONBHUKH JTOJDKHBI 0€3 HaJIOXKEHWH MoMemaThess B kBaapare (n+1)x(n+1),
MOy YeHHOM 100ABICHHEM K KBAPATy nxn CTPOKH CHU3Y U cTonbua crpasa. Otciona (n+1) > 6:150 = 900 = 307, otky-
nan >29. s n =29 cTpouTcs mpuMep: pa3MECTHB B IEPBOU, TPETHEH, ..., 29-i1 cTpokax mo 15 qoMHHOIIEK, HE UMETO-
IIMe O0IKUX TOYEK, MOIydyuM poBHO 150 momuHOIIEK 6€3 OOIIMX TOUYEK.

3agaua 2. Cymma obpammuvix eeaunur 10 nonapHo pasiuuHvlx Hamypaivuslx yucen pagua 1. Mozym au éce smu uucia
ovimob menvuie 100?

Oteer: [la. Pemenne. 1 = (1-1/2)+(1/2-1/3)+...+(1/9-1/10)+1/10 = 1/2+1/6+1/12+...+1/90+1/10.

3anaua 3. B swinyxnom 12-yeonvhuke npogedeno 12 ouazouaneil. Jlokasxcume, 4mo KaKue-mo mpu u3 Hux nonapHo ne-
pecexaiomcsl (OuazoHanu, gulxoosuue U3 00HOU 8ePULUHBI, CUUMAIOMCS NEPECEKAIOUUMUCST).

Pemenne. Ecnu ects BepinHa, U3 KOTOPOH BBIXOIUT XOTS OBl TPH JAWArOHANHU, BO3bMEM X, B mpoTHBHOM ciydae w3
KaXJOM BEpIIMHBI BBIXOAUT POBHO IO JBE AUAroHaiu. Toraa paccMOTPUM JHAroHajgb g, OTCEKAIONIYI0 HauMEHBIIIEe
BO3MO’KHOE 4MCiI0 BepliuH. IIycTh 4 — oziHa U3 ATUX BepUIMH. J[Be BHIXOASIINE U3 HEE TUArOHa M MEPECEKAIOT JUaro-
HAITb ¢: MHAYE OJHA U3 HUX OTCeKaja Obl MEHBIIC BEPIINH, YeM ¢. DTH JBE AUATOHAIN BMECTE C d i 00pa3yr0T HCKOMYIO
TPOMKY.

3anaua 4. Tpamsaiinwiii burem cmoum 1 myepuk. ¥ HeCKOIbKUX NACCANCUPOB UMEIOMCS TUULL MOHEMbl OOCHOUHCIBOM
6 3 u 5 myepukos, a y konoykmopa 6oobuje nuvezo. OKa3anocs, Ymo 6ce Naccancupvl CMO2auU 3anIAmums 3a npoe3o u
noayuums coavy. Kaxas naumenvuias cymma oenez mozaaa Ovims y naccaxircupos?

Ortset: 22 Tyrpuka. Pemenue. Eciiu KT0-TO fan KOHAYKTOPY MOHETY B 5 TYIPUKOB, TO OH JOJDKEH JaTh U eHlé OAHY Ta-
KyI0 JK€ MOHET, H00 cllady B 4 TyrpHka aaTh HeBo3MOXxHO. Ecin oH man He MeHee 10 TyrpHKOB, OH HOJDKEH MOTYYHTH
XOTs ObI 9 TYIPHKOB caudl, U €l He MEHbIIE 3 TYTPUKOB JOJDKHO OCTAaThCsl y KOHAyKTopa. Takum o0pa3oM, BCEro y
HaccaXxupoB ObUTO He MeHble 5+5+3+3+3+3 =22 tyrpukoB. C Apyroil CTOPOHBI, €CIU Y OJHOTO U3 TPEX MACCAXKHUPOB
€cTb 5+5 TYIpUKOB, a y IBYX APYIHX — 10 343, TO OHH CyMEIOT PACCUUTATBHCS: KaKABIA OTIACT KOHIYKTOPY BCE CBOU
JIEHBT'H, TIEPBBINA MOMy4IHuT 3+3+3 Tyrpuka caun, a BTOpOW U TPETHII — IO 5 TYTPHUKOB.

3agaua 5. Dxcnepm npeocmasngem cyove 12 00unaxosvix no euewHemy udy morem. Cyovs 3Haem, 4mo cpeou npeo-
CMAGIEHHBIX MOHem no mpu MoHemul eecom 1, 2, 3 u 4 epamma. Dxcnepm coobuwun cyove, Kakasi MOHema CKONbKO 6e-
cum, a maxoice O npuHec ¢ coboll nPubop, KOMOPLLIL 30 OOHY ONEPAYUIO C O8YMsL SDYNNAMU MOHEM CO0OWdem, 6ecsim
JU MU epynnsl 0OUHAKOB0, Ul Hem. 3a Kakoe HauMeHbliee YUCIO ONepayuti IKCHepm CMOMCcen 00Ka3ams cyobe, Ymo
KadcOast MOHema OetiCmEUmMeibHO 6eCUm CMOIbKO, CKOJIbKO OH CKA3an?

Ortser: 3a ase. Pemenne. [Tokaxem, kak BCE 10Ka3aTh 3a ABe onepanuy. CHayana 3KCIepT CPaBHUT BCE MOHETHI BECOM
1 ru2ruoaHy MOHETY BecoM 3 I ¢ TpeMs. MOHeTaMH BecoM 4 r. PaBHOBecue JOKaXeT, YTO COCTAaB CPAaBHHBAEMBbIX
IPYyNI MOHET UMEHHO TaKoB, KOO TPU MOHETHI B CyMME BECAT MHHUMYM 12 T, 7 MOHET — MakcUMyM 12 T, U 3TH MHUHU-
MYM C MAaKCUMYMOM JOCTHTAOTCSl POBHO B OJJHOM Cllydyae KaKIblil. 3aTeM 3KCHEPT CPaBHUT TPU OJHOTPAMMOBBIX MO-
HEThl U OJHY TPEXTPaMMOBYI0, yUacTBOBABIIYIO B MEpBOM cpaBHeHMH. OJJHa MOHETa BeCUT He Oouiblie 3 T (4eThIpEX-
IpaMMOBOIf OHa 3aBEIOMO OBITh HE MOXKET), a TPH B CyMME — HE MEHBIIIE 3 T, U PaBEHCTBO BO3MOXKHO TOJBKO €CIIH TPH
MOHETBI — OJIHOIPaMMOBBIE, 4 0JJHa — TpEXrpaMMoBas. Tak Mbl ONpeneNn BCE OAHO-, ABYX- U YETBIPEXTPAMMOBBIE
MOHETBI, @ TPEXTPAMMOBBIE TEM CAMBIM OIPEAENAIOTCS AaBTOMATUYECKU.

Yro-TO 10Ka3aTh 3a OJHO B3BEIIMBAHUE MOYKHO TOJIBKO B ClIydae, KOrJa U Ha KaKIOW 4Yalle BECOB, U CPEIH HE
JekKaliX Ha BecaX BCE MOHETBI OJHOTO Beca (MHA4€ Mbl HE CMOXKEM OTIMYHTH JBE MOHETBI PA3HOIO BECa, JIEXKALIUE HA
OJIHOH yalllke WM He JIexalye Ha Becax). Ho y Hac MOHeTBI YeThIpEX pa3IUYHbIX BECOB, IO3TOMY TAKOE HEBO3MOXKHO.

3agaua 6. /Janvl yeavie uucna xj, X, X3, X4 maxue, umo |x;|+|xz|+|x;z|+|x | —|x;+x2+x3+x, = 2. Hokaxcume, umo xomsa
Obl 00HO U3 smux yucen paguo 1 unu —1.

Pemenne. He ymainsist 0OLIHOCTH MOXHO CUHTATh, YTO MEPBBIC k M3 YUCEI X|, X, X3 ,X4 MTOJOXKHUTENbHBI, & OCTAIbHBIC —
HeT. [Ipu atoMm k <4, ubo uHaue |x|+xo|+xs|+xs = |xi1+xotxstxs|. Iycts |x|+...+|xk| = a, |xXge1]+...+|xq| = b. Torma
Per|Hpea| s Hxs = atb, |xitxatxstxg| = [a—b|. Jonmyctum, a > b. Torna |x|+|xa|+|xs|+|xa—x 1 +xo+x3+x4 = 2b, oTkyma b = 1.
Otcroza ciieflyeT, 9To Bce 4Yucia |x, ..., |X4, KpoMe 0JHOrO — HyJH, a 3TO OAHO Mo Moayito paBHo 1. Ciyuait a <b
AHAJIOTHYEH.




3anaua 7. B mpeyeonrvnuxe ABC u3z euympenneti mouxu O onycmunu nepneHouxyasipol na cmoponsi AB u AC. Ocnoea-
HUsL DMUX nepnenoukyiapos ooosnawuiu D u E coomsemcemeenno. [Joxasxcume, umo ecau mpeyeoavhuku AOD u OEC
pasuwvl, mo mouxa E aensiemcs cepedurnoti cmopomnwt AC.

Pemenne. OA4 = OC kak THIIOTEHY3BI PABHBIX MPSIMOYTONBHBIX TpeyronbHuKoB AOD u OEC. Iloatomy OF — cepe-
JUHHBIN MepIeHauKysp K oTpe3ky AC.

3anaua 8. 3an ona manyes umeem opmy N-yeonvnuka. Ha manywr coopanoce k oeeyuiex. [lpu xaxux k onu 6ce moeym
PACROTOACUMBCSL 800Tb CIEH MAK, YMOOblL Y KANCOOU CIMeEeHbl CMOsLI0 ROposHy degyuiex. Cuumaemcs, 4mo cmosuull 8
Veny 4enoeexk Haxo0umcs y 08yx cmeH. [{eoe 6 00HOM yery Cmosms He MO2Ym.

Ortgert: [Ipu Bcex k> N/2 u ipu k= 0. Pemmenne. Cnyuaii k=0 sicen. Janee namykius no k. baza: k> [N+1]/2. [lpu
4EéTHOM N CTaBUM JEBYIIEK B YIIIbl Yepe3 OAMH, IPU HEYETHOM /1 JABYX JICBYILIEK CTABUM ITOCPE/H ABYX CMEXHBIX CTCH,
a OCTaJIbHBIX — B YIJIBI YE€pe3 OUH, YTOOBI «0OCIYKUTh» BCe OCTalbHbIe cTeHBL. Ilepexon. Ilycts k£ > 0 neByrmek yxke-
paccraBieHbl Hy)KHbIM 00pa3oM. Eciiu XoTst ObI OfiHA CTOMT B YIJIy, CMECTHM €€ OTTyla Ha CMEXHYIO CTeHy, a k+1-yio
JICBYIIKY MOCTABHM Yy JPYrOd CMEXHOM C 3THM YIJIOM CTeHbl. ECIM HHKTO HE CTOUT B YIUIy, CMECTHM C KaXIOH CTCHBI
OJTHY 3 JICBYIICK B ONIKANUIINI 10 YaCOBOH CTPENIKE YOI, M BCE CBENETCS K YXKE PACCMOTPEHHOMY CIIydaro.



XXXII YPAJIbCKUM TYPHUP FOHBIX MATEMATUKOB. ITIEPMb, 1-7.12.2008

JInra «Crapm», 4 TYp, pelieHUs U YKa3aHUs IS )KIOPH.

Bagaua 1. 13 docku 8x8 evipesanvl uemvipe yenmpaivhvle Kiemku, oopasyiowue keaopam 2x2. Karxoe naubonvuiee
KOAUYeCcma0 nonapHo He ovblowux opye opyea gepszeti Mosicho nocmasums Ha 3my 00cky? (@ep3u, coeounenHvle 0OHUM
X000M, 8edyWUM Uepe3 00HY Ul HeCKOILKO BbIPE3AHHBIX KIEeMOK, He Obiom Opye opyea)

Otget: 10. Pemenue. 10 He Oprommx ApyYT Apyra ¢ep3eld MOKHO IMOCTaBUTh Ha KIETKH aS, b7, c4, d1, d6, e4, €8, 15, g2,
h4. OcTanoch 3aMETHTh, YTO B MEPBBIX TPEX U MOCIEIHUX TPEX TOPUZOHTANAX JTOCKA MOXKET CTOATH HE OOJIBIIE IECTH
He OBIOIUX APYT Apyra (ep3ei, a B KaxI0M U3 IBYX IPSIMOYTOIBHUKOB 23, Ha KOTOPEIC JCIIUT ABE CPEAHUE TOPH30H-
TamM BBIPE3aHHBIA M3 JOCKH KBaJpaT — He Ooiblle IBYX He ObIOIMUX Apyr apyra (epseit, uroro He OoJblie
6+2+2 = 10 He ObrOIUX APYT npyra dep3eil.

3anaua 2. Cpeou scex uucen, oersupuxcsa va 11 u umerowux cymmy yugp 600, Hatioume 08a HAUMEHBULUX.
Otsert: 3399...9 (66 neBsTok) 1 399399...9 (64 nesTku nonpsin). Permenwe.

3agaua 3. Xumpuoui manvyux Heops 3a0yman 6 paznuunvix yucen a, b, ¢, d, e, f u npousnec ciedyowue ymeepicoenus.:
«a>dy, «f>c», «b>e», «a>fr», «a> ey, «d> by, «c> ey. U36ecmuo, umo npu 3mom oH 0OMaHy1 He 601ee 08yX
pas. Joxaxcume, umo ymuwiil manrvuux Kocms Ha 0CHOBAHUU 3MUX OAHHbIX CMOJCEM HAUmMu xoms 6bl 00HO 346€00MO
8epHOE ymeepHcOeHuUe.

Pemenne. Hapucosas rpad BeickasbiBaHuii Mropst, oOHapyuBaeMm, 4TO OH COCTOUT U3 TPEX OPUEHTHPOBAHHBIX IleTieil:
a>e,a>f>c>eu a>d>b>e c o0mUM HAYAIOM @ U 0OIUM KOHIIOM b. Ecnm OBl BBICKa3bIBaHUE a > ¢ OBLJIO HEBEp-
HBIM, TIOJTYYHIIUCH OBl JIBa OPUEHTHUPOBAHHBIX IUKIA a > f> ¢> e > a u a > d> b> e> a, B KaxJI0M U3 KOTOPBIX MUHUMYM
OJTHO CTPOTOe HEPAaBEHCTBO HeBepHO. Ho Torja HEeBepHBIX BBICKA3bIBAHUM OKa3aJioch ObI HE MeHee TpEX. 3HAUUT, Hepa-
BEHCTBO @ > e BEPHO.

3anaua 4. /lemu 6 caduxe macmepunu nooapku socnumamensim k Hosomy 200y. Becezo 6 epynne 17 pebsimuwiex, u no-
JYUHUTOCH, Ymo a00as KoMnanus u3 5 oemetl coeaana He bonvuie 25 nooapros, a Kaxicoas KOMRAHUs U3 mpex demeil —
He menvuie 14 nodapros. Hatidume, cKoibKko 8ce20 ROOApKo8 NOYYAM 60CNUMAMEIU.

Otget: 84 win 85. Pemenue. JlomycTum, ecTh ABOE JeTel, KaXabli U3 KOTOPBIX caenan He Ooinblie 4 monapkos. Toraa
KaXIbIi 13 OCTANBHBIX MATHAIIATH CJeNlal He MEHbIIe 6 MoAapKoB (MHAYe, JOOABUB €r0 K ATHM JIBOMM, MOJYyYUM TPO-
WX, COCNMABIINX MEHBIIE 14 mMomapKoB), u JOOBIE MATEPO W3 ATUX ISITHANNATH caenanu Oonbire 25 momapkos. Jomyc-
TUM, €CTh PeOEHOK, cAeNaBIInii He MeHblIe 6 moaapkoB. Torna mo0bie YeTBEPO U3 OCTABIIUXCA cAenany He Oonblie 19
MOJIAPKOB, U CPEJN HUX HAMAETCA TaKol, KOTOPHIN cenan He 0oJblle YeThIpEX moaapkoB. beps aBe Hemepecekaromue-
sl 9eTBEPKH, NOITYINM ABOMX TaKUX, YTO HEBO3MOXKHO. MTak, KaXXIbIil U3 1eTeil crenan He 0OJbIIe TATH MOJapKOB, U
MIPU 3TOM €CTh HE 0OJIbILIEe OJTHOTO TAKOT0, KOTOPBIK caenan He Oonee 4 moaapkos. Crasno ObITh, 16 neTeit caenanu mo 5
MOJIAPKOB, & OIMH — 4 wiu 5 (MeHbIIe 4 MOAapKOB OH CJeNaTh HE MOT, IOTOMY YTO TOTJA Jito0asi KOMITAHUS U3 HErO U
emé aBomx cxaenana He 6onbire 13 moxapkoB). Jlerko BuAeTh, 4To 00a Cirydasi yAOBICTBOPSIOT YCIOBHIO 3a1a4H, OTKY-
JIa U TI0JTy4aeTCsl OTBET.

3agaua 5. Dxcnepm npeocmasisiem cyove 9 00UHaK08bIX O GHewHeMmy 6udy monem. Cyowsi 3Haem, umo cpedu npeo-
CMABNEHHBIX MOHEm ecb mpu MOHemuvl éeca 1 2, mpu MoHemsl eca 2 2 u mpu MoHemvl 8eca 3 2, a IKCHepm 3HAem 8ec
Kaoscoot monemvl. Dxcnepm npunec ¢ coboil npubop, Komopwiii 0isk 08YX epPYNn MOHem cooduiaem, 8ecsm Ju dmu 08e
epynnsl 00UHaKo6o uu Hem. Ilokasxcume, umo 3a 08e maxue onepayuu IKCNepm cmoxcem 0oKkazams cyove, KaKas Mo-
Hema umeem Kakou ec.

Pemenne. CHauana SKCepT CPaBHAT TPH MOHETHI BECOM 3 T CO BCEMH OCTaJbHBEIMU. PaBEHCTBO BECOB 03HAYAET, UTO B
K10l TpyIine MOHETHI BECST MOJIOBUHY OOILEro Beca BCeX MOHET. Tpu MOHETHI MOTYT BECUTh MIOJIOBHUHY 00OIIEro Beca
BCEX MOHET TOJIKO €CIIM BCE OHHU BECAT 1O 3 T. 3aTeM 3KCIepT CPaBHUT TPH OAHOTPAMMOBBIX MOHETHI C OJTHOW yKe U3-
BECTHOH TpEXTpaMMOBOI. PaBHOBeCHE HOKa3bIBaET, YTO BCE TPH MOHETHI — JIEHCTBUTENHHO OJAHOTPAMMOBBIC: WHAYE
OHM BMeCTe Becuiu Obl Ooublie 3 T.

3agaua 6. Ha oxpyscnocmu ommeueno 20 mouex. Heparom dsoe. 3a 00un x00 paspeuiaemcs 3aKkpacums mpey2oIbHUK
C BEPUIUHAMU 8 OMMEYEHHBIX MOYKAX, eClU SMOM MPey20IbHUK He NepeceKaemcsl C yoice 3aKpauleHHblMu (npu 9mom
HOBULIL MPEY2ONbHUK MOXCEN UMEMb ¢ 3aKPAUEHHbIMU MpPey20IbHUKamu obuue cmoponst). [lpouepvieaem mom, Kmo
He Modicem coenams xo0a. Kmo eviuzpvieaem npu npagunvHou uepe: HAUUHAIOWUI UTU €20 CONepHUK?

OrtgeT: comepHuK. Pemenne. HeBo3aMokHOCTE cienaTh X0 03HayaeT, uTo 20-yrolbHUK pa30UT CTOPOHAMHU H JHAroHa-
JSIMA Ha TPEYTOJIBHUKH (TPHAHTYIUPOBaH). B 000l TpHAHTYISIIUN YHCIIO TPEYTONEHUKOB OJHO H TO K€ W paBHO 18.
CrnenoBaTenbHO, IOCIEHUM CAENAET X0 BTOPOM UIPOK.

3anaua 7. [Jomuxu uemvipex opyseii cmoam Ha 00HOU npamou. Kasxcovlii uz opy3seil Ha3vieaem CymMmapHoe paccmosuue
om cgoe2o domuka 00 8cex OCMANbHLIX. Becezoa nu no smum oanHbiMu MONCHO OOHO3HAYHO ONPEOenUnMsb PACCMOSIHUE
MeNCOY KpAtHUMU OOMUKAMU?



Otser: Jla. Pemmenwe. [1ycTh paccTOSHUS MEXIY MEPBHIM U BTOPBIM, BTOPBIM U TPETEUM, TPETHUM H YETBEPTHIM JJOMH-
KaMU paBHbI, COOTBETCTBEHHO, d, b U ¢. Torga cyMMbl pacCTOSIHHIA OT MEPBOTO, BTOPOTO, TPETHEro U YeTBEPTOTO TOMHU-
Ka JI0 OCTAIBHBIX paBHBI, COOTBETCTBEHHO, 3a+2b+tc, at+2b+c, a+2b+c, a+2b+3c. ]IBa cpeqHUX YHClia MEHBINE JIBYX
KpaifHUX W paBHBI MEKAY COOOH, IIO3TOMY MX MOXKHO PacHo3HaTh, a C HUMH — | J1Ba KpaiiHuX. CyMMa JIBYX KpaiHHX
paBHa 3(a+b+c). PaznenuB e€ Ha 3, MOy4YnuM pacCTOSTHHE MEXKIy KpalHUMH JOMUKaMHU.

3anaua 8. 3an dna manyes umeem gpopmy 10-yeonvuuxa. Ha manywt cobpanocs k degyuex. Ilpu xaxux k onu ece moeym
PACRONOACUMBCSL 800Ib CINEH MAK, YmMo0bl Y KadcOOU cmenbl CMOsLI0 NOposHy oesyutex. Cuumaemcsi, 4mo cmosuutl 8
Yeny uenoseK Haxooumces y 08yx cmeH. J{eoe 6 00HOM yelny cmosimb He MO2Ym.

Ortgert: IIpu Bcex k> 5 u nipu k = 0. Perienune. Cnyyaii k£ = 0 scen. [Ipu k=5 craBuMm neByiiek B 4yeTHbIC BepmuHbI 10-
yroiupHUKA. [lanee mokaxeM, KaK YBEJIMUUTD YHCIIO JeByIIeK Ha 1. Ecim X0Ts ObI 01HA IEBYIIKA CTOUT B YTy, CMECTUM
€€ OTTyJla Ha CMEXHYIO CTEHY, @ HOBYIO JIEBYIIKY MTOCTaBUM Yy JIpYTro CMEXHOMN cTeHbl. Eciu B yrily HE CTOMT HUKTO,
CMECTHM C KXJIOW CTEHBI OJIHY M3 JICBYIICK B OJIMKAUIIUI 110 YaCOBOM CTPEIIKE YToJI, U BCE CBENETCS K y)KE PAacCMOT-
PCHHOMY CITydaro.



