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KONNEKLUWA TONOBONOMOK

2-3.omd

IAEYHbIA KARDY

Meped Bamu 2oncBoromka <<acyrbus ko>,
L ocraroswo odHozo Bzanda Ha Hee, yTOSel hoHsTe
202Q4y — HY?CHD OTUehiiTe hpoBonoyHoe koneuo. MoncBo-
NOMKY NZZKD COZNITE CAMOMY, UCKODR U3 POTOZPOPUIU.
EQumcTBennoe yenoBue: uehoska doNreHg Sbirb D0CTaT 04—
HO KOPOTKOU, YT 0SB @2 HZN6ZR SbIND CHATS C KNOYQ, HO hpLs
ITOM — DOCTATOYHD DNAHHOU, 470561 BuceTeb cROSODHD 1

HE M2 OT b BLez Huko koNouq). ABTop et 2000h0NOMKL
— mockBuy Kupun M peSucl (<cKBanr> yree HeodHo-
KPOTHD hACON D 220 DPUZUHONSHBIX LZ05PETCHUAE).
WUenonezobares eacymeus knoy B koreT pykuiiu hpe dno—
vetan bmuir pua TeBriukiih,

_ EE huparHoh
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KBaHT ;228 No

HAYUHO-HOIIYJAAPHBIN ®U3UKO-MATEMATUYECKUN KYPHAJ
N3JAETCA C AHBAPIA 1970 TOA

B Homepe:
HAHOTEXHOJOTINN
Wm 3 MN3amepseM NPOYHOCTb TeN OT HAHO A0 Mera. A.BosibIHCKuA,
J1.5pbieBa
y”peﬂ"'HT:;:("' EESECHMOE(ZS;;:”W”“ 6 Mpamas CunbBecTpa (OKoHYaHue). C.TabayHukoB, B.TumopuH
. 11 BeposaTHOCTHbIE OokazaTenbctBa. A.LLleHb

byHAaMeHTanbHOM Haykn 1
ob6pasoBaHus (PoHa OcunbsaHa),

NDTT PAH SAJAUYUHUK «KBAHTA>»
Waparens — OO0 HMM OO 16 3apaun M2154-M2160, d2160-D2167
«biopo KeanTtym» 17  PeweHus 3agady M2131-M2138, ©2145-D2152
TJTABHBINI PEJJAKTOP
C.C.Kpotos K M I
PEIAKIIMOHHAS KOJIJIETHUS 26 3apaqu
) 27 KoHkypc nmeHun A.lM.CaBunHa «MatemaTtrka 6—8»

Afl.benos, 10.M.Bpyk, A.A.Bapnamos, 27
A.H.BuneHkuH, B.U.N'onyGeB, C.A.ropaioHuH,
H.N.Jon6unuH (3amecrurens rnasHoro

pesakTopa), B.H.[y6posckui,

MewaeT nu ntnuam nonyTtHbI BeTep. H.KoHCTaHTMHOB

OUBNYECKUN D®AKYJIbBTATUB

A.A.Eropos, A.B.XKykos, 30  CronkHOBeHVEe camosneTa C ... NTUUen. B.BbIlMHCKME
A.P.3unb6epman, B.B.KBepep (3amecruresns
npescenarens pegkosnermy), N.A.KoxXeBHUKOB, KAJE I71 NJOCKOTI «KBAHTA »
B.B.Ko3noB (3amecturens npeacesarens
peaxomterm), C.N.KoHosanos, A.A.JleoHOBMY, 32 Nrpbl
10.M.JIbicos, B.B.Mpoussonos, H.X.Po30s, _
A.B.Cocunckmn, AJl.CtaceHko, B.I.CypavH, MATEMATUYECKNUU KPYJXOK
B.M.Tuxomupos, B.A.Tuxomuposa, B.M.Ypoes, <
AM.YepHoyuaH (3amecrvTens rmasHoro 34 OT npsamoit CumcoHa no TeopeMsl Opos-PapHu. J.LLIBeLos
peaaTops) MPAKTUKYM ABUTYPUEHTA
PEJAKIIMOHHBIN COBET 38  Tepesapsaoka koHgeHcaTopos. A.YepHoyuaH

A.B.AHpxaHc, B.W.ApHonba, M.U.Bawumakos,

B.N.BepHuk, B.r.bonTtaHckuin, A.A.BopoBoit, OJTUMITNA T bI

H.H.KoHcranTtuHoB, IJ1.KotkuH, C.N.HoBuKoB, 42 L MexayHapoaHaa matematuyeckasa onvmnuana
n.j.dapnees 45 XL MexayHapogHas onMMmnunaga WKOJIbHUKOB Mo GhUsnke
NMHDODOPMAILUA
PEﬂAKII“g;{OH;\gﬂ}iO]m”“H 24 [eknapaums oprkommureta KoHkypca «CBOBOIHbIN NoneT»

50  OwuepenHoii Habop B OJ1 B3MLL
56 ®depnepanbHas 3ao04Has GU3NKO-TeXHUYeckas wwkona npn MDOTU
59 HoBbI NprEM B LIKOJIbI-MIHTEPHATbLI NMPU YHUBEPCUTETAax

TJIABHBIN PEJAKTOP
N.K.KnkovH
IMEPBBIIT 3BAMECTUTEJb
TIABHOTO PEJAAKTOPA

A.H.Konmoropos 61  OtBeThl, ykasaHus, pelueHns

JNLLA.Apummosuy, M.U.Bawmakos, 63 Hanevararo & 2009 rony
B.I.BontsHckmin, W.H.BpoHWTemnH, Mamsatn B.J1.M'vH30ypra (2)

H.B.Bacunbes, W.®.rmH36ypr, B.r.3y6os,
N.N.Kanmua, B.A.Knpunnun, IU.Kocoypos, Mamstn N.M.T'enbdparpa (10)

B.A.JlewkoBues, B.M.Jlnwesckun,

AW. Mapkywesny, M.J.MUnAMoHIWMKOE, HA OBJJTOJXKE
H.A.MaTtpukeeBa, H.X.Po3os, .
AT.CaBuh,W.LLLCrioGogeLikuii, | Unmoctpaums k ctatbe A.BosibiHCcKoro v J1.51pbieBoi
M.J1.CmonsiHckui, 9.A.CMOPOAVHCKUNA, I Konnekuymsi rosioBo/IOMOK
B.A.®abpukaHnT, .E.LLHaiipep 1l LllaxmaTHasi cTpaHu4ka

ToBapHbI 3Hak «XXypHan «KBaHT» v lporynkun ¢ pusukosi

ABNSIETCSH COBCTBEHHOCTLIO
OO0 HIMM OO0 «biopo KeaHTym»

© 2009, PAH, ', B nspmaHum xypHana «KeaHT» GpUHaAHCOBOE y4acTue npuHuMaeT
®donp OcunbsiHa, XypHan «KBaHT» TEhEX‘J OAO «TEXCHAB3KCIMOPT»

‘ 01-15.p65 1 $ 30.11.09, 14:30 ‘
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NAMATU
BUTAJINA NA3APEBUYA TMH3BYPTA

Poccuiickag 1 MupoBasi HayKa [IOHECJIU TSXKEIYIO yTpa-
Ty. Yien W3 KU3HU BeJUKUN (DU3NK, 3aMedaTebHBIH
YyeJsIOBeK U Bblaomuiics negaror — Burtanuii Jlazapesuu
I'mus6ypr. Ero HayuHble paboTHI U Pe3yJIbTaThl M3BECTHDI
¢usukam Bcex CTpaH MUpA.

Akanemuk Poccuiickoil akagemun nayk (PAH), rokrop
¢usuro-maremaTueckux Hayk, npodeccop, CoBeTHHK
PAH, pykoBojuTenb HayyHOl rpymiibl Du3nveckoro mH-
cruryta um.I1.H.Jle6enesa PAH, aBrop okoso 450 Hayu-
HBIX paboT u 60siee 20 HayYHbIX MOHOIpadUil U yIeOHBIX
noco6uil, THOCTPAHHBIN YJIeH Ps/Ia HAYYHBIX OOILIECTB U
akazemuii, B tom uuciae Jlongonckoro Koposesckoro
o611ecTBa, AMEPUKAHCKOI HAIIMOHAJIBHOI aKa/[eMUu HAyK,
Esporeiickoil akagemun u 1p., Burtanuii Jlazapesnul'un- (4.10.1916 - 8.11.2009)
36ypr MHOTO YCIIeJ c/IelaTh sl (PU3MYeCKOil HAyKH.

B 2003 roy B.JI.Tuns6ypry (comecto ¢ A.A. AGpuxo-
cosbiM 1 J. [[5x.Jlerrerom) Gbliaa npucyxaena HoGenesc-

Butanun JlazapeBud MH36ypr

Kas IIpeMus 110 (bI/ISI/IKe «3a HHOHepCKI/Iﬁ BKJIa/] B TEOPUIO PauoBO/IH B ILIasMe, MCCJIef0Balo HeJuHelnoe Bo3/eli-
CBEPXITPOBO/IHUKOB M CBEPXTEKYUUX JKUJKOCTEH . CTBHE Ha HOHOC(EePY MOIIHBIX PAJNOBOJIH — TAaKOB JaJIeKO
Heub3s npesicTaButh ceGe TeopeTnyeckyio (hu3iKy Ha- HE MOJIHBIIT TIepeYeHb BIECYATIAIONMX PE3yIbTaTOB, TO.TY-
1rero BpeMenn 6e3 pazpaGoTaHHBIX MM TEOPHii, a poccuii- YEHHDBIX 00HUM YEJIOBEKOM.
ckoe oOpasoBaHne U OOIIECTBEHHYIO KH3Hb — 6€3 €ero B rteuenne 18 ner Burammii JlazapeBud BO3I/IaBIIsLT
HAYYHBIX, HAYYHO-TIOMYISPHBIX 1 ITYGIHIHCTIYECKIX TTPO- Teopernyeckuii oTjies DUMIECKOTO HHCTUTYTA — OJINH 3
usBesiennii. beckoneunas 106poKeTaTENLHOCTD B COUETA- OCHOBHBIX IIEHTPOB TEOPETUYECKOH (PUBNKK B Hallel cTpa-
HUU C BBICOKOHPABCTBEHHON I'PAK/IAHCKON IO3uIued u He. OH HeCKOJIbKO JIECATHIICTHI PYKOBONI Y HUKAIbHBIM
HAYYHOI MPUHIMINAIBHOCTBIO — BOT YTO OIPEJEJSIO esKeHe/IeJIbHBIM MOCKOBCKHUM CEMUHAPOM 10 T€OpeTHYec-
nosejienie Butanua Jlasapesuua B MHOTOYHCJIEHHbIX, koii ¢pusuke. C 1968 roga B.JI.Tuu30ypr BO3rJIaBJs
@ YaCTO HEMPOCTHIX, JKU3HEHHBIX cuTyarusax. OH MOCTOSTHHO CO3/1aHHy10 UM B MOCKOBCKOM (PUBHKO-TEXHMYECKOM HMH- @
3a60TUJICST O PA3BUTUU HAYKH, MHOTO U C TPEBOTOM JIyMaJi cruryte kadenpy npobaem Gusnku u actpopusuku. 3a
0 BOCIIUTaHUH MOJIOJOTO ToKoJenust. B.JI.Tuna6ypr 6oLt TOJIBI CyIeCTBOBaHus Kadeappl ee 3akondnmn Gosee 250
6JIM30K W HAIIEMY JKYPHAJY, OH IIeYaTaj CBOM CTaTbU B CTY[ICHTOB U aCIUPaHTOB, 0K0J0 90 M3 HUX 3almUTUIH
«KBanre», 6b1J TOCTOSHHBIM 4JICHOM pejKoJLternu « bu6- KaH/n/aTckue u okoJo 30 — JAOKTOPCKHE JAMCCEPTaliii.
JIMOTeUKH «KBaHT». Cpenn yuenukoB B.JI.Iuns6ypra — akajieMuKu U 4JieHbI-
B.JI.Tuns6ypr — KpyuHedmmid (pU3uK-TEOPETUK, €My KoppecnonieHTsr PAH.
NPUHAAJIEKAT Psifi (PyHIAMEHTAJIbHBIX Pe3yJIbTaTOB B B.JI.T'un36ypr Bcerja akTUBHO y4acTBOBaJ B pabore
00.J1aCTH KBAaHTOBO TEOPUH, TEOPUU TBEPJIOTO TEJIA, TEOPE- HAyYHBIX M YYEHBIX COBETOB M PEJAKI[MOHHBIX KOJIIETHI
THYeCKOil pasmodusnKn, acTpodU3NKN, TEOPUH CBEPX- HAYYHBIX JKYPHAJIOB — KaK OTEYECTBEHHBIX, TaK U 3apy-
IIPOBOIMMOCTH, ONTUKH, CIelUalbHOil 1 o6meil Teopuu 6exxubix. C 1998 rosia 6bLI TJIaBHBIM PEJAKTOPOM BejLyTIe-
orHocuTebHOCTH. OH y4acTBOBAJ B 0060 BaXKHbBIX HCCJIE- ro poccuiickoro (usndeckoro kyphasa «¥Ycrexu pusu-
JIOBaHUSAX, CBSI3aHHBIX C CO3JAHMEM TEPMOSIEPHOIO Opy- yecknx Hayk». B 1989 — 1991 rogax B.JI.Tuns6ypr 611
’Kusi. VIMeHHO OH GbLT aBTOPOM OJTHOI N3 OCHOBHBIX H/IEi, HapoaubiM jienryrarom CCCP ot AkajzieMun Hayk.
IPUBE/IINX K CO3/IaHMIO TAKOTO Opy>Kusi. MHOTHE Pe3y.Jib- Buranuit Jlazapesuu [uu36ypr oTMeuen cJeyionumu
tatbl B.JI.TuH36ypra npusHaHbl KIaCCUYECKUMHU, BOIILIH B narpagamu: HoGenesckas npemus (2003), 3osnoras me-
y4eOHUKN M aKTUBHO HUTUPYIOTCS KaK OTE€YeCTBEHHBIMH, namb «lOnecko—Humbe Bop» (1998), 3omoras mezann
TaK ¥ 3apyOEKHBIMI YIEHBIMH. Jlongonckoro KopoJieBCKOro actpoHOMHUYECKOro ooiie-
B ero pa6orax mpejickasato cyIecTBoBaHie TepMO3JIeK- crBa (1991), 3osnoras memanp . Pesepdopra (1981),
TPUYECKUX ABJIEHUIT B CBEPXIIPOBOJHUKAX, Pa3BuTa (hPeHO- Ipemus nm. [ix. Bapauna (1991), Ilpemus um. Bosbda
MEHOJIOTHYeCcKast TEOPHUSI CErHeTO3IeKTPUYECKUX ABIEHHUI, (1994 /1995), Jlennnckas mpemust (1966), Tocyrapcrsen-
coziana peHOMEHOIOTHYECKas TEOPUsI CBEPXIIPOBOIMO- nas npemuss CCCP (1953), Ipemus «Poccusmun roma»
CTH U CBEPXTEKYYECTH KMJKOIO T'eJIusl, CO3/laHa Teopusi (2006), Opmen «3a zacayru nepexn OteuectrBom» 11
KpucTasmieckux s(pPeKToB ¢ y4eToM MpOCTPAHCTBEHHOI crenenn (1996), Opzen «3a 3acyru nepes OreyecTBoM»
JIUCTIEPCUH, YCTAHOBJIEH KPUTEPUH IIPUMEHUMOCTH TEOPHH I crenenn (2006), Bospmas somoras megans um. M.B.
Jlanjgay asoBbIX II€PEXOIOB BTOPOrO Poja, yKaszaHa Jlomonocosa PAH (1995), 3osoras mepams num. C.I1.
BO3MOKHOCTb BBICOKOTEMIIEPATYPHON CBEPXIPOBOMMOC- Basunosa (1995), IIpemus um. M.B. Jlomonocosa (1962),
TH B CJIOMCTBIX CHCTEMAX 3a CYET 3JEKTPOH-3KCUTOHHOTO [Mpemus um. JI.V. Manzgenbmrama (1947), Tpemust « Tpu-
B3aUMO/IEIiCTBYsI, Pa3paboTaHa TEOPUs PACIPOCTPAHEHUS ym¢ (mayka)» (2002).

‘ 01-15.p65 2 $ 30.11.09, 14:30 ‘
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HAHOTEXHOJOIrun

I3MepsaeM NPoYHOCTb Ter
OT HaHO 10 Mera

A.BOJIBIHCKUU, J1.9PbILLEBA

ABUCUT JIMITPOYHOCTDBL TBEPJOTO TEJIAOT ETO

pa3MepoB? Borpoc MOXKeT 10Ka3aThbCs CTPAHHBIM.

[Tox mpouHOCTBIO OGBIYHO MOHUMAIOT HANPSKEHIE,
IIPU IOCTHXKEHUHM KOTOPOI0 TBEP/I0€e TEJIO paciia/laeTcs Ha
gactiu. O6parute BHUMAHUE — HANpsKeHue, T.e. CUJA,
JleJieHHas Ha TIoNlepevHoe cevyenne, a He mpocTo cuia. Cura
JIENCTBUTETbHO 3aBUCUT OT Pa3MepoOB TBEPAOTO TeJa.
Hampumep, uTo6bI pazopsarb OJHY HHUTb, JOCTATOYHO
OTHOCHUTEJIBHO MAJION CUJIBI, & YTOOBI PA30PBATh CILIETCH-
HBbI U3 9TUX K& HUTOK KaHart, HeoOXO[UMO 3aTPATUTh
cyliecTBeHHO GoJibliiee ycuiue. Ho ecin cuity oTHecTH K
MOTIEPEYHOMY CEYEHHUIO TBEPAOro Tea (B mepBoM cayvae
MaJyl0 CHJIY K CEYEHHUIO OJHOW HUTKHM, & BO BTOPOM —
6OJIBIITYIO CUJTY K CyMMe CeYeHUil BceX HUTOK, COCTABJISTIO-
IMX KaHaT), Mbl OJYYUM OJHO M TO K€ Pas3pyliaioiiee
HaTpsUKeHne, WM TmpodHocTh. Kaszamoch 6bI, OTBET Ha
3a/IaHHBII BOIIPOC TIOJIyYeH: HET, HEe 3aBUCHT.

O[1HaKO BCe OKa3bIBAETCS HE TaK MIPOCTO, €CJIi 00PaTUTD-
cs K TIpaKkTHKe. Y CTaHOBJIEHO, YTO MEPeXo/] BEIMecTBa OT
MUKPO- K HAaHOpa3MepaM BJIeUeT 3a cOO0I KayeCTBEHHbBIE
U3MEHEHWS B ero (PU3MYECKUX, MEXaHUYECKUX, (PU3UKO-
XUMMYECKUX U JPYTHX CBOIHCTBaX. JTW M3MEHEHUS Ha-
CTOJIbKO Pa3UTEJbHBI, YTO TIepe/l YUYCHBIMU BCTAET HEOT-
JIO’KHAS 3aJlauya M3yYUTDb U TTIOHATD MEXAHU3M MX BO3HUK-
HOBEHHU4.

Yem oTnmnyaiotca TBepAable Tesna, nMmeruimne
HaHOpa3Mepbl, OT 0ObIYHbIX TBepAbIX Ten?

Camoe oueBHHOE OTJIMYKME — YCHUJEHHE POJIU IPUIIO-
BEPXHOCTHOI o0stacTu. BaanmopelictBue MeKIy MOJIEKY-
ngamu (aToMaMM) Ha MOBEPXHOCTH OTJIMYAETCS OT 00BeM-
HOTO B3aMMO/IEHCTBIS, TIOCKOJIbKY MOJIEKYJIBI HE UMEIOT
cocefieil ¢ BHentHell ctopoHbl. C yMeHbIIeHNeM pas3Mepa
o6pasia BKJIAJ MOJIEKYJI, HAXOISIIUXCS B IMOBEPXHOCT-
HOM CJIo€, BO3pacTaer. TO MOKHO IPOCJIEAUTh Ha IIPU-
Mepe TOro, Kak M3MeHsIeTCsl OTHOlIeHne o0beMa IOBepX-
HOCTHOTO ¢JIos K mosiHoMy oObemy. [list cdepudeckoro
o6pasia pazMepoM 1 MKM TTOBEPXHOCTHBIH CJIOH TOJIIIN-
HOH B 1 HM COCTABUT HHUYTOKHO MaJIyiO JOJIO, B TO
BpeMst Kak /Jisi o6pasma pasmepoMm 10 HM ara ouis
npubsmxaercs Kk 50%.

Takum 06pa3om, B 0ObEMHBIX, OJIOUHBIX, TBEPJIBIX Te-
JIaX BKJIAJ TOBEPXHOCTHOTO CJIOSI B MAaKPOCKOIUYECKUE
CBOICTBa KpailiHe MaJj, U UM OOBIYHO IpeHeOperaior.

Sra cratbs onyb/mKoBaHa B pamkax 4orosopa ¢ 'K «POCHAHO-
TEX»
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OnHaKO KOT/la pa3Mepbl TBEPOTO Teja JeJaioTcss Mabl-
MU, COU3MEPUMbIMH C MOJIEKYJISPHbIMU paszmepamu (Ha-
HOpasMepaMmu), BJIHSHKUE MPUIOBEPXHOCTHBIX CJIOEB CTa-
HOBUTCS 3HAUUTEJbHBIM, 1 CBOWCTBA BellleCTBAa KayecTBeH-
HO U3MEHSITCS.

I/I3mepﬂeM HaHOMPO4YHOCTb

Hecmorps na yake JOCTUTHYTbIe Pe3yJIbTaTbl B U3yUeHUH
CBOICTB BellecTBa B HAHOCOCTOSTHUH, MTPO6IeMa MPOYHOC-
TH MaTepuaJioB, UMEIONINX Pa3Mepbl eIMHNI] — JEeCSITKOB
HAHOMETPOB, TOKa Jajeka oT cBoero penrenus. OTcyT-
CTBUE JAHHBIX O AeOpMAIMOHHO-TIPOYHOCTHBIX CBOIi-
CTBaX TBEPDBIX TEJ B CJOSX HAHOMETPOBOTO HANA30HA
00yCJIOBJICHO TJIaBHBIM 0O0Pa30M 3JKCIEPUMEHTATbHBIMU
TPYIHOCTSIMU.

CranjapTHblil TI0/IX0/1 K OIlEHKE MeXaHUYeCKUX CBONCTB
TBEP/JBIX TeJ BKJOYaeT B ce6sl M3roTOBJeHUWE 06pasiia,
HOMellleHHE €r0 B 3aKNMbl J1e(hOPMUPYIONIEro yCTPONHCTBA
u rechopMupoBaHie 06pasiia, CONPOBOK/IAIONIEECS Peruc-
Tparueil HanpsukeHuit u gedopmarnuii. B nannom ciydae
TaKOW TIOJIXOJI OKa3bIBAETCS COBEPIIEHHO Hed(hHEKTHB-
HbIM. /lelicTBUTENbHO, TPYAHO cebe TIPe/ICTaBUTh, KAaKUM
00pa3oM MOKHO U3TOTOBUTH 00Opasel TomuHoi B 10 HM,
MOMECTUTD €TO B HEKOE YCTPOICTBO, MOIBEPTHYTH e op-
MaIlli¥ U U3MEPUTb COOTBETCTBYIOIEE HATIPSIKEHUE.

[ToHsATHO, YTO pa3BUTHE HOBBIX METO/IOB MCCJICTOBAHNUS,
CIOCOOHBIX JIaTh JOCTOBEpHYIO mMHMoOpMalmio o ¢yHaa-
MEHTAJBbHBIX CBONHCTBAX HAHOBEIIECTBA, OUEHD aKTYaJbHO.
[l mpakTHYecKoro pelleHus TON 3ajayu Ha XUMudec-
KoM dakyabrere MIY um. M.B.JlomonocoBa 6bL1 nipeji-
JIO’KEH HOBDIH I10/IX0/l K OLleHKE MeXaHUYeCKUX CBOUCTB
TBEPABIX TEJ, KOTOPbINl Gazupyercss Ha 0OHAPYKEHHBIX
paHee byHIAMEHTATHHBIX Je(DOPMAIIMOHHO-TPOYHOCTHBIX
CBOICTBAX TIOJUMEPHBIX IJIEHOK C HAHECEHHBIM Ha WX
MOBEPXHOCTH TOHKUM MOKPBITHEM. B aKcriepuMeHTa bHOM
MJIaHe TaKo# TOJX0/1 OUYeHb MpocT. TBepjoe Teso, CBOI-
CTBA KOTOPOTO HEOGXOIMMO OIEHUTb, HAHOCHUTCS B BU/IE
ToHKOTO (IpakTH4YecKku 060 TOMIMHBI, B TOM YKUCJIE U
HAHOMETPOBOIT) CJIOS HA MOBEPXHOCTD MOJUMEPHOI TJTeH-
Ki. MeTo/bl TaKoro HaHeCeHHs XOpPOIIO Pa3paboTaHbl,
MIOCKOJIBKY ITOJIUMEPHBIE TIJIEHKH ¢ TOHKUMHU TTOKPBITUSAMUI
HINPOKO HCHOJIb3YIOTCS Ha IPAKTHKE.

Okasajoch, 4YTO €CJu Takylo IJIEHKY C IHOKPBbITHEM
MO/IBEPTHYTH MPOCTOMY PACTSIKEHWIO B OJTHOM HaIIpaBJie-
HUU, TO Ha €€ TMOBEPXHOCTU TIPOU3OMIYT yIAUBUTETIHHBIE
npespanienusi. Ha pucynke 1 npe/craBsieHa sjaeKTpoHHAs
MUKpOdoTOrpadgus MOBEPXHOCTH MOJTMMEPHON TJICHKU C

30.11.09, 14:30



HAHOMETPOBBIM I10-
KPBITHEM TIOCJIE €€ pa-
CTSKEHUST B IOJITOPA
pasa. Jlerko BumeTs,
YTO PACTSKEHUE MMe-
€T YIUBUTEJbHbBIC TIO-
CHC/ICTBUSL — TIOKPBI-
THE pacIaJaeTcss Ha
MHOKECTBO CUJIBHO BbI-
TAHYTHIX (TI0YTH O/THO-
MEPHBIX) OCTPOBKOB
MIPUMEPHO OJIMHAKOBO-
ro pa3Mepa, OpUEHTHU-
POBAHHBIX TIE€PIEH/U-

A
030533 20KV

Puc.]. [ToBepxHOCTs 0b6pasLa rosm-
BUHWIIXIIOPUAE, HA KOTOPbIV HaHEeC-
7111 TOHKUY (16 HM) Crovi nnatike - KXY TAPHO - HallpaBJie-
110C/1€ 3T0r0 PaCcTaHy/v B Harpasse-  HUIO PACTAKEHN, 1 Ha
Hm CTpenku Ha 50% nmpw 90 °C - TIOBEPXHOCTH TLIEHKU
(n306paxerme roy4eHo B CKaHW-  BO3HUKAET yIMBUTE/b-
pyIoLeM /IEKTPOHHOM MUKPOCKO- 1o peryasipHbIi MIK-
re) popeabed. ITopaxkaer
YeTKasi PEeryJsspHOCTb CAMOIIPOU3BOJIBHO BO3HUKAIOIIETO
pesnbeda u cTporasi OpUEHTAIMSI €r0 HJIEMEHTOB OTHOCH-
TEJIbHO OCH PACTSIKEHUs. Y TIy6JIeHus: 1 BEPIIMHbBI BCETa
OPUEHTHPOBAHbI CTPOrO B0Jb (TapasijieJbHO) OCH PACTS-
sxernd. [Ipu ¢pparMeHTanMy TOKPLITHS TaKKe TOCTUTACT-
csl BBICOKasl CTelleHb mopsaka. Takxum o6pasoM, IpH
PACTSKEHWH TIOJUMEPHOH TIJICHKH € TOHKHUM TBEPIBIM
MOKPBITHEM 06Pa3yIoTCs BBICOKOOPTAHN30BAHHDIE TIEPHO-
JINYECKUEe CTPYKTYPHI.

C duem cBA3aHbI HAGOJaeMble U3MEHEHUS B TIOBEPXHO-
CTHOM CJIO€ TIOJIUMEPHOH TJIEHKH ¢ TOHKUM TOKPBITHEM?
BaxxHO OTMETHTB, YTO IIOJUMEPDI, XOTS U SIBJSIOTCS
TBEP/IbIMU TeJIAMU, HO, MOJ06HO KUAKOCTIM, 11pu 1eop-
MAIlUU CTPEMSITCS COXPAHUTDH TIOCTOSTHHBIM CBON O6BEM.
ITO 03HAYAET, YTO PACTSIKEHWE B OJHOM HAIPABJIEHHUH
COITPOBOK/IAETCST COOTBETCTBYIONIUM CkaTieM (KOHTpaK-
1Meil) MJIEHKU B HAIIPABJIEHHUH, MEePIEHNKYIIPHOM Jeii-
CTBYIONIEN pacTsaruBaomieil cuie. [[pyrumm ciaoBamu,
noJIMMepHas TMJIEHKA UCIBITHIBAET /[Ba BUAA JAedopMaIinu
OJIHOBPEMEHHO: pacTskenne n (B HOPMAJbHOM K HEMY
Hampasjaeann) cxkarne. OUeBHIHO, YTO M HAHECEHHOE Ha
MOBEPXHOCTD MJICHKU MOKPBITHE TaKKe OY/IET UCIBITHIBATD
o6a Buja Hanpspkenwii. OKasbiBaeTcsl, UMEHHO ClKaTHe
OTBETCTBEHHO 32 BOSHUKHOBEHNE PETYJISIPHOTO pesibeda, a
pacTskeHne BbisbiBaeT pasjienenne (paspylieHue) mo-
KDBITUSI HA OT/IeJIbHbIE (DPArMEHTBHI.

DKCIIEPUMEHTAJIbHOE U TEOPETHYECKOe WHCCJeI0OBAHNE
06HAPY>KEHHOTO SIBJICHUSI TI03BOJIMJIO pa3paboTarh yHHU-
BEPCATBHYIO METOINKY OIEHKM MEXaHWYECKUX CBONCTB, 1
B YACTHOCTHU TIPOYHOCTH, TBEP/IBIX TEJI B CJIOSIX MPAKTHYEC-
KW 0001 TOJIIUHBI. Y CTAHOBJIEHA YeTKask CBS3b MEXKIY
HaOT0/JaeMbIMI OCOOEHHOCTSIMU (DparMeHTAIlN U pesibe-
¢oobpaszoBanus MOKPHITHS TTPH J1e(DOPMUPOBAHUY TTOJTH-
Mepa-Mo/IJIOXKKA U CBONCTBAME MATepPHAIA MOKPBITHS U
noatoskku. Tak, cpeanuii pasmep (L) dparmenTa paspy-
IIEHNs B HAIIPaBJEHUN OCH pacTsiKeHust (CBETJIBIX T0JI0C
Ha PUCYHKe 1) OKa3bIBaeTcsi PaBHBIM
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re 2 — TOJIIMHA TIOKPBITHSL, Opp — IIPe/IeJI ero IPOYHOCTH
U G, — HalpsDKEeHHEe B MOJJIOKKe. 3HaYeHHe /2 U3BECTHO,
BEJIMYNHA G JIETKO OINPE/IEJISIeTCs] B 9KCIIepUMenTe, a L
npsiMo m3Mmepsiercss Ha Mukpodororpadun. Takum ob6pa-
30M, JIaHHOE COOTHOIIEHUE JAeT BO3MOXKHOCTDH MPOCTBIM
MyTeM HAXOAUTh BKHEUIIYIO XapaKTEPUCTUKY TBEPIOTO
TeJsIa — IPOYHOCTD B CJIOSIX IPAKTUYECKH JIIOOOK TOJIIIHDI.
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Puc2. 3aBucumocty npoyHocTy 3on101a (1) u nnarminel (2) or
TOJILUVIHBI METASITNHECKOTO CII08, HAHECEHHOIO Ha MIEHKY 10/14-
sruneHTepe@ranara (nneHKy C oKpbITUEM PaCcTIrvBamy Ha
100% rpu 90 °C)

Terepb MOKHO MOMBITATBCS HCIIOJB30BaTh (HOPMYTY
(%) [I9 OLEHKW IPOYHOCTH TBEPJAOrO Teda B CJIOSX
HAHOMETPOBOro juanazona. Ha pucynke 2 npeacraBiena
3aBUCUMOCTD TIPE/esIa TPOYHOCTH TLIATHHBI U 30J10Ta OT
TOJIIIMHBI METAJLJIMYECKOTO CJIOs, HAHECEHHOro Ha I0JIM-
aTuienTepedTanaTHyIO TIeHKY. Buano, 4yro B untepsae
totH OT 30 710 TPUOIU3UTETHHO 15 HM TPOTHOCTH 060UX
METAJIJIOB TPAKTUYECKH HE 3aBUCHT OT TOJIIIUHDBI U COCTAB-
aser 180—220 H/MM2 i 3os10ta 1 250—300 H/MM2 JLIST
[JIATUHBI. DTU 3HAYEHUST XOPOIIO COTJIACYIOTCSI C U3BECT-
HBIMHU 3HAYEHUSIMH TIPOYHOCTH IS GJIOUHBIX METAJIOB
(176-250 H/MM2 g 3omota u 240—-351 H/MM2 JLIS
naaTuabl). B TO JKe BpeMs, NPU yMEHBIIEHUH TOJIIHHBI
MOKPBITHS HIZKE 15 HM MPOYHOCTh 060MX METAJJIOB HAUH-
HaeT BO3pacTaThb. /IS TLIATHHBI JIOCTUTAETCS 3HAUYEHUE

1500—1700 H/MM2 , s 3o0ta — 10 2800 H/MM2 . ITo-
JIy4aeTcs, 4To MPOYHOCTh MeTaJljia B HAHOCJIOSIX 110 Kpai-
Hell Mepe Ha MOPS/IOK TTPEBOCXOUT TTPOYHOCTH GJIOUHOTO
MaTtepuasia. llpuBe/ieHHBIC pPE3YJbTATBl MOKHO CUUTATDH
TepBOH MPSAMON 3KCIIEPUMEHTATbHON OIIEHKOW MPOYHOCTH
TBEPJ/IOTO Tejia HAHOMETPOBOTO pa3Mepa B YCJIOBUSAX €ro
pactspxenusi. Kpome Toro, aTi JaHHbIE TO3BOJISIOT IPOBE-
CTH YCJIOBHYIO TPAHUILY MEXK/y Pa3MepaMu TBEPOro TeJa,
B JIAHHOM CJIy4ae MeTajlia, B 06bIYHOM 06BEMHOM COCTO-
SHUU U B HAHOCOCTOSTHUH.

WTtak, orBer moJjy4eH: TPOYHOCTb TBEPAOTO TeJja 3aBH-
CUT OT €ro pa3MepoB B HAHOPA3MEPHOM /[Mara3oHe, Mpu-
4yeM yeM MeHbIlle pa3Mep, TeM BbIllle MPOYHOCTh. BajkHo
OTMETHUTD, YTO, HECMOTPSI Ha OTCYTCTBUE TIPSIMBIX M3Mepe-
HUU TMPOYHOCTH TBEPJOTO Teja B HAHOCJOSX, TEOPUSs
MPE/ICKA3bIBAET POCT IIPOYHOCTH TBEP/IBIX TEJ IIPU TIEPEXO-
Jle K HagmoMaciuradam.

30.11.09, 14:30



OT HaHO K Mera

Bor Takme uHTepecHbie TOCIEACTBUS yaaeTcss HaGJIIO-
JIaTh TIPU MPOCTOM PACTSIKEHUN TTOJUMEPHBIX ILJICHOK C
TOHKUMHI HAHOMETPOBBIMHU MOKpbiTHsAMU. Ho Heyskenn
TOJIPKO B HUX MOTYT TIPOUCXOJMTDH OIMCAHHbBIE SBIEHUS?
Tpyano mpezncraButh, uTo 310 Tak. CyllecTByeT HeMAJo
(pusnueckrx 06bEKTOB, TOCTPOEHHBIX 10 IPUHITHITY «TBEP-
Jl0e TTOKPBITHE HA TIOIaTJIMBOM OCHOBaHUM» . He nckioue-
HO, uTO sedopmarusi (CKaTHe U paCTsKEHHE) MoJuMep-
HBIX TIJIEHOK C TOHKUMHT TIOKPBITHSIME MOJIEJTIPYeT MHOTHE
TIPOIECCHI B OKPYSKAIOIIEM HAC MHPE.

B mpupoie oueHb 4acTo MMEIOT MECTO CUTYAIlu’, KOT/Ia
M0J0OHBIE CHCTEMBI TIOBEPTAIOTCS PA3HOTO poja medop-
MarusaM. Kak ciefcrtBue, BO3HUKAIOT MHOTOYMCJEHHDIE
peryJispHble cTpyKTypbl. [loTeps ycroifunBocTH B yCJI0BU-
SX TLIOCKOCTHOTO C3KATUS TIPUBOIMT K MOSIBJIECHUIO YIBU-
TEJIbHO KPACUBBIX PesibeOB — TAKUX, HATIPUMEP, KOTOPbIe
06Pa3yIoTCs P BbICBIXAHUU KAILIA KPACKU.

CucTeMbl «TBep/ioe MOKPBITHE HA TOAATJINBOM OCHOBA-
HUW» TMOABEPraioTcs u AeopMaIni MJI0CKOCTHOTO PaCTsI-
skeHus. Ero pesysbTaThl BUAET KaKIBIH, KTO 3aMedas Ha
moYyBe CyxXme, B TpeNMHAX, KOpKH. Korga BbICBIXaeT
BJI@XHAs 3eMJI, 06pas3oBaBIIasics Ha ee ITOBEPXHOCTH
TBEP/Iasi KOPKA CTPEMUTCS CKATHCS, HO HTOMY TIPENSTCTBRY-
eT Jieskalee Mo/ Helf MATKOoe, TOYTH HeCXKUMAeMOe OCHO-
BaHue — cJoii rps3u. B pesysibraTe KOpKa OKa3bIBaeTCs B
YCJIOBUSAX TIJIOCKOCTHOTO PACTSIKEHUsT. 32 CUeT UCIapeHst
SKUIKOCTH U3 TIOUBbI PACTATHBAIONINE HATIPSISKEH IS Y CUIIH-
BAIOTCs, ¥ TOSIBJIIETCS CETKA TPEIINH HA JKECTKOI MOBEPX-
Hoctu. Tpenrabl 06pasyloTcss U PACIPOCTPAHSIIOTCS 110
CTPOTHIM 3aKOHaM, IIPUCYIINM BCEe TeM >Ke CHCTeMaM
«TBEpP/I0€ TIOKPBITHE Ha MOJATINBOM OCHOBAHUU» .

AHaJIOTHYHbIE KapTHHBI BO3HUKAIOT W TIPU OCTBIBAHUU
MarMaTHYecKUX PaclliaBOB — TaK HA3bIBAEMBIX BYJKAHU-
geckux 6oMO. [Ipw MeJIeHHOM OCTBIBAaHWW PpacIljiaBa
TPAHUIA MEXKIY JKECTKUM CJOeM U €Ille He OCTBIBIIei
SKHUJIKON cepIIeBUHON JiBUKeTcs BrayOb. TBepaas dasa,
HETPEPBIBHO COCYIIECTBYIOMIAsT BMECTE C JKUKOM, TTOCTO-
STHHO To/iBepraeTcs 1edopMAaIiu II0OCKOCTHOTO PACTSIKe-
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Puc.3. Cronbqareie crpykTypb MocroBovi riraHToB B CeBEPHOM
UprnaHamm

Hus. Korma aToT mpotiece 3aMe/TeH, pparMeHTaIus Ipo-
HCXO/UT HACTOJIBKO PETYJISIPHO, UTO KAXKETCS [IEJIOM YeI0-
BeUECKUX PYK. VIMEHHO 9TOT MEXaHU3M JIEKUT B OCHOBE
BO3HUKHOBEHUS] YIUBUTEIBHOTO MPUPOJHOTO OOBEKTA —
6a3aabTOBBIX TanbieB. Onamno u3 Takux 00pa3oBaHuii
naxogutcs B Cesepuoit pmianauu u uaBectHo kKak Moc-
toBast rurantos (puc.3).

A pasBe Haia 3eMJisI He TI0X0Ka HA TUITHYHYIO CUCTEMY
«TBEP/I0€ TIOKPBLITHE HA IMOJATJUBOM OcHOBaHuu»? Ilo
COBPEMEHHBIM TPEJCTABJIEHUSIM, OTHOCHTEIBHO TOHKAS
(5-50 xM) TBepaast HapysKHast 060JOUYKA HAIIEH TJTaHEThI
(smrocdepa) TOKOUTCS Ha OTHOCHTEIBHO MOJATINBON 1
toscroit (2900 kM) oGosouke — BepxHeit manTuu. Ee
BSI3KOE, TEKyUYee BEMIeCTBO HAXOAUTCS B COCTOSIHUU HeyC-
TOWYNUBOCTH M3-32 BEPTHKAJBHOTO TEILIOBOTO I'PA/MEHTa.
[Tosaraior, 4T0 UMEHHO TIOATOMY B MAHTHU T€HEPUPYIOTCS
IUTAHTCKKME KOHBEKIMOHHbIe noToku (suefixu). 3a cuer
KOHBEKITUY BO3HUKAET MEXAHUYECKOe HANIPSIKEHUE B 3€M-
HOIl KOpe, KOTOPO€e OTBETCTBEHHO 32 TaKUe reo[NHAMUYEeC-
KIe MPOIEeCChbl, KaK Apeiid KOHTHHEHTOB, (hOopMUPOBAHUE

(lpogonxerme cm. Ha ¢. 9)
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PUC.4. I71eKTPOHHAS MUKPOGDOTOMPAPMS 06Pa3La HATYPA/IbHOIO Kayqyka C TOHkM (10 HM) 30710TbIM [TOKPBITUEM, PACTAHYTOro Ha 50%
(a); kapra penbepa aHa TUXOro okeaHa B parioHe BOCTOYHO- TUXOOKeaHCKOro rnogHams (6) v o/ioxeHne COOTBETCTBYIOILEro y4acTka

B Tuxom okeaHe (8)

T ‘ 01-15.p65 5

i

30.11.09, 14:30



®

[Tpamaa CnnbBecTpa

C.TABAYHUKOB, B.TUMOPUH

Mpacdukn MHorouneHoB: Teopema bopBerHa

Dopmyaposka 3agaun CUabBeCcTpa HACTOJIBKO 00TIAs,
YTO B HEll MOJKHO 3aMEHSATh TOYKU U MPSMbIe HA MHOTHE
Jpyrue 06beKTDI U MOJIYyYaTh OCMbICJEHHBIE YTBEPKIEHUS .
[Ipsambie 1 TOUKH 00J121aT0T HEKOTOPBIMU CHEITMATbHBIME
cBoiictBamu. Hanpumep, uepes Kax/y1o Hapy TOYE€K MOK-
HO IIPOBECTH IIPAMYIO, U TOJbKO ojHy. [loxoxxue yTBepk-
JIeHUST IMEIOT MeCTo J1JIst TpaduKoB MHOTOWwIeHOB. Hampu-
Mep, paccMOTpuM TpaduKi KBAIPATHBIX TPEXUJIEHOB

y=ax’+bx+c
(a = 0 ue Bocupeniaercs!).

Yupaxknenne 13. /lokaxure, 4TOo uyepe3 KaXK/IYI0 TPOHKY
TOYEK C PA3JIMYHBIMU X-KOOPMHATAMU MTPOXOJNUT IPpaduK KBaJI-
PATHOTO TPEXUJIeHa, W TOJIbKO OJIUH.

[Iepenecem teopemy CubBectpa—lamnan Ha rpaduxn
KBa/IPATHBIX TPEX4JeHOB. PaccMOTpUM KOHEYHOE MHOKe-
CTBO M TOYeK Ha MJIOCKOCTH C PA3JTUYHBIMU X-KOOPMHA-
tamu. [Ipeamososkum, 4TO He BCe TOUKM MHOXKecTBa M
JIeSKaT Ha rpaduKe OJHOTO U TOTO K€ KBAaJPATHOTO TpeX-
yneHa. B aToMm ciydae Halijiercsd TakoW KBaJpaTHBIH
tpexuien (anamor npsamoit Cunbsectpa), rpaduk KOTOpo-
IO COJIEPKUT POBHO TPU TOUKHU M3 MHOKecTBa M.

[loraxxem arto. [lpeamonoxum, 94To TpadK KBapaTHO-
TO TpeX4JeHa, TPOXOAAIINI dyepe3 Mo0yIo TPOIKY TOYeK
MHOKecTBa M, cOepKUT XOTst Obl ellle O/IHY TOYKY ITOrO
MHOKecTBa. [Ipearnonokum TakKe, 4TO He BCe MHOKECTBO
M TpUHANIEKUT OAHOMY TPADUKY.

Bynem uaMepsaTb paccTosiHue OT TOYKH TJIOCKOCTH JI0
rpaduka QyHKIMU 1o Beptukaau. Eciu paccrosinue pas-
HO HyJIO, TO TouyKa JexXuT Ha rpacdure. Cpeam map,
COCTOSIIIUX U3 TOYeK MHOXKecTBa M U rpadmKoB KBapar-
HBIX TPEXUJIEHOB, TTPOXO/SIIIX Yepe3 TPOWKI TOYeK MHO-
JKecTBa M, Halijiercsl mapa ¢ MUHUMAJbHBIM HEHYJIEBBIM
paccTosiHueM OT TOuKH /10 Tpaduka. O603HAYNM Ty TOUKY
uepes (a;b), a kBaapartHbiii TpexwiaeH — uepe3s ¢ (x).
ITycte & < xy <x3 <x; — abCIMCCBI YETBIPEX TOUEK
MHOKecTBa M Ha rpaduke ¥ = g(x).

Pacemorpum cayuait 1y < a < x3. CyliecrByer KBaj-

A paTHBI Tpex4JeH
‘-‘-“.“u,h‘_\‘ g f(x), rpaduk koto-
N POTo MPOXOAUT Yepes3

f tputoukn (x;9(xp)),

(a;b), (x5:9(x))
Xy % (puc. 6). Paccmorpum
KBQ/IPATHBIN TPEXUJIeH

__k________

A 4

1) B

Puc. 6

Oxonuanue. Hauanro cm. 6 <Keanumes No5.
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h(x)=f(x)—g(x). IockonbKy x; U Xx; — €ro KOPHH,
h(x) MeHsieT MOHOTOHHOCTB Ha oTpeske (Xy;X; ) He Gosee
onHOro pasa (Ha pUCYHKe — CHAYaJa BO3PACTAET, 3aTeM
y6bIBaeT). ITO O3HAYAET, 4TO XOTSA Gbl OJHO U3 YHCE]
()| w |k(acz) menbue, wem |2(a). A smaunr, nm
Touka (%y;¢(xy)) M TOuKa (xg;g(xg )) HAXOIUTCS

6mxe k rpadury y =[f(x), uem (;b) x y=g(x).
[IpotuBopeune.

Yupaxknenne 14. Paccmorpure ocraBuiiecs ciyydan: d < Xy
ux3<a.

Teopema /11 KBAJPATHBIX TPEXUJIEHOB SIBJSETCS YacT-
HBIM ciydaeM Gojee ofreit Teopembl bopseitna [8],
OTHOCSIIEHCST K IMPOU3BOJIBHBIM cucteMaM YebbiiieBa.
DopMyMpoBaTh ee B OJHOW OOTTHOCTH MBI He OyieM, HO
HaMETUM eIle HeCKOJIbKO YACTHBIX CJYyYaeB B BH/IE YITPAK-
HEHT.

Yupaxxuenust

15. Jlokasxure, 4to yepes jio6bie 7 + 1 TOUEK HA TJIOCKOCTH C
PA3JIMYHBIMU X-KOOPANHATAMHI MOKHO ITPOBECTU IPadUKU MHO-
roujieHa crereHu He Bbluie 7. Bosee Toro, Taxkoil MHOrowsIeH
posuo ojuH. Cdopmysaupyiite n jJokaxkure o600IIeHIe Teope-
Mbl CusbBectpa—lasman st rpaduKoB MHOTOUJIEHOB CTETIEHH
He BBIIIIE 7.

16. Paccmorpum dyHKIMN BUIA

f(x)=acosx+bsinx+c.

Jlokaskute, 94TO ecyu [ He paBHA TOXK/IECTBEHHO HYJIIO, TO OHA
obparaercss B HOJIb He GoJiee 4eM JIJIsl JIByX 3HAUEHWil X B
noxyuurepsasie [0;2n) . Copmyaupyiite 1 JOKaXKHTe aHAIOL
teopembl CubBectpa—Tamnan jus GyHKIMI JaHHOroO KJacca.
Yxasanue: ncxomplil aHasor OyZeT HEKOTOPBIM YTBEpPIKACHHEM
IIPO KOHEYHOE MHOKECTBO TOYEK Ha ILJIOCKOCTH, X-KOOPAWHATHI
KOTOPBIX PAa3/IMYHbI U JIEKAT B HEKOTOPOM (PHKCHPOBAHHOM
IoJlyuHTepBajle AIHHBL 27, cKaxeM, B [0;27).

A B npocTpaHcTBe?

E1te o/1H0 ectecTBEHHOE HaTIPaBJIeHUE /151 00001IEeHU N 1
anayioroB 3aj1aun CUJIbBeCTpa — 9TO BBIXO/I U3 IJIOCKOCTH
B mpocTpanctBo. HerocpejcTBeHHOE MPOCTPAHCTBEHHOE
o6o6ienue 3By4ano 6bl Tak. [lyctdb gan KoHeuHbII HAOOP
M TOUYEK B TPEXMEPHOM IpocTpaHcTBe. JomycTum, uto He
BCe 9TU TOYKU JIe3KAT B OJHON TLIIOCKOCTH. BepHo Ju, uTo
HaliJIeTCsl MJI0CKOCTD, CoJiepKalas TpU HEKOJIJINHeapHbIe
TOYKM MHOKecTBa M 1 GoJibiiie HuKakue? K coxanenuio,
OTBeT OTpUIlaTeIbHbIH. [IpocTeiimii KOHTPIIPUMEpP COCTO-
UT W3 TMIECTH TOYEK, JIEKAINMX HA ABYX CKPENTMBAIOIINXCS
MPSMbBIX, — TPU TOYKM Ha OJTHOH MTPSIMON, U TPU HA IPYTON.

Yupaxknenne 17. Bo3MOXKHO elie Takoe IPOCTPAHCTBCHHOE
o6o6uenue npobaembr Cusibsecrpa (kasanoch Obl, ene GoJee
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HenocpescTBerHoe). [1ycTh aHo KOHEYHOe MHOKECTBO TOUEK B
IIPOCTPAHCTBE, He Bce Ha OJHOM MIOCKOCTH. BepHo Jin, 4To ecTb
IJIOCKOCTD, COJAEPIKAIAS POBHO TPH TOYKHM HAIIETO MHOKECTBA
(Bo3MOkHO, KosmmHeapubie)? OTBeT Ha 3TOT BONPOC TOXKE
OTPHIIATENIbHDIH, & KOHTPIPUMED TOJIyYaeTcs npocToil Mmoaudu-
Kaiueil IpuMepa, PUBEJEHHOrO BbIIIE.

[IpuBesieHnblil BbIle KOHTPIIpUMEp ObLI ocTpoeH Mortr-
kuabIM B 1951 tomy [9]. Ou ke mokasan ciejyioriee
(6os1ee npaBusibHOE) 0606IIEHNHE Teopembl CubBecTpa—
Tanman.

Teopema 4. Eciu He 6ce mouKU KOHEUHO20 MHOKECMEd
M nexam 6 00HOU NAOCKOCMU, MO HAUOMCA MAKAS,
naockocmy (6ydem nasvieamo ee niockocmvio Mouxu-
na), nepeceuenue Komopoi ¢ M cocmoum u3 HeckoIbKuUx
(no menvweti mepe, 08yYx) KOINUHEAPHBIX MOUEK U €Ul
00HOU MOUKU, He KOJIUHEAPHOU ¢ HUMU.

OKpy>XHOCTUN

Teopema MortkuHa MOXKeT ObITh HUCIIOJb30BaHA ST
neperoca teopeMmbl CuibBectpa—lannam Ha ciaydail ok-
py’kHOCTEl. PaccMOTpUM KOHEYHOE MHOXKECTBO TOUYEK Ha
chepe. Besikast mockocTh, MPOXOASIIas yepes 3 pasind-
HbIe TOYKU c(pepbl, BbiceKaeT Ha chepe HEKOTOPYIO OKPY K-
HOCTh. [lomycTnM, 4TO He Bce TOUKM MHOKecTBa M jeskat
Ha OJHON OKpysKHOCTH (MJIM, YTO HKBUBAJEHTHO, HE BCE
TOUKH JIeSKAT B OJJHON 11ockocTn ). Torma Haiigercs mioc-
KocTb MoIllKnHa, TepecedyeHne KOTopoir ¢ M cocTouT us
pd7a KOJUIMHEAPHBIX TOYEK U ellle OJIHON eAMHCTBEHHON
TOYKH, HEe KOJTMHEAPHOU 3TOMY Psly. 3aMeTUM, OJIHAKO,
YTO PsiJl KOJTMHEapHbIX TOUeK Ha cepe He MOKET CoJlep-
’Katb GoJibiiie JABYX Todek. Cie/loBaTebHO, IJIOCKOCTh
MortkHa CO/IEPKUT POBHO TPHU TOYKUA MHOKecTBa M, n
3TH TOYKH ¢ HEOOXOJMMOCTBIO HE KOJIIMHEApHbl. B vact-
HOCTH, 3TH TPU TOUYKH JeKaT Ha OKPY>KHOCTH, KOTOpas He
COJIEPKUT JIPYTUX ToueK MHOKecTBa M. Takum o6pasom,
MBI TIOJTy9aeM CJIeyioliee yTBep:K/eHHe.

Teopema 3. /l1s Koneunozo muoxecmea mouex M na
chepe, ne 6ce U3 KOMOPLIX JeKAM HA OOHOU OKPYHKHOC-
mu, waudemcs maxas oxpyxunocmov (anaroe npsmoi
Cunveecmpa), Komopas. co0epKum posHo mpu mouKu
MHoKecmea M.

Paccmorpum crepeorpaduueckyio npoekiuio cdepbl Ha
mIockocTb. HamoMmuuM, 4To crepeorpaduyeckasi mpoek-
IUsT orpejiesisieTcsi TakuM o6pas3oM. LleHTp mpoekiun —
touka A na cepe. IIpoekiusa toukn B na cdepe (oTamy-
HOIT OT Toukn A) — ara Takas Touka C Ha BBIOpAHHOI HaMU
maockocty, uto A, B u C xommueapust (puc.7). Ussec-
THDBII (DAKT COCTOUT B TOM, YTO cTepeorpaduieckas mpo-
eKIUS OKPYKHOCTH Ha cdepe — 3TO OKPYKHOCTD WJIN

Puc. 7
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npsaMast Ha 10ckocTu (IIpsiMast ToJIy4aeTcs B TOM CJIydae,
KOI/Ia UCXO/HAsA OKPYIKHOCTD MIPOXO/UT Yepes TOUKy A).
Haob6opor, kxpuBasi, Ipoennpyomascs B OKPY>KHOCTD MJIN
MPSIMYIO Ha TIJIOCKOCTH, 00513aTEIHHO SIBJISETCS OKPYSKHO-
cTbio Ha cpepe. Ecant 3TOT (hakT HensBeCcTeH YUTATENIO, TO
6b1JI0 GBI OYEHD TI0JIE3HO €TO JI0KA3aTh CaMOCTOSITEIHHO.

[Ipu momotn cTepeorpadyecKoii TPOEKITNN MBI TTOJTY-
yaeM CJIeyIONIyIo TeopeMy.

Teopema 6. [1ycmo dano Koneunoe mMHoxecmseo mouex
Ha naockocmu. /lonycmum, 4mo He 6ce MOouKu IMmMoz0
MHOXKECMEA JeXKAm Hd 0OHOU NPSMOU U He 6Ce MOYUKU
Jexam Ha 00Hot okpyxuocmu. Tozda natidemes npsmas
UJU OKPYHKHOCL, COOCPKAULAS POSHO MPU TNOUKU HAULe-
20 MHOKecmed.

Ha camom feste, MOXXHO J0Ka3aTh 60Jee CHIbHOE YTBEp-
JKIeHHe, W TpPH 3TOM Ja’ke He HYKHO HCIOJb30BATh
Teopemy MolknHa.

Teopema 7. Ilycmov dano xomeunoe mmoxecmso M
mouex Ha naockocmu. /onycmum, 4mo He 6ce MOUKU
muoxecmea M nexam na o0Hot npsamoi, u He 8ce Jlexam
na oonot okpyxnocmu. Tozda dus ecsaxoti mouxu A uz M
Hatlemcs npsaMas uiu OKpYK Hocms, codepoxauwas A u
euwje posHo dee mouku mHoxecmed M.

Hdoxka3arteabcTBO. SIcHO, YTO JOCTATOUYHO /0OKA3aTh CJie-
aytoniee yrepskaeHne st cdepbl (OHO TOJMyYaeTCs U3
TOJIBKO UTO C(POPMYJIMPOBAHHON TEOpeMBbI cTepeorpadu-
4ecKoii mpoexnmeii). IlycTh gaHo KOHEYHOE MHOKECTBO
Touek M’ Ha cepe, He Jexartiee Ha OHOI OKPYKHOCTH.
Torpa, ang Besakoil Touku A” u3 muoskectsa M’ naiigercs
OKpPy>KHOCTb Ha cdepe, comepxamasa Touky A u eme
pOBHO /Be TOUKH MHOKecTBa M’ . UTOOBI MOKa3aTh 9TO
VTBEPKIEHUE, C/IeJIaeM €llle O/IHY CcTepeorpauiyecKyio
IIPOEKIINIO, Ha ATOT pa3 ¢ meHTpoM B Touke A’ . Tlpu aroii
MPOEKINH caMoil Touke A’ He COOTBETCTBYET HUKaKast
Touka raockoctu (HehopMabHO TOBOPS, €if COOTBETCTBY-
er GeCKOHEYHO y/aJeHHas TOo4Ka). Bce OKPY:KHOCTH,
coziepsaiue Touky A’ , mepexoysr B npsimbie. B pesy.ib-
Tare Hallell HOBOH crepeorpaduyecKoil MPOEKIIUU MbI
TOJTy4aeM HOBOE MHOXKeCTBO M” TOUYek Ha TIOCKOCTH, He
JiesKalee Ha OHOM npsiMoil (MOCKOJIbKY MHOKecTBO M’
He JIesKaI0 Ha OJHON OokpyxkHocTi). Ho Torma /st Hero
cymecTByet npamasi CusbBectpa!l Cripoerupyem aTy npsi-
MyI0 00paTtHO Ha cdepy U TOJYIUM OKPYKHOCTH, COMEP-
JKAIYI0, HOMUMO TOUKH A’ , elile POBHO /[BE TOUKH MHOKe-
crBa M’ . Teopema moKazana.

JononHeHune: KOHMKN'

EcrectBenno nompitaTbess 06061muTh 3anauy CuibBecT-
pa Ha ajreGpanyecKkue KpPUBbBIE JAHHOW CTENEHU: Be/b
IpsIMble U OKPYKHOCTH — 3TO €CTECTBEHHbIE MPUMEPDI
KPHBBIX TIEPBOIl M BTOPOii cTerenu. [lyist crerenu 2 pedb
UJET O KOHUKAX — TLIOCKUX KPHUBBIX, 3aJaHHBIX KBajpa-
TUYHBIMH YPaBHEHUSIMU Ha KOOpAWHATHI. KBajparmaHoe
ypaBHEHWE — 3TO YPaBHEHNE, CKaKeM OTHOCUTEJIHLHO KOOP-
JIMHAT X W Y, cojepskaiiee 4ieHsl 1, x, y, x2, y2 , XY €
HekotopbiMu Koadduiinentamu. Tem cambiM, obmast Ko-

19mo donomenue mpebyem neckoavko 60abuLe20 3andca Mame-
MAMUYECKUX HABIKOS, YeM OCAbHble pasdevl. B aobom cayuae,
yumamenio moxem Goimov UHMEPECHd HOPMYIUPOSKA OCHOGHOU
meopeMu.
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HMKa Ha IIJIOCKOCTH 3a/[aeTCa TaKUM ypaBHEHUeM:
ay + ax + ay + a3x2 +auxy + aSyQ =0.

31ech dy,...,d; — HEKOTOPbIE TOCTOSIHHBIE KOA(D(UITHEHTDI
(neiicTBuTebHbIE Yncaa). Mpl IIpeoaraeM, 4To Koad-
utnents! as,a,, as He PaBHBI OTHOBPEMEHHO HYJTIO; MHAYE
MOJIYYHUTCS] He KOHUKA, a npsMas. Jlaske ecuan KBaaparnd-
HbIe YJEeHbl MPHUCYTCTBYIOT, KOHUKA MOXKET OKa3aTbCs
BBIPOJK/ICHHOM, T.e. 0ObeJuHeHneM ABYX HPsAMbIX (BO3-
MO3KHO, COBIIAIAIONINX ) UJIM TOYKOI. BriBatoT KBagparmy-
HBbIe YPaBHEHNUS, KOTOPBIM He YIOBJIETBOPSIET HU OJHA
touka mrockoctH (HampmMep, x” + yz +1=0), HO MBI
TaKue ypaBHEHISI paccMaTpuBaTh He 6yieM. HeBbIposkieH-
Hble KOHUKH — 3TO 3JIJIUIICHI, MapaboJIbl U TUIEPOOJIDI.
3aMeTuM, YTO €CJIM ypaBHEHHE KOHWUKU YMHOXKHTD Ha
YICJIO, OTJIUYHOE OT HYJsI, TO caMa KOHHMKA OT 3TOTO He
n3Menutcd. Beero B ypaBuenuu durypupyer 6 koaddu-
IIIEHTOB, HO, KaK MBI TOJIBKO YTO BUJIEJIHU, CYIIIECTBEHHBIMU
napaMeTpaMu MOTYT ObITb TOJIbKO OTHOIIEHUsT KOa(uiiu-
€HTOB, HO He caMu Koapdunnenter. HeTpyano mokasars,
YTO KOHWKA B CAMOM JieJie CYIIeCTBEHHBIM 00pa3oM 3aBH-
cuT OT 5 mapameTpoB. Hampmumep, depes mo6bie 5 TOUEK
MPOXO/ANT KOHUKA, U, KaK MPABUJIO, TOJIBKO O/HA.

Yunpakuenus

18. /[lokaxkurte, uTo Yepe3 JOOble 5 TOYEK Ha IJIOCKOCTH
MIPOXO/IUT HEKOTOpash KOHWKA.

19. Ilycts Touku A un B nexar Ha koHuke K. Torza nmepecede-
Hue koHukn K ¢ npsamoit AB coctout 6o u3 AByX TOYeK A 1
B, nu6o u3 Bceii npsimoii AB.

Baiiaman u Busibcon [10] nokasamu B 1988 romy takyio
TEOpeMY.

Teopema 8. Paccmompun xoneunoe mnosxecmeo mouex
M na naockocmu. /JJonycmum, 4mo He 6ce mouKku MHOXKe-
cmea M npunadaexam oonoil xonuxe. Tozda naiidemcs
KonuKa, cooepikawas posno 5 mouex uz M u onpedeis-
owascs smumu mouxamu (m.e. mem HuKaxoi Opyzou
KOHUKU, NPoxXo0suell uepe3 me xe 5 mouex).

MpbI mpeficTaBUM B BUJIE Psiia yIpaKHEHNI HOBOe JJOKa-
3aTeJbCTBO TeopeMbl Baiiamana—Busbcona. Ouno Gosee
9JIEMEHTAPHO, YeM OPUTHHAJIbHOE JI0Ka3aTeIbCTBO. Bouib-
MIMHCTBO YIIPAXKHEHUI SBJSIOTCS CKOPee TeCTaMu Ha Io-
HUMaHWe, YeM COJIEPKATebHbIMU 33/[a4aMy, — YUTATEJIIO
IPOCTO PEKOMEH/IYETCsT IPOYECTb BHUMATEIbHO YCJOBUS
BCEX YNPKHEHWH W TOHATb, MOYEMY OHU OUYEBH/IHBI.
OrzmesbHBIE YIIPAKHEHUST MOKPBIBAIOT OT/IEIbHbIE TITaTH B
JIOKa3aTeTbCTBE.

Yupaxuenus

20. Paccmorpum Ttpu Touku A, B u C Ha IJIOCKOCTH, HE
JIEKAIIME HA OJIHON IPSIMOU. JIpyTiME CJI0BaMuU, MbI IMEEM JIEJIO
¢ Bepmmnamu tpeyrosabnnka ABC. ITomectum maceor 1, u, v B
touku A, B, C coorsercrsenno. OGosnaunm uepes X (u,0)
IIEHTP Macc TPexX paccMarpuBaeMbix Touek. ITapy umcen (u,v)
MO’KHO CAHTaTh KoopAnHaTamn Toukn X (u,v) . Taxum o6pasom,
MBI BBEJIM JIPYTYIO CHCTEMYy KOOPAMHAT Ha miockoctu. (3ame-
THM, YTO HEHTP MACC MOYKHO OIIPE/EJIUTD Ja)ke B TOM CJIydae,
Korja ¢ W,/WJIM © PaBHbl HYJIO WM Ja’Ke MEHbIIe HYJIS;
npo6jieMa BO3HUKAET TOJIBKO B TOM CJIydyae, KOrja CyMMa BCex
Tpex Macc paBHa HyJo, T.e. 1 + u + v = 0.) Jlokaxure, 40 B
HOBOU cHCcTEMe KOOPIMHAT JI00ast KOHUKA TOXKE MTPEICTABJISICTCSI
KBa[PaTUYHBIM yDaBHEHUEM.
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21. PaccMOTPUM KOHMKY, ITPOXO/ISILYIO Yepe3 Bce TP BEPIIH-
Hpl TpeyrosbHuka ABC. B atoM ciydyae ypaBHEHHE KOHHKH
UMeeT CIENUaNbHbI BII. A UMEHHO, HEKOTOpbie Koadduimen-
TbI 06PAIIAIOTCA B HOJIb. 3allUIIeM CHAYaIa ypaBHEHNE KOHUKI
B 0011eM BHU/IE:

b + byt + byo + byu® + buov + bsv* = 0.

Tenepb nonpoGyeM NOHATD, KaKOe OrpaHnyeHne Ha KoagPuiim-
€HTBI HAKJIAJBIBAET TOT (DAKT, UTO HAIIA KOHUKA TIPOXOJIUT YePe3
touky A. Touka A wumeer koopmunarer (0, 0) (r.e. u =
= o = 0). 3naunr, mpu u = v = 0 ypaBHEHHE AOJIKHO OBITH
BEPHBIM. JTO MIPOU30UIET TOJIBKO B TOM cJaydae, Korga by =0 .
Touku B u C HaKJIAIBIBAIOT CJEAYIONIHE COOTHOIIEHUST Ha
koa(punnentor: by =bs =0 . [okaxkure sto (paccyxkienue
cJIO’KHee, 4YeM /sl TOUuKH A, TOocKoabKy Toukn B u C He
COOTBETCTBYIOT HUKAKUM KOHEUHBIM 3HAYCHUAM KoopauHart (u, )
— JUISI PACCMOTPEHUST ATUX TOUEK TIPHUJIETCS TIOMECTUTD B TOUKY
A HyJeBylo Maccy). YpaBHEHHE KOHUKH, ONHCAHHOH BOKPYT
TpeyroabHnka ABC, TeM caMbIM CBeJIeTCsSI K TaKOMY':

au + bo + cuv =0

(MBI 3716CH TIepeo6o3HaumIm Koa(MPHUITUEHTHI).

22. PaccMoTpuM Telepb BCe KOHHMKH, OINMCAHHbIE BOKPYT
tpeyrosabunka ABC, u jokaxem aHaJjor treopembl CuibBecTpa—
Tasan 17 TakuxX KOHUK. 3aMetuM (IPOBEpbTE HTO YTBEPIK/Ie-
mme!), 4To yepes Jo0bIe IBE TOUKH, He JiesKallue Ha TpsIMbIX AB,
BC n AC, MOXHO 1IPOBECTU KOHUKY, OIUCAHHYIO BOKPYT Tpey-
roabuuka ABC, nputom ToabK0 oamy. (Ha camom sesie, Kak Mbl
yoKe YIOMHHAJN, KOHUKY MOXKHO IIPOBECTH BCET/1a; OJIHAKO, €CJIN
o0e TOYKH JIesKaT Ha TIPSIMOIL, cofepsKalieil CTOPOHY TPEyroJib-
nuka ABC, TO eIMHCTBEHHOCTH Hapymaercs.) PaccMoTpum
Terepb HEeKOTOPOE KOHEYHOe MHOKECTBO TOYEK Ha MJIOCKOCTH, He
npunaaneskamux npsambiMm AB, BC u AC u y10BJIeTBOPSIONIIX
CJIeIyIONIEMY YCJIOBUIO: Ha KOHMKE, ONMCAHHOW BOKPYT TpEy-
rosibHKa ABC u cozepskalieii iBe TOYKM HAIIero MHOXKECTBA,
JISKWT ellle 10 KpaiiHeil Mepe OjiHa TOYKa Hallero MHOXecTBa. B
9TOM CJIy4dae BCe TOYKM HAlllero MHOXKECTBA JIexKaT Ha OJHON 1
TOIT JKe KOHWKe, ONMCaHHOW BOKPYT TpeyroabHuka ABC.

Vrasanue. Pacemorpure cucremy koopaunat (u, v), cBasan-
Hy10 ¢ TpeyrojabHukoM ABC 1 onmcaHnyio Bbiine. Y paBHEHUE
J0GON KOHUKH, OTMCAHHOI BOKPYT Tpeyroybhiuka ABC, umeer
Buzx au + bov + cuv = 0. [logesnm 3T0 ypaBHEHHE HA UV, MBI
TOJTY IUM ao' +bu" + ¢ = 0. 3uaunr, ecan BMecTo KOOp/AMHAT
u v v BBectu KoopauHatsl 1 /v u 1,/ u, TO B HOBBIX KOOPJAMHATAX
ypaBHEHUS KOHUK, OIMCAHHBIX BOKPYT TpeyrojbHuka ABC,
OyZlyT JTUHEHHBIMU. DTO 3HAYUT, YTO HA IJIOCKOCTU C KOOP/IMHA-
tamu 1 /o u 1 /u Takue KoHUKU n306passarcs npsambimMu. [Ipume-
HUTE K 3TUM IPSIMBbIM KJaccuyeckyio teopemy CuibBecrpa—
lFannan.

CKa)KeM, YTO IIATEPKa TOYEK Ha IIJIOCKOCTH onpeae/mem
KOHUKY, €CJIN €CTb TOJIbKO O/lHa KOHHKa, CO/ieprKalllasd 9T
IIATb TOYEK.

Yupazxknenue 23. Ilyctb 1aHo KoHeYHOE MHOXKECTBO M TOUYEK
Ha MJIOCKOCTH. [[OTyCcTIM, UTO /IS KaXKABIX MATH TOYEK MHOXKe-
ctBa M, omnpefesgioninX KOHUKY, HAHJeTCsST HEKOTOpas MIecTast
TOYKa MHOKecTBa M Ha TO#l JKe KOHUKe. MbI XOTUM [0Ka3aThb
tTeopeMy BaiisMana—Buiibcona, KoTopasi rOBOPHUT, YTO B 3TOM
cJlyuae Bce TOYKHM MHOXKecTBa M JieskaT HAa OJHOU U TOW JKe
KoHuKe. J[oKaskuTe moka cJjejyioiiee yrBepsKIeHue: st Jo0oi
Tpoiiku Touek A, B u C MHOXecTBa M, He JeKalnX Ha OIHOU
MPSIMOH, BCe MHOXKECTBO M COJEPKUTCSI B OObEAMHEHUN TMPSI-
Mbix AB, BC, AC m HeKOTOPOH KOHUKH, OMUCAHHONH BOKPYT
tpeyrosabnnka ABC.

PaCCMOTpI/IM KOHEYHOe MHOKeCTBO M TOUYEeK Ha ILJIOCKO-
CTH TaKoO€, KaK B HIPEAbIAYIIEM YIPaKHEHUU. Ecinu Bce
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TOYKU MHOKecTBa M JiekaT Ha OJIHON U TOU Ke MPSMOH,
10 TeopeMa Baiismana—Buibcona gokasana (npsamas Beer-
J1a SABJISIETCS YACThIO BBIPOKAEHHOI KoHukn). /lonycrum,
4yTO 3TO He Tak. Torma waiayrtcest tpu touku A, B u C
MHOKecTBa M, He Jexxanne Ha ogHoM mpsaMoii. CoryiacHo
TIPUBE/IEHHOMY BBIIIE YIIPaKHEHUIO BCE TOUKN MHOKECTBA
M copepkarcst B o6beaunenun npsimbix AB, BC, AC u
HEKOTOPON KOHUKHU K, OINCAHHON BOKPYT TPEeyroJibHUKA
ABC.

Yupaxuenust

24. Tlpeamosiokum cHauyaja, 4TO Haiimercs Touka D U3
MHOXKecTBa M, He Jyiexxaras B o6beauaenun npsimbix AB, BC u
AC. Touka D, cienoBatesibHO, 00s13aHA IPUHAIEKATh KOHIKE
K. Ecau Bce Touku MHOXKecTBa M npuHajiexar Konuke K, To
TeopeMa JlokazaHa. J[omycTuM, 4To HEKOTOPbIE TOYKHU MTPUHA/LJIe-
skat oObenuneHnio Tpex npsmMoix AB, BC u AC, HO He KOHUKe
K. Hampumep, myctb MHOXKecTBO M comepxkutr touky Ci,
Jealyio Ha npamoit AB, Ho ortimuHylo oT Touek A n B.
[lokaxkure, 4to 1s1Th Touek A, B, C, C;, D onpeiesiioT KOHUKY .
JTa KOHMKA BBIPOXK/IECHHAS; OHA COBHIAJACT € OObeIMHEHUEM
npambix AB u CD.

25. Ecain B o0beunenun psimbix AB u CD HeT IpyTrux ToueK
mHOKecTBa M, kpome touek A, B, C, C;, D, to Teopema
Jokasana. /lomycrtum, 4To ecTb Kakasg-To mecras Touka C, . Jra
TouKa 06si3aHa MPUHAJJIEXATh npsMoilt AB.

26. Jlu6o C;, mu6o C, wne upunamgexur npsmoii CD.
MomnyctuMm, uro 310 C;. MbI 3HaeM, 4TO BCe TOYKH MHOXECTBA
M nexkar B OOBEMHEHUH TIPSMBIX, COJAEPIKAIMX CTOPOHbBI
tpeyrosbiuka ADC, m Hexoropoil Kouuku K, ommcaHHOI
BokpyT Tpeyrosbinka ADC. B wactnoctu, Toukn B u C;
JIOJUKHBI TIpuHauieskatb Konmke K. Ortciona ciemyer, uTo
koHnKa K cBomntes K o6beannernio npsimbix AB u CD. Takum
06pa3oM, Bce TOUKU MHOXKecTBa M TpuHa/iieskaT o6beINHEHUIO
npambix AB, CD u AC (npambie AD u DC He MOryT umerb
OO0TIIX TOYEK ¢ KOHUKO# K, OTJIMYHBIX OT BEPIITHH TPEYTOJIbHUKA
ADC). [lpyrumMm cjoBaMu, BCe TOUKM MHOKECTBA JeKaT B
00be/IMHEHNY TPSIMBIX, COJIEPIKAIIMX CTOPOHBI HEKOTOPOTO He-
BBIPOXK/ICHHOTO TPEYTOJbHUKA.

27. Tenepb JIOCTATOYHO PACCMOTPETD CJIy4ail, KOr/ia BCce TOYKN
MHOKecTBa M mpuHajIexar oObenHenuto npsmMbix AB, BC,
AC. TlockosibKy M He MOKET COJIePKaThCs B 00beAMHEHIHN JIBYX
npsaMbIX, Haiigyresa Toukn A, , By, C; nanpamoix BC, AC, AB
COOTBETCTBEHHO, HE COBIIA/IAIONINE C BEPUIMHAMH TPEYTOJIbHUKA
ABC. IlpeanonoxuM, uto Toukn A, , By, C; He jekar Ha OHO#
npsmoii. Torga, cormacHo AOKa3aHHOMY BBIIIE, BCE TOYKU MHO-
skectBa M exxar B o6bequnennu npameix 4By, BICy, CiA; u
HEKOTOPOil KOHUKH, OIMCAHHOW BOKPYT TpeyroabHuka ABC; .
[Tokaskure, omHAaKO, YTO HUKAKasg KOHWKA, OMICAHHAS BOKPYT
tpeyroibunka A B;Cy, He MoxeT coxepxarb Toukn A, B u C
onHOBpeMeHHO. IIpoTuBOpeune.

28. Takum o6Gpasom, toukun A;, B; u C; KoJIMHeapHBbI.
Bonee Toro, MHOKECTBO M COCTOUT TOJBKO U3 IIECTH TOUEK A,
B, C, Ay, B, u C,;. (B camoM jiene, ecin bl Gbla elie ojHa
TouKa B MHOKecTBe M, TO MOKHO ObLI0 Obl 3amenutb Ay, B
nmn CyHa 39Ty TOYKY U HOJYYUTb HEBBIPOKIEHHBIN TPEYTOJIb-
muk.) Ho B arom caywae narb touek A, B, 4, B, C
OTIPENIEISIIOT BBIPOJKIECHHYIO KOHUKY, KOTOpas He COJEepPXKUT
HUKaKUX JPYTUX TOYeK MHOKecTBa M.

Mpbr, TakuM 06pa3oM, 3aBEPIIUJIH JOKA3aTEIbCTBO TE€O-
pembr Baiiamana—BusbcoHa.
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N3mepseM NpoyHOCTb Ten
OT HaHO A0 mMmera

(Hayano cm. Ha ¢ 3)

penbeda, OTKPBITHE W 3aKPBITHE OKEAHOB, M3BEPKEHUS
BYJIKQHOB, 3€MJIETPSICEHUS U T.II.

Kax Buaum, crpoenne BepXuux 060109k Haleil 3eMn
MOJIHOCTBIO COOTBETCTBYET CTPYKTYpPE CHUCTEM <TBEPOE
MOKPBITHE Ha TIOAATJINBOM OCHOBaHUU». HeyauBuTeabHO
MO3TOMY, 4TO pesibed KOJIOCCATIBHOTO 110 Pa3MepaM ydac-
TKa OKEaHMYecKoro JiHa B paiione Bocrouno-Tuxookean-
CKOTO TIOJIHSATHUST TIOPA3UTEIBHO MMOX0K Ha pesbed, obpa-
3YIONUICS TIPU PACTSIPKEHUM apPMUPOBAHHBIX ITOJUMEP-
HbIX TIeHOK (puc.4).

MHoruM, Mmo-BUAUMOMY, MOKaXKeTcs (haHTACTHYECKOI
ujesi POJICTBEHHOCTH IIPOIIECCOB, BbLI3BIBAIOIINX PEry-
JISPHOCTD PA3pYIICHUS TBEPAOTO MOKPBITHS HA TOAATIIU-
BOH IMOJUMEPHON TO/JIOKKE, U COOBITUIH, MPOUCXO/SI-
X B 3eMHOU Kope. Ho Takas amanorus Bce ke BIIOJIHE
npaBoMepHa. K HacrosiieMy BpeMeHH TIEePBBbIM aBTOPOM
CTaTbU MCIOJb30BAHBI YPABHEHNUS, MOJIyYeHHbIE /IS TI0-
JINMEPHDBIX TIJIEHOK C TOHKWUMM TBEP/bIMU MOKPBITUSIMHU,
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JUIST PAcueTOB HAIPSDKEHUs] MPOYHOCTH OKEaHWYeCKOH
KOPBI.

Mauto Toro, pacCMOTPEHHBIH MO/IX0/T MOSKHO TPUMEHUTD
B IJIAHETOJIOTHH [IJIST TPYOOI OIIEHKW CTPYKTYPbI KOCMHU-
gecknxX 00beKToB. Tak, 1o aHaim3y 0co6eHHOCTEH pesbe-
¢a moBepxHOCTH BeHepbl, TOJYyYEHHOMY C ITOMOTIHIO
paJapHOil CbeMKH C ee WCKYCCTBEHHOTO CIYTHUKA, C
UCIIOJIb30BAHUEM TAKOTO MOJXO0/A yiKe CeJaHbl HEKOTO-
pbI€e 3aKJII0UEHHST OTHOCUTEHHO MTPOIILIOTO ATOH TIAHETHI.

Her uuuero yImBuTEIBHOTO B TOM, YTO 3a4acTyIO OJIHU
u Te e (pU3nUecKre 3aKOHbI JeHCTBYIOT B CAMbIX Pa3HO-
o0pa3HbIX cucTeMax. B HamieMm ciaydyae auanasoH poji-
CTBEHHBIX SIBJIEHWI IPOCTUPAETCS OT HAHOPA3ZMEPHOIO
YPOBHS JI0 MAaKPOCKOIIMYECKOTO ¥ JIaKe TLIaHETapHOTO.

Wtak, 6;1aroapst 06TITHOCTH 3aKOHOB MOKHO TIOJy4aTh
nHdOpMAIIO O CBOHCTBAX MaTepUasoB, SBJICHUSX U
mpoleccax, HallpuMep OIEHUBATh TPOYHOCTh MAaTEPUATOB
B HAHOCJOSX WM CyAUTb 06 oOpa3oBaHumM pesbeda Ha
MOBEPXHOCTH TIJIAHET, MPOUCXO/ANNX B OKPYXKAONIEM
MUpe, 0OPAaTUBIIHICH K JJaG0PATOPHBIM MOJIEJISIM U B3SIB 3a
AHAJIOT TIPOCTO U XOPOIIO U3YyYeHHDIH (Pu3ndecKuii 00beKT,
TaKOM KaK IMOJTMMEPHASsT IJIEHKA C JKECTKUM HAHOMETPOBBIM
MOKPBITHEM.
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NAMATU
N3PAUNA MOWNCEEBUYA TEJIbOAHOA

He cramno Uspauns Mouceesuua lenbdanga, ogHoro us
CcaMbIX BBIJIAIONINXCST MAaTEMATUKOB ITPOIIE/IIEr0 BeKa.

N.M.Tenbdang — mopasuTesbHO PA3HOCTOPOHHUI yue-
Horii. Hesrerko HasBaTh Kakyio-am6o n3 (yHIaMEHTAJbHBIX
orpacieil MareMaTuku, B Kotopoil ['esbdann we mmesn 6bI
OCHOBOTIOJIATAIOMIUX pe3yabTaToB. OH 6bLT BCEMUPHO IPH-
3HAHHBIM MUPOBBIM JHJEPOM B (PYHKIIMOHAJBLHOM aHAJ3E,
Teopuu TPy JIu 1 Teopun TpeCTaBICHIIT, 1 HEBO3MOKHO
He OTMETHTD €T0 BKJAAA B alre6py, reOMeTpHIo, TOTIOJIOTHIO,
anareOpanvecKyio reoMeTpuio, Teopuio audgepeHimaabHbIX
ypaBHEHNH, MaTeMaTHYeCKyIo (DU3NKY, YNCJICHHBIN aHAIN3,
MPUJIOKEHNUS K HeU3NIECKIM HAyKaM.

WN.M.Tenbdan 6b11 BOCIUTAHHUKOM MOCKOBCKOII MaTeMa-
Tiueckoit mxounsl, yauenukoMm A.H.Kosamoroposa. On sambl-
KaeT CHUCOK ydeHukoB Jlysuna u mepBOro MOKOJEHUS
€ro BBIJAOIUXCS <«BHYKOB». Vmu 6butn [[.E.MeHbIuos,
M.A.Cycaun, A.A.Xunuun, 11.C.Anexkcannpos, II.C.Ypbi-
con, JI.A.Jliocrepuuk, M.A.J/laBpentbes, II.C.HoBukos,
H.K.bapu, A.H.Koamoropos, JI.B.Keazpim, JI.I. ITaupesn-
man, C.M.Hukombckuii, A.H.Tuxonos, JI.C.llonrpsrux,
A.Ml.Mausprnes, A.A.Jlanyros, M.B.Kenapmm, W.M.Ten-
dang.

B Tpyambple mBagmaThie TOABI €My He J0BEJIOCh 3aKOHUNTD
mrkory. OH He TTOIy4nJ BeIcIiero o6paszoBanus. C AeBATHAI-
matu Jjer V3pamabp MowuceeBud cTaji mocenaTb ceMUHapbI
MOCKOBCKOTO YHUBEpPCUTETA W TTOCTYIUJ B aCITUPAHTYPY K
Anpgpero Hukomaesnay Kommoropoy. Kangmnarckyio anc-
ceprammio .M.Tenpdang sammrua 8 1935 rogy u cran
paboTarb JOIEHTOM MeXaHHKO-MaTeMaTHYecKoro daxyJibTe-
ta MI'Y. Bckope uMm Gblin 3a/105K€HbI OCHOBAHUST TEOPUU
HOPMUPOBAaHHBIX KoJell (MMeHyeMbIX Ternepb GaHaXOBbIMU
anre6pamMu) . ITH UCCIEA0BAHNU, MOCAY KUBIIHIE OCHOBOM €ro
JIOKTOPCKOIT iuccepranuu, 3amuiieHHoi B 1940 rogy, cpasy
BBIIBUHYJTM €r0 B YHCJO BEAYIIMX MaTeMaTHKOB CBOErO
BpemeHu. [enbdang mpouynTas Ha MEXaHWKO-MaTeMaTHdec-
KoM (paKyJbTeTe MHOKECTBO KYPCOB: JIMHEHHOH ajre6phl,
TEOpHH yPABHEHUH C YACTHBIMU TTPOM3BOIHBIMHA, BAPUAIUOH-
HOTO WCYWCJICHNS, WHTETPATbHBIX ypaBHeHU. OH 6611 651-
CTaTeTbHBIM JEKTOPOM — MHOTHE HAa3bIBAIOT €T0 JIYYITIM
JIEKTOPOM Cpeil TeX, KOTO UM JOBOIWJIOCH CJBIIATL. Ero
nepy MPUHAIEKAT MHOKECTBO KHHUT, MO KOTOPBIM YUYIJIHCDH
U TIPOJIOJIKAIOT YYUTHCS MaTEMATUKK BCETO MUPa. ITO yuel-
HUK TI0 JInHEHO# anre6pe W HANMCAHHbIE B COABTOPCTBE C
KoJuteraMu yuyeOHUK 110 BapUAIHOHHOMY WCUYHCJIEHUIO U
cepust MoHorpaduii mo teopun o06o6IIeHHbIX DyHKIM. B
TedueHue MoJyBeKa JIeHCTBOBA 3HAMEHUTBIN ceMuHap lesb-
danza, MOCBSAIIEHHDIN «BCeil MaTeMaTUKe» , KOTOPBI IMOCTy-
SKILJT IIIKOJION JIJIsE MHOTUX IIOKOJIEHHI MateMaTukoB. [lojroe
Bpems lesbdang paboran B OT/eieHUN TPUKJIAIHON MaTe-
MaTukn MartemaTtmueckoro nHetutyTa uM.B. A.CrekJoBa, rie
BBINOJTHSLT pAGOTHI GOJIBIION TOCYITAPCTBEHHON BAKHOCTU: OH
BO3TJIABJISJ TPYIITY YIEHDBIX, KOTOPBIE MTPOBOINJIN PACUETHI,
CBsI3aHHbBIE C CO3/[aHIEM BOAOPOAHOIN 6oMObBI. C rrecTu/iecs-
ThIX T0/10B ['estbhant 3aBeroBas saGoparopueii npu Mockos-
CKOM YHWBEpCHTETe, T/le OCHOBHOE BHHUMaHHUE Y/IEJSI0CDH
rpobJieMaM MenIHbl 1 6nostorun. esabdan 6bln ocHoBa-
TeJieM U B Te€UeHUe MHOTUX JIeT TJIaBHBIM PeIaKTOPOM XKy pHa-
Ja «DYyHKIMOHAJIbHBIN aHAJIN3 U €70 MPUJIOKeHNs» . B To/1bI,
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N3pannb Mouceesny lNenbcaHg,
(2.09.1913-5.10.2009)

korpa VI.M.Teabdany 6611 mpesuieaTroM MOCKOBCKOTO Ma-
TEMaTUYECKOro oO0IIecTBa, 5TO OOIIECTBO JLOCTULJIO BbICIIEH
CTENEeHN CBOETO PAa3BUTHS.

Benku sacayru spanias MonceeBnya B o6s1acTu MatemMa-
THUYECKOTO IpOCBelleHrs B Haieil crpane. OH 6bL1 cpeju
OCHOBATeJIell TIKOJBHBIX MaTeMaTHYECKUX KPYKKOB TIPH
MocCKOBCKOM yHUBEpPCUTETE, TPUHUMAT aKTHBHENIIee yJyac-
THEe B TIPOBE/ICHUM TEPBBIX MOCKOBCKHUX MaTeMaTHYEeCKITX
OJINMITHA/T, OCHOBAJI 3204HYI0 MATEMATHYECKYIO HIKOJY, ObLT
Ccpe/i OCHOBaTe el 3HaMeHUTON MOCKOBCKOM BTOPOII IIKOJIbI.
On O6blT MHUIMATOPOM WM3/AHHS M OCHOBHBIM COABTOPOM
MHOTHX 3aMeyaTe/bHbIX OPOIIOp, 0OPAIEHHBIX K [IKOJIbHH-
kam. M.M.Tenpdann 6bun apyrom Hamrero sxypHana. B
nepsoM HoMmepe «KBanta» 3a 1989 ron ony6inkoBano 3ame-
yaTeJbHOE MHTEPBBIO ¢ akagemukoM V.M. Tenbdangom.

N eme o6 omHOM HeIb3ss HE CKa3aTh: OYEHb MHOTUM
N3spannb MouceeBud 0Kas3biBas CyIeCTBEHHEHITYTO TTOMOIIb
B TPY/JHbIE MUHYTbI UX KU3HU.

[TopasutesnbHOI 0COGEHHOCTBIO €T0 JKM3HU B HAYKE SIBH-
JIOCh HEBEPOSITHOE TBOPYECKOE JOJITOJIETHE: €T0 ITyTh B HAyKe
Ha yPOBHE BBICIINX JOCTIKEHUI IJTNJICS CeMb/ICCAT TISATh JIET.
CpaBHUTD €ro TPOCTO He ¢ KeM 3a BCIO UCTOPHIO HAYKH.

B 2003 roxy B CIIIA cocrosmach kougepenius « Ennactso
MareMaTHKU», IPUypoYeHHad K JeBsHocToseTio V.M. Tesb-
(anna. Ha xordepentnn BLICTYTIHIN € JOKIaMH KPYTTHETH-
e MaTeMaTHKHU Harrero Bpemenn. Ha sToil kongepennnn 2
CeHTsIOpSI, B JIEHb CBOETrO JIEBSIHOCTOJIETUSI, BBICTYIIMJ C
JIOKJIa1I0M U caMm 106uiisip. Ero nokman Haspiasicss « Martema-
THKA KaK aJIeKBaTHBIN $13bIK». B /l0KjIa/e OblIM OTpaKeHbl
cyTepcoBpeMeHHbie TPo6JeMbl aare6pbl, TEOPUU YUCET, TeO-
MEeTpUM, aHadM3a W NPUKJIAJIHON MareMaTHKu. B Havase
nokaana Vapaunab MouceeBud npousHec Takue CJIOBA:

«51 ne omymaio ce6s popoxom. S umb yuenuk. (I do not
consider myself a prophet. I am simply a student.) Bcio
SKU3HD S YUYUJICS Y BEJUKUX MaTeMATUKOB, TAKUX Kak Jijep
wm layce, y MOMX CTapmux W MJIQIINIMX KOJJIET, Y MOWUX
ZIpy3eii I COTPYAHNKOB, HO 60Jiee BCETO — Y MONX YIEHUKOB» .

WNmsa Teapdanma HaBceraa ocTaHeTCS B NCTOPUH HAYKH.
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BepoATHOCTHbIE
[10Ka3aTenbCTBa

A.LLIEHb

HepaBEHCTBa N OUEHKUA

Haunewm ¢ coBcem mpocToit 3aiaun.

1. Ha docke nanucanvt 10 uucen. Cymma mobvix 08yx
U3 Hux ne menvwe 5. Joxaxume, 4mo CymMma 6cex uucel
He menvuie 25.

> TyT maske u JOKa3bIBaTh-TO 0COO0 HEUYero: pazobbeMm
YycJa Ha TATh nap. B Kakol nmape cymMma He MEHbIIIe J,
BCETO TMOJyvaercs 25. q

avsa vaDaDaEa® ,=25
=5 =5 =5 =5 =5

Tenepp HEeMHOTO GoOJIee CJIOKHAST 3ajjavya.

2. Ha docke nanucamnwvt 9 uucen. Cymma mobvix 06yx u3
HUX He menvwe 5. /loxa;kume, umo cymma 6cex uucesl ne
Menvule 22,5,

(Ecan Bce yncsia paBHbI 2,5, TO U noay4ntces 22,5.)

> Paccyskas anasornyHo npezplaylieil 3ajade, MOXKHO
BBIOpATh UYeThIpE Tapbl, W OJHO YHCJO OCTaHercsi. B
Kak/I0il Tape cymMMa He Menbliie 5, Bcero 20. Ecun 6b1 Mbl
3HAJIN, 4TO OCTaBIeecst 6e3 mapbl YMCJI0 He MEHBIIE 2,5, TO
MbI TIoJIyunin 6b1 TpeGyemoe. Ho rapanTupoBaTh 3TO MbI
He MoxkeM. CkaskeM, ecJil OJHO U3 YHCeJ PAaBHO HYJIIO, a
OCTaJIbHbIe PaBHBI 5, TO CyMMa JIOObIX JIByX OyJeT He
menpie 5 (a numenno, 5 nwiam 10). Ipu aTOM HEmapHBIM
MOKET OKa3aThCsI HOJIb.

Hagseproe, BbI yke co06pa3wim, KaKk 3aBEpPHIUTh Pac-
cyxknenne. Paz0nenue Ha mapbl B HAIUX PYyKaxX, U MbI
MOXKEM OCTAaBUTDH HEMapHBIM Ji060e M3 unces. B mo6oit
nape Xotg Obl OJTHO U3 YnCesT PABHO 2,5 niu 6oJibire. Ham

G G oG G o -

x 2=22.5
=5 =5 =5 =5 =2,5?

JIOCTATOYHO 3HATH, UTO XOTSI OBl OJTHO U3 YMCEJ TAKOBO —
MOKHO OCTaBUTDL HEMAPHLIM WMEHHO 3TO YHCJO, W BCE
MOJIYIATCS.

YcaoxxHUM 3a/1a4y e1re HeMHOTO.

3. Ha docke nanucanvt 10 uucen. Cymma mobvix mpex
U3 HUx e menvwe 5. /lokaxume, 4mo cCymma 6cex uucel
He menvtue 50/ 3.

> Mcnonb3yem TOT ke mpueM: B JIIOGOU TPOiiKe ducest
GoJblree paBHo 5,/ 3 man Gospie (MHade Bee TPU 4mCaa
MeHble 5,3, u cymMma Menbine 5). BosbmeMm oo u3
Takux yrces (He MEeHbIINX 5,/ 3), OCTaHyTCs TP TPOUKH,
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B Ka)XX/JIOW M3 KOTOPBIX CyMMa He MeHblie J. Bcero
nosyuaercs kak munumym 3-S5+ (5/3) = 50/3 . 4

G e G Gio 20
e e 8 (8 e 80 8 s & Z;; 3

=5 =5 =5

wlen ®
3

B nByx mpeapiayImux 3aadax 0CTaBaJIOCh OJTHO YHCJIO.
A 49to OyJer, ecau ocTaHeTcs /1Ba?

4. Ha docke nanucanvt 11 uucen. Cymma mobvix mpex
U3 Hux nHe menvwe 5. /lokaxume, 4mo cCymma 6cex uucel
He menve 55 /3.

MO3KHO PermTh 3Ty 3a/1a4y aHAJOTHYHO MPEbIAYIINM
(M. 3azauy 14 m ykaszanue K Heit). Ho Mbl mpusegeMm
JIPYyTOe pellierne, KoTopoe 0606111aeTcs Ha JI0Oble KOoJImde-
CTBa.

> O603HAYNM HAIW YUCTA dy,...,d;; W 3AIUIIEM UX 110
kpyry. Cymma mio6oii Tpoiiku coceneit ne menbmure 5 (110
YCJIOBHIO):

a+a,+as =),
a,+as+a; 25,

ag + ayy +ayy 235,
aj+ay+a; =5,
aj +a;+ay, =5.

CJI03KMM 9TH OJMHHAAIATH HepaBeHCTB. Kaskjoe 4uc/io
BCTpeuaercss Tpu pasa (BXOAUT B TPU TPOHKHU), MOITOMY
IOJIY Y TCS

3(ay+ay +...+a;) 255,

OTKyZIa U cJielyeT TpebyeMoe.

BeposiTHOCTU N oXxXnpgaHus

Ceityac Mbl pacCMOTPUM [Ipyroe pellleHue IocJje/Hei
3a/lauu — Ha A3blKe TCOPHH BEPOATHOCTEH.

[ycrb B smuke (MM, Kak JIOOGAT TOBOPUTh B TEOPHUU
BEpOSATHOCTEH, B ypHe) JekaT 11 1mapoB, Ha KOTOPBIX
HalUcaHbl Yuciaa d,ds,...,dy; . Mbl BbIHUMaeM OJUH U3
MIapoB He TSI, M HaM JJAI0T CTOJBKO pyOJIeii, CKOJTbKO Ha
HEM HAIMCaHoO.

CKoJIbKO MbI OyJieM BBIMTPBIBATH B CPEHEM 3a WUTPY,
€CJIM UTPATh MHOTO pa3? Mbl uMeeM B BULY, YTO KasK/IbIi
pa3 BBIHYTBIN IIap BO3BPAIAIOT B YPHY U €€ COAEPKUMOE
nepemernBaioT. HecsoxHO coo6pasuTh, 4YTO OTBET TYT —
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cpeaHee apI/I(l)MeTI/I‘{eCKOE BCeX YHuceJI,
ay+ay + ...+ ay
11

B camowm siesie, mycth Mbl UrpaeM GOJIbIIOE KOJTUIECTBO
pas. IlockosbKy Bce mmapbl Ha OMIYIb OJMHAKOBBIC M UX
MepeMEINBAIOT, TO OHU OY/YT IOMAAThCs HAM OJITHAKOBO
yacto. B 1,/11 gosie Bcex Urp Ham romnajercs map ¢, B
1,/11 none —map a, u tak najee. Bcero Mbl BbIMTpaeM (3a
N urp)

S:

+ N +...+ N
11511 11a2 11a11,
U B CPeIHEM Ha OJIHY UTPY HpHUeTcs Kak pas.S. B reopun
BEPOSTHOCTEN CPEeTHUI BBIUTPBHIII 32 GOJIBIIOE YHCJIO UTP
HA3BIBAIOT MAMEMAMUYECKUM O0XXUOAHUeM BBIUTPHIIIA,
TaK YTO B JIAHHOI WIpe MaTeMaTu4eCcKoe OKU/JaHNE BbINT-
pbIllla PABHO CpeHeMYy apu(MeTHYecKOMY BCEX UYHUCEI.

A 4to 6yzIeT, ecJIi Pa3peNIuTh KOMaH/Ie U3 TPEX YeTOBEK
A, b n B BpiHUMAaTD 110 1mapy? Mbl uMeeM B BH[Y, YTO
mapbl BBIHUMAIOT 6e3 BO3BpAIlleHUsI, TaK 4YTO B YpHE
ocraercs 8 mapoB. KakoBo 6yzieT MareMaTiyeckoe 0xKua-
HME BBIUTPBINIA KOMaHAbl (CpefHnii BBIMTPHINI B pacyere
Ha OHY HUTPY)?

fAcHo, YTO TO-TIPEsKHEMY KaKbIii W3 WTPOKOB Oy/eT
BBIHMMATH BCE MIApPbl OAMHAKOBO 4acto (Beab ToT (axt,
YTO KTO-TO /10 TeOs He TS BBHIHYJ IMap, He MeHseT
PaBEHCTBA MAHCOB). 3HAYUT, KasK/bIH U3 UTPOKOB Gy/1eT
B CpeJIHEM BBIMTPBIBATH .S, a BCsl KOMaH/a — B cpejiHeM 3.

Tenepb BCIOMHUM yCJIOBHE 33/IaUi: CyMMa JIIOOBIX TPeX
qices He MeHbIe 5. 3HAYUT, B KAKIOWU UTpe KOMaH/a
BBIUTPBIBACT HE MEHbIIE S5, U CPEHUI BBIUTPBIII TOXKE HE
MenbIre 5. Taknm o6paszoMm,

aq+ay+...+ay >5

11 ’
MOITOMY dy + dy + ...+ dyy = 55/3, 9T0 U TPe6OBAIOCH /10-
Ka3aTh.

ITO paccy’K/ieHHe BBITJIAANT HECTPOTUM: YTO 3HAYHUT
«6OJIBITIOE YHCJIO UI'P», «B CPEHEM OJMHAKOBO YacTO» U
1.71.7 CTporoe 0o60CHOBaHNUE a€T MATEMATHYECKAS TEOPHS
BEPOATHOCTEH, HO OHO BBIXOJUT 32 PAMKHU 3TOH CTATbH.
MblI, ocraBagch Ha ypOBHE IIPaB/IONOJOOHBIX HECTPOTHX
paccy K/IeHNi, PacCMOTPHUM ellle HECKOJBKO IMOJOOHBIX
PUMEPOB.

35 =3x

CnyyvaiiHble pacCcTaHOBKM

5. B kaemxax waxmammnoi docku 8 X8 cmosim naocvl
U MUHYCDL, NPUUEM NAIOCO8 CINOJILKO Ke, CKOIbKO MUHYCOB
(no 32). [Jloxkaxume, umo MoxHO max paccmasumo 8
aadet, He bvrouux Opyez Opyzd, umoodvl He meHvuue 4 radei
CMOsLIU HA NAIOCAX.

> Byzem crasutb nagpu (mponymepyem ux ot 1 10 8) Ha
JIOCKY CJIy4ailHbIM 06Pa3oM, CUHMTas PABHOBEPOSITHBIMU
BCE PACCTAHOBKH, y/OBJETBOPsiionine mpasuaam (saapu
He OBbIOT JIPYT JIpyTa: Ha KaK/JO0N BEPTUKAIN W TOPU30HTA-
JIM UX TIO0 OfIHOIT).

BoiGepeM kakyio-To ofiHy u3 Jajeii. Ha Kakyio KJIeTKy
y Hee 00JIbITTe MMAHCOB MoTacTh: Ha al nim, ckaxem, Ha el1?
OanmHAKOBO, MOTOMY UYTO B JIO0OH PAaCcCTAaHOBKE MOKHO
[epecTaBuTh BePTUKaIK a u € (BMecTe ¢ JajbaMu, Ha HUX
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CTOSIIUMM), ¥ PACCTAHOBKU OJIHOTO THUIIA COOTBETCTBYIOT
paccranoBkam zpyroro. Ilo Tem ke TpWYMHAM ITAHCHI
nonactb Ha el Takme ke, Kak, ckaxxeM, Ha e4 (mepecTas-
JIIEM TIEPBYIO M YETBEPTYIO TOPU30HTAIN). AHAJOTUYHbIE
pacCysKJIeHUsT TTOKa3bIBAIOT, YTO BOOOIIE y 3TON Ja/ibu
paBHbIE TTAHCHI TIOTTIACTh BO BCE KJETKU JOCKH.

CaenoBaresibHO, y Hee paBHbBIE IIAHCHI TIOMACTD Ha TLJI0C
u Ha MuHyc (110 YCJOBUIO POBHO MOJIOBUHA KJIETOK 3aHsTa
TIJII0CAMU ¥ TTOJIOBUHA MI/IHyCaMI/I). Ecan 3a tioc et gaor
py6Jib, a 3a MUHYC OTOMPAIOT, TO B CPeHEM Ja/ibsi Oy/eT
OCTaBATHCST «IIPU CBOUX» .

Tenepnb BHUMaHME: pa3 Kaxk/1as Ja/[bsh OCTAeTCs B CPE/I-
HEM IIPU CBOUX, TO ¥ BCS KOMAH/Ia OCTAETCS B CPE/THEM TIPH
cBOMX. A ecau Obl yTBepXK/JeHUE 33/1auil OBLJIO HEBEPHO
(Bcerma Gousbne mazieil Ha MUHyCaX, YeM Ha TLTI0Cax), TO
KoMaH/Ia ObI BCer/ia MPOWTPBIBAIA, & TOTOMY M B CpEeTHEM
Obl IPOUTPBIBAJIa — IIPOTUBOPEUHE. <

CnyyanHble TOUYKMN

6. H3ssecmno, umo 6osee nos08UHbL NOBEPXHOCTU 3eM-
AU 3anumarom oxeamvl. Mcnoav3ys us zeozpaghuu moavko
amom ¢paxm, dokaxume, umo MOXHO Hatmu dse oua-
MEMPAILHO NPOMUBONOJIOXKHBIE TMOUKU, 00e nondsuiue 6
OKean.

> ByseM BbIOUpaTh CJAyYalHYI0 TOYKY IOBEPXHOCTH
3emn (umm r106yca). Ecau genatb 5T0 MHOTO pas, TO
6oJibllle YeM B TIOJIOBWHE CJyuyaeB BbIOpaHHas Touka A
OyJieT MmomaaTh B OKeaH — OHA PAaBHOMEPHO pacIiipe/iese-
Ha TI0 Bcell TOBEPXHOCTH 3EMJIM, a OKEaHbl 3aHUMAOT
6OJIBIIIE TTOJIOBUHBI.

IIpotuBomosiokHasA eff Touka B TOKe paBHOMEPHO pac-
[pe/iesieHa Mo BCell MOBEPXHOCTH 3eMJIH U oToMy 60Jjiee
4eM B [I0JIOBUHE CJIyYaeB IONAJAeT B OKeaH. 3HAYNUT, TU
cnyyan (A B oxkeane u B B okeaHe) WMHOT/A JIOJKHBI
MPOUCXO/IUTH OHOBPEMEHHO, YTO W TPeGOBAIOCH JOKa-
3aTh. <

Ecnu 510 paccysk/ienne KasKeTcsl BaM MOJ03PUTETHHBIM
(4TO 3HAUMT «CiydailHasg PaBHOMEPHO pacIIpe/ie/ieHHast
10 TIOBEPXHOCTH 3eMJIH TOYKa» ? TIOUeMY JI0JIsl CJIyUaeB, B
KOTOPBIX OHa IIOMNAaJaeT B OKeaH, OIPEee/sieTcsl J10Jei
OKeaHOB I0 Iuomaau?) — ato He 3pga. CTporoe ero
000CHOBaHME CHOBA BBIXOINT 3a TPEAEbI ATON CTATHHU.

O/HaKO TIO CYIIECTBY TO YK€ CaMOe PACCYKIAEHUE MOXK-
HO u3J0XHUTb M 6e3 BepositHocteil. Ilycts S — wactb
3emn, 3aHATAas OKeaHaMu. PaccMOTPUM CUMMETPUYHYIO
el OTHOCUTEJIbHO 1eHTpa 3eMJIU YacTb S’ . (Ona cocro-
UT U3 TOYEK, Y KOTOPBIX AMAMETPAJIHHO ITPOTUBOIMOIONK-
Hble nomnajaioT B okeal.) ILnomaan S u S° oAMHAKOBBI
(cuMMerpust coxpanser 1omaau). Ecan yTBepskaenue
3aaun HeBepHO M o6mmx Touek y S um S’ mer, TO
MOJIyYaeTCsl IIPOTUBOPEYNE: JIBE HEllePeCeKaIoNInecs: Jac-
T cepsrr cogepxar 6osee 50% TIOMIAIN KaxKaasl.

B caenytomieit 3aiaue Takoi MpocToil epeBO/T PaccysK-
JIEHUST HA SI3BIK TLJIONA/Iell HEBO3MOJKEH.

7. Ha 6enoil cihepe ecmv uepioe nsammuo, 3anumaouee
ne 6oree 10% ee naowadu. Iloxaxxume, 4mo MONKHO
enucamo Kyb 6 cghepy maxum oopazom, umoodvl Hu 00nd
€20 eepuLuna ne nondid 6 Mo NAMHO.

> Bosbmem ky6 ABCDA’B’C’D’ (majiesxaiiero pas-
Mepa) u OyJeM BIHMCHIBaTh €ro B cdepy CaydaiiHbiM
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o6pasom. [Ipu 6oJBIIOM KOJMYECTBE WCIBITAHUN [10JIS
cayyaes, Korja sepiiuHa A monajgaer B natHo (BeposT-
HOCTh cOObITHS «A vepnasi») pasHa 1,10, MOCKOJIBKY
BepiHa A paBHOMEpPHO pacmpe/ieieHa 1o Bcelt cdepe.

ITo Tem »xe mpuymHAM BepIMHA B OKa3bIBaeTCsl YepHON
B 10% ciydaeB, W TO ’Ke caMOe MOKHO CKasaTb IPO
a00y1o 3 8 BepmIMH. 3HAYNT, OCTAeTCSI KaK MUHUMYM
20% = 100% — 80% ciyuaeB, B KOTOPBIX BCE BEPIIUHDI
Gesbie (MOkeT GbITh GOJIbIIE 3a CUET CJIyd4aeB, KOrja
HECKOJIbKO BeplH uepHbie). [oaToMy Ky6 MOKHO BIIU-
catb TpeGyeMbIM CIIOCO6OM.

Ha camom gesie TyT MBI YK€ Cepbe3HO JKyJbHUYaeM U
3aMeTaeM I10/1 KOBEP OCHOBHYIO YaCTh PACCy K/I€HH: [ove-
My CJIOBA «CJYYAiHO BIMCAHHBIN Ky6» MMEIOT CMbBICT U
noyeMy BepIIMHA PaBHOMEPHO pachpejiesieHa o cdepe.
VHTYUTHBHO 5TO BBITJISIUT MPABIONOI00HO U [1€HCTBU-
TEJBHO MOKET GbITh CTPOTo 060CHOBAaHO (XOTS S HE 3HATO
HUKAKOTO PEIIeHUsT 3TOH 3a/lauil B paMKaX MTKOJHHOMN
POrPaMMBI).

CnyyanHble packpacku

PaceMoTpnM 1pon3BOJIbHBL 2pagh — HECKOJIBKO TOYEK
(6epwun), coeqnuenupix aunusmu (peépamnu). Packpa-
cuM BepuuHbl rpada B [Ba 1BeTa (CKaXkeM, YepHbBIH U
Geablii). Pe6po HazoBeM pasnousemmnvim, ecym oHo (Kak
BbI YK€ JIOTaJa/ICh) COCJMHSET BEPIIUHBI PA3HBIX I[BE-
TOB.

KoJimaecTBO pa3HonBeTHBIX Pebep 3aBUCUT OT pacKpac-
ku. Eciim MBI XOTHM c/leJIaTh 9TO UHCJIO MUHUMAJbHBIM,
HET HUYErO MPOIIE — JOCTATOYHO TOKPACUTH BCE BEPITHHBI
B OIUH W TOT K€ IBeT. A 4To Oy/er, eCJau Mbl XOTUM
caesath ero MakcuMasbibiM (171t ranuoro rpagda) ? Orser
3aBUCUT OT rpada, HO OKa3bIBAETCsI, YTO BCET/Ia MOKHO
rapanTHpoOBaTh KaK MUHUMYM ITOJIOBUHY Pa3HOIBETHBIX
pebep.

8. Jloxaxume, umo 6 npoussonvHom zpaghe MOKHO
packpacums eepuiunvl 6 08d ugema Maxum 00pPA3oM,
4MobbL KaAK MUHUMYM NOJOGUHA Pebep OKA3AIUCH PAZHO-
UBEMHLIMU.

> Dy/ZieM packpanimBaTh BepIIUHBI CJIYIaiiHbIM 06Pa3oM
(g rpada ¢ n BepmMHAME BO3MOKHO 2" PacKpacok, u
MBI CUMTAEM BCE WX PABHOBEPOATHBIME). [l Kaxaoi
PaCKpacKy TTOCYUTAEM, CKOJBKO pebep OKaKyTCS Pa3HO-
[BETHBIMU. JTO, KAK TOBOPST, «CJydyaiiHas BeIUIMHA» —
OHA 3aBUCHUT OT BbIGOpPA PACKPACKH.

KakoBo ee marematnueckoe oxxkujanue (cpejanee 3Ha-
yeHne npu GOJIBIIOM YHC/Ie UCTIbITaHui)? JIpyruMu ¢Jio-
BaMH, IyCThb B KaXK/I0i1 BepimHe rpada 6pocaioT MOHETY
(He3aBUCHMO OT APYTHX BEPIIKMH, TaK YTO BCe KOMOMHA-
MM PABHOBEPOSITHBI), a Ha KakIOM pelpe [IeKypHuT
UTPOK, KOTOPBIH MOJIydaeT py6Jib, ecau pe6po OKasKeTCs
pasHoIBeTHBIM (MOHETBI B €ro KOHIIAX BBINAAYT I10-Pa3-
nomy). CKOJIBKO B cpeaneM Oy1yT 3apabaTbIBaTh HTPOKH
3a urpy?

Kaskiprit HTPOK B cpe/iHeM BBIUTPHIBAET B MOJOBUHE UTP
(ectp yeThipe BapwaHTa KOMOMHAIIMY [BETOB Ha KOHIAX
pe6pa, ¥ B JBYX W3 HUX OHO Pa3HOI[BETHOE). 3HAYUT,
KQK/IbIl UTPOK B Cpe/iHeM BBIUTPLIBAET MOJTHHHUK 32
UTpy, a BCSI KOMAH/IA B CPEJHEM BbIUTPbIBAaeT V /2 py6-
qeit, tne V — uucio pebep.
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Orcro/1a OYEBUIHO CJEYET, YTO €CTh PACKPACKH, KOTAa
He MeHee NOJIOBUHBI pebep pasHouserubie (mHaue Gbl B
KaKJI0il Mrpe KOMaH/Ja BbIUTpbIBasa MeHbie V /2, u
cpexnnee Toxke ObLIO GbI Menbire V /2).

Ha camom zesie 910 yTBEpIK/IeHNE UMEET TPOCTOE KOHCT-
PYKTHBHOE JloKazaTeabcTBo (cM. 3amauy 19).

Cnyy4ariHble MPoeKLUu

B sTOM pasmesie Mbl IPUMEHUM BEPOSITHOCTHBIE COOOPa-
JKEHUS JIJIS PENICHUs TAaKOH 3a/1auu.

9. Ha naocxocmu mapucosamna evinyxias quzypa,
oepanudennas xpueot oaunvt L. /loxaxume, umo ee
duamemp, m.e. MaKCUMAILHOE PACCNOSIHUE MEKIY 08YMsL
ee moukamu, He meHoue L/T .

[TosiBienue 3jech ynucjaa T He CJAydyallHO: HEPABEHCTBO
3a/1a4n 06paIaeTcss B paBeHCTBO IS CJIydasi OKPY>KHOCTH
miamerpa D = L/T.

> MBI TokakeM 60Jee CUJIbHOe YTBep KAeHNe: CPeTHsII
JUTTHA TIPOEKIINN HalIell (pUTypbl HA CJIydaiiHoe HallpaBJie-
une pasHa L/m. (Mbr
MIPOBOJIUM MTPSMYTO B CJIY-
4aiiHO BBIOPAHHOM Ha-
MpaBJCHUM, W MOTOM U3
KaxZ0il ToYKM (DUTYpbI
OIIyCKaeM IepHeH/INKY-
Jap Ha aTy upsamyio. Ilo-
JIydaeTcs OTPe30K — IIPo-
exIusl UTypul Ha Mps-
MYIO.)

W3 aroro yrsepaxaenus
cJIeIyeT, uTo Hal1eTcs Ha-
IpaBJieHre, TPOEKINUs Ha
KOTOPOE UMeeT JIHY He Menblie L/ (cpe/iHee 3HaueHne
He MOJKeT ObITh GOJIbIIE BCEX). A TOT/Ia U TOYKH (PUTYPBI,
KOTOpBIE TIONAJal0T B KOHIIbI MPOEKINHN, HAXOAATCS Ha
TaKOM 3Ke Ui 60JibIiTeM paccTosiiny (HaKJIOHHAS [ATMHHEe
IEePIEH/IUKYIAPa) .

Kak sxe nmokaszath obemiannoe? PaccMoTpuM KpHUBYIO,
orpannuuBaonyo durypy. Ilpoexims duryps — ato Bece
PABHO YTO TIPOEKITUS ee TPaHUIlbl. Pazo6beM aTy KpUBYIO
Ha MHOKECTBO OYEHb MaJICHPKMX dYacTell — HACTOJbKO
MaJeHbKUX, YTO KKAYIO U3 HUX MOXKHO CYMTATD OTPE3-
koM. IlycTb Bce aTi oTpe3ku 6yAyT PaBHOH JIJTIHBI.

IIpoexnus Bcell rpaHUIlbl CKJIAIBIBACTCS U3 ITPOEKIIII
3TUX 0Tpe3KoB. TouHee, y/iBOeHHAS IPOEKIINS BCell IrpaHu-
IIbl paBHa CyMMe IIPOEKINil
orpe3koB (Tak Kak OHHU MO-
KPBIBAIOT €€ /[Ba pa3a — Ty/a u
06paTHO).

ITO BepHO /IS JT060TO Ha-
IIpaBJICHUS IPOEKTUPOBAHUS —
3HAYNT, 1 Y/IBOCHHAST CPEOHSISL
JUTTHA TIPOEKITNY (DUTYPDI paB-
Ha CyMMe€ CPEeIHUX [IJIUH TPO-
eKIMNI KaXXJ0TO U3 OTPE3KOB,
COCTaBJIAIONNX ee rpanuity. Ho
OTPE3KM 9TU PABHOU JIJTMHDI, U TIOTOMY CPEJHME JAJUHDBI UX
NPOEKIMI OAMHAKOBBI (ITOCKOJIBKY MbI MPOEKTHPYEM Ha
cJyvaiiHoe HallpaBJeHue, To HallpaBJieHIe CaMoro OTpe3Ka
pos He urpaer). 3HAUUT, CPEAHAS JJMHA [POEKIUU

N
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KPHMBOH 3aBUCUT TOJIBKO OT YMCJA 9TUX OTPE3KOB, T.e.
IPOTOPIIMOHANbHA [ITMHE KPUBOI, M K0A(PDUIIMEHT TPOo-
MOPIMOHATBHOCTH MOKHO BBIUUCJISITH HA IPUMEPE OKPY K-
HOCTH.

[lBe KOpoGKuM

10. B MOCKOBCKOM MEMPO MOKHO NPOGOIUMb KOPOOKU, Y
KomopvLx cymma usmepenuil (OuHbL, WUPUHBL U BbICOMDL)
He npesocxo0um Hexomopotl zpanuyvl. Bosnuxaem sonpoc:
MOKHO UL NEPEXUMPUMD NPABUILA, NOMECTNUE 00HY KOPOO-
Ky 6HYympb Opy20ii? JIpyzumu cL06AMU, NYCNL 00U NPAMO-
Y201bHbLL NAPALIEIENUNEO UETUKOM COOEPIKUMCA GHYMPU
Opy2020. MoKem Ju cymma usmepenuii Hympenezo 6vimo
60avUE CYMMDL USMEPEHUT BHEULHEZ0?

> OKkasbiBaeTcst, 4TO HET, HO JOKa3aTh 3TO HE Tak
npocto. ECTh HECKOIBKO KPaCHBBIX JIOKA3aTENbCTB, W
OIHO M3 HUX HCIOJb3YET BEPOATHOCTHBIE COOGPAKEHUS
(mpuMepHO Takue e, Kak B MPEAbIAYIIEM pas/ese).

Bynem npoexkTupoBath KOPOOKY Ha MPSAMYIO CAy4aiiHO
BbIGpanHoro Hanpasienus (B npocrpancrse). 13 kaprun-
KM BUJIHO, YTO MPOEKIUS KOPOOKU CKJIA/bIBAECTCA W3
[POEKIMI TPEX OTPE3KOB, UAYIIUX TI0 €€ BbICOTE, JIJINHE U
mupune. CJiesoBaTebHO,
CpeHsIsl JTMHA TIPOCKIINK
(MaTemMaTHueckoe OXxKuA-
HUE) PABHO CyMMe CPeTHUX
JUTHH TIPOEKITUH 9TUX OT-
PE3KOB. A CpeaHsis IMHa
MPOEKIMHI OTPE3Ka IPOIIOP-
IMOHAJbHA €T0 COOCTBEH-
HO¥i e (¢ KaKuM-TO KO-
acpdummenTom, HaM ceiiyac
He BaYKHO — ¢ KakuM). [109TOMY CpeiHss JJIMHA TIPOEKITUH
KOPOGKHU MPOMOPIHOHATbHA CYMME € U3MEePEeHHid.

Tenepp npejcraBum cebe jBe KOPOOKH, OHY BHYTPH
Apyroii. Ha kakyio npsaMyio uX Hu IPOEKTUDPY T, TIPOEKIIUS
BHYTpeHHEH KOPOGKU BCeT/1a HAXOUTCST BHYTPH TPOEKITHH
BHEIITHE ¥ TOTOMY MEET MEHbINYIO WJIH PABHYIO JJIHHY.
3HAUWT, U CPeTHUE ITMHBI TPOEKITUH HAXOIATCS B TOM JKe
COOTHOTIIEHNH, a OHW MPOMOPIMOHAIBHBI CYMMe H3Mepe-
HUH. 4

CnyyanHble Gny>xpaHus

11. Ha aucmke u3 mempaoku 6 KJIemouxy HaApucosaw
AAOUPUHM U 8 HEM POOOM, KOMOPLLL NO KOMAHOAM <66EPX»,
<BHU3», <BJIe60> U «GNPABD> XOOUM U3 KIEMKU 6 KIAeMKY.
Cmenvt rabupunma udym no cmopoHam KAemox, 6vixood
u3 aabupunma nem. Ecau, nauas 0euzamucs no komauoe,
pobom ynupaemcs 6 CmeHy, mo OH OCIMAemcst Hd Mecme.
Mot He 3naem, Kaxou AAOUPUHM HAPUCOBAH, HO 3HACM
pasmep JAUCmKa, usmMepennvlil ¢ Kiemouxax. /oxaxume,
UMO MOKHO COCIMAGUMD NOCACO0BAMENBHOCIND KOMAHO,
Komopas zapawmupyem, 4mo pobom nobwvieaem 6o 8cex
KAeMKax QOCMYNHOU eMy 4acmu AaOUPuUHma.

> Cpasy ke MpU3HAEMCS, UYTO HE TOJHKO HaIlle PacCysk-
Jeare OyleT YUCTBIM JI0KA3aTeJbCTBOM CYIIECTBOBAHUS
(6e3 mpenpaBIenns croco6a MOCTPOEHNST TAKOH MOCTIEN0-
BaTEJbHOCTH), HO W JUIMHA TaKOH I0CJ]e10BaTeJbHOCTH
OyJieT aCTPOHOMHUYECKOI.

Bynem naBatbh po6oTy cirydaiiible KOMAHIbl I CMOTPETD,
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€ Kakoil BeposITHOCTBIO OH 06oiijer jabupunt. Ilyctp B
JIAOMPUHTE €CTh 3aMKHYTBI 00X0J] 13 He Gosee yeM N
maros. Torja mpu J060M HAYaJIbHOM MOJIOXKEHNH PoboTa
€cTb HEKOTOpasi BEPOSITHOCTb, YTO npu tojade emy N
CJIyYallHbIX KOMAH[[ OH TONIET KaK Pa3 Mo 9TOMY IIyTH U
o6oiizer mabupunt. Ona He MeHbine 4~ | a BEPOATHOCTD

He 060#TH JTaGupWHT He O6OJIbIIe (1—4‘N ) [Tporecc
MO>XHO TOBTOPATH: ecau Mbl fagnM 2N caydyallHbIX KO-

MaH/l, TO BEPOSATHOCTb He O0GOUTH JIAOUPUHT He OOJIbIIe

2
(1 — 4_N) (Heyz_{aqa Ha 1epBOM 3Tarie IPOUCXOIUT B 10J1e

-N
(1_4 ’ ) Cﬂy‘{aeB nJan MeHblIe, U B KaXJI0OM N3 HUX

BEPOSITHOCTH COKPAIIAETCSI BO CTOJIBKO JKe pa3 3a CueT
BTOPOrO 3Tara).

Boo6ie, mocse Nk ciaydailHbIX KOMamH BEPOSITHOCTH
Heygaun (B gaHHOM JaGUPUHTE C JaHHBIM HAYaJbHBIM

k
HO]IO)KeHI/IeM) He 60JIbllIe (1 - 4_N) .

XoTg ocHOBaHMe CTelleHH 1 GJIM3KO K eJIMHUIE, HO BCE
PaBHO 3TO YHCJIO MOXHO C/IeJIaTh CKOJIb YTOJHO MaJbIM,
yBesmunBasg k. 3aMeTHM, 4TO [T BCceX JIAGUPIHTOB Ha
JIOCKe JIaHHOTO pa3Mepa MOKHO BbIOpaTh 0JHO obiiee N.

k
ITocJsie 3TOr0 BO3bMEM R TaKuUM, 4TOObI (1 — 47N ) CTaJI0

Mmenbite 1 /M, rae M — 4ucyio pa3HbiX Cl1I0COO0OB HAPHUCO-
BaTh JaOUPUHT 1 poGoTa BHYTpU Hero (Ha JucTKe GyMaru
JTAHHOTO Pa3Mepa UX KOHEYHOe Yuc10). Torma s Kaskao-
ro u3 M BapuaHTOB PACIOJOKEHIS BEPOITHOCTD HEy[aun
Menblie 1,/ M, 1 TOTOMY € TIOJIOKUTETbHON BEPOSTHOCTDIO
I0CJIe/IOBATEIBHOCTD KOMaH/I AJuHbl Nk OKaskeTcs ynad-
HOI1 /IJ1 BCceX BapMAHTOB. 3HAYMT, Takad y/ayHas mocJie-
JIOBaTeJIbHOCTb CYIIECTBYET, YTO ¥ TPeGOBaJOCh JOKa-
3aTh. <

HecpaBHI/IMble MHOXecTBa

B sToM pas/esie MbI MTPEATIONAraeM 3HAKOMCTBO C dJie-
MeHTaMi KOMOUHATOPUKK (MHOKECTBa, MOAMHOKECTBa,
YUCJIO COYEeTaHMIl).

12. Ilycmvo A — mHoxecmso u3 2n diemenmos. Mol
xomum 6ulOPAM® HECKOILKO NOOMHONKECNE MHOKECMEA
A, npuuem mpebyemcsi, umobovl OHU ObLAU HECPAGHUMDL:
HU 00HO U3 HUX He OQONKHO Oblmb NOOMHOKECEOM
Opy2020. Kaxoe maxcumaivHoe 4ic.io noOMHOKECTE MOXK-
HO 8bl0paAMb?

> 3aMeTuM, 4To TpeGOBaHWe BBIMOJIHIETCS, €C/iu BCe
BbIGPAHHbIE TIOMHOKECTBA OJIHOTO pasmepa (1 pasHbie).
Yro6bl nX Y4UCJI0 OBLIO MAKCUMAJIBHBIM, HA/I0 B3SITh pas-
Mep 7, TIOCKOJIbKY 4HcJI0 codetannii C§ npn ganHOM 7
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MaKCUMaJbHO 1pu kR = n. IT0 caenyer u3 (Gopmyibi
Cy =ol/(u!l(v — uw)!). Ho MOXHO 5T0 06bsICHUTD 1 6e3
dbopmy.1: u3 k-3/1eMEHTHOTO TTOAMHOMKECTBA MOKHO TIOJIY-
yutb (B + 1)-snemenTtHOe, 106aBUB 060N 13 OCTABIINX-
ca 2n — k snementos, mpu stom Kaxkzpoe (R + 1)-
2JIeMEHTHOE MHOYKECTBO TIoJTyunTcs R + 1 pas, tak 4ro

CEl 2n—k

- )

ck R+t
u 310 otHOmeHue Gosbme 1, korma 2n — k > k + 1, T.c.
k<n-1/2.

Taxkum 06pazom, ecsim 6paTh MOJAMHOKECTBA OJMHAKOBO-
ro pa3Mepa, TO HAWJIYUIIWI BAPUAHT MOJYUYHUTCS, €CJn
B3aTh Cj, MOAMHOKeCTB paszMepa n. Ocraercs /0Ka3aTh
— U 9TO CaMOe TPYAHOE, — UTO JJaKe eCJIi 6PATh MHOKECTBA
Pa3HBIX Pa3MepOB, TO HUYETO JIYYIIero He HaleTcs.

Paccmorpum caeytomuii ciiydaiiHbIi MIpotiecc: HavyaB ¢
IIyCTOrO MHOKECTBA, MBI JI06ABJIsIEM 3JIEMEHTHI MHOKECTBA
A B cJiydaifHOM TIOPsIZIKE, TTOKA He TIOJYYUTCS BCE MHOKe-
ctBO A. Ilyctb X — HEKOTOpOE TIOMHOKECTBO MHOYKECTBA
A. KaxoBa BepOoATHOCTb TOTO, YTO MBI B XOJE 3TOTO
nporecca npoizem vepes X (B Kako#-To MOMEHT OyayT
J0GABJIEHDI BCE 9eMeHThl X M TOJBKO OHM)?

JIerko coo6pasuThb, 4TO OHA paBHA 1/ Cfn , T7ie k — uuco
snemenToB B X. B camom jgene, B xozxe ao0aBiieHUS
3JIEMEHTOB MBI TIPOIiZIeM POBHO Yepe3 OJHO k-a/ieMeHTHOe
MHOKecTBO (110c1e k maros), u Bee k-31eMeHTHbIE MHOKe-
crBa pasHoBepoATHbI (cummerpus). Takux MHOXKECTB
Cfn, 3HAYUT, KaK/I0€ U3 HUX IMOABJISETCA B 1/ Cfn Jose
cayuaes (umeer BepositocTb 1/CE ).

[Tyctp Termepb MbI BBIGpPAJIN KAKOE-TO KOJUIECTBO MO
MHOkecTB (He 0653aTeIbHO OJMHAKOBOTO pasMepa), co-
6momasa Tpe6oBanus 3anaun (HUKakue ABa BBIOPAHHBIX
MOAMHOKECTBA He CpaBHUMBI). [[JI9 KaKJ0ro 13 BRIGpaH-
HBIX [TOJIMHOKECTB BEPOSITHOCTH MPOITH Yepe3 Hero paBHa
1/ Cfn , UTO, KaK MbI 3HaeM, He MEeHbIIIe 1/ Cy, - C npyroii
CTOPOHBI, COOBITHSI TH, KaK TOBOPSIT, «HECOBMECTHBI» | HE
MOJKeT OBITb TaK, YTO B X0jie 106aBIEHUST 3JIEMEHTOB MbI
CHAayasja TOJY4YUM OJHO BbIGPAHHOE IOIMHOYKECTBO, a
norom apyroe (oHu Beb HecpasuMbl). [ToaToMy cymma
BEPOSITHOCTEN 3TUX COOBITUIT He OGoJibiiie 1, U MOTOMY
KOJINYECTBO COOBITHIL, T.€. KOJUIECTBO BHIOPAHHBIX IOJI-
MHOKeCTB, He Gosbmie Cj,, 4TO M Tpe6OBaIOCh JIOKa-
3aTh. <

Ewe Heckonbko 3apay

13. Cpeau mo6GBIX TpeX yYaCTHUKOB MaTeMaTHYeCKOTO KPYK-
Ka ecTb XOTS Obl ofHa JeBouka. CKOJIDPKO MATbYMKOB MOSKET
ObITb B 3TOM KPYKKe?

14. Pemmre sagauy 4 anajsoruuno npegbiiynmm (3anaun 1,
2).

Ykazanue. Jlokaxure, 4TO ecJaM CyMMa TpeX YHUCE] PaBHA O,
TO CyMMa HEeKOTOPbIX ABYX 13 HuX He Menblie 10 /3. To ske camoe
BEPHO, €CJI CyMMa TpexX yuces GoJIblie S.

15. Cuaenaiite paccyskienne paszena «Bepositnoctn n oxma-
HUSI» CTPOTUM, PACCMOTPEB CJIydail, KOorja Bce KOMOUHAIINY U3
TPEX IMIapOB GBI BBITANIEHBI TI0 OJHOMY Pasy.

16. ITokaxxute, 4YTO MOXKXHO HAWTH 8 pPACCTAHOBOK Jajeil Ha
MaXMaTHOH /I0CKe, KOTOPbIe BMECTE MCHOIb3YIOT Bee 64 KIeTKH
nockn (1o ogEOoMy pasy Kaxayio). Memorbays a1oT daxt, gaire
JIpyroe peleHue 3a/a4u .
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17. He ucrnosib3yst BeposiTHOCTEI, IOKaKUTE TaKoi ocaalieH-
HbIIl BapMaHT YTBEPK/JCHUS 3a/ayd 7: eCJu YepHoe IIATHO
sanmmaer 10% moromazn cdepbl, TO B Hee MOKHO BIHCATD
nPSAMOY20AbHbIL Napaiiesenuned, y KOTOPOTO BCE BEPIINHDI
nomnazaoT B 6eJible TOUKHU.

Yxazanue. IlpoBesieM KOOpPAMHATHDBIE IJIOCKOCTH, KOTOPbIE
nesar cepy Ha 8 paBHBIX yacTeil. ByeM nckarp mapasiesens-
e, CTOPOHBI KOTOPOTO IHMapaJlIeJbHbI OcsM KoopaumHat. OH
3a/1aeTCs OJIHOI M3 CBOMX BEPIINHH, ¥ OHA HE JIOJIKHA MONACTD B
BoceMb MHOskecTB 1o 1,/10.

18. [oxaxure, 4TO JJI JTAHHOTO Tpada CyIIecTByeT pacKkpac-
Ka, JeJaiomas Bce ero pe6pa Pa3HOI[BETHBIMU, €CJU U TOJDBKO
ecm B oToM rpade HeT NUKIOB HedeTHOH amuubl (Heab3s
BEPHYTHCS B UCXO/HYIO BEpIHINHY, HEUETHOE YUCJIO pa3 PO
o peGpam).

19. Tlpuaymaiite KOHCTPYKTHBHOE perenne 3agaun 8 (cnoco6
pPacKpacku, KOTOPBIil rapaHTHUPYyeT, YTO Pas3HOILBETHBIX pebep
GyJieT He MeHbIle MOJOBUHbL).

Yxasanue. Kpacum BepIInHbI O OYepe/IN «>KaTHBIM aJITOPHUT-
MOM» — Ka)K[as cJeAylomas Kpacurcsl Tak, 4TOObI UHCJIO
Pa3HOIBETHBIX pefep MaKCUMAJbHO YBEJIMYHBAJIOCD.

20. Bepmunbt rpada ¢ V pebpamut pa3peninM KpacuTb B Tpu
nBeta. JlokaxkuTe. 4TO MOXKHO HallTH packpacky ¢ 2V /3 uin
6oJiee Pa3HOIBETHBIME PeOGpaMi.

21. Ha smcrok B JHHEHKY cIydaifHO GpocaioT Uriy, JJIHHA
KOTOPOIl paBHA PACCTOSTHUIO MEXX/1y JnHelikamu. [lokaskure, 4To
OHa IepeceveT OJHY U3 JUHEEK C BEPOSITHOCTBIO 2/T .

Vxasanue. Matematnueckoe oXujaHue UHCJIa MepecedeHnit
3apucuT (MPOMOPIUOHATBLHO) OT JUIMHBI UTJIbI, HO HE OT ee
dopmbl, a K02 GUIMEHT TPOTOPIIMOHATLHOCTH MOYKHO HAWTH
Ha TIpUMepe OKPY>KHOCTH.

22. HecamonepeceKkaroniasicsi KpuBasi [UINHbI 22 HaXOAUTCS
BHYTpH Kpyra pajuyca 1. [lokaxure, 4To Haiijercst mpsiMas,
UMeIoIast ¢ 9TON KPUBOH 110 Kpaiineil Mepe 8 06IIUX TOUEK.

23. Ha xasbke nHapucoBana durypa mionaan 2,5. JJokaxu-
T€, YTO KAJbKy MOKHO TaK MOJOKATH HA KaeTdaryro Gymary (co
CTOPOHOH KyeTkn 1), 4To purypa moKpoer He MeHee TPEX Y3JI0B
cetkn. JloKaskuTe, YTO MOXKHO TIOJIOXKMTH KaJbKY TaK, YTOOBI
(urypa nokpouia He 60see ABYX Y3JOB CETKH.

24. PaccMoTpuM R-OKPECTHOCTb TIPSMOYTOJIBHOW KOPOOKU
(Bce TOUKHM, KOTOPBIE HAXOAATCS Ha PacCToHuY He Gostee R xoTs
6bI OT O/IHOI M3 TOYEK KOPOOKU; BHYTPEHHOCTb KOPOOKHU TaKKe
BKJIIOYAaEM B €€ OKPECTHOCTD).

a) Ilokaskure, uTo 00BEM 3TOIl OKPECTHOCTH MOKHO HAlTHU 110

dopmy.e
V+S-R+L~nR2+%nR3,

rae V — o6beM KopoOKu, S — TJIONIQ/Ib ee TToBepxXHoCcTH, L —
CyMMa ee M3MepeHHii.

6) Ecai ojiHa KOpOGKa HAXOJUTCSI BHYTPU APYTOii, TO U R-
OKPECTHOCTD TIEPBOI HAXOANTCS BHYTPU R-OKPECTHOCTH BTOPOIA.
CpaBHUB UX 00BbEMbI IIPU GOJIBIINX R, TOKAXKUTE, YTO CyMMa
nu3MepeHnii BHyTpeHHeii KopoOKu He GOJIbIlie CYMMbI U3MepEeHNit
sHemmHell (3amaua 10).

25. Pemure 3a7a4y 11, He UCMOIB3YsT BEPOSITHOCTHBIX COOGPa-
SKEHUI.

Yxasanue. PaccMoTpuM Bce BO3MOXKHbIE JTAGUPUHTDI U PACIIO-
JIOXKeHUsT poGora 1O ouepenu. BoibepeM Kakoif-TO TepBbIil
BAPUAHT U HAIIMIIEM COOTBETCTBYIONIYIO TOCJEA0BATETbHOCTD.
(Ecsu 9TOT BapuaHT OCYIIECTBUTCS HAa CAMOM JIeJe, TO HaM
noBesso.) s BTOPOTO BapHaHTa 3Ta IIOCJE0BATEIHbHOCTD
(BOOGIIE TOBOPST) HE TOUTCS, HO TEM He MeHee TOCMOTPUM, Ky/1a
OHA MPHUBOJWT, W JOIHIIEM TO, YTO HYKHO, 4TOOBI OGOUTH
JabupuHT BTOporo tuma. M tak pasee.

26. Kakoe MaKkCHMaJIbHOE YUCJIO HECPABHUMBIX TTOIMHOKECTB
MOKHO BbIOparh B (27 + 1)-3/1EMEHTHOM MHOKeCTBe?
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SAHAAYHUK «KBAHTA»

3agayu

1ot paspen Beercs y Hac U3 HoMepa B HOMEP ¢ MOMEHTa OCHOBaHMS XXypHana. lybnnkyemble B Hem
3aga4yn HeCTaHAapTHbl, HO [JIS WX PeLUeHUs He TPebyeTcs 3HaHWUM, BbIXOZALMX 33 PaMKU LUKO/IbHOM
nporpammsl. Hanbonee tpyaHble 3a4a4yv OTMeYatoTcs 3Be3404Kou. [locrne gopmynmpoBku 3aaaqu Mel
006bI4HO YKa3bIBaeM, KTO HaM ee Mpeanoxws. Pasymeercs, He Bce 3TU 334a4u MyOIMKYIOTCs BrIEPBbIe.

PelieHns 3aaa4 13 3Toro HoMepa c/iegyert oTrpas/isitb He rnosgHee 1 mapra 2010 roga ro agpecy: 119296
MockBa, JleHuHckmii npocnekt, 64-A, «KBaHT». PewieHns 3agay v3 pasHbIX HOMEPOB XXYPHanaa wiau o
PAa3HbIM rpeameTam (MatemaTvuke v QU3NKe) rnpucbisianTe B pasHbiX KoHBepTax. Ha koHBepTe B rpaghe
«Komy» Hanuwmre: «3agayHnk «KeaHta» Ne6-2009» u Homepa 3a4[a4Y, peLueHnsi KOTopbiX Bbi nocblnaere,
Harpumep «M2154» nan «@D2160». B rpagpe «OT KOro» ghamuivio n uMs nMpPocuUM nucates pazbopymnso. B
MUCbMO BJIOXXUTE KOHBEPT C HalUCaHHbIM Ha HeM Baluvm agpecom v Heobxoanmbivi HA6op Mapok (B 3ToM
KOHBepTe Bbl ronyynre pe3ysibTatsl MPOBEPKU peLLeHn]). PeleHuns 3a4a4 1o MatemaTuke v omsnke MoXXHO
TPUCHINIATb TakXKe 10 3/IEKTPOHHBIM aapecam math@kvant.info u phys@kvant.info coorBeTcTBEeHHO.

YcrnoBus kaXxaovi opurnHaneHov 3a4a4u, rpeanaraeMoni 4ns nyoenukauny, rnpucsIiante B oT4e/16HOM
KOHBEpTE B ABYX IK3EMIIISpax BMecTe ¢ BaLumm pelueHnem 31ovi 3a4a4u (Ha KOHBEpTe romeTbTe: «3afavyHuK
«KBaHTa», HoBasi 3a4a4a o ¢gusuke» nam «3agavyHnk «KBaHta», HoBasi 3aga4a Mo MareMaTuKe»).

B Hayarne Kaxgoro nuceMa rpocum yKasblBaTb HOMEP LLUKOJIbI M KJ1acc, B KOTOPOM Bbl y4uTecs.

3agayn M2158 n M2160 npegnaranuce Ha L MexgyHapoaHOoi MaTeMaTuyeckor oMmMnuage.

DN3NKE

3apaun M2154-M2160, ©2160-D2167

M2154. Kaxkias kjertka Jocku pasmepom 2009 x 2009
MOKpalieHa B OJMH M3 [IBYX IIBETOB TaK, YTO Y KaXX/OH
KaeTku cocejeil (110 cropoHe) cBOEro 1BeTa MeHbIIE, YeM
cocesieil pyroro I1Beta. Kakoe nHamboJiblliee 3HAYEHHE
MOJKET TIPUHUMATh PA3HOCTb MEXK/y KOJUYECTBOM KJIETOK
OJTHOTO | JIPYTOTO IBETOB?

A.Illanosanos

M2155. Haiigure 2009-3HauH0e 4ncio, OTHOIIEHHE KOTO-
poro K cymMme ero mudp MUHUMATHHO.
H.Bozoanos

M2156. Bacs u [lets HaprcoBasn 1o BBITTYKJIOMY YeTbIpeX-
YTOJbHUKY . Kask/bIil 13 HUX 3amucas Ha JUCTOYKE JIJTUHBI
BCEX CTOPOH CBOETO YETBIPEXYTOJbHUKA U JIBYX €0 JIHAro-
Hasell. B pesyJsbrare Ha MX JHMCTOYKAX OKa3aJUCh /[Ba
OJIMHAKOBBIX HaGopa u3 6 pazandubix unces. Obs3atesb-
HO JIM YeTbIpexyroabHuku Bacu u Iletn paBHbI?
H.Azaxanos, H.Bozdanose

M2157. Ha nocke Bbimmucano 20 gemurenein yucaa 70!.
JlokaskuTe, 4TO MOXKHO CTEPETb HEKOTOpPbIE U3 HUX TAaK,
LITOéI)I HpOI/ISBe[[eHI/Ie OCTaBIINXCA ABJIAJIOCDH IIOJIHBIM KBa/l-
parom.

Doavkaop

M2158. Touka O — 1IeHTP OKPY>KHOCTH, ONMMCAHHOHN OKOJIO
tpeyroabuuka ABC. Ilycts P u Q — BHyTpeHHHE TOYKU
orpeskoB CA u AB coorerctBenHo. Touku K, L u M —
cepeaunbl orpeskoB BP, CQ u PQ coOTBEeTCTBEHHO, a
I' — oxpy:kHOCTD, poxo/jsmnias yepe3 Touku K, L u M.
WsBectHo, uyto mpsamas PQ kacaercss OKpyskHOcTH T .
Hoxkaxure, uro OP = OQ.

C.Bepaos
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M2159". HaiiuTe Bce Takue mapbl Yucest (k,c), rne k —
HaTypaJ/IbHOE, YTO JJISl BCEX HATYPAJIbHBIX 72, KPOME, ObITh
MOJKET, KOHEUHOTO uX unca, uuco n(n+1)...(n+k—1)+
+ ¢ gBnsgercs TouHol crenennio (6ombleit 1 1, BO3MOKHO,
3aBUCANIEH OT 77) HATYPaJbHOIO YUC/IA.

B.Cendepos

M2160". /TaHbl TOMAPHO Pa3JUYHBIE HATYPAJIbHbBIE YHC/IA
a,,dy,...,qd, , a Takxke MHOXxecTBo M, cocrodauiee uz n — 1
yicsaa, HO He cojepskaiiee YUcJao S=d; +dy+...+a,.
KysHeuunk oJIKeH c/ieaTh 72 MTPIKKOB BIPABO O YHCJIO-
BOW TIPSIMOM, cTapTysd M3 TOYkM ¢ Koopjauuaroit 0. IIpu
9TOM JUJIMHBI €r0 IPbIKKOB JIOJKHBI PABHATLCS 4YUCTIAM
dy,ay,...,d, , B3ATBIM B HEKOTOPOM Hops/ke. [lokaxure,
YTO ATOT MOPSIOK MOKHO BBIOPATh TAKUM 06Pa30M, 4TOOBI
Ky3HEUYNK HU pasy He MPHU3EMJMJICS B TOYKE, MMEOIIei
KOOPIMHATY M3 MHOKe-
crBa M. v —
/. Xpamuyos, K.Peiiep Pl
1

®2160. Ha rpacduxke /
(puc.1) npusenena 3a-
BUCUMOCTbH CKOPOCTHU
TOYKHU, KOTOPast JIBUKET-
cs 110 ocu KoopimHat X,
OT ee KoopAuHaThl. Haii- x
JINTE YCKOPEHWE TOYKHU pac. 1
B Havaje KOOPJMHATHOW OCH U BPeMs TPOXOXK/IEHUS
1epBbIX MATH MeTpoB. OJiHa KJETKa 110 TOPU30HTAJIbHOI
ocu — aT0 1 M, MO BepTUKAAbHOI ocm — 310 1 M /c.

3. Touxun

v

®2161. Craryarka mkosabHIKA UMeeT Maccy 20 T, rosoBa
cratyaTKu cjenana u3 cepebpa (miornocrs 12 r/ em®),
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SAJAYHHUK

ocTtambHOe — u3 gepesa (1wmoraocts 0,8 r/ cm® ). Ussect-
HO, 4TO (PUTYPKa HE COJIEPIKUT TT0JIOCTEI U HE TOHET B BOJIE.
Opun rpamm gepesa crout 1 py6Jib, ol TpamMM cepebpa
crout 100 py6uieit. CKOJIBKO MOKET CTOUTH aTa hUrypra?
Cnpaexa: NaHHas CTATydTKA XyJ0)KECTBEHHON IIEHHOCTH
He MMeeT, ee CTOMMOCTb paBHA CTOMMOCTH MaTepHaJIOB.
A.Hecnoxmo06

®2162. B ropusonTaibHO PACIOI0KEHHOM ITHJINH/[PIYEC-
KOM COCy/le HaXOJWTCS TOPIUS Tesus, OTAeJieHHas OT
OKpYy>Kalolell cpefbl MACCUBHBIM MOPIIHEM, KOTOPBIN
MOKeT Buratbest 6e3 Tpenus. Hapysknoe naBienne oyenb
6BICTPO MOBBIIIAIOT B 3 pa3a. Bo cKOIbKO pa3 YMEHbIIHUTCS
006beM rasza K TOMy MOMEHTY, KOT/Ia TIOPIIIEHb OKOHYATE -
HO TIepecTaHeT J[BUTATHCS ?

A.Iloemopos

®2163. B ray6unax xocmoca, BAAJU OT IPYTHX TeJa U
MoJIelt HETIOABMKHO BUCUT HEMTPOBO/ISIIEE TOHKOE KOJIBIO
paauycoM R m Maccoit M, paBHOMEPHO 3apsiKEHHOE 10
JumHe 3apsiioM Q. 3apspKeHHOe TaKUM JKe  3apsiioM
MaJIeHbKOE TeJI0 MacCOM M ABUKETCS BJOJIb OCH KOJbIIA,
npuyeM Ha 6OJIBIIIOM PACCTOSTHUM OT KOJIbIIa CKOPOCTh TeJja
HaIpaBJjieHa K KOJIBIYY U paBHa v, . Haliante MakcumMamn-
HYTO CKOPOCTH KOJIbITA.

A. 3unvbepman

®2164. B oanopo/iHOoe MarHUTHOE TI0JIe C UHAYKITHEN B
BJIETAET CO CKOPOCTHIO ¥ YACTHUIA MACCOU M U 3aPSI/IOM (.
MarsuTtHoe 110Jie JTOKaIu-
30BaHO BHYTpH 006JacTu
paanycoM R;, CKOpOCTbH
O HalpaBJieHa MepIeH/ -
KYJSPHO JUHUSM MarHUT-
HOW MH/IyKIIUU, TPUIIEb-
Hblil [apamerp ynpapa p
(puc.2). Haiigure yrox
paccesgHust 6, T.e. yrod,
Ha KOTOPBIN YacTuia or-
KJIOHSIETCSI OT IepBOHA-
YaJIbHOTO HAIIPABJIEHUS 1TOCJE TIPOXOKIEHNST MArHUTHOTO
TOJIA.

Puc. 2

FO.Hocoe

®2165. Bosibr™MeTp U MUJLIUAMIIEPMETD COEIUHILIN T10C-
JIeJIOBATEeIbHO U TIOAKJIIouman K Oartapeiike. Ilpu atom
nmokazanuss npu6opos O6buin 1,3 B u 0,5 mMA. Tenepn
COEJIMHUJIN TTIOCJIe/IOBATEIbHO JBA TAKUX XK€ BOJbTMETPA U
TOT K€ MIJJIHAMIIEPMETP W TIOAKJIIOYIIN K Toi ke 6aTa-
pelike — oauH u3 BoJabTMeTpoB Tokazaya (0,7 B. Uro
MOKA3bIBAIOT MPHU 3TOM OCTaJbHbBIE ABa Tpu6opa? A duTo
MTOKAXKYT IIPUOOPDI, €CJIH KOJUIECTBO BOJbTMETPOB YBEJIH-
4uTh /10 Tpex? Hampsokenne 6aTapeiiku MOCTOSTHHO.
A.IlIpocmos

®2166. DVD-muck Bpamiaercs: ouerb 6bicTpo. OreHure
CKOPOCTb [IBUJKEHUSI TOYKHM TOBEPXHOCTH JANCKA MHUMO
CUMTBHIBAIOIIETO yCTPOlicTBa, ecau 3a 100 cexyH 1 cunTbiBa-
erca 100 muammoHos 6wt wHpopManuu. [lopoxkn, Ha
KOTOPBIX 3ammncana nHQOpMaIs, pacloJOKeHbl OYeHb
6JTM3KO APYT K JIPYTY — PACCTOSHHUE MEXKIY COCETHUMU
Jlopoxkkamu coctasJisier pumepno 1,/1000 muiumerpa.

P.I[ugppos
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®2167. B doxyc ManeHbKoii cobuparoiieil JJUH3bI TTOMe-
MIAfOT MONIHBIN TOYEYHBIN MCTOYHWK CBETa, MPHU 9TOM Ha
JINH3Y JIENCTBYET OUeHb MaJieHbKas cuiia F. Kakoii ctarer
3Ta CUJa, ecii UCTOYHWK OTO/ABUHYTH BJBOE /ajblie? A
BTpoe nanbine? [lunamerp smu3bl B 10 pa3 Menblie ee
(oxycnoro paccrosiHus.

A.Jlunzos

PeweHusa 3apgau M2131-M2138,
d2145-d2152

M2131. ITycmv ab obosnauaem wucao a°. B svIpaKe-
nuw 7°7°7°7°7"7"7 nado paccmasumo ckobxu, 4modvl
onpedenumv nopsdox deicmeuii (6cezo 6ydem 5 nap
cx000K ). Moxno au  paccmagumov 3mu cKOOKU O8YMS.
pasnvimu cnocobamu max, 4moobvl NOAYUULOCH 00HO U MO
JKe ducao?

OT1BeT: MOXKHO.
3amMernM, 4To (7A (7A7)) AN = (7A7) A (7A7) B CHJLY TOXK/IC-

b
cTBa (7“) = (7b )a . Teneps sterko npusectu npumep (ko-

HEe4YHO, OH HE e[[HHCTBeHHbeI), yZ[OBJIeTBOpHIOH.[HfI ycJjo-
BHUIO:

((7A(7A7))A7)A(7A(7A7)) = (@D @D)N(7(7D).
A.Toanwvizo

M2132. Ha naockocmu 0anvt HECKOJIbKO MOUCK, HUKAKUE
MpU U3 KOMOPwvIX He Jexam na o0nou npsamoti. Hexomo-
pvle mouxu coedumnenv. ompeskamu. Hszeecmmno, umo
at06as npsamas, He nPoxooawds uepes 0anHHvle MOYKU,
nepecexaem uemmoe 4ucio ompe3xos. /lokaxume, umo u3
KAK001 MOUKU 6b1X00UM YETNHOE YUCIO OMPEIKOE.

Paccmorpum onny us ganubix Touek — Touxy A. ITycrb us
Hee BBIXOJUT ¢ OTPE3KOB. Bo3bMeM TpsiMyto [, mpoXo/isi-
yio yepe3 A U He MapasjieJbHyI0 HUI OAHOI U3 MPSIMBIX,
COEIMHSIONUX TIAPbl JAHHBIX TOYeK; Oy/eM CYUTATh, YTO
| nanpaBieHa BepTH-
kanpHo. He6osbumm
C/IBUTOM IIPSIMOIi [ BJe-
BO U BIPABO IMOJYYUM
Takue npsimbie I u [,
(napamnnenphbie [), uto
B [10JIOCE MEK/LY HUMHU
HeT HU OHON JaHHON
TOYKH, 32 UCKIIOYEHH-
em touku A (cM. pucy-
HOK).

[Iyctp mpsamas [ me-
peceKkaeT X OTPE3KOB,
Bpixozsmux u3 touku A. Torma npsimast [, 1epecekaer
@ — X OTPE3KOB, BBIXOJSIIUX U3 TOYKU A, MOCKOJbKY
KaQK/BII OTPE30K, BBIXO/SNINI U3 TOUKK A, nepecekaercst
POBHO ¢ ojHOW u3 upsiMbix [, I, . Kamjapii orpesok,
COEIMHAIONNN [[Be JaHHbIEe TOYKN, OTANYHbIE OT A, 1160
nepecekaer o6e Tpsimbie I, [,, gub0 He nepecekaer
HU OJHY U3 HuX. [109TOMY KOJIMYECTBA OTPE3KOB, TEpe-
cekaeMbIX MHpsaMbiMu [, u [, oTamyaTcs Ha
x—(a—x)=2x—-a. o ycaoBUIO 3afa4u, 3TO UHCJIO

LI
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JIOJIKHO ObITb YETHBIM. 3HAUYUT, ¢ — YETHOE YUCJO, YTO U
TpebOBAJIOCH JI0KA3aTh.
H.bozdanos, I'.Iarvnepun

M2133. 3amox obnecen Kpyz060i cmenol ¢ 0eeaMuvio
bawnsmu, na xomopoix dexypsam puyapu. Ilo ucmeue-
Ul Kax00zo0 uaca ece OHU nepexodam Hd coceonue
Oawmu, npuuem Kaxovlil pulydapb 08uxemcs aubo ece
6peMsi NO uAcosou cmpeaxe, AUOO npomus. 3a HOUbL
Kaxovitl puiyaps ycneeaem noodexypumsv Ha Kaxootl
6awmne. H3zeecmno, umo 6wvin udc, x0z0d HA KdAXO0U
bawne dexypuiu xoms 6vL 0ea pulyaps, u 6vii uac, Kozod
POBHO HA ) OAWHAX 0eKYPULU POSHO NO OOHOMY PLLUAPIO.
Joxaxume, umo 6vin uac, kozda na 00HOU u3 Gawen
6006we ne 6oL10 poiuapell.

Paspenum poiniapeit Ha aBa OTpsifa: B TEPBBI OTPST
BKJIIOUMM BCEX Pblllapeil, ABUTAIONINXCS 110 YaCOBOM CTpeJI-
Ke, a BO BTOPOIi — IBUTAIOIINXCS TPOTUB YaCOBOI CTPEJIKH.
MoskHO cunTaTb, YTO PbIllapyd BTOPOTO OTPsSJa CTOAT Ha
MecTe, a KaXk/blil pblllapb [IEPBOTO OTPS/Ia Yepe3 KaxK /bl
Yac cIBUTAETCS Ha [[Be GAITHU TI0 YacOBOH CTpEJIKE.
[Tpeamoso:xM, YTO Ha KaKJOH GalliHe AeKYPUT XOTS ObI
10 OJIHOMY PBINIAPI0 BTOPOTO oTpsifia. Torga B MOMEHT,
KOT'/Ia HA HEKOTOPBIX MATH GANTHAX JESKYPHUJIH 110 OJTHOMY
paIapio (5To PhIIAapu BTOPOTO OTPSAA), PhIIAPH MEPBOTO
oTpsijia 3aHuMasu He GoJiee YeTbIpeX GaiieH. 3HAYUT, U B
JI06OI APYTOit MOMEHT PBIIIAPH IEPBOTO OTPSIIA 3aHUMAIOT
He GoJiee yeTbIpex OallieH, CJIeI0BATeJbHO, B JIOOOH MO-
MEHT XOTs1 OBl Ha O/THOM U3 PACCMATPUBAEMbIX IIITH HallleH
0CTaeTCd POBHO OJIMH PbILIAPh BTOPOrO OTPpsAa. ITO 1IPO-
TUBOPEYUT YCJIOBUIO.
AHAJIOTHYHO, TTPE/IIOJIOKIB, YTO Ha KasK/0H GallHe Jexy-
PUT XOTs OBI IO OJTHOMY PBIIIApIo MEPBOTO OTPS/IA, PIX0-
M K npotuBopeunto (Iipu 9ToM ya00Hee CUUTATH PhITa-
peif mepBoro 0TpsAAa HEMOIBHKHBIME).
Wrak, ectb Gamnsa A (dpukcuposannas), Ha KOTOPOii HeT
phIllapeil BTOPOro OTpsi/ia; KpOMe TOTO, B JIIOOOH MOMEHT
ecTb GanHs B, Ha KOTOPOU HET PbIIIApell IEPBOTO OTPSI/IA,
puyeM noJoxenue 6amuu B caBuraercs Ha /ise 6aIiHm 1o
yacoBoii ctpesike. Ilo ycioBuio, mosnoxenue Oamuu B
(BMecTe ¢ pbIApsSMU TIEPBOTO OTPsiia) CABMHETCS He
MeHee BOCbMU pa3 U (IOCKOJIbKY 9 — HedeTHoe YhCJIio)
npoiiger Bee Gamuu (cM. pucynok). CieoBaTebHO, B
KaKO¥i-ToO MOMEHT TI0JI0KeHne 6anHu B coBmaJio ¢ 6anrHeit
A. ITO 03HAYaeT, YTO B CJAEAYIONMIA yac Ha GamiHe A He
JIEKYPUT HU OJTUH PBITIAPD.

M. Mypawrxun
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M2134. Tpu naocxocmu paspesaiom napaiiesenuned na
60CeMb ULECUZDAHHUKOE, 6CE 2PANHU KOMOPbLX — Uemblpex-
yeomvnuxu (kaxoas niockocmv nepecexaem ceou 0ee
napvl NPOMUEONOJ0KHBIY Zparell napaiesenunedd u He
nepecexaem 0se ocmaswuecs epanu). Hseecmno, umo
60KpY2z 00HOZ0 U3 IMUX UWECTNUZPAHHUKOS MOKHO ONU-
camo cpepy. /[loxakume, umo u 60Kpye Kax0020 U3 HUX
MOKHO onucamu cgepy.

PaccMoTpuM gBa M3 BOCHMH IIECTHIPAHHUKOB
ABCDA'B'C'D" u ABCDA"B"C"D” , umeiomux o011yio
rpaib (cM. pucynok). ITycTb U3BECTHO, YTO BOKPYT IeC-

turpannuka ABCDA’'B'C’'D’ moxno onucatb cdepy.
JlokaskeM, uTo BOKpyT mecturpannnka ABCDA’B"C’D”
TaKKe MOKHO onucaTh chepy.

Yerpipexyroabank ABCD BnmcaH B HEKOTOPYIO OKPY:K-
HOCTb @, deTbipexyrojbiuku ABB'A”, BCC'B’ u T.1.
Takke BrmcanHbie. [lo ycmosuio, miockoctu A'B'C’'D’ n
A’B"C’D” mnapannenbuni, nostomy AB||A’B”,
B'C’|| B’C”, u 1.1. W3 napamnemsnoctu A'B’|| A’B” n
BIIMCAHHOCTH YeThbIpexyrosibinka ABB'A” umeem

LAA'B’ + ZABB" =(180° — ZAA'B') + (180° — ZABB') =
= 360° — (LAA'B'+ ZABB') = 360° — 180° = 180°

1no3TOMy uerbipexyroibiuk ABB’A” Bimcan B HEKOTO-
PYIO OKPY’KHOCTb . AHAJOTUYHO [OKA3bIBaeM, YTO
uerpipexyrosbinkn BCC’B”, CDD"C”, DAA’D” Buu-
CaHbBl B HEKOTOPBIE OKPY’KHOCTH @, 3, O, . [IpoBemem
cepy S uepes okpyskHOCTD 1 TOUKy A” . Tak Kak cepa
S comepxut Touku A, Bu A”, 10 ee ceueHue mI0CKOCTbIO
ABA” — 510 okpysxkHOCTh (). Takum o6pasom, chepa S
CO/IEPIKUT OKPYIKHOCTb @, & CJIEAOBATEJIbHO, COACPIKHUT
touky B”. 3mas, uro cdepa S comepxur Touky B’
JoKasbiBaeM (aHAJOTHYHO TIPEbIYIIEMY), U4TO OHA CO-
JEPAKUT OKPY/KHOCTD M, W, 3Haunt, Touky C”. Hakonerr,
3Has1, uro cdepa S comep:kut Touky C”, JOKA3bIBaeM, U4TO
oHa comepxkuT TOuKy D”. Urak, mecTUrpaHHUK
ABCDA’B’C’D” Buucan B cepy S.
Touno Tak ke, Mepexos OT MIECTUTPAHHUKOB, IIPO KOTO-
pble yyKe M3BECTHO, YTO OHW BIMCAHHDIE, K COCETHUM IO
IPaHu, TIOKAKEM, YTO BCE MECTUTPAHHUKY BIUCAHHDIE.
11. Koxeenuxos

M2135. Hamypaavroe uucio HA3bl8AECMC XOPOULUM,
€CAU U3 He20 MOKHO NOAYUUMD NOJHYIIL K6AOPAm, NPUni-
€as K ez0 0ecsmuyuHol 3anucu ceea HeKomopoe Uucio,
oxanuusaroweecs posno na 2009 nyaei. [is xaxux n
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3ADAYHUK

CYwecmeyem n-3HauHoe Xopowee uUCI0, KOMopoe He
ABAAEMCSL NOJIHOIM KE8AOPAMOM?

OTBert: /119 BCeX HATYPAJbHBIX 722> 2.
KBazpat uncia MmoskeT okaHYMBaThCs TosibKo Ha 0, 1, 4, 5,
6, 9, ogHako He MokeT oKaHumBatbcss Ha 05 (mHaue
neJauTcs Ha 5, HO He genutcs Ha 25) u Ha 06 (umaue
JIEJTUTCS HA 2, HO He JEINTCA Ha 4), TOITOMY OIHO3HAYHBIX
XOPOIIUX YHCEJ He CYIIeCTBYET.
Haszosem k-xeocmom unciaa A uncio, o6pa3soBaHHOE MOC-
JgegaumMu R mudpamn grncaa A. [Tokaskem, uto nipu n > 2
CyIIleCTBYeT MOJIHbII KBaJparT, (n+2009)-xBOCT KOTOPOTO
umeer Bug 000...004 00...01, a (n+ 2010)-a cnpasa
NAASEAAT A A AR
2009 myneit n-2 nynsa
mudpa neverra (1 TeM caMbIM OTIMYHA OT HyJis1). OTCI0a
6yzieT cpady cJaeaoBaTh, 4To n-3HauHoe uncyao 4 00...0 1
n—2 Hynus
— Xopoitee. JTo 3aBepimuT perienHne, tak kak 4 00...0 1
n—2 Hynas
He SABJIAETCS TOMHBIM KBaapaToM (MOCKOJIbKY JaeT ocra-
TOK 2 IIpH J€JIeHUU Ha 3).
Jemma. ITycmo k=2 u A — keadpam uucaa a, oxanuu-
sarwwezocs na 1, npuuem 6 (k + 1)-m cnpasa paspsode
yucaa A naxodumcs uemnas yugppa t. Tozda natioemcs
keadpam D uucaa d, okanuueaiowezocsi na 1, maxoii, umo
k-xeocm uucaa D coenadaem c¢ k-xeocmom uucra A u,
kpome mozo, y uucaa D e (k + 1)-m cnpasa paspsioe
naxooumcs noav, a ¢ (k + 2)-m cnpasa paspsoe:
a) wemnas wugpa; 6) newemnas yugpa.
HoxkazareanctBo. Ilycts @ = 10m + 1. Tlomoxum
d=a+x-10%. Torga

D=d?=A+2ax 10" + x* . 10* =
= A+2mx 10" +2x 10" + 22 -10% .

Tpu nocjieIHUX cJaraeMbiX He MEHSIOT R-XBOCT umcsa A,
npuyeM IocjenHee caaraemoe He mensier (k + 2)-xBoct
4pcia, a cjaraeMoe 2mx - 10¥" 5 (k + 2)-xBoCTE MOXKET
usmenntb b (k + 2)-10 cnpasa undpy, He MeHss ee
uernoctu (ecsm B uncae A orcyrersyer (R + 2)-a cupasa
mudpa, cuuTaeM ee YeTHOM).
Ecau B3aTtp x € {0, 1,2,... ,9} Takoe, 4To 2x + t fesnTcs Ha
10, To cilaraemoe 2x - 10" usmenser B uncae A (k + 1)-10
crpasa 1mdpy ¢ ¢ vHa 0. Ipu atom ecom x € {1,2,3,4,5},
to 2x + t = 10, u ciaaraemoe 2x - 10" usmensier B uncie
A dernocts (k + 2)-ii cnpaBa umdpbl; ecam Ke
x€{6,7,89,0}, to 2x + ¢ pasro 20 nmu 0, u caaraemoe
2x-10% ne menster wernocrn (k + 2)-it cupasa nudpol.
Takum o6pa3oM, BbIOOPOM X MOKEM OJIHOBPEMEHHO
caenats (kB + 1)-10 cnpaBa mmudpy HyJeBOH M cAeaaTh
(k + 2)-10 cipaBa udpy Kak 4ETHOI, TaK M HEYETHO.
Jlemma fokasana.
Bosbmenm nosnbril kBagpat 2 00...0 1%, n-xBocr KOTOPOro
ARSI
n—2 Hyus
pasen 4 00...01, a (n + 1)-s uudpa cnpasa yernas (0
n-2 Hynsa

nm 4). IlocaenoBatebHO TPUMEHSS yTBEPIKACHUE a)
aeMmpl i k =n, n+ 1, n+ 2, ..., n + 2007, a 3areMm
yreepakaenue 6) gemmpr g k = n + 2008, mpuxoanm K
HY>KHOMY TPUMEpPY MOJHOTO KBaJ[paTa.

H.Azaxanos, B.Cendepos
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M2136. [Tycmw Cf: 0003HaUACTN KOIUUECTNBO CNOCOO08
svlOpamsv k npedmemos u3z n pa3iudHuIX NPeoMemos
(cnocobul, omauuaiouuecs Moavko nopsaokom evlbopa
npedmemos, cuumaiwomcs oounaxosvimu). Jloxaxume,
umo ecau Hamypaivrvle uucia k u | menvwe n, mo wucia
Ct u CL umerom obuguii mnoxumens, Gorvuuii 1.

MozkHo cuutath, yto R u [ pasnuunbl (MHave 3ajada
ouesuna). 3amerum, uro C, =C,~" (BbIGparb i npej-
METOB M3 7 — TO JKE€ caMOe, 4TO He BbIGpaTh OCTaJbHbIE
n — 1). TloaTOMy MOKHO Tak’Ke CYuTaTh, 9to U R, u [ He
MpeBOCXOAT 1,/ 2.

Pemmm Takyio kom6uHatopHyio 3agauy. CKOAbKUMU CRO-
cobamu MOXKHO 3ANOJIHUMbG 08d MewKd, 6 Nepeviil U3
Komopulx emewaemcsi k npedmemos, a 60 6mMopoll
[ npedmemos, ecau 0ist 9M0O20 Yy HAC eCMb N PAZIUUHBLY
npedmemos, n = k+1? (YTouHuM: HOPSAZOK, B KOTOPOM
[IPeIMETHI CBAJIEHDI B JJAHHDBII MEIOK, HE BasKeH — BayKHO
TOJIBKO MHOJKECTBO TIPEIMETOB, HAXOMASAIINXCS B JaHHOM
Mermke.) ScHO, UTO OTBET B 3TOH 3ajaue: C,’f -C,ll_k -
3aIOJIHAEM CHadajla MepBbIl MemoK k mpeameramn (u3
JIAHHBIX 7), W JUIA KaXKJOTO0 TaKOTO 3allOJHEHNS elle
3amoHAeM BTOPoi Menok [ mpeameramu (13 OCTaBIIMXCS
n — k). Ho, aHasoruuto, orBeToM B aT0ii 3ajade Gyjaer
TaK)Ke YUCJI0 C,ll ~C,]f_,. Tax xak OTBET TYT MOXeT ObITh
TOJIBKO OJUH, MBI JOKAa3a/au TOXKIECTBO

ck.cl ,=cl.ck,. (*)

Us toxaectsa caepyer, uto C! peant nponssesenue
C,]f -Cfl_k. Ho ecan Cf u C,ll B3aUMHO IIPOCTDI, TO TOr/A
C!' nenut Bropoit comnoxutenn, T.e. C._, . D10 HEBO3-
MOJKHO, TaK KaK, OUYeBUJIHO, Cfl > Cfl_k . 3Haumur, C,’f u C,l,
He MOTYT ObITb B3aHMHO IIPOCTBIMH, YTO M TPeGOBATIOCh
JI0Ka3aTh.
3ameuanue. Camo paBeHCTBO (# ) MOXKHO JI0KAa3aTh HEIIOC-
pescTBeHHO, ncnonb3ys dpopmyay Cy' = 'n—y .
m!(n—m)
C.Aopuuenxo

M2137. Jan ocmpoyeonvnuiii nepagnobedpennviii mpey-
zonvnux ABC, 6 xomopom mouka H — mouxa nepeceuenus
gvicom, mouku I u O — uenmpvr 6NUCAHHOU U ONUCAHHOU
oxpysknocmeil. Mssecmmuo, umo mouxu A, O, I, H aexam
Ha 00HOU OKpYKHOCTIU O©. JJOKAXUME, UMO OKPYHKHOCY
® npoxodum uepes oony u3 eepuun B u C.

3ametuM, uto ayun AH 1 AO cMMMETPUYHDBI OTHOCUTEJIb-
1o 6uccexrpucsl Al yraa BAC. [leiictBuTebHO,

ZBAH = 90°— 2ABC = 90°— “49C _ scu0.

[Toatomy Al — 6uccextpuca yria HAO. 3uaunr, ayru HI
n Ol OKPY>KHOCTH ® PaBHbBI, CJIe/I0OBATEIbHO, OTpe3kn HI
n Ol paBHBI.

AnajornvHo nipegpiaymemMy, ayan BH 1 BO cummerpuy-
HBI OTHOCHUTETbHO Ouccexktpuckl Bl yriaa ABC. B Tpey-
roapaukax BIO u BIH cropona Bl o6masi, Ol = HI u
ZIBH = ZIBO . Ilpumenus TeopeMy CUHYCOB, I10JIyYa-
eM, uTo Ju60 yrast BHI w BOI paBubl, 1160 COCTABJISIOT
B cymme 180°. B mepsom ciyuae Tpeyroabhnku BIO u
BIH paBHBI U CUMMETPUYHBI OTHOCUTEIbHO TipsiMoil BI,
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sugaunt, HO L BI . Bo
BTOPOM CJlydae IOJy-
yaeM, 4To Touku B, H,
I, O jexar Ha omHOU
OKPY’KHOCTH, T.e. OK-
PYKHOCTb @ ITPOXOJUT
yepes Bepiuny B (cM.
PHCYHOK).
[IpoBens Te ke cambie
paccyKAeHus 715 Bep-
B muHbl C, mosgyuyaeM,
yro au6o HO 1L CI,
Jn60 OKPY’KHOCTH ® MPOXOAUT Yepe3 BepuinHy C.
[Tockoabky nipsimasgs HO He MOXXeT ObITb OJJHOBPEMEHHO
nepreHauKyasipaa 6uccextpucam Bl u CI, to omna u3
BepiiuH B 1 C JTEeXUT HA O, 9TO U TPeGOBATOCH I0KA3aTh.
3ameuanue. Herpynno y6eauTbcsi, 4TO B TPEYTOJbHUKE
ABC (i1 006s3aTenbHO OCTPOYTOJIbHOM) SKBHBAJIECHTHDI
caenytontue yeaosusi: LABC =60°; touku A, C, H, I n
O nexar Ha OJQHON OKpYskHOCTU; npamas IJisepa HO
NepIeH/INKYJIsIpHa OuccekTpuce yrjaa B. YcioBue ke
pasenctBa oTpe3koB HI m Ol 3KBUBAJEHTHO PaBEHCTBY
60° oaHoro us yriaos tpeyroibunka ABC.
11. Kosxeenuxos

M2138". B suetixy namsamu koMneiomepd 3anucaii 4ucio
6. Aanee xomnviomep denaem munriuon wazos. Ha waze
HOMep 1 OH YBe UUUBAeM YUCIO 6 TUeliKe HAd HAUO 0buutl
obwutl derumenv 3moezo wucaa u n. /Jokaxume, 4mo na
J060M waze KOMNLIOMEP YSeIUUUBACTN YUCIO 6 AueliKe
au6o na 1, aubo na npocmoe 4ucio.

Broirmiem B PpAL HECKOJIBKO TIE€PBbLIX YJIEHOB T10CJIE/I0BA-
TEJIbHOCTH, YKa3bIBasd HOMED Ilara:

HOMep TIara: 12345 6 7 8 9 10 11 12 ...
uncsIo B Aveiike: 6 7 89 10 15 18 19 20 21 22 33 36 ...

Ha CKOJIbKO ObLIO
yBeJUYeHue:

11115 3 1 1 1 1113

MOKHO 3aMEeTHUTh, YTO JIJIsl HAYaJIbHBIX IIArOB BBITIOJIHSI-
eTcs cJeyoliee: ec/M Ha JJAaHHOM TIare 4mucJjo B sYeiike
YBEJIMYUJIOCHh He Ha 1, TO 9TO 4MCJ0 B siYeiike B TPU pasa
6oubiite HOMepa Tara (Ha PUCYHKE 9TH YMCaa MOA4ePK-
HYTBI).

[TycTp Ha mIare n YUCIO B sTUelike cTasno pasHo 3n. Ha mare
n + 1 uncno B sueiike yseanuurcs na HOJ| (n +1, 3n) , U,
TaK Kak 7 u n + 1 B3aUMHO MPOCTbI, yBesanueHue GyIeT Ha
HO/l(n+1,3), 1.e. na 1 um wa 3. B nocieauem coiyvae
CHOBA TOJIYYUM, YTO YHCJO B sS4eiike B TPU pasza 0oJiblie
HOMepa IIara, mocJje 4ero cJeayiollee yBeandenue Oyaer
yoxe Ha 1.

Crenannble 3aMeYaHus MO3BOJSIOT BBICKA3aTh TUIIOTE3Y.
Iycmo na waze n 6 Auelxy 3anuuemcs Yucio 3n, u Ha
credyrouem waze Yucio 6 suelxe yeeaudumcs Ha 1.
Paccmompun 6uxatiwui waz n + k, na xomopom yeeau-
uenue uucia 6 suetxe 6yoem ne na 1. Tozda amo yeeauue-
Hue Gydem na npocmoe UUCAO0, NPUUEM YUCTO 8 SUelKe
CHOBA OKAXKEMCsL 6 MPU Pasa 6ovue HOMEPAd Wazd.
fAcHo, UTO, MOKA3aB TUIIOTE3Y, MBI PEIIUM 33/1a4y.
JlokaskeM TUTIOTE3Y IO MHAYKINK. basy Mbl yKe mpoBepu-
JIN BBINIE [T MAJEHbKUX HOMEpOB ImaroB. Jlokaskem
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nepexof. Ilycrs na mare n B stueiike Gymer 3amnucano 37,
I0CJIe Yero mar # + k 6yjier nepBbiM, IIPU KOTOPOM YUCJIO
B siyelike yBeJaWuuTcs He Ha 1:

.n+k—1 n+k
ypesio B aueiike: 3n 3n+1 3n+2...3n+k—-1 7

HOMep Iara: n nt+tl n+?2

YBesnuenue uncsaa Ha mare n + k Gyjaer paHo'
HOM(n+k 3n+k-1)=
= HON(n+k, 3(n+k)—(3n+k-1))=
= HOL(n+k, 2k +1),

T.e. gBJseTcs geauTeneM unciaa 2k + 1.

[Tpeamonoxum, uto ymcgo 2k + 1 He TPOCTOE U UMeEET
mpoctoii pequrtenb p, Bxomsammuit B HOJL (n +k, 2k + 1) .
Tak kak 2k + 1 HeUeTHO, 3TOT JAEJUTETD XOTSI ObI B TPH Pasa
Menbline 2k + 1, a 3HaunT, Menbie k. [TocmoTpum Torma Ha
mar 7 + k — p. Ha aToM 1mare 4ncJio B sgueiike yBeJInmqInTcs
Ha

HOM(n+k—-p,3n+k-p-1)=
= HOl(n+k-p,3(n+k-p)-(Bn+k-p-1))=
= HOA(n+k—p,2k+1-2p).

Howun+ k —p, u2k+1—2p genstcs Ha p, oTkyaa
[OJIy4aeM, YTo yiKe Ha 1mare n + B — p ObLIO YBeJIuveHne
me na 1. [IpoTuBopeune ¢ MUHUMAJIBHOCTBIO 1Iara n + k.
3uauut, 2k + 1 mpocrtoe, u, cjie0BaTEIbHO, YBEIUIEHUE
Ha mare n + R npoucxoauT poBHO Ha 2R + 1, u ymcyo B
Adelike cTaHOBUTCA paBHbIM 3n + k — 1 + 2k +1 = 3(n +
+ k) — B Tpu pasa Gosblile HOMepa mrara. [umoresa
JloKa3aHa 110 MHJAYKIUU, U TeM CaMbIM 33/ladya pellieHa.
C.Aopuuenxo

®2145. Cymounwiii cnymnux 3emau epawaemcs no Kpy-
20601l opbume, eKAaAWell 8 KEAMOPUATLHOU NIOCKOCTIIL.
B pesynvmame kpamxoepemenozo 6KA0UEHUL TMOPMO3-
1020 08uzameJiss CKOPOCMb CRYMHUKA YMEHLUACMCSL NO
eeaunune na 1 m/c, a nanpasienue cKkopocmu e Menaem-
cs. Hatidume uzmenenue nepuoda obpawienus Cnymnuxd.

Brauase o6BIYHBIM 06pa3oM TPOBEIEM pPacyeT OPOUTHI
CyTOYHOTO cIyTHUKA. I1ycTh paanyc ero op6utsl R = nR, ,
rae Ry —paauyc 3emuu. Haiiem n. Y ckopenue ciiyTHUKa
Ha KPyroBoii op6uTe B 7° Pa3 MeHblle yCKOPEHUsk CBOGO/I-

HOTO ITa/IeHnA Ha ITOBEPXHOCTH 3emn:

o _ g
R n?
Boipasum tenepb nepuoj obparienust T

=R
0

Torma
n=6,63,u v=3070 m/c.

Temepp 0 HOBOII op6ute. B amoree CKOpoCTb CITyTHHKA
paBHa © — AD W paccTOsSTHUE OT IeHTpa 3eMJIN paBHO R, B
mepuree 0603HAUNM CKOPOCTh ¢y, a paccrosame Ry . Ilo

! Mut neconvro pas nowsyemcs ceoiicmeon nautonsuezo obusezo
Oenumens: HOJ(a,b)=HO/(a,a—-b).
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SAJAYHHUK

BTOpOMY 3akoHy Kemmepa,
(U _AU)R = U1R1 .

[ToHble sHEPTUU B 9TUX TOYKAX OJIMHAKOBDI, TOT/A

(v-A0Y GM o2 GM

2 R 2 R

WckmounM U3 1OCJAeHUX /IBYX YPaBHEHUH CKOPOCTb B
repuree vy U BbIPA3uUM paccTosiHue R, TouHee — BeJUYU-
HY R+ R,, T.e. 60JbIIyI0 OCh HOBOW OPOHUTHI.
Ham Hy’KHO 3HATh OTHOIIEeHHe 6obInX oceil (nim mosy-
oceif) HOBOW M cTapoii op6uT, TOraa MOKHO OyAeT Nmpu
TIOMOIIM TPeThero 3akoHa Keriepa HAWTH OTHOIIEHUE
[epUO/IOB OOpaIleHtsI:

T} _(R+R)
ITocsie cooTBeTCTBYIOIMNX TPEOGPA3OBAHUIN TTOJYUUM
A
RiRy 280 g —r[1-222 ) 20,9997 |
2R v v

Wtak, nepuos oOpalieHus CIryTHIUKA yMeHbInuTcs Ha 86,4
CEKYH/IbI.
A.Iloemopos

D2146. I1o npamoi Gexum KpoaukK, €20 cKOpocmv ce
epems pasma v, = 5 m/c. B mouxe, omcmoawei na
Ly =100 m om amoti npamotl, cudum auca. Ona samevaem
KPOAUKA 1 OPOCaemcs ¢ nozomio, K0zod mom Haxo0umcs.
HA MUHUMATLHOM PACCMOAHUU OM YNOMAHYMOU MOUKU.
Juca Gexum ¢ makoi xe no eauMune CKOpOCmuio,
BEKMOP CKOPOCTRU JUCHL HANPABACH & J1000T MOMEHM 6
mouky, z0e Haxodumcst kpoaux. Hatioume maxcumaivroe
YcKopenue Jucvl 8 npouecce nozonu. Jlucy u xpoauxa
CUUMAND MAMEPUATLHOIMU TNOUKAMU.

[Iepeiinem B cuctemy orcuera, CBSI3aHHYIO C KPOJIUKOM. B
9TOil cCUCTEMe YCKOPEHME JIUCHI TaKOe JKe, KaK U B HEIOJI-
BIDKHOII CHCTeMe OTCYeTa.
[TpoBenem pacuer 17151 He-
koTopoii Touku A (puc.1).
O6osnauum yron AOD

oyq O
PTINL

A

Puc. 1 Puc. 2

6ykBoil o, oTpe3ok OA — 6ykBoit L. CymMa paccTosHuUit
OA n Ab ocraercsa neusmennoii: OA + Ab = L, . Yckope-
HI€ JINCBI OIIPe/IeJIsIeTCs BpaIlleHHeM BEKTOpa T , HalpaBs-
sennoro Baosb AO. [[BUKeHHe JIUCBI TIPOUCXOIUT BOJIb
6UCCEKTPUCHI YT1a, 06PA30BAHHOTO JIBYMS BEKTOPAMH T .
Boi6epem Masblii nHTEPBAT BpeMeHH Af ¥ PacCMOTPUM
tpeyroabunk AOB (puc.2). Torza, 110 TeopeMe CUHYCOB,

AB OB
sin WAt sin(45°+ 0/2)’
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I
20, cos (45° + a/2) At L
oAt ~sin(45°+ ay/2)
Or1cio1a HAXOUM YTJIOBYIO CKOPOCTD!

_Qpcosa _ 7y coso

L Ly/(1+sina)

Il yCKOPEHHe:
g cosa- (1+sin o)
L

WccenepyeM 1noJsyuyeHHoe BblpasKeHue [/ YCKOpeHHs Ha
MaKCUMYM:

a:(l)v():

(cosou- (1+sin oc)),a =0,
2sin? o, +sino,, —1=0,
) _—1£3 o
SIN Ol = BV Sin Oy = 0,5, Oy =30°.
OxoHuarTesbHO,
2 2
. _% V3 3_3V3uw _ 0,3m/c?
Ly 2 2 4 L
A.Cmapos

®2147. ¥V Illemu u Bacu 6 xyxue na oaue umeemcs
He6obWol agmomamuieckuil nodozpesamens 600vl. OH
npedcmasasiem cobotl NAMUIUMPOBYIO EMKOCD € XOPO-
weti MenaoU3oAAYUel U INCKMPULECKUM 08YXKUL08AM-
muoln  Hazpeeamenem. Emxocmov ecezda coedunena ¢
6000nP0GOOHOL MPYOOL, NO KOMOPOU 6 Hee MoxKem
nocmynamy X01001As 600d, d BHUY eCTNb KPAHUK, Yepe3
KOMOPuLL MOKHO ombupams zopsiuyio 600y. Hazpesa-
meav cuabxen peie ¢ pezyasimopoM, NO3GONIIOUUM YC-
manosumy xeaaemyo memnepamypy 6oovt. Ilodozpesa-
meJsib UCNONL3YeMCsi 6 OCHOBHOM OJlst MblMbsL NOCYObl, d
NOCKOALKY HOULIO NOCYJY HUKINO He MOoem, €20 HAd HOUb
OMKIIOUAIOM.

H mym y 6pamves 3awen cnop. Ilems cuuman, 4mo onu
noCMYNaOm IKOHOMHO, OMKAIOUAS JNEKMPONUMAarUe npu-
bopa na nouv. Bacs xe noadzdai, 4mo pasHuybl HUKAKou
Hem — 6edv 3a HOUL 600A CUNLHO OCMBIGAEM, U YMPOM
Hazpesamenv 6K110UACMCs HA OoJee 0UmebHOe 8PeMs,
a ecau 0Cmasiamy IJ1eKmponumanue, mo 3da Houb Hazpe-
sameib Oyoem 6KAOUAMBCS MHOZ0 PA3, 3AMO HA HEGOb-
woe spemsi, noddep Kusds 3a0annyo memMnepamypy 600ul.
Ymobut pewums cnop, 6pamvs npoo0eaaiu IKCnepuUMerHm.
Onu ycmanosuau pezyssmop memnepamypol na 46 °C .
Oxa3zanocy, umo 3a 9 HounwbLx uacoé 600a ocmviid 00
30 °C. Temnepamypa 6030yxa Houvio 6 Kyxue Ovlid
16 °C . locmamouro iu 3mux 0anmwix, umobvl OueHum,
CKOJIKO NPUOemcs nAamumy 8 MeCAy, ecau OmKI0UaAms
AU He OMKAIUAMY NUmManue nodozpesames 600vl Ha
HOub? Cmoumocmyv Kui08amm-4daca nPuHamsv pasHol 3
pybasM.

IIycth Ha HOUb HOJOTpeBATEIb HE OTKJIIOYAETCSI OT CeTH.
Torja nocse oxyax/aeHus: BOAbI OT 33JJaHHO TeMIlepary-
pbl . Ha Bequunny At (oHa omnpe/essieTcsi 4yBCTBHU-
TEJIBHOCTBIO JIATYMKA 1 PeJie) BKJIOYAETCs HarpeBaTellb,
KOTOPbII 32 BpeMs AT JOBOAUT TeMIeparypy 10 L.,
mocJje 4ero OH OTKJIOYaeTcs, M BOJA CHOBA HauMHaeT
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octeiBaTh. [lomyvaercs nunoo6pa3nas 3aBUCUMOCTD TEM-
neparypsel oT BpeMenu. [Ipuuem 13-3a He6OIbINON BEJTMUN-
HBI At <«IHJIa» COCTOUT U3 MPSIMBIX OTPE3KOB.
CKOpOCTb OCTBIBaHMS BOJBI @ MTPONOPIIMOHATIbHA PAa3HO-
CTU MEXK/Iy TeMIlepaTypoil ropsueit Bojbl ¢, U TeMiepa-
TYPOH OKpy»Kalolllero Bosjayxa t,

w=~k (t

max

03/1

At

- tuos;l ) AT ’

rjle KOHCTAHTa R ONPE/esISIeTCsT YCIOBUSIME TEII00TBO/IA.
Orcroja HaXOAUM BpeMs /IO CJEIYIOMET0 BKJIIOYEHNUS
HarpeBareJis:

A A
A’c=—t= L

@ k(tmax - tBOSL[) '

Yucno BKIAIOYEHUH 32 HOYD, T.€. 32 BpeMs T, PaBHO
i _ kt (tmax - tuosu)
At At '
Pacxon sHeprum, 1noJiyueHHOH OT HarpeBaTessl 3a BpeMs
T, paen W, =mcAtn, rne m — Macca BOJbI, C — €€
yAeabHas TelJa0eMKOCTb. [lo/icTaBiss uncao BRJIIOYEHWH
n, MoJaydaeM

mcAtk(t,

n=

-t

max BOS}.[)
At

— pacxojl SHePruH He 3aBUCHT OT JJUTEJIHLHOCTH MEPHO-
J0B oxJaxaenus (IIpy yCJI0BUM, Y4TO OHM HEBEJNKHU, TaK
YTO TeMrepaTypa CHUKAETCS JTUHEHHO).

[TycTb Teneph HaTpeBaTEIb HA HOUD BhIKJIOUaeTcs. Temre-
paTypa CHIUKAETCS AKCIIOHEHIIUAIbHO OT .. /10 HEKOTO-

poil t;, - DTO ONNCHIBAETCS yPAaBHEHUEM
tmin - tBOSLl = (tmax - tBOB,EL) - EeXp (—k’C) . ( * )
YTPOM BKJHO‘{GHHBHL/,I HarpeBaTeJb I'peeT YaCTUIHO OCTDIB-

uryro BoJgy OT &.. [0 &,. , IPU 9TOM 3aTpauMBaeTCs
SHEpPrusa

= mekT (L, —t,

1 BO3/T )

max

W, =mc(t

max tmin ) .
Wcnonbsyem Tenepb pe3yJibTaThl aKclepuMeHTa. VMeem:
T=9 9, t,, =46 °C, ty,, =16 °C | ¢ . =30 °C. Ilox-
cTaBJisieM 9TH JaHHble B ypaBHerue () u moJyyaem
30-16 = (46 —16)-exp (-9k),

OTKY/la HaXOJUM
exp(-9k)=14:30=0,47, -9k =1n0,47 = -0,76,

u k=0,084 4"
Torma pacxon sHeprum 6e3 BBIKJIIOUEHWS HarpeBaTesst
pasen

W, = mckr (tmax - tBOSH) =22,7mc .

Pacxopn snepruu ¢ BbIk/II0UeHuEM HarpeBaTesisd COCTaB/IACT

W2 =mc (tmax -t

min) =16mc.

BoiBoj: mpu BBIK/IIOYEHUN HATPEBATEJSI HA HOYb PACXO/
sHeprum ymenbinaercs B 22,7 : 16 = 1,4 pasa.

IMycrp m = 5 xr, ¢ =4,2 KI[;K/(Kr . K) . Torpa ytpom 1o
BTOPOMY CIOCOGY PACXO/I SHEPTUH HA HATPEB BOJBI OyIeT
Skr-4,2 klbx/(kr-K)-16 K = 340 k[l = 0,1 kBr-u .
3a MecsII] Takoil «HOYHOI» pacxo/ coctaBut 3 KBT -9, 3a
YTO NPU/ETCS 3a/1aTHTD 9 py6Jieil. A 110 nepBoMy croco0y
— B 1,4 pasa 6oJbie, T.e. 12,6 py6eii.
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Kak Bumum, paszuuiia HeOOJIbIlIasi, [OYTH B IIpejiesiax
oumb6ku naMepenuii. Bo BcskoM ciyyae, COKOHOMJIEHHBIX
3a jieto jener (B ciydae BBIKJIIOUEHHs] HarpeBaTesis Ha
HOUYb) HE XBATHUT JIa’Ke Ha MOPOKEHOE.

U.Jleencon

®2148. /lasaenue nacviwennvix napoe 600v. npu +20 °C
cocmasasem 1000 Ila, a npu memnepamype +20,5 °C ono
sospacmaem 0o 1020 Ila. Onpederume no 3mum dannvim
MONSPHYIO mensomy ucndapenus 600vt npu +20 °C .

Jlnst Toro 4TOGBI HAWTH CBSI3H MEXKIY JaBJICHUSMU HACHI-
MIEHHOTO Tapa TPHU Pa3HbIX TeMIeparypax U MOJSPHOI
TETLIOTON TTapoo6pa3oBaHus 7, HYKHO PACCMOTPETH TIPO-
11ecc, B KOTOPOM IPOUMCXO/IUT UCIIApeHue BOJbI. Y 106HO
[IPOU3BECTU PACUYET JIJisI TEIIOBOI MAIIUHBI C BOSHBIM
apoM B KayecTBe paGodero tesa. EquHcTBeHbIN TIpUMep
TEIJIOBOI MAIIUHbBI, [T KOTOPOil u3BecTHA (opMyJia
KII/, aro mammua, pa6oraioiias no mukiay Kapho.
[Iyctp TemmepaTypa HarpeBaTessl TaKOW MallWHBI
T, =(273+20,5) K=293,5 K, a Ttemneparypa XoJo-
munbnuka T, = 293 K . Torga repmopaunamuyeckuii KIT/T
MAalIUHbI PaBeH
T,-T, AT 05 1

N T T 2935 587
[lepenamum pabouemy Tesly OT HArpeBaTessl KOJUYECTBO
TEIIOTHI, HEOOXOANMOE /LIS NCTIapeHust 0HOTo MoJis (T.e.
18 1) BOJBI:

Q, =r.
[Ipu aT0il Temmeparype MOJIb BOASHOTO Iapa 3aHHMaeT
o0beM
_RT
p

Ecan npere6bpedsb 06beMOM, KOTOPBIN 3aHUMat 1 MOJb B
JKUJIKOM COCTOSIHUH, TO paboTa 10 PACIIUPEHUIO PaBHA

V

M

A =plVy,
a pabora B IMKJIE COCTABJISIET
ApRT
A=(p-py)Vy =
Torpa nomydynm
Ay APRT AT
0. , WJIHN T
Orciota HAXO UM
.~ MpRT? _
pAT
20-8,3-293,5
= ———— "~ JIx/Moab = 29 k/[»x/Moub
1000-0,5 Jox/ fox/ '

Hysx#uo ckaszath, uTO HaiifilecHHOE 3HAYE€HWE MOJISIPHON
TEIJIOTHI HCITAPEHUS CYIIECTBEHHO HUsKe TabmmaHOro (OK0JI0
41 kJI>k /MoJb) . Jlesto B TOM, 4TO IaBJIeHHA HACBIIEHHOTO
mapa B yCJOBUU 3aa4u ObLIM B3SITBI «C MOTOJKa». [Ipa-
BUJIbHBIE BeamuuHbl p; = 2,9 xllam Ap =75 Ila gator
HETLJIOXO0€ COBIIA/IEHIE ¢ TAOTUIHBIM 3HAUEHIEM MOJISIPHO
TETLIOTHI UCTIAPEHUST BOJIBI.

3.Paghaunos

®2149. Kondencamopor emxocmsimu C = 100 mx®D u 2C
u pesucmop conpomueienuem Ry = 10 Om coedunenw
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SAJAYHHUK

noc.1e008ameibno, d NApaLIesbHO KOHOCHCAMOPY eMKO-
cmovio C nodxaiouen pesucmop conpomusnenuem R, =
=100 kOn. K 6vi600am yenouxu nooxuouaiom damaperi-
ky nanpsikenuem U = 10 B. Kaxoe koauuecmeo mensiomaol
svldequmest 6 pesucmope conpomusaenuem R? A 6
peaucmope conpomusienuem R, ?

[Ipu noakmouenun 6arapeiiku KOH/IEHCATOPbI HAUMHAIOT
3apsKaThCA GOJBITUM TOKOM — €TI0 BEJIMYMHA OIpe/le/IseT-
€41 TTI0CIE/IOBATEIbHO BKIIOYEHHBIM PE3UCTOPOM COTTPOTHB-
JgenueM Ry . DTOT TOK 6bICTPO yOBIBAET, TaK YTO Yepe3
OYeHb MaJIEHbKII HHTEPBAJ BpPEMEHH KOH/ICHCATOPDI OKa-
3bIBAIOTCSA 3apsKEeHHbIMU. B Teyenue aToro nHTepBaja ToK
Yyepes Pe3uCTOP COMPOTUBIEHNEM R npeHe6pesKuMo Ma,
7 TeIJIOBBIMH TIOTEPSIMH B HEM MOXKHO TpeHe6peub. B
HavyaJIbHbII MOMEHT Pa3HOCTb IIOTEHI[UAJIOB MEXK/Y BbIBO-
JIaMH TIePBOTO PE3UCTOPA paBHA HANPSUKEHMIO OaTapeiiki,
3aTeM OHa OBICTPO CIIQJeT MPaKTHUeCKW 10 HYyJA, B
pesyJibTaTe 4ero uyepes 3TOT PE3UCTOP IPOTeUeT 3apsi
Gy = UCg, = 2CU/3 . Tora KOJMYECTBO TEILIOTDI, BbIJie-
JIUBIIIEECS B PE3UCTOPE CONPOTUBJIEHUEM R, COCTaBUT

_qU _cu?
2 3

[Tocsie Toro Kak TOK B Iienu GaTapeiiku CTAHET MAJIbIM,
HacTyTaeT BTOPOH MHTEPEeCHbII HaM MHTePBaJ BPEMEHU —
KOHJIeHCaTOp eMKocThio 2C TIOHEMHOTY pa3psiKaercs, a
komjiercarop eMkoctblo C MeJJIeHHO 3apsKaeTcs 10 Ha-
npsikenuss U. IIpu 3ToM pa3HOCTD MOTEHIIMAJIOB MEX/Y
BBIBOJIAMU PE3UCTOPA CONPOTUBJICHUEM R, yMEHDIIUTCS
or 2U /3 [0 HyJS, U 4epe3 pe3ncTop MpOoTedeT TOJIHBIIH
3apsg g, =U -2C (TiostHbIi 3apsi/l COeINHEHHBIX JIPYT C
JIPYTOM JIBYX OOKJIaJIOK KOH/IEHCATOPOB BHAUAJIE HYJIEBOIT,
a yepes GOJIbIIIOE BPeMsi OH paBeH 110 BesmuuHe 2C -U ).
KounyecTBo Ten10TbI, BbIJIENUBIIEECS B PE3UCTOPE COIIPO-
TUBJIEHUEM R, , COCTaBUT

2U/3 2CU?
Q2ZCI2 2/ —

IIpu pemenun mMbl yuan, uto Ry < R, . U eme. /L1 Toro
4yTOObI CpejiHee 3HAYCHHUE PA3HOCTH ITOTEHINAJIOB IIPH
BDBIUMCJICHUU BbIJIETUBIICIOCS KOJIMYECTBA TEIJIOTbI MOK-
HO 6bLI0 6paTh PABHBIM MOJYCYMMe HA4YaJIbHOTO M KOHEY-
HOTO 3HaueHuil, Hy>KHO ObITb yBEPEHHDBIM, 4YTO 3Ta pas-
HOCTb IIOTEHIMAJIOB OT BEJMYMHbBI [IPOTEKIIEro 3apsijia
3aBUCUT JIMHEHHO. ITO /I JJAHHOTO cJlydas JIETKO JloKa-
3aTb. Ho MokHO fesarb pacueT U unaye, IOJb3YACH
6anaHCOM SHEPTUH — TOJBKO HYXKHO aKKYPaTHO YUHUTBI-
BaThb paboTy GaTapeiiku.

Q =33-107 JIx.

=6,6-107 JIx.

A. Sunvbepman

®2150. B cxeme na pucynxe peaucmoput ( cresa nanpaso)
umerom conpomuenenus 500 Om, 200 Om u 200 Owmnm,
nanpsxenue bamapeiixu 6 B. Aunepmempol 00unaxosuie:
Kaxovul umeem conpomueaenue 1 OM, <KIACC MOUHOC-

mus 19, mox noinozo

@ omxaonenuss 50 mA.
1 | Haiioume noxasanus
B 11 H amnepmempoas.
)
4 Ecmm cumraTth compo-

TUBJIEHUA aMIIEpMeET-
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POB HYJIEBBIMH, TO TPHU PE3NUCTOpPa B IIE€MU OKAXKYTCS
COEIMHEHHBIMU TTAPAJIJIETbHO W TIOAKIIOYEHHBIMU K 6aTa-
peiixe. [Ipu aToM TOK uepe3 «BepXHuUil» IPUGOP COCTABUT
42 MA, a yepe3 «HWKHUi» 60 MA. AKKypaTHbBIN pacueT
naer sHaueHust 41,4 MA u 59,2 MA (3aMeHUB aMITepMETPbI
pesucropamu conporuBienneM mo 1 OM, mogyInM 06bId-
HYI0 CXEMY <«MOCTHKa»).
WNrak, oguH aMiepMeTp mokakeT npumepHo 41,5 MA, a
BTOPOI HEMHOTO «3aIlKa uTs» . [[pn ymoMsHy TOI TOUHOCTH
puGOPOB PA3HUIIA TOYHOTO U TPHUOIMKEHHOTO PACYETOB
okasbiBaercss cynectBennoil (1o kpaiineit mepe — aus
OJIHOTO 13 IIPUGOPOB).

A.IIpocmos

®2151. Tpu kamywxu, undyxmusnocmu xkomopwvix 1 I'n,
2 I'm u 4 I'nn, coedunenvi «36e300ti». Obuas mouxa
3a3eMAena KYckoM npoeood, NapaiiesvbHo 3MOMY NPOEO-
0y sxouen kondencamop emxocmuio 10 mxdD. B nexomo-
pouil Momenm c60600Hble KOHUbL Kamyuwex nooKI0uanm
K Oamapetixam, co30aouuUM 6 MOUKAX NOOKIIOUCHUS.
odunaxoevie nomenyuaiv. +6 B. Yepes epems 0,1 ¢ nocae
NOOKAI0UEHUS 3A3eMAIOUUT NPoeo0 nepepesarom. Hail-
Jume MaxKcuMaivbHblil 3ApPsi0 KOHOeHcamopd. JeMeHmol
uenu cuumamv uOeaibHuLMU.

Ha nepsom srane 9JC unaykuuy KaxJo#d KaTylLIKU
cocTaBJsieT POBHO 6 BOJbT (KCTaTH, TyT 0OCTATOYHO OJTHON
6arapeiiki, KaTylIKu OYIyT MTOAKIIOYEeHbI HaPAJIETbHO K
BbIBOJIaM 31Ol Gatapeiiku). IIpu 3THX YCJIOBUAX TOKH
KaTylIeK JIMHEHHO BO3pacTaloT CcO BpeMeHeM, M uYepes
BpeMsl T TOK KaTYIIKW WHAYKTUBHOCTBIO L COCTaBUT

=Yt
L

Jlnst iepBoii, BTOPOIT M TPEThEN KATYIIKU 3TOT TOK OY/ET,
cootBercrBento, 0,6 A, 0,3 A u 0,15 A.
[Tocsie mepepe3anust 3a3eMJISIONIETO TIPOBOJHUKA TOKHU
KaTyIIeK HAYMHAIOT YMEHBIIAThCS, HO TIPY HAIIUX YCJIOBU-
ax (paserctBo DJ[C MHAYKIMA NapaJielbHO COeIMHEH-
HBIX KATYIIEK ) OHU OJIHOBPEMEHHO YIIa/IyT JI0 HYJIsI — & 3TO
€CTb yCJIOBUE MAaKCUMAaJbHOCTHU 3aps/la KOHJICHCATOPA.
Oo6osnaunM atot 3apsia Q, Torpa pabora Gatapeiiku mpu
<IIpOTaJIKUBaHUM» 10 nenu 3apsiga Q pasHa UyQ, a
HEPTHsl KOHJ/IEHCATOPpa paBHA CyMMe HEpPruil KaTyIleK
nepeJl pa3pe3aHueM MPOBOJHUKA U PaboTbl GaTapeiku.
[Tonyunm ypaBHeHmE

Lil LB Ll O

2 2 2 2C

Pemras ato kBasipaTHOE ypaBHEHNE OTHOCUTEJIbHO Q, s
MaKCHMAJIbHOTO 3apsijia KOHJIEHCATOPA MOJIydaeM

0=310"Ku.

P.Anexcanopos

®2152. [ITupoxuii napariesvnviii ny4ox ayueti nadaem
Ha Npo3paunvlii 00HOPOOHLLI WAP U3 MAMEPUANA C KOID-
Gpuyuenmom npenomaenus n = 1,414. Haiioume pasmep
€6EemMJL020 NAMHA HA NPOMUBONOIOKHOU CINOPOHE WAPd.

Jlyun, naymune 6JM3KO K <«TJIAaBHOMY» IHAMETPy Imapa
OO, (MaJibie yriibl aleHust), BBIXO/AT € IPYTOMl CTOPOHBDI
ToKe 6JIM3KO0 K HEeMY; 3HAUNT, He OHU OTIPE/IE/ISTIOT MaKCH-
MaJIbHDBII AuamMeTp TaTHA. [Ipn 3a1anHOM 3HAYeHUHT KOa(-
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urmenra mpesomie-
Hus GJIU3KUE K KpPaio
mapa Jy4d TOIafaioT
MOYTH TOYHO B TOUKY
Ha TOM XK€ JHaMeTpe
(yron nagenus 90°,
YTOJ TIpEJTOMJIEHUS
45°). fdcHo, uTO MakK-
CcUMaJIbHOE 3HauyeHUe
JIaMeTpa TsITHA Ty -
YyaeTcs OT JIydveif, majia-
I0IUX TJIe-TO MOCPe/iie; 0003HAYUM COOTBETCTBYIOIMIULT
YTOJI TIaJIeHUsT JIyda 0l .

IIyctp A — Touka BXoja Jyua B map, b — Touka BbIXo/a
ayya u3 mapa (em. pucynok). Toraa yron BOO, pasen
2B-o, rae sinP = (sin oc)/n , U MaKCHMaJIbHbBIA Pajiyc
MISITHA OTPE/IE/ISIETCST MAKCUMAJTbHBIM 3HAUEHIEM BbIpaske-
Husg Rsin (28— o), roe R — paauyc mapa. Takum o6pa-
30M, HYKHO WCCJIEI0OBAaTb HA MaKCUMYM BbIpasKeHue

KBAHT -
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. . sino
Rsin| 2arcsin
n

[IPOU3BOJIHYIO ATOTO BBIPAXKEHUS 110 O, & MOKHO YIIPOC-
TUTH TIPOIIEIYPY 32 CUET MOHOTOHHOCTH CHHYCA B WHTEpe-
CYIOIIEM Hac JMana3oHe YIJI0B U 6paTh MPOMU3BOAHYIO OT

— o |. MoxHO TIpupaBHATh K HYJIO

. sino
apryMenra 2 arcsin
n

BOJIbHO IIPOCTBIM, BOT €TI0 pelIeHuE:
ao = 54, 70 .

[Ipu aTOM pajinyc CBETJIOrO IsITHA Ha IPOTHBOIIOJIOKHON
CTOPOHE TIapa PaBcH

— o, . YpaBHeHUe MoJIyvdaeTcs J10-

r=0,272R.

OTBeT MOKHO TOJIYYUTb JOBOJBHO OBICTPO TIOAGOPOM MIPH
MOMOIIM KaJIbKyJIaTopa (faske HEmpOrpaMMHPyeMOTo —
JINIITb 6bI OH yMe€JI BbIYUCJIATD TPUTOHOMETPHUIECKUE (byH-
Kiuu). Y aBTopa Takoi mog6op 3aHAT 9yTh MEHBIIE TPEX
MUHYT.

A.lllapos

NHDODOPMANINUA

Jeknapauus oprkommuTeTa KOHKypca
«CBOOOOHLIN noneT»

OO6DbsBIISS HACTOSIINIT KOHKYPC, OCHOBHOI 11€J1b10 KOTOPO-
TO SBJISETCS BBISBJCHUE U TIOONIPEHHNE CAMOCTOSTEJNbHO U
Pe3yJIbTATUBHO MBICJSIINX MOJIOJBIX HCCJeioBarTeseii, cau-
TaeM HeOOXO/MMBIM TIPEJCTABUTD €r0 YYACTHUKAM HAIll MO/
X0/l K TIOHUMAHUIO POJIH, KOTOPYIO JIOJIKHBI MIPATh TaKue
JIIOI B COBPEMEHHOM HAYYHO-TEXHOJIOTHYECKOM MUPE.

CeroziHs, Kak MpaBUJIO, CepPbe3HbIe HAYYHO-TEXHUYECKUE
pa3paboTKu BepyTcst 6OIbIIUME KOJLIeKTUuBaMu jojei. O6-
Hapy>KeHne HOBBIX (paKkToB TpeGyeT OrPOMHBIX 3aTparT, KOTO-
pble TOJKHBI ObITh 0O0CHOBAHBI HE TOJIBKO PacyeTaMil, HO U
MHEHUEM HAayYHOro coobiiecTBa. B KOHKypeHInu ujiei rias-
HbIM (PAKTOPOM CTAHOBUTCS «Bec» (3BAHUS M YUCJI0) JO/CH,
cTosAMX 3a Toi wau unoit uaeeir. Hayka dpopmasbno (Pax-
THYECKH 9TO GbLIO BCEr/Ia) CTAHOBUTCS YaCTbI0 SKOHOMUKH 1
MTOJIUTHKHU, BIWUTBIBasSE B ceGs M TO, YTO XapaKTEPHO st
MOCJICIHUX : WHEPINIO, GI0POKpaTuio, pekaamy u T.m. Uto B
ATUX OOCTOSATENBCTBAX TI0 cuJaM oauHO4YKaM? Kak ObITh
JIO/ISIM, KOTOPbIE HUYErO HE MPUHUMAIOT HA BEPY, COMHEBA-
I0TCSI B UCTUHHOCTHY MTPUBBIYHBIX JIJISI BCEX KOHIIETIUIT, TOJIHBI
«6e3yMHBIMI UIESIMU» W JKEJIaloT UX peajnsoBarh? [lepen
HUMM, KaK IPaBUJIO, BCTAET <«CTEHAa» M3 KOHCEPBATH3MA,
610poKpaTHn U He06POCOBECTHOI KOHKYpeHIn. Oco6eHHOo
B CJIyYasiX, KOT/Ia PeaJn3alus UX IPOABIUHYTHIX U/IEil MOKET
ocTaBUTh 6e3 Jesia IleJble HAayYyHbIe ITKOJBI. MeXIy TeM,
MMEHHO TaKue JIOAN W MOTYT JaTh UMIIYJIbC HAYYHO-TEXHU-
yeckoMy rporpeccy. Bemb mporpecc mpejcrasisietr co6oil He
3BOJTIOIMOHHDBIN TIPOTIECC, a Yepey MycTb U HeOOIBITIX, HO
PEBOJIIOIII, WHUIIUUPYEMBIX JIIOJbMI, TOTOBBIMU 6Ge3 Ipo-
Me/IJICHHUS] OTKa3aTbCs OT MPUBBIYHBIX B3TJISI0B M MOHSTHUI.
Takux mogei goctatouno MHOTO (10 HEKOTOPBIM OIEHKaM,
JIECATKH ThICsT4 ) . HEeKOTOPBIM 13 HUX MOJKET B AKU3HH [OBE3TH
— B CIJIy CJIOXKHUBIIUXCSI OGCTOSITEJIbCTB OHM TIOTAJIAIOT B

Hugpopuayus 06 amom xoukypce, nposodumMom Oidzomeopumev-
noim pondon «Hoeas mvicavs, onybauxosana é xypnare <Keanms
Ne 5.
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«KOMaH/Ibl», KOTOPBIE JIAI0T UM BO3MOXKHOCTb PEATH30BaTh-
cst. BosbiimHeTBO, He Oy/y4n YCJBIIAHHBIMU, <II€PEropa-
10T», MHOTHE <«H300pETaioT BeJocumepl». A poct nadopma-
[IMOHHOTO MPOCTPAHCTBA, YBeJIUYnUBaiotieecs: [polieHne Ha-
YKI Ha OTPAcJ U HAlpaBJeHUs U T.I. JAJEeKO He BCerja
CHOCOOCTBYIOT PeaJIn3alluu MOTEeHIAIa 3TUX Jiojeii. K romy
JKe, CaMOCTOSITeJIbHOE MBIIIJIEHNe — 3TO HE YCJIaa JJisl ero
obJrajiaresisi, KOTOPbI 3a4acTyio ITIOJIOH HEYBEPEHHOCTH W
COMHEHWI, MEYeTCsT MEX/Ly POTHBOTIOTIOKHOCTSIMU U OTSITO-
meH HeoOXOMMOCTBIO KayK/IbIH Pa3 [iejlaTb CaMOCTOSITEJb-
HBII BBIGOD.

B kauecTBe mprMepa OCTAHOBUMCS Ha INJIEMME «KOHEYHOE
— Geckoreunoey» . OQUeBUIHO, 3/IeCh PeUb UJET O MPOTUBOIIO-
JIOJKHOCTSIX, TIPUYEM TIEPBOE TOHSITHE CXO/Y KAXKeTCsl TIOHSIT-
HBIM, a BTOPOE — CKOPee YeM-TO HEYJIOBUMbIM, aGCTPAKTHBIM.
Ho eciin ByMaThCst, TO «KOHEYHOE» — TO CTOJIb K€ YCKOJIb-
3afoliee TMOHATHE, 4TO U «GeckoHeunoe». Kaxoe B3siToe B
OJIUHOYKY, OHU UMEIOT MaJIO cMbicja. JIUIb B coueTanuu atu
MOHATHS 060TaIAI0T cofepkanue aApyr apyra. Coracurecs,
4TO He ObIBaeT GECKOHEYHOIr0, KOTOPOE He COMEPKaIo Obl B
cebe KOHEYHBIX COCTABJISIIONINX, M TOYHO TaK K€ HET CMbICJIA
BBIJIEJISITh KOHEUHOE caMo 110 ceOe, ecJii OHO He MopasyMe-
BaeT 6eckoneuHoe. CXo/iHast JJOTUKA OOHAPYIKUBAETCS U TIPH
BbIJIEJIEHUH JIPYTUX TTAPHBIX COYETAHUN MTPOTUBOIMOJIOMKHBIX
HOHATHUIA: «JUCKPETHOE — HEIpepbIBHOE» (<«4acThiia — 1moJes ),
«MaTepusi — MPOCTPAHCTBO», <«/[BU)KEHHE — TIOKOW» ¥ T.II.
Kak rosopsar ¢uiuocodnl, nonsarue (yrsepikieHue) copep-
skareabHo (60raTo BO3MOKHOCTAMM B ILIAHE HCIOJIb30Ba-
HMS) HACTOJIbKO, HACKOJIBKO COJEPIKATEbHO eMy HPOTHBO-
IOJIOXKHOE.

Bor nouemy o6beKTHBHAsI MBICJIb MEYETCS B MPOTHBOIO-
JoxkHOCTsIX. KoneuHo, aTo Ts3kesio — ymMarh 1po O/IHO U BCe
BpEMs IOMHUTB TIPO JIPYyroe. XOUueTcsi OMpe/IeIUThCs U Tiepeii-
TH K, Ka3ajocb Obl, HOPMAJbHOMY O/HOHAIIPABIEHHOMY
Mbiiiennio. VI B GOJIBIINHCTBE KOHKPETHBIX CUTYaIlUi,
4TOObI MbIIILIeHHe ObLJIO Pe3YJbTATHBHBIM, TaK U HYKHO
neqath. Heo6xoaumo torjga o0y3aath BOOOpaskeHune, oTopo-
CUTh COMHEHUST U, OCTAHOBUBIIINCH HA OMPEIETEHHBIX B3aUM-
HO HEITPOTUBOPEYNBBIX MTOJOKEHUSIX, TO/[BEPIHYTH CBOU UJIEN
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NMHOOPMAINNA

JIOTUYECKOMY aHAJIN3y, Pe3yJIbTaTbl Pa3MblIIJIEHUIl CBEPUTD
¢ daKkTaMm UM ¢ aHAJIOTAMM U3 APYTHX KOHIETINil.

CamocTosTeIbHOE MbIIIJIEHHE — 3TO HE TOJIbKO TOHUMaHue
CYTH ¥ OCHOB Teopuu U cepbl ee IPUMEHNMOCTH, yMeHue
BBIBOJIUTH B €€ paMKaX CJIeJCTBUS LTSI YACTHBIX CJIyYaeB U
T.11. Heo6XoMMo elne MOHNMaTh, YTO BCSKAst TEOPUST MMEeT
aJbTEPHATHBDI, [JIOMYCKAThb 3TH aJbTepHATHUBBI, OBITb TOTO-
BbIM B JIIOO0I MOMEHT OTKAa3aThCsI OT TPUBBIYHBIX KOHIETIHIT,
ecJi HOBbIe (DaKThI YKJIA/IbIBAIOTCS B UX PAMKH «CO CKPUIIOM»
(Tem Gosee, KOTa BBIXOAT 33 9TH PAMKH).

Pasymeercst, cymiecTBYIOT IIOHATHSI, B OCHOBATEJIbHOCTH
KOTOPBIX TPY/JHO yCOMHUTBCA. Hampumep, okpysKkatomiast Hac
PEaJbHOCTb CO BCeMH IIPOUCXOAAIIMME B Hell IIpoleccamu
CILJIONIb U PSIZIOM JIEMOHCTPUPYET He3bI6JIeEMOCTb 1 BCeoOIl-
HOCTb CJIEJIYIOIUX TPeX CBOHCTB: 9KOHOMUYHOCTb, CUMMET-
PUYHOCTD M OTHOCUTEJNBHOCTH (/B TIOCJAEJHUX B KAKOIi-TO
Mepe SIBJISIIOTCST YACTHBIMU CJIyYasiMu 1epBoro). BosMokHO,
ATOT CIIMCOK HE SIBJISIETCSI MCUEPIIBIBAIOINM 1 HYIK/IAETCS B
ponosuennu (B GyyieM, cKopee Beero, Tak u cayuutest). Ho
Kak Gbl TO HU GbLJIO, MOXKHO TIEPEYUCTUTD PSJI TOJTOKEHMIT,
KOTOPbIE HeJTb3sT BKJIOYATD B 3TOT CITUCOK BCEOOIINX TIOHATUI
HECMOTPST HA TO, YTO OHU CUUTAIOTCS (PYHIAMEHTATBHBIMU.

Harpumep, Hesb3st MPUHATD HA BEPY, YTO JEKTPOH Ha
3eMJIe M 3JIEKTPOH HA PACCTOSHUSX B MHUJIJIMAP/bI CBETOBBIX
JIeT OT Hee MMEIOT B TOYHOCTH OJHY M Ty K€ Maccy IIOKOSI.
TpynHo cunrtarh He3blbeMbIMU (DU3MYECKUME KOHCTAHTAMU
Takue Ge3pasMepHble BEJMYMHDBI, KaK, HallpEMep, HMOCTOSH-
Has TOHKON aTOMHOW CTPYKTYPbI, OTHOIIEHUS MacC 3JeMeH-
TapHBIX YacTHUIl U T.11. Eme D¥HIITeliH COMHEBAJICS B UX, TaK
CKa3aTb, CIydaiinoM xapakrepe. Vi 5To cyTb MaTeMaTHyeC-
KUe KOHCTaHTBI (T.e. BBIBOJSITCS B PAMKaX KaKOU-TO Heu3Be-
CTHOH HaM TEOpPHMHU), MM OHHM HE SIBJAIOTCS KOHCTAHTAMU
(r.e. mensiorca Bo Bpemenu u (MaM) B IPOCTPAHCTBE).
TpexMepHOCTb OKPY’KAIOIIEro HAC MPOCTPAHCTBA TAKIKE SIB-
JIieTcs OJJHUM U3 IOCTYJIATOB COBPEMEHHOI TeOPHH, HO [I0KA
HEeT OCHOBAHMI CUUTATh €ro He3blGJIeMbIM. 3aBepHINM 3TH
[PUMEPBI TAaKUM YTBEPIKAEHUEM: 803MOKHOCIND Uez0-AU60
HeBO3MOKHO onposepzuymy! VIHbIMI CJIOBaMU, Hesb3sl Ha
IPaKTHKe /I0Ka3aTh, YTO HEYTO HEBO3MOXKHO. JTO OJWH U3
arpuOyToB GECKOHEYHOCTH, [E€MOHCTPUPYIOIIUI OrpaHuveH-
HOCTb JIOTUKH.

OO6DbaBJIAA HAll KOHKYPC, MBI IIPEJHAMEPEHHO HE KOHKpe-
TH3UPYEM 33/IaHNUs I €r0 yuacTHUKOB. Co/iep KaTeIbHOCTD
OTBeTa, KaK M3BECTHO, 3aBUCUT OT KadecTBa Borpoca. Kak
TOBOPSIT, XOPOIIHII BOITPOC — ATO TIOJI0OBUHA OTBeTa. [loaTomy
olleHMBaThcs Oy/eT M TOCTaHOBKA Npo6JseMbl Toxke. Bosee
TOTO, PelieHre MOKeT ObITh He CAMBIM Y/QuHbIM HMJIH JlaKe
HENPaBUJIbHBIM, HO 3TO KOMIIEHCHPYETCSI KaueCTBOM U aKTy-
aJIbHOCTDIO MOCTAHOBKM Borpoca. [loMHMTE, 4TO BONIPOCHI-
CUTHAJIBI, MOCTYNAIKE U3 OKpyskaomero mupa (haxrsr,
SIBJICHUSI U T.I1.), — 3TO T€PBOOCHOBA, CBHIPbE, KOTOPOE €lile
IIPE/ICTOUT B IIpOIlecce U3YUeHUs IepepadoTaTh, IIPeBPATUTD
B 3ajjauy. A 3areM y>Ke Ha/l0 aHAJIM3MPOBATH YETKO MOCTAB-
JICHHYIO 3aJiady, ONpPEIe/IATb KPYI ONUCLIBAEMBIX SIBJECHHI,
00J1aCTb U3MEHEHUSI M TOYHOCTDb 3a/IaHUs 11apaMeTpoB, s
KOTOPBIX pelieHre Oy/ieT KOPPEKTHO, 1 T.[.

MbI crienuaIbHO He OIpAaHUYUBAEM YYACTHHKOB KOHKYpPCA
B BbIGOpe 1 (OpMyJIMPOBaHUY Bonpocos. Ilycrb ato Oyzer
YTO YTOJHO, JIMIIb GbI OHO UMEJIO OIPEe/IeIeHHbII cMbIca. B
COBPEMEHHON HayKe M Pa3BUBAIONIMXCS TEXHOJIOTHSIX €CTb
MHOJKECTBO 1TpobJieM. B 4acTHOCTH, 3TO N3BECTHbIE PACXO/IN-
MOCTH B KBAHTOBOII TEOPHHU, KOPPEKTHOE OIPe/ieICHUE TEH30-
pa SHEPrUM-UMILyJbca B OOIIEH TEOPHH OTHOCHTETBHOCTH,
[apaIoKChl B TEOPUY MHOXKECTB, CaMOPAa3BHBAIONIHECS KOM-
[BIOTEPHBIE TPOrpaMMbl (BKJIIOUEHHE B HUX CJIyYaiiHbIX
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BbIGOPOB, YUeT OnbITa OIKMOOK U T.1.). Jla U B OGbILAECHHON
SKU3HM HalieTcsl MHOTOE, YTO MOXKHO TIOMBITAThCS (DOopMasn-
30BaTh Ha A3bIKe MateMaThku (Harmpumep, 0GHAPYKUB OIpe-
JleJienHoe 1mo1o0me, mornpo0oBaTh MPUMEHUTDh 3aKOHBI Ta30-
BOIl JUHAMUKHU JJId ... aHa/IM3a ABUKEHUS MalluH Ha aBTO-
cTpage).

MO3KHO MTOCTaBUTH 3aj1a4y U3 CEPUU «4TO ObLIO ObI, ecyn
6bl ...» Vlau npumymarb HOBBIN BU B3auMogencTBusi. Maun
BBISICHUTD, KaKOBa Oblia Obl PeasbHOCTD, ecju Obl, HaIpu-
Mep, noctognuas Ilnanka okasasach 3aMetHo GoJbie (nim
MeHbIIE) TOii, KoTopas HaM ussectHa. He Tak y Kk runorerny-
Ha 3a/1a4a, B KOTOPOH Kakue-Tr00 MUPOBbIE KOHCTAHTBI
MOKHO ObLI0 Obl CYMTaTh HecTalmoHapHbiMKU. Harmpumep,
KPacHOe CMellleHne MOKHO OOBSICHUTD He TOJIbKO pa3beranu-
€M TaJaKTHK, HO U Te€M, UYTO CO BpPEMEHEM MEHSIOTCS Macca
3JIEKTPOHA MW TocTogHHasA Tlnanka.

Wrak, Mbl He kaeM oT Bac oTkpbituii. Hac ocobenno e
MHTEpeCyeT U Ballla 3Py AU, TI09TOMY He 60HTeCh TTPOCIbITH
HeBexkecTBeHHBIMU. CKOpee BCETO, TO, YTO MBI OT BacC K/IeM
(a BbI HaM TpuILIETe), He IPUHAA Obl HU OJUH CEPbE3HbII
Hay4yHbBI JXypHasa. HaBepHoe, cepbesHble yueHBIE CKopee
BCETO OTIPABJISIOT TTOA0OGHOE «TBOPYECTBO» B KOP3UHY, TaK
J)Ke KaK cJeloBaTesib OTOpachiBaeT He olpabjaBinue cebst
Bepcun. Ho kto 3maer, MokeT Korja-HUOY/b CPeIH TaKoi
«0TpaboOTKN» HalleTcsi TO, YTO paHblie yrnycruau. Hampu-
Mep, KTO-TO, POSICh B 3TOW OOINell Kop3WwHe, HATKHETCS Ha
HEOObIYHbIE /I, KOTOPBIE MOCIYKAT TOJYKOM JIJisi HOBBIX
oTkpuiTHii. Ho gake ecsm Bce 6ymeT He Tak, MbI HajieeMCs
JIOCTUYb CBOEH TJIABHOW II€JIM: [OMOYb Peasn30BaTh ceOst
JIIOJISIM, CIIOCOOGHBIM K CaMOCTOSITEJIbBHOMY HECTaH/JAPTHOMY
MBITIIEHNIO W TIONCKY. TaK poKIaloTcss WHHOBAIIHNN.

Comuesatitecs! Onposepraiite! IIpeamaraiire!

YcnoBus nposegeHns KOHKypca

Kaxplil yyacTHUK IIpeicTaBJIACT Ha PACCMOTPEHHE SKIOpU
CBOIT IPOEKT, cofiep Kamuii copMyINPOBAHHYIO 3a/1a4y U ee
pemenue. (B oTe/bHbIX CIydasx sKIOPH FOTOBO PACCMATPHU-
BaTh 3a/[aull C HE3ABEPLUICHHBIMU PEIICHUSIMU. )

O6iuit 06beM OTYeTa 10 MPOEKTY J0JIKEH ObITh He Gosiee
10 MamMHONMCHBIX CTPAHWI[, NMPU 3TOM BCE TPOMO3JKHE
BBIYUCJIEHUS IOJDKHBI OBbITH BbIHECEHDI B IPUJIOMKEHSI, KOTO-
pble SBJISAIOTCS COCTABHON YaCThIO OTYETA.

Pacrieyarannbrii Bapuant otdera (1 9K3.) Hy’KHO ITPHCITIATD
110 TI0YTE B peJakinio skypHasia «KBanTy 1o ajapecy: 119296
MockBa, Jlenwnckuii mpocnekt, 1. 64-A, a 3JeKTPOHHBIN
OTYET OT/IeJIbHBIM (DANJIOM HY)KHO TI0CJIATh HA 3JIEKTPOHHbII
aapec pegaknuu: admin@kvant.info.

TuTy IbHBIN JHCT OTYEeTa AODKEH COAEpIKATh CJEAYIONIYIo
uHMOPMAIHNIO 0O KOHKYPCAHTE!

dammmsg, UMs, 0TYECTBO;

MIOYTOBBIN ajIpec, JAeKTPOHHBIN azapec, TejaedoH;

JaHHble 06 06pa3oBaHUM, O HAJUYUU HAYYHOI CTENEHU
(ecm TakoBast umeetcs).

Cpok mpuema 3asBOK Ha ydvacTue B KOHKypce — do 15
anpenst 2010 200a. Vrorm koHKypca OyAyT NOJBEAECHBI B
kontte Mas 2010 roga.

Pa6otbl, ¢ corJiacusi nX aBTOPOB U 3aCJIy KUBATOIINE OGIIETO
BHUMAHUS 110 MHEHUIO JKIOPH, OY/IyT pa3MelaTbcs Ha Crelu-
aspbHOM caiite donma «HoBasi Mbicib» ¢ yKazaHUeM Tex
paGoT, KOTOPbIe OTMEYEHbI TPEMUSIMU.

JKypuan «KBauT», He3aBUCHMO OT Pe3yJbTaTOB y4aCTH
paboTbl B KOHKypce, MokeT (10 COrJIACOBAHMIO ¢ aBTOPOM)
o1y 6JIMKOBATh HEKOTOPBIE PA0OTbI, MOAXO/sIINE 10 (hopMaTy
U UJIE0JIOTUY JKypHAJA.
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1. MwcTep TBUCTep nony4mn B HaCNeOCcTBO HECKOJbKO
habpuk. 3a ero xum3Hb 7 habpuk pa3opunnochk, a ocTasnb-
Hble OH pa3fenui NOPOBHY MeXAy CBOVMMMW CEMbIO CbIHO-
BbAMU. MnafLlnm CbiH 33 CBOIO XM3Hb NYCTU Ha BeTep 6
abpuik, a ocTanbHble pasfenun Mexay CBOUMU CEMbIO
CbIHOBbAMMW. Ero mnagwmm cbliH nNpogan C Momnotka 5
abpuK, HO OCTasnbHble MO CEMENHOW TpaauMLMN pasae-
TN MeXAY CBOMMU CeMbIO CbIHOBbAMMU. [pK XU3HK ero
MIIa[LWero CbiHa pasopunuce 4 habpuiki, Ho Korga feno
JOWMO [O HAaCNeAcTBa, AeNNTh ObIo HeYero — y nporo-
peBLLEro AenbLia 0CTaBanack Bcero ofHa abpuka. Ckonbko
habpuik BbINO M3HaYaNbHO Yy MUCTepa TBUCTepa?
AXaqarypsaH

2. MnaHeta vMeeT popmy Wapa. MoXHO 1 NpoBecTn
Ha Hel 2009 mepuamaHos 1 2010 napannenen Tak, YToobl
OHW Pa3geNuan MNaHeTy Ha y4acTKM paBHOM Nnowlaam?

[-lanbrnepur

3 . [lBa Hacoca BMecTe 3anofHAT DaccenH 3a ABa 4Yaca,
a pasfenbHO OHW 3aMofHAT ero 3a Lenoe, HO pa3Hoe
YICIO YaCoB. 3a CKOJSIbKO YacoB KaxXkabl HAacOC 3anosiHaeT
baccenH?

H KoHuLeB

D71 334341 [TPEAHAZHAYEHbI PEXAE BCEro yyauumca 6 — 8
K/1ACCOB.
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4. MNeTs BbILeN U3 TOYKM A MNOCKOW PaBHWHbI 1 NpoLLen
1M Hator,2M — Ha3anag, 3 M — Ha ceBep, 4 M — Ha BOCTOK,
5M — Ha tor, 6 M — Ha 3anaf, 7 M — Ha ceBep, 8 M — Ha
BOCTOK W T.4. lMponas cymmapHo 5 kM, lNeTa ycrtan v cen
OTAOXHYTb. Ha KakoM pacCTosiHMM OT TOYKU A 3TO Ciy4n-
nock?

Clopuderko, T.Ioneqviyesa-KyTy3o8a

5 « VIMeeTcq 9 0MHaKoBbIX C BUAY MOHET. V3 H1X ofHa
anbluvBas, Kotopasa nerde Hactoswen. OgHa 13 MOHeT
npUAMMIa K OAHOW M3 Yall YalleyHbIX BecoB 0e3 rvpb.
Otompatb ee Hekorga. Kak 3a ABa B3BeLUVBAHUA HaUTW
anblumeyo MoHeTy? (OHa MOXET ObiTb U NPUAMTILLEN.)

A.LlJarioBarnos
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Roukypc numenn A.Il.CaBuHa

«MaTtemaTnka 6—8»

Mbi npogomkaem o4YepeaHoy KOHKYPC [0 PeLIeHU0 MaTeMaTu4eckux 3aaay ANia yqauuxcsa 6-8
KJ1accoB. PeLleHsi 334a4 BbICbIIANATE B TEHEHUE MECALIA 10C/TE IT0JTyHeHNS 3TOr0 HOMEPA XXYPHana o aapecy:
119296 MockBa, JleHuHCckui npocnekT, 64-A, «KBaHT» nau 1o 371ekTpoHHoMy agpecy: math@kvant.info (¢
nomertko «KoHkypc «Matematuka 6-8»). He 3abyabTe yKkazatb vMs, Kacc v JOMAaLLUHUY aApec.

Kak n npexae, Mbl MpUBETCTBYEM y4acTue B KOHKYPCE He TOJIbKO OTAE/IbHbIX LUKOIbHUKOB, HO U
MaTemMaTn4eckmx KpyxxKkoB. PyKoBoauTesen KpyXKKoB MPOCHM yKa3aTb 3/1€KTPOHHBIA APec Uiin KOHTaKTHbIN
TeneghoH. [1o Tpaguumnm, KPYXKKN-rnobeauTenn 3a04HOro0 KOHKYPCa MpUIaLLaloTcs Ha GUHANBHBIA OYHbIV

TYPHHP.
11. PacctaBbTe Mexay YMciamMu B 1E€BOM YacTW PaBEH-
cTBa
7> 7" 77 77 7 1=2009
3HaKM apnUMeTUHEeCKNX OEUCTBUI 1N CKOOKM Tak, YTOOBbI

PaBEHCTBO CTaNl0 BEPHbIM.
M.MypaLukmH

12. Ha3zoBeM HaTypanbHOe YUCNO BO3PACTAOLLYMM, €CIIU

B HeM kaxkgas cnegytollas umdpa 6onblie npegployLlem

(Hanpumep, Yncno 23689). [lokaxuTe, Y4TO eCnm Bo3pac-

TaloLLee YNCIO0 YMHOXUTb Ha 9, TO cyMMa Lmdp nonyyeH-
HOro YMCna BCerga paBHa B TOYHOCTWU AEBATW.

Qonbkiop (npegnoxun JlLLteviHrapy)

00020

Puc. 1

13. 13 npoHymMepoBaHHbIX
KBagpaTHbIX puwek 1x1 cno-
XeHa purypa, copepkallas ABa
KBagpata 2 X2, npuyeMm puLl-
ka c Homepom 4 — obuas (puc.1).
DULLKKM Kaxkaoro kBagpaTa 2 X 2
MO>XHO MOBOpPayMBaTb BOKPYT

OO
Qe

ero ueHTpa Ha yrom, kpatHbii 90°. MoxHOo nu npwu
MOMOLM TakMxX MOBOPOTOB MOMYYUTb PACMONOXEHNS,
NMoKa3aHHble Ha PUCYHKax 2 n 3?

0%,
KX

Puc. 3

HABuoB

14. JoKaxxuTe HepaBeHCTBO @+ b + ¢ = V3 , €eCNn 13Be-
CTHO, YTO ab + bc + ca =1 v cpeom uncen a, b, ¢ xoTsa Obl

[Ba NONOXUTENbHbI.
BAcIaHIH

15. [lokaxuiTe, 4To NobOM BbIMyKbIA YeTblpeXyronbHMK
MOXHO pa3pe3aTb Ha YeTblpe 4acTu, U3 KOTOPbIX CKNadbl-
BaeTCH NPAMOYrOSIbHNK.

CBonyérkos

MeLluaeT N NTnuam
MOMYTHbIV BETEP

H.KOHCTAHTUHOB

OrJA 4 YXXE HAYHUNCA YATATb, MHE MOMANACH KHIAX-
Ka O MyTellecTBEHHMKaX — Kakas MMEHHO KHMXKa, A
3abbIf, @ 3aNOMHWI 13 Hee TONbKO OAMH 3MK1304.
[yTelUecTBEHHMK Pa3dunn narepb B Necy psgooM C
03epoM, Ha KOTOpOe Cena ANs OTAbIXa BO BpeMs nepeneTa
CTas OuKUX rycert. Hactynun Bedep, 1 0XoTUTbCs Obio yxe
HEBO3MOXHO.
— 3aBTpa OydeT cnaBHas oxoTa, — CKa3an OAMH.
— A Tbl He iyMaelllb, YTO Ha paccBeTe NTULbl YNeTaT? —
CKasan gpyrow.
— He ynetaT, Beflb BETEp CEBEPHbIN, AN18 rycen nonyT-
HbIV. TITULbI He NeTaloT C MOMYTHbIM BETPOM, Tak Kak OH
3a[lyBaeT UM Mof MaxoBble Nepbs KPbIbEB.

T ‘ 16-29.p65 27

STOT pa3roBop Nokasancs MHe CTPaHHbIM. 51 Obl Ha MecTe
nTUL, PafoBascad MOMyTHOMY BETPY — Ha HEM MOXHO
neteTb ObICTPO, ObICTpee BeTpa. Ho s ObIN ManeHbkWn, 1
BCE, YTO HaMMCaHO B KHUrax, ObINo Ans MeHst UICTUHON. Tak
YTO # 3@MOMHWIT TONBKO, YTO A YEro-TO He MOHAS.

Mpowno ABafLaTe NATb NET. A y4UnIcs B aCNMpaHType,
MOUM pykoBoauMTenemM Obin Anekcern AHApeeBunY J1anyHOB
— W3BECTHbI MaTeMATUK, KOTOPbIN B 3TO BpeMs rnyoboko
NHTepecoBancs KNOepHETMKOM 1 MaTeMaTUYeCKUMU Nof-
xofamu K buonormn. OH ObIN CBSI3aH HayYHbIMU UHTEpe-
CamMu U IMYHOW OpYy>KO0M C HalMM KpymHbIM Brodusn-
KOM, OLHMM M3 OCHOBaTenen Hayku brnodusmkm — Huko-
naem Bnagumuposundem TumodeeBbiM-PecoBckuMm. o

30.11.09, 16:58



28 KBAHT -

coBety Anekces AHOpeeBMYa A MOCETUNT CEMWUHApP Mo
brodusmke, npoBoaMBLWMIACS Hukonaem Bnagummposu-
4eM Ha OwuocTaHumMmM MwuaccoBo Ha Ypane. Wctopus,
pacckasaHHad Hukonaem Bragumumposudem, 3actaBuna
MeHS BCMOMHUTb NMPOYUTAHHYIO B AETCTBE KHUXKY. OKa-
3blBaeTCa, ObiNo Bpems (M g Kak pas ero 3acran), Koraa us
CTaTbV B CTaTblO, M3 KHUMM B KHUIY NOBTOPSANacb OfHa W
Ta e MbICNb — 4TO NONYTHbIN BETEP 3a4yBaeT NTULLAaM Mo,
Kpblnbsa. VI rpynna Owonoros, B WX 4uncie TuModees-
PecoBCKkMi, B HECKONbKIMX MyDNMKaLMAX pa3bicHNIM OGro-
noram oWMOOYHOCTb 3TOW MbICIU U Pacckasanu O MpUH-
Lmne oTHocuTeNnbHOCTK [anuneg.

Elwe oaMH 3NM304 HAMOMHWI MHe, 4TO HeKoTopble
CTapLeKNacCHVKM B Halle BpeMs elle He OpoCav Ao
MNOHNUMaHWS KapTUHbI MUPa, BO3HKKLLEW NOC/E OTKPbITUI
Fanuneg.

CTporoTpaf, M3 CTYAEHTOB U LUKOMbHWKOB paboTan
netom Ha benomopckon BroctaHumm MIY (g Obin yxe
yumTenem). Mbl BO3BPaLLANMUCL C OO4HON MOPCKOM 3KCKYpP-
CUK Ha Tennoxofe «HaydHbin». [pynna pedbsat nonpocuna
y KanuTaHa paspelueHus CMAEeTb He Ha TenfoxXode, a B
LUMONKe, KOTopas TAHyMach 3a TEMNoXonoM Ha Oykcupe
(TaM ObIno Kyda npusTHee). A 3a LWIONKOK, Ha paccTos-
HUW NPUMEPHO TPeX METPOB OT Hee, TAHYCA eLlle MaJleHb-
KWW SAINK, B KOTOPOM HWKTO He CUOen.

N BOT cambii mMomogou u3 Hac, Jlewa KyBLIMHOB,
KOTOPbIM TOrAa nepeLlen B AeCATbIN KNacc, 3axX0oTen nepe-
CecTb B anVK. A cAenatbh 3TO Ha xofy Oblfo, No-Moemy,
HEeBO3MOXHO. 10 KpanHen Mepe, O4eHb TPYyAHO: Jaxe
eCn NOATAHYTb ANMK K LUSTIIOMNKE, TO NepececTb Ha Hero U
He NepeBepHYTLCS ObINO HeMblicMMO. Ho Jlewwa npuayman
apyron cnocob: «fl BbICOKO MOAMPbLITHY, a Moka Oyay
OnycKaTbCA, AMK OKAXETCA y>Ke Nodo MHom». M TyT Bce
CTapLeknaccHnkM (a 370 OblIM BCE MATWKOMbHUKM, U C
HUMW LWYTKM NOXM) CTanu Hanepebon obbscHATb Jlele
MPUHLMMN OTHOCUTENbHOCTK [annses.

3emJ1to, FOBOPUIIM OHW, MOXHO CHMUTaTb MHEepLManbHOM
CUCTEMOM OTCYeTa. DTO O3HAYAET, YTO eIM Ha TeNlo He
JeNCTBYIOT BHELLHME CUmbl (MNn, ToYHee, eClin BCe CUTTbI,
JIeNCTBYIOLIME Ha Teno, KOMMEHCUPYIOT Apyr Apyra), TO
OHO COXPaHAET COCTOAHME MOKOA WM PaBHOMEPHOTO
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NPSMONNHENHOIO ABVXEHUS OTHOCUTENb-
HO 3emnn. KoHe4yHo, BbIBatOT Takme cuTya-
LMK, B KOTOPbIX CUCTEMY OTCYETa, CBA3AH-
HYIO C 3emMnen, Henb3A CYUTaTb MHepLmanb-
HOW. HarnaaHbIM NpuMep TOMY — MasiTHUK
®yko. B nHepumanbHoOM cucTeMe OTCYeTa
MMOCKOCTb, B KOTOPOW KONebnercs mast-
HWK, OCTaeTcs MOCTOSIHHOW, a B OeNCTBU-
TeIbHOCTW, CKaXKEM eCJIM OMbIT MOCTaBIIEH B
MockBe, NoCKOCTb KonebaHU MefiIeHHO
noBopaymBaeTcs. [pyron npumep — peku,
TeKyLye B CeBepPHOM NonyLlapum, NogMbl-
BaloT npasbivt HGeper. A ecnn Obl cncTeMa,
CBfizaHHas C 3emnen, Obina MHepuManb-
How, oba Gepera ObiNV Obl PaBHOMPABHBI.
Ho 370 BCe OOBOMbHO TOHKME 3PdeKThbl,
HabniogaeMble MO0 MPW OYeHb TOYHbIX
nN3MepeHnsx, NMbo 3a o4veHb Oonblive
NMPOMEeXYTKM BpeMeHW. B HalueM xe cnyyae
CUCTeMY OTCYeTa, CBSI3aHHYIO C 3eMfel, BMOSIHE MOXHO
CYUTATb MHEPLMANBHON. 3HAYUT, U NobYIo ApYrylo cucTe-
My OTCHYeTa, KOTopas OBUXXETCS OTHOCUTENbHO 3emnu
PaBHOMEPHO U MPAMOMMHENHO, TakXXe MOXHO CYMTaTb
MHepuManbHoW. Halla wmonka Kak pa3 M ecTb Takas
cncTema otcyeTa. M Toraa, no NpyHLMNY OTHOCUTENBHOCTH
Fanunes, BCe 3aKOHbI (PU3NKN B CUCTEME LUIOMNKM BbIFA-
OAT TaK Xe, KaK M B CUCTeMe, CBA3aHHOW C 3emnen. U
NOANPbITHYB B LUMOMKE Thbl ONYCTULLICA B Ty e TOYKY
LIIIOMKW, 13 KOTOPOW CTapToBas, Kak 3To Obino Obl 1 Ha
Oepery.

TyT ooMH M3 HaWwux pedsaT BO3paswi, 4TO ecin Ha
TBEpPLON NoYBE, T.e. Ha Bepery, BbICTPeNUTb BEPTMKASbHO
BBEPX, TO CHapsA He ynageT B Ty Xe TOYKY, U3 KOTOpOu
CTapToBas, JaXe ecny BO34yX MOSHOCTbIO HEeMoABUXEH
OTHOCUTENBHO 3eMAn. ITO AeNCTBUTENBHO Tak, HO 3TO eLle
OOMH Ciydal, OEeMOHCTPUPYIOLLMIA HEMHEePLUMANbHOCTb
3eMHOW CUCTeMbI oTcHeTa. [1ockonbky 3(dMEKT He3Ha4M-
TefbHbIM, B HalleM OMbITe ero MOXHO He y4YMUTbIBaTb.

OpnHako Jlelwy Bce 31 0ObsicHeHUs He yoeaunu. NpuBo-
LUV eMy U paccy>kaeHns Fanunes, OObACHSBLIErO CBOUM
COBPEMEHHWKaM, 4TO eCin Ay3/1b Ha MUCTONEeTax NPOUCX0-
OUT B TplOMe ABMXYyLIerocs kopabns, To HXW OOWMH U3
LY3NISHTOB, CMOTPUT N OH OT KOPMbI K HOCY KOpabns niu
HaobopOT, He MMeeT NperMyLLecTB. M HanoMuHanu, Kak
OH, Jlewa, emy4m B noe3ge Ha buoctaHuumio, urpan B
BaroHe B MAY 11 MY ABMrancs no OTHOLLEHMIO K BaroHy Tak
e, KaK OH ABMrancs Obl Ha HEMOABWXKHOWM 3eMi1e Npu Tex
Xe ygapax no Hemy. Ho Bce Obino OecnonesHo. Jlewa
HenpeMeHHO XOTen MOAMNPbIrHYTb, @ Mbl BO3paXanu, TaK
Kak LWIonKa B pe3ynbTaTe yAapa Morfia Aatb Teyb. Ho B
KOHLLe KOHLOB yCTynunu, 1 Jlewa noanpbirHys. OH, Kak v
JOMKHO ObIlo ObITb, OMYCTUCA B MCXOOHYIO TOuKy (a
nofika Tak KayHymnacb, 4To Habpana HekoTopoe Konude-
CTBO BOAbI). Jlewla Hagonro 3agymancs. W, HaBepHoe,
3aMOMHWI MPUHLMN OTHOCUTENBHOCTU [anunnes HaBceraa.

Bocnonb3ytochk ciiydaeM, 4ToObl MoKasaTb Ha NpuMepax,
Kak MOBEPXHOCTHO 3a4acTytO LUKOMIbHUKM y4aT YPOKM.

OpHaxabl oouMH CTyaeHT exan Ha benomopckyio Guo-
ctaHumto. OH npuexan Ha noespe B [MosikoHAy, OTKYAa ero
LLOMXHbI ObINV AOCTaBUTL K MECTY Ha KaTepe. [Mogowen K
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Gepery B Tpu Yaca Houn (Houm Genbie), Ao Mpuxopa
KaTepa ObIno eLle aaneko. Kpyrom Hu gy, OH Nonoxmn
Ha 3eMIII0 CBOW TAXENbIW PIOK3aK 1 NoLles oCMaTpmBaTh
OKPEeCTHOCTU. A KOrAa BEepHYNCs, piok3aka He Obino. O
BOPOBCTBE HE MOrJIO ObITb 11 PeYM — MNOCENIOK KPOXOTHbIN,
N XKUTENW Jaxe Aepent He 3anvpatoT. CTyaeHT cen Ha
KaMeHb M Npefancs TaxXenbIM pa3MblLUIEHNSM O NpeBpaT-
HOCTAX XM3HW. «A 4TO 3TO TaM B MOpe MnaBaer?» —
nodyman CTyaeHT. «HeT, He MnaBaeT, a, NoXanym, CTOUT Ha
mMecTe». lMpurnsgencs. «[la 3To xe MoW ptok3ak!» —
[lorafancs ctyneHt. bnaro Obiv Ha HeM canoru — golen
[l0 ploK3aka Nno MenkoBoAbi0. 3a0biN CTYLIEHT, YTO B MOpe
ObIBalOT NPUNMBbLI. A Beflb Y4 3TO B LLKOSE, U, BO3MOX-
HO, Zaxe MosyyYun NaTepky 3a OTANYHO BbI3yOPEHHbIN
ypok. Ho B TOM-TO 1 Aeno, YTO MOXHO BbI3yOpUTb U He
3agymMaTbCs.

Lpyron cnydan — ondatb xe Ha benom mope. Tpynna
TYPUCTOB NOLUMa NOrynaTh, @ O4AMH U3 HKX, Cawa KoapsHy,
0CTancs y KocTpa, 4Tobbl MPUroTOBUTL Yal. DTO ObIN O4eHb
TONKOBBIV WWKOMIbHUK, TOMbKO YTO 3apaboTaBLUniA NepByto
npemMuio Ha BcecolosHoW MaTemMaTM4eckon onMmMmnvage.
OH noLwen K Kofoauy, a psaoM Mope — BOAA B HEM Takas
nNpo3paYHas M TaK KPacuMBO WMrpaer Ha conHue. N oH
Habpan B BeApo MOpCKkoW BoAbl. 3abbil OH, YTO BOAA B
Mope coneHas, a Beflb HaBepHsika 3Han ob 3Tom. Ho 310
ObINM 3HaHWA ANA OTMETKWM, a He Ans >Xu3HW. Bopga
(coneHas) 3akmnena kak pa3 K BO3BpALLEHMIO yCTaBLUen
rpynnebi.

Mony4aeTcs, YTO LWKOMbHbIE 3HAHWUA MOTYT OKa3aTbCs
DecrnonesHbiMU. OTO ObIBAET, ECTIN OHW HEe CBA3bIBAIOTCA C
>KM3HEHHBIMW HabnogeHVsaMN. Y venoBeka AOMKHbI ObiTb
OBe «LIKOfbl» — OfHAa Ha ynuue 1 AoMa, apyras — B
LLIKOMe, U OHW OOMKHbI ObITh CBsi3aHbl. Ho Tak ObiBaeT He
BCerga. Bot nget yenosek no ropofy, eMy NATHaALATb NeT,
'y HEro CTOMPOLEHTHOE 3penHune. Ho OH H1Yero He BUAMUT.
OH He 3aMeTun, 4TO ronybu K BOPOHbI — 3TO pasHble
NTULBI. He 3ameTun, 4To y TponnerndycoB Ha Kpbille pora
(OHM NO-Hay4HOMY Ha3blBatOTCs NaHTorpadbl). OH HUKOT -
[la He BUIEN pafyru, He 3ameyan, 4Tto y KyyeBbix 0611akoB
HUXHME TMOBEPXHOCTM ODbIMHO POBHble. Bce 310 A He
BblAyMas — 3T0 pe3ynbTaThl HabmoaeHW. Cnpocun 1 Kak-
TO CBOUX KPY>KKOBLIEB, ObIBaeT 1 Tak, 4To JlyHa 1 ConHue

BMAHbI Ha Hebe omHoBpemMeHHO. OAMH CKasal, Y4TO OH
OJHaXAbl 3TO BWAEN, OCTajlbHbIe HNYEro Takoro He 3amMe-
Yanu, a HekoTopble BOOOLLE YANBUIUCH, HTO JTYHY MOXHO
YBUIETb OHEM.

Ho.. BepHemca K ntvuam. MeHs Bcerga yydmnu, 4T1o
3aMnmCHble KHUXKM JleoHapao Aa BUHYM 1300unyioT reHum-
anbHbIMKY floragkamMu. I BOT HelaBHO A, HaKOHeLl, peLunn
NOYUTaTb 3TU KHUXKKW, KOTOPble, pa3yMeeTcs, AaBHO 134a-
Hbl B CONUAOHbIX akageMunyeckux mspgaTtenbcrBax. B «3-
OpaHHbIX Mpou3sedeHUsx» JleoHapgo da BuHum (M
MN3patenscteo AH CCCP, 1955) ecTb rnasa «O netaHun 1
OBVXXEHUM Ten B BO3ayxe». ITo noapobHoe uccnegoBa-
HWe, B KOTOPOM MHOIO WHTEpecHbIX HabniogeHun wn
npeKpacHbIX PUCYHKOB. HO MOHMMATb ero o4eHb TpyOHo,
nopovi HeBO3MOXHO. Benib JleoHapao nuncan ans cebs, He
3a00TACb O TOM, YTODbI Pa3bACHATL CMbIC ynoTpebnse-
MbIX TEPMWHOB. B 3Tom rnaee ecTb pasgen «llovemy
nepeneTHble NTULLbI NETAloT NPOTVB TevyeHNs BeTpa?» A B
3TOM TEKCTe He CMOT pa300paThCsi, HO BbIBOL, O4EBUAHO He
BepeH. Ha pmcyHkax nmokasaHo, KakK MTWupbl B3feTalT —
OeNCTBUTENIbHO BCerga npotMB BeTpa. A KOrAa OHU yke
BbICOKO, TO He BUAHO, Kyaa ayeT Betep. MoXHO npeano-
JOXMUTb, H4TO 3TO W NMpPUBENO K olmnbKe.

Hafo 3ametnTb, 4TO J1IeoHapA0 NOCTOSAHHO CChINAeTCs Ha
3aKOHbI CTAaTUKM, OTKPbITbIE elle ApxiMenoM (Apxrmeaa
OH M3y4as Mo MOMHOMY CODPaHMIO COYMHEHMM, KOTOPOE,
Kak W3BECTHO M3 ero 3anucCHbIX KHWXEK, Oblno emy
JOCTYNHO). Ho AN M3y4eHns noneta HeJoCTaToYHO CTaTU-
Kn. A OMHAMUKKY, KaK Hayku, TOrda elle He Obino, u
JleoHapo TaMm, rae He XBaTasno 3HaHWM, MNOCTOSIHHO UC-
noJib30BaNl VMHTYUTVIBHblE OOrafku. TaK, BCO XWM3Hb OH
MbITancs Cco3fgatb NeTaTeNbHbIX annapat, HO 3TO eMy He
yaanocb. [oTpeboBanmch YeTbipe CTONETUs Pa3BUTHS HayKK
1N TEXHWUKM, YTODObI 4eNoBeK NMOJHANCS, HakoHell, B BO3LYX.

NTaK, MHe KaxeTcs, s goragancs, otkyaa y buonoros
BO3HMK/a OLIMOOYHAsA MbIC/Tb O TOM, YTO MOMYTHLIV BETEP
MeluaeT NTnuam netatb. OHa BO3HUKIA U3 TpyaoBs Jleo-
Hapoo Oa BuH4yn. A yoepxumBanacb 3Ta UAes B ronoBax
HeKOTOPbIX JoAen MOTOMY, YTO B 3HaHUU (U3UKKU 3TW
NOAM He NepeBanuaun Yepes anoxy anunes. Ho He Oyaem
yrnpekatb JleoHapLo B TOM, YTO OH He onepenun ceno-

BaBLLUEro 3a HAM reHu4...

Kak chenatb MOMOKO MPo3payHbiM?

(Havano cm. Ha 4-1i cTparue oboxki)

... OKasbIBaeTcs, 4To Yepes HeKOTOPOe BPeMs, KOr/la KOHIeH-
Tpald caxapa B PacTBOPE MOJIOKA B BOJE JOCTUTHET HEOOXOH-
MOil BeJIMUMHbBI, PACTBOP OMATH CTaHeT Ipo3paunbiM. [Ipocser-
ngomee JeicTBie caxapa 06bACHAETCS JI0BOJBHO MIPOCTO.

Tena nepecraioT ObITh HMPO3PAYHbIMM, KOTJa BHYTPH HUX
HOABJSAIOTCS TPAHUILI Pasfiesia Cpej] ¢ Pa3IMUHBIMU MOKa3arTe-
JIAMHI TIPEJOMJCHHS CBeTa. B MOJOKE 5TO TPaHMIIBI MEKIY
KalleJIbKaMil MOJIOYHOTo skupa (ero mokasaresib IIPeaoMJIeHus
n=1,433 - 1,500) u Bogoii (n = 1,333). Ha aTnx rpanumax ceer
OTpa’kaeTcsl B caMbIX PasHbIX HAIPABJIEHUSX, T.€. PacCeHBaeT-
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e at it tion (and energy) o
hich a pulse of light travels down an

csa. Bor nouemy moJsioko HenpospauHoe. Ecam ke yBesnmuuthb
MOKa3aTesib MPEJOMJIEHUST BOJbI, JOBEIS €ro [0 IOKa3arelis
IPEJOMJIEHUST MOJIOYHOTO JKUPA, HAIPUMED PACTBOPUB B Heil
caxap, TO MOJIOKO MOXKHO CJ/IeJIaTh MTPO3PAYHDBIM.

K.Bozdanog
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OU3UYECKHUN ®AKYJIbBTATHUB

CTONKHOBEHNe
camoneTa C ..
nTrLen

B.BbILLIMHCKUU

O‘lEHb MHOTME HIKOJIbHBIE 3AJAUN [10 ®U3UKE HAUU-
HAIOTCSI CJIOBAMH THIIA <IIAPUK MACCOil m ynapsieTcss o
TBEP/YI0 TIOBEPXHOCTH...» B HalieM ke cjydae poJib IapuKa
OyJZieT Urpatb OTHIO/b HEe a0COJIOTHO YIIpyras HTHI@, & POJIb
MIOBEPXHOCTU — YBBI, HE COBCEM TBEP/Iblil KOPIIyC aBUaJaiiHepa.

Tskenplil caMoJIeT COBEPINAJ MOJIET HA PEXKIMe CHUMKEHUS C
oHUM HepaboraomnmM asurarteseM. [lo-BuanmMomy, B pe3yJibTa-
T€ CTOJIKHOBEHHUS C TITUIIEH TIPOUBOIILIO PA3PYIIEHUE PAIHOIPO3-
pavyHOro oGTeKaTeJiss aHTEeHHbI. PasJieTeBIInecss OCKOJIKH, I0-
BU/IIMOMY, TIOTIAJIN B BO3/[yX03aG0PHUKHU JIBUTATEJIEH, 4TO, 10-
BUIUMOMY, OJHOBPEMEHHO BKJIIOUMJIO ABTOMATHKY Ha Tepe3a-
myck asurareseii. OxasaBmuch 6e3 TSArH, CaMOJIeT He CMOT
COXPaHHUTDb 6e30MACHYIO BBICOTY U BPE3AJICS B 3€MJIIO.

B JeTHBIX NPOUCHIECTBUSX, U OCOGEHHO B KaTacTpodax,
MHOTO€ TaK ¥ OCTAeTCsl He BBISICHEHHDBIM /10 KOHIa. 1o craTucTu-
Ke, CTOJIKHOBEHHME C TITHUICH KaK MPUYUHA JIETHOTO IPOUCIIC-
CTBUSI CTOUT HA TPETHEM MECTe MOCJe OTKA30B MaTepHaIbHOI
vactu (camosiera u jBurateseii) u uenoBeueckoro (akropa
(omm6ok sKumaxKa).

Cyl1iecTByIOT CHelnuaJbHble 9KCHePUMEHTATIbHbIE YCTaHOBKU
(nMHeBMaTHYECKWE TYITKKM) /T TPOBEPKM caMoJieTa Ha MPOY-
HOCTDb B CJIy4ae CTOJIKHOBEHU ¢ nruileil. VIx sapspkaior Tymka-
mu ruist (ckopoctb Boitera Tymkn 100—300 M,/ ¢). Crangap-
THBIM <CHAPSIZIOM» TI0 MEX/[YHAPOIHBIM HOPMAM SIBJISIETCST MITH-
na maccoit 1,8 kr (0GBIYHO HCHOMB3YIOT CBEXKE3a0UTHIX KYP,
XOTsI, Kak Oy/ieT BUJIHO U3 JaJbHEHINero, OHl BecbMa IOCPE/I-
CTBEHHO MOJEJUPYIOT CTOJKHOBEHUE C XOPOIIMMH JIETYHAMH).
Koncrpykimsi camosieta IOJKHA BbIJICPKUBATD yap TTHILBI,
JIeTSIIEell CO CKOPOCTBIO, PABHOI CKOPOCTH MOJIETa caMoJieTa Ha
TeX BBICOTAX, HA KOTOPBIX BCTPEYAIOTCS TITHUIIDI.

W3BecTen Kypbe3HbIil cayudail, KOTa MOJOJON SKCIepUMeHTa-
TOP, BUINMO U3 COOOPAKEHUN SKOHOMMHU, 3apS/IUI YCTAHOBKY
MOPOXKEHHOI KypHIIEH U ...TIPOOKT OCTEKIEHE KaOMHDI MTIJI0TA,
Ipole/ee npeaBapuresbubie ncnbitanug. Korga paso6pa-
JINCD, TIOHSLIN, YTO JIEJO He B OCTEKJIEHWH, & B TYIIKE MTHI[BI.

4 Boana cokamus e

Ob6aacmo L
6bICOK020

SNV
dasnenus T v/
3 Y [

Boana pasepysku om
60K0601 NOGEPLHOCIAU

[Ttuna moskHA OBITH €CJIN He JKUBOI, TO XOTsI ObI HE MOPO>KEH-
HOI. DKCIEPUMEHTATOPY OObSBUIN BLITOBOP, OCTEKJICHUE 3aMe-
HUJIM, a MBI IIONIBITaEMCI Pa306paThCs, B UEM K€ JIEJI0.

B xauectBe Momesnn OyjieM paccMaTpUBATh YAAp SKUAKOM
KaIIi 0 >KecTKylo nperpaiy. C MOMeHTa KacaHus ITIperpajibl B
Kalljle €O CKOPOCTBIO Ty PaCHPOCTPAHSAETCS BOJHA CHKATHS
(ynapuasg Bosma). I[Ipn 1oCTHKEHUN CBOGOHBIX TPAHMIT OT HUX
PACIPOCTPAHSIIOTCST BOJHBI paspekenust (pasrpyskn), UX CKO-
pocTb 0603HAUUM U, . CXeMATUYHO /IS TeJia IIUJINH/IPUYECKON
(opmbl npoucxozsmiee nzobpakeno Ha pucynke 1. 3a ¢pponrom
yaapuoit BoJnbl (B mpOCTPaHCTBE MEXK/Y YAAPHOW BOJHON U
nperpajioii 10 GpoHTOB BOJIH pasrpyskn) GopMupyercst 06JacTh
BBICOKOTO JlaBjieHusi. Bpemsi [1eficTBUSI BBICOKOTO JIaBJIEHHST HA
1perpajly BecbMa MaJid U OIPEeSeTcs] BpeMEHEM JTOCTHKEHUS
BOJIHOIT pasrpysku MecTa Kacanus (IIOPsi/IKa BPEMEHU TPOXO0K-
JIEHHST BOJTHOW paccTostHust OT GJIsKaiiieil CBOOOHOM IPAHUILbI
10 o6aacty Kacanus). Takum 06pasoM, UMEIOTCS KOPOTKUIT MK
1 IPOJIOJKUTENbHBIH yCTAHOBUBIIMICS YYACTOK HOBBIIIECHHOTO
nasaerns (puc.2).

A
80 MIla

Kopomxuii nux

YCmaHoeuemudCﬂ YUACMOK
20 MIla Y

0 0,25 0,5 0,75 1,0 £/(L/0)

Puc2. [laBnerune rnpuy yaape UnnnHLPMYeckoro 1ed, ABUXYLUerocs co
CKOPOCTLIO 197 M/C, O TAXENYIO CTaNIbHYIO ITNTY (4EPOPMALMNe] inTs!
MOXHO peHebpeys) B 3aBICUMOCTI OT BpemeHu

Teno nruipl coctout U3 Markux tramneir (Gosee 50% maccebl
tena), ckesera (menee 10%) u skuakoctu (oxoso 40%), mpu-
4yeM 4eM JIydYllle JIeTHbIe KauecTBA IITHUIIBI, TEM MEHBIIE Macco-
Basg J0Js cKejeta. IIpoyHOCTD KOCTel CyIECTBEHHO HIKe
BEJIMUUHDBI JlaBjieHus 1pu yzaape. [Ipu GOJbIIMX CKOPOCTSX
CTOJIKHOBEHHS TEJI0, UMeEIoIIee YIIPYro-BI3KO-TIJIACTUYHDIE CBO¥I-
cTBa, Gy/JIeT NPOSIBJIATD B TIEPBOM NPHOJNKEHIH THPOITHAMM-
ueckue coiictBa (IIOJO6HO yAapy KAIUIM MM CTPYU SKUJKOCTH
o mperpazy). [110THOCTD MbIIEYHBIX TKaHeH okoto 1,06 r/ M’
o6beMHast IIOTHOCTD (M3-32 HAJMYHSE TOJIOCTEN) HUYKE — OKOJIO
0,87-0,9 r/cm’ .

«Koncrpykimst» nTuip Moxket GbITh O4eHb JleTkoil. Tax, Macca
ckesieta perata pu pazmMaxe KpbLibes 2 M Beero Jmiib 100 T,
YTO MeHbIIle CyMMapHOH Macchl ero nepbes! bouee Toro, 17151 TOro
4TOObI 06ECTIEYUTD TTPABUJIBHYIO IEHTPOBKY, Yeper MTHIl UMeeT
«IIPEKPACHO CKOHCTPYMPOBAHHYI0» KOCTUCTYIO TIOJIYIO CTPYKTY-

py. [Haxe Gouiblioii yepen BOpo-

HBI BecuT MeHee 1% cyMMapHOTo

Beca NTHIBL. Tspkesble 3yObl OT-

Boana paszpyaxu om CYTCTBYIOT, MX POJb BBITOJHAET

s3adneii nosepxnocmu 306 — paCHOJIOHCGHHbII/Iu BOJIN3HT

, [[EHTPa MACcC MYCKYJIbHDII MEIIOK,

B KOTOPDII Ha 3eMJie HaOUpaioTCst

KaMEIIKH /11 U3METbYCHNS TN

(B manmpHuil mepener aTH «3yObI»
He 6epyTes).

IItuipl HyKIQI0TCS B OBICTPOM

Puc]. CTONKHOBEHME LIMITHAPUYECKOrO Tena C nperpagon (L — amiHa ummiHapa)
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o6MeHe BEIIECTB, CKOPOCTb KOTO-
POro yaBanBa€TcCs C INOBbIIIEHUEM
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temneparypbi Ha 10 °C. CiezcTBueM 6bICTPOro o6MeHa BelecTs
SIBJISIETCS BBICOKOE TIOTpebJIeHne KICJI0PO/Ia, YTO 06eceynBaeT-
CsI CJIOKHOW KOHCTPYKIINEH JIETKUX, COeINHEHHBIX C CHCTeMOI
BO3AYHUIHBIX MEIIKOB, PACIIOJIOJKCHHBIX B PA3JINYHDbIX YaCTAX
TeJla, BKJIIOYAs I10JIble KOCTH. DTO IIOMOraeT JIerKUM B HarHeTa-
HUM BO3JyXa U HCIOJIb3YyeTcsl B CHCTeMe OXJaxjeHus. Tax,
JIeTANI ToTy0b UCIIOJb3YeT YeTBEPTb B/BIXAEMOTO BO3/yXa
JUISL IBIXQHUS, & OCTAJIBHOI — [IUIsT OXJIaskIeHusl. [IpIxaresbHast
cucrema ytkn sanumaer 20% o6bema tema (s cpaBHeHus, y
YEOBEKA BCETO JIMMIb 5% ), n3 HuX 18% IpuxoAaTest Ha BO3Ly -
HbIEe MEIIKH 1 TOJBKO 2% Ha COOCTBEHHO JIETKHE.

ITopucroctb cpe/bl CyIIeCTBEHHO CHIDKAET CKOPOCTD yIapHOI
BoJibl (eM., Hanpumep, cratbio A.CTaceHKo «3ByK B IeHe» B
«Kpanre» Ne4 3a 2004 1.). B Tenme mrumpl kuakas Qasa
paszesieHa KJICTOYHOH CTpyKTypoil (MeMOpaHamMu KJIETOK) U
6OJIbH_II/IMI/I BO3AYUIHBIMU TTOJIOCTAMU ,ZIbIXaTeJIbHOﬁ CHUCTEMbI 1
CHCTEMbI OXJIK/IEHUS, YTO YBETUINBAET COKMMAEMOCTD U yMEHb-
maeT CKOPOCTb yAapHOii Bosubl. IlosToMy Hpu CKOPOCTHOM
yaape (0 > 100 M,/ ¢) B OCHOBHOM MMEET MECTO CBEPX3BYKOBOE
B3aMMo/elicTBIe GHOMACCHI TITHIIBI C MUIIEHBIO.

KuHorpaMMbl CKOPOCTHOI CheMKH y1apa cpepuiecKkoii Karim
0 IJIOCKYIO IPerpajy MOKa3bIBAlOT, YTO 3aHSS YacTb KallJH
COXpaHseT IPeXHIo GopMy, B TO BpeMs Kak repe/Hss 1edop-
MUPYETCS U pacreraeTcs 110 nperpaje. OPoHT y1apHOIl BOJHDI,
BO3HMKAIOIEll B KarlJie IpU KACAHUN MUIIEHH, JOCTUTAeT 3a/THel
YaCTH TIPAKTHYECKU OJTHOBPEMEHHO C JOCTIKEHIEM 9TOI 4aCThIO
MHUIIEHH, T.€. IPOIOJIKUTENbHOCTD Yapa Olpe/ie/IsieTcsT BpeMe-
HEM MpoJIeTa Karm cBoed Aamuel, T.e. otaomenuem L,/ V (L —
JUIMHA TeJIa TITUIIDL).

B nepBoM TpUGTIBKEHNT MOKHO UCIIOJIB30BATH OJTHOMEPHYIO
MO/I€JTb IBUYKEHUS JIJIsT OI[eHKN MaKCHMAJIbHOTO BO3HUKAIONIETO
JABJIEHUS Py, 32 BpeMs jefictBus At . Macca *KHJIKOCTH Ha
eINHUIY TIJIOIIAAN IPETpajbl, 3aTOPMOXKEHHAs HpPU yJape,
paBHa PYAL, Te P — IJIOTHOCTH JKUIKOCTH, 0y — CKOPOCTb
yaapHoil BoJHBbI (BOT TOYEMY BaKHO 3HATh IOPUCTOCTb U
COCTOSIHHE CPE/Ibl «CHapsiia»). VIMityabe (KOMMIeCTBO JBUsKe-
HUSI) 9TOIT Macchl paBeH poAtov , Tie 0 — CKOPOCTD KUAKOCTH J10
yzapa o nperpaiy. VIMmnyJbc cuJibl paBeH M3MEHEHUTO UMITY IbCa
TeJsla, MO3TOMY

PmaxAL = pyAto .

OTCIO]IB. JUIAA OIIEHKM yJapHOro AdaBJE€HUS, TaK Ha3bIBaA€MOT'O
JIaBJICHUA rIOTOHI/IO, ToJriygyaemM

Pmax = POO .
Bpems feficTBIA 9TOTO JaBJIEHIA MAJIO IO CPABHEHHUTO € MOTHBIM
BpeMeHeM yJapa SKHJIKOTO o0beMa.

O1eHrM CKOPOCTD Y/IApHON BOJIHBI IIPU YJlape O Hperpajiy,
UCIIOJIb3YSl JIAHHDbIE PHCYHKA 2:

Pmax =80 MITa = 80-10% H/M? | p =900 r/m’

0 =197 Mfc, u p, = Pmax = 454 /e
po

[Tocsie mpuxo/1a BOJIHBI PA3rpy3KH yCTAaHAB/IMBAETCS TaK Ha3bl-
BaeMoe KBasucTpyitnoe teuenne. Ha atoit dase napaenne (crpyn
Ha HETOBMYKHYIO TIPETrPajly) MOKHO OIEHHUTD M3 3aKOHA COXPa-
HeHUs sHepruu. Pabora cuibl gaBieHus pS 3a BpeMs At paBHa
HEPIUN TOPMOKEHUS CTOIOA SKUAKOCTH IVINHON 0At ¥ rioma-
1o S:

S vAtp02 pv2

, OTKy[a p =-——.

SvAt =
poo B

I_IaHHOC COOTHOIIIEHUE BEPHO, CTPOTO TOBOPA, TOJBKO /AJIA ICH-
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Tpa]leof& CprfIKPI, KOTOpad MMOJIHOCTbIO I'aCUT CBOIO KUHEMATU-
YECKYIO SHEPIUIO. OHeHI/IM 9TO [daBJIeHUE:

5 (197 m/cy
=

p =900 kr/m =17,5 MIla
(cpaBHUTE ¢ JJAHHBIMU PHCYHKA 2).

na cnpasku, ckopoctb 3Byka mnpu 20 °C B Boxe
1482,7 M/ ¢, B craim 5000—5200 M /c (oaHOMepHast BoJHA B
crepkne) mmm 5680—-6100 M/ ¢ (mpomosbHas BoaHa). B wact-
HOCTH, OYEBHIHO, UTO JaBJeHKe [TOroHno AJs cTaJbHOI 6O0JI-
BaHKN TIPU TeX K€ CKOPOCTSX CTOJKHOBEHWs OyIeT pa3a B
uerpipe Bbime. Cxopoctb 3syka npu 0 °C Bo Jbay 3280 m/c
(onnomepnas BoHa B crepskiue) mm 3980 M/c¢ (mpomosbHas
BosiHa). Tak uTo MOpOKeHHas Kypulla cosziasia Obl IPU TeX JKe
YCJIOBUAX IPHOJU3NTEIBHO B 7,3 pasa 6oJblllee MaKCHMaJIb-
HOe JJaBJICHHE.

Crietyer TIOMHUTD, 4TO yAapHas BoJHA (CUIbHDBIE BO3MYIIe-
HUSI) PACIPOCTPAHSETCA B cpefie ¢ GOJbliell CKOPOCThIO, ueM
3ByKoBas BosiHa (MaJble BoaMymienus ). Tak, CKOpoCTb yapHOit
pommbl B Bome mpu 20 °C paBma 3354 M/c TIpH Tepemaje
nasyieHus B BoaHe Ap = 3140 MIla = 32000 arm . Ha pucynke
3 npuBesieH TpaduK 3aBUCUMOCTH CKOPOCTH YJApHOIl BOJHBI B

oM/ CA
6000
[
5000 e
4000 o=
3000 d
2000 i
1000
|80 MiTa X
2000 6000 10000 14000 Ap,MTTa

Puc.3. CKopoCTb YAapHOV BOJIHBI B 33BUCHMOCTI OT MEPENaAa AasB/e-
HUS Ha Hew (CripaBoYHble AaHHbIE)

BOJIe OT mepenajia AasaeHust (BemuuHbl BozMyleHns). Takum
00pas3oM, CcJydail, COOTBETCTBYIOIIUII PUCYHKY 2, T.e. Ap ~
~ Pmax =80 MIla, 6mM30K K MajbIM BO3MYIIEHUSM, U /I
OIIEHOK MOYKHO HCIIOJb30BaTh CKOPOCTh 3ByKa (1o He B Boje!).
VY Hac u3-3a MOPUCTOCTH CPEJIBI TIOJNYINIOCh v = 451 M/c, st
BOJibI ObLJI0 GbI B 3,3 pasa Boiie — okoJo 1500 M /c.

Ho, xoneuno, mrtuma — He cOBceM KPYTOBOW NWJIWHAD, W
O/IHOMEpHAsI MOJIEJIb SIBJIgeTcs BecbMa rpy6oii. [Toatomy GoJiee
cTporasi MareMaruyecKas MOJeIb yJapa HTHIBI O TIPerpajiy
MCIIOJIb3YeT JKUAKW 06beM B (GopMe dJIITUIICON/IA BPAIIEHUSI.
Kpome TOTO, TOAATIMBOCTD NPErpajbl yMEHbIIAET [aBJeHNE:
p=p(o- w)2 /2 , TJIe @ — cKopocTh nperpapl (aty dopmyry
NPE/IIATaeTes MOMYUUTh CaMOCTOATENbHO). MOXKHO PaccMoT-
peTb ellle cayyail Kocoro ynapa. 3/1ecb pa3dyMHO B3SITb HOPMAJIb-
HYIO K MIOBEPXHOCTHU TIPETPA/IbI COCTABJISIONIYIO CKOPOCTH W JIJIST
OIIEHOK HCIOJIb30BaTh Te Ke (DOPMYJIbI.

sKemaem ycmexal
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KAJENJTOCKOII «<KBAHTA»

Mrpbl

B 3ToM Kanempgockone Mbl coOpanu HeckonbKo MaTema-
TUHECKUIX UTP, MHOTME NX KOTOPbIX Y>Ke BOLLN B (DONbKIIOP
MaTeMaTn4eCKnNX KpPYy>KKOB.

Bo Bcex Hallmx nrpax Bcerga Urpatot ABoe, XOAbl AenatoT
no oyepean. MpowrpbiBaeT (ecin Npo 3TO HWYero He
CKa3aHo) TOT, KTO He MOXET CLenaTb XOp,

[ns KpaTKoCTU Mbl He ByZieM B Kaxk[oW 3adadve nprBo-
ONTb OOMH U TOT e BOMPOC: KTO U3 UMPOKOB — Ha4uHa-
IOLLMI WA ero NapTHepP — MOXET AeNCcTBOBAaTh Tak, HToObI
BCerfa BbIMIpbIBaTh, Kak Obl HU mrpan gpyron? (MHoraa
3TOT BOMPOC KPATKO (POPMYJIVPYIOT Tak — KTO BbIUTPbIBAET
npv NpaBunbHoOM mMrpe?) Ecnn B 3afade HUYero He cnpa-
LUMBAETCA, TO 3TOT BOMPOC NoApasymMeBaeTcs.

HekoTopble 334341 Mbl pa3bupaem, ocTanbHble OCTaBNsA-
eM [15 CaMOCTOATENbHOrO pelueHus. Vrpamtel

HeuyecTHble nrpbl

BbIBalOT Mrpbl, B KOTOPbIX pe3ynbTaT He 3aBUCUT OT
OENCTBUA UFPOKOB — UrpaTb B HUX HEMHTEPEeCHO.

1. Kosia v Bacsa o ovepenu 710MarT WOKOIaaky 6X 8.
HaunHaer Koss, 3a xof jmobov 13 UMEILLMXCS KYCKOB
JIOMAETCs 110 rPAMot (BAOL yrilybreHUs) Ha [Ba Kycka.
BbInrpbIBaET TOT, KTO GAEAAST MOCIEAHMM PAITOM.

3aMeTnM, 4YTO Mocfle KaXOoro pasfioMa YMcio KyCKoB
LLIOKONaAKM yBennymMBaetcs Ha 1. CHadana Obin OAMH KyCOK,
a B KoHUe umx Oymer 48. Mocne xomos Konu Bcerpa
Moy4aeTca YeTHOe YMCIO KYCKOB, a nocjie xo4os Bacn —
HeyeTHoe. 3Ha4unT, Bbinrpaet Kons.

2. [lers v Bacs vrparot B Urpy: eCTb KyHka m3 777 CIINYex,
3a xof bepyt 7 vy 77 crimyek. Havvraer [1ers.

CnmmeTpusa

NHoraa mrpok BbIMMPLIBAET C MOMOLLBIO «CUMMETPUY-
HOW CTpaTerum»: Hanpumep, OyonMpyeT xof, ConepHuKa.

3. Manbitw n KapncoH rno o4epenu Knagyt naraku Ha
KPYITIbIVI CTOJT TaK, YTOObI OHU HE HAKIaAbIBA/IMCH APYI HA
Aapyra. HaduHaer KapJicoH.

MycTb KapncoH nepsbiM XO40M MOMOXUT NATaK B LEHTP
ctona. Torga Ha Kaxabi xof, Manbilla oH CMOXeT noso-
XUTb NATak CUMMETPUYHO N[Ta-
Ky Masbllla OTHOCUTENIbHO LieH-
Tpa cTona (puc. 1), n noka xofpl
ectb y Manblwa, oHn OyayT 'y
KapncoHa.

4. ECTb [Be Ky4u KaMHew: @) B
kaxzaovi o 20; 6) B ogHovi — 30,
B apyrovi — 20. [iBoe o ovepe-
Aau bepyt 1oboe 4o KaMHeN
U3 10001 Ky4u (HO HE 13 ABYX
Puc 1 cpazy). B) A ecm ectb 3 Ky4um

(i 4 kyam) rno 20 kamHeri?

5. Y pomaiuku a) 12; 6) 17 nenecrkos. B cBOv xo4 urpok
06pbIBAET 1 171 2 pFHAOM PACTYILMX SIEMIECTKA.

6. [JBoe urpatot Ha focke mx n. B nepBom cronbLe crosr
QUILLIKY TEPBOIO UIPOKA, @ B MOCIIEAHEM CTO/IOLE — DULLKY
BTOPOro. Ha cBoem Xoay UrpoK MOXET rnepeaBuHyTs CBOK
QUILIKY B CTPOKE, HE OTPbIBAS €€ OT [OCKM, B si0byio

CTOPOHY Ha /10byIo cBOBOAHYIO KNETKY (repernpblirvBaTs
yepes Apyrue GUILLIKI 3arpeLyeHo,).

OTBeTHbIN XOop,

B 3agavax 3Toro pasgena MOXHO yKasaTb CTpaTervio
MrpoKa, KOTOPbIV BbIUIPbIBAET. HTOOBI €e HamTK, None3Ho
OblBaeT PacCMOTPeTb YacTHble Cy4an WM ynpocTUThb
3afadvy (HanpvMep, pelwnTb 3afady 9 cHavana ans cnydas,
Koraa B kopobke 12, 13, 14, .. KOHeT).

7. B kyqe 20710 kamHes. [jpoe o ovepeqmn bepyr cebe ro
a) 1w 2;6) 1w 3 8) 1 wm m kamHew,

B nyHKTe a) BTOPOWM UrpoK BCErAa MOXET CBOMM XOLOM
LOMONHATH YUCIO TOMBKO YTO B3AAThbIX CONEPHNUKOM KaMHewn
o 3. Torga nocne xofa BTOPOrO YMCIO KaMHewn Bcerga
OyneT 0ennTbCs Ha 3, a nocsie Xofa NepBoro — Het. Tak Kak
2010 penutcs Ha 3, NOCNEeAHNI X0, CAENaeT BTOPOW UMPOK.

8. Ha kpaviHeu rnpasov knetke JOCku 1X 20 CTOUT uLLKa.
L]Ba virpoka ro o4epesi CaBUIraloT 3Ty QULLKY (BrpaBo mim
BJIEBO) Ha 111060€ Y4CII0 KITETOK, KOTOPOE elye He BCTPeYa-
J10Cb [1PY BbITOSIHEHMM [PEABLIAYILMX XOLOB.

9. B kopobke 100 koHer. [isoe rno oyepenm bepyr cebe
u3 kopobku 1, 10 wmm 11 KoHer.

10. fara nonocka 1x2009. a) B aByx; 6) B T0€X, B) B N
CaMmbIX PaBbIX KAETKaxX CTOUT 10 @uiLKe. MIpok cBOMM
XOLOM NEpecTaBnser OfHY 13 QUIIEK BIEBO Ha J100yI0
HE3GHATYIO KIIETKY (MOXHO MEPENPLIrBAaTL YEPE3 Apyrie
k).

Pa3bepeM NyHKT a) 3To 3afa4u. PasgenvmM nonocky, Kak
MOKa3aHO Ha PUCYHKe 2, Ha LOMWHOLLKM pa3mepom 1X2,
Ha4MHas C camou
NIeBON KNeTku, u | | | | | |
Puc. 2

ellie ofHa kneTka | | | |.|.‘
Oynet B octatke
(camas npagas).
MepBbIN BbIMFpaeT, ecnv ByAeT NMPUAEPXMBATLCS Takon
CTpaTernu: KaxpabIM XOLOM OH [AOJIKEH MepecTaBnsTh
npaBylo QULLKY B Ty Xe AOMUHOLLKY, rae CTOMT Apyras
uLka.

AHanus c KoHua

Ha3zoBeM Mo3MLMK, U3 KOTOPbIX UMPOK BbIUIPLIBAET Of-
HUM XOLIOM, BbIMIPbILLHbIMM. ECNIN UFPOK CBOMM XOZOM
00s3aTeflbHO NMomnagaeT B Takytlo NO3MUMIO, TO OH HaXOOMUT-
CA B /IPOMPbILLIHOM NO3MUMM (NOCNe ero Xofa ConepHUK
BbIMrpaeT). ECnu e Urpok CBOMM XO[OM MOXET MonacTb
B MPOUMPbILLHYIO NO3ULNIO, TO OH B BbIUIPbILIHOM NO3MLMM
(cMoxeT BbiurpaTh ). MocneaoBaTeNbHO HaXoAs BbIUIPbILL-
Hble 1 NPOUMPbILLHbIE MO3VUNN, HAYMHAS C KOHLIE, MOXHO
y3HaTb, KTO BbIMFPAET, U HaWTU CTpaTeruio.

1. B 1eBOM HUXHEM YTy LIaXMATHOU [OCKM 8X 8 cTouT
KOpPOJIb. [IBOE 110 O4YEpEenH NeEPenBUralT ero 1o Jocke Ha
OfaHY KneTky /mbo Brpaso, /mbo BBEPX, 1Mbo 1o muaro-
HAM «BrpaBO—BBEPXY.

Ecnu Koponb CTOUT B MpaBOM BEPXHEM YTy AOCKW 1 XOA,
Haw, TO Mbl npourpani. OTMETUM 3Ty MO3NLMIO OYKBOW
«[», KaK nNpourpbllHyto. MycTb Tenepb KOposb CTOUT Ha
OLIHOM 13 Tpex KNEeTOK, COCEAHMX C TOMbKO YTO OTMeEYeH-
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HoW. Torga Mbl MOXeM CMENO XOAUTb Ha MPOUTPLILLHYIO
Knetky. Beob OydeT xof ComnepHuka W OH npourpaet!
MosToMy OTMETVM 3TW TpU KNeTkM 6ykBon «B», kak
BbIMIPbILLIHbIE (puc. 3,d).

Tenepb MOXEeM OTMETUTL eLlle [Be KeTkn bykson «[»
(puc. 3,6), Tak Kak C HUX MOXHO CenaTb Xof TOMbKO Ha
BbIUTPbILWHbIE KNeTKW. MPoaosixKas 3anofiHaTh Aocky (pumc.

u 6 3,8), LOMOEM 00 NIeBON HUMX-
Hel kneTku. Tam Oypoet GykBa
\ B \ U] BT «B» (npoBepbTe). 3HaA4UT,

I 12. B kopobke 300 crimyex.
/JlBoe rio ovepenu b6epyr u3

11
B|B \\ B | B| BblMrpbiBaeT nepsbii.
_—

8 \\ Kopobka He bosiee 10/10B1HbI

\ o B s 0 VIMEIOLLMXCS B HEM CITAYEK.
13. @ep3sb crour B 1€BOM
( B B/ B|B HXKHEM YTy KIIEeT4aTom OC-
\ slolslm km 10X 12. [lpoe no oyepenn
repenBuraT ero o [4ocke
\\B B|B|B Ha J11060€ Y1CI10 KIIeTOK Bripa-
N 11 BO, BBEPX W/IM 110 JUATOHAIIN

P ~1_ «BIIPaBO—BBEPX Y.

FeomeTpus

14. B knerdarom kBagpare 10X 10 [soe ro o4epeqm
CTaBAT Purypku. [lepBoivi CTaBUT KBAAPAT 2X 2, BTOPOU —
YIOJIOK 13 TPEX KITETOK (TaK, YTO QUIypKI 3aHUMAIOT LIEJI0€
YUCTIO KIIETOK U HE MEPEKPbIBAIOTCA).

B 37Ol 3aaye He MoMoryT obbl4HbIe NpreMbl. Ho pella-
€TCa OHa O4YeHb MpocTo. [MyCTb nocsie HavanbHOro Xo4a
nepBOro Mrpoka BTOPOM MOCTaBUT «yrofiok» psgoMm C
OOHWM U3 YrIIOB AOCKM Tak, Kak MOKasaHo Ha pucyHke 4

(310, o4eBMAOHO, BCerga BO3-
MOXHO). MpAMO Haf, mocTaB-
\ JIEHHbIM «YTrONKOM» eCTb MeC-

TO 13 TPeX KNEeTOK KaK pa3 eLle
0719 OOHOrO «yrofika», mpu4em
HW OOHY W3 3TUX KIETOK He
MOXET 3aHATb MEPBbIN UIMPOK.
MycTb BTOpOW OyaeT fanee xo-
ONTb NO NpaBunam Kyaa yrog-
HO, He 3aHMMasf TOJIbKO HU
OfHOW 13 Tex Tpex KNeTok Haf
nepBbiIM CBOVIM «YFOJNIKOM»,
noKa 3TO BO3MOXHO. ECi BOPYr OH He MOXeT caenatb
TaKoro xofa, TO Ha JOCKe He OCTanoCb MecTa M Ana XOAa
nepBoro Mrpoka. Torga BTOPOW CTaBUT «yrofiok» Hag
nepBbIM CBOMM «YrOfKOM» W BbIUFPbIBAET.

15. Ha beckoHe4YHOW JOCKE UrPparoT B KPECTUKI-HOIIKH.
Bblnrpaer 101, KTO 10CTaBUT 5 CBOMX 3HAKOB B psf 10
BEPTUKAIIN WM [OPUIOHTAMN. [Jokaxure, 41O rpu rpa-
BUIIbHOM UIpe BTOPOU a) He Bblnrpaer; 6) He npourpaer.

Pewinm NyHKT 6). Pazobbem
LOCKY Ha LIOMVHOLLKM TaK, Kak
MoKa3aHo Ha pu1cyHke 5. 3ame-
TMM, 4TO NIOOON psf M3 NATK
KIIETOK Ha [OoCKe LeNnKom Co-
LEePXNT KaKyto-TO LOMUHOLL-
Ky. [lokaxuTe, 4TO BTOPOM He
NpOVrpaeT, ecnu KaxabiM CBO-
UM Xo4oM OyneT CTaBWTb HO-
MK B Ty LOMWHOLLKY, Ky[a
TONbKO YTO MOCTaBUI KPEeCTUK
NepBbIA UIPOK.

\

Puc. 4
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16. Ha knerqyaroui gocke 2009X 2009 B LeHTpe CToUT
QuiLika. []Boe o o4epenu rnepessurarT QULLKY Ha O4HY
u3 cocenHux (o CTOPOHe) KNeTok, ecmm 37a KIeTka parHee
HY pasy He bblia 3aHATa PULLIKOU,

Mepepaya xopa

B 3apa4ax 3Toro pasgena MoXHO y3HaTb, KTO BbIUIPbIBa-
€T NpW NPaBUIIbHOW Urpe, He yKa3sbiBas cTpaTteruto. Moay-
MawnTe, MOYeMy B 3TUX Wrpax y OAHOro U3 WUrPOKOB
cTpaTervs Boobule cyulecTByeT (BbIUrpbillHAg WAM He
NPOUrpbILLHAS).

17. ([BoviHble waxmarbl) [BOE MrpaloT B LUAXMATbI, HO
AENa0T 110 A4Ba X043 pasy. ECTb /i ) BTOPOro BbIMIPbILL-
Has crparervs?

MpennonoXmMm, YTo BTOPOW UrPOK MMEET BbIMIPbILLHYIO
cTpaternto. MycTb NepBbl UIPOK HAYHET C Xo4a KOHeM
«Typa-obpaTHO». Ha JOCKe HUYEro He M3MEHMUTCS, HO XOpa,
nepenmieT Ko BTOPOMY UrpokKy, U UIPOKM Kak Obl MOMeHs -
loTCA MecTaMu. Ml mony4aeTcs, 4To yxxe APpYyron UrpoK nMeeT
BbIMIPbILLHYIO CTpaTernio. [o3ToMy BTOPOW He CMOXeT
BbIMrpaTh (eCnn nepsbin ByoeT UrpaTb NPaBUIbHO).

18. [lpamoyrosnbHas 1okonanka pasgeneHa 6oposqka-
MU Ha JOJIbKU. VIIDOK CBOMM XOHO0M BblOMPAET 1100y eliye
HE CbEAEHHYI [OIbKY U CbEaer ee BMecTe CO BCEMU
AO0TIbKaMM, PACITONIOXEHHBIMI OT BbIOPAHHOM He HuXe 1
He niesee. CbeBLUIMM TOCIEAHIO [ObKY MPOUIPbIBAET.

19. Hanucarbl yncna 1, 2, 3, .., 1000. 3a xof wrpok
BbIHEPKUBACT KaKoe-HMOYAb YUCIIO M BCE €ro [AE/TUTENMN.

20. Qoma n Epema fenst 25 MoHer B 1, 2, ..., 25 anTbiHOB.
3a xon oamH BeIOGUPAET MOHETY, a APYrovi rOBOPUT, KOMY
ee ornarb. CHa4Yana Belbyrpaer @oma, fanee — 107, y Koro
b0/IbLLE 3JTTHIHOB, [1PU PABEHCTBE — TOT, KTO U B [1POLLITBIN
pas. Moxer i @oma mrpars 1ak, 4100kl B mTore obs3a-
T€/IbHO 110/1y4MUTE OOsIbLIE ANTTBIHOB, YeM Epema?

Pa3sHoe

21. benas nagba npecienyer Y4epHoro JIoHa Ha JocKe
pasmepom 3x 100 (xoqar no ovyepeni 1o 0bbIYHbIM 1Pa-
BUIAM, HAYUHAIOT besible). Kak urpates 11a46€, 4T00bI B3ATh
CI0Ha?

22. Koposib 3a Xof CTaBuUT 0 KPECTUKY B J/iiobble 4Be
CBOOOAHBIE KIETKI OECKOHEYHOIrO 11CTa OYyMarv. MuH1cTp
3a XOL] CTaBUT HOJMK B J1100Y10 CBOOOLHYIO KITETKY. CMOXET
11 KopoJib rocrasute 100 KpecTrukos B psaa?

23. (Urpa «Hum») Himeercs Tom Ky4dku KamHed: a) 7, 8 u
9, 6) mobble kydku. [jBoe no oyvepegu bepyr oboe
KOJINYECTBO KAMHEW U3 OLHOU Ky4Ki. BbIMIpbIBAET B35B-
LMK [TOCTIELAHMI KAMEHb.

24. CHavana Ha fgocke HanvcaHo yucio 2009!. Urpok B
CBOV XOZ BbIYUTAET U3 HAIMNCAHHOIO Y4C/a Kakoe-Huby b
HAaTYPasIbHOE Y1CII0, KOTOPOE AENTNTCA HE boree Yem Ha 20
PA3HbIX [POCTBIX Y1CEN (TaK, YTOObI PAa3HOCTL Oblia HEO-
TOULATENIbHA), 3aNUCbIBAET HA [OCKe 3Ty pPa3HOCTb, a
CTapoe Yncio CTvpaer. BeinrpbiBaer 1o1, K10 rnosay4ur 0.

UccnepoBaTenbckas 3agada (A./lepereyko). B kyve N
KamHew. []Jpoe bepyT kaMHu 1o o4epenu. Ha nepBom xogy
r1epPBbIVT UTPOK BEPET OfMH KameHb. KaxXabiM CIeqyoLLmm
XOL[OM Urpok 6eper imbo CTONbKO Xe KaMHe, CKOJIbKO
6pasl ero ConepHUK Ha npeabiayLLem xoay, mbo Ha oamH
bornbLue.

PelueHne 3ToM 3af4adn HaM HEM3BECTHO.

Marepuan nogrorosusim
ClopuyerHko, M.[Tpaconos
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MATEMATHUYECKHUMN KPYJXOK

OT npsamMown
CMMCOHa
[10 TeopeMbl

p03-DapHwn

A.LUBELOB

EHEMEHTAPHAH TEOMETPUA bYKBAJIbHO YCBITTIAHA KPA-
CUBBIMHU JKEMUYYIKMHaAMM, KOTOPbIE JOCTaBJAIOT OIpOMHOE
YIOBOJIbCTBHE TeM, KTO uMu JioGyercsi. TeM mopasuresibHee, 4To
u camu 10 ceGe 3T (DAaKTBI MOTYT BBICTYIATh B KAyeCTBE
BCIIOMOTaTe/JIbHbIX yTBep)KJIeHI/Iﬁ JUIA J0Ka3aTeJIbCTBa APYyTrux
TEOpEeM.

Mpsamasa Yonneca-CumMmcoHa

Haunem Mpl Hait typ ¢ npsamoiu Cumcona. '
Ocnosanus nepnenouxyiapos, onyueHHvix U3 mouxu S onu-
cannoil okpyxnocmu mpeyzoavruka ABC na ezo cmoponvt unru
A UX NPOOOJLIKEHUS, JeKam Ha
00HOU npsmotl, Komopas
B, nasvieaemcs npsamoti Cum-
S COHa mouKu S OmHocume.iv-
C T Ho mpeyeoavrnuxa ABC

(puc.1).
. JlokazareabctBo. Ecin
MBI MOKaXKeM, 4TO

£4B,CiA = ZBC,4;, TO Ha-
e yTBepsk/enue Gyer /10-
c BA, Ka3aHo. B nmoxazaresbcTBe
BO Bcell Kpace ITOKa3bIBaeT
puc. 1 cebst METO/| «BCIIOMOTaTe b~
HOH OKpy»kHOCTH». UTO 3TO 3HAUNT?
Kparkocrtu pajau BBeneM oOo3Hauenus: ZBCiA=o u
£ZBC A =B (puc.2). Touku By, C;, A u S jexar Ha OxHOI
okpyskHocTH ¢ guamerpoM AS (mouemy?). CuiieioBaresbHO,

1 OTKpBITHE 3TOM MPSIMOIT /10JITO pHUNUChiBaioch Pobepry CumMcony
(1687—-1768), Ho B JelicTBUTEIbHOCTH OHa OblLIa OTKpbITA JMIIb B
1797 roay Bumbsamom Yosnecom (1768—1843).
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ZB,CiA = ZB;SA = o (rak kaxk o6a 3THX yIJa <«CMOTPAT» Ha
nyry BiA). Torma us tpeyroiphnka BSA 3amerum, d9To
£ZB{AS =90° — o . Yerbipexyroabuuk CASB BIucaH B OKPYK-
HOCTD, TI09TOMY

ZLCAS + ZCBS =180° = £SBC = 90° + 0. = £SBA; = 90° - o

AHAJIOTHYHO, W3 IPSIMOYTOJBHOTO TpeyrojbHuka SBA; mHaxo-
auM, uto £ZBSA; = o . Ocranocsk juib 3aMeTuThb, 9T0 Toukn Cj ,
B, Ay u S jnexar Ha OJHOI OKPYKHOCTH ¢ JuameTpoM BS.
Otky/a caenyer paseHcTBo yrios £ZBSA; = ZA,CB (o6a «cMot-
par» ua ayry BA;). Takum o6pasom, momyunim, 4to o = .

Ham ynanoch oKa3atb Teopemy.

Vupaxuenne 1. /[Be OKPY)KHOCTH TEPECEKAIOTCST B TOYKAX M 1
N. UYepes touku M u N IPOBOAATCA IpPsIMble, lepeceKaloniue

okpyskHocTH B Toukax A u B, C u D coorBercTBenHo. [lokaxure,
uro AC || BD .

Bepmo 1 o6paTHOe yTBEPIKIEHUE.

Ecau ocnosanus nepnenouxyispos, ONYyu,eHHulx U3 HeKomo-
POt MouKU S HA CIMOPOHLL MPEY2ZOJLHUKA UTU UX NPOOOSKEHUSL,
JexKam na 00Hot NPAMOU, Mo mouka S AeKum Ha ONUCanHou
OKPYIKHOCIIU MPeY20SbHUKA.

Yupaxkuenne 2. /[oxkaxure sT0.

[Tpamasa Cumcona o6sajjaeT MHOTUMU CBOWCTBAMHU, HEKOTO-
pbl€ N3 HUX Cq)OpMyJTI/IpOBaHbI B BI/l€ 3a/la4 B KOHIIE CTaTbH.
OxkasbiBaercst, cyuiectByer obobwenue npamoi Cumcona.
Ipoexuyuu mouxu P onucannoil oKpyKHOCIU Uemblpexyzo.iv-
nuxa ABCD na npsamvie Cumcona smoi mouxku 0Omnocumeiono
mpeyzoavruxos BCD, CDA, DAB u BAC aexam na oonoti
npamoit (npsamas CuMCona NUCAHHOZ0 YCTNBIPEXY2ONLHUKA).
HoxkaszareabctBo. O6o3naunm yepe3 By, C; u D; npoekiyu
touxn P wa npsambie AB, AC u AD (puc.3). Onars xe 3amMedaem,
uyro touku A, By, P, C; u D; nexkar Ha 0JHOH OKPYKHOCTH C

Puc. 3

nnametpoM AP. C apyroil CTOPOHBI, BCIIOMHHB OIIpe/eseHne
npsimoit CuMCOHA /IJIS TPEYTOJIbHUKA, MOJYYUM, YTO IPSIMbIe
BC,, Ci\Dy uw DB, sBrsiorcss npsmpiMu CuMcona Touku P
oTHOCUTEIbHO TpeyroabHnkoB ABC, ACD u ADB cooTBeTCTBeH-
no. Tenepp — nocseanee ycumne.

3aMeTuM, 4To MPOeKIK Toukn P Ha npsimpie CUMCOHA 3TUX
TPEYTOJbHUKOB JIeXKaT Ha OAHOH mpsaMoil — mpsimoir CumMcoHa
tpeyrosbunka BiCi Dy . TouHo Tak jke MOKHO TTOKAa3aTh, 4TO HA
OJTHOI MIPSIMOiT JIEXKUT JTI06ast TPOUKA pacCMaTPUBAEMBIX TOYEK,
CJIe/IOBATEIbHO, M BCE OHM JIeXKAaT Ha OJHOM IPSMOI.

JI1060Bb K 0606IIEHNSIM [TPUBEJIA MCCIeI0BaTe el K Caeyio-
IIEMY PE3yJIbTaTy.

ITo undyxuyuu mosxno onpedesums npsnyo Cumcona snucan-
1020 N-Y2ONbHUKA KAK NPAMYIO0, COOCPIKAULYI0 NPOEKUUU OUKU
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MATEMATHYECKHUWA

P na npsamvie Cumcona écex (n — 1)-yz01oHuro8, noiyuenivLx
6bIOpacvI6anUem 00HOU U3 BEPUUH N-Y2Z0JILHUKA.

Jlnst mpumepa pas6epeM mpsimyio CUMCOHA /IS ISITUYTOJIbHI-
ka. Urak, nmyctb ectb nstuyroibuuk AiA,A3A4As . Chavana
«BBIGpACBIBAEM» BePIHHY A , TOT/1a OCTAHETCST YeThIPEXYTO/Ib-
unk Ay,AzA4As , a nus sero npsimast CUMCOHA yoKe OTIpe/iesieHa.
AHaJIOrHuHO BO3ZHUKAIOT enle yerbipe Tmpsmbie Cumcona (1o
ouepean BbiGpacbiBaeM Bepiunnbl A, , As, A;, As). Tak Bor,
MTPOEKITNH TTPON3BOJIBHON TOUKN P OMMCAHHON OKPY>KHOCTH HA
3TH TATh TIPSIMBIX JeKaT Ha OJHONW MPSMOH. AHaJOTHYHOE
YTBEP:K/IEHNE BEPHO M JIJIs TIPOM3BOJILHOTO N-YTOJbHUKA.

Ynpaxknenne 3. Jlokaxkute aTO yTBEpKACHME [T TISATHYTOJIb-
HUKA.

Mpsimas LWTenHepa

C npsmoit CMCOHA eCTeCTBEHHBIM 06pa3oM CBSI3aHA JIpyras
npsamas — npamas IImeiinepa.

Touky R onucannotl okpyxnocmu mpeyzoavuuxa ABC ompa-
SUNU CUMMEMPUUHO OMHOCUMEALHO CMOPOH MPeYy2Z0JbHUKA.
Honyuennvie mpu mouxu
6ydym nexamov na o0Houl
npaAMOll, KOmMopas Ha3vl-
eaemcs npamou Illmeti-
nepa mouxku R ommocu-
MeavbHO MpeyzoLbHUKd
ABC.

Jlist HadaJsia IIoiIMeM,
noueMy ke 9TH TOUKH Oy-
JYT JIeXKaTh HA OJTHOM TIpsI-
moit (puc.4). Toukn B,
Cy, Ay nmexar Ha OJIHOI
npsAMoit, n6o aTo npsimMast
Cumcona. Touku ke Rp,
R-, R, mnaxomstcs ot
TOYKHN R B /iBa pasa 1ajib-
me, yeM touku By, Cj,
Aj, TOITOMY OHH TOXKe
JiexkaT Ha OJIHOM TIPSIMON,
[IpUYeM OHa T1apaJiiesbHa
npsiMoit CuMcoHa.

UeMm »xe nHTEpecHa TPsi-
mag [Ireftnepa?

IIpsamas IlImeinepa npoxodum uepes opmouenmp (mouxy
nepeceuenus 6oicom,) mpeyzoipHuKd.

HokaszateabcTBO. 3/1eCh YK€ COBCEM IPOCTO HE TOIY4UTCH,
HY>KHDBI HEKOTOPbIE «XuTpocts. Urtak, myctb npsamas Hlteitne-
pa toukn R otHOCcuWTesbHO TpeyroabHuka ABC mepecexaeT
Boicotry CC’ B Touke H (puc.5). Hama nenb — nokasarb, 40
touka H ectb opronentp. Kak ato caenartb, cpady He pasriis-
nerb. Ho okasbiBaercsi, 4To OPTOIEHTP 00JaJlacT CJELYIONIM
CBOICTBOM-TIPU3HAKOM.

Ecau opmouenmp mpeyzonivHuka ompasums CUMMEMPUUHO
OMHOCUMETIHO CMOPOH MPEYZOILHUKA, MO NOJYUEHHbLE MOUKU
JleKam na ONUCAHHOU OKPYKHOCTU MPeYy2oibHUKA.

JlokaxkeM 3TO cBOICTBO. HaMm 0ocTaTOYHO II0Ka3aTh, YTO
ZACB+ ZAQB =180° (puc.6).? Ho «CB'H+ /CA'H =
=90°+90°=180°= «B'CA'+ ZAHB =180°= ZB'CA +
+ ZAHB =180°. A BoT TOuKy Q MBI TIOJIyYaJau B pe3yJibTaTe

2 3jech Mbl BOCIIOJIb3YeMCsl TAKMM yTBEP:K/JCHUeM: 6OKPY2 Hemulpex-
Y20NIbHUKA MOKHO ONUCAMYH OKPYKHOCMb MOo20d U MOJbKO Mmozod,
K020a CYMMA 8CIUUUH €20 NPOMUBONOLOKHUIX Y2a08 pasrd 180°.
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CUMMETPUYHOr0 oTpaskenus rouku H, cieposBarenvino, ZAHB =
= ZAQB , a nostomy ZACB+ ZAQB =180° .

Yupaxxnenne 4. Chopmy.in- A
pyiiTe n goKaxnTe 06GpaTHOE YT-
BepIK/ICHHE.
ITO CBOICTBO OPTOIEHTPA
CBITPAET KJIOYEBYIO POJIb B Ha-
IIeM JIOKa3aTesIbCTBE. T~
BemomunM, 4To 1Ipu IoKaza-
TeabcTBe TeopeMbl CumcoHa
(camoti repBoii Teopemsbr) 66110 C
II0KA3aHO, UTO YeThIPEXYTOJIb-
uuk RCAB BnucaHHblii,
T.e. ZABR+ ZACR =180°,
o ZACR+ 4B,CR =180°
(emexupie yran) = £ZBC\R = ZABR . Tpommm RC, 10
IepecedeHnsl ¢ NUCXOJHOH OKPYsKHOCTbIO B Touke E. Temepn
suynM, uto £ZCER = ZCBR | u60 o6a yrsia onupaiorcs Ha Iyry
CR. Tloatomy ZCER = ZB,C,R , 4T0, B CBOIO OUepe/ib, TOBOPHUT
o napaienbnoctu npampix CE u B,C,. Opuako 1psMble
[reiinepa n Cumcona napaJienbisl, T.e. HRc || BiC; .
Tenepb nocMorpuM Ha uerbipexyroibink CERQ (puc. 7), rae
Q — ToYKa nepeceyeHns NPoAoJIKeHust BbicoTbl CC’ ¢ OKPYIKHO-
cTpi0. Bo-mepBBIX, 2TOT YeThI-
PEXYTOTBHUK SIBJISIETCS TPaTTe-
nueii, wu6o CC' LCC,,
ER 1 C’C,. Bo-BropnIX, pa3 # #
9Ta Tpalenus BINCAaHA B OK-
PY’KHOCTDb, TO Tpamlenusl pas-
Hob6okasd, T.e. CE = QR. Ceii-

Puc. 6

yac Ke BUJUM, 4YTO YeTbIpex- F : t R
yroapuuk HR-EC saBisercs Reo ¢
napaJijie/IorpaMMOM, Tak Kak

CH || ER:, CE || HR; , che-

nosarenmvio, CE = HRq , mo-  p,- 7

9TOMY UeTBIPEeXyTOJbHUK
HR-RQ - paBuo6okas Tparenus. Bcnomuns ke, 4to C; —
cepeiHa oTpeska R-R (Tax MBI ompezessanm TOYKY RC) u
C'C; L RR, necaoxkuo nousts, uro HC' = C’'Q . Haxonern,
HCIIOJIb3Y$ «CBOHCTBO-TIPU3HAKY I/ OPTOLEHTPA, TOJYYHM YTO
Touka H aBisercs oprouieHTpoM Tpeyrosbhnka ABC.
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H Caencrue 1. [lycmv mouxa
R nexum na onucannou okpyk-
Hocmu mpeyzoavnuxka ABC, H —
opmouenmp mpeyzoavruxa ABC.
IIpamas Cumcona mouxu R de-
zum ompesox RH nonoaam.

HoxkazaTenbcTBo. B 1pe/bl-
JylieM JloKasaTe/IbCTBe Mbl I10-
Kasaam, 4ro mpsmas CHMCOHa
toukn R (C,K wma pucynke 8) mapamnenpna npsamoit HR .
Crano ObITb, I Ha TpeyroabHuk R-HR , 1o TeopeMe o
cpenneit muHuK nosryunM, uto HK = KR.

CaenctBue 2. Tpu npsamvie, cummempuunvie npamou Illmei-
Hepa mouxu R omuocumenvno cmopon mpeyzoivhuxd, nepece-
karomcs 6 mouxe R.

R 'c,
Puc. 8

Yupaxuenune 5. [[okakure 310T (HaxT.

VI3 BTOpOTO CJIE/ICTBUS BBITEKAET, YTO €CJIU Yepe3 OPTOIEHTP
TPEYTOJbHIKA MTPOBECTU MTPOM3BOJIBHYIO TIPSIMYIO, TO IIPSIMbIE,
CHIMMETPHUYHbIE €if OTHOCUTEIBHO CTOPOH TPEYTOJbHUKA, OYIyT
repeceKkaTbCsl B OJIHOM TOUKe, JiesKalell Ha ONMHMCAHHOHW OKPY:K-
HOCTU TpeyTOJIbHUKA.

Touka Mukens

[TycTb faHbl 4eThipe TpsaMble o0Imero mosoxkenus (HUKaKue
JIBE He TapaJiiesIbHbl, HUKaKWe TPU He MPOXOJAT 4Yepe3 OJHY
Touky). IIpu nepecedenun
MOGBIX TpeX U3 HUX 00pasy-
eTCsI TPEYTOJIbHUK.

Onucanmnvie OKpYKHOCU
uemulpex NOAYUUSUUXC Mpe-
Y2ONbHUKO08 uMerom 06Uy
MOUKY, KOMOPYIO HA3LIEAIOM
mouxou Mukenss OaHHbIX de-
/\/\/\ mopex npamvix (puc.9).

HoxasareabcTBo. IlycTtb
Puc 9 OIIMCAHHbBIC OKPYKHOCTU Tpe-
yroapuukoB BEC u CDF ne-
pecekaloTcsa B Touke M
(puc.10). IMokaxem, 4TO 3Ta
’ke Touka M JIesKUT Ha OTH-
CaHHOW OKPY’KHOCTH Tpey-
C roapauka AED, T.e. 4TO
4yeTblpexyroabHuk AEMD g8-
Jigercs BuucanubIM. Jlis ato-
rO OIATb JIOCTATOYHO IOKa-
3aTh, uT0 LEAD + ZEMD =
= 180° . 3 BumcannocTu ye-
Thipexyrosnbiuka BEMC 3a-
kaovaeM, uro ZLEMC+ ZEBC =180° = LABC = ZEMC
(Beap ZEBC + ZABC =180°). ITocMOTpEB 3Ke Ha BIMCAHHBII
yerbipexyroabiuk MCDF, ugum, uto ZCMD = #CFD (onu-
paiorcs na xyry CD). 3Haunt, cripaBei/IuBa CJeLyIomas Hemoy-
Ka PaBEHCTB:

ZEAD + LZEMD = /BAF + ZEMC + ZCMD =
= ZBAF + ZABF + ZAFB =180° ,

TaK Kak 9TO yIJIbl TpeyrosbHuka ABF. AHaJIOTMYHO MOXXHO
1I0Ka3aTh, YTO M OIMCAHHASA OKPYXKHOCTb Tpeyrojbhuka ABF
NIPpOXOAUT Yepe3 Touky M. JlokazaTeabCTBO 3aBEpPIIEHO.

Kax n npsmast Cumcona, Touka Mukesist 0671a/1aeT HHTEPECHbI-
MU CBOMCTBaAMM, HEKOTOPble M3 HHUX IPE/JCTaBJEHbI B KOHIE
CTaTbu B KadecTBe 3a/1ad.

Pozacreennyio 3ajady /1 TeOMETPUHN TPEYTOJBHUKA MOXKHO

Touxa
Muxens

A D

Puc. 10
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cpopMyIMpOBATDh  CJIEAYIONUM B
06pasoMm.

Jlemma. Eciiu na xaxoot cmo-
pOHE MPeyzosbHUKA OMMEMUMb
no 00HOU MmouKe U uepes Kax- I
dy10 sepuLumny mpeyzoioHuKa u
OMMeUEHHLIe MOUKU HA CMEK-
HBLX CMOPOHAX NPOBECMU OK- p
PYKHOCD, MO MPU IMU OK-
PYHKHOCTU nepeceKymcs 6 00- A B C
nou mouxe (puc.11).

[loka3zaTebCcTBO MOXOXKE Ha
TO, KOTOPOE MbI BU/IEJIN TOJIHKO
YTO: HY>KHO COBEPIIUTD «KPYN3
1mo yriaams». IlycTh omnmcaHHble OKPYJKHOCTH TPeyrOJIbHUKOB
AKF n BKL nepecekatorcst B Touke P. Kak u BbIlie, oKaxxeMm,
YTO OKPY’KHOCTD, OIIMCAHHAsl BOKPYT TpeyroJybHuka FCL, npo-
XO/IUT Yepe3 TOYKY P, LIS 4ero IOCTaTOYHO ITOKa3aTh PABEHCTBO
ZPFC + ZPLC =180°. VI3 BIUCaHHOCTH YETHIPEXYTOJbHIUKOB
1 CBOICTB CMEXHDBIX YIJIOB II0JIy4aeM I[elI0YKy pPaBEHCTB:
ZAKP + ZAFP =180° = LZAKP = ZPFC . AHaJoruyHo,
ZBKP + ZBLP =180° = 4BKP = ZPLC , wuno ZAKP+
+ ZBKP =180°, a 3HauuT, ¥ paBHble UM YIJIbl TaK)Xe JAl0T B
cymme 180°.

Puc. 17

Teopema [po3-PapHu

B 1899 roay Apnosba [Ipo3-Dapuu ony6imkoBan 6e3 J0Ka-
3aTEJIbCTBA CJIE/IYIONLYIO TeopeMy.

Teopema. ITycmo 0se 83aumHo nepnenouKyIsipHvle npsMovle,
npoxodsugue uepes opmoyeHmp mpeyzoivHuKd, 8blCeKam Ha
NPSAMBLY, COOEPIKAUUX
CMOPOHBL MPEY20JLHUKA,
mpu ompesxa. Cepedu-
HbL IMUX mpex ompes-
KO8 JIesKam Ha 00HOU NP si-
mott (puc.12).

OxaspiBaercs, QaxThl,
M3JI03KEHHDIE BbIIIE, TIPU-
YyUIUBBIM 06PA30M Tie-
peIIeTaloTes Ipu JI0Ka-
3aTEJIbCTBE ATOM KeMuy-
SKUHBI T€OMETPHH.

HoxkazatenbcrBo. O1-
pasum oproieHTp H ot-
HOCHTEJNBHO CTOPOH TPEYTOJbHUKA, TTOTyYeHHble TOYKH 0603Ha-
uum H,, H, u H. (#a pucynke 13 Touka H,. He nuzo6paskena).

B, M,/ A
Puc. 12

Puc. 13
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[lanee, mocrpoum Ha orpeskax A4y, BB, n C,C,, kak Ha
numamerpax, okpysknoctu. HazoBem ux Q,, Qp, Q- . Or™me-
THM, 4TO TouKa H TIomaiaer Ha Bce 9TH TpH OKpy KHOCTH (ToueMy
tak?). Touku sxe M,, M, u M, aBIAIOTCA LEHTPaMH 9THUX
OKPY>KHOCTEl, TaKk KaK OHU cepe/inHbl uamMeTpoB. K tomy ke
toukn H,, H, w H, 7jexar Ha OKPY)XHOCTH, OIHMCAHHOI
BOKpPYT Tpeyrosbiuka ABC («CBOHCTBO-IPUHAKS JIJIsl OPTOIEH-
tpa). CorslacHO cJeACTBUIO 2 U3 ciokeTa o npamoii [lreitnepa
noJsiyyaeM, uto npsimoie BiH, n AH, nepecekaiorcsi Ha onncaH-
HOI OKpYy:KHOCTU TpeyroibHuka ABC, 0603Ha4UM TOUYKY Tiepe-
ceueHus yepe3 N.

Ocrasoch noceinee ycunue. PaceMoTpuM TpeyrosbHuk BiN A
urtouku H, , H, H,, koropbie Jexar Ha ero croponax (wmm ux
npojioJsKeHusx). [IpUMEHNB I HEro JieMMy U3 [pe/bly el
YaCTH, TMOJIyYyaeM, YTO ONUCAHHAS OKPY)KHOCTb TPEYTOJbHUKA

ABC nokpyskHOCTH £ 4 ,

Qp mepecekaioTcs B OJI-

M Holl Touke M. Anasnorny-

HO IIOJIyYUM, YTO U OK-
PYKHOCTH Q¢ TMPOXOJUT
yepe3 Ty JKe caMylo TOY-
ky M! Cymmupys Bce,
H NOJTYYUM, UTO TPU OK-

pyxkHoctn 4, Qp , Q¢

puc. 14 [IEPECEeKAIOTCS B /IBYX 00-
mux toukax M u H (puc.14). Ho ueHTp Kax/10ii OKPYKHOCTH
JIKUT Ha CEPEJMHHOM TepIeHAuKyaspe K xopae MH. Tem
cambIM, Bce Tpu Touku M, , M, , M, jexar Ha OXHON MPSIMOI.

3akno4yeHue

DJIeMeHTapHast TeOMETPHs HuKozOa He cTouT Ha Mecte. He rak
JIaBHO pyMblHCKUiT MaTeMaTuk Kocmun IToxoara u Gosrapckuii
maremaTk Hukosait DBenyXoB pasHbIMU IIyTSIMHU JIOKA32JH
caejyioiiee 0600IIeHne
Teopembl /[po3-Dapnu.

dan mpeyzoarvrnuk
ABC, mouxa P u npoxo-
dsuas uepes nee npsamas
d. Ilpsamas, cummempuy-
nas AP ommocumenvmo
d, nepecexaem BC 6 mou-
ke A". Touxu B, C’
onpedenenvl AHAI0ZUUHO.
Tozoa A, B, C xe-
JKam Ha 00HOU NPsMOU
(puc.15).

NsBectHbie JoKa3a-
TEJIbCTBA HE COBCEM dJle-
MEHTapHbI B TOM CMBICJIE,
4TO HCIOJIB3YIOT 260MEMPUUI0 KOHUK T RPOEKIMUGHbIe Npeobpd-
306anus. 1loatoMy 3/echb Mbl He OyJIeM TIPUBOJIUTD /IOKA3ATE/b-
crBa. Ecsm B kayecTBe P B3STh OPTOLEHTP TPEYTOJBHUKA W B
KadecTBe d B3SITh OGUCCEKTPUCY MEXIY IMepHeHNKYJ/IIPHBIMI
MIPSIMBIME, TO TIOJTy4nM OObIuHYyI0 Teopemy /Ipos-Dapuu. /[leii-
CTBUTEJBHO, B NPSIMOYTOJIBHOM Tpeyrosibhuke B HB, (cMm.
puc.12) Guccekrpuca yriaa BiHB, Takxe [|eUT HOLOJAM YIoJl
MEX/Iy BBICOTOW W MeIMaHOM, MPOBEIEHHBIMU U3 BepIIUHbI H.
ITosToMy mOCJIE CHMMETPUN OTHOCHTEJBHO OMCCEKTPHCHI yTJIa
BHB, nupsamasa BH nepeiiner B npsamyio HM, . AHaJIOrM4HO
JUISL IBYX JIPYTUX Hap IPSMbBIX.

[lpyroe o6o6iienne teopembl [[po3-DapHu MOXKHO Haiitn B
3ajaue 12.

Puc. 15
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3apaun

[IpenmaraeM BaM [T CaMOCTOSITEJIBHOTO PENIEHUS 3aaull O
npsamoil Cumcona n Touke Mukesss. HekoTopble 13 HIX CUNTAIOTCS
KJIACCHKON, [pyrue MeHee M3BECTHBI.

1. Toukn A, B u C nexxar Ha OJHOU MPSIMOii, TouKa P — BHe 3TOil
npsaMoii. Jlokaxkure, 4TO HEHTPHI ONMUCAHHBIX OKPYXKHOCTEH Tpey-
roabHnkoB ABP, BCP, ACP u touka P JeXaT Ha OJJHOII OKPY>KHO-
CTH.

2. B tpeyromnbuuke ABC nipoesiena 6uccekrpuca AD u U3 TOUKH
D onymensl niepriesukyasipst DBy w DC; wa npsimbie AC u AB,
touka M nexxut na upsimoii BjCy , npuuem DM 1 BC . [lokaxure,
uto Touka M nexkut Ha meauane AA; .

3. Yerbipexyroapnuk ABCD Brucan B OKpYKHOCTb; [, — npsamas
CuMCOHA TOYKH A OTHOCHTEJIBHO TpeyrosbHuka BCD, npsmsie [,
I, m 1; onpenensiorcst anagornuno. JlOKaKuTe, UTO STH YETHIPE
MpsIMble TIEPECEKAIOTCS B OJIHOI TOYKeE.

4. Touka P #BIXKeTCS 1O OIMMCAHHON OKPYKHOCTU TPEYTOJbHUKA
ABC. [lokaxute, uto 1pu a1oM npsamas Cumcona Touku P oTHoCH-
TeJbHO TpeyroibHnka ABC ToBOpaumBaeTcss Ha YTOJ, PaBHBII
[IOJIOBUHE YTJIOBON BEJMYUHbBI YT, MPONJEHHON TOYKOil P.

5. Jlokaxwure, uto npsivbie CUMCOHA [IBYX [[HaMETPATIbHO TPOTH-
BOIIOJIO’KHBIX TOUYEK OINUCAHHON OKPY’KHOCTH TpeyroJjbHuka ABC
TIEePIICH/UKYISPHDI, & UX TOYKA [IEPECeUCHNS JIESKUT Ha OKPYKHOCTH
ditnepa.’

6. /lokaskuTe, 4TO CYIIECTBYIOT POBHO TPH TOYKH HA OIHMCAHHOI
OKPY’KHOCTH, JIJI1 KOTOPBIX IpsiMast CHMCOHA KacaeTcst OKPY KHOCTH
Diisiepa, MpHYeM 3TH TOYKH 06pa3yioT PaBHOCTOPOHHUII TPeyToJIb-
HUK.

7. [loxaxute, uyto mpsmas CuMcoHa ToukM P, Jexaiineii Ha
ONMCAHHON OKPY>KHOCTU TpeyroibHuka ABC, mneprneHaukyJaspHa
MPSIMBIM, CHMMETPUYHBIM TIpsMbIM PA, PB, PC OTHOCHTEJIBHO
6uccexrpuc yriaoB A, B, C tpeyronbuuxka ABC cOOTBETCTBEHHO.

8 (A.AxorsaH, LXIX MockoBckas MaTeMaTnueckasi OJIMMITHA/IA) .
[lan tpeyrosabnuk ABC u touku P 1 Q, Jieskaliye Ha ero OlMcaHHoi
okpykHocTH. Touky P oTpasmam OTHOCHTEJIbHO npamoit BC u
nosyunn touky P, . Touky nepeceuenus npsmbix QP, u BC
o6oznaunm A; . Toukn By u C; crpostcs anasornuHo. Jlokaxure,
yro Touku Ay, B; u C; nexar na oJHON IIPAMOIA.

9. Yerpipe npsiMble 06pa3yIioT YeThIpe TPEyrolbHuKa. JJokaxmure,
4TO TIEHTPBI OMUCAHHBIX OKPYXKHOCTEIl 3TUX TPEYTOJbHUKOB JIeKAT
Ha OJTHOIT OKPYKHOCTHU, MPOXOJISIIel yepe3 TouKy MUKesst TaHHbIX
MIPSIMBIX.

10. Ilpsmas mepecekaer ctoponsl AB, BC n CA TpeyroJbHHUKA
(um ux npoposwkenust) B toukax Cy, By u A; 0, O,, O, u O,
— IEHTPBI OMUCAHHBIX OKPY KHOCTEH Tpeyrobuaukos ABC, ABCy,
ABC, n ABC ;H, H,, H, wH. — opTOIEHTPbI 9THX TPEYTOJIb-
HuKOB. [lokaskute, 4TO:

a) tpeyrombunkun O,0,0, u ABC 1no00HsL;

6) cepeauHHbIe TIEpHEHUKYIspbl K orpeskam OH, O,H, ,
O,H, n O.H_ nepecexaiorca B 0/HOii TOUKe.

11. Yerpipexyroapunk ABCD BumcaHHbIil. /lokaxkuTte, 4T0O TOUKA
Mukenst [Jisi TPSIMbBIX, COAEPIKANNX €ro CTOPOHBI, JIEKUT Ha
OTpe3Ke, COEJNHSIONIEM TOUKH TIepeceyeHus MPOJOJIKEHUI CTOPOH.
(Cpasrure aTy 3a/a4y ¢ JIeMMOH M3 TeKCTa.)

12. B ycaoBuax teopemsr Jlpoz—@apun (cm. puc.12) BoszbmeM
toukn M, , M, , M, naorpeskax AA,, BB, , C,C, Tak, uto6b

A1Ma _ B1Mb _ C1Mc
A,M,  B,M, C,M,’

Torga touxu M, , M,, M, nexar Ha OZHOIl IPSIMOIL.

3 B moGoM TpeyroJbHUKE CEPEMHBI CTOPOH, OCHOBAHMS BBICOT I
cepe/INHbI OTPE3KOB, COeMHSIONNX OPTOLEHTP C BePIINHAMHE, JIe)XaT Ha
OJIHOII OKPY’KHOCTH, KOTOpasi Ha3bIBAETCS OKPYKHOCTBIO Diljiepa MJn
OKPY’KHOCTBIO /JIEBATU TOUYEK.
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[lepe3apanka
KOHOEHCATOPOB

A.YEPHOYLAH

3a11aq1/1 Ha repe3apsijiky KOH/IEHCATOPOB, B KOTOPBIX B PE3YJib-
TaTe 3aMbIKAHUS KJII0YA NI U3MEHEHUS [TapaMeTPOB dJI€MEH-
TOB cucreMbl (HapUMep, eMKOCTU OJHOIO M3 KOH/JEHCATOPOB)
ITPOUCXOIUT TIEPEPACTIPEIETIEHNE 3APSI/IOB KOH/IEHCATOPOB, MOYKHO
YCJIOBHO PAa3/IeINTh Ha /[BE TPYIIIIbI.

B 3agavax mepBoil TPYNIbI UCTOYHUK TOKA Iepe]] HAYAJIOM
nepe3apsiIKi OTKJIOYAIOT OT CHCTEMbI, U OH B Iepe3apsijike He
yuacTByeT. K/II0oueBbIM ypaBHEHHEM B TaKUX 3a/1a4aX SIBJISETCS
3aKOH CcOXpaHeHus: 3apsga. Ecau B 3agade TpeOyercst HaiiTh
KaKylo-TO 9HEPreTHYeCKYI0 XapakTepucTuKy (BbLIeJIUBIICECT
KOJIMYECTBO TEILIOTHI, PabOTy MPH PA3ABUTAHUN OOKJIAJIOK MJIH
[IPY U3BJECYEHUN AUIJICKTPUKA), TO UCKOMAst BEJINUMHA BbIPaKa-
€TCsI Yepe3 9HEPruio 3apsKEHHBIX KOHEHCATOPOB /10 M TIOCJIE
repe3apsiiki.

B 3ayauax BTOpoil rpymnIIbl HCTOUHUK B IIpoIiecce repesapsaku
BCe BpeMs TOJKIIOUEH K cucTeMe. PazHOCTD TTOTEHIMATOB Ha
3a)KMMaX UCTOUHIKA B Pe3yJ/IbTaTe Mepe3apsi/IKi He U3MEeHsIeTCst
u ocraetcs pasuoit J/[C ucrounnka. Ilockosabky depes mcrou-
HUK B TIPOIIECCE TTEePE3apsIKN MTPOXO/UT 3apsi/l, B 9HEPreTHuec-
KHX 33/1a4aX Ha/I0 YYUTBIBATh PAOOTY CTOPOHHUX CUJI HCTOYHHMKA
0 TIEPEMEIIEHNIO ITOTO 3apsijia.

[Tepes TeM Kak TPUCTYIUTD K pa3bopy 3a/1a4 1epBOii 1 BTOPOit
IPYII, HATIOMHUM OCHOBHbBIE CBOHCTBA T1APAJIJIENIbHOTO U TI0CJIe-
JIOBATEJBbHOTO COEINHEHNS KOH-
JleHcatopoB. B ¢Bs3u ¢ teM uTO

tema «CoennHeHne KOH/EHCA-
! k C“’l ¥ TOPOB» He BXOJUT B HACTOSIIIIEE
Bpems B nporpammy EIl3, Bo
MHOTHX IIIKOJIaX €l He y/IeNsTioT
JIOJKHOTO BHUMaHUs (MK BOB-
ce OITyCKaroT).

IIpu napaarenvron coedure-
MUY HECKOJBKUX KOHJIEHCATO-
pPoB GepyT 10 OJHOI OOKJIa/IKe
OT KaK/IOr0 KOH/IEHCATOPA U CO-
€/INHSIOT WX ITPOBOJIAMH B €/IH-
HBIii IPOBO/IHUK, & OCTABIINECS
OOKJIA/IKU COEMHSIOT TIPOBO/IA-

O6K1a0KU COCTNABHOZ0 MU B JPYrOil TPOBOJAHUK

Kondencamopa (puc.1). Tlonyuusmuecss aBa

Puc 1 MIPOBOJIHUKA U 06pasyior 06-

KJAJKH HOBOTO, COCTaBHOTO

KoH/ieHcaTtopa. [Ipm 3apsjike TakoOro KOH/IEHCATOPa PasHOCTb

MOTEHIINAJIOB MEXK/Y ero OOKJI/[KAMU PABHA PA3HOCTU TTIOTEHITH-

JIOB ME3K/Y OOKJIAJIKAaMH KaK/10T0 13 06Pa3yIoNX ero KOH/eH-
CaTOPOB:

A ¥

AN

1

!

1
\
1
1

1
1}
!
I
I

I
I
i
i
1
1
I
CI
I
1
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1
1

- ——
—— p———

i
1
I
1
I 1
! \
ICn\
A [/ A U

UCO(‘T = U1 = U2 =y

a 3aps/l COCTaBHOTI'O KOH/ZIEHCATOPa paBE€H CyMMeE 3aps/J0B BCEX
KOHAEHCATOPOB!

Geoer =Gt G + ...
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OTCIO,/I[a Ui €MKOCTH COCTaBHOT'O KOH/I€HCATOPpa II0JIyYaeTCAa

Coper =C+Cy + ...,

COCT

ITpu nocedogamenviion coedunenuu Oy n3 0OKIAIOK mep-
BOTO KOH/IEHCATOPA OCTABJISIOT CBOOO/HOI, a APYTYIO OOKIKY
COeIMHAIOT C OJHOI U3
OOKJIaJIOK BTOPOTO KOH- q=0
JleHcaropa, JIpyryio o6-
KJIQ/IKy BTOPOTO KOH/ICH-
caropa COeUHSIOT C Ofl-
HOIT 13 00KJIQJIOK TPEThe- = N L
ro KOHJIeHCATOpa U T.JI.
(puc.2). OO6kmnagkamu
HOBOTO, COCTaBHOTO KOH-
JleHcaTopa SIBJISTIOTCST OC-
TaBIIMecss CBOOOIHBIMU
OOKJIaJIKi TIEPBOTO U IOCJEJHETO KOH/EHCATOPOB, HAa HUX U
MOJIAI0T PA3HOCTH MMOTEHIIUAJIOB TIPU 3aPsI/IKE TAKOTO COCTABHOTO
kouziencaropa. IIpu atoM 3apsijibl BceX KOHIEHCATOPOB PAaBHbI
3apsily COCTaBHOTO KOHJEHCATOPA:

Geocr =G =2 = -
ITO yTBEPIK/EHUE CJEAyeT U3 3aKOHA COXPAaHeHHs 3apsja u
CTIPABE/JIBO B TOM CJIydae, eciu 00 3apsaoku 00KIA0KU 8Cex
KOHOeHcamopos Oviau He3apsiKenvl; B TPOTHBHOM CJIydae 3To
cooTHOIIeHre GyjieT HeBepHbIM. HarpsokeHune Ha COCTAaBHOM
KOH/IEHCATOPE PABHO CyMMe HAIPSIKEHUIT Ha BCEX KOHJIEHCATO-
pax:

o
$
o
=

O6xaadxu cocmasnozo
Kondencamopa
Puc. 2

U

coer = U +U, + ..
Taxkum OépaSOM, A EMKOCTHU COCTaBHOI'O KOH/EHCATOPa BbI-
IIOJIHAETCA COOTHOIIIEHUEe

1 1 1
— =t —+...

CcouT C1 C2

Bce nipusesienHbie (GOPMYJIbI BEPHDI [T JIIOOBIX KOH/IEHCATO-
POB; B 4aCTHOCTH, JIIOOOH U3 9TUX KOHIEHCATOPOB MOKET ObITh
B CBOIO OYepe/lb COCTaBHBIM.

OTMeTnM TaksKe, YTO MPHU PENIEHUN 3a/iad HaM TTOHAI00STCsT

opMy Bl I 9HEPTUN 3aPSKEHHOTO KOH/IEHCATOpa!
woCU _q _qU

2 2 27
KOTOpbIe BepHbI KaK JJI IPOCTBIX, TaK U JJISI COCTABHBIX
KOH/IeHCaTopoB, U (opMyJIa s paboThl UCTOYHUKA!

AW(‘,T = iq(EJ )

T/le 3HAK «+» COOTBETCTBYET IPOXOXK/ICHUIO 3apsi/ia ¢ B HAIIPAB-
JIEHUHM CTOPOHHUX CUJT UCTOUHUKA (OT OTPUIATETHHON KIEeMMbI
K TOJIOKUTEBHOIN ).

[lepeiineM Terepb K peIIeHNIO KOHKPETHBIX 33/a4.

3apaun ¢ OTK/IIOYEeHHbIM NCTOYHUKOM

3apaval. /6a 00unaxoswvix 8030yYuHbIX KOHOEHCAMOPA CO-
eOUHEeHbL NAPALIETBHO, 3APSKEHVL U OMCOCOUHEHBL OM UCTOU-
HuKd. Y 00H020 U3 HUX 6 3 pasd Yeeauuusdaom paccmosHue
MexOy naacmunamu. Bo ckoavko pas ymenouumes HanpsiKen-
HOCMb NOJISL 6 IMOM KOHOeHcamope?

Pemenue. [TocKOJIbKY COCTABHOI KOHIEHCATODP OTKJIIOYEH OT
UCTOYHMKA, 3apsi/i Ha HeM coxpansiercs. Ilpu yBesndyeHun
PACCTOSTHUST MEKAY TIACTUHAMHI OJIHOTO M3 KOHIEHCATOPOB B 3
pasa ero eMKOCTh yMeHbImaeTcs B 3 pasa. [loryuaeM ypaBHeHUe

(C+CO)U = %+C U’, nm U =1,5U,
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rjae U' — KOHeYHO€ HallpAKeHUe. HafmeM TEeIepb OTHOIIEHNE
HaHpH)KeHHOCTeﬁ JUUIA TIEPBOTO KOHAEHCaTopa:
E, _ U/

E| 1,5U/(3d)

3anaua 2. /[sa xondencamopa, emxocms 001020 U3 KOMOPLLX
6 4 pasa 6oavue, wem emxkocmv 0pyz020, cOCOUHUIU NOCACO06A-
MEeAbHO U NOOKIIOUUAU K UCOUHUKY nanpsixkenus U =75 B.
Bamem 3apsikennvle KOHOEHCAMOPbL OMKIIOUULU OM UCTOUHU-
Ka u Opyz om Opyeda u cOeOUHUNU NAPALLEILHO OOHOUMEHHO
sapsikennoimu 00xaadkamu. Kaxum 6ydem nocae amozo nanpsi-
JKenue Ha KOHOeHcamopax?

Pemenne. 3apsii Ha KasK/IOM U3 T10CJIE0BATENBHO COE/[HEH-
HbBIX KOH/IEHCATOPOB PaBEH 3apsi/ly MePBOHAYAIBHOTO COCTABHO-
r0 KOH/IEHCATOPA!

g=2C u-oscu,
C+4C
[Toc.te TOro Kak KOH/IEHCATOPbI COEIMHI/IN MaPAJLIETbHO, 3aPsi/l
Ha HOBOM COCTaBHOM KOHJ/IEHCATOPE CTaJl PaBeH 2¢, a HaIpsiKe-
HHe Terepb PaBHO

, 2q

=20 0,320 -
C+iC 24 B.

3agaua 3. Kondencamop emxocmoio Cy =10 mxD, 3apsiken-
Holl 0o Hanpsikenus U; = 200 B, coedunsiiom napaiienivHo ¢
nesapsxennvim xondencamopom emxocmoio C, = 15 mxd.
Kaxoe xoauuecmeo meniomor 6videsumest npu 3mom?

Pemenne. 3akoH CcOXpaHEHHS SHEPIUH B JAHHOM CJydae
uMeeT BUJ|

WH'A‘{ = WKOH + Q b
2
GU;j
rne W, = 5 +0 — HavasJbHas 3JEKTPOCTATUYECKAS] SHEP-
2
(Ci+Cy)U”
rusg, W, = e KOHEUHAs] 9JIEKTPOCTATHYECKAsT

oHeprud, Q — BblJe/uBIIeECA KOJMYECTBO TEILJIOTHI. Koneunoe
HaIlpSAKeHue U’ HaﬁjleM 13 3aKOHa COXpaHEHHUA 3aps/ia

CU +0=(C +C,)U".
OxoHyarebHO HOJSLYYUM

_ GG U712

_C1+C2 5 = 120 m/Ix.

3amavya 4. [lrockuil 6030ywHbIll KOHOCHCAMOP EMKOCMbIO
C =6 mx®D sapsixen do nanpsixenus U = 200 B u omxaouen
om ucmounuxa. Iaacmunvt xondencamopor Medienno pasosu-
eaiom, yeeaunusas paccmosinue mexoy numu 6 4 pasa. Kaxyio
padomy npu smom cosepuam?

Pemenune. B stoM ciydae Temso He Bbliessercs, a pa6oTa
BHEITHUX CUJI paBHA U3MEHEHUIO 3]IeKTpI/I‘IeCKOﬁ OHEPIrun KOH-
JiercaTopa:

A=W -W,

cu? cur?

roe W = — 2 W’ = . Yro6el naiitn U’ , BOCIIO/b3Y-

€MCA 3aKOHOM COXPaHEHUA 3apiaia

CU=CU".
Takum o6pasom,
C cu?
A=|—=—-1|—
c’ 2 Sy
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OTMeTnM, uTO MOJYYEeHHbBIH OTBET TOAMTCSA B JIIOOOM CJyyae,
KOI/Ia Tlepe3apsiiKa IPOMCXONUT 3a CUET MedetH020 N3MEHEHU
eMKOCTH CHCTEMBI, OTKJIOYEHHON OT MCTOYHHKA. [[0CKOJIBKY B
nanuoit 3agave C' = C/4, 10

A =1,5CU? =360 m/Ix.

3ameyanue. B manHoil 3aade MeXaHHIECKYI0 paGOTy MOKHO
BBIYHICJNTD IPSIMBIM pacueToM. [leficTBUTEIbHO, CHIa IPUTSIKE-
HUS IIJIACTUH PaBHA
E
F=qE =1
1 2 ’

rae E| — HanpsiKeHHOCTD M0JIS O/IHOI 11acTuHbL. Tak Kak 3apsi
KOH/IEHCATOPA ¥ HAIPSIXKEHHOCTD 110JISI OCTAIOTCS TIOCTOSTHHBIMHU,
TO ¥ CHJIA TIPUTSDKEHNUS TIIACTHH He MEHSeTCs PN UX pas/iBHUTa-

Huu. B Takom ciyyae pa6oTa BHEITHUX CHJI PaBHA

_qv’ _qU
2 2

3amaua >. Cmekasnnas naacmuna UEAUKOM 3ANOJHAEM
3a3op mex0y o0KIAKAMU NAOCKO20 KOHOEHCAmOopd, eMKOCMb
Komopozo ¢ omcymemeue naacmunv, C = 2 mxd. Kondenca-
mop sapsouau om ucmounuxd nanpsixernus U = 1000 B, nocae
uezo0 omxaoyulw om ucmounuxa. Haudume mexanuueckyio
padomy, KOMopy10 HeodX00UMO COBEPULUND NPOMUE dNeKMPU-
YECKUX CUL, 4MOObL U3GAEUL NAACUNY U3 KOHOCHCAMOpd.
Ausnexmpuneckas nponuyaemocmos cmexaia € = 2.

Pemenne. Pa6oTa BHENIHIX CHJI PaBHA M3MEHEHUIO SHEPTHN
CHICTEMBI, B JAHHOM CJy9ae — M3MEHEHUIO 3TeKTPOCTaTHYECKOil
SHEPTUH KOHJeHcaTopa:

A= F(d’—d)z%(d'—d)

A=W -W,

eC U2 7”2
% — Ha4aJibHad 3HEPru:d, W = % — KO-

HE€4YHasA SHEPIusd. Koneunoe HaIlpssKeHnune HaﬁﬂeM N3 3aKOHa

rge W =

COXpaHEHUA 3apsaia

(eC)U =CU” .
OKOH‘-IaTe]IbHO HOJIy‘-II/IM
-1)CcU?
Ao % ~ 9 Ik

OTMeTHM, YTO 3TOT OTBET SABJISCTCS YACTHBIM CJIy4acM 06IIero
orsera (1), nosyyeHHoro B sajgaue 4.

3ameuanue. B aToil 3amade, B OTINYHMeE OT MPeABIAyINei, He
yZIaeTcs BBIYNCIUTD MEXaHNUECKYIO PaGoTy «B 100>, HCXO/S U3
ompesiesienus. boJsiee Toro, caM MeXaHU3M BOSHUKHOBEHHS CHLIIBI,
KOTOpas BTSTHBACT ILIACTUHY BHYTPb KOHJEHCATOPA, BeCbMa
HEeTPUBHAJIEH: B OTCYTCTBHE MCKPHBJICHHS TI0JIS1 Y KPAeB KOH/ICH-
caropa, T.e. KpaeBoro addekra, cmaa 6blia 6bI paBHA HYJIIO,
IIOCKOJIBKY HATIPSDKEHHOCTD TI0JIST BCIOLY TEPIeH/UKYJIsSpHA
TOBEPXHOCTU JAUIJECKTPUUYCCKON TIJACTUHBI. 3aMedaTe/bHbIM
CBOJICTBOM HEPreTUYECKOr0 PacyeTa SIBJSCTCS TO, YTO OH aBTO-
MATHYEeCKH Y4YHUTbIBaeT KpaeBoll 3 @eKT, XOTs IIpu BbIBOJE
opMyIbI IS 3HEPrUM KOHJEHCATOpa KpaeBbIM adderToMm
npene6peraoT.

3anaua 6. Jea odunaxosvix no pazmepam niockux Konoencd-
mopa coedunenvt napaiiesvio, 3apsxenvt 00 nanpsxenus U =
=200 B u omxmouenv, om ucmounuxa nanpsixenus. Ooun us
Kondencamopoe nycm, a Opyzoil codepum CmexAsHHY0 Nad-
CIMUNY, YCAUKOM 3ANOTHSIOUYI0 3A30P MeKDY €20 00KIA0KAMU.
Kaxyw pabomy nado cosepuiumo, 4mobvr MeOIEHHO U3BEeUD
NAACMUNY U3 KOHOEHCAMOPA, eCU eMKOCMb NYCMO20 KOHOeHCd-
mopa Cy =6 mx®D? Juarexmpuueckas npoHuyaemMocms cmex-
ana e =1,5.
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Pemenne. Cama 1o cebe 3Ta 3aj1a4a He MpeCTaBsieT co6oi
HIUYero MPUHIUIIAIBHO HOBOTO TI0 CPABHEHUIO C BYMSI MPE/IbI-
nynmu. K Helt mpuMennma o6Iasi cxeMa, pacCMOTPEHHasl B

3ajaue 4, rae
C=C +eC,, C"=2C,

OTKy/Ia

MbI jke Ha IpEMepe 9TOoil 3a/1aue 06CYANM, 3a4€eM B YCJIOBHUAX
3a/1a4 OTOBAPMBAETCS, YTO COBEPINATh paGoTy (BBIHMMATH TTAC-
TUHY, Da3[ABUraTh OOKJIAAKM M T.N.) HANO MedAenno. A 4to
OyJieT, ecJau Mbl BbIJEpHEM IJIacTUHY ObicTpo? Bo-mepBbix,
KPOMe U3MEHEeHUs HJIEKTPUUECKOI SHEPTUU, YBETUIUTCS elle u
KIHETHYeCcKast 9Heprust 1actubl. OHAKO ecJi JJ0rOBOPUTD-
csl, YTO HY’KHO HaiiTH paGoTy OT HAYAJbHOTO IOJIOXKEHWS 0
MOMEHTA, KOT/Ia Mbl OCTAHOBUM ILJIACTHHY, TO U3MEHEHNE KUHe-
THYECKOI BHEeprum GyaeT paBHO Hy0. Bo-Bropbix, ecam (kak B
JIAHHON 3aj1aue) M3MEHEHUE E€MKOCTH COMPOBOXK/IAETCS Mepe-
pacripe/ieJieHueM 3apsi/IoB MeX/y KOHIeHcatopamu, To 6osee
ObICTPOE TIepepaciipe/ie/ienne 3apsi/ioB COITPOBOK/IAETCS TIPOTe-
KaHueM OOJIBIIIETO TOKA W BbIleIeHHEM GOJIBIIErO JDKOYJIeBa
Tema B coeMHUTENbHBIX TpoBogax. ([Ipm HeorpanmdeHHOM
YBEJMYCHUN BPEMEHU Mepe3apsifiku ¢ KOJUYECTBO TEIJIOTHI

O =(q/t)’ Rt = ¢*R/t ctpesurest k 1y.mo.) Bbrumc/mts Bbie-

JinBHOieecsa KOJUYEeCTBO TEIJIOTbI CJO0KHO, U MHOI'la €ro IIPOCTO
3a/1al0T B yCJIOBUU. 3akon COXpPaHEHUA SHEPIUU B 3TOM CJiydae

IIPUHUMACT BU

A=W +Q)-W .

@ BoizieuBineecs: Temi0 MOKHO BBIYUCUTD B TIPOTUBOTIOTIOKHOM
MIPEIEIBHOM CJiydae — KOT/Ia MJIACTUHY M3BJIEKAIOT CTOJIb OBICT-
PO, 4TO 3aps/bl Ha OOKJIA/[KaX KOH/IEHCATOPOB HE YCIEBAIOT
usMennThess ([ 5TOro B LENb NEpesapsaiKu J0JKHO ObITh
BKJIIOYEHO OYeHb GOJIbLIOE CONPOTHBJeHHEe). B srtom caydae
3ajladya Kak Obl pasOmBaercsi Ha JBe. CHayaja W3BJIEKAETCS
IJIACTUHA ¥ coBepliaeTcss pabota TPU HEM3MEHHOM 3apsijie

kongencaropa (3amaua 5):
e(e-1)CU?
2

A= =90 m/lx,

a 3aTeM TiepepactpeessioTes 3apsaapl (aHasornano sagade 2) n
BBIJIEJIsIeTCS Telio. BrpodeM, B JaHHOW 3a/ade MOKHO Cpasy
noragarbest, uto Q = 15 M/l (mogymaiite, mouemy).

3apgaym ¢ NogKNloYeHHbIM UCTOYHUKOM

3amava 7. /[ea 00unaxosvlx 6030YwHbIX KOHOEHCAMOPA CO-
edunenvt noCA006AMENLHO U NPUCOCOUNEHbL K UCTHOUHUKY
NOCMOSHHOZ20 HANPsLKenUus.. Y 001020 U3 HUX 6MPOe YEeUUUBA-
1om paccmosinue mexdy niacmunamu. Bo cxoavko pas ymeno-
WUMCs HANPSKEHHOCL NOJSL 6 IMOM KOHOencamope?

Pemenue. IlockosibKy cucreMa TOAKIIOYEHA K HCTOYHUKY,
HAIIPSDKEHNe Ha Hell He MEHSIEeTCsT K OCTAETCsl PABHBIM HAIIPsKe-
Huio ncrouHuka U. Boipasum uepes U Hava/ibHOE M KOHEUHOE

HalIpsSOKEHUA Ha IMEPBOM KOH/IEHCATOPE!:
U ., ¢ _1CCU _ CU

Uy ==, =T =
) T ci+Cc (¢3)+C
OrTHolleHne HANPSXKEHHOCTEH BbIPAXKACTCS Yepe3 OTHOIIeHUE
HaIIPSKEHUIA:
, 075U U
E1:U/2=£7 E =222 -~ 51,=
d 2d 3d 4d " E|
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3agaua 8. Hesapsixennwitl kondencamop emxocmovio C =
=4 uxD npucoedunuru x 3axumam ucmounuxa moxa ¢ I/C
& =200 B. Ckoavko menid svl0eausoch 8 npoyecce 3apsioKu
Kondencamopa?

Pemenne. 3akoH COXpaHEHHUS HEPrHMM HAJ/0 3aNHCHIBATDH C
y4eToM paGoOTbl CTOPOHHHUX CHJI MCTOYHUKA U M3MEHEHHS Kak
9JIEKTPUYECKON, TaK M BHYTpeHHeil sHeprum (T.e. KoJmdyecTBa
TETIJIOTDI, BBIIETUBIIETOCS TIPH 3apsiIKe):

A =(W+0)-W. 2)
B nannoii 3agaue
, C&? 2
w=0, W :T’ Aper =AgE =(CE-0)E =CE” .

3nech Ag — 3apsji, NPOUICIINIT Yepe3 HICTOYHUK B OJIOKUTE b
HOM HAIIpaBJIEHUHU, PaBHBbII M3MEHEHUIO 3apsiia OOKJIAJKH,
[IPUCOEUHEHHON K MOJIOKUTEJbHOMY I0JIocy ucToyHuKa. [To-
JIydaeMm

2
CE? = ¢y +0,
2
OTKy/1a X
cs
0= 2 =80 m/Ix.

Bujno, uro KIT/T Takoii 3apsiiku cocrasisier 50%.

3amaua 9. Kondencamop emxocmoio C = 8 mxD, 3apsixen-
nouti do nanpsikenus U =100 B, npucoedunuau 011 nodzapso-
xu x ucmounuxy c¢ I/AC & = 200 B. Kaxoe xonuuecmeo
meniomul 6vbl0eaUIOCL NPU NO03aApsdKe?

Pemenne. HoBoe HanpstkeHne Ha Konjiercatope pasao U’ = §
3apsil Ha KOHJieHcaTope uaMenuicst ia Ag = CU’— CU , paGota
CTOPOHHUX CHJI MCTOUHWKA paBHAa A, = EAg = CE* — CEU .

SaHI/IIHeM 3aKOH COXpaHEHUA IHEPruu:
A =AW +0Q,

piley

rjge usmMeHenue SJIBKTpH‘IeCKoﬁ OHEPIrUun KOoH/leHCaTOPpa paBHO

CU” CU* _cg cU’

AW =
2 2 2 2
[Tosnyuaem
2 2 (6 —-UY
Q= % -CEU + cu = G ) =40 m/Ix.
2 2 2
3amava 10. Kondencamopvt emxocmsamu C; = 3 mxd u

Cy, =1 Mr®D coedunenvt nociedo8amesvHo u NOOKIIOUEHbL K
ucmounuxy moxa c /[C & =200 B. Ckoavko menia evidesum-
¢S npu NPpoGoe KOHOeHCamopa MeHvuetl eMKOCINU?

Pemenue. HauasnbHas s1eKTpHUECKast SHEPIUS CUCTEMbBI PaB-

Ha . )
W =G o= G& 6
- Ycoer o4 T N
2 C+Cy 2
a KOHeYHas 9Heprus —
2
’ é
W = C1 - .
2
Pa6ora ncrounmnka cocrasiisier

AHCT = Aqé = (C1€ - CcocTé)g .

HO[[CTaBJISISI B 3aKOH COXpaHEHUA SHEPIUU (2), HaXo0O/IUM Bbl/IE-
JIMBIIEECA KOJIMYECTBO TEIIJIOTDI:
CE? Coonf?

_ _ ~coer®
0 5 "9 45 m]Ix.

3anaua 11. Kondencamop emxocmoio C =3 mxd npucoedu-
nen x ucmounuxy moxa ¢ IAC & = 100 B. Ilracmunol
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KOHOEeHCAmopa MedleHHo pasosuzaiom, 6mpoe Yee uiieds pac-
cmosinue mexdy numu. Kaxywo npu smom cosepuarom pabomy?
Pemenne. Kpome Mmexanmdeckoit palboOThl, POU3BEIEHHOI
Ha/l OOKJIQJIKAMU IIPU UX PA3/IBUTAHUM, B 3aKOHE COXPAHEHUS
9HEPTHN HEOOXOMMO YUUTHIBATH PAGOTY MCTOUYHUKA TOKA:

AW = A, + 4

C/ 2 C 2

KOH/ICHCATOPa. [Ipn pasABUraHNM IMJIACTHH €MKOCTh KOH/CHCA-
TOpa CTAHOBHUTCS B TPU pasa Menblie: C’ = C/3 , 3HaunT, 3apsij
KOHJeHcAaTopa TaKXe yMeHbImaeTcss BTpoe: ¢q=C§,
g =C'¢=(C/3)6. VcTouHNK TIPH JTOM COBEPIIAET OTPHILA-
TEJbHYI0 paboTy

AH(‘T = 5 (q’ - CI) = C’é;Z - Cé;2 .

MeX UCT 7

— HU3MeHeHue S.HeKTpH'{eCKOfl dHEpTrun

[l MexaHmyecKoit paboThl MOJy4aeM OTBET:

L_ce ce_ce
MexX 2 2 3

=10 m/Ix.

3ameyanue. B oTnndme OT IpeAbILYIINX TPeX 3a/ad, I/ie Ipu
OBICTPOII CAMOTIPOU3BOJILHON TIepe3apsi/ike yMEHbIIICHUEe 3Hep-
MU PaBHO BBIJEJUBIIEMYCS KOJIMYECTBY TEIJIOTbI, B 3TOM W
AHAJIOTMYHOM MTPUMePax TEIJIO IPU Me).IeHHOM PA3IBUTAHNN He
BBIJIEJISIETCST, & UBMEHEHHUE SHEPTUU PaBHO padore (MCTOUHUKA U
BHemHuX cui). OJHAKO ecyi M3MeHeHHe eMKOCTH MPOBOINTH
OBbICTPO, TO 3a CUET TOKA IEepPe3apsiIKH B CHCTEME BbLIEJSIETCS
TEILIO, U 3aKOH COXPaHeHus sHepruu npuobperaer suj (cpaBHu-
Te ¢ 3ajaueii 6)

Aper + Ay = (W + Q) =W . (3)

Ecuau pasasuranue maacTul MPOUCXOUT TaK OBICTPO, UTO 3aPSI]L
Ha KOHJ/IEHCATOPE He yCIeBAeT M3MEHUTHCS, TO MeXaHndecKast
paboTta coBepIIIaeTcsi TOJbKO Ha TIePBOM JTarle, MPH HEM3MEHHOM
3apsijie, a Tepesapsi/ika /10 HYy>KHOTO HAIPSIKEHUST TIPOUCXONUT
1ocJie OCTAHOBKH TTacThH. Ha mepBoM arare 3ajaua aHATOTHY-
Ha 3ajaue 4:

UCT Mex

C cg? )
A== -1 |22 =cg? =
C 5 30 m/Ix,

a Ha BTOPOM — 3aj/layie 9:

(C/3)(& - 36)’

0= 2

=20 /Ix.

ITOT OTBET MOKHO Cpa3dy Hoayuntb u3 (popmyJnt (3).
3amaua 12. Cxema cocmoum u3 ucmounuxa ¢ S/JC &
100 B, 0syx odunaxoevix xomnderncamopog emxocmvio C =
10 ux®@ waxovui u xmoua (puc.3). Buauare odun us

51, 51,
IF IF

. |
T Gf K

Puc. 3 )&l

KOHOeHcamopos Ovin 3apsixen do nanpsixenus Uy = 200 B, a
emopoti e 3apsixken. CKOAbKO menid 6vl0eumcs npu 3amvlkd-
HUUW Kaoua?

Pemenne. Ha 1iepsbplii B3TJIsi/, CHCTEMa BBITJISANT KaK /Ba
HOCJIE/[OBATEIBHO COEJANHEHHBIX KOH/IEHCATOPA, MOJCOEe/IHEH-
HBIX K MCTOYHMKY. OJHAKO 9TO HE TaK: IOCKOJIbKY OJIMH W3

T T

1
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KOH/IEHCATOPOB JI0 3aMbIKAHUsI CXEeMbI ObLIT 3apsKeH, TO MOCe
3aMBIKAHUST 3apsijibl HA KOHJEHCATOPAX He PAGHbL IPYT JPYTY.
Z.I]TH BbIUNCJICHA KOHEYHDbIX HaHpH)KeHI/IIL/'I Ha/l0 3altmucaTb /IBa
YPaBHEHUST — 3aKOH COXPAHEHUs 3apsijia:

4 ’
CU +CU, = C Uy
M yCJIOBHE, UTO PA3HOCTh MOTEHI[MATO0B MEK/1y T10J1I0CaMi MCTOY-
HUKa paBHa ero J/[C:
vi-Us=¢
(mpaBusTa 3HaKOB yKaszaHbl Ha pucynke 3). Pemas atu ypasme-
HUS, HAXOAUM

, CU+C¢ U +é
Uy = =

)

Ci+GC, 2
U/ _ C1U1 _C1(g _ U1 _é;
2= = .
Ci+C, 2
IIpomeninii yepes UCTOUHUK 3aps/l PaBEH
, C1C2 (5 - U1) C
Ag=-CUy =28 U _ = (g-u,)),
q 2Y2 C +G, B ( 1)
a padoTa MCTOYHMKA PaBHA
AVI(’,T = Aqg .
TTocsie 1o/ICTAHOBKN B 3aKOH COXPAHEHUS SHEPTUU
4 _[GUE,oU | o) cut
UCT 2 2 2
ToJIy4aeM
2
C(é-U
0=CE=UF g
YupaxHenus

1. /IBa OMMHAKOBBIX BO3/YIIHBIX KOH/IEHCATOPA COEJMHEHBI Ia-
paJIIeSIbHO, 3apSPKEHBI U OTCOEIMTHEHBI OT UCTOYHUKA. Y OJTHOTO U3
HUX BTPOE YMEHDBINAIOT PACCTOSHIE MEK/IY IJIACTHHAMH, a Y APYTO-
TO — BTpOE yBeJNYNBAIOT. BO CKOJIBKO pa3 yMEHDBIITHUTCS HAPSIKEH-
HOCTD T10JII BO BTOPOM KOH/IeHCAaTope?

2. O6xuanxu konjgencaropa emkoctbio C; = 30 Mrx®d, 3apsvxen-
Horo j1o Hanpsokenus U; = 200 B, coenHAIOT ¢ TPOTUBOIOJIOKHO
3apsiKeHHBIMI 00KJIaIKaMu KOHJieHcaTtopa eMKocTbio C, =10 MrD,
3apsKeHHoro 10 Hampspkeans U, = 400 B. Kaxoe kosimdectBo
TETIOTHI BBIJEJIUTCS TIPU ATOM ?

3. Konpencarop emxoctpio C; = 1,2 MrD 3apsuKeH [0 HapsoKe-
nusg U; = 135 B. Ero coeuHsIOT napaJiiesbHO ¢ KOHJEHCATOPOM
emkoctpio C, = 0,8 Mr®D, Hanpsoxenue Ha koropom U, = 110 B.
Kakoiil 3apsa npoiizer 1o coeiHUTENbHBIM TPOBOAM ?

4. Komnzencarop emkoctbio C =8 MKD, 3apszKeHHbIN [0 HATIPSI-
skeang U = 100 B, mopcoeanHmmm A MoA3apsIKd K HCTOYHUKY
toka ¢ JIC ¢ =200 B, HO meperyrann OOKIAJKI: MOJOKNTETb-
HYIO TIO/IKJTIOUNI K OTPUIATETHHOMY 3a3KUMY, & OTPUIIATENbHYIO —
K TIOJT03KuTebHOMY. CKOJIBKO TeTIa BbIIEUJIOCH TP TIepe3apsiji-
Ke?

5. CucreMa u3 [ByX HapasiielbHO COeMHEHHbBIX KOH/IEHCATOPOB
cemkoctamu C; =5 MKD u C, = 15 MK®D ¥ IpHUCOEINHEHHOTO K
HUM TIOCJIEIOBATEIbHO KOHIeHcatopa eMmkocThio C; = 30 MrD
nojkaoyena k ucroynnky ¢ I/C & = 100 B. Ckousbko rtensa
BbIJIEJTUTCS TIPU Tpo6oe KOHJIeHcaTtopa eMKocThio C; ?

6. /[Ba OMHAKOBBIX TJIOCKMX BO3IYIITHBIX KOH/IEHCATOPA €MKO-
ctbio C = 12 MK®D KaX/blil COeIMHEHbBI TOCJIE0BATEIBHO U TIPUCO-
eanHeHbl K uctouHnKy ¢ I/IC € =200 B. Kakyio a0 coBepmmTh
paboty, 49TOOBI y OJHOTO M3 HUX B/BOE YBEJINYUTb PACCTOSIHUE
MEK/Y OOKJIaIKaMi?
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L MexayHapoaHas
MaTeMaTUYeCKas onMmMmnada

tObunenHas L MexayHapoaHas Matema-
Tndeckas onumnuaga (MMO) npowna ¢ 10
no 22 wong 2009 roga B ropofe bpemeHe
(TepmaHns) 1 03HaMeHoBanacb BaXXHbIM
cobbITVEM: BMepBble B UCTOPUM MeXIyHa-
POAHbIX MPEeAMETHbIX ONVMMNAWag Yncio
CTpaH-y4acTHAL, NpeBbICMIO CoTHIO (B Bpe-
MeH npuexanu koMaHabl 104 cTpaH Mupa).
Takxxe pekopAHbIM CTano obLiee Y110 yda-
CTHMKOB — 565.

Onumnunaza npoxodmna Ha 6ase CTyfeH-
4ecKoro ropofka yHvsepcuteTa fkobca. Mo-
MVMO OCHOBHOrO 3aHATUS — peLUeHns 3a-
a4, loHble MaTeMaTWKK BCero Mupa y4a-
CTBOBaNM B PasnMyHbIX KOHKYpCax, CopTMB-
HbIX COCTSI3aHMAX U ODL@NUCh MexXmy Co-
Oon. KynbTypHasi mporpaMma onvMnunagbl
BKJItOMana 3HakoMCTBO C MCTOpuWen U Tpa-
ONUMSAMU TOPOAOB ceBepHoW [epMaHuu,
BXOAMBLWMUX B [aH3eMcknin col3. B npo-
rpamMme ONMMMNMaZbl OAWH W3 AHen Obin
LeIMKOM MOCBALLEH npa3fgHoBaHmio 50-ne-
TMa MexXayHapoaHbIX MaTeMaTuyeckux
onvMMNnag, Ha KoTopoe ObiN NpuriaLleHsbi
nNpencTaBUTENM pPasHbIX CTPaH, BHecliue

6OMbLION BKMaA B MeXAyHapoAHOe OfM- @oro komaraw! Poccrm Ha L MMO ¢ nobegurenem MMO 1986 v 1987 ronos, naypearom rpemmm

nnagHoe pABuMXeHue. Ha npasgHoBaHue
oOunes ObINM Takxe CreumnanbHoO npurna-
LeHbl LWecTepo BedylMx MaTeMaTVkoB MMpa — JlaypeaToB
MHOTMX MPECTUXKHbBIX MPeMUI, CTaHOBMBLUMXCA HEOOHOKpaT-
HbiM nobeautenamu MMO: besia bonobaw (npodeccop
KemMbpunaXKcKoro yHUBepcUTeTa, y4acTBOBas B MEPBbLIX Tpex
MeX[yHapoOHbIX OfMMMNVaAax, 3aBoeBani OpPOH30BylD U ABe
30M0Tble Mefann), 7umori [ayspc (npodeccop KemMbpunaxkckoro
yHMBepcuTeTa, 3aBoeBasn B 1981 rogy 3o5o0Tyto Mefdanbs ¢ abco-
NIOTHBIM pe3ynbTatoM), JSlacio JloBac (AMpeKkTop maTtemaTt-
4yeckoro MHCTUTYTa B bymanewTe, B 1963—1966 rogax 3aBoe-
Bal 3 30N0TbIX W OfHy cepebpsHyio Menanw), CraHucias
Cwmrpros (Npodeccop yHWBepcuTeTa XeHessl, B 1986—1987
rogax, BbicTynas 3a komaHZy CCCP, 3aBoeBan 2 3050Tble
Memanu — obe C abcConoTHbIM pe3ynbTaToM), TepeHc Tao
(npocheccop KanudopHuckoro yHusepcuteTa, B 1986—1988
rofax 3aBoeBan OPOH30BYIO, CepebpsiHylO 1 30/10Tyi0 Mefanu,
npyyeM nepayio Medanb noayumn B Bospacte 10 net) u XKau-
Koucrogp Hokkos (npodeccop Mapuxckoro yHMBepcuTeTa, B
1973—1974 ropax 3aBoeBafl CcepebpsiHylO M 30M0TyiI0 Meaanu
MMO). YHacTHWUKM onnMnvadsl Clywann BbICTYNNeHUs 3TuX
3Be3[, COBPeMEeHHOW MaTeMaTWKW, a Kpome TOoro, MMenn BO3-
MOXHOCTb NobeceioBaTb C HUMU JINYHO.

KomaHgay Poccum B 3TOM rofly COCTaBUAM OAMHHaALATMKIaCcC-
HUKW Bragummp bparvr (CHEXWHCK, TMMHasua 127) u [7e6
Heratiues (CaHkT-MeTepbypr, DMJT 239), a Takxe AecaT1kiacc-
HVKN Mapcenp MaramuHos (CYHU, MTY), Bukrop OmesbaHeHKo
(benropop, nuuen 38), Kupuin CaBeHkoB W KOHCTaHTIH Thillyk
(CaHkT-TleTepbypr, 0ba — OMJI 239). OTMETUM MepcnekTmB-
HOCTb HbIHELLIHeN KOMaHAbl — BrepBble Cpa3y YeTblpe 4feHa
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EBponesickoro marematmdeckoro obuyecrsa CraHncnasom CMupHoBbIM (B LeHTpe). (rneBa
Harpaso: B.OmesbsaHeHKo, B.bparviH, M.MarguHos, K.Tbiyk, K.CaBeHkos, [HeHaises

KOMaHbl MMEIOT BO3MOXXHOCTb NpeAcTaBnats Poccuio Ha MMO
cnefytoLLero roga.

MprBOAMM pe3ynbTaThl BbICTYNNEHUS KOMaHabl Poccnm (Kax-
[as 3aJaYa oueHuMBanacb u3 7 Gannos), a Takxe Tabnuuy
pe3ynbTaTaMn CTPaH, 3aHaBLMX nepsble 30 MecCT B HeohuLM-
aNlbHOM KOMaHAHOM 3a4eTe.

Y4acTHUK bannbl no 3agayvam Cymma Mepanb
Gannos
1 2 3 4 5 6

OMenbsiHEHKO

BukTop 7 7 7 7 7 4 39 30noTas
MaTguHos

Mapcenb 7 7 7 7 7 0 35 30no0Tas
Thiwyk

KoHcTaHTVH 7 7 7 7 7 0 35 30/110Tas
BparuH

Bnagumnp 7 4 7 7 7 0 32 30M10Tas
HeHalweB

neb 7 7 1 7 7 3 32 30/10T7ad

CaBeHKoB

Kupunn 7 7 2 7 7 0 30 cepebpsaHas

Ne CrpaHa Cymma Konuyectso Mepanen
©annos 3051070 cepebpo  BpoH3za

1 Kwutam 221 6 0 0

2 dnoHwusd 212 5 0 1

3 Poccusa 203 5 1 0
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4 tOxHas Kopes 188 3 3 0
5 KHOP 183 3 2 1
6 CLA 182 2 4 0
7 TawnaHg 181 1 5 0
8 Typuus 177 2 4 0
9 TlepmaHus 7 1 4 1
10 benopyccua 167 1 4 1
" Wranna 165 2 2 2
12 TavBaHb 165 1 5 0
13 PymbiHuA 163 2 2 2
14 YxpanHa 162 3 1 2
15 BbetHam 161 2 2 2
15 WpaH 161 1 4 1
17 Bpasunus 160 1 3 2
18 KaHapga 158 1 3 2
19 bonrapwusa 157 1 3 2
19 BenukobputaHus 157 1 3 2
19 BeHrpus 157 1 2 3
22 Cepbus 153 1 3 1
23 ABcTtpanus 151 2 1 2
24 Tepy 144 0 4 2
25 Tpy3us 140 0 3 2
25 Tonbla 140 0 2 4
27 KaszaxcraH 136 0 3 3
28 Nnonsa 130 0 3 2
29 TOHKOHT 122 1 2 2
30 CwHranyp 16 0 2 3

Onnmnuafa noatsepamna BbICOKMA YPOBEHb POCCUMINCKON
MaTeMaTM4eCKOM LUKOMbL: MOMMMO YCMeLHOro BbICTYMIeHUs
Halle KomaHObl (BTOpOe MeCTo B KOMaHAHOM 3ayeTe mno
Mefanam), ABe 13 WecTu 3a4a4 onuMnuagbl Obinn npeanoxe-
Hbl HaLIMMW 33[34HBIMW KOMMO3UTOPaMK. 3adadya 2 npeano-
xeHa C. bepnosbiM 13 CaHkT-MeTepOypra, a 3aada 6 BO3HMIK-
na B pe3synbTate 0bo6LWeHNs 3ataqn [. XpamuoBa 13 Hoso-
cvbupcka (3Ta 3afiava oOkasanacb, BEPOSTHO, CaMOW TPyLHOW
B nctopu MMO u© nony4mna BbICOKYIO OLEHKY XKIOpW 3a
KpacoTy 1 cofep>XaTenbHOCTb pe3ynbTaTa).

OTMeT!M Takxe ycneLlHoe BbICTynneHne KoMaHael benopyc-
Cn, BO BTOPOW Pa3 B UCTOPWW BOLedLen B AeCATKY CUNbHen-
KX, M KOMaHZbl YKpauHbl, 3aBOeBaBLUEN 3 30/10TbIX Meaasnu.

[MocnegHMmM 3TanoM NoaroToBkM KomaHgbl Poccum k MMO
CTanu neTHve y4ebHO-TPeHVPOBOYHbIE COOPbI, KOTOpble MPo-
xoomnu ¢ 20 uioHa no 10 wviona B maHcKMoHaTte «JIMCUUKUiA
Oop» Tepckor obnacTi. bnarogapyM TpeHepOB W HaCTaBHU-
KOB, YbM 3aHATUS CNOCOBCTBOBANM yCMeWwHOMY BbICTYMIEHNIO
KomaHgbl. (MoMMMO pykoBOAMTENEN KOMaHLbl 3aHATUS Mpo-
Bogunu neparor GMJT 239 n3 CaHkT-MeTepbypra Cbhepsios,
cryneHt MIY  A.Jaspusiok, acnvpaHt MaTematnyeckoro WH-
cmtyta uM. B.A.Creknosa PAH A./apbep, npodeccop fApoc-
NaBCKOro rocyAapCTBEHHOro yHuBepcuteta B,JosibHuKos, Ha-
YUHbIM COTPYLHWK MeTepbyprckoro otheneHus Matematudec-
Koro MHcTuTyTa M. B.A.Creknosa PAH v npenogasatens Crory
. Kaprios, poueHt MOTU O./Tognmnckuy, CTaplwinii Hay4HbIN
COTPYOHUK HOBOCMOMPCKOro MaTeMaTU4eckoro MHCTUTYTa UIM.
CJ1.CoboneBa [ @oH-a€ep-Praacc, NporpaMmmmcT 13 MocCKBbI
[ YesHokoB).

PykoBOLMTENN KOMaHAbI BblpaxkaloT MUCKPeHHIo Onarofap-
HOCTb Amumtpuio KOpbesmndy [JovixeHy, KOTOPbIV yXe He NepBbIv
rof, okasblBaeT D60nblUYI0 NOAAEPXKKY y4acTVs KoMaHabl Poccum
B MEXAYyHapOOHbIX MaTeMaTUYeCcKmx COPeBHOBAHMUAX.

3AO0AYUN ONIMMNNALDI
1. [lanbl HaTypaJbHOE YKCJIO 7 1 TIONAPHO Pas/InyHble HaTy-
pajbHble umMcaa dy,...,d, (k>2) us muoxkectsa {1, ..., n}
Takue, 4T0 UL Kakporo i = 1, ..., k — 1 uncno a; (a;, —1)
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pemarest Ha n. Jlokaxure, uro umciao a, (@) —1) He jemurest
Ha 7.

Ascmpanus

2. Cm. zamauy M2158 «3agaunnka «KBanras.
Poccus

3. [lana crtporo Bo3pacralolas I0CJeJ0BaTeJbHOCTb HATy-
PAJIbHBIX YHCEJ Sy, Sy,S3,... TaKas, 9YTO KaxKJas U3 JBYX IOCJIe-
I0BaTEJIbHOCTEN

S,

S5 85y1 85500+ T Sg ity Sey s Ssyaty e

8§97
ABIAETCS apu@MeTHyecKoil mporpeccueii. /lokakuTe, 4TO TMO-
CTIe/IOBATEIBHOCTD Sy, Sy, S3,... TaKXKe ABJACTCS apudMeTHdec-
KOI mporpeccueit.

CIIA

4. Tpeyrombuuk ABC TakoB, uro AB = AC. Buccexrpucobi
yrioB CAB u ABC nepecekator croponbl BC u CA B toukax D
n E coorBerctBenHO. O603HaYNM depe3 K IIEHTP OKPY’KHOCTH,
Brincannoii B tpeyroybHnk ADC. Okaszanoch, uto ZBEK = 45° .
Haiimnre Bce Bo3Moskuble 3HaveHus yriaa CAB.

benveus

5. Haiizmre Bee pyuxumn f: N — N (r.e. dpynxumm, onpese-
JIEHHbIE Ha MHOJKECTBE BCEX HATYPaJIbHbIX YUCEJ U [IPUHUMAIO-
I[ie HATyPaJIbHbIe 3HAYCHUS ) TAKKE, YTO JJIs JIOGBIX HATYPaJlb-
HBIX ¢ U b CyIIECTBYET TPEYTOJIbHUK, JJIMHBI CTOPOH KOTOPOTO
PaBHBI TPEM YHCJTIaM

a, f(b) u f(b+f(a)-1).
Dpanyus
6. Cm. 3amauy M2160 «3amaunuka «Kpanras.
Poccus — I'epmanus

PELLEHNA 3A0AY

ITpuBesieM pelieHnsT 33714, MPETOKEHHbIE HA OJUMITHAIE
YyJIeHaMU Halleil KoMaHbl.

1 (K.CasenkoB). Ilpeamososxum mporusroe: «; (@ —1)=
= a,a;, —a; neaurcs Ha n s aoboro 1= 1, 2, ..., k (MBI
nomaraeM dp, =a;). Torma mana i = 1, 2, ..., k moaydaem
a; = a;a;,; (31ech U Hajee 3alUCh X =Y O3HAYaeT, 4To X W Y
UMEIOT OJMHAKOBBIE OCTATKM NpHU Jejnennn Ha n). Torma
a1 = 01612 = a1a2a3 =...E a1a2 ...ak , 1 aHAJIOTUYHO a2 = a2a3 =
= a203a4 =...=E a2a3...aka1 , T.e. a1 = a1a2 ...ak = az . TaK KaK
a; v @, —HATyPaJbHBIE YHCJIA, He TPEBOCXOAIINE N, U dy = d; ,
TO @ =d, , 4TO IIPOTHBOPEYUT YCJIOBUIO 3a/1a4H.

3ameuanue. AHAJIOTHIHO TOKA3bIBACTCS, UTO d; = A q IS 1=
=2, ..., k. Orcioga ciemyer, 9To yTBEPIK/ICHNE 3a/IaUN OCTAETCST
B CHJIe, €CJIU CPEAU YUCEN dy,dy,...,d;, HAUMYTCS [BA PasJiuy-
HBIX.

3 (M.Maraunos). Byzem mucars s(k) BMecto s .

Honoxknum  a(k)=s(k)—s(k—1), u mycrs d — pasHocTb
IIPOTPeCCui s(s(1)),3(3(2)),3(5(3)),...
<s(s(@)+1)<s(s(i+1))
s(s(1)),s(s(2)),s(s(3)),-.

+1),...
sKe paBHa d. 3HAYWUT,

s(s(i)+1)—s(s(i)) = a(s(i)+ 1) He 3asucur ot i. (1)

Tak kak s(s(i))<
(r.e.

u s(s(1)+1),s(s(2)+1),s(s(3) +

MEPEMEKAIOTCST), TO PASHOCTH BTOPOI MPOTPECCHH TaK-

YJIEeHbl  IIpOrpeccuii

Scuo, uro mpu k 2 s(1) somonxeno s(k+1)—s(k)<d, 3ua-

YUT, II0CJIE0BATEIbHOCTD {a(i)} orpannyena. OG6o3HaunM
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depe3 « Hauboubliee u3 3HaveHHd a(i) .
=s(m+1)-s(m).
d=s(s(m+1))—s(s(m))=

= a(s(m)+1)+a(s(m)+2)+...+a(s(m+1)).(2)

[Iyctp a =
Tornma

Iosromy cpemn a wucen a(s(m)+1),a(s(m)+2),...,a(s(m+

+1)) HaliileTcs 4ucyao, He TMPeBOCXOosmiee — . 3aMeTHM, YTO
a

) d
ecan opuo us uucex a(i) pasuo b<— (ckaxem,
a

s(t+1)=s(t)=0), 1o, aHATOrMYHO, B IIOCJIEIOBATEIBHOCTH
{a (1)} naiigerca b moapsan umaymmx uncen (5To wmcaa
a(s(t)+1),a(s(t)+2),...,a(s(t+1))), paiomux B cymme d.
d
Ho wux cpeanee apudmernueckoe OyJeT paBHO = >a, 4ro
HeBo3MoskHO. Takum o6pasoM, B cymme (2) Kask/0e ciaaraemoe
d d
He MeHbine — . Clle[0BaTeIbHO, KasK/I0€ CIaraeMoe PaBHO — ,

a a
B YaCTHOCTH,

a(s(m)+1)= 3)

=s(s(m)+1)—s(s(m)
a(s(s(m))+1)+a(s(s(m))+2)+..‘

10T % CJlara€éMbIX, /[Jalolux B CyMMe S(S(S(?n)+1))—

Tak kaxk

—~ alx

d
— , TO B BbIpaX€HUU
a

+

a (s (s(m)+ 1)) Y4aCTBY-

- s(s (s (m))) =d . 3HaunT, KaXKJ0€ U3 HTUX CJATAEMBIX PABHO

d, B 4aCTHOCTH,
a(s(s(m))+1)=a. (4)

d
Tenepp uz (1), (3) u (4) nomywaem, uro @ =—, OTKy/a

a
d =a*. Ecin cpeau uncesa d (1) HalIeTCs YUCJIO0 ¢, MEHbIIee d,
10 (AaHAJIOTUYHO TIPEBIYIIEMY) B MOCJIEA0BATEIBHOCTI {a (z)}

2
BCTPETUTCS ¢ TOAPS/] WAYIINX YHUCE, B CyMMe Jaionmx d = a”,
3HAUUT, OJIHO U3 HUX OyzeT GOoJIblIe ¢, YTO HEBO3MOKHO. MTaK,

s mo6oro HoMepa i umeeM (i) =a , MOITOMY {S (z)} -
apudMeTHIecKasi MPOrpeccusl.

4 (K.Tpmmyx). Omsem: 60°, 90°.

ITyctp I — rtouka mnepecedyeHus OUCCEKTPUC TPEYTOJbHHUKA
ABC. Toraa K nexut na orpeske CI, u DK — 6uccekTpuca yrja
ADC.

OrpasuB TOUKy D CHUMMETPUYHO OTHOCUTEJIBHO GUCCEKTPUCHI
CI, nosyuum Touky D’ , nesxkamntyio Ha ayde CA. VI3 cummerpun
ZID'K = ZKD'C = ZIDK = ZKDC = 45°, ZID'C =90°.

PaccmoTpum cieptyioniye JBa ciydas.

1. Tlyerb touka D’ cosnana ¢ E. Torga Guccextpuca BE
SABJIAETCA TaKKe M BBICOTOH, 10aToMy TpeyroibHuk ABC —
paBHocTopoHHuil, 1 ZCAB = 60°. Hao6opor, B IpaBUIbHOM
tpeyrosbHuke ABC touku D u E cuMMeTPUUHbBI OTHOCUTEJIBHO
CI, nostomy ZBEK = ZIDK =45° .

2. Iycrb Touka D’ we cosnana ¢ E (em. pucynok). Toraa us
paBerctBa LIEK = ZID’K cnenyer, uro touku I, K, E, D’
JIesKaT Ha o/iHoM okpyskHocTH. [Tostomy ZEIK = ZKD'C = 45° .
Orciona LABC =2ZIBC = ZIBC + ZLICB = ZEIK =45°, u,

caenosaresibho, ZCAB =90° . Paccyskgasa B 06paTHOM TIOPs/I-
Ke, TMOJIYYaeM, YTO B PaBHOOEAPEHHOM IPSIMOYTOJBHOM TPEY-
rosbuuke /BEK = ZID'K = ZIDK = 45°.
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5 (I.Henames). Omeem: f(a)=a .

Honosxus d=f(1)-120, umeem 1+f(b)>f(b+d) n
f(b+d)+1>f(b), n mockosbKy f IPUHEMAET HATYpaJbHbIE
suavenust, o f(b)2f(b+d) u f(b+d)2[f(b), re. f(b)=
—f(b+d). Fb)=1(b+d)-
=f(b+2d)=...=f(b+md) pus Bcex HaTypaibHbIX M U b.
HNanee, a+md <f(b)+f(b+f(a+md)-1)= f(b)+[(b+

+f(a)- 1) . Ecim nipeqnosiosxuts, uto d > 0, TO sl JaHHBIX

AHaIOTUYHO HoOJyuaeM

a u b opbepeM m Takoe, YTo JIeBast YaCTb MOCIEHETO HEPABEH-
cTBa craner GoJible NpaBoil, — nporuBopeyne. Takum 06pasoM,
d=0,1e f(1) =1.

Hockoabky uncaa a, f(1) =1 u f(1+[(a)-1)=1(f(a))
SABISAIOTCS  CTOPOHAMU Tpeyro/ibhika, 10 a+1>f(f(a)) n
f(f(a))+1>a, orxyna sorrexaer [ (f(a))=a nns Beex nary-
PAJIbHBIX d.

Iycrs f(2)=k. Cpasy ormernm, uto k # 1, unave [(2) =
=1u 2=f(f(2))=f(1)=1 — nporusopeune.

Jokaskem unpykuueii o a, uto f(ak—(a—-1))=a+1. lpu
a =1 yrsepskjienue BepHo, tak kak 2 = f (f (2)) = f (k). Ilycrs
YTBEpPIK/IeHHE BEPHO /LISl HEKOTOPOT'O @, JIOKaxKkeM ero st a + 1.
IMockoabky uwucaa f(k) = 2, f(ak—(a—1))=a+1 u
f(ak —(a-1)+f(f(k))- 1) =f((a+1)k—a) spumorca cro-
poHAMH TpeyroJibHUKa, uMeeM 2 + a + 1 > f((a +1)k- a) ,

f((a+)k—a)<a+2.

f((a+1)k—a)=b<a+2. To NPeANOIOKEHHIO HHIYKIUH

OTKyZla [IpeAnomo)uM, UYTO
f(tk=(t—=1))=t+1 qnat=0,1, ..., a. B uacruocrnu, aus y =
=b — 1 nmeem f(yk—(y-1))=b. Torna yk—(y-1)=
=[(F(vk=(y-1)=1f(®) n (a+)k-a=f(f((a+1)k-
—d))=f(b),3Haq1/1T, yk—(y-1)=(a+V)k-a,nm (y—a-
-1)(k-1)=0. Ho y<b<a+1 u k=1 — mnporusopeune.

OcTaercs eAMHCTBEHHASA BO3MOYKHOCTD [ ((a +1)k- a) =a+2,
U TIepexo/i MHAYKINU JOKA3aH.
f(ak—(a—1))=a+1

Bamena a + 1 Ha a maer f(a)=

! paBeHCTBa
fla+1)=ak—(a-1).
=(a-1)k—(a—2) npu a=2. Ecsm k > 2, to upu a =2
Boimoaero  f(a)=(a-1)k—-(a-2)=a+(a-1)(k-2)>a.
Ho torza 2 < f(2) < f(f(2)) — nporusopeune. OkonuarebHo,

BbITEKaeT

k =2, u f(a)=a. IpoBepka NOKa3bIBaeT, 4TO HAaiijleHHAs
(pyHKIMS yAOBJIETBOPSIET YCJIOBHUIO.

ITy6auxawuio nodzomosuiu pyxosodumenu Komanovl Poccuu

na L MMO H.Azaxanos, H.Bozoanos, I11.Ko:xeenurxos,
A.Tepéwun, M.IIpamyceeuu
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XL MexpayHapoaHas onmmnaga
LLIKONTbHMKOB MO (hn3mke

B aTom rogy MexxayHaponHas hmsmdeckas onumMnmaga (MPO)
LLIKONbHUKOB npoxoguna B Mekcuke, B ropofe Mepuaa. M3-3a
TPEBOXHOW 3MNAEMMNONOrMYeckor 06CTaHOBKIM B 3TOW CTpaHe
4aCTb KOMaH[ OTKa3anacb OT y4acTva B onnumnuage. B Mepuay
NpWOLINY ToNbKO 316 WKONbHUKOB 13 69 cTpaH (AN cpaBHeHWs
— B MpOLUNIOM rofy Bo BbeTHame Obiio 376 y4acTHWMKOB 13 76
rocynapcre).

B cbopHyio komaHay Poccun Bowwnu:

Tperybos Auurpmi — Kupos, OMIJ1, yynTens-HacTaBHUKY
KaHuH lMaBen EBreHbesuy, MbipabiMos Muxann BnagnMmmnposimy,

3emngHos Bnagucias — Ypan (XaHTbl-MaHCUACKWIA aBTO-
HOMHbIVI OKPYr), FMMHA3Ms, y4uTeNb-HacTaBHUK Ko3noBckast
305 [eoprreBHa,

Kyapswosa HuHa — Bunck, bunckmn nunuer AnTanckoro
Kpas, yduTenb-HacTaBHMK ANONOHCKMM Anekcanap Hukonae-
BUY,

HoporverHko AHgpers — OMCK, nvuen 92, y4ntenb-HacTaBHMK
AdaHacbeBa tOnvka AnekcaHOpoBHa,

Crapkos [puropmi — Hosbpbck (AMano-HeHelknii aBTOHOM-
HbIA OKPYT), WKOMA 7, y4nTenb-HacTaBHUK Tkavyk Mrops BukTo-
POBWM.

Komangy Poccnm Bosrnasunm npogeccop MOCKOBCKOro gu-
3UKO-TexHU4eckoro mHctutyta (M®OTU) CraHncnas MupoHo-
BuY Kosen n goueHt MOTW Banepuin Maenosuy CNoboasHNUH.
B coctaBe poccuinckon generaumm B KadectBe Habniopatens
pabotan goueHT MOTUN Muxaun Hukonaesuy OCUH.

Kak 1 B npolunble rofbl, BOCEMb KaHOAWMAATOB B KOMaHAy
Poccun Bbinm npurnallieHbl Ha nocnegHve TpexHefenbHble
neTHWe cOopsbl, Ha KOTOPbLIX OTPabaTbIBaNNCL HaBbIKI IKCMEPH-
MeHTasIbHOM paboTbl Ha CNIOXKHOM COBPEMEHHOM 0DOpyAOBa-
HUM W OOMOMHUTENIbHO WM3Yy4anucCb 3MeMeHTbl CrneLranbHoM
TEOPWN OTHOCUTENBHOCTW, BOTHOBOW OMTUKM, AAEPHON (DU3MKN
N pag OpyrMx Tem, BXxoasawmx B nporpammy M®O. Bo Bpems
cbopoB ¢ komaHgon pabotanu npenopasateny kacdenpbl 0o6-
wer dusnkn MOTU, CYHL, MTY, Hay4Hble COTPYAHUKN UHCTU-
TyTOB POCCMIMCKOM akadeMum Hayk, a Takxke cTyaeHTsl durstexa
— nobenmnteny MexayHapoaHbIX U3MYHeCcKUX ONMMMMAL, Npo-
LUbIX NeT.

Obcepsaropusg mavia (Mekcvika)
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Komarza Poccrm Ha XL M®O. Cnesa Hanpaso: I~ Crapkos, ALopoLueH-
ko, HKyapsawosa, CM.Kozen, Mawa — rvg Hawev komargel, B.3emss-
+Hos, /. Tperybos

Ha onnmnuage y4acTHVKaMm Obinv NpeaoxeHbl TP TeopeTu-
Yyeckve 3afayunM M [1Ba 3KCNEPMMEHTaNbHbIX 3afaHus. Kaxpaas
3afava v Kaxaoe 3aflaHne oleHmnBanucs 13 10 Gannos. Taknm
00pa3oM, MaKCMManbHoe KONMYecTBO 0OannoB, KOTOPOe Mor
HabpaTb KaXkAbl 13 YHaCTHMKOB ONMMMMaLbl, paBHsnock 50.

Oba Typa onuMnvagbl — TEOPETUHECKNIA U SKCNEPUMEHTaSlb-
HbIW — OKa3anucb KpanHe TpyaoeMkmmu. Huxe npusefeH
cnncok 3 11 nnaupyowmx ctpad (CornacHo vx perTuHry):

Ne CrpaHa Konwnyectso mepanem Cymma Gannos
301010 cepebpo OpoH3a
1 Kuran 5 216
2 Kopes 4 1 186
3 WNHaus 4 1 180
4  TawmBaHb 3 2 179
5 CWA 4 1 176
6 Poccma 3 2 165
7 PymbiHuA 3 2 161
8 CuHranyp 2 3 154
9 TawnaHpg 1 4 152
10 WHooHe3ms 1 3 1 148
1M dnoHus 2 1 2 144

Kak BUAHO 13 Tabnuubl, NMAEPCTBO Ha ONIUMMNaLe 3aXBaTUN
cTpaHbl 13 tOro-BoctouHom A3nn. KoMaHIbl 3TUX CTpaH yCToM-
4MBO [0OMBAIOTCSA BBICOKMX Pe3ynbTaToB B MexayHapoaHbiX
onnMNMagax 1 no Apyrum npeamMetam.

YneHbl cbopHo Poccnm nokasanu crepyiolive pesynbTaThbi:

YyacTHuK Teopust  DKCnepuUMeHT Cymma Mepanb
Gannos

CrapkoB 21,45 14,00 35,45 30/10TO

Mpuropun

3emMnaHoB 20,60 13,65 34,75 30/10TO

Bnagwncnas
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Tperybos 18,80 15,80 34,60 3051070
Omutpun

[opouwerko 18,75 11,90 30,65  cepebpo
AHppen

KyapsuwoBsa 15,20 14,40 29,60 cepebpo
HuHa

Huvxxe NpMBOANTCA HECKOMbKO COKpaLLeHHas BEpCUS YCNOBUN
3afla4y TEOPETUYECKOro Typa OfMMMIvagbl.

TEOPETUYECKUIN TYP

3anava 1. IBosmonus cucremsr 3emusi—JlyHa

VYueHble HAYYIUINCH OMPENEJATh paccrosiime oT JIyHBI 10
3emut ¢ GOJIBIIONH TOYHOCTBIO C TIOMOIIBIO JIA3EPHOTO JIY4a,
OTPAKAIONIEroCst OT CHENUATbHBIX 3€PKaJl, YCTAHOBJEHHBIX Ha
mosepxHocth JIyHer. B Xo/e Takmx maMepeHuil yueHbie HEmoc-
PEICTBEHHO oTpenennan, uto JIyHa MeITeHHO YAATsIeTcss OT
3emuri. ITO MPOUCXOIUT MOTOMY, YTO U3-32 0OPA30OBAHUS MTPHU-
JIMBHBIX BOJIH MOMEHT MMITyJibca 3eMJn nepejgaercs Jlywe.

1. CoxpaHeHHe MOMEHTa HMILYJIbCA

ITyctp L; — moJiHBIH MOMEHT HMMITYJIbCA CHUCTEMbBI 3eMJI—
Jlyna B Hactosiiiee Bpemsi. CresiaeM CJIeAyIoInue mpe/noioxe-
Hus: 1) Ly ompesensieTcss TONTbKO BpaIleHUEM 3eMJIN BOKPYT
co6cTBennol ocu u Bpautennem JIyHbr Bokpyr 3emuu; 2) op-
6uta Jlyns! kpyrosas, JlyHa cuntaercss MaTepHaJIbHOI TOYKOI;
3) ocp Bpamenus 3eMau U och Bpamenus JIyHbI cOBIamaloT;
4) NI yUPOMIEHWs pacueToB OyJeM CYUTaTh, 9TO 9TH OCH
[IPOXO/IAT Yepe3 LEeHTP 3eMJIM; BO BCeX IYHKTaX JaHHOH 3aja-
YU MOMEHTBI WMHEPIUH, MOMEHTbI CHJI ¥ MOMEHTbI HMILYJIbca
PaCCUMTBIBAIOTCS. OTHOCHTENIBHO STON O6mIel ocu; 5) BJIMSHU-
em CoJsiHIIA Ha JBWJKEHHE PACCMATPUBAEMON CHCTEMbI MOXKHO
npereGpeub.

1.1. 3anummre s HACTOSAIIETO BPEMEHU BbIpasKeHUe JUJIs
MOJIHOTO MOMEHTa uMmityJibca L, . Boipasure ero yepes MomeHT
uHepiuy 3emyn I3, yraoBy0 CKOPOCTb BpallleHus 3eMJn 3,
MoMeHT uHepuuu JIyHbl OTHOCUTE/NBHO 3eMHOU ocH Iy, u
YIUIOBYIO CKOPOCTb OPGUTAIBHOTO ABIKeHUs JIyHbI, @ 0,2
6asma)

ITporecc mepemaun MoMeHTa uMmiysabca ot 3emun Kk Jlyne
MIPEKPATUTCS, KOT/Ia 3eMHbIE CYTKH ¥ 11epro/i oopaiienust JIyHb
OyZlyT MIMETb OJIHY U Ty K€ HPOJOJIKUTEJIbHOCTh. K atomy
BpPEMEHU TIPUJIUBHBIE TTOHEMbBI BO/IbI, KOTOPbIE JIyHA BbI3bIBAET
1a 3emute, 6y/IyT OPUEHTHPOBAHBI BJIOJIb IIPSIMOM, COeINHSIONIEN
1eHTpbl 3emuu 1 JIYHbI, 1 MOMEHT CHUJIbI UCYE3HET.

1.2. 3anuimre BbIpaykeHue 7151 KOHEYHOTO 3HAUYEHMS TIOJHOTO
MOMeHTa UMILyJIbca cucrembl 3emusi—J/lyna L, . Mcnonbayiite Te
JKe TIPE/ITIOIOKEHUsT, YTO U B TIPEIbIAYINeM MyHKTe. Bbipasure
L, uepe3 MomeHT uwHepIu 3eMJu I3, KOHEUHbIE YTJIOBbIE
CKopocTH Bpamenus 3emun ®3, 1 obpamieHus JIyHbr oy, #
KoHeuHblil MoMenT uxepuuu Jlyuor I, . (0,2 6.)

1.3. TlpeneGperas BKJIaJOM BpalleHUs 3eMJIM B KOHEYHYIO
BEJIMUUHY TIOJHOTO MOMEHTA MMIYJIbCA, HAMIINTE ypaBHEHHE,
BBIpa’KAIONIEe 3aKOH COXpaHeHusT MoMeHTa nMmyabca. (0,3 6.)

2. KoHeuHble pacCTOSIHME U YIJIOBasi CKOPOCTh [IBHKEHHSI
cucremsl 3emasa—Jlyna

Bynem cuutatb, urto opOuta ABMKeHUS JIyHBI BOKPYT 3eMJII
BCE BPEMsI OCTaeTcst KPYrOBOM, M PACCMOTPUM KOHEYHOE COCTO-
STHUE CHUCTEMBI.

2.1. 3anummre ypaBHEHUE, OIpe/esIoniee 3aKOH JABKEHUS
JlyHbl 110 KpyroBoii op6ute BOKpyr 3emiin. Bpipasure gaHHOe
ypaBHenue uepe3 paccrosguue D, Mexmy meHrpamMu 3eman u
JIyHBI B KOHEYHOM COCTOSIHUH, Maccy 3emun Mgz, yIJIOBYIO
CKOPOCTb ) W TpaBuTaiuonnyto nocrosunyio G. (0,2 6.)

2.2. 3anuimre BbIPAYKEHNUE JIJI PACCTOSHUS MEXK/Y 3eMJIeil 1
Jlynoit D, Kak (pyHKIIHIO TTOJHOTO MOMEHTA UMITYJIbCA CHCTEMBI
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Ly , macc 3emmm u JIyasr M3
u My, COOTBETCTBEHHO, U
TPaBUTAIIMOHHON TTOCTOSTHHOM
G. (0,56.)

2.3. 3anummre BbIpaskeHue
JUIST YTJIOBOW CKOPOCTH Dy

cucreMbl 3emuss—JIyHa yepes
M3BECTHBIC TapaMeTpnl L, ,
M;, My uG. (0,56.)
2.4. 3anmmiTe BbIpasKeHme
JUUIST MOMEHTA HHEPINN 3eMJIH
I3, mpexpnosaras, 4to oHa
ABJIAETCS IIapOM C ILJIOTHOC-  Puc ]
THIO Py OT LEHTPA JI0 PACCTO-
STHUSL 7; W TIAPOBBIM CJIOEM C TJIOTHOCTBIO Py OT PACCTOSTHHS
1, 1o paccrosams 7, o nosepxunoctu (puc.1). (0,5 6.)
2.5. Paccumtaiite MOMeHT uHeprnu 3emyn I3, WCTOIb3Ys
cremyionme uucaeHnbie sHavenns: p,=1,3-10" kr-mM,
7=3,5-10° M, pg=4,0-10° kr-m™ u 7,=6,4-10° M. (0,2 6.)
2.6. Ouennte YNCJIEHHOE 3HAYEHME IIOJHOTO MOMEHTA WM-
myJbca pacemarpuBaemMoit cucrembr Ly . (0,2 6.)

Maccor 3eman u Jlyusi pasubl Mz=6,0-10*xr u
My=73- 10* kr cootBetcTBenHO. B HacTosIIee BpeMs PaccTo-

aHne Mexxay 3emteil u Jlynoit pasuo D;=3,8- 10% M. Yrosas
CKOPOCTD BpaleHnsT 3eMIN BOKPYT COOCTBEHHOI OCH COCTABJISACT
03 =7,3" 10 ¢™'. Yrmosas ckopocts o6parenns JIYHbI BOK-
pyr 3emum @, =2,7-10° ¢ | rpaBurammonnas mocTosHHAS
G=6,7-10" »’ w7,

2.7. Haiinure xoHewyHoe paccrosuune D, B MeTpax H B
€IMHNIIAX PACCTOSTHUS OT 3eMJu /10 JIyHbBI B HAacTOsIIEe BPEMs
D,. (0,3 6.)

2.8. HaiijuTe KOHEUHYIO YIJIOBYIO CKOPOCTb ®y B €' 1
KOHEYHYIO TPOJOJKUTEBHOCTD CYTOK B €MHUIAX HBIHEITHUX
cyrok. (0,3 6.)

2.9. Haiisiure oTHOIIIEHNE KOHEYHOTO YTIJIOBOTO MOMEHTA 3€M-
JIM K KOHEYHOMY yriioBomy momenty Jlyubr. (0,2 6.)

3. Ha ckoubko Jlyna ygauasiercst 3a roa?

Tenepp naiigure, Ha ckoabko JlyHa ypansercs or 3emJn
KasKJblil rof. [{y1sT 9TOTO OmpeiesiuTe MOMEHT CUJIBI, J1eHCTBYTO-
mieit Ha JIyHy B HacTosIee BpeMs. [IpemonosxuTe, 4T0 IPUIHUB-
HbIe BOJIHBI MOKHO 3aMEHUTD JBYMSI MaT€PHATIbHBIMU TOUYKAMU
MaccaMu 72, PACIONOKEHHBIME Ha TIoBepxHocTn 3emun (puc.2).

i [eicenue
Hynnt 4

— Bpawenue 3emau
Puc. 2

ITyctb © — yros Mexay JIMHUel, coeJUHsIomell MecTa Hanb0/Ib-
1ero TojbeMa, U JIMHUEH, COeJuHSIONell MeHTpbl 3eMJu 1
JlyHbl.

3.1. Haiimure moaysb cuibl Iy, peiictBytomeit na Jlyny co
CTOpOHBI OKaiimeil k Heit Toueunoii macceor. (0,4 6.)

3.2. Haiigure moayab cuibl F, , pefictByiomieii Ha Jyny co
CTOPOHBI OT/AJIeHHOIT 0T Hee ToueuHoii maccor. (0,4 6.)

3.3. Haiigure Momysnb Ty MOMEHTa CHJIbBI, J€HCTBYIONIETO
Ha JIyHy co cTOpoHbBI OjmKaiiiieil K Hell TOYeYHOH MacChbl.
0,4 6.)
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3.4. Haiisure Moaysib Ty MOMEHTa CHJIbI, JIEHCTBYIONIETO HA
JIyHy €O CTOPOHBI OTAJEHHON OT Hee ToueuHoi Macchl. (0,4 6.)

3.5. Haiigure moJHbIi MOMEHT CHJIBI T OT ABYX Macc. Tak
Kak 7%, < D;, BBINUIINTEe BBIPA’KEHUE [0 HEePBOIO 3HAUYMMOIO
nopstka 1o 7y/Dy . Cumraiire, uto (1+x)" =1+ ax 1upu
x<1.(16.)

3.6. BoruncimTe yncaeHHOE 3HAUCHUE TIOJTHOTO MOMEHTA CHJIBI
T, UpHHEMAS BO BHHMamme, uto 0 =3 u m=3,6-10"° xr
(3amMeTbTe, UTO 5TA Macca coctapJisier mpuMepHo 107 oT Macch
3emmn). (0,5 6.)

3.7. HaiianTe uncieHHOE 3HAUCHNE YBEJMUYCHUS PACCTOSTHUS
Mexxay 3emedi n JIynoit 3a ron B nactosmee spems. (1 6.)

3.8. Haijigure uucjeHHoe 3HaueHUe yMEHbIIEHHs YIJIOBOI
CKOPOCTU BpallleHns1 3eMJIN 32 TOJl U yBeJUUeHue MPOJ0JIKH-
TEILHOCTH 3eMHBIX CyTOK 3a rof. (1 6.)

4. Kyna yxoaur sueprus?

B mpoTHBONOJIOKHOCTD MOMEHTY MMITYJIbCA, KOTOPBIN COXpa-
HSIETCS, TIOJIHAST 9HEPTUST CUCTEMBbI HE COXPAHSIETCSI.

4.1. 3amummre BBIpaKEHUE I TOJHON (KMHETHYECKOH 1
rpaButaiontoit) suepruu E cucrempr 3emisg—JlyHa B HACTOA-
mee Bpems. Boipasute E uepes I3, W3, My, Mz, Dy uG.
(0,4 6.)

4.2. 3ammmuTe BbIpakeHue 71 H3MEeHEeHNUs 9Tol sHepruun AE
Kak (QyHKLUIO M3MeHeHus Iapamerpos Dy m ©3 . Ounenure
YlCJIeHHOe 3HaueHue BeJIMunHbl AE 32 rojl, UCIIOJIb3Ysl BeJuyl-
HbI u3MeHenuss Dy u W3 , HalijienHblie paHee. (0,4 6.)

TIpoBepbTe, YTO HTH TOTEPU IHEPTHU CBSIZAHDBI C TIEPEXOIOM
MEXaHWYEeCKOIl 9HepTUH B TEIUIOBYIO B IIpollecce MOAbeMa U
OTIyCKaHMS BOJBI B KKA0H NMpUaMBHON BosHe. Cunraiite, 4TO
nU3MeHeHne TOTEHIINATBHON HEPTHH TP MObEME OJIHOTO TOpba
MIPUJIMBHON BOJIHBI 9KBUBAJEHTHO TTOIBEMY CJIOSI BOJbI TOJIIIH-
HOW /2 = 0,5 M, IIOKPBIBAIONIETO BCIO TOBEPXHOCTH 3emun (115
YIPOIIEHNST MOKHO CUMTATh, YTO BCSI 3eMJIst TOKPBITA BOJION) B
cpejHeM Ha Bbicoty 0,5 M. DTO curydaercs Ba/bl B JieHb. [lanee
cunraiire, uto 10% 29TOI rpaBUTAIIMOHHON SHEPIUU TIEPEXOUT B
TerIo 6Jaro/iaps HAJIWYUIO BS3KOCTH TIPU OIYCKAHUHW BOJIBI.
CunraiiTe II0THOCTD BO/bI paBHoil p, =1,0-10° kr- M~ , ycko-
peHne cBOOOJHOTO MaJeHUs Ha IOBEPXHOCTH 3eMJH
g=98m- .

4.3. Yemy paBHa Macca 3TOTO TTOBEPXHOCTHOTO CJIOSI BOJIbI?
0,2 6.)

4.4. Bprumcimre, Ha CKOJIDKO YMEHbBIIAETCS SHEPTHS 34 TO/.
CpaBHUTE TOJIy4eHHOE 3HAYeHUE ¢ TIOTePSMU SHEPIUn, Paccuu-
tanbivu panee. (0,3 6.)

3anava 2. JlazepHoe OXJaK/[€HUE aTOMOB U <ONTHYECKas
nmaToKa

TepMuHBI «JIazepHOe OXJAXKAEHNE» U <ONTHYECKas IaToKa»
OTHOCATCS K OXJaxkKIeHNIo (3aMe//IeHnio) MyuKa HEHTPaIbHbIX
ATOMOB C TIOMOIIBIO PACTPOCTPAHSIONNXCS B TPOTHBOTIOIOK-
HbIX HaHpaB]IeHI/IHX JIaSeprIX Hy‘{KOB OL[HOﬁ n TOI>'I JKe€ 4aCTOThI.
O6.1acTh 3axBara, Ha3blBaeMas «OINTUYECKON IIaTOKO», JIEKUT
Ha [epeceveHn il TPeX B3auMHO TIEePIEeH/INKYISIPHBIX Map MPOTH-
BOTOJIOYKHO HAIPABJIEHHBIX Ja3epHbIX My4IKoB. Omrmyeckast
auccunaruBiasg cuta (Tpenne) HANOMUHACT CUJTY BA3KOCTH,
JEHCTBYIOIIYIO HA TEJO, KOTOPOE JBUYKETCS CKBO3b IMATOKY .

Yactp 1. OcHOBBI 1a3epHOr0 OXJIasKACHUS

Il IpOCTOTBI PACCMOTPUM OJ[HOMEPHYIO 3ajlauy, T.e. He
6y/leM NPUHUMATD BO BHUMaHWe ocu y u z. Ilyctb arom mac-
COil m JABWKETCS] B HAIIPABJIEHHU +X CO CKOPOCTBIO ¥ n 06Ja-
JaeT [ABYMA BHYTPEHHUMU IJHEPIreTUYCCKUMHU COCTOAHUAMU C
pasnueii suepruii hiey , rae h=h/(2n) (puc.3). IlepBona-
YaJIbHO OH HAXOJWUTCS B HIDKHEM JHEPreTUYECKOM COCTOSIHUM,
1 €ro SHEPrUI0 MOXKHO TIPHHSATH PaBHOW Hyso. CBer oT Jiasepa
C YaCTOTOIl O, PACHPOCTPAHSETCS] B HAIPABJEHUU —X U B3al-
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MOJICHCTBYET C aTOMOM.
JlasepHblil IIy4oK COCTO-
T u3 GOJBINOTO YHCIA
GOTOHOB, KaKIbIl U3
KOTOPBIX O6ajaeT sHep-  DHEpzemuueckue

ho,

rueft 70, W UMILYyJIbCOM COCTROTHu Al

he, ~hg

-hq (3pecp q=0w/c, »
rle ¢ — CKOPOCTh CBe- (i > TN
Ta). ATOM MOKeT IIOIJIO- Amon Domon

THTb (DOTOH U TIOCJIE ITO-
TO UBJIYYUTH APYTOii Po- Puc 3
TOH 3a CYeT CIOHTAaHHO-
ro u3JayueHusi. BeposaTHOCTb CIIOHTAHHOTO W3JIyuyeHusi B Ha-
MpaBJeHnsIX +xX U —X OJHA U Ta XKe. ATOM JIBUIKETCS C HEPeJis-
TUBUCTCKOHM CKOPOCTBIO © <K ¢ . Taxke mmeiite B BUIY, YTO
hq/(mv) <1, T.e. UMIIyJbC aTOMa 3HAYUTEJIBHO GOJbIIE MM-
myJibca ofnHOYHOTO (hotoHa. [Ipu HamMCaHUU OTBETOB IPUBO-
JITE JIMIIb PE3yJIbTAThl, JITHEIHbIE M0 OTHOIIEHMIO K YKa3aH-
HbIM BesmuuHaM (T.e. coxpansiiTe B OTBeTax JUIIb BEJNYMHBI
MEPBOTO MOPSI/IKA MATOCTH).

ITycTp uwacrora Jiazepa ®, TaKOBa, YTO OHA HAXOJUTCS B
PE30HAHCe C YACTOTOI 9HEPTETHYECKOTO TIEPEX0/IA IBIKYIIErOCS
aroma. OTBeTbTE HA CJIEYIONINE BOIIPOCHI.

> X

1.Ilornomenne

1.1. 3anummre ycaoBue Pe30OHAHCHOTO TIOTJIONIEHUST (POTOHA.
(0,2 6amma)

1.2. 3anummre BbIpasKeHUE IS UMITyJIbca aToMa p, TOCJe
noryomenus portora B taGopatopoii cucreme orcuera. (0,2 6.)

1.3. 3anummre BbIpaskeHUe IS MOJHON HEPrUu atoma €,
TocJIe ToTJIoNeHust (POToHA B JTaOOPATOPHON CHCTEME OTCYETA.
(0,2 6.)

2. Cnonrannoe udayuyeHue (poroHa B HANPABIECHHH —X

UYepes HEKOTOPOE BPEMsi TIOCJIE MOTJIONEeHNsT (hOTOHA aToM
MOJKET M3JIy4YnuTb APYroil GOTOH B HAPABJIECHUN —X.

2.1. 3anummTe BhIpakKeHHe 71 sHeprun GoToHa € , U3JIY-
YEHHOTO B HANPABJEHUU —X B JTaGOPATOPHON CHCTEME OTCYEeTa.
0,2 6.)

2.2. 3anummTe BLIpayKeHHWe A uMIyjabca QotoHa Py ,
M3IYyYeHHOTO B HAMPAaBJICHUN —X B JaGOPATOPHON cucTeMe
orcueta. (0,2 6.)

2.3. 3anummure BbIpasKeHUe JUIS HMITYJbCa ATOMa MOCJE
mporecca u3srydenust (pOTOHa B HAIIPABJIEHHH —X B J1aboparop-
HoOll cucteme orcuera. (0,2 6.)

2.4. 3anuimre BbIpasKeHNE /U1 TIOJHOI SHEPTUU aToMa 1ocJjie
npoiecca u3rydenust (hoToHa B HAIIPABJIEHHH —X B JlaGoparop-
moit cucreme orcueta. (0,2 6.)

3. Cnionrannoe uaiayyenue (oroHa B HanmpapjieHHH +x

Uepes HEKOTOpOE BpeMs MOCJE IOJIONeHHs (DOTOHA aToM
MOJKET M3JIy4YHTb APYroil POTOH B HANPABICHUN +X.

3.1. 3anummuTe BoIpayKeHUe /IS 9HepTrun (POTOHA, U3ITYyUEHHO-
0 B HalpaB/IeHuN +x B JaGoparopHoii cucreme orcuera. (0,2 6.)

3.2. 3anumure BbIpaskeHue /I UMILyJIbca (DOTOHA, U3JIydeH-
HOTO B HANpaBJCHHW +x B Ja6OPaTOPHON CHCTEME OTCYETA.
0,2 6.

3.3. 3amummre BbIpaxKeHWE IS UMITYJIbCA aTroMa MOCJe
mpolecca u3rydenus (hoToHA B HAIPABJIEHUH +x B jaboparop-
Hoit cucreme orcuera. (0,2 6.)

3.4. 3anumuTe BoIpasKeHUE JJIs TIOJTHOM S9HEPIHU aTOMA TI0CIe
nporecca u3Jaydenust (poroHa B HanpaBJIeHUN +x B JabopaTop-
noit cucreme orcuera. (0,2 6.)

4. YcpeaHenHoe H3JyueHHe NOCJE IOTJIOMIEHUS

WmeiiTe B BULY, U4TO CHIOHTAHHOE U3JIy4YeHHE (DOTOHA TPOUCXO-
JIAT C OJIMHAKOBOH BEPOSITHOCTHIO B HAIPABJIEHUSIX —X WM +X.

4.1. 3anuiuTe BbIpAsKEHUE JIJIsI CPE/THEN SHEPTHU U3y YeHHO-
ro ¢orona. (0,2 6.)
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4.2. 3anumimnuTe BIpAKeHe /ST CPEIHEr0 3HAYeHUsT UMITYJIbCa
usayuentoro ¢orona. (0,2 6.)

4.3. 3ammmmTte BBIpasKEHWE TSI CPEHEil SHEPTUH aToMa
nocJe mpornecca usydenns dorona. (0,2 6.)

4.4. 3anmmuTe BbIpAKeHNe /17T CPEIHET0 3HAYEHUST UMITYJIbCA
aToMa nocJie npoiecca usayuenns ¢orona. (0,2 6.)

5. Ilepenaua sHeprum u UMITyJIbCa

Ec/i IPUHATD, YTO MPOLECC HOTJIOMEH S M U3y YeHHs OJTHOrO
(hoTOHA TPOMCXOJUT TaK, KaK OH OIUCAH BBIIIE, TO B CPEIHEM
CYIIECTBYET TIepe/iaua SHEPTHH U UMITYJIbCa OT JTA3ePHOTO U3y~
YeHMsl K aToMy.

5.1. 3anuimmre BbIpaskeHHeE IS CPEJHEr0 U3MEHEHMs: SHEPTHH
atoMa A€, B pesyJbTare IMOJHOTO IIPOIECCa MOTJIOMCHUS U
uznyuenns: porona. (0,2 6.)

5.2. 3anuimTe BbIpakeHHE 11l CPEIHETO M3MEHEHUST UMITY Jib-
ca aToMa Ap, B pesyJbTaTe MOJHOIO MPOILECcca MOrJIOMEHIs 1
nsaydermns ¢orona. (0,2 6.)

6. Ilepemaua sHepruM M HMIYJbCa Ja3€pPHbIM HYYKOM,
pacupocTpaHaIOIMMcs B HalpaBJIeHuu +x

IlycTh JlasepHblil Jyd ¢ 4yacToToii @, panpocTpaHsercss B
HATPABJIEHNH +X, B TO BPEMSI KaK aTOM [[BUYKETCST B HAITPABJICHUH
+x co ckopocTbio v. IIpeamnonaras naaundne pe3oHAHCHBIX YCJI0-
BUiT MEXK/Iy BHYTPEHHHUM MIEPEXO/IOM aTOMa 1 JTA3€PHBIM U3JIyde-
HHEM, OTBETbTe Ha CJEYIOIEe BOIPOCHL.

6.1. 3anumnTe BoIpa)keHue I CPEHEr0 U3MEHEHNUS SHEPrin
aToMa B pe3yJbTare MOJHOTO MPOIecca MOTJIONEHNsT U U3JIyde-
s gorona. (0,3 6.)

6.2. 3anummre BoIpaskeHUE JIJIST CPEHET0 I3MEHEHH s IMITY JIb-
ca aroMa B Pe3yJbTaTe TOJHOTO TIPOIECCa TIOTJIONEHUST U
uznydenns dorona. (0,3 6.)

Yactp II. [Iuccunanus sHepruM M sIBJIeHHE <ONTHYECKOM
MaTOKH»>

KBaHTOBbBIE ITpOIIECCHl B IIPUPOJIE UMEIOT BHYTPEHHE IIPUCY-
IyIo MM HEeOIpeieIeHHOCThb. [l0aToMy, M3-3a TOTO YTO BpeMs
MEK/Ly MOTJIONEHUEM U U3JIy4eHueM (DOTOHA KOHeuHO, Pe30HaH-
CHOE yCJIOBHE HE JIOJIKHO BBITIOJHATBCS MOUHO, KaK MbI TIPE/IITO0-
Jaraju 10 cux nop. VHbIMM CJI0BaMM, 4acTOTbI JIa3ePHBIX
IyYKOB M, U @, MOTYT GbITh IPOU3BOIBHBIME, HO TIOTJIOMECHIE
1 U3JIy4eHue Bce PaBHO OY/IyT IIPOUCXO/NTD, TIPAB/A € PA3JIny-
ubiMu (KBAHTOBBIMU) BEPOSATHOCTSIME, W HAUGOJIbIIAS BEPOST-
HOCTb Oy/IeT COOTBETCTBOBATH TOYHOMY pesoHaHcy. CpeiHee
BpeMsl MeXK/Iy IOIJIOIMeHneM U HU3JydeHHeM OJHOro (hoToHa
Ha3bIBAETCS BPEMEHEM KU3HU BO30YK/IEHHOTO YPOBHS 1 0003HA-
qaerca [~ PaceMOTpUM KOJLIEKTHB 13 N aTOMOB, NOKOSULUX -
¢s B 1aGOPATOPHOIT CHCTEME OTCYeTa, M JIy4 Jla3epa ¢ 4acTOTOM
®, , KOTOPBIII ¢ HUMU B3anMOJIeiicTByeT. ATOMBI TIOTJIONIAIOT 1
M3JIy4aloT HElIPEPBIBHO, TAK 4YTO B cpejiHeM nmeercs N, aTOMOB
B Bo3OyxaennoM coctosnun (u N — N, — B ocuosrom). Ksau-
TOBO-MEXaHMYECKOE PACCMOTPEHHE MPUBOJUT K CJEAYIONEMY
pes3yJIbTary:

Qf

2
)2+F7+2Q§e

(mp —

rje ®, — pe3oHaHCHas 4acToTa aTOMHOIO Ilepexoja, Qg — Tak
HasbIBaeMasi yactota Pa6u, Q% TPOMOPIHOHATHA UHIMCHCUE-
Hocmu mazepnoro mydka. Kak yske 6b170 ckasaro, Beamanna Ny
OTJIMYHA OT HYJIsI, JlaXKe eC/Id Pe30HAHCHAs 4acToTa ) OT/IMYa-
€TCsl OT YacTOThl JIa3epHOro Iyuka , . /[Ipyrumu cjoBaMu,
KOJIMYECTBO IIPOLECCOB MOIJIONIeHUS-U3/IyYeHUs B eIUHHILY Bpe-
Menu pasao N I'.

O6cyauM (pusuueckyio CUTyaluio, Ie ABa PaclPOCTPaHSIIO-
IUXCs B IIPOTUBOIIOJIOKHBIX HAIIPABJEHUSAX JIa3ePHbIX IIyuKa
UMEIOT 00UHAKO0B8Y10, HO NPOU3EOLbHYI0 YACTOTY ®, U B3anUMO-
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JefcTBYIOT ¢ TazoM u3 Jazeprvie nyuxu

N aToMOB, KOTOpbBIe ¢ HACHOmMON ©

ABWKYTCS B HallpaBJie- A
P Y U

HHI +X €O CKOPOCTBIO 0 Lo, %o o 3
(puc.4). e %

7. Cuna, neiicTByio- laz uz amomos

[[asi HA AaTOMHBIH ITyY0K
CO CTOPOHBI JIa3epOB

7.1. Vcnosb3ys npeabayiyto g opMaiuio, Haiiiure cuiy,
C KOTOPOII JIa3epHble IyYKH JCHCTBYIOT Ha atombl. Cuuraiite,
uto mo > hq . (1,5 6.)

Puc 4

8. Ilpenen majoii ckopocTu

IIpesmosiarasi, 4T0 CKOPOCTH ATOMOB JIOCTATOYHO MaJia, MOKHO
MOJIYyYUTH BBIPAsKEHUE [IJIsi CUJIbI B MEPBOM TMOPSI/IKE MAJTOCTH
1o v.

8.1. Haiijinre BbIpaskeHue [IJIst CUJIbI, TIOJIYYEHHOM B TIPE/IbI/LY-
meM IyHKTe, s atoro npubmmkenus. (1,5 6.)

Wcnonb3yst aTOT pe3yJsbTaT, Bbl MOKETE ITOJYYUTH YCJIOBHS
JUIST YCKOPEHMST WU 3aMe/IJIEHIs ATOMOB M3JIyYeHUueM, WK /IS
otcyTceTBus adexTa.

8.2. 3anwmmmre ycJoBHE JJisl MOJYYEHUS TOJOKUTENbHON
cunt (yckopernne atomon). (0,25 6.)

8.3. 3anumure ycnosue nosyvenus Hysaesoit cubl. (0,25 6.)

8.4. 3ammmmre ycsoBUe TOJYYEHUS OTPUIIATETHbHONW CHJIBI
(3amemsenne atomos). (0,25 6.)

8.5. Temeps MPEATONOKIM, UTO ATOMBI IBIKYTCST CO CKOPOC-
Ti0 —v (B HampaBjieHnn —x). 3anuiiuTe yCJOBHE MOJYYECHUS
orpunare/bHoil cuabl (3amennenus aromon). (0,25 6.)

9. «Onrnyeckas matoka»

B ciyuae orpunaresabHoii cusibl BosHukaer puccunanust (Tpe-
Hue). TIpearnosoxknmM, 4To MepBoHavYa bHo, npu ¢ = 0, Tas u3
aTOMOB HMeeT CKOPOCTb 0 .

9.1. B npezesie MasbIx CKOpocTeil HailjinTe CKOPOCTb aTOMOB
yepes BpeMsi T TocJe BKiovenus jasepa. (1,5 6.)

9.2. Ternepb MPeAIIOJIOKUTE, YTO Ta3 U3 ATOMOB HAXO/JUTCS B
TEIJIOBOM paBHOBecuu nipu Temneparype 1Ty . Haiigure temmnepa-
typy T mocje TOro, Kak Jia3epHble MyYKH OBLIN BBIKIIOUEHDI
yepes Bpemst 1. (0,5 6.)

Ipumeuanue. Ito MpuOIKEHIE HEJNb3s MCIOJIb30BATD IS
JTIOCTHKEHUS TTPOU3BOJIBHO HU3KOI TEMIIepaTypbl.

3amava 3. Ilouemy 3Be3/pI Takue GOJbLIHE

BospimmHCTBO OébI‘IHbIX 3Be3/] CBETUT IIOTOMY, YTO B HUX
LEHTPAJIBbHON YaCTH MPOUCXOJSAT PEaKI[MU TEPMOSIIEPHOIO CUH-
Te3a, B Pe3yJibTare KOTOPBIX BOAOPO/I IPEBpAIaeTcs B reimii. B
9TOM 3a/lavue BaM IIPE/ICTOUT ITOKA3aTh, YTO 3BE3/1bl JOJI>KHDI 6b]Tb
JOCTAaTOYHO 6OJII)H_II/IMI/I7 LITOébI B HUX MOTJIA ITPOTEKATh PEaKIUN
CHHTEe3a Ha OCHOBE BOJIOPO/IA, U MOJIyYUTh MUHUMAJIBHO HEOOXO-
JIMbIE JIJIST 9TOTO MAcCy U PaJiyC 3BE3JIbI.

[IpeanosioxkuM, 9TO 3BE3[a COCTOUT U3 HWOHU3MPOBAHHOTO
BOOpoa (KOIMUYECTBO 9JIEKTPOHOB PABHO KOJIMYECTBY TPOTO-
HOB), KOTOPBIH BeJieT cebst Kak ujeanbHbiil ras. C KJIaccuaeckon
TOYKHU 3PEHUsI, [IJIsI OCYIIECTBJIEHUS] PEAKIINI CHHTE3a /(B IPO-
TOHA JIOJGKHBI COMM3NThCA Ha paccrostame 107 M, aro6br
CHJIBHOE sIJIEPHOE B3anMO/IeiicTBIE, 00ECTIeYnBAIOIIee X MPUTSI-
JKEHUeE, CTAJIO0 JOMUHUPOBATD.

1. Onenka TeMneparypsl B IIEHTPe 3Be3/I HA OCHOBE KJjac-
CHYECKOi (pusuKH

[lnst Toro 4to6bl sigpa cOMU3NTb, HEOOXOJIMMO IPeOJ0JIeTh
KyJIOHOBCKOE OTTaJKuBanue. [Ipumem, uto asa npotona (toueu-
HbIE 3aPs/Ibl) JABMKYTCSA HABCTPEUY APYT APYTY CO CPEHEKBA/I-
PATUYHON CKOPOCTBIO TEIIOBOTO JIBUKEHUS 0.

1.1. Kakoii go/mkaa 6pith Temieparypa rasa T, 4ToGbl pac-
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CTOSIHIE MAKCHMa/IbHOrO cOmmkenust d pasmsizach 107 M?

(1,56.)

2. Ilouemy npexapiAyImasi OEHKA TEMIIEPAaTypbl HEBepHA

BpimoauM  He3aBUCHMbIE OIEHKHM TeMIIepaTypbl B IIEHTpe
3Be3/Ibl. 3BE3/Ibl HAXO/ATCS B PABHOBECUH, TAK KaK CUJIA TSXKe-
CTH yPaBHOBENIMBAETCS HAIPABJICHHON HApY’Ky CHJION JlaBJjie-
nus. Jlud cnos rasa na paccTOSIHUM 7 OT 1IEHTPa 3BE3/Ibl yCJIOBUE
paBHOBeCHsI UMeeT BUJT

% — _ GMrpr

Ar r2

rlie p — naBjenne ra3a, G — MOCTOSTHHAS BCEMUPHOTO TSTOTEHUS,
M, — Macca 3Be3HOTO BelecTBa BHYTPHU cepbl pajnycoM 7,
p, — IUIOTHOCTb Ta3a B CJIOE HA PACCTOSIHUY 7 OT IIEHTPA 3BE3/IbI
(puc.5). PasHocTb JaBjeHuii Ha MOBEPXHOCTH 3BE3[bl U B €e
nenrpe Ap = Py — Py, MOJKHO OI[EHUTD Kak AP = =P, , HOCKOJIbKY
Py > Py . B Tom ke ipubiin-
JKeHun Ay = R, rie R —noJ-
HBIIT pajgumyc 3Be3/bl, U
M,=Mp=M, tne M -
noJsiHas Macca 3Be3/pl. [110T-
HOCTD 3BE3/[HOTO BeIl[eCcTBa Ha
PACCTOSTHUN 7 OT TIEHTPA 3B€3-
JIbl MOYKHO OIIEHUTD ee 3Have-
HUEM B I[EHTpe: Pr =Py .
[Tonaras, uTo faBeHNE MOK-
HO OTIPE/IEJIUTD KaK JAaBJeHUe
UJIeaTbHOTO Tas3a, cjeJaiire
crepyionee.

2.1. 3anummTe BbIpa)keHne
JUIS TeMIiepaTypbl [y B IEHTPE 3Be3/bl YePe3 PAJIUYC 3BE3/bl, ee
Maccy u ¢usnueckne koncrantol. (0,5 6.)

Puc. 5

Termnepb, MPOBEPUM CIIPABE/TUBOCTD TON OIEHKU.

2.2. Vcrionb3yst BbIpaKEHNE U3 MPEAbIIYIIEr0 MyHKTA, 3aIli-
mute otHomenne M /R st 3Be31p1 TOBKO uepes 1y u dusu-
veckne KoHcrautol. (0,5 6.)

2.3. Ucnosnnsyiite snavenue T, uz mynkra 1.1 u maiigure
uncrennoe suauerne M /R pis sseszapl. (0,5 6.)

2.4. Boruucsmre orHomenne M /R nns Cosnna u y6eau-
TeCh, YTO OHO 3HAYNTEJBHO MEHBIIIE BEJUYUHBI, TIOJTyYEHHON B

nynkre 2.3. (0,5 6.)

3. Omenka TteMmeparypbl B IIEHTPEe 3Be3/[bI Ha OCHOBE
KBaHTOBOU (pusuku

3HavYNTeIHPHOE HECOOTBETCTBHE, OOHAPYIKEHHOE B TyHKTE 2.4,
YKa3bIBaeT, YTO KJAaCCHYeCKas OleHKa s 1, HempaBuIIbHA.
ITO HECOOTBETCTBUE YIAETCST YCTPAHWUTH, €CJIN YIEeCTh KBAHTO-
Bole addextol. OHU COCTOAT B TOM, YTO IIPOTOHBI BEAYT ceOs
KaK BOJIHBI M OT/IEJBbHBIN IIPOTOH JIOKAJIU3YeTCs Ha PaccTosi-
HUM TIOPSI/IKA JIJTMHBI BOJIHBI Jie Bpoilyist st mpoTOHOB 7»,,.
ITosToMy, ecm paccTosiHME MaKCUMATbHOTO COJKEHUsS MPO-
TOHOB d OKa3bIBaeTcs OJU3KUM K 7»,,, MPOTOHBI B KBAHTOBOM
CMBICJIE TIEPEKPBIBAIOTCS W MOTYT CJIMBATHCS.

3.1. Ioaaras, uro ycaosue d = kp V2 ob6ecnieunsaer Bos-
MOYKHOCTDh CUHTE3a, JJISI TIPOTOHOB CO CKOPOCTBIO O 3ATUIIUTE
BbIpaKEHNE A T, UCTIONb3ys TOABKO (PU3NUYECKUE TTOCTOSH-
uple. (1 6.)

3.2. Tlomy4nTe Ync/IeHHOE 3HAaYEHWE TeMIepaTypbl 1y , Haii-
nenHoit B mpeapiymem nyuakre. (0,5 6.)

3.3. Ucnosnbsys snauenne T, 1moydeHHoe B nyHKTe 3.2, u
¢opMyy, NOJTyYeHHYIO B MyHKTe 2.2, ONpe/esuTe YNCIeHHOe
3Havenne orHomrenuss M /R pis 3Be3fpl. Y 6eQUTeCh, 9TO 9TO
3HAYEHIE [OCTATOYHO OJM3KO K OTPEIEJTEHHOMY OTHOIIEHUIO
s Connma. (0,5 6.)

3Be3/1bI [VIABHOI 110CIeJOBATEIbHOCTU Y/IOBJIETBOPSIOT 3TOMY
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OTHOIIEHUIO B IIMPOKOM MHTEPBaJIe MaccC. CJIeJ.'[OBaTeJIbHO, KBaH-
TOBasl OII€EHKa TEMIIEPATYpPbl B IIEHTPE CO]’[HH& IIpaBUJIbHA.

4. OTHOlEeHHe Macchl K pajuycy AJs 3Be3J|

4.1. Tlokaskure, uTo /7181 000N 3BE3/bI, B KOTOPOIl IPOUCXO-
JINT CUHTE3 Ha OCHOBE BOJOPOJA, OTHOIIEHHE ee Macchl M K
paguycy R ecTb TIOCTOSTHHAS BeJMYMHA, ONpejesiseMast JIUIIb
pu3nYeCKUMU KOHCTaHTaMU. 3anuimre Bblpaxkenue s M /R
JUIST 3BE3]1, B KOTOPBIX MTPOMCXO/IUT CHHTE3 HA OCHOBE BOJIOPO/IA.

0,5 6.)

5. Macca u paguyc caMbIX MaJIeHbKHX 3Be3[

PesysbraT, momydyennsiit B myHkTe 4.1, mpeamosaraer, uTo
€CJIU JIJisT 3BE3[T BBITIOIHEHO HAWJEHHOE COOTHOIIEHUE, TO OHI
MOTYT UMETDb JII06YI0 Maccy. JTO HeBEePHO. ['a3 BHYTPH OObIYHBIX
3Be3/l, B KOTOPBLIX MPOUCXOJUT CUHTE3 HA OCHOBE BOJOPOJA,
BesteT ce0sl KAk HAeATbHBI. DTO O3HAYAET, YTO XapaKTepHOe
paccrositie mexdy snexkmponamu d, B CpejHeM JTOJIKHO ObITh
6oJibliie, YeM JJIMHA BOJIHBI e Bpoiing A1 aJeKTpoHOB A, .
Ecsin anekTponbl Haxonarcs 6JnKe Ipyr K JAPYry, OHU OKa3bl-
BAIOTCSI B TaK HA3bIBAEMOM BBIPOXKIEHHOM COCTOSIHUH, YTO
TIPUBO/IUT K MHOMY TIOBE/IEHUTO 3B€3/I. 3aMEThTE, UTO ATEKTPOHDI
U TIPOTOHBI BHYTPH 3BE3/IbI PACCMATPUBAIOTCS TIO-pazHoMy. [1ist
IIPOTOHOB BOJIHBI Jie BPONJIS MOKHBI TI€PEKPBIBATHCS, ITOOBI
Hayascs CHHTE3, a IS 3JEKTPOHOB IEPEKPBITUS He JI0JIKHO
ObITh, YTOOBI UX Ta3 MOYKHO OBLIO CUNTATH H/I€AJTbHBIM.

ILI0THOCTD 3BE3IHOTO BENECTBA BO3PACTAET € YMEHBIIEHHEM
paccTostHus /10 TeHTpa 3Be3/ibl. TeM He MeHee, /ISl OIEHKU 110
MOPSIAKY BEJIMYIHBI MOKHO CUUTATh, UTO €r0 IIOTHOCTD MOCTO-
AHHA. MOMKHO Takyke BOCIIOJNIb30BAThCA TEM, UTO M, > M, .

5.1. 3ammmmTte ypaBHeHUWe IS CPeIHENH KOHIEHTPAINN
2J1eKTpoHOB B 3Be31e 1, . (0,5 6.)

5.2, 3amummTe ypaBHEHHE JUIST  XapaKTEPHOTO PACCTOSIHUS
MeskLy anektpoHamu d, BHyTpH 3Be3zbl. (0,5 6.)

5.3. Ucnomnbays ycnosue d, = A, / V2 , sammummre BhIpakenue
JUUIST HANMEHBITIETO BO3MOXKHOTO Pajinyca 0ObIYHOI 3Be3/1bl. Cun-
TaiiTe, 4TO TEMIIEPATYPA 3BE3/IbI PABHA TEMIIEPATYPE B €€ TIEHTPE.
(1,56.)

3.4. Boruncire pajamyc HaumMeHbIIeil OOBIYHON 3BE3/IbI KaK
BBIP@KEHHOE B MeTPax, TaKk ¥ HOPMHUPOBAHHOE HA PaJIuyc
Comuma. (0,5 6.)

3.9. Bprumcmte Maccy HanMeHbIell OOBIYHON 3Be3/IbI KAaK B
KujorpamMmax, Tak u B maccax Cosmna. (0,5 6.)

6. CuHTe3 Ha OCHOBE siiep TeJsi B CTapbIX 3Be3/1ax

Korzia 3Be3/ipl crapeior, OHN CKUTAIOT MOYTH BECH BOIOPOL,
npespauias ero B resuii (He). Uto6bl cBeueHne npooJsKaliocs,
B HUX JIOJKEH OCYIIECTBISATBCS CHHTE3 GOJIee TSKEbIX 9IeMEH-
TOB M3 requs. B sipe resusi MMEOTCS [Ba MPOTOHA M J(BA
HEJTPOHA, MOITOMY €ro 3apsijl paBeH [BYM 3apsiaM MPOTOHA, a
Macca IIPIMEPHO B 4 pasa GoJiplie, 4eM y TPOTOHA.

6.1. MbI y’xe Bujie/IH, 4TO yCJOBUE CJUSHUS JABYX IIPOTOHOB
umeer Bug d =L, / V2 . 3amncas amasormunoe yesiosue s
SIEp Tequs, HaliinTe CPeIHEKBAIPATHYHYIO CKOPOCTb S/EP
resust v (He) u remneparypy T (He), Heo6X0oAuMble JJIs CHHTe-
3a Ha ocHose resug. (0,5 6.)

Ilosie3ubie mocTosiHHbIE
IocrosiHnas BecemupHoro Tsarorenus G =6,7-1071 v - k! ¢?,
nocrosHHAsA BosbiMana k=1,4-107% JIx - K~!, mocrostanas I1ran-
Ka h=6,6-10"% kr-m> - ¢, Macca HPOTOHA M, = 1,7-107% KT, Mac-
ca aJjekrpona m, =9,1- 107" «r, 3JIEMEHTAPHDBIN 3JIEKTPUYECKU
g=16-10"" Ku, suaexkrpuveckas
g =8,9-10"? Ka? - H' M2, pammyc Comima R =7,0-10° M, Mac-
ca Comnna Mg = 2,0-10% «r.
Hy6auxauuio noozomosuru C.Kosen, B.Cao6odsnun

3apAan IMOCTOAHHAaA
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NHDODOPMANINUA

OyepepgHow Habop B OJ1 B3MLL

OTkpoITHIH JuTell «Beepoccuiickass 3a09nas MHOTOIIPEIMET-
nag mkona» (OJI B3MIII) Poccuiickoii akagemMun o6pasoBa-
Hust, paboTaonuii 1pu MOCKOBCKOM IOCYIapCTBEHHOM YHUBEP-
curere um. M.B.J/loMoHOCOBa, B COPOK IIeCcTOil pa3 MpPOBOAUT
HaGop yyaIuxcs.

OJI BSMII - rocynapcrsennoe yupesk/eHue JOHOJTHUTEb-
HOTO 00pa30BaHuUsI, MIPUYEM HE TOJBKO IS MKOJIbHUKOB. «OT-
KPBITbIM» — 3Ha4nT JOCTYIHBI /151 BCEX 3KeIAIONHX MOI0.I-
HUTb CBOM 3HAHUS B OJHOW MJIM HECKOJbKUX M3 CJELYIONINX
obJiacTeil HayKu: MaTeMaTuka, Onosorusi, puosnorus, Gusnka,
9KOHOMMKA, XUMHUsS, ITIPAaBOBe/leHNEe, MCTOpUs, WH(MOPMATHKA
(nepeuncienue — B XPOHOJOTHYECKOM TIOPSI/IKE OTKPBITHS OT/Ie-
JeHuii).

Ceitqvac OJI B3MIII coBmecTHO ¢ APYTHMU HAyYHO-TIEATOTH-
YECKUMU YUPEXKICHUSIMU BeJIeT UCCIE0BaTeNbCKue PaboThl MO
pa3paboTKe HOBbIX MHTEPAKTUBHBIX TEXHOJIOTUI B 00pa30BaHUT
1 TIePeBO/LY YaCTH CBOUX YUeOHO-METOIUYECKUX KOMILIEKCOB Ha
S3bIK COBPEMEHHDBIX TEJEKOMMYHUKAIM, B YacTHOCTH — IIO
oprarmsariuu Murtepuer-otaenenus OJI B3MIII.

3a Bpems cymiectBoBanust B3MIII yaocToBepenns o ee OKOH-
YaHHUM MTOJIYYUJIH HECKOJBKO COTEH ThICAY MIKOJbHUKOB M ThICS-
un Kpy:KKoB — rpymnn «Komrektusabiii yuernk B3MII».

Oo6yuenue B mkose SAOUHOE, t.e. nHaunnas ¢ centsiOps—
okTsi6ps 2010 roga Bce moctynuBiiie GyayT CUCTEMATHYECKH
MOJIyYaTh CIEIUATbHO Pa3paboOTaHHbIE [T 3204HOTO O0YYEHHs
MaTepHaJbl, COJEpIKaIINe HM3J0XKEHHE TEOPETHYECKUX BOIIPO-
COB, METO/IOB PACCY’KACHUIl, Pa3HOOOPA3HbIC 3aa4n IS CaMO-
CTOSITEIbHON PaGoThl, 06PA3IIbI PEIIeHNnil 3a/1a4, JeJOBbIE UTDBI,
KOHTPOJIbHBIE 1 HPAKTUYECKHE 3a/[aHUs.

KouTposbHBIe PaGOTBI yyalmuxcsl OyAyT THIATEIbHO MPOBe-
pATbCS W perieH3npoBaThesl npenogaBaTesamu B3MII — cry-
JICHTaM#, aCHUPAHTaMU, WPENoJaBaTeJ MU U HAYYHBIMH CO-
tpyaaukamu MIY, a takske [pyrux BY30B U YUpeK/IE€HUI, rie
nMeroTest UIMaJIbl MKOJIbI. MHOrHe U3 TIpeno/aBarelieil B ¢Boe
Bpems camu 3akonunsim B3MIII u nmoatoMy 0co6eHHO XOPOIIO
MIOHUMAIOT, KaK Ba)KHO yKa3aTb, IIOMUMO KOHKPETHBIX He/loye-
TOB, IYTH JHUKBUJAIUN HUMEIONMXCS TPo6esoB B 3HAHUSAX,
ITOPEKOMEH/I0BATD JIOTIOJTHUTE/IbHYIO JTUTEPATYPY, TIOPYraTh 3a
HEBHUMATEIBHOCTD M TMOXBAIATh 3a 3aMETHBIN (a mHorza — n 3a
CaMbIil MaJIeHbKUIT) TIPOrpecc U TpyaoIiodue.

[MTocrynusmme B OJI BSBMII cmoryT y3Hath 06 yBJjeKaTesb-
HBIX BEIIAX, YacTO OCTAIONIMXCS 3a CTPAHUIAMM HIKOJBHOIO
yueOHUKA, TO3HAKOMUTBCS C MHTEPECHBIMU HECTAH/IaPTHBIMU
3a/la4aMu 1 Ionpo6oBaTh CBOM CUJIbI B UX pelieHnn. [lis MHOrIX
CTaHeT OTKPOBEHUEM, UTO 33/1a4¥ ObIBAIOT He TOJBKO B MaTEMaTH-
Ke, (pusMKe M XUMUM, HO ¥ B GHOJIOTHH, (DUJIOJIOTUH, 9KOHOMIKE
U IPyTUX HayKax. Perrenne 3aa4 MoMOXKeT IIPOSICHUTD, C/Ie1aTh
MHTEPECHBIMU MHOTHE Pa3/esibl, Ka3aBIINecs HEIOHATHBIMU U
CKYYHDBIMH.

Oia 13 oco6eHHocTel yueGHbIX TTporpamMm 1 nocoouit B3MIIT
— B TOM, YTO OHHU CO3/IaHbI JICHCTBYIONIUMI HA TIE€Pe/HEM Kpae
HAyKU TAJAHTJUBBIMU YYEHBIMH U OIBITHBIMU HE3aypsi/[IHbIMU
nesparoramu. Hegapom na X BeeMupHOM KOHTpecce 110 MaTteMa-
THYECKOMY 06pa3oBaHmIo, KOTOPbIil mpoties jetom 2004 roga B
[lanun, pacckas o 40-yetHeil paGoTe MaTeMaTH4YecKOro OT/eJe-
nusg OJI B3MIII BbI3Bas1 Hemno/iie/ibHbIil MHTEPEC U 0106peHne
YYaCTHUKOB.

YroO6bl yCIEIHO 3aHUMATBCS B 3A09HOM IIKOJIE, BaM IIPH/IETCS
HAYUYHUTHCS CAMOCTOSITEJIbHO M ITPOJAYKTUBHO PaboTaTh ¢ KHUTOI,
IPaMOTHO, Y€TKO, KOPOTKO U SICHO M3JIaraTb CBOU MBICJIH, a 3TO,
KaK U3BECTHO, YMEIOT JIaJIeKO He Bce. Bo3MoskHO, Hallla 3a04Hast
IIKOJIa TTOMOKET BaM BbIOPATh TPOQeCccHio, HATH CBOe MeCTO B
OKpY2KaIoIieM MHpe.
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Bce Boimosmusimne nporpammy OJI B3MIII nosrywator aurio-
MblL. X0Ts1 (POPMATIbHBIX IIPEUMYIIECTB OHH He JAIOT, IPUEMHbIe
KOMUCCUY MHOTHUX BY30B YUYUTBIBAIOT, YTO OOGJANATeNH ITUX
Y/IOCTOBEPEHNUI B TeYeHne MPOJI0/IKUTEIbHOTO BPEMEHH CaMOOT-
BEP’KEHHO TPY/IWJINCH HAJ[ TPHOGPETEHIEM 3HAHWI, HAYUNINCH
CaMOCTOSITEJIBHO TBOPUECKH Pab0TaTh, a 3TO 3HAYNT, YTO M3 HUX
[oJIyyaTcs XOPOIIUe CTY/IEHTbI M, B JAJbHEHIIEM, TPaMOTHBIE,
BIYMUHBBIE, TITIMPOKO 06PA30BAHHbBIE CIEITATUCTDI.

Eciin y Bac mMeeTcst Takast BO3MOSKHOCTD, BbI Oy/ieTe YaCTHYHO
00IIAThCs ¢ Hallell MIKoJIoi ¢ moMonbio MHTepHera.

s nocrymrenns 8 OJI B3MIIL Hagio ycrnenHo BbITOJHUTD
BCTYTHTEJNbHYIO KOHTPOJIbHYIO pabotry. IlpueMHyio Kommccuio
HHTEpecyeT, B IEPBYIO OuYepe/b, Balle yMeHHe PacCyKIaTb,
nonbITky (MyCTh TTOHAYATY HE COBCEM y/IauHbIE) CAMOCTOSTE/b-
HO MBICJIUTD U JIeJIaTh BbIBO/bL. [IpenMy1iecTBOM 1pu nocryiiie-
HUU TI0JIb3YIOTCS MTPOXKUBAIOIIIE B CEJIbCKONH MECTHOCTH, 11OCEJ-
KaxX ¥ HeGOJIBIINX TOPOJAX, T/ie HeT KPYITHBIX HAYYHBIX IIEHTPOB
1 yueOHbIX 3aBe/IeHUI U I/ie MOJIyYUTb JLONOJHUTEIbHOe 06paso-
BaHUE MOKHO JIMIIb 3204HO.

Permennst 3a/1a4 BCTYNHTEJNbHOI paGOThl HA/O0 HAIMCATH HA
PYCCKOM sI3bIKE B OGBIMHON yueHnuecKoi TeTpaan B KaIeTKy (Ha
HEKOTOPbIe OT/eJeHIsT — Ha OTKPBITKe NN Ha JABOIHOM TeTpaji-
HOM JcTe; cM. Hke). yKemaomume 1mocTynuTh cpasdy Ha He-
CKOJIBKO OT/IEJIEHHH KaxK/1yio paboTy MPUCBLIAIOT 68 0moesbHOul
mempadu. Ha 06J0OKKe TeTpaaym YKaxKuUTe: (Pamunuio, ums,
omuecmeo, 200 poxdenus, 6Gasosoe obpasosanue (CKOIBKO
KJIACCOB cpejHeil MKo/bl OyAeT 3aKOHYeHO k cenmsopio 2010
200a), nonwviil noumossiii adpec (¢ UHIEKCOM), 0mKydd yY3naiu
06 OJI BBMIII (n3 «KBanuta», ot apyseil, u3 aduur 3a04Hoi
HIKOJIBI U T.11.), HA KAKOE OMOeAeHue XOmume nocmynunmo.

Berynutesbibie paboThl 0OPATHO He BBICHLIAIOTCS.

Bes BerynutebHON paGOThI, TOJBKO 10 3asIBIEHUIO, TTPUHHE-
MaroTcs Ha WHANBUAYATbHOE 06ydeHne mo0euTesn 00IacTHBIX
(KpaeBbIxX, pecryGIMKaHCKHX ) TYPOB BCEPOCCUHCKIX OTMMITHAL
110 COOTBETCTBYIOIIMM IIPEJMETAM, a TAK)Ke YYaCTHUKM (PUHATD-
HBIX TYPOB 3THUX OJMMITHAL.

Yyammnecsa OJI BSMIII vactrnyro Bo3MemaoT pacXo/Ibl Ha CBOe
oOyuenue. ITo mpocb6e TeX, KTO He B COCTOSTHIN BHECTH ATY ILIATY,
OJI B3MIII rotoB 06paTUThCS B IMKOJIY, B OPTaH HAPO/HOTO
00Pa30BaHUST UK K KAKOMY-JT1O0 CIIOHCOPY € XOJATaiicTBOM 00
oriate 9THM GJIATOTBOPUTEJIEM COOTBETCTBYIOMINX PACXO/IOB.

[ToMuMO WHANBUIYAJbHOTO OGYUYEHHs, Ha BCEX OTHEJCHUSIX
B3MII, xpome Ouosorudeckoro, umeercs dopma oOydeHust
«KounextiBHBI yuyeHUK» . DTO IPyIIa yYaruxcs, paboTaiomiast
1O/l PYKOBOJICTBOM TipernoaBateisi (IMKOJIbHOTO yUuTesst, mpe-
noJaBare i By3a, CTy[ICHTa WM JPYrOro SHTY3MacTa), Kak
MIPABUJIO, TIO TeM JKe TTOCOOUsIM U TIPOrpaMMaM, 4TO 1 WH/IBH-
nyaibHo. IIpuem 6 amu epynnor nposodumcs do 15 okmsbps
2010 z00a. [\nsi 3aumcienusi TpymIbl TpeGyercsi 3asiBJeHNE ee
pykoBogutessa (¢ ykazaHueM ero nmpoeccun u J0KHOCTH, €O
CIIMICKOM YYaIIuXcs U COOOLIEHNEM O TOM, B KaKOM KJacce OHU
GyayT yuuthes ¢ centsabps 2010 roza); 3agBeHue 10KHO GbITh
MO/IIICANO PYKOBOJMTEIEM TPYIIIbI, 3aBepeHO U IOAINCAHO
PYKOBOJHTEJEM YUPEX/IeHNsI, Ipu KoTopoM OyaeT paboTarb
rpynma. Pa6ora ¢ rpynmnamu «KoJUIeKTUBHBIN yIEHUK> MOYKET
OIJIAYMBATHCS MIKOJIAMK KaK (DaKyJIbTaTUBHbIE 3aHATHS.

OO60 Bcex HAIINX OT/EJEHUSX BbI MOKETe y3HAThb Ha OO0IIe-
mkoJsbHoM caiite OJI BSMIII:

www.vzmsh.ru
Ha Bamm BONpochl Mbl OTBETHUM 110 3JIEKTPOHHOII 1OYTE:

vzms@yandex.ru

Ha Ceepo-3amnane Poccuu paGoraer 3aounas mkosia JIeHnH-
rpaJickoro o6sacTHoro MunncTepcTBa 00pa3oBaHus, CO3/[aHHAS
npu Cankt-IlerepOyprcKoM rocyiapcTBeHHOM YHUBEPCHUTETE U
nMeloIast OT/eJIeHNs] MaTeMaTHKU, GUOJIOTUN W XMMHH.
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MNHOPOPMANIUA

JKemaioniue nocTynmuThb Ha OT/ie/IeHIIe MATEMATHKH, TTPOKUBA-
omue Ha Cesepo-3amnaze Poccun (8 Apxanresbekoit, Kanunu-
rpaackoit, Jleamnrpazackoit, Mypwmanckoii, Hosropoackoii,
[TckoBekoii obmactax, Kapeabckoit u Komn pecny6imkax),
BBICBLIAIOT BCTYNUTEIbHbIE PAaGoThl 1o ajgpecy: 197755 Caukt-
ITerep6ypr, Jlucmit Hoc, Hoso-llenrpambnas ya., . 21,/7,
Cesepo-3amaanas 3MIII (wa mpuem).

[TposkuBatone B OCTalIbHBIX pernoHax Poccum, magbHeM U
6smskHeM 3apy0eskbe BBICBLIAIOT CBOU PAOOTHI TI0 MATEMATHKE B
aapec OJI BBMIII nim coorBeTcTByIONIEro gpumania.

Adpec OJI BBMIII: 119234 Mockea, Bopobvesvi zopot, MTY,
OJI B3MIII, na npuen (yxaxume omoerenue)

Teneghon: (495) 939-39-30

Anpeca dpusnnanoB Mmaremaruyeckoro otesnenus OJI B3MIII:

241035 r.Bpsinck, ya. Mano-Opaosckas, . 8,
ten.: (4832) 56-18-08, e-mail: brotek@mail.ru;

610002 r. Kupos, a,/a 2039, I[JIOOI,
teua.: (8332) 35-15-03, 35-15-04, e-mail: sms@extedu.kirov.ru,
cafit: http: / /cdoosh.kirov.ru;

150000 r. Apocnasmb, ya. Coserckas, j.14,
tesr.: (0852) 11-82-03, e-mail: olimp@olimp.edu.yar.ru

Huke Bbl Hailfiere KpaTKue CBeJeHUA O KaXK/JOM OT/eJeHun
OJI BBMIII u ycs10BHs BCTYIIUTEIbHBIX KOHTPOJIbHDBIX 3a/IaHMii.

OTpeneHne MmaTemMaTUKuU

W3 atoro oraenenus, orkpeiBierocss B 1964 roay, Bbipocia
BCsI 3a04Hast 1mKoJa (BHaYae OHa TaK M Ha3blBAJaCh — MaTeMa-
THYECKAs) .

3a Bpemst 06yueHus Bbl 6oJiee Ty60KO, 4eM B 0ObIYHOI] MIKOJIe,
CMOJKeTe OCO3HATh OCHOBHbIE W/eH, Ha KOTOPBIX 0a3mpyercs
KypC 5JIEMEHTApHOH MaTeMaTHKM, MO3HakoMuTbest (Mo skesa-
HUIO) C HEKOTOPBIMHE JIOTIOJTHUTETLHBIME, HE BXOAAIINME cefiuac
B IIKOJIbHYIO IIPDOTPAMMY pasjesaMi, a TakXe IOY4YUTbCS pe-
maTh oJUMNUaHble 3ajaun. Ha mocreaneM Kypce GoJibliiioe
BHUMAaHWeE yjessiercss noArotoske k ET'D, oanmmmazam u Bery-
MIUTEJIHbHBIM 9K3aMEHAM B BY3bI.

Ha orjesennn cosjanbl yueGHO-METOMYECKHIE KOMILIEKCHI,
pUCIOCcOOIeHHbIe /I 3a0uHOro oOyuenusi. Yacth M3 HUX
M3[JaHa MACCOBBIM THUPAKOM. OCYIIECTBJISIETCS TIEPEBO YIKe
anpoOMPOBAHHBIX M BHOBb CO3/1aBAeMbIX MAaTepUAIOB HA JJIEKT-
DOHHDII 43bIK B MHTEPDAKTUBHOM PEKUME, OT/IeJeHUEe TOTOBUTCS
K pabote B Unrepuere. IIpakTiyeckn Kask/blil T/ U3AIOTCS 1
<TIPOXOJIAT OOKATKY» HOBbIE MTOCOOUS, PACHINPSIONINE 1 JIOTOJ-
HSIOIIE IIPOrPpaMMy OOydYeHUS.

OxoHumBIINe OT/e/leHre MaTeMaTHKY 110JIy4ar, B 3aBUCUMOC-
TH OT JKeJaHUs U CIOCOOHOCTEN, OO MOATOTOBKY, HEOOXOIH-
MYIO JIJIs1 BBIGOpa MaTeMaTHKU Kak rpodeccuit, 6o MaTeMaTH-
JecKyto 6a3y [JIs1 YCIIEITHOTO YCBOEHUST By30BCKOTO Kypca Mate-
MAaTHKH, JIeSKAIIero B OCHOBe IIPOdeCcCHOHAIbHOI HOATOTOBKY 110
JIPYTUM CIIEIUATBHOCTSM: Be/lb cefiyac MaTeMaTHKa CJIyKHUT
MOIIHBIM MHCTPYMEHTOM HCCJEOBAHUI BO MHOTHX OTPACJIAX
4yeJIOBeUecKoil mesdrespHOCTH. llocTynuBime B 3TOM ToAy Ha
MEePBBIN KyPC BIIOCJIECTBIN CMOTYT BBIOUPATh HOBBIE MTOCOGHS,
paspaboranubie s 6y rynux GU3nKos 1 GUOJOT0B, XUMUKOB 1
HCTOPUKOB. ..

OO6yuenue puutes 5 jier. MOKHO MOCTYIUTb Ha JH000i Kypc.
[l aroro k centsiopio 2010 roga HAZO UMETHh CJIEAYIOINLYTO
6a3y: Ha 1-it kypc — 6 KJIaccoB cpejiHeil MKOoJIbl, Ha 2-i Kype —
7 knaccos, Ha 3-it — 8, Ha 4-it — 9, Ha 5-it — 10 kaaccos. IIpu
ATOM TOCTYIHBIINM Ha 2-if, 3-if 1 4-it Kypcbl Gy/IeT mpeioxe-
Ha 4acTb 3aJjaHuil 3a IpeAblayliue Kypcebl. [lg nocrynuBmmx
Ha 5-it Kypc o0ydenne MPOBOAUTCS IO CIEIHANbHOI MHTEHCHUB-
HOIT TIporpamme.

Jl1s1 IOCTYTIIEHNST HA/IO PENTUTh XOTs Obl 4acTh 33/1a4 MoMe-
MIEHHON HUKE BCTYNMHUTETbHONH paGoTsl (OKOIO HOMEpa Kaskaoi
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3a/1aul B CKOOKAX YKa3aHo, YYaIlUMCS KaKUX KJIACCOB OHA
Ipe/Ha3HavyeHa; BIIPOYEM, MOXKHO, KOHEYHO, Pelath U 3ajaun
[uist GoJtee cTapumx Kaaccos). Ha 06710KKe TeTpau Hanmimre,
Ha KaKOIl Kypc BbI XOTHTE MOCTYIUTb U B KAKOM KJjacce Gy/ere
yuntbes ¢ 1 cents6psa 2010 roza.

Cpox omnpasxu ecmynumenvroti pabomor — do 15 anpens
2010 zooa.

Tpynmbr «KosnektusHblii yueHnk» (Ha Bee Kypebl 1o 060
nporpamMmMe) MPUHUMAIOTCS Ge3 BCTYIUTENbHOH PaGOThI.

Pa6oTbl MOKHO OTHPABJATH IO 3JJEKTPOHHOMY aJIpecy:
priem@vzms.org

CaiiT MareMaTH4ecKOTo OT/IeJIeHUS:

http: / /math.vzms.org

3ana4u

1 (6-10). B mocky B6mmm 20 rBO3AMKOB CJIeLYIONIAM 00PA3OM.
Cuavasa B6um 16 rBo3siMKOB Tak, 4YTO OHM 00PA30BAIN KBa/I-
PATHYIO CETKY €O CTOPOHOH 3 ¢M (¢ YeThIPbMSI BEPTUKAIBHBIMU
PSIIaME U YETBIPbMSI TOPH3OHTAIbHBIME CTPOKAMH), 3aTeM BOH-
JIN elle 2 TBO3JUKA — 10 OJHOMY C KaK/I0# CTOPOHBI OT BTOPOIT
crpokn (OHM 06pPa3OBaIN CTPOKY JIMHBL 5 CM), @ 3aT€M — elle
2 TBO3MMKA, 06pa3yIolHe TATYI0 CTPOKY C BYMSI 'BO3JMKAMU
nocpean crpoku (o6pasoBasiach TisTasi cTpoKa JnHbl 1 M),
ITycTb JeBbIil 100ABICHHBINH BO BTOPYIO CTPOKY TBO3ANK HMeEET
HoMep 1, a mpaBbIii — HOMep 2. MOXXHO I HATSIHYTh HUTD /IJINHBI
19 cM Tak, 4TO6bI OHA POIIIA OT IBO3/MKA 1 K TBO3IUKY 2 Yepe3
Bce 20 TBO3JMKOB?

2 (6-10). Kakyo man6omburylo cyMMy Hu(p MOKET MMETh
BOCbMHU3HAYHOE YHCJIO, Jesieecs Ha 87

3 (6-10). Ha nuanTaruu BoJIb IpSMON IOPOTU PACTYT B OUH
psan 2012 KycToB KPbDKOBHUKA, IPUYEM KOJIMYECTBO ST0/l HA
JI000IT TTape coceHUX KYCTOB oTJmyaercs Ha 1. MoskeT Jir Ha
BCEX KyCTax BMecTe GbITh: a) 5555 arox; 6) 403406 arox?

4 (7-10). B octpoyrombrom Tpeyrossiuke ABC Guccekrpuca
AN, Bbicota BH 1 cepe/lMHHDII TIepHeH/ MKy Isap K cropone AB
repecexaioTcst B ofHOH Touke. HaiiguTe yrom A TpeyrosbHUKA.

5 (6-10). B 2010 roxy Jlapuce GymeT CTONBKO JIeT, KaKOBa
cymma 1mudp rojga ee pokJeHus. B KakoM TOMy pOAMIACDh
Jlapuca?

6 (8—10). M3BecTHO, 9TO 0. — KOPEHb ypaBHEHUS ax®+ bx +
+b=0, B — kopenb ypasHenns ax’ +ax +b =0, a Takxe, uT0
of = 1. Hafizure uncna o u f3.

7 (8-10). MoHO /11 pacCTaBUTh B KJIETKAaX Kpajpara 3X 3
YHCJIa TaK, YTOObI CYMMa JIFOOBIX IBYX COCEHUX 110 TOPU3OHTAIN
qrces ObLTa paBHa 6, a IponsBezieHne JIOObIX IBYX cocefeil o
BEpPTUKAIN PABHAJIOCDH 47

8 (8 —10). Iycts H — ocuoBauue BbicoTbl BH 0CTPOYrOJAbHOTO
tpeyrosbanka ABC, Toukn K u L — OCHOBaHWS TI€PIIEH/IKY JIsI-
poB, omytieHHbIX n3 Toukn H Ha ctoponst AB n BC cootBert-
crBenHo. Bepno s, 4rto okosno uerbipexyrospiHuka AKLC
MOXKHO OIINCATb OKPY>KHOCTD?

9 (7-10). CymuiecTByer Jin YeTBepKa Pa3JIMIHbIX HATyPaTbHBIX
YICes TaKUX, YTO CyMMa JBYX JIOObIX M3 HUX — HATypasbHas
CTereHb yucaa 5?

10 (8-10). Tlycrp E u F — o6ume TOYKM [BYX HEPABHBIX
TepeceKalonuxcsl okpyskHocreit, AD n BC — o6iiue BHeNTHUE
KacaTeJIbHbIe aTuX okpy»knocteii (A, B, C u D — TOUKHM Kacanus,
TepBbIe JIBE — Ha OJIHOI OKPY/KHOCTH, OCTaIbHbIE — Ha BTOPOIi).
B xaxom otHOmEHNN ent npsiMasa EF 11710111a/1b 4eThIPeXyTo/b-
nnka ABCD, ecsqm M3BeCTHO, UYTO OTPe30K AB BTpoe ajmHHee
orpeska CD?

11 (8-10). UsBecTHO, 4TO KBaAPATHBI TpexuieH ax® + 2bx +
+ ¢ OTpUIATeJIeH TIPU BCEX 3HAYEHUSAX apryMeHTta x. Bepno i,
4TO KBaZPATHBIH Tpexuien a’x’ + 2b%x + ¢? mosokuTeNeH TIpH
BCEX 3HAYEHUSIX apryMeHTa x?

27.11.09, 15:10
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12 (8-10). Pemmre ypaBrenue
1
2010 2011
X +—op = 1+x7 .

OTaeneHne buonorun

3auncJieHne Ha OT/ieJieHIe TIPOBO/INTCST HA KOHKYPCHON OCHO-
Be II0 pe3yJbTaTaM BCTYIHTeJbHOI paboThl. B KOHKypce MOryT
MIPUHATDH YYaCTUe NTKOJbHUKH, KOTOPbIE B ATOM Y4eOHOM IOy
3aHNMAIOTCS B 8 MM 9 Kitacce, HE3aBUCUMO OT MeCTa IPOXKHUBa-
Husi. OOydeHne Jjisi BOCBMUKJIACCHUKOB JITUTCS 3 TOAQ, S
JIEBATUKJIACCHUKOB — 2 To/1a.

Yyamumcst BOCbMBIX KJIACCOB HEOGXOAUMO PeIuTh 3a1aun 1—
5 MOMEIEHHON HUXKe BCTYITUTETbHON paGoThl, JeBSITUKJIACCHH-
KaM — 3ajaun 2—6. B oTBeTax MOKHO HCIOJIb30BaTh U (PaKTHI,
Hall/leHHble B JiuTeparype, u coOcTBeHHbIe ujen. IIpocum st
CBeJIeHNil, MOYEPIHYTHIX U3 KHUT, IPUBOUTH CCHIIKH HA UCTOY-
HUKH.

Bmecre ¢ pa6GoToil IpUILINTE KOHBEPT ¢ MAPKOIl M 3a1I0JIHEH-
HBIM azipecoM (JIIA OTHPABKH PEHICHUs TPUEMHON KOMUCCHN).

Cpox omnpasxu ecmynumeivrot pabomvl — e nozonee 20
mas 2010 zo0a.

3ana49u

1. Kakue npucrnoco6eHusi TOMOTaloT Pa3HbIM JKIBBIM Opra-
HU3MaM OOUTATh B YCJIOBUAX jeuiuTa BO/bl?

2. JIoBepuBIINCH pEKJaMe, MOKHO MOJyMaTb, YTO I'JIaBHOE B
MOTOIIIX CPe/ICTBAX — MaKCHMasbHO 3(deKTuBHOE ynaneHne
3arpsi3HEHNN, a B MHCEKTUIUIaX — MOJHOTA HCTPeGJIeHUST BPe/I-
HBIX HaceKOMbIX. OJ[HAKO 9KOJIOIM HE COTJIACSATCS C ITOJ00HON
TPAKTOBKOH M 3aMETSAT, YTO JIaHHbBIE MPEIapaThl [T0JKHDI Y/I0B-
JIETBOPSTDH elile MHOTUM TpeGoBanusiM. [lepeuncimure atu TpeGo-
BaHNU.

3. Bam mopyumsu 1poBepHTb, JACHCTBUTEJIBHO JIM JIOCOCDH
PYKOBOJICTBYETCS 3allaXxaMi, BO3BPAIasCh /I HepecTa B BOJI0-
€M, TJie OH POJINJICS, UJIH K€ OH UCIOJIb3YET KaKO-T100 Apyroit
crroco6 Hapuranuu. ONUINNTE TIJIaH BAIlMX UCCACTOBAHNIIL.

4. HasemHble 1103BOHOYHDIE MOTYT UMETb HIEPCTD, TIePbs UJIN
yenryio. KakoBbl cpaBHUTEJbHDIC TIPEUMYIIECTBA U HEJOCTATKI
KaX/I0TO U3 9TUX TUIIOB TTOKPOBOB?

5. MHOTHM JKUBOTHBIM CBONCTBEHEH TOJOBOH IUMOPGU3M —
pasmmume MexAy camuamu u camkamu (moMuMo ycrpoiicTsa
10J10BOM cucreMbr). Hasosure Kak MOKHO GOJIblle IPU3HAKOB,
110 KOTOPBIM MOTYT OTJIMYAThCS CAMITbl I CAMKH, YKa3aB, Y KaKIX
OPraHN3MOB TaKHe OTJIMYUS UMEIOTC.

6. [Toyemy HEBO3MOKHO yCTAaHOBUTH OOIIUE JIJIs BCEX JIIOJIEi
HOPMBI MUTAHUS: COJIEPIKAHUE B €3Ke[HEBHOM PaIloHe KaJopuii,
6€eJIKOB, JKUPOB, YTJIEBOJOB U [IPYTUX BEIECTB?

OTpeneHve GU3NKN

OO6yuenne Ha OT/IEJIEHUU OJIHO-, JABYX- U TpexrojnmyHoe. Ha
TpexroaundHblii moTok (Kype M3) MPUHUMAIOTCS OKAHYMBAIOIIIE
B 2010 rozay 8 KaccoB cpeHei IKoJIbI, Ha ABYXToAuuHbIi (Kypc
®2) — okamymBaomue 9 KJIaCCOB M Ha OJHOTOAMYHBIN (Kypc
®D1) — 10 xIaccoB. Yuarmecs, OKAHINBAIOIINE eCITHII KJace,
MOTYT TIPOHTH YCKOPEHHO BCIO Mporpammy 3a oaud roj (Kypc
®0). [lig mocryienns Ha Kype M3 Hy»KHO pelnuTh 3agaun 1—
5 TIpUBEJICHHOI HUMKE BCTYHMHUTEJNBHOI paboThl, Ha Kypc D2 —
3aaun 49, Ha kypc D1 — 3agaun 5—10, Ha Kypc DO — 3agaun
4—10. Ha o6s10:xKe Terpajau cJjaenyer yKasaTb (paMu/Inio, UMs 1
oruecTBo, Kog Kypca (D0, D1, M2 unu M3), CKOIBKO KIACCOB
Oyner 3akoHueHO K 1centsiopst 2010 roga, TMOJTHBIH TOYTOBBII
azpec (¢ mamexcom), aapec e-mail (ecam ectn), Tenedon.

Cpox omnpasxu ecmynumenvnoti pabomot — do 1 uions 2010
z00a.

‘ 42-60.p65 52

®

o

[T (1 ||

2009/ Neé

Ipyrnmbr «Ko/IeKTUBHBII YUEHHK> PUHUMAIOTCS HA KYDPChI
D1, @2, D3 6e3 BCTyMUTENTBHOM PAGOTBHI.
Caiit orpenenust ¢usukn: http: / /www. phys.problems.ru

3ana4yv

1. /IBa KyKa MoJ3al0T ¢ OJIMHAKOBBIMHI CKOPOCTSIMU: OJIMH TI0
tpeyrosbuuky ACB, a gpyroit — mo tpeyrosbhuky ACD,
cocraBJstionmM kBazipatr ABCD. Hapucyiite, kak 6y/eT BbITJISI-
JIETb TPAEKTOPHS OJTHOTO JKYKa B CHCTEME OTCUETA, CBSI3AHHOI €
JIDYTHM JKYKOM. VI3BECTHO, 4TO JKYKM HAUYUHAIOT JIBUTAThCS
O/IHOBPEMEHHO 13 ToukHu A Baosb auaronanu AC.

2. B xanopumetp, comep:kamuii Bogy maccoit m, =200 T npu
temmeparype ¢, = 50 °C, KTaayT KycOK JbJa TIPH TeMIepaType
t, = =5 °C, B cepeUHy KOTOPOTO BMEP37a CBHHIOBAS APOGHH-
Ka, o6eit maccoit m = 110 r. Korga pacrasiia n = 1 /10 yactb
JIbJIA, OCTABIINIiCA KycoK yTonyJ1. Haiiinre koHeuHylo temrepa-
Typy cucteMmbl. Heo6XouMbie KOHCTAHTBI OTBINUTE CAMOCTOSI-
TeJbHO. TerIoeMKOCTbI0 KaJopuMeTpa MOKHO HpeHeGpeyb.

3. Y4acTok aJeKTPUYECKOii IIern COCTOUT U3 JABYX 110CJIE/10Ba-
TEJIbHO COEIMHEHHDbIX pe3nctopoB. V3BecTHo, 4yTo Mosd n =
=1 /3 Bceii MOIIHOCTH, TTOTPEOISIEMOI ATUM YYaCTKOM, paccer-
BaeTcsl Ha 1epBOM pesuctope. KakoBa OyzeT aTa OIS, eIl K
[IEPBOMY PE3UCTOPY MAPaJIeJbHO IIPUCOCJANHUTD €Ile OJUH
TaKol JKe pe3ncTop?

4. Yacel, 3aBejileHHbIE B TOJHOYB, ynuwim 3a 12 vacoB Ha
royaca Brepes. HaiinTe, CKOJIbKO BpeMeHN MUHYTHas CTPeJI-
Ka yacoB ObLTa BIiepe/in 4acoBoii 3a atu 12 yacos. Cuuraercst, 4To
BIIEpE/IM HAXO/UTCS Ta CTPEJIKA, KOTOpas COCTaBJsAeT GOJIbHINI
yroa ¢ HampaB/jeHneM Ha 12 9acoB, OTCUMTAHHBIH OT 3TOTO
HAIPABJIEHUS 10 XOJy JBUKEHUS CTPEJIOK.

5. BiyTpenisist oBepXHOCTD HMUIUHAPHYECKOTO COCY/Ia TIPE/I-
cTaBJIsieT co60il 3epKaJio MOBCIOY, KPOME TI0JIOCHI U3 MOTJIONIA-
IOIIETO MaTepuasa, PacHoJoKeH-
HOW B/I0JIb 06Pa3yIONNX IUTHH/I-
pa u 3anumatwonieit n = 1,/6 io-
mazu ero nosepxuoctu (puc.1). B :

[
I\

TOYKe, /IMaMeTpaibHO IIPOTUBOIIO- [ ommmmt”

o o = [
JIOKHOU CcepefuHe 3TOU I10JIOCHI, 06) .
UMEeTCsT MaJIeHbKOE OTBEPCTUE. :

[Tog xakuM yriaom o K paauajib- P Rl D

HOMY HAIIPaBJIEHUIO HY’XHO Ha-
IIPaBUTb B OTBEPCTUE JIA3ePHBII
Jiyd B IJIOCKOCTH, TePHEeH/NKY-
JISIPHO#T OCH IIMJTMH/IPA, YTOOBI OH BBIIIIEJ U3 OTOTO K€ OTBEPCTHS
Hapyxxy? Kaxum Gyzer yros Mekay BBIIIEANINM W MCXO/IHBIM
Jyuyamu?

6. /[Ba MaJIeHbKUX MSYMKA HAYMHAIOT OJHOBPEMEHHO Ma/laTh
6e3 HavaJIbHOIT ckopocT. OJMH 13 HUX BHAYaJe HAXOJUTCS Ha
BBICOTE 7 HAJ[ TIOJIOM, a JIpYyroil — Ha BbIcoTe 12,/ 4. Paccrosaue
MEXK/IY MSIUKaMu 110 Topu3oHTaan L. Bee yiapbl MSUNKOB 0 110
a6cosmoTHO yupyrue. Hafiure 3aBUCUMOCTb PACCTOSIHUS MEXK LY
MSYMKAMH OT BPEMEHH U MOCTPOITE COOTBETCTBYIONIHIA IPaduK.

7. [IBa 6pycka JexxaT Ha TOPH3OHTAJIbHOM cToJie. [3BecTHO,
YTO HEOOXOJMMO TTPUJIOKUTH TOPU3OHTANIbHY0 cuany Fy =5 H,
4yTOOBI C/IBUHYTD C MeCTa O/InH u3 HuX, u cuay F, =10 H, uro6or
cABUHYTD ApyToil. Korma BTopoit GpyCcoK MOJIOKIIN Ha TIepPBbIii,
TO HIDKHWI OKAa3aJ0Ch BO3MOKHBIM C/ABUHYTH cuioit FF =9 H.
Kakyio MUHUMAJIbHYIO CHJIy HYKHO TPUJIOKUTH, YTOOBI C/IBU-
HYTb BTOPOil 6PYCOK, KOT/JIa Ha HEM
CBEPXY JIEKUT HEepPBbIi? d d

8. Koncrpykuust B ¢opme mpo-
MUCHO# OYKBbI M COCTOWT U3 JIBYX

Puc. 1

. d d
BEPTUKAJIBHDBIX CTOJIOUKOB JIJIMHOI
d, X KOTOPBIM TOJBENICHDI J[BE CO-
eINHEHHbIE MEXIy Co6oi peiikn
Puc. 2

Takoii sxe amanbl (puc.2). Paccros-
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MNHOPOPMANIUA

e Mexy cronbuxkamu 3d /2, macca peiiku m. Pacramnyrta uin
cKaTa Kak/lasg M3 peek B HaAIlpaBJEHUU BJIOJIb CBOEH ocu H €
KaKoW CHUJION?

9. Merouek ¢ 1MecKoM, IOJBEIIECHHDBII HA BepeBKe [JTMHON
L =1 M, orBoJAT B cTOpoHy Ha yroa o = 90° u ormyckaior 6e3
HavaJbHON ckopoctu. Haunmnas ¢ aT0ro MOMeHTa M BILIOTD JIO
MOMEHTa, KOT/[a MEIIOYEeK OKa3bIBACTCS O/, TOYKOI Mo/iBeca, U3
HETO BbICBITIaeTcs mecok. HaiiauTe nimHy mecyaHoro cjeia Ha
T10J1y, €CJIM U3BECTHO, YTO PACCTOSHUE MEXK/Ly TOYKOII Io/[Beca u
mojioMm h = 4 M.

10. B 3axpbiToM OasyioHe HAXOJHUJIACh CMECh KHCJIOPOJA
Maccoi My W BOJOpO/ia Maccoil M, . B pedysbraTe peaknnm Bech
KHCJIOPOJI BCTYNWJ B COEAMHEHHE € BojopoaoM. llpu atom
Temreparypa yBesawumsiach or 17 go T,. Bo ckombko pa3s
N3MEHUJIOCDH JIABJICHUE Ta3a B COCY/IC, €CJIN KOH/ICH AN T1apoB
BOJIBI HE TIPOU3O0IILIO?

OTpeneHve Xxmvuu

Ha oraesnenne mpuHUMAIOTCS ydalyecs, uMmeionme 6a3oBoe
ob6pasoBanue B oObeMe 8, 9 m 10 KJIaccoB CpejHEN MIKOJIBI.
IMosmas mporpaMma oGydyeHusi Ha OTHEJEHUH — TPH TOA.
[TporpaMma BKJIIOYAET CJIeYIONINe OHOTOANYHBIE KYPCHI:

« o6masg xumus (¢ 9IeMeHTaMi HEeOPTaHMIECKON XVMUM);

« HEOpPTaHWYeCKass XUMHUS;

« OpraHuvyecKasi XuMus;

« XUMHUSI OKpyKaiomeil cpeapr (mosroma).

Ecam BbI XOTHTE HAYYUTHCS PENIaTh 3aja4u, BaM OY/IeT MOJIe3eH
Kypc «Metosipl pemmennii 3aa4 mo XxumMnun». Ero MoskHO coBMe-
MAaTh € IPYTUMU KypCAMHU.

Bousee moapo6HbIe cBeileHUsT O TIPOrpaMMe 1 Mopsijike obyde-
HUS BBICBLIAIOTCS BMECTe ¢ u3BelieHneM o perrenun [1prueMHoit
KOMYCCH.

3a/laun BCTYNHUTEIbHOH pPaGOThl, TOMEIIEHHbIE HUXKe, — 00-
e JIUIsT BCeX MOCTYIAIONINX, HE3aBUCUMO OT 6a30BOro 06paso-
BaHUSA.

Ipuem na omoesenue nposodumcs 6 meuenue ecezo 2010
200a. Ho xxeaameivno omnpasums Cmynumeivnyio pabomy 0o
15 wons 2010 zo00a.

I'pyminbl « KosieKTBHBIH YYeHNK> TIPUHUMAIOTCS 6€3 BCTYTTH-
TeJIbHOH paGoThI.

Ha caiit: http: / /www.chem-dist.ru

3anaym

1. Hekoropas conb comepsxur 25,66% kamus, 41,78% uoaa,
31,58% xucaopoga no macce. Haiiyure dhopmyany comm. Kak
Ha3bIBAETCSI KUCJIOTA, 00pas3yionast aTy CoJb?

2. Hanumure ypaBHEHHS 3JEKTPOJUTHYECKON UCCOIUAIIN
comn Na,HAsO, . Kaxyio cpeny (kucayio, HefiTpanbHyIo, Ie-
JIOUHYIO) MMEET BOJHBII PACTBOP STOH COMM M MOYeMy?

3. Hammmmure ypaBHEHHS PEAKIHii, C IMOMOIIBIO KOTOPBIX
MOXKHO OCYIIECTBUTDb TAKyIO LIETIOYKY IIPEeBPAIleHI:

Mg — Mg (OH), — MgCO3; — MgO — MgCl, — Mg(NO;),.

Yxaxure ycJoBUST MPOBEIEHIS PEAKIIH.

4. 18,0 T yraa coxrmm B 36,7 1 kucaopoma (pu 25 °C ).
IpoxyxTer mpomyctiu uepe3 150 T 20%-To pacTBopa THAPOKCH-
na natpus. Haiinte Maccbl BceX pacTBOPEHHDIX BEIECTB.

3. llepeuncomre Bee po-
H,C JYKTBI OKHCJICHUSI TIPUBeE-
JIEHHOTO Ha PUCYHKe 3 Be-
I[ECTBA: a) XOJIO/HBIM pa-
creopom KMnO, B memnou-
HOH cpejie; 6) TOpSTIMM pa-
Q CH, CH, cTBOpOM KMnO, B me-
JIOUHOIT cpejie; B) PacTBo-
CH pom KMnO, B kucsoit

Puc. 3 3 cpee.

CH
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OTpeneHne cgunonorun

3a BpeMs CyIEeCTBOBAHUS OT/IEJICHUS TTOATOTOBJICHO U U3/IaHO
60JIbIIOE KOTMYECTBO YHUKAJIBHBIX YIeOGHBIX MOCOOHIl 1o pyc-
CKOMY SI3bIKY, OOIeMy sI3bIKO3HAHUIO, MCTOPUU ¥ TEOPUU JIHTe-
paTypbl.

Ha otzesienne npuHIMAOTCS Bee JKeJiafoline, nMelonte 6a3o-
BYyIO IIO/ITOTOBKY B 00beMe 7 KJIACCOB.

Orpenenue npe/saraer Ha Bbi6op 18 y4eGHbIX mporpamm.
[Togpo6HO 0 HUX paccKkasaHo Ha HalIeM caiite. Takske cBeJleHUS
0 TporpaMMax M TOpsIIKe OOYYeHHUs BBICBLIAIOTCS BMeECTe C
nsBelenueM o peienun IIpuemnoit xomuccun. Ilpu ouenke
BCTYIHTENbHOII paGOThl YUYUTHIBAETCS, B KAKOM KJAacCe BbI
YUUTECD.

Bol xotute ucnpaButh rpaMotHocTb? [lo3nakoMuTbhes € JII0-
GOTIBITHBIMU IIPOOJIEMAaMH TEOPHH U NIPAKTHKH PYCCKOTO SI3bl-
ka? OcBouTb TPHUEMbI JMHTBUCTUYECKOTO WJHM JIMTEPATYPO-
BE/JIUECKOT0 aHaan3a? Y3HaTb KOe-4TO O >KyPHAJINUCTUKE U OIje-
HUTb CBOM TBOpUecKue crocoOHocTn? I[Ipmo6pectnn HaBBIKH,
Heo6xo/Mble [iIst yernemHoi cnaun ETD? Torga BbimosHute
1 NPUILJINTE HAM BCTYIHUTEJIbHOE 3aJaHue, BOIPOCHI KOTOPOTO
IIPUBE/ICHBI HIDKE.

Brnumanue! Ha mepBoit cTpanunile yKaskute cjaeayfoniue JTaH-
upie: @.1.0., kakoil KJacc 3aKaHdmBaeTe, MOTHBIH (¢ MHAEK-
com!) mouTOBBIN anpec, Tenedon. Bmecre ¢ BbITOJHEHHBIM
3a/laHneM TPUILINTE, I0KaJayiicTa, CTaHJapTHbI KOHBEPT €
MapKOll M 3armoJHeHHbIM BammuM ajgpecoM (¢ MHAEKCOM) s
orseta IIpuemnoil komuccun.

Cpox omnpasku ecmynumenvnot pabomor — do 15 mas 2010
z00a.

I'pymnmbt « KosmeKTHBHBIN yUeHUK» TPUHIMAIOTCS 6€3 BCTYIIH-
TeJIbHOH paGoThI.

Ecum Botpochl, 1pe/isiosKeHHble HaMH, /IS Bac MOKa CJIOXKHDI,
HO BBI XOTHTE y HAC YYUTbCS, IPUILIATE WHPOPMAIHIO O cebe,
1 Mbl TIOCTAPAEMCS TOMOYb.

Hamr e-mail: filologiyvzmsh@mail.ru

Hamr caiit: http: / /philologist.su

Boripocs/

1. [IpeamosoKuM, BbI — IHCATEIb-APAMATY PT, BEPHBIIl TPaIi-
MM HAJEJSITh TEPOeB <«TOBOpSIUMI» uMeHamu. Codmnnte
HEGOJIBIIYIO CIIEHKY, B KOTOPO# JEHCTBYIOT 3—4 IepCcoHaXKa,
HAJleJIUTe UX <«TOBOPSIUME» uMeHamu. U cospaiite — 10
roroJieBcKoMy 06pasity! — «3aMevaHust [[Jisi TOCHO/ aKTEPOB»,
0ODBSICHSIONTIE XapaKTePbl U MOBE/JEHIE BaINX I'ePOEB.

2. Otkyna GepeTcst «My3blkay moasun? IIpommocTpupyiite
CBOM Pa3MbIIILJIEHNsT JIOObIM MO3THYECKUM TEKCTOM.

3. Kak Bbr qymaere, mouemy B mosme JlepmontoBa « Mirbipu»
TaK MHOTO <«OTHSI»?

4. Onpejesute, 4TO HE TAK B IPUBEAEHHDIX PETOKEHUSIX:

« ForoButest pucyT Ha TeMy « CBOGOIHOE BPEMST TIO/[POCTKA 1
KakK ero yOuTb?»

« Cpean caymateseil ObLIM CTYAEHTBI, KOTOPBIE JIBIKA HE
BSI3QJIH T10-PYCCKU.

« PacKoJIBHUKOB y3HaJI, 4TO €ro BbI3BIBAIOT B MUJIUIUIO.

5. TIpu pas6ope rpammaTuyeckux oMoHUMOB (oModopm)
Oblia «HaiijieHa» Takas ¢pasa:

Dusuka puzuka ouenv yeiexaem.

[IpeacraBuTesn KakuX ele ClenuaibHOCTell, mpodeccuii,
umocodckux HAITPABJIEHHH U T. 1. MOTJIH GBI IPUIYMAaTh O cebe
anagorunatbie oMogopmbr? (IToaHOCTHIO (hpasbl THCATH He Hy K-
HO — OHM U TaK OY€BH/HBI, JOCTATOYHO HalluCaTb, KaK Ha3bIBa-
ercst Takoil yesioBek. He Hy»KHO Takyke NPUBOAUTH OYEHD MOXO-
JKHE CJI0OBa, 00PA30BaHHBIE C MTOMOIIBIO MPE(UKCOB, HAPHMED
reopusuk, 6MOPU3NK 1 T. I.)
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OTpeneHne 3KOHOMUKU

OOGyuenne Ha OT/leJIEHUN MTPOBOANTCS 1O HTepHETY U arek-
TpoHHOIT moute (Takke ecTb TpaauIMoHHas (hopMa 06GyUeHUs ¢
PACCHLIKON MaTepnaoB 00braHol moutoii). TlocTynuth Ha 9KO-
HOMMYECKOe OT/ie/leHre MOI'YT BCe OKOHUYMBIINE 7 KJIacCOB, CPOK
obyuenust ot 1 rozga 10 4 jer. O6ydeHne NHANBILYAJbHOE HJIH
B KpykKKe «KoJIIeKTUBHbI yueHuK» .

[Tporpamma oTAeieHusl BK/IIOYaeT U3ydeHue SKOHOMUYECKOI
TEOPHH W 3HAKOMCTBO C IIPAKTHKOII SKOHOMUKN U GH3Heca.
Cpeant yueOHBIX KypCOB OT/EJIE€HHS — OCHOBBI 3KOHOMUKH,
IIPEANPHHIMATENbCTBO U MEHE/PKMEHT, GyXTaJTepCKuil ydeT I
¢unancpl, MEpoBasg SKOHOMUKA U reorpadusi, sKOHOMUUYECKast
ucropys. Yuaummcs 9 KJIaccoB Mbl IIOMOKEM JIy4llle II0Ar0oTo-
BuThCsa K TocymapcteenHoit utorosoit atrectanun (TMA-9) o
pycckoMy sI3bIKYy M MareMmaTuke. Ydyammecsi 10—11 kiaccoB B
JIOLIOJIHEHNe K KYyPCY 9KOHOMUKU II0JIy4aT HeoOX0AUMYIO II0Ar0-
TOBKY IO PYCCKOMY SI3BIKYy W JUTepaType, MaTeMaTHKe, obIie-
CTBO3HAHUIO, YTO TOMOXKeT Jyuiie ciartb EID, ycmemmo yda-
CTBOBATb B IPEAMETHBIX OJIIMIMAJAX M IOCTYIUTb B JIydIlIne
By3bl CTPaHbl. YUEHUKHM SKOHOMHYECKOIO OTeJleHUus CMOIYT
3a0UHO II03HAKOMMTbCA C IIPEIOAaBaTe/sIMU, CTyAeHTaMUu U
sbiycknukamu MI'Y um. M.B.Jlomonocosa. Onu 1mposenyT
JUIL Bac MAacTep-KJIacCbl M IO3HAKOMAT C 3aMedarebHbIMU
npodeccusiMU B 9KOHOMUKE, OJHY U3 KOTODbIX Bbl, BO3MOKHO,
BbiGepete [17s1 ceGst B OY/IyIIeM.

Bo BpeMst 06y4yeHNsT YIeHUKH CTAHOBSTCS YIaCTHUKAMHU yBJIe-
KaTeJbHOI OGu3Hec-Urpbl, Kotopast OyzeT BecTuch uepes Murep-
HeT uau 1o Inepenucke. Hirke omy6amMkoBaHa Kapra CTpPaHbL
Aronust (prc.4), B TOpoax KOTOPOiT yIACTHUKH OTKPOIOT CBOH

SEOHW:

Puc. 4

¢upmbl Ha Bpems Mrppl. Topoma OKOHUM Ha3BaHbBI B 4YECTb
BBIJIAIONINXCS 9KOHOMUCTOB.

BHUMaHue: 3a4aHne

B gecth xakmx aKOHOMMCTOB Ha3BaHBbI Topojaa Jkonun? Ilo-
crapaiTech pa3rajiatb Kak MOXKHO GoJtbiie umen! Haiitu oBeT Ha
Hall BOIIPOC BaM 1oMoryT VHTepHeT, y4eOHUKY U CIIPABOYHUKH,
HAy4YHO-TIOMNY IAPHBIE Ky pHaabl (Hanpumep, «Hayka u sxKusib» ),
JIPY3bsi U YUUTEIs.

OTBeTbl ¢ UMEHAME 9KOHOMICTOB ITPHUCHLIANTE 110 3JIEKTPOH-
noit noyre: econ@vzms.ru MJIM Ha OTKpBITKAX C yKasaHHeM
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[IOJIHOTO TIOYTOBOTO ajipeca M WHAeKca, (aMuiInu, UMEHU U
oruectBa (Ha OTKpbITKAax nummre, noxanyiicra, [IEUATHBI-
MU BYKBAMMW). OsarsaBbTe OTKPBHITKM WJIHM 9JEKTPOHHDBIE
IIICbMA TaK: « DKOHOMHUKA, BCTynuTesbHoe 3a1anne-2010» . O6s-
3aTEJIbHO YKaKUTe KJacC, B KOTOPDOM BbI cefuac y4HTecCh.
[Moskasyiicta, ykaxute ucrouauk nadopmaimn o6 OJI B3MII
— xypHaspl «KBant» nm «Hayxka n skusub», adumra, apyroe
(mampuMep, «y3Haa OT Apy3ei»).

Cpox omnpasxu ecmynumenvhoi pabomol — do 15 mas 2010
200a.

Harr agpec B Untepuere: www.vzmsh.ru,/page/econ

OTtpeneHne «HpaBCTBEHHOCTb, MPaBO, 3aKOH»
(npaBo n rpaxpaHosegeHue)

xonpaukam 8—11 kisaccoB u rpymnam  «KosieKTHBHbBII
YUEHHMK» TIPE/IJIaraloTcs jiBa Kypca.

1) Tonooii Kype «Becepl 0 mpaBax ueI0BeKa, HPABCTBEHHO-
CTH, TIpaBe, 3aKOHE M rOCyapcTBe» . B Kypce Aaiorcest coBpeMeH-
Hble TIpeJCTaBJAeHNs 00 OCHOBHDBIX IOHSATHSX, CBSI3AHHBIX C
IIPaBOM, 3aKOHOM U TOCYZIAPCTBOM, PACCKA3bIBAeTCSI 00 OCHOBAX
poccuiickoTo 3aKOHOATEIbCTBA, IIPaBax yesgoBeka. Pazénpaior-
Cs1 IPUMEPDI CyIeGHBIX TPOIECCOB, MPUBOAATCS OOIIEKYIbTYP-
HbIe IIPYMEPDI, CBI3aHHbIE C HANPABJIEHHOCTHIO Kypca.

2) Toayroparogosoii kKype «Beceipl 06 0cHOBax JeMOKpa-
TUHY .

Mbl nipe/itaraeM 1poXo/uTh KypCbl MMEHHO B TAKOM MOPS/IKE.
W TOJIbKO CTAPIIEKIACCHUKH, €CJIT OHU He YCIeBAIOT MPOiTH 06a
Kypca HOAPS/l, HO 06sI3aTEIbHO XOTAT MPOUTH UMEHHO BTOPOIT
KypC, MOTYT HauMHATb MPSIMO C HETO.

JKenaromye y4uTbesi IOJKHBL COOOIUTD
CBOI1 TIOJTHBIN MMOYTOBBIN ajipec, aJpec 3JeK-
TPOHHOI mouTh! (ecsin ecth), haMuIuIo, UMst
U OTYECTBO, CKOJIDKO KJIACCOB 3aKOHUYCHO.
IIpu oreHKe BeTynuTeIbHON PAbOTHI, BOIIPO-
CbI KOTOPOIl IPUBE/IEHbI HIKE, Mbl yYUTbIBA-
eM Bozpact (6a30Boe 06pazoBaHue) MOCTyIA-
onero. B mmcbMo 06s13aTesIBHO 80K UME
00bIUHDII KOHBEPM ¢ MAPKOLL U 8aWUM Adpe-
com (4TOGBI MBI MOIJIM BaM OTBETUTH) U
OTBETHI Ha IPUBE/IEHHbIE HUXKE BOIPOCHI.

Cpox omnpasxu ecmynumevHoi padomot
= 0o 1 utons 2010 200a.

I'pynmbl «KoJIeKTHBHDIN yYEHUKs T1pH-
HUMAIOTCS 6€3 BCTYNMUTETbHONH paboThI» .

p~

X
Fucapp i

Borpocs/

AAb 1. YupaJisiss MAalInHOM, TPaKJAaHUH HApy-
IUJT TIPaBUJIA IOPOKHOTO ABICKeHUSA. [laH-
HOC [edHue SABJISICTCA:

a) mpecryiieHueM; 6) MPOCTYIIKOM.

2. Jlnst Toro 4ToObl YEJOBEK 4yBCTBOBAJ
cebst cBOOOHBIM, HEOOXOAMMO JI IeMOKpPa-
THYECKOE YCTPOICTBA KM3HU 0611ecTBa?

3. HasoBute Tpex-deTbIpex U3BECTHBIX POCCHUCKUX JOPEBO-
JIOIMOHHBIX I0PUCTOB.

4. Komy npunajexur ¢pasa «Korga ocsier Iblib BEKOB. ..
0 Hac Toxe OyayT BCIIOMHUHATH HE 3a Hamu 1006e/bl WJIn
MopaskeHus Ha T0Jie OUTBBI WJIM B TIOJIUTHKE, a 3a TO, YTO MbI
c/IeJIalIi LISt JIyXOBHOTO PA3BUTHS YeJIOBEKay ?

a) JIx. Kennenn; 6) Hamoneony; B) Cramuny; r) Bucmapky.

5. B mpuBeieHHyI0 IIUTATY BCTaBbTE OHO U3 CJIOB, TPUBEIEH-
HBIX HIZKe. B murare OHO 3aMEHEHO MHOTOTOYUEM: ... — 9TO
OpraHu30BaHHAas, EHTPATM30BAHHAS U aBTOPUTAPHAS JIEMOKPa-
TUA>» .

a) Kammramusm; 6) dammsm; B) MOHAPXUSA; T) COIHATUIM.
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OTpeneHne ncropun

OOGyuenne Ha OT/eJICHNN MO3BOJIUT BCEM, B TOM UHCJIE JKHUTe-
JIAM CaMbIX OT/IQJICHHDBIX TOPO/IOB U JIePEBEHb, PACIIUPUTD CBOI
KPYro30p, IOATOTOBUTLCS K €IMHOMY TOCY/IAPCTBEHHOMY 3K3a-
MeHY I10 UCTOPHH. Y CIEINIHO MPOIIe/IITe Kypc 00yUeHus MoJIy-
YaloT JIUILJIOM.

A 3aueM HY’KHO nM3yuyaTb MCTOpHIO? Bo-mepBbIX, aTO MpocTo
unrepecto. JII0GOMBITHO 3HATD, KaK JKUJIU KOT/A-TO JIOIU, BO
YTO OJ/IEBAJINCH, YeM IUTAINCh, YTO YUTAIH, KAK JKEHUJUCH 1
BBIXO/IIJIN 3aMY>K, 32 UTO OOPOJIUCH U «HA UTO HAAPBIBAINCHS .
Bo-Bropeix, ato mosesno. Toabko 3Has mpomnwioe, MOKHO IIO-
HATH HACTOSIIIEE U ITPOTHO3UPOBATD Oy rytiiee. Mbl TIOMOXKEM BaM
B 9TOM Pa3o6parbcs.

CrienaJsibHO JI71S1 BAC OIBITHBIC IIPENOABATEIN TTNHIYT KHIK-
xu. Ilocnennue HOBOCTH M3 MUpa UCTOPUU Bbl y3HAETe OJHUMU
u3 nepBbix! Mbl Gy/ieM MOJ/IEPKUBATD C BAMU TTOCTOSIHIYIO
cBs13b. [lo mammM KHIDKKaM BBl GyieTe BBITIOJHATH 0COObIE
3a/laHus ¥ coOOIIaTh HAM, UTO BBl packonasu. Beap, B cymiHo-
CTH, TPYJ HCTOPUKA U COCTOUT M3 3THX PAacKOIOK. VcTopuk-
apxeoJIorT, Komasi 3eMJII0 M 1IeCOK, OTBICKMBAET KPYIUIIBI YIIIE/I-
IMIIX BPEMEH; MCTOPUK-apXUBAPUYC KOIaeTcs B Tpyze Gymar u
JIoCTaeT M3 apXMBOB M JlaXkKe M3 4YaCTHON IIEPEeIUCKHU BCE, YTO
MOKeT II03BOJIUTD eMy IIOHATb 00pa3 BpeMeHNU; ICTOPUK-Teope-
THK KaK YBJIEKATEJIbHBIH POMAH YUTAET apXeosornyeckue Tal-
JIUIBI, CyXHUe CBOJKHU, CTATHCTHKY M BOCCTAHABJIMBAET 10 HUM
JKUBYIO TKaHb YIIeAmeil sKu3Hu. Y HCTOpuKa ocobast mpodec-
CHs: OH B OJIHOM JIMIle CJIe/[OBaTesb, IIPOKYPOp U aJBOKAT
BpEMEHH.

BerynurenbHoe 3asianne Ha OT/eeHue, MPUBEJEHHOE HIDKE,
HY>KHO BBIIIOJTHUTD Ha JBOIHOM JmcTe OyMarm.

Cpox omnpasku ecmynumenvnoti pabomvt — do 1 urons 2010
200a.

I'pymmst « KomeKTHBHBIN yYeHUK» TPUHIMAIOTCS 6€3 BCTYTIH-
TEJIbHOH PabOThI 1O 3asIBJEHUIO PYKOBOIUTEJIS.

3anarHme

1. Orrazaiite, KTO 3TO:

« Pycckuil npoMBbIIIJIEHHUK, CUTIIEBbII MarHar, MelleHar.

« Ero xena m gpyr, Bepa HukosaeBna, — yposxaeHnnas
MamonToBa.

« MoJsioj10ii Kymeri ¢ THIOM U KapToil o0bexasl Bce eBporeiic-
KHe My3eH U CJIeJIajICs TOHKUM 3HATOKOM >KUBOIIHCH.

« B 24 rosia ocHOBaJI B CBOEM PO/IOBOM JIOME YaCTHYIO rajiepero
PYCCKOH JKMBOIHCH.

« B 60 mer mepeman cBoio rajepero B gap Mockse.

« 113 Bcex cCOBpEMEHHDIX eMy XY/I0KHIKOB IIPEIIOUNTAI IIepe-
JIBUXKHUKOB.

« Meutan Haiitm WKOHBI Py6ieBa, HO ymava yJbIGHYJACH
JIPYTOMY KOJIJIEKITUOHEPY.

« CraJt IepBbIM INPEKTOPOM OCHOBAHHOTO UM My3esl, TPATHJI
Ha Hero BCe CBOM cOEpeXKeHus, HO U3 CKPOMHOCTU HUKOTIA He
SIBJISLIICST HA COOCTBEHHDIE I0GUJIEN.

« CoBepmieHHO GeckopbicTeH. Ero OyMaskHUK Bcerga ObLl
OTKPBIT [IJIS1 HY>K/IQIOIIXCS.

« C Xy/Io)KHUKaM1 HUKOT/Ia He TOProBaJics. 3akasbiBas Kap-
THHBDI, MJIATHJ CIOJIHA.

« Ero nmenem naspan HarmoHa/IbHbII My3eil 1 CTAHIMSA METPO
B Mockse.

« Ero moprper pa6orbl Penuna ykpariaer 3aJbl CO3/[aHHOTO UM
My3es.

« Ero mocaennue ciaosa poxactBennukam: <«bepernte rase-
peros.

2. Onmnure, He 6oJiee 4eM B 7 TIPEJITIOKEHISX, TIOJTUTUIECK i
MIOPTPET BTOPOTO IpesujenTa Poccui.
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Brumanue!

OJI B3MIII npooaut Ha6op Ha Kypc «OOiecTBOZHAHNES .
Kypc BrJIouaeT cieayionie AUCHUAIINHBL punocodus, demo-
BeK U OOIIECTBO, HOIUTOJIOTHS, TEOPHs TOCYAapCcTBa, Tocyaap-
cTBerHoe ycTpoiictBo Poccuu, mpaBo, 9KOHOMUKA.

CurymiatesisiM HATIPABJISIIOTCST OPUTHHAJIBHBIE y4eOHBbIE TT0CO-
6us, CO3/laHHbIE HA OCHOBE MHOTOJIETHETO ONBITa paGOThl aBTO-
pos kypca. IIpoBepka snanmii OcCyliecTBJSETCA € HOMOIIBIO
OOTIENPUHATON CUCTEMBI TECTUPOBAHMUS.

[Tporpamma kypca paccuntana Ha 1 ron. OGydeHme HOCHT
320UHBIIl XapaKkTep W HUMeET IIeJbI0 /IaTh BBIMYCKHUKAM IIKOJI
— KaK KPYIHBIX TOPOJIOB, TaKk M HEGOJBHIUX ceJq — TJayOoKue
3HAHUS O OONIECTBEHHBIM [UCIUILIMHAM, TOATOTOBUTD MX K
yerennoii ciade ETD o o61ecTBO3HAHWIO.

Jlnst 3ammen Ha Kype HeOOXOAMMO OTIPABHUTH 3asiBJeHNE 00
1 wons 2010 200a. B 3asBrenun ykaxure HaMuinio, nums,
0TYeCTBO, CBOI MOMHBIN goMamHuii agpec (¢ UHIEKCOM), KJIacc,
B KOTOpPOM BBI GyJete yunuthbes ¢ 1 centssops 2010 rozga.

agsenne otnpasbre 10 ajapecy: 119234 Mockea, Bopobve-
6oL 20pv, MTY, OJI B3BMIII (kypc «Ob6uwecmseosnanues).

OTtgeneHvne MHdOpPMAaTUKU

ITpuem Beziercst na Kype «IIporpaMmMmupoBanue /i HAYHHATO-
MUX > .

Ha otjiesienne mpuHUMArOTCS BCe JKeJIatonye ¢ 00pa3oBaHueM
He HIKe 6 KyaccoB cpeHeit mKoJpl. OOydeHne MHIUBU/LYajlb-
Hoe min B Tpynmax «KosnektuBublil yuenuks. /s ycrenmnoro
BBITIOJIHEHUST TPAKTHYECKUX 3a/aHuil /I0JKHA OBITh BO3MOJXK-
HOCTH paboTbl HA KOMIIbIoTepe. 3a Troji O0ydYeHUs ydaliuecs
OCBOSIT OCHOBHbIC KOHCTPYKIIMU si3blka [lackasb, maydar mpo-
cTeiflie aJrOPUTMbl U B KA4eCTBE MTOrOBOI paGOTHI HAMHUIIYT
UTPOBYIO IIPOTPaMMy. Y CIIENTHO CABIINE BCE 3aJaHUS CMOTYT
MIPOJIO/KUTD 00yY€EHHE B CJIEAYIONEM TOY.

[lns 3aunciennst HeoOXOMMO MIPHUCJIATH AHKETY C OTBETAMU Ha
MPUBE/IEHHbIE HUKE BOIPOCHI.

Buumanue! OTBeTbl Ha BOIPOCHI AHKETHI TPUCHLIANTE Ha
JIBOITHOM TETPA/IHOM JINCTE, YKA3aB Ha MIEePBOIl CTPAHHIIE BasKHbIE
g wac pannbie: M. U.O., kiacc, KOTOPHIN Bbl 3aKaHYMBAETE,
nosnbiii (¢ ungekcom!) mouToBbli agpec, e-mail (ecau ecrsp).
[Tummre pasBepHyTble OTBETBI Ha BOIIPOCHI.

Cpox omnpaexu anxemor — do 15 nas 2010 z00a.

Ham caiit: http: / /vzms.programming-school.ru

Borpocsb!

1. V3yyaere i BbI B mKosIe nHGOpMaTHKy? Kakie TeMbl Bb
U3YINJIN?

2. Uro raxoe mHpopmatuka? YUrto m3ydaeTrcs B pasjelie
«ITporpammupoBanue» ?

3. Uyuasu iu BbI Kakne-HUGY b SI3bIKH TIPOTPAMMUPOBAHIS ?
Kaxkne?

4. Kaxue omnepalioHHBIE CHCTeMbI Bbl 3HaeTe?

5. Kakne mporpaMMbl yCTaHOBJICHD! HA KOMIIBIOTEPE, 32 KOTO-
pbIM BbI paGoraere?

6. Ectb sim y Bac BO3MOXKHOCTb BbIXojia B VHTepHeT?

7. 3Haere 1M BbI, YTO TaKoe: a) IMKJbI; 6) MacCHUBBI; B)
dyHKIMHT; T) yCaoBus?

8. UTto Takoe pekypcus, HHAYKIMA? B ueM pasimaus Meskay
HUMM?

9. ITo xpyry BBLIOXKEHBI 15 KaMyIIKOB, B IOPsI/IKE YBEJMUEeHI
Beca. BHeliHe Bce KaMYIIKH OTJINYAIOTCS APYT OT APYra: COCTOST
13 PasHBbIX MOPOJ, MMEIOT PasJNMYHyI0 OKpacky, ¢opMmy, Bec,
o0beM 1 T.1. Kax mpn oMoy JameuHbIx BecoB 6e3 CTPEeIOK 1
TUPeK HalTH CaMblil TSOKeJbI KaMeHb, cjieJaB MPH 9TOM Kak
MOJKHO MEHbIIIEe B3BEIINBAHMII?
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®depepanbHasa 3ao4Has
punsmKo-TexHn4eckas wkona npu MOTU

DenepanpHasg 3aouHasl (PU3NKO-TeXHUUYECKAs IIKOJA
(D3DTII) npu MoCKOBCKOM (DUBUKO-TEXHUUECKOM HHCTHTYTE
(M®OTH) npoBoaut HaGOp yyammxcs: o61eo6pasoBaTeNbHbIX
yupexaenuit (IMKos1, Jniees, THMHA3UH 1 T. 11.), PACHOJIOKEH-
HbIX Ha Ttepputopun Poccniickoit Depeparn, Ha 2010 ,/11
yueOHbIil TO/I.

DO3OTII npu MDTU kak rocyrapcTBeHHOE 00pa30BaTesb-
HOe yupeskieHre TPOPUILHOTO JOIOTHATEIBHOTO 00Pa30BaAHNS
nereit paGoraer ¢ 1966 roma. 3a mporiennue TOAbI IMKOJIY
oxonumsn Gosiee 80 ThICSAY yYAIIUXCS; TPAKTHYECKU BCE ee
BBIIIYCKHUKH TIOCTYTIAIOT B Be/yIle BY3bl CTPAHDBI, & KaXK/blit
Bropoii crygent MAOTU — ee Boiycknuk. Dunancupyer mkosry
DenepasnbHoe areHTCTBO 1O 06pazoBanuioo. OGydyeHne s yua-
muxces1, npokuBamonmx B Poccuiickoit Mepeparu, — Gecriat-
HOE.

Hayumno-mMetoanyeckoe pyKOBOJICTBO IITKOJIOH OCYIIECTBJISCT
Mockoscknii  Gusnko-rexauueckuii mHCTHTYT (TOCYAAPCTBEH-
HbBIA YHUBEPCUTET).

ey wamreit mxoabl — momoub yuammmcst 8—11 kiaccos
00111e00pa30BaTeIbHBIX YUPESKACHUI, HHTEepecyonmmMes husn-
KO W MareMaTHKOi, yriyOuTb M CHUCTEMAaTH3UPOBATH CBOU
3HAHUS TI0 ITUM MpPEJMEeTaM, a TaKyKe CIoCOOCTBOBATD UX
1porecCHOHATHBHOMY CaMOOIIPE/IEJIEHHUIO.

Ha6op B 8, 9, 10 u 11 knaccer na 2010 /11 yueGHbIil TOJ
IIPOBOJIUTCA HA 3a04HOE, OUYHO-3A0YHOE U OYHOE OT/IC/ICHUS.

3aounoe otraenenne (unousudyanvroe obyuenue)

Ten. /paxc: (495) 408-51-45, e-mail: zftsh@ mail.mipt.ru

[Tpuem Ha 3a04yHOE OT/IEJIEHUE TIPOBOAUTCS HAa KOHKYPCHOM
OCHOBE 10 Pe3yJIbTaTaM BbIIOJHEHUS IPUBEICHHOTO HUXKE BCTY-
MUTEJNBHOTO 3a/ianus 1o (usnuke u Maremaruke. [TosHas 1po-
rpamma oOydeHHs paccunTaHa Ha 4 roza, T.e. Ha 8—11 kJiaccor,
HO TIOCTYHATh MOKHO B JTIOGON M3 YKAa3aHHBIX KJACCOB.

B rteuyenme yueGHOTO TOMA, B COOTBETCTBHU C IIPOTPAMMOIL
DO3DTHI, yuennk OyaeT HOTydaTb MO KaxI0H yueOHON TeMe
sagianug 110 (usnke n mMarematuke (5 3aqaHUN MO KAKJAOMY
npeamery i 8 kjaacca, 6—7 3a/aHuii 10 KaKIOMY TIPEAMETY
a9, 10 u 11 kaaccoB), a 3aTeM PEKOMEH/yeMble aBTOPCKHE
pellieHnst 3TUX 3a/laHnil BMecTe ¢ MPOBEPEHHOI paboToii. 3aa-
HUSL COJIEPKAT TeOpeTHUeCcKuil Marepuas, pa3bop XapakTepHbIX
[IPUMEPOB U 33J[a4 110 COOTBETCTBYIOMIEH TeMe u 8—12 KOHT-
POJIBHBIX BOIIPOCOB U 33Jiay [IJIsl CAMOCTOSITEJILHOTO PelleHus.
ITO M MpoCThIe 3aKaun, n 6osee caoxmble (Ha ypoBHE KOHKYP-
cubIX 3a7a4 B MAOTH). 3aganus COCTaBJIAIOT OIbBITHBIE [IPEIIO-
nasares Kadenp obieit dusnkn u Biciieii matemarinkn MOTU,
a Takxke BbimyckHUKE MOTHU. PaGoTbl yuanmxcs-3a04HIKOB
MIPOBEPSIOT CTYAECHTBI, ACTIMPaHThl U Bhimycknukn MOTU (us
Hux 80% — BBINYCKHUKM HAIIEH IIKOJIBI).

CpoK OTHpaBJICHUS PEIIeHUsS BCTYIUTEJIbHOTO 3a/IaHus — He
nozonee 1 mapma 2010 z00a. IlpoBepeHHbIe BCTYNUTEIbHBIE paGO-
TbI OOPATHO MOCTYMAIONIEMY He BbIChbLTaioTcs. Perienune mpuem-
HoIi Komuccun 6yziet coob1ieHo He 1osaHee 1 aprycra 2010 roza.

Bue konkypca B @3DTII npunumatorest nobedumenu 06Ja-
CTHBIX, KPAEBbIX, PECITyOJIMKAHCKUX, BCEPOCCHUCKUX OJIIMITHA
o ¢gusuke n maremaruke 2009 /10 yue6noro roga. MM neo6xo-
numo 710 15 mag 2010 roza soicsiars B @3DTII BbiosHEHHYTO
BCTYTHUTENbHYIO paGoTy 1o dusnke W MaTeMaTHKe BMeCTe C
KOIUSAME TUIITIOMOB, TOJITBEPIKIAIONINX yYacTHe B TI€PeYCIeH-
HBIX BBIIIE OJMMITHA/IAX.

Terpazap ¢ BbimoHeHHbIMEI 3aatusaMu (110 pusHKe n MaTeMa-
THKE) BBICBLIAIITE 1O ajpecy:

141700 Mockosckas obaacmo, e. [lonzonpyonviid, Hucmu-
mymcexuil nep., 0.9, @3DOTII npu MDOTHU.

‘ 42-60.p65 56

®

o

[T (1 ||

2009/ Neé

Berynurenbhoe 3amanne 1o (busnke U MaTeMaTHKE YYEHUK
BBITIOJIHSIET CAMOCTOSITEJIBHO B OJIHOW IIKOJBHOW TETPajn Ha
PYCCKOM SI3BIKE, COXpaHsisi TOT JKe IMOPSIOK 3ajad, 4To W B
3ajannn. TeTpajab HY)KHO BBICJIATD B KOHBEPTE IIPOCTON GaHe-
poabio (ToJIbKO He cBopauuBaiite B TpyOKy). Ha enympennion
CTOPOHY OGJIOKKH TETPajii HaKJEeiTe CIPABKY W3 IIKOJbBI, B
KOTOpOil y4nuTech, ¢ yKazanmeM Kjacca. Ha quuesyio ctopomry
00JI0KKM HakJieiTe JiuctT GyMaru, 4eTKO 3allOJTHEHHDBIN 110 MpH-
BEJICHHOMY HUKe 06pPasily.

Obpasey,

JI. Ne

Ne sagaun 1 2 3

M.

®.

1. Pecniy6smka, kpaii, 06JacTb
2. @amunust, UMsi, OTYECTBO

Kemeposcras obracmo
Yucmosa 'aruna
Cepeeesna
3. Kuacc, B KOTOpOM yuurech 60CHMOUL
4. Homep TIKOJIBI 35
5. Bug mxonsr (o6brunas, aunei, — auuetl
TUMHA3UsI, ¢ YTAyOJeHHbIM U3yde-
HUEM IIPeMeTa)
6. TToapoGHbIil oMalHU ajipec 654041 2. Hosoxysneuyx,
(¢ ykaszanueM uHzekca), TesedoH, y.u. Boaxckas,
e-mail 0.74, x6.3,

e-mail: dio@rdsc.ru
7. Mecto paboThl U JIOJIZKHOCTD

poawureJieii:
orTelt doyenm
MaTb epau

8. Anpec mkosbl U TesredoH,
daxc, e-mail
9. damuaus, UM, OTYECTBO

654041 2. Hosoxy3sneuyx,
y. Huoaxosckozo, 0. 65

nperojiaBareJieii:

1o ¢gusnke TI'puzopvesa Arena
Muxaiiroena

110 MaTeMaTUKe Topwenuna Huna
Anamonvesna

10. Kakum 06pa3oM K BaM I0MAJI0
3TO 00bSIBJIEHNE?

Ha xoHKypcC exeroHo npuxoaut 6oJiee 3 ThICIY BCTYITHTEb-
HbIX padot. [Toxanyiicra, o6paTiTe BHUMAaHNE HA TPABUJIBHOCTD
3anmosHeHns ankeTbl! [lnmmre akkypaTHO, Jydlne meYaTHBIMEI
OyKBaMH.

[lns mosydyeHuss oTBeTa HA BCTYIHMTEJIbHOE 3aJlaHue W [T
OTIPaBKK BaM TIEPBBIX 3aaHUl 0043ameavHO BJIOKHUTE B TET-
pamb deéa o0dunaxosvix OGAaHAECPOTHHBIX KOHBEPTA PasMEpPOM
160 x 230 MM. Ha KoHBepTax 4eTKO HANWIIUTE CBON JOMAITHUN
ajipec.

Ouno-3aounoe oraeaenue (00yuenue 6 Gaxyivmamuenvlx
zpynnax)

Ten. /¢paxc: (498) 744-63-51, e-mail: zftsh@mail.mipt.ru

DakyIbTaTHBHBIE TPYIIIBI MOTYT GBITH OPraHH30BAHDI B JIIO-
60M 06111e06PA30BATEIBHOM YUPEKAECHUN J8YMsl npenodagame-
Aamu — GU3NKHE ¥ MaTEMATHKH, B OT/IEJIBHBIX CJAYYasIX pasperia-
ercsi oOyueHne 110 ofHOMY mpeaMeTry. PykoBoauresn daky ibra-
THBA NPUHUMAIOT B HHUX YYAI[UXCsl, YCIIENTHO BbIMTOJHUBIINX
BerynutesabHoe 3aganne O3DTII.
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MNHOPOPMANIUA

Ipynma (He Menee 7 4elOBEK) TPUHUMAETCS B IIKOJY, €CJIH
IUPEKTOP 0611e06pa3oBaTeJbHOTO YUPEKJIEHNT COOOINT B
DO3DTHI pamunnm, uMeHa, OTY4ECTBA €€ PYKOBOAUTEJNEH U
MOUMEHHDIN a/1aBuTHbIN crucok obyuatoruxcs (D.1.0. noa-
HOCTBIO, C YKA3aHHEM KJacca mekyuezo yuebHnozo 200d u
UMoz06vIX OUEHOK 3a BCTYNUTEJbHOE 3ajlaHne To (Gusanuke u
MareMaTuKe, JIOMANTHUI ajipec YUalmXcsl, ¢ YKa3aHueM HH/IeK-
ca, Tenedpona n e-mail), tenedon, daxc n e-mail mrossr. Bee
3TU MaTepuasbl U KOHBePT /g oTBeta o npueme B M3DTIII ¢
0OPATHBIM a/IPECOM OJIHOTO 13 PYKOBOJUTEJIEN CJIeIyeT BBICIATD
do 25 urons 2010 zoda o agpecy: 141700 MockoBckast 061aCTb,
r. Joaronpyaubiii, WMucturyrekuii nep., 1.9, @3OTUI npn
M®OTU (c nomerkoii «Dakybrarus»). Tempadu ¢ pabomamu
YUAUWUXCSL He BbICHLAAIOMCSL.

Pa6ota pykosouresteil (pakyIbTaTHBOB MOXKET OILJIAYMBATHCS
00111e06pa30BATEIbHBIM  YUPEXK/JIEHHEM KAK PYKOBOJICTBO TIPO-
unbibIME (HAKYIBTATUBHBIMU 3AHATUSMHE TI0 TIPEIOCTABIEHUT
DO3DTII mpu MDTU cooTBeTCTBYIONTIX CBEIEHIH.

PykoBoantesu, paGoTaiolye ¢ yqanmmucs, OyayT 6 meuenue
yue61020 200a OTyIaTh y9eOHO-METO[TYECKHe MaTepHabl (Ipo-
rpamMmbl 110 (U3NKe W MaTeMaThKe, 3a/aHus [0 TeMaM IIpo-
rpaMM, pelleHusT 3aJaHuil ¢ KPATKUMHU DPEKOMEHIAIMSIMI TI0
OIleHKe PaBoT yUammuxcst), TPUTJIAMIATHCS HA Ky PChI OBBITTEHHST
kBasuduKamun yuanresaeil (GU3NKu U MaTeMaTHKH, TIPOBOIUMbIE
na 6aze MOTU. PaboTbl yuanmxcsi IpoBepsIOT U OIEeHUBAIOT
pykoBozuTesn akyabratuBHbIX rpynn, a B D3DTHI umu
BLICLLIAIOMCSL 6e00MOCINU C UMOZOBHIMU OUCHKAMU NO KAKOOMY
3a0anuio u umozoedas 6e0oMocms 3d 200.

Ounoe otaenenue (06yueHue 6 6EUEPHUN KOHCYILIMAUUOH-
HbLX nyHKmMax)

Ten.: (498) 744-65-83, e-mail: zftsh@mail.mipt.ru

Jlns yuanmxes MockBbl 1 MOCKOBCKOI 06J1aCTH TI0 TIPOTPaM-
Me DO3DTIII paboraior BeuepHIe KOHCYIbTAIIMOHHBIE MYHKTBI.
Ha6op B HWX TIPOBOANTCSA TO pPe3yJabTaTaM BCTYTHTEIBHBIX
9K3aMEHOB 110 (PU3HUKe I MaTeMaTHKe U co6ecel0BaHus, KOTOPbIe
IIPOXO/IAT BO BTOPOIl MOJIOBUHE CEHTSIOPSI.

ITporpammpr @3DTII npu MDTU sBasitoress TpoUIbHBI-
MU JIOTIOJTHUTEIbHBIMI 00Pa30BaTeIbHBIMU TIPOTrPAMMAMU U €11~
HBI /IS BeeX oTzesenuii. Kpome toro, yueHnkam Bcex oT/ie/IeHnit
Oy/leT TIPEJIO’KEHO YYacTBOBaTh B (DUBMKO-MATEMATHUECKOI
ommmmmaze «OUI3TEX-2010», koTopas, Kak MpaBuJIo, MTPOBO-
nutcest Ha 6aze MO TU u B psisie roposios Poccun B KoHIle MapTa,
B IPYTUX OYHBIX U 3a0uHbIX omumnuazax MOTIU u ero daxyib-
tetoB. /{ns yuamuxcs 9—11 xaaccoB na 6aze MDTU paboraer
cy600THUIT JIeKTOpHiT 10 (DU3HNKe U MaTeMaTHKe M0 IporpaMMe
O3OTII. Jleknunu YUTAIOT TIperofaBaTem WHCTUTYTa (Kak
NpaBuIo, aBTOPbI 3agannii). [logpodiee 06 STUX MEPONPUATHAX
MO>KHO TpounTarh Ha caiite MI3MOTIIL:

http: /' /www.school.mipt.ru

ITo oxoH4aHNM y4eGHOTO TOJa yUalHecs, YCIIEIIHO BbIIIOJI-
nusiine nporpammy O3DTII, nepeBogsaTes B CJeLyomuit
KJIace, a BBIMYCKHUKN (O/MHHAJATHKIACCHUKI) TIOJTyYaloT CBH-
JIETETbCTBO 06 OKOHYAHWHU IIKOJIBI C UTOTOBBIMU OIIEHKAMHU IO
(¢usuKe 1 MareMaTHKe, KOTOPOE YYUTBIBAETCS Ha cOOeCeIOBAaHNN
npu nocrymaennn 8 MAOTH.

Yuennkam, saunciaenubiv B D3DTII, Gyzer mpeniokeHo
OIJIATUTh Ge3BO3ME3/HBII 11eJIeBOIl B3HOC [T 00eCIeUeHHUS
yueOHOTO IIPOIlecca B COOTBETCTBUY C YCTABHBIMHU IEJISIMU IIIKO-
apl. CyMMa B3HOCAa MOXKET OPHEHTUPOBOUHO COCTABJATDH IS
yuanuxcsi 3aounoro orzenenus 1800-2500 py6. B rom, must
ounoro 2500—3700 py6. B roa, st ouHo-3aounoro 2500 — 4000
py6. (¢ xKaxmoi (pakyIbTaTUBHON TPYIIBI) B TOM.

[nsg yuammxcs Yxpaunbl paGortaer Kuesckuii duaman
DO3DOTII npu MDTU (obyuenue miaatHoe). Kemaonum B
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HEro MOCTYIUTDb CJIeAyeT BbIChLIATh paboThl mo ajpecy: 03680
Ykpauna, r. Kues, 6-p Bepuanckoro, 1.36, T'CII, Kuesckuii
puman G3DOTUI npn MOTU. Tenedonnr: 8(10-38-044) 424-
30-25, 8(10-38-044) 422-95-64.

Jlng ywamumxcsi U3 3apyGesKHbIX CTPAH BO3MOXKHO TOJIBKO
nIaTHoe o6ydyeHre Ha 3a0YHOM U OYHO-3209HOM OT/EJICHUSX.

Huxe IIPUBOAATCA BCTYIIUTE/IbHDIC 3a/JaHUA 110 MaTEMAaTHUKE 1
usuke. Homepa 3aau, 06s13aTeIbHBIX 17151 BbIOTHEHUS (3204-
HOE W OYHO-3a0YHOE OT/eNeHus), Aanbl B Tabimiue (HoMepa
KJIACCOB yKazaHbl Ha Tekymmit 2009 /10 yueGubrii roa).

7 xnacce 8 xknace 9 kmace 10 kiace
Marematuka 1-5 4—8 6—11 9-14
Ddusnka 1-5 6—10 8—-13 11-16

Bc TYITUTESIbHOE 34/[aHne o Maremarvike

1. Jloaxka criyckaercst o Tedennio pexu Ha 30 KM, a 3ateM, He
Tepsisi BPEMEHW, Pa3BOPAYMBACTCS U TMOHUMAETCS BBEpPX IO
teyeHno Ha 26 kM. CKopocTb Teyenust peku 1 kM /4, a coOCTBEH-
Hasi CKOPOCTb JIOJIKU MOYKET MEHSTBCS B MIPEJIesiax OT S KM /4 /10
9 kM /4. Kakoe HanMeHblliee 1 KaKoe HanboJIblliee BPeMst MOJKeT
3aHATH TaKas Moe3Ka?

2. Tpu G6pata cobupasu B cBoeM cajly yposkail caus. [lepsbrii

1 1
6par cobpas 3 BCEX c/WMB 1 ere 2 Kr, BTOPOii 6paT cobpan n

Bcex cqimB u eite 1 Kr, a Tpetuit 6pat co6paJi HOJOBUHY TEX CJIUB,
KOTOpbIe He coGpaJsiu 1epBbie Ba Opara. [Tocse aToro ocranach
1

HecOGPaHHOI G UacTb NEPBOHAYAIBHOIO KOJMYECTBA CIIB.
Ckoabko cmB (B Kuaorpammax) ObLIO B cajly 0 Hadansa c6opa
yposkas?

3. 3amymano HeKOTOpoe JBy3HauHOe uucjo. Ecianm B Hem
MIOMEHATh MECTaMu IEepBYI0 U BTOpPYIO I1M(pbI, a 3areM u3

peayJbTarta BbluecTb 27, TO MoJIyuuTcs 3a/[yMantoe ynco. Ecin
11

JKe TepByI0 IH@pPy 3aJyMaHHOTO YNCJa YMHOKUTb HA e "

BbIUECTb U3 3TOI0 BTOPYIO LuPY YUCIa, YMHOKEHHYIO Ha % ,
to noayuurcst 1,7. Kakoe 4uciio 6bL10 33yMaHo?

4. BBenure Ha kuerdaroit Gymare cucremy koopjauuar. Ort-
merbre Toukn A(=2; 7), B(1; =2), C(=4; =7), D(2; -5),
E@3; -8), F(5; —4), G(14; —1), H(8; 2), K(11; 8), L(6; 3)
U COeJINHUTE UX Toc/eioBaTesTbHO oTpe3kamMu AB, BC, CD, DE,
EF, FG, GH, HK, KL, LA. Haiigure 1moma/b I0JIydYeHHON
urypsr (romaab OHON KJICTKN cuntath pasHoil 1 M2 ).

5. Ceexne nogocnHoBUKH cojiepskat 93% Bospr (1o Macce), a

B CYHIEHBIX IMOJOCMHOBUKAX MacCCOBad A0JIA BO/bl COCTaBJIACT
2

9
CBEKUX?

6. IIpu kaknx 3HAYEHUSIX MApaMeTpoB @ u b cucreMa ypaBHe-
HUIT

. Kakas macca CYHIE€HbIX ITO/IOCMHOBUKOB ITOJIYYUTCA N3 20 kr

ax + 3y =2,
Sx—4y=>

a) He uMeeT pelrenuii; 6) umeer 6eCKOHEYHO MHOTO PElLIeHNH; B)
uMeeT POBHO OfHO pemenne? Haiiure atn pemenns (s
MyHKTOB 6) 1 B)).

7. Buccekrpuca yraa A napasienorpamma ABCD nepecekaer
npososikenue croporbl CD 3a touky C B Touke F, a Guccekrpuca
yriaa B nepecekaer mpojoJikenne ctoponbl CD 3a Touky D B
touke E. WsBectno, utro LAFE =30°, BC = 7, EF = 12.
Haitigure nnuny orpeska BH, rie H — 3T0 TouKa IepeceueHust
JIBYX JIAHHDBIX GUCCEKTPUC.
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8. Bpurazsa smecopy6oB [o/pKHA ObLIa 10 TIJIAHY 3ar0TOBUTDH
286 M° npeBecunbl. [lepsble 1mectpb jHeil 6puraia BbITOJIHSIA
YCTaHOBJIEHHYIO TJIAHOM €KeHEBHYIO HOPMY, a 3aTeM KasK/Iblil
JIeHb 3ar0OTaB/IHBama Ha 9 M° cBepx mrana. [109ToMy 3a eHb 110
cpoka 6bLr0 3arotoBricao 296 M® spesecuibi. CKOMBKO KyGi-
YECKMX METPOB /IPEBECHHBI B JieHb Opuraja JoJiKHa Oblia
3aroTaBJUBATD MO TLIAHY ?

9. B 1n1psIMOYTOJIbHBII TPEYTOJIBHUK € TIEPUMETPOM 36 BIHCaHa
OKPY>KHOCTB. I'MIOTEHY3a TOUKOI KacaHWs JEJUTCS B OTHOIIE-
Hun 2 : 3. Hafiaure AMHBI CTOPOH TPEyTOJIbHUKA.

10. TpeGyeTcst COOPYIUTD JKETE3HOIOPOKHYIO HACDITD, HMETO-
myio 170 M B JJIMHY, a B TONEPEYHOM CEYEHUN — PAaBHOGOKYIO
Tpamnenuio ¢ HUKHUM OCHOBaHHeM 6 M M yrjoM oTkoca 45°.
Kaxyio BBICOTY /7 MOXKET WMEThb 3Ta HACBIb, €CJN 00beM
3eMJISHBIX PaGOT J0JKEH COCTABUTH He Menee 850 M7 | Ho me
6omee 1190 M®? (O6bem Hachimm paBeH IIPOU3BE/ICHUIO ee
JUTMHBI Ha TUIONIAAb €€ MOMEePEYHOro CeUEeHNs. )

11. a) V3o6pasute Ha KOOPAMHATHON mtocKocTH (burypy M,
COCTOSIIYIO M3 TOYEK, KOOPAMHATBI KOTOPBIX YIOBJIETBOPSIOT
crcTeMe HepaBEeHCTB

x2—10x+y2—6yS2,
y>/3r+3-5/3.

6) Haiigure nontaas Gurypsr M.
12. Pemre ypaBHeHue

V32 + 7 +1+ 41222 + 282 +13 = /922 + 21x + 12 .

13. /lana okpysKHOCTb pajamyca 2 ¢ 1eHTpom B Touke O. U3
koHIla orpeska OP, 1mepecekaolerocs ¢ OKPy»KHOCTbIO B TOYKE
K, uposezsena kacatenbias PE x oxpyxuoctu (E — Touka
kacanus), npuueM ZEOP = 60° . Haiigure paanyc oKpysKHOC-
TH, Kacaiomeficst orpe3koB PE, PK n ayru KE.

14. UsBecrtno, uro sino +sin3a =0,7 . Haiigure 3Hauenue
BbIpasKeHus: €os 60 — cos 20, + 2 cos 4o .

BcrynnresnibHoe 3a4aHue 1o @uamke

1. B cocyn ¢ TOpHM3OHTANBHBIM JHOM ¥ BEPTHKATbHBIMU
CTeHKaMu HaJuTa Boja. 111o1ab 0CHOBaHUS BHYTPEHHEN YacTh
cocyra S =25 cM? . MeTtajummaeckuii MHIMHAD C ILIOMIA/IbIO
ocroBanms S, =10 cm? ycTaHaBIMBAIOT TOPIOM HA JTHO COCY/IA.
IIpu atoM ypoBeHb BoAbI coctasisier fy = 10 cm, a BepxHuii
TOpEIl IIMJMH/PA BbICTYIIAeT U3 Bo/bl. Orpeennre Maccy BOIbI
B cocy/le.

2. Hacesiennble myHKTol A 1 b, paccTosinue MeX/[y KOTOPbIMH
L =70 kM, coeuHseT NPSAMOJUHEHHDINA ydacToK Iocce. M3
nyHKToB A 1 b ogHOBpe-
MEHHO HaBCTPeuy JApyT
70 JIPYTY HAYMHAIOT JIBUXKeE-
HIEe aBTOOYC W JIETKOBOI
aBToMoGUIb. CKOPOCTD aB-
tomo6mass 80 kM ,/u. Ha
PHUCYHKE IIPe/ICTaBJIEH IPa-
UK, Ha KOTOPOM IOKa3a-
HO, KaK M3MEHSJIOCh pac-
CTOSTHUE S MEXK/Y aBTOOYCOM U aBTOMOOMJIEM C MOMEHTA BbIE3/a
1o MoMeHTa Betpeun. Haiiure ckopoctb aBro6yca. Uepes kakoe
BpeMS IIOCJIe MOMEHTA BCTPEUH C JIETKOBBIM aBTOMOGUJIEM aBTO-
Oyc noener o nyukra b? Cuurarb, 4TO CKOPOCTH aBToOyca u
aBTOMOOUJISE OCTAIOTCS TIOCTOSTHHBIMU BO BPEMS BCETO JIBUXKCHUS.

3. Tpu Geryna yuactByioT B 3a0ere Ha 400 M 1o coceqHuM
nopoxkkaMm. CHoOpTCMeH, CTapTOBaBINNI TIO TEPBOH JOPOKKE,
uHMIMPOBAJ IepBLIM Yepe3 J6 ¢, 6eryH Ha TpeTbeil J0poKKe
orctast ot nobeautess na 2 ¢. Oupegennte CKOpocTb 6eryHa Ha
BTOPOIi JIOPOKKE, €CJM M3BECTHO, YTO B MOMEHT (uHHIIA
noGeinTe st Bce TpU OeryHa PacIosiarajich Ha OJHOH MPSIMOM.
Ckopoct 6era CIOPTCMEHOB CYMTATbh IOCTOSIHHBIMM Ha BCeil

S, KM

30 t,MI/I,H
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4. Tlpyxkuna puHamMomerpa uMmeeT B HeJedOPMUPOBAHHOM
cocrosiuuu gmny Iy = 20 cm. Ilop peficreuem cuabt F =1 H ona
yamHnaach Ha 1%. Ecam k aTOMy JMHAMOMETPY MO/(BECHTH
MEJIHBII IIap, TO HpyKuHa yuautcs Ha Al = 5 mm. Uemy
paBeH o6beM MenHoro mapa? Cuurats g = 9,8 H /kr.

5. Cocyn ¢ BepTHKAJIbHBIMH CTEHKAMH COCTOWT W3 [BYX
MJINHPOB: HIKHETO Y3KOTO BbICOTOW H 1 TJI0MIa/1bI0 TIoTIepey-
HOTO ceyeHus Sy 1 BEPXHEro MMPOKOTO IIOIMA/bIO TOTIEPEYHOTO
cevenns S, . [Ipu HaMMBaHUM B cOCy /1 BOIbI 00bEMOM V; yPOBEHD
BO/IbI yCTaHaBJMBaeTCst HusKe H , a JaBJaeHne BO/ibl Ha IHO COCY/Ia
OKa3bIBaeTcss paBHbIM py. llpm gonuBaHum B cOCy/1 BObBI
o6beMoM V, ypoBeHb BOJIbI MOJAHUMAETCS Bbiiiie H, a gaBjienue
BO/IBI Ha JTHO COCY/Ia OKA3bIBAETCSI PABHBIM P, . Haiimure Hu S ,
cunTasi U3BeCTHbIMU Besinumnbl S, , Vi, Vo, py, py MILIOTHOCTD
BO/ibl. ATMOc(epHOe JJaBJieHNe HE YYUThIBATD.

6. TonKoCTeHHDBII CTaKaH MUJINHAPUYECKOH (POPMBI I1/1aBaCT B
BEPTHUKAIHHOM [OJIOKEHUH JIHOM BHU3 B COCY/Ie € BOJI0ii. Bpicora
YacTH CTaKaHa, HAXOJsIIelicss B BOJe, paBHA /2, BBICOTA BCETO
crakana H. Kakoil MakciMaJIbHOM TOJIIINHBL CJION Mac/ia MOXKHO
JIOJIUTD B CTaKaH, 4TOObI OH elie He yTouya? IlmorHocT Macyia
1 BO/IbI U3BECTHBI.

7. CocTaBHOI CTepIKEHb IPEJCTABJSAET COOOM /[Ba COOCHBIX
HUJIMH/PA PA3HON JIJIMHDI, TPUXKATBIX JAPYT K JAPYTY TOPLAMH.
Hnauaapsl UMEIOT OJMHAKOBbBIC IJIONAAN TIOTIEPEYHOro ceve-
HUS, HO U3TOTOBJICHDBI U3 MATEPHAJIOB C INIOTHOCTSMU Py =P U
Py = 2p . OKasaynoch, 4To cTep:KeHb Oy/IeT HAXOAUTHCS B PABHO-
BECHH B TOPU30HTAJIBHOM MOJIOKEHWUH, €CJIU €ro MOJ[BECUTh Ha
HUTH, 3aKPEIIEHHOI Ha Mecte cTbhika. Onpe/esnTe OTHOIICHHE
Macc IUJINH/IPOB.

8. Dkcnepumenraropy TpeGyercst Harperb Bogy ot ¢ =10 °C
JI0 TEeMIIepaTypbl KUIEHUS TIPU HOPMAJbHBIX ycjaoBusx. [lus
3TOr0 OH O/JHOBPEMEHHO BKJIOYAaeT B CETb JiBa HarpeBaTeJis.
[epBbiit HarpeBartesb, umeouii momHocts P = 500 Br,
YCTAHOBJIEH B CTEKJSTHHOM cocyze maccoit m.; = 200 t, cozmep-
skamem Vi = 0,5 71 Bojbl. BTopoii HarpeBarte/ib IMeeT MOIITHOCTD
P, = 1,2 xkBr u ycraHOBjieH B CTEKJSHHOM COCy/le MacCOi
me, =500 r, conep:xamem V, =1 s Bozgbl. B xakoM u3 cocynos
BoJa Harpeercsi ObicTpee? Haiinte BpeMsi, HeoOXoaUMOe [Tt
HarpeBaHUsl BOJDBI /IO TEMIIEPATypbl KUIIEHUS B KaJK/IOM W3
cocyoB. Cuntarb HayaJbHbIE TEMIIEPATYPbl BOJbI M COCY/IOB
PAaBHBIMHU, TIOTEPSIMU TETJIOTHI IPEHEOPeYb. Y IebHAsT TETI0eM-
KOCTb BOJIBI ¢, = 4200 Zlm/(rcr -°C), ylesnbHast TEILIOEMKOCTD
crekna ¢, =840 JLk/(kr-°C).

9. B cocyn, rie naxoaurest Bojia ipu remneparype t, = 90 °C |
MIOMEIIAIOT HArPeThIi CTAJIbHOI GPYCOK, Macca KOTOPOTO PaBHA
Macce Boabl. Haiiinte HavasnbHylo Temieparypy CTaJbHOIO
OpyCKa, ec/u M3BECTHO, YTO MOCJe TPEKPAIIeHis KUTEHNs B
cocyzie ycranosuaach Temmeparypa t = 100 °C u ypoBeHb BOJIbI
ocTajcs TepBOHAYATBHBIM. Y eJbHas TeIJIOeMKOCTb BOJIbI
¢, = 4200 ,/1>K/(Kr -K), ypeabHas TemI0eMKOCTb CTaJu
Cer =460 JIx/(xr-K), yaenbHas remnsora napooGpasoBaiist
BOJIBI TIpU TeMIlepaType Kunenusa L, = 2,26 - 108 JUk /KT, TL710T-
HOCTHb cTaau p. = 7800 Kr/M3 , IJIOTHOCTb BOJBI P, =
=1000 KI‘/ M . TloTepsiMu Tellia Ha HATpEBaHIe COCYAA M
OKPY’KaIOIIEr0 MPOCTPAHCTBA U M3MEHEHUEM TIJIOTHOCTH BOJIbI
[pU HArPeBaHUU MpeHeOpeyb.

10. 13 n1poBOJIOKK TIOCTOSTHHOTO TIOIEPEYHOr0 CEYEHUs U3T0-
tosJsien kBaapatr ABCD. Ilpn 1noak/mo4ennu NCTOUHNKA TOCTO-
SIHHOTO HAIPSDKEHMS C TOMOIIIBIO TTPOBO/IOB ¢ MAJIBIM COTIPOTHB-
JIEHHEM, 110 CPABHEHUIO C CONPOTUBJIEHUEM TIPOBOJIOKH, K COCE/I-
HUM BepIIMHaM KBajipata A n B 1osmas cusia Toka B IIelu paBHa
64 MA. Kakoii cusibl Tok Gy/IeT mpoTeKarth 1o cropone AD, ecou
TOT ’Ke MCTOUHNK HAIIPSIKeHNs MTO/IKJII0UNTD K BepunHam A n C?
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11. MOTOUMKJINCT PA3TOHSAETCS C MECTa € YCKOPEHUEeM d =
=2 M/ ¢ . Onpegennre [IMHY y4acTKa pasroHa, BPeMs pas-
rOHAa U CKOPOCTb B KOHIIE Pas3roHa, €cJii MU3BECTHO, YTO HepBast
MOJIOBIHA YYacTKa OblJaa MpoiileHa MOTOIMKJIMCTOM 32 3 C.

12. HemoABIIKHBIN CHApsi/i B3PBIBAETCSI B HEKOTOPOW TOUKE
Hajg 3emJeit. IIpu atom o6pasyercss MHOXKECTBO OCKOJIKOB.
OCKOJIKM Pa3JIeTaloTcsl BO BCE CTOPOHDLI € OJMHAKOBBIMH I10
MOJIyJIIO CKOPOCTSMHU. Bpems 1osieta OCKOJIKA, YHaBIIETO Ha
3eMJIIO PaHbIlle JIPYTUX, PABHO @, a BpPeMs IMOJIeTa OCKOJIKA,
YHAaBIIETo 103e BCeX, PaBHO &, . Onpeesnure pajauyc 06aacTu
MaJIeHusl Ha 3EMJI0 OCKOJIKOB, MOJICTEBIINX TOPU30HTAJBHO.
ConpotusiieHne Bo3jlyXa He YYUTHIBATD.

13. [IBa 6pycka mMaccaMu My =M W My = 2M HAXOJATCS Ha
TOPU30HTAIbHON I11€POXO0BATON 1TOBEePXHOCTH. Bpycknu cBsizanbl
JIETKOI HepacTsoKMMOW HUTHbIO. VI3BECTHO, UTO €CJIM 3aCTaBUTh
O6pPYCKU PABHOMEPHO CKOJIb3UTh, IPUKJIA/IBIBAS BHEITHIO TOPH-
30HTAJIbHYIO cIy F K IepBoMy OPYCKy, TO CHJAa HATSSKEHHS
HUTH OKa3biBaeTcsi B k pa3 menpiine cuipl F. Bo ckoJbKo pa3s
OTJIMYAIOTCA KO3((PUITMEHTbI TPEHUS CKOJbXKCHUS Wy U oy
O6PYCKOB O MOBEPXHOCTH?

14. BuyTtpm 3axkpbITOro ¢ 0OGOMX KOHIIOB TOPH30HTAJIHHO
PACIONIOKEHHOTO IUANHAPa o6beMoM V), = 58 oS mMeercst

TOHKUIT OPIITEeHb, KOTOPBIN MOXKET CKOJIb3UTh B IUIHHADE O€e3
Tpenus. IlepBoHAYATIBHO C OHON CTOPOHBI OT TOKOSIIErOCS
nopmus naxoantes Bogopozn ( Hy ) maccoit my =3, a ¢ gpyroi
— asor (N,) maccoit my, = 17 1. Onpenenure 3aHMMaeMbIe
razamMu o0beMbI, a TAKXKe JAaBJeHust Ta3oB. TeMiepaTypa ra3oB
nojiiep;kuBaeTcs nocrossaHoil u pasuoit T = 300 K.

15. B mmmmnzape o6bemom V= 10 J1 o1 TOPITHEM HaXOANTCST
BJISKHBIIT Bo3ayX 1ipu Temneparype ¢ = 20 °C u gasienun p; =
=13,3 klla. OTHOCuTeIbHAST BJIAKHOCTb BO3ayxa ¢ = 70%.
KaxoBo Gy/er naBieHue B IJINH/PE, €CJau 00beM IpU TOH Ke
TeMreparype yMeHbImuTh B R = 10 pa3? /laBjerne HACHICHHBIX
mapoB BobI ipu Temmepatype ¢ = 20 °C pasuo p,, = 2,33 klla.

16. ToueuHblil TTOJIOKUTEIBHDIIN 3apsi/] BEJIMYNHON ¢ PACIOJIO-
JKEH Ha PAcCTOSTHUM 2R OT IeHTpa 3aKPeIIEHHON PaBHOMEPHO
3apsKEHHOI HerpoBosiiei cdepbl paanycom R. Ha 3apsz co
CTOPOHBI cepbl JeHCTBYeT CUJa OTTAIKUBAHUS, MOAYJIb KOTO-
poii pasen F. Todveurnblit 3apsiji yepe3 MaJjioe OTBepcTHE B cepe
repeMeniaoT B ee 1eHTp. Kakylo MUHUMATBbHYIO paboTy HYsKHO
COBEPIINTD /TSI 9TOTO BHENTHNM cuytaM? CUYHTaTh, YTO 3JIE€KTPH-
4JecKoe 11oJie cepbl C OTBEPCTHEM COBIIAJAET C II0JIEM PABHOMEP-
1o 3apsikennoii cdepor. KpaeBbimu apdexramn B6m3n 0TBEp-
cTust mpeHe6peyb.

HoBbin npmnem B LUKOJIbI-HTEPHATbI
npm yHuneepcntTeTax

Crieruasnsuposanbiii yaue6uo-nayunbiii nearp (CYHIT) MTY
(mko.ta nmeny akagemuka A.H. Kosmoroposa), a taxske CYHIT
HTY, CYHII YpI'Y u Axkaxemuueckass rumuasust CIIOIY
o6baBasior Habop ywammxca B 10 wmacewnt (aByxroamunoe
o6yuenne) Ha (PU3NKO-MATEMATHYECKOE M XUMHUKO-OUOIOTHYEC-
koe orjenenns u B 11 kmacest (ogHorogmyHoe OGyueHue) Ha
dusnko-MaTeMaTHYecKoe oT/eIeHe. B paMKax ABYXTOANYHOTO
(pU3UKO-MaTEMATHYECKOTO OT/Ie/IeHUS KPOME OCHOBHOTO IPOH-
JISk BBIJIEIIETCS KoMITbioTepHO-uHdopManuonubiii knace (CYHIT
MTIY). XuMHKO-GHOJIOINYECKOE OT/IeIeHNe TIPECTABAEHO Clie-
IIATN3AISIMA 110 XUMUH 1 GHOJIOTHH.

3auucyeHne B IIKOJY IPOBOJUTCS HA KOHKYPCHOI OCHOBE.
Iepsoiii (HEOOA3aTEIBHDBIA) TYD HK3aMEHOB — 3a0YHbBINA MTHCH-
MEeHHBII 9K3aMeH 110 MaTeMaTuKe 1 (PU3NKe I XUMUH. Y CIel-
HO BbIJICPIKABIIIIE 320UHbII 9K3aMeH B anpeJsie-Mae MPHUTJIAIaoT-
cs1 B o6JlactHble LeHTpbl Poccuiickoil MDepepaliuyl Ha yCTHbIE
sk3amenbl. OpHako donyckaemcs yuacmue 6 OUHOM MmYype
WKONLHUKOB, He YudcmBo8AGUIUX 68 3A0UHOM mype.

[Mo6eaurenn 3aounoro rypa CYHIT MTY OyayT npurJaiiesb
Ha ounntii Typ (B mMapre 2010 roga, BMecte ¢ moGeauTensamMu
npoekra «ITokopu BopoGbeBbl TOPbI» ), T/E TMOJyYaT BO3MOXK-
HOCTh focpoyHo noctyrmuth B CYHI[ MI'Y.

Hnoxe IpUBOASATCS yCJIOBUS 33124 3d04H020 BCTYIUTETBHOTO
aK3ameHa. Pa6oTa j0/KHA ObITh BLINIOJIHEHA B OOBIYHOIL yueHH-
4eCKOU TeTpajii, Ha 00JI03KKe KOTOPO YKa3biBaloTCs (paMusius,
uMst, otdectBO (TIOJHOCTBIO), JKesaeMblil poduIb 06yYeHNs,
MOAPOOHBII IOMAITHUIT aipec ¢ MHIEKCOM, KOHTAKTHBIE Tejedo-
ubl (goMamHuii 1 MOGMJIBHBIN), 2JeKTpoHHbLT aapec (ecin
UMeeTcs ), ajpec U HOMep IIKOJIbI, KJIACC.

Pa6oTy HY’KHO OTIPABUTb WPOCTOH OGAHAEPOJIBIO HA UM
[IpreMHON KOMHCCHH TI0 OJJHOMY M3 CJEAYIONHnX ajpecos (B
3aBUCUMOCTH OT BBIGPAHHOTO YUEOGHOTO 3aBEICHUA):

121357 Mockea, Kpemenuyecxas ya., 11, CYHI[ MIY
(BHuManue: skuTe M MOCKBBI IPUHUMAIOTCS B IIKOJTY 6e3 Tpe-
JoctaBaenns obmexntus), tenaedon [IpueMHON KomMmccuu:
(495)445-11-08, caiit: http: //www.pms.ru, e-mail:
priem@pms.ru;

199034 Canxm-Ilemep6ypez, Y nusepcumemcras naé., 7,96,
Axademuueckas zumnazusi;

‘ 42-60.p65 59

o

620137 Examepunbype, ya. Forowexuna, 30, CYHI[ ¥YpI'V;

630090 Hosocubupcr, ya. [upozosa, 11, CYHI] HT'Y ( Oaun-
nUAOHLL KOMUME ).

Cpok otnpasku pa6ot — re nosonee 15 (pesparsn 2010 zoda (110
MOYTOBOMY TTeMIeNt0). PaGoThl, BbICJAAHHBIE TO3KE HTOTO
CpoKa, paceMatpuBaTbest He OyayT. O6s3amenvno eioxume
KOHBEpM € MApKOU, 3ANOAHEHHbLI HA 6au doMawnull aopec ¢
UHOEKCOM.

Ecuiit BBI He cMO’KeTe PelnTh BCe 33a4l — He OTYanBalTeCh:
ITpueMHas KOMHCCHS PacCMOTPHUT PAa0OTHI € JIOOBIM UHCJIOM
PEIIeHHbIX 33/1a4.

BerynuTesibHbIe 9K3aMEHBI BTOPOTO, 041020 Typa OyIyT TIPO-
BoguThbes ¢ 20 mapra mo 20 masg 2010 roma mo pernmoHam.

BcrynutenbHoe 3apaHue 3a04HOro Typa
Maremarvika

Ans nocmynaowux é 10 xaacc

1. Haifigure Bce TpexaHAuHbIE YHCJIA, KBAAPATbI JECATHUHOM
3aICH KOTOPBbIX OKaHunBaoTes rnudpamu 1001.
2. Pemute cucreMy ypaBHEHHI

x3—y=6,
y3—2=6,
2 —x=6.

3. Mumo Ha6Jao/aTeNss M0 IIOCCe TPOEXaii € PABHBIMU
IIPOMEXKYTKAMU BPeMeHH aBTOOYC, IPY30BUK U JIETKOBOI aBTO-
MoOMIIb. Uepe3 HEKOTOPOe BPeMsI MUMO BTOPOTO HaOJIOaTe st
OHHU IIPOEXAJIM C TEMU K€ MPOMEKYTKAMK BPEMEHU, HO y)Ke B
JIPYTOM TIOPSI/IKE: JIETKOBOW aBTOMOOWJIb, I'PY30BUK, aBTOOYC.
Haiiire ckopocTb aBTo6yca, ec/ii CKOPOCTD JIETKOBOTO aBTOMO-
ounst 120 kM /4, a ckopocTb Tpy3oBuka 60 KM /4.

4. Touka P nexwur na auaronamu BD mnapaJsienorpamma
ABCD. llpamasa AP nepecekaet npsimbie BC u CD B Toukax M
u N coorBercrBenno. Haiigure AP, ecoim AM = m, AN = n.

5. Harypaspmbre uncaa 1, 2, ..., 200 pazéuam Ha 50 MHOKECTB.
Bceersia in MOKHO B KaKOM-HHOY/b M3 3THX MHOXECTB HaiiTu
3 yucaa, SBJASIONUXCS VIMHAMI CTOPOH HEKOTOPOTO TPEYTOJIb-
HUKa?

6. Moskno s Ha rpaduke GyHKmn y = 1°

HalTh TOuKy A,

27.11.09, 15:11
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a Ha rpaduke PyHKIMU Y = B+t - TOYKY B Tax, 4To6bI
1

JIJIMHa OTpE3Ka AB oxa3zajiach MeHbIIe 100 ?

s nocmynarowux ¢ 11 xaacc

1. Haiigute Bce yeTbipex3HauHble YHCJIA, KBAJPAThI KOTOPBIX
okanuymBaiotcsa mudpavu 10001.

2. Mumo HabJiofatesss 1Mo MIOCCEe MPOEXasn depe3 paBHbIE
MIPOMEKYTKH BpeMeHH aBTOOYC, TPY30BUK, JIETKOBOW aBTOMO-
61sb 1 MOTOLMKJ. MUMO BTOPOro HabJIo/1aTesiss OHU TPOeXaJin
4yepe3 Te ke MPOMEKYTKH BPEMEHHU, HO B OOPAaTHOM IOPSIJIKe:
MOTOIUKJI, JIEFKOBOI aBTOMOOUJIb, TPY30BUK, aBTOOYyC. Haiigure
CKOPOCTU T'PY30BHKAa U aBTOOyCa, €CIU CKOPOCTb MOTOIMKJIA
90 kM /4, a CKOPOCTD JIETKOBOTO aBTOMOOM st 60 KM /4.

3. Boicora AH tpeyrosnbiuka ABC paBHa ero mejuane BM.
Ha npogosskennn ctoponbl AB 3a TOuKy B OTJIOXKIIN OTPE30K
BD, pasuniit ctopone AB. Haiiqute yron BCD.

4. Pemute cucreMmy ypaBHeHUIE

X0 —yz =28,
ys - 22 =28,
2 —x?=28.

3. B npsmoyrosbriom Tpeyrosbinke ABC ( £C =90°) upose-
nena Boicota CD. Ilycts CE u CF — 6uccekTpucht yraos ACD
n BCD cootBercTBeHHO. HalinTe pagnyc oKpy>KHOCTH, OTINCAH-
HOH okoJ0 TpeyrosbHuka ECF, eciu paanyc OKPY’KHOCTH,
BIIMCAHHOI B TpeyroabHuk ABC, paseH r.

6. Cm. 3amauy 6 must 10 kiacca.

@u3zmka

(pusuxo-mamemamuuecxoe omoenenue)

st nocmynaowux ¢ 10 xaacc

1. /IBa xopal6Jist MAYT BCTPEUHBIM KyPCOM CTPOTO TTapaJLiesb-
HO HAIPaBJEHUIO CeBep-IOT C OJMHAKOBBIMH CKOPOCTSIMHU
20 kM /4. Ilneiidp gpiMa oIHOTO KOPAOJIs BHITSHYJICS CTPOTO HA
3ana/, a mneid apiMa BToporo KopalbJis BLITSHYJICS B HAIIPaB-
JIEHUW CTPOTO Ha ceBepo-3amaj. Haiiziute 1o aTUM JaHHBIM
CKOPOCTDb BeTpa, CYUTAsl ee HEM3MEHHOM.

2. Haiiinre paccTosiHue MeX/Iy 3Be3/[aM1 B JIBOIHOI 3Be3/IHOI
cucreme, ecj CyMmMa UX MacC paBHa ABYM COJIHEYHbIM MacCaM,
a 1epuoj o6paleHust BOKPYT TEHTPA MACC PABEH [BYM 3€MHBIM
ro/laM. OrtBer ]IaIL;ITe B aCTPOHOMUYECKUX CANHUIIAX.

3. Kanat maccoit M BUCHT BEPTHKAJIbHO, KACasiCh HUMKHUM
KOHIIOM ITOBEPXHOCTHU 110J1a. OHpeﬂeJII/ITe MaKCUMaJIbHYIO CUJLY,

€ KOTOPOI Kanat OyIeT /ieii-

CTBOBATh Ha TMOJ, €CJH

m BEepPXHUI KOHEI[ KaHaTa OT-
IyCTUTbD.

4. Haiigure cumy, neii-

CTBYIOIIYIO Ha CTEHKY CO

o CTOPOHBI KJMHA IIPU CO-

CKaJIb3bIBAaHNN C HET'O I'Py-

samaccoiim (puc.1). Yron

IIPH OCHOBAHWH KJMHA O , KOOPOUIIMEHT TPEHUS MEKIY IPY30M

7 MOBEPXHOCTDIO KJIMHA W . MeXIy KJIMHOM H IIOJIOM TPEHUS

HET.

d. ABTOMOOMJIb CO BCEMHU BEAYIIMMH KOJECAME TPOTAETCS C
MeCTa ¥ PABHOMEPHO HaGMPaeT CKOPOCTD, ABUTASICh 110 TOPU30H-
TAJIbHOMY YYaCTKy JOPOTH, IPEACTaBJAONeMy co00i ayry

Puc. 1

okpy:xHoCTH ¢ yraoMm o = 30° u paguycom R = 100 M. C kakoit
MaKCHUMAaJbHON CKOPOCTBIO aBTOMOOWJIb MOKET BbIEXaTb Ha
IpsaMoii yuacTok 1myTu? Koadduuuent tpeHus xoJec 0 3eMJIO
uw =0,3.

®

[T (1 ||
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Ans nocmynaowux ¢ 11 xaacc

1. Pakera ygassercst OT oOBepXHO-
cTU 3eMJH € TIOCTOSTHHO# CKOPOCTHIO m 1
¥y , HATIPaBJIEHHOI CTPOTO BEPTHUKAJIb- g
HO. 13 HeNmoABMIKHOTO OpYIHS TIO[
yrmom o = 60° K ropusonTy Bbimyc-
KAeTCst CHAPSI/I C TAKOil JKe MO BeJIi-
YHHEe HAaYaJIbHOI CKOPOCTBIO ¥, . Ye- 3
Pe3 CKOJIbKO BPEMEHH 110CJIe BBICTPE-
Jla CKOPOCTH PAKeTbl ¥ Opyiust OyayT
B3AMMHO MIEPHEHNKYISIPHBI B CUCTE-
Me OTCYeTa, JABWKYIIeHcs TmocTymna-
TeJbHO BMecTe co cHapsioM? Cotpo-
TUBJIEHUEM BO3/1yXa 1peHeOpeub. [1o-
BEPXHOCTb 3€MJIU CUYUTATH TJIOCKOM. 5

2. HaiiinTe BeTMYMHBI W HANPaB-

JICHUS yCKOpeHNiT BceX 6JI0KOB, N300-
pa’keHHBIX Ha pucyHke 2. Omnpegenn-

Te HATIPABJIEHMS UX Bpamenus. Mac- M
cbl OpycKa M BepxHero GJI0Ka paBHbl  Auc 2
M " m COOTBETCTBEHHO, OCTAJbHbIE

6s0xu HeBecoMbl. HuTh HeBecoMa u HepacTsoKuMa. B Hauasb-
HBI MOMEHT CHCTEMA TTOKOUIACH.

3. OO6KJIa/IKM TIJTOCKOTO KOHJIEHCATOPA TJIOIIA/ABI0 S Kaxk/1ast
HecyT 3apsiapl +q u +2q. Paccrosnne meskay HuMu d. CKOJbKO
BBIJIEIUTCS TEILIa, eCIU OOKIAKU COeANHUTD IIPOBOJHUKOM?

4. Ha oIMHAKOBBIX PACCTOSIHUSX JIPYT OT IPYTA PACTIOJIOKEHBI
7 MapaJIIeJbHBIX TTPOBO/SIINX TIJIACTHH TJIOMAAbIO S Kask1as,
Hecymme 3apsapl ¢y, (y,...,(, coorBercTBeHHo. [lepByio u moc-
JIeTHIOIO TIJIACTHHBI COEANHSIOT IpoBoAHUKOM. Hafinnte 3apsf
q’, IIpoLIe/ NI yepe3 3TOT IPOBOJAHUK. PaccrosHus Mexzy
IJIACTHHAMHI CYUTATD MHOTO MEHbBIIlEe UX PAa3MepOB.

Xumums
(xumuro-6uosozuneckoe omoenenue)

1. IIpu nommom cropanuu 1 Mo yporpormaa (cyxoe ropio-
yee) CgH{,N, B msbwitke kncaopoma swimensercs 4212 x/lx
teria. CKOJIBKO TEIIa BbIIEJUTCS, €CJIN [IJIS COKUTAHNS UCTIO b=
30BaHo 5,6 11 kuca0poa (H.y.) U COOTBETCTBYIOIIEE KOJIUYECTBO
yporpormHa? Kaxas Macca ypOTPONHHA TIPH 3TOM COKIKEHA?
Hamnmmre ypaBHeHHe peaKIUl FOPEHUS.

2. C KaKUMU 13 NePEeYnCIEHHDIX BEIeCTB MOXKET pearupoBaTh
30%-1 consmas kucaora: 1) Ba(NOj),, 2) Fe,O3, 3)
Zn(OH),, 4) SiO,, 5) AgNO;, 6) KMnO,, 7) Cu, 8)
PbO, ? Hauuuure ypaBHeHHs COOTBETCTBYIOIINX PeAKIHUii,
€CJI1 OHU BO3MOXKHDI.

VIHGOpMALI0 O XXy pHase «KBAaHT» 1 HEKOTOPbIE MATEPHUAaSIb!
U3 XKYPHANA MOXHO Haviti B MHTEPHETE rio aapecam:

Pegakuyma XxypHana «KBaHT»

kvantinfo

MOCKOBCKIVT  LIEHTD HEMPEPHIBHOIO MATEMATUHECKOrO
06pa3oBars

kvantmccme.ru

MockoBckuvi gerckii kiny6 «Komriborep»

math.child.ru
KOCTPOMCKOUV LIEHTP  [OMOHUTENIbHOIO 06PAa30BaHMS
«IBPUKI»
ceemat.ru
27.11.09, 15:11
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3AOAYN
(cm. <Keanms No5)

1. 10 wim 12, B 3aBUCHMOCTH OT TOTO, KTO U3 PeGAT eeT GIIKe K
JIOKOMOTHBY .
2. Hama urypa coctouT us AByX npsamoyrobinkos (puc.1). He-
TPYIHO YOEAUTBHCS, 4TO JT06Gast MpsiMast, POXO/ISIIAs Yepes [eHTP
(T.e. TOUKY nepecevenust Auaronaneii)
[IPOU3BOJIBHOTO IIPSIMOYTOJIbHIKA, JEJTUT
ero Ha /e paBhbie yactu. [Toatomy 0-
N CTATOYHO TTOCTPOUTH IIEHTPBI ATUX JIBYX
MIPSIMOYTOJIBHIUKOB ¥ TIPOBECTH Y€PE3
HUX IPSIMYIO.
3. Moryr.
ITyctpb BO Beex MIOXUX rpubax ObLIO M0
10 4epBsKOB, a B XOPOIINX Irpubax yep-
BSIKOB He ObL10 BoBce. Torza, ecsin us
KaIKJIOTO TIOXOTO TPU6a BBIMOJI3ET 110
yepBaky (Bcero 90 4epBgKoB), a B
KKl Xopoumii rpu6 3amosiser mo 9, To Bce TpuObl OKAXKYTCS
XOPOIIIMH.
4. Beeraa.
ITpoBeieM MBICJIEHHBII OTIBIT: CAABUHEM HEMHOTO KapTO(heMHbI TaK,
4TO6BI O/IHA CJIETKA 3aXOANJIA B IPYTYI0. TOra uX MOBEPXHOCTH
HepeceKyTCsi 10 HEKOTOPOil inHnu. [Ipu ouenp MasioM c/iBure ata
sHust Oy/IeT 3aMKHYThIM KOHTYPOM, U TIPOBOJIOYHOE KOJIBIO, HMEe-
1oree GOpPMY 9TOTO KOHTYPa, MOKHO GyJIeT HAJeTh Ha 06e KapTo-
demmbI.
5. MosxHo.
CKOMOGUHUPYEM J[Ba PA3/IeJIUTEIs TaK, YTOObI EPBbIil Pa3/IeisiI
BeCh BXOJSMIUIT B HETO MOTOK, a BTOPOW — O/{HY 13 06Pa30BaBIINX-
cs TI0JIOBUH TIoTOKA. U3

Puc 1

2.% /:[ByX HOJIy"II/IBH_H/IXCﬂ qger-
4 / BepTeﬁ HNCXO/HOI'O II0TOKa
x
= O/IHY Y€TBEPTb OTIIPAaBUM
1 2% x

00paTHO, BKJIIOYNB €€ BO
BXosmmii motok (puc.2).
X [Tycrb nexoHblit BXO/1S-
MUiT B HAIY CHCTEMY MOTOK
611 Morgoctr 1 (craxkem,
100 yenosek B MunyTy). OG03HAYNM MOIIHOCTD BO3BPAIAEMON
YeTBEPTH UCXOJHOIO MOTOKA Yepes3 X.
Torzia Bech BXOSIINIT B TIEPBbIN PA3/IEJUTENb MOTOK OYIET HMEEeT
MomHocTh 1 + x = 4x, T.e. x = 1,/3, 94TO U pemnraer 3ajgauy.
3aneuanue. Vicrionbayst GoJibliiee KOJIMYECTBO TAKUX Pas/ieInTeei,
MOJKHO ObLIO Gbl OTAEUTD JI00YIO0 PAIMOHAIBHYIO [[OJII0 UCXO/HOTO
noroka. [IpumMedaresbho, 4To 3TH (HaKkThl GbLII OGHAPYIKEHBI IKC-
nepramu 1o HpOTI/IBOHO}KapHOﬁ 060p0He, TOTOBUBIINMHUCA K OIITHU-
MaJIbHOMY HCIIOJIb30BAHUIO METPO IIOCJIC ATOMHOIT GOMOEKKH.

Puc. 2

3AOAHN

(cem. c. 26)

1. 2009.

[lo Toro Kax TocseHuit HaCIeHUK Pa3opuics, y Hero Obiio 1 +
+ 4 =5 ¢abpux. Jo Toro xax ero orerf Ipoja ¢ MoJoTKa 5 Had-
puK, y Hero 6bu1o 5-7+5 =58 dabpuk. CienoBaresbHo, 10
TOrO KaK MJIAJIINI CbIH MUCTepa TBucrepa mycrus Ha Berep 6 daod-
PUK, y Hero ux 6pw10 5-8-7 +6 . 3uauur, y camoro mucrepa TBu-
cTepa U3HAYATBHO OBLIO

(5-8-7+6)-7+7=7(5-8-7+7)=49-41=2009 dabpux.
Mo:KHO OBLTO TaKKe MPUHATH N3HAUATBHOE KOJMIeCTBO (haGpuK 3a
X ¥ HaiiTH ero u3 ypaBHeHus (((x -7)]7-6)/7- 5)/7 —4=1.
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PEIMEHN A

2. MoxHo.

$IcHO, 4TO MOKHO MPOBECTH MEPUANAHBI TAK, YTOOBI OHU JICJIUJIH
MOBEPXHOCTH HA OINHAKOBBIE 110 (hOPME H TIOIAIN «/I0JTbKIT .
ITocsie aToro Gy/ieM HOCJIe0BATENBHO IIPOBOANTD ITAPAJIJIEJIH OT O~
HOTO H3 MOJIIOCOB K IPYTOMY TaK, 4T0ObI KaXK/asi CJe/lyomias oTce-
KaJsa oT goJiek 1mo 1,/2011 ux mromain.

3. 3 waca u 6 yacos.

ITycrb ojuH HAacOC HaNOJHSAET 6aCcCeiiH 3a X 4acoB, a APYroit — 3a

y 4acos. Ilo ycoBuio x 1 y — pasjnuible Le/ble Yicaa. 3a dac
nepBbIii Hacoc 3amnoJinseT 1 /x gactb Gacceiina, a BTOpoil —

1/y qactp. llomygaem ypasuenne 1/x +1,/y =1/2. {cuo, uro
06a uncya x u y Goubie 2. Ecat x u y 06a He MeHbIIe 4, TO BbIpa-
JKEHUe cJieBa OT 3HAaKa paBeHcTBa He 6osibiie 1,2, u paBeHCTBO
BO3MOKHO TOJIBKO TIPU X = ¥ = 4. JTOT CJydail HaM He TOAXO/INT.
3HaYNT, OJIHO M3 YNCEJ X, i MEHbIIE 4, I TeM caMbIM paBHO 3. 113
YPaBHEHUST HAXO/UM, YTO BTOPOE YHCJIO TOTa PaBHO 6.

4. 50 meTpoB.

3a nepsbie 4 «urara» Ilers nonagaer B Touky B (puc.3), casurasch
Ha 3 —1=2MHaceBep n Ha 4 — 2 =2 M Ha BocToK. Ciemyionrie
4 11ara OTJIMYAIOTCST OT TIEPBBIX YETHIPEX TEM, YTO OHU COOTBET-
CTBEHHO JUIMHHEe Ha 4 MeTpa, M, TeM caMbIM, 3a aTH 4 niara [lers
CHOBA C/IBUHETCS Ha 2 METpa Ha ceBep M Ha 2 MeTpa Ha BOCTOK, W
Tak gamee. 3ametuM, uto 1 + 2 + ... + 100 = 5050, 1.e. Ilets cae-
naet Beero 99 maros u eme nonosuny 100-ro mara. Ecan 6pr
Tetst caenan Bce 100 1mraroB 1eJimKOM, OH CyMMApHO CABHHYJICST Ob
Ha 2-(100/4) =50 M na cesep

un Ha 50 M Ha BocTOK. Tak Kak I

nocsegane 100 MeTpos nayT B

HanpaBJIeHUN C 3aa/a Ha BOC-
ToK 1 50 METPOB JIUIITHUE, TO

IleTst ma camMoM fiesie cMeCcTHICS A

Ha BOCTOK Ha () MeTpoB, T.e.

HaXoaUTCs HA paccrosaun SO M

K CEBEPY OT TOUKH A.
J. Paszmesmm Bce MoHeThI Ha

1O

TPH TPYIIIbI 110 TPU MOHETDI.
Ilycrp npusumimas MoHeTa 1pu-
Ha/IJIEKUT MepBoil rpynie. BapecnM mepByio 1 BTOPYIO TPYTIIBL.
Ecin YCTaHOBUJIOCb paBHOBECHE, TO (l)a]IbHII/IBaH MOHETa B TpeTbeﬁ
IpyIIle, a Bce OCTaJIbHbIE, B TOM YHCJIE U IPUJINIIIAS, HACTOSIIHE.
IToatoMy 11pu BTOPOM B3BENIMBAHUHU TOJIOKUM HA Yallly BECOB BMe-
CTe ¢ TIPHUJINIIIeH MOHETY U3 TPeTheil TPYTIIB, a Ha JIPYTYIO Jarry —
O/IHY HaCTOAILYIO 1 €I11€ OJJTHY MOHETY U3 TpeTbeﬁ T'pyIHIIbI. ITO TO-
3BOJIUT HaM ONpe/esIUTD (DaJIbIINBYIO MOHETY.

Ecuiit nocsie iepBoro B3BeIIMBAHS Jlerde 0Ka3asach Yalla co BTO-
poii TpyHIIoit, To (haabIIBasi MOHETA CPE/IH STHX TPEX MOHET, I
MOKHO TIOCTYIHTD TaK ke, Kak W B EPBOM CJIydae.

Ecan nocsie nepBoro B3BenmBanus yalia ¢ IPUINIIIEH MOHETOMH
oKasaJiach Jierye, To (hasblIMBas MOHeTa B IIepBOil IpyIie, 1 J0cTa-
TOYHO CPABHUTD [IBE MOHETBI 13 Hee (MIPHJIMIIIIYIO U OJIHY U3 JIBYX
OCTABIINXCsT), 4TOGBI HAllTH GOJIee JIETKYIO.

NEPE3APAAKA KOHOAEHCATOPOB

1. BSpas. 2. Q=1350 m/Ix. 3. Ag =12 mxKu.
4. Q = 360 m/Ix. 3. O =90 m/Ix. 6. A =40 m/Ix.

Puc. 3

XL MEXKAYHAPOOHAA ONMMINALA
LLUKOJIbHNKOB MO ®dU3UNKE

Teoperndeckusi Typ

3adaua 1
1.4, L = I303 + Iy o . 1.2, L) = I3, + 1,0, .

1.3. Loy + 105 =L =130, . 2.1. &3D;] =GMj;.
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22 D,—— Db 23 o - CMIMI
GM M7y L
2.4. I =§%"(75p0 +77 (P —po)). 2.5 I3 =8,0-10" kr-m’.

2.6. L;=34-10" xr-v® - ¢'. 2.7. D, =54-10° m=1,4D; .

2.8. 0, =1,6-107 ¢!, uro coorsercrByer mepuoay B 46 CyTOK.
2.9. o, = 1,3-10% wxr-M? ¢!, Iy, =34 103 xr-m? ¢,

L0, : 1,0, =1:260 .

GmM
34, F=——— .
Dy + 1y —2Dyry cos®

3.2. F, GmM

D12 + r02 +2Dy, cos®

GmM 71D, sin ©

33. 1, = =75 -
(D12 +1¢ = 2Dy cos 6) !
GmM y1yD; sin ©
3.4. 1) = T, Sikdtadt 57 -
(D1 + 15 + 2Dy1; cos 9)
9 .
3.5, 1=1,-1, ~ GGmMﬂrgglnecose .
1

3.6. 1=4,1-10'" H-m . 3.7. AD, = 0,034 m.
3.8. Awy =-1,6-10"" ¢, AT; =1,9-107 c.

1 5 1 5y  GMzMy; 1 5, 1 GM5M;
4A. E=—-1;05 +-I;0q5 ———— = _[ @ —— 23
5 1395, * 5 L@, D, 218% Ty,
1 GMzM,

4.2. AE =[50 005 + 2 ADy = -9,0-10" JIx .

1
4.3. M, = 4mithp, =2,6-10"7 xr.

4.4. AE, =-9,3- 10" Jix . Pesyabrar xopotro coryacyercst ¢ mpe-
JIBITYTIVIM.
3apayva 2

Kuouom k perennio sagaun sisastercst appext Jomepa (tounee,
nponoabubiii apdexr omnepa). Yactota MOHOXPOMATHYECKOTO
cBeta, GpuKcHpyeMasi HaOJI0/IaTeNIeM, 3aBICHT OT CKOPOCTH JIBIKe-
HHSI MCTOYHUKA U OTHOCHTEIbHO HAOJIIO/IATe IS :

+
w':co/1_vc zw(119],
1F¥0/c c

rje ® — yacToTa NCTOYHMKA. Bepxuue u HuKHIE 3HaKK B PopMyie
0603HaYaIOT, COOTBETCTBEHHO, /IBIKEHUE UCTOYHIKA U HaGIo1aTe-
JIsl HaBCTpedy JPYT APYTy U Hao6opoT. Bropoe paBencTso cripasej-
JIMBO B IPUGIMKEHNI MAJIbIX CKOpOCTel (HepensTHBUCTCKOe TTpH-
GasKeHne) .

1.1. (noz(n(1i9). 1.2. pa:p—hqzmv—hw“.
¢ c

2 2
1.3. ¢, = Pa + hy, :ﬂﬂmq.
° 2m 2 .
hw
2.1. gy = ho, . 2.2. ~——1
() gl Py B
pz mo?
23. patpPy=pP-—hq, p,=p=mo. 24, ¢, = —=—
2m 2

2
3.1. g4 = hay (1+9)= hmﬂ(1+9J = hw, (1+2l).
C C C

3.2. p, = 1 (1+9).

C C

h
3.3. pﬂ:p—hq_p(b:mz}_2%'

345, < Lo Myl
0 2m 2 mo )
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4. gy = 1% +%s& ~ ho, 1+%).

2
— 1 1 - ho, o hg v .
4.2. =—pl +=—p; = —2==mo|—L+=|=0 (Bropoii nops-
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Ne sxypuana  c. Ne sxypuana  c.
IMamsaru B.JI.Tun36ypra 6 2 Maremariyeckasi CKazKka 1 35
Mamstu U.M.Temsdanga 6 10 OG6 o/1HOIT XOPOIIIo 3a0bITON CTapoil 3a/1a4e.
B./louenxo, K.Illpamos 4 34
Crareu o maremaryke Cra6uibible 6paku. B.Ypuaposcruii 3 35
AprI(l)MeTI/IKa MHOTOrpanHuKkoB. I Ilanuna 4 8 Yo MBI BUUM B 3epKa]1e? A.Toanwvrzo 2 30
Addunnas reomerpusi. A.3acrasckuil 1 8 CTaTou no busanke
BepositHoctHbie tokasaresnberBa. A. [llensy 6 11 .
3amava Ipaema—Cekepenta O BbITYKJIbIX MHOTOYTOJb- Meumaer ;i TiiaM N0y THbIi BeTep.
nukax. B. Kowenes, A.Patizopodckuil 2 6 H.Koncmanmuos 6 27
- 5 13 Heckoubko puMOBaHHBIX (DUBNUECKHX 33/1aU.
Merop unrepnperaiuii. A. And:xanc, /[. bonka 1 15 B.Axumos 1 38
[Ipsimast CusbBectpa. C.Tabaunuxos, B.Tumopun B 2 Kanevigockon «KsaHra»
-« - 6 6
Teopema Xesiu u Bokpyr nee. B.IIpomacoe 3 8 MaTemaTunka
3aMOITeHH s TJI0CKOCTH 2 32
Crarbu rio ¢pusnke Hr 6 )
pbl K
Mmuorosukuii nporon. U. Heanoes S 7 o/ TaHHBIM YTJIOM 4 <
Ha nmytu x xBanToBoMy KomIbloTepy. A. Bapiamos, Dusnka
FO.T'anvnepun 1 2
[Tnasma u ... mHemuoro 6mosornn. A. Muneee 3 15 Hax1orHas I10CKOCTE 3 «
Pacckaspl o coBpemennoii Mexanuke. I”. Yépnuuil 3 2 . 3 «
- 4 14 YacTHIier  moJIst 1 «
Aaexrpuueckne y3opbl. A. Cnapexuil, K. Caunuenxo, LlIkona B «KBaHTe»
A.Ilanvmu 2 2
«duektponbl, (poHOHBI, MarHoubl» . M. Kazanos 1 13 MaTemaTtmnka
OTOT TaUHCTBEHHBII cabimuMblil Mup. E. Coko06 2 14 Buesnucanuast okpyxHocTs. A. Baunxos, FO.baunkos 2 34
[lBxenus mockoctu u reopema Illans. B.byeaenxko 4 37
Harorexronorym 3arajlouHble KPYTH ¥ IBIDKEHNUS TIJIOCKOCTH.
I/ISMepﬂeM IIPOYHOCTD TE€J OT HAHO 0 Mera. C,ﬂopuue;-”co] C.ITawrxos, A.Illenv 4 42
A.Boavmckuil, JI. Apviwesa 6 3 Du3nka
Kocyuueckuit nanommdr. K. bozdanos B 1
@ Jluseiika O B o Hanomerp. M. Smunciui 4 9 I'paBuranuonnoe «(jTTaJIKI/IBaHI/Ie». B.Boponos 3 37 @
Touemy yriepojiHbie TPYGKH IPOUHEE CTATH? 3araku MarHUTHOIT ctpesku. M. /leencon 3 39
K.Bozdanos 4 7 T« 3 34
WNonocdepa u mym wynamu. A. Cmacenxo B 36
Hosoctu Haykn Jlerenza 06 uckaxenuu curnana. C./Jeopanunos 1 43
[IpeMus 3a Hapyiens 1 19 Mertoz sKBUBaJICHTHBIX JlebopMartiii. B. dnwmeiin 1 40
VCTPOUTEIH CTOKHOBEHIT 2 19 «Hyuanesbie» mnsbl. B./Ipo3doe 3 41
OT TOUKM POCHI 10 TOUYKHU Kunenus. B.[Imywenxo,
Hawm nHrepsbro A.Ilamaxoes 1 41
WuTepsbio ¢ A.Ky3ueroBbim 1 24 Dusnieckmi pakynbTaTue
Wurepsbio ¢ A.B.Cocunckum 3 18
O6 opnoii nerounoctu Mcaaka Hplotona.
Hawm nabnopenns B. Kondpamves 5 38
U3 I0CKOCTH — B TIPOCTPAHCTBO 3 50 CroJIKHOBEHNE caMoJIeTa ¢ ... ruieil. B. Bouwuncxuii 6 30
Marematuku u iporpaMMuctsl. A. [lleny 4 18 MaTemaTnyeckisi KpyxoK
Maremarmyqeckmi Mvp Emte nBa noxaszarenperBa Teopembl Mopates B 43
Camo3akIMHIBAIOMNeCs CTPYKTypbl. A. benos 1 20 Mozys cymmbr m cymma Moy eit. A. Ezopos 4 46
Hepasencrsa u ... napaJie/bublii nepetoc. M. openog 2 41
3anayqrvik «KBaHTa» O snemuuckare Bepuysumn. A. Axonsin 3 42
agaun M2116 — M2160, d2123 — d2167 1-6 Or npsamoii Cumcona 1o reopembl [pos-Mapuu.
Pemenus 3azad M2096 — M2138, d2108 — d2152 1 — 6 A.Hlseyos 6 34
ITapagokcensl komanHbIX copeBHOBauwii. JI. Mavkoe 1 44
KMILL Paspesanus na tpeyroabuuxu. A. Cnueax 2 40
Bagaun 1—6 CnoBa o Teopeme Mopuest. JI. [lImetinzapy, S 42
Konxkypc umenn A.II.Cauna «Matemartnka 6—-8» 1, 4,5,6 ®opmy.ra kpiokos. A. Crusax 3 44
Jlernwuit typaup nmenn A.I1.CaBuHa Ectb uges?!
«Marematnka 6—8» B 29
To6euren komkypca uvern A.TL Capuna YupyrocTb, TekydecTb, Tpenue ... A. Cmacenxo 3 48
«Matemaruka 6-8» 2008 /09 yueGHoro roja 4 36 Jlaboparopus «KeaHTa»
CraTbu no mMaTemaTuke OrtbiThl ¢ KOMIAKT-cKOM. H. Pocmosuyes, A.Cedos 4 44
AGy-1-Bada u 1iupKyJib MOCTOSIHHOTO PACTBOPA. Orpaskenne OT TOHKNX IINJINHPHIECKUX 3€PKaJ.
I'. urunnoscxuil 1 36 A.Andpees, A.1lanos 1 47
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Ne sxypnana  c.

[Ipbiryunit mapux. B. Matiep
TpakTvKym abutypueHTa

MaTtemMaTunka

[TapanenbHoe MPOEKTUPOBAHNUE B 3a/1aUax.
B. Mupowumn

dunsnka

ET3-2009 o dpusuke. M. Jemudosa, A. epnoyyan

IIepesapsaka kongencaropos. A. Yeproyuyan

«IToaBoauble kaMuu» cuibl Apxumena. M. Pomawxa

[Torok MaruuTHO# uHAYKIMY. K. Pol6

CuJTbI CONPOTHBICHNS B 33/1aUaX JIMHAMIKH.
B.Jloces, B.Iliuc

CoxpaneHue 1oJHO 9HEPrux B 33/1a4aX TePMOJIMHA-
muxu. A. Yepnoyuan

Onumnuagb!

Bceepoccuiickas cryenueckas ouminmaa 1o pusuke

3axsounrtebhblii aTanm XXXV Beepoccuiickoit osinm-
TIHA/IbI IIKOJIbHUKOB M0 MaTeMaTHKe

3axmounresbnblii atarn XLIIT Beepoccuniickoii omm-
MUA/IbI TTKOJBHUKOB 110 (husuke

Wa6pannbie 3agaun LXXIT MockoBckoit MaTemaTuiec-
KO OJIUMITHA/IbI

Ws6pantbie 3aaun MOCKOBCKON (PU3UIECKOIT OTHM-
TIHAJTBI

Maremarmdeckas omMImaa nMenn Jleonapaa diisiepa

L MexaynapogHas MaTeMaTHIecKast OJIIMIINA/I

XVII Mesxrynapo/inast oaumiuazia «Vnresnexryasib-
HbIit MapadoH»

XL Mexaynapojinast ouMImaia NKOJbHIKOB 1O
(pusnke

XIIT Mexpynapoaublii Typaup «Kommbiotepras ¢u-
31Ka»

MockoBcKast cTyZieHuecKast OJMMITHAIa o PU3nKe
2009 roga

Perunonanpubrit atant XXXV Beepoccuiickoit onmmima-
JIbI TITKOJIbHUKOB 110 MAaTEMATHKE

Pernonaspnbriii stanm X LIIT Beepoccwiickoit omMmaabt
TIKOJIBHUKOB TIO (PU3MKE

XXX Typuup ropoaos (Becernuii Typ)

XXX Typuup ropoaos (ocennuii Typ)

Urngpopmavns

3aounasg mxoaa CYHIL HI'Y

3aouHoe orzesenne MaJjioro mexmara MI'Y

W3s6pannbie 3a/1aun cobeceioBanuii B 9 kiaacce
57 1IKOJIBI

Komnkypc «CBoGo/ bl TTOTET>

— -

HoBbril mpreM B MIKOJIBI-HHTEPHATDI IPU YHUBEPCHUTE-
Tax

Ouepeinoit Ha6op B OJI B3MIII

DenepanbHas 3a09Hast GU3NKO-TEXHUYECKAS MIKOJIA
npu MDOTU

Ham nuwyr

BHUMAHUIO HALLINIX YUTaTENNEN

KBaHTBI MIHTEPHETA

Kak napucoBatp npsiMyio? 3
Ha ckoJibKO vacTeil IeJISIT TPOCTPAHCTBO TIOCKOCTH
rpameii jojiekas/ipa? 4
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Ne sxypnana c.
Konnekuus ronoBosomMok
Bpycoukn S  2-s c.06.1.
Taeunbrii K04 6 «
Puskckue Gannm 2 «
Maremarmndeckme 3Trogbl
Passeprra 1 2-a c.o0m.
LlaxmartHas cTpaHn4YKa
Bce na MecTax u Bce IIPOTUB OHOTO 13-4 c.00m.
3aaua Kuma 4 «
3ajiaua Y creHcKoro perieHa 2 «
Marematuka Ha 64 KIeTKax 3 «
Hocranpriuueckutii moeiuHOK 6 «
CumMMerpust yKpariaer B «

lporyriku ¢ pusnkori

Antn6mkosbie ouxku u JKK-aucreit 2 4-a c.o060.
B ropax resa BecsT GoJIblile NI MEHbIIe? B «
Kak czesratb MOJIOKO ITPO3PAuHbIM? 6 <«
Kyuesbie o61aka 3
ITouyemy yr/iepoztbie HAHOTPYOKH MIpouHee ctammn? 4

1

CKOJIDKO JIy4ell y COJTHEYHOTO OJTiKa?

<«

«

KBanT

HOMEP IIOATOTOBU.JINAN

C.A.Jopuuenxo, A.A.Eropos, E.M.EnudaHos,
C.NM.Konoeranoe, A.lI0.Koroea, B.A.Tuxomuposa,
A.N.YepHoyuaH

HOMEP O®OPMUJN

A.H.I'puwykoea, B.B.UeaHiok, A.E.Mauxsepwus,
M.B.CymuuHa, B.M.Xne6HukoBa

XYZIO>KECTBEHHI)II71 PEOJAKTOP
E.B.Mopo3oBa

KOMIBIOTEPHAA ITPVYIIIIA
E.A.Mutuenko, J1.B.KanuHuueea

XypHan «Keaut» 3apeructpupoBaH B Komurere P®
no neyaru. Per. cB-Bo Ne0110473

Appec pepaxkuum:
119296 Mockea, JleHuHckuii npocnekr, 64-A, «KBaHT»
Ten.: 930-56-48
E-mail: admin@kvant.info, math@kvant.info,
phys@kvant.info
Caiit: kvant.info

OtneuaraHo B OAO oppena Tpyposoro KpacHoro 3HameHu
«YexoBckuit nonurpadpuyeckuit Kom6uHaT»
142300 r.Yexos MockoBckoi ob6nacru,

Caiit: www.chpk.ru E-mail: marketing@chpk.ru
®axc: 8(49672) 6-25-36, dakc: 8(499) 270-73-00
OTtaen npopax ycnyr MHOrokaHanbHbiiA: 8(499) 270-73-59
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IMMAXMATHAACTPAHHUUYKA

Hocranbruueckul

[MOEAVHOK

B cenra6pe B Banencun (Mcnanus)
COCTOSL/ICA MaTy U3 J\BEHA/UATH HapTuil
(4 B Gpicrpple maxMarsl ¥ 8 B G
Mexay 12-m m 13-M wemmironamm Mmpa
Anaromem Kaprnoeem u Fappu Kacma-
poBbiM. OH GBLI NOCBAIIEH 25-T€THIO UX
HeTopuyeckoro noeaunka B Komnonnom
sane Jloma Cowos30B. «BbicTphlii» MaT4
lappu Bemrpan 3:1, B 6muy — 6:2, B
urore — obuwas nodeya 9:3.

Hamomuum, 4TO mepBBId MOEAHHOK
Kapnos — Kacnapos 3a maxMaTHy10 KO-
poHy craproBat B Mockse 10 cenTsGps
1984 roaga. dtor mapadon npogomKancs
ISITh MECSILIEB, HO TaK U He GbLI 3aBepIIIeH,
IToemuBoK GBLT GE3THMITHBIH — UTpaJICa
no mectH nobex (HUYBKM HEe 3aCUMTHIBA-
sues). Hawammo ero okasaaoch KatacTpo-
¢uyeckuM s TpETeH/IEHTa: B JEBSITH
TAPTHSX OH 4ETHIPE pasa NnoTepres (puac-
ko. Ecim 681 B ator MmomenT Kapnos me
cbaBusl Hanopa, He cran Obl usberarsb
pHCKa, a CTPEMHJICS K OCTpOM Wrpe, TO
ACMOPATH30BAHHBI TIPETCHACHT BPSIL JIH
6Bl JOJTO TpofiepsKasIcs. DTa CAEPIKaH-
HOCTb M 1I0/IB€JIA €r0 — MOJYYHB Iiepe-
npmnky, KacmapoB cymen ompaBHTBCS.

Iocnexosana Gecrperie/IeHTHAS CEPHA
u3 17 muupux, a 27-10 napruo Kaprnos
cHoBa Bemrpai — 5:0. Ho x atomy Bpeme-
HH IDaXMaTHble CHJIBI TPOCCMENHCTEPOB
yKe BBIPOBHAJMCH, M IPOIOJIKHIACH
nHuueiinag cepus. Ha ¢unamme TIappn
BbIMIpas eute jse naprun, Cuer cokpa-
Tiaca — 5:3, a 15 ¢espans 1985 rona
npesagent PUAE daopencro Kammo-
MaHeC 3asBIJI, YTO BCe (pH3HHCCKHE pe-
CprbI yqacrunxos HCYEPIIAHbL H MAaT4
3aBepinaercs 6e3 oObsBIEHHS TOGEIHTE-
ns. B cenrs6pe 1985 roma craproBan
NOBTOPHBIH Martd, omars B Mockse, B
Kornepraom 3ane mmenn I1.M.Yaiikosc-
KOTO, HO Y’ Ke II0 Tpa/IMIHOHHOH cHcTeMe
u3 24 napruii. OH 3aKOHYHIICS CO CIETOM
13:11 B nompay Kacmaposa, craesmero
13-m uemnuonoM Mupa.

Mapadon aByx <«K» 4verBepTh Beka
Ha3aJ craJ OJHUM W3 CaMbIX KPYITHBIX
coObITHIT B MIAXMAaTHOM MHpE, H BIOJHE
€CTECTBEHHO, 4T0 PelleHo ObLI0 OTMETHTD
ero Kpyriywo aary. /lagee miannpyercs
TPOBECTH MAaT4H BO BCEX CTpPaHax, T/ie
nBa <K» 6opomucs 3a kopony, — B [lapu-
xe, Heio-Wopke, Jlonmore n Mockse.

TIpuBeeM HECKOJIBKO MAPTH B OBICT-
pHBIE IMaXMaThl, chirpaHHbix Kaprnossiv u
Kacnapossmm B Banencan.

A.Kapnos — I'.'Kacnapop
1-a nmaprua
3amnra Ipondemaa

1.d4 2f62.c4g63.g3 L gT4. Lg2
d5. D10t ge6oT BETpEYANCs B MHOTOMIET-

30.11.2009, 17:46

neM epunoboperse aByx <K» Gonee asaj-
natnpas. 5.cd 2:d56.e4 Ab67, 2 e2
¢58.d50-09.0-0e610. 2 be3 & a6 11.
h3ed 12. ed 2 c4 13. b3 2 d6. Beynnit
BOIIPOC: B YhHIO INOJIb3Y H30JHPOBAHHALA,
HO XOpomo GJOKHpOBaHHas Temka? 14.
L fab615. trd2 L b716. Badl & c7
17. g4. IlpensarcTByst nepesogy xous d6
yepes f5 na d4. Ho a10 asapTHoe ABHXKe-
HUe TemKn oTHAA0 ¥ Kapnosa gparoren-
HOC BpeMsi, PasHHIA yIKE COCTABHIA Jie-
cary vunyt. 17... ¥ d7. Hossil xox —
orciosa hepsb HopsepKuBaer 06a dan-
ra. 18. a4 51 Tlopa morpesosxuTs Gecried-
Hylo nemky «g». 19. g5 B ad8 20. & g3.
Benniit c/10H 0cBOGOUI JOPOTY KOHIO HA
€6, Ho IPOWTH Ty/1a CO BCeMH V106CTBaMI
HE Y/IaeTcs.

20...f4! Kacnapos B cBoeM penepryape
— H3ANIHAsT )KePTBA MEIIKH 3a AHHIHATH-
BY. 3[1€Ch €CTh H FeOMeTPUYECKHI MOTHB
— KoHTpONb Hax moseM f5 yrpauen, m
YEePHBINA KOHb YEPE3 HETo TOXKE YCTpeMIs-
erca B uenrp. 21. @ :f4 @5 22. b5
a:b5 23. ab 4 d4. Ouenxa mosmmm
3/IeCh YKe He NMeJIa 3HAUeHHs, TTOCKO/Tb-
Ky y GeJIBIX OCTAJIACh BCETO O/JHA MHHYTA
TIPOTHB JIeCSTH Y MPOTHBHUKaA. /[a ¥ oHa
HavajJa MCIApATbCA Ha riasax — 30 ce-
kynz, 20, 10, 5. W B Tor MoMeHT, KOT/IA
Kapnos nepecrasun kona Ha €6, ero
Bpems uctexio. Iocie 24. Qeb A :eb
25. de ¥:d2 26. B:d2 B:d2 27. & :b7
B ¢8 npourpsiBaTh YCPHBIM COBCEM HEO-
6s13aTENBHO.

I'. Kacnapor — A. Kapnon

2-s1 mapTus
Mepaesbii rambur

1.d4d52.c4de63. el LeT 4. cd
ed5. &f4e66. e2 L d67. & :d6
¥:d68.e3 2e79. £d3 2d710. 2 e2
h6. O6prmoe mposomkerue 10... A f6;
YepHBIE OIACHO OCHABIAI0T KOPOJEBCKHIT
doranr. 11. 0-0 0-0 12. a3 a5 13. Eadi
b6 14. ed de 15. 2 :e4 ¥b8. Ecm 6m1
depap orcrymua Ha ¢7, YepHbIe H30exKa-
s 6b1 HenpugaTHocTel. Temepp pasHula
B AKTHBHOCTH (DHTYD BH/IHA HEBOODYIKEH-
HeIM Tasom. 16. A 2¢3 L a6 17. & :ab
H:a6 18, d5! Q:d5 19. Q:d5 cd 20.
H:d5 Ba7 21. ¥ d2 Qcs.

22. @ f6+1! Ouarp kpacusas reomer-
pust. MBI nMeeM KJIACCHYECKHIl ITPHMEp

|
B INE|
-8

A W Aa8

O

HAa TeMy pa3pyUIEHUs HelpPHUATe/NbCKOi
kperocti. 22...gf. TIpu orcrymiennn
Koposist B yron cieayer Bh5 ¢ pemaio-
muM yrapom Ha h6. 23, ¥ :h6 f5 24,
g5+ 2 h8 25. ¥ f6+ 2g826. H:f5
ek 27. ¥hi Ee8 28. Bh5. U 1yT
TIOBTOPWJIACh 3HaKoMast Kaprixa. Kap-
TIOB JIHXOPAJOYHO JBHHYJ BIEpe[ Iem-
Ky «f», mo ypomun <«grakoks. Brpo-
vyeM, mocye 28...f5 29. Hh8+ uepnble
TepaiorT Bce Ha cBere. Hacrosammii pas-
rpom!

A.Kapnor — I'.Kacnapos

3-a naprus
3amura I'piondennya

1.d4 2f62.c4g63.g3 Lg74 Bg2
d55.cd 2:d56.¢c4 2b67. Qe2c58.
d5 0-0 9. 0-0 €6 10. A ec3. B neproit
NapTHH HAa ¢3 Tomea Jpyroil KOHb.
10...2 a6 11. a4 ed 12. ed @ b4 13.
& e3 & d4. Burs apa pasa Ha d4 Henbas
u3-3a Bwiky Ha c2. 14. ad L:e3. U
cHosa Kacmapos keprsyer memxy. 15.
ab £ d416.ba L £517. Qa3 B :a7 18.
@ ab5 B :a3! A teneph u kKauectso. 19.
H:a3 £:b2 20. He3 ¥Wh6 21. Me2
&og722 Bdl £d723. 2a3 & d424.
Be7 fad 25. Bel ®f6 26. B:b7
& b2, Cnepopano Brmounts B Goii Ja-
qeio — 26... B e8, n o6cTaHOBKA Ha JIOCKe
ocTaBasach Hampsprennoi. 27. H:cd.
MarepuanbHOE PABHOBECHE BOCCTAHOB-
JIeHO, HO JIETKHe (DUTYPBI YePHBIX HAXO-
AATCA B MOJABEHICHHOM COCTOSIHHH.
27...&:a328. h4 2d329. Ha5 Ac5
30. Eba7 #d4 31. ¥e3 ¥:e3 32. fe
&l 33. 2f2 A d3+. U saech sacy-
sxuBano sanManns 33... B e8!, m uepnsie
aepxkatcs B augmmse. 34. 2e2 &2
35. d6! E e8? Cambii Henoaxomsammii
MOMEHT 1 aKTHBM3alHUH J1a/IbH, 1neob-
xommmo Gbuto 35... 2 b2 36. d7 & d1+
37. ©f1 & g4. 36. g a8! Yepunie caa-
JHMCh, TAK Kak memxka <d» craHoBHTCH
dep3aeM.

Ocraercst noskasers, uro Kacnapos He
co6HupaeTcs BO3BpAIIAThCA B <GOJbIIHE
maxmarbi». Mary nokasasu, 4To B IHax-
MaTax eMy MO-TIPEXKHEMY IO IUIedy JIo-
6bIc 3ajaun.
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Cas
IKaK caenaTb MONOKO I'IDOBDB‘-IHI:IM?

BosbMmuTe Npo3paqHoe DAGEEE)- nowfe ©ro BOAOW 11 NOCTaBbTe Ha CTPaHWLY PACKPLITOM
KHUMA. 3aTeM € oMo e 8 BAIOALIE MOAOKO 1 HEMPEepLIBHO
nepemeLLVBarTe XUAKBCHE > 3TO AC 0P, NOKa Hepe3 AHO BAnALE yXe HeAb3s DyaeT
Pa3rASIAETb CACB @Y1 CARASEM HENPO3PaYHYIO.
Tenepb NOF OAE CABAGTL NPO3PaYHLIA,
ESXAPHLI Necok...
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