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Kanutka Becanei

B nepawx suchax aasycrma 2005 2oda a Xemwoumny
cocmoumen chead uzoSpemamened, NOTeRLUONE-
poa o mobumeneld aonoaonouor. Ha awelsodWyRe
BCMpeYy NEAERAWeNS Peacmhuxy b3 20 cmpan, a
moM Yeene U i3 Poccuw, Odnus o yormpoumensd o
Eoames cheida Oydem uvasecmneil ghumcErd uaod-
pemamens Mappry Becana, Ha pucyrse aw audume
G20 MOV 200000N0MKY, NOMOpaR o Hopame
HAMOMUNINT Eanumey @ cady, a Ao CMLICTY Aa-
MAGMCH NpUSTILeHLeM Wa chead O KnovoM K
docmyny Ha Weso,

Mo ceoed KONCMIPYNLNY MO FUEMUYHER MONe-
NOZUYECKIR USPWLING, 8 NOmopod mpedyemcR omye-
NUMk BEDEROYWHFI0 DRI © WSDLWOM O Mpoaancos-
HOO huzypisl, KDOwes CITOMNOOITY PRLUGNLE, S0MOR0M0=
Ml XOPOWST TeN, WO B8 MONMD CORmTE meboso
paasepa i obod npowonosn, Heofrodeso cofmoc-
Ml ks SAUNCIMORNHDE FOIoaUe = Wap Ha nemne
domwed GuAmi. SONLIWE, YoM WeNU @ DPOEOToYROT
gudype. Bepeaoynias NRmyiR MEMapHe QIMPos aimpos
GO NPSRLUAIT BLACDNTY ENANUMREE = QITUNRL
NBMNY UTRNDG XSAMUTTLE M3 B0Ch ITHTL, SOOI
oMa npoddem @0 epeMR pewesuR.  TocKomsry
SOMOAONGMES  OYWONL  MOYONER,  MOOMEWYTTIONH LM
TR MO0 MY MOKRITHL Ml PUCYHIDE,

A KanmHmH
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KBaHT 2JNQ
ATTPEJIb o« —
HAYYHO-TONYJIAPHBINA ®GU3UKO-MATEMATUUYECKUI KYPHAJI

N3NTAETCA C AHBAPA 1970 TOLA

B Homepe:

Reanm 2 PasroBopbl GU3NKOB 3a 6HOKanoM BUHA (NPOAOIIKEHME).
A.PuramoHTtn, A.Bapnamos, A.By3auH
7 duboHavumesbl kponukn. Jl.LLnbacos, 3.LlInbacosa

Yupeputenu — Mpesnanym Poccuiickon
akagemumn Hayk, PoHA noaaepxKn

$yHOaAMEHTaNbHON HayKu 1 N3 NCTOPUU HAYKMU
06pazosarist (PonA Ocunearia) 10 Yuusepcutetbl UTanun. A.Bacunbes
TTTABHBINI PEJJAKTOP SAJAUHUNK «KBAHTA>»
t0.A.Ocunbsan 12 3apgaun M1946-M1950, d1953-P1957
MEPBBIE BAMECTUTEJHU 13 PelweHna 3agpay M1921-M1930, ©1938-P1942
TIABHOTO PEJAKTOPA
C.C.Kpotos, C.M.HosunkoB K M 1III
PEJAKIMOHHAS KOJNITETUSA 19  3apaum
Afl.Benos, 10.M.Bpyk, A.A.Bapnamos, 20  3akno4umTenbHbI 3Tan KoHkypca umeHun A.MN.CaBuHa

A.H.BuneHkuH, C.A.lopatoHuH, H.M.Jon6unux,
B.H.ly6poBckuii, A.A.Eropos,
A.P.3unb6epmaH, B.B.Kosnos,

«MaTtemaTtnka 6—8»

C.N.KoHoBanos, A.A.JleoHoBuy, [0.M.JIbicoB, IMMKOJA B «KBAHTE>»
B.B.Moxaes, B.B.MNpounssonos, H.X.Po30B,
A.5.Cocumckuii, AJ1.CraceHko, B.T.CypauH, 25  TeomeTpuyeckue 3agadm Ha MakCUMyM U MUHUMYM.
B.M.Tuxomupos 3.MloTmaH
(3amecruTesib 11aBHOI0 PEAAKTOPA),
B.A.Tuxomuposa, B.M.Ypoes, ™
AM.MepHoyuaH OUBNUYECKUN OAKYJIDbBTATUB
(3amecrurens rmasHoro pegakTopa) 27 3aBnCMMOCTb nepuoaa konebaHuim MmasaTHMKa oT amMnanTyapbl.
PEJAKIIMOHHBIN COBET W.l'opbarbivi

A.B.AnpxaHc, B.N.ApHonba, M.U.balumakos,
B.W.BepHuk, B.r.bontaHckui, A.A.bopoBoit, NPAKTUKYM ABUTYPUEHTA

H.H.KoHcraHTuHoB, TJLKOTKuUH, 30 O aMHamuke KPUBOJIMHEIHOrO ABWXeHus. B.[Tmc
E.N.Cypkos, 1.A.dappees

KAJTEMZOCKOII «KBAHTA»

PENAKIIMOHHAS KONJETUS 32 TpeyronbHUKU U HEPABEHCTBA
1970 TOJIA
TJTABHBI PEJAKTOP BAPUMUAHTBI
U.K.Kukoux 36 MaTtepwuanbl BCTYNUTENbHBIX 9k3ameHoB 2004 roaa
OEPBBIT 3BAMECTUTED
TJTABHOTO PEJAKTOPA OMVMII VA DI
A.H.Konmoropos
P 49 XLV MexnayHapoaHas matemaTndeckas onuMnmana
gfﬁﬁ:::&";- J.“A”éﬁiﬂfé‘ﬁﬁ' 53 XXXV MexayHapogHas dusmyeckast onmMnmMana
H.5.Bacunbes, U.00.TuH36ypr, B.T.3y6os, 56  MocKoBckasi CTyAeHYeckas onumnuaaa no ¢uamke
N.J1.Kanuua, B.A.Kupunnun, IU.Kocoypos,
B.A.NlewnkoBues, B.M.JluweBckun, 57 OTBeTbI, yKasaHusl, peLLeHus

AN. Mapkywesuy, M.A.MunanoHwukos,
H.A.Matpukeesa, H.X.Po30s,
A.N.CasuH,N.LL.CnoboaeLikuin,

M.J1.CmonsiHckui, 1.A.CMOPOANHCKUIA,
B.A.daGpukaHT, S.E.LLUHaipep HA OBJTOKKE
1  Unmoctpauyms k ctatbe «PubOHaY4MeBbI KPOJINKN»

II Konnekumsi rorioBO/IOMOK
Blopo KBOHTYM I LaxmaTHas CTpaHun4dka

v YHuBepcuTeTbl Mupa Ha MOHeTax u GaHKHOTax
© 2005, Mpeananym PAH,
doHp OcunbaHa, «KBaHT»







Wmoctpauyms 1. HepHyckoro

Pa3roBopbl MU3NKOB
3a OOKannoM BMHa

A.PUTAMOHTU, A.BAPJTAMOB, A.B6Y3UH

¥Y3bIPbKU N OBPA3OBAHUE IIEHbI. CEKPET

<IITYMHOTO» CTTOCO6a OTKPBLIBAHWS GYTHIJIKY TaM-

MIAHCKOTO MPOCT — JIJIS TIOJIYIeHNsT OOUIbHOI MeHbI
JIOCTaTOYHO CUJIBHO TTIOTPSCTH Oy TBLIKY TIepel OTKPbIBAHH-
eM. B pesysbraTe To HE6OIbIIIOE KOJMYECTBO Ta3a, KOTO-
poe Bcer/la UMeeTCs B TOPJIBIIIKE, CMEITUBAETCS C IIaMITaH-
cKuM, 06pa3yst MHOJKeCTBO Iy3bIpbKoB. Korza ke mpo6ka
BBLJIETAET, TO JaBJeHNe B GYTHLIKE PE3KO MajaeT u o6pa-
30BaHHbBIE paHee MMy3bIPbKHU CJAYXKAT [EHTPAMHU BBIETEHHS
PACTBOPEHHOTO B JKM/IKOCTHU YTJIEKIICJIOTO Ta3a o BCEMyY ee
00BeMYy .

ITy3pIpbKE MAaMIIAHCKOTO MOTYT Pa3BJeKaThb HE TOJbKO
3puTeseil aBTOMOOMIBHBIX TOHOK. Tak CTyAeHTHI-(PU3NKI
VAWBJSIOT JEBYIIeK ¢ (uaogorndeckoro (QakyabreTa,
cujist 3a GOKAJIOM MaMITaHCKOro (MJIM MIUHEPAJIbHOI BOIbI)
u 6pocas B HETO KyCOUeK ITOK01a1a. YuTaTe b MOXKET caMm
y6euThCS Ha TPAKTUKE, YTO CHAYAJA IIOKOJA[ YTOHET,
3aTeM 4epe3 HEKOTOPOE BpeMs BCILIBIBET, ITOTOM CHOBA
YTOHET, U TaK OYyZeT <«OCIUJINPOBATb» HECKOJDBKO pa3.
OcraBuM 06bSICHEHTIE 3TOTO HEXUTPOTO POKYCa YUTATETIO,
a caMu TepeiijieM K 06Cy:KIE€HNIO IPYTUX, MeHee OUeBU/I-
HBIX CBOICTB TIY3bIPDbKOB TMIaMITaHCKOTO.

T'oBops 0 maMmaHCKOM, (DU3UK He MOKET 000HTH MOJI-
YaHWEeM erTo HeOoObIYHBbIE aKyCTHYECKHe CBOUCTBA. 3/eCh
MBI OCTAHOBIMCS HA OJTHOM 13 TAaKIX CBONCTB — CBOe0Opa3-
HOM MIUTICHUU TTY3bIPbKOB, JIOMAOMIUXCA Ha TOBEPXHOCTU
mammaHckoro. [ToHsATHO, 4TO <«KOMIOUMiT» 3BYK JIOTIAIO-
MUXCS HAa TIEHHON MOBEPXHOCTH TOJBKO YTO HAJIUTOTO B
6OKaJ CBEXXEro MIAMIAHCKOrO MY3bIPbKOB CBSI3aH C BO3-
HUKHOBEHUEM B IleHE CBOEOOPA3HBIX MUHUATIOPHBIX Ja-
BuH. [unsmmii 3ByK SBJIsIETCS CYyMMOIT MHOTUX CIIOHTAH-
HBIX B3DBIBOB OT/IEJbHBIX MY3bIpbKOB. COBCEM HEIABHO
6espruiickuii pusuk BaHmepBas ¢ KoJIeraMu JeTaJbHO
M3YYNJI CIIeNPUKY STIX MUKPOB3PBIBOB. Ecyn 6bI 4ncsio
B3PBIBOB B CEKYHAY ObLTO (DMKCUPOBAHHBIM, TO MBI CJIbI-
mrajau Obl MMOCTOSTHHBIN CBUCT — KaK OT HEHACTPOEHHOTO
paguonpueManka. Takoii «O6esblit TTyM» BO3HUKAeT B
aKyCTUYECKHUX IPOIleccaxX B CIAydae, eCJH 4acToTa 3BYKa
MEHSIeTCSI XaOTHYHO, B TO BPeMs KaK aMILIUTY/la CUTHAIA
0CTaeTcsI MOCTOSTHHOM. Vccre1oBaHMs Ke yUeHbIX TOKa3a-
JIM, 4TO aKyCTUYECKHUIl CIIEKTP 3BYKa JIOMAIONIUXCS ITy-
3BIPHKOB IIAMITAHCKOTO He UMEET HIYero o61Iero ¢ 6ebiM
myMoM. V3MepeHue ¢ MOMOIIbIO YYBCTBUTEIHHOTO MUKPO-
(ona 3adukcupoBano, YTo UHTEHCUBHOCTD CUTHAJIA CYTIle-
CTBEHHO 3aBUCHT OT YaCTOTHI, M 3Ta 3aBUCUMOCTb BOZHUKA-
eT IMEeHHO 6JIaro/1apsl TOMY, YTO My3BbIPBKH JIOMAIOTCS HE

IIpodonxenue. Hauano cm. 6 «Keanmes Nef.

KaXXJblii caM 1o ceGe, a KOJUIEKTHBHO, BJWSS OIWH Ha
npyroi. Kaxapiil my3bipek JiomaeTcst 3a BpeMs MopsiJiKa
1,/1000 cexyuapl. Korga Takne MUKPOB3PBIBBI TIPOUCXO-
JSAT B GBICTPOI TIOCJIEIOBATEIBHOCTH OJIUH 32 IPYTHM, UX
IIYM CJIMBAETCS B €IMHBIH JOCTATOYHO 'POMKHIT 3BYKOBOM
curHast. Korja ske my3bIpbKH JIOTAIOTCS caMy 1O cebe, UX
e/IBa CJIBIIIHO.

[Touemy mammanckoe my3piputcs? PacTBopuMocTb ra-
30B B Boje (BUHE) GBICTPO PAcTeT ¢ POCTOM [IaBJIECHUS.
[TosToMy B OYyTBLIKE IMAMIAHCKOTO, HAXOSIIETOCS IO
BBICOKUM JaBJIEHUEM, PACTBOPEHO MHOTO YTJEKHUCJIOTO
rasa, KOTopbiii o6pa3oBaJics ipu (HepMEHTU3AINN BUHA.
Korza 6yTBIIKY OTKPBIBAIOT, aBJIE€HUE PE3KO MAJACT, a C
HUM TaJIa€T U PACTBOPUMOCTD T'a3a, KOTOPBIN W BBIXOJUT
B BUJIe MHOTOUUCJICHHBIX My3BIPHKOB.

3abaBHbIi ciy4aii cBsI3aH ¢ 3TUM siBJenueM. [Ipu BBOME
B O9KCILIyaTalwio OJHON M3 TJAYOOKHX IIAXT KOMUCCHS
OTMETHJIa 3TO COOBITHE PACITUTHEM HA [THE MIAXTHI 6y THLIKN
IIAMIIAHCKOTO. 3aTeM YJeHbl KOMUCCUU OBICTPO TIOMIHS-
JINCD HA TIOBEPXHOCTD Ha JUQTE U... CPa3y Ke CXBATHINUCD
32 JKUBOTBI. A 06BICHSITIOCH 9TO OU€Hb pocTo. [laBieHue
Ha ITy6nHe MaXThl 6b1JI0 60JIbINe JaBICHNS HA TOBEPXHO-
CTH, W PACTBOPEHHBIM B IMIAMIIAHCKOM Ta3, KOTOPBIA HE
BBIXOJUJ W3 HEro Ha TJayOuWHe, HA TOBEPXHOCTH CTAJ
OBICTPO BBIJETSATHCS.

XapakTepHO, 4YTO TI€EHA CXOJUT IO Mepe TOTO, Kak
JKUJIKOCTDh B CTEHKAX MY3bIPHKOB CTEKAET BHU3 O] [eli-
CTBUEM CHJIBI TSPKECTH, JleJ1asd UX CJUIIKOM TOHKUMU /IS
BBIKMBaHMA Iy3bIpbKa. VcciaenoBatesn u3ydaaud 3TOT
IPOIIECC He Ha IaMNaHCKoM (Ubs [IeHa JIOMAeTCs CJAUIITKOM
GbICTPO), a Ha 3HAKOMOIi BCeM MBLIBHON BOjie, T/e MeHa
paccacbiBaeTcs MeJJIEHHO, ¢ XapaKTePHBIM BpeMeHeM OKO-
Jo vaca. Ha rtakoM ymo6HOM O6beKTe OHHU W3YUHIN
3aBUCUMOCTD JIJIUTENTbHOCTH MHTEPBAJIOB MEKIY TIOCJIE/I0-
BaTEJbHBIMU PAa3pbIBaMU ITy3bIPHKOB OT BPeMeHU U 00Ha-
PYKWJIM, 9TO 3TA 3aBUCUMOCTD MMEET CTETEHHON Xapak-
Tep. JTO O3HAYaeT, YTO He CYIIECTBYET XapaKTEepPHOI
JUINTETBHOCTH TAKOTO WHTEPBAJIA: BPEMS MEXKTY 00CYKIa-
€MBIMU COOBITUSIMH MOJKET OKa3aThCs TIOOBIM — OT MUJLIIH-
CEKYH/[I 10 HECKOJbKUX CEKYyH, W HeT crocoba mpeacKa-
3aTh, KaKOM MMEHHO JJHUTEJbHOCTH OKA’KeTCS MHTEepBaJ
IIpU JJAaHHOM U3MEPEHUH.

[Tono6HbIe cTeneHHbIe 32aKOHBI HAGJIIOAAIOTCS BO MHOTUX
[PUPOHDBIX SBJIEHUSX, TAKUX Kak 3emuerpsicerns (Koro-
pble He UMEIOT BbIIEJEHHON aMILIUTY/Ibl), Celd WU COJI-
HeYHbIe BCIBIITKYA. OHM 0OBIYHO UMEIOT MECTO B CUCTEMAX,
B KOTOPBIX B3aWMOJIEHCTBUS MEXK/TY OT/AEJbHBIMU 3IeMEH-
TaMW WUTPAIOT BAXKHYIO POJIb B TIOBEJICHUN CHCTEMBI KaK
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mesoro. Tak, Ha JIABUHOOTACHOM CKJIOHE COPBABIIHUICS
KaMellleK MOJKeT KaK BbI3BaTh CTPAITHOE HECUACTbE, TaK U
MPOCTO CKATUTBCS BHU3.

®dusmka n nacric

Ha rore ®pannuu, re 4acTo CTOUT KapKas MOTOjA,
PacCIpOCTPaHEH AJKOTOJbHBIH HATUTOK TMacTuc. IIpfoT ero
TaK: B CTAaKaH HAJINBAETCS HEMHOTO MACTHCA, & 3aTeM ero
JIOJTMBAIOT J10BEpXy XoJonHON Bogoil. Ilactmec m Boma
IIPO3PAvHbI, HO UX CMeCh CPa3y Xe CTAHOBUTCS HEIPO3-
paunoil — Ha BuUA 6esoii. B vem sxe tyT neno? Ilactuc
npejcTasser co6oil pacTBop aTuaoBoro crupra (45%) B
Boze (55%), Kyaa 106aBJIeHO 4y Th-4yTh AHETOJIA, PUMEP-
HO 2 TpaMMa Ha JUTp. AHETOJ — 3TO apoMaTHvecKas
MOJIEKYJ1a, KOTOpasl ellle C aHTUYHBIX BpeMeH OblIa BasK-
HOM COCTaBHOIl YacTbI0 PA3HBIX JeKapcTB U mapdiomep-
HBIX u3zeauii. [loxydaor aHeTos akcTpaknueil U3 ceMsiH
aHmca. AHETOJI TIPEICTABJISIET COO0I JKEeJATOBATYIO U CILITb-
HO MaXy4ylo KUAKOCTb. OH OYeHb XOPOIIO PACTBOPSIETCS
B CIIUPTE U HCKJTIOUNTENBHO ILJI0XO0 B BOZIE: MOJIEKY JIBI BOJBI
CILTBHO TIPUTSITHBAIOTCS APYT K APYTY U OYeHDb cJabo — K
MOJIeKyJIaM aHeTosia. MoJieKyJIbl BOJIBI M aHEeTOJIa B pe-
3ysabrate o6pa3yloT HecMmemmBaomnmecs ¢aspi. Harmpo-
THB, MOJIEKYJIBI CIIUPTA TaK K€ XOPOIIO TPUTITUBAIOTCS
IpyT K ApPYTY, Kak W K MoJjekysjaMm aHerosa. [loatomy
aHeTOJl XOpOIIO pacTBopsieTcss B cnupre. B 6yTbLake
MACTHCA KOHIEHTPAIHS CITMPTA JOCTATOUYHO BBICOKA, UTO-
6bI MOJIEKYJIBI aHeTo1a OBLIN pacTBOpeHbl. Koraa B mactuc
N06aBJISIOT BOIY, CIUPT 06pasyeT MeHee KOHIIEHTPHUPO-
BaHHBIN PACTBOP C BOJIOM, M MOJIEKYJIbI aHETOJIA COOUPAIOT-
csl B MaJICHbKWE KameJabKu. VIMeHHO MPHUCYTCTBHE 3TUX
MeJbYAHIINX KaleseK JesaeT HAUTOK HePO3PAYHbIM —
OH TIPE/ICTaBJIsIET OO0 3MYJIBCHIO.

XopolIo 3HaKOMBbIe TPHUMEPbI 3MYJIbCHIl 3TO MOJIOKO,
KpeM, Maiiones. 1IBeT B aTOM ciydae onpefensiercs: pacce-
SHUEM CBETa Ha YaCTUIAX, pa3Mep KOTOPBIX CPABHUM C
JUIMHO# BOJIHBI CBETOBBIX BOJIH (3akon Bapa). Ho kakos
JKe pasMep MUKPOKATeJeK aHeTosIa B TTacTHCe, TOTOBOM K
yrnoTpe6ernio? UTo6bI OTBETUTD HA 3TOT BOTIPOC, (DUIHKU
u3 I'peHo6.1s1 NCTI0Tb30BATH METOIUKY PACCESTHUST HENTPO-
HOB Ha MaJjble yTJbl. B pesyabraTe yaanaoch y3HATh, YTO
pasMep 3THX KaleseK B CBESKEIPUTOTOBJIEHHOH 9MY IbCHT
OKa3bIBACTCS ACHCTBUTENBHO OKOJIO MOJOBUHBI MUKDOHA.
Co BpemeneM ux pasmep pacreT — Ha 50 TPOIEHTOB B
TeueHne CyTOK. EcJIi ke 0CTaBUTDh SMYJIbCUIO B TOKOE HA
HECKOJIbKO [IHei, TO Bce KameJabKU aHeToJa co6epyTes B
oJHy 6OJIBIIYI0 — TPOU30IET TOJHOEe pasaeseHue ¢as.
Ho xT0 3ke 6y et skJaTh TaK J0JITO, €CJIH Ha YJIUIIE CHIbHAS
JKapa...

XnebHoe BMHO — BoAKa

YeM 6amke K ceBepy, TeM Xy)Ke pacTeT BUHOIpaj, U
MECTO BHHA 3aHMMAIOT HAIWTKH, M3TOTOBJEHHbBIE ITyTEM
mucraany 610k (kanpBagoc — ceBepHasg Mpanmms),
cuB n abpukocos (cmmBosuna — Boarapmsa, Yexua) u,
HAKOHEI[, TOr0 WK MHOTO copTa 3epHa (Bucku — AHrius,
Bogka — Poccust). B crapoe BpeMa Bogka B Poccun Tak u
HasbiBasach — xje6Hoe BuHO Ne 21 (CMupHOBB), ha 1
Ja’Ke CErofHsI MOTPeOJSETCS OHA 3a CTOJOM B TOH JKe
MaHepe, B KOTOPOH ()paHIly3bl ¥ UTaJIbSHIIBI [TbIOT BUHOT-
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paaHoe BuHO. OTHAKO 33yMBIBAJUCH JIU BBI, TIOYEMY BCE
TepeyncIeHHble HAMUTKHA, Oy/Iy4d ¢ XUMHUYECKOH TOUYKH
3pPEHHS PACTBOPAMU MOJTYYEHHOTO AUCTUJIAIINEH CIIIpTa
B BOJIE, IMEIOT TIPOIIEHTHOE CO/IePIKaHue aaKoro st (9Tuio-
BOTO CIHPTa) 0K0J0 40%7?

B xauecTBe nmepBoil MpUYMHBI TPUBEEM JIETEH/Y, UMET0-
myo ¢usndeckyio ocHoBy. ['oBopsar, yto korma Ilerp 1
BBEJI MOHOTIOJIMIO HAa TIPOU3BO/ICTBO BOJIKU U, TEM CAMbIM,
BO3JIOJKUJ OTBETCTBEHHOCTD 32 ee KauyecTBO Ha rocyjap-
CTBO, KOPYMAPH CTAJN 3TY BOJAKY 6€3605KHO pa3OaBJIsITh.
Takum 06pa3oM OHU YBEJNIUBATH CBOU IOXO/IbI, OJTHOBPE-
MEHHO BBI3bIBas CIIPABE/JIMBOE HEIOBOJLCTBO MOCETHUTE-
Jiell HU3KUM KaveCcTBOM JIIoOMMoro Hanutka. UToObl npe-
ceYb BO3MOXKHOCTD 3TOT0 3J0ynorpebenus, [lerp [ uzman
yKa3, MO3BOJISTIONINI MTOCETUTENSIM MUTEHHOTO 3aBeIeHNsT
6UTH KabaTunKa 10 CMEPTH, €CJIU TI0/laBaeMast MM BOJIKA He
roput. OKa3aJoch, YTO COPOKAIMPOIEHTHOE COo/iep;KaHne
CTIIPTa B PACTBOPE C BOJION €CTh TOT HIDKHUH Tpeies, Pl
KOTOPOM €r0 Tapbl HAJ MOBEPXHOCTHIO KUIKOCTH eIlle
MOTYT TOPETh TPU KOMHATHOH Temiieparype. EctectBenno,
Ha 9TON HIWIKHEH TpaHuIle COAEepPKAHNUS CITUPTAa B BOJKE U
OCTaHOBUJTMCH KaOATUNKM, HAS TAKMM 06Pa30M KOMIIPO-
MUCC MEX/Iy TIOTOHEN 32 HaXKUBOH W JKU3HBIO.

Jlpyras mpuymHa yCTONYMBOCTH «Maruv4ecKoro YMCJIas
CBSI3aHA CO CTEIYIONUM 00CTOATETHLCTBOM. XOPOIIO N3Be-
CTHO SIBJIeHUE 0OBEMHOTO PACIIUPEHUS: OHO 3aKJII09AETCS
B TOM, YTO TIPM YBEJWYEHUHM TeMIEpPaTypbl 00BbEeM Tel
BO3PACTAET, a P OXJAKIAECHNUN, COOTBETCTBEHHO, YMEHD-
nraetcs. ITOMY 3aKOHY TOAYMHSETCS OOJBITHHCTBO Be-
MIEeCTB, B TOM YuCJe U cCOUPT. Boja ke SBASETCS KUIKO-
CThIO aHOMaJIbHOU: HUKe 4 °C oHa ¢ TaJileHueM TeMIlepary-
PbI HAYMHAET PACIIUPITLCS, a TTPU 3aMEeP3aHUN ee Y/eb-
HbI 06beM BoOOIIEe ckauykoMm Boadpacraer Ha 10%! Bor
moyeMy, HallpuMep, HeJIb3s1 OCTABJSITh Ha MOPO3e Oy ThLI-
KU C BOJIOW: 3aMep3Niasi U YBEJTMUUBINAS CBOU yAeTbHBIH
06beM BOJIa UX TIPOCTO Pa3pbiBaeT. A ¢ BOAKOI MOXKHO: B
Cubupu 4acTo SMMKU C 3TUM HAMUTKOM OCTaBJSIOT Ha
MOpO3e, U HU4ero ¢ OyThLIKaMu He caydaercs. O6bscHe-
HUe 3TOTO SIBJIEHUSI COCTOUT M3 BYX 4YacTeil. Bo-mepBbIX,
HaJMYHME CTOJb 3aMETHOTO KOJHWYECTBA CIUPTA B BOJE
MIPETSATCTBYET ee KPUCTAIU3AINHN, TaK YTO TP TTOHUKe-
HUW TEeMIIEPATyPbl He MTPOMCXOINUT BHE3AMMHOTO CKAYKa ce
yAeJbHOTO 06beMa. Bo-BTOPBIX, MIPU COOTHOIIIEHUN 00be-
MOB 4:6 cyMMapHbIit K03 duImeHT 06beMHOT0 paciiupe-
HUST OKa3bIBETCST OJU3KUM K HYJTIO: «@HOMAJbHOCTb> BOJIbI
KOMITEHCUPYETCST «HOPMAJbHOCTBIO» cupTa. JlocTaTouHo
B3IJISTHYTh B TAGJUIbI (PU3NUYECKUX BEJUYMH U CPABHUTD
COOTBETCTBYIOTNE KO3(DPUIMEHTHI 0OBEMHOTO pacIiupe-
HUS YUCTBIX BEIIECTB:

oy, = —0,7-107 rpag™" ana Boal,
oy = 107 rpax™! mns ciupra.

Ecth u Tperhs mpuumHa 3aBeTHOI Kpemoctu B 40%,
OTKPBITHE KOTOPOH TPUINCHIBAIOT BEJUKOMY PYCCKOMY
xumuky [l.MengeneeBy. YTBepskiaeTcs, 4TO UMEHHO OH
yKazas Ha ToT ¢akT, uto 40-mpoiieHTHAS BOJKA HE U3Me-
HSET CBOEW KpemocTu, Gyay4d OCTABJIEHHOW C OTKPBITOM
noBepxHOCThI0. Takum o6pas3oM, pIOMKa BOJKH, 3a0bITast
HAa CTOJIE BEYEPOM, OCTAHETCS 3ATI0THEHHOMN TeM JKe HAInT-



KOM W Ha cJejyioniee yrpo (4ero Hesib3st cKa3aTb O BUHE
WU THAMITAHCKOM) U, BO3MOYKHO, TIOCAYKHUT JIEKAPCTBOM
CTPA/IA0NIEMy TOJOBHON 60JIbI0 I0OUISIPY .

Uerseprag npuunHa 40-mpOIEHTHON KPETOCTH BOJKHU
CBSI3aHA CO CKAYKOM B BSI3KOCTH PAacTBOPA CIHMPTA B BOJIE
BOJTM3U 3TON KOHIIEHTPAIIMH — B CJIaGOM PACTBOPE MOJIEKY-
JIBI CITPTA JBUTAIOTCS CaMU 10 cebe, B TO BpeMs KaK IIpu
40% HaunHaeTcst UX TMOJUMepu3aIysi. MoJIeKyJIbl CIupTa
BBICTPAMBAIOTCS] B [IJIMHHbIE OJHOMEDHBIE HETIOYKH, BS3-
KOCTb TIa/Ia€T, W BOJKA MEHsSIET K JIyUllleMy CBOM OpPTaHO-
JenTryeckne cBoiictBa (Kak TOBOPST JIOGUTENH 3TOTO
HAIlUTKA, «CaMa BTEKAeT B FOPJIO» ).

[IgTas w mocJjenHSs W3 M3BECTHBIX aBTOpaM TPWYNH
CBSI3aHA CKOpee ¢ TIIPOIEAYPOi KOHTPOJIS CTaHapTa Kade-
cTtBa HamuTKa. /les0 B TOM, 4TO eCW B CIIUPTOBOIHBIN
pacTtBOp O6POCHUTDH KyCOUeK caJia, TO OH OKaXXeTCs B MOJIO-
JKeHnH 06e3pas3/InuHOrO paBHOBecHs WMeHHO Tipu 40%
cupta. B 6ojiee KpemkoM HANUTKE OH yTOHET, B GoJjee
c1ab0M — BCILIBIBET.

Ponb BMHa B npodunakTuke cepaeyHo-cocyamncTbix
3aboneBaHun: ppaHLy3CKUI NAPAFOKC

Ha pucynke B cxemarndeckoii ¢opMe IIpefCcTaBIeHbI
JIAHHBIE [I0 CMEPTHOCTH OT CEPAEYHO-COCYMCTBIX 3a60.1e-
Banuil (Ha CTO THICAY YEJOBEK) [ PA3JMYHBIX CTPaH
MUPa B 3aBUCUMOCTH OT CPETHETO MOTPEOIEeHUS HACEICHH-
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Iompebaenue xupog (6 Karopusix 6 oemv)

eM SKMPOB KMBOTHOTO TPOMCXOXkAeHus (B KaJopusax B
JIeHb ). 3aBUCUMOCTD OUEBH/IHA: C yBeInYeHneM norpebJie-
HUA SKUPOB (XoJecTeprHa) MPaKTHYECKN JUHEITHO BO3pa-
CTaeT CMEPTHOCTD OT CEPAEYHO-COCYIMCTDIX 3a60T€BAHUII.
Opnako Ha TpaduKe WMeeTcs O/lHA, BBIMAJAONIAsT U3
oO0IIel 3aBUCUMOCTH, TOYKA, COOTBETCTBYIONIAS MOJOKE-
HUIO fenl Bo DpaHmmu: 37ech TMOTPEOJISTIOT 3aMeTHOe
KOJIMYECTBO >XUPOB, HO, TeM HE MeHee, CMEPTHOCTH OT
CepAEeTHO-COCYAUCTBIX 3a00/1eBaHNI OTHOCHTEIBHO HI3KA.
[leficTBUTEIPHO, KaK BUAHO 13 rpaduka, GpaHI(y3bl eAsIT
JKUPHOI Uiy 60JIbllle, YeM aHTJINYaHe, a BOT OT uHdap-
KTOB yMHUPAIOT TIOYTH B Y€TBIPE Pa3a MEHbIIIE.
[IpuBenennbie opuIATbHbIE JAHHDBIE OBLIH TOJTyYEHBI B
pamkax npoekta MONICA BcemupHoii opranusaiuu 3/ipa-
BoOXpaHeHus u 6bliu ony6ankoBanbl B 1992 rogy. OmHa-
KO, MO-BUAMMOMY, ellle paHbllle ¢ HUMU O3HAKOMUJICS

BEJyNUI OHOTO M3 aMEPUKAHCKUX TEJIEKAHAJOB, KOTO-
porit yxxke B 1991 romy o6HapomoBas WX MOJ TPOMKUM
Ha3BaHUeM «(PAHIY3CKOTO MapaIoKCay, CTABIIETO BIIOC-
JIE[ICTBUN M3BECTHBIM TaKKe MOJ Ha3BaHUeM <«addexra
Bopno». Ilpaktudyeckn ¢ MOMEHTa OTKPBITHS 3Ta aHOMA-
Jinst GbLTa IPUIIHCAHA PETYJISPHOMY moTpebenHnio (ppan-
I[y3aM# 3aMETHOTO KOJINYeCTBA KPACHOTO BUHA, 0COGEHHO
xapaktepHoMy A7 npoBuHinu bBoppo. Ilocienyiormue
HAy4YHbIE MCCJIEOBAHUS B APYTUX 30HAX IPOM3BOACTBA
KPaCHOTO BIHA TIO3BOJIMJIN CIETATh OHO3HAYHDII BBIBO/!
norpe6JieHre KPACHOTO BUHA TIPUBOIUT K 3aMETHOMY CHH-
JKEHWIO PUCKA CEPAEYHO-COCYAUCTBIX 3a6oseBanuii. Ilo
Kakoit npuunte? Ha 3TtoT Bomrpoc 1ath OTBET ObLIO HE TaK-
TO TIPOCTO.

[leso B TOM, 4TO KpacHOE BUHO COIEPSKUT B cebGe OKOJIO
2000 pas3MYHBIX BENIECTB: pPa3HOOOpa3Hble KHUCJIOTHI,
(beHOJIbI, BaHWJIb 1 CJIEAbI IIOYTHU BCEX N3BECTHBIX MUHEPA-
J0B. OcoO6blii UHTEPEC y YYEHBIX BLI3BAIN TOJU(EHOJIBI
(comepskaluecss B KpaCHOM BUHE B KOJMYECTBE OKOJIO 1 T
Ha qutp) U puroasesur (MPUCYTCTBYIONNIT B BUHOIPA/-
HO#l KOxuIe). B duroannsune B yacTHOCTH GbLT OGHAPY-
JKEH TPaHCPEe3epBaTpoJI, KOTOPBIH UMeeT CHIbHOE MTPOTH-
BOOKHCJINTEJIbHOE JIEHICTBUE U TPOTUBOJENUCTBYET CTape-
HUIO KJIETOK Moara. [lanbHeilne uccaefoBaHms MOKa3a-
JIT, 4TO TOJIH(EHOJIbI OKA3bIBAIOT BJAUSHUE HA JTUITOTPOTE-
MHDbI, YMEHbIIAIOT BJANAHNE TJIABHOTO BUHOBHUKA CEPpAEY-
HO-COCYAMCTBIX 3a00JieBaHuil sH0TeMnHA-1, TIPeaOTBpa-
nafot opMUpOBaHue «OJSIIEK> Ha CTeHKax cocyoB. Ho
He 6yzeM yray6asTbes B Meaunnackue ne6pu. [lompoby-
€M, TTOJIb3YSICh MeTo[aMM 06PabOTKN (PU3UIECKOTO HKCIIe-
PUMEHTA, OIIEHUTHb MPUHOCIIIEE IMOJNb3Y AJS 30POBbS
JIHEBHOE TToTpebJieHre KPACHOTO BUHA.

Ha ocHoBanuu mpuUBeJEHHBIX BBINIE JAHHBIX MOKHO
MIPENOJIOKUTD, YTO BEPOSITHOCTb CEPIEYHO-COCYAUCTBIX
3a6osieBaHMiT YOBIBAET C OTPe6IeHNEM KPACHOTO BIHA TI0
YacTO BCTPEYAIOIIEMYCSI B TIPUPO/IE HKCIOHEHIINAIBbHOMY

3aKOHY: .

I=1Ie .

3nech [, — BepOATHOCTDH 3a00JIEBAHUS IS HEIBIOIETO
BUHO 4YeJIOBEKA, a b; — HOpMA €KeJHEBHOTO MOTPEOIeHIS
BUHA B HcceryeMoit o6actu: Bo DpaHIiy 9Ta BeJTNINHA
COCTaBJISIET TIapy CTAKAHOB KPACHOTO BUHA B [I€HD.
O/iHaKO TIOHSATHO, YTO YBJIEKATHCS BUHHON MPOUIaK-
THKOI WH(APKTA HE cJefyeT: MOTpe6IeHe aTKOTOJS B
3aMETHBIX KOJIUYECTBAX MPUBOJUT K TIKEJbIM HelyTaMm,
HaIpUMep TaKuM, Kak Iuppo3 medyeHn. O HeM mpoie
CYIUTD 1O MOTPEGJEHUIO BOJIKU: TIOHATHO, YTO Te XK€ /[Ba
CTaKaHa B JIeHb, HO HE BUHA, a BOJKH, MaryOHO CKaXKYTCS
Ha 3/10pOBbe 1 3aMeTHO (B pasbl) yBeIMYAT BEPOSATHOCTD
IIUPPO3a TIEYEHN TI0 CPABHEHWIO € HETBIOTUM YEJIOBEKOM.
CoorBeTcTBYIOMUI (PAKTOP PUCKA MBI BHOBb TIPOMOJIEJU-
pyeM XapaKkTepHOH Jisi TPUPOIHBIX MTPOIIECCOB 9KCIIOHEH-
1nuagbHOW (QyHKIMEH, OJHAKO, B MPOTHUBOIOJOXXHOCTD
y>Ke TTPUBEJEHHON, — pacTyIiei:
b

C = Cyel .

3nech C, — BepoOATHOCTb BO3HUKHOBEHHUA LUPPO3a Y
HENbIOIEro YeI0BEKa, a 32 KOHCTAHTY b, Mbl IPUMEM J[Ba



6 KBAHT -

CTaKaHa BOJIKH, YTO B IIPOCTOM IIEPECUETE IO COAEPIKAHUIO
CITUPTa S9KBUBAJIEHTHO MIECTU CTaKaHaM BHHa B JCHb.

(3aMeTM, 4TO CTOMb GOJBIIOE JHEBHOE IOTPElICHHE
BUHA He SIBJSETCS cOBepleHHol danTasueii. Hampumep,
B 3aMKe ropoga lefizenp6epr (epmanms) 1o CHX HOp
coxpaHuaach camasi 60Jibias 604Ka B MUPE, U3 KOTOPOi
C TTIOMOIIIBIO CITEIUAJIBHO CHCTEMBI PYYHBIX HACOCOB BUHO
M0/IaBaJIOCh B 6OJIbINOI 06eeHHbIl 3a. Cpeatee MOTpe6-
JIeHVe BUHA Ha oOUTATEsIsl 3aMKa, BKJIIOUast JeTeil, cTapu-
KOB U BOJIbHBIX, COCTABJISLIO 2 IUTPA B JIeHb. [ puABOPHbBIA
mryT, KapJauk [lepkeii, peryaspHO BBbINUBAJ JABEHAIATDH
OyTBLIOK B JieHb. [Ipu aTOM yMep OH He OT Uppo3a, a oT
JIM3€HTEPHUN, KOTOPOU 3apas3uiiCsi, BBIMUB, W3-32 TPOUT-
PAHHOTO CTOpa, CTAKaH TJIOXO OYMIIEHHON BODI. )

CroxxuM BeposiTHOCTH 000X 3a60JI€BAHMIA:

b b

W =1Iye % +Cpe” .

OueBuZHO, YTO ONTUMYM BHHOIWMTUS peau3yercs HIpHu
MUHUMYyMe CYMMapHO# BEPOSATHOCTH YUUTBIBAEMBIX 3a60-
JieBaHWH. Borumciisgss u npupaBHUBAs K HYJIO TPOU3BO/I-
HYIO:
b b

aw b b b

——=——1Ie "+ —Ce* =0,

db b; b,
HAXO/JIUM, UYTO COOTBETCTBYIOIee KOJUYECTBO BUHA OIpe-
JleJIsieTcsl BbIpaskeHueM

b* — bibc
b, +b,

b,

In=¢+1In=2 |,

b G

WIN
Z— =0,75 1,1+1né—0

j 0
[Tpennosarass BeposATHOCTH IUPPO3a U uHOApPKTA MIJIs
HEIIBIOIETO Ye/JIOBEKa OANMHAKOBbIMU (aBTOpr HE HalllJInu
TOYHbBIX I[aHHbIX), BUAUM, YTO OIITHUMAJIbHBIM KOJNYE-
CTBOM JTHEBHOTO TIOTpebieHus siBjsiercs 1,5 cTakaHa, Wn
OKOJIO TPEXCOT IPAMMOB KPACHOTO BIHA B JIEHb. ITO U €CTh
TO KOJIMYECTBO, KOTOPOE OOBIYHO BBIIHBAIOT, HAIIPUMED,
KpecTbsiie B Tockane 3a 06eloM 1 Y3KUHOM.

OnpepeneHve KayecTBa U NPONCXOXXAEHNS BUHA:
meTtop, SNIF-AMP

ToBopst 0 TOJTh3€ Pa3yMHOro MOTPe6IeHUS HATY PATbHO-
T'O KPACHOTO BUHA C OTIPeIeIEHHBIMU CBONCTBAMU, HEO6XO-
MO OBITh YBEPEHHBIM B TOM, YTO €TO MPOUCXOKIEHUE
COOTBETCTBYET HANNCAHHOMY Ha 3TuKeTKe. CoBpeMeHHast
(pusnka mpesaraeT MeTo/{ TOUHEHIIIEro KOHTPOJIST TPOTIC-
XOK/IEHUST BUHA, OCHOBAHHBIN HA MPUMEHEHUU SBJICHUS
SIZIEPHOTO MaTHUTHOTO PEe30HAHCA. DTOT MEeTO/] Ha3bIBAETCS
MeTO/IOM OTIPeIe/IeHNS CIIeTN(UIeCKOTO TPUPOTHOTO H30-
TOIIMYECKOTO COCTaBa BUHA, aHT/MiicKass ab6peBuarypa —
SNIF, or Specific Natural Isotope Fraction. SIBsenue
AIEepPHOTO MarHuTHOTO pezonanca (IMP) coctout B ciie-
JYIOIIEM.

SAnpa, HanpuMep MPOTOHBI B CJydae aTOMOB BOJOPO/IA,
noZ06HO CTpesike KoMmaca, 06J1ajal0T HEKOTOPBIM BECh-
Ma MaJibIM MarHUTHBIM MOMEHTOM. Bymy4u moMernieHHbI-
MU B OJHOPOJHOE€ MarHWTHOE TI0JIe, 9TH MAarHUTHBIE MO-

2005/ No?2

MEHTBI TIperieccupyior (MeJIeHHO BPalaioTcsi) BOKPYT
HATPABJIEHUS TIOJIS C TIPOTIOPINOHAIBHON BEJUYNHE 3TO-
ro mosg vyacroroir Q. Ilpmioxum Temepb MaJioe Tepe-
MeHHOe TI0JIe C YacTOTOW pPaauo/Mana3oHa B HallpaBJie-
HUW, TEePHeHIUKYJISIPHOM OCHOBHOMY moJifo. Tak Kak
MarHiuTHbIE MOMEHTDI B IPUHIUIIEC MOTYT Pa3BOPpaYMBaTb-
Cd TIPOTUB HAIIpAaBJIEHUA ITOCTOAHHOTO MAarHUTHOTO II0JIA,
TO, KOT/Ia YacTOTa (O PaJMOCUTHAJTA OKa3bIBaeTCs GJIN3-
Kot kK Q (BOT OTKY/1a IPOMCXOUT TEPMUH «PE30HAHC» ),
ero sHeprusi HaunmHaeT 3gpPekTuBHO Noraomarbes. Coe-
JyeT UMeThb B Buy, uto SIMP gaBiseTcs cI0KHBIM KBaH-
TOBBIM 3 PEKTOM, OJJHAKO NMPUBEJEHHOE TPy6Oe KIaccH-
YyecKoe OIMCAHWE B OCHOBHOM OTpa)kaeT ero cyTtb. B
paccMaTpUBaEeMOM CJydae [JIs HaC BaKHO, UTO TOCDEN-
CTBOM 3JIEKTPOHHOU ammapaTypbl OKa3bIBAeTCS BO3MOXK-
HBIM M3MEPHUTb C OTPOMHOIl TOYHOCTHIO BEJIUYMHY PE30-
HAHCHOTO MAaTHUTHOTO MOJISI, OIpPEesISTIONIero <«JIMHHUIO
AMP» B crnexkTpe morJomieHusi. JTa BeJUYMHA COOTBET-
CTBYeT 3HAUCHUIO JIOKAJBbHOTO MAarHUTHOTO TOJIST Ha sfipe,
SIBJISTIONIETOCS CYMMO} BHEIITHETO TOJIST W MaJIbIX MarHUT-
HbIX HOJIeIL/,I, MHAYTAPYEMDbIX 3JIEKTPOHHBIMU TOKaMM. IIo-
HATHO, YTO PE€30HaHCHBbIC JIMHUU MOTYT COOTBETCTBOBATD
PA3JIMYHBIM YACTOTAM 3JIEKTPOMATHUTHOTO M3JYYEHUS —
B 3aBUCHMOCTH OT CIIEIM(UKH 3JEKTPOHHOTO OKPY>KEHS
BbIGpaHHOTO s7ipa. Pe3oHaHCHBIH CreKTp, TakuM o6pa-
30M, CTAHOBUTCS B HEKOTOPOM CMbIcJje «doTorpadueii»
KOH(MUTYPAIITH MOJIEKY.JIBI.

C nomomibio Metosna SNIF-AMP cerognst moskHo pas-
JIMYaTh CHOUPTbI OJQHOU M TOH K€ XUMUYECKOH CTPYKTY-
PBI, HO Pa3JMIHOTO GOTAHUIECKOTO MPOUCXOKAeHUsI. OKa-
3BIBAETCSI BO3MOXKHBIM CKa3aTh, JefCTBUTEJbHO JU JaH-
HOE BWHO OBLTO TIOJyY4€HO B pe3ynbrate GPOKEHUS BU-
HOTPajJia ¢ KOHKPETHOTO BUHOTPA/IHNKA U3 ONpeleIeHHOMH
o6iactiu. MeTon OCHOBBIBAaeTCS Ha TOM (paKTe, 4YTO B
BU/Y Pa3JIMYHBIX MPOIleccoB POTOCHHTE3a U MeTab0In3-
Ma pacreHus, reorpaduuecKux M KJIUMATUYECKUX YCJIO-
BUH, coJepKaHue JeiiTepus 110 OTHOIIEHUIO K BOJOPOLY
MU3MEPUMO BapbUPYETCsl OT MPOBUHIIMY K TIPOBUHIINHU, OT
BUHOTPAJHNKA K BUHOTPAJHUKY, OT PAaCTeHHUs K pacre-
Huto. /leso B TOM, uTO O6GbIuHas (opMmyJia 3THIOBOTO
crmpra CH3;CH,OH He orpaskaeT Bce BO3MOKHBIEC €rO
BapHalyu. B 3aBUCIMOCTH OT COAEp:KaHUS AeHTepus B
JIAHHOI MECTHOCTH WJH B Pe3yJbTaTe KOHKPETHOTO TIPO-
Ifecca MeTaboJIM3Ma CIIUPTHI, COEepKaIiecs B BUHE, MO-
TyT OMUCBIBAThCA Takke u popmynamu CH,D-CH,-OH,
CH3-CDH-OH, CH3CH,OD . Otnomenne D/H niaa
KaKI0# TaKOi WHAMBUIYAJbHOWU TPYIINbI MOXKET OBITh
MOJIy4eHO B pe3yJbTare aHaausa crexkrpa AMP Ha aa-
pax geittepusi. Ha ocHOBaHWM TakmxX M3MepeHWil CO37a-
HbI 6a3bl JaHHBIX MO reorpaduvecKoil MPUHAIIEKHOCTI
BUHA, 10 HUM MOXXHO Y3HaTb, AOGABJISJICS JU TPU €ro
M3TOTOBJICHUN CaXap, MCHOJb30BAJIICH JH /I €T0 apo-
MaTu3alluu BUHa APYTUX PETUOHOB U MHOTOE€ APYTOE.



DrboHaY4MeBbI KPOSINKM

JLLUNBEACOB, 3.LLINEACOBA

1170 TOLY B UTAJIBAHCKOM I'OPO/IE IITN3A B

ceMbe HOTapmyca poawmics cbiH Jleonapmo. Ero

oTell UMeJT TTpo3Buile boHauun — 106psIK, TOITOMY
MaJibunKa HasbiBaan Dubonauun — cbiH bouauun. Iloxg
atuM nmeHeM Jleonapao Ilmszanckuii, craBmmii BIocjae-
CTBUM M3BECTHBIM MAaTEMAaTUKOM, YaCTO YIOMUHAETCA B
ucropun Hayku. Oterr paboTan B AJKWpe B KauyecTBe
MpeCTaBUTENS TOPTOBOTO JJoMa cBoero ropoja. [IposkuBa-
Hue B A/pkupe 6JIarompusiTHO CKa3aaoch Ha 06pa30BaHUM
Jleonapno. Beap ato 6blia Mpaunas anoxa CpenHeBeKo-
BbsI, KOT/Ia eBpOoTeiicKkas HayKa HaXoJuJaach B ymajke. B
apaObCKOM ke MUpe HaGJII0ATCS TObEM MAaTEMATUIECKON
HayKu. ApalObl, 3aBOEBABIINE K ATOMY BPEMEHH BBICOKO-
pasButbie cTpanbl Cpean3eMHOMOPbs, MHOTOE T03auM-
CTBOBAJIM M3 KYJbTypPbl TOKOPEHHBIX CTpaH. Apabckue
XaJUMDI U1 TIPOCTABICHNUS CBOETO TTPABJIECHUS TOKPOBH-
TEJbCTBOBAIM HMCKYCCTBAM W HayKaM. Y4UeHble aKTUBHO
MEPEBOANJIN aHTUYHDIE TPYAblI C TPEUYECKOTO A3bIKa Ha
apaOCKuil ¥ MOy YN PSI/T HOBBIX CEPbE3HBIX PE3YJIbTaTOB
B 06JacTi anre6pbl U TPUTOHOMETPHUN.

Oo6pasoBanue, nojaydeHHoe B Amkupe, JleoHapao mo-
CTOSTHHO TIOTIOJTHSIT BO BpEMs IIYTENIECTBUI C OTIIOM,
KOTOPOMY 4YacTO MPUXOIUJIOCH OBIBATH 110 TOPTOBBIM Jie-
JlaM B pa3ubIx crpanax CpeanzeMHOMOpbs. BHUMaTe TbHO
M3YUYUB JIOCTHIKEHUST apabckoil mareMaTuku, Jleonapao
HOJABITOKUI UX B TpakTate «Knura aaka» (1202). AGak
— 3TO TMPOCTEHITII BBIYUCIUTETHHBINA TPUOOP, TTPAPOIH-
TeJb CYETOB, XOPOIIO 3HAKOMBIX HaM 110 He/[aBHEMY TIPO-
niomy. Ho B kHHTE peub mima He 06 3TOM npubope, a 06
NCKYCCTBE BBIUUCJICHAN. prﬂ TOJIYUYNJICA TPAaHANO3HDIM —
JIOCTATOYHO CKa3aTb, YTO y’Ke B MEYATHOM BH/E KHUTA
cozepxkasa 460 crpanuil. Hanucana ona 6bLia st TOPro-
BBIX U JIEJIOBBIX JIIOJIEH ¢ 11eJbIo 006JIeTYeHusT pacueToB. B
Heit JleoHap10 MO3HAKOMUJI IMUPOKUI KPYT €BPOTIENIIEB C
JIECSITUYHOM CUCTEMOW CYNCJIEHNST, KOTOPOH M0JTb30BAJICH
apabbl, M TIOKa3aj ee TPEUMYIIECTBO Iepel PUMCKON
HyMepaluell, mpuMeHsiBIeiics B EBpore.

[ToMuMO 3a1a4 TTpaKTHYECKOTO XapakTepa (o 1ene Tosa-
pa, 0 Jejexe HACJAEACTBA, 06 UMYIIECTBE, O CIJIaBaX U
pacTBOpax) KHUTA COAEPIKAIA TPABUJIO MPUOIMKEHHOTO
U3BJIEYEHUST KOPHET, CTIOCOODI PEIleHUsI CHCTEM JTUMHEHBIX
ypaBHeHHﬁ, HeOoIIpeJeJIEHHBIX ypaBHeHI/IfI n X CUCTEM, B
YaCTHOCTU — pelleHre KUTAHCKON 3ajjauyul O JeJeHWH C
ocTaTkoM. B aroM TpakrtaTte MHOTrOe [IJisI €BPOIENCKOi
MaTeMaTUKH 0Ka3aJI0Ch HOBBIM: MCIIOJIb30BAJINCH OTPHIIA-
TeJbHbIE YNCJIA, KOTOPbIE TPAKTOBAIHCH KaK MOJIT, ObLT
BBeJIeH TEPMUH «YaCcTHOE», B 3aIlUCH APOOU TMOSIBUJIACDH
pasjiennTebHasg YepTa MesK/Iy YNCJUTe eM U 3HaMeHare-
JgeM u T.7. Co/iepsKaich B KHUTE U COOCTBEHHBIE PE3YJTh-
taTbl JIeoHAp/10, B YACTHOCTH — pelieHne 3aJa91 0 Pa3MHO-
KeHun KpoankoB (o Hell moiizer peyb HUKE) M 331291 O

HauMEHbIIIEM YHCJE TUPb, € MIOMOIILI0 KOTOPBIX MOXKHO
B3BECUTb Ha PBIYAXKHBIX BecaxX BCe TPY3bl, BeC KOTOPBIX
BBIpAXKAETCs 11EJbIMU YNCJIAMU, He MTPEBBIAOINUMHI PUK-
CHPOBAHHOTO HaTypasabHoro unciaa. Ee pemenne y Jleonap-
10 (haKTUIeCKN OCHOBAHO HAa 3AMUCH YHMCJIA B TPOUYHOM
CHUCTEMe CUMCJeHMA. IJTa 3ajada [0 CUX IIOp OCTaercd
nomyasipHO#. Hazio cka3aTh, 4To MHOTHE 3aa4n 13 « KHUTH
abaxa» MCIOJb30BANNCH TT033Ke PA3JTHUYHBIMU ABTOPAMH.

B 1220 roxy Jleonapno numiet «IIpakTindeckyio reomer-
pHUIO», B KOTOPO paccMaTpUBaeT reOMeTpHYeCKUe 33/1a4n
Ha [MOCTPOEHNUE, PelaeMble ¢ TOMOIIbo anre6pol. CiaBa o
BBIJAIONIEMCS TU3aHCKOM MaTeMaTHKe pasHecjach 110 Beei
Espore. Tlpu6siBmuit 8 1225 rogy B Ilusy ummnepatop
Fepmanny u koposb Cutinmu @ puapux 11 pemm ncmbi-
tatb Jleonmapmo. IlpuaBopubiii ¢umocod ummneparopa
Norann [TanepMckuit mpeasoxns eMy psj 3a1ad, ¢ KOTO-
povu JleoHapzo Grectsiie cipaBuics. B Tom ke rony B
«Kuanre xBagpaTtoB» u B Tpakrtarte «lIBeTok» OoH mpuBeJ
peleHnst HeKOTOPBIX M3 HUX.

A rtemnepb chopMyJupyeM 3HAMEHUTYIO 3ala4y O pas-
MHO>KEHUH KPOJUKOB: «HekTo momecTnst mapy KpoJmKoB
B 3aroHe, OrOpO’KEHHOM CO BCeX CTOPOH, AaGbl y3HATD,
CKOJIBKO I1ap KPOJIMKOB POJNUTCS B TedeHue roga. [Ipupona
KPOJIMKOB TaKOBa, U4TO Uepe3 Mecsll Iapa KPOJUKOB IIPO-
M3BOJUT Ha CBET APYTYIO Mapy, a MOTOMCTBO /1al0T OHU CO
BTOPOTO MecsIla M0CJe CBOETO POKICHUSS .

[Ipusenem pemenne Jleonapgo. B Hauase mepsoro mecs-
I1a OblyIa O/THA TIapa KPOJNKOB; B HauaJe BTOPOTO — [BE,
IIpUYeM OJHA U3 HUX 3peJiasi, T.e. CIIOCOOHAsS uepe3 MecsI]
MPUHECTH MOTOMCTBO, BTOpas — HeT. [loatomy B Havase
TPeTbero Mecsiia OyayT TP TMapbl KPOJHUKOB, /IBe M3 HUX
3pesbie. B Hauase 4eTBepTOro MecsIa CTaHeT TISITh Tap
(Tpu mapel GblIM W JBE — HOBOE IOTOMCTBO), M3 HUX
TOJIBKO TPH 3peJible, U T.[.:

Hawano | 513l 4150 6|7]8]9]|10] 11]12] 13
MecHd1a

Yucao
speapix | 1| 1| 2(3| 5| 8 |13[21|34(55| 89 |144]233
map

neno 4ty 35| 8| 13]21]34] 55|89 144|233 |377

Bcex Iap

N3 Tabauniel BUAHO, YTO B KOHIIE TO/A B 3aTOHE OKAKETCS
377 map KpOJIUKOB.

Uucsa BTOPOI CTPOKM C JIETKOW PyKu (hpaHITy3CKOTO
MaremaTuka J.JlI0Ka cTaan Ha3bIBATD Yuciamu Dubonau-
yu. OHN 06pa3yIoT MOCJIeI0BATEIbHOCTD, 3JIEMEHTBI KOTO-
poit o6o3naunM yepe3 @, . JIerko BuseTh, 4To @ = @, =1,
O3 =@ +¢,, O, =@y + @3 UT.A. IpyrumMu croBamMu, s
YICeJ (@, BBITIOJHSIETCS COOTHOIIEHWE

?p = Pyt + 0,2, (1)



8 KBAHT -

T.€. JIJIsI BBIYMCJICHNUS 3JIEMEHTa (,, He0OXOMMO 3HATD /(B
HPEABIAYINX dJIeMEHTa @, U ¢, _5, & JJIs1 X BbIYHCJIe-
HUST — BHOBb HAJI0 3HATD MPEbIIYIIIE JIEMEHTBI U T.I. 10
TEX Iop, TO0Ka He BepHeMcs K @, n @ . CooTHOIIEHUs
TAKOTO THIA B MaTeMaTHKe Ha3bIBAIOT PeKYpPpPeHMHbLMU
(or marurcKoro recurrentis — BoO3BpaIalOmMMUiics), a BO3-
HUKAIOIYTO IPU 9TOM ITOCJIEIOBATENBHOCTD — PEeKYPPeHm-
HOU UM 8036PAMHOLL.

PasenctBo (1) 103BoJsIeT BBIBECTH MHOTHE CBOHCTBA
yuces Oubonayun. Mbl IPUBEIEM JOKA3ATENbCTBO OJTHIX
U3 HUX, a Apyrue chOPMyJIUPYEM B BU/E YIIPAKHEHUN.

CaoiictBo 1. Cocednue unenvt nocaiedosamenrviocmu
Dubonauuu 83auMHoO NPOCMbL.

[IpearnooXKuM MPOTUBHOE: HANAYTCS @, U @, , UMe-
fone o6t gequrtenn d > 1. Toraa @, ( = @,y — @,
toxe genutcs Ha d. IlpomospKas 3TOT CIyCK [aJiblie,
JoigeM 10 @, =1, KOTOpOe TakKe MOUKHO JIeUThCS Ha
d, 4T0 HeBO3MOXKHO. CBOWCTBO JOKa3aHO.

CgoiictBo 2. Ecaiu ¢, — HaumeHbuLee Yucio, Oensujeecs
na d, mo wucaa ubonavuu, xpammuwvie d, NOBMOPAIOMCA
¢ nepuodom, pasHvim .

[Iycte m — HamMeHBINIWII HOMep, AJs KOTOPOTO @,
nemurcsinad: ¢, = ayd . Torna ¢, =ad+7v,0<r<d,
MpUYeM TIO0 TPEABIAYIIEMY CBOWCTBY d ¥ # B3auMHO
npoctbie, Q.o =(ay+a)d+r=ayd+7r, @, 5=asd+
+2r, Q4 =a,d+3r, 9,5 =asd +5v, ..., @, = apd +
+ @,7. Octarku r, r, 2r, 3r, 5, ..., @, He ABJIFIOTCA
HAVMEHBIIUMU OCTaTKAMU OT AejeHus ©,,, Ha d. Ilpnm
k < n ouu Ha d He eNATCS B CUJTY TOTO, UTO @, HE JIEJUTCS
Ha d 10 ycJjoBuio, a v B3auMHO npocto ¢ d. Ho uncio
0, = a,d + @,r KpaTHO d. AHAJIOTYHO, CJIeyIOlIee Ync-
JIo, fensineecs Ha d, 3TO @3, u T.11. CBOICTBO JOKa3aHO.

N3 aroro cBoiicTBa BBITEKAET, HAPUMEP, UYTO UYUCJA
(3, YETHBIE, YHCJIA Py, KPATHBI TPEM, @s, [IEJSATCS HA
S, ¢, — Ha 8.

CsoiictBo 3. IIpu m # 2 uucao ¢, kpamuo ¢,, mozda
U MoALKO Mmozda, K020a n Kpamuo m.

B camom nene, ecu n = km, T0, oaoxus d = @,, , 0
MPEIBIIYIIEMY CBOMCTBY TOJIYIUM, YTO IUCJIO @O, TEJTUT-
csa HA @, . IlycTb Teneps @, memutcs HA @, U n = km +
+7, 0 <7 <m. llo cBoiicTBY 2, MexXa1y uucjiaMu @, 1
Qg HET UHCET, METAMUXCI HA @, , a 3HAUUT, ¥ = 0.

Vupaxuenue 1. Iloxkaxure, 4To eciu @, — HPOCTOE MHUCJIO, TO
npu p#4 ero Homep p TOkKe ABadercda ITpocTbiM. OO6partHoe
yTBepPIK/IeHNe HEBEPHO.

[Ipexxae yem cdopMmyupoBaTh cjegyloliee CBOHCTBO,
OTMETNM, 4TO 71 JTI060TO HATyPAJbHOTO Yrcsaa N BbITIOJI-
HsIeTCs HepaBeHcTBO ¢, < N < @, . Torga 6o N = ¢, ,
mi6o ansg uncaa N — @, BHOBb HaXOJIUM /[Ba COCETHUX
yrcjaa GuboHawun @, U @, TaKux, 910 @,, < N — @, <
< Qs -

Yupaxxnenne 2. Iloxaxure, uto m + 1 < n.

U1 cuosa m6o N =@, +@,,, 60 HaXOAUM HanGO/Ib-
mee 4HCI0 @ , He mpesocxopsmee pasaocti N — (@, +@,,),
ut.1. Pasnocts N — (@, + @, + @) +...) HeOTpUIaTeIbHA
1 yObIBAET C KJK/IBIM TTAroM. BecKoHeuHo yOBbIBATD OHA HE
MOJKET, TIOCKOJIBKY OTpaHuueHa cHusy HyJem. [loaromy Ha
HEKOTOPOM IlIare OHa CTAHOBUTCS paBHOI HyJ110. B pesyib-
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tatre umeeM N =@, +¢,, +¢Q,+..., tne N<Q,,,
m+1<n, k+1<m,... BKIOUNB B HallIGCHHYIO CyMMY
BCe TPOITyTIeHHbIe yncjaa DuGoHAYYHN ¢ HYJIEeBBIMU KOA(D-
(pummenTamMu, mosydaeM ciaenyioniee cBOWCTBO

CaoiictBo 4. JT1060e namypanvnoe uucao N 00no3nauno
3anucvieaemcs 6 gude

N = a0, + Ay 1Py +...t ay Py + ayPq

¢ Koa(ppuyuenmanu a,, pasHoIMu HY 10 ULU eOUHUYe.
ITO TI03BOJISIET TOBOPUTH O (PUOGOHAUYMEBOIl cHCTEMe
cuncyenusi. Hanpuwmep,

20=13+5+2=9;+0s +93 =(1,0,1,0,1,0,0),

50=34+13+3=
:(p9+(p7+(p4 =(1’0a 1y0a Ou 1a0u0a O)q),

100=89+8 +3 =
= (p11+(p6+(p4 =(1,0,0,0,0,1,0,1,0,0,0)(1).

Nunexc «@D» yka3pBaeT Ha TO, YTO YUCJIO 3AMNCAHO B
cubonauumeBoii cucTeMe cuncaeHus. Takas 3amuch HAMO-
MHUHAaeT JIBONYHYIO, HO, B OTJIMYHE OT Hee, He MOXKET UMETh
[IBe TOAPAA MIyIUe eIWHUIbl B CHUJIYy MaKCUMaJbHOM
9KOHOMHOCTH CIT0c06a TIPECTABIEHHUS .

Pexyppentnag ¢dopmysia 1mo3BoJIseT HalTH 3HaYeHHE
Jo6oro yieHa nocsiegosarebuoctu MuboHavyn Mo mpe-
JBbIAYIIUM YJIeHaM. A MOXHO JIX BbIPa3UTh (@, HeIocpen-
cTBeHHO yepe3 n? OTBeT Ha 3TOT BOIIPOC MOJOXKNUTEIbHDIN.
UrtoObl HAWITH MCKOMOE BbIpa)KeHue, CHOBa 0O6paTUMCS K
cootromennio (1) M paccMOTpUM €ro Kak ypaBHEHHE
HEM3BECTHBIM @, . By/leM MCKaTh pelieHue 3Toro ypaBHe-
unst B Buge @, = A" . Ilogcrasmsis A" B (1), noayunm

}\'n+2 — }\’n+1 +)\’n ) (2)

[Tockosbky HyJIeBOE pellleHHe HAC He HHTEPECYeT, COKpa-
THB Ha A", mpuaeM K ypasueruio A2 = A + 1. Ono Ha3bI-

Baercst xapakmepucmuueckum st coornourernst (1),
1+

Crenenn ero KopHeii Ay, = YIOBJIETBOPAIOT ypaB-

nennto (2) u, cienosaresbuo, cootromenuio (1). OueBn-
HO, no6ad JuHelHasd KOMOWHAIUI A{ M A Takxke
yaosaersopser (1), mosromy
n—1
1-+/5

n—1
0 1++/5 .
" 2 2
Ocrtaercs Tak Tof06paTh K03G(PHUIUEHTHI ¢; U Cy , YTOODI
¢y = ¢, =1. C a710il niesbio MosIoxkuM 1 =1 U n =2, Toraa

1+4/5 1-4/5
+(:2 y

2 2
OTKyJla ¢ = (1 +\/§)/2\/§ , €y = (\/3— 1)/2\/3. Oxonua-

TEJIbHO MOJIy4aeM

l=c¢+c ul=g¢

1 1+\/§n_1_\/§n

(pnzﬁ 2 2

ITO PaBEHCTBO HA3bIBAIOT @opmy.ou bune 1mo umenu
otkpbisiiero ee (1843) dpanitysckoro matemaruka JK. bu-
He, XOTs ellle paHblle oHa BeTpedanach (1728) y mseiinap-
ckoro matematuka /l.bepuysnm.




B ¢popmysie Bune mpucyTcTBYIOT iBa YnCTIa (1 +5 ) / 2=
=bdmn (1 — \/3)/2 =a\D, CBsI3aHHBIE ellle ¢ OJ{HUM 3aMeya-
TEJbHBIM MATEeMaTHYECKUM TOHSITHEM — 30I0MblM ceye-
nuem. OHO ompeJesisieTcsl KaKk JieJieHue OTpe3Ka Ha JiBe
HEpaBHBIE YaCTH, U3 KOTOPBIX OOJIbINAS X SIBJASETCS CPe-
Hell TPOTIOPIMOHATBbHON MEK/1y BCEM OTPE3KOM d U MeHb-
meit vactpio, T.¢. @ 1 x = & : (@ = x). U3 s10ii MpONOpIIN
HaxomuM x = a® ! = —a® . OrHOWEHIE 5Ke BCEro oTpes-
Ka K ero OoJibiieit yactu paBuo @. Takoe fesieHne oTpe3ka
00J1a/TaeT PSIZIOM WHTEPECHBIX CBOWCTB M 4aCTO MPUMEHS-
eTCs TIPY CO3/ITaHNH TTPON3BEIEHU T ICKYCCTBA U TPEIMETOB
6bITa M JOCTHKeHUs rapMonuu. Ilo 3Toit mpuvmne
BEJIMKUI XyI0KHUK U yYeHbIi artoxu Bosposxkaenus Jleo-
Hapao Aa Bunum HazBaJ ero «30J0TbIM cedenneMs . O6o-
3HaueHue oTHoIeHus 6yKBoil D B3STO B YeCThb APEBHETPe-
ueckoro ckyabnropa @uaus (V B. 110 H.5.), CHENUATBHO
MCII0JIb30BABIIETO €70 B CBOUX NMPOM3BEICHUSIX.

Beisesiem ¢ momotpio opmysibl bure ere 01HO CBOI-
cTBO unces Mubonauyu.

CoiicTBoO 3. [Ipedes ommowenus ¢, : ¢, nPU N — o
pasen uucay D.

JTo cBOiicTBO 06HAPYKWI ele B XVII Beke HeMenKuit
actpoHoM u Matematuk W.Kemsep. 3amumem ¢opmymy

Bune B Buze ¢, = (CD" - cB" )/\/3 . 3 nepasencts @ >1,

‘(D‘ <1 caeayer, 4To MCKOMbIH Hpesiesl paBeH Ipeeny
otnomrenns O™ D" = D .

Bepuemca k coornomenuio (1). Ilepenmimem ero B
o611eM BUAE U, = U, + U,_; JJId IPON3BOJILHOI IOCIe/10-

BatesbHocTH {u,}, Kakmas U3 KOTOPBIX ONpe/essiercs
CBOWMM TIEPBBIME JJIEMEHTAMU U, W U, . Bce OHM HAa3bIBA-
10TCs 0600wennviMu nociedosamenrvnocmanu Dubonau-
yy, Hamu paccMorpen ciaywail w =u, =1. Ilpusegem
apyrue npuMepsl: 1) npu wy; =1, u, = 2 HOJIyIUM mocIe-
JIOBATEJNLHOCTD YMCEN TpeTbeil cTpoku Tabmmipl (Yncao
BCEX Tap KPOJMKOB); 2) mpu ¥ = 2, u, = 1 npugeMm K
nocaegosareabnoctn 2, 1, 3, 4, 7, 11, 18, ... ; 3) npu
w =1, 4y = 3 NOJIYYUM TPEABIAYIIYIO MOCIEIOBATEb-
HOCTb, HAuMHasl CO BTOPOTO aJeMeHTa. Ee ueHbl HasbiBa-
orest wucaamu Jhoxa. OueBugno, GopmyJia o61Iero dieHa
JUIS KaXKIOHW M3 TaKUX I10C/IeJ0BATeIbHOCTEN MMeeT BHJ
u, = ®@" + ¢, D", rae €| U Cy OTPEIENSIOTCS 0 IBYM
MIEPBBIM 3JIEMEHTAM.

Yupaxuenne 3. IToxkaxure, yro a1 n-ro uuciaa Jloka L,

~n
BbINONHSOTCSE paBerctBa L, = D" + D u L, =@, + ¢, -

ITob3ysich pasenctsoM (1), MOkHO BBecTH uyncyaa Du-
60HAYUN C OTPUIATEJbHBIMH HWHIEKCAMU: @y = @y — @,
O =@ =@y, O_» =@y —@_y 1 T.A. Bpiuuem HeCKOJIb-
KO UX 3HAYeHMI:

-n | 0| -1]|-2|-3|-4|-5|-6|-7|-8]|-9(-10

o, | O 1| 123|358 |13|21]34]55

BuanmM, 9T0 BHOBH BO3HUKAET TTOCTIEOBATEIBHOCTD YHCEJT
DuboHAUYH, TOJDKO C YepeIyIOIMUMICS 3HAKAMMI.

Vupaxuenue 4. Jlokaxure paBeHCTBO @_, = (—1)71_1 0, -

Uucna DuboHAYYM YACTO BCTPEYAIOTCS B TPUPOJIE:
WHTEPECHO, UTO UMY BBIPAYKAIOTCS KOJIMUYECTBA CIIUPAJIEN,
M0 KOTOPBIM PACIOJIATAOTCS CEeMEYKH B TIOCOJHYXE,
IBETOYKHW B COIBETUSX POMAIIKH, YENIYHKH B €JOBBIX
MUImKax u Ap. I[IpUMeHsIOTCS OHU U B NMPAKTUYECKOI
JleSITETbHOCTU, HAPUMEpP MPU MaIIUHHON COPTUPOBKE U
ob6paborke nHdopmaiuu. Mcmonbsytores yuncaa Ddubo-
HAUYM ¥ B MaTeMaTUKe MPU T€HePUPOBAHUH CJIYYANTHBIX
YIceJs, IPU HAXOXK/JIEHUN IKCTPEMyMOB (DYHKIIUI, TPOU3-
BOZIHbIE KOTOPBIX HeusBecTHRI. B 1891 roay J.Jloka ¢ ux
HOMOIIBIO Hammen 12-e copepurennoe uncao (4uc/io, pas-
HOE CyMMe BCEeX CBOMX COOCTBEHHBIX JesuTenieil). 3ame-
THM, YTO 3TO TOCJIe[IHEE COBEPIIEHHOE YUCJI0, HalileHHOe
6e3 ucnoJib3oBanust IBM.

Ho camoe 3ameuaTebHOe ipusiozkenne yrncia uboHay-
yyn Han B XX Beke. C UX MOMOINIBIO COBETCKUI MaTeMa-
ik [0.B.Matuscesuu pemun (1970) pecaryio npobaemy
I'map6GepTa. 3mech HAZI0 CKAa3aTh HECKOJIBKO CJIOB O 3HAME-
HUTOM [IOKJIaJie Hemellkoro Martematuka Jl.ImiabGepra,
CIeJJAaHHOM WM Ha BTOpoM MeXIyHapoaHOM KOHTpecce
MaTeMaTukoB, coctosgBiieMcs B 1900 roxy B Ilapmke. B
3TOM JIOKJIajJie OH OOPUCOBAJ COCTOSTHME MAaTeMATHKU Ha
py6eske BEKOB U IMOCTaBUJ 23 TPOOGJIEMBI, paspelieHue
KOTOPBIX >KeJATeJbHO OBLIO GBI TIOJYYUTh B HOBOM BEKE.
Cpenu Hux ObLIM W JpEBHHME 3aJla4l, U COBEPIIEHHO
HOBDBIE, KOTOpbIE TOSBUJINCH B Pe3yJbTare MOCIETHUX
MCCJIeTOBAaHWH yUEHBIX, B TOM YHCJEe 1 caMoro [ man6epra.
[Tpo6JieMbl 0Ka3aauCh CTOJb AKTYAJbHBIME, YTO MPAKTH-
YecKHU Bcs MaTeMaThKa X X BeKa pa3BUBAJIACh TIO]T 3HAKOM
pelneHns 3a1ad, mocTaBjaeHHbIxX [nab6eproM. Ilox HoMe-
POM JlecsITh B I0KJIajie 6bl1a copMyInpoBaHa mpobaeMa
Pa3pEemnMOCTH aJre6PanvecKoro YpaBHEHUSI C IIeJbIMU
K03 dUIMEHTAMH BO MHOXKECTBE TIeJIbIX vyuces. cmomn-
3ys geauMocth yncest GuboHauyn, MaTusaceBUY 10Ka3am,
YTO HE CYIIECTBYET aJTrOPUTMA, IO3BOJISIONIETO OIpe/e-
JIUTb, Pa3peliuMo JH TaKOe ypaBHEHUWE BO MHOXKECTBE
1IEJIBIX YHUCEJ.

YupakneHus

5. Jlokaxkute ciexyiomine cBoiictBa unces MuGoHavyn:

a) Q@+ Q=@ -1

0) O+ Q3+...+ Qg y =y

B) @)+ Q4+t Py =Py — 1

D SRR AL RONE

m Gy — (Pi = 0p20,-1;

e) 0, @p — 02 = (—1)" (pesymvrar [ix.Kaccmim, 1680);

n-1,

5 @ = @0 — Py = (<1)"7
3) QF + Q5 +...+ Q) = ((P3n+2 + (‘1)n_1 60, + 5)/10~
6. Joxaskute popmyry

Crim = OnPrt + @1 Py
" TIOJIyUnTeE U3 HEe cjeAyronine paBeHCTBa:

a) (me - w?H =0y
6) @+ Py = Py
B) Qpay + O — Oy = O3,

F) HOI—I ((pm, (pn) = (pHO[[(m,n) :

7. JlokaxkuTe, 4TO HE CYIIECTBYET TPEYTOJbHUKA, [IJIHBI CTOPOH
KOTOPOTO BBIPAJKAIOTCS PA3JINYHBIMU vucgamMu DuboHaAuYN.



N3 UCTOPUU HAYRKHU

YHMBepcuTeTbl Tannn

A.BACUJIBEB

HUBEPCUTET BOJIOHBU, OCHOBAHHBI B 1088

roJly, cuuTaercs crapeiiuM ynusepcureTroM EBpo-

mel. VIMEeHHO TOT/Ia TIpeTo/laBanue I0pUCIPY ICHITIH
B Bosonbe Hauasm OCHOBOMOJIOKHUK INKOJBI TJIOCCATO-
poB ! Wpnuepnii. B 1158 roxy wmmeparop CBasIieHHOM
Pmvckoit ummepun @puapux [ bap6apocca Boigan boowu-
CKOMY yHUeepcumemy XapTUIO, COTJACHO KOTOPOH CTy-
JIeHThbI 1 podeccopa HaXOANUJIUCH TOJ] €r0 TOKPOBUTEIb-
CTBOM KaK B CAaMOM YHUBEPCHUTETE, TaK U Ha MYTH K HEMY.
ITOT JOKYMEHT, padyMeeTcsl, UMeJ BakKHOe 3HaYeHUE B
cpenHeBeKoBoi EBporne, Ha 1oporax KoTopoil B Te BpeMeHa
BCTPEYAJUCh HE TOJBKO MCKATEJN BEYHBIX MCTHUH.

Bravase cTyZIeHTBI ITKOJIBI TI0CCATOPOB 00PA30BBIBAIN
KOPIOPAIUHU 10 HAIMOHATHHOMY NMPU3HAKY, OMUPAsCh Ha
OOIIHOCTb PA3TOBOPHOTO SI3bIKA. 3aTEM, B CHJIy TIPeroa-
BaHWS Ha OOTIeH [ BCeX JaThIHU, OHU CTAJN OCO3HABATD
CBOTO OOTTHOCTD — YHWBEPCAJBHOCTb, OTKyAa W IOTLIO
Ha3BaHUe BbIcITel mKkoJbl. B bosorckom yauBepcurete —
Alma Mater Studiorum — 6bLT1 327T10KEHBI OCHOBBI CAMO-
ynpasJieHus By308. CTyZIeHTbI caMUi HaHUMaJIU ITpodecco-
pOB 1 u3bupasn pekropa. [leHbru Ha OIIATy MperoaaBa-
Tesei Takke cobupasu co cryneHToB. IIpodeccopa, cob-
CTBEHHO, He BJUAJN HA IIPOIece IIpUeMa U BblIayy AUILIO-
MoB. IIpueM B yHUBepCUTET IIPOBOJNJIN JIyUIIUe CTY/eH-
TBI. JIeKIUN e TUIICh Ha 06s13aTebHbIe U HeoOsS3aTe b-
Hple. TopKo Ha crapmmx Kypcax, MOJydas CTeleHb
JIUTICHIINATA, KAaHIUAAT 06513aH ObLT CIATh 9K3aMeH TTPEIo-
JlaBaTeJsIio, a MoJIy4asi CTeNeHb JOKTOPa, — MPONUTH Ty 6.JTimd-
HBII 9K3aMeH B MPHUCYTCTBUU ITPUEMHON KOMHUCCHH, T.€.
KoHBeHTa. lloHONpaBue CTymeHTOB, BIpoYeM, 06EpHY-
JIOCh CHUIKEHMEM KauecTBa o6pa3oBaHus, Tak uto B 1219
rolly Tama PUMCKHIl TPeANHcas, YToObl HUKTO HE MOT
MOJIYYUTD JOKTOPCKOTO 3BaHUs 6€3 COTJIachs apXUEIUCKO-
na Bosionckoro. Bekope 1ocsie 3Toro yHuBepcuTeT BHOBD
CTaJ JIyYIIUM Y4eOHBIM 3aBEIEHNEM, & €T0 BBbITYCKHUKU
NPU3HABAJIICH 06J1aJaTeJISIMU BBICIIIETO YYEHOTO 3BAHUS B
Nranmmmn.

Bosnukimuit kak opuanieckoe yue6Hoe 3aBefieHne, bo-
JoHcKuil yHuBepcuTeT B XIV Beke OTKPBLI (DaKyIbTETHI
dunocobun, MeaunuHLI U TeogoTUN. K TPagUITMOHHBIM
npeaMeTaM — IOPUCTIPYAEHITNT, PUTOPUKE M TPAaMMATHKE —
nobasuinch punocodus, MaTeMatuka, GU3NKa, METUIHI-
Ha ¥ IpyTHe HayKu. 3aMeTuM, 4To 1Mo o6pasy u nogo6uio
Bononckoro yauBepcutera 6u11u 06pa3oBaHbl YHUBEPCHU-
tetol [Tagyu, Mogenni, IIuser u Heamons, a Taxske
Cop6onnbsl nu Kem6pumka. VsHauaapHo YHUBEPCUTET TO-
YTH HE 3aBUCEJI OT 1IEPKBU U TOPOJCKUX BJIacTell, OHAKO
CO BpeMeHeM YCTaHOBMJICA NOPSAIOK, COTJIACHO KOTOPOMY
JKAJOBAaHBE MPETOABATESIM BBITIJIAYMBAIOCH TOPOJICKH-

1 Tnoccwt, nepeonaualbino 3amemKu ME}IC()]/ cmpouKamu, cmdaiu
aamem 3amemxkamu Hd NoasX.

MU BJACTIMU. B jajbHeifieM yHUBepcuTeT Bce GoJiee
TEPsJI aBTOHOMHUIO W TIOTAAN IO/l BAUSHIE KaTOJUYEC-
KO TepKBU.

B xonme XV Beka nug msyuenns npasa B bosonckuii
yHuBepcuter npuexan Hwuxonait Komepuuk. CrymeHTb
TOT/Ia €lle TTOAPA3/IeISINCD TT0 3eMJsdecTBaM, u Kormep-
HUK 3anucanucs B «I'epmanckyio Hammos. Hapany ¢ usy-
YeHMeM IIpaBa OH 3aHUMAJICS aCTPOHOMUEH MO/ PYKOBOJI-
cTBoM GoJsioHCKoTO Tpodeccopa lomenmko Mapust nn
Hogapa. Ilo or3piBaM cOoBpeMeHHUKOB, Tpodeccop ObLT
<...My’KeM, 0JJapeHHBIM 60KEeCTBEHHBIM PA3yMOM, YeJIOBe-
KOM CO CBOGOIHBIM YMOM 1 [yXOM, TTO6YKAABITHM JPYTUX
K Tpeo0Pa30BAHUI0 ACTPOHOMUH CJIOBAMU U TIPUMEPOM».
[Tpodeccop He cunTas MTOJIEMEEBCKOE yUeHUE HEe3bIOIe-
MBIM W HETPUKOCHOBEHHBIM, OH COYMHUJ CBOIO TEOPHIO
nBrsKeHus JIyHbI, 3aCTyKUBITYIO BIOCJIEICTBAN TIOXBAJIBI
co ctoponbt Kemsiepa. Bmecte ¢ Komepaukom oan 3aHnMa-
JINCH ACTPOHOMWYECKUMHU HAOJIIOEHUSMA U, B YACTHOCTH,
Habumioann 3arMenne JIyHoii 3Be3/bl epBOii BEIMUUHBI O
Tenbiia Anpaebapana.

N3 nppyrux 6osoHCKHX TIPOGECCOPOB TOTO BPEMEHU
3achayskuBaloT ynomuHanus Ciunuon zgesab Deppo, 3ame-
YyaTeJbHbBIN MaTeMaTHK, OTKPBIBIINI pellleHue ypaBHeHU
TpeTbell crernenu, W AHTOHUN Y pIlleld, TPero/aBaBIIii
IrpaMMaTUKy, PUTOPUKY, TO3THKY W TPEYECKUH SI3BIK.
[Tocreqaemy ob6yunics n KomepHuk, Tak 94TO MOT YUTATh
[lnaToHa  APYTrUX aBTOPOB B MOAJIUHHUKE.

B pasnbie Tonpl B BooHcKkOM yHUBEpcHuTETE 06yYagnCch
[lante Amurbepu, Dpanrdecko Ilerpapka, Ipasm Porrep-
namckuit, TopkBaro Tacco, Kapso Tosbgonu, Anb6pext
Hopep.

C BoJyioHCKUM YHUBEPCUTETOM CBSI3AHO TaKKe MMs 3Ha-
MeHuTOro acrponoma /[>koBanuu [lomenuko Kaccunu. B
HayvaJie CBoeil Kapbepbl OH pa6oTai B 06cepBATOPUU Map-
ku3a ManbBasua 67u3 DBoJsionbn, a 3aTeM B TeueHue
JIOJITOTO BpeMeHU 6bLI TPOdeccopOM MaTeMATHKY 1 ACTPO-
nomuu B Bosonckom ynusepcurere. B 1669 rony Kaccunu
nepeexas B0 MPaHINIO, T/ie PYKOBOIUI CTPOUTEIbCTBOM
[Tapu:xckoit 06cepBaTOpPUH, KOTOPYIO BO3TJIABJISLT 10 KOH-
11a Ku3HU. KaccuHM BBITIOJHU MHOTOYNCJICHHBIE TTO3UTTH-
ounble Ha60IeHnst COJTHITA ¢ MEepU/IHAaHHBIM HHCTPYMEH-
TOM W Ha OCHOBAaHUU 3TUX HAOGJIOJEHUN COCTABUJ HOBBIE
cosiHeynble Tabauibl. OH cO3/1aJ IEPBYIO TOYHYIO TEOPHIO
aTMocdepHoii pedpakiuu, Haua HaGJII0[eHIS TIOBEPXHO-
CTH TIJIAHET C TIOMOIIBIO GOJIBIINX TEJTECKONOB C BBICOKOKA-
YeCTBEHHOI OTITUKOIT, COCTABUJI TAGIHUIIBI ABHKEHUS CITYT-
nukoB IOnuTepa, KOTOpble MHUPOKO UCIIOIb30BAINUCDH ACT-
ponoMamu 1 MoperiaBaresaMu. [lonb3ysch atumu Tabum-
namu, Ome Pémep B 1675 romy n3Mepus CKOPOCTh CBETA.
B 1675 rony Kaccuam o6Hapyskui, uto KoJabito CarypHa
COCTOHUT W3 [IBYX YacTel, pa3feJeHHBbIX TeMHOU MOJO0COH
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(nenenne Kaccunn), 1 IpeANIONOsKILT, YTO KasK0€ KOJIBIIO
CcOCTOUT 13 OGOJIBIIOTO KOJIUYECTBA HeOOJBIINX YaCTHIL.
CosmectHo ¢ Pume u Ilukapom Kaccuum mnpuaMMan
ydactue B HabJoeHussX Mapca Bo BpeMsi TPOTUBOCTOSI-
Hust 1672 roga, B pe3yabrate 4ero GbLI0 MOJTyYeHO TePBOe
IIpueMJIeMOE 3HaYeHNe COTHeYHoro napaatakca (9,57 ). B
ucropuio Hayku KaccuHu Boles He TOJBKO KaK BBIAAIO-
muiics TpeAcTaBUTe b HabII0JaTeIbHON AaCTPOHOMUM, HO
u 6y1aroiapst CBOeMY yAUBUTENbHOMY KOoHcepBaTu3my. OH
OBLT IPOTUBHUKOM TEOPUH BCEMUPHOTO TSTOTEHHS, C CO-
MHEHHeM OTHOCWJICS K Mojenun KomepHuka, mpemiaras
3aMEHUTD AJLTUTICH KeTiepa KpUBBIMU Y€TBEPTOTO TTOPSI-
ka (oBanmamu Kaccumm) m, HakoHer, cumras, 4To Pémep
HETPAaBUJIBHO 0O BICHSIET HAGM0aeMyT0 HEPAaBHOMEPHOCTD
JIBIDKEHUS cIyTHUKOB IOmmTepa KOHEUHOCTBIO CKOPOCTH
CBeTAa.

Oxonunn BosioHCKMIT yHUBEPCUTET U MPETOAaBAJ Me-
JIUIIUTHY B HEM OCHOBOTIOJIOKHHUK 3JEKTPO(PU3NOIOTHH
Jlynmxu TanpBanu. Ou 6bli1 yBOJIEH M3 YHUBEPCUTETA
He3a/I0JITO 10 CBOEil KOHYMHBI U3-32 TOTO, YTO OTKA3aJICs
npunectu npucsary lluzampnuHckoil pecrmy6imke, o6pa-
3oBanHoil B 1797 romy Hamosieonom bonamaprom nHa
tepputopun llentpanpuoit u Cesepuoit Uramuu. Ilep-
Bble paGoTel [anbpBaHu OBLIM TOCBSIIEHBI CPABHUTEb-
Hoit anatomuu. B 1771 rogy on navas OIBITHL IO U3yde-
HUIO MBIIIEYHOTO COKPAIIEHUS W BCKOpPE OTKPBLI (heHo-
MEH COKpANIEHUsT MBI MPETapupPOBAHHON JIATYIIIKA 1O/
JIECTBUEM 3JIEKTPUUYECKOTO TOKA. B CBOMX 3KCIepuMeH-
tax [asbBaHM OOGHAPYKUJ, UTO MBIIIBI COKPANIAIOTCS U
B OTCYTCTBUE BHEITHETO WCTOYHWKA TOKA, TPH MPOCTOM
HAJOKEHUN HA HUX JBYX Pa3HBIX METAJJIOB, COEIUHEH-
HBIX TPOBOAHUKOM. [anbBaHu OGDBSCHUI 3TO SIBJEHHE
CYIIECTBOBAHNEM <«KUBOTHOTO 3JIEKTPHYECTBAy», 6Jaro-
Japsi KOTOPOMY MBIIIIIBI 3apsKAIOTCS MOJO06HO JefiieHc-
Kol 6anke. Pe3ysbraTbl cBOMX HAGJIOJEHUN U TEOPUIO
JKUBOTHOTO ajieKkTpuuectBa [ambBanm mamoxua B 1791
rogy B pa6ore «TpakraT o cujiax 3JeKTPUYECTBA TIPU
MBINIIEYHOM [IBMKeHUU». [IpaBusibHOE OOBSICHEHWE €ro
ombITaM nan Ajeccangpo BosabTa, uTo B maJbHEHIIEM
CTI0CcOOCTBOBAJIO N300PETEHIIO HOBOTO NCTOYHUKA TOKA —
raJbBAaHUYECKOTO 3TEMEHTA.

JlpyruM npejicTaBUTEIEM KJIACCHYECKUX YHUBEPCUTETOB
Wranmu sBnsercs [lusanckutl ynusepcumem, OCHOBAH-
ubIil B 1334 roay agukrom manst Knumenta VI. znavasn-
HO B HeM 6bLTH (DaKyIbTETHI TEOJIOTUH, IOPUCTIPYIEHIINU U
MeJUIIMHBI, OJHAKO CJIaBy €My IIPUHECJH, TIPEXKJIe BCETO,
Besmmkue ¢pusukn — lammmneo Tasuneit u Iupuro Depmu.
KaskroMmy n3 HUX NOCBsIIIEHa OTAebHAS cTaThs B « KBaH-
te» (cM., cooTBeTcTBeHHO, <« KBanT» No4 3a 2003 r. m Ne4
3a 2000 1.), 316Ch Ke Gymer pacckaszaHo eme 06 OJHOM
BesimkoM nutomite 11u3pl — HoGesieBckoM maypeate KapJio
Py66ua. On o6yvascs B Boiciieit HOpMaIbHOI TIKOJIE TPU
[InzarckoM yHUBepcHTeTe U 3/1ech ke B 1958 roxy sammu-
TUJT JUCCEPTAINIO, TTOCBSANIECHHYIO 3KCIIEPUMEHTATBHOMY
UCCJIeIOBAHUIO0 KOCMIYECKUX JIyUeil 1 pa3paboTke mpubo-
POB JLJIST IETEKTUPOBAHUS dJIEMEHTAPHBIX YACTHII, 06Pa3y-
IOIUXCS B YCKOPUTEJSX TIPU CTOJKHOBEHHSX APYTUX
YaCTUI[, PA30THAHHBIX /[0 BBICOKUX JHEPIHIl.

[na mosicuenus cytu caenanubix Kapio Py66ma copme-
ctHo ¢ CuMoHOM BaH ep MepoM OTKDBITUI HAOMHHUM

OCHOBHBIE CBEJICHUS O YETBIPEX CYIIECTBYIOMNX B TPUPOJIE
(byHmaMeHTaNbHBIX B3aUMOEHCTBUSX. ['paBUTAIIMOHHOE
B3aWMO/ICHICTBUE OTBETCTBEHHO 32 TPUTSIKCHUE MEXKIY
MacCaMu, 3JIEKTPOMATHUTHOE OTIPE/Ie/ISIeT B3auMOIeiCTBIE
AJIEKTPUYECKU 3aPSIKEHHBIX M / UJIN MATHUTHBIX T€JI, CUJTh-
HOE B3aMMOJIeHCTBUE HE TIO3BOJISIET PACHacTbCs SAPY, a
cia6oe 06yCIaBIMBAET PACIa/]] HEKOTOPBIX HECTAGUIBHBIX
atomMoB. Cuntaercs, 4To PyHAAMEHTAJbHbIE B3aUMO/IeN-
CTBHSI OCYIIECTBJISAIOTCS TIyTeM 0OMeHa YaCcTHIIAME — KBaH-
TaMU CHJIOBBIX TI0JIeli. Tak, KBAHTOM 2JIEKTPOMArHUTHOTO
U3JIydeHus sBJsgeTcss GOTOH, U CBET, TEM CAMBIM, TIPE-
cTaBJsieT co60i MOTOK AUCKPETHBIX YacTHIl. Teopust oTHO-
CUTEJbHOCTH JUWHIITEHHA UCIOJb3yeT TIPWHITNI 9KBUBA-
JIEHTHOCTH MacChl W 3Heprum, obecreunBas (yHIAMEHT
[ aHAJIN3a B3aUMO/IEICTBUN YaCTHIT C KOHEYHON MacCcoi
1 «6e3MaccoBOTOY» UBIYICHUS.

B 1935 rogy Xumsku IOkaBa mpejckasal, 4To CUIbHOE
B3aMMO/IEHICTBYE BHYTPH SAPA OCYIIECTBJSETCS MOJSIMH,
KBaHT KOTOPBIX 00JIa/1aeT MAacCoil, M OLEHUJ 3Ty Maccy.
[Ipenckazannas FOkaBoit yacTuiia 6bi1a o6HApy:KeHA B
1947 roy B CTOTKHOBEHUSIX BBICOKOIHEPTUYHBIX KOCMU-
YeCKUX JIY4ell ¢ SApoM. DTy YaCTHUIy HA3BATH MU-ME30-
HOM, a ee Macca okKaszaJach nmpuMepHo B 200 pa3 6oJibire
Macchl asiekTpoHa. IlosaHee, yke B 1a60paTOPHBIX yCJIO-
BHUSX C WCIOJb30BAaHWEM MOIIHLIX YCKOPHUTEJeH, ObLIO
OTKPBITO MHOKECTBO JIPYTUX ME30HOB U CyOAaTOMHBIX
YACTHII.

B 1960 rogy Ilenmon I'ssmoy mpeasioXua eaunHyio
TEOPUIO HJTEKTPOMATHUTHOTO U CJa6OTO B3aMMOJENCTBUI
(311eKTPOCTIa60TO B3aUMOEHCTBYS), KOTOPasl MIPEIIoIa-
rajia HaJu4yye TPeX paHee He HAGTIOJABIINXCS YACTUI[ —
110JI0KUTEIbHOTO Go3oHa W', OTpHIaTelbHOro 6030Ha
W™, HeiiTpajgpHoro 6030Ha 7°. Bceaen 3a stum Ctusen
Baitn6epr u A6ayc CanaM He3aBHCHUMO JApYT OT Jpyra
[IpeICKa3asIi, 9To 6030HbI [ 19110y 1OKHBI UMETH Maccy,
Ha MTOPSIIOK 6GJIBIIYI0 MACChI TPOTOHA /I HeliTpoHa. 13-
3a 6OJIBITON MacChl ATUX O030HOB [IJIT UX POKIEHUS TTPH
CTOJIKHOBEHUSX HEOOXOMMbI HEOOBIYANTHO BBICOKHUE SHEP-
TUH CTAJKUBAIONINXCS YACTHII.

B 1969 rogy Py66ma 3assics momckoM O030HOB B
DepMueBCKO HAITMOHATBHON YCKOPUTETHHON J1abopaTo-
pun (CIITA). Yepes HECKOJIBKO JIET €10 IPYIIIa AOJ0KIIA
0 CYIIeCTBOBAHWU HENUTPAJBHBIX TOKOB, OXKHIABIIUXCS
KakK cJecTBHe o6MeHa Z° yactuiiamu. Pacrosaras aTuMu
JnaHHbIME, Py661a npeIpuHsI HOBbIe YCUJIMS 1JIsT OOHA-
pysKeHus 3apsikeHHbIX W' n W~ 6030HOB. [lsis1 IpoBe-
JIEHUs TAKOTO dKCIEPUMeHTa MOTpe6oBasach IeperesKa
uMesIerocsi B EBporeiickoM 1eHTpe siepHbIX NCCae0Ba-
auit (ITEPH) yckopuTenass B CBEPXMOIHBIA MPOTOHHBINA
CUHXPOTPOH. JTO HEOOXOIUMO JIJIsT Pa3roHa JI0 CBEPXBbI-
COKUX 9HEPTUH MYYKOB TPOTOHOB M AaHTUITPOTOHOB, IIUPKY-
JIUPYIONTNX TIO0 OJHOMY M TOMY K€ KOJIBI[Y BO BCTPEUHBIX
HarnpaBjeHusaX. CTOJKHOBEHNE MaTepuu W aHTHMAaTEPUH
TMPUBOAUT K AHHWUTUJIANNUA OGEUX MacC C BbIJeJeHUuEM
sHepruu. BaKHeWIUM TYHKTOM peau3ali 3aMbICJa
6bL1a pazpaboTKa [IeTeKTopa s o6HApPY KeHUsT YacTHIl,
POKIAIONINXCS TPU CTOJNKHOBeHUSIX . Paborast B TpyIie u3
6oJiee ueM 100 yesnoBek, Py66ua u ero KoJLieru mocTpouIn

(lTpogomxeHune cm. Ha ¢. 18)
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3AMAYHUK

3aga4yu

«KBAHTA>

Jror paszaen Begercs y Hac U3 HOMepa B HOMEP ¢ MOMEHTa OCHOBaHus XXypHana. llybnukyembrle B
HeM 3a4a41 HeCTaHAapTHbI, HO [UTS1 X PeLLEHUS He TPebyeTcs SHaHNV, BbIXOASLUNX 3a PAMKU LLUKOJIbHOM
nporpammsl. Hanbonee TpyaHble 3a4a4u oTMeYaroTcs 38e3404Kkou. locre gpopmynupoBku 3agayn Mbl
006bI14HO yKa3bIBAeM, KTO HaM ee rpeasIoxus. Pasymeercs, He Bce 3Tu 3aAayu rybrmKyroTcs Briepssle.

Pelierns1 3aga4 U3 3Toro Homepa ceayer oTnpas/iaTe He rnosgHee 1 uoHa 2005 roga ro agpecy:
119296 MockBa, JleHNHCKuY rpocriekT, 64-A, «KBaHT». PeLueHus 3a4a4 13 pa3HbIX HOMEPOB XKYPHA/A NN
110 pasHeIM ripegmMmeTam (MaremMaTvke v QpU3nKe) MPUCbINIanTe B pa3HbiX KOHBEpPTax. Ha koHBepre B rpaghe
«Komy» Hanuwmre: «3anayHnk «KeaHta» Ne2-2005» n Homepa 3aaa4y, peLlieHuns KoTopbix Bbl noceinaere,
Haripumep «M1946» i «@P1953». B rpagpe «OT KOro» gpamumsivito v UMS MpPOCUM rmucate pa3bopyuso. B
MUCbMO BJIOXNTE KOHBEPT C HAMUCAHHBLIM Ha HeM Balumm agpecom v HeobxoaumMbivi Habop Mapok (B 3Tom
KOHBepTe Bbl rosyqure pe3ysibTartbl rPOBEPKU PELLIEHM).

YcanoBus kaxkgovi opurnHanbHoVi 3aAayu, npegnaraeMou 4s nyonvkauny, rnpucsiaiTe B oT4eslb-
HOM KOHBepTe B AByX 3K3eMIIpax BMecTe ¢ Balmm peleHmnem 31ov 3a4a4m (Ha KOHBEPTe omMeTsTe:
«3agayHuk «KBaHTa», HoBasi 3aga4a o gusuke» nim «3agadyHnk «KBaHra», Hosasi 3a4a4a 1o Mmarema-
THKEe»).

B Hayane Kaxxgoro ruceMa rpocumM yKasblBaTbe HOMEP LLUKOJIbI U KJ1acc, B KOTOPOM Bbi y4urecs.

DN3NKE

3apaun M1946-M1950, ©1953-P1957

M1946. Ilycto ABC — paBHOOeIpPEHHDBIN TPEYTOJIBHUK
(AC =CB), AH u CL — BbICOTBI, ] — EHTP BIIUCAHHOTO
kpyra. [lokaxwure, uro mpoeknus CH cropoust AC Ha
cropony BC pasna ctopone AB B TouHoctu ecii IH || AB.

A.Hoasnckuil (yuenux 10 x.a.)

M1947. Ksazpar HaTypaIbHOTO YKCJIa OKAHYNBAETCS Ha 3
OJIMHAKOBBIE HEHYIeBbIe UM PHI. JloKaxXnuTe, YTO IpeIIe-
CTByTOIas UM 1udpa HeYeTHA.

B.Cendepos

M1948. Oxpy:xnoctu Sy, S,,S; IonapHO KacaloTcs Apyr
Japyra BHemHNM o6pazoM. OkpyxHoctn S; u S, UMeT
O/IMHAKOBbIE PAINyChl M KacaoTcs B Touke B. OKpykHO-
ctu Sy m S3 kacarorca B Touke A. OKpyskHOCTD S,
kacaercss S3 B Touke C. llpsmas AB BTOpWYHO mepece-
kaer S, B Touke D. Ilpsamas DC BTOPUYHO TepeceKaeT
S; B Ttouke F. Ilpsamas FA nepecekaer Bropuuno S; B
touke N. [Ipamas AC BTopuuHO nepecekaer S, B TOYKe
L. Jlokaxkure, 4TO deThbIpexyroibHUK DNAL sBasiercs
poMOOM.

H.Pydaxoe

M1949. Ha xoopanHaTHOM MIOCKOCTH PACIOJIOKEH TTpa-
BUJIbHBII MHOTOYTOIbHUK M ¢ entpom (0, 0) u ogHoii u3
sepmuH (1, 0).
a) Hycrs {oy,...,0,} — MHOXeCTBO mpoekuuii BepuinH
MHoroyrobHuKa M #Ha och Ox. [lokaskuTe, 4YTO CYIIECTBY-
€T MHOTOUJIEH A-il CTEeNeHn ¢ 1eJbIMu Koadduimentamu,
KOPHSIMU KOTOPOTO SIBJISTIOTCS YHCJIA O, ..., 0, .
6) Ilycts {By,...,B, } — MHOXeCTBO mpoeKIWil Bepimni
MHoroyrobHuKa M #Ha ock Oy. [lokaskuTe, 4TO CYIIECTBY-
€T MHOTOUJIEH M-I CTETIeHN C 1eJbIMU KO3 UuImenTamMu,
KOPHIME KOTOPOTO SIBJISTIOTCS yucaa Py,...,H,, -
H./lopoghees

M1950. IIpaBuabHBII BOCBMUYTOJBHUK JIETKO Pa3pe3aThb
Ha napaJjienorpaMmbl. /lokaxuTe, 4To MPaBUJIbHBIN BOCD-
MUYTOJBHUK HEJb3s pa3pe3aTb Ha TapaJijiesorpaMMbl
PaBHOH TJIOIAIMN.

B.IIpoussonoe

®1953. Ilyaa BbLIETaeT U3 CTBOJIA C YPOBHS 3€MJHU CO
ckopocTbio 50 M/ Cc U «BTBIKAeTCSI» B 3€MJIIO, 3aKOHYUB
cBoil moser. Ha KakoM MaKCHMaJbHOM DPACCTOSTHUM OT
TOYKHU BBICTpeJia OHa MOTJIa OKa3aTbhCs 4epe3 3 ¢ rmocJie
BBICTpesia? 3eMJd B TeX MeCTax IJIOCKasi, COMPOTHBJIEHH-
€M BO3/lyXa MOKHO MpeHeOpeyb.

A.IlIpocmos

®1954. Bepxuuii 610K ¢ 3aKpeIJIEHHOH OChIO CKJIEEH U3
JBYX JIUCKOB, OJWH M3 KOTOPBIX MMeET BIBOE GOJbIINIT
auamerp, deM apyroit (puc.1). Jlerkas HepacTsKuMast
HUTb HAMOTaHa Ha IUCKY ¥ OXBATbIBAET
TaK)Ke HIKHUN GJIOK, TIpuYeM HUKHUHT
6JIOK UMeeT TaKoW AMaMeTp, YTO CBO-
60/IHBIE KyCKW HUTY BepTUKAJIbHbI. Haii-
JIUTe YCKOpPeHus rpy3oB. Bioku cum-
TaTh JIETKUMU.

A.baoxos

®1955. B Bakyyme HaxosTCs 1Ba Mac- ™ []
CUBHbBIX OJMHAKOBBIX TEJa, WX TEMIIe-
parypsl BHavasne paBHbl T u 3T. Ecan
MIPUBECTH TEJIA B COITPUKOCHOBEHUE, TO
[P BBIPABHUBAHUHU TEMIIEPATYP OT TO-
pSYero Tesa K XOJIOJHOMY Teperevyer
KOJIN4eCTBO Tell1oThl Q. Kakylo makcu-
MaJIbHYI0 paboTy MOKHO OBLIO ObI TIO-
JIYYUTD, UCIIOJIb3Ysl ATU TeJIa U TETLIO0-
Bylo MammumHuy? /Ipyrux tes B HamieMm
PACTIOPSI’KEHUU HET.

P.ITosmopos
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®1956. Tpu 6OJIbH_H/I€ napaJjsiesbHble TIIACTUHBI T1JI0TA-
b0 S =2 M kaxkaas pacmoJioKeHbl B BaKyyMe Ha
OJIMHAKOBBIX MAJBIX paccTosHusIX d = 1 MM IpyT OT Ipyra.
3apsan cpenneir muactuabl Q = 1 MrKa, sapsapl aByX
apyrux Q u —2Q. Mex 1y KpailHUMU ILJJACTUHAMU BKJIIO-
4aioT pe3uctop conporuBieaneM Ry = 30 kOM , ogHOBpE-
MEHHO C HUM ellle OJINH PEe3UCTOP COMPOTUBJIEHUEM
R, =20 kOM BKJIOYAIOT MEXIY CpPelHEel IJIacTUHOU U
mJIacTuHOM ¢ 3apsioM —2Q. Kakoe KOJMYeCTBO TETIOTHI
BBIJIEJIUTCST TIPU 3TOM B TIEPBOM PE3UCTOPE?
A.3unvbepman

®1957. llenp u3 KaTymIKu WHAYKTUBHOCTBIO L M KOH/IEH-
catopa eMKocTbio C HCIOJb3YIOT B KadecTBe (UIbTPA

I HU3KKUX yacTot (puc.2).
[Ipu yBesnmuenum yac-
TOTBI FeHepaTopa HaYH-
Hasi ¢ HEKOTOPOI 4acTo-
TBI HANIPSKEHNE Ha Ha-
IpPy3Ke yMEHBIAeTCs U
TIpU aJbHEHIeM yBe-
JMYEHNN YacTOThI CTa-
HOBUTCSI COBCEM MAJIBIM.
[Tpm KakoM CONMPOTUBJIEHUN HArPy3KW R HampsiKeHue ¢
yBeJUYEHUEM YaCTOThI TeHepaTopa 6yeT MEHSIThCS MOHO-
tonno? (Ecim B3saTh R pocratodno Gosbmmm, To Gyaer
SIBHO BBIPAKEH PE30HAHC — IPU IPUOJIUKEHIH K COOCTBEH-
Hoii wactore L C-KOHTypa HamnpspKeHWe Harpys3ku OyJer
PE3KO0 BO3pacTaTh, M TOJBKO MOTOM — Ha elfe OOJIbIINX
4acToTaxX — OYeT YMEHBIIATHC).

© = |k

Puc. 2

3.Paghaunos

PeweHunsa 3apay M1921-M1930,
®1938-D1942

M1921. Ha wnauboavweti cmopone AB mpeyzonvnuxa
ABC 63aau mouxu M u N maxue, umo BC=BM u CA =
=AN, a na cmoponax CA
u BC — moukxu P u Q
maxue, umo PM napan-
zenen BC u QN napan-
nenen CA (puc.1). oxa-

- q skume, umo QC = CP.
I""-. = fi “ Q

i
Py
-

Cpasy oO6HapyKuBaem,
yto LMPC = ZCON . B
ZACB, vo 1 ZCQON =

Puc. 1

camoM jnene, £LMPC =180° -

=180° - LZACB.

Y6ennmcs ternepb, uto M C sBAseTCS GUCCEKTPUCON yTJIa

PMB. [lefictBuTenbHO, ¢ OgHOW cToponbl, ZLPMC =

=/ZBCM , a c¢ apyroit, £LBCM = ZBMC, u6o Tpey-

roapHUK BCM paBHOOEIpEHHDBIN. AHATOTUYHO YOesK1aeM-
cs1, uto NC sBisiercs 6uccekTpucoii yriaa QNA.

BBugy aroro mocse cumMerpuuyHoro orpakenuss APMC
otHocuteabHo M C mogy-
yuM TouKy P, , 06pa3 Tou-

| ku P, nexamieii Ha AB
I ' (puc.2). Ilocae cummer-
PUYHOTO OTpa’keHus
AQNC OTHOCUTEJbHO
I M NC nonyuum touky Qy,
Puc. 2 Jiexkanyio Toxe Ha AB.
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Tpeyrompauk P,Q;C paBHOGeAPEHHBIH, Tak Kak LM PC =
= ZCQON . 3nauut, CP = QC.
B.1lpoussosoe

M1922. Luivsaponwiii cmos umeem hopmy MHOZOY201bHU-
ka (ne o6a3amenvHo 6biNYKL020), Y KOMOPOZO coceOHue
CMOPOHBL NEPReHOUKYAapHLL OpYe Opyey. Bepwunovr amo-
20 MHOZOY20bHUKA — AY3bl, NPU NONADAHUU 8 KOMOPbLE
wap mam u ocmaemcs. U3 eepuunvt ¢ (enympennum)
yeaom 90° svinywen wap, KOmMopviii ompa;aemcs om
6opmos (cmopon MHO20y20bHUKA) NO 3AKOHY <Y2OL
nadenus pasen yery ompaxenuss. Joxaxume, 4mo wap
8 MY GEPUUNHY HUKO2Od HE BePHEMCSL.

ITpoBenem moxasaresbcTBO OT mporuBHOro. Ilyctp map
BEPHYJICSI B UCXOAHYIO TOUKY. O603HAUNM HAYATbHYIO U
KOHEUHYI0 TOUKY uepe3 A, a TOYKU OTPKEHUSI depe3
Ay,..., A, . BamernM, uto yros (0GbIYHbIN, HEeHAIPABJIEH-
HBIIT) MEXAY BEPTUKANBHON NMPSAMON M OTpE3KaMu IyTH
mapa mocrosiier (HETPY/IHO TIPOBEPUTD, YTO OH HE MEHsI-
€TCs IPH OTPAKEHUSIX OTHOCUTEIbHO KaK BEPTHKATBHBIX,
TaK ¥ TOPU30HTAIBHBIX PAMBIX ). MOKHO CUMTATD, YTO OH
He pasel 0° u 90°, uHaYe WApP CBAJIKUTCS B [IEPBYIO IIOTIAB-
nryiocs ay3y. Tak kak A — BeplInHa BHYTPEHHETO yTJIa, TO
CYIIECTBYET JIUIIID OJINH JIy4 C BEPIINHOI B A, 06pasyiomuit
JIAaHHDBIN YTOJI C BEPTUKAJIBHON NMPAMON U JIEXKANTNH B TON
YeTBEPTH, I'/le PACHOJIOXKEH CTOJ. 3HAYUT, 1Iap BepHYJICS
B A 1o TO¥ Ke NMpSAMOH, TT0 KOTOPOH W BBIJTETEJI.
Takwum 06pa3oM, IEPBLI U MOCJAEIHIN OTPE3KU MyTH MIapa
COBMagafoT. PaccMOTPHUM Ba OTPAKEHUS ITapa OT CTEHKHU
B TOUKe A; — IepBoe U TocJeaHee. YUHUTBIBAsI 3aKOH
OTpaXeHNUs, MOIYINM, UTO AP B KOHIIEe MyTH MPIJIETEN B
TOUKY A; TI0 TOIt ke TPaeKTOPHUH, 1T0 KOTOPOIl BbLIETE U3
Hee BHavaJe. [loaToMy BTOpO#i U ipeAtiocaeHUi OTpe3Ku
IyTH Iapa TakXe CcoBHaAaloT. Paccyskias aHaJoOTHYHO,
MbI BU/IUM, YTO ITyTb IlIapa COCTOUT U3 ABYX YacTell, BTopast
13 KOTOPBIX IOJy4aeTcd M3 IepPBOH IPOXOX/JEHHEM B
06paTHOM HAIpaBJIeHWH. 3HAYUT, B HEKOTOPBIH MOMEHT
BpEMEHHM IIap, OTPAa3UBIINCh OT CTEHKH, IOIIEJ B IPOTH-
BOIOJIOKHYIO cTopony. Ho Torma nexoropsnlil orpe3ok
IyTH TIapa MepIeHNKYISIPeH CTOPOHE MHOTOYTOJIbHIKA,
cJIeJ0BaTeTbHO, 06pa3yeT ¢ BepTHUKAJbHOH NPSMON YTOJI
0° wm 90°. TIpoTuBOpeEUHe TOMTYUEHO.

A.Kanenv-Benoe

M1923. Ha naockocmu ommeueno N pasiuunvix mouex.
H3zeecmno, ymo cpedu nonapuvix paccmosuuii mexoy
OMMEUCHHBIMU MOUKAMU BCMPeUAIomcs He boee n pas-

» 2
auwunolx paccmosnuil. /loxaxume, umo N < (n+1)

ITyctp Ay, Ay,..., Ay — OTMEYEHHDBIE TOYKH, U KaKI0€ U3
paccrosumit A;A; (1<i<j<N) paHo omHOMY U3 n
(PUKCUPOBAHHBIX YHUCET #,%,...,#,. DTO O3HAUAET, UTO
s Kaxkgoro i (1< i< N ) Bce OTMEUEHHBIE TOUKH, KPO-
Me A;, Jexar Ha oxHoii u3 n okpyxuocreit O(4;,7),
O(4;,n),...,0(4;,1,) (uepes O(X,r) mbI o6o3HAUaEM
OKPY’KHOCTb PaJyca 7 ¢ HEHTPOM B TouKe X).

BeeneM Ha MJIOCKOCTH CHCTEMY KOOPAMHAT TaK, YTO OCH
KOOpJAMHAT He MHapajjeqbHbl TpAMbIM  A;A;
(1<i< j<N). PaccMOTpHM OTMEYEHHYIO TOUKY C HaH-
MeHbIIIeH a6 CITICCcol, MycThb 3T0 Touka A, . Cpenn mpsMbIx
A Ay, A A, ..., Ay Ay Hadizem nipsimyto (nim ofiHY U3 TIpsi-



14 KBAHT -

MBIX) € HauGOJIBIIUM yTJIOBBIM KO2(P(PUIMEHTOM, MyCTh
aT10 TpaAMaa AjA,. Touku Aj, Ay,..., Ay Jexkar B oJHOR
MOJIYTIIOCKOCTH (L OTHOCHUTEJIbHO IMpsAMOi A A, .
ITo ycnoBuio kaxpass us rouek As, Aj,...,Ay aBrgerca
TouKOii mepecedenust okpyxuocreit O (A;,7,) u O(A4y,7)
ausHeKoTopbiX R, € {1,2,...,n} . Kaskaasa us n” map rakux
OKPYKHOCTel nMeeT He 6oJiee OJIHOHM TOUYKH TTepecedeHns,
IPUHAL/IEKAIEN TOTYILIOCKOCTH o . CJIe0BaTeIbHO, CPEAN
N — 2 touex As, Ay,..., Ay mMeercs He GoJtee n’ pasamd-
upix. Otcioma N —2<n?, u N<n? +2<(n+1).

B. /loavnuxos

M1924. Tpu namyparvnvLx 4ucia maxosot, 4mo npou3ee-
denue 106vLx 08YX U3 HUX OCAUMCS HA CYMMY IMUX 08YX
wucen. Jlokaxume, umo Oanuvie Mpu UUCLA UMEIOM
o6uutl deumenn, 6ONLUUT COUHUUDL.

OGosnaunm ot uncaaa, b uc. [onoxum x = HOJL (b, c) ,
y =HO[(c,a) n z=HO/l(a,b). Ilpeanonoxum, 4to
ynucaa @, b U ¢ He UMeOT OOIEro JAeJuTesss, OOJbIIErO
eauHuibl. Torga yucsia x, i 1 z HOHapHO B3aMMHO ITPOCTHI.
[ToaToMy MOKHO TIOJIOXKUTDL a = kyz, b = lxz u ¢ = mxy,
rae k, [ v m — HeKOTOpbIe HaTypaJbHble ynca. V3 Hamero
MPEANOJIOXKEeHUST TaKXe CcJeayer, 4To HOﬂ(k,x) =
=HO/l(l,y) =HO/(m,z) =1. A u3 onpeienenus: Hau-
60JIbIIIETO OOIIEro JeIUTENS 3aK/II09YaeM, 4TO uncaa k, [ u
m ToTapHO B3auMHO TpocThl. CieqoBaTebHO, B3aUMHO
npocTel Takke u umcaa ky u lx. Ilo ycaosuio
(kyz - Ixz):(kyz + [xz) , snaunr, (ky-lx-z)i(ky +1x) . 3a-
metum, uto HO/(ky,ky +Ilx) =HO/(ky,lx) =1 wu,
anamornyno, HOJ[(lx,ky +1x)=1. Takum oGpasom,
zi(ky + Ix) . Crano 6bith, z 2 ky+Ilx 2 x+y . Paccyx-
Jlast aHAJIOTHYHO, TIOJYYUM, 9To X 2y +zm y = x + 2z . Ho
STU TPU HEPABEHCTBA HE MOTYT BBITIOTHATHCS OJJHOBPEMEH-
Ho. [IpoTuBOpeune mosmyyeHo.

C.Bepaosg

M1925. Muwens «6ezyuuii kabams naxooumcs 6 00HoM
U3 N OKOULEK, PACNOLOKEHHVX 6 Psid. OKOWKU 3AKPLIMbL
3anaseckamu max, 4mo 0is CMpesKa Muwens 6ce 8Pems
ocmaemcs neudumou. IYmoboL nopazums muwens, 0oc-
MaAMoOUHO GLICMPENUN® 6 OKOWKO, 6 KOMOPOM OHd 6
Momenm evicmpena naxooumcs. Ecau muwens naxodum-
CSLHE 8 CAMOM NPABOM OKOWKE, MO CPA3Y NOCIE GLICPEILA
OHA Nepemenaemcs na 00HO OKOWKO 6NPAGO; U3 CAMOZO
npasozo OKOWKA Muwens HuKyodd He nepemeuyaemcs.
Kaxoe naumenvuiee wucio 6bicmpenos nyxmo coeiam,
UMoGvL HAGEPHAKA NOPAZUND MUULEHD?

OrtBer. [ﬁ} +1.
2

3aHyMepyeM OKOLIKU cJIeBa HallpaBo yucaaMu ot 1 o n,
adepe3 k; 0603HAYUM HOMEP OKOIIKaA, B KOTOPOE J[eJIaeTCsI
i-it mo cuery Boictpen (i = 1,2,3,...).

n
Cepus us [— +1 BBICTPEJIOB, Olpe/ieJieHHasl PaBeHCTBA-

2l
2

paXeHnue MUIIEHU. (]IGFKO IIpOBEPUTDH, YTO €CJIN BHa4da-

MU =nuk =2i-1uai< [g} , TADAHTUPYET TI0-

n
Jie MUIeHb HAXOIUTCS B M-M OKOIIKE W M < [Eil, TO

2005/ Ne?

pPe3yJbTATUBHBIM OKAXKETCS M- BBICTPEJ; €CJn Ke

2
pesiom.)

[TokaskeMm, 4YTO HUKAKAsi CEPUST U3 MEHBIIETO YMCJIA BBICT-
pesioB TpeOyeMbIM CBONCTBOM He 00Ja/1aeT.

n
m > |:_:| , TO MUIIE€Hb 6y11€T IopaskeHa MoCJ€HNUM BbBICT-

n
B camowm peste, eciu mpousBeieno He GoJiee [5} BBICTpE-

n
J0B, TO aagd m=12..., 3 +1 ycroBmeM ToOpaskeHUS

MUIIeHN, HaXOANBIIeHcsT BHAUAJIE B 71-M OKOIIKE, SIBJISCT-
csl paBeHCTBO R, =m+i—1 XoTss Obl [JIsi OJHOTO W3
3HaveHnit i. Ho Kaxaplii BBICTpEsS MOXKET 00ecTevnTh
BBITIOJTHEHNE TOJIbKO OJHOTO M3 TPEOYIONINXCS PABEHCTB.

. n
CuieloBaTe/IbHO, HAWETCS TAKOE YNCIIO My < EJ +1, 410
. ) n
ki#zmy+i—1 qns i=12,..., 5 ; 9TO M O3HAYaeT, 4To

o n
AJIAA TIPOU3BOJIbHOU CEpUN U3 [5:‘ (I/I, TEM 60.7188, n3

MEHBIIIETO YKCJIa) BHICTPEJIOB CYIIECTBYET HAYaIbHOE MO~
JIO’KEHIEe MUIIECHN, TIPU KOTOPOM OHA OCTAHETCS Hemopa-
JKEHHOM.

C.Toxapes

M1926. Haiidume 6ce npocmuie wucid p, ¢, v, s maxue,
umo ece uucaa p* +s?, ¢’ +s", r’ +s” — npocmote.

Ortset: (2, 2, 2, 3), (3, 3, 3, 2).
Iepewiii cayuaii: s HEYETHO.
Tornap=q=r=2, 2° +s*—mpocroe n 2° =2 (mod 3) .
Ecmu s =3k+1,10 s°> =1 (mod3), m 2° + s? menures Ha
3. CurenoBatenabuo, s = 3.
Bmopoii cayuaii: s = 2.
Torma p, g, r HederHsI, p2 +29 — mpocroe u 27 =
=2(mod3). Ecim p=3k+1, 1o p®=1(mod3) n
p2 + 2P penmtcst Ha 3. CaemoBarespHo, p = 3.
Ananoruyto, g = 3, r = 3.

B. ®Dpenxun, B.Cendepos

M1927. ITycmv ABC — nepagnocmopounuil mpeyzoiv-
nux;, O u I — uenmpor ONUCAHNHO020 U BNUCAHNHOZ0 KPY208,
H — mouxa nepeceuenus gvicom mpeyzonvuura. Mozym
au mouxku O, I u H 6uims eepuunamu pagnobeopennozo
mpeyzonvHuKa?

Ortser: /la.
Jlemma 1. B mo60oM TpeyroJbHUKEe OUCCEKTPHCA IEJTUT
MOTIOJIAM YTOJI MEX/Y BbI-
COTOIi ¥ pasilyCcoM OIIUCAH-
HOTO KpyTa, TPOBEJICHHBIM
B Ty K€ BEpIINHY.

HdokazarteabctBo. [lyctp
BM — O6uccekTpuca yrJa
ABC, BD — Boicora (cM.
pucynok). Tak kak OB =
=0OM, 10 ZOBM =
=/Z0MB . Ilockoabky
Touka M — cepeanHa IyTH
AMC, to ipsambie OM n
BD mnapannenpub. Cue-

1
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posartenbno, ZDBM = /BMQO, otrciogna ZOBM =
= ZDBM , uto u Tpe60oBaIoCch J0KA3aTh.

Jlemma 2. B mo6om Tpeyroabauke ABC paccTosiHEe OT
IEHTPa OMMCAHHOTO KPyTa /10 cTOpoHbl BC BBOE MeHbIIIE
PACCTOSTHUS OT TOYKH TIEPECEUEHS BBICOT 10 BEPITHHBI A.
(ITycte H — Touka mnepecedenusi BbicoT, O — IEHTP
OTIMCaHHOM OKpYy>kHOCTH, E n F — cepennnnt ctopoH BC n
AC cootBercTBeHHO. /[lyg J0Ka3aTeabCTBA JOCTATOYHO
3aMeTuTh, uTo Tpeyropunkun AHB u EOF nogoGubr.)
Jlemma 3. Ecaiv ABC — HepaBHOCTOPOHHUI TPEYTOJHHUK,
TO HUKakue JBe U3 Tpex touek O, I, H He cOBIAAAIOT.

Pemenue 3apaun. [lycto ZBAC = b .Tornpa ZOBC = T ,

OB = 2FO, tae F — cepeanna otpe3ka BC. OTtcioga 1mo
aemme 2 mmeeM AH = OB = OA. Jlokaxem, uto IO =1H.
Ecmm xots 661 onHa u3 Touek O u H nexut Ha ipsamoit Al
t0 LABC = ZACB, otxyna ABC — UpaBUJbHBIH Tpe-
yrosbauk. [lycts O u H ne nexat wa AI. I3 nemmsbr 1
caenyet, uto tpeyroabuuku AIO w AIH paBHbI, OTKy/a
I0 =1H.
3ameTnM Tenepb, uyto Touku O, I, H iexxaT Ha HEKOTOPOU
OKPY>KHOCTH.
Bcenencreue nemmbr 3 mosywaem orcioga: O, I w H —
BEPIIUHBI PaBHOOEIPEHHOTO TPEYTOJbHUKA.
OTMeTuM, 4TO B cJIy4ae paBHOGEAPEHHOTO HEPABHOCTO-
porrero TpeyrosabaKa ABC paBernctso 1O = I H BbINOJI-
HATBCST He MoxeT. [lelicTBuresbHO, nycth LABC = ZACB,,
O = H,OI =1H. 3 nemmnb1 1 caenyer, uto Mmeanana Bl
TpeyroabHnKka BOH sBisietcst ero OMCCEKTPHUCOH, a 3Ha-
yuT, n Bbicotoi. [lomyunnu uymn: I nesxxut na BC.
P.Byoviiun, A.Kyauxos, B.Cendepog

M1928. I[lonoxumenvnvle uucia xi,...,x,, zde n= 2,
Jexam na nexomopom ompesxe A daunwvt 2. [loxaxume,
4mo

X+t x, Sxxy +1 4+

e T <x 4+ x, 0.

B xaxux CAYUaax umeem mecmo paeeHcmeo?

O603HauNM
A=x+...+x

no»

B = xx, +1+...+Jx,x,+1, C=A+n.

Hokaxem nHepasenctBo A < B . Ilyctb x n y — Kakue-1m60
Ba uncaa n3 Mooxectsa {x,...,x,}. Torma |x —y| <2,
Te. &% =2xy+yt <4, wm x* +2xy+y* <4(1+xy).
Otrciona x + y < 24/xy +1, Tak Kak X U y NOJOKUTETbHbI.
CJieoBatesibHO,

X+ 2y S 249 + 1,0, + 2 £ 24x,x +1. (1)

CJ10:XUB 9TH HEpaBEeHCTBA, mojaydaeM 2A < 2B.
Jlokaxxem nHepaseHcTBo B < C. O603HaunM

yy =min{x;, x,},...,y, = min{x,, 2}

Nmeem

X2y +1 Sm:
= (y1 +1)2 =Y +1)~~~y\}xn.7C1 +1 Syn +1 . (2)
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CroxuB HepaBeHctBa (2), mosryyaem

By +...+y,+n.

Orciopa, nockoabky y; <x;, B<C. Ilpu stom eciu
Y; = Xx; UpU BCex i, TO X; =...=X,, orkyaa B (2) Bce
HepaseHcTBa crporue. [oxyunaun B < C.

Haiigem terepn ycooBus paBenctsa A = B. Bce Hepasen-
crBa (1) ABAAIOTCS PaBEHCTBAMU B TOUHOCTH €CJIU 72 = 27,
X{,X3,... J€XaT Ha OJJHOM KOHIIE OTpe3Ka A, a Xy, Xy, ...
— Ha JPYTOM.

3ameTuM, uTo HepaBeHCTBO B < C — TOUHOE: OHO Mepexo-
IUT B PaBEHCTBO, ecju Bce yucsia ycrpemutsb K 0. Iloxa-
JKeM, UTO TIPH JI0OOM 72 > 2 TOUHBIM SIBJISIETCS U HEPABEH-
ctBo A < B . TIpeanoJio:xuM IMTPOTUBHOE: CYIIECTBYIOT
n>3 u ¢ >0 Takue, uro A+ € < B mpu so6oM HAGOpe

{x,...,x,} samaun. Torxa, BuactrocTn, nk + € < Wk +1

pu 060M HaTypasbHoM k. Otciona 2nke +&* < n? | aro
mpu k — oo IPUBOAUT K MPOTHUBOPEUHIO.

H.Aeaxanos, B.Cendepos

M1929. Joxaxume, umo 018 1106020 HAMYPATLHOZO
yucaa d cywecmsyem deasuweecs HA Hez0 HAMYPATbHOE
YUCN0 N, 8 0eCAMUYHOU 3ANUCU KOTNOPOZO MOKHO Sbluep-
KHYMb HEKOMOPYI HeHYAe8Y10 UUPpY max, 4mo noiy-
yuguLeecss Yucao moxe 6ydem deaumvcs na d.

llepsoe pewenue. Yumciao n MOXKHO 3amucaTb B BHUJIE
n=10*(10a+b)+c, rame 0<c<10*, b — menysepas
1dpa, KOTOPYIO BBIYEPKUBAEM, @ — YHUCJI0, 06pa3oBaHHOE
mudpamu, crosummu Jesee b. Toraa nocse BbruepkuBa-
HUS IIOJIYUYUTCA YUCIO My = 10¥a +¢. Ux pasmocts
n—n; = 10" (9a + b) . UT06BI BHINOTHAIOCH yCTOBHE 3a/[a-
4y, OCTATOUYHO, YTOOBI uncaa 9a + b u 10" a + ¢ nemuuco
Ha d. [lag aroro moaGepem HenygeByio 1udpy b Tak,
d-b

yToObI Yncsao d — b geanaoch Ha 9, 1 BO3bMeM d =

Torma d =9a + b. Ilycts k — Takoe 4ncyIo, 9TO 10" > d .
Yncao 10%a +10%! pasjgeanM ¢ OCTaTKoOM Ha d:
10ka +10*" =dg+r, 0<r <d . Momoxum ¢ =10%" —
—7>0. Torma 10ka+¢ = dq nenurcs Ha d.
Bmopoe pewenue (peanoxkeHHoe NKOJbHUKAMH Ha
omuMIMaze). PaccMoTpuM 71T MPOUSBOILHOTO HATYPATb-
Horo k umcno n, =10%d —d . Tlyers [ — xommdectso
3HAKOB B jecsitmynoil ammcn uncaa d (I =[lgd]+1).
3ameTuM, 4TO Mpu jocratouHo Gosnbmux R (a mMeHHo,
npu k > [) jgecaTwvHas 3anMCh 4MCTA ), BBITJISAT
caenyomuM o6pa3oM: CHaYaJIa MIET AeCATUYHAS 3AIHCh
yucaa d — 1, 3areM — cepus JEBSATOK ¥, HaKOHEI[ —
fecsrrimanast 3amuch wncaa 10' — d . Taxmiy o6pas3oM, mpu
k > [ 4ucao n, MOXKHO TOJYYUTb U3 UUCTA My HyTEM
BBIUEPKUBAHUS OJHON M3 JEBATOK B IEHTPAJbHON YacTh
necsatrynoit 3ammcu. OYEeBHAHO TakKsKe, YTO BCE YHMCJIA
n, nensrcs Ha d.

A.Tarouxun

M1930. Bepuo au, umo 0 106bix demovipex nonapuo
CKPEUUBATOUUXCA NPAMBLY  MOXKHO MAK 66lOpams no
00HOTU MouKe Ha KAKOOU U3 HUX, 40O bl IMU MOUKU Ovliu
sepuunanu a) mpaneuuu; 6) napaiierozpamma?

a) OTBer: 1a, BEPHO.
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IIyctb a, b, ¢, d — 4YeTbIpe TMOMAPHO CKPENTMBAIOIIHECS
npsimbie. [TocTponm Takue mirockoctn o0 > ¢ u f D b, uto
o mapamienabha B (cM. pUCYHOK). AHAJIOTMYHO, TIOCTPO-
MM TaKWe MJIOCKOCTH ¥ D € n § O d , uto Y mapaJsiiebHa

§ . PaccMoTpuM mpou3BOIbHOE HATpaBJIeHWe U , HE Ta-
paJsiiesibHOE HUKAKOHN M3 3TUX Tockocteit. CripoermpyeM
IPSIMYI0 @ Ha MJIOCKOCTh B BOJb 3TOTO HATPABJIECHUS.
O6o3naunM 4epe3 B TOYKY mepecedeHus TPOEKINN U
npsiMmoit b, a wepes A € @ — ee MpoobpPas TMPH TPOEKIINN.
Torga nmpsmas AB napasieibHa HallpaBJaeHuio O . AHAJIO-
rugHo cTpositcst Toukn Ce€c m D e d, nnas KOTOPBIX
npamas CD mapaJsiesibHa HampasJieHuio o . Torma mps-
mMast AB nmapasienbia CD. Tloatomy sm6o Touku A, B, C
u D Jjexar Ha OZHOI MPsMOI, JH60 YeTHIPEXYTOJbHIK
ABCD — rtpamenusi, ju60 derbipexyroibiuk ABCD —
napajIeIoTpaMM.

st Bcex HampaByeHMII O, KPOMe KOHEYHOTO YHCJA,
toukn A, B, C u D He JexxaT Ha OJHOU TPSMON.

Yto6b! MCKITIOUHUTD CIyYail apajiesorpaMma, JoCTaTou-
HO o6ecrieunTh HepaBeHCTBO AB # CD . 3amerum, 4TO

AB=-"L_wcp=-1

sin @ sin
TLTOCKOCTSIMU ¢ 1 B, ¢ — paccTosTHIE MeX /Ty TIIIOCKOCTSIME

, TA€ p — PACCTOSHUE MEXKAY

Y u§, @ — yroa Mekay HAlpaBJIeHueM O U IIOCKOCTHIO
O, Y — yroJ MeKAy HallpaBJeHUEeM O W IJIOCKOCTBIO Y .
Ecau nnockoctu o u Y He HapaJliesbHbl, TO Haiijercs

sin

¢ _p
<~ (namnpumep,

q
HAIIPABJICHNE, TIOYTH MAPAJLIETbHOE TIIOCKOCTA ¢, U TIep-

MEeHANKYJISIPHOE TIPSIMOM TIepecevdeHusl MJIOCKOCTed o u
Y), utorna AB#CD .

Ecum xe Bce maockoctu 0, B,Y,0 mapaiienbusr, 1o @ = Y
JUIST TI0OG0TO HATIPABJIEHUS O , U JIJIS BBITIOJTHEHWS HEPaBeH-
ctBa AB # CD 1ocTaTO4HO HEpAaBEHCTBa p # ¢ , KOTOPOTO
BCETJIa MOJKHO JOOUTHCS, TIepe0603HAUMB TJIOCKOCTH.

6) OTBeT: HeT, HEBEPHO.

BosbMmeM ueThIpe mapaJiiiesibHbIE TIJIOCKOCTH, BCE TIOMap-
HbIE PACCTOSTHUST MEX/Iy KOTOPBIMU Pa3JMYHbI. B Kaxx0i
M3 HUX TIPOBEJEM IPSMYIO TaKUM 06pa3oM, 4TOOBI ATH
MpsIMbIE TTOTIAPHO CKPENTUBAJINCH. JloKaskeM, 4TO TapaJie-
JIoOTpaMMa ¢ BEePITUHAMY HA 3TUX MPSMBIX HE CYIIeCTBYET.
[leiicTBUTEIbHO, JIJTUHBI JTIOOBIX JBYX TAPAJIEIbHBIX OT-
PE3KOB ¢ KOHIIAMU HA HTUX TIPSIMBIX MPOTOPINOHATBHBI
PACCTOSTHUSIM MEK/IY COOTBETCTBYIOTNTUMHY IMTAPAMU MJI0CKO-
cTelt, a 3HAUYUT, PA3JIMYHDI.

HalpaBJi€eHNE 0, AJd KOTOpOro

I1.Bopodun

2005/ Ne?

d1938. Agmomoburs edem ggepx nO HAKIOHHOU NAOCKO-
cmu. Kaxum mosxem 6voimv Maxcumanronvlil Y201 HAKJI0HA,
ecau Kodhpuyuenm mpenus. Mexoy Koarecamu u nogepx-
nocmoio U= 0,67 C Kaxum MAKCUMAILHBIM YCKOPEHUCM
MOKem Hauwamv 08uxeHue 3Mom asmomoOuLb Ha 20pu-
30HMANLHOM YudcmKe nogepxrnocmu? Y aemomobus
yemwlpe KoJecd, 3a0nue Kojeca — eedyuwue. Paccmosinue
MeKOY nepedHumMu U 3A0HUMU ocamu Koaec L = 2 m,
UeHmp MAcc AemomMoOULs HAX00UMcs. Hd evicome h =
=0,5 M Ha pasHbix

paccmosHusx om ocell = :_ﬂ'j_'___;-"

Ko.ec. e N
-I-'-'-'-- r

[Ipu makcuMasbHOM s N i

3HAUYEeHWHW YyTJa Hak- s i i

JIOHA O aBTOMOOGWJIb e

e/IeT BBEPX PABHOMED-
HO, CHUJIa TPEHUsI PaB-
Ha MaKCHMaJIbHOMY CBOEMY 3HaueHHIO F = UN| (puc.
1). Cuay HOpMasbHOTO AaBjieHust N, Jerko HailTn u3
VPaBHEHUS MOMEHTOB CHJI, 3alHMCAHHBIX OTHOCUTEJIbHO
TOUKHU A:

Puc. 1

L
N1L=Mgcosoc-3+Mgsinoc-h,
OTKYJa
(1 h . j
N, =Mg|—coso. +—sina |.
2 L

Wcxomblil yro HailieM 13 ycJ10BUs paBHOMEPHOTO IBUKE-
HHSI aBTOMOOWJIS BJIOJIb HAKJIOHHOMN IIJIOCKOCTH:

uN; — Mgsina. =0,

W2 g
1—uh/L
BTOPYIO YacCTb 3aZla4y IPpOIIE BCETO pENIaTb B HEMHEPIIN-

aJbHOI cUCTEeMe OTcYeTa, OTHOCUTEIb- N
HO KOTOpoil aBroMo6uib (OH exmer c Ma
N, TN2
I > A
FTP
Mg
Puc. 2

o = arctg

YCKOPEHHeM @) Heroasuxen. Ham mpu-
netcst 106aBUTh CHUJIy WHEPIIUU, paB-
Hyl0 —Ma, TPUIOXWUB e€e B IEHTPe
macc (puc.2), Toria yea0BUs paBHOBE-
cus aJyT HaM HeoOXOAMMbIe ypaBHe-
Husi. UroGbl He Bbrumcasth cuiay N, (He HykHa OHa
HaM!), 3anMIIeM ypaBHEHHE MOMEHTOB CHJI OTHOCHTEJIBHO
TOUKM A:

L
NiL = Mg~ = Mah =0
U ypaBHEHHUE CUJT BJI0JIb TOPU30HTAIBHOTO HAMIPABJIECHUS:
Fp,-Ma=0.

Y4ureM, 4TO MBI HTI[eM MAKCUMATHHOE YCKOPEHNUE, TIOATOMY

FTp = “'N1 .
Orclofa JIeTKo 110Iy4uM
uL 2
a=g————=35 M/C".
7 (L —uh) /

A.Iloemopog
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®1939. Mo zequst 6 cocyde nod nopuinem noayuaem
menno ussne u pacuupsemcs. Tennoemxocms 3moi nop-
Uuu 2asa 6 0aHHoM npoyecce NOCMOSHHA U COCMABLSEM
C = 20 Ix/K. Kaxyio pabomy cosepwum za3 npu
yeeauuenuu ezo obsema edeoe? Hauarvnas memnepamy-
pa T =200 K, nauarvnoe dasienue p = 0,5 amn.

JIerko BHUJETb, Y4TO MOJSPHAs TEIJIOEMKOCTb B JaHHOM
npouecce C = 20 [Ix/(mosb - K) mpakTuuecku copnagaer
C MOJISIPHOM TEIIOEMKOCTBIO MPH TIOCTOSTHHOM JaBJIEHIN
Cp =2,5R = 20,8 [ix/(mMomb - K) . [TostoMy mast ympo-
IEHHOTO pacyera paGoThl MOKHO IPUHATH p = const, Toraa

A=p(2V -V)=pV =RT =1,66 /Ix.

MO3KHO OTIEHNTD TOUHOCTD (BepHee — HETOUHOCTD) HAIIEro
pacuera:

CAT = A+ CyAT,

rae C,, = 1,5 R — MoOJIsIpHas TEMIOEMKOCTD TIPH TIOCTOSH-
HOM 00beMe, OTKY/Ia
A

C-Cy
Ecau cuuratn, uto p = const, 1o T, = 200 K-2 =400 K.
Harma onenka gaet T, =420 K. Cpeansas remnepaTypa
OTJIMYAETCS MEHbIE YeM Ha 3%, TaKoil e pe3yJibTar
moJiy4aeTcss W TPU TOYHOM pacyere. Hamr pesymabrar
A = 1,66 k/[5k 3aHMIKEH IPUMEPHO Ha 3%.

3.Pagpaunos

®D1940. Ha paccmosmuu 1 m Opye om Opyea 3axpenieno
moueunvie 3apsovl 1 mxKa u —2 mxKa (3apsd npomueo-
n0I0KH020 3HaAKA). B npocmpancmee 6o3nuxaem siexm-
pocmamuuecxoe nose. Haidume maxcumanvuyio pas-
HOCMb NOMEHUUAN08 MeKOY MOUKAMU, 8 KOMOPbLX HA-
NPSAKEHHOCIb IMO20 NOAA He NPesbiudem no eAUdUNe
3nauenus 1 B/ m.

AT = =220 K.

Toukn mons, rae HANPSYKEHHOCTDb He TIPEBBIMACT MATIYIO
Bemunny E, = 1 B/M, mMoxuo HaiiTu 71m60 Baium OT
CUCTEMBI 3aPSI/IOB, TG0

X L
i< 0 >'1< >'L TaM, T/Je IOJS IOYTH
KOMIIEHCUPYIOT IPVT
0 20 py py

apyra.
Touka, B KOTOPOII 110JIe B TOUHOCTH PABHO HYJTIO, HAXO/UT-

s Ha IpsAMOI, mpoxoasmeil yepes sapaasl Q (sgech Q =
=1 MxKmn) u —2Q (cM. pucyHok):

kQ+ki=0,

2 2
OTKY/a 0 (xo * L)

L 1M

Xp =—]—7—=——=
T2t -t

Branum or cuctemMbl MOJKHO CUUTATh, YTO B ITOM TOUKE

2,4 M.

HaXOAMTCS TOYeUHbIN 3apsig g = Q — 2Q = —Q. Torpa
3aruIeM
kL =Ey,uy= k100 w
Yy Ey

(STO n B CaMOM [ieJi€ CUJIbHO IIPEBBIIIAECT L =1 M).
IToTennuas B Takoi TOUKe paBEH

o=kd = _JROE, ~ 95 B.
y
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Haiinem ternepb noTeHIMal B TOUKE X :

@ =k2+kﬁ=
X Xg+L

- k2(1—lj = k2 (V2-1) = 1544 B.
X V2 L
Touku Ha TPSIMOI, B KOTOPBIX HANIPSI)KEHHOCTH COCTABJISIET
posro 1 B/m (110 Moay0), HaxXoAATCs COBCeM GIM3KO K
«HyJeBoit» Touke (wa paccrosuum [ = 2,7 MM B 06e
CTOPOHBI; PacyeT HECJOXKHBI — €ro MOXHO IPOBECTH
NpUGIMKEHHO), PA3HOCTD MOTEHIINAIOB MEKLY JTIOGOH 13
TUX TOYEK M <«HYJEBOW» TOUKOW MOpsAKa 1-10° B

2 -3
(Mg = E,l==21=13-107 B).

Nrak, MakcuMaJbHOI 6yeT PAa3HOCTb TIOTCHITNATIOB MEXK-
1y «HyJeBoil» (mourn!) u «6eCKOHEYHO YA eHHON» TOY-
KaMu:

|AQ | = 1544 B—0=1544 B.
P.Aznexcandpos

D1941. Kondencamop emxocmuio 1 mx® u mpu odunaxo-
svle Kamywru undyxkmusnocmovio 1 I'n xaxdas coedune-
HbL NAPAANENLHO U NOOKII0UeHbL K eHewneld uenu. Conpo-
musJienusi nposodog OKA3AIUCL HEMHOZO PAIHLIMU, 6
pe3yibmame YCMAHOBUSWUECCS MOKU Yepe3 KAMYUKU
cocmasuau 1A, 2A u 4A. Buewnioro uenv» omxaouaiom, u
MOKU KAmyulex Hauurnawom usmensmocs. Hatioume mnax-
CUMATbHBIE 3HAUEHUS KAKD020 U3 mokos. Haildume max-
JKe MAKCUMALbHOE 3HAUeHUe 3Apsdd Kondencamopd. D.ie-
MeHmyl yenu cuumamv udearvuvimu. Conpomueienue
npoeodos oueHy MAJo.

ITocie oTKAIOYEHNA BHEIIHEHN I[eU B cXeMe HauMHAIOTCSI
KoJsiebanus. IHTepecyiolne Hac MaKCUMaJIbHbIe 3HAUEHUST
TOKOB MMEIOT MECTO B TIEPBOM K€ Mepuojie KoaebaHuii — 3a
3TOT UHTEPBAJ BPEMEHU MTOTEPU SHEPTUU COBCEM MaJibl. U
elle — nepej OTKJII0UEeHNEM BHEITHEH 11eMU TOKH KaTyIek
HEM3MEHHBI U 3aPsi/i KOH/IEHCATOPA TIPAKTHYECKH HY JIEBOH.
N3MeneHns TOKOB KaTyIMIeK MOCJe OTKJIIOYeHNsT BHEITHEH
1IeNU OJIMHAKOBBI, & MAKCUMAJIbHBIN 3apsi/i KOHJIEHCATOPA
HO]Iy‘II/ITCﬂ HpI/I yCJIOBI/II/I

(L+1)+(L,+1)+(I3+1)=0,
7

T.e. ipu Toke [ = -3 A.

BHepFI/IH MAariMTHOTO TOJIA O OTKJIIOYEHUA PaBHa
LI} LIZ LI}
= + +

Wi = 5 5 5 =10,5 Ix ,
a B paCCManI/IBaeMblf/i MOMEHT —
2 2 2
LI, +1 L(I,+1 L(I;+1 7
o L) L +d) L )z_ﬂm.
2 2 2 3

3HAYNT, HEPIUs 3JeKTPHUECKOTO OIS B 3TOT MOMEHT
COCTaBJISIET
2
= Wi,
OTKyJa JJiI MaKCHMaJbHOTO 3HAYEHUs 3apsia KOHIeH ca-
Topa noJsydaeM ¢, =4 MK .

-W,
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MaxcuMasibHbIe TOKU KATYTIEK TOJYIai0TCsS B TOT MOMEHT,
Korga KonjeHcatop paspstken (I/IC wHAYKIMM B 9TOT
MOMEHT 0o6pamaioTcss B HOab). Torgaa, B COOTBETCTBUU €
3aKOHOM COXPaHEeHUs JHEPTUH,
L L(L+r) L(h+r) L(ET)
W = 5 + 5 + 5 = Wi

WJIH
IF+2LT + T2 + I3+ 20T + T2 + 15 +

Y2+ I =R+ I3+ 13
Tyr monywaiorcs asa pemenus: mu6o I =0, nu6o

. 14
I =2] = -y A . IlepBoe cOOTBETCTByeT HauaJbHOMY

MOMEHTY, BTOpPOe — KOHILy IepBOil MOJOBUHBI ITepUOIa
Kosie6anuii. B 3TOT MOMEHT MaKCHMaJbHBIH TOK MEPBOM
KaTyIku 6yneT paBeH

1

I1+I* = - A,
3
BTOPOH KaTyIIKH —
IZ ‘i‘[>< = _§ A,
3
TpeTben —
. 2
i+ =—-— A,
3

YTO TI0 MOJLYJTI0 MEHbIIIE HAaYaIbHOTO TOKA, PAaBHOTO 4 A.
Nrak, MakcMaJIbHbIE BEJTMYNHBI TOKOB COCTABJISIIOT TTPHU-
6smsurenpto 3,67 A, 2,67 A u 4 A.

A.Cmapos

D1942. Ha 2aa6noil onmuueckoil 0cu MoHKoU cobupaio-
wetdl aun3ol duamempom 1 cm ¢ poxycHoiM paccmosnuen
10 cm naxodumcs moueunwiti ucmounux céemd. Ha xaxoi
MAKCUMATOHBIL Y207 TUHIA MOXKEM OMKIOHUMb NA0di0-
wuil Ha nee aAyu?

2005/ Ne?

Jlyum, HampaBJIeHHbBIE

B ]_IeHTpa]IbHyIO qacCTb = -
JUH3bI, OTKJIOHSIIOTCS r ;”’f _{.i
MaJIo, a MAaKCUMAaJIbHBIN \i .
YTroJl OTKJIOHEHUS TIO- e i fi
JydaeTrcss y <«KpaliHe- "

ro» Jjiyda. Jlerko 3amnu-

catb popmyay (puc.1) ¢ 7
D/2 D/2
Yy=o+p= arctg7/+arcth/.

Ecan yrant Maset (npu d,f > D/2), 10

D1, 1)_D_ 1
VR \a )T oF a0 PR AT

HOJIy‘{aeTCH O/TVH 1 TOT JK€ YyTOJI OTKJIOHEHUA [IJidA Pa3HbIX
TOYEK JINH3bI.

Puc. 2

A uto Gyjer A1 He CAMIIKOM MaJjbiX yruaos? IlycTb
d < F, torma (puc.2)

D)2 D)2

—arctg T .

[asbiie MOXXHO BOCIOJIb30BATbCA U3BECTHBIM COOTHOIIIE-
HHeM sino < o < tgo, oTkyJa arcsino > o > arctgo, u
HOJIy4uTh TOT e oTBeT. A MoxkHO (M yZ06HO) IIPOCTO
clleslaThb pacdyeT HeCKOJbKUX TOYEK IIPU MOMOIIN KaJIbKYy-
JITOpA.

Y=o —f =arctg

A. 3urvbepmnan

YH1BepcuTeThbl ViTannm

(Hayano cm. Ha ¢ 10)

1200-Tonnyio kKamMepy /Uit OGHAPYKEHUS TTPUMEPHO JIeCsI-
TH THIIOB MPE/II0JIaraeMbIX HOBBIX YACTHII.

[Ipo6sema mosryueHus JOCTATOYHOTO KOJMYECTBA AHTH-
mpoToHOB 6bl1a pemena CumonoM BaH gep Mepom. Ero
ujiest 3aKJII0YAIACh B TOM, YTO AHTUIIPOTOHBI, POSK/IAIOTITH-
ecs 1ipu 60MOAPMPOBKE MEHON MUIIEHW BbICOKO3HEP-
TUYHBIMU TIPOTOHAMY, COGMPAJIUCH B CIIEIINAJBLHOM HAKO-
MUTETBHOM KoJibIle. CII0JKHAS CUCTEMA 3JIEKTPOIOB POKY-
CUPOBAJA AHTHUIIPOTOHBI, COOMPAsi NX B KOMIAKTHBIE CTY-
CTKH. 3aTeM 3TU CTYCTKU MOCTYTATN B MPOTOHHBIN CHHX-
POTPOH BMECTE CO CTYCTKAMU TTPOTOHOB, MPEIBAPUTEIHLHO
YCKOPEHHBIX aHAJOTUYHbIM 06pa3oM. [locse aToro wacTu-
IbI ¥ AaHTUYACTHIIBI OKOHYATEIBHO YCKOPSLIUCH 10 SHEPTUN

B 300 Mupz1 1€KTPOHBOMBT. [I0CKOIBKY YaCTUIIBI 1 AHTH-
YJACTHUITBI MMEIOT IPOTUBOIIOJIOXKHBIC 3HAKH 3aPSIZIOB, OHU
BPAIMIAIOTCS TI0 CHHXPOTPOHHOMY KOJbBIy B IIPOTHBOIIO-
JIO’KHBIX HATIPABJICHIISIX,, CTAJIKIBASICh MEXK/IY COOOT JINTITH
B TOYKaX, I'Zle YCTaHOBJIECHDBI JE€TEKTOPDI.

IKcrepuMeHThl Havaauch B 1982 romy, m yxe depes
MecsI] 6110 06bABIECHO 06 O6HAPY KEHUN TATH W 4acTHIl.
Ellte 4epes roj yAaaoch Takxke npoHaGiofarh Z° qactu-
1pl. B 1984 rony Kapmio Py66ua u Cumon Bau nep Mep
6bL1 yaoctoenbl Ho6GeneBckoil mpeMun 1o pusuke «3a
pelraonuii BKJaa B 60JbIIOH TPOEKT, KOTOPBIi TTPUBEJ K
OTKPBITHIO KBAHTOB 10Jist, W U Z YacTHIl, IEPEHOCUNKOB
ciaboro B3aumozeiictusi» . Craboe B3anMo/IeiicTBIE OKa-
3a710Ch cJa0bIM IMEHHO TTIOTOMY, UTO0 W T Z YaCTHUI[BI TaKue
TSKeJIbIe.
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3agayu

1. PaspexbTe Kaxayto 13 Tpex duryp, M300pakeHHbIX Ha

pncyHKe, Ha OB€ paBHble 4aCTu.

M.AxMmenxaHoBa

2. EC 3BOHUTbL C ODbIYHOrO TeflepoHa Ha COTOBBLIN, TO
onaty pasrosopa npou3BoANT BliafieneL, COTOBOro Tefe-
hoHa. Ecnm ke 3BoHUTb C 0ObI4HOMO TenethoHa Ha 0DbIY-
HbI, OO C COTOBOTrO Ha NMoOOW, TO 33 Pa3roBop MaTUT
TOT, KTO 3BOHWI.

BoceMb OM3HECMEHOB B TeYeHWe [HSA Nepe3BaHMBanmnCh
MeXay CcoboWn 1 caenanu no TpW 3BOHKA Kaxapln. Ipu
3TOM BCe BJiafeSiblLbl COTOBbIX TeNneMOoHOB ynnaTuim 3a
Pa3HOe YMNCI0 Pa3roBOPOB.

Y 6usHecmeHoB VBaHoBa, MeTpoBa, Cuaoposa 1 KysHe-
LoBa — COTOBble TenedoHsbl, y Agamosa v JaBbigoBa —
obbl4Hble. Kakon TenedoH y brsHecmeHa Lxanapumnze?

UAKy Y

3. MOXHO 11 B KneTkun Tabnuubl 4 X 4 BnmMcaTb Yncna oT
100 16 (kaxgoe No o4HOMY pasy) Tak, YToDbl Npov3Beae-
HUS BCEX YMCEN B KaXK[IOM KBafpaTe 3x3 Oblny paBHbI?

B KackeBuy

OT1 338341 MPEAHA3HAYEHbI TTPEXA[E BCero yyammcs 6 — 8
K/1ACCOB.

4. MNpodeccop Mymbym-IniomMbyM nbiTaeTcs nogobpatb
6 TakMX HaTypasnbHbIX YACEN, CPean KOTOPbIX

POBHO OAHO YUCNIO AENUTCS Ha 6,

POBHO [Ba YWCa AensTcs Ha 5,

POBHO TPW YMCa AENATCS Ha 4,

POBHO YeTbIpe YMcna Oenarcs Ha 3,
POBHO MATb YMCEN AENATCa Ha 2,
POBHO WeCTb Yncen aenarca Ha 1.
Yoacrca nu emy 310 caenatb?
A.Kambi

5. B TpeyronbHuk ABC BNMCaH PaBHOCTOPOHHUI Tpey-
ronbHUK ABCy TaK, 410 LBCA = LCGBA, LBAC =
= ZLAB,C . lokaxuTe, 41O TpeyronbHuk ABC paBHOCTO-
POHHUIA.

B.llpoussonos
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2005/ Ne?

3aKJIIOUYUTEJIbHBIN dTAll
KoHKypca umenn A.Il.CaBuHa

«MaTtemaTnka b—8»

fO6uneLiHBIN, AECATEIN 10 CHETY, QUHANIBbHBIA TYPHUP
COPEBHOBAHIMI 3aKITIOYUTESIbHOMO 3733 KOHKYPCa UMEHM
A.l[1.CaBuHa cocTosiics B KoHLe uoHsa 2004 rofa B XvBo-
MUCHBIX OKPECTHOCTAX CTapuHHOro ropoga Cyanciaassis
Kocrpomckosi obnacru. Kak v B rpoLsioM rogy, €ro
VHACTHUKA Pa3MECTUIINCL B [IGHCUOHATE «bepeHaeess!
MI0/I9HbBI» Ha OEPEry MblLLIHO3E/ICHOrO U 334YMYUBOIO
s1ecHoro o3sepa Jless.

B opraHuzaLmy 1i06uIeriIHOro TypHUPAa KPOME XyPHaa
«KBaHT» rpuHAIN yHacrme MockoBckim ABOPEL] 4ETCKOIo
(IOHOLLIECKOr0) TBOPYECTBA (MPEACEAAaTe/b OpPrkoMMUTeTa
TypHupa B. KoHaakos), KOCTOOMCKOM LIEHTD [OMO/HM-
Te/IbHOr0 06Pa30BaAHMNS OLAAPEHHbIX LLIKObHMKOB, DOH
MaTemarn4eckoro obpasloBaHusa 1 npocseLyeHms, Obpa-
30BaTEIbHAA MPOrPaMma «Leno». TypHUp rnpoBoamnca
npy nofaepxke fenaprameHra obiyero v rnpogeccmo-
Ha/lbHOro obpaszosarHms Koctpomckoui obnacry, Kiyba
XKEH MosITUKoB «flofgpyri», Hay4HO-UCCIe[08aTes b cKo-
O MHCTUTYTa Pa3BuTig 06pa3osaHus, Maioro mexaHuko-
maremarmdeckoro gakysabrera MIry vim. M.B. JlomoHocosa
U APYrviX OpraHu3aLmu.

B cocTaBe METOaKOMUCCIY pabOTas I OMbITHBIC AESTEMN
ONIMMIINGAHoro gBuxerHnd A.brimHkos, B.CeHaepos, B.My-
posuL, [ KanuHmnH, CBonvyeHkos, b.DpeHKkuH, AXadary-
pAaH, T.Kapasaesa, fO.bruHkoB, A.Manees, EVIBaHoBa,
JlUBaHoB, H.YepHsarses, E.lopckas, E.rHareHkos, [-Mep-
30H, M.Cugopos u apyrue. B pabore Xiopu akTMBHOE
YHECTUE MPUHUMATIN PYKOBOAUTENN KOMAHL, MHOMMe 13
HUX BXOAMIM B COCTaB Cyaevdckux bpurag. Vx cunamu
OPraH130BbIBATINCH DaKyJIbTaTHUBHbBIE COPEBHOBAHMA /15
LIKOJIbHUKOB «Marematndeckas Kapycesis», «3aBasH-
ka», «4ro? [ge? Korga?».

CrieynarnbHO IS 3TOrO TYPHUPAE TPEQTIOXNIN CBOU
HOBbIE POU3BELEHNS UIBECTHBIE KOMITO3INTOPBI MaTema-
tmyeckux 3aaa4 B.llpoussosios, B .CeHaepos, UAKy/mY,
A Kanurur, A.LLlarnosanos, A.KaHesns-besos, b.DpeHKuH,
B.lyposu n MHorve gpyrme. [lpumeyaressHo, 9470 O4HY
U3 33434 INYHOU OJTMITNGLb! TPEASIOXMNIT LLIECTHUKIIECC-
HUK 13 ropogda CHexuHcka Bornogs bparuvh.

Ha TypHup npuexann KoMaras ropofos: KocTpomel,
[Tepmur, CHEXUHCKE, MarHnToropcka, @ Takxe Creymnasi-
3UPOBAHHBIX LLIKOJTTOPoaa MockBbi: 1Likosibl 218, rimMHE3um
7543, MockoBcKkov rocyapcTBeHHOM (19T 4ECAT CEAbLMOV
LUKOJTbI, JTMLes] «BTOopast LLKO/Ia» 1 HEKOTOPBIX APYIVIX.

Cxema rpoBeReHUs TYPHUPA yXKe CTalla TP[NLMOHHOM.
lpexae Bcero bbiia opraHn30BaHa KOMaHLHAas O/MIIA-
aAaa, o pe3ysib1aram KOTOPOU KOMaHLb! PaHXMPOBA/INCh
10 siram. Ha X typHype bl 06pazoBarsl ToM JIMru; 6—
7 knaccos (4 komaHabl), 7—8 knaccos (12 komaHsg), 8—9
Kknaccos (8 komanza).

Oci HOBY TYPHMPA COCTaB/IA/ IV KOMakHAHbIe Maremaridec-
Kue 6ou 1 InMdHas VCTHaA Maremarn4eckas osiiMringsa.

Mpu3epbl NNYHOW ONMMNNAAbI

6 knacc

E@pemos [mutpmyi — Marnutoropck, LLikona nHamesuay-
anbHoro obpasoBaHNs OAAPEHHbIX LLKONbHWKOB,

KoHaakosa /imza — MockBa, nuuen «BTtopas Lwkona»,

Abpukocos Fgpum — MockBa, rTmMMHasms 1543,

Anekcees ViBaH — MockBa, TMMHasung 1543,

Motukur Butammi — Marnutoropck, LLkona nuamsmay-
anbHoro obpasoBaHNs OAAPEHHbIX LLKONbHWKOB,

Tonma4qes Jles — MockBa, r'MHasms 1543,

@egoros Anekces — MoCKBa, nuuen «BTopas wkonay;

7 Knacc

AHapees Muxaunn — MockBa, nuuen «BTopas Lwkona»,

Heraries asen — Mepmb, GMLL 9,

MapyeHko feHnc — Mepmb, GMLL 9,

3o3mH Anekcargp — MockBa, nnuen «Btopas wkona»,

Kucnosckas AHHa — KocTpoma, wkona 7,

Kornapos Hukura — Marnutoropck, LLikona vHomsmay-
anbHoro obpasoBaHNs 0AaPEHHbIX LLKOMbHWKOB,

MapyeHko EBrermy — MockBa, rmMHasuns 1543,

Mopo3os EsrerHumi — MockBa, TMMHasuns 1543,

CosnpgaroBa EkarepyHa — MockBa, Wwkona 11071,

Aramuros Aprem — MarHutoropcek, LLkona vHousmaoy-
anbHoro obpasoBaHNs OAAPEHHbIX LLKONbHWKOB,

BepuumHmH Ceprevi — Mepmb, ML 9,

[nankos Yropp — Mepmb, ®MLL 9,

[Torpebros Anexcesi — MockBa, rMMHasns 1543,

[ToHocos Hukonav — Mepmb, GMLL 9,

CmupHOB AnekcaHgp — MockBa, nnuen «Btopas wkona»,

Crapkos ApceHui — MockBa, nuuen «BTopas wkona»,

Xneicros [puropm — Nepmb, GMLL 9;




8—9 ksiaccol

UnoxvHa Mapus — MockBa, nuuen «BTopas wkona»,

Marnees AHgperi — CHeXWNHCK, riMMHasma 127,

MaxmH Viropsp — MockBa, rTMMHasms 1543,

Hasbigos Anekcesi — MockBa, MockoBckas rocynap-
cTBeHHad MAaTbAecAT cefbMas LWKONa,

Ycrunosckwy fOpumi — MockBa, MockoBcKas rocyaap-
cTBeHHad MAaTbAecAT ceflbMas LWKONa,

ApyrioHos Bragumuyp — MockBa, r’MMHasmna 1543,

Bosikos @enop — MockBa, TMmHasuns 1543,

LliaHies Anekceri — Mepmb, OMLL 9,

Jlayt Unbs — MockBa, nvuen «Btopas wkona»,

JlbicoB Muxamn — MockBa, nnuen «Btopas wwkona»,

[TocrienoB [laHummin — MocCkBa, rMmHasus 1543,

lnybokosckmd mutoui — Koctpoma, nuuen 34,

YepmorHos PomaH — MockBa, MockoBCKas rocyapcTBeH-
Has [ATbOecaT cegbMas LIKONa.

KomaHpbi-npu3sepsbl

7/—8 ksiacco!

OMLL 9, Mepmb (pykosogutens IA.OaMHLOBA),

rMMHasms 1543, Mocksa (pykoBoamTens E.f.Bapckuin),

Koctpoma, (pykoeogutenn J1.ABuHorpamosa, HJ1.Yep-
HATbEB),

rMmHasns 1543, Mocksa (pykoBoauTens P.B.ManbBenes);

8—9 ksiaccol

nuuen «BTopas Wwkona», Mocksa (pykooautenu E.lO.Vsa-
HoBa, B.LLlapwny),

rMmHasuns 1543, Mocksa (pykoBoguTtens T.H0.CbicoeBa),

rMMHasnsg 127, CHexxnHck (pykosoauTens AA.Manees),

MocKoBcCKas rocyfapcrBeHHas MatbAecAT cefbMas KO-
na, (pykoBogutensb EH.MrHateHkoB),

rMmHasuns 1543, Mocksa (pykoBoguTtenb E.l.fenbdep).

Bce nobenuresnt HarpaXaeHb! UnIoMamu v KHUXHbIMU
11PU3aMU, MPELOCTAB/IEHHBIMIM XKYPHAIOM «KBaHT» 11 DOH-
JOM MATeMaTUHeCcKoro 0bpasoBaHis 1 MPOCBELLEHMS.

3apauu TypHUpa

KoMaHAHasA OnmmmMnnaaa

1. MOXHO JI paccTaBUTh IO KPYTy BCE HATYPAJIbHbIE
yncsa ot 1 10 25 Tak, 4ToO6BI CyMMa JIIOOBIX ABYX COCETHIX
YICesI PABHSIACH KBAAPATY KAKOTO-HUOY/Ib HATY PATBHOTO
qucaa?

H.Axyauu, B.Cendepos

2. /IBe OKpPY:KHOCTH KacaioTcs APYT ApyTa B Touke C u
npsimoii [ B Toukax A u B. IIpsimast AC mepecekaeT BTOPyIio
OKpYy»XHOCTb B Touke D. Jlokaxkure, urto yroa ABD —
TIPSIMOT.

A.3acaasckuil

3. CKOJIbKO CyIIeCTBYET MPSIMOYTOJIBHUKOB C 11EJI0YNC-
JIEHHBIMU CTOPOHAMH, TIIOMAAb KaKIOTO W3 KOTOPHIX Ha
2004 GoJibiiie ero nepumerpa’?

C.Hsamnos

4. Pemnre B 11eJIbIX YnCIaX ypaBHeHne 2° = 3y2 +1.
B.Cendepos

3. Ilycrtes B HepaBHOCTOpOHHEM TpeyroybHuke ABC
TOYKA, CHMMETPHYHAS TOUKE [IepeceyeHuss MeJHaH OTHOCH-
TEJIbHO CTOPOHBI BC, MIPUHAIJIEKHAT OMUCAHHOM OKPYKHO-
cru. Jlokaxure, uto ZBAC < 60°.

B.Cendepos

6. ITososxuTeIbHBIE YUCIA X, Y, Z, L TaKOBBL, UTO X t y +

+ 2z +t =1. JJlokaxxure, 4TO
A-0U-pPU-2)UA-1) - xyzt < % .
B.Cendepos

7. Ha xoJThI1eBOI NITHY P HAaHN3aHAa CBSA3Ka KOJIEI] Pa3HBIX
pasmepoB ¢ HoMepamu oT 1 go N mo mopsiaky. Eciam
HOMeEpa KOJIEI] OTIMYAIOTCS Ha 2 WK GOJbIe, X MOXKHO
MMOMEHATh MECTaMM, MPOJIeB OAHO B apyroe. Koubla ¢
COCETHUMU HOMEPAaMU TaK MOMEHSTh Hesb3sl. [lokaxkure,
YTO KOJIbIIA MOXKHO PACIOJOKHUTD B JIOOOM MOPSI/IKE.

A.lllanosanos



KBAHT -

JIn4Hasa onmnnana
1 (6-7)'. I'puma
Kynua Ha 6azape 10
MIAPUKOB: KPACHBIX 1
cunux. Ecau 61 oH
kymua 10 KpacHBIX
MIApUKOB, TO TIOTPA-
Ttia 6e1 Ha 21 py6Jb
MeHbIIIe, a eCJU Obl
kymua 10 cunux ma-
puKoB, To — Ha 9
pyOJeit 6opie. Ha
CKOJIbKO CHHHH IIa-
PUK JIOPOKe KPacHO-

ro?
. Kanunun

2 (6-7). Cemb Mo-
HET PacmoJIOKeHbl 10 KpyTy. M3BecTHO, 4TO KaKue-To
YeThIpe U3 HUX, WAymue noapsa, — daabumseie (Jerye
Hactosumx). OObsAcHUTE, Kak Halith aBe (aabimuBbIe
MOHETBI ¢ TIOMOIIIBIO OHOTO B3BEIIMBAHNSA Ha YAIIeUHBIX
Becax 0e3 TUPD.

A.Maneees

3 (6-7). Kakux Hatypaipubix unces ot 1 go 1000000
BKJTIOYHITEIHHO OOJIbIINE: YeTHBIX ¢ HeIeTHOH cyMMOoit g p
MM HEYeTHBIX C YeTHOH cyMMoit mugp?

A.3ativux

4 (6-7). CKOJIBKO CYILECTBYET TaKUX IPYIII U3 JEBATH
MOCJIeIOBATETHHBIX YETBIPEX3HAUHBIX YHCEJ, YTO MEPBOE
yucyo geautcs Ha 10, BTopoe aemnTcs Ha 9, Tpetbe — Ha
8, ..., neBsaToe — Ha 2?

B.Bbpazun

5 (6-7). Ilerst Geper maxMaTHYIO JOCKY, OKpalInBaeT
HECKOJIbKO ee KJIETOK B KDACHBIN I[BET U OTJAET JOCKY
Bace. Tor BbiGupaer suuuio (ctpoky mim crosbei), B
KOTOPOIi 60JIee TIOJTOBUHBI KJIETOK Y>Ke KPacHbIe, U 3aKpa-
IInBacT B KpaCHbeI IOBET OCTaJIbHbIEC KJIETKN ATOU JINHUH.
3arem Bacs Boi6upaetr [pyTyio JUHWIO C TAKUM K€ CBON-
CTBOM, KPAaCHUT ee, 1 TaK jajee, HACKOIbKO 3TO BO3MOXKHO.
Kaxoe HanMeHbIIIee KOJINIECTBO KIETOK MOXKET 3aKPacuTh
[Tetst, uTo6BI Bacst cMoT ciesaTh BCIO TIOCKY KPacHOI ?

. Kanunun

6 (6). Kaxoe Han6obIee KOJIMYECTBO YEPHBIX MATITEK
MOJKET CheCTb 3a OJMH X07 OeJas IIallKka Ha JoCKe 8 X 8
(B maMKy maimka He TpeBpanaeTcs)?

A.Kanenv-benoe

7 (8-9). Ussectho, uto @ = x + y + @,b=y+z+
+Jyz,c=z+x+ @,raex>0,y>0,z>0.
Jlokaskure, uto a + b +Jab > c.

B.Cendepos

8 (8-9). Ilyctp d(N) — KoimuecTBO HaTypaJbHBIX
nesuTesieil HatypaiabHoro yncaa N (BKIoYas euHuIy 1

"Yucaa ¢ crobrax YKA3618a10M KAACCHL, O KOMOPHIX COOMEEM-
cmeyouwas 3adauda npeddzdidcy.
Omeemol, yxazanus, pewenus 3a0ay 6yoym onybiuKo8dvL No3xe.

2005/ Ne?

camo 4mcsao). V3BecTHO, YTO B MOCJeI0BATENbHOCTH N,
d(N), d(d(N)), ... ner Tounbix kBagpaToB. Haiizure Bce
Ttakue N.

b. ©Openxun

9 (8-9). CymiecTByer Ji TaKOE LEJNOE YUCJIO 72, KOTOPOE
MOSKHO TIPEJICTABUTH B BUJIE a’ +ab+b2, rme aub —
1eJIble HeOTpHIATe /IbHble YMC/Ia, OIHAKO HeJIb3s TIPe/ICTa-
BUTh B Bume ¢ —cd+d>, tne ¢ u d — TakxKe Ieable
HeOTpHUIlaTeIbHbIE YnCJIa?

A.Cnueax

10 (8-9). IIpsamoyroabHbIi cTo.I pasMepoM 1 X 2 Tpely-
€TCs TIOKPBITD B /IBA CJIOS TISITHIO OJAMHAKOBBIMHU KBapaT-
HbIME casdeTkaMu miaomann 4,/5. Kak aro caenarn?
(Canderru paspermaercs nepern6arhb. )

B.IIpoussosos

Maremarnqeckme bom

1 (6-7). Banga u Boa 6unu B xoMHaTe KoMapoB. Bosa
61J1 KOMapoB [[BEPBIO, IPHYEM KasK/[bIM CBOMM yAapOM OH
y6uBan 500 KoMapoB, B 3TO BpeMS B OTKPBLITYIO JBEPb
3aserano 925 koMapoB. Bans ske 61J1 KOMAapOB IMOYTIKOIL,
OJIHUM y1apoM oH youBas 323 komapa. M3BecTHO, 4TO OHI
JIeTJIN craTh 6e3 KoMapoB. MOTJIO JI epBOHAYATBHO B
KomHaTte HaxoauTbest 2004 komapa?

E.Heanosa

2 (6-7). Unc/ao Ha3bIBaeTCSA MAJHHAPOMOM, €CJIH OHO
OZIMHAKOBO YHUTAETCS CJieBa HAlpPaBO W CIpaBa HaJEBO,
HanpuMep, 1991. MoxeT 1 MoyunThes MATUHAPOM TIPH
croxxennn yncen BOJA u CO/IA?

A.3atiuux

3 (6-8). CymecTByer 11 BOCbMH3HAYHOE YUCJIO, SIBJIS-
foleecss MOJTHBIM KBAJpaToM, Mu@pbl KOTOPOTO UAYT B
BO3pacTaIeM mopsake?

H.Komaxumn

4 (6-7). Corpyanuku dpupmbl «Bank of New Vasyuki»
paccesuch 1o Kpyry. M3BecTHO, 4TO OHM XOPOIIO 3HAIOT
IpYT Apyra, NpuyeM HEKOTOPble U3 HUX BCerja TOBOPAT
MpaB/y, a OCTAJbHBIE BCET/Ia BPYT. Y KaXKJIOTO CIIPOCUJIN:
«CKOJbKO cpeny TBOMX
cocefeii moel dYecT-
HbIX?» TOJBKO OT OZHO-
ro ObLI TOJy4YeH OTBET
«Onuny, ocTaJabHbIE CKa-
3aJI, YTO CPe X coce-
neii yectHoix Her. Ha
npyroit Bompoc: <«EcTb
JIN CpeJiu TBOUX cocelieit
JIKEIBI?» — BCE OTBETHU-
JU yTBEPAUTEJbHO.
Mo:xHO 71 TIO 3TUM OT-
BETaM OIpPEIENUTh, KTO
13 COTPYAHUKOB (DUPMBI
YecTeH, a KTO — HeT?

H.Tazya

5 (7-8). B 10 mem-
kax Jsexxat 1000 opexos,
IIpUYeM BO BCeX Mell-
KaxX KOJIMYECTBO OPEXOB




K

pasHoe. [lasee MHOTOKDATHO BBITOJHAETCS CJAEAYIONIAS
oTlepanus: M3 MeIIKa, B KOTOPOM 6O0JIbIlle BCETO OPEXOB,
BbIHEMAaeTcs 9 OpexoB, KOTOPBbIE PACKJAABIBAIOTCSA IO
OJIHOMY OpeXy B KaK/blil U3 ocTaJbHbIX MelmKoB. J[oka-
JKUTE, YTO HACTYOUT MOMEHT, KOT/[a B KaKHUX-TO [ABYX
MEIIKaX OPEXOB CTaHeT MMOPOBHY.

. Axynuu

6 (7-8). IlynemeTunk — J1a/bsl, ObIONIAs TOJIBKO B OJHY
u3 YeTbIpex cTopoH. Kakoe HauboJbliee YUCTIO MyJaeMeT-
YUKOB MOKHO MOCTABUTD HA MIAXMATHYIO IOCKY TaK, YTOOBI
OHU He OWJIM APYT Apyra?

B.Tpywxos

7 (7-9). BxBagpare ABCD na cropone BC B3sara Touka
M, a Ha ctopore CD — touka N Tak, uto ZMAN = 45°.
[lokaxxuTte, 4TO HEHTP OKPY>KHOCTH, OMHCAHHON OKOJIO
TpeyroimbHuka AMN, npunajaexut auaronaaun AC.

B.IIpoussonos

8 (7-9). Ha crose nexuT cTonka us n rerpageii (n > 2).
Paspemaerca pasgesauTb CTONKY Ha 3 YacTh: BEPXHIOIWO,
CPEeHIO0 U HIKHIO (KaXk[ast 4acTh JOJKHA COAEPKATh
XO0Td 6bI oany TeTpa,[Ib), a 3aTeM IIOMEHATHb MeCTaMu
BEPXHIO W HIZKHIOK cronku (He mepeBopadymBas ux).
[Tpm KaKuX 7 ¢ MOMOIIBIO HECKOJbKUX TaKUX OIepaIuit
MOJKHO PaCIoJIOKHUTh TETPAJAN B JIOGOM 3apaHee yKa3aH-
HOM TIOpSIJIKE?

. Axynuu

9 (7-8). CymecTByer Jin HEMPSAMOYTOJIBHBIA TPEYTOJTb-
HUK, BOUCAHHBIN B OKPYXKHOCTDb €INHUYHOTO Pajnyca, y
KOTOPOTO CyMMa KBa/[paTOB JIJINH [BYX CTOPOH paBHA 47

B.Cendepos

10 (7-8). K natypaabHOMy umc/Iy m > 2 cJeBa IPHUII-
casm yucJio m — 2, a cnpaBa —uuciaom — 1. B pesysbrare
noJtyaniock unciio, pasuoe (m — 1)" ' Uemy pasmo m?

A.2Kyxos

11 (8-9). Kakoe Han6o.IbIiee KOJTMYECTBO JaJIeil MOXKHO
paccTaBUTh Ha MAXMATHOM JOCKe, 4TOOBI KaXK/ash U3 HUX
yTposkajia HEYeTHOMY KOJUYECTBY OCTATbHBIX ?

. Axynuu

12 (8-9). Kaxmas rpanb Ky6a paséura Ha 9 ofnHAKO-
BbIX KBagparoB (Hanomobue ky6uka Py6uxa). Hasosem
COCEISIMU  KBAJIPAThl, UMeoNue OOGIYI0 CTOPOHY WJIH
BepimHy. B Kak/0M KBajJpaTe 3alicaii HEOTPUIATEb-
Hoe yncsi0. OKa3aaoch, 4To st TI0GOT0 KBaJpaTa cyMMa
YHCeJT, CTOSIIUX B 3TOM KBaJ[paTe U BO BCEX €T0 COCEMISIX,
ofHa u Ta xke. [lers 3amucal, CKOJbKO Pa3 BCTPETHJIOCH
Kask10e u3 yrcest. HacKoJbKo MaJleHbKIM MOJKET OKa3aTh-
cs1 camoe GOJIBINOE U3 3ATMMCAHHBIX UM UHCEJ?

. Axyruu

13 (8-9). IIpaBuJIbHbIIT IIECTHYTOJBHUK CO CTOPOHOIT 1
paspesaH MPOM3BOJIBHBIM 06pPa30M Ha PAaBHOCTOPOHHHE
TPEYTOJIBHUKH, B KaX/blil M3 KOTOPBIX BIIMCAH KPYT.
Haiiznre cymMy muiomaieii aTux Kpyros.

B.IIpoussonos

14 (8—9). Tpu M0MOKATENLHBIX YNCIA X, Y U Z TAKOBBI,
aro o erZ +7 =3. Jloxkaxure HEPABEHCTBO
1 1 1 3

+ + >—,
xy+1 yz+1 zx+1 ZH.BopOHoeuu

M

1 23

15(8-9). lanpiunciaa A = 99" y B = 88" , TIIe
KOJINYECTBO JIEBSATOK PAaBHO M, a KOJUYECTBO BOCHMEPOK
paBHo n. HaiinTe Bce Takue m u 7, 1711 KOTOPBIX PA3HOCTD
A — B pnenurca Ha 7.

I'.I'anrvnepun

16 (8-9). Tpu neBoukn packparmusaior uct 2004 x 2004
KJIeTOK. XoJgaT 1o ovyepeau: nepBoil Hang, BTopoit Ang,
Tpetbelt CBeta, yeTBepToit cHoBa Hazst u t.1. 32 oiun X071
MO>KHO 3aKPacHUThb KBaJ[paT, CTOPOHA KOTOPOTO — HEOTPH-
1arejbHas cTeneHb JBONKU. [[BaskK/bl 3aKpaNIuBaTh OJIHY
KJIETKY HeJTb3s1. BeIurpoiBaeT Ta ieBouka, KOTOpast 3aKpa-
CUT TIOCJEHIO KJIeTKy. KTo mobeguT mpu npaBUIbHON
nurpe?

. Kanunun

17 (8-9). U3 touku B, Ha cropore AC TpeyroabHUKa
ABC onycrunu neprenukyasaposl BiE u B F Ha cTtopo-
uel AB u BC. Oxka3zaJjioch, uro npsamboie EF u AC mapaJ-
JgenpHbl. Haiinem ananornynbie Touku Ay Ha cropone BC
u C; na cropoue AB. [lokaxure, uto orpesku AA,, BB,
CC, nepecekalorcss B OAHOHU TOUKe.

. Kanunun

18 (8—9). Touku [ u I’ — LEHTPbI BIIMCAHHBIX OKPY K-
Hocreit TpeyronbaukoB ABC u A’B’C’. Cnenyer v u3
paBenctB Al = A’l”, Bl = B’I’ u CI = C’I’ paBeHCTBO
TpeyrospunkoB ABC u A’B’C’?

B.Cendepos

19 (8-9). B kierkax Tabauibl 5X 5 PaccTaBJIeHbl BCe
gyucsa ot 1 10 25. [las Kask10ii mapbl YuCes, CTOSIIUX B
OJIHO¥ CTPOKE MJIN OJTHOM CTOJIONIE, TIOJICUNTAHA UX CYMMA.
[Iycte A — wawmbospmuii, a B — HaUMEHbIIUN U3
MOJIYYeHHBIX pe3yabTaToB. HaiiiuTe HamMeHblliee BO3-
MO:KHOE 3HaueHue pa3zHocTn A — B 1Mo pasJamdHbIM pac-
CTAaHOBKAM 4mceJs B TaOJHILE.

C.Boauénxos

20 (8-9). B o6aactu ectp 102 goporu. Kaxpas gopora
BeJIeT W3 OJHOTO TOPOJa B APYTOi, TPU 3TOM MOKHO
MpoexaTh u3 Jo60ro Topoja B 060t apyroii. ['y6epuatop
pEInJ OTPEMOHTHPOBATD BCE JOPOTH, OPTaHU30BAB /IS
atoro N Opurag. Ou xoder, 4ToObI Kaxgas OGpuraza
OTPEMOHTHPOBAJIA OJHO U TO K€ KOJHYECTBO JAOPOT, MPHU-
YyeM TI0 BCEM CBOMM JIOpOoraM Kaykjas Opuraja JOJKHA
yMeTb TePEBUTATHCS, He TIOJMb3YSICh YY>KUMU TOPOTAMHU.
[Tpu kakux N 3T0 BO3MOZKHO J1JIs1 JIIOOOM CXEMbI UMEIOTHX-
¢ B 06JacTi 10por?

C.Boauénkxoe

21 (7-9). Crpenkn ucnopyennpix vacos (uacobas,
MUHYTHAs U CEKYH/HAs) JBYKYTCS C MPABUJIBHBIMU CKO-
POCTSIMH, HO PacIOJIOXKeHBI TaK, 9TO BCe TPH HUKOTA He
CMOTYT COBIIaCTb. B TPOM3BOJBHBIII MOMEHT BpeMeHU
paccMaTpUBAIOTCS YTJIBI MEXKIY CTPeJKaMHU, He MPeBOCXO-
nsue 180°. Hambompuuit w3 HUX HAa30BEM PACXOXKIEHU-
eM. JlokaxkuTe, 4TO KOT/Ia PACXOK/CHNE JOCTUTAeT MUHI-
MyMa, TO KaKUe-TO /[BE CTPEJKH COBIIAIAIOT.

. Axynuy

22 (8-9). B crpane 2004 ropoja, npuueM KaskIblii 13
HUX COelMHEH € Ka’KAbIM POBHO OJHOW J[OPOroil, HO
T'MBAA Bce moporm mnepekpbiio. Hauampamk [puima
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XOYET OTKPBITh KK MOKHO GOJIbIIIee KOJHYECTBO A0POT, a
HavasIbHUK Bamst crpemurcest eMy momeniats. Kaxoe man-
GoJTbIIlee KOJIMYECTBO OPOT MOYKET OKA3AThCS OTKPBITHIM
MOCJIe OYePEHOTO TPUKa3a [P, ecii OH OJHUM MTPHU-
Ka30M MOJKET OTKPBITh TSITh JIOGBIX Jopor, a Bams
MOCJIEAYTONNM TIPUKA30M MOXKET 3aKPBITh BCE JIOPOTH,
BBIXOSAIIIE U3 OJHOTO ropoa?

A.Yeb6omapes

23 (8-9). Pemire B HATYypaJbHBIX YKMCIAX yPaBHEHHE

(x+1)" =™ =1,

B.Cendepos
24 (8-9). JlokaskuTe HEPABEHCTBO
1 1 + 1 +
8(n+1)  (2n+1)(2n+2) (2n+3)(2n+4)
1 1

+ — < ,
(4n—1)4n  8n
r7ie 7 — HaTypaJbHOE YHCJIO.
A.3acnasckuil

25 (8-9). B noxsemenne rpada Jpakyms: 7’ memep,

coeIMHEHHbIX TyHHe My (T1an npuaaraercs). J[Ba Bam-
nupa, I'puma n Mumia, mo ouepean 3achIlalOT TyHHETN
3emMyeil. 3a OAWMH X0 MOKHO

aa 3aChITIaTh OJWH WJIH /IBA TYHHE-
JISL TaK, 4TOOBI U3 J060H Telre-
- PBI MOKHO GBLTO 106pPaThCs 110
mio6oit apyroit. IlpourpbiBaer
TOT, KTO HE CMOXKET CeJaTh
o xo/1. Muma xoaut repsbiM. Ko

BBIUTPAET TPU MPABUJIbHOU
urpe?
E.Heanosa

26 (7-9). MoskHO Ji1 IPU KaKOM-JIM60 HATYPAJbHOM 72,
6osbieM 1, 3amucarh B CTPOKY BCe HATYPAJIbHBIE UNCIA OT
1 10 7 B HEKOTOPOM TOPSIIKE TaK, 4TOGBI CyMMa JIOGBIX
JIBYX COCEJHHUX YHCEJ PABHSJIACH KBAJPATy HEKOTOPOTO
HATyPaJbHOIO YHUCJIA?

. Axyauy

27(7-9). HarypasibHOe 4UCJI0 Ha30BEM JIUIELKNAM, €CJIU
OHO JIesIUTCA Ha Jo6yTo CBOIO HeHyaeByio 1udpy. Hampu-
Mep, unciao 2004 — nunerkoe. Kakoe nan6osbiiee KoJu-
YeCTBO JINTIENKIX YUCEJ MOXKET UATH MOJPSII?

B.3amxo6

28 (7-9). B xpyroBoM TypHUpE 10 IIaxMaTaM y4acTBO-
Basi 22 crioptcMena. Kaskabril chirpas ¢ KaKIbIM OJWH
pas (mo6ega — 1 ouko, nopaxenue — 0, Huubsa — 1,/2).
3aTeM HEKOTOPbIE YYACTHUKK OBLIN TUCKBAJIUDHUITIPOBA-
HBI, & PE3yJIbTATbl UTP C HUMU ObLTH AaHHYJUPOBaHbI. Bee
OCTaBIINECS YYACTHUKH JI0 3TOTO UMEJH PA3JUIHBIE pe-
3yJIbTATBI M TETIEPb UMEIOT PA3JTMYHbIE, HO TOCJIeI0BATETh-
HOCTb WX PEe3yJbTaTOB M3MEHUJACH HA TPOTHBOMOJOK-
Hyto. [lokaxkure, 4TO AMCKBAIUQPUIIMPOBAHO HE MeEHee
MOJIOBUHBI YYACTHUKOB.

b.©Openxun, A.Maxcumnos, T.Kapasaesa, B.I'yposuy

29 (7-8). Ha maxMaTHOI JOCKE paccTaBJIeHbI KeJIThIE,
KpacHble W CHHUE JIaJbl — MOPOBHY KaKIOTO I[BETA.
N3BecTHO, YTO JaJbW PA3HOTO I[BETA HE yTPOKAIOT APYT

2005/ Ne?

npyry. Haiinure nanboJibliiee BO3MOMKHOE KOJUYECTBO
Jafiell Ipu TaKOW pacCTaHOBKE.
. Axyauy

30 (8-9). Ilycrp o,B,y u o’,p’,y’ — BEJMUNHBI YIJIOB
tpeyroabiukoB ABCu A’B’C’ coorsercrBento. Ciemyer
JI M3 paBeHCTBa sinoy/sino” = cosP/cosP’ = cosy/cosy’
mojo6ue tpeyropankoB ABC u A’B’C’ ?

H.Bozdanos, B.Cendepos

31 (8-9). Yucna x, y, z, t nexar B unrepsane (0;1).
JloKakuTe HepaBeHCTBO

e+ (=07 + o+ (1= + 2+ (-0 +

+ 2+ (1-2) <4,

C./Asopsnumnos

32 (8-9). Boimmcanbl nepsbie 72 CTPOK TPEYTOJbHUKA
[Tackans. [lokaxwure, 4TO CyIIecTByeT 7, JJsI KOTOPOTO
6oJiee yeM 99 TPOIEHTOB BCEX BBIMTMCAHHBIX YHCEJT —
YeTHBIE.

A.Kanenv-benos

Hy6ruxavuio nodzomosun A.2Kyxos
Domozpaghuu npedocmasura E. Heanosa

WIH@opMaLmio 0 XypHane “KBaHT” 11 HEeKOTOpbIe MaTtepu-
albl U3 XKYPHANa MOXHO HauTu B MHTEPHETE rio aapecam.

Penakums XypHana “KeaHT”

kvantinfo

MOCKOBCKUIV LIEHTID HEMPEDPBIBHOIO MATEMATUHECKOro 0O-
Pa30BaHus

kvant. mccme.ru

Mockosckmi gerckuv kiy6 “Komrisrorep”

math.child.ru

KOCTDOMCKOM LIEHTD 4OMOSIHNTE b HORO 06p330BaHMS “IB-
puKka”

ceemat.ru



INKOJA B «<KBAHTE »

EOMETPUYECKME
330a4M
Ha MaKCUMYM
1 MUHUMYM

3.fTOTMAH

AJIAUN HA OTBICKAHUWUE HAMBOJIbIINX N HAUMEHb-
MINX 3HAYEHWI reOMETPUYECKUX BEJUUYUH ellle B TIyOOKOi

JIPEBHOCTH TIPUBJIEKAJN BHUMAHHE KPYIHEHIINX MaTeMaTHKOB.
Tak, EBxanp, sxusmuii okoJio 300 roga 1o H.9., B VI kHuUre cBonx
3HaMeHHUTBbIX «Hauasy mokasas, uTo U3 BceX MpsSIMOYTOJbHIUKOB
JIAHHOTO TepUMeTpa HauOOJIbINYIO IJIOMA/Ab UMEeT KBa[paT.

3agaun Ha MakcuMyM ¥ MunuMyM (WjM, Kopoue, 3ajaud Ha
HKCTPEMYM) YaCTO BOBHUKAIOT B MOBCEHEBHON KU3HM, B TEXHU-
Ke, 3KOHOMHKE, ecTecTBO3HaHMU. [l pelieHus: CyuecTBYoT
pas/inuHble 3JieMEeHTapHble TNpUeMbl W MeTo/bl. Hekoropbie
MJIAHUMETPUYECKUE 3aJ[aU4d  U3SIIHO PEMIAIOTCS € MOMOIIBIO
reoMeTpuYecKnX Mpeo6pa3oBaHmii: 0CeBOIl CUMMETPUH, MapaJi-
JIEJTHHOTO TIEPEH0Ca, IOBOPOTA BOKPYT TOYKH; IPYTHE — PEIIAI0T-
CS aHAJUTUYECKH M CBOJSITCS K HCCJEJOBAHWIO KBAJAPATHOMN
ynkmm. Ammapar audepeHIUaJbHOTO UCYHCIEHUST JaeT
o0Imuii, eanHOOOpa3HbIii MeTO[ OTBICKAHUS HKCTPEMAJbHBIX
3HaueHuil (yHKIME, paccMaTpUBaeMbIX B 3ajadax. TeM He
MeHee, [IPH PeleHNH CTEPEOMETPUUYECKIX 3a/[a4 NHOT/A K TIeJIn
MOXKHO TPUITH ObIcTpee U 6oJiee KOPOTKUM ITyTeM, MCIOJIb3Ys
HEPaBEHCTBA U TPUTOHOMETpHUYECKHe (PYHKIIMHU.

3 mMIKOJBHOTO Kypca MaTeMaTHKHU XOPOIIIO U3BECTHO HEPaBeH-
CTBO, CBsI3bIBalOIlee cpejiHee apuMETHUECKOe U CPeJIHee Teo-
METPHYECKOE JIBYX TOJIOKUTEIbHBIX YHCEJ:

ws“;b.

HpI/I pemennn pAajla 3aaq ﬂaIIIIOI>,I CTaTbM MOJKET OKa3aTbCA
IMOJIE3HBIM HEPABEHCTBO MEXAYy CpEIHUM apI/I(bMeTI/ILIeCKI/IM u
CPEeITHUM TEOMETPUYECKUM TPEX IMOJIOKUTEJbHbIX YHCEJI:

?labc < LIHC
S 3 y

a TaKKe€ HEKOTOpbIE [pyTue. HaHpI/IMep, U3 04Y€BU/IHOTIO HeEpa-
BEHCTBa

(a=bY +(b-c) +(c—a) 20

BBITEKAECT IICIIOYKa HEPABCHCTB!
1 2
ab+bc+ca£§(a+b+c) <a®+b*+c?,

T/le PaBeHCTBO JOCTUTAETCS TOTAA W TOJNBKO TOTJA, KOrja a =
=b=c.
Uro6bl ybenuTcss B CIPaBeAJINBOCTU HEPABEHCTBA
; a+b+c
Jabe < ——=
3 b

II0JIOKUM d = X3 y b= ]/3 , C= 23 . Torna noxkasbiBaemoe Hepa-

BEHCTBO NPHUBOAUTCS K BULY
x*+y +2° -3xyz20.

MIIOFO‘-I]IGII, CTOSII.[II/IfI B JIEBOI YacTH HEPpaBEHCTBaA, Pa3JIOJKUM
Ha MHOXUTEJN:

Lyt +28 -3ayz= (v+y) + 28 - Bay(x+y+2)=

= (x+y+z)(x2 vyt + 2 —xy—yz—zx),
W3 npuBeIcHHOTO BbIlIE HEPABEHCTBA CJIEAYET, U4TO
x2+y2+22—xy—y2—2x20,
YuureiBag, 4to x + y + z > 0, noxyvyaem
9(3+y3 +2° -3xyz=20.

PaBeHcTBO 3ech UMeeT MeCTO TOTZa M TOJIbKO TOrJa, KOTAA X =
=y =z, 4TO [IJi1 UCXOJJHOTO HEPABEHCTBA PABHOCUJIBHO YCJIOBHIO
a=b=c.

b+

a+ c
W3 nepaBencrtna Jabc < "~ craemyer, 9to ecan a + b +

3
+ ¢ = k, rae k — nocrognnoe uucao, 1o abc <|— | | mpuuem

PaBEHCTBO MMEET MECTO TOT/Ia M TOJBKO TOTJA, Korga a = b = c.
JIpyrumMu cJIoBaMu, MPOU3Be/IeHNe HeCKOMbKUX (B MIPUBEIEHHOM
cilydae — TPeX) MOJOKUTEIbHBIX TIePEMEHHBIX COMHOKHUTEEH,
CyMMa KOTOPBIX IIOCTOSIHHA, MMeeT HAHOOoJIbllee 3HAYCHNE PU
PaBEeHCTBE COMHOXKHUTEJEH.

TouHO Tak ke, CyMMa HECKOJIBKIX TIOJOKUTETBHBIX TIEpeMeH-
HBIX CJIATAEMBIX, IMPOM3BE/[EHHE KOTOPBIX IMOCTOSIHHO, MMeeT
HauMEHbIIIee 3HAYECHNUE IPU PABEHCTBE CJIATaeMbIX.

IToIb3ysICh ATUMH CJIEJCTBHSIMH, MOKHO HOJIyYHTb KOHOM-
Hble peNleHus] Psijla TeOMETPUYECKUX 3aJay Ha MAaKCUMyM M
MHUHUMYM.

BOJIBIIMHCTBO CTEPEOMETPHYECKHUX 33/1a4 HA OTBICKAHNE Hau-
6OJIbLHI/IX ¥ HAaMMEHbIINX 3HAYEeHUIl pemamTca aHAJIUTUYECKU.
OO6bIYHO BBIGUPAIOT HE3ABUCUMYIO TIEPEMEHHYI0, 0603HAYAIOT ee
4yepe3 X, MOJAy4aioT GOpMY.Iy, BBIPAKAIONIYIO (YHKIIMIO, HAW-
6oJiblliee WJIM HaMMEHbIIlee 3HaYeHIe KOTOPOil TpebyeTcst HallTH,
1 OIPe/IeJISIOT TPAHUIILI U3MEHEeHHs apryMentTa x. IlosydenHas
dyHKIMA MccaenyeTcs 2JeMeHTAPHBIMU CPEICTBAME UJIH C T0-
MOII[bIO ITPOU3BO/IHOI.

IIpuBeneM HECKOJIBKO TTPUMEPOB.

3apnava 1. Haiidume Onumol cmopor 0annozo npsimMoyzoisHuKd
dannozo nepumempa 2p, npu epawierHu Komopozo 60kpyez 00Hou
U3 €20 CMOPOH NOAYUUMCSL Ul-
JUHOP HAuUboUWEz0 00BeMd.

Pemenue. Ilyctp npsamoy-
rosapHUK ABCD Bpariaercst BOK-
pyr croponbl CD (puc.1). Co-
TJIacHO yCJOBHIO 3asauu, AB +
+ BC = p. Beenem He3aBUCH- p—y
Mmyto nepemennyio BC = x. Tor-
na AB = p — x. O6beM nuInH-
JIpa, HOJIy4eHHOTO IIpU Bpalie-
HUN TPAMOYTOJBHHUKA BOKDPYT
cropoubr CD, Beipasutcst op- H i
MYJIOi |

A ] i

Puc. 1
V=m’(p-x),0<x<p.

Haub6oubiee 3navuenne GpyHKIun V MOXKXHO HallTH 6€3 UCTI0JTb-
30BaHUs IPON3BOAHOM. [IpeacTaBuM Boipaxkenue V cienyonmm
o6pasom:

V:%nxx(Zp—Zx),
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Tak kak CyMMa COMIIO}I{HTeJleﬁ, coZepiKalux X, IMOCTOAHHa U
paBHa 2p, TO M3 HEPaBEHCTBa O CPpEAHEM apI/I(pMeTI/I‘-IeCKOM u
CpeJHEM TEOMETPUYECKOM BbBITEKAaET, YTO MX IIPOU3BEAECHUEC

2
GyzieT HanGOJBIUM TIPU X = 2p — 2x, T.€. IpH X = §p . Boicora

MUpPaMUIBl TIPU 9TOM Oy[IeT 1p, a MaKCUMAaJIbHBII 00beM —
_ 4T 3 3
27
3apava 2. B cgepy paduyca R enucan xonyc. Ipu xaxoi
svicome Konyca ezo 0b6vem 6yoem Haubo Luum?
Pemenue. O6Go3naunm vepe3 7 U 7 COOTBETCTBEHHO DPAMYC
OCHOBAHUS U BbICOTY Konyca. OceBoe ceueHne KOHyca — PaBHO-
N 6e/ipeHHbIIT TpeyroabHuK ABN,
= __"'“m BIIMCAHHBIN B OKPY>KHOCTD, /IH-
ameTp kotopoit MN pasen 2R
(puc.2).
y Bocnosbsyemess  popmy.ioit
o0beMa KOHyca:

|'| .'l V= %nﬂh

3a HEe3aBUCUMYIO [EPEMEHHYIO
K.
44

T yI0O6HO TPHUHATb BBICOTY ND
]

konyca. [Tycts DN = h. Tak kak

T ZMAN = 90°, To TpeyroJbHUK
) MAN 1psIMOYTOJIbHBIH, 1 B CUITY
U3BECTHOH TeopeMbl IJIaHUMETPHH CPa3y I0JydyaeM

AD?> =MD -DN , wmu r* = (2R - h)h.

Puc. 2

Takum o6pasom,
V=%n(2R—h)h2, 0<h<2R.
PaccmoTrpuM npoussenenne
(4R-2h)-h-h.

CyMMa OJIOKUTEeTbHBIX COMHOXKUTEIEH TOCTOSIHHA U PaBHA 4R,
3HAUYUT, BCJEJACTBHE HEPABEHCTBA O CPE/IHUX, UX [POU3Be/eHHE

6ymer maubospimum ipu i = 4R — 2h, otkyna h = %R.

4 .
Urak, npu h = §R 00beM KOHYca HanGOJIbIIHIl, TPUYEM, KaK

32 3
JIETKO IIOJACYUTaTh, OH paBeH V.. = ERR .

3agaua 3. Oxos0 wapa paduyca r onucau xonyc. Ilpu kaxom
yeae Haxaiona ezo 60K080z0 pebpd K NIAOCKOCU OCHOBAHUS
A 60K0BASL NOBEPXHOCL KO-
nyca 6ydem naumenvuiei?
Pemenne. OGo3nayum
YTOJI HAKJIOHA 00Pa3yIonieit
KOHyCa K ILIOCKOCTH €ro
OCHOBaHHSA uYepe3 2X
(puc.3). Boipasum niomaab
Ss OOKOBOIl MOBEPXHOCTU
yepe3 pajuyc Iapa v u X

_ nr? ctg2 x
cos 2x
0°<2x <90°.

Ss

11

puc. 3 Haumenbinee snavenme GyH-
cthx . .

KIUEH § = —=-— MOXHO HaiTi 6e3 IIpUMEHEHs] [TPOU3BOIHON .
08 2x

BbIIO/IHUB HECI0KHbIE IPe06pPa3oBaHusl, MOJYUUM

cos? x
1— cos? x) (2 cos® x — 1) ’

"

2005/ Ne?

IIJISI KpPaTKOCTU 0603HaYNUM COS2 X =2z, TOrJa BbIpaXeHue 1Jid

Y TUPUMET BUJL
1

Y=
3—(2z+7)
z

[IpuMeHuB TeopeMy O cpeHeM apu(MeTHYECKOM U CPEIHEM
reOMEeTPUYECKOM JBYX TOJIOKUTEJNbHBIX YUCEJI, TTOJTy4YnM

,0<z<1.

2z+122ﬁ,
z

1
[pUYEeM PaBEHCTBO MMEET MECTO TOJIBKO IpU 2z = — , T.e. IPU
z
1
V2

Taxum 06pasoM, Ypnin

z =

1 1
= —=3+22 =—.
3_2\/5 npu 2z \/5

CienoBatesbHO, 60KOBast TIOBEPXHOCTD KOHYca 6y/eT HauMEeHb-
. . 2
nieit pu 2x = arccos (\/5 - 1) U PaBHOM n(S + 2\/5) re.

[Ipu penreHny reoMeTpUYECKUX 3a/7a4 HA SKCTPEMYM He3aBH-
CHMYIO IIePEeMEHHYIO 4acTO MOXXHO BbIOPATh Pa3HBIME CIIOCO6A-
mu. Ho xesnaTenbHO 3TO cienath Tak, 4ToObl 60Jjiee KOPOTKUM
MyTeM MOJYYUTb BbIpa’KeHHe MCKOMOI (DYHKIMHM U 4TOOBI 9TO
BbIpaskeHue GbLIO TI0 BO3MOXKHOCTH GoJiee TIPOCTBIM. VHorna B
KauecTBe HE3aBUCHMOTO MEPEMEHHOTO yJ00HO B3STh BEJMYUHY
HEKOTOPOTO yTrJa M JJIs HAXOXK/JEHUS HanGOJbIIEro MW Hau-
MeHbIIlero 3HaYeHus PYHKIUH TT0Tb30BATHCS TPUTOHOMETPUYEC-
kUM HOpMyTaMu.

3anava 4. B chepy paduyca R enucana npasuivuas uemoi-
pexyzonvhas MUPAMuUdd, NAOCKULL Y20 NPU epuiuHe KOmopou
pagen Y. Hatidume nio-
wadv 60K060U NOBEPXHOC-
mu nupamudvt. Ipu kaxon
3HaueHuu Y naowads 6y-
dem naubosvuei?

Pemenne. IIycto
NABCD - mupaBuJjbHas
YeTBIPEXYTOJIbHASI TUPAMHU-
na, BUHMcaHHasg B cdepy i
(puc.4). IpogonxKuM Bbl- .
coty NH nupaMu/ipl 3a TOU- T
Ky H no Bctpeun co cde-
poit B touke M. Tak Kak 4 .-
nentp cdepbl JeKAT Ha
npamoit NH, 1o MN —
nuametp cdepsl, MN =2R
u ZMAN =90°.

O6osnaunm AH = r u ZCAN =o. Torma u ZAMN =aq..
Tpeyroabsuuk AMN npsivoyrousabiii 1 AN = 2R sin o, moatomy

it
Puc. 4 M

S =8R%sinasiny .

OcTaeTcs BBIPA3UTh Sin 00 depe3 TPUTOHOMETPUUECKYIO (DYHK-
nuio yraa Y . I3 npamoyroabpubix TpeyroabankoB BHN u KHN,
rae K — cepeauna pe6pa BC, HaxoauM

BK =bcosa, Kszsin%,

a TaK Kak BH:x/EKH, TO cosoc:x/isin%.

[Tonyuennyio Bobiie (opmyay s S Jerko 1npeo6pasoBarb
caenyonuM o6pasoM:

S =8R? (1 — cos? oc) siny =
= 8R? (1 — 25sin? %)sin y =8R?cosysiny ,
M OKOHYATEJBHO TIOJYYUM
S = 4R*sin2y.



OU3UYECKHUH

3IIa‘-II/IT, Ijomaab 6OKOBOI IIOBEPXHOCTU HMEET Han6oJIblIee
3HavyeHue

S,

max — 4R2 npu Y = 45°.

3agaua 5. Kaxoevl 0onxuol OGvimv pazmepv. OMKpbimozo
baccetina ¢ npsamoyzooHbIM OHOM, UmMoObL HA 00UUOBKY €20
cmen u OHd NOWI0 HaAuMeHbUee KOIUUeCmE8o MAMepuaid?

Ecau ykaszano, yto nHO Oacceiina umeer (OpMy KBajpaTta,
3a/jaua JIETKO PeINaeTcsi ¢ TIOMOIIbIO ITPOU3BOIHON, a B TaKOM
Gosiee 00IIEM BHJE €€ MOXHO DEIIUTb, TPHUMEHUB TEOPEMY O
CPeIHeM.

Pemenue. Ilycts x, y, z — A/MHa, MUPUHA U BbIcoTa 6acceiina,
TOT/Ja TJIONIA/Ab JHA U cTeH GacceiiHa paBHA

S =xy+2xz+2yz,
a 00beM COCTABJISACT
V =xyz.
[IpnMeHNM HepaBEeHCTBO MEXKIY CPEJHUMH TPEX MOJIOKUTENb-
Hpix uncen @ + b+ ¢ > 3abe w nonyunm

3
S > 3¥4x%y%2 , wm S > 3Y4V7?
IIpu 3TOM 3HAK PaBE€HCTBa MMEET MECTO TOrJa M TOJIbKO TOT/[a,
KOr/1a
Xy =2xz=2yz ,wmx =y, x = 2z.
Wrak, aHo Gacceiina 10J3KHO UMeTh GOPMY KBajipaTa, BbICOTA
JKe JOoJIKHa OBITH BABOE€ MEHbIIIE €ro AJUHDI.

Yupaxxnenus

Cueytonye 3a/jauyl PeIInTe, NCTIOJIb3Ys dIeMeHTapHble TPUeMbI:
HepaBeHCTBa, TpUroHoMeTpudeckue (yHKIuN. HekoTopble 3asaun
MOJIE3HO PENNTh TaKXKe C MOMOIIbIO TPOM3BOJHON M CPaBHUTDH
pesyJIbTaThl.

1. 13 Bcex IpSIMOYTOIBHBIX MapaJLTesIenIe/[0B ¢ JaHHO! [1aro-

OU3BUYECKUMH

3aBNCMMOCTb
neprona
KOnebaHunm
MadATHNKA OT
aMnNNnTyabl

U.TOPBATbIU

O IBOPE BBEPX KOJIECAMMU, OIIMPAACDH HA CEAJIO U
PyJib, CTOAJ BeJtocune]]. MaJbunK 3aKOHYMJI PEMOHT KOJIeca U
Termepb € COCPEJLOTOYEHHBIM BHUAOM CJEIUJ 3a €ro Me/JIeHHbIM
BpateHneM. Barisag Maabunka 6bIT IPUKOBAH K HUIIIEJIIO — He60Ib-
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HAJIBIO HAWJIUTE TOT, KOTOPBII NMeeT HanGOoJIbINY IO TIIOIA/Ib TOJTHOH
MMOBEPXHOCTH.

2. V13 Bcex TPSIMOYTOJIBHBIX TAPAJLIENENUIIE0B C TAaHHO qraro-
HaJIbIO HAINTEe TOT, KOTOPBIIl UMeeT HanGOIbIIYIO TLI0IAAb GOKO-
BOIl TOBEPXHOCTH.

3. B mpaBWIIbHYTO YeTBIPEXYTOJbHYIO MUPAMUJLY BIUIIUTE MPSIMO-
YTOJIbHBIN TapaJiiesienue/l HanboJblero o6beMa Tak, YTOObI 0/THA
rpaHb Mapajiesenuie/a Jexaaa B MI0CKOCTH OCHOBAHUS TTHPAMU-
JIbI, @ BEPIIMHBI TPOTUBOTIOJIOXKHOM TPAaHU MPUHAIJIEKATN GOKOBBIM
pebpam.

4. B maHHDII KOHYC BOWIINTE NUJIWHAD HAOOJIBINET0 06beMa.

3. B cdepy pammyca R Bmmcana mpaBWJIbHAS IECTHYTOJIbHAS
nupamuia. KakoBa g0o/oKHA GBITH BBICOTA TTUPAMU/IBI, YTOOBI 00BEM
ee ObLI HanOOJIbIINM ?

6. Oxosio mapa paaumyca R onucan xonyc. Ilpu kakoii BbicoTe
KOHyca ero o6beM Gyner HauMeHbIM? [loKaskuTe, 4TO

V22v,,

rae V — o6bem konyca, V| — o6bem mapa.

7. BokoBoe pe6po MPaBUIBLHOH YeTBIPEXYTOJbHON MHpPaMU/IBI
PaBHO b 1 COCTABJISIET C ILIOCKOCTHIO OCHOBAHMSI yTOJI O . [Ipn kakom
3HaUeHNn O 006beM mupaMujbl 6yzeT HamborbmuM? Uemy paBeH
3TOT 06BEM?

8. /InuHBbI ABYX TPOTHBOIIOJIOXKHBIX pebep TeTpas/ipa PaBHBI X, a
BCe ocTasTbHbIe UMEIOT JAJINHY, paBHyIo 1. Bripasure o6beM TeTpass-
pa kak ¢pynxnuio x. [Ipn kakom 3HaueHnn x 00beM TeTPadApa UMeeT
HanboIbIlee 3HaUeHNe?

9. Jlnnna oHOTO0 60KOBOTO pebpa YeTHIPEXYTOJbHON MUPAMU/IBI
paBHa X, BCe OCTaJbHBbIE pe6pa UMeIoT JUINHY, paBHyTo 1. Bripasure
o0beM nupamMu/bl Kaxk ¢yukimio x. [Ipu kakom 3HaueHnu x o6beM
MUPaMU/Ibl IPUHUMAET HanGoJIbliiee 3HAYEHME?

10. U3 Touka A, pacrosio)kKeHHOI BHE IIJIOCKOCTH, ITPOBE/IEHBI K
neil nepnenauxyaap AO u nakigonnole AB u AC. l3BecTHO, 4TO

BO =1, CO= 2\/5 n £ZBOC = 45° . Haiiaure paccrostaue AO,
pu KotopoM £BAC = 45°. Kakoe Han6oJiblllee 3HaYEHIE MOKET
MPUHUMATD TOT YTOJI?

ODAKYJUbBTATUB

[IIOMY OTPOCTKY [IJIsI OICOe/IMHEHNUsT Hacoca. BOT HUIIIIEb IO/ HSLI-
cs1 BBEPX, MEPEBAJIIT Yepe3 BEPXHIO TOUKY U HAYAJ OMYyCKATHCH,
yCKOPsIst Bpalienue Koseca. Ho depes HekoTopoe BpeMsi Ha ouepe/i-
HOI 0GOpPOT JHEPTUU Y’Ke He XBATUJIO, KOJIECO Ha MIHOBEHUE
OCTaHOBUJIOCH, HEMHOTO He JIOTAIIUB HUIIIEJb /[0 BepXHEH TOUKU, 1
CTAJIO TIOBOPAYUBATHCS B IPOTUBOIIOIOKHYIO CTOPOHY, TIOCTENEHHO
HabGupasi CKopocTh. Bpaienne KoJieca CMEHHJIOCH €T0 KOJleGaHusI-
mu. «Korma kosmeGaHust TPEKPATSITCs, HUMIENb BHU3Y TOJUKEH
ObITb», — MOAYMAJ MaJbUMK, — <IJHU s TJIOXO MOYUCTUT M CMa3all
BTYJIKY>.

W3BecTHO, 4TO M1060€ TBEPAOE TEJIO, KOTOPOE MOXKET KAa4aThCst
BOKPYT HEIOJBIKHOM TOPU30HTAJIBHON OCH, SBJSETCS MasTHH-
koM (Tounee — usnyeckum MasgTHUKOM). [Ipocreituuii MasT-
HUK — 3TO I'Py3 MaJbIX pa3MepoB, 3aKpelJIeHHbIN Ha JAJTUHHON
serkoit uutu (um crepskue). Ecmu MoKHO mpeHeGpeusb Maccoi
HUTH 110 CPAaBHEHMIO C Maccoil Ipysa, pasMepamMH Tpysa IO
CpPaBHEHUIO C JUIMHOH HUTH, a Takxe Jedopmanyeil HUTH, TO
TaKOIl MaATHUK Ha3bIBAIOT MaTeMaTuyecKuM. Ilpu manvix yriax
0L OTKJIOHEHMS MAATHUKA OT II0JIO’KEHUS PABHOBECHS €ro KoJie-
GaHusT SIBJISIIOTCSI TADMOHMYECKUMH, T.€. OMUCBIBAIOTCS (PopMy-
J0#

o = o, sin (of + @), (1)

rae 0O, — MaKCUMaJbHBIH YroJ OTKJOHEHHS OT IOJIOKEHUS
pasrHoBecust (yrsioBas ammuurtyga), @, — HavasibHas ¢asa
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Kosiebanmii, o = ./g/l — unkaMYeckas yacrora, [ — JJIMHA HATH,
g — ycKopeHue cBoGoJHOTO najienus. [lepuoa Maabx Kose6annit
MaTeMaTHYeCKOT0 MasTHUKA, PABHBIN

T=E=2n i, 2)

® g
He 3aBUCHUT OT aMILIUTY/bl KoJjebOauuii o, . Takoe cBOWCTBO
KoJIe6aHMil — HE3AaBUCUMOCTD NIEPUO/IAa OT aMILTUTY/Ibl — HA3bIBa-
10T U30XPOHHOCTHIO KOJTEGAHMIA.

Bosuukaer BOIpoc: HACKOJbKO MaJIOW JOJIKHA ObITh aMILIN-
Ty/Jla KOJeOaHuil MasiTHUKA, YTOObI €ro KoJe6aHuss MOXKHO ObLIO
cunTarh u3oxponnbiMu? Hampumep, yroa 30° MOXHO cunTaTh
MambiM? A yron 15°? TIpHMeHHWTeNbHO K MaTeMaTHUeCKOMY
MaATHUKY MOJKHO CHPOCUTH U MHA4YEC: MPU KaKUX aMILJIUTyJdaX
MOKHO TOMb30BaThess dopmysionl (2) mag pacuera mepuopa
KoJieGaHuii?

OTBeTbl HA 9TH BOIPOCHI, KOHEYHO, 3aBUCSIT OT TOTO, KAKYIO
TOYHOCTb Mbl MMEEM B BUAY IIPpU OIPEACJCHUN II€puo/a. TaK,
€CJIN HAC YCTPAWBAET MOTPEITHOCTD B 2%, TO KOJICOAHUST MAsSTHH-
Ka MOKHO CUMTATh M30XPOHHBIMH, a dhopmyay (2) cupase/iu-
BOil mpu OGJIBIIMX YIJIOBBIX aMILIUTYJIAX, YeM, CKasKeM, NpH
norpemnoctu B 0,1% .

SIcHO, 4TO /1151 OTBETA HA MOCTABJIEHHBIE BOTIPOCHI HEOOXOAUMO
UCCJIe[IOBATh 3aBHCHMOCTb T€pHO/a KOJeOAHUI MasTHUKA OT
aMIJINTYbl TIPH TIPOU3BOJIbHBIX, HE 00sI3aTeJbHO MAaJIbIX, ee
3HaueHUsX. HauHeM ¢ MPOCTOTO IKCIEPUMEHTA, a 3aTEM IIPOBe-
JIeM TEOPETHYECKUE PACUeThI.

IxcnepuMeHT. 3aBUCUMOCTb T OT O, >KeJaTeJbHO OIpejle-
JIUTh KAK MOKHO B OOJIBIIIEM JMANa3oHe U3MEHEHUIl yTJIOBBIX
aMIIATY/], a 3aTyXaHue KoJieGaHWil B 9KCIEPUMEHTE JI0JIKHO
OBITH JIOCTATOYHO MAJIbIM: BO BCSKOM CJlydyae 3a OJMH HEPUO[
KoJIe6aHMil aMIIUTY /1A He JJOJUKHA 3aMETHO yMeHbInaTbest. /st
ITUX TIeJIell B Ka4eCTBe MAasTHUKA JeHCTBUTENIbHO yIOOHO B3SITh
006bIYHOE BEJIOCUTIEIHOE KOJIecO. XOPOIINi MOIMIUITHUK obectie-
YUBaeT Majloe 3aTyXaHue KoJeGaHuil, KoaeGaHus MPOUCXOJST
JIOBOJIHO MeJIJIEHHO, & UX aMILIUTYZY MOXXHO MEHSITb B IIUPO-
KHX TIpesieiaX, BIoTh 10 180°. Tlo ciunaM yo6HO OTCUMTHIBATD
YTJIBI OTKJIOHEHHUS OT MOJTOkKeHns paBHOBecus (Ha KoJiece MOero
BesiocuIieia, Hampumep, uMeercss 36 CIUIl — OTJMYHBII TPaHC-
nopTup ¢ 1nenoii genenns B 10°).

Koseco coBepuraer koseGaHusi, €CJu €ro IEHTP TIKECTH
HECKOJIBKO CMEIIleH OTHOCHTEJbHO ocu BpatieHusi. OGbIYHO 3TO
IIPOUCXO/IUT 34 CYET HE COBCEM TOYHOI IEHTPOBKHU KoJjeca, a
TakKe W3-32 HaJWUUs HUONeas. Ho MOXXHO [ONOJHUTENbHO
CMECTHUTD LEHTP TSPKECTH KOJIeca, YTSIKeJNB 000/ B HEKOTOPOM
Mecre. [l 9TOro Mbl IPUKPEITHIN CKOTYEM K 0001y KoJieca Tpy3
HEeGOJIBIINX PAa3MEPOB MAacCOil OKOJIO 0JJHOTO Kusorpamma. Ilpn
3TOM BO3POCJA CHJIA, BO3BPAIIAIONIas KOJECO K TIOJOKEHHIO
pasuoBecust (TouHee, MOMEHT CHJIbI), U TEPUOJ KOJeGaHUid

yMeHbInICs. OHOBPEMEHHO YMEHbBINN-
JIOCHh 1 3aTyxaHue KoJe6anuii (mockomb-

ﬂ A Ky BO3pOCJa HMHEPLUUOHHOCTH KOJECa).
| . MBI TIOHSIJIN, YTO UMEET CMBICJ IPHUKpe-

w w IUTb €lle OJUH IPY3 IOYTH TAKOU IKe

41\ Macchl, KaK U TIePBBIi, B [UaMeTPAJIbHO
[POTUBOMOJIOKHOM Mecte 060j1a (puc.1).
- 3aryxanue ete 60JIbIlle yMEHbBITIIOCH, a

L HepHo/| KoJIe6aHn yBeJIUIUICS, 4TO OBLIO
y100HO /115 U3MEPEHUIA.
pucl. Bepocunenroe Bpemsi naMepsinioch OOBIYHBIM CEKYH-
Kosieco — @pundeckum o
MESTHIIK JLOMEPOM C IEHO eemnst 0,2 c. Peayupb-
TaTbl U3MEPEHNN TIPUBEJEHDI Ha PUCYHKE
2. Buano, uto nepuo/ Kose6aHuii MOHOTOHHO YBEJTMYMBAETCS C
POCTOM YTJIOBOI aMIUIMTYZbl. IIpum MasblX aMmauTygax ara
3aBUCUMOCTD BbIpakeHa cjabo: Tak, MpH yBeJHYeHINH aMILIHTY-
JZIbl OT IIpeJIeJIbHO MaJIbIX YTJIOB A0 O, = 60° mepuoj Kosre6aHuit

2005/ Ne?

T

]
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Puc.2. 3aBUCHMOCTb 1eproAa Konebarusi oT aMiinTyas! (3KCIEPUMEHT)
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yBesmumBaercss He Gosee wem ma 10%, a mpum 90° mepmos
KosteGanmii yBemnuanBaercs npumepno Ha 20%. Peskoe yBeside-
HUe 1epuo/ia Kosuebanuii Hab0aeTcst TP TPUOINKEHUN YTJI0-
Boil ammutyzasl k 180°. Hanpumep, npu o, = 160° nepuos
KoJIe6aHMil yBeJUYHJICS TIOYTH B 2 pasa IO CPABHEHUIO C
MEPUOJIOM MAJIbIX KOJIeGaHuil.

Mbl U3MEpPUJIH 3aBUCUMOCTD TIEPUO/Ia KOJIeOGAHIT OT AMILITUTY-
ZIbl JI7TS1 HEKOTOPOTO KOHKPETHOTO KOJIeca-MassTHUKA C TPYy3aMu-
nporuBoBecamu. OIHAKO, MOJYYeHHbIE PE3YJIbTATHI MOTYT GBITH
TIpeACTaBJIEHbI B TAKOM BU/I€, YTO OHU OKAXKYTCA CIIpABEAJINBDI-
MU /151 1I060r0 (PU3MYECKOTO MasiTHUKA.

Teopus. Iosoxkenue TBepaoro Tesa (MasgTHUKA), KOTOPOE
MOJKET Ka4yarbCsi BOKPYT TOPU3OHTATbHONU ocu O, B KaKIbIi
MOMEHT BpeMeHu OyjeMm
XapaKkTepu3oBaTh YIJIOM
€ro OTKJIOHEHHS O, OT MO-
JIOXKEHUS PaBHOBECHUS
(puc.3). Kaxpmas Touka
MasSITHUKA [JBUKETCS IO
OKPY’KHOCTH C YTJIOBOI
do
dt -
JImHeliHbIe CKOPOCTH pas-
JIMYHBIX TOYEK MadTHHKA
PA3JINYHBI U OIPE/eNIIOT-
Csl PACCTOSTHUEM ¥ OT OCH
Bpamenus: V = wr. Ilo- k@

TOMY KHHETHYECKas IHEepPrus MasTHUKA, BPAIIAOIIErocs B
JIAHHBII MOMEHT C YTJIOBOH CKOPOCTBIO (, PaBHA

2 2.2 2
EK=ZAm2iVi =2Aml§)71 =%2Ami1’i2,

rae Am; — Macca OueHb MAJIOTO y4acTKa TBEPAOTO TeJla, YAaeH-
HOTO OT OCH BPAIleHNS HA PACCTOSIHHE 7; ¥ UMEIOIero JUHEeHHYI0
ckopoctb V;. Besnunna ZAmirf 3aBHCHUT OT paclpe/lesIeHusT
Macc B TBEPJIOM TeJIe U IIOI0KEHNS OCU BPAIEHNS, 9Ty BeJIUUUHY
HA3bIBAIOT MOMEHTOM HWHEPIIMHM TBEPJOTO Tesa OTHOCUTEJIbHO
JAHHOU ocH 1 0603HAYAIOT OYKBOIT 1.

Jl1s1 IOTEHINATBHOI 9HEPrUKM MAasTHUKA MOKHO 3aInCaTh

CKOpPOCThIO M =0 =

Puc.3. Konebarus @puan4eckoro mMasr-

E, =mgh,

rjae i — BbicoTa MOAHATHS HeHTpa Mace C Hajl CaMbIM HUKHUM
ero moJoxkenneMm. V3 pucynka 3 BuaHO, 4to h = 1(1 - Cos oc) ,
rjie [ — paccTostHue OT OCH BpAIEeHUs /[0 [IEHTPAa MacC MasiTHUKA.

Ecu cusamu TpeHUs U CONPOTUBJIEHUS MOKHO TpeHe6peyb,
TO TIOJTHASI MEXaHWYECKash SHEPTUsl MasTHUKA

Ezéoc’2 +mgl (1 - cos o) (3)
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OoCTaeTcAd HOCTOHIIIIOﬁ, cJjieijoBaTeJibHO, €€ IMpou3BOo/HadA 110
BpeMEeHN paBHa HYJIO:

fl—f =Io'a” + mglo/sina =0 .

Orcroga nosyunm auddepeHinaibHoe YpaBHEHHE OTHOCUTEb-
HO HewsBecTHOI (yHKIMK Bpemenu o = o (¢) :

o +fsino =0, (4)

)
rae oy =mgl/l .
Ecau npu MasbIx yriiax OTKJIOHCHUS CUMTATh Sin o = oL, TO
ypasuenue (4) mpuHUMAaeT BUJ

o’ +oio=0. (5)

Pemenunem 9TOTroO YpaBHEHUA ABJIAETCA (byHKIlI/IS{

o = o, sin (0yf + @), B yeM JierKo yOeUThCsI, BBIYUCIUB BTO-
m 0 0

pyto ponzsozmyio (o = —wiet,, sin (0t + @) = —wjor ) u moz-

craBuB ee B ypasrenue (5) — oHo o6patutces B Toxk/1ecTBO. Takum
06pa3oM, IpH JOCTATOYHO MAJIbIX aMILTUTY[aX KoaeGauuii (kor-
aa sino = o) Koae6aHus MAATHUKA SBJISIOTCS TaPMOHUYECKH-
MM, a IIePHOJI ATUX MAJbIX KoJebaHuii — 0603HaunM ero Ty — He
3aBHCHUT OT aMILJIUTYIbl U OIpe/essieTcss GopMyioit

2n 1

T, =—=2n|—. 6
0 ON nmgl (6)

B wactHOCTH, /1T MATEMATHYECKOTO MAsITHUKA
) [
I=ml*,n T, =2n |—,

a JUIS MApHUPHO 3aKPENJIEHHOH 3a OJMH KOHEIl OJHOPO/IHOI
HaJo4Ky Maccoil m u paunoit L
2
=" L g 2L
3 2 3g

JLJ1s1 TIPOM3BOJIBHBIX YTIJIOB OTKJIOHEHHS O BBIPA3UTD PENIEHIE
ypasuenus (4) B aneMenTapubIx GyHKIUAX He yaaercs. OHako
YpaBHEHNE MOJKXHO PCHINUTD YUCJICHHO. CyH.IeCTByIOT pas3jn4yHbIC
aJaropuTMbl perenns. CaMblil TPOCTON aJrOPUTM MOXKET OBITH
OCYIIECTBJIEH CJIELyIOMUM 00pa3oM. 3aa/ MM HEKOTOPbIe 3HAYe-
HUA yrJaa: O =04 U YIJIOBOW CKOPOCTH: o = ) B HayaJbHbII
MOMeHT BpeMmenu. IIpum momomm ypasHexus (4) BbrUmCINM
yIJI0BOE YCKODEHHe B ITOT HAYAJbHBIII MOMEHT:

B =a”= —0)(2) Sin 0y W paccydrTaeM yrosa Oy H YIJOBYIO CKO-
pOCTb , 4Yepe3 MaJblil IPOMEKYTOK BpeMeHU Af :
BiAL

oy = 0y + OAL +

, y =0y +PAL.

[lasiee BbIYMCANM YTJIOBOE YCKOpeHue B, = — sin o, B MOMEHT
t=At, a 3aTeM — YroJ U YIJOBYIO CKOPOCTb B CJEAYIOMIUIT
MOMEHT BpeMeHu t = 2At :

A2
oc3=oc2+m2At+Bz—t

y 03 =, + BAt )

u Tak jpaJjee. IIpuBenenuslii anroput™ He oyeHb addexTuseH,
MOCKOJIbKY HY)KHO OpaTb OYeHb MaJblil BpeMeHHOil mar Af,
4yTOGBI N36€KaTh HAKOIJIEHUS! OMIMOOK MTPH MHOTOKPATHBIX T10-
BTOPHBIX Bbruncjaenusx. CymecTByioT u apyrue, 6ojee pamno-
HaJbHbIE CXeMbI pelieHust AndepeHnnatbHbIX ypaBHEHUIT, B
KOTOPBIX ONMMOKH, BO3HUKAIONINE HA KAXK/OM IIare, 4acTHYHO
KOMIIEHCHPYIOTCS.

Ha pucynxe 4 npuBejeHb! pe3yJabTaTbl YNCJAEHHOTO PEIIeHUS
ypaBHenusi (4) [ HECKOJIbKUX 3HAYCHUI YTIOBON aMILIUTY (bl
a,, . 3amerum, 4ro dopma KojebaHuil ocraercss OGJU3KOW K
CUHYCOU/IQJIbHOM Jla’ke IPU BecbMa GOJIBbITNX aMIINTyAaxX. Tak,
naske mpu o, =150° OTKIOHEHUS OT CHHYCOMAANbHON (POPMbI
BecbMa He3HauuTesbHbl (IITPUXOBasg KpuBas Ha pUCYHKe 4

130"

I
_!|||l\.

=120

—150 ¢
1] 2 G4 OH6 05 10 1.2 14 1.6 By

Puc4. 3aBUCUMOCTL  yi7ia OTKJIOHEHUS QDU3NYECKOro MAasTHUKa OT
BPEMEHU 1IPU PASTUYHBIX YITIOBbIX aMIINTYAAaX KonebaHmi (teopus)

paccunrana no ¢popmye o = 150sin (21¢/T) ), a npu a,, = 90°
OTKJIOHEHUIl OT CMHYCOM/IaJIbHON 3aBUCUMOCTH NPU BBIOPAHHOM
Maciitabe BooGiie He 3aMeTHO. [leproj KosieGanmii, Kak BUIHO,
YBEJUYMBAETCSI ¢ POCTOM YIJIOBON aMILJIUTY/IbI.

PacueTHas 3aBHCHMOCTD Iepuoia KoJeOAHUH OT aMILIUTY/bI
n3o6pakeHa Ha pucyHke 5. [To ocu opiHAT OT/I0KEHbI 3HAYECHUS
He caMoro nepuoja kosebauuii T, a ornomenuss T/T, , rae Ty —
epuo/i KoJyieGaHuii Mpu TpejieJibHO MaJIbIX aMIInTyaax. Takoi
nepexoa K Ge3pa3MepHOil TepeMEeHHON MO3BOJISIET MPUMEHSITh

T,

1 e . SR . P cmc
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Puc.5. «To4ku» — IKCNIEPUMEHT, CII/IOLIHAS JIMHUA — TEOpUs

10 150 .

=
a

Pe3yJIbTaThl HAIIMX PAcYeTOB K JT060MYy (PU3MUIECKOMY MasTHHU-
Ky. VIHbIMU cJl0BaMM, IIPUBEJICHHDIE HA PUCYHKAX 4 U 5 pacuer-
Hble KPUBBIE OY/IYT BBITJISETD COBEPIIEHHO OJIMTHAKOBO [IJISI BCEX
pusmuecKUX MASTHUKOB, a PA3JIMYATHCS OYIYT JUIIb 3HAYEHHS
1epuoioB MaJsbix Kosebanuii Ty .Ha rpaduke pucynka 5 HaHe-
CEHBI TAKXKE <«TOYKH», TMOJYUIEHHbIE MO PE3yJbTATAM HANIUX
IKCIIEPUMEHTOB C KOJIECOM-MasTHUKOM. BuaHo, 4to corsacue
IKCIIEPUMEHTA U TEOPHH Y/IOBJETBOPHUTENbHOE — PACXOKIEHHS
HAaXOJSTCS B IpeJiesiaX IOrPeIIHOCTel IKCIePUMEHTA.

WTak, TouHOE YMCIeHHOe pemenue ypasuenns (4) moxaspisa-
€T, 4TO KOJeGaHMs MasTHUKA, CTPOTO TOBOPS, HE SBJSIOTCS
M30XPOHHBIMHU — MEPUOJ KOJIe6aHIIT MOHOTOHHO YBEJTNUMNBAETCS
¢ poctoM ammnTybl. OMHAKO TPU MAJBIX YTIOBBIX AMILIHUTY-
JlaX 3aBHCHMOCTb II€PHO/ia OT aMILINTY/bl BbIPAXKEHA CJa60.
Tak, wHanpumep, Npu yraooil ammsuryne o, = 30° mnepuoj
KoJie6anuii mpeBblaeT nepuoja KoseGanuii Ty ¢ mpemesbHO
MaJioii aMIuTy0it He Gosiee ueM Ha 2%, a s o, = 90°
npesbllieHne neproja cocrasiser npumepHo 20%. Ecau roso-
PHUTb O MAaTEMATHYECKOM MAsSITHUKE, TO UMEHHO TaKKe NOTPENIHo-
cru Gyzer gaBath dopmyna (2) npu BbIUMCAEHUH NEPUOAA C
YKA3aHHBIMU BBITIIE AMILIUTYIAMH.



NPARKTUKYM ABUTYPHUEHTA

O AHamuKe
KPVBOSMMHENHOIO
NBUKEHWS

B.1njaunc

3 IIKOJIbHOTO KYPCA ®U3NKN U3BECTHO, UTO PAB-

HOMEPHOE [BIDKEHHE II0 OKPYXKHOCTH — TaK Ha3bIBAlOT
JIBIDKEHIE MATEePUATbHON TOUKH 110 OKPY>KHOCTU C MOCTOSTHHON
110 BeJINYMHE CKOPOCTHIO — €CTb JBHIKEHUE C YCKOPEeHHeM. ITO
ycKopeHHe 00yCJI0BIEHO PABHOMEDHBIM H3MEHEHHEM C TeYeHHeM
BPEMEHHU HAIIPaBJEHHUS CKOPOCTH TOYKH. B m060if MOMeHT
BPEMEHU BEKTOD YCKOPEHUs HAIPAaBJIeH K IEHTPY OKPY’KHOCTH,

a €ro BeJrM4YnHa IMOCTOAHHA U paBHa

o? 4Tt

2
a,=—=w'R=—+R,

R T
r7ie © — JUHeWHas CKOPOCTb TOUKH, R — panyc OKPY>KHOCTH, 0
— yrjoBas CKOPOCTb Ppajnyca-BeKTOopa Touku, 1 — Tepuosn
obpatiienusi. B aToM ciydae ycKOpeHHe Ha3bIBAIOT IIEHTPOCTPE-
MUTEJIbHBIM, WX HOPMAJbHBIM, UJIH PAJNAJbHBIM.

OueBUHO, YTO BO3MOXXHO KPUBOJIMHEHHOE [ABI)KEHHE He
TOJIbKO TI0 OKPY3KHOCTH 1 He 00s13aTeJibHO paBHOMepHOe. TToro-
BOPUM HEMHOTO O KWHEMAaTHKe MPOU3BOJIHHOTO KPUBOJIMHEWHOTO
nBukeHus. Tem GoJsiee 4TO B HPOILJIOM TOAY B IIPOTPAMMY
BCTYNHUTEJbHBIX 3K3aMeHOB 10 (usuxe, Hanpumep B MI'Y um.
M.B.JIoMOHOCOBa, BKJIOYHJIN BONPOC 00 YCKOPEHUH MaTepu-
AJIbHON TOYKM TPU MPOU3BOJTHHOM JABUKEHUY TI0 KPUBOJHMHEN-
HOH TpaeKTOPHH.

PaccMoTpuM cHauasa HepaBHOMEpHOe JIBHKEHUE MaTepHasb-
HOI TOYKHM TI0 OKpY>KHOCTU. [Ipy TakoM ABUKEHNN U3MEHSETCS
€O BpeMeHeM He TOJIbKO HallpaBJieHIe BEKTOpa CKOPOCTH O , HO
U ero BeawuynHa. B
3TOM cJydae Ipupa-
menue Ap BeKTOpa
CKOPOCTH 3a MaJjoe
BpeMs ot ¢ 10 t + At
y06HO TIPE/ICTABUTD
B BH/I€ CYyMMBbI:

Av = Avr + Ao,

(puc.1). 3mecs Ave
Puc 1 — KacaTeJbHasg TaH-

TeHIIMaNbHas COCTaB-
JITONTas PUPAIIEHHsT CKOPOCTH, COHATIPABJICHHAS C BEKTOPOM
CKOPOCTH 1 00YCJIOBJEHHAS TPUPANICHAECM BEJMINHBI BEKTOPA
ckopoctn Ha Ao, = |A—v| c0s®, a Avy — HOPMaJbHASI COCTABIISI-
1omas, o6ycaosaenHas (Kak U B cllyyae paBHOMEPHOTIO JIBHIKe-
HHS [0 OKPY’KHOCTM) BpallleHHEeM BEKTOpa CKopocTH. Torzga
€CTECTBEHHO M YCKOPEHHUE TIPE/ICTABATD B BUJIE CYMMBI KACATEJIb-
Hoit (TaHreHIMaIbHOI) ¥ HOPMAJbHON COCTABJIAIOIIMX

Av _ Av: Ao,
= 2% D%

i=—= =d, +a,.
At At

At T

[l mpoex1nit BeKTOpa YCKOPEHHUS Ha KacaTeIbHOe 1 HOPMAaJTh-

HO€ HallpaBJIEHUA CIIpaBelJIMBbl COOTHOIIEHUA

2
_ Ay 0

a. At,dn—E.

OTMeTHM, 4TO KacaTeJbHas COCTABJSIONAs @, YCKOPEHUsS Xa-
paktepu3yer GbICTPOTY U3MEHEHUST BEJIMYNHBI CKOPOCTH, a HOP-
MaJibHasl COCTABJISIONIAs @, XapaKTepu3yeT ObICTPOTY M3MEHe-
Hust HanpassieHus: ckopoctu. Ilo teopeme IIudaropa,

_[2. 2
a=.\da; +a, .

B cayvae nBuskeHus no nNpom3BOJIbHOM KPUBOJWHEHHON Tpa-
€KTOPUH BCE YKa3aHHbIE COOTHOIICHUS TAKXKe CIIPaBe/JINBbI, IIPU
3TOM B (hOpMYyJIe /151 HOPMAJIBLHOTO YCKOPEHUS @, 110]] BEJIUYH-
HOH R Ha/10 TOHUMATh PA/INYC TAaKON OKPYXKHOCTH, C 3JIeMEeHTap-
HOM JY>KKO# KOTOPO¥ COBIa/IaeT y4acTOK KPUBOJMHEHHON Tpa-
€KTOpUU B MaJIOH OKPECTHOCTH TOTO MeECTa, IJe HaXOAUTCS
JBIKYIAsCS MarepuaJbHas Todyka. Besmunny R HasbIBaloT
PajilycoM KPHUBM3HBI TPACKTOPUU B JJAHHOH TOUKeE.

Ternepb paccMOTPUM HECKOJIbKO KOHKPETHBIX 3a/[a4 Ha KPUBO-
JUHENHOe [BUXKEHUE, NPe/JIaraBlinxcs B MOCJe[HUE TO/bl Ha
BCTYIIUTEJbHBIX 9K3aMeHaX ¥ OJMMIMa/Lax 1o (pusnke B BelLy-
IUX By3ax CTpaHbl.

3angaua 1. Kamenv 6powen co ckopocmuio vy noo yziom o,
K eopuzonmy. Hatidume paduyc R xpususnvr mpaexmopuu 6
OKPeCmHOCIU MOUKU cmapmd. Y ckopenue c60000H020 nddenus.
g u36ecmuo.

Jl1s1 oTBeTa Ha BOIIPOC 3a/1a4i BOCHOJIb3YEMCs COOTHOLIEHUEM
JI/I. HOPMAJIBHOTO YCKOPEHUS:

B manoit okpecTHOCTH TOUKY CTap-
ta v =1, (puc.2). HopmasbHoe
YCKOpeHWe d, €CcTb MPOEKIUs yc-
KopeHusi cBOGOHOTO TAJeHUus §
Ha HOpMaJb K TPAEKTOPHU:
a, = gcoso . ITo JaeT

2
%

geosa

3amaua 2. Onpedesume eec P
mesia maccol m na zeozpagpuuec- g |
Kot wupome ¢ . Ycxopenue, co-
obwaemoe cunoii maxecmu, pag- ¢ 2
HO g. 3emaio cuumaiime 00HOPOOHBIM WAPOM paduycom R.

HamoMunM, 4T0 Bec Tera P — 3T0 CcHJia, 06YCIOBJIEHHAS
TSATOTEHHEM, ¢ KOTOPOH TeJIO JIeHCTBYET Ha OHOPY MJIN MO/BEC.
JlorycTiM, 4TO TeJO JIEXKUT Ha IOBEPXHOCTH BPAIAIONIEHCS
3emun. Ha Hero feficTBYIOT CUJIa TSKECTH MG , HalpaBJeHHAS

K meHtpy 3emum, u cmma peakmun omopsl N (puc.3). Ilo
TpeTbeMy 3akoHy Hbio-

tona, P =-N . Ioaro- N
My ISl OIIpejieJIeHust
Beca Tesa HalJeM CIIy
peaxiuu N .

B uneprmaapHoii cuc-
TeMe OTcYeTa, IEeHTP KO-
TOPOI HAXO/AUTCS B ICH-
Tpe 3eMJu, TeJO PABHO-
MEPHO JIBIKETCS 110 OK-
PYXHOCTH pajUyCcoOM
7 = Rcos @ c nepunojpom
oaHu cyTtku, T.e. T = Puc 3




NPAKTUKYM

= 86400 ¢, ¥ MUKJINYECKON 4acTOTOIl

(D=E=7,3~10_5 ¢t
T

Yckopenne Tesa 0 BeJMYNHE PAaBHO
a, = w’r = ’Rcos @

U HaIpaBJeHO K ocu BpamieHust 3emun. M3 atoro ciaenyer, 4To
PaBHO/EWCTBYIONAST CUJI TSIPKECTU U PEAKIIMU OMOPBI TOXeE /10J1-
JkHa OBbITh HAIpaBJeHa K ocu Bpamlenus: 3emuu. Toraa mpum
0 <@ <12 cuna peakium 06pasyeT ¢ MEPIECHAUKYIAPOM K OCH
BpallleHnsT HeKOTOPbIi yroar o # @ . Ilo Bropomy 3akony Hbio-
TOHA,

md =mg + N .

Hepeﬁ/:[eM K TIPpOEKIUAM CHUJI M YCKOPEHHUA Ha pauaJibHOE
HallpaBJICHUE!

mo*R cos @ =mgcos@® — N cos o

U Ha HallpaBJleHue, IePIeHIUKYISIPHOe IJIOCKOCTH, B KOTOPOII
MPOUCXO/UT JIBUXKEHUE:

0 =-mgsing+ Nsino .

Uckmovas o w3 ABYX TMOCJEIHUX COOTHOINIEHUU, HAXO/IUM Bec
TeJsia, MOKOSIIErocsl Ha Bpamlamleiics 3emJe:

P=N-= \/(mg)2 - m*0’R (Zg - m2R) cos? @ .

3agaua 3. Paccmosinue om 3emau 00 080UHOU 36e30vL 6
coseesduu Ilenmaspa pasno L = 2,62 -10° a.e. Habwodaemoe
Y2a060€ pacCmosiHue Mexoy 36e30amu Nepuoouteck UsmMensi-
emcst ¢ nepuodom T = 80 nem u docmuzaem HaubosvUE20
snavenus ¢ = 0,85 -107 pad. Onpedesume cymmapmyio maccy
M  36e30. Ilocmosannas 6CemMupnozo mszomenus
G=6,67-107"" (H-m’[x®), 1ae=1,5-10"" m. Opbumw
36e30 cuumatime Kpy206bIMU.

ITox nmeitcTBHEM rpaBUTAMOHHBIX CHJI

nymy

(n + ’2)2

3Be3/bl JBIDKYTCS PABHOMEPHO C TepHoJoM T IO OKPY’KHOC-
TAM PaAWyCOB # W 7, BOKPYT IEHTPA MacC CUCTEMBI CO
CKOpOCTAMU ¥y U ¥, coortBerctBenno (puc.4). ITo BTOpOMY
3akony HbloToHa,

F=F=G

2
oy _ g M
o 27
LY [ 1 (1/1 + 72)
2
: Myv mm.
F. rl':'H.l F, 202 _ My .
i iy 7 (7-1 + 7-2)
CuioxuB stH paBercTBa (moc-
B
! Jie COKpalleHus Ha my 1 M,
" i COOTBETCTBEHHO), TIONYUNM
cgrtmy _ 0 vl
Puc. 4 R N
(n+n) 1 B
Ortciofa ¢ y4eToM COOTHOIIEHUI
2my, 2nr.
n+rn=Lo, v === [} =2
T T

IIpUxXoauM K OTBETY
oY ¢’
M =m, +m, =(—”) 2 35107 kr.
T) G

3apnava 4. Ha zopusonmanvnoi naamegpopme cmoum cocyo ¢
60dotl (puc.5). B cocyde saxpennen monxuii cmepixens AB,

ABUTYPHUEHTA 31

HAaKJIOHEHHbLI K 20pu30Hmy noo yzaiom o, . O0HopoOHblIl wapuk
paduycom R moxem ckoav3umo 6e3 mpenus 6004 CIMePHKH,
npoxodsuezo uepes ezo yenmp. Ilaomuocmv mamepuara wapu-
Ka Pgy, naomuocmy 600vt P, Py <P . Hpu epawenuu cucmemol
€ NOCTOANHOU Y210801 CKOPOCMbIO B0KPY2 6EPIMUKATILHOL OCU,
npoxodswetl uepe3 HUKHUI KoHey, A cmepKHs, ueHmp wapura
ycmanasaueaemcs na paccmoanuu L om amozo xonya. C xaxotl
no eeauuune cunoi F wapux deiicmsyem na cmepxenv? Kaxosa
Y2108as CKOPOCMb O 6pd-
wenus naamgopmot? Ilpu
Kaxou MUMUMAaivHol YzJio-
801 cxopocmu. Oy, WAPUK
<Yymomems, m.e. OKAKemcs
Y OHa cocyda?
O603HaunM 06beM IapH- -

KaV(Vz%nRS).Hama— =

puK OGyayT JeiicTBOBATh TPU

CUJIBL: cuJla TskecTu PoVg ,
cuJa HOPMAJIbHON peaxIun
N co CTOpOHBI CTepXKHS
(mapuk jgeficTByeT Ha CTepKeHb C TaKOI >Ke 10 BeJUYhHe W
HPOTHBOIIOJIOKHOM 10 HAIPABJICHUIO cuioit) u cuma Apxumena
F, . Haiinem apxumesoBy CHIY.

PaccMoTpuM [BHMIKEHHE JKUIKOCTH B OTCYTCTBHE IIapHKa.
Jli060i1 asieMeHTapHBIN 06BEM BOJBI PABHOMEPHO [JBIIKETCS IO
OKPY>KHOCTH PaILyCOM ¥ B TOPU30HTAJIbHOII ytockoctu. Cieno-
BaTeJIbHO, BEPTUKAJIbHAS COCTABJSIONIAS CYMMBI CHJI IaBJICHUS
(cusbl Apxume/ia) ypaBHOBEIINBALT CHJIY TSIKECTH, AeHCTBYIO-
Y10 HA *KUKOCTb B PACCMATPUBAEMOM 06bEME, & TOPU3OHTAb-
Hasl COCTABJISIONIASA COOOIIAECT ATOH KUAKOCTH 1EHTPOCTPEMHU-
TeNbHOE YCKOpeHue d, = 7 . [Ipu 3aMeneHni KuAKOCTH 1ia-
PHKOM 3TH COCTABJISIIONINE He U3MEHSIOTCS, a CUJIa, NelCTBYIO-
masi Ha BOJSTHOM IApUK CO CTOPOHBI TOHKOTO CTEPIKHS, PaBHA
Hymo. Torga BepTuKaibHas COCTABJISAIONIAs CUIbI ApXHUMe/1a 110
BEJIMUMHE PaBHA CUJIE TSKECTU BOJSHOTO Ilapa:

I
Puc. 5

Fy,=pVyg,

a HallpaBJleHHas K OCH BPallleHUs COCTaBJIAI0as CUIbl ApXUMe-
Jla coo6IITaeT BOASHOMY Iapy IEHTPOCTPEMHTEIbHOE YCKOPEHHEe
a, = w’Lcosa u 1o Besu-

4yyHe paBHa z

e

]

F,, = pVw’Lcosa .

Mox peiicTBUeM NPUIIO-
JKEHHDBIX CUJI IAPUK JIBUIKET-
csl PABHOMEPHO 10 OKPYIK-
HOCTH PaJuycoM [ coso. B
FOPU30HTATBLHON TJIOCKOCTH
(puc.6). Ilo BTOpOMY 3aKO-
ny HbioTona,

md=m§+N+FA, Puc 6

Ilepexoas Kk MPOEKINAM CHJI M YCKOPEHWH HAa BepTHUKAJIbHYIO
0Cb, HAXOJUM

pVg—-pyVg—Ncosa=0.

[TpoekTupys CuJIbl U YCKOPEHUS B TOPU3OHTAIBHON MJIOCKOCTH
Ha pajuajbHOE HallpaBJIEeHHE, HOJIydaeM

pOVL(L)2 coso = pVLoJ2 coso.— Nsina .

s ABYX IIOCJIETHUX COOTHOIIIEHU I Onpeae/iIeM BEJIMIYNHY CUJIbI
IIOpMa]IbIIOﬁ pearuun CTEepKHA, a 3HAUYUT, W CUJIY [HdaBJIEHUA

(MpogonxeHue cM. Ha ¢ 34)
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KAJTEMJOCKOII « KBAHTA»

TpeyronbHUKM U HEPABEHCTBA

O3MOKHO, BAM ITPUXOANJIOCH 3A/IYMbBIBATb-

cs HaJl TAKUMU BoripocaMu. Kakoii TpeyroJibHUK MMeeT
HanOOJIBIIYIO TIJIONIAb TIPYU JAHHOM TIepUMETPE UJIN Hau-
MEHBINUI TepuMeTp TP 3afaHHOo# Tomaan? Kakosa
Han6OJIbIIAS TIJIONIA/Ib TPEYTOJbHUKA, BIIMCAHHOTO B JIaH-
HbIN Kpyr? OTBETUTb HA 3TH W MHOTHE JPYTHE BOMPOCHI
YaCcTO MOMOTAIOT HEPABEHCTBA MEXIY 2JE€MEHTAaMU Tpey-
TOJbHUKA. 3/leCh MBI TIpUBeieM 0e3 J0Ka3aTeabCTBa He-
CKOJIbKO TAKUX HEPaBEHCTB. YacTb U3 HUX W3BECTHA OUYCHD
JIaBHO, ApyTHe 0OHAPYKEHbl CPABHUTEJIBHO HEaBHO.

Bosbimoe kKomaecTBO TEOMETPUYECKUX 33/1a4 HA MAKCH-
MyM u MuUHUMYM co6pano B kuure /[.O.lIkaspckoro,
H.H.Yenmnosa, .M. {Arnoma «I'eomerpuueckue HepaBeH-
CTBa M 3ajaud Ha MakcumyM u MunumyMm» (M.: Hayka,
FnaBuas pemakius (GU3UKO-MaTeMaTUYECKO JMTEpaTy-
pbl, 1970), a TakKe BO MHOTHX 0OCTOSATENbHBIX 32 aYHU-
KaxX TI0 TEOMETPUH.

ITyctp man Ttpeyronbuuk ABC. Bsenem cranpapruble
o6osnauennsa (puc.1): BC=a, AC=b,AB=¢c, ZA=0,
ZB=p, £C =v. O6o3uauum uepes m,, my,, m, Meana-
HBI TPEYTOJbHUKA, Iy, Ig, [ — Ouccekrpucol, h,, fy, h, —
BBICOTBI, TPOBEJCHHBIC W3 COOTBETCTBYIOMIUX BEPIIUH.
ITycrb Taxske R U 7 — paguychl OIIMCAHHON U BIUCAHHON
OKPYXKHOCTEH, a 7, 7, 7, —
PaJIyChl BHEBITUCAHHBIX OK-
PYJKHOCTEH, T.€. OKPY>KHO-
CTeill, KacaloluXcst COOTBET-
CTBYIONIMX CTOPOH W TMPO-
JTOJKEHUH IBYX IPYTUX CTO-
poH TpeyrosbHuKa. Kak Bce-
raa, S —maomanab, a P =2p
— COOTBETCTBEHHO, TEPH-
METp ¥ MOJyIepUMETP.

CaMble M3BeCTHBIE HEpa-
BEHCTBA — 9TO HEPABEHCTBA
TPEYrOJbHUKA, 3HAKOMBIE JIOGOMY ITKOJTbHUKY:

1l.a+b>c,a+tc>b,b+c>a.

X MOKHO 3anmucath 1 Tak (9T0 9acTo GBIBAET MOJIE3HO TIPH
pelIeHnH 3a/0a4):

1. a>b-c,b>|la—c¢|, c>la— b
N3 HUX MOXHO TOJIyYUTh TAaKWe /IBa HEPABEHCTBA:
b+c

2
3. §p<ma+mb +m, <2p.

Puc. 1

2.m, <

I/IHTepeCHO OTMETHUTb, YTO BCE€ I3THU HEPABCHCTBa HE

3
yJIy4IIaeMbl — B TOM CMBICJIE, UTO JJIS1 JTIOO0TO 5 <A<?2

HalifieTcsl TPEYTOJIbHIK, LI KOTOPOTO m, + My, +m, < AP,

a TaKe TPeyTOJbHHUK, B KOTOPOM m, +my, +m, > Ap.
Boob6ute ke, moYTH Bce cmpoeie HepaBeHCTBA, IMPUBe-

JleHHble Jlajiee, — TaKk)Ke He yJIydIlaeMbl NIMEHHO B 9TOM

JII06OIIBITHBI TAKKME HEPABEHCTBA:
2bc

b+c’
5. 4S\3 <a® +b* +c* <2(ab+ac+bc).
311er PaAaBEHCTBO BO3MOJYKHO JHUIIb [AJd TIPpaBUJbHOTO

TPEYTOJbHUKA, a CTPOTOE HEPABEHCTBO HE YJIYUIIaeMo.
3aMeTuB ke, 4TO

4. 1, <

. . S 3, . . .
m> +m? +m’ ==(a® +b* +c*
a b (o 4 )

IIOJIyYNM OIIEHKY CyMMbl KBaJpaToB Me/HaH:
5. 6543 < Z(mﬁ +m +mf) < 3(ab +ac +bc) .
[IpuBeseM elre HECKOJIBKO HEPABEHCTB, TETEPh € ydac-

THEM PaJuycoB 7 1 R:

6. R>2r,

[pUYEM PABEHCTBO BO3MOKHO JIMIIb IS IIPABUJIBHOIO

TPeyroJbHUKa, OTKY/a CJEYeT, YTO U3 BCeX TPeyrolbHU-

KOB, OIIMCAHHBIX OKOJIO OKPY>KHOCTH Pauyca 7, HauMeHb-

Ml pagryc OMMCaHHON OKPYKHOCTH UMEET TIPaBUIbHbII

tpeyronbauk (s Hero R = 2r), u, Ha060pPOT, U3 BCeX

TPeyroJIbHUKOB, BIMCAHHBIX B OKPY’KHOCTb paauyca R,

Han6oIbIIMil pajnyc BIUCAHHON OKPYKHOCTH TOXKE Y

paBUIbHOTO Tpeyroabuuka (s Hero » = R /2),

7. 99 <h,+h+h <l +1g+1 <

R

)

<m, +my +m, <

| ©

8. 2772 <h2+hf+h> < +12+1%<p?,

9. p? <m?+mi +m? S24—7R2.

A ecJ BCIOMHUTD 3aMeUaHie K HePABEHCTBY O, MOJYUIM
3 . S . . 81 .

9. sz <a*+b* +c® <ZR%.

PaBencrBa B J'IIOéOM 13 HEPABCHCTB 7_9 JAOCTUTAIOTCA
TOJIBKO /IJIA TIPaBUJIbHBIX TPEYTOJbHUKOB.

C]Ie[[yIOH_[I/Ie HEpaBEHCTBA CBA3aHbI C U3BECTHBIMU 3KCT-
pEMaJIbHBIMU 3aladaMu.

JSV3 V3t
10, r< X2 <X <R,
3 9 2

31€Cb KaK W paHblli€, paBEHCTBAa JOCTUTAIOTCA JIUIIb JJId
MPaBUJILHOTO TPEYTOJbHUKA, TIOITOMY TTPABUJIBHbBIN TPe-
YTOJIbHUK UWMEET HaI/I60JIbH_IyIO II0IaAb TIpU [JaHHOM
TNnepuMeTpe, HanMeHbINe IJIoMa/lb U TIEPUMETD IIPU JaH-
HOM 7, a TIpU JaHHOM R — HamGoJBINyI0 TJIOMAAb W

HauGOIbIINI TIEPUMETD; CPe/iHee HEPABEHCTBO YacTO 3a-
IINCHIBAIOT B BU/EC

J3

10’. S <—p?
36

OHO Ha3bIBAETCS U30IIePHMETPUYECKIM HEPAaBEHCTBOM JIJISI
TPEYTOJbHUKA U MOXeT OBITb 0600IEeHO Ha TPOU3BOJIb-
HbIe 7-YTOJbHUKH.

VHTepecHa U OIlEHKA «CPEeIHETO 3HAYEeHHsI» YrJa Tpe-

y ; /ﬁ’éﬂé\ﬁsﬂ
Aok,

%

r{{\_j
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YTOJIbHUKA!
T _ao+bp+c i
g, T aorBroy T
3 a+b+c 2
Bor elre HeCKOJIbBKO HEPABEHCTB, B KOTOPBIX Y4aCTBYIOT
paJnychl BHEBIIMCAHHBIX OKPYKHOCTEH:

12. 1, +1g +1c < Jrn +Jrr +nr < pJ3,

13. i+i+izi+i+

" % e

2

e )

14.

Bo Bcex HepaBeHcTBax 12—14 paBeHCTBa OBIBAIOT TOJIb-
i KO B CJlydyae PaBHOCTOPOH-
HUX TPEeyroJbHUKOB.
ITyctb BHYyTpU TPEyroJib-
HuKa nana touka M. O60-
sHauuM uepe3d R,, Ry, R,
paccTosHus oT Toukn M 110
COOTBETCTBYIOIIIX BEPIINH,
a uepes d,, d,,d. — pac-
CTOSHMS 10 COOTBETCTBYIO-
A IIUX CTOPOH TPEYTrOIbHUKA
puc. 2 ABC (puc.2). C stumu Be-
JIMYMHAMU TaK>Ke CBS3aHbl BeCbMa UHTepecHble HepaBeH-
CTBa!

15. min (.l ) < d, +d, +d, < max(h,, b, h,),
16. d,d,d, <

853
27abc’
IIpu4yeM paBE€HCTBO BO3MOJKHO JIMIIIb B TOM CJydae, KOor/a
ad, = bd, = cd, ,
17. aR, + bR, + cR, 2 2(ad, + bd, + cd,),

4
- - - r
18. d? +d} +d* > 12?,

3/IeChb PaBEHCTBO JOCTUTAeTcs, Korja TpeyroabHuk ABC
PaBHOCTOPOHHUI, a ToUKa M COBHAaJaeT C ero MEeHTPOM,
19. R,R,R, 2 8d,d,d,,
20 (wepasenctBo dpaema—Mopaena). R, + R, + R, >
>2(d, +dy, +d,),
1 11 1 1

21 i+—+—£ —|—+—+—
"R, R, R, 2\d, d, d.
Hepagenctso 20 BriepBbie 661710 Omy6IMKOBaHO B 1935

rozy BeHrepckuM mMatemaTukom I1.Dpmemem 6e3 qoxasa-

TeabcTBa. Auraniickuii Matematuk J1. /[.Mopaenn omy6-

JINKOBAJI B TOM K€ TOJY /I0BOJIBHOTO CJIOXKHOE ero J0Ka-

3aTeibeTBO. 1l033ke K 9TOMY HEPaBEHCTBY O6GPAIIAINCh

pasHble aBTOPBI, TTOKA HE C/IeJIaJ ero JT0Ka3aTeTbCTBO

BIIOJTHE HJIEMEHTAPHBIM.
3aMeTuM ele, YTO PAaBEHCTBO B HepaBeHcTBax 18—21

focTuraercs, Korga tpeyroabHuk ABC mpaBusibHbBINA, a

Touka M — ero IeHTp.

Eue HECKOJIbKO KpacUBBIX HEPABEHCTB CBA3aHBI CO
CPaBHUTETBHO 9K30TUYECKUMU 06 beKTamu. OIuIeM 0Ko-
Jo tpeyroabuuka ABC OKPY>XKHOCTb U B CEIMEHTBI OIIH-
canHol okpy:xHoctu ¢ xopaamu AB, BC u AC Bbinuiinem
OKPY’KHOCTH, Kacalollliecsi CTOPOH TPEYToJIbHUKA B HUX

cepennnax (puc.3). ITycrb
Pasnychl 3THX OKPY’KHOC-
™ P,, P, U p,. Torma
HUMEIOT MECTO HEPaBEHCTBA

22. §r£p4+pb+

3
+p. <—R.
Pe 4

N eme. PaccmoTpum ok-
PY’KHOCTH, BITMCAHHBIE B
YIJIbI TPEYTOJIbHUKA U Ka-
caiolecs ero CTOPOH M
OIIMCAHHOH OKPYXXHOCTU
(puc.4). O6o3HauNM X pa-
auycel wepes P,, Py, P
Torma

23. 4r<P,+P, +

+P, <2R.

HexoTopbie pe3yabTaThbl
N3 TEepEeUYnCJAECHHDbIX BBIIIEC
MOTYT 6bITb TIepeHeceHbl Ha
ITPON3BOJBHBIEC BbIITYKJIbIE
MHOTOYTOJIbHUKH.

Haszosem Brimcannoii ox-
PYJKHOCTBIO 72-yTOJbHUKA
OKPYKHOCTH HAHOOJIBIIIETO
paauyca, KOTOPYIO MOKHO
B HETO MOMeCTHTb. [1ycTh 7
— PafinyC 3TOI OKPYIKHOCTH
(s TpeyroIbHIKA HTO OTI-
pelieIeHIe COBIIAIAET C TIPH-
BbIuHbIM). [TycTh Tarke R
— paanyc HauMEeHbIIEeH OK-
PYKHOCTH, cojep:Kaiieit
]laHHbeI MHOTOYTOJIbHUK (]IJIH OCTPOYTOJbHBIX U TIPAMO-
YTOJbHBIX TPEYTOJbHUKOB 3TO OIpe/ieJieHIe COBIAIAET C
oTIpejieIeHuEM OITUCAHHON OKPYKHOCTH, a JIJISI TYTIOYTOJTb-
HBIX— HeT; ¢M. puc.5). [lycTb Takske S — momaip, a 2p
— TepUMETP n-yroJbHuKa. Torma

2
24. —nR? sin2t > S > nr? th,
2 n n

c -

Puc. 5 ——

25. 2nRsin~ > 2p 2 2nrtgE ,
n n

26. (2p)° > 4nStg>.
n

[TocnemHee HepaBEeHCTBO HA3BIBAETCS M30TIEPIMETPUIEC-
KHMM HEPaBEHCTBOM JJISI 71-yTOJBHUKA.

PaBenctBa B HepaBeHcTBax 24—26 pocTturaiorcs AJs
IPaBIJIBHBIX 7N-yTOJBHUKOB. OTciofa cijexyer, 4TO U3
BCEX N-YTOJIBHUKOB JAHHOTO TEpPHMeTpa HaMOOJBIIYIO
JIONTA/Ib UMeET TMPABUJIBHBIN, a M3 BCEX MHOTOYTOJIbHHU-
KOB J[IaHHOW TLIONAANW HAWMEHbBIIWH TepUMETD HMeeT
MTPaBUJIbHBII.

[lokasatenbcTBa GOJTBITITHCTBA TPUBEIEHHDIX 3/1€Ch He-
PaBEHCTB COJIEPSKATCS B BBINIEYIOMSIHYTON KHUTE.

A.Ez0pos

x N o
Faap b2l

i
cA 3
{?x ‘:é;




34 KBAHT -
(Ha4asno cm. Ha ¢ 30)

mapukKa Ha CTE€pPKeHb:

(p—po) Vg
COS O

mzfg%a.
Lcosa

Kak BusmM, ¢ pocToM yTJIOBO#l CKOpPOCTH ® paccrosinne L
yMeHblaercs. B MoMmeHT, Korja map NIpubJU3UTCS KO [JHY,

mmin = \/% tg a.

3agavya 5. Oduopoonyio yenouxy oaunoi L nomecmunu mna
271a0KY10 chepuneckyro nogepxuocmy paduycom R max, umo
00uH ee KOHey 3aKpenjeH na eepuiune cghepvl. Bepxnuil koney,
uenouxu oceobosxdarom. C Kaxum no geuuune YcKopenuem d,
6ydem Odsuzamuvcsi cpaszy nocie 0c6060x0enus Kaxoviil dJje-
menm yenouxu? Macca
eOUHUUDBL OTUHBL UENOU-
Ku p. Yckopenue ceo-
6001020 nadenus g.

Paccmorpum  ssieMeH-
TapHbI YYACTOK I[ETI0Y-
ku jgaunoit AL = RA@
(puc.7). Ero macca pas-
Ha Am =pAL . Cwubl,
JIeHCTBYIOIINE HA BbIjE-
JIEHHBIH yYacTOK, TOKa-
3aHbl Ha pucyske. Ilo Bropomy 3akony HbiotoHa,

Ama =T (¢ + Ag) + T (¢) + Amg + AN .

F=N-=

1 YIJIOBYIO CKOPOCTbD!:

R
L=— , IIpU 3TOM
sin o

Puc. 7

Hepexoas{ K TIpOEKIUuAM CHUJI U yCKOpeIIHI’I Ha KacaTeJIbHoe
HallpaBJieHue, moJyd4yaeM

Ama, =T (¢ + A9) — T (9) + Amg sin@ .
HepeHI/I]HeM HO]Iy‘{eHHOe COOTHOIIIEHUE B BHU/C
AT =pR(a, — gsin@)A¢ .

[IpocymMupyemM mpupalieHust CUJabl HaTSODKeHUs 110 Beell JTiHe
LEMIOYKHU:

Y AT =pRY (a, — gsin¢) Ao .
Tel‘[epb yureM, 4YTO Ha CBOéOﬂHbIX KOHIIaX IEeIIOYKU CHJIbl

HaTSDKeHUs 0GPALIAITCS B HOJIb, T.¢. Y, AT =0, 4T0 yeKopenne

d; OJMHAKOBO y BCEX H/ICMEHTAPHBIX (PAarMentos, » AQ =
A(cos@) = —sin @A, u moTyunm

a, = R(1—COSL)
T gL =)

3anavya 6. Bedywue xoneca naposoza coedunenvt peeunoi
nepedaueti, 00HO 36€HO KOMOPOU npedcmasisiem coboi Nioc-
KYI0 20PU3OHMANBHYIO WMAHZY, WAPHUPHO NPUKPENIEHHYIO K
chuyam cocednux xKoaec na paccmosmuu R,/2 om ocu, 20e R —
paduyc xoaeca. IIpu ocmompe naposo3a mexanux nocmasui Ha
My wmawey SWUK U NO PACCESTHHOCU 3d0bLL €20 mam.
Haposos mpozaemcs ¢ mecma u ouenv medieHHO HAOUpdem
ckopocmyv. Ouenume ckopocmv v naApososd, npu KOMopou
SUWUK HAYHE NPOCKANb3bIBAMb OMHOCUMeNbHO wmanzu. Ko-
appuvyuenm mpenus ckoavKenHus suurd no wmanze \ = 0,4,
paduyc xoaeca R = 0,8 m, yckopenue c60000H020 nadenus
g=10 m/c?.

E ’

2005/ Ne?

[epeiinem B cucremy fh
OTCYETa, CBSI3AHHYIO C
napososzom (puc.8).
ITockoapky pas3ron mpo-
HCXOJUT OYeHb MeJJIEH- *
HO, 3Ty CHCTeMy MOXHO U I\\_ _/-'Jlr."l, }\ ]\\ _,/ r
CYNTATh MHEPINAIbHOI. I
Jlo Hava1a TPOCKaIb3bI- e 8 ,}&

BaHUS SIIHUK J{BUJKETCSI i
[0 OKPYXXHOCTH paguycoM ¥ = R/2. Ilo BTopoMy B3akoHy
HproToHa,

ma=mg+ N + Fyp .

BexTop yCKOpeHHs SIIMKA HAIPABJIECH K IIEHTPY OKPYKHOCTH H
[0 BeJUYHHE PaBeH @ = W7, TAe @ — YIJOBasi CKOPOCTb
BpalieHus Kojec napopoda. O603HAUYNM yTOJI, KOTOPBI BEKTOP
yCKOpeHHst 06pa3yeT B JaHHBIII MOMEHT BPEMEHH C TOPH30HTOM,
O6ykBoit (. Ilepexoass K HpPOEKIUSM CHJI U YCKOPEHHUS Ha
TOPU3OHTAIBHYIO M BEPTHKAJIBHYIO OCH, C YYETOM TOTO, YTO
F,, SuN , monydaem

mo’r cosp < uN ,

mw’rsin =mg - N .
M cKiI04nB 0TCIO/Ia CUILY PEAKIUK ONIOPbI, IIPUXOAUM K HePaBeH-
CTBY

o’ (cosP +usinB) < ug .

HawuGobiee 3navyenme BbIpa’K€HUA

cosB+psinB =1 +ucos(B-a),
1 . 0
IJIe YTOJT 0. TAKOB, YTO COS( = —=——== U SiN 0l = ———,
J1+u? J1+u?

flocTuraetcst pu B =0 1 paBHO 1+ u? . JlBuKeHUe rpysa

6yieT TPOMCXOANTh Ge3 MPOCKANb3bIBAHUS 0 TeX TOP, MOKa
YTJI0Bast CKOPOCTh BPAIIEHUS KOJIEC TTapOBO3a OYAET yIOBJIETBO-
pPATH HepaBeHCTBy

ug

OTCIOHB. AJIA HMCKOMOM CKOPOCTH MMapoBO3a ¥y II0JIy4yaeM

o<

MR o 4 e
«/1+p,2

3agava 7. Inadxuil xenob cocmoum u3 z0pu3OHMANLHOU
wacmu AB u dyzu oxpyxnocmu BD paduycom R =5 m (puc.9).
Hlaiiba ckoav3um no z0pu30OHMAILHOU YACU CO CKOPOCIHIO
v, =10 m/c . Onpedenume 0
BEAUUUNY YCKOPEHUS ULATL-
6wt 6 mouke C u yzon B,
KOMmopwill 6eKkmop a yc-
Koperusi waibor ¢ Imom ~L”
MOMEHT COCIMABAAEN C HUL-
muto. Paduyc OC obpa3y-
em c 6epmuKanbio Yyzol

v1=(,0R=

o = 60°. Ycrxopenue ceo- T
6001020 nadenus g = i
=10 nu/c*. A i

st HaXOXKAEHUST YCKO-
penust maiiéol B Touke C
HallIeM TAHTEHIMAJIbHYIO d; W HOPMAJbHYIO «, BEJMYUHDBI
COCTABJIIONINX YCKOPEHUSI B 9TOH TOUKe.

Ha reso, aBuxyIeecss B BEPTUKATIBHON MJIOCKOCTH IO JyTe
BD, B m060il TOUKe [IefCTBYIOT CUJIbI TS)KECTH ™M§ W PEaKIHu

Puc. 9



NPAKTHUKYM

onopsl N . TTo Bropomy sakony Hpiotona,
md =mg+ N .

Hepeﬁ/:[eM K IIPOEKIUAM CHUJ M YCKOPEHUA Ha TaHT€HIIMAJIbHOE
HallpaBJICHUE!:

ma, = —mgsino., oTkyna a, = —gsino = =8,7 M/c2 .

[lnst onpesieieHnst HOPMATbHON COCTABJISIONIEH yCKOPEeHUs Hail-
JIeM BeJMYUHY © cKopocTd maiibbl B touke C (IOCKOJIbKY
a, = 02/R ). OGpatumMcst K 9HEPreTHYECKUM COOGPAXKEHUSM.
[MoreHnuaabHy0 3HEprui0 Mai6bl HA TOPU3OHTAIBHON 4YacTH
xKesmo6a GyieM cYuTaTh paBHOI HyJo. Torga, 1o 3akoHy coxpa-
HEHUsI TIOJTHON MeXaHMYeCKOH dHEpruu,
2 2
m%o = m%+ng(1— cosa),

OTKyaa
2 2
a, =%=%)—29(1—cosoc)=10 mfc? .

Bennmuuny yckopenus iaiiGel B Touke C HalijieM 10 Teopeme

[Mudaropa:
a= «/af +a,% =13,2 M/c2 .

B Ttouke C BekTop ycKopeHuss @ o6GpasyeT ¢ HUTBIO yrosa [3
TaKOM, 4TO

tgfh = e 0,87, orkyna f=41°.
n

3apgaua 8. 1o 2n1adxoil npogosOUHOU GUHMOBOU IUNHUU PAOU-
ycom R ¢ wazom h, oco xomopoil eepmuxaivid, CKOIbIUM ¢
HYIeB0U HAUANLHOU CKOPOCMbIO OYcUuHKA MAccol m. 3a Kaxoe
epems T Oycunka onycmumcs no eepmuxanu va H? C xaxoi no
seauuune F cunoi 6ycunka oeticmeyem na npososoky 6 mom
Mmomenm? Ycxopenue c6o-
6001020 nadenus g.

Ha 6ycunky jeiictByior
CUJIBI TSIZKECTH MG U HOP-
MaJbHOU peakiuu
N=N, +N,, rae N
HarpasJieHa TOPH30HTaIb-
Ho (mepuenauKyIAPHO

,-*";:.g niockocTu pucynka 10),

a N, Jexur B oJHOHI

Puc. 10 IIJIOCKOCTH C BEKTOpaMU
mg u 9.

[lns oTBeTa Ha BOMPOCH 33Ja4M Hali/leM KacaTeJbHYIO H
HOPMAJIbHYIO cOcTaBJisione yckopenusi. [Io Bropomy 3axony
Hpiorona,

ma =mg + Ny + N, .
[lepexoas K NPOEKIUSM CHUJ U YCKOPEHHMS Ha KacareJabHOe
HaHpaBJIeHI/Ie, Haxoanum
da, = gsina .

31ech or — yroJ HaKJOHA BEKTOPA CKOPOCTH K TOPU30HTY TaKOH,
qTo

h
VATPR? + 12
ITo 3aKoHy COXpaHEHUS SHEPrHH,

2

m%zmgH,H v =./2gH .

Kacaresbnas cocraBistionias YCKOpEHUA IMTOCTOAHHA, HadaJIbHAA
CKOPOCTb paBHa HYJIIO, CJIeJ0BaTE€JIbHO, MO/YJIb BEKTOPa CKOPO-
CTH PaCTET CO BPEMEHEM IIO JIHIIeﬁIIOMy 3aKOHY. OTCIO[[B. AJIA

sino =

ABUTYPHUEHTA 35

HNCKOMOTO BpEMEHU I10JIy4aeM

a, gsino

2H (47°R* + 1)
gh*
[lns ompezesieHNsT HOPMAJbHOH COCTABJSIONEH YCKOpPEHUS
nepeitieM B MOJABMKHYIO CUCTEMY OTCYETa, MOCTYHATENbHO JABH-
JKYTIYIOCS OTHOCUTENBHO JTAOOPATOPUU 10 BEPTUKAJIU BHU3 CO
CKOpPOCTBbIO vsin o . B aroil cucreMe 6yCHHKA YCKOPEHHO JBHU-

JKETCA 110 OKPYIKHOCTU PaJNyCOM R co CKOPOCTbIO D COS O, ITpU
9TOM HOPMaJIbHasA COCTaBJIAIOIIaA YCKOPEHUA 6yCI/IIIKI/I 110 BeJIu-

e pasna 4, = (0 cos o)’ /R . Tak Kak yCKOpeHue MOJIBUKHOM
CHCTEMbI COHAIIPABJIEHO C § , HOPMaJbHAsI COCTABJIAIONIAsT YCKO-
penus GyCHHKH IIPH MePEXO/Ie B JTaGOPaTOPHYIO CHCTEMY OTCUETa
He u3MeHUTCst (9TO CJIEMYeT U3 TIPABUIIA CIOKEHUS YCKOPEHUI).

W3 BToporo 3akoHa HpioTOHA HAaX0UM COCTABJISIONINE CUJIBI,
C KOTOPOIl TPOBOJIOKA JIEHCTBYET Ha GyCHHKY:

2
v Cos o 2H
N; :m%: mg?coszoc, N, =mgcoso,

2R

rjie CoSQl = ————— .
VAT R? + 2

ITo Tperbemy 3akoHy HbioToHa GycMHKA JAEHCTBYET Ha TIPOBOJIO-

Ky cioii F = — (Kﬁ +N, ) , BesimurHa (Mo/LyJib) KOTOPOii paBHa
2
F =N+ NZ = mg—28 Jar?R? + 1% + 16221 .
AR + h
Yupaxuenus

1. Cdepuveckuii BO3LyNTHBIH MIap paguycoM R = 5 M yaep:KuBa-
eTCsl BEPTUKAJIbHOI BEPEBKOIL, €ro MeHTp HaXOAUTCS Ha BbicoTe H =
=6 M Ha/l TOPU3OHTAJIbHOI MOBEPXHOCTHIO. C 3TOI MOBEPXHOCTH
6pocaloT KaMeHb TaK, YTO OH TepesieTaeT map, MOUTH KacasiCh €To B
BepxHeil Touke. C KakOil MUHMMAJBHOW CKOPOCTBIO ¥, CJEIyeT
6pocaTb KaMeHb M Ha KaKOM DaCCTOSHHUU $ OT IeHTpa mapa GyaeT
HAXOJIMTBCS B 3TOM CJIy4ae TOYKa GPOCaHUS ?

Yxasanue: yckopenne cBOGOAHOTO MajIeHNsT Y HOBEPXHOCTU 3eM-
JTH B 9T U TIOCHeYONNX 3aauax pasao ¢ =10 m/c? .

2. V3BecTHO, YTO CIyTHUK, HAaXOJSIIUIiCS Ha opOuTe, BBICOTA
KoTOpOii /2 = 3,6 -10% kM , o6pamaeTcsa BOKPYT 3eMJIH 32 OJHE CyTKI
1 MOXKeT «BHCEeTb» HaJl O/IHOH M TOii ke TOukoi akBaropa. Jomyc-
THM, 9YTO OOCY)K/IaeTCs BOIPOC O 3allyCKe Ha TaKyl K€ BBICOTY
CIyTHUKA, KOTOPbIH Gysmer <«Bucetb» Haj Cankr-Ilerep6yprom.
Kakyio mo BesmuWHe W HANpaBJeHUIO CHJIy TATH F  [MOJIKeH
Pa3BUBATD [BUTATENb CIYTHUKA, YTOOBI YIEPKUBATh €r0 Ha 3a/IaH-
Hoit op6ute? Macca ciytauka m = 10° kr , Cankr-Ilerep6ypr Haxo-
AuTcsl Ha mmpore ¢ = 60°, paauyc 3eMman R =6,4 - 10° & .

3. Ilo rmagikoMy CTOJTY ABIDKYTCS /IBA TeJia ¢ MaccaMu My W my ,
COeJIMHEeHHbIE JIETKOW HepacTsSKUMOM HUTHIO JAnHON L. B Hekoro-
pBIii MOMEHT TIEpBOE TEJO OCTAHABJIMBAETCS, & CKOPOCTb BTOPOTO
paBHa v W TepHeHANKyJsspHa HUTH. Haiinnte cuny T HaTsKeHUS
HHUTH.

4. OHOPOJHYIO TIETIOYKY MacCOi m M JJUHON L moMecTH/in Ha
rJIaKkyio chepryecKyio TOBEPXHOCTb paanmycoM R = 4L Tak, 4To
O/IUH ee KOHeIl 3aKkperjieH Ha BepiiuHe cdepbl. Bepxuuit KoHerg
nermoukn ocobGokaaror. Haiimnte nHambosipinyto BeJMuuHy T ..
CUJTBI HATSIKEHUS TIETIOYKH cpa3y TocJie ee 0CBOOOKIeHUS. Y Ka3a-
Hue: IS pacCMATpPUBAEMbIX B 33jladye YTJIOB CUMTANTE Sind = o,
cosa=1- 0c2/2 .

5. B 3ajmave 6 u3 Tekcra cTaThy HANIUTE CKOPOCTH 0, , TIPHU
KOTOPOﬁ SAK HAYHET MOAIPbITMBATh.

6. /{7151 5KOHOMIH MecTa Bbe3/l Ha O/INH M3 BBICOYANTINX B SIMOHIM
MOCTOB yCTPOEH B BU/Ie BHHTOBOI JIMHUW, OGBUBAIONIEH IIMJITH/D
paauycoM R. Ilpm gBMXKeHHU IO Takoil JOpoOre BEKTOP CKOPOCTH
aBTOMOOGUJISL COCTABJISIET YTOJ O. C TOPU3OHTAJIBHOI TIIOCKOCTBIO.
Haiinnre HampaBieHe W BEJMYIHY CyMMBI CUJI, JEHCTBYIONINX Ha
aBTOMOOUJIb MACCOiT M, ABUKYIIUIICS MO TAKOM JIOPOTe C MOCTOSTHHOI
0 BeJIMYNHE CKOPOCTBIO v. OCh BUHTOBOI JMHUU BEPTUKAJBHA.



BAPUAHTDI

MaTepuans! BCTyNATeNbHbIX
3k3ameHoB 2004 rona

NHCTUTYT KprnTorpagum, CBA3N U
nHpopmatnkm Akagemmm @ Cb PO

MATEMATUKA
[TNCbMEHHBIV IK3aMEH
BapumaHTt 1

(GhaKy 16 TETBI MPUKIIZAHONA MATEMATUKI U UHDOPMALIMOHHOM
besonacHocT)

1. Kpacnasg [lanouka coGpasiia Arogbl 1Js cBoeil 6aGyIliKu:
YepHUKY U 3eMJISHUKY. OKas3anoch, 4YTo YepHUKHU OBLIO B 3 pasa
6ospie, yeMm 3emusiHuku. Ilo gopore k GaGymke Kpacuas
[Tanouka MoBcTpevasa BoJKa. Bosk cbes 4acTb 3eMJISTHUKH, a
YepHUKY ecTb He craj. balymka, no6maarogapus Kpachyto
[Mlanouky, 3aMeTn/a, 4YTO 3eMJISHUKH B KOP3WHE OCTAJIOCH
tos1bK0 10% 0T o6mtero kosmuectBa siroJ. CKOJBKO MPOIEHTOB
COOPAHHOU 3eMJISTHUKU CheJl BOJK?

2. Haiigure Bce 3HaueHus nmapamerpa d, Ipu KOTOPHIX MHOTO-

qJeH
2x% + x16d* - 30d — 46 + 4d° — 8d —11

nmeer Kopuu. Cpeau 3TuX 3HaYeHWil mapamerpa d Haianre
TaKwue, [Jisi KOTOPBIX MPOU3BEIEHNE KOPHEH MHOTOUIEHA TIPHHI-
MaeT HanmboJIblllee U HAUMEHbIIIee 3HAYCHUE.

3. Pemute HEpaBeHCTBO

1g(4x—x2) - 1g(x2 —2x) > lg(x2 - 10x+24) .
4. Pemmite ypaBHeHue

2
1+ sin (6x + 1/2)
3. Touku M u N siBastotcs cepefimHaMu 60KOBBIX cTOpoH AC
u CB paBnoOepentoro tpeyrobiuka ABC. Touka L pacrioJio-
’KeHa Ha Meauane BM tak, uto BL : BM =4 : 9. OKpy>KHOCTb
¢ MeHTpoM B Touke L Kacaerca mpsamoir MN u mepecekaer
npsamyio AB B toukax Q u T'. Haiiqure nepumerp TpeyroJbHUKA
MNC, ecim QT =2, AB = 8.
6. Pemmnte ypaBHenme

\/gcos(%\lisx—GxQ —x3)—
X
- SSin(E\Msz —6x° —x4)= V10 .
X

+1=2sin (x + n/6) .

BapuaHT 2

(@aKkyibTeTHI CIELMATEHON TEXHIKI 1 MHGOPMAELMOHHOMN
besonactocru)

1. Pemmre cucreMy ypaBHEHUI
32" +y =13,
2274 4 3y =35,

2. Pemmite ypaBHeHMe

12arctg’ (%) = Tt(3n + Sarctg (%)) .

3. Pemute HEpaBeHCTBO
logs (3° 1) logg (9 - 63" +81) < 3.
4. Pemite ypaBHeHue

2+3cosx
ZSinx—\/gcosx

5. AHTHKBApHBIl MarazuH mpuoOpes [Ba MPEIMETa, a 3aTeM
npojas ux Ha oouryio cymmy 39900 py6sieit, npu 3ToM NpuGbLIb
cocraBmia 40%. 3a CKOJIbKO MarasuH KyNUJT Kax bl MpeaMeT,
€CJIU IPU MPOAsKe IEPBOro IpeaMera npubpLab coctaBuaa 30%,
a [pu mpojake BToporo — 53%?

6. B tpeyrompunke ABC panbl aawnabl ctopod AB = 3, BC =
=5u AC = /19. Touka O sBastercs IEHTPOM BITMICAHHON B
TpeyroJabHuK okpyskHoctu. Haiigurte yron AOC.

1.

BapuaHT 3
(omumana-2004, Bce akysibTers!)

1. CpaBHute ¢ HyJIeM CJeayIoliee YnucJo:
\/23+\/205 B \/23—\/205 B
2 2 '

2. Pemmite ypaBHeHUe

20410 10240
36x-15 _ 4.36x-15 — 5

3. Pemure ypaBHeHue

Jl? x4 47) -1 =[x+ 71

4. Haiinute Bce pelntenus ypaBHEHUS

tg12x —tgdx =

sin16x

IPUHA/JIENKAIINE OTPE3KY [—g; E} .

5. Bokpyr pasuoGempennoit tpamneiuun ABCD ¢ 6Gosbinmnm
ocHoBaHueM AD ommcana oKpy»KHOCTb paaunyca 4. buccexrpuca
yriaa B OpOXOAUT 4Yepe3 IEHTP OIMUCAHHON OKPYKHOCTH U
nepecekaer ee B Touke E. HaiianTe muomaab TpeyroJbHUKA
ACE, eci U3BeCTHO, YTO JMATOHATD TPANEINH JAEJUT II0MA/b
Tpamneruy B OTHOIIEHUN 3 : 2.

6. Haiigute Bce pemeHust CUCTEMbI ypaBHEHWI

451112x+251nx-1g(y2 +9)+lg2 (y2 +9)+
+7sinyc+21g(y2 +9)=—%,

2C052x+sinx-lg(y2 +9)+351nx+

+31g(y2 +9)=%.



BAPUAHTHI 37

7. VNwmeercs 1Ba cocya o6bemMoM 9 i u 15 1. B nepBom u3 Hux
HaxoauTcst 8 J1 2%-T0 pacTBOpa cosir, Bo BropoM — 14 i1 3%-T0
pactBopa coJiu. [lomyckaercsi mepesiuBath pacTBOP M3 OJHOTO
cocy/ia B APYTOH, HATOJHSS HocJaefHNi 10 KpaeB. [lokaxkure,
YTO MPH JIOOOM YHCJIe MTEPETUBAHUN HI B OJIHOM M3 COCY/IOB HE
HOJIYYHTCST PACTBOPA C COJEPKAHUEM COMH 2,5%.

DPUINKA
[Tncb MEHHBIV 3K3aMEH

BapuaHT 1

(QhaKyIbTETBI CIIELMATIEHON TEXHVIKU 1 MHDOPMALIMOHHOM
besonacHocr)

1. Kamenb, GPOIIEHHDIIl ¢ MOBEPXHOCTU 3€MJIU TOJ HEKOTO-
PBIM YIJIOM K TOPH30HTY, AOCTHT HamGoJblieil BbICOTBI H =
= 20 m. Haiture Bpems nogbema ¢ B BBICIIYIO TOUKY TPAEKTOPHH.
Cyuratp g =10 M/c2

2. Jlyna gBuzketcs BOKpyT 3emun ¢ nepuogoMm T = 27,3 cyTok
0 OpOuUTe, KOTOPYIO MOXKHO CUMTAThb KPyrosoii. Pamuyc 3emin
R3 = 6400 xM . Yckopenue cBOGOHOTO HaJCHUSI HA TOBEPXHO-

Gy R, cru 3emau ¢g=098 M/C2.
— AT

Ornipesiesiite 10 3TUM JJTAHHBIM
pajuyc JyHHO# opOuThl R.
R, 3. dsekTpuveckas 1enb Co-

— crour m3 ucrounmka ¢ IJC
— 6 =150 B u BHyTpeHHUM cO-

R, npotussenueM ¥ =8 OM u Tpex
1 PE3UCTOPOB CONIPOTUBIECHUSAMU
— R =10 OM, R,=200Owm,

Pnc 1 Ry =30 Om  (puc.1). Haii-

aute cuay Toka I3, TeKylero uepes pe3ucTop COIPOTUBJIE-
Huem Rj.

4. Ta3 maccoit m = 0,012 xr npu temneparype T; = 450 K
3aHuMaeT ob6beM V| = 4107 M3 Omnpenennte TeMmIreparypy
T,, 1pu KOTOpPOWl MJOTHOCTH 3TOTO Taza OyjaeT paBHA
p==6 KI‘/ M | €CJIM KOJIMUYECTBO BENECTBA I JABICHHE OCTAHYT-
Cs1 HEM3MEHHBIMH.

3. Paccrosinue ot npeamera /1o JiuH3bI HA [ = 3 ¢M oTIMYaeTcst
OT PACCTOSIHUST ME3K/LY JIMH30M M JIeCTBUTEIbHBIM U300paXKeH -
€M 3TOrO IpeAMeTa, CO3/aBAeMbIM JIMH30H € yBeJUYEeHHEM
I' =2 . Omnpexenure okycHoe paccrosiuue Juu3bl F.

BapuaHT 2

(GakyribTeTs! MPUKNAAHON MAaTeMaTku
U MHGOPMALINOHHOV 6E30M1acHOCTi)

1. Kamenb, OPOIIEHHDIH ¢ TOBEPXHOCTH 3€MJIM € HAYaJbHOMI
CKOPOCTBIO ¥y TOJ HEKOTOPbIM YTJOM K TOPH3OHTY, JOCTHT
Haubosbieit Bbicotbl H Hajg 3emueii. Onpegenure yroa o , moj
KOTOPBIM OblJla HAIPaBJIE€HA CKOPOCTb KaMHS K TOPHU30HTY B
MOMEeHT GpocKa.

2. Tlyas maccoit My = 0,01 xr, jereBiias ropu30HTAJIBHO CO
cropoctbio vy = 600 M/c, yrapuiach B MOABEIIECHHBII HA JJIHH-
HOU HUTH JIePEBSHHBIN O6pycok Maccoit M, = 0,5 KI' u 3acTpsiia
B HeM, yray6usmmch Ha s = 10 cMm. Haiigure cuny F compoTus-
JIEHUsT JlepeBa ABMXKeHUIo 1yJu. CUJTy CONPOTUBJIEHHS CUUTATD
MOCTOSIHHOMN; BPEMSI B3aUMO/IECIICTBUSL MAJIO.

3. K oOarapee ¢ I3/IC § mocienoBaTesbHO TMOAKIIOYEHDI
amrepMeTp 1 BoJIbT™MeTp. ConpoTuBJienust IpuGOPOB 1 BHYTPEH-
Hee CONpPOTHBJIeHNe GaTapen Hem3BecTHBI. Eciy napaJsenbHo
BOJIBTMETPY TOJKJIOYUTb PE3UCTOP, CONPOTUBJIEHUE KOTOPOTO
TaK)Ke HeM3BECTHO, TO TIOKA3aHUe aMIIEPMETPA BJBOE YBEJIMYM-
BAETCs, a MOKA3aHUe BOJbTMETPA B/IBOE YMEHbBIIAETCS 110 CPaB-
HEHWIO ¢ TepBoHavyasibubiMu. Haiiure mokazanue BosbrMerpa U
HocJie MOJKJIIOYEHUS] COMPOTHBJICHUS.

4. ITnorHocTb nepBoro ra3a pasna p; = 1,6 Kr/M3 IpH JaBJIe-
Hun p; = 4-10° Ila . Bropoii ras maccoii m, =2 kr sanumaer
o6bem V, =10 M° Tpu jaBienun
Py =2-10° Tla . Bo cKosbKO pa3 1
CpeHsIsA KBa[PaTUIHAast CKOPOCTb MO-
JIEKYJI BTOPOTO rasa G6oJblle, 4YeM
epBoro? =

5. OcHoBaHue CTEKJSHHOW Mpsi-

MOH 1pU3Mbl UMeeT OPMY PaBHO-
ctopoHHero TtpeyroapHuka ABC ©
(puc.2). JIy4 cBeTa majaer us Bos-

JlyXa HOpMAJbHO HA OfHy M3 60Ko-  F4C 2
BBIX I'paHeii mpusmbl. Haiiaure yron

(@ MeXIy JIyuoM, BBIXOJSIIUM M3 IPU3MBI, U IPOAOIKEHHEM
najaiontero Jjyyva. ITokaszaresnp mpesoMienus crekmaa n = 1,5.

BapuaHT 3
(omumnumana-2004, Bce gakyibTeTs!)

1. Karep, mepenpasJisisich yepe3 pexy mupunoit L = 800 M,
JIBUTAJCS CO CKOPOCTBIO Uy =4 M/C IepHeHAuKYyISpPHO Teue-
HUI0O PEKU B CHUCTEME OTcYeTa, CBSI3aHHOU ¢ Bomoii. Ha kakoe
paccrosiHue s OyJieT CHeCeH KaTep TeYeHHEM, €CJH CKOPOCTb
TeueHus peku v, = 1,5 m/c ?

2. K Opycky maccoil m, JexainieMy Ha TOPHU3OHTAJIbHOM
HIEPOXOBATO TIJIOCKOCTH, TIPUJIOJKEHA CUJIA, HATIPABJICHHAS BBEPX
oJ| yrjioM o K ropusdoHTy. Ilpm kakom 3HaueHunm cuipl F
nBuKeHue 6pycka 6yjser papuomepubiM? Koadduirent rpenns
CKOJIbXKEHUST MEXy GPYCKOM W TIJIOCKOCTBIO W .

3. Monera CKOJb3UT IO HAKJIOHHOH ILTOCKOCTH C YTJIOM
HAKJIOHA K TOPH30HTY o W uMeeT B Touke C CKOPOCTb Uy
(puc.3). Uepes HekoTopoe
BpeMsI MOHETa OKa3aJach r_ —
B TOuKe [) HaAKJIOHHOIL rrl ! i
IJIOCKOCTH, TPOW/JS IIyTh
S W TIOMHSIBIINCH 1O Bep-
tukaan Ha H. Koaddu- i
IUEHT TPEHUS CKOJIbXKe-
HUS MEK/y MOHETOH U Ha-
KJIOHHOH TIockocThio W . Haiigute ckopocTb MOHETBI © B
Touke D.

4. JIBa O/IMHAKOBBIX TEIJIOU30JUPOBAHHBIX COCY/IA COEIMHE-
HBbI TOHKO#1 TpyOKoil. CucTeMa HaIlloJHEHA Ta30M I0/[ J1aBJeHH-
eM py. Bo ckosbKO pa3 n Hy>KHO M3MEHUTb TEMIIEPATYPY ras3a
B OJHOM U3 COCY/IOB, YTOOBI JaBJieHUE BO BCEl CHCTEME CTAJIO
p1? Hauanbhuble Temmeparypbl ra3da B 000UX COCY/aX OJMHA-
KOBbBIE.

3. Kaxkoe kosmyectBo Teriorsl Q BBIIENUTCS B CXEME, MOKA-
3aHHON Ha PUCYHKe 4, MOoCcJe OJHOBPEMEHHOTO MePEeKJIOUeH S
oboux kmoueil K us nosoxenusi 1 B 2K 4
noaoxkenue 2? I /] C UCTOYHUKOB TOKa
61 1 6y , eMKOCTD KasK/J[0r0 KOH/IEHCa-
Topa C. C

6. C nomoupio pacceusaomuieil amn- _|_
3bl IOJIyYEeHO M300pa’keHue CINYKH, I
PACIIOJIOKEHHOH NePIeHANKYISIPHO & J_
IJIABHOI ONTUYECKOI OCH, C yBeJIye-
nuem 'y =1/2 . Tlo apyryio cropomny ]_
JIMH3BI HA PACCTOSIHUU @ = 9 cM OT Hee
NepHeHNKYJISIPHO TJIABHON OITHYeC- {1KD2
KOIl OCH YCTAaHOBWJIM TLIOCKOE 3€PKa-  py - 4
s0. M3o6paskenne CIIMYKNA B CHCTEME
JIMH3a—3€PKAaJIo TTOJMYYHIOCh ¢ yBeauuenuem 'y = 1/4 . Onpene-
sute POKYCHOE paccTosiHue JUH3bI F.

Puc. 3

Hy6auxayuio nodzomosuru A.Jledenes, A.ITuukyp
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MOCKOBCKMI roCyAapCTBEHHbIA UHCTUTYT
3NEKTPOHHOM TEXHUKM
(TEXHNYECKNN YHUBEPCUTET)
MATEMATUKA
[TNCbMEHHBIV 3K3aMeEH
BapumaHt 1
1. Pemute ypaBHeHUE

2—x—2x%=0,25".

. 1
. Haiigure cos2o, ecan ctgo =—.

2
3. Pemute ypaBHeHUE
410224 Hlog, 4 _ 4o .
4. Pemute HEpaBEHCTBO
2x -6 > 1
20° +3x-9

3. Pemure ypaBHenue
1—x-V9-2x—-x2=0.

6. Ky6 ¢ quaronasibio ocHOBaHUsI, PaBHOil 6, BIMCAH B KOHYC
TaK, YTO OCHOBAHIE Ky06a JIeSKUT Ha OCHOBaHUU Konyca. Haiinure
06beM KOHYCa, €CJTH €ro BBICOTA paBHa 4+/2 .

7. Pemure ypaBHenue

cos (4 sin x) = cos (4 cos x) .

8. U3 nyHkra A 1o HampasJeHUI0O K IIYHKTY B Bblexaln
MoTonukJanucT. OZHOBpEMEHHO C HUM U3 IyHKTa B B TOM Xe
HAIPaBJIEHNY BbleXaJ BEJOCUIEIUCT, a HABCTPEUY MOTOIMKJIM-
CTy — aBTOMOOWJb. ABTOMOOH/Ib BCTPETHUJ MOTOLUKJINICTA B
nynkre C, poexasn 0 myHKTa A W cpasy ke MOBEpHYJ Ha3a/[,
BEPHYBIIUCH B IIYHKT B B TOT MOMEHT, KOI/la MOTOIMKJHICT
Joruas Bejocurneaucra. Haiiaure oTHoleHne ckopocTteir MOTO-
IUKJICTA U BEJOCUIIEANCTA, €CIN U3BECTHO, UYTO PACCTOSIHHE OT
nynkra C po nyakra B B 1,5 pasa 6oJbiie, yeMm oT nyHKTa C 10
myHKTa A.

9. Haiigute cyMMy KOpHeil ypaBHEHUS

COS(LSTE). Ctgz(x_—znj.'_4 :O,
4 3

MPUHAJIEKANUX TPOMEKYTKY [n; 8075] .
10. Pemte ypaBHenue

(2 +4x-2) +4(x? +4x-2)-2=x

11. /IBe OKpPY’KHOCTH PAJNYCOB 2 U 3 TIPOXOJST Yepe3 BepIIu-
ny A tpeyroabnuka ABC u xacatorcs croponbl BC B Toukax B
u C coorBercTBenHo. Haiiure paaiyc oKpy>KHOCTH, OITMCAHHOMN
okoJsio Tpeyroabauka ABC.

BapwuaHT 2
1. Pemute ypaBHenue
23 -5/ =6

2. Pemre ypaBHeHUe
{ 3
— 25" | =0,04.
J5
3. Pemmire HepaBeHCTBO
x -1
————<
x*=7x+10
4. CymMMa 4eTBepTOro M JeCSITOTO 4JIE€HOB apu(MeTHYecKOil
nporpeccuu paBHa 14, a cyMMa KBa/IpaTOB IIIECTOTO U BOCBMOTO

2005/ Ne?

ee uwieHoB pasHa 116. Haiigute mnpousBenenue TpPeTbero 1
OJMHHA/IIIATOTO YJIEHOB 3TOU TPOTPECCHH.

5. B ipaBu/IbHOM TPEYTOIBHON MTHPAMU/IE CTOPOHA OCHOBAHUS
paBHa 3, a 60KOBOe pe6pPO HAKIOHEHO K IIJIOCKOCTU OCHOBAHHS
moJ yriom 60°. Haiigiure 0o6beM mupamMu/ibi.

6. Haiigure nauGoJibiiiee 3Hauenne GyHKITH

f(x)=sin2xsinx.

7. Pemmite HepaBeHCTBO
V=2x? —7x =32 x* +2x -3,

8. Pemmre ypaBHeHue
log, (—sin x) + log, (cos x) = =2 .

9. Ilo kpyroBoMy MapuipyTy M3 OJHOTO ¥ TOTO K€ MecTa
OJTHOBPEMEHHO B PA3HBIX HAIPABJEHUSIX BbIEXAJIU BeEJOCHUIIE-
JICT U MOTOTMKJUCT. [0 MOMEHTA UX NEePBOU BCTPEYH PacCTO-
SHHE B 5 KM, U3MepsieMoe 110 MEHbIIel 13 AyT Mapiipyra, OblIo
MEX/Jy HUMM JBaXK/bl: B TEPBbIil pa3, KOr/la BEJOCHUIIEJUCT
npoexas OJAHY [BEHAJANATYIO 4YacThb MaplipyTa, BTOPOW pas,
KOT/ZIa MOTOIMKJIMCT MPOeXaJs IMOoJOBUHY MapuipyTa. Haiinure
CKOPOCTb BEJIOCUIIEJINCTA, €CJAU MOTOIUKJIHUCT €XaJ CO CKOPOC-
TbI0 40 KM /4.

10. Yerbipexyroapnuk ABCD Brncan B OKPY>KHOCTb Pajiyca
2. Haiimure cropony AB, eciu AD = 2, ZBCD =105°.

11. IIpu KakuX 3HAYEHUSAX @ /st JI060ro b HaiieTcs XoTs Obl
OJ/IHO C TaKoe, YTO CHCTeMa ypaBHEHUN

bx+y=acz,

26+ (b+1)y=ac+1

uMeet XoTst Obl OJIHO pelieHue?

OPUN3INKA
[TNCbMEHHBIV K3aMEH
BapuaHTt 1

1. [IBa kaMHs GPOLIEHBI U3 OJHON TOYKH TOJ PA3JTHMUHBIMU
yIJIaMH K TOPH30HTY CO CKOPOCTSIMH ¥y H U, KaK IIOKA3aHO Ha
pucynke 1. Bo ckosbko pas
OTJINYAIOTCS. TOPU3OHTAJD-
Hble JIAJBHOCTH WX T0JIeTa?
ComnporusienueM BO3LyXa
npeHe6peyb.

2. KakuMm J[10J5KeH ObITh
K03 PUINEHT TPEHUS MEX-
1y OpyCKOM W TeJIeKKOii,
4TOOBI CUCTEMA, H300pasKeH-
Has Ha PUCYHKe 2, OCTaBa-

)

Jach B nokoe? Hutpb mapaJ-
JIEJIbHA HAKJIOHHOW TJIOCKO-  p, - 7
CTH W COCTABJISIET YTOJ O =
=30° ¢ ropusonrom. Macca
6pycka m; = 2 Kr, Macca
TeJesxxku m, =1«kr. Tpenn-
eM MEeK/Jy TeJeKKOW M Ha-
KJIOHHOI MJIOCKOCTDIO IIpe-
HeGpeyb.

3. [IBe maiiGnul B pesyJib-
TaTe CTOJKHOBEHMS Ha TJIa/l-
KOM TOPHM3OHTAJbHOM CTO-
Jie pa3JieTeJCh B IPOTUBOIIOJIOKHBIX HAIIPABJIEHUX, KaK II0Ka-
3aHO Ha pucyHkKe 3. Bo cK0JIbKO pa3 OTJIHYaIICh CKOPOCTH A6
nepesl CTOJIKHOBeHUeM, ecau ux maccel 7y = 100 T mw my, =
=200r?




BAPHAHTBHI 39

4. B Gannon, couep-
KNl BO3AYX C OTHO-
CUTEJbHOH BJIAXKHOCTBHIO
— ¢, 3aKavai HEKOTOpoe
& KOMIUECTBO CYXOTO BO3-
- nyxa. Kax usmenusach
" [PH ATOM OTHOCHUTEJIbHAS
BJIQJKHOCTD BO3/IyXa B CO-
Puc. 3 cyle TpU HEWM3MEHHOM
temmeparype? OTser
obocHyIiTe.
5. Ha pucynxe 4 npuBeen rpaduk 3aBUCUMOCTH 00beMa Ta3a
V or ero temneparypbl T B
IIIKJMYEeCKOM Tiporiecce [—
¥ 2 2-3—1.a) UsoGpasure rpa-
P ¢ux 3aBucuMOCTH HaBie-
- HUS ra3a p ot ero o6bema vV
,_,:-'r" B JaHHOM Tpoiecce. 6)
o Cyuras ra3 0JIJHOATOMHBIM,
- onpenenute KII/[ mannoro

IUKJIA, ecau Mpu mu306ap-
- HOM PpACIINPEHUN Ta3 Co-
i 7 Bepmaet pa6oty A, anpn
Puc 4 N30TEPMUUYECKOM CXKATUU
HaJl Ta3oM COBepIIaeTcs

[AF. ¥

paGora A, .

6. Hezapsuxennpie kougencatopbl emxoctsavu C u 2C, uctou-
HUK HanpspkeHus: U 1 K04 COeINHUIIN B 3JIEKTPUIECKYIO I[eTlb,
n3ob6pakeHHyio Ha pucyHke 5. CHavaia KJIOY HAaXOJIUTCS B
nosioskennn 7. a) OupejenuTe HalpsKeHHe Ha KOHJIEHCATOPE
emkoctbio C. 6) Omnpezpenure Ha-

n 2C]
i | MpsKEHKE, KOTOPOE YCTAHOBUTCS Ha
KoHjieHcaTope eMKocTbio C TocTe
2 1
1
| I |
—o
U | }
|
Puc. 5 Puc. 6

TOTO, KaK KJIOY TIepeBe/lyT B IOJIOKEHHe 2, a 3areM 4vepe3
HeKoTopoe BpeMs (JocTaTounoe s nepe3apsaKu KOHAEHCATO-
pa) BHOBb BEPHYT B moJioxenue 1.

7. Ormpeesite CONPOTHBJIEHNE II€TH, HM306pAKEHHOH Ha
pucyHke 6. Comnporusienue kaxjaoro pesucropa R = 50 Om.

8. Tpeyro/ibHbIl IPOBOJIOYHBIII KOHTYD IOMEIEH B OJJHOPO/I-
HOe MaruutHoe moje ¢ uHAykiueil, pasuoit B = 0,01 T u
napaJiyieJibHoll CTOpoHe ¢
TpeyroapHauka (puc.7).
[Tpn npoTekanum B KOH-

aq Type Toka I = 1A Ha
MPOBOJIHUK @ CO CTOPOHBI
MarHUTHOIO IIOJIST JIeii-
crByer cuna F, = 1 mH.
Puc. 7 Y a

Omupezienure: a) BBICOTY
h tpeyronbuuka; 6) cuabl F, u F,, geficTByolye co CTOPOHbI
MarHUTHOTO TMOJIS Ha TPoBoAHUKE b u ¢. Ha pucymHke yraxure
HAIPABJIEHUS] 3TUX CHJL.

9. IlpenoMennas Ha TrpaHulle pasjiesa ABYX IPO3PAUHbIX
CpPeJl CBETOBAsI BOJIHA PACIIPOCTPAHSIETCS CO CKOPOCTbIO B R =
= 1,4 pasa Gosbineil, yeM oTpakennas BojHa. Omnpexesante
Hpe/Ie/IbHBI YTOJI OJTHOTO BHYTPEHHETO OTPA’KEHUS [IJIS JaH-
HOI TPaHUIBI.

10. [Ipu uccaenoBanun doroadderTa METATITHIECKAN KATOT
00.JTy4aioT CBETOM ¢ JTMHOI BosiHbl A = 0,4 MxM. [Ipu paznoctu

HOTEeHIMAJIOB Mexkay KartojoM u anogoM U; =1,0 B Tok doro-
9JIEKTPOHOB PETHCTPUPYETCsI, a TIPH PA3HOCTH ITIOTEHIINAJIOB
U, = 1,4 B tox B nenu orcyrcrsyer. Ilo pesynbratam aTux
u3MepeHuil yKaxxure, B KakoM guanazone A; < A < A, jexxur
3HavyeHue paGoThl Boixofa A st Matepuasa karoga. Ilocrosn-
nag Ilnanka h =6,6- 10734 [l - ¢, CKOpPOCTDb cBeTa B BaKyyMe

c=3-108 M/c , aneMeHTapHblil 3apsn e =1,6- 1071 Ki .
BapwaHT 2
(onumnmana-2004)

1. /Ins TPEHUPOBKM KOCMOHABTOB CaMOJIET, JICTSIUI TOpH-
30HTAJbHO, HAUMHAET CHUXKATHCS 1O HEKOTOPOI TPAeKTOPHH, a
3aTeM BHOBb BBIXOJMT HA TOPU3OHTAJbHBIN moser. Ha kakoit
MaKCHMAaJbHBI HENPEPBIBHBIN MPOMEXYTOK BPEMEHU BO3MOXK-
HO CO3/IaHME B CaMOJIeTe HEBECOMOCTH, €CJIM BO BpeMs I0JIeTa
YCKOpeHre KOCMOHABTOB OTHOCHUTEJbHO 3eMJIH He JJOJIKHO TIpe-
Bbinath a = 2g = 20 M/c2, a Mepernaji BBICOT TPHU TIOJIETE
cocraBisieT Ak = 6750 m?

2. Anatosmmii 1 Bopuc HecyT 6pPEBHO, MEJIEHHO MOHUMASCh
o JiecTHWIle. AHATOJINI W/IeT TIEPBBIM, IPUKJIAIbIBAs K BEpXHe-
MY KOHIly OPeBHA MUHUMAJIbHO BO3MOKHYIO /ISl €70 YepPKaHUs
cuiy. Bo ckosbKo pas GoJIbIIYIO CHJlY [TOJIKEH NPUKJIAIbIBATD
Bopuc x HmkHeMy KoHily OpeBHa? DBpeBHO opHOpOAHOE U
cocrasiisieT yron o = 30° ¢ TOpU3OHTOM.

3. Ilait6a maccoii my , ABUTASICH MOCTYNATETHHO TI0 TJAIKOMN
TOPU30HTAJBHOI TOBEPXHOCTH, HAJIETAET HA HETIO/IBIIKHY O 1Ai0y
Maccoil my u 1ocJie yapa CKOJIb3UT € BABOE MEHBIIEH CKOPOC-
TBIO B HAIPaBJEHWH, TEPIEHINKYJISPHOM I€PBOHAYAIBHOMY.
IIpyn KakuX 3HAYEHUAX OTHOINEHHs MYy /M, BO3MOKHO TaKOe
nmxenue? OTBeT galiTe B BUJle HEPABEHCTBA.

4. Temneparypa uzgeanpHoro rasa t = 27 °C. Bo ckosbko pas
YMEHBIIUTCS TJIOTHOCTD raza Mpu M300apHOM HarpeBe Ha At =
=30°C?

5. Ha pucynke 8 nzo6paskena ofHa U3 JUHUN HATIPSIKEHHOCTH
AJEKTPUYECKOTO TI0JIST IBYX HEIOJBIKHBIX TOYCYHBIX 3apPsijIOB
gy U gy . I3BECTHO, UTO +— 1+ .
¢, =1 uKxn. Onpenenure
qs -

6. Ha anuuHbIi coste-

How/l BOJTM3U €TO Cepe/in-

HbI HaMOTaHa KOpoTKas | 'y . | . | | o [
karymka u3 N = 100 Bur- 4 ]
KOB PajiyCoM 7 T 2 cM, Puc 8

BBIBOJIBI KOTOPOU TO[-

KJIIOUEHBI K KoHjieHcaropy. [lo o6MoTKe cosrenonia Tever mocTo-
SIHHBIH TOK, CO3/Ial0IINI BHYTPH HETO MPAKTHYeCKH OJTHOPOHOE
MarHuTHOE I0JIe ¢ MHAYKIINeH, mapaJielbHONl OCH COJIEHOU/A.
[TocJsie GBICTPOTO BBIKJIIOYEHUST TOKA HAIIPSIPKEHWE HA KOHJIEHCa-
TOpe HAYMHAET MePUOUIECKH
MEHSATHCS C YacTOTOH =

=10* ¢ wammmrynoit U, =

=10 B. Ompenenute HUHIYK- Ul
nuio MarautHoro noss B. Co-
MPOTUBJIEHNEM KATYIIKH TIpe-
HeGpeyb.

7. ToueuHblii UICTOYHUK CBE- Pyc 9

Ta ¥ TIJIOCKOE 3€PKAJIO IBIKYT-
CsI HABCTpeuy JIPYT K APYTY CO CKOPOCTSIMU, TIEPIIEHNKY JISIPHbI-
MH IIOBEPXHOCTH 3epKaja M PaBHBIMH ¥y = 5 CM/C U 0=
= 10 cm/c coorserctBenno (puc.9). Onpegenure CKOPOCTb
JIBUZKEHUS 1300paskeHust HCTOYHUKA. Bee ckopocTH orpe/iesieHpl
OTHOCHTEJbHO HETOABWXHOW CHCTEMBI OTCYETA.

Hy6auxayuio nodzomosunu A.Bepecmos, H.Topbamuviil,
C.Kanvuetl, A. Kniowun, C.Kyxaun, T.Coxoaosa, 1O.Twvix1no6
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MOCKOBCKMW rOCYAaPCTBEHHbIV TEXHUYECK NI
yH1BepcuTeT M. H.2.baymaHa

MATEMATUKA
[1n1Cb MeHHbIVI 3K3aMeH

BapumaHTt 1

1. YkaxkuTe Bce 3HAUEHUS 7, TIPH KOTOPBIX CyMMa 7 TI0CJIe[0-
BaTeJIbHBIX 4JI€HOB apudMernyeckoii nporpeccun 31, 28, 25,...,
Ha4yMHAs C TIepBOTo, He MeHbIre 84.

2. Pemmre ypaBHeHUe

V2cosx+1+sinx =0.

3. Pemmre ypaBHenue
log, (10x —34) =1+ log, (10 — x) .

4. Pemnre HepaBeHCTBO
x’ =9 2
427 20-9°

3. Haiiure yros Mesxjty KacareibHbIME K rpaduky QyHKImmn
y = x°/12, npoxoasuumMu yepes TouKy M(2\/§; - 3) .

6. Ompenennte Bce 3HAUEHUSI d, TPU KOTOPBIX ypaBHEHUe
(x+ 2)2 = a(2|x| + 1) uMeeT POBHO [BAa PA3JUUYHBIX KODPHSI.
Ykaxure 9TM KOPHH TPU KAXK/IOM 13 HAilJeHHBIX 3HAYEHWI d.

7. OcnoBannem mupamuipl TABC ciry>XUT paBHOCTOPOHHUIT
Tpeyrosabiuk ABC, a ee BbicoTa cOBIafaeT ¢ 60KOBBIM pPeGpOM
TA. HaliuTe miomaab ceUeHUs MUPaMU/IbI IIOCKOCTHIO, POXO0-
nsieit uepes meauany TD 6okoBoii rpanu TAB u apaJijieibHON
Mmennane AM 6okoBoii rpanu TAC, ecau paccrosinue Mexay AM
U ceKyIell MI0CKOCThIO PaBHO 1, a CTOPOHA OCHOBAHUS MHPAMU-
JIbI PaBHA /14 .

BapwuaHTt 2

1. /IBa 110e3/1a BBINILIM OJHOBPEMEHHO HABCTPEUY JAPYT APYTY
n3 MyHKTOB A 1 B. BeTpeTuBINCh Ha IPOMEKYTOYHOU CTAHINH,
noes/ia MPOJOJIUKUIM /IBUKEHIE, W TePBbI U3 HUX NPUOBLLT B
MyHKT B uepe3 4 4, a Bropoil B nyHKT A — 4epe3 9 4 mocie
BcTpeun. 3a Kakoe BpeMs TEPBBIH 1M0e3/] TPOXOIUT PACCTOSHIE
or A no B?

2. PemuTe ypaBuenue V2 cos? x = sin x . Haiigure ero KOpHH,
Jekamue B npomMeskyTke [-3m/2; m/2] .

3. Pemmre ypaBHenue

27 =1+3.27
4. Pemute HEpaBeHCTBO
1+ log, (9-8x)<0.

5. Haiiure muoniaap TpeyroibHIKA, OJfHA CTOPOHA KOTOPOTO
JIeSKUT Ha KacaTesbHoll k rpaduky Gynkuuu y = 0, 25x% —x +4
B TOUKe ¢ abCIHCCcoil Xy = 4, a IBe CTOPOHBI — HAa KacaTeJbHbBIX
K aToMy rpaduKy, npoxoasmux yepes Touky A(5;3).

6. Yxaxure Bce 3HaAUeHUS IIapaMeTpa p, IPU KOTOPBIX CUCTe-
Ma ypaBHEHWUI

> —6y+1025% y+l-—p=(x-p)
MMeeT POBHO [[BA PasJMYHbIX penenus. Haiiure atn penrenust
IIPU YKa3aHHBIX p.

7. Haiijiure nona/ib ce4e€HMs MPABUIBHOI 4eTHIPEXYTONbHON
nupamuzsl TABCD c BbICOTOH, paBHOIl 4, U CTOPOHOI OCHOBA-
HUSI, PaBHOI 8, MJIOCKOCTBIO, napaJsiienbHoit anodeme TL Goko-
Boit rpanu TBC u meaunane AM 6Gokooii rpanu TAB u nipoxo-
Jsieii uepes cepenHy 6okoBoro peépa TA.

2005/ Ne?

DPUNINKA

[TNCEMEHHBIN IK3aMeH
BapumaHt 1

1. Hanumunre ¢$opMynnpoBKYy 3aKoHa IPeJOMJIEHHS CBeETa.
Uto HasbIBaeTcs Ipe/leJbHBIM YIJIOM IOJHOIO OTpaskeHus?
UYemy pasent a10T yrosa? OTBeT HOACHUTE PUCYHKOM.

2. Tperbst 4acTb OJHOPOJHOI JIMHEHKH, UMEIOTICH Maccy m u
aouny L, Beictynaer 3a kpaii crosa (puc.1). Haiigure munn-
MaJIbHYI0 paboTy, KOTOPYIO I
HEOOXO/IMMO COBEPIIUTD,
4TOOBI TIEPEMECTUTH BCIO
JIMHEHKY Ha CTOJI, C/IBUTast
ee CUJIO, HalpaBJeHHON
BJIOJIb AJINHHON cTOPOHBI. Koadduuuent tpennus Mexy JuHeii-
KON M CTOJIOM W .

3. Konpencarop emkoctbio C; 3apsaaniy A0 HANPSDKEHUS
U, =500 B. TIpu mapaiesbHOM MOAKJIOYEHNH 9TOTO KOH/IEH-
caTopa K He3apsi>KeHHOMY KOH/IeHcaTopy eMKocTbio Cy = 4 MkD
BOJIBTMETP, TIOJKJIIOUEHHBII K 6aTapee KOHACHCATOPOB, IOKa3aJl
nanpsokenne U, =100 B . Haiinute emxocts C; .

4. Tlpu dotoadderre MakcuMaJbHBIN UMITYJIbC, TIEpeaBae-
MBIl TIOBEPXHOCTH BOJIb(PAMOBOIi NJIACTUHKY TIPU BBLJIETE KAXK-
JIOT0 3JIEKTPOHA, paBeH p = 3,45 - 107% kr- M/c . HaiianTe snep-
I'HI0 KBAHTOB NpHMeHsieMOro o6Jyuenus. Pabora BbIxona [Jis
Bosibdpama paBua A = 4,5 3B.

5. Cocyno6bemom V = 20 gM° pasfiesieH TOHKOI TTOABHIKHOIN
TIeperopoIKoil Ha /Be 4acTH. B JeBylo yacTh moMeleHa Boja B
KoJMvecTBe V, =1 MOJb, B IpaBylo — a30T B KOJHUYECTBE
v, = 0,5 moxb . Temmneparypa TOIAEPKUBAETCS PAaBHOIT t =
=100 °C. Oupeaenure o6beM MPaBOil YaCTU COCY/A.

6. ITo ABYM ryiaJKuM MeJHBIM IIUHAM, YCTAHOBJECHHBIM O[]
YIJIOM O, K TOPU30HTY, CKOJIb3UT MO/ IeHICTBUEM CHUJIBI TSKECTH
MeJ[Hasl IePEeMbIYKa Mac-
coit m (puc.2). Ilunbt
3aMKHYTbI Ha COIPOTHB-
aenne R. Paccrosanue
mexay munamu L. Cuc-
TeMa HaXOJUTCS B OJIHO-
POJIHOM MAarHUTHOM 110J1€
¢ MHAYKIMel B, neprien-
JIIKYJISIPHOM TJIOCKOCTH,
B KOTOpOIi mnepemeniaercsi rnepeMblyka. CONpPOTUBJEHUS IIHH,
MEPEMBIYKU U CKOJIb3AINX KOHTAKTOB, a TaKXe CaMOMH/YKIIHS
KOHTypa IpeHe6pekuMo MaJibl. Haiiinte ycTaHOBUBIIYIOCS CKO-
POCTH TIE€PEMBIYKH.

7. CrepskeHb JJIMHON L coBepiiaer MaJible Koae6aHus BOKPYyT
rOPM30HTAJIbHOM ocu, mpoxoadieil yepes touky O (puc.3).
CepennHa cTep>KHS HO/-
BellleHa Ha MPYKUHE JKe-

Puc. 1

| b |
I
Puc. 2

—

cTKOCTBIO k. Ha crepikie k
3aKpeIJIeHbl /[Ba MaJleHb- {1 - Im
KUX TPy3a MaccaM¥ m U gt =

2m, TIOJIOKEHUS KOTOPBIX
MIOKA3aHbl Ha PHCYHKE.
Haiigure mepuos koJie-
GaHUil CTEPKHS, eCi B
MOJIO’KEHUN PABHOBECHST OH PACIOJIOKEH TOPU30HTaIbHO. Mac-
CaMH TIPY’KMHBI, CTEP3KHS, a TAKKE CHJIaMU TPEHUS TIpeHeOpeyb.

.I'.1||I

Puc. 3

|
]

BapwuaHTt 2

1. Hanumute HopMyIHPOBKY 3aKOHA BCEMUPHOTO TSATOTEHUS
1 eTO aHAJUTHYECKOE BBIPAsKEHHe. YKasKUTe eMHHUIbI n3Mepe-
HUS BXOAAMNUX B Hero pusudeckux Beanunt. Hammmmre dhopmy-
JIy JUIS BBIYUCJEHHS YCKOPEHUSA CBOGOJHOTO TMAJCHUSA TeJa,
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F YQJE€HHOI0 OT IIOBEPXHOC-
TH 3eMJIM Ha paccTosHue,
i paBHOe ee paanycy.

2. /IBa IPY>XUHHBIX Ma-
ATHAKA NIMEIOT O/INHAKOBbIE
Macchl rpysoB. Ha pucyn-
Ke 4 IoKa3aHa 3aBUCUMOCTD
CHUJI yHOPYTOCTH MPYKUH
TUX MasATHUKOB [ = oOT

L

3 yip

v pacrsxenus AL . Iepuon
puc. 4 KoMe6aHmii KaKoro MasT-

HHKa 6oJblie?

3. B mmumnape noj TOpIIHEM HAXOJWTCSl MEATbHBINH ras.
O6wbeM, TeMIIepaTypy ¥ JaBJeHHe rada MOXKHO NU3MeHsIThb. V3Me-
HEHUSI COCTOSTHUS ra3a IPU HeKOTOPOM KPYTOBOM Ipouecce /—2—
3—1 nokaszaubl Ha Tpaduke
3aBHCHMOCTH 0ObeMa Trasza
oT a6COJIIOTHON TeMIepaTy-
pot (puc.5). UszoGpasure
3TOT UK. Ha TpaduKe 3aBU-
CHMOCTHU [IaBJIEHHS Ta3a OT
ob6beMa. YKaxkuTe, Ha Ka-
KHUX y4acTKaxX rpaduxa ras
HOJIy4aeT TEILIO U3BHe.

Puc. 5 4. Yemy paBHO OTHOIIIE-

HI€ KOJIMYECTBA PACTIABIINX-
cs1 s17iep HEKOTOPOTo 3JleMeHTa K HauaIbHOMY KOJIM4eCTBY pajiuo-
AKTUBHBIX f[lep 9TOTO 2JIeMEHTa 3a BPeMsI, PABHOE IIOJIOBHHE
Mepro/ia ero moJypacraza?

3. HeGouibimoe Tesio HaUMHAET COCKAIb3bIBATH 63 HAYaIbHOI
CKOPOCTHU U3 BepXHEH TOUKU HeIIOJBIDKHON moJycdepbl pajuy-
com R (puc.6). Ha xaxyio BbIcO-
TY OHO ITOJICKOYHUT TIOCJIE Y/Iapa O
TOPU3OHTAJIBHYIO ITOBEPXHOCTD,
Ha KOTOPOIi HaxouTcs nosycde-
pa? Ynmap cuutath a6COTIOTHO
yupyruMm, mnogaycdepa KecTKo
3aKpellJieHa Ha IJIOCKOCTH.

Puc. 6 6. Ha ToHKOM 3aKperjieHHOM

KOJIbIlEe PAJIycoM R paBHOMEp-
HO pacrpejiesieH MOJI0KUTeNbHbIH 3apsiz g. KakoBa HanMeHbIas
CKOPOCTb, KOTOPYIO HYKHO COOOIIUTDb HaXOJsmefics B LEHTpe
KOJIbL[A YaCTUIle MAcCOH M ¢ OTPULATeNbHBIM 3apsiioM —¢,
PaBHBIM 110 MOJLYJIIO 3PSy KOJIbIIA, YTOOBI OHA MOTJIA YAAJUTD-
Cs1 OT KOJIbI[Aa B GECKOHEYHOCTD?

7. HuauHApUYECKUil COCYZ C JKMJKOCTBIO MJIOTHOCTBIO P
BpalllaeTcsl ¢ MOCTOSTHHON yTJIOBOH CKOPOCTBIO (® BOKPYT Bep-
Tukaiabuoir ocu OO,
(puc.7). Buyrpu cocyaa K
ocH B TOYKe A TpUKpeIeH
TOHKHII TOPHM30HTAJbHBIN
cTepkenb AB, 1O KOTOPO-
My 06€e3 TpeHHUsS MOJXKET
CKOJIb3UTb My(Ta B BHAE
mapa paguycom 7. Illap
CBSI3aH C KOHIIOM CTEPIKHS
B TOuKe A TPY>KUHON >XXec-
TKOCTBIO R, JIJTMHA KOTOPOii
Puc. 7 B HEPACTSAHYTOM COCTOSHUM

Ly . Ompenenure paccrosi-
HHE [EHTPA 11apa OT OCH BPAIeHUsI, €CJIU NJIOTHOCTh MaTepHa-
Jla 1apa B 4eTbIpe pasda (oJblle IIJIOTHOCTU SKUAKOCTH.

ITy6auxayuio nodeomosunu
J.Iapwes, FO.Cmpyxos

MOCKOBCKMWN HXEHePHO-(hU3NYeCcKnm
NHCTUTYT

(omumana Murncrepcrea o AToMHOV 3HEprim PP)

MATEMATUKA
BapuaHT 1
1. Pemute ypaBHenue
30052x—(2 +3\/§)COSJC+3+\/§ =0.
2. Pemre ypaBHeHue

x—2 x=7Y
| -2)(x -4 l | =2
08y ((x = 2)(x = 4)) + logy —+ ng( e ) :

3. Ha xoubiieBoii aBTogopore o061ieil TpoTssKeHHoCThIo 80 KM
KypCUDYIOT [AB€ HaTPyJ/JIbHbI€ aBTOMAIlMHbI C IIOCTOAHHBIMU
CKOPOCTSIMU. MalluHbl BBIE3KAIOT Ha JEXKYPCTBO C OJHOTO
nocra: mepsast — B 0% wacos, Bropas wepes 10 MuHYT mOCIe
MepBOIl B TOM JK€ HAIPaBJEHUHU, a 3aKAHUYMBAIOT JIE€KYPCTBO
onuospemenso B 9% yrpa Toro e ams. CkopocTb mepBoit
apromamuaer 60 kM /4, a Bropoit — 80 kM /4. Haiigure nmpome-
JKYTKH BPEMEHM, KOT/J[a aBTOMAIINHBI HAXOATCS JIPYT OT ApyTa
Ha paccrosnun, He npesocxoasmeM 1 kM. (3xech paccrosnue
MEXAY MallMHAMU OTCYUTBIBACTCA I10 aBTonopore.)

4. Pemmre npu BceX BEINIECTBEHHBIX 3HAUYEHUSX MapaMeTpa d
cUCTEeMY HEPABEHCTB

x+1
<

)

x-1"
(x=3a)(x-—a+1)<0,
2x -3 [sinm(x +a)

x \lsinn(x—a)

<0.

5. OcuoBannem nupamusl SABC siBisiercst AABC , cTOpOHBI
koroporo AC = J13 , BC =7, a BbIcOTa OCHOBaHUsI, TIPOBEIEH-
Hasg u3 BepmuHbl A, paBHa 2. Ilpoexkmmst BepmmHBI S Ha
OCHOBaHUE COBIAJIAET C TOYKOM A, yros HakJoHa GOKOBOTO peGpa
SB x miockocTu ocHoBanust pasen arctg 0,5 . Boraucanre o6bem
nupamMuibl. Haliure miomaab cedyeHUus MUPAMUIbI TJIOCKO-
CTbIO, IPOXOASIIEN uepe3 BepmHHY A U TepHeHANKYJISPHOMH
pebpy SB.

BapuaHT 2

1. Pemute ypaBHenue
4*-8-2"+15=0.
2. Pemmire ypaBHeHUE
|cos x| = —2sinx .

3. meercs aBa BOJIHBIX PACTBOPA CEPHOI KUCJIOTHI 06HEMOM
10 1 m 15 . Ilpu uX cMeUIMBAaHUM TOJYYaeTcsi PacTBOp, B
KoTOpoM 78 % Bojbl. Eciii ske cMeniarh 5 JI IepBOr0 PacTBOPa,
10 &1 BTOpOrO pacrBopa, a 3areM MCIapUTb 2,5 J BOJBI, TO
MOJIYYUTCS PACTBOP C OTHOIIEHHEM 00BEMOB BOJbI M KUCJOTHI
19:6. HaiizuTe npolreHTHOE CO/lepsKaHne KUCJIOThI B PACTBOPAX.

4. Haiiziute cyMMy TIOJIOKUTEJIBHBIX KOPHEW ypaBHEHHS

x/'—z(a2+10a+28)x2+4=0.

[Tpu kakux 3HaYEHMAX IapaMeTpa d, YJAOBJETBOPSIONNX Hepa-
BeHcTBY (@ +7)(-3-a)20, arta cymMa npuHUMaeT HanGoJb-
liee 3HaveHHE?

5. B mpaBusbHoil Tpeyrosbroil nupamuae SABC manna pebpa
ocHOBaHMsI paBHa 8, a GokoBas rpanb SBC HakJOHeHA K
IJIOCKOCTU OCHOBaHHS MOJ yrioM f§ = arctg 2411 . Touku D u
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E B3stbl Ha 60KOBOM peGpe SB u peGpe ocnoBanust AB cOOTBET-
cTBeHHO Tak, 4yto BD : BE = 2, a Touka F jexxut Ha pe6pe SA,
npuiueM AF : FS =2 : 1. Uemy paBHa N0/ b TPEYrOJbHUKA
ABF? Haiinute o6beM nupamuabl FEDC 1ipu ycJioBUH, 4TO OH
MaKCUMaJbHO BO3MOJKHBIN.

DPU3NKA
BapumaHTt 1

1. /[Ba TOYEUHBIX 3apsi/ia ¢ U —¢ PACIOJIOXKEHBI B BAKYyyMe Ha
paccrosiauu [ ApyT oT Apyra. HaliinTe HATPSIIKEHHOCTD AIEKTPH-
YeCKOTO TI0JIsI B TOUKE, PACIIOJOKEHHON Ha MPSIMOii, MPOXO/s-
Ieii yepes 3apsibl, Ha paccTosHusx 3/,/2 ot 3apsina g u [/ 2 ot
3apsna —q.

2. Teno, nBUTasichb PaBHOYCKOPEHHO M3 COCTOSIHUS IIOKOS,
IIPOIILJIO PACCTOSTHUE S 32 BpeMs T . Kakyio CKOpPOCTb MMEJIO TeJIo
B TOT MOMEHT, KOT/[a OHO IIPOIILJIO PACCTOSIHUE S/ 1?

3. B BepTUKAJbHOM HUJIMHIPUYECKOM COCY/IE MOJ] MACCUBHBIM
MOPIIHEM HaXOAUTCS Uea bHblil ra3. UToObl yMEHBIIUTD 00BEM
raza B 7 = 2 pasa, Ha MOPIIEHb HAJO IMOJOXKHUTb I'PY3 Maccoit
m = 1 kr. Kakoii erie rpy3 Ha/J[0 TTOJIOKUTb HA TTOPIIEHD, YTOOBI
YMEHBIMUTD 00beM Ta3a emie B R = 3 paza? Temmeparypa rasa
MOJIIEPIKUBAETCS TIOCTOSTHHOI.

4. Ha mepemnwii kpaii Teneskkn Maccoil M, NBUXKYIIENCS cO
CKOPOCTBIO Ty 10 TJIAJKONH TOPU3OHTAJIBHOI ITTIOBEPXHOCTH,

§ " KJIaayT OPYyCOK Maccoi m
f (puc.1). Hauanpmas cko-
| > pocTb 6PyCKa OTHOCUTETBHO
O] (O] - 3eMyi paBHa HyJ0. Kakoi
JOJ/DKHA OBITD JUIMHA TeJIesK-

Puc. 1

KH, 4TOObI OPYCOK B JlaJib-
neiiieM He ynaJ ¢ Hee? Koadduiment tpenns mexxay 6pyckom
U TEJEKKONH W .

5. Boipesanubiii u3 sncra haHepsl IPSIMOYTOJIBHBII TPEYTOJIb-
HUK C MEHBIINM OCTPBIM YTJIOM O PAacCIOJIOKeH Ha IMepoX0BaToi
ropusoHTasibHOi oepxuoctu (puc.2). Uto6bl OBEPHYTH Tpe-

YTOJIbHUK OTHOCHTEJIBHO 3aK-
Fi% PEILICHHON BePTHKAMBHOM
. OCH, TIPOXO/ISAIIeiT Yepes Bep-
IMUHY yIJaa o, K TPEYroJb-
HUKY HeOGXOIMMO MPHJIO-
JKUTb MUHUMAJbHYIO TODU-
30HTaJIbHYI0 cuay F, auro-
6bI TIOBEPHYTb €0 OTHOCH-
TEJIbHO 3aKPENJIeHHON Bep-
TUKAJbHOU OCH, TPOXO/d-
el yepe3 BEepIHIMHY JPYyTO-
rO OCTPOTO YIrJla — MUHUMAJbHYIO FOPU30HTAJIbHYIO CUITy I, .
Kakyio MUHIMAJIbHYIO TOPU30HTAJIBHYIO CUITY HEOGXOANMO IIPH-
JIOJ)KUTb K TPEYTOJIbHUKY, ‘ITOébI IMOBEPHYTH €r0 OTHOCUTEJbHO
3aKPeIJIEHHOH BEPTUKAJbHOI OCH, TPOXO/SIIe uepe3 BepIInHy
MPSIMOTO yrya?

BapuaHT 2

1. Tovyeunblit TpeaMeT PACHIOJIOKUIIN TIEPe] TTepeHuM (POKY-
COM TOHKOU coGupartoiiieil JuH3bl Ha pacctosiiuu [ = 10 cM or
HETO Ha I'JIaBHOMH ONTHYec-

koit ocu (puc.3). Mokyc-

S HOE PpACCTOSIHUE JIMH3BI
% F = 20 cm. Ha xakom

F F PACCTOSHUHM OT 3aHET0
¢okyca TMH3bI HAXOJAUTCS

Puc. 3 n300paXkenne npeaMera?

2. DBasson, comepxa-
i HEKOTOPOEe KOJMYECTBO KUCJIOPO/A, PAa3pPBIBAETCS IPHU UC-
OBITAHUSAX TIpU Temmepatype & = 727°C . Taxoit ke GaJioH,

2005/ Ne?

COJIepsKalnil CMeCh BJIBOE MEHbBIIEr0 KOJIMYECTBA KUCJIOPOJA U
BYeTBEpO MeHbiiero (110 Macce) KOJMYECTBA HEM3BECTHOrO Ta3a,
paspeIBaeTcs mpu Temmeparype t, = 127°C. Haiigure mosp-
HYI0 Maccy He:m3BeCTHOTro Traza. MoJssipHas Macca KUCJIOPOJa
M, = 32 r/Moub.

3. Tpu MeTanmyeckne KOHIIEHTPUYECKHE Chepbl UMEIOT Pajiu-
yebl R, 2R n 3R. Meunbiiyio cdepy 3apsskaor 3apsgom Q,
60JIbIIYI0 — 3apssioM 3Q, a CPEIHIO 3a3eMJISTIOT € MOMOIIBIO
JUTMHHOTO M TOHKOTO TpOBoJAHMKa. HaiizinTe moTeHImas MeHb-
meii cdepbl. EMKOCTBIO TPOBOIHIKA NTPEHEOPEYD.

4. Teno, Haxojdmeecs HAa HAKJIOHHOH IIOCKOCTH C YIJIOM
HaKJIOHA O, OPOCHJN IO YTJIOM [} K TOPU30HTY C HAYaJIbHOMU
ckopoctbio vy (puc.4). Haiijure paccrosinue Meskiy TOYKON
6pocaHus U TOYKOW MAJeHUsl TeJsa
Ha TJIOCKOCTb. A

5. Touxast Tpy6ka H30THyTa B
BHUJIE IyTH OKPY:KHOCTH AB, onupa-

Puc. 4 Puc. 5

fomeiicst Ha yront o (o < /2 ), u 3aKkperieHa B BEPTUKATbHON
IJIOCKOCTH TaK, KaK TIOKA3aHO HA PUCYHKe 5: Touka O — IEHTp
okpy:kHOCTH, paanyc OA nepneHuKyJIsIpeH MOBEPXHOCTH 3eM-
. Buytpu TpyOKH yAep:KHUBAIOT IHOKYI0 HepacTSSKUMYIO Be-
peBky. [liMHa BepeBKM paBHa JsnHe TpPyOKu. BepeBky oTmycka-
10T, ¥ OHA HauMHaeT JABUraThesl. Halinre yckopeHne BepeBKH B
3TOT MOMeHT. TpeHmne OTCyTCTBYeT.

Hy6auxayuro noozomosuru C.Mypasves, O.Hazopros

HoBOCKMOUpPCKIM rOCyAapCTBEHHbIM
yHVBepcuTeT

DPUNIUNKA
[TnCbMEeHHbIVI IK3aMeH

Qu3sndeckm pakysibTer
U QaKysib TeT UHGDOPMALMOHHbBIX TEXHOSIOMIV

Kaxaplif BapnaHT COCTOSJT M3 3ajlad TpeX THIOB. [lepBble Tpm
3a/layl — pacCyeTHbIE, pa3JIH‘-IIIOI71 CTEIeHU TPYAHOCTU: OT ITIOYTHU
CTaH/IapPTHBIX 0 CPAaBHUTEJIHHO CJIOKHBIX, TPEOYIONIX CMEKAIKH,
rTy60KNX 3HAHMI, YMEHNSI OPHEHTHPOBATHCS B HENPUBBIYHON HJIN
yCJAOXKHEHHON cutyanuu. YerBepras 3ajada — 3ajlava-oOleHKA.
[l ee permennsi HeoOXOIMMO pa3o6paTbcsl B PacCMaTpUBAEMOM
(usmueckoM siBieHnu, chOPMYIMPOBATh NPOCTYIO0 (TaK Kak Hyk-
Ha TOJIBKO OlleHKa) (PU3MUECKYIO MOJIENb STOTO SABJIEHUS, BHIOPATh
pasyMHble YNCJIOBble 3HAUEeHNsT (PU3MUECKUX BEJMYHMH M, HAKOHeIl,
TOJIyYUTDb YHCJIEHHBIH pe3yJsbTar, 60see MM MeHee COOTBETCTBYIO-
muil peasbHOCTH. B Tekcre 3ajaum mopuepKUBAeTCs, 4TO aGHTY-
PHEHT MOXXeT caM BbIOpaTb HEOOXOAMMBbIE [T PEIIeHUs 3a/aui
BeJIMYNHBI U WX YHUCJIOBBble 3HaueHms. Ilaras 3agmava — 3amava-
JIEMOHCTPAIUS, NIPU PEIIeHUN KOTOPOH Halo OODBACHUTD (pH3muec-
Koe sIBJIeHUe, JleMOHCTpupyeMoe B ayanTopun. Cpean pasimaHbIX
¢akTOpOB, BJHSAIOIMNX HA TIPOIECC, HeOOXO/MMO BbIIEJUTD IJIaB-
HbIN.

BapumaHTt 1

1. Teno ToNKHYJIM BBEPX BJOJIb IIEPOXOBATON HAKJIOHHOI
mnockoctu. IIpu nogbeMe BemunHa ycKopeHus OblIa paBHA 4 ,
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IpU CIycKe — @y . Haiigure yroon
HAKJIOHA TIIOCKOCTH K TOPU30H-
Tasu. Y cKopeHnne cBOOOIHOTO ma-
JIEHUST PABHO (.

2. BeprtukanabHO CTOSIIMH IH-
JIMHID C Ta30M pas/iesieH TIopIi-
HEM Maccoil m u cedeHuweM S Ha
aBa orceka (puc.1). Ilox geii-
CTBHEM COGCTBEHHOTO Beca IIOP-
IIeHb Me/IJIEHHO omycKaercs. [Ipu
JTOM [ABJEHUS] B OTCEKaX OCTa-
I0TCSI HEM3MEHHBIMU, UTO obectie-
YIBAETCSI TIEPETEKAHNEM Ta3a 1o
TpyOKe TpeHe6peskuMo Masoro o6bema. TemmepaTypsl rasa B
OTCeKaxX MO//IEPIKUBAIOTCS MOCTOSIHHBIMU: BbIlle TOPIIHS 17,
mmxke T, (T, >T,). Haligute maBnenus rasa B OTCeKax. Y CKO-
peHue cBOOOZHOTO Na/leHUsI PABHO ¢, TPEHUEM TTOPIIHS O CTEHKH
npeHeGpeyb.

3. Tpu mapasyienbHble MPOBO/SIINE TTACTUHBI TLIOMA/BIO S
KQKIasi, MOJAKJIIOYEHBI K MCTOYHUKY € HampspkenmeM U, Kak
MOKA3aHO Ha PUCYHKe 2. PaccTosHuS OT BHENTHUX IJIACTHH /O
cpeaneil pasubl dp u d,
| cooTtBeTcTBeHHO. Haiian-

Puc. 1

T€ IJEKTPUYECKYIO CHUIY,
1 U JIeCTBYIONIYIO Ha CpeJ-
0 o—4¢
5 2 7 HIOIO TIJIACTUHY, €CJIN pac-
CTOSHUA MEXAY IIJIacTh-
HaAMU MHOTO MEHbIIE WX
Puc. 2

pa3MepoB.

4. OrnenuTe CpeJHIOI0 MOIITHOCTD, PAa3BUBAEMYIO CUJIOI JaBJie-

HUSI TIOPOXOBBIX Ta30B, JAEHCTBYIOMIEN Ha IIyJIIO TIPU BBICTPeEJIe.

5. Cocym €O CIMBHBIM

oTBepCcTHEM BOJIHM3Y JHA 3a-

nomnserca Bogoit (puc.3).

W3 otBepcTns HauwHaeT

6UTb CTPYS BOJbI, BHAYAJE

MOIA/AI0NIAsT B TOPJIOBUHY

CTOSIIIIETO Ha CTOJIE COCY 1A,

[To Mepe BbITekaHus cTpys

nepecTaer Iomnajiarh B TOp-

JIOBUHY, M KOJI6A OCTAeTCs

I_j HesamnoJsHenHoit. Ecau co-

CY/1 C BOJIOM 3aKPBITD ITPO6-

Puc 3 KOif ¢ TPyOKOIl, OTKPBITOII

CBEPXY U TOTPYXXEHHOMH

CHHU3Yy B BOAY, TO CTPYA HE YXOAUT OT TOPJIOBUHDI U HAITOJTHACT
K0JI6y noBepxXy. OGbsCHUTE JEMOHCTPUPYEMOE SIBJIEHHE.

BapuaHT 2

1. B uuaunape cedennem S 10j HEBECOMBIM TOPIITHEM HAaXO0-
JIUTCST BO3/IyX W PE3UHOBBIN HMIapuk o6beMoM V ¢ JaBJeHHeM
Bo3lyxa B HeM p. Ha CKOJIBKO IOJHHMETCSI MOPIIEHb, eCJIH
mapuk JornHer? Tpenus Het, arMocepHOE 1aBJIeHIe PABHO Py ,
TEMIIEPATYPa OCTAETCSI HEU3MEHHOII.

2. TTo MJIOCKOCTH € YIJIOM HAKJIOHA O JIBUKETCS C TOCTOSTHHON
CKOPOCTBIO TEJI0, KOTOPOE TSHYT BJIOJIb IIJIOCKOCTH TOPU30HTAJIb-
noit cunoit F (puc.4). IIpu 5ToM CKOPOCTD TeJla HallpaBJ/IeHa 110/
yrJoM [ K HampasJenuio cuibl. Haiiinte mMaccy Tesa n Koad-
pUIHEHT TPEHUST MEXKTY Te-
JIOM U TLJIOCKOCTBIO. Y CKOpe-
HUe CBOOOJHOTO TajeHus
paBHO ¢.

3. llBe Merananveckue
ILTACTUHBI, MAaCcCOW M KaxK-
Jast, 00pas3yIoT Pa30MKHY ThIi
pac. 4 TJIOCKUN KOHJIEHCATOD eM-

koctbio C, 3apsKeHHBIH /10
nanpsprenus U (puc.5). Cha- \l' l' ‘l'

Yyaja OTIIYyCKAlOT BEPXHIOK D
IJIACTUHY, & B MOMEHT, KOT/a
paccTosiHie MeK/y TJIACTU-
HAMU COKPAIIAETCS OT HauaJIb-
Horo D 1o d, oTmycKaioT U pyc 5

HIKHIO. HalinTe ckopocTb

IJIACTUH TOcJe aGCoJIOTHO Heynpyroro yaapa. Cua TssKecTn
OTCYTCTBYET.

4. CriopTcMeH MOAIPBITUBAET CO CKAKAJIKON TaK, YTO 32 OJUH
MPBLKOK TTPOUCXO/IAT [[BA MOJTHBIX 060poTa ckakaaku. Otenure
CPENHIO CKOPOCTb Cepe/INHBI MHYPa CKAKAJIKH.

5. Cm. samavy 5 BapmanTa 1.

BapuaHT 3

1. Ha Tpex conporusiaenuax (1, 2 u 3) npu nojave Ha HUX
OJIHOTO W TOTO K€ HAIPSIKEHUS BBIAEJSIOTCS MOIIHOCTH P,
P/2u P/3 coorBercTBeHHO. Kakas MONTHOCTD BBIJENUTCS NTPU
0/Ia¥e 3TOTO JKe HAIPSIKEHUsI Ha 1ellb, B KOTOPOI COTIPOTHBJIE-
HUS COeIMHEHDI 110 yKasaHHoll na pucynke 6 cxeme?

1]
L

—

Puc. 6

2. Ha paccrostHuu /. OT cepeJIMHbI CIUIBI U Ha paccTosHUU R
OT ee KOHIOB 3akperen 3apsan g (puc.7). Ha nesbiii koHer
CIUIIBI HAJIEBAIOT GYCUHKY
C TAaKUM Ke 3apsjioM g u ,®\q
Maccoir m. Bycwnky ToJI- il i e
KaloT BJOJIb cruibl. Haii- S Ll
JIUTEe HAYAJIbHYIO CKOPOCTh e i s
OyCUHKU ©, €CJH €€ CKO- <> i
POCTb TPH HPOXONKIEHHH -
Cepe/IMHbI CIUIBI paBHA  Puc 7
vy, a UpU JOCTUKEHUU
IIPaBOTrO KOHIA paBHA Uy . Koaddunment tpenus Bciomy BAOIb
CITUIIBI OJIMH U TOT JKE.

3. K BepxHeMy KOHILy CTEp:KHS, 3aKPEIJIEHHOTO Ha IIUPO-
KOH TI0/ICTaBKe, NPUBSI3aH HA HEPACTSIKUMOI HUTH T'Py3 Mac-
coit m (puc.8). Macca moa-
cTaBKuU co crepxxHeM M. Hutb
¢ tpy3oM orkjoHuaM Ha 90°
OT BEPTUKAJU U OTIYCTHJIH. L
Haitgute koadduiuent tpe-
HUSI MEK/Iy MOJICTABKON W TO-
PHUBOHTAJIBLHON MOBEPXHOCTBIO
CTOJIA, €CJIU TO/CTaBKa Hava-
Jla C/IBUTAThCSI B TOT MOMEHT, |
KOr/la HUTb 06pasyeT yroa o
C BEPTUKAJIBIO.

4. Ouenute cuiy JaBJeHUS KacKaJepa Ha MOTOIUKJ IIpU
MIPU3EMJIEHUH TIOCJIe MPBIKKA HA MOTOIMKJE Yepe3 aBToOycC.

3. JleMoHCTpaTop AEPIKUTCS 3a TPOBOJ, MOJCOEIMHEHHBIN K
3JIEKTPOCKOITY, U MOJANpbiruBaer. [Ipn 3TOM CTpesika 3JeKTPO-
CKOIIa OTKJIOHSIETCSI M BO3BPAIAETCs Ha3a/ MOCJe Mpusemie-
nust. O6bsicuuTe HAOII0IaeMOE SBJICHUE.

Hybauxauyuio nodzomosuiu
E.Bandun, HU.Bopobves, I'.Menedun

\ 4

L
£l

= o g

Puc. 8
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Poccnmncknm rocygapCTBeHHbIN
negarornyeckunn yHmnsepcmtet um. A.I'epueHa

MATEMATUMKA

[TNCbMEHHBIV IK3aMEH
BapuaHt 1
1. Jl1s1 Kak10TO HATYPAJIBHOTO YHCJIa 72 OTIpe/iesieHa Oy HKIHs
fole)=—2
Nx©' =2nx" +n
a) Haligute o6nactu onpeneienust sTux QyHKIUHA.
6) Hapucyiite rpadux dynxumn g (x) =|f; (x)|.

B) IIpn KaKMX 3HAYECHUSAX C YPABHEHHE |g (x) - 3| = wumeer

He MeHee JByX JAelicTBuTesbHBIX KOpHe#? (Ykaxure kosamue-
CTBO J€IICTBUTEIbHBIX KOPHEH B 3aBIHCHMOCTH OT Pa3HBIX 3Ha-
weHuii ¢.)

2. Pemnre HEpaBEHCTBO

log, 12 logs (xz +8x + 12)
log; (x2 - 9) logs (x2 - 9)
3. Haiigurte Bce pemenust ypasHeHns

9 61/2+10gﬁ sinx _ 21/2+log2(— cos x) )

4. [lnuna cpesiHeil TMHUU PAaBHOOOYHON Tpaleluy paBHa S CM.
W3BecTHO, YTO B TPAIIEINIO MOKHO BIIUCATH OKPYXKHOCTH. Cpe-
HSISl JINHUS JIEJTUT TPATeNUIo Ha J[Be YacTH, OTHOIIEHUE TLJI0MIa-
neit kotopbix paBHo 7 : 13. Hailiaure AiHY BBICOTBI TpaTelNH.

5. Hau rerpasap ABCD. Tpeyroapunk ABC mpsiMOYTOTbHBIIH
(£C =90°). lpamas CD mepneHAnKyISPHA MIOCKOCTH 9TOTO
tpeyrosbuuka. Haiisure paccrosinue ot Touku D jio nipsimoit AB
u paccrosinue ot Toukn A go minockoctu BCD, eciu CD =9 cm,
BC =24 c¢cm, ZABC =30°.

BapwuaHTt 2
1. [lnist KaXK0r0 HATypabHOTO YNCJIA 12 Onpe/iesieHa PYyHKIIS

fu(x) =

n+x
n—-nx
a) Haligute o6nactu onpeneienust stux QyHKIUHA.
6) Hapucyiite rpadpuk dpynkmmn g (x) , ecan
g(x) = fi(~=?).

B) [Ipn KaKWX 3HAYECHUAX d ypPaBHEHUE |g (x) - 3| = a uMmeer
OJINH JIeHICTBUTEJIbHBIH KOPEHDb?
2. Pemmite HEpaBeHCTBO

log, (x +1) +8log,,2~log, 8> 0,51log ;5 3.

3. Pemnre ypaBHeHue

Ja +sinax = Jx —sin 2« .

4. B paBHOGEIPEHHOM TPEYTOJIbHUKE ¢ GOKOBOI CTOPOHOIT 4 cM
poBe/ieHa Meinana Kk 60koBoit cropone. Haiigure iy ocHo-
BaHMs TPEYroJbHUKA, €CJIU JJIMHA MeMaHbl PaBHA 3 CM.

5. OcHoBaHMeM THPAMUJIBI CJIYKUT POMG € OCTPBIM YoM 60°.
BoKOBBIE IPAHI HAKJOHEHBI K MJIOCKOCTH OCHOBAHUS MO/] YTJIOM
60°. Onpesennre 00beM TTUPAMU/IBI, €CJU PAJUYC BITMCAHHOTO B
poM6 Kpyra paseH /3 .

Hy6auxayurw nodzomosuiu
H.ITodxodosa, O.Kopcaxosa

2005/ Ne?

Poccnmncknm rocyfapCTBeHHbIN
TEXHONOrNYeCKMIN YHUBEPCUTET
nMm. K.3. Uunonkosckoro (MATI)

MATEMATUMKA
[TNCbMEHHBIN SK3GMEH
BapumaHTt 1

1. Pemutre ypaBHeHUE

|22 — 3| =x + 5.
2. Pemmute ypaBHeHue

3sin2x +7 =7sinx +7cosx .
3. Haiiqure nanMenbiiee 3navenie QyHKIUNA
f(x,y) =82 +2y* — 4oy + 4x + 2y + 3.
4. Pemite HepaBeHCTBO
(4900 241) < 495,

5. B tpeyrosbunke ABC pmnbt cropor AB u AC orHocsiTcst
Kak 7 : 5. Mexnana BD u 6uccektpuca AE 3T0r0 TpEyroJabHuKa
nepecekaiorcs B Touke O. Haiiaure orHoleHue IJonajzeit
tpeyroabuukoB FBE u FBO, tae touka F aBisercs nepecede-
HueM cTOpoHbl AB n npsimoii, npoxoasmeit uepe3 Touku C u O.

BapwuaHTt 2

1. Pemure ypaBHeHUE
V2r+1=x-1.
2. Pemmite ypaBHeHUe
cos7x ++/3sin 7x = 2 cos 5x .
3. Haiigute HauGosblnee 3HaueHue QYHKINH
1

f(xy)= 222 + 8y —hxy —2x — 4y +5°
4. Pemmite HepaBeHCTBO

(X)Z(logxz 3-1) .
8 -8

3. B tpeyroabruke ABC bl ctopon AB u AC oTHOCSATCS
Kak 2 : 3. Mexuana BD u 6uccektpuca AE 3TOro TpeyroJbHuKa
nepecekatorcs B Touke O. Haiigure oTHOIUIEHUE TMIOMIaAEH
TpeyroabuukoB FBE u AFO, rjae touka F gBisercs nepecede-
HueMm ctopoHbsl AB n npsimoii, mpoxoasineit yepe3 Touku C u O.

DPUINKA
[TNCEMEHHBIN IK3aMeEH
BapumaHt 1

BbiGepuTe npaBuIbHbIH OTBET

1. HavaB aBuskenue ¢ MecTa, 3a repBble ¢ CEKYH/I aBTOMOGUTD
mpores nyThb s. Kakyio ckopocTb HaGpas aBTOMOOUIIb, €CJIU OH
JIBUTAJICSI PAaBHOYCKOPEHHO?

1) s/t; 2)1,2s/t; 3)1,5s/t; 4)2s/t; 5) 2,5s/t.

2. 3a CHeroxo/loM Ha Tpoce TSHYT rpy3 Maccoii 500 Kr.
Haiigure HamGoJbIIyIO CUJIy HATSIKEHUS TPOCA, €CJAM MAKCHU-
MaJIbHOE YCKOpeHHe CHEroXoja 2 M/ ¢? . Koadumment Tpenus
rpysa o cHer 0,1. Tpoc HaTIHYT TOPH30HTAIBHO.

1) 500 H; 2) 750 H; 3) 1000 H; 4) 1250 H; 5) 1500 H.

3. /lBa IJIACTHIMHOBBIX IMapa ABUXKYTCS HABCTPEUy JAPYT
Apyry mno oxnoit npsmoil. Kunernueckas sHeprus IepBOro
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mapa 1,2 /Ix. Kakoii kuneTndyeckoil sHeprueil nosken o6Ja-
JaTb BTOPOU Imap, 4ToObl MOCJe yAapa IMapbl OCTAHOBHJIUCD?
Macca Broporo mapa B 2 pasda 6oJbliie, 4eM Macca HepBOTO
mapa.
1) 0,3 IIx; 2) 0,4 Ix; 3) 0,6 Ix; 4) 1,2 IIx; 5) 2,4 Ix.
. 4. VI3BecTHO, 4TO B X0/I€
ka4
i v | ol nponecca 1—2—3—1 (puc.

- 1) MHHUMANbHBIH 06bEM

¥ raza 6pin 5 J. Haiigure
il 00beM Ta3a B COCTOSTHHU
. 7 2. I'padpux npouecca n306-

pakeH B KOOpAMHATAX P
- (naBnenne) — T (remme-

T [0k 7' Parypa).
Puc. 1 1)5m1;2) 1015 3) 15 713
4) 20 1; 5) 40 1.

3. OHOATOMHBII HIeaIbHBIN Ta3 B X0/e n306apHOT0 MPoIec-
ca cosepinaet padory 200 />x. Haiigure usMeHenne BHyTpeHHe
SHEPTHUU Ta3a.

1) =200 [Tx; 2) 200 T>x; 3) 300 [Tx; 4) 400 [k; 5) 500 [Tx.

6. DJiekTpUUECKOE TI0JIe CO3[JAHO ABYMSI OJIMHAKOBBIMH TOUEY-
HBIMHU 3apsiaMu +¢. UTo MOKHO CKa3aTh O HANPSUKEHHOCTH E 1
HOTEHNMAJe ¢ 3IEKTPUYECKOTO IOJS B CepeJHE OTPe3Ka,
COEJIMHSIIOIIETO 3apsi/Ibl?

1DE=0,0=0;2)E=0,0>0;3)E=0, 9<0;4) E#0,
¢0=0;5) E#0, 9=0.

7. JIBa pesucropa coe[MHEHbI mocaeoBareabHo. ConpoTus-
Jenue neporo 5 OM, HanpskeHue Ha HeM 2,5 B; conporus.e-
Hue Broporo 15 Om, Hanpsikenue Ha HeM 7,5 B. Haiigure cury
TOKA HA 3TOM y4acTKe IElIH.

1) 0,25 A; 2) 0,5 A;3) 1 A; 4) 2 A;5) 4 A.

8. B HekoTOpOil 06/1aCTH TPOCTPAHCTBA CO3/[AHO OHOPOHOE
9JIEKTPUUYECKOE TI0JIe. DJIEKTPOH BJIETAET B 3Ty 00JIACTb TaK, 4TO
€r0 HavaJIbHAasl CKOPOCTDb HAINPABJIEHA MEePIEHINKYJISPHO CHIIO-
BbIM JnHUAM. Kax OyzeT gasblie JBUTATbCS 3J€KTPOH?

1) Tlo npsaMoii, paBHOMEPHO; 2) 110 NPSAMOI, ¢ HOCTOSHHBIM
yckopenuem; 3) 110 OKPYKHOCTH; 4) 10 ciupasiy; 5) 1o napago.ie.

9. B KOHTYpe poucXoJsaT rapMoHnyeckue Koyebanus. Cpas-
HHUTEe 3SHEPTUI0 3JIEKTPHUECKOro IO KoHAeHcaTopa W, ¢
9Hepruell MarHUTHOTO TOJIS KaTymku W, B TOT MOMEHT, KOT/a
HAIpsDKEHNE Ha KOHIEHCATOPE PABHO MOJIOBIHE MAKCHMAIbLHOTO
3HAYEHUS.

1) W, =W ;2) W, Goabue W, B 2 pasa; 3) W, GoJbuie
We B 3 pasa; 4) W, Gombme W B 4 pasa; 5) sHepruu
9JIEKTPUYECKOTO M MArHUTHOTO TI0JIell HeJb3si CPABHUBATD.

10. Ksaur cBera c aueprueii 4,42 - 107" Ik MEPEXOUT U3
BaKyyMa B cpejly ¢ 1okasareJseM npesomienus n = 1,5. Haitau-
Te JIINHY BOJIHBI CBETa B BaKyyMe Aq U JUIMHY BOJIHBI CBETa B
cpezne A.

1) hy=45-107 M, A=3-107 um;

2) Ag=4,5-10" M, A=6,75-107 m;

3) hg=A=4,5-107 m;

4) A=A =3-107 m;

5) Aog=6-10"7 M, A=4-107 m.

100k .

i
ol
i
i
i
i
i
i
1

du3snyecKue MOCTOSTHHbIE

Ycxopenne ¢BoG0AHOrO magenus g =10 w/c?
IMocrostanas Ilnanka 4 =6,63-10* I - ¢
CxopocTb cBeTa B Bakyyme ¢ =3-10% wm/c

BapuaHT 2

BsiGepuTe npaBHIbHBIA OTBET
1. U3 syka BbIIYyCKAOT [Be CTpPeJbl BEPTHKAJIbHO BBEPX;
HayaJ/bHble CKOPOCTU CTPEJ OT/IMYaloTcsl B 2 pada. Bo ckoJbko

pa3 OTJIMYAIOTCS MAKCHMAaJbHBIE BBICOTBI, HA KOTODPbIE ITOJHH-
MyTcst cTpesibl? COnpoTHBIIEHHEM BO3/1yXa IpeHe6peyb.

1) B /2 pas; 2) B2 pasa; 3) B4 pasa; 4) B8 pas; 5) 151 oTBeTa
HEeJOCTATOYHO JAHHBIX.

2. Tpys maccoii 50 Kr OIycKalT Ha BepeBKe. 3a IIEPBYIO
cekyHAy oH omyctmicsi Ha 4 M. Hailigure cuuy HaTsKkeHus
BEPEBKH, €CJM TPYy3 JABUTAJCS pPaBHOYCcKopeHHO. Hawasbuast
CKOPOCTb TPy3a PaBHA HYJIIO, COIIPOTHBJIEHHEM BO3/[yXa MPeHes-
peub.

1) 100 H; 2) 200 H; 3) 250 H; 4) 400 H; 5) 500 H.

3. Cuaps B BepxHeil TOUKe TPAEKTOPUH pa3pbiBaeTcs Ha 2
ockoJika. [lepBblil 0CKOJIOK, Macca KoToporo cocrasisieT 40% ot
MAacChl CHAPSI/IA, MOJETeN B MPEKHEM HATIPABJIEHUH CO CKOPOC-
thio 400 M/c. HaiiguTre cKOpOCTh U HalpaBjieHne, B KOTOPOM
0JIeTeNl BTOPOil OCKOJIOK, €CJIH CKOPOCTb CHApsIJa Tiepe]l B3Pbl-
BoM Oblita 100 M /c.

1) Haszaz, 300 M/ c; 2) nasag, 100 m/c; 3) Buepes, 100 M /c;
4) snepen, 200 m/c; 5) Bunepen, 300 M/ c.

4. Temmniepatypa rasza B 6asuione odpocia c 7 °C go 14 °C, npu
JTOM [aBjieHre B 6ajioHe He m3MeHMsIoch. Kakas macca rasa
BbllLIa U3 GaJIJIOHA, ecu IepBOHAYAIbHO B HeM ObLio 120 T
raza’?

11r;2)3r;3)5r;4)30r;5) 60T.

3. Paccuwnraiite pa6ory, Kotopyio coBepinua 1 MOJIb ujieanb-
HOTO ra3a B npoiiecce /—
2 (puc.2). Tpadpuk mpo-
necca M300paXkeH B KO-
opaunarax V (o6bem) —
T (remneparypa). A

1.

11 || 1]

1) 30 [Ux; 2) 80 JUx; , L~ i

. . 10 » i

3) 830 [Ix; 4) 1660 [Ix; ] i

5) 0. i i

6. JuexTpuveckoe i i
110J1€ CO3/1aH0 PABHOMEp- )I'II ||I-|r e

HO 3apsiKeHHOH cdepoii.
CpaBHUTE BEJUYNHDBI
HaIIPSDKEHHOCTU 3JIeKTpUYeckoro moJg B Toukax O, A u C
(puc.3).

1) Ep >E 4 >E;;2) Eng <E <E;;3) Eng=Es=E;#0;
4) E5 =0, E 4 = E- #0; 5) B0 Bcex TOUKaX HANPSIKEHHOCTH
PABHBI HYJIIO.

7. Tpu pe3ucropa coenHeHbI
nocseznoBarespHo. OO6iiee Ha-

IPsIKEHNE HA 9TOM YUACTKE [eNn
20 B, pu aTOM HanpsKeHHe Ha
TpetbeM pesuctope 8 B. Haii-
JITe CHJy TOKAa B ITOM IIemH,
ecim R =40m, R, =6 Om.

1) 0,8 A; 2) 1,2 A,

3) 1,33 A;4) 2 A; 5) 5 A.

8. IIpoTon ABIsKETCST B O/THO-

POZIHOM 3JIEKTPHYECKOM TI0JIE

IIPOTHB HAIIPABJIECHUS CHJIOBBIX

JIMHUW; HavaJbHas CKOPOCTH

nporona 10° M/c . Kakyo pasHoCTb HOTEHIHAJIOB IIpOiizieT
MPOTOH /10 OCTAHOBKU? 3apsiji MPOTOHA 1,6-107" Ku , macca
MPOTOHA 1,6-107%7 xr.

1) 5 B; 2) 10 B; 3) 20 B; 4) 50 B; 5) 100 B.

9. 3apspkennblil KonjeHcatop eMmMkoctbio C 3aMbIKAlOT Ha
KaTyIIKy HHAYKTHBHOCTBIO L. Uepes kakoe MUHUMAJIbHOE BPEMSI
9HEepTusI KOHJeHcaTopa CTaHeT paBHA HepBOHavyaJbHOW? Owmu-
YECKUM CONPOTHBJIEHHEM KOHTYpa npeHeGpeub.

1) 2n/LC ; 2) w/LC ; 3) g«/ﬁ;
4) gm;w gm.

Puc. 2

Puc. 3
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10. Haiiure mokasaTeJib MpeJOMJIEHIS CPEIbl, B KOTOPOIi CBET
¢ wacroroii 5-10" T nmeer amuny Bomssr 4-1077 M.
1) 0,8; 2) 1,25; 3) 1,5; 4) 2; 5) 2,5.

MduznyecKkre MOCTOSTHHbIE

2
Yckopenue cBo6oHOTO Tagenus g =10 M/ [¢
YHuBepcasbHas rasoBasi HOCTOsIHHAs R = 8,3 JIx/(mous - K)
CkopocTb cBeta B BakyyMe ¢ =3-10% mjc

Hy6auxayuio nodzomosuru M. Kysvmun, T.Meduna,
A.Muponos, B.Mupowxun, JI.Mypaseii, I'. Huxyun

PoCCMCKNM rocy0apCTBEHHbBIV YHUBEPCUTET
HedTW 1 raza UM.A.M.I'yOKmHa
MATEMATUKA

[1n1Cb MeHHbIVI 3K3aMeH

BapumaHt 1

1. Yupocrure BbIpa)KeHHe M BblYMCIUTE 1IPU X = 3,56 1 y =
=1,02:

2§/§xy LY 2
x2y2 -4 2xy + 232
2. Pemute ypaBHeHUE

\/o,s(xZ #1112 +32) = —x 6.

2xy xy

- — +0,1.
xy+3’/§ xy—f/i

3. IlpousBesenne BOCEMHAJIATOTO W TPUAIATOTO 4YJIEHOB
reoMerpuieckoil mporpeccun paBuo 0,49. Haiigurte maBamiath
YeTBePTbII 4JeH 3TOH IPOrpecCcHy, €eCJaM W3BECTHO, 4YTO OH
IIOJIOXKHUTEJIEH.

4. Haiigure nauMenblliee 1eJ10€ ITIOJIOXKUTEJIbHOE pelleHne
HEPaBEHCTBA

|x - 2,5| >8.

3. HaﬁﬂHTe Han6oJIblIee [eJsioe penienne HepaBeHCTBa

x=>
(V3) " 33
s T Teq
47 64
6. Boruucsure
log;10 1g 27 .
7. Boruucaute
2sin® 70° — 1
2ctg115°cos?155°
8. Haiizure B rpasiycax HauGoIbIIMI OTPUIIATENbHBINH KOPEHD
yPaBHEHUST
cos (m/3) sin 2x + sin (1/3) cos 2 = 1/2 .
9. Haiigure HauMeHblliee BO3MOXKHOE 3HAUYEHHE, KOTOPOE
MOJKET TPUHUMATh CYyMMa KBaJ[paTOB KOpHEH TpexdeHa

Yy= x2 +px +q, eCcam H3BECTHO, 4YTO BEpIINHA HapaéO]IbI,
ABJIAIOIIAACA I‘pa(l)I/IKOM 9TOT0 TpexyJieHa, JIE)KUT Ha KpI/IBOfI

y=1/(4x) .
10. Haiiqure MeHbIINil KOpEeHb ypaBHEHUS

X olog, 108

54

11. ABCD — paBHoOe/[peHHast Tparelusi ¢ 0OCHOBaHUsSIMU AD
n BC, B xotopoit cos ZBAD =0,76. OKpPy>XHOCTb KacaeTcs
croponubl AD, ctopoust AB B Touke B u croponst CD B Touke C.
OKOJIO Tpamelnuu omucaHa OKPY>KHOCTb paauyca 7. Haiigure
paccTosiHIe MEKIY IIEHTPAMU dTHX OKPYKHOCTEN.

12. B map BnucaHbl KOHYC U HUJIWH/P, UMEIONIUN ¢ KOHYCOM
ofliee HUKHEEe OCHOBAHME W OJMHAKOBbIH o6bem. [lmomanp

2005/ Ne?

noBepxHocTH mapa pasia 510 . Haiigure miomaap Gokosoii
MIOBEPXHOCTH KOHYCA.
BapwuaHT 2
1. Yupocture u Boruucsaure ipu @ = 4,/21 u ¢ = NGESE
Pac-a* Pc-a) a+2c’
2. Haiizinte HanMeHblllee 1eJI0€ PellleHNe HEPABEHCTBA

6(2x—-3)>4(x-3).

3. Cymma ce1bMOro U JIEBATHA/IIIATOTO YJIEHOB apudmeTnyec-
Ko#l mporpeccun paBHa 14. Haliute TpuHAAATBIN YJIEH 3TOH
TIPOTPECCHH.

4. Pemmute ypaBHeHme

0,8]|x - 0,4 = x* +0,48 .
5. Pemnre ypasnenue
=5 .= 10
10 19T = —
(vio) 5
6. Boruncaure
log(67\/6) \4/216 .
7. Boruncaure
cos? 5° — sin® 185°
4 cos10°

8. Haiiziure B rpajiycax HauMEHbIIUIT TIOJI0KUTEIbHBIN KOPEHDb
ypaBHeHUs

tg3x +tg(m/4)
1—tg3xtg(n/4) V3

9. Haiigute nauboJibliee 1ie10e 3HaUYCHUE TTapaMeTpa d, 1pu

; a
KOTOpOM rpaduku Gynkuuil y = Sx + 8 u y = —; uUMeT TpU
o011ue TOYKH. *

10. Haiigure 4%, rme x — MEHBITHH KOPEHb yPaBHEHUS
X

4% 2,571 =100 .

11. B pasuoGeapennom tpeyroabnuke ABC (AB = BC)
Meaunana AM 1pojoJrKeHa [0 nepeceyenns ¢ ONMCAaHHOI 0K0JI0
Tpeyrosabunka ABC oKpysKHOCTDIO B Touke P, a Bbicota AH — 110
nepecedeHnst ¢ TOH ke OKPy»XHOCThIO B Touke K. V3BectHO, 4TO
AM : MP =11 : 3. Haiigute otnomenne AH : HK.

12. O6beM npaBUIbHON TPEYTOIBHON TUPAMU/IbI PABEH 1624/3 ,
a TepIeHNKY AP, OIYIICHHDbII U3 IIeHTPa OCHOBAHUS IMPaMU-
bl Ha ee OOKOBYIO TI'DaHb, IONAJaeT B IIEHTP OKPY>KHOCTH,
BIIMCAHHOI B GOKOBYIO TpaHb. Haiigure CTOPOHY OCHOBaHUS
MTUPaMU/IbI.

DPUNIUNKA

[TMCbMEHHBIV SK3aMEH

Buumanne! Ecim eguHuibl He yKasaHbl, BbIpasuTe OTBET B
epunnnax CU. Yckopenue ¢cBOG0IHOTO Ia/IeHNUS CYUTANTEe PaBHBIM
10 M/ .

BapumaHt 1

1. C Boicotsr 12 M GpollieH MY BepPTUKAJbHO BBEPX CO
ckopocthio 2 M/ c. Ha kakoii BbicoTe okakeTcs Msty yepe3 1 ¢?

2. CranpHas myJst Maccoil 4 T, JeTsmas TOPU30HTAIBHO CO
ckopoctbio 400 M /¢, monaaeT B 1eHTP 60KOBOI TPAHU HEMO/I-
BUIKHOTO CTaJbHOro Opycka, Macca koroporo 2 kr. Ilocie
CTOJIKHOBEHUS 11YJIsl OTCKAKUBAET B TIPOTUBOTIOJIOKHYIO CTOPOHY
co ckopoctbio 350 M/ c. Uemy paBHa cKOpOCTb OpycKa TocJie
cronknosenus (B cm,/¢)?

3. Ha cko/sbKO m3MeHHTCS TOTEHIMAIbHAs dHeprus Opycka
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Maccoit 150 Kr, ecJsin €ro nmepeBecT U3 TOPU30HTAIBHOTO MOJIO-
SKEHUSI B BEPTUKaJIbHOE? BPyCcok mMeeT KBaJpaTHOE CeYeHHe CO
croponoit 20 cm u gy 1 M.

4. B GansioHe HAXOJMTCS Ta3 Maccoil 2,5 Kr [P TeMIleparype
27 °C u gasienun 5-10° Ia. Korga wactb rasa Gbiia BBIIyTI[e-
Ha, a ocTaBIiasicd 4yacTb Harpera o 177 °C , naBenue Bo3pocJio
70 6-10° Ia. KakoBa IJIOTHOCTb OCTABIIEliCST YaCTH rasa, eciu
o6bem Gammona 1 m° ?

5. K BO3aymiHoMy KOHAEHCATOPY, 3apSIZKEHHOMY 10 HATIPSTKe-
nust 180 B, mojcoeqmumim mapasiesbHO TaKOH Ke KOHJEHCa-
TOP, HO He 3apsiKEHHbI W 3aIOJHEHHBIH [UAJIEKTPUKOM W3
CTeKJIa € AUBJIEKTpUUECKON HpoHumaemoctbio 3. Uemy Oyner
PaBHO HATIPSKEHHUE Ha 3a0KMMaX 3TON CHCTeMbl KOH/IEHCATOPOB?

6. /IBa comporusienuss 15 Om u 35 OM, coeanHeHHbIe
napaJIesbHo, NOAKJIIOUEHbl K akkyMyasTopy, 9/C koroporo
24 B. Tok B o6mieii nenu pasen 2 A. Haiiute TOK KOPOTKOTrO
3aMbIKAHUS.

7. DJIEKTPOH, TIPOIAS YCKOPSIONIYIO PA3HOCTb MOTEHIINAIOB
125 B, BJeresn B OJHOPOJHOE MAarHUTHOE MOJIE € WHIYKIHeN
0,25 MTx neprenaukyasspHo JuHUSAM noJst. Haitaure paamyc
KPHUBHU3HBI TPAEKTOPUN 37MeKTpoHa (B MM). 3apsi 9JI€KTPOHA
1,6-107" Ko, ero macca 9-1073" kr.

8. [Tapbl HEKOTOPOTO MeTaJIIa B PA3PSAHON TPYOKEe HAUMHAIOT
U3JIy4YaTh CBET IpU HANPSDKEHUHW Ha ajaexTtpopax 3,3 B. Uemy
PaBHa JJIMHA BOJHBI BO3HUKaomiero naaydenns (B um)? Ilocto-
aaHag Ilmanka 6,6 10734 [Ix-c, 3apsang asJaekTpoHa
1,6-10’19 K, ckopoctb cBera 3- 108 M/c .

9. Masienbkuit 6pycoK HaXOAMTCS HAa BEPIIMHE HAKJOHHOMN
ILJIOCKOCTH AJInHO# 26 M u BbIcoTolt 10 M. Koaddunuent tpenus
MesK/y GPYCKOM U IJI0CKOCTbIO paBen 0,45. Kakyio MUHUMATb-
HYIO HAYaJbHYIO CKOPOCTb HAJI0 COOONIUTH OPYCKY, Y4TOGBI OH
JIOCTHT OCHOBAHUS MJIOCKOCTH ?

10. /IBa oauHAKOBBIX mapa, paguycoMm 9 cMm u Maccoit 10 kr
KaK/bII, TIOJIOKUJIM B BEPTUKAJIBHBIN OTKPBITHI ¢ 06€uX CTO-
POH TOHKOCTEHHBIN IMAMHADP pazuycoM 15 cm. IIpene6peras
TpeHueM, HaiiiuTe, PN KaKOH MUHUMAJbHON Macce IMJINH/PA
Iapbl €r0 He OTPOKUIBIBAIOT.

11. [laBieHue wu7I€aJbHOTO OJHOATOMHOTO ra3a HM30XOPHO
VBEJUYMBAIOT B 4 pasa, 3ateM 06beM ra3a yBeJINYUBAIOT B 2,5
pasa Takx, 4To /laBjieHHe JUHEHHO 3aBUCUT OT 00beMa U BO3pac-
TaeT B 2 pa3a, 1ocJie Yero ra3 BO3BPAIIAoT B UICXO/IHOE COCTOSTHIE
B IIpOIlecCe, B KOTOPOM JIaBJIeHUe JIMHENHO 3aBUCHT OT 00beMa.
Haiigure KIT/ (B mpoueHnTax) Takoro LUKJa.

12. HeBecoMmblil cTep:KeHb JJIMHOI 2,5 M COTHYJIM NOCEPeIHE
mox yraom 120°, mpuKpenmJaMm K €ro KOHIIAM OJMHAKOBBIE
TPY3UKH U MOBECUJM MECTOM CTHOA HA TOHKUIT TBO3/lb, BOUTHI
B cTeny. [Ipene6peras TpenyeM, HAlUTe TUKJINIECKYIO YACTOTY
MaJIbIX KOJIeOaHUI TAKOI CHCTEMBI OKOJIO MTOJIOKEHUS] PABHOBE-
cusl.

BapuaHT 2

1. HeBecoMblii cTep:keHb BpalaeTcst B TOPH30HTAJIbHOIT TIT0C-
KOCTH ¢ yrioBoii ckopoctbio 30 ¢ . Ha paccrosmusx 0,4 M u
0,3 ™M oT ocu BpalieHus 3aKpenJyieHbl I'PY3bl, UMEIOINE MaCChI
0,2 xr m 0,1 kr cooTBeTcTBeHHO. Kakasg ropusoHTaTbHAS CUJIA
JIeliCTByeT Ha OCh BpAIIEHUS, €CJU OChb HAXOAUTCS MEXKIY
rpysamn?

2. U3 opyaus Maccoit 2 T BbLIETaeT B FOPU3OHTAIbHOM Ha-
npaBJjeHun cHapsijg Maccoit 20 kr co ckopoctbio 250 M/c.
Kakyio ckopoctb (110 aGComoTHOI BeJuurHe) MOMYYUT 0Py Iue
npu ornave? OTBeT jgaiite B cM/C .

3. Ha ozHoii yamike paBHOIJIEYHBIX PBIYA’KHBIX BECOB HAXO-
qutcst Tpy3 BecoM 2,2 H, na apyroit — Becom 2,4 H. Ha xakom
PACCTOSTHUU OT IIEHTPa KOPOMBICJIA BECOB HA/IO MOJBECUTD THPb-
Ky BecoM 1,2 H, urto6bl Bechl Gbuin B pasHoBecun? [limua
kopombicaa 30 cm. OTBeT JaTh B MM.

4. B cocyne naxoxurcs ras noj gaiaennem 50 at™. Kakoe
ycraHoBuTCs JaBjenue (B aT™M), €CJU U3 COCY/a BBIIYCTUTh
30% comepskarmerocsi Tam rasa? Temieparypy cYuTaTh MOCTO-
SIHHOU.

3. Tpu komgencatopa emroctssMu 1 MK®D, 2 Mk®D u 3 MkD
COE/IMHEHBI MOCJIE0BATEBHO W MPUCOEMHEHB K HCTOYHUKY
toka ¢ D/IC 220 B. Oupenenurte 3apsii KaKA0r0 KOHAEHCATOPA
(B MxKui).

6. /IBa mpoBosHuKa conporuBienusmMu 8§ Om u 5 OM coenu-
HSIOT MAPaJIJIeIbHO U TIO/IKJIIOYAIOT K MICTOUYHHKY TOKa. B nepBom
npoBogHuKe Bbigeaunoch 300 [k temsa. Kakoe kosudecTBO
TEIJIOTBI BBIJIEJIMJIOCh BO BTOPOM IIPOBO/IHUKE 32 TO JKe BpeMsi?

7. DIIEKTPOH JBUKETCS C TIOCTOSIHHOI CKOPOCTBIO IO OKPYIK-
HOCTU B OZIHOPOJIHOM MarHUTHOM MoJie. VIHAYKIIO MarHUTHOTO
MOJIsT yBeJWYNUIN B 3 pa3a. Bo CKOJBbKO pa3 yMeHBbIIHJICS NPH
3TOM Hepuo/ 06paIleHus 3J1eKTPOHa?

8. IIpeamMer HAXOAUTCS HA PACCTOSTHUU 6 CM OT JIBOSIKOBBINYK-
JIo¥t IMH3BI ¢ ontudeckoit cusoit 10 antp. Ha xakom paccrosaum
(B cM) OT /IMH3bI HAaXOAUTCA MHHUMOE HM306Pa’KEHHEe 3TOrO
npeaMeTa’?

9. 113 HEKOTOPOU TOUKH TOPBI C YTJIOM HAKJIOHA K TOPU3OHTY
30° 6pocaloT TOPHU3OHTAJIBHO MsiU C HAYaJbHOU CKOPOCTBHIO
30 M/c. Ha kakoM paccrossHMM OT TOYKM OPOCAHUS BJOJIb
HAKJOHHOI IIJIOCKOCTH yIaJeT Mdu?

10. CbexaB ¢ TOpPbI BBICOTOM 5 M, CAHKHM OCTAHABJIMBAIOTCS,
IpoiiJil 1O TOPU3OHTAJNU IIyTh, PABHBIN /[JIMHE CKATa TOPDI.
Haiinute aTOT IMyTh, ecau K03(pUIMEHT TPEeHUsI HA BCeM IyTH
pasen 0,2.

11. /[laBieHue ueaJbHOTO OJHOATOMHOIO Ta3a HM30XOPHO
yBesanuuBaioT B 1,6 pasa, 3areM o6beM Ta3a n306apHO yBeJIIH-
BafoT B 1,4 pasa, mocJie 4ero JaBJjieHNe ra3a n30X0PHO yMeHbIIa-
10T Ha 25% ¥, HAKOHEI[, Ta3 BO3BPAIIAIOT B HCXO[HOE COCTOSHHE
B IIpoIiecce, B KOTOPOM JIaBJieHUe JIMHEHHO 3aBUCHUT OT 00beMa.
Haiizgure KIT/] (B mporenTax) Takoro IuKJa.

12. Crepxenb puaunoit 90 cM, CKOJB3UBIINNA CO CKOPOCTHIO
1 M/ c BIOJH CBOEIl JIJIMHBI TIO TJIAJKON TOPU30HTAJBHOI TJI0C-
KOCTH, HAYMHAeT 3ae3)KaTh Ha IIePOXOBATYIO IOBEPXHOCTH C
koapduunentom Ttperus 0,25. Uepes xaxoe Bpemsa (B mc)
CKOPOCTDb CTEP)KHS yMeHbluTcs BaBoe? [Ipunsars m=3,14.

Hy6auxayurw nodzomosuiu
b.Iucapescruii, A.Yeproyuan

CaHkT-leTepbyprckmin rocyjapcTBeHHbIN
NnoNIMTEXHNYECKU YHBEPCNTET
MATEMATUKA
[TNCbMEHHBIV IK3aMEH
BapuaHT 1
(QDUBNKO-MEXAHNIECKUI (DAKYITbTET)
1. Yupocrure BbIpaskeHue

-1 Jr -1 odE
x—Jxr+1 xfx +1

2. HaiiguTe cyMMy KOpHeW ypaBHEHUS

2072 -9x ' - 45=0.

3. Beruuciure
21ogs20 1g%5 +21g? 2.
4. Haiiqure 3navyenue BbIpaKeHUS

2 —J12ctg15°
J3 +ctg15°
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5. V36aBbrech OT MPPAIMOHAIBHOCTH B 3HaMeHarese Jpo6u
1

146 +47°
6. CKOJIBKO CYIIECTBYET /[BY3HAYHBIX HATYPAJbHBIX YHCEN 72,
He TIPEBOCXOSIINX 75, IS KOTOPBIX YHCI0 7° + 3n — 2 JaeJmT-

cs Ha 6 6e3 ocTaTKa?
7. Pemure HEpaBEHCTBO

1< M
x+1
8. Pemmre ypaBuenue
227% 3=,

9. Pemnre cucreMmy ypaBHEHHI

36y = (x +5),

36x = (y+5) .
10. Pemure ypaBHenue
(V2-1) - (v2+1) =2.
11. Pemure HepaBeHCTBO
lx-2/<8(2+x)",
12. Pemure ypaBHenue
Jeos2x = cosx —sinx .

13. Pemmite ypaBHeHHE

8vx

% _x+3.

N

14. Haiigute nanmenblnee 3Havenne QyHKIUN

1 2a?
+4—.
X x*+1

15. Haiigure KOpHU ypaBHEHUS
tg4xtg(x —gj =-1

Ha npoMexyTke [1; 27).
16. IIpu Kakux AefiCTBUTETbHBIX 3HAYCHUAX @ HEPABEHCTBO

|x2+2ax+3|s6

BBIIIOIHAETCS IpH Beex x € [—1; 2] ?
17. TlapaGona ¢ ypaBHeHneM y = x° + px + ¢ Kacaercsi ocu

abciuce u TpsMoil ¢ ypaBHenueMm y = —4x — 12. Haiigure
paccTosHue MeX/y TOYKaMM KacaHus.

18. B tpeyrosbauke ABC Ha ctoponax AB =3 1 AC = 9
BbIOpanbl TOYKH M u N COOTBETCTBEHHO TaK, YTO IJIOMIAIb
Tpeyrosabunka AMN cocTaBJseT TPeTb MJIOMIA/N TPEYTOJbHIKA
ABC. llpu xaxoit amune ortpeska AM otpesok MN umeer
HAaUMEHbIIYIO JIJIHY ?

19. Penmre ypaBHeHue

sin2x-(sinx—cosx)=x/§.

20. B mupamuge ABCD panbt cropoubst AB = 4, BC = 5,
CA =7, a piuna kaxjaoro 6okoBoro pe6pa pasua 7. Haiigure
KOCHHYC OCTpOro yrJya mexay npsamoiMu AD u BC.

2005/ Ne?

BapwuaHTt 2
(@u3nko-TexHnYecku GakysbTer)

1. Haiigure kBagpar umcia

(; + ! j 1+ ﬁ .
2++5 2-43 V3
Y6emurech, 4TO ATOT KBAAPAT SIBJSIETCS 1[EJbIM YHCJIOM.
2. Pemmre ypaBHeHUe
lx—1(x+3)=5.
3. Kakoe uncio 6oapure: a = —log, 24 wm b = -2 — /5 ?
4. Pemmre ypaBHenue

3Ni-x
Vo34 x

3. CKOJIBKO CYIIECTBYET HATYPATbHBIX YHCEJI 72, [T KOTOPBIX
5/ n ABJSIETCSI HECOKPATUMOM APOOBIO U TIPUHAJJIEXKUT TTPOMe-
xKytky [1/5;1/2]?

6. Pemre HepaBeHCTBO

1-x

1
3-VJx+4

log, 7
logs 7 —log, 6log; 7

>1.

7. Borunciure

8. Haiigure cyMMy BceX /IBy3HAUHBIX HATYDaJIbHBIX UHCEI,
KOTOpBIE TIPH JleJIeHnn Ha 6 JAIOT OCTaToK 4.
9. Pemmire ypaBHeHue

tgx—ctgx=—3ctg(x+3£).

10. Pemmnre cucteMy ypaBHEHUI
x—y—xy=7,
22+ y* - 3xy =19.

11. Peumre ypaBHeHHe

5—4—21‘ _ 4—5—235 — 4—4—21‘

12. Haiiynre ctg ((2(1 + n)/4) ,ecan coso = 3/5 u o e (0; 7).
13. CocraBbre ypaBHeHue oO0lieil KacaTeJbHON rpaduKoB

bynkmmit y = —1—1 uy=2Ar.
X
14. Peumire ypaBHeHHE
logs 2% + 33logs x =5 .
15. Haiigure o6racTb ornpeeaeHnss GyHKIHNT
y= a7 — a2 -ctg (TI:JC_1) .
16. Pemmre ypaBHenue

ctg2x+3 = —4sin6x +2cos2x .
V3 1

17. Kocunychl IByX yIJIOB TPEYTOJbHUKA PaBHbI — 7= U
y yu y p yu p N J7
cooTBeTcTBeHHO. Haiiiure TpeTuit yros TpeyrobHUKA.

18. Haiizure cos® x + sin? x , 3Hast, 4TOo 6sin ((4x + 57‘5)/4) =

=2

19. OcHoBaunue mupamMusbl ABCDS ABIs€TCS IPSIMOYTOJIbHI-
KoM, ee O0KoBasi Tpanb ABS nepreHuKyasipHa OCHOBAHUIO 1
ABJIeTCs [IPaBUJIbHbIM TPeyroJbHUKOM. B nupamuay Bnucan
map paanyca 2. Haiigure o6beM mupaMubl.

20. TTpu kakux JeiCTBUTEIbHBIX 3HAUYEHUSX d OTPE30K [—3;
—2] He mepecekaercsl ¢ MHOXKECTBOM pelleHUIl HepaBeHCTBA
2x + 2a < -5vax ?

Hyb6auxayuio nodzomosuiu
H.Komapues, A.Moucees, C.IIpeobpaxenckuil



OMUMINA DI

XLV MexpgyHaponHas
MaTemMaTi4eckaa onMmMnmaga

XLV MexayHapoaHas MateMaTideckas onvmnuaga (MMO)
npoxoguna ¢ 4 no 18 niona 2004 roga B AdumHax 3a Mmecay, Ao
netHmux ONUMANNCKNUX UFP M HadvHanacb B [OHW, KOTAA BCH
lpeuus npasoHoBana nobeny cBoen COOPHOM Ha YemrmoHaTe
EBponbl no cyt60ny. OpraHusatopsl MMO noarotoBmim yyac-
THUKaM onumMnuagbl — 486 LWKONbHMKaM 13 85 cTpaH Mupa —
VIHTEPECHYIO KYJIbTYPHYIO NMPOrpaMmy: 3KCKypcum B AKponons,
MuKeHbl, Ha KOprHMCKIMM KaHan, B MepBYIO CTONMLLY COBPEMEH-
How peunn ropog Hacbnavos...

B komaHgy Poccum Ha MMO Obinuv BKITIOYEHbI:

AHapei baasaH — OMI 31, YenabuHck,

Muxann Jybaimrckmi — OMI1 239, CaHkT-MeTepbypr,

Muxaun Vicaes — rumHasng 42, bapHayn,

Lmutomni [epmsakos — riMHasns 127, CHEXMHCK YensiomnHc-
Kom obn.,

Hagexaa lMeryxosa — OTLU, CaHkT-lNeTepbypr,

Uropb LLIHypH1KOB — TUMHa3ng 36, KpacHodap.
3anacHbim obin Opui Meimr — OMI, Knpos.

YyactHrkam MMO B KaxkaoM 13 ABYX TyPoB ObINo Npeanoxe-
HO Mo 3 3agayn, oueHuBaBLIMXCa B 7 GannoB kKaxngasd. B
HeoMULMANbHOM KOMaHOHOM 3a4eTe (Mo cymme Gannos, Ha-
OpaHHbIX BCEMW y4aCTHMKAMM) Halla KOMaHZa 3aHsna TpeTbe
MeCTO, HO BbICTYM/IEHNe LIKONIbHUKOB Poccmm B 3TOM rogy
cnefyeT NpY3HaTh O4YeHb yCnelHbIM. JTNWb YeTbipeM y4acTHU-
KaM y[anocb nokasaTb Ha ONMMMMaae abCcontoTHbIN pe3ynbTaT
(42 6anna), n cpean HUX Hawm AbaassH n M.Oyb6awmnHcKni,
3aBOeBaBLUe, COOTBETCTBEHHO, CBOW TPETHIO M BTOPYIO 30M10ThIe
MeOanu Ha MeXAyHapoAHbiX onuMnuagax. Kpome Ttoro, B
aecatky nyqwmx sowen M.Mcaes, a H.lNeTyxoBa okasanacb B
nepBoK ABadLaTke.

TOrm BbICTYMNEHUSA HalUX WKoNbHUKOB Ha MMO npusese-
Hbl B Tabnuue:

1 2 3 4 5 6 Cymma Mepanb

6annos
A.bagzaH 7 7 7 7 7 7 42 30n0Tan
M. OybawnHckwn 7 7 7 7 7 7 42 3o050T1ad
M.Vicaes 7 6 4 7 7 7 38 30510Tad
H.MeTyxoBa 7.5 3 7 7 6 35 3onotas
N.LWWHypHMKOB 7 7 0 7 4 0 25 cepebpsiHas
[.Mepmskos 7 2 4 7 3 0 23 OpoH30Bas

KomaHgy Poccnmn k MMO-2004 nogrotosunm TpeHepsl Yen-
HokoB (Mockga), C.bepnos, [.Kapnos, M.MpaTtycesuy (Bce —
CaHkT-MeTepbypr), A.Mospkos (PuibrHck), AfnasbipuH (Hens-
buHck), A. Tapbep, B.JonsHunkos (oba — Apocnassns), W.borana-
HoB, P.Kapaces, [1.KoxesHukos, O.Mognunckum, [.TepelinH
(Bce — donronpymHsiin).

MpakTN4eckn He MeHSIeTCA B NociefHne rofbl CMNCOK CUMb-
Henwux koMaHg Ha MMO. B HeoduumansHOM KOMaHAHOM
3a4eTe NyYWUMU CTanu cefylolime CTpaHbl:

Ne CrpaHa 3onotas CepebpsHHas bpoHzosas Cymma
Medanb Mepanb mMepanb 6annos

1. Kuram 6 0 0 220

2. CWA 5 1 0 212

3. Pocens 4 1 1 205

4. BbeTHam 4 2 0 196

5. bonrapus 3 3 0 194

6. TamBaHb 3 3 0 190
7. BeHrpusa 2 3 1 187
8. fnoHua 2 4 0 182
9. WpaH 1 5 0 178
10. PyMbIHUMS 1 4 1 176
1. YkpavHa 1 5 0 174
12. Kopes 2 2 2 166
13. benopyccua 0 4 2 154
14. Nnonsa 0 4 2 151
15. M3paunnb 1 1 4 147
16. Monblwa 2 1 1 142
17. Monpasus 2 0 4 140
18. CwHranyp 0 3 3 139
19. MoHronug 0 3 2 135
20. Benwko-

OpuTaHua 1 1 4 134
21. KasaxcraH 2 0 2 132

B pamkax nogrotoBkn Kk MMO-2005 komaHga Poccun, B
KOTOPYIO BOLUNW OEBATMKNACCHUK A.MarasmHoB (Apocnasnb)
n pecatuknaccHukn A.Edumor (Mocksa), A.ModxanosvH
(CankT-Metepbypr), Alaspuniok (JonronpyaHsin), M.Kosnos
(PoctoB), B.Actaxoe (Capatos), B mae 2004 roga npuvHsana
yYacTve B bonrapckon MateMaTu4eckon onnMmnmage. 31a onvm-
nMaga NpoBOAUTCH MO CXeMe MeXIYHapoOHbIX, Korga BCeM
LIKOMbHMKAM MpeffiaraloTcs eauHble 3afaHNs HE3aBUCUMO OT
Knacca, B KOTOPOM OHW oby4vatoTcs. HecMoTps Ha To, 4TO
Y4aCTHUKaMWN ofiMNnagbl DbV U BCe YneHbl KoMaHabl bon-
rapym Ha MMO-2004, HawW WKONBHMKX MOKa3anuy BbICOKME
pe3ynbTaTbl, 3aHAB, COOTBETCTBEHHO, 1, 3, 4, 8, 11 n 20 mecTa B
obLemM 3aveTe.

XoyeTcs Bblpa3ntb Donbllylo HGnarofdapHocTb CTUNeHaMan.-
HoMYy poHAy Bnagmmupa lMoTaHrHa, koMnaHusamM «CnopTmac-
Tep» 1 «1C» 3a nogaepXky OMMMNNAAHOIO OBUMXKEHWUS U MO-
MOLLIb B MOArOTOBKE HALMOHaNbHOW KOMaHbl POCCUM K Mexay-
Hapo4HbIM MaTeMaTU4eCcKUM ONUMMNMaLAM.

3AO0AYUN ONNMMIMTNALDI

1. IIycts ABC — OCTPOYIOJIbHBIN TPEYTOJIbHUK, B KOTOPOM
AB # AC . OxpyskHocTb ¢ quamerpoM BC niepeceraeT CTOPOHbBI
AB u AC B toukax M u N coorBerctBeHHO. O603HAYNM Uepe3
O cepemuny cropousl BC. Buccekrpuce yriaos BAC u MON
nepecexaioTcs B Touke R. [lokasknute, 94TO OKPYKHOCTH, ONIMCAH-
HbIE 0KOJIO TpeyroibHukoB BMR 1 CNR, uMeroT o611yo TOuKy,

Jgexarntyio Ha ctopone BC.
(Pymovinus)

2. Haiignte Bce MHOrowsensl P(x) ¢ meficTBHTENBbHBIMNI
k03 puIMeHTaMH, YI0BICTBOPSAIONINE PABEHCTBY

P(a-b)+P(b—c)+P(c—a)=2P(a+b+c)

JUIs MoGbIX JeHCTBUTENBHBIX UHCen d, b, ¢
Takux, 4ro ab + bc + ca = 0.
([O:xnas Kopes)

3. HazoBeM xproxom durypy, coCTOsIILyo
U3 IIECTH KJIETOK, KaK II0KA3aHO HA PUCYHKE
1, a Takske J06y10 PUTYPY, KOTOPYIO MOXKHO
HOJIyYUTh M3 HEE C MOMOIIbIO TIOBOPOTOB U pyc 7
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nepesoporos. Haiiiute Bce NpsAMOYTrofbHUKM 7 X 7, KOTOpPbIE
MOYKHO 3aMOCTHTb KPIOKAMH.
(Scmonus)

4. Tlyerp n =2 3 — narypasbHoe yucao. Ilyctb &, &, ..., ¢, —
MIOJIOKUTEbHBIE JeHCTBUTEIbHbBIE YHCJIA TAKUE, Y4TO

nt 1> (t +t +...+tn)(l+i+...+ij.
b ty
Hokaxure, uto ; tj, t ABIAIOTCA CTODOHAMH TPEYTOJbHHKA
1pu Beex i, f, k takux, uto 1<i<j<k<n.
(IOxnas Kopes)

3. B BoinyksioMm yerbipexyrosbinke ABCD auaronans BD e
saBaisieTcst ouccexrpucoii Hu yraa ABC, uu yriaa CDA. Touka P,
Jexaniasi BHyTpU deTbipexyroubHuka ABCD, ypnoieTBOpsieT
yeaosuam: ZPBC = ZDBA, ZPDC = ZBDA . [lokaxure,
4YTO 4YeTblpexyroibHuk ABCD dBisercs BIMCAHHBIM TOTJa U
TOJIbKO Torja, korjga AP = CP.

(ITomvwa)

6. HazoBeM HaTypasibHOE YHCJIO ROJIOCATNbIM, €CJIN JIOOBIE JIBE
cocepinue 1U@PbBl B €ro IECATHYHOI 3alUCH HUMET Pa3HYIo
yeTHOCTh. HaliguTe Bce HaTypaJbHble 7, [JI KaXXAOTO U3
KOTOPBIX CYIIECTBYET MOJIOCATOE YUCJTIO, JeJIsIeecs Ha 7.

(Hpan)

PELLUEHNA 3AO0AM

ITo Tpaauiuu, Mbl NPUBOJAMM PEIICHUS 33]a4 OJUMITHA/IBI,
Ipe/IJIOKEHHbIe HAIIMMHU ITKOJbHUKAMHU.

1 (U.1nypuukos). Ilycts AL — GuccekTpuca TPEyroJbHUKA
ABC (puc.2). JlokaxeM, 9TO OKPYKHOCTH, OMUCAHHBIE OKOJIO
tpeyroabHukoB BMR u CNR, nepecekaioTrcst B Touke L.

3ameTtuM, uto O — LEHTP OKPY’KHOCTH, IPOXOAslleil yepes
B, M, N, C. 3unauur, tpeyroibiunk MON paBHOOeIpEHHDII
(OM = ON ), u 6uccextpuca yrina MON gBJISETCA CePETUHHBIM

MepIeHANKYJIIPOM K

oTpe3ky MN.

OnumnieM OKpPYXK-

HOCTB OKOJIO TPEYTOJIb-

nuka AMN n o603na-

yuM 3a X cepeinHy Toi
nyru MN, koropas He

COAEPKUT TOUKYy A.

Otpeskn MX n NX

PaBHbI KaK XOP/IbI, CTS-
, TUBAIOIMe paBHbIE

JIyTH, CJIeJ0BATEJbHO,

X JIeXUT Ha cepe/luH-
HOM nepleHauKyJaspe k orpesky MN. C apyroil ctoponbl, u3
pasencTBa 1yr MX u NX cjenyer paBeHCTBO BIIUCAHHDBIX yIJIOB
MAX u NAX, noaromy X sieskut Ha 6uccexrpuce AL. Vtak, Mbl
noJsiyyaeM, 4to X JIEXKUT OJJHOBDEMEHHO U Ha GUCCEKTPHCE yTJIa
BAC, u Ha 6uccekrpuce yria MON, 1.e. X coBnajaer ¢ R.

W3 Bnucannoctu dYerbipexyroabiukoB BMNC u AMRN
caenyior paBeHcTBa ZBMN + ZBCN =180° u £ZNMR =

= ZNAR = %LBAC . Orcioza

Puc. 2

ZBMR + ZBLR = (£/BMN - ZNMR) + (£LCAL + ZACL) =

= (ABMN - %LBACJ + (%LBAC + ABCN) =180°.

Ilosnyyennoe paBeHcTBo o3Hauaer, 4to Touku B, M, R, L nexar
Ha OJHOU oKpykHOcTu. AHanornyno, Touku C, N, R, L nexart
Ha O/IHOM OKPY>KHOCTH.

2 (M. ly6amuuckuit). Omsem: P (x) = ox’ +pa?, tae a u
B — mpousBoJibHbBIE [IEHICTBUTENbHDIC YNCJIA.

2005/ Ne?

B pemennn 6y/ieT MCIOB30BAThCS CJEAYIOMAs HECTOXKHAs
gemma: ecan Muorousensl P(x) w Q(x) Takosbl, 4TO
P (t) = O(¢t) ams moboro meficturensuoro ¢, 10 P u Q cosna-
JAI0T KaK MHOTO4JIeHbI (T.€. y HUX PaBHbI KOAQDUIUECHTBI TPH
COOTBETCTBYIONIUX CTETEHSAX X).

Jlns pokasatesbcTBa paccMOTpuM pasHocts R (x) = P (x) -
- Q(x). Ecim 6pr muorounen R(x) umen xorst 6bl OfuH
HeHyJ1eBOIl Koa(d@UuueHT, To oH Obl HMeJ KOHEUHOe YHCJIO
KkopHeii, Ho pasenctBy R (¢) = P (¢) — O (t) yrosaersopster moboe
neiictBuTenbroe t. JleMMa Jl0KazaHa.

Muorounen P(x) =0, 04€BUAHO, yAOBIETBOPSIET yCJIOBUIO.
Hycrs P(x) = ax" +a,_x" " +...+ ax +ay (a, #0)~ neny-
JIEBOI MHOTOUJIEH, Y/OBJETBOpSIONi ycuaoBuio. llogcraBum
a=1t, b=c=0 B ucxognoe pasencrso (ana Takux a, b, ¢
Bbmoaneno ab + be +ca=0). Hpu ¢ = 0 umeem: 3P (0) =2P(0),
orkyaa P(0) =a, = 0. IIpn 1060M ACHCTBUTENBHOM ¢ TIOJTyYa-
eMm P(t)+P(0)+ P(-t)=2P(t)= P(t)=P(-t). Cornacuo
JeMMe, OTCIoAa cJaeayer, 4to Bee Koadduimentsr P(x) mpu
HEUEeTHBIX CTENeHsAX X paBHbl 0, B YaCTHOCTH, 72 YETHO.

Hanee, noacrasum a = 3t, b = 6t, ¢ = —2t (upu sTom ab +
be + ca = (18-12-6)t* =0), noryuaem P (-3t)+ P (8¢t)+
+P(=5t)=2P(7t). CornacHo JeMMe, HMEEM PABEHCTBO
P(-3x)+ P(8x)+ P(-5x) =2P(7x) MHOro4JeHOB OT mepe-
MeHHOH x. IlpupaBuseM K02(UIMEHTHI IPU CTapLieM 4YJeHe
x" nesoit u npasoit vacrtu: a, (-3)" +a,8" +a, (-5)" = 2a,7",
n ¢ yderoM dverHoctH n nosmydaem 3" +8" +5" =2.7", wim

3 (8Y [(s5Y
(7) +(7j +(7j =2 . [lpu n>8 useBas 4acTb MOCJEIHETO

paBeHCTBa 0OJIbIIIE YeM (7) = (1+7) =1+C} %+ >1+

n n
+ 7 > 2. (31ech GbLIO UCIIOAb30BAHO pas/iokeHue |1 + 7 o

6unomy Hpiorona.) Ilpu n = 6 pasenctso 3" +8" +5" =2.7"

HEBEPHO, B 4Y€EM MOJKHO yéeﬂI/ITbCH " He Hpuéeraﬁ K BbIUUCJIEHH-

gM, 3aMETHB, YTO 36, 86, 5% naior ocraTox 1 pu JleJIeHny Ha 7
(310 caepyer, Hanpumep, u3 Masoii TeopeMbl Mepma), MOITOMY
3% + 8% +5% naer ocrarox 3 upu gesenuu na 7.
Wrak, ocraerca caydaii n <4, koropbii npusoaut (BBuILY
ay=0, a; = a3 =0) k muorouneny Buaa P (x)=ox’ +pa?.
Ocraercsi npoBepuTh OTBET. PaccMoTpuM

Pla-b)+P(b—c)+P(c-a)-2P(a+b+c)=
= B((a—b)2+(b—c)2+(c—a)2—2(a+b+c)2)+
+ af(@-b) +(b-c) +(c-a)' ~2(a+b+c)').

Iepsast cko6ka pasua —4 (@b + be + ca) = 0 . IIpeoGpasyem BTo-
pyIo CKOGKY ¢ yuetoM (a+b+c)’ =a® +b* +¢*:

(a-b) +(b-c)' +(c-a)' —2(a2 +b? +c2)2 =

)

+ )

+ (c/' —4c%a + 6¢%a® - 4ea® + a/') -
4

- 2(a +b% 4 ¢t +2a%% +26%% + 2c2a2) =

= (a“ —4a°b + 6a°b? — 4ab® + b*) +

(b4 — 4b3c + 6b%c* — 4bc® + ) +

= 2(a2b2 +0%7 + czaZ) —4ab (az + b2) -
- 4bc(b2 + 62) —4ca (02 + a2) =

2 (a2b2 +0%¢% + 2a* + 2abe + 2b%ca + 2czab) -



- 4ab(a2 +b? +c2)—4bc(a2 +b? +c2)—40a(a2 +b? +cz) =
= 2(ab + be + ca)’ —4(ab+bc+ca)(a2 + b’ +c2) =0.

3 (A.Banazsan). Omeem: 310 NPAMOYTOJBHUKH, JIJIsI KOTOPHIX
m:3, ni4 (wm n:3, mi4), ¥ OPAMOYTONBHUKH, [T KOTOPBIX
mi12, n#1,2,5 (wm 712, m#1,25).

ITycTb MpsIMOYTOJIBHUK 72 X 1 3aMOIIEH KpIoKaMu. /{71 Kaxk-
JIOTO KpIoKa A paccMOTpUM KJIETKY, IPAHUYAIILYIO TT0 CTOPOHE C
Tpemsa kaerkamu kpioka (puc.3). Haszosem
TAKyI0 KJIETKY 6bl0e/eHHOl KIETKON KPIoKa
A. OHa NOKpBITa KAKIM-TO J[PYTUM KPIOKOM
b. Tak kak kpiok b He TepeceKkaercsi ¢
KPIOKOM A, BO3MOKHBI 3 BapHaHTa €ro pac-
nonoxenns (puc.4), mpudem Tpetuii Bapu-
aHT OTHAJAeT, TaK KaK Ha JOCKE OCTAEeTCs
Puc. 3 HETOKpbITasI KieTka. B ocraBmmxcs Bapuan-

Tax KPIOK A TOKPbIBAET BbIJICJIEHHYIO KJIETKY
kpioka b. CrenoBatesibHO, Bce KPIOKM Pa30MBAIOTCS Ha Mapbl
KPIOKOB, TOKPBLIBAIOIUX BbII€JIEHHbIE KJIETKU APYT Apyra. Kaxk-

P BO7Z

Puc. 4

Jlasi Takas 1mapa KpiokoB o6pasyet ¢purypy n3 12 KJIeTOK 0JHOTO
U3 ABYX BUJIOB — «KUpIMu» 4 X 3 mim «3ursar» (puc.5). Uraxk,

Kupnuuu Suzzazu

Puc. 5

MPSIMOYTOJIBHUK 72 X 1 Pa3OUT HA KUPIUYU U 3ur3ard u3 12
KJIeToK. B wacTHOCTH, OTCIONA caenyeT, yTo mn geaurtcs Ha 12.
OnHO U3 yuces m, 1 IeJUTCS HA 3, TMYCTh JJIs OTPe/IeIEHHOCTH
m:3 . VMeiotcsa caeayomume BO3MOKHOCTH:

1) m U n 4eTHBI, HO He JeaATCA Ha 4;

2) ni4;

3) mi4.

PaccMOTpUM OTAETBHO ATU CJAYUAH.

1) IIpeAno/I0KUM, YTO 72 U 72 YETHBI, HO He Aessarcs Ha 4. Torga
o6mee kosmuectBo (paBHoe mn,/12) Kupuuueidl U 3UI3aroB
HEYeTHO.

Kupnuu MoskeT ObITb OPUEHTUPOBAH [JBYMS CIIOCOGAMH —
TOPU30HTAJBHO U BEPTUKAJIBHO, 3UT3ar MOKET ObITh OPHEHTHPO-
BaH YeTbIPbMS CHOCOOAMU — JIBa BEPTUKAJIBHBIX U JIBA TOPU30H-
tanpubix (cM. puc.5).

ITokpacuM B TIPSMOYTOJIBHUKE m X 1 KAKIYIO YETBEPTYIO
BEPTUKAJIBHYIO MOJOCY KPACHBIM, a OCTATBHYIO YACTh TPSMOY-
rosbauKa — cuiuM (puc.6).
O6111ee KOJIMUECTBO KPACHBIX
KJETOK 4YeTHO, TaK KakK B
KaK/ION ToJIoce UX 7 — 4Yer-
HOE 4YHCJI0. 3aMeTHM, 4TO B
KaX/IOM BEPTUKAJTBHOM KUP-
MUY€ ¥ TOPU3OHTATBHOM 3UT-
are 0, 2 wiam 4 Kpacubie
KJIETKH, 3HAYUT, BCE BEPTH-
KaJibHble KUPIUYU U TOPH-
Puc. 6 30HTAJIbHBIE 3UT'3arM HAKPbI-

BalOT YETHOE YHCJIO0 KpacCHBIX KJjeTok. Takum o6pa3oMm, Bce
TOPU30HTAIbHbBIE KUPITMYY 1 BEPTUKAJIbHDIE 3UT3aTH HAKPBIBAIOT
YeTHOE YUCJIO KPACHBIX KJIeTOK. HO B KaXK/0M rOpu30HTaIbHOM
KUPITHYe WM BEPTUKAJbHOM 3UT'3are POBHO 3 KPacHbIe KJIETKH,
MI03TOMY CyMMapHOe KOJIMYECTBO TOPU3OHTATBHBIX KHPITHYEN 1
BEPTUKAJIbHBIX 3UT3arOB YETHO.

PaccMaTpuBasi aHAJOTHYHYIO PACKPACKY TOPH3OHTAJBHBIMU
M0JIOCAMH, JIOKAXKEM, YTO CyMMapHOe KOJHMYECTBO BEPTUKAJb-
HBIX KUPIHUYEil U TOPU3OHTAJNBHBIX 3UI'3ar0OB YETHO.

Wrak, Mbl moJjydaeM, 4to o6llee KOJMYECTBO KHUPIHYEH U
3UT3ar0B YeTHO — IPOTUBOPEYNE.

2) Ecim m:3 u nid, To NpAMOYTONBHUK m X 1 pasbuBaeTcs
Ha kupnuur (a Kaxaplii Kupnuy paséuBaercs Ha 2 KPIOKa).

3) Ecom m:3 u mi4, 10 m:12, r.e. m = 12/. Ecam n MoxHO
MIPEICTABUTH B BU/E 7 = 3X + 4y C TEJIBIMU HEOTPUIATETbHBIMI
X U Y, TO IPSIMOYTOJIBHUK 7 X 1 Pa30MBACTCS HA X TIPSIMOYTOJIb-
HUKOB 12]/ X3 W y mnpsaMoyrosbHUKoB 121 X 4, kaxupli u3
KOTOPBIX pasbuBaercsi Ha Kupruuu. [IpencTaBuM B Bujie n =
=3x + 4y Bce n#1, 2,5 3=3-1+4-0, 4=3-0+4-1,
8=3-0+4-2; Bce ocTaBurecs n MoJydalorcs us uucen 3, 4,
8 nmpubasjienueM HeCKOJIbKUX Tpoek. Utak, eca n # 1, 2, 5, T0
pas3bueHne Ha KPIOKH BO3MOJKHO.

B npsamoyrosibuukun m X 1, m X 2 HeBO3MOXKHO TOMECTUTD HI
o/HOTO Kploka. HakoHel, mpeAionoxKuM, 4To TpSIMOYTOJbHUK
m X 5 yIAJI0Ch 3aMOCTHTD (PUrypaMul «KUpIuy» 1 «3uraars. Ho
TOTZIA JIETKO BH/ETb, YTO JBe (UTYDBI, MOKPBLIBAIOIINE JBE
YIJIOBBIE KJIETKU B CTPOKE JIJIUHBI 5, 0613aTEIbHO TIEPEKPbIBAIOT-
Csl — TMPOTUBOPEYUE.

4 (J1.Tepmsakos). IIpeAnososxkuM MPOTUBHOE: IMyCTh TIPH
HeKOTOpBIX 1< i< j<k<n uncia b t;, b, He sBistIOTCS AUIH-
HaM# CTOPOH TpeyrosibHuka. O603HaunM Tpoiiky &) t;, ¢, kax a,
b,c,tne a+b<c.

JlokaxkeM [/ uuce]l x = y >z >() BcIoMoraresjbHoe Hepa-

x z_y z
BEHCTBO — + T 2 5 + ; . CriestaeM 3KBUBAJIEHTHbBIE TTPE0OPA30-
x z oz x- z(x—y
pamns: — -2 22 - -, 179 (—) . Homuosxas Ha 06-
z z Yy x z Xy

uuii 3HaMeHarenb, noaydaeM xy (x — y) 2 22 (x - y) — BepHoe
pasencTBo. M3 /J0ka3aHHOro HepaBeHCTBa, B YaCTHOCTH, CJIe/y-

c a_a+b a c b_a+b b
er,yro —+—=2——+ no-+—2 + )
a ¢ a a+b b ¢ b a+b

Kax dacTHBINl ciy4ail [OKa3aHHOTO IIpU 2z = ¥y, IOJIYyYUM

X
M3BECTHOE HEPABEHCTBO — + g >2 JJIA TIOJIOKUTEJNbHBIX X U Y.

X

CreaeM OIEHKY:

(a bj (b cj (c aj
—t ||+ =+ =2
b a c b a c¢
(a+b b j (a+b a )
2+ + + +
b a+b a a+b

(a+b a+b) ( b a j
2+ + + +
b a a+b a+b

= 2+(£+2+2j+a+b27.
b a a+b

\%

(MakTnyeckyn, Mbl pemmay 3agady aasa n = 3.)

1 1 1
IIpu packpbiTi CKOOOK (t1 +i,+.+ t,,) —t+—+.. +—
bt b t
1 n(n-1)
II0JIy4aeTCcs 1 cJlaraeMblX Buja t; 2 1n - cJlaraeMbIX
1

t t
BUIA t_k + t_l g BeeBo3MOKHbIX 1< k<[<n. Kaxigoe
1
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b b
cnaraemoe | - 4+ -L | me Menbiue 2, a KpoMe TOro, cymMMa Tpex
L
(a b b ¢ c a)
ClaraeMBIX |—+—2|+|=+=|+]|=+= He MeHbIIe
b a c b a c

b ¢t
7 =2-3+1. 3HaunuT, CyMMa BCEX ClaraeMbiX Bija | = + t_l He
(Y

MeHbIIle, YeM yBOEHHOEe KOJN4eCcTBO ciaaraeMbIx mioc 1. Uraxk,

1 1 1
(ti+t,+...+t,) Tt >
1 2 n

—1)

+1=n*+1,

YTO MPOTUBOPEUYUT YCJIOBHIO.

3 (H.IIeryxosa). Ilycrb uerbipexyroabuuk ABCD Brucan B
okpyxnoctb (puc.7). lpoamm orpesku BP u DP no nepeceue-
HUSI C OKPY>KHOCTBIO B TOU-
kax D" u B’ coorser-
ctBenHo. Tak Kak paBHbIe
BIIMCAHHbBIE YIJIbI ONUpa-
I0TCSI Ha paBHbIE JAYTH,
nyru ABu CB’ pasubl, a
rakxke ayru AD n CD’
pasubl. CuegoBaTesbHO,
toukn B u B’, a Takxe
Touku D u D’ cummer-
PUYHBI OTHOCUTEHHO Ce-
PEIMHHOTO TEPIIEHINKY-
aspa [ x orpesxy AC.
3uauur, orpesku BD’ u
B’ D cuMMeTpu4HbBI OT-
HOCHUTEBHO [, TIO9TOMY UX TOYKa TIepecederust P jexxut Ha l, T.e.
pasnoyzasena ot A u C.

HaoGopor, nyctb Tenepb gano, uro AP = CP, T.e. P jexuT Ha
cepeaunnoM nepnenaukyasape [ k orpesky AC (puc.8). Ipeamo-
JIOXKHM, YTO 4eTbIpeXyroabHuk ABCD He ABJseTCS] BHUCAHHDBIM.
Torpa oxpyxknoctu Sp u Sp,
OTIMICAHHBIE OKOJIO TPEYTOJIHHU-

Puc. 7

! OGosnaunm 3a B’, D', Bf, Df
| o6pasbl Touexk B, D, B, D,
COOTBETCTBEHHO TIPU CUMMETPUH

OTHOCHTEJIBHO 1. O‘-IeBI/I[[IIO, 4To

B’, D’, B/, D] nexar Ha oJHOlI
1, L
/|{:. npsaMoit, B’ um D] Jjexar Ha

i) 1 g koB ABC u ADC cooTBeTCTBeH-

'"‘;_h_ _'{:" HO, pa3iuuubl. Ilycth npsmas

: ;"',Fi' gy I - BD nepecekaeT OKpy>KHOCTb Sp

,:r'( Frol |I \.‘ B TOYKaX B u D, a OKPY’KHOCTb
|'Ir -jjl “.nl 'II'| Sp — B TOYKax D u By.

-

Iy
M'H,___ - OKpyxHOCTH Sp, a Bf u D’
b s Je)kaT Ha oKpyskHoctu Sp . M3
Puc 8 o CUMMETPUH CJEJYEeT, UYTO [IyTU

AD; u CD{ oxpyxnoctu Spg

PaBHbI, I03TOMY PaBHbI BIucaHHble yriasl ABD; u CBD{ . Ho 110
ycaoBuo ZABD; = ZCBP , nostoMy, BD| TOXe IIPOXOAUT
4yepe3 Touky P. B cuny cummerpuut, B’D; IpOXOAUT Yepes3 TOUKY
P. AnajnoruuHo JoKasbiBaeM, 4TO U npamble DB{ u D’B,
npoxozaat yepe3 P. OTmeTnM, 4To 10 yca0BuIo npssMbie BP u BD
pas3JnyYHbI, 03TOMY TIipsiMble BD u B’D’ He mpoxondart yepe3 P.
ITycts ZABC + ZADC < 180° . Tak kak ABCD — BbIITyKJIbIii
YeTBIPEXYTOJbHUK, TO OTpe3oK BD mepecekaeTcs ¢ OTPE3KOM
AC. Otcioza caenyer, yTo Touk Bu By nexkar no ogiHy ctopony
ot AC,aDn Dy — 1o ngpyryio. 3ametuM, uto LZAD,C > LADC ,
1moaToMy Touka Dy — BHyTpH OKpyskHOCTH Sp . OTcioza cienry-
€T, 4TO TOYKa [); JexuT Ha npamoit BD mexay Toukamu B u D.
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Anasiornyno, Touka By nexut mexay toukamu B u D. Urak,
MOPSI/IOK CJIe/IOBaHUsI TOYeK Ha npsimoit — B, By, D;, D, B
gactHOCTH, Dj sesxut Ha otpe3ke ByD . B cuny cummerpun Df
JIESKUT Ha otpe3ke B{D’ .

Yrast B{PD w B{PD’ B cUMMETPUYHBIX OTHOCHUTEJHHO [
tpeyroabunkax B PD u B/PD’ muGo Beprukaibubie (ecin P
Jexut Ha otpeske DB ), mm6o cosnagaor (eciu P aesxur Ha
npogoskennn orpeska DB{ ) (puc.9). Tak xax Dj nexxur na

fag

Py - Bt i,

1 o [ o
Puc. 9

orpeske DBy, to B mo6oM cayuyae npsmas PD; nepecekaer
orpesok D’B{ (a me ero mpoposskenne). [oaywaem, uro B’
JIeXXWUT Ha oTpeske D’B{ — mporuBopeune.

Cayuait ZABC + ZADC > 180° pas6upaercst aHAJTOTHYHO —
suib touku Bu By, Du Dy, B’ u B{, D’ n D{ nomensiiorcs
POJISIMU.

6 (M.HcaeB). Omeem: Bce uncaa, He Kparubie 20.

Jlio6oe uucio, nensiieecst na 20, umeer nocyaegno0 nudpy 0
u YeTHYIO Tpeanocaennion nudpy. CiaenoparesbHo, mMoaocatoe
YUCJIO0 HE MOKET JETUTHhCS HA 4uCJa0 17, KpaTHoe 20).

JlokaskeM 110 1Iaram, 4To BCE OCTAJbHbIE YHCJA TTOAXO/IST.

Illaz 1. CymecTByer HedeTHOE R-3HAUHOE I10JIOCATOE YHCJIO
X, (B kauecTBe mepBoii werHoi udpsr gomyckaercs 0), pens-
meecst na 5" .

Hokaxxem mnayknuneil no k. basa: momoxum X, = 5. [loka-
skeM mepexon. Ilycth mmeercst R-3HAYHOE MOJOCATOE UHCJIO
X, = 5%m . Uro6bi nonyunts uuco Xp41 » TOL6EPEM TTOLXOMS-
myto nudpy @ u npunuiieM ee ciaesa Kk Xy, T.e. OyJeM UCKaTbh
Xpuy B Buge aX, =10%a+ X, = 5 (Zka + m) Ham my:xmo,
yrober S, = 2%a +m penumoch ma 5. Kpome Toro, ecan k
HeueTHO, TO 1udpy a BbiGepem 4etHOH (4T0GBI X, OBLIO
mosocateiM). [TokaxeM, uTo 310 Bo3Mosxkuo. Yucmaa 0, 2, 4, 6, 8
JIAIOT PA3JMYHbIE OCTATKU OT JieJIeHHs] Ha 5, MO3TOMY O YUCEJ

So, So, Sy, Sg, Sg AAIOT pasMYHbIE OCTATKH OT JEJICHUSA HA 5
(3Hauur, cpeau sTux ocratkos ectb 0). B camom zene, ecim Gbl
Kakue-t0 S; u S; (i# j) MaBanm OMHAKOBBI OCTaTOK OT
JleJIeHns Ha 5, TO X pasHoctb S; —.S; = 2k (i — j) mosskHa Gbliaa
JIETUTHCS HA 5, HO 3TO He TakK. Ecjm jke k 94eTHO, TO MCKOMYIO
1udpy @ BbiGepeM HedeTHON. AHAJIOTMYHO JIOKA3bIBAEM, UTO TO
BO3MOJKHO, MCIOJB3Yysl TO, 4yro wucaa 1, 3, 5, 7, 9 pmaior
PA3JIMYHbIE OCTATKU OT JeJIeHUS Ha .

Illaz 2. CymecTByer R-3Ha4HOE II0JIOCATOE YUCJIO Yy , [A€JIsIIe-

1
ecsna 2F , IPUYEM €CJIH R YeTHO, TO Y}, JIeJUTCS Ha 2k* , a ecau

k+1
k HeuerHo, 10 Y, He genutcs Ha 2° .

llokaskem 3710 mHAyKIWe#d 1m0 k. Baza: Y, =2. Jlokaxem
nepexos. Ilycts uMeercst k-3HaUHOE YHUCTIO Yy, YAOBIETBOPSIO-
nee JaHHbIM ycaoBusiM. OmpezpeanM Yy, .

ITycrtb k Heuerno, k = 2t — 1 /11 HEKOTOPOTO HATYPAJBHOTO

t. Torga Yy 4 =2%"'m | rue m nederno. Iomyunm nomocaroe
yucsno Yy, = aYy_y, nopo6pas HeueTHyio 1udpy a. 3amnuiiem

Yy, =10 a + ¥y, = 257 (52‘_151 + m) . Jlns ;moKasaTesbCTBa



MHYKIIHOHHOTO Tepexoja HaM Tpebyercs, uTo6bl 52 'a +m
JleTNI0Ch Ha 4. 3aMeTuM, 4To S5 B JIIOOOHN CTEIeHHU J[aeT OCTATOK
1 oT fesieHus Ha 4, IOATOMY €CJIM m JJaeT OCTaToK 1 OT jiesieHust
Ha 4, TMOJIOKUM d = 3, a eCJIM M JAeT OCTAaTOK 3 OT JieJieHus Ha
4, monoxum a = 1.

Ilycts k uerno, k = 2t. Torna Yy =2*'m . Ionyuum

noJiocaroe yncao Yy, 4aY,, , mopobpas yeTnyio nudpy a = 2b .
Umeem Yy, = 10%a +Y,, = 22! (Sth + m) . Ham nysxHo, uTo0-

661 5°°b + m ue gemuoch Ha 2. [l atoro mooxum b =1 (t.e.
a=2), ecan m nedetHo, u b = 2 (r.e. a = 4), ecau m 4eTHO.

Illaz 3. CyliecTByeT HEYETHOE MOJIOCATOE YUCJIO, [EJISAIIEECs]
ma 5'p (k=0,1,2,..), tne HOJl(p,10)=1.

IIyctp X — HEYETHOE T10JI0CATOE YKCJIO M3 YETHOTO KOJTNYECTBA
mudp (Bo3MOKHO, ¢ iepBoii mdpoii 0), gexsmeecs va 5° (ecom
k=0, to nonoxxum X = 01, ecsm k gerno, 10 myctb X = X, u3
[IEPBOTO IIara, ecyin ke k HeueTHo, Tonyctb X = X,y U3T€PBOTO
nrara) . HyskHoe mosiocaroe uncJio Z, fesisineecst Ha 5" p , Hailem
BoBiae Z=XX X =X(1+10"+10% + .. +10"), rie k-

ad... 4
1+1
koJmyectBo nudp B uncsae X. JlocTaTo4HO I0KA3aTh yTBEPIXK/Ie-
nne: maiinercs takoe I, uto S, =1+10% +10%* + . +10" =
10(l+1)k _1

=1 Jeautcs Ha p. Jlnd qokasaTe/ibcTBa BOCHOJIb3YeM-
10° -1

cs reopemoii Aitnepa: ecim HOM(a,b) =1, 10 ¢®®) =1 penr-

csana b, rae ¢ (b) — KOIMUECTBO HATYPAJIBHBIX YUCEJ, MEHDIINX

b w B3ammuo mpocteix ¢ b. Iomoxum [ +1= (p((10k —1)p),

1+1)

rorza 10 — 1 gemures ma 1071 =1, a 10" =1 B cuny

TeopeMbl Jiiiepa eJTUTCA Ha (1 0k - 1) p . (VrBepaxeHue MOKHO
JI0Ka3aTh 1 6€3 TTOMOIIM TeopeMbl Jiliepa: 3aMeTHM, 4TO HalAyT-
cst Takue pasamunbie [y > by, uro S; u S, Aa0T oM U TOT XKe
ocratok mnpu jenenun wa p. Torma S — S, = 1o+ g,
ACTATCS Ha p, T.e. S JeJuTCs Ha p.)

IIlaz 4. CyuectByer noJocatoe 4ucso, jAeisimeecs ma 25 p
(k=0,1,2,..), tne HOI(p,10)=1.

JlokazaTe/bCTBO aHAJOTMYHO TPEThEMY MIary ¢ MCIHOJb30Ba-
HHEM MOCTPOEHHOTO Ha BTOPOM Ilare 110J10CaToro 4ucJa, JeJs-

1 _12

merocst na 2% .
IMaz 5. CymecTByeT nojocatoe Yncio, aensmeecs na 2-5¢p ,
rae HO/ (p,10)=1.
[locrarouno npunucatb 0 B KOHIIE HEYETHOTO TIOJIOCATOTO
unc/Ia, Jeadulerocsa Ha 5%, mosryuennoro ma TperbeM miare.
Hybauxauyuio nodzomocuau
H.Azaxanos, 11.Ko:xesnuxos, /.Tepewun

XXXV MexayHapoaHas

C15 no 23 mions 2004 roga B KOxxHow Kopee B ropofe MNoxaHr
npoxoauna o4epefHas MexayHapoaHas Gusmdeckas oMMnu-
afla LWKOMbHWKOB. B onvmMnnage npuHaAmM y4actie KOManabl 13
73 cTpaH, B TOM 4ucne — koMaHga ®paHumu, kotopas 25 net He
y4acTBOBana B onuMnuage. AnoHns, paHee He NPUHUMaBLLAs
yyacTve B ofnvMMNvage, npucnana ceoero Habniopartens; 3To
03HayaeT, 4To ANOHMA MMEeEeT HaMepeHMe B Criedylolwem rogy
NPUCOEAVHUTLCSH K ONUMMNVAAHOMY ABMXeHMo. Obllee 4mcno
Y4aCTHUKOB ONMMNMaAbl COCTaBMNO 332 LWKOMbHMKA.

Kak 1 B npedbloyLime rofpl, NOAroToBKa COOPHOM KOMaHabI
Poccnm npoBogmnack Ha 6ase MoCKoBCKOro (hM3MKO-TEXHUYEC-
Koro uHcTUTyTa. KaHgupatel B cOOpHylo Obinn oTobpaHsbl no
pe3ynbTaTaM ABYX BCEPOCCUNCKMX ONMMMVAL, @ TakXKe OLHOro
KBanM®UKaLMOHHOMO 1 ABYX y4eOHO-TPeHNPOBOYHbIX COOPOB.
Bo Bpems npoBefeHns cOopos ¢ pebsTamun paboTanu npenopa-
BaTenu Kadenpbl 0bLlen hr3mkuy, a Takxke cTyaeHTbl Oustexa —
nobenuTeny MexayHapoAHbIX ONUMMMAL NPOLLbIX fieT. B 0b-
LLer CIOXKHOCTU MPOAOCIKUTENBHOCTL BCEX COOPOB COCTaBMAa
YyeTblpe C MONIOBMHOW HeLenu.

B cbopHylo komMaHZy Poccum Ha XXXV MexayHapogHyio
DU3nYeckylo oNMMNMaay LLUKOMbHUKOB Obinv BKIIOYEHbI:

[nasplpurH CemeH — ruMHasna 127, CHeXMHCK YensabrHckom
00n. (yuutens dursnkn — EM.EnbkuHa),

Pequcros [puropmi — MHoronpodunbHbIM NnLen, Bonorga
(yumtens — J1H.CyxaHoB 1 Al JpuxyK),

OcgbepkurH Urops — wikona 18, HoBovebokcapck (yumTens —
JIH.TypkoBckas 1 B.J.Koyakos),

JSlecHnqmi Hkos — nuuen 3, KponoTknH KpacHogapckoro Kp.
(yyutenb — HIYepHasn),

AHLpees VIBaH — 3KcnepyMeHTasbHas Wwkona 82, YepHoronos-
ka MockoBckon 00n. (yumtens — B.I.Eropos v IB.Jliob1moBa).

PUnN3nydecKkad oJinMinaa

Komaray Poccmm Bosrnasunuv npodeccop MOTH CM.Kosen
v goueHT MDTW B.MN.CnoboaaHuH. B kadecTse Habnogatens ot
Poccun Ha onvMnmnage NpUCyTCTBOBaN 3aCiy>KeHHbIV y4uTesb
Poccum (OMIT 31, YensabumHck) VA MoroneBmy, y4eHmKmn KoTo-
POro Ha NPeabIAyLLMX MeXAYHAaPOLAHbIX ONMMAMaLax 3aBoeBa-
NN YeTblpe 30M10Tble Medanu.

YyacTtHVKaM onuMnuagbl Obiiv MpemioXeHbl TPU TEOPETU-
YECKMX 3a[laHns, KaX40e 13 KOTopbIX oLeHMBanocs 8 10 bannos,
M OLHO 3KCMepuMeHTanbHoe 3agaHve — 20 Gannos. Takum
06pazoM, Kaxapl 13 yHacTHUKOB onNMMNMaabl Mor Habpats 50
bannoB. Kak Teopetnyeckne, Tak 1 3KCNEPUMEHTalbHble 3aMa-
HUS ANs OONbLUMHCTBA YYaCTHMKOB ONMMMUaAbl OKa3anmch
o4eHb TpyAHbIMU. CpegHuiA Bann 3a peLleHre NepBoro Teope-
TUYeckoro 3afgaHua coctasun 5,0; BToporo 3afganusa — 4,9;
TpeTbero — 3,3; a cpegHuin Gann 3a BbINOJIHEHME KCNepPUMEH-
TanbHOro 3agaHus Obin paBeH 9,1. AHanoruyHble Gannbl, nony-
YeHHble Hawumn pebstamn, coctasunn 7,7; 7,8; 8,2 n 11,6
COOTBETCTBEHHO. STW pe3ynbTaThl NMOKa3bIBaloT, YTO pebsTa xo-
POLLO CNPaBUIUCh C 3aaHMAMU TeopeTuyieckoro Typa (79%) u
3HAYUTENBHO XyXe — C 3KCnepumeHToM (58%).

Mo mToram BbICTyNNeHMsa Ha XXXV MexayHapogHou dhusn-
Yeckon onmMmnuage Obinm oTMedeHbl 215 y4acTHUKOB. 30M10Tble
Mefanu nony4unn 31 yyenuk, cepebpsiHble — 35 1 OpoH30Bble —
68. Kpome Toro, 81 y4acTHWMK Bbln HarpaxkaeH rpamMoTamu.

YneHbl cOopHOM Poccum nokasanu crepylolme pesynbTaThl:
Mna3sblpnH CemeH — 38,5 6anna, OdepknH Nrops — 36,8 6anna,
AHppees VMBaH — 35,6 6anna, Peuncros puropuit — 34,3 banna
(BCe OHM nony4mnun cepebpsHbie Meganu), JlecHnania Akos —
31,0 6ann (bpoH3zoBas Mefdans).

CpaBHUTENbHbIE HeOMULMANbHbIE Pe3yNbTaTbl BbICTYMNEHMS
Ha onumMnuage 13 NyYlmnx KOMaHL npueeneHsl B Tabnuue:
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Ne CrpaHa 3onotble CepebpsiHble  BpoH3oBble pamotbl Cymma
Meganu  Mepanu Menanm bannos
1. Kutam 5 222,
2. NpaH 3 1 1 196,7
3. Kopest 4 1 193,9
4. benopyccnsa 2 2 1 184,6
5. YkpanHa 2 1 2 182,3
6. CLLA 2 2 1 181,0
7. BeHrpus 2 2 1 177,0
8. Poccns 4 1 176,2
9. TarBaHb 1 3 1 174,5
10.Hams 1 3 1 172,0
11. TamnaHg, 1 1 3 7.4
12.PyMbIHNA 1 2 2 170,7
13.BbeTHam 3 2 169,9

Kak BUOHO M3 TabnuLbl, KOHKYPEHLMA MeXOy KOMaHaamm
nnavpyloLlWen rpynnbl CTpaH Oblna UCKMIOYUTENIBHO OCTPOM
(nckmodeHne cocTaBmna kKoMaHada Kintas, kotopas B nocnefHne
rofbl OKa3blBAETCA BHE KOHKYPEHLMM). B 3TMX yCroBuax peLua-
toLLMM hakTopoM B Hopbhe 3a Bosee BbICOKOE MECTO CTaHOBSATCS
pasfNyHble KMENoYN»: aKKypaTHas 3anmcb pe3ynbTaToBs, yKasa-
HME Pa3MepPHOCTEN N3MEPEHHbIX BETMYNH, MPaBUbHO BbiOpaH-
HbI MacLTab rparKoB, YETKO BbIMNOSIHEHHbIM PUCYHOK W
CXema, rpPaMOTHO OL|eHEHHas OLIMOKa U3MEePeHN 1 T.4.

Pe3ynbTaTbl, MONyYeHHblE HaWMMU pebsaTamu, criedyeT npu-
3HaTb YAOBNETBOPUTENIbHBIMW, HO OHM MOTAM ObITb 3HaYUTENb-
HO BblLLe. [1OCPeACTBEHHOE BLICTYMIEHNE HA SKCMepUMEHTallb-
HOM Type B 3Ha4UTeNbHOW Mepe oTpaxaeT obLlee ocnabneHne
3KCNeprMeHTaNbHOM NOArOTOBKIN POCCUICKMX WKOSIbHNKOB. Ha
Ha4anbHOM 3Tane NoAroTOBKM MHOTMeE 13 KaHaMAATOB B cOop-
HYI0 KOMaH Iy BOODLLE HE UMENIN HUKAKMX SKCNepUMeHTanbHbIX
HaBbIKOB. PykoBoamTenu cOopHOM KOMaHObl MHOTMe rofbl be-
3yCreLHo MbiTaloTca [oKa3aTb HEOOXOAMMOCTb CO3daHuns cre-
LManmM3nNPOBaHHOM, XOPOLLIO OCHALLEHHOW COBPEMEHHbIMM Mpu-
Bopamn usmyeckon nabopatopum ans nogrotosku cOopHom
KOMaHObl B 0b6nacTM 3skcnepumeHTa. Takue nabopaTopum B
pamMKax LeneBbiX NPorpaMm NMoaroTOBKM HaLMOHabHbIX cOop-
HbIX KOMaH[ CO3[aHbl BO MHOMMX CTpaHax, JMOMPYIOLLMX Ha
onumnmage (Kutan, CLUA, WpaH, Kopes, TanBaHb, PymbiHns,
NHana n ap.). Hawa e KoMaHZda npoxoauT aKCnepuMeHTanb-
Hyl0 NOArOTOBKY Ha Ba3se dumanyeckmnx nabopatopuin MockoBc-
KOT0 (OM3MKO-TEXHNYECKOTO MHCTUTYTA, KOTOPbIE OPUEHTMPOBA-
Hbl Ha CTYOEeHTOB 1 — 3 KypCOB, a He Ha BbIMYyCKHUKOB CpeaHen
LLKOSbI.

Kak 1 B npexHue rofbl, yCNeLHo BbICTYNUAN Ha onnMnage
KOMaH[bl CTPaH a3vaTCKOro PernoHa. DTO He YOMBUTENbHO. B
3TUX CTpaHax pa3paboTaHbl CreumanbHble rocyOapCTBeHHble
nporpammbl paboTbl C 0fapeHHbIMM AeTbMU. YCnelHoe BbICTyM-
NeHve KOMaHdbl Ha OIMMMMAAE LWKOMbHMKOB MO (u3MKe npa-
BUTENIbCTBAMM STUX CTPAH PAacCMaTPMBAETCA Kak [Aefo rocyaap-
cTBeHHOro npectmxa. CosgaHbl BCe YCIIOBMA AN19 MOATOTOBKN
cOOpHbIX KOMaH[, (opraHM3aLUMOHHO-TeXHMYeCKMe U (DUHAHCO-
Bble). Ha nepron NMoAroToBKM KOMaHAbl K onvMnvage pebsTta
0CBOOOX[AIOTCA OT BCEX APYTMX 3aHATUMA M 3k3ameHoB. K
COXaneHuio, NoAroToBka COOPHOM KoMaHabl Poccum npoxogut
B Donee XecTkMx yCnoBmsax — 6e3 3Ha4nTenbHOM hUHAHCOBOM
NoOfePXKN CO CTOPOHbI FOCYAapCTBa M CMOHCOPOB U B Gonee
KOPOTKME CPOKW. JOCTAaTO4HO CKasaTb, YTO y rocydapcrea He
HaLLMOCh BaoThl, YTODLI BOBPEMS OMNaTUTh NOe3aKy KOMaHbl
B Kopeto, 1 pykoBoguTensm cOOpHOM NpULWNOCk «A00bIBaTh»
JleHbr Yy 3HaKOMBbIX. [0AroToBKa Hallen COopHON K y4acTuio B
MeXOyHapOAHON ONIMMMMAZAE ONMPAETCs rMaBHbIM 00Pa3oM Ha
SHTY3Ma3M LLUKOJSbHbIX YYMTENEen 1 HebOoMbLIOW rpynmbl Npeno-
faBaTtenen MockoBCKOrO PU3MKO-TEXHUHECKOTO MHCTUTYTA.

YCnoBus TeopeTmndeckmnx 3agad (1 oTBETbI K HUM) NpyBEeaeHbl
HUXe. 30eCb Xe KpaTko pacckaxem 06 3KCrnepuMeHTanbHOM

2005/ Ne?

3afaHuKM, B KOTOPOM Yy4aluMMCsl npefnaranocb MccinenoBaTb
MeXaHNYeCKUM «YepHbIN AWMK», COCTOALWMN U3 ASNIMHHOM TPY6-
KW, K TOpL@AM KOTOPOW C MOMOLLbIO MPYXXNH Pa3HOM KeCTKoCTH
ObIN NpUKpenneH MeTanMyecknin wap. Mpr roprusoHTanbHOM
NONOXeHUM TPybKM paBHOBECHOE MONOXEHWE Lapa He coBna-
Jano ¢ cepenuHon Tpybkn. KOHCTPYKUMA «YepHOro ALMKa» B
00bLLMX YepTax Oblna onMcaHa B 3afaHnn. Pebsitam Hy>XHO ObIno
BbINOMAHWUTb PSA dKCMEPUMEHTOB A1 TOro, YTODbI OnpenennTb
napamMeTpbl ALLMKA: PaBHOBECHOE MOOXEHME Lapnka OTHOCK-
TeNlbHO CepefivHbl TPYOKN, ero Maccy, XXeCcTKoCT NPYy>XnH. [Ons
BbINOMHEHWS 3TON PaboTbl y4acTHMKAM ONUMMAMAAbI BblOoanm
NPEUM3MOHHbIE M3MEPUTENM CKOPOCTU, SNEKTPOHHbIE CeKYHA0-
Mepbl C ONTUHECKNM 3aMyCKOM, SIEKTPOHHbIE BEChI M HEKOTOpbIE
Apyrne MexaHudeckme yCcTponCTBa M npucnocobneHus. Ycnex
BbIMNONIHEHWSA 3aaHWUS 3aBUCEN OT akKypaTHOrO BbIMOSHEHMS
ONNHHOW CEPUN HECKOMbKMX dKCMepUMEHTOB, 0bpaboTk IKC-
NepUMEHTaNbHbIX OAaHHbIX, aKKyPaTHOro MOCTPOEHMS rpadhrKoB
B MPaBUbHO BbIDPaHHbLIX KOOPAMHATAX M MOMyYeHUs U3 TUX
rpPacthVKOB HY>XHbIX MapamMeTpoB. JpyrumMmum croBammn — TpeboBa-
nacb 3Ha4YUTeNbHas «4epHoBan» paboTa, Mpn KOTOPOW TBOpYEC-
KW 3NEeMEHT OTXOAMN Ha BTOPOM MnaH. VIMeHHO B 3TOM 4acTu
3a0aHnNa Hawwu pebsaTta NposiBUAM MOCMeWHOCTb U Aaxe He-
BpexHoCTb (0COBEHHO NP MNOCTPOEHUM PAhUKOB).

B oomH 13 cBoboaHbIX AHen onuMnvaabl Obin mpoBedeH
HeoMULMaNbHbIN KPEaTMBHBIN KOHKYPC, B KOTOPOM MPUHANU
yy4actne 84 KoManAbl No 5 YenoBek B Kaxmaow, U3 HUX 19 —
Kopenckme KoMaHfbl, COOPMNPOBAHHbIE 13 LLKOSIbHUKOB rOpo-
0a ToxaHr. Y4acTHMKaM KOHKypca npeaiaranocb, UCMomnb3ys
TOMbKO BblAaHHble MaTepuansl (Bo3ayLUHble LWapUKM, KApPTOH,
Oymary, TeHHMCHble MSYM, CKOTH), MOCTPOUTb «fleTaTenbHbIi
annapat, KOTopbI Obi Bbl Kak MOXHO TAXenee 1 kak MOXHO
Jonblie npofepxanca Obl B Bo3gyxe». Hawu pebsata nposBunm
yyfeca 1M300peTaTenibHOCTU. MOCTPOEHHBIM UMK annapaTt oKa-
3acs NyYWNM, M poccuinckas KOMaHa 3aHsa nepBoe MecTo, a
BCE ee yHaCTHWUKKL MonyyYmnu no umdpoBon hotokamepe.

TEOPETUYECKUN TYP

3anaya 1. Conporusienune «IIunr-monrs
KonzieHcatop cOCTOUT M3 JIBYX IIapaJljie/IbHBIX IIJIACTUH B
¢opme Kpyros pagnycoM R, pactoJIoKeHHbIX HA PACCTOSTHUN d
(d < R) apyr or apyra (puc.1,a). Bepxuss miactuia npuco-
e/IMHEHA K MCTOYHUKY TIOCTOSTHHOTO HAIIPSIKEHUS C IIOTEHIHA-
jgom U, a HI)KHASA IJIaCTHHA 3a3eMJeHa. 3aTeM TOHKUI MaJieHb-
Kuil guck mMaccoit m, paguycom v (r < R,d ) u npeHe6pexumMo

MaJIOl TOJIIIMHON
(8 < r ) noMemaior B
i
T
) Bad ook o

i)
IEHTP HIDKHEH Tiac-
tunbl (puc.1,6). ]
ITacTUHbI U AUCK,
W3rOTOBJIEHHBIE U3 XO-
POIIO  TIPOBOSIIETO
MarepuaJa, HaXO/sT-
cs B BakyyMe. Becemu
AJIEKTPOCTATHYECKH- =le] 18
MU KpaeBbiMu s Pex-
TaM¥ U WHAYIINPOBaH-
HBIMH 3apsijlaMu, a
TaKKe WHIYKTHBHOC-

TBIO BCeil 111N U CBsI- d

3aHHBIMU C Heil ad-

exTaMu MOXKHO Ipe- ,\L —|
ne6peun. [luanekrpu- g

yeckast IMOCTOSTHHAS T J_
€) CUMTAETCS U3BECT- W g —

HOI. Puc. 1



a) Paccunraiite smekTpocraTueckyio cuiay FBsanmoseii-
CTBUS MEX/Ty MIACTUHAMHU, HAXOAAIMMICS Ha PACCTOAHUY d, 110
nomenenus aucka Mesxay aumu. (1,2 Gasma)

b) Korja auck nomenien Ha HUXKHIOW MJIACTHHY, OH IPHOGpe-
Taer 3aps/l ¢, NPONOPIMOHANBHBIN HapsKennio U Ha KOH/eH-
catope: g = xU . Boipasure ) uepes 7, d u €. (0,8 6.)

¢) HapanenbHble IJACTHHBI KOHJEHCATOPA PACIIOJIOKEHBI
MePIEeHANKYISIPHO TPABUTAIMOHHOMY TOJI0 § . UTOOBI INCK B
IepBbIi pa3 MOAHANCS BBEPX U3 UCXOAHOTO MOJOXKEHHUS, Heol-
XOJMMO IIPUJIOKHTH HaNpssKeHHe, MpPeBbIIIalolee MOPOroBoe
snauenue U™ . Boipasure U uepes m, g, d u % . (0,5 6.)

d) TIpu U >U" auck JABUKETCA BBEPX-BHU3 MEXK/LY IIACTH-
mamn. (Ilpennosaraercs, 4To AUCK JBUKETCS CTPOTO BEPTH-
KasbHO, 6e3 Kauanus.) CTOJTKHOBEHUST MEK/LY JMCKOM M KasK10ii
naacTuHoil Heynpyrue ¢ KkoappUIHMEHTOM BOCCTaHOBJEHUs
MN=10,/0;, [A€ Uy U Uy — CKOPOCTH AUCKA A0 U IOCJIE CTOJIKHO-
BEHHs COOTBETCTBEHHO. I1JIACTUHBI 3aKpPeIlJICHbI HEIOJABUKHO.
[Tocte 60JBIIOr0 KOJMYECTBA CTOJKHOBEHUI CKOPOCTD JMCKa
cpa3y IocJie OUYepeIHOTO CTOJKHOBEHUS ¢ HIDKHEH IJIaCTUHOMH
CTPEMUTCS K 3HA4eHMI0, KOTOPOE HA30BEM «CKOPOCTHIO B yCTa-
HOBHBIIEMCS pexuMe» oy . Bemmunna o, sapucur or U 1o

y
(opmyae
v, =aU? +B .

Boipasute koadpduuuentsr o0 u B uepes m, g, X, d u M.
IIpeamnosaraercst, 4To JUCK KacaeTcsl IJIACTHHBI OJJHOBPEMEHHO
BCeil TOBEPXHOCTHIO, TAK YTO MOJHAS TI€Pe3apPSIKA TPOUCXOANT
MIHOBEHHO NPHU KaxJoM crosiknosenun. (2,3 6.)

e) B ycranoBusumieMcs pexuMe CpeIHUN MO BpeMeHu TOK [
uepes 00KIa/IKK KOHeHcaTopa ipu yeaosun qU > mgd moxer
6biTh ipejicTaBen B Bue I = yU? . Boipasute Koaduimenr y
yepesm, X,du n.(2,26.)

f) Tlpw oYeHD MEANEHHOM YMEHBIICHUM TPUIOKEHHOTO Ha-
npsikeHust U cylecTByeT KPUTHYECKOe 3HAUYEHHE HAIPSIKEHUS
U, , HUIJKe KOTOPOTO TOK CKAUYKOM IIPeKpaIaer Teub. Boipasute
U, u coorBercTBytomuii emy tox I, uepea m, g, X, d u m.
CpasuuB U, ¢ mOporoBeiM 3HadeHueM U™, ONpe/IeJeHHbIM B
IyHKTE ¢), NpubImKenHo uzo6pasure sapucumoctu I ot U npu
yBeJdeHud M npu ymenbiennn U B npegenax ot 0 go 3U™ .
(36.)

3agaua 2. Ilognnmaromuiicst map

Pe3uHOBBIIl 1Iap, HATIOJTHEHHBIN TeJTHeM, TIOHIMaeTcs B He6O.
[aBrienue u TemMepaTypa atMocepHOTo BO3/yXa YMeHbIIAIOT-
cs1 ¢ BbICOTOI. B masmbHeiimem 6yaeM npearnoJaraTsb, 4to cepu-
gyeckast opMa IIapa COXpaHseTcsl, HECMOTPSI Ha IPUKPEILIeH-
HBII K HEMY I'DY3, U IpeHe6pexxeM 06beMOM caMoil 060JTOUKHI 1
rpysa. Byzem Takike mpeanoJiaraTbh, 4TO TEMIIEpATypa TeJIvs
BHYTPU IIIapa COBIIQJaeT C TeMIIEPATyPOil OKPYSKAIOLIEr0 BO3/Y-
Xa, ¥ CYUTATDH TeJIUil M BO3AYX H/ICAJbHBIMHU Ta3aMu. YHUBEp-
caJibHas rasosas rnocrosgsinad R = 8,31 ﬂ)K/(MO]Ib . K) , MOJISIpP-
HbIC MacChl rejms W Bo3gyxa M, =4,00-107 KI/MOJIb W
M, =289 1073 KI/MOJIb COOTBETCTBEHHO, YCKOPEHHE CBOOOA-
HOrO majennsa g =9,8 M/c2 .

Yacms A

a) TIpenoIosKuM, 4To OKPYIKAIONINIT BO3/YX NMEET JaBJIeHIe
p u temuepatrypy T. laBienue BHYTPH llIapa BbIllle HAPY)KHOTO
U3-32 YIPYrux cBoicTB o6osouku. Ilycrp map copep:xur n
MoJIell Tesns U JaBjieHne BHYTPHU Hero paBHo p + Ap . Onpeje-
JIUTE BBITAJIKUBAIOIIYIO CUay F, HeHCTBYIOIYI0 Ha Imap, Kak
dyuxumo ot pu Ap. (1,5 6.)

b) B Kopee B oauH u3 neTHUX JHEH GbLI0 OGHAPYXKEHO, UTO
temneparypa 1T BO3[yXa Ha BBICOTE 2z HaJ YPOBHEM MODs

3aJaeTcdad COOTHOIIEHUEM

T(2) =T (1-2/2)
B amanazone 0 <z <15 kM, rae zg =49 xkm u Ty, =303 K.

I[aBI[eHI/Ie 1 IJIOTHOCTb BO3JyXa Ha YPOBHE MODPsSA pPaBHbBI

po=1arm=101- 10° Ia n po = 1,16 Kr/M3 COOTBETCTBEHHO.

B YKa3aHHOM AUAIla30HE BBICOT JaBJCHNE U3MEHACTCA C BBICOTOM
II0 3aKOHy

p(z)=po(1-2/2)".

BroIpasuTe MOCTOSTHHYIO 1] Yepe3 BEJIHYHHBI Zy, g, Py, J U OIpe-
JeuTe ee 3HAYEeHHE ¢ TOYHOCTBIO [0 /ABYX 3HAYAIIUX HUP.
Cuuraiite ycKkopeHne cBOOOZHOTO IAJeHUS ¢ IIOCTOSHHBIM, He
3aBUCAIMM OT BbICOTBI. (2 6.)

Qacmo B

Korga pesunossiii map (¢ paguycoMm 7% B HepacTsiHyTOM
cocTostHuu) pasayBaercst 10 cdepbr pagumycom # (2% ), ero
060J109Ka 13-32 pacTsSKeHHs IpHobpeTaeT yIpyTylo saHepruio. B
YHPOIIeHHO# Teopun ynpyras aneprust U naayToil cepuueckoit
000JI0YKU IIPU HOCTOSTHHOH TeMIepaType T OIHICBIBACTCS BbIPA-
KeHUeM

U = 4r¢kRT (2x2 +x_14 - 3) ,

rae A =r/ry (1) — koadduunent pacrsaxenus (1o paguycy),
a k — HexoTOpas KOHCTaHTA, BbIPAKEHHAS B MOJIb/ M2

¢) Bolpasure Ap uepes napamMerpbl, BXOJSIINE B BBIDAJKEHHE
st U, n uzo6pasute rpapuueckn 3aBucHMocts Ap ot A . (26.)

d) Tlocrostnnas BesuunHa kB MOXKeT GBITh ONpejiesieHa Yepes
KOJIMYECTBO MOJIEH reJinst, HeOOXOAUMBIX /IS HA/[yBaHUS IIapa.
IMpu T, =303 K u py=10arm uepactanyroiii map (mpu
r=1) comepxur ny, =12,5 Moib remus. JlJsi pasjyBaHus
mapa o 3HaYeHust A = 1,5 Npu Hen3MeHHbIX TeMieparype Ty u
BHELIHEM JaBJIeHUU Py B HEM [JOJ/UKHO HAXOJAUTHCSI B oOmieH
caoxuoctn 7 = 3,6n; = 45 MOJIb resmda. Boipasure napamerp a
oPo
4RT,
n, ny n A . Bprumcianrte ero 3HaueHHMe C TOYHOCTBIO JO ABYX
snavamux mudp. (1,5 6.)

Yacms C

[Ilap nakauanu Ha ypoBHE MOpst, Kak B nyHkre d) (koaddu-
[MEHT PACTsUKEHUs: 1m0 paauycy A =1,5, umciao mouseil resust
BHYTpH 1 = 3,61, = 45 MoJb ), npu Temueparype Ty = 303 K u
paBiaeHnn p, = 1,0 arm = 1,01- 10° Tla . O6rmias mMacca mrapa,
BKJIOYasi Ta3, 060J104Ky u rpy3, papua M = 1,12 kr. Takoii map
HAuMHAET HOAHUMATBCS OT YPOBHS MOPSI.

e) IlycTb 5TOT map MOAHAJCA A0 TakKoil BBICOTBI 2, Ha
KOTOPOIl BBITAJKMBAIONIAS CHJIA YPABHOBEIINBAETCSI CyMMapHOIT
cunoit Taxkectu. Onpenenute z° 1 KOIPOUIUMEHT PaCTAKEHUA
A" mHa aroil BBICOTE. PaccumraiiTe MX YHC/IOBBIC 3HAYCHHS C
TOYHOCTBIO JI0 JIBYX 3HAYaNmmX 1mudp. Yreukoii raza u 60KOBbIM
cMeleHueM u3-3a Berpa npenebperure. (3 6.)

3agava 3. AToMHBI 30HAMPYIONUI MHKPOCKOI

Atomubrit sonaupyomui Mukpockon (A3M) sBasiercss Mom-
HBIM MCCJIeI0BATETbCKUM HHCTPYMEHTOM B 00J1aCTH HAHODU3H-
k. [IBwkenue garynka A3M peructpupyercs € HOMOIIBIO
¢oroaerekTopa, TPUHUMAIOIIETO OTPAKEHHDIN Ty Ja3epa, KaK
II0Ka3aHO Ha pHCyHKe 2. /[aTU4nK 3aKpellsleH Ha YIPYroil ropu-
30HTAJBHON IJIACTHHKE U MOXKET KO0JIe6ATbCSl TOJBKO B BEPTH-
KaJbHOM HanpasJjennu. Ero cMelenne z, 3aBucsiiee OT BpeMeH!
{, OIUCBIBAETCS ypPaBHEHUEM

2
m d—i +b az +kz=F,
dt dt
e m — Macca jarunka, k =moj — koadUILHEHT yIpyrocTi
ITACTHHKHY, b — MauIblii K0 (DUIMEHT 3aTyXaHNUsI, y/[OBJIETBOPSI-
IOIIMI YCJIOBUIO () >> (b/m) >0, F — BHemHsA cuia, JAeHCTBY-
I0Iast Ha JaTYUK CO CTOPOHDBI IIbe303JIeMeHTa.

o6oJ0uKkH, onpesessiemplii kak @ = k/ky , rae ky = , uepes
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Yacms A

a) Ecim F = Fysinwt, 1o 3aBucumocts z(t),
VIOBACTBOPSIONAsA 3aJaHHOMY YPABHEHUIO, Me-
er Bun z(t)=Asin(wt—9), rne A > 0 u

0 < ¢ < m. IHomyunTe BbIpasKeHUSA /151 AMILJIUTY-
nel A m tanrenca ¢daspl tg @ uepe3 mapaMmeTpbl

Fy,m, o, 0, ub. Haiiqure 3HaueHUs aMILJIUTY-
bl A 1 pas3bl ¢ HA PE30OHAHCHOI YacToTe O = 0 . Jearp
(1,56.)

b) DusekrporHOE yCTPOICTBO, MOKa3aHHOE Ha
pUCYHKe 2, IepeMHOXKaeT BXOJHOW U OIOPHBIH
CHUTHaJIbl MW BbIJACJAECT B KadeCTBE BbBIXOJHOTO .'l_
CUTHAJIA TOJIbKO IOCTOSIHHYIO COCTABJISIONIYIO %
npousBejeHusi o6oux curnasoB. [lomycTum,
BXO/HOH cHTHaJ1 3agaercs dopmynoit U = |1
=U,ysin(o¢ — @), a onopusii — ¢opmy.oit
U, =U,yysinot , rae Uy, Uyy, oy 1 @y ABIAIOTCA
3a/JIAHHBIMHM TIOJIO’KHTEJbHBIMU KOHCTAHTAMU.
Haiinure ycnosue aus o (> 0), npu KotopoM Ha
BbIXO/€ ITOABJIACTCA OTJIMYHBII OT HYyJIAA CUTHAJIL.
[TosyunTe BBIpasKeHUE [JIST BEJIMYNHBI BBIXO/HO-
ro curnajia ([OCTOSAHHON COCTABJISIONIEH TTPOU3-
BeJeHus) Ha 3aganuoil yacrore . (1 6.)

¢) Tpoiiag yepes azoBpamaresb, ONMOPHBIN CUTHA, HATIPS-
JKeHHe KOTOPOTO 3aBUCUT OT BpeMeHH 1o 3akony U, = Uy, sin of ,
npuo6peraer sus Us = Uy sin (of + 1/2) . Dto nanpskenue U
MI0JIAETCST HA MbE303JIEMEHT, KOTOpbIl co3naer cuny F =cU,,
MPUJIOKEHHYIO K aTuuKy. 3ateM (OTONETEKTOP Hpeodpasyer
cMellleHne JaTuuKa z B Hanpspkenne Uy = ¢z . B atux cooTHo-
IEHNSX ¢ U ¢; — U3BeCTHbIe KOHCTaHTbl, U; — BXOAHON cUTHAJ.
[Tonyunte BbIpaskeHue /JIsI TIOCTOSTHHOM COCTABJISIONIEN BBIXO/I-
HOTO CHTHAJIa IIPU YacTOTE ONOPHOrO curHaza o =, . (1,56.)

d) Masoe uamMenenme Macchl IaATYNKA Ay TIPUBOJUT K CJABUTY
€r0 Pe30HAHCHOI YacTOThI Ha BeJIMYUHY A®) , B Pe3yJIbTaTe Yero
(¢aza BXOJHOTrO CUTHaJa ¢ Ha NEPBOHAYAJIbHON DPE30HAHCHON
YacToTe ) WCIBITBIBAET CABUI Ha Besmunuy A¢ . Haiinure
U3MeHeHUue Macchbl JaTyuka Am , IIPH KOTOPOM CABHI (hasbl
okasbiBaercs pasHbiM A@ = /1800 , uto THIUYHO 1711 PA3OBBIX
n3Mepenunii. 3HaueHuss PU3NYECKUX MAPAMETPOB JATUHKA CJie-
ayiome: m=1,0-10" xr, k=1,0H/mu b/m =1,0-10° ¢™".
Ucnonpayiite caeayionine NpubIuKeHHbIE (DOPMYJIBI:
(1+x)" =1+ax u tg(n/2+x)=-1/x (upu || <1). (26.)

Yacmv B

[lanee paccMOTpHUTe TOBeJeHUE YCTPOICTBA, BKJIIOYAs BCE
CHJIBI, IEHCTBYIOIINE HA JATYNK, OIUCAHHbBIE B YaCTH A, a TakxKe
JIONOJHUTEJIbHYIO CUJIYy CO CTOPOHBI 06pasla, PaCCMOTPEHHYIO
HUKeE.

e) Cunraiite, uto gonoauuteashas cuna f (k) , aefictByomasn
Ha JJATYUK CO CTOPOHBI MOBEPXHOCTH 006pasiia, 3aBUCHUT TOJBKO

Puc. 2
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OT PACCTOSTHUST /i MEXKIy KOHIIOM [JaT4MKa M MOBEPXHOCTHIO
obpasiia. 3Has 3Ty CUJY, MOXKHO HAiTH HOBOE TOJIOXKEHUE
paBHOBecHsl jaTuuka /iy . B6m3u aToro momoxenust /iy MOKHO
npuGansutensno sanucats [ (h) = f (k) +c, (h — k), rae ¢, -
koaddutment, He 3aBucsmuii ot s. Haiiaure HOBYIO pe3oHAHC-
HYI0 4acTOTy KoJsieOaHWi [arunka () U BbIpPA3uTe €e uepes
BEJIMUMHBI ©), m u ¢, . (1,5 6.)

f) Ocrpue matynka, Hecyilee saekTpudeckuil sapsaag Q = 6e,
JIBUIKETCSI TOPU30OHTAJIBHO HAJ[ IOBEPXHOCTBIO M MTPOXOUT HAa/l
9JIEKTPOHOM C 3aPAJIOM ¢ = €, PACIOJIOKCHHbIM (JTOKaTM30BaH-
HbBIM B TIPOCTPAHCTBE) HA HEKOTOPOM PACCTOSHUU TI0JI TIOBEPX-
Hocthio o6pasia. B xoje ckanupoBanusi BOIM3U 3JEKTPOHA
MAKCHMAaJIbHBIN C/ABUT PE30OHAHCHOI YacToThl A, (= @) — )
OKa3bIBAETCS 3HAUYNTEJNBHO MeHbllle . [losyunte BoIpaskeHue
[ PACCTOSIHUS dy OT OCTPUS JATYMKA JI0 JOKAJHU30BAHHOTO
AJIEKTPOHA, TPU KOTOPOM CABHUT YacTOTBI Oy/ET MaKCHMAaJb-
HbIM. Bblpazure ato paccrosiHue yepe3 mnapamerpsl m, ¢, Q,
Wy, Awy, u mocrosHHyio 3akona Kyusoma k,. Paccumraiite
paccrosinue d, B Hanomerpax (1 HM =1- 10 M) gas casura
yactotel  Aw, = 20 . [TapameTpbl gatyuka cjaegymounue:
m=1,0- 1072 kr , k=1,0 H/m. Jlio6bIME TTOJISIPU3AITHOHHDI-
Mu apdeKkTaMu Kak JAJs JaTYuKa, Tak U 71 o6pasiia, cjaenyer
nperne6peub. DU3MIECKHIE MOCTOSHHBIC PaBHBI: R, = 1/ (4mey) =
=9,0-10° H-m2/Kn2, e=-1,6-10"" K. (2,56.)

Hy6auxayurw nodzomosuiu
C.Kosen, B.Cro6o0smun, H.Hozonresuu

MockoBckas cTyneH4eckas
onMmMmnnana no Musmnke

23 masa 2004 roga 8 MOCKOBCKOM roCyapCTBEHHOM TEXHW-
yeckoM yHueepcutete (MITY) nm. H.D baymara npotuen Moc-
KOBCKWMW pervioHanbHbl Typ Bcepoccumckon onvmnvagbl no
Pur3nKe Cpeau CTyOEeHTOB TexHW4eckux By30B. K y4actmio B
onMMnvage Obiv MpuUrnalleHbl BCe BepyliMe TexHUYeckue
By3bl Mocksbl. CocTaB Kaxaowm koMaHabl — 10 cTyaeHToB o 3

Kypca BKMoYMTENbHO. KOMaHAHbIM 3a4eT MpoBOAMTCA Mo 5
NIYHLWKMM pe3ynbTaTaM YNeHOB KOMaHAbl.

Y4yacTHMKaM onumnuagbl Obin MpefnnoxeH BapwaHT u3 9
3afay (B 3aBUCMMOCTM OT CJTIOXKHOCTM 33[1a4M OLeHMBANNCL OT
5 no 10 6annoB) 1 paspeLLanock Nofb30BaThCs Nobon nutepa-
TYpOW.
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Mo pesynbTatam OMMNMaObl B KOMaHOHOM 3a4eTe nepBoe
MecTo 3aHsana komaHga MITY um. H3.baymara (89 6annos),
BTOpOE MeCTo — KOMaHAa MOCKOBCKOro roCyfapCTBEHHOIO
MHCTUTYTa cTanun 1 cnnasoB (MUCKC) (86 6.) , TpeTbe MecTo
— KOMaHga MOCKOBCKOrO MHCTUTYTa 3MEKTPOHHOW TeXHUKM
(65 6.).

B nn4HOM 3a4eTe nepsBoe MecTo 3aBoesan £KoxaHos (Moc-
KOBCKMWIM roCyapCTBEHHbIN YHNBEPCUTET NyTeln coobLeHus, 26
Bannnos), BTopoe Mecto — A./BarHos (MITY nmH.3.baymaHa,
25 6.), TpeTbe Mecto — [henarHos (MNCUC, 22 6.), YeTBEpTOE
Mecto — A.llJoraHos (MNCKC, 20 B.), natoe mecto — M.KaHue-
pos (MITY nmH3.baymaHa, 20 6.).

3agaumv onMnuaabl

1. Yactuia Maccoit m u 3apsjioM ¢ ABIXKETCS B cpeje B
[OIEPEYHOM MarHUTHOM II0Jie ¢ UHAYKIueil B ¢ HavaJbHOMI
ckopocTbio vy . Cusa conporuBienus pasHa F, = —ko?. Ompe-
JleIUTe BEeJMYMHY W HAlpaBjeHHe BEKTOPA IepeMelleHus OT
HAYaJbHOIO MOMEHTA /[0 KOHEYHOW TOYKU TPAEKTOPUHU, €CJH B
HAYaJIbHBIIl MOMEHT CUJIA TPEHUSI MHOTO MeHblIe cuJbl JlopeHia.

2. KocMuveckuit 30H/1 HAXOUTCS HA CTAIIMOHAPHON KPYTrOBOi
opbute paauycom 17R y uccaeayeMoil MJIaHeTbl, PaHyC KOTO-
poit R. CKOpOCTb €ro JBUKEHUsI 10 3TOH opOuTe paBHA 0 .
3arac TOIIMBa MOXKET 06eCIeYuTh U3MEHEHHE CKOPOCTH 30H/a
He GoJiee yeM Ha 27, . [IJ1st BO3BpalleHUsT Ha 3eMJII0 30H/1 JI0JKEH
OTOPBATbHCS OT IJIAHETBbl ¥ HPUOOPECTH P 3TOM MAaKCHMAJbHO
BO3MOXKHYIO CKOPOCTb. OTIpejiesInTe BeJNUNHY 9TON MaKCUMAJIb-
HOW CKOPOCTH W OIIMIINTE MAHEBP, KOTOPBIH MPU 3TOM HEOOXO-
JIUMO COBEPIIUTD.

3. Manoe teso Maccoil m BUCHT Ha TOHKOH HepPACTSKUMOI
HUTH, TIPOIIYIIEHHO} Yepe3 oTBepcTHe B oToJKe. Teso packayu-
BaeTCs B OJ{HOM MJIOCKOCTH € YTJIOBOW aMILIUTY/0U Oy, PaccTo-
sTHUE OT TeJia 10 oTBepcTust [. B MOMeHT, KOT/1a OTKJIOHEHWE Tesa
OT BEpPTHKAJM MaKCHUMaJbHO, HUTL CJy4YailHO OTIIyCKaloT, W
HoNMaTh ee yJJaeTcs TOJIbKO TOT/1a, KOr/la JIJINHA CBEIINBAIoIeii-
€S 4aCTH HUTH CTaHOBUTCS pasuoit 2[. Kakosa Oyger aMantya
MaJsIbIX KOJIe6aHUil MasTHUKA?

4. jKecTkuit HeBecOMbIt 0OPYY CTOUT HA TIOBEPXHOCTH CTOJIA.
B BepxHeil Touke 06pyya 3aKPEIIEHO MAJEHbKOE TEJI0 MACCOil 7.
B HauyasbHBI MOMEHT BpeMeHHM TeJy TIPHU/AJIN JETKUH TOJIO0K B

TOPU30HTAIbHOM HamnpasJjenun. Ornpenenure, Ha KaKOH yroJ
MOBEPHETCST 06PYY JI0 HavaJIa IPOCKAJIb3bIBAHUS, €CJIU Koa(du-
IUEHT TPEHUS MEX/y CTOJIOM U oOpyueM paseH 1,/3.

5. B nimmHHO# TETI0u30IMpPOBAHHON TPYOKe HAXOIUTCS OTHO-
ATOMHDIN Ta3, 3aKJII0UYEHHDBII MeXK /1y ABYMS MOPIIHSAMH, PACCTO-
SHME MeK/ly KOTOPbIMU 1TocTosHHO. [laBienue rasa p, remMiepa-
typa T 1 mjoTHOCTB P . B HayabHBII MOMEHT BpeMEHHU MOPITHH
HAYMHAIOT J[BUTATHCS CO CKOPOCTBIO Ty B OJIHOM HAIPABJICHUM.
Ornpeziesre, Ha CKOJbKO U3MEHUTCS TeMIlepaTypa rasa rnocJe
3aBepIIeHUS ePEeXOHbIX MTPOIECCOB.

6. [unuuapuueckuii cocyss o6beMoM V pasjiesieH Ha JIBe 4acTh
HEBECOMBIM TEIJION30JIMPOBAHHBIM TIOPIIHEM, KOTOPbIH MOXKET
nepeMeniatbest 6e3 TpeHus. Temmeparypbl B 00enX 4YacTsax
cocy/la Pa3JIMuHbl, a JlaBJeHHUs OJMHAKOBBI U paBHbI Py . Mae-
aJIbHAs TEIJIOBasl MalllMHA MCIOJIb3YeT ra3 ¢ BbICOKOW TeMIiepa-
TYPOIl Kak HarpeBareJib, a ¢ HU3KON — KaK X0JI0uJIbHUK. Kakyio
paboTy COBEPINUT TEIJIOBAsT MAIIMHA, €CJIU MOCJ€e BbIPABHHUBA-
HUS TeMIepaTyp B 0GeNX YacTsAX COCy/la JaBJeHHe CTaHeT
paBHbIM p?

7. JIBa napaJijie/IbHbIX METAJJIMYECKUX IMJINHADPA PAJANyCOM
R 3apsKkeHbl ¢ JIMHEHHO MJIOTHOCTBIO ), 3apsi/iaMi IIPOTHBOIIO-
JIOKHBIX 3HaKOB. PaccrogHue Mexay ocAMH IUJIMHAPOB 3R.
Ornpeziesite CUJly B3auMOJENHCTBUS MEXKY IUJINHADAMU, TTPU-
XOJSANIYIOCS HA €JIMHUIY JJIUHBI.

8. Paccrosnue Mex/y 4eTbIpbMs IapaJjieIbHbIMI [JIACTHHA-
Mu aauHoit [ u umpunoit @ pasuo d (1> a>d). C oxnoii
CTOPOHBI BCE YETBIPE ILJIACTHHBI 3aMKHYTBI MEXAy co0oii, ¢
JIPYTOHl CTOPOHBI IJACTUHBI /| M 3 3aMKHYTBI Ha BbIBOA A, a
miaactuibl 2 U 4 — Ha BbIBOA b. Onpesnennte MHAYKTUBHOCTD
Mesky BbiBojaMu A u B.

9. daszoBas NJIACTHHKA, BBINOJHEHHAS U3 CTEKJA C oKa3are-
JieM mpesioMmyieHus n, nepekpoiBaet 10 308 @penens ¢ 10-i no
19-10. TommuHua MJIACTUHKY B TIpe/lesiaX KaKJ0W YeTHOH 30HbI

MeHseTest ipu yBeamaenmn paguyca ot A/(2(n = 1)) no A/(n - 1),
B IIpe/ies1ax Kask/ioii HeueTHoil sonbr — Hao6oport, ot A/(n —1) 1o
A/(2(n —1)) . Oupese/iTe MHTEHCHBHOCT CBETa B TOUKe HAGIIO-
JIeHNs1, €CTH MHTEHCHBHOCTD MAJAIONIEl I0CKOi CBETOBOI BOI-

HBI paBHa [ .
Hy6auxauyuio nodzomosuru M.Sxoeres, B.Ionybes

OTBETbHbI, YKA3AHUNA, PEHNIEHNA

KMLLU
3agayn
(cm. «Keanwms Not)

1. Taxoe moxker cayuntbes. [Ipumep: Ilers kymmr 50 r vas mo
rete 10 xom. 3a rpamy, 30 r — no nene 20 kom. 3a rpamM, 10 r —
o 1exe 30 KOII. 3a IpaMM.
2. a) Hemb3sa. B camoM jeste, ecay UMcJIO MMeeT He GOJblre 3
1mdp, To ero KBaapart — He 6osbire 6 udp, B uTore oxHa nudpa
ocTaHeTcs He3ajelicTBoBaHHoOI. EcJin ke 4iCI0 UMeeT He MeHblie 4
ndp, To ero KkBajipar — He Menbie 7 MUPP, a 3To B cymme jaet 11
1dp — OMATh HUKY/Ia HE TOJIUTCS.
6) Moxno. C momompio 10 pasiIuuHBIX 1udp 3anuchIBAIOTCS
KkBagpar u Ky6 umcaa 69 — arm umcsaa pasubr 4761 u 328509
COOTBETCTBEHHO.
3. Ilers e omm6es. Ecau B copeBHOBaHUM y4acTBOBaJo N CHOPT-
CMeHOB, To Bacs cocrasiser %—10 ux 4yactb. C Apyroit CTOPOHBL,
1 1 1

S

N n n-1’

OTKyZa

n(n-1) 1 2271—1 .
n°—3n+1

N =— =
n“—-3n+1

IIpu n = 3 monygyaem N = 6. [Ipu n > 3 B mpaBoil 4yacTH CTOHUT
npoGHoe Bbipakenue (IIpu 7 = 4 B 9TOM MOJKHO yGeUTHCS HEMOC-

pelCcTBEHHO, a Tpu n==D  3HaAMeHarteJab  Apo6uU
n* =3n+1=2n —1)(2 —Zj —% Gombirte yncaurens 2n — 1).
1/11Ta1<, 1BaCIO o6oIan  BCero i

Z -N = g -6 =2 cnoprcmena, Tak At

yTto Bacs meiicTBuTEIbHO 3aHST MIPH-
30BO€ TPETbE MECTO.

4. Orpasum npsimyto [, Ha KOTOpPOW L
JIEKUT TUNoTenysa AB TpeyroabHUKA

ABC, CcUMMETPUYHO OTHOCUTEJIbHO
npssmMbix BC n AC — mnoJsyuuMm JBe
napaJjienbHble TpsMble 7w [”
(puc.1). Tpaextopust mapa MNKL  Puc 1
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1T2T1T1T112T1T1J0] mpu atom mepeiiner B oTpesox
22222211 M’L’, epTleHANKYISPHBIN MPsi-
R ] e I’ nl : ITockombky Bce
22222 22| ToukH Kaxoi i3 AByX mapar

JIeJTBHBIX TPSIMBIX PABHOY/TAJIEHDI
1]2)2f2]2]2]2f2]|1 OT APYroil npsmoii, To AanHa
2|12]2[2)2]2[2]2]1 MyTH, TPOIIEHHOTO MAPUKOM, He
11212f2]2]2[2]2] 1| 3aBucur or Touxku crapra.
11212(212]2]2]2]2 5. Her. Hampumep, mo uncsam,
o111 211[1]1]12]1 YKa3aHHBIM Ha PUCYHKE 2, HEJb3s

O/IHO3HAYHO BOCCTAHOBUTD PACIIO-
Puc. 2

JIO)KeHWe MUH — CM. PUCYHOK 3.

v} [w ¥ = Rl n .
] ¥ - Wi =
¥ : ' * +
- o L L 2
L4 * < - L
- L} L L
& = & & -
- = 1 “’d = X
+ Y 4 +1 -
Puc. 3

KoHkypc «MaTtematrika 6—8»

(cm. «Keanm» No5 3a 2004 2.)

6. Tockombky vx =0, TO U3 MEPBOTO YPABHEHMUS CIELYeT

y < 1. Torma us BTOpOro ypaBHeHUs z = 4 , a U3 TPETbETO

x < 0. Ho x He MOXeT OBITb OTPHUIIATENBHBIM YHCJIOM, TT0ITOMY
x = 0. /laymee Jerko HAXOAATCS OCTAJNbHBIE HEU3BECTHBIE.
Omeem: x =0,y =1, z=4.

7. OueBusno, k= 3.

Ecant k = 3, To TypHHp BO3MOXKeH. B camom serte, mycTh nepBast
KOMaH/a mo6euIa BTOPYIO, BTOpasi — TPETbIO, a TPeTbs — Tep-
BYIO; TaKue pe3yJbTaTbl YAOBJIETBOPSIOT YCJIOBHIO.

Ecan k = 4, To TypHHp HeBo3MOXKkeH. YO6eaumcst B aToM. Ilyctpb
HeKoTopast KoMana nobequia apyryio. I[Ipucsoum nm HOMepa 1
n 2 (coorBerctBenno). Torma, coraacHo yCJIOBHIO, CPEIN OCTaB-
IMMXCSA ABYX KOMaH[ ecTh Takas (IpucBouM eit HoMep 3), 4To KO-
Manga 2 nmobeaunsa koMaHay 3, a komanzaa 3 — komaugy 1. IToc-
neqHeil kKoMaHe mpucsonM HoMmep 4. V3 ycioBus ciemyer, 4To
Kaxk/lasg KOMaH/Jja KOMY-TO HellpeMeHHO mpourpajia. Ilycts koman-
na 4 mpowurpasa, Ajs onpenensenHoctu, komanae 1. Torma ona
JIOJUKHA BBIMTPATh Y KAKOH-TO KOMaH/bI, TT00eUBIIeil KOMaH/Y
1. Ho xomanay 1 noGeamiaa roabko komanzaa 3 (a komanaa 2 Ko-
Manze 1 mourpaa). IToatomy xomaHza 4 moGeansa KOMaHIy 3.
UTo 3K, KaK BUANM, BBISICHEHBI OTHOIIEHUS MEXKIY BCEMH KOMaH-
JamMu, KpoMe KoMaua 2 u 4. U 31ech-To OKa3bIBaeTCst, YTO 0G0
HCXOJI UX BCTPEUN MPOTUBOPEUNT YCJIOBHIO. B camoMm jese, ecin
KOMaH/]a 2 BBIUTpATa y KOMAH/IbBI 4, TO KOMaH/a 4 I0JKHA BBIUT-
paTh y KaKoii-To u3 KoMaH[, nobeamsiieit komanay 2. Ho xoman-
71a 4 BpIUTpAJa TOJbKO y KOMaH/bI 3, KOTOpasl IPOUrpaja KOMaH-
ne 2, — nporuBopeune. Ecau ke koManga 4 BbIUTpaia y KOMaH-
ZIbI 2, TO KOMaH/Ja 2 JO/UKHA MOGENTh KaKylo-TO M3 KOMaHII,
omoJieBINX KoMauHay 4. Ho xomaHzma 2 mo6eania TOJIbKO KOMaH-
1y 3, KoTopas IpoHurpaia KoMaHze 4, — OIATb IIPOTHBOPEYHe.
[ns k =5 n 6 typuup Bo3MoxkeH. OTIHCHIBATD €r0 CJIOBAMH —
Ype3MepPHO TPOMO3/IKO,
MMO3TOMY TPOCTO TPHBE-
JeM UTOTrOBbIE Taé]’[I/ILIbI
9TUX TYPHUPOB
(puc.4). 3mech 3HaKOM
«+» o6o3HavYeHa 1106e-
712, & 3HAKOM <«—» — TI0-
paxkenue.

[lokaxkeM Temepb, 4TO

2005/ Ne?

st BceX k> 7 TypHUpP TakKe BO3MOKeH. [IpUMeHUM HH/YKIIUIO

o k, HO k Gynem MeHsaTh ¢ marom 2. Torga u3 Toro, 4to TypHHUP

BO3MOKeH /uist k =5, Gy/ieT cjie/joBaTh, 4TO OH BO3MOXKEH [IJIst

k=7,9, 11 u t.1., a U3 BO3MOKHOCTH TypHupa 1 k = 6 6yaer

cJIeJIoBaTh €ro BO3MOXKHOCTD g k = 8, 10, 12 u T.1.

JlomyctiM, 9TO [JIsT HEKOTOPOTO R TypHUP Bo3MoykeH. HazoBem k

KOMaH/{ 9TOTO TypHHUpa cmapuimu. [J06aBUM K HUM ellle [[Be HO-

6vie xoMamapl P u Q. Ilyctp B TypHupe ¢ atnumMn k + 2 xomanja-

MU BCe CTapble KOMaH/bI CBITPAIOT MEXAY co0Oil Tak e, KaKk U

mpeskae. UTo jke Kacaercss HOBBIX KOMaHJ, TO MyCTh KoMaHJa P

mobeaia KomManay Q, komanga Q mobennsia Bce cTapble KOMaH-

JIbI, a BCe CTapble KOMaH/bl TTOGeININ KOMAaHIAy P.

Herpyzano y6emuTbest, 4TO TaKOil TYPHHUP YIOBJETBOPSIET YCJIO-

BHIO.

Wrak, TypHUp BO3MOXKeH Tipu kB = 3, a TakKe /i BceX k=5 .

8. B kavecrBe N BosdbMeM uncio N = 99...99 . Ymuoxuts N

2004 peBaTkn

Ha k — 3TO TO XK€ caMoe, YTO MPOU3BECTU BBIYUTAHIE

k00...00 — k. Cnenaem aTo BbIYMTAaHUE B CTOJOWK, TIPEJACTABUB
2004 myns

uyucso k B Buge R = aia,...dyy, (momyckas sanuch rudpot 0 B

CTapIInX paspsjiax:

a ay ... Ay 0 0 0 0

- 2] a “e @003 004
a ay ... (ayp —1) (9-a) (9-ay) (9 = ay03) (10 = dyp04)

Mol BugmM, 4to cymma 1mdp uncaa kN pasma 2004-9, T.e. pas-
Ha cymme 1udp uncaa N.

9. B pesyzbrare Kax/10ro mpeo6pa3oBaHis MOJIYYAETCs Tapaiie-
JIOTPAMM C TeM Ke IIEHTPOM CHMMETPHUH, YTO U Y MCXOJHOTO
KBajpara. 3ajaya, TakuM 06pa3oM, CBOJMTCS K [JOKA3aTEIbCTBY
TOTO, YTO TJIONA/b OGIIEeN YacTH ABYX eMHIYHBIX KBAJPATOB C
COBMAA0MUME TeHTpaMu 6oJbiie (,8.

OleHnM TUIOMIA/b O/HOTO M3 YeThIPEX PABHBIX IIPSIMOYTOJIbHBIX
TPEYTOJIbHUKOB, TIPOHYMEPOBAHHBIX HAa PUCYHKE 5.

IycTh BepumHa NpsMOTO yria Tpeyrosbauka (coBmaaiomas ¢

i 7 ]

—_— =
-

-
-

T i

s rl;'fl!

- '

.'" |I

e !
AT

Puc. 5 Puc. 6

BEPUINHOI OHOTO U3 KBAJPATOB) HAXOJUTCS B TOUYKE A, a CTOpO-
Ha BTOPOTO KBaJ[paTa IiepeceKaeT CTOPOHBI IIEPBOrO B TOUKax M
n N (puc. 6). O603HauMM TaKke OOMMIA EHTP KBaJPaTOB Yepe3
C u onyctuM u3 Toukn C nepnenaukyJsipsl CP nu CQ Ha cropo-
HBI IIEPBOTO KBaJparta, a Takxe neprenukyasap CTKMN. Vme-

1
eM CP=CQ =CT = AP = AQ = 5 IIpamoyroJbHble TPEYro/ib-

Huku CMP u CMT paBsbl 1o KateTy u runorenyse. [loatomy
MP = MT. Anamormano, NQ = NT.

Honoxum MP = MT = x, NQ = NT = y. Torna MN = x + y,

1
AM = % -x, AN = 5 y . 1o teopeme Iludaropa pna npsmo-

yroJbHoro tpeyrojabHuka AMN

1-2x

1Y (1 ¥ )
——x| +|=-y| =(x+y), otkyna y:72(2x+1)A

2 2



OTBETHI,

Toraa nuomaab Tpeyroapbauka AMN paBHa
_1(1_xj(1_ )_
2\2 2

1(1 1 1-2c ) 3 V2(2x+1 2
zi(i_x) 2 2@x+1)) 4 4 2 2x+l)

MakcuMasibHOe 3HaueHue S TOCTUTAETCS] TP MUHUMAJIbHOM 3Ha-
YeHNN BBIPAKEHUS B ckoOkaX. Ho B cKoOKaxX pacrosiokeHa CyM-
Ma JBYX TOJIOKUTEJbHBIX CJIaraeMbIX, MPON3BEJAEHNE KOTOPDIX
pasuo 1. ITta cymma He Menbie 2. CieoBaTesbHO,

3 V2, 3-22 _3-2.14
4 4 T 4 4

CuiefioBaTesIbHO, CyMMapHasi MJIOINIA/(b YeThIPEX TPEYTOJbHUKOB
Mmenbiie 0,2, a miomaab o6Ieil yacTi KBaapaToB 6oJbiie 0,8.
10. Ilycrp anst onpesenennocTn d — HaNMeHbIlee U3 YuCe d, b,
¢, d. Ecom xorst 661 o0 u3 uucen a u b pasHo d, To gpyroe
paBHO ¢, uTormaa + b =c +d.

Ecim ke a > d u b > d, 10 ipu ¢ = d nMeeM HepaBEHCTBO

20 +20 > 2¢ 427 anupu ¢ > d nesast wactp gemurcs Ha 29 a
mpaBas — He [eJUTCS. 3HAYNT, TaKas CUTyalus HEBO3MOXKHA.

S < =0,05.

O AMHAMWKE KPMBOJIMHENHOIO ABUKEHUSA

1. vy =Jg(2H +3R) =13 m/c; s=/2(H+R)R+ H> =12 M.

2

2. Cuna taru paBHa F = ngihzsin(p = 0,02mg =200 H n

TNMEePpHNeHAUKYJIAPpHa TIJIOCKOCTH ABUKEHUA CITyTHUKA.

2
mm, v mg
3. T=—12 2| =— J. Uy =+2gR =4 wm/c.
my+my L 80 2 g /
mo? cos? o

6. Cymma cun paBHa F = U HallpaBJIeHa 110 TOPH30H-

R
TaJi K OCH BUHTOBOU JINHHHU.

MHCTUTYT KPUMTOIPA®UN, CBA3N N
NMHO®OPMATUKUN AKAOEMWNN ®©CB PD

Maremaruka
BapuaHT1
200 3
1. ?% . 2. Kopuu cymecTByior pu d € [%3, 3} . IIpous-
BeJ/leHne KOpHell MakcUMaJbHO pu d = 3 1 MUHUMAJIBHO TIPH
=2
8

3. 2<x<4-3. A4 %+2nn, neZ. 5. 4+1243.
o V3B 12 15912

4 ’ 4
BapwvaHT 2
23
1. (21); L] 2 23, 3. log;28 -3 <x <logs4.
i . 2n
4. 5+27m, neZ. 35.17100 u 11400 pyGueit. 6. 3
BapuaHT 3
1. ﬂaHHOC YNCJIO PABHO HYJIIO.
A )
2. 4. 3. -9-8-6-5. 4. —+_——, -2;-1,0;1} .
3 20200 "et J
n+l T
5. 5715 . 6. x=(-)""Z+mmneZ,
y =1,

YKA3AHUA,

PEIMEHMN A 59
Dusnka
BapuaHT1
22
o= oe 2 =g Bl 550008 w0
g 4
3. I, = R, —24.
T (R +7)(Ry+ Ry) + RyRy
r
a1, ="T 5% 5. F=—L _oen
oV r°-1
BapuaHT 2
J29H 2
1. o = arcsin g .2.F:M=1,8-104H.
2y 23(M1+M2)
5. U=5 aom= PRy 5. ¢ =60°.
3 Pamy
BapuaHT 3
{s=L% _ 3000 2 po_ W9
2 cOSOL + WU sin o
3 v—\/vz—Z R
. v=4Jug —2g(H +pscosa) . 4. n= .
2py = py
r
5.0=C(6-6). 6. F=2a— 2 =4a=36cm.
0=C(&-6) T, - 30,2

MOCKOBCKUA I'OCV.D.APSZTBEHHbIVI NHCTUTYT
3JIEKTPOHHOU TEXHUKA
(TEXHUYECKNIN YHUBEPCUTET)

Maremarvka

BapuaHT1
1.-2;3/2.2. -15/17. 3. 2. 4. (=3, - 3/2] U [t; 3/2) . 5. 2.
6. 192142 . 7. ig+nn, neZ.8. 4:1.9. 574m.

3+ _
3_2Jﬁ; 5i2m,11. J6 .

10.

BapuaHT 2

1. 6%3.2. -1 /24. 3. (2;3) U (3;5). 4. —95. 5. ?.

4 b ST
6. — . 7.[-3;,-1/2]. 8. —+2nn, ———+21n, Z .
35 [ /2] 5t ~ o2, ne

9. 20 ®v/4; 40 /3 kM /4. 10. 242+ /3 .
11, (o0 = 8] U[4; + o).

Duznka
BapuaHT1
I 4 m 1 v m
1. t=—-. 2. u>2—2tga=—-==029. 3 L=-"2=
L5 R V] v m
4. He nusameHuach. "
5. a) Cm. puc.7; ¥
2(A1—A2)
6) N=——F-—=-
=75,
2 7
6.a) U ==-U;6) Uy=-U.
YT 27y
7. Ry :gR=30 Om.

1]

_F .
8. a) 11—5—10 cM; Puc 7
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6) F,=F,=1 mH, F.=0.
h

9. o, = arcsin1 =~45°. 10. A = TC—eUZ =~ 27107 I,

Ay :%—em ~3,4-107" JIx .

BapuaHT 2
t= |2 e 2 o [ 4 545
g(1+g/a) Fy Neos’a
2
3.ﬂﬁgzﬁ,rae S = 4 :1.
m, 1+8 5 o 4
4. n=1+ Al =1,
t+273
S. ¢y =—qy (7’2/r1)3 =-8 uKu, rge # u % — pacCTOSIHUS OT 3a-

PSIOB IO TOYKH, B KOTOPOil KacaTeIbHas K JIMHUU MOJIS Hapal-
JieJIbHA IIPSMOI, IPOXO/sIiell Yepe3 3aps/ibl.

6. B:L=8 mTo.

NG 7. v =0 +2v, =25 cM/c.
MOCKOBCKWI FrOCYOAPCTBEHHbIA TEXHUYECKUN
YHUBEPCUTET UM.H.D.EAYMAHA

Maremarvka

BapuaHT1

1. 3<n<18, neN. 2. —E+2kn,5€n+2nn,k,neZA

2
3.7 4 (~=3)U(=3 1)U (4,5 +).

6. x,=-a-2t~a’+5a npn ae(0;3);

¥ =a-2+va*=3a, x,=-a-2-~a* +5a upnu ac (4 +).
7. BpimosHuM IapaJliesbHbIN Tepenoc Mefnanbl AM B HalpasJe-
HUW MeJInaHbl ocHoBaHMsT CD Ha BeJTMYNHY MOJIOBUHBI €e JIJIN-
nbl (puc.8), mpu stom
Touka A mepeiizer B
Touky L, a M — B
Touky N — cepequHy
Mmeauanbl D 60K0BOI
rpanu TAB. Yepes
toukn L n D npose-
JleM TIPSIMYIO, KOTopast
repeceKkaeT CTOPOHY
BC B touke F. Tpey-
roabuuk TDF — ucko-
MOe CeueHue.
[lokaxkeM, 4TO TOYKa
F nemur cropony BC B ortHomennu 1:2. /oIOJHUB TPEYTOJIbHUK
BDC no npsmoyroasauka BDCE (puc.9), sametum, uto DS u
BH — mepuanbl TpeyrosbHuka BDE, KOTOpbIE TIpU TiepeceueHn
nensitest B ornomennn 2:1. Orciopa BF = 2BH/3 = \/H/B n

2 2

DF = gDS = T IIposenem AK L FL , torna TK L FL,

3. 90°.

T.e. TK — BbICOTA TPEYTOJIbHU-
I. xa TDF. ]l1st ee BbIUUCJIEHUS
I mposenem AP 1 TK . [lnnna
: AP paBHa 3a/IaHHOMY B YCJIO-
BHUM 3a/Ia4U PACCTOSTHUIO MEK-
ny Meananoit AM u cekyuiei
mirockocteio. B ADAL DL =
72 AD- AL _

=—2 un AK =
4 DL

2005 /Ne?2
U3 tpeyrombuuka TAK maxomum PK =+ AK? — AP? = % u
2
1
TK = I;I; = ¥ . Ilnomanp cevenuss Syrpr = EDF -TK = Z
BapuaHT 2
5
1. 10 «. 2. —I“; g 3.-2. 4. (Y&NU(19/8). 5. 3.

6. xy=p+f6-p, p=5uwx,=p+2-p, y=1 1pn
2<ps<t; =4, yy=5Sux,=2, yy=1pup =2,

21
x1y2:pil6—p,y1,2:5 HpI/I2<p<6. 7. 3\/5

Quszuka
BapuaHT1
1
2. A=—umglL . 3. C1:%=1MK(D.
3 U, -U,
5\2
b= A+ 450,610 1 (3.45:10°) it
ce=A+—=45-16-10"" OIx+ ——— /Ix =
2m 2:9,1-107%
=7,85-107" JIx .
RT
3.V, = Va =15,3 nv® . Viasanue. Tpu temueparype 100 °C
Po

HaCBIIEHHDII Tap BOJAbI UMEET AaBJICHHE P, = 10° Ila . Omun
MOJIb Ta3a Ipu TakoM AaBienun u temieparype 0 °C 3anumaer
o6beM 22,4 v’ , a pn temnepatype 100 °C — emnte GoJrbimuit
06beM. O6BEM BCETO COCY/A IO YCJIOBUIO 3a/1a4l PaBeH
V =20 aM> ; cie0BaTeIbHO, BCST BOJA WCTIAPUTHCST HE MOJKeT.
Hapsimy ¢ octaTKOM BOBI B JIEBOH YacTu cocyna GyIeT ee HAChI-
IIEHHBII Map, JaBJieHre KOTOPOTO PaBHO P, . TakuM ke 6yaer u
JlaBJIieHue a30Ta B MPaBOil yacTu cocyna.

mgR sin o
6. v= — 5.0

B°L . R

MeIEeHNsT IEPEMBIYKI MOITHOCTD CUJIBI TSIKECTH, JEHCTBYIONel Ha
MepeMbIuKy, paBHA 3JEKTPUYECKON MOIIHOCTHU, BbIJeJsoNencs
Ha COIPOTUBJIEHUH.

33m
. T = ,/7.
7 b8 X

. Yxasanue. 1lpn noctosgHHOll CKOpOCTH TIEpe-

BapwvaHT 2
2. T, >T,. 3. T'as mosyvaer Temno Ha y4acTtkax /—2 n 2-3.
¢
N 0T o029, 50=Br.
N, 27
6 oo 1 __k(Ly+7)
2me,Rm k—4nrio’p

MOCKOBCKWUA UHXXEHEPHO-®U3NYECKUI
NHCTUTYT

Maremarvka

BapuaHT1

9+£+129

1. iE+2nk, iarccosl+2nn, kneZ. 2.
6 3 2

3. te |:000; 001]U|:037; 043:| U |:437; 443:|U[837§ 843] .

4. Her perennii npu
1 3 1 1
—o0; — — —; + oo 017 - _ . .
ae( 4)U[2 )U{ 2}, a — 1 npu ae|: 4,0),
{-a}U(a; 3a] npu ae(O; %}
1

{-a}U(a;1-a] npu ae(1~ j;

42
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{-a}U[l-a; a) npn ae [%;1);

(a—1,2-a] npn ae(1;§j.

0;1 =1;
(0;1) mpu @ =1 5

3 3 150
BapwaHT 2
1. log, 3; log, 5. 2. (—1)"+1arctg%+nn, neZ.
3. 40%, 10%. 4. \[2(a® +10a+30) ; =7; -3. 5. 5; 2 V1.
Dusnka
BapuaHT1
25 -1
1. E= 59 2. 0= 2 3w = "D
Ime,/ ™wn n-1
2 -3
4 1>—aM __ 5 E=F % Fcosta.
2ug (m+ M) cos ol
BapwaHT 2
2
1. 11:FT=40<:M.
2. :% =4 r/momb (310 — renuil).
208 si
3.9=-2 g g Zusin(erBjeosh
8meyR gcos” o
3. a:w (3mech o — B pajgWaHax).
o

HOBOCUBUPCKUA TOCYAAPCTBEHHbIV
YHUBEPCUTET

@usnka
BapuaHT1

1. Ilyctp U — xoappurmenT TpeHns Mekay GPYCKOM M HAKJIOH-
HOIi IIJIOCKOCTBIO, @ 0. — YTOJI HAKJOHA IJIOCKOCTH K TOPU30HTY.
Torga us Broporo 3akona Hpiorona nosmydaem

a; = gsino + 1gcoso, dy = gsino — Ugcosa .
OTcroza

a, +a,

29
2. Illyctp p; — naBjeHue B BEPXHEM OTCEKe, a Py — B HIDKHEM,
TOT/IA U3 YCJIOBUSI PABHOBECHSI MOPIITHS TOTydaeM
mg
S
Bocnousbadyemcst TeM (pakToM, UTO IIOJHOE YUCJIO MOJEKYJI raza B
060X OTCeKax cocyaa coxpamsercs. IlycTb B KaKOH-TO MOMEHT
BpeMeHu 06beMbl Gl paBHbl Vi u V), I BepXHEro u HIKHe-
TO OTCEKOB COOTBETCTBEHHO, a C/BUHYBIIUIICS B pe3yJbTaTe IPO-
necca nopiens yenuuna (yMeHbima) o6beM BepxHero (HuKHe-
ro) orceka Ha AV . Torga Ha ocHoBaHWM 060GUIEHHOTO Ta30BOTO
3aKOHa UMeeM

o = arcsin

Pr—P1 =

pVi Ve _pi(Vi+AV)  py (V- AV) p_ T
——t—= + LA — = .
T T, i T, p b
OKOII‘-IaTeJIbIIO ToJiyduaeM
mg T mg T,
el R ==
STL-T ST-T

3. Paso6beM cpemHion |

— o 44
[JIACTHHY Ha JBE — IO C
1

JIy4aTcst iBa KOH/eHca- -4, U
Topa eMroctbio C; 1 —q, +—f i
C, ¢ pacrpe/eseHusMU +q,

3apsi/IoB, KaK MOKA3aHO |
na pucynke 10. Emxoc- Puc 10

TH KOH/IEHCATOPOB OIIpe-

nensiores o opMyJie miIockoro KougaeHcatopa C; = €,S/d; ,
AJIEKTPUYECKNUE TI0JIS, CO3/[aBaeMble B KOH/JIEHCATOPAX, PABHBI
E; =U/d; , a 3apsigpl Ha miactunax cocraisiior q; = CU | rue
i =1, 2. Cusa, geficTBylollas Ha ITACTHHY KOH/EHCATOpa, paBHA

1
F = qu-El- (MuOKHTED 1,/2 TOABUIICSA TIOTOMY, YTO JIJISI OTIPE-
JleleHnsT CUJbl TpeGyeTcsl y4ecTb TOIbKO BHEITHee TI0Je 10 OTHO-

MIEHNIO K TIJIACTHHE, KOTOPOE PABHO IMOJIOBUHE OT TOJISI B
konzgencarope). Urtak, cuma, AefcTByoNas Ha CPEAHION TIaCTH-
Hy, paBHa

WE gE,

FeF_F =1 :C1U2_C2U2:805U2 11

2 2 2d,  2d, 2 \& &
4. Tns mavasia BCIIOMHHUM, KaKue BEJIMYUHBI U3BECTHDI: Macca
nyan m =10 r, CKOPOCTb BbLIETA MYJIM U3 CTBOJA PYKbsI
v =1 kM/c (tounee, 800 M/c ), mmuna creona [ =1 M . ITomy-
YUBIIASICST MOIIHOCTD JIOJDKHA 3aBUCETh OT ATUX BEJMYUH.
MBbI TOYHO He 3HaeM, Kak BejieT celsi IyJisi IPU BBICTPEJIE B CTBO-
Jie, HO HE CUJIBHO ONTHOEeMCST B CJIydae OMpe/eseHns CPeHIX Be-
JINUUH, eCJM TPENOTIOKIM, UTO TYJIsT IBUKETCS PABHOYCKOPEH-
no. Torya BpeMsi pa3roHa IyJim B CTBOJIe paBHO ¢ = 2[/v, a MoIl-
HOCTb COCTaBJISIET , ,
=20 MY 95105 Br~1 MBr.

2t 4l
3. OueBuaHo, yeM GOJbIIE TIEPETA]] TaBJEHUN BOABI B COCY/IE,
TeM GOJIbITIE CKOPOCTb BOJBI B cTpye. UeM 6OJIbllle CKOPOCTh
BOJIBI B CTPYye, TeM Jajbiie oHa «6beT». B mepBoM ciryuae mepe-
Ma/i IaBJEeHUH COOTBETCTBYET BBICOTE CTOJIOA KUIKOCTH, KOTOPAst
C T€YEHUEM BPEMEHU YMEHDbIIAECTCA.
Bo BTopom ciayuae mist GOpMUPOBAHUS CTPYH HEOOGXOIMMO, UTO-
ObI BO3/IyX 3AIOJIHII BEPXHIO TPYGOUKY U MPOGYIbKUBAJICS de-
pe3 Hee, TaK KaK BOJa HEC)KUMaeMa. 3HAYWUT, B HIDKHEM KOHIE
TPYOKH yCTaHABINBAETCS aTMOC(EPHOE [aBJeHNE W BOIY <«Pa3ro-
HSIET> CTOJIO SKUAKOCTH, BBICOTA KOTOPOTO HE MEHSIETCS 10 TeX
op, MOKa YPOBEHb JKUKOCTU BbIIle HUYKHETO KOHIIA TPYOKH.
Cuie1oBaTeIbHO, HE MEHSIETCSI CKOPOCTh Ha BBIXOJE, U CTPYS
BOJIbI BCE BPEMsI TOTIA/IA€T B EMKOCTH Ha CTOJIE, HAMOJIHSS €€ MOJI-
HOCTbIO.

BapuaHT 2

Vip .
1. Ah=—|—-1|, F
st "H“‘a
2. Ha pucynke 11 uso6pa- HH
JKEHBI CHJIBI, KOTOPBIE JIeii- \K\-,l"i I b

CTBYIOT Ha TeJIO BJIOJIb
nnockoctd. Cusia TpeHust w-'-'l.I sine

HarpasJ/ieHa IPOTHB J[BHKe- "
HIUS U paBHa [, = .
= umgcos o . Tak xak Tesno
JBIYKETCS € IIOCTOSHHON CKOPOCTBIO, CyMMa BCeX CHJI, JedCTBYyIO-
IUX Ha Hero, J0/bKHa ObITh paBHa Hyso. OTcioza mosydaeMm

m=fteB  _tga
gsina sin

Puc. 11 o

3. Ilycth © — CKOPOCTH IJIACTHH IOCJIEe HEYIIPYTOTO yaapa, v’ —
CKOPOCTb BEPXHEH TIJIACTUHBI B MOMEHT, KOT/Ia OTITYCTUJIN HUXK-
Hiolo, C’ — eMKOCTh KOH/IEHCATOpa B 3TOT MOMEHT. SIcHO, UTO
C/C’ = d/D . O6o3naunM 3aps/| KOHJEHCATOpa Yepe3 ¢ U 3alu-
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IIeM 3aKOHBI COXPAHEHHsI SHEPTUH 1 HUMITYJIbCa:
2 2 2

g mv q
2C 2 2C’

B wurore nosyuaem
lcu?(1-a/D)
U= ——m— .
4m

4. Tlyctpb cHIOPTCMEH TO/IPBITUBAET HA BBICOTY /1, TOT/A [IJINTEb-
HOCTH TIPbIXKKA COCTABJISIET t = 2, /2}2/ g . CienoBaTesbHO, cpej-
HSIST CKOPOCTD IIEHTpa CKaKaJKH paBHa v = 227 (l/Z)/t , e [ —

, mo’ =2mo .

umHa ckakaaku. Ecoim ~20cm,a [ ~2 M, 1O

v:nl\/z~30 M/c .
2h

BapuaHTt 3

1. p=2p.
1

2. OuesupHo, uto paGora Ay, CHJIBI TPEHUS HA IEPBOH MOJIOBU-
He TMyTn GYCHHKH Ta >Xe, 4TO W Ha BTOpoil. 113 3akoHa coxpane-
HUS 9HEPTHH TI0JIydaeM

mo? Lf_rnvf
2 R 2

OTKY/Ia HaXO/JUM CKOPOCTb OYyCHHKH:

2
v:\/va—v§+4kq[1—1).
m\h R

3. 3ammmreM 3aKOH COXpaHEHNUsI SHepTuy M BTOpoii 3akoH Hblioto-
Ha /I IPOEKIUI CUJI BIOJIb HUTH:

kq? mo*  mo?
+A, +——, ——=—%+24
P h’ 2 2 P

2 2
mo mo
5 =mgRcosa , T:T% +mgcosa .

Orciofa Uist CHJIBL HATSDKEHUST HUTH [OJLy4aeM
T =3mgcoso. .
B MOMEHT, KOIZia MOACTABKA CABUHETCS C MECTA, TOPH30HTAJIbHASL
IIPOEKIHST CHJIbl HATSDKEHUsT HUTH, paBHast T'sin o, JOJDKHA CPaB-
HSITBCSL € BEJTMYMHOM CHIIbI TPEHUSI CKOJIbXKEHNUs], PaBHOIL
w(Mg +T cosar) . CiesoBarelibHo,
T'sina

_ _ 3msina.cos o
Mg +Tcoso. M +3mcos® o

4. TIpu 6osbIIIOl TOPU3OHTANIBLHON CKOPOCTH BEPXHSS TOUKA Tpa-
€KTOPUH He3HAYHUTEJbHO IpeBbIlaeT BbicoTy aBrobyca H ~ 4 M,
MI03TOMY /IJIS1 BePTHKAJIbHOH CKOPOCTH BHU3Y U MMeeM

2
y = mgH .
BepruxanbHas CKOPOCTb MOTOIMKJINCTA FACUTCS HA IYTH 7, paB-
HoM gedopmanun amopTtusatopoB nopsaka 0,3 m mmoc 0,4-0,5 M
3a cueT NpHceJaHns KacKajiepa, KOTOPBI B MOMEHT MpPU3eMJICHIUS
CTOUT MOUTH BBINPsMUBIINCH. Torza, ecam F — cumia faBiaeHus
Kackajiepa Ha MOTOLUKJI TIPH TIPU3eMJIEHHHN, U3 3aKOHA COXpaie-
HUA SHEPTUU TMOJTYyHaeM

o

E:Fh,
2

Takum o6pasom,

_mgH 60 xr-10 M/c2 4 M
h 0,8 M

F =3000 H .

3. B o6smacTu cONMPUKOCHOBEHNST TIOIONIB U TI0JIA UMEIOTCST He-
60JTbINAs KOHTAKTHASI PA3HOCTH MOTEHIMAJIOB U 3aPSi/Ibl TIPOTHBO-
MOJIOKHBIX 3HAKOB. JTH 3apsiibl BO3HUKAIOT M3-32 TPEHUS T10-
J1o1B GOTUHOK O TOJI BO BpeMst Xoab0bl. [Ipu yBesnuenun 3a3opa
HATpsDKeHNe MHOTOKPATHO BO3PACTAET, COOTBETCTBEHHO BO3PACTa-

2005/ Ne?

eT U 3apsiy aJekTpockona. [Ipu mpuseMJeHNN UCXOMHAS CUTya-
IIUST BOCCTAHABJINBAETCSI.

Emte onuu BapuaHT 0ODbSICHEHNS: CUCTEMbBI Y€JIOBEK—TIOJ 1 HJIEKT-
POCKOII—TIOJT MOKHO IIPE/ICTAaBUTDh KAK JBa Mapasie/abHbIX KOH-
nercatopa. EMKOCTb mepBOTO MHOTOKDPATHO TIPEBBINIAET EMKOCTH
BTOPOTO, ¥ MO3TOMY BeCh MMEIONIUICS 3apsii CKOHIIEHTPUPOBAH
Ha nogomiBe. [Ipn ymMeHbIIeHNN eMKOCTH KOHEHCATOPA YeJIOBEK—
nos (4esoBeK MOANPHITNBAET) 3apSA/Abl B CUCTEME Tepepacipeie-
asiores. [Ipy BoccTaHOBJIEHNH Hava bHON cuTyannn (desoBex
NPU3EMJISETCS) BCE MPUXOAUT B Ha4aJbHOE COCTOSHUE.

POCCUACKUIATOCYAAPCTBEHHbIN
MEAArOMMYECKNIA YHUBEPCUTET UM.A.N.FEPLEEHA

Maremaruka
BapuaHT1

1. a) (—oo; =) U (v V) U (Vs + ) ;

6) g(x)=|x +2\_1 ,

x#2 (puc.12);

B) ¢ = 0; 2 KopHH, ecan

c=0wm c¢=3; 3 Kop-

Hd, ecau ¢ = 2,75, 1 4

xopus, ecan 0 < ¢ < _a i 1

<2,75wmm 2,75 < ¢ < 3. Puc. 12

Yxazanue. Hapucyiite

rpadpuk QyHKIHH |g (x) - 3| . ik

2. (—e;=8)U (m, +o<>) )

3. —ﬁ+2kn, keZ.
12

4. 4 cm.

5.15cMu 83 om.

BapuaHT 2

1. a) (—e; —n)U (- 0]; Puc.
6) g(x)=2-x,ecmm <0 u
x#2-2, g(x)=x+2,ecom x> 0wu x =2 (puc.13);

“alr

LI]

Fad
-

[y I-\._' e LR L

B) a = 1. Yxasanue. Hapucyiite rpaduk dynxum |g(x)-3|.
2. (0;15)U(15; + o) .

3. tk,k=0,1,2,.; —§n+2nn ,n=1,2, 3,..
m=0,1,2,..

4. J10 e .

3 z1t+2nm ,
3

5. 8J3.

POCCUNCKUA TOCY A APCTBEHHbBIV
TEXHONOTrMYECKUA YHUBEPCUTET
WM. K.3.LUMOJIKOBCKOIO (MATN)

Maremaruka
BapuaHT1
2 n n
1.8, -%. 2. (-1 2., (-1 arcsin&—ﬁ+7‘m,
3 4 4 3 4
1 V2 19
Z. 3. 1. 4. |10, — —; 1. > —.
"e ( 49}U[ 2 ] 12
BapuaHT 2

T 1
1. 4. 2. —+mn, neZ. 3. 3.
36

3
14
4 (BJU[S; +e0) . 5. 5



OTBETHI,

Qusuka
BapuaHT1

1.4). 2.5). 3.3). 4.2). 5.3). 6.2). 7.2). 8.5).
9.3). 10.1).

BapwvaHT 2
1.3). 2.1). 3.2). 4.2). 5.4). 6.5). 7.2). 8. 4).
9.2). 10.3).

POCCUNCKUN TOCYAAPCTBEHHbIA YHUBEPCUTET
HEOTUUTA3ZA UM.N.M.T'YBKUHA

Maremaruka
BapuaHT1
1.0,1. 2.-8. 3.0,7. 4. 11. 5.7. 6.3.
7. -1. 8.-15.
9. 1,5. Ykazanue. Bepumna napa6oJibl IMeeT KOOP/IMHATHI
2
M [—%; q —%J, 9TU KOOPJMHATHI CBSI3aHBI MeK/y c0o60ii pa-
2 2
4 1 p
BEHCTBOM ¢ —— = —— , OTKyZa ¢ = ———. Ecmm x;, x, —
q 1 2 yAa q i 2 1, X

KOpPHHU TpexX4JieHa, TO IO TeopeMe Buera S = x12 + xf = (JC1 +

2
+2,) —2xxy = pz —2¢ , U TIOJICTaHOBKA CIO/Ia MOJYYeHHOTO
2

p 1
BbINIE BBIpKeHNs Ans1 g gaer S(p) = o +—. OcTajochb ¢ MOMo-

IIbIO TIPOU3BOHO BBISICHUTH, TIPU KAKOM 3HAYEHUU MEPEMEHHOMN
p JIOCTUTAeTCs] HAMMeHblllee 3HAYeHHe JTOH (DYyHKIINH.

10. 0,5. Yxasanue. Ilponorapucdmupyiite obe 4acTi ypaBHEHUS
M0 OCHOBaHWIO 54, BBIMOJIHUTE 3aMeHy ¥ = logs, & u peurure mo-
nydennoe ypasHenue. IIpu atoMm ya06HO elile BBeCTH 0603HAYEHTE
a =logs, 2

11. 5. Yxazanue. Ilycte O u Q — IEHTPBI MEPBOIl U BTOPOIl OK-
pyskHOCTEll coorBeTcTBeHHO, AB = CD = a, LA =0, M — cepe-
nuHa croponbl CD. Toukun O u Q JjiexaT HA OCU CUMMETPUU TPa-
MENUN U SBJSIOTCS] TOYKAMU MEPECEYEHNST C 3TOH OCBIO MePIEH -

kyasgpoB k CD B Toukax C u M. Iloatomy OQ = 7o . Benn-
sin o
ynHy @ 6e3 TpyJa HaXoAuM U3 TpeyrojabHuka ABD, n6o
_ BD
 2sina

12. 6. Ykasanue. Ilyctp BbICOTA IIUJIMHIPA PaBHA /2, TOTIA BBICO-
Ta KOHyca paBHa 3k, a auamerp mrapa paBeH 2R = 5k, T.e.
2R
h=22
5
BapwvaHT 2

1.1. 2.2, 3.7. 4.-0,4. 35.7. 6.0,1. 7.0,25. 8.5.

9. 3. Yxazanue. Illpu x # 0 mocrpoiite rpaduk GyHKINN

y = 5x° + 8% u BbIACHUTE, IPH KAKIX 3HAYCHHSX MAPAMETPA @
9TOT rpapuiK UMeeT TPU TOUYKH IepecedeHHs ¢ TOPU30HTAIbHOM

npsiMoit y = a.

10. 10. 11. 4. Yxasanue. HyCTb BM = a, £LBCA =qa, AM =

=11x, MP = 3x. Torga 3322 =

me toro, AC =4acosa . VI3 tpeyrosbuuka AM C Haxoaum 110

1
, oTkyna AM = a\/; Kpo-

9 1
TeopemMe KOCUHYCOB, YTO COS™ Ol = — , MOCJI€ YEero BbIpakKaeM 4Ye-

BH-HC

AH
12. 18. Ykasanue. Ilycts SABC — gannag nupamuzga, M —
LEHTP BIIMCAHHON OKpPYy>KHOCTH TpeyrosabHuka SBC, K — cepean-
Ha ctoporbl BC, O — neHtp ocHoBaHust mupamuasl, BC = a, f —

pe3 a pumnbt otpe3koB AH, HC, BHu HK =

YKA3AHUA,

PEIIEHHAA 63

BeJIMYMHA JIByTpaHHOTO yriaa npu pebpe AC. Boipasure yepes a u

SM MK
B orpesku SM, SC, MK n CK n u3 npomnopunu SC - CK
(CM - 6uccexrpuca yraa SCK) naiigure tgp .
Qusnka
BapuaHT1
1. 7 =9 M. 2. v=150 cm/c. 3. AE =600 [Ix .
4. p=2 xr/M® . 5. U =45 B. 6.1 =16 A.
7. R =150 mm. 8. A =375 M.
9.0=4m/c. 10. M =8 xr. o

11. Pa6ora 3a IIUKJI paBHA IJIOMIAN
tpeyroapnuka (puc.14):

A= 1(,172 —P1)(V3 —Vz) =

12 2/
= (4P = pi)(2.5V = Vi) = 2.25VRT;
T'a3 mouyvaer Terio Ha ydacTkax /—2 1 l,-"ll
u 2-3. Ilonydentoe kommyecTso Ten- | i
JIOTBI PABHO i
Q=Q13:(U3—U1)+A13: Puc 74 ¥
3
= SVR(;-T) + 2(P2+Pﬁ( -Vy) =

3 1
VR(2-2,5-4T, - T;) + 5(4p1 +4-2p;)(2,5V; = V;) =37,5vRT,.

ITomyuaem, uro KII/l nukia pasen

A

n=—=0,06, r.e. 6%.

0
12. OGo3HaUNM Yepe3 X MaJioe CMelleHne TPY3HKOB OT T0JI0XKe-
HHSI PAaBHOBECHUS IIPU MAJIOM MOBOPOTE CHCTEMBI HA yros @ :

)

x=(p§7

rae | — pumna crepskus. Vcnosib3yeM sHepreTHYecKuii MeToz or-
pejiesieHns 4acToThl KoJteGanuii. st 3TOro BBIPA3uUM Yepes X U
0 =&’ TOTEHIMATbHYIO U KMHETHYECKYI0 sHepruu cuctembl. [lo-
TEHIHATbHAS] SHEPTUS OTPEIENSETCS H3MEHEHNEM BBICOTBI Al
[EHTPa Macc, KOTOPDIH B MOJOKEHNH PABHOBECHST HAXOAUTCS MO/
ocbio Bpamienus (rsosaem) Ha paccrosiauu [/4 OT Hero:

[
E, =2mgAh = 2mgz(1 —cos@) =

[ .2 QP I ¢ 2mg x
= mg—-2sin“"—=mg—— = —>—
75 2 =M I 2
2
Hockombky E, = kOT, To Ry = g
Kunernueckas sHeprus CUCTEMbI paBHa
12 )
X
2 0o
IToJsry4aeM OKOHYATEJbHO

BapwaHT 2

E, =2m T.€. My = 2m .

1. F=45H. 2.0v=250cm/c. 3.1=25mMM.
4.p=35amm. 3. q =120 mxKn. 6. Q =480 Ix. 7.k =3.
8.f=15cm. 9./=120M. 10./=13m. 11. n=8%.

12. O6o3HaunM Yepe3 X [JIUHY YaCTH CTEPKHSI, 3aeXaBlieil Ha
[IEPOXOBATYIO TIOBEPXHOCTD B MOMEHT BpeMeHHU , depe3 my —
Maccy aToro Kycka: my = mx/l . JlefictBylomas Ha cTepsKeHb B
9TOT MOMEHT CHJIa TPEHUsS paBHA

Fypy = umyg = P-IXQ
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YPaBHeHI/Ie JIBUJKEHUA CTEPIKHA UMEET BU/
m
W o
[
JTO YpaBHEHUNE COBIIA/Ia€T C YPAaBHEHUEM [IBUKEHUSA I'Dy3a Mac-

COii m Ha IPY’KUHE YKECTKOCTbIO Ry = ki g . Ilepuox xonebanmii
TAKOTO MasITHMKA PaBeH

_zn\f an

C Y4Y€TOM TOTO, 4YTO B HavaJbHBII MOMeHT x = () (ﬂBI/I}KBHI/Ie «Ma-

ATHHUKa» HaUMHAETCA M3 ITOJIOKEHUA paBHOBeCI/IH), TIOJIy9YnM

2
X = Asin—nt,
T

riae A — «aMIumTy1a KoJeGanuiiy, T.e. MAaKCUMaJIbHOe CMelleHne

crepkHst. CKOPOCTb CTEPIKHSI UBMEHSIETCS TI0 3aKOHY

v=x"=A4- 2n osz—t—vocosz—t
T T T

Jlna MOMeHTa BpeMeHM, Korjia 0 = Uy/2 , mosydaem

T m L0628 ¢ = 628 wc .
6 3\uwg

CAHKT-MNETEPBYPICKUN [0CY.EI,APCTBEHHbII7I
NONMMTEXHUYECKN YHUBEPCUTET

Maremartvka

BapuaHT1

fox+1.2.-1/5 3.2 4.-2.5. (6+6-42)/12. 6. 22,
7. [-3-1)U{1}. 8. 1; 2. 9. (1; 1), (25; 25). 10. —1.

1. (-2V12) . 12. 2nn, n/4+mn, neZ . 13. 1. 14. 3.
15. 13m/12, 17n/12. 16. [-1; -1 /4]. 17. 25 . 18. 3.

19. —-w/4+2mn, ne Z.20. 33/70.

BapuaHT 2

1.3.2.2.3.a<b. 4 -2; 1.5.12.6. (0; 5). 7. —1. 8. 780.
9. —n/d+mn, neZ.10. (1; -3), (3; —1). 11. =5 /2.
12.1/3.13. y = 1+ x. 14. 5.15. (1/3;1/2) U (1/2; YU (1; + ) .
16. w/4d+mn, ne Z . 17. n/6.18. 49/81. 19. 64/3 .

20. [-8; - 3/4]U (0; + o).

XXXV MEXXAYHAPOOAHAA ®U3UNYECKAA

ONIMMINNALA
3agaya 1
272 2
B L A
2d° d ]
2y _n’ n’ 1+ [
d) a=———, B=2gd ; = ;
) m 1-n’° b=29 1417 e 1-n 2md?
2
- ) 2
U = 1 n2 mgd <UL I, :# ‘X‘m(1—ﬂ2).
t+n° [« (1+m)(1+n%)
3agaua 2
p . Ml;gz() .
F =nM b =222 =535;
2) " ”g;r D+ Ap ) RT,
3
4kRT n/(n?) 1
) A AT -AT7); D) a=Lr —=011;
¢ ap= % ( ) Ny Yl

e) A" :\/(1+1j(1_MJ7‘3 =214, 2" =11 k™.
a A nM,

2005/ No2
3agaya 3
F,
a) A= . =, tg@ = ———; IpM peso-
\/b2w2+m (co —co) m((oo—(o)

Hance A =L u Q= uy
bw, 2’
1 Uy
b) =0y, Uyy = UUsgcos @y ; ©) U=
2 2 b,

AQ=1,75-10"% kr; e) of = (»(2)—0—2;

_b
Jk/m ’ m
f) dy = 3—"—=— keqQ = 41 HM.

\ moy,An,

MOCKOBCKAS CTYAEHYECKASA ONIMMIMUALA
No ®U3UKE

d) Am =

1. BexTop nepemMelieHns NepIeHANKYIIpeH HauyaJbHOI CKOPOCTH

U paBeH Ar:%.
qB 1
2. UZ\/EUQ. 3. A:ocolx/i. 4. (p:2arctg§.
2 : 2
5. AT =72% 6. A= V(p-p). 7. F=— 2 .
3p 2 4,46meyR
2
8. [ = 2ld 9. [ =250%1,.
3a
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IMMAXMATHAYS CTPAHHYKA

CarA
O BPUCCAIO

B ceprabpe-pxratpe 2004 roga p meeih-
papreos ropoge Bpaocaro cocromics
MATH HE NEPBEHCTIO MEPA 00 HMAXHATAM
(¢ BENACCTNIECHI BOHTRODE Bfekiei )
MEBLTY YCMITHONDM MADS [OCCHANHIGM
Bragmmapos KpaMemsos @ mperesges-
TOM KA EOPOHY BEHMEPCERM TPOCCMeiioTe-
pos Tetepor Jlexo, Mara sagosEnca
CO CHCTOM 737, W N0 pErAAMceTy (nno
crapiEBoll Tpamgan ]} Kpasany coxpa-
B cBodl THTYAL

[epeyw napTimo BEHTpAt Kpaonm —
BT COMMEPITHE, BOIMORING W1-33 CTApTO-
BOID BOMHCHHS, B HITMElE0 SHAUNTLEE
AcficTROBAA CAMITEGM weypepeano. B
CAETYEIMAE TReX MEpTas acofsul Goph-
finr e mmynanck, Tlaxspromen Gomern-
UHH (GhLAN PASMAROEIHE — BAKSH CEY-
gal B mamo#i ecrpees Kpasmime yxe B
AefirTe MEpelle] B OROHMAERe Ge3 I
KR, WOTOROC CHHTAIOCE TOSTH HAAScl-
Huis. Ho Jlexo eymMen peainaossTs same-
puRabaml nepepec, Cyer cpasuanca. B
mecToll MapTH OPeTEIIenT To%e MoTy-
SR ACOTIILGE EpeRs, B0 K oo meMy
VAMBICHNE yEe Ha J0-M DOOy Openio-
wia wHub, BecupetEn ppoTesana ®
CHEIVEIMIAN [MAPTHE. A BOT B BOCEMOR
Jlemn coann WaCTOADE meaenp Wonn-
HIEd BalEps.

Kpamuux = Jexo
Henanckaa maprHa

leded2 & 3 Reb 3. Lb5ab i,
dhpd G5, 0-0 LeT 6. Hel b3 7.
A b30-0. 8 c3d59, ed & o5 10, & 263
@ oaedil, Buedeb12, 44 £ d613, Bel
Eha 14. g3 =h3 15. E ed g3. Paswur-
pan ocTpoiimnl BApHANT £RCORIEEE —
eoETpataka Mapimanna, B Eoropall wep-
HE#: WEPTOVET OCIIEY 30 HHHEIRAATHOY
16. B 8 hd. Jo cux nop siecs ofibe-
00 TPOHCEOTEA paased ma f1, o scpimee
Apfamanies HEdsedl, ClgHAK0 MaTonsR
VITHIG YEE WET, M © AHmAef nemxod
Kpassng cofEpanci GOarpate Ha Enlar-
pam. 17, @42 A5 18, 3. Momno
CAETATH HOBEHEOH, HO X000 (MEERZEH:
OPHIHHATE BEPTHY EASeCTR, COAJARAE
OGNk MOMALIE Nemesedl meHTp, HeT
mxakrn cupcan, 18,.. &6 19, Bel
Haed 20. B:e8 O:eB 2, ad &g6 22,
ab & d3.

23, #rRY? Ha pocke guBsdusecxos
papHnBCCEe, W oceiac mocoe 23, B dl
o224, Be2 £4325 8 d1 napracpa
MOTTH PRICHTACE O Mupoe, Buecro smoro
e ubie oA depad, B0 Seprish Opakh-
macTCA weRopperTindil A mocoe waTea
SCMIHOH WHPpA CIL0ad VAHERTCIRHDE
OpSEIHARAE TOMHIHA HA JAATPasMC B
Aaske TOCIEIEADN 00 §epaes B3 THEL

Ao

1
i
a

R W |
&
ﬁﬁﬁ

A
2 0 j= i)

I P KITOTOREE K Eapra, [loayaet-
e, 0 F s s OO et [T HED J0MA,
e CACARA B GIHONG CRoern ToE. TTopa-
SrTeNbHbI cv il 208 METT B EpBen-
cTO MHpal A BOE em0 B TOM, YT AR
naaHI Kparinie ¢ DosoDIHHEENH 5
BEPHAH POANaINIHPOESTE CHABIGMY
KOMIESOTERY, W O He ofHapy®ERa aa
Genx MHEARHE HISCH0CTEE.

23... Bed] 24, B:ed, Mnoxow24. ba
B:f225 &:f2 trh6 26, B pled 27. 03
T ed! ¢ BeoTpassuG YTp0dEME. 2. ..
& 12 23, ba, C nemeodl <ax, pummo, o
Oelal CHARAHEL BOS HAMEHIL SeMIBO0EI.
Ho nocseaonaae... 25,.. 8 d3] Heomn
JEHBG Fropeenne Qepet — HacTOsma
waTacTpodia s Goawx, 26, 8 2, Mae
X0 Tarcee 26, a7 Bed+ 27, &gl A 3]
B @3 Eed+ M Eh @egd! 30
sl + ol M. A3 2T W3
Bed+ 25, Tel @3l 29, he B cd+
0. @2 B iad. Kpalinas memmes deakm
ocravonacma, 1. a7 hE 32, hd gd.
Beane caammce. Jlynmes gocTiDEcaHE
Jlexo B MaTaE

B mensrrodt maprim ofia oommepHIlEL Opn-
AoRas B ocefs nocae Sypnoll cxRaTER,
MHPHEIM HCXO%0M JABEDINLTACE H Be
cacayrume sorpey, Toxowme, pearepe-
kHH rpoceselicTep, el B CTETE, PRIOED
AofpaTRCA A0 EINnER ma mEEhE, o
nogreepyiaa W 12-a oaprin - B Bel

UPETEAIEAT GTPAIRA BCE ¥ITOM conep-
GHEA, S0 GoelorD EpEESca |

MMECTD TOrD, ST06M DTHTATHER Aaxpe
MfTE YCOEX, OIATH COCASCANCA Ha HE-
ynkr, B 136 napran nperennenT Syaoe
craccd, o B 14-I yae Be cMOr YOTOATE.
B mparmircoRmn sMoscam aporny s, nepes
&0 HEe BRTE[SEANN, 3 SeMIIICH MIIpa,
pREHOpOT, IPOANELT XARAKTER.

Kpamemx — Jceo

Jamera Kapo-HKanm
f.cde6 2, di d5 3, 5 &5 4. bd b6
a3, g4 A7 6. 8 d2. Pencnii COyHai B
MLAIIE JHAC BOBEHKA [PHMELASTCH VI8e B0
HICTOM KON, A BeTh ST K1 BT e
qamack e B 1961 rogy B samic-pesasme
Tamw=EBoromooms, Tuan wpas 6. hS, »
fenue wevero we qodicascs, §...e53 7. de
BB Bb3 L e59. & el Wad+ 0.3
Broedil, 83 2e712, A d3 & bef 13,
ﬁ.tﬂ. lpenzmeraysn d5=cld. 13... a5
14. ®d2. Bosgpena paccrapoers dw-

[ = = =

ryp, KApaxTeptan Lan dpanyeceod sa-
mATHE. ¥ (eikl DpeEMyIEcTBS JIEYX
CAMI B IEROTUHE UHERE 1 KOpi-
BEECHOM UIEHDE, HO [0HA eLIS HHYEOD
orEcAnrs s vepasix mer, 16, 8 g 13,
& dd, [lemra 65 B ONACHOCTH, B GEILE
DHITPRTEAN BATA A peuisen chepoesi,
15.?:‘::1! 16, eod ®:d24 17, &ud2
@418 Hacl hs 19. Bhgl & o6 20
gh & :h3 2. b4 [amcw teans ceAzaAk
€ nOAIEes el ace, w Kpasom
BEEYCHD HeEabayeT ux. 2... a6 22, ad
= dEF [Taccommn wrpa peeT K IpasaTi-
yeckoMy koumy. Heofxzogmmo demo
2 &ad 3 Be7 LbS, nowepnme
faaronorrsEo gepaELmes, 23, € g3 B ed
24, bS @ M. Pemaoupsit npoaas, 25, b
i :dd 26, 2:d3 B 827, BB+ BB
28, Bel &ch29. &7 B :b430, &d46
2di 3. g g1l Jatea eTopraeTeA 0o
AMHAR sgE, W EHE IO ALK
paercA. ... B b3+ 32, @2 Bal 33,
g7 E:ad 34. fil Peomamamed mapar
pemkd +f+. 3... g a2+ 35, &3 Bal+
36, S Bd3 AT 65 B odi+ 3. Dgs
E{ﬁﬂ &f6 Bgd 0. 27 Hhd 41,
+,
i

2|
]

i U
iA a8
LA A

1

Kpaqunk offaent max xoges, B Jeso
noipAmLET B c Eedeani n iEpETEE 8 s
waToe spnay 41... Rel 42, BB+ 247
43, BB =, Peomsdi caysadl, sorm mo-
£THHOHK 38 NIAXMATIYE KOPOITy 3ABe[ma-
eTeE MaTm]

Ja, B ansnsorHTe el setpese Kpas-
M IO CINFTIENE R o Fac-
napopa; B MaTie ¢ Kapnoewm B Cepmee
ol987 mogy, oTCTaRLE B3 OUKD, TOT M-
TAHTHO BLIATPAT PEIIEKOTYE OEPTIE,
CPLMEY CHET W OTCToEA Coll Ty,

Hrax, Kpameme, wednmmos wMHEpa @
ILTHCCIRE, DCTEACH Ha TPISE, § S0 npse-
mecTeeEAREY Fappa Kacnaposy 8 2005
TORLY IEPEIETONT CRIITIEME MIlTS © M-
noM Mupa DHIE Pyretasos Hackodma-
poney, Econ naane pe copeyTes, o
Do IHTETh BCTPCTITCA B Ol THEITC Tk
mid saree © Kpamnaom, @ ocTaneres
TOVILED DOHE REAXHaTHE gopoab. CEo-
st noETT, B 4|:|1-|1||a.“ nnrdmer 13-8 wes-
MI0H MEpE, B JHAYAT, HAC AT QOArs-
AR SRR Relo ST I'i[ﬂurmr:-}{m
napae.

E. i
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